






















































































































































































































































































































































































































































































































































TO: PLANNING COMMISSION 

FROM: PLANNING & DEVELOPMENT SERVICES 

AGENDA DATE: March 8, 2023 

AGENDA TIME: 9:00 AM/ No.5

PROJECT TYPE: Brawley Solar Energy Facility Project SUPERVISOR DIST #4 
WSA, FEIR, MMRP, GPA #21-0003, ZC #21-0003 & CUP #20-0030 

LOCATION: 1 mile north of the City of Brawley & east of the Brawley Water Treatment Plant 
APN: -----=--03-=-7_- -'-14"---0---'-0 ____ 0--=--6,"""'0 ___ 3 _____ 7-_..;.1-"-40"""----=--02"'"'0 ...... , --=--03"'""'7--1-'-4"---0---'-0'-=2 ...... 1,�0 ..... 3 ...... 7-_..;.1-'-40"""----=--02=2 ...... , ____ & ___ 0--=--37 __ -___ 14 ____ 0 ____ -0 __ 2 ___ 3 __ 

---------"'8'--'-ra ..... w ...... l ___ ey.._, __ C ____ A .............. 9 ___ 2=22=7 _______ PARCEL SIZE: +/- 227 Acres

GENERAL PLAN (existing) Agriculture GENERAL PLAN (proposed) Agriculture (Renewable Overlay) 

A-2-G (General Agriculture/Geothermal
ZONE (existing) & A-2 General Agriculture) ZONE (proposed) A-2 RE (Renewable Energy Overlay) 

GENERAL PLAN FINDINGS [gj CONSISTENT 

PLANNING COMMISSION DECISION: 

0 APPROVED 

PLANNING DIRECTORS DECISION: 

0 APPROVED 

0 INCONSISTENT O MAY BE/FINDINGS 

HEARING DATE: March 8. 2023 

0 DENIED O OTHER 

HEARING DATE: --'--N
=
/A

....;;._ 
___ _ 

0 DENIED 0 OTHER 

ENVIROMENTAL EVALUATION COMMITTEE DECISION: HEARING DATE: 
-------

INITIAL STUDY: IS #20-0041 

0 NEGATIVE DECLARATION O MITIGATED NEGATIVE DECLARATION [gj EIR 

DEPARTMENTAL REPORTS / APPROVALS: 
PUBLIC WORKS O NONE 

AG. COMMISSIONER O NONE 

APCD O NONE 

DEH/EHS O NONE 

FIRE/OES O NONE 
OTHER: 110, City of Brawley, 

REQUESTED ACTION: 

� ATTACHED 
� ATTACHED 
� ATTACHED 
0 ATTACHED 
� ATTACHED 

STAFF RECOMMENDS THAT THE PLANNING COMMISSION HOLD A PUBLIC HEARING AND HEAR ALL PROPONENTS AND 
OPPONENTS OF THE PROPOSED PROJECT. STAFF WOULD THEN RECOMMEND THE PLANNING COMMISSION TAKE THE 
FOLLOWING ACTIONS: 

A. RECOMMEND THE BOARD OF SUPERVISORS APPROVE THE WATER SUPPLY ASSESSMENT, WITH FINDINGS; AND,

B. RECOMMEND THE BOARD OF SUPERVISORS CERTIFY THE FINAL EIR, WITH FINDINGS; AND,

C. RECOMMEND THE BOARD OF SUPERVISORS ADOPT THE MITIGATION, MONITORING AND REPORTING PROGRAM; AND 

D. RECOMMEND THE BOARD OF SUPERVISORS APPROVE GENERAL PLAN AMENDMENT #21-0003, WITH FINDINGS; AND

E. RECOMMEND THE BOARD OF SUPERVISORS APPROVE ZONE CHANGE #21-0003, WITH FINDINGS; AND,

F. RECOMMEND THE BOARD OF SUPERVISORS APPROVE CONDITIONAL USE PERMIT #20-0030, WITH FINDINGS. 

Planning & Development Services Department 
801 MAIN STREET, EL CENTRO, CA, 92243 (442) 265-1736 

(Jim Minnick, Director) 
S:\AIIUsers\APN\0371140\006\ORNI 30 LLC CUP 20-0030 GPA & ZC PROJECT\PC FOLDER\CUP20-0030 PROJECT REPORT,docx 
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0.1 Introduction and Summary 
This Final Environmental Impact Report (EIR) has been prepared in accordance with the 
California Environmental Quality Act (CEQA) as amended (Public Resources Code 
Section 21000 et seq.), and CEQA Guidelines (California Administrative Code Section 
15000 et seq.). 

According to CEQA Guidelines §15132, the Final EIR shall consist of the following: 

a. The Draft EIR or a revision of the Draft; 

b. Comments and recommendations received on the Draft EIR, either verbatim or in 
summary; 

c. A list of persons, organizations, and public agencies commenting on the Draft EIR; 

d. The responses of the Lead Agency to significant environmental points raised in the 
review and consultation process; and 

e. Any other information added by the Lead Agency. 

In accordance with these requirements, the Brawley Solar Energy Facility Project Final 
EIR is comprised of the following: 

• Draft EIR, December 2021 (SCH No. 2021070424); and 

• This Final EIR document, dated January 2023, that incorporates the information 
required by §15132. 

Format of the Final EIR 
Section 0.1 Introduction 

This section describes CEQA requirements and content of this Final EIR. 

Section 0.2 Responses to Comment Letters Received on the Draft EIR 

This section provides copies of the comment letters received and individual responses to 
written comments. In accordance with Public Resources Code 21092.5, copies of the 
written proposed responses to public agencies will be forwarded to the agencies at least 
10 days prior to certifying the EIR. The responses conform to CEQA Guideline 
15088, providing “… good faith, reasoned analysis in response.”  

Section 0.3 Errata to the Draft EIR 

This section of the Final Environmental Impact Report (EIR) identifies the location of, or 
contains revisions to, information included in the Draft EIR dated December 2021, based 
upon additional or revised information required to prepare a response to a specific 
comment. The information added to the EIR does not meet the requirements for 
recirculation pursuant to Section 15088.5 of the State California Environmental Quality Act 
(CEQA) Guidelines. 
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Section 0.4 Mitigation Monitoring and Reporting Program 

This section includes the Mitigation Monitoring and Reporting Program (MMRP) which 
identifies the mitigation measures, timing, and responsibility for implementation of the 
measures. 
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0.2 Response to Comments 
This section contains responses to all comment letters received on the Draft EIR. Six 
letters were received during the comment period, which began on December 27, 2021, 
and closed on February 10, 2022. A copy of each letter with bracketed comment numbers 
on the right margin is followed by the response for each comment as indexed in the letter. 
The comment letters are listed in Table 0.2-1. 

Table 0.2-1. Brawley Solar Energy Facility Project Draft EIR Comment Letters  
Letter Commenter Date 

A Imperial Irrigation District  January 6, 2022 

B California Department of Transportation February 9, 2022 

C City of Brawley February 10, 2022 

D Law Offices of Stephan C. Volker February 10, 2022 

E Donna (Cox) Tisdale, Michael Cox, Carolyn (Cox) Allen, 
Lawrence Cox; C/O Donbee Farms & on behalf of 

Backcountry Against Dumps 

February 10, 2022 

F Adams Broadwell Joseph & Cardozo, on behalf of 
Citizens for Responsible Industry  

February 10, 2022 
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Letter A 
Imperial Irrigation District  
January 6, 2022  
 

A.1 This comment is an introductory comment and does not raise a specific issue related to the 
adequacy of the Draft EIR; therefore, no further response is required, and the comment is 
noted for the record.  

A.2 This comment states that the project’s proposed 92 kV gen-tie line, which would connect to 
the existing North Brawley Geothermal Power Plant substation will impact IID’s B-721 and B-
711 distribution circuits and the CO transmission line; therefore, an IID encroachment permit 
is required. The applicant will coordinate with IID with respect to any potential encroachment 
into IID rights of way and any potential impacts to IID’s energy and water facilities, including 
applying for an encroachment permit as necessary. Coordination with IID regarding these 
matters will be included as one of the Conditional Use Permit’s (CUP) Conditions of Approval 
for the project. This comment does not otherwise raise a specific issue related to the adequacy 
of the Draft EIR; therefore, no further response is required, and the comment is noted for the 
record.  

A.3 The contact information for IID is received and acknowledged.  

A.4 This comment provides a courtesy copy of IID’s comments on the Notice of Preparation of the 
Draft EIR. These comments were considered by the County in preparing the Draft EIR as part 
of the scope of the Draft EIR’s analysis.  This comment does not raise a specific issue related 
to the adequacy of the Draft EIR; therefore, no further response is required, and the comment 
is noted for the record.    
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B.2 
cont’d 

B.3 

B.4 

B.5 

B.6 
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Letter B 
California Department of Transportation  
February 9, 2022  
 
B.1 This is an introductory comment that provides a general summary of the project and states the 

mission of the California Department of Transportation (Caltrans). This comment does not 
raise a specific issue related to the adequacy of the Draft EIR; therefore, no further response 
is required, and the comment is noted for the record.  

B.2 The County acknowledges that Caltrans will start construction of a safety project near Andre 
Road and SR-111 in October 2023. As a condition of project approval, the applicant will be 
required to coordinate with Caltrans with respect to construction schedules. No work within 
Caltrans right of way is proposed associated with the proposed project. However, the County 
does acknowledge any possible changes at SR-111 and Andre Road will require coordination 
on the behalf of the Applicant with Caltrans Right of Way Engineering.  

B.3  Comment acknowledged. As a condition of approval of the project, the Applicant will be 
required to comply with Underground Dig Alert requirements in accordance with Caltrans’ 
standard specifications.   

B.4 The County acknowledges Caltrans’ requirements related to the construction of the off-site 
gen-tie line as summarized in this comment. As a condition of approval of the project, the 
Applicant will be required to coordinate with Caltrans with regards to the design and location 
of the gen-tie line and poles near state highways.   

B.5  No work within Caltrans right of way is proposed associated with the proposed project. 
However, the County does acknowledge that any underground work proposed by the Applicant 
within Caltrans right of way will need to comply with the requirements summarized in this 
comment.  

B.6 No work within Caltrans right of way is proposed associated with the proposed project. 
However, the County does acknowledge that any work performed by the Applicant within 
Caltrans right of way requires approval of an encroachment permit. 

B.7 The contact information for Caltrans is received and acknowledged.  
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C.2 

C.3 

C.4 
 

C.5 
 

C.6 

C.7 

C.8 
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Letter C 
City of Brawley 
February 10, 2022  
 

C.1 This is an introductory comment illustrates the location of the City of Brawley’s Wastewater 
Treatment plant, access road, and north and south entrances relative to the project site. This 
comment does not raise a specific issue related to the adequacy of the Draft EIR; therefore, 
no further response is required, and the comment is noted for the record. 

C.2 This comment identifies the three areas of concern to the City of Brawley as it relates to the 
proposed project. Responses to these areas of concern are provided in responses to 
comments C.4 through C.11. 

C.3 The County acknowledges that access to the City’s Wastewater Treatment Plant is facilitated 
through an easement that was granted in 2007, which allows the City vehicular access to the 
treatment plant through APN’s #037-140-023 and 037-140-022. This comment provides a 
description of various vehicles that rely on this unimproved access road including staff access, 
vacuum trucks, and a variety of heavy vehicle/equipment.  

  The County acknowledges that the access road is essential to the operations of the City’s 
treatment plant, and the proposed project will be constructed so as to not interfere with this 
existing access. It is the intent of the County and project applicant to work cooperatively with 
the City so as to not interfere with the normal operations of the City’s WTTP. 

C.4 The County and project applicant met with the City of Brawley on February 1, 2022 and 
February 8, 2022 to discuss the City’s concerns. The County and project applicant 
acknowledge that the access road is essential to the operations of the City’s treatment plant. 
As a result of the meetings, the project applicant would not make any improvements to the 
existing WTTP access road. The project applicant would only renovate the existing dirt roads 
within the project site to all-weather surfaces to meet the County standards. If agreeable by 
the City of Brawley, the roadway from N Best Avenue to the City of Brawley WWTP could be 
renovated to all-weather surfaces. For clarification, page 2-14 of the Final EIR has been 
revised as follows:  

“Project construction would include the renovation of existing dirt roads to all-weather 
surfaces (to meet the County standards) from N Best Avenue to the City of Brawley 
wastewater treatment plant. Construction of the proposed project would begin with 
clearing of existing brush and installation of fencing around the project boundary. 
Fencing would consist of a six-foot chain-link fence topped with barbed wire. A 20-foot 
road of engineering-approved aggregate would surround the site within the fencing. 

Project construction would include the renovation of existing dirt roads within the 
project site, to all-weather surfaces (to meet the County standards). If agreeable by 
the City of Brawley, the roadways outside the project site would also be renovated to 
all-weather surfaces to improve the roadway from N Best Avenue to the City of Brawley 
WWTP. These improvements would be coordinated with the City of Brawley.”  

 The project would not place any project components within the WTTP’s right-of-way of the 
access road. Figure 2-3 of the Final EIR has been revised to show that all project components, 
including solar panels and fencing, will all be located within the project boundary (i.e., within 
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the property lines). Figure 2-4, Proposed Access and Fencing Plan, has been added to the 
Final EIR to clarify proposed access improvements, fencing, and to show that all project 
components will be within the property lines. 

C.5 Figure 2-4, Proposed Access and Fencing Plan, has been added to the Final EIR to clarify 
proposed access improvements and fencing plan.  Please refer to response to comment C.4.  

C.6 Please refer to responses to comments C.4 and C.5.  

C.7  As stated on Draft EIR page 3.13-6, a Haul Route Study which would include a Roadway 
Maintenance Agreement will be required prior to commencement of construction as a 
Condition of Approval.  Additionally, a traffic construction management plan, subject to 
approval by the County Department of Public Works, would be required as a Conditional of 
Approval of the CUP.  The construction management plan would need to provide for the 
accommodation of existing traffic accessing the treatment plant so that existing access is not 
precluded or otherwise impeded treatment plant operations. 

C.8 As described in response to comment C.4, the project would not place any project components 
within the WTTP’s right-of-way of the access road. Figure 2-4 has been added to the Final EIR 
which depicts proposed access and fencing locations and illustrates that existing access to 
the treatment plant will be maintained as part of the project.  

C.9 The proposed backup generator would be located within the southern portion of the project 
site, within the area identified as “Battery Energy Storage System.”  Specifically, the location 
of the backup generator is described on pages 2-7 through 2-8 of the Draft EIR. As described 
in the Draft EIR, “a 20kV emergency backup generator would be located adjacent to the 
[substation]control room for the HVAC system.” As shown on Figure 2-3 of the Draft EIR, the 
proposed substation would be located at the southern edge of the project site, at a distance of 
approximately 1,320 feet (1/4 mile), downwind of prevailing winds of the WTTP.  The proposed 
project will use a 20kV emergency backup generator and will comply with EPA Tier IV 
emissions standards.  

By definition, sensitive receptors include, but are not limited to, hospitals, schools, daycare 
facilities, elderly housing and convalescent facilities. These are areas where the occupants 
are more susceptible to the adverse effects of exposure to toxic chemicals, pesticides, and 
other pollutants.  

The City of Brawley Wastewater Treatment Plant (WTTP) is not considered a sensitive 
receptor. As such, the quantification of the potential air toxic impacts of diesel exhaust for the 
WTTP is not required. However, no significant health risk impact was identified related to 
sensitive receptors which are located in closer proximity and downwind of the proposed 
generator as compared to the WTTP.  Because the WTTP is not permanently occupied (unlike 
a residence), and is located 1,320 feet upwind of prevailing winds, and only irregular, periodic 
use of the generator would occur, no significant health risk associated with the proposed diesel 
backup generator would be anticipated at the WTTP. 

C.10 Please refer to response to comment C.9 regarding potential air quality impacts to the WTTP. 

 As shown in Final EIR Figure 2-4 Proposed Access and Fencing Plan (Final EIR page 2-9), 
based on the proposed conceptual layout of solar panels, panels would be setback a minimum 
of 50-feet from the intersection where the proposed access road would cross over the existing 
railroad tracks in order to maintain adequate site distance.   

PC ORIGINAL PKG



0.2 Response to Comments 
 Final EIR | Brawley Solar Energy Facility Project 

 

County of Imperial January 2023 | 0.2-19 

C.11 The County will coordinate and copy the City of Brawley on all forthcoming plans and mitigation 
measures required under approvals granted for the proposed project including the Haul Route 
Study, Roadway Maintenance Agreement, Project Drainage Plan, and plans related to soil 
erosion and stormwater management.  It is the intent of the County and project applicant to 
work cooperatively with the City so as to not interfere with the normal operations of the City’s 
WTTP. 

C.12 The contact information for the City of Brawley Public Works Director is received and 
acknowledged.   
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Letter D 
Law Offices of Stephan C. Volker 
February 10, 2022  
 
D.1 This is an introductory comment and provides a summary of the proposed project. This 

comment also expresses opposition to the proposed project due to alleged conversion of 
farmland to solar farm projects. See responses to comments D.4 and D.5 for specific 
responses to potential impacts on agricultural resources.  

D.2 This comment states that the County should abide by its own policy and not approve any 
additional renewable energy developments that are proposed outside the Renewable Energy 
(RE) Overlay Zone that would have significant environmental impacts.  

The County acknowledges that the southern portion of the proposed project site is currently 
located outside the RE Overlay Zone (see page 2-4 and Figure 2-1 of the Draft EIR). As 
explained in Chapter 2 of the Draft EIR, approval by the Board of Supervisors of a General 
Plan Amendment and Rezone would be required for project implementation. However, it is 
also noted that the northern parcels of the proposed project site are currently located within 
the Geothermal Overlay Zone (see Draft EIR page 3.11-4), which is a renewable energy 
source.  According to the the County Land Use Ordinance, Division 17: Renewable Energy 
Resources, §91701.01 “RE” RENEWABLE ENERGY OVERLAY ZONE, “The Renewable 
Energy (RE) Overlay Zone consists of two categories as shown on the RE Overlay Map: 1) 
the Geothermal Energy overlay for areas where existing and future develoment has been 
environmentally review[ed] for geotheremal renewable energy facilities; and 2) the 
Renewable/Geothermal overlay for areas that could be developed with any form of renewable 
energy technology, including geothermal production.”  Therefore, the project site is located 
adjacent to an existing RE Overlay Zone.  Further, the existing project site zoning (A-2), allows 
for “solar energy electrical generator, battery storage facility, electrical substations, 
communication towers, and facilitieis for the transmission of electrical energy.”   

 The County Land Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes 
the development and operation of renewable energy projects with an approved conditional use 
permit (CUP). The RE Overlay Zone is concentrated in areas determined to be the most 
suitable for the development of renewable energy facilities while minimizing the impact on 
other established uses. CUP applications proposed for specific renewable energy projects not 
located in the RE Overlay Zone would not be allowed without an amendment to the RE Overlay 
Zone, and as stated in the Renewable Energy and Transmission Element:  

CUP applications proposed for specific renewable energy projects not located in the 
RE Overlay Zone would not be allowed without an amendment to the RE Overlay 
Zone. An amendment to the overlay zone would only be approved by the County Board 
of Supervisors if a future renewable energy project met one of the following two 
conditions:  

1) Adjacent to the Existing RE Overlay Zone: An amendment may be made 
to allow for development of a future renewable energy project located 
adjacent to the existing RE Overlay Zone if the project:  

o Is not located in a sensitive area  

PC ORIGINAL PKG



0.2 Response to Comments 
Final EIR | Brawley Solar Energy Facility Project 

0.2-182 | January 2023 County of Imperial 

o Would not result in any significant impacts  

2) “Island Overlay”: An amendment may be made to allow for development of 
a future renewable energy project that is not located adjacent to the 
existing RE Overlay Zone if the project:  

o Is located adjacent (sharing a common boundary) to an existing 
transmission source  

o Consists of the expansion of an existing renewable energy operation  

o Would not result in any significant environmental impacts.  
 

The project site is located adjacent to an existing RE Overlay Zone; and the project meets the 
criteria for an amendment to the overlay zone as the project site is not located in a sensitive 
area, and would not result in any significant impacts after implementation of proposed 
mitigation.  EIR pages 2-4 and 3.11-4 have been modified to clarify that the northern portion 
of the project site is within an existing RE Overlay Zone and that the southern portion of the 
site is adjacent to an existing RE Overlay Zone. 

Additionally, the project is located adjacent to an existing transmission source.  The project 
also meets the criteria identified for the “Island Overlay” that is necessary to obtain approval 
of an amendment to the RE Overlay Zone. An analysis of the project’s consistency with the 
“Island Overlay” criteria is provided in Table 3.11-3 of the Draft EIR. As shown on Table 3.11-
3 of the Draft EIR, the proposed project would also meet the “Island Overlay” criteria because 
it is located adjacent to an existing transmission source, would expand an existing renewable 
energy operation, and would not result in any significant environmental impacts with 
implementation of mitigation measures. With the approval of the General Plan Amendment, 
Zone Change, and CUP, the proposed solar project can be implemented.  

The commenter encourages the County to adopt an alternative to the proposed project that 
would involve distributed PV generation projects near energy demand centers in already-
disturbed areas. The Draft EIR provides an analysis of a distributed energy alterantive (see 
Draft EIR Alternative 4 – Distrbuted Commercial and Industrial Rooftop Solar Only Alternative), 
which would involve the development of distributed small to medium solar PV systems within 
existing developed areas, typically on the rooftops of commercial and industrial facilities 
throughout Imperial County. As addressed in the Draft EIR (see page 7-23), the Distributed 
Commerical and Industrial Rooftop Solar Only Alternative  would avoid impacts on agricultural 
resources compared to the proposed project; however, it would result in greater environmental 
impacts to other environmental resources related to aesthetics, air quality, biological 
resources, cultural resources, tribal cultural resources, and utilities and service systems.  

D.3 This comment indicates that the project is inconsistent with the County’s General Plan based 
on precedent established in the court case “Neighborhood Action Group v. County of 
Calaveras” (1984) 156 Cal. App.3d 1176, 1184. In that case, the County of Calaveras 
approved a conditional use permit (CUP) for a proposed project, but the County did not have 
a valid General Plan (i.e., the General Plan was determined not to be in compliance with State 
law). This, in turn, invalidated the County’s issuance of a CUP for the project. The 
circumstances regarding the Neighborhood Action Group v. County of Calaveras case are not 
applicable to the Brawley Solar Energy Facility project. Unlike the “Neighborhood” case, the 
County of Imperial’s General Plan meets State requirements and is legally valid. As such, no 
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defect exists as it relates to the County’s authority to issue a CUP for the proposed solar 
generation project, consistent with the underlying zoning designation within the project site. 
Moreover, in a recent trial court case in the County of Imperial (Campoverde) a judge found 
that solar farms are consistent with the County’s adopted General Plan.  

Specifically with respect to the proposed project, as indicated on page 3.11-16 of the Draft  
EIR:  

Development of the solar energy facility and supporting infrastructure is subject to the 
County’s zoning ordinance. The solar energy facility is located on five privately-owned 
legal parcels zoned A-2-G. Pursuant to Title 9, Division 5, Chapter 8 the following uses 
are permitted in the A-2 zone subject to approval of a CUP from Imperial County: solar 
energy electrical generator, battery storage facility, and facilities for the transmission 
of electrical energy (County of Imperial 2020). Therefore, with approval of a CUP, the 
proposed project would not conflict with the County’s zoning ordinance. 

One of the Court’s primary considerations in the “Neighborhood” case was whether the County 
of Calaveras had the authority to issue a CUP if it had failed to adopt a general plan containing 
elements, required by state law, which are relevant to the uses authorized by the permit. The 
County of Imperial’s General Plan Land Use Element recognizes solar energy (an alternative 
form of energy) as being consistent with the County’s overall goals and energy policies. 
Development of Geothermal/Alternative Energy Resources. Goal 1 - the County of Imperial 
supports and encourages the full, orderly, and efficient development of geothermal/alternative 
energy resources while at the same time preserving and enhancing where possible 
agricultural, biological, human, and recreational resources.  
 
Further, as discussed in response to comment D.2, the project site is located adjacent to an 
existing RE Overlay Zone; and the project meets the criteria for an amendment to the overlay 
zone as the project site is not located in a sensitive area, and would not result in any significant 
impacts after implementation of proposed mitigation. 

In addition, Table 3.11-3 (EIR page 3.11-15) analyzes the Project Consistency with the “Island 
Overlay” criteria. As described in Response to Comment D.2, the proposed project meets the 
“Island Overlay” criteria because it is located adjacent to an existing transmission source, 
would expand an existing renewable energy operation, and would not result in any significant 
environmental impacts with implementation of mitigation measures. With the approval of the 
General Plan Amendment, Zone Change, and CUP, the proposed project would be an 
allowable use within the existing land use and zoning designations for the site. In addition, the 
project would promote Imperial County’s renewable energy policies and would be consistent 
with the County’s goal, as stated in its April 20, 2010 proclamation. According to the April 28, 
2009 Joint Resolution of Imperial County Irrigation District and County of Imperial for the 
Creation of an Imperial Valley Renewable Energy Development Program, Imperial County is 
a major source of renewable energy for the State of California.  

D.4 This comment incorrectly states an interpretation of the General Plan that it “forbids” the 
proposed solar farm use on the proposed project site. While the County’s General Plan Land 
Use Agriculture category states that “agriculture shall be promoted as the principal and 
dominate use”; the Element does not restrict or otherwise forbid other uses. Moreover, 
agricultural uses continue to be the principal dominate use in the County. As provided in the 
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Land Use Element, conversion of agricultural uses is allowed in cases “where a clear long 
term economic benefit to the County can be demonstrated through the planning and 
environmental review process.” The potential economic benefits of the proposed project will 
be considered by the Planning Commission and Board of Supervisors as part of consideration 
of approval of the proposed project, consistent with this particular provision of the General 
Plan. 

CUPs for solar energy projects on agriculturally-zoned land are not expressly prohibited in the 
Imperial County General Plan. Although each conditional use permit application must be 
evaluated on a case-by-case basis, such conditional uses are not inherently inconsistent with 
the General Plan Agricultural Element or Land Use Element. The Agricultural Element and 
Land Use Element contain no express prohibition of non-agricultural uses on land designated 
within the Agricultural category. Rather, the Agricultural Element specifically allows non-
agricultural development on land within the Agricultural Category. According to the Land Use 
Element, the “Agriculture” land use designation expressly allows non-agricultural uses on 
agricultural land and places an appropriate burden on those proposing a non-agricultural use 
to demonstrate that (1) it “does not conflict with agricultural operations and will not result in the 
premature elimination of such agricultural operations” and (2) it meets the requirement that “no 
use should be permitted which would have a significant adverse effect on agricultural 
production.” (ICGP Land Use Elem. IV.C.1.) The Lead Agency has the authority to interpret 
the meaning of the General Plan and determine whether the proposed project, together with 
the mitigation measures set forth in the EIR and the conditions of approval mandated by a 
CUP, are consistent with the General Plan. Please also refer to response to comment D.2 
related to the project’s consistency with the RE Overlay Zone. 

D.5 Please refer to response to comment D.2 as it related to the project’s overall consistency with 
the County’s Renewable Energy and Transmission Element. In addition, it should be noted 
that the proposed project does not involve a re-designation of the underlying Agriculture land 
use of the project site. General Plan goals and policies for preserving agricultural land are not 
inflexible and, pursuant to the language in the General Plan, should be balanced with General 
Plan goals and objectives of economic growth and regional vision. The General Plan 
Agricultural Element specifically cautions against its Goals and Policies being interpreted as 
doctrine:  

Imperial County’s Goals and Objectives are intended to serve as long-term principles and 
policy statements representing ideals which have been determined by the citizens as being 
desirable and deserving of community time and resources to achieve. The Goals and 
Objectives, therefore, are important guidelines for agricultural land use decision making. It 
is recognized, however, that other social, economic, environmental, and legal 
considerations are involved in land use decisions and that these [Agricultural Element] 
Goals and Objectives, and those of other General Plan Elements, should be used as 
guidelines but not doctrines. (ICGP Ag. Elem. III.A Preface [emphasis added].) 

In addition to the considerations set forth in the Agricultural Element regarding non-agricultural 
use of land within the Agricultural category, preserving Agricultural land for agricultural use 
must be balanced against the Economic Growth and Regional Vision goals and objectives of 
the General Plan Land Use Element.  

In particular, Goal 2 states: “Diversify employment and economic opportunities in the County 
while preserving agricultural activity.” Goal 3, Objective 3.2 states: “Preserve agricultural and 
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natural resources while promoting diverse economic growth through sound land use planning.” 
These goals and objectives call for a balanced approach between preserving agricultural land 
and promoting economic growth.  

Furthermore, and as provided on page 3.3-13 of the Draft EIR, with mitigation measures 
proposed in other resource sections (e.g. air quality, noise, etc.) project-related activities would 
not adversely affect adjacent agricultural operations. Additionally, the project would not 
develop infrastructure that would attract or encourage new development of adjacent 
farmlands. Further, the provisions of the Imperial County Right-to-Farm Ordinance (No. 1031) 
and the State nuisance law (California Code Sub-Section 3482) would continue to be enforced. 
Based on these considerations, the project is not expected to adversely impact adjacent 
landowners’ abilities to economically and conveniently farm adjacent agricultural land and the 
impact is considered less than significant. 

The comment states that the project would terminate and prevent agricultural uses on the 
project site for the project’s operational life for at least 30 years. This project-related impact is 
disclosed in Impact 3.3.1 of the Draft EIR which states that. “…, the project would result in the 
temporary conversion of approximately 227 acres of land currently under or available for 
agricultural production to non-agricultural uses.” This impact was determined to be significant 
prior to implementation of proposed mitigation measures. With the implementation of 
Mitigation Measures AG-1a and AG-1b, this impact would be reduced to a less than significant 
level. Mitigation Measure AG-1a addresses the temporary conversion of agricultural lands by 
providing the applicant an option to provide agricultural conservation easement(s), payment of 
an agricultural in-lieu mitigation fee which would be placed in a trust account administered by 
the Imperial County Agricultural Commissioner’s office and used for such purposes as 
“acquisition, stewardship, preservation and enhancement of agricultural lands” or public 
benefit agreement, which requires an Agricultural Benefit Fee payment that would be used for 
“addressing the mitigation of agricultural job loss on the local economy, or emphasis on 
creation of jobs in the agricultural sector of the local economy for the purpose of off-setting 
jobs displaced by the project.  Mitigation Measure AG-1b addresses the restoration of the 
agricultural lands.  These measures have been developed and approved by the Board of 
Supervisors as adequate mitigation to address the temporary conversion of agricultural lands 
for solar energy use within the County.   

D.6 Pursuant to CEQA, an economic impact is not an impact on the physical environment that 
must be addressed in an EIR (see CEQA Guidelines Section 15131). The County considers 
the fiscal and economic impacts as part of approval of the projects. Conditions of Approval, in 
terms of financing of services, etc. are also placed on each of these projects based on the 
findings of the particular fiscal/economic study. Previous solar projects approved by the County 
have been shown to provide a fiscal benefit to the County.  

Economic, employment, and fiscal factors will be considered as part of the Planning 
Commission and the Board of Supervisors consideration for approval of the projects. Like other 
previously-approved solar projects in the County, it is anticipated that the proposed project 
would have an overall economic, employment and fiscal benefit as compared to the existing 
agricultural use of the project sites; however the final determination will be made as part of the 
Planning Commission and Board of Supervisors hearings on the project.  

D.7 Please refer to responses to comments D.4 and D.5. 
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D.8 Please refer to response to comment D.2 related to the project’s consistency with the 
Renewable Energy and Transmission Element. 

D.9 The EIR analyzes the environmental effects on the 30-year CUP followed by post-project 
restoration of the project site. The application of another CUP would be subject to additional 
CEQA review at the time an application is filed with the County. Any consideration of potential 
impacts to important farmlands would be based on future project details, which remain remote 
and speculative at this time.  

D.10 The project’s cumulative effects to agricultural resources, including important farmlands, are 
addressed on pages 5-7 through 5-8 of the Draft EIR. As provided, the incremental impact of 
the loss of 227 acres of farmland would be mitigated via full restoration of the project site to 
comparable agricultural production post-project, purchase of an agricultural easement at a 2:1 
ratio, or payment into the County’s agricultural mitigation fund, which the County uses at its 
discretion to mitigate for farmland loss consistent with its General Plan policies. The 
comment’s statement regarding impacts to agriculture-serving business is unsupported by 
substantial evidence and beyond the scope of CEQA.  

The Prime Farmland (4.4 acres), Farmland of Statewide Importance (205 acres), and Unique 
Farmland (1 acre) within the project site comprises a 0.04 percent of the total Important 
Farmland (2018 reporting year) (522,375 acres) in the County. Thus, the proposed project 
would temporarily convert a very small fraction of the total Important Farmlands in the County 
and have a minimal effect on agricultural land on a cumulative scale. Furthermore, the 
conversion would be temporary and last for the duration of the project’s useful life which is 
expected to be up to 30 years. Mitigation Measure AG-1a (Payment of Agricultural and Other 
Benefit Fees), AG-1b (Site Reclamation Plan), and AG-2 (Pest Management Plan) would be 
implemented to reduce potential impacts on agricultural resources to a level less than 
significant. 

D.11 Impact 3.5-1 (page 3.5-20) of the EIR provides an analysis of the project’s potential to result 
in electrocution of avian species. Mitigation Measure BIO-1 will require all electrical 
components on the project site to be either undergrounded or protected so that there will be 
no exposure to wildlife and therefore no potential for electrocution. Additionally, based on the 
Avian Powerline Interaction Committee’s (APLIC) 1996 report on power line electrocution in 
the U.S., avian electrocution risk is highest along distribution lines (generally less than 69 kV) 
where the distance between energized phases, ground wires, transformers, and other 
components of an electrical distribution system are less than the length or skin-to-skin contact 
distance of birds. The distance between energized components along transmission lines (>69 
kV) is generally insufficient to present avian electrocution risk. 

D.12 Impact 3.5-1 (pages 3.5-19 through 3.5-20) of the EIR addresses the project’s potential to 
result in indirect impacts to loss of nesting and foraging habitat.  

D.13 Chapter 3.12, Public Services, addresses the proposed project’s increased need for fire 
protection services and project design features proposed to reduce the risk of fire. The County 
and project applicant have been in coordination with the County of Imperial Fire Department 
with regards to the required fire protection systems that must be included in the project for 
safety, including specific requirements for the battery energy storage system (BESS). The 
project applicant and the Fire Department had a meeting on April 27, 2021 to discuss the 
project components, site access, and fire suppression features of the project. The Fire 
Department had concerns of the original location of the BESS at the southwest corner of the 
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project site. Specifically, fire trucks would need to drive across the train tracks to access the 
BESS. The Fire Department requested that the location of the BESS be relocated from the 
southwestern corner of the project site to the south-central portion of the project site, just east 
of the railroad tracks, to minimize safety risk of crossing the railroad tracks. The Site Plan 
shown in Figure 2-3 of the Draft EIR reflects the Fire Department’s request. Additionally, the 
original site plan was revised by the applicant in response to Fire Department input to relocate 
the substation to the south-central portion of the project site. The project design identifies the 
fiberoptic cable originating from the project substation or microwave tower to be within the 
substation footprint. Therefore, these components would also be located at the south-central 
portion of the project site. Furthermore, utility-scale solar facilities have been operating in the 
County for over 10 years with no incidence of fire or significant fire risk. 

D.14 CEQA does not require that the EIR analyze the greenhouse gasses emitted to produce the 
components used to build PV panels that may be utilized for the project or from the 
breakdown/recycling/disposal of project components. Pursuant to CEQA Guideline 15277, 
“Any emissions or discharges that would have a significant effect on the environment in the 
State of California are subject to CEQA where a California public agency has authority over 
the emissions or discharges.”  

The specific manufacturer of the solar PV panels that would be installed on the project site 
has not been identified; however, they would likely be derived from an imported source. Should 
panels be obtained from a factory within California, the environmental impacts associated with 
the manufacturing of those panels (included GHG emissions) would have been analyzed and 
considered pursuant to CEQA as part of any discretionary approvals or applicable air district 
permits associated with construction and operation of that particular manufacturing facility.  

The comment asserts that the EIR provides no evidence showing what kind of electricity 
generation the project would replace. As described on page 3.8-12 of the EIR, the proposed 
project would reduce GHG emissions in a manner consistent with SB 32 and other California 
GHG-reducing legislation by creating a new source of solar power to replace the current use 
of fossil-fuel power and reduce GHG emissions power generation and use. 

D.15 The comment asserts that the Draft EIR did not analyze impacts related to the potential health 
risks associated with electromagnetic fields (EMF).  

The California Department of Health Services (DHS), California Electric and Magnetic Fields 
Program, provides information regarding known possible health effects from EMFs created by 
the use of electricity. DHS references the National EMF Research and Public Information 
Dissemination (RAPID) Program, established by Congress as part of the Energy Policy Act of 
1992, which has published its findings concluding evidence of the risk of cancer from EMF 
around power lines is weak. The report recognizes that EMF exposure “cannot be recognized 
as entirely safe” but “believes that the probability that EMF exposure is truly a health hazard 
is currently small” with “marginal scientific support that exposure to this agent is causing any 
degree of harm.” Furthermore, in a decision from the California Public Utilities Commission 
(CPUC), the CPUC stated “at this time we are unable to determine whether there is a 
significant scientifically verifiable relationship between EMF exposure and negative health 
consequences.” (CPUC Decision D.06- 0I-042.)  

The comment cites to studies linking EMF exposure to increased health risks to humans and 
other mammals. The County is entitled to rely on the studies cited above, particularly where 
they have been prepared by the regulatory agency with jurisdiction over the relevant subject 
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matter. Under established CEQA precedent, lead agencies may accept the determinations 
and conclusions reached by one set of experts, even though other conclusions may be 
reached by other experts. (Environmental Council of Sacramento v. City of Sacramento (2006) 
142 Cal. App. 4th 1018, 1042; Eureka Citizens v. City of Eureka (2007) 147 Cal.App.4th 357, 
371-372; Greenbaum v. City of Los Angeles (1984) 153 Cal.App.3d 391, 412.)  

Pursuant to CEQA Guidelines Section 15145 “If, after a thorough investigation, a lead agency 
finds that a particular impact is too speculative for evaluation, the lead agency should note its 
conclusion and terminate discussion of the impact.” The available evidence as evaluated by 
the CPUC and other regulatory agencies has not established that EMF fields pose a significant 
health risk, further evaluation of this issue in the EIR would be speculative and is not warranted 
or required.   

D.16 The County has evaluated all the potential impacts of the proposed project in accordance with 
the provisions of CEQA and recirculation of the EIR is not necessary pursuant to CEQA 
Guidelines Section 15162.  
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Letter E 
Donna (Cox) Tisdale, Michael Cox, Carolyn (Cox) Allen, Lawrence Cox; C/O Donbee Farms & 
on behalf of Backcountry Against Dumps 
February 10, 2022  
 

E.1 This comment expresses opposition to the proposed project. The County has evaluated all the 
potential impacts of the proposed project in accordance with the provisions of CEQA and 
recirculation of the EIR is not necessary pursuant to CEQA Guidelines Section 15162. 

E.2 At the time the photograph was taken (December 23, 2021), solar panels were stored on the 
Brawley Solar Energy Project site for the Wister Solar Project which is currently under 
construction.  The solar panels were transported and assembled at the Wister Solar site.  
Materials storage is allowed on the site.  Regardless, the applicant is not precluded from any 
purchase of equipment and materials, or services, or any investments related to the project, 
as this would occur at risk prior to the County’s consideration of approval of the project. The 
project cannot be constructed prior to approval of the project and certification of the EIR by the 
County Planning Commission and Board of Supervisors. Otherwise, this comment does not 
raise a specific issue related to the adequacy of the Draft EIR; therefore, no further response 
is required, and the comment is noted for the record.  

E.3 This comment does not raise a specific issue related to the adequacy of the Draft EIR; 
therefore, no further response is required, and the comment is noted for the record. 

E.4 The project will involve the use of either a fiberoptic line or microwave tower. The text in the 
Final EIR has been revised as follows: 

Page ES-1:  

The proposed project would be comprised of bifacial solar PV arrays panels, an on-site, 
92/12 kilovolt (kV) substation, 40 MW battery storage system (BESS), generation tie-line 
(gen-tie), fiberoptic line or and microwave tower, inverters, transformers, underground 
electrical cables, and access roads. 

Page 2-4:  

The proposed project would be comprised of bifacial solar PV arrays panels, an on-site 
substation, BESS, generation tie-line (gen-tie), fiberoptic line or and microwave tower, 
inverters, transformers, underground electrical cables, access roads. These project 
components are described in detail below and depicted in Figure 2-3. 

Page 2-8: 

2.3.5 Fiberoptic Cable or and Microwave Tower  

E.5 The County aknowledges the commenter’s preference for the fiberoptic line instead of the 
microwave tower.  

Please refer to response to comment D.13 related to the relocation of the BESS, substation, 
fiberoptic line or microwave tower from the southwestern corner of the project site to the south-
central portion of the project site. As shown in the site plan, the substation would be located 
approximately 800 feet west of the closest residence. 
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The potential health impacts associated with the proposed project are analyzed in Section 3.4, 
Air Quality (see Impact 3.4-3) and Section 3.9, Hazards and Hazardous Materials (see Impact 
3.9-1 and 3.9-2) of the Draft EIR. The EIR concludes that potential health impacts would be 
less than significant.  

E.6 Please refer to response to comment D.2 related to the project’s consistency with the 
Renewable Energy and Transmission Element. 

With regards to the accuracy of the ICPDS Renewable Energy Overlay Zone and Project Map 
(Web Map), note that the Web Map application has a disclaimer pop-up, which opens up to 
the user prior to the use of the Web Map application. Please refer to Figure 1 below. The 
disclaimer clearly states, “information in this map can and will change without notice. The 
County of Imperial does not guarantee the accuracy of this data.” No further response is 
required.  

   

Figure 1. Web Map Disclaimer 

 

E.7  When approving an environmental document containing mitigation measures, the lead agency 
must adopt a mitigation monitoring and reporting program (MMRP) to ensure the measures 
falling under its responsibility are implemented. (CEQA Guidelines, § 15097.) The lead agency 
is responsible for ensuring that mitigation measures are implemented in accordance with the 
program. Pursuant to CEQA Guidelines, § 15097, as part of the project approval, the County 
will adopt an MMRP for the proposed project.  

Project contact information will be posted at the project site and will be clearly visible from 
the public right of way.  

E.8  Mitigation Measure AG-1a addresses the temporary conversion of agricultural lands by 
providing the applicant an option to provide agricultural conservation easement(s), payment of 
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an agricultural in-lieu mitigation fee which would be placed in a trust account administered by 
the Imperial County Agricultural Commissioner’s office and used for such purposes as 
“acquisition, stewardship, preservation and enhancement of agricultural lands” or public 
benefit agreement, which requires an Agricultural Benefit Fee payment that would be used for 
“addressing the mitigation of agricultural job loss on the local economy, or emphasis on 
creation of jobs in the agricultural sector of the local economy for the purpose of off-setting 
jobs displaced by the Project.  Option 4 would require avoidance of Prime Farmland.  Mitigation 
Measure AG-1b addresses the restoration of the agricultural lands.  These measures have 
been developed and approved by the Board of Supervisors as adequate mitigation to address 
the temporary conversion of agricultural lands for solar energy use within the County.   

E.9 Please refer to response to comment E.7 with regards to enforceability of mitigation measures. 
Mitigation Measure AG-1b will ensure that the project applicant adheres to the terms of the 
agricultural reclamation plan prepared for the project site, which would address the temporary 
agricultural land conversion impact.  The Reclamation Plan will document the procedures by 
which the project site will be returned to its current agricultural condition, including soil 
conditions. The Permittee will also provide financial assurance/bonding in the amount equal to 
a cost estimate prepared by a California-licensed general contractor or civil engineer for 
implementation of the Reclamation Plan in the event Permittee fails to perform the 
Reclamation Plan. 

E.10 Section 1.4.4 of the EIR identifies noise as an area of controversy. Section 1.4.4 of the Final 
EIR has been revised as follows to include waste: 

“Through the environmental review process for this project, other areas of concern and issues 
to be resolved include potential impacts related to the conversion of farmland to non-
agricultural uses, damage to crops, wildlife, water supply, fire hazards associated with the 
battery energy storage system, health effects from air pollution, noise, hazardous materials, 
waste, electromagnetic exposure safety, and change of visual character.”    

A Noise Impact Analysis was prepared to determine the noise impacts associated with the 
proposed project, and is provided as Appendix I of the EIR. The report analyzes the potential 
short-term construction- and operations-related noise impacts from the proposed project. 
Chapter 6, Effects Found Not Significant, of the EIR (pages 6-4 through 6-7 of the EIR) 
contains a summary of the Noise Impact Analysis.  

The proposed PV solar panels do not create any operational noise, however the proposed 
BESS Enclosures (AC Unit noise), Power Conversion System, Power Distribution Center that 
would be located at the BESS, and auxiliary transformers, and Battery Step Up Transformer 
that would be located at the proposed substation are known sources of noise were analyzed. 
The noise levels from each source were calculated at the nearest homes, which includes the 
Cox farm employee housing. As shown on Table 6-2 of the EIR, the proposed project’s onsite 
operational noise from the anticipated onsite noise sources would not exceed the applicable 
noise standards at the nearby homes. Operational onsite noise impacts would be less than 
significant.  

The potential impacts of the proposed project on solid waste is provided on pages 6-8 through 
6-9 of the EIR. The project would be required to comply with state and local requirements for 
waste reduction and recycling; including the 1989 California Integrated Waste Management 
Act and the 1991 California Solid Waste Reuse and Recycling Access Act of 1991. Also, 
conditions of the CUP would contain provisions for recycling and diversion of Imperial County 
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construction waste policies. When the proposed project reaches the end of its operational life, 
the components would be decommissioned and deconstructed. The project components 
would be deconstructed and recycled or disposed of safely, and the site could be converted to 
other uses in accordance with applicable land use regulations in effect at the time of closure. 
Commercially reasonable efforts would be used to recycle or reuse materials from the 
decommissioning. All other materials would be disposed of at a licensed facility. A less than 
significant impact is identified for solid waste.  

Please refer to response to comment D.15 with regards to potential health risks associated 
with electromagnetic fields.  

E.11 This comment provides agricultural land loss and conversion statistics from the Department of 
Conservation. The commenter alleges that EIR Table 3.3-1, which shows the amount of 
agricultural land and acres converted to non-agricultural uses from 2016-2018 in Imperial 
County,  is outdated and is deceptively low. The County disagrees with this statement as the 
information in EIR Table 3.3-1 is from the California Department of Conservation’s most recent 
and available data set (2016-2018).  The commenter later acknowledges that the DOC reports 
for 2018-2021 are not yet available. Therefore, the claim that that numbers in EIR Table 3.3-1 
are outdated and deceptively low unsupported.   

Please refer to response to comment D.10 with regards to the project’s cumulative effects on 
agricultural resources.  

E.12 This comment does not raise a specific issue related to the adequacy of the Draft EIR; 
therefore, no further response is required, and the comment is noted for the record. 

E.13 The County acknowledges the commentor’s disagreement with the goals and objectives 
analysis provided in the Draft EIR as stated in this comment.  However, the County disagrees 
that the project is not consistent with the relevant goals and objectives, an analysis of which 
are provided on Draft EIR Table 3.11-2 Project Consistency with Applicable Geeral Plan 
Policies.  These consistency findings are consistent with other solar energy developments that 
have been reviewed and approved by the County. 

 Regarding stability of lithium batteries, please refer to response to comment E.29. 

E.14 Please refer to response to comment D.13.  

E.15 Section 2.4.2 of the Final EIR has been revised as follows: 

“Material and equipment staging areas would be established on-site or at the existing North 
Brawley Geothermal Power Plant within an approximately 4-acre area. 

E.16 Please refer to response to comment E.9. 

E.17 It is not clear which mitigation measure the commenter is referring to in Table ES-1. 
Regardless, the proposed project would comply with state and local regulations for waste 
reduction and recycling. As stated on page 2-11 of the EIR, “Wastes generated during 
construction would be non-hazardous and may contain any of the following: cardboard, wood 
pallets, copper wire, scrap steel, common trash and wood wire spools, and as much as 
possible of the waste that is generated during construction would be recycled.” Furthermore, 
on page 6-9 of the EIR, “…the project would be required to comply with state and local 
requirements for waste reduction and recycling; including the 1989 California Integrated Waste 
Management Act and the 1991 California Solid Waste Reuse and Recycling Access Act of 
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1991. Also, conditions of the CUP would contain provisions for recycling and diversion of 
Imperial County construction waste policies.”  

E.18 This comment does not raise a specific issue related to the adequacy of the Draft EIR; 
therefore, no further response is required, and the comment is noted for the record. 

E.19 Please refer to response to comment E.17.  

E.20 The proposed project would be required to comply with state and local requirements for waste 
reduction and recycling at the time of recyling or disposal of project components (i.e., PV 
panels and batteries.  

E.21 This comment states the operating efficiency of a CS3W module. This comment does not raise 
a specific issue related to the adequacy of the Draft EIR; therefore, no further response is 
required, and the comment is noted for the record. 

E.22 This comment is an excerpt from the Department of Toxic Susbtance Control’s press release 
about California adding solar panels to its universal waste program. This comment does not 
raise a specific issue related to the adequacy of the Draft EIR; therefore, no further response 
is required, and the comment is noted for the record. 

E.23 This comment identifies the Universal Waste facilities that accept PV modules closest to the 
project site. While there are no Universal Waste Handlers that accept PV modules in Imperial 
County at this time, project decommissioning would not occur until 30 years, or more if the 
owner choooses to enter into a subsequent PPA or update technology and re-commission the 
facility. It is possible that a Universal Waste facility could be located in closer proximity to the 
project site (i.e., within Imperial County) by the time project decomissioning takes effect, but 
this is currently unknown and speculative. Regardless of timeframes, the project would be 
required to comply with all state and local requirements for waste reduction and recycling 

 When the proposed project reaches the end of its operational life, the components would be 
decommissioned and deconstructed. The project components would be deconstructed and 
recycled or disposed of safely, and the site could be converted to other uses in accordance 
with applicable land use regulations in effect at the time of closure. Commercially reasonable 
efforts would be used to recycle or reuse materials from the decommissioning. All other 
materials would be disposed of at a licensed facility. 

E.24 This comment is an excerpt from the Harvard Business Review showing a graphic of the solar 
trash wave graph. This comment does not raise a specific issue related to the adequacy of the 
Draft EIR; therefore, no further response is required, and the comment is noted for the record. 

E.25 Please refer to response to comment D.14.  

E.26 Please refer to response to comment E.9. 

E.27 This comment does not raise a specific issue related to the adequacy of the Draft EIR; 
therefore, no further response is required, and the comment is noted for the record. 

E.28 Please refer to response to comment E.29. 

E.29 There are various state of the art mechanisms that are installed at, and within, the BESSs in 
order to control the fire risk.  BESSs collect and store power generated from facilities, such 
as solar farms and wind farms, to be used at a later time. While BESSs may be housed in 
various enclosures, shipping container-type portable units have become the predominant 
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solution for lithium-ion battery storage due to their mobility, modularity, and weather-resistant 
properties. 

The County of Imperial Fire Department recognizes this risk, and requirements for this project 
to mitigate the risk have been incorporated into the project.  This includes the location of the 
proposed BESS so as to be accessible for fire department response, and so that it is not in 
immediate proximity to permanently occupied structures (e.g., existing residences).  Please 
refer to the following Draft EIR pages that specifically address fire department requirements 
as they relate to the proposed project: 

Page 1-3: 

IMPERIAL COUTY FIRE DEPARTMENT 
• Review as part of the EIR process including the final design of the proposed fire 

system 

Page 2-11: 

Fire protection systems for battery systems would be designed in accordance with 
California Fire Code and would take into consideration the recommendations of the 
National Fire Protection Association (NFPA) 855. 

Fire suppression agents such as Novec 1230 or FM 2000, or water may be used as a 
suppressant. In addition, fire prevention methods would be implemented to reduce 
potential fire risk, including voltage, current, and temperature alarms. Energy storage 
equipment would comply with Underwriters Laboratory (UL)-95401 and test methods 
associated with UL-9540A. The project would include lithium-ion batteries. For lithium-ion 
batteries storage, a system would be used that would contain the fire event and encourage 
suppression through cooling, isolation, and containment. Suppressing a lithium-ion 
(secondary) battery is best accomplished by cooling the burning material. A gaseous fire 
suppressant agent (e.g., 3M™ Novec™ 1230 Fire Protection Fluid or similar) and an 
automatic fire extinguishing system with sound and light alarms would be used for lithium-
ion batteries.  

Water for fire suppression would be obtained from a ground storage tank existing onsite 
which fills from the Best Canal along the eastern property boundary. 

To mitigate potential hazards, redundant separate methods of failure detection would be 
implemented. These would include alarms from the Battery Management System (BMS), 
including voltage, current, and temperature alarms. Detection methods for off gas 
detection would be implemented, as applicable. These are in addition to other potential 
protective measures such as ventilation, overcurrent protection, battery controls 
maintaining batteries within designated parameters, temperature and humidity controls, 
smoke detection, and maintenance in accordance with manufacturer guidelines. Remote 
alarms would be installed for operations personnel as well as emergency response teams 
in addition to exterior hazard lighting. In addition, an Incidence Response Plan would be 
implemented. Additionally, the project applicant would contribute its proportionate share 
for purchase of any fire-suppression equipment, if determined warranted by the County 
fire department for the proposed project.  

Page 3.12-4:  
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The proposed project’s BESS component would be placed on a 54,000 square-foot 
concrete pad. The BESS would consist of 12 banks of batteries totaling up to 432 
enclosures. Each of the enclosures would utilize self-contained liquid cooling systems and 
include built-in fire suppression systems.  

As discussed in Chapter 2, Project Description, primary access to the project site would be 
located off N Best Avenue. A secondary emergency access road would be located in the 
northwest portion of the project site. An all‐weather surface access road would surround the 
perimeter of the project site, as well as around solar blocks no greater than 500 by 500 feet. 
Points of ingress/egress would be accessed via locked gates that can be opened by any 
emergency responders. Although the proposed project would be designed, constructed, and 
operated in accordance with applicable fire protection and other environmental, health, and 
safety requirements (e.g., CPUC safety standards), the project applicant will be required to 
consult and coordinate with the Fire Department to address any fire safety and service 
concerns (i.e, BESS) so that adequate service is maintained. Please also refer to response to 
comments D.13. While the proposed project may result in an increase in demand for fire 
protection service, with installation of internal fire prevention systems and ICFD consultation, 
the project would not result in an increase in demand that would, in turn, result in a substantial 
adverse physical impact associated with the provision of new or physically altered fire 
protection facilities; the construction of which could cause significant environmental impacts, 
in order to maintain acceptable service ratios, response times, or other performance objectives 
for any of the public services. Based on these considerations, the project would not result in a 
need for fire facility expansion and a less than significant impact would occur. 

Imperial County requires payment of impact fees for new development projects. Fire Impact 
Fees are imposed pursuant to Ordinance 1418 §2 (2006), which was drafted in accordance 
with the County's TischlerBise Impact Fee Study. The ordinance has provisions for 
non-residential industrial projects based on square footage. The project applicant will be 
required to pay the fire protection services’ impact fees. These fees would be included in the 
Conditions of Approval for the CUP. No new fire stations or facilities would be required to serve 
the project. Impacts would therefore be less than significant. 

As indicated in the Draft EIR text above, the County recognizes that the BESS shipping 
containers pose a significant fire and explosion hazard, without implementation of mitigating 
factors to mitigate the risk to below of level of significance.  A specific mitigation strategy will 
be required to address the potential for fire or explosion associated with the BESS. 

Nearly all BESSs are equipped with a battery management system (BMS), which ensures 
batteries operate within safe temperatures. Some of these systems shut off power if elevated 
temperatures are detected. However, BMSs cannot be relied on as the only form of protection 
from an explosion or fire because once thermal runaway occurs, it cannot be stopped without 
fire suppression systems.  Therefore, as discussed in the Draft EIR, to mitigate potential 
hazards, redundant separate methods of failure detection would be implemented. These would 
include alarms from the Battery Management System (BMS), including voltage, current, and 
temperature alarms. Detection methods for off gas detection would be implemented, as 
applicable. These are in addition to other potential protective measures such as ventilation, 
overcurrent protection, battery controls maintaining batteries within designated parameters, 
temperature and humidity controls, smoke detection, and maintenance in accordance with 
manufacturer guidelines. Remote alarms would be installed for operations personnel as well 
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as emergency response teams in addition to exterior hazard lighting. In addition, an Incidence 
Response Plan would be implemented. 

E.30 Please refer to response to comment E.29. 

E.31 Please refer to response to comment D.13. 

E.32  Please refer to response to comment E.29. 

E.33  Please refer to response to comment E.17. 

E.34 Please refer to response to comment E.29. 

E.35 The issues identified in this comment “electrical noise”, “high magnetic fields” and “radio 
frequency radiation” are associated with home/private solar systems (e.g., rooftop solar) and 
related inverters, and is not a known occurrence from utility-scale solar power. 

E.36  Please refer to response to comment D.13. 

E.37 Please refer to response to comment D.13.  

E.38 Please refer to response to comment D.5.  

E.39 Depending on several factors the project may utilize a fiber optic line for remote communication 
or a communication tower.  The fiber optic line would be located wtihin the same alignment as 
the proposed gen-tie line. 

E.40 Comment noted. 

E.41 Please refer to response to comment D.13.  

E.42 The proposed project would be required to adhere to County’s Land Use Ordinance Code, 
which provides specific direction for lighting requirements. Specifically, Division 17: 
Renewable Energy Resources, Section 91702.00 – Specific Standards for All Renewable 
Energy Projects requires the following: 

(R) Lights should be directed or shielded to confine direct rays to the project site and muted 
to the maximum extent consistent with safety and operational necessity.   

Compliance with the County’s Land Use Ordinance Code would confine direct light rays to the 
project site to minimize and avoid light spilling/trespassing over into areas outside of the project 
site.  

E.43  Please refer to responses to comments D.13 and E.68. 

E.44  Please refer to responses to comments E.15.  

E.45  Please refer to responses to comments E.15. 

E.46  Section 2.4.2 of the Final EIR has been revised as follows: 
“Construction is anticipated to start in quarter four of 20222021 and would take approximately 
6-9 months to complete.” 

E.47  A Water Supply Assessment (WSA) has been prepared for the proposed project, and is 
provided in Appendix H of the EIR. This WSA has been prepared pursuant to the requirements 
of CWC Section 10910, as amended by Senate Bill (SB) 610 (Costa, Chapter 643, Stats. 
2001). The purpose of SB 610 is to advance water supply planning efforts in the State of 
California, therefore SB 610 requires the lead agency (ICPDS), to identify any public water 
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system or water purveyor that may supply water for the project, to prepare the WSA after a 
consultation.  

As described on page 3.15-1 of the EIR, the project site is located within IID’s Imperial Unit 
and district boundary and as such is eligible to receive water service.  IID has adopted an 
Interim Water Supply Policy (IWSP) for Non-Agricultural Projects, from which water supplies 
can be contracted to serve new developments within IID’s water service area. The IWSP 
designates up to 25,000 acre-feet annually (AFY) of IID’s annual Colorado River water supply 
for new non-agricultural projects, provides a mechanism and process to develop a water 
supply agreement for any appropriately permitted project, and establishes a framework and 
set of fees to ensure the supplies used to meet new demands do not adversely affect existing 
users by funding water conservation or augmentation projects, as needed.  

The project is expected to consume 151.8 acre-feet for the 30-year lifespan of the project 
which would equate to 5.06 AFY amortized representing 0.02% of the annual unallocated 
supply set aside for new non-agricultural projects. Thus, the proposed project’s estimated 
water demand would not affect IID’s ability to provide water to other users in IID’s water service 
area. Therefore, the proposed project would have sufficient water supplies available to serve 
the project from existing entitlements and resources.  

With regards to the water well onsite, the Department of Conservation has identified it as an 
idle water well. According to the California Department of Conservation, an idle well is defined 
as: 

“[A]ny well that for a period of 24 consecutive months has not either produced oil or natural 
gas, produced water to be used in production stimulation, or been used for enhanced oil 
recovery, reservoir pressure management, or injection. For the purpose of determining 
whether a well is an idle well, production or injection is subject to verification by the 
division.” (Pub. Resources Code, § 3008, subd. (d).)”1 

Based on the sufficient water supplies available to serve the project from the IWSP, the project 
would not source construction water from the idle water well onsite. 

E.48 Please refer to response to comment D.6. 

E.49  All exposed surfaces (e.g., houses, cars, rocks) absorb heat produced by the sun. A “heat 
island” effect is generated when land is covered with structures (e.g., concrete buildings and 
asphalt roads) which absorb and store significantly more heat during the day than the 
undeveloped earth surface. Additionally, these developed areas are often filled with energy-
consuming devices (e.g., engines, appliances, and heating, air-conditioning, and ventilation 
[HVAC] systems) that generate waste heat.  

Solar arrays consist of PV panels mounted on aluminum and steel support structures, 
restricting sunlight from reaching the ground surface. Additionally, the amount of the sun’s heat 
absorbed by a solar panel is similar to the amount of the sun’s heat absorbed by open land. 
However, solar panels store less heat than the earth because they consist of a thin, lightweight 
glass that is surrounded by airflow. Therefore, heat dissipates quickly from a solar panel 
compared with solid earth, which dissipates heat slowly. The project would also include 

 
1 

https://www.conservation.ca.gov/calgem/idle_well#:~:text=Idle%20Well%20Definitions&text=%22%5BA
%5Dny%20well%20that,reservoir%20pressure%20management%2C%20or%20injection  
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energy-consuming devices (e.g., inverters) that could generate marginal amounts of waste 
heat. There is nothing in the record to date that would indicate that the project would 
significantly increase ambient air temperatures outside the project site. Fthenakis and Yu from 
Columbia University and Brookhaven National Laboratory combined models with field data to 
determine the extent to which PV facilities altered ambient air temperatures (Fthenakis and Yu 
2013). Temperatures surrounding the facility were found to cool completely at night and the 
researchers determined that the PV facility “did not induce a day-after-day increase in ambient 
temperatures, and therefore, adverse micro-climate changes from a potential PV plant are not 
a concern.” This study also concluded that increases in temperatures completely dissipated 
approximately 5-18 meters above the facility and that thermal energy “promptly dissipated” 
with distance from the facility. Remote sensing research produced by Edalat and Stephen from 
UNLV in 2017 supports the conclusions of Fthenakis and Yu (2013), demonstrating that land 
surface temperatures surrounding a solar facility were not significantly impacted by the solar 
facility (Edalat and Stephen 2017). 

E.50 Impact 3.3-3 (page 3.3-13) of the EIR provides an analysis of the potential for weeds and pests 
to occur on the project site. Prior to the issuance of a grading permit or building permit 
(whichever occurs first), a Pest Management Plan shall be developed by the project applicant 
and approved by the County of Imperial Agricultural Commissioner, per Mitigation Measure 
AG-2. The Plan would include monitoring, preventative, and management strategies for weed 
and pest control during construction activities; control and management of weeds and pests; 
and a long-term strategy for weed and pest control and management during the operation of 
the project. Implementation of Mitigation Measure AG-2 would reduce this impact to a level 
less than significant. 

E.51 Please refer to response to comment E.11.  

E.52 The assessment of visual quality is a subjective matter, and reasonable people can disagree 
as to whether alteration in the visual character of the project area would be adverse or 
beneficial. However, based on the methodology and approach to the visual impact 
assessment, a less than significant impact was identified related to the change in visual 
character as a result of the project. 

E.53 Any future project expansion would require additional discretionary approvals from the 
County.  For example, the application of another CUP would be subject to additional CEQA 
review at the time an application is filed with the County. 

E.54 Page 3.2-5 of the Final EIR has been revised to add a figure label for KOP 2 as “Figure 3.2-3: 
Existing Key Observation Point 2”. 

E.55  Page 3.2-6 of the Final EIR has been revised to add a figure label for KOP 4 as “Figure 3.2-
5: Existing Key Observation Point 4”. 

E.56 The project simulations for KOP 3 and KOP 4 are shown correctly on Figure 3.2-8 and Figure 
3.2-9, respectively. Figure 3.2-8 shows the proposed gen-tie structures in the center of the 
view, traveling from east to west. Figure 3.2-9 shows the proposed gen-tie structures on the 
right side of the view. 

E.57  See response to comment E.52. 

E.58  This comment alleges that the thresholds of significance were designed to disregard the 
significant impacts to residents/property owners closest to the project, for the benefit of 
developers. CEQA requires a Lead Agency to determine the significance of all environmental 
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impacts (California Public Resources Code [PRC] § 21082.2; 14 CCR [State CEQA 
Guidelines] § 150641). A threshold of significance for a given environmental impact defines 
the level of effect above which the Lead Agency will normally consider impacts to be 
significant, and below which it will normally consider impacts to be less than significant (See 
State CEQA Guidelines § 15064.7(a)). Thresholds of significance may be defined either as 
quantitative or qualitative standards, or sets of criteria, whichever is most applicable to each 
specific type of environmental impact. 

Lead Agencies are responsible for establishing the thresholds of significance for all documents 
they prepare. They can rely on several sources, including: Appendix G of the State CEQA 
Guidelines; CEQA’s mandatory findings of significance (State CEQA Guidelines § 15065); 
thresholds established by regulatory agencies; thresholds provided in General Plans or other 
local planning documents; or thresholds established by other agencies.  

In the case of the EIR prepared for the proposed project, the thesholds of significance used to 
evaluate impacts are derived from Appendix G of the State CEQA Guidelines.  

E.59  See responses to comments E.52 and and E.58. 

E.60  See response to comment E.52. 

E.61 Future projects subject to discretionary approvals such as Zone Changes, General Plan 
Amendments and CUPs would be subject to CEQA review from the County.  

E.62  Mitigation Measure AG-1b will ensure that the project applicant adheres to the terms of the 
agricultural reclamation plan prepared for the project site, which would address the temporary 
agricultural land conversion impact.  The Reclamation Plan will document the procedures by 
which the project site will be returned to its current agricultural condition. The Permittee will 
also provide financial assurance/bonding in the amount equal to a cost estimate prepared by 
a California-licensed general contractor or civil engineer for implementation of the Reclamation 
Plan in the event Permittee fails to perform the Reclamation Plan. 

E.63  The EIR adequately identifies and analyzes the project’s potential impacts on agricultural 
land, as defined in CEQA Statute Section 21060.1(a): 

“Agricultural land” means prime farmland, farmland of statewide importance, or unique 
farmland, as defined by the United States Department of Agriculture land inventory and 
monitoring criteria, as modified for California. 

Per CEQA Guidelines Appendix G significance criteria, project impacts are considered 
significant if the project would “convert Prime Farmland, Unique Farmland, or Farmland of 
Statewide Importance as shown on the maps prepared pursuant to the FMMP of the California 
Resources Agency, to non-agricultural use.” Therefore, analysis of Farmland of Local 
Importance is not required under CEQA significance criteria because it does not meet the 
definition of “agricultural land” per CEQA Statute Section 21060.1(a).  

E.64 A glare hazard analysis was prepared for the project by Power Engineers and is provided in 
Appendix B of the EIR. Power Engineers evaluated the proposed project to ensure Federal 
Aviation Administration (FAA) compliance regarding hazardous solar glare in or around 
airports.  In addition to airport operations, Power Engineers analyzed potential glare that would 
cause distraction to nearby motorists and structures. The following sensitive viewers were 
analyzed and are shown on Appendix A – Project Location of the Glare Hazard Analysis (see 
Appendix B of the EIR) and provided as Figure 2 below: 
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• Brawley Municipal Airport 

• Structures – Nearby residences and structures up to one mile from the project site  

• Major Roadways – N. Best Avenue, Highway 111, Ward Road, and Rutherford 
Road 

Power Engineers used GlareGauge licensed by ForgeSolar. The GlareGauge uses Solar 
Glare Hazard Analysis Tool technology and is a web-based glare assessment tool allowing 
input of viewer position, solar facility location, solar technology, and elevation data. The 
GlareGauge provides a quantified assessment of when and where glare may occur throughout 
the year from a solar installation, as well as identifying the potential effects on the human eye 
when glare does occur. Glare was analyzed at one-minute intervals throughout the entire year 
to determine when and where glare may be visible to residences, motorists, and pilots. The 
GlareGauge meets FAA glare analysis requirements.  

As described in the Glare Hazard Analysis and page 3.2-15 of the EIR, the glare analysis 
concluded that sensitive viewers near the project including residences and major residences 
would not experience glare effects from the project.  

Figure 2. Sensitive Viewers Analyzed in Glare Hazard Analysis 

 
With regards to security night lighting, the proposed project would be required to adhere to 
County’s Land Use Ordinance Code, which provides specific direction for lighting 
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requirements. Specifically, Division 17: Renewable Energy Resources, Section 91702.00 – 
Specific Standards for All Renewable Energy Projects requires the following: 

(R) Lights should be directed or shielded to confine direct rays to the project site and 
muted to the maximum extent consistent with safety and operational necessity.   

Compliance with the County’s Land Use Ordinance Code would confine direct light rays to the 
project site to minimize and avoid light spilling/trespassing over into areas outside of the project 
site.  

E.65 A Noise Impact Analysis was prepared to determine the noise impacts associated with the 
proposed project, and is provided as Appendix I of the EIR. The report analyzes the potential 
short-term construction- and operations-related noise impacts from the proposed project. 
Chapter 6, Effects Found Not Significant, of the EIR (pages 6-4 through 6-7 of the EIR) 
contains a summary of the Noise Impact Analysis.  

The proposed PV solar panels do not create any operational noise, however the proposed 
BESS Enclosures (AC Unit noise), Power Conversion System, Power Distribution Center that 
would be located at the BESS, and auxiliary transformers, and Battery Step Up Transformer 
that would be located at the proposed substation are known sources of noise were analyzed. 
The noise levels from each source were calculated at the nearest homes, which includes the 
Cox farm employee housing. As shown on Table 6-2 of the EIR, the proposed project’s onsite 
operational noise from the anticipated onsite noise sources would not exceed the applicable 
noise standards at the nearby homes. Operational onsite noise impacts would be less than 
significant. With regards to vibration impacts, as described on page 6-7 of the EIR, the on-
going operation of the proposed project would not include the operation of any known vibration 
sources. Therefore, a less than significant vibration impact is identified during operation of the 
project. Based on these considerations, the BESS and substation would not result in significant 
noise impacts on sensitive receptors from their proposed locations on the project site.  

E.66  Potential cumulative impacts to biological resources is addressed on Draft EIR pages 5-10 
through 5-11. 

E.67  Please refer to responses to comments E.17 and E.23. 

E.68  The project’s potential impacts on fire protection services is analyzed in Impact 3.12-1 (pages 
3.12-4 through 3.12-5 of the EIR). The project applicant will be required to consult and 
coordinate with the Fire Department to address any fire safety and service concerns (i.e, 
BESS) so that adequate service is maintained.  

Proposed project facilities would be designed, constructed, and operated in accordance with 
applicable fire protection and other environmental, health, and safety requirements (e.g., 
CPUC safety standards). Impact 3.9-2 (page 3.9-9) identifies the potential fire risk of the BESS 
and fire protection systems that would minimize and mitigate potential fires. Fire risk will be 
mitigated through monitoring and a fire suppression system that includes water and or a 
suppression agent (eg FM-200, Novatech) with smoke detectors, control panel, alarm, piping 
and nozzles. The fire protection system will be designed by a certified fire protection engineer 
and installed by a fire protection system contractor licensed in California and in accordance 
with all relevant building and fire codes in effect in the County at the time of building permit 
submission. Fire protection systems for battery systems would be designed in accordance with 
California Fire Code and would take into consideration the recommendations of the National 
Fire Protection Association (NFPA) 855. 
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To mitigate potential hazards, redundant separate methods of failure detection would be 
implemented. These would include alarms from the Battery Management System (BMS), 
including voltage, current, and temperature alarms. Detection methods for off gas detection 
would be implemented, as applicable. These are in addition to other potential protective 
measures such as ventilation, overcurrent protection, battery controls maintaining batteries 
within designated parameters, temperature and humidity controls, smoke detection, and 
maintenance in accordance with manufacturer guidelines. 

E.69  According to the Seismic and Public Safety Element of the General Plan (County of Imperial 
1997), the potential for a major fire in the unincorporated areas of the County is generally low. 
Please also refer to response to comment E.70. 

E.70 Please refer to responses to comments D.13 and E.68. 

E.71 The cumulative projects listed in the Draft EIR are reflective of the projects known to the County 
upon release of the Notice of Preparation. 

E.72 Comment noted.  As discussed in the Draft EIR, this alternative was rejected from detailed 
analysis.   

E.73  This comment expresses the commenter’s preferrence of the No Project/No Development 
Alternative because it reduces impacts to farmland. This comment does not raise a specific 
issue related to the adequacy of the Draft EIR; therefore, no further response is required, and 
the comment is noted for the record. 

E.74 The Alternative 2 site was considered, as explained in the Draft EIR (see pages 7-8 and 7-9), 
for a location that would be entirely within the County’s RE Overlay Zone, and otherwise 
unecumbered based on currently available information.  The location is shown irrespective of 
other cumulative projects that may be located in the general area. CEQA requires a reasonable 
range of alternatives, which could avoid or lessen the significant impacts of the proposed 
project.  This alternative location was included in the Draft EIR as a potential alternative that 
could meet that criteria, regardless of whether the applicant controls the property. 

E.75  The Alternative 3 location figure provided in the Draft EIR is intended to depict the location of 
the off-site location analyzed in the EIR, and not the location of cumulative projects. 

E.76 Comment acknowledged.  
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Letter F 

Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) 
August 25, 2022  

Intro F.1 This is an introductory comment stating that the County failed to respond to the Citizens’ 
comment letter sent on February 10, 2022 on the Draft EIR. The comment notes that the 
Citizens’ comment letter was not included in the previously submitted Final EIR pursuant 
to CEQA’s mandates in CCR Sections 15132(c), 15088(a), (c), and 15132(b)-(d).  

 The County apologizes for this unintentional oversight, in which an incomplete version of 
the FEIR file was inadvertently distributed and has since been replaced with the January 
2023 Final EIR. The County acknowledges that the Citizens’ commment letter was timely 
submitted during the Draft EIR’s public comment period. The completed December 2022 
Final EIR recommended for certificiation by County decision-makers includes the Citizens 
comment letter on the Draft EIR (Final EIR Response to Comment Letter F).  Written 
responses are provided to each comment raised by Citizens’ as provided in Comment 
Letter F. See responses to comments F.2 through F.63 below.   

 The County has evaluated all the potential impacts of the proposed project in accordance 
with the provisions of CEQA and recirculation of the EIR is not necessary pursuant to 
CEQA Guidelines Section 15162. 

F.2 This is an introductory comment and provides a summary of the proposed project. This 
comment does not raise a specific issue related to the adequacy of the Draft EIR; therefore, 
no further response is required.  

F.3 This comment provides a summary of the proposed project’s components and the 
discretionary approvals required from the County. This comment does not raise a specific 
issue related to the adequacy of the Draft EIR; therefore, no further response is required.  

F.4 This comment alleges that the Draft EIR fails to meet the requirements of CEQA for the  
reasons provided below.  

1. Failure to provide an adequate Project Description 

2. Failure to accurately describe the existing environmental setting 

3. Failure to identify, analyze and mitigate potentially significant Project 

impacts to air quality, agricultural resources, land use and planning, 

public health, biological resources, and from cumulative impacts 

4. Failure to propose mitigation measures that are definite, effective, and not impermissibly 
deferred. 

Please refer to more detailed responses to comments F.5 through F.C.10 which provides 
detailed responses to each of the comments submitted in this comment letter and address 
each of the areas identified in this comment. 

F.5 The County has evaluated all the potential impacts of the proposed project in accordance with 
the provisions of CEQA and recirculation of the EIR is not necessary as none of the conditions 
described in CEQA Guidelines Section 15162 have been identified.  No substantial changes 
to the project are proposed and no new information, including new impacts, increase in the 
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severity of impacts, or mitigation measures or alternatives have been identified that would 
reduce or avoid significant impacts, beyond those already proposed and evaluated in the Draft 
EIR. Therefore, recirculation is not required.  

F.6 The comment letters from SWAPE, Dr. Smallwood, and Mr. House that are attached to the 
Citizens  comment letter (i.e., comment letter F) have been addressed and responded to as 
separate comment letters. Response to comments F A-1 through F A-18 provide responses 
to the SWAPE comment letter. Response to comments F B-1 through F B-34 provide 
responses to Dr. Smallwood’s comment letter. Response to comments F C-1 through F C-9 
provide responses to Mr. House’s comment letter.  

F.7 This comment introduces the Citizens’ statement of interest. This comment does not raise a 
specific issue related to the adequacy of the Draft EIR; therefore, no further response is 
required. 

F.8  Comment acknowledged. This comment summarizes the purposes of CEQA and does not 
raise a specific issue related to the adequacy of the Draft EIR; therefore, no further response 
is required. 

F.9 Draft EIR Chapter 2 Project Description provides an adequate level of detail for the supporting 
analysis and conclusions provided in the Draft EIR. The proposed location of the battery 
energy storage system (BESS) is depicted on Draft EIR Figure 2-3 Site Plan. A description of 
the battery storage system is provided on Draft EIR page 2-7, which includes, “The proposed 
project’s BESS component would be placed on a 54,000 square-foot concrete pad at the 
southern edge of the site.  The BESS would consisten of 12 banks of batteries totaling up to 
432 enclosures.  Each bank of batteries would be supported by a DC Combiner, control panel, 
and inverter/transformer skid.  Each of the enclsoures would utilize self-contained liquid 
cooling systems and include built-in fire supression systems.  All batteries would be lithium-
ion based capable of storging 40 MW (not to exceed 80 MW).”  

 The BESS (including the batteries) is further described on page 2-7, as follows, “A lithium-ion 
battery is a type of rechargeable battery that moves from the negative electrode through an 
electrolyte to the positive electrode during discharge, and back when charging. Lithium-ion 
batteries use an intercalated lithium compound as the material at the positive electrode and 
typically graphite at the negative electrode. The batteries have a high energy density, no 
memory effect and low self-discharge. Lithium-ion batteries would be mounted in racks. These 
racks would be integrated into containers. Lithium-ion battery racks sit side-by-side and 
typically have 48 inches of spacing in front of the rack and 18 inches of spacing in the rear of 
the rack. Spacing may be increased for serviceability. The project design would meet minimum 
spacing required by code.” 

 The level of detail provided in the Draft EIR regarding the proposed BESS is adequate, as it 
provides the proposed location, BESS footprint, and battery construction and operational 
characteristics (including proposed fire protection mechanisms) to evaluate relevant impacts 
related to the construction and operation of the system. 

F.10 The comment states that the Draft EIR does not describe the specific kind of lithium-ion 
batteries the proposed project will use. CEQA requires a general description of the “main 
features” of the project and does not require “all of the details or particulars.” Dry Creek 
Citizens Coalition v. County of Tulare (1999) 70 Cal.App.4th 20, 26. A project description is 
adequate if it provides information sufficient to inform the public and the decision-makers of 
the full scope of the project.  
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The specific vendor specifications for the equipment used for the project have not yet been 
selected for the project, which is typical for analyses provided in a Draft EIR, since the project 
has not yet been approved by the County, it would not be prudent at this stage in the process 
for the applicant to sign contracts for equipment at risk.   

F.11 The comment states that the Draft EIR fails to adequately describe the layout of the batteries 
or the battery enclosures. 

CEQA requires a general description of the “main features” of the project and does not require 
“all of the details or particulars.” Dry Creek Citizens Coalition v. County of Tulare (1999) 70 
Cal.App.4th 20, 26. A project description is adequate if it provides information sufficient to 
inform the public and the decision-makers of the full scope of the project. As described on 
page Section 2.3.2 (page 2-7) of the Draft EIR:  

Lithium-ion battery racks sit side-by-side and typically have 48 inches of spacing in 
front of the rack and 18 inches of spacing in the rear of the rack. Spacing may be 
increased for serviceability. The project design would meet minimum spacing required 
by code. 

F.12 The battery storage capacity for the project would be 40 MW. The County requires that the 
capacity of a BESS can not exceed twice that of its solar facility. The proposed project’s solar 
facility would generate up 40 MW of solar energy, therefore, the proposed BESS can not 
exceed 80 MW of storage capacity. However, the project applicant does not intend to store 
more than 40 MW, which is consistent with what is stated in the Draft EIR.  

F.13 The comment states that the Draft EIR omitted design details that have implications on 
determining the scope of the project’s impacts. CEQA requires a general description of the 
“main features” of the project and does not require “all of the details or particulars.” Dry Creek 
Citizens Coalition v. County of Tulare (1999) 70 Cal.App.4th 20, 26. A project description is 
adequate if it provides information sufficient to inform the public and the decision-makers of 
the full scope of the project. Chapter 2.0, Project Description, of the Draft EIR provides an 
adequate description of the project and main features of the project, including the BESS. There 
is sufficient information in Chapter 2.0, Project Description, of the Draft EIR to inform the public 
and decision-makers concerning the scope of the project and is therefore adequate since it 
describes the main features of the project.  

 See response to comment E.29 with regards to mitigating fire risk associated with the BESS.   

F.14  This comment states that the Draft EIR lacks key details regarding various other energy-
consuming project components, including ancillary equipment such as the cooling and control 
systems, the inverters, the ventilation and the HVAC units. The specific vendor specifications 
for the equipment used for the project have not yet been selected for the project, which is 
typical for analyses provided in a Draft EIR, since the project has not yet been approved by 
the County, it would not be prudent at this stage in the process for the applicant to be signing 
contracts for equipment at risk.  The CEQA Guidelines acknowledge that exact equipment is 
often not yet determined when the Draft EIR is prepared and in these cases, reasonable 
assumptions should be utilized.   

Sections 8.1 and 8.2 of the Air Quality, Energy, and Greenhouse Gas Emissions Impact – Brawley 
Solar Energy Facility Project (Appendix C of the EIR) details the assumptions utilized to calculate 
the onsite electricity use and provides for a very conservative assumption that 2 percent of the 
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energy stored would be consumed through use of air conditioning, control systems, ventilators, 
inverters, transformers, and power conversion.   

F.15 This comment states that the Draft EIR fails to describe the electricity needed to operate the 
BESS. As described in response to comment F.14, the energy use of the BESS was assumed 
based on conservative values.  

F.16 Comment acknowledged. This comment describes the requirement of providing the existing 
environmental setting for the purposes of CEQA and does not raise a specific issue related 
to the adequacy of the Draft EIR; therefore, no further response is required. 

F.17 This comment states a Phase I Environmental Site Assessment (ESA) was not prepared. The 
comment asserts a Phase I ESA is routinely undertaken in the preparation of CEQA 
documents and is necessary for inclusion in an EIR. While information from a Phase I ESA 
may be incorporated into an environmental review document if one has been prepared, 
preparation of a Phase I ESA is not required by CEQA. The Environmental Checklist Form 
included in Appendix G of the CEQA Guidelines asks if a project would be located on a site 
which is included on a list of hazardous materials sites compiled pursuant to Government Code 
Section 65962.5 and, as a result, would it create a significant hazard to the public or the 
environment? Government Code Section 65962.5 refers to the “Cortese List” database 
maintained by the California Environmental Protection Agency.  

 The Draft EIR analyzed hazards and hazardous materials impacts of the proposed project 
using the thresholds in the CEQA Guidelines, specifically determining if the project is located 
on a site which is included on a list of hazardous materials sites compiled pursuant to 
Government Code Section 65962.5. A geographical search for hazardous materials sites, as 
defined in Government Code Section 65962.5 was conducted based on a review of these 
databases. The project site is not located on a list of hazard materials sites compiled pursuant 
to Government Code Section 65962.5. Therefore, implementation of the proposed project 
would result in no impact related to the project site being located on a listed hazardous 
materials site pursuant to Government Code Section 65962.5. No further analysis is 
warranted.  

The County has evaluated the potential impacts of the proposed project in accordance with 
the provisions of CEQA and recirculation of the EIR is not necessary pursuant to CEQA 
Guidelines Section 15162. 

F.18 This comment states the Draft EIR did not accuratley characterize the existing environmental 
setting in regards to biological resources. Please see responses to comment F-20 and F-21. 
The baseline data included in the Draft EIR is typical of what is expected by wildlife agencies 
and sufficient to assess the potential for special status species and potential impacts to 
biological resources, specifically for significant life history events.  

F.19 This comment states that the biological analysis in the Draft EIR relied on CNDDB to determine 
occurrence likelihoods of special status species. The comment further states that CNDDB 
relies on voluntray reporting, not based on scientific sampling. As described in the Project 
Biological Technical Report (Appendix D to the Draft EIR), the CNDDB is a positive sighting 
database; therefore, the absence of data is not proof of absence of the species. Because of 
this known fact, CNDDB was one of multiple factors used to determine the potential for special 
status species occurrence on the project. Additional factors included a site visit with biologists 
familiar with the project location and the species known to occur in the area, type and quality 
of habitat present within and adjacent to the project, and environmental conditions of the site 
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including soil types (some plants require particular soils) and elevation (plants and some 
animals only occur at certain elevation ranges). 

The comment also states that the survey was performed over a 17.3 hour period. According 
to the Biological Technical Report, “The survey was conducted on foot throughout the Project 
site between 0830 and 1715 hours on October 22, 2020.” The survey included a total of 9.75 
hours. The biological reconnaissance-level survey and technical report were 
conducted/prepared in accordance with accepted scientific and technical standards that are 
consistent with the requirements of CEQA, the United States Fish and Wildlife Service 
(USFWS), and the California Department of Fish and Wildlife (CDFW). 

Therefore, the biological analysis is complete and adequate, and recirculation of the Draft EIR 
is not required. 

F.20 This comment mentions that the baseline setting presented in the Draft EIR is incomplete, 
based on a reported site visit conducted by Dr. Smallwood and his observations or detections 
of additional wildlife species, including special status species. “Special status species” is a 
broad term including many status types and not all include legal protection or consideration 
under CEQA. The biological technical report includes an assessment for species with a status 
that are required to be considered under CEQA including federally or state listed endangered 
or threatened species, rare species, fully protected species, plants with a California Rare Plant 
Rank (only List 1 and 2 species are required, List 3 are recommended, and List 4 are typically 
included), and wildlife species with a California Species of Special Concern (SSC) status. Dr. 
Smallwood reported observations of 13 special status species. This list was reviewed by a 
qualified Chambers Group biologist. Other than tricolored blackbird, which is not confirmed 
present, none of the 12 species are listed as endangered, threatened, or rare by federal or 
state governments. Five of the 13 species are SSC species; however, no nesting or wintering 
habitat is present on the Project site and therefore, these species would only be found flying 
over or foraging on the Project site. The remaining eight species observed have a status of 
watch list (WL) or birds of conservation concern (BCC). A status of WL or BCC includes 
species of conservation concern. These lists have the goal to draw attention to these species 
and avoid legal listing and as such, WL and BCC species do not require consideration under 
CEQA. 

One daytime survey will not result in detection of all species that may visit a site. Plant species 
may only be detectable during their specific bloom periods, many mammals are active at night, 
many reptiles take cover in burrows during the day, and more. A biological reconnaissance-
level survey is meant to gather enough information on existing site conditions to assess the 
potential for special status species to occur and how they will utilize the site. Wildlife species 
are mobile (birds being highly mobile) and may use the site to pass through or forage. 
Therefore, an assessment of special status wildlife species must focus on significant life history 
events not just presence. For example, significant life history events tracked for avian species 
by CNDDB include nesting and wintering sites. As was the case for yellow warbler. Potential 
nesting habitat may be located along New River, located west of the project site. As a result, 
yellow warbler may be found foraging in surrounding areas. However, nesting habitat for yellow 
warbler, open-canopy riparian woodland, is not present on the project site; therefore, 
significant life events would not occur on the project site. Analysis conducted for a species 
potential to occur is thus based on whether significant life history events would take place at a 
site in question, based on existing conditions, including the type of habitat present, quality of 
the habitat, and other environmental conditions/requirements for a species.  
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This comment also mentions the use of eBird as data to be utilized for species that may be 
present in a project area. Data from eBird contains crowdsourced entries from hobby birders 
and naturalists as opposed to data reported to CNDDB, which is obtained by biological 
consultants, CDFW and other agency biologists, academics, researchers, and conservation 
groups such as CNPS and others. While eBird records can be useful as a general overview, it 
is important for these results to be interpreted by a qualified biologist who is familiar with the 
conditions on the site in question and who is assessing whether significant life history events 
would take place at a particular site for a particular species. As such, this comment does not 
otherwise present new information regarding biological resources that are already disclosed 
and analyzed in the Draft EIR. 

Because special status species may utilize the project site or habitat adjacent to the project 
site, avoidance and mitigation measures (BIO-1 through BIO-4) were proposed and will be 
implemented to reduce potential impacts to a less than significant level. 

F.21 This comment states that the Draft EIR must be revised and recirculated to provide complete 
and accurate baseline data to determine project impacts; however, the baseline data included 
in the Draft EIR is typical of what is expected by wildlife agencies and sufficient to assess the 
potential for special status species and potential impacts to biological resources, specifically 
for significant life history events. Species may be found present on the project during 
construction while moving/foraging; however, biological avoidance and minimization measures 
(BIO-1 through BIO-4) presented in the Draft EIR account for these potential occurences and 
with implementation, any potential impacts would be considered less than significant. 

F.22 Comment acknowledged. This comment summarizes the purposes of CEQA and does not 
raise a specific issue related to the adequacy of the Draft EIR; therefore, no further response 
is required. 

F.23 Issues summarized in this comment are addressed in detail within this responses to 
comments, including subsquent response F.24 through F.60. 

F.24 The commenter claims that the silt content value with respect to estimating dust emissions 
was changed to 3% in order to account for Rule 805.F.1.c without supporting evidence and 
that Rule 805.F.1.c only applies to unpaved roads, however, the change to CalEEMod affected 
all off-road construction activities. The commenter’s claims are a summary of the claims made 
on pages 3 and 4 of the SWAPE letter. 

As detailed on page 3 of the SWAPE letter, the material silt content value change to 3% is only 
for on road dust, so the commenter’s claim that this change to the CalEEMod model would 
affect the material to be bulldozed is not correct, as this change had no affect to fugitive dust 
emissions created from bulldozer operations within CalEEMod.  As for the change in silt 
content value to 3%, this was made in consultation with Curtis Blondell at ICAPCD in 
November 2021 and in consideration of Project Design Features 1 – 7 from the Air Report, 
where the project applicant has agreed to these conditions, which go above and beyond the 
ICAPCD requirements for controlling fugitive dust.  Specifically, the 3% amount was chosen 
since it was determined to be a reasonable amount less than 5% in order to meet the 
requirements of Rule 805.F.1.c, that details the silt content must be less than 5% (equal to 5% 
would violate Rule 805.F.1.c).  This is detailed on pages 39 and 40 of the Air Quality, Energy, 
and Greenhouse Gas Emissions Impact Analysis Report. Therefore, the Draft EIR did not 
assume an artificially lower silt content with respect to the estimation of dust emissions. 
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F.25 The commenter claims that the change of the percentage of trips taken on paved roads from 
50% to 85% and 99% is not substantiated by evidence. 

As detailed on pages 39 and 40 of the Air Quality, Energy, and Greenhouse Gas Emissions 
Impact Analysis Report, the change of percent of trips on paved roads was changed to 85% 
in order to account for Best Avenue that is adjacent to the project site being paved.  It should 
be noted that Best Avenue connects with Highway 111, that is located approximately one mile 
south of the project site, which will be the primary route to the project site.  As such, only 
increasing to 85% pavement provides for a conservative analysis, since a more realistic 
percentage of trips on paved roads would be 99 percent.  For reference, the default values in 
CalEEMod for paved roads in the South Coast Air Basin is 100% pavement. Through 
consultation with Curtis Blondell at the ICAPCD in November 2021, the ICAPCD 
acknowledges that the 50% pavement default value in CalEEMod is overly conservative for 
projects that are located in close proximity to paved roads. In order to provide a conservative 
analysis of the potential additional emissions created from changing the CalEEMod model 
from 99% pavement to 85% percent pavement (a 14 percent change), the PM10 and PM2.5 

mobile source emissions shown in Table L were multiplied by 14, and the results are shown 
in the revised Table L, below.  As shown in the revised Table L, the change in percent paved 
roads would increase PM10 and PM2.5 emissions, however the resultant emissions would still 
be well below the ICAPCD significance thresholds, which would not result in a change of 
significance and no recirculation of the Draft EIR is required.   

 
Table B – Operational Criteria Pollutant Emissions 

  Pollutant Emissions (pounds/day) 
Activity ROG NOx CO SO2 PM10 PM2.5 
Area Sources1 5.35 0.00 0.04 0.00 0.00 0.00 
Energy Usage2 0.00 0.00 0.00 0.00 0.00 0.00 

Mobile Sources3 
0.17 0.18 1.31 0.00 2.3532.9

1 
0.273.78 

Backup Generator4 0.05 0.17 0.18 0.00 0.01 0.01 

Total Emissions 
5.57 0.35 1.53 0.00 2.3532.9

2 
0.283.78 

ICAPCD Operational 
Thresholds 137 137 550 150 150 550 
Exceeds Threshold? No No No No No No 
Notes: 
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per 
week. 
Source: Calculated from CalEEMod Version 2020.4.0.  

F.26 This comment describes the requirement to analyze a project’s energy impacts pursuant to 
CEQA. This comment does not raise a specific issue related to the adequacy of the Draft EIR; 
therefore, no further response is required. 

F.27 As described in Draft EIR Section 6.2 Energy, the energy analysis is derived from the Air 
Quality, Energy, and Greenhouse Gas Emissions Analysis provided in Draft EIR Appendix C. 
The operational electricity usage was calculated in the CalEEMod model run that is detailed 
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in Section 8.1 of the technical report, and that determined the proposed PV solar panels will 
generate 97,333,333 kWh per year of electricity and operation of the project will use 1,946,667 
kWh per year of electricity, which would result in a net generation of 95,386,667 kWh per year 
of electricity. Regardless of whether discreet components were analyzed, the energy demands 
of the project were conservatively estimated and are well below any net increase in energy 
demand as a result of the project.  Rather, the project will provide a surplus specifically of 
electrical energy (i.e., renewable electrical energy) that will contribute to an overall decrease 
of greenhouse gas emissions, and a net benefit related to GHG.  As stated in the technical 
report, if analysis of the project’s energy use reveals that the project may result in significant 
environmental effects due to wasteful, inefficient, or unnecessary use of energy, or wasteful 
use of energy resources, the EIR shall mitigate that energy use. The proposed project will not 
result in wasteful, inefficient or unnecessary use of energy or wasteful energy resources, and 
will in fact provide a net energy benefit.  Therefore, no impact to energy will result with 
implementation of the proposed project.  

F.28 The commenter claims that the BESS, if charged at night with energy from the grid rather than 
during the day from the solar facility, actually promotes the use of non-renewable energy and 
GHG emissions. The commenter’s claim is speculative and not a likely or reasonable 
assumption of how the BESS system would operate.  The sole reason for locating the BESS 
on the project site is to capture and hold the excess power from the solar panels that is derived 
during daylight hours (and not from a non-renewable energy source), and then provide the 
ability to release the power when it is needed. Furthermore, the transmission lines for the 
proposed project would be connected to the substation for the existing North Brawley 
Geothermal Plant, which also produces 100% renewable energy.  As such, the commenter’s 
statement is speculative.  Even if it was assumed that anything more than a very negligible 
amount of power would ever be transmitted to the BESS for storage would be anything but 
renewable energy.  It is also speculative to assume that in the very unlikely situation (as there 
is no direct non-renewable electicity connection to the BESS) energy utilized by the BESS with 
nonrenewable energy would be at an amount to change the levels of significance identified in 
the Draft EIR. The BESS is proposed in support of the solar energy project, a renewable 
energy source.   

F.29 The commenter claims that the Draft EIR fails to disclose the energy impacts of the project 
(see response to comment F.14) and that it fails to include conditions restrict battery charing 
to use of renewable energy (see response to comment F.28). As stated in the Draft EIR, the 
proposed project would not result in a significant energy impact. Therefore, no energy 
mitigation measures are required.  

F.30 This comment describes the requirement to describe, calcuate or estimate the amount of 
greenhouse gases resulting from a project pursuant to CEQA. This comment does not raise a 
specific issue related to the adequacy of the Draft EIR; therefore, no further response is 
required. 

F.31 The commenter claims that the BESS may be charged with energy from the grid that does not 
contain 100% renewable energy mix, which would result in an increase in GHG emissions.  
The transmission lines for the proposed project would be connected to the substation for the 
existing North Brawley Geothermal Plant, which also produces 100% renewable energy.  As 
such, the commenter’s statement is not correct.  Additionally, it is speculative to to claim that 
anything but a very negligible amount of power that would ever make it to the BESS would be 
anything but renewable energy.  Even if this speculative comment were correct, the amount of 
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energy utilized by the BESS with nonrenewable energy would be minimal it would not change 
any of the levels of significance provided in the Draft EIR.  However, the BESS will be utilized 
for the storage of renewable energy. 

F.32 The Draft EIR discloses the potential health risks associated with the project (see Draft EIR 
pages 3.4-2 and 3.4-3); and provides an analysis of the health risk associated with the project 
(see Draft EIR pages 3.4-21 and 3.4-22).   

F.33  The commenter claims that OEHHA Guidance Manual requires projects where construction 
exceeds 2 months be evaluated for cancer risks.  First, the Air Quality, Energy, and Greenhouse 
Gas Emissions Impact – Brawley Solar Energy Facility Project (Appendix C of the EIR) provided a 
qualitative analysis of the construction-related cancer impacts created from TAC emissions.  
Second, the proposed project does not require an air permit from the State to operate, which 
strict adherence to the OEHHA Guidance Manual is required.  Although the OEHHA Guidance 
Manual can be used as a public reference manual for any project, this project is not required 
to meet all conditions of this or any Guidance Manual that was not prepared by the lead 
agency. Finally, the commenter did not provide any proof that the qualitative analysis of 
construction-related TAC emissions provided in the Air Quality, Energy, and Greenhouse Gas 
Emissions Impact – Brawley Solar Energy Facility Project (Appendix C of the EIR) did not 
adequately assess the potential impacts from diesel-related construction emissions.  As such, 
no changes are needed to the analysis. 

F.34 This comment describes the importance of the preservation of agricultural resources to 
California and Imperial County. This comment does not raise a specific issue related to the 
adequacy of the Draft EIR; therefore, no further response is required. 

F.35 This comment accurately describes the Important Farmland and acreage occuring on the 
project site. This comment does not raise a specific issue related to the adequacy of the Draft 
EIR; therefore, no further response is required. 

F.36  See response to comment D.9 and E.9.  

F.37 The commenter claims the Draft EIR fails to evaluate the site’s existing setting with regards to 
current agricultural and soil conditions. The Draft EIR includes a description of the existing 
environmental setting with regards to current agricultural and soil conditions.  As described on 
page 2-1 of the Draft EIR, the project site contains alfalfa fields within different levels of harvest. 
North and east of the project site is undeveloped agricultural land. With regards to soil 
conditions, page 3.7-1 of the Draft EIR describes the local geology and surface conditions of 
the project site.  

 The commenter asserts that the Draft EIR offers no analysis of the long-term soil impact of the 
project. The Draft EIR analyzes the proposed project’s potential impacts on the physical and 
chemical makeup of the soil materials within the upper soil horizon (see Impact 3.3-3 in Section 
3.3, Agircultural Resources of the Draft EIR). The project’s potential impacts identified in the 
Draft EIR include increased decomposition of soil organic materials, increased leaching of 
plant available nitrogen, and depletion of soil biota communities. As described on page 3.3-13 
of the Draft EIR, any reductions in agricultural productivity could significantly limit the types of 
crops that may be grown within the project site in the future. Mitigation Measure AG-1b will 
ensure that the project applicant adheres to the terms of the agricultural reclamation plan 
prepared for the project site.  The Reclamation Plan will document the procedures by which 
the project site will be returned to its current agricultural condition, including soil conditions. 
With implementation of Mitigation Measure AG-1b, the proposed project’s potential impacts on 
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the on the physical and chemical makeup of the soil materials within the upper soil horizon 
would be reduced to a level less than significant.  

F.38 This comment describes mitigation measures pursuant to CEQA. This comment does not raise 
a specific issue related to the adequacy of the Draft EIR; therefore, no further response is 
required. 

F.39 This comment summarizes Mitigation Measures AG-1a and AG-1b of the Draft EIR and 
asserts that they are legally inadequate or insufficient, or both. These measures have been 
developed and approved by the Board of Supervisors as adequate mitigation to address the 
temporary conversion of agricultural lands for solar energy use within the County.   

F.40 See response to comment D.9 and D.5.  

F.41  Approval by the County Agricultural Commissioner of the project decommissioning plan is 
required as a condition of approval of the Conditional Use Permit for the project.  Agricultural 
conditions of the site are documented in Draft EIR Section 3.3, Agricultural Resources. Figure 
3.3-1 Important Farmlands depicts the Important Farmland categories on the project site and 
mitigation measures are proposed consistent with County policy for mitigation of agricultural 
impacts based on the mapped Important Farmlands for the site. Components of the 
decommissioning plan require documentation of site conditions prior to development of the 
project, so that the site would be restored to its existing, pre-project condition. 

F.42 Please refer to response to comment E.7 with regards to enforceability of mitigation measures. 

F.43  This comment claims the project is inconsistent with several of policies and objectives in the 
County’s General Plan and SCAG’s 2020-2045 RTP/SCS, resulting in significant and 
unmitigated project impacts. The County standsby the conclusions in the DEIR that the project 
would be consistent with the County’s General Plan and SCAG’s 2020-2045 RTP/SCS. Refer 
to responses to comments F.44 through F.48 describing the project’s consistency with the 
County’s General Plan and SCAG’s 2020-2045 RTP/SCS.  

F.44  The comment acknowledges that the project is in alignment with the the SCAG’s 2020-2045 
RTP/SCS goal to “reduce GHG emissions and improve air quality.” However, this comment 
claims that the project is inconsistent with the County’s General Plan and SCAG’s 2020-2045 
RTP/SCS due to the conversion of farmland. This project-related impact is disclosed in Impact 
3.3.1 of the DEIR which states that. “…, the project would result in the temporary conversion 
of approximately 227 acres of land currently under or available for agricultural production to 
non-agricultural uses.” This impact was determined to be significant prior to implementation of 
proposed mitigation measures. With the implementation of Mitigation Measures AG-1a and 
AG-1b, this impact would be reduced to a less than significant level. Mitigation Measure AG-
1a addresses the temporary conversion of agricultural lands by providing the applicant an 
option to provide agricultural conservation easement(s), payment of an agricultural in-lieu 
mitigation fee which would be placed in a trust account administered by the Imperial County 
Agricultural Commissioner’s office and used for such purposes as “acquisition, stewardship, 
preservation and enhancement of agricultural lands” or public benefit agreement, which 
requires an Agricultural Benefit Fee payment that would be used for “addressing the mitigation 
of agricultural job loss on the local economy, or emphasis on creation of jobs in the agricultural 
sector of the local economy for the purpose of off-setting jobs displaced by the project. 
Mitigation Measure AG-1b addresses the restoration of the agricultural lands. These measures 
have been developed and approved by the Board of Supervisors as adequate mitigation to 
address the temporary conversion of agricultural lands for solar energy use within the County. 
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 Please refer to response to comment E.7 with regards to enforceability of mitigation measures. 

F.45  This comment summarizes the project’s consistentcy with the “Island Overlay” criteria as 
described in the Draft EIR. No further response is required. 

F.46  Please refer to responses to comments F.47 and F.48. 

F.47  This comment claims that the project does not result in an expansion of an existing renewable 
energy operation because it does not expand the existing North Brawley Geothermal Power 
Plant substation. While the project would not result in the direct expansion of the North Brawley 
Geothermal Power Plant substation footprint, the gen-tie line for the proposed project would 
be connected to the substation for the existing North Brawley Geothermal Plant, which also 
produces 100% renewable energy. The interconnection to the North Brawley Geothermal 
Power Plant substation would expand renewable energy generation by adding an additional 
40 MW of solar energy produced by the project.  

F.48 The County has evaluated all the potential impacts of the proposed project in accordance with 
the provisions of CEQA. As discussed in the Draft EIR, all of the potentially significant impacts 
of the proposed project would be reduced to a level less than significant with implementation 
of mitigation measures. No significant and unmitigated impacts would occur with 
implementation of the proposed project.  

As discussed in response to comment D.2, the project site is located adjacent to an existing 
RE Overlay Zone; and the project meets the criteria for an amendment to the overlay zone. 

The County has evaluated all the potential impacts of the proposed project in accordance with 
the provisions of CEQA and recirculation of the EIR is not necessary pursuant to CEQA 
Guidelines Section 15162. 

F.49  See response to comment E.47.  

F.50 This comment states that the Draft EIR did not adequately analyze project impacts to biological 
resources. As required by CEQA, the Draft EIR describes the existing environmental 
conditions and surrounding uses, establishing the baseline for measuring environmental 
impacts that may result from the project. As required by CEQA, data collected included a 
review of biological databases (those included in the Draft EIR and typically requested by 
CDFW and USFWS include CNDDB, CNPSEI, IPaC, and NWI) and on-site data gathering. 
The project’s on site data was supported by recent aerial photographs and digital photographs. 
The baseline data was typical and sufficient for assessing whether or not special status 
species would utilize the site for significant life history events. Focused surveys are 
recommended when a listed species has a moderate to high potential to occur within the 
project area for those significant life history events, which was not the case for the project site. 
However, mobile species, especially birds, may be found utilizing a project site while foraging 
or are common species that have become acclimated to human activities. The biological 
avoidance and minimization measures (BIO-1 through BIO-4) presented in the Draft EIR 
account for these types occurences and with implementation, any potential impacts would be 
considered less than significant. 

F.51 This comment states that the Draft EIR’s analysis of project impacts on a wildlife corridor is 
inaccurate and partial. Fragmentation of wildlife habitat affects ecological processes. To 
reduce some of those affects, larger patches of natural habitat (conservation areas) are 
connected with linear patches of natural habitat (wildlife corridors). Wildlife corridors allow for 
movement and dispersal of plants and animals, maintaing biodiversity.The project site is 
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located within the boundaries of the Desert Renewable Energy Conservation Plan (DRECP), 
but is not within or adjacent to DRECP conservation areas or wildlife corridors. The major goal 
of the DRECP is to develop a comprehensive conservation strategy for plant and wildlife 
species. The DRECP includes 5 million acres of pre-existing conservation areas, 4.2 million 
acres of new conservation areas, and wildlife corridors and linkages for the protection of 50 
special status species and 37 unique habitats. While daily movement for some special status 
species that occur in the project vicinity may occur on the project site, particularly for mobile 
species such as birds that may easily fly from one patch of habitat to another, the site is largely 
composed of agricultural land and bare ground from previous agricultural uses. Because the 
site is mostly disturbed by human activities and therefore is largely in a non-natural state, the 
site is not considered habitat for special status species and therefore not considered valuable 
as a conservation area or a wildlife corridor. Therefore, as discussed in the Draft EIR, 
development of the project would not substantially interfere with the movement of any native 
resident or migratory fish or wildlife species or with established native resident or migratory 
wildlife corridors or impede the use of native wildlife nursery sites.  

F.52 This comment states that development of the site would result in the loss of habitat for wildlife. 
Of the approximately 272 acres included in the biological reconnaissance survey, 
approximately 252 acres include agricultural, bare ground, and other developed or non-native 
land types, and are not considered suitable habitat for special status species. The remaining 
vegetated areas, approximately 20 acres, include mostly native habitat types. Of those 20 
acres, approximatley 11 acres occur within jurisdictional waters which will be avoided. The 
remaining 9 acres include shrub habitat along the railroad and according to the site plan map, 
are outside of the project impact areas. Therefore, the project will not have a significant impact 
to special status species based on habitat loss. 

The comment also states that a large number of nesting sites would be lost as as result of the 
project. Ground nesting bird species may utilize the 252 acres of low plant cover and a larger 
number of bird species are expected to utilize the remaining 20 acres, to a higher degree. 
Birds protected under the Migratory Bird Treaty Act must be considered under CEQA. There 
is a potential for nesting birds to be impacted by the project, therefore, the Draft EIR includes 
avoidance and minimization measures (BIO-1 through BIO-4), to reduce these potential 
impacts to a less than significant level. 

F.53 This comment describes the concern that collision mortality rates may be high for bird and bat 
species. The project site is located near the center of a very large agricultural area of Brawley. 
With human disturbance, a majority of the species in the area are common species that have 
adapted to the presence of humans. The avoidance and minimization measure BIO-1, will 
require that all electrical components on the project site be underground or protected so there 
will be no exposure to wildlife and therefore no potential for electricution. Also, based on the 
Avian Powerline interation Committees’s (APLIC) 1996 report on power line elctricution in the 
U.S., avian electricution risk is highest along distribution lines (generally les than 69 kV) where 
the distance between energized phases, ground wires, transformers, and other components 
of an electrical distribution system are less than the length or skin-to-skin contact distance of 
birds. The distance between energized components along transmission lines (less than 69 kV) 
is generally insufficient to present avain electricution, and is the case for thie project.  

In addition, the DRECP takes into account potential impacts to species where renewable 
energy developments are approved. The DRECP was developed by local agencies including 
the Bureau of Land Management, the U.S. Fish and Wildlife Service (USFWS), the California 
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Energy Commission (CEC), and the California Department of Fish and Wildlife (CDFW). The 
DRECP allows for the development of 388,000 acres of renewable energy while providing 
protection and conservation of desert ecosystems (4.2 million acres in addition to the 5 million 
existing acres). The DRECP plans at a landscape level in order to identify where future 
renewable energy projects are best suited. Sites identified for development by the agencies, 
were based on their energy generating potential and low resource conflicts. Conservation 
areas and wildlife corridors are closed to renewable energy development in addition to 
limitations on overall ground disturbance. As such, while impacts may occur, these impacts 
are considered less than significant with incoprporation the DRECP. 

F.54 This comment states that while Dr. Smallwood agrees with the avoidance and minimization 
measures included in the Draft EIR (BIO-1 through BIO-4), they may not be enough to reduce 
potential impacts to a less than significant level. As stated in the Draft EIR, the measures are 
implemented to avoid or minimize potential impacts. The goal of mitigation measures is to 
always avoid first, but when avoidance isn’t possible, that impacts are minimized to the furthest 
extent feasible. However, as discussed in the Draft EIR, implementation of the measures (BIO-
1 through BIO-4), would reduce all potential impacts to a less than signiciant level. 

F.55 This comment states that effective project mitigation would include Compensatory Mitigation 
for preservation of open space near the project site and a wildlife rehabilitation center for 
wildlife that may be impacted by project infrastructure. Mitigation is already in place with the 
implementation of the DRECP. One of the main goals of the DRECP is to  provide larger 
patches of open space for conservation and to connect those patches with wildlife corridors, 
compensating for the loss of wildlife movement areas and smaller patches that have no 
connectivity other than for highly mobile species such as birds and bats that may fly from patch 
to patch. Thus, the direct, indirect, and cumulative impacts of the project were properly 
analyzed and mitigated to a level below significance in accordance with CEQA within the Draft 
EIR. No additional significant impacts have been identified and no additional mitigation is 
required for the project beyond what is already provided. 

F.56 This comment describes the requirement to analyze cumulative impacts of a project pursuant 
to CEQA. This comment does not raise a specific issue related to the adequacy of the Draft 
EIR; therefore, no further response is required. 

F.57 This comment suggests there are “residual impacts” of other projects that when, combined, 
would result in cumulatively significant impacts.  The cumulative impacts analysis provided in 
Draft EIR Chapter 5 addresses potential cumulative impacts based on a number of criteria, 
including timing of construction and operation of cumulative projects as it relates to anticipated 
construction and operational timing of the proposed project (e.g., do cumulative projects 
overlap, in particular with respect to construction such that short-term impacts would be 
cumulatively significant), geographic disposition in relation to the project, and whether these 
factors are germaine to the analysis of specific resources. Where impacts have been identified 
associated with other cumulative projects, mitigation measures have been required to reduce 
the impact to a less than significant level.  Therefore, there are no residential impacts and it is 
not logical to conclude that where impacts have been mitigated to less than significant, the 
combined effect of the residual impacts therefore must be accounted for, resulting in a 
cumulative impact.  

F.58  This comment suggests that the conclusion regarding cumulative impacts for any resource 
area is based on a comparison of the project’s percentage of incremental contribution as 
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compared to the whole (e.g., order of magnitude).  That is incorrect. Please refer to EIR 
Chapter 5 Cumulative Impacts.   

F.59 Please refer to response to comment D.10 with regards to the project’s cumulative effects on 
agricultural resources. 

F.60  The County has evaluated all the potential cumulative impacts of the proposed project in 
accordance with the provisions of CEQA and recirculation of the EIR is not necessary pursuant 
to CEQA Guidelines Section 15162. 

F.61 Please refer to preceding responses to comments F.1 through F.60 and responses to 
attachments F A, F B and F C.  Based on the information provided in the Draft EIR, and as 
responded to in these responses to comments as part of this Final EIR, the project has been 
adequately described in the Draft EIR, existing environmental setting has been adequately 
characterized, and potential impacts to agricultural resources, air quality, special-status 
species and public health are adequately and corresponding mitigation are adequately 
assessed and prescribed, respectively.  

F.62  The County has evaluated all the potential impacts of the proposed project in accordance with 
the provisions of CEQA and recirculation of the EIR is not necessary pursuant to CEQA 
Guidelines Section 15162. 
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Letter F – Exhibit A  

Letter to Kendra Hartmann, Adams Broadwell Joseph & Cardozo from Matt Hagemann and Paul 
Rosenfeld, SWAPE, Subject: Comments on the Brawley Solar Energy Facility Project (February 
10, 2022) 

F A-1 This comment summarizes SWAPE’s understanding of the project description and no 
comments are made related to the Draft EIR; therefore, no response is needed here. 

F A-2 Refer to responses to comments F A-3 through F A-18.  

F A-3 See reponse to comment F.17. 

F A-4 The commenter notes that all changes to CalEEMod default values should be justified with 
substantial evidence. Comment noted. 

F A-5 The commenter claims that the silt content values utilized in CalEEMod were unsupported. 
The justification for the use of the silt content values have been previously explained in 
response to comment F.24. 

F A-6 The commenter claims that the percent paved road values utilized in CalEEMod were 
unsupported.  The justification for the use of percent paved road values have been 
previously explained in response to comment F.25. 

F A-7 The commenter claims that the indoor water use rate utilized in CalEEMod was 
unsupported.  The commenter is correct that the water usage rate for the project changed 
between preparation of the Air Report that analyzed 0.81-acre feet per year and release 
of the Draft EIR, where the Project Description showed the project would utilize  3.1-acre 
feet per year, which is 3.8 times more water than what was analyzed in CalEEMod.  It 
should be noted that CalEEMod only utilizes water consumption rates to calculate GHG 
emissions and does not utilize water rates to calculate criteria pollutant emissions. 

   As detailed in Table N – Project Related Greenhouse Gas Annual Emissions from the Air 
Report, the water and wastewater emissions were calculated at 0.66 MTCO2e per year, 
based on the new water usage rate, this would increase this emission rate to 2.53 MTCO2e 
per year and total operational GHG emissions of -4,316.99 (originally -4,319.52) MTCO2e 
per year.  The operational GHG emissions are still well below the 900 MTCO2e per year 
threshold and this change would not result in any change in significance identified in the 
Air Report.  The commenter’s claim that this additional water should have been analyzed 
as indoor water, instead of outdoor water is incorrect, since almost all of this water will be 
utilized in PV module washing and would not end up in the septic system or sewer system. 

F A-8 The commenter notes how the construction and operations related TAC emissions from 
the project were analyzed qualitatively in the Air Report.  Comment noted.  

F A-9 The commenter claims that a quantified construction and operational HRA should have 
been prepared.  The commenter claims that since the project would generate 160 truck 
trips per year, which is equivalent to 0.4 truck trips per day and a backup generator located 
as near as 1,900 feet from the nearest sensitive receptor would potentially create a 
significant cancer risk impact from TAC emissions, without providing any calculations or 
referencing any public documents that show that these nominal levels of activities would 
create a significant cancer risk impact.  For reference, the Air Quality and Land Use 
Handbook, prepared by CARB, April 2005, details that it requires a project to generate 100 
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trucks per day before there is potentially a significant cancer risk impact to the nearby 
sensitive receptors.  Since the project would generate 0.4 percent of the truck trips that 
would potentially create a significant cancer risk impact, the commenter claims that the 
project should have prepared a quantitative HRA is incorrect as there is no reason to 
believe that this project has the potential to create a significant cancer risk impact from 
diesel emissions.   

F A-10 The commenter claims that OEHHA Guidance Manual requires project’s where 
construction exceeds 2 months be evaluated for cancer risks.  First, the Air Report 
provided a qualitative analysis of the construction-related cancer impacts created from 
TAC emission, that the commenter showed in Comment F A-8 above.  Second, this project 
does not require an air permit from the State to operate, which strict adherence to the the 
OEHHA Guidance Manual is required.  Although the OEHHA Guidance Manual can be 
used as a public reference manual for any project, this project is not required to meet all 
conditions of this or any Guidance Manual that was not prepared by the lead agency. 
Finally, the commenter did not provide any proof that the qualitative analysis of 
construction-related TAC emissions provided in the Air Report did not adequately assess 
the potential impacts from diesel-related construction emissions.  As such, no changes are 
needed to the analysis. 

F A-11 The commenter claims that the Draft EIR is inconsistent with the ICAPCD guidance that 
the states that projects that emit TAC emissions may have the potential to create a 
significant cancer risk from TAC emissions and that ICAPCD should be consulted on any 
project with the potential to emit toxic or hazardous pollutants.  First, it should be noted 
that we have been consulting with the ICAPCD throughout the entire process of preparing 
the Air Report and DEIR and the ICAPCD reviewed the Air Report and did not have any 
issues with the construction or operation-related qualitative TAC emissions analyses.  As 
such, the TAC emissions analysis provided in the Air Report and DEIR is adequate and 
no changes are needed to the TAC emissions analysis. 

F A-12 The commenter states that the project would generate net annual GHG emissions of -
4,319.54 MTCO2e, which would not exceed the 900 MTCO2e threshold. Comment noted. 

F A-13 The commenter claims that the GHG analysis fails to disclose the project’s operational 
energy calculations, since specific BESS systems were not provided in the Draft EIR.  As 
detailed in the Project Description, the specific BESS systems have not yet been selected 
for the project, which is typical for analyses provided in a Draft EIR, since the project has 
not yet been approved by the County, it would not be prudent this early in the process for 
the applicant to be signing contracts for equipment yet.  The CEQA Guidelines 
acknowledge that exact equipment is often not yet determined when the Draft EIR is 
prepared and in these cases, reasonable assumptions should be utilized.  Sections 8.1 
and 8.2 of the Air Report details the assumptions utilized to calculate the onsite electricity 
use and provides for a very conservative assumption that 2 percent of the energy stored 
would be consumed for through use of air conditioning, control systems, ventilators, 
inverters, transformers, and power conversion.  The commenter did not provide any 
supporting information that details that the 2 percent factor is not a reasonable factor to 
utilize.  As such, no changes have been made to the energy calculations provided in the 
Air Report and DEIR. 

PC ORIGINAL PKG



0.2 Response to Comments 
Final EIR | Brawley Solar Energy Facility Project 

0.2-420 | January 2023 County of Imperial 

F A-14 The commenter states that the Draft EIR fails to provide information or suppporting 
evidence regarding the amount of electricity to operate the BESS.  The commenter is not 
correct, as detailed above in response to comment F A-13, the energy use of the BESS 
was assumed based on conservative values and the commenter has not provided any 
information to refute the validity of the values utilized.   

F A-15 The commenter states that the Draft EIR fails to evaluate indirect GHG emissions 
associated with the BESS. See responses to comments F.28 and F.31.  

F A-16 See response to comment F.31.  

F A-17 See response to comment F.28.  

F A-18 Comment acknwledged, no further response is necessary.  
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Letter F – Exhibit B  

Letter to Kendra Hartmann, Adams Broadwell Joseph & Cardozo from Shawn Smallwood 
re:Comments on the Brawley Solar Project (February 10, 2022)  

F B-1 This comment summarizes Dr. Smallwood’s understanding of the project description and no 
comments are made to the Draft EIR; therefore, no response is needed here. 

F B-2 This comment summarizes Dr. Smallwood’s qualifications and no comments are made to the 
Draft EIR; therefore, no response is needed here. 

F B-3 This comment describes the general conditions of the site as described by Dr. Smallwood 
following his reported visit to the site in February 2022. This section also discusses a “Habitat 
Restoration” sign posted west of the site, not mentioned in the Draft EIR. Chambers Group did 
document and is aware that a restoration site is located near the project. As described in the 
Draft EIR, no direct impacts will occur to areas located outside of the project site. In addition, 
indirect biological impacts to adjacent/nearby habitat were analyzed in the Draft EIR including 
noise levels, introduction of invasive and nonnative species, increase in human activity, and 
increase in dust. As discussed in the Draft EIR, implementation of biological avoidance and 
minimization measures (BIO-1 through BIO-4) would reduce potential impacts to a less than 
significant level. 

F B-4 This comment describes the wildlife species Dr. Smallwood reports observing during his 
reported visit to the site. No comment was made in this section; however, please see response 
F-20 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter, which details the purpose of the biological assessment conducted for the 
project. Special status species may utilize the project site or habitat adjacent to the project 
site; therefore, avoidance and minimization measures (BIO-1 through BIO-4) were proposed 
and will be implemented to reduce potential impacts to a less than significant level. 

F B-5 This comment states the Draft EIR did not accuratley characterize the existing environmental 
setting. Please see response F-20 and F-21 of the Adams Broadwell Joseph & Cardozo on 
Behalf of Citizens for Responsible Industry (“Citizens”) letter. The baseline data inluded in the 
DEIR is typical of what is expected by wildlife agencies and sufficient to assess potentials for 
special status species and potential impacts to biological resources, specifically for significant 
life history events. Special status species may utilize (e.g., move through, fly over, forage, 
and/or nest) the project site or habitat adjacent to the project site; therefore, avoidance and 
minimization measures (BIO-1 through BIO-4) were proposed and will be implemented to 
reduce potential impacts to a less than significant level.  

F B-6 This comment discusses the fact that one survey will not result in the detection of all species 
that may occur in the area and/or visit the site in question. Please see response F-20 and F-
21 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter. The baseline data inluded in the Draft EIR is typical of what is expected by 
wildlife agencies and sufficient to assess potentials for special status species and potential 
impacts to biological resources, specifically for significant life history events. Special status 
species may utilize the project site or habitat adjacent to the project site; therefore, avoidance 
and minimization measures (BIO-1 through BIO-4) were proposed and are required to be 
implemented to reduce potential impacts to a less than significant level. 

F B-7 This comment states that additional surveys would result in more wildlife species observations 
and includes data from research of a site near Sacramento, California. We agree that more 
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surveys could result in additional species observations. It should also be noted that different 
survey locations, even throughout California, may include a variety of habitat types that will in 
turn influence the types and number of species that occur there. Therefore, it is unlcear if the 
data included in the research for the City of Sacramento would apply to this project site. 
Regardless of the data presented, as noted in detail in response F-20, F-21, and F-52 of the 
Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) 
letter, the baseline data inluded in the Draft EIR is typical of what is expected by wildlife 
agencies and sufficient to assess potentials for special status species and potential impacts to 
biological resources, specifically for significant life history events. A majority of the habitat on 
site is non-native and of low value to most special status wildlife species due to disturbance. 
In addition, native vegetation present along jurisdictional features and within the railroad right-
of-way will be avoided. However, special status species may utilize the project site or habitat 
adjacent to the project site; therefore, avoidance and minimization measures (BIO-1 through 
BIO-4) were proposed and are required to be implemented to reduce potential impacts to a 
less than significant level.  

F B-8 This comment discusses the fact that additional surveys would result in more wildlife species 
observations. Dr. Smallwood also states that he thinks he detected a listed species (tricolored 
blackbird). The observation is uncertain because he was unable to be certain this species was 
within the flock of birds he observed. As described in response F-20 of the Adams Broadwell 
Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter, Dr. 
Smallwood reported observations of 13 special status species. This list was reviewed by a 
qualified Chambers Group biologist. Other than tricolored blackbird, which is not confirmed 
present, none of the remaining 12 species are listed as endangered, threatened, or rare by 
federal or state governements. Five of the 13 species are SSC species; however, no nesting 
or wintering habitat is present on the project site and therefore, these species would only be 
found flying over or foraging on the project site. However, special status species may utilize 
the project site or habitat adjacent to the project site; therefore, avoidance and minimization 
measures (BIO-1 through BIO-4) were proposed and are required to be implemented to reduce 
potential impacts to a less than significant level.  

F B-9 This comment notes that the assessments made for the potential for special status species 
occurences were insufficient. Many types of human disturbance causes a reduction in species 
diversity, particularly those species that are not tolerant of human presence. On the other 
hand, common species will utilize a wider variety of habitat types and do tolerate human 
presence. A biological reconnaisance survey identifies habitats present on the project site, 
compares those habitat types with those required for special status species that may occur in 
the project area, and then determines the potential for those species to occur, as was done for 
this project. Please see responses F-19 and F-20 of the Adams Broadwell Joseph & Cardozo 
on Behalf of Citizens for Responsible Industry (“Citizens”) letter for additional details on the 
biological assessment process. 

F B-10 This comment continues from the previous comment, stating that special status species were 
observed on the project by Dr. Smallwood, that were previously identified as absent 
(specifically a bird). Although some of the special status bird species were determined to be 
absent from the site because nesting habitat was not present on site for that particular species, 
some of those birds may utilize the project site or habitat adjacent to the project site for other 
purposes; therefore, avoidance and minimization measures (BIO-1 through BIO-4) were 
proposed and are required to be implemented to reduce potential impacts to a less than 
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significant level. Please see responses F-19 and F-20 of the Adams Broadwell Joseph & 
Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter for additional details 
on the biological assessment process. 

F B-11 This comment continues from the previous comments, stating that special status species 
known to occur near the site, may also occur on the project, with the focus on birds. Special 
status species, many of which may only fly over the site, may utilize the project site or habitat 
adjacent to the project site; therefore, avoidance and minimization measures (BIO-1 through 
BIO-4) were proposed and will be implemented to reduce potential impacts to a less than 
significant level. Please see responses F-19 and F-20 of the Adams Broadwell Joseph & 
Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter for additional details 
on the biological assessment process. 

F B-12 This comment notes that additional data was not collected from sources such as eBird. As is 
typical for biological reconnaisance-level surveys, biologists used data reported to CNDDB 
(obtained by biological consultants, CDFW and other agency biologists, academics, 
researchers, and conservation groups such as CNPS and others) along with their experience 
conducting multiple surveys in the project area, to analyze species potentials. Special status 
species may utilize the project site or habitat adjacent to the project site; therefore, avoidance 
and minimization measures (BIO-1 through BIO-4) were proposed and will be implemented to 
reduce potential impacts to a less than significant level. Please see responses F-19 and F-20 
of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter for additional details on the biological assessment process. 

F B-13 This comments continues from the comment above stating that CNDDB was relied on for 
determining occurrence liklihoods. As described in response F-19 of the Adams Broadwell 
Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter, CNDDB 
was one of multiple factors used to determine the potential for special status species’ 
occurrence on the project. Additional factors included a site visit with biologists familiar with 
the project location and the species known to occur in the area, type and quality of habitat 
present within and adjacent to the project, and environmental conditions of the site including 
soil types (some plants require particular soils) and elevation (plants and some animals only 
occur at certain elevation ranges). Special status species may utilize the project site or habitat 
adjacent to the project site; therefore, avoidance and minimization measures (BIO-1 through 
BIO-4) were proposed and will be implemented to reduce potential impacts to a less than 
significant level. 

F B-14 This comment is an introduction to the comments made throughout this section of the comment 
letter. The comment states that impacts should not only include potentials for occurrence but 
also consider affects of the project on a larger scale. Please refer to response F-21, F-50,and 
F-51 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter which details that the Draft EIR was prepared in the typical manner, as 
required by wildlife agencies and under CEQA, and will comply with the Desert Renewable 
Energy Conservation Plan (DRECP) which considers impacts to environmental resources on 
a large scale. 

F B-15 This comment states that the Draft EIR’s analysis of project impacts on a wildlife corridor is 
inaccurate. In this section, Dr. Smallwood also states that a flock of tricolored blackbirds flew 
across the site; however, other sections of his letter, including his species list, state that he is 
uncertain they were tricolored blackbirds. Please refer to response F-20 and F-51 of the 
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Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) 
letter for details on the topic of wildlife corridors. The project site is located within the 
boundaries of the DRECP, but is not within or adjacent to DRECP conservation areas or 
wildlife corridors. The DRECP includes 5 million acres of pre-existing conservation areas, 4.2 
million acres of new conservation areas, and wildlife corridors and linkages for the protection 
of 50 special status species and 37 unique habitats. The project is required to comply with the 
DRECP. With DRECP compliance, development of the project would not substantially interfere 
with the movement of any native resident or migratory fish or wildlife species or with 
established native resident or migratory wildlife corridors or impede the use of native wildlife 
nursery sites. 

F B-16 This comment disccusess habitat loss. Please refer to response F-52 of the Adams Broadwell 
Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. A majority 
of the habitat on site is of low value due to disturbance and native vegetation present along 
jurisdictional features and within the railroad right-of-way will be avoided. Although some 
special status wildlife species may utilize the site, a disturbed site will have the least impact to 
wildlife compared to natural ecosystems. In addition, at the end of the project’s operation term 
or should the project be decommissioned, the project applicant is required to deconstruct and 
restore land to its pre-project state. Therefore, the project will not have a significant impact to 
special status species based on habitat loss and with the implementation of BIO-1 through 
BIO-4 will reduce potential impacts to wildlife species will be reduced to a less than significant 
level. 

F B-17 This comment addresses habitat loss, particularly in regards to bird reproduction. Please refer 
to response F-52 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter. The Draft EIR noted that there is a potential for nesting 
birds to be impacted by the project, therefore, the Draft EIR includes avoidance and 
minimization measures (BIO-1 through BIO-4), to reduce these potential impacts to a less than 
significant level. 

F B-18 This comment also discusses loss of habitat. Please refer to response F-52 of the Adams 
Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. 
The project will not have a significant impact to special status species based on habitat loss. 

F B-19 This comment discusses collision mortality to birds and possibly bats. According to the United 
States Fish and WIllidfe Service (USFWS), although direct impacts to birds may occur as a 
result of solar projects due to collisions with infrastructure, including security fencing, the long 
term indirect impacts benefit migratory birds by reducing the use a fossil fuels, a drive of 
climate change. Please  refer to response F-53 of the Adams Broadwell Joseph & Cardozo on 
Behalf of Citizens for Responsible Industry (“Citizens”) letter for additional details. The 
avoidance and minimization measure BIO-1, will require that all electrical components on the 
project site be underground or protected so there will be no exposure to wildlife and therefore 
no potential for electricution. In addition, the DRECP allows for the development of 388,000 
acres of renewable energy while providing protection and conservation of desert ecosystems 
(4.2 million acres in addition to the 5 million existing acres). As discussed in the DEIR, while 
the potential for impacts may exist, these impacts are considered less than significant with 
implementation of BIO-1 and adherance to the DRECP. 

F B-20 This comment discusses collision mortality to birds and possibly bats. According to the 
USFWS, although direct impacts to birds may occur as a result of solar projects due to 
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collisions with infrastructure, including security fencing, the long term indirect impacts benefit 
migratory birds by reducing the use a fossil fuels, a drive of climate change. Please also refer 
to response F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter for additional details. In addition, the DRECP allows for 
the development of 388,000 acres of renewable energy while providing protection and 
conservation of desert ecosystems (4.2 million acres in addition to the 5 million existing acres). 
As discussed in the Draft EIR, while the potential for impacts may exist, these impacts are 
considered less than significant with implementation of BIO-1 and adherance to the DRECP. 

F B-21 This comment discusses the potential for avian mortality due to gen-tie lines. Please refer to 
response F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter. The avoidance and minimization measure BIO-1, will 
require that all electrical components on the project site be underground or protected so there 
will be no exposure to wildlife and therefore no potential for electricution. In addition, the 
DRECP allows for the development of 388,000 acres of renewable energy while providing 
protection and conservation of desert ecosystems (4.2 million acres in addition to the 5 million 
existing acres). As discussed in the Draft EIR, while the potential for impacts may exist, these 
impacts are considered less than significant with implementation of BIO-1 and adherance to 
the DRECP. 

F B-22 This comment discusses collision mortality to birds due to the security fencing proposed. 
According to the USFWS, although direct impacts to birds may occur as a result of solar 
projects due to collisions with infrastructure, including security fencing, the long term indirect 
impacts benefit migratory birds by reducing the use a fossil fuels, a drive of climate change. 
Please also refer to response F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of 
Citizens for Responsible Industry (“Citizens”) letter. The avoidance and minimization measure 
BIO-1, will require that all electrical components on the project site be underground or 
protected so there will be no exposure to wildlife and therefore no potential for electricution. In 
addition, the DRECP allows for the development of 388,000 acres of renewable energy while 
providing protection and conservation of desert ecosystems (4.2 million acres in addition to 
the 5 million existing acres). As discussed in the DEIR, while the potential for impacts may 
exist, these potential impacts are reduced to a less than significant level with implementation 
of BIO-1 through BIO-4 and adherance to theDRECP. 

F B-23 This comment discusses habitat loss and collision mortality. Please refer to response F-52 
and F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible 
Industry (“Citizens”) letter. The DRECP allows for the development of 388,000 acres of 
renewable energy while providing protection and conservation of desert ecosystems (4.2 
million acres in addition to the 5 million existing acres). As discussed in the Draft EIR, while 
the potential for impacts may exist, with the implementation of BIO-1 through BIO-4 and 
adherance to the DRECP, impacts are considered less than signifiant. 

F B-24 This comment discusses cumulative impacts assocaited with collision mortality. Please refer 
to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter. Cumulative impacts were addressed throughout the 
Draft EIR, and potential impacts were found to be less than significant with DRECP 
compliance.  

F B-25 This comment continues the discussion on cumulative impacts. Please refer to response F-55 
of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
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(“Citizens”) letter. Cumulative impacts were addressed throughout the Draft EIR, and potential 
impacts were found to be less than significant with DRECP compliance. 

F B-26 This comment discusses habitat loss and collision mortality. Please refer to response F-52 
and F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible 
Industry (“Citizens”) letter. As discussed in the Draft EIR, while the potential for impacts may 
exist, with the implementation of BIO-1 through BIO-4 and compliance with the DRECP, 
potential impacts are considered less than signifiant. 

F B-27 This comment discusses habitat loss and collision mortality. Please refer to response F-52 
and F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible 
Industry (“Citizens”) letter. As discussed in the Draft EIR, while the potential for impacts may 
exist, with the implementation of BIO-1 through BIO-4 and compliance with the DRECP, 
potential impacts are considered less than signifiant. 

F B-28 This comment states that burrowing owl detection surveys should be completed prior to 
circulation of the Draft EIR. Take avoidance surveys, to identify if  burrowing owl are present 
prior to construction, are required as indicated in BIO-3, and will be implemented to reduce 
any potential impacts to a less than significant level. As stated in the Draft EIR, the measures 
are implemented to avoid or minimize potential impacts. The goal of mitigation measures is to 
always avoid first, but when avoidance isn’t possible, that impacts are minimized to the furthest 
extent feasible.  

F B-29 This comment discusses that while nesting bird surveys are appropriate, habitat loss for birds 
is not addressed. Please refer to response F-52 of the Adams Broadwell Joseph & Cardozo 
on Behalf of Citizens for Responsible Industry (“Citizens”) letter. A majority of the habitat on 
site is non-native (252 of the 272 acres surveyed) and of low value to most wildlife species. In 
addition, native vegetation present along jurisdictional features and within the railroad right-of-
way will be avoided. However, there is a potential for nesting birds to be impacted by the 
project, therefore, the Draft EIR includes avoidance and minimization measures (BIO-1 
through BIO-4) including nesting bird surveys, to reduce these potential impacts to a less than 
significant level. 

F B-30 This comment discusses compensatory mitigation as effective mitigation for the project. 
Please refer to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens 
for Responsible Industry (“Citizens”) letter. As previously discussed, the Draft EIR evaluated 
impacts to biological resources. As concluded, while the potential for impacts may exist, with 
the implementation of BIO-1 through BIO-4 and compliance with the DRECP, impacts are 
considered less than significant. Biological conservation will be achieved with DRECP 
compliance.  

F B-31 This comment discusses wildlife rehabilitation facilities as effective mitigation for the project. 
Please refer to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens 
for Responsible Industry (“Citizens”) letter. As previously discussed, the Draft EIR evaluated 
impacts to biological resources. As concluded, while the potential for impacts may exist, with 
the implementation of BIO-1 through BIO-4 and compliance with the DRECP, impacts are 
considered less than significant. Biological conservation will be achieved with DRECP 
compliance.  

F B-32 This comment discusses post-construction impacts monitoring as effective mitigation for the 
project. Please refer to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf 
of Citizens for Responsible Industry (“Citizens”) letter. As previously discussed, the Draft EIR 
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evaluated impacts to biological resources. As concluded, while the potential for impacts may 
exist, with the implementation of BIO-1 through BIO-4 and compliance with the DRECP, 
impacts are considered less than significant. Biological conservation will be achieved with 
DRECP compliance.  

F B-33 This comment discusses including nocturnal survey with impacts montioing as effective 
mitigation for the project. Please refer to response F-55 of the Adams Broadwell Joseph & 
Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. As previously 
discussed, the Draft EIR evaluated impacts to biological resources. As concluded, while the 
potential for impacts may exist, with the implementation of BIO-1 through BIO-4 and 
compliance with the DRECP, impacts are considered less than significant. Biological 
conservation will be achieved with DRECP compliance.  

F B-34 This comment discusses fatality monitoring as effective mitigation for the project. Please refer 
to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter. As previously discussed, the Draft EIR evaluated 
impacts to biological resources. As concluded, while the potential for impacts may exist, with 
the implementation of BIO-1 through BIO-4 and compliance with the DRECP, impacts are 
considered less than significant. Biological conservation will be achieved with DRECP 
compliance. 
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Letter F – Exhibit C 

Letter to Kendra Hartmann, Adams Broadwell Joseph & Cardozo from Gregory and Henry 
House re: Initial comment on the Draft Environemntal Impact Report: Brawley Solar Energy 
Facility Project  (February 9, 2022)  

F C-1 This comment is an introductory comment. For clarification of the project’s planned duration, 
Chapter 2.0, Project Description, of the Final EIR has been revised as follows: 

2.6 Restoration of the Project Site 
Electricity generated by the facility could be sold under the terms of a power purchase 
agreement (PPA) with a power purchaser (i.e., utility service provider). At the end of the 
PPA term, the owner of the facility may choose to enter into a subsequent PPA, update 
technology and re-commission, or decommission and remove the generating facility and 
its components. Solar equipment has a typical lifespan of approximatey 20 to 25 years,and 
with recent technology can have a lifespan of up to 30 years. Upon decommissioning, the 
site could be converted to other uses in accordance with applicable land use regulations 
in effect at that time. A collection and recycling program will be executed to promote 
recycling of project components and minimize disposal in landfills. All permits related to 
decommissioning would be obtained, where required. 

F C-2  A project-specific Reclamation Plan will be prepared as required in Mitigation Measure AG-1b. 
The Reclamation Plan will document the procedures by which the project site will be returned 
to its current agricultural condition, including soil conditions. A typical restoration plan that has 
been approved by the County Agricultural Commissioner includes: 

• Exhibits indicating current conditions of the farm fields 

• Estimate of costs to restore land to farm ready conditions 

• Cost estimates include replacement of agricultural infrastructure, such as concrete 
irrigation ditches, subsurface tile drainage pipelines, deep chiseling (sub-soiling), discing, 
land planning and restoration of irrigation land slopes (land leveling) 

Without agricultural tillage over the 25 to 30 year span of the PV solar energy generating facility 
operation, the clay soils are expected to become compacted. In order to ensure crop growth, 
the fields will likely need to be sub-soiled (plow shanks extending to 36" to 42"below ground 
surface), re-leveled with laser controlled drag-scrapers, manure fertilizer applied, disced (2 
directions) and landplaned (or tri-planed). Soil samples would be collected from each field and 
analyzed for agronomic minerals, salts and fertilizer compounds prior to construction. 

Permittee shall also provide financial assurance/bonding in the amount equal to a cost 
estimate prepared by a California-licensed general contractor or civil engineer for 
implementation of the Reclamation Plan in the even Permittee fails to perform the Reclamation 
Plan. 

F C-3 As described on page 3.3-6 of the Draft EIR, “It is a policy of the County that leapfrogging will 
not be allowed in the future. All new non-agricultural development will be confined to areas 
identified in this plan for such purposes or in Cities’ adopted Spheres of Influence, where new 
development must adjoin existing urban uses. Non-agricultural residential, commercial, or 
industrial uses will only be permitted if they adjoin at least one side of an existing urban use, 
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and only if they do not significantly impact the ability to economically and conveniently farm 
adjacent agricultural land.” 

 As described on page 3.3-7 of the Draft EIR, the project is adjacent to an existing urban use, 
the existing City of Brawley Wastewater Treatment Plant, which is along the western edge of 
the project site. The Union Pacific Railway transects the project site. Further, the Final EIR has 
been revised to describe that the project site is located within the City of Brawley’s adopted 
Sphere of Influence2. The following text has been added on page 3.3-7 of the Final EIR: 

Furthermore, as shown on Figure LUE-1: Land Use Map of the City of Brawley Final 
General Plan 2030, the project site is located within the City of Brawley’s adopted 
Sphere of Influence. As a new non-agricultural development, the proposed project 
would be consistent with this policy as it would be confined to areas in a city’s adopted 
sphere of influence and adjoins an existing urban use (water treatment plant).  

The Lead Agency has the authority to interpret the meaning of the General Plan and determine 
whether the proposed project, together with the mitigation measures set forth in the EIR and 
the conditions of approval mandated by a CUP, are consistent with the General Plan. Please 
also refer to response to comment D.2 related to the project’s consistency with the RE Overlay 
Zone. 

F C-4  Refer to response to comment F.37.  

F C-5 As described on page 2-16 of the DEIR, at the end of the PPA term, the owner of the facility 
may choose to enter into a subsequent PPA, update technology and re-commission, or 
decommission and remove the generating facility and its components. Upon 
decommissioning, the site could be converted to other uses in accordance with applicable land 
use regulations in effect at that time. The DEIR analyzes the environmental effects on the 30-
year CUP followed by post-project restoration of the project site. The application of another 
CUP would be subject to additional CEQA review at the time an application is filed with the 
County. Any consideration of potential impacts to important farmlands would be based on 
future project details, which remain remote and speculative at this time. 

F C-6 See response to comment F C-2.  

F C-7 Project decommissioning would not occur until 30 years, or more if the owner chooses to enter 
into a subsequent PPA or update technology and re-commission the facility. It is speculative 
to assume that the Imperial Irrigation District would reallocate the irrigation water currently 
used by the subject property’s crops to another use that is not for crop production in 30 years 
or more.  

F C-8 See response to comment E.8.  

F C-9 See responses to comments F C-1 through F C-8.  

F C-10 Conclusion statement. No further response is required.  

 

 

   

 
2 City of Brawley. 2008. Figure LUE-1: Land Use Map of the City of Brawley Final General Plan 2030. Available on-line at: 

https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf   
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0.3 Errata to the Draft EIR 
A. Introduction  
This section of the Final Environmental Impact Report (EIR) identifies the location of, or contains 
revisions to, information included in the Draft EIR dated December 2021, based upon additional or 
revised information required to prepare a response to a specific comment. The information added to 
the EIR does not meet the requirements for recirculation pursuant to Section 15088.5 of the State 
California Environmental Quality Act (CEQA) Guidelines. 

The new information simply clarifies information presented in the Draft EIR. Text that has been added 
to the document appears in an underline format. Text that has been deleted appears with strikeout. 

This Errata, in conjunction with the Final EIR, will be used by the County of Imperial in its evaluation 
and analysis of the proposed project and in the adoption of any findings required by law. Substantial 
evidence in support of findings may be found anywhere in the administrative record. (14CCR 
15091(b)(e). The County of Imperial is designated the Lead Agency for California Environmental 
Quality Act (CEQA) compliance. 

B. Corrections and Additions 
Section 0 Executive Summary 

Page ES-1: 

Project Overview 

The proposed project would be comprised of bifacial solar PV arrays panels, an on-site, 92/12 
kilovolt (kV) substation, 40 MW battery storage system (BESS), generation tie-line (gen-tie), 
fiberoptic line and or microwave tower, inverters, transformers, underground electrical cables, 
and access roads. 

Page ES-3: 

Areas of Concern 

Section 15123(b)(2) of the CEQA Guidelines requires that an EIR identify areas of controversy 
known to the Lead Agency, including issues raised by other agencies and the public as well 
as issues to be resolved. A primary issue associated with this solar farm project, and other 
solar facility projects that are proposed in the County, is the corresponding land use 
compatibility and fiscal/economic impacts to the County. Through the environmental review 
process for this project, other areas of concern and issues to be resolved include potential 
impacts related to the conversion of farmland to non-agricultural uses, damage to crops, 
wildlife, water supply, fire hazards associated with the battery energy storage system, health 
effects from air pollution, noise, and hazardous materials, waste, electromagnetic exposure 
safety, and change of visual character.  
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Section 1 Introduction 

Page 1-1: 

1. General Plan Amendment. An amendment to the County’s General Plan, Renewable Energy 
and Transmission Element is required to implement the proposed project. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not 
be allowed without an amendment to the RE Overlay Zone. The northern portion of the project 
site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone, 
which is considered as part of the RE Overlay Zone. However, the entire southern parcels of 
the project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-
006) is are located adjacent to, but outside of the RE Overlay Zone. Therefore, the applicant 
is requesting a General Plan Amendment to include/classify the southern three all five project 
parcels into the RE Overlay Zone, so that the entire site would be located within the RE Overlay 
Zone. No change in the underlying General Plan land use (Agriculture) is proposed. 

Page 1-6: 

Availability of Reports 

This The Draft EIR has been was distributed to various federal, state, regional, local agencies 
and interested parties for a 45-day public review period, from December 27, 2021 through 
February 10, 2022, in accordance with Section 15087 of the CEQA Guidelines. This The Draft 
EIR and documents incorporated by reference are were made available for public review at 
the County of Imperial Planning and Development Services Department, 801 Main Street, El 
Centro, California 92243. Documents may be reviewed were available for review during 
regular business hours.  

Comments received during the public review period of the Draft EIR will be have been 
reviewed and responded to in the this Final EIR. The Final EIR will then be reviewed by the 
Imperial County Planning Commission and Board of Supervisors as a part of the procedure to 
adopt the EIR. Additional information on this process may be obtained by contacting the 
County of Imperial Planning and Development Services Department at (442) 265-1736.  

Page 1-8: 

Areas of Concern and Issues to be Resolved 

Section 15123(b)(2) of the CEQA Guidelines requires that an EIR identify areas of controversy 
known to the Lead Agency, including issues raised by other agencies and the public as well 
as issues to be resolved. A primary issue associated with this solar farm project, and other 
solar facility projects that are proposed in the County, is the corresponding land use 
compatibility and fiscal/economic impacts to the County. Through the environmental review 
process for this project, other areas of concern and issues to be resolved include potential 
impacts related to the conversion of farmland to non-agricultural uses, damage to crops, 
wildlife, water supply, fire hazards associated with the battery energy storage system, health 
effects from air pollution, noise, and hazardous materials, waste, electromagnetic exposure 
safety, and change of visual character.  
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Page 1-9: 

Document Organization 

The structure of the Draft Final EIR is identified below. The Draft Final EIR is organized into 
10 14 chapters, including the Executive Summary.  

• Chapter 0.1 Introduction and Summary describes the CEQA requirements and content 
of the Final EIR.  

• Chapter 0.2 Responses to Comment Letters Received on the Draft EIR provides 
copies of the comment letters received and individual responses to written comments.  

• Chapter 0.3 Errata to the Draft EIR identifies the location of, or contains revisions to, 
information included in the Draft EIR dated December 2021, based upon additional or 
revised information required to prepare a response to a specific comment.  

• Chapter 0.4 Mitigation Monitoring and Reporting Program identifies the mitigation 
measures, timing, and responsibility for implementation of the measures.   

Section 2 Project Description 

Page 2-1: 

Project Location 

Currently, the project site contains alfalfa fields within different levels of harvest. North and 
east of the project site is undeveloped agricultural land. South of the project site is a mixture 
of undeveloped agricultural land and dirt lots used for staging activities. The Del Rio Country 
Club golf course is located to the south of the site.  The City of Brawley Wastewater Treatment 
Plant (WWTP) is located along the western edge of the project site. 

Page 2-4: 

Renewable Energy Overlay Zone 

As shown on Figure 2-1, the northern portion of the project site (APNs 037-140-020 and 037-
140-021) is located within the Geothermal Overlay Zone, which is considered as part of the 
RE Overlay Zone. However, the entire southern parcels of the project site (APNs 037-140-
020, 037-140-021, 037-140-022, 037-140-023, and 037-140-006) is are located adjacent to, 
but outside of the RE Overlay Zone. Therefore, the applicant is requesting a General Plan 
Amendment to include/classify all five the southern three project parcels into the RE Overlay 
Zone, so that the entire site would be located within the RE Overlay Zone. No change in the 
underlying General Plan land use (Agriculture) is proposed. 

Project Characteristics 

The proposed project involves the construction and operation of a 40 MW PV solar facility with 
an integrated 40 MW BESS (not to exceed 80 MW) on approximately 227 acres of privately-
owned land.  The proposed project would be comprised of bifacial solar PV arrays panels, an 
on-site substation, BESS, generation tie-line (gen-tie), fiberoptic line and or microwave tower, 
inverters, transformers, underground electrical cables, access roads. These project 
components are described in detail below and depicted in Figure 2-3. 
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Page 2-8: 

2.3.5  Fiberoptic Cable and or Microwave Tower 
The maximum height limit for non-residential structures and commercial communication 
towers in the A-2 zone is 120 feet. The proposed 40 to 100-feet tall microwave tower would 
not exceed the height limit in the A-2 zone. 

Page 2-8: 

Gen-Tie Line 

The maximum height limit for non-residential structures and commercial communication 
towers in the A-2 zone is 120 feet. The proposed project’s 66-foot-high gen-tie poles would 
not exceed the height limit in the A-2 zone. 

Security 

Six-foot high chain link fencing topped with barbed wire would be installed around the 
perimeter of the project site at the commencement of construction and site access would be 
limited to authorized site workers. Figure 2-4 shows the project’s conceptual fencing plan. 
Points of ingress/egress would be accessed via locked gates. In addition, a motion detection 
system and closed-circuit camera system may also be installed. The site would be remotely 
monitored 24 hours per day, 7 days per week. In addition, routine unscheduled security rounds 
may be made by the security team monitoring the site security.  

The City of Brawley WWTP is located along the western edge of the project site. Access to a 
portion of the WWTP is facilitated through an easement that was granted in 2007. The 
easement applies to the portion of the access road that runs in an easterly/westerly direction 
from N Best Road.  The City relies upon the unimproved road continuing from the easement 
to the south/southwest to provide staff access to the WWTP, allow for vacuum trucks to 
transport wastewater to the facility and to transport solids generated by the WWTP to licensed 
Class I landfills, and provide access for heavy vehicles/equipment for materials delivery, 
maintenance repair and system upgrade purposes. As shown on Figure 2-4, the WWTP’s 
access road and access points are located outside of the proposed project’s fence. The 
proposed project would be constructed so as to not interfere with the WWTP’s existing access. 

Page 2-10: 

Added Figure 2-4 Proposed Access and Fencing Plan. 

Page 2-12: 

Site Access 

As shown in Figure 2-4 Figure 2-3, primary access to the project site would be located off N 
Best Avenue. A secondary emergency access road would be located in the northwest portion 
of the project site.  Access roads would be constructed with an all‐weather surface, to meet 
the County Fire Department’s standards. Points of ingress/egress would be accessed via 
locked gates that can be opened by any emergency responders. An all‐weather surface 
access road would surround the perimeter of the project site, as well as around solar blocks 
no greater than 500 by 500 feet.  
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Page 2-13: 

Construction Schedule, Sequence, and Phasing 

Construction is anticipated to start in quarter four two of 2021 2023 and would take 
approximately 6-9 months to complete. Construction would commence only after all required 
permits and authorizations have been secured. Construction would generally occur during 
daylight hours, Monday through Friday. However, non-daylight work hours may be necessary 
to make up schedule deficiencies, or to complete critical construction activities. For example, 
during hot weather, it may be necessary to start work earlier to avoid pouring concrete during 
high ambient temperatures. If construction is to occur outside of the County’s specified working 
hours, permission in writing will be sought at the time. The County’s construction equipment 
operation shall be limited to the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. 
to 5 p.m. on Saturday. No commercial construction operations are permitted on Sunday or 
holidays.  

Page 2-14: 

Site Preparation 

Project construction would include the renovation of existing dirt roads to all-weather surfaces 
(to meet the County standards) from N Best Avenue to the City of Brawley wastewater 
treatment plant. Construction of the proposed project would begin with clearing of existing 
brush and installation of fencing around the project boundary. Figure 2-4 shows the project’s 
conceptual fencing plan. Fencing would consist of a six-foot chain-link fence topped with 
barbed wire. A 20-foot road of engineering-approved aggregate would surround the site within 
the fencing. 

Project construction would include the renovation of existing dirt roads within the project site, 
to all-weather surfaces (to meet the County standards). If agreeable by the City of Brawley, 
the roadways outside the project site would also be renovated to all-weather surfaces to 
improve the roadway from N Best Avenue to the City of Brawley WWTP. These improvements 
would be coordinated with the City of Brawley. 

Material and equipment staging areas would be established on-site or at the existing North 
Brawley Geothermal Power Plant within in an approximate 4-acre area. The staging area 
would include an air-conditioned temporary construction office, a first-aid station and other 
temporary facilities including, but not limited to, sanitary facilities, worker parking, truck loading 
and unloading, and a designated area for assembling the support structures for the placement 
of PV modules. The size of the staging area would shrink as construction progresses 
throughout the project site. The project construction contractor would then survey, clear and 
grade road corridors in order to bring equipment, materials, and workers to the various areas 
under construction within the project site. Road corridors buried electrical lines, PV array 
locations and locations of other facilities may be flagged and staked in order to guide 
construction activities. 

Page 2-16: 

2.5 Operations and Maintenance 
Once fully constructed, the project would be operated on an unstaffed basis and be monitored 
remotely, with periodic on-site personnel visitations for security, maintenance and system monitoring. 
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Therefore, no full-time site personnel would be required on-site during operations and approximately 
two employees would only be onsite up to four times per year to wash the solar panels. As the project’s 
PV arrays produce electricity passively, maintenance requirements are anticipated to be very minimal. 
Any required planned maintenance activities would generally consist of equipment inspection and 
replacement and would be scheduled to avoid peak load periods. Any unplanned maintenance would 
be responded to as needed, depending on the event. 

Operation of the proposed project would require upgrades including but not limited to relay upgrades, 
Phasor Measurement Unit Requirements, Relay, SCADA, Metering and Telecom upgrades at both 
the proposed substation and North Brawley Geothermal Power Plant substation. The construction and 
operation of these upgrades by IID required to adequately operate the project are included as part of 
the project and project analysis.  

Page 2-16: 

2.6 Restoration of the Project Site 
Electricity generated by the facility could be sold under the terms of a power purchase agreement 
(PPA) with a power purchaser (i.e., utility service provider). At the end of the PPA term, the owner of 
the facility may choose to enter into a subsequent PPA, update technology and re-commission, or 
decommission and remove the generating facility and its components. Solar equipment has a lifespan 
of approximatey 20 to 25 years, and with recent technology can have a lifespan of up to 30 years. 
Upon decommissioning, the site could be converted to other uses in accordance with applicable land 
use regulations in effect at that time. A collection and recycling program will be executed to promote 
recycling of project components and minimize disposal in landfills. All permits related to 
decommissioning would be obtained, where required. 

Page 2-17: 

1. General Plan Amendment. An amendment to the County’s General Plan, Renewable 
Energy and Transmission Element is required to implement the proposed project. CUP 
applications proposed for specific renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an amendment to the RE Overlay Zone. 
As shown in Figure 2-1, the northern portion of the project site (APNs 037-140-020 
and 037-140-021) is located within the Geothermal Overlay Zone, which is considered 
as part of the RE Overlay Zone. However, the entire southern parcels of the project 
site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-006) 
are  is located adjacent to, but outside of the RE Overlay Zone. Therefore, the applicant 
is requesting a General Plan Amendment to include/classify the southern three all five 
project parcels into the RE Overlay Zone, so that the entire site would be located within 
the RE Overlay Zone. No change in the underlying General Plan land use (Agriculture) 
is proposed. 

Section 3.3 Agricultural Resources 

Page 3.3-7: 
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Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
Goal 2. Adopt policies that prohibit 
“leapfrogging” or “checkerboard” patterns 
of nonagricultural development in 
agricultural areas and confine future 
urbanization to adopted Sphere of 
Influence area. 

Consistent The project site is designated for agriculture land 
use in the County General Plan. The project 
would include development of a solar facility and 
associated infrastructure adjacent to productive 
agricultural lands to the north and east of the 
project site; however, the project is located 
adjacent to the City of Brawley Wastewater 
Treatment Plant along the western edge of the 
project site. The Union Pacific Railway transects 
the project site. Additionally, this development 
would not include a residential component that 
would induce urbanization adjacent to the 
projects. Furthermore, as shown on Figure LUE-
1: Land Use Map of the City of Brawley Final 
General Plan 2030, the project site is located 
within the City of Brawley’s adopted Sphere of 
Influence1. As a new non-agricultural 
development, the proposed project would be 
consistent with this policy as it would be confined 
to areas in a city’s adopted sphere of influence 
and adjoins an existing urban use (water 
treatment plant). 
 
Furthermore, with the approval of a General Plan 
Amendment, Zone Change, and CUP, the 
project would be consistent with the County’s 
Land Use Ordinance. Consistency with the Land 
Use Ordinance implies consistency with the 
General Plan land use designation.  

Page 3.3-13: 

The County is responsible for approving the reclamation plan for each project and confirming that 
financial assurances for the project is in conformance with Imperial County ordinances prior to the 
issuance of any building permits. This shall be made a condition of approval and included in the CUP. 

Section 3.4 Air Quality 

Page 3.4-18: 

Table 3.4-9. Project Operational Emissions 
Activity Pollutant (pounds per day) 

ROG NOx CO SO2 PM10 PM2.5 

Area Sources1 5.35 0.00 0.04 0.00 0.00 0.00 

Energy Usage2 0.00 0.00 0.00 0.00 0.00 0.00 

 
1 City of Brawley. 2008. Figure LUE-1: Land Use Map of the City of Brawley Final General Plan 2030. Available on-line at: 

https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf   

PC ORIGINAL PKG

https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf


0.3 Errata to the Draft EIR 
Final EIR | Brawley Solar Energy Facility Project 

0.3-8 | January 2023 Imperial County 

Mobile Sources3 0.17 0.18 1.31 0.00 2.3532.91 0.273.78 

Backup Generator4 0.05 0.17 0.18 0.00 0.01 0.01 

Total Emissions 5.57 0.35 1.53 0.00 2.3532.92 0.283.78 

ICAPCD 
Significance 
Threshold 

137 137 150 550 550 150 

Exceed ICAPCD 
Significance 
Threshold? 

No No No No No No 

Source: Appendix C of this EIR   
Notes:  
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the 
project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 
minutes per week. 

Section 3.9 Hazards and Hazardous Materials 

Page 3.9-1: 

The Envirostor Database from the California Department of Toxic Substances Control (DTSC) records 
was reviewed for known contamination or sites for which there may be reason to investigate further. 
A desktop review was completed on September 14, 2021, for the project site. Two Leaking 
Underground Storage Tanks (LUST) were identified within 1 mile of the project site; however, both 
cases have been completed and are closed. No reported cases were found on the project sites and 
no active sites have been identified within 1-mile of the project site.  

Page 3.9-10: 

The nearest public airport is the Brawley Municipal Airport located approximately 1.5 miles south of 
the project site. However, the project site is outside of the airport compatibility zones of the Brawley 
Municipal Airport (County of Imperial 1996). Additionally, as discussed in Section 3.2, Aesthetics, the 
project would not expose approach slopes associated with the Brawley Municipal Airport to glare 
hazards. Furthermore, on May 18, 2022, the Imperial County Airport Land Use Commission 
determined that the proposed project is compatible with the ALUCP. Therefore, implementation of the 
proposed project would not result in a safety hazard or excessive noise for people residing or working 
in the project area and no impact would occur. No significant impact is identified for this issue area. 

Section 3.10 Hydrology/Water Quality 

Page 3.10-16: 

The project site would remain largely impervious over the operational life of the project. 

Page 3.10-17: 

Lastly, the project site would remain largely impervious over the operational life of the project. 
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Page 3.10-18: 

The project site would remain largely impervious over the operational life of the project. 

Section 3.11 Land Use/Planning 

Page 3.11-4: 

As discussed in Chapter 2, the County adopted the Renewable Energy and Transmission 
Element, which includes a RE Zone (RE Overlay Map). The RE Overlay Zone is concentrated 
in areas determined to be the most suitable for the development of renewable energy facilities 
while minimizing the impact on other established uses. As shown on Figure 3.11-2, the 
northern portion of the project site (APNs 037-140-020 and 037-140-021) is located within the 
Geothermal Overlay Zone, which is a component of the RE Overlay Zone. However, the entire 
southern portion of the project site (APNs 037-140-022, 037-140-023, and 037-140-006) is 
located adjacent to, but outside of the RE Overlay Zone. The applicant is requesting a General 
Plan Amendment to include/classify the southern three project parcels into the RE Overlay 
Zone, so that the entire site would be located within the RE Overlay Zone. No change in the 
underlying General Plan land use (Agriculture) is proposed. 

Page 3.11-5: 

County of Imperial General Plan 

The RE and Transmission Element includes a RE Zone (RE Overlay Map). The County Land 
Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the development 
and operation of RE projects, with an approved CUP. The RE Overlay Zone is concentrated 
in areas determined to be the most suitable for the development of RE facilities while 
minimizing the impact to other established uses. As discussed previously and shown on Figure 
3.11-2, the northern portion of the project site is located within the RE Overlay Zone; whereas 
the southern portion of the project site is outside of the RE Overlay Zone.  

Page 3.11-7: 

Table 3.11-2. Project Consistency with Applicable General Plan Policies 
Public Facilities, Objective 8.8. Ensure 
that the siting of future facilities for the 
transmission of electricity, gas, and 
telecommunications is compatible with the 
environment and County regulation. 

Consistent The County Land Use Ordinance, Division 17, 
includes the Renewable Energy Overlay Zone, 
which authorizes the development and operation 
of renewable energy projects with an approved 
CUP. The RE Overlay Zone is concentrated in 
areas determined to be the most suitable for the 
development of renewable energy facilities while 
minimizing the impact on other established uses. 
CUP applications proposed for specific 
renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an 
amendment to the RE Overlay Zone.  
 
The County’s General Plan and Land Use 
Ordinance allows that for renewable energy 
projects proposed on land classified in a non-RE 
Overlay zone, that the land on which the project 
is located may be included/classified in the RE 
Overlay Zone if the renewable energy project: 1) 
would be located adjacent to an existing RE 
Overlay Zone; 2) is not located in a sensitive 
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area; 3) is located in proximity to renewable 
energy infrastructure; and, 4) and would not 
result in any significant environmental impacts.  
 
As shown on Figure 3.11-2, the northern portion 
of the project site is located within the RE 
Overlay Zone, as the RE Overlay Zone includes 
the Geothermal Overlay Zone. However, the 
southern portion of the entire project site is 
located outside, but immediately adjacent to of 
the RE Overlay Zone. Therefore, the applicant is 
requesting a General Plan Amendment to 
include/classify the southern three all five project 
parcels into the RE Overlay Zone. With the 
approval of the General Plan Amendment, CUP, 
and zone change to include/reclassify all the 
project parcels to A-2-REG the proposed solar 
project can be implemented.  

Page 3.11-10: 

Table 3.11-2. Project Consistency with Applicable General Plan Policies 
Protection of Open Space and 
Recreational Opportunities. Objective 8.2: 
Focus all new renewable energy 
development within adopted Renewable 
Energy Overlay Zones. 

Consistent As shown on Figure 3.11-2, the northern portion 
of the project site is located within the RE 
Overlay Zone, as the Geothermal Overlay Zone 
is a component of the RE Overlay Zone. 
However, the entire southern portion of the 
project site is located outside, but immediately 
adjacent to of the RE Overlay Zone. The project 
applicant is requesting a General Plan 
Amendment and Zone Change to include/classify 
all five project the southern three parcels into the 
RE Overlay Zone, and a Zone Change to 
include/classify all five project parcels into the 
Renewable Energy/Geothermal (REG) Overlay 
Zone (A-2-REG). With the approval of the 
General Plan Amendment, Zone Change, and 
CUP, the proposed solar project can be 
implemented. 

Page 3.11-13: 

The maximum height limit for non-residential structures and commercial communication towers in the 
A-2 zone is 120 feet. The proposed project’s 66-foot-high gen-tie poles and 40 to 100-feet tall 
microwave tower would not exceed the height limit in the A-2 zone. 

Page 3.11-15: 

As shown on Figure 3.11-2, the northern portion of the project site (APNs 037-140-020 and 037-140-
021) is located within the Geothermal Overlay Zone, which is a component of the RE Overlay Zone. 
However, the entire southern portion of the project site (APNs 037-140-006, 037-140-022 and 037-
140-023) project site is located outside, but immediately adjacent to, of the RE Overlay Zone. 
Therefore, the project applicant is seeking a zone change to include/classify all five project parcels 
into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG).  

The project applicant is requesting a General Plan Amendment to include/classify the southern three 
parcels into the RE Overlay Zone, and a Zone Change to include/classify all five project parcels into 
the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG). Additionally, the project applicant 
and is requesting approval of a CUP by the County to allow for the construction and operation of the 
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proposed solar energy facility with an integrated battery storage system. The project site is currently 
located within, and adjacent to not located adjacent to an existing RE Overlay Zone; and meets the 
adjacency criteria as the project site is not located in a sensitive area, and would not result in any 
significant impacts with the implementation of proposed mitigation. therefore tThe project will need to 
also meets the criteria identified for the “Island Overlay” to obtain approval of an amendment to the 
RE Overlay Zone. Table 3.11-3 provides an analysis of the project’s consistency with the “Island 
Overlay” criteria. 

Page 3.11-15: 

Imperial County Airport Land Use Compatibility Plan 

As previously discussed above, the project site is located approximately 1.5 miles north of the Brawley 
Municipal Airport. According to Figure 3A (Compatibility Map – Brawley Municipal Airport) of the 
ALUCP, no portion of the project site is located within the Brawley Municipal Airport land use 
compatibility zones (County of Imperial 1996). On May 18, 2022, the Imperial County Airport Land Use 
Commission determined that the proposed project is compatible with the ALUCP. Therefore, the 
proposed project would not conflict with the Imperial County ALUCP, and no significant impact would 
occur.  

Section 5 Cumulative Impacts 

Pages 5-7 through 5-8: 

As discussed in Section 3.3, Agricultural Resources, the majority of the project site is designated as 
Farmland of Statewide Importance, with a pocket of Prime Farmland and Farmland of Local 
Importance located in the southern portion of the project site. Approximately 1 acre of Unique 
Farmland occurs along the western boundary of the project site. Therefore, the proposed project would 
convert land designated as Prime Farmland, Farmland of Statewide Importance, and Unique Farmland 
to non-agricultural uses, and, as such, incrementally add to the conversion of agricultural land in 
Imperial County. According to the California Farmland Conversion Report, approximately half of the 
County (522,375 acres out of a total of 1,028,508 acres) is Important Farmland (DOC 2018). Table 5-
2 summarizes the percentage of each type of farmland in the County that would be converted by the 
proposed project. As shown in Table 5-2, the project would temporarily convert a very small fraction 
of the total Important Farmlands in the County and have a minimal effect on agricultural land on a 
cumulative scale. Furthermore, the conversion would be temporary, lasting only for the duration of the 
project’s useful life, which is expected to be 20-25 years.  

Table 5-2. Important Farmland Conversion 

Land Use Category 
Total Acreage in 
Imperial County 

Project-Related 
Conversion (acres) 

Project Percent of 
County Acreages (%) 

Prime Farmland 189,163 4.4 <0.01% 

Farmland of Statewide 
Importance 

291,596 205 0.07% 

Unique Farmland 1,905 1.0 0.05% 

Farmland of Local 
Importance 

39,711 12 0.03% 

Total 522,375 222.4 0.04% 
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Source: DOC 2018 

Pages 5-14 through 5-15: 

Surface waters in the Imperial Valley ultimately drain into the Salton Sea via the New and Alamo Rivers 
as well as via irrigation drains and canals. Due to increased demand for water supplies in the region 
and IID water transfer agreements, increasing amounts of water are being consumed in Imperial 
Valley. In addition, water is also being transferred out of the Valley to population centers such as San 
Diego County, thus reducing inflows to the Salton Sea. Project implementation would not substantially 
alter the existing drainage pattern of the site or area. The majority of the project site would continue to 
sheet flow through the pervious native soils. The reduction of runoff to the Salton Sea during project 
construction and operation is not expected to combine with similar impacts of large scale proposed, 
approved and reasonably foreseeable renewable energy projects identified in Table 5-1. Likewise, 
cumulative impacts associated with runoff reduction would be less than cumulatively considerable. 

Section 7 Alternatives 

Page 7-9: 

Alternative 2: Development within Renewable Energy Overlay Zone – 
Agricultural Lands 

Given that Because the southern three parcels of the proposed project is are not located within 
the County’s RE Overlay Zone, the purpose of this alternative is to develop a project alternative 
within the existing boundary of County’s RE Overlay Zone. The RE Overlay Zone is 
concentrated in areas determined to be the most suitable for the development of renewable 
energy facilities while minimizing the impact on other established areas.  

Section 8 References 

Page 8-2 

——— 2008. City of Brawley Final General Plan 2030. Available on-line at: https://www.brawley-
ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf  

Section 9 EIR Preparers and Persons and Organizations Contacted  

Page 9-2: 

Persons and Organizations Contacted 

The following persons and organizations were contacted in preparation of this document: 

• Imperial Irrigation District 

• City of Brawley, Public Works Department  

PC ORIGINAL PKG

https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf
https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf


0.3 Errata to the Draft EIR 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | 0.3-13 

C. California Environmental Quality Act Requirements 
and Findings Supporting Decision Not to Recirculate 

CEQA Section 15088.5(e) requires that an EIR which has been made available for public review, but 
not yet certified, be recirculated whenever significant new information has been added to the EIR. The 
entire document need not be recirculated, if revisions are limited to specific portions of the document. 
The recirculated portions or document must be sent to responsible and trustee agencies for 
consultation and fresh public notice must be given in the manner provided for a draft EIR. However, 
new information is not presumed to be significant simply because it is new. Indeed, pursuant to State 
CEQA Guidelines Section 15088.5: 

New information added to an EIR is not "significant" unless the EIR is changed in a way that 
deprives the public of a meaningful opportunity to comment upon a substantial adverse 
environmental effect of the project or a feasible way to mitigate or avoid such an effect . . . that 
the project's proponents have declined to implement. State CEQA Guidelines, § 15088.5(a): 

In order to be "significant," the new information requiring recirculation includes, for example, a 
disclosure showing that:  

(1) A new significant environmental impact would result from the project or from a new 
mitigation measure proposed to be implemented. 

(2) A substantial increase in the severity of an environmental impact would result unless 
mitigation measures are adopted that reduce the impact to a level of insignificance. 

(3) A feasible project alternative or mitigation measure considerably different from other 
previously analyzed would clearly lessen the environmental impacts of the project, but the 
project's proponent decline to adopt it. 

(4) The draft EIR was so fundamentally and basically inadequate and conclusory in nature 
that meaningful public review and comment were precluded. (State CEQA Guidelines, 
§15088.5(a)(1)-(4); Laurel Heights II, 6 Cal.4th at 1120.) 

It is common, and in most cases necessary, to amplify and elaborate on the analysis of an EIR. CEQA 
anticipates this and such amplification does not constitute significant new "information" unless it 
triggers one of the four categories described in State CEQA Guidelines Section 15088.5(a). State 
CEQA Guidelines Section 15088.5(b) provides that "recirculation is not required where the new 
information added to the EIR merely clarifies or amplifies or makes insignificant modifications in an 
adequate EIR." 

Based upon review of the minor corrections and additions identified in Section B above, the minor 
corrections and additions do not result in any new or substantially increased significant impacts. 
Therefore, the County has concluded that recirculation of the Draft EIR is not required. 
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0.4 Mitigation Monitoring and Reporting Program 
The County of Imperial will adopt this Mitigation Monitoring and Reporting Program (MMRP) in 
accordance with Public Resources Code (PRC) Section 21081.6 and Section 15097 of the California 
Environmental Quality Act (CEQA) Guidelines. The purpose of the MMRP is to ensure that the Brawley 
Solar Energy Facility Project, which is the subject of the Environmental Impact Report (EIR), complies 
with all applicable environmental mitigation requirements. The mitigation measures for the project will 
be adopted by the County of Imperial, in conjunction with the certification of the Final EIR. The 
mitigation measures have been integrated into this MMRP.  

The mitigation measures are provided in Table 0.4-1. The specific mitigation measures are identified, 
as well as the monitoring method, responsible monitoring party, monitoring phase, 
verification/approval party, date mitigation measure verified or implemented, location of documents 
(monitoring record), and completion requirement for each mitigation measure.  

The mitigation measures applicable to the project include avoiding certain impacts altogether, 
minimizing impacts by limiting the degree or magnitude of the action and its implementation, and/or 
reducing or eliminating impacts over time by maintenance operations during the life of the action. 

Public Resources Code Section 21081.6 requires the Lead Agency, for each project that is subject to 
CEQA, to monitor performance of the mitigation measures included in any environmental document 
to ensure that implementation does, in fact, take place. The County of Imperial is the designated CEQA 
lead agency for the Mitigation Monitoring and Reporting Program. The County of Imperial is 
responsible for review of all monitoring reports, enforcement actions, and document disposition as it 
relates to impacts within the County’s jurisdiction. The County of Imperial will rely on information 
provided by the monitor as accurate and up to date and will field check mitigation measure status as 
required.  

A record of the MMRP will be maintained at County of Imperial, Department of Planning and 
Development Services, 801 Main Street, El Centro, CA 92243. All mitigation measures contained in 
the EIR shall be made conditions of the project as may be further described below. 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

Agricultural Resources 

AG-1a AG-1a Payment of Agricultural and Other 
Benefit Fees. One of the following options included 
below is to be implemented prior to the issuance of a 
grading permit or building permit for the project: 

Mitigation for Non-Prime Farmland 

 Option 1:  Provide Agricultural Conservation 
Easement(s). The Permittee shall procure Agricultural 
Conservation Easements on a “1 on 1” basis on land 
of equal size, of equal quality farmland, outside the 
path of development. The conservation easement 
shall meet DOC regulations and shall be recorded 
prior to issuance of any grading or building permits; or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. 
The Permittee shall pay an “Agricultural In-Lieu 
Mitigation Fee” in the amount of 20 percent of the fair 
market value per acre for the total acres of the 
proposed site based on five comparable sales of land 
used for agricultural purposes as of the effective date 
of the permit, including program costs on a cost 
recovery/time and material basis. The Agricultural In-
Lieu Mitigation Fee, will be placed in a trust account 
administered by the Imperial County Agricultural 
Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, 
preservation and enhancement of agricultural lands 
within Imperial County; or,  

 Option 3: Public Benefit Agreement. The 
Permittee and County voluntarily enter into an 
enforceable Public Benefit Agreement or 
Development Agreement that includes an Agricultural 
Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee 
must be held by the County in a restricted account to 
be used by the County only for such purposes as the 
stewardship, preservation and enhancement of 
agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development 
Agreement, including addressing the mitigation of 
agricultural job loss on the local economy.  

 Mitigation for Prime Farmland 

 Option 1: Provide Agricultural Conservation 
Easement(s). The Permittee shall procure Agricultural 

Prior to the issuance of a 
grading permit, Planning 
and Development 
Services shall verify that 
the applicant has 
implemented one of the 
following mitigation 
options for Non-Prime 
Farmland: procured a 
conservation easement, 
paid an agricultural in-lieu 
mitigation fee, or entered 
into an enforceable Public 
Benefit Agreement or 
Development Agreement 
with the County.  

 

Prior to the issuance of a 
grading permit, Planning 
and Development 
Services shall verify that 
the applicant has 
implemented one of the 
following mitigation 
options for Prime 
Farmland:  procured a 
conservation easement, 
paid an in-lieu mitigation 
fee, entered into an 
enforceable Public Benefit 
Agreement or 
Development Agreement 
with the County, or 
submitted a revised 
applicable CUP 
application and associated 
site plan(s). 

 

Department of Planning and Development 
Services 

Prior to issuance of 
a grading permit 

Department of Planning 
and Development 
Services 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

Conservation Easements on a “2 on 1” basis on land 
of equal size, of equal quality farmland, outside the 
path of development. The conservation easement 
shall meet DOC regulations and shall be recorded 
prior to issuance of any grading or building permits; or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. 
The Permittee shall pay an “Agricultural In-Lieu 
Mitigation Fee” in the amount of 30 percent of the fair 
market value per acre for the total acres of the 
proposed site based on five comparable sales of land 
used for agricultural purposes as of the effective date 
of the permit, including program costs on a cost 
recovery/time and material basis. The Agricultural In-
Lieu Mitigation Fee, will be placed in a trust account 
administered by the Imperial County Agricultural 
Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, 
preservation and enhancement of agricultural lands 
within Imperial County; or, 

 Option 3: Public Benefit Agreement. The 
Permittee and County voluntarily enter into an 
enforceable Public Benefit Agreement or 
Development Agreement that includes an Agricultural 
Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee 
must be held by the County in a restricted account to 
be used by the County only for such purposes as the 
stewardship, preservation and enhancement of 
agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development 
Agreement, including addressing the mitigation of 
agricultural job loss on the local economy; the Project 
and other recipients of the Project’s Agricultural 
Benefit Fee funds; or emphasis on creation of jobs in 
the agricultural sector of the local economy for the 
purpose of off-setting jobs displaced by this Project. 

 Option 4: Avoid Prime Farmland. The Permittee 
must revise their CUP Application/Site Plan to avoid 
Prime Farmland. 

AG-1b AG-1b Site Reclamation Plan. The DOC has 
clarified the goal of a reclamation and 
decommissioning plan: the land must be restored to 
land which can be farmed. In addition to Mitigation 
Measure AG-1a for Prime Farmland and Non-Prime 

Prior to the issuance of a 
grading permit, Planning 
and Development 
Services Department shall 
review and approve the 
Reclamation Plan. 

Department of Planning and Development 
Services 

Prior to the issuance 
of a grading permit 

Department of Planning 
and Development 
Services 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

Farmland, the Applicant shall submit to Imperial 
County, a Reclamation Plan prior to issuance of a 
grading permit. The Reclamation Plan shall document 
the procedures by which the project site will be 
returned to its current agricultural condition. Permittee 
shall also provide financial assurance/bonding in the 
amount equal to a cost estimate prepared by a 
California licensed general contractor or civil engineer 
for implementation of the Reclamation Plan in the 
even Permittee fails to perform the Reclamation Plan. 

Planning and 
Development Services 
shall also verify that the 
Permittee has provided 
financial 
assurance/bonding. 

AG-2 Pest Management Plan. Prior to the issuance of a 
grading permit or building permit (whichever occurs 
first), a Pest Management Plan shall be developed by 
the project applicant and approved by the County of 
Imperial Agricultural Commissioner. The project 
applicant shall maintain a Pest Management Plan until 
reclamation is complete. The plan shall provide the 
following: 

1. Monitoring, preventative, and management 
strategies for weed and pest control during 
construction activities at any portion of the project 
(e.g., transmission line);  

2. Control and management of weeds and pests in 
areas temporarily disturbed during construction 
where native seed will aid in site revegetation as 
follows:  

• Monitor for all pests including insects, 
vertebrates, weeds, and pathogens. 
Promptly control or eradicate pests when 
found, or when notified by the Agricultural 
Commissioner’s office that a pest problem is 
present on the project site. The assistance of 
a licensed pest control advisor is 
recommended. All treatments must be 
performed by a qualified applicator or a 
licensed pest control business;  

• All treatments must be performed by a 
qualified applicator or a licensed pest control 
operator;  

• “Control” means to reduce the population of 
common pests below economically 
damaging levels, and includes attempts to 
exclude pests before infestation, and 
effective control methods after infestation. 

The Department of 
Planning and 
Development Services 
shall verify that a Pest 
Management Plan has 
been reviewed and 
approved by the Imperial 
County Agricultural 
Commissioner.  

Department of Planning and Development 
Services and Imperial County Agricultural 
Commissioner 

Prior to the issuance 
of a grading permit 
or building permit, 
during construction 

Department of Planning 
and Development 
Services and Imperial 
County Agricultural 
Commissioner 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

Effective control methods may include 
physical/mechanical removal, bio control, 
cultural control, or chemical treatments;  

• Use of “permanent” soil sterilants to control 
weeds or other pests is prohibited because 
this would interfere with reclamation; 

• Notify the Agricultural Commissioner’s office 
immediately regarding any suspected 
exotic/invasive pest species as defined by 
the California Department of Food 
Agriculture and the U.S. Department of 
Agriculture. Request a sample be taken by 
the Agricultural Commissioner’s Office of a 
suspected invasive species. Eradication of 
exotic pests shall be done under the direction 
of the Agricultural Commissioner’s Office 
and/or California Department of Food and 
Agriculture; 

• Obey all pesticide use laws, regulations, and 
permit conditions; 

• Allow access by Agricultural Commissioner 
staff for routine visual and trap pest surveys, 
compliance inspections, eradication of exotic 
pests, and other official duties; 

• Ensure all project employees that handle 
pest control issues are appropriately trained 
and certified, all required records are 
maintained and made available for 
inspection, and all required permits and other 
required legal documents are current; 

• Maintain records of pests found and 
treatments or pest management methods 
used. Records should include the date, 
location/block, project name (current and 
previous if changed), and methods used. For 
pesticides include the chemical(s) used, EPA 
Registration numbers, application rates, etc. 
A pesticide use report may be used for this; 

• Submit a report of monitoring, pest finds, and 
treatments, or other pest management 
methods to the Agricultural Commissioner 
quarterly within 15 days after the end of the 
previous quarter, and upon request. The 
report is required even if no pests were found 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

or treatment occurred. It may consist of a 
copy of all records for the previous quarter, 
or may be a summary letter/report as long as 
the original detailed records are available 
upon request. 

3. A long-term strategy for weed and pest control 
and management during the operation of the 
proposed projects. Such strategies may include, 
but are not limited to:  

• Use of specific types of herbicides and 
pesticides on a scheduled basis.  

4. Maintenance and management of project site 
conditions to reduce the potential for a significant 
increase in pest-related nuisance conditions on 
surrounding agricultural lands. 

5. The project shall reimburse the Agricultural 
Commissioner’s office for the actual cost of 
investigations, inspections, or other required 
non-routine responses to the site that are not 
funded by other sources. 

Air Quality 

Applicant 
Proposed 
Measure (APM) 
AQ-1 

Fugitive Dust Control. Pursuant to ICAPCD, all 
construction sites, regardless of size, must comply 
with the requirements contained within Regulation VIII 
– Fugitive Dust Control Measures. Whereas these 
Regulation VIII measures are mandatory and are not 
considered project environmental mitigation 
measures, the ICAPCD CEQA Handbook’s required 
additional standard and enhanced mitigation 
measures listed below shall be implemented prior to 
and during construction. ICAPCD will verify 
implementation and compliance with these measures 
as part of the grading permit review/approval process. 

ICAPCD Standard Measures for Fugitive Dust 
(PM10) Control 

• All disturbed areas, including bulk material 
storage, which is not being actively utilized, shall 
be effectively stabilized and visible emissions 
shall be limited to no greater than 20 percent 
opacity for dust emissions by using water, 
chemical stabilizers, dust suppressants, tarps, or 
other suitable material, such as vegetative 
ground cover. 

Prior to and during 
construction, the ICAPCD 
will verify that the project 
is in compliance with 
Regulation VIII-Fugitive 
Dust Control Measures. 

Department of Planning and Development 
Services and ICAPCD 

Prior to and during 
construction 

Department of Planning 
and Development 
Services and ICAPCD 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

• All on-site and offsite unpaved roads will be 
effectively stabilized and visible emissions shall 
be limited to no greater than 20 percent opacity 
for dust emissions by paving, chemical 
stabilizers, dust suppressants, and/or watering.  

• All unpaved traffic areas 1 acre or more with 75 
or more average vehicle trips per day will be 
effectively stabilized and visible emissions shall 
be limited to no greater than 20 percent opacity 
for dust emissions by paving, chemical 
stabilizers, dust suppressants, and/or watering.  

• The transport of bulk materials shall be 
completely covered unless 6 inches of freeboard 
space from the top of the container is maintained 
with no spillage and loss of bulk material. In 
addition, the cargo compartment of all haul trucks 
is to be cleaned and/or washed at delivery site 
after removal of bulk material.  

• All track-out or carry-out will be cleaned at the end 
of each workday or immediately when mud or dirt 
extends a cumulative distance of 50 linear feet or 
more onto a paved road within an urban area.  

• Movement of bulk material handling or transfer 
shall be stabilized prior to handling or at points of 
transfer with application of sufficient water, 
chemical stabilizers, or by sheltering or enclosing 
the operation and transfer line.  

• The construction of any new unpaved road is 
prohibited within any area with a population of 
500 or more unless the road meets the definition 
of a temporary unpaved road. Any temporary 
unpaved road shall be effectively stabilized and 
visible emissions shall be limited to no greater 
than 20 percent opacity for dust emission by 
paving, chemical stabilizers, dust suppressants, 
and/or watering. 

Standard Mitigation Measures for Construction 
Combustion Equipment 

• Use of alternative fueled or catalyst equipped 
diesel construction equipment, including all 
off-road and portable diesel-powered equipment.  
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

• Minimize idling time either by shutting equipment 
off when not in use or reducing the time of idling 
to 5 minutes as a maximum.  

• Limit, to the extent feasible, the hours of operation 
of heavy-duty equipment and/or the amount of 
equipment in use.  

• When commercially available, replace fossil 
fueled equipment with electrically driven 
equivalents (provided they are not run via a 
portable generator set). 

APM AQ-2 Construction Equipment. Construction equipment 
shall be equipped with an engine designation of EPA 
Tier 2 or better (Tier 2+). A list of the construction 
equipment, including all off-road equipment utilized at 
each of the projects by make, model, year, 
horsepower and expected/actual hours of use, and the 
associated EPA Tier shall be submitted to the County 
Planning and Development Services Department and 
ICAPCD prior to the issuance of a grading permit. The 
equipment list shall be submitted periodically to 
ICAPCD to perform a NOx analysis. ICAPCD shall 
utilize this list to calculate air emissions to verify that 
equipment use does not exceed significance 
thresholds. The Planning and Development Services 
Department and ICAPCD shall verify implementation 
of this measure. 

Prior to the issuance of a 
grading permit, ICAPCD 
shall verify that 
construction equipment is 
equipped with an engine 
designation of EPA Tier 2 
or better. 

The equipment list shall 
be submitted periodically 
to ICAPCD to perform a 
NOx analysis.  

Department of Planning and Development 
Services and ICAPCD 

Prior to the issuance 
of a grading permit 
and during 
construction  

Department of Planning 
and Development 
Services and ICAPCD 

   

APM AQ-3 Speed Limit. During construction and operation of the 
proposed project, the applicant shall limit the speed of 
all vehicles operating onsite on dirt roads to 15 miles 
per hour or less. 

During construction and 
operation, the project 
applicant shall ensure the 
speed limit of all vehicles 
operating onsite on dirt 
roads is limited to 15 miles 
per hour or less. 

Department of Planning 
and Development 
Services shall field verify 
as necessary.  

Department of Planning and Development 
Services 

During construction 
and operation 

Department of Planning 
and Development 
Services 

   

APM AQ-4 Dust Suppression. The project applicant shall 
employ a method of dust suppression (such as water 
or chemical stabilization) approved by ICAPCD. The 
project applicant shall apply chemical stabilization as 
directed by the product manufacturer to control dust 
between the panels as approved by ICAPCD, and 
other non-used areas (exceptions will be the paved 
entrance and parking area, and Fire Department 

During construction, the 
Department of Planning 
and Development 
Services shall verify that 
the project applicant is 
employing a method of 
dust suppression 
approved by ICAPCD. 

Department of Planning and Development 
Services 

During construction Department of Planning 
and Development 
Services 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

access/emergency entry/exit points as approved by 
Fire/ Office of Emergency Services [OES] 
Department). 

APM AQ-5 Dust Suppression Management Plan. Prior to any 
earthmoving activity, the applicant shall submit a 
construction dust control plan and obtain ICAPCD and 
Development Services Department (ICPDS) approval. 

Prior to any earthmoving 
activity, the ICAPCD and 
Department of Planning 
and Development 
Services shall review and 
approve a construction 
Dust Control Plan.  

ICAPCD and Department of Planning and 
Development Services 

Prior to construction Department of Planning 
and Development 
Services and ICAPCD 

   

APM AQ-6
  

Operational Dust Control Plan. Prior to issuance of 
a Certificate of Occupancy, the applicant shall submit 
an operations dust control plan and obtain ICAPCD 
and ICPDS approval. 

ICAPCD Rule 301 Operational Fees apply to any 
project applying for a building permit. At the time that 
building permits are submitted for the proposed 
project, the ICAPCD shall review the project to 
determine if Rule 310 fees are applicable to the 
project. 

Prior to the issuance of a 
Certificate of Occupancy, 
the applicant shall submit 
an operations dust control 
plan and obtain ICAPCD 
and ICPDS approval. 

Department of Planning and Development 
Services 

Prior to the issuance 
of a Certificate of 
Occupancy 

Department of Planning 
and Development 
Services and ICAPCD 

   

Biological Resources 

BIO-1  General Impact Avoidance and Minimization 
Measures. The following measures will be applicable 
throughout the life of the project: 

• To reduce the potential indirect impact on 
migratory birds, bats and raptors, the project will 
comply with the APLIC 2012 Guidelines for 
overhead utilities, as appropriate, to minimize 
avian collisions with transmission facilities 
(APLIC 2012). 

• All electrical components on the project site shall 
be either undergrounded or protected so that 
there will be no exposure to wildlife and therefore 
no potential for electrocution.  

• The project proponent shall designate a Project 
Biologist who shall be responsible for overseeing 
compliance with protective measures for the 
biological resources during vegetation clearing 
and work activities within and adjacent to areas of 
native habitat. The Project Biologist will be 
familiar with the local habitats, plants, and wildlife. 
The Project Biologist will also maintain 
communications with the Contractor to ensure 

The measures as provided 
in Mitigation Measure 
BIO-1 shall be 
implemented throughout 
the life of the project. 

Department of Planning and Development 
Services 

Prior to construction, 
during construction, 
and 
post-construction 

Department of Planning 
and Development 
Services 

   

PC ORIGINAL PKG



0.4 Mitigation Monitoring and Reporting Program 
 Final EIR | Brawley Solar Energy Facility Project 

 

County of Imperial January 2023 | 0.4-11 

Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

that issues relating to biological resources are 
appropriately and lawfully managed and monitor 
construction. The Project Biologist will monitor 
activities within construction areas during critical 
times, such as vegetation removal, the 
implementation of Best Management Practices 
(BMP), and installation of security fencing to 
protect native species. The Project Biologist will 
ensure that all wildlife and regulatory agency 
permit requirements, conservation measures, 
and general avoidance and minimization 
measures are properly implemented and 
followed. 

• The boundaries of all areas to be newly disturbed 
(including solar facility areas, staging areas, 
access roads, and sites for temporary placement 
of construction materials and spoils) will be 
delineated with stakes and flagging prior to 
disturbance. All disturbances, vehicles, and 
equipment will be confined to the flagged areas. 

• No potential wildlife entrapments (e.g., trenches, 
bores) will be left uncovered overnight. Any 
uncovered pitfalls will be excavated to 3:1 slopes 
at the ends to provide wildlife escape ramps. 
Alternatively, man-made ramps may be installed. 
Covered pitfalls will be covered completely to 
prevent access by small mammals or reptiles. 

• To avoid wildlife entrapment (including birds), all 
pipes or other construction materials or supplies 
will be covered or capped in storage or laydown 
area, and at the end of each work day in 
construction, quarrying and processing/handling 
areas. No pipes or tubing of sizes or inside 
diameters ranging from 1 to 10 inches will be left 
open either temporarily or permanently. 

• No anticoagulant rodenticides, such as Warfarin 
and related compounds (indandiones and 
hydroxycoumarins), may be used within the 
project site, on off-site project facilities and 
activities, or in support of any other project 
activities. 

• Avoid wildlife attractants. All trash and 
food-related waste shall be placed in self-closing 
containers and removed regularly from the site to 
prevent overflow. Workers shall not feed wildlife. 
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Water applied to dirt roads and construction areas 
for dust abatement shall use the minimal amount 
needed to meet safety and air quality standards 
to prevent the formation of puddles, which could 
attract wildlife. Pooled rainwater or floodwater 
within retention basins will be removed to avoid 
attracting wildlife to the active work areas. 

• To minimize the likelihood for vehicle strikes on 
wildlife, speed limits will not exceed 15 miles per 
hour when driving on access roads. All vehicles 
required for O&M must remain on designated 
access/maintenance roads. 

• Avoid night-time construction lighting or if 
nighttime construction cannot be avoided use 
shielded directional lighting pointed downward 
and towards the interior of the project site, 
thereby avoiding illumination of adjacent natural 
areas and the night sky. 

• All construction equipment used for the project 
will be equipped with properly operating and 
maintained mufflers. 

• Hazardous materials and equipment stored 
overnight, including small amounts of fuel to 
refuel hand-held equipment, will be stored within 
secondary containment when within 50 feet of 
open water to the fullest extent practicable. 
Secondary containment will consist of a ring of 
sand bags around each piece of stored 
equipment/structure. A plastic tarp/visqueen 
lining with no seams shall be placed under the 
equipment and over the edges of the sandbags, 
or a plastic hazardous materials secondary 
containment unit shall be utilized by the 
Contractor. 

• The Contractor will be required to conduct vehicle 
refueling in upland areas where fuel cannot enter 
waters of the U.S. and in areas that do not have 
potential to support federally threatened or 
endangered species. Any fuel containers, repair 
materials, including creosote-treated wood, 
and/or stockpiled material that is left on site 
overnight, will be secured in secondary 
containment within the work area and 
staging/assembly area and covered with plastic 
at the end of each work day.  
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• In the event that no activity is to occur in the work 
area for the weekend and/or a period of time 
greater than 48 hours, the Contractor will ensure 
that all portable fuel containers are removed from 
the project site.  

• All equipment will be maintained in accordance 
with manufacturer’s recommendations and 
requirements. 

• Equipment and containers will be inspected daily 
for leaks. Should a leak occur, contaminated soils 
and surfaces will be cleaned up and disposed of 
following the guidelines identified in the 
Stormwater Pollution Prevention Plan or 
equivalent, Materials Safety Data Sheets, and 
any specifications required by other permits 
issued for the project.  

• The Contractor will utilize off-site maintenance 
and repair shops as much as possible for 
maintenance and repair of equipment. 

• If maintenance of equipment must occur onsite, 
fuel/oil pans, absorbent pads, or appropriate 
containment will be used to capture spills/leaks 
within all areas. Where feasible, maintenance of 
equipment will occur in upland areas where fuel 
cannot enter waters of the U.S. and in areas that 
do not have potential to support federally 
threatened or endangered species. 

• Appropriate BMPs will be used by the Contractor 
to control erosion and sedimentation and to 
capture debris and contaminants from bridge 
construction to prevent their deposition in 
waterways. No sediment or debris will be allowed 
to enter the creek or other drainages. All debris 
from construction of the bridge will be contained 
so that it does not fall into channel. Appropriate 
BMPs will be used by the Contractor during 
construction to limit the spread of resuspended 
sediment and to contain debris. 

• Erosion and sediment control devices used for 
the proposed project, including fiber rolls and 
bonded fiber matrix, will be made from 
biodegradable materials such as jute, with no 
plastic mesh, to avoid creating a wildlife 
entanglement hazard. 
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• Firearms, open fires, and pets would be 
prohibited at all work locations and access roads. 
Smoking would be prohibited along the project 
alignment. 

• Cross-country vehicle and equipment use outside 
of approved designated work areas and access 
roads shall be prohibited to prevent unnecessary 
ground and vegetation disturbance. 

• Any injured or dead wildlife encountered during 
project-related activities shall be reported to the 
project biologist, biological monitor, CDFW, or a 
CDFW-approved veterinary facility as soon as 
possible to report the observation and determine 
the best course of action. For special-status 
species, the Project Biologist shall notify the 
County, USFWS, and/or CDFW, as appropriate, 
within 24 hours of the discovery. 

• Stockpiling of material will be allowed only within 
established work areas. 

• Actively manage the spread of noxious weeds  

• The ground beneath all parked equipment and 
vehicles shall be inspected for wildlife before 
moving. 

BIO-2  Worker Environmental Awareness Program. Prior 
to project construction, a Worker Environmental 
Awareness Program shall be developed and 
implemented by a qualified biologist, and shall be 
available in both English and Spanish. Handouts 
summarizing potential impacts to special-status 
biological resources and the potential penalties for 
impacts to these resources shall be provided to all 
construction personnel. At a minimum, the education 
program shall include the following: 

• the purpose for resource protection;  

• a description of special status species including 
representative photographs and general ecology;  

• occurrences of USACE, RWQCB, and CDFW 
regulated features in the project survey area;  

• regulatory framework for biological resource 
protection and consequences if violated; 

• sensitivity of the species to human activities;  

Prior to construction, the 
Department of Planning 
and Development 
Services shall verify that a 
Worker Environmental 
Awareness Program has 
been implemented by a 
qualified biologist. The 
Department of Planning 
and Development 
Services shall verify the 
completion of the Worker 
Environmental Awareness 
Program by obtaining 
signed acknowledgements 
forms from workers.  

Department of Planning and Development 
Services 

Prior to construction Department of Planning 
and Development 
Services 
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• avoidance and minimization measures designed 
to reduce the impacts to special-status biological 
resources; 

• environmentally responsible construction 
practices;  

• reporting requirements; 

• the protocol to resolve conflicts that may arise at 
any time during the construction process; and 

• workers sign acknowledgement form indicating 
that the Environmental Awareness Training and 
Education Program that has been completed and 
would be kept on record. 

BIO-3 Burrowing Owl Avoidance and Minimization. Take 
Avoidance (pre-construction) surveys for burrowing 
owl shall be completed prior to project construction. 
Surveys shall be conducted as detailed within 
Appendix D of the Staff Report on Burrowing Owl 
Mitigation (California Department of Fish and Game 
[CDFG] 2012). If burrowing owl is not detected, 
construction may proceed. 

• If burrowing owl is identified during the 
non-breeding season (September 1 through 
January 31), then a 50-meter buffer will be 
established by the biological monitor. 
Construction within the buffer will be avoided until 
a qualified biologist determines that burrowing 
owl is no longer present or until a 
CDFW-approved exclusion plan has been 
implemented. The buffer distance may be 
reduced if noise attenuation buffers such as hay 
bales are placed between the occupied burrow 
and construction activities. 

• If burrowing owl is identified during the breeding 
season (February 1 through August 31), then an 
appropriate buffer will be established by the 
biological monitor in accordance with the Staff 
Report on Burrowing Owl Mitigation (CDFG 
2012). Construction within the buffer will be 
avoided until a qualified biologist determines that 
burrowing owl is no longer present or until young 
have fledged. The buffer distance may be 
reduced in consultation with CDFW if noise 
attenuation buffers such as hay bales are placed 

Prior to construction, the 
Department of Planning 
and Development 
Services shall verify that 
pre-construction surveys 
for burrowing owl were 
conducted. If burrowing 
owls are present, the 
measures as listed in 
Mitigation Measure BIO-3 
shall be implemented.  

Department of Planning and Development 
Services 

Prior to construction, 
during construction 

Department of Planning 
and Development 
Services 
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between the occupied burrow and construction 
activities.  

BIO-4 Pre-Construction Nesting Bird Surveys. If 
construction or other project activities are scheduled 
to occur during the bird breeding season (typically 
February 1 through August 31 for raptors and March 
15 through August 31 for the majority of migratory bird 
species), a pre-construction nesting-bird survey shall 
be conducted by a qualified avian biologist to ensure 
that active bird nests, including those for the 
loggerhead shrike and mountain plover will not be 
disturbed or destroyed.  

The survey shall be completed no more than three 
days prior to initial ground disturbance. The nesting-
bird survey shall include the project site and adjacent 
areas where project activities have the potential to 
affect active nests, either directly or indirectly due to 
construction activity or noise. If an active nest is 
identified, the biologist shall establish an appropriately 
sized disturbance-limit buffer around the nest using 
flagging or staking. Construction activities shall not 
occur within any disturbance-limit buffer zones until 
the nest is deemed inactive by the qualified biologist. 
If construction activities cease for a period of greater 
than three days during the bird breeding season, a 
pre-construction nesting bird survey shall be 
conducted prior to the commencement of activities.  

Final construction buffers or setback distances shall 
be determined by the qualified biologist in coordination 
with USFWS and CDFW on a case‐by‐case basis, 
depending on the species, season in which 
disturbance shall occur, the type of disturbance, and 
other factors that could influence susceptibility to 
disturbance (e.g., topography, vegetation, existing 
disturbance levels, etc.). 

Prior to construction, the 
Department of Planning 
and Development 
Services shall verify that a 
pre-construction nesting 
bird survey was conducted 
if project activities are 
scheduled during the bird 
breeding season (typically 
February 1 through 
August 31 for raptors and 
March 15 through August 
31 for the majority of 
migratory bird species). If 
nesting birds are present, 
the measures as listed in 
Mitigation Measure BIO-4 
shall be implemented.  

Department of Planning and Development 
Services 

Prior to construction, 
during construction 

Department of Planning 
and Development 
Services 

   

Cultural Resources 

CUL-1 Cultural Monitoring. Prior to construction, the project 
Applicant shall retain the services of a Qualified 
Professional Archaeologist meeting the Secretary of 
the Interior’s Standards for a Qualified Archaeologist 
and require that all initial ground-disturbing work be 
monitored by someone trained in artifact and feature 
identification in monitoring contexts. A Supervising 
Archaeological Specialist and a Paleontological 
Monitor, to be retained by the project applicant, will be 

Prior to construction, the 
Department of Planning 
and Development 
Services shall verify that 
the project applicant has 
retained a qualified 
professional archaeologist 
and paleontological 
monitor.  

Department of Planning and Development 
Services 

Prior to construction, 
during all initial 
ground disturbance   

Department of Planning 
and Development 
Services 
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required to be present at the project construction 
phase kickoff meeting. 

CUL-2 Worker Environmental Awareness Program. Prior 
to any ground disturbance, the supervising 
Archaeological Resources Specialist and 
Archaeological Resources Monitor shall conduct initial 
Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including 
supervisors, present at the outset of the project 
construction work phase, for which the Lead 
Contractor and all subcontractors shall make their 
personnel available. This WEAP training will educate 
construction personnel on how to work with the 
monitor(s) to identify and minimize impacts to 
paleontological resources and maintain environmental 
compliance and be performed periodically for new 
personnel coming on to the project as needed. 

Prior to grading, the 
Department of Planning 
and Development 
Services shall verify that a 
Worker Environmental 
Awareness Program has 
been implemented by an 
Archaeological Resources 
Specialist and 
Archaeological Resources 
Monitor.  

The Department of 
Planning and 
Development Services 
shall verify the completion 
of the Worker 
Environmental Awareness 
Program by obtaining 
signed acknowledgements 
forms from workers.  

Department of Planning and Development 
Services 

Prior to grading Department of Planning 
and Development 
Services 

   

CUL-3 Discovery of Previously Unidentified 
Archaeological Materials. In the event of the 
discovery of previously unidentified archaeological 
materials, the construction contractor shall 
immediately cease all work activities within 
approximately 100 feet of the discovery. After 
cessation of excavation, the construction contractor 
shall immediately contact the Imperial County 
Department of Planning and Development Services. 
Except in the case of cultural items that fall within the 
scope of the Native American Grave Protection and 
Repatriation Act, the discovery of any cultural 
resource within the project area shall not be grounds 
for a “stop work” notice or otherwise interfere with the 
project’s continuation except as set forth in this 
paragraph. In the event of an unanticipated discovery 
of archaeological materials during construction, the 
project Applicant shall retain the services of a 
Qualified Professional Archaeologist meeting the 
Secretary of the Interior’s Standards for a Qualified 
Archaeologist to evaluate the significance of the 
materials prior to resuming any construction-related 
activities in the vicinity of the find. If the Qualified 
Archaeologist determines that the discovery 
constitutes a significant resource under CEQA and it 

The construction 
contractor shall notify the 
County immediately if 
unknown archaeological 
resources are 
encountered. 

The applicant shall retain 
the services of a qualified 
professional archaeologist 
in the event of an 
unanticipated discovery. 

Department of Planning and Development 
Services 

During grading and 
construction 

Department of Planning 
and Development 
Services 
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cannot be avoided, the project Applicant shall 
implement an archaeological data recovery program. 

CUL-4 Schedule of Ground-Disturbing Activities. The 
construction contractor shall provide the Supervising 
Archaeological Resources Specialist with a schedule 
of initial potential ground-disturbing activities. A 
minimum of 48 hours will be provided of 
commencement of any initial ground-disturbing 
activities such as vegetation grubbing or clearing, 
grading, trenching, or mass excavation.  

 As detailed in the schedule provided, an 
Archaeological Monitor shall be present on site at the 
commencement of ground-disturbing activities related 
to the project. The monitor, in consultation with the 
Supervising Archaeologist, shall observe initial 
ground-disturbing activities and, as they proceed, 
make adjustments to the number of monitors as 
needed to provide adequate observation and 
oversight. All monitors will have stop-work authority to 
allow for recordation and evaluation of finds during 
construction. The monitor will maintain a daily record 
of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting 
upon completion of the project.  

The Supervising Archaeologist, Archaeological 
Monitor, and the lead contractor and subcontractors 
shall maintain a line of communication regarding 
schedule and activity such that the monitor is aware of 
all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Prior to grading, the 
construction contractor 
shall provide the 
Department of Planning 
and Development 
Services and Supervising 
Archaeological Resources 
Specialist a copy of the 
schedule of ground-
disturbing activities.  

 

 

Department of Planning and Development 
Services 

Prior to grading Department of Planning 
and Development 
Services 

   

CUL-5 Discovery of Archaeological Resources. If 
archaeological resources are discovered, construction 
shall be halted within 50 feet of the find and shall not 
resume until a Qualified Archaeologist can determine 
the significance of the find and/or the find has been 
fully investigated, documented, and cleared. 

During grading and 
construction, discovery of 
archaeological resources 
shall result in work 
stoppage in that area until 
the Qualified 
Archaeologist can 
determine the significance 
of the find.  

The applicant shall notify 
the County within 24 hours 
if archaeological 
resources are 
encountered. 

Department of Planning and Development 
Services 

During grading and 
construction 

Department of Planning 
and Development 
Services 
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CUL-6 Archaeological Resources Monitoring Report. At 
the completion of all ground-disturbing activities, the 
Consultant shall prepare an Archaeological 
Resources Monitoring Report summarizing all 
monitoring efforts and observations, as performed, 
and any and all prehistoric or historic archaeological 
finds as well as providing follow-up reports of any finds 
to the South Coastal Information Center (SCIC), as 
required. 

At the completion of 
ground disturbance, the 
Consultant shall prepare 
and submit a copy of the 
Archaeological Resources 
Monitoring Report to the 
Department of Planning 
and Development 
Services.  

Department of Planning and Development 
Services 

Post ground-
disturbing activities  

Department of Planning 
and Development 
Services 

   

CUL-7 Discovery of Human Remains. In the unlikely event 
that human remains are discovered during ground-
disturbing activities, then the proposed project would 
be subject to California Health and Safety Code 
7050.5, CEQA Section 15064.5, and California Public 
Resources Code Section 5097.98 (NPS 1983).If 
human remains are found during ground-disturbing 
activities, State of California Health and Safety Code 
Section 7050.5 states that no further disturbance shall 
occur until the Imperial County Coroner has made a 
determination of origin and disposition pursuant to 
Public Resources Code Section 5097.98. In the event 
of an unanticipated discovery of human remains, the 
Imperial County Coroner shall be notified immediately. 
If the human remains are determined to be prehistoric, 
the County Coroner shall notify the NAHC, which shall 
notify a most likely descendant (MLD). The MLD shall 
complete the inspection of the site within 48 hours of 
notification and may recommend scientific removal 
and nondestructive analysis of human remains and 
items associated with Native American burials. 

During grading and 
construction, discovery of 
human remains shall 
result in work stoppage in 
that area until the coroner 
and the Native American 
Heritage Commission are 
contacted. 

Department of Planning and Development 
Services 

During grading and 
construction 

Department of Planning 
and Development 
Services 
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Geology and Soils 

GEO-1 Prepare Geotechnical Report(s) as Part of Final 
Engineering for the Project and Implement 
Required Measures. Facility design for all project 
components shall comply with the site-specific design 
recommendations as provided by a licensed 
geotechnical or civil engineer to be retained by the 
project applicant. The final geotechnical and/or civil 
engineering report shall address and make 
recommendations on the following: 

• Site preparation 

• Soil bearing capacity 

• Appropriate sources and types of fill 

• Potential need for soil amendments 

• Structural foundations 

• Grading practices 

• Soil corrosion of concrete and steel 

• Erosion/winterization 

• Seismic ground shaking 

• Liquefaction 

• Expansive/unstable soils 

In addition to the recommendations for the conditions 
listed above, the geotechnical investigation shall 
include subsurface testing of soil and groundwater 
conditions, and shall determine appropriate 
foundation designs that are consistent with the version 
of the CBC that is applicable at the time building and 
grading permits are applied for. All recommendations 
contained in the final geotechnical engineering report 
shall be implemented by the project applicant. The 
final geotechnical and/or civil engineering report shall 
be submitted to Imperial County Public Works 
Department, Engineering Division for review and 
approval prior to issuance of building permits. 

Prior to the issuance of a 
grading permit, the 
Imperial County Public 
Works Department, 
Engineering Division shall 
review and approve a 
Final Geotechnical Report 
and/or Civil Engineering 
Report.  

Department of Planning and Development 
Services and Imperial County Public Works 
Department, Engineering Division 

Prior to issuance of 
a grading permit 

Department of Planning 
and Development 
Services and Imperial 
County Public Works 
Department, 
Engineering Division 
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GEO-2 Paleontological Mitigation and Monitoring Plan. 
Once a geotechnical report has been completed for 
the project, a qualified paleontologist shall review the 
boring logs and determine how deep paleontologically 
sensitive formations may be across the project site. 
The paleontologist shall use this information along 
with the results of the paleontological survey to 
determine if paleontological monitoring is warranted. If 
monitoring is warranted, a qualified paleontologist 
shall prepare a mitigation and monitoring plan to be 
implemented during project construction. 

If paleontological 
monitoring is warranted, a 
mitigation and monitoring 
report shall be prepared 
and submitted to the 
Department of Planning 
and Development 
Services for review and 
approval. 

Department of Planning and Development 
Services 

Prior to grading  Department of Planning 
and Development 
Services 

   

GEO-3 Paleontological Monitoring. Prior to construction, 
the project applicant shall retain the services of a 
Qualified Paleontologist and require that all initial 
ground-disturbing work be monitored by someone 
trained in fossil identification in monitoring contexts. A 
Supervising Paleontological Specialist and a 
Paleontological Monitor, to be retained by the project 
applicant, will be required to be present at the project 
construction phase kickoff meeting. 

Prior to grading, the 
applicant shall retain the 
services of a qualified 
paleontologist.  

Department of Planning and Development 
Services 

Prior to grading Department of Planning 
and Development 
Services 

   

GEO-4 Worker Environmental Awareness Program. Prior 
to any ground disturbance, the Supervising 
Paleontological Resources Specialist and 
Paleontological Resources Monitor shall conduct 
initial Worker Environmental Awareness Program 
(WEAP) training to all construction personnel, 
including supervisors, present at the outset of the 
project construction work phase, for which the Lead 
Contractor and all subcontractors shall make their 
personnel available. This WEAP training will educate 
construction personnel on how to work with the 
monitor(s) to identify and minimize impacts to 
paleontological resources and maintain environmental 
compliance and be performed periodically for new 
personnel coming on to the project as needed. 

Prior to grading, the 
Department of Planning 
and Development 
Services shall verify that a 
Worker Environmental 
Awareness Program has 
been implemented by 
Paleontological Resources 
Specialist and 
Paleontological Resources 
Monitor. 

The Department of 
Planning and 
Development Services 
shall verify the completion 
of the Worker 
Environmental Awareness 
Program by obtaining 
signed acknowledgements 
forms from workers.  

Department of Planning and Development 
Services 

Prior to grading Department of Planning 
and Development 
Services 
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GEO-5 Schedule of Ground-Disturbing Activities. During 
construction, the construction contractor shall provide 
the Supervising Paleontological Resources Specialist 
with a schedule of initial potential ground-disturbing 
activities. A minimum of 48 hours will be provided of 
commencement of any initial ground-disturbing 
activities such as vegetation grubbing or clearing, 
grading, trenching, or mass excavation.  

 As detailed in the schedule provided, a 
Paleontological Monitor shall be present on site at the 
commencement of ground-disturbing activities related 
to the project. The monitor, in consultation with the 
Supervising Paleontologist, shall observe initial 
ground-disturbing activities and, as they proceed, 
make adjustments to the number of monitors as 
needed to provide adequate observation and 
oversight. All monitors will have stop-work authority to 
allow for recordation and evaluation of finds during 
construction. The monitor will maintain a daily record 
of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting 
upon completion of the project.  

The Supervising Paleontologist, Paleontological 
Monitor, and the Lead Contractor and subcontractors 
shall maintain a line of communication regarding 
schedule and activity such that the monitor is aware of 
all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Prior to grading, the 
construction contractor 
shall provide the 
Department of Planning 
and Development 
Services and Supervising 
Paleontological Resources 
Specialist a copy of the 
schedule of ground-
disturbing activities.  

 

 

Department of Planning and Development 
Services 

Prior to grading Department of Planning 
and Development 
Services 

   

GEO-6 Discovery of Paleontological Resources. During 
construction, if paleontological resources are 
discovered, construction shall be halted within 50 feet 
of any paleontological finds and shall not resume until 
a Qualified Paleontologist can determine the 
significance of the find and/or the find has been fully 
investigated, documented, and cleared. 

During grading and 
construction, discovery of 
paleontological resources 
shall result in work 
stoppage in that area until 
the Qualified 
Paleontologist can 
determine the significance 
of the find.  

The applicant shall notify 
the County within 24 hours 
if paleontological 
resources are 
encountered. 

Department of Planning and Development 
Services 

During grading and 
construction 

Department of Planning 
and Development 
Services 
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

GEO-7 Paleontological Resources Monitoring Report. At 
the completion of all ground-disturbing activities, the 
Supervising Paleontological Specialist shall prepare a 
Paleontological Resources Monitoring Report 
summarizing all monitoring efforts and observations, 
as performed, and any and all paleontological finds. 

The project applicant shall 
submit a copy of the 
Paleontological Resources 
Monitoring Report to the 
Department of Planning 
and Development 
Services.  

Department of Planning and Development 
Services 

Post ground-
disturbing activities  

Department of Planning 
and Development 
Services 

   

Hydrology/Water Quality 

HYD-1 Prepare SWPPP and Implement BMPs Prior to 
Construction and Site Restoration. The project 
applicant or its contractor shall prepare a SWPPP 
specific to the project and be responsible for securing 
coverage under SWRCB’s NPDES stormwater permit 
for general construction activity (Order 
2009-0009-DWQ). The SWPPP shall identify specific 
actions and BMPs relating to the prevention of 
stormwater pollution from project-related construction 
sources by identifying a practical sequence for site 
restoration, BMP implementation, contingency 
measures, responsible parties, and agency contacts. 
The SWPPP shall reflect localized surface 
hydrological conditions and shall be reviewed and 
approved by the appropriate agency prior to 
commencement of work and shall be made conditions 
of the contract with the contractor selected to build and 
decommission the project. The SWPPP shall 
incorporate control measures in the following 
categories: 

• Soil stabilization and erosion control practices 
(e.g., hydroseeding, erosion control blankets, 
mulching) 

• Sediment control practices (e.g., temporary 
sediment basins, fiber rolls) 

• Temporary and post-construction on- and off-site 
runoff controls 

• Special considerations and BMPs for water 
crossings and drainages 

• Monitoring protocols for discharge(s) and 
receiving waters, with emphasis place on the 
following water quality objectives: dissolved 
oxygen, floating material, oil and grease, potential 
of hydrogen (pH), and turbidity 

• Waste management, handling, and disposal 
control practices 

Prior to construction and 
site restoration, the project 
applicant or its contractor 
shall prepare a SWPPP 
with incorporated control 
measures as outlined in 
Mitigation Measure 
HYD-1; and implement 
BMPs. Department of 
Planning and 
Development Services to 
verify. 

Department of Planning and Development 
Services 

Prior to issuance of 
a grading permit and 
site restoration 

Department of Planning 
and Development 
Services  
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Table 0.4-1. Mitigation Measures 

MM No. Mitigation Measure Monitoring Method Responsible Monitoring Party Monitoring Phase 
Verification/Approval 

Party 

Date Mitigation 
Measure 

Verified or 
Implemented 

Location of 
Documents 

(Monitoring Record) 
Completion 

Requirement 

• Corrective action and spill contingency measures 

• Agency and responsible party contact information 

• Training procedures that shall be used to ensure 
that workers are aware of permit requirements 
and proper installation methods for BMPs 
specified in the SWPPP 

The SWPPP shall be prepared by a Qualified SWPPP 
Practitioner and/or Qualified SWPPP Developer with 
BMPs selected to achieve maximum pollutant removal 
and that represent the best available technology that 
is economically achievable. Emphasis for BMPs shall 
be placed on controlling discharges of 
oxygen-depleting substances, floating material, oil 
and grease, acidic or caustic substances or 
compounds, and turbidity. BMPs for soil stabilization 
and erosion control practices and sediment control 
practices will also be required. Performance and 
effectiveness of these BMPs shall be determined 
either by visual means where applicable (i.e., 
observation of above-normal sediment release), or by 
actual water sampling in cases where verification of 
contaminant reduction or elimination, (inadvertent 
petroleum release) is required to determine adequacy 
of the measure. 

HYD-2 Incorporate Post-Construction Runoff BMPs into 
Project Drainage Plan. The project Drainage Plan 
shall adhere to the County’s Engineering Guidelines 
Manual, IID “Draft” Hydrology Manual, or other 
recognized source with approval by the County 
Engineer to control and manage the on- and off-site 
discharge of stormwater to existing drainage systems. 
Infiltration basins will be integrated into the Drainage 
Plan to the maximum extent practical. The Drainage 
Plan shall provide both short- and long-term drainage 
solutions to ensure the proper sequencing of drainage 
facilities and management of runoff generated from 
project impervious surfaces as necessary. 

Post construction, the 
applicant shall implement 
a Drainage Plan in 
accordance with the 
County and Imperial 
Irrigation District 
guidelines for the project 
site. Department of 
Planning and 
Development Services 
and IID to confirm. 

Department of Planning and Development 
Services 

Post construction Department of Planning 
and Development 
Services and IID 
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Executive Summary 
This environmental impact report (EIR) has been prepared in compliance with the California 
Environmental Quality Act (CEQA) Public Resources Code [PRC] Section 21000 et seq., the CEQA 
Guidelines (Section 15000 et seq.) as promulgated by the California Resources Agency and the 
Governor’s Office of Planning and Research (OPR). The purpose of this environmental document is 
to assess the potential environmental effects associated with the Brawley Solar Energy Facility Project 
(i.e., “project” or “proposed project”) and to propose mitigation measures, where required, to reduce 
significant impacts. 

Project Overview 
The project is located on five parcels, with Assessor Parcel Numbers 037-140-006, -020, -021, -022, 
and -023. The proposed solar energy facility consists of three primary components: 1) solar energy 
generation equipment and associated facilities including a substation and access roads (herein 
referred to as “solar energy facility”); 2) battery energy storage system; and, 3) gen-tie line that would 
connect the proposed on-site substation to the point of interconnection at the Imperial Irrigation 
District’s (IID) existing North Brawley Geothermal Power Plant substation.  

The proposed project involves the construction and operation of a 40 megawatt (MW) photovoltaic 
(PV) solar energy facility on approximately 227 acres of privately-owned land in unincorporated 
Imperial County. The proposed project would be comprised of bifacial solar PV arrays panels, an on-
site, 92/12 kilovolt (kV) substation, 40 MW battery storage system (BESS), generation tie-line (gen-
tie), fiberoptic line and or microwave tower, inverters, transformers, underground electrical cables, and 
access roads. 

The onsite substation control room would house the Supervisory Control and Data Acquisition 
(SCADA) system, switchgear, breakers, and direct current (DC) batteries. Additionally, a 20kV 
emergency backup generator would be located adjacent to this control room for the HVAC system. 
The proposed substation site would be located at the southern edge of the project site, adjacent to the 
BESS. The proposed project would connect to a switchyard located at the southern edge of the project 
site and then routed through the BESS for energy storage. The power produced by the proposed 
project would then be transferred via a 1.8-mile-long double circuit 13.8 and 92 kV gen-tie line with 
66-foot-high poles to interconnect to the IID’ existing North Brawley Geothermal Power Plant 
substation, located at Hovley Road and Andre Road, southwest of the project site. The transmission 
line would span the New River. A 12-inch diameter conduit railroad undercrossing would connect the 
PV arrays from the western side of the railroad tracks to the inverters on the eastern side. 

The project applicant intends to secure a Power Purchase Agreement with utility service provider(s) 
for the sale of power from the project. 
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Purpose of an EIR 
The purpose of an EIR is to analyze the potential environmental impacts associated with a project. 
CEQA (Section 15002) states that the purpose of CEQA is to: (1) inform the public and governmental 
decision makers of the potential significant environmental impacts of a project; (2) identify the ways 
that environmental damage can be avoided or significantly reduced; (3) prevent significant avoidable 
damage to the environment by requiring changes in projects through the use of alternatives or 
mitigation measures when the governmental agency finds the changes to be feasible; and (4) disclose 
to the public the reasons why a governmental agency approved the project in the manner the agency 
chose if significant environmental effects are involved. 

Eliminated from Further Review in Notice of Preparation 
The Initial Study (IS)/NOP completed by the County (Appendix A of this EIR) determined that 
environmental effects to Forestry Resources, Energy, Mineral Resources, Noise, Population/Housing, 
Public Services, Recreation, Utilities (Wastewater, Stormwater, and Solid Waste), and Wildfire would 
not be potentially significant. Therefore, these impacts are not addressed in this EIR; however, the 
rationale for eliminating these issues is discussed in Chapter 6.0, Effects Found Not Significant.  

Summary of Significant Impacts and Mitigation Measures that Reduce or 
Avoid the Significant Impacts 
Based on the analysis presented in the IS/NOP and the information provided in the comments to the 
IS/NOP, the following environmental topics are analyzed in this EIR: 

• Aesthetics 

• Agriculture Resources  

• Air Quality 

• Biological Resources 

• Cultural Resources 

• Geology and Soils 

• GHG Emissions 

• Hazards and Hazardous Materials 

• Hydrology/Water Quality 

• Land Use/Planning 

• Public Services (Fire Protection and Police Protection) 

• Transportation 

• Tribal Cultural Resources 

• Utilities/Service Systems (Water Supply) 

Table ES-1 summarizes existing environmental impacts that were determined to be potentially 
significant, mitigation measures, and level of significance after mitigation associated with the project.  
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Areas of Controversy and Issues to be Resolved 

Areas of Concern 
Section 15123(b)(2) of the CEQA Guidelines requires that an EIR identify areas of controversy known 
to the Lead Agency, including issues raised by other agencies and the public as well as issues to be 
resolved. A primary issue associated with this solar farm project, and other solar facility projects that 
are proposed in the County, is the corresponding land use compatibility and fiscal/economic impacts 
to the County. Through the environmental review process for this project, other areas of concern and 
issues to be resolved include potential impacts related to the conversion of farmland to non-agricultural 
uses, damage to crops, wildlife, water supply, fire hazards associated with the battery energy storage 
system, health effects from air pollution, noise,  and hazardous materials, waste, electromagnetic 
exposure safety, and change of visual character.  

Detailed analyses of these topics are included within each corresponding section contained within this 
document. 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

Agricultural Resources 

Impact 3.3-1: Convert Prime 
Farmland, Unique Farmland, 
or Farmland of Statewide 
Importance 

Potentially Significant  AG-1a Payment of Agricultural and Other Benefit Fees. One of the 
following options included below is to be implemented prior to 
the issuance of a grading permit or building permit for the 
project: 

Mitigation for Non-Prime Farmland 

 Option 1:  Provide Agricultural Conservation Easement(s). 
The Permittee shall procure Agricultural Conservation 
Easements on a “1 on 1” basis on land of equal size, of equal 
quality farmland, outside the path of development. The 
conservation easement shall meet DOC regulations and shall 
be recorded prior to issuance of any grading or building permits; 
or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. The 
Permittee shall pay an “Agricultural In-Lieu Mitigation Fee” in the 
amount of 20 percent of the fair market value per acre for the 
total acres of the proposed site based on five comparable sales 
of land used for agricultural purposes as of the effective date of 
the permit, including program costs on a cost recovery/time and 
material basis. The Agricultural In-Lieu Mitigation Fee, will be 
placed in a trust account administered by the Imperial County 
Agricultural Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, preservation and 
enhancement of agricultural lands within Imperial County; or,  

 Option 3: Public Benefit Agreement. The Permittee and 
County voluntarily enter into an enforceable Public Benefit 
Agreement or Development Agreement that includes an 
Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee must be 
held by the County in a restricted account to be used by the 
County only for such purposes as the stewardship, preservation 
and enhancement of agricultural lands within Imperial County 

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

and to implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development Agreement, 
including addressing the mitigation of agricultural job loss on the 
local economy.  

 Mitigation for Prime Farmland 

 Option 1: Provide Agricultural Conservation Easement(s). 
The Permittee shall procure Agricultural Conservation 
Easements on a “2 on 1” basis on land of equal size, of equal 
quality farmland, outside the path of development. The 
conservation easement shall meet DOC regulations and shall 
be recorded prior to issuance of any grading or building permits; 
or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. The 
Permittee shall pay an “Agricultural In-Lieu Mitigation Fee” in the 
amount of 30 percent of the fair market value per acre for the 
total acres of the proposed site based on five comparable sales 
of land used for agricultural purposes as of the effective date of 
the permit, including program costs on a cost recovery/time and 
material basis. The Agricultural In-Lieu Mitigation Fee, will be 
placed in a trust account administered by the Imperial County 
Agricultural Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, preservation and 
enhancement of agricultural lands within Imperial County; or, 

 Option 3: Public Benefit Agreement. The Permittee and 
County voluntarily enter into an enforceable Public Benefit 
Agreement or Development Agreement that includes an 
Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee must be 
held by the County in a restricted account to be used by the 
County only for such purposes as the stewardship, preservation 
and enhancement of agricultural lands within Imperial County 
and to implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development Agreement, 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

including addressing the mitigation of agricultural job loss on the 
local economy; the Project and other recipients of the Project’s 
Agricultural Benefit Fee funds; or emphasis on creation of jobs 
in the agricultural sector of the local economy for the purpose of 
off-setting jobs displaced by this Project. 

 Option 4: Avoid Prime Farmland. The Permittee must revise 
their CUP Application/Site Plan to avoid Prime Farmland. 

AG-1b Site Reclamation Plan. The DOC has clarified the goal of a 
reclamation and decommissioning plan: the land must be 
restored to land which can be farmed. In addition to Mitigation 
Measure AG-1a for Prime Farmland and Non-Prime Farmland, 
the Applicant shall submit to Imperial County, a Reclamation 
Plan prior to issuance of a grading permit. The Reclamation 
Plan shall document the procedures by which the project site 
will be returned to its current agricultural condition. Permittee 
shall also provide financial assurance/bonding in the amount 
equal to a cost estimate prepared by a California licensed 
general contractor or civil engineer for implementation of the 
Reclamation Plan in the even Permittee fails to perform the 
Reclamation Plan. 

Impact 3.3-3: Conversion of 
Farmland, to non-agricultural 
use 

Potentially Significant Implement Mitigation Measure AG-1b. 

AG-2  Pest Management Plan. Prior to the issuance of a grading 
permit or building permit (whichever occurs first), a Pest 
Management Plan shall be developed by the project applicant 
and approved by the County of Imperial Agricultural 
Commissioner. The project applicant shall maintain a Pest 
Management Plan until reclamation is complete. The plan shall 
provide the following:  

1. Monitoring, preventative, and management strategies for 
weed and pest control during construction activities at 
any portion of the project (e.g., transmission line);  

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

2. Control and management of weeds and pests in areas 
temporarily disturbed during construction where native 
seed will aid in site revegetation as follows:  

• Monitor for all pests including insects, vertebrates, 
weeds, and pathogens. Promptly control or 
eradicate pests when found, or when notified by 
the Agricultural Commissioner’s office that a pest 
problem is present on the project site. The 
assistance of a licensed pest control advisor is 
recommended. All treatments must be performed 
by a qualified applicator or a licensed pest control 
business;  

• All treatments must be performed by a qualified 
applicator or a licensed pest control operator;  

• “Control” means to reduce the population of 
common pests below economically damaging 
levels, and includes attempts to exclude pests 
before infestation, and effective control methods 
after infestation. Effective control methods may 
include physical/mechanical removal, bio control, 
cultural control, or chemical treatments;  

• Use of “permanent” soil sterilants to control weeds 
or other pests is prohibited because this would 
interfere with reclamation; 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Notify the Agricultural Commissioner’s office 
immediately regarding any suspected 
exotic/invasive pest species as defined by the 
California Department of Food Agriculture and the 
U.S. Department of Agriculture. Request a sample 
be taken by the Agricultural Commissioner’s 
Office of a suspected invasive species. 
Eradication of exotic pests shall be done under the 
direction of the Agricultural Commissioner’s Office 
and/or California Department of Food and 
Agriculture; 

• Obey all pesticide use laws, regulations, and 
permit conditions; 

• Allow access by Agricultural Commissioner staff 
for routine visual and trap pest surveys, 
compliance inspections, eradication of exotic 
pests, and other official duties; 

• Ensure all project employees that handle pest 
control issues are appropriately trained and 
certified, all required records are maintained and 
made available for inspection, and all required 
permits and other required legal documents are 
current; 

• Maintain records of pests found and treatments or 
pest management methods used. Records should 
include the date, location/block, project name 
(current and previous if changed), and methods 
used. For pesticides include the chemical(s) used, 
EPA Registration numbers, application rates, etc. 
A pesticide use report may be used for this; 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Submit a report of monitoring, pest finds, and 
treatments, or other pest management methods to 
the Agricultural Commissioner quarterly within 
15 days after the end of the previous quarter, and 
upon request. The report is required even if no 
pests were found or treatment occurred. It may 
consist of a copy of all records for the previous 
quarter, or may be a summary letter/report as long 
as the original detailed records are available upon 
request. 

3. A long-term strategy for weed and pest control and 
management during the operation of the proposed 
projects. Such strategies may include, but are not limited 
to:  

• Use of specific types of herbicides and pesticides 
on a scheduled basis.  

4. Maintenance and management of project site conditions 
to reduce the potential for a significant increase in 
pest-related nuisance conditions on surrounding 
agricultural lands. 

5. The project shall reimburse the Agricultural 
Commissioner’s office for the actual cost of 
investigations, inspections, or other required non-routine 
responses to the site that are not funded by other 
sources. 

Air Quality 

Impact 3.4-1: Conflict with or 
obstruct implementation of 
the applicable air quality plan  

Less than Significant Applicant Proposed Measure (APM) AQ-1 Fugitive Dust Control. 
Pursuant to ICAPCD, all construction sites, regardless of size, 
must comply with the requirements contained within Regulation 
VIII – Fugitive Dust Control Measures. Whereas these 
Regulation VIII measures are mandatory and are not considered 

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

project environmental mitigation measures, the ICAPCD CEQA 
Handbook’s required additional standard and enhanced 
mitigation measures listed below shall be implemented prior to 
and during construction. ICAPCD will verify implementation and 
compliance with these measures as part of the grading permit 
review/approval process. 

 ICAPCD Standard Measures for Fugitive Dust (PM10) 
Control 

• All disturbed areas, including bulk material 
storage, which is not being actively utilized, shall 
be effectively stabilized and visible emissions shall 
be limited to no greater than 20 percent opacity for 
dust emissions by using water, chemical 
stabilizers, dust suppressants, tarps, or other 
suitable material, such as vegetative ground 
cover. 

• All on-site and offsite unpaved roads will be 
effectively stabilized, and visible emissions shall 
be limited to no greater than 20 percent opacity for 
dust emissions by paving, chemical stabilizers, 
dust suppressants, and/or watering. 

• All unpaved traffic areas 1 acre or more with 75 or 
more average vehicle trips per day will be 
effectively stabilized and visible emissions shall be 
limited to no greater than 20 percent opacity for 
dust emissions by paving, chemical stabilizers, 
dust suppressants, and/or watering. 

• The transport of bulk materials shall be completely 
covered unless 6 inches of freeboard space from 
the top of the container is maintained with no 
spillage and loss of bulk material. In addition, the 
cargo compartment of all haul trucks is to be 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

cleaned and/or washed at delivery site after 
removal of bulk material. 

• All track-out or carry-out will be cleaned at the end 
of each workday or immediately when mud or dirt 
extends a cumulative distance of 50 linear feet or 
more onto a paved road within an urban area. 

• Movement of bulk material handling or transfer 
shall be stabilized prior to handling or at points of 
transfer with application of sufficient water, 
chemical stabilizers, or by sheltering or enclosing 
the operation and transfer line. 

• The construction of any new unpaved road is 
prohibited within any area with a population of 500 
or more unless the road meets the definition of a 
temporary unpaved road. Any temporary unpaved 
road shall be effectively stabilized, and visible 
emissions shall be limited to no greater than 20 
percent opacity for dust emission by paving, 
chemical stabilizers, dust suppressants, and/or 
watering. 

Standard Mitigation Measures for Construction 
Combustion Equipment 

• Use of alternative fueled or catalyst equipped 
diesel construction equipment, including all off-
road and portable diesel-powered equipment. 

• Minimize idling time either by shutting equipment 
off when not in use or reducing the time of idling 
to 5 minutes as a maximum. 

PC ORIGINAL PKG



Executive Summary 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | ES-13 

Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Limit, to the extent feasible, the hours of 
operation of heavy-duty equipment and/or the 
amount of equipment in use. 

• When commercially available, replace fossil 
fueled equipment with electrically driven 
equivalents (provided they are not run via a 
portable generator set). 

APM AQ-2 Construction Equipment. Construction equipment shall be 
equipped with an engine designation of EPA Tier 2 or better 
(Tier 2+). A list of the construction equipment, including all 
off-road equipment utilized at each of the projects by make, 
model, year, horsepower and expected/actual hours of use, and 
the associated EPA Tier shall be submitted to the County 
Planning and Development Services Department and ICAPCD 
prior to the issuance of a grading permit. The equipment list shall 
be submitted periodically to ICAPCD to perform a NOx analysis. 
ICAPCD shall utilize this list to calculate air emissions to verify 
that equipment use does not exceed significance thresholds. 
The Planning and Development Services Department and 
ICAPCD shall verify implementation of this measure. 

APM AQ-3 Speed Limit. During construction and operation of the proposed 
project, the applicant shall limit the speed of all vehicles 
operating onsite on dirt roads to 15 miles per hour or less. 

 

APM AQ-4 Dust Suppression. The project applicant shall employ a 
method of dust suppression (such as water or chemical 
stabilization) approved by ICAPCD. The project applicant shall 
apply chemical stabilization as directed by the product 
manufacturer to control dust between the panels as approved 
by ICAPCD, and other non-used areas (exceptions will be the 
paved entrance and parking area, and Fire Department 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

access/emergency entry/exit points as approved by Fire/Office 
of Emergency Services [OES] Department). 

APM AQ-5 Dust Suppression Management Plan. Prior to any 
earthmoving activity, the applicant shall submit a construction 
dust control plan and obtain ICAPCD and Imperial County 
Planning and Development Services Department (ICPDS) 
approval.  

APM AQ-6 Operational Dust Control Plan. Prior to issuance of a 
Certificate of Occupancy, the applicant shall submit an 
operations dust control plan and obtain ICAPCD and ICPDS 
approval. 

ICAPCD Rule 301 Operational Fees apply to any project 
applying for a building permit. At the time that building permits 
are submitted for the proposed project, ICAPCD shall review the 
project to determine if Rule 310 fees are applicable to the 
project.  

Biological Resources 

Impact 3.5-1: Potential 
impacts on special-status 
species 

Potentially Significant BIO-1 General Impact Avoidance and Minimization Measures. The 
following measures will be applicable throughout the life of the 
project: 

• To reduce the potential indirect impact on migratory birds, 
bats and raptors, the project will comply with the APLIC 
2012 Guidelines for overhead utilities, as appropriate, to 
minimize avian collisions with transmission facilities (APLIC 
2012) 

• All electrical components on the project site shall be either 
undergrounded or protected so that there will be no 
exposure to wildlife and therefore no potential for 
electrocution.  

Less than Significant 
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• The project proponent shall designate a Project Biologist 
who shall be responsible for overseeing compliance with 
protective measures for the biological resources during 
vegetation clearing and work activities within and adjacent 
to areas of native habitat. The Project Biologist will be 
familiar with the local habitats, plants, and wildlife. The 
Project Biologist will also maintain communications with the 
Contractor to ensure that issues relating to biological 
resources are appropriately and lawfully managed and 
monitor construction. The Project Biologist will monitor 
activities within construction areas during critical times, 
such as vegetation removal, the implementation of Best 
Management Practices (BMP), and installation of security 
fencing to protect native species. The Project Biologist will 
ensure that all wildlife and regulatory agency permit 
requirements, conservation measures, and general 
avoidance and minimization measures are properly 
implemented and followed. 

• The boundaries of all areas to be newly disturbed (including 
solar facility areas, staging areas, access roads, and sites 
for temporary placement of construction materials and 
spoils) will be delineated with stakes and flagging prior to 
disturbance. All disturbances, vehicles, and equipment will 
be confined to the flagged areas. 

• No potential wildlife entrapments (e.g., trenches, bores) will 
be left uncovered overnight. Any uncovered pitfalls will be 
excavated to 3:1 slopes at the ends to provide wildlife 
escape ramps. Alternatively, man-made ramps may be 
installed. Covered pitfalls will be covered completely to 
prevent access by small mammals or reptiles. 

• To avoid wildlife entrapment (including birds), all pipes or 
other construction materials or supplies will be covered or 
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capped in storage or laydown area, and at the end of each 
work day in construction, quarrying and 
processing/handling areas. No pipes or tubing of sizes or 
inside diameters ranging from 1 to 10 inches will be left open 
either temporarily or permanently. 

• No anticoagulant rodenticides, such as Warfarin and related 
compounds (indandiones and hydroxycoumarins), may be 
used within the project site, on off-site project facilities and 
activities, or in support of any other project activities. 

• Avoid wildlife attractants. All trash and food-related waste 
shall be placed in self-closing containers and removed 
regularly from the site to prevent overflow. Workers shall not 
feed wildlife. Water applied to dirt roads and construction 
areas for dust abatement shall use the minimal amount 
needed to meet safety and air quality standards to prevent 
the formation of puddles, which could attract wildlife. Pooled 
rainwater or floodwater within retention basins will be 
removed to avoid attracting wildlife to the active work areas. 

• To minimize the likelihood for vehicle strikes on wildlife, 
speed limits will not exceed 15 miles per hour when driving 
on access roads. All vehicles required for O&M must remain 
on designated access/maintenance roads. 

• Avoid night-time construction lighting or if nighttime 
construction cannot be avoided use shielded directional 
lighting pointed downward and towards the interior of the 
project site, thereby avoiding illumination of adjacent natural 
areas and the night sky. 

• All construction equipment used for the project will be 
equipped with properly operating and maintained mufflers. 

• Hazardous materials and equipment stored overnight, 
including small amounts of fuel to refuel hand-held 
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equipment, will be stored within secondary containment 
when within 50 feet of open water to the fullest extent 
practicable. Secondary containment will consist of a ring of 
sand bags around each piece of stored 
equipment/structure. A plastic tarp/visqueen lining with no 
seams shall be placed under the equipment and over the 
edges of the sandbags, or a plastic hazardous materials 
secondary containment unit shall be utilized by the 
Contractor. 

• The Contractor will be required to conduct vehicle refueling 
in upland areas where fuel cannot enter waters of the U.S. 
and in areas that do not have potential to support federally 
threatened or endangered species. Any fuel containers, 
repair materials, including creosote-treated wood, and/or 
stockpiled material that is left on site overnight, will be 
secured in secondary containment within the work area and 
staging/assembly area and covered with plastic at the end 
of each work day.  

• In the event that no activity is to occur in the work area for 
the weekend and/or a period of time greater than 48 hours, 
the Contractor will ensure that all portable fuel containers 
are removed from the project site.  

• All equipment will be maintained in accordance with 
manufacturer’s recommendations and requirements. 

• Equipment and containers will be inspected daily for leaks. 
Should a leak occur, contaminated soils and surfaces will 
be cleaned up and disposed of following the guidelines 
identified in the Stormwater Pollution Prevention Plan or 
equivalent, Materials Safety Data Sheets, and any 
specifications required by other permits issued for the 
project.  
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• The Contractor will utilize off-site maintenance and repair 
shops as much as possible for maintenance and repair of 
equipment. 

• If maintenance of equipment must occur onsite, fuel/oil 
pans, absorbent pads, or appropriate containment will be 
used to capture spills/leaks within all areas. Where feasible, 
maintenance of equipment will occur in upland areas where 
fuel cannot enter waters of the U.S. and in areas that do not 
have potential to support federally threatened or 
endangered species. 

• Appropriate BMPs will be used by the Contractor to control 
erosion and sedimentation and to capture debris and 
contaminants from bridge construction to prevent their 
deposition in waterways. No sediment or debris will be 
allowed to enter the creek or other drainages. All debris from 
construction of the bridge will be contained so that it does 
not fall into channel. Appropriate BMPs will be used by the 
Contractor during construction to limit the spread of 
resuspended sediment and to contain debris. 

• Erosion and sediment control devices used for the proposed 
project, including fiber rolls and bonded fiber matrix, will be 
made from biodegradable materials such as jute, with no 
plastic mesh, to avoid creating a wildlife entanglement 
hazard. 

• Firearms, open fires, and pets would be prohibited at all 
work locations and access roads. Smoking would be 
prohibited along the project alignment. 

• Cross-country vehicle and equipment use outside of 
approved designated work areas and access roads shall be 
prohibited to prevent unnecessary ground and vegetation 
disturbance. 
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• Any injured or dead wildlife encountered during 
project-related activities shall be reported to the project 
biologist, biological monitor, CDFW, or a CDFW-approved 
veterinary facility as soon as possible to report the 
observation and determine the best course of action. For 
special-status species, the Project Biologist shall notify the 
County, USFWS, and/or CDFW, as appropriate, within 24 
hours of the discovery. 

• Stockpiling of material will be allowed only within 
established work areas. 

• Actively manage the spread of noxious weeds  

• The ground beneath all parked equipment and vehicles 
shall be inspected for wildlife before moving. 

BIO-2 Worker Environmental Awareness Program. Prior to project 
construction, a Worker Environmental Awareness Program 
shall be developed and implemented by a qualified biologist, 
and shall be available in both English and Spanish. Handouts 
summarizing potential impacts to special-status biological 
resources and the potential penalties for impacts to these 
resources shall be provided to all construction personnel. At a 
minimum, the education program shall including the following: 

• the purpose for resource protection;  

• a description of special status species including 
representative photographs and general ecology;  

• occurrences of USACE, RWQCB, and CDFW regulated 
features in the project survey area;  

• regulatory framework for biological resource protection and 
consequences if violated; 

• sensitivity of the species to human activities;  
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• avoidance and minimization measures designed to reduce 
the impacts to special-status biological resources; 

• environmentally responsible construction practices;  

• reporting requirements; 

• the protocol to resolve conflicts that may arise at any time 
during the construction process; and 

• workers sign acknowledgement form indicating that the 
Environmental Awareness Training and Education Program 
that has been completed and would be kept on record. 

BIO-3  Burrowing Owl Avoidance and Minimization. Take 
avoidance (pre construction) surveys for burrowing owl shall be 
completed prior to project construction. Surveys shall be 
conducted as detailed within Appendix D of the Staff Report on 
Burrowing Owl Mitigation (California Department of Fish and 
Game [CDFG] 2012). If burrowing owl is not detected, 
construction may proceed. 

• If burrowing owl is identified during the non breeding season 
(September 1 through January 31), then a 50-meter buffer 
will be established by the biological monitor. Construction 
within the buffer will be avoided until a qualified biologist 
determines that burrowing owl is no longer present or until 
a CDFW approved exclusion plan has been implemented. 
The buffer distance may be reduced if noise attenuation 
buffers such as hay bales are placed between the occupied 
burrow and construction activities. 

• If burrowing owl is identified during the breeding season 
(February 1 through August 31), then an appropriate buffer 
will be established by the biological monitor in accordance 
with the Staff Report on Burrowing Owl Mitigation (CDFG 
2012). Construction within the buffer will be avoided until a 
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qualified biologist determines that burrowing owl is no 
longer present or until young have fledged. The buffer 
distance may be reduced in consultation with CDFW if noise 
attenuation buffers such as hay bales are placed between 
the occupied burrow and construction activities.   

BIO-4 Pre-Construction Nesting Bird Survey. If construction or 
other project activities are scheduled to occur during the bird 
breeding season (typically February 1 through August 31 for 
raptors and March 15 through August 31 for the majority of 
migratory bird species), a pre-construction nesting-bird survey 
shall be conducted by a qualified avian biologist to ensure that 
active bird nests, including those for the loggerhead shrike and 
mountain plover will not be disturbed or destroyed.  

The survey shall be completed no more than three days prior to 
initial ground disturbance. The nesting-bird survey shall include 
the project site and adjacent areas where project activities have 
the potential to affect active nests, either directly or indirectly 
due to construction activity or noise. If an active nest is 
identified, the biologist shall establish an appropriately sized 
disturbance-limit buffer around the nest using flagging or 
staking. Construction activities shall not occur within any 
disturbance-limit buffer zones until the nest is deemed inactive 
by the qualified biologist. If construction activities cease for a 
period of greater than three days during the bird breeding 
season, a pre-construction nesting bird survey shall be 
conducted prior to the commencement of activities.  

Final construction buffers or setback distances shall be 
determined by the qualified biologist in coordination with 
USFWS and CDFW on a case‐by‐case basis, depending on the 
species, season in which disturbance shall occur, the type of 
disturbance, and other factors that could influence susceptibility 
to disturbance (e.g., topography, vegetation, existing 
disturbance levels, etc.). 
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Cultural Resources 

Impact 3.6-1: Impact on 
historical resources 

Potentially Significant CUL-1 Cultural Monitoring. Prior to construction, the project Applicant 
shall retain the services of a Qualified Professional 
Archaeologist meeting the Secretary of the Interior’s Standards 
for a Qualified Archaeologist and require that all initial ground-
disturbing work be monitored by someone trained in artifact and 
feature identification in monitoring contexts. A Supervising 
Archaeological Specialist and a Paleontological Monitor, to be 
retained by the project applicant, will be required to be present 
at the project construction phase kickoff meeting. 

CUL-2  Worker Environmental Awareness Program. Prior to any 
ground disturbance, the supervising Archaeological Resources 
Specialist and Archaeological Resources Monitor shall conduct 
initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, 
present at the outset of the project construction work phase, for 
which the Lead Contractor and all subcontractors shall make 
their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to 
identify and minimize impacts to paleontological resources and 
maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as 
needed. 

CUL-3 Discovery of Previously Unidentified Archaeological 
Materials. In the event of the discovery of previously 
unidentified archaeological materials, the construction 
contractor shall immediately cease all work activities within 
approximately 100 feet of the discovery. After cessation of 
excavation, the construction contractor shall immediately 
contact the Imperial County Department of Planning and 
Development Services. Except in the case of cultural items that 
fall within the scope of the Native American Grave Protection 
and Repatriation Act, the discovery of any cultural resource 

Less than Significant 
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within the project area shall not be grounds for a “stop work” 
notice or otherwise interfere with the project’s continuation 
except as set forth in this paragraph. In the event of an 
unanticipated discovery of archaeological materials during 
construction, the project Applicant shall retain the services of a 
Qualified Professional Archaeologist meeting the Secretary of 
the Interior’s Standards for a Qualified Archaeologist to evaluate 
the significance of the materials prior to resuming any 
construction-related activities in the vicinity of the find. If the 
Qualified Archaeologist determines that the discovery 
constitutes a significant resource under CEQA and it cannot be 
avoided, the project Applicant shall implement an 
archaeological data recovery program. 

CUL-4 Schedule of Ground-Disturbing Activities. The construction 
contractor shall provide the Supervising Archaeological 
Resources Specialist with a schedule of initial potential ground-
disturbing activities. A minimum of 48 hours will be provided of 
commencement of any initial ground-disturbing activities such 
as vegetation grubbing or clearing, grading, trenching, or mass 
excavation.  

 As detailed in the schedule provided, an Archaeological Monitor 
shall be present on site at the commencement of ground-
disturbing activities related to the project. The monitor, in 
consultation with the Supervising Archaeologist, shall observe 
initial ground-disturbing activities and, as they proceed, make 
adjustments to the number of monitors as needed to provide 
adequate observation and oversight. All monitors will have stop-
work authority to allow for recordation and evaluation of finds 
during construction. The monitor will maintain a daily record of 
observations to serve as an ongoing reference resource and to 
provide a resource for final reporting upon completion of the 
project.  
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The Supervising Archaeologist, Archaeological Monitor, and the 
lead contractor and subcontractors shall maintain a line of 
communication regarding schedule and activity such that the 
monitor is aware of all ground-disturbing activities in advance in 
order to provide appropriate oversight. 

CUL-5  Discovery of Archaeological Resources. If archaeological 
resources are discovered, construction shall be halted within 50 
feet of the find and shall not resume until a Qualified 
Archaeologist can determine the significance of the find and/or 
the find has been fully investigated, documented, and cleared. 

CUL-6  Archaeological Resources Monitoring Report. At the 
completion of all ground-disturbing activities, the Consultant 
shall prepare an Archaeological Resources Monitoring Report 
summarizing all monitoring efforts and observations, as 
performed, and any and all prehistoric or historic archaeological 
finds as well as providing follow-up reports of any finds to the 
South Coastal Information Center (SCIC), as required. 

Impact 3.6-2: Impact on 
archaeological resources 

Potentially Significant Implement Mitigation Measures CUL-1 through CUL-6.  Less than Significant 

Impact 3.6-3: Impact on 
Human Remains 

Potentially Significant CUL-7 Discovery of Human Remains. In the unlikely event that 
human remains are discovered during ground-disturbing 
activities, then the proposed project would be subject to 
California Health and Safety Code 7050.5, CEQA Section 
15064.5, and California Public Resources Code Section 
5097.98 (NPS 1983).If human remains are found during ground-
disturbing activities, State of California Health and Safety Code 
Section 7050.5 states that no further disturbance shall occur 
until the Imperial County Coroner has made a determination of 
origin and disposition pursuant to Public Resources Code 
Section 5097.98. In the event of an unanticipated discovery of 
human remains, the Imperial County Coroner shall be notified 
immediately. If the human remains are determined to be 

Less than Significant  
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prehistoric, the County Coroner shall notify the NAHC, which 
shall notify a most likely descendant (MLD). The MLD shall 
complete the inspection of the site within 48 hours of notification 
and may recommend scientific removal and nondestructive 
analysis of human remains and items associated with Native 
American burials. 

Geology and Soils 

Impact 3.7-2: Possible risks to 
people and structures caused 
by strong seismic ground 
shaking 

Potentially Significant GEO-1 Prepare Geotechnical Report(s) as Part of Final 
Engineering for the Project and Implement Required 
Measures. Facility design for all project components shall 
comply with the site-specific design recommendations as 
provided by a licensed geotechnical or civil engineer to be 
retained by the project applicant. The final geotechnical and/or 
civil engineering report shall address and make 
recommendations on the following: 

• Site preparation 

• Soil bearing capacity 

• Appropriate sources and types of fill 

• Potential need for soil amendments 

• Structural foundations 

• Grading practices 

• Soil corrosion of concrete and steel 

• Erosion/winterization 

• Seismic ground shaking 

• Liquefaction 

• Expansive/unstable soils 

Less than Significant 
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In addition to the recommendations for the conditions listed 
above, the geotechnical investigation shall include subsurface 
testing of soil and groundwater conditions, and shall determine 
appropriate foundation designs that are consistent with the 
version of the CBC that is applicable at the time building and 
grading permits are applied for. All recommendations contained 
in the final geotechnical engineering report shall be 
implemented by the project applicant. The final geotechnical 
and/or civil engineering report shall be submitted to Imperial 
County Public Works Department, Engineering Division for 
review and approval prior to issuance of building permits. 

Impact 3.7-3: Possible risks to 
people and structures caused 
by seismic-related ground 
failure, including liquefaction 

Potentially Significant Implement Mitigation Measure GEO-1. Less than Significant 

Impact 3.7-5: Substantial soil 
erosion or the loss of topsoil 

Potentially Significant Implement Mitigation Measure GEO-1 and Mitigation Measure HYD-1.  Less than Significant  

Impact 3.7-6: Be located on a 
geologic unit or soil that is 
unstable or that would 
become unstable as a result 
of the project 

Potentially Significant Implement Mitigation Measure GEO-1.  Less than Significant  

Impact 3.7-7: Be located on 
expansive soil, as defined in 
Table 18 1 B of the Uniform 
Building Code (1994), 
creating substantial direct or 
indirect risks to life or property 

Potentially Significant Implement Mitigation Measure GEO-1.  Less than Significant  

Impact 3.7-9: Impact on 
paleontological resources 

Potentially Significant GEO-2  Paleontological Mitigation and Monitoring Plan. Once a 
geotechnical report has been completed for the project, a 
qualified paleontologist shall review the boring logs and 
determine how deep paleontologically sensitive formations may 

Less than Significant 
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be across the project site. The paleontologist shall use this 
information along with the results of the paleontological survey 
to determine if paleontological monitoring is warranted. If 
monitoring is warranted, a qualified paleontologist shall prepare 
a mitigation and monitoring plan to be implemented during 
project construction.  

GEO-3  Paleontological Monitoring. Prior to construction, the project 
applicant shall retain the services of a Qualified Paleontologist 
and require that all initial ground-disturbing work be monitored 
by someone trained in fossil identification in monitoring 
contexts. A Supervising Paleontological Specialist and a 
Paleontological Monitor, to be retained by the project applicant, 
will be required to be present at the project construction phase 
kickoff meeting. 

GEO-4  Worker Environmental Awareness Program. Prior to any 
ground disturbance, the Supervising Paleontological Resources 
Specialist and Paleontological Resources Monitor shall conduct 
initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, 
present at the outset of the project construction work phase, for 
which the Lead Contractor and all subcontractors shall make 
their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to 
identify and minimize impacts to paleontological resources and 
maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as 
needed. 

GEO-5  Schedule of Ground-Disturbing Activities. During 
construction, the construction contractor shall provide the 
Supervising Paleontological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A 
minimum of 48 hours will be provided of commencement of any 
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initial ground-disturbing activities such as vegetation grubbing 
or clearing, grading, trenching, or mass excavation.  

 As detailed in the schedule provided, a Paleontological Monitor 
shall be present on site at the commencement of ground-
disturbing activities related to the project. The monitor, in 
consultation with the Supervising Paleontologist, shall observe 
initial ground-disturbing activities and, as they proceed, make 
adjustments to the number of monitors as needed to provide 
adequate observation and oversight. All monitors will have stop-
work authority to allow for recordation and evaluation of finds 
during construction. The monitor will maintain a daily record of 
observations to serve as an ongoing reference resource and to 
provide a resource for final reporting upon completion of the 
project.  

The Supervising Paleontologist, Paleontological Monitor, and 
the Lead Contractor and subcontractors shall maintain a line of 
communication regarding schedule and activity such that the 
monitor is aware of all ground-disturbing activities in advance in 
order to provide appropriate oversight. 

GEO-6  Discovery of Paleontological Resources. During 
construction, if paleontological resources are discovered, 
construction shall be halted within 50 feet of any paleontological 
finds and shall not resume until a Qualified Paleontologist can 
determine the significance of the find and/or the find has been 
fully investigated, documented, and cleared. 

GEO-7  Paleontological Resources Monitoring Report. At the 
completion of all ground-disturbing activities, the Supervising 
Paleontological Specialist shall prepare a Paleontological 
Resources Monitoring Report summarizing all monitoring efforts 
and observations, as performed, and any and all paleontological 
finds. 

Hydrology/Water Quality 
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Impact 3.10-1: Violation of 
water quality standards 

Potentially Significant HYD-1 Prepare SWPPP and Implement BMPs Prior to Construction 
and Site Restoration. The project applicant or its contractor 
shall prepare a SWPPP specific to the project and be 
responsible for securing coverage under SWRCB’s NPDES 
stormwater permit for general construction activity (Order 
2009-0009-DWQ). The SWPPP shall identify specific actions 
and BMPs relating to the prevention of stormwater pollution from 
project-related construction sources by identifying a practical 
sequence for site restoration, BMP implementation, contingency 
measures, responsible parties, and agency contacts. The 
SWPPP shall reflect localized surface hydrological conditions 
and shall be reviewed and approved by the appropriate agency 
prior to commencement of work and shall be made conditions 
of the contract with the contractor selected to build and 
decommission the project. The SWPPP shall incorporate control 
measures in the following categories: 

• Soil stabilization and erosion control practices (e.g., 
hydroseeding, erosion control blankets, mulching) 

• Sediment control practices (e.g., temporary sediment 
basins, fiber rolls) 

• Temporary and post-construction on- and off-site runoff 
controls 

• Special considerations and BMPs for water crossings and 
drainages 

• Monitoring protocols for discharge(s) and receiving waters, 
with emphasis place on the following water quality 
objectives: dissolved oxygen, floating material, oil and 
grease, potential of hydrogen (pH), and turbidity 

• Waste management, handling, and disposal control 
practices 

• Corrective action and spill contingency measures 

Less than Significant 
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• Agency and responsible party contact information 

• Training procedures that shall be used to ensure that 
workers are aware of permit requirements and proper 
installation methods for BMPs specified in the SWPPP 

The SWPPP shall be prepared by a Qualified SWPPP 
Practitioner and/or Qualified SWPPP Developer with BMPs 
selected to achieve maximum pollutant removal and that 
represent the best available technology that is economically 
achievable. Emphasis for BMPs shall be placed on controlling 
discharges of oxygen-depleting substances, floating material, oil 
and grease, acidic or caustic substances or compounds, and 
turbidity. BMPs for soil stabilization and erosion control practices 
and sediment control practices will also be required. 
Performance and effectiveness of these BMPs shall be 
determined either by visual means where applicable (i.e., 
observation of above-normal sediment release), or by actual 
water sampling in cases where verification of contaminant 
reduction or elimination, (inadvertent petroleum release) is 
required to determine adequacy of the measure. 

HYD-2 Incorporate Post-Construction Runoff BMPs into Project 
Drainage Plan. The project Drainage Plan shall adhere to the 
County’s Engineering Guidelines Manual, IID “Draft” Hydrology 
Manual, or other recognized source with approval by the County 
Engineer to control and manage the on- and off-site discharge 
of stormwater to existing drainage systems. Infiltration basins 
will be integrated into the Drainage Plan to the maximum extent 
practical. The Drainage Plan shall provide both short- and 
long-term drainage solutions to ensure the proper sequencing 
of drainage facilities and management of runoff generated from 
project impervious surfaces as necessary.  
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

Impact 3.10-3: Alter the 
existing drainage pattern of 
the site or area resulting in 
siltation or on- or off-site 
erosion 

Potentially Significant  Implement Mitigation Measure HYD-1. Less than Significant 

Impact 3.10-4: Alter the 
existing drainage pattern of 
the site or area resulting in 
flooding on- or off-site  

Potentially Significant  Implement Mitigation Measure HYD-2. Less than Significant 

Impact 3.10-5: Alter the 
existing drainage pattern of 
the site or area such that 
runoff increases would 
exceed the capacity of 
existing or planned 
stormwater drainage systems 
or provide substantial 
additional sources of polluted 
runoff 

Potentially Significant  Implement Mitigation Measure HYD-1. Less than Significant 

Impact 3.10-8: Conflict with or 
obstruct implementation of a 
water quality control plan or 
sustainable groundwater 
management plan 

Potentially Significant  Implement Mitigation Measures HYD-1 and HYD-2. Less than Significant 
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Statement of Overriding Considerations 
CEQA Guidelines Section 15093 requires the Lead Agency to balance, as applicable, the economic, 
legal, social, and technological, or other benefits of the project against its unavoidable environmental 
risks when determining whether to approve the project. No significant and unmitigated impacts have 
been identified for the proposed project; therefore, the County would not be required to adopt a 
Statement of Overriding Considerations pursuant to Section 15093 for this project. 

Project Alternatives 

Alternatives Considered but Rejected 

Alternative Site 

Section 15126.6(f)(2) of the CEQA Guidelines addresses alternative locations for a project. The key 
question and first step in the analysis is whether any of the significant effects of the proposed project 
would be avoided or substantially lessened by constructing the proposed project in another location. 
Only locations that would avoid or substantially lessen any of the significant effects of the project need 
to be considered for inclusion in the EIR. Further, CEQA Guidelines Section 15126.6(f)(1) states that 
among the factors that may be taken into account when addressing the feasibility of alternative 
locations are whether the project proponent can reasonably acquire, control or otherwise have access 
to the alternative site (or the site is already owned by the proponent). 

With respect to the proposed project, no significant, unmitigable impacts have been identified. With 
implementation of proposed mitigation, all potentially significant environmental impacts will be 
mitigated to a level less than significant.  

The Applicant investigated the opportunity to develop the project site in the general project area and 
determined that the currently proposed project site is the most suitable for development of the solar 
facility. An alternative site was considered and is located south of the project site on privately-owned 
agricultural lands, similar to the project site. The site, located on Assessor’s Parcel Numbers (APN) 
037-160-017, 037-160-018, and 037-160-019 totals approximately 282 acres of land. 

However, this site was rejected from detailed analysis for the following reasons: 

• The alternative location site, as compared to the proposed project site, is located immediately 
north of State Route 78, a major U.S. State Highway traversed by large numbers of transient 
public viewers. When compared to the proposed project, the alternative site would result in 
potentially significant impacts associated with aesthetics and visual quality. While the 
proposed project identified no significant impacts for aesthetics and visual quality, 
implementation of the solar project at the alternative location site has the potential to 
permanently alter the existing visual character and visual quality of the alternative site, which 
is characterized by agricultural lands and minor agricultural development under existing viewer 
locations from SR 78, looking north. As such, aesthetic impacts at the alternative location site, 
adjacent to SR 78, would be greater than those at the proposed project site, which is located 
adjacent to small, less-traveled, agricultural roads (N Best Road and Baughman Road), 
approximately 0.7 mile east of the major thoroughfare, SR 111.  

Similarly, a glare hazard analysis prepared for the project (Appendix B of this EIR) concluded 
that sensitive viewers near the proposed project, including residences, a nearby golf course, 
major roadways, and approach slopes associated with the Brawley Municipal Airport, would 
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not experience glare effects from the project. Comparatively, due to the alternative site 
location’s close proximity immediately north of SR 78, potential glare impacts resulting from 
the solar array would be potentially significant to viewers traveling on SR 78. 

• The alternative location site, as compared to the proposed project site, is bisected by the 
Shellenberger Drain. With the implementation of mitigation, impacts on surface water quality 
as attributable to the proposed project, which has been designed to avoid bisecting any 
waterways, would be reduced to a less than significant level. However, construction activities 
at the alternative site location have the potential to impact hydrology and water quality (due to 
the presence of the Shellenberger Drain) when compared to the proposed project site. 

• No significant, unmitigated impacts have been identified for the proposed project. Construction 
and operation of the proposed project at this alternative location would likely result in similar 
impacts associated with the proposed project, or additional impacts (to hydrology and water 
quality) that are currently not identified for the project at the currently proposed location. 

As such, the County considers this alternative location infeasible and rejects further analysis of this 
alternative because of the factors listed above. 

Alternatives Evaluated 
The environmental analysis for the proposed project evaluated the potential environmental impacts 
resulting from implementation of the proposed project, as well as alternatives to the project. The 
alternatives include: Alternative 1: No Project/No Development; Alternative 2: Development within 
Renewable Energy Overlay Zone – Agricultural Lands; Alternative 3: Development within Renewable 
Energy Overlay Zone – Desert Lands; and Alternative 4: Distributed Commercial and Industrial 
Rooftop Solar Only Alternative. A detailed discussion of the alternatives considered is included in 
Chapter 7. Table ES-2 summarizes the impacts resulting from the proposed project and the identified 
alternatives.  

Alternative 1: No Project/No Development Alternative 
The CEQA Guidelines require analysis of the No Project Alternative (PRC Section 15126). According 
to Section 15126.6(e), “the specific alternative of ‘no project’ shall also be evaluated along with its 
impacts. The ‘no project’ analysis shall discuss the existing conditions at the time the Notice of 
Preparation is published, at the time environmental analysis is commenced, as well as what would be 
reasonably expected to occur in the foreseeable future if the project were not approved, based on 
current plans and consistent with available infrastructure and community services.” 

The No Project/No Development Alternative assumes that the project, as proposed, would not be 
implemented and the project site would not be developed.  

The No Project/No Development Alternative would not meet a majority of the objectives of the project. 
Additionally, the No Project/No Development Alternative would not help California meet its statutory 
and regulatory goal of increasing renewable power generation, including GHG reduction goals of 
Senate Bill 32).  

Alternative 2: Development within Renewable Energy Overlay Zone – Agricultural Lands 
The purpose of this alternative is to develop the proposed project within the existing boundary of 
County’s Renewal Energy (RE) Overlay Zone. The RE Overlay Zone is concentrated in areas 
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determined to be the most suitable for the development of renewable energy facilities while minimizing 
the impact on other established areas.  

The Alternative 2 project site is located entirely within the RE Overlay Zone. Alternative 2 would involve 
the construction and operation of a 40 MW solar energy facility and associated infrastructure on 
approximately 231-acre project site (APN 026-030-008) located approximately 11 miles northeast of 
Brawley in unincorporated Imperial County. The Alternative 2 project site is designated as Agriculture 
under the County’s General Plan and zoned S-2-RE and A-3-RE (Open Space/Preservation and 
Heavy Agriculture, both within the RE Overlay Zone).  

Similar to the proposed project, Alternative 2 would require approval of a CUP to allow for the 
construction and operation of a solar project. However, compared to the proposed project, the 
Alternative 2 project site is located within the RE Overlay Zone and, as such, would not require a 
General Plan Amendment or Zone Change to include/classify the project site into the RE Overlay 
Zone. Additionally, while the proposed project (A-2-G Zone) would not require a Variance, the S-2-RE 
Zone associated with the Alternative 2 site allows a maximum height limit of 40 feet for non-residential 
structures and 100 feet for communication towers. As such, a Variance would be required under this 
alternative because the proposed height of the transmission towers (66 feet) and microwave tower 
(maximum of 100 feet) would exceed 40 feet. This alternative’s gen-tie line could potentially 
interconnect to IID’s existing Midway Substation located approximately 4.75 miles northwest of the 
solar facility. Consultation and coordination with IID would be required to determine if the Midway 
Substation has existing capacity or would require upgrades for this alternative’s interconnection. 

Alternative 2 would meet most of the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: cultural resources, hydrology and water quality, and 
tribal cultural resources. Further, the project applicant does not own, or otherwise control this property.   

Alternative 3: Development within Renewable Energy Overlay Zone – Desert Lands 
The purpose of this alternative is to develop the proposed project within the existing boundary of the 
County’s RE Overlay Zone. The Alternative 3 project site is located entirely within the RE Overlay 
Zone. Alternative 3 would involve the construction and operation of a solar energy facility and 
associated infrastructure on five parcels totaling approximately 288 acres (APN 021-190-003; 021-
380-004; 021-380-005; 021-380-012; and 021-380-013) located approximately 0.5 mile south of Slab 
City. This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels 
could be installed on this site compared to the proposed project.  The Alternative 3 project site is 
located on undeveloped desert land. Existing transmission lines traverse the southwest corner of the 
project site.  

The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. The 
Alternative 3 project site is designated as Recreation under the County’s General Plan and zoned 
General Agricultural with a renewable energy overlay (A-2-RE).  

Similar to the proposed project, Alternative 3 will require approval of a CUP to allow for the construction 
and operation of a solar project. Compared to the proposed project, the Alternative 3 project site is 
located within the RE Overlay Zone and would not require a General Plan Amendment or Zone 
Change to include/classify the project site into the RE Overlay Zone. Similar to the proposed project 
site, the A-2-RE zone allows a maximum height limit of 120 feet for non-residential structures. No 
Variance would be required under this alternative because the proposed height of the transmission 
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towers (66 feet) would not exceed 120 feet. This alternative’s gen-tie line could potentially interconnect 
to IID’s existing Midway Substation located approximately 4 miles southeast of the solar facility. 
Consultation and coordination with IID would be required to determine if the Midway Substation has 
existing capacity or would require upgrades for this alternative’s interconnection.   

Alternative 3 would meet most of the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems. Further, 
the project applicant does not own, or otherwise control this property.  

Alternative 4: Distributed Commercial and Industrial Rooftop Solar Only Alternative 
This alternative would involve the development of a number of geographically distributed small to 
medium solar PV systems (100 kilowatts to 1 MW) within existing developed areas, typically on the 
rooftops of commercial and industrial facilities throughout Imperial County. Under this alternative, no 
new land would be developed or altered. Depending on the type of solar modules installed and the 
type of tracking equipment used, a similar or greater amount of acreage (i.e., greater than 200 acres 
of total rooftop area) may be required to attain the proposed project’s capacity of 40 MW of solar PV 
generating capacity. This alternative would involve placement of PV structures, transmission lines, 
and development of additional supporting facilities, such as switching stations and substations at 
various locations throughout the County. This alternative assumes that rooftop development would 
occur primarily on commercial and industrial structures due to the greater availability of large, relatively 
flat roof areas necessary for efficient solar installations.  

This alternative would require hundreds of installation locations across Imperial County, many of which 
would require approval of discretionary actions, such as design review, CUPs, or zone variances 
depending on local jurisdictional requirements. Similar to the proposed project, this alternative would 
be designed to operate year-round using PV panels to convert solar energy directly to electrical power. 
This alternative would involve the construction of transmission lines and development of additional 
supporting facilities, such as switching stations and substations at various locations throughout the 
County to distribute the energy.  

Rooftop PV systems exist in small areas throughout California. Larger distributed solar PV installations 
are becoming more common. An example of a distributed PV system is 1 MW of distributed solar 
energy installed by Southern California Edison on a 458,000 square-foot industrial building in Chino, 
California.1  

Similar to utility-scale PV systems, the acreage of rooftops or other infrastructure required per MW of 
electricity produced is wide ranging, which is largely due to site-specific conditions (e.g., solar 
insolation levels, intervening landscape or topography, PV panel technology, etc.). Based on SCE’s 
use of 458,000-square feet for 1 MW of energy, approximately 18,320,000 square feet (approximately 
420 acres) would be required to produce 40 MW. 

As shown on Table ES-2, implementation of Alternative 4: Distributed Commercial and Industrial 
Rooftop Solar Only Alternative would avoid impacts on agricultural resources compared to the 
proposed project. It would result in reduced impacts for the following environmental issue areas as 

 
1 

http://newsroom.edison.com/releases/california-regulators-approve-southern-california-edison-proposal-to-create-n
ations-largest-solar-panel-installation-program 
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compared to the proposed project: hydrology/water quality. Overall, this alternative would result in 
greater impacts related to aesthetics, air quality, biological resources, cultural resources, tribal cultural 
resources, and utilities and service systems. 

Environmentally Superior Alternative 
Table ES-2 provides a qualitative comparison of the impacts for each alternative compared to the 
proposed project. The No Project/No Development Alternative would be considered the 
environmentally superior alternative, since it would eliminate all of the significant impacts identified for 
the project. However, CEQA Guidelines Section 15126.6(e)(2) states that “if the environmentally 
superior alternative is the No Project Alternative, the EIR shall also identify an environmentally superior 
alternative among the other alternatives.” As shown on Table ES-2, Alternative 2 would be the 
environmental superior alternative because it would reduce impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics and agricultural resources. Alternative 2 
would meet most of the basic objectives of the proposed project. However, the project applicant does 
not own, or otherwise control this property.  
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Aesthetics  Less than 
Significant 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Agricultural 
Resources 

Less than 
Significant with 
Mitigation 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

Air Quality Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Biological 
Resources 

Less than 
Significant with 
Mitigation  

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Cultural Resources Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

Geology and Soils Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

GHG Emissions Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Hazards and 
Hazardous 
Materials 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Hydrology/ Water 
Quality 

Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 
 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

Land Use/Planning Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Public Services  Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Transportation Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Tribal Cultural 
Resources 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Utilities/Service 
Systems  

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Notes: 
CEQA=California Environmental Quality Act; GHG=greenhouse gas 
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1 Introduction 
This environmental impact report (EIR) has been prepared to meet the requirements of the California 
Environmental Quality Act (CEQA) for purposes of evaluating the potential environmental impacts, 
mitigation measures, and alternatives associated with the proposed Brawley Solar Energy Facility 
Project. This EIR describes the existing environment that would be affected by, and the environmental 
impacts which could potentially result from the construction and operation of the proposed project as 
described in detail in Chapter 2.0 of this EIR. 

1.1 Overview of the Proposed Project 
The project site is located on approximately 227 acres of privately-owned land in the unincorporated 
area of Imperial County, California. The site is approximately one mile north from the City of Brawley’s 
jurisdictional limit. The project site is south of Baughman Road, west of North (N) Best Avenue, and 
north of Andre Road. The City of Brawley Wastewater Treatment Plant is located along the western 
edge of the project site. 

The proposed project involves the construction and operation of a 40 megawatt (MW) photovoltaic 
(PV) solar facility with an integrated 40 MW battery storage system (BESS) (not to exceed 80 MW) on 
approximately 227 acres of privately-owned land.  The proposed project would be comprised of bifacial 
solar PV arrays panels, an on-site substation, BESS system, fiberoptic line or microwave tower, 
inverters, transformers, underground electrical cables and access roads. The proposed project would 
connect to the existing North Brawley Geothermal Power Plant substation located southwest of the 
project site via an approximately 1.8-mile long aboveground 92 kilovolt generation tie line. 

1.1.1 Agency Roles and Responsibilities 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project.  

County of Imperial 
Implementation of the project would involve the following approvals by the County of Imperial: 

1. General Plan Amendment. An amendment to the County’s General Plan, Renewable Energy 
and Transmission Element is required to implement the proposed project. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not 
be allowed without an amendment to the RE Overlay Zone. The northern portion of the project 
site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone, 
which is considered as part of the RE Overlay Zone. However, the entire southern parcels of 
the project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-
006) isare located adjacent to, but outside of the RE Overlay Zone. Therefore, the applicant is 
requesting a General Plan Amendment to include/classify the southern three all five project 
parcels into the RE Overlay Zone, so that the entire site would be located within the RE Overlay 
Zone. No change in the underlying General Plan land use (Agriculture) is proposed. 

2. Zone Change. The project site is currently zoned General Agricultural with a Geothermal 
Overlay (A-2-G). The applicant is requesting a Zone Change to include/classify all five project 
parcels into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG).   
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3. Approval of CUP. Implementation of the project would require the approval of a CUP by the 
County to allow for the construction and operation of the proposed solar energy facility with an 
integrated battery storage system. The project site is located on five privately-owned legal 
parcels zoned General Agricultural with a Geothermal Overlay (A-2-G). With approval of the 
zone change, the project site would be zoned General Agricultural with a REG Overlay Zone 
(A-2-REG). Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the 
A-2 zone subject to approval of a CUP from Imperial County: solar energy electrical generator, 
battery storage facility, electrical substations, communication towers, and facilities for the 
transmission of electrical energy. 

4. Certification of the EIR. After the required public review for the Draft EIR, the County will 
respond to written comments, edit the document, and produce a Final EIR to be certified by 
the Planning Commission and Board of Supervisors prior to making a decision on approval or 
denial of the project.  

Subsequent ministerial approvals may include, but are not limited to: 

• Grading and clearing permits 

• Building permits 

• Reclamation plan 

• Encroachment permits 

• Transportation permit(s) 

Other Agencies Reviews and/or Consultations 
The following agencies may be involved in reviewing and/or consultations with the project proponent 
as it relates to construction of the project: 

Federal 

UNITED STATES FISH AND WILDLIFE SERVICE 

• The United States Fish and Wildlife Service (USFWS) enforces compliance with regulations 
related to special-status species or their habitat as required under the Federal Endangered 
Species Act (ESA).  

UNITED STATES ARMY CORPS OF ENGINEERS 

• Section 404 Permit (Clean Water Act [CWA]). The CWA establishes a program to regulate the 
discharge of dredge and fill material into waters of the U.S. including wetlands. Activities 
regulated under this program include fills for development, water resource projects (e.g., dams 
and levees), infrastructure development (e.g., highways and airports), and conversion of 
wetlands to uplands for farming and forestry. Either an individual 404b permit or authorization 
to use an existing United States Army Corps of Engineers (USACE) Nationwide Permit will 
need to be obtained if any portion of the construction requires fill into a river, stream, or stream 
bed that has been determined to be a jurisdictional waterway.  
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State 

CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE (TRUSTEE AGENCY) 

• The California Department of Fish and Wildlife (CDFW) is a Trustee Agency and enforces 
compliance with regulations related to California special-status species or their habitats as 
required under the California Endangered Species Act (CESA).  

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

• National Pollution Discharge Elimination System Construction General Permit Order 
No. 2009-009-DWQ. Requires the applicant to file a public Notice of Intent to discharge 
stormwater and to prepare and implement a stormwater pollution prevention plan (SWPPP). 

• Jurisdictional Waters. Agencies and/or project proponents must consultant with the 
California Regional Water Quality Control Board (RWQCB) regarding, when applicable, 
regarding compliance with the CWA Section 401 Water Quality Certification or permitting 
under California Porter-Cologne Act.  

Local 

IMPERIAL COUNTY FIRE DEPARTMENT 

• Review as part of the EIR process including the final design of the proposed fire system. 

IMPERIAL COUNTY AIR POLLUTION CONTROL DISTRICT 

• Review as part of the EIR process regarding consistency with the Imperial County Air Pollution 
Control District (ICAPCD) CEQA Air Quality Handbook, the final “Modified” 2009 8-hour Ozone 
Air Quality Management Plan, the State Implementation Plan for particulate matter less than 
10 microns in diameter (PM10) in the Imperial Valley, the State Implementation Plan (SIP) for 
particulate matter less than 2.5 microns in diameter (PM2.5), and verification of Rule 801 
compliance. 

1.2 Relationship to Statutes, Regulations, and Other Plans 
1.2.1 County of Imperial General Plan and Land Use Ordinance 
The General Plan provides guidance on future growth in the County of Imperial. Any development in 
the County of Imperial must be consistent with the General Plan and Land Use Ordinance 
(Title 9, Division 10). 

1.2.2 Renewables Portfolio Standard Program 
Established in 2002 under Senate Bill (SB) 1078, California's Renewables Portfolio Standard (RPS) 
was accelerated in 2006 under SB 107 by requiring that 20 percent of electricity retail sales be served 
by RE resources by 2010. RE sources include wind, geothermal, and solar. Subsequent 
recommendations in California energy policy reports advocated a goal of 33 percent by 2020. On 
November 17, 2008, Governor Arnold Schwarzenegger signed Executive Order (EO) 
S-14-08 requiring that "... all retail sellers of electricity shall serve 33 percent of their load with RE by 
2020." The following year, EO S-21-09 directed the California Air Resources Board (CARB), under its 
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Assembly Bill (AB) 32 authority, to enact regulations to achieve the goal of 33 percent renewables by 
2020. 

In the ongoing effort to codify the ambitious 33 percent by 2020 goal, SB X12 was signed by Governor 
Brown, in April 2011. This new RPS preempts the CARB’s 33 percent Renewable Electricity Standard 
and applies to all electricity retailers in the state including publicly owned utilities, investor-owned 
utilities, electricity service providers, and community choice aggregators. All of these entities had to 
adopt the new RPS goals of 20 percent of retails sales from renewables by the end of 2013, 25 percent 
by the end of 2016, and the 33 percent requirement being met by the end of 2020.  

Governor Brown signed into legislation SB 350 in October 2015, which requires retail sellers and 
publicly owned utilities to procure 50 percent of their electricity from eligible RE resources by 2030. In 
2018, SB 100 was signed by Governor Brown, codifying a goal of 60 percent renewable procurement 
by 2030 and 100 percent by 2045 Renewables Portfolio Standard. 

1.2.3 Senate Bill 32 
In August 2016, Governor Brown signed SB 32 and AB 197, which serve to extend California’s GHG 
reduction programs beyond 2020. SB 32 amended the Health and Safety Code to include § 38566, 
which contains language to authorize CARB to achieve a statewide GHG emission reduction of at 
least 40 percent below 1990 levels by no later than December 31, 2030. SB 32 codified the targets 
established by EO B-30-15 for 2030, which set the next interim step in the State’s continuing efforts 
to pursue the long-term target expressed in EOs S-3-05 and B-30-15 of 80 percent below 1990 
emissions levels by 2050. 

1.2.4 Title 17 California Code of Regulations, Subchapter 10, Article 2, 
Sections 95100 et seq. 

These CARB regulations implement mandatory GHG emissions reporting as part of the California 
Global Warming Solutions Act of 2006.  

1.2.5 Federal Clean Air Act 
The legal authority for federal programs regarding air pollution control is based on the 1990 Clean Air 
Act (CAA) Amendments. These are the latest in a series of amendments made to the CAA. This 
legislation modified and extended federal legal authority provided by the earlier Clean Air Acts of 1963 
1970, and 1977. 

The Air Pollution Control Act of 1955 was the first Federal legislation involving air pollution. This Act 
provided funds for federal research in air pollution. The CAA of 1963 was the first Federal legislation 
regarding air pollution control. It established a federal program within the U.S. Public Health Service 
and authorized research into techniques for monitoring and controlling air pollution. In 1967, the Air 
Quality Act was enacted in order to expand Federal government activities. In accordance with this law, 
enforcement proceedings were initiated in areas subject to interstate air pollution transport. As part of 
these proceedings, the Federal government for the first time conducted extensive ambient monitoring 
studies and stationary source inspections. 

The Air Quality Act of 1967 also authorized expanded studies of air pollutant emission inventories, 
ambient monitoring techniques, and control techniques. 
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1.2.6 Imperial County Air Pollution Control District 
The ICAPCD enforces rules and regulations regarding air emissions associated with various activities, 
including construction and farming, and operational activities associated with various land uses, in 
order to protect the public health.  

1.2.7 Federal Clean Water Act (33 United States Code Section 
1251-1387) 

The Federal Water Pollution Control Act (33 United States Code [USC] §§1251-1387), otherwise 
known as the CWA, is a comprehensive statute aimed at restoring and maintaining the chemical, 
physical and biological integrity of the nation's waters. Enacted originally in 1948, the Act was 
amended numerous times until it was reorganized and expanded in 1972. It continues to be amended 
almost every year. Primary authority for the implementation and enforcement of the CWA rests with 
the U.S. Environmental Protection Agency (EPA). In addition to the measures authorized before 1972, 
the Act authorizes water quality programs, requires federal effluent limitations and state water quality 
standards, requires permits for the discharge of pollutants into navigable waters, provides enforcement 
mechanisms, and authorizes funding for wastewater treatment works construction grants and state 
revolving loan programs, as well as funding to states and tribes for their water quality programs. 
Provisions have also been added to address water quality problems in specific regions and specific 
waterways. 

Important for wildlife protection purposes are the provisions requiring permits to dispose of dredged 
and fill materials into navigable waters. Permits are issued by the USACE under guidelines developed 
by EPA pursuant to Section 404 of the CWA. 

1.2.8 Federal Clean Water Act and California Porter-Cologne Water 
Quality Control Act 

The project is located within the Colorado River Basin RWQCB, Region 7. The CWA and the California 
Porter-Cologne Water Quality Control Act require that Water Quality Control Plans (more commonly 
referred to as Basin Plans) be prepared for the nine state-designated hydrologic basins in California. 
The Basin Plan serves to guide and coordinate the management of water quality within the region. 

1.2.9 Federal Endangered Species Act 
The ESA (16 USC 1531-1544) provides protection for plants and animals whose populations are 
dwindling to levels that are no longer sustainable in the wild. The Act sets out a process for listing 
species, which allows for petition from any party to list a plant or animal. Depending on the species, 
USFWS or the National Marine Fisheries Service (NMFS) will determine whether listing the species is 
warranted. If it is warranted, the species will be listed as either threatened or endangered. The 
difference between the two categories is one of degree, with endangered species receiving more 
protections under the statute. 

1.2.10 National Historic Preservation Act 
Federal regulations (36 Code of Federal Regulations [CFR] Part 800.2) define historic properties as 
"any prehistoric or historic district, site, building, structure, or object included, or eligible for inclusion 
in, in the National Register of Historic Places (NRHP)." The term "cultural resource" is used to denote 
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a historic or prehistoric district, site, building, structure, or object, regardless of whether it is eligible for 
the NRHP. 

1.2.11 California Endangered Species Act 
CESA is enacted through Government Code Section 2050. Section 2080 of the California Fish and 
Game Code (FGC) prohibits "take" of any species that the commission determines to be an 
endangered species or a threatened species. Take is defined in Section 86 of the FGC as "hunt, 
pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill." 

CESA allows for take incidental to otherwise lawful development projects. CESA emphasizes early 
consultation to avoid potential impacts to rare, endangered, and threatened species and to develop 
appropriate mitigation planning to offset project-caused losses of listed species populations and their 
essential habitats. 

1.2.12 California Lake and Streambed Program (Fish and Game Code 
Section 1602) 

CDFW is responsible for conserving, protecting, and managing California’s fish, wildlife, and native 
plant resources. To meet this responsibility, the FGC (Section 1602) requires an entity to notify CDFW 
of any proposed activity that may substantially modify a river, stream, or lake.  

1.3 Purpose of an EIR 
The purpose of an EIR is to analyze the potential environmental impacts associated with a project. 
CEQA (Section 15002) states that the purpose of CEQA is to: (1) inform the public and governmental 
decision makers of the potential, significant environmental impacts of a project; (2) identify the ways 
that environmental damage can be avoided or significantly reduced; (3) prevent significant, avoidable 
damage to the environment by requiring changes in projects through the use of alternatives or 
mitigation measures when the governmental agency finds the changes to be feasible; and (4) disclose 
to the public the reasons why a governmental agency approved the project in the manner the agency 
chose if significant environmental effects are involved. 

1.4 EIR Process 
1.4.1 Availability of Reports 
This The Draft EIR has been was distributed to various federal, state, regional, local agencies and 
interested parties for a 45-day public review period, from December 27, 2021 through February 10, 
2022, in accordance with Section 15087 of the CEQA Guidelines. Theis Draft EIR and documents 
incorporated by reference are were made available for public review at the County of Imperial Planning 
and Development Services Department, 801 Main Street, El Centro, California 92243. Documents 
may be reviewed were available for review during regular business hours.  

David Black, Planner IV 
County of Imperial, Planning and Development Services Department 

801 Main Street 
El Centro, California 92243 
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Comments received during the public review period of the Draft EIR will be have been reviewed and 
responded to in the this Final EIR. The Final EIR will then be reviewed by the Imperial County Planning 
Commission and Board of Supervisors as a part of the procedure to adopt the EIR. Additional 
information on this process may be obtained by contacting the County of Imperial Planning and 
Development Services Department at (442) 265-1736.  

1.4.2 Public Participation Opportunities/Comments and Coordination 

Notice of Preparation 
The County of Imperial issued a notice of preparation (NOP) for the preparation of an EIR for the 
Brawley Solar Energy Facility Project on July 26, 2021. The NOP was distributed to city, county, state, 
and federal agencies, other public agencies, and various interested private organizations and 
individuals in order to define the scope of the EIR. The NOP was also published in the Imperial Valley 
Press on July 25, 2021. The purpose of the NOP was to identify public agency and public concerns 
regarding the potential impacts of the project, and the scope and content of environmental issues to 
be addressed in the EIR. Correspondence in response to the NOP was received from the following 
entities and persons: 

• Native American Heritage Commission 

• California Department of Conservation  

• Imperial Irrigation District 

• Imperial County Air Pollution Control District 

• Carolyn Allen and on behalf of Donna Tisdale, Members of BackCountry Against Dumps and 
Donbee Farms   

• Carolyn Allen and on behalf of Donna Tisdale, Larry Cox, and Michael Cox, Donbee Farms 
and Backcountry Against Dumps   

• Donna Tisdale, Michael Cox, Carolyn Allen, Lawrence Cox; C/O Donbee Farms  

The comments submitted on the NOP during the public review and comment period are included as 
Appendix A to this EIR. 

Scoping Meeting and Environmental Evaluation Committee 
During the NOP public review period, the Brawley Solar Energy Facility Project was discussed as an 
informational item at the County’s Environmental Evaluation Committee meeting on August 12, 2021.  

Additionally, a virtual scoping meeting for the general public as well public agencies was held on 
August 12, 2021 at 6:00 p.m., to further obtain input as to the scope of environmental issues to be 
examined in the EIR. The NOP, which included the scoping meeting date and location, was published 
in the Imperial Valley Press on July 26, 2021. A virtual meeting was held by the Imperial County 
Planning & Development Services Department. At the scoping meeting, members of the public were 
invited to ask questions regarding the proposed project and the environmental review process, and to 
comment both verbally and in writing on the scope and content of the EIR. One comment letter was 
received during the scoping meeting.  
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1.4.3 Environmental Topics Addressed 
Based on the analysis presented in the NOP and the information provided in the comments to the 
NOP, the following environmental topics are analyzed in this EIR:  

• Aesthetics 

• Agriculture Resources  

• Air Quality 

• Biological Resources 

• Cultural Resources 

• Geology and Soils 

• GHG Emissions 

• Hazards and Hazardous Materials 

• Hydrology/Water Quality 

• Land Use/Planning 

• Public Services (Fire Protection and Police Protection) 

• Transportation 

• Tribal Cultural Resources 

• Utilities/Service Systems (Water Supply) 

Eliminated from Further Review in Notice of Preparation 
The Initial Study (IS)/NOP completed by the County (Appendix A of this EIR) determined that 
environmental effects to Forestry Resources, Energy, Mineral Resources, Noise, Population/Housing, 
Public Services, Recreation, Utilities (Wastewater, Stormwater, and Solid Waste), and Wildfire would 
not be potentially significant. Therefore, these impacts are not addressed in this EIR; however, the 
rationale for eliminating these issues is discussed in Chapter 6.0, Effects Found Not Significant.  

1.4.4 Areas of Controversy and Issues to be Resolved 
Section 15123(b)(2) of the CEQA Guidelines requires that an EIR identify areas of controversy known 
to the Lead Agency, including issues raised by other agencies and the public as well as issues to be 
resolved. A primary issue associated with this solar farm project, and other solar facility projects that 
are proposed in the County, is the corresponding land use compatibility and fiscal/economic impacts 
to the County. Through the environmental review process for this project, other areas of concern and 
issues to be resolved include potential impacts related to the conversion of farmland to non-agricultural 
uses, damage to crops, wildlife, water supply, fire hazards associated with the battery energy storage 
system, health effects from air pollution, noise,  and hazardous materials, waste, electromagnetic 
exposure safety, and change of visual character.  
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1.4.5 Document Organization 
The structure of the Draft Final EIR is identified below. The Draft Final EIR is organized into 10 14 
chapters, including the Executive Summary.  

• Chapter 0.1 Introduction and Summary describes the CEQA requirements and content of 
the Final EIR.  

• Chapter 0.2 Responses to Comment Letters Received on the Draft EIR provides copies 
of the comment letters received and individual responses to written comments.  

• Chapter 0.3 Errata to the Draft EIR identifies the location of, or contains revisions to, 
information included in the Draft EIR dated December 2021, based upon additional or revised 
information required to prepare a response to a specific comment.  

• Chapter 0.4 Mitigation Monitoring and Reporting Program identifies the mitigation 
measures, timing, and responsibility for implementation of the measures.   

• The Executive Summary provides a summary of the proposed project, including a summary 
of project impacts, mitigation measures, and project alternatives.  

• Chapter 1 Introduction provides a brief introduction of the proposed project; relationship to 
statutes, regulations and other plans; the purpose of an EIR; public participation opportunities; 
availability of reports; and comments received on the NOP.  

• Chapter 2 Project Description provides a description of the Brawley Solar Energy Facility 
Project. This chapter also defines the goals and objectives of the proposed project, provides 
details regarding the individual components that together comprise the project, and identifies 
the discretionary approvals required for implementation of the project.  

• Chapter 3 Environmental Analysis provides a description of the existing environmental 
setting and conditions, an analysis of the environmental impacts of the project for the following 
environmental issues: aesthetics; air quality; biological resources; cultural resources (includes 
tribal cultural resources); geology and soils; GHG emissions; hydrology/water quality; land use 
and planning; transportation/traffic; and utilities/service systems. This chapter also identifies 
mitigation measures to address potential impacts to the environmental issues identified above.  

• Chapter 4 Analysis of Long-Term Effects provides an analysis of growth inducing impacts, 
significant irreversible environmental changes, and unavoidable adverse impacts. 

• Chapter 5 Cumulative Impacts discusses the impact of the proposed project in conjunction 
with other planned and future development in the surrounding areas.  

• Chapter 6 Effects Found Not to be Significant lists all the issues determined to not be 
significant as a result of the preparation of this EIR. 

• Chapter 7 Alternatives analyzes the alternatives to the proposed project.  

• Chapter 8 References lists the data references utilized in preparation of the EIR. 

• Chapter 9 EIR Preparers and Organizations Contacted lists all the individuals and 
companies involved in the preparation of the EIR, as well as the individuals and agencies 
consulted and cited in the EIR. 
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2 Project Description 
Chapter 2 provides a description of the Brawley Solar Energy Facility Project. This chapter also defines 
the goals and objectives of the proposed project, provides details regarding the individual components 
that together comprise the project, and identifies the discretionary approvals required for project 
implementation.  

The proposed project consists of three primary components: 1) solar energy generation equipment 
and associated facilities including a substation and access roads (herein referred to as “solar energy 
facility”); 2) battery energy storage system; and, 3) gen-tie line that would connect the proposed on-site 
substation to the point of interconnection at the existing North Brawley Geothermal Power Plant 
substation. The solar energy facility, battery energy storage system and gen-tie are collectively 
referred to as the “proposed project” or “project.” 

2.1 Project Location 
The project site is located on approximately 227 acres of privately-owned land in the unincorporated 
area of Imperial County, California (Figure 2-1). The site is approximately one mile north from the City 
of Brawley’s jurisdictional limit. The project site is south of Baughman Road, west of North (N) Best 
Avenue, and north of Andre Road. The Union Pacific Railway transects the project site. As shown on 
Figure 2-2, the project site is proposed on five parcels. Table 2-1 identifies the individual assessor 
parcel numbers (APN) with their respective acreage and zoning. 

As shown on Figure 2-2, the gen-tie line would originate from the southern edge of the project site and 
then head west along Andre Road to interconnect to the IID existing North Brawley Geothermal Power 
Plant substation, located at Hovley Road and Andre Road. The gen-tie route would be approximately 
1.8 miles.  

Currently, the project site contains alfalfa fields within different levels of harvest. North and east of the 
project site is undeveloped agricultural land. South of the project site is a mixture of undeveloped 
agricultural land and dirt lots used for staging activities. The Del Rio Country Club golf course is located 
to the south of the site.  The City of Brawley Wastewater Treatment Plant (WWTP) is located along 
the western edge of the project site. 

Table 2-1. Project Assessor Parcel Numbers, Acreages, and Zoning 
APN Acreage Zoning 

037-140-020 61.73 A-2-G 

037-140-021 68.71 A-2-G 

037-140-022 38.15 A-2-G 

037-140-023 24.71 A-2-G 

037-140-006 33.68 A-2-G 

Total Gross Acres 227 -- 
APN = assessor parcel number; A-2-G = General Agricultural with Geothermal Overlay 
 

PC ORIGINAL PKG



2 Project Description 
Final EIR | Brawley Solar Energy Facility Project 

2-2 | January 2023 Imperial County 

Figure 2-1. Regional Location 
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Figure 2-2. Project Site 
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2.1.1 Renewable Energy Overlay Zone 
In 2016, the County adopted the Imperial County Renewable Energy and Transmission Element, 
which includes an RE Zone (RE Overlay Map). This General Plan element was created as part of the 
California Energy Commission Renewable Energy Grant Program to amend and update the County’s 
General Plan to facilitate future development of renewable energy projects.  

The County Land Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the 
development and operation of renewable energy projects with an approved CUP. The RE Overlay 
Zone is concentrated in areas determined to be the most suitable for the development of renewable 
energy facilities while minimizing the impact on other established uses. CUP applications proposed 
for specific renewable energy projects not located in the RE Overlay Zone would not be allowed 
without an amendment to the RE Overlay Zone.  

As shown on Figure 2-1, the northern portion of the project site (APNs 037-140-020 and 037-140-021) 
is located within the Geothermal Overlay Zone, which is considered as part of the RE Overlay Zone. 
However, the entire southern parcels of the project site (APNs 037-140-020, 037-140-021, 037-140-
022, 037-140-023, and 037-140-006) is are located adjacent to, but outside of the RE Overlay Zone. 
Therefore, the applicant is requesting a General Plan Amendment to include/classify all fivethe 
southern three project parcels into the RE Overlay Zone, so that the entire site would be located within 
the RE Overlay Zone. No change in the underlying General Plan land use (Agriculture) is proposed.  

2.2 Project Objectives 
• Construct, operate and maintain an efficient economic, reliable, safe and environmentally 

sound solar-powered electricity generating facility. 

• Help meet California’s RPS requirements, which require that by 2030, California’s electric 
utilities are to obtain 50 percent of the electricity they supply from renewable sources. 

• Generate renewable solar-generated electricity from proven technology, at a competitive cost, 
with low environmental impact, and deliver it to markets as soon as possible. 

• Develop, construct, own and operate the Brawley Solar Energy Facility, and ultimately sell its 
electricity and all renewable and environmental attributes to an electric utility purchaser under 
a long-term contract to meet California’s RPS goals. 

• Utilize a location that is in close proximity to an existing switching station and power lines. 

• Minimize and mitigate any potential impact to sensitive environmental resources within the 
project area. 

2.3 Project Characteristics 
The proposed project involves the construction and operation of a 40 MW PV solar facility with an 
integrated 40 MW BESS (not to exceed 80 MW) on approximately 227 acres of privately-owned land.  
The proposed project would be comprised of bifacial solar PV arrays panels, an on-site substation, 
BESS, generation tie-line (gen-tie), fiberoptic line and or microwave tower, inverters, transformers, 
underground electrical cables, access roads. These project components are described in detail below 
and depicted in Figure 2-3. 

PC ORIGINAL PKG



2 Project Description 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | 2-5 

Figure 2-3. Site Plan 
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2.3.1 Photovoltaic Panels/Solar Arrays 
Solar cells, also called PV cells, convert sunlight directly into electricity. PV cells combine to create 
solar modules, or panels, and many solar panels combined together to create one system is called a 
solar (or PV) array. The entire array would utilize 13 inverters and transformers collectively called a 
Power Conversion Station (PCS) for each block of solar panels. The inverters within the PCS are rated 
at 3496 kV amperes (KVA). The power produced from the solar panels would be low voltage DC, 
which is routed to the inverters to convert the DC power to alternating current (AC).  

The proposed project’s PV arrays would be comprised of solar bifacial high-power dual cell PV panels. 
Panels would be organized into electrical groups referred to as “blocks,” where the proposed project 
would require 13 blocks. Each panel is 3.2 feet by 6.5 feet and is on single-axis horizontal trackers in 
blocks that each hold 3,809 PV panels in 28 strings. The panels would be oriented from east to west 
for maximum exposure and the foundation would be designed based on soil conditions. The PV panels 
are made of a poly-crystalline silicon semiconductor material encapsulated in glass.  

Installation of the PV arrays would include installation of mounting posts, module rail assemblies, PV 
modules, inverters, transformers and buried electrical conductors. Concrete would be required for the 
footings, foundations and pads for the transformers and substation work. Tracker foundations would 
be comprised of either driven or vibrated steel posts/pipes, and/or concrete in some places (depending 
on soil and underground conditions). 

2.3.2 Battery Energy Storage System 
The proposed project’s BESS component would be placed on a 54,000 square-foot concrete pad at 
the southern edge of the project site. The BESS would consist of 12 banks of batteries totaling up to 
432 enclosures. Each bank of batteries would be supported by a DC Combiner, control panel, and 
inverter/transformer skid. Each of the enclosures would utilize self-contained liquid cooling systems 
and include built-in fire suppression systems. All batteries would be lithium-ion based capable of 
storing 40 MW (not to exceed 80 MW). 

A lithium-ion battery is a type of rechargeable battery that moves from the negative electrode through 
an electrolyte to the positive electrode during discharge, and back when charging. Lithium-ion batteries 
use an intercalated lithium compound as the material at the positive electrode and typically graphite 
at the negative electrode. The batteries have a high energy density, no memory effect and low self-
discharge. Lithium-ion batteries would be mounted in racks. These racks would be integrated into 
containers. Lithium-ion battery racks sit side-by-side and typically have 48 inches of spacing in front 
of the rack and 18 inches of spacing in the rear of the rack. Spacing may be increased for serviceability. 
The project design would meet minimum spacing required by code. 

2.3.3 Substation 
The proposed substation would be a new 92/12 kV unstaffed, automated, low-profile substation. The 
dimensions of the fenced substation would be approximately 300 feet by 175 feet, with the footprint 
encompassing approximately 1.2 acres. The tallest feature would be the dead-end portal structure (39 
feet 6 inches) coming in off the gen-tie line, which would have a lighting mast attached, making it 54 
feet 6 inches total. The onsite substation control room would house the SCADA system, switchgear, 
breakers, and DC batteries. Additionally, a 20kV emergency backup generator would be located 
adjacent to this control room for the HVAC system. The proposed substation site would be located at 
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the southern edge of the project site, adjacent to the BESS. The California Building Code and the 
IEEE 693, Recommended Practices for Seismic Design of Substations, will be followed for the 
substation’s design, structures, and equipment. 

2.3.4 Gen-Tie Line 
The proposed project would connect to a switchyard located at the southern edge of the project site 
and then routed through the BESS for energy storage. Power would then be transferred via a 1.8-mile-
long double circuit 13.8 and 92 kV gen-tie line with 66- foot-high poles to interconnect to the IID’ 
existing North Brawley Geothermal Power Plant substation, located at Hovley Road and Andre Road, 
southwest of the project site. The transmission line would span the New River. A 12-inch diameter 
conduit railroad undercrossing would connect the PV arrays from the western side of the railroad tracks 
to the inverters on the eastern side. 

The maximum height limit for non-residential structures and commercial communication towers in the 
A-2 zone is 120 feet. The proposed project’s 66-foot-high gen-tie poles would not exceed the height 
limit in the A-2 zone.  

 

2.3.5 Fiberoptic Cable and or Microwave Tower 
A proposed fiberoptic line from the project substation would be connected with the existing North 
Brawley Geothermal Power Plant substation approximately 1.8 miles to the southwest, which is 
required to connect the project substation to the region’s telecommunications system. Overall, this 
would provide SCADA, protective relaying, data transmission, and telephone services for the proposed 
project substation and associated facilities. New telecommunications equipment would be installed at 
the project substation within the unmanned Mechanical and Electrical Equipment Room (MEER). The 
proposed fiber optic telecommunications cable, once past the point of interconnection, would utilize 
existing transmission lines to connect to the existing North Brawley Geothermal Power Plant 
substation. The length of this proposed fiber optic telecommunications cable route would be 
approximately 1.8 miles. Alternatively, a 40 to 100-feet tall microwave tower could replace the need 
for a fiberoptic line to transmit data offsite. If selected, this microwave tower would be located within 
the project substation footprint. The maximum height limit for non-residential structures and 
commercial communication towers in the A-2 zone is 120 feet. The proposed 40 to 100-feet tall 
microwave tower would not exceed the height limit in the A-2 zone. 

2.3.6 Security 
Six-foot high chain link fencing topped with barbed wire would be installed around the perimeter of the 
project site at the commencement of construction and site access would be limited to authorized site 
workers. Figure 2-4 shows the project’s conceptual fencing plan.  Points of ingress/egress would be 
accessed via locked gates. In addition, a motion detection system and closed-circuit camera system 
may also be installed. The site would be remotely monitored 24 hours per day, 7 days per week. In 
addition, routine unscheduled security rounds may be made by the security team monitoring the site 
security.  

The City of Brawley WWTP is located along the western edge of the project site. Access to a portion 
of the WWTP is facilitated through an easement that was granted in 2007. The easement applies to 
the portion of the access road that runs in an easterly/westerly direction from N Best Road.  The City 
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relies upon the unimproved road continuing from the easement to the south/southwest to provide staff 
access to the WWTP, allow for vacuum trucks to transport wastewater to the facility and to transport 
solids generated by the WWTP to licensed Class I landfills, and provide access for heavy 
vehicles/equipment for materials delivery, maintenance repair and system upgrade purposes. As 
shown on Figure 2-4, the WWTP’s access road and access points are located outside of the proposed 
project’s fence. The proposed project would be constructed so as to not interfere with the WWTP’s 
existing access.  
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Figure 2-4. Proposed Access and Fencing Plan 
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2.3.7 Site Access 
As shown in Figure 2-4Figure 2-3, primary access to the project site would be located off N Best 
Avenue. A secondary emergency access road would be located in the northwest portion of the project 
site.  Access roads would be constructed with an all‐weather surface, to meet the County Fire 
Department’s standards. Points of ingress/egress would be accessed via locked gates that can be 
opened by any emergency responders. An all‐weather surface access road would surround the 
perimeter of the project site, as well as around solar blocks no greater than 500 by 500 feet.  

2.3.8 Fire Protection/Fire Suppression 
Fire protection systems for battery systems would be designed in accordance with California Fire Code 
and would take into consideration the recommendations of the National Fire Protection Association 
(NFPA) 855. 

Fire suppression agents such as Novec 1230 or FM 2000, or water may be used as a suppressant. In 
addition, fire prevention methods would be implemented to reduce potential fire risk, including voltage, 
current, and temperature alarms. Energy storage equipment would comply with Underwriters 
Laboratory (UL)-95401 and test methods associated with UL-9540A. The project would include lithium-
ion batteries. For lithium-ion batteries storage, a system would be used that would contain the fire 
event and encourage suppression through cooling, isolation, and containment. Suppressing a lithium-
ion (secondary) battery is best accomplished by cooling the burning material. A gaseous fire 
suppressant agent (e.g., 3M™ Novec™ 1230 Fire Protection Fluid or similar) and an automatic fire 
extinguishing system with sound and light alarms would be used for lithium-ion batteries.  

Water for fire suppression would be obtained from a ground storage tank existing onsite which fills 
from the Best Canal along the eastern property boundary. 

To mitigate potential hazards, redundant separate methods of failure detection would be implemented. 
These would include alarms from the Battery Management System (BMS), including voltage, current, 
and temperature alarms. Detection methods for off gas detection would be implemented, as 
applicable. These are in addition to other potential protective measures such as ventilation, 
overcurrent protection, battery controls maintaining batteries within designated parameters, 
temperature and humidity controls, smoke detection, and maintenance in accordance with 
manufacturer guidelines. Remote alarms would be installed for operations personnel as well as 
emergency response teams in addition to exterior hazard lighting. In addition, an Incidence Response 
Plan would be implemented. Additionally, the project applicant would contribute its proportionate share 
for purchase of any fire-suppression equipment, if determined warranted by the County fire department 
for the proposed project.  

2.4 Project Construction 
Construction activities would be sequenced and conducted in a manner that addresses storm water 
management and soil conservation. During construction, electrical equipment would be placed in 
service at the completion of each power-block, after the gen-tie line has been completed. The 
activation of the power-blocks is turned over to interconnection following the installation of transformer 
and interconnection equipment upgrades. This in-service timing is critical because PV panels can 
produce power as soon as they are exposed to sunlight, and because the large number of blocks and 
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the amount of time needed to commission each block requires commissioning to be integrated closely 
with construction on a block-by-block basis. 

2.4.1 Construction Personnel and Equipment 
The proposed project’s workforce would consist of laborers, electricians, supervisory personnel, 
support personnel and construction management personnel. Up to 120 people are expected to be on-
site per day. Project laydown and construction staff parking is expected to be located on-site or at the 
existing North Brawley Geothermal Power Plant in an approximately 4-acre area.  

Typical equipment to be used during project construction and commissioning is listed in Table 2-2. 

Table 2-2. Construction Equipment 
Equipment Use 

1-ton crew trucks Transport construction personnel 

2-ton flatbed trucks; flatbed boom trucks  Haul and unload materials 

Mechanic truck Service and repair equipment 

Aerial bucket trucks Access poles, string conductor, and other uses 

Shop vans Store tools 

Bulldozers Grade pole sites; reclamation 

Truck-mounted diggers or backhoes Excavate 

Small mobile cranes (12 tons) Load and unload materials 

Large mobile cranes (75 tons) Erect structures 

Transport Haul poles and equipment 

Drill rigs with augers Excavate and install fences 

Semi tractor-trailers Haul structures and equipment 

Splice trailers Store splicing supplies 

Air compressor Operate air tools 

Air tampers Compact soil around structure foundations 

Concrete trucks Pour concrete 

Dump trucks Haul excavated materials/import backfill 

Fuel and equipment fluid trucks Refuel and maintain vehicles 

Water trucks Suppress dust and fires 

2.4.2 Construction Schedule, Sequence, and Phasing 
Construction is anticipated to start in quarter four two of 2021 2023 and would take approximately 6-9 
months to complete. Construction would commence only after all required permits and authorizations 
have been secured. Construction would generally occur during daylight hours, Monday through Friday. 
However, non-daylight work hours may be necessary to make up schedule deficiencies, or to complete 
critical construction activities. For example, during hot weather, it may be necessary to start work 
earlier to avoid pouring concrete during high ambient temperatures. If construction is to occur outside 
of the County’s specified working hours, permission in writing will be sought at the time. The County’s 
construction equipment operation shall be limited to the hours of 7 a.m. to 7 p.m., Monday through 
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Friday, and 9 a.m. to 5 p.m. on Saturday. No commercial construction operations are permitted on 
Sunday or holidays.  

Construction of the project would occur in phases beginning with site preparation and grading and 
ending with equipment setup and commencement of commercial operations. Overall, construction 
would consist of three major phases over a period of approximately 6-9 months. 

• Site Preparation (1 month)  

• PV System Installation and Testing (7 months) 

• Site Clean-Up and Restoration (1 month) 

Site Preparation 
Project construction would include the renovation of existing dirt roads to all-weather surfaces (to meet 
the County standards) from N Best Avenue to the City of Brawley wastewater treatment plant. 
Construction of the proposed project would begin with clearing of existing brush and installation of 
fencing around the project boundary. Figure 2-4 shows the project’s conceptual fencing plan. Fencing 
would consist of a six-foot chain-link fence topped with barbed wire. A 20-foot road of engineering-
approved aggregate would surround the site within the fencing. 

Project construction would include the renovation of existing dirt roads within the project site, to all-
weather surfaces (to meet the County standards). If agreeable by the City of Brawley, the roadways 
outside the project site would also be renovated to all-weather surfaces to improve the roadway from 
N Best Avenue to the City of Brawley WWTP. These improvements would be coordinated with the City 
of Brawley.  

Material and equipment staging areas would be established on-site or at the existing North Brawley 
Geothermal Power Plant within an approximate 4-acre area. The staging area would include an air-
conditioned temporary construction office, a first-aid station and other temporary facilities including, 
but not limited to, sanitary facilities, worker parking, truck loading and unloading, and a designated 
area for assembling the support structures for the placement of PV modules. The size of the staging 
area would shrink as construction progresses throughout the project site. The project construction 
contractor would then survey, clear and grade road corridors in order to bring equipment, materials, 
and workers to the various areas under construction within the project site. Road corridors buried 
electrical lines, PV array locations and locations of other facilities may be flagged and staked in order 
to guide construction activities. 

PV System Installation and Testing 
PV system installation would include earthwork, grading and erosion control, as well as erection of the 
PV modules, mounting posts and associated electrical equipment.  

The PV modules require a moderately flat surface for installation and therefore some earthwork, 
including grading, fill, compaction and erosion control, may be required to accommodate the 
placement of PV arrays, concrete for foundations, access roads and/or drainage features. 
Construction of the PV arrays would be expected to take place at a rate of approximately 0.10 MW to 
0.25 MW per day. Construction of the PV arrays would include installation of the mounting posts, 
module assemblies, PV modules, inverters, transformers and buried electrical conductors. The module 
assemblies would then be cut off at the appropriate heights since the center posts must be completely 
level. Field welding would be required to attach the module assemblies to the top of the mounting 
posts. Finally, the PV panels would be attached to the module assemblies. Heavy equipment lifters 
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(e.g., forklift) would be required to get the module assemblies in position, while welding and cutting 
equipment would be necessary to cut off the posts at the appropriate height. 

Concrete would be required for the footings, foundations and pads for the transformers and substation 
equipment. Concrete would be produced at an off-site location by a local provider and transported to 
the site by truck. The PCS housing the inverters utilize a precast concrete base. Final specifications 
for concrete would be determined during detailed design engineering, but any related production would 
meet applicable building codes. Wastes generated during construction would be non-hazardous and 
may contain any of the following: cardboard, wood pallets, copper wire, scrap steel, common trash 
and wood wire spools, and as much as possible of the waste that is generated during construction 
would be recycled. 

No hazardous waste is expected to be generated during construction of the proposed project. 
However, field equipment used during construction would contain various hazardous materials such 
as hydraulic oil, diesel fuel, grease, lubricants, solvents, adhesives, paints and other petroleum-based 
products contained in most construction vehicles. The storage, handling, and potential spills of these 
materials contained within the field equipment would adhere to all applicable local, State, and Federal 
regulations.  

Site Clean-Up and Restoration 
After construction is complete, all existing roads would be left in a condition equal to or better than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. 

Waste materials and debris from construction areas would be collected, hauled away, and disposed 
of at approved landfill sites. Cleared vegetation would be shredded and distributed over the disturbed 
site as mulch and erosion control or disposed of offsite, depending on agency agreements. Rocks 
removed during foundation excavation would be redistributed over the disturbed site to resemble 
adjacent site conditions. Interim reclamation would include also re-contouring of impacted areas to 
match the surrounding terrain, and cleaning trash out of gullies. Equipment used could include a 
blader, front-end loader, tractor, and a dozer with a ripper. 

A covered portable dumpster would be kept on site to contain any trash that can be blown away. After 
completion of the proposed project, the project engineer would complete a final walk-through and note 
any waste material left on site and any ruts or terrain damage or vegetation disturbance that has not 
been repaired. The construction contractor would be given this list and final payment would not be 
received until all items are completed. 

2.4.3 Water Use 
Approximately 20,000 to 30,000 gallons of water per day would initially be required for grading, 
dropping to much less for the remainder of the project construction. Construction water needs would 
be limited to earthwork, soil conditioning, dust suppression, compaction efforts, and fire suppression. 
Water would be obtained from a ground storage tank existing onsite which fills from the Best Canal 
along the eastern property boundary. A dust palliative with low environmental toxicity would also be 
used to suppress dust as approved by CARB and the ICAPCD. 

Potable water would be brought to the project site for drinking and domestic needs. 
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2.5 Operations and Maintenance 
Once fully constructed, the project would be operated on an unstaffed basis and be monitored 
remotely, with periodic on-site personnel visitations for security, maintenance and system monitoring. 
Therefore, no full-time site personnel would be required on-site during operations and approximately 
two employees would only be onsite up to four times per year to wash the solar panels. As the project’s 
PV arrays produce electricity passively, maintenance requirements are anticipated to be very minimal. 
Any required planned maintenance activities would generally consist of equipment inspection and 
replacement and would be scheduled to avoid peak load periods. Any unplanned maintenance would 
be responded to as needed, depending on the event. 

Operation of the proposed project would require upgrades including but not limited to relay upgrades, 
Phasor Measurement Unit Requirements, Relay, SCADA, Metering and Telecom upgrades at both 
the proposed substation and North Brawley Geothermal Power Plant substation. The construction and 
operation of these upgrades by IID required to adequately operate the project are included as part of 
the project and project analysis.  

2.5.1 Water Use 
Estimated annual water consumption for operation and maintenance of the proposed project, including 
periodic PV module washing and fire suppression, would be approximately 3.1-acre feet per year 
(AFY), which would be supplied to the project site via the adjacent Best Canal and trucked to the 
project site as needed. 

2.6 Restoration of the Project Site 
Electricity generated by the facility could be sold under the terms of a power purchase agreement 
(PPA) with a power purchaser (i.e., utility service provider). At the end of the PPA term, the owner of 
the facility may choose to enter into a subsequent PPA, update technology and re-commission, or 
decommission and remove the generating facility and its components. Solar equipment has a lifespan 
of approximatey 20 to 25 years, and with recent technology can have a lifespan of up to 30 years. 
Upon decommissioning, the site could be converted to other uses in accordance with applicable land 
use regulations in effect at that time. A collection and recycling program will be executed to promote 
recycling of project components and minimize disposal in landfills. All permits related to 
decommissioning would be obtained, where required. 

Project decommissioning may include the following activities: 

• The facility would be disconnected from the utility power grid. 

• Project components would be dismantled and removed using conventional construction 
equipment and recycled or disposed of safely.  

• PV panel support steel and support posts would be removed and recycled off-site by an 
approved metals recycler.  

• All compacted surfaces within the project site and temporary on-site haul roads would be de-
compacted.  

• Electrical and electronic devices, including inverters, transformers, panels, support structures, 
lighting fixtures, and their protective shelters would be recycled off-site by an approved 
recycler.  
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• All concrete used for the underground distribution system would be recycled off-site by a 
concrete recycler or crushed on-site and used as fill material. 

• Fencing would be removed and recycled off-site by an approved metals recycler.  

• Gravel roads would be removed; filter fabric would be bundled and disposed of in accordance 
with all applicable regulations. Road areas would be backfilled and restored to their natural 
contour.  

• Soil erosion and sedimentation control measures would be re-implemented during the 
decommissioning period and until the site is stabilized. 

2.7 Required Project Approvals 
2.7.1 Imperial County 
The following are the primary discretionary approvals required for implementation of the project: 

1. General Plan Amendment. An amendment to the County’s General Plan Renewable Energy 
and Transmission Element is required to implement the proposed project. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not 
be allowed without an amendment to the RE Overlay Zone. As shown in Figure 2-1, the 
northern portion of the project site (APNs 037-140-020 and 037-140-021) is located within the 
Geothermal Overlay Zone, which is considered as part of the RE Overlay Zone. However, the 
entire southern parcels of the project site (APNs 037-140-020, 037-140-021, 037-140-022, 
037-140-023, and 037-140-006) areis located adjacent to, but outside of the RE Overlay Zone. 
Therefore, the applicant is requesting a General Plan Amendment to include/classify the 
southern three all five project parcels into the RE Overlay Zone, so that the entire site would 
be located within the RE Overlay Zone. No change in the underlying General Plan land use 
(Agriculture) is proposed. 

2. Zone Change. The project site is currently zoned General Agricultural with a Geothermal 
Overlay (A-2-G). The applicant is requesting a Zone Change to include/classify all five project 
parcels into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG).   

3. Approval of CUP. Implementation of the project would require the approval of a CUP by the 
County to allow for the construction and operation of the proposed solar energy facility with an 
integrated battery storage system. The project site is located on five privately-owned legal 
parcels zoned General Agricultural with a Geothermal Overlay (A-2-G). With approval of the 
zone change, the project site would be zoned General Agricultural with a REG Overlay Zone 
(A-2-REG). Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the 
A-2 zone subject to approval of a CUP from Imperial County: solar energy electrical generator, 
battery storage facility, electrical substations, communication towers, and facilities for the 
transmission of electrical energy. 

4. Certification of the EIR. After the required public review for the Draft EIR, the County will 
respond to written comments, edit the document, and produce a Final EIR to be certified by 
the Planning Commission and Board of Supervisors prior to making a decision on approval or 
denial of the project.  

Subsequent ministerial approvals may include, but are not limited to: 
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• Grading and clearing permits 

• Building permits 

• Reclamation plan 

• Encroachment permits 

• Transportation permit(s) 

2.7.2 Discretionary Actions and Approvals by Other Agencies 
Responsible Agencies are those agencies that have discretionary approval over one or more actions 
involved with development of the project. Trustee Agencies are state agencies that have discretionary 
approval or jurisdiction by law over natural resources affected by a project. These agencies may 
include, but are not limited to the following: 

• California RWQCB – Notice of Intent for General Construction Permit  

• ICAPCD – Fugitive Dust Control Plan, Rule 801 Compliance 

• CDFW (Trustee Agency) – ESA Compliance, Section 1600 Streambed Alteration Agreement  

• USFWS – ESA Compliance  

• IID – Water Supply Agreement  
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3 Environmental Analysis, Impacts, and 
Mitigation 

3.1 Introduction to Environmental Analysis 
This section provides an overview of the environmental analysis and presents the format for the 
environmental analysis in each topical section.  

3.1.1 Organization of Issue Areas 
Chapter 3 provides an analysis of impacts for those environmental topics that the County determined 
could result in “significant impacts,” based on preparation of an Initial Study and review by the County’s 
Environmental Evaluation Committee and responses received during the scoping process, including 
the NOP review period and public scoping meeting. Sections 3.2 through 3.15 discuss the 
environmental impacts that may result with approval and implementation of the project, and where 
impacts are identified, recommends mitigation measures that, when implemented, would reduce 
significant impacts to a level less than significant. Each environmental issue area in Chapter 3 contains 
a description of the following: 

• The environmental setting as it relates to the specific issue 

• The regulatory framework governing that issue 

• The threshold of significance (from Appendix G of the CEQA Guidelines) 

• The methodology used in identifying and considering the issues 

• An evaluation of the project-specific impacts and identification of mitigation measures 

• A determination of the level of significance after mitigation measures are implemented 

• The identification of any residual significant impacts following mitigation 

3.1.2 Format of the Impact Analysis 
This analysis presents the potential impacts that could occur under the project along with any 
supporting mitigation requirements. Each section identifies the resulting level of significance of the 
impact using the terminology described below following the application of the proposed mitigation. The 
section includes an explanation of how the mitigation measure(s) reduces the impact in relation to the 
applied threshold of significance. If the impact remains significant (i.e., at or above the threshold of 
significance), additional discussion is provided to disclose the implications of the residual impact and 
indicate why no mitigation is available or why the applied mitigation does not reduce the impact to a 
less than significant level. 

Changes that would result from the project were evaluated relative to existing environmental conditions 
within the project site as defined in Chapter 2 and illustrated on Figure 2-2 (Chapter 2). Existing 
environmental conditions are based on the time at which the NOP was published on July 26, 2021. In 
evaluating the significance of these changes, this EIR applies thresholds of significance that have 
been developed using: (1) criteria discussed in the CEQA Guidelines; (2) criteria based on factual or 
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scientific information; and (3) criteria based on regulatory standards of local, state, and/or federal 
agencies. Mechanisms that could cause impacts are discussed for each issue area. 

This EIR uses the following terminology to denote the significance of environmental impacts of the 
project: 

• No impact indicates that the construction, operation, and maintenance of the project would not 
have any direct or indirect effects on the environment. It means no change from existing 
conditions. This impact level does not need mitigation. 

• A less than significant impact is one that would not result in a substantial or potentially 
substantial adverse change in the physical environment. This impact level does not require 
mitigation, even if feasible, under CEQA. 

• A significant impact is defined by CEQA Section 21068 as one that would cause “a substantial, 
or potentially substantial, adverse change in any of the physical conditions within the area 
affected by the project.” Levels of significance can vary by project, based on the change in the 
existing physical condition. Under CEQA, mitigation measures or alternatives to the project 
must be provided, where feasible, to reduce the magnitude of significant impacts. 

• An unmitigable significant impact is one that would result in a substantial or potentially 
substantial adverse effect on the environment, and that could not be reduced to a less than 
significant level even with any feasible mitigation. Under CEQA, a project with significant and 
unmitigable impacts could proceed, but the lead agency would be required to prepare a 
“statement of overriding considerations” in accordance with State CEQA Guidelines California 
Code of Regulations (CCR) Section 15093, explaining why the lead agency would proceed 
with the project in spite of the potential for significant impacts. 
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3.2 Aesthetics    
This section provides a description of the existing visual and aesthetic resources within the project 
area and relevant state and local plans and policies regarding the protection of scenic resources. 
Effects to the existing visual character of the project area as a result of project-related facilities are 
considered and mitigation is proposed based on the anticipated level of significance. The information 
provided in this section is summarized from the Visual Impact Assessment for the Brawley Solar 
Project (Appendix B of this EIR) prepared by Chambers Group, Inc.  

3.2.1 Existing Conditions 

Regional 
Imperial County encompasses 4,597 square miles in the southeastern portion of California. The 
County is bordered by Riverside County on the north, the international border of Mexico on the south, 
San Diego County on the west and Arizona on the east. The length and breadth of the County provide 
for a variety of visual resources ranging from desert, sand hills, mountain ranges, and the Salton Sea. 

The desert includes several distinct areas that add beauty and contrast to the natural landscape. The 
barren desert landscape of the Yuha Desert, lower Borrego Valley, East Mesa, and Pilot Knob Mesa 
provide a dramatic contrast against the backdrop of the surrounding mountain ranges. The West Mesa 
area is a scenic desert bordered on the east by the Imperial Sand Dunes, the lower Borrego Valley, 
the East Mesa, and Pilot Knob Mesa. 

The eastern foothills of the Peninsular Range are located on the west side of the County. The 
Chocolate Mountains, named to reflect their dark color, are located in the northeastern portion of the 
County, extending from the southeast to the northwest between Riverside County and the Colorado 
River. These mountains reach an elevation of 2,700 feet making them highly visible throughout the 
County. 

Project Site and Vicinity 
The project is located on five privately owned parcels designated for agricultural uses. Currently the 
project site contains alfalfa fields within different levels of harvest. The project site is approximately 
one mile north from the City of Brawley’s jurisdictional limit. Brawley is relatively central within the 
agricultural portion of the Imperial Valley, which extends from the southeastern portion of the Salton 
Sea to the United States and Mexico border. The Salton Sea lies northwest of the project site and sits 
comparatively lower in the landscape than the project site, as does much of the agricultural land to the 
immediate west and south.  

Because of this gradual downward slope from east to west, areas to the north and east of the project 
site would be more likely to have views of the project where not impeded by natural or built features. 
Viewers in this area are associated with residences and land uses. North of the project site is 
agricultural land. Along the eastern edge of the project site there are two residences and agricultural 
land. South of the project site is a mixture of agricultural land and dirt lots used for staging activities. 
The City of Brawley Wastewater Treatment Plant is located along the western edge of the project site. 

Views in this area are expansive and are generally characterized by sparse development framed by 
topographical features. Low-profile, weedy plants, such as Quail Brush Scrub and Bush Seepweed, 
are widespread on undeveloped and unfarmed lands, and ruderal vegetation is along waterways 
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associated with IID canals. Individual residences, transmission lines, transportation corridors 
(including roads and railroads), and agricultural equipment are discernable in the foreground (within 
0.25 mile) and middle ground (0.25 to 3-5 miles away) views throughout the area. They are identifiable 
by their vapor plumes. These views to the west from the project site are backdropped by the Coyote 
Mountains and Fish Creek Mountains while views to the east are backdropped by the Chocolate 
Mountains. 

Visual Character 

Aerial imagery was reviewed to identify where the proposed project would potentially be visible from 
visually sensitive areas and selected preliminary viewpoints for site photography. Field surveys were 
conducted in March 2021 to photo-document existing visual conditions and views toward the project 
site. A representative subset of photographed viewpoints was selected. Assessments of existing visual 
conditions were made based on professional judgment that took into consideration sensitive receptors 
and sensitive viewing areas in the project area.  

Figure 3.2-1 illustrates the photo documented key observation points (KOP) and the direction to which 
the photographs were taken. The photographs depicting the existing condition at the project site are 
presented below, and the visual simulations at each KOP depicting the proposed condition are 
presented in Section 3.2.3. Descriptions of the existing KOPs are as follows: 

KOP 1 – View from North Best Avenue. KOP 1 is located along N Best Avenue, at the northeast corner 
of the project site (Figure 3.2-2). The view from KOP 1 is to the southwest, toward the proposed 
project’s solar arrays (Viewpoint 1). This viewpoint represents views from an identifiable point along 
the most proximate roadway, where topography allows visibility of the project site. Additionally, the 
viewpoint represents the residents located at 5210 N Best Avenue in Brawley, California. The view is 
characterized by flat agricultural land to the west, south, and east with the nearby residence to the 
northeast. The Coyote Mountains and Fish Creek Mountains are visible far off to the south. The view 
of the project site is mostly unobstructed except for utility poles traveling along the western side of N 
Best Avenue. 

KOP 2 – View from North Best Avenue and Ward Road. KOP 2 is located at the intersection of N Best 
Avenue and Ward Road, at the southeast corner of the project site (Figure 3.2-3). The view from KOP 
2 is to the northwest, toward the proposed project’s solar arrays, BESS, and substation (Viewpoint 2). 
This viewpoint represents views from an identifiable point along the most proximate roadway, where 
topography allows visibility of the project site. Additionally, the viewpoint represents the residents 
located at 5000 N Best Avenue and 5002 N Best Avenue. The view is characterized by flat agricultural 
land to the north; an abandoned residence and fenced corral to the west; a vacant dirt lot to the south; 
and the nearby residences to the northeast. Vegetation along the New River is visible to the west and 
the Chocolate Mountains are visible far off to the north and west. The view of the project site is partially 
obstructed by vegetation along the old corral and utility poles traveling along the western side of N 
Best Road. 

KOP 3 – View from north end of Del Rio Country Club and Golf Course. KOP 3 is located along the 
Union Pacific railroad tracks on the northwest end of Del Rio Country Club and Golf Course, 
approximately 0.25 mile from the project site (Figure 3.2-4). The view from KOP 3 is to the north, 
toward the proposed project’s solar arrays, BESS, substation, and gen-tie line. This viewpoint 
represents golfers and staff at Del Rio Country Club, where topography allows views of the project 
site, as well as views from the Union Pacific railway line. The view is characterized by flat, undeveloped 
land with sparse vegetation to the north and northeast, agricultural land to the east, and the 
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landscaped golf course to the west. The railroad tracks travel north through the middle of the view, 
with the Chocolate Mountain Range visible far off to the north. The view of the project site is 
unobstructed. 

KOP 4 – View from State Route 111 and Andre Road. KOP 4 is located at the corner of SR 111 and 
Andre Road, along the gen-tie line route (Figure 3.2-5). The view from KOP 4 is to the east, toward 
the proposed project’s gen-tie line, BESS, substation, and solar arrays. This viewpoint represents 
views from an identifiable point along a well-traveled roadway in the County, where topography allows 
visibility of the project site. The view is characterized by mainly flat agricultural land to the north and 
south. The City of Brawley Wastewater Treatment Plant is within the northern portion of the view and 
a dirt access road leads to an industrial dirt lot with pipelines directly east of the view. The Chocolate 
Mountain Range is visible far off to the east. The view of the project site is partially obstructed by the 
City of Brawley Wastewater Treatment Plant, utility poles, and small amounts of vegetation in the 
foreground. 
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Figure 3.2-1. Key Observation Points 
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Figure 3.2-2. Existing Key Observation Point 1 

 

Figure 3.2-3. Existing Key Observation Point 2 
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Figure 3.2-4. Existing Key Observation Point 3 

 

Figure 3.2-5. Existing Key Observation Point 4 
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Scenic Vista 

Scenic vistas are typically expansive views from elevated areas. They may or may not be part of a 
designated scenic overlook or other area providing a static vista view of a landscape. The project site 
is located in a rural portion of Imperial County and is not located within an area containing a scenic 
vista designated by the State or the County’s General Plan.  

Scenic Highways 

According to the Conservation and Open Space Element, no State scenic highways have been 
designated in Imperial County (County of Imperial 2016). The project site is not located within a state 
scenic highway corridor, nor are there any state scenic highways located in proximity to the project 
site. The nearest road segment considered eligible for a State scenic highway designation is the 
portion of SR 111 from Bombay Beach to the County line. The project site is located approximately 25 
miles south of Bombay Beach; therefore, it would not be visible from the location of the proposed 
projects. 

Light, Glare, and Glint 

Glare is considered a continuous source of brightness, relative to diffused light, whereas glint is a 
direct redirection of the sun beam in the surface of a PV solar module. Glint is highly directional, since 
its origin is purely reflective, whereas glare is the reflection of diffuse irradiance; it is not a direct 
reflection of the sun.  

Because of the nature of the existing agricultural land uses and few residences, limited light is 
generated from within the project area. The majority of the light and glare in the project area is a result 
of motor vehicles traveling on surrounding roadways, airplanes, and farm equipment. Local roadways 
generate glare both during the night hours when cars travel with lights on, and during daytime hours 
because of the sun’s reflection from cars and pavement surfaces. When light is not sufficiently 
screened and spills over into areas outside of a particular development area the effect is called “light 
trespassing.” 

3.2.2 Regulatory Setting 
This section identifies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

California Department of Transportation 

Caltrans manages the California Scenic Highway Program. The goal of the program is to preserve and 
protect scenic highway corridors from changes that would affect the aesthetic value of the land 
adjacent to the scenic corridor. 

Local 

Imperial County General Plan 

The Imperial County General Plan contains policies for the protection and conservation of scenic 
resources and open spaces within the County. These policies also provide guidance for the design of 
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new development. The Conservation and Open Space Element of the General Plan provides specific 
goals and objectives for maintaining and protecting the aesthetic character of the region. 
Table 3.2-1 provides an analysis of the proposed project’s consistency with the Conservation and 
Open Space Element Goal 5. Additionally, the Circulation and Scenic Highways Element of the 
General Plan provides policies for protecting and enhancing scenic resources within highway corridors 
in Imperial County, consistent with the Caltrans State Scenic Highway Program. 

Table 3.2-1. Consistency with Applicable General Plan Conservation 
and Open Space Policies 

General Plan Policies 
Consistency with 

General Plan Analysis 

Goal 5: The aesthetic 
character of the region shall 
be protected and enhanced to 
provide a pleasing 
environment for residential, 
commercial, recreational, and 
tourist activity. 

Consistent The project would result in changes to the visual 
character of the project area, which is currently 
characterized as an agricultural landscape. As described 
in Section 3.2.1, the project site does not contain high 
levels of visual character or quality; therefore, the project 
would not result in a significant deterioration in the visual 
character of the project site or project area.  

Objective 5.1: Encourage the 
conservation and 
enhancement of the natural 
beauty of the desert and 
mountain landscape. 

Consistent The project site is located within an agricultural portion of 
the County and generally avoids both desert and 
mountain landscapes.   

Source: County of Imperial 2016 

County of Imperial Land Use Ordinance, Title 9 

The County’s Land Use Ordinance Code provides specific direction for lighting requirements.  

Division 17: Renewable Energy Resources, Section 91702.00 – Specific Standards for All 
Renewable Energy Projects 

(R) Lights should be directed or shielded to confine direct rays to the project site and muted to the 
maximum extent consistent with safety and operational necessity.  

3.2.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to aesthetic 
and visual resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to aesthetics are considered 
significant if any of the following occur: 

• Have a substantial adverse effect on a scenic vista 

• Substantially damage scenic resources, including, but not limited to, trees, rock outcroppings, 
and historic buildings within a state scenic highway 

• In non-urbanized areas, substantially degrade the existing visual character or quality of public 
views of the site and its surroundings? (Public views are those that are experienced from 
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publicly accessible vantage points). If the project is in an urbanized area, would the project 
conflict with applicable zoning and other regulations governing scenic quality 

• Create a new source of substantial light or glare which would adversely affect day or nighttime 
views in the area 

Methodology 
This visual impact analysis is based on field observations conducted in March 2021, as well as a 
review of maps and aerial photographs for the project area. A representative subset of photographed 
viewpoints was selected as KOPs, which collectively serve as the basis for this assessment. This 
selection was done in coordination with ORNI and the County. Assessments of existing visual 
conditions were made based on professional judgment that took into consideration sensitive receptors 
and sensitive viewing areas in the project area. The locations of the four KOPs in relation to the project 
site are presented in Figure 3.2-1 above. 

The site photos were used to generate a rendering of the existing conditions and a proposed 
visualization of the implemented project. The visual simulations, as provided below, provide clear 
before-and-after images of the location, scale, and visual appearance of the features affected by and 
associated with the project. Design data — consisting of engineering drawings, elevations, site and 
topographical contour plans, concept diagrams, and reference pictures — were used as a platform 
from which digital models were created. In cases where detailed design data were unavailable, more 
general descriptions about alternative facilities and their locations were used to prepare the digital 
models. 

Impact Analysis 

Impact 3.2-1 Would the project have a substantial adverse effect on a scenic vista?  

Scenic vistas are typically expansive views from elevated areas that may or may not be part of a 
designated scenic overlook or other area providing a static view of a landscape. During construction, 
the use of standard construction equipment including, but not limited to, trucks, cranes, and tractors 
would be required. The presence of this equipment within the project site during construction would 
alter views of the area from undeveloped and agricultural land to a construction site. However, the 
views of construction activity from the surrounding vicinity would be temporary and would not involve 
any designated scenic vistas as there are no designated scenic vistas in the project vicinity. According 
to the Imperial County General Plan, the closest scenic resource is the Salton Sea approximately 11 
miles northwest of the project site (County of Imperial 2016). 

Views from elevated areas near the project site could be considered scenic vistas given the 
expansiveness of the views and distance one can see under favorable conditions. However, as 
described further below for the view of the project from all KOPs, the project would not have a 
substantial adverse effect on such views. Rather, it would be absorbed into the natural and built 
features that comprise the existing landscape and would not substantially obstruct existing views. 
Therefore, less than significant impacts to scenic vistas would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  
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Impact 3.2-2 Would the project substantially damage scenic resources, including, but not 
limited to, trees, rock outcroppings, and historic buildings within a state 
scenic highway?  

There are no designated or eligible state scenic highways in the project vicinity. The nearest road 
segment among those identified by Imperial County as “having potential as state-designated scenic 
highways” is the portion of SR 111 from Bombay Beach to the Imperial County/Riverside County 
boundary. The project site is approximately 25 miles south of Bombay Beach. Therefore, no impacts 
to scenic resources within any state scenic highways would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.2-3 In non-urbanized areas, would the project substantially degrade the existing 
visual character or quality of public views of the site and its surroundings? 
(Public views are those that are experienced from publicly accessible vantage 
points). If the project is in an urbanized area, would the project conflict with 
applicable zoning and other regulations governing scenic quality? 

The existing visual character in views of the project (Figure 3.2-2 through Figure 3.2-5) would not be 
substantially altered based primarily on the proximity of viewpoints to the project site. Short-term visual 
impacts would occur in association with construction activities, including introducing heavy equipment 
(e.g., cranes), staging and materials storage areas and potential dust and exhaust to the project area. 
While construction equipment and activity may present a visual nuisance, it would be temporary 
(approximately 6-9 months) and would not represent a permanent change in views. Therefore, impacts 
associated with degrading the existing visual character or quality of the project site during construction 
are considered less than significant. The potential impacts on these KVs are discussed below. 

KOP 1 – View from North Best Avenue. Viewpoint 1 shows the view from KOP 1 with the proposed 
project simulated (Figure 3.2-6). The solar arrays and the security fencing would be the most 
prominently visible portion of the project from this location. As conceptually shown in the simulation, 
the project would appear as a comparatively dark, horizontal bar across the majority of the view. The 
overall effect shown in Viewpoint 1 is the relatively small degree of contrast the project would have 
with its broader surroundings, which includes views of the Coyote Mountains and Fish Creek 
Mountains. Solar arrays would not substantially obscure the mountain skyline from this vantage point. 

KOP 2 – View from North Best Avenue and Ward Road. Viewpoint 2 shows the view from KOP 2 with 
the proposed project simulated (Figure 3.2-7). The solar arrays and the security fencing would be the 
most prominently visible portion of the project from this location. With demolition of the abandoned 
residence and corral, the project’s BESS and substation would also be visible from KOP 2 to the west. 
As conceptually shown in the simulation, the project would appear as a generally uniform dark line 
across the view. The overall effect shown in Viewpoint 2 is the relatively small degree of contrast the 
project would have with its broader surroundings, which include views of the Chocolate Mountains. 
The BESS, substation, and solar arrays would not substantially obscure the mountain skyline from this 
vantage point. 

KOP 3 – View from north end of Del Rio Country Club and Golf Course. KOP 3 shows the view from 
KOP 3 with the proposed project simulated (Figure 3.2-8). The gen-tie structures would be the most 
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prominently visible portion of the project from this location. As conceptually shown in the simulation, 
the gen-tie structures would be visible in the center of the view, traveling from east to west 
approximately 1.75 miles. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also 
occupy a relatively narrow portion of the view to the north from KOP 3. 

The substation for the proposed project has not yet been designed. However, the facility shown in 
KOP 3 is an approximation based on representative examples of substations of similar size and in 
similar environments. As simulated, the substation would be partially visible in views from KOP 3, 
alongside the solar arrays, which would appear as a comparatively dark, horizontal bar across a 
portion of the view’s middle ground. Aside from the relatively narrow gen-tie structures, no project 
component would substantially obscure or appear above the mountain skyline from this vantage point. 

KOP 4 – View from State Route 111 and Andre Road. Viewpoint 4 shows the view from KOP 4 with 
the proposed project simulated (Figure 3.2-9). The gen-tie structures would be the most prominently 
visible portion of the project from this location. As conceptually shown in the simulation, the gen-tie 
structures would be visible in the southern portion of the view, traveling from east to west 
approximately 0.5 mile. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also 
occupy a relatively narrow portion of the view to the south from KOP 4.  

As simulated, views of the substation and BESS would be visible in the distance from KOP 4. These 
structures would relate to the nearby industrial features in the landscape, including the nearby 
pipelines. The solar arrays would appear as a comparatively dark, horizontal bar across the remainder 
of the view. No project component would substantially obscure or appear above the mountain skyline 
from this vantage point. 
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Figure 3.2-6. Proposed Key Observation Point 1 

 

Figure 3.2-7. Proposed Key Observation Point 2 
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Figure 3.2-8. Proposed Key Observation Point 3 

 

Figure 3.2-9. Proposed Key Observation Point 4 
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Conclusion 

The views from KOPs 1 and 2 show the project’s solar arrays and the security fencing most 
prominently, which would appear as a comparatively dark, horizontal bar across the view. The overall 
effect of the project from these KOPs is relatively small degree of contrast the project would have with 
its broader surroundings and a small interruption of views of the surrounding mountains.  

In the view from KOPs 3 and 4, new transmission structures that would be part of the project’s 
interconnection would appear large in scale; however, the structures would be comparable in size and 
appearance to other structures visible throughout the surrounding landscape, including multiple 
existing transmission lines. As previously described, the project would not substantially degrade the 
existing visual character or quality of views from this distance; rather it would appear absorbed into 
the broader landscape that already includes agricultural development, electricity transmission, 
geothermal power plants, and the City of Brawley Wastewater Treatment Plant. These effects would 
be less than significant. 

Mitigation Measure(s) 
No mitigation measures are required.  

Impact 3.2-4 Would the project create a new source of substantial light or glare which 
would adversely affect day or nighttime views in the area? 

The project would not include any source of nighttime lighting and therefore would not be a source of 
substantial light in the area outside of the project site.  If constructed, lighting would be provided on 
the microwave tower. A glare hazard analysis was also prepared for the project (Appendix B of this 
EIR). It concluded that sensitive viewers near the project, including residences, a nearby golf course, 
major roadways, and approach slopes associated with the Brawley Municipal Airport, would not 
experience glare effects from the project. These effects would be less than significant. 

Mitigation Measure(s) 
No mitigation measures are required.  

3.2.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the proposed project, the proposed project will 
be decommissioned and dismantled. No grading or significant landform modifications would be 
required during decommissioning activities upon site restoration in the future. Although the project site 
would be visually disrupted in the short-term during decommissioning activities, because extensive 
grading is not required and these activities would be temporary, the visual character of the project site 
would not be substantially degraded in the short-term and related impacts would be less than 
significant.  
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Residual 
Impacts related to glare and glint impacts to roadway travelers, nearby residences, or flights would be 
less than significant and no additional mitigation measures are required. Changes to visual character 
of the project area would be less than significant and would be transitioned back to their prior (pre-solar 
project) conditions following site decommissioning. Based on these conclusions, implementation of 
the proposed project would not result in residual significant unmitigable impacts to the visual character 
of the project site or add substantial amounts of light and glare. 
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3.3 Agricultural Resources 
This section provides an overview of existing agricultural resources within the project site and identifies 
applicable federal, state, and local policies related to the conservation of agricultural lands. This 
includes a summary of the production outputs, soil resources, and adjacent operations potentially 
affected by the project. The impact assessment in Section 3.3.3 provides an evaluation of potential 
adverse effects on agricultural resources based on criteria derived from the CEQA Guidelines in 
conjunction with actions proposed in Chapter 2, Project Description. Section 3.3.4 provides a 
discussion of residual impacts, if any.  

No forestry resources are present within the project site and, therefore, this section focuses on issues 
related to agricultural resources.  

3.3.1 Existing Conditions 
Agriculture has been the single most important economic activity of Imperial County throughout the 
1900s, and is expected to play a major economic role in the foreseeable future. The gross annual 
value of agricultural production in the County has hovered around $1 billion for the last several years, 
making it the County's largest source of income and employment.  

Imperial County agriculture is a major producer and supplier of high quality plant and animal foods and 
non-food products. In 2019, agriculture contributed a total of $2.01 billion to the county economy. 
Vegetable and melon crops were the single largest production category by dollar value ($799 million). 
Livestock represented the second largest category ($522 million) and consisted mostly of feedlot cattle 
($449 million). Field crops ranked third with $498 million (Imperial County Agricultural Commissioner 
2019). 

Important Farmland 
According to the California Department of Conservation’s (DOC) California Important Farmland Finder 
and as shown on Figure 3.3-1, the majority of the project site is designated as Farmland of Statewide 
Importance (205 acres), with a pocket of Prime Farmland (4.4 acres) and Farmland of Local 
Importance (12 acres) located in the southern portion of the project site (DOC 2021). Approximately 1 
acre of Unique Farmland occurs along the western boundary of the project site.  

Williamson Act Contract Land 
According to the 2016/2017 Imperial County Williamson Act Map produced by the DOC, the project 
site is not located on Williamson Act contracted land (DOC 2016). 
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Figure 3.3-1. Important Farmlands 
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3.3.2 Regulatory Setting 
This section identifies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

California Land Conservation Act 

The Williamson Act (California Land Conservation Act, California Government Code, Section 51200 et 
seq.) is a statewide mechanism for the preservation of agricultural land and open space land. The Act 
provides a comprehensive method for local governments to protect farmland and open space by 
allowing land in agricultural use to be placed under contract (agricultural preserve) between a local 
government and a landowner. 

Under the provisions of the Williamson Act (California Land Conservation Act 1965, Section 51200), 
landowners contract with the County to maintain agricultural or open space use of their lands in return 
for reduced property tax assessment. The contract is self-renewing and the landowner may notify the 
County at any time of intent to withdraw the land from its preserve status. Withdrawal involves a 
10-year period of tax adjustment to full market value before protected open space can be converted 
to urban uses. Consequently, land under a Williamson Act Contract can be in either a renewal status 
or a nonrenewable status. Lands with a nonrenewable status indicate the farmer has withdrawn from 
the Williamson Act Contract and is waiting for a period of tax adjustment for the land to reach its full 
market value. Nonrenewable and cancellation lands are candidates for potential urbanization within a 
period of 10 years.  

The requirements necessary for cancellation of land conservation contracts are outlined in 
Government Code Section 51282. The County must document the justification for the cancellation 
through a set of findings. Unless the land is covered by a farmland security zone contract, the 
Williamson Act requires that local agencies make both the Consistency with the Williamson Act and 
Public Interest findings. 

On February 23, 2010, the Imperial County Board of Supervisors voted to not accept any new 
Williamson Act contracts and not to renew existing contracts because of the elimination of the 
subvention funding from the state budget. The County reaffirmed this decision in a vote on October 
12, 2010, and notices of nonrenewal were sent to landowners with Williamson Act contracts following 
that vote. The applicable deadlines for challenging the County’s actions have expired, and, therefore, 
all Williamson Act contracts in Imperial County terminated on or before December 31, 2018. 

California Farmland Mapping and Monitoring Program 

The California DOC, under the Division of Land Resource Protection, has set up the Farmland 
Mapping and Monitoring Program (FMMP), which monitors the conversion of the state’s farmland to 
and from agricultural use. The map series identifies eight classifications, as defined below, and uses 
a minimum mapping unit size of 10 acres.  

• Prime Farmland has the best combination of physical and chemical features able to sustain 
long-term agricultural production. This land has the soil quality, growing season, and moisture 
supply needed to produce sustained high yields. Land must have been used for irrigated 
agricultural production at some time during the 4 years prior to the mapping date.  
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• Farmland of Statewide Importance is similar to Prime Farmland but with minor shortcomings, 
such as greater slopes or less ability to store soil moisture. Land must have been used for 
irrigated agricultural production at some time during the 4 years prior to the mapping date.  

• Unique Farmland consists of lesser quality soils used for the production of the state's leading 
agricultural crops. This land is usually irrigated, but may include nonirrigated orchards or 
vineyards as found in some climatic zones in California. Land must have been cropped at 
some time during the 4 years prior to the mapping date.  

• Farmland of Local Importance is land of importance to the local agricultural economy as 
determined by each county's board of supervisors and a local advisory committee.  

• Grazing Land is land on which the existing vegetation is suited to the grazing of livestock. This 
category was developed in cooperation with the California Cattlemen's Association, University 
of California Cooperative Extension, and other groups interested in the extent of grazing 
activities.  

• Urban and Built-up Land is occupied by structures with a building density of at least one unit 
to 1.5 acre, or approximately six structures to a 10-acre parcel. Common examples include 
residential, industrial, commercial, institutional facilities, prisons, cemeteries, airports, golf 
courses, sanitary landfills, sewage treatment, and water control structures.  

• Water is defined as perennial water bodies with an extent of at least 40 acres.  

• Other Land is land not included in any other mapping category. Common examples include 
low density rural developments, vegetative and riparian areas not suitable for livestock grazing, 
confined animal agriculture facilities, strip mines, borrow pits, and water bodies smaller than 
40 acres. Vacant and nonagricultural land surrounded on all sides by urban development and 
greater than 40 acres is mapped as Other Land. More detailed data on these uses is available 
in counties containing the Rural Land Use Mapping categories. 

The program also produces a biannual report on the amount of land converted from agricultural to 
non-agricultural use. The program maintains an inventory of state agricultural land and updates its 
“Important Farmland Series Maps” every 2 years. Table 3.3-1 provides a summary of agricultural land 
within Imperial County converted to non-agricultural uses during the time frame from 2016 to 2018.  

Table 3.3-1. Imperial County Change in Agricultural Land Use Summary (2016 to 2018) 

Land Use Category 

Total Acreage 
Inventoried 2016 to 2018 Acreage Changes 

2016 2018 
Acres 

Lost (-) 
Gained 

(+) 
Total Acreage 

Changed 
Net Acreage 

Changed 
Prime Farmland 190,206 189,163 1,699 656 2,355 -1,043 

Farmland of Statewide 
Importance 

297,272 291,596 6,330 654 6,984 -5,676 

Unique Farmland 2,071 1,905 190 24 214 -166 

Farmland of Local 
Importance 

38,923 39,711 1,587 2,375 3,962 788 

Important Farmland 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 

Grazing Land 0 0 0 0 0 0 

Agricultural Land 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 
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Table 3.3-1. Imperial County Change in Agricultural Land Use Summary (2016 to 2018) 

Land Use Category 

Total Acreage 
Inventoried 2016 to 2018 Acreage Changes 

2016 2018 
Acres 

Lost (-) 
Gained 

(+) 
Total Acreage 

Changed 
Net Acreage 

Changed 
Urban and Built-Up 
Land 

37,412 41,764 301 4,653 4,954 4,352 

Other Land 461,891 463,488 712 2,309 3,021 1,597 

Water Area 749 897 125 273 398 148 

Total Area 
Inventoried 

1,028,524 1,028,524 10,944 10,944 21,888 0 

Source: DOC 2018 

Local 

County of Imperial General Plan 

The Agricultural Element of the County’s General Plan serves as the primary policy statement for 
implementing development policies for agricultural land use in Imperial County. The goals, objectives, 
implementation programs, and policies found in the Agricultural Element provide direction for new 
development as well as government actions and programs. Imperial County’s Goals and Objectives 
are intended to serve as long-term principles and policy statements to guide agricultural use 
decision-making and uphold the community’s ideals.  

Agriculture has been the single most important economic activity in the County throughout its history. 
The County recognizes the area as one of the finest agricultural areas in the world because of several 
environmental and cultural factors including good soils, a year-round growing season, the availability 
of adequate water transported from the Colorado River, extensive areas committed to agricultural 
production, a gently sloping topography, and a climate that is well-suited for growing crops and raising 
livestock. The Agricultural Element in the County General Plan demonstrates the long-term 
commitment by the County to the full promotion, management, use, and development and protection 
of agricultural production, while allowing logical, organized growth of urban areas (County of Imperial 
2015). 

The County’s Agricultural Element identifies several Implementation Programs and Policies for the 
preservation of agricultural resources. The Agricultural Element recognizes that the County can and 
should take additional steps to provide further protection for agricultural operations and at the same 
time provide for logical, organized growth of urban areas. The County must be specific and consistent 
about which lands will be maintained for the production of food and fiber and for support of the County’s 
economic base. The County’s strategy and overall framework for maintaining agriculture includes the 
following policy directed at the preservation of Important Farmland: 

The overall economy of the County is expected to be dependent upon the agricultural industry 
for the foreseeable future. As such, all agricultural land in the County is considered as Important 
Farmland, as defined by federal and state agencies, and should be reserved for agricultural 
uses. Agricultural land may be converted to non-agricultural uses only where a clear and 
immediate need can be demonstrated, such as requirements for urban housing, commercial 
facilities, or employment opportunities. All existing agricultural land will be preserved for 
irrigation agriculture, livestock production, aquaculture, and other agriculture-related uses 
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except for non-agricultural uses identified in this General Plan or in previously adopted City 
General Plans. 

The following program is provided in the Agricultural Element: 

No agricultural land designated except as provided in Exhibit C [of the Agricultural Element] 
shall be removed from the Agriculture category except where needed for use by a public 
agency, for geothermal purposes, where a mapping error may have occurred, or where a clear 
long-term economic benefit to the County can be demonstrated through the planning and 
environmental review process. The Board (or Planning Commission) shall be required to 
prepare and make specific findings and circulate same for 60 days (30 days for parcels 
considered under Exhibit C of this [Agricultural] element) before granting final approval of any 
proposal, which removes land from the Agriculture category.  

Also, the following policy addresses Development Patterns and Locations on Agricultural Land: 

“Leapfrogging” or “checkerboard” patterns of development have intensified recently and result 
in significant impacts on the efficient and economic production of adjacent agricultural land. It 
is a policy of the County that leapfrogging will not be allowed in the future. All new 
non-agricultural development will be confined to areas identified in this plan for such purposes 
or in Cities’ adopted Spheres of Influence, where new development must adjoin existing urban 
uses. Non-agricultural residential, commercial, or industrial uses will only be permitted if they 
adjoin at least one side of an existing urban use, and only if they do not significantly impact the 
ability to economically and conveniently farm adjacent agricultural land. 

Agricultural Element Programs that address “leapfrogging” or “checkerboard” development include: 

All non-agricultural uses in any land use category shall be analyzed during the subdivision, 
zoning, and environmental impact review process for their potential impact on the movement of 
agricultural equipment and products on roads located in the Agriculture category, and for other 
existing agricultural conditions which might impact the projects, such as noise, dust, or odors. 

The Planning and Development Services Department shall review all proposed development 
projects to assure that any new residential or non-agricultural commercial uses located on 
agriculturally zoned land, except land designated as a Specific Plan Area, be adjoined on at 
least one entire property line to an area of existing urban uses. Developments that do not meet 
these criteria should not be approved. 

Table 3.3-2 provides a General Plan goal and policy consistency evaluation for the project. 

Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
Goal 1. All Important Farmland, including 
the categories of Prime Farmland, 
Farmland of Statewide Importance, 
Unique Farmland, and Farmland of Local 
Importance, as defined by federal and 
state agencies, should be reserved for 
agricultural uses. 

Consistent The project would temporarily convert land 
designated as Prime Farmland, Farmland of 
Statewide Importance, and Unique Farmland to 
non-agricultural uses, however, as part of the 
project, a reclamation plan when the project is 
decommissioned at the end of its life spans will 
be utilized. The reclamation plan includes the 
removal, recycling, and/or disposal of all solar 
arrays, inverters, battery energy storage system, 
transformers and other structures on the site, as 
well as restoration of the site to its pre-project 
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Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
condition. Therefore, the proposed project would 
not permanently convert Prime Farmland, 
Farmland of Statewide Importance, or Unique 
Farmland to non-agricultural uses.  

Goal 2. Adopt policies that prohibit 
“leapfrogging” or “checkerboard” patterns 
of nonagricultural development in 
agricultural areas and confine future 
urbanization to adopted Sphere of 
Influence area. 

Consistent The project site is designated for agriculture land 
use in the County General Plan. The project 
would include development of a solar facility and 
associated infrastructure adjacent to productive 
agricultural lands to the north and east of the 
project site; however, the project is located 
adjacent to the City of Brawley Wastewater 
Treatment Plant along the western edge of the 
project site. The Union Pacific Railway transects 
the project site. Additionally, this development 
would not include a residential component that 
would induce urbanization adjacent to the 
projects. Furthermore, as shown on Figure LUE-
1: Land Use Map of the City of Brawley Final 
General Plan 2030, the project site is located 
within the City of Brawley’s adopted Sphere of 
Influence1. As a new non-agricultural 
development, the proposed project would be 
consistent with this policy as it would be confined 
to areas in a city’s adopted sphere of influence 
and adjoins an existing urban use (water 
treatment plant). 

Furthermore, with the approval of a General Plan 
Amendment, Zone Change, and CUP, the 
project would be consistent with the County’s 
Land Use Ordinance. Consistency with the Land 
Use Ordinance implies consistency with the 
General Plan land use designation.  

Objective 2.1. Do not allow the placement 
of new non-agricultural land uses such 
that agricultural fields or parcels become 
isolated or more difficult to economically 
and conveniently farm. 

Consistent The project would include development of a solar 
facility adjacent to productive agricultural lands to 
the north and east of the project site; however, 
the project is located adjacent to the City of 
Brawley Wastewater Treatment Plant along the 
western edge of the project site. The Union 
Pacific Railway transects the project site. Neither 
construction nor operation of the solar facility 
would not make it difficult to economically or 
conveniently farm.  

Objective 2.2. Encourage the infilling of 
development in urban areas as an 
alternative to expanding urban 
boundaries. 

Consistent The project involves the construction and 
operation of solar facility in a rural area. While 
the proposed project will introduce development 
in the area, it does not include residential uses 
that would, in turn, create a demand for other 
uses such as commercial, employment centers, 
and supporting services.  

Objective 2.3. Maintain agricultural lands 
in parcel size configurations that help 

Consistent The project would temporarily convert 
agricultural land to non-agricultural uses. 

 
1 City of Brawley. 2008. Figure LUE-1: Land Use Map of the City of Brawley Final General Plan 2030. Available on-line at: 

https://www.brawley-ca.gov/cms/kcfinder/upload/files/planning/Final_GP_Master-PDF.pdf   
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Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
assure that viable farming units are 
retained. 

However, the project would not be subdivided 
into smaller parcels. A reclamation plan will be 
prepared for the project site, which when 
implemented, would return the site to pre-project 
conditions after the solar uses are discontinued. 

Objective 2.4. Discourage the 
parcelization of large holdings. 

Consistent See response to Objective 2.3 above. 

Objective 2.6. Discourage the 
development of new residential or other 
non-agricultural areas outside of city 
“sphere of influence” unless designated 
for non-agricultural use in the County 
General Plan, or for necessary public 
facilities. 

Consistent Upon approval of a CUP and zone change into 
the RE Overlay Zone designation, the proposed 
project would be an allowable use within an 
applicable agricultural zone, and the existing 
zoning of the project site would be consistent 
with the existing General Plan land use 
designation.  

Goal 3. Limit the introduction of conflicting 
uses into farming areas, including 
residential development of existing parcels 
which may create the potential for conflict 
with continued agricultural use of adjacent 
property. 

Consistent Upon approval of a CUP and zone change into 
the RE Overlay Zone designation, the proposed 
project would be an allowable use within an 
applicable agricultural zone. Additionally, the 
project does not include the development of 
housing. 

Objective 3.2. Enforce the provisions of 
the Imperial County Right-to-Farm 
Ordinance (No. 1031). 

Consistent The Imperial County Right-to-Farm Ordinance 
would be enforced. With mitigation measures 
proposed in other resource sections (e.g., air 
quality, noise, etc.), project-related activities 
would not adversely affect adjacent agricultural 
operations. The proposed project will be required 
to comply with ICAPCD’s rules and regulations to 
control emissions or hazardous air pollutants, 
including, but not limited to, Regulation VIII and 
Rule 407.  Regulation VIII sets forth rules 
regarding the control of fugitive dust, including 
fugitive dust from construction activities. 
Regulation VIII requires implementation of 
fugitive dust control measures to reduce 
emissions from earthmoving, unpaved roads, 
handling of bulk materials, and control of 
track-out/carry-out dust from active construction 
sites. Rule 407 prohibits a person from 
discharging from any source whatsoever such 
quantities of air contaminants or other material 
which cause injury, detriment, nuisance or 
annoyance to any considerable number of 
persons or to the public, or which endanger the 
comfort, repose, health or safety of any such 
persons or the public, or which cause, or have a 
natural tendency to cause, injury or damage to 
business or property. 

Objective 3.3. Enforce the provisions of 
the State nuisance law (California Code 
Sub-Section 3482). 

Consistent The provisions of the State nuisance law would 
be incorporated into the project. As discussed 
below, there is the potential that weeds or other 
pests may occur within the solar fields if these 
areas are not properly maintained and managed 
to control weeds and pests. Mitigation Measure 
AG-2 requires the project applicant to develop a 
Pest Management Plan prior to the issuance of a 
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Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
grading permit or building permit (whichever 
occurs first).  

Source: County of Imperial General Plan 2015 
Notes: 
CUP = conditional use permit; RE = renewable energy 

County of Imperial “Right to Farm” Ordinance 

On August 7, 1990, the County Board of Supervisors approved the “Right‐to‐Farm” Ordinance, which 
permits operation of properly conducted agricultural operations within Imperial County after 
recognizing the potential threats to agricultural productivity posed by increased nonagricultural land 
uses throughout the County. The ordinance is intended to reduce the loss to the County of its 
agricultural resources and promote a good neighbor policy by advising purchasers and users of 
adjacent properties about the potential problems and inconveniences associated with agricultural 
operations. The ordinance also establishes a “County Agricultural Grievance Committee” to settle 
disputes between agriculturalists and adjacent property owners. 

3.3.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to 
agricultural resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to agricultural resources are 
considered significant if any of the following occur: 

• Convert Prime Farmland, Unique Farmland, or Farmland of Statewide Importance (Farmland) 
as shown on the maps prepared pursuant to the FMMP of the California Resources Agency, 
to non-agricultural use 

• Conflict with existing zoning for agricultural use, or a Williamson Act contract  

• Involve other changes in the existing environment which, due to their location or nature, could 
result in conversion of Farmland, to non-agricultural use  

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
adversely impact agricultural resources within the project site based on the applied significance criteria 
as identified above. The analysis prepared for this EIR relied on Important Farmland and Williamson 
Act maps for Imperial County produced by the California DOC’s Division of Land Resource Protection. 
These sources were used to determine the agricultural significance of the land in the project site. Per 
the County of Imperial General Plan, Farmland of Local Importance is also considered an important 
farmland. 

PC ORIGINAL PKG



3.3 Agricultural Resources 
Final EIR | Brawley Solar Energy Facility Project 

3.3-10 | January 2023 Imperial County 

Additionally, potential conflicts with existing agricultural zoning or other changes resulting from the 
implementation of the project, which could indirectly remove Important Farmland from agricultural 
production or reduce agricultural productivity were considered. Sources used in this evaluation 
included, but were not limited to, the Imperial County General Plan and zoning ordinance. The 
conceptual site plan for the project (Chapter 2, Figure 2-3) was also used to evaluate potential impacts.  

Impact Analysis 

Impact 3.3-1 Would the project convert Prime Farmland, Unique Farmland, or Farmland of 
Statewide Importance (Farmland) as shown on the maps prepared pursuant to 
the FMMP of the California Resources Agency, to non-agricultural use?  

Implementation of the project would result in the temporary conversion of approximately 227 acres of 
land currently under or available for agricultural production to non-agricultural uses. Approximately 4.4 
acres of the project site is classified as Prime Farmland, 205 acres as Farmland of Statewide 
Importance, and 1 acre as Unique Farmland. The loss of agricultural land designed Prime Farmland, 
Farmland of Statewide Importance, and Unique Farmland is typically considered a significant impact 
under CEQA. Therefore, their conversion to non-agricultural use, albeit temporary, is considered a 
significant impact. Implementation of Mitigation Measures AG-1a and AG-1b would reduce this impact 
to a level less than significant. 

Mitigation Measure(s) 

AG-1a Payment of Agricultural and Other Benefit Fees. One of the following options 
included below is to be implemented prior to the issuance of a grading permit or 
building permit for the project: 

Mitigation for Non-Prime Farmland 
Option 1:  Provide Agricultural Conservation Easement(s). The Permittee shall 
procure Agricultural Conservation Easements on a “1 on 1” basis on land of equal size, 
of equal quality farmland, outside the path of development. The conservation 
easement shall meet DOC regulations and shall be recorded prior to issuance of any 
grading or building permits; or 

Option 2: Pay Agricultural In-Lieu Mitigation Fee. The Permittee shall pay an 
“Agricultural In-Lieu Mitigation Fee” in the amount of 20 percent of the fair market value 
per acre for the total acres of the proposed site based on five comparable sales of land 
used for agricultural purposes as of the effective date of the permit, including program 
costs on a cost recovery/time and material basis. The Agricultural In-Lieu Mitigation 
Fee, will be placed in a trust account administered by the Imperial County Agricultural 
Commissioner’s office and will be used for such purposes as the acquisition, 
stewardship, preservation and enhancement of agricultural lands within Imperial 
County; or,  
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Option 3: Public Benefit Agreement. The Permittee and County voluntarily enter 
into an enforceable Public Benefit Agreement or Development Agreement that 
includes an Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012-005; 2) the Agricultural Benefit Fee must be held by the County in a 
restricted account to be used by the County only for such purposes as the stewardship, 
preservation and enhancement of agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural Benefit program, as specified in 
the Development Agreement, including addressing the mitigation of agricultural job 
loss on the local economy.  

Mitigation for Prime Farmland 

Option 1: Provide Agricultural Conservation Easement(s). The Permittee shall 
procure Agricultural Conservation Easements on a “2 on 1” basis on land of equal size, 
of equal quality farmland, outside the path of development. The conservation 
easement shall meet DOC regulations and shall be recorded prior to issuance of any 
grading or building permits; or 

Option 2: Pay Agricultural In-Lieu Mitigation Fee. The Permittee shall pay an 
“Agricultural In-Lieu Mitigation Fee” in the amount of 30 percent of the fair market value 
per acre for the total acres of the proposed site based on five comparable sales of land 
used for agricultural purposes as of the effective date of the permit, including program 
costs on a cost recovery/time and material basis. The Agricultural In-Lieu Mitigation 
Fee, will be placed in a trust account administered by the Imperial County Agricultural 
Commissioner’s office and will be used for such purposes as the acquisition, 
stewardship, preservation and enhancement of agricultural lands within Imperial 
County; or, 

Option 3: Public Benefit Agreement. The Permittee and County voluntarily enter 
into an enforceable Public Benefit Agreement or Development Agreement that 
includes an Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012-005; 2) the Agricultural Benefit Fee must be held by the County in a 
restricted account to be used by the County only for such purposes as the stewardship, 
preservation and enhancement of agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural Benefit program, as specified in 
the Development Agreement, including addressing the mitigation of agricultural job 
loss on the local economy; the Project and other recipients of the Project’s Agricultural 
Benefit Fee funds; or emphasis on creation of jobs in the agricultural sector of the local 
economy for the purpose of off-setting jobs displaced by this Project. 

Option 4: Avoid Prime Farmland. The Permittee must revise their CUP 
Application/Site Plan to avoid Prime Farmland. 
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AG-1b Site Reclamation Plan. The DOC has clarified the goal of a reclamation and 
decommissioning plan: the land must be restored to land which can be farmed. In addition 
to Mitigation Measure AG-1a for Prime Farmland and Non-Prime Farmland, the Applicant 
shall submit to Imperial County, a Reclamation Plan prior to issuance of a grading permit. 
The Reclamation Plan shall document the procedures by which the project site will be 
returned to its current agricultural condition. Permittee shall also provide financial 
assurance/bonding in the amount equal to a cost estimate prepared by a 
California-licensed general contractor or civil engineer for implementation of the 
Reclamation Plan in the even Permittee fails to perform the Reclamation Plan. 

Significance after Mitigation  

With the implementation of Mitigation Measure AG-1a, the project applicant would be required to 
minimize the impact associated with the permanent loss of valuable farmlands through either provision 
of an agricultural conservation easement, payment into the County agricultural fee program, or 
entering into a public benefit agreement. Mitigation Measure AG-1b will ensure that the project 
applicant adheres to the terms of the agricultural reclamation plan prepared for the project site, which 
would address the temporary conversion impact. This mitigation measure would reduce this impact to 
a less than significant level.  

Impact 3.3-2 Would the project conflict with existing zoning for agricultural use, or a 
Williamson Act contract?   

Williamson Act. The project site is not located on Williamson Act contracted land (DOC 2016). 
Therefore, the project would not conflict with a Williamson Act contract and no impact would occur. 

Agricultural Zoning. Pursuant to the County General Plan, the project site is located on land 
designated for agricultural uses. The project would be constructed on land currently zoned A-2-G 
(General Agricultural with a Geothermal Overlay). Pursuant to Title 9, Division 5, Chapter 8, the 
following uses are permitted in the A-2 zone subject to approval of a CUP from Imperial County: solar 
energy electrical generator, battery storage facility, electrical substations, communication towers, and 
facilities for the transmission of electrical energy. 

Upon approval of a CUP and zone change into the RE Overlay Zone designation, the project’s uses 
would be consistent with the Imperial County Land Use Ordinance and thus is also consistent with the 
General Plan land use designation of the site. Additionally, the operation of the solar energy facility is 
not expected to inhibit or adversely affect adjacent agricultural operations through the placement of 
sensitive land uses or generation of excessive dust or shading. Based on these considerations, the 
impact is considered less than significant.  

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.3-3 Would the project involve other changes in the existing environment which, 
due to their location or nature, could result in conversion of Farmland, to non-
agricultural use? 

The Agricultural Element of the County’s General Plan serves as the primary policy statement for 
implementing development policies for agricultural land use in Imperial County. The goals, objectives, 
implementation programs, and policies found in the Agricultural Element provide direction for private 
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development as well as government actions and programs. A summary of the relevant Agricultural 
goals and objectives and the project’s consistency with applicable goals and objectives is summarized 
in Table 3.3-2. As provided, the project is generally consistent with certain Agricultural Element Goals 
and Objectives of the County General Plan, but mitigation is required for the project.   

Per County policy, agricultural land may be converted to non-agricultural uses only where a clear and 
immediate need can be demonstrated, such as requirements for urban housing, commercial facilities, 
or employment opportunities. Further, no agricultural land designated exempt shall be removed from 
the agriculture category except where needed for use by a public agency, for geothermal purposes, 
where a mapping error may have occurred, or where a clear long-term economic benefit to the County 
can be demonstrated through the planning and environmental review process.  

As discussed under Impact 3.3-1, although the project would convert lands currently under agricultural 
production, the project applicant is proposing agriculture as the end use and will prepare a site-specific 
Reclamation Plan to minimize impacts related to short- and long-term conversion of farmland to 
non-agricultural use. The reclamation plan includes the removal, recycling, and/or disposal of all solar 
arrays, inverters, transformers and other structures on the site, as well as restoration of the site to its 
pre-project condition. The County is responsible for approving the reclamation plan for each project 
and confirming that financial assurances for the project is in conformance with Imperial County 
ordinances prior to the issuance of any building permits. This shall be made a condition of approval 
and included in the CUP. Additionally, the County is requiring Mitigation Measure AG-1b to ensure 
that post-restoration of the project facilitates result in no net reduction in Prime Farmland or Farmland 
of Statewide Importance. 

The project would not directly impact the movement of agricultural equipment on roads located within 
the agriculture category and access to existing agriculture-serving roads would not be precluded or 
hindered by the project. Project construction would include the renovation of existing dirt roads to all-
weather surfaces (to meet the County standards) from N Best Avenue to the City of Brawley 
wastewater treatment plant. However, the proposed renovation would not otherwise affect other 
agricultural operations in the area. With mitigation measures proposed in other resource sections (e.g. 
air quality, noise, etc.), project-related activities would not adversely affect adjacent agricultural 
operations. The proposed project will be required to comply with ICAPCD’s rules and regulations to 
control emissions or hazardous air pollutants, including, but not limited to, Regulation VIII and Rule 
407.  Regulation VIII sets forth rules regarding the control of fugitive dust, including fugitive dust from 
construction activities. Regulation VIII requires implementation of fugitive dust control measures to 
reduce emissions from earthmoving, unpaved roads, handling of bulk materials, and control of 
track-out/carry-out dust from active construction sites. Rule 407 prohibits a person from discharging 
from any source whatsoever such quantities of air contaminants or other material which cause injury, 
detriment, nuisance or annoyance to any considerable number of persons or to the public, or which 
endanger the comfort, repose, health or safety of any such persons or the public, or which cause, or 
have a natural tendency to cause, injury or damage to business or property. Further, the provisions of 
the Imperial County Right-to-Farm Ordinance (No. 1031) and the State nuisance law (California Code 
Sub-Section 3482) would continue to be enforced. 

With the implementation of the project, it is possible that the physical and chemical makeup of the soil 
materials within the upper soil horizon may change. For example, improper soil stockpiling and 
management of the stockpiles could result in increased decomposition of soil organic materials, 
increased leaching of plant available nitrogen, and depletion of soil biota communities (e.g., Rhizobium 
or Frankia). Any reductions in agricultural productivity could significantly limit the types of crops (e.g., 
deeper rooting crops, orchards, etc.) that may be grown within the project site in the future. However, 
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implementation of Mitigation Measure AG-1b would require the project applicant or its successor in 
interest for implementing a reclamation plan when the project is decommissioned at the end of its 
lifespan. The reclamation plan includes restoration of the site to its pre-project condition. 
Implementation of Mitigation Measure AG-1b would reduce this impact to a level less than significant. 

Additionally, there is the potential that weeds or other pests may occur within the solar field if the area 
is not properly maintained and managed to control weeds and pests. This is considered a significant 
impact. Implementation of Mitigation Measure AG-2 would reduce this impact to a level less than 
significant.  

Mitigation Measure(s) 
AG-2  Pest Management Plan. Prior to the issuance of a grading permit or building permit 

(whichever occurs first), a Pest Management Plan shall be developed by the project 
applicant and approved by the County of Imperial Agricultural Commissioner. The project 
applicant shall maintain a Pest Management Plan until reclamation is complete. The plan 
shall provide the following:  

1. Monitoring, preventative, and management strategies for weed and pest control 
during construction activities at any portion of the project (e.g., transmission line);  

2. Control and management of weeds and pests in areas temporarily disturbed during 
construction where native seed will aid in site revegetation as follows:  

• Monitor for all pests including insects, vertebrates, weeds, and pathogens. 
Promptly control or eradicate pests when found, or when notified by the 
Agricultural Commissioner’s office that a pest problem is present on the project 
site. The assistance of a licensed pest control advisor is recommended. All 
treatments must be performed by a qualified applicator or a licensed pest 
control business;  

• All treatments must be performed by a qualified applicator or a licensed pest 
control operator;  

• “Control” means to reduce the population of common pests below 
economically damaging levels, and includes attempts to exclude pests before 
infestation, and effective control methods after infestation. Effective control 
methods may include physical/mechanical removal, bio control, cultural 
control, or chemical treatments;  

• Use of “permanent” soil sterilants to control weeds or other pests is prohibited 
because this would interfere with reclamation; 

• Notify the Agricultural Commissioner’s office immediately regarding any 
suspected exotic/invasive pest species as defined by the California 
Department of Food Agriculture and the U.S. Department of Agriculture. 
Request a sample be taken by the Agricultural Commissioner’s Office of a 
suspected invasive species. Eradication of exotic pests shall be done under 
the direction of the Agricultural Commissioner’s Office and/or California 
Department of Food and Agriculture; 

• Obey all pesticide use laws, regulations, and permit conditions; 
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• Allow access by Agricultural Commissioner staff for routine visual and trap pest 
surveys, compliance inspections, eradication of exotic pests, and other official 
duties; 

• Ensure all project employees that handle pest control issues are appropriately 
trained and certified, all required records are maintained and made available 
for inspection, and all required permits and other required legal documents are 
current; 

• Maintain records of pests found and treatments or pest management methods 
used. Records should include the date, location/block, project name (current 
and previous if changed), and methods used. For pesticides include the 
chemical(s) used, EPA Registration numbers, application rates, etc. A 
pesticide use report may be used for this; 

• Submit a report of monitoring, pest finds, and treatments, or other pest 
management methods to the Agricultural Commissioner quarterly within 
15 days after the end of the previous quarter, and upon request. The report is 
required even if no pests were found or treatment occurred. It may consist of 
a copy of all records for the previous quarter, or may be a summary letter/report 
as long as the original detailed records are available upon request. 

3. A long-term strategy for weed and pest control and management during the 
operation of the proposed projects. Such strategies may include, but are not limited 
to:  

• Use of specific types of herbicides and pesticides on a scheduled basis.  

4. Maintenance and management of project site conditions to reduce the potential for 
a significant increase in pest-related nuisance conditions on surrounding agricultural 
lands. 

5. The project shall reimburse the Agricultural Commissioner’s office for the actual cost 
of investigations, inspections, or other required non-routine responses to the site that 
are not funded by other sources. 

Significance after Mitigation 
With implementation of Mitigation Measure AG-1b, the project applicant would be required to adhere 
to the terms of the comprehensive reclamation plan that would restore the project site to preexisting 
(pre-project) conditions following decommissioning of the project (after their use for solar generation 
activities). In addition, the proposed project would be required to implement a weed and pest 
management control plan per Mitigation Measure AG-2. Compliance with these measures would 
reduce this impact to a level less than significant. 

3.3.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. In any land restoration project, it is necessary to minimize disruption to topsoil or 
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stockpiled topsoil for later use during restoration following project decommissioning. With the 
implementation of the project, it is possible that the physical and chemical makeup of the soil materials 
within the upper soil horizon may change during construction and associated stockpiling operations. 
Improper soil stockpiling and management of the stockpiles could result in increased decomposition 
of soil organic materials, increased leaching of plant-available nitrogen, and depletion of soil biota 
communities (e.g., Rhizobium or Frankia). Each of these circumstances could have an adverse effect 
on the future productivity of the restored soils. Any reductions in agricultural productivity could 
significantly limit the types of crops (e.g., deeper rooting crops, orchards, etc.) that may be grown 
within the project site in the future. With implementation of Mitigation Measure AG-1b, the project 
applicant would be required to adhere to the terms of the comprehensive reclamation plan that would 
restore the project site to preexisting (pre-project) conditions following decommissioning of the project 
(after their use for solar generation activities). Implementation of Mitigation Measure AG-1b would 
reduce this impact to a level less than significant. 

Residual 
With mitigation, issues related to the conversion of Important Farmland to non-agricultural use would 
be mitigated and reduced to a less than significant level. Operation of the project, subject to the 
approval of a CUP, would generally be consistent with applicable federal, state, regional, and local 
plans and policies. Following the proposed use (e.g., solar facility), the project would be 
decommissioned and the project site would be restored to pre-project conditions. Based on these 
circumstances, the project would not result in any residual significant and unmitigable impacts on 
agricultural resources. 
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3.4 Air Quality 
This section includes an overview of the existing air quality within the project area and identifies 
applicable local, state, and federal policies related to air quality. The impact assessment provides an 
evaluation of potential adverse effects on air quality based on criteria derived from the CEQA 
Guidelines and ICAPCD’s Air Quality Handbook in conjunction with actions proposed in Chapter 2, 
Project Description, of this EIR. Information contained in this section is summarized from the Air 
Quality, Energy, and Greenhouse Gas Emissions Impact – Brawley Solar Energy Facility Project 
prepared by Vista Environmental. This report is included in Appendix C of this EIR. 

3.4.1 Existing Conditions 

Regional Setting 
The project is located in Imperial County within the Salton Sea Air Basin (SSAB). The SSAB consists 
of all of Imperial County and a portion of Riverside County. Both the ICAPCD and South Coast Air 
Quality Management District (SCAQMD) have jurisdiction within the SSAB. The ICAPCD has full 
jurisdiction within all Imperial County and SCAQMD only has jurisdiction within Riverside County.  

The climate of Imperial County is governed by the large-scale sinking and warming of air in the semi-
permanent high-pressure zone of the eastern Pacific Ocean. The high-pressure ridge blocks out most 
mid-latitude storms, except in the winter, when it is weakest and located farthest south. The coastal 
mountains prevent the intrusion of any cool, damp air found in California coastal areas. Because of 
the barrier and weakened storms, Imperial County experiences clear skies, extremely hot summers, 
mild winters, and little rainfall. The sun shines, on the average, more in Imperial County than anywhere 
else in the United States. 

Winters are mild and dry with daily average temperatures ranging between 65- and 75- degrees 
Fahrenheit (°F). During winter months it is not uncommon to record maximum temperatures of up to 
80 °F. Summers are extremely hot with daily average temperatures ranging between 104 and 115 °F. 
It is not uncommon to record maximum temperatures of 120 °F during summer months. 

The flat terrain of the valley and the strong temperature differentials created by intense solar heating, 
produce moderate winds and deep thermal convection. The combination of subsiding air, protective 
mountains, and distance from the ocean all combine to severely limit precipitation. Rainfall is highly 
variable, with precipitation from a single heavy storm able to exceed the entire annual total during a 
later drought condition. The average annual rainfall is just over three 3 inches, with most of it occurring 
in late summer or mid-winter. 

Humidity is low throughout the year, ranging from an average of 28 percent in summer to 52 percent 
in winter. The large daily oscillation of temperature produces a corresponding large variation in the 
relative humidity. Nocturnal humidity rises to 50 to 60 percent but drops to about 10 percent during the 
day. 

The wind in Imperial County follows two general patterns. Wind statistics indicate prevailing winds are 
from the west-northwest through southwest; a secondary flow maximum from the southeast is also 
evident. The prevailing winds from the west and northwest occur seasonally from fall through spring 
and are known to be from the Los Angeles area. Occasionally, Imperial County experiences periods 
of extremely high wind speeds. Wind speeds can exceed 31 miles per hour (mph), and this occurs 
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most frequently during the months of April and May. However, speeds of less than 6.8 mph account 
for more than one-half of the observed wind measurements. 

Major Air Pollutants 

Criteria Pollutants 

Criteria air pollutants are defined as those pollutants for which the federal and state governments have 
established air quality standards for outdoor or ambient concentrations to protect public health with a 
determined margin of safety. Ozone, coarse particulate matter (PM10), and fine particulate matter 
(PM2.5) are generally considered to be regional pollutants because they or their precursors affect air 
quality on a regional scale. Pollutants such as carbon monoxide (CO), nitrogen dioxide (NO2), and 
sulfur dioxide (SO2) are considered to be local pollutants because they tend to accumulate in the air 
locally. PM is also considered a local pollutant. Health effects commonly associated with criteria 
pollutants are summarized in Table 3.4-1. 

Table 3.4-1. Criteria Air Pollutants - Summary of Common Sources and Effects 
Pollutant Major Manmade Sources Human Health and Welfare Effects 

CO An odorless, colorless gas formed when 
carbon in fuel is not burned completely; a 
component of motor vehicle exhaust. 

Reduces the ability of blood to deliver oxygen 
to vital tissues, effecting the cardiovascular 
and nervous system. Impairs vision, causes 
dizziness, and can lead to unconsciousness 
or death. 

NO2 A reddish-brown gas formed during fuel 
combustion for motor vehicles, energy 
utilities and industrial sources. 

Respiratory irritant; aggravates lung and 
heart problems. Precursor to ozone and acid 
rain. Causes brown discoloration of the 
atmosphere. 

O3 Formed by a chemical reaction between 
reactive organic gases (ROGs) and nitrous 
oxides (N2O) in the presence of sunlight. 
Common sources of these precursor 
pollutants include motor vehicle exhaust, 
industrial emissions, solvents, paints and 
landfills. 

Irritates and causes inflammation of the 
mucous membranes and lung airways; 
causes wheezing, coughing and pain when 
inhaling deeply; decreases lung capacity; 
aggravates lung and heart problems. 
Damages plants; reduces crop yield. 

PM10 and PM2.5 Power plants, steel mills, chemical plants, 
unpaved roads and parking lots, wood-
burning stoves and fireplaces, automobiles 
and others. 

Increased respiratory symptoms, such as 
irritation of the airways, coughing, or difficulty 
breathing; aggravated asthma; development 
of chronic bronchitis; irregular heartbeat; 
nonfatal heart attacks; and premature death 
in people with heart or lung disease. Impairs 
visibility (haze) 

SO2 A colorless, nonflammable gas formed when 
fuel containing sulfur is burned. Examples 
are refineries, cement manufacturing, and 
locomotives. 

Respiratory irritant. Aggravates lung and 
heart problems. Can damage crops and 
natural vegetation. Impairs visibility. 

Source: California Air Pollution Control Officers Association (CAPCOA) 2021 

Toxic Air Contaminants 

In addition to the above-listed criteria pollutants, toxic air contaminants (TAC) are another group of 
pollutants of concern. TACs is a term that is defined under the California Clean Air Act and consists 
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of the same substances that are defined as Hazardous Air Pollutants (HAPs) in the Federal Clean Air 
Act.  There are over 700 hundred different types of TACs with varying degrees of toxicity. Sources of 
TACs include industrial processes such as petroleum refining and chrome plating operations, 
commercial operations such as gasoline stations and dry cleaners, and motor vehicle exhaust.  Cars 
and trucks release at least 40 different toxic air contaminants. The most important of these TACs, in 
terms of health risk, are diesel particulates, benzene, formaldehyde, 1,3-butadiene, and acetaldehyde.  
Public exposure to TACs can result from emissions from normal operations as well as from accidental 
releases.  Health effects of TACs include cancer, birth defects, neurological damage, and death. 

TACs are less pervasive in the urban atmosphere than criteria air pollutants, however they are linked 
to short-term (acute) or long-term (chronic or carcinogenic) adverse human health effects.  There are 
hundreds of different types of TACs with varying degrees of toxicity.  Sources of TACs include 
industrial processes, commercial operations (e.g., gasoline stations and dry cleaners), and motor 
vehicle exhaust. 

According to The California Almanac of Emissions and Air Quality 2013 Edition, the majority of the 
estimated health risk from TACs can be attributed to relatively few compounds, the most important of 
which is diesel particulate matter (DPM). DPM is a subset of PM2.5 because the size of diesel particles 
are typically 2.5 microns and smaller. Diesel engines emit a complex mixture of air pollutants, 
composed of gaseous and solid material. The visible emissions in diesel exhaust are known as 
particulate matter or PM, which includes carbon particles or “soot.” Diesel exhaust also contains a 
variety of harmful gases and over 40 other cancer-causing substances.  California’s identification of 
DPM as a toxic air contaminant was based on its potential to cause cancer, premature deaths, and 
other health problems.  Exposure to DPM is a health hazard, particularly to children whose lungs are 
still developing and the elderly who may have other serious health problems.  Overall, diesel engine 
emissions are responsible for the majority of California’s potential airborne cancer risk from 
combustion sources (Appendix C of this EIR).   

Attainment Status 
The U.S. Environmental Protection Agency (EPA) and CARB designate air basins or portions of air 
basins and counties as being in “attainment” or “nonattainment” for each of the criteria pollutants. 
Areas that do not meet the standards are classified as nonattainment areas. The National Ambient Air 
Quality Standards (NAAQS) (other than ozone [O3], PM10 and PM2.5 and those based on annual 
averages or arithmetic mean) are not to be exceeded more than once per year. The NAAQS for O3, 
PM10, and PM2.5 are based on statistical calculations over one- to three-year periods, depending on 
the pollutant. The California Ambient Air Quality Standards (CAAQS) are not to be exceeded during a 
three-year period.  

The attainment status for the portion of the SSAB encompassing the project site is shown in Table 
3.4-2. As shown, the Imperial County portion of the SSAB is currently designated as nonattainment 
for O3 and PM10 under State standards. Under federal standards, the Imperial County portion of the 
SSAB is in nonattainment for O3, PM10, and PM2.5. The area is currently in attainment or unclassified 
status for CO, NO2, and SO2. 
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Table 3.4-2. Attainment Status of Criteria Pollutants in the Imperial County Portion of 
the Salton Sea Air Basin 

Pollutant State Designation Federal Designation 

O3 Nonattainment Nonattainment 

PM10 Nonattainment Nonattainment 

PM2.5 Attainment Nonattainment 

CO Attainment Unclassified/attainment 

NO2 Attainment Unclassified/attainment 

SO2 Attainment Unclassified/attainment 

Source: Appendix C of this EIR 

Local Ambient Air Quality 
Ambient air quality at the project site can be inferred from ambient air quality measurements conducted 
at nearby air quality monitoring stations. CARB maintains more than 60 monitoring stations throughout 
California. The ICAPCD operates a network of monitoring stations throughout the County that 
continuously monitor ambient levels of criteria pollutants in compliance with federal monitoring 
regulations. 

Since not all air monitoring stations measure all of the tracked pollutants, the data from the following 
monitoring stations, listed in the order of proximity to the project site, have been used: Brawley-220 
Main Street Monitoring Station (Brawley Station), Westmorland Monitoring Station (Westmorland 
Station) and El Centro – 9th Street Monitoring Station (El Centro Station). 

The Brawley Station is located approximately 2.9 miles south of the project site at 220 Main Street, 
the Westmorland Station is located approximately 6.4 miles west of the project site at 202 W First 
Street, and the El Centro Station is located approximately 15.7 miles south of the project site at 150 
9th Street. PM10 and PM2.5 were measured at the Brawley Station, ozone was measured at the 
Westmorland Station, and NO2 was measured at the El Centro Station.  It should be noted that due to 
the air monitoring stations’ distances from the project site, recorded air pollution levels at the air 
monitoring stations reflect with varying degrees of accuracy local air quality conditions at the project 
site. Table 3.4-3 shows the most recent three years of monitoring data from CARB.  

Table 3.4-3. Summary of Local Ambient Air Quality Data 

Pollutant (Standard) 

Year1 

2017 2018 2019 

Ozone: 1    

Maximum 1-Hour Concentration (ppm) 0.078 0.086 0.071 

 Days > CAAQS (0.09 ppm) 0 0 0 

Maximum 8-Hour Concentration (ppm) 0.067 0.068 0.060 
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Table 3.4-3. Summary of Local Ambient Air Quality Data 

Pollutant (Standard) 

Year1 

2017 2018 2019 

 Days > NAAQS (0.070 ppm) 0 0 0 

 Days > CAAQs (0.070 ppm) 0 0 0 

Nitrogen Dioxide: 2    

Maximum 1-Hour Concentration (ppb) 48.8 34.1 41.4 

 Days > NAAQS (100 ppb) 0 0 0 

 Days > CAAQS (180 ppb) 0 0 0 

Inhalable Particulates (PM10) :3    

Maximum 24-Hour National Measurement (ug/m3) 449.8 407.0 324.4 

 Days > NAAQS (150 ug/m3) 9 13 2 

 Days > CAAQS (50 ug/m3) 58 106 53 

Annual Arithmetic Mean (AAM) (ug/m3) 45.4 52.2 35.8 

 Annual > NAAQS (50 ug/m3) No Yes No 

 Annual > CAAQS (20 ug/m3) Yes Yes Yes 

Ultra-Fine Particulates (PM2.5):3    

Maximum 24-Hour National Measurement (ug/m3) 46.1 55.1 28.9 

 Days > NAAQS (35 ug/m3)  1 2 0 

Annual Arithmetic Mean (AAM) (ug/m3) 9.4 10.4 8.3 

 Annual > NAAQS and CAAQS (12 ug/m3) No No No 

Source: Appendix C of this EIR 
Notes:  
Exceedances are listed in bold.  CAAQS = California Ambient Air Quality Standard; NAAQS = National Ambient Air Quality 
Standard; ppm = parts per million; ppb = parts per billion; ND = no data available. 
1  Data obtained from the Westmorland Station. 
2  Data obtained from the El Centro Station. 
3  Data obtained from the Brawley Station. 

Sensitive Receptors 

High concentrations of air pollutants pose health hazards for the general population, but particularly 
for the young, the elderly, and the sick. Typical health problems attributed to smog include respiratory 
ailments, eye and throat irritations, headaches, coughing, and chest discomfort. Certain land uses are 
considered to be more sensitive to the effects of air pollution. Schools, hospitals, residences, and other 
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facilities where people congregate, especially children, the elderly and infirm, are considered 
particularly sensitive to air pollutants. 

The nearest sensitive receptors to the project site including the following: 

• Single-family homes approximately 40 feet to the north side of the project site, located near 
the northwest corner of the project site.   

• Single-family residence on the east side of N Best Avenue, located near the northeast corner 
of the project site 

• Single-family residence on the east side of N Best Avenue, located across the proposed 
project’s primary access road 

• Two single-family residences located at the northeast corner of the intersection of N Best 
Avenue and Ward Road 

• Single-family residence (with a horse boarding/training facility) on the west side of N Best 
Avenue, located south of the project site)      

3.4.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project. 

Federal 

Clean Air Act 

The CAA, passed in 1970 and last amended in 1990, is the primary federal law that governs air quality. 
The Federal CAA delegates primary responsibility for clean air to the U.S. EPA. The U.S. EPA 
develops rules and regulations to preserve and improve air quality and delegates specific 
responsibilities to state and local agencies. Under the act, the U.S. EPA has established the NAAQS 
for six criteria air pollutants that are pervasive in urban environments and for which state and national 
health-based ambient air quality standards have been established. Ozone, CO, NO2, SO2, Pb, and 
PM (Including both PM10, and PM2.5) are the six criteria air pollutants. Ozone is a secondary pollutant, 
nitrogen oxides (NOx) and volatile organic compounds (VOC) are of particular interest as they are 
precursors to ozone formation. In addition, national standards exist for Pb. The NAAQS standards are 
set at levels that protect public health with a margin of safety and are subject to periodic review and 
revision.  

The Federal CAA requires U.S EPA to designate areas as attainment, nonattainment, or maintenance 
(previously nonattainment and currently attainment) for each criteria pollutant based on whether the 
NAAQS have been achieved. The federal standards are summarized in Table 3.4-4. 

State 

California Clean Air Act 

The California Clean Air Act (CCAA) was adopted by CARB in 1988. The CCAA is responsible for 
meeting the state requirements of the Federal CAA and for establishing the CAAQS. CARB oversees 
the functions of local air pollution control districts and air quality management districts, which, in turn, 
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administer air quality activities at the regional and county levels. The CCAA, as amended in 1992, 
requires all air districts of the state to achieve and maintain the CAAQS by the earliest practical date.  

The CCAA requires CARB to designate areas within California as either attainment or nonattainment 
for each criteria pollutant based on whether the CAAQS have been achieved. Under the CCAA, areas 
are designated as nonattainment for a pollutant if air quality data shows that a state standard for the 
pollutant was violated at least once during the previous 3 calendar years. As shown in Table 3.4-4, 
the CAAQS are generally more stringent than the corresponding federal standards and incorporate 
additional standards for sulfates, hydrogen sulfide, vinyl chloride, and visibility-reducing particles. 
Exceedances that are affected by highly irregular or infrequent events are not considered violations of 
a state standard and are not used as a basis for designating areas as nonattainment. 

California State Implementation Plan 

The CAA mandates that the state submit and implement a SIP for areas not meeting the NAAQS. 
These plans must include pollution control measures that demonstrate how the standards will be met. 
State law makes CARB the lead agency for all purposes related to the SIP. Local air districts and other 
agencies prepare SIP elements and submit them to CARB for review and approval. CARB then 
forwards SIP revisions to the U.S. EPA for approval and publication in the Federal Register. The Code 
of Federal Regulations Title 40, Chapter I, Part 52, Subpart F, Section 52.220 lists all of the items 
which are included in the California SIP. 

Table 3.4-4. Ambient Air Quality Standards 

Air Pollutant Averaging Time California Standard National Standard 

O3 1-hour  

8-hour 

0.09 ppm 

0.070 ppm 

-- 

0.070 ppm 

PM10 24-hour Mean 50 µg/m3 

20 µg/m3 

150 µg/m3 

-- 

PM2.5 24-hour Mean -- 

12 µg/m3 

35 µg/m3 

12.0 µg/m3 

CO 1-hour 8-hour 20 ppm 

9.0 ppm 

35 ppm 

9 ppm 

NO2 1-hour Mean 0.18 ppm 

0.030 ppm 

100 ppb 

0.053 ppm 

SO2 1-hour 24-hour 0.25 ppm 

0.04 ppm 

75 ppb 

-- 

Pb 30-day Rolling 3-month 1.5 µg/m3 -- 

0.15 µg/m3 

Sulfates 24-hour 25 µg/m3 No federal standard 

Hydrogen sulfide 1-hour 0.03 ppm 
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Table 3.4-4. Ambient Air Quality Standards 

Air Pollutant Averaging Time California Standard National Standard 

Vinyl chloride 24-hour 0.01 ppm 

Visibility-reducing 
particles 

8-hour Extinction coefficient of 

0.23 per kilometer, 
visibility of 10 miles or 
more 

because of particles when 
relative humidity is less 
than 70 percent 

Source: CARB 2016 
Notes: 
CO – carbon monoxide; mean – annual arithmetic mean; NO2 – nitrogen dioxide; O3 – ozone; Pb – lead; PM2.5 – particulate 
matter less than 2.5 microns in diameter; PM10 - particulate matter less than 10 microns in diameter; ppb – parts per billion; 
ppm - parts per million; SO2 – sulfur dioxide; µg/m3 – micrograms per cubic meter 
 

Toxic Air Contaminants Regulation 

TAC sources include industrial processes, dry cleaners, gasoline stations, paint and solvent 
operations, and fossil fuel combustion sources. The TACs that are relevant to the implementation of 
the project include DPM and airborne asbestos. 

In August 1998, CARB identified DPM emissions from diesel-fueled engines as a TAC. In September 
2000, CARB approved a comprehensive diesel risk reduction plan to reduce emissions from both new 
and existing diesel fueled engines and vehicles. The goal of the plan is to reduce diesel PM10 (inhalable 
particulate matter) emissions and the associated health risk by 75 percent in 2010 and by 85 percent 
by 2020. The plan identified 14 measures that target new and existing on-road vehicles (e.g., heavy 
duty trucks and buses, etc.), off-road equipment (e.g., graders, tractors, forklifts, sweepers, and boats), 
portable equipment (e.g., pumps, etc.), and stationary engines (e.g., stand-by power generators, etc.).  

Tanner Air Toxics Act & Air Toxics “Hot Spots” Information and Assessment Act 

CARB’s Statewide comprehensive air toxics program was established in 1983 with AB 1807, the Toxic 
Air Contaminant Identification and Control Act (Tanner Air Toxics Act of 1983). AB 1807 created 
California's program to reduce exposure to air toxics and sets forth a formal procedure for CARB to 
designate substances as TACs. Once a TAC is identified, CARB adopts an airborne toxics control 
measure (ATCM) for sources that emit designated TACs. If there is a safe threshold for a substance 
at which there is no toxic effect, the control measure must reduce exposure to below that threshold. If 
there is no safe threshold, the measure must incorporate toxics best available control technology to 
minimize emissions.  

CARB also administers the state’s mobile source emissions control program and oversees air quality 
programs established by state statute, such as AB 2588, the Air Toxics “Hot Spots” Information and 
Assessment Act of 1987. Under AB 2588, TAC emissions from individual facilities are quantified and 
prioritized by the air quality management district or air pollution control district. High priority facilities 
are required to perform a health risk assessment (HRA) and, if specific thresholds are exceeded, 
required to communicate the results to the public in the form of notices and public meetings. In 

PC ORIGINAL PKG



3.4 Air Quality 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | 3.4-9 

September 1992, the "Hot Spots" Act was amended by SB 1731, which required facilities that pose a 
significant health risk to the community to reduce their risk through a risk management plan. 

Regional 

Imperial County Air Pollution Control District 

The ICAPCD is the agency responsible for monitoring air quality, as well as planning, implementing, 
and enforcing programs designed to attain and maintain state and federal ambient air quality standards 
in the district. ICAPCD is responsible for regulating stationary sources of air emissions in Imperial 
County. Stationary sources that have the potential to emit air pollutants into the ambient air are subject 
to the Rules and Regulations adopted by ICAPCD. ICAPCD is responsible for establishing stationary 
source permitting requirements and for ensuring that new, modified, or relocated stationary sources 
do not create net emission increases. Monitoring of ambient air quality in Imperial County began in 
1976. Since that time, monitoring has been performed by ICAPCD, CARB, and by private industry. 
There are six monitoring sites in Imperial County from Niland to Calexico. The ICAPCD has developed 
the following plans to achieve attainment for air quality ambient standards. 

• 2009 Imperial County Plan for PM10. Imperial Valley is classified as nonattainment for federal 
and state PM10 standards. As a result, ICAPCD was required to develop a PM10 Attainment 
Plan. The final plan was adopted by ICAPCD on August 11, 2009 (ICAPCD 2009). 

• 2013 Imperial County Plan for 2006 24-hour PM2.5 for Moderate Nonattainment Area. U.S. 
EPA designated Imperial County as nonattainment for the 2006 24-hr PM2.5 standard, effective 
December 14, 2009. The 2013 PM2.5 SIP demonstrates attainment of the 2006 PM2.5 NAAQS 
“but-for” transport of international emissions from Mexicali, Mexico. The City of Calexico, 
California shares a border with the City of Mexicali. Effective July 1, 2014, the City of Calexico 
was designated nonattainment, while the rest of the SSAB was designated attainment 
(ICAPCD 2014). 

• 2017 Imperial County Plan for 2008 8-hour Ozone Standard. Because of Imperial County’s 
“moderate” nonattainment status for 2008 federal 8-hour O3 standards, ICAPCD was required 
to develop an 8-hour Attainment Plan for Ozone (ICAPCD 2017a). The plan includes control 
measures which are an integral part of how the ICAPCD currently controls the ROG and NOX 
emissions within the O3 nonattainment areas. The overall strategy includes programs and 
control measures which represent the implementation of Reasonable Available Control 
Technology (40 CFR 51.912) and the assurance that stationary sources maintain a net 
decrease in emissions. 

• 2018 Imperial County Plan for PM10. Imperial Valley is classified as nonattainment for federal 
and state PM10 standards. The 2018 SIP maintained previously adopted fugitive dust control 
measures (Regulation VIII) that were approved in the Imperial County portion of the California 
SIP in 2013 (see above) (ICAPCD 2018a).  

• 2018 Imperial County Plan for PM2.5. U.S. EPA designated Imperial County as nonattainment 
for the 2018 24-hr PM2.5 standard. The 2018 PM2.5 SIP concluded that the majority of the PM2.5 
emissions resulted from transport in nearby Mexico. Specifically, the SIP demonstrates 
attainment of the 2006 PM2.5 NAAQS “but for” transport of international emissions from 
Mexicali, Mexico. In accordance with the CCAA, the PM2.5 SIP satisfies the attainment 
demonstration requirement satisfying the provisions of the CCAA (ICAPCD 2018b). 
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In addition to the above plans, the ICAPCD is working cooperatively with counterparts from Mexico to 
implement emissions reductions strategies and projects for air quality improvements at the border. 
The two countries strive to achieve these goals through local input from states, county governments, 
and citizens. Within the Mexicali and Imperial Valley area, the Air Quality Task Force has been 
organized to address those issues unique to the border region known as the Mexicali/Imperial air shed. 
The Air Quality Task Force membership includes representatives from federal, State, and local 
governments from both sides of the border, as well as representatives from academia, environmental 
organizations, and the general public. This group was created to promote regional efforts to improve 
the air quality monitoring network, emissions inventories, and air pollution transport modeling 
development, as well as the creation of programs and strategies to improve air quality. 

Imperial County Air Pollution Control District Rules and Regulations 

ICAPCD has the authority to adopt and enforce regulations dealing with controls for specific types of 
sources, emissions or hazardous air pollutants, and New Source Review. The ICAPCD Rules and 
Regulations are part of the SIP and are separately enforceable by the EPA. 

Rule 106 – Abatement. The Board may, after notice and a hearing, issue, or provide for the issuance 
by the Hearing Board, of an order for abatement whenever the District finds that any person is in 
violation of the rules and regulations limiting the discharge of air contaminants into the atmosphere. 

Rule 107 – Land Use. The purpose of this rule is to provide ICAPCD the duty to review and advise 
the appropriate planning authorities within the District on all new construction or changes in land use 
which the Air Pollution Control Officer believes could become a source of air pollution problems. 

Rule 201 – Permits Required. The construction, installation, modification, replacement, and 
operation of any equipment which may emit or control Air Contaminants require ICAPCD permits. 

Rule 207 – New and Modified Stationary Source Review. Establishes preconstruction review 
requirements for new and modified stationary sources to ensure the operations of equipment does not 
interfere with attainment or maintenance of ambient air quality standards.  

Rule 208 – Permit to Operate. The ICAPCD would inspect and evaluate the facility to ensure the 
facility has been constructed or installed and will operate to comply with the provisions of the Authority 
to Construct permit and comply with all applicable laws, rules, standards, and guidelines.  

Rule 310 – Operational Development Fee. The purpose of this rule is to provide ICAPCD with a 
sound method for mitigating the emissions produced from the operation of new commercial and 
residential development projects throughout the County of Imperial and incorporated cities. All project 
proponents have the option to either provide off-site mitigation, pay the operational development fee, 
or do a combination of both. This rule will assist ICAPCD in attaining the state and federal ambient air 
quality standards for PM10 and O3. 

Rule 401 – Opacity of Emissions. Sets limits for release or discharge of emissions into the 
atmosphere, other than uncombined water vapor, that are dark or darker in shade as designated as 
No.1 on the Ringelmann Chart1 or obscure an observer’s view to a degree equal to or greater than 
smoke does as compared to No.1 on the Ringelmann Chart, for a period or aggregated period of more 
than three minutes in any hour. 

 
1 The Ringelmann scale is a scale for measuring the apparent density or opacity of smoke. 
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Rule 403 – General Limitations on the Discharge of Air Contaminants. Rule 403 sets forth 
limitations on emissions of pollutants, including particulate matter, from individual sources. 

Rule 407 – Nuisance. Rule 407 prohibits a person from discharging from any source whatsoever such 
quantities of air contaminants or other material which cause injury, detriment, nuisance or annoyance 
to any considerable number of persons or to the public, or which endanger the comfort, repose, health 
or safety of any such persons or the public, or which cause, or have a natural tendency to cause, injury 
or damage to business or property. 

Rule 801 – Construction and Earthmoving Activities. Rule 801 aims to reduce the amount of PM10 
entrained in the ambient air as a result of emissions generated from construction and other 
earthmoving activities by requiring actions to prevent, reduce, or mitigate PM10 emissions. This rule 
applies to any construction and other earthmoving activities, including, but not limited to, land clearing, 
excavation related to construction, land leveling, grading, cut and fill grading, erection or demolition of 
any structure, cutting and filling, trenching, loading or unloading of bulk materials, demolishing, drilling, 
adding to or removing bulk of materials from open storage piles, weed abatement through disking, 
back filling, travel on-site and travel on access roads to and from the site. 

Regulation VIII – Fugitive Dust Rules. Regulation VIII sets forth rules regarding the control of fugitive 
dust, including fugitive dust from construction activities. The regulation requires implementation of 
fugitive dust control measures to reduce emissions from earthmoving, unpaved roads, handling of bulk 
materials, and control of track-out/carry-out dust from active construction sites. Best Available Control 
Measures to reduce fugitive dust during construction and earthmoving activities include but are not 
limited to: 

• Phasing of work in order to minimize disturbed surface area 

• Application of water or chemical stabilizers to disturbed soils 

• Construction and maintenance of wind barriers 

• Use of a track-out control device or wash down system at access points to paved roads. 

Compliance with Regulation VIII is mandatory for all construction sites, regardless of size; however, 
compliance with Regulation VIII does not constitute mitigation under the reductions attributed to 
environmental impacts. In addition, compliance for a project includes: (1) the development of a dust 
control plan for the construction and operational phase; and (2) notification to the Air District is required 
10 days prior to the commencement of any construction activity. Furthermore, any use of engine(s) 
and/or generator(s) of 50 horsepower or greater may require a permit through ICAPCD. 

Southern California Association of Governments – 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy 

The Southern California Association of Governments (SCAG) is the designated metropolitan planning 
organization for Los Angeles, Ventura, Orange, San Bernardino, Riverside, and Imperial Counties. 
CEQA requires that regional agencies like SCAG review projects and plans throughout its jurisdiction. 
SCAG, as the region’s “Clearinghouse,” collects information on projects of varying size and scope to 
provide a central point to monitor regional activity. SCAG has the responsibility of reviewing dozens 
of projects, plans, and programs every month. Projects and plans that are regionally significant must 
demonstrate to SCAG their consistency with a range of adopted regional plans and policies.  

On September 3, 2020, SCAG adopted the 2020-2045 Regional Transportation Plan/Sustainable 
Communities Strategy (RTP/SCS) (SCAG 2020). The RTP/SCS or “Connect SoCal” includes a strong 
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commitment to reduce emissions from transportation sources to comply with Senate Bill 375, improve 
public health, and meet the NAAQS as set forth by the federal CAA. The following SCAG goal is 
applicable to the project:  

• Reduce greenhouse gas emissions and improve air quality. 

Imperial County General Plan 

The Imperial County General Plan serves as the overall guiding policy for the County. The 
Conservation and Open Space Element includes objectives for helping the County achieve the goal 
of improving and maintaining the quality of air in the region. Table 3.4-5 summarizes the project’s 
consistency with the applicable air quality goal and objectives from the Conservation and Open Space 
Element. While this EIR analyzes the project’s consistency with the General Plan pursuant to State 
CEQA Guidelines Section 15125(d), the Imperial County Board of Supervisors ultimately determines 
consistency with the General Plan.  

Table 3.4-5. Project Consistency with Applicable Plan Policies 

Applicable Policies 
Consistency 

Determination Analysis 

Conservation and Open Space Element 

Protection of Air Quality and Addressing 
Climate Change Goal 7: The County shall 
actively seek to improve the quality of air 
in the region.  

Consistent The proposed project would be required to 
comply with all applicable ICAPCD rules and 
requirements during construction and operation 
to reduce air emissions. Overall, the proposed 
project would improve air quality and reduce 
GHG emissions by reducing the amount of 
emissions that would be generated in 
association with electricity production from fossil 
fuel burning facilities. Therefore, the proposed 
project is consistent with this goal.  

Objective 7.1: Ensure that all project and 
facilities comply with current Federal, 
State and local requirements for 
attainment of air quality objectives. 

Consistent The proposed project would comply with current 
federal and State requirements for attainment for 
air quality objectives through conformance with 
all applicable ICAPCD rules and requirements to 
reduce fugitive dust and emissions. Further, the 
project would comply with the ICAPCD Air 
Quality CEQA Handbook’s Mandatory Standard 
Measures (Applicant Proposed Measure AQ-1). 
Therefore, the proposed project is consistent 
with this objective.  

Objective 7.2: Develop management 
strategies to mitigate fugitive dust. 
Cooperate with all federal and state 
agencies in the effort to attain air quality 
objectives. 

Consistent The Applicant would cooperate with all federal 
and State agencies in the effort to attain air 
quality objectives through compliance with the 
ICAPCD Air Quality CEQA Handbook’s 
Mandatory Standard Measures (Applicant 
Proposed Measure AQ-1). Therefore, the 
proposed project is consistent with this objective.  

Source: County of Imperial 2016 
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3.4.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to air quality, 
the methodology employed for the evaluation, an impact evaluation, and mitigation requirements, if 
necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to air quality are considered 
significant if any of the following occur: 

• Conflict with or obstruct implementation of the applicable air quality plan 

• Result in a cumulatively considerable net increase of any criteria pollutant for which the project 
region is non-attainment under an applicable federal or state ambient air quality standard 
(including releasing emissions which exceed quantitative thresholds for O3 precursors) 

• Expose sensitive receptors to substantial pollutant concentrations 

• Result in other emissions (such as those leading to odors) adversely affecting a substantial 
number of people  

Imperial County Air Pollution Control District 

ICAPCD amended the Air Quality Handbook: Guidelines for the Implementation of CEQA on 
December 12, 2017 (ICAPCD 2017b). ICAPCD established significance thresholds based on the state 
CEQA thresholds. The handbook was used to determine the proper level of analysis for the project. 

OPERATIONS 

Air quality analyses should compare all operational emissions of a project, including motor vehicle, 
area source, and stationary or point sources to the thresholds in Table 3.4-6. Projects can be classified 
as either Tier 1 or Tier 2 projects, depending on the project’s operational emissions. As shown in Table 
3.4-6, Tier 1 projects are projects that emit less than 137 pounds per day of nitrogen oxide (NOx) or 
reactive organic gases (ROGs); less than 150 pounds per day of PM10 or SOx; or less than 550 
pounds per day of CO or PM2.5.  

Tier 1 projects are not required to develop a Comprehensive Air Quality Analysis Report or an EIR, 
and require the implementation of all feasible mitigation measures listed in Section 7.2 of the 
ICAPCD’s Air Quality Handbook (ICAPCD 2017b). Alternatively, Tier 2 projects are projects that emit 
137 pounds per day of NOx or ROG or greater; 150 pounds per day of PM10 or SOx or greater; or 550 
pounds per day of CO or PM2.5 or greater. Tier 2 projects are required to develop a Comprehensive 
Air Quality Analysis Report at a minimum, and are required to implement all standard mitigation 
measures as well as all feasible discretionary mitigation measures listed in Sections 7.2 and 7.3 of the 
ICAPCD’s Air Quality Handbook (ICAPCD 2017b). 

Table 3.4-6. Imperial County Air Pollution Control District Significance Thresholds for 
Operation 

Criteria Pollutant Tier 1 Thresholds Tier 2 Thresholds 

NOx and ROG Less than 137 pounds per day 137 pounds per day and greater 
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Table 3.4-6. Imperial County Air Pollution Control District Significance Thresholds for 
Operation 

Criteria Pollutant Tier 1 Thresholds Tier 2 Thresholds 

PM10 and SO2 Less than 150 pounds per day 150 pounds per day and greater 

CO and PM2.5 Less than 550 pounds per day 550 pounds per day and greater 

Level of Significance Less than Significant Significant Impact 

Source: ICAPCD 2017b 
CO – carbon monoxide; NOx – nitrogen oxide; O3 – ozone; Pb – lead; PM2.5 – particulate matter less than 2.5 microns in 
diameter; PM10 - particulate matter less than 10 microns in diameter; ROG - reactive organic gas; SOx – sulfur oxide 

CONSTRUCTION 

For construction projects, the Air Quality Handbook indicates that the significance threshold for NOx 
is 100 pounds per day and for ROG is 75 pounds per day. As discussed in the ICAPCD’s Air Quality 
Handbook, the approach to evaluating construction emissions should be qualitative rather than 
quantitative. In any case, regardless of the size of the project, the standard mitigation measures for 
construction equipment and fugitive PM10 must be implemented at all construction sites. The 
implementation of discretionary mitigation measures, as listed in Section 7.1 of the ICAPCD’s Air 
Quality Handbook, apply to those construction sites that are 5 acres or more for non-residential 
developments or 10 acres or more in size for residential developments. The mitigation measures 
found in Section 7.1 of the ICAPCD’s handbook are intended as a guide of feasible mitigation 
measures and are not intended to be an all-inclusive comprehensive list of all mitigation measures. 
Table 3.4-7 presents the construction emission thresholds that are identified by ICAPCD. 

Table 3.4-7. Imperial County Air Pollution Control District Significance Thresholds 
for Construction Activities 

Pollutant Thresholds 

PM10 150 pounds per day 

ROG 75 pounds per day 

NOX 100 pounds per day 

CO 550 pounds per day 

Source: ICAPCD 2017b 

CO – carbon monoxide; NOx – nitrogen oxide; PM10 - particulate matter less than 10 microns in diameter; ROG - reactive 
organic gas 

Diesel Toxic Risk Thresholds 

There are inherent uncertainties in risk assessment with regard to the identification of compounds 
as causing cancer or other health effects in humans, the cancer potencies and reference exposure 
levels of compounds, and the exposure that individuals receive. It is common practice to use 
conservative (health protective) assumptions with respect to uncertain parameters. The 
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uncertainties and conservative assumptions must be considered when evaluating the results of risk 
assessments. 

There is debate as to the appropriate levels of risk assigned to diesel particulates. The U.S. EPA 
has not yet declared diesel particulates as a toxic air contaminant. Using the CARB threshold, a 
risk concentration of one in one million (1:1,000,000) per micrograms per cubic meter (µg/m3) of 
continuous 70-year exposure is considered less than significant. 

Methodology 
The analysis criteria for air quality impacts are based on the approach and methods discussed in the 
ICAPCD’s Air Quality Handbook. The proposed project would result in both short-term and long-term 
emissions of air pollutants associated with construction and operation of the proposed project.  

Construction emissions would include exhaust from the operation of conventional construction 
equipment, on-road emissions from employee vehicle trips and haul truck trips, fugitive dust as a result 
of grading, and vehicle travel on paved and unpaved surfaces.  

Once fully constructed, the proposed project would be operated on an unstaffed basis and be 
monitored remotely from the Brawley Geothermal Power Plant control room, with periodic on-site 
personnel visitations for security, maintenance and system monitoring. Therefore, no full-time site 
personnel would be required on-site during operations and employees would only be on-site up to four 
times per year to wash the panels. As the project’s PV arrays produce electricity passively, 
maintenance requirements are anticipated to be very minimal. Any required planned maintenance 
activities would generally consist of equipment inspection and replacement and would be scheduled 
to avoid peak load periods. Any unplanned maintenance would be responded to as needed, depending 
on the event. Operational emissions would include vehicle trips from employees who commute to and 
from the project site (i.e., to control site operation and perform equipment maintenance). 

The ICAPCD’s Air Quality Handbook establishes aggregate emission calculations for determining the 
potential significance of a project. In the event that the emissions exceed the established thresholds 
(Table 3.4-6 and Table 3.4-7), air dispersion modeling may be conducted to assess whether the 
project results in an exceedance of an air quality standard.  

An air quality technical report was prepared by Vista Environmental (Appendix C of this EIR). This 
report was used in the evaluation of project-related construction and operational air quality impacts. 
The emissions of criteria air pollutants were estimated using methodologies recommended by the 
ICAPCD. Where criteria air pollutant quantification was required, emissions were modeled using the 
California Emissions Estimator Model (CalEEMod), version 2020.4.0.2 Project construction-generated 
air pollutant emissions were calculated using CalEEMod model defaults, with some refinements, for 
Imperial County as well as timing and equipment identified by the project proponent. The following On-
Road Fugitive Dust construction parameters were revised in the CalEEMod model: (1) The percent 
on-road pavement was changed to 85 percent to account for Best Avenue that is adjacent to the 
project site being paved; and (2) The Material Silt Content was changed to 3 percent in order to 
account for ICAPCD Rule 805 F.1.c that requires the installation of gravel or other low silt material 
with less than 5 percent silt content on all onsite roads. Operational air pollutant emissions were based 
on the project site plan. Associated emissions calculations and assumptions are included in Appendix 
C of this EIR. 

 
2 CalEEMod is a statewide land use emissions computer model designed to quantify potential criteria 

pollutant emissions associated with both construction and operations from a variety of land use projects. 
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The air quality impacts are mainly attributable to construction phases of the project, including site 
preparation, facility installation, and gen-tie and site restoration. Operational impacts include 
inspection and maintenance operations, which includes washing of the solar panels. 

Impact Analysis  

Impact 3.4-1 Would the project conflict with or obstruct implementation of the applicable 
air quality plan? 

The air quality attainment plan (AQAP) for the SSAB, through the implementation of the air quality 
management plan (AQMP) (previously AQAP) and SIP for PM10, sets forth a comprehensive program 
that will lead the SSAB into compliance with all federal and state air quality standards. The AQMP 
control measures and related emission reduction estimates are based upon emissions projections for 
a future development scenario derived from land use, population, and employment characteristics 
defined in consultation with local governments. Conformance with the AQMP for development projects 
is determined by demonstrating compliance with local land use plans and/or population projections, 
meeting the land use designation set forth in the local General Plan, and comparing assumed 
emissions in the AQMP to proposed emissions.  

The project must demonstrate compliance with all ICAPCD applicable rules and regulations, as well 
as local land use plans and population projections. As the project does not contain a residential 
component, the project would not result in an increase in the regional population. While the project 
would contribute to energy supply, which is one factor of population growth, the proposed project is a 
solar energy project and would not significantly increase employment or growth within the region. 
Moreover, development of the proposed project would increase the amount of renewable energy and 
help California meet its RPS.  

As shown in Table 3.4-5, the project is consistent with the applicable air quality goal and objectives 
from the Conservation and Open Space Element of the General Plan. The proposed project would be 
required to comply with all applicable ICAPCD rules and requirements during construction and 
operation to reduce air emissions. Overall, the proposed project would improve air quality by reducing 
the amount of emissions that would be generated in association with electricity production from fossil 
fuel burning facilities.  

Furthermore, the thresholds of significance adopted by the air district (ICAPCD), determine 
compliance with the goals of the attainment plans in the region. As such, emissions below the ICAPCD 
regional mass daily emissions thresholds presented in Table 3.4-6 and Table 3.4-7 would not conflict 
with or obstruct implementation of the applicable air quality plans. The following analysis is broken out 
by a discussion of potential impacts during construction of the project followed by a discussion of 
potential impacts during operation of the project.   

Construction Emissions. Air emissions are generated during construction through activities. Two 
basic sources of short-term emissions will be generated through project construction: operation of 
heavy-duty equipment (i.e., excavators, loaders, haul trucks) and the creation of fugitive dust during 
clearing and grading. Construction activities such as excavation and grading operations, construction 
vehicle traffic, and wind blowing over exposed soils would generate exhaust emissions and fugitive 
PM emissions that affect local air quality at various times during construction. Construction emissions 
vary from day-to-day depending on the number of workers, number, and types of active heavy-duty 
vehicles and equipment, level of activity, the prevailing meteorological conditions, and the length over 
which these activities occur.  
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The proposed project is anticipated to take approximately 8 months from the commencement of the 
construction process to complete. Construction activities would primarily involve demolition and 
grubbing, grading of the project site to establish access roads and pads for electrical equipment, 
trenching for underground electrical collection lines, and the installation of solar equipment and 
security fencing. The construction emissions were calculated using the CARB-approved CalEEMod 
computer program, which is designed to model emissions for land use development projects, based 
on typical construction requirements. Table 3.4-8 shows the maximum summer or winter daily 
emissions for each year of construction activities for the proposed project with implementation of 
ICAPCD’s standard measures for fugitive dust (PM10) control and standard mitigation measures for 
construction combustion equipment from the ICAPCD’s CEQA Air Quality Handbook (ICAPCD 
2017b). These standard mitigation measures are identified in Applicant Proposed Measure (APM) AQ-
1.    

As shown in Table 3.4-8, with implementation of APM AQ-1, the project’s daily construction emissions 
would not exceed the ICAPCD thresholds for ROG, NOx, CO, SO2, PM10, and PM2.5. Although the 
proposed project would not exceed the ICAPCD threshold for NOx, the project applicant would 
implement APM AQ-2, which requires the construction equipment list to be submitted periodically to 
ICAPCD to perform a NOx analysis to verify that equipment use does not exceed significance 
thresholds. To further reduce dust emissions during project construction, the project applicant will 
implement APM AQ-3, which limits the speed of all vehicles operating onsite on dirt roads to 15 miles 
per hour or less. Implementation of APM AQ-1 through AQ-3 would provide reduction strategies to 
further improve air quality and ensure that this potential impact would remain less than significant. 

Table 3.4-8. Project Construction-Generated Emissions with Implementation of Imperial 
County Air Pollution Control District’s Standard Measures for Fugitive Dust (PM10) 
Control and Standard Mitigation Measures for Construction Combustion Equipment 

Construction Year 

Pollutant (pounds per day) 

ROG NOx CO SO2 PM10 PM2.5 

2021 6.11 51.82 39.73 0.08 67.20 12.54 

2022 4.57 39.74 36.41 0.12 128.90 14.44 

Maximum Daily Emissions 6.11 51.82 39.73 0.12 128.90 14.44 

ICAPCD Significance 
Threshold 

75 100 550 — 150 — 

Exceed ICAPCD 
Significance Threshold? 

No No No No No No 

Source: Appendix C of this EIR   

Operational Emissions. The proposed project requires minimal operations and maintenance 
activities conducted by two employees. Project-generated increases in emissions would be 
predominately associated with motor vehicle use for routine maintenance work and site security as 
well as panel upkeep and cleaning. Long-term operational emissions attributable to the project are 
identified in Table 3.4-9 and compared to the operational significance thresholds promulgated by the 
ICAPCD.  
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Table 3.4-9. Project Operational Emissions 

Activity 

Pollutant (pounds per day) 

ROG NOx CO SO2 PM10 PM2.5 

Area Sources1 5.35 0.00 0.04 0.00 0.00 0.00 

Energy Usage2 0.00 0.00 0.00 0.00 0.00 0.00 

Mobile Sources3 0.17 0.18 1.31 0.00 2.3532.91 0.273.78 

Backup Generator4 0.05 0.17 0.18 0.00 0.01 0.01 

Total Emissions 5.57 0.35 1.53 0.00 2.3532.92 0.283.78 

ICAPCD 
Significance 
Threshold 

137 137 150 550 550 150 

Exceed ICAPCD 
Significance 
Threshold? 

No No No No No No 

Source: Appendix C of this EIR   
Notes:  
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 

As shown in Table 3.4-9, the project’s operational emissions would not exceed the ICAPCD thresholds 
for CO, ROG, NOx, PM10 and PM2.5. The proposed project will be required to implement all of the 
ICAPCD Regulation VIII, fugitive dust control measures during construction and operation of the 
proposed project. Furthermore, any stationary sources of emissions operated on site will be required 
to adhere to ICAPCD Rule 207, New and Modified Stationary Source Review and Rule 201 that require 
permits to construct and operate stationary sources.  Although no significant air quality impact would 
occur during operation, the project applicant is required to submit a Dust Suppression Management 
Plan for both construction and operation in order to reduce fugitive dust emissions. Implementation of 
APM AQ-4 through AQ-6 would ensure that a Dust Suppression Management Plan is implemented, 
thereby ensuring that this potential impact would remain less than significant. To further reduce dust 
emissions during operation of the project, the project applicant will implement APM AQ-3, which limits 
the speed of all vehicles operating onsite on dirt roads to 15 miles per hour or less. 

As described above, conformance with the AQMP for development projects is determined by 
demonstrating compliance with local land use plans and/or population projections and comparing 
assumed emissions in the AQMP to proposed emissions. Because the proposed project complies with 
local land use plans and population projections and would not exceed ICAPCD’s regional mass daily 
emissions thresholds during construction and operation, the proposed project would not conflict with 
or obstruct implementation of the applicable air quality plan. This is considered a less than significant 
impact. 
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Applicant Proposed Measure(s) 
AQ-1 Fugitive Dust Control. Pursuant to ICAPCD, all construction sites, regardless of size, 

must comply with the requirements contained within Regulation VIII – Fugitive Dust 
Control Measures. ICAPCD will verify implementation and compliance with these 
measures as part of the grading permit review/approval process. 

 ICAPCD Standard Measures for Fugitive Dust (PM10) Control 

• All disturbed areas, including bulk material storage, which is not being actively 
utilized, shall be effectively stabilized and visible emissions shall be limited to no 
greater than 20 percent opacity for dust emissions by using water, chemical 
stabilizers, dust suppressants, tarps, or other suitable material, such as vegetative 
ground cover. 

• All on-site and offsite unpaved roads will be effectively stabilized, and visible 
emissions shall be limited to no greater than 20 percent opacity for dust emissions 
by paving, chemical stabilizers, dust suppressants, and/or watering. 

• All unpaved traffic areas 1 acre or more with 75 or more average vehicle trips per 
day will be effectively stabilized and visible emissions shall be limited to no greater 
than 20 percent opacity for dust emissions by paving, chemical stabilizers, dust 
suppressants, and/or watering. 

• The transport of bulk materials shall be completely covered unless 6 inches of 
freeboard space from the top of the container is maintained with no spillage and 
loss of bulk material. In addition, the cargo compartment of all haul trucks is to be 
cleaned and/or washed at delivery site after removal of bulk material. 

• All track-out or carry-out will be cleaned at the end of each workday or immediately 
when mud or dirt extends a cumulative distance of 50 linear feet or more onto a 
paved road within an urban area. 

• Movement of bulk material handling or transfer shall be stabilized prior to handling 
or at points of transfer with application of sufficient water, chemical stabilizers, or 
by sheltering or enclosing the operation and transfer line. 

• The construction of any new unpaved road is prohibited within any area with a 
population of 500 or more unless the road meets the definition of a temporary 
unpaved road. Any temporary unpaved road shall be effectively stabilized, and 
visible emissions shall be limited to no greater than 20 percent opacity for dust 
emission by paving, chemical stabilizers, dust suppressants, and/or watering. 

Standard Mitigation Measures for Construction Combustion Equipment 

• Use of alternative fueled or catalyst equipped diesel construction equipment, 
including all off-road and portable diesel-powered equipment. 

• Minimize idling time either by shutting equipment off when not in use or reducing 
the time of idling to 5 minutes as a maximum. 

• Limit, to the extent feasible, the hours of operation of heavy-duty equipment and/or 
the amount of equipment in use. 
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• When commercially available, replace fossil fueled equipment with electrically 
driven equivalents (provided they are not run via a portable generator set). 

AQ-2 Construction Equipment. Construction equipment shall be equipped with an engine 
designation of EPA Tier 2 or better (Tier 2+). A list of the construction equipment, 
including all off-road equipment utilized at each of the projects by make, model, year, 
horsepower and expected/actual hours of use, and the associated EPA Tier shall be 
submitted to the County Planning and Development Services Department and 
ICAPCD prior to the issuance of a grading permit. The equipment list shall be 
submitted periodically to ICAPCD to perform a NOx analysis. ICAPCD shall utilize this 
list to calculate air emissions to verify that equipment use does not exceed significance 
thresholds. The Planning and Development Services Department and ICAPCD shall 
verify implementation of this measure.  

AQ-3 Speed Limit. During construction and operation of the proposed project, the applicant 
shall limit the speed of all vehicles operating onsite on dirt roads to 15 miles per hour 
or less. 

AQ-4 Dust Suppression. The project applicant shall employ a method of dust suppression 
(such as water or chemical stabilization) approved by ICAPCD. The project applicant 
shall apply chemical stabilization as directed by the product manufacturer to control 
dust between the panels as approved by ICAPCD, and other non-used areas 
(exceptions will be the paved entrance and parking area, and Fire Department 
access/emergency entry/exit points as approved by Fire/Office of Emergency Services 
[OES] Department). 

AQ-5 Dust Suppression Management Plan. Prior to any earthmoving activity, the applicant 
shall submit a construction dust control plan and obtain ICAPCD and Imperial County 
Planning and Development Services Department (ICPDS) approval.   

AQ-6 Operational Dust Control Plan. Prior to issuance of a Certificate of Occupancy, the 
applicant shall submit an operations dust control plan and obtain ICAPCD and ICPDS 
approval.  

ICAPCD Rule 301 Operational Fees apply to any project applying for a building permit. 
At the time that building permits are submitted for the proposed project, ICAPCD shall 
review the project to determine if Rule 310 fees are applicable to the project.   

Mitigation Measure(s) 
No mitigation measures are required. 

Significance After Mitigation 

Although the proposed project would not exceed ICAPCD’s significance thresholds, APM AQ-1 
through AQ-6 would provide additional reduction strategies to further improve air quality and 
reductions in criteria pollutants (O3 precursors) and ensure that this potential impact would remain less 
than significant. Given the above, the proposed project would not conflict with implementation of 
applicable air quality plans, and impacts would be less than significant impact. 

Impact 3.4-2 Would the project result in a cumulatively considerable net increase of any 
criteria pollutant for which the project region is non-attainment under an 
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applicable federal or state ambient air quality standard (including releasing 
emissions which exceed quantitative thresholds for O3 precursors)? 

As shown in Table 3.4-2, the criteria pollutants for which the project area is in State non-attainment 
under applicable air quality standards are O3 and PM10. The ICAPCD’s application of thresholds of 
significance for criteria air pollutants is relevant to the determination of whether a project’s individual 
emissions would have a cumulatively significant impact on air quality. As discussed above in Impact 
3.4-1, the emissions of criteria pollutants from project construction and operation activities are below 
the ICAPCD thresholds of significance. Furthermore, the proposed project will be required to 
implement all of the ICAPCD Regulation VIII, fugitive dust control measures during construction and 
operation of the proposed project. Furthermore, any stationary sources of emissions operated on site 
will be required to adhere to ICAPCD Rule 207, New and Modified Stationary Source Review and Rule 
201 that require permits to construct and operate stationary sources. Therefore, the project’s potential 
to result in a cumulatively considerable net increase of any criteria pollutant is considered less than 
significant. 

Mitigation Measure(s) 
No mitigation measures are required. 

Impact 3.4-3 Would the project expose sensitive receptors to substantial pollutant 
concentrations? 

The nearest sensitive receptors to the project site include the following: 

• Single-family homes approximately 40 feet to the north side of the project site, located near 
the northwest corner of the project site.   

• Single-family residence on the east side of N Best Avenue, located near the northeast corner 
of the project site 

• Single-family residence on the east side of N Best Avenue, located across the proposed 
project’s primary access road 

• Two single-family residences located at the northeast corner of the intersection of N Best 
Avenue and Ward Road 

• Single-family residence (with a horse boarding/training facility) on the west side of N Best 
Avenue, located south of the project site)      

The ICAPCD CEQA Guidelines detail that any development project that is located within close 
proximity to sensitive receptors and where the proposed project either 1) Has the potential to emit 
toxic or hazardous pollutant; or 2) Exceeds the ICAPCD criteria pollutant thresholds for construction 
and operation of the proposed project.  In addition, any proposed industrial or commercial project 
located within 1,000 feet of a school must be referred to the ICAPCD for review. 

As discussed above in Impact 3.4-1, the proposed project would not exceed the ICAPCD criteria 
pollutant threshold from either construction or operation of the proposed project.  However, 
construction and operation of the proposed project would have the potential to emit TAC emissions, 
which have been analyzed separately below. 

Toxic Air Contaminants Impacts from Construction. The greatest potential for toxic air contaminant 
emissions would be related to diesel particulate matter (DPM) emissions associated with heavy 
equipment operations during construction of the proposed project.  According to CARB methodology, 

PC ORIGINAL PKG



3.4 Air Quality 
Final EIR | Brawley Solar Energy Facility Project 

3.4-22 | January 2023 Imperial County 

health effects from carcinogenic air toxics are usually described in terms of “individual cancer risk.” 
“Individual Cancer Risk” is the likelihood that a person exposed to concentrations of toxic air 
contaminants over a 70-year lifetime will contract cancer, based on the use of standard risk-
assessment methodology. It should be noted that the most current cancer risk assessment 
methodology recommends analyzing a 30-year exposure period for the nearby sensitive receptors. 

Given the relatively limited number of heavy-duty construction equipment, the varying distances that 
construction equipment would operate to the nearby sensitive receptors, and the short-term 
construction schedule, the proposed project would not result in a long-term (i.e., 30 or 70 years) 
substantial source of toxic air contaminant emissions and corresponding individual cancer risk.  In 
addition, California Code of Regulations Title 13, Article 4.8, Chapter 9, Section 2449 regulates 
emissions from off-road diesel equipment in California.  This regulation limits idling of equipment to no 
more than five minutes, requires equipment operators to label each piece of equipment and provide 
annual reports to CARB of their fleet’s usage and emissions.  This regulation also requires systematic 
upgrading of the emission Tier level of each fleet, and currently no commercial operator is allowed to 
purchase Tier 0 or Tier 1 equipment and by January 2023 no commercial operator is allowed to 
purchase Tier 2 equipment.  In addition to the purchase restrictions, equipment operators need to 
meet fleet average emissions targets that become more stringent each year between years 2014 and 
2023.  By January 2022, 50 percent or more of all contractors’ equipment fleets must be Tier 2 or 
higher. Therefore, no significant short-term toxic air contaminant impacts would occur during 
construction of the proposed project.  As such, construction of the proposed project would result in a 
less than significant exposure of sensitive receptors to substantial pollutant concentrations. 

Operations-Related Sensitive Receptor Impacts. The proposed project would consist of the 
development of a solar facility with a BESS and a substation.  Although the proposed solar PV panels, 
the lithium batteries utilized in the BESS, and the transformers utilized in the substation are made with 
toxic materials, only a negligible amount of TAC emissions are emitted from off-gassing from the PV 
panels, which would not create TAC concentrations high enough to create a significant cancer risk 
from TAC emissions.  In addition, the proposed project would include a backup diesel generator, which 
would emit DPM emissions, which is categorized as a TAC.  The backup diesel generator would be 
located in the southwest portion of the project site, where the nearest offsite sensitive receptor is a 
home on the east side of Best Avenue located approximately 1,900 feet to the east.  Due to the 
distance that the nearest sensitive receptor, a less than significant TAC impact would occur from the 
backup diesel generator.  Therefore, a less than significant TAC impact would occur during the on-
going operations of the proposed project.  

In summary, construction and operation of the proposed project would result in a less than significant 
exposure of sensitive receptors to substantial pollutant concentrations. 

Mitigation Measure(s) 
No mitigation measures are required. 

Impact 3.4-4 Would the project result in other emissions (such as those leading to odors) 
adversely affecting a substantial number of people? 

An odor impact depends on numerous factors, including the nature, frequency, and intensity of the 
source; wind speed and direction; and the sensitivity of the receptors. While offensive odors rarely 
cause any physical harm, they still can be very unpleasant, leading to considerable distress among 
the public and often generating citizen complaints to local governments and regulatory agencies.   
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Among possible physical harms is inhalation of VOCs that cause smell sensations in humans. These 
odors can affect human health in four primary ways:  

• The VOCs can produce toxicological effects 

• The odorant compounds can cause irritations in the eye, nose, and throat 

• The VOCs can stimulate sensory nerves that can cause potentially harmful health effects 

• The exposure to perceived unpleasant odors can stimulate negative cognitive and emotional 
responses based on previous experiences with such odors 

Land uses commonly considered to be potential sources of odorous emissions include wastewater 
treatment plants, sanitary landfills, food processing facilities, chemical manufacturing plants, rendering 
plants, paint/coating operations, and concentrated agricultural feeding operations and dairies. The 
construction and operation of a solar farm is not an odor producer.   

Potential sources that may emit odors during construction activities include the application of coatings 
such as asphalt pavement, paints and solvents and from emissions from diesel equipment.  The 
project would comply with standard construction requirements which include limitations of when 
construction may occur. Furthermore, the proposed project would be required to adhere to ICAPCD 
Rule 407 which limits the discharge of any emissions that create odors in quantities that may cause a 
nuisance or annoyance to any considerable number of persons.  As such, the objectionable odors that 
may be produced during the construction process would be temporary and would not likely be 
noticeable for extended periods of time beyond the project site’s boundaries.  Through compliance 
with the applicable regulations that reduce odors and due to the transitory nature of construction odors, 
a less than significant odor impact would occur and no mitigation would be required. 

The proposed project would consist of the development of a solar energy facility, which does not 
include any components that are a known sources of odors. Therefore, a less than significant odor 
impact would occur and no mitigation would be required. 

Mitigation Measure(s) 
No mitigation measures are required. 

3.4.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. Similar to construction activities, decommissioning and restoration of the project site 
would generate air emissions. A summary of the daily construction emissions for the project is provided 
in Table 3.4-8. Solar equipment has a lifespan of approximately 20 to 25 years. The emissions from 
on- and off-road equipment during decommissioning are expected to be significantly lower than project 
construction emissions, as the overall activity would be anticipated to be lower than project 
construction activity. No significant air quality impacts are anticipated during decommissioning and 
restoration of the project site. However, all construction projects within Imperial County must comply 
with the requirements of ICAPCD Regulation VIII for the control of fugitive dust. Furthermore, any 
stationary sources of emissions operated on site will be required to adhere to ICAPCD Rule 207, New 
and Modified Stationary Source Review and Rule 201 that require permits to construct and operate 
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stationary sources. Therefore, a less than significant impact is identified during decommissioning and 
site restoration of the project site. 

Residual 
The proposed project would not result in short-term significant air quality impacts during construction. 
Operation of the project, subject to the approval of a CUP, would be consistent with applicable federal, 
state, regional, and local plans and policies. The project would not result in any residual operational 
significant and unavoidable impacts with regards to air quality. 
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3.5 Biological Resources 
This section identifies the biological and aquatic jurisdictional resources that may be impacted by the 
proposed Brawley Solar Energy Project. The following identifies the existing biological and 
jurisdictional resources in the project area, analyzes potential impacts of the proposed project, and 
recommends mitigation measures to avoid or reduce potential impacts of the proposed project. The 
information for this section is summarized from the Biological Technical Report for the Brawley Solar 
Project prepared by Chambers Group Inc. (Appendix D of this EIR) 

As part of the Biological Resources Technical Report, Chambers Group Inc. conducted a literature 
review, desktop survey, and biological reconnaissance survey of the project site to document the 
existing biological resources, to assess the habitat for its potential to support sensitive plant and wildlife 
species, and to determine the potential impacts of the projects on biological resources.  

For the purposes of this EIR, the term project survey area refers to the project site’s boundaries, the 
area immediately along the proposed gen-tie line along Andre Road, and a portion of the existing 
North Brawley Geothermal Power Plant substation where the gen-tie line would interconnect.  

3.5.1 Existing Conditions 

Vegetation Communities and Land Cover Types  
Nine vegetation communities were observed within the project survey area. The acreage of each 
vegetation community and land cover type within the project survey area is summarized in Table 3.5-1 
and depicted in Figure 3.5-1. The majority of vegetation communities and land cover types mapped 
within the project survey area consisted of agriculture and bare ground.  

Table 3.5-1. Vegetation Communities or Land Cover Types within the Project Survey 
Area 

Vegetation Community or Land Cover Type Acres within Project Survey Areaa 

Quail Bush Scrub* 4.86 

Agricultural 91.96 

Bare Ground 148.07 

Developed 4.40 

Disturbed 6.38 

Bush Seepweed Scrub* 3.52 

Arrow Weed Thickets* 6.23 

Ornamental  1.87 

Tamarisk Thickets 5.16 

Project Survey Area Total 272.45 

Source: Appendix D of this EIR 
a Vegetation and land cover type acreages are rounded to the nearest hundredth acre. 
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Figure 3.5-1. Vegetation Communities and Land Cover Types in the Project Survey Area 

 
Source: Appendix D of this EIR   
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Detailed descriptions of the applicable vegetation communities and land cover types occurring within 
the project survey area are described below.  

QUAIL BUSH SCRUB 

Quail bush scrub is dominated by quail bush with scattered bush seepweed (Sueda nigra) present in 
areas where the habitat gently slopes into more alkaline soils. The shrub layer is thick and continuous 
with a nonexistent herbaceous layer. Stands occur in areas where less alkaline or saline soils are 
present, favoring clay soils and more consistent topography where water does not accumulate easily. 
Plant species observed within the project site included bush seepweed, big saltbush, and spiny 
chlorocantha (Chloracantha spinosa). 

AGRICULTURAL 

Large swaths of the project site consist of plots of agricultural fields that are no longer in use. Bermuda 
grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) seedlings in lower 
numbers. Agricultural fields are similar to Bare Ground habitat where areas have higher water 
permeability and higher fossorial rodent habitat potential.  

Mexican palo verde are planted along the outside of several agriculture fields to serve as wind breaks 
for agricultural purposes and are considered agricultural habitat. Trees are mature, averaging 15 
meters in height and are continuously planted alongside the agricultural fields. Isolated honey 
mesquite (Prosopis glandulosa) shrubs were also observed along the northwestern portion of the 
poroject site along the tree line. Other plant species observed within the project site included alfalfa 
(Medicago sativa), Mexican palo verde, big saltbush, and tamarisk. 

BARE GROUND 

Bare Ground areas are generally devoid of vegetation but do not contain any form of pavement. Bare 
Ground has higher water permeability and higher fossorial rodent habitat potential. Bare Ground is 
present throughout the entire project site, with small patches between agricultural land and long 
swaths that include dirt access roads that receive very little use. Isolated alfalfa was the only vegetation 
observed in these areas. 

DEVELOPED 

Developed areas are areas that have been altered by humans and now display man-made structures 
such as urban areas, houses, paved roads, buildings, parks, and other maintained areas.  

DISTURBED 

Disturbed areas generally have altered topography and soils due to man-made reasons, usually 
pertaining to development or agricultural purposes. Any shrubs in the shrub canopy are isolated, and 
the herbaceous layer is sparse to intermittent with pockets of advantageous non-native species that 
spread from a singular location. Species observed included Bermuda grass (Cynodon dactylon), 
Mediterranean schismus (Schismus barbatus), and lamb’s quarters (Chenopodium album). 

BUSH SEEPWEED SCRUB  

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural fields or irrigation ditches and areas with disturbed hydrology due to man-
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made alteration. Soils are deep and saline or alkaline.  Species observed within the project site 
included bush seepweed and big saltbush.   

ARROYO WEED THICKETS 

The shrub canopy is intermittent to continuous with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed and extends along the water feature, occasionally extending over the 
bank and into the access road. The herbaceous layer is open and intermittent, existing in between 
stands of cattail and arrow weed. The habitat exists in irrigation ditches consisting of soils that are 
sandy and loamy where water is permeable. Plant species observed included arrow weed, tamarisk, 
cattail, big saltbush, saltgrass (Distichlis spicata), and salt heliotrope (Heliotropium curassavicum). 

ORNAMENTAL 

Ornamental Landscaping includes areas where the vegetation is dominated by non-native horticultural 
plants. Typically, the species composition consists of introduced trees, shrubs, flowers, and turf grass. 

TAMARISK THICKETS 

Tamarisk dominates the tree canopy and is thick and continuous. This non-native shrub layer is sparse 
with isolated quail bush present, while the herbaceous layer contains very little vegetation. Trees 
average 15 meters in height and exist in irrigation ditches or on the upper banks along water features. 
Species observed within the project site included tamarisk and big saltbush. 

Sensitive Natural Communities 
Quailbush scrub, bush seepweed scrub, and arrow weed thickets occur within the project survey area 
and are considered sensitive natural communities by CDFW (CDFW 2021).  

Special-Status Species 

Literature Review 

Prior to conducting field surveys, a literature search was conducted to identify special-status plant and 
animal species with potential to occur within the project survey area. Special-status plants and animal 
species were evaluated for their potential to occur within the project survey area where impacts could 
potentially occur.  

Using information from the literature review and observations in the field, a list of special-status plant 
and animal species that have potential to occur within the project survey area was generated. For the 
purposes of this assessment, special-status species are defined as plants or animals that:  

• have been designated as either rare, threatened, or endangered by CDFW, CNPS, or the 
USFWS, and/or are protected under either the federal or California ESAs;  

• are candidate species being considered or proposed for listing under these same acts;  

• are fully protected by the California FGC Sections 3511, 4700, 5050, or 5515; and  

• are of expressed concern to resource and regulatory agencies or local jurisdictions.   

Biological Reconnaissance Survey 

Chambers Group biologists conducted the general reconnaissance survey within the project site to 
identify the potential for occurrence of sensitive species, vegetation communities, or habitats that could 
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support sensitive wildlife species, including those identified in the literature review. The survey was 
conducted on foot throughout the project site between on October 22, 2020 to identify the potential for 
occurrence of sensitive species, vegetation communities, or habitats that could support sensitive 
wildlife species. Plant and wildlife species, including any special-status species that were observed 
during the survey, were recorded (see Appendix D of this EIR).  

Potential for Occurrence Determinations 

Special-status species reported for the region in the literature review or for which suitable habitat 
occurs on the BSAs were assessed for their potential to occur based on the following guidelines listed 
in Table 3.5-2. 

Table 3.5-2. Criteria for Evaluating Sensitive Species Potential for Occurrence 
Potential for Occurrence Criteria 

Absent: 
Species is restricted to habitats or environmental conditions that do not occur within 
the project site. Additionally, if the survey was conducted within the blooming period 
of the species and appropriate habitat was observed in the surrounding area but the 
species was not observed within the Project impact area, it was considered absent. 

Low: 
Historical records for this species do not exist within the immediate vicinity 
(approximately 5 miles) of the project site, and/or habitats or environmental 
conditions needed to support the species are of poor quality. 

Moderate: 

Either a historical record exists of the species within the immediate vicinity of the 
project site (approximately 3 miles) and marginal habitat exists on the project site, or 
the habitat requirements or environmental conditions associated with the species 
occur within the project site, but no historical records exist within 5 miles of the 
Project site. 

High: 
Both a historical record exists of the species within the project site or its immediate 
vicinity (approximately 1 mile), and the habitat requirements and environmental 
conditions associated with the species occur within the project site. 

Present: Species was detected within the project site at the time of the survey. 
Source: Appendix D of this EIR 
 

Plant Species 

Numerous special-status plant species have been recorded within project site, according to the 
CNDDB and CNPSEI. Special-status plant species identified in the literature review, and their potential 
to occur within the project site are discussed below.  

Available records resulted in a list of five federally and/or state listed threatened and endangered or 
rare sensitive plant species that may potentially occur within the project site. After the literature review 
and the reconnaissance-level survey, it was determined that one species had a low potential to occur; 
and four of these species are considered Absent from the project site due to lack of suitable habitat.  

The following four plant species are considered absent from the project site due to lack of suitable 
habitat: 

• gravel milk-vetch (Astragalus sabulonum) 

• Munz’s cholla (Cylindropuntia munzii) 

• glandular ditaxis (Ditaxis claryana) 

• Thurber’s pilostyles (Pilostyles thurberi) 
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The following species that is considered to have a low potential to be observed in the project site due 
to lack of suitable habitat includes: 

• Abram’s spurge (Euphorbia abramsiana). Abram’s spurge is an annual herb in the spurge 
family that mostly exists in Sonoran or Mojave Desert habitats, favoring sandy flats where 
water is permeable. Although the habitats available at the project site are not typically where 
this plant would grow, it has the low potential to occur in fields, irrigation ditches, and other 
disturbed areas that all exist within the project site. In addition, this species was positively 
identified less than 2 miles from the project site. This identification, however, was made before 
1940 and the population is presumed to be extirpated due to agricultural and residential 
development.  

Wildlife Species  

A database search resulted in a list of 23 federally and/or state listed endangered or threatened, 
Species of Concern, or otherwise sensitive wildlife species that may potentially occur within the project 
site. After a literature review and the assessment of the various habitat types within the project site, it 
was determined that 17 sensitive wildlife species were considered absent from the project site, three 
species have a low potential to occur, two species have a high potential to occur, and one species 
was present within the project site. Factors used to determine potential for occurrence included the 
quality of habitat and the location of prior CNDDB records of occurrence.  

The following 17 wildlife species are considered absent from the project site due to lack of suitable 
habitat present on the project site: 

• American badger (Taxidea taxus) 

• black skimmer (Rynchops niger) 

• California black rail (Laterallus jamaicensis coturniculus) 

• Colorado Desert fringe-toed lizard (Uma notata)  

• crissal thrasher (Toxostoma crissale)  

• desert pupfish (Cyprinodon macularius) 

• Gila woodpecker (Melanerpes uropygialis)  

• gull-billed tern (Gelochelidon nilotica)  

• Le Conte's thrasher (Toxostoma lecontei)  

• lowland leopard frog (Lithobates yavapaiensis)  

• Palm Springs pocket mouse (Perognathus longimembris bangsi)  

• razorback sucker (Xyrauchen texanus) 

• Sonoran Desert toad (Incilius alvarius)  

• western snowy plover (Charadrius alexandrinus nivosus) 

• yellow warbler (Setophaga petechia)  

• Yuma hispid cotton rat (Sigmodon hispidus eremicus)  

• Yuma Ridgway's rail (Rallus obsoletus yumanensis) 
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The analysis of the CNDDB search and field survey resulted in three species with a low potential to 
occur on the project site due to low quality habitat: 

• flat-tailed horned lizard (Phrynosoma mcallii)  

• short-eared owl (Asio flammeus) 

• western yellow bat (Lasiurus xanthinus) 

The analysis of the CNDDB search and field survey resulted in two species with a high potential to 
occur on the project site. These species are described below: 

• Burrowing owl. The burrowing owl (BUOW) is a California Species of Special Concern. The 
burrowing owl breeds in open plains from western Canada and the western United States, 
Mexico through Central America, and into South America to Argentina. This species inhabits 
dry, open, native or non-native grasslands, deserts, and other arid environments with low-
growing and low-density vegetation. It may occupy golf courses, cemeteries, road rights-of 
way, airstrips, abandoned buildings, irrigation ditches, and vacant lots with holes or cracks 
suitable for use as burrows. Burrowing owls typically use burrows made by mammals such as 
California ground squirrels (Otospermophilus beecheyi), foxes, or badgers. When burrows are 
scarce, the burrowing owl may use man-made structures such as openings beneath cement 
or asphalt pavement, pipes, culverts, and nest boxes. High quality habitat exists within the 
project site. In addition, burrowing owl have recently been recorded within 0.14 mile of the 
project site. Therefore, this species has a high potential to occur within the project site. 

• Mountain plover. The mountain plover (wintering) is a California Species of Special Concern 
and a federally Proposed Threatened Species. This species breeds from the prairie and 
sagebrush country of north-central Montana, eastern Wyoming, and the area around 
southeastern Colorado. It winters from central California along the southern border southward 
to northern Mexico. Common wintering habitats consist of dry, barren ground, smooth dirt 
fields, agricultural fields, and shortgrass prairies. This species tends to form small flocks in the 
winter. It is one of the few shorebird species that prefers habitats away from water. The project 
site contains suitable habitat of moderate to high quality. In addition, mountain plover have 
been recorded to occur within 1 mile of the project site. Therefore, this species has a high 
potential to occur with the project site.  

One species was present within and directly adjacent to the project site during the survey. In addition, 
this species has been recorded to nest within and surrounding the project site. This species is 
described below: 

• Loggerhead shrike. The loggerhead shrike (nesting) is a California Species of Special 
Concern. Habitats may include oak savannas, open chaparral, desert washes, juniper 
woodlands, Joshua tree woodlands, and other semi-open areas. It can occupy a variety of 
semi-open habitats with scattered trees, large shrubs, utility poles, and other structures that 
serve as lookout posts while searching for potential prey. Loggerhead shrikes prefer dense, 
thorny shrubs and trees, brush piles, and tumbleweeds for nesting. During the survey, one 
individual was observed just outside the northwest boundary of the project site, and an 
additional individual was observed within the southwest portion of the project site. In addition, 
suitable nesting and foraging habitat is present within and directly adjacent to the project site.  
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Aquatic Resources 
A general assessment of jurisdictional waters regulated by the Porter-Cologne Water Quality Act, 
California Fish and Game Code Sections 1600 and 1602, United States Army Corps of Engineers 
(USACE), and California Regional Water Quality Control Board (RWQCB) was conducted for the 
project site. The assessment was conducted by a desktop survey through the USGS National 
Hydrography Dataset for hydrological connectivity.  

The western portion of the project site is located within the New River watershed (Hydrologic Unit 
Code [HUC-10] 1810020411) and within the Federal Emergency Management Agency (FEMA) 100-
year flood zone. The New River watershed at the project site is bordered to the south by Imperial 
Valley, to the west by the Vallecito Mountains, to the north by the Salton Sea, and to the east by the 
Chocolate Mountains. The New River is the major water source for the watershed, which drains into 
the Salton Sea. Along its watercourse, several tributaries, including mostly agricultural drains and 
canals discharge into the New River. 

The eastern portion of the project site is located within the Alamo River watershed (HUC-10 
1810020408) and is within the FEMA 100-year flood zone. The Alamo River is the major water source 
for the watershed, which also drains into the Salton Sea. The primary tributaries to the Alamo River 
are agricultural drains and canals. Both rivers are known to be heavily polluted with agricultural and 
bacterial toxins.  

Several jurisdictional and non-jurisdictional features were observed within the project survey area. The 
New River, a National Wetlands Inventory (NWI) mapped blueline, flows through the middle portion of 
the project survey area (Figure 3.5-2). In addition, several NWI mapped blueline canals, drains, and 
ditches owned by IID flow along the borders of the project survey area. The locations of the features 
observed during the field survey are shown in Figure 3.5-3. 
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Figure 3.5-2. NWI Mapped Waters in Project Survey Area 

 
Source: Appendix D of this EIR 
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Figure 3.5-3. Jurisdictional Waters in the Project Survey Area 

 
Source: Appendix D of this EIR 
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WETLAND FEATURES 

Feature 1 (IID “Spruce Three Drain”). This feature occurs along the proposed gen-tie line located in 
the southwest portion of the project site along Andre Road. The Spruce Three drain is a mapped NWI 
stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). The drainage is man-
made and receives flow from surface runoff from Andre Road and surrounding agricultural fields. Bank-
to-bank measurements ranged from 13 to 80 feet.  

Ordinary High Water Mark (OHWM) measurements ranged from 6 to 40 feet. The drain flows into the 
project site from the west at Hovley Road along the south side of Andre Road, flows east for 
approximately 0.50 mile and crosses under Andre Road to the north side of the road, and appears to 
continue to flow eastward until it empties into the New River, which terminates at the Salton Sea. The 
feature is lined with riparian vegetation dominated by arrow weed (Pluchea sericea) a Facultative 
Wetland (FACW) species, meaning one that usually occurs in wetlands but is also found in non-
wetlands.  

Feature 2. This feature occurs along the gen-tie line portion of the project site, on the north side of 
Andre Road. Feature 2 is a man-made, unvegetated cement-lined ditch. Bank-to-bank measured 10 
feet; the OHWM measured 4 feet. The feature flows into the project site from the west for 
approximately 0.50 mile, where it appears to connect to the Spruce Three Drain. Feature 2 receives 
flow from road runoff and agricultural runoff from the surrounding agricultural fields.  

Feature 3 (New River). This feature flows through the eastern portion of the gen-tie line. The New 
River is an NWI mapped blueline wetland riverine system (Riverine Lower Perennial, Unconsolidated 
Bottom Wetland, Permanently Flooded). Bank-to bank-measurements ranged from 110 to 170 feet. 
OHWM measurements ranged from 42 to 107 feet. The river flows south to north from Mexico and 
terminates in the Salton Sea. Within the project site, the vegetation along the banks of the river consists 
completely of tamarisk (Tamarix spp.) a Facultative (FAC) species, one that is equally likely to occur 
in wetlands or non-wetlands. 

Feature 4 (IID “Livesly Drain”).  This feature occurs east of the New River in the eastern portion of 
the gen-tie line. The Livesly Drain is a NWI mapped blueline stream. This feature is man-made and 
receives flow from agricultural runoff. The Livesly Drain flows into the project site from the east, turns 
north, and exits into the New River. Bank-to-bank measurements ranged from 20 to 120 feet. The 
OHWM measurements ranged from 13 to 20 feet. The portion of the drainage within the project site is 
composed completely of tamarisk.  

Feature 5 (IID “Oakley Canal”). This feature occurs just south of the Livesly Drain. The Oakley Canal 
is a NWI mapped blueline stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). 
Feature 5 is man-made and receives flow from agricultural runoff. The Oakley Canal flows south to 
north and empties into the Livesly Canal. Bank-to-bank measurements ranged from 25 feet to 48 feet. 
OHWM measured 15 feet. The vegetation along the banks of Feature 5 consists primarily of tamarisk.  

Feature 6 (IID “Best Canal”). This feature occurs along the eastern border of the project site on the 
west side of N Best Avenue. The canal is a NWI mapped blueline stream (Riverine Intermittent Stream 
Bed, Seasonally Flooded, Excavated) that receives flow from agricultural and road run-off. Bank-to-
bank the canal measured 15 feet; OHWM measured 5 feet. The canal is unvegetated throughout the 
project site and flows south to north, exits the project site, turns west and eventually empties into the 
New River.  
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Feature 7. This feature occurs in the southeast portion of the project site on the south side of Andre 
Road along the gen-tie line. Feature 7 consists of two man-made detention ponds with riparian 
vegetation and are mapped NWI wetlands (Palustrine Unconsolidated Bottom Wetland, Permanently 
Flooded, Excavated). The vegetation within Feature 7 is dominated by tamarisk and cattail (Typha 
spp.), an Obligate (OBL) species, one that almost always occurs naturally in wetlands. In addition, 
arrow weed and big saltbush (Atriplex lentiformis), also known as quail bush, a FAC species, were 
observed.  

MANMADE FEATURES 

Several man-made unvegetated ditches were observed throughout the project site. When a field is 
irrigated, water is allowed to flow through smaller man-made earthen or concrete-lined ditches 
(typically referred to as a “head ditch”), which distributes the water evenly across the field. At the 
opposite, lower elevation side of the field, excess water is collected into another ditch (typically referred 
to as a “tail ditch”).  

The ditches present on the project site are both earthen and concrete-lined and are frequently rebuilt 
when the fields are plowed and disked. These ditches occur primarily along the edges of the 
agricultural fields and across portions of the fields. None of these ditches connect directly to a major 
feature, and most terminate at small, man-made detention areas. Therefore, these features are not 
considered jurisdictional under CDFW, RWQCB, or USACE. 

The Imperial County Fire Department (ICFD) Fire Prevention Bureau requires two points of emergency 
access for the project along the west side of the railroad tracks. One access route may be extended 
from the main access road located off N Best Avenue utilizing an existing access road that crosses 
over a concrete lined channel and a second access route is proposed to be constructed in the 
northwest portion of the project site crossing over a non-jurisdictional irrigation ditch. Vegetation within 
this feature comprised of quail bush, and non-native Mexican palo verde (Parkinsonia aculeata) and 
tamarisk. 

Wildlife Movement Corridors, Linkages, and Significant Ecological Areas 
The concept of habitat corridors addresses the linkage between large blocks of habitat that allow the 
safe movement of mammals and other wildlife species from one habitat area to another. The definition 
of a corridor is varied, but corridors may include such areas as greenbelts, refuge systems, 
underpasses, and biogeographic land bridges, for example. In general, a corridor is described as a 
linear habitat, embedded in a dissimilar matrix, which connects two or more large blocks of habitat. 
Wildlife movement corridors are critical for the survivorship of ecological systems for several reasons. 
Corridors can connect water, food, and cover sources, spatially linking these three resources with 
wildlife in different areas. In addition, wildlife movement between habitat areas provides for the 
potential of genetic exchange between wildlife species populations, thereby maintaining genetic 
variability and adaptability to maximize the success of wildlife responses to changing environmental 
conditions. This is especially critical for small populations subject to loss of variability from genetic drift 
and effects of inbreeding. Naturally, the nature of corridor use and wildlife movement patterns varies 
greatly among species.  

Habitat Conservation Plans 
The project site is located within the designated boundaries of the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the project is not 
located within or adjacent to an Area of Critical Environmental Concern.  
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3.5.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the proposed projects. 

Federal 

Bald and Golden Eagle Protection Act of 1940 

The Bald Eagle Protection Act of 1940 protects bald eagle (Haliaeetus leucocephalus) and golden 
eagle (Aquila chrysaetos) by prohibiting the taking, possession, and commerce of such birds and 
establishes civil penalties for violation of this Act. ‘Take’ is defined as “pursue, shoot, shoot at, poison, 
wound, kill, capture, trap, collect, molest or disturb.” ‘Disturb’ is defined as “to agitate or bother a bald 
or golden eagle to a degree that causes, or is likely to cause, based on the best scientific information 
available: (1) injury to an eagle, (2) a decrease in its productivity, by substantially interfering with 
normal breeding, feeding, or sheltering behavior, or (3) nest abandonment, by substantially interfering 
with normal breeding, feeding, or sheltering behavior” (72 Federal Register [FR] 31132; 50 CFR 22.3). 
All activities that may disturb or incidentally take an eagle or its nest as a result of an otherwise legal 
activity must be permitted by the USFWS under this Act. 

Federal Endangered Species Act 

The Federal Endangered Species Act (ESA) protects federally listed threatened and endangered 
species and their habitats from unlawful take and ensures that federal actions do not jeopardize the 
continued existence of a listed species or result in the destruction or adverse modification of 
designated critical habitat. Under the ESA, “take” is defined as to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct. The U.S. Fish and 
Wildlife Service (USFWS) regulations define harm to mean “an act which actually kills or injures 
wildlife” (50 CFR 17.3). 

Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) prohibits the kill or transport of native migratory birds, or any 
part, nest, or egg of any such bird unless allowed by another regulation adopted in accordance with 
the MBTA. The prohibition applies to birds included in the respective international conventions 
between the U.S. and Great Britain, the U.S. and Mexico, the U.S. and Japan, and the U.S. and 
Russia. Disturbances that cause nest abandonment and/or loss of reproductive effort or the loss of 
habitats upon which these birds depend may be a violation of the MBTA. As authorized by the MBTA, 
the USFWS issues permits to qualified applicants for the following types of activities: falconry, raptor 
propagation, scientific collecting, special purposes (rehabilitation, education, migratory game bird 
propagation, and salvage), take of depredating birds, taxidermy, and waterfowl sale and disposal. The 
regulations governing migratory bird permits can be found in 50 CFR Part 13 General Permit 
Procedures and 50 CFR Part 21 Migratory Bird Permits. The State of California has incorporated the 
protection of birds of prey in Sections 3800, 3513, and 3503.5 of the California Fish and Game Code. 

Section 404 Permit (Clean Water Act)  

The purpose of the Clean Water Act (CWA) is to “restore and maintain the chemical, physical, and 
biological integrity of the nation’s waters.” Section 404 of the CWA prohibits the discharge of dredge 
and fill material into waters of the U.S., including wetlands, without a permit from the U.S. Army Corps 
of Engineers (USACE). Activities regulated under this program include fills for development, water 
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resource projects (e.g., dams and levees), infrastructure development (e.g., highways and airports), 
and conversion of wetlands to uplands for farming and forestry. Either an individual 404b permit or 
authorization to use an existing USACE Nationwide Permit will need to be obtained if any portion of 
the construction requires fill into a river, stream, or stream bed that has been determined to be a 
jurisdictional waterway.  

State 

California Endangered Species Act 

Provisions of CESA protect state-listed threatened and endangered species. The California 
Department of Fish and Wildlife (CDFW) regulates activities that may result in “take” of individuals 
(“take” means “hunt, pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill”). 
Habitat degradation or modification is not expressly included in the definition of “take” under the 
California Fish and Game Code (FGC). Additionally, California FGC contains lists of vertebrate species 
designated as “fully protected” (California FGC Sections 3511 [birds], 4700 [mammals], 5050 [reptiles 
and amphibians], 5515 [fish]). Such species may not be taken or possessed.  

In addition to state-listed species, CDFW has also produced a list of Species of Special Concern to 
serve as a “watch list.” Species on this list are of limited distribution or the extent of their habitats has 
been reduced substantially such that threats to their populations may be imminent. Species of Special 
Concern may receive special attention during environmental review, but they do not have statutory 
protection.  

Birds of prey are protected in California under California FGC. Section 3503.5 states it is “unlawful to 
take, possess, or destroy any birds of prey (in the order Falconiformes or Strigiformes) or to take, 
possess, or destroy the nest or eggs of any such bird except as otherwise provided by this Code or 
any regulation adopted pursuant thereto.” Construction disturbance during the breeding season could 
result in the incidental loss of fertile eggs or nestlings or otherwise lead to nest abandonment. 

California Fish and Game Code Section1600 et. seq (as amended) 

The California FGC Section 1600 et. seq. requires that a Notification of Lake or Streambed Alteration 
be submitted to CDFW for “any activity that may substantially divert or obstruct the natural flow or 
substantially change the bed, channel, or bank of any river, stream, or lake.” The CDFW reviews the 
proposed actions and, if necessary, submits to the Applicant a proposal for measures to protect 
affected fish and wildlife resources. The final proposal that is mutually agreed upon by CDFW and the 
Applicant is the Streambed Alteration Agreement (SAA). Often, projects that require an SAA also 
require a permit from the USACE under Section 404 of the CWA. In these instances, the conditions of 
the Section 404 permit and the SAA may overlap. 

California Fish and Game Code Sections 3503, 3503.5, and 3513 

Under Sections 3503, 3503.5, and 3513 of the California FGC, activities that would result in the taking, 
possessing, or destroying of any birds-of-prey, taking or possessing of any migratory nongame bird 
as designated by the MBTA, or the taking, possessing, or needlessly destroying of the nest or eggs of 
any raptors or non-game birds protected by the MBTA, or the taking of any non-game bird pursuant 
to FGC Section 3800 are prohibited. Additionally, the state further protects certain species of fish, 
mammals, amphibians and reptiles, birds, and mammals through CDFW’s Fully Protected Animals 
which prohibits any take or possession of classified species.  
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California Fish and Game Code Sections 1900-1913 (Native Plant Protection Act) 

California’s Native Plant Protection Act prohibits the taking, possessing, or sale within the state of any 
plant listed by CDFW as rare, threatened, or endangered. This allows CDFW to salvage listed plant 
species that would otherwise be destroyed. 

Porter-Cologne Water Quality Control Act  

Under the Porter-Cologne Water Quality Control Act, all projects proposing to discharge waste that 
could affect waters of the State must file a waste discharge report with the appropriate regional board. 
The project falls under the jurisdiction of the Colorado River RWQCB. 

California Environmental Quality Act 

Title 14 CCR, Section 15380 requires the identification of endangered, rare, or threatened species or 
subspecies of animals or plants that may be impacted by a project. If any such species are found, 
appropriate measures should be identified to avoid, minimize, or mitigate the potential effects of 
projects. 

Local 

Imperial County General Plan 

The Conservation and Open Space Element of the Imperial County General Plan provides detailed 
plans and measures for the preservation and management of biological and cultural resources, soils, 
minerals, energy, regional aesthetics, air quality, and open space. The purpose of this element is to 
recognize that natural resources must be maintained for their ecological value for the direct benefit to 
the public and to protect open space for the preservation of natural resources, the managed production 
of resources, outdoor recreation, and for public health and safety. In addition, the purpose of this 
element is to promote the protection, maintenance, and use of the County’s natural resources with 
particular emphasis on scarce resources, and to prevent wasteful exploitation, destruction, and neglect 
of the state’s natural resources. Table 3.5-3 analyzes the consistency of the project with specific 
policies contained in the Imperial County General Plan associated with biological resources. 
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Table 3.5-3. Project Consistency with General Plan Goals and Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Conservation and Open Space 
Element - Open Space and Recreation 
Conservation  
Policy No. 2 - The County shall participate 
in conducting detailed investigations into the 
significance, location, extent, and condition 
of natural resources in the County. 

Program: Notify any agency responsible for 
protecting plant and wildlife before approving 
a project which would impact a rare, 
sensitive, or unique plant or wildlife habitat. 

Consistent A biological assessment has been conducted at the 
project site to evaluate the proposed project’s 
potential impacts on biological resources. 
Implementation of the proposed project has the 
potential to impact special-status wildlife species, 
including burrowing owl, mountain plover, and 
loggerhead shrike.  
 
Applicable agencies responsible for protecting 
plants and wildlife will be notified of the proposed 
projects and provided an opportunity to comment 
on this EIR prior to the County’s consideration of 
any approvals for the project. As described in 
Chapter 2, Project Description, implementation of 
the project would require the approval of a CUP, 
General Plan Amendment, and Zone Change by 
the County to allow for the construction and 
operation of the project.  

Conservation of Environmental Resources 
for Future Generations 
Goal 1 - Environmental resources shall be 
conserved for future generations by 
minimizing environmental impacts in all land 
use decisions and educating the public on 
their value. 
Objective 1.6 - Promote the conservation of 
ecological sites and preservation of cultural 
resource sites through scientific investigation 
and public education. 

Consistent A biological assessment has been conducted at the 
project site to evaluate the project’s potential 
impacts on biological resources. Implementation of 
the proposed project has the potential to impact 
special-status wildlife species, including burrowing 
owl, mountain plover, and loggerhead shrike. 
However, with implementation of mitigation 
(Mitigation Measures BIO-1 through BIO-4), the 
project would not result in residual significant or 
unmitigable impacts on biological resources.  

Source: County of Imperial 1993 
 

3.5.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering the respective project’s impacts on 
biological resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to biological resources are 
considered significant if any of the following occur: 

• Have a substantial adverse effect, either directly or through habitat modifications, on any 
species identified as a candidate, sensitive, or special status species in local or regional plans, 
policies, or regulations, or by the CDFW or USFWS 

• Have a substantial adverse effect on any riparian habitat or other sensitive natural community 
identified in local or regional plans, policies, regulations or by the CDFW or USFWS 
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• Have a substantial adverse effect on state or federally-protected wetlands (including but not 
limited to, marsh, vernal pool, coastal, etc.) through direct removal, filing, hydrological 
interruption, or other means 

• Interfere substantially with the movement of any native resident or migratory fish and wildlife 
species or with established native resident or migratory wildlife corridors, or impede the use of 
native wildlife nursery sites 

• Conflict with any local policies or ordinances protecting biological resources, such as a tree 
preservation policy or ordinance 

• Conflict with the provisions of an adopted Habitat Conservation Plan, Natural Community 
Conservation Plan, or other approved local, regional, or state habitat conservation plan 

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
interact with local biological resources on the project site. Based on the extent of these interactions, 
this analysis considers whether these conditions would result in an exceedance of one or more of the 
applied significance criteria as identified above.  

A biological resources technical report was prepared for the project. The information obtained from 
the sources was reviewed and summarized to present the existing conditions and to identify potential 
environmental impacts, based on the significance criteria presented in this section. Impacts associated 
with biological resources that could result from project construction and operational activities were 
evaluated qualitatively based on-site conditions; expected construction practices; and materials, 
locations, and duration of project construction and related activities. 

Impact Analysis 

Impact 3.5-1 Would the project have a substantial adverse effect, either directly or through 
habitat modifications, on any species identified as a candidate, sensitive, or 
special status species in local or regional plans, policies, or regulations, or by 
the CDFW or USFWS? 

Construction 

SPECIAL-STATUS PLANTS  

One plant species, Abram’s spurge, has a low potential to occur on the project site. However, the 
project site has low quality habitat for this species and this plant species has not been recorded within 
3 miles of the project site in the last 25 years. Therefore, no impacts to these species are anticipated 
to occur due to project related construction activities.  

SPECIAL-STATUS WILDLIFE  

Three species have a low potential to occur (flat-tailed horned lizard, short-eared owl, and western 
yellow bat), two species have a high potential to occur (BUOW and mountain plover), and one species 
(loggerhead shrike) was present within the project site. During the site reconnaissance, two 
loggerhead shrikes were observed within the project site.  
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Flat-tailed horned lizard, short-eared owl, and western yellow bat have a low potential to occur on the 
project site. However, low quality habitat for these species occurs within the project site and none of 
these species have been recorded within the project site within the last 25 years. Therefore, no impacts 
to these species are anticipated to occur as a result of project activities. 

Burrowing owl and mountain plover are considered to have a high potential to occur within the project 
site. Two loggerhead shrikes were observed within the project site. Direct impacts to these species 
that could occur include injury, mortality, nest failures, and loss of young. Indirect impacts include loss 
of nesting and foraging habitat, increase in anthropogenic effects (i.e., noise levels, introduction of 
invasive and nonnative species, increase in human activity, increase in dust). Implementation of 
Mitigation Measures BIO-1, BIO-2, BIO-3, and BIO-4 would reduce potential impacts to a level less 
than significant. Mitigation Measure BIO-1 requires implementation of general impact avoidance and 
minimization measures during construction such as designating a Project Biologist to oversee 
compliance with protective measures for biological resources, delineating construction zones, and 
working and traveling only in designated work areas and access roads. Mitigation Measure BIO-2 
requires that all construction personnel to complete a Worker Environmental Awareness Program prior 
to the start of construction. Mitigation Measure BIO-3 requires pre-construction surveys for burrowing 
owl. If burrowing owl is identified during the breeding season (February 1 through August 31), then an 
appropriate buffer will be established by the biological monitor in accordance with the Staff Report on 
Burrowing Owl Mitigation (CDFG 2012). Construction within the buffer will be avoided until a qualified 
biologist determines that burrowing owl is no longer present or until young have fledged. Mitigation 
Measure BIO-4 required a pre-construction nesting bird survey to be conducted by a qualified avian 
biologist to ensure that active bird nests, including those for the loggerhead shrike and mountain plover 
will not be disturbed or destroyed. 

Operation 

All electrical components on the project site shall be either undergrounded or protected so that there 
will be no exposure to wildlife and therefore no potential for electrocution. Additionally, based on the 
Avian Powerline Interaction Committee’s (APLIC) 1996 report on power line electrocution in the U.S., 
avian electrocution risk is highest along distribution lines (generally less than 69 kV) where the 
distance between energized phases, ground wires, transformers, and other components of an 
electrical distribution system are less than the length or skin-to-skin contact distance of birds. The 
distance between energized components along transmission lines (>69 kV) is generally insufficient to 
present avian electrocution risk. Therefore, no impact to avian is anticipated to occur due to 
electrocution along the proposed gen-tie line.  

Mitigation Measure(s) 

BIO-1 General Impact Avoidance and Minimization Measures. The following measures 
will be applicable throughout the life of the project: 

• To reduce the potential indirect impact on migratory birds, bats and raptors, the 
project will comply with the APLIC 2012 Guidelines for overhead utilities, as 
appropriate, to minimize avian collisions with transmission facilities (APLIC 2012) 

• All electrical components on the project site shall be either undergrounded or 
protected so that there will be no exposure to wildlife and therefore no potential for 
electrocution.  
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• The project proponent shall designate a Project Biologist who shall be responsible 
for overseeing compliance with protective measures for the biological resources 
during vegetation clearing and work activities within and adjacent to areas of native 
habitat. The Project Biologist will be familiar with the local habitats, plants, and 
wildlife. The Project Biologist will also maintain communications with the 
Contractor to ensure that issues relating to biological resources are appropriately 
and lawfully managed and monitor construction. The Project Biologist will monitor 
activities within construction areas during critical times, such as vegetation 
removal, the implementation of Best Management Practices (BMP), and 
installation of security fencing to protect native species. The Project Biologist will 
ensure that all wildlife and regulatory agency permit requirements, conservation 
measures, and general avoidance and minimization measures are properly 
implemented and followed. 

• The boundaries of all areas to be newly disturbed (including solar facility areas, 
staging areas, access roads, and sites for temporary placement of construction 
materials and spoils) will be delineated with stakes and flagging prior to 
disturbance. All disturbances, vehicles, and equipment will be confined to the 
flagged areas. 

• No potential wildlife entrapments (e.g., trenches, bores) will be left uncovered 
overnight. Any uncovered pitfalls will be excavated to 3:1 slopes at the ends to 
provide wildlife escape ramps. Alternatively, man-made ramps may be installed. 
Covered pitfalls will be covered completely to prevent access by small mammals 
or reptiles. 

• To avoid wildlife entrapment (including birds), all pipes or other construction 
materials or supplies will be covered or capped in storage or laydown area, and at 
the end of each work day in construction, quarrying and processing/handling 
areas. No pipes or tubing of sizes or inside diameters ranging from 1 to 10 inches 
will be left open either temporarily or permanently. 

• No anticoagulant rodenticides, such as Warfarin and related compounds 
(indandiones and hydroxycoumarins), may be used within the project site, on 
off-site project facilities and activities, or in support of any other project activities. 

• Avoid wildlife attractants. All trash and food-related waste shall be placed in 
self-closing containers and removed regularly from the site to prevent overflow. 
Workers shall not feed wildlife. Water applied to dirt roads and construction areas 
for dust abatement shall use the minimal amount needed to meet safety and air 
quality standards to prevent the formation of puddles, which could attract wildlife. 
Pooled rainwater or floodwater within retention basins will be removed to avoid 
attracting wildlife to the active work areas. 

• To minimize the likelihood for vehicle strikes on wildlife, speed limits will not exceed 
15 miles per hour when driving on access roads. All vehicles required for O&M 
must remain on designated access/maintenance roads. 

• Avoid night-time construction lighting or if nighttime construction cannot be avoided 
use shielded directional lighting pointed downward and towards the interior of the 
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project site, thereby avoiding illumination of adjacent natural areas and the night 
sky. 

• All construction equipment used for the project will be equipped with properly 
operating and maintained mufflers. 

• Hazardous materials and equipment stored overnight, including small amounts of 
fuel to refuel hand-held equipment, will be stored within secondary containment 
when within 50 feet of open water to the fullest extent practicable. Secondary 
containment will consist of a ring of sand bags around each piece of stored 
equipment/structure. A plastic tarp/visqueen lining with no seams shall be placed 
under the equipment and over the edges of the sandbags, or a plastic hazardous 
materials secondary containment unit shall be utilized by the Contractor. 

• The Contractor will be required to conduct vehicle refueling in upland areas where 
fuel cannot enter waters of the U.S. and in areas that do not have potential to 
support federally threatened or endangered species. Any fuel containers, repair 
materials, including creosote-treated wood, and/or stockpiled material that is left 
on site overnight, will be secured in secondary containment within the work area 
and staging/assembly area and covered with plastic at the end of each work day.  

• In the event that no activity is to occur in the work area for the weekend and/or a 
period of time greater than 48 hours, the Contractor will ensure that all portable 
fuel containers are removed from the project site.  

• All equipment will be maintained in accordance with manufacturer’s 
recommendations and requirements. 

• Equipment and containers will be inspected daily for leaks. Should a leak occur, 
contaminated soils and surfaces will be cleaned up and disposed of following the 
guidelines identified in the Stormwater Pollution Prevention Plan or equivalent, 
Materials Safety Data Sheets, and any specifications required by other permits 
issued for the project.  

• The Contractor will utilize off-site maintenance and repair shops as much as 
possible for maintenance and repair of equipment. 

• If maintenance of equipment must occur onsite, fuel/oil pans, absorbent pads, or 
appropriate containment will be used to capture spills/leaks within all areas. Where 
feasible, maintenance of equipment will occur in upland areas where fuel cannot 
enter waters of the U.S. and in areas that do not have potential to support federally 
threatened or endangered species. 

• Appropriate BMPs will be used by the Contractor to control erosion and 
sedimentation and to capture debris and contaminants from bridge construction to 
prevent their deposition in waterways. No sediment or debris will be allowed to 
enter the creek or other drainages. All debris from construction of the bridge will 
be contained so that it does not fall into channel. Appropriate BMPs will be used 
by the Contractor during construction to limit the spread of resuspended sediment 
and to contain debris. 
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• Erosion and sediment control devices used for the proposed project, including fiber 
rolls and bonded fiber matrix, will be made from biodegradable materials such as 
jute, with no plastic mesh, to avoid creating a wildlife entanglement hazard. 

• Firearms, open fires, and pets would be prohibited at all work locations and access 
roads. Smoking would be prohibited along the project alignment. 

• Cross-country vehicle and equipment use outside of approved designated work 
areas and access roads shall be prohibited to prevent unnecessary ground and 
vegetation disturbance. 

• Any injured or dead wildlife encountered during project-related activities shall be 
reported to the project biologist, biological monitor, CDFW, or a CDFW-approved 
veterinary facility as soon as possible to report the observation and determine the 
best course of action. For special-status species, the Project Biologist shall notify 
the County, USFWS, and/or CDFW, as appropriate, within 24 hours of the 
discovery. 

• Stockpiling of material will be allowed only within established work areas. 

• Actively manage the spread of noxious weeds 

• The ground beneath all parked equipment and vehicles shall be inspected for 
wildlife before moving. 

BIO-2  Worker Environmental Awareness Program. Prior to project construction, a Worker 
Environmental Awareness Program shall be developed and implemented by a 
qualified biologist and shall be available in both English and Spanish. Handouts 
summarizing potential impacts to special-status biological resources and the potential 
penalties for impacts to these resources shall be provided to all construction personnel. 
At a minimum, the education program shall including the following: 

• the purpose for resource protection;  

• a description of special-status species including representative photographs and 
general ecology;  

• occurrences of USACE, RWQCB, and CDFW regulated features in the project 
survey area;  

• regulatory framework for biological resource protection and consequences if 
violated 

• sensitivity of the species to human activities;  

• avoidance and minimization measures designed to reduce the impacts to 
special-status biological resources 

• environmentally responsible construction practices;  

• reporting requirements;  

• the protocol to resolve conflicts that may arise at any time during the construction 
process; and 
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• workers sign acknowledgement form indicating that the Environmental Awareness 
Training and Education Program that has been completed and would be kept on 
record.  

BIO-3 Burrowing Owl Avoidance and Minimization. Take avoidance (pre-construction) 
surveys for burrowing owl shall be completed prior to project construction. Surveys 
shall be conducted as detailed within Appendix D of the Staff Report on Burrowing Owl 
Mitigation (California Department of Fish and Game [CDFG] 2012). If burrowing owl is 
not detected, construction may proceed. 

• If burrowing owl is identified during the non-breeding season (September 1 through 
January 31), then a 50-meter buffer will be established by the biological monitor. 
Construction within the buffer will be avoided until a qualified biologist determines 
that burrowing owl is no longer present or until a CDFW-approved exclusion plan 
has been implemented. The buffer distance may be reduced if noise attenuation 
buffers such as hay bales are placed between the occupied burrow and 
construction activities. 

• If burrowing owl is identified during the breeding season (February 1 through 
August 31), then an appropriate buffer will be established by the biological monitor 
in accordance with the Staff Report on Burrowing Owl Mitigation (CDFG 2012). 
Construction within the buffer will be avoided until a qualified biologist determines 
that burrowing owl is no longer present or until young have fledged. The buffer 
distance may be reduced in consultation with CDFW if noise attenuation buffers 
such as hay bales are placed between the occupied burrow and construction 
activities.   

BIO-4  Pre-Construction Nesting Bird Survey. If construction or other project activities are 
scheduled to occur during the bird breeding season (typically February 1 through 
August 31 for raptors and March 15 through August 31 for the majority of migratory 
bird species), a pre-construction nesting-bird survey shall be conducted by a qualified 
avian biologist to ensure that active bird nests, including those for the loggerhead 
shrike and mountain plover will not be disturbed or destroyed.  

The survey shall be completed no more than three days prior to initial ground 
disturbance. The nesting-bird survey shall include the project site and adjacent areas 
where project activities have the potential to affect active nests, either directly or 
indirectly due to construction activity or noise. If an active nest is identified, the biologist 
shall establish an appropriately sized disturbance-limit buffer around the nest using 
flagging or staking. Construction activities shall not occur within any disturbance-limit 
buffer zones until the nest is deemed inactive by the qualified biologist. If construction 
activities cease for a period of greater than three days during the bird breeding season, 
a pre-construction nesting bird survey shall be conducted prior to the commencement 
of activities.  

Final construction buffers or setback distances shall be determined by the qualified 
biologist in coordination with USFWS and CDFW on a case‐by‐case basis, depending 
on the species, season in which disturbance shall occur, the type of disturbance, and 
other factors that could influence susceptibility to disturbance (e.g., topography, 
vegetation, existing disturbance levels, etc.). 
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Significance After Mitigation 

The proposed project has the potential to impact special-status wildlife species during construction. 
However, implementation of Mitigation Measures BIO-1 through BIO-4 would reduce potential impacts 
to a level less than significant.  

Impact 3.5-2 Would the project have a substantial adverse effect on any riparian habitat or 
other sensitive natural community identified in local or regional plans, 
policies, regulations or by the CDFW or USFWS? 

 

Quailbush scrub, bush seepweed scrub, and arrow weed thickets occur within the project survey area 
and are considered sensitive natural communities by CDFW (CDFW 2021). The proposed project has 
been designed to avoid these sensitive natural communities. Access routes would be constructed in 
an area that will avoid or minimize impacts to native vegetation found within the irrigation ditch, and 
flagging and/or staking would be used to clearly define the work area boundaries to avoid impacts to 
adjacent native communities. Therefore, the proposed project would have no impact on sensitive 
natural communities.  

Mitigation Measure(s)   

No mitigation is required.  

Impact 3.5-3 Would the project have a substantial adverse effect on state or 
federally-protected wetlands (including but not limited to, marsh, vernal pool, 
coastal, etc.) through direct removal, filing, hydrological interruption, or other 
means?  

As shown in Figure 3.5-2 and Figure 3.5-3,  several jurisdictional features were observed within the 
project site. The New River, a NWI mapped blueline, flows through the middle portion of the project 
site. In addition, several NWI mapped blueline canals, drains, and ditches owned by IID flow along the 
borders of the project site.  However, the proposed project has been designed to avoid impacts to 
waters of the State and waters of the U.S. As shown on the Site Plan (Figure 2-3), project components 
would not be sited on the project site where aquatic resources are present. 

The emergency access route from the northwest portion of the project site will be designed to cross a 
non-jurisdictional agricultural ditch. Potential access route options include converting a non-vegetated 
portion of an open cement culvert to a corrugated metal pipe (CMP) or a closed concrete pipe of similar 
size and establishing an access road above the pipe. Native quail bush and non-native tamarisk and 
Mexican palo verde are located within the irrigation ditch. However, the access routes would be 
constructed in an area that will avoid impacts to native vegetation found within the irrigation ditch. 
Therefore, implementation of the project would result in no impact on state or federally protected 
aquatic resources.   

Mitigation Measure(s) 

No mitigation is required.  
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Impact 3.5-4 Would the project interfere substantially with the movement of any native 
resident or migratory fish and wildlife species or with established native 
resident or migratory wildlife corridors, or impede the use of native wildlife 
nursery sites? 

The project site does not function as a wildlife corridor. The project site is located adjacent to areas 
containing existing disturbances (i.e., roads, railroad tracks, and active agricultural land). The majority 
of the project site does not contain suitable vegetation or cover to support wildlife movement and are 
nestled between agricultural and development; therefore, wildlife movement opportunities connecting 
the project site to large, undeveloped natural areas is limited. The proposed project is not expected to 
significantly impact wildlife movement through the project vicinity and a less than significant impact 
would occur. 

Mitigation Measure(s) 

No mitigation is required.  

Impact 3.5-5 Would the project conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or ordinance? 

The proposed project consists of the construction and operation of a solar energy facility, BESS, and 
associated electrical transmission lines. Development of the solar facility would be subject to the 
County’s zoning ordinance.  

The project is located on 5 privately owned legal parcels zoned General Agricultural with Geothermal 
Overlay (A-2-G). Pursuant to Title 9, Division 5, Chapter 8 (County of Imperial 2019a), the following 
uses are permitted in the A-2 zone subject to approval of a CUP from Imperial County: solar energy 
electrical generator, battery storage facility, electrical substations, communication towers, and facilities 
for the transmission of electrical energy.  

As demonstrated in Table 3.5-3 and discussed further in Section 3.11 Land Use Planning, with 
approval of a CUP, General Plan Amendment, and Zone Change, the project would be consistent with 
Imperial County General Plan, and with biological resources policies contained therein. Therefore, 
implementation of the proposed project would not result in a significant impact associated the project’s 
potential to conflict with local policies protecting biological resources. 

Mitigation Measure(s) 

No mitigation is required. 

Impact 3.5-6 Would the project conflict with the provisions of an adopted Habitat 
Conservation Plan, Natural Community Conservation Plan, or other approved 
local, regional, or state habitat conservation plan? 

The project site is located within the designated boundaries of the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the project is not 
located within or adjacent to an Area of Critical Environmental Concern. Implementation of the 
proposed project would result in no impact associated with the potential to conflict with local 
conservation plans. No impact would occur. 
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Mitigation Measure(s) 

No mitigation is required. 

3.5.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. Project decommissioning activities will require construction vehicles to drive across 
the solar facility, transmission line, and access roads. Concrete footings, foundations, and pads would 
be removed using heavy equipment and recycled at an off-site location. All remaining components 
would be removed, and all disturbed areas would be reclaimed and recontoured. Similar to project 
construction, decommissioning activities have the potential to directly impact special-status species. 
his is a potentially significant impact; however, implementation of Mitigation Measures BIO-1 through 
BIO-4 at the time of decommissioning would reduce impacts to a level less than significant. 

Residual 
The proposed project would not impact sensitive vegetation communities, state or federally-protected 
wetlands, would not conflict with any local policies or ordinances protecting biological resources and 
would not conflict with the provisions of an adopted Habitat Conservation Plan, Natural Community 
Conservation Plan, or other approved local, regional, or state habitat conservation plan. 

With the implementation of Mitigation Measures BIO-1 through BIO-4, potential impacts to special-
status species, including BOUW, mountain plover, and loggerhead shrike would be reduced to a level 
less than significant. Therefore, the project would not result in residual significant and unmitigable 
impacts related to biological resources.  
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3.6 Cultural Resources 
This section discusses cultural resources that may be potentially impacted by the proposed project. 
The following identifies the existing cultural resources within the project site, analyzes potential 
impacts of the proposed project, and recommends mitigation measures to avoid or reduce potential 
impacts of the proposed project.  

Information for this section is summarized from the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project prepared by Chambers Group, Inc. This report is included in 
Appendix E of this EIR. The cultural resources inventory included a records search, literature 
review, and pedestrian survey.  

3.6.1 Existing Conditions 

Cultural Setting 

Prehistory 

The project site is located in the mid-section of the lower Colorado Desert, in which ancient Lake 
Cahuilla was situated – the present-day Salton Sea is illustrative of lower stands of the former Ancient 
Lake Cahuilla. In addition to paleontological potential, archaeological deposits found around the 
shoreline of Lake Cahuilla radiocarbon date to at least 1,440 years before present (B.P.) and shows 
demonstrable evidence of cultural activity in the area. Lake Cahuilla presented a massive freshwater 
oasis, allowing seasonal occupations resulting in archaeological deposits that include pottery, ground 
and chipped stone artifacts, and archaeological features such as rock fish traps. As an ethnographic 
landscape, the Cahuilla, Kumeyaay, Kamia, and the tribes which now comprise the Colorado River 
Indian Tribes (CRIT), the Mojave, Chemehuevi, Hopi, and Navajo settled in various locations around 
the basin, including the Colorado delta. Cultural resources located in the area tend to be associated 
with Lake Cahuilla due to its temporal context and functional use as a landscape, which yield 
archaeological data of high significance regarding how people adapted to the changing environment 
around the lake. 

The three general time periods accepted in the region are the San Dieguito Complex, the Archaic 
period, and the Late Prehistoric period. These periods are briefly described below.  

The earliest recognized occupation of the region, dating to 10,000 to 8,000 years B.P., is known as 
the San Dieguito complex. Assemblages from this occupation generally consist of flaked stone tools. 
Evidence of milling activities is rare for sites dating to this period. It is generally agreed that the San 
Dieguito complex shows characteristics of the Western Pluvial Lakes Tradition (WPLT), which was 
widespread in California during the early Holocene. The WPLT assemblage generally includes 
scrapers, choppers, and bifacial knives. Archaeologists theorize this toolkit composition likely reflects 
a generalized hunting and gathering society.  

The following period, the Archaic (8,500 to 1,300 B.P.), is traditionally seen as encompassing both 
coastal and inland adaptations, with the coastal Archaic represented by the shell middens of the La 
Jolla complex and the inland Archaic represented by the Pauma complex. Coastal settlement is also 
thought to have been significantly affected by the stabilization of sea levels around 4,000 years ago 
that led to a general decline in the productivity of coastal ecosystems. Artifacts associated with this 
period include milling stones, unshaped manos, flaked cobble tools, Pinto-like and Elko projectile 
points, and flexed inhumations. Colorado Desert rock art studies have led researchers to suggest 
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Archaic-Period origins for many petroglyph and pictograph styles and elements common in later times. 
More recently, several important late Archaic-period sites have been documented in the northern 
Coachella Valley, consisting of deeply buried middens with clay-lined features and living surfaces, 
cremations, hearths, and rock shelters. Faunal assemblages show a high percentage of lagomorphs 
(rabbits and hares). The larger sites suggest a more sustained settlement type than previously known 
for the Archaic period in this area.  

The Late Prehistoric period (1,300 to 200 B.P.) is marked by the appearance of small projectile points 
indicating the use of the bow and arrow, the common use of ceramics, and the general replacement 
of inhumations with cremations, all characteristic of the San Luis Rey complex. The San Luis Rey 
complex is divided temporally into San Luis Rey I and San Luis Rey II, with the latter distinguished 
mainly by the addition of ceramics. Along the coast of northern San Diego County, deposits containing 
significant amounts of Donax shell are now often assigned to the Late Prehistoric, based on a well-
documented increase in the use of this resource at this time.  

Ethnohistory 
The project site was occupied by the Cahuilla, Quechan, Kumeyaay, Kamia, and the CRIT. The two 
closest tribal reservations to the project site are the Torres-Martinez Reservation located to northwest 
of the project site and Fort Yuma reservation located to the southeast of the project site. The Torres-
Martinez Indian Reservation is currently home to the desert Cahuilla Indians and is on the northwest 
side of the Salton Sea, roughly 55 miles from the project site. Fort Yuma is located approximately 51 
miles closer to the California-Arizona border and is the home of the Quechan. An ethnographic and 
archaeological summary of the Cahuilla, Quechan, Kumeyaay, Kamia, and CRIT is provided in Section 
3.14, Tribal Cultural Resources of this EIR. 

Regional History 
The first significant European settlement of California began during the Spanish Period (1769 to 1821) 
when 21 missions and four presidios were established between San Diego and Sonoma. Although 
located primarily along the coast, the missions dominated economic and political life over the greater 
California region. The purpose of the missions was primarily for political control and forced assimilation 
of the Native American population into Spanish society and Catholicism, along with economic support 
to the presidios.  

In the 1700s, due to pressures from other colonizers (Russians, French, British), New Spain decided 
that a party should be sent north with the idea of founding both military presidios and religious missions 
in Alta California to secure Spain’s hold on its lands. The aim of the party was twofold. The first was 
the establishment of presidios, which would give Spain a military presence within its lands. The second 
was the establishment of a chain of missions along the coast slightly inland, with the aim of 
Christianizing the native population. By converting the native Californians, they could be counted as 
Spanish subjects, thereby bolstering the colonial population within a relatively short time.  

The party was led by Gaspar de Portolá and consisted of two groups: one would take an overland 
route, and one would go by sea. All parties were to converge on San Diego, which would be the 
starting point for the chain of Spanish colonies. What became known as the Portolá Expedition set out 
on March 24, 1769. Portolá, who was very loyal to the crown and understood the gravity of his charge, 
arrived in what would become San Diego on July 1, 1769. Here, he immediately founded the presidio 
of San Diego. Leaving one group in the southern part of Alta California, Portolá took a smaller group 
and began heading north to his ultimate destination of Monterey Bay. Continuing up the coast, Portolá 
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established Monterey Bay as a Spanish possession on June 3, 1770, although it would take two 
expeditions to accomplish this task. 

Having established the presidios at San Diego and Monterey, Portolá returned to Mexico. During the 
first four years of Spanish presence in Alta California, Father Junípero Serra, a member of the Portolá 
expedition and the Catholic leader of the new province, began establishing what would become a 
chain of 21 coastal missions in California. The first, founded concurrently at San Diego with the 
presidio, was the launching point for this group. During this time, four additional missions (San Carlos 
Borromeo de Carmelo, San Antonio de Padua, San Gabriel Arcángel, and San Luis Obispo de Tolosa) 
were established.  

The Mexican Period (1821-1848) began with the success of the Mexican Revolution in 1821, but 
changes to the mission system were slow to follow. When secularization of the missions occurred in 
the 1830s, the missions’ vast land holdings in California were divided into large land grants called 
ranchos. The Mexican government granted ranchos throughout California to Spanish and Hispanic 
soldiers and settlers. Even after the decree of secularization was issued in 1833 by the Mexican 
Congress, missionaries continued to operate a small diocesan church. In 1834, the San Gabriel 
Mission, including over 16,000 head of cattle, was turned over to the civil administrator.  

In 1848, the Treaty of Guadalupe Hidalgo ended the Mexican American War and marked the beginning 
of the American Period (1848 to present). The discovery of gold that same year sparked the 1849 
California Gold Rush, bringing thousands of miners and other new immigrants to California from 
various parts of the United States, most of whom settled in the northern part of the state. For those 
settlers who chose to come to southern California, much of their economic prosperity was fueled by 
cattle ranching rather than by gold. This prosperity, however, came to a halt in the 1860s because of 
severe floods and droughts, as well as legal disputes over land boundaries, which put many ranchos 
into bankruptcy.  

Imperial County was formed in 1907 from a portion of San Diego County known as Imperial Valley and 
is the newest of California’s counties. It is known for being one of California’s most prosperous 
agricultural communities because of its vast canal systems stemming from the Colorado River. The 
first diversion of the Colorado River was in 1905 and continued through 1942 when the All-American 
Canal was completed. It is this water, conveyed from the Colorado River, that makes Imperial County 
so rich. 

City of Brawley 
Just as the Imperial Valley was starting to develop, a circular was released by the U.S. Government 
in 1902 claiming nothing would grow in this desert area, even with plentiful water. This now famous 
“libel” changed the name of Brawley, which was initially slated to be called Braly. A man named J.H. 
Braly from Los Angeles had underwritten shares of water stock and was assigned 4,000 acres of land 
at the center of the site where Brawley now stands. When Braly read this circular, he appealed to the 
Imperial Land Company to be released from his bargain. They told him they expected to build a city 
on his land and call it Braly. However, J.H. Braly wanted no part of it; he did not want his name 
connected with what he envisioned as a failure. George E. Carter, who was building the grade for the 
new railroad, heard of Braly’s wish and took over Braly’s contract for the 4,000 acres.  

The Imperial Land Company got wind of the deal and sent emissaries to Carter, who sold out. 
Meanwhile, A.H. Heber (a principal in the townsite organizing company) had a friend in Chicago by 
the name of Brawley and suggested the town be called that name. The company ordered the new 
town platted in October of 1902. Brawley had a petition signed and was ready to incorporate in June 
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1907 but deferred the matter until the new Imperial County was formed out of a portion of San Diego 
County that year. Then in February 1908, a petition was filed, and Brawley was allowed to call an 
election. The vote was 34 to 22 in favor of incorporation.  

For more than a century, Brawley has remained close to its roots of being a small, agricultural 
community. Many of its businesses cater to area farmers and ranchers who also call Brawley home. 
From the beginning, those who believed in Brawley were successful in creating imaginative ways to 
develop an oasis in what was once a hostile environment. Now as then, the town folk of Brawley pull 
together to create a united vision that is attractive to visitors, homeowners, consumers, developers 
and businesspeople alike. Incorporated in 1908, was a “tent city” of only 100 persons who were 
involved in railroads and the earliest introduction of agriculture. It had a population of 11,922 in 1950, 
but population growth was slow from the 1960s to the early 1990s. 

Records Search 
A records search dated October 14, 2020, was obtained from the South Coastal Information Center 
(SCIC) at San Diego State University. The records search provided information on all documented 
cultural resources and previous archaeological investigations within the 1-mile record search radius. 
Resources consulted during the records search conducted by the SCIC included the NRHP, California 
Historical Landmarks, California Points of Historical Interest, and the CRHR Inventory. Results of the 
records search and additional research are detailed below. 

Previous Research 

Based upon the records search conducted by the SCIC, 14 cultural resource studies have 
previously been completed within the 1-mile records search radius. Of the 14 previous studies, 9 of 
the studies were within the project site. A list of previous cultural resource studies within the 1-mile 
records search radius is provided in the Archaeological and Paleontological Assessment Report for 
the Brawley Solar Project (Appendix E of this EIR). 

Previously Recorded Resources 

Based upon the records search conducted by the SCIC, 5 previously recorded cultural resources were 
recorded within the 1-mile record search radius. Results show that none of the previously recorded 
resources are mapped within the project site boundaries. A list of previously recorded resources within 
the 1-mile records search radius is provided in the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project (Appendix E of this EIR). 

Field Survey 

A pedestrian survey was conducted on the project site between November 2 and 5, 2020. The purpose 
of the field survey was to visually inspect the ground surface for both paleontological and 
archaeologically significant materials. The archaeologists assessed the ground surface for prehistoric 
artifacts (e.g., flaked stone tools, tool-making debris, stone milling tools), historic-period artifacts (e.g., 
metal, glass, ceramics), and sediment discoloration that might indicate the presence of a cultural 
midden, as well as depressions and other features indicative of the former presence of structures or 
buildings (e.g., post holes, foundations). When an artifact or feature was observed during survey, the 
GPS data were recorded using the ArcGIS Collector application; photographs and measurements 
were taken; and, when applicable, for historic glass artifacts, the maker’s marks and date codes were 
recorded for further analysis and post-processing. 
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During completion of the survey, resource CA-IMP-08166H was relocated. Although not mapped 
within the actual project site boundaries, a segment of CA-IMP-08166H was relocated due to its 
bisecting position between the two adjacent project areas. Additionally, six newly recorded historic-
period resources were identified (Table 3.6-1). The new historic-period resources were fully 
documented with the appropriate DPR 523 series forms for each of the new resources and will be 
submitted to the SCIC for inclusion in the archaeological database.  

Table 3.6-1. Newly Identified Cultural Resources within the Project Site 
Resource 

Name  
(Temporary) 

Trinomial 
Number Date Recorded 

Age 
 

Description Recommended 
Evaluation 

21267-001 Pending November 2, 2020 Historic Single-story 
residence 

Recommended not 
eligible 

21267-002 Pending November 2, 2020 Historic House/pads; glass 
and ceramic 
scatter 

Not evaluated 

21267-003 
(Iso) 

Pending November 3, 2020 Historic Green glass bottle 
base 

Not evaluated 

21267-004 Pending November 5, 2020 Multi-component Glass bottle, 
sanitary and food 
can scatter 

Not evaluated 

21267-005 Pending November 5, 2020 Multi-component Historic glass 
bottle, sanitary and 
food can scatter, 
modern refuse 

Not evaluated 

21267-006 Pending November 5, 2020 Historic Canals/water 
conveyance, part 
of irrigation district 

Not evaluated 

Source: Appendix E of this EIR 

Historical Resources 
Historical resources significant under CEQA include those designated or eligible for designation in the 
NRHP, the CRHR or other state program, or a local register of historical resources. Historical 
resources may also include resources listed in the State Historic Resources Inventory as significant 
at the local level or higher, and resources evaluated as potentially significant in a survey or other 
professional evaluation. 

As shown in Table 3.6-1, a total of 6 cultural resources were identified within the project site: four 
historic-period and two multi-component sites. Five of the resources have yet to be evaluated. A 
detailed description of these five resources is provided in the Archaeological and Paleontological 
Assessment Report for the Brawley Solar Project (Appendix E of this EIR). 

Resource 21267-001 was evaluated and not recommended eligible for designation in the NRHP, the 
CRHR or other state program, or a local register of historical resources. The NRHP and CRHR 
eligibility criteria are described below.  
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• NRHP Eligibility Criteria. Four criteria have been established to determine if a resource is 
significant to American history, architecture, archaeology, engineering, or culture and should 
be listed in the NRHP. These criteria include: 

A. It is associated with events that have made a significant contribution to the broad 
patterns of our history; 

B. It is associated with the lives of persons significant in our past; 

C. It embodies the distinctive characteristics of a type, period, or method of construction 
or that represent the work of a master, or that possess high artistic values, or that 
represent a significant and distinguishable entity whose components may lack 
individual distinction; and 

D. It yields, or may be likely to yield, information important in prehistory or history. 

• CRHR Eligibility Criteria. For the purposes of CEQA review, a historical resource is defined 
as follows (14 CCR 15064.5[a]): 

1. A resource listed in, or determined eligible by the State Historical Resources 
Commission for listing in, the California Register of Historical Resources (CRHR) 

2. A resource included in a local register of historical resources 

3. A resource identified as significant in a historical resource survey meeting the 
requirements specified in PRC 5024.1(g) 

4. Any resource that the lead agency determines to be historically significant 

Site 21267-001 

Site 21267-001 is a historic farm/ranch complex, including a single-story house, numerous 
miscellaneous outbuildings, and a fenced area on the east side of the property. The farm/ranch is 
located at 5003 N Best Avenue, Brawley, CA 92227, at the northwest corner of N Best Avenue and 
Ward Road, which runs parallel to the east-west Livesley Drain. The complex is in the southeastern 
most location within the project site boundaries and is bordered to the north and northwest by 
agricultural fields. The complex is visible as early as 1945 on the USGS map and 1953 in aerial 
imagery. The house and associated structures are still present. The building appears to correspond 
to typical minimal traditional style of form and construction, resting on a perimeter foundation of poorly 
consolidated concrete made with local materials. Wood joists are noted in the interior where exposed, 
suggesting a post-and-pier foundation for the floor of the building. The outline is a simple rectangle 
with a low, gabled roofline and minimal pitch. Roof eaves minimally extend, with boxed in soffits. The 
exterior is treated in stucco, using techniques typical of the period; tarpaper wrap, with wire mesh, a 
brown/scratch coat, and a finish coat. There are several wood-trimmed piercings for wood-cased 
double-sash windows. Cast-iron waste pipes are embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
framed and sided, and most are in a state of collapse or disrepair. Construction techniques and the 
greater fullness of the dimensions of the dimensional lumber suggest that these buildings are 
contemporaneous with the main residential building. 
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ELIGIBILITY CONSIDERATION 

Site 21267-001 was evaluated in March 2021 by Chambers Group. Based on the evaluation of the 
residence, either as a complex or as individual structures, none of the four criteria are met for inclusion 
in the CRHR and the resource is recommended not eligible.  

Criterion 1: This resource does not meet the criteria under Criterion 1 as it is not associated with 
events that have made a significant contribution to the broad patterns of local or regional history or the 
cultural heritage of California or the United States. Therefore, this resource is recommended not 
eligible for the CRHR under Criterion 1.  

Criterion 2: This resource does not meet Criterion 2 as it is not associated with the lives of persons 
who are important to local, California history. While research has yielded information to suggest that 
one of the original land patent holders, Thomas A. Livesley, was fairly prominent in Salem, Oregon, 
neither he nor his family, or those also listed on the 1911 land patent, were specifically associated with 
Brawley or Imperial Valley, California history. There is no evidence that Mr. Livesley or his family ever 
resided at 5003 N Best Avenue and were not mentioned as being influential in literature regarding the 
Imperial Irrigation District between the 1900s and 1940s or the history of Imperial Valley between the 
1900s and 1930s (Dowd 1956; Tout 1931). It is likely that Mr. Livesley and the other parties listed on 
the land patent were involved in speculative agriculture but were not personally invested in the overall 
development of Brawley or within Imperial Valley.  

Additionally, there is no evidence that the subsequent property titles holders, namely the Flammangs, 
were of particular significance in Brawley. The Flammangs were owners of a few farms over the 
decades, but there is no documentation stating any noteworthy influence in Brawley, Imperial Valley, 
or California. Therefore, this resource is recommended not eligible for the CRHR Criterion 2.  

Criterion 3: This resource does not meet Criterion 3 for embodying the distinctive characteristics of a 
type, period, or method of construction; or as a representative work of a master; or for possessing high 
artistic values. represent a very common property type throughout the United States, California, and 
San Diego. Many Traditional Style residences were constructed throughout the United States during 
the twentieth century and these examples are neither unique nor innovative for the period in which 
they were constructed. Therefore, this resource is recommended not eligible for the CRHR under 
Criterion 3. 

Criterion 4: This resource does not meet Criterion 4 since it is unlikely to yield information important 
to prehistory or history. It is unlikely that this property has the potential to broaden our understanding 
of the history of the United States, California, or San Diego during the twentieth century. Therefore, 
this resource is recommended not eligible for the CRHR under Criterion 4. 

3.6.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that 
are applicable to the project. 

Federal 

National Historic Preservation Act 

Federal regulations (36 CFR Part 800.2) define historic properties as "any prehistoric or historic district, 
site, building, structure, or object included, or eligible for inclusion in, in the National Register of Historic 
Places." Section 106 of the National Historic Preservation Act (NHPA) (Public Law 89-665; 80 Stat 
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915; USC 470, as amended) requires a federal agency with jurisdiction over a project to take into 
account the effect of the project on properties included in or eligible for the (NRHP, and to afford the 
Advisory Council on Historic Preservation a reasonable opportunity to comment. The term "cultural 
resource" is used to denote a historic or prehistoric district, site, building, structure, or object, 
regardless of whether it is eligible for the NRHP. 

State 

California Office of Historic Preservation 

The California Office of Historic Preservation (OHP) administers state and federal historic preservation 
programs and provides technical assistance to federal, state, and local government agencies, 
organizations, and the general public with regard to historic preservation programs designed to 
identify, evaluate, register, and protect California's historic resources. 

Section 15064.5 of the CEQA Guidelines also requires that Native American concerns and the 
concerns of other interested persons and corporate entities, including but not limited to museums, 
historical commissions, associations, and societies be solicited as part of the process of cultural 
resources inventory. In addition, California law protects Native American burials, skeletal remains, and 
associated grave goods regardless of their antiquity and provides for the sensitive treatment and 
disposition of those remains (HSC Section 7050.5, PRC Sections 5097.94 et seq.). 

CEQA Guidelines: Historical Resources Definition 

CEQA Guidelines Section 15064.5(a) defines a historical resource as: 

(1) A resource listed in, or determined to be eligible by the State Historical Resources 
Commission, for listing in the CRHR (PRC Section 5024.1; Title 14 CCR, Section 4850 et 
seq.). 

(2) A resource included in a local register of historical resources, as defined in Section 5020.1(k) 
of the Public Resources Code or identified as significant in an historical resource survey 
meeting the requirements Section 5024.1(g) of the Public Resources Code, shall be presumed 
to be historically or culturally significant. Public agencies must treat any such resource as 
significant unless the preponderance of evidence demonstrates that it is not historically or 
culturally significant. 

(3) Any object, building, structure, site, area, place, record, or manuscript which a lead agency 
determines to be historically significant or significant in the architectural, engineering, 
scientific, economic, agricultural, educational, social, political, military, or cultural annals of 
California may be considered to be an historical resource, provided the lead agency’s 
determination is supported by substantial evidence in light of the whole record. Generally, a 
resource shall be considered by the lead agency to be “historically significant” if the resource 
meets the criteria for listing on the CRHR (PRC Section 5024.1; Title 14 CCR, Section 4852) 
including the following:  

(A) Is associated with events that have made a significant contribution to the broad 
patterns of California’s history and cultural heritage; 

(B) Is associated with the lives of persons important to our past; 
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(C) Embodies the distinctive characteristics of a type, period, region, or method of 
construction, or represents the work of an important creative individual, or possesses 
high artistic values; or 

(D) Has yielded, or may be likely to yield, information important in prehistory or history.1 

(4) The fact that a resource is not listed in, or determined to be eligible for listing in the CRHR, not 
included in a local register of historical resources (pursuant to Section 5020.1(k) of the Public 
Resources Code), or identified in an historical resources survey (meeting the criteria in Section 
5024.1(g) of the Public Resources Code) does not preclude a lead agency from determining 
that the resource may be an historical resource as defined in Public Resources Code Sections 
5020.1(j) or 5024.1. 

CEQA Guidelines: Archaeological Resources 

Section 15064.5(c) of CEQA Guidelines provides specific guidance on the treatment of archaeological 
resources as noted below. 

(1) When a project will impact an archaeological site, a lead agency shall first determine whether 
the site is an historical resource, as defined in subdivision (a). 

(2) If a lead agency determines that the archaeological site is an historical resource, it shall refer 
to the provisions of Section 21084.1 of the Public Resources Code, and this section, Section 
15126.4 of the Guidelines, and the limits contained in Section 21083.2 of the Public Resources 
Code do not apply. 

(3) If an archaeological site does not meet the criteria defined in subdivision (a), but does meet 
the definition of a unique archeological resource in Section 21083.2 of the Public Resources 
Code, the site shall be treated in accordance with the provisions of Section 21083.2. The time 
and cost limitations described in Public Resources Code Section 21083.2 (c–f) do not apply to 
surveys and site evaluation activities intended to determine whether the project location 
contains unique archaeological resources. 

(4) If an archaeological resource is neither a unique archaeological nor an historical resource, the 
effects of the project on those resources shall not be considered a significant effect on the 
environment. It shall be sufficient that both the resource and the effect on it are noted in the 
Initial Study or EIR, if one is prepared to address impacts on other resources, but they need 
not be considered further in the CEQA process. 

CEQA Guidelines: Human Remains  

Section 15064.5 of CEQA Guidelines provides specific guidance on the treatment of human remains 
pursuant to PRC § 5097.98, which provides specific guidance on the disposition of Native American 
burials (human remains), and fall within the jurisdiction of the NAHC: 

(d) When an initial study identifies the existence of, or the probable likelihood, of Native American 
human remains within the project, a lead agency shall work with the appropriate Native 
Americans as identified by the NAHC as provided in Public Resources Code Section 5097.98. 
The applicant may develop an agreement for treating or disposing of, with appropriate dignity, 
the human remains and any items associated with Native American burials with the 

 
1 Ibid. 
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appropriate Native Americans as identified by the NAHC. Action implementing such an 
agreement is exempt from: 

(1) The general prohibition on disinterring, disturbing, or removing human remains from any 
location other than a dedicated cemetery (HSC Section 7050.5). 

(2) The requirements of CEQA and the Coastal Act. 

(e) In the event of the accidental discovery or recognition of any human remains in any location 
other than a dedicated cemetery, the following steps should be taken: 

(1) There shall be no further excavation or disturbance of the site or any nearby area 
reasonably suspected to overlie adjacent human remains until: 

(A) The coroner or the county in which the remains are discovered must be contacted to 
determine that no investigation of the cause of death is required, and 

(B) If the coroner determines the remains to be Native American: 

1. The coroner shall contact the NAHC within 24 hours. 

2. The NAHC shall identify the person or persons it believes to be the most likely 
descended from the deceased Native American. 

3. The mostly descendent may make recommendations to the landowner of the 
person responsible for the excavation work, for means of treating or disposing of, 
with appropriate dignity, the human remains and any associated grave goods as 
provided in Public Resources Code section 5097.98, or 

(2) Where the following conclusions occur the landowner or his authorized representative 
shall rebury the Native American human remains and associated grave goods with 
appropriate dignity on the property in a location not subject to further subsurface 
disturbance.  

(A) The NAHC is unable to identify a most likely descendent or the most likely descendent 
failed to make a recommendation within 24 hours after being notified by the 
commission. 

(B) The descendant fails to make a recommendation; or 

(C) The landowner or his authorized representative rejects the recommendation of the 
descendant, and the mediation by the NAHC fails to provide measures acceptable to 
the landowner. 

(f) As part of the objectives, criteria, and procedures required by Section 21082 of the Public 
Resources Code, a lead agency should make provisions for historical or unique archaeological 
resources accidentally discovered during construction. These provisions should include an 
immediate evaluation of the find by a qualified archaeologist. If the find is determined to be an 
historical or unique archaeological resource, contingency funding and a time allotment 
sufficient to allow for implementation of avoidance measures or appropriate mitigation should 
be available. Work could continue on other parts of the building site while historical or unique 
archaeological resource mitigation takes place.” 
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California Health and Safety Code, Section 7050.5 

California HSC 7050.5 makes it a misdemeanor to disturb or remove human remains found outside a 
cemetery. This code also requires a project owner to halt construction if human remains are discovered 
and to contact the County Coroner. 

Local 

Imperial County General Plan 

The Imperial County General Plan provides goals, objectives, and policies for the identification and 
protection of significant cultural resources. The Conservation and Open Space Element of the General 
Plan includes goals, objectives, and policies for the protection of cultural resources and scientific sites 
that emphasize identification, documentation, and protection of cultural resources. While Section 3.9, 
Land Use Planning, of this EIR analyzes the project’s consistency with the General Plan pursuant to 
CEQA Guidelines Section 15125(d), the Imperial County Board of Supervisors and Planning 
Commission ultimately make a determination as to the project’s consistency with the General Plan. 
Goals and Objectives applicable to the proposed project are summarized in Table 3.6-2. 

Table 3.6-2. Project Consistency with Applicable General Plan Goals and Objectives 

General Plan Policies 
Consistency with 

General Plan Analysis 

Conservation and Open Space 
Element - Open Space and 
Recreation Conservation  

Goal 1 - Environmental resources 
shall be conserved for future 
generations by minimizing 
environmental impacts in all land 
use decisions and educating the 
public on their value. 

Objective 1.4 - Ensure the 
conservation and management of 
the County’s natural and cultural 
resources. 

Consistent A cultural resources inventory was prepared for 
the project area. Known archaeological 
resources within the project area will be avoided 
and not impacted. However, as discussed 
below, the proposed project has the potential to 
encounter undocumented historical, 
archaeological resources, and human remains. 

Implementation of Mitigation Measure CUL-1 
and CUL-2 would require a supervising monitor 
to monitor all ground disturbing activity and to 
provide WEAP training to workers to reduce 
potential impacts on historical resources to a 
level less than significant. Implementation of 
Mitigation Measures CUL-3, CUL-4, and CUL-5 
would reduce the potential impact associated 
with the inadvertent discovery of archaeological 
resources to a level less than significant.  

At the completion of construction, an 
Archaeological Resources Monitoring Report will 
be prepared to summarize all monitoring efforts 
and observations, as performed, and all 
prehistoric or historic archaeological finds per 
Mitigation Measure CUL-6.  Mitigation Measure 
CUL-7 would ensure that the potential impact on 
previously unknown human remains does not 
rise to the level of significance pursuant to 
CEQA. 

Objective 3.1 - Protect and 
preserve sites of archaeological, 
ecological, historical, and scientific 
value, and/or cultural significance. 

Consistent 

Source: County of Imperial 1993 
Notes: 
CUL=cultural; WEAP= Worker Environmental Awareness Program 
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3.6.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering proposed project impacts related 
to cultural and archeological resources, the methodology employed for the evaluation, an impact 
evaluation, and mitigation requirements, if necessary. 

Thresholds of Significance 
Based on CEQA Guidelines Appendix G, project impacts related to cultural resources are considered 
significant if any of the following occur: 

• Cause a substantial adverse change in the significance of a historical resource pursuant to 
§15064.5 

• Cause a substantial adverse change in the significance of an archaeological resource pursuant 
to §15064.5 

• Disturb any human remains, including those interred outside of dedicated cemeteries 

Methodology 
This analysis evaluates the potential for the proposed project, as described in Chapter 2, Project 
Description, to interact with cultural resources in the project area. Based on the extent of these 
interactions, this analysis considers whether these conditions would result in an exceedance of one or 
more of the applied significance criteria as identified above.  

As indicated in the environmental setting, the Archaeological and Paleontological Assessment Report 
for the Brawley Solar Project (Appendix E of this EIR) was prepared for the project. The cultural 
resources inventory provides the results of a SCIC records search and a field survey which have been 
completed for the project area pursuant to CEQA.  

The information from the cultural resources inventory was reviewed and summarized to present the 
existing conditions and to identify potential environmental impacts, based on the significance criteria 
presented in this section. Impacts associated with cultural resources that could result from project 
construction and operational activities were evaluated qualitatively based on site conditions; expected 
construction practices; materials, locations, and duration of project construction and related activities. 

Impact Analysis  

Impact 3.6-1 Would the project cause a substantial adverse change in the significance of a 
historical resource pursuant to §15064.5? 

To be considered historically significant, a resource must meet one of four criteria for listing outlined 
in the CRHR (CEQA Guidelines 15064.3 (a)(3)). In addition to meeting one of the criteria outlined 
the CRHR, a resource must retain enough intact and undisturbed deposits to make a meaningful 
data contribution to regional research issues (CCR Title 14, Chapter 1.5 Section 4852 [c]). Further, 
based on CEQA Guidelines Section 15064.5 (b), substantial adverse change would include 
physical demolition, destruction, relocation, or alteration of the resource or its immediate 
surroundings such that the significance of an historical resource is materially impaired. This can 
occur when a project:  
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• Demolishes or materially alters in an adverse manner those physical characteristics of an 
historical resource that convey its historical significance and that justify its inclusion in, or 
eligibility for, inclusion in the CRHR, NRHP, a local register, or historic resources. 

• Demolishes or materially alters in an adverse manner those physical characteristics that 
account for its identification in an historical resources survey meeting the requirements of PRC 
§5024.1(g), unless the public agency establishes by a preponderance of the evidence that the 
resource is not historically or culturally significant.  

As shown in Table 3.6-1, six newly recorded cultural resources were identified within the project site 
during field surveys. Newly identified cultural resources comprise both historic-period and two multi-
component sites. Resource 21267-001 is recommended not eligible for listing and the other five 
resources have not been formally evaluated for potential eligibility for listing in the CRHR. The project 
applicant will avoid ground-disturbing activities within and in close proximity to these resources. 
However, if-ground disturbing activities must occur within and in close proximity to these resources, a 
significant impact may potentially occur. Mitigation Measure CUL-1 and CUL-2 would involve retaining 
a Qualified Archaeologist to monitor ground disturbing work and provide WEAP training to construction 
personnel If ground disturbing activities encounter unanticipated discoveries that are potentially 
significant historical resources pursuant to CEQA. Mitigation Measures CUL-3, CUL-4, and CUL-5 
would require construction to be halted in the area surrounding the discovery so that the Qualified 
Archaeologist can conduct formal site evaluations to assess whether resource(s) are potentially 
eligible for listing in the CRHR. At the completion of construction, an Archaeological Resources 
Monitoring Report will be prepared to summarize all monitoring efforts and observations, as performed, 
and all prehistoric or historic archaeological finds per Mitigation Measure CUL-6. Implementation of 
Mitigation Measures CUL-1 through CUL-6 would reduce potential impacts associated with cultural 
resources to a level less than significant.  

Mitigation Measure(s) 

CUL-1  Cultural Monitoring. Prior to construction, the project Applicant shall retain the 
services of a Qualified Professional Archaeologist meeting the Secretary of the 
Interior’s Standards for a Qualified Archaeologist and require that all initial ground-
disturbing work be monitored by someone trained in artifact and feature identification 
in monitoring contexts. A Supervising Archaeological Specialist and a Paleontological 
Monitor, to be retained by the project applicant, will be required to be present at the 
project construction phase kickoff meeting. 
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CUL-2  Worker Environmental Awareness Program. Prior to any ground disturbance, the 
supervising Archaeological Resources Specialist and Archaeological Resources 
Monitor shall conduct initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, present at the outset of 
the project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the project as needed. 

CUL-3 Discovery of Previously Unidentified Archaeological Materials. In the event of the 
discovery of previously unidentified archaeological materials, the construction 
contractor shall immediately cease all work activities within approximately 100 feet of 
the discovery. After cessation of excavation, the construction contractor shall 
immediately contact the Imperial County Department of Planning and Development 
Services. Except in the case of cultural items that fall within the scope of the Native 
American Grave Protection and Repatriation Act, the discovery of any cultural resource 
within the project area shall not be grounds for a “stop work” notice or otherwise 
interfere with the project’s continuation except as set forth in this paragraph. In the 
event of an unanticipated discovery of archaeological materials during construction, 
the project Applicant shall retain the services of a Qualified Professional Archaeologist 
meeting the Secretary of the Interior’s Standards for a Qualified Archaeologist to 
evaluate the significance of the materials prior to resuming any construction-related 
activities in the vicinity of the find. If the Qualified Archaeologist determines that the 
discovery constitutes a significant resource under CEQA and it cannot be avoided, the 
project Applicant shall implement an archaeological data recovery program.  

CUL-4 Schedule of Ground-Disturbing Activities. The construction contractor shall provide 
the Supervising Archaeological Resources Specialist with a schedule of initial potential 
ground-disturbing activities. A minimum of 48 hours will be provided of commencement 
of any initial ground-disturbing activities such as vegetation grubbing or clearing, 
grading, trenching, or mass excavation.  

As detailed in the schedule provided, an Archaeological Monitor shall be present on 
site at the commencement of ground-disturbing activities related to the project. The 
monitor, in consultation with the Supervising Archaeologist, shall observe initial 
ground-disturbing activities and, as they proceed, make adjustments to the number of 
monitors as needed to provide adequate observation and oversight. All monitors will 
have stop-work authority to allow for recordation and evaluation of finds during 
construction. The monitor will maintain a daily record of observations to serve as an 
ongoing reference resource and to provide a resource for final reporting upon 
completion of the project.  

The Supervising Archaeologist, Archaeological Monitor, and the lead contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 
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CUL-5  Discovery of Archaeological Resources. If archaeological resources are 
discovered, construction shall be halted within 50 feet of the find and shall not resume 
until a Qualified Archaeologist can determine the significance of the find and/or the find 
has been fully investigated, documented, and cleared. 

CUL-6  Archaeological Resources Monitoring Report. At the completion of all ground-
disturbing activities, the Qualified Archaeologist shall prepare an Archaeological 
Resources Monitoring Report summarizing all monitoring efforts and observations, as 
performed, and any and all prehistoric or historic archaeological finds as well as 
providing follow-up reports of any finds to the South Coastal Information Center 
(SCIC), as required. 

Significance After Mitigation 

With the implementation of Mitigation Measures CUL-1 through CUL-6, impacts to potential historical 
resources during construction would be reduced to a level less than significant by requiring 
construction monitoring, WEAP training, and proper handling and documentation of previously 
undiscovered historic resources.  

Impact 3.6-2 Would the project cause a substantial adverse change in the significance of 
an archaeological resource pursuant to §15064.5? 

Pursuant to CEQA Guidelines §15064.5(c)(1) and (2), an archaeological resource includes an 
archaeological site that qualifies as a significant historical resource as described for Impact 3.6-1. 
If an archaeological site does not meet any of the criteria outlined in the provisions under Impact 
3.6-1, but meets the definition of a “unique archaeological resource” in PRC 21083.2, the site shall 
be treated in accordance with the provisions of PRC 21083.2, unless the project applicant and 
public agency elect to comply with all other applicable provisions of CEQA with regards to 
archaeological resources. “Unique archaeological resource” means an archaeological artifact, 
object or site about which it can be clearly demonstrated that, without merely adding to the current 
body of knowledge, there is a high probability that it meets any of the following criteria:  

1) Contains information needed to answer important scientific research questions that there is 
a demonstrable public interest in that information.  

2) Has a special and particular quality such as being the oldest of its type or the best available 
example of its type.  

3) Is directly associated with a scientifically recognized important historic event or person.  

CEQA Guidelines 15064.5(c)(4) confirms that if an archaeological resource is neither a unique 
archaeological nor an historic resource, the effects of the project on those resources shall not be 
considered a significant effect on the environment.  

Based on the field survey conducted for the project, much of the proposed project survey area was 
vegetated by agricultural fields while others were in areas previously disturbed for placement of water 
channels and culverts for agricultural purposes. The disturbed surface and subsurface of the project 
area from agricultural activity and construction of channels and culverts have likely destroyed any 
intact potential prehistoric or historic-era cultural resources. The potential of finding a buried 
archaeological site during construction is considered low. However, like all construction projects in the 
state, the possibility exists. This potential impact is considered significant. Implementation of Mitigation 
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Measures CUL-1 through CUL-6 would reduce the potential impact associated with the inadvertent 
discovery of archaeological resources to a level less than significant.  

Impact 3.6-3 Would the project disturb any human remains, including those interred 
outside of dedicated cemeteries? 

During the construction and operational phases of the proposed project, grading, excavation and 
trenching will be required. Although the potential for encountering subsurface human remains within 
the project site is low, there remains a possibility that human remains are present beneath the 
ground surface, and that such remains could be exposed during construction. The potential to 
encounter human remains is considered a significant impact. Mitigation Measure CUL-7 would 
ensure that the potential impact on previously unknown human remains does not rise to the level 
of significance pursuant to CEQA. 

Mitigation Measure(s) 

CUL-7 Discovery of Human Remains. In the unlikely event that human remains are 
discovered during ground-disturbing activities, then the proposed project would be 
subject to California Health and Safety Code 7050.5, CEQA Section 15064.5, and 
California Public Resources Code Section 5097.98 (NPS 1983). If human remains 
are found during ground-disturbing activities, State of California Health and Safety 
Code Section 7050.5 states that no further disturbance shall occur until the Imperial 
County Coroner has made a determination of origin and disposition pursuant to 
Public Resources Code Section 5097.98. In the event of an unanticipated discovery 
of human remains, the Imperial County Coroner shall be notified immediately. If the 
human remains are determined to be prehistoric, the County Coroner shall notify 
the NAHC, which shall notify a most likely descendant (MLD). The MLD shall 
complete the inspection of the site within 48 hours of notification and may 
recommend scientific removal and nondestructive analysis of human remains and 
items associated with Native American burials. 

Significance After Mitigation 

With the implementation of Mitigation Measure CUL-7, potential impacts from encountering human 
remains during ground-disturbing construction activities would be reduced to a level than significant 
with adherence to California Health and Safety Code 7050.5, CEQA Section 15064.5, and California 
Public Resources Code Section 5097.98 (NPS 1983).  

3.6.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. No impact is anticipated from restoration activities as the ground disturbance and 
associated impacts on cultural resources will have occurred during the construction phase of the 
proposed project. 
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Residual 
Implementation of Mitigation Measure CUL-1 and CUL-2 would require a supervising monitor to 
monitor all ground disturbing activity and to provide WEAP training to workers to reduce potential 
impacts on historical resources to a level less than significant. Implementation of Mitigation Measures 
CUL-3, CUL-4, and CUL-5 would reduce the potential impact associated with the inadvertent discovery 
of archaeological resources to a level less than significant. At the completion of decommissioning 
construction activities, an Archaeological Resources Monitoring Report will be prepared to summarize 
all monitoring efforts and observations, as performed, and all prehistoric or historic archaeological 
finds per Mitigation Measure CUL-6.  Mitigation Measure CUL-7 would ensure that the potential impact 
on previously unknown human remains does not rise to the level of significance pursuant to CEQA. 
No unmitigable impacts on cultural resources would occur with implementation of the proposed project. 
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3.7 Geology and Soils 
This section includes an evaluation of the project in relation to existing geologic and soils conditions 
within the project site. Information contained in this section is summarized from the Geotechnical 
Feasibility Study prepared by Chambers Group (Appendix F of this EIR) and the Archaeological and 
Paleontological Assessment Report for the Brawley Solar Project prepared by Chambers Group 
(Appendix E of this EIR). 

3.7.1 Existing Conditions 

Regional Geology 
The project site is located in Imperial County in the Salton Trough geomorphic province of California. 
The Salton Trough encompasses the Coachella, Imperial and Mexicali Valley which extend from 
northeast of Palm Springs near San Gorgonio Pass to the Gulf of California. The Imperial Valley is 
bounded by the Chocolate Mountains to the northeast, the Salton Sea to the north, the Peninsular 
Ranges to the Southwest, and Mexicali Valley to the south, and is dominated by lacustrine and alluvial 
sediments. Unexposed succession of Tertiary- and Quaternary-aged sedimentary rocks lie below the 
alluvial and lake sediments from depths of 11,000 feet or more. Basement rocks consisting of 
Mesozoic granite and probably Paleozoic metamorphic rocks are estimated to exist at depths between 
15,000 and 20,000 feet (Appendix F of this EIR).  

The geologic conditions present within the County contribute to a wide variety of hazards that can 
result in loss of life, bodily injury, and property damage. The primary seismic hazard at the project site 
is the potential for strong ground shaking. The Salton Trough is a seismically active area and the 
Imperial Valley in particular has numerous northwest-treading active faults.  

Local Geology and Surface Conditions 
The project site is generally within the floodplain of the New River and underlain by Quaternary Lake 
Deposits. The Western Boundary of the project site which has a descending slope is the former bank 
of the New River. The surface of the project site is observed to contain a topsoil/tilled horizon related 
to previous agricultural usage of the project site, and minor amounts of undocumented artificial fill 
related to the boundary roads and paths, adjacent drainage channels, and the railway that bisects the 
site. The fill in these areas include local lean, to fat clay derived from the native lake deposits. The 
dominant geologic unit below the project site is young lake deposits which consist of silts and clays 
with occasional interbeds of silty sand (Appendix F of this EIR). As shown on Figure 3.7-1, soil series 
mapped on the project site include: 

• 102 Badland 

• 110 Holtville silty clay, wet 

• 114 Imperial silty clay, wet 

• 115 Imperial-Glenbar silty clay loams, wet, 0 to 2 percent slopes 

• 122 Meloland very fine sandy loam, wet 
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Figure 3.7-1. Soils Mapped on the Project Site 
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Groundwater Conditions 
Groundwater was encountered at approximately 42 feet below the existing grade in the western end 
of the project site, and perched groundwater was encountered at approximately 12 feet below grade 
in the northeast corner of the site. Within the project site, water is channeled within the drainage ditches 
and channels along the northern and southern property lines just below surface elevation. Additionally, 
six geothermal wells are present throughout the site.  

Faulting and Seismicity 
Earthquakes are the result of an abrupt release of energy stored in the earth. This energy is generated 
from the forces which cause the continents to change their relative position on the earth's surface, a 
process called “continental drift.” The earth's outer shell is composed of a number of relatively rigid 
plates which move slowly over the comparatively fluid molten layer below. The boundaries between 
plates are where the more active geologic processes take place. Earthquakes are an incidental 
product of these processes.  

Southern California straddles the boundary between two global tectonic plates known as the North 
American Plate (on the east) and the Pacific Plate (on the west). The main plate boundary is 
represented by the San Andreas Fault, which extends northwest from the Gulf of California in Mexico, 
through the desert region of the Imperial Valley, through the San Bernardino region, and into Northern 
California, where it eventually trends offshore, north of San Francisco (Appendix F of this EIR).   

In Southern California, the plate boundary is a complex system of numerous faults known as the San 
Andreas Fault System that spans a 150-mile-wide zone from the main San Andreas fault in the 
Imperial Valley westward to offshore of San Diego. As shown in Figure 3.7-2, the closest active faults 
to the project site include: the Brawley Seismic Zone which is approximately 2.4 miles to the west, the 
Imperial Fault which is approximate 8.3 miles to the south, the Superstition Hills Fault which is 
approximately 11.9 miles to the southwest, the Superstition Mountain Fault which is approximately 
14.5 miles to the southwest, the Elmore Ranch Fault which is approximately 15.8 miles to the west, 
and the San Andreas Fault which is 25.5 miles to the northwest (Appendix F of this EIR). 

The project site is within an active tectonic area with several significant faults that are capable of 
producing moderate to strong earthquakes. The Imperial Fault, Superstition Hills Fault, and 
Superstition Mountain Fault are the three closest faults to the project site. Based on probabilistic 
analysis from the California Geological survey website, the peak ground acceleration at the project 
site is estimated to be approximated 0.48g, based on a probability of 10 percent in 50 years (Appendix 
F of this EIR).  

Seismic Ground Shaking 
Ground shaking is the byproduct of an earthquake and is the energy created as rocks break and slip 
along a fault during an earthquake. The amount of ground shaking that an area may be subject to 
during an earthquake is related to the proximity of the area to the fault, the depth of the hypocenter 
(focal depth), location of the epicenter and the size (magnitude) of the earthquake. Soil type also plays 
a role in the intensity of shaking. Bedrock or other dense or consolidated materials are less prone to 
intense ground shaking than soils formed from alluvial deposition. 

As the project site is located in the seismically active southern California region, strong ground shaking 
can be expected at the project site during moderate to severe earthquakes in the general region. 
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Surface Rupture 
Surface rupture occurs when movement along a fault results in actual cracking or breaking of the 
ground along a fault during an earthquake; however, it is important to note that not all earthquakes 
result in surface rupture. Surface rupture almost always follows preexisting fault traces, which are 
zones of weakness. Rupture may occur suddenly during an earthquake or slowly in the form of fault 
creep. Fault creep is the slow rupture of the earth's crust. Sudden displacements are more damaging 
to structures because they are accompanied by shaking. 

The California Geologic Survey (CGS) established criteria for faults as active, potentially active, and 
inactive. Active faults are those that show evidence of surface displacement within the last 11,000 
years (Holocene age). Potentially active faults are those that demonstrate displacement within the 
past 1.6 million years (Quaternary age). Faults showing no evidence of displacement within the last 
1.6 million years may be, in general, considered inactive for most structures, except for critical 
structures (Appendix F of this EIR). 

In 1972 the Alquist-Priolo Special Studies Earthquake Hazards Act (APEHA) was passed, which 
required fault studies within 500 feet of active or potentially active faults. The APEHA designates 
“active” and “potentially active” faults utilizing the same age criteria as that used by the CGS. The 
project site is not located within a currently mapped APEHA zone. As previously mentioned above, 
the nearest active major fault is the Brawley Seismic Zone which is approximately 2.4 miles to the 
west of the project site (Appendix F of this EIR). Based on this distance, the potential for surface fault 
rupture to occur on the project site is considered low.  
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Figure 3.7-2. Regional Fault Map 
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Liquefaction 
Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such 
as those produced by earthquakes. With strong ground shaking, an increase in pore water pressure 
develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to 
reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases, 
and the soil behaves as a liquid (similar to quicksand). The factors known to influence liquefaction 
potential include soil type, relative density, grain size distribution, confining pressure, depth to 
groundwater, and the intensity and duration of the seismic ground shaking. Liquefaction is most 
prevalent in loose- to medium-dense, silty, sandy, and gravelly soils below the groundwater table.  

The predominate soil type encountered in the borings include fine-grained silts and clays. Based on 
site observation of the soil encountered during drilling for exploratory borings and the lack of shallow 
groundwater table, the potential for liquefaction at the project site is considered to be very low. 
(Appendix F of this EIR).  

Landslides 
Landslides are the descent of rock or debris caused by natural factors, such as the pull of gravity, 
fractured or weak bedrock, heavy rainfall, erosion, and earthquakes. The project site has a relatively 
flat topography; therefore, the potential for landsliding is considered negligible (Appendix F of this 
EIR). Additionally, according to the County of Imperial General Plan, Seismic and Public Safety 
Element (County of Imperial 1997a), the project site is not within an area with moderate or low 
potentials for landslides. 

Lateral Spreading 
Lateral spreading typically occurs as a form of horizontal displacement of relatively flat lying alluvial 
material toward an open or “free” face such as an open body of water, channel, or excavation. This 
movement is generally due to failure along a weak plane, and may often be associated with 
liquefaction. As cracks develop within the weakened material, blocks of soil displace laterally toward 
the open face. Cracking and lateral movement may gradually propagate away from the face as blocks 
continue to break free. Based on the site conditions and gentle to relatively flat topography across the 
majority of the project site, lateral spreading is considered unlikely (Appendix F of this EIR).   

Land Subsidence 
Land subsidence is the sinking of the ground surface caused by the compression of earth materials or 
the loss of subsurface soil because of underground mining, tunneling, or erosion. The major causes 
of subsidence include fluid withdrawal from the ground, decomposing organics, underground mining 
or tunneling, and placing large fills over compressible earth materials. The effective stress on 
underlying soils is increased resulting in consolidation and settlement. Subsidence may also be 
caused by tectonic processes. Based on the site conditions and gentle to relatively flat topography 
across the majority of the project site, ground subsidence is considered unlikely (Appendix F of this 
EIR). 

Expansive Soils 
Expansive soils are characterized by their ability to undergo significant volume changes (shrink or 
swell) due to variations in moisture content. Changes in soil moisture content can result from 
precipitation, landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, or 
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other factors and may result in unacceptable settlement or heave of structures. Expansive soils are 
known to be present throughout the Imperial Valley and based on preliminary laboratory testing, 
medium to highly expansive soils were encountered within the upper 5 feet of the project site. As 
previously stated, the project site is predominately underlain by fine-grained silts and clays. Generally, 
sands are considered not expansive while soils and clays may exhibit moderate to high expansion 
potential due to variation in moisture content (Appendix F of this EIR). 

Collapsible Soils  
Collapsible soil is generally defined as soil that will undergo a sudden decrease in volume and its 
internal support is lost under applied loads when water is introduced into the soil. The internal support 
is considered to be a temporary strength and is derived from a number of sources including capillary 
tension, cementing agents, e.g. iron oxide and calcium carbonate, clay-welding of grains, silt bonds, 
clay bonds and clay bridges. Soils found to be most susceptible to collapse include loess (fine grained 
wind-deposited soils), valley alluvium deposited within a semi-arid to arid climate, and residual soil 
deposits. It is unknown whether collapsible soils are present on the project site.  

Corrosive Soils 
Corrosive soils can damage underground utilities including pipelines and cables, or weaken roadway 
structures. Based on screening tests conducted on a representative sample of near surface soils, 
severely corrosive soils to both concrete material and metallic elements are present (Appendix F of 
this EIR). 

Paleontological Resources 
Paleontological resources (fossils) are the remains of prehistoric plant and animal life. Fossil remains, 
such as bones teeth, shell, and wood, are found in geologic deposits (rock formations) within which 
they were originally buried. Many paleontological fossil sites are recorded in Imperial County and have 
been discovered during construction activities. Paleontological resources are typically impacted when 
earthwork activities, such as mass excavation cut into geological deposits (formations) with buried 
fossils.  

Late Pleistocene to Holocene Lake Cahuilla deposits exposed and/or underlying the proposed project 
area consist of dark brown to gray, silty clays interpreted as freshwater lacustrine; and, in drainages 
where exposed, these same sediments are interbedded with finer to medium sands containing 
pebbles. The Lake Cahuilla Beds have yielded well-preserved subfossil remains of freshwater clams 
and snails and sparse remains of freshwater fish. The paleontological resources of the Lake Cahuilla 
Beds are considered significant because of the paleoclimatic and palaeoecological information they 
can provide, and these deposits are therefore assigned a high paleontological potential. Therefore, 
although no paleontological resources were discovered during the survey within exposed cuts, the site 
does have paleontological sensitivity, with high potential for paleontological resource discovery 
(Appendix E of this EIR).  

3.7.2 Regulatory Setting 
This section identifies and summarizes laws, policies, and regulations that are applicable to the project.  
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Federal 

Earthquake Hazards Reduction Act 

The Earthquake Hazards Reduction Act was enacted in 1977 to “reduce the risks to life and property 
from future earthquakes in the United States through the establishment and maintenance of an 
effective earthquake hazards and reduction program.” To accomplish this, the Act established the 
National Earthquake Hazards Reduction Program (NEHRP). This program was significantly amended 
in November 1990 by NEHRP, which refined the description of agency responsibilities, program goals, 
and objectives. 

NEHRP’s mission includes improved understanding, characterization, and prediction of hazards and 
vulnerabilities; improvement of building codes and land use practices; risk reduction through 
post-earthquake investigations and education; development and improvement of design and 
construction techniques; improvement of mitigation capacity; and accelerated application of research 
results. The NEHRP designates the Federal Emergency Management Agency as the lead agency of 
the program and assigns it several planning, coordinating, and reporting responsibilities. Programs 
under NEHRP help inform and guide planning and building code requirements such as emergency 
evacuation responsibilities and seismic code standards such as those to which the project would be 
required to adhere. 

State 

Alquist-Priolo Special Studies Earthquake Hazards Act 

The APEHA was passed into law following the destructive February 9, 1971 San Fernando 
earthquake. The APEHA provides a mechanism for reducing losses from surface fault rupture on a 
statewide basis. The intent of the APEHA is to ensure public safety by prohibiting the siting of most 
structures for human occupancy across traces of active faults that constitute a potential hazard to 
structures from surface faulting or fault creep. The state geologist (Chief of the California Division of 
Mines and Geology) is required to identify “earthquake fault zones” along known active faults in 
California. Counties and cities must withhold development permits for human occupancy projects 
within these zones unless geologic studies demonstrate that there would be no issues associated with 
the development of projects. The project site is not located within a currently mapped APEHA zone. 

California Building Code 

The California Building Standards Commission is responsible for coordinating, managing, adopting, 
and approving building codes in California. CCR Title 24 is reserved for state regulations that govern 
the design and construction of buildings, associated facilities, and equipment, known as building 
standards. The California Building Code (CBC) is based on the Federal Uniform Building Code used 
widely throughout the country (generally adopted on a state-by-state or district-by-district basis). The 
California Health and Safety Code (HSC) Section and 18980 HSC Section 18902 give CCR Title 24 
the name of California Building Standards Code. The updates to the 2019 California Building 
Standards Code were published on January 1, 2021, with an effective date of July 1, 2021. 
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Local 

County of Imperial Land Use Ordinance 

Title 9 Division 15 (Geological Hazards) of the County Land Use Ordinance has established 
procedures and standards for development within earthquake fault zones. Per County regulations, 
construction of buildings intended for human occupancy are prohibited across the trace of an active 
fault. An exception exists when such buildings located near the fault or within a designated Special 
Studies Zone are demonstrated through a geotechnical analysis and report not to expose a person to 
undue hazard created by the construction.  

County of Imperial General Plan 

The County of Imperial General Plan, Seismic and Public Safety Element identifies potential natural 
and human-induced hazards and provides policy to avoid or minimize the risk associated with hazards. 
The Seismic and Public Safety Element identifies ‘lifelines and critical facilities’ whose disruption could 
endanger the public safety. Lifelines are defined as networks of services that extend over a wide area 
and are vital to the public welfare, and can be classified into four categories: energy, water, 
transportation, and communications. The IID has a formal Disaster Readiness Standard Operating 
Procedure for the Water Department, Power Department, and the entire District staff for response to 
earthquakes and other emergencies. 

Table 3.7-1 analyzes the consistency of the project with specific policies contained in the County of 
Imperial General Plan associated with geology, soils, and seismicity. While this EIR analyzes the 
project’s consistency with the General Plan pursuant to CEQA Guidelines Section 15125(d), the 
Imperial County Board of Supervisors ultimately determines consistency with the General Plan. 

Table 3.7-1. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Seismic and Public Safety Element 

Goal 1. Include public health and safety 
considerations in land use planning. Consistent Division 15 of the County Land Use Ordinance 

has established procedures and standards for 
development within earthquake fault zones. 
Per County regulations, construction of 
buildings intended for human occupancy 
which are located across the trace of an active 
fault are prohibited. An exception exists when 
such buildings located near the fault or within 
a designated Special Studies Zone are 
demonstrated through a geotechnical analysis 
and report not to expose a person to undue 
hazard created by the construction. 

Since the project site is located in a 
seismically active area, the project is required 
to be designed in accordance with the CBC for 
near source factors derived from a design 
basis earthquake based on a peak ground 
acceleration of 0.48 gravity. It should be noted 

Objective 1.1. Ensure that data on geological 
hazards is incorporated into the land use 
review process, and future development 
process. 

Objective 1.3. Regulate development adjacent 
to or near all mineral deposits and geothermal 
operations. 

Objective 1.4. Require, where possessing the 
authority, that avoidable seismic risks be 
avoided; and that measures, commensurate 
with risks, be taken to reduce injury, loss of life, 
destruction of property, and disruption of 
service. 
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Table 3.7-1. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Objective 1.7. Require developers to provide 
information related to geologic and seismic 
hazards when siting a proposed project. 

that, the project would be remotely operated 
and would not require any habitable structures 
on site. In considering these factors in 
conjunction with mitigation requirements 
outlined in the impact analysis, the risks 
associated with seismic hazards would be 
minimized. 

A preliminary geotechnical study has been 
prepared for the proposed project. The 
preliminary geotechnical study has been 
referenced in this environmental document. 
Additionally, a design-level geotechnical 
investigation will be conducted to evaluate the 
potential for site specific hazards associated 
with seismic activity. 

Goal 2: Minimize potential hazards to public 
health, safety, and welfare and prevent the loss 
of life and damage to health and property 
resulting from both natural and human-related 
phenomena. 

Objective 2.2. Reduce risk and damage due to 
seismic hazards by appropriate regulation. 

Objective 2.5 Minimize injury, loss of life, and 
damage to property by implementing all state 
codes where applicable. 

Objective 2.8 Prevent and reduce death, 
injuries, property damage, and economic and 
social dislocation resulting from natural hazards 
including flooding, land subsidence, 
earthquakes, other geologic phenomena, levee 
or dam failure, urban and wildland fires and 
building collapse by appropriate planning and 
emergency measures. 

Source: County of Imperial 1997 

3.7.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to geologic 
and soil conditions, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to geology and soils are considered 
significant if any of the following occur: 

• Directly or indirectly cause potential substantive adverse effects, including the risk of loss, 
injury, or death involving: 

o Rupture of a known earthquake fault, as delineated on the most recent AP Earthquake 
Fault Zoning Map issued by the state geologist for the area or based on other substantial 
evidence of a known fault; (Refer to Division of Mines and Geology Special Publication 42)  

o Strong seismic ground shaking 

o Seismic related ground failure, including liquefaction 

o Landslides 
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• Result in substantial soil erosion or the loss of topsoil 

• Be located on a geologic unit or soil that is unstable or that would become unstable as a result 
of the project, and potentially result in on- or off-site landslide, lateral spreading, subsidence, 
liquefaction or collapse 

• Be located on expansive soil, as defined in Table 18-1-B of the Uniform Building Code (1994), 
creating substantial direct or indirect risks to life or property  

• Have soils incapable of adequately supporting the use of septic tanks or alternative wastewater 
disposal systems where sewers are not available for the disposal of waste water 

• Directly or indirectly destroy a unique paleontological resource or site or unique geologic 
feature 

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
interact with local geologic and soil conditions, as well as paleontological resources on the project site. 
A Geotechnical Feasibility Study prepared by Chambers Group (Appendix F of this EIR) and 
Archaeological and Paleontological Assessment Report for the Brawley Solar Project prepared by 
Chambers Group (Appendix E of this EIR) was prepared for the project. The information obtained from 
these studies were reviewed and summarized to present the existing geologic and soil conditions on 
the project site. This analysis considers whether these conditions would result in an exceedance of 
one or more of the applied significance criteria as identified above. 

Impact Analysis  

Impact 3.7-1 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Rupture of a known earthquake fault, as delineated on the most recent AP 
Earthquake Fault Zoning Map issued by the state geologist for the area or based on 
other substantial evidence of a known fault; (Refer to Division of Mines and Geology 
Special Publication 42)?  

As previously discussed above, the project site is located in the seismically active Imperial Valley of 
southern California with several mapped faults of the San Andreas Fault System traversing the region. 
As shown in Figure 3.7-2, the project site is not located on an active fault. Furthermore, no portion of 
the project site is within or near a designated APEHA zone, and, therefore, the potential for ground 
rupture to occur within the project site is considered unlikely. As such, the probability of surface fault 
rupture within the project site during construction and operation is considered low and the project 
would not increase or exacerbate existing hazards related to fault rupture. The proposed project would 
not directly or indirectly cause potential substantial adverse effects, including the risk of loss, injury or 
death involving rupture of a major fault as delineated on the most recent Alquist-Priolo Fault Zoning 
map. This impact would be less than significant.  

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 3.7-2 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Strong seismic ground shaking? 

As previously discussed above, the closest mapped fault to the project site is the Brawley Seismic 
Zone which is approximately 2.4 miles to the west. In the event of an earthquake along this fault or 
another regional fault, seismic hazards related to ground motion could occur in susceptible areas 
within the project site. The intensity of such an event would depend on the causative fault and the 
distance to the epicenter, the moment magnitude, and the duration of shaking. 

Even with the integration of building standards that are designed to resist the effects of strong ground 
motion, ground shaking within the project site could cause some structural damage to the facility 
structures or, at least, cause unsecured objects to fall. During a stronger seismic event, ground 
shaking could result in structural damage or collapse of electrical distribution facilities. Given the 
potentially hazardous nature of the project facilities, the potential impact of ground motion during an 
earthquake is considered a significant impact, as proposed structures, such as the substation and 
transmission lines could be damaged. However, the proposed project would be constructed in 
accordance with the applicable geotechnical and seismic design standards as well as the site-specific 
design recommendations in the final geotechnical report per Mitigation Measure GEO-1; and upon 
operation, the project would not result in any significant changes related to the risk of seismic hazards 
on the project site when compared to existing conditions, nor would project operation increase or 
exacerbate the potential for strong seismic ground shaking to occur. Impacts would be less than 
significant. 

Mitigation Measure(s) 

GEO-1 Prepare Geotechnical Report(s) as Part of Final Engineering for the Project and 
Implement Required Measures. Facility design for all project components shall 
comply with the site-specific design recommendations as provided by a licensed 
geotechnical or civil engineer to be retained by the project applicant. The final 
geotechnical and/or civil engineering report shall address and make recommendations 
on the following: 

• Site preparation 

• Soil bearing capacity 

• Appropriate sources and types of fill 

• Potential need for soil amendments 

• Structural foundations 

• Grading practices 

• Soil corrosion of concrete and steel 

• Erosion/winterization 

• Seismic ground shaking 

• Liquefaction 
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• Expansive/unstable soils 

In addition to the recommendations for the conditions listed above, the geotechnical 
investigation shall include subsurface testing of soil and groundwater conditions, and 
shall determine appropriate foundation designs that are consistent with the version of 
the CBC that is applicable at the time building and grading permits are applied for. All 
recommendations contained in the final geotechnical engineering report shall be 
implemented by the project applicant. The final geotechnical and/or civil engineering 
report shall be submitted to Imperial County Public Works Department, Engineering 
Division for review and approval prior to issuance of building permits.   

Significance after Mitigation 

With implementation of Mitigation Measure GEO-1, potential impacts associated with strong seismic 
ground shaking would be reduced to a level less than significant with the implementation of 
recommendations made by a licensed geotechnical engineer in compliance with the CBC prepared as 
part of a formal geotechnical investigation. 

Impact 3.7-3 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Seismic related ground failure, including liquefaction? 

As previously discussed above, the factors known to influence liquefaction potential include soil type, 
relative density, grain size distribution, confining pressure, depth to groundwater, and the intensity and 
duration of the seismic ground shaking. Liquefaction is most prevalent in loose- to medium-dense, 
silty, sandy, and gravelly soils below the groundwater table.  

The predominate soil type encountered in the borings include fine-grained silts and clays. Based on 
site observation of the soil encountered during drilling for exploratory borings, the potential for 
liquefaction at the project site is considered to be very low (Appendix F of this EIR). However, given 
that the project site is underlain by fine-grained silts and clays, there is a potential for liquefaction to 
occur on the project site. Additional geotechnical investigation would be required in order to assess 
the risk of liquefaction on the project site. The potential impact on liquefaction is considered a 
significant impact. Implementation of Mitigation Measure GEO-1, which requires the preparation of a 
design-level geotechnical report, would reduce the potential impact associated with liquefaction to a 
level less than significant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Significance after Mitigation 

With implementation of Mitigation Measure GEO-1, potential impacts associated with seismic ground 
failure such as liquefaction would be reduced to a level less than significant with the implementation 
of recommendations made by a licensed geotechnical engineer in compliance with the CBC prepared 
as part of a formal geotechnical investigation. 
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Impact 3.7-4 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Landslides? 

Along the western boundary of the project site, there is a descending slope where there is a potential 
for general slope instability. The southern portion of this slope does appear to have been recently 
graded while the northern portion appears to be natural and in a somewhat over-steepened condition. 
Minor slumping was also observed within localized areas of this natural descending slope, as well as 
several areas that were heavily eroded. However, as stated above, the project site has a relatively flat 
topographic gradient to the north, east, and west of the site; and runoff water is allowed to freely drain 
over the top of the observed slope. Based on these factors the potential for a landslide is considered 
negligible (Appendix F of this EIR). Therefore, the project would not directly or indirectly cause 
potential substantive adverse effects, including the risk of loss, injury, or death involving landslides 
and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.7-5 Would the project result in substantial soil erosion or the loss of topsoil? 

During the site grading and construction phases, large areas of unvegetated soil would be exposed to 
erosive forces by water for extended periods of time due to ICAPCD dust suppression requirements. 
Unvegetated soils are much more likely to erode from precipitation than vegetated areas because 
plants act to disperse, infiltrate, and retain water. Construction activities will involve demolition and 
grubbing, grading of the project site to establish access roads and pads for electrical equipment, 
trenching for underground electrical collection lines, and the installation of solar equipment and 
security fencing which could result in increased erosion and sedimentation to surface waters. 
Construction could produce sediment-laden stormwater runoff (nonpoint source pollution), a major 
contributor to the degradation of water quality. If precautions are not taken to contain contaminants, 
construction-related erosion impacts are considered a significant impact.  

As provided in Mitigation Measure GEO-1, during final engineering for the project, a design-level 
geotechnical study would identify appropriate measures for the project related to soil erosion. In 
addition, as part of Mitigation Measure HYD-1 provided in Section 3.10 Hydrology/Water Quality, 
potential impacts from erosion during construction activities would be reduced to a level less than 
significant with the preparation of a SWPPP for sediment and erosion control and implementation of 
BMPs to reduce erosion from the construction site.  

The project is not expected to result in substantial soil erosion or the loss of topsoil over the long term. 
The project applicant would be required to implement on-site erosion control measures in accordance 
with County standards, which require the preparation, review, and approval of a grading plan by the 
County Engineer. Therefore, with implementation of Mitigation Measure GEO-1 and Mitigation 
Measure HYD-1 identified in Section 3.10 Hydrology/Water Quality, impacts from construction-related 
erosion would be reduced to a level less than significant.  

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 and Mitigation Measure HYD-1 
are required. 
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Significance after Mitigation 

With implementation of Mitigation Measure GEO-1 and Mitigation Measure HYD-1 in Section 3.10 
Hydrology/Water Quality, potential impacts from erosion during construction activities would be 
reduced to a level less than significant with the preparation of a SWPPP and implementation of BMPs 
to reduce erosion from the construction site. 

Impact 3.7-6 Would the project be located on a geologic unit or soil that is unstable or that 
would become unstable as a result of the project, and potentially result in 
on- or off-site landslide, lateral spreading, subsidence, liquefaction or 
collapse? 

Based on the site conditions and gentle to relatively flat topography across the majority of the project 
site, lateral spreading is considered unlikely. However, additional geotechnical investigation would be 
required in order to assess the risk of lateral spreading to occur on the project site. The potential 
impact associated with lateral spreading is considered a significant impact. 

The general project area is not experiencing subsidence which it typically attributed to the extraction 
of groundwater. The proposed project facility is not expected to exacerbate or otherwise trigger 
significant subsidence; however, there are six geothermal wells on the project site that could potentially 
result in subsidence if large quantities of ground water are extracted, lowering the water table. 
Therefore, further geotechnical investigation would be required in order to address the issue of 
potential subsidence related to the operation of these geothermal wells. The potential impact 
associated with lateral spreading is considered a significant impact.  

As described above, given that the project site is predominately underlain by fine-grained silts and 
clays and based on site observation of the soil encountered during drilling for exploratory borings and 
the lack of shallow groundwater table, the potential for liquefaction at the project site is considered to 
be very low. Additional geotechnical investigation would be required in order to assess the risk of 
liquefaction on the project site. The potential impact on liquefaction is considered a significant impact.  

It is unknown whether collapsible soils are present on the project site. Additional geotechnical 
investigation would be required in order to assess the risk of collapsible soils to occur on the project 
site. The potential impact associated with collapsible soils is considered a significant impact. 

Implementation of Mitigation Measure GEO-1, which requires the preparation of a design-level 
geotechnical report, would reduce the potential impacts associated with lateral spreading, liquefaction, 
and collapsible soils to a level less than significant.  

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Significance after Mitigation 

With implementation of Mitigation Measure GEO-1, potential impacts associated with lateral 
spreading, liquefaction, and collapsible soils would be reduced to a level less than significant with the 
implementation of recommendations made by a licensed geotechnical engineer in compliance with 
the CBC prepared as part of a formal geotechnical investigation. 

 

PC ORIGINAL PKG



3.7 Geology and Soils 
Final EIR | Brawley Solar Energy Project 

3.7-16 | January 2023 Imperial County 

Impact 3.7-7 Would the project be located on expansive soil, as defined in Table 18-1-B of 
the Uniform Building Code (1994), creating substantial direct or indirect risks 
to life or property? 

As stated above, expansive soils are characterized by their ability to undergo significant volume 
changes (shrink or swell) due to variations in moisture content. Changes in soil moisture content can 
result from precipitation, landscape irrigation, utility leakage, roof drainage, perched groundwater, 
drought, or other factors and may result in unacceptable settlement or heave of structures. The project 
site is predominately underlain by fine-grained silts and clays. According to Section 1803.5.3 of the 
2010 CBC, these soils should be considered “expansive.” Further, based on preliminary laboratory 
testing, medium to highly expansive soils were encountered within the upper 5 feet of the project site.   

Therefore, unless properly mitigated, shrink-swell soils could exert additional pressure on buried 
structures and electrical connections producing shrinkage cracks that could allow water infiltration and 
compromise the integrity of backfill material. These conditions could be worsened if structural facilities 
are constructed directly on expansive soil materials. This potential impact would be significant as 
structures could be damaged by these types of soils.  

Additionally, based on screening tests conducted on a representative sample of near surface soils, it 
was found that the soils contain a water-soluble sulfate content of 0.27 percent; therefore, a severe 
exposure to sulfates may be expected for concrete placed in contact with soil materials. Careful control 
of water-cement ratio and concrete compressive strength will be necessary in order to provide proper 
resistance again concrete deteriorate from sulfates. Further, the on-site soils, particularly clay/silty 
clay, are severely corrosive to ferrous metals and copper and can damage underground utilities 
including pipelines and cables or weaken roadway structures. Therefore, any ferrous metal or 
copper components of proposed project features that would be buried in direct contact with the site’s 
soil would also need to be protected against detrimental effects of severely corrosive soil materials. A 
site-specific geotechnical investigation would be required at the project site to determine the extent 
and effect of problematic soils which have been identified during preliminary laboratory screenings of 
near surface on-site soils. Implementation of Mitigation Measure GEO-1, which requires the 
preparation of a design-level geotechnical report, would reduce potential impacts associated with 
expansive and corrosive soils to a level less than significant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Impact 3.7-8 Would the project have soils incapable of adequately supporting the use of 
septic tanks or alternative wastewater disposal systems where sewers are not 
available for the disposal of waste water?  

The proposed project would not require an operations and maintenance building. The proposed solar 
facility would be remotely operated, controlled and monitored and with no requirement for daily on-site 
employees. Therefore, no septic or other wastewater disposal systems would be required for the 
project and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 3.7-9 Would the project directly or indirectly destroy a unique paleontological 
resource or site or unique geologic feature? 

The Lake Cahuilla Beds have yielded well-preserved subfossil remains of freshwater clams and snails 
and sparse remains of freshwater fish. The paleontological resources of the Lake Cahuilla Beds are 
considered significant because of the paleoclimatic and palaeoecological information they can provide, 
and these deposits are therefore assigned a high paleontological potential. Therefore, the project site 
is considered to be paleontologically sensitive with a high potential for paleontological resource 
discovery (Appendix E of this EIR). Project construction has the potential to unearth and/or potentially 
destroy previously undiscovered paleontological resources. This potential impact is considered a 
significant impact. However, implementation of Mitigation Measures GEO-2, through GEO-7 would 
reduce the potential impact on paleontological resources to a level less than significant. 

Mitigation Measure(s) 

GEO-2  Paleontological Mitigation and Monitoring Plan. Once a geotechnical report has 
been completed for the project, a qualified paleontologist shall review the boring logs 
and determine how deep paleontologically sensitive formations may be across the 
project site. The paleontologist shall use this information along with the results of the 
paleontological survey to determine if paleontological monitoring is warranted. If 
monitoring is warranted, a qualified paleontologist shall prepare a mitigation and 
monitoring plan to be implemented during project construction.  

GEO-3  Paleontological Monitoring. Prior to construction, the project applicant shall retain 
the services of a Qualified Paleontologist and require that all initial ground-disturbing 
work be monitored by someone trained in fossil identification in monitoring contexts. A 
Supervising Paleontological Specialist and a Paleontological Monitor, to be retained 
by the project applicant, will be required to be present at the project construction phase 
kickoff meeting. 

GEO-4  Worker Awareness Program. Prior to any ground disturbance, the Supervising 
Paleontological Resources Specialist and Paleontological Resources Monitor shall 
conduct initial Worker Environmental Awareness Program (WEAP) training to all 
construction personnel, including supervisors, present at the outset of the project 
construction work phase, for which the Lead Contractor and all subcontractors shall 
make their personnel available. This WEAP training will educate construction 
personnel on how to work with the monitor(s) to identify and minimize impacts to 
paleontological resources and maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as needed.  

GEO-5  Schedule of Ground-Disturbing Activities. During construction, the construction 
contractor shall provide the Supervising Paleontological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A minimum of 48 hours will be 
provided of commencement of any initial ground-disturbing activities such as 
vegetation grubbing or clearing, grading, trenching, or mass excavation.  

As detailed in the schedule provided, a Paleontological Monitor shall be present on 
site at the commencement of ground-disturbing activities related to the project. The 
monitor, in consultation with the Supervising Paleontologist, shall observe initial 
ground-disturbing activities and, as they proceed, make adjustments to the number of 
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monitors as needed to provide adequate observation and oversight. All monitors will 
have stop-work authority to allow for recordation and evaluation of finds during 
construction. The monitor will maintain a daily record of observations to serve as an 
ongoing reference resource and to provide a resource for final reporting upon 
completion of the project.  

The Supervising Paleontologist, Paleontological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

GEO-6  Discovery of Paleontological Resources. During construction, if paleontological 
resources are discovered, construction shall be halted within 50 feet of any 
paleontological finds and shall not resume until a Qualified Paleontologist can 
determine the significance of the find and/or the find has been fully investigated, 
documented, and cleared. 

GEO-7  Paleontological Resources Monitoring Report. At the completion of all ground-
disturbing activities, the Supervising Paleontological Specialist shall prepare a 
Paleontological Resources Monitoring Report summarizing all monitoring efforts and 
observations, as performed, and any and all paleontological finds. 

Significance after Mitigation 
Implementation of Mitigation Measures GEO-2 through GEO-7 would reduce the potential impact on 
paleontological resources to a level less than significant. In the event that unanticipated 
paleontological resources or unique geologic resources are encountered during ground-disturbing 
activities, work must cease within 50 feet of the discovery and a paleontologist shall be hired to assess 
the scientific significance of the find. 

3.7.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. Decommissioning and restoration of the project site at the end of its use as a solar 
facility would involve the removal of structures and restoration to prior (pre-solar project) conditions. 
No geologic or soil impacts associated with the restoration activities would be anticipated, and, 
therefore, no impact is identified.  

No impact is anticipated from restoration activities as the ground disturbance and associated impacts 
on paleontological resources will have occurred during the construction phase of the project. 

Residual 
With implementation of Mitigation Measure GEO-1, impacts related to strong seismic ground shaking, 
liquefaction, lateral spreading, collapsible soils, expansive soils, and corrosive soils would be reduced 
to a level less than significant. With implementation of Mitigation Measure GEO-1 and Mitigation 
Measure HYD-1 in Section 3.10 Hydrology/Water Quality, potential impacts from erosion during 
construction activities would be reduced to a level less than significant. Implementation of Mitigation 
Measures GEO-2 through GEO-7 would reduce the potential impact on paleontological resources to 
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a level less than significant. The project would not result in residual significant and unmitigable impacts 
related to geology and soil resources. 
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3.8 Greenhouse Gas Emissions 
This section includes an overview of existing greenhouse gas (GHG) emissions within the project area 
and identifies applicable federal, state, and local policies related to global climate change. The impact 
assessment provides an evaluation of potential adverse effects with regards to GHG emissions based 
on criteria derived from the CEQA Guidelines in conjunction with actions proposed in Chapter 2, 
Project Description. Information contained in this section is summarized from the Air Quality, Energy, 
and Greenhouse Gas Emissions Impact – Brawley Solar Energy Facility Project prepared by Vista 
Environmental. This report is included in Appendix C of this EIR. 

3.8.1 Existing Conditions 

Greenhouse Gases 
Constituent gases of the Earth’s atmosphere, called atmospheric greenhouse gases (GHGs), play a 
critical role in the Earth’s radiation amount by trapping infrared radiation from the Earth’s surface, 
which otherwise would have escaped to space.  Prominent greenhouse gases contributing to this 
process include carbon dioxide (CO2), methane (CH4), ozone, water vapor, nitrous oxide (N2O), and 
chlorofluorocarbons (CFCs).  This phenomenon, known as the Greenhouse Effect, is responsible for 
maintaining a habitable climate.  Anthropogenic (caused or produced by humans) emissions of these 
greenhouse gases in excess of natural ambient concentrations are responsible for the enhancement 
of the Greenhouse Effect and have led to a trend of unnatural warming of the Earth’s natural climate, 
known as global warming or climate change.  Emissions of gases that induce global warming are 
attributable to human activities associated with industrial/manufacturing, agriculture, utilities, 
transportation, and residential land uses.  Emissions of CO2 and N2O are byproducts of fossil fuel 
combustion.  Methane, a potent greenhouse gas, results from off-gassing associated with agricultural 
practices and landfills.  Sinks of CO2, where CO2 is stored outside of the atmosphere, include uptake 
by vegetation and dissolution into the ocean.  The following provides a description of each of the 
GHGs. 

Water Vapor. Water vapor is the most abundant, important, and variable GHG in the atmosphere.  
Water vapor is not considered a pollutant; in the atmosphere it maintains a climate necessary for life.  
Changes in its concentration are primarily considered a result of climate feedbacks related to the 
warming of the atmosphere rather than a direct result of industrialization.  As the temperature of the 
atmosphere rises, more water is evaporated from ground storage (rivers, oceans, reservoirs, soil).  
Because the air is warmer, the relative humidity can be higher, leading to more water vapor in the 
atmosphere.  As a GHG, the higher concentration of water vapor is then able to absorb more thermal 
indirect energy radiated from the Earth, thus further warming the atmosphere.   

Carbon Dioxide. The natural production and absorption of CO2 is achieved through the terrestrial 
biosphere and the ocean.  However, humankind has altered the natural carbon cycle by burning coal, 
oil, natural gas, and wood.  Since the industrial revolution began in the mid-1700s, each of these 
activities has increased in scale and distribution.  Prior to the industrial revolution, concentrations were 
fairly stable at 280 parts per million (ppm).  The International Panel on Climate Change (IPCC) 
indicates that concentrations were 379 ppm in 2005, an increase of more than 30 percent.  Left 
unchecked, the IPCC projects that concentration of CO2 in the atmosphere is projected to increase to 
a minimum of 540 ppm by 2100 as a direct result of anthropogenic sources.  This could result in an 
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average global temperature rise of at least two degrees Celsius or 3.6 degrees Fahrenheit (Appendix 
C of this EIR).   

Methane. CH4 is an extremely effective absorber of radiation, although its atmospheric concentration 
is less than that of CO2.  Its lifetime in the atmosphere is brief (10 to 12 years), compared to some 
other GHGs (such as CO2, N2O, and CFCs).  CH4 has both natural and anthropogenic sources.  It is 
released as part of the biological processes in low oxygen environments, such as in swamplands or 
in rice production.  Over the last 50 years, human activities such as growing rice, raising cattle, using 
natural gas, and mining coal have added to the atmospheric concentration of methane.  Other 
anthropocentric sources include fossil-fuel combustion and biomass burning. 

Nitrous Oxide. N2O is produced by microbial processes in soil and water, including those reactions 
which occur in fertilizer containing nitrogen.  In addition to agricultural sources, some industrial 
processes (fossil fuel-fired power plants, nylon production, nitric acid production, and vehicle 
emissions) also contribute to its atmospheric load.  N2O is also commonly used as an aerosol spray 
propellant. 

Chlorofluorocarbons. CFCs are nontoxic, nonflammable, insoluble, and chemically unreactive in the 
troposphere (the level of air at the Earth’s surface).  CFCs have no natural source, but were first 
synthesized in 1928.  They were used for refrigerants, aerosol propellants, and cleaning solvents.  Due 
to the discovery that they are able to destroy stratospheric ozone, a global effort to halt their production 
was undertaken and in 1989 the European Community agreed to ban CFCs by 2000 and subsequent 
treaties banned CFCs worldwide by 2010.  This effort was extremely successful, and the levels of the 
major CFCs are now remaining level or declining.  However, their long atmospheric lifetimes mean 
that some of the CFCs will remain in the atmosphere for over 100 years. 

Hydrofluorocarbons. Hydrofluorocarbons (HFCs) are synthetic man-made chemicals that are used 
as a substitute for CFCs.  Out of all the GHGs, they are one of three groups with the highest global 
warming potential.  The HFCs with the largest measured atmospheric abundances are (in order), HFC-
23 (CHF3), HFC-134a (CF3CH2F), and HFC-152a (CH3CHF2).  Prior to 1990, the only significant 
emissions were HFC-23.  HFC-134a use is increasing due to its use as a refrigerant.  Concentrations 
of HFC-23 and HFC-134a in the atmosphere are now about 10 parts per trillion (ppt) each.  
Concentrations of HFC-152a are about 1 ppt.  HFCs are manmade for applications such as automobile 
air conditioners and refrigerants. 

Perfluorocarbons. Perfluorocarbons (PFCs) have stable molecular structures and do not break down 
through the chemical processes in the lower atmosphere.  High-energy ultraviolet rays about 60 
kilometers above Earth’s surface are able to destroy the compounds.  Because of this, PFCs have 
very long lifetimes, between 10,000 and 50,000 years. Two common PFCs are tetrafluoromethane 
(CF4) and hexafluoroethane (C2F6).  Concentrations of CF4 in the atmosphere are over 70 ppt.  The 
two main sources of PFCs are primary aluminum production and semiconductor manufacturing. 

Sulfur Hexafluoride. Sulfur Hexafluoride (SF6) is an inorganic, odorless, colorless, nontoxic, 
nonflammable gas.  SF6 has the highest global warming potential of any gas evaluated; 23,900 times 
that of CO2.  Concentrations in the 1990s were about 4 ppt.  Sulfur hexafluoride is used for insulation 
in electric power transmission and distribution equipment, in the magnesium industry, in 
semiconductor manufacturing, and as a tracer gas for leak detection. 

Aerosols.  Aerosols are particles emitted into the air through burning biomass (plant material) and 
fossil fuels.  Aerosols can warm the atmosphere by absorbing and emitting heat and can cool the 
atmosphere by reflecting light. Sulfate aerosols are emitted when fuel containing sulfur is burned.  
Black carbon (or soot) is emitted during biomass burning due to the incomplete combustion of fossil 
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fuels. Particulate matter regulation has been lowering aerosol concentrations in the United States; 
however, global concentrations are likely increasing. 

Greenhouse Gas Emissions Inventory 
In 2020, CARB released the 2020 edition of the California GHG inventory covering calendar year 2018 
emissions. In 2018, California emitted 425.3 million gross metric tons of CO2e including from imported 
electricity. The current inventory covers the years 2000 to 2018 and is summarized in Table 3.8-1. 
Data sources used to calculate this GHG inventory include California and Federal agencies, 
international organizations, and industry associations. The calculation methodologies are consistent 
with guidance from the IPCC. The 2000 emissions level is the sum total of sources from all sectors 
and categories in the inventory. The inventory is divided into seven broad sectors and categories in 
the inventory. These sectors include agriculture, commercial and residential, electric power, industrial, 
transportation, recycling and waste, and high GWP gases. 

As shown in Table 3.8-1, combustion of fossil fuel in the transportation sector was the single largest 
source of California’s GHG emissions in 2018, accounting for approximately 30 percent of total GHG 
emissions in the state.  

Table 3.8-1. California Greenhouse Gas Emissions Inventory 2000 to 2018 

Sector Total 2000 Emissions (MMTCO2e) Total 2018 Emissions (MMTCO2e) 

Agriculture 30.97 32.57 

Commercial and Residential 43.95 41.37 

Electric Power 104.75 63.11 

Industrial 96.18 89.18 

Transportation 178.40 169.50 

Recycling and Waste 7.67 9.09 

High GWP Gases 6.28 20.46 

Source: CARB 2020 
Notes: 
GWP=global warming potential; MMTCO2e=million metric tons of CO2 equivalent 

Potential Effects of Climate Change 
Globally, climate change has the potential to affect numerous environmental resources through 
uncertain impacts related to future air temperatures and precipitation patterns. Although climate 
change is driven by global atmospheric conditions, climate change impacts are felt locally. A scientific 
consensus confirms that climate change is already affecting California.  
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The California Natural Resources Agency’s Fourth Climate Change Assessment (Fourth Assessment) 
produced updated climate projections that provide state-of-the-art understanding of different possible 
climate futures for California. The science is highly certain that California (and the world) will continue 
to warm and experience greater impacts from climate change in the future. While the IPCC and the 
National Climate Assessment have released descriptions of scientific consensus on climate change 
for the world and the U.S., respectively, the Fourth Assessment summarizes the current understanding 
of climate impacts and adaptation options in California (California Natural Resources Agency 2018). 
Projected changes in California include: 

• Temperatures: If GHG emissions continue at current rates then California will experience 
average daily high temperatures that are warmer than the historical average by:  

o 2.7 Fahrenheit (°F) from 2006 to 2039 

o 5.8°F from 2040 to 2069 

o 8.8°F from 2070 to 2100 

• Wildfire: One Fourth Assessment model suggests large wildfires (greater than 25,000 acres) 
could become 50 percent more frequent by the end of century if emissions are not reduced. 
The model produces more years with extremely high areas burned, even compared to the 
historically destructive wildfires of 2017 and 2018. By the end of the century, California could 
experience wildfires that burn up to a maximum of 178 percent more acres per year than 
current averages. 

• Sea-Level Rise: If emissions continue at current rates, the Fourth Assessment model results 
indicate that total sea-level rise by 2100 is expected to be 54 inches, almost twice the rise that 
would occur if GHG emissions are lowered to reduce risk. 

• Snowpack: By 2050, the average water supply from snowpack is projected to decline to 
2/3 from historical levels. If emissions reductions do not occur, water from snowpack could fall 
to less than 1/3 of historical levels by 2100. 

• Agriculture: Agricultural production could face climate-related water shortages of up to 
16 percent in certain regions. Regardless of whether California receives more or less annual 
precipitation in the future, the state will be dryer because hotter conditions will increase the 
loss of soil moisture (California Natural Resources Agency 2018).  

3.8.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project. 

Federal 
At the federal level, there is currently no overarching law related to climate change or the reduction of 
GHGs. The U.S. EPA is developing regulations under the CAA to be adopted in the near future, 
pursuant to the U.S. EPA’s authority under the CAA. Foremost amongst recent developments have 
been the settlement agreements between the U.S. EPA, several states, and nongovernmental 
organizations to address GHG emissions from electric generating units and refineries; the U.S. 
Supreme Court’s decision in Massachusetts v. EPA; and U.S. EPA’s “Endangerment Finding,” “Cause 
or Contribute Finding,” and “Mandatory Reporting Rule.” On September 20, 2013, the U.S. EPA issued 
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a proposal to limit carbon pollution from new power plants. The U.S. EPA is proposing to set separate 
standards for natural gas-fired turbines and coal-fired units.  

Although periodically debated in Congress, no federal legislation concerning GHG limitations has yet 
been adopted. In Coalition for Responsible Regulation, Inc., et al. v. EPA, the United States Court of 
Appeals upheld the U.S. EPA’s authority to regulate GHG emissions under CAA. Furthermore, under 
the authority of the CAA, the EPA is beginning to regulate GHG emissions starting with large stationary 
sources. In 2010, the U.S. EPA set GHG thresholds to define when permits under the New Source 
Review Prevention of Significant Deterioration standard and Title V Operating Permit programs are 
required for new and existing industrial facilities. In 2012, U.S. EPA proposed a carbon pollution 
standard for new power plants. 

Corporate Average Fuel Standards 

Established by the U.S. Congress in 1975, the Corporate Average Fuel Economy (CAFE) standards 
reduce energy consumption by increasing the fuel economy of cars and light trucks. The National 
Highway Traffic Safety Administration (NHTSA) and U.S. EPA jointly administer the CAFE standards. 
The U.S. Congress has specified that CAFE standards must be set at the “maximum feasible level” 
with consideration given for: (1) technological feasibility; (2) economic practicality; (3) effect of other 
standards on fuel economy; and (4) need for the nation to conserve energy. 

Fuel efficiency standards for medium- and heavy-duty trucks have been jointly developed by U.S. EPA 
and NHTSA. The Phase 1 heavy-duty truck standards apply to combination tractors, heavy-duty 
pickup trucks and vans, and vocational vehicles for model years 2014 through 2018, and result in a 
reduction in fuel consumption from 6 to 23 percent over the 2010 baseline, depending on the vehicle 
type (U.S. EPA 2011). In 2012, the U.S. EPA and NHTSA also adopted the Phase 2 heavy-duty truck 
standards, which cover model years 2021 through 2027 and require the phase-in of a 5 to 25 percent 
reduction in fuel consumption over the 2017 baseline depending on the compliance year and vehicle 
type (U.S. EPA 2016). 

State 

Executive Order S-3-05 – Statewide Greenhouse Gas Emissions Targets 

On June 1, 2005, the Governor issued EO S-3-05 which set the following GHG mission reduction 
targets: 

• By 2020, reduce GHG emissions to 1990 levels 

• By 2050, reduce GHG emissions to 80 percent below 1990 levels 

This EO directed the secretary of the California EPA to oversee the efforts made to reach these targets, 
and to prepare biannual biennial reports on the progress made toward meeting the targets and on the 
impacts on California related to global warming. The first such Climate Action Team Assessment 
Report was produced in March 2006 and has been updated every two years thereafter. This goal was 
further reinforced with the passage of AB 32 in 2006 and SB 32 in 2016. 

Executive Order S-01-07 

This order, signed by Governor Schwarzenegger, sets forth the low carbon fuel standard (LCFS) for 
California. Under this EO, the carbon intensity of California’s transportation fuels is to be reduced by 
at least 10 percent by the year 2020. CARB re-adopted the LCFS regulation in September 2015, and 
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the changes went into effect on January 1, 2016. The program establishes a strong framework to 
promote the low-carbon fuel adoption necessary to achieve the Governor's 2030 and 2050 GHG 
reduction goals. 

Assembly Bill 32 – California Global Warming Solutions Act  

In 2006, the California legislature passed Assembly Bill (AB) 32 (Health and Safety Code § 38500 et 
seq., or AB 32), also known as the Global Warming Solutions Act. AB 32 requires CARB to design 
and implement feasible and cost-effective emission limits, regulations, and other measures, such that 
statewide GHG emissions are reduced to 1990 levels by 2020 (representing a 25 percent reduction in 
emissions). Pursuant to AB 32, CARB adopted a Scoping Plan in December 2008, which outlines 
measures to meet the 2020 GHG reduction goals. California is on track to meet or exceed the target 
of reducing GHG emissions to 1990 levels by the end of 2020. 

The Scoping Plan is required by AB 32 to be updated at least every five years. The latest update, the 
2017 Scoping Plan Update, addresses the 2030 target established by Senate Bill (SB) 32 as discussed 
below and establishes a proposed framework of action for California to meet a 40 percent reduction 
in GHG emissions by 2030 compared to 1990 levels. The key programs that the Scoping Plan Update 
builds on include increasing the use of renewable energy in the state, the Cap-and-Trade Regulation, 
the Low Carbon Fuel Standard, and reduction of methane emissions from agricultural and other 
wastes. 

Senate Bill 32 and Assembly Bill 197 of 2016 

In August 2016, Governor Brown signed SB 32 and AB 197, which serve to extend California’s GHG 
reduction programs beyond 2020. SB 32 amended the Health and Safety Code to include § 38566, 
which contains language to authorize CARB to achieve a statewide GHG emission reduction of at 
least 40 percent below 1990 levels by no later than December 31, 2030. SB 32 codified the targets 
established by Executive Order (EO) B-30-15 for 2030, which set the next interim step in the State’s 
continuing efforts to pursue the long-term target expressed in EOs S-3-05 and B-30-15 of 80 percent 
below 1990 emissions levels by 2050. 

Renewable Portfolio Standard  

The RPS promotes diversification of the state’s electricity supply and decreased reliance on fossil fuel 
energy sources. Originally adopted in 2002 with a goal to achieve a 20 percent renewable energy mix 
by 2020 (referred to as the “initial RPS”), the goals have been accelerated and increased by EOs 
S-14-08, S-21-09, SB 350, and SB 100.  

The RPS is included in CARB’s Scoping Plan list of GHG reduction measures to reduce energy sector 
emissions. It is designed to accelerate the transformation of the electricity sector through such means 
as investment in the energy transmission infrastructure and systems to allow integration of large 
quantities of intermittent wind and solar generation. Increased use of renewables would decrease 
California’s reliance on fossil fuels, thus reducing emissions of GHGs from the electricity sector.  

Senate Bill 350 

The RPS program was further accelerated in 2015 with SB 350 which mandated a 50 percent RPS by 
2030. SB 350 includes interim annual RPS targets with three-year compliance periods and requires 
65 percent of RPS procurement to be derived from long-term contracts of 10 or more years.  
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Senate Bill 100 

On September 10, 2018, Governor Brown signed SB 100, establishing that 100 percent of all electricity 
in California must be obtained from renewable and zero-carbon energy resources by 
December 31, 2045. SB 100 also creates new standards for the RPS goals established by SB 350 in 
2015. Specifically, the bill increases required energy from renewable sources for both investor-owned 
utilities and publicly-owned utilities from 50 percent to 60 percent by 2030. Incrementally, these energy 
providers must also have a renewable energy supply of 33 percent by 2020, 44 percent by 2024, and 
52 percent by 2027. California must procure 100 percent of its energy from carbon free energy sources 
by the end of 2045. 

Climate Change Scoping Plan 

The Scoping Plan released by CARB in 2008 outlined the state’s strategy to achieve the AB 32 goals. 
This Scoping Plan, developed by CARB in coordination with the Climate Action Team, proposed a 
comprehensive set of actions designed to reduce overall GHG emissions in California, improve the 
environment, reduce dependence on oil, diversify our energy sources, save energy, create new jobs, 
and enhance public health. It was adopted by CARB at its meeting in December 2008. According to 
the Scoping Plan, the 2020 target of 427 million MTCO2e requires the reduction of 169 million 
MTCO2e, or approximately 28.3 percent, from the state’s projected 2020 BAU emissions level of 596 
million MTCO2e. 

However, in August 2011, the Scoping Plan was re-approved by the Board and includes the Final 
Supplement to the Scoping Plan Functional Equivalent Document. This document includes expanded 
analysis of project alternatives as well as updates the 2020 emission projections in light of the current 
economic forecasts. Considering the updated 2020 BAU estimate of 507 million MTCO2e, only a 
16 percent reduction below the estimated new BAU levels would be necessary to return to 1990 levels 
by 2020. The 2011 Scoping Plan expands the list of nine Early Action Measures into a list of 
39 Recommended Actions. 

In May 2014, CARB developed; in collaboration with the Climate Action Team, the First Update to 
California’s Climate Change Scoping Plan (Update), which shows that California is on track to meet 
the near-term 2020 GHG limit and is well positioned to maintain and continue reductions beyond 
2020 as required by AB 32. In accordance with the United Nations Framework Convention on Climate 
Change, CARB is beginning to transition to the use of the AR4’s 100-year GWPs in its climate change 
programs. CARB has recalculated the 1990 GHG emissions level with the AR4 GWPs to be 431 million 
MTCO2e; therefore, the 2020 GHG emissions limit established in response to AB 32 is now slightly 
higher than the 427 million MTCO2e in the initial Scoping Plan. 

CARB adopted the latest update to the Climate Change Scoping Plan in December 2017. The 
2017 Scoping Plan is guided by the EO B-30-15 GHG reduction target of 40 percent below 1990 levels 
by 2030. The 2017 Scoping Plan builds upon the framework established by the initial Scoping Plan 
and the First Update, while identifying new, technologically feasible, and cost-effective strategies to 
ensure that California meets its GHG reduction targets in a way that promotes and rewards innovation, 
continues to foster economic growth, and delivers improvements to the environment and public health, 
including in disadvantaged communities. The Plan includes policies to require direct GHG reductions 
at some of the State’s largest stationary sources and mobile sources. These policies include the use 
of lower GHG fuels, efficiency regulations, and the Cap-and-Trade Program, which constrains and 
reduces emissions at covered sources (CARB 2017).  
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The majority of the Scoping Plan’s GHG reduction strategies are directed at the two sectors with the 
largest GHG emissions contributions: transportation and electricity generation. The GHG reduction 
strategies for these sectors involve statutory mandates affecting vehicle or fuel manufacture, public 
transit, and public utilities. The reduction strategies employed by CARB are designed to reduce 
emissions from existing sources as well as future sources.  

Senate Bill 97 

SB 97, enacted in 2007, amends the CEQA statute to clearly establish that GHG emissions and the 
effects of GHG emissions are appropriate subjects for CEQA analysis. It directs Office of Planning and 
Research (OPR) to develop draft CEQA Guidelines “for the mitigation of GHG emissions or the effects 
of GHG emissions” by July 1, 2009, and directs the Resources Agency to certify and adopt the CEQA 
Guidelines by January 1, 2010. 

On December 30, 2009, the Natural Resources Agency adopted amendments to the CEQA Guidelines 
in the CCR. The amendments went into effect on March 18, 2010, and are summarized below: 

• Climate action plans and other GHG reduction plans can be used to determine whether a 
project has significant impacts, based upon its compliance with the plan. 

• Local governments are encouraged to quantify the GHG emissions of proposed projects, 
noting that they have the freedom to select the models and methodologies that best meet their 
needs and circumstances. In addition, consideration of several qualitative factors may be used 
in the determination of significance, such as the extent to which the given project complies 
with state, regional, or local GHG reduction plans and policies. The Guidelines do not set or 
dictate specific thresholds of significance. 

• When creating their own thresholds of significance, local governments may consider the 
thresholds of significance adopted or recommended by other public agencies, or 
recommended by experts. 

• New amendments include guidelines for determining methods to mitigate the effects of GHG 
emissions in Appendix G of the CEQA Guidelines. 

• The Guidelines are clear to state that “to qualify as mitigation, specific measures from an 
existing plan must be identified and incorporated into the project; general compliance with a 
plan, by itself, is not mitigation.” 

• The Guidelines promote the advantages of analyzing GHG impacts on an institutional, 
programmatic level, and, therefore, approve tiering of environmental analyses and highlights 
some benefits of such an approach. 

• EIRs must specifically consider a project's energy use and energy efficiency potential, 
pursuant to Appendix F of the CEQA Guidelines. 

Senate Bill 375 – Regional Emissions Targets 

SB 375 requires that regions within the state which have a metropolitan planning organization (MPO) 
must adopt a sustainable communities' strategy as part of their RTPs. The strategy must be designed 
to achieve certain goals for the reduction of GHG emissions. The bill finds that “it will be necessary to 
achieve significant additional GHG reductions from changed land use patterns and improved 
transportation. Without improved land use and transportation policy, California will not be able to 
achieve the goals of AB 32." SB 375 provides that new CEQA provisions be enacted to encourage 
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developers to submit applications and local governments to make land use decisions that will help the 
state achieve its goals under AB 32," and that “current planning models and analytical techniques used 
for making transportation infrastructure decisions and for air quality planning should be able to assess 
the effects of policy choices, such as residential development patterns, expanded transit service and 
accessibility, the walkability of communities, and the use of economic incentives and disincentives.” 

Regional 

Southern California Association of Governments - 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy 

The SCAG is the designated MPO for Los Angeles, Ventura, Orange, San Bernardino, Riverside, and 
Imperial Counties. CEQA requires that regional agencies like SCAG review projects and plans 
throughout its jurisdiction. SCAG, as the region’s “Clearinghouse,” collects information on projects of 
varying size and scope to provide a central point to monitor regional activity. SCAG has the 
responsibility of reviewing dozens of projects, plans, and programs every month. Projects and plans 
that are regionally significant must demonstrate to SCAG their consistency with a range of adopted 
regional plans and policies.  

In September 2020, SCAG adopted the 2020-2045 RTP/SCS. The RTP/SCS includes a strong 
commitment to reduce emissions from transportation sources to comply with SB 375, improve public 
health, and meet the NAAQS as set forth by the federal CAA (see Section 3.3, Air Quality, of this EIR). 
The following SCAG goal is applicable to the project:  

• Reduce greenhouse gas emissions and improve air quality 

As a solar generation facility, the proposed project would improve air quality by reducing the use of 
fossil fuels in energy production.  

Local 

County of Imperial 

Pursuant to the requirements of SB 97, the Resources Agency adopted amendments to the CEQA 
Guidelines to provide regulatory guidance on the analysis and mitigation of GHG emissions in CEQA 
documents, while giving lead agencies the discretion to set quantitative or qualitative thresholds for 
the assessment and mitigation of GHG and climate change impacts. Formal CEQA thresholds for lead 
agencies must always be established through a public hearing process. Imperial County has not 
established formal quantitative or qualitative thresholds through a public rulemaking process, but 
CEQA permits the lead agency to establish a project-specific threshold of significance if backed by 
substantial evidence, until such time as a formal threshold is approved. 

3.8.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to GHG emissions are considered 
significant if any of the following occur: 

• Generate GHG emissions, either directly or indirectly, that may have a significant impact on 
the environment  
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• Conflict with an applicable plan, policy, or regulation adopted for the purpose of reducing the 
emissions of GHGs  

As discussed in Section 15064.4 of the CEQA Guidelines, the determination of the significance of 
GHG emissions calls for a careful judgment by the lead agency consistent with the provisions in 
Section 15064. A lead agency should make a good-faith effort, based to the extent possible on 
scientific and factual data, to describe, calculate or estimate the amount of GHG emissions resulting 
from a project. A lead agency shall have discretion to determine, in the context of a particular project, 
whether to:  

1. Quantify greenhouse gas emissions resulting from a project; and/or  

2. Rely on a qualitative analysis or performance based standards.  

A lead agency should consider the following factors, among others, when assessing the significance 
of impacts from GHG emissions on the environment:  

1. The extent to which the project may increase or reduce GHG emissions as compared to the 
existing environmental setting;  

2. Whether the project emissions exceed a threshold of significance that the lead agency 
determines applies to the project; and 

3. The extent to which the project complies with regulations or requirements adopted to 
implement a statewide, regional, or local plan for the reduction or mitigation of GHG emissions. 
Such requirements must be adopted by the relevant public agency through a public review 
process and must reduce or mitigate the project’s incremental contribution of GHG emissions. 
If there is substantial evidence that the possible effects of a particular project are still 
cumulatively considerable notwithstanding compliance with the adopted regulations or 
requirements, an EIR must be prepared for the project. In determining the significance of 
impacts, the lead agency may consider a project’s consistency with the State’s long-term 
climate goals or strategies, provided that substantial evidence supports the agency’s analysis 
of how those goals or strategies address the project’s incremental contribution to climate 
change and its conclusion that the project’s incremental contribution is not cumulatively 
considerable.  

California Air Pollution Control Officers Association Significance Threshold 
The ICAPCD has not adopted a GHG significance threshold. As previously described, Section 
15064.7(c) of the CEQA Guidelines specifies that “[w]hen adopting or using thresholds of significance, 
a lead agency may consider thresholds of significance previously adopted or recommended by other 
public agencies, or recommended by experts, provided the decision of the lead agency to adopt such 
thresholds is supported by substantial evidence” (14 CCR 15064.7(c)). Thus, in the absence of any 
GHG emissions significance thresholds, project GHG emissions are compared against the GHG 
threshold recommended by the California Air Pollution Control Officers Association (CAPCOA), which 
has provided guidance for determining the significance of GHG emissions generated from land use 
development projects. CAPCOA considers projects that generate more than 900 metric tons of CO2e 
per year to be significant. This 900 metric tons per year threshold was developed to ensure at least 
90 percent of new GHG emissions would be reviewed and assessed for mitigation, thereby 
contributing to the statewide GHG emissions reduction goals that had been established for the year 

PC ORIGINAL PKG



3.8 Greenhouse Gas Emissions 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | 3.8-11 

2030 under SB 32. Thus, both cumulatively and individually, projects that generate less than 900 
metric tons CO2e per year have a negligible contribution to overall emissions.  

Methodology 
The project-related direct and indirect emissions of GHGs were estimated using the similar methods 
for quantification of criteria air pollutants, as described in Section 3.4 Air Quality. Emissions were 
estimated using existing conditions, project construction and operations information, as well as a 
combination of emission factors from various sources. Where GHG emission quantification was 
required, emissions were modeled using the CalEEMod, version 2020.4.0. CalEEMod is a statewide 
land use emissions computer model designed to quantify potential GHG emissions associated with 
both construction and operations from a variety of land use projects.  

Impact Analysis  

Impact 3.8-1 Would the project generate GHG emissions, either directly or indirectly, that 
may have a significant impact on the environment? 

Construction and operation of the project would result in a relatively small amount of GHG emissions. 
The project would generate GHG emissions during construction and routine operational activities at 
the project site.  

Construction. During construction, GHG emissions would be generated from the operation of off-
road equipment, haul-truck trips, and on-road worker vehicle trips. Table 3.8-2 shows the project’s 
construction-related GHG emissions. Consistent with SCAQMD’s recommendations, project 
construction GHG emissions from all phases of construction activities were amortized over the 
expected life of the project, which is considered to be 30 years for a solar energy generation facility.  

Table 3.8-2. Project Construction-Related Greenhouse Gas Emissions 
Emissions Source CO2e (metric tons/year) 

Total Project Construction (amortized over the 30-year 
life of the Project) 

18.88 

CAPCOA Significance Threshold 900 

Exceed CAPCOA’s Significance Threshold? No 
Source: Appendix C of this EIR 

As shown in Table 3.8-2, the project would result in the generation of approximately 19 MTCO2e 
annualized over the lifetime of the project. Therefore, the construction emissions are less than the 
CAPCOA’s screening threshold of 900 MTCO2e per year.  

Operation. Once the project is constructed and operational, the proposed project would have no major 
stationary emission sources and would require minimal vehicular trips. The proposed project is 
anticipated to generate GHG emissions from area sources, energy usage and production, mobile 
sources, waste disposal, and water usage.  

As shown in Table 3.8-3, the proposed project would reduce GHG emissions created in Imperial 
County by 4,319 MTCO2e by providing a zero carbon source of electricity generation. The proposed 
project would not exceed CAPCOA’s annual GHG emissions threshold of 900 MTCO2e per year. 
Therefore, a less than significant impact would occur.  
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Table 3.8-3. Project Operation-Related Greenhouse Gas Emissions 
 Greenhouse Gas Emissions (Metric Tons per Year) 

Category CO2 CH4 N2O CO2e 

Area Sources1 0.01 0.00 0.00 0.01 

Energy Usage and Production2 -4,299.50 -0.75 -0.09 -4,345.14 

Mobile Sources3 5.35 0.00 0.00 5.44 

Backup Generator4 0.61 0.00 0.00 0.62 

Solid Waste5 0.00 0.00 0.00 0.00 

Water and Wastewater6 0.38 0.01 0.00 0.66 

Construction7 18.63 0.00 0.00 18.88 

Total GHG Emissions -4,274.52 -0.73 -0.09 -4,319.54 

CAPCOA Significance Threshold 900 

Exceed CAPCOA Significance Threshold? No 
Notes: 
1 Area sources consist of GHG emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consists of GHG emissions from electricity used and generated onsite.  
3 Mobile sources consist of GHG emissions from vehicles. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
5 Solid Waste. Since no employees would be onsite during typical operations, no solid waste is anticipated to be generated from 
the project. 
6 Water includes GHG emissions from electricity used for transport of water and processing of wastewater. 
7 Construction emissions amortized over 30 years as recommended in the SCAQMD GHG Working Group on November 19, 2009. 
Source: Appendix C of this EIR 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.8-2 Would the project conflict with an applicable plan, policy, or regulation 
adopted for the purpose of reducing the emissions of GHGs? 

As discussed in Impact 3.8-1, the proposed project would generate a relatively small amount of GHG 
emissions. The project-generated GHG emissions would not exceed the CAPCOA significance 
threshold, which was prepared with the purpose of complying with statewide GHG-reduction efforts. 
While the project would emit some GHG emissions during construction and a very small amount during 
operations, the contribution of renewable resource energy production to meet the goals of the 
Renewable Portfolio Standard (Scoping Plan Measure E-3) would result in a net cumulative reduction 
of GHG emissions, a key environmental benefit. Scoping Plan Measure E-3, Renewable Portfolio 
Standard, of the Climate Change Scoping Plan requires that all investor-owned utility companies 
generate 60 percent of their energy demand from renewable sources by the year 2030. Therefore, the 
short-term minor generation of GHG emissions during construction which is necessary to create this 
new, low-GHG emitting power-generating facility, as well as the negligible amount generated during 
ongoing maintenance operations, would be more than offset by GHG emission reductions associated 
with solar-generated energy during operation. 

Increasing sources of solar energy is one of the measures identified under the Scoping Plan to reduce 
statewide GHG emissions. The proposed project would reduce GHG emissions in a manner consistent 
with SB 32 and other California GHG-reducing legislation by creating a new source of solar power to 
replace the current use of fossil-fuel power and reduce GHG emissions power generation and use. 
Implementation of the proposed project would result in a less than significant impact associated with 
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the potential to conflict with an applicable plan, policy, or regulation adopted for the purpose of 
reducing the emission of GHG. 

Mitigation Measure(s) 

No mitigation measures are required. 

3.8.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. Similar to construction activities, decommissioning and restoration would result in 
GHG emissions below allowable thresholds.  

Residual 
The proposed project’s GHG emissions would result in a less than significant impact. Project 
operation, subject to the provision of a CUP, would generally be consistent with statewide GHG 
emission goals and policies including SB 32. Project consistency with applicable plans, policies, and 
regulations adopted to reduce GHG emissions would ensure that the project would not result in any 
residual significant and unavoidable impacts with regards to global climate change. 
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3.9 Hazards and Hazardous Materials 
Information contained in this section is summarized from review of information from Envirostor, 
GeoTracker, and relevant County plans to present the existing conditions, in addition to identifying 
potential environmental impacts. This section addresses potential hazards and hazardous materials 
for construction and operational impacts.  

3.9.1 Existing Conditions 
The project site is located in an agriculturally zoned area of Imperial County. The project site consists 
of agricultural fields that are currently under cultivation. The potential for an accident is increased in 
regions near major arterial roadways or railways that transport hazardous materials in regions with 
agricultural or industrial facilities that use, store, handle, or dispose of hazardous materials. 

Records Review 

Envirostor  

The Envirostor Database from the California DTSC records was reviewed for known contamination or 
sites for which there may be reason to investigate further. A desktop review was completed on 
September 14, 2021 for the project site. Two Leaking Underground Storage Tanks (LUST) were 
identified within 1 mile of the project site; however, both cases have been complete and are closed. 
No reported cases were found on the project sites and no active sites have been identified within 1-
mile of the project site.  

GeoTracker 

Geotracker GIS data from the SWRCB was used to review regulatory data about underground fuel 
tanks, fuel pipelines, and public drinking water supplies. Site information from the Spills, Leaks, 
Investigations, and Cleanups Program is also included in GeoTracker. A desktop review was 
completed on September 14, 2021 for the project site. No reported cases were found on the project 
site and no risk sites were located within 1 mile of the project sites. 

Airports 
The project site is located within 2 miles of a public airport or a public use airport. The nearest airport 
to the proposed project is the Brawley Municipal Airport located approximately 1.5 miles south of the 
project site. 

Fire Hazard 
The project site is located in the unincorporated area of Imperial County. According to the Seismic and 
Public Safety Element of the General Plan, the potential for a major fire in the unincorporated areas 
of the County is generally low (County of Imperial 1997a).  

Battery Energy Storage System 
The on-site battery energy storage system would utilize lithium-ion batteries. The batteries could 
contain a variety of valuable metals, and recycling of these batteries is expected to become 
increasingly commonplace with the increased use of batteries in consumer goods and electric 
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vehicles. Some batteries may have the capacity at the end of the operating life of the project to be 
reused.  

3.9.2 Regulatory Setting 
This section identifies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

Federal 

Comprehensive Environmental Response, Compensation, and Liability Act  

The Comprehensive Environmental Response, Compensation, and Liability Act, commonly known as 
Superfund, was enacted by Congress on December 11, 1980. This law created a tax on the chemical 
and petroleum industries and provided broad federal authority to respond directly to releases or 
threatened releases of hazardous substances that may endanger public health or the environment. 
Over 5 years, $1.6 billion was collected and the tax went to a trust fund for cleaning up abandoned or 
uncontrolled hazardous waste sites. The Comprehensive Environmental Response, Compensation, 
and Liability Act established prohibitions and requirements concerning closed and abandoned 
hazardous waste sites; provided for liability of persons responsible for releases of hazardous waste at 
these sites; and established a trust fund to provide for cleanup when no responsible party could be 
identified. 

Emergency Planning Community Right-to-Know Act of 1986 (42 United States Code 11001 et 
seq.) 

The Emergency Planning Community Right-to-Know Act was included under the Superfund 
Amendments and Reauthorization Act (SARA) law and is commonly referred to as SARA Title III. 
Emergency Planning Community Right-to-Know was passed in response to concerns regarding the 
environmental and safety hazards posed by the storage and handling of toxic chemicals. These 
concerns were triggered by the disaster in Bhopal, India, in which more than 2,000 people suffered 
death or serious injury from the accidental release of methyl isocyanate. To reduce the likelihood of 
such a disaster in the U.S., Congress imposed requirements on both states and regulated facilities.  

Emergency Planning Community Right-to-Know establishes requirements for federal, state, and local 
governments, Indian Tribes, and industry regarding emergency planning and “Community 
Right-to-Know” reporting on hazardous and toxic chemicals. SARA Title III requires states and local 
emergency planning groups to develop community emergency response plans for protection from a 
list of Extremely Hazardous Substances (40 CFR 355). The Emergency Planning Community 
Right-to-Know provisions help increase the public’s knowledge and access to information on 
chemicals at individual facilities, their uses, and releases into the environment. In California, SARA 
Title III is implemented through the California Accidental Release Prevention. 

Federal Insecticide, Fungicide, and Rodenticide Act  

The objective of Federal Insecticide, Fungicide, and Rodenticide Act is to provide federal control of 
pesticide distribution, sale, and use. All pesticides used in the U.S. must be registered (licensed) by 
the EPA. Registration assures that pesticides would be properly labeled and that, if used in accordance 
with specifications, they would not cause unreasonable harm to the environment. Use of each 
registered pesticide must be consistent with use directions contained on the label or labeling. 
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Federal Water Pollution Control Act (Clean Water Act) 

The objective of the Federal Water Pollution Control Act, commonly referred to as the CWA, is to 
restore and maintain the chemical, physical, and biological integrity of the nation's waters by 
preventing point and nonpoint pollution sources, providing assistance to publicly owned treatment 
works for the improvement of wastewater treatment, and maintaining the integrity of wetlands. The oil 
SPCC Program of the CWA specifically seeks to prevent oil discharges from reaching waters of the 
U.S. or adjoining shorelines. Further, farms are subject to the SPCC rule if they: 

• Store, transfer, use, or consume oil or oil products 

• Could reasonably be expected to discharge oil to waters of the U.S. or adjoining shorelines. 
Farms that meet these criteria are subject to the SPCC rule if they meet at least one of the 
following capacity thresholds: 

o Aboveground oil storage capacity greater than 1,320 gallons 

o Completely buried oil storage capacity greater than 42,000 gallons 

However, the following are exemptions to the SPCC rule: 

• Completely buried storage tanks subject to all the technical requirements of the underground 
storage tank regulations 

• Containers with a storage capacity less than 55 gallons of oil 

• Wastewater treatment facilities 

• Permanently closed containers 

• Motive power containers (e.g., automotive or truck fuel tanks) 

Hazardous Materials Transport Act – Code of Federal Regulations 

The Hazardous Materials Transportation Act was published in 1975. Its primary objective is to provide 
adequate protection against the risks to life and property inherent in the transportation of hazardous 
material in commerce by improving the regulatory and enforcement authority of the Secretary of 
Transportation. A hazardous material, as defined by the Secretary of Transportation is, any “particular 
quantity or form” of a material that “may pose an unreasonable risk to health and safety or property.” 

Occupational Safety and Health Administration 

Occupational Safety and Health Administration’s (OSHA) mission is to ensure the safety and health 
of America's workers by setting and enforcing standards; providing training, outreach, and education; 
establishing partnerships; and encouraging continual improvement in workplace safety and health. 
OSHA standards are listed in 29 CFR Part 1910. 

The OHSA Process Safety Management of Highly Hazardous Chemicals (29 CFR Part 110.119) is 
intended to prevent or minimize the consequences of a catastrophic release of toxic, reactive, 
flammable, or explosive highly hazardous chemicals by regulating their use, storage, manufacturing, 
and handling. The standard intends to accomplish its goal by requiring a comprehensive management 
program integrating technologies, procedures, and management practices. 
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Resource Conservation and Recovery Act 

The goal of the Resource Conservation and Recovery Act, a federal statute passed in 1976, is the 
protection of human health and the environment, the reduction of waste, the conservation of energy 
and natural resources, and the elimination of the generation of hazardous waste as expeditiously as 
possible. The Hazardous and Solid Waste Amendments of 1984 significantly expanded the scope of 
RCRA by adding new corrective action requirements, land disposal restrictions, and technical 
requirements. The corresponding regulations in 40 CFR 260-299 provide the general framework for 
managing hazardous waste, including requirements for entities that generate, store, transport, treat, 
and dispose of hazardous waste. 

State 

California Department of Conservation, Division of Oil, Gas, and Geothermal Resources 

The Division of Oil, Gas, and Geothermal Resources was formed in 1915 to address the needs of the 
state, local governments, and industry by regulating statewide oil and gas activities with uniform laws 
and regulations. The Division supervises the drilling, operation, maintenance, and plugging and 
abandonment of onshore and offshore oil, gas, and geothermal wells, preventing damage to: (1) life, 
health, property, and natural resources; (2) underground and surface waters suitable for irrigation or 
domestic use; and (3) oil, gas, and geothermal reservoirs. The Division’s programs include: well 
permitting and testing; safety inspections; oversight of production and injection projects; environmental 
lease inspections; idle-well testing; inspecting oilfield tanks, pipelines, and sumps; hazardous and 
orphan well plugging and abandonment contracts; and subsidence monitoring. 

California Department of Toxic Substances Control 

DTSC regulates hazardous waste, cleans-up existing contamination, and looks for ways to reduce the 
hazardous waste produced in California. Approximately 1,000 scientists, engineers, and specialized 
support staff are responsible for ensuring that companies and individuals handle, transport, store, 
treat, dispose of, and clean-up hazardous wastes appropriately. Through these measures, DTSC 
contributes to greater safety for all Californians, and less hazardous waste reaches the environment. 

On January 1, 2003, the Registered Environmental Assessor program joined DTSC. The program 
certifies environmental experts and specialists as being qualified to perform a number of environmental 
assessment activities. Those activities include private site management, Phase I ESAs, risk 
assessment, and more. 

California Division of Occupational Safety and Health 

The California Division of Occupational Safety and Health protects workers and the public from safety 
hazards through its programs and provides consultative assistance to employers. California Division 
of Occupational Safety and Health issues permits, provides employee training workshops, conducts 
inspections of facilities, investigates health and safety complaints, and develops and enforces 
employer health and safety policies and procedures. 

California Environmental Protection Agency 

California Environmental Protection Agency and the SWRCB establish rules governing the use of 
hazardous materials and the management of hazardous waste. Applicable state and local laws include 
the following: 
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• Public Safety/Fire Regulations/Building Codes 

• Hazardous Waste Control Law 

• Hazardous Substances Information and Training Act 

• Air Toxics Hot Spots and Emissions Inventory Law 

• Underground Storage of Hazardous Substances Act 

• Porter-Cologne Water Quality Control Act 

Within Cal-EPA, DTSC has primary regulatory responsibility, with delegation of enforcement to local 
jurisdictions that enter into agreements with the state agency, for the management of hazardous 
materials and the generation, transport, and disposal of hazardous waste under the authority of the 
Hazardous Waste Control Law. 

California Emergency Response Plan 

California has developed an Emergency Response Plan to coordinate emergency services provided 
by federal, state, and local government and private agencies. Response to hazardous materials 
incidents is one part of this plan. The plan is managed by the State Office of Emergency Services 
(OES), which coordinates the responses of other agencies including Cal-EPA, the California Highway 
Patrol, CDFW, RWQCB, Imperial County Sheriff’s Department, ICFD, and the City of Imperial Police 
Department. 

Local 

Imperial County General Plan 

The Seismic and Public Safety Element identifies goals and policies that will minimize the risks 
associated with natural and human-made hazards, and specify the land use planning procedures that 
should be implemented to avoid hazardous situations. The purpose of the Seismic and Public Safety 
Element is to reduce the loss of life, injury, and property damage that might result from disaster or 
accident. In addition, the Element specifies land use planning procedures that should be implemented 
to avoid hazardous situations. The policies listed in the Seismic and Public Safety Element are not 
applicable to the proposed project, as they address human occupancy development. The proposed 
project is a solar project and does not propose residential uses. 

Imperial County Public Health Department 

DTSC was appointed the Certified Unified Program Agency (CUPA) for Imperial County in January 
2005. The Unified Program is the consolidation of 6 state environmental programs into one program 
under the authority of a CUPA. The CUPA inspects businesses or facilities that handle or store 
hazardous materials, generate hazardous waste, own or operate ASTs or USTs, and comply with the 
California Accidental Release Prevention Program. The CUPA Program is instrumental in 
accomplishing this goal through education, community and industry outreach, inspections and 
enforcement. 

Office of Emergency Services 

As part of the ICFD, the County OES is mandated by the California Emergency Services Act (Chapter 
7, Division 1, Title 2 of Government Code) to serve as the liaison between the State and all the local 
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government in the County. The OES provides centralized emergency management during major 
disasters, and coordinates emergency operations between various local jurisdictions within the 
County. The OES has developed several plans, consistent with federal and state policy guidance, to 
provide the County and participating local jurisdictions and agencies a framework for conducting 
emergency planning, response, and recovery operations, and handling of hazardous substances. 

3.9.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to land use 
and planning, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to hazards and hazardous materials 
are considered significant if any of the following occur: 

• Create a significant hazard to the public or the environment through the routine transport, use, 
or disposal of hazardous materials 

• Create a significant hazard to the public or the environment through reasonably foreseeable 
upset and accident conditions involving the release of hazardous materials into the 
environment 

• Emit hazardous emissions or handle hazardous or acutely hazardous materials, substances, 
or waste within 0.25 mile of an existing or proposed school 

• Be located on a site which is included on a list of hazardous materials sites compiled pursuant 
to Government Code Section 65962.5 and, as a result, would create a significant hazard to 
the public or the environment 

• For a project located within an airport land use plan or, where such a plan has not been 
adopted, within 2 miles of a public airport or public use airport, result in a safety hazard or 
excessive noise for people residing or working in the project area 

• Impair implementation of or physically interfere with an adopted emergency response plan or 
emergency evacuation plan 

• Expose people or structures, either directly or indirectly, to a significant risk of loss, injury or 
death involving wildland fires 

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description to 
result in significant impacts related to hazards and hazardous materials on or within the 1-mile buffer 
zone of the project site. This analysis considers whether these conditions would result in an 
exceedance of one or more of the applied significance criteria as identified above. 

Information from Envirostor and GeoTracker were reviewed to present the existing conditions, in 
addition to identifying potential environmental impacts, based on the significance criteria presented 
above. Impacts associated with hazards and hazardous materials that could result from project 
construction and operational activities were evaluated qualitatively based on site conditions; expected 
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construction practices; materials, locations, duration of project construction, and related activities. The 
conceptual site plan for the project was also used to evaluate potential impacts. 

Impact Analysis 

Impact 3.9-1 Would the project create a significant hazard to the public or the environment 
through the routine transport, use, or disposal of hazardous materials?  

Although considered minimal, it is anticipated that the project will generate the following materials 
during construction, operation, and long-term maintenance: insulating oil (used for electrical 
equipment), lubricating oil (used for maintenance vehicles), various solvents/detergents (equipment 
cleaning), and gasoline (used for maintenance vehicles). These materials have the potential to be 
released into the environment as a result of natural hazard (i.e., earthquake) related events, or 
because of human error. However, all materials contained on site will be stored in appropriate 
containers (not to exceed a 55-gallon drum) protected from environmental conditions, including rain, 
wind, and direct heat and physical hazards such as vehicle traffic and sources of heat and impact. In 
addition, if the on-site storage of hazardous materials necessitate, at any time during construction 
and/or operations and long-term maintenance, quantities in excess of 55-gallons, a hazardous 
material management program (HMMP) would be required. The HMMP developed for the project will 
include, at a minimum, procedures for: 

• Hazardous materials handling, use and storage 

• Emergency response 

• Spill control and prevention 

• Employee training 

• Record keeping and reporting 

Additionally, hazardous material storage and management will be conducted in accordance with 
requirements set forth by the ICFD, Imperial County OES, DTSC, and CUPA for storage and handling 
of hazardous materials. Further, construction activities would occur according to OSHA regulatory 
requirements; therefore, it is not anticipated that the construction activities for the proposed project 
would release hazardous emissions or result in the handling of hazardous or acutely hazardous 
materials, substances, or waste. This could include the release of hazardous emissions, materials, 
substances, or wastes during operational activities. With the implementation of an HMMP and 
adherence to requirements set forth by the ICFD, Imperial County OES, DTSC, OSHA regulatory 
requirements and CUPA would reduce the impact to a level of less than significant. 

Battery Energy Storage System 

In conjunction with the construction of the solar facility, a battery energy storage system will be 
constructed to store the energy generated by the solar panels. Transportation of hazardous materials 
relating to the battery system includes electrolyte and graphite and would occur during construction, 
operation (if replacement of batteries is needed) and decommissioning (removal of the batteries). All 
of these various materials would be transported and handled in compliance with DTSC regulations. 
Therefore, likelihood of an accidental release during transport or residual contamination following 
accidental release is not anticipated. 
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Lithium-ion batteries used in the storage system contain cobalt oxide, manganese dioxide, nickel 
oxide, carbon, electrolyte, and polyvinylidene fluoride. Of these chemicals, only electrolyte should be 
considered hazardous, inflammable and could react dangerously when mixed with water. The U.S. 
Department of Transportation (DOT) regulates transport of lithium-ion batteries under the DOT's 
Hazardous Materials Regulations (HMR; 49 C.F.R., Parts 171-180). The HMR apply to any material 
DOT determines is capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce. Lithium-ion batteries must conform to all applicable HMR requirements 
when offered for transportation or transported by air, highway, rail, or water (DOT 2021). Additionally, 
carbon (as graphite) is flammable and could pose a fire hazard. As further detailed below, fire 
protection is achieved through project design features, such as monitoring, diagnostics and a fire 
suppression system. The project would be required to comply with state laws and county ordinance 
restrictions, which regulate and control hazardous materials handled on site. 

Construction wastes would be disposed of in accordance with local, state, and federal regulations, and 
recycling will be used to the greatest extent possible. In this context, with adherence to requirements 
set forth by the ICFD, Imperial County OES, DTSC, OSHA regulatory requirements and CUPA, 
impacts would be less than significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.9-2 Would the project create a significant hazard to the public or the environment 
through reasonably foreseeable upset and accident conditions involving the 
release of hazardous materials into the environment? 

Hazardous Materials 

The project site is currently being used for agricultural production. Typical agricultural practices in the 
Imperial Valley consist of aerial and ground application of pesticides and the application of chemical 
fertilizers to both ground and irrigation water. However, the Federal Insecticide, Fungicide, and 
Rodenticide Act provides federal control of pesticide distribution, sale, and use. Pesticides used in the 
United States must be registered by the EPA to assure that pesticides are properly labeled and that 
they will not cause unreasonable harm to the environment. The construction phase, operations and 
long-term maintenance of the facility would not result in additional application of pesticides or 
fertilizers.  

As stated above, construction of the proposed project will involve the use of limited use of hazardous 
materials, such as fuels and greases to fuel and service construction equipment, and during operation 
regular and routine maintenance of the proposed project may result in the potential to handle 
hazardous materials. However, the hazardous materials handled on-site would be limited to small 
amounts of everyday use cleaners and common chemicals used for maintenance. The applicant will 
be required to comply with State laws and County Ordinance restrictions, which regulate and control 
hazardous materials handled on-site. Therefore, a less than significant impact has been identified for 
this issue area. 

Review of information from Envirostor and GeoTracker, the project site is not listed as a hazardous 
materials site and there are no active sites that require cleanup, such as LUST Sites, Department of 
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Defense Sites, and Cleanup Program Sites within 1 mile of the project site.  The two LUST cases 
within 1 mile of the project site are completed and closed.  

Battery Energy Storage System 

Protection would be provided as part of the project design by housing the battery units in enclosed 
structures to provide containment should a fire break out or for potential spills. Any potential fire risk 
that the traditional lithium-ion cells have will most likely be caused by over-charging or through short 
circuit due to age. This risk will be mitigated through monitoring and a fire suppression system that 
includes water and or a suppression agent (eg FM-200, Novatech) with smoke detectors, control 
panel, alarm, piping and nozzles. The fire protection system will be designed by a certified fire 
protection engineer and installed by a fire protection system contractor licensed in California and in 
accordance with all relevant building and fire codes in effect in the County at the time of building permit 
submission.  Fire protection systems for battery systems would be designed in accordance with 
California Fire Code and would take into consideration the recommendations of the National Fire 
Protection Association (NFPA) 855. 

The fire protection plan is anticipated to include a combination of prevention, suppression, and 
isolation methods and materials. The general approach to fire mitigation at the project site would be 
prevention of an incident, followed by attempts to isolate and control the incident to the immediately 
affected equipment, then to suppress any fire with a clean agent so as to reduce damage to uninvolved 
equipment. Fire suppression agents such as Novec 1230 or FM 2000, or water may be used as a 
suppressant. In addition, fire prevention methods would be implemented to reduce potential fire risk, 
including voltage, current, and temperature alarms. Energy storage equipment would comply with 
Underwriters Laboratory (UL)-95401 and test methods associated with UL-9540A. For lithium-ion 
batteries storage, a system would be used that would contain the fire event and encourage 
suppression through cooling, isolation, and containment. Suppressing a lithium-ion (secondary) 
battery is best accomplished by cooling the burning material. A gaseous fire suppressant agent (e.g., 
3M™ Novec™ 1230 Fire Protection Fluid or similar) and an automatic fire extinguishing system with 
sound and light alarms would be used for lithium-ion batteries.  

To mitigate potential hazards, redundant separate methods of failure detection would be implemented. 
These would include alarms from the Battery Management System (BMS), including voltage, current, 
and temperature alarms. Detection methods for off gas detection would be implemented, as 
applicable. These are in addition to other potential protective measures such as ventilation, 
overcurrent protection, battery controls maintaining batteries within designated parameters, 
temperature and humidity controls, smoke detection, and maintenance in accordance with 
manufacturer guidelines. Remote alarms would be installed for operations personnel as well as 
emergency response teams in addition to exterior hazard lighting. In addition, an Incidence Response 
Plan would be implemented. In this context, impacts would be considered less than significant for this 
impact area. 

Mitigation Measure(s) 

No mitigation measures are required.  
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Impact 3.9-3 Would the project emit hazardous emissions or handle hazardous or acutely 
hazardous materials, substances, or waste within 0.25 mile of an existing or 
proposed school?  

The project site is not located within 0.25 mile of an existing or proposed school. Therefore, the 
proposed project would not pose a risk to nearby schools and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-4 Would the project be located on a site which is included on a list of hazardous 
materials sites compiled pursuant to Government Code Section 65962.5 and, 
as a result, would create a significant hazard to the public or the environment? 

Based on a review of the Cortese List conducted in September 2021, the project site is not listed as a 
hazardous materials site.  Therefore, implementation of the proposed project would result in no impact 
related to the project site being located on a listed hazardous materials site pursuant to Government 
Code Section 65962.5. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-5 For a project located within an airport land use plan or, where such a plan has 
not been adopted, within 2 miles of a public airport or public use airport, result 
in a safety hazard or excessive noise for people residing or working in the 
project area?  

The nearest public airport is the Brawley Municipal Airport located approximately 1.5 miles south of 
the project site. However, the project site is outside of the airport compatibility zones of the Brawley 
Municipal Airport (County of Imperial 1996). Additionally, as discussed in Section 3.2, Aesthetics, the 
project would not expose approach slopes associated with the Brawley Municipal Airport to glare 
hazards. Furthermore, on May 18, 2022, the Imperial County Airport Land Use Commission 
determined that the proposed project is compatible with the ALUCP. Therefore, implementation of the 
proposed project would not result in a safety hazard or excessive noise for people residing or working 
in the project area and no impact would occur. No significant impact is identified for this issue area. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-6 Would the project impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan?  

The Imperial County Operational Area Emergency Operations Plan (Imperial County OES 2016) does 
not identify specific emergency roadway routes as part of their emergency operations plan (EOP). The 
Circulation & Scenic Highways Element of the General Plan (County of Imperial 2008), identifies SR-
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111, located west of the project site, as the “backbone” route of Imperial County since it connects the 
three largest cities and acts as a major goods movement route.  

The applicant for the proposed project will be required, through the Conditions of Approval, to prepare 
a street improvement plan for the proposed project that will include emergency access points and safe 
vehicular travel. Additionally, local building codes would be followed to minimize flood, seismic, and 
fire hazard. Therefore, the proposed project would result in a less than significant impact associated 
with the possible impediment to emergency response plans or emergency evacuation plans. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-7 Would the project expose people or structures, either directly or indirectly, to 
a significant risk of loss, injury or death involving wildland fires? 

The project site is located in the unincorporated area of Imperial County. According to the Seismic and 
Public Safety Element of the General Plan (County of Imperial 1997), the potential for a major fire in 
the unincorporated areas of the County is generally low.  

Proposed project facilities would be designed, constructed, and operated in accordance with 
applicable fire protection and other environmental, health, and safety requirements (e.g., CPUC safety 
standards). Primary access to the project site would be located off N Best Avenue. A secondary 
emergency access road would be located in the northwest portion of the project site. Access roads 
would also be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards. Points of ingress/egress would be accessed via locked gates that can be opened by any 
emergency responders. Additionally, water for emergency fire suppression would likely be provided 
by water trucks during construction and the existing ground storage tank on-site which is filled by the 
Best Canal during operation. 

Because the proposed project is not located in proximity to an area susceptible to wildland fires, 
implementation of the proposed project would result in a less than significant impact related to the 
possible risk to people or structures caused by wildland fires. 

Mitigation Measure(s) 

No mitigation measures are required. 

3.9.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. During decommissioning and restoration of the project site, the applicant or its 
successor in interest would be responsible for the removal, recycling, and/or disposal of all solar 
arrays, inverters, battery storage system, transformers and other structures on each of the project site. 
The project applicant anticipates using the best available recycling measures at the time of 
decommissioning. Any potentially hazardous materials located on the site would be disposed of, 
and/or remediated prior to construction of the solar facilities. At the end of a lithium-ion module’s useful 
life (typically estimated to be 10 to 20+ years) and final project decommissioning, the batteries would 
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be decommissioned and recycled per manufacturer guidelines. Certain manufacturers allow for the 
batteries to be returned to the manufacturing facility or a third-party recycling facility where the 
batteries are disassembled, and certain materials are recovered from the battery for reuse.  

The operation of the solar facility would not generate hazardous wastes and therefore, implementation 
of applicable regulations and mitigation measures identified for construction and operations would 
ensure restoration of the project site to pre-project conditions during the decommissioning process in 
a manner that would be less than significant. Furthermore, decommissioning/restoration activities 
would not result in a potential impact associated with ALUCP consistency (structures would be 
removed and the site would remain in an undeveloped condition), wildfires (fire protection measures), 
or impediment to an emergency plan (the undeveloped condition as restored, would not conflict with 
emergency plans). 

Residual 
Adherence to federal, state and local regulations will ensure that impacts related to the transportation 
of hazardous materials and potential fires would be reduced to levels less than significant. Based on 
these circumstances, the proposed project would not result in residual significant and unmitigable 
impacts related to hazards and hazardous materials. 
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3.10 Hydrology/Water Quality 
This section provides a description of existing water resources within the project area and pertinent 
local, state, and federal plans and policies. Each subsection includes descriptions of existing 
hydrology/drainage, existing flooding hazards, and the environmental impacts on hydrology and 
water quality resulting from implementation of the proposed project, and mitigation measures where 
appropriate. The impact assessment provides an evaluation of potential adverse effects to water 
quality based on criteria derived from CEQA Guidelines in conjunction with actions proposed in 
Chapter 2, Project Description. 

3.10.1 Existing Conditions 
The project site is located in the Imperial Valley Planning Area of the Colorado River Basin. The 
Colorado River Basin Region covers approximately 13 million acres (20,000 square miles) in the 
southeastern portion of California. It includes all of Imperial County and portions of San Bernardino, 
Riverside, and San Diego Counties. The Colorado River Basin Region is divided into seven major 
planning areas on the basis of different economic and hydrologic characteristics (California RWQCB 
2019). The project site is contained within the Brawley Hydrologic Area in the Imperial Hydrologic 
Unit (HU 723.10). The Imperial Valley is characterized as a closed basin and, therefore, all runoff 
generated within the watershed discharges into the Salton Sea (California RWQCB 2019). The 
western portion of the project site is located within the New River watershed (Hydrologic Unit Code 
[HUC-10] 1810020411); the eastern portion of the project site is located within the Alamo River 
watershed (HUC-10 1810020408) (Appendix D of this EIR). 

The project area is characterized by a typical desert climate with dry, warm winters, and hot, dry 
summers. Most of the rainfall occurs in conjunction with monsoonal conditions between May and 
September, with an average annual rainfall of 3.15 inches for the project area (City of Brawley 
2020). 

Localized Drainage Conditions 
The project site and the surrounding terrain is generally flat. The New River flows through the middle 
portion of the project site. In addition, several drains, and ditches owned by Imperial Irrigation District 
(IID) flow along the borders of the project site (Appendix D of this EIR).  

Flooding 
According to the Federal Emergency Management Agency’s (FEMA) Flood Insurance Rate Map 
(FIRM) (Map Number 06025C1025C) (FEMA 2008), the proposed project site is located in Zone X 
(unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside the 0.2 
percent annual chance floodplain. However, the project site is bounded to the west by the New 
River, which is within the 100-year floodplain, and subject to a 1 percent chance of annual flood risk 
(FEMA 2008). 

Surface Water Quality 
The surface waters of the Imperial Valley depend primarily on the inflow of irrigation water from the 
Colorado River via the All-American Canal. Excessive salinity concentrations have long been one of 
the major water quality problems of the Colorado River, a municipal and industrial water source to 
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millions of people, and a source of irrigation water for approximately 700,000 acres of farmland. The 
heavy salt load in the Colorado River results from both natural and human activities. Land use and 
water resources are unequivocally linked. A variety of natural and human factors can affect the 
quality and use of streams, lakes, and rivers. Surface waters may be impacted from a variety of point 
and non-point discharges. Examples of point sources may include wastewater treatment plants, 
industrial discharges, or any other type of discharge from a specific location (commonly a 
large-diameter pipe) into a stream or water body. In contrast, non-point source pollutant sources are 
generally more diffuse in nature and connected to a cumulative contribution of multiple smaller 
sources. There are no comprehensive water quality monitoring stations located within in the project 
site, and water quality data are limited.  

Common non-point source contaminants within the project area may include, but are not limited to: 
sediment, nutrients (phosphorous and nitrogen), trace metals (e.g., lead, zinc, copper, nickel, iron, 
cadmium, and mercury), oil and grease, bacteria (e.g., coliform), viruses, pesticides and herbicides, 
organic matter, and solid debris/litter. Vehicles account for most of the heavy metals, fuel and fuel 
additives (e.g., benzene), motor oil, lubricants, coolants, rubber, battery acid, and other substances. 
Nutrients result from excessive fertilizing of agricultural areas, while pesticides and herbicides are 
widely used in agricultural fields and roadway shoulders for keeping right-of-way (ROW) areas clear 
of vegetation and pests. Surface waters mostly drain towards the Salton Sea. The New and Alamo 
Rivers convey agricultural irrigation drainage, surface runoff, and some treated municipal waste from 
the Imperial Valley. The flow in the New River also contains agricultural drainage, treated and 
untreated sewage, and industrial waste discharges from Mexicali, Mexico (California RWQCB 2019). 

Based on the 2018 305(b)/303(d) Integrated Report prepared by the Colorado River Basin RWQCB, 
the water features within the Brawley Hydrologic Area include the Imperial Valley Drains, New River, 
and the Salton Sea (California RWQCB 2021). Specific impairments listed for each of these water 
bodies (or Category 5) are identified below: 

• Imperial Valley Drains: Impaired for chlordane, dichlorodiphenyltrichloroethane (DDT), 
dieldrin, imidacloprid, Polychlorinated biphenyls (PCBs), chlorpyrifos, sedimentation/siltation, 
toxicity, toxaphene, and selenium;  

• New River: Impaired for Hexachlorobenzene, mercury, nutrients, selenium, toxicity, indicator 
bacteria, organic enrichment/low dissolved oxygen, sediment, trash, toxaphene, chlordane, 
chlorpyrifos, DDT, diazinon, cyhalothrin, lambda, malathion, dieldrin, PCBs, bifenthrin, 
chloride, cypermethrin, naphthalene, nitrogen ammonia, disulfoton, imidacloprid, and 
ichlorodiphenyldichloroethan (DDD);  

• Salton Sea: Impaired for arsenic, chlorpyrifos, DDT, enterococcus, low dissolved oxygen, 
nutrients, salinity, toxicity, chloride, and ammonia (California RWQCB 2021).  

Groundwater Hydrology 
The project site is located in the Imperial Valley Groundwater Basin (Basin 7-030). The basin covers 
957,774 acres. Adjacent basins include East Salton Sea to the north, Amos Valley to the northeast, 
Ogilby Valley to the southeast, Coyote Wells Valley to the southwest, and Ocotillo-Clark Valley to the 
northwest (Groundwater Exchange 2021; California Department of Water Resources 2021). 

Groundwater quality in the Imperial Valley Basin is generally reported as poor and not suitable for 
domestic or municipal purposes (United States Geological Survey 2014).  
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3.10.2 Regulatory Setting 

Federal  

Clean Water Act 

The U.S. EPA is the lead federal agency responsible for managing water quality. The CWA of 1972 
is the primary federal law that governs and authorizes the U.S. EPA and the states to implement 
activities to control water quality. The various elements of the CWA that address water quality and 
that are applicable to the project are discussed below. Wetland protection elements administered by 
the USACE under Section 404 of the CWA, including permits for the discharge of dredged and/or fill 
material into waters of the United States, are discussed in Section 3.5, Biological Resources.  

Under federal law, the U.S. EPA has published water quality regulations under Volume 40 of the 
CFR. Section 303 of the CWA requires states to adopt water quality standards for all surface waters 
of the U.S. As defined by the CWA, water quality standards consist of two elements: (1) designated 
beneficial uses of the water body in question; and (2) criteria that protect the designated uses. 
Section 304(a) requires the U.S.EPA to publish advisory water quality criteria that accurately reflect 
the latest scientific knowledge on the kind and extent of all effects on health and welfare that may be 
expected from the presence of pollutants in water. Where multiple uses exist, water quality 
standards must protect the most sensitive use. The U.S. EPA is the federal agency with primary 
authority for implementing regulations adopted under the CWA. The U.S.EPA has delegated the 
State of California the authority to implement and oversee most of the programs authorized or 
adopted for CWA compliance through the Porter-Cologne Water Quality Control Act of 1969 
(Porter-Cologne Act), described below.  

Under CWA Section 401, applicants for a federal license or permit to conduct activities that may 
result in the discharge of a pollutant into waters of the U.S. must obtain a water quality certification 
from the SWRCB in which the discharge would originate or, if appropriate, from the interstate water 
pollution control agency with jurisdiction over affected waters at the point where the discharge would 
originate.  

CWA Section 402 establishes the National Pollution Discharge Elimination System (NPDES) permit 
program to control point source discharges from industrial, municipal, and other facilities if their 
discharges go directly to surface waters. The 1987 amendments to the CWA created a new section 
of the CWA devoted to regulating storm water or nonpoint source discharges (Section 402[p]). The 
U.S.EPA has granted California primacy in administering and enforcing the provisions of the CWA 
and the NPDES program through the SWRCB. The SWRCB is responsible for issuing both general 
and individual permits for discharges from certain activities. At the local and regional levels, general 
and individual permits are administered by RWQCBs. 

Clean Water Act Section 303(d) Impaired Waters List  

CWA Section 303(d) requires states to develop lists of water bodies that will not attain water quality 
standards after implementation of minimum required levels of treatment by point-source dischargers. 
Section 303(d) requires states to develop a total maximum daily load (TMDL) for each of the listed 
pollutants and water bodies. A TMDL is the amount of loading that the water body can receive and 
still be in compliance with applicable water quality objectives and applied beneficial uses. TMDLs 
can also act as a planning framework for reducing loadings of a specific pollutant from various 
sources to achieve compliance with water quality objectives. TMDLs prepared by the state must 
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include an allocation of allowable loadings to point and nonpoint sources, with consideration of 
background loadings and a margin of safety. The TMDL must also include an analysis that shows 
links between loading reductions and the attainment of water quality objectives. 

National Flood Insurance Program 

The Federal Emergency Management Agency (FEMA) administers the National Flood Insurance 
Program (NFIP) to provide subsidized flood insurance to communities that comply with FEMA 
regulations that limit development in floodplains. FEMA also issues Flood Insurance Rate Maps 
(FIRM) that identify which land areas are subject to flooding. These maps provide flood information 
and identify flood hazard zones in the community. The design standard for flood protection covered 
by the FIRM is established by FEMA, with the minimum level of flood protection for new 
development determined to be the 1-in-100 (0.01) annual exceedance probability) (i.e., the 100-year 
flood event).  

State 

Porter-Cologne Water Quality Control Act  

The Porter-Cologne Water Quality Control Act, also known as the California Water Code, is 
California’s statutory authority for the protection of water quality. Under this act, the state must adopt 
water quality policies, plans, and objectives that protect the state’s waters. The act sets forth the 
obligations of the State Water Resources Control Board (SWRCB) and RWQCBs pertaining to the 
adoption of Water Quality Control Plans and establishment of water quality objectives. Unlike the 
CWA, which regulates only surface water, the Porter-Cologne Act regulates both surface water and 
groundwater. 

Water Quality Control Plan for the Colorado River Basin 

The Water Quality Control Plan for the Colorado River Basin (or Basin Plan) prepared by the 
Colorado River RWQCB (Region 7) identifies beneficial uses of surface waters within the Colorado 
River Basin region, establishes quantitative and qualitative water quality objectives for protection of 
beneficial uses, and establishes policies to guide the implementation of these water quality 
objectives.  

Water bodies that have beneficial uses that may be affected by construction activity and 
post-construction activity include the Imperial Valley Drains (includes the Wistaria Drain and 
Greeson Wash), New River, and the Salton Sea. Table 3.10-1 identifies the designated beneficial 
uses established for the project site’s receiving waters. The following are definitions of the applicable 
beneficial uses: 

• Aquaculture (AQUA) – Uses of water for aquaculture or mariculture operations including, but 
not limited to, propagation, cultivation, maintenance, or harvesting of aquatic plants and 
animals for human consumption or bait purposes.  

• Freshwater Replenishment (FRSH) – Uses of water for natural or artificial maintenance of 
surface water quantity or quality.  

• Industrial Service Supply (IND) – Uses of water for industrial activities that do not depend 
primarily on water quality including, but not limited to, mining, cooling water supply, hydraulic 
conveyance, gravel washing, fire protection, and oil well repressurization.  
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• Water Contact Recreation (REC I) – Uses of water for recreational activities involving body 
contact with water, where ingestion of water is reasonably possible. These uses include, but 
are not limited to, swimming, wading, water-skiing, skin and scuba diving, surfing, white 
water activities, fishing, and use of natural hot springs. 

• Non-contact Water Recreation (REC II) – Uses of water for recreational activities involving 
proximity to water, but not normally involving contact with water where ingestion of water is 
reasonably possible. These uses include, but are not limited to, picnicking, sunbathing, 
hiking, beachcombing, camping, boating, tide pool and marine life study, hunting, 
sightseeing, or aesthetic enjoyment in conjunction with the above activities. 

• Warm Freshwater Habitat (WARM) – Uses of water that support warm water ecosystems 
including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, 
fish, or wildlife, including invertebrates. 

• Wildlife Habitat (WILD) – Uses of water that support terrestrial ecosystems including, but not 
limited to, the preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., 
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources. 

• Preservation of Rare, Threatened, or Endangered Species (RARE) – Uses of water that 
support habitats necessary, at least in part, for the survival and successful maintenance of 
plant or animal species established under state or federal law as rare, threatened or 
endangered.  

Table 3.10-1. Beneficial Uses of Receiving Waters 
Beneficial Uses Imperial Valley Drains New River Salton Sea 

AQUA -- -- X 

FRSH X X -- 

IND -- P P 

REC I X X X 

REC II X X X 

WARM X X X 

WILD X X X 

RARE X X X 

Source: SWRCB 2021 

AQUA=aquaculture; FRSH=freshwater replenishment; IND=industrial service supply; P=Potential Uses; RARE=Preservation of 
Rare, Threatened, or Endangered Species; REC 1= water contact recreation; REC II=non-contact water recreation; 
WARM=Warm Freshwater Habitat; WILD=Wildlife Habitat; X=existing beneficial uses 

National Pollution Discharge Elimination System General Industrial and Construction Permits 

The NPDES General Industrial Permit requirements apply to the discharge of stormwater associated 
with industrial sites. The permit requires implementation of management measures that will achieve 
the performance standard of the best available technology economically achievable and best 
conventional pollutant control technology. Under the statute, operators of new facilities must 
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implement industrial BMPs in the projects’ SWPPP and perform monitoring of stormwater discharges 
and unauthorized non–stormwater discharges.  

Construction activities are regulated under the NPDES General Permit for Discharges of Storm 
Water Runoff Associated with Construction Activity (General Construction Permit) which covers 
stormwater runoff requirements for projects where the total amount of ground disturbance during 
construction exceeds 1 acre. Coverage under a General Construction Permit requires the 
preparation of a SWPPP and submittal of a Notice of Intent (NOI) to comply with the General 
Construction Permit. The SWPPP includes a description of BMPs to minimize the discharge of 
pollutants from the sites during construction. Typical BMPs include temporary soil stabilization 
measures (e.g., mulching and seeding), storing materials and equipment to ensure that spills or 
leaks cannot enter the storm drain system or stormwater, and using filtering mechanisms at drop 
inlets to prevent contaminants from entering storm drains. Typical post-construction management 
practices include street sweeping and cleaning stormwater drain inlet structures. The NOI includes 
site-specific information and the certification of compliance with the terms of the General 
Construction Permit. 

Local 

County of Imperial General Plan 

The Water Element and the Conservation and Open Space Element of the General Plan contain 
policies and programs, created to ensure water resources are preserved and protected. 
Table 3.10-2 identifies the General Plan policies and programs for water quality and flood hazards 
that are relevant to the project and summarizes the project’s consistency with the General Plan. 
While this EIR analyzes the project’s consistency with the General Plan pursuant to CEQA 
Guidelines Section 15125(d), the Imperial County Board of Supervisors ultimately determines 
consistency with the General Plan. 

Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Conservation and Open Space Element 

Goal 6: The County will conserve, protect, 
and enhance water resources in the 
County.  

Consistent The proposed project would protect water quality 
during construction through compliance with 
Imperial County design and detention 
requirements and the NPDES General 
Construction Permit, as well as preparation and 
implementation of project-specific SWPPP, which 
will incorporate the requirements referenced in the 
State Regulatory Framework, design features, 
and BMPs.  
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Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Objective 6.3: Protect and improve water 
quality and quantity for all water bodies in 
Imperial County. 

Consistent The proposed project would protect water quality 
during construction through compliance with the 
NPDES General Construction Permit, SWPPP, 
and BMPs. Implementation of Mitigation Measure 
HYD-2 would require the project to incorporate 
post-construction BMPs into the project’s drainage 
plan. The proposed project will be designed to 
include site design, source control, and treatment 
control BMPs. The use of source control, site 
design, and treatment BMPs would result in a 
decrease potential for storm water pollution. 

Program: Structural development normally 
shall be prohibited in the designated 
floodways. Only structures which comply 
with specific development standards should 
be permitted in the floodplain. 

Consistent The project does not contain a residential 
component nor would it place housing or other 
structures within a 100-year flood hazard area.  

Water Element 

Policy: Adoption and implementation of 
ordinances, policies, and guidelines which 
assure the safety of County ground and 
surface waters from toxic or hazardous 
materials and/or wastes. 

Consistent The project would preserve ground and surface 
water quality from hazardous materials and 
wastes during construction, operation and 
decommissioning activities. The proposed project 
would protect water quality during construction 
through compliance with NPDES General 
Construction Permit, SWPPP, which will 
incorporate the requirements referenced in the 
State Regulatory Framework and BMPs. 
Implementation of Mitigation Measure HYD-2 
would require the project to incorporate 
post-construction BMPs into the project’s drainage 
plan. The proposed project will be designed to 
include site design, source control, and treatment 
control BMPs. The use of source control, site 
design, and treatment BMPs would result in a 
decrease potential for storm water pollution. It is 
anticipated that project decommissioning activities 
would be subject to similar, or more stringent 
ground and surface water regulations than those 
currently required.  

Program: The County of Imperial shall 
make every reasonable effort to limit or 
preclude the contamination or degradation 
of all groundwater and surface water 
resources in the County. 

Consistent Mitigation measures will require that the applicant 
of the project prepare a site-specific drainage plan 
and water quality management plan to minimize 
adverse effects to local water resources.  

Program: All development proposals 
brought before the County of Imperial shall 
be reviewed for potential adverse effects 
on water quality and quantity and shall be 
required to implement appropriate 
mitigation measures for any significant 
impacts. 

Consistent See response for Water Element Policy above.  
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Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Source: County of Imperial 2016; County of Imperial 1997b 

County of Imperial Land Use Ordinance, Title 9 

The County’s Ordinance Code provides specific direction for the protection of water resources. 
Applicable ordinance requirements are contained in Division 10, Building, Sewer and Grading 
Regulations, and summarized below. 

Chapter 10 – Grading Regulations. Section 91010.02 of the Ordinance Code outlines conditions 
required for issuance of a Grading Permit. These specific conditions include: 

1. If the proposed grading, excavation or earthwork construction is of irrigatable land, said 
grading will not cause said land to be unfit for agricultural use. 

2. The depth of the grading, excavation or earthwork construction will not preclude the use of 
drain tiles in irrigated lands. 

3. The grading, excavation or earthwork construction will not extend below the water table of 
the immediate area. 

4. Where the transition between the grading plane and adjacent ground has a slope less than 
the ratio of 1.5 feet on the horizontal plane to 1 foot on the vertical plane, the plans and 
specifications will provide for adequate safety precautions.  

Imperial County Engineering Design Guidelines Manual for the Preparation and Checking of 
Street Improvement, Drainage and Grading Plans within Imperial County 

Based on the guidance contained in the County’s Engineering Guidelines Design Guidelines Manual 
for the Preparation and Checking of Street Improvement, Drainage and Grading Plans within 
Imperial County (2008), the following drainage requirements would be applicable to the project.  

III A. GENERAL REQUIREMENTS 

1.  All drainage design and requirements are recommended to be in accordance with the IID 
“Draft” Hydrology Manual or other recognized source with approval by the County Engineer 
and based on full development of upstream tributary basins. Another source is the Caltrans 
I-D-F curves for the Imperial Valley. 

3. Permanent drainage facilities and ROW, including access, shall be provided from 
development to point of satisfactory disposal. 

4. Retention volume on retention or detention basins should have a total volume capacity for a 
three (3) inch minimum precipitation covering the entire site with no C reduction factors. 
Volume can be considered by a combination of basin size and volume considered within 
parking and/or landscaping areas.  

There is no guarantee that a detention basin outletting to an IID facility or other storm drain 
system will not back up should the facility be full and unable to accept the project runoff. This 
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provides the safety factor from flooding by ensuring each development can handle a 
minimum 3-inch precipitation over the project site. 

8. The developer shall submit a drainage study and specifications for improvements of all 
drainage easements, culverts, drainage structures, and drainage channels to the Department 
of Public Works for approval. Unless specifically waived herein, required plans and 
specifications shall provide a drainage system capable of handling and disposing of all 
surface waters originating within the subdivision and all surface waters that may flow onto 
the subdivision from adjacent lands. Said drainage system shall include any easements and 
structures required by the Department of Public Works or the affected Utility Agency to 
properly handle the drainage on-site and off-site. The report should detail any vegetation and 
trash/debris removal, as well as address any standing water. 

9. Hydrology and hydraulic calculations for determining the storm system design shall be 
provided to the satisfaction of the Director, Department of Public Works. When appropriate, 
water surface profiles and adequate field survey cross-section data may also be required. 

11. The County is implementing a storm water quality program as required by the SWRCB, 
which may modify or add to the requirements and guidelines presented elsewhere in this 
document. This can include ongoing monitoring of water quality of storm drain runoff, 
implementation of BMPs to reduce storm water quality impacts downstream or along 
adjacent properties. Attention is directed to the need to reduce any potential of vectors, 
mosquitoes, or standing water. 

12. A Drainage Report is required for all developments in the County. It shall include a project 
description, project setting including discussions of existing and proposed conditions, any 
drainage issues related to the site, summary of the findings or conclusions, off-site 
hydrology, onsite hydrology, hydraulic calculations and a hydrology map. 

Imperial Irrigation District 

The IID is an irrigation district organized under the California Irrigation District Law, codified in 
Section 20500 et seq. of the California Water Code. Critical functions of IID include diversion and 
delivery of Colorado River water to the Imperial Valley, operation and maintenance of the drainage 
canals and facilities, including those in the project area, and generation and distribution of electricity. 
Several policy documents govern IID operations and are summarized below: 

• The Law of the River and historical Colorado River decisions, agreements and contracts 

• The Quantification Settlement Agreement and Transfer Agreements 

• The Definite Plan, now referred to as the Systems Conservation Plan, which defines the 
rigorous agricultural water conservation practices being implemented by growers and IID to 
meet the Quantification Settlement Agreement commitments 

• The Equitable Distribution Plan, which defines how IID will prevent overruns and stay within 
the cap on the Colorado River water rights 

• Existing IID standards and guidelines for evaluation of new development and define IID’s role 
as a responsible agency and wholesaler of water 
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Integrated Water Resources Management Plan 

In relation to the project, IID maintains regulation over the drainage of water into their drains, 
including the design requirements of stormwater retention basins. IID requires that retention basins 
be sized to handle an entire rainfall event in case the IID system is at capacity. Additionally, IID 
requires that outlets to IID facilities be no larger than 12 inches in diameter and must contain a 
backflow prevention device (IID 2009). 

3.10.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to hydrology/water quality are 
considered significant if any of the following occur: 

• Violate any water quality standards or waste discharge requirements or otherwise 
substantially degrade groundwater water quality 

• Substantially decrease groundwater supplies or interfere substantially with groundwater 
recharge such that the project may impede sustainable groundwater management of the 
basin  

• Substantially alter the existing drainage pattern of the site or area, including through the 
alteration of the course of a stream or river or through the addition of impervious surfaces, in 
a manner which would: 

o Result in substantial erosion or siltation on- or off-site 

o Substantially increase the rate or amount of surface runoff in a manner which would 
result in flooding on- or offsite 

o Create or contribute runoff water which would exceed the capacity of existing or planned 
stormwater drainage systems or provide substantial additional sources of polluted runoff 

o Impede or redirect flood flows 

• In flood hazard, tsunami, or seiche zones, risk release of pollutants due to project inundation 

• Conflict with or obstruct implementation of a water quality control plan or sustainable 
groundwater management plan 

Methodology 
The drainage design will be conducted in accordance with the County of Imperial’s design criteria, 
which establishes that 100 percent of the 100-year storm (3 inches of rain) will be stored on-site and 
released into the IID drainage system using existing drainage connections. 

Impact Analysis  

Impact 
3.10-1 

Would the project violate any water quality standards or waste discharge 
requirements or otherwise substantially degrade groundwater water quality? 
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Construction 

Construction of the project includes site preparation, foundation construction, erection of major 
equipment and structures, installation of electrical systems, control systems, and startup/ testing. In 
addition, the construction of transmission lines, utility pole pads, conductors, and associated 
structures will be required. 

During the construction phase, sedimentation and erosion can occur because of tracking from 
earthmoving equipment, erosion and subsequent runoff of soil, or improperly designed stockpiles. 
The utilization of proper erosion and sediment control BMPs is critical in preventing discharge to 
surface waters/drains. The project would employ proper SWPPP practices to minimize any 
discharges in order to meet the Best Available Technology/Best Conventional Technology standard 
set forth in the Construction General Permit.  

The project has the potential to affect surface water quality. Many different types of hazardous 
compounds will be used during the construction phase, with proper application, management, and 
containment being of high importance. Poorly managed construction materials can lead to the 
possibility for exposure of potential contaminants to precipitation. When this occurs, these visible 
and/or non-visible constituents become entrained in storm water runoff. If they are not intercepted or 
are left uncontrolled, the polluted runoff would otherwise freely sheet flow from the project to the IID 
Imperial Valley Drains and could result in the accumulation of these pollutants in the receiving 
waters. This is considered a potentially significant impact. With the implementation of Mitigation 
Measure HYD-1, impacts on surface water quality as attributable to the project would be reduced to 
a less than significant level. Prior to construction and grading activities, the project applicant is 
required to file an NOI with the SWRCB to comply with the General NPDES Construction Permit and 
prepare a SWPPP, which addresses the measures that would be included during construction or the 
project to minimize and control construction and post-construction runoff to the “maximum extent 
practicable.” In addition, NPDES permits require the implementation of BMPs that achieve a level of 
pollution control to the maximum extent practical. With the implementation of Mitigation Measures 
HYD-1, impacts on surface water quality as attributable to the project would be reduced to a less 
than significant level through the inclusion of focused BMPs for the protection of surface water 
resources. Monitoring and contingency response measures would be included to verify compliance 
with water quality objectives for all surface waters crossed during construction. In addition, given that 
site decommissioning would result in similar activities as identified for construction, these impacts 
could also occur in the future during site restoration activities. 

Operation 

As runoff flows over developed surfaces, water can entrain a variety of potential pollutants including, 
but not limited to, oil and grease, pesticides, trace metals, and nutrients. These pollutants can 
become suspended in runoff and carried to receiving waters. These effects are commonly referred to 
as non-point source water quality impacts. 

Long-term operation of the solar facility poses a limited threat to surface water quality after the 
completion of construction. The project would be subject to the County’s Grading Regulations as 
specified in Section 91010.02 of the Ordinance Code. However, since the project site is located in 
unincorporated Imperial County and not subject to a Municipal Separate Storm Sewer System or 
NPDES General Industrial Permit, there is no regulatory mechanism in place to address 
post-construction water quality concerns. Based on this consideration, the project has the potential 
to result in both direct and indirect water quality impacts that could be significant. Implementation of 
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Mitigation Measure HYD-2 would require the project to incorporate post-construction BMPs into the 
project’s drainage plan. The proposed project will be designed to include site design, source control, 
and treatment control BMPs, as described below. The use of source control, site design, and treatment 
BMPs would result in a decrease potential for storm water pollution. 

Site Design BMPs. The project will be designed to include site design BMPs, which reduce runoff, 
prevent storm water pollution associated with the project, and conserve natural areas onsite. Table 
3.10-3 lists the various site design BMPs. 

Table 3.10-3. Site Design Best Management Practices 

Design Concept Description 

1 Minimize Impervious 
Footprint 

The project site will include a significant amount of undeveloped land and pervious area. 
The footprint for the solar arrays will be predominately pervious ground. A minimal 
amount of Class II base paving for access roads and parking will be constructed.  

2 Conserve Natural 
Areas 

Only a small amount of existing site area can be classified as natural landscape and will 
only be disturbed in necessary areas at the project.  

3 Protect Slopes and 
Channels 

The project site and surrounding areas is comprised of extremely flat topography. 
Erosion of slopes due to stabilization problems is not a concern.  

4 Minimize Directly 
Connected 
Impervious Areas 

No storm drain will be constructed onsite. The site layout does not change the existing 
drainage pattern.  

Source Control BMPs. Source control BMPs (both structural and non-structural) means land use or 
site planning practices, or structures that aim to prevent urban runoff pollution by reducing the 
potential for contamination at the source of pollution. Source control BMPs minimize the contact 
between pollutants and urban runoff. Table 3.10-4 identifies source control BMPs that would be 
applicable to the proposed project. 

Table 3.10-4. Source Control Best Management Practices 

Design Concept Description 

1 Design Trash Storage 
Areas to Reduce 
Pollution Introduction 

Any outdoor trash storage areas will be designed not to allow run-on from adjoining 
areas, screened or walled to prevent off-site transport of trash.  

2 Activity Restrictions Restrictions include activities that have the potential to create adverse impacts on 
water quality.  

3 Non-storm Water 
Discharges 

Illegal dumping educational materials as well as spill response materials will be 
provided to employees.  

4 Outdoor Loading and 
Unloading 

Material handling will be conducted in a manner as to prevent any storm water 
pollution.  

5 Spill Prevention, 
Control, and Cleanup 

The project will require a Spill Prevention, Control, and Countermeasure Plan, and a 
Hazardous Materials Business Plan in accordance with Federal and State 
requirements.  

6 Education Employees will receive materials for storm water pollution prevention in the form of 
brochures and other information in a format approved by the County of Imperial.  
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Table 3.10-4. Source Control Best Management Practices 

Design Concept Description 

7 Integrated Pest 
Management 

If any pesticide is required onsite, the need for pesticide use in the project design will 
be reduced by: 

• Keeping pests out of buildings using barriers, screens, and caulking 

• Physical pest elimination techniques, such as squashing, trapping, washing 
or pruning out pests 

• Relying on natural enemies to eat pests 

• Proper use of pesticides as a last line of defense 

8 Vehicle and 
Equipment Fueling, 
Cleaning, and Repair 

All vehicles will be serviced offsite whenever possible. If servicing is required onsite, 
it must be conducted in an area isolated from storm drain inlets or drainage ditch 
inlets. The area must be bermed and precluded from run on. Any spillage must be 
fully contained and captured and disposed of per County of Imperial Hazardous 
Waste requirements.  

9 Waste Handling and 
Disposal 

Materials will be disposed of in accordance with Imperial County Hazardous Material 
Management guidelines and will be sent to appropriate disposal facilities. Under no 
circumstances shall any waste or hazardous materials be stored outside without 
secondary containment. 

Treatment Control BMPs. The proposed project will incorporate post-construction Low Impact 
Development Treatment Control BMPs, including but not limited to infiltration trenches or bioswales, 
which shall be investigated and integrated into the project layout to the maximum extent practicable. 
The drainage plan shall provide both short-term and long-term drainage solutions to ensure the 
proper sequencing of drainage facilities and treatment of runoff generated from project impervious 
surfaces prior to off-site discharge.  

The proposed project shall develop a long-term maintenance plan and implemented to support the 
functionality of treatment control BMPs. The facility layout shall also include sufficient container 
storage and on-site containment and pollution-control devices for drainage facilities to avoid the 
off-site release of water quality pollutants, including, but not limited to oil and grease, fertilizers, 
treatment chemicals, and sediment. 

Mitigation Measure(s) 

HYD-1 Prepare SWPPP and Implement BMPs Prior to Construction and Site 
Restoration. The project applicant or its contractor shall prepare a SWPPP specific 
to the project and be responsible for securing coverage under SWRCB’s NPDES 
stormwater permit for general construction activity (Order 2009-0009-DWQ). The 
SWPPP shall identify specific actions and BMPs relating to the prevention of 
stormwater pollution from project-related construction sources by identifying a 
practical sequence for site restoration, BMP implementation, contingency measures, 
responsible parties, and agency contacts. The SWPPP shall reflect localized surface 
hydrological conditions and shall be reviewed and approved by the appropriate 
agency prior to commencement of work and shall be made conditions of the contract 
with the contractor selected to build and decommission the project. The SWPPP 
shall incorporate control measures in the following categories: 
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• Soil stabilization and erosion control practices (e.g., hydroseeding, erosion 
control blankets, mulching) 

• Sediment control practices (e.g., temporary sediment basins, fiber rolls) 

• Temporary and post-construction on- and off-site runoff controls 

• Special considerations and BMPs for water crossings and drainages 

• Monitoring protocols for discharge(s) and receiving waters, with emphasis place 
on the following water quality objectives: dissolved oxygen, floating material, oil 
and grease, potential of hydrogen (pH), and turbidity 

• Waste management, handling, and disposal control practices 

• Corrective action and spill contingency measures 

• Agency and responsible party contact information 

• Training procedures that shall be used to ensure that workers are aware of 
permit requirements and proper installation methods for BMPs specified in the 
SWPPP 

The SWPPP shall be prepared by a Qualified SWPPP Practitioner and/or Qualified 
SWPPP Developer with BMPs selected to achieve maximum pollutant removal and 
that represent the best available technology that is economically achievable. 
Emphasis for BMPs shall be placed on controlling discharges of oxygen-depleting 
substances, floating material, oil and grease, acidic or caustic substances or 
compounds, and turbidity. BMPs for soil stabilization and erosion control practices 
and sediment control practices will also be required. Performance and effectiveness 
of these BMPs shall be determined either by visual means where applicable (i.e., 
observation of above-normal sediment release), or by actual water sampling in cases 
where verification of contaminant reduction or elimination, (inadvertent petroleum 
release) is required to determine adequacy of the measure. 

HYD-2 Incorporate Post-Construction Runoff BMPs into Project Drainage Plan. The 
project Drainage Plan shall adhere to the County’s Engineering Guidelines Manual, 
IID “Draft” Hydrology Manual, or other recognized source with approval by the 
County Engineer to control and manage the on- and off-site discharge of stormwater 
to existing drainage systems. Infiltration basins will be integrated into the Drainage 
Plan to the maximum extent practical. The Drainage Plan shall provide both short- 
and long-term drainage solutions to ensure the proper sequencing of drainage 
facilities and management of runoff generated from project impervious surfaces as 
necessary.  
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Significance after Mitigation 

With the implementation of Mitigation Measure HYD-1, impacts on surface water quality as 
attributable to the project would be reduced to a less than significant level through the inclusion of 
focused BMPs for the protection of surface water resources. Monitoring and contingency response 
measures would be included to verify compliance with water quality objectives for all surface waters 
crossed during construction.  

With the implementation of Mitigation Measure HYD-2, potential water quality impacts resulting from 
post-construction discharges during operation for the project would be reduced to a less than 
significant level. Implementation of Mitigation Measure HYD-2 would require the project to 
incorporate post-construction BMPs into the project’s drainage plan. The use of source control, site 
design, and treatment BMPs would result in a decrease potential for storm water pollution. 

Impact 
3.10-2 

Would the project substantially decrease groundwater supplies or interfere 
substantially with groundwater recharge such that the project may impede 
sustainable groundwater management of the basin? 

The proposed project would not require the construction of a groundwater well and/or the direct use 
of groundwater for construction or operation. As described in Chapter 2 Project Description, 
approximately 20,000 to 30,000 gallons of water per day would initially be required for grading, 
dropping to much less for the remainder of the project construction. Construction water needs would 
be limited to earthwork, soil conditioning, dust suppression, and compaction efforts. Water would be 
obtained from a ground storage tank existing onsite which fills from the Best Canal along the eastern 
property boundary. Water may also be obtained from a nearby canal or lateral and delivered to the 
construction location by a water truck capable of carrying approximately 4,000 gallons per load 
(Appendix H of this EIR).  

According to the Water Supply Assessment prepared for the project (Appendix H of this EIR), the 
anticipated water demand for construction, operation, and decommissioning of the project is 
estimated to be 151.8 acre-feet (AF), for an annualized demand of 5.06 acre-feet per year (AFY) for 
the 30-year project life. Water for the project site will be supplied through an Interim Water Supply 
Policy (IWSP) Water Supply Agreement with IID to process the untreated Colorado River water for 
the proposed project. The IWSP sets aside 25,000 AFY of IID’s Colorado River water supply to serve 
new non-agricultural projects. As of October 2021, a balance of 23,800 AFY remain available under 
the IWSP for new non-agricultural projects ensuring reasonably sufficient supplies for such projects. 
As discussed in Section 3.15, Utilities and Service Systems, the project is expected to consume 
151.8 AF for the 30-year lifespan of the project which would equate to 5.06 AFY amortized 
representing 0.02% of the annual unallocated supply set aside for new non-agricultural projects 
(Appendix H of this EIR).  

 Further, groundwater recharge in the area will not be significantly affected as the majority of the 
project site will feature a pervious landscape in both the existing and proposed conditions. Any runoff 
from solar panel washing would evaporate or percolate through the ground, as a majority of the 
surfaces in the solar field would remain pervious. The proposed project would not substantially 
decrease groundwater supplies or interfere substantially with groundwater recharge such that the 
project may impede sustainable groundwater management of the basin. No significant impacts on 
groundwater supply or recharge would occur.  
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Mitigation Measure(s) 

No mitigation measures are required. 

Impact 
3.10-3 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Result in substantial erosion or siltation on- or off-site?  

Project implementation would not substantially alter the existing drainage pattern of the site or area. 
Soil erosion could result during construction of the proposed project in association with grading and 
earthmoving activities. The project site would be disturbed by construction activities such as grading 
and clearing as a part of site preparation. To the extent feasible, site preparation would be planned 
and designed to minimize the amount of earth movement. Compaction of the soil to support building 
and traffic loads as well as the PV module supports may be required and is dependent on final 
engineering design. During construction, erosion would be controlled in accordance with County 
standards which include preparation, review and approval of a grading plan by the County Engineer; 
implementation of a Dust Control Plan (Rule 801); and compliance with the NPDES General 
Construction Permit and project-specific SWPPP, as outlined in Mitigation Measure HYD-1.  

After construction is complete, all existing roads would be left in a condition equal to or better than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. As such, daily operations and routine maintenance (such as 
occasional PV panel washing) are not anticipated to alter the existing drainage pattern such that 
erosion increases when compared to existing conditions. The project site would remain largely 
impervious over the operational life of the project. Additionally, the project would implement site 
design BMPs, as outlined in Table 3.10-3, which would reduce soil disturbance during operation. 
The proposed project would result in less than significant impacts associated with the alteration of 
drainage patterns resulting in substantial erosion or siltation on- or off-site. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measures HYD-1 are required. 

Significance after Mitigation 

With the implementation of Mitigation Measure HYD-1, potential impacts associated with the 
alteration of drainage patterns resulting in substantial erosion or siltation on- or off-site would be 
reduced to a level less than significant through compliance with County standards, implementation of 
a Dust Control Plan (Rule 801), and compliance with the NPDES General Construction Permit and 
project-specific SWPPP.  

Impact 
3.10-4 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Substantially increase the rate or amount of surface runoff in a manner which 
would result in flooding on- or offsite?  
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Project implementation would not substantially alter the existing drainage pattern of the site or area. 
The majority of the project site would continue to sheet flow through the pervious native soils. The 
project will be designed to meet County of Imperial storage requirements (100 percent of the 
100-year storm (3 inches of rain)) (refer to the County’s Engineering Guidelines Design Guidelines 
Manual for the Preparation and Checking of Street Improvement, Drainage and Grading Plans within 
Imperial County (2008) for storm water runoff, which will result in an impoundment of runoff in 
excess of the anticipated volume of runoff to be generated by the 100-year storm event. Additionally, 
implementation of Mitigation Measure HYD-2 requires that the project Drainage Plan adhere to the 
County’s Engineering Guidelines Manual, IID “Draft” Hydrology Manual, or other recognized source 
with approval by the County Engineer to control and manage the on- and off-site discharge of 
stormwater to existing drainage systems. As such, infiltration basins will be integrated into the 
Drainage Plan to the maximum extent practical. The Drainage Plan shall provide both short- and 
long-term drainage solutions to ensure the proper sequencing of drainage facilities and management 
of runoff generated from project impervious surfaces as necessary.  

Additionally, after construction is complete, all existing roads would be left in a condition equal to or 
better than their preconstruction condition. All other areas disturbed by construction activities would 
be recontoured and decompacted. As such, daily operations and routine maintenance (such as 
occasional PV panel washing) are not anticipated to alter the existing drainage pattern such that 
flooding (on- or off-site) increases when compared to existing conditions. Lastly, the project site 
would remain largely impervious over the operational life of the project. Therefore, the proposed 
project would result in no significant impacts associated with the alteration of drainage patterns 
resulting in on- or off-site flooding 

Mitigation Measure(s) 

Implement Mitigation Measure HYD-2.  

Significance after Mitigation 

With the implementation of Mitigation Measure HYD-2, impacts on existing drainage patterns as a 
result of potentially substantial increases to runoff would be reduced to a level less than significant. 
Implementation of Mitigation Measure HYD-2 would require the project’s Drainage Plan to adhere to 
the County’s Engineering Guidelines Manual, IID “Draft” Hydrology Manual, or other recognized 
source with approval by the County Engineer to control and manage the on- and off-site discharge of 
stormwater to existing drainage systems.  

Impact 
3.10-5 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Create or contribute runoff water which would exceed the capacity of existing or 
planned stormwater drainage systems or provide substantial additional sources of 
polluted runoff? 

Project implementation would not substantially alter the existing drainage pattern of the site or area. 
During construction, erosion and associated pollutants would be controlled in accordance with 
County standards which include preparation, review and approval of a grading plan by the County 
Engineer; implementation of a Dust Control Plan (Rule 801); and compliance with the NPDES 

PC ORIGINAL PKG



3.10 Hydrology/Water Quality 
Final EIR | Brawley Solar Energy Project 

3.10-18 | January 2023 Imperial County 

General Construction Permit and project-specific SWPPP, as outlined in Mitigation Measure HYD-1 
(see Impact 3.10-1 for additional details). 

After construction is complete, all existing roads would be left in a condition equal to or better than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. The proposed project is not anticipated to generate a significant 
increase in the amount of runoff water when compared to existing conditions. As such, daily 
operations and routine maintenance (such as occasional PV panel washing) are not anticipated to 
alter the existing drainage pattern such that runoff increases would exceed the capacity of existing or 
planned stormwater drainage systems or provide substantial additional sources of polluted runoff. 
The project site would remain largely impervious over the operational life of the project. Water will 
continue to percolate through the ground, as a majority of the surfaces on the project site will remain 
pervious. The proposed project would not create or contribute runoff water which would exceed the 
capacity of existing or planned stormwater drainage systems or provide substantial additional 
sources of polluted runoff. This is considered a less than significant impact. 

Mitigation Measure(s) 

Implement Mitigation Measure HYD-1.  

Significance after Mitigation 

With the implementation of Mitigation Measure HYD-1, impacts on the existing drainage pattern by 
the project that could result in substantial or polluted runoff would be reduced to a level less than 
significant through compliance with County standards, implementation of a Dust Control Plan (Rule 
801), and compliance with the NPDES General Construction Permit and project-specific SWPPP.  

Impact 
3.10-6 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Impede or redirect flood flows?  

Project implementation would not substantially alter the existing drainage pattern of the site or area. 
The proposed project is not anticipated to generate a significant increase in the amount of runoff 
water from water use involving solar panel washing. Water will continue to percolate through the 
ground, as a majority of the surfaces on the project site will remain pervious. Additionally, according 
to the FEMA’s FIRM (Map Number Map Number 06025C1025C) (FEMA 2008), the proposed solar 
energy facility, gen-tie line, and access roads located on the project site are located in Zone X 
(unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside the 0.2 
percent annual chance floodplain. Therefore, the proposed project would not substantially alter the 
existing drainage pattern of the site or area, including through the alteration of the course of a 
stream or river or through the addition of impervious surfaces, in a manner which would impede or 
redirect flood flows, and impacts would be less than significant.  

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 
3.10-7 

In flood hazard, tsunami, or seiche zones, would the project risk release of 
pollutants due to project inundation? 

The project site is not located near any large bodies of water. The Salton Sea is located 
approximately 11.2 miles northwest of the project site. Because of the distance, the Salton Sea does 
not pose a danger of inundation from seiche or tsunami as related to the project site. Furthermore, 
the project site is over 100 miles inland from the Pacific Ocean. In addition, the project site is 
relatively flat. Therefore, there is no potential for the project site to be inundated by seiches or 
tsunamis. No impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 
3.10-8 

Would the project conflict with or obstruct implementation of a water quality 
control plan or sustainable groundwater management plan?  

As described under Impact 3.10-1 above, with the implementation of Mitigation Measure HYD-1, 
impacts on surface water quality as attributable to the project would be reduced to a less than 
significant level through the inclusion of focused BMPs for the protection of surface water resources. 
Implementation of Mitigation Measure HYD-2 would require the project to incorporate 
post-construction BMPs into the project’s drainage plan. The use of source control, site design, and 
treatment BMPs would result in a decrease potential for storm water pollution. Additionally, the 
project would not require the direct use of groundwater. Therefore, the proposed project would not 
pose a significant threat to local surface water features or shallow groundwater resources, and, as 
such would not conflict with or obstruct implementation of a water quality control plan or sustainable 
groundwater management plan. Implementation of Mitigation Measures HYD-1 and HYD-2 would 
reduce impacts to a level less than significant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measures HYD-1 and HYD-2 are required. 

Significance after Mitigation 

With the implementation of Mitigation Measures HYD-1 and HYD-2, the potential water quality 
impacts resulting during construction and operation of the project would be reduced to a level less 
than significant.  

3.10.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other 
buyer of the energy emerges, or there is no further funding of the project, the project will be 
decommissioned and dismantled. Decommissioning and restoration activities would result in similar 
impacts on hydrology and water quality as would occur during construction of the proposed project. 
The primary water quality issue associated with decommissioning/restoration would be potential 
impacts on surface water quality, as the decommissioning activities would be similar to construction 
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activities, and would be considered a significant impact. However, during decommissioning, soil 
erosion would be controlled in accordance with NPDES General Construction Permit(s) and 
project-specific SWPPP. Compliance with requirements and best available control technologies in 
place at the time of decommissioning are anticipated to be similar to, or more stringent than, those 
currently required. Compliance with all applicable water quality regulations would reduce the 
project’s impacts during decommissioning to a level less than significant. Impacts on other water 
resource issues, including alteration of drainage patterns, contributing to off-site flooding, impacts on 
groundwater recharge and supply, would be less than significant. There would be no impact 
associated with inundation from flooding or mudflows. 

Residual 
With implementation of the mitigation measures listed above, implementation of the project would 
not result in any residual significant impacts related to increased risk of flooding from stormwater 
runoff, from water quality effects from long-term urban runoff, or from short-term alteration of 
drainages and associated surface water quality and sedimentation. With the implementation of the 
required mitigation measures during construction and decommissioning of the project, water quality 
impacts would be minimized to a less than significant level. Based on these circumstances, the 
project would not result in any residential significant and unmitigable adverse impacts on surface 
water hydrology and water quality. 
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3.11 Land Use/Planning 
This section provides information regarding current land use, land use designations, and land use 
policies within and in the vicinity of the project site. Section 15125(d) of the CEQA Guidelines states 
that “[t]he EIR shall discuss any inconsistencies between the project and applicable general plans and 
regional plans.” This section fulfills this requirement for the project. In this context, this section reviews 
the land use assumptions, designations, and policies of the County General Plan and other applicable 
federal, state, and local requirements, which govern land use within the project area and evaluates 
the project’s potential to conflict with policies adopted for the purpose of avoiding or mitigating 
significant environmental effects. Where appropriate, mitigation is applied and the resulting level of 
impact identified.  

3.11.1 Existing Conditions 
The project site is located on approximately 227 acres of privately-owned land in the unincorporated 
area of Imperial County, CA (Figure 3-1). The site is approximately one mile north from the City of 
Brawley’s jurisdictional limit. The project site is south of Baughman Road, west of N Best Avenue, and 
north of Andre Road. The Union Pacific Railway transects the project site. Table 3.11-1 identifies the 
individual assessor’s parcel numbers (APN) associated with the project site with their respective 
acreage, General Plan land use designation, and zoning.  

Table 3.11-1. Project Assessor Parcel Numbers, Acreages, and Zoning 

APN Acreage General Plan Land 
Use Zoning 

037-140-020 61.73 Agriculture A-2-G 

037-140-021 68.71 Agriculture A-2-G 

037-140-022 38.15 Agriculture A-2-G 

037-140-023 24.71 Agriculture A-2-G 

037-140-006 33.68 Agriculture A-2-G 

Total Gross Acres 227 -- -- 

APN = assessor parcel number; A-2-G = General Agricultural with Geothermal Overlay 

As shown on Figure 3.11-1, the project site’s land use is designated Agriculture under the County’s 
General Plan. As depicted on Figure 3.11-2, the solar energy facility site is located on a total of five 
privately-owned legal parcels zoned A-2-G (General Agriculture with Geothermal Overlay). The 
proposed 1.8-mile gen-tie line would originate from the southern edge of the project site and then head 
west along Andre Road to interconnect to the IID existing North Brawley Geothermal Power Plant 
substation, located at Hovley Road and Andre Road.  
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Figure 3.11-1. General Plan Land Use Designations 
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Figure 3.11-2. Zoning Designations 
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As discussed in Chapter 2, the County adopted the Renewable Energy and Transmission Element, 
which includes a RE Zone (RE Overlay Map). The RE Overlay Zone is concentrated in areas 
determined to be the most suitable for the development of renewable energy facilities while minimizing 
the impact on other established uses. As shown on Figure 3.11-2, the northern portion of the project 
site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone, which is a 
component of the RE Overlay Zone. However, the entire southern portion of the project site (APNs 
037-140-022, 037-140-023, and 037-140-006) is located adjacent to, but outside of the RE Overlay 
Zone. The applicant is requesting a General Plan Amendment to include/classify the southern three 
project parcels into the RE Overlay Zone, so that the entire site would be located within the RE Overlay 
Zone. No change in the underlying General Plan land use (Agriculture) is proposed. 

The project applicant is seeking a zone change to include/classify all five project parcels into the 
Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG). Further, implementation of the 
project would require the approval of a CUP by the County to allow for the construction and operation 
of the proposed solar energy facility with an integrated battery storage system. 

3.11.2 Regulatory Setting 
This section identifies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

State Planning and Zoning Laws 

California Government Code Section 65300 et seq. establishes the obligation of cities and counties to 
adopt and implement general plans. The general plan is a comprehensive, long-term, and general 
document that describes plans for the physical development of a city or county and of any land outside 
its boundaries that, in the city’s or county’s judgment, bears relation to its planning.  

The general plan addresses a broad range of topics, including, at a minimum, land use, circulation, 
housing, conservation, open space, noise, and safety. In addressing these topics, the general plan 
identifies the goals, objectives, policies, principles, standards, and plan proposals that support the 
city’s or county’s vision for the area. The general plan is a long-range document that typically 
addresses the physical character of an area over a 20-year period or more.  

The State Zoning Law (California Government Code Section 65800 et seq.) establishes that zoning 
ordinances, which are laws that define allowable land uses within a specific zone district, are required 
to be consistent with the general plan and any applicable specific plans.  

3.11.2.1 Regional 

Southern California Association of Governments – 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy (Connect SoCal) 

SCAG is the designated metropolitan planning organization for Los Angeles, Ventura, Orange, San 
Bernardino, Riverside, and Imperial Counties. CEQA requires that regional agencies like SCAG review 
projects and plans throughout its jurisdiction. SCAG, as the region’s “Clearinghouse,” collects 
information on projects of varying size and scope to provide a central point to monitor regional activity. 
SCAG has the responsibility of reviewing dozens of projects, plans, and programs every month. 
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Projects and plans that are regionally significant must demonstrate to SCAG their consistency with a 
range of adopted regional plans and policies.  

On September 3,2020, SCAG adopted the 2020-2045 RTP/SCS (Connect SoCal). The 2020-2045 
RTP/SCS (Connect SoCal) includes a strong commitment to reduce emissions from transportation 
sources to comply with Senate Bill 375, improve public health, and meet the NAAQS as set forth by 
the federal CAA. The following goals from the 2020-2045 RTP/SCS (Connect SoCal) are considered 
applicable to the proposed project: 

• Goal 5: Reduce GHG emissions and improve air quality 

• Goal 10: Promote conservation of natural and agricultural lands and restoration of habitats  

Local 

County of Imperial General Plan 

The purpose of the County’s General Plan (as amended through 2008) is to direct growth, particularly 
urban development, to areas where public infrastructure exists or can be provided, where public health 
and safety hazards are limited, and where impacts on the County’s abundant natural, cultural, and 
economic resources can be avoided. The following 10 elements comprise the County’s General Plan: 
Land Use; Housing; Circulation and Scenic Highways; Noise; Seismic and Public Safety; Conservation 
and Open Space; Agricultural; Renewable Energy and Transmission Element; Water; and Parks and 
Recreation. Together, these elements satisfy the seven mandatory general plan elements as 
established in the California Government Code. Goals, objectives, and implementing policies and 
actions programs have been established for each of the elements. 

Imperial County received funding from the CEC’s Renewable Energy and Conservation Planning 
Grant to amend and update the County’s General Plan in order to facilitate future development of 
renewable energy projects. The Geothermal/Alternative Energy and Transmission Element was last 
updated in 2006. Since then, there have been numerous renewable projects proposed, approved and 
constructed within Imperial County as a result of California’s move to reduce greenhouse gas 
emissions, develop alternative fuel sources and implement its Renewable Portfolio Standard. The 
County has recently prepared an update to the Geothermal/Alternative Energy and Transmission 
Element of its General Plan, called the Renewable Energy and Transmission Element. This Element 
is designed to provide guidance and approaches with respect to the future siting of renewable energy 
projects and electrical transmission lines in the County. The County adopted this element in 2016.  

The RE and Transmission Element includes a RE Zone (RE Overlay Map). The County Land Use 
Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the development and 
operation of RE projects, with an approved CUP. The RE Overlay Zone is concentrated in areas 
determined to be the most suitable for the development of RE facilities while minimizing the impact to 
other established uses. As discussed previously and shown on Figure 3.11-2, the northern portion of 
the project site is located within the RE Overlay Zone; whereas the southern portion of the project site 
is outside of the RE Overlay Zone. 

An analysis of the project’s consistency with the General Plan goals and objectives relevant to the 
project is provided in Table 3.11-2. While this EIR analyzes the project’s consistency with the General 
Plan pursuant to CEQA Guidelines Section 15125(d), the Imperial County Planning Commission and 
Board of Supervisors retain final authority for the determination of the project’s consistency with the 
General Plan. 
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Table 3.11-2. Project Consistency with Applicable General Plan Policies 

Applicable Policies 
Consistency 

Determination Analysis 

Land Use Element 

Public Facilities, Objective 8.7. Ensure the 
development, improvement, timing, and 
location of community sewer, water, and 
drainage facilities will meet the needs of 
existing communities and new developing 
areas. 

Consistent The project includes the necessary supporting 
infrastructure and would not require new 
community-based infrastructure. The project 
would be required to construct supporting 
drainage consistent with County requirements 
and mitigation measures prescribed in Section 
3.10, Hydrology/Water Quality, of the EIR.  

Once the project is operational, water would be 
required for solar panel washing and fire 
protection. The project would receive water 
service from the IID. Water would be purchased 
from the IID and delivered to the project site by 
water trucks. The proposed project would not 
require an operations and maintenance building. 
Therefore, no septic or other wastewater 
disposal systems would be required for the 
project.  
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Applicable Policies 
Consistency 

Determination Analysis 

Public Facilities, Objective 8.8. Ensure 
that the siting of future facilities for the 
transmission of electricity, gas, and 
telecommunications is compatible with the 
environment and County regulation. 

Consistent The County Land Use Ordinance, Division 17, 
includes the Renewable Energy Overlay Zone, 
which authorizes the development and operation 
of renewable energy projects with an approved 
CUP. The RE Overlay Zone is concentrated in 
areas determined to be the most suitable for the 
development of renewable energy facilities while 
minimizing the impact on other established uses. 
CUP applications proposed for specific 
renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an 
amendment to the RE Overlay Zone.  

The County’s General Plan and Land Use 
Ordinance allows that for renewable energy 
projects proposed on land classified in a non-RE 
Overlay zone, that the land on which the project 
is located may be included/classified in the RE 
Overlay Zone if the renewable energy project: 1) 
would be located adjacent to an existing RE 
Overlay Zone; 2) is not located in a sensitive 
area; 3) is located in proximity to renewable 
energy infrastructure; and, 4) and would not 
result in any significant environmental impacts.  

As shown on Figure 3.11-2, the northern portion 
of the project site is located within the RE 
Overlay Zone, as the RE Overlay Zone includes 
the Geothermal Overlay Zone. However, the 
southern portion of the entire project site is 
located outside, but immediately adjacent to  of 
the RE Overlay Zone. Therefore, the applicant is 
requesting a General Plan Amendment to 
include/classify the southern three all five project 
parcels into the RE Overlay Zone. With the 
approval of the General Plan Amendment, CUP, 
and zone change to include/reclassify all the 
project parcels to A-2-REG the proposed solar 
project can be implemented.  

Public Facilities, Objective 8.9. Require 
necessary public utility rights-of-way when 
appropriate. 

Consistent The project would include the dedication of 
necessary ROW to facilitate the placement of 
electrical distribution and transmission 
infrastructure.  

Protection of Environmental Resources, 
Objective 9.6. Incorporate the strategies 
of the Imperial County AQAP in land use 
planning decisions and as amended.  

Consistent Because of the minimal grading of the site during 
construction and limited travel over the site 
during operations, local vegetation is anticipated 
to remain largely intact which will assist in dust 
suppression. Furthermore, dust suppression will 
be implemented including the use of water and 
soil binders during construction. Section 3.3, Air 
Quality, discusses the project’s consistency with 
the AQAP in more detail.  
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Applicable Policies 
Consistency 

Determination Analysis 

Circulation and Scenic Highways Element 

Safe, Convenient, and Efficient 
Transportation System, Objective 1.1. 
Maintain and improve the existing road 
and highway network, while providing for 
future expansion and improvement based 
on travel demand and the development of 
alternative travel modes. 

Consistent Once construction is completed, the project 
would be remotely operated, controlled and 
monitored and with no requirement for daily on-
site employees. The project would include 
limited operational vehicle trips and would not be 
expected to reduce the current level of service at 
affected intersections, roadway segments, and 
highways. The project does not propose any 
forms for residential or commercial development 
and therefore would not require new forms of 
alternative transportation to minimize impacts on 
existing roadways.  

Safe, Convenient, and Efficient 
Transportation System, Objective 1.2. 
Require a traffic analysis for any new 
development which may have a significant 
impact on County roads. 

Consistent As described in Section 3.13, Transportation, a 
traffic study was prepared for the project and 
demonstrated that project operations would have 
a less than significant impact on the circulation 
network.  

Noise Element 

Noise Environment. Objective 1.3. Control 
noise levels at the source where feasible. 

Consistent Where construction-related and operational 
noise would occur in close proximity to noise 
sensitive land uses (e.g. less than 500 feet), the 
County would condition the project to maintain 
conformance with County noise standards. 

Project/Land Use Planning. Goal 2: 
Review Proposed Actions for noise 
impacts and require design which will 
provide acceptable indoor and outdoor 
noise environments. 

Consistent The project would be required to comply with the 
County’s noise standards during both 
construction and operation.  

Conservation and Open Space Element 

Conservation of Environmental Resources 
for Future Generations Goal 1: 
Environmental resources shall be 
conserved for future generations by 
minimizing environmental impacts in all 
land use decisions and educating the 
public on their value.  

Consistent The project site would be converted from 
undeveloped land to a solar energy facility. The 
proposed project is a response to the state’s 
need for renewable energy to meet its 
Renewable Portfolio Standard, and while it 
would increase the availability of renewable 
energy, it would also replace existing sources of 
non-renewable energy.  

The power generated by the proposed project 
would be added to the state’s electricity grid with 
the intent that it would displace fossil fueled 
power plants and their associated environmental 
impacts (i.e., air quality and GHG emissions). 
The proposed project would ensure future 
generations have access to a broad array of 
renewable energy sources, providing the public 
with alternative choices to fossil fuels.  
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Applicable Policies 
Consistency 

Determination Analysis 

Conservation of Biological Resources. 
Goal 2: The County will integrate 
programmatic strategies for the 
conservation of critical habitats to manage 
their integrity, function, productivity, and 
long-term viability.  

Consistent A biological resources survey was conducted for 
the project site. As discussed in Section 3.5, 
Biological Resources, there are potentially 
sensitive biological resources located within the 
project site. However, with the implementation of 
mitigation identified in Section 3.5, Biological 
Resources, these impacts would be reduced to a 
level less than significant. 

Preservation of Cultural Resources. 
Objective 3.1: Protect and preserve sites 
of archaeological, ecological, historical, 
and scientific value, and/or cultural 
significance. 

Consistent A cultural resource inventory was prepared for 
the project site. As discussed in Section 3.6, 
Cultural Resources, the proposed project has 
the potential to encounter undocumented 
archaeological resources and human remains. 
Mitigation Measures CUL-1 through CUL-7 have 
been identified to reduce potential impacts to a 
level less than significant. 

Conservation of Water Resources. 
Objective 6.1: Ensure the use and 
protection of all the rivers, waterways, and 
groundwater sources in the County for 
use by future generations. 

Consistent As discussed in Section 3.10, Hydrology/Water 
Quality, the project will prepare a site-specific 
drainage plan and water quality management 
plan to minimize adverse effects to local water 
resources; as well as coordinate with the IID for 
water consumption during construction and 
operation of the project.  

Protection of Air Quality and Addressing 
Climate Change. Goal 7: The County shall 
actively seek to improve the quality of air 
in the region.  

Consistent The proposed project would be required to 
comply with all applicable ICAPCD rules and 
requirements during construction and operation 
to reduce air emissions. Overall, the proposed 
project would improve air quality and reduce 
GHG emissions by reducing the amount of 
emissions that would be generated in 
association with electricity production from a 
fossil fuel burning facility. Therefore, the 
proposed project is consistent with this goal.  

Protection of Air Quality and Addressing 
Climate Change. Objective 7.1: Ensure 
that all project and facilities comply with 
current Federal, State and local 
requirements for attainment of air quality 
objectives. 

Consistent The proposed project would comply with current 
federal and State requirements for attainment for 
air quality objectives through conformance with 
all applicable ICAPCD rules and requirements to 
reduce fugitive dust and emissions. Further, the 
proposed project would comply with the ICAPCD 
Air Quality CEQA Handbook’s Mandatory 
Standard Air Quality Measures (Applicant 
Proposed Measure AQ-1). Therefore, the 
proposed project is consistent with this objective.  

Protection of Air Quality and Addressing 
Climate Change. Objective 7.2: Develop 
management strategies to mitigate 
fugitive dust. Cooperate with all federal 
and state agencies in the effort to attain 
air quality objectives. 

Consistent The Applicant would cooperate with all federal 
and State agencies in the effort to attain air 
quality objectives through compliance with the 
ICAPCD Air Quality CEQA Handbook’s 
Mandatory Standard Air Quality Measures 
(Applicant Proposed Measure AQ-1). Therefore, 
the proposed project is consistent with this 
objective.  

PC ORIGINAL PKG



3.11 Land Use/Planning 
Final EIR | Brawley Solar Energy Project 

3.11-10 | January 2023 Imperial County 

Applicable Policies 
Consistency 

Determination Analysis 

Protection of Open Space and 
Recreational Opportunities. Objective 8.2: 
Focus all new renewable energy 
development within adopted Renewable 
Energy Overlay Zones. 

Consistent As shown on Figure 3.11-2, the northern portion 
of the project site (APNs 037-140-020 and 037-
140-021) is located within the RE Overlay Zone, 
as the Geothermal Overlay Zone is a component 
of the RE Overlay Zone. However, the entire 
southern portion of the project site is located 
outside, but immediately adjacent to  of the RE 
Overlay Zone. The project applicant is 
requesting a General Plan Amendment and 
Zone Change to include/classify all five 
projectthe southern three parcels into the RE 
Overlay Zone, and a Zone Change to 
include/classify all five project parcels into the 
Renewable Energy/Geothermal (REG) Overlay 
Zone (A-2-REG). With the approval of the 
General Plan Amendment, Zone Change, and 
CUP, the proposed solar project can be 
implemented. 

Renewable Energy and Transmission Element 

Objective 1.4: Analyze potential impacts 
on agricultural, natural, and cultural 
resources, as appropriate. 

Consistent This EIR has been prepared to meet the 
requirements of CEQA for purposes of 
evaluating the potential environmental impacts 
associated with the proposed project, which 
includes analysis on applicable environmental 
topics that analyze impacts on agricultural, 
natural, and cultural resources.  

Objective 1.5: Require appropriate 
mitigation and monitoring for 
environmental issues associated with 
developing renewable energy facilities. 

Consistent Please refer to Section 3.3, Agricultural 
Resources, for a description of existing 
agricultural resources within the project site and 
a discussion of potential impacts attributable to 
the project. A biological resources report has 
been prepared for the project, which is 
summarized in Section 3.5, Biological 
Resources, along with potential impacts 
attributable to the project. With incorporation of 
mitigation identified in Sections 3.3, Agricultural 
Resources and 3.5, Biological Resources, less 
than significant impacts would result.  

Objective 1.6: Encourage the efficient use 
of water resources required in the 
operation of renewable energy generation 
facilities. 

Consistent Water use during construction would be used 
primarily for dust control, and obtained from local 
IID irrigation canals or laterals in conformance 
with IID construction water acquisition 
requirements. The project applicant will also 
coordinate with IID to purchase water needed for 
maintenance activities (i.e. PV module washing) 
to ensure efficient use of water resources. 

Objective 1.7: Assure that development of 
renewable energy facilities and 
transmission lines comply with Imperial 
County Air Pollution Control District’s 
regulations and mitigation measures. 

Consistent Because of the minimal grading of the site during 
construction and limited travel over the site 
during operations, local vegetation is anticipated 
to remain largely intact which will assist in dust 
suppression. Furthermore, dust suppression will 
be implemented including the use of water and 
soil binders during construction. Section 3.4, Air 
Quality, discusses the project’s consistency with 
the ICAPCD in more detail. 
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Applicable Policies 
Consistency 

Determination Analysis 

Objective 2.1: To the extent practicable, 
maximize utilization of IID’s transmission 
capacity in existing easements or rights-
of-way. Encourage the location of all 
major transmission lines within designated 
corridors easements, and rights-of-way. 

Consistent The project involves the construction and 
operation of new renewable energy 
infrastructure that would interconnect with 
existing and approved IID transmission 
infrastructure thereby maximizing the use of 
existing facilities. 

Seismic and Public Safety Element 

Land Use Planning and Public Safety. 
Goal 1: Include public health and safety 
considerations in land use planning. 

Consistent Division 5 of the County Land Use Ordinance 
has established procedures and standards for 
development within earthquake fault zones. Per 
County regulations, construction of buildings 
intended for human occupancy which are 
located across the trace of an active fault are 
prohibited. An exception exists when such 
buildings located near the fault or within a 
designated Special Studies Zone are 
demonstrated through a geotechnical analysis 
and report not to expose a person to undue 
hazard created by the construction. 

Since the project site is located in a seismically 
active area, the project is required to be 
designed in accordance with the CBC for near 
source factors derived from a design basis 
earthquake based on a peak ground 
acceleration of 0.48 gravity. It should be noted 
that, the project would be remotely operated and 
would not require any habitable structures on 
site. In considering these factors in conjunction 
with mitigation requirements outlined in the 
impact analysis, the risks associated with 
seismic hazards would be minimized. 

A preliminary geotechnical report has been 
prepared for the proposed project. The 
preliminary geotechnical report has been 
referenced in this environmental document. 
Additionally, a design-level geotechnical 
investigation would be conducted to evaluate the 
potential for site specific hazards associated with 
seismic activity. 

Land Use Planning and Public Safety. 
Objective 1.1: Ensure that data on 
geological hazards is incorporated into the 
land use review process, and future 
development process. 

Land Use Planning and Public Safety. 
Objective 1.3: Regulate development 
adjacent to or near all mineral deposits 
and geothermal operations. 

Land Use Planning and Public Safety. 
Objective 1.4: Require, where possessing 
the authority, that avoidable seismic risks 
be avoided; and that measures, 
commensurate with risks, be taken to 
reduce injury, loss of life, destruction of 
property, and disruption of service. 

Land Use Planning and Public Safety. 
Objective 1.7: Require developers to 
provide information related to geologic 
and seismic hazards when siting a 
proposed project. 

Emergency Preparedness. Goal 2: 
Minimize potential hazards to public 
health, safety, and welfare and prevent 
the loss of life and damage to health and 
property resulting from both natural and 
human-related phenomena. 

Emergency Preparedness. Objective 2.2: 
Reduce risk and damage due to seismic 
hazards by appropriate regulation. 

Emergency Preparedness. Objective 2.5: 
Minimize injury, loss of life, and damage 
to property by implementing all state 
codes where applicable. 
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Applicable Policies 
Consistency 

Determination Analysis 

Emergency Preparedness. Objective 2.8: 
Prevent and reduce death, injuries, 
property damage, and economic and 
social dislocation resulting from natural 
hazards including flooding, land 
subsidence, earthquakes, other geologic 
phenomena, levee or dam failure, urban 
and wildland fires and building collapse by 
appropriate planning and emergency 
measures. 

Water Element 

Protection of Water Resources from 
Hazardous Materials. Program: The 
County of Imperial shall make every 
reasonable effort to limit or preclude the 
contamination or degradation of all 
groundwater and surface water resources 
in the County. 

Consistent Mitigation measures will require that the 
applicant of the proposed project prepare a 
site-specific drainage plan and water quality 
management plan to minimize adverse effects to 
local water resources.  

Protection of Water Resources from 
Hazardous Materials. Program: All 
development proposals brought before 
the County of Imperial shall be reviewed 
for potential adverse effects on water 
quality and quantity, and shall be required 
to implement appropriate mitigation 
measures for any significant impacts. 

Consistent See previous response for Water Element 
above.  

Housing Element 

Not Applicable. The proposed project is a solar energy project and does not include the development of housing. 

Source: ICPDS 2008  
AQAP = air quality attainment plan; CUP = conditional use permit; EIR = environmental impact report; GV = growth visioning; 
ICAPCD = Imperial County Air Pollution Control District; IID = Imperial Irrigation District;  
MW = megawatt; RE = renewable energy’ ROW = right-of-way; 

County of Imperial Land Use Ordinance 

The County’s Land Use Ordinance provides the physical land use planning criteria for development 
within the jurisdiction of the County. The Land Use Ordinance identifies the permitted and conditional 
uses within a zoning designation. Uses identified as conditionally permitted require a CUP, which is 
subject to the discretionary approval of the County Board of Supervisors per a recommendation by the 
County Planning Commission. 

A-2 Zoning. As depicted on Figure 3.11-2, the solar energy facility site is located on a total of five 
privately-owned legal parcels zoned A-2-G (General Agriculture with a Geothermal Overlay). Pursuant 
to Title 9, Division 5, Chapter 8 (County of Imperial 2019a), the following uses are permitted in the A-
2 zone subject to approval of a CUP from Imperial County: solar energy electrical generator, battery 
storage facility, electrical substations, communication towers, and facilities for the transmission of 
electrical energy. 

PC ORIGINAL PKG



3.11 Land Use/Planning 
 Final EIR |Brawley Solar Energy Project 

 

Imperial County January 2023 | 3.11-13 

The maximum height limit for non-residential structures and commercial communication towers in the 
A-2 zone is 120 feet. The proposed project’s 66-foot-high gen-tie poles and 40 to 100-feet tall 
microwave tower would not exceed the height limit in the A-2 zone. 

RE Resources. According to Title 9, Division 17 of the Land Use Ordinance, the purpose of the RE 
Resources regulations are to “facilitate the beneficial use of renewable energy resources for the 
general welfare of the people of Imperial County and the State of California; to protect renewable 
energy resources from wasteful or detrimental uses; and to protect people, property, and the 
environment from detriments that might result from the improper use of renewable energy resources” 
(County of Imperial 2017). 

Title 9, Division 17, includes the RE Overlay Zone, which authorizes the development and operation 
of renewable energy projects, with an approved CUP. Uses that are conditionally permitted require a 
CUP subject to the discretionary approval of the County Board of Supervisors (Board) per a 
recommendation by the County Planning Commission. 

Imperial County Airport Land Use Compatibility Plan 

The Imperial County Airport Land Use Compatibility Plan (ALUCP) provides the criteria and policies 
used by the Imperial County Airport Land Use Commission to assess compatibility between the 
principal airports in Imperial County and proposed land use development in the areas surrounding the 
airports. The ALUCP emphasizes review of local general and specific plans, zoning ordinances, and 
other land use documents covering broad geographic areas. 

The project site is located approximately 1.5 miles north of the Brawley Municipal Airport. However, 
the project site is outside of the airport compatibility zones of the Brawley Municipal Airport (County of 
Imperial 1996).  

3.11.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to land use 
and planning, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if necessary. 

Thresholds of Significance 
Based on CEQA Guidelines Appendix G, project impacts related to land use and planning are 
considered significant if any of the following occur: 

• Physically divide an established community 

• Cause a significant environmental impact due to a conflict with any land use plan, policy, or 
regulation adopted for the purpose of avoiding or mitigating an environmental effect 

Impact Analysis 

 Impact 3.11-1 Would the project physically divide an established community? 

The project site is located in a sparsely populated portion of Imperial County. The following single-
family residences are located in the project vicinity:  

• Residences located near the northwest corner of the project site  
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• Two residences at the corner of N Best Road and Ward Road 

• One residence across the proposed project’s primary access road  

• One residence across the northeast corner of the project site   

• One residence (with a horse boarding/training facility) on the west side of N Best Avenue, 
located south of the project site)      

However, there are no established residential communities located in the vicinity of the project site. 
The nearest established residential community is located approximately 1.7 miles southwest of the 
project site in the City of Brawley. Therefore, implementation of the proposed project would not divide 
an established community and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  

 Impact 3.11-2 Would the project cause a significant environmental impact due to a conflict 
with any land use plan, policy, or regulation adopted for the purpose of 
avoiding or mitigating an environmental effect? 

SCAG 2020-2045 RTP/SCS (Connect SoCal) 

As noted above, the 2020-2045 RTP/SCS (Connect SoCal) (SCAG 2020) identifies two goals which 
include reducing GHG emissions to improve air quality (Goal 5), and to promote conservation of 
natural and agricultural lands (Goal 10). 

The 2020-2045 RTP/SCS (Connect SoCal), identifies strategies to support the goal of reducing 
regional GHG and improve air quality. Strategies include leveraging technological innovations 
including incorporating solar energy, hydrogen fuel cell power storage, and power generation. Once 
in operation, the proposed project would contribute to SCAG’s goal in reducing GHG emissions and 
improving air quality.  

The 2020-2045 RTP/SCS (Connect SoCal) also discusses the decline of agricultural land as an issue 
for the economy. As discussed in Section 3.3, Agricultural Resources, the majority of the project site 
is designated as Farmland of Statewide Importance, with a pocket of Prime Farmland and Farmland 
of Local Importance located in the southern portion of the project site. Approximately 1 acre of Unique 
Farmland occurs along the western boundary of the project site. 

The project would temporarily convert Prime Farmland, Farmland of Statewide Importance, and 
Unique Farmland to non-agricultural uses. However, as a condition of project approval (CUP 
condition), the project applicant or its successor in interest will be responsible for implementing a 
reclamation plan when the project is decommissioned at the end of its lifespan. The reclamation plan 
includes the removal, recycling, and/or disposal of all solar arrays, inverters, transformers, and other 
structures on the project site, as well as restoration of the site to its pre-project condition. Therefore, 
the proposed project would not permanently convert Prime Farmland, Farmland of Statewide 
Importance, and Unique Farmland to non-agricultural uses. Therefore, no impacts due to a conflict 
with the 2020-2045 RTP/SCS (Connect SoCal) would occur. 
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County of Imperial General 

The County’s General Plan applies to the solar energy facility, battery storage system, gentie, and 
supporting infrastructure associated with the project. An analysis of the project’s consistency with the 
General Plan goals and objectives relevant to the project is provided in Table 3.11-2. As shown in 
Table 3.11-2, the proposed project would generally be consistent with the goals and objectives of the 
General Plan.  

The County Land Use Ordinance, Division 17, includes the Renewable Energy Overlay Zone, which 
authorizes the development and operation of renewable energy projects with an approved CUP. The 
RE Overlay Zone is concentrated in areas determined to be the most suitable for the development of 
renewable energy facilities while minimizing the impact on other established uses. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not be 
allowed without an amendment to the RE Overlay Zone, and as stated in the Renewable Energy and 
Transmission Element: 

CUP applications proposed for specific renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an amendment to the RE Overlay Zone. An 
amendment to the overlay zone would only be approved by the County Board of Supervisors 
if a future renewable energy project met one of the following two conditions: 

1) Adjacent to the Existing RE Overlay Zone: An amendment may be made to allow for 
development of a future renewable energy project located adjacent to the existing RE 
Overlay Zone if the project:  

o Is not located in a sensitive area 
o Would not result in any significant impacts 

2) “Island Overlay”: An amendment may be made to allow for development of a future 
renewable energy project that is not located adjacent to the existing RE Overlay Zone 
if the project: 

o Is located adjacent (sharing a common boundary) to an existing transmission 
source 

o Consists of the expansion of an existing renewable energy operation 
o Would not result in any significant environmental impacts. 

As shown on Figure 3.11-2, the northern portion of the project site (APNs 037-140-020 and 037-140-
021) is located within the Geothermal Overlay Zone, which is a component of the RE Overlay Zone. 
However, the entire southern portion of the project site (APNs 037-140-006, 037-140-022 and 037-
140-023) project site is located outside, but immediately adjacent to, the RE Overlay Zone. Therefore, 
the project applicant is seeking a zone change to include/classify all five project parcels into the 
Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG) The project applicant is requesting a 
General Plan Amendment to include/classify the southern three parcels into the RE Overlay Zone, and 
a Zone Change to include/classify all five project parcels into the Renewable Energy/Geothermal 
(REG) Overlay Zone (A-2-REG). Additionally, the project applicant and is requesting approval of a 
CUP by the County to allow for the construction and operation of the proposed solar energy facility 
with an integrated battery storage system. The The project site is currently located within, and adjacent 
to not located adjacent to an existing RE Overlay Zone; and meets the adjacency criteria as the project 
site is not located in a sensitive area, and would not result in any significant impacts with the 
implementation of proposed mitigation. therefore, tThe project will need to also meets the criteria 
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identified for the “Island Overlay” to obtain approval of an amendment to the RE Overlay Zone. Table 
3.11-3 provides an analysis of the project’s consistency with the “Island Overlay” criteria. 

With approval of the General Plan Amendment and Zone Change, the project applicant will be able to 
request for approval of a CUP to allow the construction and operation of the proposed solar facility.  

Table 3.11-3. Project Consistency with “Island Overlay” Criteria 
Criteria Criteria Met? 

Is located adjacent (sharing a common boundary) to an 
existing transmission source?  

There are existing IID power poles along N Best 
Avenue and Andre Road. As described in Chapter 2, 
the project includes a gen-tie line that would connect to 
the IID’s existing North Brawley Geothermal Power 
Plant substation, located west of the project site’s 
southern boundary at Hovley Road and Andre Road. 
The gen-tie route would be approximately 1.8 miles.  

Consists of the expansion of an existing renewable 
energy operation?  

As described in Chapter 2, the project includes a gen-
tie line that would connect to the IID’s existing North 
Brawley Geothermal Power Plant substation, located 
west of the project site’s southern boundary at Hovley 
Road and Andre Road. The gen-tie route would be 
approximately 1.8 miles.  

The proposed project would be capable of generating 
up to 40 MW of solar energy, thereby expanding 
renewable energy generation in the area.  

Would not result in any significant environmental 
impacts? 

As detailed in Sections 3.2 through 3.15 of this EIR, no 
unavoidable or unmitigable significant impacts were 
identified. Where significant impacts have been 
identified, mitigation measures are proposed, that when 
implemented, would reduce the impact level to less 
than significant. Therefore, the proposed project would 
not result in a residual significant impact.  

EIR = environmental impact report; MW = megawatt; RE = renewable energy 
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County of Imperial Land Use Ordinance 

Development of the solar energy facility and supporting infrastructure is subject to the County’s zoning 
ordinance. The solar energy facility is located on five privately-owned legal parcels zoned A-2-G. 
Pursuant to Title 9, Division 5, Chapter 8 the following uses are permitted in the A-2 zone subject to 
approval of a CUP from Imperial County: solar energy electrical generator, battery storage facility, and 
facilities for the transmission of electrical energy (County of Imperial 2020). Therefore, with approval 
of a CUP, the proposed project would not conflict with the County’s zoning ordinance.  

Imperial County Airport Land Use Compatibility Plan 

As previously discussed above, the project site is located approximately 1.5 miles north of the Brawley 
Municipal Airport. According to Figure 3A (Compatibility Map – Brawley Municipal Airport) of the 
ALUCP, no portion of the project site is located within the Brawley Municipal Airport land use 
compatibility zones (County of Imperial 1996). On May 18, 2022, the Imperial County Airport Land Use 
Commission determined that the proposed project is compatible with the ALUCP. Therefore, the 
proposed project would not conflict with the Imperial County ALUCP and no significant impact would 
occur.  

Mitigation Measure(s) 

No mitigation measures are required.  

3.11.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. No impacts on land use and planning are anticipated to occur during decommissioning 
and restoration of the project site. Decommissioning and restoration would not physically divide an 
established community or conflict with any applicable land use plan, policy, or regulation. Through the 
project’s decommissioning and subsequent restoration to pre-project conditions, the uses of the 
project site (agricultural) would remain consistent with the General Plan and zoning designations of 
the site, which allow agricultural uses. Therefore, no impact is identified and no mitigation is required.  

Residual 
With mitigation as prescribed in other sections of this EIR, issues related to the conversion of Important 
Farmland to non-agricultural use would be mitigated and reduced to a less than significant level. 
Similarly, with the approval of a CUP and reclamation plan to address post-project decommissioning, 
the project would generally be consistent with applicable federal, state, regional, and local plans and 
policies. Based on these circumstances, the project would not result in any residual significant and 
unmitigable land use impacts. 
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3.12 Public Services 
This section includes an evaluation of potential impacts for identified public services that could result 
from implementation of the proposed project. Public services typically include fire protection, law 
enforcement, schools, and other public facilities such as parks, libraries, and post offices. Each 
subsection includes descriptions of existing facilities, service standards, and potential environmental 
impacts resulting from implementation of the proposed project, and mitigation measures where 
appropriate. Section 3.15, Utilities/Service Systems, of this EIR evaluates impacts related to water 
supply, wastewater, and other utilities. The impact assessment provides an evaluation of potential 
adverse effects to public services based on criteria derived from the CEQA Guidelines in conjunction 
with actions proposed in Chapter 2, Project Description.  

The IS/NOP prepared for this EIR determined that the project would not result in impacts on schools, 
parks and other public facilities (libraries and post offices). Therefore, these issue areas will not be 
discussed further and are included in Chapter 6, Effects Found Not Significant, of this EIR. The IS/NOP 
is included in Appendix A of this EIR.  

3.12.1 Existing Conditions 
The project site is located in unincorporated County, approximately one mile north from the City of 
Brawley’s jurisdictional limit. The project site is located within the Imperial County Fire Department 
(ICFD)/Office of Energy Services (OES) and the Imperial County Sheriff Department’s areas of 
service.  

Fire Protection Services 
The project site is located within the ICFD/OES area of service. ICFD/OES currently has nine fire 
stations and six contracting agencies serving the entire 4,500 square miles of unincorporated Imperial 
County. The nine ICFD stations are located in the communities of Heber, Seeley, Ocotillo, Palo Verde, 
Niland, Winterhaven, Salton City, and the City of Imperial (ICFD 2019). Each of the county fire stations 
is staffed with a Captain, Firefighter, and Reserve Firefighter with the only exception being the Palo 
Verde station that is staffed with a Firefighter and Reserve Firefighter. Every fire station has a Type I 
engine as its primary apparatus. The City of Imperial and Heber stations also house a Ladder Truck 
along with the Type I engine. The Seeley and Heber stations also house Type III engines. The ICFD 
Emergency Units strive to respond immediately after receiving the initial tone for service. The actual 
response time would be determined by the area of response throughout the vast response area 
covered. 

The closest fire station to the project is site is the Imperial station located at 2514 La Brucherie Road 
in Imperial, California. This station is located approximately 13.5 miles southwest of the project site. 

Police Protection Services 
Imperial County’s Sheriff’s Department is responsible for police protection services in the 
unincorporated areas of Imperial County and the City of Holtville. The patrol function is divided 
between North County Patrol, South County Patrol, East County Operations, and City of Holtville. 
Deputies assigned to the Patrol Divisions are the “first responders” to a call for law enforcement 
service. The main patrol station is located in El Centro on Applestill Road. Sheriff substations are 
located in the communities of Brawley, Niland, Salton City, and Winterhaven with resident deputies 
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located in the unincorporated community of Palo Verde. Under an existing mutual aid agreement, 
additional law enforcement services would be provided if and when required by all of the cities within 
the county, as well as with Border Patrol and the California Highway Patrol. The California Highway 
Patrol provides traffic regulation enforcement, emergency accident management, and service and 
assistance on state roadways and other major roadways in the unincorporated portions of Imperial 
County.  

The closest sheriff’s station to the project site is located at 220 Main St #207 in Brawley, California.  
This station is approximately 3 miles southwest of the project site.  

3.12.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project.  

State 

Fire Codes and Guidelines 

The California Fire Code (Title 24, Part 9 of the CCR) establishes regulations to safeguard against 
hazards of fire, explosion, or dangerous conditions in new and existing buildings, structures, and 
premises. The Fire Code also establishes requirements intended to provide safety and assistance to 
firefighters and emergency responders during emergency operations. The provisions of the Fire Code 
apply to the construction, alteration, movement, enlargement, replacement, repair, equipment, use 
and occupancy, location, maintenance, removal, and demolition of every building or structure 
throughout the State of California. The Fire Code includes regulations regarding fire resistance-rated 
construction, fire protection systems such as alarm and sprinkler systems, fire services features such 
as fire apparatus access roads, means of egress, fire safety during construction and demolition, and 
wildland-urban interface areas. 

Local 

Imperial County General Plan 

The Imperial County General Plan Seismic and Public Safety Element contains goals and objectives 
that relate to fire protection and law enforcement pertinent to the proposed project. An analysis of the 
project’s consistency with the applicable goals and objectives of the Seismic and Public Safety 
Element is provided in Table 3.12-1.  

Table 3.12-1. Project Consistency with Applicable General Plan Seismic and Public 
Safety Element 

Applicable General Plan Goals/Policies 
Consistency 

Determination Analysis 

Goal 1: Include public health and safety 
considerations in land use planning.  

Consistent The project’s CUP application and site 
plan will be reviewed by the Imperial 
County Fire Department to ensure that 
the facility complies with state and local 
fire codes and fire safety features are 
met. Additionally, the project applicant 
has included site design measures that 
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Table 3.12-1. Project Consistency with Applicable General Plan Seismic and Public 
Safety Element 

Applicable General Plan Goals/Policies 
Consistency 

Determination Analysis 

Objective 1.8: Reduce fire hazards by the design of 
new developments 

meet the County Fire Department’s 
standards which would reduce the 
potential for fire hazards. This includes 
constructing a secondary emergency 
access road, providing all‐weather 
surface roads, and locked gates that 
can be opened by any emergency 
responders. 

Goal 2: Minimize potential hazards to public health, 
safety, and welfare and prevent the loss of life and 
damage to health and property resulting from both 
natural and human-related phenomena.  

Consistent See response above for a discussion on 
how the project would implement all 
state and local fire codes and provide 
site design measures to reduce the 
potential for fire hazards. With regards 
to public safety and security, the project 
would include 6-foot tall perimeter 
security fencing with barbed wire and a 
motion detection system and closed-
circuit camera system. In addition, the 
points of ingress/egress would be 
accessed via locked gates that can be 
opened by any emergency responders. 

Objective 2.5: Minimize injury, loss of life, and 
damage to property by implementing all state codes 
where applicable. 

Source: ICPDS 1997 

CUP = conditional use permit 

Imperial County Office of Emergency Services – Multi-Hazard Mitigation Plan 

The ICFD is the local Office of Emergency services in Imperial County. Imperial County has developed 
the multi-jurisdictional hazard mitigation plan (MHMP) to create a safer community. The purpose of 
the MHMP is to significantly reduce deaths, injuries, and other disaster losses caused by natural and 
human-caused hazards in Imperial County. The MHMP describes past and current hazard mitigation 
activities and outlines goals, strategies, and actions for reducing future disaster losses. The Imperial 
County MHMP is the representation of the County’s commitment to reduce risks from natural and other 
hazards and serves as a guide for decision-makers as they commit resources to reducing the effects 
of natural and other hazards. The jurisdictions included in the MHMP include the cities of Brawley, 
Calexico, Calipatria, El Centro, Holtville, Imperial, and Westmoreland, the IID and the Imperial County 
Office of Education. The MHMP complies with all federal, state, and local laws guiding disaster 
management.  

County Evacuation Plans 

The Imperial County Emergency Operations Plan (EOP) provides guidance and procedures for the 
County to prepare for and respond to emergencies. The EOP designates the Sheriff’s Department as 
having jurisdiction in an emergency involving evacuation within the unincorporated areas of the county 
and within contract cities.  
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3.12.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to public 
services, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to public services are considered 
significant if the project would result in the provision of new or physically altered governmental facilities, 
need for new or physically altered governmental facilities, the construction of which could cause 
significant environmental impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for any of the public services: 

• Fire protection 

• Police protection 

• Schools 

• Parks 

• Other public facilities 

As mentioned previously, it was determined through the preparation of an IS/NOP that the project 
would not result in impacts on schools, parks, or other public facilities. Therefore, those issue areas 
will not be discussed further and are included in Chapter 6, Effects Found Not Significant, of this EIR.  

Methodology 
Evaluation of potential fire and police service impacts of the proposed project was based on 
consultation with the ICFD, Sheriff’s Department and review of other development projects in the area.  

Impact Analysis 

Impact 
3.12-1 

Would the project result in the provision of new or physically altered 
governmental facilities, need for new or physically altered governmental 
facilities, the construction of which could cause significant environmental 
impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for fire protection?  

The project would result in a minor increase in demand for fire protection services over existing levels. 
No operation and maintenance (O&M) buildings are being proposed. Additional auxiliary facilities 
would include lighting, grounding, backup uninterruptable power supply (UPS) systems and diesel 
power generators, fire and hazardous materials safety systems, security systems, chemical safety 
systems, and emergency response facilities. The project also includes a battery energy storage 
system (BESS), located near the proposed substation. The proposed project’s BESS component 
would be placed on a 54,000 square-foot concrete pad. The BESS would consist of 12 banks of 
batteries totaling up to 432 enclosures. Each of the enclosures would utilize self-contained liquid 
cooling systems and include built-in fire suppression systems.  
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The project site is located in the unincorporated area of Imperial County. According to the Seismic and 
Public Safety Element of the General Plan (County of Imperial 1997), the potential for a major fire in 
the unincorporated areas of the County is generally low. As discussed in Chapter 2, Project 
Description, primary access to the project site would be located off N Best Avenue. A secondary 
emergency access road would be located in the northwest portion of the project site. An all‐weather 
surface access road would surround the perimeter of the project site, as well as around solar blocks 
no greater than 500 by 500 feet. Points of ingress/egress would be accessed via locked gates that 
can be opened by any emergency responders. Although the proposed project would be designed, 
constructed, and operated in accordance with applicable fire protection and other environmental, 
health, and safety requirements (e.g., CPUC safety standards), the project applicant will be required 
to consult and coordinate with the Fire Department to address any fire safety and service concerns 
(i.e, BESS) so that adequate service is maintained. While the proposed project may result in an 
increase in demand for fire protection service, with installation of internal fire prevention systems and 
ICFD consultation, the project would not result in an increase in demand that would, in turn, result in 
a substantial adverse physical impact associated with the provision of new or physically altered fire 
protection facilities; the construction of which could cause significant environmental impacts, in order 
to maintain acceptable service ratios, response times, or other performance objectives for any of the 
public services. Based on these considerations, the project would not result in a need for fire facility 
expansion and a less than significant impact would occur. 

Imperial County requires payment of impact fees for new development projects. Fire Impact Fees are 
imposed pursuant to Ordinance 1418 §2 (2006), which was drafted in accordance with the County's 
TischlerBise Impact Fee Study. The ordinance has provisions for non-residential industrial projects 
based on square footage. The project applicant will be required to pay the fire protection services’ 
impact fees. These fees would be included in the Conditions of Approval for the CUP. No new fire 
stations or facilities would be required to serve the project. Impacts would therefore be less than 
significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 
3.12-2 

Would the project result in the provision of new or physically altered 
governmental facilities, need for new or physically altered governmental 
facilities, the construction of which could cause significant environmental 
impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for police protection? 

The project does not include a residential component; therefore, it would not result in a substantial 
addition of residents to the Sheriff Department’s service area. Although the potential is low, the 
proposed project may attract vandals or other security risks and the increase in construction related 
traffic could increase demand on law enforcement services. Six-foot high chain link fencing topped 
with barbed wire would be installed around the perimeter of the project site at the commencement of 
construction and site access would be limited to authorized site workers. Points of ingress/egress 
would be accessed via locked gates. In addition, a motion detection system and closed-circuit camera 
system may also be installed. The site would be remotely monitored 24 hours per day, 7 days per 
week. In addition, periodic on-site personnel visitations for security would occur during operations and 
maintenance of the proposed project, thereby minimizing the need for police surveillance.  
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The proposed project may result in a temporary increase in demand for law enforcement service due 
to the presence of construction equipment and material being stored on-site. With installation of the 
proposed security features on the project site, the proposed project would not result in an increase in 
demand that would, in turn, result in a substantial adverse physical impact associated with the 
provision of new or physically altered sheriff facilities; the construction of which could cause significant 
environmental impacts in order to maintain acceptable service ratios, response times, or other 
performance objectives for any of the public services. As conditions of approval of the project, the 
project applicant will be required to participate in the Imperial County Public Benefit Program for the 
life of this CUP and shall at all times be a party to a public benefit agreement in a form acceptable to 
County Counsel in order to pay for all costs, benefits, and fees associated with the approved project, 
and the applicant will be required to reimburse the Sheriff’s Department for any investigations 
regarding theft on the project site and related law enforcement. Approval of this public benefit 
agreement will be by the Board of Supervisors prior to the issuance of the first building permit. These 
potential impacts are less than significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.12.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. Decommissioning and restoration of the project site would occur and would not result 
in an increased need for fire and police protection services. Decommissioning of the project would 
occur through implementation of a required Reclamation Plan. These activities would be in the form 
of disassembling project components, including the BESS, and then restoring the site to pre-project 
conditions, both of which would not create an increase in demand for police or fire service beyond the 
level required for the proposed solar operations. Therefore, no impact is identified and no mitigation is 
required for this phase. 

Residual 
With payment of the development impact fees for fire and police protection services, project impacts 
would be less than significant. No mitigation is required, and no residual significant and unmitigated 
impacts would result. 
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3.13 Transportation 
This section addresses the proposed project’s impacts on traffic and the surrounding roadway network 
associated with construction and operation of the proposed project. The following discussion describes 
the existing conditions in the surrounding area, the existing federal, state, and local regulations 
regarding transportation, and an analysis of the potential impacts of the proposed project. 

Information in this section is summarized from the Traffic Letter Report – Brawley Solar Project 
prepared by Linscott, Law & Greenspan (LLG). This report is included in Appendix G of this EIR. 

3.13.1 Existing Conditions 

Existing Circulation Network 
The following is a description of the nearby roadway network: 

North Best Avenue is an unclassified roadway in the Imperial County Circulation Element Plan. It is 
currently constructed as a two-lane north-south roadway in the study area. There is no posted speed 
limit. There are no bike lanes provided. 

Ward Road is an unclassified roadway in the Imperial County Circulation Element Plan. It is currently 
constructed as a two-lane east-west roadway in the study area. There is no posted speed limit. There 
are no bike lanes provided. 

State Route 111 (SR-111) begins at the International Border between Mexico and the United States 
traveling north with two travel lanes in each direction. SR 111 (Imperial Avenue) is classified as a 4-
Lane primary north/south arterial in the City of Calexico Circulation Element. Class II bicycle lanes are 
provided north of SR 98. Bus stops are not provided. Curb, gutter, and sidewalks are provided south 
of SR 98. Curbside parking is permitted intermittently south of SR 98, on both sides of the roadway. 
The speed limit is posted at 55 mph. 

Alternative/Public Transportation 

Fixed Route Transportation 

Imperial Valley Transit (IVT) is an inter-city fixed route bus system, subsidized by the Imperial Valley 
Association of Governments (IVAG), administered by the County Department of Public Works and 
operated by a public transit bus service. The service is wheelchair accessible and Americans with 
Disabilities Act compliant. IVT Routes are defined categorized in the following manner:  

• Fixed Routes. Fixed routes operate over a set pattern of travel and with a published schedule. 
The fixed route provides a low cost, reliable, accessible and comfortable way to travel.  

• Deviated Fixed Route. In several service areas, IVT operates on a deviated fixed route basis 
so that persons with disabilities and limited mobility are able to travel on the bus. Passengers 
must call and request this service the day before service is desired in the communities of 
Seeley, Ocotillo and the east side of the Salton Sea.  

• Remote Zone Routes. Remote zone route operate once a week. These routes are "lifeline" 
in nature in that they provide connections from some of the more distant communities in the 
Imperial County area (IVT 2021).  

 

PC ORIGINAL PKG



3.13 Transportation 
Final EIR | Brawley Solar Energy Facility Project 

3.13-2 | January 2023 Imperial County 

The project site is not within the Fixed Route Transportation system and, therefore, would not receive 
regular bus service to the project site or within the vicinity of the project site. The IVT Gold Line serves 
the Brawley area with 31 bus stops. The nearest IVT bus stop is located at Flammang Avenue and 
Gutierrez Court, which is approximately two miles southwest of the project site.  

Bicycle Facilities 

The project site is located within a rural portion of Imperial County. There are no bicycle facilities in 
the immediate proximity of the project site.  

Project Site Access  
Regional access to the site would be provided by SR-78 and SR-111. As shown in Figure 2-3, primary 
access to the project site would be located off N Best Avenue. A secondary emergency access road 
would be located in the northwest portion of the project site. 

3.13.2 Regulatory Setting 
This section identifies and summarizes laws, policies, and regulations that are applicable to the 
proposed project. 

State 

Senate Bill 743 

In September 2013, the Governor’s Office signed Senate Bill 743 into law, starting a process that 
fundamentally changes the way transportation impact analysis is conducted under CEQA. Within the 
State’s CEQA Guidelines, these changes include the elimination of Auto Delay, level of service (LOS), 
and similar measurements of vehicular roadway capacity and traffic congestion as the basis for 
determining significant impacts. The guidance identifies vehicle miles traveled (VMT) as the most 
appropriate CEQA transportation metric, along with the elimination of Auto Delay/LOS for CEQA 
purposes statewide. The justification for this paradigm shift is that Auto Delay/LOS impacts lead to 
improvements that increase roadway capacity and therefore induce more traffic and greenhouse gas 
emissions.  

California Department of Transportation 

Caltrans manages more than 50,000 miles of California's highway and freeway lanes, provides 
inter-city rail services, permits more than 400 public-use airports and special-use hospital heliports, 
and works with local agencies. Specifically, Caltrans is responsible for the design, construction, 
maintenance, and operation of the California State Highway System.  

As it relates to the proposed project and potential construction access routes within the County, 
Caltrans District 11 is responsible for maintaining and managing I-8, SR-78 and SR-111.  

Regional 

Southern California Association of Governments (SCAG) 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy (RTP/SCS) (Connect SoCal) 

On September 3,2020, SCAG adopted the 2020-2045 RTP/SCS (SCAG 2020). The RTP/SCS is a 
long-range visioning plan that balances future mobility and housing needs with economic, 
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environmental and public health goals. Input from local governments, county transportation 
commissions, tribal governments, non-profit organizations, businesses, and local stakeholders within 
the counties of Imperial, Los Angeles, Orange, Riverside, San Bernardino, and Ventura. The 
2020-2045 RTP/SCS demonstrates how the region will reduce emissions from transportation sources 
to comply with SB 375 and meet the NAAQS set forth by the Clean Air Act.  

The updated RTP/SCS contains thousands of individual transportation projects that aim to improve 
the region’s mobility and air quality and revitalize the economy. Since the RTP/SCS’s adoption, the 
county transportation commissions have identified new project priorities and have experienced 
technical changes that are time-sensitive. Additionally, the new amendments for the plan have outlined 
minor modifications to project scopes, costs and/or funding and updates to completion years. The 
amendments to the RTP/SCS do not change any other policies, programs, or projects in the plan. 

Local 

County of Imperial Circulation and Scenic Highways Element 

The Circulation and Scenic Highways Element identifies the location and extent of transportation 
routes and facilities. It is intended to meet the transportation needs of local residents and businesses 
and as a source for regional coordination. The inclusion of Scenic Highways provides a means of 
protecting and enhancing scenic resources within highway corridors in Imperial County. The purpose 
of the Circulation and Scenic Highways Element is to provide a comprehensive document which 
contains the latest knowledge about the transportation needs of the County and the various modes 
available to meet these needs. Additionally, the purpose of this Element is to provide a means of 
protecting and enhancing scenic resources within both rural and urban scenic highway corridors.  

Coordination across jurisdictional standards for road classification and design standards was identified 
as a crucial component to the 2008 update of the Circulation and Scenic Highways Element. The intent 
of this element is to provide a system of roads and streets that operate at a LOS “C” or better (County 
of Imperial 2008). 

County of Imperial Bicycle Master Plan Update: Final Plan 

In 2012, the County of Imperial adopted an updated Bicycle Master Plan to serve as the guiding 
document for the development of an integrated network of bicycle facilities and supporting programs 
designed to link the unincorporated areas and attractive land uses throughout the County. This 
document is an update to the previously adopted Countywide Bicycle Master Plan; and was prepared 
to accomplish the following goals: 

1. To promote bicycling as a viable travel choice for users of all abilities in the County 

2. To provide a safe and comprehensive regional connected bikeway network  

3. To enhance environmental quality, public health, recreation and mobility benefits for the 
County through increased bicycling 

The County of Imperial's General Plan, Circulation and Scenic Highways Element, and Conservation 
and Open Space Element, provide a solid planning basis for the Bicycle Master Plan. In spite of the 
fact that there are a limited number of bicycle facilities in Imperial County and no comprehensive 
bicycle system, there is a growing interest in cycling and numerous cyclists bike on a regular basis for 
both recreation and commuting to work and school. 
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3.13.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to transportation are considered 
significant if any of the following occur: 

• Conflict with a program plan, ordinance or policy addressing the circulation system, including 
transit, roadway, bicycle and pedestrian facilities 

• Conflict with or be inconsistent with CEQA Guidelines section 15064.3, subdivision (b) 

• Substantially increase hazards due to a geometric design feature (e.g., sharp curves or 
dangerous intersections) or incompatible uses (e.g., farm equipment) 

• Result in inadequate emergency access 

Methodology  
The assessment evaluates the proposed project’s trip generated during and after construction, and 
roadway conditions for roads that would be utilized to access the project site for construction. 

Project Trip Generation 
Construction of the proposed project would occur in phases beginning with site preparation and 
grading and ending with equipment setup and commencement of commercial operations. During peak 
construction activities, 120 workers and a maximum of 60 trucks at a time would be required. 

Daily and peak hour trip generation rates and in/out splits were calculated for the peak construction 
period using detailed data developed for analysis of the project’s impacts. Construction activities would 
generally occur during a 12-hour-shift day. A worst-case scenario in which all employees would arrive 
prior to the morning peak commuter period (7:00 – 9:00 a.m.) and depart within the evening peak 
period (4:00 – 6:00 p.m.) was assumed. Truck trips are anticipated to be distributed generally evenly 
throughout the 12-hour-shift day. In order to provide a conservative analysis, all employees were 
assumed to arrive and depart during peak commute periods. In addition, no carpooling for construction 
employees was assumed. 

A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the Highway 
Capacity Manual or HCM) to account for their reduced performance characteristics in the traffic stream 
(e.g. starting, stopping, and maneuvering). This information was used in calculating the project-
generated average daily traffic (ADT). 

Table 3.13-1 tabulates the total daily and peak hour project traffic volumes. The project’s construction 
trip generation is calculated to be 540 ADT with 127 inbound/19 outbound trips during the AM peak 
hour and 19 inbound/ 127 outbound trips during the PM peak hour. These values include the heavy-
vehicle PCE-adjustment.  

Once fully constructed, the project would be operated on an unstaffed basis and be monitored remotely 
from the existing Brawley Geothermal Power Plant control room, with periodic on-site personnel 
visitations for security, maintenance and system monitoring. Therefore, no full-time site personnel 
would be required on-site during operations and approximately two employees would only be onsite 
up to four times per year to wash the solar panels.  
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Table 3.13-1. Construction Project Trip Generation 
Use Size PCE b Daily Trips AM Peak Hour PM Peak Hour 

Volume Volume 

Rate 
(In + Out) 

Volume 
(ADT)a 

In  Out In  Out 

Personnel 120 1 2.0/personnel 240 114 6 6 114 

Trucks 60 2.5 2.0/truck 300 13 13 13 13 

Subtotal -- -- -- 540 127 19 19 127 

Notes: a – ADT = Average daily traffic; b – PCE = Passenger car equivalent 
1. To estimate the employee traffic, it is conservatively assumed that 100% of the employee traffic would access the work 
area during the same commuter peak hours between 7:00 – 9:00 a.m. & 4:00 – 6:00 p.m. 
2. The In/Out splits assumed are 95:5 during AM peak hour and 5:95 during the PM peak hour. 
3. Truck trips are estimated to occur relatively evenly throughout a 12-hour construction hours proposed for the project. For 
30 trucks, this calculates to approximately 2.3 trucks/hour without PCE. 
4. A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the Highway Capacity Manual or HCM) 
Source: Appendix G of this EIR 

Impact Analysis  

Impact 3.13-1 Would the project conflict with a program plan, ordinance or policy 
addressing the circulation system, including transit, roadway, bicycle and 
pedestrian facilities? 

During the construction phase of the proposed project, the maximum number of trip ends generated 
on a daily basis would be approximately 540 trips. Based on the low amount of construction trips 
generated and low existing traffic volumes on area roadways, no substantial transportation impacts 
are anticipated. Implementation of the proposed project would not require any public road widening to 
accommodate vehicular trips associated with the proposed project (construction phase and 
operational phase), while maintaining adequate LOS. Additionally, future operations and maintenance 
would be conducted remotely, with minimal trips to the project site for panel washing and other solar 
maintenance. Approximately two employees would be onsite up to four times per year to wash the 
solar panels, which equates to 8 trips per employee or 16 trips annually. There is no regular bus 
service to the general area and project-related construction and operations and maintenance phases 
would not impact mass transit. The proposed project would not interfere with bicycle facilities because 
the proposed project is located in a rural portion of the County with no existing or potential future 
designated bike routes in the immediate vicinity. Therefore, the proposed project would not result in 
any significant impacts to any roadway segments or transportation related facilities/infrastructure 
within the project area during construction and operation; and would not conflict with a program plan, 
ordinance, or policy as it relates to traffic and transportation. Impacts are considered less than 
significant. 

Mitigation Measure(s) 

No mitigation measures are required.  
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Impact 3.13-2 Would the project conflict with or be inconsistent with CEQA Guidelines 
section 15064.3, subdivision (b)? 

Section 15064.3(b) of the CEQA Guidelines provides guidance on determining the significance of 
transportation impacts and focuses on the use of vehicle miles traveled (VMT), which is defined as the 
amount and distance of automobile travel associated with a project. 

Although the proposed project would increase VMT during the construction phase as a result of trips 
made by construction workers and transportation of construction material and equipment, these 
increases are temporary in nature. Further, as discussed above, operation of the proposed project 
would only require intermittent maintenance (including inspection, panel washing, and vegetation 
removal), which would be a nominal amount of vehicle trips generated (16 trips annually). Therefore, 
the proposed project would not conflict or be inconsistent with Section 15064.3(b) of the CEQA 
Guidelines and this impact is considered less than significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.13-3 Would the project substantially increase hazards due to a geometric design 
feature (e.g., sharp curves or dangerous intersections) or incompatible uses 
(e.g., farm equipment)? 

Project construction would include the renovation of existing dirt roads to all-weather surfaces (to meet 
the County standards) from N Best Avenue to the City of Brawley wastewater treatment plant. 
Construction of the proposed project would begin with clearing of existing brush and installation of 
fencing around the project boundary. A 20-foot road of engineering-approved aggregate would 
surround the site within the fencing. 

As shown in Figure 2-3, primary access to the project site would be located off N Best Avenue. A 
secondary emergency access road would be located in the northwest portion of the project site. 
Access roads would be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards. An all‐weather surface access road would surround the perimeter of the project site, as 
well as around solar blocks no greater than 500 by 500 feet.  

At the time of final design for the proposed project, and as a Condition of Approval of the proposed 
project, the applicant will submit a final Haul Route Study that identifies what road improvements, if 
any, are requested by Department of Public Works and a cost estimate. The applicant would work with 
the Department of Public Works to address the appropriate improvements and Applicant’s 
responsibility for the cost of improvements, if required. The Haul Route Study would include the 
following components:  

1. Pictures and/or other documents to verify the existing conditions of the roads proposed to be 
utilized for haul routes  

2. The Haul Route Study shall evaluate the impact to the roads and access points listed above, 
and provide recommendations on improvements, as well as quantity and cost estimates for 
such improvements  

The County Department of Public Works will require a Roadway Maintenance Agreement, and that 
the application provide financial security to maintain the road on the approved Haul Route Study during 
construction. The Applicant would be responsible to repair any damages caused by construction traffic 
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during construction and maintain them in safe conditions. The use of the proposed access roads are 
not otherwise anticipated to increase hazards because of design features or incompatible uses and 
no significant impact is identified. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.13-4 Would the project result in inadequate emergency access? 

PV panels would be spaced to maintain proper clearance for emergency access. Internal access roads 
would be constructed along the perimeter fence and solar panels to facilitate vehicle access and 
maneuverability for emergency unit vehicles. Access roads would be constructed with an all‐weather 
surface, to meet the County Fire Department’s standards. The access roads would also have 
turnaround areas at any dead-end to allow clearance for fire trucks per fire department standards. 
Based on this context, impacts on this issue area are considered less than significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.13.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. As presented above, construction traffic would not result in a significant impact on 
any of the project area roadway segments, intersections, and freeway segments because of the low 
volume of traffic. A similar scenario would occur during the decommissioning and site restoration stage 
for the proposed project. ADT would be similar to or less than the ADT required for construction. 
Similarly, the decommissioning activities would not result in a significant impact related to possible 
safety hazards, or possible conflicts with adopted policies, plans, or programs as the decommissioning 
and subsequent restoration would revert the project site to pre-project conditions. Therefore, 
decommissioning and restoration of the project site would not generate traffic resulting in a significant 
impact on the circulation network. A less than significant impact is identified and no mitigation is 
required. 

Residual  
The construction and operation of the proposed project would not result in direct impacts on 
intersections, roadway segments, and freeway segments. Therefore, less than significant impacts 
have been identified. No mitigation is required and no residual unmitigated impacts would occur with 
implementation of the proposed project. 
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3.14 Tribal Cultural Resources 
This section discusses tribal cultural resources that may be potentially impacted by the proposed 
project. The following identifies the existing cultural resources within the project site, analyzes potential 
impacts of the proposed project, and recommends mitigation measures to avoid or reduce potential 
impacts of the proposed project.  

Information for this section is summarized from the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project prepared by Chambers Group, Inc. This report is included in 
Appendix E of this EIR. 

3.14.1  Existing Conditions 
Tribal cultural resources are defined as sites, features, places, cultural landscapes, sacred places, 
and objects with cultural value to a California Native American tribe that are either included or 
determined to be eligible for inclusion in the California Register of Historical Resources (CRHR); or 
included in a local register of historical resources; or a resource determined by the lead agency, in its 
discretion and supported by substantial evidence, to be significant. Historical resources, unique 
archaeological resources, or non-unique archaeological resources may also be tribal cultural 
resources if they meet these criteria (PRC Section 21074). 

Tribal Cultural Setting  
See Section 3.6, Cultural Resources of this EIR and the Archaeological and Paleontological 
Assessment Report for the Brawley Solar Project (Appendix E of this EIR) for a description of the 
regional ethnohistory. 

Sacred Lands File Results 
The California Native American Heritage Commission (NAHC) identifies, catalogs, and protects Native 
American cultural resources on private and public lands in California. Cultural resources include 
graves, cemeteries, and places of special religious or social significance to Native Americans. The 
NAHC also records the historical territories of state recognized tribes into a database called the Sacred 
Lands File (SLF). A records search of the SLF is conducted to ensure that the tribes potentially affected 
by a project are properly notified and consulted. 

A SLF search request was submitted on October 2, 2020 to the California NAHC. The search results 
were received on October 28, 2020, and were positive. The NAHC response provided contact 
information for Native American tribes that may have information on cultural resources on the project 
site. 

 

Tribal Notification  
Pursuant to Assembly Bill (AB) 52, California Native American tribes traditionally and cultural affiliated 
with the project area can request notification of projects in their traditional cultural territory. The NAHC 
enclosed a list of Native American groups and individuals who may be able to provide information 
about Native American cultural resources in the vicinity of the project site.  
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Pursuant to Senate Bill (SB) 18, prior to the approval or any amendment of a general plan or specific 
plan, a local government must notify the appropriate tribes (on the contact list maintained by the 
NAHC) of the opportunity to conduct consultations for the purpose of preserving, or mitigating impacts 
on, cultural places on land within the local government’s jurisdiction that is affected by the proposed 
plan adoption or amendment.  

In accordance with AB 52 and SB18, the County provided notification of the proposed project to the 
following Native American tribes via certified mail on August 4, 2021:  

• Barona Group of the Capitan Grande 

• Campo Band of Diegueno Mission Indians 

• Ewiiaapaayp Band of Kumeyaay Indians 

• Iipay Nation of Santa Ysabel 

• Inja-Cosmit Band of Indians 

• Jamul Indian Village 

• Kwaaymii Laguna Band of Mission Indians 

• La Posta Band of Diegueno Mission Indians 

• Manzanita Band of Kumeyaay Nation 

• Mesa Grande Band of Diegueno Mission Indians 

• Quechan Tribe of the Fort Yuma Reservation 

• San Pasqual Band of Diegueno Mission Indians 

• Sycuan Band of Kumeyaay Nation 

• Viejas Band of Kumeyaay Indians 

The County requested for tribes to provide any information regarding any Traditional Cultural 
Properties, Sacred Sites, resource collecting areas, or any other areas of concern known to occur in 
the project area. No tribes have responded that indicate the potential for traditional cultural properties 
or sacred sites. 

3.14.2 Regulatory Setting 
This section identifies and summarizes federal, state, and local laws, policies, and regulations that 
are applicable to the project. 

Federal 

Native American Graves Protection and Repatriation Act (1990); Title 25, United States Code 
Section 3001, et seq. 

The Native American Graves Protection and Repatriation Act defines “cultural items,” “sacred objects,” 
and “objects of cultural patrimony;” establishes an ownership hierarchy; provides for review; allows 
excavation of human remains, but stipulates return of the remains according to ownership; sets 
penalties; calls for inventories; and provides for the return of specified cultural items. 
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State 

Assembly Bill 52 

AB 52 amends PRC 5097.94, and adds eight new sections to the PRC relating to Native Americans. 
AB 52 was passed in 2014 and took effect on July 1, 2015. It establishes a new category of 
environmental impacts that must be considered under CEQA called tribal cultural resources (PRC 
21074) and establishes a process for consulting with Native American tribes and groups regarding 
potential impacts to tribal resources. Under AB 52, a project that may substantially change the 
significance of a tribal cultural resource is a project that may have a significant impact on the 
environment. If a project may cause a significant impact on a tribal cultural resource, the lead agency 
shall implement measures to avoid the impacts when feasible.  

Senate Bill 18 

SB 18 requires local governments to consult with tribes prior to making certain planning decisions and 
to provide notice to tribes at certain key points in the planning process. These consultation and notice 
requirements apply to approvals and amendments of both general plans (defined in Government Code 
§65300 et seq.) and specific plans (defined in Government Code §65450 et seq.).  

Prior to the approval or any amendment of a general plan or specific plan, a local government must 
notify the appropriate tribes (on the contact list maintained by the NAHC) of the opportunity to conduct 
consultations for the purpose of preserving, or mitigating impacts on, cultural places on land within the 
local government’s jurisdiction that is affected by the proposed plan adoption or amendment. Tribes 
have 90 days from the date on which they receive notification to request consultation, unless a shorter 
timeframe has been agreed to by the tribe (Government Code §65352.3). 

Public Resources Code Section 21074 

PRC Section 21074 defines a tribal cultural resource as a site, feature, place, cultural landscape, 
sacred place, and any object with cultural value to a California Native American Tribe. A tribal cultural 
resource must be on or eligible for the CRHR or must be included in a local register of historical 
resources. The lead agency can determine if a tribal cultural resource is significant even if it has not 
been evaluated for the CRHR or is not included on a local register. 

Assembly Bill 4239 

AB 4239, passed in 1976, established the NAHC as the primary government agency responsible for 
identifying and cataloging Native American cultural resources. The bill authorized the Commission to 
act in order to prevent damage to and insure Native American access to sacred sites and authorized 
the Commission to prepare an inventory of Native American sacred sites located on public lands. 

Public Resources Code Section 21074 

PRC Section 21074 defines a tribal cultural resource as a site, feature, place, cultural landscape, 
sacred place, and any object with cultural value to a California Native American Tribe. A tribal cultural 
resource must be on or eligible for the CRHR or must be included in a local register of historical 
resources. The lead agency can determine if a tribal cultural resource is significant even if it has not 
been evaluated for the CRHR or is not included on a local register. 
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Public Resources Code 5097.97 

No public agency and no private party using or occupying public property or operating on public 
property under a public license, permit, grant, lease, or contract made on or after July 1, 1977, shall 
in any manner whatsoever interfere with the free expression or exercise of Native American religion 
as provided in the U.S. Constitution and the California Constitution; nor shall any such agency or party 
cause severe or irreparable damage to any Native American sanctified cemetery, place of worship, 
religious or ceremonial site, or sacred shrine located on public property, except on a clear and 
convincing showing that the public interest and necessity so require. 

Public Resources Code 5097.98 (b) and (e) 

PRC 5097.98 (b) and (e) require a landowner on whose property Native American human remains are 
found to limit further development activity in the vicinity until he/she confers with the NAHC-identified 
most likely descendants (MLD) to consider treatment options. In the absence of MLDs or of a treatment 
acceptable to all parties, the landowner is required to reenter the remains elsewhere on the property 
in a location not subject to further disturbance. 

California Health and Safety Code, Section 7050.5 

California HSC 7050.5 makes it a misdemeanor to disturb or remove human remains found outside a 
cemetery. This code also requires a project owner to halt construction if human remains are discovered 
and to contact the County Coroner. 

3.14.3 Impacts and Mitigation Measures 
This section presents the significance criteria used for considering project impacts related to tribal 
cultural resources, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if necessary. 

Thresholds of Significance 
Based on CEQA Guidelines Appendix G, project impacts related to tribal cultural resources are 
considered significant if the project causes a substantial adverse change in the significance of a tribal 
cultural resource defined in PRC section 21074 as either a site, feature, place, cultural landscape that 
is geographically defined in terms of the size and scope of the landscape, sacred place, or object with 
cultural value to a California Native American tribe, and that is: 

• Listed or eligible for listing in the CRHR, or in a local register of historical resources as defined 
in PRC section 5020.1(k) 

• A resource determined by the lead agency, in its discretion and supported by substantial 
evidence, to be significant pursuant to criteria set forth in subdivision (c) of PRC Section 
5024.1. In applying the criteria set forth in subdivision (c) of PRC Section 5024.1, the lead 
agency shall consider the significance of the resource to a California Native American tribe 
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Impact Analysis  

Impact 
3.14-1 

Would the project cause a substantial adverse change in the significance of a 
tribal cultural resource defined in Public Resources Code section 21074 as 
either a site, feature, place, cultural landscape that is geographically defined 
in terms of the size and scope of the landscape, sacred place, or object with 
cultural value to a California Native American tribe, and that is: 

 Listed or eligible for listing in the California Register of Historical Resources, or in a 
local register of historical resources as defined in Public Resources Code section 
5020.1(k) 

A resource determined by the lead agency, in its discretion and supported by 
substantial evidence, to be significant pursuant to criteria set forth in subdivision (c) 
of Public Resources Code Section 5024.1. In applying the criteria set forth in 
subdivision (c) of Public Resources Code Section 5024.1, the lead agency shall 
consider the significance of the resource to a California Native American tribe? 

The NAHC maintains the confidential SLF which contains sites of traditional, cultural, or religious value 
to the Native American community. A SLF search request was submitted on October 2, 2020 to the 
California NAHC. The search results were received on October 28, 2020 and were positive.  

In accordance with AB 52 and SB18, the County provided notification of the proposed project to 14 
Native American tribes (see complete list in Section 3.14.1) via certified mail on August 4, 2021.  The 
County requested for tribes to provide any information regarding any Traditional Cultural Properties, 
Sacred Sites, resource collecting areas, or any other areas of concern known to occur in the project 
area. No tribes have responded that indicate the potential for traditional cultural properties or sacred 
sites. Therefore, the project is not anticipated to cause a substantial adverse change in the significance 
of a tribal cultural resource, defined in PRC section 21074 as either a site, feature, place, cultural 
landscape that is geographically defined in terms of the size and scope of the landscape, sacred place, 
or object with cultural value to a California Native American tribe, and that is a resource determined 
by the lead agency, in its discretion and supported by substantial evidence, to be significant pursuant 
to criteria set forth in subdivision (c) of PRC Section 5024.1, and, per the criteria set forth in Section 
5024.1, considering the significance of the resource to a California Native American tribe. As stated in 
Section 3.6 Cultural Resources, potential impacts to archaeological resources would be less than 
significant with implementation of Mitigation Measures CUL-1 through CUL-6.  Impacts specifically 
related to tribal cultural resources would be less than significant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.14.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. No grading or significant landform modifications would be required during 
decommissioning activities upon site restoration in the future. No impact on tribal cultural resources 
would occur.  
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Residual 
As described above, impacts specifically related to tribal cultural resources would be less than 
significant. No mitigation is required and no residual unmitigated impacts would occur with 
implementation of the proposed project. 
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3.15 Utilities and Service Systems 
This section includes an evaluation of potential impacts for identified Utilities/Service Systems that 
could result from implementation of the project. Utilities/Service Systems include wastewater treatment 
facilities, stormwater drainage facilities, water supply and treatment, and solid waste disposal. The 
impact analysis provides an evaluation of potential impacts to Utilities/Service Systems based on 
criteria derived from CEQA Guidelines in conjunction with actions proposed in Chapter 2, Project 
Description. DuBose Design Group prepared the Water Supply Assessment (WSA) for the Brawley 
Solar Energy Facility. This report is included in Appendix H of this EIR.  

The IS/NOP prepared for this EIR determined that impacts with regards to solid waste disposal, storm 
drainage, and wastewater treatment would be less than significant. Therefore, these impacts are not 
addressed in detail in this EIR; however, the rationale for eliminating these issues is discussed in 
Chapter 6.0, Effects Found Not Significant. 

3.15.1 Existing Conditions 
The Imperial Valley area is located within the south-central part of Imperial County and is bound by 
Mexico on the south, the Algodones Sand Hills on the east, the Salton Sea on the north and San Diego 
County on the northwest, and the alluvial fans bordering the Coyote Mountains and the Yuha Desert 
to the southwest. Imperial Valley depends on the Colorado River for its water, which the Imperial 
Irrigation District (IID) transports, untreated, to delivery gates for agricultural, municipal, industrial 
(including geothermal and solar energy), environmental (managed marsh), recreational (lakes), and 
other non-agricultural uses. IID supplies the cities, communities, institutions and Golden State 
Water (which includes all or portions Calipatria, Niland, and some adjacent Imperial County territory) 
with untreated water that they treat to meet state and federal drinking water guidelines before 
distribution to their customers (Appendix H of this EIR).  

The project site is located within IID’s Imperial Unit and district boundary and as such is eligible to 
receive water service. IID has adopted an Interim Water Supply Policy (IWSP) for Non-Agricultural 
Projects, from which water supplies can be contracted to serve new developments within IID’s water 
service area. The IWSP sets aside 25,000 acre-feet annually (AFY) of IID’s Colorado River water 
supply to serve new non-agricultural projects. As of October 2021, a balance of 23,800 acre-feet per 
year (AFY) remain available under the IWSP for new non-agricultural projects ensuring reasonably 
sufficient supplies for such projects. Water for the project site will continue to be supplied by the 
adjacent Best Canal Lateral X through an IWSP Water Supply Agreement with IID to process the 
untreated Colorado River water for the proposed project. IID delivers untreated Colorado River water 
to the project site for agricultural uses through the following gates and laterals. The 10-year record for 
2011-2020 of water delivery accounting is shown in Table 3.15-1. 
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Table 3.15-1. Historic 10-Year Historic Delivery (AFY): 2011 through 2020 
Canal/Gate 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Best 115 0 0 226.9 412.3 435.8 425.0 307.9 513.8 417.3 317.2 

 
 
 
 
 
 
 
 

Best 114 0 0 136.9 230.9 259.2 257.0 262.0 340.9 381.1 247.2 

 
 
 
 
 
 

Best 113 0 0 111.4 286.1 212.8 223.4 350.5 282.8 197.2 247.5 

 
 
 
 

Best 110 0 0 127.4 161.4 172.6 142.4 121.9 171.0 204.5 163.0 

 
 

Total 0 0 602.6 1090.7 1080.4 1047.8 1042.3 1308.5 1200.1 974.9 

Source: Appendix H of this EIR 
AF = acre-feet per year 

3.15.2 Regulatory Setting 
This section identifies and summarizes laws, policies, and regulations that are applicable to the 
proposed project. 

State 

Senate Bill 610 

With the introduction of SB 610, any project under CEQA shall provide a WSA if: 

• The project meets the definition of the Water Code Section 10912:  

For the purposes of this part, the following terms have the following meanings:  

(a) ‘‘Project’’ means any of the following:  

(1) A proposed residential development of more than 500 dwelling units.  
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(2) A proposed shopping center or business establishment employing more than 1,000 
persons or having more than 500,000 square feet of floor space.  

(3) A proposed commercial office building employing more than 1,000 persons or 
having more than 250,000 square feet of floor space. 

(4) A proposed hotel or motel, or both, having more than 500 rooms.  

(5) A proposed industrial, manufacturing, or processing plant, or industrial park 
planned to house more than 1,000 persons, occupying more than 40 acres of land, or 
having more than 650,000 square feet of floor area.  

(6) A mixed-use project that includes one or more of the projects specified in this 
subdivision.  

(7) A project that would demand an amount of water equivalent to, or greater than, the 
amount of water required by a 500 dwelling unit project. 

(b) If a public water system has fewer than 5,000 service connections, then ‘‘project’’ means 
any proposed residential, business, commercial, hotel or motel, or industrial development that 
would account for an increase of 10 percent or more in the number of the public water system’s 
existing service connections, or a mixed-use project that would demand an amount of water 
equivalent to, or greater than, the amount of water required by residential development that 
would represent an increase of 10 percent or more in the number of the public water system’s 
existing service connections. 

After review of Water Code Section 10912, the solar facility is deemed a “project” because it is a 
proposed industrial use occupying more than 40 acres of land.  

California Water Code 

Water Code Sections 10656 and 10657 restrict state funding for agencies that fail to submit their urban 
water management plan to the Department of Water Resources. In addition, Water Code Section 
10910 describes the WSA that must be undertaken for projects referred under PRC Section 21151.9, 
including an analysis of groundwater supplies. Water agencies are given 90 days from the start of 
consultation in which to provide a WSA to the CEQA lead agency. Water Code Section 10910 also 
specifies the circumstances under which a project for which a WSA was once prepared would be 
required to obtain another assessment. Water Code Section 10631, directs that contents of the urban 
water management plans include further information on future water supply projects and programs 
and groundwater supplies. 

Water Quality Control Plan for the Colorado River Basin 

The Water Quality Control Plan for the Colorado River Basin (or Basin Plan) prepared by the Colorado 
River RWQCB (Region 7) identifies beneficial uses of surface waters within the Colorado River Basin 
region, establishes quantitative and qualitative water quality objectives for protection of beneficial 
uses, and establishes policies to guide the implementation of these water quality objectives.  
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Local 

Imperial Integrated Regional Water Management Plan 

The Imperial Integrated Regional Water Management Plan (IRWMP) serves as the governing 
document for regional water planning to meet present and future water resource needs and demands 
by addressing such issues as additional water supply options, demand management and 
determination and prioritization of uses and classes of service provided. In November 2012, the 
Imperial County Board of Supervisors approved the Imperial IRWMP, and the City of Imperial City 
Council and the IID Board of Directors approved it in December 2012. Through the IRWMP process, 
IID presented to the region stakeholders options in the event long-term water supply augmentation is 
needed, such as water storage and banking, recycling of municipal wastewater, and desalination of 
brackish water. 

Imperial Irrigation District Interim Water Supply Policy for Non-Agricultural Projects 

The IWSP was adopted by the IID Board on September 29, 2009. The IWSP provides a mechanism 
to address water supply requests for projects being developed within the IID service area. The IWSP 
designates up to 25,000 AFY of IID’s annual Colorado River water supply for new non-agricultural 
projects, provides a mechanism and process to develop a water supply agreement for any 
appropriately permitted project, and establishes a framework and set of fees to ensure the supplies 
used to meet new demands do not adversely affect existing users by funding water conservation or 
augmentation projects, as needed.  

Depending on the nature, complexity, and water demands of the proposed project, new projects may 
be charged a one-time reservation fee and an annual water supply development fee for the contracted 
water volume used solely to assist in funding new water supply projects. All new industrial use projects 
are subject to the fee, while new municipal and mixed-use projects shall be subject to the fee if the 
project water demands exceed certain district-wide average per capita use standards. The applicability 
of the fee to mixed-use projects will be determined by IID on a case-by-case basis, depending on the 
proportion of types of land uses and water demand proposed for a project.  

Temporary Land Conversion Fallowing Policy 

The Temporary Land Conversion Fallowing Policy was adopted by the Board on October 28, 2013, to 
provide a mechanism for IID to administer apportionment of the district’s quantified annual supply of 
Colorado River water; IID board approved a resolution repealing the Equitable Distribution Plan (EDP) 
on February 6, 2018.  

In order to facilitate new development and economic diversity in Imperial County; as well as ensure 
that the long-term, temporary, land use designations are conducive to a coordinated land use/water 
supply policy as envisioned in the Imperial IRWMP the IID Temporary Land Conversion Fallowing 
Policy was developed. This policy provides a framework for a temporary, long-term fallowing program 
to work in concert with the IWSP and provides direction for certain private projects that, if implemented, 
will temporarily remove land from agricultural production within the district’s water service area include 
renewable solar energy and other non-agricultural projects. Such projects may need a short-term 
water supply for construction and decommissioning activities and longer-term water service for facility 
operation and maintenance or for treating to potable water standards. 
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County of Imperial General Plan 

The Imperial County General Plan provides goals, objectives, policies, and programs regarding the 
preservation and use of water. Table 3.15-2 provides a consistency analysis of the applicable Imperial 
County General Plan goals and objectives from the Conservation and Open Space Element, and 
Renewable Energy and Transmission Element, as they relate to the proposed project. While the EIR 
analyzes the project’s consistency with the General Plan pursuant to CEQA Guidelines 
Section 15125(d), the Imperial County Board of Supervisors ultimately determines consistency with 
the General Plan. 

Table 3.15-2. County of Imperial General Plan Consistency Analysis – Water Service 
Applicable General Plan Goals 
and Policies 

Consistency 
Determination 

Analysis 

Conservation and Open Space Element 

Preservation of Water Resources, 
Goal 6: The County will conserve, 
protect, and enhance water 
resources in the County.  

Consistent Since the project would temporarily convert farmland into 
a non-agricultural use, the project would reduce the need 
for IID to fallow irrigation; thereby, reducing agricultural 
water demand.  

Preservation of Water Resources, 
Objective 6.4: Eliminate potential 
surface and groundwater pollution 
through regulations as well as 
educational programs.  

Consistent Currently, groundwater quality in the region is poor. 
However, since the project would temporarily convert 
farmland into a non-agricultural use, the project would 
reduce the amount of water used on site; thereby, 
reducing potential surface and groundwater pollution from 
agricultural uses. Additionally, the project would be 
required to comply with NPDES permits and regulations 
to address pollutants from run-off that may result during 
construction and operation of the project. 

Renewable Energy and Transmission Element 

Objective 1.6: Encourage the 
efficient use of water resources 
required in the operation of 
renewable energy generation 
facilities. 

Consistent Water for the project site will be used on site during 
construction, operation, and decommissioning/restoration 
for non-drinking non-potable water needs.  Additionally, 
as further detailed in Section 3.15.3, the project would 
result in a decrease in water use compared to the current 
active agricultural uses on the project site.  

Source: ICPDS 1993 
IID = Imperial Irrigation District 

3.15.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to utilities and service systems are 
considered significant if any of the following occur: 

Water Supply  

• Have insufficient water supplies available to serve the project and reasonably foreseeable 
future development during normal, dry and multiple dry years 
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Methodology  
The WSA (Appendix H of this EIR) was prepared using project-specific data to calculate the project’s 
water consumption during construction and at build-out collectively (“operational”).  

Impact Analysis  

Impact 3.15-1 Have sufficient water supplies available to serve the project and reasonably 
foreseeable future development during normal, dry and multiple dry years? 

CONSTRUCTION 

The proposed project is anticipated to take approximately 6-9 months from the commencement of the 
construction process to complete. Construction water needs would be limited to earthwork, soil 
conditioning, dust suppression, and compaction efforts. As shown in Table 3.15-3, the proposed 
project would require approximately 32.5 AFY of water during construction. This includes the 20,000 
gallons of water that will need to be stored on the project site during construction per Imperial County 
Fire Standards.  

OPERATIONS AND MAINTENANCE 

As shown in Table 3.15-3, estimated annual water consumption for operation and maintenance of the 
proposed project, including periodic PV module washing, would be approximately 86.8 acre feet or 3.1 
AFY, which would be trucked to the project site as needed. This includes the 180,000 gallons of water 
that will need to be stored on the project site during operations per Imperial County Fire Standards. 
No full-time site personnel would be required on-site during operations and approximately two 
employees would only be onsite up to four times per year to wash the solar panels to ensure optimum 
solar absorption by removing dust particles and other buildup.  

DECOMMISSIONING 

If at the end of the Power Purchase Agreement (PPA) term, no contract extension is available for a 
power purchaser, no other buyer of the energy emerges, or there is no further funding of the project, 
the project will be decommissioned and dismantled. As shown in Table 3.15-3, total water demand 
during decommissioning is estimated to be 32.5 AFY. 

TOTAL AND ANNUAL WATER DEMAND 

According to the WSA (Appendix H of this EIR), the anticipated water demand for construction, 
operation, and decommissioning of the project is estimated to be 151.8 AF, for an annualized demand 
of 5.06 AFY for the 30-year project life (Table 3.15-3). 

Table 3.15-3. Project Water Use 
Water Use Expected Years Total  

Construction Water1  1  32.5 AF 

Total for Water Construction  32.5 AF 

Processing, Daily Plant Operations 
& Mitigation2 

28 3.1 AFY 
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Table 3.15-3. Project Water Use 
Water Use Expected Years Total  

Total Water Usage for Processing 
Daily Plant Operations & Mitigation 

 86.8 AF 

Project Decommissioning  1 32.5 AF 

Total for Project Decommissioning  32.5 AF 

Total Water Usage for Project 30 151.8 AF 

Amortized 30 5.06 AFY 

Source: Appendix H of this EIR 
1 – 20,000 gallons of water will need to be stored on site during construction per Imperial County Fire Standards.  
2 – 180,000 gallons of water will need to be stored on site per Imperial County Fire Standards for operations.  
AF = acre-feet; AFY = acre-feet per year 

WATER SUPPLY  

Water for the project site will be supplied by the adjacent Best Canal Lateral X through an IWSP Water 
Supply Agreement with IID to process the untreated Colorado River water for the proposed project. 
The IWSP sets aside 25,000 acre-feet annually (AFY) of IID’s Colorado River water supply to serve 
new non-agricultural projects. As of October 2021, a balance of 23,800 AFY remain available under 
the IWSP for new non-agricultural projects ensuring reasonably sufficient supplies for such projects. 
As shown in Table 3.15-4, the proposed project’s water demand during construction for a period of 1 
year using approximately 32.5 AFY, represents approximately 0.03% of the annual unallocated supply 
set aside for new non-agricultural projects. The proposed project’s total water demand for operations 
is approximately 3.1 AFY for 28 years and represents approximately 0.01% of the annual unallocated 
supply set aside for new non-agricultural projects. Decommissioning is expected to take 1 year and 
use approximately 32.5 AFY, representing approximately 0.03% of the annual unallocated supply set 
aside for new non-agricultural projects. As shown in Table 3.15-4, the project is expected to consume 
151.8 AF for the 30-year lifespan of the project which would equate to 5.06 AFY amortized 
representing 0.02% of the annual unallocated supply set aside for new non-agricultural projects. Thus, 
the proposed project’s estimated water demand would not affect IID’s ability to provide water to other 
users in IID’s water service area. Therefore, the proposed project would have sufficient water supplies 
available to serve the project from existing entitlements and resources, and impacts would be less 
than significant.  

Table 3.15-4. Amortized Project Water Summary 
Project Phase Project Water 

Use  
Years Total Combined 

(AF) 
IWSP (AFY) % of Remaining 

Unallocated 
IWSP per Year  

Construction 32.5 AFY 1 32.5 AF 23,800 AFY 0.03% 

Operations 3.1 AFY 28 86.8 AF 23,800 AFY 0.01% 

Decommissioning 32.5 AFY 1 32.5 AF 23,800 AFY 0.03% 
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Total  5.06 AFY 30 151.8 AF 23,800 AFY 0.02% 

Source: Appendix H of this EIR 

Mitigation Measure(s) 

No mitigation measures are required.  

3.15.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If at the end of the PPA term, no contract extension is available for a power purchaser, no other buyer 
of the energy emerges, or there is no further funding of the project, the project will be decommissioned 
and dismantled. As shown in Table 3.15-3, total water demand during decommissioning is estimated 
to be 32.5 AFY. As described above, the proposed project’s estimated water demand, which includes 
decommissioning, would not affect IID’s ability to provide water to other users in IID’s water service 
area. The proposed project would have sufficient water supplies available to serve the project from 
existing entitlements and resources, and impacts would be less than significant. 

Residual  
The proposed project would not result in significant impacts on the water supply of Imperial County; 
therefore, no mitigation is required. The proposed project will not result in residual impacts. 
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4 Analysis of Long-Term Effects 
4.1 Growth-Inducing Impacts 
In accordance with Section 15126.2(e) of CEQA Guidelines, an EIR must: 

“discuss the ways in which the proposed project could foster economic or population growth, or 
the construction of additional housing, either directly or indirectly, in the surrounding 
environment. Included in this are projects which would remove obstacles to population growth 
... Increases in the population may tax existing community service facilities, requiring 
construction of new facilities that could cause significant environmental effects. Also discuss 
the characteristics of some projects which may encourage and facilitate other activities that 
could significantly affect the environment, either individually or cumulatively. It must not be 
assumed that growth in any area is necessarily beneficial, detrimental, or of little significance to 
the environment.” 

Projects promoting direct growth will impose burdens on a community by directly inducing an increase 
in population or resulting in the construction of additional developments in the same area. For example, 
projects involving expansions, modifications, or additions to infrastructure, such as sewer, water, and 
roads, could have the potential to directly promote growth by removing existing physical barriers or 
allowing for additional development through capacity increases. New roadways leading into a 
previously undeveloped area directly promote growth by removing previously existing physical barriers 
to development and a new wastewater treatment plant would allow for further development within a 
community by increasing infrastructure capacity. Because these types of infrastructure projects 
directly serve related projects and result in an overall impact to the local community, associated 
impacts cannot be considered isolated. Indirect growth typically includes substantial new permanent 
employment opportunities and can result from these aforementioned modifications.  

The proposed project is located within the unincorporated area of Imperial County and it does not 
involve the development of permanent residences that would directly result in population growth in the 
area. The unemployment rate in Imperial County, as of August 2021 was 19.4 percent (State of 
California Employment Development Department 2021b), which represents an approximately 1.3 
percent decrease in unemployment from September 2019 (20.7 percent) (State of California 
Employment Development Department 2021b). The applicant expects to utilize construction workers 
from the local and regional area, a workforce similar to that involved in the development of other 
utility-scale solar facilities. Based on the unemployment rate, and the availability of the local workforce, 
construction of the proposed project would not have a growth-inducing effect related to workers moving 
into the area and increasing the demand for housing and services.  

Once construction is completed, the facility would be remotely operated, controlled and monitored and 
with no requirement for daily on-site employees. Security personnel may conduct unscheduled 
security rounds and would be dispatched to the project site in response to a fence breach or other 
alarm. It is anticipated that maintenance of the facilities would require minimal site presence to perform 
periodic visual inspections and minor repairs. On intermittent occasions, the presence of additional 
workers may be required for repairs or replacement of equipment and panel cleaning; however, 
because of the nature of the facilities, such actions would likely occur infrequently. Overall, minimal 
maintenance requirements are anticipated. The proposed project would not result in substantial 
population growth, as the number of employees required to operate and maintain the facility is minimal.  
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While the proposed project would contribute to energy supply, which indirectly supports population 
growth, the proposed project is a response to the state’s need for renewable energy to meet its 
Renewable Portfolio Standard, and while it would increase the availability of renewable energy, it 
would also replace existing sources of non-renewable energy. Unlike a gas-fired power plant, the 
proposed project is not being developed as a source of base-load power in response to growth in 
demand for electricity. The power generated would be added to the state’s electricity grid with the 
intent that it would displace fossil fueled power plants and their associated environmental impacts, 
consistent with the findings and declarations in SB 2 that a benefit of the Renewable Portfolio Standard 
is displacing fossil fuel consumption within the state. The project is being proposed in response to 
state policy and legislation promoting development of renewable energy. 

The proposed project would supply energy to accommodate and support existing demand and 
projected growth, but the energy provided by the project would not foster any new growth because 
(1) the additional energy would be used to ease the burdens of meeting existing statewide energy 
demands within and beyond the area of the project site; (2) the energy would be used to support 
already-projected growth; or, (3) the factors affecting growth are so diverse that any potential 
connection between additional energy production and growth would necessarily be too speculative 
and uncertain to merit further analysis.  

Under CEQA, an EIR should consider potentially significant energy implications of a project (CEQA 
Guidelines Appendix F(II); PRC Section 21100(b)(3)). However, the relationship between the 
proposed project’s increased electrical capacity and the growth-inducing impacts outside the 
surrounding area is too speculative and uncertain to warrant further analysis. When a project’s 
growth-inducing impacts are speculative, the lead agency should consider 14 CCR Section 15145, 
which provides that, if an impact is too speculative for evaluation, the agency should note this 
conclusion and terminate discussion of the impact. As the court explained in Napa Citizens for Honest 
Gov’t v. Napa County Board of Supervisors, 91 Cal. App.4th 342, 368: “Nothing in the Guidelines, or 
in the cases, requires more than a general analysis of projected growth” Napa Citizens, 91 CA4th at 
369. The problem of uncertainty of the proposed project’s growth-inducing effects cannot be resolved 
by collection of further data because of the diversity of factors affecting growth.  

While this document has considered that the proposed project, as an energy project, might foster 
regional growth, the particular growth that could be attributed to the proposed project is unpredictable, 
given the multitude of variables at play, including uncertainty about the nature, extent, and location of 
growth and the effect of other contributors to growth besides the proposed project. No accurate and 
reliable data is available that could be used to predict the amount of growth outside the area that would 
result from the proposed project’s contribution of additional electrical capacity. The County of Imperial 
has not adopted a threshold of significance for determining when an energy project is growth-inducing. 
Further evaluation of this impact is not required under CEQA.  

Additionally, the project would not involve the development of any new local or regional roadways, 
new water systems, or sewer; and thus, the project would not further facilitate additional development 
into outlying areas. For these reasons, the proposed project would not be growth-inducing. 
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4.2 Significant Irreversible Environmental Changes 
In accordance with CEQA Guidelines Section 15126.2(d), an EIR must identify any significant 
irreversible environmental changes that would be caused by implementation of the proposed project 
being analyzed. Irreversible environmental changes may include current or future commitments to the 
use of non-renewable resources or secondary growth-inducing impacts that commit future generations 
to similar uses.  

Energy resources needed for the construction of the proposed project would contribute to the 
incremental depletion of renewable and non-renewable resources. Resources, such as timber, used 
in building construction are generally considered renewable and would ultimately be replenished. 
Non-renewable resources, such as petrochemical construction materials, steel, copper, lead and other 
metals, gravel, concrete, and other materials, are typically considered finite and would not be 
replenished over the lifetime of the project. Thus, the project would irretrievably commit resources over 
the anticipated 30-year life of the project.  

At the end of the project’s operation term, the applicant may determine that the project should be 
decommissioned and deconstructed. Should the project be decommissioned, the project applicant is 
required to restore land to its pre-project state. Consequently, some of the resources on the site could 
potentially be retrieved after the site has been decommissioned. Concrete footings, foundations, and 
pads would be removed and recycled at an off-site location. All remaining components would be 
removed, and all disturbed areas would be reclaimed and recontoured. The applicant anticipates using 
the best available recycling measures at the time of decommissioning.  

Implementation and operation of the proposed project would promote the use of renewable energy 
and contribute incrementally to the reduction in demand for fossil fuel use for electricity-generating 
purposes. Therefore, the incremental reduction in fossil fuels would be a positive effect of the 
commitment of nonrenewable resources. Additionally, the project is consistent with the state’s 
definition of an “eligible renewable energy resource” in Section 399.12 of the California Public Utilities 
Code and the definition of “in-state renewable electricity generation facility” in Section 25741 of the 
California PRC.  

4.3 Significant and Unmitigable Impacts 
In accordance with CEQA Guidelines Section 15126(c), EIRs must include a discussion of significant 
environmental effects that cannot be avoided if the proposed project is implemented. The impact 
analysis, as detailed in Section 3 of this EIR, concludes that no significant and unmitigable impacts 
were identified. Where significant impacts have been identified, mitigation measures are proposed, 
that when implemented, would reduce the impact level to less than significant.  
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5 Cumulative Impacts 
The CEQA Guidelines (Section 15355) define a cumulative impact as “two or more individual effects 
which, when considered together, are considerable or which compound or increase other 
environmental impacts.” The CEQA Guidelines [Section 15130(a)(1)] further states that “an EIR should 
not discuss impacts which do not result in part from the project.” 

Section 15130(a) of the CEQA Guidelines provides that “[A]n EIR shall discuss cumulative impacts of 
a project when the project’s incremental effect is cumulatively considerable...” Cumulatively 
considerable, as defined in Section 15065(a)(3), “means that the incremental effects of an individual 
project are significant when viewed in connection with the effects of past projects, the effects of other 
current projects, and the effects of probable future projects.” 

An adequate discussion of significant cumulative impacts requires either: (1) “a list of past, present, 
and probable future projects producing related or cumulative impacts, including, if necessary, those 
projects outside the control of the agency; or (2) “a summary of projections contained in an adopted 
general plan or related planning document, or in a prior environmental document which has been 
adopted or certified, which described or evaluated regional or area-wide conditions contributing to the 
cumulative impact.”  

The CEQA Guidelines recognize that cumulative impacts may require mitigation, such as new rules 
and regulations that go beyond project-by-project measures. An EIR may also determine that a 
project’s contribution to a significant cumulative impact will be rendered less than cumulatively 
considerable and thus is not significant. A project’s contribution is less than cumulatively considerable 
if the project is required to implement or fund its fair share of a mitigation measure or measures 
designed to alleviate the cumulative impact. The Lead Agency must identify facts and analysis 
supporting its conclusion that the contribution will be rendered less than cumulatively considerable 
(CEQA Guidelines Section 15130(a)(3)). 

This EIR evaluates the cumulative impacts of the project for each resource area, using the following 
steps: 

1. Define the geographic and temporal scope of cumulative impact analysis for each cumulative 
effects issue, based on the project’s reasonably foreseeable direct and indirect effects. 

2. Evaluate the cumulative effects of the project in combination with past and present (existing) 
and reasonably foreseeable future projects and, in the larger context of the Imperial Valley.  

3. Evaluate the project’s incremental contribution to the cumulative effects on each resource 
considered in Chapter 3, Environmental Analysis. When the project’s incremental contribution 
to a significant cumulative impact is considerable, mitigation measures to reduce the project’s 
“fair share” contribution to the cumulative effect are discussed, where required. 
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5.1 Geographic Scope and Timeframe of the Cumulative 
Effects Analysis  

The geographic area of cumulative effects varies by each resource area considered in Chapter 3. For 
example, air quality impacts tend to disperse over a large area, while traffic impacts are typically more 
localized. Similarly, impacts on the habitats of special-status wildlife species need to be considered 
within its range of movement and associated habitat needs.  

The analysis of cumulative effects in this EIR considers a number of variables including geographic 
(spatial) limits, time (temporal) limits, and the characteristics of the resource being evaluated. The 
geographic scope of each analysis is based on the topography surrounding the project site and the 
natural boundaries of the resource affected, rather than jurisdictional boundaries. The geographic 
scope of cumulative effects will often extend beyond the scope of the direct effects of a project, but 
not beyond the scope of the direct and indirect effects of that project.  

The cumulative development scenario includes projects that extend through year (2030), which is the 
planning horizon of the County of Imperial General Plan. Because of uncertain development patterns 
that are far in the future, it is too speculative to accurately determine the type and quantity of cumulative 
projects beyond the planning horizon of the County’s adopted County General Plan. Evaluating the 
proposed project’s cumulative impacts when future facility decommissioning occurs is highly 
speculative because decommissioning is expected to occur in 20 to 25 years’ time. Therefore, 
cumulative impacts during decommissioning are speculative for detailed consideration in this analysis.  

5.2 Projects Contributing to Potential Cumulative Impacts 
The CEQA Guidelines identify two basic methods for establishing the cumulative environment in which 
the projects are to be considered: the use of a list of past, present, and probable future projects (the 
“list approach”) or the use of adopted projections from a general plan, other regional planning 
document, or certified EIR for such a planning document (the “plan approach”).  

For this EIR, the list approach has been utilized to generate the most reliable future projections of 
possible cumulative impacts. When the impacts of the project are considered in combination with other 
past, present, and future projects to identify cumulative impacts, the other projects considered may 
also vary depending on the type of environmental impacts being assessed. As described above, the 
general geographic area associated with different environmental impacts of the project defines the 
boundaries of the area used for compiling the list of projects considered in the cumulative impact 
analysis. Figure 5-1 provides the general location for each of these projects in relation to the project 
site. 

5.3 Cumulative Impact Analysis  
This cumulative impact analysis utilizes an expanded list method (as defined under CEQA) and 
considers environmental effects associated with those projects identified in Table 5-1 in conjunction 
with the impacts identified for the project in Chapter 3 of this EIR. Table 5-1 includes solar projects 
known at the time of release of the NOP of the Draft EIR, as well as additional projects that have been 
proposed since the NOP date. Figure 5-1 provides the general location for each of these projects in 
relation to the project site. 
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Figure 5-1. Cumulative Projects 
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Table 5-1. Projects Considered in the Cumulative Impact Analysis 
Map 

Label1 Project Name Project Type 
Distance from Brawley Project 

Site 
Size 

(acres) 
Capacity 

(MW) Status2 

1 Imperial Valley Solar II PV Solar Facility Approximately 16.30 miles north 146 20 Operational 

2 IV Solar Company PV Solar Facility Approximately 15.80 miles north 123 23 Operational 

3 Midway Solar Farm I PV Solar Facility Approximately 10.30 miles 
northwest 

480 50 Operational 

4 Midway Solar Farm II PV Solar Facility Approximately 10.30 miles 
northwest 

803 155 Operational 

5 Midway Solar Farm III PV Solar Facility Approximately 10.20 miles 
northwest 

160 20 Operational 

6 Midway Solar Farm IV PV Solar Facility Approximately 9.29 miles northwest 160 15 Approved – Not Built 

7 Calipatria Solar Farm I 
(Lindsey Solar) 

PV Solar Facility Approximately 8.60 miles north 148 20 Operational 

8 Calipatria Solar Farm 
(Wilkinson Solar) 

PV Solar Facility Approximately 8.60 miles north 302 30 Approved – Not Built 

9 Calipatria Solar Farm I PV Solar Facility Approximately 8.10 miles north 159 20 Operational 

10 Arkansas Solar  PV Solar Facility Approximately 8.50 miles northeast 481 50 Operational 

11 Nider Solar Project PV Solar Facility Approximately 10.50 miles 
northeast 

320 100 Pending Entitlement 

12 Sonora Solar  PV Solar Facility Approximately10.90 miles northeast 488 50 Operational 

13 Citizens Solar PV Solar Facility Approximately 13.00 miles 
northeast 

159 30 Operational 

14 Ormat Wister Solar PV Solar Facility Approximately 17.30 miles north 160 20 Approved – Not Built 

15 VEGA SES 5 PV Solar Facility Approximately 13.30 miles 
northeast 

Pending Entitlement 
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Table 5-1. Projects Considered in the Cumulative Impact Analysis 
Map 

Label1 Project Name Project Type 
Distance from Brawley Project 

Site 
Size 

(acres) 
Capacity 

(MW) Status2 

16 VEGA SES 2 PV Solar Facility Approximately 15.20 miles 
northeast 

1,963 
(combined 

total for 
VEGA 2, 
3, and 5) 

350 
(combined 

total for 
VEGA 2, 3, 

and 5) 

Pending Entitlement 

17 VEGA SES 3 PV Solar Facility Approximately 14.90 miles 
northeast 

Pending Entitlement 

18 Alhambra Solar PV Solar Facility Approximately 5.00 miles northeast 482 50 Operational 

19 Valencia Solar Project 1 PV Solar Facility Approximately 7.00 miles west 17 3 Operational 

20 Valencia Solar Project 2 PV Solar Facility Approximately 7.30 miles south 17 3 Operational 

21 Valencia Solar Project 3 PV Solar Facility Approximately 9.20 miles southwest 19 3 Operational 

22 Vikings Solar PV Solar Facility Approximately 20.00 miles 
southeast 

604 150 Pending Entitlement 

23 Campo Verde PV Solar Facility Approximately 20.10 miles 
southwest 

1,400 139 Operational 

24 Laurel 1 PV Solar Facility Approximately 21.60 miles 
southwest 

1,396 
(combined 

total for 
Laurel 1, 
2, and 3) 

325 
(combined 

total for 
Laurel 1, 2, 

and 3) 

Approved – Not Built 

25 Laurel 2 PV Solar Facility Approximately 22 miles southwest Approved – Not Built 

26 Laurel 3 PV Solar Facility Approximately 22 miles southwest Approved – Not Built 

27 Imperial Solar West PV Solar Facility Approximately 22 miles southwest 1,145 150 Operational 

28 Dixieland West PV Solar Facility Approximately 22 miles southwest 32 3 Operational 

29 Dixieland East PV Solar Facility Approximately 22 miles southwest 31 2 Operational 

1 – See Figure 5-1 for cumulative project location. 
2 – Project status based on information provided by County staff and on Imperial County Planning & Development Service’s RE Geographic Information System Mapping 
Application (http://icpds.maps.arcgis.com/apps/Viewer/index.html?appid=c6fd31272e3d42e1b736ce8542b994ae). Accessed on October 5, 2021.  
IID – Imperial Irrigation District; MW – megawatts; PV – photovoltaic 
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5.3.1 Aesthetics  
The cumulative study area for projects considered in the visual resources cumulative impact analysis 
considers a 5-mile radius from the project site. Views beyond 5 miles are obstructed by a combination 
of the flat topography coupled with the Earth’s curvature. The short-term visual impacts of the project 
would be in the form of general construction activities including grading, use of construction machinery, 
and installation of the transmission poles and stringing of transmission lines, but would only be 
available to a very limited amount of people and would have to be in relatively close proximity to the 
project site. Longer-term visual impacts of the project would be in the form of the presence of solar 
array grids, an electrical distribution and transmission system, and substation.  

As provided in Section 3.2, Aesthetics, the existing visual character of the project site and the quality 
of views in terms of visibility beyond the site would not be substantially altered. The visual changes 
associated with the project would not be located in proximity to any designated scenic vistas or scenic 
highways. The proposed project would be absorbed into the broader landscape that already includes 
agricultural development, electricity transmission, geothermal power plants, and the City of Brawley 
Wastewater Treatment Plant. Further, the project site would be restored to its existing condition 
following the decommissioning of the solar uses. As a result, although the visual character of the 
project site would change from undeveloped to one with developed characteristics, a less than 
significant impact associated with the proposed project has been identified.  

Development of the proposed project in conjunction with the cumulative projects identified in 
Table 5-1 will gradually change the visual character of this portion of the Imperial Valley. However, 
projects located within private lands and/or under the jurisdiction of the County of Imperial are being 
designed in accordance with the County of Imperial’s General Plan and Land Use Ordinance, which 
includes policies to protect visual resources in the County.  

Finally, all projects listed in Table 5-1 would not produce a substantial amount of light and glare, as no 
significant source of light or glare is proposed, or the project will otherwise comply with the County 
lighting ordinance, as would all other related projects. Based on these considerations, there would be 
no significant cumulatively considerable aesthetic impact, and cumulative aesthetic impacts would be 
less than significant. 

5.3.2 Agricultural Resources 
Cumulative impacts on agricultural resources take into account the proposed project’s temporary 
impacts as well as those likely to occur as a result of other existing, proposed, and reasonably 
foreseeable projects. To determine cumulative impacts on agricultural resources, an assessment is 
made of the temporal nature of the impacts on individual resources (e.g., temporary such as in solar 
projects versus permanent as in industrial or residential developments) as well as the inventory of 
agricultural resources within the cumulative setting.  

As discussed in Section 3.3, Agricultural Resources, the majority of the project site is designated as 
Farmland of Statewide Importance, with a pocket of Prime Farmland and Farmland of Local 
Importance1 located in the southern portion of the project site. Approximately 1 acre of Unique 
Farmland occurs along the western boundary of the project site. Therefore, the proposed project would 

 
1 It should be noted that analysis of Other Land and Farmland of Local Importance is not required under 

CEQA significance criteria, as these designations are not considered an “agricultural land” per CEQA 
Statute Section 21060.1(a). 
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convert land designated as Prime Farmland, Farmland of Statewide Importance, and Unique Farmland 
to non-agricultural uses, and, as such, incrementally add to the conversion of agricultural land in 
Imperial County. According to the California Farmland Conversion Report, approximately half of the 
County (522,375 acres out of a total of 1,028,508 acres) is Important Farmland (DOC 2018). Table 
5-2 summarizes the percentage of each type of farmland in the County that would be converted by the 
proposed project. As shown in Table 5-2, the project would temporarily convert a very small fraction 
of the total Important Farmlands in the County and have a minimal effect on agricultural land on a 
cumulative scale. Furthermore, the conversion would be temporary, lasting only for the duration of the 
project’s useful life, which is expected to be 20-25 years.  

Table 5-2. Important Farmland Conversion 
Land Use Category Total Acreage in 

Imperial County 
Project-Related 

Conversion (acres) 
Project Percent of 

County Acreages (%) 

Prime Farmland 189,163 4.4 <0.01% 

Farmland of Statewide 
Importance 

291,596 205 0.07% 

Unique Farmland 1,905 1.0 0.05% 

Farmland of Local 
Importance 

39,711 12 0.03% 

Total 522,375 222.4 0.04% 

Source: DOC 2018 

However Furthermore, the project site is located on land designated for agricultural uses. The project 
would be constructed on land currently zoned A-2-G (General Agricultural with a Geothermal Overlay). 
Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the A-2 zone subject to 
approval of a CUP from Imperial County: solar energy electrical generator, battery storage facility, 
electrical substations, communication towers, and facilities for the transmission of electrical energy. 
Upon approval of a CUP and Zone Change into the RE Overlay Zone designation, the project’s uses 
would be consistent with the Imperial County Land Use Ordinance and thus is also consistent with the 
General Plan land use designation of the site. Additionally, as a condition of project approval, the 
project applicant or its successor in interest will be responsible for implementing a reclamation plan 
when the project is decommissioned at the end of its lifespan. 

As discussed in Section 3.3, Agricultural Resources, Mitigation Measure AG-1a (Payment of 
Agricultural and Other Benefit Fees), AG-1b (Site Reclamation Plan), and AG-2 (Pest Management 
Plan) would be implemented to reduce potential impacts on agricultural resources to a level less than 
significant. Each individual cumulative project would be or would have been required to provide 
mitigation for any impacts on agricultural resources in accordance with the County’s policies directed 
at mitigating the impact associated with the conversion of important farmlands. Therefore, the project’s 
contribution to this impact would be less than cumulatively considerable. 

 

5.3.3 Air Quality 
Imperial County is used as the geographic scope for analysis of cumulative air quality impacts. As 
shown in Table 5-1, many of the cumulative projects are large-scale renewable energy generation 
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projects, where the main source of air emissions would be generated during the construction phases 
of these projects; however, there would also be limited operational emissions associated with 
operations and maintenance activities for these facilities. Additionally, a majority of the projects listed 
in Table 5-1 are already constructed and operational. Therefore the potential for a cumulative, 
short-term air quality impact as a result of construction activities is anticipated to be less than 
significant. 

Currently, the SSAB is either in attainment or unclassified for all federal and state air pollutant 
standards with the exception of 8-Hour O3, PM10, and PM2.5. Imperial County is classified as a "serious" 
nonattainment area for PM10 for the NAAQS.  

The AQAP for the SSAB, through the implementation of the AQMP and SIP for PM10, sets forth a 
comprehensive program that will lead the SSAB into compliance with all federal and state air quality 
standards. With respect to PM10, the ICAPCD implements Regulation VIII – Fugitive Dust Rules, to 
control these emissions and ultimately lead the basin into compliance with air standards, consistent 
with the AQAP. Within Regulation VIII are Rules 800 through 806, which address construction and 
earthmoving activities, bulk materials, carry-out and track-out, open areas, paved and unpaved roads, 
and conservation management practices. Best Available Control Measures to reduce fugitive dust 
during construction and earthmoving activities include but are not limited to: 

• Phasing of work in order to minimize disturbed surface area; 

• Application of water or chemical stabilizers to disturbed soils; 

• Construction and maintenance of wind barriers; and 

• Use of a track-out control device or wash down system at access points to paved roads. 

Compliance with Regulation VIII is mandatory on all construction sites, regardless of size. However, 
compliance with Regulation VIII does not constitute mitigation under the reductions attributed to 
environmental impacts. In addition, compliance for a project includes: (1) the development of a dust 
control plan for the construction and operational phase; and (2) notification to the air district is required 
10 days prior to the commencement of any construction activity. 

Construction 
The proposed project would generate air emissions due to vehicle and dust emissions associated with 
construction activities. Similar effects would also be realized upon site decommissioning, which would 
be carried out in conjunction with the project’s restoration plan, and subject to applicable ICAPCD 
standards. Likewise, the other cumulative projects that are approved, but not yet built (Midway Solar 
Farm I, Orni Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, Laurel II, and Laurel III), 
or pending entitlement (Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar) identified in 
Table 5-1 would result in the generation of air emissions during construction activities. 

With respect to the proposed project, during the construction and decommissioning phases, the project 
would generate PM10, PM2.5, ROG, CO, and NOX emissions during each active day of construction. 
However, as discussed in Section 3.4, Air Quality, the project would not result in a significant increase 
in CO, ROG, and NOX that would exceed ICAPCD thresholds.  

However, the project’s impact could be cumulatively considerable because: (1) portions of the SSAB 
are nonattainment already (PM10 and PM2.5), although mitigated by ICAPCD Regulations; and, 
(2) project construction would occur on most days, including days when O3 already in excess of state 

PC ORIGINAL PKG



5 Cumulative Impacts 
Final EIR | Brawley Solar Energy Facility Project 

5-10 | January 2023 Imperial County 

standards. Additionally, the effects could again be experienced in the future during decommissioning 
in conjunction with site restoration.  

The proposed project, in conjunction with the construction of other cumulative projects as identified in 
Table 5-1 (Midway Solar Farm I, Orni Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, 
Laurel II, Laurel III, Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar), could result in a 
cumulatively considerable increase in the generation of PM10 and NOx; however, like the proposed 
project, cumulative projects would be subject to mitigation pursuant to County ICAPCD’s Regulations 
and Rules, and the cumulative impact would be reduced to a level less than significant through 
compliance with these measures. Because the project will be required to implement measures 
consistent with ICAPCD regulations designed to alleviate the cumulative impact associated with PM10, 
the proposed project’s contribution is rendered less than cumulatively considerable and is therefore, 
less than significant. 

Operation 
As the proposed project would have no major stationary emission sources and would require minimal 
vehicular trips, operation of the proposed solar facility would result in substantially lower emissions 
than project construction. The project’s operational emissions would not exceed the Tier I thresholds; 
therefore, the impact would be less than significant. Operational impacts of other renewable energy 
facilities identified in Table 5-1 would also be similar. Although these cumulative projects generally 
involve large areas, their operational requirements are very minimal, requiring minimal staff or use of 
machinery or equipment that generate emissions. Further, alternative energy projects, such as the 
project, would assist attainment of regional air quality standards and improvement of regional air 
quality by providing clean, renewable energy sources. Consequently, the projects would provide a 
positive contribution to the implementation of applicable air quality plan policies and compliance with 
EO S-3-05. 

However, from a cumulative air quality standpoint, the potential cumulative impact associated with the 
generation of PM10 and PM2.5 emissions during operation of the cumulative projects is a consideration 
because of the fact that Imperial County is classified as a "serious" non-attainment area for PM10 and 
a “moderate” non-attainment area for 8-hour O3 and PM2.5 for the NAAQS. However, as with the 
construction phases, the cumulative projects would be required to comply with ICAPCD’s Regulation 
VIII for dust control (Regulation VIII applies to both the construction and operational phases of 
projects). As a result, the ICAPCD would require compliance with the various dust control measures 
and, in addition be required to prepare and implement operational dust control plans as approved by 
the ICAPCD, which is a component of ICAPCD’s overall framework of the AQAP for the SSAB, which 
sets forth a comprehensive program that will lead the SSAB into compliance with all federal and state 
air quality standards. Therefore, the project would not contribute to long-term cumulatively 
considerable air quality impacts and the project would not result in cumulatively significant air quality 
impacts, and cumulative impacts would be less than significant. 

5.3.4 Biological Resources 
The geographic scope for considering cumulative impacts on biological resources includes the 
Imperial Valley and related biological habitats. Table 5-1 lists the projects considered for the biological 
resources cumulative impact analysis.  

In general terms, in instances where a potential impact could occur, CDFW and USFWS have 
promulgated a regulatory scheme that limits impacts on these species. The effects of the project would 
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be rendered less than significant through mitigation requiring compliance with all applicable 
regulations that protect plant, fish, and animal species, as well as waters of the U.S. and state. Other 
cumulative projects would also be required to avoid impacts on special-status species and/or mitigate 
to the satisfaction of the CDFW and USFWS for the potential loss of habitat. As described in 
Section 3.5, Biological Resources, one plant species, Abram’s spurge, has a low potential to occur 
due to the limited suitable habitat within the project site. Three wildlife species have a low potential to 
occur (flat-tailed horned lizard, short-eared owl, and western yellow bat) on the project site, two wildlife 
species have a high potential to occur (BUOW and mountain plover) on the project site, and one 
wildlife species (loggerhead shrikes) was observed onsite during site reconnaissance. As such, the 
project has the potential to result in direct impacts on biological resources. Additionally, project 
construction has the potential to result in direct and indirect impacts on nesting birds.  

Mitigation measures identified in Section 3.5, Biological Resources, would ensure that all regulations 
required to protect these species are implemented, thereby minimizing potential impacts on these 
species to a less than significant level. Similarly, the cumulative projects within the geographic scope 
of the project would be required to comply with the legal framework as described above. Based on 
these considerations, impacts on biological resources would not be cumulatively considerable.  

As with the proposed project, each of the cumulative projects would be required to provide mitigation 
for impacts on biological resources. The analysis below is conducted qualitatively and in the context 
that the cumulative projects would be subject to a variety of statutes and administrative frameworks 
that require mitigation for impacts on biological resources. 

Birds listed at 50 CFR 10.3 are protected by the MBTA (16 USC 703 et seq.), a Federal statute that 
implements treaties with several countries on the conservation and protection of Birds listed at 50 CFR 
10.3 are protected by the MBTA (16 USC 703 et seq.), a Federal statute that implements treaties with 
several countries on the conservation and protection of migratory birds. The MBTA is enforced by 
USFWS. This act prohibits the killing of any migratory birds without a valid permit. Any activity which 
contributes to unnatural migratory bird mortality could be prosecuted under this act. With few 
exceptions, most birds are considered migratory under this act. Raptors and active raptor nests are 
protected under California FGCs 3503.5, 3503, and 3513.  

The CWA and California’s Porter-Cologne Water Quality Control Act provide protection for 
water-related biological resources by controlling pollution, setting water quality standards, and 
preventing jurisdictional streams, lakes, and rivers from being filled without a federal permit. Several 
jurisdictional features were observed within the project site. The New River, a NWI mapped blueline, 
flows approximately .2 miles to the west of the project site. In addition, several NWI mapped blueline 
canals, drains, and ditches owned by IID flow along the borders of the project site. However, the project 
has been located, and consequently designed, to avoid impacts to waters of the State and waters of 
the U.S.  

Given the above, the project would not contribute substantially to a cumulative biological resources 
impact. Similarly, the cumulative projects within the geographic scope of the proposed project will be 
required to comply with the legal frameworks set forth above, as well as others, and will be required 
to mitigate their impacts to a less than significant level. Therefore, the project would not contribute to 
a cumulatively considerable impact to biological resources, and cumulative impacts would be less than 
significant. 
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5.3.5 Cultural Resources 

As discussed in Section 3.6, Cultural Resources, 6 newly recorded cultural resources were identified 
within the project site during field surveys. Newly identified cultural resources comprise both historic-
period and two multi-component sites. Resource 21267-001 is recommended not eligible for listing 
and the other five resources have not been formally evaluated for potential eligibility for listing in the 
CRHR. The project applicant will avoid ground-disturbing activities within and in close proximity to 
these resources. However, if-ground disturbing activities must occur within and in close proximity to 
these resources, a significant impact may potentially occur. Implementation of Mitigation Measures 
CUL-1 through CUL-6 would reduce potential impacts associated to cultural historic resources to a 
level less than significant. Therefore, the proposed project would not cause a substantial adverse 
change in the significant of a historical resource as defined in Section 15064.5 of the CEQA Guidelines 
and no impact would occur.  

The potential of finding a buried archaeological site during construction is considered low. However, 
like all construction projects in the state, the possibility exists. This potential impact is considered 
significant. Implementation of Mitigation Measures CUL-1 through CUL-6 would reduce potential 
impacts associated with the unanticipated discovery of unknown buried archaeological resources. 
Implementation of Mitigation Measure CUL-7 would reduce potential impacts on human remains to a 
level less than significant. 

Future projects with potentially significant impacts on cultural resources would be required to comply 
with federal, state, and local regulations and ordinances protecting cultural resources through 
implementation of similar project-specific mitigation measures during construction. Therefore, through 
compliance with regulatory requirements, standard conditions of approval, and Mitigation Measures 
CUL-1 through CUL-7 the proposed project would have a less than cumulatively considerable 
contribution to impacts on cultural resources.  

During operations and decommissioning of the project, no additional impacts on archaeological 
resources would be anticipated because the soil disturbance would have already occurred and been 
mitigated during construction. 

5.3.6 Geology and Soils 
The Imperial Valley portion of the Salton Trough physiographic province of Southern California is used 
as the geographic scope for the analysis of cumulative impacts on geology/soils and mineral 
resources. Cumulative development would result in an increase in population and development that 
could be exposed to hazardous geological conditions, depending on the location of proposed 
developments. Geologic and soil conditions are typically site specific and can be addressed through 
appropriate engineering practices. Cumulative impacts on geologic resources would be considered 
significant if the project would be impacted by geologic hazard(s) and if the impact could combine with 
off-site geologic hazards to be cumulatively considerable. None of the projects identified within the 
geographic scope of potential cumulative impacts would intersect or be additive to the project’s 
site-specific geology and soils impacts; therefore, no cumulatively considerable effects are identified 
for geology/soils, and cumulative impacts would be less than significant. 

Development of the proposed project, in combination with other projects in the area, has the potential 
to contribute to a cumulatively significant paleontological resources impact due to the potential loss of 
paleontological resources unique to the region. However, mitigation is included in this EIR to reduce 
potentially significant project impacts to paleontological resources during construction of the proposed 
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project. Implementation of Mitigation Measures GEO-2 through GEO-7 would ensure that the potential 
impacts on paleontological resources do not rise to the level of significance. Future projects with 
potentially significant impacts on paleontological resources would be required to comply with federal, 
state, and local regulations and ordinances protecting paleontological resources through 
implementation of similar project-specific mitigation measures during construction. Therefore, through 
compliance with regulatory requirements, standard conditions of approval, and Mitigation Measures 
GEO-2 through GEO-7, the proposed project would have a less than cumulatively considerable 
contribution to impacts on paleontological resources.  

5.3.7 Greenhouse Gas Emissions 
Emissions of GHGs have the potential to adversely affect the environment because such emissions 
contribute, on a cumulative basis, to global climate change. Although the emissions of the projects 
alone would not cause global climate change, GHG emissions from multiple projects throughout the 
world could result in a cumulative impact with respect to global climate change. In turn, global climate 
change has the potential to result in rising sea levels, which can inundate low-lying areas; affect rainfall 
and snowfall, leading to changes in water supply; and affect habitat, leading to adverse effects on 
biological resources.  

CAPCOA considers projects that generate more than 900 metric tons of CO2e per year to be 
significant. This 900 metric tons per year threshold was developed to ensure at least 90 percent of 
new GHG emissions would be reviewed and assessed for mitigation, thereby contributing to the 
statewide GHG emissions reduction goals that had been established for the year 2030 under SB 32. 
Thus, both cumulatively and individually, projects that generate less than 900 metric tons CO2e per 
year have a negligible contribution to overall emissions. As discussed in Section 3.8, Greenhouse Gas 
Emissions, the project would result in the generation of approximately 46 MTCO2e annualized over 
the lifetime of the project. Therefore, the construction emissions are less than the CAPCOA’s 
screening threshold of 900 MTCO2e per year. As the project’s emissions do not exceed the CAPCOA’s 
threshold, the proposed project would not result in a cumulatively considerable impact to GHG 
emissions and would not conflict with the State GHG reduction targets. Other cumulative projects 
identified in Table 5-1 are utility-scale solar facilities. The nature of these projects is such that, like the 
project, they would be consistent with the strategies of the Climate Change Scoping Plan. In order to 
meet the AB 32 GHG emissions reduction mandate, the Scoping Plan relies on achievement of the 
RPS target of 33 percent of California’s energy coming from renewable sources by 2020 and 50 
percent by 2030. The RPS target was updated in September 2018 under SB 100 to 60 percent by 
2030. The project and other similar projects are essential to achieving the RPS.  

Given that the project is characterized as a renewable energy project and places emphasis on solar 
power generation, project operations would be almost carbon-neutral with the majority of the 
operational GHG emissions associated with vehicle trips. Based on these considerations, no 
significant long-term operational GHG impacts would occur and, therefore, project-related GHG 
impacts would not be cumulatively considerable. 

5.3.8 Hazards and Hazardous Materials 
The geographic scope considered for cumulative impacts from health, safety, and hazardous materials 
is the area within 1 mile of the boundary of the project sites. One mile is the standard American Society 
of Testing and Materials (ASTM) standard search distance for hazardous materials. 
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Under cumulative conditions, implementation of the project in conjunction with the projects listed in 
Table 5-1 is not anticipated to present a public health and safety hazard to residents. Additionally, the 
project and related projects would all involve the storage, use, disposal, and transport of hazardous 
materials to varying degrees during construction, operation, and decommissioning. Impacts from these 
activities are less than significant for the project because the storage, use, disposal, and transport of 
hazardous materials are extensively regulated by various Federal, state, and local laws, regulations, 
and policies. It is foreseeable that the project and related projects would implement and comply with 
these existing hazardous materials laws, regulations, and policies. Therefore, the related projects 
would not cause a cumulative impact, and the project would not result in a cumulatively considerable 
incremental contribution to a cumulative impact related to use or routine transport of hazardous 
materials. 

5.3.9 Hydrology and Water Quality 
Table 5-1 lists the projects considered for the hydrology and water quality cumulative impact analysis. 
The geographic scope for considering cumulative hydrology and water quality impacts is the Imperial 
Valley Hydrologic Unit as defined by the Colorado Basin RWQCB Basin Plan.  

The construction of the project is expected to result in short-term water quality impacts. Compliance 
with the SWRCB’s NPDES general permit for activities associated with construction 
(2009-0009-DWQ) would reduce water quality impacts. As with the proposed project, each of the 
cumulative projects would be required to comply with the Construction General Permit. The SWRCB 
has determined that the Construction General Permit protects water quality, is consistent with the 
CWA, and addresses the cumulative impacts of numerous construction activities throughout the state. 
This determination in conjunction with the implementation of mitigation would ensure short-term water 
quality impacts are not cumulatively considerable. 

The project is not expected to result in long-term operations-related impacts related to water quality. 
The project would mitigate potential water quality impacts by implementing site design, source control, 
and treatment control BMPs, as outlined in Mitigation Measures HYD-1 and HYD-2. Some cumulative 
projects would require compliance with the SWRCB’s NPDES general permit for industrial activities, 
as well as rules found in the CWA, Section 402(p)(1) and 40 CFR 122.26, and implemented Order No. 
90-42 of the RWQCB. With implementation of SWRCB, Colorado River RWQCB, and County policies, 
plans, and ordinances governing land use activities that may degrade or contribute to the violation of 
water quality standards, cumulatively considerable impacts on water quality would be minimized to a 
less than significant level. 

Based on a review of the FEMA Flood Insurance Rate Map FIRM, the proposed project site is located 
in Zone X (unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside 
the 0.2 percent annual chance floodplain. As such, the project would not result in a significant 
cumulatively considerable impact on floodplains by constructing new facilities within an identified flood 
hazard zone.  

Surface waters in the Imperial Valley ultimately drain into the Salton Sea via the New and Alamo Rivers 
as well as via irrigation drains and canals. Due to increased demand for water supplies in the region 
and IID water transfer agreements, increasing amounts of water are being consumed in Imperial 
Valley. In addition, water is also being transferred out of the Valley to population centers such as San 
Diego County, thus reducing inflows to the Salton Sea. Project implementation would not substantially 
alter the existing drainage pattern of the site or area. The majority of the project site would continue to 
sheet flow through the pervious native soils. The reduction of runoff to the Salton Sea during project 
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construction and operation is not expected to combine with similar impacts of large scale proposed, 
approved and reasonably foreseeable renewable energy projects identified in Table 5-1. Likewise, 
cumulative impacts associated with runoff reduction would be less than cumulatively considerable. 

Based on these considerations, the project would not contribute to or result in a significant cumulatively 
considerable impact to hydrology or water quality, and cumulative impacts would be less than 
significant. 

5.3.10 Land Use Planning 
The geographic scope for the analysis of cumulative land use and planning impacts is typically defined 
by government jurisdiction. The geographic scope for considering potential inconsistencies with the 
General Plan’s policies from a cumulative perspective includes all lands within the County’s jurisdiction 
and governed by its currently adopted General Plan. In contrast, the geographic scope for considering 
potential land use impacts or incompatibilities include the project site plus a one-mile buffer to ensure 
a consideration for reasonably anticipated potential direct and indirect effects. 

As provided in Section 3.11, Land Use/Planning, the project would not involve any facilities that could 
otherwise divide an established community. Based on this circumstance, no cumulatively considerable 
impacts would occur. As discussed in Section 3.11, Land Use/Planning, the project would not conflict 
with the goals and objectives of the County of Imperial General Plan if all entitlements (General Plan 
amendment, Conditional Use Permit, and Zone Change) are approved by the County Board of 
Supervisors. In addition, a majority of the cumulative projects identified in Table 5-1 would not result 
in a conflict with applicable land use plans, policies, or regulations. In the event that incompatibilities 
or land use conflicts are identified for other projects listed in Table 5-1, similar to the projects, the 
County would require mitigation to avoid or minimize potential land use impacts. Where General Plan 
Amendments and/or Zone Changes are required to extend the RE Overlay Zone, that project would 
also be required to demonstrate consistency with the overall goals and policies of the General Plan, 
and would be required to demonstrate meeting the criteria for extending the RE Overlay onto the 
project site. Based on these circumstances, no significant cumulatively considerable impact would 
occur, and cumulative impacts would be less than significant. 

5.3.11 Public Services 
The project would result in increased demand for public services (fire protection service and law 
enforcement services) (Section 3.12, Public Services). Future development in the Imperial Valley, 
including projects identified in Table 5-1, would also increase the demand for public services. In terms 
of cumulative impacts, the appropriate service providers are responsible for ensuring adequate 
provision of public services within their jurisdictional boundaries. In conjunction with the project’s 
approval, the project applicant would also be conditioned to ensure sufficient funding is available for 
any fire protection or prevention needs and law enforcement services. Based on the type of projects 
proposed (e.g., solar energy generation), their relatively low demand for public services other than fire 
and police, it is reasonable to conclude that the project would not increase demands for education, or 
other public services. Service impacts associated with the project related to fire and police would be 
addressed through payment of impact fees as part of the project’s Conditions of Approval to ensure 
that the service capabilities of these departments are maintained. Therefore, no cumulatively 
considerable impacts would occur. 
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5.3.12 Transportation 

As stated in Section 3.13, Transportation, during the construction phase of the project, the maximum 
number of trips generated on a daily basis would be approximately 540 trips. Based on the low amount 
of construction trips generated and low existing traffic volumes on area roadways, no substantial 
transportation impacts are anticipated. A majority of the projects listed in Table 5-1 are already 
constructed. As shown on Table 5-1, there are cumulative projects that are approved, but not yet built 
(Midway Solar Farm I, Ormat Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, Laurel II, 
and Laurel III), or pending entitlement (Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar). 
The construction phasing of these projects is not anticipated to overlap with the proposed project. 
Furthermore, with exception of SR-111, the cumulative projects are not anticipated to use the same 
construction haul route as the proposed project. Future operations and maintenance would be 
conducted remotely, with minimal trips to the project site for panel washing and other solar 
maintenance. Based on these findings, the project would not result in cumulatively considerable 
roadway or intersection impacts, and this impact would be less than significant. 

5.3.13 Tribal Cultural Resources 
As discussed in Section 3.14, Tribal Cultural Resources, no tribes have responded that indicate the 
potential for traditional cultural properties or sacred sites. Therefore, the proposed project is not 
anticipated to cause a substantial adverse change in the significance of a tribal cultural resource, and 
impacts on tribal cultural resources would be less than significant. Future cumulative projects would 
also be required to comply with the requirements of AB 52 to determine the presence/absence of tribal 
cultural resources and engage in consultation to determine appropriate mitigation measures to 
minimize or avoid impacts on tribal cultural resources. Based on these considerations, the project 
would not contribute to or result in a significant cumulatively considerable impact tribal cultural 
resources.  

5.3.14 Utilities/Service Systems 
Future development in Imperial County would increase the demand for utility service in the region. In 
terms of cumulative impacts, the appropriate service providers are responsible for ensuring adequate 
provision of public utilities within their jurisdictional boundaries. The proposed project would not require 
or result in the relocation or construction of new or expanded wastewater facilities, storm water 
facilities, or water facilities. Additionally, the project would be comprised of mostly recyclable materials 
and would not generate significant volumes of solid waste that could otherwise contribute to significant 
decreases in landfill capacity. Based on these considerations, the project would result in less than 
significant impacts on existing utility providers and, therefore, would not result in cumulatively 
considerable impacts. 
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6 Effects Found Not Significant 
In accordance with Section 15128 of the CEQA Guidelines, an EIR must contain a statement briefly 
indicating the reasons that various potential significant effects of a project were determined not to be 
significant. Based on the Initial Study and Notice of Preparation prepared for the proposed project 
(Appendix A of this EIR), Imperial County has determined that the proposed project would not have 
the potential to cause significant adverse effects associated with the topics identified below. Therefore, 
these topics are not addressed in this EIR; however, the rationale for eliminating these topics is briefly 
discussed below. 

6.1 Agriculture and Forestry Resources 
6.1.1 Forestry Resources 
No portion of the project site or the immediate vicinity is zoned or designated as forest lands, 
timberlands, or timberland production. As such, the proposed project would not result in a conflict with 
existing zoning or cause the need for a zone change specifically related to forest land (as defined in 
Public Resources Code section 12220(g), timberland (as defined by Public Resources Code section 
4526), or timberland zoned Timberland Production (as defined by Government Code section 
51104(g)). Therefore, implementation of the proposed project would not impact forestry resources. 

6.2 Energy 
Information for this section is summarized from the Air Quality, Energy, and Greenhouse Gas 
Emissions Impact Analysis prepared for the project by Vista Environmental. This report is included in 
Appendix C of this EIR.  

The proposed project would impact energy resources during construction and operation.  Energy 
resources that would be potentially impacted include electricity, and petroleum-based fuel supplies 
and distribution systems. The proposed project would not utilize any natural gas during either 
construction or operation of the proposed project, and no further analysis of natural gas is provided in 
this analysis.   

The following discussion calculates the potential energy consumption associated with the construction 
and operation of the proposed project and analyzes if any energy utilized by the proposed project is 
wasteful, inefficient, or unnecessary consumption of energy resources. 

6.2.1 Construction Energy 
The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) 
PV System Installation and Testing, and 3) Site Clean-up and Restoration.  The proposed project 
would consume energy resources during construction in three (3) general forms:  

1. Petroleum-based fuels used to power off-road construction vehicles and equipment on the 
project site, construction worker travel to and from the project site, as well as delivery and haul 
truck trips (e.g., hauling of construction waste material to off-site reuse and disposal facilities);  

2. Electricity associated with the conveyance of water that would be used during project 
construction for dust control (supply and conveyance) and electricity to power any necessary 
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lighting during construction, electronic equipment, or other construction activities necessitating 
electrical power; and, 

3. Energy used in the production of construction materials, such as asphalt, steel, concrete, 
pipes, and manufactured or processed materials such as lumber and glass. 

Construction-Related Electricity 
During construction of the proposed project, electricity would be consumed to construct the new 
structures and infrastructure. Electricity would be supplied to the project site by IID and would be 
obtained from the existing electrical lines in the vicinity of the project site.  The use of electricity from 
existing power lines rather than temporary diesel or gasoline powered generators would minimize 
impacts on energy use.  Electricity consumed during project construction would vary throughout the 
construction period based on the construction activities being performed. Various construction 
activities include electricity associated with the conveyance of water that would be used during project 
construction for dust control (supply and conveyance) and electricity to power any necessary lighting 
during construction, electronic equipment, or other construction activities necessitating electrical 
power.  Such electricity demand would be temporary, nominal, and would cease upon the completion 
of construction. Overall, construction activities associated with the proposed project would require 
limited electricity consumption that would not be expected to have an adverse impact on available 
electricity supplies and infrastructure. Therefore, the use of electricity during project construction would 
not be wasteful, inefficient, or unnecessary. 

The proposed project would include installation of an approximately 1.8-mile-long overhead power line 
from the southern edge of the project site to the North Brawley Geothermal Power Plant substation, 
which would provide adequate capacity to handle the power generated and utilized by the proposed 
project.  Where feasible, the new service installations and connections would be scheduled and 
implemented in a manner that would not result in electrical service interruptions to other properties.  
Compliance with County and IID guidelines and requirements would ensure that the proposed project 
fulfills its responsibilities relative to infrastructure installation, coordinates any electrical infrastructure 
removals or relocations, and limits any impacts associated with construction of the project.  
Construction of the project’s electrical infrastructure is not anticipated to adversely affect the electrical 
infrastructure serving the surrounding uses or utility system capacity.  

Construction-Related Petroleum Fuel Use  
Petroleum-based fuel usage represents the highest amount of transportation energy potentially 
consumed during construction, which would be utilized by both off-road equipment operating on the 
project site and on-road automobiles transporting workers to and from the project site and on-road 
trucks transporting equipment and supplies to the project site.   

The off-road equipment utilized during construction of the proposed project would consume 84,890 
gallons of fuel.  The on-road trips generated from construction of the proposed project would consume 
77,046 gallons of fuel.  As such, the combined fuel used from off-road construction equipment and on-
road construction trips for the proposed project would result in the consumption of 161,935 gallons of 
petroleum fuel.  This equates to 0.17 percent of the gasoline and diesel consumed annually in Imperial 
County.  As such, the construction-related petroleum use would be nominal, when compared to current 
county-wide petroleum usage rates. 

Construction activities associated with the proposed project would be required to adhere to all State 
and ICAPCD regulations for off-road equipment and on-road trucks, which provide minimum fuel 
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efficiency standards.  As such, construction activities for the proposed project would not result in the 
wasteful, inefficient, and unnecessary consumption of energy resources.  Impacts regarding 
transportation energy would be less than significant.   

6.2.2 Operations Energy 
The on-going operation of the proposed project would require the use of energy resources for multiple 
purposes including, but not limited to, heating/ventilating/air conditioning (HVAC), lighting, and 
electronics.  Energy would also be consumed during operations related to water usage and vehicle 
trips. 

Operations-Related Electricity 
Operation of the proposed project would result in consumption and production of electricity at the 
project site.  The proposed PV solar panels will generate 97,333,333 kWh per year of electricity and 
operation of the project will use 1,946,667 kWh per year of electricity, which would result in the net 
generation of 95,386,667 kWh per year of electricity.  This equates to 2.8 percent of the electricity 
consumed annually by IID.  As such, the operations-related electricity use would provide a significant 
renewable resource for the IID and would help IID achieve the State’ Renewable Portfolio Standards 
requirement for non-carbon sources of electricity. No impact would occur from electricity-related 
energy consumption from the proposed project. 

Operations-Related Vehicular Petroleum Fuel Usage 
Operation of the proposed project would result in increased consumption of petroleum-based fuels 
related to vehicular travel to and from the project site. The proposed project would consume 1,036 
gallons of petroleum fuel per year from vehicle travel.  This equates to 0.001 percent of the gasoline 
and diesel consumed in Imperial County annually. As such, the operations-related petroleum use 
would be nominal, when compared to current petroleum usage rates 

It should be noted that, the proposed project would comply with all Federal, State, and County 
requirements related to the consumption of transportation energy and would provide a non-carbon 
source of electricity to power electric vehicles in Imperial County. Thus, impacts with regard 
transportation energy supply and infrastructure capacity would be less than significant and no 
mitigation measures would be required. 

6.2.3 Compliance with State or Local Plans for Renewable Energy or 
Energy Efficiency 

The purpose of the proposed project is the construction of a renewable energy and storage facility in 
Imperial County. Once in operation, it will decrease the need for energy from fossil fuel–based power 
plants in the state. The result would be a net increase in electricity resources available to the regional 
grid, generated from a renewable source. The proposed project would help California meet its 
Renewable Portfolio Standard of 60 percent of retail electricity sales from renewable sources by the 
end of 2030 and 100 percent by 2045. Additionally, the project would also be consistent with the 
County’s General Plan Conservation and Open Space Element, Objective 9.2 which encourages 
renewable energy developments. Therefore, the project would directly support state and local plans 
for renewable energy development. The proposed project would not conflict with or obstruct a state or 
local plan for renewable energy or energy efficiency; therefore, no impact would occur.   
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6.3 Mineral Resources 
The project site is not used for mineral resource production and the applicant is not proposing any 
form of mineral extraction. According to Figure 8: Imperial County Existing Mineral Resources of the 
Conservation and Open Space Element of the General Plan (County of Imperial 2016), no known 
mineral resources occur within the project site nor does the project site contain mapped mineral 
resources. Therefore, the proposed project would not result in the loss of availability of any known 
mineral resources that would be of value to the region and the residents of California nor would the 
proposed project result in the loss of availability of a locally important mineral resource. 

Based on a review of the California Department Division of Oil, Gas, and Geothermal Resources Well 
Finder, there are two plugged and abandoned geothermal wells (Well No. 02590966 and 02590983) 
located in the central portion of the project site (APN 037-140-022) (California Department of Oil, Gas, 
and Geothermal Resources 2021). There is also one idle water well (Well No. 02591498) on the 
southwestern portion of the project site (APN 037-140-022). The proposed project would be designed 
to avoid the geothermal wells and water well and would result in no impact.  

6.4 Noise 
Information contained in this section is summarized from the Noise Impact Analysis for the Brawley 
Solar Energy Facility Project prepared by Vista Environmental. This report is included in Appendix I of 
this EIR. The following analyzes the potential noise emissions associated with the temporary 
construction activities and long-term operations of the proposed project and compares the noise levels 
to the County standards. Potential noise impacts from vibration and nearby airports is also analyzed 
below.  

6.4.1 Construction-Related Noise 
The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) 
PV System Installation and Testing, and 3) Site Clean-up and Restoration.  Noise impacts from 
construction activities associated with the proposed project would be a function of the noise generated 
by construction equipment, equipment location, sensitivity of nearby land uses, and the timing and 
duration of the construction activities.  The nearest sensitive receptors to the project site are single-
family homes located as near as 40 feet to the north side of the project site (near the northwest corner 
of the project site).  There are also homes located on the east side of N Best Avenue that are as near 
as 120 feet east of the project site. 

The General Plan Noise Element includes Construction Noise Standards that limits the noise created 
from construction equipment to 75 dB Leq, averaged over an eight (8) hour period at the nearest 
sensitive receptor.  In addition, the Construction Noise Standards limit construction equipment 
operation to between the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. to 5 p.m. 
Saturday. No commercial construction operations are permitted on Sunday or holidays.  

For each phase of construction, all construction equipment was analyzed based on being placed in 
the middle of the project site, which is based on the analysis methodology detailed in FTA Manual for 
a General Assessment.  Since the County’s construction noise standard is based on the noise level 
over an 8-hour period and in a typical day the proposed construction equipment would operate over 
the entire project site, the use of the methodology detailed in the FTA Manual for a General 
Assessment would provide a reasonable estimate of the construction-related noise levels created by 
the proposed project.   
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Table 6-1 shows that greatest construction noise impacts would be as high as 53 dBA Leq during the 
PV system installation and testing phase at the nearest homes to the northwest, northeast, and 
southeast of the project site.  All calculated construction noise levels shown in Table 6-1  are within 
the County’s construction noise standard of 75 dBA and would also be below the existing ambient 
daytime noise levels in the vicinity of the nearby homes.  Therefore, through adherence to the limitation 
of allowable construction times provided in the General Plan Noise Element, construction-related noise 
levels would not exceed any standards established in the General Plan or Noise Ordinance nor would 
construction activities create a substantial temporary increase in ambient noise levels from 
construction of the proposed project.  Impacts would be less than significant. 

Table 6-1.Construction Noise Levels at the Nearby Homes 
Construction Phase Construction Noise Level (dBA Leq) at: 

Home to Northwest1 Home to 
Northeast2 

Home to Southeast3 

Site Preparation 52 52 52 

PV System Installation and Testing 53 53 53 

Site Clean-Up and Restoration 52 52 52 

Construction Noise Threshold4 75 75 75 

Ambient Daytime Noise Level 66.5 60.2 62.0 

Exceed Thresholds? No No No 
1 The distance from the center of the project site to the home to the northwest was measured at 2,900 feet. 
2 The distance from the center of the project site to the homes to the northeast was measured at 2,900 feet. 
3 The distance from the center of the project site to the home to the southeast was measured at 2,850 feet. 
4 Construction Noise Threshold obtained from the General Plan Noise Element (County of Imperial, 2015). 
Source: Appendix I of this EIR 

6.4.2 Operational-Related Noise 
The proposed project would consist of the development of a solar facility with a BESS and a substation.  
Since the proposed project would be operated on an unstaffed basis and monitored remotely from the 
Brawley Geothermal Power Plant control room, operation of the proposed project would not typically 
generate any additional vehicle traffic on the nearby roadways.  As such, potential noise impacts 
associated with the operations of the proposed project would be limited to onsite noise sources.  The 
proposed PV solar panels do not create any operational noise, however the proposed BESS 
Enclosures (AC Unit noise), Power Conversion System, Power Distribution Center that would be 
located at the BESS, and auxiliary transformers, and Battery Step Up Transformer that would be 
located at the proposed substation are known sources of noise that have been analyzed below. 

Both the General Plan Noise Element and Section 90702.00 provide the same noise level limits at the 
property line of the nearby homes of 50 dBA Leq-1hour between 7 a.m. and 10 p.m. and 45 dBA Leq-
1hour between 10 p.m. and 7 a.m. When the ambient noise level is equal to or exceeds the above 
noise standards, the proposed noise source shall not exceed the ambient plus 3 dB Leq. 

In order to determine the noise impacts from the operation of onsite noise making equipment, noise 
specifications from previously prepared noise reports were obtained and are shown in Table 6-2. The 
noise levels from each source were calculated through use of standard geometric spreading of noise 
from a point source with a drop-off rate of 6 dB for each doubling of the distance between the source 
and receiver (Appendix I of this EIR). 
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Table 6-2 shows that the proposed project’s onsite operational noise from the anticipated onsite noise 
sources would not exceed the applicable noise standards at the nearby homes.  Therefore, operational 
onsite noise impacts would be less than significant. 

Table 6-2. Operational Noise Levels at the Nearby Homes 
Noise Source Home to Northwest Home to Northeast Home to Southeast 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

BESS Enclosures2 5,050 25 5,100 25 850 40 

Power Conversion System3  5,050 22 5,100 22 850 38 

Power Distribution Center4  5,050 22 5,100 22 850 38 

Auxiliary Transformers5 5,030 31 5,280 31 1,150 44 

Battery Step up Transformer6 5,030 31 5,280 31 850 47 

Combined Noise Levels 35  35  50 

County Noise Standard7 (day/night) 69.5/67.9  63.2/58.6  65.0/59.2 

Exceed County Noise Standards? No/No  No/No  No/No 
Notes: 
1  The noise levels were calculated through use of standard geometric spreading of noise from a point source with a drop-off rate 
of 6 dB for each doubling of the distance between the source and receiver.  
2  BESS Enclosures is based on a reference noise measurement of 88.6 dBA at 1 meter. 
3  Power Conversion System is based on a reference noise measurement of 86.1 dBA at 1 meter. 
4  Power Distribution Center is based on a reference noise measurement of 86.1 dBA at 1 meter. 
5  Auxiliary Transformers are based on a reference noise measurement of 95.1 dBA at 1 meter. 
6  Battery Step up Transformer is based on a reference noise measurement of 95.1 dBA at 1 meter. 
7  County Noise Standard based on ambient noise level shown in Table D plus 3 dB at the nearby homes. 
Source: Appendix I of this EIR 

6.4.3 Construction-Related Vibration Impacts 
Vibration impacts from construction activities associated with the proposed project would typically be 
created from the operation of heavy off-road equipment.  The nearest sensitive receptor to the project 
site is a single-family home located as near as 40 feet to the north side of the project site (near the 
northwest corner of the project site).   

Since neither the Municipal Code nor the General Plan provides any thresholds related to vibration, 
Caltrans guidance has been utilized, which defines the threshold of perception from transient sources 
at 0.25 inch per second PPV.   

The primary source of vibration during construction would be from the operation of a bulldozer.  A 
large bulldozer would create a vibration level of 0.089 inch per second PPV at 25 feet.  Based on 
typical propagation rates, the vibration level at the nearest home (40 feet away) would be 0.06 inch 
per second PPV (Appendix I of this EIR).  The vibration level at the nearest home, would be below the 
0.25 inch per second PPV threshold detailed above.  Impacts would be less than significant.   
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6.4.4 Operations-Related Vibration Impacts 
The proposed project would consist of the operation of a solar energy facility. The on-going operation 
of the proposed project would not include the operation of any known vibration sources.  Therefore, a 
less than significant vibration impact is anticipated from the operation of the proposed project. 

6.4.5 Airport Noise  
The project site is located within 2 miles of a public airport. The nearest airport is the Brawley Municipal 
Airport located approximately 1.5 miles south of the project site. However, the project site is outside 
of the airport compatibility zones of the Brawley Municipal Airport (County of Imperial 1996). Therefore, 
the proposed project would not expose people residing or working in the project area to excess noise 
levels and no impact is identified for this issue area. 

6.5 Population and Housing 
Development of housing is not proposed as part of the project. The unemployment rate in Imperial 
County, as of August 2021 was 19.4 percent (State of California Employment Development 
Department 2021b). The applicant expects to utilize construction workers from the local and regional 
area, a workforce similar to that involved in the development of other utility-scale solar facilities. Based 
on the unemployment rate in Imperial County (19.4 percent) (State of California Employment 
Development Department 2021b), and the availability of the local workforce, construction of the 
proposed project would not have a growth-inducing effect.  

Once fully constructed, the project would be operated on an unstaffed basis and be monitored 
remotely, with periodic on-site personnel visitations for security, maintenance and system monitoring. 
Therefore, no full-time site personnel would be required on-site during operations and approximately 
two employees would only be onsite up to four times per year to wash the solar panels. As the project’s 
PV arrays produce electricity passively, maintenance requirements are anticipated to be very minimal.  
Therefore, the proposed project would not result in a substantial growth in the area, as the number of 
employees required to operate and maintain the facility is minimal. 

No housing exists within the project site and no people reside within the project site. Therefore, the 
proposed project would not displace substantial numbers of people or housing, necessitating the 
construction of replacement housing elsewhere. The proposed project would result in no impact to 
population and housing.  

6.6 Public Services 
Schools. The proposed project does not include the development of residential land uses that would 
result in an increase in population or student generation. Construction of the proposed project would 
not result in an increase in student population within the Imperial County’s School District since it is 
anticipated that construction workers would commute in during construction operations. The proposed 
project would have no impact on Imperial County schools.  

Parks and Other Public Facilities. No full-time employees are required to operate the project. The 
project facility will be monitored remotely. It is anticipated that maintenance of the facility will require 
minimal site presence to perform periodic visual inspections and minor repairs. Therefore, substantial 
permanent increases in population that would adversely affect local parks, libraries, and other public 
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facilities are not expected. The project is not expected to have an impact on parks, libraries, and other 
public facilities. 

6.7 Recreation 
The project site is not used for formal recreational purposes. Also, the proposed project would not 
generate new employment on a long-term basis. As such, the project would not significantly increase 
the use or accelerate the deterioration of regional parks or other recreational facilities. Up to 120 
construction workers are expected to be on-site per day. The temporary increase of population during 
construction that might be caused by an influx of workers would be minimal and not cause a detectable 
increase in the use of parks. Additionally, the project does not include or require the expansion of 
recreational facilities. Therefore, no impact is identified for recreation.  

6.8 Utilities and Service Systems 
Wastewater Facilities. The project would generate a minimal volume of wastewater during 
construction. During construction activities, wastewater would be contained within portable toilet 
facilities and disposed of at an approved site. No habitable structures are proposed on the project site, 
such as O&M buildings; therefore, there would be no wastewater generation from the proposed 
project. The proposed project would not require or result in the relocation or construction of new or 
expanded wastewater facilities. 

Storm Water Facilities. The proposed project will involve the construction of drainage control facilities 
within the project site, and included in the project impact footprint, of which environmental impacts 
have been evaluated. Otherwise, the project does not require expanded or new storm drainage 
facilities off-site (i.e., outside of the project footprint) because the proposed solar facility would not 
generate a significant increase in the amount of impervious surfaces that would increase runoff during 
storm events, and therefore, would not require the construction of off-site storm water management 
facilities. Water from solar panel washing would continue to percolate through the ground, as a majority 
of the surfaces within the project site would remain pervious. The proposed project would not require 
or result in the relocation or construction of new or expanded storm water facilities beyond those 
proposed as part of the project and evaluated in the EIR. 

Water Facilities. The proposed project is not anticipated to result in a significant increase in water 
demand/use during operation; however, water will be needed for solar panel washing and dust 
suppression. During operation, water would be trucked to the project site from a local water source. 
Therefore, the proposed project would not require or result in the relocation or construction of new or 
expanded water facilities.  

Power, Natural Gas, and Telecommunication Facilities. The proposed project would involve 
construction of power facilities. However, these are components of the project as evaluated in the EIR. 
The proposed project would not otherwise generate the demand for or require or result in the relocation 
or construction of new or expanded electric power, natural gas, or telecommunications facilities that 
would in turn, result in a significant impact to the environment.  

Solid Waste Facilities. Solid waste generation would be minor for the construction and operation of 
the project. Solid waste would be disposed of using a locally-licensed waste hauling service, most 
likely Allied Waste. Trash would likely be hauled to the Imperial Landfill (13-AA-0019) located 
approximately 11 miles south of the proposed project in Imperial. The Imperial Landfill has 
approximately 12,384,000 cubic yards of remaining capacity and is estimated to remain in operation 
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through 2040 (CalRecycle 2021). Therefore, there is ample landfill capacity in the County to receive 
the minor amount of solid waste generated by construction and operation of the proposed project. 

Additionally, because the proposed project would generate solid waste during construction and 
operation, the project would be required to comply with state and local requirements for waste 
reduction and recycling; including the 1989 California Integrated Waste Management Act and the 1991 
California Solid Waste Reuse and Recycling Access Act of 1991. Also, conditions of the CUP would 
contain provisions for recycling and diversion of Imperial County construction waste policies.  

Further, when the proposed project reaches the end of its operational life, the components would be 
decommissioned and deconstructed. When the project concludes operations, much of the wire, steel, 
and modules of which the system is comprised would be recycled to the extent feasible. The project 
components would be deconstructed and recycled or disposed of safely, and the site could be 
converted to other uses in accordance with applicable land use regulations in effect at the time of 
closure. Commercially reasonable efforts would be used to recycle or reuse materials from the 
decommissioning. All other materials would be disposed of at a licensed facility. A less than significant 
impact is identified for this issue. 

6.9 Wildfire  
According to the Draft Fire Hazard Severity Zone Map for Imperial County prepared by the California 
Department of Forestry and Fire Protection, the project site is not located in or near state responsibility 
areas or lands classified as very high hazard severity zones (California Department of Forestry and 
Fire Protection 2007). Therefore, the proposed project would not substantially impair an adopted 
emergency response plan or emergency evacuation plan; expose project occupants to, pollutant 
concentrations from a wildfire or the uncontrolled spread of a wildfire; exacerbate fire risk; or, expose 
people or structures to significant risks, including downslope or downstream flooding or landslides, as 
a result of runoff, post-fire slope instability, or drainage changes. No impact is identified for wildfire.  
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7 Alternatives 
7.1 Introduction 
The identification and analysis of alternatives is a fundamental concept under CEQA. This is evident 
in that the role of alternatives in an EIR is set forth clearly and forthrightly within the CEQA statutes. 
Specifically, CEQA §21002.1(a) states: 

“The purpose of an environmental impact report is to identify the significant effects on the 
environment of a project, to identify alternatives to the project, and to indicate the manner in 
which those significant effects can be mitigated or avoided.” 

The CEQA Guidelines require an EIR to “describe a range of reasonable alternatives to the project, or 
to the location of the project, which would feasibly attain most of the basic objectives of the project but 
would avoid or substantially lessen any of the significant effects of the project, and evaluate the 
comparative merits of the alternatives” (CEQA Guidelines §15126.6(a)). The CEQA Guidelines direct 
that selection of alternatives focus on those alternatives capable of eliminating any significant 
environmental effects of the project or of reducing them to a less-than significant level, even if these 
alternatives would impede to some degree the attainment of project objectives, or would be more 
costly. In cases where a project is not expected to result in significant impacts after implementation of 
recommended mitigation, review of project alternatives is still appropriate. 

The range of alternatives required within an EIR is governed by the “rule of reason” which requires an 
EIR to include only those alternatives necessary to permit a reasoned choice. The discussion of 
alternatives need not be exhaustive. Furthermore, an EIR need not consider an alternative whose 
implementation is remote and speculative or whose effects cannot be reasonably ascertained. 

Alternatives that were considered but were rejected as infeasible during the scoping process should 
be identified along with a reasonably detailed discussion of the reasons and facts supporting the 
conclusion that such alternatives were infeasible. 

Based on the alternatives analysis, an environmentally superior alternative is designated among the 
alternatives. If the environmentally superior alternative is the No Project Alternative, then the EIR shall 
identify an environmentally superior alternative among the other alternatives (CEQA Guidelines 
§15126.6(e)(2)). 

7.2 Criteria for Alternatives Analysis 
As stated above, pursuant to CEQA, one of the criteria for defining project alternatives is the potential 
to attain the project objectives. Established objectives of the project applicant for the proposed project 
include: 

• Construct, operate and maintain an efficient, economic, reliable, safe and environmentally 
sound solar-powered electricity generating facility.  

• Help meet California’s Renewable Portfolio Standard (RPS) requirements, which require that 
by 2030, California’s electric utilities are to obtain 50 percent of the electricity they supply from 
renewable sources. 
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• Generate renewable solar-generated electricity from proven technology, at a competitive cost, 
with low environmental impact, and deliver it to the local markets as soon as possible. 

• Develop, construct, own and operate the Brawley Solar Energy Facility, and ultimately sell its 
electricity and all renewable and environmental attributes to an electric utility purchaser under 
a long-term contract to meet California’s RPS goals. 

• Utilize a location that is in close proximity to an existing switching station and powerlines. 

• Minimize and mitigate any potential impact to sensitive environmental resources within the 
project area.  

7.3 Alternatives Considered but Rejected 
7.3.1 Alternative Site 
Section 15126.6(f)(2) of the CEQA Guidelines addresses alternative locations for a project. The key 
question and first step in the analysis is whether any of the significant effects of the proposed project 
would be avoided or substantially lessened by constructing the proposed project in another location. 
Only locations that would avoid or substantially lessen any of the significant effects of the project need 
to be considered for inclusion in the EIR. Further, CEQA Guidelines Section 15126.6(f)(1) states that 
among the factors that may be taken into account when addressing the feasibility of alternative 
locations are whether the project proponent can reasonably acquire, control or otherwise have access 
to the alternative site (or the site is already owned by the proponent). 

With respect to the proposed project, no significant, unmitigable impacts have been identified. With 
implementation of proposed mitigation, all potentially significant environmental impacts will be 
mitigated to a level less than significant.  

The Applicant investigated the opportunity to develop the project site in the general project area and 
determined that the currently proposed project site is the most suitable for development of the solar 
facility. An alternative site was considered and is depicted on Figure 7-1. As shown, this site is located 
south of the project site on privately-owned agricultural lands, similar to the project site. The site, 
located on APNs 037-160-017, 037-160-018, and 037-160-019 totals approximately 282 acres of land. 

However, this site was rejected from detailed analysis for the following reasons: 

• The alternative location site, as compared to the proposed project site, is located immediately 
north of State Route 78, a major US State Highway traversed by large numbers of transient 
public viewers. When compared to the proposed project, the alternative site would result in 
potentially significant impacts associated with aesthetics and visual quality. While the 
proposed project identified no significant impacts for aesthetics and visual quality, 
implementation of the project at the alternative location site has the potential to permanently 
alter the existing visual character and visual quality of the alternative site, which is 
characterized by agricultural lands and minor agricultural development under existing viewer 
locations from SR 78, looking north. As such, aesthetic impacts at the alternative location site, 
adjacent to SR 78, would be greater than those at the proposed project site, which is located 
adjacent to small, less-traveled, agricultural roads (N Best Road and Baughman Road), 
approximately 0.7 mile east of the major thoroughfare, SR 111.  

Similarly, a glare hazard analysis prepared for the project (Appendix B of this EIR) concluded 
that sensitive viewers near the proposed project, including residences, a nearby golf course, 
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major roadways, and approach slopes associated with the Brawley Municipal Airport, would 
not experience glare effects from the project. Comparatively, due to the alternative site 
location’s close proximity immediately north of SR 78, potential glare impacts resulting from 
the solar array would be potentially significant to viewers traveling on SR 78. 

• The alternative location site, as compared to the proposed project site, is bisected by the 
Shellenberger Drain. With the implementation of mitigation, impacts on surface water quality 
as attributable to the proposed project, which has been designed to avoid bisecting any 
waterways, would be reduced to a less than significant level. However, construction activities 
at the alternative site location have the potential to impact hydrology and water quality (due to 
the presence of the Shellenberger Drain) when compared to the proposed project site. 

• No significant, unmitigated impacts have been identified for the proposed project. Construction 
and operation of the proposed project at this alternative location would likely result in similar 
impacts associated with the proposed project, or additional impacts (to hydrology and water 
quality) that are currently not identified for the project at the currently proposed location. 

As such, the County considers this alternative location infeasible and rejects further analysis of this 
alternative because of the factors listed above.   
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Figure 7-1. Alternative Site 

 
  

PC ORIGINAL PKG



7 Alternatives 
 Final EIR | Brawley Solar Energy Facility Project 

 

Imperial County January 2023 | 7-5 

7.4 Alternative 1: No Project/No Development Alternative 
The CEQA Guidelines require analysis of the No Project Alternative (PRC Section 15126). According 
to Section 15126.6(e)(1), “the specific alternative of ‘no project’ shall also be evaluated along with its 
impact.” Also, pursuant to Section 15126.6(e)(2); “The ‘no project’ analysis shall discuss the existing 
conditions at the time the notice of preparation is published, … at the time environmental analysis is 
commenced, as well as what would be reasonably expected to occur in the foreseeable future if the 
project were not approved, based on current plans and consistent with available infrastructure and 
community services.” 

The No Project/No Development Alternative assumes that the project, as proposed, would not be 
implemented and the project site would not be further developed with a solar energy project. The No 
Project/No Development Alternative would not meet a majority of the project objectives. 

7.4.1 Environmental Impact of Alternative 1: No Project/No Development 
Alternative 

Aesthetics  
Under the No Project/No Development Alternative, the project site would not be developed and would 
continue to be agricultural land. The No Project/No Development Alternative would not modify the 
existing project site or add construction to the project site; therefore, there would be no change to the 
existing condition of the site. Under this alternative, there would be no potential to create a new source 
of light or glare associated with the PV arrays. As discussed in greater detail in Section 3.2, Aesthetics, 
the proposed project would result in a less than significant impact associated with introduction of new 
sources of light and glare. Under the No Project Alternative, no new sources of light, glare, or other 
aesthetic impacts would occur. Under this alternative, light, glare, and aesthetic impacts would be less 
compared to the project as the existing visual conditions would not change.  

Agricultural Resources 
Under the No Project/No Development Alternative, the project site would not be developed and would 
continue to be agricultural land. Compared to the proposed project, implementation of this alternative 
would avoid the conversion of land designated as Prime Farmland (4.44 acres) and Farmland of 
Statewide Importance (204.95 acres) per the Farmland Mapping and Monitoring Program (FMMP). 
Therefore, this alternative would not contribute to the conversion of agricultural lands or otherwise 
adversely affect agricultural operations. Compared to the proposed project, this alternative would 
avoid the need for future restoration of the project site to pre-project conditions. This alternative would 
avoid any agricultural impacts associated with the proposed project. 

Air Quality 
Under the No Project/No Development Alternative, there would be no air emissions associated with 
project construction or operation, and no project- or cumulative-level air quality impact would occur. 
Therefore, no significant impacts to air quality or violation of air quality standards would occur under 
this alternative. Moreover, this alternative would be consistent with existing air quality attainment plans 
and would not result in the creation of objectionable odors. 

As discussed in Section 3.4, Air Quality, the proposed project would not exceed the ICAPCD’s 
significance thresholds for emissions of ROG, CO, NOx, and PM10 during both the construction and 
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operational phases of the project. Although no significant air quality impacts would occur, all 
construction projects within Imperial County must comply with the requirements of ICAPCD Regulation 
VIII for the control of fugitive dust. In addition, the ICAPCD’s Air Quality Handbook lists additional 
feasible mitigation measures that may be warranted to control emissions of fugitive dust and 
combustion exhaust. 

This alternative would result in less air quality emissions compared to the proposed project, the 
majority of which would occur during construction.  

Biological Resources 
Under the No Project/No Development Alternative, existing biological resource conditions within the 
project site would largely remain unchanged and no impact would be identified. Unlike the proposed 
project which requires mitigation for biological resources including burrowing owl and other migratory 
birds, this alternative would not result in construction of a solar facility that could otherwise result in 
significant impacts to these biological resources. Compared to the proposed project, this alternative 
would avoid impacts to biological resources. 

Cultural Resources 
The proposed project would involve ground-disturbing activities that have the potential to disturb 
previously undocumented cultural resources that could qualify as historical resources or unique 
archaeological resources pursuant to CEQA. Under the No Project/No Development Alternative, the 
project site would not be developed and no construction-related ground disturbance would occur. 
Therefore, compared to the proposed project, this alternative would avoid impacts to cultural 
resources.  

Geology and Soils 
Because there would be no development at the project site under the No Project/No Development 
Alternative, no grading or construction of new facilities would occur. Therefore, there would be no 
impact to project-related facilities as a result of local seismic hazards (strong ground shaking), soil 
erosion, and paleontological resources. In contrast, the proposed project would require the 
incorporation of mitigation measures related to potential seismic hazards, soil erosion, and 
paleontological resources to minimize impacts to a less than significant level. Compared to the 
proposed project, this alternative would avoid significant impacts related to local geology and soil 
conditions and paleontological resources. 

Greenhouse Gas Emissions 
Under the No Project/No Development Alternative, there would be no GHG emissions resulting from 
project construction or operation or corresponding impact to global climate change. The No Project/No 
Development Alternative would not help California meet its statutory and regulatory goal of increasing 
renewable power generation, including GHG reduction goals of SB 32. While this alternative would 
not further implement policies (e.g., SB X1-2) for GHG reductions, this alternative would also not 
directly conflict with any applicable plan, policy, or regulation adopted for the purpose of reducing the 
emissions of GHGs. This alternative would not create any new GHG emissions during construction 
but would not lead to a long-term beneficial impact to global climate change by providing renewable 
clean energy. For the proposed project, a less than significant impact was identified for 
construction-related GHG emissions, and in the long-term, the project would result in an overall 
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beneficial impact to global climate change as the result of creation of clean renewable energy, that 
does not generate GHG emissions. Compared to the proposed project, while the No Project/No 
Development Alternative would not result in new GHG emissions during construction, it would be less 
beneficial to global climate change as compared to the proposed project. Further, the construction 
emissions (amortized over 30 years) associated with the project would be off-set by the beneficial 
renewable energy provided by the project, negating any potential that the No Project/No Development 
alternative would reduce construction-related GHG emissions. 

Hazards and Hazardous Materials 
The No Project/No Development Alternative would not include any new construction. Therefore, no 
potential exposure to hazardous materials would occur. Therefore, no impact is identified for this 
alternative for hazards and hazardous materials. As with the proposed project, this alternative would 
not result in safety hazards associated with airport operations. Compared to the proposed project, this 
alternative would have less of an impact related to hazards and hazardous materials. 

Hydrology/Water Quality 
The No Project/No Development Alternative would not result in modifications to the existing drainage 
patterns or volume of storm water runoff as attributable to the proposed project, as the existing site 
conditions and on-site pervious surfaces would remain unchanged. In addition, no changes with regard 
to water quality would occur under this alternative. Compared to the proposed project, from a drainage 
perspective, this alternative would avoid changes to existing hydrology. Like the proposed project, this 
alternative would not result in the placement of structures within a 100-year flood zone. Under this 
alternative, there would be no water demand. This alternative would have less of an impact associated 
with hydrology/water quality as compared to the proposed project. 

Land Use/Planning 
As discussed in Section 3.11, Land Use/Planning, the proposed project would not physically divide an 
established community or conflict with applicable plans, policies, or regulations.  

Under the No Project/No Development Alternative, the project site would not be developed and 
continue to be agricultural land. Current land uses would remain the same. No General Plan 
Amendment, Zone Change, or CUP would be required under this alternative. No existing community 
would be divided, and no inconsistencies with planning policies would occur. Because no significant 
Land Use and Planning impact has been identified associated with the proposed project, this 
alternative would not avoid or reduce a significant impact related to this issue and therefore, it is 
considered similar to the proposed project. 

Public Services 
The No Project/No Development Alternative would not increase the need for public services which 
would otherwise be required for the proposed project (additional police or fire protection services). 
Therefore, no impact to public services is identified for this alternative. The proposed project will result 
in less than significant impacts; subject to payment of law enforcement and fire service fees. 
Compared to the proposed project, this alternative would have fewer impacts related to public services 
as no new development would occur on the project site. 

PC ORIGINAL PKG



7 Alternatives 
Final EIR | Brawley Solar Energy Facility Project 

7-8 | January 2023 Imperial County 

Transportation 
There would be no new development under the No Project/No Development Alternative. Therefore, 
this alternative would not generate vehicular trips during construction or operation. For these reasons, 
no impact would occur and this alternative would not impact any applicable plan, ordinance, or policy 
addressing the performance of the circulation system, substantially increase hazards because of a 
design feature, result in inadequate emergency access, or conflict with public transit, bicycle, or 
pedestrian facilities. Although the proposed project would result in less than significant 
transportation/traffic impacts, this alternative would avoid an increase in vehicle trips on local 
roadways, and any safety related hazards that could occur in conjunction with the increase vehicle 
trips and truck traffic, primarily associated with the construction phase of the project. 

Tribal Cultural Resources 
As discussed in Section 3.6, Cultural Resources, no tribes have responded that indicate the potential 
for traditional cultural properties or sacred sites on the project site. Therefore, the project is not 
anticipated to cause a substantial adverse change in the significance of a tribal cultural resource. 
Impacts to tribal cultural resources under the No Project/No Development Alternative are similar to the 
proposed project. 

Utilities and Service Systems 
The No Project/No Development Alternative would not require the expansion or extension of existing 
utilities, since there would be no new project facilities that would require utility service. No solid waste 
would be generated under this alternative. The proposed project would not result in any significant 
impacts to existing utilities or solid waste facilities. Compared to the proposed project, this alternative 
would have less of an impact related to utilities and solid waste facilities. 

Conclusion 
Implementation of the No Project/No Development Alternative would generally result in reduced 
impacts for a majority of the environmental issues areas considered in Chapter 3, Environmental 
Analysis when compared to the proposed project. A majority of these reductions are realized in terms 
of significant impacts that are identified as a result of project construction. However, this alternative 
would not realize the benefits of reduced GHG emissions associated with energy use, which are 
desirable benefits that are directly attributable to the proposed project. 

Comparison of the No Project/No Development Alternative to Project Objectives 
The No Project/No Development Alternative would not meet a majority of the objectives of the project. 
Additionally, the No Project/No Development Alternative would not help California meet its statutory 
and regulatory goal of increasing renewable power generation, including GHG reduction goals of SB 
32.  

7.5 Alternative 2: Development within Renewable Energy 
Overlay Zone – Agricultural Lands 

In certain cases, an evaluation of an alternative location in an EIR is necessary. Section 
15126.6(f)(2)(A) of the CEQA Guidelines states, “Key question. The key question and first step in 
analysis is whether any of the significant effects of the project would be avoided or substantially 
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lessened by putting the project in another location. Only locations that would avoid or substantially 
lessen any of the significant effects of the project need be considered for inclusion in the EIR.” 

Given that Because the southern three parcels of the proposed project is are not located within the 
County’s RE Overlay Zone, the purpose of this alternative is to develop a project alternative within the 
existing boundary of County’s RE Overlay Zone. The RE Overlay Zone is concentrated in areas 
determined to be the most suitable for the development of renewable energy facilities while minimizing 
the impact on other established areas.  

As shown on Figure 7-2, the Alternative 2 project site is located entirely within the RE Overlay Zone. 
Alternative 2 would involve the construction and operation of a 40 MW solar energy facility and 
associated infrastructure on an approximately 231-acre parcel (APN 026-030-008) located 
approximately 11 miles northeast of Brawley in unincorporated Imperial County. The Alternative 2 
project site is designated as Agriculture under the County’s General Plan and zoned S-2-RE and A-3-
RE (Open Space/Preservation and Heavy Agriculture, both within the RE Overlay Zone).  

Similar to the proposed project, Alternative 2 would require approval of a CUP to allow for the 
construction and operation of a solar project. However, compared to the proposed project, the 
Alternative 2 project site is located within the RE Overlay Zone and, as such, would not require a 
General Plan Amendment or Zone Change to include/classify the project site into the RE Overlay 
Zone. Additionally, while the proposed project (A-2-G Zone) would not require a Variance, the S-2-RE 
Zone associated with the Alternative 2 site allows a maximum height limit of 40 feet for non-residential 
structures and 100 feet for communication towers. As such, a Variance would be required under this 
alternative because the proposed height of the transmission towers (66 feet) and microwave tower 
(maximum of 100 feet) would exceed 40 feet. This alternative’s gen-tie line could potentially 
interconnect to IID’s existing Midway Substation located approximately 4.75 miles northwest of the 
solar facility. Consultation and coordination with IID would be required to determine if the Midway 
Substation has existing capacity or would require upgrades for this alternative’s interconnection.  
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Figure 7-2. Alternative 2: Development within Renewable Energy Overlay Zone – 
Agricultural Lands 
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7.5.1 Environmental Impact of Alternative 2: Development within 
Renewable Energy Overlay Zone – Agricultural Lands 

Aesthetics  
Compared to the proposed project site, the Alternative 2 project site is comprised of both agricultural 
and open space lands. Similar to the proposed project, Alternative 2 would alter the existing visual 
character of the project site by changing the existing land use at the project site from undeveloped 
open space and/or agricultural to a solar facility. However, the Alternative 2 project site is located 
approximately 11 miles northeast of Brawley in a relatively remote location. As such, potential impacts 
to aesthetics would be reduced under Alternative 2 when compared to the proposed project due to the 
lack of public viewer locations. 

Agricultural Resources 
The Alternative 2 site is designated Farmland of Statewide Importance by the FMMP. Compared to 
the proposed project, Alternative 2 does not contain Prime Farmland and would avoid the impact to 
approximately 4.44 acres of Prime Farmland. However, this alternative would still result in the 
temporary conversion of Farmland of Statewide Importance (approximately 231 acres). Therefore, 
mitigation would still be required for this alternative to reduce significant farmland impacts to a less 
than significant level. Compared to the proposed project, development of the Alternative 2 site would 
have less impacts on agricultural resources because it would avoid the temporary conversion of Prime 
Farmland to non-agricultural uses.  

Air Quality 
Similar to the proposed project, a 40 MW solar energy facility would be constructed on approximately 
231 acres of land. Based on this consideration, this alternative would generate air emissions similar 
to the proposed project. As discussed in Section 3.4, Air Quality, the proposed project would not 
exceed the ICAPCD’s significance thresholds for ROG, CO, NOx, and PM10 during construction and 
operation. Although no significant air quality impacts would occur, all construction projects within 
Imperial County must comply with the requirements of ICAPCD Regulation VIII for the control of 
fugitive dust. In addition, the ICAPCD’s Air Quality Handbook lists additional feasible mitigation 
measures that may be warranted to control emissions of fugitive dust and combustion exhaust. This 
alternative would result in similar air quality emissions as the proposed project. Similar to the proposed 
project, this alternative would result in temporary odor emissions from construction equipment.  

Biological Resources 
Similar to the proposed project, the Alternative 2 site is located on agricultural fields, which provide 
habitat for burrowing owl. Irrigation canals and drains are commonly used as burrowing nesting sites 
in the Imperial Valley. This alternative would also require the construction of supporting infrastructure 
that has the potential to result in biological impacts. Compared to the proposed project, this alternative 
would result in similar biology impacts. 

Cultural Resources 
This alternative would require the construction of supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in cultural 
resources impacts. Compared to the proposed project, which is located on active agricultural land that 
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has been previously disturbed, the Alternative 2 site is predominantly located on open space land. As 
such, although this alternative would attempt to avoid cultural resources to the extent feasible, 
depending on the route of the proposed gen-tie line, Alternative 2 could result in greater impacts to 
previously undiscovered cultural resources.  

Geology and Soils 
Grading and construction of new facilities, such as the solar facility and gen-tie line, would still occur 
under this alternative. Similar to the proposed project, Alternative 2 would result in potentially 
significant impacts related to strong ground shaking, soil erosion, and paleontological resources and 
would require the incorporation of mitigation measures to minimize these impacts to a less than 
significant level. This alternative would result in similar geology and soil and paleontological resources 
impacts as the proposed project. 

Greenhouse Gas Emissions 
This alternative would result in the same power production capacity as the proposed project; hence, 
the overall benefits of the project to global climate change through the creation of renewable energy 
would be the same. Alternative 2 would not conflict with any applicable plan, policy, or regulation 
adopted for the purpose of reducing the emissions of greenhouse gases. This alternative would 
contribute similar and desirable benefits to reductions in global climate change through the production 
of renewable energy.  

Hazards and Hazardous Materials 
Depending on the specific locations and conditions of the Alternative 2 project site that would need to 
be developed, certain hazards and hazardous materials may be encountered. The Alternative 2 project 
site may need to be remediated before implementation of the alternative. Overall, the degree of impact 
associated with hazards and hazardous materials would likely be similar to the proposed project. 

Hydrology/Water Quality 
With implementation of the proposed mitigation measures, potential hydrology/water quality impacts 
under the proposed project would be less than significant. Comparatively, the Alternative 2 site is 
bisected by the Mammoth Wash and the gen-tie alignment is longer, and, as such, construction 
activities have the potential to impact hydrology and water quality to a greater extent than would occur 
under the proposed project. Similar to the proposed project, no impacts would result from flooding and 
facilities will not be placed within floodplains.  

Land Use/Planning 
The Alternative 2 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. Similar 
to the proposed project, Alternative 2 will require approval of a CUP to allow for the construction and 
operation of a solar project. Additionally, while the proposed project (A-2-G Zone) would not require a 
Variance, the S-2-RE Zone associated with the Alternative 2 site allows a maximum height limit of 40 
feet for non-residential structures and 100 feet for communication towers. As such, a Variance would 
be required under this alternative because the proposed height of the transmission towers (70 feet) 
and microwave tower (maximum of 100 feet) would exceed 40 feet. With approval of the CUP and 
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Variance, the alternative would not conflict with the County’s zoning ordinance. Therefore, land use 
and planning impacts are anticipated to be similar to the proposed project.  

Public Services 
Alternative 2 would require increased public services, specifically law enforcement and fire protection 
services. While the solar facility footprint would be slightly smaller (reduced by approximately 4 acres), 
the impacts of this alternative to public services and associated service ratios would be similar. Like 
the proposed project, this alternative would be conditioned to provide law enforcement and fire service 
development impact fees. Therefore, this alternative would result in a similar impact related to public 
services as the proposed project. 

Transportation 
This alternative would result in a similar level of construction and operation-related vehicle and truck 
trips as compared to the proposed project. However, the increase in vehicular traffic was identified as 
a less than significant impact for the proposed project. In this context, Alternative 2 would not reduce 
or avoid an impact related to transportation/traffic, and would result in less than significant impacts 
similar to the proposed project. As with the proposed project, Alternative 2 would not impact any 
applicable plan, ordinance, or policy addressing the performance of the circulation system, 
substantially increase hazards because of a design feature, result in inadequate emergency access, 
or conflict with public transit, bicycle, or pedestrian facilities. This alternative would result in a similar 
impact related to transportation as the proposed project. 

Tribal Cultural Resources 
This alternative would require the construction of supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in tribal 
cultural resources impacts. Although this alternative would attempt to avoid impacts on tribal cultural 
resources to the extent feasible, depending on the route of the proposed gen-tie line, Alternative 2 
could result in greater impacts to tribal cultural resources.  

Utilities and Service Systems 
During construction of this alternative, impacts would be similar to the proposed project in terms of 
water demand (for dust control) and solid waste generation. Similar to the proposed project, Alternative 
2 would require similar levels of water demand and energy for the operation of the solar facility. As 
with the proposed project, panel washing and other maintenance would be required. This alternative 
would have similar water demands and associated impacts related to utilities and service systems.  

Conclusion 
As shown on Table 7-1, this alternative would result in reduced aesthetics and agricultural resources 
impacts compared to the proposed project. This alternative would result in greater impacts for the 
following environmental issue areas as compared to the proposed project: cultural resources, 
hydrology and water quality, and tribal cultural resources.  
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Comparison of Alternative 2: Development within Renewable Energy Overlay Zone – 
Agricultural Lands to Project Objectives 
Alternative 2 would meet most of the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: cultural resources,  hydrology and water quality, 
and tribal cultural resources. Further, the project applicant does not own, or otherwise control this 
property. 

7.6 Alternative 3: Development within Renewable Energy 
Overlay Zone – Desert Lands 

The purpose of this alternative is to develop the proposed project within the existing boundary of the 
County’s RE Overlay Zone. As shown on Figure 7-3, the Alternative 3 project site is located entirely 
within the RE Overlay Zone. Alternative 3 would involve the construction and operation of a solar 
energy facility and associated infrastructure on five parcels totaling approximately 288 acres (APN 
021-190-003; 021-380-004; 021-380-005; 021-380-012; and 021-380-013) located approximately 0.5 
mile south of Slab City. This alternative is 61 acres larger than the proposed project site. Therefore, 
more solar panels could be installed on this site compared to the proposed project.  The 
Alternative 3 project site is located on undeveloped desert land. Existing transmission lines traverse 
the southwest corner of the project site.  

The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. The 
Alternative 3 project site is designated as Recreation under the County’s General Plan and zoned 
General Agricultural with a renewable energy overlay (A-2-RE).  

Similar to the proposed project, Alternative 3 will require approval of a CUP to allow for the construction 
and operation of a solar project. Compared to the proposed project, the Alternative 3 project site is 
located within the RE Overlay Zone and would not require a General Plan Amendment or Zone 
Change to include/classify the project site into the RE Overlay Zone. Similar to the proposed project 
site, the A-2-RE zone allows a maximum height limit of 120 feet for non-residential structures. No 
Variance would be required under this alternative because the proposed height of the transmission 
towers (66 feet) would not exceed 120 feet. This alternative’s gen-tie line could potentially interconnect 
to IID’s existing Midway Substation located approximately 4 miles southeast of the solar facility. 
Consultation and coordination with IID would be required to determine if the Midway Substation has 
existing capacity or would require upgrades for this alternative’s interconnection.   
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Figure 7-3. Alternative 3: Development within Renewable Energy Overlay Zone – Desert 
Lands 
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7.6.1 Environmental Impact of Alternative 3: Development within 
Renewable Energy Overlay Zone – Desert Lands 

Aesthetics  
While the proposed project site is located on active agricultural land, the Alternative 3 project site is 
located on undeveloped desert land. However, the Alternative 3 project site is located in closer 
proximity (approximately 0.5 mile) to Slab City and Salvation Mountain. Slab City is a former military 
facility that now serves as the site of an informal community for artists, travelers, and winter-time RV 
campers. Salvation Mountain is an outdoor art project at the western entrance to Slab City. Both attract 
tourists and sight-seers. Therefore, the project components would be readily visible to more people 
under Alternative 3 when compared to the proposed project. Compared to the proposed project, this 
alternative could result in greater aesthetics impacts.  

Agricultural Resources 
The Alternative 3 site is designated Other Land by the FMMP. Compared to the proposed project, 
implementation of this alternative would avoid the conversion of land designated as Prime Farmland 
(4.44 acres) and Farmland of Statewide Importance (204.95 acres). Therefore, this alternative would 
not contribute to the conversion of agricultural lands or otherwise adversely affect agricultural 
operations. This alternative would avoid any agricultural impacts associated with the proposed project. 

Air Quality 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  Based on this consideration, this alternative 
would generate slightly increased air emissions compared to the proposed project. This alternative 
would result in greater air quality emissions compared to the proposed project.  

Biological Resources 
As discussed in Section 3.5, project implementation has the potential to impact special-status species, 
including burrowing owl. Compared to the proposed project, which is located within an active 
agricultural area, the Alternative 3 site is located on relatively undisturbed desert lands. The overall 
number of burrowing owl locations potentially impacted would be less because their potential to occur 
on the Alternative 3 site is lower than the proposed project site. Compared to the proposed project, 
development of this site would have less impacts on burrowing owl. However, this alternative has the 
potential to impact other sensitive plant and animal species associated with a relatively undisturbed 
desert setting. 

The Alternative 3 site also contains desert washes and multiple braided channels. These features 
could be considered potentially jurisdictional waters. While the proposed project has been designed 
to avoid jurisdictional waters, Alternative 3 would require consultation with USACE and CDFW to avoid 
or minimize impacts upon federally and state jurisdictional drainage features. This alternative would 
result in greater impacts related to potential jurisdictional waters when compared to the proposed 
project. 

Cultural Resources 
This alternative would require the construction of supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in cultural 
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resources impacts. While Alternative 3 may avoid the specific impacts on the proposed project site, 
this alternative would also require the construction of supporting infrastructure that has the potential 
to result in cultural resources impacts. Compared to the proposed project, although Alternative 3 would 
attempt to avoid cultural resources to the extent feasible, depending on the route of the proposed 
gen-tie line, this alternative could result in greater impacts on cultural resources because, while the 
proposed project site is located on active agricultural land, Alternative 3 is located on relatively 
undisturbed desert lands.  

Geology and Soils 
Grading and construction of new facilities, such as the solar facility and gen-tie line, would still occur 
under this alternative. Similar to the proposed project, this alternative would result in potentially 
significant impacts related to strong ground shaking, soil erosion, and paleontological resources and 
would require the incorporation of mitigation measures to minimize these impacts to a less than 
significant level. This alternative would result in similar geology and soil and paleontological resources 
impacts as the proposed project.  

Greenhouse Gas Emissions 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  This alternative would result in a slightly 
higher power production capacity compared to the proposed project; hence, the overall benefits of the 
project to global climate change through the creation of renewable energy would be slightly greater. 
This alternative would not conflict with any applicable plan, policy, or regulation adopted for the 
purpose of reducing the emissions of greenhouse gases. Similar to the proposed project, this 
alternative would contribute desirable benefits to reductions in global climate change through the 
production of renewable energy.  

Hazards and Hazardous Materials 
Depending on the specific locations and conditions of the Alternative 3 project site that would need to 
be developed, certain hazards and hazardous materials may be encountered. The Alternative 3 project 
site may need to be remediated before implementation of the alternative. Overall, the degree of impact 
associated with hazards and hazardous materials would likely be similar to the proposed project. 

Hydrology/Water Quality 
A portion of the Alternative 3 site (Map Number 06025C0450C) contains an area mapped as Zone A. 
Alternative 3 could place structures (i.e., PV arrays, substation, or transmission towers) within a 
100-year flood zone and result in the redirection of flood flows on the project site. The Alternative 3 
site also contains desert washes and multiple braided channels. Implementation of this alternative 
could potentially result in the modification of the existing drainage patterns and the volume of storm 
water runoff on the project site. Compared to the proposed project, this alternative would result in 
greater impacts related to hydrology/water quality.  

Land Use/Planning 
The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. Similar 
to the proposed project, Alternative 3 will require approval of a CUP to allow for the construction and 
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operation of a solar project. Similar to the proposed project, no Variance would be required under this 
alternative because the proposed height of the transmission towers (66 feet) would not exceed the 
120 feet height limit of non-residential structures in the A-2-RE Zone. With approval of the CUP, the 
alternative would not conflict with the County’s zoning ordinance. Therefore, land use and planning 
impacts are anticipated to be similar to the proposed project.  

Public Services 
Alternative 3 would require increased public services, specifically law enforcement and fire protection 
services. While the overall project footprint would be bigger (increased by approximately 61 acres), 
the impacts of this alternative to public services and associated service ratios would be similar. Like 
the proposed project, this alternative would be conditioned to provide law enforcement and fire service 
development impact fees. Therefore, this alternative would result in a similar impact related to public 
services as the proposed project. 

Transportation 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  This alternative would result in a slightly 
increased level of construction and operation-related vehicle and truck trips as compared to the 
proposed project. However, the increase in vehicular traffic was identified as a less than significant 
impact for the proposed project. In this context, Alternative 3 would not reduce or avoid an impact 
related to transportation/traffic, and would result in less than significant impacts similar to the proposed 
project. As with the proposed project, this alternative would not impact any applicable plan, ordinance, 
or policy addressing the performance of the circulation system, substantially increase hazards 
because of a design feature, result in inadequate emergency access, or conflict with public transit, 
bicycle, or pedestrian facilities. This alternative would result in a similar impact related to 
transportation/traffic as the proposed project. 

Tribal Cultural Resources 
This alternative would require the construction of supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in tribal 
cultural resources impacts. Although this alternative would attempt to avoid impacts on tribal cultural 
resources to the extent feasible, depending on the route of the proposed gen-tie line, Alternative 3 
could result in greater impacts to tribal cultural resources.  

Utilities and Service Systems 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project. Construction and operation of this 
alternative would result in slightly increased water demand (for dust control) and solid waste 
generation.  Compared to the proposed project, this alternative would have greater water demands 
and associated impacts related to utilities and service systems.  

Conclusion 
As shown on Table 7-1, this alternative would avoid impacts on agricultural resources compared to 
the proposed project. This alternative would result in greater impacts for the following environmental 
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issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems.  

Comparison of Alternative 3: Development within Renewable Energy Overlay Zone – 
Desert Land to Project Objectives 
Alternative 3 would meet most of the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems. Further, 
the project applicant does not own, or otherwise control this property.  

7.7 Alternative 4: Distributed Commercial and Industrial 
Rooftop Solar Only Alternative 

This alternative would involve the development of a number of geographically distributed small to 
medium solar PV systems (100 kilowatts to 1 MW) within existing developed areas, typically on the 
rooftops of commercial and industrial facilities throughout Imperial County. Under this alternative, no 
new land would be developed or altered. Depending on the type of solar modules installed and the 
type of tracking equipment used, a similar or greater amount of acreage (i.e., greater than 200 acres 
of total rooftop area) may be required to attain the proposed project’s capacity of 40 MW of solar PV 
generating capacity. This alternative would involve placement of PV structures, transmission lines, 
and development of additional supporting facilities, such as switching stations and substations at 
various locations throughout the County. This alternative assumes that rooftop development would 
occur primarily on commercial and industrial structures due to the greater availability of large, relatively 
flat roof areas necessary for efficient solar installations.  

This alternative would require hundreds of installation locations across Imperial County, many of which 
would require approval of discretionary actions, such as design review, CUPs, or zone variances 
depending on local jurisdictional requirements. Similar to the proposed project, this alternative would 
be designed to operate year-round using PV panels to convert solar energy directly to electrical power. 
This alternative would involve the construction of transmission lines and development of additional 
supporting facilities, such as switching stations and substations at various locations throughout the 
County to distribute the energy.  

Rooftop PV systems exist in small areas throughout California. Larger distributed solar PV installations 
are becoming more common. An example of a distributed PV system is 1 MW of distributed solar 
energy installed by Southern California Edison on a 458,000 square-foot industrial building in Chino, 
California.1  

Similar to utility-scale PV systems, the acreage of rooftops or other infrastructure required per MW of 
electricity produced is wide ranging, which is largely due to site-specific conditions (e.g., solar 
insolation levels, intervening landscape or topography, PV panel technology, etc.). Based on SCE’s 
use of 458,000-square feet for 1 MW of energy, approximately 18,320,000 square feet (approximately 
420 acres) would be required to produce 40 MW.  

 
1 

http://newsroom.edison.com/releases/california-regulators-approve-southern-california-edison-proposal-to-create-n
ations-largest-solar-panel-installation-program 
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7.7.1 Environmental Impact of Alternative 4: Distributed Commercial and 
Industrial Rooftop Solar Only Alternative 

Aesthetics  
This alternative would reduce the overall size of the solar energy field located in one place. However, 
this alternative would involve placement of PV structures, transmission lines, and development of 
additional supporting facilities, such as switching stations and substations at various locations 
throughout the County. There could be significant aesthetic impacts in certain areas depending on the 
locations of these facilities. Transmission lines would need to be constructed to serve the PV 
generation sites, all of which would be placed in closer proximity to urban areas, and all of which would 
be more readily visible to more people as compared to the proposed project. Compared to the 
proposed project, this alternative could result in greater aesthetics impacts. 

Agricultural Resources 
Compared to the proposed project, this alternative would not include the conversion of Prime Farmland 
or Farmland of Statewide Importance for the solar generation facility. Therefore, this alternative would 
avoid the proposed project’s impact to agricultural lands. Compared to the proposed project, this 
alternative would avoid the significant impacts associated with the agricultural issues. 

Air Quality 
Under this alternative, air emissions due to project construction could be less than the proposed 
project on a localized level; however, PV facilities and supporting infrastructure would still need to be 
constructed to support this alternative, which, like the proposed project, would involve short-term 
construction emissions. These emissions would likely be spread-out geographically throughout the 
basin, and would occur over a longer period of time, as this alternative would involve a longer overall 
timeframe for implementation. Furthermore, the construction efficiencies that can be obtained by 
mobilizing equipment and crews in one general location over a shorter timeframe would not be 
realized. By the nature of the alternative, in that solar panels would be constructed on habitable 
structures throughout the County, this alternative has the potential to expose more people to more 
localized construction-related emissions. Compared to the proposed project, this alternative would 
develop less renewable energy megawatt generation in the near-future, thereby reducing its ability to 
provide a long-term source of renewable energy and meeting renewable energy goals, and air quality 
impacts could be greater than those of the project under this alternative. 

Biological Resources 
Under this alternative, potential direct and indirect impacts to burrowing owl would be avoided as 
compared to the proposed project. However, this alternative would also require the construction of 
supporting infrastructure that has the potential to result in biological impacts. While this alternative 
may avoid the specific impacts associated with the proposed project, it could also result in greater 
biological impacts in other areas of the County where supporting infrastructure is required to support 
Distributed Energy facilities.  

Cultural Resources 
This alternative would require the construction of infrastructure that has the potential to result in cultural 
resources impacts. If rooftop solar panels were proposed on historic buildings, this alternative could 
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affect the historic character and integrity of the buildings. Implementation of this alternative would 
require historic surveys and investigations to evaluate the eligibility of potentially historic structures 
that are over 50 years old, and either avoidance of such buildings, or incorporation of design measures 
to minimize impacts on historic integrity of historically-significant structures. Compared to the proposed 
project, this alternative could result in greater impacts related to cultural resources. 

Geology and Soils 
This alternative would involve placement of PV structures, transmission lines, and development of 
additional supporting facilities, such as switching stations and substations at various locations 
throughout the County. This alternative assumes that rooftop development would occur primarily on 
commercial and industrial structures due to the greater availability of large, relatively flat roof areas 
necessary for efficient solar installations. However, this alternative would still require grading and 
construction of new facilities such as transmission lines, PV structures, and supporting facilities (i.e., 
switching stations and substations) at various locations throughout the County. This alternative would 
likely result in similar impacts related to strong ground shaking, soil erosion, and paleontological 
resources as the proposed project. This alternative would also be subject to similar mitigation 
measures as the proposed project to minimize impacts to a less than significant level. This alternative 
would result in similar geological and soil impacts. 

Greenhouse Gas Emissions 
Under this alternative, the project footprint would be reduced; however, in order to achieve the same 
megawatt capacity as the proposed project, this alternative would also involve a surface area similar 
in size to the project site. Therefore, while this alternative could reduce or eliminate GHG emissions 
during project construction at the project site, an equivalent level of GHG emissions is likely to occur, 
as a result of constructing solar panels and supporting infrastructure throughout the County. 
Furthermore, as a consequence of the reduced PV footprint associated with the utility-scale solar farm, 
this alternative would result in a reduced power production capacity as compared to the proposed 
project; hence, the overall benefits of the project to global climate change through the creation of 
renewable energy would also be reduced. As with the proposed project, this alternative would not 
conflict with any applicable plan, policy, or regulation for the purpose of reducing the emissions of 
greenhouse gases. Compared to the proposed project, although this alternative would result in 
reduced construction emissions at the project site, overall, a similar level of emissions would be 
expected. 

Hazards and Hazardous Materials 
Hazards and hazardous materials-related impacts, including the potential for accidental discovery of 
undocumented hazardous materials during construction would be avoided. However, there are other 
hazards that could result from implementation of this alternative, depending on the specific locations 
and conditions of the various sites that would need to be developed. For example, electrical 
infrastructure would be placed on top of, or in closer proximity to habitable structures, such as office 
buildings. Electrical transmission systems would still be required in order to connect the various 
distributed energy systems to the electrical grid; therefore, there would be additional poles and other 
structures that could interfere with aviation, depending on their locations. Certain sites needed in order 
to implement this alternative may also contain hazardous materials that would need to be remediated 
before implementation of the alternative. Overall, the degree of impact associated with hazards and 
hazardous materials would likely be similar to the proposed project.  
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Hydrology/Water Quality 
This alternative would likely avoid any impacts associated with modifications to the existing drainage 
patterns and the volume of storm water runoff, as this alternative would introduce less impervious 
surface areas (this alternative would involve construction of PV facilities on existing structures and 
within existing developed areas). Compared to the proposed project, this alternative would result in 
fewer impacts related to hydrology/water quality. 

Land Use/Planning 
Similar to the proposed project, this alternative would not divide an established community and would 
involve multiple planning approvals (e.g., variances, CUPs, rezones) in order to accommodate the 
solar generating uses within other zones of the County that currently do not allow such uses. With 
approval of planning approvals, land use and planning impacts resulting from this alternative would be 
similar to the proposed project.  

Public Services 
This alternative would require increased public services, specifically law enforcement and fire 
protection services. It is anticipated that public services and associated service ratios would, at a 
minimum, be similar to the proposed project as the facilities would require fire and law enforcement 
protection, and this alternative could result in a greater impact as the facilities would be distributed 
over a much larger geographical area. Similar to the proposed project, this alternative would be 
conditioned to provide law enforcement and fire service fees. This alternative would result in a similar 
impact related to public services. 

Transportation 
This alternative would not reduce or avoid an impact to transportation/traffic and would result in less 
than significant impacts similar to the proposed project. As with the proposed project, this alternative 
would not impact any applicable plan, ordinance, or policy addressing the performance of the 
circulation system, substantially increase hazards due to a design feature, result in inadequate 
emergency access, or conflict with public transit, bicycle, or pedestrian facilities. This alternative would 
result in a similar impact related to transportation/traffic as the proposed project. 

Tribal Cultural Resources 
This alternative would require the construction of supporting infrastructure that would require ground 
disturbance and therefore, has the potential to result in tribal cultural resources impacts. Although this 
alternative would attempt to avoid impacts on tribal cultural resources to the extent feasible, depending 
on the location of supporting infrastructure, Alternative 4 could result in greater impacts to tribal cultural 
resources.  

Utilities and Service Systems 
As with the proposed project, this alternative would require water service and energy for the operation 
of the project. This alternative would involve the construction of transmission lines and development 
of additional supporting facilities, such as switching stations and substations at various locations 
throughout the County to distribute the energy. Compared to the proposed project, this alternative 
could require the relocation or construction of new or expanded supporting energy infrastructure 
throughout the County. Compared to the proposed project, impacts associated with utilities and service 
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systems resulting from this alternative could be potentially greater than those identified for the 
proposed project. 

Conclusion 
As shown on Table 7-1, implementation of Alternative 4: Distributed Commercial and Industrial 
Rooftop Solar Only Alternative would avoid impacts on agricultural resources compared to the 
proposed project. It would result in reduced impacts for the following environmental issue areas as 
compared to the proposed project: hydrology/water quality. Overall, this alternative would result in 
greater impacts related to aesthetics, air quality, biological resources, cultural resources, tribal cultural 
resources, and utilities and service systems.  

Comparison of Alternative 4: Distributed Commercial and Industrial Rooftop Solar Only 
Alternative 
Alternative 4: Distributed Commercial and Industrial Rooftop Solar Only Alternative would meet most 
of the basic objectives of the proposed project. However, this alternative would result in greater 
impacts for the following environmental issue areas as compared to the proposed project: aesthetics, 
air quality, biological resources, cultural resources, and utilities and service systems. Furthermore, this 
alternative would have a number of drawbacks, including, but not limited to the following: 

• Difficulties with respect to buildout of the system within a timeframe that would be similar to 
that of the proposed project; 

• Given the distributed nature of such a network of facilities, management and maintenance 
would not be as efficient, and total capital costs would likely be higher; 

• The requirement to negotiate with a large number of individual property owners to permit 
placement of solar panels on rooftops; 

• The difficulty of ensuring proper maintenance of a large number of smaller solar installations; 
and 

• The lack of an effective electricity distribution system for large numbers of small electricity 
producers.  

7.8 Environmentally Superior Alternative 
Table 7-1 provides a qualitative comparison of the impacts for each alternative compared to the 
proposed project. As noted on Table 7-1, the No Project/No Development Alternative would be 
considered the environmentally superior alternative, since it would eliminate all of the significant 
impacts identified for the project. However, CEQA Guidelines Section 15126.6(e)(2) states that “if the 
environmentally superior alternative is the No Project Alternative, the EIR shall also identify an 
environmentally superior alternative among the other alternatives.” As shown on Table 7-1, Alternative 
2 would be the environmental superior alternative because it would reduce impacts for the following 
environmental issue areas as compared to the proposed project: aesthetics and agricultural resources. 
Alternative 2 would meet most of the basic objectives of the proposed project. However, the project 
applicant does not own, or otherwise control this property. 
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Aesthetics  Less than 
Significant 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Agricultural 
Resources 

Less than 
Significant with 
Mitigation 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

Air Quality Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Biological 
Resources 

Less than 
Significant with 
Mitigation  

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Cultural Resources Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

Geology and Soils Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

GHG Emissions Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Hazards and 
Hazardous 
Materials 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Hydrology/ Water 
Quality 

Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 
 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

Land Use/Planning Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Public Services  Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Transportation Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Tribal Cultural 
Resources 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Utilities/Service 
Systems  

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Notes: 
CEQA=California Environmental Quality Act; GHG=greenhouse gas 
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9 EIR Preparers and Persons and 
Organizations Contacted 

9.1 EIR Preparers 
This EIR was prepared for the County of Imperial by HDR at 591 Camino de la Reina, Suite 300, San 
Diego, CA 92108. The following professionals participated in its preparation: 

County of Imperial 

Jim Minnick, Planning & Development Services Director 

Michael Abraham, AICP, Assistant Planning & Development Services Director 

David Black, Planner IV 

HDR 

Tim Gnibus, Principal 

Sharyn Del Rosario, Project Manager 

Elaine Lee, Environmental Planner 

Terrileigh Pellarin, Environmental Planner 

Jade Dean, Geographic Information Systems Analyst 

Katie Turner, Document Production Administrator 

HDR was assisted by the following consultants: 

Chambers Group, Inc. (Visual Impact Assessment, Biological Technical Report, Archaeological 
and Paleontological Assessment Report) 

9620 Chesapeake Drive, Suite 202 

San Diego, CA 92123  

Dubose Design Group (Water Supply Assessment) 

1065 W State Street 

El Centro, CA 92243 

Linscott, Law & Greenspan, Engineers (Traffic Letter Report) 

4542 Ruffner Street, Suite 100 

San Diego, CA 92111  

Petra Geotechnical, Inc. (Geotechnical Feasibility Study) 

38655 Sky Canyon Drive, Suite A 

Murrieta, CA 92563 

Power Engineers, Inc. (Glare Analysis) 
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2041 South Cobalt Point Way 

Meridian, ID 83642 

Vista Environmental (Air Quality, Energy, and Greenhouse Gas Emissions Impact Analysis, 
Noise Impact Analysis) 

1021 Didrickson Way 

Laguna Beach, CA 92651  

9.2 Persons and Organizations Contacted 
The following persons and organizations were contacted in preparation of this document: 

• Imperial Irrigation District 

• City of Brawley, Public Works Department  
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Notice of Preparation 

To: Office of Planning & Research 
(Agency) 

P.O. Box 3044, 1400 Tenth Street, Room 212 
(Address) 

Sacramento, CA 95812-3044 

Lead Agency: 

Subject: Notice of Preparation of a Draft Environmental Impact Report 

Consulting Firm (If applicable): 

Agency Name Imperial County, Planning & Dev Svcs. Firm Name HOR 

Appendix J 

Street Address 801 Main Street Street 
Address 

591 Camino de la Reina, Suite 300 

City/State/Zip El Centro, CA 92243 City/State/Zip San Diego, CA 92108 

Contact David Black Contact Tim Gnibus 

The County of Imperial will be the Lead Agency and will prepare an Environmental Impact Report (EIR) for the 
project identified below. We need to know the views of your agency as to the scope and content of the 
Environmental Information, which is germane to your agency's statutory responsibilities in connection with the 
proposed project. Your agency will need to use the EIR prepared by our agency when considering your permit or 
other approval for the project. 

The project description, location, and the potential environmental effects are contained in the attached materials. A 
copy of the Initial Study is attached. 

Due to the time limits mandated by State law, your response must be sent at the earliest possible date but not later 
than 35 days after receipt of this notice. 

Please send your response to Imperial County Planning & Development Services. Attn: David Black at the address 
shown above. We will need the name for a contact person in your agency. 

Project Title: Brawley Solar Energy Facility Project 

Project Location: The project site is located on approximately 227 acres of privately-owned land (Assessor Parcel 
Nos. [APN] 037-140-006, -020, -021, -022, and-023) in the unincorporated area ofimperial County, CA. The site is 
approximately one mile north from the City of Brawley's jurisdictional limit. The project site is south of Baughman 
Road, west of Best Road, and north of Andre Road. The Union Pacific Railway transects the project site. The City 
of Brawley Wastewater Treatment Plant is located along the western edge of the project site. 

The gen-tie line would originate from the southern edge of the project site and then head west along Andre Road to 
interconnect to the Imperial Irrigation District's (IID) existing North Brawley Geothermal Power Plant substation, 
located at Hovley Road and Andre Road. The gen-tie line route would be approximately 1.8 miles. 

Project Description (brief): The project applicant, ORNI 30, LLC, proposes to construct and operate a 40 megawatt 
(MW) photovoltaic (PV) solar facility with an integrated 40 MW battery energy storage system (BESS) (not to 
exceed 80 MW) on approximately 227 acres of privately-owned land. The proposed project would be comprised of 
bifacial solar PV arrays panels, an on-site substation, BESS, fiberoptic line or microwave tower, inverters, 
transformers, underground electrical cables and access roads. The proposed project would connect to the existing 
North Brawley Geothermal Power Plant substation located southwest of the project site via an approximately 1.8-
mile long aboveground 92 kilovolt generation tie line. 

S:/PLANNING CLERICAL/CEQA FORMS/Notice of Preparation 
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Notice of Preparation Appendix J 

The County Land Use Ordinance, Division 17, includes the Renewable Energy (RE) Overlay Zone, which 
authorizes the development and operation of renewable energy projects with an approved conditional use permit 
(CUP). CUP applications proposed for specific renewable energy projects not located in the RE Overlay Zone would 
not be allowed without an amendment to the RE Overlay Zone. As shown in Figure I, the northern portion of the 
project site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone. However, the 
entire project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-006) is located 
outside of the RE Overlay Zone. 

Implementation of the project requires an amendment to the County's General Plan Renewable Energy and 
Transmission Element, Zone Change, and approval ofa CUP, as described below: 

• General Plan Amendment: The applicant is requesting a General Plan Amendment to include/classify all 
five project parcels (Assessor Parcel Nos. [APN] 037-140-006, -020, -021, -022, and -023) into the RE 
Overlay Zone. No change in the underlying General Plan land use (Agriculture) is proposed. 

• Zone Change: The entire project site is currently zoned General Agricultural with a Geothermal Overlay 
(A-2-G). The applicant is requesting a Zone Change to include/classify all five project parcels into the 
Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG). 

• Conditional Use Permit: Implementation of the project would require the approval of a CUP by the 
County to allow for the construction and operation of the proposed solar energy facility with an integrated 
BESS on land zoned General Agricultural with a REG Overlay Zone (A-2-REG). 

• Water Supply Assessment: Implementation of the project would require the approval of the Water Supply 
Assessment. 

Project Applicant: ORNI 30, LLC 

Date 1 f 'l-l /1.-1 Signature 

Title 

Telephone 

Reference: California Administrative Code, Title 14, (CEQA Guidelines) Section l 5082(a), 15103, 15375. 
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Imperial County 
Planning & Development Services Department 

 
NOTICE OF PREPARATION OF DRAFT EIR FOR BRAWLEY SOLAR ENERGY FACILITY PROJECT AND 

NOTICE OF PUBLIC EIR SCOPING MEETING 
 

The Imperial County Planning & Development Services Department intends to prepare an Environmental Impact Report (EIR) 
for the proposed Brawley Solar Energy Facility Project as described below.  A public scoping meeting for the proposed EIR will 
be held by the Imperial County Planning & Development Services Department on August 12, 2021 at 6:00 P.M.  The scoping 
meeting will be held at the Planning & Development Services, Conference room located at 901 Main Street, El Centro, CA  
92243.  Comments regarding the scope of the EIR will be accepted at this meeting.   
 

SUBJECT: Brawley Solar Energy Facility Project EIR 
 

BOARD OF SUPERVISORS CONSIDERATION: To Be Determined. 
 

PROJECT LOCATION: The project site is located on approximately 227 acres of privately-owned land (Assessor Parcel Nos. 
[APN] 037-140-006, -020, -021, -022, and -023) in the unincorporated area of Imperial County, CA. The site is approximately 
one mile north from the City of Brawley’s jurisdictional limit. The project site is south of Baughman Road, west of Best Road, and 
north of Andre Road. The Union Pacific Railway transects the project site. The City of Brawley Wastewater Treatment Plant is 
located along the western edge of the project site.  
 
The gen-tie line would originate from the southern edge of the project site and then head west along Andre Road to interconnect 
to the Imperial Irrigation District’s (IID) existing North Brawley Geothermal Power Plant substation, located at Hovley Road and 
Andre Road. The gen-tie line route would be approximately 1.8 miles. 
 

PROJECT DESCRIPTION: The project applicant, ORNI 30, LLC, proposes to construct and operate a 40 megawatt (MW) 
photovoltaic (PV) solar facility with an integrated 40 MW battery energy storage system (BESS) (not to exceed 80 MW) on 
approximately 227 acres of privately-owned land.  The proposed project would be comprised of bifacial solar PV arrays panels, 
an on-site substation, BESS, fiberoptic line or microwave tower, inverters, transformers, underground electrical cables and 
access roads. The proposed project would connect to the existing North Brawley Geothermal Power Plant substation located 
southwest of the project site via an approximately 1.8-mile long aboveground 92 kilovolt generation tie line. 

The County Land Use Ordinance, Division 17, includes the Renewable Energy (RE) Overlay Zone, which authorizes the 
development and operation of renewable energy projects with an approved conditional use permit (CUP). CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not be allowed without an 
amendment to the RE Overlay Zone. The northern portion of the project site (APNs 037-140-020 and 037-140-021) is located 
within the Geothermal Overlay Zone.  However, the entire project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-
023, and 037-140-006) is located outside of the RE Overlay Zone.  

Implementation of the project requires an amendment to the County’s General Plan Renewable Energy and Transmission 
Element, Zone Change, and approval of a CUP, as described below:  

• General Plan Amendment: The applicant is requesting a General Plan Amendment to include/classify all five project 
parcels (Assessor Parcel Nos. [APN] 037-140-006, -020, -021, -022, and -023) into the RE Overlay Zone. No change in 
the underlying General Plan land use (Agriculture) is proposed.  

• Zone Change: The entire project site is currently zoned General Agricultural with a Geothermal Overlay (A-2-G). The 
applicant is requesting a Zone Change to include/classify all five project parcels into the Renewable Energy/Geothermal 
(REG) Overlay Zone (A-2-REG).  

• Conditional Use Permit: Implementation of the project would require the approval of a CUP by the County to allow for 
the construction and operation of the proposed solar energy facility with an integrated BESS on land zoned General 
Agricultural with a REG Overlay Zone (A-2-REG). 

• Water Supply Assessment: Implementation of the project would require the approval of the Water Supply Assessment.  

PROJECT APPLICANT:  ORNI 30, LLC 

URBAN AREA PLAN: None, located in unincorporated area of County of Imperial 
 

BOARD OF SUPERVISORS DISTRICT: District 4, Supervisor Ryan E. Kelley 
 

ANTICIPATED SIGNIFICANT EFFECTS:  The EIR will analyze potential impacts associated with the following: Aesthetics; 
Agricultural Resources; Air Quality; Biological Resources; Cultural Resources; Geology/Soils; Greenhouse Gas 
Emissions/Climate Change; Hazards and Hazardous Materials; Hydrology/Water Quality; Land Use/Planning; Public Services; 
Transportation; Tribal Cultural Resources; Utilities and Service Systems including water supply; Cumulative Impacts; and, 
Growth-Inducing Impacts. 
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COMMENTS REQUESTED:  The Imperial County Planning & Development Services Department would like to know your ideas 
about the potential effects this project might have on the environment and your suggestions as to mitigation or ways the project 
may be revised to reduce or avoid any potentially significant environmental impacts.  Your comments will guide the scope and 
content of potential environmental issues to be examined in the EIR.  Your comments may be submitted in writing to David 
Black, Imperial County Planning & Development Services Department, 801 Main Street, El Centro, CA  92243.  Available project 
information may be reviewed at this location. 
 

NOTICE OF PREPARATION REVIEW PERIOD: July 26, 2021 through August 30, 2021 
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Introduction 

A. Purpose 
This document is a □ policy-level; ~ project-level Initial Study for evaluation of potential 

environmental impacts resulting with the proposed Brawley Solar Energy Facility Project. 

B. CEQA Requirements and the Imperial County's Rules 
and Regulations for Implementing CEQA 

As defined by Section 15063 of the State California Environmental Quality Act (CEQA) Guidelines 
and Section 7 of the County's Rules and Regulations for Implementing CEQA, an Initial Study is 
prepared primarily to provide the Lead Agency with information to use as the basis for determining 
whether an Environmental Impact Report (EIR), Negative Declaration, or Mitigated Negative 
Declaration would be appropriate for providing the necessary environmental documentation and 
clearance for any proposed project. 

~ According to Section 15065, an EIR is deemed appropriate for a particular proposal if the 

following conditions occur: 

• The proposal has the potential to substantially degrade quality of the environment. 

• The proposal has the potential to achieve short-term environmental goals to the 
disadvantage of long-term environmental goals. 

• The proposal has possible environmental effects that are individually limited but 
cumulatively considerable. 

• The proposal could cause direct or indirect adverse effects on human beings. 

□ According to Section 15070(a), a Negative Declaration is deemed appropriate if the 

proposal would not result in any significant effect on the environment. 

□ According to Section 15070(b), a Mitigated Negative Declaration is deemed appropriate if 

it is determined that though a proposal could result in a significant effect, mitigation 
measures are available to reduce these significant effects to insignificant levels. 

This Initial Study has determined that the proposed applications will result in potentially significant 
environmental impacts and therefore, an Environmental Impact Report is deemed as the appropriate 
document to provide necessary environmental evaluations and clearance for the proposed project. 

This Initial Study and Notice of Preparation are prepared in conformance with the California 
Environmental Quality Act of 1970, as amended (Public Resources Code, Section 21000 et. seq.); 
the State CEQA Guidelines & County of lmperial's CEQA Regulations, Guidelines for the 
Implementation of CEQA; applicable requirements of the County of Imperial; and the regulations, 
requirements, and procedures of any other responsible public agency or an agency with jurisdiction 
by law. 

Pursuant to the County of lmperial's CEQA Regulations, Guidelines for the Implementation of 
CEQA, depending on the project scope, the County of Imperial Board of Supervisors, Planning 
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Commission and/or Planning Director is designated the Lead Agency, in accordance with Section 
15050 of the CEQA Guidelines. The Lead Agency is the public agency which has the principal 
responsibility for approving the necessary environmental clearances and analyses for any project in 
the County. 

C. Intended Uses of Initial Study and Notice of Preparation 
This Initial Study and Notice of Preparation are informational documents which are intended to 
inform County of Imperial decision makers, other responsible or interested agencies, and the general 
public of potential environmental effects of the proposed applications. The environmental review 
process has been established to enable public agencies to evaluate environmental consequences 
and to examine and implement methods of eliminating or reducing any potentially adverse impacts. 
While CEQA requires that consideration be given to avoiding environmental damage, the Lead 
Agency and other responsible public agencies must balance adverse environmental effects against 
other public objectives, including economic and social goals. 

The Initial Study and Notice of Preparation, prepared for the project will be circulated for a period of 
no less than 35 days for public and agency review and comments. 

D. Contents of Initial Study and Notice of Preparation 
This Initial Study is organized to facilitate a basic understanding of the existing setting and 
environmental implications of the proposed applications. 

SECTION 1 

I. INTRODUCTION presents an introduction to the entire report. This section discusses the 
environmental process, scope of environmental review, and incorporation by reference documents. 

SECTION 2 

II. ENVIRONMENTAL CHECKLIST FORM contains the County's Environmental Checklist Form. 
The checklist form presents results of the environmental evaluation for the proposed applications 
and those issue areas that would have either a significant impact, potentially significant impact, or no 
impact. 

PROJECT SUMMARY, LOCATION AND ENVIRONMENTAL SETTINGS describes the proposed 
project entitlements and required applications. A description of discretionary approvals and permits 
required for project implementation is also included. It also identifies the location of the project and a 
general description of the surrounding environmental settings. 

ENVIRONMENTAL ANALYSIS evaluates each response provided in the environmental checklist 
form. Each response checked in the checklist form is discussed and supported with sufficient data 
and analysis as necessary. As appropriate, each response discussion describes and identifies 
specific impacts anticipated with project implementation. 

SECTION 3 

Ill. MANDATORY FINDINGS presents Mandatory Findings of Significance in accordance with 
Section 15065 of the CEQA Guidelines. 
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E. Scope of Environmental Analysis 
For evaluation of environmental impacts, each question from the Environmental Checklist Form is 
summarized and responses are provided according to the analysis undertaken as part of the Initial 
Study. Impacts and effects will be evaluated and quantified, when appropriate. To each question, 
there are four possible responses, including: 

1. No Impact: A "No Impact" response is adequately supported if the impact simply does not 
apply to the proposed applications. 

2. Less Than Significant Impact: The proposed applications will have the potential to impact the 
environment. These impacts, however, will be less than significant; no additional analysis is 
required . 

3. Less Than Significant With Mitigation Incorporated: This applies where incorporation of 
mitigation measures has reduced an effect from "Potentially Significant Impact" to a "Less 
Than Significant Impact." 

4. Potentially Significant Impact: The proposed applications could have impacts that are 
considered significant. Additional analyses and possibly an EIR could be required to identify 
mitigation measures that could reduce these impacts to less than significant levels. 

F. Policy-Level or Project-Level Environmental Analysis 
This Initial Study will be conducted under a □ policy-level, ~project-level analysis. 

Regarding mitigation measures, it is not the intent of this document to "overlap" or restate conditions 
of approval that are commonly established for future known projects or the proposed applications. 
Additionally, those other standard requirements and regulations that any development must comply 
with , that are outside the County's jurisdiction, are also not considered mitigation measures, and 
therefore, will not be identified in this document. 

G. Tiered Documents and Incorporation by Reference 
Information, findings, and conclusions contained in this document are based on incorporation by 
reference of tiered documentation, which are discussed in the following section. 

1. Tiered Documents 

As permitted in Section 15152(a) of the CEQA Guidelines, information and discussions from 
other documents can be included into this document. Tiering is defined as follows: 

"Tiering refers to using the analysis of general matters contained in a broader EIR (such as 
the one prepared for a general plan or policy statement) with later El Rs and negative 
declarations on narrower projects; incorporating by reference the general discussions from 
the broader EIR; and concentrating the later EIR or negative declaration solely on the issues 
specific to the later project." 

Tiering also allows this document to comply with Section 15152(b) of the CEQA Guidelines, 
which discourages redundant analyses, as follows: 

"Agencies are encouraged to tier the environmental analyses which they prepare for 
separate but related projects including the general plans, zoning changes, and development 
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projects. This approach can eliminate repetitive discussion of the same issues and focus the 
later EIR or negative declaration on the actual issues ripe for decision at each level of 
environmental review. Tiering is appropriate when the sequence of analysis is from an EIR 
prepared for a general plan, policy or program to an EIR or negative declaration for another 
plan, policy, or program of lesser scope, or to a site-specific EIR or negative declaration ." 

Further, Section 15152(d) of the CEQA Guidelines states: 

"Where an EIR has been prepared and certified for a program, plan, policy, or ordinance 
consistent with the requirements of this section, any lead agency for a later project pursuant 
to or consistent with the program, plan , policy, or ordinance should limit the EIR or negative 
declaration on the later project to effects which : 

(1) Were not examined as significant effects on the environment in the prior EIR; or 

(2) Are susceptible to substantial reduction or avoidance by the choice of specific 
revisions in the project, by the imposition of conditions , or other means." 

2. Incorporation by Reference 

Incorporation by reference is a procedure for reducing the size of EIRs/MND and is most 
appropriate for including long, descriptive, or technical materials that provide general 
background information, but do not contribute directly to the specific analysis of the project 
itself. This procedure is particularly useful when an EIR or Negative Declaration relies on a 
broadly-drafted EIR for its evaluation of cumulative impacts of related projects (Las Virgenes 
Homeowners Federation v. County of Los Angeles [1986, 177 Ca.3d 300]) . If an EIR or 
Negative Declaration relies on information from a supporting study that is available to the 
public, the EIR or Negative Declaration cannot be deemed unsupported by evidence or 
analysis ( San Francisco Ecology Center v. City and County of San Francisco [1975, 48 
Ca.3d 584, 595]). 

When an EIR or Negative Declaration incorporates a document by reference, the 
incorporation must comply with Section 15150 of the CEQA Guidelines as follows: 

4 I July 2021 

• The incorporated document must be available to the public or be a matter of public 
record (CEQA Guidelines Section 15150[a]). The General Plan EIR is available, 
along with this document, at the County of Imperial Planning & Development 
Services Department, 801 Main Street, El Centro, CA 92243 Ph. (442) 265-1736. 

• This document must be available for inspection by the public at an office of the lead 
agency (CEQA Guidelines Section 151 S0[b]). These documents are available at the 
County of Imperial Planning & Development Services Department, 801 Main Street, 
El Centro, CA 92243, Ph. (442) 265-1736. 

• These documents must summarize the portion of the document being incorporated 
by reference or briefly describe information that cannot be summarized. Furthermore, 
these documents must describe the relationship between the incorporated 
information and the analysis in the tiered documents (CEQA Guidelines Section 
151 S0[c]). As discussed above, the tiered EIRs address the entire project site and 
provide background and inventory information and data which apply to the project 
site. Incorporated information and/or data will be cited in the appropriate sections. 
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• These documents must include the State identification number of the incorporated 
documents (CEQA Guidelines Section 15150[d]). The State Clearinghouse Number 
for the 'County of Imperial General Plan EIR is SCH #93011023. 

The material to be incorporated in this document will include general background information (CEQA 
Guidelines Section 151 S0[f]). 
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Environmental Checklist Form 
1. Project Title: Brawley Solar Energy Facility Project 

2. Lead Agency name and address: Imperial County Planning & Development Services 
Department, 801 Main Street, El Centro, CA 92243 

3. Contact person and phone number: David Black, Planner IV, 442-265-1746 

4. Project location: The project site is located on approximately 227 acres of privately-owned land 
in the unincorporated area of Imperial County, CA. The site is approximately one mile north from 
the City of Brawley's jurisdictional limit. The project site is south of Baughman Road, west of 
Best Road, and north of Andre Road. The Union Pacific Railway transects the project site. The 
City of Brawley Wastewater Treatment Plant is located along the western edge of the project 
site. 

The gen-tie line would originate from the southern edge of the project site and then head west 
along Andre Road to interconnect to the Imperial Irrigation District's (IID) existing North Brawley 
Geothermal Power Plant substation , located at Hovley Road and Andre Road. The gen-tie line 
route would be approximately 1.8 miles. 

5. Project sponsor's name and address: ORNI 30, LLC, 6140 Plumas Street, Reno, Nevada 
89519 

6. General Plan Designation: Agriculture 

7. Zoning: A-2-G (General Agricultural with a Geothermal Overlay) 

8. Description of project: The project applicant, ORNI 30, LLC, proposes to construct and 
operate a 40 megawatt (MW) photovoltaic (PV) solar facility with an integrated 40 MW battery 
storage system (BESS) (not to exceed 80 MW) on approximately 227 acres of privately-owned 
land. The proposed project would be comprised of bifacial solar PV arrays panels, an on-site 
substation, BESS, fiberoptic line or microwave tower, inverters, transformers, underground 
electrical cables and access roads. The proposed project would connect to the existing North 
Brawley Geothermal Power Plant substation located southwest of the project site via an 
approximately 1.8-mile long aboveground 92 kilovolt generation tie line. 

9. Surrounding land uses and setting: Briefly describe the project's surroundings: The 
project site contains alfalfa fields within different levels of harvest. North and east of the project 
site is undeveloped agricultural land. South of the project site is a mixture of undeveloped 
agricultural land and dirt lots used for staging activities. The Del Rio Country Club golf course is 
located to the south of the site. The City of Brawley Wastewater Treatment Plant is located along 
the western edge of the project site. 

10. Other public agencies whose approval is required (e.g., permits, financing approval, or 
participation agreement.): 

• Department of Public Works - Ministerial permits (building, grading, encroachment) 

• Imperial County Air Pollution Control District - Fugitive dust control plan, Authority to 
construct 
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• California Regional Water Quality Control Board - Notice of Intent for General 
Construction Permit 

• Imperial Irrigation District - Water supply agreement/permit for water use lease 
agreement 

11. Have California Native American tribes traditionally and culturally affiliated with the 
project area requested consultation pursuant to Public Resources Code section 
21080.3.1? If so, is there a plan for consultation that includes, for example, the 
determination of significance of impacts to tribal cultural resources, procedures 
regarding confidentiality, etc.? 

Yes, the Torrez Martinez Desert Cahuilla Indians and Quechan Indian Tribe. These tribes were 
sent an AB 52 consultation request letter on July 20, 2021. 
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Environmental Factors Potentially Affected 
The environmental factors checked below would be potentially affected by this project, involving at 
least one impact that is a "Potentially Significant Impact" as indicated by the checklist on the 
following pages. 

~ Aesthetics ~ Agriculture and Forestry ~ Air Quality 
Resources 

~ Biological Resources ~ Cultural Resources □ Energy 

~ Geology/Soils ~ Greenhouse Gas Emissions ~ Hazards & Hazardous Materials 

~ Hydrology I Water Quality ~ Land Use/Planning □ Mineral Resources 

□ Noise □ Population/Housing ~ Public Services 

□ Recreation ~ Transportation ~ Tribal Cultural Resources 

~ Utilities/Service Systems □ Wildfire ~ Mandatory Findings of 
Significance 

Environmental Evaluation Committee Determination 
After Review of the Initial Study, the Environmental Evaluation Committee (EEC) has: 

□ Found that the proposed project COULD NOT have a significant effect on the environment, 

and a NEGATIVE DECLARATION will be prepared. 

□ Found that although the proposed project could have a significant effect on the environment, 

there will not be a significant effect in this case because revisions in the project have been 
made by or agreed to by the project proponent. A MITIGATED NEGATIVE DECLARATION 
will be prepared. 

□ Found that the proposed project MAY have a significant effect on the environment, and an 

ENVIRONMENTAL IMPACT REPORT is required . 

□ Found that the proposed project MAY have a "potentially significant impact" or "potentially 

significant unless mitigated" impact on the environment, but at least one effect 1) has been 
adequately analyzed in an earlier document pursuant to applicable legal standards, and 2) 
has been addressed by mitigation measures based on the earlier analysis as described on 
attached sheets. An ENVIRONMENTAL IMPACT REPORT is required , but it must analyze 
only the effects that remain to be addressed . 

□ Found that although the proposed project could have a significant effect on the environment, 

because all potentially significant effects (a) have been analyzed adequately in an earlier EIR 
or NEGATIVE DECLARATION pursuant to applicable standards, and (b) have been avoided 
or mitigated pursuant to that earlier EIR or NEGATIVE DECLARATION, including revisions 
or mitigation measures that are imposed upon the proposed project, nothing further is 
required. 

CALIFORNIA DEPARTMENT OF FISH AND GAME DE MINIMIS IMPACT FINDING: 
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□Yes □No 

EEC VOTES 

PUBLIC WORKS 

ENVIRONMENTAL HEAL TH 

OFFICE EMERGENCY SERVICES 

APCD 

AG 

SHERIFF DEPARTMENT 

ICPDS 

Jim Minnick, Director of Planning/EEC Chairman 

Signature 
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YES NO ABSENT 

□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 
□ □ □ 

Date: 
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The project site is located on approximately 227 acres of privately-owned land in the unincorporated 
area of Imperial County, CA. The site is approximately one mile north from the City of Brawley's 
jurisdictional limit (Figure 1). As shown in Figure 2, the project site is south of Baughman Road, west 
of Best Road, and north of Andre Road. The Union Pacific Railway transects the project site. The 
City of Brawley Wastewater Treatment Plant is located along the western edge of the project site. 

The gen-tie line would originate from the southern edge of the project site and then head west along 
Andre Road to interconnect to the Imperial Irrigation District's (IID) existing North Brawley 
Geothermal Power Plant substation, located at Hovley Road and Andre Road. The gen-tie line route 
would be approximately 1.8 miles. 

Project Summary 
The project applicant, ORNI 30, LLC, proposes to construct and operate a 40 megawatt (MW) 
photovoltaic (PV) solar facility with an integrated 40 MW battery storage system (BESS) (not to 
exceed 80 MW) on approximately 227 acres of privately-owned land. The proposed project would 
be comprised of bifacial solar PV arrays panels, an on-site substation, BESS building, fiberoptic line 
or microwave tower, inverters, transformers, underground electrical cables and access roads. The 
proposed project would connect to the existing North Brawley Geothermal Power Plant substation 
located southwest of the project site via an approximately 1.8-mile long aboveground 92 kilovolt 
generation tie line. 

Environmental Setting 
The project site contains alfalfa fields within different levels of harvest. North and east of the project 
site is undeveloped agricultural land. South of the project site is a mixture of undeveloped 
agricultural land and dirt lots used for staging activities. The Del Rio Country Club golf course is 
located to the south of the site. The City of Brawley Wastewater Treatment Plant is located along the 
western edge of the project site. 

General Plan Consistency 
The proposed project is located within an unincorporated area of the County. The existing General 
Plan land use designation is Agriculture . The project site is currently zoned A-2-G (General 
Agricultural with a Geothermal Overlay). Construction of a solar facility would be allowed within the 
existing zoning under a Conditional Use Permit. 

The County Land Use Ordinance, Division 17, includes the Renewable Energy (RE) Overlay Zone, 
which authorizes the development and operation of renewable energy projects, with an approved 
CUP. CUP applications proposed for specific renewable energy project not located in the RE 
Overlay Zone would not be allowed without an amendment to the RE Overlay Zone. As shown in 
Figure 1, the northern portion of the project site (APNs 037-140-020 and 037-140-021) is located 
within the Geothermal Overlay Zone. However, the entire project site (APNs 037-140-020, 037-140-
021, 037-140-022, 037-140-023, and 037-140-006) is located outside of the RE Overlay Zone. 
Therefore, the proposed project requires a General Plan Amendment and Zone Change to 
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include/classify all five project parcels into the RE Overlay Zone. No change in the underlying 
General Plan land use (Agriculture) is proposed. 
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Evaluation of Environmental Impacts 
1. A brief explanation is required for all answers except "No Impact" answers that are 

adequately supported by the information sources a lead agency cites in the parentheses 
following each question. A "No Impact" answer is adequately supported if the referenced 
information sources show that the impact simply does not apply to projects like the one 
involved (e.g., the project falls outside a fault rupture zone). A "No Impact" answer should be 
explained where it is based on project-specific factors, as well as general standards (e.g., the 
project will not expose sensitive receptors to pollutants, based on a project-specific 
screening analysis) . 

2. All answers must take account of the whole action involved, including off-site as well as on
site, cumulative as well as project-level, indirect as well as direct, and construction as well as 
operational impacts. 

3. Once the lead agency has determined that a particular physical impact may occur, then the 
checklist answers must indicate whether the impact is potentially significant, less than 
significant with mitigation, or less than significant. "Potentially Significant Impact" is 
appropriate if there is substantial evidence that an effect may be significant. If there are one 
or more "Potentially Significant Impact" entries when the determination is made, an EIR is 
required . 

4. "Negative Declaration : Less Than Significant With Mitigation Incorporated" applies where the 
incorporation of mitigation measures has reduced an effect from "Potentially Significant 
Impact" to a "Less Than Significant Impact." The lead agency must describe the mitigation 
measures, and briefly explain how they reduce the effect to a less than significant level 
(mitigation measures from "Earlier Analyses," as described in (5) below, may be cross
referenced). 

5. Earlier analyses may be used where, pursuant to the tiering , program EIR, or other CEQA 
process, an effect has been adequately analyzed in an earlier EIR or negative declaration. 
Section 15063(c)(3)(D). In this case, a brief discussion should identify the following: 

a. Earlier Analysis Used. Identify and state where they are available for review. 

b. Impacts Adequately Addressed. Identify which effects from the above checklist were 
within the scope of and adequately analyzed in an earlier document pursuant to 
applicable legal standards, and state whether such effects were addressed by mitigation 
measures based on the earlier analysis. 

c. Mitigation Measures. For effects that are "Less than Significant with Mitigation Measures 
Incorporated," describe the mitigation measures which were incorporated or refined from 
the earlier document and the extent to which they address site-specific conditions for the 
project. 

July 2021 I 9 PC ORIGINAL PKG



Initial Study and NOP 
Brawley Solar Energy Facility Project 

6. Lead agencies are encouraged to incorporate into the checklist references to information 
sources for potential impacts (e.g., general plans, zoning ordinances). Reference to a 
previously prepared or outside document should, where appropriate, include a reference to 
the page or pages where the statement is substantiated. 

7. Supporting Information Sources: A source list should be attached, and other sources used, 
or individuals contacted should be cited in the discussion. 

8. This is only a suggested form, and lead agencies are free to use different formats; however, 
lead agencies should normally address the questions from this checklist that are relevant to 
a project's environmental effects in whatever format is selected. 

9. The explanation of each issue should identify: 

a. The significance criteria or threshold, if any, used to evaluate each question; and 

b. The mitigation measure identified, if any, to reduce the impact to less than significance. 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

Except as provided in Public Resources Code Section 21099, would the project: 

a) Have a substantial adverse D D □ 181 
effect on a scenic vista? 

b) Substantially damage scenic D □ D 181 
resources, including, but not 
limited to, trees, rock 
outcroppings, and historic 
building within a state scenic 
highway? 

c) In non-urbanized areas, D □ D 
substantially degrade the 
existing visual character or 
quality of public views of the site 
and its surroundings? (Public 
views are those that are 
experienced from publicly 
accessible vantage points) . If 
the project is in an urbanized 
area, would the project conflict 
with applicable zoning and other 
regulations governing scenic 
quality? 

d) Create a new source of □ □ D 
substantial light or glare which 
would adversely affect day or 
nighttime views in the area? 

Impact Analysis 

a) No Impact. According to the Conservation and Open Space Element of the Imperial County 
General Plan, the project site is not located within an area that has been formally identified 
as a federal , state, or county scenic vista (County of Imperial 2016). No scenic vistas or 
areas with high visual quality would be disrupted. Thus, no impact is identified for this issue 
area and no further analysis is warranted. 

b) No Impact. According to the California Department of Transportation (Caltrans) California 
Scenic Highway Mapping System (Caltrans 2018), the project site is not located within a 
state scenic highway corridor, nor are there any state scenic highways located in proximity 
to the project site. The proposed project would not substantially damage scenic resources, 
including, but not limited to, trees, rock outcroppings, and historic building within a state 
scenic highway. Therefore, no impact is identified for this issue area and no further analysis 
is warranted. 

c) Potentially Significant Impact. Although the project site is not located near a scenic 
highway or designated scenic vista, the proposed project may result in a change to the look 
and rural character of the surrounding area . Therefore, a potentially significant impact is 
identified for this issue area. A visualization study will be prepared for the project and this 
issue will be addressed in the EIR. 

d) Potentially Significant Impact. Minimal lighting is required for project operation and is 
limited to safety and security functions. All lighting will be directed away from any public right-
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of-way; however, there are no heavily traveled public roadways in immediate proximity to 
the project site. 

The solar panels will be constructed of low reflective materials; therefore, it is not anticipated 
that they would result in creating glare. Additionally, the proposed project is located in a rural 
undeveloped area of Imperial County. There are no established residential neighborhoods 
immediately adjacent to the project site. However, there are three residences located 
immediately east of the project site along Best Road. Although the proposed project is not 
expected to create a new source of substantial light or glare affecting day or nighttime views, 
a glare study will be prepared for the proposed project and this issue will be addressed in 
the EIR. Therefore, a potentially significant impact is identified for this issue area. 

The Brawley Municipal Airport is located approximately 1.5 miles south of the project site. 
Although the solar panels will be constructed of low reflective materials, the potential for 
glare to impact aircraft will be analyzed further in the EIR. 
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Environmental Issue Area: 

Potentially 
Significant 

Impact 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

In determining whether impacts to agricultural resources are significant environmental effects, lead 
agencies may refer to the California Agricultural Land Evaluation and Site Assessment Model (1997) 
prepared by the California Department of Conservation as an optional model to use in assessing impacts 
on agriculture and farmland. In determining whether impacts to forest resources, including timberland, are 
significant environmental effects, lead agencies may refer to information compiled by the California 
Department of Forestry and Fire Protection regarding the state's inventory of forest land, including the 
Forest and Range Assessment Project and the Forest Legacy Assessment project; and forest carbon 
measurement methodology provided in Forest Protocols adopted by the California Air Resources Board. 
Would the project: 

a) Convert Prime Farmland, 
Unique Farmland, or Farmland 
of Statewide Importance 
(Farmland), as shown on the 
maps prepared pursuant to the 
Farmland Mapping and 
Monitoring Program of the 
California Resources Agency, to 
non-agricultural use? 

b) Conflict with existing zoning for 
agricultural use, or a Williamson 
Act contract? 

c) Conflict with existing zoning for, 
or cause rezoning of, forest land 
(as defined in Public Resources 
Code section 12220(9)), 
timberland (as defined by Public 
Resources Code section 4526), 
or timberland zoned Timberland 
Production (as defined by 
Government Code section 
51104(9))? 

d) Result in the loss of forest land 
or conversion of forest land to 
non-forest use? 

e) Involve other changes in the 
existing environment which, due 
to their location or nature, could 
result in conversion of 
Farmland, to non-agricultural 
use or conversion of forest land 
to non-forest use? 

Impact Analysis 

IZI 

D 

D 

□ □ D 

D □ □ 

D □ 

D D 

D D D 

a) Potentially Significant Impact. According to the farmland maps prepared by the California 
Department of Conservation (DOC) (California DOC 2018), the majority of the project site is 
designated as Farmland of Statewide Importance, with a pocket of Prime Farmland located 
in the southern portion of the project site. Therefore, implementation of the proposed project 

July 2021 I 13 PC ORIGINAL PKG



Initial Study and NOP 
Brawley Solar Energy Facility Project 

may result in a potentially significant impact associated with the conversion of Prime 
Farmland and Farmland of Statewide Importance to non-agricultural use. 

b) Potentially Significant Impact. The project site is currently designated by the General Plan 
as "Agriculture" and is zoned A-2-G (General Agricultural with a Geothermal Overlay). 
Pursuant to Title 9, Division 5, Chapter 8 (County of Imperial 2019a), the following uses are 
permitted in the A-2 zone subject to approval of a CUP from Imperial County: solar energy 
electrical generator, battery storage facility, electrical substations, communication towers, 
and facilities for the transmission of electrical energy. Because the project site is located on 
lands designated for agricultural uses, this issue will be analyzed in further detail in the EIR. 

According to the 2016/2017 Imperial County Williamson Act Map produced by the California 
Department of Conservation's Division of Land Resource Protection (California DOC 2016), 
the project site is not located on Williamson Act contracted land. Therefore, the proposed 
project would not conflict with a Williamson Act contract and no impact would occur. 

c) No Impact. There are no existing forest lands, timberlands, or timberland zoned "Timberland 
Production" within or immediately adjacent to the project site that would conflict with existing 
zoning or cause rezoning. Therefore, no impact is identified for this issue area. 

d) No Impact. There are no existing forest lands within or immediately adjacent to the project 
site. The proposed project would not result in the loss of forest land or conversion of forest 
land to non-forest use. Therefore, no impact is identified for this issue area. 

e) Potentially Significant Impact. Refer to response II. a) above. 
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Ill. Air Quality 

Environmental Issue Area : 

Potentially 
Significant 

Impact 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

Where available, the significance criteria established by the applicable air quality management district or 
air pollution control district may be relied upon to make the following determinations. 
Would the project: 

a) Conflict with or obstruct ~ □ □ □ 
implementation of the applicable 
air quality plan? 

b) Result in a cumulatively □ □ □ 
considerable net increase of any 
criteria pollutant for which the 
project region is non-attainment 
under an applicable federal or 
state ambient air quality 
standard? 

c) Expose sensitive receptors to □ □ □ 
substantial pollutant 
concentrations? 

d) Result in other emissions (such □ □ D 
as those leading to odors 
adversely affecting a substantial 
number of people? 

Impact Analysis 

a) Potentially Significant Impact. The project site is located within the jurisdiction of Imperial 
County Air Pollution Control District (ICAPCD) in the Imperial County portion of the Salton 
Sea Air Basin. Construction of the proposed project would create temporary emissions of 
dust, fumes, equipment exhaust, and other air contaminants that may conflict with the 
ICAPCD's rules and regulations. No stationary source emissions are proposed from the 
proposed project; however, temporary construction emissions have the potential to result in 
a significant air quality impact. An air quality and greenhouse gas study will be prepared to 
analyze the proposed project's consistency with air quality plans, and will be included in the 
EIR analysis. 

b) Potentially Significant Impact. Currently, the Salton Sea Air Basin is either in attainment 
or unclassified for all federal and state air pollutant standards, with the exception of the 
federal ozone (03), particulate matter less than 1 Omicrons in diameter (PM10) and particulate 
matter less than 2.5 microns in diameter (PM2.s) standards, and state standards for 03 and 
PM10. Air pollutants transported into the Salton Sea Air Basin from the adjacent South Coast 
Air Basin (Los Angeles County, San Bernardino County, Orange County, and Riverside 
County) and Mexicali (Mexico) substantially contribute to the non-attainment conditions in 
the Salton Sea Air Basin. A potentially significant impact is identified for this issue area. An 
air quality and greenhouse gas study will be prepared to analyze the proposed project's 
potential air quality impacts and will be included in the EIR analysis. 

c) Potentially Significant Impact. The project site is located in a rural agricultural area of 
Imperial County. The nearest sensitive receptor to the project site is a single-family home 
located as near as 40 feet to the north side of the project site (near the northwest corner of 
the project site). There are also homes located on the east side of Best Avenue that are as 
near as 120 feet east of the project site. This issue will be addressed in the air quality and 
greenhouse gas study and EIR analysis. 
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d) No Impact. Land uses commonly considered to be potential sources of odorous emissions 
include wastewater treatment plants, sanitary landfills, food processing facilities, chemical 
manufacturing plants, rendering plants, paint/coating operations, and concentrated 
agricultural feeding operations and dairies. The construction and operation of a solar facility 
is not an odor producer. Therefore, no impact is identified for this issue area. 
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IV. Biological Resources 

Environmental Issue Area: 

Would the project: 

a) Have a substantial adverse effect, 
either directly or through habitat 
modifications, on any species 
identified as a candidate, 
sensitive, or special status species 
in local or regional plans, policies, 
or regulations, or by the California 
Department of Fish and Game or 
U.S. Fish and Wildlife Service? 

b) Have a substantial adverse effect 
on any riparian habitat or other 
sensitive natural community 
identified in local or regional plans, 
policies, and regulations or by the 
California Department of Fish and 
Game or U.S. Fish and Wildlife 
Service? 

c) Have a substantial adverse effect 
on state or federally protected 
wetlands (including, but not limited 
to, marsh, vernal pool, coastal, 
etc.) through direct removal, filling, 
hydrological interruption, or other 
means? 

d) Interfere substantially with the 
movement of any native resident 
or migratory fish or wildlife species 
or with established native resident 
or migratory wildlife corridors, or 
impede the use of wildlife nursery 
sites? 

e) Conflict with any local policies or 
ordinances protecting biological 
resources, such as a tree 
preservation policy or ordinance? 

f) Conflict with the provisions of an 
adopted Habitat Conservation 
Plan, Natural Community 
Conservation Plan, or other 
approved local, regional , or state 
habitat conservation plan? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

D 

D 

D 

D 

Less Than 
Significant 

Impact 

D 

D 

D 

D 

D 

D 

No Impact 

D 

D 

D 

D 

D 

a) Potentially Significant Impact. According to the Conservation and Open Space Element 
of the General Plan (County of Imperial 2016), numerous special-status species occur in the 
County, and of particular concern is the western burrowing owl which may have the potential 
to occur within the project site. Burrowing owls and burrows are commonly found along 
canals and drains. Although there are no Imperial Irrigation District (IID) canals located within 
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the project site, access roads, canals , and other drainages are located in the project vicinity, 
such as the Best Canal and Livesley Drain, which are immediately east and south of the 
project site, respectively. Thus, a potentially significant impact is identified for this issue area. 
A biological resources report that will address the proposed project's potential impacts on 
biological resources will be prepared and included in the EIR analysis. 

b) Potentially Significant Impact. Refer to response IV. a) above. 

c) Potentially Significant Impact. Currently, the project site contains alfalfa fields at different 
levels of harvest. The Best Canal and existing drain structure(s) would not be removed, 
relocated or impacted; and no washes are found within the project site. 

The project site is adjacent to the New River and according to the United States Fish and 
Wildlife Service (USFWS) National Wetland Inventory, there are also several project 
adjacent freshwater ponds. There does not appear to be ponds within the project site; 
however, the project site has drainage channels that could potentially be considered 
jurisdictional waters by California Department of Fish and Wildlife (CDFW) and United States 
Army Corps of Engineers (USAGE). Therefore, a potentially significant impact is identified 
for this issue area. A jurisdictional waters/wetlands delineation report will be prepared and 
included in the EIR analysis. 

d) Potentially Significant Impact. Refer to response IV. a) above 

e) Potentially Significant Impact. Refer to response IV. a) above 

f) No Impact. The project site is not located in a Habitat Conservation Plan, Natural 
Community Conservation Plan, or other approved local, regional, or state habitat 
conservation plan. No impact is identified for this issue area. 
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V. Cultural Resources 

Environmental Issue Area: 

Would the project: 

a) Cause a substantial adverse 
change in the significance of a 
historical resource pursuant to 
§15064.5? 

b) Cause a substantial adverse 
change in the significance of an 
archaeological resource pursuant 
to §15064.5? 

c) Disturb any human remains, 
including those interred outside of 
dedicated cemeteries? 

Impact Analysis 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

□ 

□ 

Less Than 
Significant 

Impact 

□ 

□ 

□ 

No Impact 

□ 

□ 

D 

a) Potentially Significant Impact. Currently, the project site contains alfalfa fields at different 
levels of harvest. The disturbed nature of the site indicates that the presence of significant 
or undamaged cultural resources on the site is unlikely. Although the proposed project is not 
expected to cause a substantial adverse change in the significance of a historical resource 
or archaeological resource, a potentially significant impact could occur if an unanticipated 
find is discovered. A cultural resources report that will address the proposed project's 
potential impacts on historic and prehistoric resources will be prepared and this issue will be 
addressed in the EIR. 

b) Potentially Significant Impact. Refer to response V. a) above. 

c) Potentially Significant Impact. Although unlikely, there is a potential for unknown human 
remains to be unearthed during earthwork activities. This issue is potentially significant and 
will be addressed in the EIR. 
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VI. Energy 

Environmental Issue Area: 

Would the project: 

a} Result in potentially significant 
environmental impact due to 
wasteful, inefficient, or 
unnecessary consumption of 
energy resources, during project 
construction or operation? 

b) Conflict with or obstruct a state or 
local plan for renewable energy or 
energy efficiency? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 

□ 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

Less Than 
Significant 

Impact No Impact 

D 

D 

a) Less than Significant Impact. Information contained in this section is summarized from the 
Air Quality, Energy, and Greenhouse Gas Emissions Impact Analysis prepared for the project (Vista 
Environmental 2021 a). The proposed project would impact energy resources during 
construction and operation. Energy resources that would be potentially impacted include 
electricity, and petroleum-based fuel supplies and distribution systems. The proposed 
project would not utilize any natural gas during either construction or operation of the 
proposed project, and no further analysis of natural gas is provided in this analysis. 

The following discussion calculates the potential energy consumption associated with the 
construction and operation of the proposed project and analyzes if any energy utilized by the 
proposed project is wasteful, inefficient, or unnecessary consumption of energy resources. 

Construction Energy 

The construction activities for the proposed project are anticipated to include: 1) Site 
Preparation; 2) PV System Installation and Testing, and 3) Site Clean-up and Restoration. 
The proposed project would consume energy resources during construction in three (3) 
general forms: 

1. Petroleum-based fuels used to power off-road construction vehicles and equipment 
on the project site, construction worker travel to and from the project site, as well as 
delivery and haul truck trips (e.g., hauling of construction waste material to off-site 
reuse and disposal facilities); 

2. Electricity associated with the conveyance of water that would be used during project 
construction for dust control (supply and conveyance) and electricity to power any 
necessary lighting during construction, electronic equipment, or other construction 
activities necessitating electrical power; and, 

3. Energy used in the production of construction materials, such as asphalt, steel, 
concrete, pipes, and manufactured or processed materials such as lumber and 
glass. 

Construction-Related Electricity 

During construction of the proposed project, electricity would be consumed to construct the 
new structures and infrastructure. Electricity would be supplied to the project site by 11D and 
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would be obtained from the existing electrical lines in the vicinity of the project site. The use 
of electricity from existing power lines rather than temporary diesel or gasoline powered 
generators would minimize impacts on energy use. Electricity consumed during project 
construction would vary throughout the construction period based on the construction 
activities being performed. Various construction activities include electricity associated with 
the conveyance of water that would be used during project construction for dust control 
(supply and conveyance) and electricity to power any necessary lighting during construction, 
electronic equipment, or other construction activities necessitating electrical power. Such 
electricity demand would be temporary, nominal, and would cease upon the completion of 
construction. Overall, construction activities associated with the proposed project would 
require limited electricity consumption that would not be expected to have an adverse impact 
on available electricity supplies and infrastructure. Therefore, the use of electricity during 
project construction would not be wasteful, inefficient, or unnecessary. 

The proposed project would include installation of an approximately 1.8 mile long overhead 
power line from the southwest corner of the project site to the North Brawley 1 Substation, 
which would provide adequate capacity to handle the power generated and utilized by the 
proposed project. Where feasible, the new service installations and connections would be 
scheduled and implemented in a manner that would not result in electrical service 
interruptions to other properties. Compliance with County and IID guidelines and 
requirements would ensure that the proposed project fulfills its responsibilities relative to 
infrastructure installation, coordinates any electrical infrastructure removals or relocations, 
and limits any impacts associated with construction of the project. Construction of the 
project's electrical infrastructure is not anticipated to adversely affect the electrical 
infrastructure serving the surrounding uses or utility system capacity. 

Construction-Related Petroleum Fuel Use 

Petroleum-based fuel usage represents the highest amount of transportation energy 
potentially consumed during construction, which would be utilized by both off-road 
equipment operating on the project site and on-road automobiles transporting workers to 
and from the project site and on-road trucks transporting equipment and supplies to the 
project site. 

The off-road equipment utilized during construction of the proposed project would consume 
84,890 gallons of fuel. The on-road trips generated from construction of the proposed project 
would consume 77,046 gallons of fuel. As such, the combined fuel used from off-road 
construction equipment and on-road construction trips for the proposed project would result 
in the consumption of 161,935 gallons of petroleum fuel. This equates to 0.17 percent of the 
gasoline and diesel consumed annually in Imperial County. As such, the construction
related petroleum use would be nominal, when compared to current county-wide petroleum 
usage rates. 

Construction activities associated with the proposed project would be required to adhere to 
all State and SCAQMD regulations for off-road equipment and on-road trucks, which provide 
minimum fuel efficiency standards. As such, construction activities for the proposed project 
would not result in the wasteful, inefficient, and unnecessary consumption of energy 
resources. Impacts regarding transportation energy would be less than significant. 
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Operations-Related Electricity 

Operation of the proposed project would result in consumption and production of electricity 
at the project site. The proposed PV solar panels will generate 97,333,333 kWh per year of 
electricity and operation of the project will use 1,946,667 kWh per year of electricity, which 
would result in the net generation of 95,386,667 kWh per year of electricity. This equates to 
2.8 percent of the electricity consumed annually by 11D. As such, the operations-related 
electricity use would provide a significant renewable resource for the IID and would help 11D 
achieve the State' Renewable Portfolio Standards requirement for non-carbon sources of 
electricity. No impact would occur from electricity-related energy consumption from the 
proposed project. 

Operations-Related Vehicular Petroleum Fuel Usage 

Operation of the proposed project would result in increased consumption of petroleum-based 
fuels related to vehicular travel to and from the project site. The proposed project would 
consume 1,036 gallons of petroleum fuel per year from vehicle travel. This equates to 0.001 
percent of the gasoline and diesel consumed in Imperial County annually. As such, the 
operations-related petroleum use would be nominal, when compared to current petroleum 
usage rates 

It should be noted that, the proposed project would comply with all Federal, State, and 
County requirements related to the consumption of transportation energy and would provide 
a non-carbon source of electricity to power electric vehicles in Imperial County. Thus, 
impacts with regard transportation energy supply and infrastructure capacity would be less 
than significant and no mitigation measures would be required. 

b) Less than Significant Impact. The proposed project would help California meet its 
Renewable Portfolio Standard of 60 percent of retail electricity sales from renewable sources 
by the end of 2030 and 100 percent by 2045. The electricity generation process associated 
with the project would utilize solar technology to convert sunlight directly into electricity. Solar 
PV technology is consistent with the definition of an "eligible renewable energy resource" in 
Section 399.12 of the California Public Utilities Code (CPUC) and the definition of "in-state 
renewable electricity generation facility" in Section 25741 of the CPUC. Therefore, the 
proposed project would not conflict with or obstruct a state or local plan for renewable energy 
of energy efficiency. This is considered a less than significant impact. 
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VII. Geology and Soils 

Environmental Issue Area: 

Would the project: 

a) Directly or indirectly cause 
potential substantial adverse 
effects, including the risk of loss, 
injury or death involving: 

i. Rupture of a known 
earthquake fault, as 
delineated on the most recent 
Alquist-Priolo Earthquake 
Fault Zoning Map issued by 
the State Geologist for the 
area or based on other 
substantial evidence of a 
known fault? Refer to Division 
of Mines and Geology Special 
Publication 42? 

ii . Strong seismic ground 
shaking? 

iii . Seismic-related ground 
failure, including liquefaction? 

iv. Landslides? 

b) Result in substantial soil erosion 
or the loss of topsoil? 

c) Be located on a geologic unit or 
soil that is unstable, or that would 
become unstable as a result of the 
project and potentially result in 
on- or off-site landslide, lateral 
spreading, subsidence, 
liquefaction, or collapse? 

d) Be located on expansive soil , as 
defined in Table 18-1 B of the 
Uniform Building Code (1994), 
creating substantial direct or 
indirect risk to life or property? 

e) Have soils incapable of 
adequately supporting the use of 
septic tanks or alternative 
wastewater disposal systems 
where sewers are not available for 
the disposal of wastewater? 

f) Directly or indirectly destroy a 
unique paleontological resource or 
site or unique geologic feature? 

Potentially 
Significant 

Impact 

D 

181 

181 

□ 

D 

181 

D 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

D 

□ 

D 

D 

D 

□ 

□ 

Less Than 
Significant 

Impact 

D 

D 

D 

□ 

181 

D 

□ 

D 

D 

No Impact 

D 

D 

~ 

D 

D 

D 

□ 
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Impact Analysis 

ai) No Impact. According to the California Earthquake Hazards Zone Application (California 
DOC 2019), the project site is not located within a State of California, Alquist-Priolo 
Earthquake Fault Zone. The nearest Alquist-Priolo Earthquake Fault Zone is located 
approximately 4. 75 miles from the project site. Therefore, no impact is identified for this issue 
area. 

aii) Potentially Significant Impact. The project site is located in the seismically-active Imperial 
Valley in Southern California and considered likely to be subjected to moderate to strong 
ground motion from earthquakes in the region . The project site could be affected by the 
occurrence of seismic activity to some degree but no more than the surrounding properties. 
A potentially significant impact has been identified for this issue area. A geotechnical 
report that will address the proposed project's potential impacts on geology and soils will be 
prepared and this issue will be addressed in the EIR. 

a iii) Potentially Significant Impact. Liquefaction occurs when granular soil below the water 
table is subjected to vibratory motions, such as vibratory motion produced by earthquakes. 
With strong ground shaking, an increase in pore water pressure develops as the soil tends 
to reduce in volume. If the increase in pore water pressure is sufficient to reduce the 
vertical effective stress (suspending the soil particles in water), the soil strength decreases, 
and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive 
settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations. 

Four conditions are generally required for liquefaction to occur: 
1) The soil must be saturated (relatively shallow groundwater). 
2) The soil must be loosely packed (low to medium relative density). 
3) The soil must be relatively cohesionless (not clayey) . 
4) Groundshaking of sufficient intensity must occur to function as a trigger mechanism. 

All these conditions may exist to some degree at the project site. Therefore, there is a 
potentially significant impact associated with liquefaction. A geotechnical report that will 
address the proposed project's potential impacts on geology and soils will be prepared and 
this issue will be addressed in the EIR. 

aiv) No Impact. According to Figure 2: Landslide Activity in the Seismic and Public Safety 
Element of the General Plan (County of Imperial 1997), the project site is not located in an 
area that is prone to landslide hazards. Furthermore, the project site and surrounding area 
is relatively flat. Therefore, no impact is identified for this issue area. 

b) Less than Significant Impact. According to Figure 3: Erosion Activity in the Soil the Seismic 
and Public Safety Element of the General Plan (County of Imperial 1997), the project site is 
within a generally flat area with low levels of natural erosion. However, soil erosion can result 
during construction as grading and construction can loosen surface soils and make soils 
susceptible to wind and water movement across the surface. Impacts are not considered 
significant because erosion would be controlled on-site in accordance with Imperial County 
standards including preparation, review, and approval of a grading plan by the Imperial 
County Engineer. Implementation of Imperial County standards would reduce the potential 
impacts to a less than significant level. 

c) Potentially Significant Impact. Near surface soils within the project site will need to be 
identified to determine if the soils are unstable. Therefore, this issue is potentially significant 
and will be analyzed in the EIR. 

d) Potentially Significant Impact. Near surface soils within the project site will need to be 
identified to determine if they consist of soils having expansion potential. Therefore, this 
issue is potentially significant and will be analyzed in the EIR. 

e) No Impact. The proposed project would not require the installation of septic tanks or 
alternative wastewater disposal systems. The proposed solar facility would be remotely 
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operated, controlled and monitored and with no requirement for daily on-site employees. 
Therefore, no impact is identified for this issue area. 

f) Potentially Significant Impact. Many paleontological fossil sites are recorded in Imperial 
County and have been discovered during construction activities. Paleontological resources 
are typically impacted when earthwork activities, such as mass excavation cut into geological 
deposits (formations) with buried fossils. It is not known if any paleontological resources are 
located on the project site. The proposed project's potential to impact paleontological 
resources will be addressed in the EIR. 
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VIII. Greenhouse Gas Emissions 

Environmental Issue Area: 

Would the project: 

a) Generate greenhouse gas 
emissions, either directly or 
indirectly, that may have a 
significant impact on the 
environment? 

b) Conflict with an applicable plan, 
policy, or regulation adopted for 
the purpose of reducing the 
emissions of greenhouse gases? 

Impact Analysis 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

□ 

Less Than 
Significant 

Impact 

D 

D 

No Impact 

D 

D 

a) Potentially Significant Impact. In the long-term, the proposed project is expected to 
provide a benefit with respect to reduction of greenhouse gas emissions. However, the 
proposed project has the potential to generate greenhouse gas emissions during 
construction , in addition to construction worker trips to and from the project site. Thus, a 
potentially significant impact is identified for this issue area. An air quality and greenhouse 
gas study will be prepared for the proposed project, and this issue will be addressed in the 
EIR. 

b) Potentially Significant Impact. Refer to response VIII. a) above. 
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IX. Hazards and Hazardous Materials 

Environmental Issue Area: 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

Would the project: 

a) Create a significant hazard to the □ □ □ 
public or the environment through 
the routine transport, use, or 
disposal of hazardous materials? 

b) Create a significant hazard to the □ □ □ 
public or the environment through 
reasonably foreseeable upset and 
accident conditions involving the 
likely release of hazardous 
materials into the environment? 

c) Emit hazardous emissions or □ □ □ 
handle hazardous or acutely 
hazardous materials, substances, 
or waste within one-quarter mile of 
an existing or proposed school? 

d) Be located on a site which is □ □ □ 
included on a list of hazardous 
materials sites compiled pursuant 
to Government Code Section 
65962.5 and, as a result, would it 
create a significant hazard to the 
public or the environment? 

e) For a project located within an □ □ □ 
airport land use plan or, where 
such a plan has not been adopted, 
within two miles of a public airport 
or public use airport, would the 
project result in a safety hazard or 
excessive noise for people 
residing or working in the project 
area? 

f) Impair implementation of or D D D 
physically interfere with an 
adopted emergency response plan 
or emergency evacuation plan? 

g) Expose people or structures, □ □ □ 
either directly or indirectly, to a 
significant risk of loss, injury, or 
death involving wildland fires? 

Impact Analysis 

a) Less than Significant Impact. Construction of the proposed project will involve the limited 
use of hazardous materials, such as fuels and greases to fuel and service construction 
equipment. No extremely hazardous substances are anticipated to be produced, used, 
stored, transported, or disposed of as a result of project construction. Operation of the 
proposed project will be conducted remotely. Therefore, no habitable structures (e.g . 
housing or operation and maintenance [O&M] building) are proposed on the project site. 
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Regular and routine maintenance of the proposed project may result in the potential to 
handle hazardous materials. However, the hazardous materials handled on-site would be 
limited to small amounts of everyday use cleaners and common chemicals used for 
maintenance. The applicant will be required to comply with State laws and County Ordinance 
restrictions, which regulate and control hazardous materials handled on-site. Such 
hazardous wastes would be transported off-site for disposal according to applicable State 
and County restrictions and laws governing the disposal of hazardous waste during 
construction and operation of the project. Therefore, this is considered a less than significant 
impact. 

b) Less than Significant Impact. Refer to response IX. a) above. 

c) No Impact. The project site is not located within 0.25 mile of an existing or proposed school. 
No impact is identified for this issue area . 

d) No Impact. Based on a review of the Cortese List conducted in May 2021, the project site 
is not listed as a hazardous materials site. No impact is identified for this issue area. 

e) Potentially Significant Impact. The project site is within 2 miles of a public airport. The 
nearest public airport is the Brawley Municipal Airport located approximately 1.5 miles south 
of the project site. However, the project site is outside of the airport compatibility zones of 
the Brawley Municipal Airport (County of Imperial 1996). Although the solar panels will be 
constructed of low reflective materials, the potential for glare to impact aircraft will be 
analyzed further in the EIR. 

f) Less than Significant Impact. The proposed project is not expected to impair 
implementation of or physically interfere with an adopted emergency response plan or 
emergency evacuation plan. The project applicant will be required, through the conditions of 
approval, to prepare a street improvement plan for the project that will include emergency 
access points and safe vehicular travel. In addition, local building codes would be followed 
to minimize flood, seismic, and fire hazard. Therefore, the proposed project would result in 
a less than significant impact associated with the possible impediment to emergency plans. 

g) Less than Significant Impact. The project site is located in the unincorporated area of 
Imperial County. According to the Seismic and Public Safety Element of the General Plan 
(County of Imperial 1997), the potential for a major fire in the unincorporated areas of the 
County is generally low. 

Proposed project facilities would be designed, constructed, and operated in accordance with 
applicable fire protection and other environmental, health, and safety requirements (e.g., 
CPUC safety standards). Primary access to the project site would be located off Best 
Avenue. A secondary emergency access road would be located in the northwest portion of 
the project site. Access roads would also be constructed with an all-weather surface, to meet 
the County Fire Department's standards. Points of ingress/egress would be accessed via 
locked gates that can be opened by any emergency responders. Additionally, water for 
emergency fire suppression would likely be provided by water trucks during construction and 
the existing ground storage tank on-site which is filled by the Best Canal during operation. 
Based on these considerations, a less than significant impact is identified for this issue area . 
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X. Hydrology and Water Quality 

Environmental Issue Area: 

Would the project: 

a) Violate any water quality 
standards or waste discharge 
requirements or otherwise 
substantially degrade surface or 
ground water quality? 

b) Substantially decrease 
groundwater supplies or interfere 
substantially with groundwater 
recharge such that the project may 
impede sustainable groundwater 
management of the basin? 

c) Substantially alter the existing 
drainage pattern of the site or 
area, including through the 
alteration of the course of a 
stream or river or through the 
addition of impervious surfaces, in 
a manner which would : 

i. result in substantial erosion or 
siltation on- or off-site; 

ii . substantially increase the rate 
or amount of surface runoff in 
a manner which would result 
in flooding on- or offsite; 

iii. create or contribute runoff 
water which would exceed the 
capacity of existing or 
planned stormwater drainage 
systems or provide 
substantial additional sources 
of polluted runoff; or 

iv. impede or redirect flood 
flows? 

d) In flood hazard, tsunami, or seiche 
zones, risk release of pollutants 
due to project inundation? 

e) Conflict with or obstruct 
implementation of a water quality 
control plan or sustainable 
groundwater management plan? 

Impact Analysis 

Potentially 
Significant 

Impact 

□ 

D 

D 

D 

□ 

□ 

D 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

□ 

□ 

□ 

D 

D 

□ 

□ 

□ 

Less Than 
Significant 

Impact 

□ 

~ 

~ 

□ 

D 

D 

No Impact 

□ 

□ 

D 

D 

D 

IZI 

~ 

a) Potentially Significant Impact. The proposed project has the potential to create urban non-
point source discharge (e.g., synthetic/organic chemicals). As runoff flows over developed 
surfaces, water can entrain a variety of potential pollutants including, but not limited to, oil 
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and grease, pesticides, trace metals, and nutrients. These pollutants can become 
suspended in runoff and carried to receiving waters. If they are not intercepted or are left 
uncontrolled, the polluted runoff would otherwise freely sheet flow from the project site to the 
IID Imperial Valley Drains and could result in the accumulation of these pollutants in the 
receiving waters. Potentially significant water quality impacts have been identified and will 
be addressed in the EIR. 

b) Less than Significant Impact. During construction, potable water would be brought to the 
site for drinking and domestic needs. The approximate 20,000 to 30,000 gallons of water 
per day required during construction would be obtained from the existing ground storage 
tank on-site which is filled by the Best Canal. This water would be used for earthwork, soil 
conditioning, dust suppression, and compaction efforts. Because the solar panels will be 
pole-mounted above ground, they are not considered "hardscape", such as roads, building 
foundations, or parking areas, as they do not require a substantial amount of impervious 
material. Estimated annual water consumption for operation and maintenance of the 
proposed project, including periodic PV module washing, would be approximately 0.81-acre 
annually, which would be trucked to the project site as needed. Therefore, the panels and 
their mounting foundation would not impede groundwater recharge. A less than significant 
impact is identified for this issue area. 

ci) Less than Significant Impact. The proposed project would not substantially alter the 
existing drainage pattern of the site. It is anticipated that the proposed drainage patterns 
would be similar to the existing site conditions. The project applicant would be required to 
implement on-site erosion control measures in accordance with Imperial County standards 
which require preparation, review, and approval of a grading plan by the Imperial County 
Engineer. Therefore, the proposed project would not result in substantial erosion or siltation 
on- or off-site. A less than significant impact is identified for this issue area. 

cii) Less than Significant Impact. The proposed project is not anticipated to generate a 
significant increase in the amount of runoff water from water use involving solar panel 
washing. Water will continue to percolate through the ground, as a majority of the surface 
on the project site will remain pervious. Therefore, the proposed project would not 
substantially increase the rate of runoff in a manner which would result in flooding on- or off
site or exceed the capacity of existing or planned stormwater drainage systems and provide 
substantial additional sources of polluted runoff. A less than significant impact is identified 
for this issue area. 

ciii) Less than Significant Impact. Refer to response X. cii) above. 

civ) No Impact. According to the Federal Emergency Management Agency (FEMA) Flood 
Insurance Rate Map (Panel 06025C1025C) (FEMA 2008), the project site is within Zone X, 
which is an area determined to be outside of the 0.2 percent annual chance of a flood . The 
proposed project does not propose the placement of structures within a 100-year flood 
hazard area. Therefore, the proposed project would not impede or redirect flood flows. No 
impact is identified for this issue area and no further analysis is warranted . 

d) No Impact. The project site is within Zone X, which is an area determined to be outside of 
the 0.2 percent annual chance of a flood. The project site is not located near any large bodies 
of water. Tile Salton Sea is located approximately 12 miles northwest of the project site. 
Furthermore, the relatively flat project site is approximately 100 miles inland from the Pacific 
Ocean. Therefore, the proposed project would not risk release of pollutants due to inundation 
by flood, tsunami or seiche. No impact is identified for this issue area. 

e) No Impact. The proposed project will not involve the use of groundwater nor require 
dewatering activities. Water to be used during project-related construction activities will 
obtained from the existing ground storage tank on-site which is filled by the IID Best Canal 
for earthwork, soil conditioning, dust suppression, and compaction efforts. Water provided 
by the 110 Best Canal would be obtained in conformance with IID construction water 
acquisition requirements. Therefore, the proposed project will not conflict with or obstruct 
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implementation of a water quality control plan or sustainable groundwater management plan . 
No impact is identified for this issue area. 
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XI. Land Use and Planning 

Environmental Issue Area : 

Would the project: 

a) Physically divide an established 
community? 

b) Cause a significant environmental 
impact due to a conflict with any 
land use plan, policy, or regulation 
adopted for the purpose of 
avoiding or mitigating an 
environmental effect? 

Impact Analysis 

Potentially 
Significant 

Impact 

□ 

181 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

□ 

D 

Less Than 
Significant 

Impact 

D 

D 

N? Impact 

181 

□ 

a) No Impact. The proposed project is located in a sparsely populated, agriculturally zoned 
portion of unincorporated Imperial County. There are no established residential communities 
located within or in the vicinity of the project site. Therefore, implementation of the proposed 
project would not divide an established community. No impact is identified for this issue area. 

b) Potentially Significant Impact. The project parcels are currently zoned as A-2-G (General 
Agricultural with a Geothermal Overlay). Pursuant to Title 9, Division 5, Chapter 8 (County 
of Imperial 2019a), the following uses are permitted in the A-2 zone subject to approval of a 
CUP from Imperial County: solar energy electrical generator, battery storage facility, 
electrical substations, communication towers, and facilities for the transmission of electrical 
energy. 

The County Land Use Ordinance, Division 17, includes the Renewable Energy (RE) Overlay 
Zone, which authorizes the development and operation of renewable energy projects, with 
an approved CUP. CUP applications proposed for specific renewable energy project not 
located in the RE Overlay Zone would not be allowed without an amendment to the RE 
Overlay Zone. As shown in Figure 1, the northern portion of the project site (APNs 037-140-
020 and 037-140-021) is located within the Geothermal Overlay Zone. However, the entire 
project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-
006) is located outside of the RE Overlay Zone. 

Implementation of the project requires an amendment to the County's General Plan Renewable 
Energy and Transmission Element, Zone Change, and approval of a CUP, as described below: 

32 I July 2021 

• General Plan Amendment: The applicant is requesting a General Plan Amendment to 
include/classify all five project parcels (Assessor Parcel Nos. [APN] 037-140-006, -020, 
-021, -022, and -023) into the RE Overlay Zone. No change in the underlying General 
Plan land use (Agriculture) is proposed. 

• Zone Change: The entire project site is currently zoned General Agricultural with a 
Geothermal Overlay (A-2-G). The applicant is requesting a Zone Change to 
include/classify all five project parcels into the Renewable Energy/Geothermal (REG) 
Overlay Zone (A-2-REG). 

• Conditional Use Permit: Implementation of the project would require the approval of a 
CUP by the County to allow for the construction and operation of the proposed solar 
energy facility with an integrated BESS on land zoned General Agricultural with a REG 
Overlay Zone (A-2-REG). 
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The proposed General Plan Amendment and Zone Change may result in a conflict with an 
applicable land use plan, policy or regulation. A potentially significant impact has been 
identified for this issue, and this issue will be addressed in the EIR. 
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XII. Mineral Resources 

Environmental Issue Area: 

Would the project: 

a) Result in the loss of availability of 
a known mineral resource that 
would be of value to the region 
and the residents of the state? 

b) Result in the loss of availability of 
a locally-important mineral 
resource recovery site delineated 
on a local general plan , specific 
plan, or other land use plan? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 

□ 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

Less Than 
Significant 

Impact 

□ 

D 

No Impact ' 

a) No Impact. The project site is not used for mineral resource production . According to Figure 
8: Imperial County Existing Mineral Resources of the Conservation and Open Space 
Element of the General Plan (County of Imperial 2016), no known mineral resources occur 
within the project site nor does the project site contain mapped mineral resources. Therefore, 
the proposed project would not result in the loss of availability of any known mineral 
resources that would be of value to the region and the residents of California nor would the 
proposed project result in the loss of availability of a locally important mineral resource. 

b) No Impact. Refer to Response XIII. a) above. 
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XIII. Noise 

Environmental Issue Area : 

Would the project result in: 

a) Generation of a substantial 
temporary or permanent increase 
in ambient noise levels in the 
vicinity of the project in excess of 
standards established in the local 
general plan or noise ordinance, or 
applicable standards of other 
agencies? 

b) Generation of excessive 
groundborne vibration or 
groundborne noise levels? 

c) For a project located within the 
vicinity of a private airstrip or an 
airport land use plan or, where 
such a plan has not been adopted, 
within two miles of a public airport 
or public use airport, would the 
project expose people residing or 
working in the project area to 
excessive noise levels? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 

D 

D 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

D 

Less Than 
Significant 

Impact 

D 

No Impact 

D 

D 

a) Less than Significant Impact. Information contained in this section is summarized from the 
Noise Impact Analysis prepared for the project (Vista Environmental 2021 b). The following 
section analyzes the potential noise emissions associated with the temporary construction 
activities and long-term operations of the proposed project and compares the noise levels to the 
County standards. 

Construction-Related Noise 

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 
2) PV System Installation and Testing , and 3) Site Clean-up and Restoration. Noise impacts from 
construction activities associated with the proposed project would be a function of the noise 
generated by construction equipment, equipment location, sensitivity of nearby land uses, and 
the timing and duration of the construction activities. The nearest sensitive receptors to the 
project site are single-family homes located as near as 40 feet to the north side of the project site 
(near the northwest corner of the project site). There are also homes located on the east side of 
Best Avenue that are as near as 120 feet east of the project site. 

The General Plan Noise Element includes Construction Noise Standards that limits the noise 
created from construction equipment to 75 dB Leq, averaged over an eight (8) hour period at the 
nearest sensitive receptor. In addition , the Construction Noise Standards limit construction 
equipment operation to between the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. 
to 5 p.m. Saturday. No commercial construction operations are permitted on Sunday or holidays. 
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For each phase of construction, all construction equipment was analyzed based on being placed 
in the middle of the project site, which is based on the analysis methodology detailed in FTA 
Manual for a General Assessment. Since the County's construction noise standard is based on 
the noise level over an 8-hour period and in a typical day the proposed construction equipment 
would operate over the entire project site, the use of the methodology detailed in the FTA Manual 
for a General Assessment would provide a reasonable estimate of the construction-related noise 
levels created by the proposed project. 

Table 1 shows that greatest construction noise impacts would be as high as 53 dBA Leq during 
the PV system installation and testing phase at the nearest homes to the northwest, northeast, 
and southeast of the project site. All calculated construction noise levels shown in Table 1 are 
within the County's construction noise standard of 75 dBA and would also be below the existing 
ambient daytime noise levels in the vicinity of the nearby homes. Therefore, through adherence 
to the limitation of allowable construction times provided in the General Plan Noise Element, 
construction-related noise levels would not exceed any standards established in the General Plan 
or Noise Ordinance nor would construction activities create a substantial temporary increase in 
ambient noise levels from construction of the proposed project. Impacts would be less than 
significant. 

Table 1. Construction Noise Levels at the Nearby Homes 
. -

" . I 
I Construction Phase Construction Noise Level (dBA Leq) at: 

' I 
Home to Northwest1 

' Home to Home to ' 
Northeast2 Southeast3 

I 

I 
• _J 

Site Preparation 52 52 52 

PV System Installation and 53 53 53 
Testing 

Site Clean-Up and Restoration 52 52 52 

Construction Noise Threshold4 75 75 75 

Ambient Daytime Noise Level 66.5 60.2 62.0 

Exceed Thresholds? No No No 
1 The distance from the center of the project site to the home to the northwest was measured at 2,900 feet. 
2 The distance from the center of the project site to the homes to the northeast was measured at 2,900 feet. 
3 The distance from the center of the project site to the home to the southeast was measured at 2,850 feet. 
4 Construction Noise Threshold obtained from the General Plan Noise Element (County of Imperial, 2015) . 
Source: Vista Environmental 2021b 

Operational-Related Noise 

The proposed project would consist of the development of a solar facility with a BESS and a 
substation. Since the proposed project would he operated on an unstaffed basis and monitored 
remotely from the Brawley Geothermal Power Plant control room, operation of the proposed 
project would not typically generate any additional vehicle traffic on the nearby roadways. As 
such, potential noise impacts associated with the operations of the proposed project would be 
limited to onsite noise sources. The proposed PV solar panels do not create any operational 
noise, however the proposed BESS Enclosures (AC Unit noise), Power Conversion System 
(PCS), Power Distribution Center (PDC) that would be located at the BESS, and auxiliary 
transformers, and Battery Step Up Transformer that would be located at the proposed substation 
are known sources of noise that have been analyzed below. 
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Both the General Plan Noise Element and Section 90702.00 provide the same noise level limits 
at the property line of the nearby homes of 50 dBA Leq-1 hour between 7 a.m. and 10 p.m. and 
45 dBA Leq-1hour between 10 p.m. and 7 a.m. When the ambient noise level is equal to or 
exceeds the above noise standards, the proposed noise source shall not exceed the ambient 
plus 3 dB Leq. 

In order to determine the noise impacts from the operation of onsite noise making equipment, 
noise specifications from previously prepared noise reports were obtained and are shown in Table 
2. The noise levels from each source were calculated through use of standard geometric 
spreading of noise from a point source with a drop-off rate of 6 dB for each doubling of the 
distance between the source and receiver. 

Table 2 shows that the proposed project's onsite operational noise from the anticipated onsite 
noise sources would not exceed the applicable noise standards at the nearby homes. Therefore, 
operational onsite noise impacts would be less than significant. 

Table 2. Operational Noise Levels at the Nearby Homes 

BESS Enclosures2 5,050 25 5,100 25 850 40 

Power Conversion 5,050 22 5,100 22 850 38 
System3 

Power Distribution 5,050 22 5,100 22 850 38 
Center4 

Auxiliary 5,030 31 5,280 31 1,150 44 
T ransformers5 

Battery Step up 5,030 31 5,280 31 850 47 
Transformer6 

Combined Noise Levels 35 35 50 

County Noise Standard7 69.5/67.9 63.2/58.6 65.0/59.2 
(day/night) 

Exceed County Noise Standards? No/No No/No No/No 

Notes: 
1 The noise levels were calculated through use of standard geometric spreading of noise from a point source with a drop
off rate of 6 dB for each doubling of the distance between the source and receiver. 
2 BESS Enclosures is based on a reference noise measurement of 88.6 dBA at 1 meter. 
3 Power Conversion System is based on a reference noise measurement of 86.1 dBA at 1 meter. 
4 Power Distribution Center is based on a reference noise measurement of 86.1 dBA at 1 meter. 
5 Auxiliary Transformers are based on a reference noise measurement of 95.1 dBA at 1 meter. 
6 Battery Step up Transformer is based on a reference noise measurement of 95.1 dBA at 1 meter. 
7 County Noise Standard based on ambient noise level shown in Error! Reference source not found. plus 3 dB at the 
nearby homes. 
Source: Vista Environmental 2021 b 

b) Less than Significant Impact. The following analyzes the potential vibration impacts associated 
with the construction and operations of the proposed project. 
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Construction-Related Vibration Impacts 

Vibration impacts from construction activities associated with the proposed project would 
typically be created from the operation of heavy off-road equipment. The nearest sensitive 
receptor to the project site is a single-family home located as near as 40 feet to the north side 
of the project site (near the northwest corner of the project site). 

Since neither the Municipal Code nor the General Plan provides any thresholds related to 
vibration, Caltrans guidance has been utilized, which defines the threshold of perception from 
transient sources at 0.25 inch per second PPV. 

The primary source of vibration during construction would be from the operation of a bulldozer. 
A large bulldozer would create a vibration level of 0.089 inch per second PPV at 25 feet. Based 
on typical propagation rates, the vibration level at the nearest home (40 feet away) would be 
0.06 inch per second PPV. The vibration level at the nearest home, would be below the 0.25 
inch per second PPV threshold detailed above. Impacts would be less than significant. 

Operations-Related Vibration Impacts 

The proposed project would consist of the operation of a solar energy facility. The on-going 
operation of the proposed project would not include the operation of any known vibration 
sources. Therefore, a less than significant vibration impact is anticipated from the operation 
of the proposed project. 

c) No Impact. The project site is located within 2 miles of a public airport. The nearest airport 
is the Brawley Municipal Airport located approximately 1.5 miles south of the project site. 
However, the project site is outside of the airport compatibility zones of the Brawley Municipal 
Airport (County of Imperial 1996). Therefore, the proposed project would not expose people 
residing or working in the project area to excess noise levels and no impact is identified for 
this issue area. 
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XIV. Population and Housing 

, Environmental Issue Area : 

Would the project: 

a) Induce substantial unplanned 
population growth in an area, 
either directly (e.g., by proposing 
new homes and businesses) or 
indirectly (e.g., through extension 
of roads or other infrastructure)? 

b) Displace substantial numbers of 
existing people or housing, 
necessitating the construction of 
replacement housing elsewhere? 

Impact Analysis 

Potentially 
Significant 

Impact 

□ 

□ 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

Less Than 
Significant 

Impact 

□ 

No Impact 

□ 

a) Less than Significant Impact. Development of housing is not proposed as part of the 
proposed project. No full-time employees are required to operate the proposed project since 
the project facility will be monitored remotely. However, it is anticipated that maintenance of 
the facility will require minimal site presence to perform periodic visual inspections and minor 
repairs. On intermittent occasions, the presence of additional workers may be required for 
repairs or replacement of equipment and panel cleaning; however, due to the nature of the 
facility , such actions will likely occur infrequently and would likely come from the existing 
local workforce. Therefore, the proposed project would not result in a substantial growth in 
the area, as the number of employees required to operate and maintain the facility is minimal. 
A less than significant impact is identified for this issue area. 

b) No Impact. No housing exists within the project site. Therefore, the proposed project would 
not displace any existing people or housing, which would require the construction of 
replacement housing elsewhere. No impact is identified for this issue area. 
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XV. Public Services 

Environmental Issue Area: 

a) Would the project result in 
substantial adverse physical 
impacts associated with the 
provision of new or physically 
altered governmental facilities , 
need for new or physically altered 
governmental facilities, the 
construction of which could cause 
significant environmental impacts, 
in order to maintain acceptable 
service ratios, response times or 
other performance objectives for 
any of the public services: 

i. Fire Protection? 

ii. Police Protection? 

iii. Schools? 

iv. Parks? 

V. Other public facilities? 

Impact Analysis 

Potentially 
Significant 

Impact . 

IZl 

□ 

D 

□ 

□ 

Potentially 
Significant 

Unless 
Mitigation 

l',lcorporated 

□ 

IZl 

□ 

□ 

□ 

Less Than 
Significant 

Impact 

□ 

□ 

□ 

□ 

□ 

-, 

No Impact , 

□ 

□ 

IZl 

IZl 

IZl 

ai) Potentially Significant Impact. Fire protection and emergency medical services in the 
project area are provided by the Imperial County Fire Department. The project site is located 
in the unincorporated area of Imperial County. According to the Seismic and Public Safety 
Element of the General Plan (County of Imperial 1997), the potential for a major fire in the 
unincorporated areas of the County is generally low. Primary access to the project site would 
be located off Best Avenue. A secondary emergency access road would be located in the 
northwest portion of the project site. All access roads and the area around the solar blocks 
(no greater than 500 by 500 feet) would be constructed with all-weather surface and meet 
the County Fire Department's standards. Points of ingress/egress would be accessed via 
locked gates that can be opened by any emergency responders. Although the proposed 
project would be designed, constructed, and operated in accordance with applicable fire 
protection and other environmental, health, and safety requirements (e.g., CPUC safety 
standards), the project applicant will be required to consult with the Fire Department to 
address any fire safety and service concerns (i.e, battery energy storage system) so that 
adequate service is maintained. The project's potentially significant impacts on fire services 
will be addressed in the EIR. 

aii) Less than Significant Impact. Police protection services in the project area is provided by 
the Imperial County Sheriff's Department. Although the potential is low, the proposed project 
may attract vandals or other security risks and the increase in construction related traffic 
could increase demand on law enforcement services. Therefore, on-site security systems 
would be provided and access would be limited to the areas surrounding the project site 
during construction and operation, thereby minimizing the need for police surveillance. Six
foot high chain link fencing topped with barbed wire would be installed around the perimeter 
of the project site at the commencement of construction and site access would be limited to 
authorized site workers. Points of ingress/egress would be accessed via locked gates. In 
addition, a motion detection system and closed-circuit camera system may also be installed. 
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The site would be remotely monitored 24 hours per day, 7 days per week. In addition, routine 
unscheduled security rounds may be made by the security team monitoring the site security. 
Based on these considerations, the proposed project would not result in a need for police 
protection facility expansion and a less than significant impact is identified for this issue area. 

aiii) No Impact. The proposed project does not include the development of residential land uses 
that would result in an increase in population or student generation. Additionally, construction 
of the proposed project would not result in an increase in student population within the 
Imperial County's School District since it is anticipated that construction workers would 
commute in during construction operations. Therefore, no impact is identified for this issue 
area and no further analysis is warranted . 

aiv) No Impact. Although maintenance of the project facility will require minimal site presence to 
perform periodic visual inspections and minor repairs, no full-time employees are required 
to operate the proposed project because the project facility will be monitored remotely. 
Therefore, substantial permanent increases in population that would adversely affect local 
parks is not expected. No impact is identified for this issue area and no further analysis is 
warranted. 

av) No Impact. Although maintenance of the project facility will require minimal site presence to 
perform periodic visual inspections and minor repairs, no full-time employees are required 
to operate the proposed project because the project facility will be monitored remotely. 
Therefore, substantial permanent increases in population that would adversely affect 
libraries and other public facilities (such as post offices) is not expected. The proposed 
project is not expected to have an impact on other public facilities such as post offices, and 
libraries. No impact is identified for this issue area and no further analysis is warranted . 
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XVI. Recreation 

Environmental Issue Area: 

Would the project: 

a) Would the project increase the use 
of existing neighborhood and 
regional parks or other 
recreational facilities such that 
substantial physical deterioration 
of the facility would occur or be 
accelerated? 

b) Does the project include 
recreational facilities or require the 
construction or expansion of 
recreational facilities, which might 
have an adverse physical effect on 
the environment? 

Impact Analysis 

Potentially 
Significant 

Impact 

□ 

□ 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

□ 

□ 

Less Than 
Significant 

Impact 

□ 

□ 

No Impact 

a) No Impact. The proposed project would not generate new employment on a long-term basis. 
As such, the proposed project would not significantly increase the use or accelerate the 
deterioration of regional parks or other recreational facilities. The temporary increase of 
population during construction that might be caused by an influx of workers would be minimal 
and not cause a detectable increase in the use of parks. Additionally, the proposed project 
would not include or require the expansion of recreational facilities. No impact is identified 
for this issue area and no further analysis is warranted. 

b) No Impact. Refer to response XVI. a) above. 
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XVII. Transportation 

Environmental Issue Area: 

Would the project: 

a) Conflict with a program plan, 
ordinance or policy addressing the 
circulation system, including 
transit, roadway, bicycle and 
pedestrian facilities? 

b) Conflict with or be inconsistent 
with CEQA Guidelines section 
15064.3, subdivision (b)? 

c) Substantially increase hazards 
due to a geometric design feature 
(e.g., sharp curves or dangerous 
intersections) or incompatible uses 
(e.g., farm equipment)? 

d) Result in inadequate emergency 
access? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 

□ 
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Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

□ 

□ 

D 

□ 

Less Than 
Significant 

Impact , No Impact 1 

D D 

D D 

□ 

D 

a) Potentially Significant Impact. Operation and maintenance would be conducted remotely, 
with minimal trips to the project site for panel washing and other solar maintenance. 
Construction of the proposed project would result in a small increase of traffic to the area, 
which may result in a potentially significant impact. Therefore, a traffic study will be prepared 
and this issue area will be addressed in the EIR. 

b) Potentially Significant Impact. Section 15064.3(b) of the CEQA Guidelines provides 
guidance on determining the significance of transportation impacts and focuses on the use 
of vehicle miles traveled (VMT), which is defined as the amount and distance of automobile 
travel associated with a project. Given the nature of the project, after construction, there 
would be a nominal amount of vehicle trips generated by the project. Once the proposed 
project is implemented, the proposed project would require intermittent maintenance 
requiring a negligible amount of traffic trips on an annual basis. However minimal, the 
proposed project would increase the number of vehicular trips related to construction and 
the need for intermittent maintenance on an annual basis. Therefore, this issue is potentially 
significant and will be addressed in the traffic study and EIR analysis. 

c) Less than Significant Impact. To accommodate emergency access, PV panels would be 
spaced to maintain proper clearance. Proposed project facilities would be designed, 
constructed, and operated in accordance with applicable fire protection, CPUC safety 
standards, and other environmental, health, and safety requirements. Primary access to the 
project site would be located off Best Avenue. All access roads and the area around the 
solar blocks (no greater than 500 by 500 feet) would be constructed with all-weather surface 
and meet the County Fire Department's standards. Points of ingress/egress would be 
accessed via locked gates that can be opened by any emergency responders. Additionally, 
the project site is split vertically by the existing Union Pacific Railway and already contains 
an existing roadway off of Best Avenue that traverses across the railroad at-grade. This at
grade crossing would be maintained for access between the eastern and western portions 
of the project site. Therefore, the proposed project would not increase hazards because of 
incompatible uses or design features, and impacts are considered less than significant. A 
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haul truck route study will be required which will determine the appropriate construction 
route. 

d) Less than Significant Impact. As previously stated, the PV panels would be spaced to 
maintain proper clearance. Proposed project facilities would be designed in accordance with 
applicable fire protection, CPUC safety standards, and other environmental, health, and 
safety requirements . Primary access to the project site would be located off Best Avenue. A 
secondary emergency access road would be located in the northwest portion of the project 
site. All access roads and the area around the solar blocks (no greater than 500 by 500 feet) 
would be constructed with all-weather surface and meet the County Fire Department's 
standards. Points of ingress/egress would be accessed via locked gates that can be opened 
by any emergency responders. Based on this context, impacts are considered less than 
significant. 
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XVIII. Tribal Cultural Resources 

Environmental Issue Area : 

Potentially 
Significant 

Impact 

Initial Study and NOP L)""\ 
Brawley Solar Energy Facility Project r, ~ 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 1 

I 

Would the project cause a substantial adverse change in the significance of a tribal cultural resource 
defined in Public Resources Code section 21074 as either a site, feature, place, cultural landscape that is 
geographically defined in terms of the size and scope of the landscape, sacred place, or object with 
cultural value to a California Native American tribe, and that is: 

a) Listed or eligible for listing in the 
California Register of Historical 
Resources, or in a local register of 
historical resources as defined in 
Public Resources Code section 
5020.1 (k)? 

b) A resource determined by the lead 
agency, in its discretion and 
supported by substantial evidence, 
to be significant pursuant to 
criteria set forth in subdivision (c) 
of Public Resources Code Section 
5024.1 . In applying the criteria set 
forth in subdivision (c) of Public 
Resources Code Section 5024.1, 
the lead agency shall consider the 
significance of the resource to a 
California Native American tribe? 

Impact Analysis 

181 □ 

□ 

□ □ 

□ □ 

a-b) Potentially Significant Impact. AB 52 was passed in 2014 and took effect July 1, 2015. It 
established a new category of environmental resources that must be considered under 
CEQA called tribal cultural resources (Public Resources Code 21074) and established a 
process for consulting with Native American tribes and groups regarding those resources. 
Assembly Bill 52 requires a lead agency to begin consultation with a California Native 
American tribe that is traditionally and culturally affiliated with the geographic area of the 
proposed project. 

In accordance with AB 52, Imperial County, as the CEQA lead agency, sent an AB 52 
consultation request letter to the Torrez Martinez Desert Cahuilla Indians and Quechan 
Indian Tribe on July 20, 2021 . This issue will be further analyzed in the EIR. 

July 2021 I 45 PC ORIGINAL PKG



Initial Study and NOP 
Brawley Solar Energy Facility Project 

XIX. Utilities and Service Systems 

Environmental Issue Area: 

Would the project: 

a) Require or result in the relocation 
or construction of new or 
expanded water, wastewater 
treatment or storm water drainage, 
electric power, natural gas, or 
telecommunications facilities , the 
construction or relocation of which 
could cause significant 
environmental effects? 

b) Have sufficient water supplies 
available to serve the project and 
reasonably foreseeable future 
development during normal, dry 
and multiple dry years? 

c) Result in a determination by the 
wastewater treatment provider, 
which serves or may serve the 
project that it has adequate 
capacity to serve the project's 
projected demand in addition to 
the provider's existing 
commitments? 

d) Generate solid waste in excess of 
State or local standards, or in 
excess of the capacity of local 
infrastructure, or otherwise impair 
the attainment of solid waste 
reduction goals? 

e) Comply with federal, state, and 
local management and reduction 
statutes and regulations related to 
solid waste? 

Impact Analysis 

Potentially 
Significant 

Impact 

D 

D 

D 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

D 

D 

D 

D 

D 

Less Than 
Significant 

Impact 

D 

□ 

No Impact 

D 

D 

D 

D 

D 

a) Potentially Significant Impact. Approximately 20,000 to 30,000 gallons of water per day 
would initially be required for grading, dropping to much less for the remainder of the project 
construction . Construction water needs would be limited to earthwork, soil conditioning , dust 
suppression, and compaction efforts. Water for construction and operation of the project 
would be obtained from an existing ground storage tank on-site which is filled by the Best 
Canal. The proposed project would not require the relocation , expansion, or construction of 
new storm drainage facilities because the proposed solar facility would not generate a 
significant increase in the amount of impervious surfaces that would increase runoff during 
storm events and exceed the capacity of existing or planned stormwater drainage systems. 
Water from solar panel washing would continue to percolate through the ground, as a 
majority of the surfaces within the project site would remain pervious. 

The wastewater generated during construction would be contained within portable toilet 
facilities and disposed of at an approved site. The minimal volume of wastewater generated 
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during construction would not require the relocation expansion, or construction of 
wastewater treatment facilities. 

Further, no habitable structures (e.g. housing or O&M buildings) are proposed on the project 
site. Therefore, the proposed project would not require or result in the relocation or 
construction of new or expanded electric power or natural gas. 

New telecommunications equipment would be installed at the project substation within the 
unmanned Mechanical and Electrical Equipment Room. The proposed fiber optic 
telecommunications cable, once past the POI , would utilize existing transmission lines to 
connect to the North Brawley substation . The length of this proposed fiber optic 
telecommunications cable route would be approximately 1.8 miles. Alternatively, a 
microwave tower 40 to 100-feet tall could replace the need for a fiberoptic line to transmit 
data offsite. If selected, this microwave tower would be located within the project substation 
footprint. The project's potential impact on the construction of new telecommunication 
facilities will be addressed in the EIR. 

Once fully constructed , estimated annual water consumption for operation and maintenance 
of the proposed project, including periodic PV module washing , would be approximately 
0.81 -acre feet annually (af/y), which would be trucked to the project site as needed. Although 
water for solar panel washing and fire protection during project operation is not anticipated 
to result in a significant increase in water demand/use, the proposed project's potential 
impacts on water supplies will be addressed in the water supply assessment and EIR 
analysis. 

b) Potentially Significant Impact. Refer to response XIX. a) above. 

c) Less than Significant Impact. The proposed project would generate a minimal volume of 
wastewater during construction . During construction activities, wastewater would be 
contained within portable toilet facilities and disposed of at an approved site. Further, no 
habitable structures (e.g. housing or O&M buildings) are proposed on the project site; 
therefore, there would be no wastewater generation from the proposed project during 
operation. The proposed project would not exceed wastewater treatment requirements of 
the RWQCB. Therefore, a less than significant impact is identified for this issue area. 

d) Less than Significant Impact. Solid waste generation would be minor for the construction 
and operation of the proposed project. Solid waste will be disposed of using a locally
licensed waste hauling service, most likely Allied Waste. Trash would likely be hauled to the 
Imperial Landfill (13-AA-0019) located approximately 11 miles south of the proposed project 
in Imperial. The Imperial Landfill has approximately 12,384,000 cubic yards of remaining 
capacity and is estimated to remain in operation through 2040 (CalRecycle 2021 ). Therefore, 
there is ample landfill capacity in the County to receive the minor amount of solid waste 
generated by construction and operation of the proposed project. 

Additionally, because the proposed project would generate solid waste during construction 
and operation, they will be required to comply with state and local requirements for waste 
reduction and recycling; including the 1989 California Integrated Waste Management Act 
and the 1991 California Solid Waste Reuse and Recycling Access Act of 1991. Also, 
conditions of the conditional use permit will contain provisions for recycling and diversion of 
Imperial County construction waste policies. Therefore, a less than significant impact is 
identified for this issue area. 

e) Less than Significant Impact. Refer to response XIX. d) above. 
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XX. Wildfire 

Environmental Issue Area: 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

If located in or near state responsibility areas or lands classified as very high fire hazard severity zones, 
would the project: 

a) Substantially impair an adopted □ D D C8:I 
emergency response plan or 
emergency evacuation plan? 

b) Due to slope, prevailing winds, D D □ 
and other factors, exacerbate 
wildfire risks , and thereby expose 
project occupants to, pollutant 
concentrations from a wildfire or 
the uncontrolled spread of a 
wildfire? 

c) Require the installation or D D □ 
maintenance of associated 
infrastructure (such as roads, fuel 
breaks, emergency water sources, 
power lines or other utilities) that 
may exacerbate fire risk or that 
may result in temporary or ongoing 
impacts to the environment? 

d) Expose people or structures to D D D 
significant risks, including 
downslope or downstream flooding 
or landslides, as a result of runoff, 
post-fire slope instability, or 
drainage changes? 

Impact Analysis 

a) No Impact. According to the Fire Hazard Severity Zone Viewer provided by the California 
Department of Forestry and Fire Protection, the proposed project is not located in or near 
state responsibility areas or lands classified as very high hazard severity zones (California 
Department of Forestry and Fire Protection 2020). Therefore, the proposed project would 
not substantially impair an adopted emergency response plan or emergency evacuation 
plan . No impact is identified for this issue area. 

b) No Impact. The proposed project is not located in or near state responsibility areas or lands 
classified as very high hazard severity zones (California Department of Forestry and Fire 
Protection 2020). Therefore, the proposed project would not exacerbate wildfire risks. No 
impact is identified for this issue area. 

c) Less than Significant Impact. Fire protection and emergency medical services in the area 
are provided by the Imperial County Fire Department. The proposed project is not located in 
or near state responsibility areas or lands classified as very high hazard severity zones 
(California Department of Forestry and Fire Protection 2020). Further, the proposed project 
is located in an unincorporated area of Imperial County, which has a generally low potential 
for a major fire (County of Imperial 2016). 

The project involves the installation of solar PV panels, an on-site substation , BESS, 
inverters, transformers, and a 1.8-mile-long aboveground 92 kV gen-tie line. To 
accommodate emergency access, PV panels would be spaced to maintain proper clearance. 
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Proposed project facilities would be designed, constructed, and operated in accordance with 
applicable fire protection, CPUC safety standards, and other environmental, health, and 
safety requirements. Primary access roads would be located off Best Avenue from the east 
and would be constructed with an all-weather surface, to meet the County Fire Department's 
standards. Points of ingress/egress would be accessed via locked gates that can be opened 
by any emergency responders . The existing east to west roadway that traverses over the 
existing railroad and connects the two halves of the project site would be maintained. This 
would serve as a secondary emergency access road . Further, water for emergency fire 
suppression would likely be provided by water trucks during construction and the existing 
ground storage tank on-site which is filled by the Best Canal during operation . Therefore, 
operation and maintenance would not affect the ability of fire personnel to respond to fires 
or exacerbate fire risk and would continue to be adequately supported by the existing fire 
protection services. A less than significant impact is identified for this issue area. 

d) No Impact. The proposed project is not located in or near state responsibility areas or lands 
classified as very high hazard severity zones (California Department of Forestry and Fire 
Protection 2020). Additionally, the proposed project would not expose people or structures 
to significant risks, including downslope or downstream flooding or landslides, as a result of 
runoff, post-fire slope instability, or drainage changes. No impact is identified for this issue 
area and no further analysis is warranted. 
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XXI. Mandatory Findings of Significance 

, Environmental Issue Area: 

Would the project: 

a) Does the project have the 
potential to substantially degrade 
the quality of the environment, 
substantially reduce the habitat of 
a fish or wildlife species, cause a 
fish or wildlife population to drop 
below self-sustaining levels, 
threaten to eliminate a plant or 
animal community, substantially 
reduce the number or restrict the 
range of a rare or endangered 
plant or animal or eliminate 
important examples of the major 
periods of California history or 
prehistory? 

b) Does the project have impacts that 
are individually limited, but 
cumulatively considerable 
("Cumulatively considerable" 
means that the incremental effects 
of a project are considerable when 
viewed in connection with the 
effects of past projects, the effects 
of other current projects, and the 
effects of probable future 
projects)? 

c) Does the project have 
environmental effects, which will 
cause substantial adverse effects 
on human beings, either directly or 
indirectly? 

Impact Analysis 

Potentially 
Significant 

Impact 

Potentially 
Significant 

Unless 
Mitigation 

Incorporated 

□ 

□ 

□ 

Less Than 
Significant 

Impact 

□ 

□ 

□ 

No Impact ; 

□ 

□ 

□ 

a) Potentially Significant Impact. The proposed project has the potential to result in 
significant environmental effects on biological resources and cultural resources, which could 
directly or indirectly cause adverse effects on the environment. These issues will be further 
evaluated in the EIR. 

b) Potentially Significant Impact. Implementation of the proposed project has the potential to 
result in impacts related to: aesthetics, agricultural resources, air quality, biological 
resources, cultural resources, geology/soils, greenhouse gas emissions, hazards and 
hazardous materials, hydrology and water quality, land use/planning, public services, 
transportation, tribal cultural resources, and utilities/service systems. The proposed project 
has the potential to result in cumulative impacts with regards to the identified issue areas. 
Cumulative impacts will be discussed and further analyzed in the EIR. 

c) Potentially Significant Impact. Implementation of the proposed project has the potential to 
result in impacts related to: air quality, geology/soils and GHG. These potential 
environmental effects could cause substantial adverse effects on human beings. These 
issues will be further evaluated in the EIR. 
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Gavin Newsom, Governor 
David Shabazian, Director 

AUGUST 17, 2021 

VIA EMAIL: DAVIDBLACK@CO.IMPERIAL.CA.US 
David Black 
Imperial County Planning and Development Services Department 
801 Main Street 
El Centro, CA 92243 

Dear Mr. Black: 

NOTICE OF PREPARATION OF A DRAFT ENVIRONMENTAL IMPACT REPORT FOR THE 
BRAWLEY SOLAR ENERTY FACILITY PROJECT, SCH# 2021070424 

The Department of Conservation’s (Department) Division of Land Resource Protection 
(Division) has reviewed the Notice of Preparation of a Draft Environmental Impact 
Report for the Brawley Solar Energy Facility Project (Project). The Division monitors 
farmland conversion on a statewide basis, provides technical assistance regarding the 
Williamson Act, and administers various agricultural land conservation programs. We 
offer the following comments and recommendations with respect to the project’s 
potential impacts on agricultural land and resources. 

Project Description 

The project applicant proposes to construct and operate a 40 megawatt (MW) 
photovoltaic (PV) solar facility with an integrated 40 MW battery storage system (BESS) 
(not to exceed 80 MW) on approximately 227 acres of privately-owned land. The 
proposed project would be comprised of bifacial solar PV arrays panels, an on-site 
substation, BESS, fiberoptic line or microwave tower, inverters, transformers, 
underground electrical cables and access roads. The proposed project would connect 
to the existing North Brawley Geothermal Power Plant substation located southwest of 
the project site via an approximately 1.8-mile long aboveground 92 kilovolt generation 
tie line.  

The site is approximately one mile north of the City of Brawley's jurisdictional limit, south 
of Baughman Road, west of Best Road, and north of Andre Road. The City of Brawley 
Wastewater Treatment Plant is located along the western edge of the project site. 

State of California Natural Resources Agency | Department of Conservation  
801 K Street, MS 14-15, Sacramento, CA 95814 
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The project site contains Prime Farmland, and Farmland of Statewide Importance as 
designated by the Department of Conservation’s Farmland Mapping and Monitoring 
Program.1 

Department Comments 

Although conversion of agricultural land is often an unavoidable impact under CEQA 
analysis, feasible alternatives and/or feasible mitigation measures must be considered. 
In some cases, the argument is made that mitigation cannot reduce impacts to below 
the level of significance because agricultural land will still be converted by the project, 
and therefore, mitigation is not required. However, reduction to a level below 
significance is not a criterion for mitigation under CEQA. Rather, the criterion is feasible 
mitigation that lessens a project's impacts. As stated in CEQA statue, mitigation may 
also include, “Compensating for the impact by replacing or providing substitute 
resources or environments, including through permanent protection of such resources in 
the form of conservation easements.”2  

The conversion of agricultural land represents a permanent reduction in the State's 
agricultural land resources. As such, the Department advises the use of permanent 
agricultural conservation easements on land of at least equal quality and size as partial 
compensation for the loss of agricultural land. Conservation easements are an 
available mitigation tool and considered a standard practice in many areas of the 
State. The Department highlights conservation easements because of their 
acceptance and use by lead agencies as an appropriate mitigation measure under 
CEQA and because it follows an established rationale similar to that of wildlife habitat 
mitigation. 

Mitigation via agricultural conservation easements can be implemented by at least two 
alternative approaches: the outright purchase of easements or the donation of 
mitigation fees to a local, regional, or statewide organization or agency whose purpose 
includes the acquisition and stewardship of agricultural conservation easements. The 
conversion of agricultural land should be deemed an impact of at least regional 
significance. Hence, the search for replacement lands should not be limited strictly to 
lands within the project's surrounding area. 

  

 
1   California Department of Conservation, Division of Land Resource Protection, Farmland Mapping and 
Monitoring Program, https://maps.conservation.ca.gov/DLRP/CIFF/ 
2 Public Resources Code Section 15370, Association of Environmental Professionals, 2020 CEQA, 
California Environmental Quality Act, Statute & Guidelines, page 284, 
https://www.califaep.org/docs/2020_ceqa_book.pdf 
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A source that has proven helpful for regional and statewide agricultural mitigation 
banks is the California Council of Land Trusts. They provide helpful insight into farmland 
mitigation policies and implementation strategies, including a guidebook with model 
policies and a model local ordinance. The guidebook can be found at: 

http://www.calandtrusts.org/resources/conserving-californias-harvest/ 

Of course, the use of conservation easements is only one form of mitigation that should 
be considered. Any other feasible mitigation measures should also be considered 

The Department recommends further discussion of the following issues: 

• Type, amount, and location of farmland conversion resulting directly and 
indirectly from implementation of the proposed project. 

• Impacts on any current and future agricultural operations in the vicinity; e.g., 
land-use conflicts, increases in land values and taxes, loss of agricultural support 
infrastructure such as processing facilities, etc. 

• Incremental impacts leading to cumulative impacts on agricultural land. This 
would include impacts from the proposed project, as well as impacts from past, 
current, and likely future projects. 

• Proposed mitigation measures for all impacted agricultural lands within the 
proposed project area. 

Conclusion 

Thank you for giving us the opportunity to comment on the Notice of Preparation of a 
Draft Environmental Impact Report for the Brawley Solar Energy Facility Project. Please 
provide this Department with notices of any future hearing dates as well as any staff 
reports pertaining to this project. If you have any questions regarding our comments, 
please contact Farl Grundy, Associate Environmental Planner via email at 
Farl.Grundy@conservation.ca.gov. 

Sincerely, 

Monique Wilber 

Conservation Program Support Supervisor 
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 OPPOSITION COMMENTS:  ORNI 30,LLC (BRAWLEY SOLAR)           
GPA#21-0003; ZONE CHANGE #21-0003; CUP#20-0030, WSA & INITIAL STUDY #20-0041 

DATE: August 30, 2021 

TO: David Black, Planner IV via: davidblack@co.imperial.ca.us ; Planning & Development Services Dept, 

County of Imperial: cc: svolker@volkerlaw.com ; jvolker@volkerlaw.com  

FROM: Donna Tisdale, Michael Cox, Carolyn Allen, Lawrence Cox; C/O Donbee Farms, PO Box 301, 

Brawley, CA 92227; 619-766-4170; tisdale.donna@gmail.com  

Section 1 of the  California Constitution grants “all people” “inalienable rights” and “among these rights 

are enjoying and defending life and liberty, acquiring, possessing, and protecting property, and pursuing 

and obtaining safety, happiness, and privacy”1  

These initial comments are submitted into the record on behalf of and at the request of our Cox Family 

members named above. Our concerns include but are not limited to the following: 

The approximately 227 acre Brawley Solar Energy Facility project, with 40MW solar and 40 MW battery 

storage, is proposed on active farmland immediately west of Best Road and across from two actively 

farmed properties (Rockwood 131 & 131A-80 acres each), with two occupied employee homes, that the 

four of us own together. The two homes shown in the photos below are located within approximately 

120 ft of the project at the corner of Best Road and Ward Road. 

 

An Environmental Impact Report is required due to numerous project impacts. 

Environmental Checklist Form @ page1: 

 #8 Description of Project: A clarification is needed regarding the phrase (not to exceed 80 MW). 

Is that intended to cover both the solar PV and the Battery Energy Storage System (BESS), or 

does it mean just the BESS itself is not to exceed 80 MW? 

 # 9 Surrounding land uses and setting: 

                                                           
1
https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=CONS&division=&title=&part=&chapte

r=&article=I  
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o This section failed to include our two existing and occupied employee houses 

documented in the photos above. Additional homes, located just east of the project 

boundaries, north of our two houses along Best Road, were not included. 

o A horse boarding / training facility with house to the south was not included either. 

Environmental Factors Potentially Affected @ page 3: 

 In addition to the 15 potentially significant impacts already listed in the Initial Study, the 

following additional 5 impacts should be added: 

o Energy: This section should address the life cycle impacts of solar panels and batteries 

that generally cannot be fully recycled, along with electrical pollution.  

o Housing: The use and enjoyment of the impacted homes / properties will be degraded 

by any approval, construction, and operation of an industrial scale solar / energy storage 

facility right next door. 

o Noise: Several adjacent homes and the horse boarding facility will be subjected to new 

noise emissions generated by the solar inverters, tracking systems, the battery storage 

facility, and all the industrial air conditioning units required to keep all that project 

equipment cool. Together, the noise could be significant and cumulatively significant. 

o Recreation: People who board, train, and / or ride their horses in the impacted area will 

have their experiences degraded. They may move their horses to another facility 

thereby potentially impacting the income of the owner of that facility. 

o Wildfire: The introduction of a solar energy / energy storage project adjacent to homes, 

hundreds of acres of crops that are often dry and more fire prone during harvest, and 

the vegetated New River bed represent a new significant source of wildfire and toxic 

smoke from burning batteries. 

EVALUATION OF ENVIRONMENTAL IMPACTS @ PAGES 9-50 

I.AESTHETICS: 

 Our concerns include the change from rural open landscapes to cluttered and dense industrial y 

solar / battery facility with new glare and lighting. 

 Our family members and employees may be subjected to glare from the project when working 

our adjacent fields and from our two employee homes. 

 We request that the project setback be significantly increased and screened from view from our 

impacted properties and two existing homes.  

 We also request that any night lighting be shielded and directed downward to reduce impacts. 

 The FAA should be conducting a review of the project’s impacts on the Brawley Municipal 

Airport. Several of our family members are pilots who use the Brawley airport. The FAA is 

currently conducting a review of the Jacumba Valley Ranch Solar project that impacts the 

Jacumba Airport in southeastern San Diego County, just west of the Imperial County line. 

II. AGRICULTURE RESOURCES: 

 We strongly oppose the conversion of productive designated Farmland of Statewide 

Importance and Prime Farmland into industrial solar. 
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  It is our understanding that there are already over 23,000 acres of solar either operating, 

approved, or pending in Imperial County. 

 These solar conversion projects represent death by a thousand cuts to viable farming. 

III.AIR QUALITY: 

 The biggest concern is the potential for a long construction period that will expose our 

employees and tenants to increased levels of dust and particulates. 

 We are also concerned with the potential for toxic smoke from battery fires that may require 

evacuation of the immediate area that could impact / disrupt our tenants and farming 

operations. This has happened recently in the US and Australia. 

IV. BIOLOGICAL RESOURCES: 

 Displacement of wildlife is always a concern. 

 The adjacent freshwater ponds and the New River may attract avian species that could mistake 

the solar panels for water, thereby causing collisions and potential injuries /death. 

V. CULTURAL RESOURCES:  

 No comment pending Cultural Resources Report. 

VI.ENERGY: 

 It is good to see recognition for the “Energy used in the production of construction materials, 

such as asphalt, steel, concrete, and manufactured or processed materials such as lumber and 

glass.” 

 However, where is recognition of the energy that will be consumed during the disposal / 

recycling / transport of degraded / discarded /replaced solar panels and batteries? 

 Where is recognition of energy needed to transport all the project construction materials to the 

project site?  

 Where are those supplies coming from? 

 Are they traveling by cargo ship from Asia, are they traveling by truck, train or air transport? 

What type of fuel and how much will be consumed in total? 

 The Operations-Related Electricity section refers to the project providing a significant renewable 

resource for the IID that would help the IID achieve State Renewable Portfolio Standards. 

 Does the IID have a Power Purchase Agreement with the Brawley Solar project? 

 If not, how will the project benefit the IID as alleged? 

 How can the alleged project-generated 2.8 % of energy consumed by IID be considered 

“significant” as claimed? 

 The amount of energy this project will consume for all of the project’s electronic components 

including HVAC units must be disclosed. 

 BESS: All the energy consumed to mine the minerals and other materials used for the battery 

storage system must also be disclosed and accounted for. 

 Energy Storage System = Fire hazard 
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 Generally, the battery storage units are 1 MW each which means there will be about 40 

such cargo sized containers.  

 They will all have air conditioning units that will consume lots of energy and make lots of 

noise / vibrations that will carry in the generally quiet rural area. 

 SDG&E has reportedly met CPUC mandated 165 MW of energy storage procurement 

with 30 MW Escondido ESS (400,000 batteries), and five other systems that all use 

lithium-ion battery technology.2. 
 Photo below shows battery containers at SDG&E’s Escondido Energy Storage facility as 

published and described below in a Utility Dive article (12-6-16)3 as an example of what 

the proposed 40 units may look like. 

 
 

 Using a battery to meet demand peaks means it will likely be fully charged 

and discharged nearly every day. That puts a lot of strain on lithium 

batteries, which degrade as they get older and are cycled more often. 

 Under SDG&E’s contract, AES must maintain the batteries’ nameplate 

capacity and performance for 10 years, after which the utility takes 

responsibility for the project. Typically this is done two ways — by 

oversizing a battery project upfront or by adding new cells during operation 

to support capacity. 

 The statement above indicates that more batteries will be added as old batteries 

degrade. Degraded batteries are reportedly less stable. 

 Some ESS systems include coolant pumps, fans, exhaust manifolds, and radiators that use 

ethylene glycol.4  

 Ethylene glycol (HOCH₂CH₂OH)5 is a colorless, syrupy liquid. It can harm the eyes, skin, 

kidneys, and respiratory system. Ethylene glycol can cause death if swallowed. Workers 

may be harmed from exposure to ethylene glycol. The level of exposure depends upon 

the dose, duration, and work being done. 

                                                           
2
 https://www.sandiegouniontribune.com/business/energy-green/sd-sdge-energystorage-20170421-story.html 

3
 Utility Dive 12-6-16: https://www.utilitydive.com/news/inside-construction-of-the-worlds-largest-lithium-ion-

battery-storage-faci/431765/  
4
 At page 29: https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-

Foundation/Symposia/2016-SUPDET/2016-Papers/SUPDET2016BlumLong.ashx?la=en 
5
 https://www.cdc.gov/niosh/topics/ethylene-glycol/default.html 

PC ORIGINAL PKG

http://batteryuniversity.com/learn/article/how_to_prolong_lithium_based_batteries
https://www.sandiegouniontribune.com/business/energy-green/sd-sdge-energystorage-20170421-story.html
https://www.utilitydive.com/news/inside-construction-of-the-worlds-largest-lithium-ion-battery-storage-faci/431765/
https://www.utilitydive.com/news/inside-construction-of-the-worlds-largest-lithium-ion-battery-storage-faci/431765/
https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Symposia/2016-SUPDET/2016-Papers/SUPDET2016BlumLong.ashx?la=en
https://www.nfpa.org/-/media/Files/News-and-Research/Resources/Research-Foundation/Symposia/2016-SUPDET/2016-Papers/SUPDET2016BlumLong.ashx?la=en
https://www.cdc.gov/niosh/topics/ethylene-glycol/default.html


5 Cox Family comments on Brawley Solar Initial Study & NOP                                                8-30-21 

 

 2018 IFC Battery Room Protection Automatic smoke detection system per Section 907.2. 

Signage on or near battery room doors6: Cautionary markings to identify hazards with specific 

batteries (corrosives, water reactive, hydrogen gas, Li-ion batteries, etc.) 

 Do the batteries release toxic/highly toxic gases during charging, discharging, and 

normal use? 

 2018 IFC Battery Specific Protection Systems that release toxic/highly toxic 

gases during charging, discharging and normal use must comply with Chapter 

607 Exhaust ventilation is required for system that produce combustible gases 

during normal use Spill control and neutralization required for systems with 

liquid electrolytes. 

 Gas Safety risks  in Li-Ion battery charging rooms8
: 

 Li-Ion batteries when overcharged or short circuited are overheated 

and catch fires 

 Li-Ion battery fires have caused great concern because of risks due 

to spontaneous fires and intense heat generated by such fires 

 As a result of the above-said a lethal amount of toxic Hydrogen Fluoride Gas, HF 

is generated. 

 HF from Li-Ion battery fires can pose severe gas safety risks in confined spaces 

like battery charging rooms, renewable energy storage plants in solar or wind 

power plants 

 The electrolyte in Li-Ion battery is flammable and generally contains Lithium 

Hexa- fluoro -phosphate (LiPF6) 

 In the event of overheating due to overcharging or short circuiting  and backed 

by high temperature, the electrolyte in Li-Ion batteries will vaporise liberating 

toxic gases like CO, CO2, HF (hydrogen fluoride) 

 The moisture and humidity will further exacerbate the situation generating 

more HF (reaction of LiPF6 with water or humidity) 

 Typical HF concentration expected can be as high as 20-200 ppm of HF 

(NIOSH/USA Safety limit , TWA:3 ppm HF, STEL: 6 ppm HF) 

                                                           
6
 At page 21: https://www.iccsafe.org/wp-content/uploads/Energy-Storage-Systems-Fire-Safety-Concepts-in-the-

2018-IFC-and-IRC.pdf 
7
 At page 21: https://www.iccsafe.org/wp-content/uploads/Energy-Storage-Systems-Fire-Safety-Concepts-in-the-

2018-IFC-and-IRC.pdf 
8
 http://www.alviautomation.com/lithium-ion-battery-fires-hydrogen-fluoride-detector/ 
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9 

 

 Hydrogen Fluoride (Hydrofluoric Acid) 7664-39-3 Hazard Summary: Hydrogen fluoride is 

used in the production of aluminum and chlorofluorocarbons, and in the glass etching and 

chemical industries. Acute (short-term) inhalation exposure to gaseous hydrogen fluoride 

can cause severe respiratory damage in humans, including severe irritation and lung edema. 

Severe eye irritation and skin burns may occur following eye or skin exposure in humans. 

Chronic (long-term) exposure in workers has resulted in skeletal fluorosis, a bone disease. 

Animal studies have reported effects on the lungs, liver, and kidneys from acute and chronic 

inhalation exposure to hydrogen fluoride. Studies investigating the carcinogenic potential of 

                                                           
9
 https://www.researchgate.net/publication/319368068_Toxic_fluoride_gas_emissions_from_lithium-ion_battery_fires 
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hydrogen fluoride are inconclusive. EPA has not classified hydrogen fluoride for 

carcinogenicity.10 

Inverters, Transformers & Associated Equipment 

  The photo below was taken by Donna Tisdale in September 2013 at one of the industrial solar 

projects built on productive farm land in South Western Imperial County, south of I-8. 

 

 
 

 The actual type of inverters/transformers planned for Brawley Solar should be disclosed during 

public comment—not after-the-fact. They are noisy and can emit electrical pollution/ dirty 

electricity that can move off-site through the air and the ground. 

 Electrical Magnetic Interference (EMI) and Radio Frequency Interference (RFI) are common 

electrical pollution problems that must be addressed11, especially when the project is proposed 

so close to non-participating residents. 

 Wind and solar projects dump energy into the ground when they are curtailed and when 

harmonics pose a threat to their own equipment. That transient/stray voltage moves off-site 

and into homes and businesses through plumbing and other grounded equipment. Energy can 

also be radiated through the air and inducted into occupied structures through utility lines. 

 French farmers say wind turbines and solar panels have killed hundreds of their cows12 

 Cows are being killed by electricity travelling through the ground, farmers claim.  

 French farmer says hundreds of cows being killed by solar panels and turbines. 

 Cattle in Brittany began losing weight and eventually died so land was tested. 

 Electrical current was said to be found coming thought the earth and the water. 

 Majid Bagheri Hosseinabadi, Narges Khanjani, Mohammad Hossein Ebrahimi, Bahman Haji & 

Mazaher Abdolahfard (2019) The effect of chronic exposure to extremely low-frequency 

electromagnetic fields on sleep quality, stress, depression  and anxiety, Electromagnetic 

Biology and Medicine, 38:1, 96101, DOI: 10.1080/15368378.2018.1545665   

                                                           
10

 https://www.epa.gov/sites/production/files/2016-10/documents/hydrogen-fluoride.pdf 
11

 https://www.solar-electric.com/reducing-electromagnetic-interference-pv-systems.html 
12 https://www.dailymail.co.uk/news/article-6855801/French-farmers-say-wind-turbines-solar-panels-killed-hundreds-

cows.html 

PC ORIGINAL PKG

https://www.epa.gov/sites/production/files/2016-10/documents/hydrogen-fluoride.pdf
https://www.solar-electric.com/reducing-electromagnetic-interference-pv-systems.html
https://www.dailymail.co.uk/news/article-6855801/French-farmers-say-wind-turbines-solar-panels-killed-hundreds-cows.html
https://www.dailymail.co.uk/news/article-6855801/French-farmers-say-wind-turbines-solar-panels-killed-hundreds-cows.html


8 Cox Family comments on Brawley Solar Initial Study & NOP                                                8-30-21 

 

 Abstract: (emphasis added): “Exposure to extremely low-frequency electromagnetic 

fields (ELF-EMF) is inevitable in some industries. There are concerns about the possible 

effects of this exposure. The present study aimed to investigate the effect of chronic 

exposure to extremely low-frequency electromagnetic fields on sleep quality, stress, 

depression and anxiety among power plant workers.  

 In this cross-sectional study, 132 power plant workers were included as the exposed 

group and 143 other workers were included as the unexposed group. The intensity of 

ELF-EMF at work stations was measured by using the IEEE Std C95.3.1 standard and then 

the time weighted average was calculated. Sleep quality, stress, depression and anxiety 

were measured by using the Pittsburgh Sleep Quality Index Questionnaire; and the 

Depression, Anxiety and Stress Scale. 

 The workers in the exposed group experienced significantly poorer sleep quality 

than the unexposed group. Depression was also more severe in the exposed 

group than the unexposed group (P = 0.039). Increased exposure to ELF-EMF had 

a direct and significant relation with increased stress, depression, and anxiety. 

Sleep quality in technicians with the highest exposure was significantly lower 

than the other groups.  

 This study suggests that long-term occupational exposure to ELF-EMF may lead 

to depression, stress, anxiety and poor sleep quality.”  

 Electromagnetic field (ELF-EMF) on cytokines of innate and adaptive immunity, 

Electromagnetic Biology and Medicine, 38:1, 8495, DOI: 10.1080/15368378.2018.154566813  

o Abstract: (emphasis added) “Extremely low frequency electromagnetic field (ELF-EMF) is 

produced extensively in modern technologies. Numerous in vitro and in vivo studies have 

shown that ELF-EMF has both stimulatory and inhibitory effects on the immune system 

response. This review was conducted on effects of ELF-EMF on cytokines of innate and 

adaptive immunity. Mechanisms of ELF-EMF, which may modulate immune cell 

responses, were also studied. Physical and biological parameters of ELF-EMF can interact 

with each other to create beneficial or harmful effect on the immune cell responses by 

interfering with the inflammatory or anti-inflammatory cytokines. According to the 

studies, it is supposed that short-term (2-24 h/d up to a week) exposure of ELFEMF with 

strong density may increase innate immune response due to an increase of innate 

immunity cytokines. Furthermore, long-term (224 h/d up to 8 years) exposure to low-

density ELF-EMF may cause a decrease in adaptive immune response, especially in Th1 

subset.”  

 Effects of Exposure to Electromagnetic Fields: 833 Studies14;Posted February 1, 2018 on 

Electromagnetic Radiation Safety by Joel M. Moskowitz, Ph.D. Director Center for Family and 

Community Health, School of Public Health University of California, Berkeley :   

o Government and industry-linked scientists often claim that the research on the effects 

of exposure to electromagnetic fields (EMF) is inconsistent, and that more research is 

                                                           
13

https://www.researchgate.net/publication/329451963_A_review_on_the_effects_of_extremely_low_frequency_electromag

netic_field_ELF-EMF_on_cytokines_of_innate_and_adaptive_immunity 
14 https://www.saferemr.com/2018/02/effects-of-exposure-to-electromagnetic.html  
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needed before precautionary warnings are issued or regulatory guidelines are 

strengthened.  

o Although most of the research on cell phones has focused on radio frequency radiation 

(RFR), these wireless devices also produce extremely low frequency electromagnetic 

fields (ELF EMF). The International Agency for Research on Cancer of the World Health 

Organization classified ELF EMF “possibly carcinogenic to humans” (Group 2B) a decade 

earlier than RFR.  

o Dr. Henry Lai, Professor Emeritus at the University of Washington and Co-Editor-in-Chief 

of the journal Electromagnetic Biology and Medicine, has compiled summaries of 

several areas of the research on the biologic and health effects of exposure to RFR and 

ELF EMF. His sets of abstracts which cover the period from 1990 to 2017 constitute a 

comprehensive collection of this research.  

o Dr. Lai finds that the preponderance of the research has found that exposure to RFR or 

ELF EMF produces oxidative stress or free radicals, and damages DNA. Moreover the 

preponderance of RFR studies that examined neurological outcomes has found 

significant effects. 

o The evidence for DNA damage has been found more consistently in animal and human 

(in vivo) studies than in studies of cell samples (in vitro).  

o The abstracts can be downloaded from the BioInitiative web site15. 

o Top Line Results  

 90% (n=180) of 200 oxidative stress (or free radical) studies report significant 

effects.  

 64% (n=49) of 76 DNA comet assay studies report significant effects.  

  (n=24) of 30 in 

vivo studies report significant effects.  

 72% (n=235) of 325 neurological studies report significant effects.  

 Extremely low frequency electromagnetic fields:  

 87% (n=162) of 186 oxidative stress (or free radical) studies report significant 

effects.  

 74% (n=34) of 46 DNA comet assay studies report significant effects.  

 68% (n=21) of 31 in vitro studies report significant effects.  

 87% (n=13) of 15 in vivo studies report significant effects 

VII. GEOLOGY & SOILS 

o How much soil will be moved?  

o Will any topsoil be removed off-site? 

o Previous verbal reports allege that top soil was removed off-site in large amounts from one or 

more of the large solar projects built near Mount Signal which could impact potential for any 

future return of the site to farming use. 

VIII.GREEN HOUSE GAS EMISSIONS: 

                                                           
15

 http://bioinitiative.org/research-summaries/     
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o See Energy comments above regarding life cycle green house gas emissions from cradle to grave 

for the PV solar panels, batteries, and other equipment that will be used, along with full 

accounting of manufacturing and transport of all project related materials. 

o This section must address the increased Particulate Matter from grading and Green House Gas 

emissions from the use of diesel equipment, and potential to use less polluting options like 

natural gas, and other project GHG sources noted in these comments.   

o The gen-tie line and project components will generate off-gassing and electrical pollution that 

radiates through the air and through increased ground currents.  

o Sulfur hexafluoride (SF6)16 , an extremely potent Green House Gas used in electrical equipment. 

What are the impacts and proposed alternatives and mitigation?  

o Installation, maintenance, and decommissioning and leakage from SF6 containing GIE.11 Closed-

pressure equipment is the category of GIE that is the most susceptible to SF6 emissions. 

Emissions associated with sealed-pressure equipment mostly occur during the manufacturing 

process and at disposal. Below is an overview of potential sources of SF6 in transmission and 

distribution equipment, focusing on closed-pressure equipment. At the disposal stage, all 

equipment can release SF6. Therefore, proper handling, storage, and disposal procedures are 

critical to reduce emissions of SF6 into the atmosphere.” 

o According to the EPA’s  Overview of SF6 Emissions Sources and Reduction Options in Electric 

Power Systems (2018)17, “Potential sources of SF6 emissions occur from 1) losses through poor 

gas handling practices during equipment installation, maintenance, and decommissioning and 2) 

leakage from SF6 -containing GIE.”      

IX. HAZARDS & HAZARDOUS MATERIALS 

 Section a) should be changed from Less than Significant to Potentially Significant due to the 

proposed full use of the Battery Energy Storage System that represents a serious hazard and 

the potential for release of hazardous materials and toxic smoke during batter fires. 

 How many tons of batteries will be required for the 40 MW BESS? 

 See comments on battery fires below. Battery fires can result in toxic smoke and melted 

hazardous materials pooling on the ground and potentially moving off-site. 

 Studies have shown the heavy metals in solar panels — namely lead and cadmium — can leach 

out of the cells and get into groundwater, as well as affect plants. These metals also have a 

record for detrimental effects on human health.18 

 Cleaning after Solar Panels: A Circular Outlook19 

A. Serasu Durana, Atalay Atasub and Luk N. Van Wassenhoveb 

*aHaskayne School of Business, University of Calgary, Calgary, Canada; b. Technology and 

Operations Management Area, INSEAD, Fontainebleau, France 

 (Excerpt:)) “Yet, a darker future for solar technology looms if we fail to adopt a circular 

economy outlook by considering the entire life cycle of solar panels. There are direct 

consequences when these products reach the end of their lives. Their complex 

                                                           
16

 http://climate.columbia.edu/files/2012/04/GNCS-SF6-Factsheet.pdf    
17 https://www.epa.gov/sites/production/files/2018-08/documents/12183_sf6_partnership_overview_v20_release_508.pdf 

18
 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5607867/ 

19
 See page 2-3: https://drive.google.com/file/d/1CeYskmVtIQ8-WBnOJtJR-Iq2808nKY0S/view  
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composition (e.g., the ever-growing panel sizes and Ethylene Vinyl Acetate (EVA) 

encapsulated glass/metalmix) implies substantial challenges in creating circular 

solutions. Meanwhile, economic incentives are aligning to encourage customers to trade 

their existing panels for newer, cheaper, more efficient models. That makes it nearly 

impossible to imagine a strong market for used solar panels. The products must 

therefore be recycled. However, the availability of environmentally or economically 

effective recycling infrastructures and technologies for solar panels is very limited 

(McDonald and Pearce 2010; Sica et al.2018). It is not difficult to predict that their fate 

will be in landfills or incineration…” 

 Section g) should address an access route from Ward Road to the substation and BESS, instead 

of having to access that area from planned access along Best Road. 

 The main access should be from Ward Road instead of Best Road to reduce impacts to adjacent 

residents during construction. 

X. HYDROLOGY & WATER QUALITY: 

 One concern is the potential for hazardous materials to leach out of the installed or discarded 

solar panels and flushed from the project site into the drains during rain events. 

 In the event the project site is eventually returned to agriculture use will the water availability 

for growing food and fiber still be there? 

 Pegex Hazardous Waste Experts20: (excerpt)  

  An Inconvenient Truth: Solar Panels Wear Out and They’re a Potent Source of 

Hazardous Waste. Basically, there are two kinds of solar panels. Each must be recycled 

in its own peculiar way. 

 Silicon-based panels are more common. Recycling requires disassembly in order to 

separate aluminum from glass. Treatment of what remains begins in a thermal 

processing unit where it’s cooked to 500°C (932° F)—and that’s just the start. 

 Thin-film solar panels require even more radical processing. They’re shredded and 

mechanically hammered to ensure that no one particle is bigger than 4to5mm. Both 

solids and liquids remain, which require separation and further exotic treatments. 

XI. LAND USE & PLANNING 

 Project is NOT located within or near the existing Renewable Energy Overlay Zone21 

 Project represents conflicts with adjacent farming, residences, and horse boarding / training 

facility. 

 We strongly object to conversion of productive farmland to solar energy / battery storage 

facility adjacent to our own farmland and employee housing. 

 We oppose the proposed General Plan Amendment and Zone Change will result in an 

unnecessary conflict and will serve to encourage more solar conversion of productive land in 

the area. 

                                                           
20

 https://www.hazardouswasteexperts.com/solar-panels-wear-out-hazardous-waste/   
21

 https://icpds.maps.arcgis.com/apps/Viewer/index.html?appid=c6fd31272e3d42e1b736ce8542b994ae  
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 Imperial County has already converted tens of thousands of acres of land for industrial solar 

projects. 

XII. MINERAL RESOURCES: No comment 

XIII. NOISE 

 Sections a) and b) should be changed from Less Than Significant to Potentially Significant 

Impact, especially for chronic operational noise impacts for adjacent residences and the horse 

facility.  

 Power conversion equipment, inverters (DC to AC), transformers, switchgears, PV module 

tracking motors, HVAC units and battery energy storage systems, and power lines,  all make 

noise; complicated noise. 

 BESS are fairly new and the impacts not well recognized or understood. With all the AC required 

to keep them cool, there may be unpredicted noise / vibration impacts. 

 Solar Panels Create Noise Nuisance in Edgartown, Vineyard Gazette, by Olivia Hull (9-25-14)22 

o  

o Excerpts -emphasis added: 
o Smith Hollow is a quiet neighborhood in Edgartown where the ambient sounds include 

distant traffic and breeze moving through the trees. 

o But this past summer, the installation of a new municipal solar array added a new sound 

to the mix: incessant humming that all but drowns out the other sounds at some Smith 

Hollow residences. 

o As soon as the solar project went live, inverters, the part of the system that converts 

direct current from the sun to alternating current, began emitting noise on sunny days. 

Neighbors complained, and the town hired an expert to investigate. 

o The inspection revealed that the sound coming from the inverters exceeds ambient 

sounds in all eight octaves by a significant margin, according to a report discussed by 

the town selectmen Monday. 

o “The sound from the inverters is clearly in violation of the Mass. DEP Noise Policy, and 

also constitutes a noise nuisance, in my opinion, based on the sound level 

measurements reported here,” wrote Lawrence G. Copley, a sound engineer, in the 

noise assessment he presented to the town. 

                                                           
22

 https://vineyardgazette.com/news/2014/09/25/solar-panels-create-noise-nuisance-edgartown 
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 Upon reading another paper, Harmonics and Noise in Photovoltaics: PV Inverter and the 

Mitigation Strategies23, even a layman realizes that inverters generate high frequency noise of 

various sorts and complexities, often with weird harmonics.   

 In another article the German inverter manufacturer SMA Solar Technology describes its 

experience sleuthing out persistent inverter noise emissions, analyzing24: 

o structure-borne noise transfer paths 

o transfer of airborne noise and its effects 

o noise caused by vibrations 

o Resonance frequency testing 

 Project components will also be subject to wind generated noise that results in potentially 

significant rattling of P V Modules, slatted chain link fencing and more. 

 Sample Noise Emission Values of a three phase commercial solar inverter  

 The table below is from the NOISE REPORT ODOT Solar Highway Project: West Linn 
Site Clackamas County, it shows the dBA noise level of commercial inverters at the 
Clackamas solar project.   Understanding the dBA noise from a commercial inverter is 

an important component in siting an inverter at solar project.25 

 
 Collector Substation 

 Industry is well aware that along with the potential for electrical pollution to move off-

site through the air and ground from solar project and substations, there is also the 

potential for substation noise to leave the site through air and ground pressure waves 

that can be perceived at distance.  

 Cautions and recommendations from the Electrical Engineering Portal26 include the following:  

 Substation Noise Sources to take into consideration:  

 Continuous audible sou  

 Impulse sources 

 Equipment noise levels 

                                                           
23 https://docplayer.net/17995775-Harmonics-and-noise-in-photovoltaic-pv-inverter-and-the-mitigation-strategies.html 

24
 https://www.sma.de/en/partners/knowledgebase/reducing-noise-in-pv-power-plants.html 

25
 https://electrical-engineering-portal.com/audible-substation-noise 

26
 https://www.civicsolar.com/support/installer/articles/electrical-noise-emissions-solar-pv-inverter-charger 
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 Attenuation of noise with distance  

 Noise Abatement Methods to take into consideration:  

 Reduced transformer sound levels  

 Low- ona-induced audible noise control  

 Site location  

 Larger yard area 

  

 Active noise cancellation techniques 

 Switchyard 

o Switching gear could be a total of 60 feet tall and should require a height limit waiver. 

o Remotely controlled SCADA system (no local employee) also creates Radio Frequency 

Electromagnetic Radiation and potentially other emissions if the system is wireless. 

 Photos below were taken by Donna Tisdale (September 2013) of solar project components 

located in south western Imperial County, south of I-8 and Hwy 98. They give an idea of actual 

visual conversion from previously productive farmland/open space into industrial scale solar 

clutter/sprawl. 

 

 

  
 

XIV. POPULATION & HOUSING: 

 An adverse impact on existing housing is the issue here. Noise and other project operational 

impacts may induce the abandonment of existing affordable homes and displacement of 

residents through no fault of their own. 
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XV. PUBLIC SERVICES 

 Clear emergency contact signage should be required at all project access points that are 

accessible to the public so they can report any problems for this unmanned facility. 

 Dozens of high profile battery storage fires have occurred in the last few months and years 

around the world.27 

 See comments under Wildfire below. 

 California passed SB 489 in 2015 to provide guidance for the safe disposal of defunct solar 

panels, designating them as universal waste. Universal waste cannot be trashed or landfilled in 

California28 

 Energy Storage Systems Fire Safety Concepts in 2018 IFC and IRC: Hazard Mitigation Analysis:29  

 The HMA will evaluate the consequences of failure modes • Thermal runaway in a single 

battery array • Failure of the energy management system • Failure of ventilation system 

• Voltage surges on the primary • Short circuits on the load side of the batteries • 

Failure of the smoke or gas detection, fire suppression The fire code official is 

authorized to approve the hazardous mitigation analysis based on the HMA. The HMA is 

a tool to address unknowns with new technologies 

 There have been numerous hazardous conditions generated by battery storage fires including 

major fires in Surprise AZ, Morris, Illinois and Tesla’s Big Battery in Australia: 

 

o The Morris fire (above) forced thousands of people from their homes for 

several days. 

 

                                                           
27

 https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/burning-concern-
energy-storage-industry-battles-battery-fires-51900636  
28

 https://www.hazardouswasteexperts.com/solar-panels-wear-out-hazardous-waste/  
29

 https://www.iccsafe.org/wp-content/uploads/Energy-Storage-Systems-Fire-Safety-Concepts-in-the-2018-IFC-
and-IRC.pdf 
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 “June 29, 2021: U.S. EPA responded to the Morris Lithium Battery Fire in Morris, Illinois, to 

provide guidance and support to the Morris Fire Department, the lead agency at the response. 

As of 6:30 p.m. on June 29, there were two U.S. EPA responders on-site, supported by eight 

contractors to set up a network of fixed and roaming air monitors around the perimeter of 

plume and within residential areas. As the wind direction changes, the roaming monitors are 

moved to follow the plume and to provide real-time data to the responders. U.S. EPA has five 

AreaRAE Pro monitors, five DustTrak monitors and multiple air samplers available for site use. 

The air monitoring network looks for volatile organic compounds (VOCs), oxygen (O2), hydrogen 

sulfide (H2S), carbon monoxide (CO), lower explosive limit (LEL), and particulates in coordination 

with the Illinois Civil Support Team. Because lithium battery fires can generate flouride gas 

emissions, U.S. EPA is also monitoring for hydrogen flouride (HF). U.S. EPA is currently evaluating 

the data received. Current data have not shown levels above Agency for Toxic Substances and 

Disease Registry (ATSDR) and Illinois Department of Public Health (IDPH) thresholds. This will be 

further evaluated.”30 

31 

 The July 29, 2021 Tesla battery storage fire in Australia (photos above& below) required 30 

fire rigs and 150 firefighters over several days:  

  (excerpt) “…A toxic blaze at the site of Australia's largest Tesla battery project is set to 

burn throughout the night. The fire broke out during testing of a Tesla megapack at the 

Victorian Big Battery site near Geelong. A 13-tonne lithium battery was engulfed in 

flames, which then spread to an adjacent battery bank. More than 150 people from Fire 

Rescue Victoria and the Country Fire Authority responded to the blaze, which has been 

contained and will be closely monitored until it burns itself out."If we try and cool them 

down it just prolongs the process," the CFA's Assistant Chief Fire Officer Ian Beswicke 

said."But we could be here anywhere from 8 to 24 hours while we wait for it to burn 

down…"32  

                                                           
30

 https://response.epa.gov/site/site_profile.aspx?site_id=15259  
31

 ABC Screen Shot by Nick Hide/CNET https://www.cnet.com/news/tesla-battery-fire-renewable-energy-plant- 
australia/    
32

 https://www.abc.net.au/news/2021-07-30/tesla-battery-fire-moorabool-geelong/100337488  
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 A toxic smoke warning was issued.  

 

XVI. RECREATION: 

 Again, this project has the potential to adversely impact use and enjoyment of recreation 

opportunities at existing homes and the horse boarding / training facility on Best Road just 

south of the project site. 

XVII.TRANSPORTATION 

 Accommodation must be made for farm traffic during construction which will likely impact 

traffic on Best and Ward Roads during critical planting, harvesting, and other related work on 

adjacent farmland. 

 Experience with construction of other large energy projects confirms adverse impacts to local 

road surface conditions which are already rough.  

 The project developer should be required to repair / upgrade the road surface after construction 

is completed as mitigation. 

 What is the required setback / easement from the railroad tracks? 

XVIII. TRIBAL CULTURAL RESOURCES: No comments 

XIX. UTILITIES & SERVICE SYSTEMS 

 Section d) should be changed from Less than Significant to Potentially Significant Impact due 

to undisclosed end of life destination for solar panels and batteries. 

 Disposal of potentially hazardous solar panels and batteries is controversial and unlawful in 

California. 

 Recycling facilities must be developed or developer take back agreements must be included in 

permitting process. 

 See comments on IX Hazards & Hazardous Materials above.  
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33 

 

 The graphic above was sourced from the Harvard Business Review (6-18-21) The Dark Side of 

Solar Power by Atalay Atasu,  Serasu Duran, and Luk N. Van Wassenhove:  

 In addition to the proposed substation and Battery Energy Storage System, we request that any 

microwave towers, inverters, and transformers be placed as far away as possible from our 

property and two existing homes.  

 Fiber optic is preferred over microwave tower to reduce microwave radiation impacts. 

XX. WILDFIRE 

 Section c) should be changed from Less than Significant to Potentially Significant Impact due 

to the required installation and full time operation of the associated BESS infrastructure that 

“…may exacerbate fire risk or that may result in temporary or ongoing impacts to the 

environment”. 

                                                           
33

 https://hbr-org.cdn.ampproject.org/v/s/hbr.org/amp/2021/06/the-dark-side-of-solar-
power?amp_gsa=1&amp_js_v=a6&usqp=mq331AQFKAGwASA%3D#amp_tf=From%20%251%24s&aoh=16241641
204897&csi=0&referrer=https%3A%2F%2Fwww.google.com&ampshare=https%3A%2F%2Fhbr.org%2F2021%2F06
%2Fthe-dark-side-of-solar-power 
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 The Brawley Solar project has the potential to ignite wildfires through attraction of lightning 

strikes and/or through electrical faults or other malfunctions in project components resulting in 

potentially hazardous fumes and waste. 

 Battery storage represents additional sources of wildfire ignition and hazardous / toxic fumes 

generated by burning lithium ion batteries and thermal runaway events. 

XXI. MANDATORY FINDINGS OF SIGNIFICANCE 

 Section b) should be adjusted to include the following impacts: Noise; Recreation; Housing; 

Wildfire and Energy as discussed in these comments. 

The Overall Site Plan provided in the Initial Study / NOP is fuzzy and hard to read. A better copy that is 

clearer should be provided in the Draft EIR. 

Thank you for consideration of these comments… 

# # # 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to prepare this technical 
report assessing the current surrounding conditions and to describe potential changes to the landscape 
resulting from the Brawley Solar Energy Facility (Project) development. The Project would be located on 
six privately owned parcels covering approximately 227 acres in Brawley, Imperial County (Figure 1). 

The 40 Megawatt (MW)/160 Megawatt hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh 
battery energy storage system (BESS) would consist of 3.2-foot by 6.5-foot photovoltaic (PV) modules (or 
panels) on single-axis horizontal trackers in blocks that each hold 3,809 PV panels in 28 strings. The panels 
would be oriented from east to west for maximum exposure and the foundation would be designed based 
on soil conditions. The PV panels are made of a poly-crystalline silicon semiconductor material 
encapsulated in glass. A 20-foot wide road with an all-weather surface would surround the panels, and 
the entire site would be surrounded by a 6-foot tall chain link fence topped with three strands of barbed 
wire. 

The proposed Project substation would be a new 92/12 kV unstaffed, automated, low-profile substation. 
The dimensions of the fenced substation would be approximately 300 feet by 175 feet. The enclosed 
substation footprint would encompass approximately 1.2 acres of the Project parcel and be located 
immediately southwest of the solar field. 

The Project would connect to a switchyard located in the southeast corner Project site and then be routed 
through the BESS building for energy storage. Power would then be transferred to the North Brawley 
Geothermal Power Plant substation via a 1.8mile-long double circuit 13.8 and 92 kV gen-tie line with 66-
foot-high poles to interconnect to the Imperial Irrigation District (IID) at the North Brawley 1 substation 
located at Hovley Road and Andre Road, southwest of the Project site. The transmission line would span 
the New River. A 12-inch diameter conduit railroad undercrossing would connect the PV arrays from the 
western side of the railroad tracks to the inverters on the eastern side.   
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SECTION 2.0 – EXISTING CONDITIONS 

The Project is located at 5003 Best Ave, Brawley, California on six privately owned parcels: Assessor’s 
Parcel Numbers (APNs) 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-006 (Project 
site) as shown in Figure 1. Imperial County identifies the land use of the Project site as Agriculture and 
zoning as General Agricultural (A-2-G; County 2020). Currently the Project site contains alfalfa fields within 
different levels of harvest. North and east of the Project site is undeveloped agricultural land.  

The Project site is approximately one mile north from the City of Brawley’s jurisdictional limit. Brawley is 
relatively central within the agricultural portion of the Imperial Valley, which extends from the 
southeastern portion of the Salton Sea to the United States and Mexico border. Beyond miles of 
agricultural land, the 45-mile-long and 20-mile-wide Salton Sea lies northwest of the Project site. The 
elevation at the Project site is approximately 145 feet below mean sea level. With elevations extending to 
277 feet below sea level, the Salton Sea sits comparatively lower in the landscape than the Project site, as 
does much of the agricultural land to the immediate west and south. To the north and east of the Project 
site are the Chocolate Mountains, which extend to heights of more than 2,000 feet above mean sea level. 
 
Because of this gradual downward slope from east to west, areas to the north and east of the Project site 
would be more likely to have views of the Project where not impeded by natural or built features. Viewers 
in this area are associated with residences and land uses. North of the Project site is agricultural land. 
Along the eastern edge of the Project site there are two residences and agricultural land. South of the 
Project site is a mixture of agricultural land and dirt lots used for staging activities. The City of Brawley 
Wastewater Treatment Plant is located along the western edge of the Project site. 

Views in this area are expansive and are generally characterized by sparse development framed by 
topographical features. Low-profile, weedy plants, such as Quail Brush Scrub and Bush Seepweed, are 
widespread on undeveloped and unfarmed lands, and ruderal vegetation is along waterways associated 
with IID canals (Chambers 2021). Individual residences, transmission lines, transportation corridors 
(including roads and railroads), and agricultural equipment are discernable in the foreground (within 0.25 
mile) and middle ground (0.25 to 3-5 miles away) views throughout the area. They are identifiable by their 
vapor plumes. These views to the west from the Project site are backdropped by the Coyote Mountains 
and Fish Creek Mountains. Views to the east are backdropped by the Chocolate Mountains.  
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Figure 1: Project Location and Vicinity Map
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SECTION 3.0 – METHODOLOGY 

A comparison of the Project site’s existing conditions and the change to the landscape with 
implementation of the Project is based on the production of visual simulations. As a part of this process, 
Chambers Group reviewed aerial imagery to identify where the Project would potentially be visible from 
visually sensitive areas and selected preliminary viewpoints for site photography. Field surveys were 
conducted by POWER Engineers, Inc. (POWER) on March 4, 2021 to photo-document existing visual 
conditions and views toward the Project site. A representative subset of photographed viewpoints was 
selected as Key Observation Points (KOPs), which collectively serve as the basis for this assessment. This 
selection was done in coordination with ORNI and the County. Assessments of existing visual conditions 
were made based on professional judgment that took into consideration sensitive receptors and sensitive 
viewing areas in the Project area. The locations of the four KOPs in relation to the Project site are 
presented in Appendix A.  
 
During the field survey, the view from each KOP was photographed using a 35-millimeter, 30-megapixel, 
full-frame, single lens reflex camera equipped with a 50-millimeter fixed focal length lens. This 
configuration is the industry accepted standard for approximating the field of vision in a static view of the 
human eye. The camera positioning was determined with a sub-meter, differentially corrected global 
positioning system (GPS). The camera was positioned at eye-level for each photograph. 
 
The site photos were used to generate a rendering of the existing conditions and a proposed visualization 
of the implemented Project. The visual simulations provide clear before-and-after images of the location, 
scale, and visual appearance of the features affected by and associated with the Project. The simulations 
were developed through an objective analytical and computer-modeling process and are accurate within 
the constraints of the available site and alternative data (3-dimensional computer model was created 
using a combination of AutoCAD files and geographic information system [GIS] layers and exported to 
Autodesk’s 3-dimensional Studio Max for production). Design data — consisting of engineering drawings, 
elevations, site and topographical contour plans, concept diagrams, and reference pictures — were used 
as a platform from which digital models were created. In cases where detailed design data were 
unavailable, more general descriptions about alternative facilities and their locations were used to 
prepare the digital models.   
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SECTION 4.0 – DESCRIPTION OF POTENTIAL VISUAL EFFECTS 

This section describes views from each KOP, first under existing conditions, and then with the proposed 
Project simulated. The visual simulations illustrate the location, scale, and conceptual appearance of the 
Project, as seen from each KOP. These visual simulations allow for comparison of pre-Project and post-
Project conditions as discussed qualitatively below. See Figure 1 in Appendix A for KOP locations shown 
in the Viewpoint Map, as well as existing and simulated images included in Viewpoint 1, 2, 3, and 4. 

4.1 VIEW FROM NORTH (N)BEST AVENUE (AVE) (KOP 1) 

4.1.1 Existing View 

KOP 1 is located along N Best Ave, at the northeast corner of the Project site. The view from KOP 1 is to 
the southwest, toward the proposed Project’s solar arrays (Viewpoint 1). This viewpoint represents views 
from an identifiable point along the most proximate roadway, where topography allows visibility of the 
Project site. Additionally, the viewpoint represents the residents located at 5210 N Best Ave in Brawley, 
CA. The view is characterized by flat agricultural land to the west, south, and east with the nearby 
residence to the northeast. The Coyote Mountains and Fish Creek Mountains are visible far off to the 
south. The view of the Project site is mostly unobstructed except for utility poles traveling along the 
western side of N Best Road. 

4.1.2 View with Project 

Viewpoint 1 shows the view from KOP 1 with the proposed Project simulated. The solar arrays and the 
security fencing would be the most prominently visible portion of the Project from this location. As 
conceptually shown in the simulation, the Project would appear as a comparatively dark, horizontal bar 
across the majority of the view. The overall effect shown in Viewpoint 1 is the relatively small degree of 
contrast the Project would have with its broader surroundings, which includes views of the Coyote 
Mountains and Fish Creek Mountains. Solar arrays would not substantially obscure the mountain skyline 
from this vantage point. 

4.2 VIEW FROM N BEST AVE AND WARD ROAD (KOP 2) 

4.2.1 Existing View 

KOP 2 is located at the intersection of N Best Ave and Ward Road, at the southeast corner of the Project 
site. The view from KOP 2 is to the northwest, toward the proposed Project’s solar arrays, BESS, and 
substation (Viewpoint 2). This viewpoint represents views from an identifiable point along the most 
proximate roadway, where topography allows visibility of the Project site. Additionally, the viewpoint 
represents the residents located at 5000 N Best Ave and 5002 N Best Road in Brawley, CA. The view is 
characterized by flat agricultural land to the north; an abandoned residence and fenced corral to the west; 
a vacant dirt lot to the south; and the nearby residences to the northeast. Vegetation along the New River 
is visible to the west and the Chocolate Mountains are visible far off to the north and west. The view of 
the Project site is partially obstructed by vegetation along the old corral and utility poles traveling along 
the western side of N Best Road. 
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4.2.2 View with Project 

Viewpoint 2 shows the view from KOP 2 with the proposed Project simulated. The solar arrays and the 
security fencing would be the most prominently visible portion of the Project from this location. With 
demolition of the abandoned residence and corral, the Project’s BESS and substation are also visible from 
KOP 2 to the west. As conceptually shown in the simulation, the Project would appear as a generally 
uniform dark line across the view. The overall effect shown in Viewpoint 2 is the relatively small degree 
of contrast the Project would have with its broader surroundings, which include views of the Chocolate 
Mountains. The BESS, substation, and solar arrays would not substantially obscure the mountain skyline 
from this vantage point. 

4.3 VIEW FROM NORTH END OF DEL RIO COUNTRY CLUB AND GOLF COURSE (KOP 3) 

4.3.1 Existing View 

KOP 3 is located along the Union Pacific railroad tracks on the northwest end of Del Rio Country Club and 
Golf Course, approximately 0.25 mile from the Project site. The view from KOP 3 is to the north, toward 
the proposed Project’s solar arrays, BESS, substation, and gen-tie line. This viewpoint represents golfers 
and staff at Del Rio Country Club, where topography allows views of the Project site, as well as views from 
the Union Pacific railway line. The view is characterized by flat, undeveloped land with sparse vegetation 
to the north and northeast, agricultural land to the east, and the landscaped golf course to the west. The 
railroad tracks travel north through the middle of the view, with the Chocolate Mountain Range visible far 
off to the north. The view of the Project site is unobstructed.  

4.3.2 View with Project 

Viewpoint 3 shows the view from KOP 3 with the proposed Project simulated. The gen-tie structures 
would be the most prominently visible portion of the Project from this location. As conceptually shown in 
the simulation, the gen-tie structures would be visible in the center of the view, traveling from east to 
west approximately 1.75 miles. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also occupy 
a relatively narrow portion of the view to the north from KOP 3.  

The substation for the proposed Project has not yet been designed. However, the facility shown in 
Viewpoint 3 is an approximation based on representative examples of substations of similar size and in 
similar environments. As simulated, the substation would be partially visible in views from KOP 3, 
alongside the solar arrays, which would appear as a comparatively dark, horizontal bar across a portion 
of the view’s middle ground. Aside from the relatively narrow gen-tie structures, no Project component 
would substantially obscure or appear above the mountain skyline from this vantage point. 

4.4 VIEW FROM STATE ROUTE (SR) 111 AND ANDRE ROAD (KOP 4) 

4.4.1 Existing View 

KOP 4 is located at the corner of SR 111 and Andre Road, along the gen-tie line route. The view from KOP 
4 is to the east, toward the proposed Project’s gen-tie line, BESS, substation, and solar arrays. This 
viewpoint represents views from an identifiable point along a well-traveled roadway in the County, where 
topography allows visibility of the Project site. The view is characterized by mainly flat agricultural land to 
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the north and south. The City of Brawley Wastewater Treatment Plant is within the northern portion of 
the view and a dirt access road leads to an industrial dirt lot with pipelines directly east of the view. The 
Chocolate Mountain Range is visible far off to the east. The view of the Project site is partially obstructed 
by the City of Brawley Wastewater Treatment Plant, utility poles, and small amounts of vegetation in the 
foreground.  

4.4.2 View with Project 

Viewpoint 4 shows the view from KOP 4 with the proposed Project simulated. The gen-tie structures 
would be the most prominently visible portion of the Project from this location. As conceptually shown in 
the simulation, the gen-tie structures would be visible in the southern portion of the view, traveling from 
east to west approximately 0.5 mile. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also occupy 
a relatively narrow portion of the view to the south from KOP 4. 

As simulated, views of the substation and BESS would be visible in the distance from KOP 4. These 
structures would relate to the nearby industrial features in the landscape, including the nearby pipelines. 
The solar arrays would appear as a comparatively dark, horizontal bar across the remainder of the view. 
No Project component would substantially obscure or appear above the mountain skyline from this 
vantage point.  

  

PC ORIGINAL PKG



Visual Impact Assessment for the Brawley Solar Energy Facility Project 
Imperial County, California 

Chambers Group, Inc.  
21267 

8 

SECTION 5.0 – GLARE ANALYSIS 

The Federal Aviation Administration (FAA) has expressed concern for glare resulting from PV systems 
potentially causing distractions to pilots. For this reason, the FAA has asked solar developers to perform 
a glare hazard analysis to evaluate and document potential occurrences of glare. Proposed solar 
operations were studied by POWER Engineers (POWER) for two landing approaches at the Brawley 
Municipal Airport. In addition to airport operations, POWER analyzed potential glare that would cause 
distraction to nearby motorists and structures. The Project’s Glare Hazard Analysis is included in Appendix 
B of this document.  

 As detailed in Appendix B, POWER identified and analyzed the following sensitive viewers for glare: 

• Brawley Municipal Airport – 2-mile final approaches analyzed at 3% slope 
o Runway 8 Final Approach: 

▪ Distance from Project: 1.57 miles 
▪ Heading: 90 degrees true 
▪ Runway Elevation: -128.88 feet 
▪ Final Approach Slope: 3.0 degrees 

o Runway 26 Final Approach: 
▪ Distance from Project: 1.55 miles 
▪ Heading: 275 degrees true 
▪ Runway Elevation: -134.77 feet 
▪ Final Approach Slope: 3.0 degrees 

• Structures – Single point analysis was completed for nearby residences and structures. 
o An aerial survey using Google Earth was completed to identify residences/structures 

within one mile of the project boundary. 
o Distance from Project: Up to one mile 
o Viewer Height: 10 feet above grade 

• Major Roadways - Roadways were analyzed up to one mile from the project location at a viewer 
height of 10 feet to account for worse-case scenario truck traffic. 

o N. Best Avenue 
o Highway 111 
o Ward Road 
o Rutherford Road 

POWER used GlareGauge licensed by ForgeSolar. The GlareGauge uses Solar Glare Hazard Analysis Tool 
technology and is a web-based glare assessment tool allowing input of viewer position, solar facility 
location, solar technology, and elevation data. The GlareGauge provides a quantified assessment of when 
and where glare may occur throughout the year from a solar installation, as well as identifying the 
potential effects on the human eye when glare does occur. Glare was analyzed at one-minute intervals 
throughout the entire year to determine when and where glare may be visible to residences, motorists, 
and pilots. The GlareGauge meets FAA glare analysis requirements. 

After review of the GlareGauge tool analysis, POWER found no potential glare reported from the proposed 
solar operations due to the orientation of the PV panels, the 5 degree stow angle and the distance from 
sensitive viewers to the Project. When the sun is lowest in the sky, nearing sunrise and sunset, the 5 
degree stow angle redirects potential glare up and away from sensitive viewers. Based on these findings, 
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it was concluded that the Brawley Solar Energy Facility Project will have low potential for glare impact on 
airport operations and will not cause distraction to nearby residences or motorists. 

POWER’s independent analysis using the GlareGauge concluded the following: 

• Brawley Municipal Airport – Runways 8 and 26 reported no Glare. 
• Structures – Nearby residences and structures reported no Glare. 
• Motorists – Two-way route receptors reported no Glare. 

A detailed description of the GlareGauge Analysis Report is in Appendix B. 

  

PC ORIGINAL PKG



Visual Impact Assessment for the Brawley Solar Energy Facility Project 
Imperial County, California 

Chambers Group, Inc.  
21267 

10 

SECTION 6.0 – PRELIMINARY CEQA ANALYSIS 

This technical report will inform the Project’s eventual evaluation of potential environmental effects in 
order to satisfy the California Environmental Quality Act (CEQA). There are four CEQA criteria for 
Aesthetics. Each is presented here as a question, with preliminary assessments of impact to visual 
resources provided. 

1.  Would the Project have a substantial adverse effect on a scenic vista? 

Less than Significant Impact. Scenic vistas are typically expansive views from elevated areas. They may or 
may not be part of a designated scenic overlook or other area providing a static vista view of a landscape. 
There are no designated scenic vistas in the Project vicinity. According to the County General Plan, the 
closest scenic resource is the Salton Sea approximately 11 miles northwest of the Project site (County 
2015). Views from elevated areas near the Project site could be considered scenic vistas given the 
expansiveness of the views and distance one can see under favorable conditions. As described above for 
the view of the Project from all KOPs, the Project would not have a substantial adverse effect on such 
views. Rather, it would be absorbed into the natural and built features that comprise the existing 
landscape. Therefore, less than significant impacts to scenic vistas would occur. 

2. Would the Project substantially damage scenic resources, including, but not limited to, trees, rock 
outcroppings, and historic buildings within a state scenic highway? 

No Impact. There are no designated or eligible state scenic highways in the Project vicinity. The nearest 
road segment among those identified by Imperial County as “having potential as state-designated scenic 
highways” is the portion of SR 111 from Bombay Beach to the Imperial County/Riverside County boundary. 
The Project site is approximately 25 miles south of Bombay Beach. Therefore, no impacts to scenic 
resources within any state scenic highways would occur. 

3. Would the Project substantially degrade the existing visual character or quality of public views of 
the site and its surroundings? (Public views are those that are experienced from publicly accessible 
vantage point). If the project is in an urbanized area, would the project conflict with applicable 
zoning and other regulations governing scenic quality? 

Less than Significant Impact. The existing visual character in views of the Project would not be 
substantially altered based primarily on the proximity of viewpoints to the Project site. The views from 
KOPs 1 and 2 show the Project’s solar arrays and the security fencing most prominently, which would 
appear as a comparatively dark, horizontal bar across the view. The overall effect of the Project from these 
KOPs is relatively small degree of contrast the Project would have with its broader surroundings and a 
small interruption of views of the surrounding mountains. In the view from KOPs 3 and 4, new 
transmission structures that would be part of the Project’s interconnection would appear large in scale; 
however, the structures would be comparable in size and appearance to other structures visible 
throughout the surrounding landscape, including multiple existing transmission lines. As previously 
described, the Project would not substantially degrade the existing visual character or quality of views 
from this distance; rather it would appear absorbed into the broader landscape that already includes 
agricultural development, electricity transmission, geothermal power plants, and the City of Brawley 
Wastewater Treatment Plant. These effects would be less than significant. 
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4. Would the Project create a new source of substantial light or glare which would adversely affect 
day or nighttime views in the area? 

Less than Significant Impact. The Project would not include any source of nighttime lighting and therefore 
would not be a source of substantial light in the area outside of the Project site. POWER produced a Glare 
Hazard Analysis for the Project (Appendix B). It concluded that sensitive viewers near the Project, including 
residences, a nearby golf course, major roadways, and approach slopes associated with the Brawley 
Municipal Airport, would experience no glare effects from the Project. These effects would be less than 
significant. 
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SECTION 7.0 – CONCLUSIONS 

The Brawley Solar Energy Facility would result in the construction of solar arrays, a substation, a BESS, and 
a gen-tie line on a currently undeveloped site just east of the SR 111 corridor. In views from publicly 
accessible locations, the proposed Project would be visible and identifiable, though it would not 
substantially alter existing visual character (see discussion above). Further, such views of the Project 
would be limited in duration for drivers along SR 111. In most views, much or all of the Project would be 
absorbed into the broader landscape. The majority of this portion of the Imperial Valley is dedicated to 
agricultural and power production and transmission. The Project would appear consistent with existing 
patterns of croplands, geothermal facilities, utility infrastructure, and other mechanized or industrial-
appearing development. 
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SECTION 8.0 – REFERENCES 

Chambers Group, Inc. (Chambers) 

 2021 Biological Technical Report for the Brawley Solar Project. 

County of Imperial (County) 

2008  Imperial County General Plan – Circulation and Scenic Highways Element. Available 
online: https://www.icpds.com/assets/planning/circulation-scenic-highway-element-
2008.pdf 
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April 26, 2021 
 
 
Victoria Boyd 
Chambers Group 
5 Hutton Center Drive Suite 750 
Santa Ana, CA 92707 
 
Subject: Glare analysis for the Brawley Solar Energy Facility in Brawley, Imperial County, 

California 
 
 
Dear Ms. Boyd: 
 
At your request, POWER Engineers Inc. (POWER) has evaluated the proposed Brawley Solar 
Energy Facility (Project) to ensure Federal Aviation Administration (FAA) compliance regarding 
hazardous solar glare in or around airports.  POWER has also evaluated any potential glare that 
could cause distraction to nearby structures and motorists. This technical memo describes our 
findings. 
 
Project Description – The proposed Project located in Brawley, California and will utilize single-
axis tracking photovoltaic solar technology and produce up to 40 megawatts (MW) of energy (See 
Appendix A). This Glare Study was commissioned by Chambers Group and prepared for Imperial 
County, Brawley Municipal Airport officials and the FAA. Specifically, this study does the 
following: 
 

• Identifies any sensitive viewers near the Project including residences, other structures, a 
nearby golf course, major roadways and approach slopes associated with the Brawley 
Municipal Airport. 

• Characterizes typical glare behavior experienced from the solar project throughout the day 
and year. 

• Evaluates when and where glare may be visible to structures, motorists and pilots on final 
approach. 

Sensitive Viewers – The FAA has expressed concern for glare resulting from PV systems 
potentially causing distractions to pilots. For this reason, the FAA has asked solar developers to 
perform a glare hazard analysis to evaluate and document potential occurrences of glare. Proposed 
solar operations were studied for two landing approaches at the Brawley Municipal Airport. In 
addition to airport operations, POWER analyzed potential glare that would cause distraction to 
nearby motorists and structures (See Appendix A). POWER identified and analyzed the following 
sensitive viewers: 

• Brawley Municipal Airport – 2-mile final approaches analyzed at 3% slope 

o Runway 8 Final Approach: 
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 Distance from Project: 1.57 miles 

 Heading: 90 degrees true 

 Runway Elevation: -128.88 feet 

 Final Approach Slope: 3.0 degrees 

o Runway 26 Final Approach: 

 Distance from Project: 1.55 miles 

 Heading: 275 degrees true 

 Runway Elevation: -134.77 feet 

 Final Approach Slope: 3.0 degrees 

• Structures – Single point analysis was completed for nearby residences and structures. 

o An aerial survey using Google Earth was completed to identify 
residences/structures within one mile of the project boundary. 

o Distance from Project: Up to one mile 
o Viewer Height: 10 feet above grade 

• Major Roadways - Roadways were analyzed up to one mile from the project location at 
a viewer height of 10 feet to account for worse-case scenario truck traffic. 

o N. Best Avenue  

o Highway 111 

o Ward Road 

o Rutherford Road 

Solar Technology – The Project proposes the use of single-axis tracking PV panels rotating 
around a north/south axis.  Single-axis trackers are designed to maximize solar efficiency by 
tracking the east-west position of the sun throughout the day. Panels will utilize back-tracking 
after reaching the maximum tracking angle to reduce shading of adjacent panels (See Appendix 
B). Details of the solar technologies were provided by the Chambers Group and are described 
below: 

o Tracking: Single-axis Tracking 

o Tracking Axis Orientation: 180 due south 

o Maximum Tracking Angle: ± 52 Degrees 

o Stow Angle: ± 5 Degrees 

o Coating/Texture: Smooth glass with anti-reflective (AR) coating 

o Mount Height: 5 feet above grade 

Glare Analysis – POWER used GlareGauge licensed by ForgeSolar. The GlareGauge uses Solar 
Glare Hazard Analysis Tool technology and is a web-based glare assessment tool allowing input 
of viewer position, solar facility location, solar technology, and elevation data. The GlareGauge 
provides a quantified assessment of when and where glare may occur throughout the year from a 
solar installation, as well as identifying the potential effects on the human eye when glare does 
occur. Glare was analyzed at one-minute intervals throughout the entire year to determine when 
and where glare may be visible to residences, motorists, and pilots.  The GlareGauge meets FAA 
glare analysis requirements.  
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Results – After review of the Glare Gauge tool analysis, POWER found no potential glare 
reported from the proposed solar operations due to the orientation of the PV panels, the 5 degree 
stow angle and the distance from sensitive viewers to the Project. When the sun is lowest in the 
sky, nearing sunrise and sunset, the 5 degree stow angle redirects potential glare up and away 
from sensitive viewers. Based on these findings, it is POWER’s professional opinion that the 
proposed Brawley Solar Energy Facility Project will have low potential for glare impact on airport 
operations and will not cause distraction to nearby residences or motorists.  

POWER’s independent analysis using the GlareGauge concluded the following: 

• Brawley Municipal Airport – Runways 8 and 26 reported no Glare.

• Structures – Nearby residences and structures reported no Glare.

• Motorists – Two-way route receptors reported no Glare.

For a detailed description of the GlareGauge analysis report please see Appendices C. 

Please let me know if you have any questions as I would be happy to discuss. 

Sincerely, 

Andy Stephens 
Visualization Specialist III 

Enclosure:  Appendix A – Project Location 
Appendix B – Solar Behavior 
Appendix C – GlareGauge output glare analysis 
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Brawley Solar Energy Facility Glare Analysis
Project Location - Appendix A
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Brawley Solar Energy Facility Glare Analysis
Solar Behavior - Appendix B
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FORGESOLAR GLARE ANALYSIS

Project: Brawley Solar
Site configuration: Brawley PV
Analysis conducted by Andy Stephens (andy.stephens@powereng.com) at 22:23 on 19 Apr, 2021. 

U.S. FAA 2013 Policy Adherence

The following table summarizes the policy adherence of the glare analysis based on the 2013 U.S. Federal Aviation Administration
Interim Policy 78 FR 63276. This policy requires the following criteria be met for solar energy systems on airport property:

• No "yellow" glare (potential for after-image) for any flight path from threshold to 2 miles
• No glare of any kind for Air Traffic Control Tower(s) ("ATCT") at cab height.
• Default analysis and observer characteristics (see list below)

ForgeSolar does not represent or speak officially for the FAA and cannot approve or deny projects. Results are informational only.

COMPONENT STATUS DESCRIPTION

Analysis parameters PASS Analysis time interval and eye characteristics used are acceptable
2-mile flight path(s) PASS Flight path receptor(s) do not receive yellow glare
ATCT(s) N/A No ATCT receptors designated

Default glare analysis parameters and observer eye characteristics (for reference only): 

• Analysis time interval: 1 minute
• Ocular transmission coefficient: 0.5
• Pupil diameter: 0.002 meters
• Eye focal length: 0.017 meters
• Sun subtended angle: 9.3 milliradians

FAA Policy 78 FR 63276 can be read at https://www.federalregister.gov/d/2013-24729
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SITE CONFIGURATION

PV Array(s)

Analysis Parameters

DNI: peaks at 1,000.0 W/m^2 
Time interval: 1 min
Ocular transmission
coefficient: 0.5
Pupil diameter: 0.002 m 
Eye focal length: 0.017 m 
Sun subtended angle: 9.3
mrad 
Site Config ID: 52670.9444 

Name: PV array 1 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.029958 -115.517802 -150.79 5.00 -145.79
2 33.029922 -115.515249 -148.76 5.00 -143.76
3 33.026522 -115.513876 -145.70 5.00 -140.70
4 33.026540 -115.517910 -151.93 5.00 -146.93
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Name: PV array 2 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.029940 -115.514949 -147.15 5.00 -142.15
2 33.029976 -115.509520 -145.94 5.00 -140.94
3 33.026540 -115.509477 -144.50 5.00 -139.50
4 33.026540 -115.513425 -145.34 5.00 -140.34

Name: PV array 3 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.026414 -115.517717 -159.64 5.00 -154.64
2 33.026414 -115.513811 -145.48 5.00 -140.48
3 33.022933 -115.512341 -144.59 5.00 -139.59
4 33.022951 -115.513296 -147.35 5.00 -142.35
5 33.024273 -115.513747 -143.95 5.00 -138.95
6 33.025119 -115.515142 -149.87 5.00 -144.87
7 33.025119 -115.517759 -147.43 5.00 -142.43
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Name: PV array 4 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.026378 -115.513361 -146.34 5.00 -141.34
2 33.026396 -115.509477 -144.66 5.00 -139.66
3 33.022942 -115.509498 -143.54 5.00 -138.54
4 33.022906 -115.512030 -144.23 5.00 -139.23

Name: PV array 5 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.022861 -115.513328 -148.32 5.00 -143.32
2 33.022834 -115.512331 -144.08 5.00 -139.08
3 33.021593 -115.511912 -146.10 5.00 -141.10
4 33.020279 -115.511891 -146.57 5.00 -141.57
5 33.019227 -115.512202 -144.98 5.00 -139.98
6 33.019236 -115.514401 -147.82 5.00 -142.82
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Name: PV array 6 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.022816 -115.511987 -144.06 5.00 -139.06
2 33.022834 -115.509509 -142.79 5.00 -137.79
3 33.019236 -115.509498 -143.10 5.00 -138.10
4 33.019245 -115.511869 -145.02 5.00 -140.02
5 33.020225 -115.511644 -146.05 5.00 -141.05
6 33.021691 -115.511644 -146.73 5.00 -141.73

Name: PV array 7 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.019173 -115.514434 -148.52 5.00 -143.52
2 33.019155 -115.512223 -144.95 5.00 -139.95
3 33.016609 -115.513811 -145.07 5.00 -140.07
4 33.016591 -115.516097 -146.79 5.00 -141.79
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Flight Path Receptor(s)

Name: PV array 8 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.019119 -115.511966 -144.60 5.00 -139.60
2 33.019146 -115.509509 -143.18 5.00 -138.18
3 33.015790 -115.509498 -140.29 5.00 -135.29
4 33.015763 -115.513929 -144.40 5.00 -139.40

Name: FP 26 
Description: 
Threshold height: 50 ft 
Direction: 270.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 32.992949 -115.511036 -134.19 50.00 -84.19
Two-mile 32.992954 -115.476524 -139.45 608.72 469.27
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Discrete Observation Receptors

Name ID Latitude (°) Longitude (°) Elevation (ft) Height (ft)

OP 1 1 33.030343 -115.508550 -144.90 10.00
OP 2 2 33.023028 -115.508671 -141.97 10.00
OP 3 3 33.015918 -115.508889 -141.68 10.00
OP 4 4 33.016206 -115.508985 -136.22 10.00
OP 5 5 33.012222 -115.510718 -132.70 10.00
OP 6 6 33.016879 -115.516500 -165.03 10.00
OP 7 7 33.019725 -115.525648 -140.27 10.00
OP 8 8 33.030390 -115.527614 -144.83 10.00
OP 9 9 33.001207 -115.508821 -129.38 10.00
OP 10 10 33.019487 -115.483043 -137.60 10.00
OP 11 11 33.030237 -115.517849 -149.57 10.00
OP 12 12 33.009611 -115.521644 -130.02 10.00

Name: FP 8 
Description: 
Threshold height: 50 ft 
Direction: 90.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 32.992931 -115.522773 -128.04 50.00 -78.04
Two-mile 32.992931 -115.557285 -119.14 594.56 475.42
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Route Receptor(s)

Name: Route 2 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.015524 -115.483415 -138.71 10.00 -128.71
2 33.015615 -115.509284 -142.13 10.00 -132.13

Name: Route 3 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044565 -115.527346 -161.18 10.00 -151.18
2 33.043630 -115.527389 -159.66 10.00 -149.66
3 33.043018 -115.527303 -157.99 10.00 -147.99
4 33.041831 -115.526981 -158.52 10.00 -148.51
5 33.040860 -115.526917 -156.83 10.00 -146.83
6 33.027924 -115.526836 -149.21 10.00 -139.21
7 33.015671 -115.526847 -142.44 10.00 -132.44
8 33.010274 -115.526584 -138.38 10.00 -128.38
9 33.007710 -115.526552 -148.29 10.00 -138.29
10 33.004426 -115.526509 -165.15 10.00 -155.15
11 33.000994 -115.526430 -133.10 10.00 -123.10
12 32.999906 -115.526452 -132.98 10.00 -122.98
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Name: Route 4 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044574 -115.527519 -160.65 10.00 -150.64
2 33.044485 -115.521446 -164.99 10.00 -154.99
3 33.044485 -115.509001 -151.38 10.00 -141.37
4 33.044507 -115.501104 -149.43 10.00 -139.43
5 33.044579 -115.500171 -150.41 10.00 -140.41
6 33.044603 -115.479221 -146.50 10.00 -136.50

Name: Route 4 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044443 -115.509272 -151.53 10.00 -141.53
2 33.039923 -115.509262 -150.45 10.00 -140.45
3 33.030728 -115.509247 -148.05 10.00 -138.05
4 33.026435 -115.509240 -145.11 10.00 -135.11
5 33.022358 -115.509239 -143.95 10.00 -133.95
6 33.016137 -115.509232 -139.34 10.00 -129.34
7 33.015714 -115.509248 -140.20 10.00 -130.20
8 33.015294 -115.509293 -141.75 10.00 -131.75
9 33.001013 -115.509288 -133.83 10.00 -123.83
10 33.000860 -115.509293 -136.04 10.00 -126.04
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GLARE ANALYSIS RESULTS

Summary of Glare

PV Array Name Tilt Orient "Green" Glare "Yellow" Glare Energy

(°) (°) min min kWh
PV array 1 SA

tracking
SA

tracking
0 0 -

PV array 2 SA
tracking

SA
tracking

0 0 -

PV array 3 SA
tracking

SA
tracking

0 0 -

PV array 4 SA
tracking

SA
tracking

0 0 -

PV array 5 SA
tracking

SA
tracking

0 0 -

PV array 6 SA
tracking

SA
tracking

0 0 -

PV array 7 SA
tracking

SA
tracking

0 0 -

PV array 8 SA
tracking

SA
tracking

0 0 -

Total annual glare received by each receptor

Receptor Annual Green Glare (min) Annual Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
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Receptor Annual Green Glare (min) Annual Yellow Glare (min)

Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Results for: PV array 1

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 2

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
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Receptor Green Glare (min) Yellow Glare (min)

Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
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0 minutes of green glare 

Results for: PV array 3

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 4

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0
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Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Results for: PV array 5

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 6

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0
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Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Results for: PV array 7

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 8

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0
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Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Assumptions

2016 © Sims Industries d/b/a ForgeSolar, All Rights Reserved.

"Green" glare is glare with low potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
"Yellow" glare is glare with potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
Times associated with glare are denoted in Standard time. For Daylight Savings, add one hour. 
Glare analyses do not account for physical obstructions between reflectors and receptors. This includes buildings, tree cover and
geographic obstructions. 
Several calculations utilize the PV array centroid, rather than the actual glare spot location, due to algorithm limitations. This may affect
results for large PV footprints. Additional analyses of array sub-sections can provide additional information on expected glare. 
The subtended source angle (glare spot size) is constrained by the PV array footprint size. Partitioning large arrays into smaller sections
will reduce the maximum potential subtended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Additional analyses of the combined area of adjacent sub-arrays can provide more information on potential glare hazards. (See previous
point on related limitations.) 
Glare locations displayed on receptor plots are approximate. Actual glare-spot locations may differ.
Glare vector plots are simplified representations of analysis data. Actual glare emanations and results may differ. 
The glare hazard determination relies on several approximations including observer eye characteristics, angle of view, and typical blink
response time. Actual results and glare occurrence may differ. 
Hazard zone boundaries shown in the Glare Hazard plot are an approximation and visual aid based on aggregated research data. Actual
ocular impact outcomes encompass a continuous, not discrete, spectrum. 
Refer to the Help page at www.forgesolar.com/help/ for assumptions and limitations not listed here. 
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1.0  INTRODUCTION 

1.1 Purpose of Analysis and Study Objectives 

This Air Quality, Energy, and Greenhouse Gas (GHG) Emissions  Impact Analysis has been completed to 
determine the air quality, energy, and GHG emissions impacts associated with the proposed Brawley Solar 
Energy Facility project (proposed project).  The following is provided in this report: 

 A description of the proposed project;  

 A description of the atmospheric setting; 

 A description of the criteria pollutants and GHGs; 

 A description of the air quality regulatory framework;  

 A description of the energy conservation regulatory framework; 

 A description of the GHG emissions regulatory framework; 

 A description of the air quality, energy, and GHG emissions thresholds  including  the California 
Environmental Quality Act (CEQA) significance thresholds; 

 An  analysis  of  the  conformity  of  the  proposed  project  with  the  South  Coast  Air  Quality 
Management District (SCAQMD) Air Quality Management Plan (AQMP);  

 An analysis of the short‐term construction related and long‐term operational air quality, energy, 
and GHG emissions impacts; and  

 An  analysis  of  the  conformity  of  the  proposed  project  with  all  applicable  energy  and  GHG 
emissions reduction plans and policies. 

1.2 Site Locations and Study Area 

The project site is located in the County of Imperial (County).  The approximately 227‐acre project site is 
currently alfalfa fields within different levels of harvest and is bounded by undeveloped agricultural land 
to the north and to the east, undeveloped agricultural land and dirt lots used for staging actives to the 
south, and City of Brawley Wastewater Treatment Plan to the west.  The project local study area is shown 
in Figure 1.   

Sensitive Receptors in Project Vicinity 

The nearest sensitive receptors to the project site are single‐family homes located as near as 40 feet to 
the north side of the project site (near the northwest corner of the project site).  The nearest school is 
Brawley Union High School and Desert Valley High School, which is located as near as 2.7 miles south of 
the project site and Barbara Worth Junior High School, which is located as near as 2.8 miles south of the 
project site. 

1.3 Proposed Project Description 

The proposed project would consist of development of solar energy  facility  located at 5003 Best Ave, 
Brawley.   The Brawley solar energy  facility  includes a 40 Megawatt  (MW)/160 Megawatt hour  (MWh) 
photovoltaic  (PV)  solar  farm  and  40  MW/160  MWh  battery  energy  storage  system  (BESS).    Power 
generated  by  the  proposed  project  would  be  low  voltage  direct  current  (DC)  power  that  would  be 
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collected and routed to a series of inverters and their associated pad‐mounted transformers. The inverters 
would convert  the DC power generated by  the panels  to alternating current  (AC) power and  the pad 
mounted  transformers would  step  up  the  voltage.  The  Project would  connect  to  the North  Brawley 
Geothermal  Power Plant  substation  southwest of  the Project  site  via  an  approximately  1.6‐mile‐long 
aboveground 92 kilovolt (kV) generation tie line (gen‐tie line). Energy generated and stored by the project 
will be sold to the wholesale market or retail electric providers in furtherance of the goals of the California 
Renewable Energy Portfolio Standards and other similar renewable programs  in  the Pacific Southwest 
power market.  The proposed site plan is shown in Figure 2. 

1.4 Executive Summary 

Standard Air Quality, Energy, and GHG Regulatory Conditions 

The proposed project will be required to comply with the following regulatory conditions from the ICAPCD 
and State of California (State).   

Imperial County Air Pollution Control District Regulations 

The following lists the ICAPCD regulations are applicable, but not limited to the proposed project.   

 Regulation II Permits – Requires all stationary emissions sources to obtain a permit from ICAPCD;  

 Regulation VIII – Provides specific rules for the control of fugitive dust. 

State of California Rules 

The  following  lists the State of California Code of Regulations  (CCR) air quality emission rules that are 
applicable, but not limited to the proposed project.  

 CCR Title 13, Article 4.8, Chapter 9, Section 2449 – In use Off‐Road Diesel Vehicles;  

 CCR Title 13, Section 2025 – On‐Road Diesel Truck Fleets; and 

 CCR Title 24 Part 11 – California Green Building Standards. 

Summary of Analysis Results 

The following is a summary of the proposed project’s impacts with regard to the State CEQA Guidelines 
air quality, energy, and GHG emissions checklist questions. 

Conflict with or obstruct implementation of the applicable air quality plan? 

Less than significant impact. 

Result in a cumulatively considerable net increase of any criteria pollutant for which the project region is 
non‐attainment under an applicable Federal or State ambient air quality standard? 

Less than significant impact. 

Expose sensitive receptors to substantial pollutant concentrations? 

Less than significant impact. 
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Result in other emissions (such as those leading to odors) adversely affecting a substantial number of 
people? 

Less than significant impact. 

Result in potentially significant environmental impact due to wasteful, inefficient, or unnecessary 
consumption of energy resources, during project construction or operation; 

Less than significant impact. 

Conflict with or obstruct a state or local plan for renewable energy; 

Less than significant impact. 

Generate GHG emissions, either directly or indirectly, that may have a significant impact on the 
environment? 

No impact. 

Conflict with any applicable plan, policy or regulation of an agency adopted for the purpose of reducing 
the emissions of GHGs? 

No impact. 

1.5 Project Design Features Incorporated into the Proposed Project 

This analysis was based on  implementation of the following project design features from the CEQA Air 
Quality Handbook (ICAPCD CEQA Handbook), prepared by ICAPCD, December 12, 2017, that all industrial 
projects in the County are required to implement. 

Project Design Feature 1: 
The project applicant shall require the following measures to be implemented during construction 
of the project:   

Fugitive Dust Control 

a. All disturbed areas,  including Bulk Material storage which  is not being actively utilized, 
shall be effectively stabilized and visible emissions shall be limited to no greater than 20% 
opacity for dust emissions by using water, chemical stabilizers, dust suppressants, tarps 
or other suitable material such as vegetative ground cover. 

b. All on site and off site unpaved roads will be effectively stabilized and visible emissions 
shall be  limited to no greater than 20% opacity for dust emissions by paving, chemical 
stabilizers, dust suppressants and/or watering. 

c. All unpaved traffic areas one (1) acre or more with 75 or more average vehicle trips per 
day will be effectively stabilized and visible emission shall be limited to no greater than 
20% opacity for dust emissions by paving, chemical stabilizers, dust suppressants and/or 
watering. 

d. The transport of Bulk Materials shall be completely covered unless six inches of freeboard 
space  from  the  top  of  the  container  is maintained with  no  spillage  and  loss  of  Bulk 
Material. In addition, the cargo compartment of all Haul Trucks is to be cleaned and/or 
washed at delivery site after removal of Bulk Material. 
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e. All Track‐Out or Carry‐Out will be cleaned at the end of each workday or  immediately 
when mud or dirt extends a cumulative distance of 50 linear feet or more onto a paved 
road within an Urban area. 

f. Movement of Bulk Material handling or transfer shall be stabilized prior to handling or at 
points of transfer with application of sufficient water, chemical stabilizers or by sheltering 
or enclosing the operation and transfer line. 

g. The  construction  of  any  new  Unpaved  Road  is  prohibited  within  any  area  with  a 
population of 500 or more unless the road meets the definition of a Temporary Unpaved 
Road. Any temporary unpaved road shall be effectively stabilized and visible emissions 
shall be  limited  to no greater  than 20% opacity  for dust emission by paving, chemical 
stabilizers, dust suppressants and/or watering. 

Construction Combustion Equipment 

a. Use of alternative fueled or catalyst equipped diesel construction equipment, including 
all off‐road and portable diesel powered equipment. 

b. Minimize  idling time either by shutting equipment off when not  in use or reducing the 
time of idling to 5 minutes as a maximum. 

c. Limit, to the extent feasible, the hours of operation of heavy duty equipment and/or the 
amount of equipment in use. 

d. When  commercially  available,  replace  fossil  fueled  equipment with  electrically driven 
equivalents (provided they are not run via a portable generator set). 

Project Design Feature 2 
The project applicant shall require that all construction equipment utilized during construction of 
the project shall be equipped with an engine designation of EPA Tier 2 or better (Tier 2+). A list of 
the construction equipment, including all off‐road equipment utilized at each of the projects by 
make, model, year, horsepower and expected/actual hours of use, and the associated EPA Tier 
shall be submitted to the County Planning and Development Services Department and  ICAPCD 
prior to the  issuance of a grading permit. The equipment  list shall be submitted periodically to 
ICAPCD to perform a NOx analysis. ICAPCD shall utilize this list to calculate air emissions to verify 
that  equipment use  does not  exceed  significance  thresholds.  The  Planning  and Development 
Services Department and ICAPCD shall verify implementation of this measure. 

Project Design Feature 3 
The project  applicant  shall employ a method of dust  suppression  (such as water or  chemical 
stabilization)  approved  by  ICAPCD.  The  project  applicant  shall  apply  chemical  stabilization  as 
directed by the product manufacturer to control dust between the panels as approved by ICAPCD, 
and other non‐used  areas  (exceptions will be  the paved entrance  and parking  area,  and  Fire 
Department  access/emergency  entry/exit  points  as  approved  by  Fire/Office  of  Emergency 
Services [OES] Department). 

Project Design Feature 4 
Prior to any earthmoving activity, the applicant shall submit a construction dust control plan and 
obtain  ICAPCD  and  Imperial  County  Planning  and  Development  Services Department  (ICPDS) 
approval.  
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Project Design Feature 5 
Prior  to  issuance of a Certificate of Occupancy,  the applicant  shall  submit an operations dust 
control plan and obtain ICAPCD and ICPDS approval.  ICAPCD Rule 301 Operational Fees apply to 
any project applying for a building permit. At the time that building permits are submitted for the 
proposed project, ICAPCD shall review the project to determine if Rule 310 fees are applicable to 
the project.   

Project Design Feature 6 
During construction and operation of the proposed project, the applicant shall limit the speed of 
all vehicles operating onsite on dirt roads to 15 miles per hour or less. 

Project Design Feature 7 
The project applicant shall require the following measures to be implemented during operation 
of  the project  (as detailed above  in Section 1.2,  the project would operate  remotely, with no 
employees typically onsite, as such the measures specific for onsite employees are not applicable 
to the project):   

 Provide  for  paving  a  minimum  of  100  feet  from  the  property  line  for  commercial 
driveways that access County paved roads as per County Standard Commercial Driveway 
Detail 410B.  

 Measures which meet mandatory, prescriptive/performance measures  as  required by 
Title 24. 

1.6 Mitigation Measures for the Proposed Project 

This analysis found that implementation of the State and ICAPCD air quality, energy, and GHG emissions 
reductions regulations and the Project Design Features provided above in Section 1.5 were adequate to 
limit criteria pollutants, toxic air contaminants, odors, and GHG emissions from the proposed project to 
less than significant levels.  No mitigation measures are required for the proposed project with respect to 
air quality, energy, and GHG emissions. 
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2.0  AIR POLLUTANTS  

Air  pollutants  are  generally  classified  as  either  criteria  pollutants  or  non‐criteria  pollutants.    Federal 
ambient air quality standards have been established for criteria pollutants, whereas no ambient standards 
have been established for non‐criteria pollutants.  For some criteria pollutants, separate standards have 
been  set  for  different  periods.    Most  standards  have  been  set  to  protect  public  health.    For  some 
pollutants,  standards  have  been  based  on  other  values  (such  as  protection  of  crops,  protection  of 
materials, or avoidance of nuisance  conditions).   A  summary of  federal and  state ambient air quality 
standards is provided in the Regulatory Framework section. 

2.1 Criteria Pollutants and Ozone Precursors 

The  criteria  pollutants  consist  of  ozone,  nitrogen  oxides  (NOx),  CO,  sulfur  oxides  (SOx),  lead,  and 
particulate matter  (PM). The ozone precursors consist of NOx and Volatile Organic Compounds  (VOC). 
These  pollutants  can  harm  your  health  and  the  environment,  and  cause  property  damage.    The 
Environmental Protection Agency (EPA) calls these pollutants “criteria” air pollutants because it regulates 
them by developing human health‐based and/or environmentally‐based criteria for setting permissible 
levels.  The following provides descriptions of each of the criteria pollutants and ozone precursors.  

Nitrogen Oxides 

NOx  is the generic term for a group of highly reactive gases which contain nitrogen and oxygen. While 
most NOx are colorless and odorless, concentrations of nitrogen dioxide  (NO2) can often be seen as a 
reddish‐brown layer over many urban areas.  NOx form when fuel is burned at high temperatures, as in a 
combustion process. The primary manmade sources of NOx are motor vehicles, electric utilities, and other 
industrial, commercial, and residential sources that burn fuel.  NOx reacts with other pollutants to form, 
ground‐level ozone, nitrate particles, acid aerosols, as well as NO2, which cause respiratory problems. NOx 
and the pollutants formed from NOx can be transported over  long distances, following the patterns of 
prevailing winds.  Therefore, controlling NOx is often most effective if done from a regional perspective, 
rather than focusing on the nearest sources. 

Ozone 

Ozone is not usually emitted directly into the air, instead it is created by a chemical reaction between NOx 
and  VOC  in  the  presence  of  sunlight.  Motor  vehicle  exhaust,  industrial  emissions,  gasoline  vapors, 
chemical solvents as well as natural sources emit NOx and VOC that help form ozone.  Ground‐level ozone 
is the primary constituent of smog.  Sunlight and hot weather cause ground‐level ozone to form with the 
greatest concentrations usually occurring downwind from urban areas.  Ozone is subsequently considered 
a  regional  pollutant.    Ground‐level  ozone  is  a  respiratory  irritant  and  an  oxidant  that  increases 
susceptibility  to  respiratory  infections  and  can  cause  substantial  damage  to  vegetation  and  other 
materials.  Because NOx and VOC are ozone precursors, the health effects associated with ozone are also 
indirect health effects associated with significant levels of NOx and VOC emissions. 

Carbon Monoxide 

Carbon monoxide  (CO)  is  a  colorless, odorless  gas  that  is  formed when  carbon  in  fuel  is not burned 
completely.  It is a component of motor vehicle exhaust, which contributes approximately 56 percent of 
all CO emissions nationwide.  In cities, 85 to 95 percent of all CO emissions may come from motor vehicle 
exhaust.   Other  sources of CO emissions  include  industrial processes  (such  as metals processing  and 
chemical manufacturing), residential wood burning, and natural sources such as forest fires.  Woodstoves, 
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gas stoves, cigarette smoke, and unvented gas and kerosene space heaters are indoor sources of CO.  The 
highest levels of CO in the outside air typically occur during the colder months of the year when inversion 
conditions are more frequent.   The air pollution becomes trapped near the ground beneath a  layer of 
warm  air.  CO  is  described  as  having  only  a  local  influence  because  it  dissipates  quickly.    Since  CO 
concentrations are strongly associated with motor vehicle emissions, high CO concentrations generally 
occur in the immediate vicinity of roadways with high traffic volumes and traffic congestion, active parking 
lots,  and  in  automobile  tunnels.   Areas  adjacent  to heavily  traveled  and  congested  intersections  are 
particularly susceptible to high CO concentrations. 

CO is a public health concern because it combines readily with hemoglobin and thus reduces the amount 
of oxygen transported in the bloodstream.  The health threat from lower levels of CO is most serious for 
those who suffer from heart disease such as angina, clogged arteries, or congestive heart failure.  For a 
person with heart disease, a single exposure to CO at low levels may cause chest pain and reduce that 
person’s ability  to exercise;  repeated exposures may contribute  to other cardiovascular effects.   High 
levels of CO can affect even healthy people.   People who breathe high  levels of CO can develop vision 
problems, reduced ability to work or learn, reduced manual dexterity, and difficulty performing complex 
tasks.  At extremely high levels, CO is poisonous and can cause death. 

Sulfur Oxides 

SOx gases are  formed when  fuel containing sulfur, such as coal and oil  is burned, as well as  from  the 
refining of gasoline.  SOx dissolves easily in water vapor to form acid and interacts with other gases and 
particles in the air to form sulfates and other products that can be harmful to people and the environment.  

Lead 

Lead is a metal found naturally in the environment as well as manufactured products.  The major sources 
of lead emissions have historically been motor vehicles and industrial sources.  Due to the phase out of 
leaded gasoline, metal processing is now the primary source of lead emissions to the air.  High levels of 
lead  in  the air are  typically only  found near  lead  smelters, waste  incinerators, utilities, and  lead‐acid 
battery manufacturers. Exposure of fetuses, infants and children to low levels of lead can adversely affect 
the development and function of the central nervous system, leading to learning disorders, distractibility, 
inability to follow simple commands, and lower intelligence quotient. In adults, increased lead levels are 
associated with increased blood pressure. 

Particulate Matter 

PM  is the term for a mixture of solid particles and  liquid droplets found  in the air. PM  is made up of a 
number of components including acids (such as nitrates and sulfates), organic chemicals, metals, and soil 
or dust particles.   The size of particles  is directly  linked to their potential for causing health problems. 
Particles  that  are  less  than  10  micrometers  in  diameter  (PM10)  that  are  also  known  as  Respirable 
Particulate Matter are the particles that generally pass through the throat and nose and enter the lungs.  
Once inhaled, these particles can affect the heart and lungs and cause serious health effects.  Particles 
that are less than 2.5 micrometers in diameter (PM2.5) that  are also known as Fine Particulate Matter 
have been designated as a subset of PM10 due to their increased negative health impacts and its ability 
to remain suspended in the air longer and travel further.   

Volatile Organic Compounds  

Hydrocarbons  are  organic  gases  that  are  formed  from  hydrogen  and  carbon  and  sometimes  other 
elements. Hydrocarbons that contribute to formation of ozone are referred to and regulated as VOCs (also 
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referred to as reactive organic gases). Combustion engine exhaust, oil refineries, and fossil‐fueled power 
plants  are  the  sources  of  hydrocarbons.  Other  sources  of  hydrocarbons  include  evaporation  from 
petroleum fuels, solvents, dry cleaning solutions, and paint. 

VOC is not classified as a criteria pollutant, since VOCs by themselves are not a known source of adverse 
health effects. The primary health effects of VOCs result from the formation of ozone and its related health 
effects. High levels of VOCs in the atmosphere can interfere with oxygen intake by reducing the amount 
of available oxygen  through displacement. Carcinogenic  forms of hydrocarbons,  such as benzene, are 
considered toxic air contaminants (TACs). There are no separate health standards for VOCs as a group.  

2.2 Other Pollutants of Concern 

Toxic Air Contaminants  

In addition  to  the above‐listed  criteria pollutants,  toxic air  contaminants  (TACs) are another group of 
pollutants of concern.  TACs is a term that is defined under the California Clean Air Act and consists of the 
same substances that are defined as Hazardous Air Pollutants (HAPs) in the Federal Clean Air Act.  There 
are over 700 hundred different types of TACs with varying degrees of toxicity.  Sources of TACs include 
industrial processes such as petroleum refining and chrome plating operations, commercial operations 
such as gasoline stations and dry cleaners, and motor vehicle exhaust.  Cars and trucks release at least 40 
different toxic air contaminants.   The most  important of these TACs,  in terms of health risk, are diesel 
particulates, benzene,  formaldehyde, 1,3‐butadiene,  and  acetaldehyde.   Public  exposure  to  TACs  can 
result from emissions from normal operations as well as from accidental releases.  Health effects of TACs 
include cancer, birth defects, neurological damage, and death. 

TACs are less pervasive in the urban atmosphere than criteria air pollutants, however they are linked to 
short‐term  (acute)  or  long‐term  (chronic  or  carcinogenic)  adverse  human  health  effects.    There  are 
hundreds of different types of TACs with varying degrees of toxicity.  Sources of TACs include industrial 
processes, commercial operations (e.g., gasoline stations and dry cleaners), and motor vehicle exhaust. 

According  to  The  California  Almanac  of  Emissions  and  Air Quality  2013  Edition,  the  majority  of  the 
estimated health risk from TACs can be attributed to relatively few compounds, the most  important of 
which is DPM.  DPM is a subset of PM2.5 because the size of diesel particles are typically 2.5 microns and 
smaller.   The  identification of DPM as a TAC  in 1998  led the CARB to adopt the Risk Reduction Plan to 
Reduce Particulate Matter Emissions from Diesel‐fueled Engines and Vehicles  in September 2000.   The 
plan’s goals are a 75‐percent reduction in DPM by 2010 and an 85‐percent reduction by 2020 from the 
2000 baseline.  Diesel engines emit a complex mixture of air pollutants, composed of gaseous and solid 
material.  The visible emissions in diesel exhaust are known as particulate matter or PM, which includes 
carbon particles or “soot.”   Diesel exhaust also contains a variety of harmful gases and over 40 other 
cancer‐causing substances.  California’s identification of DPM as a toxic air contaminant was based on its 
potential to cause cancer, premature deaths, and other health problems.  Exposure to DPM is a health 
hazard, particularly  to  children whose  lungs are  still developing and  the elderly who may have other 
serious health problems.  Overall, diesel engine emissions are responsible for the majority of California’s 
potential airborne cancer risk from combustion sources.   

Asbestos  

Asbestos  is  listed  as  a TAC by CARB  and  as  a HAP by  the EPA.   Asbestos occurs naturally  in mineral 
formations  and  crushing  or  breaking  these  rocks,  through  construction  or  other means,  can  release 
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asbestiform fibers into the air.  Asbestos emissions can result from the sale or use of asbestos‐containing 
materials, road surfacing with such materials, grading activities, and surface mining.  The risk of disease is 
dependent upon the intensity and duration of exposure.  When inhaled, asbestos fibers may remain in 
the lungs and with time may be linked to such diseases as asbestosis, lung cancer, and mesothelioma.  The 
nearest  likely  locations of naturally occurring asbestos, as  identified  in  the General Location Guide  for 
Ultramafic Rocks  in California, prepared by  the California Division of Mines and Geology,  is  located  in 
Santa Barbara County.  The nearest historic asbestos mine to the project site, as identified in the Reported 
Historic  Asbestos Mines,  Historic  Asbestos  Prospects,  and  Other  Natural  Occurrences  of  Asbestos  in 
California, prepared by U.S. Geological Survey, is located at Asbestos Mountain, which is approximately 
70 miles northwest of the project site in the San Jacinto Mountains.  Due to the distance to the nearest 
natural occurrences of asbestos, the project site is not likely to contain asbestos. 
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3.0  GREENHOUSE GASES 

3.1 Greenhouse Gases  

Constituent gases of the Earth’s atmosphere, called atmospheric greenhouse gases (GHGs), play a critical 
role  in  the  Earth’s  radiation  amount  by  trapping  infrared  radiation  from  the  Earth’s  surface,  which 
otherwise would have escaped to space.  Prominent greenhouse gases contributing to this process include 
carbon dioxide (CO2), methane (CH4), ozone, water vapor, nitrous oxide (N2O), and chlorofluorocarbons 
(CFCs).   This phenomenon, known as the Greenhouse Effect,  is responsible for maintaining a habitable 
climate.  Anthropogenic (caused or produced by humans) emissions of these greenhouse gases in excess 
of natural ambient concentrations are responsible for the enhancement of the Greenhouse Effect and 
have  led  to a  trend of unnatural warming of  the Earth’s natural climate, known as global warming or 
climate  change.    Emissions  of  gases  that  induce  global warming  are  attributable  to  human  activities 
associated with industrial/manufacturing, agriculture, utilities, transportation, and residential land uses.  
Emissions of CO2 and N2O are byproducts of fossil fuel combustion.  Methane, a potent greenhouse gas, 
results from off‐gassing associated with agricultural practices and  landfills.   Sinks of CO2, where CO2  is 
stored outside of  the atmosphere,  include uptake by vegetation and dissolution  into  the ocean.   The 
following provides a description of each of the greenhouse gases and their global warming potential. 

Water Vapor  

Water vapor is the most abundant, important, and variable GHG in the atmosphere.  Water vapor is not 
considered  a  pollutant;  in  the  atmosphere  it  maintains  a  climate  necessary  for  life.    Changes  in  its 
concentration  are  primarily  considered  a  result  of  climate  feedbacks  related  to  the  warming  of  the 
atmosphere rather than a direct result of industrialization.  The feedback loop in which water is involved 
is critically important to projecting future climate change.  As the temperature of the atmosphere rises, 
more water is evaporated from ground storage (rivers, oceans, reservoirs, soil).  Because the air is warmer, 
the relative humidity can be higher (in essence, the air is able to “hold” more water when it is warmer), 
leading to more water vapor in the atmosphere.  As a GHG, the higher concentration of water vapor is 
then able  to absorb more  thermal  indirect energy  radiated  from  the Earth,  thus  further warming  the 
atmosphere.   The warmer atmosphere can  then hold more water vapor and so on and so on.   This  is 
referred to as a “positive feedback loop.”  The extent to which this positive feedback loop will continue is 
unknown as there is also dynamics that put the positive feedback loop in check.  As an example, when 
water vapor increases in the atmosphere, more of it will eventually also condense into clouds, which are 
more able to reflect incoming solar radiation (thus allowing less energy to reach the Earth’s surface and 
heat it up).  

Carbon Dioxide  

The natural production and absorption of CO2 is achieved through the terrestrial biosphere and the ocean.  
However, humankind has altered the natural carbon cycle by burning coal, oil, natural gas, and wood.  
Since the industrial revolution began in the mid 1700s, each of these activities has increased in scale and 
distribution.  CO2 was the first GHG demonstrated to be increasing in atmospheric concentration with the 
first conclusive measurements being made  in  the  last half of  the 20th century.   Prior  to  the  industrial 
revolution, concentrations were fairly stable at 280 parts per million (ppm).  The International Panel on 
Climate Change (IPCC) indicates that concentrations were 379 ppm in 2005, an increase of more than 30 
percent.   Left unchecked, the  IPCC projects that concentration of carbon dioxide  in the atmosphere  is 
projected to increase to a minimum of 540 ppm by 2100 as a direct result of anthropogenic sources.  This 
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could  result  in  an  average  global  temperature  rise  of  at  least  two  degrees  Celsius  or  3.6  degrees 
Fahrenheit.   

Methane 

CH4 is an extremely effective absorber of radiation, although its atmospheric concentration is less than 
that of CO2.  Its lifetime in the atmosphere is brief (10 to 12 years), compared to some other GHGs (such 
as CO2, N2O, and CFCs).   CH4 has both natural and anthropogenic sources.   It  is released as part of the 
biological processes in low oxygen environments, such as in swamplands or in rice production (at the roots 
of the plants).  Over the last 50 years, human activities such as growing rice, raising cattle, using natural 
gas, and mining coal have added to the atmospheric concentration of methane.  Other anthropocentric 
sources include fossil‐fuel combustion and biomass burning. 

Nitrous Oxide 

Concentrations of N2O also began to rise at the beginning of the industrial revolution.  In 1998, the global 
concentration of this GHG was documented at 314 parts per billion (ppb).  N2O is produced by microbial 
processes  in soil and water,  including  those reactions which occur  in  fertilizer containing nitrogen.    In 
addition  to  agricultural  sources,  some  industrial  processes  (fossil  fuel‐fired  power  plants,  nylon 
production, nitric acid production, and vehicle emissions) also contribute to its atmospheric load.  N2O is 
also commonly used as an aerosol spray propellant (i.e., in whipped cream bottles, in potato chip bags to 
keep chips fresh, and in rocket engines and race cars). 

Chlorofluorocarbons  

CFCs are gases formed synthetically by replacing all hydrogen atoms in methane or ethane with chlorine 
and/or  fluorine atoms.   CFCs are nontoxic, nonflammable,  insoluble, and chemically unreactive  in  the 
troposphere  (the  level  of  air  at  the  Earth’s  surface).    CFCs  have  no  natural  source,  but  were  first 
synthesized in 1928.  They were used for refrigerants, aerosol propellants, and cleaning solvents.  Due to 
the discovery that they are able to destroy stratospheric ozone, a global effort to halt their production 
was undertaken and  in 1989  the European Community agreed  to ban CFCs by 2000 and  subsequent 
treaties banned CFCs worldwide by 2010.  This effort was extremely successful, and the levels of the major 
CFCs are now remaining level or declining.  However, their long atmospheric lifetimes mean that some of 
the CFCs will remain in the atmosphere for over 100 years. 

Hydrofluorocarbons  

Hydrofluorocarbons (HFCs) are synthetic man‐made chemicals that are used as a substitute for CFCs.  Out 
of all the GHGs, they are one of three groups with the highest global warming potential.  The HFCs with 
the  largest measured atmospheric abundances are  (in order), HFC‐23  (CHF3), HFC‐134a  (CF3CH2F), and 
HFC‐152a  (CH3CHF2).    Prior  to  1990,  the  only  significant  emissions  were  HFC‐23.    HFC‐134a  use  is 
increasing due to its use as a refrigerant.  Concentrations of HFC‐23 and HFC‐134a in the atmosphere are 
now  about  10 parts per  trillion  (ppt)  each.   Concentrations of HFC‐152a  are  about  1 ppt.   HFCs  are 
manmade for applications such as automobile air conditioners and refrigerants. 

Perfluorocarbons 

Perfluorocarbons (PFCs) have stable molecular structures and do not break down through the chemical 
processes  in  the  lower  atmosphere.   High‐energy  ultraviolet  rays  about  60  kilometers  above  Earth’s 
surface are able  to destroy  the compounds.   Because of  this, PFCs have very  long  lifetimes, between 
10,000 and 50,000 years.  Two common PFCs are tetrafluoromethane (CF4) and hexafluoroethane (C2F6).  
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Concentrations of CF4  in  the atmosphere are over 70 ppt.   The  two main sources of PFCs are primary 
aluminum production and semiconductor manufacturing. 

Sulfur Hexafluoride 

Sulfur Hexafluoride  (SF6)  is an  inorganic, odorless, colorless, nontoxic, nonflammable gas.   SF6 has  the 
highest global warming potential of any gas evaluated; 23,900 times that of CO2.  Concentrations in the 
1990s were about 4 ppt.   Sulfur hexafluoride  is used  for  insulation  in electric power transmission and 
distribution equipment, in the magnesium industry, in semiconductor manufacturing, and as a tracer gas 
for leak detection. 

Aerosols 

Aerosols  are particles  emitted  into  the  air  through burning biomass  (plant material)  and  fossil  fuels.  
Aerosols can warm  the atmosphere by absorbing and emitting heat and  can cool  the atmosphere by 
reflecting light.  Cloud formation can also be affected by aerosols.  Sulfate aerosols are emitted when fuel 
containing  sulfur  is  burned.    Black  carbon  (or  soot)  is  emitted  during  biomass  burning  due  to  the 
incomplete  combustion  of  fossil  fuels.    Particulate  matter  regulation  has  been  lowering  aerosol 
concentrations in the United States; however, global concentrations are likely increasing. 

3.2 Global Warming Potential 

GHGs have varying global warming potential (GWP).  The GWP is the potential of a gas or aerosol to trap 
heat in the atmosphere; it is the cumulative radiative forcing effects of a gas over a specified time horizon 
resulting from the emission of a unit mass of gas relative to the reference gas, CO2.  The GHGs listed by 
the IPCC and the CEQA Guidelines are discussed in this section in order of abundance in the atmosphere.  
Water vapor, the most abundant GHG, is not included in this list because its natural concentrations and 
fluctuations far outweigh its anthropogenic (human‐made) sources.  To simplify reporting and analysis, 
GHGs are commonly defined in terms of their GWP.  The IPCC defines the GWP of various GHG emissions 
on a normalized scale that recasts all GHG emissions in terms of CO2 equivalent (CO2e).  As such, the GWP 
of CO2 is equal to 1.  The GWP values used in this analysis are based on the 2007 IPCC Fourth Assessment 
Report, which are used in CARB’s 2014 Scoping Plan Update and the CalEEMod Model Version 2016.3.2 
and are detailed in Table A.  The IPCC has updated the Global Warming Potentials of some gases in their 
Fifth Assessment Report, however the new values have not yet been  incorporated  into  the CalEEMod 
model that has been utilized in this analysis. 

Table A – Global Warming Potentials, Atmospheric Lifetimes and Abundances of GHGs 

Gas 
Atmospheric Lifetime 

(years)1 
Global Warming Potential 

(100 Year Horizon)2 
Atmospheric 
Abundance 

Carbon Dioxide (CO2)  50‐200  1  379 ppm 

Methane (CH4)  9‐15  25  1,774 ppb 

Nitrous Oxide (N2O)  114  298  319 ppb 

HFC‐23   270  14,800  18 ppt 

HFC‐134a  14  1,430  35 ppt 

HFC‐152a  1.4  124  3.9 ppt 

PFC: Tetrafluoromethane (CF4)  50,000  7,390  74 ppt 

PFC:  Hexafluoroethane (C2F6)  10,000  12,200  2.9 ppt 

Sulfur Hexafluoride (SF6)  3,200  22,800  5.6 ppt 
Notes: 
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1 Defined as the half‐life of the gas. 
2 Compared to the same quantity of CO2 emissions and is based on the Intergovernmental Panel On Climate Change (IPCC) 2007 standard, which 
is utilized in CalEEMod (Version 2016.3.2),that is used in this report (CalEEMod user guide: Appendix A). 
Definitions: ppm = parts per million; ppb = parts per billion; ppt = parts per trillion 
Source: IPCC 2007, EPA 2015 

 

3.3 Greenhouse Gas Emissions Inventory 

According to the Carbon Dioxide Information Analysis Center1, 9,855 million metric tons (MMT) of CO2e 
emissions were  created globally  in  the year 2014. According  to  the Environmental Protection Agency 
(EPA), the breakdown of global GHG emissions by sector consists of: 25 percent from electricity and heat 
production; 21 percent from industry; 24 percent from agriculture, forestry and other land use activities; 
14 percent from transportation; 6 percent from building energy use; and 10 percent from all other sources 
of energy use2.  

According to Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990‐2019, prepared by EPA, in 2019 
total U.S. GHG emissions were 6,558 million metric tons (MMT) of CO2e emissions.  Total U.S. emissions 
have  increased  by  4  percent  between  1990  and  2016  and  GHG  emissions  decreased  by  13  percent 
between 2005 and 2019.  The recent decrease in GHG emissions was a result of multiple factors, including 
population, economic growth, energy markets, and technological changes the include energy efficiency 
and energy fuel choices.  Between 2018 and 2019, GHG emissions decreased by almost 2 percent due to 
multiple factors, including a one percent decrease in total energy use.  

According  to  California  Greenhouse  Gas  Emissions  for  2000  to  2019  Trends  of  Emissions  and  Other 
Indicators, prepared by CARB, July 28, 2021, the State of California created 418.2 million metric tons of 
carbon dioxide equivalent (MMTCO2e) in 2019. The 2019 emissions were 7.2 MMTCO2e lower than 2018 
levels and almost 13 MMTCO2e below the State adopted year 2020 GHG  limit of 431 MMTCO2e.   The 
breakdown of California GHG emissions by  sector  consists of: 39.7 percent  from  transportation; 21.1 
percent  from  industrial;  14.1  percent  from  electricity  generation;  7.6  percent  from  agriculture;  10.5 
percent  from  residential  and  commercial  buildings;  4.9  percent  from  high  global  warming  potential 
sources, and 2.1 percent from waste.   

 

 

   

 

 
1 Obtained from: https://cdiac.ess‐dive.lbl.gov/trends/emis/tre_glob_2014.html  
2 Obtained from: https://www.epa.gov/ghgemissions/global‐greenhouse‐gas‐emissions‐data 
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4.0  AIR QUALITY MANAGEMENT 

The air quality at the project site is addressed through the efforts of various international, federal, state, 
regional, and local government agencies.  These agencies work jointly, as well as individually, to improve 
air quality through legislation, regulations, planning, policy‐making, education, and a variety of programs.  
The agencies responsible for improving the air quality are discussed below. 

4.1 Federal – United States Environmental Protection Agency 

The Clean Air Act, first passed in 1963 with major amendments in 1970, 1977 and 1990, is the overarching 
legislation covering regulation of air pollution in the United States. The Clean Air Act has established the 
mandate for requiring regulation of both mobile and stationary sources of air pollution at the state and 
federal level. The EPA was created in 1970 in order to consolidate research, monitoring, standard‐setting 
and enforcement authority into a single agency. 

The EPA is responsible for setting and enforcing the National Ambient Air Quality Standards (NAAQS) for 
atmospheric pollutants.  It regulates emission sources that are under the exclusive authority of the federal 
government,  such as aircraft,  ships, and  certain  locomotives. NAAQS pollutants were  identified using 
medical evidence and are shown below in Table B. 

Table B – State and Federal Criteria Pollutant Standards 

Air 
Pollutant 

Concentration / Averaging Time 

Most Relevant Effects 
California 
Standards 

Federal Primary 
Standards 

Ozone (O3) 

0.09 ppm / 1‐hour 

 

0.07 ppm / 8‐hour 

0.070 ppm, / 8‐hour 

(a) Pulmonary function decrements and localized lung edema 
in humans and animals;  (b) Risk  to public health  implied by 
alterations in pulmonary morphology and host defense in 

animals; (c) Increased mortality risk; (d) Risk to public health 
implied by altered connective tissue metabolism and altered 
pulmonary morphology in animals after long‐term exposures 
and  pulmonary  function  decrements  in  chronically  exposed 
humans; (e) Vegetation damage; and (f) Property damage. 

Carbon 
Monoxide 

(CO) 

20.0 ppm / 1‐hour 

 

9.0 ppm / 8‐hour 

35.0 ppm / 1‐hour 

 

9.0 ppm / 8‐hour 

(a)  Aggravation  of  angina  pectoris  and  other  aspects  of 
coronary heart disease;  (b) Decreased  exercise  tolerance  in 
persons with peripheral vascular disease and lung disease; (c)  
Impairment  of  central  nervous  system  functions;    and  (d) 
Possible increased risk to fetuses. 

Nitrogen 
Dioxide 
(NO2) 

0.18 ppm / 1‐hour 

0.030 ppm / annual 

100 ppb / 1‐hour 

0.053 ppm / annual  

(a)  Potential  to  aggravate  chronic  respiratory  disease  and 
respiratory  symptoms  in  sensitive  groups;  (b) Risk  to public 
health  implied  by  pulmonary  and  extra‐pulmonary 
biochemical  and  cellular  changes  and  pulmonary  structural 
changes; and (c) Contribution to atmospheric discoloration. 

Sulfur 
Dioxide      

(SO2) 

0.25 ppm / 1‐hour 

 

0.04 ppm / 24‐hour 

75 ppb / 1‐hour 

0.14 ppm/annual 

(a)  Bronchoconstriction  accompanied  by  symptoms  which 
may  include  wheezing,  shortness  of  breath  and  chest 
tightness, during exercise or physical activity  in persons with 
asthma. 

Suspended 
Particulate 

Matter 
(PM10) 

50 µg/m3 / 24‐hour 

20 µg/m3 / annual 

150 µg/m3 / 24‐
hour 

(a)  Exacerbation  of  symptoms  in  sensitive  patients  with 
respiratory  or  cardiovascular  disease;  (b)  Declines  in 
pulmonary function growth in children; and (c) Increased risk 
of premature death from heart or lung diseases in elderly. 
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Air 
Pollutant 

Concentration / Averaging Time 

Most Relevant Effects 
California 
Standards 

Federal Primary 
Standards 

Suspended 
Particulate 

Matter 
(PM2.5) 

12 µg/m3 / annual 
35 µg/m3 / 24‐hour 

12 µg/m3 / annual 

Sulfates  25 µg/m3 / 24‐hour 
No Federal 
Standards 

(a)  Decrease  in  ventilatory  function;  (b)  Aggravation  of 
asthmatic  symptoms;  (c  )  Aggravation  of  cardio‐pulmonary 
disease; (d) Vegetation damage; (e) Degradation of visibility; 
and (f) Property damage. 

Lead  1.5 µg/m3 / 30‐day  
0.15 µg/m3 /3‐ 
month rolling 

(a)  Learning  disabilities;  and  (b)  Impairment  of  blood 
formation and nerve conduction. 

Visibility 
Reducing 
Particles 

Extinction 
coefficient of 0.23 

per kilometer ‐ 
visibility of ten miles 

or more due to 
particles when 

relative humidity is 
less than 70 percent.  

No Federal 
Standards 

Visibility  impairment on days when  relative humidity  is  less 
than 70 percent. 

Source: http://www.arb.ca.gov/research/aaqs/aaqs2.pdf . 

 

As part of its enforcement responsibilities, the EPA requires each state with federal nonattainment areas 
to prepare and  submit a  State  Implementation Plan  (SIP)  that demonstrates  the means  to attain  the 
national  standards.    The  SIP must  integrate  federal,  state,  and  local  components  and  regulations  to 
identify specific measures to reduce pollution, using a combination of performance standards and market‐
based programs within the timeframe identified in the SIP.  The CARB defines attainment as the category 
given to an area with no violations in the past three years.  

As indicated below in Table C, the ICAPCD portion of the Salton Sea Air Basin has been designated by EPA 
for the national standards as a non‐attainment area for ozone, respirable particulates (PM10), and fine 
particulate matter (PM2.5).  Currently, the ICAPCD is in attainment with the national ambient air quality 
standards for carbon monoxide (CO), sulfur dioxide (SO2), and nitrogen dioxide (NO2).     

Table C – Salton Sea Air Basin Attainment Status 

Pollutant  Federal Designation  State Designation 

Ozone (O3) – 2008 Standard  Nonattainment (Moderate)  Nonattainment 

Respirable Particulate Matter (PM10)  Nonattainment (Serious)  Nonattainment 

Fine Particulate Matter (PM2.5)  Nonattainment (Moderate)  Nonattainment 

Carbon Monoxide (CO)  Attainment  Attainment 

Nitrogen Dioxide (NO2)  Attainment  Attainment 

Sulfur Dioxide (SO2)  Attainment  Attainment 
Source: https://ww3.arb.ca.gov/desig/adm/adm.htm ; and https://ww3.arb.ca.gov/planning/sip/planarea/imperial/staffreport121318.pdf  
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4.2 State – California Air Resources Board 

The  CARB, which  is  a  part  of  the  California  Environmental  Protection Agency,  is  responsible  for  the 
coordination and administration of both federal and state air pollution control programs within California.  
In this capacity, the CARB conducts research, sets the California Ambient Air Quality Standards (CAAQS), 
compiles  emission  inventories,  develops  suggested  control  measures,  provides  oversight  of  local 
programs, and prepares the SIP.  The CAAQS for criteria pollutants are shown above in Table B.  In addition, 
the CARB establishes emission standards for motor vehicles sold  in California, consumer products (e.g. 
hairspray, aerosol paints, and barbeque lighter fluid), and various types of commercial equipment.  It also 
sets fuel specifications to further reduce vehicular emissions. 

The  ICAPCD has been designated by the CARB as a non‐attainment area for ozone, PM10, and PM2.5.  
Currently, the ICAPCD is in attainment with the ambient air quality standards for CO, NO2, and SO2. 

The  following  lists the State of California Code of Regulations  (CCR) air quality emission rules that are 
applicable, but not limited to all non‐residential projects in the State.   

Assembly Bill 2588 

The Air Toxics “Hot Spots” Information and Assessment Act (Assembly Bill [AB] 2588, 1987, Connelly) was 
enacted in 1987 as a means to establish a formal air toxics emission inventory risk quantification program. 
AB 2588,  as  amended,  establishes  a process  that  requires  stationary  sources  to  report  the  type  and 
quantities of certain substances their facilities routinely release in California.  The data is ranked by high, 
intermediate, and low categories, which are determined by: the potency, toxicity, quantity, volume, and 
proximity of the facility to nearby receptors. 

CARB Regulation for In‐Use Off‐Road Diesel Vehicles 

On July 26, 2007, the CARB adopted California Code of Regulations Title 13, Article 4.8, Chapter 9, Section 
2449 to reduce DPM and NOx emissions from in‐use off‐road heavy‐duty diesel vehicles in California.  Such 
vehicles are used  in construction, mining, and  industrial operations.   The regulation  limits  idling to no 
more  than  five  consecutive  minutes,  requires  reporting  and  labeling,  and  requires  disclosure  of  the 
regulation upon vehicle sale.  Performance requirements of the rule are based on a fleet’s average NOx 
emissions, which  can be met by  replacing older  vehicles with newer,  cleaner  vehicles or by  applying 
exhaust retrofits.  The regulation was amended in 2010 to delay the original timeline of the performance 
requirement  making  the  first  compliance  deadline  January  1,  2014  for  large  fleets  (over  5,000 
horsepower),  2017  for  medium  fleets  (2,501‐5,000  horsepower),  and  2019  for  small  fleets  (2,500 
horsepower or less).  Currently, no commercial operation in California may add any equipment to their 
fleet that has a Tier 0 or Tier 1 engine.  By January 1, 2018 medium and large fleets will be restricted from 
adding Tier 2 engines to their fleets and by January 2023, no commercial operation will be allowed to add 
Tier 2 engines to their fleets.  It should be noted that commercial fleets may continue to use their existing 
Tier  0  and  1  equipment,  if  they  can  demonstrate  that  the  average  emissions  from  their  entire  fleet 
emissions meet the NOx emissions targets.  

CARB Resolution 08‐43 for On‐Road Diesel Truck Fleets   

On December 12, 2008 the CARB adopted Resolution 08‐43, which limits NOx, PM10 and PM2.5 emissions 
from on‐road diesel truck fleets that operate in California. On October 12, 2009 Executive Order R‐09‐010 
was  adopted  that  codified  Resolution  08‐43  into  Section  2025,  title  13  of  the  California  Code  of 
Regulations.  This regulation requires that by the year 2023 all commercial diesel trucks that operate in 
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California shall meet model year 2010 (Tier 4 Final) or latter emission standards.  In the interim period, 
this regulation provides annual interim targets for fleet owners to meet.  By January 1, 2014, 50 percent 
of a truck fleet is required to have installed Best Available Control Technology (BACT) for NOx emissions 
and 100 percent of a truck fleet installed BACT for PM10 emissions.  This regulation also provides a few 
exemptions  including a onetime per year 3‐day pass for trucks registered outside of California.   All on‐
road diesel trucks utilized during construction of the proposed project will be required to comply with 
Resolution 08‐43. 

4.3 Local – County of Imperial 

The ICAPCD is the agency principally responsible for comprehensive air pollution control in the County.  
To that end, as a regional agency, the ICAPCD works directly with the Southern California Association of 
Governments (SCAG), the Imperial County Transportation Commission (ICTC), and local governments and 
cooperates actively with all federal and state agencies. 

Imperial County Air Pollution Control District  

The  ICAPCD  is  the  agency  principally  responsible  for  comprehensive  air  pollution  control  in  Imperial 
County.  To that end, as a regional agency, the ICAPCD works directly with the County and incorporated 
communities as well as the military bases within the County to control air emissions within the County. 

The  ICAPCD has addressed each of  three nonattainment pollutants  in  separate State  Implementation 
Plans (SIPs). For ozone the most current SIP is the Imperial County 2017 State Implementation Plan for 
the 2008 8‐Hour Ozone Standard  (2017 Ozone SIP), prepared by  ICAPCD, September 2017, which was 
prepared  to detail measures to reduce ozone precursors  (i.e., reactive organic gases  [ROGs] and NOx) 
within the County in order to meet the 2008 NAAQS for 8‐hour ozone standard of 0.075 parts per million 
(ppm) by July 20, 2018. Although the Ozone 2017 SIP demonstrates that the County met the 8‐hour ozone 
standard of 0.075 ppm by  the  July 20, 2018, requirement,  it should be noted  that  in 2015  the USEPA 
further strengthened its 8‐hour ozone standard to 0.070 ppm, which will require an updated SIP for the 
County to meet the new ozone standard. 

Since PM10  in the County has met the 24‐hour NAAQS other than for exceptional events that  include 
storms as well as from substantial PM10 concentrations blowing into the County from Mexico, the most 
current  PM10  plan  is  the  Imperial  County  2018  Redesignation  Request  and  Maintenance  Plan  for 
Particulate Matter less than 10 Microns in Diameter (2018 PM10 Plan), prepared by ICAPCD, October 23, 
2018. The 2018 PM10 Plan  shows  that  the monitoring of PM10  in  the County  found  that other  than 
exceptional events, no violation of the 24‐hour PM10 NAAQS of 150 micrograms per cubic meter (µg/m3) 
occurred over the 2014 to 2016 time period. As such, the ICAPCD has requested the USEPA to redesignate 
the Air Basin to maintenance. The redesignation was anticipated to occur sometime in the year 2020. 

For PM2.5  the most  current  SIP  is  the  Imperial County 2018 Annual Particulate Matter  less  than 2.5 
Microns in Diameter State Implementation Plan (2018 PM2.5 SIP), prepared by ICAPCD, April 2018, which 
was prepared to detail measures to meet the 2012 NAAQS for annual PM2.5¬ standard of 12 µg/m3 by 
the end of 2021 for the portion of Imperial County (approximately from Brawley to Mexico border) that 
is designated nonattainment. The PM2.5 Plan found that the only monitoring station in the County that 
has recorded an exceedance of PM2.5 is the Calexico Monitoring Station and that the exceedance is likely 
caused by the transport of PM2.5 across the border from Mexico. It is anticipated that the ICAPCD will 
submit a redesignation request for PM2.5 in the near future.  
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Although ICAPCD is responsible for regional air quality planning efforts, it does not have the authority to 
directly regulate air quality issues associated with plans and new development projects throughout the 
County.    Instead,  this  is  controlled  through  local  jurisdictions  in  accordance  with  the  California 
Environmental Quality Act (CEQA).  In order to assist local jurisdictions with air quality compliance issues 
the CEQA Air Quality Handbook  (CEQA Handbook), prepared by  ICAPCD on December 12, 2017, was 
developed in accordance with the projections and programs detailed in the AQMPs.  The purpose of the 
CEQA  Handbook  is  to  assist  Lead  Agencies,  as  well  as  consultants,  project  proponents,  and  other 
interested parties in evaluating a proposed project’s potential air quality impacts.  Specifically, the CEQA 
Handbook explains the procedures that ICAPCD recommends be followed for the environmental review 
process  required by CEQA.   The CEQA Handbook provides direction on how  to evaluate potential air 
quality  impacts, how  to determine whether  these  impacts are  significant, and how  to mitigate  these 
impacts.    The  ICAPCD  intends  that  by  providing  this  guidance,  the  air  quality  impacts  of  plans  and 
development proposals will be analyzed accurately and consistently throughout the County, and adverse 
impacts will be minimized. 

The  following  provides  the  ICAPCD  regulations  that  are  applicable  but  not  limited  to  industrial 
development projects in the County.   

Regulation II ‐ Permits  

Rule  201  requires  that  a  permit  to  construct  and  operate  be  obtained  prior  to  start  of  construction 
activities for all facilities that need to obtain an Air Quality Permit from the  ICAPCD to operate, which 
includes backup diesel generators. Rule 208 requires a permit for all facilities prior to the construction, 
installation,  modification,  replacement,  and  operation  of  any  equipment  which  may  emit  air 
contaminants. 

Regulation VIII – Fugitive Dust Rules 

Rule 800 provides general requirements for the control of fugitive dust.  Rule 801 provides specific rules 
for  fugitive dust emissions created during construction and earthmoving activities.   Rule 802 provides 
specific rules for fugitive dust emissions from bulk materials.  Rule 803 provides specific rules for carry‐
out and track‐out.  Rule 805 provides specific rules for fugitive dust emissions from paved and unpaved 
roads. 

Imperial County Transportation Commission 

The ICTC serves as the regional delegated transportation commission for Imperial County that participates 
in development and  implementation of the RTP and distributes and oversees the Local Transportation 
Fund.  ICTC’s jurisdiction includes the seven incorporated cities in the County, the unincorporated County 
and the Imperial Valley Transit (IVT) System. 

Southern California Association of Governments 

The SCAG  is the regional planning agency for Los Angeles, Orange, Ventura, Riverside, San Bernardino, 
and Imperial Counties and addresses regional issues relating to transportation, the economy, community 
development and the environment.  SCAG is the federally designated Metropolitan Planning Organization 
(MPO) for the majority of the southern California region and is the largest MPO in the nation.  With respect 
to  air  quality  planning,  SCAG  has  prepared  the  2020‐2045  Regional  Transportation  Plan/Sustainable 
Communities Strategy (Connect SoCal), adopted September 3, 2020 and the 2019 Federal Transportation 
Improvement Program (2019 FTIP), adopted September 2018, which addresses regional development and 
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growth forecasts.  Although the Connect SoCal and 2019 FTIP are primarily planning documents for future 
transportation  projects  a  key  component  of  these  plans  are  to  integrate  land  use  planning  with 
transportation planning  that promotes higher density  infill development  in close proximity  to existing 
transit service.  These plans form the basis for the land use and transportation components of the AQMP, 
which are utilized in the preparation of air quality forecasts and in the consistency analysis included in the 
AQMP.  The Connect SoCal, 2019 FTIP, and AQMP are based on projections originating within the City and 
County General Plans.  
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5.0  ENERGY CONSERVATION MANAGEMENT 

The regulatory setting related to energy conservation  is primarily addressed through State and County 
regulations, which are discussed below.  

5.1 State  

Energy conservation management  in  the State was  initiated by  the 1974 Warren‐Alquist State Energy 
Resources Conservation and Development Act that created the California Energy Resource Conservation 
and  Development  Commission  (currently  named  California  Energy  Commission  [CEC]),  which  was 
originally tasked with certifying new electric generating plants based on the need for the plant and the 
suitability  of  the  site  of  the  plant.    In  1976  the  Warren‐Alquist  Act  was  expanded  to  include  new 
restrictions on nuclear generating plants, that effectively resulted  in a moratorium of any new nuclear 
generating plants in the State. The following details specific regulations adopted by the State in order to 
reduce the consumption of energy. 

California Code of Regulations (CCR) Title 20  

On November 3, 1976 the CEC adopted the Regulations  for Appliance Efficiency Standards Relating to 
Refrigerators,  Refrigerator‐Freezers  and  Freezers  and  Air  Conditioners,  which  were  the  first  energy‐
efficiency standards for appliances.  The appliance efficiency regulations have been updated several times 
by the Commission and the most current version is the 2016 Appliance Efficiency Regulations, adopted 
January 2017 and now includes almost all types of appliances and lamps that use electricity, natural gas 
as well as plumbing fixtures. The authority for the CEC to control the energy‐efficiency of appliances  is 
detailed in California Code of Regulations (CCR), Title 20, Division 2, Chapter 4, Article 4, Sections 1601‐
1609. 

California Code of Regulations (CCR) Title 24, Part 6  

The  CEC  is  also  responsible  for  implementing  the  CCR  Title  24,  Part  6:  California’s  Energy  Efficiency 
Standards for Residential and Nonresidential Buildings (Title 24 Part 6) that were first established in 1978 
in response to a legislative mandate to reduce California’s energy consumption.  In 2008 the State set an 
energy‐use reduction goal of zero‐net‐energy use of all new homes by 2020 and the CEC was mandated 
to meet this goal through revisions to the Title 24, Part 6 regulations. 

The Title 24 standards are updated on a three‐year schedule and since 2008 the standards have been 
incrementally moving to the 2020 goal of the zero‐net‐energy use.  On January 1, 2020 the 2019 standards 
went into effect, that have been designed so that the average new home built in California will now use 
zero‐net‐energy and that non‐residential buildings will use about 30 percent  less energy than the 2016 
standards due mainly to lighting upgrades. The 2019 standards also encourage the use of battery storage 
and heat pump water heaters, require the more widespread use of LED lighting, as well as improve the 
building’s thermal envelope through high performance attics, walls and windows.   The 2019 standards 
also require improvements to ventilation systems by requiring highly efficient air filters to trap hazardous 
air particulates as well as improvements to kitchen ventilation systems. 

California Code of Regulations (CCR) Title 24, Part 11 

CCR  Title  24,  Part  11:  California Green  Building  Standards  (CalGreen) was  developed  in  response  to 
continued efforts to reduce GHG emissions associated with energy consumption. The CalGreen Building 
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Standards are also updated every three years and the current version is the 2019 California Green Building 
Standard Code that become effective on January 1, 2020. 

The CALGreen Code contains requirements  for construction site selection; storm water control during 
construction;  construction  waste  reduction;  indoor  water  use  reduction;  material  selection;  natural 
resource  conservation;  site  irrigation  conservation;  and  more.  The  code  provides  for  design  options 
allowing the designer to determine how best to achieve compliance for a given site or building condition. 
The code also requires building commissioning, which is a process for verifying that all building systems 
(e.g., heating and cooling equipment and lighting systems) are functioning at their maximum efficiency. 

The CALGreen Code provides standards for bicycle parking, carpool/vanpool/electric vehicle spaces, light 
and  glare  reduction,  grading  and  paving,  energy  efficient  appliances,  renewable  energy,  graywater 
systems, water efficient plumbing fixtures, recycling and recycled materials, pollutant controls (including 
moisture control and indoor air quality), acoustical controls, storm water management, building design, 
insulation, flooring, and framing, among others. Implementation of the CALGreen Code measures reduces 
energy consumption and vehicle trips and encourages the use of alternative‐fuel vehicles, which reduces 
pollutant emissions.  

Some of the notable changes in the 2019 CALGreen Code over the prior 2016 CALGreen Code include: an 
alignment of building code engineering requirements with the national standards that include anchorage 
requirements  for solar panels, provides design  requirements  for buildings  in  tsunami zones,  increases 
Minimum Efficiency Reporting Value (MERV) for air filters from 8 to 13, increased electric vehicle charging 
requirements in parking areas, and sets minimum requirements for use of shade trees.  

Senate Bill 100  

Senate Bill 100 (SB 100) was adopted September 2018 and requires that by December 1, 2045 that 100 
percent of retail sales of electricity to be generated from renewable or zero‐carbon emission sources of 
electricity.  SB 100 supersedes the renewable energy requirements set by SB 350, SB 1078, SB 107, and 
SB  X1‐2.  However,  the  interim  renewable  energy  thresholds  from  the  prior  Bills  of  44  percent  by 
December 31, 2024, 52 percent by December 31, 2027, and 60 percent by December 31, 2030, will remain 
in effect. 

Executive Order B‐48‐18 and Assembly Bill 2127 

The California Governor issued Executive Order B‐48‐18 on January 26, 2018 that orders all state entities 
to work with the private sector to put at least five million zero‐emission vehicles on California roads by 
2030 and to install 200 hydrogen fueling stations and 250,000 electric vehicle chargers by 2025.  Currently 
there are approximately 350,000 electric vehicles operating in California, which represents approximately 
1.5 percent of the 24 million vehicles total currently operating in California.  Implementation of Executive 
Order B‐48‐18 would result in approximately 20 percent of all vehicles in California to be zero emission 
electric vehicles.   Assembly Bill 2127  (AB 2127) was codified  into statute on September 13, 2018 and 
requires  that  the  California  Energy  Commission working with  the  State Air Resources Board  prepare 
biannual assessments of  the  statewide electric vehicle  charging  infrastructure needed  to  support  the 
levels of zero emission vehicle adoption required for the State to meet its goals of putting at least 5 million 
zero‐emission vehicles on California roads by 2030. 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 24 

 

Assembly Bill 1109 

California Assembly Bill 1109 (AB 1109) was adopted October 2007, also known as the Lighting Efficiency 
and Toxics Reduction Act, prohibits the manufacturing of lights after January 1, 2010 that contain levels 
of hazardous substances prohibited by the European Union pursuant to the RoHS Directive.  AB 1109 also 
requires reductions in energy usage for lighting and is structured to reduce lighting electrical consumption 
by: (1) At least 50 percent reduction from 2007 levels for indoor residential lighting; and (2) At least 25 
percent  reduction  from 2007  levels  for  indoor commercial and all outdoor  lighting by 2018.   AB 1109 
would reduce GHG emissions  through  reducing  the amount of electricity required  to be generated by 
fossil fuels in California. 

Assembly Bill 1493 

California Assembly Bill 1493 (also known as the Pavley Bill, in reference to its author Fran Pavley) was 
enacted on July 22, 2002 and required CARB to develop and adopt regulations that reduce GHGs emitted 
by passenger vehicles and light duty trucks.  In 2004, CARB approved the “Pavley I” regulations limiting 
the amount of GHGs that may be released from new passenger automobiles that are being phased  in 
between model years 2009 through 2016.   These regulations will reduce GHG emissions by 30 percent 
from 2002  levels by 2016.  In  June 2009,  the EPA granted California  the authority  to  implement GHG 
emission  reduction standards  for  light duty vehicles,  in September 2009, amendments  to  the Pavley  I 
regulations were adopted by CARB and implementation of the “Pavley I” regulations started in 2009. 

The second set of regulations “Pavley II” was developed in 2010, and is being phased in between model 
years 2017 through 2025 with the goal of reducing GHG emissions by 45 percent by the year 2020 as 
compared to the 2002 fleet.  The Pavley II standards were developed by linking the GHG emissions and 
formerly separate toxic tailpipe emissions standards previously known as the “LEV III” (third stage of the 
Low Emission Vehicle standards) into a single regulatory framework. The new rules reduce emissions from 
gasoline‐powered  cars  as  well  as  promote  zero‐emissions  auto  technologies  such  as  electricity  and 
hydrogen, and through increasing the infrastructure for fueling hydrogen vehicles. In 2009, the U.S. EPA 
granted California the authority to implement the GHG standards for passenger cars, pickup trucks and 
sport utility vehicles and these GHG emissions standards are currently being  implemented nationwide. 
However, EPA has performed a midterm evaluation of the longer‐term standards for model years 2022‐
2025, and based on the findings of this midterm evaluation, the EPA has proposed to amend the corporate 
average  fuel  economy  (CAFE)  and  GHG  emissions  standards  for  light  vehicles  for  model  years  2021 
through 2026.  The EPA’s proposed amendments do not include any extension of the legal waiver granted 
to California by the 1970 Clean Air Act and which has allowed the State to set tighter standards for vehicle 
pipe emissions than the EPA standards.   On September 20, 2019, California filed suit over the EPA decision 
to revoke California’s legal waiver that has been joined by 22 other states.  

5.2 Local – Imperial County 

The  Imperial  County  General  Plan  Renewable  Energy  and  Transmission  Element  addresses  energy 
conservation.  The General Plan Goals and Policies identified below, address energy conservation.   
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Table D – Imperial County General Plan Energy Conservation Goals, Objectives and Policies 

Goal, Objective, and 
Polices  General Plan 

Goal 1 
Support the safe and orderly development of renewable energy while providing for the 
protection of environmental resources. 

Objective 1.1 
The County of Imperial supports the overall goals of the Desert Renewable Energy 
Conservation Plan to provide a balance between the development of renewable energy 
resources while preserving sensitive environmental resources within its jurisdiction. 

Objective 1.2 
Lessen impacts of site and design production facilities on agricultural, natural, and cultural 
resources. 

Objective 1.3 
Require the use of directional geothermal drilling and “islands” when technically advisable 
in irrigated agricultural soils and sensitive or unique biological areas. 

Objective 1.4  Analyze potential impacts on agricultural, natural, and cultural resources, as appropriate. 

Objective 1.5  Analyze potential impacts on agricultural, natural, and cultural resources, as appropriate. 

Objective 1.6 
Encourage the efficient use of water resources required in the operation of renewable 
energy generation facilities. 

Objective 1.7 
Assure that development of renewable energy facilities and transmission lines comply with 
Imperial County Air Pollution Control District’s regulations and mitigation measures. 

Goal 2 
Encourage development of electrical transmission lines along routes which minimize 
potential environmental effects. 

Objective 2.1 
To the extent practicable, maximize utilization of IID’s transmission capacity in existing 
easements or rights‐of‐way. Encourage the location of all major transmission lines within 
designated corridors, easements, and rights‐of‐way. 

Objective 2.2 
Where practicable and cost‐effective, design transmission lines to minimize impacts on 
agricultural, natural, and cultural resources, urban areas, military operation areas, and 
recreational activities. 

Goal 3 
Support development of renewable energy resources that will contribute to and enhance 
the economic vitality of Imperial County. 

Objective 3.1 
Preserve IID’s Balancing Authority and local rate‐making authority which allows IID to 
continue to provide low‐cost service. Lower energy rates enhance the economic vitality in 
Imperial County. 

Objective 3.2  Encourage the continued development of the mineral extraction/production industry for 
job development using geothermal brines from the existing and future geothermal flash 
power plants. 

Objective 3.3  Encourage the development of services and industries associated with renewable energy 
facilities. 

Objective 3.4  Assure that revenues projected from proposed renewable energy facility developments 
are sufficient to offset operational costs to the County from that particular development. 

Objective 3.5  Encourage employment of County residents by the renewable energy industries wherever 
and whenever possible. 

Objective 3.6  Encourage the establishment of necessary and applicable renewable energy training 
programs in local school systems in association with the renewable energy industry. 

Objective 3.7  Evaluate environmental justice issues associated with job creation and displacement when 
considering the approval of renewable energy projects. 

Goal 4  Support development of renewable energy resources that will contribute to the 
restoration efforts of the Salton Sea. 

Objective 4.1  Prioritize the Salton Sea exposed seabed (playa) for renewable energy  
Development. 
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Goal, Objective, and 
Polices  General Plan 

Objective 4.2  Encourage the development of renewable energy facilities that will contribute to the 
reduction or elimination of airborne pollutants created by exposure of the seabed of the 
Salton Sea as it recedes. 

Objective 4.3  Develop mitigation measures and monitoring programs to minimize impacts to avian 
species and other species that may be affected by renewable energy facilities constructed 
near the Salton Sea. 

Goal 5  Encourage development of innovative renewable energy technologies that will diversify 
Imperial County’s energy portfolio. 

Objective 5.1  Support the implementation of pilot projects intended to test or demonstrate new and 
innovative renewable energy production technologies. 

Objective 5.2  Encourage development of utility‐scale distributed generation projects in the County. 

Goal 6  Support development of renewable energy while providing for the protection of military 
aviation and operations. 

Objective 6.1  Assure that renewable energy facilities proposed in areas adjacent to military installations 
and training areas will be compatible with these uses. 

Objective 6.2  Facilitate the early exchange of project‐related information with the military for proposed 
renewable energy facilities located within a military operations area (MOA) or within 1,000 
feet of a military installation. 

Objective 6.3  Assure that renewable energy facilities proposed within MOAs will not jeopardize the 
safety of existing residents or impact military operations. 

Goal 7  Actively minimize the potential for land subsidence to occur as a result of renewable 
energy operations. 

Objective 7.1  Require that all renewable energy facilities, where deemed appropriate, include design 
features that will prevent subsidence and other surface conditions from impacting existing 
land uses. 

Objective 7.2  For geothermal energy development facilities, establish injection standards consistent with 
the requirements of the California Division of Oil, Gas, and Geothermal Resources 
(CDOGGR). Request a CDOGGR subsidence review, if necessary, for consideration prior to 
setting injection standards. 

Objective 7.3  Require renewable energy facility permittees to establish and monitor subsidence 
detection networks in areas affected by permitted project activities. 

Objective 7.4  Require monitoring programs for determining the possibility or extent of induced 
subsidence. 

Objective 7.5  Require corrective measures, in proportion to each developer's activities, if evidence 
indicates that operation of geothermal energy facilities have caused, or will cause, surface 
impacts. In determining monitoring or mitigation requirements, the County shall consult 
with informed parties such as CDOGGR, County Department of Public Works, the IID, the 
permittee, other developers, and other experts as appropriate. 

Objective 7.6  Where geothermal fields have been divided into units or developers have established a 
cooperative agreement for reservoir management, specific production and injection 
requirements of individually permitted projects may be modified in accordance with both 
Federal and State requirements. 

Objective 7.7  Require seismic monitoring be performed in conjunction with major geothermal projects. 

Objective 7.8  Require operators of geothermal facilities analyze seismic data to determine the effects of 
geothermal production and injection on seismic activities within the development area. 

Objective 7.9  Consult with experts, such as CDOGGR, U.S. Geological Survey, geothermal industry 
representatives, permittees, and other developers to determine appropriate monitoring 
and mitigation requirements. 
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Goal, Objective, and 
Polices  General Plan 

Objective 7.10  Require operators of geothermal facilities to establish a notification system to warn or 
notify surrounding residents of the accidental release of potentially harmful emissions as 
part of an emergency response plan. 

Objective 7.11  Require all geothermal energy facilities to include operating procedures that would 
prevent detrimental impacts to geothermal reservoirs. 

Goal 8  Develop overlay zones that will facilitate the development of renewable energy resources 
while preserving and protecting agricultural, natural, and cultural resources. Development 
of overlay zones shall include coordination with Federal, State, County, Tribal 
governments, educational entities, the public and local industries. 

Objective 8.1  Allow for County review with appropriate development and performance standards for 
development of local resources within the overlay zones. 

Objective 8.2  Promote the exchange of information concerning renewable energy development to be 
circulated between industry, County staff, and the public. 

Objective 8.3  Provide the public adequate opportunity to obtain information on the current status of 
renewable energy development and to provide input on matters related to the 
development of renewable energy resources. 

Source: County of Imperial General Plan, 2015. 
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6.0  GLOBAL CLIMATE CHANGE MANAGEMENT 

The  regulatory  setting  related  to  global  climate  change  is  addressed  through  the  efforts  of  various 
international, federal, state, regional, and local government agencies.  These agencies work jointly, as well 
as  individually,  to  reduce  GHG  emissions  through  legislation,  regulations,  planning,  policy‐making, 
education, and a variety of programs.  The agencies responsible for global climate change regulations are 
discussed below. 

6.1 International 

In 1988, the United Nations established the IPCC to evaluate the impacts of global climate change and to 
develop strategies that nations could  implement to curtail global climate change.    In 1992, the United 
States joined other countries around the world in signing the United Nations’ Framework Convention on 
Climate Change  (UNFCCC) agreement with  the goal of  controlling GHG emissions.   The parties of  the 
UNFCCC  adopted  the  Kyoto  Protocol,  which  set  binding  GHG  reduction  targets  for  37  industrialized 
countries, the objective of reducing their collective GHG emissions by five percent below 1990 levels by 
2012.   The Kyoto Protocol has been ratified by 182 countries, but has not been ratified by the United 
States.    It should be noted that Japan and Canada opted out of the Kyoto Protocol and the remaining 
developed countries that ratified the Kyoto Protocol have not met their Kyoto targets. The Kyoto Protocol 
expired in 2012 and the amendment for the second commitment period from 2013 to 2020 has not yet 
entered into legal force.  The Parties to the Kyoto Protocol negotiated the Paris Agreement in December 
2015, agreeing to set a goal of limiting global warming to less than 2 degrees Celsius compared with pre‐
industrial levels. The Paris Agreement has been adopted by 195 nations with 147 ratifying it, including the 
United States by President Obama, who ratified it by Executive Order on September 3, 2016.  On June 1, 
2017, President Trump announced that the United States is withdrawing from the Paris Agreement and 
on January 21, 2021 President Biden signed an executive order rejoining the Paris Agreement. 

Additionally, the Montreal Protocol was originally signed in 1987 and substantially amended in 1990 and 
1992.  The Montreal Protocol stipulates that the production and consumption of compounds that deplete 
ozone  in  the  stratosphere—CFCs,  halons,  carbon  tetrachloride,  and  methyl  chloroform—were  to  be 
phased out, with the first three by the year 2000 and methyl chloroform by 2005. 

6.2 Federal – United States Environmental Protection Agency 

The United States Environmental Protection Agency (EPA) is responsible for implementing federal policy 
to address global climate change.   The Federal government administers a wide array of public‐private 
partnerships to reduce U.S. GHG intensity.  These programs focus on energy efficiency, renewable energy, 
methane, and other non‐CO2 gases, agricultural practices and implementation of technologies to achieve 
GHG  reductions.    EPA  implements  several  voluntary  programs  that  substantially  contribute  to  the 
reduction of GHG emissions. 

In Massachusetts v. Environmental Protection Agency (Docket No. 05–1120), argued November 29, 2006 
and decided April 2, 2007,  the U.S.  Supreme Court held  that not only did  the EPA have authority  to 
regulate greenhouse gases, but the EPA's reasons  for not regulating this area did not  fit the statutory 
requirements.  As such, the U.S. Supreme Court ruled that the EPA should be required to regulate CO2 
and other greenhouse gases as pollutants under the federal Clean Air Act (CAA). 
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In  response  to  the  FY2008  Consolidations  Appropriations  Act  (H.R.  2764;  Public  Law  110‐161),  EPA 
proposed  a  rule on March 10, 2009  that  requires mandatory  reporting of GHG emissions  from  large 
sources in the United States.  On September 22, 2009, the Final Mandatory Reporting of GHG Rule was 
signed and published in the Federal Register on October 30, 2009.  The rule became effective on December 
29, 2009.   This rule requires suppliers of fossil fuels or  industrial GHGs, manufacturers of vehicles and 
engines, and facilities that emit 25,000 metric tons or more per year of GHG emissions to submit annual 
reports to EPA. 

On December 7, 2009,  the EPA Administrator signed  two distinct  findings under section 202(a) of  the 
Clean Air Act.  One is an endangerment finding that finds concentrations of the six GHGs in the atmosphere 
threaten  the  public  health  and  welfare  of  current  and  future  generations.    The  other  is  a  cause  or 
contribute  finding,  that  finds  emissions  from  new  motor  vehicles  and  new  motor  vehicle  engines 
contribute to the GHG pollution which threatens public health and welfare.  These actions did not impose 
any requirements on  industry or other entities, however, since 2009 the EPA has been providing GHG 
emission standards for vehicles and other stationary sources of GHG emissions that are regulated by the 
EPA. On September 13, 2013 the EPA Administrator signed 40 CFR Part 60, that limits emissions from new 
sources to 1,100 pounds of CO2 per mega‐watt hour (MWh) for fossil fuel‐fired utility boilers and 1,000 
pounds of CO2 per MWh for large natural gas‐fired combustion units.   

On April 30, 2020, the EPA and the National Highway Safety Administration published the Final Rule for 
the Safer Affordable Fuel‐Efficient (SAFE) Vehicles Rule for Model Years 2021‐2026 Passenger Cars and 
Light Trucks (SAFE Vehicles Rule). Part One of the Rule revokes California’s authority to set its own GHG 
emissions  standards  and  zero‐emission  vehicle mandates  in California, which  results  in one  emission 
standard to be used nationally for all passenger cars and light trucks that is set by the EPA. 

6.3 State  

The California Air Resources Board (CARB) has the primary responsible for implementing state policy to 
address global climate change, however there are State regulations related to global climate change that 
affect a variety of State agencies.  CARB, which is a part of the California Environmental Protection Agency, 
is responsible for the coordination and administration of both the federal and state air pollution control 
programs within California.    In  this  capacity,  the CARB  conducts  research,  sets California Ambient Air 
Quality  Standards  (CAAQS),  compiles  emission  inventories,  develops  suggested  control  measures, 
provides oversight of local programs, and prepares the SIP.  In addition, the CARB establishes emission 
standards  for motor vehicles sold  in California, consumer products  (e.g. hairspray, aerosol paints, and 
barbeque  lighter  fluid), and various types of commercial equipment.    It also sets  fuel specifications  to 
further reduce vehicular emissions. 

In 2008, CARB approved a Climate Change Scoping Plan that proposes a “comprehensive set of actions 
designed  to  reduce overall carbon GHG emissions  in California,  improve our environment,  reduce our 
dependence on oil, diversify our energy sources, save energy, create new jobs, and enhance public health” 
(CARB 2008). The Climate Change Scoping Plan has a range of GHG reduction actions which include direct 
regulations;  alternative  compliance  mechanisms;  monetary  and  non‐monetary  incentives;  voluntary 
actions; market‐based mechanisms such as a cap‐and‐trade system.  In 2014, CARB approved  the First 
Update  to  the Climate Change  Scoping Plan  (CARB  2014)  that  identifies  additional  strategies moving 
beyond the 2020 targets to the year 2050. On December 14, 2017 CARB adopted the California’s 2017 
Climate Change Scoping Plan, November 2017 (CARB 2017) that provides specific statewide policies and 
measures to achieve the 2030 GHG reduction target of 40 percent below 1990  levels by 2030 and the 
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aspirational 2050 GHG reduction target of 80 percent below 1990 levels by 2050.  In addition, the State 
has passed the following laws directing CARB to develop actions to reduce GHG emissions, which are listed 
below in chronological order, with the most current first. 

Executive Order N‐79‐20 

The California Governor  issued Executive Order N‐79‐20 on September 23, 2020  that requires all new 
passenger cars and trucks and commercial drayage trucks sold in California to be zero‐emissions by the 
year 2035 and all medium‐ heavy‐duty vehicles (commercial trucks) sold in the state to be zero‐emission 
by 2045 for all operations where feasible.  Executive Order N‐79‐20 also requires all off‐road vehicles and 
equipment to transition to 100 percent zero‐emission equipment, where feasible by 2035. 

California Code of Regulations (CCR) Title 24, Part 6  

The Title 24 Part 6 standards have been developed by the CEC primarily for energy conservation and is 
described in more detail above in Section 5.1 under Energy Conservation Management.  It should be noted 
that implementation of the Title 24 Part 6 building standards would also reduce GHG emissions, since as 
detailed  above  in  Section  3.3  Greenhouse  Gas  Emissions  Inventory,  energy  use  for  residential  and 
commercial buildings creates 9.7 percent of the GHG emissions in the State. 

California Code of Regulations (CCR) Title 24, Part 11 

The CalGreen Building standards have been developed by the CEC primarily for energy conservation and 
is described in more detail above in Section 5.1 under Energy Conservation Management.  It should be 
noted that implementation of the CalGreen Building standards would also reduce GHG emissions, since 
as detailed above under Title 23, Part 6, energy usage from buildings creates 9.7 percent of GHG emissions 
in the State. 

Senate Bill 100  

SB 100 requires that by December 1, 2045 that 100 percent of retail sales of electricity to be generated 
from renewable or zero‐carbon emission sources of electricity and is described in more detail above in 
Section 5.1 under Energy Conservation Management. 

Executive Order B‐48‐18 and Assembly Bill 2127 

Executive Order B‐48‐18 and AB 2127 provides measures to put at least five million zero‐emission vehicles 
on California  roads by 2030 and  to  install 200 hydrogen  fueling  stations and 250,000 electric vehicle 
chargers  by  2025  and  is  described  in  more  detail  above  in  Section  5.1  under  Energy  Conservation 
Management. 

Executive Order B‐30‐15, Senate Bill 32 and Assembly Bill 197 

The California Governor issued Executive Order B‐30‐15 on April 29, 2015 that aims to reduce California’s 
GHG  emissions  40  percent  below  1990  levels  by  2030.    This  executive  order  aligns  California’s GHG 
reduction targets with those of other international governments, such as the European Union that set the 
same target for 2030  in October, 2014.   This target will make  it possible to reach the ultimate goal of 
reducing GHG emissions 80 percent under 1990 levels by 2050 that is based on scientifically established 
levels needed in the U.S.A to limit global warming below 2 degrees Celsius – the warming threshold at 
which scientists say there will likely be major climate disruptions such as super droughts and rising sea 
levels.  Assembly Bill 197 (AB 197) (September 8, 2016) and Senate Bill 32 (SB 32) (September 8, 2016) 
codified into statute the GHG emissions reduction targets of at least 40 percent below 1990 levels by 2030 
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as detailed in Executive Order B‐30‐15.  AB 197 also requires additional GHG emissions reporting that is 
broken down to sub‐county levels and requires CARB to consider the social costs of emissions impacting 
disadvantaged communities. 

Executive Order B‐29‐15 

The California Governor  issued Executive Order B‐29‐15 on April 1, 2015 and directed the State Water 
Resources Control Board  to  impose  restrictions  to achieve a  statewide 25%  reduction  in urban water 
usage and directed the Department of Water Resources to replace 50 million square feet of  lawn with 
drought  tolerant  landscaping  through  an  update  to  the  State’s  Model  Water  Efficient  Landscape 
Ordinance. The Ordinance also  requires  installation of more efficient  irrigation systems, promotion of 
greywater usage and onsite stormwater capture, and limits the turf planted in new residential landscapes 
to 25 percent of the total area and restricts turf from being planted in median strips or in parkways unless 
the parkway is next to a parking strip and a flat surface is required to enter and exit vehicles. Executive 
Order B‐29‐15 would reduce GHG emissions associated with the energy used to transport and filter water. 

Assembly Bill 341 and Senate Bills 939 and 1374 

Senate Bill 939  (SB 939) requires that each  jurisdiction  in California to divert at  least 50 percent of  its 
waste away from landfills, whether through waste reduction, recycling or other means.  Senate Bill 1374 
(SB 1374) requires the California Integrated Waste Management Board to adopt a model ordinance by 
March  1,  2004  suitable  for  adoption  by  any  local  agency  to  require  50  to  75  percent  diversion  of 
construction and demolition of waste materials from landfills.  Assembly Bill 341 (AB 341) was adopted in 
2011 and builds upon the waste reduction measures of SB 939 and 1374, and sets a new target of a 75 
percent reduction in solid waste generated by the year 2020. 

Senate Bill 375 

Senate Bill 375 (SB 375) was adopted September 2008 in order to support the State’s climate action goals 
to  reduce GHG emissions  through  coordinated  regional  transportation planning efforts,  regional GHG 
emission reduction targets, and  land use and housing allocation.   SB 375 requires CARB to set regional 
targets for GHG emissions reductions from passenger vehicle use. In 2010, CARB established targets for 
2020 and 2035 for each Metropolitan Planning Organizations (MPO) within the State. It was up to each 
MPO  to adopt a sustainable communities strategy  (SCS)  that will prescribe  land use allocation  in  that 
MPOs Regional Transportation Plan (RTP) to meet CARB’s 2020 and 2035 GHG emission reduction targets.  
These reduction targets are required to be updated every eight years. The most recent targets3 provide 
GHG emissions reduction targets for SCAG of 8 percent by 2020 and 19 percent by 2035.   

The Connect SoCal (SCAG 2020) provides a 2035 GHG emission reduction target of 19 percent reduction 
over  the  2005  per  capita  emissions  levels.    The  Connect  SoCal  include  new  initiatives  of  land  use, 
transportation and technology to meet the new 19 percent GHG emission reduction target for 2035.  CARB 
is also charged with reviewing SCAG’s RTP/SCS for consistency with its assigned targets.   

City and County land use policies, including General Plans, are not required to be consistent with the RTP 
and  associated  SCS.    However,  new  provisions  of  CEQA  incentivize,  through  streamlining  and  other 

 

3 Obtained from: https://ww2.arb.ca.gov/our‐work/programs/sustainable‐communities‐
program/regional‐plan‐targets 
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provisions, qualified projects that are consistent with an approved SCS and categorized as “transit priority 
projects.” 

Assembly Bill 1109 

AB 1109 requires reductions in energy usage for lighting and is described in more detail above in Section 
5.1 under Energy Conservation Management. 

Executive Order S‐1‐07 

Executive Order S‐1‐07 was issued in 2007 and proclaims that the transportation sector is the main source 
of GHG emissions in the State, since it generates more than 40 percent of the State’s GHG emissions.  It 
establishes a goal to reduce the carbon intensity of transportation fuels sold in the State by at least ten 
percent by 2020.   This Executive Order also directs CARB  to determine whether  this Low Carbon Fuel 
Standard (LCFS) could be adopted as a discrete early‐action measure as part of the effort to meet the 
mandates in AB 32. 

In 2009 CARB approved the proposed regulation to implement the LCFS.  The standard was challenged in 
the courts, but has been  in effect  since 2011 and was  re‐approved by  the CARB  in 2015. The LCFS  is 
anticipated to reduce GHG emissions by about 16 MMT per year by 2020.  The LCFS is designed to provide 
a framework that uses market mechanisms to spur the steady introduction of  lower carbon fuels.   The 
framework establishes performance standards that  fuel producers and  importers must meet annually.  
Reformulated gasoline mixed with corn‐derived ethanol and low‐sulfur diesel fuel represent the baseline 
fuels.    Lower  carbon  fuels may be ethanol, biodiesel,  renewable diesel, or blends of  these  fuels with 
gasoline  or  diesel.  Compressed  natural  gas  and  liquefied  natural  gas  also  may  be  low‐carbon  fuels.  
Hydrogen and electricity, when used in fuel cells or electric vehicles, are also considered as low‐carbon 
fuels. 

Senate Bill 97 

Senate Bill 97 (SB 97) was adopted August 2007 and acknowledges that climate change  is a prominent 
environmental issue that requires analysis under CEQA.  SB 97 directed the Governor’s Office of Planning 
and  Research  (OPR), which  is  part  of  the  State Natural  Resources Agency,  to  prepare,  develop,  and 
transmit to CARB guidelines for the feasible mitigation of GHG emissions or the effects of GHG emissions, 
as required by CEQA, by July 1, 2009.  The Natural Resources Agency was required to certify and adopt 
those guidelines by January 1, 2010. 

Pursuant to the requirements of SB 97 as stated above, on December 30, 2009 the Natural Resources 
Agency adopted amendments to the State CEQA guidelines that addresses GHG emissions.   The CEQA 
Guidelines Amendments changed 14 sections of  the CEQA Guidelines and  incorporated GHG  language 
throughout the Guidelines.  However, no GHG emissions thresholds of significance were provided and no 
specific mitigation measures were identified.  The GHG emission reduction amendments went into effect 
on March 18, 2010 and are summarized below: 

 Climate Action Plans and other greenhouse gas reduction plans can be used to determine whether 
a project has significant impacts, based upon its compliance with the plan. 

 Local governments are encouraged to quantify the GHG emissions of proposed projects, noting 
that they have the freedom to select the models and methodologies that best meet their needs 
and circumstances.  The section also recommends consideration of several qualitative factors that 
may be used in the determination of significance, such as the extent to which the given project 
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complies with state, regional, or  local GHG reduction plans and policies.   OPR does not set or 
dictate  specific  thresholds  of  significance.    Consistent  with  existing  CEQA  Guidelines,  OPR 
encourages  local governments  to develop and publish  their own  thresholds of significance  for 
GHG impacts assessment. 

 When  creating  their  own  thresholds  of  significance,  local  governments  may  consider  the 
thresholds of significance adopted or recommended by other public agencies, or recommended 
by experts. 

 New amendments  include guidelines  for determining methods  to mitigate  the effects of GHG 
emissions in Appendix F of the CEQA Guidelines. 

 OPR is clear to state that “to qualify as mitigation, specific measures from an existing plan must 
be identified and incorporated into the project; general compliance with a plan, by itself, is not 
mitigation.” 

 OPR’s emphasizes the advantages of analyzing GHG  impacts on an  institutional, programmatic 
level.  OPR therefore approves tiering of environmental analyses and highlights some benefits of 
such an approach. 

 Environmental  impact  reports  must  specifically  consider  a  project's  energy  use  and  energy 
efficiency potential. 

Assembly Bill 32 

In 2006, the California State Legislature adopted AB 32, the California Global Warming Solutions Act of 
2006.  AB 32 requires CARB, to adopt rules and regulations that would achieve GHG emissions equivalent 
to statewide levels in 1990 by 2020 through an enforceable statewide emission cap which will be phased 
in starting in 2012.  Emission reductions shall include carbon sequestration projects that would remove 
carbon from the atmosphere and utilize best management practices that are technologically feasible and 
cost effective. 

In 2007 CARB released the calculated Year 1990 GHG emissions of 431 MMTCO2e.  The 2020 target of 431 
MMTCO2e requires the reduction of 78 MMTCO2e, or approximately 16 percent from the State’s projected 
2020 business as usual emissions of 509 MMTCO2e (CARB 2014).   Under AB 32, CARB was required to 
adopt regulations by January 1, 2011 to achieve reductions in GHGs to meet the 1990 cap by 2020.  Early 
measures  CARB  took  to  lower  GHG  emissions  included  requiring  operators  of  the  largest  industrial 
facilities that emit 25,000 metric tons of CO2 in a calendar year to submit verification of GHG emissions by 
December 1, 2010.   The CARB Board  also approved nine discrete early action measures  that  include 
regulations affecting landfills, motor vehicle fuels, refrigerants in cars, port operations and other sources, 
all of which became enforceable on or before January 1, 2010. 

CARB’s Scoping Plan that was adopted in 2009, proposes a variety of measures including: strengthening 
energy efficiency and building standards; targeted fees on water and energy use; a market‐based cap‐
and‐trade system; achieving a 33 percent renewable energy mix; and a fee regulation to fund the program. 
The 2014 update to the Scoping Plan  identifies strategies moving beyond the 2020 targets to the year 
2050.  

The  Cap‐and‐Trade  Program  established  under  the  Scoping  Plan  sets  a  statewide  limit  on  sources 
responsible  for 85 percent of California’s GHG emissions, and has established a market  for  long‐term 
investment in energy efficiency and cleaner fuels since 2012. 
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Executive Order S‐3‐05 

In 2005  the California Governor  issued Executive Order  S 3‐05, GHG Emission, which established  the 
following reduction targets: 

 2010: Reduce greenhouse gas emissions to 2000 levels; 

 2020: Reduce greenhouse gas emissions to 1990 levels;  

 2050: Reduce greenhouse gas emissions to 80 percent below 1990 levels. 

The Executive Order directed the secretary of the California Environmental Protection Agency (CalEPA) to 
coordinate  a multi‐agency  effort  to  reduce GHG  emissions  to  the  target  levels.    To  comply with  the 
Executive Order, the secretary of CalEPA created the California Climate Action Team (CAT), made up of 
members from various state agencies and commissions.  The team released its first report in March 2006.  
The  report proposed  to  achieve  the  targets by building on  the  voluntary  actions of businesses,  local 
governments, and communities and through State incentive and regulatory programs. The State achieved 
its first goal of reducing GHG emissions to 2000 levels by 2010. 

Assembly Bill 1493 

AB 1493 or the Pavley Bill sets tailpipe GHG emissions limits for passenger vehicles in California as well as 
fuel economy standards and is described in more detail above in Section 5.1 under Energy Conservation 
Management. 

6.4 Local – Imperial County  

The ICAPCD develops rules and regulations, establishes permitting requirements for stationary sources, 
inspects emission  sources, and enforces  such measures  through educational programs or  fines, when 
necessary.    ICAPCD  is directly responsible for reducing emissions from stationary, mobile, and  indirect 
sources.   The  ICAPCD has not established  formal quantitative or qualitative GHG emissions thresholds 
through a public rulemaking process. However, the ICAPCD has adopted the Federal PSD and Title V GHG 
air permitting requirements by reference for stationary sources  in Regulation  IX  in Rules 900 and 903, 
which are described below. 

ICAPCD Rule 900 

ICAPCD Rule 900 provides procedures for issuing permits to operate for industrial projects that are subject 
to Title V of the Federal Clean Air Act Amendments of 1990 (Major Sources) of emissions, which is defined 
as a source that exceeds 100 tons per year of any regulated pollutant, including GHG emissions.  

ICAPCD Rule 903 

ICAPCD Rule 903 applies to any stationary source that would have the potential to emit hazardous air 
pollutants (HAPs). Rule 903 provides a de minimis emissions level of 20,000 tons of CO2e per year, where 
a  stationary  source  that produces  less  emissions  than  the de minimis  emissions  levels,  the  source  is 
exempt from the Rule 903 recordkeeping and reporting requirements.  
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7.0  ATMOSPHERIC SETTING 

7.1 Regional Climate 

The Project site is located within the central portion of Imperial County, which is part of the Salton Sea Air 
Basin  (Air Basin). The Air Basin  comprises  the  central portion of Riverside County and all of  Imperial 
County.  The  Riverside  County  portion  of  the  Air  Basin  is  regulated  by  the  South  Coast  Air  Quality 
Management District  (SCAQMD), and  the  Imperial County portion of  the Air Basin  is  regulated by  the 
Imperial County Air Pollution Control District (ICAPCD).  

Air  quality  is  a  function  of  both  the  rate  and  location  of  pollutant  emissions  under  the  influence  of 
meteorological conditions and topographical features. Atmospheric conditions such as wind speed, wind 
direction, and air temperature gradients  interact with physical features of the  landscape to determine 
their  movement  and  dispersal,  and,  consequently,  their  effect  on  air  quality.  The  combination  of 
topography  and  inversion  layers  generally  prevents  dispersion  of  air  pollutants  in  the Air Basin.  The 
following  description  of  climate  of  Imperial  County  was  obtained  from  Imperial  County  2018 
Redesignation Request and Maintenance Plan for Particulate Matter  less than 10 Microns  in Diameter, 
prepared by ICAPCD, October 23, 2018. 

The climate of  Imperial County  is governed by  the  large‐scale sinking and warming of air  in  the semi‐
permanent high‐pressure zone of the eastern Pacific Ocean. The high‐pressure ridge blocks out most mid‐
latitude storms, except in the winter, when it is weakest and located farthest south. The coastal mountains 
prevent the intrusion of any cool, damp air found in California coastal areas. Because of the barrier and 
weakened storms,  Imperial County experiences clear skies, extremely hot summers, mild winters, and 
little rainfall. The sun shines, on the average, more in Imperial County than anywhere else in the United 
States. 

Winters  are  mild  and  dry  with  daily  average  temperatures  ranging  between  65‐  and  75‐  degrees 
Fahrenheit (°F). During winter months it is not uncommon to record maximum temperatures of up to 80 
80 °F. Summers are extremely hot with daily average temperatures ranging between 104 and 115 °F. It is 
not uncommon to record maximum temperatures of 120 °F during summer months. 

The flat terrain of the valley and the strong temperature differentials created by  intense solar heating, 
produce moderate winds  and deep  thermal  convection. The  combination of  subsiding  air, protective 
mountains, and distance  from  the ocean all  combine  to  severely  limit precipitation. Rainfall  is highly 
variable, with precipitation from a single heavy storm able to exceed the entire annual total during a later 
drought condition. The average annual rainfall is just over three 3 inches, with most of it occurring in late 
summer or mid‐winter. 

Humidity is low throughout the year, ranging from an average of 28 percent in summer to 52 percent in 
winter. The large daily oscillation of temperature produces a corresponding large variation in the relative 
humidity. Nocturnal humidity rises to 50 to 60 percent but drops to about 10 percent during the day. 

The wind  in Imperial County follows two general patterns. Wind statistics  indicate prevailing winds are 
from  the west‐northwest  through  southwest;  a  secondary  flow maximum  from  the  southeast  is  also 
evident. The prevailing winds from the west and northwest occur seasonally from fall through spring and 
are  known  to  be  from  the  Los  Angeles  area.  Occasionally,  Imperial  County  experiences  periods  of 
extremely high wind speeds. Wind speeds can exceed 31 miles per hour  (mph), and  this occurs most 
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frequently during the months of April and May. However, speeds of less than 6.8 mph account for more 
than one‐half of the observed wind measurements. 

7.2 Monitored Local Air Quality 

The air quality at any site  is dependent on the regional air quality and  local pollutant sources. The air 
quality at any location in the Air Basin is determined by the release of pollutants throughout the Air Basin 
as well as from air pollutants that travel from the coastal areas and Mexico to the Air Basin. The ICAPCD 
operates a network of monitoring stations  throughout  the County  that continuously monitor ambient 
levels of criteria pollutants in compliance with federal monitoring regulations. 

Since not all air monitoring stations measure all of the tracked pollutants, the data from the following two 
monitoring stations, listed in the order of proximity to the Project site, have been used: Brawley‐220 Main 
Street Monitoring Station (Brawley Station), Westmorland Monitoring Station (Westmorland Station) and 
El Centro – 9th Street Monitoring Station (El Centro Station) 

The Brawley  Station  is  located  approximately 2.9 miles  south of  the project  site  at 220 Main  Street, 
Brawley, the Westmorland Station is located approximately 6.4 miles west of the project site at 202 W 
First Street, Westmorland, and  the El Centro Station  is  located approximately 15.7 miles  south of  the 
project site at 150 9th Street, El Centro. PM10 and PM2.5 were measured at the Brawley Station, ozone 
was measured at the Westmorland Station, and NO2 was measured at the El Centro Station.  It should be 
noted that due to the air monitoring stations’ distances from the project site, recorded air pollution levels 
at the air monitoring stations reflect with varying degrees of accuracy local air quality conditions at the 
project site.  

Table E and shows the most recent three years of monitoring data from CARB.  CO measurements have 
not been provided, since CO is currently in attainment in the Air Basin and monitoring of CO within the 
Air Basin ended on March 31, 2013.   

Table E – Local Area Air Quality Monitoring Summary 

Pollutant  (Standard) 

Year1 

2018  2019  2020 

Ozone: 1     

Maximum 1‐Hour Concentration (ppm)  0.086  0.071  0.067 

  Days > CAAQS (0.09 ppm)  0  0  0 

Maximum 8‐Hour Concentration (ppm)  0.068  0.060  0.059 

  Days > NAAQS (0.070 ppm)  0  0  0 

  Days > CAAQs (0.070 ppm)  0  0  0 

Nitrogen Dioxide: 2       

Maximum 1‐Hour Concentration (ppb)  34.1  41.4  44.8 

  Days > NAAQS (100 ppb)  0  0  0 

  Days > CAAQS (180 ppb)  0  0  0 

Inhalable Particulates (PM10) :3       

Maximum 24‐Hour National Measurement (ug/m3)  407.0  324.4  166.0 
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Pollutant  (Standard) 

Year1 

2018  2019  2020 

  Days > NAAQS (150 ug/m3)  13  2  2 

  Days > CAAQS (50 ug/m3)  106  53  73 

Annual Arithmetic Mean (AAM) (ug/m3)  52.2  35.8  39.0 

  Annual > NAAQS (50 ug/m3)  Yes  No  No 

  Annual > CAAQS (20 ug/m3)  Yes  Yes  Yes 

Ultra‐Fine Particulates (PM2.5):3       

Maximum 24‐Hour National Measurement (ug/m3)  55.1  28.9  23.7 

  Days > NAAQS (35 ug/m3)   2  0  0 

Annual Arithmetic Mean (AAM) (ug/m3)  10.4  8.3  9.4 

  Annual > NAAQS and CAAQS (12 ug/m3)  No  No  No 

Notes: Exceedances are listed in bold.  CAAQS = California Ambient Air Quality Standard; NAAQS = National Ambient Air Quality Standard; ppm = 
parts per million; ppb = parts per billion; ND = no data available. 
1  Data obtained from the Westmorland Station. 
2  Data obtained from the El Centro Station. 
3  Data obtained from the Brawley Station. 
Source: http://www.arb.ca.gov/adam/ 

 

Ozone  

During the last three years, the State 1‐hour and 8‐hour concentration standards for ozone have not been 
exceeded at the Westmorland Station.   The Federal 8‐hour ozone standard has not been exceeded over 
the  last  three years at  the Westmorland Station.   Ozone  is a  secondary pollutant as  it  is not directly 
emitted.  Ozone  is  the  result  of  chemical  reactions  between  other  pollutants,  most  importantly 
hydrocarbons  and NO2, which occur only  in  the presence of bright  sunlight. Pollutants  emitted  from 
upwind cities react during transport downwind to produce the oxidant concentrations experienced in the 
area.   Many areas of Southern California contribute to the ozone  levels experienced at this monitoring 
station, with the more significant areas being those directly upwind. 

Nitrogen Dioxide 

The El Centro Station did not record an exceedance of either the Federal or State 1‐hour NO2 standards 
for the last three years. 

Particulate Matter 

The State 24‐hour concentration standard for PM10 has been exceeded between 53 and 106 days per 
year over  the past  three years at  the Brawley Station. Over  the past  three years  the Federal 24‐hour 
standard for PM10 has been exceeded between 2 and 13 days per year over the past three years at the 
Brawley Station.  The annual PM10 concentration at the Brawley Station has exceeded the State standard 
for the past three years and has exceeded the Federal standard for only one of the past three years. 

Over the past three years the 24‐hour concentration standard for PM2.5 has been exceeded between 0 
and 2 days each year over the past three years at the Brawley Station.  The annual PM2.5 concentrations 
at the Brawley Station has not exceeded either the State or Federal standard for the past three years. 
Particulate levels in the area are due to natural sources, grading operations, and motor vehicles. 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 38 

 

According to the EPA, some people are much more sensitive than others to breathing fine particles (PM10 
and PM2.5).  People with influenza, chronic respiratory and cardiovascular diseases, and the elderly may 
suffer worsening illness and premature death due to breathing these fine particles.  People with bronchitis 
can expect aggravated symptoms from breathing  in fine particles.   Children may experience decline  in 
lung function due to breathing in PM10 and PM2.5.  Other groups considered sensitive are smokers and 
people who cannot breathe well through their noses.  Exercising athletes are also considered sensitive, 
because many breathe through their mouths during exercise. 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 39 

 

8.0  MODELING PARAMETERS AND ASSUMPTIONS 

8.1 CalEEMod Model Input Parameters  

The criteria air pollution and GHG emissions impacts created by the proposed project have been analyzed 
through use of CalEEMod Version 2020.4.0.  CalEEMod is a computer model published by the SCAQMD 
for estimating air pollutant emissions.  The CalEEMod program uses the EMFAC2017 computer program 
to calculate the emission rates specific for Imperial County for employee, vendor and haul truck vehicle 
trips  and  the  OFFROAD2011  computer  program  to  calculate  emission  rates  for  heavy  equipment 
operations.  EMFAC2017 and OFFROAD2011 are computer programs generated by CARB that calculates 
composite emission rates for vehicles.  Emission rates are reported by the program in grams per trip and 
grams per mile or grams per running hour.   

The project characteristics  in the CalEEMod model were set to a project  location of Imperial County, a 
Climate Zone of 10, and utility company of Imperial Irrigation District. and an opening year of 2023 was 
utilized in this analysis.  

Land Use Parameters 

The  proposed  project  would  consist  of  development  of  a  solar  energy  facility  that  would  include 
installation  of  106,652  PV  panels,  gen‐tie  lines  via  underground  conduits  onsite  and  a  1.6 mile  long 
overhead  power  lines  and  possible  fiber  optic  cable  from  southwest  corner  to  the North  Brawley  1 
Substation, construction of the 100,800 square foot BESS building that would be located at the southwest 
corner of the project site, and construction of a 1.2‐acre substation that would include an air conditioned 
control  room with a 20 kV backup generator  for  the HVAC  system.   The proposed project’s  land use 
parameters that were entered into the CalEEMod model are shown in Table F.  

Table F – CalEEMod Land Use Parameters 

Proposed Land Use  Land Use Subtype in CalEEMod 
Land Use 

Size1 

Lot 
Acreage2 

Building/Paving  
(square feet) 

Solar Panels  Other Non‐Asphalt Surfaces  223.49 AC  223.49  9,735,224 

BESS Building  Refrigerated Warehouse – No Rail  100.80 TSF  2.31  100,800 

Substation  Manufacturing  52.27 TSF  1.20  52,270 

Offsite Overhead Power Lines  Other Non‐Asphalt Surfaces  9.7 AC  9.70  422,532 
Notes:  
1 DU = Dwelling Unit; AC = Acres 
2 Lot acreage calculated based on the total project site area of 227‐acres and total offsite power line installation area of 9.7 acres (1.6 miles x 
50 feet wide). 

 

Construction Parameters 

Construction activities have been modeled as  starting  in December 2021 and  taking eight months  to 
complete.  The phases of construction activities that have been analyzed are detailed below and include: 
1) Site Preparation; 2) PV System Installation and Testing, and 3) Site Clean‐up and Restoration.  

The following On‐Road Fugitive Dust construction parameters were revised in the CalEEMod model: (1) 
The percent on‐road pavement was changed to 85 percent to account for Best Avenue that is adjacent to 
the project  site being paved; and  (2) The Material Silt Content was changed  to 3 percent  in order  to 
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account for ICAPCD Rule 805 F.1.c that requires the installation of gravel or other low silt material with 
less than 5 percent silt content on all onsite roads. 

The CalEEMod model provides the selection of “mitigation” to account for project conditions that would 
result  in  less emissions  than a project without  these conditions, however  it should be noted  that  this 
“mitigation” may represent regulatory requirements.   This  includes: (1) Required adherence to ICAPCD 
Rule 801, which  requires  that  the Best Available Control Measures be utilized  to  reduce  fugitive dust 
emissions, that was modeled  in CalEEMod with selection of mitigation of water all exposed areas two 
times per day; and (2) Required adherence to ICAPCD Rule 805 F.1.d that requires the application of water 
one or more times daily to unpaved roads that was modeled in CalEEMod with selection of Unpaved Road 
Mitigation of 7 percent moisture content and maximum vehicle speed of 15 miles per hour on unpaved 
roads. Since the 15 mile per hour speed on unpaved roads is not explicitly required in ICAPCD Rule 805, 
Project Design Feature 6 has been included in this analysis to ensure this limitation is adhered to.   

Site Preparation 

The site preparation phase would include the renovation of existing dirt roads to all‐weather surfaces (to 
meet the County standards) from Best Avenue to the City of Brawley wastewater treatment plant. The 
site preparation phase would begin with clearing of existing brush and installation of fencing around the 
Project boundary. The site preparation phase  is anticipated to start December 2021 and was based on 
occurring over one month.  The site preparation phase would generate up to 240 worker trips per day.  In 
addition, 6 vendor trips per day were added to the CalEEMod model, in order to account for water truck 
emissions. The onsite equipment was modeled as consisting of two bore/drill rigs, two excavators, three 
rubber‐tired dozers, and four of either tractors, loaders, or backhoes.   

PV System Installation and Testing 

The PV  system  Installation  and  testing phase  includes  installation of mounting posts,  assembling  the 
structural components, mounting PV modules, and wiring. This phase would occur after completion of the 
site preparation phase and was modeled as occurring over six months.     This phase was modeled as a 
Building Construction phase in CalEEMod.  This phase would generate up to 240 worker trips per day and 
up to 300 vendor truck trips per day.  The onsite equipment was modeled as consisting of two aerial lifts, 
one air compressor, two cranes, three forklifts, one generator set, one grader, two off‐highway trucks, 
one welder, and three of either tractors, loaders, or backhoes. 

Site Clean‐up and Restoration 

The site clean‐up and restoration phase would include removal of all waste material and debris from the 
project site as shredding and distributing the previously cleared vegetation over the project site, and the 
roads would be left in a condition equal or better than their preconstruction condition.  This phase would 
occur after the PV system installation phase and was modeled as occurring over one month. This phase 
was modeled as a Grading phase in CalEEMod.  This phase would generate up to 240 worker trips per day. 
In addition, 6 vendor trips per day were added to the CalEEMod model, in order to account for water truck 
emissions.  The onsite equipment was modeled as consisting of two graders, two rubber‐tired dozers, two 
rubber‐tired loaders, and two of either tractors, loaders, or backhoes.   

Operational Emissions Modeling 

Once fully constructed, the proposed project would be operated on an unstaffed basis and be monitored 
remotely  from  the  Brawley  Geothermal  Power  Plant  control  room,  with  periodic  on‐site  personnel 
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visitations for security, maintenance and system monitoring. Therefore, no full‐time site personnel would 
be required on‐site during operations and employees would only be on‐site up to four times per year to 
wash the panels. As the Project’s PV arrays produce electricity passively, maintenance requirements are 
anticipated to be very minimal. Any required planned maintenance activities would generally consist of 
equipment  inspection  and  replacement  and  would  be  scheduled  to  avoid  peak  load  periods.  Any 
unplanned maintenance would be responded to as needed, depending on the event. 

The  operations‐related  criteria  air  pollutant  emissions  and  GHG  emissions  created  by  the  proposed 
project have been analyzed through use of the CalEEMod model.  The proposed project was analyzed in 
the CalEEMod model based on the land use parameters provided above and the parameters entered for 
each operational source is described below.   

Mobile Sources 

Mobile sources include emissions the additional vehicle miles generated from the proposed project.  It is 
anticipated that the washing of the panels would generate up to 40 trips per day that would occur four 
times per year. However, in order to provide a worst‐case analysis, it was assumed that these trips would 
occur once per week. 

Area Sources 

Area  sources  include  emissions  from  consumer  products,  landscape  equipment,  and  architectural 
coatings.  Since no workers will typically be onsite, the consumer product emissions were set to zero.  No 
other changes were made to the default area source parameters in the CalEEMod model. 

Energy Usage 

Energy usage  includes emissions from electricity and natural gas used onsite. The natural gas emission 
rates were set to zero, since no natural gas will be used onsite.  For electricity use, the proposed solar PV 
panels  system  is  rated  at  40 mega‐watts  (MW).    Since  the  CalEEMod  model  requires  that  the  total 
kilowatt‐hours (kWh) per year generated by the solar panels be entered into the model, the 40 MW were 
converted to 40,000 kW  panels and was then multiplied by 8 hours, to provide a conservative average 
hours per day of sunlight that the solar panels will generate electricity and then divided by 1.2 to account 
for  the  loss  associated  with  converting  the  direct  current  (DC)  power  from  the  solar  panels  to  the 
alternating current (AC) power on the electrical grid and then multiplying by 365 days, which resulted in 
the  proposed  solar  panels  generating  97,333,333  kilowatt‐hours  per  year  that was  entered  into  the 
CalEEMod model under solar panel mitigation.   

Since  according  to  the  BESS  system  specifications,  the  air  conditioning  units  and  power  conversion 
associated  with  the  proposed  BESS  will  not  use  more  than  2  percent  of  the  electricity  stored,  the 
calculated 97,333,333 kWh generated by the solar panels was multiplied by 2 percent, which results in 
the proposed project utilizing 1,946,667 kWh per year that was entered into the CalEEMod. 

Solid Waste 

Waste includes the GHG emissions associated with the processing of waste from the proposed project as 
well as  the GHG emissions  from  the waste once  it  is  interred  into a  landfill. Since no workers would 
typically  be  onsite,  no waste  is  anticipated  to  be  generated  from  the  project.   As  such,  solid waste 
generation was set to zero in CalEEMod. 
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Water and Wastewater 

According to the Project Description for the proposed project, estimated annual water consumption for 
operation and maintenance of the proposed Project,  including periodic PV module washing, would be 
approximately 0.81‐acre feet (263,939 gallons) annually, which would be trucked to the Project site as 
needed.  As such, the water usage in CalEEMod was set to 263,939 gallons per year. 

Backup Diesel Generator 

The proposed project would  include  the  installation of a 20  kW backup diesel‐powered generator  to 
provide continuous power to the control room and associated HVAC system for the proposed substation. 
Since the exact model has not yet been determined, a search for 20 kW diesel generators found that the 
horsepower ranges between 50 and 62 horsepower, and in order to provide a worst‐case analysis, a 62 
horsepower generator was analyzed in CalEEMod.  Backup generators typically cycle on for 30 minutes on 
a weekly basis  in order to keep the engine  lubricated and ready to use  in case of a power outage. The 
typical cycling of a backup generator would operate  for approximately 26 hours per year. The backup 
diesel generator was modeled in CalEEMod based on a 62 horsepower engine, a 0.73 load factor, 0.5 hour 
per day, and 26 hours per year. 

8.2 Energy Use Calculations  

The proposed project  is anticipated to consume energy during both construction and operation of the 
proposed project and the parameters utilized to calculate energy use from construction and operation of 
the proposed project are detailed separately below. 

Construction‐Related Energy Use 

Construction of the proposed project is anticipated to use energy in the forms of petroleum fuel for both 
off‐road equipment as well as from the transport of workers and materials to and from the project site 
and the calculations for each source are described below.   

Off‐Road Construction Equipment 

The off‐road construction equipment  fuel usage was calculated  through use of  the CalEEMod model’s 
default  off‐road  equipment  assumptions  detailed  above  in  Section  8.1.  For  each  piece  of  off‐road 
equipment,  the  fuel  usage was  calculated  through  use  of  the  2017 Off‐road Diesel  Emission  Factors 
spreadsheet, prepared by CARB4.  The Spreadsheet provides the following formula to calculate fuel usage 
from off‐road equipment: 

Fuel Used = Load Factor x Horsepower x Total Operational Hours x BSFC / Unit Conversion 

  Where: 

  Load Factor ‐ Obtained from CalEEMod default values  

  Horsepower – Obtained from CalEEMod default values 

Total Operational Hours – Calculated by multiplying CalEEMod default daily hours by CalEEMod 
default number of working days for each phase of construction 

BSFC  –  Brake  Specific  Fuel  Consumption  (pounds  per  horsepower‐hour)  –  If  less  than  100 
Horsepower = 0.408, if greater than 100 Horsepower = 0.367 

 
4 Obtained from: https://ww3.arb.ca.gov/msei/ordiesel.htm 
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Unit Conversion – Converts pounds to gallons = 7.109 

Table G shows the off‐road construction equipment fuel calculations based on the above formula.  Table 
G shows that the off‐road equipment utilized during construction of the proposed project would consume 
84,890 gallons of fuel. 

Table G – Off‐Road Equipment and Fuel Consumption from Construction of the Proposed Project 

Equipment Type 
Equipment 
Quantity 

Horse‐
power 

Load 
Factor 

Operating Hours 
per Day 

Total Operational 
Hours1 

Fuel Used 
(gallons) 

Site Preparation 

Bore/Drill Rig  2  221  0.50  8   368    2,110  

Excavators  2  158  0.38  8   368    1,141  

Rubber Tired Dozers  3  247  0.40  8   552    2,815  

Tractors/Loaders/Backhoes  4  97  0.37  8   736    1,516  

PV System Installation and Testing 

Aerial Lifts  2  63  0.31  8   2,064    2,300  

Air Compressor  1  78  0.48  8   1,032    2,218  

Cranes  2  231  0.29  8   2,064    7,138  

Forklifts  3  89  0.20  8   3,096    3,163  

Generator Set  1  84  0.74  8   1,032    3,682  

Graders  1  187  0.41  8   1,032    4,072  

Off‐Hwy Trucks  2  402  0.38  8   2,064    16,358  

Tractors/Loaders/Backhoes  3  97  0.37  8   3,096    6,377  

Welders  1  46  0.45  8   1,032    1,226  

Site Clean‐up and Restoration 

Graders  2  187  0.41  8   2,064    8,169  

Rubber Tired Dozers  2  247  0.40  8   2,064    10,527  

Rubber Tired Loaders  2  203  0.36  8   2,064    7,826  

Tractors/Loaders/Backhoes  2  97  0.37  8   2,064    4,251  

Total Off‐Road Equipment Fuel Used during Construction (gallons)  84,890 
Notes: 
1 Based on: 23 days for Site Preparation; 129 days for PV System Installation and Testing; 21 days for Site Cleanup and Restoration.  
Source: CalEEMod Version 2020.4.0 (see Appendix A); CARB, 2017. 

 

On‐Road Construction‐Related Vehicle Trips 

The on‐road construction‐related vehicle trips fuel usage was calculated through use of the construction 
vehicle trip assumptions from the CalEEMod model run as detailed above in Section 8.1. The calculated 
total construction miles was then divided by the fleet average for Imperial County miles per gallon rates 
for  the  year  2021  calculated  through  use  of  the  EMFAC2017  model 
(https://www.arb.ca.gov/emfac/2017/) and the EMFAC2017 model printouts are shown in Appendix B. 
The worker  trips were based on  the  entire  fleet  average miles per  gallon  rate  for  gasoline powered 
vehicles and the vendor trips were based on the Heavy‐Heavy Duty Truck (HHDT), Medium Duty Vehicle 
(MDV), and Medium Heavy‐Duty Vehicle (MHDV) fleet average miles per gallon rate for diesel‐powered 
vehicles.   Table H shows the on‐road construction vehicle trips modeled in CalEEMod and the fuel usage 
calculations.   
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Table H shows that the on‐road construction‐related vehicle trips would consume 57,078 gallons of fuel 
and as detailed above, Table G shows that the off‐road construction equipment would consume 84,890 
gallons of  fuel.   This would result  in  the  total consumption of 141,968 gallons of petroleum  fuel  from 
construction of the proposed project.   

Table H – On‐Road Vehicle Trips and Fuel Consumption from Construction of the Proposed Project  

Vehicle Trip Types  Daily Trips 
Trip Length 

(miles) 
Total Miles 

per Day 

Total Miles 
per Phase1 

Fleet Average 
Miles per Gallon2 

Fuel Used 
(gallons) 

Site Preparation 

Worker Trips   240  7.3  1,752  40,296  25.1  1,607 

Vendor Truck Trips  6  8.9  53  1,228  7.7  159 

PV System Installation and Testing 

Worker Trips   240  7.3  1,752  226,008  25.1  9,015 

Vendor Truck Trips  300  8.9  2,670  344,430  7.7  44,683 

Site Clean‐up and Restoration 

Worker Trips   240  7.3  1,752  36,792  25.1  1,468 

Vendor Truck Trips   6  8.9  53  1,121  7.7  145 

Total Fuel Used from On‐Road Construction Vehicles (gallons)  57,078 
Notes: 
1 Based on: 23 days for Site Preparation; 129 days for PV System Installation and Testing; 21 days for Site Cleanup and Restoration.  
2 From EMFAC 2017 model (see Appendix B). Worker Trips based on entire fleet of gasoline vehicles and Vendor Trips based on only truck 
fleet of diesel vehicles.  
Source: CalEEMod Version 2020.4.0; CARB, 2018. 

Operations‐Related Energy Use 

The operation of the proposed project  is anticipated to use energy  in the forms of petroleum fuel and 
electricity and create electricity and the calculations for each source are described below.  It should be 
noted that the project would not use any natural gas.   

Operational Petroleum Fuel  

The on‐road operations‐related vehicle trips fuel usage was calculated through use of the total annual 
vehicle miles traveled assumptions from the CalEEMod model run as detailed above in Section 8.1, which 
found that operation of the proposed project would generate 14,869 vehicle miles traveled per year.  It 
should be noted  that  the CalEEMod model provides a worst‐case analysis, since  the proposed project 
would be operated on an unstaffed basis and be monitored remotely and employees would only be on‐
site up  to  four  times per  year  to wash  the panels  as well  as occasional maintenance  activities.   The 
calculated total operational miles were then divided by the  Imperial County fleet average rate of 27.5 
miles per gallon, which was calculated through use of the EMFAC2017 model and based on the year 2021.  
The EMFAC2017 model printouts are shown in Appendix B.  Based on the above calculation methodology, 
operational vehicle trips generated from the proposed project would consume 541 gallons per year.     

Operation of  the proposed project would also consume diesel  fuel  from  the operation of  the backup 
generator.    The  company  Generator  Source  provides  a  fuel  consumption  table  for  backup  diesel 
generators5, that shows a 20 kW generator would consume 1.3 gallons per hour with a ¾ load.  As detailed 

 
5 Obtained from: https://www.generatorsource.com/Diesel_Fuel_Consumption.aspx 
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above in Section 8.1, the typical maintenance cycling of the proposed diesel generator is anticipated to 
run 26 hours per year.  This would result in the consumption of 34 gallons of diesel per year.     

Operational Electricity Use  

The operations‐related electricity usage was calculated in the CalEEMod model run that is detailed above 
in Section 8.1 that found the proposed PV solar panels will generate 97,333,333 kWh per year of electricity 
and operation of the project will use 1,946,667 kWh per year of electricity, which would result in the net 
generation of 95,386,667 kWh per year of electricity. 
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9.0  THRESHOLDS OF SIGNIFICANCE 

9.1 Criteria Pollutants  

The  ICAPCD CEQA Handbook  (ICAPCD 2017) provides significance  thresholds  to assist  lead agencies  in 
determining whether a project may create a significant air quality impact.  The ICAPCD CEQA Handbook 
defines any projects  that emit  criteria pollutants below  significance  levels as a  “Tier  I project” and  is 
considered by the ICAPCD to create a less than significant adverse impact on air quality.  For Tier I projects, 
the proposed project is required to implement a set of feasible standard mitigation measures provide in 
the  ICAPCD CEQA Handbook.   Since  these measures are  required  for all projects  in  the County,  these 
measures are considered as  regulatory  requirements and have been provided above  in Section 1.5 as 
Project  Design  Features.    For  projects  that  meet  or  exceed  the  thresholds  of  significance  for  the 
operational phases of a project are called a “Tier  II project” and will be deemed  to have a potentially 
significant adverse impact on air quality.   

Operational Criteria Pollutant Thresholds 

The ICAPCD CEQA Handbook details that all operational emissions of a project, including motor vehicle, 
area source and stationary or point sources shall be quantified and compared to the thresholds shown in 
Table I. 

Table I – ICAPCD Criteria Pollutant Thresholds of Significance for Operations 

Pollutant  Tier I  Tier II 

NOx and ROG  Less than 137 pounds/day  137 pounds/day and greater 

PM10 and Sox  Less than 150 pounds/day  150 pounds/day and greater 

CO and PM2.5  Less than 550 pounds/day  550 pounds/day and greater 
Source: IPACD CEQA Handbook, Table 1 (ICAPCD, 2017).  

 

Construction Criteria Pollutant Thresholds 

The  ICAPCD CEQA Handbook also establishes thresholds of significance for criteria pollutant emissions 
created during construction of projects. Table J provides general guidelines for determining significance 
of impacts created during construction of the proposed project. 

Table J – ICAPCD Criteria Pollutant Thresholds of Significance for Construction 

Pollutant  Threshold 

PM10  150 pounds/day 

ROG  75 pounds/day 

NOx  100 pounds/day 

CO  550 pounds/day 
Source: IPACD CEQA Handbook, Table 4 (ICAPCD, 2017).  

 

9.2 Odor Impacts 

The ICAPCD CEQA Handbook states that an odor impact would occur if the proposed project exceeds the 
standards provided in California Health and Safety Code Sections 41700 and 41705 and ICAPCD Rule 407 
that prohibit emissions from any source whatsoever in quantities of air contaminants or other material, 
that cause injury, detriment, or annoyance to the public health or damage to property. 
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For  projects  that would  introduce  sensitive  receptors  to  a  project  site,  the  ICAPCD  CEQA Handbook 
provides screening level distances for potential odor sources.  If a project is proposed within one mile of 
a wastewater treatment plant, sanitary landfill, composting station, feedlot, asphalt plant, painting and 
coating operation, or rendering plant, a potential odor problem may result.    If a project with sensitive 
receptors is proposed that is located within a mile of one of the above land uses, the ICAPCD should be 
contacted in order to receive specific information regarding any odor complaints or other odor problems 
with the identified potential odor source. 

9.3 Energy Conservation 

The 2018 amendments and additions to the CEQA Checklist includes an Energy Section that analyzes the 
proposed project’s energy consumption in order to avoid or reduce inefficient, wasteful or unnecessary 
consumption of energy.   Since the Energy Section was recently added, no state or  local agencies have 
adopted specific criteria or thresholds to be utilized  in an energy  impact analysis.   However, the 2018 
Guidelines  for  the  Implementation  of  the  California  Environmental Quality Act,  provide  the  following 
direction on how to analyze a project’s energy consumption: 

“If  analysis  of  the  project’s  energy  use  reveals  that  the  project  may  result  in  significant 
environmental effects due to wasteful, inefficient, or unnecessary use of energy, or wasteful use 
of  energy  resources,  the  EIR  shall mitigate  that  energy  use.  This  analysis  should  include  the 
project’s  energy  use  for  all  project  phases  and  components,  including  transportation‐related 
energy,  during  construction  and  operation.  In  addition  to  building  code  compliance,  other 
relevant  considerations  may  include,  among  others,  the  project’s  size,  location,  orientation, 
equipment use and any renewable energy features that could be incorporated into the project. 
(Guidance on information that may be included in such an analysis is presented in Appendix F.) 
This analysis is subject to the rule of reason and shall focus on energy use that is caused by the 
project. This analysis may be included in related analyses of air quality, greenhouse gas emissions, 
transportation or utilities in the discretion of the lead agency.” 

If  the  proposed  project  creates  inefficient,  wasteful  or  unnecessary  consumption  of  energy  during 
construction or operation activities or conflicts with a state or local plan for renewable energy or energy 
efficiency, then the proposed project would create a significant energy impact. 

9.4 Greenhouse Gas Emissions 

Neither the County of Imperial nor the ICAPCD has established significance thresholds for GHG emissions. 
In order to establish context in which to consider the GHG emissions created from the proposed project, 
this  analysis  reviewed  guidelines  used  by  other  public  agencies  in  California  and  found  the  most 
conservative GHG emissions threshold is detailed in CEQA & Climate Change, prepared by California Air 
Pollution Control Officers Association (CAPCOA 2008), which recommends a threshold of 900 MTCO2e per 
year from any project. It should also be noted that a direct comparison of construction GHG emissions 
with  long‐term  thresholds would  not  be  appropriate,  since  construction  emissions  are  short‐term  in 
nature and would cease upon completion of construction. Other Air Districts,  including  the SCAQMD, 
recommend  that  GHG  emissions  from  construction  activities  be  amortized  over  30  years,  when 
construction emissions are compared to operational‐related GHG emissions thresholds. 

The GHG emissions analysis for both construction and operation of the proposed project can be found 
below in Sections 10.8 and 10.9. 
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10.0  IMPACT ANALYSIS 

10.1 CEQA Thresholds of Significance  

Consistent with CEQA and the State CEQA Guidelines, a significant impact related to air quality, energy, 
and GHG emissions would occur if the proposed project is determined to: 

 Conflict with or obstruct implementation of the applicable air quality plan; 

 Result in a cumulatively considerable net increase of any criteria pollutant for which the project 
region is in non‐attainment under an applicable federal or state ambient air quality standard; 

 Expose sensitive receptors to substantial pollutant concentrations;  

 Result in other emissions (such as those leading to odors) adversely affecting a substantial number 
of people; 

 Result in potentially significant environmental impact due to wasteful, inefficient, or unnecessary 
consumption of energy resources, during project construction or operation; 

 Conflict with or obstruct a state or local plan for renewable energy; 

 Generate GHG emissions, either directly or indirectly, that may have a significant impact on the 
environment; or 

 Conflict with any applicable plan, policy or regulation of an agency adopted for the purpose of 
reducing the emissions of GHGs. 

10.2 Air Quality Compliance 

The proposed project would not conflict with or obstruct  implementation of the applicable air quality 
plans, which include the 2017 Ozone SIP, 2018 PM10 Plan, and 2018 PM2.5 SIP that are described above 
in  the air quality  regulatory  setting. The  ICAPCD CEQA Handbook  (ICAPCD 2017), details  that  for any 
project that emits less than the screening thresholds provided above in Section 9.1 for construction and 
operations,  the project  is compliant with  the most current ozone and PM10 attainment plans and no 
further demonstration of compliance with these plans is required. 

The construction and operational air emissions have been calculated through use of the CalEEMod model 
and  the  input  parameters  utilized  in  this  analysis  have  been  detailed  above  in  Section  7.1  and  the 
CalEEMod model printouts are provided in Appendix A. Table K shows the maximum summer or winter 
daily emissions for each year of construction activities for the proposed project with implementation of 
the Project Design Features shown above in Section 1.5.  

Table K – Construction‐Related Criteria Pollutant Emissions  

   Pollutant Emissions (pounds/day) 

Construction Year  ROG  NOx  CO  SO2  PM10  PM2.5 

2021  6.11  51.82  39.73  0.08  67.20  12.54 

2022  4.57  39.74  36.41  0.12  128.90  14.44 

Maximum Daily Emissions  6.11  51.82  39.73  0.12  128.90  14.44 

ICAPCD Thresholds  75  100  550  ‐‐  150  ‐‐ 

Exceeds Threshold?  No  No  No  ‐‐  No  ‐‐ 
Source: CalEEMod Version 2020.4.0. 
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Table K shows that construction activities for the proposed project will not exceed the ICAPCD thresholds 
of significance.  Therefore, a less than significant air quality impact would occur from construction of the 
proposed project. 

The calculated maximum daily emissions created from operation of the proposed project are shown  in 
Table L. 

Table L – Operational Criteria Pollutant Emissions 

   Pollutant Emissions (pounds/day) 

Activity  ROG  NOx  CO  SO2  PM10  PM2.5 

Area Sources1  5.35  0.00  0.04  0.00  0.00  0.00 

Energy Usage2  0.00  0.00  0.00  0.00  0.00  0.00 

Mobile Sources3  0.17  0.18  1.31  0.00  2.35  0.27 

Backup Generator4  0.05  0.17  0.18  0.00  0.01  0.01 

Total Emissions  5.57  0.35  1.53  0.00  2.35  0.28 

ICAPCD Operational Thresholds  137  137  550  150  150  550 

Exceeds Threshold?  No  No  No  No  No  No 
Notes: 
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
Source: Calculated from CalEEMod Version 2020.4.0.  

 

The data provided in Table L shows that none of the analyzed criteria pollutants would exceed the ICAPCD 
thresholds of significance.  Therefore, a less than significant air quality impact would occur from operation 
of the proposed project. 

As shown above, both construction and operational emissions created from the proposed project would 
be within their respective ICAPCD thresholds. According to the ICAPCD Handbook, projects that are within 
the  ICAPCD  thresholds  are  consistent with  the  regional  air  quality  plans.  Furthermore,  the  standard 
mitigation measures provided in the ICAPCD Handbook have been incorporated into the proposed project 
as  Project  Design  Features  (see  Section  1.5,  above),  and  the  proposed  project  will  be  required  to 
implement  all  of  the  ICAPCD Regulation VIII,  fugitive  dust  control measures  during  construction  and 
operation of the proposed project. Furthermore, any stationary sources of emissions operated on site will 
be required to adhere to ICAPCD Rule 207, New and Modified Stationary Source Review and Rule 201 that 
require permits to construct and operate stationary sources. Therefore, the proposed project would not 
conflict with or obstruct implementation of the applicable air quality plans and impacts would be less than 
significant. 

Level of Significance  

Less than significant impact. 

10.3 Cumulative Net Increase in Non‐Attainment Pollution 

The proposed project would not result in a cumulatively considerable net increase of any criteria pollutant 
for which the project region is non‐attainment under an applicable Federal or State ambient air quality 
standard.   
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The ICAPCD CEQA Handbook provides project emissions limits that are provided above in Section 9.1 for 
both construction and operation of projects within the County. The ICAPCD Handbook details that if the 
air emissions created from a project are below the air emissions thresholds shown in Section 9.1, then the 
proposed project’s air emissions would result in a less than significant impact, provided that all standard 
mitigation measures listed in the ICAPCD Handbook are implemented as well as all applicable ICAPCD rules 
controlling emissions are adhered to. 

As shown above  in Table J, construction activities for the proposed project will not exceed the ICAPCD 
thresholds of significance  for construction. Also, as shown  in Table  I, daily operations of the proposed 
project will not exceed the ICAPCD thresholds of significance for operations.  

The standard mitigation measures from the ICAPCD Handbook for both construction and operations have 
been  incorporated  into  the proposed project as Project Design Features 1  through 7  (see Section 1.5, 
above). Furthermore, the proposed project would be required to implement all of the ICAPCD Regulation 
VIII,  fugitive  dust  control  measures  during  construction  and  operation  of  the  proposed  project. 
Furthermore, any stationary sources of emissions operated on site will be required to adhere to ICAPCD 
Rule 207, New and Modified Stationary Source Review and Rule 201 that require permits to construct and 
operate  stationary  sources.  Therefore,  the  proposed  project  would  result  in  a  less  than  significant 
cumulatively considerable net increase of any criteria pollutant. 

Friant Ranch Decision 

In Sierra Club v. County of Fresno (2018) 6 Cal.5th 502 (also referred to as “Friant Ranch”), the California 
Supreme Court held that when an EIR concluded that when a project would have significant impacts to 
air quality impacts, an EIR should “make a reasonable effort to substantively connect a project’s air quality 
impacts to likely health consequences.” As shown in Table L above, and unlike the project at issue in the 
Friant Ranch case, the project’s emissions of criteria pollutants would not exceed the ICAPCD’s thresholds 
and would not have a significant air quality impact.  Therefore, it is not necessary to connect this small 
project’s air quality impacts to likely health impacts.  However, for informational purposes this analysis 
considers the Court’s direction as follows:    

1) The  air  quality  discussion  shall  describe  the  specific  health  risks  created  from  each  criteria 
pollutant, including diesel particulate matter.   

Although it has been determined that the project would not result in significant air quality impacts, this 
analysis details  the  specific health  risks created  from each criteria pollutant above  in Section 2.1 and 
specifically  in Table B.    In addition,  the  specific health  risks  created  from diesel particulate matter  is 
detailed above in Section 2.2 of this analysis.  As such, this analysis meets the part 1 requirements of the 
Friant Ranch Case 

2) The analysis shall identify the magnitude of the health risks created from the Project.  The Ruling 
details how to identify the magnitude of the health risks.  Specifically, on page 24 of the ruling it 
states  “The  Court  of Appeal  identified  several ways  in which  the  EIR  could  have  framed  the 
analysis so as to adequately  inform  the public and decision makers of possible adverse health 
effects.    The  County  could  have,  for  example,  identified  the  Project’s  impact  on  the  days  of 
nonattainment per year.”   

The Friant Ranch Case found that an EIR's air quality analysis must meaningfully connect the identified air 
quality  impacts to the human health consequences of those  impacts, or meaningfully explain why that 
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analysis cannot be provided.  As noted in the Brief of Amicus Curiae by the SCAQMD in the Friant Ranch 
case6    (Brief),  SCAQMD  has  among  the  most  sophisticated  air  quality  modeling  and  health  impact 
evaluation capability of any of the air districts in the State, and thus it is uniquely situated to express an 
opinion on how  lead agencies should correlate air quality  impacts with specific health outcomes.   The 
SCAQMD discusses  that  it may be  infeasible  to quantify health  risks caused by projects similar  to  the 
proposed Project, due to many factors.  It is necessary to have data regarding the sources and types of air 
toxic contaminants, location of emission points, velocity of emissions, the meteorology and topography 
of the area, and the  location of receptors (worker and residence).     The Brief states that  it may not be 
feasible to perform a health risk assessment for airborne toxics that will be emitted by a generic industrial 
building that was built on "speculation" (i.e., without knowing the future tenant(s)).  Even where a health 
risk assessment can be prepared, however, the resulting maximum health risk value is only a calculation 
of risk, it does not necessarily mean anyone will contract cancer as a result of the Project. The Brief also 
cites the author of the CARB methodology, which reported that a PM2.5 methodology is not suited for 
small projects and may yield unreliable results.  Similarly, SCAQMD staff does not currently know of a way 
to accurately quantify ozone‐related health impacts caused by NOX or VOC emissions from relatively small 
projects, due to photochemistry and regional model limitations. The Brief concludes, with respect to the 
Friant Ranch EIR, that although it may have been technically possible to plug the data into a methodology, 
the results would not have been reliable or meaningful.   

On the other hand, for extremely large regional projects (unlike the proposed project), the SCAQMD states 
that it has been able to correlate potential health outcomes for very large emissions sources – as part of 
their rulemaking activity, specifically 6,620 pounds per day of NOx and 89,180 pounds per day of VOC 
were expected to result in approximately 20 premature deaths per year and 89,947 school absences due 
to ozone.   

As shown above  in Table K, project‐related construction activities would generate a maximum of 6.11 
pounds per day of VOC and 51.82 pounds per day of NOx and as shown above in Table L, operation of the 
proposed  project  would  generate  5.57  pounds  per  day  of  VOC  and  0.35  pounds  per  day  NOx.  The 
proposed project would not generate anywhere near  these  levels of 6,620 pounds per day of NOx or 
89,190 pounds per day of VOC emissions. Therefore, the proposed project’s emissions are not sufficiently 
high enough to use a regional modeling program to correlate health effects on a basin‐wide level.  

Therefore,  the proposed project would not  result  in  a  cumulatively  considerable net  increase of  any 
criteria pollutant. 

Level of Significance 

Less than significant impact. 

10.4 Sensitive Receptors 

The proposed project would not expose sensitive receptors to substantial pollutant concentrations.  The 
nearest sensitive receptors to the project site are single‐family homes located as near as 40 feet to the 
north side of the project site (near the northwest corner of the project site).  The nearest school is Brawley 

 
6 Obtained from: https://www.courts.ca.gov/documents/9‐s219783‐ac‐south‐coast‐air‐quality‐mgt‐dist‐
041315.pdf  
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Union High School and Desert Valley High School, which is located as near as 2.7 miles south of the project 
site. 

The IPACD CEQA Guidelines detail that any development project that is located within close proximity to 
sensitive receptors and where the proposed project either 1) Has the potential to emit toxic or hazardous 
pollutant; or 2) Exceeds the  ICAPCD criteria pollutant thresholds for construction and operation of the 
proposed project.  In addition, any proposed industrial or commercial project located within 1,000 feet of 
a school must be referred to the ICAPCD for review. 

As detailed above in Section 10.2, the proposed project would not exceed the ICAPCD criteria pollutant 
threshold  from either construction or operation of  the proposed project.   However, construction and 
operation of  the proposed project would have  the potential  to emit TAC emissions, which have been 
analyzed separately below. 

Toxic Air Contaminants Impacts from Construction  

The greatest potential for toxic air contaminant emissions would be related to diesel particulate matter 
(DPM)  emissions  associated  with  heavy  equipment  operations  during  construction  of  the  proposed 
project.  According to CARB methodology, health effects from carcinogenic air toxics are usually described 
in terms of “individual cancer risk”.   “Individual Cancer Risk”  is the  likelihood that a person exposed to 
concentrations of toxic air contaminants over a 70‐year lifetime will contract cancer, based on the use of 
standard risk‐assessment methodology. It should be noted that the most current cancer risk assessment 
methodology  recommends  analyzing  a  30‐year  exposure  period  for  the  nearby  sensitive  receptors 
(OEHHA 2015). 

Given  the  relatively  limited number of heavy‐duty construction equipment,  the varying distances  that 
construction equipment would operate to the nearby sensitive receptors, and the short‐term construction 
schedule, the proposed project would not result in a long‐term (i.e., 30 or 70 years) substantial source of 
toxic air contaminant emissions and corresponding individual cancer risk.  In addition, California Code of 
Regulations  Title  13,  Article  4.8,  Chapter  9,  Section  2449  regulates  emissions  from  off‐road  diesel 
equipment in California.  This regulation limits idling of equipment to no more than five minutes, requires 
equipment operators to label each piece of equipment and provide annual reports to CARB of their fleet’s 
usage and emissions.  This regulation also requires systematic upgrading of the emission Tier level of each 
fleet, and currently no commercial operator  is allowed to purchase Tier 0 or Tier 1 equipment and by 
January  2023  no  commercial  operator  is  allowed  to  purchase  Tier  2  equipment.    In  addition  to  the 
purchase restrictions, equipment operators need to meet fleet average emissions targets that become 
more stringent each year between years 2014 and 2023.   By  January, 2022, 50 percent or more of all 
contractors’ equipment  fleets must be Tier 2 or higher.   Therefore, no significant short‐term  toxic air 
contaminant impacts would occur during construction of the proposed project.  As such, construction of 
the proposed project would result in a less than significant exposure of sensitive receptors to substantial 
pollutant concentrations. 

Operations‐Related Sensitive Receptor Impacts 

The proposed project would  consist of development of  a  solar  facility with  a BESS  and  a  substation.  
Although the proposed solar PV panels, the lithium batteries utilized in the BESS, and the transformers 
utilized  in the substation are made with toxic materials, only a negligible amount of TAC emissions are 
emitted from off‐gassing from the PV panels, which would not create TAC concentrations high enough to 
create a significant cancer risk from TAC emissions.    In addition, the proposed project would  include a 
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backup diesel generator, which would emit DPM emissions, which is categorized as a TAC.  The backup 
diesel generator would be located in the southwest portion of the project site, where the nearest offsite 
sensitive receptor is a home on the east side of Best Avenue that located approximately 1,900 feet to the 
east.   Due to the distance that the nearest sensitive receptor, a  less than significant TAC  impact would 
occur from the backup diesel generator.  Therefore, a less than significant TAC impact would occur during 
the on‐going operations of the proposed project and no mitigation would be required 

Therefore,  construction and operation of  the proposed project would  result  in a  less  than  significant 
exposure of sensitive receptors to substantial pollutant concentrations. 

Level of Significance 

Less than significant impact. 

10.5 Odor Emissions  

The proposed project would not create objectionable odors affecting a substantial number of people.  
Individual responses  to odors are highly variable and can result  in a variety of effects.   Generally,  the 
impact of an odor results from a variety of factors such as frequency, duration, offensiveness, location, 
and sensory perception.  The frequency is a measure of how often an individual is exposed to an odor in 
the  ambient  environment.    The  intensity  refers  to  an  individual’s  or  group’s  perception  of  the  odor 
strength or concentration.   The duration of an odor  refers  to  the elapsed  time over which an odor  is 
experienced.  The offensiveness of the odor is the subjective rating of the pleasantness or unpleasantness 
of an odor.  The location accounts for the type of area in which a potentially affected person lives, works, 
or visits; the type of activity in which he or she is engaged; and the sensitivity of the impacted receptor.   

Sensory perception has four major components: detectability, intensity, character, and hedonic tone.  The 
detection (or threshold) of an odor is based on a panel of responses to the odor.  There are two types of 
thresholds: the odor detection threshold and the recognition threshold.  The detection threshold is the 
lowest concentration of an odor that will elicit a response in a percentage of the people that live and work 
in the immediate vicinity of the project site and is typically presented as the mean (or 50 percent of the 
population).   The  recognition  threshold  is  the minimum  concentration  that  is  recognized  as having a 
characteristic odor quality, this is typically represented by recognition by 50 percent of the population.  
The intensity refers to the perceived strength of the odor.  The odor character is what the substance smells 
like.   The hedonic tone  is a  judgment of the pleasantness or unpleasantness of the odor.   The hedonic 
tone varies  in subjective experience, frequency, odor character, odor  intensity, and duration. Potential 
odor impacts have been analyzed separately for construction and operations below. 

Construction‐Related Odor Impacts 

Potential sources that may emit odors during construction activities include the application of coatings 
such as asphalt pavement, paints and  solvents and  from emissions  from diesel equipment.   Standard 
construction requirements that limit the time of day when construction may occur as well as adherence 
to ICAPCD Rule 407 that limits the discharge of any emissions that create odors in quantities that would 
cause a nuisance or annoyance to any considerable number of persons.  As such, the objectionable odors 
that may be produced during  the  construction process would be  temporary  and would not  likely be 
noticeable for extended periods of time beyond the project site’s boundaries.  Through compliance with 
the applicable regulations that reduce odors and due to the transitory nature of construction odors, a less 
than significant odor impact would occur and no mitigation would be required. 
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Operations‐Related Odor Impacts 

The proposed project would consist of the development of solar energy facility, which does not include 
any components that are a known sources of odors.  Therefore, a less than significant odor impact would 
occur and no mitigation would be required. 

Level of Significance  

Less than significant impact. 

10.6 Energy Consumption 

The  proposed  project  would  impact  energy  resources  during  construction  and  operation.    Energy 
resources that would be potentially impacted include electricity, and petroleum based fuel supplies and 
distribution systems.   The proposed project would not utilize any natural gas during either construction 
or operation of the proposed project, and no further analysis of natural gas is provided in this analysis.  
This analysis includes a discussion of the potential energy impacts of the proposed projects, with particular 
emphasis  on  avoiding  or  reducing  inefficient,  wasteful,  and  unnecessary  consumption  of  energy.    A 
general definition of each of these energy resources are provided below. 

Electricity,  a  consumptive  utility,  is  a man‐made  resource.  The  production  of  electricity  requires  the 
consumption or conversion of energy resources, including water, wind, oil, gas, coal, solar, geothermal, 
and nuclear resources, into energy. The delivery of electricity involves a number of system components, 
including substations and transformers that lower transmission line power (voltage) to a level appropriate 
for on‐site distribution and use. The electricity generated is distributed through a network of transmission 
and distribution lines commonly called a power grid. Conveyance of electricity through transmission lines 
is typically responsive to market demands.  In 2019, Imperial Irrigation District, which provides electricity 
to the project vicinity provided 3,322 Gigawatt‐hours per year of electricity7. 

Petroleum‐based fuels currently account for a majority of the California’s transportation energy sources 
and primarily  consist of diesel and gasoline  types of  fuels.   However,  the  state has been working on 
developing strategies to reduce petroleum use. Over the last decade California has implemented several 
policies,  rules,  and  regulations  to  improve  vehicle  efficiency,  increase  the  development  and  use  of 
alternative  fuels, reduce air pollutants and GHG emissions  from the transportation sector, and reduce 
vehicle miles traveled (VMT).  Accordingly, petroleum‐based fuel consumption in California has declined. 
In 2017, 83 million gallons of gasoline and 12 million gallons of diesel was sold in Imperial County8.   

The following section calculates the potential energy consumption associated with the construction and 
operations of the proposed project and provides a determination if any energy utilized by the proposed 
project is wasteful, inefficient, or unnecessary consumption of energy resources. 

Construction Energy  

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System  Installation  and  Testing,  and  3)  Site  Clean‐up  and  Restoration.    The  proposed  project would 
consume energy resources during construction in three (3) general forms:  

 
7 Obtained from: http://www.ecdms.energy.ca.gov/elecbyutil.aspx   
8 Obtained from: https://ww2.energy.ca.gov/almanac/transportation_data/gasoline/ 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 55 

 

1. Petroleum‐based  fuels  used  to  power  off‐road  construction  vehicles  and  equipment  on  the 
project site, construction worker travel to and from the project site, as well as delivery and haul 
truck trips (e.g., hauling of construction waste material to off‐site reuse and disposal facilities);  

2. Electricity  associated  with  the  conveyance  of  water  that  would  be  used  during  project 
construction  for dust  control  (supply and  conveyance) and electricity  to power any necessary 
lighting during construction, electronic equipment, or other construction activities necessitating 
electrical power; and, 

3. Energy used in the production of construction materials, such as asphalt, steel, concrete, pipes, 
and manufactured or processed materials such as lumber and glass. 

Construction‐Related Electricity  

During construction the proposed project would consume electricity to construct the new structures and 
infrastructure. Electricity would be  supplied  to  the project  site by  Imperial  Irrigation District  (IID) and 
would be obtained from the existing electrical lines in the vicinity of the project site.  The use of electricity 
from existing power lines rather than temporary diesel or gasoline powered generators would minimize 
impacts on energy use.   Electricity  consumed during project  construction would  vary  throughout  the 
construction period based on the construction activities being performed. Various construction activities 
include  electricity  associated  with  the  conveyance  of  water  that  would  be  used  during  project 
construction  for dust control  (supply and conveyance) and electricity  to power any necessary  lighting 
during construction, electronic equipment, or other construction activities necessitating electrical power.  
Such  electricity  demand  would  be  temporary,  nominal,  and  would  cease  upon  the  completion  of 
construction. Overall, construction activities associated with the proposed project would require limited 
electricity consumption that would not be expected to have an adverse  impact on available electricity 
supplies and  infrastructure. Therefore,  the use of electricity during project construction would not be 
wasteful, inefficient, or unnecessary. 

The proposed project would include installation of an approximately 1.6 mile long overhead power lines 
from the southwest corner of the project site to the North Brawley 1 Substation, which would provide 
adequate capacity to handle the power generated and utilized by the proposed project.  Where feasible, 
the new service  installations and connections would be scheduled and  implemented  in a manner that 
would not result in electrical service interruptions to other properties.  Compliance with County guidelines 
and  requirements  would  ensure  that  the  proposed  project  fulfills  its  responsibilities  relative  to 
infrastructure installation, coordinates any electrical infrastructure removals or relocations, and limits any 
impacts associated with construction of the project.  Construction of the project’s electrical infrastructure 
is not anticipated to adversely affect the electrical infrastructure serving the surrounding uses or utility 
system capacity.  

Construction‐Related Petroleum Fuel Use  

Petroleum‐based  fuel  usage  represents  the  highest  amount  of  transportation  energy  potentially 
consumed during construction, which would be utilized by both off‐road equipment operating on  the 
project site and on‐road automobiles transporting workers to and from the project site and on‐road trucks 
transporting equipment and supplies to the project site.   

The off‐road construction equipment fuel usage was calculated through use of the off‐road equipment 
assumptions  and  fuel  use  assumptions  shown  above  in  Section  8.2,  which  found  that  the  off‐road 
equipment utilized during construction of the proposed project would consume 84,890 gallons of fuel.  
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The on‐road  construction  trips  fuel usage was  calculated  through use of  the construction vehicle  trip 
assumptions and fuel use assumptions shown above  in Section 8.2, which found that the on‐road trips 
generated from construction of the proposed project would consume 57,078 gallons of fuel.  As such, the 
combined  fuel  used  from  off‐road  construction  equipment  and  on‐road  construction  trips  for  the 
proposed project would result in the consumption of 141,968 gallons of petroleum fuel.  This equates to 
0.15 percent of the gasoline and diesel consumed annually in Imperial County.  As such, the construction‐
related petroleum use would be nominal, when compared to current county‐wide petroleum usage rates. 

Construction activities associated with the proposed project would be required to adhere to all State and 
SCAQMD regulations for off‐road equipment and on‐road trucks, which provide minimum fuel efficiency 
standards.   As such, construction activities  for  the proposed project would not  result  in  the wasteful, 
inefficient, and unnecessary consumption of energy resources.  Impacts regarding transportation energy 
would be less than significant.  Development of the project would not result in the need to manufacture 
construction  materials  or  create  new  building  material  facilities  specifically  to  supply  the  proposed 
project.    It  is difficult to measure  the energy used  in the production of construction materials such as 
asphalt, steel, and concrete, it is reasonable to assume that the production of building materials such as 
concrete,  steel,  etc.,  would  employ  all  reasonable  energy  conservation  practices  in  the  interest  of 
minimizing the cost of doing business. 

Operational Energy 

The on‐going operation of the proposed project would require the use of energy resources for multiple 
purposes  including,  but  not  limited  to,  heating/ventilating/air  conditioning  (HVAC),  lighting,  and 
electronics.  Energy would also be consumed during operations related to water usage and vehicle trips. 

Operations‐Related Electricity 

Operation of the proposed project would result in consumption and production of electricity at the project 
site.  As detailed above in Section 8.2 the proposed PV solar panels will generate 97,333,333 kWh per year 
of electricity and operation of the project will use 1,946,667 kWh per year of electricity, which would 
result in the net generation of 95,386,667 kWh per year of electricity.  This equates to 2.8 percent of the 
electricity  consumed annually by  IID.   As  such,  the operations‐related electricity use would provide a 
significant  renewable  resource  for  the  IID and would help  IID achieve  the  State’ Renewable Portfolio 
Standards  requirement  for non‐carbon  sources of electricity. No  impact would occur  from electricity‐
related energy consumption from the proposed project. 

Operations‐Related Vehicular Petroleum Fuel Usage 

Operation  of  the  proposed  project would  result  in  increased  consumption  of  petroleum‐based  fuels 
related to vehicular travel to and from the project site.   As detailed above  in Section 8.2 the proposed 
project would consume 541 gallons of petroleum fuel per year from vehicle travel.  This equates to 0.001 
percent of the gasoline and diesel consumed in Imperial County annually. As such, the operations‐related 
petroleum use would be nominal, when compared to current petroleum usage rates 

It  should  be  noted  that,  the  proposed  project  would  comply  with  all  Federal,  State,  and  County 
requirements  related  to  the  consumption  of  transportation  energy  and would  provide  a  non‐carbon 
source  of  electricity  to  power  electric  vehicles  in  Imperial  County.  Thus,  impacts  with  regard 
transportation energy supply and infrastructure capacity would be less than significant and no mitigation 
measures would be required. 
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In conclusion, the proposed project would comply with regulatory compliance measures outlined by the 
State and County related to Air Quality, Greenhouse Gas Emissions (GHG), Transportation/Circulation, and 
Water  Supply.    Therefore,  the  proposed  project  would  not  result  in  the  wasteful,  inefficient,  or 
unnecessary consumption of energy resources during project construction or operation.  Impacts would 
be less than significant. 

Level of Significance  

Less than significant impact. 

10.7 Energy Plan Consistency 

The proposed project would not conflict with or obstruct a state or  local plan for renewable energy or 
energy efficiency.   The applicable energy plan  for  the proposed project  is  the Renewable Energy and 
Transmission Element County of Imperial General Plan, Revised October 6, 2015.  The proposed project’s 
consistency with the applicable energy‐related policies in the Natural Resource Element of the General 
Plan are shown in Table M.  

Table M – Proposed Project Compliance with Applicable General Plan Energy Policies 

Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Goal 1  Support the safe and orderly development of 
renewable energy while providing for the 
protection of environmental resources. 

Consistent.  The proposed project provides 
protection to environmental resources while 
helping to produce renewable energy.  

Objective 
1.1 

The County of Imperial supports the overall goals of 
the Desert Renewable Energy Conservation Plan to 
provide a balance between the developments of 
renewable energy resources while preserving 
sensitive environmental resources within its 
jurisdiction. 

Not Applicable.  This objective is related to the 
County requirements.  

Objective 
1.2 

Lessen impacts of site and design production 
facilities on agricultural, natural, and cultural 
resources. 

Consistent.   The proposed project impacts 
related to these subjects have been evaluated 
in the DEIR prepared for this project. 

Objective 
1.3 

Require the use of directional geothermal drilling 
and “islands” when technically advisable in irrigated 
agricultural soils and sensitive or unique biological 
areas. 

Not applicable.  The proposed project would 
not include any geothermal drilling  

Objective 
1.4 

Analyze potential impacts on agricultural, natural, 
and cultural resources, as appropriate. 

Consistent.   This DEIR prepared for this project 
has analyzed the potential impacts related to 
these subjects.   

Objective 
1.5 

Require appropriate mitigation and monitoring for 
environmental issues associated with developing 
renewable energy facilities. 

Consistent.   The proposed Project provides a 
mitigation monitoring program.   

Objective 
1.6 

Encourage the efficient use of water resources 
required in the operation of renewable energy 
generation facilities. 

Consistent.   The proposed Project will be 
designed to meet Title 24 Part 11 requirements 
that require implementation of water‐efficiency 
measures. 

Objective 
1.7 

Assure that development of renewable energy 
facilities and transmission lines comply with 

Consistent.   The proposed Project will be 
required to obtain all required air permits from 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Imperial County Air Pollution Control District’s 
regulations and mitigation measures. 

the ICAPCD and to adhere to all of the ICAPCD 
rules and regulations. 

Goal 2  Encourage development of electrical transmission 
lines along routes which minimize potential 
environmental effects. 

Consistent. Any required improvements or 
extensions of existing IID electrical transmission 
lines will occur adjacent to existing routes. 

Objective 
2.1 

To the extent practicable, maximize utilization of 
IID’s transmission capacity in existing easements or 
rights‐of‐way. Encourage the location of all major 
transmission lines within designated corridors, 
easements, and rights‐of‐way. 

Consistent. Any required improvements or 
extensions of IID electrical transmission lines 
will occur within existing easements or right‐of‐
ways. 

Objective 
2.2 

Where practicable and cost‐effective, design 
transmission lines to minimize impacts on 
agricultural, natural, and cultural resources, urban 
areas, military operation areas, and recreational 
activities. 

Consistent. Any required improvements or 
extensions of IID electrical transmission lines 
will occur within existing easements or right‐of‐
ways. 

Goal 3  Support development of renewable energy 
resources that will contribute to and enhance the 
economic vitality of Imperial County. 

Consistent.  The proposed project will provide 
additional employment opportunities as well as 
contribute to the tax base of the County, that 
will enhance the economic vitality of the 
County. 

Objective 
3.1 

Preserve IID’s Balancing Authority and local rate‐
making authority which allows IID to continue to 
provide low‐cost service. Lower energy rates 
enhance the economic vitality in Imperial County. 

Not Applicable.   This measure applies to the 
IID. 

Objective 
3.2 

Encourage the continued development of the 
mineral extraction/production industry for job 
development using geothermal brines from the 
existing and future geothermal flash power plants. 

Not applicable.  The proposed project would 
not include any geothermal activities. 

Objective 
3.3 

Encourage the development of services and 
industries associated with renewable energy 
facilities. 

Consistent.  The proposed project implements 
this Objective. 

Objective 
3.4 

Assure that revenues projected from proposed 
renewable energy facility developments are 
sufficient to offset operational costs to the County 
from that particular development. 

Consistent.  The proposed project would 
generate more revenue for the County than 
any costs incurred by the County. 

Objective 
3.5 

Encourage employment of County residents by the 
renewable energy industries wherever and 
whenever possible. 

Consistent.  The proposed project will provide 
additional employment opportunities to 
residents in the County. 

Objective 
3.6 

Encourage the establishment of necessary and 
applicable renewable energy training programs in 
local school systems in association with the 
renewable energy industry. 

Not Applicable.   This measure applies to the 
local school systems. 

Objective 
3.7 

Evaluate environmental justice issues associated 
with job creation and displacement when 
considering the approval of renewable energy 
projects. 

Consistent.  No impacts to disadvantaged 
communities would occur from implementation 
of the proposed Project. 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Goal 4  Support development of renewable energy 
resources that will contribute to the restoration 
efforts of the Salton Sea. 

Not applicable.  The proposed project is not 
located within the Salton Sea restoration area. 

Objective 
4.1 

Prioritize the Salton Sea exposed seabed (playa) for 
renewable energy  

Not applicable.  The location of the project was 
chosen to be in close proximity to the existing 
North Brawley Geothermal Power Plant 
Substation. 

Objective 
4.2 

Encourage the development of renewable energy 
facilities that will contribute to the reduction or 
elimination of airborne pollutants created by 
exposure of the seabed of the Salton Sea as it 
recedes. 

Not applicable.  The proposed project is not 
located within the Salton Sea restoration area. 

Objective 
4.3 

Develop mitigation measures and monitoring 
programs to minimize impacts to avian species and 
other species that may be affected by renewable 
energy facilities constructed near the Salton Sea. 

Not applicable.  The proposed project is not 
located near the Salton Sea. 

Goal 5  Encourage development of innovative renewable 
energy technologies that will diversify Imperial 
County’s energy portfolio. 

Consistent.  The proposed project will utilize 
the innovative renewable technologies in its 
design. 

Objective 
5.1 

Support the implementation of pilot projects 
intended to test or demonstrate new and 
innovative renewable energy production 
technologies. 

Consistent.  Although the proposed project is 
for full production and not a pilot project, it will 
demonstrate new and innovative renewable 
energy production technologies. 

Objective 
5.2 

Encourage development of utility‐scale distributed 
generation projects in the County. 

Consistent.  The proposed project consists of a 
utility‐scale solar PV system with a BESS. 

Goal 6  Support development of renewable energy while 
providing for the protection of military aviation and 
operations. 

Consistent.  The proposed project will be 
designed to meet all aviation requirements. 

Objective 
6.1 

Assure that renewable energy facilities proposed in 
areas adjacent to military installations and training 
areas will be compatible with these uses. 

Not Applicable.   No military facilities exist in 
the local vicinity to the project site. 

Objective 
6.2 

Facilitate the early exchange of project‐related 
information with the military for proposed 
renewable energy facilities located within a military 
operations area (MOA) or within 1,000 feet of a 
military installation. 

Not Applicable.   No military facilities exist 
within 1,000 feet of the project site. 

Objective 
6.3 

Assure that renewable energy facilities proposed 
within MOAs will not jeopardize the safety of 
existing residents or impact military operations. 

Not Applicable.   No military facilities exist in 
the local vicinity to the project site. 

Goal 7  Actively minimize the potential for land subsidence 
to occur as a result of renewable energy operations. 

Consistent.  The proposed project will be 
designed to minimize land subsidence. 

Objective 
7.1 

Require that all renewable energy facilities, where 
deemed appropriate, include design features that 
will prevent subsidence and other surface 
conditions from impacting existing land uses. 

Consistent.  The proposed project will be 
designed to minimize land subsidence. 

Objective 
7.2 

For geothermal energy development facilities, 
establish injection standards consistent with the 
requirements of the California Division of Oil, Gas, 

Not applicable.  The proposed project would 
not include any geothermal energy 
development. 
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and Geothermal Resources (CDOGGR). Request a 
CDOGGR subsidence review, if necessary, for 
consideration prior to setting injection standards. 

Objective 
7.3 

Require renewable energy facility permittees to 
establish and monitor subsidence detection 
networks in areas affected by permitted project 
activities. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.4 

Require monitoring programs for determining the 
possibility or extent of induced subsidence. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.5 

Require corrective measures, in proportion to each 
developer's activities, if evidence indicates that 
operation of geothermal energy facilities have 
caused, or will cause, surface impacts. In 
determining monitoring or mitigation requirements, 
the County shall consult with informed parties such 
as CDOGGR, County Department of Public Works, 
the IID, the permittee, other developers, and other 
experts as appropriate. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.6 

Where geothermal fields have been divided into 
units or developers have established a cooperative 
agreement for reservoir management, specific 
production and injection requirements of 
individually permitted projects may be modified in 
accordance with both Federal and State 
requirements. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.7 

Require seismic monitoring be performed in 
conjunction with major geothermal projects. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.8 

Require operators of geothermal facilities analyze 
seismic data to determine the effects of geothermal 
production and injection on seismic activities within 
the development area. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.9 

Consult with experts, such as CDOGGR, U.S. 
Geological Survey, geothermal industry 
representatives, permittees, and other developers 
to determine appropriate monitoring and mitigation 
requirements. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.10 

Require operators of geothermal facilities to 
establish a notification system to warn or notify 
surrounding residents of the accidental release of 
potentially harmful emissions as part of an 
emergency response plan. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.11 

Require all geothermal energy facilities to include 
operating procedures that would prevent 
detrimental impacts to geothermal reservoirs. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Goal 8  Develop overlay zones that will facilitate the 
development of renewable energy resources while 

Not Applicable.   This measure is applicable to 
the County Planning Department. 
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preserving and protecting agricultural, natural, and 
cultural resources. Development of overlay zones 
shall include coordination with Federal, State, 
County, Tribal governments, educational entities, 
the public and local industries. 

Objective 
8.1 

Allow for County review with appropriate 
development and performance standards for 
development of local resources within the overlay 
zones. 

Not Applicable.   This measure is applicable to 
the County Planning Department. 

Objective 
8.2 

Promote the exchange of information concerning 
renewable energy development to be circulated 
between industry, County staff, and the public. 

Not Applicable.   This measure is applicable to 
the County Planning Department. 

Source: County of Imperial, 2015. 

 
 

As shown in Table M, the proposed project would be consistent with all applicable energy‐related policies 
from the General Plan.   Therefore, the proposed project would not conflict with or obstruct a state or 
local plan for renewable energy or energy efficiency. Impacts would be less than significant. 

Level of Significance  

Less than significant impact. 

10.8 Generation of Greenhouse Gas Emissions 

The proposed project would not generate GHG emissions, either directly or indirectly, that may have a 
significant impact on the environment and would not conflict with any applicable plan, policy or regulation 
of an agency adopted for the purpose of reducing GHG emissions.  Neither the County of Imperial nor the 
ICAPCD has established significance thresholds for GHG emissions.  In order to establish context in which 
to consider the GHG emissions created from the proposed project, this analysis reviewed guidelines used 
by  other  public  agencies  in  California  and  found  the  most  conservative  GHG  emissions  threshold  is 
detailed  in CEQA & Climate Change, prepared by California Air Pollution Control Officers Association 
(CAPCOA 2008), which recommends a threshold of 900 MTCO2e per year from any project.  It should also 
be noted that a direct comparison of construction GHG emissions with long‐term thresholds would not 
be appropriate, since construction emissions are short‐term in nature and would cease upon completion 
of  construction.    Other  Air  Districts,  including  the  SCAQMD,  recommend  that  GHG  emissions  from 
construction  activities  be  amortized  over  30  years,  when  construction  emissions  are  compared  to 
operational‐related GHG emissions thresholds. 

The proposed project  is anticipated  to generate GHG emissions  from area  sources, energy usage and 
production, mobile sources, waste disposal, water usage, and construction equipment. The project’s GHG 
emissions have been calculated with  the CalEEMod model based on  the construction and operational 
parameters detailed above in Section 8.1.  A summary of the results is shown below in Table N and the 
CalEEMod model run is provided in Appendix C. 
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Table N – Project Related Greenhouse Gas Annual Emissions 

  Greenhouse Gas Emissions (Metric Tons per Year) 

Category  CO2  CH4  N2O  CO2e 

Area Sources1  0.01  0.00  0.00  0.01 
Energy Usage and Production2  ‐4,299.50  ‐0.75  ‐0.09  ‐4,345.14 
Mobile Sources3  5.35  0.00  0.00  5.44 
Backup Generator4  0.61  0.00  0.00  0.62 
Solid Waste5  0.00  0.00  0.00  0.00 
Water and Wastewater6  0.38  0.01  0.00  0.66 
Construction7  18.63  0.00  0.00  18.88 

Total GHG Emissions  ‐4,274.52  ‐0.73  ‐0.09  ‐4,319.54 

GHG Emissions Threshold of Significance8  900 

Exceed Thresholds?  No 
Notes: 
1 Area sources consist of GHG emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consists of GHG emissions from electricity used and generated onsite.  
3 Mobile sources consist of GHG emissions from vehicles. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
5 Solid Waste. Since no employees would be onsite during typical operations, no solid waste is anticipated to be generated from the project. 
6 Water includes GHG emissions from electricity used for transport of water and processing of wastewater. 
7 Construction emissions amortized over 30 years as recommended in the SCAQMD GHG Working Group on November 19, 2009. 
8 GHG emissions threshold from CAPCOA, 2008. 
Source: CalEEMod Version 2020.4.0. 

 

The data provided in Table N shows that the proposed project would reduce GHG emissions created in 
Imperial County by 4,319.54 MTCO2e per year by providing a zero carbon source of electricity generation.  
The proposed project would not exceed the annual GHG emissions threshold of 900 MTCO2e per year.  
Therefore, no greenhouse gas emissions  impact would occur  from  construction and operation of  the 
proposed project.    

Level of Significance  

No impact. 

10.9 Greenhouse Gas Plan Consistency 

The  proposed  project would  not  conflict with  any  applicable  plan,  policy  or  regulation  of  an  agency 
adopted for the purpose of reducing GHG emissions.  Neither the County of Imperial nor the ICAPCD has 
adopted a climate action plan to reduce GHG emissions in the proposed project area.  As such, the only 
applicable  plans  for  reducing GHG  emissions  for  the proposed project  area  are  statewide  plans  that 
include AB 32, AB 197, and SB 32. As shown above in Section 10.8, the proposed project would reduce 
GHG emissions created in Imperial County by 4,319.54 MTCO2e per year and would assist the County in 
meeting the zero carbon sources of electricity generation as required by the State’s Renewable Portfolio 
Standards. 

Therefore, the proposed project would not conflict with any applicable plan, policy, or regulation adopted 
for reducing the emissions of GHGs. No impact would occur.  

Level of Significance 

No impact. 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to conduct a literature 
review and reconnaissance-level survey for the development of the Brawley Solar Project (Project). The 
survey identified vegetation communities, potential waters of the state and waters of the U.S., wetlands, 
and potential for the occurrence of sensitive species or habitats that could support sensitive wildlife 
species. Information contained in this Biological Technical Report is in accordance with accepted scientific 
and technical standards that are consistent with the requirements of United States Fish and Wildlife 
Service (USFWS) and the California Department of Fish and Wildlife (CDFW). 

1.1 PROJECT BACKGROUND 

ORNI is proposing to build, operate, and maintain the Brawley Solar Energy Facility, a 40 megawatt 
(MW)/160 megawatt-hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy 
storage system (BESS) on approximately 227 acres in Brawley, Imperial County. Power generated by the 
Project would be low-voltage direct current (DC) power that would be collected and routed to a series of 
inverters and their associated pad-mounted transformers. The inverters would convert the DC power 
generated by the panels to alternating current (AC) power, and the pad-mounted transformers would 
step up the voltage. The Project would connect to the North Brawley Geothermal Power Plant southwest 
of the Project site via an approximately 1.8-mile-long aboveground 92 kilovolt (kV) generation tie line 
(gen-tie line).  

1.2 PROJECT LOCATION 

The Project is located at 5003 Best Avenue, Brawley, California, on six privately owned parcels (Project 
site). The Project is located within the U.S. Geological Survey (USGS) Westmorland East, California, 7.5-
minute topographic quadrangle. Currently the Project site contains fallow alfalfa fields. The Project site is 
bordered by undeveloped agricultural land to the north and east and a mixture of undeveloped 
agricultural land and dirt lots used for staging activities to the south, and the City of Brawley Wastewater 
Treatment Plant is located along the western edge of the Project site. The elevation at the Project site is 
approximately 145 feet below mean sea level (bmsl). Maps of the Project location and Project vicinity are 
provided in Figure 1. 

  

PC ORIGINAL PKG



San
Bernardino

Kern

Ventura

RiversideOrange

Imperial

Los Angeles

San Diego

Mexico1:40,000 1:5,000,000

Figure 1
Brawley Solar Project

Project Location & Vicinity

Name: 21267 BIO Fig 1 Project Location and Vicinity.Mxd
Print Date:  12/15/2020, Author: pcarlos

0 1,000 2,000500

Feet

´

1:18,640

Survey Area

PC ORIGINAL PKG



Biological Technical Report for the Brawley Solar Project 
Imperial County, California 

Chambers Group, Inc.  
21267 

3 

SECTION 2.0 – METHODOLOGY 

2.1 LITERATURE REVIEW 

Prior to performing the field survey, existing documentation relevant to the Project site was reviewed. 
The most recent records of the California Natural Diversity Database (CNDDB) managed by CDFW (CDFW 
2020), the USFWS Critical Habitat Mapper (USFWS 2020), and the California Native Plant Society’s 
Electronic Inventory (CNPSEI) of Rare and Endangered Vascular Plants of California (CNPS 2020) were 
reviewed for the following quadrangles containing and surrounding the Project site: Westmorland East, 
Niland, Obsidian Butte, Westmorland West, West, Iris, Alamorio, Brawley, and Brawley Northwest, 
California, USGS 7.5-minute quadrangles. These databases contain records of reported occurrences of 
federally or state listed endangered or threatened species, California Species of Concern (SSC), or 
otherwise sensitive species or habitats that may occur within or in the immediate vicinity of the Project 
site. 

2.2 SOILS 

Before conducting the survey, soil maps for Imperial County were referenced online to determine the soil 
types found within the Project site. Soils were determined in accordance with categories set forth by the 
U.S. Department of Agriculture (USDA) Soil Conservation Service and by referencing the USDA Natural 
Resources Conservation Service (NRCS) Web Soil Survey (USDA 2020). 

2.3 JURISDICTIONAL WATERS 

A general assessment of jurisdictional waters regulated by the United States Army Corps of Engineers 
(USACE), California Regional Water Quality Control Board (RWQCB), and CDFW was conducted for the 
Project site. Pursuant to Section 404 of the Clean Water Act, USACE regulates the discharge of dredged 
and/or fill material into waters of the United States. The State of California (State) regulates discharge of 
material into waters of the State pursuant to Section 401 of the Clean Water Act and the California Porter-
Cologne Water Quality Control Act (California Water Code, Division 7, §13000 et seq.). Pursuant to 
Division 2, Chapter 6, Sections 1600-1602 of the California Fish and Game Code, CDFW regulates all 
diversions, obstructions, or changes to the natural flow or bed, channel, or bank of any river, stream, or 
lake which supports fish or wildlife. The assessment was conducted by a desktop survey through the USGS 
National Hydrography Dataset for hydrological connectivity. 

2.4 BIOLOGICAL RECONNAISSANCE-LEVEL SURVEY 

Chambers Group biologists Brian Cropper and Genelle Ives conducted the general reconnaissance survey 
(survey) within the Project site to identify the potential for occurrence of sensitive species, vegetation 
communities, or habitats that could support sensitive wildlife species. The survey was conducted on foot 
throughout the Project site between 0830 and 1715 hours on October 22, 2020. Weather conditions 
during the survey included temperatures ranging from 65 to 73 degrees Fahrenheit, with 80 percent cloud 
cover and no precipitation. Photographs of the Project site were recorded to document existing conditions 
(Appendix A). 
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2.4.1 Vegetation 

All plant species observed within the Project site were recorded. Vegetation communities within the 
Project site were identified, qualitatively described, and mapped onto a high-resolution imagery aerial 
photograph. Plant communities were determined in accordance with the Manual of California Vegetation, 
Second Edition (Sawyer et al. 2009). Plant nomenclature follows that of The Jepson Manual (Baldwin et al. 
2012). A comprehensive list of the plant species observed during the survey is provided in Appendix B. 

2.4.2 Wildlife 

All wildlife and wildlife signs observed and detected, including tracks, scat, carcasses, burrows, 
excavations, and vocalizations, were recorded. Additional survey time was spent in those habitats most 
likely to be utilized by wildlife (native vegetation, wildlife trails, etc.) or in habitats with the potential to 
support state and/or federally listed or otherwise sensitive species. Notes were made on the general 
habitat types, species observed, and the conditions of the Project site. A comprehensive list of the wildlife 
species observed during the survey is provided in Appendix C. 
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SECTION 3.0 – RESULTS 

3.1 NATURAL COMMUNITY CONSERVATION PLAN & HABITAT CONSERVATION PLAN 

The Project site is located within the designated boundaries of the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the Project is not 
located within or adjacent to an Area of Critical Environmental Concern.  

3.2 SOILS 

According to the results from the USDA NRCS Web Soil Survey (USDA 2020), the Project site is located in 
the Imperial Valley Area, CA683 part of the soil map. Six soil types are known to occur within and/or 
adjacent to the site and are described below.  

Badland occurs along the western portion of the Project site. The parent material is composed of alluvium. 
This soil is not rated as hydric, and the runoff class is high.  

Imperial Silty Clay complex occurs throughout the Project site. The parent material is clayey alluvium 
derived from mixed or clayey lacustrine deposits. The available water capacity is classified as moderate 
(approximately 8.3 inches) with a depth to the water table of more than 80 inches. 

Imperial Glenbar Silty Clay Loam occurs along the western portion and eastern edge of the Project site. 
The parent material is clayey alluvium derived from mixed and/or clayey lacustrine deposits. The available 
water capacity is moderate (approximately 8.6 inches) with a depth to the water table of more than 
80 inches.  

Indio-Vent complex occurs in the southern portion of the Project site just east of the New River. The parent 
material is alluvium derived from mixed and/or eolian deposits. The available water capacity is moderate 
(approximately 8.5 inches) with a depth to the water table of more than 80 inches.  

Meloland Very Fine Sandy Loam occurs along the drainages in the southern portion of the Project site. 
The parent material is alluvium derived from mixed and/or eolian deposits. The available water capacity 
is moderate (approximately 7.8 inches) and a low runoff class. The depth to the water table is more than 
80 inches.  

Vint and Indio Very Fine Sandy Loam occurs along the drainage in the southwest portion of the Project 
site. The parent material is alluvium derived from mixed sources and/or eolian deposits. The available 
water capacity is moderate at about 6.8 inches. The depth to the water table is more than 80 inches.  

3.3 JURISDICTIONAL WATERS 

The western portion of the Project site is located within the New River watershed (Hydrologic Unit Code 
[HUC-10] 1810020411) and within the Federal Emergency Management Agency (FEMA) 100-year flood 
zone (Figure 2). The New River watershed at the Project site is bordered to the south by Imperial Valley, 
to the west by the Vallecito Mountains, to the north by the Salton Sea, and to the east by the Chocolate 
Mountains. The New River is the major water source for the watershed, which drains into the Salton Sea. 
Along its watercourse, several tributaries, including mostly agricultural drains and canals discharge into 
the New River. The eastern portion of the Project site is located within the Alamo River watershed (HUC-
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10 1810020408) and is within the FEMA 100-year flood zone (Figure 2). The Alamo River is the major water 
source for the watershed, which also drains into the Salton Sea. The primary tributaries to the Alamo River 
are agricultural drains and canals. Both rivers are known to be heavily polluted with agricultural and 
bacterial toxins.  

Several jurisdictional and non-jurisdictional features were observed within the Project site. The New River, 
a National Wetlands Inventory (NWI) mapped blueline, flows through the middle portion of the Project 
site (Figure 2). In addition, several NWI mapped blueline canals, drains, and ditches owned by Imperial 
Irrigation District (IID) flow along the borders of the Project site (Figure 2). Locations of the features 
observed during the field survey are presented in Figure 3. 

Feature 1, the IID “Spruce Three Drain,” occurs along the proposed gen-tie line located in the southwest 
portion of the Project site along Andre Road. The Spruce Three drain is a mapped NWI stream (Riverine 
Intermittent Stream Bed, Seasonally Flooded, Excavated). The drainage is man-made and receives flow 
from surface runoff from Andre Road and surrounding agricultural fields. Bank-to-bank measurements 
ranged from 13 to 80 feet. Ordinary High Water Mark (OHWM) measurements ranged from 6 to 40 feet. The 
drain flows into the Project site from the west at Hovley Road along the south side of Andre Road, flows 
east for approximately 0.50 mile and crosses under Andre Road to the north side of the road, and appears 
to continue to flow eastward until it empties into the New River, which terminates at the Salton Sea. The 
feature is lined with riparian vegetation dominated by arrow weed (Pluchea sericea) a Facultative Wetland 
(FACW) species, meaning one that usually occurs in wetlands but is also found in non-wetlands (Lichvar 
et al. 2016).  

Feature 2 occurs along the gen-tie line portion of the Project site, on the north side of Andre Road. Feature 
2 is a man-made, unvegetated cement-lined ditch. Bank-to-bank measured 10 feet; the OHWM measured 
4 feet. The feature flows into the Project site from the west for approximately 0.50 mile, where it appears 
to connect to the Spruce Three Drain. Feature 2 receives flow from road runoff and agricultural runoff 
from the surrounding agricultural fields.  

Feature 3, the New River, flows through the eastern portion of the gen-tie line. The New River is an NWI 
mapped blueline wetland riverine system (Riverine Lower Perennial, Unconsolidated Bottom Wetland, 
Permanently Flooded). Bank-to bank-measurements ranged from 110 to 170 feet. OHWM measurements 
ranged from 42 to 107 feet. The river flows south to north from Mexico and terminates in the Salton Sea. 
Within the Project site, the vegetation along the banks of the river consists completely of tamarisk 
(Tamarix spp.) a Facultative (FAC) species, one that is equally likely to occur in wetlands or non-wetlands 
(Lichvar et al. 2016). 

Feature 4, the IID “Livesly Drain,” occurs east of the New River in the eastern portion of the gen-tie line. 
The Livesly Drain is a NWI mapped blueline stream. This feature is man-made and receives flow from 
agricultural runoff. The Livesly Drain flows into the Project site from the east, turns north, and exits into 
the New River. Bank-to-bank measurements ranged from 20 to 120 feet. The OHWM measurements 
ranged from 13 to 20 feet. The portion of the drainage within the Project site is composed completely of 
tamarisk.  

Feature 5, the IID “Oakley Canal,” occurs just south of the Livesly Drain. The Oakley Canal is a NWI mapped 
blueline stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). Feature 5 is man-
made and receives flow from agricultural runoff. The Oakley Canal flows south to north and empties into 
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the Livesly Canal. Bank-to-bank measurements ranged from 25 feet to 48 feet. OHWM measured 15 feet. 
The vegetation along the banks of Feature 5 consists primarily of tamarisk.  

Feature 6, the IID “Best Canal,” occurs along the eastern border of the Project site on the west side of Best 
Avenue. The canal is a NWI mapped blueline stream (Riverine Intermittent Stream Bed, Seasonally 
Flooded, Excavated) that receives flow from agricultural and road run-off. Bank-to-bank the canal 
measured 15 feet; OHWM measured 5 feet. The canal is unvegetated throughout the Project site and flows 
south to north, exits the Project site, turns west and eventually empties into the New River.  

Feature 7 occurs in the southeast portion of the Project site on the south side of Andre Road along the 
gen-tie line. Feature 7 consists of two man-made detention ponds with riparian vegetation and are 
mapped NWI wetlands (Palustrine Unconsolidated Bottom Wetland, Permanently Flooded, Excavated). 
The vegetation within Feature 7 is dominated by tamarisk and cattail (Typha spp.), an Obligate (OBL) 
species, one that almost always occurs naturally in wetlands (Lichvar et al. 2016). In addition, arrow weed 
and big saltbush (Atriplex lentiformis), also known as quail bush, a FAC species, were observed.  

Several man-made unvegetated ditches were observed throughout the Project site. When a field is 
irrigated, water is allowed to flow through smaller man-made earthen or concrete-lined ditches (typically 
referred to as a “head ditch”), which distributes the water evenly across the field. At the opposite, lower 
elevation side of the field, excess water is collected into another ditch (typically referred to as a “tail 
ditch”). The ditches present on the Project site are both earthen and concrete-lined and are frequently 
rebuilt when the fields are plowed and disked. These ditches occur primarily along the edges of the 
agricultural fields and across portions of the fields. None of these ditches connect directly to a major 
feature, and most terminate at small, man-made detention areas. Therefore, these features are not 
considered jurisdictional under CDFW, RWQCB, or USACE. 
 
The Imperial County Fire Department (ICFD) Fire Prevention Bureau requires two points of emergency 
access for the Project along the west side of the railroad tracks. The access routes will be approximately 
20 feet wide to allow large vehicles, including fire trucks and heavy equipment, access to the site.  One 
access routes may be extended from the main access road located off Best Avenue utilizing an existing 
access road that crosses over a concrete lined channel and a second access route is proposed to be 
constructed in the northwest portion of the Project site crossing over a non-jurisdictional irrigation ditch. 
Vegetation within this feature comprised of quail bush, and non-native Mexican palo verde (Parkinsonia 
aculeata) and tamarisk. 

3.4 VEGETATION COMMUNITIES 

Nine vegetation communities, Quail Bush Scrub, Agricultural, Bare Ground, Developed, Disturbed, Bush 
Seepweed Scrub, Arrow Weed Thickets, Ornamental and Tamarisk Thickets were observed within the 
Project site. A map showing the vegetation communities observed within the Project site is provided in 
Figure 4, and the communities are described in the following subsections.  

3.4.1 Quail Bush Scrub 

Quail bush scrub is dominated by quail bush with scattered bush seepweed (Sueda nigra) present in areas 
where the habitat gently slopes into more alkaline soils. The shrub layer is thick and continuous with a 
nonexistent herbaceous layer. Stands occur in areas where less alkaline or saline soils are present, favoring 
clay soils and more consistent topography where water does not accumulate easily (Sawyer et al. 2009). 
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Plant species observed within the Project site included bush seepweed, big saltbush, and spiny 
chlorocantha (Chloracantha spinosa). Approximately 4.86 acres of Quail Bush Scrub occurs within the 
Project site survey area. 

3.4.2 Agricultural  

Large swaths of the Project site consist of plots of agricultural fields that are no longer in use. Bermuda 
grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) seedlings in lower 
numbers. Agricultural fields are similar to Bare Ground habitat where areas have higher water 
permeability and higher fossorial rodent habitat potential. Mexican palo verde are planted along the 
outside of several agriculture fields as wind breaks for agricultural purposes, these areas are therefore 
considered agricultural habitat. Trees are mature, averaging 15 meters in height and are continuously 
planted alongside the agricultural fields. Isolated honey mesquite (Prosopis glandulosa) shrubs were 
observed along the northwestern portion of the Project site along the tree line. Other plant species 
observed within the Project site included alfalfa (Medicago sativa), Mexican palo verde, big saltbush, and 
tamarisk. Approximately 91.96 acres of Agricultural fields occur within the Project site survey area. 

3.4.3 Bare Ground 

Bare Ground areas are generally devoid of vegetation but do not contain any form of pavement. Bare 
Ground has higher water permeability and higher fossorial rodent habitat potential. Bare Ground is 
present throughout the entire Project site, with small patches between agricultural land and long swaths 
that include dirt access roads that receive very little use. Isolated alfalfa was the only vegetation observed 
in these areas. Approximately 148.07 acres of Bare Ground occurs within the Project site survey area. 

3.4.4 Developed 

Developed areas are areas that have been altered by humans and now display man-made structures such 
as urban areas, houses, paved roads, buildings, parks, and other maintained areas (Gray and Bramlet 
1992). Approximately 4.40 acres of Developed area occurs within the Project site survey area. 

3.4.5 Disturbed 

Disturbed areas generally have altered topography and soils due to man-made reasons, usually pertaining 
to development or agricultural purposes. Any shrubs in the shrub canopy are isolated, and the herbaceous 
layer is sparse to intermittent with pockets of advantageous non-native species that spread from a 
singular location. Species observed included Bermuda grass (Cynodon dactylon), Mediterranean schismus 
(Schismus barbatus), and lamb’s quarters (Chenopodium album). Approximately 6.38 acres of Disturbed 
areas occur within the Project site survey area. 

3.4.6 Bush Seepweed Scrub 

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural fields or irrigation ditches and areas with disturbed hydrology due to man-
made alteration. Soils are deep and saline or alkaline (Sawyer et al. 2009).  Species observed within the 
Project site included bush seepweed and big saltbush. Approximately 3.52 acres of Bush Seepweed Scrub 
occurs within the Project site survey area. 
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3.4.7 Arrow Weed Thickets 

The shrub canopy is intermittent to continuous with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed and extends along the water feature, occasionally extending over the bank 
and into the access road. The herbaceous layer is open and intermittent, existing in between stands of 
cattail and arrow weed. The habitat exists in irrigation ditches consisting of soils that are sandy and loamy 
where water is permeable. Plant species observed included arrow weed, tamarisk, cattail, big saltbush, 
saltgrass (Distichlis spicata), and salt heliotrope (Heliotropium curassavicum). Approximately 6.23 acres of 
Arrow Weed Thickets occur within the Project site survey area. 

3.4.8 Ornamental 

Ornamental Landscaping includes areas where the vegetation is dominated by non-native horticultural 
plants (Gray and Bramlet 1992). Typically, the species composition consists of introduced trees, shrubs, 
flowers, and turf grass. Approximately 1.87 acres of Ornamental Landscaping occurs within the Project 
site survey area. 

3.4.9 Tamarisk Thickets 

Tamarisk dominates the tree canopy and is thick and continuous. This non-native shrub layer is sparse 
with isolated quail bush present, while the herbaceous layer contains very little vegetation. Trees average 
15 meters in height and exist in irrigation ditches or on the upper banks along water features. Species 
observed within the Project site included tamarisk and big saltbush. Approximately 5.16 acres of Tamarisk 
Thickets occur within the Project site survey area. 
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3.5 SENSITIVE SPECIES 

The following information is a list of abbreviations used to help determine the significance of biological 
sensitive resources potentially occurring on the Project site. 

Rare Plant Rank (RPR) 

List 1A = Plants presumed extinct in California 
List 1B = Plants rare and endangered in California and throughout their range 
List 2 = Plants rare, threatened, or endangered in California but more common elsewhere 

in their range 
List 3 = Plants about which we need more information; a review list 
List 4 = Plants of limited distribution; a watch list 

RPR Extensions 

0.1 = Seriously endangered in California (greater than 80 percent of occurrences 
threatened/high degree and immediacy of threat)  

0.2 = Fairly endangered in California (20-80 percent occurrences threatened) 
0.3 = Not very endangered in California (less than 20 percent of occurrences 

threatened) 

Federal 

FE = Federally listed; Endangered 
FT = Federally listed; Threatened 

State 

ST = State listed; Threatened 
SE = State listed; Endangered 
RARE = State-listed; Rare (Listed “Rare” animals have been redesignated as Threatened, 

but Rare plants have retained the Rare designation.) 
SSC = State Species of Special Concern 

The following information was used to determine the significance of biological resources potentially 
occurring within the Project site. The criteria used to evaluate the potential for sensitive species to occur 
on the Project site are outlined in Table 1.  
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Table 1: Criteria for Evaluating Sensitive Species Potential for Occurrence (PFO) 

PFO CRITERIA 

Absent: 

Species is restricted to habitats or environmental conditions that do not occur within the 
Project site. Additionally, if the survey was conducted within the blooming period of the 
species and appropriate habitat was observed in the surrounding area but the species was 
not observed within the Project impact area, it was considered absent. 

Low: 
Historical records for this species do not exist within the immediate vicinity (approximately 
5 miles) of the Project site, and/or habitats or environmental conditions needed to support 
the species are of poor quality. 

Moderate: 

Either a historical record exists of the species within the immediate vicinity of the Project site 
(approximately 3 miles) and marginal habitat exists on the Project site, or the habitat 
requirements or environmental conditions associated with the species occur within the 
Project site, but no historical records exist within 5 miles of the Project site. 

High: 
Both a historical record exists of the species within the Project site or its immediate vicinity 
(approximately 1 mile), and the habitat requirements and environmental conditions 
associated with the species occur within the Project site. 

Present: Species was detected within the Project site at the time of the survey. 

* PFO: Potential for Occurrence 

3.5.1 Sensitive Plants 

Factors used to determine the potential for occurrence included the quality of habitat, elevation, and the 
results of the reconnaissance survey. In addition, the location of prior CNDDB records of occurrence were 
used as additional data; but since the CNDDB is a positive-sighting database, this data was used only in 
support of the analysis from the previously identified factors.  

Current database searches (CDFW 2020; CNPSEI 2020) resulted in a list of five federally and/or state listed 
threatened and endangered or rare sensitive plant species that may potentially occur within the Project 
site (Figure 5). After the literature review and the reconnaissance-level survey, it was determined that one 
species had a Moderate potential to occur; and four of these species are considered Absent from the 
Project site due to lack of suitable habitat.  

The following four plant species are considered Absent from the Project site due to lack of suitable 
habitat: 

▪ gravel milk-vetch (Astragalus sabulonum) -2B.2 
▪ Munz’s cholla (Cylindropuntia munzii) – 1B.3 
▪ glandular ditaxis (Ditaxis claryana) – 2B.2 
▪ Thurber’s pilostyles (Pilostyles thurberi) – 4.3 

 
The following species is considered Low Potential to be observed in the Project site due to lack of suitable 
habitat: 

▪ Abram’s spurge (Euphorbia abramsiana) – 2B.2 
 

Abram’s spurge is an annual herb in the spurge family that mostly exists in Sonoran or Mojave Desert 
habitats, favoring sandy flats where water is permeable (Sawyer et al. 2009). Although the habitats 

PC ORIGINAL PKG



Biological Technical Report for the Brawley Solar Project 
Imperial County, California 

Chambers Group, Inc.  
21267 

15 

available at the Project site are not typically where this plant would grow, it has the low potential to 
occur in fields, irrigation ditches, and other disturbed areas that all exist within the Project site. In 
addition, this species was positively identified less than 2 miles from the Project site. This 
identification, however, was made before 1940 and the population is presumed to be extirpated due 
to agricultural and residential development.   
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3.5.2 Sensitive Wildlife  

A current database search (CDFW 2020) resulted in a list of 23 federally and/or state listed endangered or 
threatened, Species of Concern, or otherwise sensitive wildlife species that may potentially occur within 
the Project site (Figure 5). After a literature review and the assessment of the various habitat types within 
the Project site, it was determined that 17 sensitive wildlife species were considered absent from the 
Project site, three species have a low potential to occur, two species have a high potential to occur, and 
one species was present within the Project site. Factors used to determine potential for occurrence 
included the quality of habitat and the location of prior CNDDB records of occurrence.  

The following 17 wildlife species are considered absent from the Project site due to lack of suitable habitat 
present on the Project site: 

▪ American badger (Taxidea taxus)- SSC 
▪ black skimmer (Rynchops niger) – SSC  
▪ California black rail (Laterallus jamaicensis coturniculus) – ST 
▪ Colorado Desert fringe-toed lizard (Uma notata) – SSC  
▪ crissal thrasher (Toxostoma crissale) – SSC  
▪ desert pupfish (Cyprinodon macularius) – FE, SE 
▪ Gila woodpecker (Melanerpes uropygialis) – SE  
▪ gull-billed tern (Gelochelidon nilotica) – SSC  
▪ Le Conte's thrasher (Toxostoma lecontei) – SSC  
▪ lowland leopard frog (Lithobates yavapaiensis) – SSC  
▪ Palm Springs pocket mouse (Perognathus longimembris bangsi) – SSC  
▪ razorback sucker (Xyrauchen texanus) – FE, SE 
▪ Sonoran Desert toad (Incilius alvarius) – SSC  
▪ western snowy plover (Charadrius alexandrinus nivosus) – FE, SSC 
▪ yellow warbler (Setophaga petechia) – SSC  
▪ Yuma hispid cotton rat (Sigmodon hispidus eremicus) – SSC  
▪ Yuma Ridgway's rail (Rallus obsoletus yumanensis) – FE, ST 

The analysis of the CNDDB search and field survey resulted in three species with a low potential to occur 
on the Project site due to low quality habitat and are described below: 

▪ flat-tailed horned lizard (Phrynosoma mcallii) – SSC  
▪ short-eared owl (Asio flammeus) – SSC 
▪ western yellow bat (Lasiurus xanthinus) – SSC 

The analysis of the CNDDB search and field survey resulted in two species with a high potential to occur 
on the Project site. Burrowing owl (Athene cunicularia) and Mountain plover (Charadrius montanus) have 
a high potential to occur and are described below: 

 Burrowing owl- SSC 

The burrowing owl (BUOW) is a California Species of Special Concern. The burrowing owl breeds 
in open plains from western Canada and the western United States, Mexico through Central 
America, and into South America to Argentina (Klute et al. 2003). This species inhabits dry, open, 
native or non-native grasslands, deserts, and other arid environments with low-growing and low-
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density vegetation (Ehrlich et al. 1988). It may occupy golf courses, cemeteries, road rights-of way, 
airstrips, abandoned buildings, irrigation ditches, and vacant lots with holes or cracks suitable for 
use as burrows (TLMA 2006). Burrowing owls typically use burrows made by mammals such as 
California ground squirrels (Otospermophilus beecheyi), foxes, or badgers (Trulio 1997). When 
burrows are scarce, the burrowing owl may use man-made structures such as openings beneath 
cement or asphalt pavement, pipes, culverts, and nest boxes (TLMA 2006). High quality habitat 
exists within the Project site. In addition, burrowing owl have recently been recorded within 0.14 
mile of the Project site. Therefore, this species has a high potential to occur within the Project 
site.  

Mountain plover – SSC  

The mountain plover (wintering) is a California Species of Special Concern and a federally 
Proposed Threatened Species. This species breeds from the prairie and sagebrush country of 
north-central Montana, eastern Wyoming, and the area around southeastern Colorado. It winters 
from central California along the southern border southward to northern Mexico (Udvardy 1977). 
Common wintering habitats consist of dry, barren ground, smooth dirt fields, agricultural fields, 
and shortgrass prairies. This species tends to form small flocks in the winter. It is one of the few 
shorebird species that prefers habitats away from water. The Project site contains suitable habitat 
of moderate to high quality. In addition, mountain plover have been recorded to occur within 
1 mile of the Project site. Therefore, this species has a high potential to occur with the site.  

One species, the loggerhead shrike (Lanius ludovicianus), was present within and directly adjacent to the 
Project site during the survey. In addition, this species has been recorded to nest within and surrounding 
the Project site. 

 Loggerhead shrike – SSC  

The loggerhead shrike (nesting) is a California Species of Special Concern. Habitats may include 
oak savannas, open chaparral, desert washes, juniper woodlands, Joshua tree woodlands, and 
other semi-open areas. It can occupy a variety of semi-open habitats with scattered trees, large 
shrubs, utility poles, and other structures that serve as lookout posts while searching for potential 
prey. Loggerhead shrikes prefer dense, thorny shrubs and trees, brush piles, and tumbleweeds 
for nesting (Seattle Audubon Society 2008). During the survey, one individual was observed just 
outside the northwest boundary of the Project site, and an additional individual was observed 
within the southwest portion of the Project site (Figure 6). In addition, suitable nesting and 
foraging habitat is present within and directly adjacent to the Project site.  

3.6 GENERAL PLANTS 

No sensitive plant species were observed during the survey effort. A complete list of plants observed is 
provided in Appendix B. 

3.7 GENERAL WILDLIFE 

A total of 39 wildlife species were observed during the survey. Wildlife species observed or detected 
during the survey were characteristic of the existing Project site conditions. One California Species of 
Special Concern, loggerhead shrike, and two California watch list species, black-tailed gnatcatcher 

PC ORIGINAL PKG



Biological Technical Report for the Brawley Solar Project 
Imperial County, California 

Chambers Group, Inc.  
21267 

19 

(Polioptila melanura) and ferruginous hawk (Buteo regalis) were observed within the Project site. A 
complete list of wildlife observed is provided in Appendix C. 
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SECTION 4.0 – CONCLUSIONS AND RECOMMENDATIONS 

4.1 SENSITIVE PLANTS 

After the literature review, the assessment of the various habitat types in the Project site, and the 
reconnaissance survey were conducted, it was determined that 4 sensitive plant species are considered 
absent from the Project site and 1 special status plant has a low potential to be present. 

Abram’s spurge has a low potential to occur. However, low quality habitat for this species occurs within 
the Project site and it has not been recorded within 3 miles of the site in the last 25 years. Therefore, no 
impacts to these species are anticipated to occur due to Project related activities.  

4.2 SENSITIVE WILDLIFE 

Of the 23 sensitive wildlife species identified in the literature review, it was determined that 17 sensitive 
wildlife species were considered absent from the Project site. Three species have a low potential to occur, 
two species have a high potential to occur, and one species was present within the Project site.  

Flat-tailed horned lizard, short-eared owl, and western yellow bat have a low potential to occur. However, 
low quality habitat for these species occurs within the Project site; and none of these species have been 
recorded within the site within the last 25 years. Therefore, no impacts to these species are anticipated 
to occur as a result of Project activities.  

Burrowing owl and mountain plover are considered to have a high potential to occur within the Project 
site. Two loggerhead shrikes were observed within the Project site. In order to minimize potential impacts 
to these species, a pre-construction survey should be conducted no more then 30 days prior to the start 
of construction activities. If any of these species are observed during the pre-construction survey, CDFW 
should be notified immediately; and an appropriate avoidance buffer should be established and measures 
to avoid or minimize impacts to the species should be submitted to CDFW for approval prior to 
construction. In addition, a biological monitor is recommended to be present during all construction 
activities occurring within 150 feet of wintering mountain plover or nesting loggerhead shrike and 500 feet 
of nesting burrowing owl.  

4.3 JURISDICTIONAL WATERS 

Several jurisdictional features were observed within the Project site. However, the project has been 
designed to avoid impacts to waters of the State and waters of the U.S. 

The ICFD Fire Prevention Bureau requires two points of emergency access for the Project, including two 
separate ingress/egress routes to access the west side of the railroad tracks running north/south through 
the center of the Project. Three access points will be available to access the Project site including: primary 
access located in the middle of Best Avenue, a secondary construction access located in the southeast 
corner, and an emergency access located in the northwest corner. The emergency access route from the 
northwest portion of the Project site will be designed to cross a non-jurisdictional agricultural ditch. 
Potential access route options include converting a non-vegetated portion of an open cement culvert to 
a corrugated metal pipe (CMP) or a closed concrete pipe of similar size and establishing an access road 
above the pipe. Native quail bush and non-native tamarisk and Mexican palo verde are located within the 
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irrigation ditch. It is recommended the access routes be constructed in an area that will avoid or minimize 
impacts to native vegetation found within the irrigation ditch.  

No impacts to  waters of the State and/or waters of the US are anticipated. However, if impacts to waters 
of the State and/or waters of the US are unavoidable as the Project designs are finalized, a USACE 404 
permit, State 401 certification, and/or State Lake and Streambed Alteration Agreement may be required 
for Project authorization. If permits are required for Project authorization, mitigation for impacts will be 
determined through coordination with the agencies during the permit application process. Prior to 
construction, installation of Best Management Practices should be installed for water quality and erosion 
control measures to minimize/avoid potential impacts. A biological monitor should be present prior to 
initiation of ground disturbing activities to demark limit of disturbance boundaries. Flagging and/or 
staking should be used to clearly define the work area boundaries and avoid impacts to adjacent native 
communities. 
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APPENDIX A – SITE PHOTOGRAPHS 

 

Photo 1. 

Photo of the 
western end of 
the Spruce 
Three Drain, 
non-vegetated, 
jurisdictional 
feature which 
runs parallel 
with the 
forested 
wetland 
jurisdictional 
feature just 
south of it. 
Photo is facing 
west. 

 

Photo 2. 

Photo of the 
eastern end of 
the Spruce 
Three Drain, 
forested shrub 
wetland, 
jurisdictional 
feature. The 
vegetation 
community 
consists of 
Riparian scrub. 
Photo facing 
east. 
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Photo 3. 

Overview of 
the New River 
that cuts 
diagonally 
through the 
Project site. 
The vegetation 
community is 
undisturbed 
Mediterranean 
Tamarisk. 
Photo is facing 
southeast.  

 

Photo 4. 

Overview of a 
man-made 
ditch leading 
into a culvert 
just north of 
the Livesley 
Drain. The area 
above the 
drainage is a 
disturbed 
vegetation 
community of 
Cattle Spinach. 
Photo is facing 
northwest.  
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Photo 5.  

Overview of 
the 
Ornamental 
Landscaping 
just north of 
the Livesley 
Drain. The 
vegetation 
community is 
agricultural 
Bermuda grass. 
There is a man-
made ditch 
surrounding it. 
Photo is facing 
north. 

 

Photo 6. 

Overview of 
the 
undisturbed 
scrub/chaparral 
vegetation 
community on 
the south side 
of the Project 
site. This area 
also contains a 
man-made 
culvert. Photo 
is facing 
northeast. 
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Photo 7.  

Overview of 
the southeast 
corner of the 
Project site. 
There is a strip 
of barren land 
and above that 
is the 
agricultural 
Bermuda grass. 
South of the 
barren land is 
the Livesley 
Drain. Photo is 
facing 
northeast.  

 

Photo 8.  

Photo of a 
house as well 
as the 
vegetation 
community of 
Paloverde and 
Honey 
Mesquite in 
the southeast 
corner of the 
Project site. 
Photo is facing 
west.  
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Photo 9.  

Photo showing 
the man-made 
ditch, in the 
middle of the 
Project site, 
that leads to a 
culvert. South 
of the ditch is 
agricultural 
Bermuda grass 
and to the 
north of the 
ditch is 
agricultural 
Alfalfa. Photo is 
facing west.  

 

Photo 10.  

Photo of the 
culvert, in the 
middle of the 
Project site, 
that the man-
made ditch 
leads into. 
Photo is facing 
east. 
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Photo 11.  

Overview of 
the northeast 
side of the 
Project site. To 
the east is bare 
ground, and to 
the west is a 
strip of mainly 
Mediterranean 
Tamarisk. A 
man-made 
ditch runs 
through it. 
Photo is facing 
north.  

 

Photo 12.  

Photo of a 
culvert that is 
in the center of 
the north side 
of the Project 
site. It is 
surrounded by 
mainly bare 
ground with 
man-made 
ditches running 
through. Photo 
is facing north. 
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Photo 13.  

Photo showing 
the southwest 
corner of the 
north side of 
the Project site. 
There is a 
culvert and 
disturbed bare 
ground. Photo 
is facing 
southeast. 

 

Photo 14.  

Overview of 
the bare 
ground on the 
northwest side 
of the Project 
site. Photo is 
facing east. 
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Photo 15.  

Overview of 
the wetland 
area in the 
northwest 
corner of the 
Project site. 
Photo is facing 
north.  
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APPENDIX B – PLANT SPECIES OBSERVED 

Scientific Name Common Name 
ANGIOSPERMS (EUDICOTS)   
AMARANTHACEAE AMARANTH FAMILY 
Amaranthus sp. pigweed 
Amaranthus biltoides prostrate pigweed 
Suaeda nigra bush seepweed 
ASTERACEAE SUNFLOWER FAMILY 
Chloracantha spinosa spiny chlorocantha 
Pluchea sericea arrow weed 
BORAGINACEAE BORAGE FAMILY 
Heliotropium curassavicum salt heliotrope 
BRASSICACEAE MUSTARD FAMILY 
Brassica tournefortii* Sahara mustard 
CHENOPODIACEAE GOOSEFOOT FAMILY 
Atriplex lentiformis quail bush 
Chenopodium album* lamb's quarters 
FABACEAE LEGUME FAMILY 
Medicago sativa alfalfa 
Parkinsonia aculeata Mexican palo verde 
Prosopis glandulosa  honey mesquite 
TAMARICACEAE TAMARISK FAMILY 
Tamarix ramosissima* Mediterranean tamarisk 
ZYGOPHYLLACEAE CALTROP FAMILY 
Larrea tridentata creosote bush 
ANGIOSPERMS (MONOCOTS)   
POACEAE GRASS FAMILY 
Cynodon dactylon Bermuda grass 
Distichlis spicata saltgrass 
Schismus barbatus* Mediterranean schismus 
TYPHACEAE CATTAIL FAMILY 
Typha sp. cattail 

*Non-Native Species   
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APPENDIX C – WILDLIFE SPECIES LIST 

Scientific Name Common Name 
CLASS REPTILIA REPTILES 

PHRYNOSOMATIDAE 
ZEBRA-TAILED, EARLESS, FRINGE-TOED, SPINY, 
TREE, SIDE-BLOTCHED, AND HORNED LIZARDS 

Sceloporus occidentalis western fence lizard 
CLASS AVES BIRDS 
PODICIPEDIDAE  GREBES 
Aechmophorus clarkii Clark’s grebe 
PHALACROCORACIDAE CORMORANTS 
Phalacrocorax auritus double-crested cormorant 
ARDEIDAE  HERONS, BITTERNS 
Egretta thula snowy egret 
THRESKIORNITHIDAE  IBISES 
Plegadis chihi white-faced ibis 
ANATIDAE  DUCKS, GEESE, SWANS 
Anas platyrhynchos mallard 
CATHARTIDAE  NEW WORLD VULTURES 
Cathartes aura turkey vulture 
ACCIPITRIDAE  HAWKS, KITES, EAGLES 
Buteo jamaicensis red-tailed hawk 
Circus cyaneus northern harrier 
FALCONIDAE  FALCONS 
Falco columbarius merlin 
Falco sparverius American kestrel 
ODONTOPHORIDAE   NEW WORLD QUAIL 
Callipepla gambelii Gambel's quail 
RALLIDAE  RAILS, GALLINULES, COOTS 
Fulica americana American coot 
CHARADRIIDAE  PLOVERS 
Charadrius vociferus killdeer 
RECURVIROSTRIDAE  STILTS & AVOCETS 
Himantopus mexicanus black-necked stilt 
SCOLOPACIDAE  SANDPIPERS 
Calidris minutilla least sandpiper 
Tringa semipalmata willet 
Limnodromus griseus short-billed dowitcher 
Limnodromus scolopaceus long-billed dowitcher 
COLUMBIDAE PIGEONS & DOVES 
Streptopelia decaocto Eurasian collared-dove 
Zenaida macroura mourning dove 
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Scientific Name Common Name 
PICIDAE WOODPECKERS 
Colaptes auratus northern flicker 
TYRANNIDAE TYRANT FLYCATCHERS 
Sayornis nigricans black phoebe 
Sayornis saya Say's phoebe 
Pyrocephalus rubinus vermilion flycatcher 
HIRUNDINIDAE SWALLOWS 
Hirundo rustica barn swallow 
Tachycineta thalassina violet-green swallow 
REMIZIDAE VERDINS 
Auriparus flaviceps verdin 
TROGLODYTIDAE WRENS 
Salpinctes obsoletus rock wren 
Troglodytes aedon house wren 
POLIOPTILIDAE GNATCATCHERS 
Polioptila caerulea blue-gray gnatcatcher 
Polioptila melanura black-tailed gnatcatcher 
MIMIDAE MOCKINGBIRDS, THRASHERS 
Mimus polyglottos northern mockingbird 
LANIIDAE SHRIKES 
Lanius ludovicianus loggerhead shrike 
PARULIDAE WOOD WARBLERS 
Setophaga nigrescens black-throated gray warbler 
Geothlypis trichas common yellowthroat 
ICTERIDAE BLACKBIRDS 
Agelaius phoeniceus red-winged blackbird 
Sturnella neglecta western meadowlark 
Quiscalus mexicanus great-tailed grackle 
FRINGILLIDAE FINCHES 
Haemorhous mexicanus house finch 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to complete an 
archaeological assessment as well as a paleontological assessment, including a literature review and 
pedestrian survey, for the development of the Brawley Solar Project (Project) in Brawley, Imperial County 
(County), California. The proposed Project includes the construction and operation of a solar energy farm 
and associated facilities. 

The purpose of this investigation is to assess the potential for significant archaeological and 
paleontological deposits and/or materials within the Project site and to determine if the current Project 
has the potential to adversely affect any significant cultural or paleontological materials. Chambers Group 
completed an archaeological and paleontological literature review, records search, and intensive 
pedestrian survey of the 225-acre proposed area. This report outlines the archaeological and 
paleontological findings and results of both efforts. 

The following studies have been conducted in accordance with the California Environmental Quality Act 
(CEQA). This report includes appropriate mitigation measures to ensure less than significant impacts to 
any cultural and paleontological resources potentially affected during construction.  

1.1 PROJECT DESCRIPTION 

ORNI is proposing to build, operate, and maintain the Brawley Solar Energy Facility, a 40 megawatt 
(MW)/160 megawatt-hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy 
storage system (BESS) on approximately 225 acres in Brawley, Imperial County. Power generated by the 
Project would be low-voltage direct current (DC) power that would be collected and routed to a series of 
inverters and their associated pad-mounted transformers. The inverters would convert the DC power 
generated by the panels to alternating current (AC) power, and the pad-mounted transformers would 
step up the voltage. The Project would connect to the North Brawley Geothermal Power Plant southwest 
of the Project site via an approximately 1.6-mile-long aboveground 92 kilovolt (kV) generation tie line 
(gen-tie line). Energy generated and stored by the Project will be sold to the wholesale market or retail 
electric providers in furtherance of the goals of the California Renewable Energy Portfolio Standards and 
other similar renewable programs in the Pacific Southwest power market. 

1.2 PROJECT LOCATION 

The Project is located 19 miles north of El Centro at North Best Avenue, Brawley, California, on six privately 
owned parcels (Project site). The Project is located within the U.S. Geological Survey (USGS) Westmorland 
East, California, 7.5-minute topographic quadrangle, Township 13 South, Range 14 East, in Sections 10, 
15, 16, and 17. Currently the Project site contains fallow alfalfa fields. The Project site is bordered by 
undeveloped agricultural land to the north and east and a mixture of undeveloped agricultural land and 
dirt lots used for staging activities to the south, and the City of Brawley Wastewater Treatment Plant is 
located along the western edge of the Project site. The elevation at the Project site is approximately 
145 feet below mean sea level (bmsl). Maps of the Project location and Project vicinity are provided in 
Figure 1. 
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1.3 REGULATORY FRAMEWORK 

1.3.1 California Environmental Quality Act  

Work for this Project was conducted in compliance with CEQA. The regulatory framework as it pertains to 
cultural resources under CEQA is detailed below.  

1.3.2 Paleontological Resources 

CEQA requires that public agencies and private interests identify the potential environmental 
consequences of their projects on any object or site of significance to the scientific annals of California 
(Division I, California Public Resources Code [PRC] Section 5020.1 [b]). Appendix G in Section 15023 
provides an Environmental Checklist of questions (PRC 15023, Appendix G, Section VII, Part f) that includes 
the following: “Would the project directly or indirectly destroy a unique paleontological resource or site 
or unique geological feature?” CEQA does not define “a unique paleontological resource or site.” 
However, the Society of Vertebrate Paleontology (SVP) has provided guidance specifically designed to 
support state and federal environmental review. The SVP broadly defines significant paleontological 
resources as follows (SVP 2010, page 11): “Fossils and fossiliferous deposits consisting of identifiable 
vertebrate fossils, large or small, uncommon invertebrate, plant, and trace fossils, and other data that 
provide taphonomic, taxonomic, phylogenetic, paleoecologic, stratigraphic, and/or biochronologic 
information. Paleontological resources are considered to be older than recorded human history and/or 
older than middle Holocene (i.e., older than about 5,000 radiocarbon years).”  

Significant paleontological resources are determined to be fossils or assemblages of fossils that are 
unique, unusual, rare, diagnostically important, or are common but have the potential to provide valuable 
scientific information for evaluating evolutionary patterns and processes, or which could improve our 
understanding of paleochronology, paleoecology, paleophylogeography, or depositional histories. New or 
unique specimens can provide new insights into evolutionary history; however, additional specimens of 
even well represented lineages can be equally important for studying evolutionary pattern and process, 
evolutionary rates, and paleophylogeography. Even unidentifiable material can provide useful data for 
dating geologic units if radiometric dating is possible. As such, common fossils (especially vertebrates) 
may be scientifically important and therefore considered significant.  

1.3.3 Cultural Resources 

Under the provisions of CEQA, including the CEQA Statutes (PRC §§ 21083.2 and 21084.1), the CEQA 
Guidelines (Title 14 California Code of Regulations [CCR], § 15064.5), and PRC § 5024.1 (Title 14 CCR § 
4850 et seq.), properties expected to be directly or indirectly affected by a proposed project must be 
evaluated for California Register of Historical Resources (CRHR) eligibility (PRC § 5024.1).  

The purpose of the CRHR is to maintain listings of the state’s historical resources and to indicate which 
properties are to be protected, to the extent prudent and feasible, from material impairment and 
substantial adverse change. The term historical resources includes a resource listed in or determined to 
be eligible for listing in the CRHR; a resource included in a local register of historical resources; and any 
object, building, structure, site, area, place, record, or manuscript that a lead agency determines to be 
historically significant (CCR § 15064.5[a]). The criteria for listing properties in the CRHR were expressly 
developed in accordance with previously established criteria developed for listing in the National Register 
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of Historic Places (NRHP). The California Office of Historic Preservation (OHP 1995:2) regards “any physical 
evidence of human activities over 45 years old” as meriting recordation and evaluation. 

California Public Resources Code 

Section 5097.5 of the PRC states:  

“No person shall knowingly and willfully excavate upon, or remove, destroy, injure or 
deface any historic or prehistoric ruins, burial grounds, archaeological or vertebrate 
paleontological site, including fossilized footprints, inscriptions made by human agency, 
or any other archaeological, paleontological or historical feature, situated on public lands, 
except with the express permission of the public agency having jurisdiction over such 
lands. Violation of this section is a misdemeanor.”  

As used in this PRC section, “public lands” means lands owned by, or under the jurisdiction of, the state 
or any city, county, district, authority, or public corporation, or any agency thereof. Consequently, public 
agencies are required to comply with PRC 5097.5 for their own activities, including construction and 
maintenance, as well as for permit actions (e.g., encroachment permits) undertaken by others.  

California Register of Historic Resources 

A cultural resource is considered “historically significant” under CEQA if the resource meets one or more 
of the criteria for listing in the CRHR. The CRHR was designed to be used by state and local agencies, 
private groups, and citizens to identify existing cultural resources within the state and to indicate which 
of those resources should be protected, to the extent prudent and feasible, from substantial adverse 
change. The following criteria have been established for inclusion in the CRHR. A resource is considered 
significant if it: 

1. is associated with events that have made a significant contribution to the broad patterns of 
California’s history and cultural heritage; 

2. is associated with the lives of persons important in our past; 

3. embodies the distinctive characteristics of a type, period, region, or method of construction, or 
represents the work of an important creative individual, or possesses high artistic values; or 

4. has yielded, or may be likely to yield, information important in prehistory or history. 

In addition to meeting one or more of the above criteria, historical resources eligible for listing in the CRHR 
must retain enough of their historic character or appearance to be able to convey the reasons for their 
significance. Such integrity is evaluated in regard to the retention of location, design, setting, materials, 
workmanship, feeling, and association. 

Under CEQA, if an archeological site is not a historical resource but meets the definition of a “unique 
archeological resource” as defined in PRC § 21083.2, then it should be treated in accordance with the 
provisions of that section. A unique archaeological resource is defined as follows:  

▪ An archaeological artifact, object, or site about which it can be clearly demonstrated that, without 
merely adding to the current body of knowledge, there is a high probability that it meets any of 
the following criteria:  
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o Contains information needed to answer important scientific research questions and that 
there is a demonstrable public interest in that information;  

o Has a special and particular quality, such as being the oldest of its type or the best 
available example of its type; or  

o Is directly associated with a scientifically recognized important prehistoric or historic 
event or person. 

Resources that neither meet any of these criteria for listing in the CRHR nor qualify as a “unique 
archaeological resource” under CEQA PRC § 21083.2(g) are viewed as not significant. Under CEQA, “A non-
unique archaeological resource need be given no further consideration, other than the simple recording 
of its existence by the lead agency if it so elects” (PRC § 21083.2[h]). 

Impacts that adversely alter the significance of a resource listed in or eligible for listing in the CRHR are 
considered a significant effect on the environment. Impacts to historical resources from a proposed 
project are thus considered significant if the project (1) physically destroys or damages all or part of a 
resource; (2) changes the character of the use of the resource or physical feature within the setting of the 
resource, which contributes to its significance; or (3) introduces visual, atmospheric, or audible elements 
that diminish the integrity of significant features of the resource. 

Imperial County 

Section III(B) of the Imperial County Conservation and Open Space Element describes the cultural 
resources, goals, and objectives to protect such resources (County of Imperial 2016). The planning goals 
and objectives are described below. 

Goal 3 of the goals and objectives section of the Imperial County Conservation and Open Space Element 
addresses the preservation of cultural resources. Goal 3 states that the County will “preserve the spiritual 
and cultural heritage of the diverse communities of Imperial County” (County of Imperial 2016). Three 
objectives are enumerated to assist in implementation of the goal: 

▪ Objective 3.1: Project and preserve sites of archaeological, ecological, historical, and scientific 
value, and/or cultural significance.  

▪ Objective 3.2: Develop management strategies to preserve the memory of important historic 
periods, including Spanish, Mexican, and early American settlements of Imperial County. 

▪ Objective 3.3: Engage all local Native American Tribes in the protection of tribal cultural 
resources, including prehistoric trails and burials sites.  

City of Brawley 

The section regarding Resource Management Elements (RME) in the City of Brawley General Plan Update 
2030 describes the cultural and paleontological goals, objectives, and policies to protect such resources 
(City of Brawley 2008). 
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IMP-RME Goal 6: Preserve and Promote the Cultural Heritage of the City and Surrounding Region 

• IMP-RME Program 6.1 

Protect Historical and Archaeological Resources: During the development review process, identify 
proposed development projects located near or on sites with important archaeological and historic 
resources or in areas where cultural resources are expected to occur. Require a site inspection by a 
professional archaeologist and assess potential impacts of the proposed project on archaeological and/or 
historic resources. If significant impacts are identified according to Appendix K of the California 
Environmental Quality Act, either modify the project to avoid impacting the resource or implement 
mitigation measures to reduce the impact. Mitigation may involve archaeological investigation and 
resource recovery. Enforce the provision of the California Environmental Quality act regarding the 
preservation or salvage of significant historical and archaeological resources discovered before or during 
construction activities. 

IMP-RME Goal 7: Preserve and Promote the Cultural Heritage of the City and Surrounding Region. 

• RME Objective 7.1: Prevent the loss or compromise of significant archeological, historical, and 
other cultural resources located within the City. 

o RME Policy 7.1.1: Identify, designate, and protect facilities of historical significance and 
maintain an inventory. 

o RME Policy 7.1.2: Promote the education and awareness of the City’s cultural resources. 

o RME Policy 7.1.3: The City shall consult with the Native American tribes under SB 18 for 
General Plan Amendments.  

o RME Policy 7.1.4: When significant archeological sites or artifacts are discovered on a site, 
coordination with professional archeologists, relevant state agencies, and concerned 
Native American tribes regarding preservation of sites or professional retrieval and 
preservation of artifacts prior to development of the site shall be required. 

o RME Policy 7.1.5: If archeological excavations are recommended on a project site, the City 
shall require that all such investigations include Native American consultation, which shall 
occur prior to project approval. 

o RME Policy 7.1.6: Require professionally prepared archaeological reports be completed 
by a certified archeologist. The report shall include a literature search and a site survey 
for any project located within a potential sensitive area as defined by the City’s Important 
Archaeological Areas map or areas identified by the local Native American tribes. 

o RME Policy 7.1.7: Assure that adequate review of subsurface paleontological sensitivity is 
conducted prior to ground disturbance. 

o RME Policy 7.1.8: Ensure that development adjacent to a place, structure or object found 
to be of historic significance should be designed so that the uses permitted and the 
architectural design will protect the visual setting of the historical site. 
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o RME Policy 7.1.9: Consider acquisition of identified historical buildings for public uses. 

Plan: 

To prevent the destruction of important artifacts during development in these areas, the City will require 
a site inspection by a professional archaeologist during the development review process for all projects 
located in the potential resource area. If the archaeologist indicates that significant resources exist on the 
site and will be impacted by the proposed development project, the impact shall be avoided or mitigated 
according to the California Environmental Quality Act Guidelines. Mitigation may involve archaeological 
investigation and resource recovery. The City will also develop and maintain an inventory of 
archaeological sites in the Planning Area (City of Brawley 2008). 
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SECTION 2.0 – SETTINGS 

2.1 ENVIRONMENTAL SETTING 

The proposed Project is located within the mid-region of the lower Colorado Desert physiography. 
Brawley, Imperial County, California, has an average annual temperature of 72.3 degrees Fahrenheit (°F) 
(22.4 degrees Celsius [22°C]). Virtually no rainfall occurs during the year; about 2.4 inches of precipitation 
falls annually and the difference in precipitation between the driest month and the wettest month is 
0.39 inch. Average temperatures vary during the year; the warmest month of the year is July, with an 
average temperature of 91.6 °F (33.1 °C). In January, the average temperature is 54.0 °F (12.2 °C) (Climate-
Data 2021).  

2.1.1 Habitats / Vegetation Communities 

Seven vegetation communities — Quail Bush Scrub, Agricultural, Bare Ground, Disturbed, Bush Seepweed 
Scrub, Arrow Weed Thickets, and Tamarisk Thickets — were observed within the Project site.  

Areas classified as Quail Bush Scrub are dominated by quail bush with scattered bush seepweed (Sueda 
nigra) present in areas where the habitat gently slopes into more alkaline soils. Plant species observed 
within the Project site included bush seepweed, big saltbush (Atriplex lentiformis), and spiny chlorocantha 
(Chloracantha spinosa). Large swaths of the Project site consist of plots of agricultural fields that are no 
longer in use. Bermuda grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) 
seedlings in lower numbers.  

Agricultural fields are similar to Bare Ground habitat where areas have higher water permeability and 
higher fossorial rodent habitat potential. Mexican palo verde (Parkinsonia aculeata) are planted along the 
outside of several agriculture fields as wind breaks for agricultural purposes; these areas are therefore 
considered agricultural habitat.  

Bare Ground (BG) areas are generally devoid of vegetation but do not contain any form of pavement. BG 
has higher water permeability and higher fossorial rodent habitat potential. BG is present throughout the 
entire Project site with large, uninterrupted expanses in the eastern portion of the Project site. Scattered, 
dead Mediterranean tamarisk (Tamarix sp.) seedlings were the only vegetation observed in these areas.  

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural fields or irrigation ditches and areas with disturbed hydrology due to man-
made alteration. Soils are deep and saline or alkaline (Sawyer et al. 2009). Species observed within the 
Project site included bush seepweed and big saltbush.  

The shrub canopy is intermittent to continuous, with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed (Pluchea sericea) and extends along the water feature, occasionally 
extending over the bank and into the access road. The herbaceous layer is open and intermittent, existing 
in between stands of cattail (Typha sp.) and arrow weed. The habitat exists in irrigation ditches consisting 
of soils that are sandy and loamy where water is permeable.  

Plant species observed included arrow weed, tamarisk, cattail, big saltbush, saltgrass (Distichlis spicata), 
and salt heliotrope (Heliotropium curassavicum). Tamarisk dominates the tree canopy and is thick and 
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continuous. This non-native shrub layer is sparse with isolated quail bush present, while the herbaceous 
layer contains very little vegetation. Trees average 15 meters in height exist in irrigation ditches and on 
the upper banks along water features. Species observed within the Project site included tamarisk and big 
saltbush. 

2.1.2 Geological and Paleontological 

The survey area is located within the Imperial Valley and is within a large geologic structure referred to as 
the Salton Trough, a graben or rift valley extending approximately 1,000 miles in length. This graben was 
created when the San Andreas Fault system and the East Pacific Rise split Baja California from mainland 
Mexico approximately 5 million years ago. The southern portion of this rift valley is now known as the Gulf 
of California, while the northern part is known as the Salton Trough. Plate tectonic activity has continued 
to open this rift with the Salton Trough as the hinge point. The North American Plate is to the east and 
the Pacific Plate to the west. The Colorado River may have begun depositing huge loads of silt in the upper 
trough as early as 5.5 million years ago (Alles 2004).  

By some time in the Pliocene Epoch (2 to 4 million years ago), the river had created a delta of sufficient 
height to form a dam isolating the Imperial Valley and Coachella Valley portions of the Salton Trough from 
the Gulf of California (Waters 1980). This silt dam continues to keep seawater out of the Salton Trough, 
which is more than 200 feet below sea level. A series of very high freshwater lake stands that occurred 
during the late Pleistocene have been documented in the Salton Trough, suggesting that the Colorado 
River began flowing into the Salton Trough on an occasional basis from that time. Ranging in elevation up 
to 170 feet above sea level, these Pleistocene freshwater lake shorelines date to between 25,000 and 
45,000 years ago (Waters 1980). The height of these Pleistocene lake stands reflects the elevation of the 
natural silt dam which separates the Gulf from the Salton Trough. These Pleistocene lake stands have 
been called Lake Cahuilla to refer to both the Pleistocene and Holocene lakes (Waters 1980).  

Site-Specific Geology and Soils 

After review of U.S. Department of Agriculture (USDA) Soil Conservation Service and by referencing the 
USDA Natural Resources Conservation Service (NRCS) Web Soil Survey (USDA 2020), it was determined 
that the survey area is located within the Imperial Valley Area (CA683); six soil types are known to occur 
within and/or adjacent to the site and are described below.  

Badland occurs along the western portion of the Project site. The parent material is composed of alluvium. 
This soil is not rated as hydric, and the runoff class is high.  

The Imperial Silty Clay complex is seen throughout the Project site. The parent material is clayey alluvium 
derived from mixed or clayey lacustrine deposits. The available water capacity is classified as moderate 
(approximately 8.3 inches) with a depth to the water table of more than 80 inches (USDA 2020).  

Imperial Glenbar Silty Clay Loam occurs along the western portion and eastern edge of the Project site. 
The parent material is clayey alluvium derived from mixed and/or clayey lacustrine deposits. The available 
water capacity is moderate (approximately 8.6 inches) with a depth to the water table of more than 
80 inches. 
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Indio-Vent complex occurs in the southern portion of the Project site just east of the New River. The parent 
material is alluvium derived from mixed and/or eolian deposits. The available water capacity is moderate 
(approximately 8.5 inches) with a depth to the water table of more than 80 inches. 

Meloland Very Fine Sandy Loam occurs along the drainages in the southern portion of the Project site. 
The parent material is alluvium derived from mixed and/or eolian deposits. The available water capacity 
is moderate (approximately 7.8 inches) and a low runoff class. The depth to the water table is more than 
80 inches. 

Vint and Indio Very Fine Sandy Loam occurs along the drainage in the southwest portion of the Project 
site. The parent material is alluvium derived from mixed sources and/or eolian deposits. The available 
water capacity is moderate at about 6.8 inches. The depth to the water table is more than 80 inches. 

Paleontological Significance 

Lake Cahuilla was a former freshwater lake that periodically occupied a major portion of the Salton Trough 
during late Pleistocene to Holocene time (approximately 37,000 to 240 years ago), depositing sediments 
that underlie the entire Project site (mapped as Quaternary lake deposits by Jennings [1967]). Generally, 
Lake Cahuilla sediments consist of an interbedded sequence of both freshwater lacustrine (lake) and 
fluvial (river/stream) deposits. The Lake Cahuilla Beds have yielded well-preserved subfossil remains of 
freshwater clams and snails (Stearns 1901) and sparse remains of freshwater fish (Hubbs and Miller 1948). 
The paleontological resources of the Lake Cahuilla Beds are considered significant because of the 
paleoclimatic and palaeoecological information they can provide (Jefferson 2006), and these deposits are 
therefore assigned a high paleontological potential (SVP 2010).  

Existing Conditions 

The original survey area included a small section of the lot located on the southeast corner of Andre Road 
and Western Avenue. This 5.5-acre section of the Project area was not surveyed due to the presence of 
the existing, fenced-off Ormat Brawley North facility, which was built between 2006 and 2008 (NETR 
Online 2020). The level of disturbance was evaluated to be high, and it was determined unnecessary to 
survey that small section of the Project area. 

2.2 CULTURAL SETTING 

2.2.1 Prehistory 

The Project site is located in the mid-section of the lower Colorado Desert, in which ancient Lake Cahuilla 
was situated – the present-day Salton Sea is illustrative of lower stands of the former Ancient Lake 
Cahuilla. In addition to paleontological potential, archaeological deposits found around the shoreline of 
Lake Cahuilla radiocarbon date to at least 1,440 years before present (B.P.) (Waters 1983; Hubbs et al. 
1962) and shows demonstrable evidence of cultural activity in the area. Lake Cahuilla presented a massive 
freshwater oasis, allowing seasonal occupations resulting in archaeological deposits that include pottery, 
ground and chipped stone artifacts, and archaeological features such as rock fish traps (Waters 1983; 
Phukan et al. 2019). As an ethnographic landscape, the Cahuilla, Kumeyaay, Kamia, and the tribes which 
now comprise the Colorado River Indian Tribes (CRIT), the Mojave, Chemehuevi, Hopi, and Navajo settled 
in various locations around the basin, including the Colorado delta (Phukan et al. 2019). The Kumeyaay 
and Cahuilla constructed the stone fish trap features, which can be difficult to identify during pedestrian 
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transect survey. Moreover, evidence from middens and human coprolites suggest subsistence on either 
razorback suckers or bonytail chubs, demonstrating environmental importance of this area (Phukan et al. 
2019). Cultural resources located in the area tend to be associated with Lake Cahuilla due to its temporal 
context and functional use as a landscape, which yield archaeological data of high significance regarding 
how people adapted to the changing environment around the lake.  

Archaeological studies have been limited in the Salton Sea desert region. This paucity of archaeological 
investigation has resulted in undefined and imperfect archaeological classification schemas and 
typologies. Therefore, the prehistoric time periods used by archaeologists to describe the southern 
Imperial County desert region borrow heavily from those chronologies established for San Diego County 
prehistory, with some minor Colorado Desert-specific clarifications. The three general time periods 
accepted in the region are the San Dieguito Complex, the Archaic period, and the Late Prehistoric period. 
These periods are briefly described below. 

The earliest recognized occupation of the region, dating to 10,000 to 8,000 years before present (B.P.), is 
known as the San Dieguito complex (Rogers 1939, 1945). Assemblages from this occupation generally 
consist of flaked stone tools. Evidence of milling activities is rare for sites dating to this period. It is 
generally agreed that the San Dieguito complex shows characteristics of the Western Pluvial Lakes 
Tradition (WPLT), which was widespread in California during the early Holocene. The WPLT assemblage 
generally includes scrapers, choppers, and bifacial knives. Archaeologists theorize this toolkit composition 
likely reflects a generalized hunting and gathering society (Moratto 1984; Moratto et al. 1994; Schaeffer 
and Laylander 2007). 

The following period, the Archaic (8,500 to 1,300 B.P.), is traditionally seen as encompassing both coastal 
and inland adaptations, with the coastal Archaic represented by the shell middens of the La Jolla complex 
and the inland Archaic represented by the Pauma complex (True 1980). Coastal settlement is also thought 
to have been significantly affected by the stabilization of sea levels around 4,000 years ago that led to a 
general decline in the productivity of coastal ecosystems. Artifacts associated with this period include 
milling stones, unshaped manos, flaked cobble tools, Pinto-like and Elko projectile points, and flexed 
inhumations (Schaefer and Laylander 2007). Colorado Desert rock art studies have led researchers to 
suggest Archaic-Period origins for many petroglyph and pictograph styles and elements common in later 
times (Whitley 2005). More recently, several important late Archaic-period sites have been documented 
in the northern Coachella Valley, consisting of deeply buried middens with clay-lined features and living 
surfaces, cremations, hearths, and rock shelters. Faunal assemblages show a high percentage of 
lagomorphs (rabbits and hares). The larger sites suggest a more sustained settlement type than previously 
known for the Archaic period in this area (Schaefer and Laylander 2007).  

The Late Prehistoric period (1,300 to 200 B.P.) is marked by the appearance of small projectile points 
indicating the use of the bow and arrow, the common use of ceramics, and the general replacement of 
inhumations with cremations, all characteristic of the San Luis Rey complex as defined by Meighan (1954). 
The San Luis Rey complex is divided temporally into San Luis Rey I and San Luis Rey II, with the latter 
distinguished mainly by the addition of ceramics. Along the coast of northern San Diego County, deposits 
containing significant amounts of Donax shell are now often assigned to the Late Prehistoric, based on a 
well-documented increase in the use of this resource at this time (e.g., Byrd and Reddy 1999). The 
inception of the San Luis Rey complex is suggested by True (1966; True et al. 1974) to mark the arrival of 
Takic speakers from regions farther inland. Waugh (1986) is in general agreement with True but suggests 
that the migration was probably sporadic and took place over a considerable period. Titus (1987) cites 
burials showing physical differences between pre- and post-1,300 B.P. remains to further support this 
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contention. However, some researchers have suggested that these Shoshonean groups may have arrived 
considerably earlier, perhaps as early as 4,000 years ago. Vellanoweth and Altschul (2002:102-105) 
provide an excellent summary of the various avenues of thought on the Shoshonean Incursion. 

2.2.2 Ethnography 

The Project site was occupied by the Cahuilla, Quechan, Kumeyaay, Kamia, and the Colorado River Indian 
Tribes (CRIT). The two closest tribal reservations to the Project site are the Torres-Martinez Reservation 
located to northwest of the Project site and Fort Yuma reservation located to the southeast of the Project 
site. The Torres-Martinez Indian Reservation is currently home to the desert Cahuilla Indians and is on the 
northwest side of the Salton Sea, roughly 55 miles from the Project site. Fort Yuma is located 
approximately 51 miles closer to the California-Arizona border and is the home of the Quechan. Following 
is a brief ethnographic and archaeological summary of the Cahuilla, Quechan, Kumeyaay, Kamia, and CRIT. 

Cahuilla 

The Project site currently falls within the ethnographic territory of the Cahuilla, whose ancestors may have 
entered this region of Southern California approximately 3,000 years ago (Moratto 1984: 559-560). The 
Cahuilla ancestral territory is located near the geographic center of Southern California and varied greatly 
topographically and environmentally, ranging from forested mountains to desert areas. Natural 
boundaries such as the lower Colorado Desert provided the Cahuilla separate territory from the 
neighboring Mojave, Ipai, and Tipai. In turn, mountains, hills, and plains separated the Cahuilla from the 
adjacent Luiseño, Gabrielino, and the Serrano (Bean 1978: 575).  

The Cahuilla relied heavily on the exploitation and seasonal availability of faunal and floral resources 
through a pattern of residential mobility that emphasized hunting and gathering. Important floral species 
used in food, for manufacturing of products, and/or for medicinal uses primarily included acorns, 
mesquite and screw beans, piñon nuts, and various cacti bulbs (Bean 1978:578). Coiled-ware baskets were 
common and used for a variety of tasks including food preparation, storage, and transportation (Bean 
1978:579).  

Networks of trails linked villages and functioned as hunting, trading, and social conduits. Trade occurred 
between the Cahuilla and tribes such as the Gabrielino as far west as Santa Catalina and the Pima as far 
east as the Gila River. Both goods and technologies were frequently exchanged between the Cahuilla and 
nearby Serrano, Gabrielino, and Luiseño cultural groups (Bean 1978:575-582). 

The Cahuilla are believed to have first come into contact with Europeans prior to the Juan Bautista de 
Anza expedition in 1774; however, little direct contact was established between the Cahuilla and the 
Spanish except for those baptized at the Missions San Gabriel, San Luis Rey, and San Diego (Bean 
1978:583-584). Following the establishment of several asistencias near the traditional Cahuilla territories, 
many Spanish cultural forms — especially agriculture and language — were adopted by the Cahuilla 
people (Bean 1978:583-584; Lech 2012:17-30). 

Through the Rancho and American periods, the Cahuilla continued to retain their political autonomy and 
lands despite more frequent interactions with European-American immigrants. In 1863, a large number 
of the population was killed by a sweeping smallpox epidemic that affected many of the tribal groups in 
Southern California. The first reservations established in Imperial County ca. 1865 saw many of the 
Cahuilla remaining on their traditional lands. After 1891, however, all aspects of the Cahuilla economic, 
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political, and social life were closely monitored by the federal government; a combination of missionaries 
and government schools drastically altered the Cahuilla culture (Bean 1978:583-584). 

Quechan 

The Quechan are a Native American Tribe that primarily occupied the surrounding area of the Gila and 
Colorado Rivers. Historically, the Quechan people were given the name “Yuma” by the Spanish explorers. 
They are one of several Yuman-speaking groups that resided in California and western Arizona (Bee 1983).  

The Quechan lived in small settlements located along the Colorado River, north and south of the Gila River 
confluence, and along the Gila River. These settlements consisted of several hundred people organized 
into extended family groups. These settlements were created to be on the move. Often times the families 
would move into the river bottom during the summer farming season and would return to the high banks 
of the river during spring flooding. The settlements would also move up or down the rivers depending on 
food shortages or warfare. Substantial housing was not common among Quechan villages because of the 
warm climate. Dome-shaped arrow weed houses and ramadas were the most common since it allowed 
for airflow (Bee 1983; Kroeber 1976). 

The Quechan were primarily gatherers and farmers. Hunting wild game was not a viable option due to the 
harsh desert conditions found outside the Colorado River floodplain. The Quechan cultivated food such 
as maize, melons, pumpkins, wild grass seeds, and beans. Other crops such as black-eyed beans, 
watermelon, and wheat were introduced by European immigrants. The Quechan practiced a varied 
farming strategy, meaning they would plant several food crops at various time of the year. Maize and 
melons were often planted in February and were not dependent on seasonal flooding. Other crops were 
planted after the spring flooding of the Colorado River. In autumn, wheat was often planted and harvested 
just before the spring flooding; while wild grasses, which provided seeds that were ground into a meal, 
were planted into less fertile soils. Some other wild foods were screw bean pods and mesquite, which 
could be gathered in times of a low-yielding crop year (Bee 1983; Kroeber 1976). 

Warfare was a basis of Quechan culture. They often used two types of warfare: the raiding party and the 
war party. The raiding party was often used to evoke mayhem and capture horses or captives. The war 
party consisted of a village raid followed by an organized battle in which both parties would face one 
another in two lines ending in hand-to-hand combat. Warfare among the tribes was intertwined with 
myth and ceremony. Traditionally, warfare was connected to ritual and tribal prestige rather than conflict 
over resources or territory. The Quechan often engaged in warfare with both the Maricopa and the 
Cocopah, who were sometimes called the Pima. Warfare may have increased in intensity and scale in the 
eighteenth and early nineteenth century for economic reasons. This departure from the ritual warfare 
tradition may have been related to the taking of captives to trade to the Spanish for horses or other goods 
(Bee 1983; Kroeber 1976).  

Kumeyaay 

The Native American people occupying the region also included the Kumeyaay. The Kumeyaay or Tipai-
Ipai were formerly known as the Kamia or Diegueños, the former Spanish name applied to the Mission 
Indians living along the San Diego River and are referred to as the Kumiai in Mexico. Today, members of 
the tribe prefer to be called Kumeyaay (Luomala 1978). The territory of the Kumeyaay extended north 
from Todos Santos Bay near Ensenada, Mexico, to the mouth of the San Luis Rey River in north San Diego 
County, and east to the Sand Hills in central Imperial Valley near the current Project site. The Kumeyaay 
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occupied the southern and eastern desert portions of the territory, while the Ipai inhabited the northern 
coastal region (Luomala 1978). 

The primary source of subsistence for the of Kumeyaay was vegetal food. Seasonal travel followed the 
ripening of plants from the lowlands to higher elevations of the mountain slopes. Buds, blossoms, 
potherbs, wild seeds, cactus fruits, and wild plums were among the diet of Kumeyaay. The Kumeyaay 
practiced limited agriculture within the floodplain areas of their territory. Melons, maize, beans, and 
cowpeas were planted. Women sometimes transplanted wild onion and tobacco plants to convenient 
locations and sowed wild tobacco seeds. Deer, rodents, and birds provided meat as a secondary source 
of sustenance. Families also gathered acorns and piñon nuts at the higher altitudes. Village locations were 
selected for seasonal use and were occupied by exogamous, patrilineal clans. Three or four clans would 
winter together and then disperse into smaller bands during the spring and summer (Luomala 1978). 

Kumeyaay structures varied with the seasons. Summer shelter consisted of a wind break, tree, or a cave 
fronted with rocks. Winter dwellings had slightly sunken floors with dome-shaped structures made of 
brush thatch covered with grass and earth (Gifford 1931; Luomala 1978). 

Upon death, the Kumeyaay cremated the body of the deceased. Ashes were placed in a ceramic urn and 
buried or hidden in a cluster of rocks. The family customarily held a mourning ceremony one year after 
the death of a family member. During this ceremony, the clothes of the deceased individual were burned 
to ensure that the spirit would not return for his or her possessions (Gifford 1931; Luomala 1978). 

It is estimated that the pre-contact Kumeyaay population living in this region ranged from approximately 
3,000 (Kroeber 1925) to 9,000 (Luomala 1978). Beginning in 1775, the semi-nomadic life of the Kumeyaay 
began to change as a result of contact with European-Americans, particularly from the influence of the 
Spanish missions. Through successive Spanish, Mexican, and Anglo-American control, the Kumeyaay 
people were forced to adopt a sedentary lifestyle and accept Christianity (Luomala 1978). As of 1968, 
Kumeyaay population was somewhere between approximately 1,322 (Shipek 1972 in Luomala 1978) and 
1,522 (Luomala 1978), and by 1990 an estimated 1,200 Kumeyaay lived on reservation lands while 2,000 
lived elsewhere (Pritzker 2000). 

Trade was a very important feature of Kumeyaay subsistence; coastal groups traded salt, dried seafood, 
dried greens, and abalone shells to inland and desert groups for products such as acorns, agave, mesquite 
beans, and gourds (Almstedt 1982:10; Cuero 1970:33; Luomala 1978:602). Travel and trade were 
accomplished by means of an extensive network of trails. Kumeyaay living in the mountains of eastern 
San Diego County frequently used these trails to travel down to the Kamia settlement of Xatopet on the 
east/west portion of the Alamo River to trade and socialize in winter (Castetter and Bell 1951; Gifford 
1918:168; Spier 1923:300; Woods 1982). 

Kamia 

The Kamia lived to the east of the Project site in an area that included Mexicali and bordered the Salton 
Sea. The traditional territory of the Kamia included the southern Imperial Valley from the latitude of the 
southern half of the Salton Sea to well below what is now the United States–Mexico international border 
(Forbes 1965; Luomala 1978:593). The Kamia tribe of Indigenous Peoples of the Americas live at the 
northern border of Baja California in Mexico and the southern border of California in the United States. 
Their main settlements were along the New and Alamo Rivers (Gifford 1931). Their Kumeyaay language 
belongs to the Yuman–Cochimí language family. 
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Subsistence of the Kamia consisted of hunting and gathering and floodplain horticulture (Barker 1976; 
Gifford 1931). In normal years, the Colorado River would overflow its banks in the spring and early summer 
and fill rivers such as the New and Alamo. When the floodwaters receded, the Kamia would plant in the 
mud. A dam was maintained at Xatopet on the east/west portion of the Alamo River to control water flow 
and allow farming in years when water flow was insufficient (Castetter and Bell 1951:43). Gifford 
(1931:22) and Castetter and Bell (1951:43) suggested these were recent adaptations and not traditional 
life ways. Bean and Lawton (1973); Lawton and Bean (1968), and Shipek (1988) argue that irrigation was 
indigenous. 

The Kamia’s major food staple was mesquite and screwbean, called by the Kamia anxi and iyix, 
respectively (Gifford 1931:23), along with the seeds of the ironwood (Olneya tesota), also known as palo 
fierro in Spanish, and palo verde were also used. Neither palo verde nor ironwood was considered a 
particularly desirable food resource (Castetter and Bell 1951:195-196). Acorns, also an important seasonal 
food, were gathered in the mountains to the west of Kamia territory in October and acquired through 
trade from the southern Kumeyaay (Gifford 1931). 

Hunting contributed to the diet in a minor way in terms of overall caloric intake but provided valuable 
protein and skin and bone for clothing, blankets, and tools. Small game, primarily rabbits, was most 
frequently taken, using bow and arrow or rabbit stick (macana). Sometimes fires were set along sloughs 
to drive rabbits out. Individuals with bow and arrow also hunted deer and mountain sheep. Fish were also 
taken in sloughs with bow and arrow and by hand, hooks, basketry scoops, and seine nets (Gifford 
1931:24). 

Colorado River Indian Tribes  

The population of the CRIT reservation comprises people from the Mojave, Chemehuevi, Hopi, and 
Navajo. While the Hopi and Navajo were forced into the reservation from further east, both the Mojave 
and Chemehuevi have been in this region since the tribe split off from the Southern Paiute in the area of 
current-day Las Vegas (Bean and Vane 2002). Although the origins of the Chemehuevi are of the Southern 
Paiute, their culture has been heavily influenced by the Mojave (Deur and Confer 2012), testifying to the 
close relationship between the two tribes. Relationships between the Chemehuevi and the Mojave have 
not always been peaceful; however, the Mojave retained the rights to travel through the newly 
established Chemehuevi territory (Bean and Vane 2002).  

The subsistence pattern of the Chemehuevi was agriculturally based. Maize, squash, melons, gourds, 
beans, cowpeas, winter wheat, and some grasses were key crops grown in the floodplain areas along the 
Colorado River. Hunting and gathering were also important elements of the subsistence strategy 
undertaken by younger adults while the elderly stayed in the village to tend to the crops (Deur and Confer 
2012).  

Spiritually, the Chemehuevi were tied to their land, with spiritual power coming from particular landmarks 
within their territory such as mountain peaks, caves, or springs. Puha trails link the landmarks together 
and are also considered to have spiritual power (Deur and Confer 2012). The manner in which ceremonies 
were practiced showed the tribe’s close ties with the Mojave. Hunting and gathering traditions followed 
the traditional Paiute pattern, as did burial practices. Other ceremonial practices testify to the Mojave 
influence (Deur and Confer 2012). 
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Mojave were also agrarian and had a reliance on fishing in the Colorado River. It should be noted that the 
Chemehuevi deferred fishing rights to the Mojave (Deur and Confer 2012). The Mojave people during the 
protohistoric and historic times were semi-sedentary. Floodplain farming was common, and the Colorado 
River made up the center of their territory. The extent of their territory extended on either side of the 
Colorado River to the east as far as the highest crest of the Black Mountains, the Buck Mountains, and the 
Mojave Mountains and to the west to the Sacramento, Dead, and Newberry Mountains. From north to 
south their territory ran from the Mohave Valley to south of what is now the City of Blythe (Bean and 
Vane 2002). 

The Mojave peoples were nationalistic, considering their home territory to be their own country (Deur 
and Confer 2012). Frequently warring with the Halchidoma, the Mojave and Quechan joined forces to 
evict the Halchidoma from their territory. The Mojave then encouraged the Chemehuevi to move into the 
river area (Russell et al. 2002). Trade was of particular importance to the Mojave, who had extensive trail 
networks to take them to the Pacific Coast in the west, and to the Cahuilla in the south and east (Bean 
and Vane 2002). 

In the spring and summer months the Mojave lived along the banks of the Colorado River where they 
harvested crops and fished for sustenance. Crops were planted in the spring as the river, swollen from the 
winter rains, receded. Seeds were planted in the newly exposed and saturated mud. While the Mojave 
peoples relied on their crops, their major food staple was mesquite and screwbean pods, which were 
gathered. In the winter they moved their settlement areas to rises above the river to avoid seasonal 
flooding (Russell et al. 2002).  

2.2.3 History 

The first significant European settlement of California began during the Spanish Period (1769 to 1821) 
when 21 missions and four presidios were established between San Diego and Sonoma. Although located 
primarily along the coast, the missions dominated economic and political life over the greater California 
region. The purpose of the missions was primarily for political control and forced assimilation of the Native 
American population into Spanish society and Catholicism, along with economic support to the presidios 
(Castillo 1978). 

In the 1700s, due to pressures from other colonizers (Russians, French, British), New Spain decided that a 
party should be sent north with the idea of founding both military presidios and religious missions in Alta 
California to secure Spain’s hold on its lands. The aim of the party was twofold. The first was the 
establishment of presidios, which would give Spain a military presence within its lands. The second was 
the establishment of a chain of missions along the coast slightly inland, with the aim of Christianizing the 
native population. By converting the native Californians, they could be counted as Spanish subjects, 
thereby bolstering the colonial population within a relatively short time (Lech 2012: 3-4). 

The party was led by Gaspar de Portolá and consisted of two groups: one would take an overland route, 
and one would go by sea. All parties were to converge on San Diego, which would be the starting point 
for the chain of Spanish colonies. What became known as the Portolá Expedition set out on March 24, 
1769. Portolá, who was very loyal to the crown and understood the gravity of his charge, arrived in what 
would become San Diego on July 1, 1769. Here, he immediately founded the presidio of San Diego. Leaving 
one group in the southern part of Alta California, Portolá took a smaller group and began heading north 
to his ultimate destination of Monterey Bay. Continuing up the coast, Portolá established Monterey Bay 
as a Spanish possession on June 3, 1770, although it would take two expeditions to accomplish this task. 
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Having established the presidios at San Diego and Monterey, Portolá returned to Mexico. During the first 
four years of Spanish presence in Alta California, Father Junípero Serra, a member of the Portolá 
expedition and the Catholic leader of the new province, began establishing what would become a chain 
of 21 coastal missions in California. The first, founded concurrently at San Diego with the presidio, was 
the launching point for this group. During this time, four additional missions (San Carlos Borromeo de 
Carmelo, San Antonio de Padua, San Gabriel Arcángel, and San Luis Obispo de Tolosa) were established 
(Lech 2012: 1-4).  

The Mexican Period (1821-1848) began with the success of the Mexican Revolution in 1821, but changes 
to the mission system were slow to follow. When secularization of the missions occurred in the 1830s, the 
missions’ vast land holdings in California were divided into large land grants called ranchos. The Mexican 
government granted ranchos throughout California to Spanish and Hispanic soldiers and settlers (Castillo 
1978; Cleland 1941). Even after the decree of secularization was issued in 1833 by the Mexican Congress, 
missionaries continued to operate a small diocesan church. In 1834, the San Gabriel Mission, including 
over 16,000 head of cattle, was turned over to the civil administrator.  

In 1848, the Treaty of Guadalupe Hidalgo ended the Mexican American War and marked the beginning of 
the American Period (1848 to present). The discovery of gold that same year sparked the 1849 California 
Gold Rush, bringing thousands of miners and other new immigrants to California from various parts of the 
United States, most of whom settled in the northern part of the state. For those settlers who chose to 
come to southern California, much of their economic prosperity was fueled by cattle ranching rather than 
by gold. This prosperity, however, came to a halt in the 1860s because of severe floods and droughts, as 
well as legal disputes over land boundaries, which put many ranchos into bankruptcy. 

Imperial County was formed in 1907 from a portion of San Diego County known as Imperial Valley and is 
the newest of California’s counties. It is known for being one of California’s most prosperous agricultural 
communities because of its vast canal systems stemming from the Colorado River. The first diversion of 
the Colorado River was in 1905 and continued through 1942 when the All-American Canal was completed. 
It is this water, conveyed from the Colorado River, that makes Imperial County so rich (Hoover et al. 2002).  

City of Brawley  

Just as the Imperial Valley was starting to develop, a circular was released by the U.S. Government in 1902 
claiming nothing would grow in this desert area, even with plentiful water. This now famous “libel” 
changed the name of Brawley, which was initially slated to be called Braly. A man named J.H. Braly from 
Los Angeles had underwritten shares of water stock and was assigned 4,000 acres of land at the center of 
the site where Brawley now stands. When Braly read this circular, he appealed to the Imperial Land 
Company to be released from his bargain. They told him they expected to build a city on his land and call 
it Braly. However, J.H. Braly wanted no part of it; he did not want his name connected with what he 
envisioned as a failure. George E. Carter, who was building the grade for the new railroad, heard of Braly’s 
wish and took over Braly’s contract for the 4000 acres (City of Brawley 2020).  

The Imperial Land Company got wind of the deal and sent emissaries to Carter, who sold out. Meanwhile, 
A.H. Heber (a principal in the townsite organizing company) had a friend in Chicago by the name of 
Brawley and suggested the town be called that name. The company ordered the new town platted in 
October of 1902. Brawley had a petition signed and was ready to incorporate in June 1907 but deferred 
the matter until the new Imperial County was formed out of a portion of San Diego County that year. Then 
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in February 1908, a petition was filed, and Brawley was allowed to call an election. The vote was 34 to 22 
in favor of incorporation (City of Brawley 2020). 

For more than a century, Brawley has remained close to its roots of being a small, agricultural community. 
Many of its businesses cater to area farmers and ranchers who also call Brawley home. From the 
beginning, those who believed in Brawley were successful in creating imaginative ways to develop an oasis 
in what was once a hostile environment. Now as then, the town folk of Brawley pull together to create a 
united vision that is attractive to visitors, homeowners, consumers, developers and businesspeople alike. 
Incorporated in 1908, was a “tent city” of only 100 persons who were involved in railroads and the earliest 
introduction of agriculture. It had a population of 11,922 in 1950, but population growth was slow from 
the 1960s to the early 1990s (City of Brawley 2020). 
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SECTION 3.0 – RESEARCH DESIGN 

3.1 PALEONTOLOGICAL RESOURCES 

Chambers Group conducted a desktop review that included a review of published and unpublished 
paleontological literature and a search of museum records obtained by the San Diego Natural History 
Museum (SDNHM; McComas 2020; [Confidential Appendix A]). Using the results of the literature review 
and records search, Chambers Group evaluated the paleontological resource potential of the geologic 
units underlying the Project site. A field survey was conducted for the geologic units identified as highly 
sensitive to assist in determining where paleontological monitoring may be necessary during Project 
implementation.  

Determining the probability that a given project site might yield paleontological resources requires a 
knowledge of the geology and stratigraphy of the project site, as well as researching any nearby fossil 
finds by: (1) reviewing published and unpublished maps and reports; (2) consulting online databases; 
(3) seeking any information regarding pertinent paleontological localities from local and regional museum 
repositories, and (4) if needed, conducting a reconnaissance site visit or paleontological resources field 
survey.  

The University of California Museum of Paleontology (UCMP) online paleontological database was used 
to search for previously recorded paleontological localities in the Project vicinity (November 2020). Only 
a single right dentary fragment from a Camelidae species was found near Coachella in 1953 (V5303). In 
addition, Chambers Group obtained paleontological record search data from the San Diego Natural 
History Museum (SDNHM) on October 07, 2020 (McComas 2020). The SDNHM determined that the 
proposed Project has the potential to impact late Pleistocene to Holocene-age Lake Cahuilla Beds. Eight 
recorded fossil localities have been recorded by the SDNHM within a 1-mile radius of the Project site 
including three localities that were recovered during paleontological monitoring of excavations at the 
borrow pit for the California Department of Transportation (Caltrans) Brawley Bypass project located 
along the west side of the proposed Project (McComas 2020). These discoveries include fragments of 
petrified wood, foraminiferal tests, shells of freshwater snails, mussels, pea clams, and ostracods, as well 
as bones and teeth of freshwater bony fish, a phalanx (toe bone) of an amphibian, and isolated postcranial 
remains of unidentified rodents, canids, and felids.  

3.2 CULTURAL RESOURCES 

A records search dated October 14, 2020, was obtained from the South Coastal Information Center (SCIC) 
at San Diego State University (Confidential Appendix A). The records search provided information on all 
documented cultural resources and previous archaeological investigations within the 1-mile record search 
radius. Resources consulted during the records search conducted by the SCIC included the NRHP, 
California Historical Landmarks, California Points of Historical Interest, and the CRHR Inventory. Results of 
the records search and additional research are detailed below. 

3.2.1 Reports within the Study Area 

Based upon the records search conducted by the SCIC, 14 cultural resource studies have previously been 
completed within the 1-mile records search radius. Of the 14 previous studies, 9 of these studies were 
within the current Project site and are shown in bold (Table 1).  
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Table 1: Previous Cultural Resources Studies within the Study Area 

Report 
Number 

Year Author Title* Resources 

IM-00079 1976 Von Werlhof, Jay, and 
Sherilee Von Werlhof 

Archaeological examinations of certain geothermal 
test well sites near Brawley. 

N/A 

IM-00095 1977 Von Werlhof, Jay, and 
Sherilee Von Werlhof 

Archaeological examinations of five (5) geothermal 
test well sites near Brawley.  

N/A 

IM-00146 1978 Von Werlhof, Jay and 
Sherilee Von Werlhof 

Archaeological examinations of a proposed 
geothermal test area near Brawley. 

N/A 

IM-00476 1993 Singer, Clay A., John 
Atwood, and Shelley 
Marie Gomes 

Cultural Resource Records Search for Southern 
California Gas Company Line 6902 South Imperial 
County, California. 

N/A 

IM-00602 1996 Von Werlhof, Jay Archaeological examination of the Davis Material 
Site: Reclamation Plan #177-95-COP #1187-95. 

N/A 

IM-00657 1998 Crafts, Karen C. Negative Archaeological survey report for the 
proposed widening of shoulders on State Route 
111 in Imperial County between the cities of 
Brawley and Calipatria.  

 N/A 

IM-00671 1999 Crafts, Karen C. Historic Property Survey for State Route 78/111 
Brawley Bypass. 

N/A 

IM-00692 1998 Crafts, Karen  Historic Property Survey Report-Negative 
Findings-Widening the shoulders on State Route 
111 in Imperial County between the cities of 
Brawley and Calipatria. 

N/A 

IM-00834 1998 Crafts, Karen C. Negative Archaeological Survey Report for the 
Construction of the State Route 78/111 Brawley 
Bypass.  

N/A 

IM-00835 1989 Fisher, Jim Historic Architectural Survey report for the 
Brawley bypass Imperial County. 

N/A 

IM-00913 2003 Perry, Laureen M. An Intensive Cultural Resources Inventory of 30 
acres for the Brawley Wastewater Treatment 
Wetlands Pilot Project in Brawley, Imperial County, 
California 

N/A 

IM-01149 1999 Eckhardt, William T. Archaeological Constraints Report for the 
proposed expansion of Brawley Wastewater 
Treatment Plant. 

N/A 

IM-01158 1996 Archaeological 
Consulting Services, 
LTD. 

An Archaeological Assessment of the Niland-
Imperial Pipeline Expansion Corridor, Imperial 
County, California. 

13-
005951 

IM-01228 2006 SWCA Environmental 
Consultants 

Volume 1- Cultural Resources Final Report of 
Monitoring and Findings for the QWEST Network 
Construction Project, State of California.  

N/A 

*Bold reports are within Project site boundaries 
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3.2.2 Previously Recorded Cultural Resources within the Study Area 

Based upon the records search conducted by the SCIC, five previously recorded cultural resources were 
recorded within the 1-mile record search radius. Results show that none of the previously recorded 
resources are mapped within the Project site boundaries  (Table 2). 

Table 2: Previously Recorded Cultural Resources within the Study Area 

Primary 
Number 

Trinomial Age Site Description 
Inside 

Project Site 
Boundaries 

Relocated 

P-13-00880 CA-IMP-00880 Prehistoric Indian Trail N.W 
& S.E. 

Outside N/A 

P-13-02409 CA-IMP-02409 Prehistoric Small ceramic kiln 
site 

Outside N/A 

P-13-07993 CA-IMP-07993 Historic Moderate-size 
farm complex 

Outside N/A 

P-13-07994 CA-IMP-07994 Historic Single-story 
rectangular 
structure 

Outside N/A 

P-13-08682 CA-IMP-08166H Historic Portion of the 
Niland to Calexico 
Railroad 

Outside Yes 
 

 

3.2.3 Native American Heritage Commission 

Sacred Lands File Search 

Chambers Group submitted a request for a search of the Sacred Lands Files (SLF) housed at the California 
Native American Heritage Commission (NAHC) on October 2, 2020. The results of the search were 
returned on October 28, 2020, and were positive. The NAHC response provided contact information for 
the 18 tribes that may have information on cultural resources on the Project site. 

Letters requesting information were sent via certified mail on October 19, 2020. Emails were also sent to 
the contacts in an effort to elicit a quicker response. As of February 1, 2020, the Viejas Band of Kumeyaay 
Indians has requested to be involved with monitoring efforts. Consultation and communications are 
ongoing with San Pasqual Band of Mission Indians, who have also requested to be involved as the Project 
progresses. The Agua Caliente Band of Cahuilla Indians declined involvement and defers to the other tribes 
in the area. Communication with the remaining 15 tribes is ongoing. 
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SECTION 4.0 – FIELD METHODS 

Survey of the Project site took place over the course of November 2 and 5, 2020, and included Chambers 
Group archaeologists Kellie Kandybowicz, B.A., Sarah Roebel, B.A., and paleontologist Niranjala 
Kottachchi, M.A. The Project site was surveyed at 15-meter intervals, and crews were equipped with 
submeter accurate Global Positioning Systems (GPS) units for recording spatial data and to document the 
survey area and all findings through ArcGIS Collector and Survey 123. The purpose of the field survey was 
to visually inspect the ground surface for both paleontological and archaeologically significant materials. 
No geographic obstructions or impediments were present, and the crew was able to survey the Project 
site in its entirety. Much of the proposed Project survey area was vegetated by agricultural fields (Figure 4) 
while others were in areas previously disturbed for emplacement of water channels and culverts for 
agricultural purposes. In agricultural fields on the eastern side of the Project area, visibility ranged from 
10 percent to 90 percent; the remainder of the Project area had 100 percent visibility.  

The paleontologist examined the surface soils, assessed for exposed fossils, and evaluated the 
stratigraphy for its potential to contain preserved paleontological resources. The survey focused on areas 
underlain by ancient Lake Cahuilla Beds previously interpreted to have a high sensitivity to produce 
paleontological resources. Sediment approximately 2 inches below the surface was examined to 
determine the geologic unit (s) present. Active drainages exposing the subsurface deposits were visually 
scanned for paleontological resources. Notes were taken on the geology and lithology of the geologic 
unit(s), and photographs were taken to document the survey (Figures 2 and 3). 

The archaeologists assessed the ground surface for prehistoric artifacts (e.g., flaked stone tools, tool-
making debris, stone milling tools), historic-period artifacts (e.g., metal, glass, ceramics), and sediment 
discoloration that might indicate the presence of a cultural midden, as well as depressions and other 
features indicative of the former presence of structures or buildings (e.g., post holes, foundations). When 
an artifact or feature was observed during survey, the GPS data were recorded using the ArcGIS Collector 
application; photographs and measurements were taken; and, when applicable, for historic glass artifacts, 
the maker’s marks and date codes were recorded for further analysis and post-processing. 
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SECTION 5.0 – RESULTS 

5.1 RESULTS OF PALEONTOLOGICAL SURVEY 

Late Pleistocene to Holocene Lake Cahuilla deposits exposed and/or underlying the proposed Project area 
consist of dark brown to gray, silty clays interpreted as freshwater lacustrine; and, in drainages where 
exposed, these same sediments are interbedded with finer to medium sands containing pebbles. The 
latter indicates the influence of fluvial action within the environment.  

No paleontological resources were discovered during the survey within exposed cuts. Numerous bivalves 
and gastropods were, however, identified on the surface in exposed sediments around the perimeter of 
agricultural fields. These finds were in silty clays resembling Lake Cahuilla Beds, but it is uncertain as to 
what depth these finds came from. They appear to be in sediments that may have been disturbed during 
previous excavations for the emplacement of canals and water drainages. 

5.2 RESULTS OF ARCHAEOLOGICAL SURVEY 

Archival records search, background studies, and intensive pedestrian survey of the Project site were 
conducted as part of a Phase I cultural resource study. The NAHC Sacred Lands File search returned a 
positive result. A records search request was submitted to the SCIC at San Diego State University, San 
Diego, October 5, 2020. The records search results (Confidential Appendix A) were received on 
October 22, 2020  The results indicate that five previously recorded resources have been identified within 
a 1-mile radius of the Project site; none are mapped within the Project site boundaries. These results are 
summarized in Table 2 above. In addition, 14 cultural resources studies have been conducted in the 
vicinity, with 9 being within the Project site (Table 1). 

During completion of the survey, resource CA-IMP-08166H was relocated. Although not mapped within 
the actual Project site boundaries, a segment of CA-IMP-8166H was relocated due to its bisecting position 
between the two adjacent Project areas. Additionally, six newly recorded historic-period resources were 
identified (Table 3). The new historic-period resources were fully documented with the appropriate DPR 
523 series forms for each of the new resources and will be submitted to the SCIC for inclusion in the 
archaeological database (Confidential Appendix B). These six historic-period sites will be assigned primary 
numbers by the SCIC (pending). A description of the new finds follows. 

Table 3: Newly Identified Cultural Resources Within Project Site  

Resource Name 
(Temporary) 

Trinomial 
Number 

Date 
Recorded 

Age Description 
Recommended 

Evaluation 

21267-001 Pending 
November 2, 

2020 
Historic 

Single-story 
residence 

Recommended not 
eligible 

21267-002 Pending 
November 2, 

2020 
Historic 

House/pads; glass 
and ceramic scatter 

Not Evaluated 

21267-003 (Iso) Pending 
November 3, 

2020 
Historic 

Green glass bottle 
base 

Not Evaluated 

21267-004 Pending 
November 5, 

2020 
Multi-component 

Glass bottle, 
sanitary and food 
can scatter 

Not Evaluated 
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Table 3: Newly Identified Cultural Resources Within Project Site  

Resource Name 
(Temporary) 

Trinomial 
Number 

Date 
Recorded 

Age Description 
Recommended 

Evaluation 

21267-005 Pending 
November 5, 

2020 
Multi-component 

Historic glass 
bottle, sanitary and 
food can scatter; 
modern refuse 

Not Evaluated 

21267-006 Pending 
November 5, 

2020 
Historic 

Canals / water 
conveyance, part 
of irrigation district 

Not Evaluated 

 

21267-001 

21267-001 is a historic farm/ranch complex, including a single-story house, numerous miscellaneous 
outbuildings, and a fenced area on the east side of the property. The farm/ranch is located at 5003 Best 
Road, Brawley, CA 92227, at the northwest corner of Best Road and Ward Road, which runs parallel to the 
east-west Livesley Drain. The complex is in the southeasternmost location within the Project site 
boundaries and is bordered to the north and northwest by agricultural fields. The complex is visible as 
early as 1945 on the USGS map and 1953 in aerial imagery (NETR Online 2020). The house and associated 
structures are still present. The building appears to correspond to typical minimal traditional style of form 
and construction, resting on a perimeter foundation of poorly consolidated concrete made with local 
materials. Wood joists are noted in the interior where exposed, suggesting a post-and-pier foundation for 
the floor of the building. The outline is a simple rectangle with a low, gabled roofline and minimal pitch. 
Roof eaves minimally extend, with boxed in soffits. The exterior is treated in stucco, using techniques 
typical of the period; tarpaper wrap, with wire mesh, a brown/scratch coat, and a finish coat. There are 
several wood-trimmed piercings for wood-cased double-sash windows. Cast-iron waste pipes are 
embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
framed and sided, and most are in a state of collapse or disrepair. Construction techniques and the greater 
fullness of the dimensions of the dimensional lumber suggest that these buildings are contemporaneous 
with the main residential building. 

The 5003 Best Road residence was evaluated in March 2021 by Chambers Group based on the criteria for 
listing in the CRHR and was recommended not eligible (Appendix C). 

21267-002 

21267-002 is the location of a formerly standing historic-era residential house, consisting of one remaining 
outbuilding foundation, two cement slabs (likely driveways), and historic debris, which includes ceramics 
and glass bottle fragments. The remaining components of the house and associated features are located 
immediately adjacent to and west of Best Road and the Best Canal; this is also the eastern entrance from 
Best Road to the City of Brawley Wastewater Treatment Plant. The perimeter foundation is constructed 
from concrete and contains inserted lag-bolts to secure the sill-plate of the building. This feature is a 
requirement following the 1933 Long Beach earthquake and was promulgated into the California building 
code in the 1930s. The foundation measures 208 inches in length, 111 inches in width, and has a height 
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of approximately 37 inches. The two concrete slab measurements range from 21 to 40 feet in length, are 
both 16 feet in width, and have a height of 5 inches. The glass fragments were predominately 
nondiagnostic; however, the presence of a patinated manganese glass fragment and a hobbleskirt design 
of what appears to be a Georgia-green-colored Coca-Cola bottle are dated to roughly the 1880s to the 
1950s (Toulouse 1971). Also observed were two Japanese blue on white porcelain ceramic fragments, 
likely from a saucer and a bowl or cup (Figure 5). The house and associated features are visible as early as 
1945 on the USGS map and 1953 in aerial imagery and is no longer present on the 1974 USGS map but 
visible in aerial imagery until 2012 (NETR Online 2020). 

21267-I-003 

21267-I-003 is an isolated green glass bottle base with an Anchor-Hocking maker’s mark dating to 1971 
(Toulouse 1971). The glass base was located on the north side of a graded pad in a highly disturbed area, 
which is due to previous construction and continuous vehicle traffic around the irrigation systems and 
wastewater treatment plant. The isolate was likely redeposited when the pad and water basin were 
constructed sometime between 2010 and 2012. The isolated artifact could possibly have been separated 
from historic trash deposit site 21267-004, which is located 450 feet to the east/southeast. 

21267-004 

21267-004 is an overlapping deposit site with two distinct periods of deposition. An early deposit is 
evidenced by the presence of manganese-clarified glass, which has since taken on its characteristic purple 
color due to absorption of ultraviolet solar radiation. Bottle types appear to consist of pepper sauce 
and/or liniment types and exhibit characteristics of being manufactured before the complete adoption of 
the automatic bottle machine. This is evidenced by the presence of hand-applied and tooled finishes. This 
manufacturing feature roughly dates between 1880 and 1918 but is likely to date before 1903, at which 
time the automatic bottle machine was put into commercial production. The overlaying historic-period 
deposit consists of common consumer goods such as liquor bottles, a bimetallic beer can, a condensed 
milk can, an oval fillet can, and a possible quart oil can, along with a bundle of wire mesh fence material, 
a variety of shot casings, and two cobble hearth features. Identified bottle maker’s marks include 
Latchford-Marble Glass that dates to between 1938 and 1956, an Owens-Illinois mark dated 1940, Gallo 
Flavor Guard dating between 1933 and 1964, and a Roma Wines mark dating between the 1950s and early 
1970s (SHA 2021). A bimetallic beer can with pull tab opening dates to the early 1960s, and the matchstick 
filler condensed milk can measuring 2 8/16 inches by 2 5/16 inches corresponds to Simonis’ type 20, which 
dates between 1950 and 1985 (Simonis 1997). Also present are a number of shot casings with headstamps 
relating to Activ, Remington, and Clever manufacturers. Activ Corporation of Kearneysville, West Virginia, 
produced a plastic hulled shell from the 1970s through the late 1990s. Clever has produced shot shells 
since 1952. Remington began manufacturing plastic shot shells in 1960, with Peters shells being produced 
in their characteristic blue color until the late 1960s (Standler 2006). Also noted in association with these 
deposits are two cobble hearth features with extant charcoal fragments. Based on this data it is suggested 
that the earlier component of the deposit may be related to railroad construction or maintenance, while 
the later component may be related to the expansion of post-war leisure time expansion and sport 
hunting activities. 

21267-005 

21267-005 is a historic-era site with deposits dating between the 1920s and the 1950s. The trash scatter 
consists of matchstick filler and sanitary cans, glass bottles and jars, 12- and 16-ounce beverage (beer) 
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cans, and a variety of unidentified burned fragments. The deposit is located west of railroad tracks, north 
of the proposed Project tie-line, on the bank along New River. The areas to the east and south of the site 
are disturbed by the installation of the aboveground water conveyance and the wastewater treatment 
plant. Identified items observed include a small pill bottle with screw-top finish, a bottle with a maker’s 
mark suggesting a C in a circle design, perhaps representative of the Chattanooga Glass Company of 
Chattanooga, Tennessee, whose mark was used between approximately 1927 and 1988, a bottle fragment 
with an Owens-Illinois mark and date code of 1940, and a bottle base with Latchford-Marble Glass mark 
that dates to between 1938 and 1956. Also noted was a 12-ounce bimetallic beverage (beer) can dating 
between 1960 and 1975 and a 16-ounce all-metal beverage (beer) can that predates 1975, a church key-
opened sanitary can that postdates 1935, and several matchstick filler condensed milk cans whose 
measurements are unclear at this time. In addition, several fragments of saw-cut bone, both bleached, 
and burned, were scattered throughout the deposit. 

21267-006 

21267-006 is a concrete, linear water conveyance element of the irrigation district. The irrigation system 
runs east-west along Andre Road between Hovley Road on the west to the wastewater facility tie-in on 
the east (west of Best Road). 

The tie-line corridor is paralleled by the Spruce No. 3 Lateral and the Spruce No. 3 Drain. Both of these 
features of the early irrigation network course through the tie-line corridor. The Spruce 3 Lateral is 
supplied by the Smilax Lateral, which draws water from the north-south running Spruce Main Canal, which 
is supplied by the West Side Main Canal. As the Spruce 3 Lateral and Drain travel easterly along Andre 
Road, both alignments jog north-northeasterly approximately 16 meters (50 feet), midway between 
Hovley Road and State Route (Highway) 111, and continue their easterly trajectory, where Spruce 3 Lateral 
continues to supply lands to the north. Spruce 3 Drain terminates at the New River. 

The Spruce line of irrigation canals, laterals, and drains was established by the Irrigation District Water 
Company No. 8 in the early 1900s. The alignments are noted on the Thurston map of 1914 and are 
indicated on a series of 7.5-minute USGS topographic quadrangles in the same format and arrangement.  

The Spruce No. 3 Lateral is concrete-lined and controlled by a series of gates and turnouts (Figure 7). The 
main channel is composed of formed-in-place concrete with walls opened outward approximately 30 
degrees from vertical. The width of the lateral is approximately 8 feet at the top, with a depth of 
approximately 4 feet. Approximately 0.5 mile east of Hovley Road the alignment of the lateral shifts north 
approximately 50 feet, with a turnout gate directing water underground, where it returns to the surface 
in the alignment to the north, continuing easterly towards Highway 111, where it undercrosses the 
roadway and continues to supply the fields to the north until it reaches the New River. Date stamps on 
turnouts and head gates indicate that these features were added between the middle 1950s to the middle 
1970s. Turnout gate 75, located near North Western Avenue, is dated to 1956 as is the head gate, while 
the adjacent upstream underground culvert frame is dated to 1963. Turnout gate 76 is dated to 1974. The 
head gate near Hovley Road is a jack type with a ferrous rod and jack assembly controlling a wooden gate 
located in tracks inset into the concrete lateral. The jack rests on a wood crossbeam set atop concrete 
pillars that rest on the sidewall of either side of the lateral. All turnout gates appear to be nonferrous 
metal slide gates that are controlled by dowling pins inserted into the perforated gate post, with the 
dowling pin resting on two wood beams affixed to the concrete pillars straddling either side of the gate 
opening. 
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The Spruce No. 3 Drain parallels the No. 3 Lateral and is offset approximately 30 feet to the south. The 
No. 3 Drain, as with nearly all drains in the system, was designed and constructed with an eye toward 
utility and function. The alignment is directly cut into the ground with spoils used to create elevated 
roadways along the margins. Width of the drain varies but is roughly 30 feet wide, with sidewalls sloping 
approximately 30 degrees from vertical. The drain has been subject to continual routine maintenance 
activities since its initial construction, with removed sediments relocated on the roadbeds adjacent. 
Approximately 0.5 mile east of Hovley Road, the alignment of the drain shifts north approximately 50 feet, 
continues eastward, undercrossing Highway 111, and terminates at the New River, where excess water is 
drained. 

While the irrigation network is considered an historic resource, individual elements such as laterals and 
drains are ubiquitous and often are a result of relining efforts to control water loss beginning in the 1950s, 
obliterating the original dirt canal systems. Similarly, drains are under constant maintenance and 
restructuring to maintain shape, form, and water flow through removal of vegetation and sediments 
(Shultz 2017). As such, both the Spruce No. 3 Lateral and the Spruce No. 3 Drain are not recommended 
eligible for inclusion on the NRHP or in the CRHR. 

CA-IMP-8166H 

CA-IMP-8166H is the Niland to Calexico Railroad, which was constructed between 1902 and 1904 by the 
Southern Pacific Company and runs 65 miles from Niland to Calexico. The resource was recorded in 2003 
by Collins and Pflaum as a standard gauge track on a gravel base and is still in use today (Ehringer 2011). 

A portion of the Niland to Calexico Railroad was revisited and updated as part of the current survey of the 
Project area, which is bisected by the railroad in a north-south direction, between an unnamed dirt road, 
west of Best Canal turn-out number 116 in the north, and the Livesley Drain in the south. Five 
undercrossing features were identified within the Project area crosspassing under the existing railroad 
line. These features are constructed of poured-in-place, board-formed concrete with head wall and wing-
walls either side to form a revetment-style retainer for the track ballast; and areas are constructed of 
cement and mortar and allow feeder lines from Best Canal, which is to the east of the railroad, to supply 
water to the adjacent agricultural lands. The feeder line undercrossing construction dates range from 
1928 to 1930 (Figure 6). The wall measurements range from approximately 36 to 96 inches in height and 
average between 8 to 12 inches in width. The dates of construction are stamped into the sides of the main 
walls. 

Feature 1: Two parallel feeder lines are immediately south of the intersection of the railroad and an 
unnamed dirt road, west of Best Canal turn-out number 116. The undercrossings, both dating to 1930, 
with the southern line turning slightly southwesterly on the west side of the tracks, are located at the 
northern end of the Project area.  

Feature 2: This is an undercrossing at the intersection of the railroad and an unnamed dirt road, west of 
Best Canal turn-out number 115, which dates to 1928. 

Feature 3: This is an undercrossing at the intersection of the railroad and an unnamed dirt road, west of 
Best Canal turn-out number 114, which dates to 1930. 

Feature 4: This is a southwesterly undercrossing offshoot stemming from and immediately south of the 
feeder line for Feature 3, which is west of Best Canal turn-out number 114 and dates to 1930.  
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Feature 5: This is the southernmost undercrossing at the intersection of the railroad and an unnamed dirt 
road, west of Best Canal turn-out number 110, which dates to 1930.  
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SECTION 6.0 – SUMMARY AND RECOMMENDATIONS 

6.1 SUMMARY 

Chambers Group conducted paleontological and archaeological investigations within the Project site in 
November 2020. The work was performed under Chambers Group’s contract with Imperial County 
Planning and Development Services Department. The main goal of the investigations was to gather and 
analyze information needed to determine if the Project, as currently proposed, would impact 
paleontological and cultural resources. 

The SDNHM determined that the proposed Project has the potential to impact late Pleistocene to 
Holocene-age Lake Cahuilla Beds. Eight recorded fossil localities have been identified within a 1-mile 
radius of the Project site with none being located inside the Project area. 

Archival record searches, background studies, and an intensive pedestrian survey of the Project site were 
conducted as part of a Phase I cultural resource study. The cultural record search identified nine cultural 
resource studies and one archaeological resource within the Project site.  

The survey yielded six new historic-period and multi-component resources (21267-001, 21267-002, 
21267-I-003, 21267-004, 21267-005, and 21267-006) within the Project site; a segment of the previously 
recorded resource, CA-IMP-8166H, was relocated and updated. One of the two farmhouses and 
associated structures, 21267-001, is still standing and has been evaluated for CRHR eligibility and has been 
recommended not eligible; what remains of the other, 21267-002, comprises a foundation, two cement 
slabs, and a small glass and ceramic scatter. Isolate 21267-I-003, a single green glass bottle base, was likely 
redeposited during the construction of the graded pad and retention basin southeast of the City of 
Brawley Wastewater Treatment Plant, possibly stemming from one of the two historic scatters which are 
located in relatively close proximity. Site 21267-004 is multi-component with a small glass and can scatter 
dating to the 1930s as well as 1970s and is located immediately west of the Niland to Calexico Railroad 
(CA-IMP-8166H) at the south end of the Project area. Site 21267-005 is multi-component with the first 
trash scatter dating from the early to mid-1950s and the second dating from the last deposition date 
through the present. Sites 21267-004 and 21267-005 were likely deposited during the construction of the 
railroad, water treatment plant, and irrigation system and “revisited” during the following decades during 
maintenance or upkeep. The segment of CA-IMP-8166H, the Niland to Calexico Railroad, which bisects 
the two adjacent Project areas from north to south, was revisited and relocated; updates were made to 

the resource by recording five cement and mortar undercrossing feeder lines from Best Canal dating to 
1928 and 1930. 

6.2 RECOMMENDATIONS 

6.2.1 Paleontological 

Prior to construction activity, a Qualified Paleontologist should prepare a Paleontological Resource 
Mitigation Plan (PRMP) to be implemented during ground-disturbance activity for the proposed Project. 
This program should outline the procedures for paleontological monitoring including extent and duration, 
protocols for salvage and preparation of fossils, and the requirements for a final mitigation and monitoring 
report. A qualified and trained paleontological monitor will be present on site to observe all earth-
disturbing activities in previously undisturbed geologic deposits determined to have a high paleontological 
sensitivity (i.e., Lake Cahuilla Beds). Monitoring will consist of the visual inspection of excavated or graded 
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areas and trench sidewalls. Screening of sedimentary matrix should be conducted as some invertebrates 
may not be visible to the naked eye. 

The site does have paleontological sensitivity, with high potential for paleontological resource discovery; 
therefore, it is recommended that a qualified paleontologist is retained and is on site for construction 
monitoring. These requirements are outlined in the proposed mitigation measures below. 

6.2.2 Cultural 

The records search and archaeological survey resulted in the identification of 12 resources within 1 mile 
of the Project site. Six new sites were identified and recorded within the Project site during the survey. 
One of the previously recorded resources identified in close proximity to the Project site during the 
records search  bisects two adjacent Project areas and was relocated; this record will also be updated. 

Based on the background research and results of the survey, it is not recommended that any further 
archaeological testing or evaluation occur, apart from resource 21267-001 which was evaluated in March 
2021 by Chambers Group, for any of the above listed archaeological sites prior to construction.  

Prior to permitting ground-disturbing work within the Project site, it is recommended that the County 
consult with the Viejas Band of Kumeyaay Indians, per their request for involvement during monitoring 
efforts for all ground-disturbing activities, to identify any concerns they may have regarding the Project. 
The San Pasqual Band of Mission Indians also requested to be notified of any discoveries located during 
the survey, which will determine their level of involvement. No significant impacts to cultural or 
paleontological resources are anticipated as a result of the current undertaking if the recommendations 
included below are implemented.  

MM PALEO-1 Once a geotechnical report has been completed for the project, a qualified paleontologist 
shall review the boring logs and determine how deep paleontologically sensitive 
formations may be across the project site. The paleontologist shall use this information 
along with the results of the paleontological survey to determine if paleontological 
monitoring is warranted. If monitoring IS warranted, a qualified paleontologist shall 
prepare a mitigation and monitoring plan to be implemented during project construction. 

 For any areas identified as likely to impact paleontologically sensitive MM PALEO 2-6 
shall be followed. 

MM PALEO-2 Developer shall retain the services of a Qualified Paleontologist and require that all initial 
ground-disturbing work be monitored by someone trained in fossil identification in 
monitoring contexts. The Consultant shall provide a Supervising Paleontological Specialist 
and a Paleontological Monitor present at the Project construction phase kickoff meeting.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Imperial County 
Department of Planning and Development Services 

MM PALEO-3 Prior to commencing construction activities and thus prior to any ground disturbance in 
the proposed Project site, the Supervising Paleontological Resources Specialist and 
Paleontological Resources Monitor shall conduct initial Worker Environmental Awareness 
Program (WEAP) training to all construction personnel, including supervisors, present at 
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the outset of the Project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the Project as needed.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-4 The Contractor shall provide the Supervising Paleontological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A minimum of 48 hours will be 
provided to the Consultant of commencement of any initial ground-disturbing activities 
such as vegetation grubbing or clearing, grading, trenching, or mass excavation. 

As detailed in the schedule provided, a Paleontological Monitor shall be present on site 
at the commencement of ground-disturbing activities related to the Project. The monitor, 
in consultation with the Supervising Paleontologist, shall observe initial ground-disturbing 
activities and, as they proceed, make adjustments to the number of monitors as needed 
to provide adequate observation and oversight. All monitors will have stop-work 
authority to allow for recordation and evaluation of finds during construction. The 
monitor will maintain a daily record of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting upon completion of the Project. 

The Supervising Paleontologist, Paleontological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-5 If paleontological resources are discovered, construction shall be halted within 50 feet of 
any paleontological finds and shall not resume until a Qualified Paleontologist can 
determine the significance of the find and/or the find has been fully investigated, 
documented, and cleared.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-6  At the completion of all ground-disturbing activities, the Consultant shall prepare a 
Paleontological Resources Monitoring Report summarizing all monitoring efforts and 
observations, as performed, and any and all paleontological finds. 

Timing/Implementation: Post construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM CUL-1 Developer shall retain the services of a Qualified Archaeologist and require that all initial 
ground-disturbing work be monitored by someone trained in artifact and feature 
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identification in monitoring contexts. The Consultant shall provide a Supervising 
Archaeological Specialist and a Paleontological Monitor present at the Project 
construction phase kickoff meeting.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Imperial County 
Department of Planning and Development Services 

MM CUL-2 Prior to commencing construction activities and thus prior to any ground disturbance in 
the proposed Project site, the supervising Archaeological Resources Specialist and 
Archaeological Resources Monitor shall conduct initial Worker Environmental Awareness 
Program (WEAP) training to all construction personnel, including supervisors, present at 
the outset of the Project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the Project as needed. 

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM CUL-3 In the event of the discovery of previously unidentified archaeological materials, the 
Contractor shall immediately cease all work activities within approximately 100 feet of 
the discovery. After cessation of excavation, the Contractor shall immediately contact the 
Imperial County Department of Planning and Development Services. Except in the case of 
cultural items that fall within the scope of the Native American Grave Protection and 
Repatriation Act, the discovery of any cultural resource within the Project area shall not 
be grounds for a “stop work” notice or otherwise interfere with the Project’s continuation 
except as set forth in this paragraph. In the event of an unanticipated discovery of 
archaeological materials during construction, the Applicant shall retain the services of a 
Qualified Professional Archaeologist meeting the Secretary of the Interior’s Standards for 
a Qualified Archaeologist to evaluate the significance of the materials prior to resuming 
any construction-related activities in the vicinity of the find. If the Qualified Archaeologist 
determines that the discovery constitutes a significant resource under CEQA and it cannot 
be avoided, the Applicant shall implement an archaeological data recovery program. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM CUL-4 The Contractor shall provide the Supervising Archaeological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A minimum of 48 hours will be 
provided to the Consultant of commencement of any initial ground-disturbing activities 
such as vegetation grubbing or clearing, grading, trenching, or mass excavation. 

As detailed in the schedule provided, an Archaeological Monitor shall be present on site 
at the commencement of ground-disturbing activities related to the Project. The monitor, 
in consultation with the Supervising Archaeologist, shall observe initial ground-disturbing 
activities and, as they proceed, make adjustments to the number of monitors as needed 
to provide adequate observation and oversight. All monitors will have stop-work 
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authority to allow for recordation and evaluation of finds during construction. The 
monitor will maintain a daily record of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting upon completion of the Project. 

The Supervising Archaeologist, Archaeological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM-CUL-5 If archaeological resources are discovered, construction shall be halted within 50 feet of 
the find and shall not resume until a Qualified Archaeologist can determine the 
significance of the find and/or the find has been fully investigated, documented, and 
cleared.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM-CUL-6  At the completion of all ground-disturbing activities, the Consultant shall prepare an 
Archaeological Resources Monitoring Report summarizing all monitoring efforts and 
observations, as performed, and any and all prehistoric or historic archaeological finds as 
well as providing follow-up reports of any finds to the South Coastal Information Center 
(SCIC), as required.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

HUMAN REMAINS – LEGAL REQUIREMENTS In the unlikely event that human remains are discovered 
during ground-disturbing activities, then the proposed Project would be subject to California Health and 
Safety Code 7050.5, CEQA Section 15064.5, and California Public Resources Code Section 5097.98 (NPS 
1983).If human remains are found during ground-disturbing activities, State of California Health and 
Safety Code Section 7050.5 states that no further disturbance shall occur until the Imperial County 
Coroner has made a determination of origin and disposition pursuant to Public Resources Code Section 
5097.98. In the event of an unanticipated discovery of human remains, the Imperial County Coroner shall 
be notified immediately. If the human remains are determined to be prehistoric, the County Coroner shall 
notify the NAHC, which shall notify a most likely descendant (MLD). The MLD shall complete the inspection 
of the site within 48 hours of notification and may recommend scientific removal and nondestructive 
analysis of human remains and items associated with Native American burials (NPS 1983). 
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SECTION 7.0 – SITE PHOTOGRAPHS 

 

Figure 2: Gastropods & 
bivalves within silty clays 
of possible Lake Cahuilla 

lacustrine sediment, facing 
north/overview. 

 

Figure 3: Possible exposure 
of Lake Cahuilla lacustrine, 

facing north. 
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Figure 4: Survey area west 
of Best Road, facing north. 

 

Figure 5: Historic Japanese 
blue on white porcelain 

ceramic fragment located 
near structure foundation 

at 21267-002. 
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Figure 6: Overview of 
Niland to Calexico Railroad 
and culvert undercrossing 
dated to 1930 at north end 

of Project area, facing 
southwest. 

 

Figure 7: Overview of 
Spruce No. 3 Lateral, 
showing construction 

dates of 1956 and 1963, 
facing west/southwest. 

Located at the southeast 
corner of Hovley Road and 

Andre Road. 
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5003 Best Road Residence CRHR Evaluation 
Temporary resource number: 21267-001 (Trinomial pending) 
Kellie Kandybowicz 
Cultural Resource Specialist, Chambers Group Inc. 
March 18, 2021 
 

During the Phase I pedestrian survey for the Brawley Solar Project in November 2020, the historic-era 
farm/ranch complex at 5003 Best Road was encountered within Project boundaries. The vacant residence 
was evaluated in March 2021 to determine if its removal during project development would contribute 
to any adverse effects and significant impacts as a cultural resource. The resource assessment was 
conducted in compliance with the California Environmental Quality Act (CEQA) and evaluated under the 
criteria of the California Register of Historic Resources (CRHR; OHP 2021).  

California Register of Historic Resources 

A cultural resource is considered “historically significant” under CEQA if the resource meets one or more 
of the criteria for listing on the CRHR. The CRHR was designed to be used by state and local agencies, 
private groups, and citizens to identify existing cultural resources within the state and to indicate which 
of those resources should be protected, to the extent prudent and feasible, from substantial adverse 
change. The following criteria have been established for inclusion in the CRHR. A resource is considered 
significant if it: 

1. is associated with events that have made a significant contribution to the broad patterns of 
California’s history and cultural heritage; 

2. is associated with the lives of persons important in our past; 

3. embodies the distinctive characteristics of a type, period, region, or method of construction, or 
represents the work of an important creative individual, or possesses high artistic values; or 

4. has yielded, or may be likely to yield, information important in prehistory or history. 
 

Historical Context 

Imperial County was formed in 1907 from a portion of San Diego County known as Imperial Valley and is 
the newest of California’s counties. It is known for being one of California’s most prosperous agricultural 
communities because of its vast canal systems stemming from the Colorado River. The first diversion of 
the Colorado River was in 1905 and continued through 1942 when the All-American Canal was completed. 
It is this water, conveyed from the Colorado River, that makes Imperial County so rich (Hoover et al. 2002).  

As the Imperial Valley was starting to develop, a circular was released by the U.S. Government in 1902 
claiming nothing would grow in this desert area, even with plentiful water. A man named J.H. Braly from 
Los Angeles had underwritten shares of water stock and was assigned 4,000 acres of land at the center of 
the site where Brawley now stands. George E. Carter, who was building the grade for the new railroad, 
heard of Braly’s wish to be released from his bargain, as he envisioned the city as a potential failure, and 
took over Braly’s contract for the 4000 acres. The Imperial Land Company got wind of the deal and sent 
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emissaries to buy out Carter. The company ordered the new town platted in October of 1902 (City of 
Brawley 2020).  

Brawley was eventually incorporated in 1908 and was a “tent city” of only 100 persons who were involved 
in railroads and the earliest introduction of agriculture. It had a population of 11,922 in 1950, had growth 
that was slow from the 1960s to the early 1990s, and as of 2019, Brawley’s population is 26,000. Although 
the town has grown substantially, for more than a century, Brawley has remained close to its roots of 
being an agricultural-driven community (City of Brawley 2020).  

5003 Best Road Residence 

The farm/ranch complex is located at 5003 Best Road, Brawley, CA 92227, at the northwest corner of Best 
Road and Ward Road, which runs parallel to the east-west Livesley Drain and is bordered to the north and 
northwest by agricultural fields. The complex is within U.S. Geological Survey (USGS) Westmorland East, 
California, 7.5-minute topographic quadrangle, Township 13 South, Range 14 East, in tract 120 and APN 
number 037-140-006. The property is located within the Imperial Irrigation District. 

In 1908, the property on which the farm/ranch complex is located was surveyed for sale to Ms. Myrta 
Livesley and on April 19, 1911 a patent (No. 189395) was recorded by the General Land Office in Los 
Angeles, California for claimants Edward J. Standlee, Thomas A. Livesley, and William E. Miller (USDI 2021). 
No additional documentation was located on the early development and residents of the property or the 
construction of the farm/ranch structures, which includes a single-story house, numerous miscellaneous 
outbuildings, and a fenced area on the east side of the property. The residence is first visible on the 1945 
USGS map and in 1953 aerial imagery (NETR 2020). Based on the construction style, the house was likely 
built circa 1935 (City of San Diego 2007).  

Over the last 100 years, the land on which the complex was built has been sold multiple times. The original 
land title held by the aforementioned individuals, most notably Mr. Livesley, was developed for 
agricultural use. The property was eventually owned by the Flammang family, Loma Farms, and most 
recently by ORNI 19, LLC (County of Imperial 2021). 

Thomas A. Livesley 

Thomas A. Livesley was born to Samuel and Margaret Livesley of Wisconsin. His father was a prominent 
British hop grower. The sixth of ten siblings, he was born in 1863 in Ironton, Sauk County, Wisconsin during 
the middle of the Civil War. At the age of ten his father bought and moved the family to a ranch in nearby 
LaValle. In 1879, at 16 he was listed by the census as "laborer” and at 21 as a "carpenter.” Thomas is said 
to have traveled west with John Morrison in 1885 and was one of the “two Livesley boys." It is known that 
in 1889 Tom was a butcher at the same Seattle address as his brother George who was a grocer. In 1890 
he was part of “Livesley Brothers" hop dealers with siblings Robert and George (Bush 2000).  

In February 1890, Tom married Myrta Emeline Hubbell in Seattle. She was the daughter of prominent 
LaValle farmer and Judge Wellington Hubbell who had also moved to Seattle. They did not have any 
children and were divorced in 1903 (Bush 2000).  

In the early 1900s, Thomas spent time in California, where he was in the grapefruit business, as well as 
having a melon ranch. He met his second wife Edna DeBeck in San Francisco who was Canadian and had 
attended Mills College in Oakland where she studied nursing. They were married in Vancouver, BC in 
September 1908. The Livesleys bought several hundred acres and began to grow cantaloupes, that were 
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sold though Hiram Wood and his company The Woods Company. It is recorded that Thomas purchased 
land in what would become the City of Brawley from 1908 to 1911, including the property on which the 
5003 Best Road farm/ranch complex was constructed. In 1908, Thomas founded his hop business "T.A. 
Livesley and Co." with his partner and friend Jack Roberts. Mr. Roberts was involved until 1924 when they 
amicably dissolved their partnership and Thomas became sole owner. It is unknown if Thomas ever 
resided in Brawley or just held land patents for agricultural use. At an unknown date, likely after initial 
construction, the drain immediately south of the 5003 Best Road property was named the Livesley Drain 
(Bush 2000). 

At an unknown date between 1911 and 1927, Thomas and his wife moved to Salem, Oregon. Between 
1910 and 1921 the couple had four children. Thomas was a busy man who had many resources and 
businesses and by 1924 became known as the "Hop King" because he was the largest grower of hops in 
Oregon. He also served as Vice President of Oregon Linen Mills. In 1927, Tom commissioned the Livesley 
Tower, an 11-story office building in downtown Salem. Space in this building was managed and leased by 
the Livesleys until its sale in 1960. The Livesleys had a mansion built which was designed by Ellis F. 
Lawrence, the founder of the University of Oregon School of Architecture; this house would later be sold 
n 1988 to the state to become the Governor’s Mansion (Bush 2000). 

Thomas was elected as Mayor of Salem, Oregon and served from 1927 to 1931. His mayorship was marked 
by much improvement, noticeably moving Salem toward a council-manager form of government, 
replacing many of the town's wooden bridges with concrete ones, construction of the Salem Airport, and 
the installation of streetlights. He was adamant that these changes be made with concern for the beauty 
of the city. He was known as the "Good Roads" mayor. He later served as Marion County State 
Representative from 1937 to 1939 (Bush 2000). 

Thomas lived a full and successful life and passed away in Salem of skin cancer in July of 1947, at the age 
of 84 (Bush 2000). 

Change of Title 

At an unknown date, the 5003 Best Road property was sold by the Livesley family. In 1976, based on 
Permit 14097, ownership of the property was held by Joe Flammang (County of Imperial 2021). In 1980, 
a grant of all minerals, gases, and water in a portion of the west half of the south half of Tract 120 was 
divided between Dennis Flammang, Joseph Flammang, Paula Ann McCormick, and Mary Dee Flammang 
(Stewart Title of California 2006).  

Joseph Flamming, one of the Flamming children, was born in Brawley in 1946 to parents John and Lois.  In 
1962, Mr. and Mrs. Flammang started a farm family business. Joseph grew up and attended school in 
Brawley and later attended Cal Poly in Pomona, California. After college, he traveled to Iran on a farming 
project for the Iran California Company. He farmed in Brawley, starting John Flammang Farms in 1998, 
and in later years was a substitute high school teacher. There is minimal information available on Joseph’s 
siblings aside from their property ownership. Joseph passed away on February 22, 2018 (Legacy 2021). 

In 1988, based on Permit 28722, the property owners were Loma Farms, Inc., a California corporation 
owned by John Flamming. In 2008, a geothermal lease was executed by the Flammangs and McCormick 
with ORNI 17, LLC as the lessor. Based on the County of Imperial’s Assessor the land was most recently 
sold to ORNI 19, LLC in 2009 who plan to construct a solar energy field (Stewart Title of California 2006). 

Residence Construction 
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The main residential building appears to correspond to typical Minimal Traditional style of form and 
construction, which dates range from 1935 to 1955, and is resting on a perimeter foundation of poorly 
consolidated concrete made with local materials (City of San Diego 2007). Wood joists are noted in the 
interior where exposed, suggesting a post-and-pier foundation for the floor of the building. The outline is 
a simple rectangle with a low, gabled roofline and minimal pitch. Roof eaves minimally extend, with boxed 
in soffits. The exterior is treated in stucco, using techniques typical of the period; tarpaper wrap, with wire 
mesh, a brown/scratch coat, and a finish coat. There are several wood-trimmed piercings for wood-cased 
double-sash windows. Cast-iron waste pipes are embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
framed and sided, and most are in a state of collapse or disrepair. Construction techniques and the greater 
fullness of the dimensions of the dimensional lumber suggest that these buildings are contemporaneous 
with the main residential building. The house and associated structures are still present. There are many 
mature trees lining the eastern and northern perimeters. 

Evaluation Recommendation 

Based on the evaluation of the residence, either as a complex or as individual structures, none of the four 
criteria are met for inclusion in the CRHR and the resource is recommended not eligible (OHP 2021).  

Criterion 1: This resource does not meet the criteria under Criterion 1 as it is not associated with events 
that have made a significant contribution to the broad patterns of local or regional history or the cultural 
heritage of California or the United States. Therefore, this resource is recommended not eligible for the 
CRHR under Criterion 1. 

Criterion 2: This resource does not meet Criterion 2 as it is not associated with the lives of persons who 
are important to local, California history. While research has yielded information to suggest that one of 
the original land patent holders, Thomas A. Livesley, was fairly prominent in Salem, Oregon, neither he 
nor his family, or those also listed on the 1911 land patent, were specifically associated with Brawley or 
Imperial Valley, California history. There is no evidence that Mr. Livesley or his family ever resided at 5003 
Best Road and were not mentioned as being influential in literature regarding the Imperial Irrigation 
District between the 1900s and 1940s or the history of Imperial Valley between the 1900s and 1930s 
(Dowd 1956; Tout 1931). It is likely that Mr. Livesley and the other parties listed on the land patent were 
involved in speculative agriculture but were not personally invested in the overall development of Brawley 
or within Imperial Valley.  

Additionally, there is no evidence that the subsequent property titles holders, namely the Flammangs, 
were of particular significance in Brawley. The Flammangs were owners of a few farms over the decades, 
but there is no documentation stating any noteworthy influence in Brawley, Imperial Valley, or California. 
Therefore, this resource is recommended not eligible for the CRHR Criterion 2. 

Criterion 3: This resource does not meet Criterion 3 for embodying the distinctive characteristics of a type, 
period, or method of construction; or as a representative work of a master; or for possessing high artistic 
values. represent a very common property type throughout the United States, California, and San Diego. 
Many Traditional Style residences were constructed throughout the United States during the twentieth 
century and these examples are neither unique nor innovative for the period in which they were 
constructed.  Therefore, this resource is recommended not eligible for the CRHR under Criterion 3. 
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Criterion 4: This resource does not meet Criterion 4 since it is unlikely to yield information important to 
prehistory or history. It is unlikely that this property has the potential to broaden our understanding of 
the history of the United States, California, or San Diego during the twentieth century. Therefore, this 
resource is recommended not eligible for the CRHR under Criterion 4.
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Photos 

 

Figure 1: Main residence, facing northwest 

 

Figure 2: Fenced lot east of main residence, facing northeast towards Best Road 

PC ORIGINAL PKG



7 
 

 

Figure 3: Main residence and outbuilding, facing southeast 
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February 8, 2021 

Alissa Sanchez 

Ormat Nevada, Inc. 

801 Main Street 

Centro, CA 92243 

Subject:  Geotechnical Feasibility Study Applicability 

Dear Ms. Sanchez, 

Petra Geosciences, Inc. prepared a Geologic/Geotechnical Feasibility Study for the Brawley Solar Project (proposed 
Project) on February 3, 2011. This study analyzed the Project Site in its entirety. 

On February 3, 2021, Chambers Group reached out to Alan Pace, one of the prepares of the original feasibility 

study to confirm that the findings in the previously prepared report have not meaningfully changed. Mr. Pace 

responded with: “Petra conducted a feasibility-level investigation for the Brawley Solar Facility project.  Petra 

Job No. 320-10 dated February 3rd, 2011.  The conditions noted in the 2011 study have not significantly changed 

since the preparation of this email.” 

Based on geological conditions and confirmation from Petra Geosciences, the February 3, 2011 Geologic/Geotechnical 
Feasibility Study would still apply to the proposed Project and could and should be used during CEQA compliance to 

describe the existing conditions and potential impacts from the Project to the environment specific to geology and soils. 

If you have any questions, please do not hesitate to contact Project Manager, Victoria Boyd at (760) 685-4838 or 

vboyd@chambersgroupinc.com.  

 

Sincerely, 

CHAMBERS GROUP, INC. 

 

 

Victoria Boyd 

Project Manager 
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May 12, 2021 
 
 
 
Ms. Corinne Lytle Bonine, PMP 
Environmental Planner 
Chambers Group, Inc. 
 

LLG Reference: 3-20-3302 
 
Subject: Brawley Solar Project 

Imperial County, California 
 
Dear Ms. Bonine: 
 
Linscott, Law & Greenspan, Engineers (LLG) has prepared this letter report to 
summarize the results of our evaluation of the proposed Brawley Solar Project 
(“Project”) from a traffic and transportation perspective. The Project site is located at 
5003 Best Ave, Brawley, California.  
 
INTRODUCTION 
The project is proposing to build, operate and maintain the Brawley Solar Energy 
Facility, a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 MWh 
battery energy storage system (BESS) on approximately 225 acres in Brawley, 
Imperial County. The County of Imperial (County) has identified the Project as a 
Solar Energy Electrical Generator, which is a permitted use within the A-2-G zone 
upon approval of a Conditional Use Permit (CUP). The purpose of this letter report is 
to explain the construction traffic that will be generated by the project. Included in 
this traffic report are the following. 

 Project Description 
 Existing Conditions Discussion 
 Trip Generation 
 Summary and Conclusions 

 
PROJECT DESCRIPTION  
Project Location 
The Project is located at 5003 Best Ave, Brawley, California on six privately owned 
parcels. Imperial County identifies the land use of the Project site as Agriculture and 
zoning as General Agricultural. Currently the Project site contains alfalfa fields 
within different levels of harvest. North and east of the Project site is undeveloped 
agricultural land. South of the Project site is a mixture of undeveloped agricultural 
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land and dirt lots used for staging activities. The City of Brawley Wastewater 
Treatment Plant is located along the western edge of the Project site.  
 
Figure 1 shows the Project Area Map. 
 
Project Description 
Solar cells, also called photovoltaic (PV) cells, convert sunlight directly into 
electricity. PV cells combine to create solar modules, or panels, and many solar 
panels combined together to create one system is called a solar (or PV) array. 
Installation of the PV arrays would include installation of mounting posts, module rail 
assemblies, PV modules, inverters, transformers and buried electrical conductors. 
Concrete would be required for the footings, foundations and pads for the 
transformers and substation work.  

All access to the Project site would be located off Best Avenue. Access roads would 
be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards, and lead to a locked gate that can be opened by any emergency responders. 
An all‐weather surface access road, to meet the County’s standards, would surround 
the perimeter of the Project site, as well as around solar blocks no greater than 500 by 
500 feet. The Project would be required to conform to all California Public Utilities 
Commission (CPUC) safety standards. The Project site perimeter would be fenced 
with a 6‐foot high chain link security fence topped with barbed wire, with gates at the 
access points. 

Construction activities would be sequenced and conducted in a manner that addresses 
storm water management and soil conservation. During construction, electrical 
equipment would be placed in service at the completion of each power-block, after 
the gen-tie line has been completed. The activation of the power-blocks is turned over 
to interconnection following the installation of transformer and interconnection 
equipment upgrades. This in-service timing is critical because PV panels can produce 
power as soon as they are exposed to sunlight, and because the large number of 
blocks and the amount of time needed to commission each block requires 
commissioning to be integrated closely with construction on a block-by-block basis. 

During construction the workforce would consist of laborers, electricians, supervisory 
personnel, support personnel and construction management personnel. Up to 120 
people are expected to be on-site per day. Project laydown and construction staff 
parking is expected to be located on-site or at the North Brawley Geothermal Power 
Plan in an approximately 4-acre area. 
 
Construction is anticipated to start in quarter four of 2021 and would take 
approximately 6-9 months to complete. Construction would generally occur during 
daylight hours, Monday through Friday. However, non- daylight work hours may be 
necessary to make up schedule deficiencies, or to complete critical construction 
activities. For example, during hot weather, it may be necessary to start work earlier 
to avoid pouring concrete during high ambient temperatures. If construction is to 
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occur outside of the County’s specified working hours, permission in writing will be 
sought at the time. The County’s construction equipment operation shall be limited to 
the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. to 5 p.m. Saturday. 
No commercial construction operations are permitted on Sunday or holidays. 
 
Construction of the Project would occur in phases beginning with site preparation and 
grading and ending with equipment setup and commencement of commercial 
operations. Overall, construction would consist of three major phases over a period of 
approximately 6-9 months:  
 
1. Site Preparation, which includes clearing grubbing, grading, service roads, 

fences, drainage, and concrete pads; (1 month) (60 workers and 50 trucks). 
2. PV system installation and testing, which includes installation of mounting 

posts, assembling the structural components, mounting the PV modules, 
wiring; (7 months) (100 workers and 60 trucks). 

3. Site clean-up and restoration. (1 month) (40 workers and 40 trucks). 
 

Once fully constructed, the Project would be operated on an unstaffed basis and be 
monitored remotely from the Brawley Geothermal Power Plant control room, with 
periodic on-site personnel visitations for security, maintenance and system 
monitoring. 

Figure 2 shows the Construction Access Points 
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EXISTING CONDITIONS 
Existing Transportation Conditions 
The following is a description of the nearby roadway network: 
 
Best Avenue is an unclassified roadway in the Imperial County Circulation Element 
Plan. It is currently constructed as a two-lane north-south roadway in the study area. 
There is no posted speed limit. There are no bike lanes provided. 
 
Ward Road is an unclassified roadway in the Imperial County Circulation Element 
Plan. It is currently constructed as a two-lane east-west roadway in the study area. 
There is no posted speed limit. There are no bike lanes provided. 
 
State Route 111 (SR-111) begins at the International Border between Mexico and 
the United States traveling north with two travel lanes in each direction. SR 111 
(Imperial Avenue) is classified as a 4-Lane primary north/south arterial in the City of 
Calexico Circulation Element. Class II bicycle lanes are provided north of SR 98. Bus 
stops are not provided. Curb, gutter, and sidewalks are provided south of SR 98. 
Curbside parking is permitted intermittently south of SR 98, on both sides of the 
roadway. The speed limit is posted at 55 mph.  
 
 
TRIP GENERATION 
Project Trip Generation 
As described above, construction of the Project would occur in phases beginning with 
site preparation and grading and ending with equipment setup and commencement of 
commercial operations. During peak construction activities, 120 workers and a 
maximum of 60 trucks at a time would be required. 
Daily and peak hour trip generation rates and in/out splits were calculated for the 
peak construction period using detailed data developed for analysis of the project’s 
impacts. Construction activities would generally occur during a 12-hour-shift day. A 
worst case scenario in which all employees would arrive prior to the morning peak 
commuter period (7:00 – 9:00 a.m.) and depart within the evening peak period (4:00 – 
6:00 p.m.) was assumed. Truck trips are anticipated to be distributed generally evenly 
throughout the 12-hour-shift day. In order to provide a conservative analysis, all 
employees were assumed to arrive and depart during peak commute periods. In 
addition, no carpooling for construction employees was assumed.  
A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the 
Highway Capacity Manual or HCM) to account for their reduced performance 
characteristics in the traffic stream (e.g. starting, stopping, and maneuvering). This 
information was used in calculating the project-generated average daily traffic 
(ADT). 
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Table 1 
Construction Project Trip Generation 

Use Size PCEb 

Daily Trips 
AM PM 

Peak Hour Peak Hour 

Rate Volume Volume  Volume 

(In + Out) (ADT)a In Out In Out 

Personnel 120 1 2.0 /personnel 240 114 6 6 114 

Trucks 60 2.5 2.0 /truck 300 13 13 13 13 

Subtotal - - - 540 127 19 19 127 
Footnotes: 

a.        ADT – Average daily traffic 

b.        PCE – Passenger Car Equivalent  

General Notes: 

1.        To estimate the employee traffic, it is conservatively assumed that 100% of the employee traffic would access the work 
area during the same commuter peak hours between 7:00 – 9:00 a.m. & 4:00 – 6:00 p.m..  

2.        The In/Out splits assumed are 95:5 during AM peak hour and 5:95 during the PM peak hour. 

3.        Truck trips are estimated to occur relatively evenly throughout a 12-hour construction hours proposed for the Project. For 
30 trucks, this calculates to approximately 2.3 trucks/hour without PCE. 

4.      A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the Highway Capacity Manual or HCM) 

 
 
 
Table 1 tabulates the total daily and peak hour project traffic volumes. The project 
during construction trip generation is calculated to be 540 ADT with 127 inbound/ 
19 outbound trips during the AM peak hour and 19 inbound/ 127 outbound trips 
during the PM peak hour. These values include the heavy-vehicle PCE-adjustment.  
Post-construction, the facility would be operated on an unstaffed basis and be 
monitored remotely from the Brawley Geothermal Power Plant control room, with 
periodic on-site personnel visitations for security, maintenance and system 
monitoring. Therefore, an assessment of the post-construction scenario was not 
conducted. 
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CONCLUSION 

Based on the low amount of construction trips generated and low existing traffic 
volumes on area roadways, no substantial transportation impacts are anticipated.  
 
Vehicle Miles Traveled (VMT) analysis is not required since the post construction 
operational traffic is close to zero.  
 
Please call us at 858.300.8800 if you have any questions or comments regarding this 
letter report. 
 
 
 
Sincerely, 
Linscott, Law & Greenspan, Engineers 

       
John Boarman, PE     
Principal     
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AC  Alternative Current 

AF  Acre-Foot or Acre-Feet 

AFY  Acre-Feet per Year 

AOP  Annual Operations Plan 

APN  Assessor’s Parcel Number  

BESS  Battery Energy Storage System 

CAP  Central Arizona Project 
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CDCR   California Department of Corrections and Rehabilitation 
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CDWR  California Department of Water Resources 
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CPUC  California Public Utility Commission  

CRWDA Colorado River Water Delivery Agreement 

CUP  Conditional Use Permit 

CVWD  Coachella Valley Water District 

CWC  California Water Code 

DC  Direct Current 
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EIS  Environmental Impact Statement 
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Gen-Tie Line     Generation Tie Line 
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PURPOSE OF WATER SUPPLY ASSESSMENT  

This Water Supply Assessment (WSA) was prepared for the Imperial County Planning & 

Development Services (Lead Agency) by Dubose Design Group, regarding ORNI 30, LLC (ORNI) (the 

“Applicant”) Brawley Solar Energy Facility (“Project”). This study is a requirement of California law, 

specifically Senate Bill 610 (referred to as SB 610). SB 610 is an act that amended Section 21151.9 

of the Public Resources Code, and Sections 10631, 10656, 10910, 10911, 10912, and 10915 of the 

Water Code. SB 221 is an act that amended Section 11010 of the Business and Professions Code, 

while amending Section 65867.5 and adding Sections 66455.3 and 66473.7 to the Government 

Code. SB 610 was approved by the Governor and filed with the Secretary of State on October 9, 

2001, and became effective January 1, 2002.F

1  SB 610 requires a lead agency, to determine that a 

project (as defined in CWC Section 10912) subject to California Environmental Quality Act (CEQA), 

to identify any public water system that may supply water for the project and to request the 

applicants to prepare a specified water supply assessment.  

 

This study has been prepared pursuant to the requirements of CWC Section 10910, as amended 

by SB 610 (Costa, Chapter 643, Stats. 2001).  The purpose of SB 610 is to advance water supply 

planning efforts in the State of California; therefore, SB 610 requires the Lead Agency, to identify 

any public water system or water purveyor that may supply water for the project and to prepare 

the WSA after a consultation. Once the water supply system is identified and water usage is 

established for construction and operations for the life of the project, the lead agency is then able 

to coordinate with the local water supplier and make informed land use decisions to help provide 

California’s cities, farms and rural communities with adequate water supplies. 

 

Under SB 610, water supply assessments must be furnished to local governments for inclusion in 

any environmental documentation for certain projects (as defined in California Water Code (CWC) 

Section 10912 [a]) that are subject to the California Environmental Quality Act (CEQA). Due to 

 
1SB 610 amended Section 21151.9 of the California Public Resources Code, and amended Sections 10631, 10656, 10910, 10911, 

10912, and 10915, repealed Section 10913, and added and amended Section 10657 of the Water Code.  SB 610 was approved by 

California Governor Gray Davis and filed with the Secretary of State on October 9, 2001.  
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increased water demands statewide, this water bill seeks to improve the link between information 

on water availability and certain land use decisions made by cities and counties. This bill takes a 

significant step toward managing the demand placed on California’s water supply. It provides 

further regulations and incentives to preserve and protect future water needs. Ultimately, this bill 

will coordinate local water supply and land use decisions to help provide California’s cities, farms, 

rural communities, and industrial developments with adequate long-term water supplies. The WSA 

will allow the lead agency to determine whether water supplies will be sufficient to satisfy the 

demands of the project, in addition to existing and planned future uses.  

PROJECT DETERMINATION ACCORDING TO SB 610 - WATER SUPPLY 
ASSESSMENT 

 

With the introduction of SB 610, any project under the California Environmental Quality Act (CEQA) 

shall provide a Water Supply Assessment if the project meets the definition of CWC § 10912. Water 

Code section 10911(c) requires for that the lead agency “determine, based on the entire record, 

whether projected water supplies will be sufficient to satisfy the demands of the project, in 

addition to existing and planned future uses.”  Specifically, Water Code section 10910(c)(3) 

states that “If the projected water demand associated with the proposed project was not 

accounted for in the most recently adopted urban water management plan, or the public water 

system has no urban water management plan, the water supply assessment for the project shall 

include a discussion with regard to whether the total projected water supplies, determined to 

be available by the city or county for the project during normal, single dry, and multiple dry 

water years during a 20 year projection, will meet the projected water demand associated with 

the proposed project, in addition to the public water system’s existing and planned future uses, 

including agricultural and manufacturing uses.”  

 

After review of CWC § 10912a, and Section 10912 (a)(5)(B), it was determined that the Applicant’s 

Brawley Solar Energy Facility, a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 

Megawatt hour (MWh) battery energy storage system (BESS) on approximately 227 acres in 

Brawley, Imperial County (proposed Project), is deemed a project as it is considered an industrial 
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water use project that is considered an industrial plant of 40 acres or more in accordance to CWC 

§ 10912a (5).  The proposed project totals 227 acres which exceeds the 40 acre or less allowance. 

SB 610 requires an analysis to show that adequate water is available for the proposed Project in 

various climate scenarios for at minimum 20 years; however, Imperial County issues Conditional 

Use Permits.    

EXECUTIVE SUMMARY   

 

Imperial County Planning & Development Services (ICPDS) in coordination with Imperial Irrigation 

District (IID) has requested a WSA as part of the environmental review for the proposed Brawley 

Solar Energy Facility Project (“Project”).  This study is intended for use by the ICPDS and IID in its 

evaluation of water supplies for existing and future land uses. The evaluation examines the 

following water elements: 

 

• Water availability during a normal year 

• Water availability during a single dry, and multiple dry water years 

• Water availability during the Project’s 30-year projection to meet existing demands 

• Expected 30-year water demands of the Project  

• Reasonably foreseeable planned future water demands to be served by the IID 

The proposed Project site is located within IID’s Imperial Unit and district boundary and as such is 

eligible to receive water service.  IID has adopted an Interim Water Supply Policy (IWSP) for Non-

Agricultural Projects, from which water supplies can be contracted to serve new developments 

within IID’s water service area. For applications processed under the IWSP, applicants shall be 

required to pay a processing fee and, after IID board approval of the corresponding agreement, 

will be required to pay a reservation fee(s) and annual water supply development fees. 

 

The IWSP sets aside 25,000 acre-feet annually (AFY) of IID’s Colorado River water supply to serve 

new non- agricultural projects. As of October 2021, a balance of 23,800 AFY remain available under 

the IWSP for new non-agricultural projects ensuring reasonably sufficient supplies for such 
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projects. The proposed Project water demand for construction for a period of 1 year of 

approximately 32.5 AFY, represents approximately 0.03% of the annual unallocated supply set 

aside for new non-agricultural projects, and the total water demand for operations is 

approximately 3.1 AFY for 28 years and represents approximately 0.01% of the annual unallocated 

supply set aside for new non-agricultural projects. Decommissioning is expected to take 1 year 

and use approximately 32.5 AFY, representing approximately 0.03% of the annual unallocated 

supply set aside for new non-agricultural projects, the project is expected to consume 151.8 AF 

for the 30-year lifespan of the proposed Project. The annual average water demand of 

approximately 5.06 AFY represents .02% of the annual unallocated supply set aside for new non-

agricultural projects.  Thus, the proposed Project’s estimated water demand would not affect IID’s 

ability to provide water to other users in IID’s water service area. 

 

Table 1: Project APNs, Canals and Gates and Land Relationship to Project 

IID Gate/ Canal APN Ownership Zoning Acres2 

Best Canal-Gate 110 037-140-006 ORNI 30,LLC A2-G 32.75 AC 

Best Canal-Gate 113 
037-140-023 

037-140-022 

ORNI 30,LLC A2-G 30.40 AC 

30.30 AC 

Best Canal-Gate 114 
037-140-020 

037-140-021 

ORNI 30,LLC A2-G 62.27 AC 

16.79 AC 

Best Canal -Gate 115 
037-140-020 

 

ORNI 30,LLC A2-G  

 

  

 
2 The total acre amount and the project amount specified differ by 54.5 due to the fact that the project considers the linear acreage 

of the proposed Gen Tie Line.  
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Table 2: Project Water Use Summary 

 

Table 3: Amortized Project Water Summary 

Project Water Use 

– Life of Project 
Years Total  Combined1 IWSP (AFY) 

% of Remaining Unallocated 

IWSP per Year3 

32.5 AFY 1 year 32.5 AF 23,800 AFY 0.03%- 

3.1 AFY 28 Years 86.8 AF 23,800 AFY 0.01 % 

32.5 AFY 1 Year 32.5 AF 23,800 AFY 0.03%- 

5.06 AFY2 30 Years 151.8 AF 23,800 AFY 0.02% 

1(AFY*Years) 

2(Total Combined/30 Years*100) 

3(AFY/23,800 AFY*100)  

 

PROJECT DESCRIPTION 

ORNI 30, LLC (ORNI) is proposing to build, operate and maintain the Brawley Solar Energy Facility, 

a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 Megawatt hour (MWh) battery 

energy storage system (BESS) on approximately 227 acres of private land in Brawley, in an 

unincorporated area of Imperial County (proposed Project) located at Best Avenue and Ward Road 

Please refer to Figure 1 for the Project’s Regional Location (Figure 1 Site Regional Location) , and 

Figure 2 for the Project Site and Vicinity (Figure 2 Aerial View of Project Site and Vicinity)  

 
3 20, 000 gallons of water will need to be stored on site during construction per Imperial County Fire Standards.  

4 180,000 gallons of water will need to be stored on site per Imperial County Fire Standards for operations.  

Water Use Expected Years Total AF 

Construction3 1 Year                                                                                     32.5 AF 

Total for Water Construction  32.5 AF 

Processing, Daily Plant Operations & Mitigation4 28 Years                                                                                      3.1 AFY  

Total Water Usage for Processing Daily Plant 

Operations & Mitigation 
 86.8 AF 

Project Decommissioning  1 Year                                                                                     32.5 AF 

Total for Project Decommissioning  32.5AF 

Total Water Usage for Project  30 Years 151.8 AF 

Amortized  30 Years 5.06 AFY 
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In general, the proposed Project can be described as follows: Power generated by the proposed 

Project would be low voltage direct current (DC) power that would be collected and routed to a 

series of inverters and their associated pad-mounted transformers. The inverters would convert the 

DC power generated by the panels to alternating current (AC) power and the pad mounted 

transformers would step up the voltage. The Project would connect to the North Brawley 

Geothermal Power Plant substation southwest of the proposed Project site via an approximately 

1.8-mile-long aboveground 92 kilovolt (kV) generation tie line (gen-tie line). Energy generated and 

stored by the proposed Project will be sold to the wholesale market or retail electric providers in 

furtherance of the goals of the California Renewable Energy Portfolio Standards and other similar 

renewable programs in the Pacific Southwest power market. The Project plans to start constructon 

in the first quarter of 2022 and would take approximately 6-9 months, beginning operations   by 

December 2022. Please refer to Figure 3 for the conceptual project layout and tentative site plan 

(Figure 3. Project Layout/Site Plan).  The site will retain its domestic water delivery from a private vendor 

who will haul potable water to the project site. 

 

The Brawley Solar Energy Facility involves two entitlement permits from Imperial County Planning 

Department including a General Plan Amendment and a Conditional Use Permit  that will allow for 

the project to be in conformance with the Imperial County General Plan and Title 9 Division 5 

Zoning Areas Established. 

 

The Project will need to contract with IID to deliver up to 5.06 AFY see Table 2  of untreated water, via the 

Best Canal Gates 110, 114, 113, & 115.  The proposed Project is anticipated to use approximately 151.8 AF 

for the duration of 30 Years , 3.1 AFY for operation of the Project for a duration of  28 years, which equals 86.8 

AF of the Conditional Use Permits lifespan.  

 

This WSA does not include an analysis of water supply for domestic potable water for, workers and visitors 

for domestic water , only that the project is expected to purchase potable water from a California certified 

vendor and have the water hauled to the site.  
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Project site and Location 

 

The Project is located at 5003 Best Avenue, Brawley, California on five privately owned parcels: 

Assessor’s Parcel Numbers (APNs) 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 

037-140-006 (Project site) as shown in Figure 1. The County of Imperial (County) identifies the land 

use of the proposed Project site as Agriculture and zoning as General Agricultural (A2-G; County 

2020). Currently the Project site contains alfalfa fields within different levels of harvest. North and 

east of the Project site is undeveloped agricultural land. South of the Project site is a mixture of 

undeveloped agricultural land and dirt lots used for staging activities. The City of Brawley 

Wastewater Treatment Plant is located along the western edge of the Project site.  

 

The County Land Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the 

development and operation of renewable energy projects with an approved CUP. The RE Overlay 

Zone is concentrated in areas determined to be the most suitable for the development of 

renewable energy facilities while minimizing the impact on other established uses. CUP 

applications proposed for specific renewable energy projects not located in the RE Overlay Zone 

would not be allowed without an amendment to the RE Overlay Zone.  The northern portion of 

the project site (APNs 037-140-020 and 037-140-021) is located within the RE Overlay Zone. 

However, the entire project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, 

and 037-140-006) is located outside of the RE Overlay Zone. All parcels are within the Known 

Geothermal Resource Area.  Therefore, the applicant is requesting a General Plan Amendment to 

include/classify all five project parcels into the RE Overlay Zone. No change in the underlying 

General Plan land use (Agriculture) is proposed. 

 

Primary access to the Project site would be located off Best Avenue. The primary road will be using 

an existing access road while a new Improved access roads would be designed and constructed 

with an all‐weather surface, to meet the County Fire Department’s standards and Imperial 

Irrigations Districts standards due to the crossing of any canal, and lead to a locked gate that can 

be opened by any emergency responders. A secondary emergency access would be located to the 
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north of the Project site, just west of the train tracks. An all‐weather surface access road, to meet 

the County’s standards, would surround the perimeter of the Project site, as well as around solar 

blocks no greater than 500 by 500 feet. The proposed emergency access road is being proposed 

on Best Drain which will need to be designed and constructed to meet the County Fire 

Department’s standards and Imperial Irrigations Districts standards.  The Project would be 

required to conform to all California Public Utilities Commission (CPUC) safety standards. The 

Project site perimeter would be fenced with a 6‐foot high chain link security fence topped with 

barbed wire, with gates at the access points. glass.  

 

Gen-Tie Line 

 

The Project would connect to a switchyard located in the southern end of the Project site and then 

routed through the BESS building for energy storage. Power would then be transferred to the 

North Brawley Geothermal Power Plant substation via a 1.6-mile-long double circuit 13.8 and 92 

kV gen-tie line with 66- foot-high poles to interconnect to the Imperial Irrigation District (IID) at the 

North Brawley 1 substation located at Hovley Road and Andre Road, southwest of the Project site. 

The transmission line would span the New River. A 12-inch diameter conduit railroad 

undercrossing would connect the PV arrays from the western side of the railroad tracks to the 

inverters on the eastern side. 

 

BESS  

 

The Project’s BESS component will be placed on in a 54,000 square-foot concrete pad at the 

southeastern corner of the Project site. The BESS will consist of 12 banks of enclosures totaling up 

to 432 enclosures. Each bank of batteries will be supported by a DC Combiner, control panel, and 

inverter/transformer skid. Each of the enclosures will utilize self-contained liquid cooling systems 

and include built-in fire suppression systems. All batteries will be lithium-ion based capable of 

storing 40 MW/160 MWh.  
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Fiberoptic Cable and Microwave Tower 

 

A proposed fiberoptic line from the Project substation would be connected with the existing North 

Brawley substation approximately 1.6 miles to the southwest, which is required to connect the 

Project substation to the region’s telecommunications system. Overall, this would provide 

Supervisory Control and Data Acquisition (SCADA), protective relaying, data transmission, and 

telephone services for the proposed Project substation and associated facilities. New 

telecommunications equipment would be installed at the Project substation within the unmanned 

Mechanical and Electrical Equipment Room (MEER). The proposed fiber optic telecommunications 

cable, once past the POI, would utilize existing transmission lines to connect to the North Brawley 

substation. The length of this proposed fiber optic telecommunications cable route would be 

approximately 1.6 miles. Alternatively, a microwave tower 40 to 100-feet tall could replace the 

need for a fiberoptic line to transmit data offsite. If selected, this microwave tower would be 

located within the Project substation footprint. 

 

Substation 

 

The proposed substation would be a new 92/12 kV unstaffed, automated, low-profile substation. 

The dimensions of the fenced substation would be approximately 300 feet by 175 feet, with the 

footprint encompassing approximately 1.2 acres of the approximately 227-acre Project parcel. The 

tallest feature of would be the dead-end portal structure (39 feet 6 inches) coming in off the gen-

tie line, which would have a lighting mast attached, making it 54 feet 6 inches total. The onsite 

substation control room would house the SCADA, switchgear, breakers, and DC batteries. 

Additionally, a 20kV emergency backup generator would be located adjacent to this control room 

for the HVAC system. The proposed substation site would be located at the southwest quarter of 

the parcel, adjacent to the BESS building. The California Building Code and the IEEE 693, 

Recommended Practices for Seismic Design of Substations, will be followed for the substation’s 

design, structures, and equipment. 
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Construction Personnel and Equipment 

 

The Project’s construction workforce would consist of laborers, electricians, supervisory 

personnel, support personnel and construction management personnel. Up to 120 people are 

expected to be on-site per day.  Water for construction personnel will be purchased through a 

local vendor. Project laydown and construction staff parking is expected to be located on-site or 

at the North Brawley  Geothermal Power Plan in an approximately 4-acre area. 

Construction Schedule, Sequence and Phasing 

 

Construction is anticipated to start in quarter four of 2021 and would take approximately 6-9 

months to complete. Construction would commence only after all required permits and 

authorizations have been secured. Construction of the Project would occur in phases beginning 

with site preparation and grading and ending with equipment setup and commencement of 

commercial operations. Overall, construction would consist of three major phases over a period 

of approximately 6-9 months: 

 

Site Preparation, which includes clearing grubbing, grading, service roads, fences, drainage, and 

concrete pads; (1 month) PV and BESS system installation and testing, which includes installation 

of mounting posts, assembling the structural components, mounting the PV modules, wiring; (7 

months) and Site clean-up and restoration. (1 month) 

 

Project Operation and Maintenance Activities 

 

Once fully constructed, the Project would be operated on an unstaffed basis and be monitored 

remotely, with periodic on-site personnel visitations for security, maintenance, and system 

monitoring. Therefore, no full-time site personnel would be required on-site during operations and 

employees would only be on- site up to four times per year to wash the panels. As the Project’s PV 

arrays and BESS components produce and manage electricity passively, maintenance 

requirements are anticipated to be very minimal. Any required planned maintenance activities 

would generally consist of equipment inspection and replacement and would be scheduled to 
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avoid peak load periods. Any unplanned maintenance would be responded to as needed, 

depending on the event. 

 

Estimated annual water consumption for operation and maintenance of the proposed Project, 

including periodic PV module washing, would be approximately3.1 acre feet annually (AFY), which 

would be trucked to the Project site as needed. 

 

Project Decommissioning 

 

Solar equipment has a lifespan of approximately 30 years. At the end of the Project’s operation 

term, the applicant may determine that the Project should be decommissioned and deconstructed. 

Should the Project be decommissioned, concrete footings, foundations, and pads would be 

removed using heavy   equipment and recycled at an off-site location. All remaining components 

would be removed for disposal and recycling (as applicable), and all disturbed areas would be 

reclaimed and recontoured. The total projected water use for decommissioning is expected to be 

32.5 AF and its projected to take up to a year to decommission.  
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Figure 1: Project Site Regional Location 

 

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

20 | P a g e  
 

Figure 2: Aerial Map of Project Vicinity 

 

 

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

21 | P a g e  
 

Figure 3: Project Layout/ Site Plan  
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Description of IID Service Area 

The proposed Project site is located in Imperial County in the southeastern corner of California. 

The County is comprised of approximately 4,597 square miles or 2,942,080 acres.2F

5  Imperial County 

is bordered by San Diego County to the west, Riverside County to the north, the Colorado 

River/Arizona boundary to the east, and 84 miles of International Boundary with the Republic of 

Mexico to the south.  Approximately fifty percent of Imperial County is undeveloped land under 

federal ownership and jurisdiction. The Salton Sea accounts for approximately 11 percent of 

Imperial County’s surface area. In 2020, sixteen percent (16%) of the area was in irrigated 

agriculture (466,952 acres), including 14,676 acres of the Yuma Project, some 35 sections or 6,227 

acres served by Palo Verde Irrigation District (PVID), and 446,049 acres served by IID.3F

6, 
4F

7  

 

The area served by IID is located in the Imperial Valley, which is generally contiguous with IID’s 

Imperial Unit, lies south of the Salton Sea, north of the U.S./Mexico International Border, and 

generally in the 658,942 acre area between IID’s Westside Main and East Highline Canals.8  In 2020, 

IID delivered untreated water to 494,921 net irrigated acres, predominantly in the Imperial Valley, 

along with small areas of East and West Mesa land , including non-agricultural areas. 

 

The developed area consists of seven incorporated cities (Brawley, Calexico, Calipatria, El Centro, 

Holtville, Imperial and Westmorland), three unincorporated communities (Heber, Niland and 

Seeley), and three institutions (Naval Air Facility [NAF] El Centro, Calipatria CDCR, and Centinela 

CDCR) and supporting facilities. Figure 4 provides a map of the IID Imperial Unit boundary, as well 

as cities, communities and main canals. 

 

 

 

 
5 Imperial County General Plan, Land Use Element 2008 Update 

6 USBR website: Yuma Project.  7 June 2017, PVID website: About Us, Acreage Map. 7 June 2017.  

7 Palo Verde Irrigation District Acreage Map <http://www.pvid.org/pviddocs/acreage_2012.pdf> 7 June 2013 

8 IID Annual Inventory of Areas Receiving Water Years 2017, 2016, 2015  
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Figure 4 IID Imperial Unit Boundary and Canal Network   
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Climate Factors 

 

Imperial Valley, located in the Northern Sonoran Desert, which has a subtropical desert climate is 

characterized by hot, dry summers and mild winters. Clear and sunny conditions typically prevail, 

and frost is rare. The region receives 85 to 90 percent of possible sunshine each year, the highest 

in the United States. Winter temperatures are mild rarely dropping below 32°F, but summer 

temperatures are very hot, with more than 100 days over 100°F each year. The remainder of the 

year has a relatively mild climate with temperatures averaging in the mid-70s. 

 

The 100-year average climate characteristics are provided in Table 4. Rainfall contributes around 

50,000 AF of effective agricultural water per inch of rain. Most rainfall occurs from November 

through March; however, summer storms can be significant in some years.  Annual areawide 

rainfall is shown in Table 5. The thirty-year, 1991-2020, average annual air temperature was 

73.7°F, and average annual rainfall was 2.70 inches, see Table 5 and  Table 6. This record shows 

that while average annual rainfall has fluctuated, the 10-year average temperatures have slightly 

increased over the 30-year averages. 

 

Table 4 Climate Characteristics, Imperial, CA 100-Year Record, 1921-2019 

Climate Characteristic Annual Value 

Average Precipitation (100-year record, 1921-2020) 2.79 inches (In)  

Minimum Temperature, Jan 1937 16 oF  

Maximum Temperature, July 1995 121 oF  

Average Minimum Temperature, 1921-2020 48.2 oF   

Average Maximum Temperature, 1921-2020 98.3 oF   

Average Temperature, 1921-2020 73.0 oF   
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Source: IID Imperial Weather Station Record 
 

Table 5: IID Areawide Annual Precipitation (In), (1991-2020) 

1990 1991 1992 1993 1994 1995 1996 

1.646 3.347 4.939 2.784 1.775 1.251 0.685 

 
1997 1998 1999 2000 2001 2002 2003 

1.328 2.604 1.399 0.612 0.516 0.266 2.402 

 
2004 2005 2006 2007 2008 2009 2010 

4.116 4.140 0.410 1.331 1.301 0.619 3.907 

 
2011 2012 2013 2014 2015 2016 2017 

2.261 2.752 2.772 1.103 2.000 1.867 2.183 

 
2018 2019 2020     

1.305 3.017 2.673     

 
  
Source: Computation based on polygon average of CIMIS as station came online in the WIS.9 

 

Notable from Table 5 (above) and Table 6 (below) is that while average annual rainfall measured 

at IID Headquarters in Imperial, CA, has been decreasing, monthly average temperatures are 

remarkably consistent. 

 

Table 6: Monthly Mean Temperature (oF) – Imperial, CA 10-Year, 30-Year & 100-Year (2011-2020, 1991-2020, 1921-2020) 
 

Jan Feb Mar Apr 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 82 32 57 84 35 60 93 42 67 100 47 73 

30-year 81 34 57 84 37 60 92 41 66 99 47 71 

100-year  80 31 55 86 34 60 91 40 64 99 46 71 
  

May Jun Jul Aug 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 105 53 76 115 61 87 115 70 92 114 70 92 

30-year 105 54 78 112 60 86 115 68 92 114 69 92 

100-year  105 53 78 113 59 86 114 68 92 113 68 92 
  

Sep Oct Nov Dec 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 111 62 87 101 52 76 91 39 64 80 32 55 

30-year 110 62 87 102 50 76 90 39 64 79 32 55 

100-year  110 60 86 101 49 75 89 38 63 80 32 56 

 

  

 
9 From 1/1/1990-3/23/2004, 3 CIMIS stations: Seeley, Calipatria/Mulberry, Meloland; 3/24/2004-7/5/2009, 4 CIMIS stations 
(added Westmorland N.); 7/6/2009-12/1/2009, 3 CIMIS stations: Westmorland N. offline; 12/2/2009-2/31/2009, 4 CIMIS 
stations, Westmorland N. back online; 1/1/2010-9/20/2010. 
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Table 7 Monthly Mean Rainfall (In) – Imperial, CA 10-Year, 30-Year & 100-Year (2011-2020, 1991-2020, 1921-2020) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

10-year 0.33 0.26 0.22 0.12 0.08 0.01 0.22 0.30 0.28 0.02 0.26 0.42 2.44 

30-year 0.50 0.43 0.31 0.09 0.06 0.00 0.14 0.19 0.26 0.15 0.22 0.40 2.70 

100-year  0.39 0.38 0.25 0.11 0.03 0.00 0.12 0.33 0.36 0.25 0.21 0.51 2.79 

Source: IID WIS: CIMIS stations polygon calculation (Data provided by IID staff). 

 

Imperial Valley depends on the Colorado River for its water, which IID transports, untreated, to 

delivery gates for agricultural, municipal, industrial (including geothermal and solar energy), 

environmental (managed marsh), recreational (lakes), and other non-agricultural uses. IID supplies 

the cities, communities, institutions, and Golden State Water (which includes all or portions 

Calipatria, Niland, and some adjacent Imperial County territory) with untreated water that they 

treat to meet state and federal drinking water guidelines before distribution to their customers. 

Industries outside the municipal areas treat the water to required standards of their industry. To 

comply with U.S. Environmental Protection Agency (USEPA) requirements and avoid termination 

of canal water service, residents in the IID water service area who do not receive treated water 

service must obtain alternative water service for drinking and cooking from a state-approved 

provider. To avoid penalties that could exceed $25,000 a day, IID strictly enforces this rule. The IID 

Water Department tracks nearly 3,200 raw water service accounts required by the California 

Department of Public Health (CDPH) to have alternate state approved drinking water service.  IID 

maintains a small-acreage pipe and drinking water database and provides an annual compliance 

update to CDPH. 

 

IMPERIAL VALLEY HISTORIC AND FUTURE LAND AND WATER USES 

Agricultural development in the Imperial Valley began at the turn of the twentieth century. In 

2020, gross agricultural production for Imperial County was valued at $2,026,427,000 
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, of which an estimated $1,772,462,950 10was produced in the IID water service area.11 While the 

agriculture-based economy is expected to continue, land use is projected to change somewhat 

over the years as industrial and/or alternative energy development and urbanization occur in rural 

areas and in areas adjacent to existing urban centers, respectively.   

 

Brawley Solar Energy Facility, would benefit the Imperial Valley by way of supporting the goals of 

diversification of a growing renewable energy economy and supplying the State of California with 

additional renewable energy.  

 

Imperial Valley’s economy is gradually diversifying. Agriculture will likely continue to be the primary 

industry within the valley; however, two principal factors anticipated to reduce crop acreage are 

renewable energy (geothermal and solar) and urban development. Over the next twenty years, 

urbanization is expected to slightly decrease agriculture land use to provide space for an increase 

in residential, commercial and industrial uses. The transition from agricultural land use typically 

results in a net decrease in water demand for municipal, commercial, and solar energy 

development; and a net increase in water demand for geothermal energy development Local 

energy resources include geothermal, wind, biomass and solar. The County General Plan provides 

for development of energy production centers or energy parks within Imperial County. Alternative 

energy facilities will help California meet its statutory and regulatory goals for increasing 

renewable power generation and use and decrease water demands in Imperial County.   

 

The IID Board has adopted the following policies and programs to address how to accommodate 

water demands under the terms of the Quantification Settlement Agreement and Related 

 
10 IID Service Area Acre (not including Palo Verde Irrigation District and Yuma Project) 446,049/ 2019 Imperial County Crop Report 

Total Harvested Acres of  527,860 , Take Total Gross Value of $2,026,427,000 multiplied by .85 and multiply by 100 which equates 

to 1,772,462,950 to get the approximate value.  

11 

http://www.co.imperial.ca.us/ag/docs/spc/crop_reports/2017_Imperial_County_Crop_and_Live

stock_Report.pdf 2020 Imperial County Crop and Livestock Report 
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Agreements (QSA)/ Transfers Agreements and minimize potential negative impacts on agricultural 

water uses:  

 

Imperial Integrated Regional Water Management Plan:  adopted by the board on December 18, 

2012, and by the County, the City of Imperial, to meet the basic requirement of California 

Department of Water Resources (CDWR) for an IRWM plan. In all, 14 local agencies adopted the 

2012 Imperial IRWMP.   

 

 Interim Water Supply Policy for Non-Agricultural Projects: adopted by the board on September 

29, 2009, to ensure sufficient water will be available for new development, in particular, 

anticipated renewable energy projects until the board selects and implements capital 

development projects such as those considered in the Imperial IRWMP.  

 

Temporary Land Conversion Fallowing Policy: adopted by the board on May 8, 2012, and revised 

on March 29, 2016, to provide a framework for a temporary, long-term fallowing program to work 

in concert with the IWSP and IID’s coordinated land use/water supply strategy. 

 

Equitable Distribution Plan: adopted by the board on October 28, 2013, to provide a mechanism 

for IID to administer apportionment of the district’s quantified annual supply of Colorado River 

water; IID board approved a resolution repealing the Equitable Distribution Plan (EDP) on February 

6, 2018. A revised EDP is anticipated to be adopted in 2022. 

 

In addition, water users within the IID service area are subject to the statewide requirement of 

reasonable and beneficial use of water under the California Constitution, Article X, section 2. 
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IMPERIAL INTEGRATED REGIONAL WATER MANAGEMENT PLAN (OCTOBER 2012) 

The Imperial Integrated Regional Water Management Plan (IRWMP) serves as the governing 

document for regional water planning to meet present and future water resource needs and 

demands by addressing such issues as additional water supply options, demand management and 

determination and prioritization of uses and classes of service provided.  In November 2012, the 

Imperial County Board of Supervisors approved the Imperial IRWMP, and the City of Imperial City 

Council and the IID Board of Directors approved it in December 2012. Approval by these three (3) 

stakeholders meets the basic requirement of California Department of Water Resources (CDWR) 

for an IRWMP. Through the IRWMP process, IID presented to the region stakeholders options in 

the event long-term water supply augmentation is needed, such as water storage and banking, 

recycling of municipal wastewater, and desalination of brackish water.12 As discussed herein, long 

term water supply augmentation is not anticipated to be necessary to meet proposed Project 

demands.     

 

Chapter 5 of the 2012 Imperial IRWMP addresses water supplies (Colorado River and 

groundwater), demand, baseline and forecasted through 2050; and IID water budget. Chapter 12 

addresses projects, programs and policies, and funding alternatives. Chapter 12 of the IRMWP 

lists, and Appendix N details, a set of capital projects that IID might pursue, including the amount 

of water that might result (AFY) and cost ($/AF) if necessary. These also highlight potential capital 

improvement projects that could be implemented in the future. 

 

Imperial Valley historic 2015 and 2020 and the forecasted future for 2025 to 2055 non-agricultural 

water demand, are provided in Table 8 in five-year increments. Total water demand for non-

agricultural uses is projected to be 201.4  KAF in the year 2055. This is a forecasted increase in the 

use of non-agricultural water from 107.4 KAF for the period of 2015 to 2055.13 These values were 

modified from Chapter 5 of the Imperial IRWMP to reflect updated conditions from the IID 

Provisional Water Balance for calendar year 2015 and 2020. Due to the recession in 2009 and 

 
12 October 2012 Imperial Integrated Regional Water Management Plan, Chapter 12. 
13 Wistaria Solar Ranch, Final Environmental Impact Report, December 2014 
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other factors, non-agricultural growth projections have lessened since the 2012 Imperial IRWMP. 

Projections in Table 8 have been adjusted (reduced by 3%) to reflect IID 2015 and 2020 delivery 

data adjustments. Even with these adjustments, the Table 8 projections for non-agricultural water 

demand within the IID water service area continue to reflect an unlikely aggressive growth. 

 

Table 8: Non-Agricultural Water Demand within IID Water Service Area, 2015-2055 (KAFY) 
 

2015 2020 2025 2030 2035 2040 2045 2050 2055 

Municipal 30.0 30.9 36.8 39.8 41.5 46.3 51.7 57.8 61.9 

Industrial 26.4 26.0 39.8 46.5 53.2 59.9 66.6 73.3 80.0 

Other  5.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

Feedlots/Dairies 17.8 19.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 

Envr Resources 8.3 9.2 12.0 12.0 12.0 12.0 12.0 12.0 12.0 

Recreation 7.4 9.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

Service Pipes 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 

Total Non Ag 107.4 113.1 136.1 145.8 154.2 165.7 177.8 190.6 201.4 

Notes: 2015 non-agricultural water demands are from IID 2015 Provisional Water Balance rerun 03/28/2019 2020-2055 demands are 
modified from 2012 Imperial IRWMP Chapter 5, Table 5-22 p 5-50 based on IID 2015 Provisional Water Balance.  2020 non-agricultural water 
demands are from IID2020 Provisional Water Balance rerun on 01/25/2021 2025-2055 demands are modified from 2012 Imperial IRWMP 
Chapter 5, Table 5-22 P5-50 based on IID 2020 Provisional Water Balance. Industrial Demand includes geothermal, but not solar, energy 
production. 

 

 

Agricultural evapotranspiration (ET) demand of approximately 1,476.4 KAF in 2015, decreased in 

2020 to around 1,442.2 KAF.  The termination of fallowing programs provided 103.5 KAF of water 

for Salton Sea mitigation in 2017. Forecasted agricultural ET remains constant, as reductions in 

water use are to come from efficiency conservation not reduction in agricultural production.  

Market forces and other factors may impact forecasted future water demand.  

 

Table 9 provides the 2015 and 2020 historic and 2025-2055 forecasted agricultural consumptive 

use and delivery demand within the IID water service area. When accounting for agriculture ET, 

tailwater and tilewater, total agricultural consumptive use (CU) demand ranges from 2,157.9 KAF 

in 2015 to 2,208.5 KAF in 2055. Forecasted total agricultural delivery demand is around 1 KAFY 

higher than the CU demand, ranging from 2,158.9 KAF in 2015 to 2,209.5 KAF in 2055.  

Table 9: Historic and forecasted Agricultural Water Consumptive Use and Delivery Demand within IID Water Service Area, 2015-

2055 (KAFY) 
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2015 2020 2025 2030 2035 2040 2045 2050 2055 

Ag ET from Delivered & 
Stored Soil Water 

1,476.4 
1,442.2 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 

Ag Tailwater to Salton 
Sea 

282.9 
312.9 268.0 218.0 218.0 218.0 218.0 218.0 218.0 

Ag Tilewater to Salton 
Sea 

398.6 
410.2 423.0 423.0 423.0 423.0 423.0 423.0 423.0 

Total Ag CU Demand 2,157.9 2,165.4 2,258.5 2,208.5 2,208.5 2,208.5 2,208.5 2,208.5 2,208.5 

Subsurface Flow to 
Salton Sea 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Total Ag Delivery 
Demand 

2,158.9 
2,166.4 2,259.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 

Notes: 2015 record from IID 2015 Provisional Water Balance rerun 06/28/2019; 2020-2055 forecasts from spreadsheet used to develop 

Figure 19, et seq. in Imperial IRWMP Chapter 5 (Data provided by IID staff).  

In addition to agricultural and non-agricultural water demands, system operational demands must 

be included to account for operational discharge, main and lateral canal seepage; and for All 

American Canal (AAC) seepage, river evaporation and phreatophyte ET from Imperial Dam to IID’s 

measurement site at AAC Mesa Lateral 5. These system operation demands are shown in Table 10. 

IID measures system operational uses and at All-American Canal Station 2900 just upstream of 

Mesa Lateral 5 Heading. Total system operational use for 2020 was 167 KAF, including 10 KAF of 

LCWSP input, 39.8 KAF of seepage interception input, and 40  KAF of unaccounted canal water 

input. 

Table 10 IID System Operations Consumptive Use within IID Water Service Area and from AAC at Mesa Lateral 5 to Imperial Dam, 

(KAF), 2020 

Delivery System Evaporation 24.4 

Canal Seepage  90.8 

Canal Spill  10.1 

Lateral Spill 121.5 

Seepage Interception  -39.0 

Unaccounted Canal Water -40.0 

Total System Operational Use, In valley 167.8 

Imperial Dam to AAC @ Mesa Lat 5 (Dam-Mesa Lat 5) 9.2 

LCWSP -10 

Total System Operational Use in 2020 167.0 

Source: 2020 IID Water Balance rerun 01/25/2021 
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IID INTERIM WATER SUPPLY POLICY FOR NON-AGRICULTURAL PROJECTS (SEPTEMBER 
2009) 
 

The IID IWSP provides a mechanism to address water supply requests for projects being developed 

within the IID service area. The IWSP designates up to 25,000 AFY of IID’s annual Colorado River 

water supply for new non-agricultural projects, provides a mechanism and process to develop a 

water supply agreement for any appropriately permitted project, and establishes a framework and 

set of fees to ensure the supplies used to meet new demands do not adversely affect existing users 

by funding water conservation or augmentation projects as needed. 14 

 

Depending on the nature, complexity and water demands of the proposed project, new projects 

may be charged a one-time Reservation Fee and an annual Water Supply Development Fee for the 

contracted water volume used solely to assist in funding new water supply projects.  The 

applicability of the fee to certain projects will be determined by IID on a case-by-case basis, 

depending on the proportion of types of land uses and water demand proposed for a project.  The 

2021 fee schedule is shown in Table 11. 

 

Table 11 Interim Water Supply Policy 2021 Annual Non-Agricultural Water Supply Development Fee Schedule 

Annual Demand (AF) Reservation Fee ($/AF)* Development Fee ($/AF)* 

0-500 $75.40 $301.59 

501-1000 $106.16 $424.64 

1001-2500 $133.30 $533.22 

2501-5000 $164.67 $658.68 

Adjusted annually in accordance with the Consumer Price Index (CPI). 

 

IID customers with new projects receiving water under the IWSP will be charged the appropriate 

water rate based on measured deliveries, see IID Water Rate Schedules.  As of September 2021, 

IID has issued one Water Supply Agreement for 1,200 AFY, leaving a balance of 23,800 AFY of 

supply available for contracting under the IWSP. 

 

 
14 IID website: Municipal, Industrial and Commercial Customers. 
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IID Temporary Land Conversion Fallowing Policy (May 2012) 

Imperial County planning officials determined that renewable energy facilities were consistent 

with the county’s agricultural zoning designation and began issuing CUPs for these projects with 

ten- to twenty-year terms. These longer-term, but temporary, land use designations were not 

conducive to a coordinated land use/water supply policy as envisioned in the Imperial IRWMP, 

because temporary water supply assignments during a conditional use permit (CUP) term were 

not sufficient to meet the water supply verification requirements for new project approvals. 

Agricultural landowners also sought long-term assurances from IID that, at project termination, 

irrigation service would be available for them to resume their farming operations.  

 

Based on these conditions, IID determined it had to develop a water supply policy that conformed 

to the local land use decision-making in order to facilitate new development and economic 

diversity in Imperial County which has resulted in the IID Temporary Land Conversion Fallowing Policy 

(TLCFP).15  IID concluded that certain lower water use projects could still provide benefits to local 

water users. The resulting benefits; however, may not be to the same categories of use (e.g., MCI) 

but to the district as a whole.  

 

At the general manager’s direction, staff developed a framework for a fallowing program that 

could be used to supplement the IWSP and meet the multiple policy objectives envisioned for the 

coordinated land use/water supply strategy. Certain private projects that, if implemented, will 

temporarily remove land from agricultural production within the district’s water service area 

include renewable solar energy and other non-agricultural projects. Such projects may need a 

short-term water supply for construction and decommissioning activities and longer-term water 

service for facility operation and maintenance or for treating to potable water standards. 

Conserved water will be credited to the extent that water use for the project is less than historic 

water use for the project site’s footprint as determined by the ten year water use history.16 

 
15 IID website: Temporary Land Conversion Fallowing Policy (TLCFP), and The TLCFP are the sources of the text for this section. 

16 For details of how water conservation yield attributable to land removed from agricultural production and temporarily 

fallowed is computed, see TLCFP for Water Conservation Yield. 
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Water demands for certain non-agricultural projects are typically less than that required for 

agricultural production; this reduced demand allows water to be made available for other users 

under IID’s annual consumptive use cap. This allows the district to avail itself of the ability during 

the term of the QSA/Transfer Agreements under CWC Section 1013 to create conserved water 

through projects such as temporary land fallowing conservation measures. This conserved water 

can then be used to satisfy the district’s conserved water transfer obligation and for environmental 

mitigation purposes. 

 

Under the terms of the legislation adopted to facilitate the QSA/Transfer Agreements and enacted 

in CWC Section 1013, the TLCFP was adopted by the IID board on May 8, 2012 and revised on 

March 29, 2016 to update the fee schedule for 2016. This policy provides a framework for a 

temporary, long-term fallowing program to work in concert with the IWSP. While conserved water 

generated from the TLCFP is limited by law for use for water transfer or environmental purposes, 

by satisfying multiple district objectives the TLCFP serves to reduce efficiency conservation and 

water use reduction demands on IID water users, thus providing district wide benefits. 

 

IMPERIAL IRRIGATION DISTRICT’S WATER RIGHTS 

The laws and regulations that influence IID’s water supply are noted in this section. The Law of the 

River (as described below), along with the 2003 Quantification Settlement Agreement and Related 

Agreements serve as the laws, regulations and agreements that primarily influence the findings of 

this WSA.  These agreements grant California the most senior water rights along the Colorado 

River and IID specify that IID has access to 3.1 MAF per year.  These two components will influence 

future decisions in terms of water supply during periods of shortages.  
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CALIFORNIA LAW 

IID’s has a longstanding right to divert Colorado River water, and IID holds legal titles to all of its 

water and water rights in trust for landowners within the district (CWC §20529 and §22437; Bryant 

v. Yellen, 447 U.S. 352, 371 (1980), fn.23.). Beginning in 1885, a number of individuals, as well as 

the California Development Company, made a series of appropriations of Colorado River water 

under California law for use in the Imperial Valley. The rights to these appropriations were among 

the properties acquired by IID from the California Development Company. 

 

LAW OF THE RIVER 

Colorado River water rights are governed by numerous compacts, state and federal laws, court 

decisions and decrees, contracts, and regulatory guidelines collectively known as the “Law of the 

River.” Together, these documents form the basis for allocation of the water, regulation of land 

use, and management of the Colorado River water supply among the seven basin states and 

Mexico. 

Of all regulatory literature that governs Colorado River water rights, the following are the specifics that 

impact IID: 

• Colorado River Compact (1922) 
• Boulder Canyon Project Act (1928) 
• California Seven-Party Agreement (1931) 
• Arizona v. California US Supreme Court Decision (1964, 1979) 
• Colorado River Basin Project Act (1968) 
• Quantification Settlement Agreement and Related Agreements (2003) 
• 2003 Colorado River Water Delivery Agreement: Federal QSA for purposes of Section 5(b) 

Interim Surplus Guidelines (CRWDA) 
• 1970 Criteria for Coordinated Long-Range Operation of Colorado River Reservoirs 
• Annual Operating Plan (AOP) for Colorado River Reservoirs 
• 2007 Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated 

Operations for Lakes Powell and Mead (2007 Interim Guidelines) 
 

COLORADO RIVER COMPACT (1922) 

With authorization of their legislatures and urging of the federal government, representatives from 

the seven Colorado River basin states began negotiations regarding distribution of water from the 

Colorado River in 1921. In November 1922, an interstate agreement called the “Colorado River 

Compact” was signed by the representatives giving the Lower Basin perpetual rights to annual 
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apportionments of 7.5 million acre-feet (MAF) of Colorado River water ( 75 MAF over ten years). 

The Upper Basin was to receive the remainder, which based on the available hydrological record 

was also expected to be 7.5 MAF annually, with enough left over to provide 1.5 MAF annually to 

Mexico. 

 

BOULDER CANYON PROJECT ACT (1928) 

Provisions in the 1928 Boulder Canyon Project Act made the compact effective and authorized 

construction of Hoover Dam and the All-American Canal, and served as the United States’ consent 

to accept the Compact. Through a Presidential Proclamation on June 25, 1929, this act resulted in 

ratification of the Compact by six of the basin states and required California to limit its annual 

consumptive use to 4.4 MAF of the lower basin’s apportionment plus not less than half of any 

excess or surplus water unportioned by the Compact. A lawsuit was filed by the State of Arizona 

after its refusal to sign. Through the implementation of its 1929 Limitation Act, California abided 

by this federal mandate. The Boulder Canyon Act authorized the Secretary of the Interior 

(Secretary) to “contract for the storage of water… and for the delivery thereof… for irrigation and 

domestic uses,” and additionally defined the lower basin’s 7.5 MAF apportionment split, with an 

annual allocation 0.3 MAF to Nevada, 2.8 MAF to Arizona, and 4.4 MAF to California. Even though 

the three states never formally settled or agreed to these terms, a 1964 Supreme Court decision 

(Arizona v. California, 373 U.S. 546) declared the three states’ consent to be insignificant since the 

Boulder Canyon Project Act was authorized by the Secretary. 

 

CALIFORNIA SEVEN-PARTY-AGREEMENT (1931) 

Following implementation of the Boulder Canyon Project Act, the Secretary requested that 

California make recommendations regarding distribution of its apportionment of Colorado River 

water. In August 1931, under chairmanship of the State Engineer, the California Seven-Party 

Agreement was developed and authorized by the affected parties to prioritize California water 

rights. The Secretary accepted this agreement and established these priorities through General 

Regulations issued in September of 1931. The first four (4) priority allocations account for 

California's annual apportionment of 4.4 MAF, with agricultural entities using 3.85 MAF of that 
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total. Additional priorities are defined for years in which the Secretary declares that excess waters 

are available. 

 

ARIZONA V. CALIFORNIA U.S. SUPREME COURT DECISION (1964, 1979) 

The 1964 Supreme Court decision settled a 25-year disagreement between Arizona and California 

that stemmed from Arizona’s desire to build the Central Arizona Project to enable use of its full 

apportionment. California’s argument was that as Arizona used water from the Gila River, which is 

a Colorado River tributary, it was using a portion of its annual Colorado River apportionment. An 

additional argument from California was that it had developed a historical use of some of Arizona’s 

apportionment, which, under the doctrine of prior appropriation, precluded Arizona from 

developing the project. California’s arguments were rejected by the U.S. Supreme Court. Under 

direction of the Supreme Court, the Secretary was restricted from delivering water outside of the 

framework of apportionments defined by law. Preparation of annual reports documenting 

consumptive use of water in the three lower basin states was also mandated by the Supreme 

Court. In 1979, present perfected water rights (PPRs) referred to in the Colorado River Compact 

and in the Boulder Canyon Project Act were addressed by the Supreme Court in the form of a 

Supplemental Decree. 

 

In March of 2006, a Consolidated Decree was issued by the Supreme Court to provide a single 

reference to the conditions of the original 1964 decrees and several additional decrees in 1966, 

1979, 1984 and 2000 that stemmed from the original ruling. The Consolidated Decree also reflects 

the settlements of the federal reserved water rights claim for the Fort Yuma Indian Reservation. 

 

COLORADO RIVER BASIN PROJECT ACT (1968) 

In 1968, various water development projects in both the upper and lower basins, including the 

Central Arizona Project (CAP) were authorized by Congress. Under the Colorado River Basin Project 

Act, priority was given to California’s apportionment over (before) the CAP water supply in times 

of shortage. Also under the act, the Secretary was directed to prepare long-range criteria for the 

Colorado River reservoir system in consultation with the Colorado River Basin States. 
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QUANTIFICATION SETTLEMENT AGREEMENT AND RELATED AGREEMENTS (2003) 

With completion of a large portion of the CAP infrastructure in 1994, creation of the Arizona Water Banking 

Authority in 1995, and the growth of Las Vegas in the 1990s, California encountered increasing pressure to 

live within its rights under the Law of the River. After years of negotiating among Colorado River Compact 

States and affected California water delivery agencies, a QSA and Related Agreements and documents were 

signed on October 10, 2003, by the Secretary of Interior, IID, Coachella Valley Water District (CVWD), 

Metropolitan Water District of Southern California (MWD), San Diego County Water Authority (SDCWA), 

and other affected parties. 

The Quantification Settlement Agreement and Related Agreements (QSA/Transfer Agreements) 

are a set of interrelated contracts that resolve certain disputes among the United States, the State 

of California, IID, MWD, CVWD and SDCWA, for a period of 35 to 75 years, regarding the reasonable 

and beneficial use of Colorado River water; the ability to conserve, transfer and acquire conserved 

Colorado River water; the quantification and priority of Priorities 3(a) and 6(a)17 within California 

for use of Colorado River water; and the obligation to implement and fund environmental impact 

mitigation. 

 

Conserved water transfer agreements between IID and SDCWA, IID and CVWD, and IID and MWD are all 

part of the QSA/Transfer Agreements. For IID, these contracts identify conserved water volumes and 

establish transfer schedules along with price and payment terms. As specified in the agreements, IID will 

transfer nearly 415,000 AF annually over a 35-year period (or loner), as follows:  

• to MWD 110,000 AF [modified to 105,000 AF in 2007],  
• to SDCWA 200,000 AF,  
• to CVWD and MWD combined 103,000 AF, and  
• to certain San Luis Rey Indian Tribes 11,500 AFY of water.  

 

 
17 Priorities 1, 2, 3(b), 6(b), and 7 of current Section 5 Contracts for the delivery of Colorado River water in the State of California 

and Indian and miscellaneous Present Perfected Rights within the State of California and other existing surplus water contracts 

are not affected by the QSA Agreement. 
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All of the conserved water will ultimately come from IID system and on-farm efficiency 

conservation improvements. In the interim, IID has implemented a Fallowing Program to generate 

water associated with Salton Sea mitigation related to the impacts of the IID/SDCWA water 

transfer, as required by the State Water Resources Control Board, which ran from 2003 through 

2017. In return for its QSA/Transfer Agreements programs and deliveries, IID will receive payments 

totaling billions of dollars to fund needed efficiency conservation measures and to pay growers for 

conserved on-farm water, so IID can transfer nearly 14.5 MAF of water without impacting local 

productivity. In addition, IID will transfer to SDCWA 67,700 AFY annually of water conserved from 

the lining of the AAC in exchange for payment of lining project costs and a grant to IID of certain 

rights to use the conserved water. In addition to the 105,000 acre-feet of water currently being 

conserved under the 1988 IID/MWD Conservation Program, these more recent agreements define 

an additional 303,000 AFY to be conserved by IID from on-farm and distribution system 

conservation projects for transferred to SDCWA, CVWD, and MWD. 

 

COLORADO RIVER WATER DELIVERY AGREEMENT (2003) 11F

18 

As part of QSA/Transfer Agreements among California and federal agencies, the Colorado River 

Water Delivery Agreement (CRWDA): Federal QSA for purposes of Section 5(b) Interim Surplus 

Guidelines was entered into by the Secretary of the Interior, IID, CVWD, MWD and SDCWA.  This 

agreement involves the federal government because of the change in place of diversion from 

Imperial Dam into the All-American Canal to Parker Dam into MWD’s Colorado River Aqueduct.  

The CRWDA assists California to meet its “4.4 Plan” goals by quantifying deliveries for a specific 

number of years for certain Colorado River entitlements so transfers may occur.  In particular, for 

the term of the CRWDA, quantification of Priority 3(a) was affected through caps on water 

deliveries to IID (consumptive use of 3.1 MAF per year) and CVWD (consumptive use of 330 KAF 

per year). In addition, California’s Priority 3(a) apportionment between IID and CVWD, with 

provisions for transfer of supplies involving IID, CVWD, MWD and SDCWA are quantified in the 

CRWDA for a period of 35 years or 45 years (assumes SDCWA does not terminate in year 35) or 75 

years (assumes SDCWA and IID mutually consent to renewal term of 30 years). 

 
18 CRWDA: Federal QSA accessed 7 June 2017. 
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Allocations for consumptive use of Colorado River water by IID, CVWD and MWD that will enable 

California to stay within its basic annual apportionment (4.4 MAF plus not less than half of any 

declared surplus) are defined by the terms of the QSA/Transfer Agreements (Table 12). As 

specified in the QSA/Transfer Agreements, by 2026, IID annual use within (Imperial Valley) is to be 

reduced to just over 2.6 MAF of its 3.1 MAF quantified annual apportionment. The remaining 

nearly 500,000 AF (which includes the 67,000 AF from AAC lining) are to be transferred annually 

to urban water users outside of the Imperial Valley. 

 

Table 12 CRWDA Annual 4.4 MAF Apportionment (Priorities 1 to 4) for California Agencies (AFY) 

User Apportionment (AFY) 

Palo Verde Irrigation District and Yuma Project*  420,000 

Imperial Irrigation District  3,100,000 

Coachella Valley Water District  330,000 

Metropolitan Water District of Southern California* 550,000 

Total: 4,400,000 

* PVID and Yuma Project did not agree to a cap; value represents a contractual obligation by MWD to assume responsibility for any overages 
or be credited with any volume below this value. 
Notes: All values are consumptive use at point of Colorado River diversion: Palo Verde Diversion Dam (PVID), Imperial Dam (IID and CVWD), and 
Parker Dam (MWD). Source: IID Annual Water Report  

Quantification of Priority 6(a) was effected through quantifying annual consumptive use amounts 

to be made available in order of priority to MWD (38 KAF), IID (63 KAF), and CVWD (119 KAF) with 

the provision that any additional water available to Priority 6(a) be delivered under IID’s and 

CVWD’s existing water delivery contract with the Secretary 12F

19  The CRWDA provides that the 

underlying water delivery contract with the Secretary remain in full force and effect (Colorado 

River Documents 2008, Chapter 6, pages 6-12 and 6-13). The CRWDA also provides a source of 

water to effect a San Luis Rey Indian Water rights settlement.  Additionally, the CRWDA satisfies 

the requirement of the 2001 Interim Surplus Guidelines (ISG) that a QSA be adopted as a 

prerequisite to the interim surplus determination by the Secretary in the ISG. 

 

INADVERTENT OVERRUN PAYBACK POLICY (2003) 
 

The CRWDA Inadvertent Overrun Payback Policy (IOPP), adopted by the Secretary 

contemporaneously with the execution of the CRWDA, provides additional flexibility to Colorado 

 
19 When water levels in the Colorado River reservoirs are low, Priority 5, 6 and 7 apportionments are not available for diversion. 
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River management and applies to entitlement holders in the Lower Division States (Arizona, 

California and Nevada)13F

20  The IOPP defines inadvertent overruns as “Colorado River water 

diverted, pumped, or received by an entitlement holder of the Lower Division States that is in 

excess of the water users’ entitlement for the year.” An entitlement holder is allowed a maximum 

overrun of 10 percent (10%) of its Colorado River water entitlement. 

 

In the event of an overrun, the IOPP provides a mechanism to payback the overrun. When the 

Secretary has declared a normal year for Colorado River diversions, a contractor has from one to 

three years to pay back its obligation, with a minimum annual payback equal to 20 percent of the 

entitlement holder’s maximum allowable cumulative overrun account or 33.3 percent of the total 

account balance, whichever is greater.  However, when Lake Mead is below 1125 feet on January 

1, the terms of the IOPP require that the payment of the inadvertent overrun obligation be made 

in the calendar year after the overrun is reported in the USBR Lower Colorado Region Colorado 

River Accounting and Water Use Report [for] Arizona, California, and Nevada (Decree Accounting 

Report).14F

21 

 

1970 CRITERIA FOR COORDINATED LONG-RANGE OPERATION OF COLORADO RIVER RESERVOIRS  
 

The 1970 Operating Criteria control operation of the Colorado River reservoirs in compliance with 

requirements set forth in the Colorado River Compact of 1922, the United States-Mexico Water 

Treaty of 1944, the Colorado River Storage Project Act of 1956, the Boulder Canyon Projects Act 

(Lake Mead) and the Colorado River Basin Project Act (Upper Basin Reservoirs) of 1968, and other 

applicable federal laws. Under these Operating Criteria, the Secretary makes annual 

determinations published in the USBR Annual Operating Plan for Colorado River Reservoirs 

(discussed below) regarding the release of Colorado River water for deliveries to the lower basin 

states.  A requirement to equalize active storage between Lake Powell and Lake Mead when there 

 
20 USBR, 2003 CRWDA ROD Implementation Agreement, IOPP and Related Federal Actions Final EIS. Section IX. Implementing 
the Decision A. Inadvertent Overrun and Payback Policy. Pages 16-19 of 34. 
21 2003 CRWDA ROD. Section IX. A.6.c,, page 18 of 34. 

PC ORIGINAL PKG

https://www.usbr.gov/lc/region/g4000/crwda/crwda_rod.pdf


DRAFT Water Supply Assessment | Annette Leon 
 

42 | P a g e  
 

is sufficient storage in the Upper Basin is included in these operating criteria. Figure 5 identifies 

the major storage facilities at the upper and lower basin boundaries. 

 

ANNUAL OPERATING PLAN FOR COLORADO RIVER RESERVOIRS (Applicable Only if Lake Mead has 

Surplus/Shortage) 

The AOP is developed in accordance with Section 602 of the Colorado River Basin Project Act 

(Public Law 90-537); the Criteria for Coordinated Long-Range Operations of Colorado River 

Reservoirs Pursuant to the Colorado River Basin Project Act of 1968, as amended, promulgated by 

the Secretary of the Interior; and Section 1804(c)(3) of the Grand Canyon Protection Act (Public 

Law 102-575). As part of the AOP process, the Secretary makes determinations regarding the 

availability of Colorado River water for deliveries to the lower basin states, including whether 

normal, surplus, and shortage conditions are in effect on the lower portion of the Colorado River. 

 

2007 COLORADO RIVER INTERIM GUIDELINES FOR LOWER BASIN SHORTAGES (2007 INTERIM 

GUIDELINES) 

A multi-year drought in the Colorado River Upper Basin triggered the need for the 2007 Interim Shortage 

Guidelines. In the summer of 1999, Lake Powell was essentially full with reservoir storage at 97 percent of 

capacity.  However, precipitation fell off starting in October 1999 and 2002 inflow was the lowest recorded 

since Lake Powell began filling in 1963.22,23 By August 2011, inflow was 279 percent (279%) of average; 

however, drought resumed in 2012 and continued through calendar year 2020. Using the record in Table 

13, average unregulated inflow to Lake Powell for water years 2000-2020 is 0.733  percent (73%); or if 2011 

is excluded, 0.7015 percent (70%) of the historic average, see Table 13. 

 

Table 13: Unregulated Inflow to Lake Powell, Percent of Historic Average, 2000-2020 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

62% 59% 25% 51% 49% 105% 73% 68% 102% 88% 73% 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020  

136% 35% 49% 90% 83% 80% 101% 36% 120% 54%  

Source UCR Water Operations: Historic Data (2000-2020)  

 

 

 
22  Water Year: October 1 through September 30 of following year, so water year ending September 30, 1999  
23 Drought in the Upper Colorado River Basin.  August 2011 
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Figure 5 Major Colorado River Reservoir Storage Facilities and Basin Location Map 

Source: Final EIS – Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for 
Lake Powell and Lake Mead, Volume 1 Chapter 1 Purpose and Need , p  I-10. 
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In the midst of the drought period, USBR developed 2007 Interim Guidelines with consensus 

from the seven basin states, which selected the Draft EIS Preferred Alternative as the basis for 

USBR’s final determination. The basin states found the Preferred Alternative best met all 

aspects of the purpose and need for the federal action. 16F

24  
 

The 2007 interim Guidelines Preferred Alternative highlights the following:  

1. The need for the Interim Guidelines to remain in place for an extended period of time. 

2. The desirability of the Preferred Alternative based on the facilitated consensus 

recommendation from the basin states. 

3. The likely durability of the mechanisms adopted in the Preferred Alternative in light of the 

extraordinary efforts that the basin states and water users have undertaken to develop 

implementing agreements that will facilitate the water management tools (shortage 

sharing, forbearance, and conservation efforts) identified in the Preferred Alternative 

4. That the range of elements in the Preferred Alternative will enhance the Secretary’s ability 

to manage the Colorado River reservoirs in a manner that recognizes the inherent tradeoffs 

between water delivery and water storage. 

 

In June 2007, USBR announced that a preferred alternative for Colorado River Interim Guidelines 

for Lower Basin Shortages and Coordinated Operations of Lake Powell and Lake Mead (Final 

Preferred Alternative) had been determined. The Final Preferred Alternative, based on the basin 

states’ consensus alternative and an alternative submitted by the environmental interests called 

“Conservation Before Shortage,” is comprised of four key operational elements which are to guide 

operations of Lake Powell and Lake Mead through 2026 are: 

 

1. Shortage strategy for Lake Mead and Lower Division states: The Preferred Alternative 

proposed discrete levels of shortage volumes associated with Lake Mead elevations to 

conserve reservoir storage and provide water users and managers in the Lower Basin with 

 
24 USBR Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake 
Mead <http://www.usbr.gov/lc/region/programs/strategies.html> 
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greater certainty to know when, and by how much, water deliveries will be reduced during 

low reservoir conditions.  

2. Coordinated operations of Lake Powell and Lake Mead: The Preferred Alternative 

proposed a fully coordinated operation of the reservoirs to minimize shortages in the 

Lower Basin and to avoid risk of curtailments of water use in the Upper Basin.  

3. Mechanism for storage and delivery of conserved water in Lake Mead: The Preferred 

Alternative proposed the Intentionally Created Surplus (ICS) mechanism to provide for the 

creation, accounting, and delivery of conserved system and non-system water thereby 

promoting water conservation in the Lower Basin. Credits for Colorado River or non-

Colorado River water that has been conserved by users in the Lower Basin creating an ICS 

would be made available for release from Lake Mead at a later time. The total amount of 

credits would be 2.1 MAF, but this amount could be increased up to 4.2 MAF in future 

years.  

4. Modifying and extending elements of the Interim Surplus Guidelines (ISG). The ISG 

determines conditions under which surplus water is made available for use within the 

Lower Division states.  These modifications eliminate the most liberal surplus conditions 

thereby leaving more water in storage to reduce the severity of future shortages.  

With respect to the various interests, positions and views of the seven basin states, this provision 

adds an important element to the evolution of the legal framework for prudent management of 

the Colorado River.  Furthermore, the coordinated operation element allows for adjustment of 

Lake Powell releases to respond to low reservoir storage conditions in either Lake Powell or Lake 

Mead.25 States found the Preferred Alternative best met all aspects of the purpose and need for 

the federal action.26  The 2007 Interim Guidelines are in place from 2008 through December 31, 

2025 (through preparation of the 2026 Annual Operating Plan). 

 

 
25 For a discussion of the 2007 Interim Guidelines, see: Intermountain West Climate Summary by The Western Water Assessment, 

issued Jan. 21, 2008, Vol. 5, Issue 1, January 2009 Climate Summary, Feature Article, pages 5-7, 22 Mar 2013. 

26 USBR Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake Mead. 
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LOWER COLORADO REGION WATER SHORTAGE OPERATIONS 

The drought in the Colorado River watershed has continued through 2021 despite an increase in 

observed runoff in August 2011 when unregulated inflow to Lake Powell was 279 percent of the 

average.  Since 2000, Lake Mead has been below the “average” level of lake elevations (see Figure 

6).  Such conditions have caused the preparation of shortage plans for waters users in Arizona and 

Nevada, and in Mexico. 

 

 

Figure 6: Lake Mead Water Elevation Levels 2020 

 visit <http://www.arachnoid.com/NaturalResources/index.html> 
 

According to guidelines put in place in 2007, Arizona and Nevada begin to take shortages when 

the water elevation in Lake Mead falls below 1,075 feet. The volumes of shortages increase as 

water levels fall to 1,050 feet and again at 1,025 feet.  In 2012, Mexico agreed to participate in a 

5-year pilot agreement to share specific volumes of shortages at the same elevations. The 2007 

interim shortage guidelines contain no reductions for California, which has senior water rights to 

the Central Arizona Project water supply, through 2025 when the guidelines expire.  If Lake Mead's 

elevation drops to 1,025 feet, a re-consultation process would be triggered among the basin states 

PC ORIGINAL PKG

http://www.arachnoid.com/NaturalResources/index.html


DRAFT Water Supply Assessment | Annette Leon 
 

47 | P a g e  
 

to address next steps.  Consultation would start out within each state, then move to the three 

lower basin states, followed by all seven states and the USBR. Mexico will then be brought into 

the process unless they choose to participate earlier.   

 

IMPERIAL IRRIGATION DISTRICT WATER SUPPLY AND DEMAND 

SB 610 requires an analysis of a normal, single dry, and multiple dry water years to show that 

adequate water is available for the proposed Project in various climate scenarios for at minimum 

20 years.  Water availability for this Project in a normal year is no different from water availability 

during a single-dry and multiple-dry year scenarios.  This is due to the small effect rainfall has on 

water availability in IID’s arid environment along with IID’s strong entitlements to the Colorado 

River water supply.  Local rainfall does have some impact on how much water is consumed (i.e., if 

rain falls on agricultural lands, those lands will not demand as much irrigation), but does not impact 

the definition of a normal year, a single-dry year or a multiple-dry year scenario.   

 

WATER AVAILABILITY – NORMAL YEAR  

IID is entitled to annual net consumptive use of 3.1 MAF of Colorado River, less its QSA/Transfer 

Agreement obligations. Imperial Dam, located north of Yuma, Arizona, serves as a diversion 

structure for water deliveries throughout southeastern California, Arizona and Mexico. Water is 

transported to the IID water service area through the AAC for use throughout the Imperial Valley. 

IID historic and forecast net consumptive use volumes at Imperial Dam from CRWDA Exhibit B are 

shown in Table 14.   Volumes for 2003-2020 are adjusted for USBR Decree Accounting historic 

records.  Volumes for 2021-2077 are from CRWDA Exhibit B modified to reflect 2014 Letter 

Agreement changes to the 1988 IID/MWD Water Conservation Agreement.27 

  

 
27 2014 Imperial Irrigation District Letter Agreement for Substitution and Conservation Modifications to the IID/MWD Water 

Conservation Agreement - December 17, 2014. 
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Table 14 IID Historic and Forecast Net Consumptive Use for Normal Year, Single-Dry Year and Multiple-Dry Year Water Supply, 2003-

2037, et seq. (CRWDA Exhibit B) 

IID Quantification and Transfers, Volumes in KAF at Imperial Dam 1 

Col  1 2 3 4 5 6 7 8 9 10 11 

Year 

IID Priority 3(a)   

IID 3(a) 
Quantified 

Amount 

IID Reductions IID Net 
[Available for] 
Consumptive 

Use 
(Col 2 - 10) 

 
1988 
MWD 

Transfer 2 

 
SDCWA 
Transfer 

AAC 
Lining 

Salton Sea 
Mitigation 

SDCWA 
Transfer 3 

Intra- 
Priority 3 

CVWD 
Transfer 

MWD 
Transfer w\ 
Salton Sea 

Restoration 4 
Misc. 
PPRs 

IID Total 
Reduction 

(Σ Cols 3-9) 5 

2003 3,100 105.1 10.0 0.0 0.0 0.0 0.0 11.5 126.6 2978.2 

2004 3,100 101.9 20.0 0.0 15.0 0.0 0.0 11.5 148.4 2743.9 

2005 3,100 101.9 30.0 0.0 15.0 0.0 0.0 11.5 158.4 2756.8 

2006 3,100 101.2 40.0 0.0 20.0 0.0 0.0 11.5 172.7 2909.7 

2007 3,100 105.0 50.0 0.0 25.0 0.0 0.0 11.5 191.5 2872.8 

2008 3,100 105.0 50.0 8.9 26.0 4.0 0.0 11.5 205.4 2825.1 

2009 3,100 105.0 60.0 65.5 30.1 8.0 0.0 11.5 280.1 2566.7 

2010 3,100 105.0 70.0 67.7 33.8 12.0 0.0 11.5 294.8 2540.5 

2011 3,100 103.9 63.3 67.7 0.0 16.0 0.0 11.5 262.4 2915.8 

2012 3,100 104.1 106.7 67.7 15.2 21.0 0.0 11.5 326.2 2,903.2 

2013 3,100 105.0 100.0 67.7 71.4 26.0 0.0 11.5 381.6 2,554.9 

2014 3,100 104.1 100.0 67.7 89.2 31.0 0.0 11.5 403.5 2,533.4 

2015 3,100 107.82 100.0 67.7 153.3 36.0 0.0 11.5 476.3 2,480.9 

2016 3,100 105.0 100.0 67.7 130.8 41.0 0.0 11.5 456.0 2,504.3 

2017 3,100 105.0 100.0 67.7 105.3 45.0 0.0 9.9 432.9 2,667.1.  

2018 3,100 105 130 67.7 0.1 63 0.0 9.7 375.5 2,724.5 

2019 3,100 105 160 67.7 46.55 68 0.0 6.9 454.2 2,645.8 

2020 3,100 105 192.5 67.7 0.0 73 0.0 9.8 448.0 2,652.0 

2021 3,100 105 205 67.7 0 78 0.0 11.5 467.2 2,632.8 

2022 3,100 105 203 67.7 0 83 0.0 11.5 470.2 2,629.8 

2023 3,100 105 200 67.7 0 88 0.0 11.5 472.2 2,627.8 

2024 3,100 105 200 67.7 0 93 0.0 11.5 477.2 2,622.8 

2025 3,100 105 200 67.7 0 98 0.0 11.5 482.2 2,617.8 

2026 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2027 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2028 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2029-37 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2038-47 6 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2048-77 7 3,100 105 200 67.7 0 50 8 0.0 11.5 434.2 2,665.8 

1. 2003 through 2020, volumes are adjusted for actual USBR Decree Accounting values; IID Total Reduction and Net Available for 
Consumptive Use may not equal Col 2 minus Col 10, if IID conservation/use was not included in Exhibit B.  

2. 2014 Letter of Agreement provides that, effective January 2016 total amount of conserved water available is 105 KAFY  
3. Salton Sea Mitigation volumes may vary based on conservation volumes and method of conservation. 
4. This transfer is not likely given lack of progress on Salton Sea restoration as of 2018; shaded entries represents volumes that may vary..  
5. Reductions include conservation for 1988 IID/MWD Transfer, IID/SDCWA Transfer, AAC Lining; SDCWA Transfer Mitigation, MWD 

Transfer w/Salton Sea Restoration (if any); Misc. PPRs. Amounts are independent of increases and reductions as allowed by the IOPP.  
6. Assumes SDCWA does not elect termination in year 35. 
7. Assumes SDCWA and IID mutually consent to renewal term of 30 years. 
8. Modified from 100 KAFY in CRWDA Exhibit B; stating in 2018 MWD will provide CVWD 50 KAFY of the 100 KAFY. 
Source: CRWDA: Federal QSA Exhibit B, p 13; updated values from 2019 QSA Implementation Report   
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Due to limits on annual consumptive use of Colorado River water under the QSA/Transfer 

Agreements, IID’s water supply during a normal year is best represented by the CRWDA Exhibit B 

Net Available for Consumptive Use (Table 14, Column 11).  The annual volume is IID Priority 3(a) 

Quantified Amount of 3.1 million acre-feet (MAF) (Table 14, Column 2) less the IID transfer 

program reductions for each year (Table 14, Columns 3-9). IID suggests Table 14 which assumes 

full use of IID’s quantified water supply, be used in determining base normal year water availability. 

 

CRWDA Exhibit B Net Available for Consumptive Use volumes less system operation demand 

represents the amount of water available for delivery by IID Water Department to its customers 

each year.  In a normal year, perhaps 50,000 to 100,000 AF of effective rainfall would fall in the IID 

water service area. However, rainfall is not evenly distributed throughout the IID water service 

area and is not taken into account by IID in the submittal of its Estimate of Diversion (annual water 

order) to the USBR. 

 

Expected Water Availability – Single Dry and Multiple Dry Years  

When drought conditions exist within the IID water service area, as has been the case for the past 

decade or so, the water supply available to meet agricultural and non-agricultural water demands 

remains the same as normal year water supply because IID continues to rely solely on its 

entitlement for Colorado River water.  Due to the priority of IID water rights and other agreements, 

drought conditions affecting Colorado River water supplies cause shortages for Arizona, Nevada 

and Mexico, before impacting California and IID.  Accordingly, the Net Available for Consumptive 

Use volumes in Table 14, Column 11 represents the water supply at Imperial Dam available for 

diversion by IID in single-dry year and multiple-dry year scenarios. 

 

Under CRWDA Inadvertent Overrun Payback Policy (IOPP), IID has some flexibility to manage its 

water use. When the water level in Lake Mead is above 1,125 feet, an overrun of its USBR approved 

annual water order is permissible, and IID has up to three years to pay water use above the annual 

water order. When Lake Mead’s water level is at or below 1,125 feet on January 1 in the calendar 
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year after the overrun is reported in the USBR Lower Colorado Region Decree Accounting Report, 

the IOPP prohibits additional overruns and requires that outstanding overruns be paid back in the 

 
subsequent calendar year rather than in three years as allowed under normal conditions; that is, 

the payback is to be made in the calendar year following publication of the overrun in the USBR 

Decree Accounting Report. For historic IID annual rainfall, net consumptive use, transfers and IID 

underrun/overrun amounts see Table 14.  For the purposes of the WSA, years with a shortage 

condition that impacts non-agricultural projects such as an IOPP payback obligation constitute “dry” 

years for IID. 

 

In years of inadvertent overrun payback, conditions such as those in Sections 3.7 and 3.8 of the 

2012 IWSP Water Agreement may go into effect, with the result that less water would be available 

for non-agricultural development contractors. Under such conditions, IID has requested that Orni 

30 LLC’s (a subsidiary company of Ormat Technologies, Inc.), management work with IID to ensure 

it can manage the reduction. IID has further indicated that, provided a water supply agreement is 

approved and executed by IID under the provisions of the IWSP, IID will have sufficient water to 

support the water of this Project.  
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Table 15: IID Annual Rainfall (In), Net Consumptive Use and Underrun/Overrun Amounts (AF), 1988-2020 

Year IID Total 
Annual Rainfall 

IID Water 
Users  

IID/MWD 
Transfer 

IID/ 
SDCWA 
Transfer 

SDCWA Transfer 
Salton Sea 
Mitigation 

IID 
Underrun 
/ Overrun 

IID/CVWD 
Transfer 

AAC 
Lining 

1988  2,947,581       

1989  3,009,451       

1990 91,104 3,054,188 6,110      

1991 192,671 2,898,963 26,700      

1992 375,955 2,575,659 33,929      

1993 288,081 2,772,148 54,830      

1994 137,226 3,048,076 72,870      

1995 159,189 3,070,582 74,570      

1996 78,507 3,159,609 90,880      

1997 64,407 3,158,486 97,740      

1998 100,092 3,101,548 107,160      

1999 67,854 3,088,980 108,500      

2000 29,642 3,112,770 109,460      

2001 12,850 3,089,911 106,880      

2002 12,850 3,152,984 104,940      

2003 116,232 2,978,223 105,130 10,000 0 6,555   

2004 199,358 2,743,909 101,900 20,000 15,000 -166,408   

2005 202,983 2,756,846 101,940 30,000 15,000 -159,881   

2006 19,893 2,909,680 101,160 40,000 20,000 12,414   

2007 64,580 2,872,754 105,000 50,000 25,021 6,358   

2008 63,124 2,825,116 105,000 50,000 26,085 -47,999 4,000 8,898 

2009 30,0354 2,566,713 105,000 60,000 30,158 -237,767 8,000 65,577 

2010 189,566 2,545,593 105,000 70,000 33,736 -207,925 12,000 67,700 

2011 109,703 2,915,784 103,940 63,278 0 82,662 16,000 67,700 

2012 133,526 2,903,216 104,140 106,722 15,182 134,076 21,000 67,700 

2013 134,497 2,554,845 105,000 100,000 71,398 -64,981 26,000 67,700 

2014 53,517 2,533,414 104,100 100,000 89,168 797 31,000 67,700 

2015 97,039 2,480,933 107,820 100,000 153,327 -90,025 36,000 67,700 

2016 90,586 2,504,258 105,000 100,000 130,796 -62,497 41,000 67,700 

2017 105,919 2,548,164 105,000 100,000 105,311 -30,591 45,000 67,700 

2018 63,318 2,625,422 105,000 130,000 0 0 63,000 67,700 

2019 146,384 2,558,136 105,000 160,000 46,555 -34,215 68,000 67,700 

2020 129,693 2,493,661 105,000 192,500 0 -95,715 73,000 67,700 
Notes: Volumes in acre-feet and except Total Annual Rainfall are USBR Decree Accounting Report record at Imperial Dam. 

IID Total Annual Rainfall from IID Provisional Water Balance, first available calculations are for 1990 

Not all IID QSA programs are shown on this table. 

Source: USBR Decree Accounting reports, except IID Total Rainfall and IID Overrun/Underrun is a separate calculation 

Source: 2019 IID QSA Implementation Report and 2020 IID SWRCB Report, page 31 of 335; IID Total Rainfall and IID Overrun/ Underrun is a separate 
calculation 
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Equitable Distribution Plan  

A 2006 study by Hanemann and Brookes suggested that such conditions were likely to occur 40-

50% of the years during the decade following the report. On November 28, 2006, the IID Board of 

Directors adopted Resolution No 22-2006 approving development and implementation of an 

Equitable Distribution Plan to deal with times when customers’ demand would exceed IID’s 

Colorado River supply. The EDP, adopted in 2007 allows the IID Board to institute an 

apportionment program.  As part of this Resolution, the IID Board directed the General Manager 

to prepare the rules and regulations necessary or appropriate to implement the plan within the 

district, which the board adopted in November 2006. The 2009 Regulations for EDP were created 

to enable IID to implement a water management tool (apportionment) to address years in which 

water demand is expected to exceed supply. So far, for the 17 years from 2003 through 2020, 

demand has exceeded supply by some amount for a total of five years (see Table 15, above). IID 

has not experienced any overruns since 2012. 

 

The IID 2013 Revised EDP, adopted by the Board on October 28, 2013, further allowed IID to pay 

back its outstanding overruns using an EDP Apportionment, and it was expected that an annual 

EDP Apportionment would be established for each of the next several years, if not for the duration 

of the QSA/Transfer Agreements. For purposes of this WSA, years with a shortage condition that 

impacts non-agricultural projects such as an IOPP payback obligation constitute “dry” years for IID.  

For single-dry year and multiple-dry water year assessments, IID’s EDP shall govern.  IOPP payback, 

EDP Apportionment, and the IWSP are further discussed under single-dry and multiple-dry year 

projections. However, the implementation of the EDP apportionment was legally challenged, and on 

February 6, 2018, the IID board approved a resolution repealing the EDP until the issue is resolved.  

As of the date of this WSA, a resolution had been reached, but a modified EDP has yet to be re-

instated.  

 

 

 

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

53 | P a g e  
 

WATER MANAGEMENT UNDER INADVERTENT OVERRUN PAYBACK POLICY (IOPP)  
 

On January 1, 2013, the water level in Lake Mead was 1,120.5 feet and for the first time since the 

IOPP came into effect, Lower Colorado River Basin water users faced a shortage condition (Figure 

7). For IID, this means that outstanding overruns must be paid back to the river in calendar years 

following the shortage (2013 and 2014) as described below and shown in Table 16. 

 

 

Figure 7 Lake Mead IOPP Schematic 

IID’s maximum allowable cumulative overrun account is 62,000 AF. 22F

28  Thus, for IID’s 2011 overrun 

of 82,662 AF (which was published in 2012), 62,000 AF were paid back at the river in calendar year 

2013, with the remaining 20,662 AF paid back in 2014; however, due to an early payback of 6,290 

AF in 2012, IID had 55,710 AF to pay back in 2013 and 20,662 AF of the 2011 overrun to pay back 

in 2014. In addition, because of the low level of Lake Mead on Jan 1, 2013, IID’s entire 2012 

overrun of 134,076 AF was paid back in 2014, for a total of 154,738 AF in 2014. Furthermore, 

 
28 For IID Quantified Amount: 3.1 MAFY *10 percent = 310,000 AF allowable cumulative overrun account amount; minimum 

repayment in a calendar year is the less of 310,000 * 20 percent = 62,000 or the amount in the account, if less than 62,000 AF. 
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under the terms of the IOPP, no overruns are allowed in year when payback is required. IID has 

not experienced any overrun payback since 2014. 

 

Table 16: IID Inadvertent Overrun Payback to the Colorado River under the IOPP, 2012-2020 

 

Calendar Year of 

Payback 

2011 Overrun 

Payback (AF) 

2012 Overrun 

Payback (AF) 

Payback Total for 2014 

Calendar Year (AF) 

2013 55,710 - 55,710 

2014 20,662 134,076 154,738 

Total Payback 76,372 134,076 210,448 

 

The 2013 IOPP payback obligation and prohibition on overruns in payback years, led the IID Board 

to implement an apportionment program pursuant to the 2009 Regulations for EDP, which were 

subsequently revised and modified. The Revised 2013 EDP was version approved and adopted by 

the IID Board on October 28, 2013 (see Attachment B). The Revised 2013 EDP also establishes an 

agriculture water clearinghouse to facilitate the movement of apportioned water between 

agricultural water users and between farm units. This is to allow growers and IID to balance water 

demands for different types of crops and soils with the apportionment s that are made. IID’s Water 

Conservation Committee agreed on a July 1, 2013 start date for the agricultural water 

clearinghouse. 

 

Generally, the EDP Apportionment is not expected to impact industrial use. However, given the 

possibility of continuing drought on the Colorado River and other stressors, provisions such as the 

2012 IWSP Water Agreement sections 3.7 and 3.8 as well for dry and multiple dry year water 

assessment may come into effect. However, IID has agreed to work with Project proponents to 

ensure to the extent possible that the IWSP Water Agreement terms will not negatively impact 

Project operation. 
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PROJECT WATER AVAILABILITY FOR A 30-YEAR PERIOD TO MEET 
PROJECTED DEMANDS 
 

The proposed Project will obtain drinking water from a certified State of California provider via a 

local vendor who is authorized to haul potable water to the project site and verified through 

purchase agreement to Imperial County Environmental Health and Safety.  

 

Untreated Colorado River water will be supplied via the adjacent Best canal, gate’s 110, 113, 114, 

& 115  under an Industrial Water Supply Agreement with IID. The untreated Colorado River water 

will be used solely for periodic panel washing, fire suppression and dust mitigation as previously 

stated.  The applicant will be accepting an agreement with a local vendor for potable water needs.  

The applicant is required to enter into an IWSP Water Supply Agreement with IID and Schedule 7. 

General Industrial Use.` 

 

The current land use is agricultural land, the proposed Project will undergo a CUP and a General 

Plan Amendment for parcels 037-140-005, -022 and -023. The reason for the General Plan 

Amendment is due to the fact that project site is situated just outside the Renewable Energy 

Overlay area, no Zone Change is needed because the zoning for agricultural zoning is maintained.  

The project site is currently receiving water from Best Canal, gates 110, 113, 114 and 115.  The 

project water delivery will decrease from the overall current and historic use of water by 

831.63AFY. The canal gates are currently in working condition.  
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Imperial County Entitlement Discretionary Permits for the Project Include:  

▪ Imperial County Planning Department – General Plan Amendment 

▪ Imperial County Planning Department – Conditional Use Permit 

▪ Imperial County Planning Department – Certification of the EIR 

Subsequent ministerial approvals for the Project may include, but are not limited to: 

▪ Grading and clearing permits 

▪ Building permits 

▪ Reclamation plan 

▪ Encroachment permits 

▪ Transportation permit(s) 

 

As noted previously, under the terms of California legislation adopted to facilitate the 

QSA/Transfer Agreement and enacted in CWCW Section 1013, the IID board adopted TLCEP to 

address how to deal with any such temporary reductions of water use by projects like such sola 

project that are developed under a CUP.  

 

While conserved water generated from the TLCFP is limited by law for use for water transfer or 

environmental purposes, by satisfying multiple districts objectives the TLCFP severs to reduce the 

need for efficiency conservation and other water use reductions practices on the part f IID and its 

water users providing the districts with wide benefits.  One of the considerations in developing 

the TLCFP was to provide agricultural land owners with long term assurances from IID that, at 

Project termination irrigation services would be available for them to resume farming operations.  

 

INTERIM WATER SUPPLY POLICY WATER 

At the present time, IID is providing water for use by solar energy generation projects under Water 

Rate Schedule 7 General Industrial Use.  If IID determines that the proposed Project should obtain 

water under IID’s Interim Water Supply Policy (IWSP) for non-agricultural projects rather than 

Schedule 7 General Industrial Use, the Applicant will do so. IID will determine whether the Project 
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should obtain water under IID’s Interim Water Supply Policy (IWSP) for non-agricultural projects 

in addition to Schedule 7 General Industrial Water. 

 

The IWSP, provided herein as Attachment A, designates up to 25,000 AFY of water for potential 

Non-Agricultural Projects within IID's water service area.  As of September 2021, IID has 23,800 AF 

available under the IWSP for new projects such as the proposed project.  The IWSP establishes a 

schedule for Processing Fees, Reservation Fees, and Connection Fees that change each year for all 

non-agricultural projects, and annual Water Supply Development fees for some non-agricultural 

projects. The proposed Project’s water use will be subject to the annual Water Supply 

Development fee if IID determines that water for the Project is to be supplied under the IWSP. 

 

The likelihood that IID will not receive its annual 3.1 MAF apportionment less QSA/Transfer 

Agreement obligations of Colorado River water is low due to the high priority of the IID entitlement 

relative to other Colorado River contractors, see IID’s Water Rights section on page 17. If such 

reductions were to come into effect within the 20-year Project life, the Applicants are to work with 

IID to ensure any reduction can be managed.  

 

As such, lower Colorado River water shortage does not present a material risk to the available 

water supply that would prevent the County from making the findings necessary to approve this 

WSA.  IID, like any water provider, has jurisdiction to manage the water supply within its service 

area and impose conservation measures during a period of temporary water shortage. 

Furthermore, without the proposed Project, IID’s task of managing water supply under the 

QSA/Transfer Agreements would be more difficult, because agricultural use on the proposed 

Project site would be significantly higher than the proposed demand for the proposed Project as 

explained in the Expected Water Demands for the Proposed Project on the section that follows. 

 

Water for construction (primarily for dust control) would be obtained from IID canals or laterals in 

conformance with IID rules and regulations for MCI temporary water use.29 Water would be picked 

 
29 Complete the Application for Temporary Water Use and submit to Division office. Complete encroachment permit through Real Estate – non-

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

58 | P a g e  
 

up from a nearby canal or lateral and delivered to the construction location by a water truck 

capable of carrying approximately 4,000 gallons per load. To obtain water delivery service, the 

Project proponent will complete an IID-410 Certificate of Ownership and Authorization (Water Card), 

which allows the Water Department to provide the district with information needed to manage 

the district apportioned supply.  Water cards are used for Agriculture, Municipal, Industrial and 

Service Pipe accounts.  If water is to be provided under IWSP in addition to Schedule 7. General 

Industrial Use, the Applicant will seek to enter into a IWSP Water Supply Agreement. 

EXPECTED WATER DEMANDS FOR THE APPLICANT  

Water for the proposed Project will be needed on-site for panel washing, fire suppression and dust 

mitigation see Table 17 use.  water will be supplied to the Project via the adjacent Best Canal 

Gates, 110, 113, 114, and 115. Untreated Colorado River water will be supplied via the adjacent 

canal under an Industrial Water Supply Agreement. The untreated Colorado River water will be 

used solely for periodic panel washing, fire suppression and dust mitigation as previously stated.   

The applicant is required to enter into an IWSP Water Supply Agreement with IID and will be 

subject to Schedule 7. General Industrial Use.` 

 

The current land use is agricultural land, the Project will undergo a CUP and a General Plan 

Amendment for parcels 037-140-005, -022, -023. Reason for the General Plan Amendment is 

needed since it is just outside the Renewable Energy Overlay area, no Zone Change is needed 

because the zoning for agricultural zoning is maintained.  The project site is currently receiving 

water from Best Canal 110, 113, 114 and 115.  The project water delivery will decrease from the 

overall current and historic use of water.  The Project is anticipated to use approximately 3.1 AFY 

of water to operate a solar facility please refer to Table 2.. Projected raw water uses are 

summarized in Table 17. 

 
refundable application fee of $250, se.  IID website: Real Estate / Encroachments, Permissions, and Other Permitting. Fee for temporary 

service water: Schedule No. 7 General Industrial Use / Temporary Service Minimum charge for up to 5 AF, pay full flat fee for 5 AF at General 

Industrial Use rate ($425); use more than 5 AF, pay fee for actual use at General Industrial Rate ($85/AF). 
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Table 17 Project Water Uses (AFY)  

Water Use Single-Year Use  AFY 

Raw Water for Operations (Panel Washing) & Mitigation (Dust & Fire) (Years 2830)  3.1 AFY 

Construction Water (Year 1)31 32.5 AF  0 AFY 

Decommissioning Water (1 Year)  32.5 AF 0AFY 

Total Raw Water Usage  151.8 AF 86.8AF 

 

IID delivers untreated Colorado River water to the proposed Project site for agricultural uses 

through the following gates and laterals.  The 10-year record for 2011-2020 of water delivery 

accounting is shown in  

Table 18. and has a ten-year 737.2 historic average in AFY.  

 

Table 18 Ten-Year Historic Delivery (AFY), 2011-2020 

Canal/Gate 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Best 115 0 0 226.9 412.3 435.8 425.0 307.9 513.8 417.3 317.2 

Best 114 0 0 136.9 230.9 259.2 257.0 262.0 340.9 381.1 247.2 

Best 113 0 0 111.4 286.1 212.8 223.4 350.5 282.8 197.2 247.5 

Best 110 0 0 127.4 161.4 172.6 142.4 121.9 171.0 204.5 163.0 

Total 0 0 602.6 1090.7 1080.4 1047.8 1042.3 1308.5 1200.1 974.9 

Source:  IID Staff, June 2, 2021 (Jose Moreno) 

 

The proposed Project has an estimated total water demand of 151.8 AF or 5.06 AFY amortized 

over a 30-year term (for all delivery gates for Project).  Thus, the proposed Project demand is a 

reduction of 831.63 AFY from the historical 10-year average or 99 percent (99%) less than the 

historic 10-year average annual delivery for agricultural uses at the proposed Project site.  The 

proposed Project’s estimated water demand represents only .02% of the 23,800 AFY balance of 

supply available for contracting under the IWSP. 

  

 
30 180,000 gallons of water will need to be stored on-site during operation for Fire Suppression needs per Imperial County Fire 

Department standards.  

31 20,000 gallons of water will need to be stored on-site during construction per Imperial County Fire Department standards.  
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IID’s Ability to Meet Demands With Water Supply  

Non-agricultural water demands for the IID water service area are projected for 2025-2055 in Table 8, and 

IID agricultural demands including system operation are projected for 2025-2055 in  

Table 9, all volumes within the IID water service area. IID water supplies available for consumptive use after 

accounting for mandatory transfers are projected to 2077 in Table 14 (Column 11), volumes at Imperial 

Dam.  

 

 To assess IID’s ability to meet future water demands, IID historic and forecasted demands are compared 

with CRWDA Exhibit B net availability, volumes at Imperial Dam Table 14 (Column 11). The analysis requires 

accounting for system operation consumptive use within the IID water service area, from AAC at Mesa 

Lateral 5 to Imperial Dam, and for water pumped for use by the USBR Lower Colorado Water Supply Project 

(LCRWSP), an IID consumptive use component in the USBR Decree Accounting Report. IID system operation 

consumptive use for 2015 is provided in Table 19 to show the components included in the calculation and 

their 2015 volumes. 

 

Table 19  IID System Operations Consumptive Use within IID Water Service Area and from AAC at Mesa Lateral 5 to Imperial Dam, 

(KAF), 2020 

 Consumptive Use (KAF) 

IID Delivery System Evaporation 24.4 

IID Canal Seepage  90.8 

IID Main Canal Spill  10.0 

IID Lateral Canal Spill 121.5 

                                                                                                IID Seepage Interception  -39.0 

                                                                                        IID Unaccounted Canal Water -40.0 

Total IID System Operational Use, within water service area 167.8 

“Losses” from AAC @ Mesa Lat 5 to Imperial Dam 9.2 

LCWSP pump age -10 

Total System Operational Use in 2020 167.0 

Sources:  2020 Water Balance rerun 01/25/2021, and 2016 IID Water Conservation Plan 

IID’s ability to meet customer water demands through 2055 are shown in Table 20.  

 

• Non-agricultural use from Table 8 

• Agricultural and Salton Sea mitigation uses from Table 9 

• CRWDA Exhibit B net available for IID consumptive use from Table 14 

• System operation consumptive use from Table 19 
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Table 20: IID Historic and Forecasted Consumptive Use vs CRWDA Exhibit B IID Net Available Consumptive Use, volumes at Imperial 

Dam (KAFY), 2015-2055  

 2015 2020 2025 2030 2035 2040 2045 2050 2055 

Non-Ag Delivery 110.1 115.2 133.1 142.9 151.4 163.2 175.4 188.4 199.3 

Ag Delivery 2,156.8 2,165.4 2,259.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 

QSA SS Mitigation Delivery 153.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

System Op CU in IID & to 
Imperial Dam 

220.2 167.0 230.5 225.4 225.4 225.4 225.4 225.4 225.4 

IID CU at Imperial Dam 2,480.9 2,493.7 2,623.1 2,577.8 2,586.3 2,598.1 2,610.3 2,623.3 2,634.2 

Exhibit B IID Net Available for 
CU at Imperial Dam 

2,480.9 2,652.0 2,617.8 2,612.8 2,612.8 2,612.8 2,612.8 2,665.8 2,665.8 

IID Underrun/Overrun at 
Imperial Dam 

-90.0 
-98.1 -5.30 35.00 26.50 14.70 2.50 42.50 31.60 

Notes:  2015 Provisional Water Balance rerun 06/28/2019 
Non-Ag Delivery CI 15.0%, Ag Delivery CI 3.0%, QSA SS mitigation CI 15% 
QSA Salton Sea Mitigation Delivery terminates on 12/31/2017 
Underrun /Overrun = IID CU at Imperial Dam minus CRWDA Exhibit B Net Available 
Notes: Ag Delivery for 2020-2055 does not take into account land conversion for solar use nor reduction in agricultural land area due to urban 
expansion. 
 

As shown above, IID forecasted demand has the potential to exceed CRWDA Exhibit B Net 

Consumptive Use volumes during several time intervals through the lifespan projection for the 

Project.  However, due to temporary land conversion for solar use and urban land expansion that 

will reduce agricultural acres in the future, a water savings of approximately 217,000 AFY will be 

generated into the future and for the lifetime of the Project.   

 

In addition, USBR 2020 Decree Accounting Report states that IID Consumptive Use is 2,493.7 KAF 

(excludes 1,579 AF of ICS for Storage in Lake Mead and an additional 49,444 AF of conserved water 

left on the Colorado River system) with an underrun of -98.1 KAF, as reported by IID in  

2020 Annual SWRCB Report per WRO 2002-2013; that is, IID uses less than the amount in its 

approved Water Order (2,615,300  AF).  
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Table 21: 2020 Approved Water Order, Actual CU (Decree Accounting Report) and IID Underrun, KAF at Imperial Dam 

IID Approved Water Order  2,625.3 less 10 supplied by LCWSP and less 26 of additional water 

IID Consumptive Use 2,493.7 

IID Underrun /Overrun  -98.1 

Sources: 2020 IID Revised Water Order, approved on March 10, 2020,  2020 Decree Accounting Report, and 
2020 Annual Report of IID Pursuant to SWRCB Revised Order WRO 2002-2013 

 

As reported in the 2020 QSA Implementation Report  and 2020 SWRCB IID Report  and presented 

in Table 20 from 2013 to 2020 IID consumptive use (CU) resulted in underruns; i.e., annual CU was 

less than the district’s QSA Entitlement of 3.1 MAFY minus QSA/Transfer Agreements obligations. 

This would indicate that even though Table 10 shows IID Overrun/Underrun at Imperial Dam 

exceeding CRWDA Exhibit B Net Available for CU, for the 30-year life of the proposed Project, IID 

consumptive use may be less than forecasted. However, with repeal of the IID EDP in February 

2018, it is uncertain whether underruns will continue.  

  

Meanwhile, forecasted Ag Delivery reductions presented in Table 9 are premised on 

implementation of on-farm practices that will result in efficiency conservation. These reductions 

do not take into account land conversion for solar projects nor reduction in agricultural land area 

due to urban expansion; that is to say, the forecasted Ag Delivery is for acreage in 2003 with 

reduction for projected on-farm conservation efficiency. Thus, Ag Delivery demand may well be 

less than forecasted in Table 9. In any case, the proposed Project will use less water than the 

historical agricultural demand of proposed Project site, so the proposed Project will ease rather 

than exacerbate overall IID water demands.  

 

In the event that IID has issued water supply agreements that exhaust the 25 KAFY IWSP set aside, 

and it becomes apparent that IID delivery demands due to non-agriculture use are going to cause 

the district to exceed its quantified 3.1 MAFY entitlement less QSA/Transfer Agreements 

obligations, IID has identified options to meet these new non-agricultural demands. These options 

include (1) tracking water yield from temporary land conversion from agricultural to non-
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agricultural land uses (renewable solar energy); and (2) only if necessary, developing projects to 

expand the size of the district’s water supply portfolio. 

 

These factors will be discussed in the next two sections, Tracking Water Savings from Growth of 

Non-Agricultural land Uses and Expanding Water Supply Portfolio.  

 

Tracking Water Savings from Growth of Non-Agricultural Land Uses 

 

The Imperial County Board of Supervisors has targeted up to 25,000 acres of agricultural lands, 

about 5 percent (5%) of the farmable acreage served by IID, for temporary conversion to solar 

farms; because the board found that this level of reduction would not adversely affect agricultural 

production. As reported for IID’s 2020 Temporary Land Conversion Fallowing Program existing 

solar developments at the end of 2020 have converted 12,404 acres of farmland. These projects 

had a yield at-river of 65,964 AF of water in 2020. The balance of the 25,000-acre agriculture-to-

solar policy is 12,596 acres. On average, each agricultural acre converted reduces agricultural 

demand by 5.1 AFY, which results in a total at-river yield (reduction in consumptive use) of 127,500 

AFY.  

 

However, due to the nature of the conditional use permits under which solar farms are developed, 

IID cannot rely on this supply being permanently available. In fact, should a solar project 

decommission early, that land may go immediately back to agricultural use (it remains zoned an 

agricultural land). Nevertheless, during their operation, the solar farms do ameliorate pressure on 

IID to implement projects to meet demand from new non-agricultural projects.  

 

Unlike the impact of solar projects, other non-agricultural uses are projected to grow, as reflected 

in the nearly 55 percent (55%) increase in non-agricultural water demand from 107.4 KAF in 2015 

to 201.4 KAF in 2055 reflected herein in Table 8.  This increase in demand of 94 KAFY will more 

than likely be met by solar development; however, as the land remains zoned as agricultural land, 

that source is not reliable to be permanently available to IID. 

= 
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The amount of land developed for residential, commercial, and industrial purposes is projected to 

grow by 55,733 acres from 2015 to 205032 within the sphere of influence of the incorporated cities 

and specific plan areas in Imperial County.  A conservative estimate is that such development will 

displace at least another 24,500 acres of farmland based on the Imperial County Local Agency 

Formation Commission (LAFCO) sphere of influence maps and existing zoning and land use in 

Imperial County.  At 5.13 AFY yield at-river, there would be a 125,000 AFY reduction IID net 

consumptive use.   

 

The total foreseeable solar project temporary yield at-river (91,800 AFY) and municipal 

development permanent yield at-river (125,000 AFY) is to reduce forecasted IID net consumptive 

use at-river 216,800 AFY, which is more than enough to meet the forecast Demand minus Exhibit 

B Net Available volumes shown in Table 14.  This Yield at-river is sufficient to meet the forecasted 

excess of non-agricultural use over Net Available supply within the IID service area for the next 20 

years, as is required for SB 610 analysis. 

 

Farmland retirement associated with municipal development would reduce IID agricultural 

delivery requirements beyond the efficiency conservation projections shown in Table 9. Therefore, 

in the event that Schedule 7 General Industrial Use water is unavailable, the Applicants will rely on 

IID IWSP water to supply the Project, as discussed above in the section IID Water Supply Policy for 

Non-Agricultural Projects (September 2009). 

EXPANDING WATER SUPPLY PORTFOLIO 

 

While forecasted long-term annual yield-at-river from the reduction in agricultural acreage due to 

municipal development in the IID service area is sufficient to meet the forecasted excess of non-

agricultural use over CRWDA Net Available supply (Table 14) without expanding IID’s Water Supply 

Portfolio, IID has also evaluated the feasibility of a number of capital projects to increase its water 

supply portfolio. 

 
32 IRWMP, Chapter 5, Table 5-14 
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As reported in 2012 Imperial IRWMP Chapter 12, IID contracted with GEI Consultants, Inc. to 

identify a range of capital project alternatives that the district could implement. Qualitative and 

quantitative screening criteria and assumptions were developed in consultation with IID staff. 

Locations within the IID water service area with physical, geographical, and environmental 

characteristics most suited to implementing short- and long-term alternatives were identified. 

Technical project evaluation criteria included volumes of water that could be delivered and/or 

stored by each project, regulatory and permitting complexity, preliminary engineering 

components, land use requirements, and costs.  

 

After preliminary evaluation, a total of 27 projects were configured:  

 

• 17 groundwater or drain water desalination  

• 2 groundwater blending  

• 6 recycled water  

• 1 groundwater banking  

• 1 IID system conservation (concrete lining) 

Projects were assessed at a reconnaissance level to allow for comparison of project costs. IID staff 

and the board identified key factors to categorize project alternatives and establish priorities. 

Lower priority projects were less feasible due to technical, political, or financial constraints. 

Preferential criteria were features that increased the relative benefits of a project and grant it a 

higher priority.  Four criteria were used to prioritize the IID capital projects: 

 

1. Financial Feasibility. Projects whose unit cost was more than $600/AF were eliminated 

from further consideration.  

2. Annual Yield. Project alternatives generating 5,000 AF or less of total annual yield were 

determined not to be cost-effective and lacking necessary economies of scale.  
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3. Groundwater Banking. Groundwater banking to capture and store underruns is recognized 

as a beneficial use of Colorado River water. Project alternatives without groundwater 

banking were given a lower priority.   

4. Partnering. Project alternatives in which IID was dependent on others (private and/or 

public agencies) for implementation were considered to have a lower priority in the IID 

review; this criterion was reserved for the IRWMP process, where partnering is a desirable 

attribute.  

 

Based on these criteria, the top ten water expansion included six desalination, two groundwater 

blending, one system conservation, and one groundwater storage capital projects.  These capital 

projects are listed Table 22 IID Capital Project Alternatives and Cost (May 2009 price levels $)which follows. 
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Table 22 IID Capital Project Alternatives and Cost (May 2009 price levels $) 

Name Description 
Capital 

Cost 

O&M 

Cost 

Equivalent 

Annual Cost 

Unit Cost 

($/AF) 

In-Valley 

Yield (AF) 

GW 18 
Groundwater Blending E. Mesa Well 

Field Pumping to AAC 
$39,501,517 $198,000 $2,482,000 $99 25,000 

GW 19 

Groundwater Blending: E. Mesa Well 

Field Pumping to AAC w/Percolation 

Ponds 

$48,605,551 $243,000 $3,054,000 $122 25,000 

WB 1 
Coachella Valley Groundwater 

Storage 
$92,200,000 $7,544,000 $5,736,746 $266 50,000 

DES 8 
E. Brawley Desalination with Well 

Field and Groundwater Recharge 
$100,991,177 $6,166,000 $12,006,000 $480 25,000 

AWC 1 IID System Conservation Projects $56,225,000 N/A $4,068,000 $504 8,000 

DES 12 
East Mesa Desalination with Well Field 

and Groundwater Recharge 
$112,318,224 $6,336,000 $12,831,000 $513 25,000 

DES 4 
Keystone Desalination with IID Drain 

water/ Alamo River 
$147,437,743 $15,323,901 $23,849,901 $477 50,000 

DES 14 

So. Salton Sea Desalination with 

Alamo River Water and Industrial 

Distribution 

$158,619,378 $15,491,901 $24,664,901 $493 50,000 

DES 15 

So. Salton Sea Desalination with 

Alamo River Water and MCI 

Distribution 

$182,975,327 $15,857,901 $26,438,901 $529 50,000 

DES 2 
Keystone Desalination with Well Field 

and Groundwater Recharge 
$282,399,468 $13,158,000 $29,489,000 $590 50,000 

Source: Imperial IRWMP, Chapter 12; see also Imperial IRWMP Appendix N, IID Capital Projects 
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IID Near Term Water Supply Projections 
 

As mentioned above, IID’s quantified Priority 3(a) water right under the QSA/Transfer Agreements 

secures 3.1 MAF per year, less transfer obligations of water for IID’s use from the Colorado River, 

without relying on rainfall in the IID service area.   Even with this strong entitlement to water, IID 

actively promotes on-farm efficiency conservation and is implementing system efficiency 

conservation measures including seepage recovery from IID canals and the All-American Canal 

(ACC) and measures to reduce operational discharge.  As the IID website Water Department states:  

 

Through the implementation of extraordinary conservation projects, the development of 

innovative efficiency measures and the utilization of progressive management tools, the IID 

Water Department is working to ensure both the long-term viability of agriculture and the 

continued protection of water resources within its service area. 

 

Overall, agricultural water demand in the Imperial Valley will decrease due to IID system and 

grower on-farm efficiency conservation measures that are designed to maintain agricultural 

productivity at pre-QSA levels while producing sufficient yield-at-river to meet IID’s QSA/Transfer 

Agreements obligations. These efficiencies combined with the conversion of some agricultural 

land uses to non-agricultural land uses (both solar and municipal), ensure that IID can continue to 

meet the water delivery demand of its existing and future agricultural and non-agricultural water 

users, including this Project for the next 30 years and for the life of the proposed Project.   
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PUBLIC WATER SYSTEM/ LEAD AGENCY FINDINGS 

IID serves as the regional wholesale water supplier, importing raw Colorado River water and 

delivering it, untreated, to agricultural, municipal, industrial, environmental, and recreational 

water users within its Imperial Unit water service area. The County of Imperial serves as the 

responsible agency with land use authority over the proposed project.  Water Assessment findings 

are summarized as follows: 

1. IID’s annual entitlement to consumptive use of Colorado River water is capped at 3.1 MAF 

less water transfer obligations, pursuant to the QSA and Related Agreements. Under the 

terms of the CRWDA, IID is implementing efficiency conservation measure to reduce net 

consumptive use of Colorado River water needed to meet its QSA/Transfer Agreements 

obligations while retaining historical levels of agricultural productivity. 

2. In 2020 IID consumptively used 2,493.661 AF of Colorado River water (volume at Imperial 

Dam); 2,278,598 AF were delivered to customers (including recreational and 

environmental water deliveries) of which 2,165,386 AF or 95 percent went to agricultural 

users as per IID’s Water Balance run on 1/25/2021.  

3. Reduction of IID’s net consumptive use of Colorado River water under the terms of the 

Colorado River Water Delivery Agreement is to be the result of efficiency conservation 

measures. Agricultural consumptive use in the Imperial Valley will not decline. However, 

IID operational spill and tailwater will decline, impacting the Salton Sea. 

4. Due to the dependability of IID’s water rights, Colorado River flows, and Colorado River 

storage facilities for Colorado River water, it is unlikely that the water supply of IID would 

be disrupted, even in dry years or under shortage conditions because Mexico, Arizona and 

Nevada have lower priority and are responsible for reducing their water use during a 

declared Colorado River water shortage before impacting California. 

5. Historically, IID has never been denied the right to use the annual volume of water it has 

available for its consumptive uses under its entitlement. Nevertheless, IID is participating 

in discussions for possible actions in response to extreme drought on the Colorado River.   
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6. The proposed Project has an estimated total water demand of 151.8 AF or  5.06 AFY 

amortized over a 30-year term (for all delivery gates for Project). Thus, the proposed 

Project demand is a reduction of 831.63 AFY from the historical 10-year average or 99 

percent (99 %) less than the historic 10-year average annual delivery for agricultural uses 

at the proposed Project site.  

7. The Project’s water use will be covered under the Schedule 7 General Industrial Use. In the 

event that IID determines that the proposed Project is to utilize IWSP for Non-Agricultural 

Projects water, the Applicant will enter into an IWSP Water Supply Agreement with IID. In 

which case, the proposed Project would use .02 percent (.02%) of the 23,800 AFY of IWSP 

water. 

8. Based on the Environmental Impact Report (EIR) prepared for this proposed Project 

pursuant to the CEQA, California Public  Resources Code sections 21000, et seq., (SCH No. 

2021070424)  the Lead Agency hereby finds that the IID projected water supply will be 

sufficient to satisfy the demands of this proposed Project in addition to existing and 

planned future uses, including agricultural and non-agricultural uses for a 30-year Water 

Supply Assessment period and for the 30 -year proposed Project life.  
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Assessment Conclusion 

This Water Supply Assessment has determined that IID water supply is adequate for the proposed Project. 

The Imperial Irrigation District’s IWSP for Non-Agricultural Projects dedicates 25,000 AF of IID’s annual 

water supply to serve new projects. As of September 2021, 23,800 AF per year remain available for new 

projects ensuring reasonably sufficient supplies for new non-agricultural water users. The project water 

demand of approximately 151.8 AF represents amortized over 30 years equates to 5.06 AFY which is  .02% 

of the unallocated supply set aside in the IWSP for non-agricultural projects, and approximately .02 percent 

(.02%) of forecasted future non-agricultural water demands planned in the Imperial IRWMP through 2055.  

The water demand for the proposed project represents a 99% decrease from the historical average 

agricultural water use for 2011-2020 at the proposed Project site, a reduction in use of 831.63 AFY at full 

build out.  

For all the reasons described herein, the amount of water available and the stability of the IID water supply 

along with on-farm and system efficiency conservation and other measures being undertaken by IID and 

its customers ensure that Orni 30, LLC’s Brawley Solar Energy Facility Project’s water needs will be met for 

the next 30 years as assessed for compliance under SB-610. 
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Attachment A: IID Interim Water Supply Policy for Non-Agricultural 

Projects25F

33 

1.0 Purpose. 

Imperial Irrigation District (the District) is developing an Integrated Water Resources Management Plan 

(IWRMP) 
26F

34  that will identify and recommend potential programs and projects to develop new water 

supplies and new storage, enhance the reliability of existing supplies, and provide more flexibility for District 

water department operations, all in order to maintain service levels within the District's existing water 

service area.  The first phase of the IWRMP is scheduled to be completed by the end of 2009 and will 

identify potential projects, implementation strategies and funding sources.  Pending development of the 

IWRMP, the District is adopting this Interim Water Supply Policy (IWSP) for Non-Agricultural Projects, as 

defined below, in order to address proposed projects that will rely upon a water supply from the District 

during the time that the IWRMP is still under development.  It is anticipated that this IWSP will be modified 

and/or superseded to take into consideration policies and data developed by the IWRMP. 

2.0 Background. 

The IWRMP will enable the District to more effectively manage existing water supplies and to maximize the 

District's ability to store or create water when the available water supplies exceed the demand for such 

water.  The stored water can be made available for later use when there is a higher water demand.  Based 

upon known pending requests to the District for water supply assessments/verifications and pending 

applications to the County of Imperial for various Non-Agricultural Projects, the District currently estimates 

that up to 50,000 acre feet per year (AFY) of water could potentially be requested for Non-Agricultural 

Projects over the next ten to twenty years.  Under the IWRMP the District shall evaluate the projected 

water demand of such projects and the potential means of supplying that amount of water.  This IWSP 

currently designates up to 25,000 AFY of water for potential Non-Agricultural Projects within IID's water 

service area.  Proposed Non-Agricultural projects may be required to pay a Reservation Fee, further 

described below.  The reserved water shall be available for other users until such Non-Agricultural projects 

are implemented and require the reserved water supply. This IWSP shall remain in effect pending the 

approval of further policies that will be adopted in association with the IWRMP.  

3.0 Terms and Definitions.   

3.1 Agricultural Use.  Uses of water for irrigation, crop production and leaching.  

 
33 IID Board Resolution 31-2009. Interim Water Supply Policy for New Non-Agricultural Projects. September 29, 2009. < IID Interim 

Water Supply Policy for Non-Agricultural Projects> 

34 The 2009 Draft IID IWRMP has been superseded by the October 2012 Imperial IRWMP, which incorporates the conditions of the 

IWSP by reference. 
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3.2 Connection Fee.  A fee established by the District to physically connect a new Water User to the 

District water system. 

3.3 Industrial Use.  Uses of water that are not Agricultural or Municipal, as defined herein, such as 

manufacturing, mining, cooling water supply, energy generation, hydraulic conveyance, gravel washing, fire 

protection, oil well re-pressurization and industrial process water. 

3.4 Municipal Use.  Uses of water for commercial, institutional, community, military, or public water 

systems, whether in municipalities or in unincorporated areas of Imperial County. 

3.5 Mixed Use.  Uses of water that involve a combination of Municipal Use and Industrial Use.  

3.6 Non-Agricultural Project.  Any project which has a water use other than Agricultural Use, as defined 

herein.   

3.7 Processing Fee.  A fee charged by the District Water Department to reimburse the District for staff 

time required to process a request for water supply for a Non-Agricultural Project. 

3.8 Reservation Fee.  A non-refundable fee charged by the District when an application for water 

supply for a Non-Agricultural Project is deemed complete and approved.  This fee is intended to offset the 

cost of setting aside the projected water supply for the project during the period commencing from the 

completion of the application to start-up of construction of the proposed project and/or execution of a 

water supply agreement.  The initial payment of the Reservation Fee will reserve the projected water supply 

for up to two years.  The Reservations Fee is renewable for up to two additional two-year periods upon 

payment of an additional fee for each renewal. 

3.9 Water Supply Development Fee.  An annual fee charged to some Non-Agricultural Projects by the 

District, as further described in Section 5.2 herein.  Such fees shall assist in funding IWRMP or related water 

supply projects, 

3.10 Water User.  A person or entity that orders or receives water service from the District. 

4.0. CEQA Compliance. 

4.1 The responsibility for CEQA compliance for new development projects within the unincorporated 

area of the County of Imperial attaches to the County of Imperial or, if the project is within the boundaries 

of a municipality, the particular municipality, or if the project is subject to the jurisdiction of another agency, 

such as the  California Energy Commission, the particular agency.  The District will coordinate with the 

County of Imperial, relevant municipality, or other agency to help ensure that the water supply component 

of their respective general plans is comprehensive and based upon current information.  Among other 

things, the general plans should assess the direct, indirect and cumulative potential impacts on the 

environment of using currently available water supplies for new industrial, municipal, commercial and/or 

institutional uses instead of the historical use of that water for agriculture.  Such a change in land use, and 
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the associated water use, could potentially impact land uses, various aquatic and terrestrial species, water 

quality, air quality and the conditions of drains, rivers and the Salton Sea. 

4.2 When determining whether to approve a water supply agreement for any Non-Agricultural Project 

pursuant to this IWSP, the District will consider whether potential environmental and water supply impacts 

of such proposed projects have been adequately assessed, appropriate mitigation has been developed and 

appropriate conditions have been adopted by the relevant land use permitting/approving agencies, before 

the District approves any water supply agreement for such project. 

5.0. Applicability of Fees for Non-Agricultural Projects.27F

35 

5.1 Pursuant to this Interim Water Supply Policy, applicants for water supply for a Non-Agricultural 

Project shall be required to pay a Processing Fee and may be required to pay a Reservation Fee as shown 

in Table A.  All Water Users shall also pay the applicable Connection Fee, if necessary, and regular water 

service fees according to the District water rate schedules, as modified from time to time. 

5.2 A Non-Agricultural Project may also be subject to an annual Water Supply Development Fee, 

depending upon the nature, complexity, and water demands of the proposed project.  The District will 

determine whether a proposed Non-Agricultural Project is subject to the Water Supply Development Fee 

for water supplied pursuant to this IWSP as follows: 

5.2.1. A proposed project that will require water for a Municipal Use shall be subject to an annual Water 

Supply Development Fee as set forth in Table B if the projected water demand for the project is in excess 

of the project’s estimated population multiplied by the District-wide per capita usage.  Municipal Use 

projects without an appreciable residential component will be analyzed under sub-section 5.2.3.   

5.2.2. A proposed project that will require water for an Industrial Use located in an unincorporated area 

of the County of Imperial shall be subject to an annual Water Supply Development Fee as set forth in Table 

B. 

5.2.3. The applicability of the Water Supply Development Fee set forth in Table B to Mixed Use projects, 

Industrial Use projects located within a municipality, or Municipal Use projects without an appreciable 

residential component, will be determined by the District on a case-by-case basis, depending upon the 

proportion of types of land uses and the water demand proposed for the project.   

5.3. A proposed Water User for a Non-Agricultural Projects may elect to provide some or all of the 

required water supply by paying for and implementing some other means of providing water in a manner 

approved by the District, such as conservation projects, water storage projects and/or use of an alternative 

source of supply, such as recycled water or some source of water other than from the District water supply.  

Such election shall require consultation with the District regarding the details of such alternatives and a 

 
35 The most recent fee schedules can be found in a link at IID/Water/ Municipal, Industrial and Commercial Customers; or visit by 

URL at Imperial Irrigation District : Water Rate Schedules 
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determination by the District, in its reasonable discretion, concerning how much credit, if any, should be 

given for such alternative water supply as against the project's water demand for purposes of determining 

the annual Water Supply Development Fee for such project. 

5.4 The District Board shall have the right to modify the fees shown on Tables A and B from time to 

time. 

6. Water Supply Development Fees collected by the District under this IWSP shall be accounted for 

independently, including reasonable accrued interest, and such fees shall only be used to help fund IWRMP 

or related District water supply projects.  

7. Any request for water service for a proposed Non-Agricultural Project that meets the criteria for a 

water supply assessment pursuant to Water Code Sections 10910-10915 or a water supply verification 

pursuant to Government Code Section 66473.7 shall include all information required by Water Code 

Sections 10910 –10915 or Government Code Section 66473.7 to enable the District to prepare the water 

supply assessment or verification.  All submittals should include sufficient detail and analysis regarding the 

project’s water demands, including types of land use and per capita water usage, necessary to make the 

determinations outlined in Section 5.2.  

8. Any request for water service for a proposed Non-Agricultural Project that does not meet the 

criteria for a water supply assessment pursuant to Water Code Section 10910-10915 or water supply 

verification pursuant to Government Code Section 66473.7 shall include a complete project description 

with a detailed map or diagram depicting the footprint of the proposed project, the size of the footprint, 

projected water demand at full implementation of the project and a schedule for implementing water 

service.  All submittals should include sufficient detail and analysis regarding the project’s water demands, 

including types of land use and per capita water usage, necessary to make the determinations outlined in 

Section 5.2. 

9. All other District rules and policies regarding a project applicant or Water User's responsibility for 

paying connection fees, costs of capital improvements and reimbursing the District for costs of staff and 

consultant's time, engineering studies and administrative overhead required to process and implement 

projects remain in effect.   

10. Municipal Use customers shall be required to follow appropriate water use efficiency best 

management practices (BMPs), including, but not limited to those established by the California Urban 

Water Conservation Council BMP’s (see http://www.cuwcc.org/mou/exhibit-1-bmp-definitions-schedules-

requirements.aspx), or other water use efficiency standards, adopted by the District or local government 

agencies.  

11. Industrial Use customers shall be required to follow appropriate water use efficiency BMP’s, 

including but not limited to those established by the California Urban Water Conservation Council and 

California Energy Commission, as well as other water use efficiency standards, adopted by the District or 

local government agencies.  
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12. The District may prescribe additional or different BMPs for certain categories of Municipal and 

Industrial Water Users.   
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1.0  EXECUTIVE SUMMARY 

1.1 Purpose of Analysis and Study Objectives 

This  Noise  Impact  Analysis  has  been  prepared  to  determine  the  noise  impacts  associated  with  the 
proposed Brawley Solar Energy Facility Project (proposed project).  The following is provided in this report: 

 A description of the study area and the proposed project;  

 Information regarding the fundamentals of noise;  

 Information regarding the fundamentals of vibration; 

 A description of the local noise guidelines and standards;  

 An evaluation of the current noise environment; 

 An analysis of  the potential  short‐term construction‐related noise  impacts  from  the proposed 
project; and, 

 An analysis of long‐term operations‐related noise impacts from the proposed project.   

1.2 Site Location and Study Area 

The project site is located in the County of Imperial (County).  The approximately 225‐acre project site is 
currently alfalfa fields within different levels of harvest and is bounded by undeveloped agricultural land 
to the north and to the east, undeveloped agricultural land and dirt lots used for staging actives to the 
south, and City of Brawley Wastewater Treatment Plan to the west.   The Union Pacific Railroad (UPRR 
runs through the western portion of the project site  in a generally north‐south direction.   The project 
study area is shown in Figure 1. 

Sensitive Receptors in Project Vicinity 

The nearest sensitive receptor to the project site is a single‐family home located as near as 40 feet to the 
north side of the project site (near the northwest corner of the project site).  There are also homes located 
on the east side of Best Avenue that are as near as 120 feet east of the project site.  The nearest school is 
Brawley Union High School and Desert Valley High School, which is located as near as 2.7 miles south of 
the project site and Barbara Worth Junior High School, which is located as near as 2.8 miles south of the 
project site. 

1.3 Proposed Project Description 

The proposed project would consist of development of solar energy  facility  located at 5003 Best Ave, 
Brawley.   The Brawley solar energy  facility  includes a 40 Megawatt  (MW)/160 Megawatt hour  (MWh) 
photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy storage system (BESS).  The BESS will 
be located on the south side of the project site, approximately in the middle of the project site and the 
proposed transformers will be located on the west side of the BESS.  The BESS will be located on a concrete 
pad and will consist of 12 banks of enclosures, totaling up to 432 enclosures.  Each bank of batteries will 
be supported by a DC Combiner, control panel and inverter/transformer skid. 

Power generated by the proposed project would be low voltage direct current (DC) power that would be 
collected and routed to a series of inverters and their associated pad‐mounted transformers. The inverters 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Noise Impact Analysis 
Imperial County 

Page 2 

 

would convert  the DC power generated by  the panels  to alternating current  (AC) power and  the pad 
mounted  transformers would  step  up  the  voltage.  The  Project would  connect  to  the North  Brawley 
Geothermal  Power Plant  substation  southwest of  the Project  site  via  an  approximately  1.6‐mile‐long 
aboveground 92 kilovolt (kV) generation tie line (gen‐tie line). Energy generated and stored by the project 
will be sold to the wholesale market or retail electric providers in furtherance of the goals of the California 
Renewable Energy Portfolio Standards and other similar renewable programs  in  the Pacific Southwest 
power market.  The proposed site plan is shown in Figure 2. 

1.4 Standard Noise Regulatory Conditions 

The proposed project will be required to comply with the following regulatory conditions from the County 
of Imperial and State of California.  

County of Imperial Noise Regulations 

The following lists the noise/land use compatibility standards from the Noise Element of the General Plan 
that are applicable, but not limited to the proposed project. 

 Property Line Noise Standards 

 Construction Noise Standards 

State of California Noise Regulations 

The  following  lists  the State of California noise  regulations  that are applicable, but not  limited  to  the 
proposed project. 

 California Vehicle Code Section 2700‐27207 – On Road Vehicle Noise Limits 

 California Vehicle Code Section 38365‐38350 – Off‐Road Vehicle Noise Limits 

1.5 Summary of Analysis Results 

The following is a summary of the proposed project’s impacts with regard to the State CEQA Guidelines 
noise checklist questions. 

Generation of a substantial temporary or permanent increase in ambient noise levels in the vicinity of 
the project in excess of standards established in the local general plan or noise ordinance, or 
applicable standards of other agencies? 

Less than significant impact.  

Generation of excessive groundborne vibration or groundborne noise levels? 

Less than significant impact.  

For a project located within the vicinity of a private airstrip or an airport land use plan or, where such 
a plan has not been adopted, within two miles of a public airport or public use airport, would the 
project expose people residing or working in the project area to excessive noise levels? 

No impact.  
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1.6 Mitigation Measures for the Proposed Project 

This analysis found that through adherence to the noise and vibration regulations detailed in Section 1.4 
above, all noise and vibration impacts would be reduced to less than significant levels and no mitigation 
is required. 
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2.0  NOISE FUNDAMENTALS  

Noise is defined as unwanted sound.  Sound becomes unwanted when it interferes with normal activities, 
when it causes actual physical harm or when it has adverse effects on health.  Sound is produced by the 
vibration of sound pressure waves in the air.  Sound pressure levels are used to measure the intensity of 
sound and are described in terms of decibels. The decibel (dB) is a logarithmic unit which expresses the 
ratio of the sound pressure level being measured to a standard reference level.  A‐weighted decibels (dBA) 
approximate  the  subjective  response  of  the  human  ear  to  a  broad  frequency  noise  source  by 
discriminating against very low and very high frequencies of the audible spectrum.  They are adjusted to 
reflect only those frequencies which are audible to the human ear.   

2.1 Noise Descriptors 

Noise Equivalent sound levels are not measured directly, but are calculated from sound pressure levels 
typically measured in A‐weighted decibels (dBA).  The equivalent sound level (Leq) represents a steady 
state sound level containing the same total energy as a time varying signal over a given sample period.  
The worst‐hour traffic Leq, which  is usually the peak traffic hour  is the noise metric used by California 
Department of Transportation (Caltrans) for all traffic noise impact analyses. 

The Day‐Night Average Level (Ldn) is the weighted average of the intensity of a sound, with corrections 
for time of day, and averaged over 24 hours.   The  time of day corrections require  the addition of ten 
decibels to sound  levels at night between 10 p.m. and 7 a.m.   The Community Noise Equivalent Level 
(CNEL) is similar to the Ldn, except that it has an added 4.77 decibels to sound levels during the evening 
hours between 7 p.m. and 10 p.m.  These additions are made to the sound levels at these time periods 
because during the evening and nighttime hours, when compared to daytime hours, there is a decrease 
in the ambient noise levels, which creates an increased sensitivity to sounds.  For this reason the sound 
appears louder in the evening and nighttime hours and is weighted accordingly.  The County of Imperial 
also relies on the CNEL noise standard to assess transportation‐related  impacts on noise sensitive  land 
uses.   

2.2 Tone Noise  

A pure tone noise is a noise produced at a single frequency and laboratory tests have shown that humans 
are more perceptible to changes  in noise  levels of a pure tone.   For a noise source to contain a “pure 
tone,” there must be a significantly higher A‐weighted sound energy in a given frequency band than in the 
neighboring bands, thereby causing the noise source to “stand out” against other noise sources.  A pure 
tone occurs if the sound pressure level in the one‐third octave band with the tone exceeds the average of 
the sound pressure levels of the two contiguous one‐third octave bands by: 

 5 dB for center frequencies of 500 hertz (Hz) and above 

 8 dB for center frequencies between 160 and 400 Hz 

 15 dB for center frequencies of 125 Hz or less 

  

2.3 Noise Propagation 

From the noise source to the receiver, noise changes both  in  level and frequency spectrum.   The most 
obvious is the decrease in noise as the distance from the source increases.  The manner in which noise 
reduces  with  distance  depends  on  whether  the  source  is  a  point  or  line  source  as  well  as  ground 
absorption, atmospheric effects and refraction, and shielding by natural and manmade features.  Sound 
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from point sources, such as air conditioning condensers, radiate uniformly outward as it travels away from 
the source in a spherical pattern.  The noise drop‐off rate associated with this geometric spreading is 6 
dBA per each doubling of  the distance  (dBA/DD) between  source and  receiver.   Transportation noise 
sources such as roadways are typically analyzed as line sources, since at any given moment the receiver 
may be impacted by noise from multiple vehicles at various locations along the roadway.  Because of the 
geometry of a line source, the noise drop‐off rate associated with the geometric spreading of a line source 
is 3 dBA/DD.   

2.4 Ground Absorption 

The sound drop‐off rate is highly dependent on the conditions of the land between the noise source and 
receiver.   To account  for  this ground‐effect attenuation  (absorption),  two  types of site conditions are 
commonly used in traffic noise models, soft‐site and hard‐site conditions.  Soft‐site conditions account for 
the sound propagation loss over natural surfaces such as normal earth and ground vegetation.  For point 
sources,  a  drop‐off  rate  of  7.5  dBA/DD  is  typically  observed  over  soft  ground  with  landscaping,  as 
compared with a 6.0 dBA/DD drop‐off rate over hard ground such as asphalt, concrete, stone and very 
hard packed earth.  For line sources a 4.5 dBA/DD is typically observed for soft‐site conditions compared 
to the 3.0 dBA/DD drop‐off rate for hard‐site conditions.  Caltrans research has shown that the use of soft‐
site conditions  is more appropriate  for  the application of  the Federal Highway Administration  (FHWA) 
traffic noise prediction model used  in  this analysis as most ground  surfaces between  the  source and 
receptor will provide some noise absorption. 
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3.0  GROUND‐BORNE VIBRATION FUNDAMENTALS 

Ground‐borne vibrations consist of rapidly fluctuating motions within the ground that have an average 
motion of zero. The effects of ground‐borne vibrations typically only cause a nuisance to people, but at 
extreme vibration  levels damage to buildings may occur.   Although ground‐borne vibration can be felt 
outdoors, it is typically only an annoyance to people indoors where the associated effects of the shaking 
of a building can be notable.  Ground‐borne noise is an effect of ground‐borne vibration and only exists 
indoors, since it is produced from noise radiated from the motion of the walls and floors of a room and 
may also consist of the rattling of windows or dishes on shelves.  

3.1 Vibration Descriptors  

There are several different methods that are used to quantify vibration amplitude such as the maximum 
instantaneous peak in the vibrations velocity, which  is known as the peak particle velocity (PPV) or the 
root mean  square  (rms) amplitude of  the vibration velocity.   Due  to  the  typically  small amplitudes of 
vibrations, vibration velocity is often expressed in decibels and is denoted as (Lv) and is based on the rms 
velocity amplitude.  A commonly used abbreviation is vibration decibels (VdB), which in this text, is when 
Lv is based on the reference quantity of 1 micro inch per second.  

3.2 Vibration Perception  

Typically, developed areas are continuously affected by vibration velocities of 50 VdB or  lower.   These 
continuous vibrations are not noticeable to humans whose threshold of perception is around 65 VdB.  Off‐
site sources that may produce perceptible vibrations are usually caused by construction equipment, steel‐
wheeled trains, and traffic on rough roads, while smooth roads rarely produce perceptible ground‐borne 
noise or vibration.   

3.3 Vibration Propagation  

The propagation of ground‐borne vibration is not as simple to model as airborne noise.  This is due to the 
fact that noise in the air travels through a relatively uniform median, while ground‐borne vibrations travel 
through  the earth which may contain significant geological differences. There are three main types of 
vibration propagation; surface, compression, and shear waves.  Surface waves, or Rayleigh waves, travel 
along the ground’s surface.   These waves carry most of their energy along an expanding circular wave 
front, similar to ripples produced by throwing a rock into a pool of water.  P‐waves, or compression waves, 
are body waves that carry their energy along an expanding spherical wave front.  The particle motion in 
these waves  is  longitudinal  (i.e.,  in a  “push‐pull”  fashion).   P‐waves are analogous  to airborne  sound 
waves.  S‐waves, or shear waves, are also body waves that carry energy along an expanding spherical wave 
front.  However, unlike P‐waves, the particle motion is transverse or “side‐to‐side and perpendicular to 
the direction of propagation.” 

As vibration waves propagate from a source, the vibration energy decreases in a logarithmic nature and 
the vibration levels typically decrease by 6 VdB per doubling of the distance from the vibration source.  As 
stated above, this drop‐off rate can vary greatly depending on the soil but has been shown to be effective 
enough  for  screening purposes,  in order  to  identify potential  vibration  impacts  that may need  to be 
studied through actual field tests. 
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4.0  REGULATORY SETTING 

The project site is located in the County of Imperial. Noise regulations are addressed through the efforts 
of various federal, state, and local government agencies.  The agencies responsible for regulating noise 
are discussed below. 

4.1 Federal Regulations 

The adverse impact of noise was officially recognized by the federal government in the Noise Control Act 
of 1972, which serves three purposes: 

 Promulgating noise emission standards for interstate commerce 

 Assisting state and local abatement efforts 

 Promoting noise education and research 

The Federal Office of Noise Abatement and Control (ONAC) was  initially tasked with  implementing the 
Noise Control Act.   However, the ONAC has since been eliminated,  leaving the development of federal 
noise policies and programs  to other  federal agencies and  interagency committees.   For example,  the 
Occupational Safety and Health Administration (OSHA) agency prohibits exposure of workers to excessive 
sound levels.  The Department of Transportation (DOT) assumed a significant role in noise control through 
its various operating agencies.  The Federal Aviation Administration (FAA) regulates noise of aircraft and 
airports.   Surface transportation system noise  is regulated by a host of agencies,  including the Federal 
Transit Administration (FTA).  Transit noise is regulated by the federal Urban Mass Transit Administration 
(UMTA), while  freeways  that are part of  the  interstate highway  system are  regulated by  the  Federal 
Highway  Administration  (FHWA).    Finally,  the  federal  government  actively  advocates  that  local 
jurisdictions use their land use regulatory authority to arrange new development in such a way that “noise 
sensitive” uses  are  either prohibited  from being  sited  adjacent  to  a highway or,  alternately  that  the 
developments are planned and constructed in such a manner that potential noise impacts are minimized. 

Although the proposed project is not under the jurisdiction of the FTA, the FTA is the only agency that has 
defined what constitutes a significant noise impact from implementing a project.  The FTA standards are 
based  on  extensive  studies  by  the  FTA  and  other  governmental  agencies  on  the  human  effects  and 
reaction to noise and a summary of the FTA findings are provided below in Table A.   

Table A – FTA Project Effects on Cumulative Noise Exposure 

Existing Noise Exposure  
(dBA Leq or Ldn) 

Allowable Noise Impact Exposure dBA Leq or Ldn 

Project Only  Combined  Noise Exposure Increase 

45  51  52  +7 

50  53  55  +5 

55  55  58  +3 

60  57  62  +2 

65  60  66  +1 

70  64  71  +1 

75  65  75  0 

Source: Federal Transit Administration, 2018. 
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Since the federal government has preempted the setting of standards for noise levels that can be emitted 
by transportation sources, the City is restricted to regulating noise generated by the transportation system 
through nuisance abatement ordinances and land use planning. 

4.2 State Regulations 

Noise Standards 

California Department of Health Services Office of Noise Control 

Established  in 1973,  the California Department of Health  Services Office of Noise Control  (ONC) was 
instrumental  in developing  regularity  tools  to control and abate noise  for use by  local agencies.   One 
significant model is the “Land Use Compatibility for Community Noise Environments Matrix,” which allows 
the local jurisdiction to clearly delineate compatibility of sensitive uses with various incremental levels of 
noise. 

California Noise Insulation Standards 

Title 24, Chapter 1, Article 4 of the California Administrative Code (California Noise Insulation Standards) 
requires noise insulation in new hotels, motels, apartment houses, and dwellings (other than single‐family 
detached housing) that provides an annual average noise level of no more than 45 dBA CNEL.  When such 
structures are located within a 60‐dBA CNEL (or greater) noise contour, an acoustical analysis is required 
to ensure  that  interior  levels do not exceed  the 45‐dBA CNEL annual  threshold.    In addition, Title 21, 
Chapter 6, Article 1 of  the California Administrative Code  requires  that all habitable  rooms, hospitals, 
convalescent homes, and places of worship shall have an  interior CNEL of 45 dB or  less due to aircraft 
noise. 

Government Code Section 65302 

Government Code Section 65302 mandates that the legislative body of each county and city in California 
adopt a noise element as part of its comprehensive general plan.  The local noise element must recognize 
the  land  use  compatibility  guidelines  published  by  the  State  Department  of  Health  Services.    The 
guidelines rank noise  land use compatibility  in terms of normally acceptable, conditionally acceptable, 
normally unacceptable, and clearly unacceptable. 

Vibration Standards 

Title 14 of  the California Administrative Code Section 15000  requires  that all  state and  local agencies 
implement  the California Environmental Quality Act  (CEQA) Guidelines, which  requires  the analysis of 
exposure of persons to excessive groundborne vibration.  However, no statute has been adopted by the 
state that quantifies the level at which excessive groundborne vibration occurs.   

Caltrans issued the Transportation‐ and Construction‐Induced Vibration Guidance Manual in 2004.  The 
manual provides practical guidance to Caltrans engineers, planners, and consultants who must address 
vibration  issues  associated  with  the  construction,  operation,  and  maintenance  of  Caltrans  projects.  
However, this manual  is also used as a reference point by many  lead agencies and CEQA practitioners 
throughout California, as it provides numeric thresholds for vibration impacts.  Thresholds are established 
for continuous (construction‐related) and transient (transportation‐related) sources of vibration, which 
found that the human response becomes distinctly perceptible at 0.25 inch per second PPV for transient 
sources and 0.04 inch per second PPV for continuous sources.  
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4.3 Local Regulations 

The County of  Imperial General Plan and Municipal Code establishes  the  following applicable policies 
related to noise and vibration.   

County of Imperial General Plan Noise Element 

The General Plan Noise Element provides the following noise standards: 

1. Interior Noise Standards 

The California Noise Insulation Standards, California Code of Regulations Title 24, establishes a maximum 
interior noise  level, with windows closed, of 45 dB CNEL, due  to exterior sources. This requirement  is 
applicable  to new hotels, motels, apartment houses and dwellings other  than detached  single‐family 
dwellings. 

The  County  of  Imperial  hereby  establishes  the  following  additional  interior  noise  standards  to  be 
considered in acoustical analyses.  

 The interior noise standard for detached single family dwellings shall be 45 dB CNEL. 

 The interior noise standard for schools, libraries, offices and other noise sensitive areas where the 
occupancy  is normally only  in  the day  time,  shall be 50 dB averaged over  a one‐hour period 
(Leq(1)). 

2. Property Line Noise Standards 

The Property Line Noise Limits listed in Table 9 shall apply to noise generation from one property to an 
adjacent property. The standards imply the existence of a sensitive receptor on the adjacent, or receiving, 
property.  In  the  absence  of  a  sensitive  receptor,  an  exception  or  variance  to  the  standards may  be 
appropriate. These standards do not apply to construction noise. 

These standards are  intended to be enforced through the County's code enforcement program on the 
basis of complaints received from persons impacted by excessive noise. It must be acknowledged that a 
noise  nuisance  may  occur  even  though  an  objective  measurement  with  a  sound  level  meter  is  not 
available.  In such cases,  the County may act  to  restrict disturbing, excessive, or offensive noise which 
causes discomfort or annoyance to reasonable persons of normal sensitivity residing in an area. 

Table B – County of Imperial Property Line Noise Limits 

Zone  Time 
Applicable Limit One‐hour 

Average Sound Level (Decibels) 

Residential Zones 
7 a.m. to 10 p.m.  50 

10 p.m. to 7 a.m.  45 

Multi‐Residential Zones 
7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

Commercial Zones 
7 a.m. to 10 p.m.  60 

10 p.m. to 7 a.m.  55 

Light Industrial/Industrial Park Zones  Anytime  70 

General Industrial Zones  Anytime  75 
Note: When the noise‐generating property and the receiving property have different uses, the more restrictive standard shall apply. When 
the ambient noise level is equal to or exceeds the Property Line noise standard, the increase of the existing or proposed noise shall not exceed 
3 dB Leq. 
Source: County of Imperial, 2015. 
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3. Construction Noise Standards 

Construction noise, from a single piece of equipment or a combination of equipment, shall not exceed 75 
dB Leq, when averaged over an eight (8) hour period, and measured at the nearest sensitive receptor. 
This standard assumes a construction period, relative to an individual sensitive receptor of days or weeks. 
In cases of extended length construction times, the standard may be tightened so as not to exceed 75 dB 
Leq when averaged over a one (1) hour period. 

Construction equipment operation shall be  limited  to  the hours of 7 a.m.  to 7 p.m., Monday  through 
Friday, and 9 a.m. to 5 p.m. Saturday. No commercial construction operations are permitted on Sunday 
or holidays. In cases of a person constructing or modifying a residence for himself/herself, and if the work 
is not being performed as a business, construction equipment operations may be performed on Sundays 
and holidays between the hours of 9 a.m. and 5 p.m.  Such non‐commercial construction activities may 
be further restricted where disturbing, excessive, or offensive noise causes discomfort or annoyance to 
reasonable persons of normal sensitivity residing in an area. 

4. Significant Increase of Ambient Noise Levels 

The  increase  of  noise  levels  generally  results  in  an  adverse  impact  to  the  noise  environment.  The 
Noise/Land Use Compatibility Guidelines are not intended to allow the increase of ambient noise levels 
up to the maximum without consideration of feasible noise reduction measures. The following guidelines 
are established by the County of Imperial for the evaluation of significant noise impact. 

a. If the future noise level after the project is completed will be within the "normally acceptable" 
noise levels shown in the Noise/Land Use Compatibility Guidelines, but will result in an increase 
of 5 dB CNEL or greater, the project will have a potentially significant noise impact and mitigation 
measures must be considered. 

b. If  the  future  noise  level  after  the  project  is  completed  will  be  greater  than  the  "normally 
acceptable" noise levels shown in the Noise/Land Use Compatibility Guidelines, a noise increase 
of 3 dB CNEL or greater shall be considered a potentially significant noise impact and mitigation 
measures must be considered. 

The  following  applicable  goals,  objectives,  and  policies  to  the  proposed  project  are  from  the  Noise 
Element of the General Plan.  

Goal 1:  Provide an acceptable noise environment for existing and future residents in Imperial County. 

Objective 1.3   Control noise levels at the source where feasible. 

Objective 1.4  Coordinate  with  airport  operators  to  ensure  operations  are  in  conformance  with 
approved Airport Land Use Compatibility Plans 

Goal 2:  Review proposed projects  for noise  impacts and  require design which will provide acceptable 
indoor and outdoor noise environments. 

Objective 2.3  Work with project proponents to utilize site planning, architectural design, construction, 
and noise barriers to reduce noise impacts as projects as proposed. 
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Policy 1:  Acoustical Analysis of Proposed Projects 

The County shall require the analysis of proposed discretionary projects which may generate excessive 
noise  or which may  be  impacted  by  existing  excessive  noise  levels,  including  but  not  limited  to  the 
following: 

 An analysis shall be required  for any project which would be  located, all or  in part,  in a Noise 
Impact Zone as specified above. 

 An analysis shall be required for any project which has the potential to generate noise in excess 
of the Property Line Noise Limits stated in Table 9 (see Table B). 

 An analysis shall be required for any project which, although not located in a Noise Impact Zone, 
has  the potential  to result  in a significant  increase  in noise  levels  to sensitive receptors  in  the 
community. 

An acoustical analysis and  report  shall be prepared by a person deemed qualified by  the Director of 
Planning. The report shall describe the existing noise environment, the proposed project, the projected 
noise impact and, if required, the proposed mitigation to ensure conformance with applicable standards.  

County of Imperial Municipal Code 

The County of Imperial Municipal Code establishes the following applicable standards related to noise. 

90702.00 – Sound level limits 

A. It is unlawful for any person to cause noise by any means to the extent that the applicable one‐
hour average sound level set out in the following table (see Table C) is exceeded, at any location 
in  the county of  Imperial on or beyond  the boundaries of  the property on which  the noise  is 
produced. 

Table C – County of Imperial Municipal Code Sound Level Limits 

Land Use Zone  Time of Day 
One Hour Average Sound 

Level (decibels) 

1. Residential: 
All R‐1  

7 a.m. to 10 p.m.  50 

10 p.m. to 7 a.m.  45 

2. Residential: 
All R‐2 

7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

3. Residential: 
R‐3, R‐4 & all Other Residential 

7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

4. All commercial 
7 a.m. to 10 p.m.  60 

10 p.m. to 7 a.m.  55 

5. Manufacturing, all other industrial, including 
agricultural & extraction industry 

Anytime  70 

6. General industrial  Anytime  75 
Source: County of Imperial, 2015. 

 

B. The sound level limit between two zoning districts (different land uses) shall be measured at the 
property line between the properties. 

C. Fixed‐location  public  utility  distribution  or  transmission  facilities  located  on  or  adjacent  to  a 
property line shall be subject to the noise level limits of subsection A of this section, measured at 
or beyond six feet from the boundary of the easement upon which the equipment is located. 
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5.0  EXISTING NOISE CONDITIONS 

To determine the existing noise levels, noise measurements have been taken in the vicinity of the project 
site.   The  field survey noted  that noise within  the proposed project area  is generally characterized by 
vehicle traffic on Best Avenue, which is located adjacent to the east side of the project site as well as train 
noise from the UPRR that runs through the western portion of the project site.  The following describes 
the measurement procedures, measurement locations, noise measurement results, and the modeling of 
the existing noise environment.   

5.1 Noise Measurement Equipment  

The noise measurements were  taken using  three Larson Davis Model LXT1 Type 1 sound  level meters 
programmed in “slow” mode to record the sound pressure level at 1‐second intervals for 24 hours in “A” 
weighted form.  In addition, the Leq averaged over the entire measuring time and Lmax were recorded with 
both sound level meters.  The sound level meters and microphones were mounted on fences and power 
poles on the project site, in the vicinity of the nearby homes.  The noise meters were mounted on fences 
and  poles  that  were  placed  between  four  and  six  feet  above  the  ground  and  were  equipped  with 
windscreens during all measurements.  The noise meters were calibrated before and after the monitoring 
using a Larson Davis Cal200 calibrator.  All noise level measurement equipment meets American National 
Standards Institute specifications for sound level meters (S1.4‐1983 identified in Chapter 19.68.020.AA). 

Noise Measurement Locations 

The noise monitoring locations were selected in order to obtain the existing noise levels on the project 
site, in the vicinity of the nearby homes.  Descriptions of the noise monitoring sites are provided below in 
Table D and are shown in Figure 3.  Appendix A includes a photo index of the study area and noise level 
measurement locations. 

Noise Measurement Timing and Climate 

The noise measurements were recorded between 12:48 p.m. on Thursday, April, 22, 2021 and 1:09 p.m. 
on Friday, April 23, 2021.   At  the start of  the noise measurements,  the sky was clear  (no clouds),  the 
temperature was 80 degrees Fahrenheit, the humidity was 45 percent, barometric pressure was 29.89 
inches of mercury, and the wind was blowing around four miles per hour. Overnight, the temperature 
dropped to 53 degrees Fahrenheit.  At the conclusion of the noise measurements, the sky was hazy, the 
temperature was 82 degrees Fahrenheit, the humidity was 23 percent, barometric pressure was 29.99 
inches of mercury, and the wind was blowing around seven miles per hour.   

5.2 Noise Measurement Results 

The results of the noise level measurements are presented in Table D. The measured sound pressure levels 
in dBA have been used to calculate the minimum and maximum Leq averaged over 1‐hour intervals.  Table 
D also shows the Leq, Lmax, and CNEL, based on the entire measurement time. The noise monitoring data 
printouts are included in Appendix B.  Figure 4 shows a graph of the 24‐hour noise measurements. 
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Table D – Existing (Ambient) Noise Level Measurements 

Site 
No.  Site Description 

Average (dBA Leq)  1‐hr Average (dBA Leq/Time)  Average 
(dBA CNEL) Daytime1  Nighttime2  Minimum  Maximum 

1 

Located near the southeast corner of the 
project site, on a power pole, 
approximately 55 feet west of Best 
Avenue centerline. 

62.0  56.2 
48.6 

11:23 p.m. 

63.7 

5:49 a.m. 
64.8 

2 

Located near the northeast corner of the 
project site, on a power pole, 
approximately 60 feet west of Best 
Avenue centerline. 

60.2  55.6 
45.9 

11:26 p.m. 

63.1 

5:50 a.m. 
63.9 

3 
Located near the northwest corner of the 
project site, on a fence, approximately 
115 feet west of the BNSF Railroad. 

66.5  64.9 
36.1 

3:42 a.m. 

76.0 

9:16 p.m. 
73.3 

Notes: 
1 Daytime is defined as 7:00 a.m. to 10:00 p.m. (Section 90702.00(A) of the Municipal Code) 
2 Nighttime define as 10:00 p.m. to 7:00 a.m. (Section 90702.00(A) of the Municipal Code) 
Source: Noise measurements taken between Thursday, April 22 and Friday, April 23, 2021. 
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Figure 3
Field Noise Monitoring Locations

SOURCE: Google Maps.
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6.0  MODELING PARAMETERS AND ASSUMPTIONS 

6.1 Construction Noise 

The noise  impacts  from construction of  the proposed project have been analyzed  through use of  the 
FHWA’s Roadway Construction Noise Model  (RCNM).    The  FHWA  compiled noise measurement data 
regarding the noise generating characteristics of several different types of construction equipment used 
during  the Central Artery/Tunnel project  in Boston.   Table E below provides a  list of  the construction 
equipment anticipated to be used for each phase of construction as detailed in Air Quality, Energy, and 
Greenhouse Gas Emissions  Impact Analysis Brawley Solar Energy Facility Project  (Air Quality Analysis), 
prepared by Vista Environmental, May 13, 2021. 

Table E – Construction Equipment Noise Emissions and Usage Factors 

Equipment Description 
Number of 
Equipment 

Acoustical Use 
Factor1 (percent) 

Spec 721.560 Lmax at 
50 feet2 (dBA, slow3) 

Actual Measured Lmax 
at 50 feet4 (dBA, slow3) 

Site Preparation         

Bore/Drill Rig  2  20  84  79 

Excavators  2  40  85  81 

Rubber Tired Dozers  3  40  85  83 

Tractors/Loaders/Backhoes  4  40  84  N/A 

PV System Installation and Testing       

Aerial Lifts (Man Lift)  2  40  84  N/A 

Air Compressor  1  40  80  78 

Cranes  2  16  85  81 

Forklifts (Gradall)  3  40  85  83 

Generator Set  1  50  82  81 

Graders  1  40  85  N/A 

Off‐Hwy Trucks (Flat Bed 
Truck) 

2  40  84  74 

Tractors/Loaders/Backhoes  3  40  84  N/A 

Welders  1  40  73  74 

Site Cleanup and Restoration       

Graders  2  40  85  N/A 

Rubber Tired Dozers  2  40  85  83 

Front End Loaders  2  40  80  79 

Tractors/Loaders/Backhoes  2  40  84  N/A 
Notes: 
1  Acoustical use factor is the percentage of time each piece of equipment is operational during a typical workday. 
2  Spec 721.560 is the equipment noise level utilized by the RCNM program. 
3  The “slow” response averages sound levels over 1‐second increments. A “fast” response averages sound levels over 0.125‐second increments.  
4 Actual Measured  is  the  average noise  level measured of  each piece  of  equipment during  the Central Artery/Tunnel project  in Boston, 
Massachusetts primarily during the 1990s. 
Source: Federal Highway Administration, 2006 and CalEEMod default equipment mix. 

 

Table E also shows the associated measured noise emissions for each piece of equipment from the RCNM 
model and measured percentage of typical equipment use per day.   Construction noise  impacts to the 
nearby homes have been calculated according to the equipment noise levels and usage factors listed in 
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Table E and through use of the RCNM.  For each phase of construction, all construction equipment was 
analyzed  based  on  being  placed  in  the  middle  of  the  project  site,  which  is  based  on  the  analysis 
methodology  detailed  in  FTA  Manual  for  a  General  Assessment.    However,  in  order  to  provide  a 
conservative analysis, all equipment was analyzed, instead of just the two nosiest pieces of equipment as 
detailed in the FTA Manual.   

6.2 Vibration 

Construction activity can result in varying degrees of ground vibration, depending on the equipment used 
on  the  site.   Operation of  construction equipment  causes  ground  vibrations  that  spread  through  the 
ground and diminish in strength with distance.  Buildings in the vicinity of the project site respond to these 
vibrations with varying results ranging from no perceptible effects at the low levels to slight damage to 
the structures at the highest levels.  Table F gives approximate vibration levels for particular construction 
equipment that is provided by the FTA, however it should be noted that not all of these equipment types 
would be used during construction of the proposed project.  The data in Table F provides a reasonable 
estimate for a wide range of soil conditions.  

Table F – Vibration Source Levels for Construction Equipment 

Equipment   
Peak Particle Velocity 

(inches/second) 
Approximate Vibration Level 

(Lv)at 25 feet 

Pile driver (impact) 
Upper range 
typical 

1.518 

0.644 

112 

104 

Pile driver (sonic) 
Upper range 
typical 

0.734 

0.170 

105 

93 

Clam shovel drop (slurry wall)    0.202  94 

Vibratory Roller    0.210  94 

Hoe Ram    0.089  87 

Large bulldozer    0.089  87 

Caisson drill    0.089  87 

Loaded trucks    0.076  86 

Jackhammer    0.035  79 

Small bulldozer    0.003  58 
Source: Federal Transit Administration, 2018. 

 

The  construction‐related  vibration  impacts  have  been  calculated  through  the  vibration  levels  shown 
above in Table F and through typical vibration propagation rates.  The equipment assumptions were based 
on the equipment lists provided above in Table E. 
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7.0  IMPACT ANALYSIS 

7.1 CEQA Thresholds of Significance  

Consistent  with  the  California  Environmental  Quality  Act  (CEQA)  and  the  State  CEQA  Guidelines,  a 
significant impact related to noise would occur if a proposed project is determined to result in: 

 Generation  of  a  substantial  temporary  or  permanent  increase  in  ambient  noise  levels  in  the 
vicinity  of  the  project  in  excess  of  standards  established  in  the  local  general  plan  or  noise 
ordinance, or applicable standards of other agencies;  

 Generation of excessive groundborne vibration or groundborne noise levels; or 

 For a project located within the vicinity of a private airstrip or an airport land use plan or, where 
such a plan has not been adopted, within two miles of a public airport or public use airport, would 
the project expose people residing or working in the project area to excessive noise levels. 

 

7.2 Generation of Noise Levels in Excess of Standards 

The proposed project would not generate a  substantial  temporary or permanent  increase  in ambient 
noise  levels  in the vicinity of the project  in excess of standards established  in the  local general plan or 
noise ordinance, or applicable standards of other agencies.  The following section calculates the potential 
noise emissions associated with the temporary construction activities and  long‐term operations of the 
proposed project and compares the noise levels to the City standards. 

Construction‐Related Noise 

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System Installation and Testing, and 3) Site Clean‐up and Restoration.  Noise impacts from construction 
activities associated with the proposed project would be a function of the noise generated by construction 
equipment,  equipment  location,  sensitivity  of  nearby  land  uses,  and  the  timing  and  duration  of  the 
construction activities.  The nearest sensitive receptors to the project site are single‐family homes located 
as near as 40 feet to the north side of the project site (near the northwest corner of the project site).  
There are also homes  located on the east side of Best Avenue that are as near as 120 feet east of the 
project site 

The General Plan Noise Element includes Construction Noise Standards that limits the noise created from 
construction equipment  to 75 dB Leq, averaged over an eight  (8) hour period at the nearest sensitive 
receptor.    In  addition,  the  Construction  Noise  Standards  limit  construction  equipment  operation  to 
between  the hours of  7  a.m.  to  7 p.m., Monday  through  Friday,  and  9  a.m.  to  5 p.m.  Saturday. No 
commercial construction operations are permitted on Sunday or holidays.  

Construction noise  impacts to the nearby sensitive receptors have been calculated through use of the 
RCNM and  the parameters and assumptions detailed  in Section 6.1 of  this  report  including Table E – 
Construction  Equipment  Noise  Emissions  and  Usage  Factors.  For  each  phase  of  construction,  all 
construction equipment was analyzed based on being placed in the middle of the project site, which is 
based on the analysis methodology detailed in FTA Manual for a General Assessment.  Since the County’s 
construction noise standard  is based on the noise  level over an 8‐hour period and  in a typical day the 
proposed construction equipment would operate over the entire project site, the use of the methodology 
detailed  in  the  FTA  Manual  for  a  General  Assessment  would  provide  a  reasonable  estimate  of  the 
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construction‐related noise levels created by the proposed project.  The results are shown below in Table 
G and the RCNM printouts are provided in Appendix D. 

Table G – Construction Noise Levels at the Nearby Homes  

Construction Phase 

Construction Noise Level (dBA Leq) at: 

Home to Northwest1  Home to Northeast2  Home to Southeast3 

Site Preparation  52  52  52 

PV System Installation and Testing  53  53  53 

Site Clean‐Up and Restoration  52  52  52 

Construction Noise Threshold4  75  75  75 

Ambient Daytime Noise Level  66.5  60.2  62.0 

Exceed Thresholds?  No  No  No 
1 The distance from the center of the project site to the home to the northwest was measured at 2,900 feet. 
2 The distance from the center of the project site to the homes to the northeast was measured at 2,900 feet. 
3 The distance from the center of the project site to the home to the southeast was measured at 2,850 feet. 
4 Construction Noise Threshold obtained from the General Plan Noise Element (County of Imperial, 2015). 
Source: RCNM, Federal Highway Administration, 2006 

 

Table G shows that greatest construction noise  impacts would be as high as 53 dBA Leq during the PV 
system installation and testing phase at the nearest homes to the northwest, northeast, and southeast of 
the project site.  All calculated construction noise levels shown in Table G are within the City’s construction 
noise standard of 75 dBA and would also be below the existing ambient daytime noise levels in the vicinity 
of the nearby homes.   Therefore, through adherence to the  limitation of allowable construction times 
provided  in  the General Plan Noise  Element,  construction‐related noise  levels would not  exceed  any 
standards established in the General Plan or Noise Ordinance nor would construction activities create a 
substantial  temporary  increase  in  ambient  noise  levels  from  construction  of  the  proposed  project.  
Impacts would be less than significant. 

Operational‐Related Noise 

The proposed project would consist of the development of a solar facility with a BESS and a substation.  
Since the proposed project would be operated on an unstaffed basis and monitored remotely from the 
Brawley Geothermal Power Plant control room, operation of the proposed project would not typically 
generate  any  additional  vehicle  traffic  on  the  nearby  roadways.    As  such,  potential  noise  impacts 
associated with the operations of the proposed project would be  limited to onsite noise sources.   The 
proposed PV solar panels do not create any operational noise, however the proposed BESS Enclosures (AC 
Unit noise), Power Conversion System (PCS), Power Distribution Center (PDC) that would be  located at 
the BESS, and auxiliary  transformers, and Battery  Step Up Transformer  that would be  located at  the 
proposed substation are known sources of noise that have been analyzed below. 

Both the General Plan Noise Element and Section 90702.00 provide  the same noise  level  limits at  the 
property  line of the nearby homes of 50 dBA Leq‐1hour between 7 a.m. and 10 p.m. and 45 dBA Leq‐
1hour between 10 p.m. and 7 a.m.. When the ambient noise level is equal to or exceeds the above noise 
standards, the proposed noise source shall not exceed the ambient plus 3 dB Leq. 

In order  to determine  the noise  impacts  from  the operation of onsite noise making equipment, noise 
specifications from previously prepared noise reports were obtained and are shown in Table H.  The noise 
levels from each source were calculated through use of standard geometric spreading of noise from a 
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point  source with a drop‐off  rate of 6 dB  for each doubling of  the distance between  the  source and 
receiver. 

Table H – Operational Noise Levels at the Nearby Homes 

Noise Source 

Home to Northwest  Home to Northeast  Home to Southeast 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

BESS Enclosures2  5,050  25  5,100  25  850  40 

Power Conversion System3   5,050  22  5,100  22  850  38 

Power Distribution Center4   5,050  22  5,100  22  850  38 

Auxiliary Transformers5  5,030  31  5,280  31  1,150  44 

Battery Step up Transformer6  5,030  31  5,280  31  850  47 

Combined Noise Levels  35    35    50 

County Noise Standard7 (day/night)  69.5/67.9    63.2/58.6    65.0/59.2 

Exceed County Noise Standards?  No/No    No/No    No/No 
Notes: 
1  The noise levels were calculated through use of standard geometric spreading of noise from a point source with a drop‐off rate of 6 dB for 
each doubling of the distance between the source and receiver.  
2  BESS Enclosures is based on a reference noise measurement of 88.6 dBA at 1 meter. 
3  Power Conversion System is based on a reference noise measurement of 86.1 dBA at 1 meter. 
4  Power Distribution Center is based on a reference noise measurement of 86.1 dBA at 1 meter. 
5  Auxiliary Transformers are based on a reference noise measurement of 95.1 dBA at 1 meter. 
6  Battery Step up Transformer is based on a reference noise measurement of 95.1 dBA at 1 meter. 
7  County Noise Standard based on ambient noise level shown in Table D plus 3 dB at the nearby homes. 

 

Table H shows  that  the proposed project’s onsite operational noise  from  the anticipated onsite noise 
sources would not exceed the applicable noise standards at the nearby homes.  Therefore, operational 
onsite noise impacts would be less than significant 

Level of Significance 

Less than significant impact. 

7.3 Generation of Excessive Groundborne Vibration 

The proposed project would not expose persons to or generation of excessive groundborne vibration or 
groundborne noise levels.  The following section analyzes the potential vibration impacts associated with 
the construction and operations of the proposed project. 

Construction‐Related Vibration Impacts 

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System  Installation  and  Testing,  and  3)  Site  Clean‐up  and  Restoration.    Vibration  impacts  from 
construction activities associated with the proposed project would typically be created from the operation 
of heavy off‐road equipment.  The nearest sensitive receptor to the project site is a single‐family home 
located as near as 40 feet to the north side of the project site (near the northwest corner of the project 
site).   
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Since  neither  the Municipal Code nor  the General  Plan provides  any  thresholds  related  to  vibration, 
Caltrans guidance that is detailed above in Section 4.2 has been utilized, which defines the threshold of 
perception from transient sources at 0.25 inch per second PPV.   

The primary source of vibration during construction would be from the operation of a bulldozer.  From 
Table F above a large bulldozer would create a vibration level of 0.089 inch per second PPV at 25 feet.  
Based on typical propagation rates, the vibration level at the nearest home (40 feet away) would be 0.06 
inch per second PPV.  The vibration level at the nearest home, would be below the 0.25 inch per second 
PPV threshold detailed above.  Impacts would be less than significant.   

Operations‐Related Vibration Impacts 

The proposed project would consist of the operation of a solar energy facility.  The on‐going operation of 
the proposed project would not include the operation of any known vibration sources.  Therefore, a less 
than significant vibration impact is anticipated from the operation of the proposed project. 

Level of Significance  

Less than significant impact. 

7.4 Aircraft Noise  

The proposed project would not expose people residing or working in the project area to excessive noise 
levels from aircraft. The nearest airport is Brawley Municipal Airport that is located as near as 1.5 mile 
south of the project site.  The project site is located outside of the 60 dBA CNEL noise contours of Brawley 
Municipal  Airport  and  no  sensitive  receptors  would  be  introduced  to  the  project  site  through 
implementation of the proposed project.  No impact would occur from aircraft noise. 

Level of Significance  

No impact would occur. 
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Noise Measurement Site 1 ‐ looking north Noise Measurement Site 1 ‐ looking northeast

Noise Measurement Site 1 ‐ looking east Noise Measurement Site 1 ‐ looking southeast

Noise Measurement Site 1 ‐ looking south Noise Measurement Site 1 ‐ looking southwest

Noise Measurement Site 1 ‐ looking west Noise Measurement Site 1 ‐ looking northwest
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Noise Measurement Site 2 ‐ looking north Noise Measurement Site 2 ‐ looking northeast

Noise Measurement Site 2 ‐ looking east Noise Measurement Site 2 ‐ looking southeast

Noise Measurement Site 2 ‐ looking south Noise Measurement Site 2 ‐ looking southwest

Noise Measurement Site 2 ‐ looking west Noise Measurement Site 2 ‐ looking northwest
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Noise Measurement Site 3 ‐ looking north Noise Measurement Site 3 ‐ looking northeast

Noise Measurement Site 3 ‐ looking east Noise Measurement Site 3 ‐ looking southeast

Noise Measurement Site 3 ‐ looking south Noise Measurement Site 3 ‐ looking southwest

Noise Measurement Site 3 ‐ looking west Noise Measurement Site 3 ‐ looking northwest
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Leq Daytime = 62.0 Leq Daytime = 60.2 Leq Daytime = 66.5
Freq Weighting=A Leq Nighttime = 56.2 Freq Weighting=A Leq Nighttime = 55.6 Freq Weighting=A Leq Nighttime = 64.9
86402 CNEL(24hr)= 64.8 86402 CNEL(24hr)= 63.9 86402 CNEL(24hr)= 73.3

Leq = 59.9 Ldn(24hr)= 64.6 Leq = 58.5 Ldn(24hr)= 63.7 Leq = 65.8 Ldn(24hr)= 72.5
Min = 39.5 Min Leq hr at 11:23 PM 48.6 Min = 39.6 Min Leq hr at 11:26 PM 45.9 Min = 30.8 Min Leq hr at 3:42 AM 36.1
Max = 85.7 Max Leq hr at 5:49 AM 63.7 Max = 84.6 Max Leq hr at 5:50 AM 63.1 Max = 106.8 Max Leq hr at 9:16 PM 76.0

SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
57.7 12:48:22 57.7 57.7 62.5 13:02:45 62.5 62.5 66.8 13:09:16 66.8 66.8
65.7 12:48:23 65.7 65.7 69.0 13:02:46 69.0 69.0 63.8 13:09:17 63.8 63.8
69.3 12:48:24 69.3 69.3 64.9 13:02:47 64.9 64.9 66.4 13:09:18 66.4 66.4
70.1 12:48:25 70.1 70.1 67.9 13:02:48 67.9 67.9 69.0 13:09:19 69.0 69.0
68.6 12:48:26 68.6 68.6 64.5 13:02:49 64.5 64.5 70.7 13:09:20 70.7 70.7
67.5 12:48:27 67.5 67.5 62.9 13:02:50 62.9 62.9 64.3 13:09:21 64.3 64.3
64.6 12:48:28 64.6 64.6 68.9 13:02:51 68.9 68.9 62.2 13:09:22 62.2 62.2
64.6 12:48:29 64.6 64.6 65.5 13:02:52 65.5 65.5 64.5 13:09:23 64.5 64.5
61.4 12:48:30 61.4 61.4 63.7 13:02:53 63.7 63.7 60.8 13:09:24 60.8 60.8
58.2 12:48:31 58.2 58.2 61.7 13:02:54 61.7 61.7 66.9 13:09:25 66.9 66.9
57.0 12:48:32 57.0 57.0 59.4 13:02:55 59.4 59.4 62.7 13:09:26 62.7 62.7
63.2 12:48:33 63.2 63.2 64.0 13:02:56 64.0 64.0 68.5 13:09:27 68.5 68.5
63.4 12:48:34 63.4 63.4 64.8 13:02:57 64.8 64.8 64.9 13:09:28 64.9 64.9
69.1 12:48:35 69.1 69.1 66.0 13:02:58 66.0 66.0 61.1 13:09:29 61.1 61.1
64.9 12:48:36 64.9 64.9 65.9 13:02:59 65.9 65.9 57.1 13:09:30 57.1 57.1
60.7 12:48:37 60.7 60.7 62.7 13:03:00 62.7 62.7 53.7 13:09:31 53.7 53.7
56.7 12:48:38 56.7 56.7 60.0 13:03:01 60.0 60.0 50.5 13:09:32 50.5 50.5
55.7 12:48:39 55.7 55.7 67.1 13:03:02 67.1 67.1 49.0 13:09:33 49.0 49.0
53.5 12:48:40 53.5 53.5 64.3 13:03:03 64.3 64.3 48.0 13:09:34 48.0 48.0
52.2 12:48:41 52.2 52.2 62.0 13:03:04 62.0 62.0 47.9 13:09:35 47.9 47.9
52.7 12:48:42 52.7 52.7 60.4 13:03:05 60.4 60.4 48.6 13:09:36 48.6 48.6
54.3 12:48:43 54.3 54.3 60.7 13:03:06 60.7 60.7 46.6 13:09:37 46.6 46.6
65.1 12:48:44 65.1 65.1 59.5 13:03:07 59.5 59.5 44.5 13:09:38 44.5 44.5
63.1 12:48:45 63.1 63.1 58.5 13:03:08 58.5 58.5 43.4 13:09:39 43.4 43.4
61.1 12:48:46 61.1 61.1 57.7 13:03:09 57.7 57.7 43.1 13:09:40 43.1 43.1
59.6 12:48:47 59.6 59.6 57.3 13:03:10 57.3 57.3 42.5 13:09:41 42.5 42.5
59.1 12:48:48 59.1 59.1 57.4 13:03:11 57.4 57.4 39.7 13:09:42 39.7 39.7
60.0 12:48:49 60.0 60.0 61.3 13:03:12 61.3 61.3 48.9 13:09:43 48.9 48.9
60.6 12:48:50 60.6 60.6 67.5 13:03:13 67.5 67.5 58.0 13:09:44 58.0 58.0
60.9 12:48:51 60.9 60.9 63.5 13:03:14 63.5 63.5 54.9 13:09:45 54.9 54.9
60.7 12:48:52 60.7 60.7 60.2 13:03:15 60.2 60.2 55.6 13:09:46 55.6 55.6
64.7 12:48:53 64.7 64.7 59.9 13:03:16 59.9 59.9 56.8 13:09:47 56.8 56.8
65.1 12:48:54 65.1 65.1 57.9 13:03:17 57.9 57.9 58.8 13:09:48 58.8 58.8
63.1 12:48:55 63.1 63.1 56.9 13:03:18 56.9 56.9 59.7 13:09:49 59.7 59.7
59.3 12:48:56 59.3 59.3 58.5 13:03:19 58.5 58.5 57.2 13:09:50 57.2 57.2
59.1 12:48:57 59.1 59.1 62.5 13:03:20 62.5 62.5 55.2 13:09:51 55.2 55.2
58.1 12:48:58 58.1 58.1 61.1 13:03:21 61.1 61.1 58.7 13:09:52 58.7 58.7
60.8 12:48:59 60.8 60.8 58.4 13:03:22 58.4 58.4 58.3 13:09:53 58.3 58.3
57.8 12:49:00 57.8 57.8 57.8 13:03:23 57.8 57.8 59.6 13:09:54 59.6 59.6
57.5 12:49:01 57.5 57.5 57.3 13:03:24 57.3 57.3 58.8 13:09:55 58.8 58.8
61.6 12:49:02 61.6 61.6 57.9 13:03:25 57.9 57.9 58.8 13:09:56 58.8 58.8
63.6 12:49:03 63.6 63.6 60.9 13:03:26 60.9 60.9 59.0 13:09:57 59.0 59.0
69.5 12:49:04 69.5 69.5 62.3 13:03:27 62.3 62.3 62.4 13:09:58 62.4 62.4
65.5 12:49:05 65.5 65.5 59.1 13:03:28 59.1 59.1 60.9 13:09:59 60.9 60.9
61.7 12:49:06 61.7 61.7 57.7 13:03:29 57.7 57.7 64.6 13:10:00 64.6 64.6
59.2 12:49:07 59.2 59.2 56.9 13:03:30 56.9 56.9 60.7 13:10:01 60.7 60.7
60.7 12:49:08 60.7 60.7 55.1 13:03:31 55.1 55.1 57.3 13:10:02 57.3 57.3
63.5 12:49:09 63.5 63.5 59.6 13:03:32 59.6 59.6 53.4 13:10:03 53.4 53.4
63.7 12:49:10 63.7 63.7 62.9 13:03:33 62.9 62.9 55.7 13:10:04 55.7 55.7
67.1 12:49:11 67.1 67.1 61.8 13:03:34 61.8 61.8 57.6 13:10:05 57.6 57.6
67.4 12:49:12 67.4 67.4 63.6 13:03:35 63.6 63.6 55.1 13:10:06 55.1 55.1
64.6 12:49:13 64.6 64.6 62.2 13:03:36 62.2 62.2 61.9 13:10:07 61.9 61.9
61.7 12:49:14 61.7 61.7 65.6 13:03:37 65.6 65.6 60.1 13:10:08 60.1 60.1
63.2 12:49:15 63.2 63.2 66.3 13:03:38 66.3 66.3 59.5 13:10:09 59.5 59.5
61.4 12:49:16 61.4 61.4 63.9 13:03:39 63.9 63.9 56.3 13:10:10 56.3 56.3
63.9 12:49:17 63.9 63.9 63.2 13:03:40 63.2 63.2 53.1 13:10:11 53.1 53.1
69.4 12:49:18 69.4 69.4 63.4 13:03:41 63.4 63.4 74.4 13:10:12 74.4 74.4
68.0 12:49:19 68.0 68.0 60.4 13:03:42 60.4 60.4 76.2 13:10:13 76.2 76.2
68.4 12:49:20 68.4 68.4 57.9 13:03:43 57.9 57.9 72.1 13:10:14 72.1 72.1
64.3 12:49:21 64.3 64.3 56.3 13:03:44 56.3 56.3 68.2 13:10:15 68.2 68.2
60.7 12:49:22 60.7 60.7 56.0 13:03:45 56.0 56.0 64.0 13:10:16 64.0 64.0
67.8 12:49:23 67.8 67.8 56.9 13:03:46 56.9 56.9 60.3 13:10:17 60.3 60.3
63.2 12:49:24 63.2 63.2 57.4 13:03:47 57.4 57.4 57.3 13:10:18 57.3 57.3
67.8 12:49:25 67.8 67.8 55.7 13:03:48 55.7 55.7 60.8 13:10:19 60.8 60.8
65.9 12:49:26 65.9 65.9 56.9 13:03:49 56.9 56.9 61.5 13:10:20 61.5 61.5
65.3 12:49:27 65.3 65.3 56.7 13:03:50 56.7 56.7 57.9 13:10:21 57.9 57.9
62.0 12:49:28 62.0 62.0 55.4 13:03:51 55.4 55.4 57.3 13:10:22 57.3 57.3
69.7 12:49:29 69.7 69.7 56.2 13:03:52 56.2 56.2 69.5 13:10:23 69.5 69.5
69.3 12:49:30 69.3 69.3 55.6 13:03:53 55.6 55.6 75.4 13:10:24 75.4 75.4
67.7 12:49:31 67.7 67.7 55.9 13:03:54 55.9 55.9 71.2 13:10:25 71.2 71.2
69.3 12:49:32 69.3 69.3 57.3 13:03:55 57.3 57.3 67.0 13:10:26 67.0 67.0
66.3 12:49:33 66.3 66.3 57.6 13:03:56 57.6 57.6 62.9 13:10:27 62.9 62.9
64.7 12:49:34 64.7 64.7 58.3 13:03:57 58.3 58.3 59.4 13:10:28 59.4 59.4
64.2 12:49:35 64.2 64.2 59.7 13:03:58 59.7 59.7 63.3 13:10:29 63.3 63.3
70.7 12:49:36 70.7 70.7 62.4 13:03:59 62.4 62.4 64.0 13:10:30 64.0 64.0
69.5 12:49:37 69.5 69.5 60.6 13:04:00 60.6 60.6 61.4 13:10:31 61.4 61.4
65.5 12:49:38 65.5 65.5 64.0 13:04:01 64.0 64.0 63.9 13:10:32 63.9 63.9
61.5 12:49:39 61.5 61.5 67.0 13:04:02 67.0 67.0 73.2 13:10:33 73.2 73.2
59.8 12:49:40 59.8 59.8 65.1 13:04:03 65.1 65.1 69.6 13:10:34 69.6 69.6
58.5 12:49:41 58.5 58.5 62.7 13:04:04 62.7 62.7 66.3 13:10:35 66.3 66.3
57.9 12:49:42 57.9 57.9 60.0 13:04:05 60.0 60.0 66.6 13:10:36 66.6 66.6
61.1 12:49:43 61.1 61.1 61.9 13:04:06 61.9 61.9 68.4 13:10:37 68.4 68.4
62.8 12:49:44 62.8 62.8 64.4 13:04:07 64.4 64.4 66.7 13:10:38 66.7 66.7
68.7 12:49:45 68.7 68.7 65.2 13:04:08 65.2 65.2 63.4 13:10:39 63.4 63.4
64.6 12:49:46 64.6 64.6 62.9 13:04:09 62.9 62.9 60.5 13:10:40 60.5 60.5
63.2 12:49:47 63.2 63.2 61.0 13:04:10 61.0 61.0 57.4 13:10:41 57.4 57.4
61.2 12:49:48 61.2 61.2 59.4 13:04:11 59.4 59.4 54.0 13:10:42 54.0 54.0
69.6 12:49:49 69.6 69.6 59.6 13:04:12 59.6 59.6 51.1 13:10:43 51.1 51.1
68.3 12:49:50 68.3 68.3 58.7 13:04:13 58.7 58.7 48.0 13:10:44 48.0 48.0
70.8 12:49:51 70.8 70.8 58.0 13:04:14 58.0 58.0 45.1 13:10:45 45.1 45.1
66.8 12:49:52 66.8 66.8 59.7 13:04:15 59.7 59.7 44.1 13:10:46 44.1 44.1
72.7 12:49:53 72.7 72.7 59.1 13:04:16 59.1 59.1 43.6 13:10:47 43.6 43.6
71.6 12:49:54 71.6 71.6 57.6 13:04:17 57.6 57.6 42.4 13:10:48 42.4 42.4
73.6 12:49:55 73.6 73.6 66.1 13:04:18 66.1 66.1 42.2 13:10:49 42.2 42.2
69.0 12:49:56 69.0 69.0 63.2 13:04:19 63.2 63.2 43.4 13:10:50 43.4 43.4
74.8 12:49:57 74.8 74.8 59.8 13:04:20 59.8 59.8 42.2 13:10:51 42.2 42.2
71.3 12:49:58 71.3 71.3 56.9 13:04:21 56.9 56.9 41.4 13:10:52 41.4 41.4
72.1 12:49:59 72.1 72.1 55.2 13:04:22 55.2 55.2 40.8 13:10:53 40.8 40.8
77.8 12:50:00 77.8 77.8 54.0 13:04:23 54.0 54.0 41.0 13:10:54 41.0 41.0
73.6 12:50:01 73.6 73.6 53.7 13:04:24 53.7 53.7 42.5 13:10:55 42.5 42.5
69.4 12:50:02 69.4 69.4 52.7 13:04:25 52.7 52.7 45.5 13:10:56 45.5 45.5
65.3 12:50:03 65.3 65.3 52.8 13:04:26 52.8 52.8 44.5 13:10:57 44.5 44.5
63.2 12:50:04 63.2 63.2 52.3 13:04:27 52.3 52.3 42.4 13:10:58 42.4 42.4
63.0 12:50:05 63.0 63.0 52.6 13:04:28 52.6 52.6 41.0 13:10:59 41.0 41.0
61.6 12:50:06 61.6 61.6 53.8 13:04:29 53.8 53.8 40.1 13:11:00 40.1 40.1
59.0 12:50:07 59.0 59.0 53.7 13:04:30 53.7 53.7 48.7 13:11:01 48.7 48.7
55.6 12:50:08 55.6 55.6 53.4 13:04:31 53.4 53.4 50.9 13:11:02 50.9 50.9
52.5 12:50:09 52.5 52.5 63.8 13:04:32 63.8 63.8 48.3 13:11:03 48.3 48.3
50.2 12:50:10 50.2 50.2 61.5 13:04:33 61.5 61.5 45.8 13:11:04 45.8 45.8
48.2 12:50:11 48.2 48.2 58.6 13:04:34 58.6 58.6 44.4 13:11:05 44.4 44.4
47.9 12:50:12 47.9 47.9 55.6 13:04:35 55.6 55.6 42.9 13:11:06 42.9 42.9
45.8 12:50:13 45.8 45.8 54.3 13:04:36 54.3 54.3 42.0 13:11:07 42.0 42.0
44.8 12:50:14 44.8 44.8 55.2 13:04:37 55.2 55.2 40.9 13:11:08 40.9 40.9
45.2 12:50:15 45.2 45.2 54.6 13:04:38 54.6 54.6 39.5 13:11:09 39.5 39.5
45.3 12:50:16 45.3 45.3 53.6 13:04:39 53.6 53.6 38.8 13:11:10 38.8 38.8
48.7 12:50:17 48.7 48.7 53.5 13:04:40 53.5 53.5 37.9 13:11:11 37.9 37.9
52.4 12:50:18 52.4 52.4 53.1 13:04:41 53.1 53.1 37.6 13:11:12 37.6 37.6
51.3 12:50:19 51.3 51.3 52.6 13:04:42 52.6 52.6 37.9 13:11:13 37.9 37.9
49.3 12:50:20 49.3 49.3 51.9 13:04:43 51.9 51.9 37.4 13:11:14 37.4 37.4
46.5 12:50:21 46.5 46.5 53.0 13:04:44 53.0 53.0 36.9 13:11:15 36.9 36.9
44.7 12:50:22 44.7 44.7 54.5 13:04:45 54.5 54.5 36.9 13:11:16 36.9 36.9
45.0 12:50:23 45.0 45.0 54.0 13:04:46 54.0 54.0 36.9 13:11:17 36.9 36.9
44.8 12:50:24 44.8 44.8 53.4 13:04:47 53.4 53.4 36.9 13:11:18 36.9 36.9
45.2 12:50:25 45.2 45.2 53.2 13:04:48 53.2 53.2 36.9 13:11:19 36.9 36.9
48.3 12:50:26 48.3 48.3 51.8 13:04:49 51.8 51.8 40.2 13:11:20 40.2 40.2
46.9 12:50:27 46.9 46.9 51.2 13:04:50 51.2 51.2 41.0 13:11:21 41.0 41.0
46.3 12:50:28 46.3 46.3 52.2 13:04:51 52.2 52.2 39.0 13:11:22 39.0 39.0
45.5 12:50:29 45.5 45.5 53.7 13:04:52 53.7 53.7 38.0 13:11:23 38.0 38.0
43.8 12:50:30 43.8 43.8 53.2 13:04:53 53.2 53.2 37.2 13:11:24 37.2 37.2
43.5 12:50:31 43.5 43.5 52.4 13:04:54 52.4 52.4 36.8 13:11:25 36.8 36.8
45.3 12:50:32 45.3 45.3 52.3 13:04:55 52.3 52.3 40.1 13:11:26 40.1 40.1
47.8 12:50:33 47.8 47.8 53.4 13:04:56 53.4 53.4 39.3 13:11:27 39.3 39.3
47.0 12:50:34 47.0 47.0 52.6 13:04:57 52.6 52.6 38.7 13:11:28 38.7 38.7
55.0 12:50:35 55.0 55.0 52.9 13:04:58 52.9 52.9 38.3 13:11:29 38.3 38.3
55.2 12:50:36 55.2 55.2 53.7 13:04:59 53.7 53.7 39.9 13:11:30 39.9 39.9
51.9 12:50:37 51.9 51.9 53.8 13:05:00 53.8 53.8 48.7 13:11:31 48.7 48.7
49.0 12:50:38 49.0 49.0 54.2 13:05:01 54.2 54.2 45.5 13:11:32 45.5 45.5
48.1 12:50:39 48.1 48.1 54.6 13:05:02 54.6 54.6 44.0 13:11:33 44.0 44.0
45.9 12:50:40 45.9 45.9 53.5 13:05:03 53.5 53.5 41.7 13:11:34 41.7 41.7
45.2 12:50:41 45.2 45.2 51.9 13:05:04 51.9 51.9 40.9 13:11:35 40.9 40.9
47.9 12:50:42 47.9 47.9 50.8 13:05:05 50.8 50.8 40.6 13:11:36 40.6 40.6
49.8 12:50:43 49.8 49.8 51.2 13:05:06 51.2 51.2 40.7 13:11:37 40.7 40.7
48.4 12:50:44 48.4 48.4 52.3 13:05:07 52.3 52.3 41.1 13:11:38 41.1 41.1
49.4 12:50:45 49.4 49.4 52.6 13:05:08 52.6 52.6 40.5 13:11:39 40.5 40.5
49.0 12:50:46 49.0 49.0 52.7 13:05:09 52.7 52.7 40.1 13:11:40 40.1 40.1
52.5 12:50:47 52.5 52.5 53.1 13:05:10 53.1 53.1 39.7 13:11:41 39.7 39.7
53.6 12:50:48 53.6 53.6 53.0 13:05:11 53.0 53.0 39.7 13:11:42 39.7 39.7
50.6 12:50:49 50.6 50.6 54.0 13:05:12 54.0 54.0 39.9 13:11:43 39.9 39.9
48.2 12:50:50 48.2 48.2 54.5 13:05:13 54.5 54.5 40.2 13:11:44 40.2 40.2
47.4 12:50:51 47.4 47.4 53.8 13:05:14 53.8 53.8 40.0 13:11:45 40.0 40.0
46.6 12:50:52 46.6 46.6 54.3 13:05:15 54.3 54.3 39.5 13:11:46 39.5 39.5
45.7 12:50:53 45.7 45.7 54.4 13:05:16 54.4 54.4 39.2 13:11:47 39.2 39.2
43.9 12:50:54 43.9 43.9 53.0 13:05:17 53.0 53.0 40.1 13:11:48 40.1 40.1
43.0 12:50:55 43.0 43.0 52.8 13:05:18 52.8 52.8 40.6 13:11:49 40.6 40.6
43.5 12:50:56 43.5 43.5 52.3 13:05:19 52.3 52.3 40.6 13:11:50 40.6 40.6
45.6 12:50:57 45.6 45.6 52.0 13:05:20 52.0 52.0 39.9 13:11:51 39.9 39.9
50.0 12:50:58 50.0 50.0 57.5 13:05:21 57.5 57.5 39.8 13:11:52 39.8 39.8
48.7 12:50:59 48.7 48.7 62.9 13:05:22 62.9 62.9 39.0 13:11:53 39.0 39.0
47.0 12:51:00 47.0 47.0 65.3 13:05:23 65.3 65.3 38.6 13:11:54 38.6 38.6
47.0 12:51:01 47.0 47.0 63.7 13:05:24 63.7 63.7 38.4 13:11:55 38.4 38.4
49.6 12:51:02 49.6 49.6 63.7 13:05:25 63.7 63.7 38.9 13:11:56 38.9 38.9
49.3 12:51:03 49.3 49.3 63.0 13:05:26 63.0 63.0 39.1 13:11:57 39.1 39.1
50.8 12:51:04 50.8 50.8 61.5 13:05:27 61.5 61.5 38.4 13:11:58 38.4 38.4
50.7 12:51:05 50.7 50.7 59.9 13:05:28 59.9 59.9 38.1 13:11:59 38.1 38.1
48.1 12:51:06 48.1 48.1 58.0 13:05:29 58.0 58.0 38.7 13:12:00 38.7 38.7
46.9 12:51:07 46.9 46.9 57.1 13:05:30 57.1 57.1 38.3 13:12:01 38.3 38.3
47.8 12:51:08 47.8 47.8 56.6 13:05:31 56.6 56.6 38.7 13:12:02 38.7 38.7
46.8 12:51:09 46.8 46.8 55.6 13:05:32 55.6 55.6 38.8 13:12:03 38.8 38.8
46.6 12:51:10 46.6 46.6 54.6 13:05:33 54.6 54.6 39.1 13:12:04 39.1 39.1
50.4 12:51:11 50.4 50.4 54.3 13:05:34 54.3 54.3 38.6 13:12:05 38.6 38.6

Site 2 - Near Northeast Corner of Project Site

Site 2 - Near Northeast Corner of Project Site

Site 1 - Near Southeast Corner of Project Site

Site 1 - Near Southeast Corner of Project Site

Site 3 - Near Northwest Corner of Project Site

Site 3 - Near Northwest Corner of Project Site

April 22, 2021 April 22, 2021 April 22, 2021

Record Num =Record Num = Record Num =
ampling Time = 1 se ampling Time = 1 se ampling Time = 1 se

1:09:16 PM1:02:45 PM12:48:22 PM

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

50.9 12:51:12 50.9 50.9 55.0 13:05:35 55.0 55.0 38.5 13:12:06 38.5 38.5
50.2 12:51:13 50.2 50.2 54.7 13:05:36 54.7 54.7 38.4 13:12:07 38.4 38.4
53.5 12:51:14 53.5 53.5 55.9 13:05:37 55.9 55.9 38.2 13:12:08 38.2 38.2
53.5 12:51:15 53.5 53.5 55.4 13:05:38 55.4 55.4 37.4 13:12:09 37.4 37.4
50.5 12:51:16 50.5 50.5 54.8 13:05:39 54.8 54.8 37.5 13:12:10 37.5 37.5
49.5 12:51:17 49.5 49.5 54.7 13:05:40 54.7 54.7 37.6 13:12:11 37.6 37.6
49.3 12:51:18 49.3 49.3 55.1 13:05:41 55.1 55.1 38.0 13:12:12 38.0 38.0
49.7 12:51:19 49.7 49.7 54.6 13:05:42 54.6 54.6 38.2 13:12:13 38.2 38.2
52.9 12:51:20 52.9 52.9 54.8 13:05:43 54.8 54.8 38.2 13:12:14 38.2 38.2
53.9 12:51:21 53.9 53.9 54.1 13:05:44 54.1 54.1 38.4 13:12:15 38.4 38.4
53.1 12:51:22 53.1 53.1 54.5 13:05:45 54.5 54.5 38.1 13:12:16 38.1 38.1
52.0 12:51:23 52.0 52.0 54.7 13:05:46 54.7 54.7 38.0 13:12:17 38.0 38.0
50.9 12:51:24 50.9 50.9 55.2 13:05:47 55.2 55.2 39.0 13:12:18 39.0 39.0
48.8 12:51:25 48.8 48.8 55.8 13:05:48 55.8 55.8 39.0 13:12:19 39.0 39.0
46.9 12:51:26 46.9 46.9 62.0 13:05:49 62.0 62.0 39.6 13:12:20 39.6 39.6
45.7 12:51:27 45.7 45.7 69.1 13:05:50 69.1 69.1 40.1 13:12:21 40.1 40.1
45.1 12:51:28 45.1 45.1 71.4 13:05:51 71.4 71.4 39.6 13:12:22 39.6 39.6
47.3 12:51:29 47.3 47.3 68.9 13:05:52 68.9 68.9 39.0 13:12:23 39.0 39.0
48.5 12:51:30 48.5 48.5 65.3 13:05:53 65.3 65.3 38.2 13:12:24 38.2 38.2
49.3 12:51:31 49.3 49.3 62.2 13:05:54 62.2 62.2 38.3 13:12:25 38.3 38.3
51.0 12:51:32 51.0 51.0 59.1 13:05:55 59.1 59.1 37.7 13:12:26 37.7 37.7
54.7 12:51:33 54.7 54.7 57.0 13:05:56 57.0 57.0 37.7 13:12:27 37.7 37.7
53.8 12:51:34 53.8 53.8 56.3 13:05:57 56.3 56.3 37.3 13:12:28 37.3 37.3
56.1 12:51:35 56.1 56.1 55.8 13:05:58 55.8 55.8 37.0 13:12:29 37.0 37.0
67.4 12:51:36 67.4 67.4 55.1 13:05:59 55.1 55.1 37.0 13:12:30 37.0 37.0
72.8 12:51:37 72.8 72.8 54.1 13:06:00 54.1 54.1 36.8 13:12:31 36.8 36.8
70.7 12:51:38 70.7 70.7 54.3 13:06:01 54.3 54.3 37.0 13:12:32 37.0 37.0
67.1 12:51:39 67.1 67.1 54.6 13:06:02 54.6 54.6 38.1 13:12:33 38.1 38.1
63.8 12:51:40 63.8 63.8 55.7 13:06:03 55.7 55.7 41.6 13:12:34 41.6 41.6
61.2 12:51:41 61.2 61.2 55.4 13:06:04 55.4 55.4 41.8 13:12:35 41.8 41.8
58.6 12:51:42 58.6 58.6 55.0 13:06:05 55.0 55.0 41.3 13:12:36 41.3 41.3
56.7 12:51:43 56.7 56.7 53.3 13:06:06 53.3 53.3 40.9 13:12:37 40.9 40.9
54.9 12:51:44 54.9 54.9 52.7 13:06:07 52.7 52.7 41.3 13:12:38 41.3 41.3
55.9 12:51:45 55.9 55.9 52.7 13:06:08 52.7 52.7 41.4 13:12:39 41.4 41.4
56.5 12:51:46 56.5 56.5 52.1 13:06:09 52.1 52.1 41.8 13:12:40 41.8 41.8
53.3 12:51:47 53.3 53.3 52.1 13:06:10 52.1 52.1 41.3 13:12:41 41.3 41.3
49.8 12:51:48 49.8 49.8 52.5 13:06:11 52.5 52.5 40.3 13:12:42 40.3 40.3
46.6 12:51:49 46.6 46.6 51.3 13:06:12 51.3 51.3 41.2 13:12:43 41.2 41.2
50.0 12:51:50 50.0 50.0 51.2 13:06:13 51.2 51.2 42.5 13:12:44 42.5 42.5
55.2 12:51:51 55.2 55.2 52.4 13:06:14 52.4 52.4 41.4 13:12:45 41.4 41.4
55.0 12:51:52 55.0 55.0 52.6 13:06:15 52.6 52.6 41.2 13:12:46 41.2 41.2
54.6 12:51:53 54.6 54.6 51.9 13:06:16 51.9 51.9 41.7 13:12:47 41.7 41.7
54.6 12:51:54 54.6 54.6 52.6 13:06:17 52.6 52.6 41.8 13:12:48 41.8 41.8
51.5 12:51:55 51.5 51.5 52.0 13:06:18 52.0 52.0 41.3 13:12:49 41.3 41.3
49.1 12:51:56 49.1 49.1 52.3 13:06:19 52.3 52.3 40.6 13:12:50 40.6 40.6
46.5 12:51:57 46.5 46.5 53.4 13:06:20 53.4 53.4 40.2 13:12:51 40.2 40.2
45.6 12:51:58 45.6 45.6 54.1 13:06:21 54.1 54.1 40.1 13:12:52 40.1 40.1
48.3 12:51:59 48.3 48.3 53.8 13:06:22 53.8 53.8 40.5 13:12:53 40.5 40.5
50.2 12:52:00 50.2 50.2 53.7 13:06:23 53.7 53.7 40.5 13:12:54 40.5 40.5
54.3 12:52:01 54.3 54.3 52.9 13:06:24 52.9 52.9 42.6 13:12:55 42.6 42.6
53.6 12:52:02 53.6 53.6 51.9 13:06:25 51.9 51.9 42.6 13:12:56 42.6 42.6
50.0 12:52:03 50.0 50.0 52.6 13:06:26 52.6 52.6 42.4 13:12:57 42.4 42.4
47.1 12:52:04 47.1 47.1 52.3 13:06:27 52.3 52.3 41.5 13:12:58 41.5 41.5
51.7 12:52:05 51.7 51.7 53.4 13:06:28 53.4 53.4 41.0 13:12:59 41.0 41.0
56.9 12:52:06 56.9 56.9 53.4 13:06:29 53.4 53.4 40.4 13:13:00 40.4 40.4
56.0 12:52:07 56.0 56.0 52.2 13:06:30 52.2 52.2 40.3 13:13:01 40.3 40.3
53.2 12:52:08 53.2 53.2 51.5 13:06:31 51.5 51.5 40.3 13:13:02 40.3 40.3
50.9 12:52:09 50.9 50.9 52.3 13:06:32 52.3 52.3 39.4 13:13:03 39.4 39.4
51.1 12:52:10 51.1 51.1 54.3 13:06:33 54.3 54.3 39.1 13:13:04 39.1 39.1
51.1 12:52:11 51.1 51.1 54.6 13:06:34 54.6 54.6 38.7 13:13:05 38.7 38.7
49.9 12:52:12 49.9 49.9 55.1 13:06:35 55.1 55.1 38.9 13:13:06 38.9 38.9
50.6 12:52:13 50.6 50.6 57.2 13:06:36 57.2 57.2 38.9 13:13:07 38.9 38.9
52.6 12:52:14 52.6 52.6 54.7 13:06:37 54.7 54.7 39.2 13:13:08 39.2 39.2
54.2 12:52:15 54.2 54.2 52.8 13:06:38 52.8 52.8 39.7 13:13:09 39.7 39.7
54.1 12:52:16 54.1 54.1 51.7 13:06:39 51.7 51.7 39.4 13:13:10 39.4 39.4
54.3 12:52:17 54.3 54.3 51.7 13:06:40 51.7 51.7 39.5 13:13:11 39.5 39.5
54.7 12:52:18 54.7 54.7 52.3 13:06:41 52.3 52.3 40.7 13:13:12 40.7 40.7
56.5 12:52:19 56.5 56.5 52.2 13:06:42 52.2 52.2 42.2 13:13:13 42.2 42.2
59.0 12:52:20 59.0 59.0 51.6 13:06:43 51.6 51.6 41.9 13:13:14 41.9 41.9
57.7 12:52:21 57.7 57.7 51.9 13:06:44 51.9 51.9 40.7 13:13:15 40.7 40.7
56.0 12:52:22 56.0 56.0 52.9 13:06:45 52.9 52.9 40.0 13:13:16 40.0 40.0
55.0 12:52:23 55.0 55.0 53.0 13:06:46 53.0 53.0 40.1 13:13:17 40.1 40.1
54.1 12:52:24 54.1 54.1 52.7 13:06:47 52.7 52.7 40.2 13:13:18 40.2 40.2
52.7 12:52:25 52.7 52.7 52.4 13:06:48 52.4 52.4 39.5 13:13:19 39.5 39.5
51.8 12:52:26 51.8 51.8 53.2 13:06:49 53.2 53.2 39.1 13:13:20 39.1 39.1
53.7 12:52:27 53.7 53.7 52.1 13:06:50 52.1 52.1 38.9 13:13:21 38.9 38.9
54.4 12:52:28 54.4 54.4 50.6 13:06:51 50.6 50.6 38.9 13:13:22 38.9 38.9
53.2 12:52:29 53.2 53.2 51.3 13:06:52 51.3 51.3 39.0 13:13:23 39.0 39.0
52.0 12:52:30 52.0 52.0 52.4 13:06:53 52.4 52.4 39.0 13:13:24 39.0 39.0
51.0 12:52:31 51.0 51.0 53.5 13:06:54 53.5 53.5 38.6 13:13:25 38.6 38.6
50.6 12:52:32 50.6 50.6 52.4 13:06:55 52.4 52.4 38.2 13:13:26 38.2 38.2
51.2 12:52:33 51.2 51.2 52.7 13:06:56 52.7 52.7 37.7 13:13:27 37.7 37.7
51.9 12:52:34 51.9 51.9 51.7 13:06:57 51.7 51.7 37.0 13:13:28 37.0 37.0
52.5 12:52:35 52.5 52.5 52.5 13:06:58 52.5 52.5 36.9 13:13:29 36.9 36.9
51.1 12:52:36 51.1 51.1 55.5 13:06:59 55.5 55.5 37.3 13:13:30 37.3 37.3
50.8 12:52:37 50.8 50.8 54.3 13:07:00 54.3 54.3 38.1 13:13:31 38.1 38.1
50.6 12:52:38 50.6 50.6 53.2 13:07:01 53.2 53.2 39.2 13:13:32 39.2 39.2
50.4 12:52:39 50.4 50.4 52.2 13:07:02 52.2 52.2 38.8 13:13:33 38.8 38.8
52.0 12:52:40 52.0 52.0 50.3 13:07:03 50.3 50.3 38.2 13:13:34 38.2 38.2
51.5 12:52:41 51.5 51.5 49.7 13:07:04 49.7 49.7 38.6 13:13:35 38.6 38.6
53.3 12:52:42 53.3 53.3 51.2 13:07:05 51.2 51.2 38.6 13:13:36 38.6 38.6
54.7 12:52:43 54.7 54.7 53.1 13:07:06 53.1 53.1 38.6 13:13:37 38.6 38.6
53.1 12:52:44 53.1 53.1 52.7 13:07:07 52.7 52.7 37.9 13:13:38 37.9 37.9
50.5 12:52:45 50.5 50.5 53.0 13:07:08 53.0 53.0 37.5 13:13:39 37.5 37.5
48.4 12:52:46 48.4 48.4 53.4 13:07:09 53.4 53.4 37.7 13:13:40 37.7 37.7
47.4 12:52:47 47.4 47.4 52.6 13:07:10 52.6 52.6 37.4 13:13:41 37.4 37.4
48.8 12:52:48 48.8 48.8 53.5 13:07:11 53.5 53.5 37.3 13:13:42 37.3 37.3
52.9 12:52:49 52.9 52.9 54.8 13:07:12 54.8 54.8 37.9 13:13:43 37.9 37.9
56.7 12:52:50 56.7 56.7 53.2 13:07:13 53.2 53.2 39.0 13:13:44 39.0 39.0
58.0 12:52:51 58.0 58.0 52.6 13:07:14 52.6 52.6 41.5 13:13:45 41.5 41.5
58.1 12:52:52 58.1 58.1 53.1 13:07:15 53.1 53.1 41.0 13:13:46 41.0 41.0
59.9 12:52:53 59.9 59.9 53.5 13:07:16 53.5 53.5 41.5 13:13:47 41.5 41.5
60.6 12:52:54 60.6 60.6 54.0 13:07:17 54.0 54.0 41.2 13:13:48 41.2 41.2
58.6 12:52:55 58.6 58.6 52.7 13:07:18 52.7 52.7 40.2 13:13:49 40.2 40.2
55.9 12:52:56 55.9 55.9 53.5 13:07:19 53.5 53.5 40.8 13:13:50 40.8 40.8
55.2 12:52:57 55.2 55.2 55.2 13:07:20 55.2 55.2 40.6 13:13:51 40.6 40.6
55.5 12:52:58 55.5 55.5 54.2 13:07:21 54.2 54.2 41.2 13:13:52 41.2 41.2
57.9 12:52:59 57.9 57.9 53.7 13:07:22 53.7 53.7 40.3 13:13:53 40.3 40.3
57.2 12:53:00 57.2 57.2 53.4 13:07:23 53.4 53.4 39.4 13:13:54 39.4 39.4
57.0 12:53:01 57.0 57.0 52.4 13:07:24 52.4 52.4 38.7 13:13:55 38.7 38.7
53.9 12:53:02 53.9 53.9 52.6 13:07:25 52.6 52.6 38.6 13:13:56 38.6 38.6
51.7 12:53:03 51.7 51.7 52.8 13:07:26 52.8 52.8 38.6 13:13:57 38.6 38.6
49.7 12:53:04 49.7 49.7 52.2 13:07:27 52.2 52.2 38.7 13:13:58 38.7 38.7
50.4 12:53:05 50.4 50.4 53.1 13:07:28 53.1 53.1 39.1 13:13:59 39.1 39.1
51.0 12:53:06 51.0 51.0 53.0 13:07:29 53.0 53.0 39.6 13:14:00 39.6 39.6
48.5 12:53:07 48.5 48.5 52.6 13:07:30 52.6 52.6 39.8 13:14:01 39.8 39.8
48.3 12:53:08 48.3 48.3 51.7 13:07:31 51.7 51.7 39.9 13:14:02 39.9 39.9
47.3 12:53:09 47.3 47.3 51.2 13:07:32 51.2 51.2 39.2 13:14:03 39.2 39.2
45.5 12:53:10 45.5 45.5 50.5 13:07:33 50.5 50.5 39.0 13:14:04 39.0 39.0
44.1 12:53:11 44.1 44.1 49.4 13:07:34 49.4 49.4 39.2 13:14:05 39.2 39.2
43.7 12:53:12 43.7 43.7 49.4 13:07:35 49.4 49.4 39.6 13:14:06 39.6 39.6
43.5 12:53:13 43.5 43.5 51.7 13:07:36 51.7 51.7 39.2 13:14:07 39.2 39.2
46.8 12:53:14 46.8 46.8 52.7 13:07:37 52.7 52.7 40.4 13:14:08 40.4 40.4
49.8 12:53:15 49.8 49.8 51.8 13:07:38 51.8 51.8 40.8 13:14:09 40.8 40.8
52.4 12:53:16 52.4 52.4 51.7 13:07:39 51.7 51.7 39.9 13:14:10 39.9 39.9
52.0 12:53:17 52.0 52.0 52.7 13:07:40 52.7 52.7 39.8 13:14:11 39.8 39.8
51.5 12:53:18 51.5 51.5 52.0 13:07:41 52.0 52.0 40.1 13:14:12 40.1 40.1
49.5 12:53:19 49.5 49.5 53.2 13:07:42 53.2 53.2 40.0 13:14:13 40.0 40.0
47.5 12:53:20 47.5 47.5 53.8 13:07:43 53.8 53.8 40.3 13:14:14 40.3 40.3
48.3 12:53:21 48.3 48.3 52.7 13:07:44 52.7 52.7 40.0 13:14:15 40.0 40.0
56.3 12:53:22 56.3 56.3 51.7 13:07:45 51.7 51.7 39.6 13:14:16 39.6 39.6
59.5 12:53:23 59.5 59.5 52.5 13:07:46 52.5 52.5 40.1 13:14:17 40.1 40.1
57.7 12:53:24 57.7 57.7 50.7 13:07:47 50.7 50.7 40.2 13:14:18 40.2 40.2
56.9 12:53:25 56.9 56.9 50.2 13:07:48 50.2 50.2 39.9 13:14:19 39.9 39.9
58.3 12:53:26 58.3 58.3 52.0 13:07:49 52.0 52.0 39.6 13:14:20 39.6 39.6
60.2 12:53:27 60.2 60.2 51.7 13:07:50 51.7 51.7 40.8 13:14:21 40.8 40.8
64.1 12:53:28 64.1 64.1 52.4 13:07:51 52.4 52.4 41.9 13:14:22 41.9 41.9
66.5 12:53:29 66.5 66.5 53.3 13:07:52 53.3 53.3 41.5 13:14:23 41.5 41.5
65.1 12:53:30 65.1 65.1 52.0 13:07:53 52.0 52.0 42.2 13:14:24 42.2 42.2
63.1 12:53:31 63.1 63.1 52.3 13:07:54 52.3 52.3 43.7 13:14:25 43.7 43.7
61.8 12:53:32 61.8 61.8 51.6 13:07:55 51.6 51.6 44.0 13:14:26 44.0 44.0
59.0 12:53:33 59.0 59.0 52.6 13:07:56 52.6 52.6 43.8 13:14:27 43.8 43.8
60.9 12:53:34 60.9 60.9 53.2 13:07:57 53.2 53.2 46.3 13:14:28 46.3 46.3
59.5 12:53:35 59.5 59.5 52.3 13:07:58 52.3 52.3 45.0 13:14:29 45.0 45.0
56.2 12:53:36 56.2 56.2 52.8 13:07:59 52.8 52.8 43.7 13:14:30 43.7 43.7
53.2 12:53:37 53.2 53.2 55.4 13:08:00 55.4 55.4 43.9 13:14:31 43.9 43.9
51.1 12:53:38 51.1 51.1 59.4 13:08:01 59.4 59.4 43.0 13:14:32 43.0 43.0
52.9 12:53:39 52.9 52.9 67.6 13:08:02 67.6 67.6 45.9 13:14:33 45.9 45.9
56.5 12:53:40 56.5 56.5 73.3 13:08:03 73.3 73.3 45.8 13:14:34 45.8 45.8
54.2 12:53:41 54.2 54.2 71.8 13:08:04 71.8 71.8 47.7 13:14:35 47.7 47.7
51.6 12:53:42 51.6 51.6 68.3 13:08:05 68.3 68.3 46.4 13:14:36 46.4 46.4
49.0 12:53:43 49.0 49.0 64.9 13:08:06 64.9 64.9 43.5 13:14:37 43.5 43.5
55.0 12:53:44 55.0 55.0 62.1 13:08:07 62.1 62.1 42.3 13:14:38 42.3 42.3
57.8 12:53:45 57.8 57.8 59.4 13:08:08 59.4 59.4 43.3 13:14:39 43.3 43.3
56.6 12:53:46 56.6 56.6 57.1 13:08:09 57.1 57.1 43.0 13:14:40 43.0 43.0
53.3 12:53:47 53.3 53.3 55.4 13:08:10 55.4 55.4 43.6 13:14:41 43.6 43.6
50.8 12:53:48 50.8 50.8 54.0 13:08:11 54.0 54.0 43.9 13:14:42 43.9 43.9
48.7 12:53:49 48.7 48.7 52.5 13:08:12 52.5 52.5 44.6 13:14:43 44.6 44.6
49.2 12:53:50 49.2 49.2 52.3 13:08:13 52.3 52.3 47.5 13:14:44 47.5 47.5
48.4 12:53:51 48.4 48.4 52.4 13:08:14 52.4 52.4 48.3 13:14:45 48.3 48.3
46.1 12:53:52 46.1 46.1 53.4 13:08:15 53.4 53.4 50.2 13:14:46 50.2 50.2
45.1 12:53:53 45.1 45.1 52.9 13:08:16 52.9 52.9 46.9 13:14:47 46.9 46.9
45.0 12:53:54 45.0 45.0 52.5 13:08:17 52.5 52.5 43.7 13:14:48 43.7 43.7
44.1 12:53:55 44.1 44.1 52.7 13:08:18 52.7 52.7 41.9 13:14:49 41.9 41.9
46.0 12:53:56 46.0 46.0 53.7 13:08:19 53.7 53.7 41.8 13:14:50 41.8 41.8
45.7 12:53:57 45.7 45.7 53.8 13:08:20 53.8 53.8 43.6 13:14:51 43.6 43.6
44.4 12:53:58 44.4 44.4 55.1 13:08:21 55.1 55.1 41.9 13:14:52 41.9 41.9
44.2 12:53:59 44.2 44.2 58.0 13:08:22 58.0 58.0 41.3 13:14:53 41.3 41.3
45.6 12:54:00 45.6 45.6 62.0 13:08:23 62.0 62.0 43.0 13:14:54 43.0 43.0
47.9 12:54:01 47.9 47.9 66.9 13:08:24 66.9 66.9 46.3 13:14:55 46.3 46.3
49.2 12:54:02 49.2 49.2 68.9 13:08:25 68.9 68.9 49.9 13:14:56 49.9 49.9
48.1 12:54:03 48.1 48.1 68.3 13:08:26 68.3 68.3 51.2 13:14:57 51.2 51.2
46.8 12:54:04 46.8 46.8 65.5 13:08:27 65.5 65.5 50.4 13:14:58 50.4 50.4
46.0 12:54:05 46.0 46.0 62.5 13:08:28 62.5 62.5 50.7 13:14:59 50.7 50.7
43.6 12:54:06 43.6 43.6 59.4 13:08:29 59.4 59.4 47.4 13:15:00 47.4 47.4
45.5 12:54:07 45.5 45.5 56.6 13:08:30 56.6 56.6 46.1 13:15:01 46.1 46.1
48.2 12:54:08 48.2 48.2 54.8 13:08:31 54.8 54.8 46.2 13:15:02 46.2 46.2
47.4 12:54:09 47.4 47.4 54.2 13:08:32 54.2 54.2 44.8 13:15:03 44.8 44.8
45.0 12:54:10 45.0 45.0 55.6 13:08:33 55.6 55.6 43.9 13:15:04 43.9 43.9
44.3 12:54:11 44.3 44.3 54.1 13:08:34 54.1 54.1 42.3 13:15:05 42.3 42.3
43.6 12:54:12 43.6 43.6 53.2 13:08:35 53.2 53.2 43.2 13:15:06 43.2 43.2

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

44.5 12:54:13 44.5 44.5 52.1 13:08:36 52.1 52.1 43.2 13:15:07 43.2 43.2
51.5 12:54:14 51.5 51.5 52.9 13:08:37 52.9 52.9 44.5 13:15:08 44.5 44.5
50.4 12:54:15 50.4 50.4 53.3 13:08:38 53.3 53.3 47.8 13:15:09 47.8 47.8
46.9 12:54:16 46.9 46.9 53.1 13:08:39 53.1 53.1 50.3 13:15:10 50.3 50.3
45.1 12:54:17 45.1 45.1 52.9 13:08:40 52.9 52.9 49.1 13:15:11 49.1 49.1
43.6 12:54:18 43.6 43.6 51.8 13:08:41 51.8 51.8 48.9 13:15:12 48.9 48.9
45.7 12:54:19 45.7 45.7 51.6 13:08:42 51.6 51.6 48.0 13:15:13 48.0 48.0
48.9 12:54:20 48.9 48.9 56.6 13:08:43 56.6 56.6 47.7 13:15:14 47.7 47.7
47.0 12:54:21 47.0 47.0 56.3 13:08:44 56.3 56.3 47.0 13:15:15 47.0 47.0
45.1 12:54:22 45.1 45.1 54.2 13:08:45 54.2 54.2 44.9 13:15:16 44.9 44.9
42.9 12:54:23 42.9 42.9 52.9 13:08:46 52.9 52.9 45.1 13:15:17 45.1 45.1
42.0 12:54:24 42.0 42.0 52.8 13:08:47 52.8 52.8 42.1 13:15:18 42.1 42.1
43.5 12:54:25 43.5 43.5 52.3 13:08:48 52.3 52.3 39.9 13:15:19 39.9 39.9
44.5 12:54:26 44.5 44.5 52.2 13:08:49 52.2 52.2 40.4 13:15:20 40.4 40.4
44.2 12:54:27 44.2 44.2 52.8 13:08:50 52.8 52.8 39.7 13:15:21 39.7 39.7
44.9 12:54:28 44.9 44.9 52.4 13:08:51 52.4 52.4 40.2 13:15:22 40.2 40.2
47.7 12:54:29 47.7 47.7 52.2 13:08:52 52.2 52.2 38.6 13:15:23 38.6 38.6
49.8 12:54:30 49.8 49.8 52.9 13:08:53 52.9 52.9 39.5 13:15:24 39.5 39.5
50.6 12:54:31 50.6 50.6 54.6 13:08:54 54.6 54.6 41.3 13:15:25 41.3 41.3
49.9 12:54:32 49.9 49.9 57.2 13:08:55 57.2 57.2 43.1 13:15:26 43.1 43.1
48.1 12:54:33 48.1 48.1 64.9 13:08:56 64.9 64.9 41.7 13:15:27 41.7 41.7
47.7 12:54:34 47.7 47.7 70.5 13:08:57 70.5 70.5 42.6 13:15:28 42.6 42.6
46.0 12:54:35 46.0 46.0 68.1 13:08:58 68.1 68.1 43.6 13:15:29 43.6 43.6
44.4 12:54:36 44.4 44.4 64.7 13:08:59 64.7 64.7 45.2 13:15:30 45.2 45.2
43.8 12:54:37 43.8 43.8 61.1 13:09:00 61.1 61.1 46.8 13:15:31 46.8 46.8
44.1 12:54:38 44.1 44.1 57.8 13:09:01 57.8 57.8 47.7 13:15:32 47.7 47.7
43.7 12:54:39 43.7 43.7 55.1 13:09:02 55.1 55.1 51.1 13:15:33 51.1 51.1
45.1 12:54:40 45.1 45.1 53.2 13:09:03 53.2 53.2 50.0 13:15:34 50.0 50.0
45.7 12:54:41 45.7 45.7 53.5 13:09:04 53.5 53.5 46.6 13:15:35 46.6 46.6
44.1 12:54:42 44.1 44.1 54.2 13:09:05 54.2 54.2 43.2 13:15:36 43.2 43.2
43.4 12:54:43 43.4 43.4 53.8 13:09:06 53.8 53.8 40.9 13:15:37 40.9 40.9
43.1 12:54:44 43.1 43.1 53.4 13:09:07 53.4 53.4 40.4 13:15:38 40.4 40.4
42.9 12:54:45 42.9 42.9 52.5 13:09:08 52.5 52.5 41.1 13:15:39 41.1 41.1
50.1 12:54:46 50.1 50.1 51.5 13:09:09 51.5 51.5 40.7 13:15:40 40.7 40.7
50.9 12:54:47 50.9 50.9 51.5 13:09:10 51.5 51.5 40.9 13:15:41 40.9 40.9
48.0 12:54:48 48.0 48.0 52.0 13:09:11 52.0 52.0 39.9 13:15:42 39.9 39.9
46.9 12:54:49 46.9 46.9 53.1 13:09:12 53.1 53.1 39.0 13:15:43 39.0 39.0
47.2 12:54:50 47.2 47.2 52.7 13:09:13 52.7 52.7 38.6 13:15:44 38.6 38.6
45.5 12:54:51 45.5 45.5 51.9 13:09:14 51.9 51.9 38.4 13:15:45 38.4 38.4
44.2 12:54:52 44.2 44.2 51.1 13:09:15 51.1 51.1 40.2 13:15:46 40.2 40.2
43.7 12:54:53 43.7 43.7 51.3 13:09:16 51.3 51.3 42.0 13:15:47 42.0 42.0
54.7 12:54:54 54.7 54.7 52.9 13:09:17 52.9 52.9 43.4 13:15:48 43.4 43.4
58.3 12:54:55 58.3 58.3 52.8 13:09:18 52.8 52.8 43.5 13:15:49 43.5 43.5
57.7 12:54:56 57.7 57.7 52.6 13:09:19 52.6 52.6 42.7 13:15:50 42.7 42.7
56.6 12:54:57 56.6 56.6 52.6 13:09:20 52.6 52.6 44.1 13:15:51 44.1 44.1
56.4 12:54:58 56.4 56.4 51.2 13:09:21 51.2 51.2 45.0 13:15:52 45.0 45.0
56.1 12:54:59 56.1 56.1 51.6 13:09:22 51.6 51.6 45.6 13:15:53 45.6 45.6
55.7 12:55:00 55.7 55.7 53.1 13:09:23 53.1 53.1 45.1 13:15:54 45.1 45.1
55.1 12:55:01 55.1 55.1 53.8 13:09:24 53.8 53.8 43.3 13:15:55 43.3 43.3
57.1 12:55:02 57.1 57.1 52.0 13:09:25 52.0 52.0 42.1 13:15:56 42.1 42.1
60.6 12:55:03 60.6 60.6 51.7 13:09:26 51.7 51.7 41.4 13:15:57 41.4 41.4
65.7 12:55:04 65.7 65.7 52.3 13:09:27 52.3 52.3 43.4 13:15:58 43.4 43.4
71.0 12:55:05 71.0 71.0 53.3 13:09:28 53.3 53.3 43.0 13:15:59 43.0 43.0
78.0 12:55:06 78.0 78.0 53.1 13:09:29 53.1 53.1 42.5 13:16:00 42.5 42.5
80.6 12:55:07 80.6 80.6 52.1 13:09:30 52.1 52.1 44.6 13:16:01 44.6 44.6
79.5 12:55:08 79.5 79.5 51.0 13:09:31 51.0 51.0 42.2 13:16:02 42.2 42.2
76.4 12:55:09 76.4 76.4 51.5 13:09:32 51.5 51.5 42.1 13:16:03 42.1 42.1
72.8 12:55:10 72.8 72.8 51.1 13:09:33 51.1 51.1 42.1 13:16:04 42.1 42.1
68.9 12:55:11 68.9 68.9 51.9 13:09:34 51.9 51.9 41.0 13:16:05 41.0 41.0
65.3 12:55:12 65.3 65.3 52.5 13:09:35 52.5 52.5 40.0 13:16:06 40.0 40.0
63.8 12:55:13 63.8 63.8 51.4 13:09:36 51.4 51.4 39.3 13:16:07 39.3 39.3
70.2 12:55:14 70.2 70.2 50.7 13:09:37 50.7 50.7 40.4 13:16:08 40.4 40.4
71.9 12:55:15 71.9 71.9 51.5 13:09:38 51.5 51.5 42.0 13:16:09 42.0 42.0
68.9 12:55:16 68.9 68.9 52.9 13:09:39 52.9 52.9 43.6 13:16:10 43.6 43.6
65.1 12:55:17 65.1 65.1 52.9 13:09:40 52.9 52.9 44.1 13:16:11 44.1 44.1
61.4 12:55:18 61.4 61.4 51.7 13:09:41 51.7 51.7 41.4 13:16:12 41.4 41.4
57.7 12:55:19 57.7 57.7 51.9 13:09:42 51.9 51.9 40.0 13:16:13 40.0 40.0
54.1 12:55:20 54.1 54.1 52.9 13:09:43 52.9 52.9 39.8 13:16:14 39.8 39.8
51.0 12:55:21 51.0 51.0 51.9 13:09:44 51.9 51.9 40.2 13:16:15 40.2 40.2
48.3 12:55:22 48.3 48.3 51.0 13:09:45 51.0 51.0 40.6 13:16:16 40.6 40.6
46.8 12:55:23 46.8 46.8 49.4 13:09:46 49.4 49.4 39.5 13:16:17 39.5 39.5
45.5 12:55:24 45.5 45.5 50.8 13:09:47 50.8 50.8 38.6 13:16:18 38.6 38.6
46.2 12:55:25 46.2 46.2 51.8 13:09:48 51.8 51.8 38.4 13:16:19 38.4 38.4
45.3 12:55:26 45.3 45.3 50.6 13:09:49 50.6 50.6 38.4 13:16:20 38.4 38.4
44.8 12:55:27 44.8 44.8 49.9 13:09:50 49.9 49.9 37.9 13:16:21 37.9 37.9
49.3 12:55:28 49.3 49.3 49.3 13:09:51 49.3 49.3 37.9 13:16:22 37.9 37.9
50.0 12:55:29 50.0 50.0 51.2 13:09:52 51.2 51.2 37.7 13:16:23 37.7 37.7
47.7 12:55:30 47.7 47.7 51.5 13:09:53 51.5 51.5 37.5 13:16:24 37.5 37.5
45.8 12:55:31 45.8 45.8 50.9 13:09:54 50.9 50.9 37.2 13:16:25 37.2 37.2
44.6 12:55:32 44.6 44.6 50.1 13:09:55 50.1 50.1 38.7 13:16:26 38.7 38.7
43.8 12:55:33 43.8 43.8 49.8 13:09:56 49.8 49.8 38.4 13:16:27 38.4 38.4
44.2 12:55:34 44.2 44.2 51.5 13:09:57 51.5 51.5 37.6 13:16:28 37.6 37.6
46.1 12:55:35 46.1 46.1 52.7 13:09:58 52.7 52.7 37.3 13:16:29 37.3 37.3
52.1 12:55:36 52.1 52.1 52.6 13:09:59 52.6 52.6 37.7 13:16:30 37.7 37.7
55.4 12:55:37 55.4 55.4 52.0 13:10:00 52.0 52.0 38.5 13:16:31 38.5 38.5
56.3 12:55:38 56.3 56.3 51.3 13:10:01 51.3 51.3 39.8 13:16:32 39.8 39.8
53.6 12:55:39 53.6 53.6 50.9 13:10:02 50.9 50.9 39.5 13:16:33 39.5 39.5
50.5 12:55:40 50.5 50.5 52.2 13:10:03 52.2 52.2 39.1 13:16:34 39.1 39.1
50.6 12:55:41 50.6 50.6 51.9 13:10:04 51.9 51.9 39.5 13:16:35 39.5 39.5
48.3 12:55:42 48.3 48.3 51.0 13:10:05 51.0 51.0 40.3 13:16:36 40.3 40.3
45.9 12:55:43 45.9 45.9 50.0 13:10:06 50.0 50.0 41.4 13:16:37 41.4 41.4
44.2 12:55:44 44.2 44.2 49.9 13:10:07 49.9 49.9 41.4 13:16:38 41.4 41.4
43.1 12:55:45 43.1 43.1 50.6 13:10:08 50.6 50.6 44.3 13:16:39 44.3 44.3
43.0 12:55:46 43.0 43.0 51.5 13:10:09 51.5 51.5 45.5 13:16:40 45.5 45.5
44.8 12:55:47 44.8 44.8 51.4 13:10:10 51.4 51.4 46.5 13:16:41 46.5 46.5
47.6 12:55:48 47.6 47.6 50.4 13:10:11 50.4 50.4 45.8 13:16:42 45.8 45.8
55.6 12:55:49 55.6 55.6 52.1 13:10:12 52.1 52.1 44.6 13:16:43 44.6 44.6
53.1 12:55:50 53.1 53.1 52.1 13:10:13 52.1 52.1 46.4 13:16:44 46.4 46.4
49.3 12:55:51 49.3 49.3 52.2 13:10:14 52.2 52.2 44.4 13:16:45 44.4 44.4
46.5 12:55:52 46.5 46.5 52.0 13:10:15 52.0 52.0 41.7 13:16:46 41.7 41.7
45.3 12:55:53 45.3 45.3 52.9 13:10:16 52.9 52.9 39.5 13:16:47 39.5 39.5
45.0 12:55:54 45.0 45.0 53.1 13:10:17 53.1 53.1 38.4 13:16:48 38.4 38.4
46.2 12:55:55 46.2 46.2 53.8 13:10:18 53.8 53.8 39.1 13:16:49 39.1 39.1
50.4 12:55:56 50.4 50.4 56.9 13:10:19 56.9 56.9 39.0 13:16:50 39.0 39.0
52.5 12:55:57 52.5 52.5 58.9 13:10:20 58.9 58.9 38.2 13:16:51 38.2 38.2
54.3 12:55:58 54.3 54.3 60.6 13:10:21 60.6 60.6 38.6 13:16:52 38.6 38.6
51.3 12:55:59 51.3 51.3 63.5 13:10:22 63.5 63.5 38.7 13:16:53 38.7 38.7
48.7 12:56:00 48.7 48.7 67.9 13:10:23 67.9 67.9 38.3 13:16:54 38.3 38.3
48.8 12:56:01 48.8 48.8 71.7 13:10:24 71.7 71.7 40.4 13:16:55 40.4 40.4
50.6 12:56:02 50.6 50.6 74.6 13:10:25 74.6 74.6 42.6 13:16:56 42.6 42.6
48.5 12:56:03 48.5 48.5 74.6 13:10:26 74.6 74.6 46.1 13:16:57 46.1 46.1
47.3 12:56:04 47.3 47.3 71.8 13:10:27 71.8 71.8 48.5 13:16:58 48.5 48.5
48.2 12:56:05 48.2 48.2 68.1 13:10:28 68.1 68.1 49.2 13:16:59 49.2 49.2
46.7 12:56:06 46.7 46.7 64.5 13:10:29 64.5 64.5 50.3 13:17:00 50.3 50.3
47.0 12:56:07 47.0 47.0 61.1 13:10:30 61.1 61.1 52.4 13:17:01 52.4 52.4
53.3 12:56:08 53.3 53.3 58.0 13:10:31 58.0 58.0 52.3 13:17:02 52.3 52.3
52.3 12:56:09 52.3 52.3 55.2 13:10:32 55.2 55.2 52.3 13:17:03 52.3 52.3
49.1 12:56:10 49.1 49.1 53.1 13:10:33 53.1 53.1 50.0 13:17:04 50.0 50.0
46.8 12:56:11 46.8 46.8 51.4 13:10:34 51.4 51.4 46.0 13:17:05 46.0 46.0
45.5 12:56:12 45.5 45.5 51.9 13:10:35 51.9 51.9 44.5 13:17:06 44.5 44.5
43.8 12:56:13 43.8 43.8 51.2 13:10:36 51.2 51.2 44.7 13:17:07 44.7 44.7
42.8 12:56:14 42.8 42.8 50.9 13:10:37 50.9 50.9 46.7 13:17:08 46.7 46.7
44.0 12:56:15 44.0 44.0 50.5 13:10:38 50.5 50.5 47.5 13:17:09 47.5 47.5
49.4 12:56:16 49.4 49.4 51.5 13:10:39 51.5 51.5 48.6 13:17:10 48.6 48.6
49.4 12:56:17 49.4 49.4 52.9 13:10:40 52.9 52.9 49.3 13:17:11 49.3 49.3
53.5 12:56:18 53.5 53.5 52.2 13:10:41 52.2 52.2 48.9 13:17:12 48.9 48.9
53.1 12:56:19 53.1 53.1 53.7 13:10:42 53.7 53.7 51.1 13:17:13 51.1 51.1
49.8 12:56:20 49.8 49.8 56.2 13:10:43 56.2 56.2 52.3 13:17:14 52.3 52.3
47.2 12:56:21 47.2 47.2 57.3 13:10:44 57.3 57.3 50.5 13:17:15 50.5 50.5
45.3 12:56:22 45.3 45.3 54.5 13:10:45 54.5 54.5 48.1 13:17:16 48.1 48.1
50.4 12:56:23 50.4 50.4 53.0 13:10:46 53.0 53.0 46.0 13:17:17 46.0 46.0
54.6 12:56:24 54.6 54.6 51.6 13:10:47 51.6 51.6 47.0 13:17:18 47.0 47.0
57.1 12:56:25 57.1 57.1 51.7 13:10:48 51.7 51.7 47.2 13:17:19 47.2 47.2
53.4 12:56:26 53.4 53.4 53.0 13:10:49 53.0 53.0 45.1 13:17:20 45.1 45.1
49.8 12:56:27 49.8 49.8 52.3 13:10:50 52.3 52.3 43.5 13:17:21 43.5 43.5
49.3 12:56:28 49.3 49.3 53.4 13:10:51 53.4 53.4 48.1 13:17:22 48.1 48.1
50.3 12:56:29 50.3 50.3 54.5 13:10:52 54.5 54.5 49.1 13:17:23 49.1 49.1
49.1 12:56:30 49.1 49.1 53.0 13:10:53 53.0 53.0 49.4 13:17:24 49.4 49.4
45.9 12:56:31 45.9 45.9 51.2 13:10:54 51.2 51.2 50.0 13:17:25 50.0 50.0
43.9 12:56:32 43.9 43.9 50.1 13:10:55 50.1 50.1 48.6 13:17:26 48.6 48.6
42.7 12:56:33 42.7 42.7 51.1 13:10:56 51.1 51.1 48.8 13:17:27 48.8 48.8
45.0 12:56:34 45.0 45.0 50.8 13:10:57 50.8 50.8 48.9 13:17:28 48.9 48.9
44.9 12:56:35 44.9 44.9 52.5 13:10:58 52.5 52.5 47.6 13:17:29 47.6 47.6
46.5 12:56:36 46.5 46.5 51.8 13:10:59 51.8 51.8 47.2 13:17:30 47.2 47.2
47.3 12:56:37 47.3 47.3 51.7 13:11:00 51.7 51.7 46.5 13:17:31 46.5 46.5
46.7 12:56:38 46.7 46.7 50.9 13:11:01 50.9 50.9 49.0 13:17:32 49.0 49.0
48.4 12:56:39 48.4 48.4 50.4 13:11:02 50.4 50.4 49.4 13:17:33 49.4 49.4
48.4 12:56:40 48.4 48.4 50.7 13:11:03 50.7 50.7 51.7 13:17:34 51.7 51.7
52.3 12:56:41 52.3 52.3 51.3 13:11:04 51.3 51.3 51.8 13:17:35 51.8 51.8
53.7 12:56:42 53.7 53.7 51.9 13:11:05 51.9 51.9 51.3 13:17:36 51.3 51.3
51.2 12:56:43 51.2 51.2 51.0 13:11:06 51.0 51.0 51.1 13:17:37 51.1 51.1
48.1 12:56:44 48.1 48.1 51.6 13:11:07 51.6 51.6 50.8 13:17:38 50.8 50.8
47.1 12:56:45 47.1 47.1 52.4 13:11:08 52.4 52.4 48.5 13:17:39 48.5 48.5
51.8 12:56:46 51.8 51.8 51.3 13:11:09 51.3 51.3 47.9 13:17:40 47.9 47.9
51.9 12:56:47 51.9 51.9 51.0 13:11:10 51.0 51.0 47.7 13:17:41 47.7 47.7
48.9 12:56:48 48.9 48.9 51.1 13:11:11 51.1 51.1 48.5 13:17:42 48.5 48.5
50.0 12:56:49 50.0 50.0 49.4 13:11:12 49.4 49.4 50.7 13:17:43 50.7 50.7
50.2 12:56:50 50.2 50.2 49.4 13:11:13 49.4 49.4 51.0 13:17:44 51.0 51.0
49.5 12:56:51 49.5 49.5 50.6 13:11:14 50.6 50.6 50.6 13:17:45 50.6 50.6
48.4 12:56:52 48.4 48.4 52.4 13:11:15 52.4 52.4 49.9 13:17:46 49.9 49.9
46.0 12:56:53 46.0 46.0 51.8 13:11:16 51.8 51.8 48.9 13:17:47 48.9 48.9
47.9 12:56:54 47.9 47.9 52.7 13:11:17 52.7 52.7 46.0 13:17:48 46.0 46.0
50.5 12:56:55 50.5 50.5 51.9 13:11:18 51.9 51.9 42.9 13:17:49 42.9 42.9
51.4 12:56:56 51.4 51.4 50.5 13:11:19 50.5 50.5 41.3 13:17:50 41.3 41.3
50.3 12:56:57 50.3 50.3 50.3 13:11:20 50.3 50.3 41.4 13:17:51 41.4 41.4
48.3 12:56:58 48.3 48.3 51.4 13:11:21 51.4 51.4 42.0 13:17:52 42.0 42.0
45.8 12:56:59 45.8 45.8 51.0 13:11:22 51.0 51.0 45.0 13:17:53 45.0 45.0
45.8 12:57:00 45.8 45.8 52.1 13:11:23 52.1 52.1 50.1 13:17:54 50.1 50.1
48.3 12:57:01 48.3 48.3 52.2 13:11:24 52.2 52.2 52.5 13:17:55 52.5 52.5
48.1 12:57:02 48.1 48.1 52.2 13:11:25 52.2 52.2 53.7 13:17:56 53.7 53.7
46.2 12:57:03 46.2 46.2 51.1 13:11:26 51.1 51.1 53.2 13:17:57 53.2 53.2
45.4 12:57:04 45.4 45.4 50.1 13:11:27 50.1 50.1 49.9 13:17:58 49.9 49.9
45.8 12:57:05 45.8 45.8 50.7 13:11:28 50.7 50.7 50.1 13:17:59 50.1 50.1
46.7 12:57:06 46.7 46.7 50.5 13:11:29 50.5 50.5 50.2 13:18:00 50.2 50.2
48.7 12:57:07 48.7 48.7 50.6 13:11:30 50.6 50.6 49.5 13:18:01 49.5 49.5
51.4 12:57:08 51.4 51.4 50.2 13:11:31 50.2 50.2 48.6 13:18:02 48.6 48.6
53.8 12:57:09 53.8 53.8 50.5 13:11:32 50.5 50.5 49.8 13:18:03 49.8 49.8
53.9 12:57:10 53.9 53.9 50.8 13:11:33 50.8 50.8 50.6 13:18:04 50.6 50.6
53.1 12:57:11 53.1 53.1 51.7 13:11:34 51.7 51.7 51.8 13:18:05 51.8 51.8
52.0 12:57:12 52.0 52.0 50.9 13:11:35 50.9 50.9 51.9 13:18:06 51.9 51.9
53.1 12:57:13 53.1 53.1 50.8 13:11:36 50.8 50.8 54.8 13:18:07 54.8 54.8
50.8 12:57:14 50.8 50.8 51.7 13:11:37 51.7 51.7 52.2 13:18:08 52.2 52.2
49.6 12:57:15 49.6 49.6 52.7 13:11:38 52.7 52.7 48.2 13:18:09 48.2 48.2
49.4 12:57:16 49.4 49.4 53.2 13:11:39 53.2 53.2 44.4 13:18:10 44.4 44.4
49.0 12:57:17 49.0 49.0 54.3 13:11:40 54.3 54.3 41.4 13:18:11 41.4 41.4
47.7 12:57:18 47.7 47.7 56.4 13:11:41 56.4 56.4 39.2 13:18:12 39.2 39.2
48.6 12:57:19 48.6 48.6 61.1 13:11:42 61.1 61.1 38.5 13:18:13 38.5 38.5
51.7 12:57:20 51.7 51.7 69.6 13:11:43 69.6 69.6 40.3 13:18:14 40.3 40.3
50.4 12:57:21 50.4 50.4 79.6 13:11:44 79.6 79.6 44.5 13:18:15 44.5 44.5
47.4 12:57:22 47.4 47.4 80.5 13:11:45 80.5 80.5 44.5 13:18:16 44.5 44.5
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SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

47.4 12:57:23 47.4 47.4 77.6 13:11:46 77.6 77.6 45.7 13:18:17 45.7 45.7
45.7 12:57:24 45.7 45.7 74.1 13:11:47 74.1 74.1 45.0 13:18:18 45.0 45.0
44.9 12:57:25 44.9 44.9 70.2 13:11:48 70.2 70.2 46.9 13:18:19 46.9 46.9
46.3 12:57:26 46.3 46.3 66.4 13:11:49 66.4 66.4 44.2 13:18:20 44.2 44.2
54.0 12:57:27 54.0 54.0 62.9 13:11:50 62.9 62.9 41.3 13:18:21 41.3 41.3
56.5 12:57:28 56.5 56.5 60.4 13:11:51 60.4 60.4 39.4 13:18:22 39.4 39.4
60.6 12:57:29 60.6 60.6 58.2 13:11:52 58.2 58.2 41.0 13:18:23 41.0 41.0
58.2 12:57:30 58.2 58.2 55.7 13:11:53 55.7 55.7 45.2 13:18:24 45.2 45.2
54.3 12:57:31 54.3 54.3 54.2 13:11:54 54.2 54.2 47.9 13:18:25 47.9 47.9
50.5 12:57:32 50.5 50.5 54.6 13:11:55 54.6 54.6 44.5 13:18:26 44.5 44.5
47.5 12:57:33 47.5 47.5 54.8 13:11:56 54.8 54.8 42.2 13:18:27 42.2 42.2
45.8 12:57:34 45.8 45.8 53.3 13:11:57 53.3 53.3 43.8 13:18:28 43.8 43.8
44.5 12:57:35 44.5 44.5 53.4 13:11:58 53.4 53.4 44.8 13:18:29 44.8 44.8
53.5 12:57:36 53.5 53.5 55.7 13:11:59 55.7 55.7 43.0 13:18:30 43.0 43.0
57.8 12:57:37 57.8 57.8 55.2 13:12:00 55.2 55.2 40.7 13:18:31 40.7 40.7
55.5 12:57:38 55.5 55.5 54.8 13:12:01 54.8 54.8 38.8 13:18:32 38.8 38.8
55.2 12:57:39 55.2 55.2 53.8 13:12:02 53.8 53.8 37.8 13:18:33 37.8 37.8
52.7 12:57:40 52.7 52.7 53.0 13:12:03 53.0 53.0 39.7 13:18:34 39.7 39.7
50.2 12:57:41 50.2 50.2 52.0 13:12:04 52.0 52.0 41.3 13:18:35 41.3 41.3
47.2 12:57:42 47.2 47.2 52.6 13:12:05 52.6 52.6 41.0 13:18:36 41.0 41.0
44.4 12:57:43 44.4 44.4 52.6 13:12:06 52.6 52.6 42.1 13:18:37 42.1 42.1
47.9 12:57:44 47.9 47.9 52.9 13:12:07 52.9 52.9 43.5 13:18:38 43.5 43.5
48.0 12:57:45 48.0 48.0 52.7 13:12:08 52.7 52.7 43.3 13:18:39 43.3 43.3
51.5 12:57:46 51.5 51.5 52.7 13:12:09 52.7 52.7 40.9 13:18:40 40.9 40.9
52.1 12:57:47 52.1 52.1 52.8 13:12:10 52.8 52.8 42.3 13:18:41 42.3 42.3
48.5 12:57:48 48.5 48.5 53.0 13:12:11 53.0 53.0 44.3 13:18:42 44.3 44.3
46.3 12:57:49 46.3 46.3 51.8 13:12:12 51.8 51.8 45.1 13:18:43 45.1 45.1
46.0 12:57:50 46.0 46.0 52.1 13:12:13 52.1 52.1 45.7 13:18:44 45.7 45.7
46.8 12:57:51 46.8 46.8 51.7 13:12:14 51.7 51.7 47.7 13:18:45 47.7 47.7
49.7 12:57:52 49.7 49.7 52.0 13:12:15 52.0 52.0 45.9 13:18:46 45.9 45.9
53.3 12:57:53 53.3 53.3 53.7 13:12:16 53.7 53.7 44.9 13:18:47 44.9 44.9
56.1 12:57:54 56.1 56.1 53.9 13:12:17 53.9 53.9 42.5 13:18:48 42.5 42.5
56.7 12:57:55 56.7 56.7 52.8 13:12:18 52.8 52.8 46.3 13:18:49 46.3 46.3
53.8 12:57:56 53.8 53.8 52.0 13:12:19 52.0 52.0 45.1 13:18:50 45.1 45.1
50.4 12:57:57 50.4 50.4 52.0 13:12:20 52.0 52.0 43.7 13:18:51 43.7 43.7
46.7 12:57:58 46.7 46.7 51.2 13:12:21 51.2 51.2 44.9 13:18:52 44.9 44.9
47.4 12:57:59 47.4 47.4 50.4 13:12:22 50.4 50.4 43.4 13:18:53 43.4 43.4
52.9 12:58:00 52.9 52.9 49.4 13:12:23 49.4 49.4 40.8 13:18:54 40.8 40.8
50.3 12:58:01 50.3 50.3 50.3 13:12:24 50.3 50.3 39.8 13:18:55 39.8 39.8
47.4 12:58:02 47.4 47.4 51.1 13:12:25 51.1 51.1 44.4 13:18:56 44.4 44.4
44.7 12:58:03 44.7 44.7 53.0 13:12:26 53.0 53.0 48.7 13:18:57 48.7 48.7
44.7 12:58:04 44.7 44.7 52.8 13:12:27 52.8 52.8 50.8 13:18:58 50.8 50.8
47.3 12:58:05 47.3 47.3 51.9 13:12:28 51.9 51.9 53.7 13:18:59 53.7 53.7
51.5 12:58:06 51.5 51.5 51.4 13:12:29 51.4 51.4 53.1 13:19:00 53.1 53.1
52.7 12:58:07 52.7 52.7 51.1 13:12:30 51.1 51.1 52.6 13:19:01 52.6 52.6
52.0 12:58:08 52.0 52.0 51.3 13:12:31 51.3 51.3 50.2 13:19:02 50.2 50.2
54.3 12:58:09 54.3 54.3 50.7 13:12:32 50.7 50.7 49.6 13:19:03 49.6 49.6
50.8 12:58:10 50.8 50.8 51.3 13:12:33 51.3 51.3 48.0 13:19:04 48.0 48.0
47.8 12:58:11 47.8 47.8 52.0 13:12:34 52.0 52.0 47.2 13:19:05 47.2 47.2
47.5 12:58:12 47.5 47.5 51.4 13:12:35 51.4 51.4 48.6 13:19:06 48.6 48.6
53.7 12:58:13 53.7 53.7 50.3 13:12:36 50.3 50.3 49.5 13:19:07 49.5 49.5
52.8 12:58:14 52.8 52.8 51.8 13:12:37 51.8 51.8 50.7 13:19:08 50.7 50.7
49.3 12:58:15 49.3 49.3 52.6 13:12:38 52.6 52.6 51.1 13:19:09 51.1 51.1
52.3 12:58:16 52.3 52.3 51.8 13:12:39 51.8 51.8 49.1 13:19:10 49.1 49.1
54.3 12:58:17 54.3 54.3 51.8 13:12:40 51.8 51.8 51.4 13:19:11 51.4 51.4
50.6 12:58:18 50.6 50.6 51.9 13:12:41 51.9 51.9 52.0 13:19:12 52.0 52.0
47.8 12:58:19 47.8 47.8 51.1 13:12:42 51.1 51.1 52.1 13:19:13 52.1 52.1
54.3 12:58:20 54.3 54.3 49.8 13:12:43 49.8 49.8 51.5 13:19:14 51.5 51.5
54.2 12:58:21 54.2 54.2 49.8 13:12:44 49.8 49.8 48.0 13:19:15 48.0 48.0
53.4 12:58:22 53.4 53.4 51.1 13:12:45 51.1 51.1 44.9 13:19:16 44.9 44.9
51.6 12:58:23 51.6 51.6 51.6 13:12:46 51.6 51.6 45.8 13:19:17 45.8 45.8
50.2 12:58:24 50.2 50.2 52.6 13:12:47 52.6 52.6 43.4 13:19:18 43.4 43.4
50.9 12:58:25 50.9 50.9 52.0 13:12:48 52.0 52.0 42.0 13:19:19 42.0 42.0
52.5 12:58:26 52.5 52.5 51.2 13:12:49 51.2 51.2 41.3 13:19:20 41.3 41.3
56.2 12:58:27 56.2 56.2 51.3 13:12:50 51.3 51.3 41.0 13:19:21 41.0 41.0
58.2 12:58:28 58.2 58.2 52.6 13:12:51 52.6 52.6 39.9 13:19:22 39.9 39.9
62.0 12:58:29 62.0 62.0 52.0 13:12:52 52.0 52.0 39.6 13:19:23 39.6 39.6
66.9 12:58:30 66.9 66.9 51.5 13:12:53 51.5 51.5 39.3 13:19:24 39.3 39.3
73.3 12:58:31 73.3 73.3 50.5 13:12:54 50.5 50.5 39.0 13:19:25 39.0 39.0
76.5 12:58:32 76.5 76.5 50.2 13:12:55 50.2 50.2 40.1 13:19:26 40.1 40.1
74.2 12:58:33 74.2 74.2 50.9 13:12:56 50.9 50.9 43.7 13:19:27 43.7 43.7
70.4 12:58:34 70.4 70.4 51.5 13:12:57 51.5 51.5 48.0 13:19:28 48.0 48.0
66.5 12:58:35 66.5 66.5 51.9 13:12:58 51.9 51.9 51.5 13:19:29 51.5 51.5
63.0 12:58:36 63.0 63.0 50.8 13:12:59 50.8 50.8 49.8 13:19:30 49.8 49.8
59.4 12:58:37 59.4 59.4 50.0 13:13:00 50.0 50.0 47.6 13:19:31 47.6 47.6
56.1 12:58:38 56.1 56.1 50.7 13:13:01 50.7 50.7 47.6 13:19:32 47.6 47.6
53.1 12:58:39 53.1 53.1 51.7 13:13:02 51.7 51.7 46.7 13:19:33 46.7 46.7
51.8 12:58:40 51.8 51.8 51.4 13:13:03 51.4 51.4 45.1 13:19:34 45.1 45.1
50.5 12:58:41 50.5 50.5 51.4 13:13:04 51.4 51.4 43.1 13:19:35 43.1 43.1
49.8 12:58:42 49.8 49.8 50.5 13:13:05 50.5 50.5 40.8 13:19:36 40.8 40.8
52.3 12:58:43 52.3 52.3 50.5 13:13:06 50.5 50.5 40.8 13:19:37 40.8 40.8
56.7 12:58:44 56.7 56.7 50.1 13:13:07 50.1 50.1 40.9 13:19:38 40.9 40.9
54.9 12:58:45 54.9 54.9 50.3 13:13:08 50.3 50.3 41.4 13:19:39 41.4 41.4
55.4 12:58:46 55.4 55.4 49.1 13:13:09 49.1 49.1 48.0 13:19:40 48.0 48.0
53.1 12:58:47 53.1 53.1 48.6 13:13:10 48.6 48.6 48.8 13:19:41 48.8 48.8
49.7 12:58:48 49.7 49.7 50.8 13:13:11 50.8 50.8 50.2 13:19:42 50.2 50.2
46.8 12:58:49 46.8 46.8 51.1 13:13:12 51.1 51.1 51.2 13:19:43 51.2 51.2
46.6 12:58:50 46.6 46.6 50.8 13:13:13 50.8 50.8 50.6 13:19:44 50.6 50.6
45.9 12:58:51 45.9 45.9 51.3 13:13:14 51.3 51.3 48.1 13:19:45 48.1 48.1
45.6 12:58:52 45.6 45.6 51.5 13:13:15 51.5 51.5 45.3 13:19:46 45.3 45.3
46.5 12:58:53 46.5 46.5 52.6 13:13:16 52.6 52.6 42.9 13:19:47 42.9 42.9
46.3 12:58:54 46.3 46.3 51.9 13:13:17 51.9 51.9 41.8 13:19:48 41.8 41.8
44.2 12:58:55 44.2 44.2 50.8 13:13:18 50.8 50.8 43.1 13:19:49 43.1 43.1
42.1 12:58:56 42.1 42.1 50.4 13:13:19 50.4 50.4 43.7 13:19:50 43.7 43.7
42.3 12:58:57 42.3 42.3 49.7 13:13:20 49.7 49.7 42.4 13:19:51 42.4 42.4
42.1 12:58:58 42.1 42.1 49.8 13:13:21 49.8 49.8 42.3 13:19:52 42.3 42.3
43.3 12:58:59 43.3 43.3 50.1 13:13:22 50.1 50.1 41.2 13:19:53 41.2 41.2
46.6 12:59:00 46.6 46.6 51.0 13:13:23 51.0 51.0 41.8 13:19:54 41.8 41.8
49.9 12:59:01 49.9 49.9 51.3 13:13:24 51.3 51.3 41.3 13:19:55 41.3 41.3
48.3 12:59:02 48.3 48.3 51.8 13:13:25 51.8 51.8 40.6 13:19:56 40.6 40.6
48.3 12:59:03 48.3 48.3 53.1 13:13:26 53.1 53.1 40.2 13:19:57 40.2 40.2
52.4 12:59:04 52.4 52.4 55.4 13:13:27 55.4 55.4 40.4 13:19:58 40.4 40.4
54.4 12:59:05 54.4 54.4 58.0 13:13:28 58.0 58.0 40.6 13:19:59 40.6 40.6
50.8 12:59:06 50.8 50.8 63.5 13:13:29 63.5 63.5 39.5 13:20:00 39.5 39.5
47.1 12:59:07 47.1 47.1 68.0 13:13:30 68.0 68.0 39.3 13:20:01 39.3 39.3
44.3 12:59:08 44.3 44.3 70.1 13:13:31 70.1 70.1 45.8 13:20:02 45.8 45.8
43.0 12:59:09 43.0 43.0 68.4 13:13:32 68.4 68.4 47.9 13:20:03 47.9 47.9
44.3 12:59:10 44.3 44.3 64.9 13:13:33 64.9 64.9 45.4 13:20:04 45.4 45.4
44.2 12:59:11 44.2 44.2 61.2 13:13:34 61.2 61.2 43.4 13:20:05 43.4 43.4
47.3 12:59:12 47.3 47.3 57.9 13:13:35 57.9 57.9 42.9 13:20:06 42.9 42.9
51.3 12:59:13 51.3 51.3 55.5 13:13:36 55.5 55.5 43.6 13:20:07 43.6 43.6
49.4 12:59:14 49.4 49.4 54.5 13:13:37 54.5 54.5 44.0 13:20:08 44.0 44.0
47.4 12:59:15 47.4 47.4 53.8 13:13:38 53.8 53.8 44.1 13:20:09 44.1 44.1
46.4 12:59:16 46.4 46.4 54.5 13:13:39 54.5 54.5 42.9 13:20:10 42.9 42.9
46.4 12:59:17 46.4 46.4 56.0 13:13:40 56.0 56.0 41.9 13:20:11 41.9 41.9
49.4 12:59:18 49.4 49.4 59.6 13:13:41 59.6 59.6 41.4 13:20:12 41.4 41.4
51.8 12:59:19 51.8 51.8 69.6 13:13:42 69.6 69.6 40.7 13:20:13 40.7 40.7
52.0 12:59:20 52.0 52.0 73.3 13:13:43 73.3 73.3 42.2 13:20:14 42.2 42.2
48.5 12:59:21 48.5 48.5 71.8 13:13:44 71.8 71.8 41.2 13:20:15 41.2 41.2
45.4 12:59:22 45.4 45.4 68.4 13:13:45 68.4 68.4 40.7 13:20:16 40.7 40.7
43.5 12:59:23 43.5 43.5 64.9 13:13:46 64.9 64.9 39.2 13:20:17 39.2 39.2
43.3 12:59:24 43.3 43.3 61.5 13:13:47 61.5 61.5 38.1 13:20:18 38.1 38.1
45.9 12:59:25 45.9 45.9 58.3 13:13:48 58.3 58.3 40.0 13:20:19 40.0 40.0
48.3 12:59:26 48.3 48.3 55.6 13:13:49 55.6 55.6 39.6 13:20:20 39.6 39.6
58.0 12:59:27 58.0 58.0 54.4 13:13:50 54.4 54.4 38.8 13:20:21 38.8 38.8
58.4 12:59:28 58.4 58.4 52.9 13:13:51 52.9 52.9 38.2 13:20:22 38.2 38.2
55.1 12:59:29 55.1 55.1 51.9 13:13:52 51.9 51.9 38.5 13:20:23 38.5 38.5
55.0 12:59:30 55.0 55.0 51.6 13:13:53 51.6 51.6 38.8 13:20:24 38.8 38.8
61.8 12:59:31 61.8 61.8 50.9 13:13:54 50.9 50.9 37.7 13:20:25 37.7 37.7
69.4 12:59:32 69.4 69.4 51.3 13:13:55 51.3 51.3 36.8 13:20:26 36.8 36.8
77.0 12:59:33 77.0 77.0 51.1 13:13:56 51.1 51.1 38.6 13:20:27 38.6 38.6
78.3 12:59:34 78.3 78.3 50.8 13:13:57 50.8 50.8 39.3 13:20:28 39.3 39.3
74.8 12:59:35 74.8 74.8 51.3 13:13:58 51.3 51.3 38.8 13:20:29 38.8 38.8
70.9 12:59:36 70.9 70.9 50.3 13:13:59 50.3 50.3 38.4 13:20:30 38.4 38.4
66.9 12:59:37 66.9 66.9 50.6 13:14:00 50.6 50.6 37.9 13:20:31 37.9 37.9
63.1 12:59:38 63.1 63.1 55.0 13:14:01 55.0 55.0 37.6 13:20:32 37.6 37.6
60.1 12:59:39 60.1 60.1 54.7 13:14:02 54.7 54.7 38.2 13:20:33 38.2 38.2
59.7 12:59:40 59.7 59.7 52.8 13:14:03 52.8 52.8 38.1 13:20:34 38.1 38.1
62.1 12:59:41 62.1 62.1 50.9 13:14:04 50.9 50.9 38.6 13:20:35 38.6 38.6
60.8 12:59:42 60.8 60.8 50.4 13:14:05 50.4 50.4 39.6 13:20:36 39.6 39.6
56.9 12:59:43 56.9 56.9 51.4 13:14:06 51.4 51.4 39.4 13:20:37 39.4 39.4
53.1 12:59:44 53.1 53.1 51.7 13:14:07 51.7 51.7 39.8 13:20:38 39.8 39.8
53.1 12:59:45 53.1 53.1 52.6 13:14:08 52.6 52.6 40.6 13:20:39 40.6 40.6
55.9 12:59:46 55.9 55.9 53.6 13:14:09 53.6 53.6 40.3 13:20:40 40.3 40.3
53.4 12:59:47 53.4 53.4 55.7 13:14:10 55.7 55.7 40.4 13:20:41 40.4 40.4
49.9 12:59:48 49.9 49.9 60.4 13:14:11 60.4 60.4 39.8 13:20:42 39.8 39.8
53.6 12:59:49 53.6 53.6 69.8 13:14:12 69.8 69.8 39.5 13:20:43 39.5 39.5
60.9 12:59:50 60.9 60.9 73.9 13:14:13 73.9 73.9 40.2 13:20:44 40.2 40.2
58.8 12:59:51 58.8 58.8 72.0 13:14:14 72.0 72.0 41.2 13:20:45 41.2 41.2
55.6 12:59:52 55.6 55.6 68.5 13:14:15 68.5 68.5 41.7 13:20:46 41.7 41.7
52.0 12:59:53 52.0 52.0 64.8 13:14:16 64.8 64.8 41.3 13:20:47 41.3 41.3
49.1 12:59:54 49.1 49.1 61.4 13:14:17 61.4 61.4 39.8 13:20:48 39.8 39.8
48.3 12:59:55 48.3 48.3 58.6 13:14:18 58.6 58.6 40.6 13:20:49 40.6 40.6
48.5 12:59:56 48.5 48.5 56.4 13:14:19 56.4 56.4 41.2 13:20:50 41.2 41.2
51.9 12:59:57 51.9 51.9 54.7 13:14:20 54.7 54.7 41.7 13:20:51 41.7 41.7
53.6 12:59:58 53.6 53.6 54.0 13:14:21 54.0 54.0 42.0 13:20:52 42.0 42.0
57.2 12:59:59 57.2 57.2 53.1 13:14:22 53.1 53.1 41.1 13:20:53 41.1 41.1
57.1 13:00:00 57.1 57.1 52.7 13:14:23 52.7 52.7 40.9 13:20:54 40.9 40.9
56.1 13:00:01 56.1 56.1 52.6 13:14:24 52.6 52.6 41.1 13:20:55 41.1 41.1
54.4 13:00:02 54.4 54.4 52.1 13:14:25 52.1 52.1 41.2 13:20:56 41.2 41.2
51.9 13:00:03 51.9 51.9 51.6 13:14:26 51.6 51.6 42.2 13:20:57 42.2 42.2
59.9 13:00:04 59.9 59.9 50.8 13:14:27 50.8 50.8 42.6 13:20:58 42.6 42.6
58.8 13:00:05 58.8 58.8 51.2 13:14:28 51.2 51.2 43.8 13:20:59 43.8 43.8
54.8 13:00:06 54.8 54.8 51.7 13:14:29 51.7 51.7 42.8 13:21:00 42.8 42.8
51.8 13:00:07 51.8 51.8 51.1 13:14:30 51.1 51.1 41.8 13:21:01 41.8 41.8
50.6 13:00:08 50.6 50.6 50.9 13:14:31 50.9 50.9 41.5 13:21:02 41.5 41.5
50.6 13:00:09 50.6 50.6 50.6 13:14:32 50.6 50.6 41.8 13:21:03 41.8 41.8
47.3 13:00:10 47.3 47.3 52.0 13:14:33 52.0 52.0 40.7 13:21:04 40.7 40.7
44.6 13:00:11 44.6 44.6 52.1 13:14:34 52.1 52.1 39.9 13:21:05 39.9 39.9
43.5 13:00:12 43.5 43.5 51.5 13:14:35 51.5 51.5 40.1 13:21:06 40.1 40.1
45.1 13:00:13 45.1 45.1 50.8 13:14:36 50.8 50.8 40.2 13:21:07 40.2 40.2
49.9 13:00:14 49.9 49.9 50.5 13:14:37 50.5 50.5 41.3 13:21:08 41.3 41.3
51.1 13:00:15 51.1 51.1 50.8 13:14:38 50.8 50.8 40.6 13:21:09 40.6 40.6
48.9 13:00:16 48.9 48.9 51.3 13:14:39 51.3 51.3 40.1 13:21:10 40.1 40.1
48.1 13:00:17 48.1 48.1 51.7 13:14:40 51.7 51.7 41.5 13:21:11 41.5 41.5
46.4 13:00:18 46.4 46.4 50.7 13:14:41 50.7 50.7 42.8 13:21:12 42.8 42.8
50.6 13:00:19 50.6 50.6 51.0 13:14:42 51.0 51.0 41.8 13:21:13 41.8 41.8
53.8 13:00:20 53.8 53.8 51.8 13:14:43 51.8 51.8 41.0 13:21:14 41.0 41.0
56.2 13:00:21 56.2 56.2 50.4 13:14:44 50.4 50.4 41.4 13:21:15 41.4 41.4
56.4 13:00:22 56.4 56.4 50.5 13:14:45 50.5 50.5 41.9 13:21:16 41.9 41.9
52.6 13:00:23 52.6 52.6 50.1 13:14:46 50.1 50.1 40.9 13:21:17 40.9 40.9
49.1 13:00:24 49.1 49.1 51.8 13:14:47 51.8 51.8 40.1 13:21:18 40.1 40.1
46.4 13:00:25 46.4 46.4 51.5 13:14:48 51.5 51.5 41.1 13:21:19 41.1 41.1
50.0 13:00:26 50.0 50.0 52.4 13:14:49 52.4 52.4 42.2 13:21:20 42.2 42.2
58.1 13:00:27 58.1 58.1 52.5 13:14:50 52.5 52.5 42.0 13:21:21 42.0 42.0
58.8 13:00:28 58.8 58.8 51.3 13:14:51 51.3 51.3 41.6 13:21:22 41.6 41.6
56.2 13:00:29 56.2 56.2 51.3 13:14:52 51.3 51.3 42.3 13:21:23 42.3 42.3
52.2 13:00:30 52.2 52.2 51.9 13:14:53 51.9 51.9 41.6 13:21:24 41.6 41.6
49.4 13:00:31 49.4 49.4 51.2 13:14:54 51.2 51.2 42.6 13:21:25 42.6 42.6
48.5 13:00:32 48.5 48.5 50.3 13:14:55 50.3 50.3 44.0 13:21:26 44.0 44.0
46.1 13:00:33 46.1 46.1 50.1 13:14:56 50.1 50.1 44.8 13:21:27 44.8 44.8
47.1 13:00:34 47.1 47.1 50.8 13:14:57 50.8 50.8 43.5 13:21:28 43.5 43.5
52.2 13:00:35 52.2 52.2 51.1 13:14:58 51.1 51.1 42.4 13:21:29 42.4 42.4
51.2 13:00:36 51.2 51.2 55.2 13:14:59 55.2 55.2 41.7 13:21:30 41.7 41.7
48.9 13:00:37 48.9 48.9 55.3 13:15:00 55.3 55.3 41.7 13:21:31 41.7 41.7
47.8 13:00:38 47.8 47.8 53.1 13:15:01 53.1 53.1 41.8 13:21:32 41.8 41.8
46.0 13:00:39 46.0 46.0 52.9 13:15:02 52.9 52.9 41.5 13:21:33 41.5 41.5
46.3 13:00:40 46.3 46.3 53.7 13:15:03 53.7 53.7 42.1 13:21:34 42.1 42.1
47.6 13:00:41 47.6 47.6 52.1 13:15:04 52.1 52.1 43.4 13:21:35 43.4 43.4
49.2 13:00:42 49.2 49.2 50.7 13:15:05 50.7 50.7 43.5 13:21:36 43.5 43.5
53.6 13:00:43 53.6 53.6 49.6 13:15:06 49.6 49.6 42.9 13:21:37 42.9 42.9
61.7 13:00:44 61.7 61.7 50.1 13:15:07 50.1 50.1 42.3 13:21:38 42.3 42.3
66.5 13:00:45 66.5 66.5 51.1 13:15:08 51.1 51.1 42.1 13:21:39 42.1 42.1
71.8 13:00:46 71.8 71.8 51.4 13:15:09 51.4 51.4 41.6 13:21:40 41.6 41.6
76.0 13:00:47 76.0 76.0 50.4 13:15:10 50.4 50.4 41.1 13:21:41 41.1 41.1
74.2 13:00:48 74.2 74.2 51.2 13:15:11 51.2 51.2 42.3 13:21:42 42.3 42.3
70.3 13:00:49 70.3 70.3 52.5 13:15:12 52.5 52.5 42.1 13:21:43 42.1 42.1
66.3 13:00:50 66.3 66.3 52.9 13:15:13 52.9 52.9 41.3 13:21:44 41.3 41.3
62.4 13:00:51 62.4 62.4 51.7 13:15:14 51.7 51.7 41.3 13:21:45 41.3 41.3
59.2 13:00:52 59.2 59.2 49.6 13:15:15 49.6 49.6 41.8 13:21:46 41.8 41.8
55.4 13:00:53 55.4 55.4 49.6 13:15:16 49.6 49.6 42.3 13:21:47 42.3 42.3
51.8 13:00:54 51.8 51.8 50.5 13:15:17 50.5 50.5 41.4 13:21:48 41.4 41.4
48.4 13:00:55 48.4 48.4 50.8 13:15:18 50.8 50.8 41.5 13:21:49 41.5 41.5

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

45.5 13:00:56 45.5 45.5 51.4 13:15:19 51.4 51.4 40.9 13:21:50 40.9 40.9
44.3 13:00:57 44.3 44.3 51.3 13:15:20 51.3 51.3 40.3 13:21:51 40.3 40.3
44.4 13:00:58 44.4 44.4 50.9 13:15:21 50.9 50.9 39.5 13:21:52 39.5 39.5
53.4 13:00:59 53.4 53.4 51.1 13:15:22 51.1 51.1 39.7 13:21:53 39.7 39.7
53.2 13:01:00 53.2 53.2 52.5 13:15:23 52.5 52.5 40.5 13:21:54 40.5 40.5
49.4 13:01:01 49.4 49.4 51.9 13:15:24 51.9 51.9 41.3 13:21:55 41.3 41.3
46.4 13:01:02 46.4 46.4 52.4 13:15:25 52.4 52.4 42.0 13:21:56 42.0 42.0
46.9 13:01:03 46.9 46.9 53.1 13:15:26 53.1 53.1 41.6 13:21:57 41.6 41.6
48.1 13:01:04 48.1 48.1 55.4 13:15:27 55.4 55.4 41.1 13:21:58 41.1 41.1
45.7 13:01:05 45.7 45.7 57.9 13:15:28 57.9 57.9 40.7 13:21:59 40.7 40.7
49.8 13:01:06 49.8 49.8 64.3 13:15:29 64.3 64.3 40.5 13:22:00 40.5 40.5
52.4 13:01:07 52.4 52.4 75.5 13:15:30 75.5 75.5 40.6 13:22:01 40.6 40.6
49.9 13:01:08 49.9 49.9 76.5 13:15:31 76.5 76.5 40.7 13:22:02 40.7 40.7
46.5 13:01:09 46.5 46.5 73.7 13:15:32 73.7 73.7 39.8 13:22:03 39.8 39.8
53.5 13:01:10 53.5 53.5 70.3 13:15:33 70.3 70.3 39.8 13:22:04 39.8 39.8
55.0 13:01:11 55.0 55.0 67.2 13:15:34 67.2 67.2 39.4 13:22:05 39.4 39.4
58.2 13:01:12 58.2 58.2 64.2 13:15:35 64.2 64.2 39.5 13:22:06 39.5 39.5
57.2 13:01:13 57.2 57.2 62.0 13:15:36 62.0 62.0 40.3 13:22:07 40.3 40.3
57.2 13:01:14 57.2 57.2 65.6 13:15:37 65.6 65.6 40.8 13:22:08 40.8 40.8
55.5 13:01:15 55.5 55.5 71.5 13:15:38 71.5 71.5 40.9 13:22:09 40.9 40.9
51.5 13:01:16 51.5 51.5 70.5 13:15:39 70.5 70.5 41.3 13:22:10 41.3 41.3
47.7 13:01:17 47.7 47.7 67.5 13:15:40 67.5 67.5 41.6 13:22:11 41.6 41.6
45.5 13:01:18 45.5 45.5 64.2 13:15:41 64.2 64.2 43.2 13:22:12 43.2 43.2
44.8 13:01:19 44.8 44.8 61.1 13:15:42 61.1 61.1 43.4 13:22:13 43.4 43.4
43.0 13:01:20 43.0 43.0 58.0 13:15:43 58.0 58.0 43.3 13:22:14 43.3 43.3
41.6 13:01:21 41.6 41.6 55.9 13:15:44 55.9 55.9 42.8 13:22:15 42.8 42.8
42.1 13:01:22 42.1 42.1 55.2 13:15:45 55.2 55.2 43.2 13:22:16 43.2 43.2
41.9 13:01:23 41.9 41.9 55.0 13:15:46 55.0 55.0 43.3 13:22:17 43.3 43.3
41.6 13:01:24 41.6 41.6 55.3 13:15:47 55.3 55.3 43.1 13:22:18 43.1 43.1
40.5 13:01:25 40.5 40.5 54.5 13:15:48 54.5 54.5 43.9 13:22:19 43.9 43.9
45.7 13:01:26 45.7 45.7 54.0 13:15:49 54.0 54.0 43.4 13:22:20 43.4 43.4
53.9 13:01:27 53.9 53.9 55.7 13:15:50 55.7 55.7 43.3 13:22:21 43.3 43.3
50.5 13:01:28 50.5 50.5 58.9 13:15:51 58.9 58.9 43.0 13:22:22 43.0 43.0
47.8 13:01:29 47.8 47.8 68.2 13:15:52 68.2 68.2 43.0 13:22:23 43.0 43.0
45.2 13:01:30 45.2 45.2 73.7 13:15:53 73.7 73.7 43.6 13:22:24 43.6 43.6
44.3 13:01:31 44.3 44.3 72.3 13:15:54 72.3 72.3 44.0 13:22:25 44.0 44.0
43.8 13:01:32 43.8 43.8 69.1 13:15:55 69.1 69.1 44.0 13:22:26 44.0 44.0
43.4 13:01:33 43.4 43.4 65.8 13:15:56 65.8 65.8 43.5 13:22:27 43.5 43.5
44.2 13:01:34 44.2 44.2 62.5 13:15:57 62.5 62.5 42.5 13:22:28 42.5 42.5
45.3 13:01:35 45.3 45.3 59.3 13:15:58 59.3 59.3 44.8 13:22:29 44.8 44.8
46.8 13:01:36 46.8 46.8 56.6 13:15:59 56.6 56.6 44.1 13:22:30 44.1 44.1
50.7 13:01:37 50.7 50.7 55.1 13:16:00 55.1 55.1 42.3 13:22:31 42.3 42.3
55.2 13:01:38 55.2 55.2 55.9 13:16:01 55.9 55.9 40.9 13:22:32 40.9 40.9
54.2 13:01:39 54.2 54.2 57.0 13:16:02 57.0 57.0 39.8 13:22:33 39.8 39.8
54.7 13:01:40 54.7 54.7 55.5 13:16:03 55.5 55.5 39.8 13:22:34 39.8 39.8
56.4 13:01:41 56.4 56.4 53.0 13:16:04 53.0 53.0 39.9 13:22:35 39.9 39.9
55.7 13:01:42 55.7 55.7 51.3 13:16:05 51.3 51.3 40.1 13:22:36 40.1 40.1
52.8 13:01:43 52.8 52.8 51.3 13:16:06 51.3 51.3 39.2 13:22:37 39.2 39.2
52.4 13:01:44 52.4 52.4 51.3 13:16:07 51.3 51.3 38.7 13:22:38 38.7 38.7

54.5 13:01:45 54.5 54.5 50.9 13:16:08 50.9 50.9 38.6 13:22:39 38.6 38.6

54.1 13:01:46 54.1 54.1 51.2 13:16:09 51.2 51.2 38.9 13:22:40 38.9 38.9

52.7 13:01:47 52.7 52.7 51.4 13:16:10 51.4 51.4 38.7 13:22:41 38.7 38.7

52.1 13:01:48 52.1 52.1 51.5 13:16:11 51.5 51.5 38.9 13:22:42 38.9 38.9

51.0 13:01:49 51.0 51.0 51.8 13:16:12 51.8 51.8 39.2 13:22:43 39.2 39.2

51.1 13:01:50 51.1 51.1 52.7 13:16:13 52.7 52.7 39.8 13:22:44 39.8 39.8

55.7 13:01:51 55.7 55.7 52.1 13:16:14 52.1 52.1 39.8 13:22:45 39.8 39.8

56.8 13:01:52 56.8 56.8 51.2 13:16:15 51.2 51.2 39.5 13:22:46 39.5 39.5

58.8 13:01:53 58.8 58.8 49.8 13:16:16 49.8 49.8 38.8 13:22:47 38.8 38.8

62.0 13:01:54 62.0 62.0 50.8 13:16:17 50.8 50.8 38.8 13:22:48 38.8 38.8

63.8 13:01:55 63.8 63.8 51.8 13:16:18 51.8 51.8 39.0 13:22:49 39.0 39.0

67.4 13:01:56 67.4 67.4 52.2 13:16:19 52.2 52.2 38.4 13:22:50 38.4 38.4

70.3 13:01:57 70.3 70.3 52.4 13:16:20 52.4 52.4 38.3 13:22:51 38.3 38.3

68.1 13:01:58 68.1 68.1 52.7 13:16:21 52.7 52.7 38.5 13:22:52 38.5 38.5

64.5 13:01:59 64.5 64.5 54.0 13:16:22 54.0 54.0 38.1 13:22:53 38.1 38.1

61.0 13:02:00 61.0 61.0 53.9 13:16:23 53.9 53.9 38.8 13:22:54 38.8 38.8

58.5 13:02:01 58.5 58.5 55.7 13:16:24 55.7 55.7 38.4 13:22:55 38.4 38.4

55.9 13:02:02 55.9 55.9 59.8 13:16:25 59.8 59.8 38.4 13:22:56 38.4 38.4

52.5 13:02:03 52.5 52.5 67.6 13:16:26 67.6 67.6 38.9 13:22:57 38.9 38.9

49.3 13:02:04 49.3 49.3 71.0 13:16:27 71.0 71.0 38.4 13:22:58 38.4 38.4

46.8 13:02:05 46.8 46.8 72.6 13:16:28 72.6 72.6 39.0 13:22:59 39.0 39.0

45.1 13:02:06 45.1 45.1 70.9 13:16:29 70.9 70.9 39.3 13:23:00 39.3 39.3

44.9 13:02:07 44.9 44.9 67.6 13:16:30 67.6 67.6 38.5 13:23:01 38.5 38.5

54.8 13:02:08 54.8 54.8 64.2 13:16:31 64.2 64.2 38.3 13:23:02 38.3 38.3

52.1 13:02:09 52.1 52.1 60.9 13:16:32 60.9 60.9 38.9 13:23:03 38.9 38.9

51.7 13:02:10 51.7 51.7 58.3 13:16:33 58.3 58.3 39.4 13:23:04 39.4 39.4

48.7 13:02:11 48.7 48.7 57.2 13:16:34 57.2 57.2 40.5 13:23:05 40.5 40.5

46.3 13:02:12 46.3 46.3 57.5 13:16:35 57.5 57.5 40.0 13:23:06 40.0 40.0

49.7 13:02:13 49.7 49.7 58.2 13:16:36 58.2 58.2 39.1 13:23:07 39.1 39.1

55.9 13:02:14 55.9 55.9 60.0 13:16:37 60.0 60.0 38.6 13:23:08 38.6 38.6

53.9 13:02:15 53.9 53.9 63.0 13:16:38 63.0 63.0 38.7 13:23:09 38.7 38.7

51.2 13:02:16 51.2 51.2 61.4 13:16:39 61.4 61.4 38.9 13:23:10 38.9 38.9

50.6 13:02:17 50.6 50.6 60.7 13:16:40 60.7 60.7 38.6 13:23:11 38.6 38.6

49.8 13:02:18 49.8 49.8 59.6 13:16:41 59.6 59.6 38.8 13:23:12 38.8 38.8

50.0 13:02:19 50.0 50.0 58.4 13:16:42 58.4 58.4 38.7 13:23:13 38.7 38.7

47.5 13:02:20 47.5 47.5 57.8 13:16:43 57.8 57.8 38.6 13:23:14 38.6 38.6

46.3 13:02:21 46.3 46.3 57.4 13:16:44 57.4 57.4 38.0 13:23:15 38.0 38.0

44.5 13:02:22 44.5 44.5 56.4 13:16:45 56.4 56.4 37.7 13:23:16 37.7 37.7

43.5 13:02:23 43.5 43.5 55.5 13:16:46 55.5 55.5 37.4 13:23:17 37.4 37.4

43.2 13:02:24 43.2 43.2 54.9 13:16:47 54.9 54.9 37.9 13:23:18 37.9 37.9

43.1 13:02:25 43.1 43.1 53.8 13:16:48 53.8 53.8 38.7 13:23:19 38.7 38.7

42.2 13:02:26 42.2 42.2 54.2 13:16:49 54.2 54.2 38.5 13:23:20 38.5 38.5

42.4 13:02:27 42.4 42.4 54.4 13:16:50 54.4 54.4 38.8 13:23:21 38.8 38.8

42.0 13:02:28 42.0 42.0 53.4 13:16:51 53.4 53.4 39.2 13:23:22 39.2 39.2

41.7 13:02:29 41.7 41.7 53.7 13:16:52 53.7 53.7 39.4 13:23:23 39.4 39.4

42.0 13:02:30 42.0 42.0 54.3 13:16:53 54.3 54.3 39.2 13:23:24 39.2 39.2

43.4 13:02:31 43.4 43.4 54.2 13:16:54 54.2 54.2 40.0 13:23:25 40.0 40.0

48.2 13:02:32 48.2 48.2 53.1 13:16:55 53.1 53.1 41.0 13:23:26 41.0 41.0

49.9 13:02:33 49.9 49.9 53.7 13:16:56 53.7 53.7 40.1 13:23:27 40.1 40.1

47.8 13:02:34 47.8 47.8 55.7 13:16:57 55.7 55.7 39.1 13:23:28 39.1 39.1

45.4 13:02:35 45.4 45.4 57.1 13:16:58 57.1 57.1 39.2 13:23:29 39.2 39.2

46.2 13:02:36 46.2 46.2 57.0 13:16:59 57.0 57.0 39.3 13:23:30 39.3 39.3

45.3 13:02:37 45.3 45.3 61.3 13:17:00 61.3 61.3 39.7 13:23:31 39.7 39.7

43.7 13:02:38 43.7 43.7 68.1 13:17:01 68.1 68.1 39.7 13:23:32 39.7 39.7

42.7 13:02:39 42.7 42.7 70.6 13:17:02 70.6 70.6 39.7 13:23:33 39.7 39.7

42.5 13:02:40 42.5 42.5 68.4 13:17:03 68.4 68.4 39.3 13:23:34 39.3 39.3

42.5 13:02:41 42.5 42.5 64.8 13:17:04 64.8 64.8 39.2 13:23:35 39.2 39.2

42.8 13:02:42 42.8 42.8 61.4 13:17:05 61.4 61.4 39.6 13:23:36 39.6 39.6

44.7 13:02:43 44.7 44.7 58.1 13:17:06 58.1 58.1 39.6 13:23:37 39.6 39.6

46.0 13:02:44 46.0 46.0 56.2 13:17:07 56.2 56.2 39.9 13:23:38 39.9 39.9

43.9 13:02:45 43.9 43.9 54.5 13:17:08 54.5 54.5 40.0 13:23:39 40.0 40.0

43.7 13:02:46 43.7 43.7 55.1 13:17:09 55.1 55.1 39.8 13:23:40 39.8 39.8

46.8 13:02:47 46.8 46.8 54.5 13:17:10 54.5 54.5 39.3 13:23:41 39.3 39.3

44.9 13:02:48 44.9 44.9 53.5 13:17:11 53.5 53.5 39.2 13:23:42 39.2 39.2

43.3 13:02:49 43.3 43.3 53.2 13:17:12 53.2 53.2 39.0 13:23:43 39.0 39.0

44.9 13:02:50 44.9 44.9 53.8 13:17:13 53.8 53.8 38.2 13:23:44 38.2 38.2

44.4 13:02:51 44.4 44.4 54.5 13:17:14 54.5 54.5 39.2 13:23:45 39.2 39.2

43.3 13:02:52 43.3 43.3 54.1 13:17:15 54.1 54.1 38.8 13:23:46 38.8 38.8

43.9 13:02:53 43.9 43.9 53.5 13:17:16 53.5 53.5 38.5 13:23:47 38.5 38.5

48.5 13:02:54 48.5 48.5 54.0 13:17:17 54.0 54.0 39.1 13:23:48 39.1 39.1

50.7 13:02:55 50.7 50.7 54.4 13:17:18 54.4 54.4 39.4 13:23:49 39.4 39.4

51.0 13:02:56 51.0 51.0 54.9 13:17:19 54.9 54.9 39.2 13:23:50 39.2 39.2

50.5 13:02:57 50.5 50.5 53.7 13:17:20 53.7 53.7 38.5 13:23:51 38.5 38.5

48.4 13:02:58 48.4 48.4 53.0 13:17:21 53.0 53.0 38.2 13:23:52 38.2 38.2

47.0 13:02:59 47.0 47.0 53.2 13:17:22 53.2 53.2 37.9 13:23:53 37.9 37.9

47.3 13:03:00 47.3 47.3 53.3 13:17:23 53.3 53.3 37.6 13:23:54 37.6 37.6

46.4 13:03:01 46.4 46.4 53.2 13:17:24 53.2 53.2 37.1 13:23:55 37.1 37.1

44.7 13:03:02 44.7 44.7 53.2 13:17:25 53.2 53.2 36.7 13:23:56 36.7 36.7

43.9 13:03:03 43.9 43.9 54.1 13:17:26 54.1 54.1 36.8 13:23:57 36.8 36.8

43.4 13:03:04 43.4 43.4 53.8 13:17:27 53.8 53.8 37.4 13:23:58 37.4 37.4

44.2 13:03:05 44.2 44.2 55.0 13:17:28 55.0 55.0 38.3 13:23:59 38.3 38.3

47.7 13:03:06 47.7 47.7 55.2 13:17:29 55.2 55.2 37.8 13:24:00 37.8 37.8

47.3 13:03:07 47.3 47.3 54.0 13:17:30 54.0 54.0 37.1 13:24:01 37.1 37.1

49.1 13:03:08 49.1 49.1 53.5 13:17:31 53.5 53.5 37.2 13:24:02 37.2 37.2

52.3 13:03:09 52.3 52.3 54.4 13:17:32 54.4 54.4 37.0 13:24:03 37.0 37.0

52.4 13:03:10 52.4 52.4 57.6 13:17:33 57.6 57.6 36.9 13:24:04 36.9 36.9

49.3 13:03:11 49.3 49.3 65.1 13:17:34 65.1 65.1 37.0 13:24:05 37.0 37.0

46.4 13:03:12 46.4 46.4 71.7 13:17:35 71.7 71.7 36.7 13:24:06 36.7 36.7

44.5 13:03:13 44.5 44.5 71.2 13:17:36 71.2 71.2 37.0 13:24:07 37.0 37.0

45.0 13:03:14 45.0 45.0 67.9 13:17:37 67.9 67.9 37.0 13:24:08 37.0 37.0

45.3 13:03:15 45.3 45.3 64.3 13:17:38 64.3 64.3 36.9 13:24:09 36.9 36.9

44.5 13:03:16 44.5 44.5 60.9 13:17:39 60.9 60.9 36.6 13:24:10 36.6 36.6

44.3 13:03:17 44.3 44.3 58.0 13:17:40 58.0 58.0 36.2 13:24:11 36.2 36.2

43.0 13:03:18 43.0 43.0 57.1 13:17:41 57.1 57.1 36.0 13:24:12 36.0 36.0

42.1 13:03:19 42.1 42.1 56.4 13:17:42 56.4 56.4 35.8 13:24:13 35.8 35.8

41.2 13:03:20 41.2 41.2 55.1 13:17:43 55.1 55.1 35.8 13:24:14 35.8 35.8

42.2 13:03:21 42.2 42.2 54.6 13:17:44 54.6 54.6 35.8 13:24:15 35.8 35.8

42.5 13:03:22 42.5 42.5 54.9 13:17:45 54.9 54.9 35.9 13:24:16 35.9 35.9

43.1 13:03:23 43.1 43.1 55.8 13:17:46 55.8 55.8 36.1 13:24:17 36.1 36.1

45.0 13:03:24 45.0 45.0 55.7 13:17:47 55.7 55.7 36.3 13:24:18 36.3 36.3

43.8 13:03:25 43.8 43.8 55.3 13:17:48 55.3 55.3 36.3 13:24:19 36.3 36.3

47.4 13:03:26 47.4 47.4 56.0 13:17:49 56.0 56.0 36.6 13:24:20 36.6 36.6

50.7 13:03:27 50.7 50.7 57.9 13:17:50 57.9 57.9 36.5 13:24:21 36.5 36.5

50.0 13:03:28 50.0 50.0 61.8 13:17:51 61.8 61.8 36.3 13:24:22 36.3 36.3

46.8 13:03:29 46.8 46.8 69.4 13:17:52 69.4 69.4 36.4 13:24:23 36.4 36.4

45.4 13:03:30 45.4 45.4 71.3 13:17:53 71.3 71.3 36.6 13:24:24 36.6 36.6

45.0 13:03:31 45.0 45.0 69.2 13:17:54 69.2 69.2 36.5 13:24:25 36.5 36.5

44.7 13:03:32 44.7 44.7 65.7 13:17:55 65.7 65.7 37.1 13:24:26 37.1 37.1

46.4 13:03:33 46.4 46.4 61.9 13:17:56 61.9 61.9 37.5 13:24:27 37.5 37.5

52.4 13:03:34 52.4 52.4 59.0 13:17:57 59.0 59.0 37.7 13:24:28 37.7 37.7

54.2 13:03:35 54.2 54.2 57.0 13:17:58 57.0 57.0 37.1 13:24:29 37.1 37.1

50.9 13:03:36 50.9 50.9 55.8 13:17:59 55.8 55.8 36.7 13:24:30 36.7 36.7

48.2 13:03:37 48.2 48.2 54.9 13:18:00 54.9 54.9 36.6 13:24:31 36.6 36.6

46.7 13:03:38 46.7 46.7 55.0 13:18:01 55.0 55.0 36.9 13:24:32 36.9 36.9

45.9 13:03:39 45.9 45.9 53.5 13:18:02 53.5 53.5 36.8 13:24:33 36.8 36.8

46.1 13:03:40 46.1 46.1 52.8 13:18:03 52.8 52.8 38.7 13:24:34 38.7 38.7

47.3 13:03:41 47.3 47.3 53.5 13:18:04 53.5 53.5 37.8 13:24:35 37.8 37.8

48.7 13:03:42 48.7 48.7 53.5 13:18:05 53.5 53.5 38.0 13:24:36 38.0 38.0

46.9 13:03:43 46.9 46.9 52.4 13:18:06 52.4 52.4 38.1 13:24:37 38.1 38.1

46.0 13:03:44 46.0 46.0 53.1 13:18:07 53.1 53.1 37.8 13:24:38 37.8 37.8

44.9 13:03:45 44.9 44.9 55.2 13:18:08 55.2 55.2 37.4 13:24:39 37.4 37.4

44.8 13:03:46 44.8 44.8 56.4 13:18:09 56.4 56.4 36.9 13:24:40 36.9 36.9

49.2 13:03:47 49.2 49.2 54.8 13:18:10 54.8 54.8 37.2 13:24:41 37.2 37.2

50.1 13:03:48 50.1 50.1 52.9 13:18:11 52.9 52.9 37.0 13:24:42 37.0 37.0

49.0 13:03:49 49.0 49.0 53.5 13:18:12 53.5 53.5 37.0 13:24:43 37.0 37.0

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

49.1 13:03:50 49.1 49.1 53.3 13:18:13 53.3 53.3 36.7 13:24:44 36.7 36.7

48.6 13:03:51 48.6 48.6 53.4 13:18:14 53.4 53.4 36.3 13:24:45 36.3 36.3

47.7 13:03:52 47.7 47.7 53.9 13:18:15 53.9 53.9 35.9 13:24:46 35.9 35.9

49.2 13:03:53 49.2 49.2 54.0 13:18:16 54.0 54.0 35.9 13:24:47 35.9 35.9

54.9 13:03:54 54.9 54.9 53.7 13:18:17 53.7 53.7 36.5 13:24:48 36.5 36.5

55.1 13:03:55 55.1 55.1 52.8 13:18:18 52.8 52.8 37.1 13:24:49 37.1 37.1

53.2 13:03:56 53.2 53.2 52.7 13:18:19 52.7 52.7 36.6 13:24:50 36.6 36.6

50.9 13:03:57 50.9 50.9 53.9 13:18:20 53.9 53.9 36.5 13:24:51 36.5 36.5

49.7 13:03:58 49.7 49.7 53.7 13:18:21 53.7 53.7 36.8 13:24:52 36.8 36.8

48.8 13:03:59 48.8 48.8 52.5 13:18:22 52.5 52.5 36.8 13:24:53 36.8 36.8

49.1 13:04:00 49.1 49.1 52.6 13:18:23 52.6 52.6 36.8 13:24:54 36.8 36.8

48.5 13:04:01 48.5 48.5 53.0 13:18:24 53.0 53.0 37.1 13:24:55 37.1 37.1

50.3 13:04:02 50.3 50.3 52.8 13:18:25 52.8 52.8 37.2 13:24:56 37.2 37.2

48.5 13:04:03 48.5 48.5 53.2 13:18:26 53.2 53.2 37.0 13:24:57 37.0 37.0

46.6 13:04:04 46.6 46.6 52.7 13:18:27 52.7 52.7 37.9 13:24:58 37.9 37.9

45.8 13:04:05 45.8 45.8 52.6 13:18:28 52.6 52.6 39.2 13:24:59 39.2 39.2

46.3 13:04:06 46.3 46.3 53.4 13:18:29 53.4 53.4 38.9 13:25:00 38.9 38.9

46.9 13:04:07 46.9 46.9 53.7 13:18:30 53.7 53.7 38.2 13:25:01 38.2 38.2

47.1 13:04:08 47.1 47.1 53.6 13:18:31 53.6 53.6 37.6 13:25:02 37.6 37.6

51.2 13:04:09 51.2 51.2 53.8 13:18:32 53.8 53.8 37.1 13:25:03 37.1 37.1

52.4 13:04:10 52.4 52.4 53.5 13:18:33 53.5 53.5 37.0 13:25:04 37.0 37.0

51.2 13:04:11 51.2 51.2 53.5 13:18:34 53.5 53.5 36.8 13:25:05 36.8 36.8

48.3 13:04:12 48.3 48.3 54.6 13:18:35 54.6 54.6 36.5 13:25:06 36.5 36.5

45.6 13:04:13 45.6 45.6 56.0 13:18:36 56.0 56.0 36.6 13:25:07 36.6 36.6

44.6 13:04:14 44.6 44.6 57.9 13:18:37 57.9 57.9 36.6 13:25:08 36.6 36.6

44.9 13:04:15 44.9 44.9 57.4 13:18:38 57.4 57.4 36.7 13:25:09 36.7 36.7

44.9 13:04:16 44.9 44.9 56.6 13:18:39 56.6 56.6 36.6 13:25:10 36.6 36.6

43.9 13:04:17 43.9 43.9 55.5 13:18:40 55.5 55.5 36.8 13:25:11 36.8 36.8

42.8 13:04:18 42.8 42.8 55.7 13:18:41 55.7 55.7 36.9 13:25:12 36.9 36.9

48.7 13:04:19 48.7 48.7 57.1 13:18:42 57.1 57.1 37.2 13:25:13 37.2 37.2

49.0 13:04:20 49.0 49.0 59.1 13:18:43 59.1 59.1 37.6 13:25:14 37.6 37.6

46.9 13:04:21 46.9 46.9 60.2 13:18:44 60.2 60.2 37.7 13:25:15 37.7 37.7

48.5 13:04:22 48.5 48.5 61.0 13:18:45 61.0 61.0 37.0 13:25:16 37.0 37.0

53.7 13:04:23 53.7 53.7 60.7 13:18:46 60.7 60.7 36.6 13:25:17 36.6 36.6

54.2 13:04:24 54.2 54.2 59.3 13:18:47 59.3 59.3 36.7 13:25:18 36.7 36.7

55.6 13:04:25 55.6 55.6 58.1 13:18:48 58.1 58.1 37.9 13:25:19 37.9 37.9

52.5 13:04:26 52.5 52.5 57.2 13:18:49 57.2 57.2 38.1 13:25:20 38.1 38.1

49.9 13:04:27 49.9 49.9 56.4 13:18:50 56.4 56.4 38.0 13:25:21 38.0 38.0

46.9 13:04:28 46.9 46.9 56.2 13:18:51 56.2 56.2 37.7 13:25:22 37.7 37.7

44.4 13:04:29 44.4 44.4 57.3 13:18:52 57.3 57.3 37.6 13:25:23 37.6 37.6

43.6 13:04:30 43.6 43.6 60.9 13:18:53 60.9 60.9 37.5 13:25:24 37.5 37.5

43.1 13:04:31 43.1 43.1 66.7 13:18:54 66.7 66.7 37.4 13:25:25 37.4 37.4

49.0 13:04:32 49.0 49.0 70.2 13:18:55 70.2 70.2 37.3 13:25:26 37.3 37.3

47.6 13:04:33 47.6 47.6 68.5 13:18:56 68.5 68.5 37.7 13:25:27 37.7 37.7

47.1 13:04:34 47.1 47.1 64.9 13:18:57 64.9 64.9 37.9 13:25:28 37.9 37.9

48.9 13:04:35 48.9 48.9 61.8 13:18:58 61.8 61.8 37.4 13:25:29 37.4 37.4

47.6 13:04:36 47.6 47.6 59.3 13:18:59 59.3 59.3 37.3 13:25:30 37.3 37.3

45.6 13:04:37 45.6 45.6 56.9 13:19:00 56.9 56.9 37.8 13:25:31 37.8 37.8

43.9 13:04:38 43.9 43.9 55.7 13:19:01 55.7 55.7 37.6 13:25:32 37.6 37.6

45.4 13:04:39 45.4 45.4 54.8 13:19:02 54.8 54.8 38.0 13:25:33 38.0 38.0

48.1 13:04:40 48.1 48.1 54.0 13:19:03 54.0 54.0 38.4 13:25:34 38.4 38.4

46.7 13:04:41 46.7 46.7 53.8 13:19:04 53.8 53.8 38.7 13:25:35 38.7 38.7

44.8 13:04:42 44.8 44.8 53.5 13:19:05 53.5 53.5 38.1 13:25:36 38.1 38.1

42.9 13:04:43 42.9 42.9 53.6 13:19:06 53.6 53.6 37.7 13:25:37 37.7 37.7

42.5 13:04:44 42.5 42.5 53.4 13:19:07 53.4 53.4 37.7 13:25:38 37.7 37.7

46.4 13:04:45 46.4 46.4 52.8 13:19:08 52.8 52.8 37.7 13:25:39 37.7 37.7

47.3 13:04:46 47.3 47.3 54.0 13:19:09 54.0 54.0 38.1 13:25:40 38.1 38.1

46.8 13:04:47 46.8 46.8 54.1 13:19:10 54.1 54.1 38.6 13:25:41 38.6 38.6

44.5 13:04:48 44.5 44.5 54.3 13:19:11 54.3 54.3 38.1 13:25:42 38.1 38.1

43.7 13:04:49 43.7 43.7 53.8 13:19:12 53.8 53.8 38.4 13:25:43 38.4 38.4

42.9 13:04:50 42.9 42.9 53.9 13:19:13 53.9 53.9 39.1 13:25:44 39.1 39.1

46.3 13:04:51 46.3 46.3 53.6 13:19:14 53.6 53.6 39.7 13:25:45 39.7 39.7

50.2 13:04:52 50.2 50.2 54.1 13:19:15 54.1 54.1 39.8 13:25:46 39.8 39.8

51.8 13:04:53 51.8 51.8 54.7 13:19:16 54.7 54.7 39.4 13:25:47 39.4 39.4

49.2 13:04:54 49.2 49.2 54.0 13:19:17 54.0 54.0 38.8 13:25:48 38.8 38.8

47.4 13:04:55 47.4 47.4 54.3 13:19:18 54.3 54.3 38.9 13:25:49 38.9 38.9

49.9 13:04:56 49.9 49.9 54.5 13:19:19 54.5 54.5 39.3 13:25:50 39.3 39.3

47.7 13:04:57 47.7 47.7 55.3 13:19:20 55.3 55.3 39.3 13:25:51 39.3 39.3

45.1 13:04:58 45.1 45.1 57.2 13:19:21 57.2 57.2 39.3 13:25:52 39.3 39.3

45.1 13:04:59 45.1 45.1 66.2 13:19:22 66.2 66.2 39.5 13:25:53 39.5 39.5

46.7 13:05:00 46.7 46.7 63.7 13:19:23 63.7 63.7 39.8 13:25:54 39.8 39.8

46.8 13:05:01 46.8 46.8 61.1 13:19:24 61.1 61.1 39.9 13:25:55 39.9 39.9

44.4 13:05:02 44.4 44.4 58.6 13:19:25 58.6 58.6 40.1 13:25:56 40.1 40.1

44.0 13:05:03 44.0 44.0 56.1 13:19:26 56.1 56.1 39.9 13:25:57 39.9 39.9

45.5 13:05:04 45.5 45.5 55.8 13:19:27 55.8 55.8 39.6 13:25:58 39.6 39.6

46.1 13:05:05 46.1 46.1 55.7 13:19:28 55.7 55.7 39.6 13:25:59 39.6 39.6

47.2 13:05:06 47.2 47.2 55.2 13:19:29 55.2 55.2 40.2 13:26:00 40.2 40.2

50.9 13:05:07 50.9 50.9 55.7 13:19:30 55.7 55.7 41.1 13:26:01 41.1 41.1

48.5 13:05:08 48.5 48.5 56.9 13:19:31 56.9 56.9 40.8 13:26:02 40.8 40.8

45.7 13:05:09 45.7 45.7 59.1 13:19:32 59.1 59.1 40.4 13:26:03 40.4 40.4

44.2 13:05:10 44.2 44.2 59.1 13:19:33 59.1 59.1 40.2 13:26:04 40.2 40.2

43.8 13:05:11 43.8 43.8 58.1 13:19:34 58.1 58.1 41.1 13:26:05 41.1 41.1

43.4 13:05:12 43.4 43.4 58.8 13:19:35 58.8 58.8 41.4 13:26:06 41.4 41.4

47.3 13:05:13 47.3 47.3 58.5 13:19:36 58.5 58.5 41.2 13:26:07 41.2 41.2

47.7 13:05:14 47.7 47.7 58.7 13:19:37 58.7 58.7 41.6 13:26:08 41.6 41.6

46.1 13:05:15 46.1 46.1 59.1 13:19:38 59.1 59.1 41.8 13:26:09 41.8 41.8

44.7 13:05:16 44.7 44.7 59.3 13:19:39 59.3 59.3 41.8 13:26:10 41.8 41.8

43.0 13:05:17 43.0 43.0 60.3 13:19:40 60.3 60.3 41.5 13:26:11 41.5 41.5

41.9 13:05:18 41.9 41.9 62.0 13:19:41 62.0 62.0 42.2 13:26:12 42.2 42.2

43.4 13:05:19 43.4 43.4 66.4 13:19:42 66.4 66.4 42.6 13:26:13 42.6 42.6

43.2 13:05:20 43.2 43.2 68.1 13:19:43 68.1 68.1 41.8 13:26:14 41.8 41.8

42.7 13:05:21 42.7 42.7 67.0 13:19:44 67.0 67.0 41.2 13:26:15 41.2 41.2

43.0 13:05:22 43.0 43.0 66.4 13:19:45 66.4 66.4 41.4 13:26:16 41.4 41.4

45.0 13:05:23 45.0 45.0 65.2 13:19:46 65.2 65.2 41.9 13:26:17 41.9 41.9

45.5 13:05:24 45.5 45.5 63.8 13:19:47 63.8 63.8 43.5 13:26:18 43.5 43.5

47.1 13:05:25 47.1 47.1 63.9 13:19:48 63.9 63.9 45.0 13:26:19 45.0 45.0

47.2 13:05:26 47.2 47.2 64.1 13:19:49 64.1 64.1 46.9 13:26:20 46.9 46.9

45.3 13:05:27 45.3 45.3 63.2 13:19:50 63.2 63.2 50.2 13:26:21 50.2 50.2

47.0 13:05:28 47.0 47.0 63.5 13:19:51 63.5 63.5 54.1 13:26:22 54.1 54.1

52.2 13:05:29 52.2 52.2 68.0 13:19:52 68.0 68.0 56.2 13:26:23 56.2 56.2

53.0 13:05:30 53.0 53.0 70.7 13:19:53 70.7 70.7 55.1 13:26:24 55.1 55.1

50.6 13:05:31 50.6 50.6 70.6 13:19:54 70.6 70.6 52.2 13:26:25 52.2 52.2

49.6 13:05:32 49.6 49.6 68.3 13:19:55 68.3 68.3 48.9 13:26:26 48.9 48.9

49.5 13:05:33 49.5 49.5 65.5 13:19:56 65.5 65.5 45.9 13:26:27 45.9 45.9

50.6 13:05:34 50.6 50.6 62.8 13:19:57 62.8 62.8 43.6 13:26:28 43.6 43.6

50.6 13:05:35 50.6 50.6 61.1 13:19:58 61.1 61.1 41.8 13:26:29 41.8 41.8

52.1 13:05:36 52.1 52.1 60.1 13:19:59 60.1 60.1 41.3 13:26:30 41.3 41.3

54.1 13:05:37 54.1 54.1 60.5 13:20:00 60.5 60.5 41.0 13:26:31 41.0 41.0

52.6 13:05:38 52.6 52.6 61.8 13:20:01 61.8 61.8 40.0 13:26:32 40.0 40.0

50.2 13:05:39 50.2 50.2 62.0 13:20:02 62.0 62.0 39.6 13:26:33 39.6 39.6

50.9 13:05:40 50.9 50.9 62.6 13:20:03 62.6 62.6 39.2 13:26:34 39.2 39.2

55.9 13:05:41 55.9 55.9 65.1 13:20:04 65.1 65.1 38.5 13:26:35 38.5 38.5

56.3 13:05:42 56.3 56.3 65.1 13:20:05 65.1 65.1 38.7 13:26:36 38.7 38.7

52.8 13:05:43 52.8 52.8 65.4 13:20:06 65.4 65.4 38.7 13:26:37 38.7 38.7

49.7 13:05:44 49.7 49.7 66.5 13:20:07 66.5 66.5 38.1 13:26:38 38.1 38.1

48.0 13:05:45 48.0 48.0 66.6 13:20:08 66.6 66.6 37.9 13:26:39 37.9 37.9

47.0 13:05:46 47.0 47.0 68.2 13:20:09 68.2 68.2 38.5 13:26:40 38.5 38.5

46.1 13:05:47 46.1 46.1 69.3 13:20:10 69.3 69.3 39.3 13:26:41 39.3 39.3

44.9 13:05:48 44.9 44.9 70.3 13:20:11 70.3 70.3 39.4 13:26:42 39.4 39.4

48.7 13:05:49 48.7 48.7 70.2 13:20:12 70.2 70.2 38.5 13:26:43 38.5 38.5

54.2 13:05:50 54.2 54.2 68.9 13:20:13 68.9 68.9 38.0 13:26:44 38.0 38.0

52.8 13:05:51 52.8 52.8 67.3 13:20:14 67.3 67.3 38.2 13:26:45 38.2 38.2

50.9 13:05:52 50.9 50.9 66.6 13:20:15 66.6 66.6 38.7 13:26:46 38.7 38.7

48.5 13:05:53 48.5 48.5 66.0 13:20:16 66.0 66.0 38.4 13:26:47 38.4 38.4

46.4 13:05:54 46.4 46.4 65.3 13:20:17 65.3 65.3 38.5 13:26:48 38.5 38.5

47.3 13:05:55 47.3 47.3 64.5 13:20:18 64.5 64.5 39.2 13:26:49 39.2 39.2

49.1 13:05:56 49.1 49.1 63.8 13:20:19 63.8 63.8 39.7 13:26:50 39.7 39.7

48.3 13:05:57 48.3 48.3 63.2 13:20:20 63.2 63.2 38.9 13:26:51 38.9 38.9

49.8 13:05:58 49.8 49.8 62.9 13:20:21 62.9 62.9 38.4 13:26:52 38.4 38.4

49.3 13:05:59 49.3 49.3 62.8 13:20:22 62.8 62.8 38.1 13:26:53 38.1 38.1

47.3 13:06:00 47.3 47.3 63.1 13:20:23 63.1 63.1 38.8 13:26:54 38.8 38.8

47.1 13:06:01 47.1 47.1 62.3 13:20:24 62.3 62.3 41.5 13:26:55 41.5 41.5

47.0 13:06:02 47.0 47.0 62.6 13:20:25 62.6 62.6 40.7 13:26:56 40.7 40.7

46.7 13:06:03 46.7 46.7 64.0 13:20:26 64.0 64.0 39.8 13:26:57 39.8 39.8

46.5 13:06:04 46.5 46.5 65.7 13:20:27 65.7 65.7 38.8 13:26:58 38.8 38.8

47.0 13:06:05 47.0 47.0 67.6 13:20:28 67.6 67.6 38.9 13:26:59 38.9 38.9

48.0 13:06:06 48.0 48.0 68.0 13:20:29 68.0 68.0 39.6 13:27:00 39.6 39.6

47.5 13:06:07 47.5 47.5 68.6 13:20:30 68.6 68.6 39.8 13:27:01 39.8 39.8

45.7 13:06:08 45.7 45.7 68.4 13:20:31 68.4 68.4 40.1 13:27:02 40.1 40.1

48.4 13:06:09 48.4 48.4 67.8 13:20:32 67.8 67.8 39.7 13:27:03 39.7 39.7

51.6 13:06:10 51.6 51.6 65.9 13:20:33 65.9 65.9 39.2 13:27:04 39.2 39.2

48.2 13:06:11 48.2 48.2 63.0 13:20:34 63.0 63.0 39.6 13:27:05 39.6 39.6

46.1 13:06:12 46.1 46.1 60.4 13:20:35 60.4 60.4 40.1 13:27:06 40.1 40.1

45.5 13:06:13 45.5 45.5 58.7 13:20:36 58.7 58.7 40.7 13:27:07 40.7 40.7

43.0 13:06:14 43.0 43.0 58.0 13:20:37 58.0 58.0 40.1 13:27:08 40.1 40.1

41.5 13:06:15 41.5 41.5 58.3 13:20:38 58.3 58.3 40.2 13:27:09 40.2 40.2

40.4 13:06:16 40.4 40.4 60.7 13:20:39 60.7 60.7 40.5 13:27:10 40.5 40.5

40.6 13:06:17 40.6 40.6 62.0 13:20:40 62.0 62.0 41.3 13:27:11 41.3 41.3

42.6 13:06:18 42.6 42.6 60.8 13:20:41 60.8 60.8 42.3 13:27:12 42.3 42.3

42.2 13:06:19 42.2 42.2 58.4 13:20:42 58.4 58.4 42.1 13:27:13 42.1 42.1

41.4 13:06:20 41.4 41.4 55.6 13:20:43 55.6 55.6 41.7 13:27:14 41.7 41.7

41.5 13:06:21 41.5 41.5 53.7 13:20:44 53.7 53.7 42.4 13:27:15 42.4 42.4

42.1 13:06:22 42.1 42.1 52.6 13:20:45 52.6 52.6 43.2 13:27:16 43.2 43.2

43.6 13:06:23 43.6 43.6 52.6 13:20:46 52.6 52.6 43.3 13:27:17 43.3 43.3

47.0 13:06:24 47.0 47.0 53.3 13:20:47 53.3 53.3 42.6 13:27:18 42.6 42.6

46.1 13:06:25 46.1 46.1 52.7 13:20:48 52.7 52.7 42.0 13:27:19 42.0 42.0

44.3 13:06:26 44.3 44.3 52.5 13:20:49 52.5 52.5 41.1 13:27:20 41.1 41.1

45.2 13:06:27 45.2 45.2 54.0 13:20:50 54.0 54.0 39.7 13:27:21 39.7 39.7

44.5 13:06:28 44.5 44.5 53.6 13:20:51 53.6 53.6 39.4 13:27:22 39.4 39.4

48.0 13:06:29 48.0 48.0 55.3 13:20:52 55.3 55.3 39.0 13:27:23 39.0 39.0

53.7 13:06:30 53.7 53.7 54.3 13:20:53 54.3 54.3 38.9 13:27:24 38.9 38.9

53.7 13:06:31 53.7 53.7 52.8 13:20:54 52.8 52.8 39.5 13:27:25 39.5 39.5
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

52.6 13:06:32 52.6 52.6 51.9 13:20:55 51.9 51.9 40.7 13:27:26 40.7 40.7

51.0 13:06:33 51.0 51.0 52.2 13:20:56 52.2 52.2 40.6 13:27:27 40.6 40.6

49.5 13:06:34 49.5 49.5 52.5 13:20:57 52.5 52.5 40.1 13:27:28 40.1 40.1

50.7 13:06:35 50.7 50.7 53.5 13:20:58 53.5 53.5 39.7 13:27:29 39.7 39.7

50.7 13:06:36 50.7 50.7 53.5 13:20:59 53.5 53.5 40.5 13:27:30 40.5 40.5

50.7 13:06:37 50.7 50.7 54.2 13:21:00 54.2 54.2 40.9 13:27:31 40.9 40.9

48.3 13:06:38 48.3 48.3 56.2 13:21:01 56.2 56.2 39.9 13:27:32 39.9 39.9

46.2 13:06:39 46.2 46.2 58.7 13:21:02 58.7 58.7 39.4 13:27:33 39.4 39.4

46.1 13:06:40 46.1 46.1 65.4 13:21:03 65.4 65.4 39.2 13:27:34 39.2 39.2

46.1 13:06:41 46.1 46.1 69.7 13:21:04 69.7 69.7 38.9 13:27:35 38.9 38.9

46.8 13:06:42 46.8 46.8 69.4 13:21:05 69.4 69.4 38.7 13:27:36 38.7 38.7

46.4 13:06:43 46.4 46.4 66.6 13:21:06 66.6 66.6 42.5 13:27:37 42.5 42.5

45.5 13:06:44 45.5 45.5 70.3 13:21:07 70.3 70.3 60.5 13:27:38 60.5 60.5

44.5 13:06:45 44.5 44.5 78.3 13:21:08 78.3 78.3 61.4 13:27:39 61.4 61.4

45.6 13:06:46 45.6 45.6 76.7 13:21:09 76.7 76.7 57.2 13:27:40 57.2 57.2

47.2 13:06:47 47.2 47.2 73.2 13:21:10 73.2 73.2 53.0 13:27:41 53.0 53.0

58.1 13:06:48 58.1 58.1 69.3 13:21:11 69.3 69.3 49.1 13:27:42 49.1 49.1

61.4 13:06:49 61.4 61.4 65.4 13:21:12 65.4 65.4 45.8 13:27:43 45.8 45.8

69.6 13:06:50 69.6 69.6 61.6 13:21:13 61.6 61.6 43.1 13:27:44 43.1 43.1

72.6 13:06:51 72.6 72.6 58.4 13:21:14 58.4 58.4 41.0 13:27:45 41.0 41.0

70.8 13:06:52 70.8 70.8 56.1 13:21:15 56.1 56.1 40.1 13:27:46 40.1 40.1

67.3 13:06:53 67.3 67.3 54.8 13:21:16 54.8 54.8 42.1 13:27:47 42.1 42.1

64.2 13:06:54 64.2 64.2 53.8 13:21:17 53.8 53.8 42.2 13:27:48 42.2 42.2

61.6 13:06:55 61.6 61.6 53.2 13:21:18 53.2 53.2 56.0 13:27:49 56.0 56.0

59.4 13:06:56 59.4 59.4 51.9 13:21:19 51.9 51.9 61.9 13:27:50 61.9 61.9

56.7 13:06:57 56.7 56.7 51.0 13:21:20 51.0 51.0 58.6 13:27:51 58.6 58.6

54.0 13:06:58 54.0 54.0 51.0 13:21:21 51.0 51.0 55.0 13:27:52 55.0 55.0

52.4 13:06:59 52.4 52.4 50.8 13:21:22 50.8 50.8 53.0 13:27:53 53.0 53.0

52.0 13:07:00 52.0 52.0 51.1 13:21:23 51.1 51.1 52.7 13:27:54 52.7 52.7

51.0 13:07:01 51.0 51.0 51.2 13:21:24 51.2 51.2 50.3 13:27:55 50.3 50.3

49.2 13:07:02 49.2 49.2 52.5 13:21:25 52.5 52.5 49.1 13:27:56 49.1 49.1

48.6 13:07:03 48.6 48.6 53.0 13:21:26 53.0 53.0 47.1 13:27:57 47.1 47.1

49.8 13:07:04 49.8 49.8 51.6 13:21:27 51.6 51.6 44.3 13:27:58 44.3 44.3

49.3 13:07:05 49.3 49.3 51.2 13:21:28 51.2 51.2 45.3 13:27:59 45.3 45.3

48.0 13:07:06 48.0 48.0 51.5 13:21:29 51.5 51.5 48.8 13:28:00 48.8 48.8

46.0 13:07:07 46.0 46.0 50.5 13:21:30 50.5 50.5 48.6 13:28:01 48.6 48.6

44.1 13:07:08 44.1 44.1 51.1 13:21:31 51.1 51.1 56.1 13:28:02 56.1 56.1

43.2 13:07:09 43.2 43.2 50.1 13:21:32 50.1 50.1 60.9 13:28:03 60.9 60.9

45.2 13:07:10 45.2 45.2 50.0 13:21:33 50.0 50.0 57.7 13:28:04 57.7 57.7

47.5 13:07:11 47.5 47.5 51.7 13:21:34 51.7 51.7 53.8 13:28:05 53.8 53.8

45.5 13:07:12 45.5 45.5 51.0 13:21:35 51.0 51.0 50.8 13:28:06 50.8 50.8

45.9 13:07:13 45.9 45.9 52.3 13:21:36 52.3 52.3 49.1 13:28:07 49.1 49.1

45.6 13:07:14 45.6 45.6 52.3 13:21:37 52.3 52.3 47.8 13:28:08 47.8 47.8

44.7 13:07:15 44.7 44.7 51.9 13:21:38 51.9 51.9 47.3 13:28:09 47.3 47.3

45.1 13:07:16 45.1 45.1 51.6 13:21:39 51.6 51.6 44.2 13:28:10 44.2 44.2

45.4 13:07:17 45.4 45.4 51.2 13:21:40 51.2 51.2 41.6 13:28:11 41.6 41.6

47.4 13:07:18 47.4 47.4 51.2 13:21:41 51.2 51.2 40.3 13:28:12 40.3 40.3

49.6 13:07:19 49.6 49.6 51.2 13:21:42 51.2 51.2 39.6 13:28:13 39.6 39.6

46.9 13:07:20 46.9 46.9 51.9 13:21:43 51.9 51.9 39.6 13:28:14 39.6 39.6

47.2 13:07:21 47.2 47.2 52.4 13:21:44 52.4 52.4 39.5 13:28:15 39.5 39.5

55.0 13:07:22 55.0 55.0 52.6 13:21:45 52.6 52.6 39.2 13:28:16 39.2 39.2

53.9 13:07:23 53.9 53.9 53.7 13:21:46 53.7 53.7 53.1 13:28:17 53.1 53.1

50.3 13:07:24 50.3 50.3 52.4 13:21:47 52.4 52.4 59.2 13:28:18 59.2 59.2

47.9 13:07:25 47.9 47.9 51.4 13:21:48 51.4 51.4 55.4 13:28:19 55.4 55.4

45.0 13:07:26 45.0 45.0 51.3 13:21:49 51.3 51.3 52.3 13:28:20 52.3 52.3

43.4 13:07:27 43.4 43.4 51.6 13:21:50 51.6 51.6 49.6 13:28:21 49.6 49.6

44.3 13:07:28 44.3 44.3 52.0 13:21:51 52.0 52.0 46.9 13:28:22 46.9 46.9

48.4 13:07:29 48.4 48.4 52.5 13:21:52 52.5 52.5 45.7 13:28:23 45.7 45.7

47.6 13:07:30 47.6 47.6 52.2 13:21:53 52.2 52.2 45.5 13:28:24 45.5 45.5

45.2 13:07:31 45.2 45.2 52.1 13:21:54 52.1 52.1 47.7 13:28:25 47.7 47.7

44.2 13:07:32 44.2 44.2 53.3 13:21:55 53.3 53.3 47.2 13:28:26 47.2 47.2

44.1 13:07:33 44.1 44.1 53.6 13:21:56 53.6 53.6 50.2 13:28:27 50.2 50.2

45.1 13:07:34 45.1 45.1 53.8 13:21:57 53.8 53.8 59.7 13:28:28 59.7 59.7

50.3 13:07:35 50.3 50.3 52.7 13:21:58 52.7 52.7 56.9 13:28:29 56.9 56.9

55.2 13:07:36 55.2 55.2 52.5 13:21:59 52.5 52.5 52.9 13:28:30 52.9 52.9

54.6 13:07:37 54.6 54.6 53.0 13:22:00 53.0 53.0 50.0 13:28:31 50.0 50.0

51.3 13:07:38 51.3 51.3 52.4 13:22:01 52.4 52.4 47.8 13:28:32 47.8 47.8

50.1 13:07:39 50.1 50.1 53.7 13:22:02 53.7 53.7 45.8 13:28:33 45.8 45.8

55.0 13:07:40 55.0 55.0 52.9 13:22:03 52.9 52.9 44.2 13:28:34 44.2 44.2

53.2 13:07:41 53.2 53.2 51.5 13:22:04 51.5 51.5 44.6 13:28:35 44.6 44.6

50.0 13:07:42 50.0 50.0 51.3 13:22:05 51.3 51.3 48.7 13:28:36 48.7 48.7

47.2 13:07:43 47.2 47.2 52.6 13:22:06 52.6 52.6 46.8 13:28:37 46.8 46.8

44.5 13:07:44 44.5 44.5 51.8 13:22:07 51.8 51.8 52.4 13:28:38 52.4 52.4

44.2 13:07:45 44.2 44.2 51.0 13:22:08 51.0 51.0 59.5 13:28:39 59.5 59.5

47.5 13:07:46 47.5 47.5 50.5 13:22:09 50.5 50.5 56.2 13:28:40 56.2 56.2

46.3 13:07:47 46.3 46.3 51.9 13:22:10 51.9 51.9 52.1 13:28:41 52.1 52.1

46.4 13:07:48 46.4 46.4 52.0 13:22:11 52.0 52.0 48.2 13:28:42 48.2 48.2

47.4 13:07:49 47.4 47.4 51.5 13:22:12 51.5 51.5 44.7 13:28:43 44.7 44.7

45.8 13:07:50 45.8 45.8 50.9 13:22:13 50.9 50.9 41.8 13:28:44 41.8 41.8

45.9 13:07:51 45.9 45.9 50.6 13:22:14 50.6 50.6 39.8 13:28:45 39.8 39.8

45.5 13:07:52 45.5 45.5 51.9 13:22:15 51.9 51.9 40.6 13:28:46 40.6 40.6

46.0 13:07:53 46.0 46.0 52.1 13:22:16 52.1 52.1 39.7 13:28:47 39.7 39.7

45.6 13:07:54 45.6 45.6 53.1 13:22:17 53.1 53.1 39.8 13:28:48 39.8 39.8

44.6 13:07:55 44.6 44.6 52.4 13:22:18 52.4 52.4 40.6 13:28:49 40.6 40.6

44.6 13:07:56 44.6 44.6 52.0 13:22:19 52.0 52.0 41.0 13:28:50 41.0 41.0

44.8 13:07:57 44.8 44.8 51.0 13:22:20 51.0 51.0 42.5 13:28:51 42.5 42.5

50.3 13:07:58 50.3 50.3 51.0 13:22:21 51.0 51.0 45.0 13:28:52 45.0 45.0

52.1 13:07:59 52.1 52.1 53.0 13:22:22 53.0 53.0 44.9 13:28:53 44.9 44.9

50.1 13:08:00 50.1 50.1 52.5 13:22:23 52.5 52.5 47.5 13:28:54 47.5 47.5

49.0 13:08:01 49.0 49.0 51.5 13:22:24 51.5 51.5 46.7 13:28:55 46.7 46.7

49.9 13:08:02 49.9 49.9 51.3 13:22:25 51.3 51.3 48.0 13:28:56 48.0 48.0

53.9 13:08:03 53.9 53.9 51.7 13:22:26 51.7 51.7 49.9 13:28:57 49.9 49.9

57.9 13:08:04 57.9 57.9 52.6 13:22:27 52.6 52.6 49.8 13:28:58 49.8 49.8

62.2 13:08:05 62.2 62.2 52.2 13:22:28 52.2 52.2 51.0 13:28:59 51.0 51.0

67.9 13:08:06 67.9 67.9 52.0 13:22:29 52.0 52.0 50.6 13:29:00 50.6 50.6

70.2 13:08:07 70.2 70.2 51.7 13:22:30 51.7 51.7 48.1 13:29:01 48.1 48.1

67.9 13:08:08 67.9 67.9 50.8 13:22:31 50.8 50.8 45.6 13:29:02 45.6 45.6

64.2 13:08:09 64.2 64.2 50.7 13:22:32 50.7 50.7 46.8 13:29:03 46.8 46.8

60.5 13:08:10 60.5 60.5 50.4 13:22:33 50.4 50.4 47.2 13:29:04 47.2 47.2

56.8 13:08:11 56.8 56.8 51.8 13:22:34 51.8 51.8 53.8 13:29:05 53.8 53.8

53.8 13:08:12 53.8 53.8 53.8 13:22:35 53.8 53.8 51.0 13:29:06 51.0 51.0

52.3 13:08:13 52.3 52.3 59.8 13:22:36 59.8 59.8 49.1 13:29:07 49.1 49.1

54.0 13:08:14 54.0 54.0 72.9 13:22:37 72.9 72.9 50.1 13:29:08 50.1 50.1

50.9 13:08:15 50.9 50.9 73.7 13:22:38 73.7 73.7 50.3 13:29:09 50.3 50.3

48.0 13:08:16 48.0 48.0 71.0 13:22:39 71.0 71.0 48.8 13:29:10 48.8 48.8

50.9 13:08:17 50.9 50.9 67.3 13:22:40 67.3 67.3 45.3 13:29:11 45.3 45.3

59.2 13:08:18 59.2 59.2 63.6 13:22:41 63.6 63.6 41.9 13:29:12 41.9 41.9

58.0 13:08:19 58.0 58.0 60.3 13:22:42 60.3 60.3 41.8 13:29:13 41.8 41.8

55.2 13:08:20 55.2 55.2 57.4 13:22:43 57.4 57.4 40.9 13:29:14 40.9 40.9

53.5 13:08:21 53.5 53.5 54.9 13:22:44 54.9 54.9 41.2 13:29:15 41.2 41.2

55.1 13:08:22 55.1 55.1 53.1 13:22:45 53.1 53.1 43.2 13:29:16 43.2 43.2

52.5 13:08:23 52.5 52.5 53.4 13:22:46 53.4 53.4 45.3 13:29:17 45.3 45.3

49.8 13:08:24 49.8 49.8 52.2 13:22:47 52.2 52.2 46.1 13:29:18 46.1 46.1

47.6 13:08:25 47.6 47.6 51.3 13:22:48 51.3 51.3 46.5 13:29:19 46.5 46.5

47.2 13:08:26 47.2 47.2 50.9 13:22:49 50.9 50.9 47.5 13:29:20 47.5 47.5

48.1 13:08:27 48.1 48.1 51.0 13:22:50 51.0 51.0 47.6 13:29:21 47.6 47.6

51.6 13:08:28 51.6 51.6 51.4 13:22:51 51.4 51.4 47.5 13:29:22 47.5 47.5

52.7 13:08:29 52.7 52.7 54.4 13:22:52 54.4 54.4 45.5 13:29:23 45.5 45.5

49.6 13:08:30 49.6 49.6 55.5 13:22:53 55.5 55.5 44.3 13:29:24 44.3 44.3

47.4 13:08:31 47.4 47.4 53.6 13:22:54 53.6 53.6 45.1 13:29:25 45.1 45.1

45.7 13:08:32 45.7 45.7 53.4 13:22:55 53.4 53.4 44.9 13:29:26 44.9 44.9

49.1 13:08:33 49.1 49.1 53.3 13:22:56 53.3 53.3 44.3 13:29:27 44.3 44.3

48.7 13:08:34 48.7 48.7 52.4 13:22:57 52.4 52.4 46.5 13:29:28 46.5 46.5

46.2 13:08:35 46.2 46.2 52.0 13:22:58 52.0 52.0 46.6 13:29:29 46.6 46.6

44.3 13:08:36 44.3 44.3 51.6 13:22:59 51.6 51.6 56.4 13:29:30 56.4 56.4

43.3 13:08:37 43.3 43.3 51.0 13:23:00 51.0 51.0 54.7 13:29:31 54.7 54.7

44.2 13:08:38 44.2 44.2 51.1 13:23:01 51.1 51.1 51.1 13:29:32 51.1 51.1

45.8 13:08:39 45.8 45.8 52.3 13:23:02 52.3 52.3 49.2 13:29:33 49.2 49.2

47.1 13:08:40 47.1 47.1 51.3 13:23:03 51.3 51.3 47.8 13:29:34 47.8 47.8

45.2 13:08:41 45.2 45.2 49.7 13:23:04 49.7 49.7 46.5 13:29:35 46.5 46.5

44.4 13:08:42 44.4 44.4 49.6 13:23:05 49.6 49.6 45.6 13:29:36 45.6 45.6

44.2 13:08:43 44.2 44.2 50.6 13:23:06 50.6 50.6 47.0 13:29:37 47.0 47.0

46.8 13:08:44 46.8 46.8 51.2 13:23:07 51.2 51.2 45.9 13:29:38 45.9 45.9

48.5 13:08:45 48.5 48.5 51.7 13:23:08 51.7 51.7 46.1 13:29:39 46.1 46.1

48.6 13:08:46 48.6 48.6 52.4 13:23:09 52.4 52.4 47.2 13:29:40 47.2 47.2

47.6 13:08:47 47.6 47.6 53.4 13:23:10 53.4 53.4 45.3 13:29:41 45.3 45.3

46.2 13:08:48 46.2 46.2 52.6 13:23:11 52.6 52.6 44.5 13:29:42 44.5 44.5

45.6 13:08:49 45.6 45.6 52.2 13:23:12 52.2 52.2 46.5 13:29:43 46.5 46.5

45.7 13:08:50 45.7 45.7 54.5 13:23:13 54.5 54.5 48.2 13:29:44 48.2 48.2

50.3 13:08:51 50.3 50.3 53.8 13:23:14 53.8 53.8 47.3 13:29:45 47.3 47.3

53.7 13:08:52 53.7 53.7 53.5 13:23:15 53.5 53.5 48.3 13:29:46 48.3 48.3

51.0 13:08:53 51.0 51.0 52.6 13:23:16 52.6 52.6 49.1 13:29:47 49.1 49.1

48.1 13:08:54 48.1 48.1 52.4 13:23:17 52.4 52.4 48.3 13:29:48 48.3 48.3

47.4 13:08:55 47.4 47.4 52.4 13:23:18 52.4 52.4 47.6 13:29:49 47.6 47.6

47.1 13:08:56 47.1 47.1 52.3 13:23:19 52.3 52.3 47.8 13:29:50 47.8 47.8

46.9 13:08:57 46.9 46.9 51.9 13:23:20 51.9 51.9 47.7 13:29:51 47.7 47.7

44.9 13:08:58 44.9 44.9 52.0 13:23:21 52.0 52.0 49.9 13:29:52 49.9 49.9

44.4 13:08:59 44.4 44.4 52.4 13:23:22 52.4 52.4 49.2 13:29:53 49.2 49.2

42.7 13:09:00 42.7 42.7 53.3 13:23:23 53.3 53.3 48.1 13:29:54 48.1 48.1

44.2 13:09:01 44.2 44.2 53.1 13:23:24 53.1 53.1 46.0 13:29:55 46.0 46.0

44.6 13:09:02 44.6 44.6 53.1 13:23:25 53.1 53.1 44.1 13:29:56 44.1 44.1

45.4 13:09:03 45.4 45.4 52.3 13:23:26 52.3 52.3 43.5 13:29:57 43.5 43.5

48.2 13:09:04 48.2 48.2 52.7 13:23:27 52.7 52.7 42.5 13:29:58 42.5 42.5

50.1 13:09:05 50.1 50.1 53.4 13:23:28 53.4 53.4 42.4 13:29:59 42.4 42.4

52.6 13:09:06 52.6 52.6 52.8 13:23:29 52.8 52.8 42.9 13:30:00 42.9 42.9

57.4 13:09:07 57.4 57.4 52.1 13:23:30 52.1 52.1 43.6 13:30:01 43.6 43.6

65.5 13:09:08 65.5 65.5 51.4 13:23:31 51.4 51.4 43.7 13:30:02 43.7 43.7

72.3 13:09:09 72.3 72.3 51.5 13:23:32 51.5 51.5 46.1 13:30:03 46.1 46.1

72.6 13:09:10 72.6 72.6 52.8 13:23:33 52.8 52.8 45.8 13:30:04 45.8 45.8

69.7 13:09:11 69.7 69.7 53.5 13:23:34 53.5 53.5 45.4 13:30:05 45.4 45.4

66.3 13:09:12 66.3 66.3 52.8 13:23:35 52.8 52.8 44.2 13:30:06 44.2 44.2

63.3 13:09:13 63.3 63.3 52.1 13:23:36 52.1 52.1 45.1 13:30:07 45.1 45.1
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

61.2 13:09:14 61.2 61.2 51.8 13:23:37 51.8 51.8 45.7 13:30:08 45.7 45.7

58.8 13:09:15 58.8 58.8 51.5 13:23:38 51.5 51.5 45.2 13:30:09 45.2 45.2

56.4 13:09:16 56.4 56.4 51.6 13:23:39 51.6 51.6 45.2 13:30:10 45.2 45.2

53.4 13:09:17 53.4 53.4 52.4 13:23:40 52.4 52.4 44.6 13:30:11 44.6 44.6

51.3 13:09:18 51.3 51.3 53.6 13:23:41 53.6 53.6 43.6 13:30:12 43.6 43.6

50.4 13:09:19 50.4 50.4 56.2 13:23:42 56.2 56.2 45.6 13:30:13 45.6 45.6

48.8 13:09:20 48.8 48.8 60.3 13:23:43 60.3 60.3 46.7 13:30:14 46.7 46.7

47.7 13:09:21 47.7 47.7 68.7 13:23:44 68.7 68.7 47.6 13:30:15 47.6 47.6

46.9 13:09:22 46.9 46.9 73.7 13:23:45 73.7 73.7 47.7 13:30:16 47.7 47.7

45.9 13:09:23 45.9 45.9 74.8 13:23:46 74.8 74.8 46.3 13:30:17 46.3 46.3

45.4 13:09:24 45.4 45.4 75.2 13:23:47 75.2 75.2 45.2 13:30:18 45.2 45.2

46.3 13:09:25 46.3 46.3 72.5 13:23:48 72.5 72.5 45.4 13:30:19 45.4 45.4

47.6 13:09:26 47.6 47.6 68.7 13:23:49 68.7 68.7 46.4 13:30:20 46.4 46.4

45.5 13:09:27 45.5 45.5 64.8 13:23:50 64.8 64.8 46.3 13:30:21 46.3 46.3

44.1 13:09:28 44.1 44.1 61.1 13:23:51 61.1 61.1 46.9 13:30:22 46.9 46.9

43.8 13:09:29 43.8 43.8 58.3 13:23:52 58.3 58.3 46.7 13:30:23 46.7 46.7

49.9 13:09:30 49.9 49.9 56.0 13:23:53 56.0 56.0 47.0 13:30:24 47.0 47.0

49.4 13:09:31 49.4 49.4 54.2 13:23:54 54.2 54.2 46.1 13:30:25 46.1 46.1

48.9 13:09:32 48.9 48.9 53.9 13:23:55 53.9 53.9 45.3 13:30:26 45.3 45.3

46.5 13:09:33 46.5 46.5 52.3 13:23:56 52.3 52.3 45.6 13:30:27 45.6 45.6

48.0 13:09:34 48.0 48.0 50.7 13:23:57 50.7 50.7 45.6 13:30:28 45.6 45.6

46.8 13:09:35 46.8 46.8 52.0 13:23:58 52.0 52.0 42.2 13:30:29 42.2 42.2

48.3 13:09:36 48.3 48.3 53.0 13:23:59 53.0 53.0 40.2 13:30:30 40.2 40.2

49.0 13:09:37 49.0 49.0 53.3 13:24:00 53.3 53.3 40.0 13:30:31 40.0 40.0

46.6 13:09:38 46.6 46.6 53.9 13:24:01 53.9 53.9 39.2 13:30:32 39.2 39.2

46.1 13:09:39 46.1 46.1 53.5 13:24:02 53.5 53.5 40.8 13:30:33 40.8 40.8

44.6 13:09:40 44.6 44.6 53.0 13:24:03 53.0 53.0 41.6 13:30:34 41.6 41.6

45.3 13:09:41 45.3 45.3 53.6 13:24:04 53.6 53.6 44.7 13:30:35 44.7 44.7

48.2 13:09:42 48.2 48.2 52.6 13:24:05 52.6 52.6 46.3 13:30:36 46.3 46.3

51.0 13:09:43 51.0 51.0 50.8 13:24:06 50.8 50.8 46.4 13:30:37 46.4 46.4

51.7 13:09:44 51.7 51.7 51.2 13:24:07 51.2 51.2 46.6 13:30:38 46.6 46.6

49.0 13:09:45 49.0 49.0 52.4 13:24:08 52.4 52.4 45.0 13:30:39 45.0 45.0

47.7 13:09:46 47.7 47.7 51.3 13:24:09 51.3 51.3 42.2 13:30:40 42.2 42.2

46.2 13:09:47 46.2 46.2 51.9 13:24:10 51.9 51.9 40.9 13:30:41 40.9 40.9

45.4 13:09:48 45.4 45.4 54.3 13:24:11 54.3 54.3 42.5 13:30:42 42.5 42.5

44.8 13:09:49 44.8 44.8 54.7 13:24:12 54.7 54.7 45.2 13:30:43 45.2 45.2

51.3 13:09:50 51.3 51.3 54.2 13:24:13 54.2 54.2 46.2 13:30:44 46.2 46.2

56.7 13:09:51 56.7 56.7 53.6 13:24:14 53.6 53.6 45.8 13:30:45 45.8 45.8

54.5 13:09:52 54.5 54.5 54.2 13:24:15 54.2 54.2 46.0 13:30:46 46.0 46.0

55.3 13:09:53 55.3 55.3 53.4 13:24:16 53.4 53.4 46.3 13:30:47 46.3 46.3

59.9 13:09:54 59.9 59.9 51.8 13:24:17 51.8 51.8 47.9 13:30:48 47.9 47.9

67.4 13:09:55 67.4 67.4 50.6 13:24:18 50.6 50.6 48.4 13:30:49 48.4 48.4

72.4 13:09:56 72.4 72.4 51.3 13:24:19 51.3 51.3 49.1 13:30:50 49.1 49.1

72.0 13:09:57 72.0 72.0 55.8 13:24:20 55.8 55.8 48.3 13:30:51 48.3 48.3

69.3 13:09:58 69.3 69.3 56.0 13:24:21 56.0 56.0 47.6 13:30:52 47.6 47.6

66.0 13:09:59 66.0 66.0 53.7 13:24:22 53.7 53.7 46.6 13:30:53 46.6 46.6

62.9 13:10:00 62.9 62.9 52.5 13:24:23 52.5 52.5 46.3 13:30:54 46.3 46.3

59.8 13:10:01 59.8 59.8 52.5 13:24:24 52.5 52.5 46.6 13:30:55 46.6 46.6

56.6 13:10:02 56.6 56.6 51.8 13:24:25 51.8 51.8 46.5 13:30:56 46.5 46.5

54.1 13:10:03 54.1 54.1 50.9 13:24:26 50.9 50.9 47.7 13:30:57 47.7 47.7

51.6 13:10:04 51.6 51.6 52.5 13:24:27 52.5 52.5 47.6 13:30:58 47.6 47.6

50.1 13:10:05 50.1 50.1 52.1 13:24:28 52.1 52.1 46.9 13:30:59 46.9 46.9

49.4 13:10:06 49.4 49.4 51.0 13:24:29 51.0 51.0 47.7 13:31:00 47.7 47.7

50.1 13:10:07 50.1 50.1 52.3 13:24:30 52.3 52.3 47.1 13:31:01 47.1 47.1

50.2 13:10:08 50.2 50.2 52.4 13:24:31 52.4 52.4 45.7 13:31:02 45.7 45.7

50.3 13:10:09 50.3 50.3 52.1 13:24:32 52.1 52.1 45.5 13:31:03 45.5 45.5

49.7 13:10:10 49.7 49.7 52.1 13:24:33 52.1 52.1 46.0 13:31:04 46.0 46.0

48.3 13:10:11 48.3 48.3 53.4 13:24:34 53.4 53.4 46.3 13:31:05 46.3 46.3

46.6 13:10:12 46.6 46.6 53.0 13:24:35 53.0 53.0 46.8 13:31:06 46.8 46.8

45.5 13:10:13 45.5 45.5 52.0 13:24:36 52.0 52.0 46.0 13:31:07 46.0 46.0

44.9 13:10:14 44.9 44.9 52.8 13:24:37 52.8 52.8 45.3 13:31:08 45.3 45.3

44.5 13:10:15 44.5 44.5 52.0 13:24:38 52.0 52.0 45.8 13:31:09 45.8 45.8

44.2 13:10:16 44.2 44.2 51.7 13:24:39 51.7 51.7 45.9 13:31:10 45.9 45.9

44.5 13:10:17 44.5 44.5 50.7 13:24:40 50.7 50.7 46.1 13:31:11 46.1 46.1

44.4 13:10:18 44.4 44.4 50.4 13:24:41 50.4 50.4 46.7 13:31:12 46.7 46.7

44.9 13:10:19 44.9 44.9 53.2 13:24:42 53.2 53.2 47.6 13:31:13 47.6 47.6

45.5 13:10:20 45.5 45.5 52.9 13:24:43 52.9 52.9 48.9 13:31:14 48.9 48.9

47.0 13:10:21 47.0 47.0 52.6 13:24:44 52.6 52.6 48.9 13:31:15 48.9 48.9

45.8 13:10:22 45.8 45.8 51.7 13:24:45 51.7 51.7 48.0 13:31:16 48.0 48.0

45.4 13:10:23 45.4 45.4 51.1 13:24:46 51.1 51.1 47.0 13:31:17 47.0 47.0

45.0 13:10:24 45.0 45.0 50.8 13:24:47 50.8 50.8 45.5 13:31:18 45.5 45.5

46.9 13:10:25 46.9 46.9 52.1 13:24:48 52.1 52.1 44.8 13:31:19 44.8 44.8

46.9 13:10:26 46.9 46.9 53.9 13:24:49 53.9 53.9 47.4 13:31:20 47.4 47.4

44.6 13:10:27 44.6 44.6 58.8 13:24:50 58.8 58.8 48.4 13:31:21 48.4 48.4

47.4 13:10:28 47.4 47.4 68.0 13:24:51 68.0 68.0 48.2 13:31:22 48.2 48.2

47.0 13:10:29 47.0 47.0 71.9 13:24:52 71.9 71.9 50.8 13:31:23 50.8 50.8

45.1 13:10:30 45.1 45.1 69.8 13:24:53 69.8 69.8 51.7 13:31:24 51.7 51.7

43.1 13:10:31 43.1 43.1 66.4 13:24:54 66.4 66.4 51.0 13:31:25 51.0 51.0

41.7 13:10:32 41.7 41.7 63.4 13:24:55 63.4 63.4 49.6 13:31:26 49.6 49.6

42.0 13:10:33 42.0 42.0 61.2 13:24:56 61.2 61.2 47.2 13:31:27 47.2 47.2

43.2 13:10:34 43.2 43.2 58.8 13:24:57 58.8 58.8 45.5 13:31:28 45.5 45.5

43.0 13:10:35 43.0 43.0 56.5 13:24:58 56.5 56.5 45.4 13:31:29 45.4 45.4

44.6 13:10:36 44.6 44.6 55.9 13:24:59 55.9 55.9 47.8 13:31:30 47.8 47.8

45.9 13:10:37 45.9 45.9 55.0 13:25:00 55.0 55.0 49.2 13:31:31 49.2 49.2

45.0 13:10:38 45.0 45.0 54.9 13:25:01 54.9 54.9 49.9 13:31:32 49.9 49.9

45.5 13:10:39 45.5 45.5 55.0 13:25:02 55.0 55.0 49.8 13:31:33 49.8 49.8

44.6 13:10:40 44.6 44.6 56.1 13:25:03 56.1 56.1 50.6 13:31:34 50.6 50.6

43.8 13:10:41 43.8 43.8 54.8 13:25:04 54.8 54.8 53.6 13:31:35 53.6 53.6

45.5 13:10:42 45.5 45.5 53.8 13:25:05 53.8 53.8 55.3 13:31:36 55.3 55.3

46.9 13:10:43 46.9 46.9 53.7 13:25:06 53.7 53.7 54.3 13:31:37 54.3 54.3

47.8 13:10:44 47.8 47.8 53.3 13:25:07 53.3 53.3 52.9 13:31:38 52.9 52.9

49.2 13:10:45 49.2 49.2 53.7 13:25:08 53.7 53.7 51.7 13:31:39 51.7 51.7

50.8 13:10:46 50.8 50.8 55.1 13:25:09 55.1 55.1 51.2 13:31:40 51.2 51.2

54.6 13:10:47 54.6 54.6 55.0 13:25:10 55.0 55.0 52.4 13:31:41 52.4 52.4

60.3 13:10:48 60.3 60.3 55.3 13:25:11 55.3 55.3 53.4 13:31:42 53.4 53.4

66.5 13:10:49 66.5 66.5 55.4 13:25:12 55.4 55.4 53.6 13:31:43 53.6 53.6

72.0 13:10:50 72.0 72.0 54.8 13:25:13 54.8 54.8 53.5 13:31:44 53.5 53.5

79.5 13:10:51 79.5 79.5 54.1 13:25:14 54.1 54.1 54.2 13:31:45 54.2 54.2

82.4 13:10:52 82.4 82.4 53.9 13:25:15 53.9 53.9 55.5 13:31:46 55.5 55.5

80.1 13:10:53 80.1 80.1 53.6 13:25:16 53.6 53.6 55.1 13:31:47 55.1 55.1

76.2 13:10:54 76.2 76.2 55.1 13:25:17 55.1 55.1 53.6 13:31:48 53.6 53.6

72.1 13:10:55 72.1 72.1 55.4 13:25:18 55.4 55.4 52.1 13:31:49 52.1 52.1

68.1 13:10:56 68.1 68.1 53.7 13:25:19 53.7 53.7 51.4 13:31:50 51.4 51.4

64.2 13:10:57 64.2 64.2 53.4 13:25:20 53.4 53.4 50.6 13:31:51 50.6 50.6

60.4 13:10:58 60.4 60.4 53.4 13:25:21 53.4 53.4 51.4 13:31:52 51.4 51.4

56.8 13:10:59 56.8 56.8 53.5 13:25:22 53.5 53.5 52.2 13:31:53 52.2 52.2

53.6 13:11:00 53.6 53.6 53.0 13:25:23 53.0 53.0 52.2 13:31:54 52.2 52.2

50.9 13:11:01 50.9 50.9 52.6 13:25:24 52.6 52.6 51.4 13:31:55 51.4 51.4

49.2 13:11:02 49.2 49.2 53.9 13:25:25 53.9 53.9 49.7 13:31:56 49.7 49.7

48.4 13:11:03 48.4 48.4 54.7 13:25:26 54.7 54.7 48.3 13:31:57 48.3 48.3

51.6 13:11:04 51.6 51.6 55.2 13:25:27 55.2 55.2 47.2 13:31:58 47.2 47.2

50.2 13:11:05 50.2 50.2 57.0 13:25:28 57.0 57.0 46.6 13:31:59 46.6 46.6

47.5 13:11:06 47.5 47.5 61.7 13:25:29 61.7 61.7 45.4 13:32:00 45.4 45.4

48.8 13:11:07 48.8 48.8 69.7 13:25:30 69.7 69.7 44.1 13:32:01 44.1 44.1

48.4 13:11:08 48.4 48.4 72.6 13:25:31 72.6 72.6 43.0 13:32:02 43.0 43.0

47.0 13:11:09 47.0 47.0 71.0 13:25:32 71.0 71.0 42.6 13:32:03 42.6 42.6

46.0 13:11:10 46.0 46.0 67.7 13:25:33 67.7 67.7 43.4 13:32:04 43.4 43.4

46.3 13:11:11 46.3 46.3 64.2 13:25:34 64.2 64.2 43.1 13:32:05 43.1 43.1

46.6 13:11:12 46.6 46.6 60.7 13:25:35 60.7 60.7 45.1 13:32:06 45.1 45.1

47.9 13:11:13 47.9 47.9 57.9 13:25:36 57.9 57.9 46.4 13:32:07 46.4 46.4

48.4 13:11:14 48.4 48.4 55.2 13:25:37 55.2 55.2 45.9 13:32:08 45.9 45.9

51.0 13:11:15 51.0 51.0 54.1 13:25:38 54.1 54.1 45.6 13:32:09 45.6 45.6

50.1 13:11:16 50.1 50.1 53.8 13:25:39 53.8 53.8 44.9 13:32:10 44.9 44.9

50.2 13:11:17 50.2 50.2 53.0 13:25:40 53.0 53.0 44.7 13:32:11 44.7 44.7

48.6 13:11:18 48.6 48.6 53.4 13:25:41 53.4 53.4 45.2 13:32:12 45.2 45.2

49.9 13:11:19 49.9 49.9 51.9 13:25:42 51.9 51.9 45.4 13:32:13 45.4 45.4

49.2 13:11:20 49.2 49.2 51.8 13:25:43 51.8 51.8 45.4 13:32:14 45.4 45.4

47.6 13:11:21 47.6 47.6 52.4 13:25:44 52.4 52.4 44.0 13:32:15 44.0 44.0

45.6 13:11:22 45.6 45.6 52.4 13:25:45 52.4 52.4 43.0 13:32:16 43.0 43.0

44.4 13:11:23 44.4 44.4 54.3 13:25:46 54.3 54.3 41.9 13:32:17 41.9 41.9

43.4 13:11:24 43.4 43.4 54.3 13:25:47 54.3 54.3 41.4 13:32:18 41.4 41.4

42.6 13:11:25 42.6 42.6 54.1 13:25:48 54.1 54.1 41.9 13:32:19 41.9 41.9

45.3 13:11:26 45.3 45.3 54.0 13:25:49 54.0 54.0 41.7 13:32:20 41.7 41.7

48.1 13:11:27 48.1 48.1 53.1 13:25:50 53.1 53.1 39.9 13:32:21 39.9 39.9

50.9 13:11:28 50.9 50.9 51.7 13:25:51 51.7 51.7 38.9 13:32:22 38.9 38.9

48.9 13:11:29 48.9 48.9 51.6 13:25:52 51.6 51.6 38.6 13:32:23 38.6 38.6

48.1 13:11:30 48.1 48.1 52.8 13:25:53 52.8 52.8 38.8 13:32:24 38.8 38.8

47.8 13:11:31 47.8 47.8 52.6 13:25:54 52.6 52.6 39.9 13:32:25 39.9 39.9

47.5 13:11:32 47.5 47.5 52.7 13:25:55 52.7 52.7 40.9 13:32:26 40.9 40.9

48.3 13:11:33 48.3 48.3 53.6 13:25:56 53.6 53.6 41.6 13:32:27 41.6 41.6

48.8 13:11:34 48.8 48.8 53.6 13:25:57 53.6 53.6 43.3 13:32:28 43.3 43.3

49.2 13:11:35 49.2 49.2 52.5 13:25:58 52.5 52.5 43.3 13:32:29 43.3 43.3

47.6 13:11:36 47.6 47.6 51.5 13:25:59 51.5 51.5 43.9 13:32:30 43.9 43.9

45.6 13:11:37 45.6 45.6 52.3 13:26:00 52.3 52.3 46.3 13:32:31 46.3 46.3

44.3 13:11:38 44.3 44.3 52.6 13:26:01 52.6 52.6 46.4 13:32:32 46.4 46.4

44.7 13:11:39 44.7 44.7 52.4 13:26:02 52.4 52.4 46.3 13:32:33 46.3 46.3

44.2 13:11:40 44.2 44.2 52.8 13:26:03 52.8 52.8 45.1 13:32:34 45.1 45.1

43.6 13:11:41 43.6 43.6 52.3 13:26:04 52.3 52.3 46.6 13:32:35 46.6 46.6

43.7 13:11:42 43.7 43.7 52.9 13:26:05 52.9 52.9 47.5 13:32:36 47.5 47.5

44.6 13:11:43 44.6 44.6 52.4 13:26:06 52.4 52.4 49.4 13:32:37 49.4 49.4

49.8 13:11:44 49.8 49.8 54.2 13:26:07 54.2 54.2 53.0 13:32:38 53.0 53.0

52.9 13:11:45 52.9 52.9 55.5 13:26:08 55.5 55.5 52.5 13:32:39 52.5 52.5

50.9 13:11:46 50.9 50.9 54.8 13:26:09 54.8 54.8 49.9 13:32:40 49.9 49.9

49.1 13:11:47 49.1 49.1 54.2 13:26:10 54.2 54.2 47.1 13:32:41 47.1 47.1

49.9 13:11:48 49.9 49.9 54.9 13:26:11 54.9 54.9 43.6 13:32:42 43.6 43.6

52.7 13:11:49 52.7 52.7 54.9 13:26:12 54.9 54.9 41.2 13:32:43 41.2 41.2

51.5 13:11:50 51.5 51.5 58.9 13:26:13 58.9 58.9 39.4 13:32:44 39.4 39.4

50.1 13:11:51 50.1 50.1 69.9 13:26:14 69.9 69.9 39.1 13:32:45 39.1 39.1

50.8 13:11:52 50.8 50.8 72.8 13:26:15 72.8 72.8 38.6 13:32:46 38.6 38.6

50.0 13:11:53 50.0 50.0 70.4 13:26:16 70.4 70.4 38.1 13:32:47 38.1 38.1

50.2 13:11:54 50.2 50.2 66.7 13:26:17 66.7 66.7 38.2 13:32:48 38.2 38.2

48.8 13:11:55 48.8 48.8 62.9 13:26:18 62.9 62.9 38.8 13:32:49 38.8 38.8
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

46.5 13:11:56 46.5 46.5 59.7 13:26:19 59.7 59.7 39.3 13:32:50 39.3 39.3

45.1 13:11:57 45.1 45.1 57.2 13:26:20 57.2 57.2 40.2 13:32:51 40.2 40.2

44.1 13:11:58 44.1 44.1 55.2 13:26:21 55.2 55.2 38.7 13:32:52 38.7 38.7

43.4 13:11:59 43.4 43.4 53.8 13:26:22 53.8 53.8 38.3 13:32:53 38.3 38.3

45.3 13:12:00 45.3 45.3 53.3 13:26:23 53.3 53.3 38.1 13:32:54 38.1 38.1

47.8 13:12:01 47.8 47.8 53.0 13:26:24 53.0 53.0 39.3 13:32:55 39.3 39.3

46.1 13:12:02 46.1 46.1 52.1 13:26:25 52.1 52.1 40.5 13:32:56 40.5 40.5

46.5 13:12:03 46.5 46.5 52.1 13:26:26 52.1 52.1 41.5 13:32:57 41.5 41.5

47.8 13:12:04 47.8 47.8 51.3 13:26:27 51.3 51.3 41.0 13:32:58 41.0 41.0

46.6 13:12:05 46.6 46.6 50.9 13:26:28 50.9 50.9 41.0 13:32:59 41.0 41.0

45.2 13:12:06 45.2 45.2 50.6 13:26:29 50.6 50.6 39.3 13:33:00 39.3 39.3

51.0 13:12:07 51.0 51.0 50.7 13:26:30 50.7 50.7 38.4 13:33:01 38.4 38.4

52.6 13:12:08 52.6 52.6 51.7 13:26:31 51.7 51.7 38.6 13:33:02 38.6 38.6

50.6 13:12:09 50.6 50.6 52.8 13:26:32 52.8 52.8 38.2 13:33:03 38.2 38.2

48.7 13:12:10 48.7 48.7 53.3 13:26:33 53.3 53.3 37.9 13:33:04 37.9 37.9

48.9 13:12:11 48.9 48.9 52.7 13:26:34 52.7 52.7 38.5 13:33:05 38.5 38.5

48.5 13:12:12 48.5 48.5 52.3 13:26:35 52.3 52.3 40.6 13:33:06 40.6 40.6

47.1 13:12:13 47.1 47.1 51.7 13:26:36 51.7 51.7 45.9 13:33:07 45.9 45.9

47.6 13:12:14 47.6 47.6 50.7 13:26:37 50.7 50.7 49.6 13:33:08 49.6 49.6

50.3 13:12:15 50.3 50.3 50.3 13:26:38 50.3 50.3 50.6 13:33:09 50.6 50.6

49.6 13:12:16 49.6 49.6 51.1 13:26:39 51.1 51.1 51.0 13:33:10 51.0 51.0

48.5 13:12:17 48.5 48.5 50.7 13:26:40 50.7 50.7 49.4 13:33:11 49.4 49.4

46.8 13:12:18 46.8 46.8 52.6 13:26:41 52.6 52.6 48.9 13:33:12 48.9 48.9

45.7 13:12:19 45.7 45.7 52.5 13:26:42 52.5 52.5 47.4 13:33:13 47.4 47.4

47.3 13:12:20 47.3 47.3 52.3 13:26:43 52.3 52.3 46.8 13:33:14 46.8 46.8

46.7 13:12:21 46.7 46.7 53.5 13:26:44 53.5 53.5 45.9 13:33:15 45.9 45.9

46.9 13:12:22 46.9 46.9 53.1 13:26:45 53.1 53.1 46.4 13:33:16 46.4 46.4

47.9 13:12:23 47.9 47.9 51.9 13:26:46 51.9 51.9 47.7 13:33:17 47.7 47.7

47.5 13:12:24 47.5 47.5 51.2 13:26:47 51.2 51.2 47.0 13:33:18 47.0 47.0

48.1 13:12:25 48.1 48.1 51.0 13:26:48 51.0 51.0 48.7 13:33:19 48.7 48.7

48.7 13:12:26 48.7 48.7 50.9 13:26:49 50.9 50.9 51.2 13:33:20 51.2 51.2

49.2 13:12:27 49.2 49.2 51.4 13:26:50 51.4 51.4 51.3 13:33:21 51.3 51.3

49.8 13:12:28 49.8 49.8 52.2 13:26:51 52.2 52.2 50.5 13:33:22 50.5 50.5

48.3 13:12:29 48.3 48.3 51.2 13:26:52 51.2 51.2 49.2 13:33:23 49.2 49.2

46.7 13:12:30 46.7 46.7 50.4 13:26:53 50.4 50.4 47.4 13:33:24 47.4 47.4

45.9 13:12:31 45.9 45.9 52.2 13:26:54 52.2 52.2 45.1 13:33:25 45.1 45.1

45.2 13:12:32 45.2 45.2 51.2 13:26:55 51.2 51.2 43.5 13:33:26 43.5 43.5

45.1 13:12:33 45.1 45.1 51.2 13:26:56 51.2 51.2 42.9 13:33:27 42.9 42.9

48.6 13:12:34 48.6 48.6 51.3 13:26:57 51.3 51.3 41.0 13:33:28 41.0 41.0

50.6 13:12:35 50.6 50.6 51.5 13:26:58 51.5 51.5 40.9 13:33:29 40.9 40.9

50.1 13:12:36 50.1 50.1 53.5 13:26:59 53.5 53.5 39.8 13:33:30 39.8 39.8

50.3 13:12:37 50.3 50.3 53.3 13:27:00 53.3 53.3 38.5 13:33:31 38.5 38.5

51.1 13:12:38 51.1 51.1 53.9 13:27:01 53.9 53.9 40.1 13:33:32 40.1 40.1

50.4 13:12:39 50.4 50.4 54.0 13:27:02 54.0 54.0 41.9 13:33:33 41.9 41.9

48.0 13:12:40 48.0 48.0 53.9 13:27:03 53.9 53.9 42.6 13:33:34 42.6 42.6

47.3 13:12:41 47.3 47.3 53.9 13:27:04 53.9 53.9 42.1 13:33:35 42.1 42.1

47.1 13:12:42 47.1 47.1 52.5 13:27:05 52.5 52.5 40.4 13:33:36 40.4 40.4

47.7 13:12:43 47.7 47.7 52.1 13:27:06 52.1 52.1 40.1 13:33:37 40.1 40.1

47.6 13:12:44 47.6 47.6 51.2 13:27:07 51.2 51.2 40.9 13:33:38 40.9 40.9

46.5 13:12:45 46.5 46.5 51.6 13:27:08 51.6 51.6 41.0 13:33:39 41.0 41.0

47.5 13:12:46 47.5 47.5 51.8 13:27:09 51.8 51.8 42.8 13:33:40 42.8 42.8

49.8 13:12:47 49.8 49.8 53.6 13:27:10 53.6 53.6 43.2 13:33:41 43.2 43.2

48.6 13:12:48 48.6 48.6 58.3 13:27:11 58.3 58.3 44.6 13:33:42 44.6 44.6

49.5 13:12:49 49.5 49.5 67.0 13:27:12 67.0 67.0 46.7 13:33:43 46.7 46.7

53.4 13:12:50 53.4 53.4 70.9 13:27:13 70.9 70.9 46.3 13:33:44 46.3 46.3

59.4 13:12:51 59.4 59.4 68.9 13:27:14 68.9 68.9 46.1 13:33:45 46.1 46.1

64.7 13:12:52 64.7 64.7 65.3 13:27:15 65.3 65.3 44.0 13:33:46 44.0 44.0

72.0 13:12:53 72.0 72.0 61.4 13:27:16 61.4 61.4 42.6 13:33:47 42.6 42.6

73.2 13:12:54 73.2 73.2 57.8 13:27:17 57.8 57.8 42.6 13:33:48 42.6 42.6

70.1 13:12:55 70.1 70.1 54.9 13:27:18 54.9 54.9 43.3 13:33:49 43.3 43.3

66.2 13:12:56 66.2 66.2 53.8 13:27:19 53.8 53.8 42.8 13:33:50 42.8 42.8

62.3 13:12:57 62.3 62.3 53.8 13:27:20 53.8 53.8 43.0 13:33:51 43.0 43.0

58.5 13:12:58 58.5 58.5 54.9 13:27:21 54.9 54.9 41.2 13:33:52 41.2 41.2

54.9 13:12:59 54.9 54.9 59.9 13:27:22 59.9 59.9 41.4 13:33:53 41.4 41.4

52.1 13:13:00 52.1 52.1 72.4 13:27:23 72.4 72.4 43.1 13:33:54 43.1 43.1

49.3 13:13:01 49.3 49.3 76.7 13:27:24 76.7 76.7 43.1 13:33:55 43.1 43.1

46.9 13:13:02 46.9 46.9 74.1 13:27:25 74.1 74.1 42.7 13:33:56 42.7 42.7

45.0 13:13:03 45.0 45.0 70.3 13:27:26 70.3 70.3 40.6 13:33:57 40.6 40.6

43.9 13:13:04 43.9 43.9 66.3 13:27:27 66.3 66.3 40.9 13:33:58 40.9 40.9

43.5 13:13:05 43.5 43.5 62.7 13:27:28 62.7 62.7 39.3 13:33:59 39.3 39.3

44.6 13:13:06 44.6 44.6 59.8 13:27:29 59.8 59.8 38.9 13:34:00 38.9 38.9

45.1 13:13:07 45.1 45.1 57.0 13:27:30 57.0 57.0 40.9 13:34:01 40.9 40.9

45.7 13:13:08 45.7 45.7 55.2 13:27:31 55.2 55.2 42.5 13:34:02 42.5 42.5

49.7 13:13:09 49.7 49.7 54.1 13:27:32 54.1 54.1 42.7 13:34:03 42.7 42.7

47.9 13:13:10 47.9 47.9 52.7 13:27:33 52.7 52.7 43.3 13:34:04 43.3 43.3

46.9 13:13:11 46.9 46.9 52.5 13:27:34 52.5 52.5 45.8 13:34:05 45.8 45.8

46.6 13:13:12 46.6 46.6 51.5 13:27:35 51.5 51.5 45.8 13:34:06 45.8 45.8

48.7 13:13:13 48.7 48.7 51.0 13:27:36 51.0 51.0 44.9 13:34:07 44.9 44.9

52.1 13:13:14 52.1 52.1 49.9 13:27:37 49.9 49.9 45.4 13:34:08 45.4 45.4

53.5 13:13:15 53.5 53.5 50.5 13:27:38 50.5 50.5 46.0 13:34:09 46.0 46.0

57.2 13:13:16 57.2 57.2 50.7 13:27:39 50.7 50.7 44.4 13:34:10 44.4 44.4

60.7 13:13:17 60.7 60.7 50.1 13:27:40 50.1 50.1 42.4 13:34:11 42.4 42.4

67.4 13:13:18 67.4 67.4 49.8 13:27:41 49.8 49.8 40.7 13:34:12 40.7 40.7

73.7 13:13:19 73.7 73.7 50.9 13:27:42 50.9 50.9 40.5 13:34:13 40.5 40.5

74.5 13:13:20 74.5 74.5 49.9 13:27:43 49.9 49.9 39.9 13:34:14 39.9 39.9

71.2 13:13:21 71.2 71.2 49.1 13:27:44 49.1 49.1 41.7 13:34:15 41.7 41.7

67.2 13:13:22 67.2 67.2 50.1 13:27:45 50.1 50.1 41.4 13:34:16 41.4 41.4

63.2 13:13:23 63.2 63.2 52.2 13:27:46 52.2 52.2 41.2 13:34:17 41.2 41.2

59.3 13:13:24 59.3 59.3 52.7 13:27:47 52.7 52.7 40.1 13:34:18 40.1 40.1

55.6 13:13:25 55.6 55.6 51.4 13:27:48 51.4 51.4 39.0 13:34:19 39.0 39.0

53.1 13:13:26 53.1 53.1 49.6 13:27:49 49.6 49.6 39.4 13:34:20 39.4 39.4

52.5 13:13:27 52.5 52.5 49.5 13:27:50 49.5 49.5 40.5 13:34:21 40.5 40.5

50.7 13:13:28 50.7 50.7 50.9 13:27:51 50.9 50.9 42.2 13:34:22 42.2 42.2

49.1 13:13:29 49.1 49.1 50.1 13:27:52 50.1 50.1 42.7 13:34:23 42.7 42.7

47.5 13:13:30 47.5 47.5 49.4 13:27:53 49.4 49.4 41.6 13:34:24 41.6 41.6

46.6 13:13:31 46.6 46.6 49.2 13:27:54 49.2 49.2 41.8 13:34:25 41.8 41.8

44.9 13:13:32 44.9 44.9 51.8 13:27:55 51.8 51.8 45.7 13:34:26 45.7 45.7

43.4 13:13:33 43.4 43.4 52.6 13:27:56 52.6 52.6 45.4 13:34:27 45.4 45.4

42.8 13:13:34 42.8 42.8 51.8 13:27:57 51.8 51.8 45.1 13:34:28 45.1 45.1

44.7 13:13:35 44.7 44.7 52.3 13:27:58 52.3 52.3 43.8 13:34:29 43.8 43.8

45.8 13:13:36 45.8 45.8 51.8 13:27:59 51.8 51.8 43.5 13:34:30 43.5 43.5

43.6 13:13:37 43.6 43.6 51.3 13:28:00 51.3 51.3 45.1 13:34:31 45.1 45.1

42.3 13:13:38 42.3 42.3 51.7 13:28:01 51.7 51.7 46.4 13:34:32 46.4 46.4

41.6 13:13:39 41.6 41.6 52.4 13:28:02 52.4 52.4 44.3 13:34:33 44.3 44.3

41.6 13:13:40 41.6 41.6 51.3 13:28:03 51.3 51.3 43.3 13:34:34 43.3 43.3

41.4 13:13:41 41.4 41.4 51.6 13:28:04 51.6 51.6 43.7 13:34:35 43.7 43.7

43.7 13:13:42 43.7 43.7 51.6 13:28:05 51.6 51.6 45.2 13:34:36 45.2 45.2

47.2 13:13:43 47.2 47.2 50.5 13:28:06 50.5 50.5 44.6 13:34:37 44.6 44.6

45.0 13:13:44 45.0 45.0 50.6 13:28:07 50.6 50.6 43.5 13:34:38 43.5 43.5

45.2 13:13:45 45.2 45.2 50.9 13:28:08 50.9 50.9 42.2 13:34:39 42.2 42.2

44.8 13:13:46 44.8 44.8 51.3 13:28:09 51.3 51.3 40.0 13:34:40 40.0 40.0

43.8 13:13:47 43.8 43.8 53.4 13:28:10 53.4 53.4 45.0 13:34:41 45.0 45.0

44.7 13:13:48 44.7 44.7 53.1 13:28:11 53.1 53.1 46.8 13:34:42 46.8 46.8

44.6 13:13:49 44.6 44.6 52.6 13:28:12 52.6 52.6 48.1 13:34:43 48.1 48.1

45.1 13:13:50 45.1 45.1 53.5 13:28:13 53.5 53.5 46.6 13:34:44 46.6 46.6

45.2 13:13:51 45.2 45.2 53.5 13:28:14 53.5 53.5 44.4 13:34:45 44.4 44.4

44.5 13:13:52 44.5 44.5 52.9 13:28:15 52.9 52.9 44.0 13:34:46 44.0 44.0

45.4 13:13:53 45.4 45.4 52.6 13:28:16 52.6 52.6 46.6 13:34:47 46.6 46.6

48.1 13:13:54 48.1 48.1 51.7 13:28:17 51.7 51.7 45.5 13:34:48 45.5 45.5

46.5 13:13:55 46.5 46.5 50.0 13:28:18 50.0 50.0 43.7 13:34:49 43.7 43.7

45.9 13:13:56 45.9 45.9 48.9 13:28:19 48.9 48.9 41.7 13:34:50 41.7 41.7

44.0 13:13:57 44.0 44.0 48.9 13:28:20 48.9 48.9 40.8 13:34:51 40.8 40.8

44.2 13:13:58 44.2 44.2 49.4 13:28:21 49.4 49.4 41.5 13:34:52 41.5 41.5

45.3 13:13:59 45.3 45.3 49.8 13:28:22 49.8 49.8 40.9 13:34:53 40.9 40.9

46.1 13:14:00 46.1 46.1 48.6 13:28:23 48.6 48.6 40.2 13:34:54 40.2 40.2

47.9 13:14:01 47.9 47.9 48.3 13:28:24 48.3 48.3 42.1 13:34:55 42.1 42.1

45.5 13:14:02 45.5 45.5 50.2 13:28:25 50.2 50.2 42.7 13:34:56 42.7 42.7

43.5 13:14:03 43.5 43.5 49.9 13:28:26 49.9 49.9 44.0 13:34:57 44.0 44.0

42.5 13:14:04 42.5 42.5 50.2 13:28:27 50.2 50.2 45.0 13:34:58 45.0 45.0

42.4 13:14:05 42.4 42.4 50.9 13:28:28 50.9 50.9 54.9 13:34:59 54.9 54.9

43.9 13:14:06 43.9 43.9 50.5 13:28:29 50.5 50.5 54.5 13:35:00 54.5 54.5

48.1 13:14:07 48.1 48.1 50.2 13:28:30 50.2 50.2 51.2 13:35:01 51.2 51.2

46.5 13:14:08 46.5 46.5 52.6 13:28:31 52.6 52.6 49.7 13:35:02 49.7 49.7

45.0 13:14:09 45.0 45.0 52.8 13:28:32 52.8 52.8 49.6 13:35:03 49.6 49.6

44.9 13:14:10 44.9 44.9 51.2 13:28:33 51.2 51.2 48.8 13:35:04 48.8 48.8

45.4 13:14:11 45.4 45.4 50.5 13:28:34 50.5 50.5 48.6 13:35:05 48.6 48.6

44.6 13:14:12 44.6 44.6 51.0 13:28:35 51.0 51.0 49.0 13:35:06 49.0 49.0

45.7 13:14:13 45.7 45.7 51.1 13:28:36 51.1 51.1 49.0 13:35:07 49.0 49.0

46.5 13:14:14 46.5 46.5 51.9 13:28:37 51.9 51.9 48.1 13:35:08 48.1 48.1

45.0 13:14:15 45.0 45.0 53.3 13:28:38 53.3 53.3 52.4 13:35:09 52.4 52.4

44.0 13:14:16 44.0 44.0 52.0 13:28:39 52.0 52.0 55.5 13:35:10 55.5 55.5

43.6 13:14:17 43.6 43.6 50.1 13:28:40 50.1 50.1 53.2 13:35:11 53.2 53.2

44.1 13:14:18 44.1 44.1 49.5 13:28:41 49.5 49.5 50.4 13:35:12 50.4 50.4

45.7 13:14:19 45.7 45.7 49.4 13:28:42 49.4 49.4 47.7 13:35:13 47.7 47.7

47.3 13:14:20 47.3 47.3 49.3 13:28:43 49.3 49.3 47.0 13:35:14 47.0 47.0

47.6 13:14:21 47.6 47.6 50.4 13:28:44 50.4 50.4 47.6 13:35:15 47.6 47.6

45.1 13:14:22 45.1 45.1 50.2 13:28:45 50.2 50.2 53.3 13:35:16 53.3 53.3

44.6 13:14:23 44.6 44.6 51.3 13:28:46 51.3 51.3 61.2 13:35:17 61.2 61.2

45.9 13:14:24 45.9 45.9 51.3 13:28:47 51.3 51.3 59.3 13:35:18 59.3 59.3

44.0 13:14:25 44.0 44.0 51.0 13:28:48 51.0 51.0 56.3 13:35:19 56.3 56.3

43.2 13:14:26 43.2 43.2 50.6 13:28:49 50.6 50.6 54.2 13:35:20 54.2 54.2

43.2 13:14:27 43.2 43.2 51.0 13:28:50 51.0 51.0 51.6 13:35:21 51.6 51.6

44.6 13:14:28 44.6 44.6 50.1 13:28:51 50.1 50.1 49.0 13:35:22 49.0 49.0

46.0 13:14:29 46.0 46.0 51.1 13:28:52 51.1 51.1 46.8 13:35:23 46.8 46.8

46.3 13:14:30 46.3 46.3 55.0 13:28:53 55.0 55.0 45.9 13:35:24 45.9 45.9

45.3 13:14:31 45.3 45.3 55.5 13:28:54 55.5 55.5 46.1 13:35:25 46.1 46.1

47.4 13:14:32 47.4 47.4 52.9 13:28:55 52.9 52.9 49.9 13:35:26 49.9 49.9

48.4 13:14:33 48.4 48.4 51.8 13:28:56 51.8 51.8 54.4 13:35:27 54.4 54.4

51.1 13:14:34 51.1 51.1 52.0 13:28:57 52.0 52.0 51.4 13:35:28 51.4 51.4

56.0 13:14:35 56.0 56.0 51.9 13:28:58 51.9 51.9 48.1 13:35:29 48.1 48.1

64.5 13:14:36 64.5 64.5 51.9 13:28:59 51.9 51.9 46.7 13:35:30 46.7 46.7

69.7 13:14:37 69.7 69.7 51.4 13:29:00 51.4 51.4 45.6 13:35:31 45.6 45.6
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

69.3 13:14:38 69.3 69.3 50.7 13:29:01 50.7 50.7 43.6 13:35:32 43.6 43.6

66.1 13:14:39 66.1 66.1 49.7 13:29:02 49.7 49.7 42.1 13:35:33 42.1 42.1

62.5 13:14:40 62.5 62.5 49.4 13:29:03 49.4 49.4 42.9 13:35:34 42.9 42.9

59.1 13:14:41 59.1 59.1 50.0 13:29:04 50.0 50.0 42.0 13:35:35 42.0 42.0

56.2 13:14:42 56.2 56.2 51.5 13:29:05 51.5 51.5 41.9 13:35:36 41.9 41.9

53.3 13:14:43 53.3 53.3 53.1 13:29:06 53.1 53.1 43.1 13:35:37 43.1 43.1

50.9 13:14:44 50.9 50.9 51.1 13:29:07 51.1 51.1 46.8 13:35:38 46.8 46.8

51.7 13:14:45 51.7 51.7 49.8 13:29:08 49.8 49.8 54.9 13:35:39 54.9 54.9

55.7 13:14:46 55.7 55.7 50.8 13:29:09 50.8 50.8 53.1 13:35:40 53.1 53.1

61.2 13:14:47 61.2 61.2 50.6 13:29:10 50.6 50.6 49.4 13:35:41 49.4 49.4

69.4 13:14:48 69.4 69.4 49.4 13:29:11 49.4 49.4 46.3 13:35:42 46.3 46.3

74.2 13:14:49 74.2 74.2 50.3 13:29:12 50.3 50.3 47.0 13:35:43 47.0 47.0

78.4 13:14:50 78.4 78.4 52.9 13:29:13 52.9 52.9 46.8 13:35:44 46.8 46.8

78.5 13:14:51 78.5 78.5 51.8 13:29:14 51.8 51.8 47.3 13:35:45 47.3 47.3

75.2 13:14:52 75.2 75.2 50.9 13:29:15 50.9 50.9 48.2 13:35:46 48.2 48.2

71.5 13:14:53 71.5 71.5 50.6 13:29:16 50.6 50.6 48.8 13:35:47 48.8 48.8

67.7 13:14:54 67.7 67.7 50.5 13:29:17 50.5 50.5 49.6 13:35:48 49.6 49.6

64.0 13:14:55 64.0 64.0 51.8 13:29:18 51.8 51.8 48.4 13:35:49 48.4 48.4

60.8 13:14:56 60.8 60.8 52.4 13:29:19 52.4 52.4 46.6 13:35:50 46.6 46.6

59.6 13:14:57 59.6 59.6 52.5 13:29:20 52.5 52.5 46.1 13:35:51 46.1 46.1

63.3 13:14:58 63.3 63.3 54.4 13:29:21 54.4 54.4 45.6 13:35:52 45.6 45.6

71.3 13:14:59 71.3 71.3 52.9 13:29:22 52.9 52.9 44.6 13:35:53 44.6 44.6

74.7 13:15:00 74.7 74.7 52.2 13:29:23 52.2 52.2 43.1 13:35:54 43.1 43.1

72.8 13:15:01 72.8 72.8 50.9 13:29:24 50.9 50.9 42.0 13:35:55 42.0 42.0

69.0 13:15:02 69.0 69.0 51.0 13:29:25 51.0 51.0 41.9 13:35:56 41.9 41.9

65.0 13:15:03 65.0 65.0 52.4 13:29:26 52.4 52.4 41.2 13:35:57 41.2 41.2

61.2 13:15:04 61.2 61.2 51.5 13:29:27 51.5 51.5 41.1 13:35:58 41.1 41.1

57.4 13:15:05 57.4 57.4 50.9 13:29:28 50.9 50.9 43.7 13:35:59 43.7 43.7

53.7 13:15:06 53.7 53.7 52.5 13:29:29 52.5 52.5 45.4 13:36:00 45.4 45.4

50.5 13:15:07 50.5 50.5 53.8 13:29:30 53.8 53.8 43.8 13:36:01 43.8 43.8

48.0 13:15:08 48.0 48.0 55.9 13:29:31 55.9 55.9 43.3 13:36:02 43.3 43.3

47.0 13:15:09 47.0 47.0 57.8 13:29:32 57.8 57.8 43.4 13:36:03 43.4 43.4

45.8 13:15:10 45.8 45.8 64.2 13:29:33 64.2 64.2 45.9 13:36:04 45.9 45.9

45.4 13:15:11 45.4 45.4 71.5 13:29:34 71.5 71.5 47.6 13:36:05 47.6 47.6

49.5 13:15:12 49.5 49.5 73.5 13:29:35 73.5 73.5 47.6 13:36:06 47.6 47.6

50.5 13:15:13 50.5 50.5 71.0 13:29:36 71.0 71.0 48.5 13:36:07 48.5 48.5

48.3 13:15:14 48.3 48.3 67.2 13:29:37 67.2 67.2 46.9 13:36:08 46.9 46.9

46.7 13:15:15 46.7 46.7 63.3 13:29:38 63.3 63.3 44.5 13:36:09 44.5 44.5

45.5 13:15:16 45.5 45.5 59.5 13:29:39 59.5 59.5 43.4 13:36:10 43.4 43.4

46.1 13:15:17 46.1 46.1 57.0 13:29:40 57.0 57.0 41.2 13:36:11 41.2 41.2

47.6 13:15:18 47.6 47.6 54.4 13:29:41 54.4 54.4 40.3 13:36:12 40.3 40.3

49.2 13:15:19 49.2 49.2 52.8 13:29:42 52.8 52.8 40.5 13:36:13 40.5 40.5

57.8 13:15:20 57.8 57.8 52.7 13:29:43 52.7 52.7 42.5 13:36:14 42.5 42.5

59.6 13:15:21 59.6 59.6 52.7 13:29:44 52.7 52.7 42.9 13:36:15 42.9 42.9

60.4 13:15:22 60.4 60.4 51.2 13:29:45 51.2 51.2 43.3 13:36:16 43.3 43.3

64.3 13:15:23 64.3 64.3 49.6 13:29:46 49.6 49.6 42.2 13:36:17 42.2 42.2

68.8 13:15:24 68.8 68.8 48.3 13:29:47 48.3 48.3 41.6 13:36:18 41.6 41.6

70.1 13:15:25 70.1 70.1 48.0 13:29:48 48.0 48.0 41.8 13:36:19 41.8 41.8

67.3 13:15:26 67.3 67.3 50.5 13:29:49 50.5 50.5 40.9 13:36:20 40.9 40.9

63.5 13:15:27 63.5 63.5 50.0 13:29:50 50.0 50.0 39.1 13:36:21 39.1 39.1

59.7 13:15:28 59.7 59.7 49.9 13:29:51 49.9 49.9 39.6 13:36:22 39.6 39.6

56.2 13:15:29 56.2 56.2 49.2 13:29:52 49.2 49.2 40.5 13:36:23 40.5 40.5

53.4 13:15:30 53.4 53.4 49.3 13:29:53 49.3 49.3 40.4 13:36:24 40.4 40.4

52.2 13:15:31 52.2 52.2 50.2 13:29:54 50.2 50.2 40.3 13:36:25 40.3 40.3

51.6 13:15:32 51.6 51.6 50.4 13:29:55 50.4 50.4 40.0 13:36:26 40.0 40.0

54.3 13:15:33 54.3 54.3 50.4 13:29:56 50.4 50.4 40.6 13:36:27 40.6 40.6

57.3 13:15:34 57.3 57.3 49.9 13:29:57 49.9 49.9 40.8 13:36:28 40.8 40.8

61.7 13:15:35 61.7 61.7 51.0 13:29:58 51.0 51.0 40.8 13:36:29 40.8 40.8

69.8 13:15:36 69.8 69.8 51.3 13:29:59 51.3 51.3 40.4 13:36:30 40.4 40.4

74.7 13:15:37 74.7 74.7 51.0 13:30:00 51.0 51.0 40.2 13:36:31 40.2 40.2

73.2 13:15:38 73.2 73.2 49.4 13:30:01 49.4 49.4 41.1 13:36:32 41.1 41.1

69.4 13:15:39 69.4 69.4 49.8 13:30:02 49.8 49.8 46.7 13:36:33 46.7 46.7

65.5 13:15:40 65.5 65.5 50.6 13:30:03 50.6 50.6 45.2 13:36:34 45.2 45.2

61.8 13:15:41 61.8 61.8 52.1 13:30:04 52.1 52.1 43.6 13:36:35 43.6 43.6

58.1 13:15:42 58.1 58.1 52.4 13:30:05 52.4 52.4 46.3 13:36:36 46.3 46.3

55.1 13:15:43 55.1 55.1 51.1 13:30:06 51.1 51.1 49.1 13:36:37 49.1 49.1

52.6 13:15:44 52.6 52.6 51.1 13:30:07 51.1 51.1 47.7 13:36:38 47.7 47.7

51.2 13:15:45 51.2 51.2 51.7 13:30:08 51.7 51.7 44.6 13:36:39 44.6 44.6

52.1 13:15:46 52.1 52.1 52.2 13:30:09 52.2 52.2 43.5 13:36:40 43.5 43.5

57.8 13:15:47 57.8 57.8 52.4 13:30:10 52.4 52.4 44.1 13:36:41 44.1 44.1

59.0 13:15:48 59.0 59.0 51.7 13:30:11 51.7 51.7 42.0 13:36:42 42.0 42.0

55.4 13:15:49 55.4 55.4 51.8 13:30:12 51.8 51.8 41.4 13:36:43 41.4 41.4

52.1 13:15:50 52.1 52.1 51.7 13:30:13 51.7 51.7 42.9 13:36:44 42.9 42.9

49.8 13:15:51 49.8 49.8 52.7 13:30:14 52.7 52.7 43.4 13:36:45 43.4 43.4

48.7 13:15:52 48.7 48.7 54.3 13:30:15 54.3 54.3 41.7 13:36:46 41.7 41.7

49.3 13:15:53 49.3 49.3 52.9 13:30:16 52.9 52.9 41.2 13:36:47 41.2 41.2

50.7 13:15:54 50.7 50.7 53.0 13:30:17 53.0 53.0 44.3 13:36:48 44.3 44.3

51.3 13:15:55 51.3 51.3 53.4 13:30:18 53.4 53.4 43.9 13:36:49 43.9 43.9

49.6 13:15:56 49.6 49.6 52.2 13:30:19 52.2 52.2 41.9 13:36:50 41.9 41.9

48.3 13:15:57 48.3 48.3 51.1 13:30:20 51.1 51.1 41.3 13:36:51 41.3 41.3

47.9 13:15:58 47.9 47.9 51.3 13:30:21 51.3 51.3 41.7 13:36:52 41.7 41.7

47.7 13:15:59 47.7 47.7 51.3 13:30:22 51.3 51.3 43.4 13:36:53 43.4 43.4

48.0 13:16:00 48.0 48.0 51.5 13:30:23 51.5 51.5 43.7 13:36:54 43.7 43.7

48.4 13:16:01 48.4 48.4 53.1 13:30:24 53.1 53.1 43.1 13:36:55 43.1 43.1

48.4 13:16:02 48.4 48.4 52.5 13:30:25 52.5 52.5 43.2 13:36:56 43.2 43.2

47.6 13:16:03 47.6 47.6 51.8 13:30:26 51.8 51.8 41.8 13:36:57 41.8 41.8

47.1 13:16:04 47.1 47.1 51.6 13:30:27 51.6 51.6 41.6 13:36:58 41.6 41.6

47.1 13:16:05 47.1 47.1 52.4 13:30:28 52.4 52.4 41.9 13:36:59 41.9 41.9

47.4 13:16:06 47.4 47.4 51.1 13:30:29 51.1 51.1 41.1 13:37:00 41.1 41.1

49.3 13:16:07 49.3 49.3 51.3 13:30:30 51.3 51.3 40.7 13:37:01 40.7 40.7

49.5 13:16:08 49.5 49.5 52.1 13:30:31 52.1 52.1 40.7 13:37:02 40.7 40.7

48.4 13:16:09 48.4 48.4 53.0 13:30:32 53.0 53.0 41.1 13:37:03 41.1 41.1

48.5 13:16:10 48.5 48.5 52.4 13:30:33 52.4 52.4 41.0 13:37:04 41.0 41.0

49.4 13:16:11 49.4 49.4 52.2 13:30:34 52.2 52.2 40.9 13:37:05 40.9 40.9

48.6 13:16:12 48.6 48.6 52.8 13:30:35 52.8 52.8 41.8 13:37:06 41.8 41.8

49.6 13:16:13 49.6 49.6 52.4 13:30:36 52.4 52.4 41.7 13:37:07 41.7 41.7

49.6 13:16:14 49.6 49.6 52.3 13:30:37 52.3 52.3 42.1 13:37:08 42.1 42.1

51.7 13:16:15 51.7 51.7 52.7 13:30:38 52.7 52.7 45.9 13:37:09 45.9 45.9

50.5 13:16:16 50.5 50.5 52.6 13:30:39 52.6 52.6 45.5 13:37:10 45.5 45.5

47.8 13:16:17 47.8 47.8 51.0 13:30:40 51.0 51.0 47.2 13:37:11 47.2 47.2

46.3 13:16:18 46.3 46.3 50.9 13:30:41 50.9 50.9 45.4 13:37:12 45.4 45.4

46.7 13:16:19 46.7 46.7 51.2 13:30:42 51.2 51.2 44.7 13:37:13 44.7 44.7

50.3 13:16:20 50.3 50.3 51.2 13:30:43 51.2 51.2 46.5 13:37:14 46.5 46.5

48.0 13:16:21 48.0 48.0 53.0 13:30:44 53.0 53.0 46.6 13:37:15 46.6 46.6

46.4 13:16:22 46.4 46.4 53.1 13:30:45 53.1 53.1 43.8 13:37:16 43.8 43.8

45.0 13:16:23 45.0 45.0 52.3 13:30:46 52.3 52.3 43.9 13:37:17 43.9 43.9

43.6 13:16:24 43.6 43.6 56.3 13:30:47 56.3 56.3 44.6 13:37:18 44.6 44.6

47.8 13:16:25 47.8 47.8 56.2 13:30:48 56.2 56.2 45.7 13:37:19 45.7 45.7

47.1 13:16:26 47.1 47.1 54.3 13:30:49 54.3 54.3 45.7 13:37:20 45.7 45.7

45.5 13:16:27 45.5 45.5 53.7 13:30:50 53.7 53.7 45.5 13:37:21 45.5 45.5

44.6 13:16:28 44.6 44.6 53.8 13:30:51 53.8 53.8 45.9 13:37:22 45.9 45.9

44.3 13:16:29 44.3 44.3 54.6 13:30:52 54.6 54.6 44.5 13:37:23 44.5 44.5

46.9 13:16:30 46.9 46.9 53.0 13:30:53 53.0 53.0 43.6 13:37:24 43.6 43.6

50.5 13:16:31 50.5 50.5 52.4 13:30:54 52.4 52.4 42.3 13:37:25 42.3 42.3

51.1 13:16:32 51.1 51.1 52.8 13:30:55 52.8 52.8 42.1 13:37:26 42.1 42.1

48.2 13:16:33 48.2 48.2 52.6 13:30:56 52.6 52.6 43.4 13:37:27 43.4 43.4

45.6 13:16:34 45.6 45.6 52.6 13:30:57 52.6 52.6 42.3 13:37:28 42.3 42.3

46.1 13:16:35 46.1 46.1 52.2 13:30:58 52.2 52.2 41.3 13:37:29 41.3 41.3

45.3 13:16:36 45.3 45.3 51.9 13:30:59 51.9 51.9 40.5 13:37:30 40.5 40.5

44.0 13:16:37 44.0 44.0 52.1 13:31:00 52.1 52.1 41.0 13:37:31 41.0 41.0

43.4 13:16:38 43.4 43.4 52.5 13:31:01 52.5 52.5 40.7 13:37:32 40.7 40.7

43.4 13:16:39 43.4 43.4 53.2 13:31:02 53.2 53.2 40.1 13:37:33 40.1 40.1

43.8 13:16:40 43.8 43.8 54.4 13:31:03 54.4 54.4 42.1 13:37:34 42.1 42.1

46.6 13:16:41 46.6 46.6 56.3 13:31:04 56.3 56.3 42.9 13:37:35 42.9 42.9

45.7 13:16:42 45.7 45.7 56.7 13:31:05 56.7 56.7 43.3 13:37:36 43.3 43.3

45.4 13:16:43 45.4 45.4 55.4 13:31:06 55.4 55.4 43.7 13:37:37 43.7 43.7

46.7 13:16:44 46.7 46.7 53.6 13:31:07 53.6 53.6 43.3 13:37:38 43.3 43.3

48.4 13:16:45 48.4 48.4 52.7 13:31:08 52.7 52.7 42.7 13:37:39 42.7 42.7

55.0 13:16:46 55.0 55.0 52.9 13:31:09 52.9 52.9 42.0 13:37:40 42.0 42.0

62.4 13:16:47 62.4 62.4 53.2 13:31:10 53.2 53.2 42.0 13:37:41 42.0 42.0

69.5 13:16:48 69.5 69.5 53.8 13:31:11 53.8 53.8 43.1 13:37:42 43.1 43.1

74.5 13:16:49 74.5 74.5 52.1 13:31:12 52.1 52.1 45.3 13:37:43 45.3 45.3

73.8 13:16:50 73.8 73.8 51.0 13:31:13 51.0 51.0 46.5 13:37:44 46.5 46.5

70.0 13:16:51 70.0 70.0 52.2 13:31:14 52.2 52.2 45.4 13:37:45 45.4 45.4

66.2 13:16:52 66.2 66.2 52.9 13:31:15 52.9 52.9 44.5 13:37:46 44.5 44.5

62.4 13:16:53 62.4 62.4 52.0 13:31:16 52.0 52.0 45.4 13:37:47 45.4 45.4

59.3 13:16:54 59.3 59.3 52.6 13:31:17 52.6 52.6 47.4 13:37:48 47.4 47.4

55.4 13:16:55 55.4 55.4 54.8 13:31:18 54.8 54.8 46.5 13:37:49 46.5 46.5

52.0 13:16:56 52.0 52.0 54.9 13:31:19 54.9 54.9 48.3 13:37:50 48.3 48.3

49.2 13:16:57 49.2 49.2 53.7 13:31:20 53.7 53.7 52.2 13:37:51 52.2 52.2

47.7 13:16:58 47.7 47.7 52.4 13:31:21 52.4 52.4 50.9 13:37:52 50.9 50.9

49.8 13:16:59 49.8 49.8 51.4 13:31:22 51.4 51.4 49.3 13:37:53 49.3 49.3

48.9 13:17:00 48.9 48.9 51.5 13:31:23 51.5 51.5 47.5 13:37:54 47.5 47.5

47.9 13:17:01 47.9 47.9 52.1 13:31:24 52.1 52.1 45.4 13:37:55 45.4 45.4

48.2 13:17:02 48.2 48.2 53.9 13:31:25 53.9 53.9 43.3 13:37:56 43.3 43.3

50.1 13:17:03 50.1 50.1 53.0 13:31:26 53.0 53.0 44.8 13:37:57 44.8 44.8

56.5 13:17:04 56.5 56.5 51.7 13:31:27 51.7 51.7 43.4 13:37:58 43.4 43.4

62.7 13:17:05 62.7 62.7 51.7 13:31:28 51.7 51.7 41.2 13:37:59 41.2 41.2

68.9 13:17:06 68.9 68.9 51.9 13:31:29 51.9 51.9 40.6 13:38:00 40.6 40.6

72.9 13:17:07 72.9 72.9 52.0 13:31:30 52.0 52.0 40.8 13:38:01 40.8 40.8

70.9 13:17:08 70.9 70.9 51.7 13:31:31 51.7 51.7 39.7 13:38:02 39.7 39.7

66.9 13:17:09 66.9 66.9 52.6 13:31:32 52.6 52.6 40.1 13:38:03 40.1 40.1

62.9 13:17:10 62.9 62.9 52.2 13:31:33 52.2 52.2 40.4 13:38:04 40.4 40.4

59.0 13:17:11 59.0 59.0 53.0 13:31:34 53.0 53.0 40.8 13:38:05 40.8 40.8

55.3 13:17:12 55.3 55.3 52.7 13:31:35 52.7 52.7 40.1 13:38:06 40.1 40.1

52.5 13:17:13 52.5 52.5 53.3 13:31:36 53.3 53.3 40.7 13:38:07 40.7 40.7

50.4 13:17:14 50.4 50.4 52.8 13:31:37 52.8 52.8 41.3 13:38:08 41.3 41.3

51.6 13:17:15 51.6 51.6 51.4 13:31:38 51.4 51.4 41.5 13:38:09 41.5 41.5

49.7 13:17:16 49.7 49.7 52.0 13:31:39 52.0 52.0 43.0 13:38:10 43.0 43.0

48.6 13:17:17 48.6 48.6 53.6 13:31:40 53.6 53.6 42.8 13:38:11 42.8 42.8

48.7 13:17:18 48.7 48.7 54.1 13:31:41 54.1 54.1 42.7 13:38:12 42.7 42.7

49.1 13:17:19 49.1 49.1 54.6 13:31:42 54.6 54.6 43.8 13:38:13 43.8 43.8
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

50.2 13:17:20 50.2 50.2 56.2 13:31:43 56.2 56.2 42.8 13:38:14 42.8 42.8

51.2 13:17:21 51.2 51.2 58.5 13:31:44 58.5 58.5 41.2 13:38:15 41.2 41.2

48.9 13:17:22 48.9 48.9 57.7 13:31:45 57.7 57.7 40.7 13:38:16 40.7 40.7

47.4 13:17:23 47.4 47.4 57.4 13:31:46 57.4 57.4 40.5 13:38:17 40.5 40.5

47.9 13:17:24 47.9 47.9 56.8 13:31:47 56.8 56.8 40.4 13:38:18 40.4 40.4

47.1 13:17:25 47.1 47.1 56.4 13:31:48 56.4 56.4 42.5 13:38:19 42.5 42.5

46.8 13:17:26 46.8 46.8 56.8 13:31:49 56.8 56.8 43.9 13:38:20 43.9 43.9

49.4 13:17:27 49.4 49.4 56.7 13:31:50 56.7 56.7 44.2 13:38:21 44.2 44.2

49.1 13:17:28 49.1 49.1 55.1 13:31:51 55.1 55.1 44.2 13:38:22 44.2 44.2

50.7 13:17:29 50.7 50.7 55.5 13:31:52 55.5 55.5 45.3 13:38:23 45.3 45.3

48.8 13:17:30 48.8 48.8 55.0 13:31:53 55.0 55.0 43.5 13:38:24 43.5 43.5

47.6 13:17:31 47.6 47.6 54.5 13:31:54 54.5 54.5 41.0 13:38:25 41.0 41.0

47.1 13:17:32 47.1 47.1 54.0 13:31:55 54.0 54.0 40.1 13:38:26 40.1 40.1

52.3 13:17:33 52.3 52.3 53.8 13:31:56 53.8 53.8 42.5 13:38:27 42.5 42.5

50.6 13:17:34 50.6 50.6 52.9 13:31:57 52.9 52.9 42.9 13:38:28 42.9 42.9

48.2 13:17:35 48.2 48.2 53.2 13:31:58 53.2 53.2 41.6 13:38:29 41.6 41.6

49.2 13:17:36 49.2 49.2 53.7 13:31:59 53.7 53.7 41.5 13:38:30 41.5 41.5

48.8 13:17:37 48.8 48.8 52.4 13:32:00 52.4 52.4 41.3 13:38:31 41.3 41.3

47.1 13:17:38 47.1 47.1 51.9 13:32:01 51.9 51.9 40.9 13:38:32 40.9 40.9

46.3 13:17:39 46.3 46.3 52.6 13:32:02 52.6 52.6 42.7 13:38:33 42.7 42.7

46.5 13:17:40 46.5 46.5 53.4 13:32:03 53.4 53.4 44.2 13:38:34 44.2 44.2

45.8 13:17:41 45.8 45.8 52.9 13:32:04 52.9 52.9 46.1 13:38:35 46.1 46.1

46.2 13:17:42 46.2 46.2 52.4 13:32:05 52.4 52.4 46.3 13:38:36 46.3 46.3

52.6 13:17:43 52.6 52.6 52.1 13:32:06 52.1 52.1 46.1 13:38:37 46.1 46.1

51.4 13:17:44 51.4 51.4 51.6 13:32:07 51.6 51.6 43.6 13:38:38 43.6 43.6

49.3 13:17:45 49.3 49.3 52.2 13:32:08 52.2 52.2 43.1 13:38:39 43.1 43.1

48.0 13:17:46 48.0 48.0 51.8 13:32:09 51.8 51.8 43.0 13:38:40 43.0 43.0

47.3 13:17:47 47.3 47.3 50.7 13:32:10 50.7 50.7 41.8 13:38:41 41.8 41.8

46.8 13:17:48 46.8 46.8 51.6 13:32:11 51.6 51.6 42.6 13:38:42 42.6 42.6

49.8 13:17:49 49.8 49.8 51.4 13:32:12 51.4 51.4 44.2 13:38:43 44.2 44.2

49.4 13:17:50 49.4 49.4 52.1 13:32:13 52.1 52.1 43.5 13:38:44 43.5 43.5

49.5 13:17:51 49.5 49.5 52.8 13:32:14 52.8 52.8 44.3 13:38:45 44.3 44.3

52.0 13:17:52 52.0 52.0 53.1 13:32:15 53.1 53.1 46.1 13:38:46 46.1 46.1

55.8 13:17:53 55.8 55.8 53.0 13:32:16 53.0 53.0 45.4 13:38:47 45.4 45.4

59.8 13:17:54 59.8 59.8 51.9 13:32:17 51.9 51.9 44.7 13:38:48 44.7 44.7

62.4 13:17:55 62.4 62.4 52.9 13:32:18 52.9 52.9 42.4 13:38:49 42.4 42.4

68.6 13:17:56 68.6 68.6 51.7 13:32:19 51.7 51.7 42.7 13:38:50 42.7 42.7

71.2 13:17:57 71.2 71.2 51.5 13:32:20 51.5 51.5 44.3 13:38:51 44.3 44.3

69.1 13:17:58 69.1 69.1 52.2 13:32:21 52.2 52.2 45.8 13:38:52 45.8 45.8

65.3 13:17:59 65.3 65.3 52.4 13:32:22 52.4 52.4 45.9 13:38:53 45.9 45.9

61.4 13:18:00 61.4 61.4 52.6 13:32:23 52.6 52.6 45.2 13:38:54 45.2 45.2

57.4 13:18:01 57.4 57.4 52.1 13:32:24 52.1 52.1 44.7 13:38:55 44.7 44.7

53.9 13:18:02 53.9 53.9 52.4 13:32:25 52.4 52.4 45.8 13:38:56 45.8 45.8

50.8 13:18:03 50.8 50.8 51.9 13:32:26 51.9 51.9 45.6 13:38:57 45.6 45.6

48.6 13:18:04 48.6 48.6 52.0 13:32:27 52.0 52.0 48.1 13:38:58 48.1 48.1

47.5 13:18:05 47.5 47.5 53.0 13:32:28 53.0 53.0 49.0 13:38:59 49.0 49.0

47.4 13:18:06 47.4 47.4 53.1 13:32:29 53.1 53.1 48.0 13:39:00 48.0 48.0

48.1 13:18:07 48.1 48.1 51.4 13:32:30 51.4 51.4 47.6 13:39:01 47.6 47.6

50.5 13:18:08 50.5 50.5 50.7 13:32:31 50.7 50.7 47.3 13:39:02 47.3 47.3

55.6 13:18:09 55.6 55.6 50.7 13:32:32 50.7 50.7 46.3 13:39:03 46.3 46.3

61.0 13:18:10 61.0 61.0 51.0 13:32:33 51.0 51.0 45.9 13:39:04 45.9 45.9

68.4 13:18:11 68.4 68.4 52.3 13:32:34 52.3 52.3 45.2 13:39:05 45.2 45.2

70.9 13:18:12 70.9 70.9 55.6 13:32:35 55.6 55.6 47.1 13:39:06 47.1 47.1

68.8 13:18:13 68.8 68.8 61.3 13:32:36 61.3 61.3 45.3 13:39:07 45.3 45.3

65.4 13:18:14 65.4 65.4 75.5 13:32:37 75.5 75.5 44.2 13:39:08 44.2 44.2

62.1 13:18:15 62.1 62.1 77.8 13:32:38 77.8 77.8 44.6 13:39:09 44.6 44.6

59.3 13:18:16 59.3 59.3 74.7 13:32:39 74.7 74.7 46.0 13:39:10 46.0 46.0

56.5 13:18:17 56.5 56.5 70.9 13:32:40 70.9 70.9 44.6 13:39:11 44.6 44.6

53.5 13:18:18 53.5 53.5 66.9 13:32:41 66.9 66.9 44.3 13:39:12 44.3 44.3

51.3 13:18:19 51.3 51.3 63.0 13:32:42 63.0 63.0 44.1 13:39:13 44.1 44.1

51.1 13:18:20 51.1 51.1 59.5 13:32:43 59.5 59.5 42.8 13:39:14 42.8 42.8

50.4 13:18:21 50.4 50.4 56.5 13:32:44 56.5 56.5 42.8 13:39:15 42.8 42.8

49.4 13:18:22 62.2 49.4 49.4 54.8 13:32:45 61.0 54.8 54.8 41.6 13:39:16 51.3 41.6 41.6

48.7 13:18:23 62.2 48.7 48.7 54.1 13:32:46 61.0 54.1 54.1 43.6 13:39:17 51.2 43.6 43.6

48.3 13:18:24 62.2 48.3 48.3 54.1 13:32:47 61.0 54.1 54.1 43.0 13:39:18 51.2 43.0 43.0

50.6 13:18:25 62.2 50.6 50.6 54.1 13:32:48 61.0 54.1 54.1 41.0 13:39:19 51.2 41.0 41.0

50.9 13:18:26 62.2 50.9 50.9 53.2 13:32:49 61.0 53.2 53.2 39.4 13:39:20 51.1 39.4 39.4

51.0 13:18:27 62.2 51.0 51.0 51.9 13:32:50 61.0 51.9 51.9 37.9 13:39:21 51.0 37.9 37.9

49.8 13:18:28 62.2 49.8 49.8 52.2 13:32:51 61.0 52.2 52.2 37.9 13:39:22 50.9 37.9 37.9

47.7 13:18:29 62.2 47.7 47.7 53.0 13:32:52 61.0 53.0 53.0 39.1 13:39:23 50.9 39.1 39.1

46.9 13:18:30 62.2 46.9 46.9 52.4 13:32:53 61.0 52.4 52.4 39.6 13:39:24 50.9 39.6 39.6

46.8 13:18:31 62.2 46.8 46.8 51.9 13:32:54 61.0 51.9 51.9 40.8 13:39:25 50.9 40.8 40.8

47.2 13:18:32 62.2 47.2 47.2 51.5 13:32:55 61.0 51.5 51.5 41.9 13:39:26 50.8 41.9 41.9

51.7 13:18:33 62.2 51.7 51.7 51.7 13:32:56 61.0 51.7 51.7 42.2 13:39:27 50.8 42.2 42.2

50.5 13:18:34 62.2 50.5 50.5 51.8 13:32:57 61.0 51.8 51.8 41.9 13:39:28 50.8 41.9 41.9

53.2 13:18:35 62.2 53.2 53.2 52.0 13:32:58 61.0 52.0 52.0 42.0 13:39:29 50.7 42.0 42.0

54.2 13:18:36 62.2 54.2 54.2 52.5 13:32:59 61.0 52.5 52.5 42.9 13:39:30 50.7 42.9 42.9

51.2 13:18:37 62.2 51.2 51.2 54.0 13:33:00 61.0 54.0 54.0 42.2 13:39:31 50.7 42.2 42.2

49.6 13:18:38 62.2 49.6 49.6 52.9 13:33:01 61.0 52.9 52.9 40.4 13:39:32 50.7 40.4 40.4

49.2 13:18:39 62.2 49.2 49.2 52.9 13:33:02 61.0 52.9 52.9 39.7 13:39:33 50.7 39.7 39.7

50.0 13:18:40 62.2 50.0 50.0 51.9 13:33:03 61.0 51.9 51.9 41.2 13:39:34 50.7 41.2 41.2

52.8 13:18:41 62.2 52.8 52.8 51.3 13:33:04 61.0 51.3 51.3 41.4 13:39:35 50.7 41.4 41.4

56.9 13:18:42 62.2 56.9 56.9 51.7 13:33:05 61.0 51.7 51.7 41.5 13:39:36 50.7 41.5 41.5

58.8 13:18:43 62.2 58.8 58.8 51.3 13:33:06 61.0 51.3 51.3 42.9 13:39:37 50.7 42.9 42.9

60.6 13:18:44 62.2 60.6 60.6 50.8 13:33:07 61.0 50.8 50.8 44.4 13:39:38 50.7 44.4 44.4

63.2 13:18:45 62.2 63.2 63.2 51.0 13:33:08 61.0 51.0 51.0 45.8 13:39:39 50.7 45.8 45.8

68.9 13:18:46 62.2 68.9 68.9 51.8 13:33:09 61.0 51.8 51.8 47.0 13:39:40 50.7 47.0 47.0

72.2 13:18:47 62.2 72.2 72.2 52.3 13:33:10 61.0 52.3 52.3 46.1 13:39:41 50.7 46.1 46.1

72.9 13:18:48 62.2 72.9 72.9 52.2 13:33:11 61.0 52.2 52.2 44.2 13:39:42 50.7 44.2 44.2

70.6 13:18:49 62.2 70.6 70.6 51.8 13:33:12 61.0 51.8 51.8 44.6 13:39:43 50.7 44.6 44.6

67.6 13:18:50 62.2 67.6 67.6 51.4 13:33:13 61.0 51.4 51.4 44.6 13:39:44 50.7 44.6 44.6

64.1 13:18:51 62.2 64.1 64.1 51.9 13:33:14 61.0 51.9 51.9 44.4 13:39:45 50.7 44.4 44.4

60.5 13:18:52 62.2 60.5 60.5 51.4 13:33:15 61.0 51.4 51.4 44.5 13:39:46 50.7 44.5 44.5

57.3 13:18:53 62.2 57.3 57.3 52.2 13:33:16 61.0 52.2 52.2 44.8 13:39:47 50.7 44.8 44.8

54.1 13:18:54 62.2 54.1 54.1 52.4 13:33:17 61.0 52.4 52.4 46.2 13:39:48 50.7 46.2 46.2

51.6 13:18:55 62.2 51.6 51.6 52.9 13:33:18 61.0 52.9 52.9 48.0 13:39:49 50.7 48.0 48.0

49.3 13:18:56 62.2 49.3 49.3 51.5 13:33:19 61.0 51.5 51.5 47.9 13:39:50 50.7 47.9 47.9

48.3 13:18:57 62.2 48.3 48.3 51.3 13:33:20 61.0 51.3 51.3 47.9 13:39:51 50.7 47.9 47.9

48.4 13:18:58 62.2 48.4 48.4 52.0 13:33:21 61.0 52.0 52.0 47.8 13:39:52 50.7 47.8 47.8

49.6 13:18:59 62.2 49.6 49.6 52.2 13:33:22 61.0 52.2 52.2 46.7 13:39:53 50.6 46.7 46.7

46.5 13:19:00 62.2 46.5 46.5 53.2 13:33:23 61.0 53.2 53.2 44.1 13:39:54 50.6 44.1 44.1

44.6 13:19:01 62.2 44.6 44.6 53.0 13:33:24 61.0 53.0 53.0 43.3 13:39:55 50.6 43.3 43.3

47.4 13:19:02 62.1 47.4 47.4 52.2 13:33:25 61.0 52.2 52.2 44.1 13:39:56 50.6 44.1 44.1

49.6 13:19:03 62.1 49.6 49.6 52.4 13:33:26 61.0 52.4 52.4 45.4 13:39:57 50.6 45.4 45.4

47.1 13:19:04 62.1 47.1 47.1 53.5 13:33:27 61.0 53.5 53.5 46.4 13:39:58 50.6 46.4 46.4

45.1 13:19:05 62.1 45.1 45.1 52.8 13:33:28 61.0 52.8 52.8 45.0 13:39:59 50.6 45.0 45.0

43.8 13:19:06 62.1 43.8 43.8 52.6 13:33:29 61.0 52.6 52.6 44.3 13:40:00 50.6 44.3 44.3

42.7 13:19:07 62.1 42.7 42.7 53.1 13:33:30 61.0 53.1 53.1 45.2 13:40:01 50.5 45.2 45.2

41.5 13:19:08 62.1 41.5 41.5 53.8 13:33:31 61.0 53.8 53.8 43.3 13:40:02 50.5 43.3 43.3

41.4 13:19:09 62.1 41.4 41.4 54.1 13:33:32 61.0 54.1 54.1 44.6 13:40:03 50.5 44.6 44.6

43.2 13:19:10 62.1 43.2 43.2 57.6 13:33:33 61.0 57.6 57.6 42.9 13:40:04 50.5 42.9 42.9

43.9 13:19:11 62.1 43.9 43.9 56.8 13:33:34 61.0 56.8 56.8 43.1 13:40:05 50.5 43.1 43.1

42.5 13:19:12 62.1 42.5 42.5 54.8 13:33:35 61.0 54.8 54.8 41.8 13:40:06 50.5 41.8 41.8

44.4 13:19:13 62.1 44.4 44.4 54.5 13:33:36 61.0 54.5 54.5 39.8 13:40:07 50.5 39.8 39.8

48.5 13:19:14 62.1 48.5 48.5 54.4 13:33:37 61.0 54.4 54.4 39.6 13:40:08 50.5 39.6 39.6

49.4 13:19:15 62.1 49.4 49.4 53.4 13:33:38 60.9 53.4 53.4 41.3 13:40:09 50.5 41.3 41.3

48.2 13:19:16 62.1 48.2 48.2 52.3 13:33:39 60.9 52.3 52.3 41.8 13:40:10 50.5 41.8 41.8

48.5 13:19:17 62.1 48.5 48.5 51.7 13:33:40 60.9 51.7 51.7 41.4 13:40:11 50.5 41.4 41.4

47.5 13:19:18 62.1 47.5 47.5 51.9 13:33:41 60.9 51.9 51.9 40.8 13:40:12 50.5 40.8 40.8

46.6 13:19:19 62.1 46.6 46.6 54.8 13:33:42 60.9 54.8 54.8 40.8 13:40:13 50.2 40.8 40.8

46.9 13:19:20 62.1 46.9 46.9 53.8 13:33:43 60.9 53.8 53.8 40.9 13:40:14 49.6 40.9 40.9

47.2 13:19:21 62.1 47.2 47.2 52.2 13:33:44 60.9 52.2 52.2 48.6 13:40:15 49.4 48.6 48.6

48.9 13:19:22 62.1 48.9 48.9 51.8 13:33:45 60.9 51.8 51.8 46.6 13:40:16 49.3 46.6 46.6

48.1 13:19:23 62.1 48.1 48.1 52.7 13:33:46 60.9 52.7 52.7 45.0 13:40:17 49.3 45.0 45.0

47.4 13:19:24 62.1 47.4 47.4 52.1 13:33:47 60.9 52.1 52.1 45.5 13:40:18 49.3 45.5 45.5

48.0 13:19:25 62.1 48.0 48.0 51.2 13:33:48 60.9 51.2 51.2 46.0 13:40:19 49.3 46.0 46.0

49.7 13:19:26 62.1 49.7 49.7 51.1 13:33:49 60.9 51.1 51.1 45.4 13:40:20 49.3 45.4 45.4

50.3 13:19:27 62.1 50.3 50.3 51.2 13:33:50 60.9 51.2 51.2 46.8 13:40:21 49.2 46.8 46.8

50.1 13:19:28 62.1 50.1 50.1 51.9 13:33:51 60.9 51.9 51.9 46.4 13:40:22 49.2 46.4 46.4

50.5 13:19:29 62.1 50.5 50.5 52.7 13:33:52 60.9 52.7 52.7 45.7 13:40:23 49.2 45.7 45.7

50.6 13:19:30 62.1 50.6 50.6 53.0 13:33:53 60.9 53.0 53.0 44.7 13:40:24 49.1 44.7 44.7

50.1 13:19:31 62.1 50.1 50.1 52.7 13:33:54 60.9 52.7 52.7 45.0 13:40:25 48.5 45.0 45.0

50.0 13:19:32 62.1 50.0 50.0 52.2 13:33:55 60.9 52.2 52.2 46.6 13:40:26 48.3 46.6 46.6

49.6 13:19:33 62.1 49.6 49.6 53.2 13:33:56 60.9 53.2 53.2 47.7 13:40:27 48.2 47.7 47.7

50.6 13:19:34 62.1 50.6 50.6 53.0 13:33:57 60.9 53.0 53.0 46.6 13:40:28 48.2 46.6 46.6

51.0 13:19:35 62.1 51.0 51.0 54.1 13:33:58 60.9 54.1 54.1 49.4 13:40:29 48.2 49.4 49.4

50.0 13:19:36 62.1 50.0 50.0 53.0 13:33:59 60.9 53.0 53.0 52.5 13:40:30 48.1 52.5 52.5

50.0 13:19:37 62.0 50.0 50.0 51.9 13:34:00 60.9 51.9 51.9 52.3 13:40:31 48.1 52.3 52.3

49.9 13:19:38 62.0 49.9 49.9 52.3 13:34:01 60.9 52.3 52.3 51.5 13:40:32 48.1 51.5 51.5

49.7 13:19:39 62.0 49.7 49.7 51.4 13:34:02 60.9 51.4 51.4 48.7 13:40:33 48.0 48.7 48.7

50.1 13:19:40 62.1 50.1 50.1 52.4 13:34:03 60.9 52.4 52.4 46.0 13:40:34 47.6 46.0 46.0

49.7 13:19:41 62.1 49.7 49.7 53.2 13:34:04 60.9 53.2 53.2 48.0 13:40:35 47.4 48.0 48.0

49.8 13:19:42 62.1 49.8 49.8 54.0 13:34:05 60.9 54.0 54.0 46.9 13:40:36 47.3 46.9 46.9

49.4 13:19:43 62.1 49.4 49.4 52.8 13:34:06 60.9 52.8 52.8 46.4 13:40:37 47.2 46.4 46.4

48.3 13:19:44 62.1 48.3 48.3 51.6 13:34:07 60.9 51.6 51.6 45.6 13:40:38 47.1 45.6 45.6

48.1 13:19:45 62.1 48.1 48.1 51.3 13:34:08 60.9 51.3 51.3 44.3 13:40:39 46.9 44.3 44.3

48.6 13:19:46 62.1 48.6 48.6 52.5 13:34:09 60.9 52.5 52.5 42.3 13:40:40 46.9 42.3 42.3

50.8 13:19:47 62.1 50.8 50.8 51.9 13:34:10 60.9 51.9 51.9 40.5 13:40:41 46.9 40.5 40.5

53.0 13:19:48 62.1 53.0 53.0 52.6 13:34:11 60.9 52.6 52.6 40.0 13:40:42 46.9 40.0 40.0

55.0 13:19:49 62.1 55.0 55.0 53.6 13:34:12 60.9 53.6 53.6 41.0 13:40:43 46.9 41.0 41.0

60.1 13:19:50 62.1 60.1 60.1 53.5 13:34:13 60.9 53.5 53.5 40.9 13:40:44 46.9 40.9 40.9

68.2 13:19:51 62.1 68.2 68.2 53.6 13:34:14 60.9 53.6 53.6 41.4 13:40:45 46.9 41.4 41.4

71.3 13:19:52 62.0 71.3 71.3 52.6 13:34:15 60.9 52.6 52.6 43.5 13:40:46 46.9 43.5 43.5

69.5 13:19:53 62.0 69.5 69.5 52.9 13:34:16 60.9 52.9 52.9 44.7 13:40:47 46.9 44.7 44.7

66.2 13:19:54 62.0 66.2 66.2 54.5 13:34:17 60.9 54.5 54.5 47.4 13:40:48 46.9 47.4 47.4
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2900 0
Drill Rig Truck No 20 79.1 2900 0
Excavator No 40 80.7 2900 0
Excavator No 40 80.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Tractor No 40 84 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60.2 60.2 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2900 0
Drill Rig Truck No 20 79.1 2900 0
Excavator No 40 80.7 2900 0
Excavator No 40 80.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Tractor No 40.0 84 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2850 0
Drill Rig Truck No 20 79.1 2850 0
Excavator No 40 80.7 2850 0
Excavator No 40 80.7 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Tractor No 40 84 2850 0
Front End Loader No 40 79.1 2850 0
Backhoe No 40 77.6 2850 0
Tractor No 40 84 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 44.0 37.0 N/A N/A N/A N/A
Drill Rig Truck 44.0 37.0 N/A N/A N/A N/A
Excavator 45.6 41.6 N/A N/A N/A N/A
Excavator 45.6 41.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2900 0
Man Lift No 20 74.7 2900 0
Compressor (air) No 40 77.7 2900 0
Crane No 16 80.6 2900 0
Crane No 16 80.6 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Generator No 50 80.6 2900 0
Grader No 40 85 2900 0
Flat Bed Truck No 40 74.3 2900 0
Flat Bed Truck No 40 74.3 2900 0
Tractor No 40.0 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Welder / Torch No 40 74 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.4 32.4 N/A N/A N/A N/A
Man Lift 39.4 32.4 N/A N/A N/A N/A
Compressor (air) 42.4 38.4 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Generator 45.4 42.4 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Welder / Torch 38.7 34.8 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60.2 60.2 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2900 0
Man Lift No 20 74.7 2900 0
Compressor (air) No 40 77.7 2900 0
Crane No 16 80.6 2900 0
Crane No 16 80.6 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Generator No 50 80.6 2900 0
Grader No 40 85 2900 0
Flat Bed Truck No 40 74.3 2900 0
Flat Bed Truck No 40 74.3 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Welder / Torch No 40 74 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.4 32.4 N/A N/A N/A N/A
Man Lift 39.4 32.4 N/A N/A N/A N/A
Compressor (air) 42.4 38.4 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Generator 45.4 42.4 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Welder / Torch 38.7 34.8 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2850 0
Man Lift No 20 74.7 2850 0
Compressor (air) No 40 77.7 2850 0
Crane No 16 80.6 2850 0
Crane No 16 80.6 2850 0
Gradall No 40 83.4 2850 0
Gradall No 40 83.4 2850 0
Gradall No 40 83.4 2850 0
Generator No 50 80.6 2850 0
Grader No 40 85 2850 0
Flat Bed Truck No 40 74.3 2850 0
Flat Bed Truck No 40 74.3 2850 0
Tractor No 40 84 2850 0
Front End Loader No 40 79.1 2850 0
Backhoe No 40 77.6 2850 0
Welder / Torch No 40 74 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.6 32.6 N/A N/A N/A N/A
Man Lift 39.6 32.6 N/A N/A N/A N/A
Compressor (air) 42.6 38.6 N/A N/A N/A N/A
Crane 45.4 37.5 N/A N/A N/A N/A
Crane 45.4 37.5 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Generator 45.5 42.5 N/A N/A N/A N/A
Grader 49.9 45.9 N/A N/A N/A N/A
Flat Bed Truck 39.1 35.2 N/A N/A N/A N/A
Flat Bed Truck 39.1 35.2 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A
Welder / Torch 38.9 34.9 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2900 0
Grader No 40 85 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Front End Loader No 40 79.1 2900 0
Front End Loader No 40 79.1 2900 0
Tractor No 40 84 2900 0
Backhoe No 40 77.6 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.7 45.8 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Dozer 46 42 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60 60 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2900 0
Grader No 40 85 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Front End Loader No 40.0 79.1 2900 0
Front End Loader No 40.0 79.1 2900 0
Tractor No 40.0 84 2900 0
Backhoe No 40.0 77.6 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.7 45.8 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2850 0
Grader No 40 85 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Front End Loader No 40 79.1 2850 0
Front End Loader No 40 79.1 2850 0
Tractor No 40 84 2850 0
Backhoe No 40 77.6 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.9 45.9 N/A N/A N/A N/A
Grader 49.9 45.9 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Executive Summary 
This environmental impact report (EIR) has been prepared in compliance with the California 
Environmental Quality Act (CEQA) Public Resources Code [PRC] Section 21000 et seq., the CEQA 
Guidelines (Section 15000 et seq.) as promulgated by the California Resources Agency and the 
Governor’s Of f ice of  Planning and Research (OPR). The purpose of  this environmental document is 
to assess the potential environmental ef fects associated with the Brawley Solar Energy Facility Project 
(i.e., “project” or “proposed project”) and to propose mitigation measures, where required, to reduce 
signif icant impacts. 

Project Overview 
The project is located on f ive parcels, with Assessor Parcel Numbers 037-140-006, -020, -021, -022, 
and -023. The proposed solar energy facility consists of  three primary components: 1) solar energy 
generation equipment and associated facilities including a substation and access roads (herein 
referred to as “solar energy facility”); 2) battery energy storage system; and, 3) gen-tie line that would 
connect the proposed on-site substation to the point of  interconnection at the Imperial Irrigation 
District’s (IID) existing North Brawley Geothermal Power Plant substation.  

The proposed project involves the construction and operation of  a 40 megawatt (MW) photovoltaic 
(PV) solar energy facility on approximately 227 acres of  privately-owned land in unincorporated 
Imperial County. The proposed project would be comprised of bifacial solar PV arrays panels, an on-
site, 92/12 kilovolt (kV) substation, 40 MW battery storage system (BESS), generation tie-line (gen-
tie), f iberoptic line and microwave tower, inverters, transformers, underground electrical cables, and 
access roads. 

The onsite substation control room would house the Supervisory Control and Data Acquisition 
(SCADA) system, switchgear, breakers, and direct current (DC) batteries. Additionally, a 20kV 
emergency backup generator would be located adjacent to this control room for the HVAC system. 
The proposed substation site would be located at the southern edge of the project site, adjacent to the 
BESS. The proposed project would connect to a switchyard located at the southern edge of  the project 
site and then routed through the BESS for energy storage. The power produced by the proposed 
project would then be transferred via a 1.8-mile-long double circuit 13.8 and 92 kV gen-tie line with 
66-foot-high poles to interconnect to the IID’ existing North Brawley Geothermal Power Plant 
substation, located at Hovley Road and Andre Road, southwest of  the project site. The transmission 
line would span the New River. A 12-inch diameter conduit railroad undercrossing would connect the 
PV arrays f rom the western side of  the railroad tracks to the inverters on the eastern side. 

The project applicant intends to secure a Power Purchase Agreement with utility service provider(s) 
for the sale of  power f rom the project. 
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Purpose of an EIR 
The purpose of  an EIR is to analyze the potential environmental impacts associated with a project. 
CEQA (Section 15002) states that the purpose of  CEQA is to: (1) inform the public and governmental 
decision makers of  the potential signif icant environmental impacts of  a project; (2) identify the ways 
that environmental damage can be avoided or signif icantly reduced; (3) prevent signif icant avoidable 
damage to the environment by requiring changes in projects through the use of  alternatives or 
mitigation measures when the governmental agency f inds the changes to be feasible; and (4) disclose 
to the public the reasons why a governmental agency approved the project in the manner the agency 
chose if  signif icant environmental ef fects are involved. 

Eliminated from Further Review in Notice of Preparation 
The Initial Study (IS)/NOP completed by the County (Appendix A of  this EIR) determined that 
environmental ef fects to Forestry Resources, Energy, Mineral Resources, Noise, Population/Housing, 
Public Services, Recreation, Utilities (Wastewater, Stormwater, and Solid Waste), and Wildf ire would 
not be potentially signif icant. Therefore, these impacts are not addressed in this EIR; however, the 
rationale for eliminating these issues is discussed in Chapter 6.0, Ef fects Found Not Significant.  

Summary of Significant Impacts and Mitigation Measures that Reduce or 
Avoid the Significant Impacts 
Based on the analysis presented in the IS/NOP and the information provided in the comments to the 
IS/NOP, the following environmental topics are analyzed in this EIR: 

• Aesthetics 

• Agriculture Resources  

• Air Quality 

• Biological Resources 

• Cultural Resources 

• Geology and Soils 

• GHG Emissions 

• Hazards and Hazardous Materials 

• Hydrology/Water Quality 

• Land Use/Planning 

• Public Services (Fire Protection and Police Protection) 

• Transportation 

• Tribal Cultural Resources 

• Utilities/Service Systems (Water Supply) 

Table ES-1 summarizes existing environmental impacts that were determined to be potentially 
signif icant, mitigation measures, and level of  significance af ter mitigation associated with the project.  
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Areas of Controversy and Issues to be Resolved 

Areas of Concern 
Section 15123(b)(2) of  the CEQA Guidelines requires that an EIR identify areas of  controversy known 
to the Lead Agency, including issues raised by other agencies and the public as well as issues to be 
resolved. A primary issue associated with this solar farm project, and other solar facility projects that 
are proposed in the County, is the corresponding land use compatibility and f iscal/economic impacts 
to the County. Through the environmental review process for this project, other areas of  concern and 
issues to be resolved include potential impacts related to the conversion of  farmland to non-agricultural 
uses, damage to crops, wildlife, water supply, f ire hazards associated with the battery energy storage 
system, health ef fects f rom air pollution, noise and hazardous materials, and change of  visual 
character.  

Detailed analyses of  these topics are included within each corresponding section contained within this 
document. 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

Agricultural Resources 

Impact 3.3-1: Convert Prime 
Farmland, Unique Farmland, 
or Farmland of Statewide 
Importance 

Potentially Significant  AG-1a Payment of Agricultural and Other Benefit Fees. One of the 
following options included below is to be implemented prior to 
the issuance of a grading permit or building permit for the 
project: 

Mitigation for Non-Prime Farmland 

 Option 1:  Provide Agricultural Conservation Easement(s).  
The Permittee shall procure Agricultural Conservation 
Easements on a “1 on 1” basis on land of equal size, of equal 
quality farmland, outside the path of development. The 
conservation easement shall meet DOC regulations and shall 
be recorded prior to issuance of any grading or building permits; 
or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. The 
Permittee shall pay an “Agricultural In-Lieu Mitigation Fee” in the 
amount of 20 percent of the fair market value per acre for the 
total acres of the proposed site based on five comparable sales 
of land used for agricultural purposes as of the effective date of 
the permit, including program costs on a cost recovery/time and 
material basis. The Agricultural In-Lieu Mitigation Fee, will be 
placed in a trust account administered by the Imperial County 
Agricultural Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, preservation and 
enhancement of agricultural lands within Imperial County; or,  

 Option 3: Public Benefit Agreement. The Permittee and 
County voluntarily enter into an enforceable Public Benefit 
Agreement or Development Agreement that includes an 
Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee must be 
held by the County in a restricted account to be used by the 
County only for such purposes as the stewardship, preservation 
and enhancement of agricultural lands within Imperial County 

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

and to implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development Agreement, 
including addressing the mitigation of agricultural job loss on the 
local economy.  

 Mitigation for Prime Farmland 

 Option 1: Provide Agricultural Conservation Easement(s).  
The Permittee shall procure Agricultural Conservation 
Easements on a “2 on 1” basis on land of equal size, of equal 
quality farmland, outside the path of development. The 
conservation easement shall meet DOC regulations and shall 
be recorded prior to issuance of any grading or building permits; 
or 

 Option 2: Pay Agricultural In-Lieu Mitigation Fee. The 
Permittee shall pay an “Agricultural In-Lieu Mitigation Fee” in the 
amount of 30 percent of the fair market value per acre for the 
total acres of the proposed site based on five comparable sales 
of land used for agricultural purposes as of the effective date of 
the permit, including program costs on a cost recovery/time and 
material basis. The Agricultural In-Lieu Mitigation Fee, will be 
placed in a trust account administered by the Imperial County 
Agricultural Commissioner’s office and will be used for such 
purposes as the acquisition, stewardship, preservation and 
enhancement of agricultural lands within Imperial County; or, 

 Option 3: Public Benefit Agreement. The Permittee and 
County voluntarily enter into an enforceable Public Benefit 
Agreement or Development Agreement that includes an 
Agricultural Benefit Fee payment that is 1) consistent with Board 
Resolution 2012 005; 2) the Agricultural Benefit Fee must be 
held by the County in a restricted account to be used by the 
County only for such purposes as the stewardship, preservation 
and enhancement of agricultural lands within Imperial County 
and to implement the goals and objectives of the Agricultural 
Benefit program, as specified in the Development Agreement, 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

including addressing the mitigation of agricultural job loss on the 
local economy; the Project and other recipients of the Project’s 
Agricultural Benefit Fee funds; or emphasis on creation of jobs 
in the agricultural sector of the local economy for the purpose of 
off-setting jobs displaced by this Project. 

 Option 4: Avoid Prime Farmland. The Permittee must revise 
their CUP Application/Site Plan to avoid Prime Farmland. 

AG-1b Site Reclamation Plan. The DOC has clarified the goal of a 
reclamation and decommissioning plan: the land must be 
restored to land which can be farmed. In addition to Mitigation 
Measure AG-1a for Prime Farmland and Non-Prime Farmland, 
the Applicant shall submit to Imperial County, a Reclamation 
Plan prior to issuance of a grading permit. The Reclamation 
Plan shall document the procedures by which the project site 
will be returned to its current agricultural condition. Permittee 
shall also provide financial assurance/bonding in the amount 
equal to a cost estimate prepared by a California licensed 
general contractor or civil engineer for implementation of the 
Reclamation Plan in the even Permittee fails to perform the 
Reclamation Plan. 

Impact 3.3-3: Conversion of 
Farmland, to non-agricultural 
use 

Potentially Significant 
Implement Mitigation Measure AG-1b. 

AG-2  Pest Management Plan. Prior to the issuance of a grading 
permit or building permit (whichever occurs first), a Pest 
Management Plan shall be developed by the project applicant 
and approved by the County of Imperial Agricultural 
Commissioner. The project applicant shall maintain a Pest 
Management Plan until reclamation is complete. The plan shall 
provide the following:  

1. Monitoring, preventative, and management strategies for 
weed and pest control during construction activities at 
any portion of the project (e.g., transmission line);  

Less than Significant 

PC ORIGINAL PKG



Executive Summary 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | ES-7 

Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

2. Control and management of weeds and pests in areas 
temporarily disturbed during construction where native 
seed will aid in site revegetation as follows:  

• Monitor for all pests including insects, vertebrates, 
weeds, and pathogens. Promptly control or 
eradicate pests when found, or when notified by 
the Agricultural Commissioner’s office that a pest 
problem is present on the project site. The 
assistance of a licensed pest control advisor is 
recommended. All treatments must be performed 
by a qualified applicator or a licensed pest control 
business;  

• All treatments must be performed by a qualified 
applicator or a licensed pest control operator;  

• “Control” means to reduce the population of 
common pests below economically damaging 
levels, and includes attempts to exclude pests 
before infestation, and effective control methods 
after infestation. Effective control methods may 
include physical/mechanical removal, bio control, 
cultural control, or chemical treatments;  

• Use of “permanent” soil sterilants to control weeds 
or other pests is prohibited because this would 
interfere with reclamation; 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Notify the Agricultural Commissioner’s office 
immediately regarding any suspected 
exotic/invasive pest species as defined by the 
California Department of Food Agriculture and the 
U.S. Department of Agriculture. Request a sample 
be taken by the Agricultural Commissioner’s 
Office of a suspected invasive species. 
Eradication of exotic pests shall be done under the 
direction of the Agricultural Commissioner’s Office 
and/or California Department of Food and 
Agriculture; 

• Obey all pesticide use laws, regulations, and 
permit conditions; 

• Allow access by Agricultural Commissioner staff 
for routine visual and trap pest surveys, 
compliance inspections, eradication of exotic 
pests, and other official duties; 

• Ensure all project employees that handle pest 
control issues are appropriately trained and 
certified, all required records are maintained and 
made available for inspection, and all required 
permits and other required legal documents are 
current; 

• Maintain records of pests found and treatments or 
pest management methods used. Records should 
include the date, location/block, project name 
(current and previous if changed), and methods 
used. For pesticides include the chemical(s) used, 
EPA Registration numbers, application rates, etc. 
A pesticide use report may be used for this; 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Submit a report of monitoring, pest finds, and 
treatments, or other pest management methods to 
the Agricultural Commissioner quarterly within 
15 days after the end of the previous quarter, and 
upon request. The report is required even if no 
pests were found or treatment occurred. It may  
consist of a copy of all records for the previous 
quarter, or may be a summary letter/report as long 
as the original detailed records are available upon 
request. 

3. A long-term strategy for weed and pest control and 
management during the operation of the proposed 
projects. Such strategies may include, but are not limited 
to:  

• Use of specific types of herbicides and pesticides 
on a scheduled basis.  

4. Maintenance and management of project site conditions 
to reduce the potential for a significant increase in 
pest-related nuisance conditions on surrounding 
agricultural lands. 

5. The project shall reimburse the Agricultural 
Commissioner’s office for the actual cost of 
investigations, inspections, or other required non-routine 
responses to the site that are not funded by other 
sources. 

Air Quality 

Impact 3.4-1: Conflict with or 
obstruct implementation of 
the applicable air quality plan  

Less than Significant Applicant Proposed Measure (APM) AQ-1 Fugitive Dust Control. 
Pursuant to ICAPCD, all construction sites, regardless of size, 
must comply with the requirements contained within Regulation 
VIII – Fugitive Dust Control Measures. Whereas these 
Regulation VIII measures are mandatory and are not considered 

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

project environmental mitigation measures, the ICAPCD CEQA 
Handbook’s required additional standard and enhanced 
mitigation measures listed below shall be implemented prior to 
and during construction. ICAPCD will verify implementation and 
compliance with these measures as part of the grading permit 
review/approval process. 

 ICAPCD Standard Measures for Fugitive Dust (PM10)  
Control 

• All disturbed areas, including bulk material 
storage, which is not being actively utilized, shall 
be effectively stabilized and visible emissions shall 
be limited to no greater than 20 percent opacity for 
dust emissions by using water, chemical 
stabilizers, dust suppressants, tarps, or other 
suitable material, such as vegetative ground 
cover. 

• All on-site and offsite unpaved roads will be 
effectively stabilized, and visible emissions shall 
be limited to no greater than 20 percent opacity for 
dust emissions by paving, chemical stabilizers, 
dust suppressants, and/or watering. 

• All unpaved traffic areas 1 acre or more with 75 or 
more average vehicle trips per day will be 
effectively stabilized and visible emissions shall be 
limited to no greater than 20 percent opacity for 
dust emissions by paving, chemical stabilizers, 
dust suppressants, and/or watering. 

• The transport of bulk materials shall be completely 
covered unless 6 inches of freeboard space from 
the top of the container is maintained with no 
spillage and loss of bulk material. In addition, the 
cargo compartment of all haul trucks is to be 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

cleaned and/or washed at delivery site after 
removal of bulk material. 

• All track-out or carry-out will be cleaned at the end 
of each workday or immediately when mud or dirt 
extends a cumulative distance of 50 linear feet or 
more onto a paved road within an urban area. 

• Movement of bulk material handling or transfer 
shall be stabilized prior to handling or at points of 
transfer with application of sufficient water, 
chemical stabilizers, or by sheltering or enclosing 
the operation and transfer line. 

• The construction of any new unpaved road is 
prohibited within any area with a population of 500 
or more unless the road meets the definition of a 
temporary unpaved road. Any temporary unpaved 
road shall be effectively stabilized, and visible 
emissions shall be limited to no greater than 20 
percent opacity for dust emission by paving, 
chemical stabilizers, dust suppressants, and/or 
watering. 

Standard Mitigation Measures for Construction 
Combustion Equipment 

• Use of alternative fueled or catalyst equipped 
diesel construction equipment, including all off-
road and portable diesel-powered equipment. 

• Minimize idling time either by shutting equipment 
off when not in use or reducing the time of idling 
to 5 minutes as a maximum. 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• Limit, to the extent feasible, the hours of 
operation of heavy-duty equipment and/or the 
amount of equipment in use. 

• When commercially available, replace fossil 
fueled equipment with electrically driven 
equivalents (provided they are not run via a 
portable generator set). 

APM AQ-2 Construction Equipment. Construction equipment shall be 
equipped with an engine designation of EPA Tier 2 or better  
(Tier 2+). A list of the construction equipment, including all 
off-road equipment utilized at each of the projects by make, 
model, year, horsepower and expected/actual hours of use, and 
the associated EPA Tier shall be submitted to the County 
Planning and Development Services Department and ICAPCD 
prior to the issuance of a grading permit. The equipment list shall 
be submitted periodically to ICAPCD to perform a NOx analysis. 
ICAPCD shall utilize this list to calculate air emissions to verify 
that equipment use does not exceed significance thresholds. 
The Planning and Development Services Department and 
ICAPCD shall verify implementation of this measure. 

APM AQ-3 Speed Limit. During construction and operation of the proposed 
project, the applicant shall limit the speed of all vehicles 
operating onsite on dirt roads to 15 miles per hour or less. 

 

APM AQ-4 Dust Suppression. The project applicant shall employ a 
method of dust suppression (such as water or chemical 
stabilization) approved by ICAPCD. The project applicant shall 
apply chemical stabilization as directed by the product 
manufacturer to control dust between the panels as approved 
by ICAPCD, and other non-used areas (exceptions will be the 
paved entrance and parking area, and Fire Department 

PC ORIGINAL PKG



Executive Summary 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | ES-13 

Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

access/emergency entry/exit points as approved by Fire/Office 
of Emergency Services [OES] Department). 

APM AQ-5 Dust Suppression Management Plan. Prior to any 
earthmoving activity, the applicant shall submit a construction 
dust control plan and obtain ICAPCD and Imperial County 
Planning and Development Services Department (ICPDS) 
approval.  

APM AQ-6 Operational Dust Control Plan. Prior to issuance of a 
Certificate of Occupancy, the applicant shall submit an 
operations dust control plan and obtain ICAPCD and ICPDS 
approval. 

ICAPCD Rule 301 Operational Fees apply to any project 
applying for a building permit. At the time that building permits 
are submitted for the proposed project, ICAPCD shall review the 
project to determine if Rule 310 fees are applicable to the 
project.  

Biological Resources 

Impact 3.5-1: Potential 
impacts on special-status 
species 

Potentially Significant BIO-1 General Impact Avoidance and Minimization Measures. The 
following measures will be applicable throughout the life of the 
project: 

• To reduce the potential indirect impact on migratory birds, 
bats and raptors, the project will comply with the APLIC 
2012 Guidelines for overhead utilities, as appropriate, to 
minimize avian collisions with transmission facilities (APLIC 
2012) 

• All electrical components on the project site shall be either 
undergrounded or protected so that there will be no 
exposure to wildlife and therefore no potential for 
electrocution.  

Less than Significant 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• The project proponent shall designate a Project Biologist 
who shall be responsible for overseeing compliance with 
protective measures for the biological resources during 
vegetation clearing and work activities within and adjacent 
to areas of native habitat. The Project Biologist will be 
familiar with the local habitats, plants, and wildlife. The 
Project Biologist will also maintain communications with the 
Contractor to ensure that issues relating to biological 
resources are appropriately and lawfully managed and 
monitor construction. The Project Biologist will monitor 
activities within construction areas during critical times, 
such as vegetation removal, the implementation of Best 
Management Practices (BMP), and installation of security 
fencing to protect native species. The Project Biologist will 
ensure that all wildlife and regulatory agency permit 
requirements, conservation measures, and general 
avoidance and minimization measures are properly 
implemented and followed. 

• The boundaries of all areas to be newly disturbed (including 
solar facility areas, staging areas, access roads, and sites 
for temporary placement of construction materials and 
spoils) will be delineated with stakes and flagging prior to 
disturbance. All disturbances, vehicles, and equipment will 
be confined to the flagged areas. 

• No potential wildlife entrapments (e.g., trenches, bores) will 
be left uncovered overnight. Any uncovered pitfalls will be 
excavated to 3:1 slopes at the ends to provide wildlife 
escape ramps. Alternatively, man-made ramps may be 
installed. Covered pitfalls will be covered completely to 
prevent access by small mammals or reptiles. 

• To avoid wildlife entrapment (including birds), all pipes or 
other construction materials or supplies will be covered or 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

capped in storage or laydown area, and at the end of each 
work day in construction, quarrying and 
processing/handling areas. No pipes or tubing of sizes or 
inside diameters ranging from 1 to 10 inches will be left open 
either temporarily or permanently. 

• No anticoagulant rodenticides, such as Warfarin and related 
compounds (indandiones and hydroxycoumarins), may be 
used within the project site, on off-site project facilities and 
activities, or in support of any other project activities. 

• Avoid wildlife attractants. All trash and food-related waste 
shall be placed in self-closing containers and removed 
regularly from the site to prevent overflow. Workers shall not 
feed wildlife. Water applied to dirt roads and construction 
areas for dust abatement shall use the minimal amount 
needed to meet safety and air quality standards to prevent 
the formation of puddles, which could attract wildlife. Pooled 
rainwater or floodwater within retention basins will be 
removed to avoid attracting wildlife to the active work areas. 

• To minimize the likelihood for vehicle strikes on wildlife, 
speed limits will not exceed 15 miles per hour when driving 
on access roads. All vehicles required for O&M must remain 
on designated access/maintenance roads. 

• Avoid night-time construction lighting or if nighttime 
construction cannot be avoided use shielded directional 
lighting pointed downward and towards the interior of the 
project site, thereby avoiding illumination of adjacent natural 
areas and the night sky. 

• All construction equipment used for the project will be 
equipped with properly operating and maintained mufflers. 

• Hazardous materials and equipment stored overnight, 
including small amounts of fuel to refuel hand-held 
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Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

equipment, will be stored within secondary containment 
when within 50 feet of open water to the fullest extent 
practicable. Secondary containment will consist of a ring of 
sand bags around each piece of stored 
equipment/structure. A plastic tarp/visqueen lining with no 
seams shall be placed under the equipment and over the 
edges of the sandbags, or a plastic hazardous materials 
secondary containment unit shall be utilized by the 
Contractor. 

• The Contractor will be required to conduct vehicle refueling 
in upland areas where fuel cannot enter waters of the U.S. 
and in areas that do not have potential to support federally 
threatened or endangered species. Any fuel containers, 
repair materials, including creosote-treated wood, and/or 
stockpiled material that is left on site overnight, will be 
secured in secondary containment within the work area and 
staging/assembly area and covered with plastic at the end 
of each work day.  

• In the event that no activity is to occur in the work area for 
the weekend and/or a period of time greater than 48 hours, 
the Contractor will ensure that all portable fuel containers 
are removed from the project site.  

• All equipment will be maintained in accordance with 
manufacturer’s recommendations and requirements. 

• Equipment and containers will be inspected daily for leaks. 
Should a leak occur, contaminated soils and surfaces will 
be cleaned up and disposed of following the guidelines 
identified in the Stormwater Pollution Prevention Plan or 
equivalent, Materials Safety Data Sheets, and any 
specifications required by other permits issued for the 
project.  
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

• The Contractor will utilize off-site maintenance and repair 
shops as much as possible for maintenance and repair of 
equipment. 

• If maintenance of equipment must occur onsite, fuel/oil 
pans, absorbent pads, or appropriate containment will be 
used to capture spills/leaks within all areas. Where feasible, 
maintenance of equipment will occur in upland areas where 
fuel cannot enter waters of the U.S. and in areas that do not 
have potential to support federally threatened or 
endangered species. 

• Appropriate BMPs will be used by the Contractor to control 
erosion and sedimentation and to capture debris and 
contaminants from bridge construction to prevent their 
deposition in waterways. No sediment or debris will be 
allowed to enter the creek or other drainages. All debris from 
construction of the bridge will be contained so that it does 
not fall into channel. Appropriate BMPs will be used by the 
Contractor during construction to limit the spread of 
resuspended sediment and to contain debris. 

• Erosion and sediment control devices used for the proposed 
project, including fiber rolls and bonded fiber matrix, will be 
made from biodegradable materials such as jute, with no 
plastic mesh, to avoid creating a wildlife entanglement 
hazard. 

• Firearms, open fires, and pets would be prohibited at all 
work locations and access roads. Smoking would be 
prohibited along the project alignment. 

• Cross-country vehicle and equipment use outside of 
approved designated work areas and access roads shall be 
prohibited to prevent unnecessary ground and vegetation 
disturbance. 
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• Any injured or dead wildlife encountered during 
project-related activities shall be reported to the project 
biologist, biological monitor, CDFW, or a CDFW-approved 
veterinary facility as soon as possible to report the 
observation and determine the best course of action. For 
special-status species, the Project Biologist shall notify the 
County, USFWS, and/or CDFW, as appropriate, within 24 
hours of the discovery. 

• Stockpiling of material will be allowed only within 
established work areas. 

• Actively manage the spread of noxious weeds  

• The ground beneath all parked equipment and vehicles 
shall be inspected for wildlife before moving. 

BIO-2 Worker Environmental Awareness Program. Prior to project 
construction, a Worker Environmental Awareness Program 
shall be developed and implemented by a qualified biologist, 
and shall be available in both English and Spanish. Handouts 
summarizing potential impacts to special-status biological 
resources and the potential penalties for impacts to these 
resources shall be provided to all construction personnel. At a 
minimum, the education program shall including the following: 

• the purpose for resource protection;  

• a description of special status species including 
representative photographs and general ecology;  

• occurrences of USACE, RWQCB, and CDFW regulated 
features in the project survey area;  

• regulatory framework for biological resource protection and 
consequences if violated; 

• sensitivity of the species to human activities;  
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Mitigation 

• avoidance and minimization measures designed to reduce 
the impacts to special-status biological resources; 

• environmentally responsible construction practices;  

• reporting requirements; 

• the protocol to resolve conflicts that may arise at any time 
during the construction process; and 

• workers sign acknowledgement form indicating that the 
Environmental Awareness Training and Education Program 
that has been completed and would be kept on record. 

BIO-3  Burrowing Owl Avoidance and Minimization. Take 
avoidance (pre construction) surveys for burrowing owl shall be 
completed prior to project construction. Surveys shall be 
conducted as detailed within Appendix D of the Staff Report on 
Burrowing Owl Mitigation (California Department of Fish and 
Game [CDFG] 2012). If burrowing owl is not detected, 
construction may proceed. 

• If burrowing owl is identified during the non breeding season 
(September 1 through January 31), then a 50-meter buffer 
will be established by the biological monitor. Construction 
within the buffer will be avoided until a qualified biologist 
determines that burrowing owl is no longer present or until 
a CDFW approved exclusion plan has been implemented. 
The buffer distance may be reduced if noise attenuation 
buffers such as hay bales are placed between the occupied 
burrow and construction activities. 

• If burrowing owl is identified during the breeding season 
(February 1 through August 31), then an appropriate buffer 
will be established by the biological monitor in accordance 
with the Staff Report on Burrowing Owl Mitigation (CDFG 
2012). Construction within the buffer will be avoided until a 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

qualified biologist determines that burrowing owl is no 
longer present or until young have fledged. The buffer  
distance may be reduced in consultation with CDFW if noise 
attenuation buffers such as hay bales are placed between 
the occupied burrow and construction activities.   

BIO-4 Pre-Construction Nesting Bird Survey. If construction or 
other project activities are scheduled to occur during the bird 
breeding season (typically February 1 through August 31 for 
raptors and March 15 through August 31 for the majority of 
migratory bird species), a pre-construction nesting-bird survey 
shall be conducted by a qualified avian biologist to ensure that 
active bird nests, including those for the loggerhead shrike and 
mountain plover will not be disturbed or destroyed.  

The survey shall be completed no more than three days prior to 
initial ground disturbance. The nesting-bird survey shall include 
the project site and adjacent areas where project activities have 
the potential to affect active nests, either directly or indirectly 
due to construction activity or noise. If an active nest is 
identified, the biologist shall establish an appropriately sized 
disturbance-limit buffer around the nest using flagging or 
staking. Construction activities shall not occur within any 
disturbance-limit buffer zones until the nest is deemed inactive 
by the qualified biologist. If construction activities cease for a 
period of greater than three days during the bird breeding 
season, a pre-construction nesting bird survey shall be 
conducted prior to the commencement of activities.  

Final construction buffers or setback distances shall be 
determined by the qualified biologist in coordination with 
USFWS and CDFW on a case‐by‐case basis, depending on the 
species, season in which disturbance shall occur, the type of 
disturbance, and other factors that could influence susceptibility 
to disturbance (e.g., topography, vegetation, existing 
disturbance levels, etc.). 
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Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

Cultural Resources 

Impact 3.6-1: Impact on 
historical resources 

Potentially Significant CUL-1 Cultural Monitoring. Prior to construction, the project Applicant 
shall retain the services of a Qualified Professional 
Archaeologist meeting the Secretary of the Interior’s Standards 
for a Qualified Archaeologist and require that all initial ground-
disturbing work be monitored by someone trained in artifact and 
feature identification in monitoring contexts. A Supervising 
Archaeological Specialist and a Paleontological Monitor, to be 
retained by the project applicant, will be required to be present 
at the project construction phase kickoff meeting. 

CUL-2  Worker Environmental Awareness Program. Prior to any 
ground disturbance, the supervising Archaeological Resources 
Specialist and Archaeological Resources Monitor shall conduct 
initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, 
present at the outset of the project construction work phase, for 
which the Lead Contractor and all subcontractors shall make 
their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to 
identify and minimize impacts to paleontological resources and 
maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as 
needed. 

CUL-3 Discovery of Previously Unidentified Archaeological 
Materials. In the event of the discovery of previously 
unidentified archaeological materials, the construction 
contractor shall immediately cease all work activities within 
approximately 100 feet of the discovery. After cessation of 
excavation, the construction contractor shall immediately 
contact the Imperial County Department of Planning and 
Development Services. Except in the case of cultural items that 
fall within the scope of the Native American Grave Protection 
and Repatriation Act, the discovery of any cultural resource 

Less than Significant 
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Mitigation Proposed Mitigation Measures 
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Mitigation 

within the project area shall not be grounds for a “stop work” 
notice or otherwise interfere with the project’s continuation 
except as set forth in this paragraph. In the event of an 
unanticipated discovery of archaeological materials during 
construction, the project Applicant shall retain the services of a 
Qualified Professional Archaeologist meeting the Secretary of 
the Interior’s Standards for a Qualified Archaeologist to evaluate 
the significance of the materials prior to resuming any 
construction-related activities in the vicinity of the find. If the 
Qualified Archaeologist determines that the discovery 
constitutes a significant resource under CEQA and it cannot be 
avoided, the project Applicant shall implement an 
archaeological data recovery program. 

CUL-4 Schedule of Ground-Disturbing Activities. The construction 
contractor shall provide the Supervising Archaeological 
Resources Specialist with a schedule of initial potential ground-
disturbing activities. A minimum of 48 hours will be provided of 
commencement of any initial ground-disturbing activities such 
as vegetation grubbing or clearing, grading, trenching, or mass 
excavation.  

 As detailed in the schedule provided, an Archaeological Monitor 
shall be present on site at the commencement of ground-
disturbing activities related to the project. The monitor, in 
consultation with the Supervising Archaeologist, shall observe 
initial ground-disturbing activities and, as they proceed, make 
adjustments to the number of monitors as needed to provide 
adequate observation and oversight. All monitors will have stop-
work authority to allow for recordation and evaluation of finds 
during construction. The monitor will maintain a daily record of 
observations to serve as an ongoing reference resource and to 
provide a resource for final reporting upon completion of the 
project.  
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Significance Before 

Mitigation Proposed Mitigation Measures 
Significance After 

Mitigation 

The Supervising Archaeologist, Archaeological Monitor, and the 
lead contractor and subcontractors shall maintain a line of 
communication regarding schedule and activity such that the 
monitor is aware of all ground-disturbing activities in advance in 
order to provide appropriate oversight. 

CUL-5  Discovery of Archaeological Resources. If archaeological 
resources are discovered, construction shall be halted within 50 
feet of the find and shall not resume until a Qualified 
Archaeologist can determine the significance of the find and/or 
the find has been fully investigated, documented, and cleared. 

CUL-6  Archaeological Resources Monitoring Report. At the 
completion of all ground-disturbing activities, the Consultant 
shall prepare an Archaeological Resources Monitoring Report 
summarizing all monitoring efforts and observations, as 
performed, and any and all prehistoric or historic archaeological 
finds as well as providing follow-up reports of any finds to the 
South Coastal Information Center (SCIC), as required. 

Impact 3.6-2: Impact on 
archaeological resources 

Potentially Significant Implement Mitigation Measures CUL-1 through CUL-6.  Less than Significant 

Impact 3.6-3: Impact on 
Human Remains 

Potentially Significant CUL-7 Discovery of Human Remains. In the unlikely event that 
human remains are discovered during ground-disturbing 
activities, then the proposed project would be subject to 
California Health and Safety Code 7050.5, CEQA Section 
15064.5, and California Public Resources Code Section 
5097.98 (NPS 1983).If human remains are found during ground-
disturbing activities, State of California Health and Safety Code 
Section 7050.5 states that no further disturbance shall occur 
until the Imperial County Coroner has made a determination of 
origin and disposition pursuant to Public Resources Code 
Section 5097.98. In the event of an unanticipated discovery of 
human remains, the Imperial County Coroner shall be notified 
immediately. If the human remains are determined to be 

Less than Significant  
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prehistoric, the County Coroner shall notify the NAHC, which 
shall notify a most likely descendant (MLD). The MLD shall 
complete the inspection of the site within 48 hours of notification 
and may recommend scientific removal and nondestructive 
analysis of human remains and items associated with Native 
American burials. 

Geology and Soils 

Impact 3.7-2: Possible risks to 
people and structures caused 
by strong seismic ground 
shaking 

Potentially Significant GEO-1 Prepare Geotechnical Report(s) as Part of Final 
Engineering for the Project and Implement Required 
Measures. Facility design for all project components shall 
comply with the site-specific design recommendations as 
provided by a licensed geotechnical or civil engineer to be 
retained by the project applicant. The final geotechnical and/or 
civil engineering report shall address and make 
recommendations on the following: 

• Site preparation 

• Soil bearing capacity 

• Appropriate sources and types of fill 

• Potential need for soil amendments 

• Structural foundations 

• Grading practices 

• Soil corrosion of concrete and steel 

• Erosion/winterization 

• Seismic ground shaking 

• Liquefaction 

• Expansive/unstable soils 

Less than Significant 

PC ORIGINAL PKG



Executive Summary 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | ES-25 

Table ES-1. Summary of Project Impacts and Proposed Mitigation Measures 

Environmental Impact 
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Mitigation Proposed Mitigation Measures 
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Mitigation 

In addition to the recommendations for the conditions listed 
above, the geotechnical investigation shall include subsurface 
testing of soil and groundwater conditions, and shall determine 
appropriate foundation designs that are consistent with the 
version of the CBC that is applicable at the time building and 
grading permits are applied for. All recommendations contained 
in the final geotechnical engineering report shall be 
implemented by the project applicant. The final geotechnical 
and/or civil engineering report shall be submitted to Imperial 
County Public Works Department, Engineering Division for 
review and approval prior to issuance of building permits. 

Impact 3.7-3: Possible risks to 
people and structures caused 
by seismic-related ground 
failure, including liquefaction 

Potentially Significant Implement Mitigation Measure GEO-1. Less than Significant 

Impact 3.7-5: Substantial soil 
erosion or the loss of topsoil 

Potentially Significant Implement Mitigation Measure GEO-1 and Mitigation Measure HYD-1.  Less than Significant  

Impact 3.7-6: Be located on a 
geologic unit or soil that is 
unstable or that would 
become unstable as a result 
of the project 

Potentially Significant Implement Mitigation Measure GEO-1.  Less than Significant  

Impact 3.7-7: Be located on 
expansive soil, as defined in 
Table 18 1 B of the Uniform 
Building Code (1994), 
creating substantial direct or 
indirect risks to life or property 

Potentially Significant Implement Mitigation Measure GEO-1.  Less than Significant  

Impact 3.7-9: Impact on 
paleontological resources 

Potentially Significant GEO-2  Paleontological Mitigation and Monitoring Plan. Once a 
geotechnical report has been completed for the project, a 
qualified paleontologist shall review the boring logs and 
determine how deep paleontologically sensitive formations may 

Less than Significant 
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be across the project site. The paleontologist shall use this 
information along with the results of the paleontological survey 
to determine if paleontological monitoring is warranted. If 
monitoring is warranted, a qualified paleontologist shall prepare 
a mitigation and monitoring plan to be implemented during 
project construction.  

GEO-3  Paleontological Monitoring. Prior to construction, the project 
applicant shall retain the services of a Qualified Paleontologist 
and require that all initial ground-disturbing work be monitored 
by someone trained in fossil identification in monitoring 
contexts. A Supervising Paleontological Specialist and a 
Paleontological Monitor, to be retained by the project applicant, 
will be required to be present at the project construction phase 
kickoff meeting. 

GEO-4  Worker Environmental Awareness Program. Prior to any 
ground disturbance, the Supervising Paleontological Resources 
Specialist and Paleontological Resources Monitor shall conduct 
initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, 
present at the outset of the project construction work phase, for 
which the Lead Contractor and all subcontractors shall make 
their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to 
identify and minimize impacts to paleontological resources and 
maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as 
needed. 

GEO-5  Schedule of Ground-Disturbing Activities. During 
construction, the construction contractor shall provide the 
Supervising Paleontological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A 
minimum of 48 hours will be provided of commencement of any 
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Mitigation 

initial ground-disturbing activities such as vegetation grubbing 
or clearing, grading, trenching, or mass excavation.  

 As detailed in the schedule provided, a Paleontological Monitor 
shall be present on site at the commencement of ground-
disturbing activities related to the project. The monitor, in 
consultation with the Supervising Paleontologist, shall observe 
initial ground-disturbing activities and, as they proceed, make 
adjustments to the number of monitors as needed to provide 
adequate observation and oversight. All monitors will have stop-
work authority to allow for recordation and evaluation of finds 
during construction. The monitor will maintain a daily record of 
observations to serve as an ongoing reference resource and to 
provide a resource for final reporting upon completion of the 
project.  

The Supervising Paleontologist, Paleontological Monitor, and 
the Lead Contractor and subcontractors shall maintain a line of 
communication regarding schedule and activity such that the 
monitor is aware of all ground-disturbing activities in advance in 
order to provide appropriate oversight. 

GEO-6  Discovery of Paleontological Resources. During 
construction, if paleontological resources are discovered, 
construction shall be halted within 50 feet of any paleontological 
finds and shall not resume until a Qualified Paleontologist can 
determine the significance of the find and/or the find has been 
fully investigated, documented, and cleared. 

GEO-7  Paleontological Resources Monitoring Report. At the 
completion of all ground-disturbing activities, the Supervising 
Paleontological Specialist shall prepare a Paleontological 
Resources Monitoring Report summarizing all monitoring efforts 
and observations, as performed, and any and all paleontological 
finds. 

Hydrology/Water Quality 
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Impact 3.10-1: Violation of 
water quality standards 

Potentially Significant HYD-1 Prepare SWPPP and Implement BMPs Prior to Construction 
and Site Restoration. The project applicant or its contractor 
shall prepare a SWPPP specific to the project and be 
responsible for securing coverage under SWRCB’s NPDES 
stormwater permit for general construction activity (Order 
2009-0009-DWQ). The SWPPP shall identify specific actions 
and BMPs relating to the prevention of stormwater pollution from 
project-related construction sources by identifying a practical 
sequence for site restoration, BMP implementation, contingency 
measures, responsible parties, and agency contacts. The 
SWPPP shall reflect localized surface hydrological conditions 
and shall be reviewed and approved by the appropriate agency 
prior to commencement of work and shall be made conditions 
of the contract with the contractor selected to build and 
decommission the project. The SWPPP shall incorporate control 
measures in the following categories: 

• Soil stabilization and erosion control practices (e.g., 
hydroseeding, erosion control blankets, mulching) 

• Sediment control practices (e.g., temporary sediment 
basins, fiber rolls) 

• Temporary and post-construction on- and off-site runoff 
controls 

• Special considerations and BMPs for water crossings and 
drainages 

• Monitoring protocols for discharge(s) and receiving waters, 
with emphasis place on the following water quality 
objectives: dissolved oxygen, floating material, oil and 
grease, potential of hydrogen (pH), and turbidity 

• Waste management, handling, and disposal control 
practices 

• Corrective action and spill contingency measures 

Less than Significant 
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• Agency and responsible party contact information 

• Training procedures that shall be used to ensure that 
workers are aware of permit requirements and proper 
installation methods for BMPs specified in the SWPPP 

The SWPPP shall be prepared by a Qualified SWPPP 
Practitioner and/or Qualified SWPPP Developer with BMPs 
selected to achieve maximum pollutant removal and that 
represent the best available technology that is economically 
achievable. Emphasis for BMPs shall be placed on controlling 
discharges of oxygen-depleting substances, floating material, oil 
and grease, acidic or caustic substances or compounds, and 
turbidity. BMPs for soil stabilization and erosion control practices 
and sediment control practices will also be required. 
Performance and effectiveness of these BMPs shall be 
determined either by visual means where applicable (i.e., 
observation of above-normal sediment release), or by actual 
water sampling in cases where verification of contaminant 
reduction or elimination, (inadvertent petroleum release) is 
required to determine adequacy of the measure. 

HYD-2 Incorporate Post-Construction Runoff BMPs into Project  
Drainage Plan. The project Drainage Plan shall adhere to the 
County’s Engineering Guidelines Manual, IID “Draft” Hydrology 
Manual, or other recognized source with approval by the County 
Engineer to control and manage the on- and off-site discharge 
of stormwater to existing drainage systems. Infiltration basins 
will be integrated into the Drainage Plan to the maximum extent 
practical. The Drainage Plan shall provide both short- and 
long-term drainage solutions to ensure the proper sequencing 
of drainage facilities and management of runoff generated from 
project impervious surfaces as necessary.  
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Impact 3.10-3: Alter the 
existing drainage pattern of 
the site or area resulting in 
siltation or on- or off-site 
erosion 

Potentially Significant  Implement Mitigation Measure HYD-1. Less than Significant 

Impact 3.10-4: Alter the 
existing drainage pattern of 
the site or area resulting in 
flooding on- or off-site  

Potentially Significant  Implement Mitigation Measure HYD-2. Less than Significant 

Impact 3.10-5: Alter the 
existing drainage pattern of 
the site or area such that 
runoff increases would 
exceed the capacity of 
existing or planned 
stormwater drainage systems 
or provide substantial 
additional sources of polluted 
runoff 

Potentially Significant  Implement Mitigation Measure HYD-1. Less than Significant 

Impact 3.10-8: Conflict with or 
obstruct implementation of a 
water quality control plan or 
sustainable groundwater 
management plan 

Potentially Significant  Implement Mitigation Measures HYD-1 and HYD-2. Less than Significant 
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Statement of Overriding Considerations 
CEQA Guidelines Section 15093 requires the Lead Agency to balance, as applicable, the economic, 
legal, social, and technological, or other benef its of the project against its unavoidable environmental 
risks when determining whether to approve the project. No signif icant and unmitigated impacts have 
been identif ied for the proposed project; therefore, the County would not be required to adopt a 
Statement of  Overriding Considerations pursuant to Section 15093 for this project. 

Project Alternatives 

Alternatives Considered but Rejected 

Alternative Site 

Section 15126.6(f )(2) of  the CEQA Guidelines addresses alternative locations for a project. The key 
question and f irst step in the analysis is whether any of  the signif icant effects of the proposed project 
would be avoided or substantially lessened by constructing the proposed project in another location. 
Only locations that would avoid or substantially lessen any of the significant effects of the project need 
to be considered for inclusion in the EIR. Further, CEQA Guidelines Section 15126.6(f )(1) states that 
among the factors that may be taken into account when addressing the feasibility of  alternative 
locations are whether the project proponent can reasonably acquire, control or otherwise have access 
to the alternative site (or the site is already owned by the proponent). 

With respect to the proposed project, no signif icant, unmitigable impacts have been identif ied. With 
implementation of  proposed mitigation, all potentially signif icant environmental impacts will be 
mitigated to a level less than signif icant.  

The Applicant investigated the opportunity to develop the project site in the general project area and 
determined that the currently proposed project site is the most suitable for development of  the solar 
facility. An alternative site was considered and is located south of  the project site on privately-owned 
agricultural lands, similar to the project site. The site, located on Assessor’s Parcel Numbers (APN) 
037-160-017, 037-160-018, and 037-160-019 totals approximately 282 acres of  land. 

However, this site was rejected f rom detailed analysis for the following reasons: 

• The alternative location site, as compared to the proposed project site, is located immediately 
north of  State Route 78, a major U.S. State Highway traversed by large numbers of  transient 
public viewers. When compared to the proposed project, the alternative site would result in 
potentially signif icant impacts associated with aesthetics and visual quality. While the 
proposed project identif ied no signif icant impacts for aesthetics and visual quality, 
implementation of  the solar project at the alternative location site has the potential to 
permanently alter the existing visual character and visual quality of  the alternative site, which 
is characterized by agricultural lands and minor agricultural development under existing viewer 
locations f rom SR 78, looking north. As such, aesthetic impacts at the alternative location site, 
adjacent to SR 78, would be greater than those at the proposed project site, which is located 
adjacent to small, less-traveled, agricultural roads (N Best Road and Baughman Road), 
approximately 0.7 mile east of  the major thoroughfare, SR 111.  

Similarly, a glare hazard analysis prepared for the project (Appendix B of this EIR) concluded 
that sensitive viewers near the proposed project, including residences, a nearby golf  course, 
major roadways, and approach slopes associated with the Brawley Municipal Airport, would 
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not experience glare ef fects f rom the project. Comparatively, due to the alternative site 
location’s close proximity immediately north of  SR 78, potential glare impacts resulting f rom 
the solar array would be potentially significant to viewers traveling on SR 78. 

• The alternative location site, as compared to the proposed project site, is bisected by the 
Shellenberger Drain. With the implementation of  mitigation, impacts on surface water quality 
as attributable to the proposed project, which has been designed to avoid bisecting any 
waterways, would be reduced to a less than signif icant level. However, construction activities 
at the alternative site location have the potential to impact hydrology and water quality (due to 
the presence of  the Shellenberger Drain) when compared to the proposed project site. 

• No signif icant, unmitigated impacts have been identif ied for the proposed project. Construction 
and operation of  the proposed project at this alternative location would likely result in similar 
impacts associated with the proposed project, or additional impacts (to hydrology and water 
quality) that are currently not identif ied for the project at the currently proposed location. 

As such, the County considers this alternative location infeasible and rejects further analysis of  this 
alternative because of  the factors listed above. 

Alternatives Evaluated 
The environmental analysis for the proposed project evaluated the potential environmental impacts 
resulting f rom implementation of  the proposed project, as well as alternatives to the project. The 
alternatives include: Alternative 1: No Project/No Development; Alternative 2: Development within 
Renewable Energy Overlay Zone – Agricultural Lands; Alternative 3: Development within Renewable 
Energy Overlay Zone – Desert Lands; and Alternative 4: Distributed Commercial and Industrial 
Roof top Solar Only Alternative. A detailed discussion of the alternatives considered is included in 
Chapter 7. Table ES-2 summarizes the impacts resulting f rom the proposed project and the identified 
alternatives.  

Alternative 1: No Project/No Development Alternative 
The CEQA Guidelines require analysis of  the No Project Alternative (PRC Section 15126). According 
to Section 15126.6(e), “the specif ic alternative of  ‘no project’ shall also be evaluated along with its 
impacts. The ‘no project’ analysis shall discuss the existing conditions at the time the Notice of  
Preparation is published, at the time environmental analysis is commenced, as well as what would be 
reasonably expected to occur in the foreseeable future if  the project were not approved, based on 
current plans and consistent with available inf rastructure and community services.” 

The No Project/No Development Alternative assumes that the project, as proposed, would not be 
implemented and the project site would not be developed.  

The No Project/No Development Alternative would not meet a majority of the objectives of the project. 
Additionally, the No Project/No Development Alternative would not help California meet its statutory 
and regulatory goal of  increasing renewable power generation, including GHG reduction goals of  
Senate Bill 32).  

Alternative 2: Development within Renewable Energy Overlay Zone – Agricultural Lands 
The purpose of  this alternative is to develop the proposed project within the existing boundary of  
County’s Renewal Energy (RE) Overlay Zone. The RE Overlay Zone is concentrated in areas 
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determined to be the most suitable for the development of  renewable energy facilities while minimizing 
the impact on other established areas.  

The Alternative 2 project site is located entirely within the RE Overlay Zone. Alternative 2 would involve 
the construction and operation of  a 40 MW solar energy facility and associated inf rastructure on 
approximately 231-acre project site (APN 026-030-008) located approximately 11 miles northeast of  
Brawley in unincorporated Imperial County. The Alternative 2 project site is designated as Agriculture 
under the County’s General Plan and zoned S-2-RE and A-3-RE (Open Space/Preservation and 
Heavy Agriculture, both within the RE Overlay Zone).  

Similar to the proposed project, Alternative 2 would require approval of  a CUP to allow for the 
construction and operation of  a solar project. However, compared to the proposed project, the 
Alternative 2 project site is located within the RE Overlay Zone and, as such, would not require a 
General Plan Amendment or Zone Change to include/classify the project site into the RE Overlay 
Zone. Additionally, while the proposed project (A-2-G Zone) would not require a Variance, the S-2-RE 
Zone associated with the Alternative 2 site allows a maximum height limit of  40 feet for non-residential 
structures and 100 feet for communication towers. As such, a Variance would be required under this 
alternative because the proposed height of  the transmission towers (66 feet) and microwave tower 
(maximum of  100 feet) would exceed 40 feet. This alternative’s gen-tie line could potentially 
interconnect to IID’s existing Midway Substation located approximately 4.75 miles northwest of  the 
solar facility. Consultation and coordination with IID would be required to determine if  the Midway 
Substation has existing capacity or would require upgrades for this alternative’s interconnection. 

Alternative 2 would meet most of  the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: cultural resources, hydrology and water quality, and 
tribal cultural resources. Further, the project applicant does not own, or otherwise control this property.   

Alternative 3: Development within Renewable Energy Overlay Zone – Desert Lands 
The purpose of  this alternative is to develop the proposed project within the existing boundary of  the 
County’s RE Overlay Zone. The Alternative 3 project site is located entirely within the RE Overlay 
Zone. Alternative 3 would involve the construction and operation of  a solar energy facility and 
associated inf rastructure on f ive parcels totaling approximately 288 acres (APN 021-190-003; 021-
380-004; 021-380-005; 021-380-012; and 021-380-013) located approximately 0.5 mile south of  Slab 
City. This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels 
could be installed on this site compared to the proposed project.  The Alternative 3 project site is 
located on undeveloped desert land. Existing transmission lines traverse the southwest corner of  the 
project site.  

The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. The 
Alternative 3 project site is designated as Recreation under the County’s General Plan and zoned 
General Agricultural with a renewable energy overlay (A-2-RE).  

Similar to the proposed project, Alternative 3 will require approval of  a CUP to allow for the construction 
and operation of  a solar project. Compared to the proposed project, the Alternative 3 project site is 
located within the RE Overlay Zone and would not require a General Plan Amendment or Zone 
Change to include/classify the project site into the RE Overlay Zone. Similar to the proposed project 
site, the A-2-RE zone allows a maximum height limit of  120 feet for non-residential structures. No 
Variance would be required under this alternative because the proposed height of  the transmission 
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towers (66 feet) would not exceed 120 feet. This alternative’s gen-tie line could potentially interconnect 
to IID’s existing Midway Substation located approximately 4 miles southeast of  the solar facility. 
Consultation and coordination with IID would be required to determine if  the Midway Substation has 
existing capacity or would require upgrades for this alternative’s interconnection.   

Alternative 3 would meet most of  the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems. Further, 
the project applicant does not own, or otherwise control this property.  

Alternative 4: Distributed Commercial and Industrial Rooftop Solar Only Alternative 
This alternative would involve the development of  a number of  geographically distributed small to 
medium solar PV systems (100 kilowatts to 1 MW) within existing developed areas, typically on the 
roof tops of commercial and industrial facilities throughout Imperial County. Under this alternative, no 
new land would be developed or altered. Depending on the type of  solar modules installed and the 
type of  tracking equipment used, a similar or greater amount of  acreage (i.e., greater than 200 acres 
of  total rooftop area) may be required to attain the proposed project’s capacity of 40 MW of  solar PV 
generating capacity. This alternative would involve placement of  PV structures, transmission lines, 
and development of  additional supporting facilities, such as switching stations and substations at 
various locations throughout the County. This alternative assumes that roof top development would 
occur primarily on commercial and industrial structures due to the greater availability of  large, relatively 
f lat roof  areas necessary for ef ficient solar installations.  

This alternative would require hundreds of  installation locations across Imperial County, many of  which 
would require approval of  discretionary actions, such as design review, CUPs, or zone variances 
depending on local jurisdictional requirements. Similar to the proposed project, this alternative would 
be designed to operate year-round using PV panels to convert solar energy directly to electrical power. 
This alternative would involve the construction of  transmission lines and development of  additional 
supporting facilities, such as switching stations and substations at various locations throughout the 
County to distribute the energy.  

Roof top PV systems exist in small areas throughout California. Larger distributed solar PV installations 
are becoming more common. An example of  a distributed PV system is 1 MW of  distributed solar 
energy installed by Southern California Edison on a 458,000 square-foot industrial building in Chino, 
California. 1  

Similar to utility-scale PV systems, the acreage of  rooftops or other inf rastructure required per MW of  
electricity produced is wide ranging, which is largely due to site-specif ic conditions (e.g., solar 
insolation levels, intervening landscape or topography, PV panel technology, etc.). Based on SCE’s 
use of  458,000-square feet for 1 MW of  energy, approximately 18,320,000 square feet (approximately 
420 acres) would be required to produce 40 MW. 

As shown on Table ES-2, implementation of  Alternative 4: Distributed Commercial and Industrial 
Roof top Solar Only Alternative would avoid impacts on agricultural resources compared to the 
proposed project. It would result in reduced impacts for the following environmental issue areas as 

 
1 

http://newsroom.edison.com/releases/california-regulators-approve-southern-california-edison-proposal-to-create-n
ations-largest-solar-panel-installation-program 
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compared to the proposed project: hydrology/water quality. Overall, this alternative would result in 
greater impacts related to aesthetics, air quality, biological resources, cultural resources, tribal cultural 
resources, and utilities and service systems. 

Environmentally Superior Alternative 
Table ES-2 provides a qualitative comparison of  the impacts for each alternative compared to the 
proposed project. The No Project/No Development Alternative would be considered the 
environmentally superior alternative, since it would eliminate all of  the significant impacts identified for 
the project. However, CEQA Guidelines Section 15126.6(e)(2) states that “if  the environmentally 
superior alternative is the No Project Alternative, the EIR shall also identify an environmentally superior 
alternative among the other alternatives.” As shown on Table ES-2, Alternative 2 would be the 
environmental superior alternative because it would reduce impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics and agricultural resources. Alternative 2 
would meet most of  the basic objectives of the proposed project. However, the project applicant does 
not own, or otherwise control this property.  
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3: 
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4: 
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Aesthetics Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Agricultural 
Resources 

Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Avoid 

Air Quality Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Biological 
Resources 

Less than 
Significant with 
Mitigation  

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

PC ORIGINAL PKG



Executive Summary 
Draft EIR | Brawley Solar Energy Facility Project 

Imperial County December 2021 | ES-38 

Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3: 
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4: 
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Cultural Resources Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Geology and Soils Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

GHG Emissions Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Hazards and 
Hazardous 
Materials 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3: 
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4: 
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Hydrology/ Water 
Quality 

Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

Land Use/Planning Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Public Services Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Transportation Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  
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Table ES-2. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3: 
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4: 
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Tribal Cultural 
Resources 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Utilities/Service 
Systems  

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Notes: 
CEQA=California Environmental Quality Act; GHG=greenhouse gas 
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1 Introduction 
This environmental impact report (EIR) has been prepared to meet the requirements of  the California 
Environmental Quality Act (CEQA) for purposes of  evaluating the potential environmental impacts, 
mitigation measures, and alternatives associated with the proposed Brawley Solar Energy Facility 
Project. This EIR describes the existing environment that would be affected by, and the environmental 
impacts which could potentially result f rom the construction and operation of the proposed project as 
described in detail in Chapter 2.0 of  this EIR. 

1.1 Overview of the Proposed Project 
The project site is located on approximately 227 acres of  privately-owned land in the unincorporated 
area of  Imperial County, California. The site is approximately one mile north f rom the City of Brawley’s 
jurisdictional limit. The project site is south of  Baughman Road, west of  North (N) Best Avenue, and 
north of  Andre Road. The City of  Brawley Wastewater Treatment Plant is located along the western 
edge of  the project site. 

The proposed project involves the construction and operation of  a 40 megawatt (MW) photovoltaic 
(PV) solar facility with an integrated 40 MW battery storage system (BESS) (not to exceed 80 MW) on 
approximately 227 acres of  privately-owned land.  The proposed project would be comprised of bifacial 
solar PV arrays panels, an on-site substation, BESS system, f iberoptic line or microwave tower, 
inverters, transformers, underground electrical cables and access roads. The proposed project would 
connect to the existing North Brawley Geothermal Power Plant substation located southwest of  the 
project site via an approximately 1.8-mile long aboveground 92 kilovolt generation tie line. 

1.1.1 Agency Roles and Responsibilities 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project.  

County of Imperial 
Implementation of  the project would involve the following approvals by the County of  Imperial: 

1. General Plan Amendment. An amendment to the County’s General Plan, Renewable Energy 
and Transmission Element is required to implement the proposed project. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not 
be allowed without an amendment to the RE Overlay Zone. The northern portion of  the project 
site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone. 
However, the entire project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-
023, and 037-140-006) is located outside of the RE Overlay Zone. Therefore, the applicant is 
requesting a General Plan Amendment to include/classify all f ive project parcels into the RE 
Overlay Zone. No change in the underlying General Plan land use (Agriculture) is proposed. 

2. Zone Change. The project site is currently zoned General Agricultural with a Geothermal 
Overlay (A-2-G). The applicant is requesting a Zone Change to include/classify all f ive project 
parcels into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG).   
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3. Approval of CUP. Implementation of  the project would require the approval of  a CUP by the 
County to allow for the construction and operation of the proposed solar energy facility with an 
integrated battery storage system. The project site is located on f ive privately-owned legal 
parcels zoned General Agricultural with a Geothermal Overlay (A-2-G). With approval of  the 
zone change, the project site would be zoned General Agricultural with a REG Overlay Zone 
(A-2-REG). Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the 
A-2 zone subject to approval of  a CUP f rom Imperial County: solar energy electrical generator, 
battery storage facility, electrical substations, communication towers, and facilities for the 
transmission of  electrical energy. 

4. Certification of the EIR. Af ter the required public review for the Draf t EIR, the County will 
respond to written comments, edit the document, and produce a Final EIR to be certif ied by 
the Planning Commission and Board of  Supervisors prior to making a decision on approval or 
denial of  the project.  

Subsequent ministerial approvals may include, but are not limited to: 

• Grading and clearing permits 

• Building permits 

• Reclamation plan 

• Encroachment permits 

• Transportation permit(s) 

Other Agencies Reviews and/or Consultations 
The following agencies may be involved in reviewing and/or consultations with the project proponent 
as it relates to construction of the project: 

Federal 

UNITED STATES FISH AND WILDLIFE SERVICE 

• The United States Fish and Wildlife Service (USFWS) enforces compliance with regulations 
related to special-status species or their habitat as required under the Federal Endangered 
Species Act (ESA).  

UNITED STATES ARMY CORPS OF ENGINEERS 

• Section 404 Permit (Clean Water Act [CWA]). The CWA establishes a program to regulate the 
discharge of  dredge and f ill material into waters of  the U.S. including wetlands. Activities 
regulated under this program include f ills for development, water resource projects (e.g., dams 
and levees), inf rastructure development (e.g., highways and airports), and conversion of  
wetlands to uplands for farming and forestry. Either an individual 404b permit or authorization 
to use an existing United States Army Corps of  Engineers (USACE) Nationwide Permit will 
need to be obtained if any portion of the construction requires f ill into a river, stream, or stream 
bed that has been determined to be a jurisdictional waterway.  
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State 

CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE (TRUSTEE AGENCY) 

• The California Department of  Fish and Wildlife (CDFW) is a Trustee Agency and enforces 
compliance with regulations related to California special-status species or their habitats as 
required under the California Endangered Species Act (CESA).  

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

• National Pollution Discharge Elimination System Construction General Permit Order 
No. 2009-009-DWQ. Requires the applicant to f ile a public Notice of  Intent to discharge 
stormwater and to prepare and implement a stormwater pollution prevention plan (SWPPP). 

• Jurisdictional Waters. Agencies and/or project proponents must consultant with the 
California Regional Water Quality Control Board (RWQCB) regarding, when applicable, 
regarding compliance with the CWA Section 401 Water Quality Certif ication or permitting 
under California Porter-Cologne Act.  

Local 

IMPERIAL COUNTY FIRE DEPARTMENT 

• Review as part of  the EIR process including the f inal design of the proposed fire system. 

IMPERIAL COUNTY AIR POLLUTION CONTROL DISTRICT 

• Review as part of  the EIR process regarding consistency with the Imperial County Air Pollution 
Control District (ICAPCD) CEQA Air Quality Handbook, the f inal “Modif ied” 2009 8-hour Ozone 
Air Quality Management Plan, the State Implementation Plan for particulate matter less than 
10 microns in diameter (PM10) in the Imperial Valley, the State Implementation Plan (SIP) for 
particulate matter less than 2.5 microns in diameter (PM2.5), and verif ication of  Rule 801 
compliance. 

1.2 Relationship to Statutes, Regulations, and Other Plans 

1.2.1 County of Imperial General Plan and Land Use Ordinance 
The General Plan provides guidance on future growth in the County of  Imperial. Any development in 
the County of  Imperial must be consistent with the General Plan and Land Use Ordinance 
(Title 9, Division 10). 

1.2.2 Renewables Portfolio Standard Program 
Established in 2002 under Senate Bill (SB) 1078, California's Renewables Portfolio Standard (RPS) 
was accelerated in 2006 under SB 107 by requiring that 20 percent of  electricity retail sales be served 
by RE resources by 2010. RE sources include wind, geothermal, and solar. Subsequent 
recommendations in California energy policy reports advocated a goal of  33 percent by 2020. On 
November 17, 2008, Governor Arnold Schwarzenegger signed Executive Order (EO) 
S-14-08 requiring that "... all retail sellers of  electricity shall serve 33 percent of  their load with RE by 
2020." The following year, EO S-21-09 directed the California Air Resources Board (CARB), under its 
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Assembly Bill (AB) 32 authority, to enact regulations to achieve the goal of  33 percent renewables by 
2020. 

In the ongoing effort to codify the ambitious 33 percent by 2020 goal, SB X12 was signed by Governor 
Brown, in April 2011. This new RPS preempts the CARB’s 33 percent Renewable Electricity Standard 
and applies to all electricity retailers in the state including publicly owned utilities, investor-owned 
utilities, electricity service providers, and community choice aggregators. All of  these entities had to 
adopt the new RPS goals of  20 percent of  retails sales f rom renewables by the end of  2013, 25 percent 
by the end of  2016, and the 33 percent requirement being met by the end of  2020.  

Governor Brown signed into legislation SB 350 in October 2015, which requires retail sellers and 
publicly owned utilities to procure 50 percent of  their electricity f rom eligible RE resources by 2030. In 
2018, SB 100 was signed by Governor Brown, codifying a goal of 60 percent renewable procurement 
by 2030 and 100 percent by 2045 Renewables Portfolio Standard. 

1.2.3 Senate Bill 32 
In August 2016, Governor Brown signed SB 32 and AB 197, which serve to extend California’s GHG 
reduction programs beyond 2020. SB 32 amended the Health and Safety Code to include § 38566, 
which contains language to authorize CARB to achieve a statewide GHG emission reduction of  at 
least 40 percent below 1990 levels by no later than December 31, 2030. SB 32 codified the targets 
established by EO B-30-15 for 2030, which set the next interim step in the State’s continuing ef forts 
to pursue the long-term target expressed in EOs S-3-05 and B-30-15 of  80 percent below 1990 
emissions levels by 2050. 

1.2.4 Title 17 California Code of Regulations, Subchapter 10, Article 2, 
Sections 95100 et seq. 

These CARB regulations implement mandatory GHG emissions reporting as part of  the California 
Global Warming Solutions Act of 2006.  

1.2.5 Federal Clean Air Act 
The legal authority for federal programs regarding air pollution control is based on the 1990 Clean Air 
Act (CAA) Amendments. These are the latest in a series of  amendments made to the CAA. This 
legislation modified and extended federal legal authority provided by the earlier Clean Air Acts of  1963 
1970, and 1977. 

The Air Pollution Control Act of  1955 was the f irst Federal legislation involving air pollution. This Act 
provided funds for federal research in air pollution. The CAA of  1963 was the f irst Federal legislation 
regarding air pollution control. It established a federal program within the U.S. Public Health Service 
and authorized research into techniques for monitoring and controlling air pollution. In 1967, the Air 
Quality Act was enacted in order to expand Federal government activities. In accordance with this law, 
enforcement proceedings were initiated in areas subject to interstate air pollution transport. As part of 
these proceedings, the Federal government for the f irst time conducted extensive ambient monitoring 
studies and stationary source inspections. 

The Air Quality Act of  1967 also authorized expanded studies of  air pollutant emission inventories, 
ambient monitoring techniques, and control techniques. 
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1.2.6 Imperial County Air Pollution Control District 
The ICAPCD enforces rules and regulations regarding air emissions associated with various activities, 
including construction and farming, and operational activities associated with various land uses, in 
order to protect the public health.  

1.2.7 Federal Clean Water Act (33 United States Code Section 
1251-1387) 

The Federal Water Pollution Control Act (33 United States Code [USC] §§1251-1387), otherwise 
known as the CWA, is a comprehensive statute aimed at restoring and maintaining the chemical, 
physical and biological integrity of  the nation's waters. Enacted originally in 1948, the Act was 
amended numerous times until it was reorganized and expanded in 1972. It continues to be amended 
almost every year. Primary authority for the implementation and enforcement of  the CWA rests with 
the U.S. Environmental Protection Agency (EPA). In addition to the measures authorized before 1972, 
the Act authorizes water quality programs, requires federal ef f luent limitations and state water quality 
standards, requires permits for the discharge of  pollutants into navigable waters, provides enforcement 
mechanisms, and authorizes funding for wastewater treatment works construction grants and state 
revolving loan programs, as well as funding to states and tribes for their water quality programs. 
Provisions have also been added to address water quality problems in specif ic regions and specific 
waterways. 

Important for wildlife protection purposes are the provisions requiring permits to dispose of dredged 
and f ill materials into navigable waters. Permits are issued by the USACE under guidelines developed 
by EPA pursuant to Section 404 of  the CWA. 

1.2.8 Federal Clean Water Act and California Porter-Cologne Water 
Quality Control Act 

The project is located within the Colorado River Basin RWQCB, Region 7. The CWA and the California 
Porter-Cologne Water Quality Control Act require that Water Quality Control Plans (more commonly 
referred to as Basin Plans) be prepared for the nine state-designated hydrologic basins in California. 
The Basin Plan serves to guide and coordinate the management of  water quality within the region. 

1.2.9 Federal Endangered Species Act 
The ESA (16 USC 1531-1544) provides protection for plants and animals whose populations are 
dwindling to levels that are no longer sustainable in the wild. The Act sets out a process for listing 
species, which allows for petition f rom any party to list a plant or animal. Depending on the species, 
USFWS or the National Marine Fisheries Service (NMFS) will determine whether listing the species is 
warranted. If  it is warranted, the species will be listed as either threatened or endangered. The 
dif ference between the two categories is one of  degree, with endangered species receiving more 
protections under the statute. 

1.2.10 National Historic Preservation Act 
Federal regulations (36 Code of  Federal Regulations [CFR] Part 800.2) def ine historic properties as 
"any prehistoric or historic district, site, building, structure, or object included, or eligible for inclusion 
in, in the National Register of  Historic Places (NRHP)." The term "cultural resource" is used to denote 
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a historic or prehistoric district, site, building, structure, or object, regardless of whether it is eligible for 
the NRHP. 

1.2.11 California Endangered Species Act 
CESA is enacted through Government Code Section 2050. Section 2080 of  the California Fish and 
Game Code (FGC) prohibits "take" of  any species that the commission determines to be an 
endangered species or a threatened species. Take is def ined in Section 86 of  the FGC as "hunt, 
pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill." 

CESA allows for take incidental to otherwise lawful development projects. CESA emphasizes early 
consultation to avoid potential impacts to rare, endangered, and threatened species and to develop 
appropriate mitigation planning to offset project-caused losses of listed species populations and their 
essential habitats. 

1.2.12 California Lake and Streambed Program (Fish and Game Code 
Section 1602) 

CDFW is responsible for conserving, protecting, and managing California’s f ish, wildlife, and native 
plant resources. To meet this responsibility, the FGC (Section 1602) requires an entity to notify CDFW 
of  any proposed activity that may substantially modify a river, stream, or lake.  

1.3 Purpose of an EIR 
The purpose of  an EIR is to analyze the potential environmental impacts associated with a project. 
CEQA (Section 15002) states that the purpose of  CEQA is to: (1) inform the public and governmental 
decision makers of  the potential, signif icant environmental impacts of  a project; (2) identify the ways 
that environmental damage can be avoided or signif icantly reduced; (3) prevent signif icant, avoidable 
damage to the environment by requiring changes in projects through the use of  alternatives or 
mitigation measures when the governmental agency f inds the changes to be feasible; and (4) disclose 
to the public the reasons why a governmental agency approved the project in the manner the agency 
chose if  signif icant environmental ef fects are involved. 

1.4 EIR Process 
1.4.1 Availability of Reports 
This Draf t EIR has been distributed to various federal, state, regional, local agencies and interested 
parties for a 45-day public review period, f rom December 27, 2021 through February 10, 2022, in 
accordance with Section 15087 of  the CEQA Guidelines. This Draf t EIR and documents incorporated 
by reference are available for public review at the County of  Imperial Planning and Development 
Services Department, 801 Main Street, El Centro, California 92243. Documents may be reviewed 
during regular business hours.  

David Black, Planner IV 
County of Imperial, Planning and Development Services Department 

801 Main Street 

El Centro, California 92243 
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Comments received during the public review period of  the Draf t EIR will be reviewed and responded 
to in the Final EIR. The Final EIR will then be reviewed by the Imperial County Planning Commission 
and Board of  Supervisors as a part of  the procedure to adopt the EIR. Additional information on this 
process may be obtained by contacting the County of  Imperial Planning and Development Services 
Department at (442) 265-1736.  

1.4.2 Public Participation Opportunities/Comments and Coordination 

Notice of Preparation 
The County of  Imperial issued a notice of  preparation (NOP) for the preparation of  an EIR for the 
Brawley Solar Energy Facility Project on July 26, 2021. The NOP was distributed to city, county, state, 
and federal agencies, other public agencies, and various interested private organizations and 
individuals in order to def ine the scope of the EIR. The NOP was also published in the Imperial Valley 
Press on July 25, 2021. The purpose of  the NOP was to identify public agency and public concerns 
regarding the potential impacts of  the project, and the scope and content of  environmental issues to 
be addressed in the EIR. Correspondence in response to the NOP was received f rom the following 
entities and persons: 

• Native American Heritage Commission 

• California Department of  Conservation  

• Imperial Irrigation District 

• Imperial County Air Pollution Control District 

• Carolyn Allen and on behalf  of  Donna Tisdale, Members of  BackCountry Against Dumps and 
Donbee Farms   

• Carolyn Allen and on behalf  of  Donna Tisdale, Larry Cox, and Michael Cox, Donbee Farms 
and Backcountry Against Dumps   

• Donna Tisdale, Michael Cox, Carolyn Allen, Lawrence Cox; C/O Donbee Farms  

The comments submitted on the NOP during the public review and comment period are included as 
Appendix A to this EIR. 

Scoping Meeting and Environmental Evaluation Committee 
During the NOP public review period, the Brawley Solar Energy Facility Project was discussed as an 
informational item at the County’s Environmental Evaluation Committee meeting on August 12, 2021.  

Additionally, a virtual scoping meeting for the general public as well public agencies was held on 
August 12, 2021 at 6:00 p.m., to further obtain input as to the scope of  environmental issues to be 
examined in the EIR. The NOP, which included the scoping meeting date and location, was published 
in the Imperial Valley Press on July 26, 2021. A virtual meeting was held by the Imperial County 
Planning & Development Services Department. At the scoping meeting, members of  the public were 
invited to ask questions regarding the proposed project and the environmental review process, and to 
comment both verbally and in writing on the scope and content of  the EIR. One comment letter was 
received during the scoping meeting.  
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1.4.3 Environmental Topics Addressed 
Based on the analysis presented in the NOP and the information provided in the comments to the 
NOP, the following environmental topics are analyzed in this EIR:  

• Aesthetics 

• Agriculture Resources  

• Air Quality 

• Biological Resources 

• Cultural Resources 

• Geology and Soils 

• GHG Emissions 

• Hazards and Hazardous Materials 

• Hydrology/Water Quality 

• Land Use/Planning 

• Public Services (Fire Protection and Police Protection) 

• Transportation 

• Tribal Cultural Resources 

• Utilities/Service Systems (Water Supply) 

Eliminated from Further Review in Notice of Preparation 
The Initial Study (IS)/NOP completed by the County (Appendix A of  this EIR) determined that 
environmental ef fects to Forestry Resources, Energy, Mineral Resources, Noise, Population/Housing, 
Public Services, Recreation, Utilities (Wastewater, Stormwater, and Solid Waste), and Wildf ire would 
not be potentially signif icant. Therefore, these impacts are not addressed in this EIR; however, the 
rationale for eliminating these issues is discussed in Chapter 6.0, Ef fects Found Not Significant.  

1.4.4 Areas of Controversy and Issues to be Resolved 
Section 15123(b)(2) of  the CEQA Guidelines requires that an EIR identify areas of  controversy known 
to the Lead Agency, including issues raised by other agencies and the public as well as issues to be 
resolved. A primary issue associated with this solar farm project, and other solar facility projects that 
are proposed in the County, is the corresponding land use compatibility and f iscal/economic impacts 
to the County. Through the environmental review process for this project, other areas of  concern and 
issues to be resolved include potential impacts related to the conversion of  farmland to non-agricultural 
uses, damage to crops, wildlife, water supply, f ire hazards associated with the battery energy storage 
system, health ef fects f rom air pollution, noise and hazardous materials, and change of  visual 
character.  
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1.4.5 Document Organization 
The structure of  the Draf t EIR is identif ied below. The Draf t EIR is organized into 10 chapters, including 
the Executive Summary.  

• The Executive Summary provides a summary of  the proposed project, including a summary 
of  project impacts, mitigation measures, and project alternatives.  

• Chapter 1 Introduction provides a brief  introduction of  the proposed project; relationship to 
statutes, regulations and other plans; the purpose of an EIR; public participation opportunities; 
availability of  reports; and comments received on the NOP.  

• Chapter 2 Project Description provides a description of  the Brawley Solar Energy Facility 
Project. This chapter also def ines the goals and objectives of  the proposed project, provides 
details regarding the individual components that together comprise the project, and identifies 
the discretionary approvals required for implementation of the project.  

• Chapter 3 Environmental Analysis provides a description of  the existing environmental 
setting and conditions, an analysis of the environmental impacts of the project for the following 
environmental issues: aesthetics; air quality; biological resources; cultural resources (includes 
tribal cultural resources); geology and soils; GHG emissions; hydrology/water quality; land use 
and planning; transportation/traf fic; and utilities/service systems. This chapter also identif ies 
mitigation measures to address potential impacts to the environmental issues identif ied above.  

• Chapter 4 Analysis of Long-Term Effects provides an analysis of  growth inducing impacts, 
signif icant irreversible environmental changes, and unavoidable adverse impacts. 

• Chapter 5 Cumulative Impacts discusses the impact of  the proposed project in conjunction 
with other planned and future development in the surrounding areas.  

• Chapter 6 Effects Found Not to be Significant lists all the issues determined to not be 
signif icant as a result of  the preparation of  this EIR. 

• Chapter 7 Alternatives analyzes the alternatives to the proposed project.  

• Chapter 8 References lists the data references utilized in preparation of  the EIR. 

• Chapter 9 EIR Preparers and Organizations Contacted lists all the individuals and 
companies involved in the preparation of  the EIR, as well as the individuals and agencies 
consulted and cited in the EIR. 
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2 Project Description 
Chapter 2 provides a description of the Brawley Solar Energy Facility Project. This chapter also def ines 
the goals and objectives of the proposed project, provides details regarding the individual components 
that together comprise the project, and identif ies the discretionary approvals required for project 
implementation.  

The proposed project consists of three primary components: 1) solar energy generation equipment 
and associated facilities including a substation and access roads (herein referred to as “solar energy 
facility”); 2) battery energy storage system; and, 3) gen-tie line that would connect the proposed on-site 
substation to the point of  interconnection at the existing North Brawley Geothermal Power Plant 
substation. The solar energy facility, battery energy storage system and gen-tie are collectively 
referred to as the “proposed project” or “project.” 

2.1 Project Location 
The project site is located on approximately 227 acres of  privately-owned land in the unincorporated 
area of  Imperial County, California (Figure 2-1). The site is approximately one mile north f rom the City 
of  Brawley’s jurisdictional limit. The project site is south of  Baughman Road, west of  North (N) Best 
Avenue, and north of  Andre Road. The Union Pacif ic Railway transects the project site. As shown on 
Figure 2-2, the project site is proposed on f ive parcels. Table 2-1 identif ies the individual assessor 
parcel numbers (APN) with their respective acreage and zoning. 

As shown on Figure 2-2, the gen-tie line would originate f rom the southern edge of the project site and 
then head west along Andre Road to interconnect to the IID existing North Brawley Geothermal Power 
Plant substation, located at Hovley Road and Andre Road. The gen-tie route would be approximately 
1.8 miles.  

Currently, the project site contains alfalfa fields within different levels of  harvest. North and east of the 
project site is undeveloped agricultural land. South of  the project site is a mixture of  undeveloped 
agricultural land and dirt lots used for staging activities. The Del Rio Country Club golf  course is located 
to the south of  the site.  The City of  Brawley Wastewater Treatment Plant is located along the western 
edge of  the project site. 

Table 2-1. Project Assessor Parcel Numbers, Acreages, and Zoning 
APN Acreage Zoning 

037-140-020 61.73 A-2-G 

037-140-021 68.71 A-2-G 

037-140-022 38.15 A-2-G 

037-140-023 24.71 A-2-G 

037-140-006 33.68 A-2-G 

Total Gross Acres 227 -- 
APN = assessor parcel number; A-2-G = General Agricultural with Geothermal Overlay 
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Figure 2-1. Regional Location 
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Figure 2-2. Project Site 
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2.1.1 Renewable Energy Overlay Zone 
In 2016, the County adopted the Imperial County Renewable Energy and Transmission Element, 
which includes an RE Zone (RE Overlay Map). This General Plan element was created as part of  the 
California Energy Commission Renewable Energy Grant Program to amend and update the County’s 
General Plan to facilitate future development of renewable energy projects.  

The County Land Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the 
development and operation of  renewable energy projects with an approved CUP. The RE Overlay 
Zone is concentrated in areas determined to be the most suitable for the development of  renewable 
energy facilities while minimizing the impact on other established uses. CUP applications proposed 
for specif ic renewable energy projects not located in the RE Overlay Zone would not be allowed 
without an amendment to the RE Overlay Zone.  

As shown on Figure 2-1, the northern portion of  the project site (APNs 037-140-020 and 037-140-021) 
is located within the Geothermal Overlay Zone. However, the entire project site (APNs 037-140-020,  
037-140-021, 037-140-022, 037-140-023, and 037-140-006) is located outside of  the RE Overlay 
Zone. Therefore, the applicant is requesting a General Plan Amendment to include/classify all f ive 
project parcels into the RE Overlay Zone. No change in the underlying General Plan land use 
(Agriculture) is proposed.  

2.2 Project Objectives 
• Construct, operate and maintain an ef f icient economic, reliable, safe and environmentally 

sound solar-powered electricity generating facility. 

• Help meet California’s RPS requirements, which require that by 2030, California’s electric 
utilities are to obtain 50 percent of  the electricity they supply f rom renewable sources. 

• Generate renewable solar-generated electricity f rom proven technology, at a competitive cost, 
with low environmental impact, and deliver it to markets as soon as possible. 

• Develop, construct, own and operate the Brawley Solar Energy Facility, and ultimately sell its 
electricity and all renewable and environmental attributes to an electric utility purchaser under 
a long-term contract to meet California’s RPS goals. 

• Utilize a location that is in close proximity to an existing switching station and power lines. 

• Minimize and mitigate any potential impact to sensitive environmental resources within the 
project area. 

2.3 Project Characteristics 
The proposed project involves the construction and operation of  a 40 MW PV solar facility with an 
integrated 40 MW BESS (not to exceed 80 MW) on approximately 227 acres of  privately-owned land.  
The proposed project would be comprised of  bifacial solar PV arrays panels, an on-site substation, 
BESS, generation tie-line (gen-tie), f iberoptic line and microwave tower, inverters, transformers, 
underground electrical cables, access roads. These project components are described in detail below 
and depicted in Figure 2-3. 
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Figure 2-3. Site Plan 
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2.3.1 Photovoltaic Panels/Solar Arrays 
Solar cells, also called PV cells, convert sunlight directly into electricity. PV cells combine to create 
solar modules, or panels, and many solar panels combined together to create one system is called a 
solar (or PV) array. The entire array would utilize 13 inverters and transformers collectively called a 
Power Conversion Station (PCS) for each block of  solar panels. The inverters within the PCS are rated 
at 3496 kV amperes (KVA). The power produced f rom the solar panels would be low voltage DC, 
which is routed to the inverters to convert the DC power to alternating current (AC).  

The proposed project’s PV arrays would be comprised of  solar bifacial high-power dual cell PV panels. 
Panels would be organized into electrical groups referred to as “blocks,” where the proposed project 
would require 13 blocks. Each panel is 3.2 feet by 6.5 feet and is on single-axis horizontal trackers in 
blocks that each hold 3,809 PV panels in 28 strings. The panels would be oriented f rom east to west 
for maximum exposure and the foundation would be designed based on soil conditions. The PV panels 
are made of  a poly-crystalline silicon semiconductor material encapsulated in glass.  

Installation of  the PV arrays would include installation of  mounting posts, module rail assemblies, PV 
modules, inverters, transformers and buried electrical conductors. Concrete would be required for the 
footings, foundations and pads for the transformers and substation work. Tracker foundations would 
be comprised of either driven or vibrated steel posts/pipes, and/or concrete in some places (depending 
on soil and underground conditions). 

2.3.2 Battery Energy Storage System 
The proposed project’s BESS component would be placed on a 54,000 square-foot concrete pad at 
the southern edge of  the project site. The BESS would consist of 12 banks of  batteries totaling up to 
432 enclosures. Each bank of  batteries would be supported by a DC Combiner, control panel, and 
inverter/transformer skid. Each of  the enclosures would utilize self -contained liquid cooling systems 
and include built-in f ire suppression systems. All batteries would be lithium-ion based capable of  
storing 40 MW (not to exceed 80 MW). 

A lithium-ion battery is a type of  rechargeable battery that moves f rom the negative electrode through 
an electrolyte to the positive electrode during discharge, and back when charging. Lithium-ion batteries 
use an intercalated lithium compound as the material at the positive electrode and typically graphite 
at the negative electrode. The batteries have a high energy density, no memory ef fect and low self -
discharge. Lithium-ion batteries would be mounted in racks. These racks would be integrated into 
containers. Lithium-ion battery racks sit side-by-side and typically have 48 inches of  spacing in f ront 
of  the rack and 18 inches of  spacing in the rear of  the rack. Spacing may be increased for serviceability. 
The project design would meet minimum spacing required by code. 

2.3.3 Substation 
The proposed substation would be a new 92/12 kV unstaf fed, automated, low-profile substation. The 
dimensions of  the fenced substation would be approximately 300 feet by 175 feet, with the footprint 
encompassing approximately 1.2 acres. The tallest feature would be the dead-end portal structure (39 
feet 6 inches) coming in of f  the gen-tie line, which would have a lighting mast attached, making it 54 
feet 6 inches total. The onsite substation control room would house the SCADA system, switchgear, 
breakers, and DC batteries. Additionally, a 20kV emergency backup generator would be located 
adjacent to this control room for the HVAC system. The proposed substation site would be located at 
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the southern edge of  the project site, adjacent to the BESS. The California Building Code and the 
IEEE 693, Recommended Practices for Seismic Design of  Substations, will be followed for the 
substation’s design, structures, and equipment. 

2.3.4 Gen-Tie Line 
The proposed project would connect to a switchyard located at the southern edge of  the project site 
and then routed through the BESS for energy storage. Power would then be transferred via a 1.8-mile-
long double circuit 13.8 and 92 kV gen-tie line with 66- foot-high poles to interconnect to the IID’ 
existing North Brawley Geothermal Power Plant substation, located at Hovley Road and Andre Road, 
southwest of  the project site. The transmission line would span the New River. A 12-inch diameter 
conduit railroad undercrossing would connect the PV arrays f rom the western side of  the railroad tracks 
to the inverters on the eastern side. 

2.3.5 Fiberoptic Cable and Microwave Tower 
A proposed f iberoptic line f rom the project substation would be connected with the existing North 
Brawley Geothermal Power Plant substation approximately 1.8 miles to the southwest, which is 
required to connect the project substation to the region’s telecommunications system. Overall, this 
would provide SCADA, protective relaying, data transmission, and telephone services for the proposed 
project substation and associated facilities. New telecommunications equipment would be installed at 
the project substation within the unmanned Mechanical and Electrical Equipment Room (MEER). The 
proposed f iber optic telecommunications cable, once past the point of  interconnection, would utilize 
existing transmission lines to connect to the existing North Brawley Geothermal Power Plant 
substation. The length of  this proposed f iber optic telecommunications cable route would be 
approximately 1.8 miles. Alternatively, a 40 to 100-feet tall microwave tower could replace the need 
for a f iberoptic line to transmit data of fsite. If  selected, this microwave tower would be located within 
the project substation footprint. 

2.3.6 Security 
Six-foot high chain link fencing topped with barbed wire would be installed around the perimeter of  the 
project site at the commencement of  construction and site access would be limited to authorized site 
workers. Points of  ingress/egress would be accessed via locked gates. In addition, a motion detection 
system and closed-circuit camera system may also be installed. The site would be remotely monitored 
24 hours per day, 7 days per week. In addition, routine unscheduled security rounds may be made by 
the security team monitoring the site security.  

2.3.7 Site Access 
As shown in Figure 2-3, primary access to the project site would be located of f N Best Avenue. A 
secondary emergency access road would be located in the northwest portion of  the project site.  
Access roads would be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards. Points of  ingress/egress would be accessed via locked gates that can be opened by any 
emergency responders. An all‐weather surface access road would surround the perimeter of  the 
project site, as well as around solar blocks no greater than 500 by 500 feet.  
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2.3.8 Fire Protection/Fire Suppression 
Fire protection systems for battery systems would be designed in accordance with California Fire Code 
and would take into consideration the recommendations of  the National Fire Protection Association 
(NFPA) 855. 

Fire suppression agents such as Novec 1230 or FM 2000, or water may be used as a suppressant. In 
addition, f ire prevention methods would be implemented to reduce potential f ire risk, including voltage, 
current, and temperature alarms. Energy storage equipment would comply with Underwriters  
Laboratory (UL)-95401 and test methods associated with UL-9540A. The project would include lithium-
ion batteries. For lithium-ion batteries storage, a system would be used that would contain the f ire 
event and encourage suppression through cooling, isolation, and containment. Suppressing a lithium-
ion (secondary) battery is best accomplished by cooling the burning material. A gaseous f ire 
suppressant agent (e.g., 3M™ Novec™ 1230 Fire Protection Fluid or similar) and an automatic f ire 
extinguishing system with sound and light alarms would be used for lithium-ion batteries.  

Water for f ire suppression would be obtained f rom a ground storage tank existing onsite which f ills 
f rom the Best Canal along the eastern property boundary. 

To mitigate potential hazards, redundant separate methods of  failure detection would be implemented. 
These would include alarms f rom the Battery Management System (BMS), including voltage, current, 
and temperature alarms. Detection methods for of f gas detection would be implemented, as 
applicable. These are in addition to other potential protective measures such as ventilation, 
overcurrent protection, battery controls maintaining batteries within designated parameters, 
temperature and humidity controls, smoke detection, and maintenance in accordance with 
manufacturer guidelines. Remote alarms would be installed for operations personnel as well as 
emergency response teams in addition to exterior hazard lighting. In addition, an Incidence Response 
Plan would be implemented. Additionally, the project applicant would contribute its proportionate share 
for purchase of  any f ire-suppression equipment, if determined warranted by the County f ire department 
for the proposed project.  

2.4 Project Construction 
Construction activities would be sequenced and conducted in a manner that addresses storm water 
management and soil conservation. During construction, electrical equipment would be placed in 
service at the completion of  each power-block, af ter the gen-tie line has been completed. The 
activation of  the power-blocks is turned over to interconnection following the installation of transformer 
and interconnection equipment upgrades. This in-service timing is critical because PV panels can 
produce power as soon as they are exposed to sunlight, and because the large number of  blocks and 
the amount of  time needed to commission each block requires commissioning to be integrated closely 
with construction on a block-by-block basis. 

2.4.1 Construction Personnel and Equipment 
The proposed project’s workforce would consist of  laborers, electricians, supervisory personnel, 
support personnel and construction management personnel. Up to 120 people are expected to be on-
site per day. Project laydown and construction staff parking is expected to be located on-site or at the 
existing North Brawley Geothermal Power Plant in an approximately 4-acre area.  

Typical equipment to be used during project construction and commissioning is listed in Table 2-2. 
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Table 2-2. Construction Equipment 
Equipment Use 

1-ton crew trucks Transport construction personnel 

2-ton flatbed trucks; flatbed boom trucks  Haul and unload materials 

Mechanic truck Service and repair equipment 

Aerial bucket trucks Access poles, string conductor, and other uses 

Shop vans Store tools 

Bulldozers Grade pole sites; reclamation 

Truck-mounted diggers or backhoes Excavate 

Small mobile cranes (12 tons) Load and unload materials 

Large mobile cranes (75 tons) Erect structures 

Transport Haul poles and equipment 

Drill rigs with augers Excavate and install fences 

Semi tractor-trailers Haul structures and equipment 

Splice trailers Store splicing supplies 

Air compressor Operate air tools 

Air tampers Compact soil around structure foundations 

Concrete trucks Pour concrete 

Dump trucks Haul excavated materials/import backfill 

Fuel and equipment fluid trucks Refuel and maintain vehicles 

Water trucks Suppress dust and fires 

2.4.2 Construction Schedule, Sequence, and Phasing 
Construction is anticipated to start in quarter four of  2021 and would take approximately 6-9 months 
to complete. Construction would commence only af ter all required permits and authorizations have 
been secured. Construction would generally occur during daylight hours, Monday through Friday. 
However, non-daylight work hours may be necessary to make up schedule def iciencies, or to complete 
critical construction activities. For example, during hot weather, it may be necessary to start work 
earlier to avoid pouring concrete during high ambient temperatures. If  construction is to occur outside 
of  the County’s specified working hours, permission in writing will be sought at the time. The County’s 
construction equipment operation shall be limited to the hours of  7 a.m. to 7 p.m., Monday through 
Friday, and 9 a.m. to 5 p.m. on Saturday. No commercial construction operations are permitted on 
Sunday or holidays.  

Construction of  the project would occur in phases beginning with site preparation and grading and 
ending with equipment setup and commencement of  commercial operations. Overall, construction 
would consist of three major phases over a period of  approximately 6-9 months. 

• Site Preparation (1 month)  

• PV System Installation and Testing (7 months) 

• Site Clean-Up and Restoration (1 month) 
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Site Preparation 
Project construction would include the renovation of  existing dirt roads to all-weather surfaces (to meet 
the County standards) f rom N Best Avenue to the City of  Brawley wastewater treatment plant. 
Construction of  the proposed project would begin with clearing of  existing brush and installation of  
fencing around the project boundary. Fencing would consist of a six-foot chain-link fence topped with 
barbed wire. A 20-foot road of  engineering-approved aggregate would surround the site within the 
fencing. 

Material and equipment staging areas would be established on-site within an approximate 4-acre area. 
The staging area would include an air-conditioned temporary construction office, a f irst-aid station and 
other temporary facilities including, but not limited to, sanitary facilities, worker parking, truck loading 
and unloading, and a designated area for assembling the support structures for the placement of  PV 
modules. The size of  the staging area would shrink as construction progresses throughout the project 
site. The project construction contractor would then survey, clear and grade road corridors in order to 
bring equipment, materials, and workers to the various areas under construction within the project site. 
Road corridors buried electrical lines, PV array locations and locations of  other facilities may be 
f lagged and staked in order to guide construction activities. 

PV System Installation and Testing 
PV system installation would include earthwork, grading and erosion control, as well as erection of  the 
PV modules, mounting posts and associated electrical equipment.  

The PV modules require a moderately f lat surface for installation and therefore some earthwork, 
including grading, f ill, compaction and erosion control, may be required to accommodate the 
placement of  PV arrays, concrete for foundations, access roads and/or drainage features. 
Construction of  the PV arrays would be expected to take place at a rate of  approximately 0.10 MW to 
0.25 MW per day. Construction of  the PV arrays would include installation of  the mounting posts, 
module assemblies, PV modules, inverters, transformers and buried electrical conductors. The module 
assemblies would then be cut of f at the appropriate heights since the center posts must be completely 
level. Field welding would be required to attach the module assemblies to the top of  the mounting 
posts. Finally, the PV panels would be attached to the module assemblies. Heavy equipment lif ters 
(e.g., forklif t) would be required to get the module assemblies in position, while welding and cutting 
equipment would be necessary to cut of f the posts at the appropriate height. 

Concrete would be required for the footings, foundations and pads for the transformers and substation 
equipment. Concrete would be produced at an of f-site location by a local provider and transported to 
the site by truck. The PCS housing the inverters utilize a precast concrete base. Final specif ications 
for concrete would be determined during detailed design engineering, but any related production would 
meet applicable building codes. Wastes generated during construction would be non-hazardous and 
may contain any of  the following: cardboard, wood pallets, copper wire, scrap steel, common trash 
and wood wire spools, and as much as possible of  the waste that is generated during construction 
would be recycled. 

No hazardous waste is expected to be generated during construction of  the proposed project. 
However, f ield equipment used during construction would contain various hazardous materials such 
as hydraulic oil, diesel fuel, grease, lubricants, solvents, adhesives, paints and other petroleum-based 
products contained in most construction vehicles. The storage, handling, and potential spills of these 
materials contained within the f ield equipment would adhere to all applicable local, State, and Federal 
regulations.  

PC ORIGINAL PKG



2 Project Description 
Draft EIR | Brawley Solar Energy Facility Project 

2-12 | December 2021 Imperial County 

Site Clean-Up and Restoration 
Af ter construction is complete, all existing roads would be lef t in a condition equal to or better than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. 

Waste materials and debris f rom construction areas would be collected, hauled away, and disposed 
of  at approved landfill sites. Cleared vegetation would be shredded and distributed over the disturbed 
site as mulch and erosion control or disposed of  offsite, depending on agency agreements. Rocks 
removed during foundation excavation would be redistributed over the disturbed site to resemble 
adjacent site conditions. Interim reclamation would include also re-contouring of  impacted areas to 
match the surrounding terrain, and cleaning trash out of  gullies. Equipment used could include a 
blader, f ront-end loader, tractor, and a dozer with a ripper. 

A covered portable dumpster would be kept on site to contain any trash that can be blown away. Af ter 
completion of the proposed project, the project engineer would complete a final walk-through and note 
any waste material lef t on site and any ruts or terrain damage or vegetation disturbance that has not 
been repaired. The construction contractor would be given this list and f inal payment would not be 
received until all items are completed. 

2.4.3 Water Use 
Approximately 20,000 to 30,000 gallons of  water per day would initially be required for grading, 
dropping to much less for the remainder of  the project construction. Construction water needs would 
be limited to earthwork, soil conditioning, dust suppression, compaction efforts, and f ire suppression. 
Water would be obtained f rom a ground storage tank existing onsite which f ills f rom the Best Canal 
along the eastern property boundary. A dust palliative with low environmental toxicity would also be 
used to suppress dust as approved by CARB and the ICAPCD. 

Potable water would be brought to the project site for drinking and domestic needs. 

2.5 Operations and Maintenance 
Once fully constructed, the project would be operated on an unstaf fed basis and be monitored 
remotely, with periodic on-site personnel visitations for security, maintenance and system monitoring. 
Therefore, no full-time site personnel would be required on-site during operations and approximately 
two employees would only be onsite up to four times per year to wash the solar panels. As the project’s 
PV arrays produce electricity passively, maintenance requirements are anticipated to be very minimal. 
Any required planned maintenance activities would generally consist of  equipment inspection and 
replacement and would be scheduled to avoid peak load periods. Any unplanned maintenance would 
be responded to as needed, depending on the event. 

2.5.1 Water Use 
Estimated annual water consumption for operation and maintenance of  the proposed project, including 
periodic PV module washing and f ire suppression, would be approximately 3.1-acre feet per year 
(AFY), which would be supplied to the project site via the adjacent Best Canal and trucked to the 
project site as needed. 
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2.6 Restoration of the Project Site 
Electricity generated by the facility could be sold under the terms of  a power purchase agreement  
(PPA) with a power purchaser (i.e., utility service provider). At the end of  the PPA term, the owner of  
the facility may choose to enter into a subsequent PPA, update technology and re-commission, or 
decommission and remove the generating facility and its components. Upon decommissioning, the 
site could be converted to other uses in accordance with applicable land use regulations in ef fect at 
that time. A collection and recycling program will be executed to promote recycling of  project 
components and minimize disposal in landf ills. All permits related to decommissioning would be 
obtained, where required. 

Project decommissioning may include the following activities: 

• The facility would be disconnected from the utility power grid. 

• Project components would be dismantled and removed using conventional construction 
equipment and recycled or disposed of safely.  

• PV panel support steel and support posts would be removed and recycled of f -site by an 
approved metals recycler.  

• All compacted surfaces within the project site and temporary on-site haul roads would be de-
compacted.  

• Electrical and electronic devices, including inverters, transformers, panels, support structures, 
lighting f ixtures, and their protective shelters would be recycled of f -site by an approved 
recycler.  

• All concrete used for the underground distribution system would be recycled of f-site by a 
concrete recycler or crushed on-site and used as f ill material. 

• Fencing would be removed and recycled of f-site by an approved metals recycler.  

• Gravel roads would be removed; f ilter fabric would be bundled and disposed of in accordance 
with all applicable regulations. Road areas would be backf illed and restored to their natural 
contour.  

• Soil erosion and sedimentation control measures would be re-implemented during the 
decommissioning period and until the site is stabilized. 

2.7 Required Project Approvals 
2.7.1 Imperial County 
The following are the primary discretionary approvals required for implementation of the project: 

1. General Plan Amendment. An amendment to the County’s General Plan, Renewable Energy 
and Transmission Element is required to implement the proposed project. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not 
be allowed without an amendment to the RE Overlay Zone. As shown in Figure 2-1, the 
northern portion of  the project site (APNs 037-140-020 and 037-140-021) is located within the 
Geothermal Overlay Zone. However, the entire project site (APNs 037-140-020, 037-140-021, 
037-140-022, 037-140-023, and 037-140-006) is located outside of  the RE Overlay Zone. 
Therefore, the applicant is requesting a General Plan Amendment to include/classify all f ive 
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project parcels into the RE Overlay Zone. No change in the underlying General Plan land use 
(Agriculture) is proposed. 

2. Zone Change. The project site is currently zoned General Agricultural with a Geothermal 
Overlay (A-2-G). The applicant is requesting a Zone Change to include/classify all f ive project 
parcels into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG).   

3. Approval of CUP. Implementation of  the project would require the approval of  a CUP by the 
County to allow for the construction and operation of the proposed solar energy facility with an 
integrated battery storage system. The project site is located on f ive privately-owned legal 
parcels zoned General Agricultural with a Geothermal Overlay (A-2-G). With approval of  the 
zone change, the project site would be zoned General Agricultural with a REG Overlay Zone 
(A-2-REG). Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the 
A-2 zone subject to approval of  a CUP f rom Imperial County: solar energy electrical generator, 
battery storage facility, electrical substations, communication towers, and facilities for the 
transmission of  electrical energy. 

4. Certification of the EIR. Af ter the required public review for the Draf t EIR, the County will 
respond to written comments, edit the document, and produce a Final EIR to be certif ied by 
the Planning Commission and Board of  Supervisors prior to making a decision on approval or 
denial of  the project.  

Subsequent ministerial approvals may include, but are not limited to: 

• Grading and clearing permits 

• Building permits 

• Reclamation plan 

• Encroachment permits 

• Transportation permit(s) 

2.7.2 Discretionary Actions and Approvals by Other Agencies 
Responsible Agencies are those agencies that have discretionary approval over one or more actions 
involved with development of the project. Trustee Agencies are state agencies that have discretionary 
approval or jurisdiction by law over natural resources af fected by a project. These agencies may 
include, but are not limited to the following: 

• California RWQCB – Notice of  Intent for General Construction Permit  

• ICAPCD – Fugitive Dust Control Plan, Rule 801 Compliance 

• CDFW (Trustee Agency) – ESA Compliance, Section 1600 Streambed Alteration Agreement  

• USFWS – ESA Compliance  

• IID – Water Supply Agreement  
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3 Environmental Analysis, Impacts, and 
Mitigation 

3.1 Introduction to Environmental Analysis 
This section provides an overview of  the environmental analysis and presents the format for the 
environmental analysis in each topical section.  

3.1.1 Organization of Issue Areas 
Chapter 3 provides an analysis of  impacts for those environmental topics that the County determined 
could result in “signif icant impacts,” based on preparation of an Initial Study and review by the County’s 
Environmental Evaluation Committee and responses received during the scoping process, including 
the NOP review period and public scoping meeting. Sections 3.2 through 3.15 discuss the 
environmental impacts that may result with approval and implementation of  the project, and where 
impacts are identif ied, recommends mitigation measures that, when implemented, would reduce 
signif icant impacts to a level less than signif icant. Each environmental issue area in Chapter 3 contains 
a description of the following: 

• The environmental setting as it relates to the specif ic issue 

• The regulatory f ramework governing that issue 

• The threshold of  significance (f rom Appendix G of the CEQA Guidelines) 

• The methodology used in identifying and considering the issues 

• An evaluation of  the project-specific impacts and identification of mitigation measures 

• A determination of  the level of  significance af ter mitigation measures are implemented 

• The identif ication of any residual signif icant impacts following mitigation 

3.1.2 Format of the Impact Analysis 
This analysis presents the potential impacts that could occur under the project along with any 
supporting mitigation requirements. Each section identif ies the resulting level of  signif icance of  the 
impact using the terminology described below following the application of  the proposed mitigation. The 
section includes an explanation of  how the mitigation measure(s) reduces the impact in relation to the 
applied threshold of  signif icance. If  the impact remains signif icant (i.e., at or above the threshold of  
signif icance), additional discussion is provided to disclose the implications of the residual impact and 
indicate why no mitigation is available or why the applied mitigation does not reduce the impact to a 
less than signif icant level. 

Changes that would result f rom the project were evaluated relative to existing environmental conditions 
within the project site as def ined in Chapter 2 and illustrated on Figure 2-2 (Chapter 2). Existing 
environmental conditions are based on the time at which the NOP was published on July 26, 2021. In 
evaluating the signif icance of  these changes, this EIR applies thresholds of  significance that have 
been developed using: (1) criteria discussed in the CEQA Guidelines; (2) criteria based on factual or 
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scientif ic information; and (3) criteria based on regulatory standards of  local, state, and/or federal 
agencies. Mechanisms that could cause impacts are discussed for each issue area. 

This EIR uses the following terminology to denote the signif icance of  environmental impacts of  the 
project: 

• No impact indicates that the construction, operation, and maintenance of  the project would not 
have any direct or indirect ef fects on the environment. It means no change f rom existing 
conditions. This impact level does not need mitigation. 

• A less than significant impact is one that would not result in a substantial or potentially 
substantial adverse change in the physical environment. This impact level does not require 
mitigation, even if  feasible, under CEQA. 

• A significant impact is def ined by CEQA Section 21068 as one that would cause “a substantial, 
or potentially substantial, adverse change in any of  the physical conditions within the area 
af fected by the project.” Levels of significance can vary by project, based on the change in the 
existing physical condition. Under CEQA, mitigation measures or alternatives to the project 
must be provided, where feasible, to reduce the magnitude of  significant impacts. 

• An unmitigable significant impact is one that would result in a substantial or potentially 
substantial adverse ef fect on the environment, and that could not be reduced to a less than 
signif icant level even with any feasible mitigation. Under CEQA, a project with signif icant and 
unmitigable impacts could proceed, but the lead agency would be required to prepare a 
“statement of  overriding considerations” in accordance with State CEQA Guidelines California 
Code of  Regulations (CCR) Section 15093, explaining why the lead agency would proceed 
with the project in spite of  the potential for significant impacts. 
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3.2 Aesthetics    
This section provides a description of  the existing visual and aesthetic resources within the project 
area and relevant state and local plans and policies regarding the protection of  scenic resources. 
Ef fects to the existing visual character of  the project area as a result of  project-related facilities are 
considered and mitigation is proposed based on the anticipated level of  significance. The information 
provided in this section is summarized f rom the Visual Impact Assessment for the Brawley Solar 
Project (Appendix B of  this EIR) prepared by Chambers Group, Inc.  

3.2.1 Existing Conditions 

Regional 
Imperial County encompasses 4,597 square miles in the southeastern portion of  California. The 
County is bordered by Riverside County on the north, the international border of  Mexico on the south, 
San Diego County on the west and Arizona on the east. The length and breadth of  the County provide 
for a variety of  visual resources ranging f rom desert, sand hills, mountain ranges, and the Salton Sea. 

The desert includes several distinct areas that add beauty and contrast to the natural landscape. The 
barren desert landscape of  the Yuha Desert, lower Borrego Valley, East Mesa, and Pilot Knob Mesa 
provide a dramatic contrast against the backdrop of the surrounding mountain ranges. The West Mesa 
area is a scenic desert bordered on the east by the Imperial Sand Dunes, the lower Borrego Valley, 
the East Mesa, and Pilot Knob Mesa. 

The eastern foothills of  the Peninsular Range are located on the west side of  the County. The 
Chocolate Mountains, named to ref lect their dark color, are located in the northeastern portion of  the 
County, extending f rom the southeast to the northwest between Riverside County and the Colorado 
River. These mountains reach an elevation of  2,700 feet making them highly visible throughout the 
County. 

Project Site and Vicinity 
The project is located on f ive privately owned parcels designated for agricultural uses. Currently the 
project site contains alfalfa f ields within dif ferent levels of  harvest. The project site is approximately 
one mile north f rom the City of  Brawley’s jurisdictional limit. Brawley is relatively central within the 
agricultural portion of  the Imperial Valley, which extends f rom the southeastern portion of  the Salton 
Sea to the United States and Mexico border. The Salton Sea lies northwest of  the project site and sits 
comparatively lower in the landscape than the project site, as does much of the agricultural land to the 
immediate west and south.  

Because of  this gradual downward slope f rom east to west, areas to the north and east of  the project 
site would be more likely to have views of  the project where not impeded by natural or built features. 
Viewers in this area are associated with residences and land uses. North of  the project site is 
agricultural land. Along the eastern edge of  the project site there are two residences and agricultural 
land. South of  the project site is a mixture of  agricultural land and dirt lots used for staging activities. 
The City of  Brawley Wastewater Treatment Plant is located along the western edge of  the project site. 

Views in this area are expansive and are generally characterized by sparse development f ramed by 
topographical features. Low-prof ile, weedy plants, such as Quail Brush Scrub and Bush Seepweed, 
are widespread on undeveloped and unfarmed lands, and ruderal vegetation is along waterways 
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associated with IID canals. Individual residences, transmission lines, transportation corridors 
(including roads and railroads), and agricultural equipment are discernable in the foreground (within 
0.25 mile) and middle ground (0.25 to 3-5 miles away) views throughout the area. They are identif iable 
by their vapor plumes. These views to the west f rom the project site are backdropped by the Coyote 
Mountains and Fish Creek Mountains while views to the east are backdropped by the Chocolate 
Mountains. 

Visual Character 

Aerial imagery was reviewed to identify where the proposed project would potentially be visible from 
visually sensitive areas and selected preliminary viewpoints for site photography. Field surveys were 
conducted in March 2021 to photo-document existing visual conditions and views toward the project 
site. A representative subset of  photographed viewpoints was selected. Assessments of existing visual 
conditions were made based on professional judgment that took into consideration sensitive receptors 
and sensitive viewing areas in the project area.  

Figure 3.2-1 illustrates the photo documented key observation points (KOP) and the direction to which 
the photographs were taken. The photographs depicting the existing condition at the project site are 
presented below, and the visual simulations at each KOP depicting the proposed condition are 
presented in Section 3.2.3. Descriptions of the existing KOPs are as follows: 

KOP 1 – View from North Best Avenue. KOP 1 is located along N Best Avenue, at the northeast corner 
of  the project site (Figure 3.2-2). The view f rom KOP 1 is to the southwest, toward the proposed 
project’s solar arrays (Viewpoint 1). This viewpoint represents views f rom an identif iable point along 
the most proximate roadway, where topography allows visibility of  the project site. Additionally, the 
viewpoint represents the residents located at 5210 N Best Avenue in Brawley, California. The view is 
characterized by f lat agricultural land to the west, south, and east with the nearby residence to the 
northeast. The Coyote Mountains and Fish Creek Mountains are visible far of f to the south. The view 
of  the project site is mostly unobstructed except for utility poles traveling along the western side of  N 
Best Avenue. 

KOP 2 – View from North Best Avenue and Ward Road. KOP 2 is located at the intersection of N Best 
Avenue and Ward Road, at the southeast corner of  the project site (Figure 3.2-3). The view f rom KOP 
2 is to the northwest, toward the proposed project’s solar arrays, BESS, and substation (Viewpoint 2). 
This viewpoint represents views f rom an identif iable point along the most proximate roadway, where 
topography allows visibility of the project site. Additionally, the viewpoint represents the residents 
located at 5000 N Best Avenue and 5002 N Best Avenue. The view is characterized by f lat agricultural 
land to the north; an abandoned residence and fenced corral to the west; a vacant dirt lot to the south; 
and the nearby residences to the northeast. Vegetation along the New River is visible to the west and 
the Chocolate Mountains are visible far of f to the north and west. The view of  the project site is partially 
obstructed by vegetation along the old corral and utility poles traveling along the western side of  N 
Best Road. 

KOP 3 – View from north end of Del Rio Country Club and Golf Course. KOP 3 is located along the 
Union Pacif ic railroad tracks on the northwest end of  Del Rio Country Club and Golf  Course, 
approximately 0.25 mile f rom the project site (Figure 3.2-4). The view f rom KOP 3 is to the north, 
toward the proposed project’s solar arrays, BESS, substation, and gen-tie line. This viewpoint 
represents golfers and staf f  at Del Rio Country Club, where topography allows views of  the project 
site, as well as views f rom the Union Pacif ic railway line. The view is characterized by f lat, undeveloped 
land with sparse vegetation to the north and northeast, agricultural land to the east, and the 
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landscaped golf  course to the west. The railroad tracks travel north through the middle of  the view, 
with the Chocolate Mountain Range visible far of f to the north. The view of  the project site is 
unobstructed. 

KOP 4 – View from State Route 111 and Andre Road. KOP 4 is located at the corner of  SR 111 and 
Andre Road, along the gen-tie line route (Figure 3.2-5). The view f rom KOP 4 is to the east, toward 
the proposed project’s gen-tie line, BESS, substation, and solar arrays. This viewpoint represents 
views f rom an identif iable point along a well-traveled roadway in the County, where topography allows 
visibility of the project site. The view is characterized by mainly f lat agricultural land to the north and 
south. The City of  Brawley Wastewater Treatment Plant is within the northern portion of the view and 
a dirt access road leads to an industrial dirt lot with pipelines directly east of  the view. The Chocolate 
Mountain Range is visible far of f to the east. The view of  the project site is partially obstructed by the 
City of  Brawley Wastewater Treatment Plant, utility poles, and small amounts of  vegetation in the 
foreground. 
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Figure 3.2-1. Key Observation Points 
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Figure 3.2-2. Existing Key Observation Point 1 
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Figure 3.2-4. Existing Key Observation Point 3 
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Scenic Vista 

Scenic vistas are typically expansive views f rom elevated areas. They may or may not be part of  a 
designated scenic overlook or other area providing a static vista view of  a landscape. The project site 
is located in a rural portion of  Imperial County and is not located within an area containing a scenic 
vista designated by the State or the County’s General Plan.  

Scenic Highways 

According to the Conservation and Open Space Element, no State scenic highways have been 
designated in Imperial County (County of  Imperial 2016). The project site is not located within a state 
scenic highway corridor, nor are there any state scenic highways located in proximity to the project 
site. The nearest road segment considered eligible for a State scenic highway designation is the 
portion of SR 111 f rom Bombay Beach to the County line. The project site is located approximately 25 
miles south of  Bombay Beach; therefore, it would not be visible f rom the location of  the proposed 
projects. 

Light, Glare, and Glint 

Glare is considered a continuous source of  brightness, relative to dif fused light, whereas glint is a 
direct redirection of  the sun beam in the surface of  a PV solar module. Glint is highly directional, since 
its origin is purely ref lective, whereas glare is the ref lection of  dif fuse irradiance; it is not a direct 
ref lection of  the sun.  

Because of  the nature of  the existing agricultural land uses and few residences, limited light is 
generated f rom within the project area. The majority of  the light and glare in the project area is a result 
of  motor vehicles traveling on surrounding roadways, airplanes, and farm equipment. Local roadways 
generate glare both during the night hours when cars travel with lights on, and during daytime hours 
because of  the sun’s ref lection f rom cars and pavement surfaces. When light is not suf f iciently 
screened and spills over into areas outside of  a particular development area the ef fect is called “light 
trespassing.” 

3.2.2 Regulatory Setting 
This section identif ies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

California Department of Transportation 

Caltrans manages the California Scenic Highway Program. The goal of  the program is to preserve and 
protect scenic highway corridors f rom changes that would af fect the aesthetic value of  the land 
adjacent to the scenic corridor. 

Local 

Imperial County General Plan 

The Imperial County General Plan contains policies for the protection and conservation of  scenic 
resources and open spaces within the County. These policies also provide guidance for the design of 
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new development. The Conservation and Open Space Element of  the General Plan provides specific 
goals and objectives for maintaining and protecting the aesthetic character of  the region. 
Table 3.2-1 provides an analysis of  the proposed project’s consistency with the Conservation and 
Open Space Element Goal 5. Additionally, the Circulation and Scenic Highways Element of  the 
General Plan provides policies for protecting and enhancing scenic resources within highway corridors 
in Imperial County, consistent with the Caltrans State Scenic Highway Program. 

Table 3.2-1. Consistency with Applicable General Plan Conservation 
and Open Space Policies 

General Plan Policies 
Consistency with 

General Plan Analysis 

Goal 5: The aesthetic 
character of the region shall 
be protected and enhanced to 
provide a pleasing 
environment for residential, 
commercial, recreational, and 
tourist activity. 

Consistent The project would result in changes to the visual 
character of the project area, which is currently 
characterized as an agricultural landscape. As described 
in Section 3.2.1, the project site does not contain high 
levels of visual character or quality; therefore, the project 
would not result in a significant deterioration in the visual 
character of the project site or project area.  

Objective 5.1: Encourage the 
conservation and 
enhancement of the natural 
beauty of the desert and 
mountain landscape. 

Consistent The project site is located within an agricultural portion of 
the County and generally avoids both desert and 
mountain landscapes.   

Source: County of Imperial 2016 

County of Imperial Land Use Ordinance, Title 9 

The County’s Land Use Ordinance Code provides specific direction for lighting requirements.  

Division 17: Renewable Energy Resources, Section 91702.00 – Specific Standards for All 
Renewable Energy Projects 

(R) Lights should be directed or shielded to confine direct rays to the project site and muted to the 
maximum extent consistent with safety and operational necessity.  

3.2.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to aesthetic 
and visual resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to aesthetics are considered 
signif icant if  any of the following occur: 

• Have a substantial adverse ef fect on a scenic vista 

• Substantially damage scenic resources, including, but not limited to, trees, rock outcroppings, 
and historic buildings within a state scenic highway 

• In non-urbanized areas, substantially degrade the existing visual character or quality of  public 
views of  the site and its surroundings? (Public views are those that are experienced f rom 
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publicly accessible vantage points). If  the project is in an urbanized area, would the project 
conf lict with applicable zoning and other regulations governing scenic quality 

• Create a new source of  substantial light or glare which would adversely af fect day or nighttime 
views in the area 

Methodology 
This visual impact analysis is based on f ield observations conducted in March 2021, as well as a 
review of  maps and aerial photographs for the project area. A representative subset of  photographed 
viewpoints was selected as KOPs, which collectively serve as the basis for this assessment. This  
selection was done in coordination with ORNI and the County. Assessments of  existing visual 
conditions were made based on professional judgment that took into consideration sensitive receptors 
and sensitive viewing areas in the project area. The locations of the four KOPs in relation to the project 
site are presented in Figure 3.2-1 above. 

The site photos were used to generate a rendering of  the existing conditions and a proposed 
visualization of  the implemented project. The visual simulations, as provided below, provide clear 
before-and-af ter images of  the location, scale, and visual appearance of  the features af fected by and 
associated with the project. Design data — consisting of engineering drawings, elevations, site and 
topographical contour plans, concept diagrams, and reference pictures — were used as a platform 
f rom which digital models were created. In cases where detailed design data were unavailable, more 
general descriptions about alternative facilities and their locations were used to prepare the digital 
models. 

Impact Analysis 

Impact 3.2-1 Would the project have a substantial adverse effect on a scenic vista?  

Scenic vistas are typically expansive views f rom elevated areas that may or may not be part of  a 
designated scenic overlook or other area providing a static view of  a landscape. During construction, 
the use of  standard construction equipment including, but not limited to, trucks, cranes, and tractors 
would be required. The presence of  this equipment within the project site during construction would 
alter views of  the area f rom undeveloped and agricultural land to a construction site. However, the 
views of  construction activity f rom the surrounding vicinity would be temporary and would not involve 
any designated scenic vistas as there are no designated scenic vistas in the project vicinity. According 
to the Imperial County General Plan, the closest scenic resource is the Salton Sea approximately 11 
miles northwest of  the project site (County of  Imperial 2016). 

Views f rom elevated areas near the project site could be considered scenic vistas given the 
expansiveness of  the views and distance one can see under favorable conditions. However, as 
described further below for the view of  the project f rom all KOPs, the project would not have a 
substantial adverse ef fect on such views. Rather, it would be absorbed into the natural and built 
features that comprise the existing landscape and would not substantially obstruct existing views. 
Therefore, less than signif icant impacts to scenic vistas would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  
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Impact 3.2-2 Would the project substantially damage scenic resources, including, but not 
limited to, trees, rock outcroppings, and historic buildings within a state 
scenic highway?  

There are no designated or eligible state scenic highways in the project vicinity. The nearest road 
segment among those identif ied by Imperial County as “having potential as state-designated scenic 
highways” is the portion of  SR 111 f rom Bombay Beach to the Imperial County/Riverside County 
boundary. The project site is approximately 25 miles south of  Bombay Beach. Therefore, no impacts 
to scenic resources within any state scenic highways would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.2-3 In non-urbanized areas, would the project substantially degrade the existing 
visual character or quality of public views of the site and its surroundings? 
(Public views are those that are experienced from publicly accessible vantage 
points). If the project is in an urbanized area, would the project conflict with 
applicable zoning and other regulations governing scenic quality? 

The existing visual character in views of  the project (Figure 3.2-2 through Figure 3.2-5) would not be 
substantially altered based primarily on the proximity of  viewpoints to the project site. Short-term visual 
impacts would occur in association with construction activities, including introducing heavy equipment 
(e.g., cranes), staging and materials storage areas and potential dust and exhaust to the project area. 
While construction equipment and activity may present a visual nuisance, it would be temporary 
(approximately 6-9 months) and would not represent a permanent change in views. Therefore, impacts 
associated with degrading the existing visual character or quality of  the project site during construction 
are considered less than signif icant. The potential impacts on these KVs are discussed below. 

KOP 1 – View from North Best Avenue. Viewpoint 1 shows the view f rom KOP 1 with the proposed 
project simulated (Figure 3.2-6). The solar arrays and the security fencing would be the most 
prominently visible portion of  the project f rom this location. As conceptually shown in the simulation, 
the project would appear as a comparatively dark, horizontal bar across the majority of  the view. The 
overall ef fect shown in Viewpoint 1 is the relatively small degree of  contrast the project would have 
with its broader surroundings, which includes views of  the Coyote Mountains and Fish Creek 
Mountains. Solar arrays would not substantially obscure the mountain skyline f rom this vantage point. 

KOP 2 – View from North Best Avenue and Ward Road. Viewpoint 2 shows the view f rom KOP 2 with 
the proposed project simulated (Figure 3.2-7). The solar arrays and the security fencing would be the 
most prominently visible portion of  the project f rom this location. With demolition of  the abandoned 
residence and corral, the project’s BESS and substation would also be visible from KOP 2 to the west. 
As conceptually shown in the simulation, the project would appear as a generally uniform dark line 
across the view. The overall ef fect shown in Viewpoint 2 is the relatively small degree of  contrast the 
project would have with its broader surroundings, which include views of  the Chocolate Mountains. 
The BESS, substation, and solar arrays would not substantially obscure the mountain skyline f rom this 
vantage point. 

KOP 3 – View from north end of Del Rio Country Club and Golf Course. KOP 3 shows the view f rom 
KOP 3 with the proposed project simulated (Figure 3.2-8). The gen-tie structures would be the most 
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prominently visible portion of  the project f rom this location. As conceptually shown in the simulation, 
the gen-tie structures would be visible in the center of  the view, traveling f rom east to west 
approximately 1.75 miles. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also 
occupy a relatively narrow portion of  the view to the north f rom KOP 3. 

The substation for the proposed project has not yet been designed. However, the facility shown in 
KOP 3 is an approximation based on representative examples of  substations of similar size and in 
similar environments. As simulated, the substation would be partially visible in views f rom KOP 3, 
alongside the solar arrays, which would appear as a comparatively dark, horizontal bar across a 
portion of  the view’s middle ground. Aside f rom the relatively narrow gen-tie structures, no project 
component would substantially obscure or appear above the mountain skyline f rom this vantage point. 

KOP 4 – View from State Route 111 and Andre Road. Viewpoint 4 shows the view f rom KOP 4 with 
the proposed project simulated (Figure 3.2-9). The gen-tie structures would be the most prominently 
visible portion of  the project f rom this location. As conceptually shown in the simulation, the gen-tie 
structures would be visible in the southern portion of  the view, traveling f rom east to west 
approximately 0.5 mile. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also 
occupy a relatively narrow portion of  the view to the south f rom KOP 4.  

As simulated, views of  the substation and BESS would be visible in the distance f rom KOP 4. These 
structures would relate to the nearby industrial features in the landscape, including the nearby 
pipelines. The solar arrays would appear as a comparatively dark, horizontal bar across the remainder 
of  the view. No project component would substantially obscure or appear above the mountain skyline 
f rom this vantage point. 
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Figure 3.2-6. Proposed Key Observation Point 1 

 

Figure 3.2-7. Proposed Key Observation Point 2 
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Figure 3.2-8. Proposed Key Observation Point 3 

 

Figure 3.2-9. Proposed Key Observation Point 4 
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Conclusion 

The views f rom KOPs 1 and 2 show the project’s solar arrays and the security fencing most 
prominently, which would appear as a comparatively dark, horizontal bar across the view. The overall 
ef fect of the project from these KOPs is relatively small degree of contrast the project would have with 
its broader surroundings and a small interruption of  views of  the surrounding mountains.  

In the view f rom KOPs 3 and 4, new transmission structures that would be part of  the project’s 
interconnection would appear large in scale; however, the structures would be comparable in size and 
appearance to other structures visible throughout the surrounding landscape, including multiple 
existing transmission lines. As previously described, the project would not substantially degrade the 
existing visual character or quality of  views f rom this distance; rather it would appear absorbed into 
the broader landscape that already includes agricultural development, electricity transmission, 
geothermal power plants, and the City of  Brawley Wastewater Treatment Plant. These ef fects would 
be less than signif icant. 

Mitigation Measure(s) 
No mitigation measures are required.  

Impact 3.2-4 Would the project create a new source of substantial light or glare which 
would adversely affect day or nighttime views in the area? 

The project would not include any source of  nighttime lighting and therefore would not be a source of  
substantial light in the area outside of  the project site.  If  constructed, lighting would be provided on 
the microwave tower. A glare hazard analysis was also prepared for the project (Appendix B of  this 
EIR). It concluded that sensitive viewers near the project, including residences, a nearby golf  course, 
major roadways, and approach slopes associated with the Brawley Municipal Airport, would not 
experience glare ef fects f rom the project. These ef fects would be less than signif icant. 

Mitigation Measure(s) 
No mitigation measures are required.  

3.2.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of the proposed project, the proposed project will 
be decommissioned and dismantled. No grading or signif icant landform modif ications would be 
required during decommissioning activities upon site restoration in the future. Although the project site 
would be visually disrupted in the short-term during decommissioning activities, because extensive 
grading is not required and these activities would be temporary, the visual character of  the project site 
would not be substantially degraded in the short-term and related impacts would be less than 
signif icant.  
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Residual 
Impacts related to glare and glint impacts to roadway travelers, nearby residences, or f lights would be 
less than signif icant and no additional mitigation measures are required. Changes to visual character 
of  the project area would be less than signif icant and would be transitioned back to their prior (pre-solar 
project) conditions following site decommissioning. Based on these conclusions, implementation of  
the proposed project would not result in residual signif icant unmitigable impacts to the visual character 
of  the project site or add substantial amounts of light and glare. 
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3.3 Agricultural Resources 
This section provides an overview of  existing agricultural resources within the project site and identif ies 
applicable federal, state, and local policies related to the conservation of  agricultural lands. This 
includes a summary of  the production outputs, soil resources, and adjacent operations potentially 
af fected by the project. The impact assessment in Section 3.3.3 provides an evaluation of  potential 
adverse ef fects on agricultural resources based on criteria derived f rom the CEQA Guidelines in 
conjunction with actions proposed in Chapter 2, Project Description. Section 3.3.4 provides a 
discussion of residual impacts, if any.  

No forestry resources are present within the project site and, therefore, this section focuses on issues 
related to agricultural resources.  

3.3.1 Existing Conditions 
Agriculture has been the single most important economic activity of  Imperial County throughout the 
1900s, and is expected to play a major economic role in the foreseeable future. The gross annual 
value of  agricultural production in the County has hovered around $1 billion for the last several years, 
making it the County's largest source of  income and employment.  

Imperial County agriculture is a major producer and supplier of  high quality plant and animal foods and 
non-food products. In 2019, agriculture contributed a total of  $2.01 billion to the county economy. 
Vegetable and melon crops were the single largest production category by dollar value ($799 million). 
Livestock represented the second largest category ($522 million) and consisted mostly of feedlot cattle 
($449 million). Field crops ranked third with $498 million (Imperial County Agricultural Commissioner 
2019). 

Important Farmland 

According to the California Department of  Conservation’s (DOC) California Important Farmland Finder 
and as shown on Figure 3.3-1, the majority of  the project site is designated as Farmland of  Statewide 
Importance (205 acres), with a pocket of  Prime Farmland (4.4 acres) and Farmland of  Local 
Importance (12 acres) located in the southern portion of  the project site (DOC 2021). Approximately 1 
acre of  Unique Farmland occurs along the western boundary of  the project site.  

Williamson Act Contract Land 

According to the 2016/2017 Imperial County Williamson Act Map produced by the DOC, the project 
site is not located on Williamson Act contracted land (DOC 2016). 
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Figure 3.3-1. Important Farmlands 
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3.3.2 Regulatory Setting 
This section identif ies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

California Land Conservation Act 

The Williamson Act (California Land Conservation Act, California Government Code, Section 51200 et 
seq.) is a statewide mechanism for the preservation of  agricultural land and open space land. The Act 
provides a comprehensive method for local governments to protect farmland and open space by 
allowing land in agricultural use to be placed under contract (agricultural preserve) between a local 
government and a landowner. 

Under the provisions of the Williamson Act (California Land Conservation Act 1965, Section 51200), 
landowners contract with the County to maintain agricultural or open space use of  their lands in return 
for reduced property tax assessment. The contract is self -renewing and the landowner may notify the 
County at any time of  intent to withdraw the land f rom its preserve status. Withdrawal involves a 
10-year period of  tax adjustment to full market value before protected open space can be converted 
to urban uses. Consequently, land under a Williamson Act Contract can be in either a renewal status 
or a nonrenewable status. Lands with a nonrenewable status indicate the farmer has withdrawn f rom 
the Williamson Act Contract and is waiting for a period of  tax adjustment for the land to reach its full 
market value. Nonrenewable and cancellation lands are candidates for potential urbanization within a 
period of  10 years.  

The requirements necessary for cancellation of  land conservation contracts are outlined in 
Government Code Section 51282. The County must document the justif ication for the cancellation 
through a set of  f indings. Unless the land is covered by a farmland security zone contract, the 
Williamson Act requires that local agencies make both the Consistency with the Williamson Act and 
Public Interest f indings. 

On February 23, 2010, the Imperial County Board of  Supervisors voted to not accept any new 
Williamson Act contracts and not to renew existing contracts because of  the elimination of  the 
subvention funding f rom the state budget. The County reaf f irmed this decision in a vote on October 
12, 2010, and notices of  nonrenewal were sent to landowners with Williamson Act contracts following 
that vote. The applicable deadlines for challenging the County’s actions have expired, and, therefore, 
all Williamson Act contracts in Imperial County terminated on or before December 31, 2018. 

California Farmland Mapping and Monitoring Program 

The California DOC, under the Division of  Land Resource Protection, has set up the Farmland 
Mapping and Monitoring Program (FMMP), which monitors the conversion of  the state’s farmland to 
and f rom agricultural use. The map series identif ies eight classif ications, as def ined below, and uses 
a minimum mapping unit size of  10 acres.  

• Prime Farmland has the best combination of  physical and chemical features able to sustain 
long-term agricultural production. This land has the soil quality, growing season, and moisture 
supply needed to produce sustained high yields. Land must have been used for irrigated 
agricultural production at some time during the 4 years prior to the mapping date.  
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• Farmland of  Statewide Importance is similar to Prime Farmland but with minor shortcomings, 
such as greater slopes or less ability to store soil moisture. Land must have been used for 
irrigated agricultural production at some time during the 4 years prior to the mapping date.  

• Unique Farmland consists of lesser quality soils used for the production of  the state's leading 
agricultural crops. This land is usually irrigated, but may include nonirrigated orchards or 
vineyards as found in some climatic zones in California. Land must have been cropped at 
some time during the 4 years prior to the mapping date.  

• Farmland of  Local Importance is land of  importance to the local agricultural economy as 
determined by each county's board of supervisors and a local advisory committee.  

• Grazing Land is land on which the existing vegetation is suited to the grazing of  livestock. This 
category was developed in cooperation with the California Cattlemen's Association, University 
of  California Cooperative Extension, and other groups interested in the extent of  grazing 
activities.  

• Urban and Built-up Land is occupied by structures with a building density of  at least one unit 
to 1.5 acre, or approximately six structures to a 10-acre parcel. Common examples include 
residential, industrial, commercial, institutional facilities, prisons, cemeteries, airports, golf  
courses, sanitary landf ills, sewage treatment, and water control structures.  

• Water is def ined as perennial water bodies with an extent of  at least 40 acres.  

• Other Land is land not included in any other mapping category. Common examples include 
low density rural developments, vegetative and riparian areas not suitable for livestock grazing, 
conf ined animal agriculture facilities, strip mines, borrow pits, and water bodies smaller than 
40 acres. Vacant and nonagricultural land surrounded on all sides by urban development and 
greater than 40 acres is mapped as Other Land. More detailed data on these uses is available 
in counties containing the Rural Land Use Mapping categories. 

The program also produces a biannual report on the amount of  land converted f rom agricultural to 
non-agricultural use. The program maintains an inventory of  state agricultural land and updates its 
“Important Farmland Series Maps” every 2 years. Table 3.3-1 provides a summary of  agricultural land 
within Imperial County converted to non-agricultural uses during the time f rame f rom 2016 to 2018.  

Table 3.3-1. Imperial County Change in Agricultural Land Use Summary (2016 to 2018) 

Land Use Category 

Total Acreage 
Inventoried 2016 to 2018 Acreage Changes 

2016 2018 
Acres 

Lost (-) 
Gained 

(+) 
Total Acreage 

Changed 
Net Acreage 

Changed 
Prime Farmland 190,206 189,163 1,699 656 2,355 -1,043 

Farmland of Statewide 
Importance 

297,272 291,596 6,330 654 6,984 -5,676 

Unique Farmland 2,071 1,905 190 24 214 -166 

Farmland of Local 
Importance 

38,923 39,711 1,587 2,375 3,962 788 

Important Farmland 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 

Grazing Land 0 0 0 0 0 0 

Agricultural Land 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 
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Table 3.3-1. Imperial County Change in Agricultural Land Use Summary (2016 to 2018) 

Land Use Category 

Total Acreage 
Inventoried 2016 to 2018 Acreage Changes 

2016 2018 
Acres 

Lost (-) 
Gained 

(+) 
Total Acreage 

Changed 
Net Acreage 

Changed 
Urban and Built-Up 
Land 

37,412 41,764 301 4,653 4,954 4,352 

Other Land 461,891 463,488 712 2,309 3,021 1,597 

Water Area 749 897 125 273 398 148 

Total Area 
Inventoried 

1,028,524 1,028,524 10,944 10,944 21,888 0 

Source: DOC 2018 

Local 

County of Imperial General Plan 

The Agricultural Element of  the County’s General Plan serves as the primary policy statement for 
implementing development policies for agricultural land use in Imperial County. The goals, objectives, 
implementation programs, and policies found in the Agricultural Element provide direction for new 
development as well as government actions and programs. Imperial County’s Goals and Objectives 
are intended to serve as long-term principles and policy statements to guide agricultural use 
decision-making and uphold the community’s ideals.  

Agriculture has been the single most important economic activity in the County throughout its history. 
The County recognizes the area as one of  the f inest agricultural areas in the world because of  several 
environmental and cultural factors including good soils, a year-round growing season, the availability 
of  adequate water transported f rom the Colorado River, extensive areas committed to agricultural 
production, a gently sloping topography, and a climate that is well-suited for growing crops and raising 
livestock. The Agricultural Element in the County General Plan demonstrates the long-term 
commitment by the County to the full promotion, management, use, and development and protection 
of  agricultural production, while allowing logical, organized growth of urban areas (County of  Imperial 
2015). 

The County’s Agricultural Element identif ies several Implementation Programs and Policies for the 
preservation of  agricultural resources. The Agricultural Element recognizes that the County can and 
should take additional steps to provide further protection for agricultural operations and at the same 
time provide for logical, organized growth of urban areas. The County must be specif ic and consistent 
about which lands will be maintained for the production of food and f iber and for support of the County’s 
economic base. The County’s strategy and overall f ramework for maintaining agriculture includes the 
following policy directed at the preservation of  Important Farmland: 

The overall economy of the County is expected to be dependent upon the agricultural industry 
for the foreseeable future. As such, all agricultural land in the County is considered as Important 
Farmland, as defined by federal and state agencies, and should be reserved for agricultural 
uses. Agricultural land may be converted to non-agricultural uses only where a clear and 
immediate need can be demonstrated, such as requirements for urban housing, commercial 
facilities, or employment opportunities. All existing agricultural land will be preserved for 
irrigation agriculture, livestock production, aquaculture, and other agriculture-related uses 
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except for non-agricultural uses identified in this General Plan or in previously adopted City 
General Plans. 

The following program is provided in the Agricultural Element: 

No agricultural land designated except as provided in Exhibit C [of the Agricultural Element] 
shall be removed from the Agriculture category except where needed for use by a public 
agency, for geothermal purposes, where a mapping error may have occurred, or where a clear 
long-term economic benefit to the County can be demonstrated through the planning and 
environmental review process. The Board (or Planning Commission) shall be required to 
prepare and make specific findings and circulate same for 60 days (30 days for parcels 
considered under Exhibit C of this [Agricultural] element) before granting final approval of any 
proposal, which removes land from the Agriculture category.  

Also, the following policy addresses Development Patterns and Locations on Agricultural Land: 

“Leapfrogging” or “checkerboard” patterns of development have intensified recently and result 
in significant impacts on the efficient and economic production of adjacent agricultural land. It 
is a policy of the County that leapfrogging will not be allowed in the future. All new 
non-agricultural development will be confined to areas identified in this plan for such purposes 
or in Cities’ adopted Spheres of Influence, where new development must adjoin existing urban 
uses. Non-agricultural residential, commercial, or industrial uses will only be permitted if they 
adjoin at least one side of an existing urban use, and only if they do not significantly impact the 
ability to economically and conveniently farm adjacent agricultural land. 

Agricultural Element Programs that address “leapfrogging” or “checkerboard” development include: 

All non-agricultural uses in any land use category shall be analyzed during the subdivision, 
zoning, and environmental impact review process for their potential impact on the movement of 
agricultural equipment and products on roads located in the Agriculture category, and for other 
existing agricultural conditions which might impact the projects, such as noise, dust, or odors. 

The Planning and Development Services Department shall review all proposed development 
projects to assure that any new residential or non-agricultural commercial uses located on 
agriculturally zoned land, except land designated as a Specific Plan Area, be adjoined on at 
least one entire property line to an area of existing urban uses. Developments that do not meet 
these criteria should not be approved. 

Table 3.3-2 provides a General Plan goal and policy consistency evaluation for the project. 

Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
Goal 1. All Important Farmland, including 
the categories of Prime Farmland, 
Farmland of Statewide Importance, 
Unique Farmland, and Farmland of Local 
Importance, as defined by federal and 
state agencies, should be reserved for 
agricultural uses. 

Consistent The project would temporarily convert land 
designated as Prime Farmland, Farmland of 
Statewide Importance, and Unique Farmland to 
non-agricultural uses, however, as part of the 
project, a reclamation plan when the project is 
decommissioned at the end of its life spans will 
be utilized. The reclamation plan includes the 
removal, recycling, and/or disposal of all solar 
arrays, inverters, battery energy storage system, 
transformers and other structures on the site, as 
well as restoration of the site to its pre-project 

PC ORIGINAL PKG



3.3 Agricultural Resources 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | 3.3-7 

Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
condition. Therefore, the proposed project would 
not permanently convert Prime Farmland, 
Farmland of Statewide Importance, or Unique 
Farmland to non-agricultural uses.  

Goal 2. Adopt policies that prohibit 
“leapfrogging” or “checkerboard” patterns 
of nonagricultural development in 
agricultural areas and confine future 
urbanization to adopted Sphere of 
Influence area. 

Consistent The project site is designated for agriculture land 
use in the County General Plan. The project 
would include development of a solar facility and 
associated infrastructure adjacent to productive 
agricultural lands to the north and east of the 
project site; however, the project is located 
adjacent to the City of Brawley Wastewater 
Treatment Plant along the western edge of the 
project site. The Union Pacific Railway transects 
the project site. Additionally, this development 
would not include a residential component that 
would induce urbanization adjacent to the 
projects.  

Furthermore, with the approval of a General Plan 
Amendment, Zone Change, and CUP, the 
project would be consistent with the County’s 
Land Use Ordinance. Consistency with the Land 
Use Ordinance implies consistency with the 
General Plan land use designation.  

Objective 2.1. Do not allow the placement 
of new non-agricultural land uses such 
that agricultural fields or parcels become 
isolated or more difficult to economically 
and conveniently farm. 

Consistent The project would include development of a solar 
facility adjacent to productive agricultural lands to 
the north and east of the project site; however, 
the project is located adjacent to the City of 
Brawley Wastewater Treatment Plant along the 
western edge of the project site. The Union 
Pacific Railway transects the project site. Neither 
construction nor operation of the solar facility 
would not make it difficult to economically or 
conveniently farm.  

Objective 2.2. Encourage the infilling of 
development in urban areas as an 
alternative to expanding urban 
boundaries. 

Consistent The project involves the construction and 
operation of solar facility in a rural area. While 
the proposed project will introduce development 
in the area, it does not include residential uses 
that would, in turn, create a demand for other 
uses such as commercial, employment centers, 
and supporting services.  

Objective 2.3. Maintain agricultural lands 
in parcel size configurations that help 
assure that viable farming units are 
retained. 

Consistent The project would temporarily convert 
agricultural land to non-agricultural uses. 
However, the project would not be subdivided 
into smaller parcels. A reclamation plan will be 
prepared for the project site, which when 
implemented, would return the site to pre-project 
conditions after the solar uses are discontinued. 

Objective 2.4. Discourage the 
parcelization of large holdings. 

Consistent See response to Objective 2.3 above. 

Objective 2.6. Discourage the 
development of new residential or other 
non-agricultural areas outside of city 
“sphere of influence” unless designated 
for non-agricultural use in the County 

Consistent Upon approval of a CUP and zone change into 
the RE Overlay Zone designation, the proposed 
project would be an allowable use within an 
applicable agricultural zone, and the existing 
zoning of the project site would be consistent 
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Table 3.3-2. Project Consistency with Applicable General Plan Agricultural Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 
General Plan, or for necessary public 
facilities. 

with the existing General Plan land use 
designation.  

Goal 3. Limit the introduction of conflicting 
uses into farming areas, including 
residential development of existing parcels 
which may create the potential for conflict 
with continued agricultural use of adjacent 
property. 

Consistent Upon approval of a CUP and zone change into 
the RE Overlay Zone designation, the proposed 
project would be an allowable use within an 
applicable agricultural zone. Additionally, the 
project does not include the development of 
housing. 

Objective 3.2. Enforce the provisions of 
the Imperial County Right-to-Farm 
Ordinance (No. 1031). 

Consistent The Imperial County Right-to-Farm Ordinance 
would be enforced. With mitigation measures 
proposed in other resource sections (e.g., air 
quality, noise, etc.), project-related activities 
would not adversely affect adjacent agricultural 
operations. The proposed project will be required 
to comply with ICAPCD’s rules and regulations to 
control emissions or hazardous air pollutants, 
including, but not limited to, Regulation VIII and 
Rule 407.  Regulation VIII sets forth rules 
regarding the control of fugitive dust, including 
fugitive dust from construction activities. 
Regulation VIII requires implementation of 
fugitive dust control measures to reduce 
emissions from earthmoving, unpaved roads, 
handling of bulk materials, and control of 
track-out/carry-out dust from active construction 
sites. Rule 407 prohibits a person from 
discharging from any source whatsoever such 
quantities of air contaminants or other material 
which cause injury, detriment, nuisance or 
annoyance to any considerable number of 
persons or to the public, or which endanger the 
comfort, repose, health or safety of any such 
persons or the public, or which cause, or have a 
natural tendency to cause, injury or damage to 
business or property. 

Objective 3.3. Enforce the provisions of 
the State nuisance law (California Code 
Sub-Section 3482). 

Consistent The provisions of the State nuisance law would 
be incorporated into the project. As discussed 
below, there is the potential that weeds or other 
pests may occur within the solar fields if these 
areas are not properly maintained and managed 
to control weeds and pests. Mitigation Measure 
AG-2 requires the project applicant to develop a 
Pest Management Plan prior to the issuance of a 
grading permit or building permit (whichever 
occurs first).  

Source: County of Imperial General Plan 2015 
Notes: 
CUP = conditional use permit; RE = renewable energy 

County of Imperial “Right to Farm” Ordinance 

On August 7, 1990, the County Board of  Supervisors approved the “Right‐to‐Farm” Ordinance, which 
permits operation of  properly conducted agricultural operations within Imperial County af ter 
recognizing the potential threats to agricultural productivity posed by increased nonagricultural land 
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uses throughout the County. The ordinance is intended to reduce the loss to the County of  its 
agricultural resources and promote a good neighbor policy by advising purchasers and users of  
adjacent properties about the potential problems and inconveniences associated with agricultural 
operations. The ordinance also establishes a “County Agricultural Grievance Committee” to settle 
disputes between agriculturalists and adjacent property owners. 

3.3.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to 
agricultural resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to agricultural resources are 
considered significant if any of  the following occur: 

• Convert Prime Farmland, Unique Farmland, or Farmland of  Statewide Importance (Farmland) 
as shown on the maps prepared pursuant to the FMMP of  the California Resources Agency, 
to non-agricultural use 

• Conf lict with existing zoning for agricultural use, or a Williamson Act contract  

• Involve other changes in the existing environment which, due to their location or nature, could 
result in conversion of  Farmland, to non-agricultural use  

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
adversely impact agricultural resources within the project site based on the applied signif icance criteria 
as identif ied above. The analysis prepared for this EIR relied on Important Farmland and Williamson 
Act maps for Imperial County produced by the California DOC’s Division of Land Resource Protection. 
These sources were used to determine the agricultural signif icance of the land in the project site. Per 
the County of  Imperial General Plan, Farmland of  Local Importance is also considered an important 
farmland. 

Additionally, potential conf licts with existing agricultural zoning or other changes resulting f rom the 
implementation of  the project, which could indirectly remove Important Farmland f rom agricultural 
production or reduce agricultural productivity were considered. Sources used in this evaluation 
included, but were not limited to, the Imperial County General Plan and zoning ordinance. The 
conceptual site plan for the project (Chapter 2, Figure 2-3) was also used to evaluate potential impacts.  

Impact Analysis 

Impact 3.3-1 Would the project convert Prime Farmland, Unique Farmland, or Farmland of 
Statewide Importance (Farmland) as shown on the maps prepared pursuant to 
the FMMP of the California Resources Agency, to non-agricultural use?  

Implementation of  the project would result in the temporary conversion of  approximately 227 acres of  
land currently under or available for agricultural production to non-agricultural uses. Approximately 4.4 
acres of  the project site is classif ied as Prime Farmland, 205 acres as Farmland of  Statewide 
Importance, and 1 acre as Unique Farmland. The loss of  agricultural land designed Prime Farmland, 
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Farmland of  Statewide Importance, and Unique Farmland is typically considered a signif icant impact 
under CEQA. Therefore, their conversion to non-agricultural use, albeit temporary, is considered a 
signif icant impact. Implementation of Mitigation Measures AG-1a and AG-1b would reduce this impact 
to a level less than signif icant. 

Mitigation Measure(s) 

AG-1a Payment of Agricultural and Other Benefit Fees. One of  the following options 
included below is to be implemented prior to the issuance of  a grading permit or 
building permit for the project: 

Mitigation for Non-Prime Farmland 
Option 1:  Provide Agricultural Conservation Easement(s). The Permittee shall 
procure Agricultural Conservation Easements on a “1 on 1” basis on land of  equal size, 
of  equal quality farmland, outside the path of  development. The conservation 
easement shall meet DOC regulations and shall be recorded prior to issuance of  any 
grading or building permits; or 

Option 2: Pay Agricultural In-Lieu Mitigation Fee. The Permittee shall pay an 
“Agricultural In-Lieu Mitigation Fee” in the amount of  20 percent of  the fair market value 
per acre for the total acres of  the proposed site based on f ive comparable sales of  land 
used for agricultural purposes as of the ef fective date of the permit, including program 
costs on a cost recovery/time and material basis. The Agricultural In-Lieu Mitigation 
Fee, will be placed in a trust account administered by the Imperial County Agricultural 
Commissioner’s of fice and will be used for such purposes as the acquisition, 
stewardship, preservation and enhancement of  agricultural lands within Imperial 
County; or,  

Option 3: Public Benefit Agreement. The Permittee and County voluntarily enter 
into an enforceable Public Benef it Agreement or Development Agreement that 
includes an Agricultural Benef it Fee payment that is 1) consistent with Board 
Resolution 2012-005; 2) the Agricultural Benef it Fee must be held by the County in a 
restricted account to be used by the County only for such purposes as the stewardship, 
preservation and enhancement of  agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural Benef it program, as specified in 
the Development Agreement, including addressing the mitigation of  agricultural job 
loss on the local economy.  

Mitigation for Prime Farmland 

Option 1: Provide Agricultural Conservation Easement(s). The Permittee shall 
procure Agricultural Conservation Easements on a “2 on 1” basis on land of  equal size, 
of  equal quality farmland, outside the path of  development. The conservation 
easement shall meet DOC regulations and shall be recorded prior to issuance of  any 
grading or building permits; or 

Option 2: Pay Agricultural In-Lieu Mitigation Fee. The Permittee shall pay an 
“Agricultural In-Lieu Mitigation Fee” in the amount of  30 percent of  the fair market value 
per acre for the total acres of  the proposed site based on f ive comparable sales of  land 
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used for agricultural purposes as of the ef fective date of the permit, including program 
costs on a cost recovery/time and material basis. The Agricultural In-Lieu Mitigation 
Fee, will be placed in a trust account administered by the Imperial County Agricultural 
Commissioner’s of fice and will be used for such purposes as the acquisition, 
stewardship, preservation and enhancement of  agricultural lands within Imperial 
County; or, 

Option 3: Public Benefit Agreement. The Permittee and County voluntarily enter 
into an enforceable Public Benef it Agreement or Development Agreement that 
includes an Agricultural Benef it Fee payment that is 1) consistent with Board 
Resolution 2012-005; 2) the Agricultural Benef it Fee must be held by the County in a 
restricted account to be used by the County only for such purposes as the stewardship, 
preservation and enhancement of  agricultural lands within Imperial County and to 
implement the goals and objectives of the Agricultural Benef it program, as specified in 
the Development Agreement, including addressing the mitigation of  agricultural job 
loss on the local economy; the Project and other recipients of the Project’s Agricultural 
Benef it Fee funds; or emphasis on creation of  jobs in the agricultural sector of  the local 
economy for the purpose of off-setting jobs displaced by this Project. 

Option 4: Avoid Prime Farmland. The Permittee must revise their CUP 
Application/Site Plan to avoid Prime Farmland. 

AG-1b Site Reclamation Plan. The DOC has clarif ied the goal of  a reclamation and 
decommissioning plan: the land must be restored to land which can be farmed. In addition 
to Mitigation Measure AG-1a for Prime Farmland and Non-Prime Farmland, the Applicant 
shall submit to Imperial County, a Reclamation Plan prior to issuance of  a grading permit. 
The Reclamation Plan shall document the procedures by which the project site will be 
returned to its current agricultural condition. Permittee shall also provide f inancial 
assurance/bonding in the amount equal to a cost estimate prepared by a 
California-licensed general contractor or civil engineer for implementation of  the 
Reclamation Plan in the even Permittee fails to perform the Reclamation Plan. 

Significance after Mitigation  

With the implementation of  Mitigation Measure AG-1a, the project applicant would be required to 
minimize the impact associated with the permanent loss of  valuable farmlands through either provision 
of  an agricultural conservation easement, payment into the County agricultural fee program, or 
entering into a public benef it agreement. Mitigation Measure AG-1b will ensure that the project 
applicant adheres to the terms of  the agricultural reclamation plan prepared for the project site, which 
would address the temporary conversion impact. This mitigation measure would reduce this impact to 
a less than signif icant level.  

Impact 3.3-2 Would the project conflict with existing zoning for agricultural use, or a 
Williamson Act contract?   

Williamson Act. The project site is not located on Williamson Act contracted land (DOC 2016). 
Therefore, the project would not conf lict with a Williamson Act contract and no impact would occur. 
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Agricultural Zoning. Pursuant to the County General Plan, the project site is located on land 
designated for agricultural uses. The project would be constructed on land currently zoned A-2-G 
(General Agricultural with a Geothermal Overlay). Pursuant to Title 9, Division 5, Chapter 8, the 
following uses are permitted in the A-2 zone subject to approval of a CUP f rom Imperial County: solar 
energy electrical generator, battery storage facility, electrical substations, communication towers, and 
facilities for the transmission of electrical energy. 

Upon approval of  a CUP and zone change into the RE Overlay Zone designation, the project’s uses 
would be consistent with the Imperial County Land Use Ordinance and thus is also consistent with the 
General Plan land use designation of  the site. Additionally, the operation of the solar energy facility is 
not expected to inhibit or adversely af fect adjacent agricultural operations through the placement of  
sensitive land uses or generation of  excessive dust or shading. Based on these considerations, the 
impact is considered less than signif icant.  

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.3-3 Would the project involve other changes in the existing environment which, 
due to their location or nature, could result in conversion of Farmland, to non-
agricultural use? 

The Agricultural Element of  the County’s General Plan serves as the primary policy statement for 
implementing development policies for agricultural land use in Imperial County. The goals, objectives, 
implementation programs, and policies found in the Agricultural Element provide direction for private 
development as well as government actions and programs. A summary of  the relevant Agricultural 
goals and objectives and the project’s consistency with applicable goals and objectives is summarized 
in Table 3.3-2. As provided, the project is generally consistent with certain Agricultural Element Goals 
and Objectives of the County General Plan, but mitigation is required for the project.   

Per County policy, agricultural land may be converted to non-agricultural uses only where a clear and 
immediate need can be demonstrated, such as requirements for urban housing, commercial facilities, 
or employment opportunities. Further, no agricultural land designated exempt shall be removed f rom 
the agriculture category except where needed for use by a public agency, for geothermal purposes, 
where a mapping error may have occurred, or where a clear long-term economic benef it to the County 
can be demonstrated through the planning and environmental review process.  

As discussed under Impact 3.3-1, although the project would convert lands currently under agricultural 
production, the project applicant is proposing agriculture as the end use and will prepare a site-specific 
Reclamation Plan to minimize impacts related to short- and long-term conversion of  farmland to 
non-agricultural use. The reclamation plan includes the removal, recycling, and/or disposal of all solar 
arrays, inverters, transformers and other structures on the site, as well as restoration of  the site to its 
pre-project condition. The County is responsible for approving the reclamation plan for each project 
and conf irming that f inancial assurances for the project is in conformance with Imperial County 
ordinances prior to the issuance of  any building permits. This shall be made a condition of approval 
and included in the CUP. Additionally, the County is requiring Mitigation Measure AG-1b to ensure 
that post-restoration of the project facilitates result in no net reduction in Prime Farmland or Farmland 
of  Statewide Importance. 

The project would not directly impact the movement of agricultural equipment on roads located within 
the agriculture category and access to existing agriculture-serving roads would not be precluded or 
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hindered by the project. Project construction would include the renovation of  existing dirt roads to all-
weather surfaces (to meet the County standards) f rom N Best Avenue to the City of  Brawley 
wastewater treatment plant. However, the proposed renovation would not otherwise af fect other 
agricultural operations in the area. With mitigation measures proposed in other resource sections (e.g. 
air quality, noise, etc.), project-related activities would not adversely af fect adjacent agricultural 
operations. The proposed project will be required to comply with ICAPCD’s rules and regulations to 
control emissions or hazardous air pollutants, including, but not limited to, Regulation VIII and Rule 
407.  Regulation VIII sets forth rules regarding the control of  fugitive dust, including fugitive dust from 
construction activities. Regulation VIII requires implementation of  fugitive dust control measures to 
reduce emissions f rom earthmoving, unpaved roads, handling of  bulk materials, and control of  
track-out/carry-out dust f rom active construction sites. Rule 407 prohibits a person f rom discharging 
f rom any source whatsoever such quantities of  air contaminants or other material which cause injury, 
detriment, nuisance or annoyance to any considerable number of  persons or to the public, or which 
endanger the comfort, repose, health or safety of  any such persons or the public, or which cause, or 
have a natural tendency to cause, injury or damage to business or property. Further, the provisions of 
the Imperial County Right-to-Farm Ordinance (No. 1031) and the State nuisance law (California Code 
Sub-Section 3482) would continue to be enforced. 

With the implementation of  the project, it is possible that the physical and chemical makeup of the soil 
materials within the upper soil horizon may change. For example, improper soil stockpiling and 
management of  the stockpiles could result in increased decomposition of  soil organic materials, 
increased leaching of  plant available nitrogen, and depletion of  soil biota communities (e.g., Rhizobium 
or Frankia). Any reductions in agricultural productivity could significantly limit the types of crops (e.g., 
deeper rooting crops, orchards, etc.) that may be grown within the project site in the future. However, 
implementation of  Mitigation Measure AG-1b would require the project applicant or its successor in 
interest for implementing a reclamation plan when the project is decommissioned at the end of  its 
lifespan. The reclamation plan includes restoration of  the site to its pre-project condition. 
Implementation of  Mitigation Measure AG-1b would reduce this impact to a level less than signif icant. 

Additionally, there is the potential that weeds or other pests may occur within the solar f ield if  the area 
is not properly maintained and managed to control weeds and pests. This is considered a signif icant 
impact. Implementation of  Mitigation Measure AG-2 would reduce this impact to a level less than 
signif icant.  

Mitigation Measure(s) 
AG-2  Pest Management Plan. Prior to the issuance of  a grading permit or building permit 

(whichever occurs f irst), a Pest Management Plan shall be developed by the project 
applicant and approved by the County of  Imperial Agricultural Commissioner. The project 
applicant shall maintain a Pest Management Plan until reclamation is complete. The plan 
shall provide the following:  

1. Monitoring, preventative, and management strategies for weed and pest control 
during construction activities at any portion of the project (e.g., transmission line);  

2. Control and management of  weeds and pests in areas temporarily disturbed during 
construction where native seed will aid in site revegetation as follows:  

• Monitor for all pests including insects, vertebrates, weeds, and pathogens. 
Promptly control or eradicate pests when found, or when notif ied by the 
Agricultural Commissioner’s of fice that a pest problem is present on the project 
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site. The assistance of  a licensed pest control advisor is recommended. All 
treatments must be performed by a qualif ied applicator or a licensed pest 
control business;  

• All treatments must be performed by a qualif ied applicator or a licensed pest 
control operator;  

• “Control” means to reduce the population of  common pests below 
economically damaging levels, and includes attempts to exclude pests before 
infestation, and ef fective control methods af ter infestation. Ef fective control 
methods may include physical/mechanical removal, bio control, cultural 
control, or chemical treatments;  

• Use of  “permanent” soil sterilants to control weeds or other pests is prohibited 
because this would interfere with reclamation; 

• Notify the Agricultural Commissioner’s of fice immediately regarding any 
suspected exotic/invasive pest species as def ined by the California 
Department of  Food Agriculture and the U.S. Department of  Agriculture. 
Request a sample be taken by the Agricultural Commissioner’s Of f ice of  a 
suspected invasive species. Eradication of  exotic pests shall be done under 
the direction of  the Agricultural Commissioner’s Of f ice and/or California 
Department of  Food and Agriculture; 

• Obey all pesticide use laws, regulations, and permit conditions; 

• Allow access by Agricultural Commissioner staf f  for routine visual and trap pest 
surveys, compliance inspections, eradication of exotic pests, and other official 
duties; 

• Ensure all project employees that handle pest control issues are appropriately 
trained and certif ied, all required records are maintained and made available 
for inspection, and all required permits and other required legal documents are 
current; 

• Maintain records of  pests found and treatments or pest management methods 
used. Records should include the date, location/block, project name (current 
and previous if  changed), and methods used. For pesticides include the 
chemical(s) used, EPA Registration numbers, application rates, etc. A 
pesticide use report may be used for this; 

• Submit a report of  monitoring, pest f inds, and treatments, or other pest 
management methods to the Agricultural Commissioner quarterly within 
15 days af ter the end of  the previous quarter, and upon request. The report is 
required even if  no pests were found or treatment occurred. It may consist of  
a copy of  all records for the previous quarter, or may be a summary letter/report 
as long as the original detailed records are available upon request. 

3. A long-term strategy for weed and pest control and management during the 
operation of  the proposed projects. Such strategies may include, but are not limited 
to:  

• Use of  specific types of herbicides and pesticides on a scheduled basis.  
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4. Maintenance and management of  project site conditions to reduce the potential for 
a signif icant increase in pest-related nuisance conditions on surrounding agricultural 
lands. 

5. The project shall reimburse the Agricultural Commissioner’s office for the actual cost 
of  investigations, inspections, or other required non-routine responses to the site that 
are not funded by other sources. 

Significance after Mitigation 
With implementation of  Mitigation Measure AG-1b, the project applicant would be required to adhere 
to the terms of  the comprehensive reclamation plan that would restore the project site to preexisting 
(pre-project) conditions following decommissioning of the project (af ter their use for solar generation 
activities). In addition, the proposed project would be required to implement a weed and pest 
management control plan per Mitigation Measure AG-2. Compliance with these measures would 
reduce this impact to a level less than signif icant. 

3.3.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. In any land restoration project, it is necessary to minimize disruption to topsoil or 
stockpiled topsoil for later use during restoration following project decommissioning. With the 
implementation of  the project, it is possible that the physical and chemical makeup of  the soil materials 
within the upper soil horizon may change during construction and associated stockpiling operations. 
Improper soil stockpiling and management of  the stockpiles could result in increased decomposition 
of  soil organic materials, increased leaching of  plant-available nitrogen, and depletion of  soil biota 
communities (e.g., Rhizobium or Frankia). Each of  these circumstances could have an adverse ef fect 
on the future productivity of  the restored soils. Any reductions in agricultural productivity could 
signif icantly limit the types of  crops (e.g., deeper rooting crops, orchards, etc.) that may be grown 
within the project site in the future. With implementation of  Mitigation Measure AG-1b, the project 
applicant would be required to adhere to the terms of  the comprehensive reclamation plan that would 
restore the project site to preexisting (pre-project) conditions following decommissioning of the project 
(af ter their use for solar generation activities). Implementation of  Mitigation Measure AG-1b would 
reduce this impact to a level less than signif icant. 

Residual 
With mitigation, issues related to the conversion of  Important Farmland to non-agricultural use would 
be mitigated and reduced to a less than signif icant level. Operation of  the project, subject to the 
approval of  a CUP, would generally be consistent with applicable federal, state, regional, and local 
plans and policies. Following the proposed use (e.g., solar facility), the project would be 
decommissioned and the project site would be restored to pre-project conditions. Based on these 
circumstances, the project would not result in any residual signif icant and unmitigable impacts on 
agricultural resources. 
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3.4 Air Quality 
This section includes an overview of  the existing air quality within the project area and identif ies 
applicable local, state, and federal policies related to air quality. The impact assessment provides an 
evaluation of  potential adverse ef fects on air quality based on criteria derived f rom the CEQA 
Guidelines and ICAPCD’s Air Quality Handbook in conjunction with actions proposed in Chapter 2, 
Project Description, of  this EIR. Information contained in this section is summarized f rom the Air 
Quality, Energy, and Greenhouse Gas Emissions Impact – Brawley Solar Energy Facility Project 
prepared by Vista Environmental. This report is included in Appendix C of  this EIR. 

3.4.1 Existing Conditions 

Regional Setting 
The project is located in Imperial County within the Salton Sea Air Basin (SSAB). The SSAB consists 
of  all of  Imperial County and a portion of  Riverside County. Both the ICAPCD and South Coast Air 
Quality Management District (SCAQMD) have jurisdiction within the SSAB. The ICAPCD has full 
jurisdiction within all Imperial County and SCAQMD only has jurisdiction within Riverside County.  

The climate of  Imperial County is governed by the large-scale sinking and warming of  air in the semi-
permanent high-pressure zone of  the eastern Pacif ic Ocean. The high-pressure ridge blocks out most 
mid-latitude storms, except in the winter, when it is weakest and located farthest south. The coastal 
mountains prevent the intrusion of  any cool, damp air found in California coastal areas. Because of  
the barrier and weakened storms, Imperial County experiences clear skies, extremely hot summers, 
mild winters, and little rainfall. The sun shines, on the average, more in Imperial County than anywhere 
else in the United States. 

Winters are mild and dry with daily average temperatures ranging between 65- and 75- degrees 
Fahrenheit (°F). During winter months it is not uncommon to record maximum temperatures of  up to 
80 °F. Summers are extremely hot with daily average temperatures ranging between 104 and 115 °F. 
It is not uncommon to record maximum temperatures of  120 °F during summer months. 

The f lat terrain of  the valley and the strong temperature dif ferentials created by intense solar heating, 
produce moderate winds and deep thermal convection. The combination of  subsiding air, protective 
mountains, and distance f rom the ocean all combine to severely limit precipitation. Rainfall is highly 
variable, with precipitation f rom a single heavy storm able to exceed the entire annual total during a 
later drought condition. The average annual rainfall is just over three 3 inches, with most of  it occurring 
in late summer or mid-winter. 

Humidity is low throughout the year, ranging f rom an average of  28 percent in summer to 52 percent 
in winter. The large daily oscillation of  temperature produces a corresponding large variation in the 
relative humidity. Nocturnal humidity rises to 50 to 60 percent but drops to about 10 percent during the 
day. 

The wind in Imperial County follows two general patterns. Wind statistics indicate prevailing winds are 
f rom the west-northwest through southwest; a secondary f low maximum from the southeast is also 
evident. The prevailing winds f rom the west and northwest occur seasonally f rom fall through spring 
and are known to be f rom the Los Angeles area. Occasionally, Imperial County experiences periods 
of  extremely high wind speeds. Wind speeds can exceed 31 miles per hour (mph), and this occurs 
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most f requently during the months of  April and May. However, speeds of  less than 6.8 mph account 
for more than one-half  of  the observed wind measurements. 

Major Air Pollutants 

Criteria Pollutants 

Criteria air pollutants are def ined as those pollutants for which the federal and state governments have 
established air quality standards for outdoor or ambient concentrations to protect public health with a 
determined margin of  safety. Ozone, coarse particulate matter (PM10), and f ine particulate matter 
(PM2.5) are generally considered to be regional pollutants because they or their precursors af fect air 
quality on a regional scale. Pollutants such as carbon monoxide (CO), nitrogen dioxide (NO2), and 
sulfur dioxide (SO2) are considered to be local pollutants because they tend to accumulate in the air 
locally. PM is also considered a local pollutant. Health ef fects commonly associated with criteria 
pollutants are summarized in Table 3.4-1. 

Table 3.4-1. Criteria Air Pollutants - Summary of Common Sources and Effects 
Pollutant Major Manmade Sources Human Health and Welfare Effects 

CO An odorless, colorless gas formed when 
carbon in fuel is not burned completely; a 
component of motor vehicle exhaust. 

Reduces the ability of blood to deliver oxygen 
to vital tissues, effecting the cardiovascular 
and nervous system. Impairs vision, causes 
dizziness, and can lead to unconsciousness 
or death. 

NO2 A reddish-brown gas formed during fuel 
combustion for motor vehicles, energy 
utilities and industrial sources. 

Respiratory irritant; aggravates lung and 
heart problems. Precursor to ozone and acid 
rain. Causes brown discoloration of the 
atmosphere. 

O3 Formed by a chemical reaction between 
reactive organic gases (ROGs) and nitrous 
oxides (N2O) in the presence of sunlight. 
Common sources of these precursor 
pollutants include motor vehicle exhaust, 
industrial emissions, solvents, paints and 
landfills. 

Irritates and causes inflammation of the 
mucous membranes and lung airways; 
causes wheezing, coughing and pain when 
inhaling deeply; decreases lung capacity; 
aggravates lung and heart problems. 
Damages plants; reduces crop yield. 

PM10 and PM2.5 Power plants, steel mills, chemical plants, 
unpaved roads and parking lots, wood-
burning stoves and fireplaces, automobiles 
and others. 

Increased respiratory symptoms, such as 
irritation of the airways, coughing, or difficulty 
breathing; aggravated asthma; development 
of chronic bronchitis; irregular heartbeat; 
nonfatal heart attacks; and premature death 
in people with heart or lung disease. Impairs 
visibility (haze) 

SO2 A colorless, nonflammable gas formed when 
fuel containing sulfur is burned. Examples 
are refineries, cement manufacturing, and 
locomotives. 

Respiratory irritant. Aggravates lung and 
heart problems. Can damage crops and 
natural vegetation. Impairs visibility. 

Source: California Air Pollution Control Officers Association (CAPCOA) 2021 

Toxic Air Contaminants 

In addition to the above-listed criteria pollutants, toxic air contaminants (TAC) are another group of  
pollutants of  concern. TACs is a term that is def ined under the California Clean Air Act and consists 
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of  the same substances that are def ined as Hazardous Air Pollutants (HAPs) in the Federal Clean Air 
Act.  There are over 700 hundred dif ferent types of TACs with varying degrees of  toxicity. Sources of 
TACs include industrial processes such as petroleum ref ining and chrome plating operations, 
commercial operations such as gasoline stations and dry cleaners, and motor vehicle exhaust.  Cars 
and trucks release at least 40 dif ferent toxic air contaminants. The most important of  these TACs, in 
terms of  health risk, are diesel particulates, benzene, formaldehyde, 1,3-butadiene, and acetaldehyde.  
Public exposure to TACs can result f rom emissions from normal operations as well as f rom accidental 
releases.  Health ef fects of TACs include cancer, birth defects, neurological damage, and death. 

TACs are less pervasive in the urban atmosphere than criteria air pollutants, however they are linked 
to short-term (acute) or long-term (chronic or carcinogenic) adverse human health ef fects.  There are 
hundreds of  dif ferent types of  TACs with varying degrees of  toxicity.  Sources of  TACs include 
industrial processes, commercial operations (e.g., gasoline stations and dry cleaners), and motor 
vehicle exhaust. 

According to The California Almanac of Emissions and Air Quality 2013 Edition, the majority of  the 
estimated health risk f rom TACs can be attributed to relatively few compounds, the most important of 
which is diesel particulate matter (DPM). DPM is a subset of  PM2.5 because the size of  diesel particles 
are typically 2.5 microns and smaller. Diesel engines emit a complex mixture of  air pollutants, 
composed of  gaseous and solid material. The visible emissions in diesel exhaust are known as 
particulate matter or PM, which includes carbon particles or “soot.” Diesel exhaust also contains a 
variety of  harmful gases and over 40 other cancer-causing substances.  California’s identif ication of  
DPM as a toxic air contaminant was based on its potential to cause cancer, premature deaths, and 
other health problems.  Exposure to DPM is a health hazard, particularly to children whose lungs are 
still developing and the elderly who may have other serious health problems.  Overall, diesel engine 
emissions are responsible for the majority of  California’s potential airborne cancer risk f rom 
combustion sources (Appendix C of  this EIR).   

Attainment Status 
The U.S. Environmental Protection Agency (EPA) and CARB designate air basins or portions of  air 
basins and counties as being in “attainment” or “nonattainment” for each of  the criteria pollutants. 
Areas that do not meet the standards are classif ied as nonattainment areas. The National Ambient Air 
Quality Standards (NAAQS) (other than ozone [O3], PM10 and PM2.5 and those based on annual 
averages or arithmetic mean) are not to be exceeded more than once per year. The NAAQS for O3, 
PM10, and PM2.5 are based on statistical calculations over one- to three-year periods, depending on 
the pollutant. The California Ambient Air Quality Standards (CAAQS) are not to be exceeded during a 
three-year period.  

The attainment status for the portion of  the SSAB encompassing the project site is shown in Table 
3.4-2. As shown, the Imperial County portion of  the SSAB is currently designated as nonattainment 
for O3 and PM10 under State standards. Under federal standards, the Imperial County portion of  the 
SSAB is in nonattainment for O3, PM10, and PM2.5. The area is currently in attainment or unclassif ied 
status for CO, NO2, and SO2. 
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Table 3.4-2. Attainment Status of Criteria Pollutants in the Imperial County Portion of 
the Salton Sea Air Basin 

Pollutant State Designation Federal Designation 

O3 Nonattainment Nonattainment 

PM10 Nonattainment Nonattainment 

PM2.5 Attainment Nonattainment 

CO Attainment Unclassified/attainment 

NO2 Attainment Unclassified/attainment 

SO2 Attainment Unclassified/attainment 

Source: Appendix C of this EIR 

Local Ambient Air Quality 
Ambient air quality at the project site can be inferred f rom ambient air quality measurements conducted 
at nearby air quality monitoring stations. CARB maintains more than 60 monitoring stations throughout 
California. The ICAPCD operates a network of  monitoring stations throughout the County that 
continuously monitor ambient levels of  criteria pollutants in compliance with federal monitoring 
regulations. 

Since not all air monitoring stations measure all of  the tracked pollutants, the data f rom the following 
monitoring stations, listed in the order of  proximity to the project site, have been used: Brawley-220 
Main Street Monitoring Station (Brawley Station), Westmorland Monitoring Station (Westmorland 
Station) and El Centro – 9th Street Monitoring Station (El Centro Station). 

The Brawley Station is located approximately 2.9 miles south of  the project site at 220 Main Street, 
the Westmorland Station is located approximately 6.4 miles west of  the project site at 202 W First 
Street, and the El Centro Station is located approximately 15.7 miles south of  the project site at 150 
9th Street. PM10 and PM2.5 were measured at the Brawley Station, ozone was measured at the 
Westmorland Station, and NO2 was measured at the El Centro Station.  It should be noted that due to 
the air monitoring stations’ distances f rom the project site, recorded air pollution levels at the air 
monitoring stations ref lect with varying degrees of  accuracy local air quality conditions at the project 
site. Table 3.4-3 shows the most recent three years of  monitoring data from CARB.  

Table 3.4-3. Summary of Local Ambient Air Quality Data 

Pollutant (Standard) 

Year1 

2017 2018 2019 

Ozone: 1    

Maximum 1-Hour Concentration (ppm) 0.078 0.086 0.071 

 Days > CAAQS (0.09 ppm) 0 0 0 

Maximum 8-Hour Concentration (ppm) 0.067 0.068 0.060 
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Table 3.4-3. Summary of Local Ambient Air Quality Data 

Pollutant (Standard) 

Year1 

2017 2018 2019 

 Days > NAAQS (0.070 ppm) 0 0 0 

 Days > CAAQs (0.070 ppm) 0 0 0 

Nitrogen Dioxide: 2    

Maximum 1-Hour Concentration (ppb) 48.8 34.1 41.4 

 Days > NAAQS (100 ppb) 0 0 0 

 Days > CAAQS (180 ppb) 0 0 0 

Inhalable Particulates (PM10) :3    

Maximum 24-Hour National Measurement (ug/m3) 449.8 407.0 324.4 

 Days > NAAQS (150 ug/m3) 9 13 2 

 Days > CAAQS (50 ug/m3) 58 106 53 

Annual Arithmetic Mean (AAM) (ug/m3) 45.4 52.2 35.8 

 Annual > NAAQS (50 ug/m3) No Yes No 

 Annual > CAAQS (20 ug/m3) Yes Yes Yes 

Ultra-Fine Particulates (PM2.5):3    

Maximum 24-Hour National Measurement (ug/m3) 46.1 55.1 28.9 

 Days > NAAQS (35 ug/m3)  1 2 0 

Annual Arithmetic Mean (AAM) (ug/m3) 9.4 10.4 8.3 

 Annual > NAAQS and CAAQS (12 ug/m3) No No No 

Source: Appendix C of this EIR 
Notes:  
Exceedances are listed in bold.  CAAQS = California Ambient Air Quality Standard; NAAQS = National Ambient Air Quality 
Standard; ppm = parts per million; ppb = parts per billion; ND = no data available. 
1  Data obtained from the Westmorland Station. 
2  Data obtained from the El Centro Station. 
3  Data obtained from the Brawley Station. 

Sensitive Receptors 

High concentrations of  air pollutants pose health hazards for the general population, but particularly 
for the young, the elderly, and the sick. Typical health problems attributed to smog include respiratory 
ailments, eye and throat irritations, headaches, coughing, and chest discomfort. Certain land uses are 
considered to be more sensitive to the ef fects of air pollution. Schools, hospitals, residences, and other 
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facilities where people congregate, especially children, the elderly and inf irm, are considered 
particularly sensitive to air pollutants. 

The nearest sensitive receptors to the project site including the following: 

• Single-family homes approximately 40 feet to the north side of  the project site, located near 
the northwest corner of  the project site.   

• Single-family residence on the east side of  N Best Avenue, located near the northeast corner 
of  the project site 

• Single-family residence on the east side of  N Best Avenue, located across the proposed 
project’s primary access road 

• Two single-family residences located at the northeast corner of  the intersection of  N Best 
Avenue and Ward Road 

• Single-family residence (with a horse boarding/training facility) on the west side of  N Best 
Avenue, located south of the project site)      

3.4.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project. 

Federal 

Clean Air Act 

The CAA, passed in 1970 and last amended in 1990, is the primary federal law that governs air quality. 
The Federal CAA delegates primary responsibility for clean air to the U.S. EPA. The U.S. EPA 
develops rules and regulations to preserve and improve air quality and delegates specific 
responsibilities to state and local agencies. Under the act, the U.S. EPA has established the NAAQS 
for six criteria air pollutants that are pervasive in urban environments and for which state and national 
health-based ambient air quality standards have been established. Ozone, CO, NO2, SO2, Pb, and 
PM (Including both PM10, and PM2.5) are the six criteria air pollutants. Ozone is a secondary pollutant, 
nitrogen oxides (NOx) and volatile organic compounds (VOC) are of  particular interest as they are 
precursors to ozone formation. In addition, national standards exist for Pb. The NAAQS standards are 
set at levels that protect public health with a margin of  safety and are subject to periodic review and 
revision.  

The Federal CAA requires U.S EPA to designate areas as attainment, nonattainment, or maintenance 
(previously nonattainment and currently attainment) for each criteria pollutant based on whether the 
NAAQS have been achieved. The federal standards are summarized in Table 3.4-4. 

State 

California Clean Air Act 

The California Clean Air Act (CCAA) was adopted by CARB in 1988. The CCAA is responsible for 
meeting the state requirements of  the Federal CAA and for establishing the CAAQS. CARB oversees 
the functions of local air pollution control districts and air quality management districts, which, in turn, 
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administer air quality activities at the regional and county levels. The CCAA, as amended in 1992, 
requires all air districts of the state to achieve and maintain the CAAQS by the earliest practical date.  

The CCAA requires CARB to designate areas within California as either attainment or nonattainment 
for each criteria pollutant based on whether the CAAQS have been achieved. Under the CCAA, areas 
are designated as nonattainment for a pollutant if  air quality data shows that a state standard for the 
pollutant was violated at least once during the previous 3 calendar years. As shown in Table 3.4-4, 
the CAAQS are generally more stringent than the corresponding federal standards and incorporate 
additional standards for sulfates, hydrogen sulf ide, vinyl chloride, and visibility-reducing particles. 
Exceedances that are af fected by highly irregular or inf requent events are not considered violations of 
a state standard and are not used as a basis for designating areas as nonattainment. 

California State Implementation Plan 

The CAA mandates that the state submit and implement a SIP for areas not meeting the NAAQS. 
These plans must include pollution control measures that demonstrate how the standards will be met. 
State law makes CARB the lead agency for all purposes related to the SIP. Local air districts and other 
agencies prepare SIP elements and submit them to CARB for review and approval. CARB then 
forwards SIP revisions to the U.S. EPA for approval and publication in the Federal Register. The Code 
of  Federal Regulations Title 40, Chapter I, Part 52, Subpart F, Section 52.220 lists all of  the items 
which are included in the California SIP. 

Table 3.4-4. Ambient Air Quality Standards 

Air Pollutant Averaging Time California Standard National Standard 

O3 1-hour  

8-hour 

0.09 ppm 

0.070 ppm 

-- 

0.070 ppm 

PM10 24-hour Mean 50 µg/m3 

20 µg/m3 

150 µg/m3 

-- 

PM2.5 24-hour Mean -- 

12 µg/m3 

35 µg/m3 

12.0 µg/m3 

CO 1-hour 8-hour 20 ppm 

9.0 ppm 

35 ppm 

9 ppm 

NO2 1-hour Mean 0.18 ppm 

0.030 ppm 

100 ppb 

0.053 ppm 

SO2 1-hour 24-hour 0.25 ppm 

0.04 ppm 

75 ppb 

-- 

Pb 30-day Rolling 3-month 1.5 µg/m3 -- 

0.15 µg/m3 

Sulfates 24-hour 25 µg/m3 No federal standard 

Hydrogen sulfide 1-hour 0.03 ppm 
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Table 3.4-4. Ambient Air Quality Standards 

Air Pollutant Averaging Time California Standard National Standard 

Vinyl chloride 24-hour 0.01 ppm 

Visibility-reducing 
particles 

8-hour Extinction coefficient of 

0.23 per kilometer, 
visibility of 10 miles or 
more 

because of particles when 
relative humidity is less 
than 70 percent 

Source: CARB 2016 
Notes: 
CO – carbon monoxide; mean – annual arithmetic mean; NO2 – nitrogen dioxide; O3 – ozone; Pb – lead; PM2.5 – particulate 
matter less than 2.5 microns in diameter; PM10 - particulate matter less than 10 microns in diameter; ppb – parts per billion; 
ppm - parts per million; SO2 – sulfur dioxide; µg/m3 – micrograms per cubic meter 
 

Toxic Air Contaminants Regulation 

TAC sources include industrial processes, dry cleaners, gasoline stations, paint and solvent 
operations, and fossil fuel combustion sources. The TACs that are relevant to the implementation of  
the project include DPM and airborne asbestos. 

In August 1998, CARB identif ied DPM emissions from diesel-fueled engines as a TAC. In September 
2000, CARB approved a comprehensive diesel risk reduction plan to reduce emissions from both new 
and existing diesel fueled engines and vehicles. The goal of  the plan is to reduce diesel PM10 (inhalable 
particulate matter) emissions and the associated health risk by 75 percent in 2010 and by 85 percent 
by 2020. The plan identif ied 14 measures that target new and existing on-road vehicles (e.g., heavy 
duty trucks and buses, etc.), of f-road equipment (e.g., graders, tractors, forklifts, sweepers, and boats), 
portable equipment (e.g., pumps, etc.), and stationary engines (e.g., stand-by power generators, etc.).  

Tanner Air Toxics Act & Air Toxics “Hot Spots” Information and Assessment Act 

CARB’s Statewide comprehensive air toxics program was established in 1983 with AB 1807, the Toxic 
Air Contaminant Identif ication and Control Act (Tanner Air Toxics Act of  1983). AB 1807 created 
California's program to reduce exposure to air toxics and sets forth a formal procedure for CARB to 
designate substances as TACs. Once a TAC is identif ied, CARB adopts an airborne toxics control 
measure (ATCM) for sources that emit designated TACs. If  there is a safe threshold for a substance 
at which there is no toxic ef fect, the control measure must reduce exposure to below that threshold. If  
there is no safe threshold, the measure must incorporate toxics best available control technology to 
minimize emissions.  

CARB also administers the state’s mobile source emissions control program and oversees air quality 
programs established by state statute, such as AB 2588, the Air Toxics “Hot Spots” Information and 
Assessment Act of  1987. Under AB 2588, TAC emissions f rom individual facilities are quantif ied and 
prioritized by the air quality management district or air pollution control district. High priority facilities 
are required to perform a health risk assessment (HRA) and, if  specif ic thresholds are exceeded, 
required to communicate the results to the public in the form of  notices and public meetings. In 
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September 1992, the "Hot Spots" Act was amended by SB 1731, which required facilities that pose a 
signif icant health risk to the community to reduce their risk through a risk management plan. 

Regional 

Imperial County Air Pollution Control District 

The ICAPCD is the agency responsible for monitoring air quality, as well as planning, implementing, 
and enforcing programs designed to attain and maintain state and federal ambient air quality standards 
in the district. ICAPCD is responsible for regulating stationary sources of  air emissions in Imperial 
County. Stationary sources that have the potential to emit air pollutants into the ambient air are subject 
to the Rules and Regulations adopted by ICAPCD. ICAPCD is responsible for establishing stationary 
source permitting requirements and for ensuring that new, modif ied, or relocated stationary sources 
do not create net emission increases. Monitoring of  ambient air quality in Imperial County began in 
1976. Since that time, monitoring has been performed by ICAPCD, CARB, and by private industry. 
There are six monitoring sites in Imperial County f rom Niland to Calexico. The ICAPCD has developed 
the following plans to achieve attainment for air quality ambient standards. 

• 2009 Imperial County Plan for PM10. Imperial Valley is classif ied as nonattainment for federal 
and state PM10 standards. As a result, ICAPCD was required to develop a PM10 Attainment 
Plan. The f inal plan was adopted by ICAPCD on August 11, 2009 (ICAPCD 2009). 

• 2013 Imperial County Plan for 2006 24-hour PM2.5 for Moderate Nonattainment Area. U.S. 
EPA designated Imperial County as nonattainment for the 2006 24-hr PM2.5 standard, ef fective 
December 14, 2009. The 2013 PM2.5 SIP demonstrates attainment of  the 2006 PM2.5 NAAQS 
“but-for” transport of  international emissions f rom Mexicali, Mexico. The City of  Calexico, 
California shares a border with the City of  Mexicali. Effective July 1, 2014, the City of  Calexico 
was designated nonattainment, while the rest of  the SSAB was designated attainment 
(ICAPCD 2014). 

• 2017 Imperial County Plan for 2008 8-hour Ozone Standard. Because of  Imperial County’s 
“moderate” nonattainment status for 2008 federal 8-hour O3 standards, ICAPCD was required 
to develop an 8-hour Attainment Plan for Ozone (ICAPCD 2017a). The plan includes control 
measures which are an integral part of  how the ICAPCD currently controls the ROG and NOX 
emissions within the O3 nonattainment areas. The overall strategy includes programs and 
control measures which represent the implementation of  Reasonable Available Control 
Technology (40 CFR 51.912) and the assurance that stationary sources maintain a net 
decrease in emissions. 

• 2018 Imperial County Plan for PM10. Imperial Valley is classif ied as nonattainment for federal 
and state PM10 standards. The 2018 SIP maintained previously adopted fugitive dust control 
measures (Regulation VIII) that were approved in the Imperial County portion of the California 
SIP in 2013 (see above) (ICAPCD 2018a).  

• 2018 Imperial County Plan for PM2.5. U.S. EPA designated Imperial County as nonattainment 
for the 2018 24-hr PM2.5 standard. The 2018 PM2.5 SIP concluded that the majority of  the PM2.5 
emissions resulted f rom transport in nearby Mexico. Specif ically, the SIP demonstrates 
attainment of  the 2006 PM2.5 NAAQS “but for” transport of  international emissions f rom 
Mexicali, Mexico. In accordance with the CCAA, the PM2.5 SIP satisf ies the attainment 
demonstration requirement satisfying the provisions of the CCAA (ICAPCD 2018b). 
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In addition to the above plans, the ICAPCD is working cooperatively with counterparts f rom Mexico to 
implement emissions reductions strategies and projects for air quality improvements at the border. 
The two countries strive to achieve these goals through local input f rom states, county governments, 
and citizens. Within the Mexicali and Imperial Valley area, the Air Quality Task Force has been 
organized to address those issues unique to the border region known as the Mexicali/Imperial air shed. 
The Air Quality Task Force membership includes representatives f rom federal, State, and local 
governments f rom both sides of the border, as well as representatives f rom academia, environmental 
organizations, and the general public. This group was created to promote regional ef forts to improve 
the air quality monitoring network, emissions inventories, and air pollution transport modeling 
development, as well as the creation of  programs and strategies to improve air quality. 

Imperial County Air Pollution Control District Rules and Regulations 

ICAPCD has the authority to adopt and enforce regulations dealing with controls for specific types of 
sources, emissions or hazardous air pollutants, and New Source Review. The ICAPCD Rules and 
Regulations are part of  the SIP and are separately enforceable by the EPA. 

Rule 106 – Abatement. The Board may, af ter notice and a hearing, issue, or provide for the issuance 
by the Hearing Board, of  an order for abatement whenever the District f inds that any person is in 
violation of  the rules and regulations limiting the discharge of  air contaminants into the atmosphere. 

Rule 107 – Land Use. The purpose of  this rule is to provide ICAPCD the duty to review and advise 
the appropriate planning authorities within the District on all new construction or changes in land use 
which the Air Pollution Control Of ficer believes could become a source of  air pollution problems. 

Rule 201 – Permits Required. The construction, installation, modif ication, replacement, and 
operation of  any equipment which may emit or control Air Contaminants require ICAPCD permits. 

Rule 207 – New and Modified Stationary Source Review. Establishes preconstruction review 
requirements for new and modif ied stationary sources to ensure the operations of equipment does not 
interfere with attainment or maintenance of  ambient air quality standards.  

Rule 208 – Permit to Operate. The ICAPCD would inspect and evaluate the facility to ensure the 
facility has been constructed or installed and will operate to comply with the provisions of the Authority 
to Construct permit and comply with all applicable laws, rules, standards, and guidelines.  

Rule 310 – Operational Development Fee. The purpose of  this rule is to provide ICAPCD with a 
sound method for mitigating the emissions produced f rom the operation of  new commercial and 
residential development projects throughout the County of Imperial and incorporated cities. All project 
proponents have the option to either provide off-site mitigation, pay the operational development fee, 
or do a combination of both. This rule will assist ICAPCD in attaining the state and federal ambient air 
quality standards for PM10 and O3. 

Rule 401 – Opacity of Emissions. Sets limits for release or discharge of  emissions into the 
atmosphere, other than uncombined water vapor, that are dark or darker in shade as designated as 
No.1 on the Ringelmann Chart 1 or obscure an observer’s view to a degree equal to or greater than 
smoke does as compared to No.1 on the Ringelmann Chart, for a period or aggregated period of more 
than three minutes in any hour. 

 
1 The Ringelmann scale is a scale for measuring the apparent density or opacity of smoke. 
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Rule 403 – General Limitations on the Discharge of Air Contaminants. Rule 403 sets forth 
limitations on emissions of pollutants, including particulate matter, f rom individual sources. 

Rule 407 – Nuisance. Rule 407 prohibits a person f rom discharging f rom any source whatsoever such 
quantities of  air contaminants or other material which cause injury, detriment, nuisance or annoyance 
to any considerable number of  persons or to the public, or which endanger the comfort, repose, health 
or safety of  any such persons or the public, or which cause, or have a natural tendency to cause, injury 
or damage to business or property. 

Rule 801 – Construction and Earthmoving Activities. Rule 801 aims to reduce the amount of  PM10 
entrained in the ambient air as a result of  emissions generated f rom construction and other 
earthmoving activities by requiring actions to prevent, reduce, or mitigate PM10 emissions. This rule 
applies to any construction and other earthmoving activities, including, but not limited to, land clearing, 
excavation related to construction, land leveling, grading, cut and f ill grading, erection or demolition of 
any structure, cutting and f illing, trenching, loading or unloading of  bulk materials, demolishing, drilling, 
adding to or removing bulk of  materials f rom open storage piles, weed abatement through disking, 
back f illing, travel on-site and travel on access roads to and f rom the site. 

Regulation VIII – Fugitive Dust Rules. Regulation VIII sets forth rules regarding the control of  fugitive 
dust, including fugitive dust f rom construction activities. The regulation requires implementation of  
fugitive dust control measures to reduce emissions f rom earthmoving, unpaved roads, handling of  bulk 
materials, and control of track-out/carry-out dust from active construction sites. Best Available Control 
Measures to reduce fugitive dust during construction and earthmoving activities include but are not 
limited to: 

• Phasing of  work in order to minimize disturbed surface area 

• Application of water or chemical stabilizers to disturbed soils 

• Construction and maintenance of  wind barriers 

• Use of  a track-out control device or wash down system at access points to paved roads. 

Compliance with Regulation VIII is mandatory for all construction sites, regardless of  size; however, 
compliance with Regulation VIII does not constitute mitigation under the reductions attributed to 
environmental impacts. In addition, compliance for a project includes: (1) the development of  a dust 
control plan for the construction and operational phase; and (2) notif ication to the Air District is required 
10 days prior to the commencement of  any construction activity. Furthermore, any use of  engine(s) 
and/or generator(s) of  50 horsepower or greater may require a permit through ICAPCD. 

Southern California Association of Governments – 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy 

The Southern California Association of Governments (SCAG) is the designated metropolitan planning 
organization for Los Angeles, Ventura, Orange, San Bernardino, Riverside, and Imperial Counties. 
CEQA requires that regional agencies like SCAG review projects and plans throughout its jurisdiction. 
SCAG, as the region’s “Clearinghouse,” collects information on projects of varying size and scope to 
provide a central point to monitor regional activity. SCAG has the responsibility of  reviewing dozens 
of  projects, plans, and programs every month. Projects and plans that are regionally signif icant must 
demonstrate to SCAG their consistency with a range of  adopted regional plans and policies.  

On September 3, 2020, SCAG adopted the 2020-2045 Regional Transportation Plan/Sustainable 
Communities Strategy (RTP/SCS) (SCAG 2020). The RTP/SCS or “Connect SoCal” includes a strong 

PC ORIGINAL PKG



3.4 Air Quality 
Draft EIR | Brawley Solar Energy Facility Project 

3.4-12 | December 2021 Imperial County 

commitment to reduce emissions from transportation sources to comply with Senate Bill 375, improve 
public health, and meet the NAAQS as set forth by the federal CAA. The following SCAG goal is 
applicable to the project:  

• Reduce greenhouse gas emissions and improve air quality. 

Imperial County General Plan 

The Imperial County General Plan serves as the overall guiding policy for the County. The 
Conservation and Open Space Element includes objectives for helping the County achieve the goal 
of  improving and maintaining the quality of  air in the region. Table 3.4-5 summarizes the project’s 
consistency with the applicable air quality goal and objectives from the Conservation and Open Space 
Element. While this EIR analyzes the project’s consistency with the General Plan pursuant to State 
CEQA Guidelines Section 15125(d), the Imperial County Board of  Supervisors ultimately determines 
consistency with the General Plan.  

Table 3.4-5. Project Consistency with Applicable Plan Policies 

Applicable Policies 
Consistency 

Determination Analysis 

Conservation and Open Space Element 

Protection of Air Quality and Addressing 
Climate Change Goal 7: The County shall 
actively seek to improve the quality of air 
in the region.  

Consistent The proposed project would be required to 
comply with all applicable ICAPCD rules and 
requirements during construction and operation 
to reduce air emissions. Overall, the proposed 
project would improve air quality and reduce 
GHG emissions by reducing the amount of 
emissions that would be generated in 
association with electricity production from fossil 
fuel burning facilities. Therefore, the proposed 
project is consistent with this goal.  

Objective 7.1: Ensure that all project and 
facilities comply with current Federal, 
State and local requirements for 
attainment of air quality objectives. 

Consistent The proposed project would comply with current 
federal and State requirements for attainment for 
air quality objectives through conformance with 
all applicable ICAPCD rules and requirements to 
reduce fugitive dust and emissions. Further, the 
project would comply with the ICAPCD Air 
Quality CEQA Handbook’s Mandatory Standard 
Measures (Applicant Proposed Measure AQ-1). 
Therefore, the proposed project is consistent 
with this objective.  

Objective 7.2: Develop management 
strategies to mitigate fugitive dust. 
Cooperate with all federal and state 
agencies in the effort to attain air quality 
objectives. 

Consistent The Applicant would cooperate with all federal 
and State agencies in the effort to attain air 
quality objectives through compliance with the 
ICAPCD Air Quality CEQA Handbook’s 
Mandatory Standard Measures (Applicant 
Proposed Measure AQ-1). Therefore, the 
proposed project is consistent with this objective.  

Source: County of Imperial 2016 
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3.4.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to air quality, 
the methodology employed for the evaluation, an impact evaluation, and mitigation requirements, if  
necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to air quality are considered 
signif icant if  any of the following occur: 

• Conf lict with or obstruct implementation of the applicable air quality plan 

• Result in a cumulatively considerable net increase of  any criteria pollutant for which the project 
region is non-attainment under an applicable federal or state ambient air quality standard 
(including releasing emissions which exceed quantitative thresholds for O3 precursors) 

• Expose sensitive receptors to substantial pollutant concentrations 

• Result in other emissions (such as those leading to odors) adversely af fecting a substantial 
number of  people  

Imperial County Air Pollution Control District 

ICAPCD amended the Air Quality Handbook: Guidelines for the Implementation of CEQA on 
December 12, 2017 (ICAPCD 2017b). ICAPCD established signif icance thresholds based on the state 
CEQA thresholds. The handbook was used to determine the proper level of  analysis for the project. 

OPERATIONS 

Air quality analyses should compare all operational emissions of  a project, including motor vehicle, 
area source, and stationary or point sources to the thresholds in Table 3.4-6. Projects can be classified 
as either Tier 1 or Tier 2 projects, depending on the project’s operational emissions. As shown in Table 
3.4-6, Tier 1 projects are projects that emit less than 137 pounds per day of  nitrogen oxide (NOx) or 
reactive organic gases (ROGs); less than 150 pounds per day of  PM10 or SOx; or less than 550 
pounds per day of  CO or PM2.5.  

Tier 1 projects are not required to develop a Comprehensive Air Quality Analysis Report or an EIR, 
and require the implementation of  all feasible mitigation measures listed in Section 7.2 of  the 
ICAPCD’s Air Quality Handbook (ICAPCD 2017b). Alternatively, Tier 2 projects are projects that emit 
137 pounds per day of  NOx or ROG or greater; 150 pounds per day of PM10 or SOx or greater; or 550 
pounds per day of  CO or PM2.5 or greater. Tier 2 projects are required to develop a Comprehensive 
Air Quality Analysis Report at a minimum, and are required to implement all standard mitigation 
measures as well as all feasible discretionary mitigation measures listed in Sections 7.2 and 7.3 of  the 
ICAPCD’s Air Quality Handbook (ICAPCD 2017b). 

Table 3.4-6. Imperial County Air Pollution Control District Significance Thresholds for 
Operation 

Criteria Pollutant Tier 1 Thresholds Tier 2 Thresholds 

NOx and ROG Less than 137 pounds per day 137 pounds per day and greater 
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Table 3.4-6. Imperial County Air Pollution Control District Significance Thresholds for 
Operation 

Criteria Pollutant Tier 1 Thresholds Tier 2 Thresholds 

PM10 and SO2 Less than 150 pounds per day 150 pounds per day and greater 

CO and PM2.5 Less than 550 pounds per day 550 pounds per day and greater 

Level of Significance Less than Significant Significant Impact 

Source: ICAPCD 2017b 
CO – carbon monoxide; NOx – nitrogen oxide; O3 – ozone; Pb – lead; PM2.5 – particulate matter less than 2.5 microns in 
diameter; PM10 - particulate matter less than 10 microns in diameter; ROG - reactive organic gas; SOx – sulfur oxide 

CONSTRUCTION 

For construction projects, the Air Quality Handbook indicates that the signif icance threshold for NOx 
is 100 pounds per day and for ROG is 75 pounds per day. As discussed in the ICAPCD’s Air Quality 
Handbook, the approach to evaluating construction emissions should be qualitative rather than 
quantitative. In any case, regardless of  the size of  the project, the standard mitigation measures for 
construction equipment and fugitive PM10 must be implemented at all construction sites. The 
implementation of  discretionary mitigation measures, as listed in Section 7.1 of  the ICAPCD’s Air 
Quality Handbook, apply to those construction sites that are 5 acres or more for non-residential 
developments or 10 acres or more in size for residential developments. The mitigation measures 
found in Section 7.1 of  the ICAPCD’s handbook are intended as a guide of  feasible mitigation 
measures and are not intended to be an all-inclusive comprehensive list of all mitigation measures. 
Table 3.4-7 presents the construction emission thresholds that are identif ied by ICAPCD. 

Table 3.4-7. Imperial County Air Pollution Control District Significance Thresholds 
for Construction Activities 

Pollutant Thresholds 

PM10 150 pounds per day 

ROG 75 pounds per day 

NOX 100 pounds per day 

CO 550 pounds per day 

Source: ICAPCD 2017b 

CO – carbon monoxide; NOx – nitrogen oxide; PM10 - particulate matter less than 10 microns in diameter; ROG - reactive 
organic gas 

Diesel Toxic Risk Thresholds 

There are inherent uncertainties in risk assessment with regard to the identif ication of compounds 
as causing cancer or other health ef fects in humans, the cancer potencies and reference exposure 
levels of  compounds, and the exposure that individuals receive. It is common practice to use 
conservative (health protective) assumptions with respect to uncertain parameters. The 
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uncertainties and conservative assumptions must be considered when evaluating the results of  risk 
assessments. 

There is debate as to the appropriate levels of  risk assigned to diesel particulates. The U.S. EPA 
has not yet declared diesel particulates as a toxic air contaminant. Using the CARB threshold, a 
risk concentration of  one in one million (1:1,000,000) per micrograms per cubic meter (µg/m3) of  
continuous 70-year exposure is considered less than signif icant. 

Methodology 
The analysis criteria for air quality impacts are based on the approach and methods discussed in the 
ICAPCD’s Air Quality Handbook. The proposed project would result in both short-term and long-term 
emissions of  air pollutants associated with construction and operation of the proposed project.  

Construction emissions would include exhaust f rom the operation of  conventional construction 
equipment, on-road emissions f rom employee vehicle trips and haul truck trips, fugitive dust as a result 
of  grading, and vehicle travel on paved and unpaved surfaces.  

Once fully constructed, the proposed project would be operated on an unstaf fed basis and be 
monitored remotely f rom the Brawley Geothermal Power Plant control room, with periodic on-site 
personnel visitations for security, maintenance and system monitoring. Therefore, no full-time site 
personnel would be required on-site during operations and employees would only be on-site up to four 
times per year to wash the panels. As the project’s PV arrays produce electricity passively, 
maintenance requirements are anticipated to be very minimal. Any required planned maintenance 
activities would generally consist of  equipment inspection and replacement and would be scheduled 
to avoid peak load periods. Any unplanned maintenance would be responded to as needed, depending 
on the event. Operational emissions would include vehicle trips f rom employees who commute to and 
f rom the project site (i.e., to control site operation and perform equipment maintenance). 

The ICAPCD’s Air Quality Handbook establishes aggregate emission calculations for determining the 
potential signif icance of a project. In the event that the emissions exceed the established thresholds 
(Table 3.4-6 and Table 3.4-7), air dispersion modeling may be conducted to assess whether the 
project results in an exceedance of  an air quality standard.  

An air quality technical report was prepared by Vista Environmental (Appendix C of  this EIR). This  
report was used in the evaluation of  project-related construction and operational air quality impacts. 
The emissions of  criteria air pollutants were estimated using methodologies recommended by the 
ICAPCD. Where criteria air pollutant quantif ication was required, emissions were modeled using the 
California Emissions Estimator Model (CalEEMod), version 2020.4.0. 2 Project construction-generated 
air pollutant emissions were calculated using CalEEMod model defaults, with some ref inements, for 
Imperial County as well as timing and equipment identif ied by the project proponent. The following On-
Road Fugitive Dust construction parameters were revised in the CalEEMod model: (1) The percent 
on-road pavement was changed to 85 percent to account for Best Avenue that is adjacent to the 
project site being paved; and (2) The Material Silt Content was changed to 3 percent in order to 
account for ICAPCD Rule 805 F.1.c that requires the installation of  gravel or other low silt material 
with less than 5 percent silt content on all onsite roads. Operational air pollutant emissions were based 
on the project site plan. Associated emissions calculations and assumptions are included in Appendix 
C of  this EIR. 

 
2 CalEEMod is a statewide land use emissions computer model designed to quantify potential criteria 

pollutant emissions associated with both construction and operations from a variety of land use projects. 
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The air quality impacts are mainly attributable to construction phases of  the project, including site 
preparation, facility installation, and gen-tie and site restoration. Operational impacts include 
inspection and maintenance operations, which includes washing of  the solar panels. 

Impact Analysis  

Impact 3.4-1 Would the project conflict with or obstruct implementation of the applicable 
air quality plan? 

The air quality attainment plan (AQAP) for the SSAB, through the implementation of  the air quality 
management plan (AQMP) (previously AQAP) and SIP for PM10, sets forth a comprehensive program 
that will lead the SSAB into compliance with all federal and state air quality standards. The AQMP 
control measures and related emission reduction estimates are based upon emissions projections for 
a future development scenario derived f rom land use, population, and employment characteristics 
def ined in consultation with local governments. Conformance with the AQMP for development projects 
is determined by demonstrating compliance with local land use plans and/or population projections, 
meeting the land use designation set forth in the local General Plan, and comparing assumed 
emissions in the AQMP to proposed emissions.  

The project must demonstrate compliance with all ICAPCD applicable rules and regulations, as well 
as local land use plans and population projections. As the project does not contain a residential 
component, the project would not result in an increase in the regional population. While the project 
would contribute to energy supply, which is one factor of population growth, the proposed project is a 
solar energy project and would not signif icantly increase employment or growth within the region. 
Moreover, development of  the proposed project would increase the amount of  renewable energy and 
help California meet its RPS.  

As shown in Table 3.4-5, the project is consistent with the applicable air quality goal and objectives 
f rom the Conservation and Open Space Element of  the General Plan. The proposed project would be 
required to comply with all applicable ICAPCD rules and requirements during construction and 
operation to reduce air emissions. Overall, the proposed project would improve air quality by reducing 
the amount of  emissions that would be generated in association with electricity production f rom fossil 
fuel burning facilities.  

Furthermore, the thresholds of  signif icance adopted by the air district (ICAPCD), determine 
compliance with the goals of  the attainment plans in the region. As such, emissions below the ICAPCD 
regional mass daily emissions thresholds presented in Table 3.4-6 and Table 3.4-7 would not conf lict 
with or obstruct implementation of the applicable air quality plans. The following analysis is broken out 
by a discussion of potential impacts during construction of  the project followed by a discussion of  
potential impacts during operation of the project.   

Construction Emissions. Air emissions are generated during construction through activities. Two  
basic sources of  short-term emissions will be generated through project construction: operation of  
heavy-duty equipment (i.e., excavators, loaders, haul trucks) and the creation of  fugitive dust during 
clearing and grading. Construction activities such as excavation and grading operations, construction 
vehicle traf f ic, and wind blowing over exposed soils would generate exhaust emissions and fugitive 
PM emissions that af fect local air quality at various times during construction. Construction emissions 
vary f rom day-to-day depending on the number of  workers, number, and types of  active heavy-duty 
vehicles and equipment, level of  activity, the prevailing meteorological conditions, and the length over 
which these activities occur.  
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The proposed project is anticipated to take approximately 8 months f rom the commencement of  the 
construction process to complete. Construction activities would primarily involve demolition and 
grubbing, grading of  the project site to establish access roads and pads for electrical equipment, 
trenching for underground electrical collection lines, and the installation of  solar equipment and 
security fencing. The construction emissions were calculated using the CARB-approved CalEEMod 
computer program, which is designed to model emissions for land use development projects, based 
on typical construction requirements. Table 3.4-8 shows the maximum summer or winter daily 
emissions for each year of  construction activities for the proposed project with implementation of  
ICAPCD’s standard measures for fugitive dust (PM10) control and standard mitigation measures for 
construction combustion equipment f rom the ICAPCD’s CEQA Air Quality Handbook (ICAPCD 
2017b). These standard mitigation measures are identif ied in Applicant Proposed Measure (APM) AQ-
1.    

As shown in Table 3.4-8, with implementation of  APM AQ-1, the project’s daily construction emissions 
would not exceed the ICAPCD thresholds for ROG, NOx, CO, SO2, PM10, and PM2.5. Although the 
proposed project would not exceed the ICAPCD threshold for NOx, the project applicant would 
implement APM AQ-2, which requires the construction equipment list to be submitted periodically to 
ICAPCD to perform a NOx analysis to verify that equipment use does not exceed signif icance 
thresholds. To further reduce dust emissions during project construction, the project applicant will 
implement APM AQ-3, which limits the speed of  all vehicles operating onsite on dirt roads to 15 miles 
per hour or less. Implementation of  APM AQ-1 through AQ-3 would provide reduction strategies to 
further improve air quality and ensure that this potential impact would remain less than signif icant. 

Table 3.4-8. Project Construction-Generated Emissions with Implementation of Imperial 
County Air Pollution Control District’s Standard Measures for Fugitive Dust (PM10) 
Control and Standard Mitigation Measures for Construction Combustion Equipment 

Construction Year 

Pollutant (pounds per day) 

ROG NOx CO SO2 PM10 PM2.5 

2021 6.11 51.82 39.73 0.08 67.20 12.54 

2022 4.57 39.74 36.41 0.12 128.90 14.44 

Maximum Daily Emissions 6.11 51.82 39.73 0.12 128.90 14.44 

ICAPCD Significance 
Threshold 

75 100 550 — 150 — 

Exceed ICAPCD 
Significance Threshold? 

No No No No No No 

Source: Appendix C of this EIR   

Operational Emissions. The proposed project requires minimal operations and maintenance 
activities conducted by two employees. Project-generated increases in emissions would be 
predominately associated with motor vehicle use for routine maintenance work and site security as 
well as panel upkeep and cleaning. Long-term operational emissions attributable to the project are 
identif ied in Table 3.4-9 and compared to the operational signif icance thresholds promulgated by the 
ICAPCD.  
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Table 3.4-9. Project Operational Emissions 

Activity 

Pollutant (pounds per day) 

ROG NOx CO SO2 PM10 PM2.5 

Area Sources1 5.35 0.00 0.04 0.00 0.00 0.00 

Energy Usage2 0.00 0.00 0.00 0.00 0.00 0.00 

Mobile Sources3 0.17 0.18 1.31 0.00 2.35 0.27 

Backup Generator4 0.05 0.17 0.18 0.00 0.01 0.01 

Total Emissions 5.57 0.35 1.53 0.00 2.35 0.28 

ICAPCD 
Significance 
Threshold 

137 137 150 550 550 150 

Exceed ICAPCD 
Significance 
Threshold? 

No No No No No No 

Source: Appendix C of this EIR   
Notes:  
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 

As shown in Table 3.4-9, the project’s operational emissions would not exceed the ICAPCD thresholds 
for CO, ROG, NOx, PM10 and PM2.5. The proposed project will be required to implement all of  the 
ICAPCD Regulation VIII, fugitive dust control measures during construction and operation of  the 
proposed project. Furthermore, any stationary sources of  emissions operated on site will be required 
to adhere to ICAPCD Rule 207, New and Modif ied Stationary Source Review and Rule 201 that require 
permits to construct and operate stationary sources.  Although no signif icant air quality impact would 
occur during operation, the project applicant is required to submit a Dust Suppression Management 
Plan for both construction and operation in order to reduce fugitive dust emissions. Implementation of 
APM AQ-4 through AQ-6 would ensure that a Dust Suppression Management Plan is implemented, 
thereby ensuring that this potential impact would remain less than signif icant. To further reduce dust 
emissions during operation of the project, the project applicant will implement APM AQ-3, which limits 
the speed of  all vehicles operating onsite on dirt roads to 15 miles per hour or less. 

As described above, conformance with the AQMP for development projects is determined by 
demonstrating compliance with local land use plans and/or population projections and comparing 
assumed emissions in the AQMP to proposed emissions. Because the proposed project complies with 
local land use plans and population projections and would not exceed ICAPCD’s regional mass daily 
emissions thresholds during construction and operation, the proposed project would not conflict with 
or obstruct implementation of the applicable air quality plan. This is considered a less than signif icant 
impact. 
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Applicant Proposed Measure(s) 
AQ-1 Fugitive Dust Control. Pursuant to ICAPCD, all construction sites, regardless of size, 

must comply with the requirements contained within Regulation VIII – Fugitive Dust 
Control Measures. ICAPCD will verify implementation and compliance with these 
measures as part of  the grading permit review/approval process. 

 ICAPCD Standard Measures for Fugitive Dust (PM10) Control 

• All disturbed areas, including bulk material storage, which is not being actively 
utilized, shall be ef fectively stabilized and visible emissions shall be limited to no 
greater than 20 percent opacity for dust emissions by using water, chemical 
stabilizers, dust suppressants, tarps, or other suitable material, such as vegetative 
ground cover. 

• All on-site and of fsite unpaved roads will be ef fectively stabilized, and visible 
emissions shall be limited to no greater than 20 percent opacity for dust emissions 
by paving, chemical stabilizers, dust suppressants, and/or watering. 

• All unpaved traf f ic areas 1 acre or more with 75 or more average vehicle trips per 
day will be ef fectively stabilized and visible emissions shall be limited to no greater 
than 20 percent opacity for dust emissions by paving, chemical stabilizers, dust 
suppressants, and/or watering. 

• The transport of  bulk materials shall be completely covered unless 6 inches of  
f reeboard space f rom the top of  the container is maintained with no spillage and 
loss of  bulk material. In addition, the cargo compartment of all haul trucks is to be 
cleaned and/or washed at delivery site af ter removal of  bulk material. 

• All track-out or carry-out will be cleaned at the end of  each workday or immediately 
when mud or dirt extends a cumulative distance of  50 linear feet or more onto a 
paved road within an urban area. 

• Movement of  bulk material handling or transfer shall be stabilized prior to handling 
or at points of  transfer with application of  sufficient water, chemical stabilizers, or 
by sheltering or enclosing the operation and transfer line. 

• The construction of  any new unpaved road is prohibited within any area with a 
population of  500 or more unless the road meets the def inition of  a temporary 
unpaved road. Any temporary unpaved road shall be ef fectively stabilized, and 
visible emissions shall be limited to no greater than 20 percent opacity for dust 
emission by paving, chemical stabilizers, dust suppressants, and/or watering. 

Standard Mitigation Measures for Construction Combustion Equipment 

• Use of  alternative fueled or catalyst equipped diesel construction equipment, 
including all of f -road and portable diesel-powered equipment. 

• Minimize idling time either by shutting equipment of f  when not in use or reducing 
the time of  idling to 5 minutes as a maximum. 

• Limit, to the extent feasible, the hours of  operation of  heavy-duty equipment and/or 
the amount of  equipment in use. 
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• When commercially available, replace fossil fueled equipment with electrically 
driven equivalents (provided they are not run via a portable generator set). 

AQ-2 Construction Equipment. Construction equipment shall be equipped with an engine 
designation of  EPA Tier 2 or better (Tier 2+). A list of  the construction equipment, 
including all of f-road equipment utilized at each of  the projects by make, model, year, 
horsepower and expected/actual hours of  use, and the associated EPA Tier shall be 
submitted to the County Planning and Development Services Department and 
ICAPCD prior to the issuance of  a grading permit. The equipment list shall be 
submitted periodically to ICAPCD to perform a NOx analysis. ICAPCD shall utilize this 
list to calculate air emissions to verify that equipment use does not exceed signif icance 
thresholds. The Planning and Development Services Department and ICAPCD shall 
verify implementation of  this measure.  

AQ-3 Speed Limit. During construction and operation of the proposed project, the applicant 
shall limit the speed of  all vehicles operating onsite on dirt roads to 15 miles per hour 
or less. 

AQ-4 Dust Suppression. The project applicant shall employ a method of  dust suppression 
(such as water or chemical stabilization) approved by ICAPCD. The project applicant 
shall apply chemical stabilization as directed by the product manufacturer to control 
dust between the panels as approved by ICAPCD, and other non-used areas 
(exceptions will be the paved entrance and parking area, and Fire Department 
access/emergency entry/exit points as approved by Fire/Of fice of Emergency Services 
[OES] Department). 

AQ-5 Dust Suppression Management Plan. Prior to any earthmoving activity, the applicant 
shall submit a construction dust control plan and obtain ICAPCD and Imperial County 
Planning and Development Services Department (ICPDS) approval.   

AQ-6 Operational Dust Control Plan. Prior to issuance of  a Certif icate of  Occupancy, the 
applicant shall submit an operations dust control plan and obtain ICAPCD and ICPDS 
approval.  

ICAPCD Rule 301 Operational Fees apply to any project applying for a building permit. 
At the time that building permits are submitted for the proposed project, ICAPCD shall 
review the project to determine if  Rule 310 fees are applicable to the project.   

Mitigation Measure(s) 
No mitigation measures are required. 

Significance After Mitigation 

Although the proposed project would not exceed ICAPCD’s signif icance thresholds, APM AQ-1 
through AQ-6 would provide additional reduction strategies to further improve air quality and 
reductions in criteria pollutants (O3 precursors) and ensure that this potential impact would remain less 
than signif icant. Given the above, the proposed project would not conf lict with implementation of  
applicable air quality plans, and impacts would be less than signif icant impact. 

Impact 3.4-2 Would the project result in a cumulatively considerable net increase of any 
criteria pollutant for which the project region is non-attainment under an 
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applicable federal or state ambient air quality standard (including releasing 
emissions which exceed quantitative thresholds for O3 precursors)? 

As shown in Table 3.4-2, the criteria pollutants for which the project area is in State non-attainment 
under applicable air quality standards are O3 and PM10. The ICAPCD’s application of  thresholds of  
signif icance for criteria air pollutants is relevant to the determination of  whether a project’s individual 
emissions would have a cumulatively signif icant impact on air quality. As discussed above in Impact 
3.4-1, the emissions of  criteria pollutants f rom project construction and operation activities are below 
the ICAPCD thresholds of  signif icance. Furthermore, the proposed project will be required to 
implement all of  the ICAPCD Regulation VIII, fugitive dust control measures during construction and 
operation of  the proposed project. Furthermore, any stationary sources of  emissions operated on site 
will be required to adhere to ICAPCD Rule 207, New and Modif ied Stationary Source Review and Rule 
201 that require permits to construct and operate stationary sources. Therefore, the project’s potential 
to result in a cumulatively considerable net increase of  any criteria pollutant is considered less than 
signif icant. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.4-3 Would the project expose sensitive receptors to substantial pollutant 
concentrations? 

The nearest sensitive receptors to the project site include the following: 

• Single-family homes approximately 40 feet to the north side of  the project site, located near 
the northwest corner of  the project site.   

• Single-family residence on the east side of  N Best Avenue, located near the northeast corner 
of  the project site 

• Single-family residence on the east side of  N Best Avenue, located across the proposed 
project’s primary access road 

• Two single-family residences located at the northeast corner of  the intersection of  N Best 
Avenue and Ward Road 

• Single-family residence (with a horse boarding/training facility) on the west side of  N Best 
Avenue, located south of the project site)      

The ICAPCD CEQA Guidelines detail that any development project that is located within close 
proximity to sensitive receptors and where the proposed project either 1) Has the potential to emit 
toxic or hazardous pollutant; or 2) Exceeds the ICAPCD criteria pollutant thresholds for construction 
and operation of  the proposed project.  In addition, any proposed industrial or commercial project 
located within 1,000 feet of  a school must be referred to the ICAPCD for review. 

As discussed above in Impact 3.4-1, the proposed project would not exceed the ICAPCD criteria 
pollutant threshold f rom either construction or operation of  the proposed project.  However, 
construction and operation of  the proposed project would have the potential to emit TAC emissions, 
which have been analyzed separately below. 

Toxic Air Contaminants Impacts from Construction. The greatest potential for toxic air contaminant 
emissions would be related to diesel particulate matter (DPM) emissions associated with heavy 
equipment operations during construction of the proposed project.  According to CARB methodology, 
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health ef fects f rom carcinogenic air toxics are usually described in terms of  “individual cancer risk.” 
“Individual Cancer Risk” is the likelihood that a person exposed to concentrations of  toxic air 
contaminants over a 70-year lifetime will contract cancer, based on the use of  standard risk-
assessment methodology. It should be noted that the most current cancer risk assessment 
methodology recommends analyzing a 30-year exposure period for the nearby sensitive receptors. 

Given the relatively limited number of  heavy-duty construction equipment, the varying distances that 
construction equipment would operate to the nearby sensitive receptors, and the short-term 
construction schedule, the proposed project would not result in a long-term (i.e., 30 or 70 years) 
substantial source of  toxic air contaminant emissions and corresponding individual cancer risk.  In 
addition, California Code of  Regulations Title 13, Article 4.8, Chapter 9, Section 2449 regulates 
emissions f rom off-road diesel equipment in California.  This regulation limits idling of equipment to no 
more than f ive minutes, requires equipment operators to label each piece of  equipment and provide 
annual reports to CARB of  their f leet’s usage and emissions.  This regulation also requires systematic 
upgrading of  the emission Tier level of  each f leet, and currently no commercial operator is allowed to 
purchase Tier 0 or Tier 1 equipment and by January 2023 no commercial operator is allowed to 
purchase Tier 2 equipment.  In addition to the purchase restrictions, equipment operators need to 
meet f leet average emissions targets that become more stringent each year between years 2014 and 
2023.  By January 2022, 50 percent or more of  all contractors’ equipment f leets must be Tier 2 or 
higher. Therefore, no signif icant short-term toxic air contaminant impacts would occur during 
construction of  the proposed project.  As such, construction of the proposed project would result in a 
less than signif icant exposure of  sensitive receptors to substantial pollutant concentrations. 

Operations-Related Sensitive Receptor Impacts. The proposed project would consist of  the 
development of a solar facility with a BESS and a substation.  Although the proposed solar PV panels, 
the lithium batteries utilized in the BESS, and the transformers utilized in the substation are made with 
toxic materials, only a negligible amount of  TAC emissions are emitted f rom of f-gassing f rom the PV 
panels, which would not create TAC concentrations high enough to create a signif icant cancer risk 
f rom TAC emissions.  In addition, the proposed project would include a backup diesel generator, which 
would emit DPM emissions, which is categorized as a TAC.  The backup diesel generator would be 
located in the southwest portion of  the project site, where the nearest of fsite sensitive receptor is a 
home on the east side of  Best Avenue located approximately 1,900 feet to the east.  Due to the 
distance that the nearest sensitive receptor, a less than signif icant TAC impact would occur f rom the 
backup diesel generator.  Therefore, a less than signif icant TAC impact would occur during the on-
going operations of the proposed project.  

In summary, construction and operation of the proposed project would result in a less than signif icant 
exposure of  sensitive receptors to substantial pollutant concentrations. 

Mitigation Measure(s) 
No mitigation measures are required. 

Impact 3.4-4 Would the project result in other emissions (such as those leading to odors) 
adversely affecting a substantial number of people? 

An odor impact depends on numerous factors, including the nature, f requency, and intensity of  the 
source; wind speed and direction; and the sensitivity of  the receptors. While of fensive odors rarely 
cause any physical harm, they still can be very unpleasant, leading to considerable distress among 
the public and of ten generating citizen complaints to local governments and regulatory agencies.   
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Among possible physical harms is inhalation of  VOCs that cause smell sensations in humans. These 
odors can af fect human health in four primary ways:  

• The VOCs can produce toxicological ef fects 

• The odorant compounds can cause irritations in the eye, nose, and throat 

• The VOCs can stimulate sensory nerves that can cause potentially harmful health ef fects 

• The exposure to perceived unpleasant odors can stimulate negative cognitive and emotional 
responses based on previous experiences with such odors 

Land uses commonly considered to be potential sources of  odorous emissions include wastewater 
treatment plants, sanitary landf ills, food processing facilities, chemical manufacturing plants, rendering 
plants, paint/coating operations, and concentrated agricultural feeding operations and dairies. The 
construction and operation of a solar farm is not an odor producer.   

Potential sources that may emit odors during construction activities include the application of coatings 
such as asphalt pavement, paints and solvents and f rom emissions f rom diesel equipment.  The 
project would comply with standard construction requirements which include limitations of  when 
construction may occur. Furthermore, the proposed project would be required to adhere to ICAPCD 
Rule 407 which limits the discharge of  any emissions that create odors in quantities that may cause a 
nuisance or annoyance to any considerable number of persons.  As such, the objectionable odors that 
may be produced during the construction process would be temporary and would not likely be 
noticeable for extended periods of  time beyond the project site’s boundaries.  Through compliance 
with the applicable regulations that reduce odors and due to the transitory nature of  construction odors, 
a less than signif icant odor impact would occur and no mitigation would be required. 

The proposed project would consist of the development of  a solar energy facility, which does not 
include any components that are a known sources of  odors. Therefore, a less than signif icant odor 
impact would occur and no mitigation would be required. 

Mitigation Measure(s) 
No mitigation measures are required. 

3.4.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. Similar to construction activities, decommissioning and restoration of the project site 
would generate air emissions. A summary of  the daily construction emissions for the project is provided 
in Table 3.4-8. Solar equipment has a lifespan of  approximately 20 to 25 years. The emissions f rom 
on- and of f-road equipment during decommissioning are expected to be signif icantly lower than project 
construction emissions, as the overall activity would be anticipated to be lower than project 
construction activity. No signif icant air quality impacts are anticipated during decommissioning and 
restoration of  the project site. However, all construction projects within Imperial County must comply 
with the requirements of  ICAPCD Regulation VIII for the control of  fugitive dust. Furthermore, any 
stationary sources of  emissions operated on site will be required to adhere to ICAPCD Rule 207, New 
and Modif ied Stationary Source Review and Rule 201 that require permits to construct and operate 
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stationary sources. Therefore, a less than signif icant impact is identified during decommissioning and 
site restoration of  the project site. 

Residual 
The proposed project would not result in short-term signif icant air quality impacts during construction. 
Operation of  the project, subject to the approval of  a CUP, would be consistent with applicable federal, 
state, regional, and local plans and policies. The project would not result in any residual operational 
signif icant and unavoidable impacts with regards to air quality. 
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3.5 Biological Resources 
This section identif ies the biological and aquatic jurisdictional resources that may be impacted by the 
proposed Brawley Solar Energy Project. The following identif ies the existing biological and 
jurisdictional resources in the project area, analyzes potential impacts of  the proposed project, and 
recommends mitigation measures to avoid or reduce potential impacts of  the proposed project. The 
information for this section is summarized f rom the Biological Technical Report for the Brawley Solar 
Project prepared by Chambers Group Inc. (Appendix D of  this EIR) 

As part of  the Biological Resources Technical Report, Chambers Group Inc. conducted a literature 
review, desktop survey, and biological reconnaissance survey of  the project site to document the 
existing biological resources, to assess the habitat for its potential to support sensitive plant and wildlife 
species, and to determine the potential impacts of the projects on biological resources.  

For the purposes of  this EIR, the term project survey area refers to the project site’s boundaries, the 
area immediately along the proposed gen-tie line along Andre Road, and a portion of  the existing 
North Brawley Geothermal Power Plant substation where the gen-tie line would interconnect.  

3.5.1 Existing Conditions 

Vegetation Communities and Land Cover Types  
Nine vegetation communities were observed within the project survey area. The acreage of  each 
vegetation community and land cover type within the project survey area is summarized in Table 3.5-1 
and depicted in Figure 3.5-1. The majority of  vegetation communities and land cover types mapped 
within the project survey area consisted of agriculture and bare ground.  

Table 3.5-1. Vegetation Communities or Land Cover Types within the Project Survey 
Area 

Vegetation Community or Land Cover Type Acres within Project Survey Areaa 

Quail Bush Scrub* 4.86 

Agricultural 91.96 

Bare Ground 148.07 

Developed 4.40 

Disturbed 6.38 

Bush Seepweed Scrub* 3.52 

Arrow Weed Thickets* 6.23 

Ornamental  1.87 

Tamarisk Thickets 5.16 

Project Survey Area Total 272.45 

Source: Appendix D of this EIR 
a Vegetation and land cover type acreages are rounded to the nearest hundredth acre. 
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Figure 3.5-1. Vegetation Communities and Land Cover Types in the Project Survey Area 
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Detailed descriptions of the applicable vegetation communities and land cover types occurring within 
the project survey area are described below.  

QUAIL BUSH SCRUB 

Quail bush scrub is dominated by quail bush with scattered bush seepweed (Sueda nigra) present in 
areas where the habitat gently slopes into more alkaline soils. The shrub layer is thick and continuous 
with a nonexistent herbaceous layer. Stands occur in areas where less alkaline or saline soils are 
present, favoring clay soils and more consistent topography where water does not accumulate easily. 
Plant species observed within the project site included bush seepweed, big saltbush, and spiny 
chlorocantha (Chloracantha spinosa). 

AGRICULTURAL 

Large swaths of  the project site consist of  plots of agricultural f ields that are no longer in use. Bermuda 
grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) seedlings in lower 
numbers. Agricultural f ields are similar to Bare Ground habitat where areas have higher water 
permeability and higher fossorial rodent habitat potential.  

Mexican palo verde are planted along the outside of  several agriculture f ields to serve as wind breaks 
for agricultural purposes and are considered agricultural habitat. Trees are mature, averaging 15 
meters in height and are continuously planted alongside the agricultural f ields. Isolated honey 
mesquite (Prosopis glandulosa) shrubs were also observed along the northwestern portion of  the 
poroject site along the tree line. Other plant species observed within the project site included alfalfa 
(Medicago sativa), Mexican palo verde, big saltbush, and tamarisk. 

BARE GROUND 

Bare Ground areas are generally devoid of vegetation but do not contain any form of pavement. Bare 
Ground has higher water permeability and higher fossorial rodent habitat potential. Bare Ground is 
present throughout the entire project site, with small patches between agricultural land and long 
swaths that include dirt access roads that receive very little use. Isolated alfalfa was the only vegetation 
observed in these areas. 

DEVELOPED 

Developed areas are areas that have been altered by humans and now display man-made structures 
such as urban areas, houses, paved roads, buildings, parks, and other maintained areas.  

DISTURBED 

Disturbed areas generally have altered topography and soils due to man-made reasons, usually 
pertaining to development or agricultural purposes. Any shrubs in the shrub canopy are isolated, and 
the herbaceous layer is sparse to intermittent with pockets of  advantageous non-native species that 
spread f rom a singular location. Species observed included Bermuda grass (Cynodon dactylon), 
Mediterranean schismus (Schismus barbatus), and lamb’s quarters (Chenopodium album). 

BUSH SEEPWEED SCRUB  

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural f ields or irrigation ditches and areas with disturbed hydrology due to man-
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made alteration. Soils are deep and saline or alkaline.  Species observed within the project site 
included bush seepweed and big saltbush.   

ARROYO WEED THICKETS 

The shrub canopy is intermittent to continuous with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed and extends along the water feature, occasionally extending over the 
bank and into the access road. The herbaceous layer is open and intermittent, existing in between 
stands of  cattail and arrow weed. The habitat exists in irrigation ditches consisting of  soils that are 
sandy and loamy where water is permeable. Plant species observed included arrow weed, tamarisk, 
cattail, big saltbush, saltgrass (Distichlis spicata), and salt heliotrope (Heliotropium curassavicum). 

ORNAMENTAL 

Ornamental Landscaping includes areas where the vegetation is dominated by non-native horticultural 
plants. Typically, the species composition consists of introduced trees, shrubs, flowers, and turf  grass. 

TAMARISK THICKETS 

Tamarisk dominates the tree canopy and is thick and continuous. This non-native shrub layer is sparse 
with isolated quail bush present, while the herbaceous layer contains very little vegetation. Trees 
average 15 meters in height and exist in irrigation ditches or on the upper banks along water features. 
Species observed within the project site included tamarisk and big saltbush. 

Sensitive Natural Communities 
Quailbush scrub, bush seepweed scrub, and arrow weed thickets occur within the project survey area 
and are considered sensitive natural communities by CDFW (CDFW 2021).  

Special-Status Species 

Literature Review 

Prior to conducting field surveys, a literature search was conducted to identify special-status plant and 
animal species with potential to occur within the project survey area. Special-status plants and animal 
species were evaluated for their potential to occur within the project survey area where impacts could 
potentially occur.  

Using information f rom the literature review and observations in the f ield, a list of  special-status plant 
and animal species that have potential to occur within the project survey area was generated. For the 
purposes of  this assessment, special-status species are def ined as plants or animals that:  

• have been designated as either rare, threatened, or endangered by CDFW, CNPS, or the 
USFWS, and/or are protected under either the federal or California ESAs;  

• are candidate species being considered or proposed for listing under these same acts;  

• are fully protected by the California FGC Sections 3511, 4700, 5050, or 5515; and  

• are of  expressed concern to resource and regulatory agencies or local jurisdictions.   

Biological Reconnaissance Survey 

Chambers Group biologists conducted the general reconnaissance survey within the project site to 
identify the potential for occurrence of  sensitive species, vegetation communities, or habitats that could 
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support sensitive wildlife species, including those identif ied in the literature review. The survey was 
conducted on foot throughout the project site between on October 22, 2020 to identify the potential for 
occurrence of  sensitive species, vegetation communities, or habitats that could support sensitive 
wildlife species. Plant and wildlife species, including any special-status species that were observed 
during the survey, were recorded (see Appendix D of this EIR).  

Potential for Occurrence Determinations 

Special-status species reported for the region in the literature review or for which suitable habitat 
occurs on the BSAs were assessed for their potential to occur based on the following guidelines listed 
in Table 3.5-2. 

Table 3.5-2. Criteria for Evaluating Sensitive Species Potential for Occurrence 
Potential for Occurrence Criteria 

Absent: 

Species is restricted to habitats or environmental conditions that do not occur within 
the project site. Additionally, if the survey was conducted within the blooming period 
of the species and appropriate habitat was observed in the surrounding area but the 
species was not observed within the Project impact area, it was considered absent. 

Low: 
Historical records for this species do not exist within the immediate vicinity 
(approximately 5 miles) of the project site, and/or habitats or environmental 
conditions needed to support the species are of poor quality. 

Moderate: 

Either a historical record exists of the species within the immediate vicinity of the 
project site (approximately 3 miles) and marginal habitat exists on the project site, or 
the habitat requirements or environmental conditions associated with the species 
occur within the project site, but no historical records exist within 5 miles of the 
Project site. 

High: 
Both a historical record exists of the species within the project site or its immediate 
vicinity (approximately 1 mile), and the habitat requirements and environmental 
conditions associated with the species occur within the project site. 

Present: Species was detected within the project site at the time of the survey. 
Source: Appendix D of this EIR 
 

Plant Species 

Numerous special-status plant species have been recorded within project site, according to the 
CNDDB and CNPSEI. Special-status plant species identif ied in the literature review, and their potential 
to occur within the project site are discussed below.  

Available records resulted in a list of  f ive federally and/or state listed threatened and endangered or 
rare sensitive plant species that may potentially occur within the project site. After the literature review 
and the reconnaissance-level survey, it was determined that one species had a low potential to occur; 
and four of  these species are considered Absent f rom the project site due to lack of suitable habitat.  

The following four plant species are considered absent f rom the project site due to lack of  suitable 
habitat: 

• gravel milk-vetch (Astragalus sabulonum) 

• Munz’s cholla (Cylindropuntia munzii) 

• glandular ditaxis (Ditaxis claryana) 

• Thurber’s pilostyles (Pilostyles thurberi) 
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The following species that is considered to have a low potential to be observed in the project site due 
to lack of  suitable habitat includes: 

• Abram’s spurge (Euphorbia abramsiana). Abram’s spurge is an annual herb in the spurge 
family that mostly exists in Sonoran or Mojave Desert habitats, favoring sandy f lats where 
water is permeable. Although the habitats available at the project site are not typically where 
this plant would grow, it has the low potential to occur in f ields, irrigation ditches, and other 
disturbed areas that all exist within the project site. In addition, this species was positively 
identif ied less than 2 miles f rom the project site. This identification, however, was made before 
1940 and the population is presumed to be extirpated due to agricultural and residential 
development.  

Wildlife Species  

A database search resulted in a list of  23 federally and/or state listed endangered or threatened, 
Species of  Concern, or otherwise sensitive wildlife species that may potentially occur within the project 
site. Af ter a literature review and the assessment of  the various habitat types within the project site, it 
was determined that 17 sensitive wildlife species were considered absent f rom the project site, three 
species have a low potential to occur, two species have a high potential to occur, and one species 
was present within the project site. Factors used to determine potential for occurrence included the 
quality of  habitat and the location of  prior CNDDB records of occurrence.  

The following 17 wildlife species are considered absent f rom the project site due to lack of  suitable 
habitat present on the project site: 

• American badger (Taxidea taxus) 

• black skimmer (Rynchops niger) 

• California black rail (Laterallus jamaicensis coturniculus) 

• Colorado Desert f ringe-toed lizard (Uma notata)  

• crissal thrasher (Toxostoma crissale)  

• desert pupf ish (Cyprinodon macularius) 

• Gila woodpecker (Melanerpes uropygialis)  

• gull-billed tern (Gelochelidon nilotica)  

• Le Conte's thrasher (Toxostoma lecontei)  

• lowland leopard f rog (Lithobates yavapaiensis)  

• Palm Springs pocket mouse (Perognathus longimembris bangsi)  

• razorback sucker (Xyrauchen texanus) 

• Sonoran Desert toad (Incilius alvarius)  

• western snowy plover (Charadrius alexandrinus nivosus) 

• yellow warbler (Setophaga petechia)  

• Yuma hispid cotton rat (Sigmodon hispidus eremicus)  

• Yuma Ridgway's rail (Rallus obsoletus yumanensis) 
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The analysis of  the CNDDB search and f ield survey resulted in three species with a low potential to 
occur on the project site due to low quality habitat: 

• f lat-tailed horned lizard (Phrynosoma mcallii)  

• short-eared owl (Asio flammeus) 

• western yellow bat (Lasiurus xanthinus) 

The analysis of  the CNDDB search and f ield survey resulted in two species with a high potential to 
occur on the project site. These species are described below: 

• Burrowing owl. The burrowing owl (BUOW) is a California Species of  Special Concern. The 
burrowing owl breeds in open plains f rom western Canada and the western United States, 
Mexico through Central America, and into South America to Argentina. This species inhabits 
dry, open, native or non-native grasslands, deserts, and other arid environments with low-
growing and low-density vegetation. It may occupy golf courses, cemeteries, road rights-of  
way, airstrips, abandoned buildings, irrigation ditches, and vacant lots with holes or cracks 
suitable for use as burrows. Burrowing owls typically use burrows made by mammals such as 
California ground squirrels (Otospermophilus beecheyi), foxes, or badgers. When burrows are 
scarce, the burrowing owl may use man-made structures such as openings beneath cement 
or asphalt pavement, pipes, culverts, and nest boxes. High quality habitat exists within the 
project site. In addition, burrowing owl have recently been recorded within 0.14 mile of  the 
project site. Therefore, this species has a high potential to occur within the project site. 

• Mountain plover. The mountain plover (wintering) is a California Species of  Special Concern 
and a federally Proposed Threatened Species. This species breeds f rom the prairie and 
sagebrush country of  north-central Montana, eastern Wyoming, and the area around 
southeastern Colorado. It winters f rom central California along the southern border southward 
to northern Mexico. Common wintering habitats consist of  dry, barren ground, smooth dirt 
f ields, agricultural f ields, and shortgrass prairies. This species tends to form small flocks in the 
winter. It is one of  the few shorebird species that prefers habitats away from water. The project 
site contains suitable habitat of  moderate to high quality. In addition, mountain plover have 
been recorded to occur within 1 mile of  the project site. Therefore, this species has a high 
potential to occur with the project site.  

One species was present within and directly adjacent to the project site during the survey. In addition, 
this species has been recorded to nest within and surrounding the project site. This species is 
described below: 

• Loggerhead shrike. The loggerhead shrike (nesting) is a California Species of  Special 
Concern. Habitats may include oak savannas, open chaparral, desert washes, juniper 
woodlands, Joshua tree woodlands, and other semi-open areas. It can occupy a variety of  
semi-open habitats with scattered trees, large shrubs, utility poles, and other structures that 
serve as lookout posts while searching for potential prey. Loggerhead shrikes prefer dense, 
thorny shrubs and trees, brush piles, and tumbleweeds for nesting. During the survey, one 
individual was observed just outside the northwest boundary of  the project site, and an 
additional individual was observed within the southwest portion of the project site. In addition, 
suitable nesting and foraging habitat is present within and directly adjacent to the project site.  
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Aquatic Resources 
A general assessment of  jurisdictional waters regulated by the Porter-Cologne Water Quality Act, 
California Fish and Game Code Sections 1600 and 1602, United States Army Corps of  Engineers 
(USACE), and California Regional Water Quality Control Board (RWQCB) was conducted for the 
project site. The assessment was conducted by a desktop survey through the USGS National 
Hydrography Dataset for hydrological connectivity.  

The western portion of  the project site is located within the New River watershed (Hydrologic Unit 
Code [HUC-10] 1810020411) and within the Federal Emergency Management Agency (FEMA) 100-
year f lood zone. The New River watershed at the project site is bordered to the south by Imperial 
Valley, to the west by the Vallecito Mountains, to the north by the Salton Sea, and to the east by the 
Chocolate Mountains. The New River is the major water source for the watershed, which drains into 
the Salton Sea. Along its watercourse, several tributaries, including mostly agricultural drains and 
canals discharge into the New River. 

The eastern portion of  the project site is located within the Alamo River watershed (HUC-10 
1810020408) and is within the FEMA 100-year f lood zone. The Alamo River is the major water source 
for the watershed, which also drains into the Salton Sea. The primary tributaries to the Alamo River 
are agricultural drains and canals. Both rivers are known to be heavily polluted with agricultural and 
bacterial toxins.  

Several jurisdictional and non-jurisdictional features were observed within the project survey area. The 
New River, a National Wetlands Inventory (NWI) mapped blueline, f lows through the middle portion of 
the project survey area (Figure 3.5-2). In addition, several NWI mapped blueline canals, drains, and 
ditches owned by IID f low along the borders of  the project survey area. The locations of the features 
observed during the f ield survey are shown in Figure 3.5-3. 
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Figure 3.5-2. NWI Mapped Waters in Project Survey Area 

 
Source: Appendix D of this EIR 
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Figure 3.5-3. Jurisdictional Waters in the Project Survey Area 

 
Source: Appendix D of this EIR 
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WETLAND FEATURES 

Feature 1 (IID “Spruce Three Drain”). This feature occurs along the proposed gen-tie line located in 
the southwest portion of the project site along Andre Road. The Spruce Three drain is a mapped NWI 
stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). The drainage is man-
made and receives f low f rom surface runoff f rom Andre Road and surrounding agricultural f ields. Bank-
to-bank measurements ranged f rom 13 to 80 feet.  

Ordinary High Water Mark (OHWM) measurements ranged f rom 6 to 40 feet. The drain f lows into the 
project site f rom the west at Hovley Road along the south side of  Andre Road, f lows east for 
approximately 0.50 mile and crosses under Andre Road to the north side of  the road, and appears to 
continue to f low eastward until it empties into the New River, which terminates at the Salton Sea. The 
feature is lined with riparian vegetation dominated by arrow weed (Pluchea sericea) a Facultative 
Wetland (FACW) species, meaning one that usually occurs in wetlands but is also found in non-
wetlands.  

Feature 2. This feature occurs along the gen-tie line portion of  the project site, on the north side of  
Andre Road. Feature 2 is a man-made, unvegetated cement-lined ditch. Bank-to-bank measured 10 
feet; the OHWM measured 4 feet. The feature f lows into the project site f rom the west for 
approximately 0.50 mile, where it appears to connect to the Spruce Three Drain. Feature 2 receives 
f low f rom road runoff and agricultural runof f  from the surrounding agricultural f ields.  

Feature 3 (New River). This feature f lows through the eastern portion of  the gen-tie line. The New 
River is an NWI mapped blueline wetland riverine system (Riverine Lower Perennial, Unconsolidated 
Bottom Wetland, Permanently Flooded). Bank-to bank-measurements ranged f rom 110 to 170 feet. 
OHWM measurements ranged f rom 42 to 107 feet. The river f lows south to north f rom Mexico and 
terminates in the Salton Sea. Within the project site, the vegetation along the banks of  the river consists 
completely of  tamarisk (Tamarix spp.) a Facultative (FAC) species, one that is equally likely to occur 
in wetlands or non-wetlands. 

Feature 4 (IID “Livesly Drain”).  This feature occurs east of  the New River in the eastern portion of  
the gen-tie line. The Livesly Drain is a NWI mapped blueline stream. This feature is man-made and 
receives f low f rom agricultural runof f. The Livesly Drain f lows into the project site f rom the east, turns 
north, and exits into the New River. Bank-to-bank measurements ranged f rom 20 to 120 feet. The 
OHWM measurements ranged f rom 13 to 20 feet. The portion of  the drainage within the project site is 
composed completely of tamarisk.  

Feature 5 (IID “Oakley Canal”). This feature occurs just south of  the Livesly Drain. The Oakley Canal 
is a NWI mapped blueline stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). 
Feature 5 is man-made and receives f low f rom agricultural runof f . The Oakley Canal f lows south to 
north and empties into the Livesly Canal. Bank-to-bank measurements ranged f rom 25 feet to 48 feet. 
OHWM measured 15 feet. The vegetation along the banks of Feature 5 consists primarily of tamarisk.  

Feature 6 (IID “Best Canal”). This feature occurs along the eastern border of  the project site on the 
west side of  N Best Avenue. The canal is a NWI mapped blueline stream (Riverine Intermittent Stream 
Bed, Seasonally Flooded, Excavated) that receives f low f rom agricultural and road run-of f . Bank-to-
bank the canal measured 15 feet; OHWM measured 5 feet. The canal is unvegetated throughout the 
project site and f lows south to north, exits the project site, turns west and eventually empties into the 
New River.  
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Feature 7. This feature occurs in the southeast portion of  the project site on the south side of  Andre 
Road along the gen-tie line. Feature 7 consists of  two man-made detention ponds with riparian 
vegetation and are mapped NWI wetlands (Palustrine Unconsolidated Bottom Wetland, Permanently 
Flooded, Excavated). The vegetation within Feature 7 is dominated by tamarisk and cattail (Typha 
spp.), an Obligate (OBL) species, one that almost always occurs naturally in wetlands. In addition, 
arrow weed and big saltbush (Atriplex lentiformis), also known as quail bush, a FAC species, were 
observed.  

MANMADE FEATURES 

Several man-made unvegetated ditches were observed throughout the project site. When a f ield is 
irrigated, water is allowed to f low through smaller man-made earthen or concrete-lined ditches 
(typically referred to as a “head ditch”), which distributes the water evenly across the f ield. At the 
opposite, lower elevation side of  the f ield, excess water is collected into another ditch (typically referred 
to as a “tail ditch”).  

The ditches present on the project site are both earthen and concrete-lined and are f requently rebuilt 
when the f ields are plowed and disked. These ditches occur primarily along the edges of  the 
agricultural f ields and across portions of the f ields. None of  these ditches connect directly to a major 
feature, and most terminate at small, man-made detention areas. Therefore, these features are not 
considered jurisdictional under CDFW, RWQCB, or USACE. 

The Imperial County Fire Department (ICFD) Fire Prevention Bureau requires two points of  emergency 
access for the project along the west side of  the railroad tracks. One access route may be extended 
f rom the main access road located of f N Best Avenue utilizing an existing access road that crosses 
over a concrete lined channel and a second access route is proposed to be constructed in the 
northwest portion of  the project site crossing over a non-jurisdictional irrigation ditch. Vegetation within 
this feature comprised of quail bush, and non-native Mexican palo verde (Parkinsonia aculeata) and 
tamarisk. 

Wildlife Movement Corridors, Linkages, and Significant Ecological Areas 

The concept of  habitat corridors addresses the linkage between large blocks of habitat that allow the 
safe movement of mammals and other wildlife species from one habitat area to another. The def inition 
of  a corridor is varied, but corridors may include such areas as greenbelts, refuge systems, 
underpasses, and biogeographic land bridges, for example. In general, a corridor is described as a 
linear habitat, embedded in a dissimilar matrix, which connects two or more large blocks of habitat. 
Wildlife movement corridors are critical for the survivorship of ecological systems for several reasons. 
Corridors can connect water, food, and cover sources, spatially linking these three resources with 
wildlife in dif ferent areas. In addition, wildlife movement between habitat areas provides for the 
potential of  genetic exchange between wildlife species populations, thereby maintaining genetic 
variability and adaptability to maximize the success of  wildlife responses to changing environmental 
conditions. This is especially critical for small populations subject to loss of variability from genetic drift 
and ef fects of inbreeding. Naturally, the nature of  corridor use and wildlife movement patterns varies 
greatly among species.  

Habitat Conservation Plans 

The project site is located within the designated boundaries of  the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the project is not 
located within or adjacent to an Area of  Critical Environmental Concern.  
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3.5.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the proposed projects. 

Federal 

Bald and Golden Eagle Protection Act of 1940 

The Bald Eagle Protection Act of  1940 protects bald eagle (Haliaeetus leucocephalus) and golden 
eagle (Aquila chrysaetos) by prohibiting the taking, possession, and commerce of  such birds and 
establishes civil penalties for violation of this Act. ‘Take’ is defined as “pursue, shoot, shoot at, poison, 
wound, kill, capture, trap, collect, molest or disturb.” ‘Disturb’ is defined as “to agitate or bother a bald 
or golden eagle to a degree that causes, or is likely to cause, based on the best scientif ic information 
available: (1) injury to an eagle, (2) a decrease in its productivity, by substantially interfering with 
normal breeding, feeding, or sheltering behavior, or (3) nest abandonment, by substantially interfering 
with normal breeding, feeding, or sheltering behavior” (72 Federal Register [FR] 31132; 50 CFR 22.3). 
All activities that may disturb or incidentally take an eagle or its nest as a result of  an otherwise legal 
activity must be permitted by the USFWS under this Act. 

Federal Endangered Species Act 

The Federal Endangered Species Act (ESA) protects federally listed threatened and endangered 
species and their habitats f rom unlawful take and ensures that federal actions do not jeopardize the 
continued existence of  a listed species or result in the destruction or adverse modif ication of  
designated critical habitat. Under the ESA, “take” is def ined as to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct. The U.S. Fish and 
Wildlife Service (USFWS) regulations def ine harm to mean “an act which actually kills or injures 
wildlife” (50 CFR 17.3). 

Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) prohibits the kill or transport of  native migratory birds, or any 
part, nest, or egg of  any such bird unless allowed by another regulation adopted in accordance with 
the MBTA. The prohibition applies to birds included in the respective international conventions 
between the U.S. and Great Britain, the U.S. and Mexico, the U.S. and Japan, and the U.S. and 
Russia. Disturbances that cause nest abandonment and/or loss of  reproductive ef fort or the loss of  
habitats upon which these birds depend may be a violation of the MBTA. As authorized by the MBTA, 
the USFWS issues permits to qualif ied applicants for the following types of activities: falconry, raptor 
propagation, scientif ic collecting, special purposes (rehabilitation, education, migratory game bird 
propagation, and salvage), take of depredating birds, taxidermy, and waterfowl sale and disposal. The 
regulations governing migratory bird permits can be found in 50 CFR Part 13 General Permit 
Procedures and 50 CFR Part 21 Migratory Bird Permits. The State of  California has incorporated the 
protection of birds of prey in Sections 3800, 3513, and 3503.5 of  the California Fish and Game Code. 

Section 404 Permit (Clean Water Act)  

The purpose of  the Clean Water Act (CWA) is to “restore and maintain the chemical, physical, and 
biological integrity of the nation’s waters.” Section 404 of  the CWA prohibits the discharge of  dredge 
and f ill material into waters of  the U.S., including wetlands, without a permit from the U.S. Army Corps 
of  Engineers (USACE). Activities regulated under this program include f ills for development, water 
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resource projects (e.g., dams and levees), inf rastructure development (e.g., highways and airports), 
and conversion of  wetlands to uplands for farming and forestry. Either an individual 404b permit or 
authorization to use an existing USACE Nationwide Permit will need to be obtained if  any portion of  
the construction requires f ill into a river, stream, or stream bed that has been determined to be a 
jurisdictional waterway.  

State 

California Endangered Species Act 

Provisions of  CESA protect state-listed threatened and endangered species. The California 
Department of  Fish and Wildlife (CDFW) regulates activities that may result in “take” of  individuals 
(“take” means “hunt, pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill”). 
Habitat degradation or modif ication is not expressly included in the def inition of  “take” under the 
California Fish and Game Code (FGC). Additionally, California FGC contains lists of  vertebrate species 
designated as “fully protected” (California FGC Sections 3511 [birds], 4700 [mammals], 5050 [reptiles 
and amphibians], 5515 [f ish]). Such species may not be taken or possessed.  

In addition to state-listed species, CDFW has also produced a list of  Species of  Special Concern to 
serve as a “watch list.” Species on this list are of  limited distribution or the extent of  their habitats has 
been reduced substantially such that threats to their populations may be imminent. Species of Special 
Concern may receive special attention during environmental review, but they do not have statutory 
protection.  

Birds of  prey are protected in California under California FGC. Section 3503.5 states it is “unlawful to 
take, possess, or destroy any birds of  prey (in the order Falconiformes or Strigiformes) or to take, 
possess, or destroy the nest or eggs of  any such bird except as otherwise provided by this Code or 
any regulation adopted pursuant thereto.” Construction disturbance during the breeding season could 
result in the incidental loss of  fertile eggs or nestlings or otherwise lead to nest abandonment. 

California Fish and Game Code Section1600 et. seq (as amended) 

The California FGC Section 1600 et. seq. requires that a Notif ication of Lake or Streambed Alteration 
be submitted to CDFW for “any activity that may substantially divert or obstruct the natural f low or 
substantially change the bed, channel, or bank of  any river, stream, or lake.” The CDFW reviews the 
proposed actions and, if  necessary, submits to the Applicant a proposal for measures to protect 
af fected fish and wildlife resources. The f inal proposal that is mutually agreed upon by CDFW and the 
Applicant is the Streambed Alteration Agreement (SAA). Of ten, projects that require an SAA also 
require a permit f rom the USACE under Section 404 of  the CWA. In these instances, the conditions of 
the Section 404 permit and the SAA may overlap. 

California Fish and Game Code Sections 3503, 3503.5, and 3513 

Under Sections 3503, 3503.5, and 3513 of  the California FGC, activities that would result in the taking, 
possessing, or destroying of  any birds-of -prey, taking or possessing of  any migratory nongame bird 
as designated by the MBTA, or the taking, possessing, or needlessly destroying of the nest or eggs of 
any raptors or non-game birds protected by the MBTA, or the taking of  any non-game bird pursuant 
to FGC Section 3800 are prohibited. Additionally, the state further protects certain species of  f ish, 
mammals, amphibians and reptiles, birds, and mammals through CDFW’s Fully Protected Animals 
which prohibits any take or possession of classified species.  
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California Fish and Game Code Sections 1900-1913 (Native Plant Protection Act) 

California’s Native Plant Protection Act prohibits the taking, possessing, or sale within the state of  any 
plant listed by CDFW as rare, threatened, or endangered. This allows CDFW to salvage listed plant 
species that would otherwise be destroyed. 

Porter-Cologne Water Quality Control Act  

Under the Porter-Cologne Water Quality Control Act, all projects proposing to discharge waste that 
could af fect waters of the State must file a waste discharge report with the appropriate regional board. 
The project falls under the jurisdiction of  the Colorado River RWQCB. 

California Environmental Quality Act 

Title 14 CCR, Section 15380 requires the identif ication of endangered, rare, or threatened species or 
subspecies of  animals or plants that may be impacted by a project. If  any such species are found, 
appropriate measures should be identif ied to avoid, minimize, or mitigate the potential ef fects of  
projects. 

Local 

Imperial County General Plan 

The Conservation and Open Space Element of  the Imperial County General Plan provides detailed 
plans and measures for the preservation and management of  biological and cultural resources, soils, 
minerals, energy, regional aesthetics, air quality, and open space. The purpose of  this element is to 
recognize that natural resources must be maintained for their ecological value for the direct benefit to 
the public and to protect open space for the preservation of  natural resources, the managed production 
of  resources, outdoor recreation, and for public health and safety. In addition, the purpose of  this 
element is to promote the protection, maintenance, and use of  the County’s natural resources with 
particular emphasis on scarce resources, and to prevent wasteful exploitation, destruction, and neglect 
of  the state’s natural resources. Table 3.5-3 analyzes the consistency of  the project with specific 
policies contained in the Imperial County General Plan associated with biological resources. 
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Table 3.5-3. Project Consistency with General Plan Goals and Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Conservation and Open Space 
Element - Open Space and Recreation 
Conservation  
Policy No. 2 - The County shall participate 
in conducting detailed investigations into the 
significance, location, extent, and condition 
of natural resources in the County. 

Program: Notify any agency responsible for 
protecting plant and wildlife before approving 
a project which would impact a rare, 
sensitive, or unique plant or wildlife habitat. 

Consistent A biological assessment has been conducted at the 
project site to evaluate the proposed project’s 
potential impacts on biological resources. 
Implementation of the proposed project has the 
potential to impact special-status wildlife species, 
including burrowing owl, mountain plover, and 
loggerhead shrike.  
 
Applicable agencies responsible for protecting 
plants and wildlife will be notified of the proposed 
projects and provided an opportunity to comment 
on this EIR prior to the County’s consideration of 
any approvals for the project. As described in 
Chapter 2, Project Description, implementation of 
the project would require the approval of a CUP, 
General Plan Amendment, and Zone Change by 
the County to allow for the construction and 
operation of the project.  

Conservation of Environmental Resources 
for Future Generations 
Goal 1 - Environmental resources shall be 
conserved for future generations by 
minimizing environmental impacts in all land 
use decisions and educating the public on 
their value. 
Objective 1.6 - Promote the conservation of 
ecological sites and preservation of cultural 
resource sites through scientific investigation 
and public education. 

Consistent A biological assessment has been conducted at the 
project site to evaluate the project’s potential 
impacts on biological resources. Implementation of 
the proposed project has the potential to impact 
special-status wildlife species, including burrowing 
owl, mountain plover, and loggerhead shrike. 
However, with implementation of mitigation 
(Mitigation Measures BIO-1 through BIO-4), the 
project would not result in residual significant or 
unmitigable impacts on biological resources.  

Source: County of Imperial 1993 
 

3.5.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering the respective project’s impacts on 
biological resources, the methodology employed for the evaluation, an impact evaluation, and 
mitigation requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to biological resources are 
considered significant if any of  the following occur: 

• Have a substantial adverse ef fect, either directly or through habitat modif ications, on any 
species identif ied as a candidate, sensitive, or special status species in local or regional plans, 
policies, or regulations, or by the CDFW or USFWS 

• Have a substantial adverse ef fect on any riparian habitat or other sensitive natural community 
identif ied in local or regional plans, policies, regulations or by the CDFW or USFWS 
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• Have a substantial adverse ef fect on state or federally-protected wetlands (including but not 
limited to, marsh, vernal pool, coastal, etc.) through direct removal, f iling, hydrological 
interruption, or other means 

• Interfere substantially with the movement of  any native resident or migratory f ish and wildlife 
species or with established native resident or migratory wildlife corridors, or impede the use of  
native wildlife nursery sites 

• Conf lict with any local policies or ordinances protecting biological resources, such as a tree 
preservation policy or ordinance 

• Conf lict with the provisions of  an adopted Habitat Conservation Plan, Natural Community 
Conservation Plan, or other approved local, regional, or state habitat conservation plan 

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
interact with local biological resources on the project site. Based on the extent of  these interactions, 
this analysis considers whether these conditions would result in an exceedance of  one or more of  the 
applied signif icance criteria as identif ied above.  

A biological resources technical report was prepared for the project. The information obtained f rom 
the sources was reviewed and summarized to present the existing conditions and to identify potential 
environmental impacts, based on the signif icance criteria presented in this section. Impacts associated 
with biological resources that could result f rom project construction and operational activities were 
evaluated qualitatively based on-site conditions; expected construction practices; and materials, 
locations, and duration of  project construction and related activities. 

Impact Analysis 

Impact 3.5-1 Would the project have a substantial adverse effect, either directly or through 
habitat modifications, on any species identified as a candidate, sensitive, or 
special status species in local or regional plans, policies, or regulations, or by 
the CDFW or USFWS? 

Construction 

SPECIAL-STATUS PLANTS  

One plant species, Abram’s spurge, has a low potential to occur on the project site. However, the 
project site has low quality habitat for this species and this plant species has not been recorded within 
3 miles of  the project site in the last 25 years. Therefore, no impacts to these species are anticipated 
to occur due to project related construction activities.  

SPECIAL-STATUS WILDLIFE  

Three species have a low potential to occur (f lat-tailed horned lizard, short-eared owl, and western 
yellow bat), two species have a high potential to occur (BUOW and mountain plover), and one species 
(loggerhead shrike) was present within the project site. During the site reconnaissance, two 
loggerhead shrikes were observed within the project site.  
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Flat-tailed horned lizard, short-eared owl, and western yellow bat have a low potential to occur on the 
project site. However, low quality habitat for these species occurs within the project site and none of  
these species have been recorded within the project site within the last 25 years. Therefore, no impacts 
to these species are anticipated to occur as a result of  project activities. 

Burrowing owl and mountain plover are considered to have a high potential to occur within the project 
site. Two loggerhead shrikes were observed within the project site. Direct impacts to these species 
that could occur include injury, mortality, nest failures, and loss of young. Indirect impacts include loss 
of  nesting and foraging habitat, increase in anthropogenic ef fects (i.e., noise levels, introduction of  
invasive and nonnative species, increase in human activity, increase in dust). Implementation of  
Mitigation Measures BIO-1, BIO-2, BIO-3, and BIO-4 would reduce potential impacts to a level less 
than signif icant. Mitigation Measure BIO-1 requires implementation of  general impact avoidance and 
minimization measures during construction such as designating a Project Biologist to oversee 
compliance with protective measures for biological resources, delineating construction zones, and 
working and traveling only in designated work areas and access roads. Mitigation Measure BIO-2 
requires that all construction personnel to complete a Worker Environmental Awareness Program prior 
to the start of  construction. Mitigation Measure BIO-3 requires pre-construction surveys for burrowing 
owl. If  burrowing owl is identif ied during the breeding season (February 1 through August 31), then an 
appropriate buf fer will be established by the biological monitor in accordance with the Staff Report on 
Burrowing Owl Mitigation (CDFG 2012). Construction within the buf fer will be avoided until a qualified 
biologist determines that burrowing owl is no longer present or until young have f ledged. Mitigation 
Measure BIO-4 required a pre-construction nesting bird survey to be conducted by a qualif ied avian 
biologist to ensure that active bird nests, including those for the loggerhead shrike and mountain plover 
will not be disturbed or destroyed. 

Operation 

All electrical components on the project site shall be either undergrounded or protected so that there 
will be no exposure to wildlife and therefore no potential for electrocution. Additionally, based on the 
Avian Powerline Interaction Committee’s (APLIC) 1996 report on power line electrocution in the U.S., 
avian electrocution risk is highest along distribution lines (generally less than 69 kV) where the 
distance between energized phases, ground wires, transformers, and other components of  an 
electrical distribution system are less than the length or skin-to-skin contact distance of  birds. The 
distance between energized components along transmission lines (>69 kV) is generally insuf f icient to 
present avian electrocution risk. Therefore, no impact to avian is anticipated to occur due to 
electrocution along the proposed gen-tie line.  

Mitigation Measure(s) 

BIO-1 General Impact Avoidance and Minimization Measures. The following measures 
will be applicable throughout the life of  the project: 

• To reduce the potential indirect impact on migratory birds, bats and raptors, the 
project will comply with the APLIC 2012 Guidelines for overhead utilities, as 
appropriate, to minimize avian collisions with transmission facilities (APLIC 2012) 

• All electrical components on the project site shall be either undergrounded or 
protected so that there will be no exposure to wildlife and therefore no potential for 
electrocution.  
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• The project proponent shall designate a Project Biologist who shall be responsible 
for overseeing compliance with protective measures for the biological resources 
during vegetation clearing and work activities within and adjacent to areas of  native 
habitat. The Project Biologist will be familiar with the local habitats, plants, and 
wildlife. The Project Biologist will also maintain communications with the 
Contractor to ensure that issues relating to biological resources are appropriately 
and lawfully managed and monitor construction. The Project Biologist will monitor 
activities within construction areas during critical times, such as vegetation 
removal, the implementation of  Best Management Practices (BMP), and 
installation of  security fencing to protect native species. The Project Biologist will 
ensure that all wildlife and regulatory agency permit requirements, conservation 
measures, and general avoidance and minimization measures are properly 
implemented and followed. 

• The boundaries of  all areas to be newly disturbed (including solar facility areas, 
staging areas, access roads, and sites for temporary placement of  construction 
materials and spoils) will be delineated with stakes and f lagging prior to 
disturbance. All disturbances, vehicles, and equipment will be conf ined to the 
f lagged areas. 

• No potential wildlife entrapments (e.g., trenches, bores) will be lef t uncovered 
overnight. Any uncovered pitfalls will be excavated to 3:1 slopes at the ends to 
provide wildlife escape ramps. Alternatively, man-made ramps may be installed. 
Covered pitfalls will be covered completely to prevent access by small mammals 
or reptiles. 

• To avoid wildlife entrapment (including birds), all pipes or other construction 
materials or supplies will be covered or capped in storage or laydown area, and at 
the end of  each work day in construction, quarrying and processing/handling 
areas. No pipes or tubing of sizes or inside diameters ranging f rom 1 to 10 inches 
will be lef t open either temporarily or permanently. 

• No anticoagulant rodenticides, such as Warfarin and related compounds 
(indandiones and hydroxycoumarins), may be used within the project site, on 
of f -site project facilities and activities, or in support of any other project activities. 

• Avoid wildlife attractants. All trash and food-related waste shall be placed in 
self -closing containers and removed regularly f rom the site to prevent overf low. 
Workers shall not feed wildlife. Water applied to dirt roads and construction areas 
for dust abatement shall use the minimal amount needed to meet safety and air 
quality standards to prevent the formation of puddles, which could attract wildlife. 
Pooled rainwater or f loodwater within retention basins will be removed to avoid 
attracting wildlife to the active work areas. 

• To minimize the likelihood for vehicle strikes on wildlife, speed limits will not exceed 
15 miles per hour when driving on access roads. All vehicles required for O&M 
must remain on designated access/maintenance roads. 

• Avoid night-time construction lighting or if  nighttime construction cannot be avoided 
use shielded directional lighting pointed downward and towards the interior of  the 
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project site, thereby avoiding illumination of  adjacent natural areas and the night 
sky. 

• All construction equipment used for the project will be equipped with properly 
operating and maintained muf f lers. 

• Hazardous materials and equipment stored overnight, including small amounts of  
fuel to refuel hand-held equipment, will be stored within secondary containment 
when within 50 feet of  open water to the fullest extent practicable. Secondary 
containment will consist of  a ring of  sand bags around each piece of  stored 
equipment/structure. A plastic tarp/visqueen lining with no seams shall be placed 
under the equipment and over the edges of  the sandbags, or a plastic hazardous 
materials secondary containment unit shall be utilized by the Contractor. 

• The Contractor will be required to conduct vehicle refueling in upland areas where 
fuel cannot enter waters of  the U.S. and in areas that do not have potential to 
support federally threatened or endangered species. Any fuel containers, repair 
materials, including creosote-treated wood, and/or stockpiled material that is left 
on site overnight, will be secured in secondary containment within the work area 
and staging/assembly area and covered with plastic at the end of  each work day.  

• In the event that no activity is to occur in the work area for the weekend and/or a 
period of  time greater than 48 hours, the Contractor will ensure that all portable 
fuel containers are removed f rom the project site.  

• All equipment will be maintained in accordance with manufacturer’s 
recommendations and requirements. 

• Equipment and containers will be inspected daily for leaks. Should a leak occur, 
contaminated soils and surfaces will be cleaned up and disposed of following the 
guidelines identif ied in the Stormwater Pollution Prevention Plan or equivalent, 
Materials Safety Data Sheets, and any specif ications required by other permits 
issued for the project.  

• The Contractor will utilize of f-site maintenance and repair shops as much as 
possible for maintenance and repair of  equipment. 

• If  maintenance of  equipment must occur onsite, fuel/oil pans, absorbent pads, or 
appropriate containment will be used to capture spills/leaks within all areas. Where 
feasible, maintenance of  equipment will occur in upland areas where fuel cannot 
enter waters of  the U.S. and in areas that do not have potential to support federally 
threatened or endangered species. 

• Appropriate BMPs will be used by the Contractor to control erosion and 
sedimentation and to capture debris and contaminants from bridge construction to 
prevent their deposition in waterways. No sediment or debris will be allowed to 
enter the creek or other drainages. All debris f rom construction of  the bridge will 
be contained so that it does not fall into channel. Appropriate BMPs will be used 
by the Contractor during construction to limit the spread of resuspended sediment 
and to contain debris. 
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• Erosion and sediment control devices used for the proposed project, including fiber 
rolls and bonded f iber matrix, will be made f rom biodegradable materials such as 
jute, with no plastic mesh, to avoid creating a wildlife entanglement hazard. 

• Firearms, open f ires, and pets would be prohibited at all work locations and access 
roads. Smoking would be prohibited along the project alignment. 

• Cross-country vehicle and equipment use outside of  approved designated work 
areas and access roads shall be prohibited to prevent unnecessary ground and 
vegetation disturbance. 

• Any injured or dead wildlife encountered during project-related activities shall be 
reported to the project biologist, biological monitor, CDFW, or a CDFW-approved 
veterinary facility as soon as possible to report the observation and determine the 
best course of  action. For special-status species, the Project Biologist shall notify 
the County, USFWS, and/or CDFW, as appropriate, within 24 hours of  the 
discovery. 

• Stockpiling of material will be allowed only within established work areas. 

• Actively manage the spread of  noxious weeds 

• The ground beneath all parked equipment and vehicles shall be inspected for 
wildlife before moving. 

BIO-2  Worker Environmental Awareness Program. Prior to project construction, a Worker 
Environmental Awareness Program shall be developed and implemented by a 
qualif ied biologist and shall be available in both English and Spanish. Handouts 
summarizing potential impacts to special-status biological resources and the potential 
penalties for impacts to these resources shall be provided to all construction personnel. 
At a minimum, the education program shall including the following: 

• the purpose for resource protection;  

• a description of  special-status species including representative photographs and 
general ecology;  

• occurrences of  USACE, RWQCB, and CDFW regulated features in the project 
survey area;  

• regulatory f ramework for biological resource protection and consequences if  
violated 

• sensitivity of the species to human activities;  

• avoidance and minimization measures designed to reduce the impacts to 
special-status biological resources 

• environmentally responsible construction practices;  

• reporting requirements;  

• the protocol to resolve conflicts that may arise at any time during the construction 
process; and 
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• workers sign acknowledgement form indicating that the Environmental Awareness 
Training and Education Program that has been completed and would be kept on 
record.  

BIO-3 Burrowing Owl Avoidance and Minimization. Take avoidance (pre-construction) 
surveys for burrowing owl shall be completed prior to project construction. Surveys 
shall be conducted as detailed within Appendix D of  the Staf f  Report on Burrowing Owl 
Mitigation (California Department of  Fish and Game [CDFG] 2012). If  burrowing owl is 
not detected, construction may proceed. 

• If  burrowing owl is identif ied during the non-breeding season (September 1 through 
January 31), then a 50-meter buf fer will be established by the biological monitor. 
Construction within the buf fer will be avoided until a qualif ied biologist determines 
that burrowing owl is no longer present or until a CDFW-approved exclusion plan 
has been implemented. The buf fer distance may be reduced if  noise attenuation 
buf fers such as hay bales are placed between the occupied burrow and 
construction activities. 

• If  burrowing owl is identif ied during the breeding season (February 1 through 
August 31), then an appropriate buffer will be established by the biological monitor 
in accordance with the Staff Report on Burrowing Owl Mitigation (CDFG 2012).  
Construction within the buf fer will be avoided until a qualif ied biologist determines 
that burrowing owl is no longer present or until young have f ledged. The buffer 
distance may be reduced in consultation with CDFW if  noise attenuation buf fers 
such as hay bales are placed between the occupied burrow and construction 
activities.   

BIO-4  Pre-Construction Nesting Bird Survey. If  construction or other project activities are 
scheduled to occur during the bird breeding season (typically February 1 through 
August 31 for raptors and March 15 through August 31 for the majority of  migratory 
bird species), a pre-construction nesting-bird survey shall be conducted by a qualified 
avian biologist to ensure that active bird nests, including those for the loggerhead 
shrike and mountain plover will not be disturbed or destroyed.  

The survey shall be completed no more than three days prior to initial ground 
disturbance. The nesting-bird survey shall include the project site and adjacent areas 
where project activities have the potential to af fect active nests, either directly or 
indirectly due to construction activity or noise. If  an active nest is identif ied, the biologist 
shall establish an appropriately sized disturbance-limit buf fer around the nest using 
f lagging or staking. Construction activities shall not occur within any disturbance-limit 
buf fer zones until the nest is deemed inactive by the qualif ied biologist. If  construction 
activities cease for a period of  greater than three days during the bird breeding season, 
a pre-construction nesting bird survey shall be conducted prior to the commencement 
of  activities.  

Final construction buf fers or setback distances shall be determined by the qualif ied 
biologist in coordination with USFWS and CDFW on a case‐by‐case basis, depending 
on the species, season in which disturbance shall occur, the type of  disturbance, and 
other factors that could inf luence susceptibility to disturbance (e.g., topography, 
vegetation, existing disturbance levels, etc.). 
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Significance After Mitigation 

The proposed project has the potential to impact special-status wildlife species during construction. 
However, implementation of  Mitigation Measures BIO-1 through BIO-4 would reduce potential impacts 
to a level less than signif icant.  

Impact 3.5-2 Would the project have a substantial adverse effect on any riparian habitat or 
other sensitive natural community identified in local or regional plans, 
policies, regulations or by the CDFW or USFWS? 

 

Quailbush scrub, bush seepweed scrub, and arrow weed thickets occur within the project survey area 
and are considered sensitive natural communities by CDFW (CDFW 2021). The proposed project has 
been designed to avoid these sensitive natural communities. Access routes would be constructed in 
an area that will avoid or minimize impacts to native vegetation found within the irrigation ditch, and 
f lagging and/or staking would be used to clearly def ine the work area boundaries to avoid impacts to 
adjacent native communities. Therefore, the proposed project would have no impact on sensitive 
natural communities.  

Mitigation Measure(s)   

No mitigation is required.  

Impact 3.5-3 Would the project have a substantial adverse effect on state or 
federally-protected wetlands (including but not limited to, marsh, vernal pool, 
coastal, etc.) through direct removal, filing, hydrological interruption, or other 
means?  

As shown in Figure 3.5-2 and Figure 3.5-3,  several jurisdictional features were observed within the 
project site. The New River, a NWI mapped blueline, f lows through the middle portion of  the project 
site. In addition, several NWI mapped blueline canals, drains, and ditches owned by IID f low along the 
borders of  the project site.  However, the proposed project has been designed to avoid impacts to 
waters of  the State and waters of  the U.S. As shown on the Site Plan (Figure 2-3), project components 
would not be sited on the project site where aquatic resources are present. 

The emergency access route f rom the northwest portion of the project site will be designed to cross a 
non-jurisdictional agricultural ditch. Potential access route options include converting a non-vegetated 
portion of  an open cement culvert to a corrugated metal pipe (CMP) or a closed concrete pipe of similar 
size and establishing an access road above the pipe. Native quail bush and non-native tamarisk and 
Mexican palo verde are located within the irrigation ditch. However, the access routes would be 
constructed in an area that will avoid impacts to native vegetation found within the irrigation ditch. 
Therefore, implementation of  the project would result in no impact on state or federally protected 
aquatic resources.   

Mitigation Measure(s) 

No mitigation is required.  
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Impact 3.5-4 Would the project interfere substantially with the movement of any native 
resident or migratory fish and wildlife species or with established native 
resident or migratory wildlife corridors, or impede the use of native wildlife 
nursery sites? 

The project site does not function as a wildlife corridor. The project site is located adjacent to areas 
containing existing disturbances (i.e., roads, railroad tracks, and active agricultural land). The majority 
of  the project site does not contain suitable vegetation or cover to support wildlife movement and are 
nestled between agricultural and development; therefore, wildlife movement opportunities connecting 
the project site to large, undeveloped natural areas is limited. The proposed project is not expected to 
signif icantly impact wildlife movement through the project vicinity and a less than signif icant impact 
would occur. 

Mitigation Measure(s) 

No mitigation is required.  

Impact 3.5-5 Would the project conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or ordinance? 

The proposed project consists of the construction and operation of a solar energy facility, BESS, and 
associated electrical transmission lines. Development of  the solar facility would be subject to the 
County’s zoning ordinance.  

The project is located on 5 privately owned legal parcels zoned General Agricultural with Geothermal 
Overlay (A-2-G). Pursuant to Title 9, Division 5, Chapter 8 (County of  Imperial 2019a), the following 
uses are permitted in the A-2 zone subject to approval of  a CUP f rom Imperial County: solar energy 
electrical generator, battery storage facility, electrical substations, communication towers, and facilities 
for the transmission of  electrical energy.  

As demonstrated in Table 3.5-3 and discussed further in Section 3.11 Land Use Planning, with 
approval of a CUP, General Plan Amendment, and Zone Change, the project would be consistent with 
Imperial County General Plan, and with biological resources policies contained therein. Therefore,  
implementation of  the proposed project would not result in a signif icant impact associated the project’s 
potential to conf lict with local policies protecting biological resources. 

Mitigation Measure(s) 

No mitigation is required. 

Impact 3.5-6 Would the project conflict with the provisions of an adopted Habitat 
Conservation Plan, Natural Community Conservation Plan, or other approved 
local, regional, or state habitat conservation plan? 

The project site is located within the designated boundaries of  the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the project is not 
located within or adjacent to an Area of  Critical Environmental Concern. Implementation of  the 
proposed project would result in no impact associated with the potential to conf lict with local 
conservation plans. No impact would occur. 
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Mitigation Measure(s) 

No mitigation is required. 

3.5.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. Project decommissioning activities will require construction vehicles to drive across 
the solar facility, transmission line, and access roads. Concrete footings, foundations, and pads would 
be removed using heavy equipment and recycled at an of f-site location. All remaining components 
would be removed, and all disturbed areas would be reclaimed and recontoured. Similar to project 
construction, decommissioning activities have the potential to directly impact special-status species. 
his is a potentially signif icant impact; however, implementation of  Mitigation Measures BIO-1 through 
BIO-4 at the time of  decommissioning would reduce impacts to a level less than signif icant. 

Residual 
The proposed project would not impact sensitive vegetation communities, state or federally-protected 
wetlands, would not conf lict with any local policies or ordinances protecting biological resources and 
would not conf lict with the provisions of  an adopted Habitat Conservation Plan, Natural Community 
Conservation Plan, or other approved local, regional, or state habitat conservation plan. 

With the implementation of  Mitigation Measures BIO-1 through BIO-4, potential impacts to special-
status species, including BOUW, mountain plover, and loggerhead shrike would be reduced to a level 
less than signif icant. Therefore, the project would not result in residual signif icant and unmitigable 
impacts related to biological resources.  
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3.6 Cultural Resources 
This section discusses cultural resources that may be potentially impacted by the proposed project. 
The following identifies the existing cultural resources within the project site, analyzes potential 
impacts of the proposed project, and recommends mitigation measures to avoid or reduce potential 
impacts of  the proposed project.  

Information for this section is summarized f rom the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project prepared by Chambers Group, Inc. This report is included in 
Appendix E of  this EIR. The cultural resources inventory included a records search, literature 
review, and pedestrian survey.  

3.6.1 Existing Conditions 

Cultural Setting 

Prehistory 

The project site is located in the mid-section of  the lower Colorado Desert, in which ancient Lake 
Cahuilla was situated – the present-day Salton Sea is illustrative of  lower stands of the former Ancient 
Lake Cahuilla. In addition to paleontological potential, archaeological deposits found around the 
shoreline of  Lake Cahuilla radiocarbon date to at least 1,440 years before present (B.P.) and shows 
demonstrable evidence of  cultural activity in the area. Lake Cahuilla presented a massive f reshwater 
oasis, allowing seasonal occupations resulting in archaeological deposits that include pottery, ground 
and chipped stone artifacts, and archaeological features such as rock f ish traps. As an ethnographic 
landscape, the Cahuilla, Kumeyaay, Kamia, and the tribes which now comprise the Colorado River 
Indian Tribes (CRIT), the Mojave, Chemehuevi, Hopi, and Navajo settled in various locations around 
the basin, including the Colorado delta. Cultural resources located in the area tend to be associated 
with Lake Cahuilla due to its temporal context and functional use as a landscape, which yield 
archaeological data of  high signif icance regarding how people adapted to the changing environment 
around the lake. 

The three general time periods accepted in the region are the San Dieguito Complex, the Archaic 
period, and the Late Prehistoric period. These periods are brief ly described below.  

The earliest recognized occupation of  the region, dating to 10,000 to 8,000 years B.P., is known as 
the San Dieguito complex. Assemblages from this occupation generally consist of flaked stone tools. 
Evidence of  milling activities is rare for sites dating to this period. It is generally agreed that the San 
Dieguito complex shows characteristics of  the Western Pluvial Lakes Tradition (WPLT), which was 
widespread in California during the early Holocene. The WPLT assemblage generally includes 
scrapers, choppers, and bifacial knives. Archaeologists theorize this toolkit composition likely ref lects 
a generalized hunting and gathering society.  

The following period, the Archaic (8,500 to 1,300 B.P.), is traditionally seen as encompassing both 
coastal and inland adaptations, with the coastal Archaic represented by the shell middens of  the La 
Jolla complex and the inland Archaic represented by the Pauma complex. Coastal settlement is also 
thought to have been signif icantly af fected by the stabilization of  sea levels around 4,000 years ago 
that led to a general decline in the productivity of coastal ecosystems. Artifacts associated with this 
period include milling stones, unshaped manos, f laked cobble tools, Pinto-like and Elko projectile 
points, and f lexed inhumations. Colorado Desert rock art studies have led researchers to suggest 
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Archaic-Period origins for many petroglyph and pictograph styles and elements common in later times. 
More recently, several important late Archaic-period sites have been documented in the northern 
Coachella Valley, consisting of  deeply buried middens with clay-lined features and living surfaces, 
cremations, hearths, and rock shelters. Faunal assemblages show a high percentage of  lagomorphs 
(rabbits and hares). The larger sites suggest a more sustained settlement type than previously known 
for the Archaic period in this area.  

The Late Prehistoric period (1,300 to 200 B.P.) is marked by the appearance of  small projectile points 
indicating the use of  the bow and arrow, the common use of  ceramics, and the general replacement 
of  inhumations with cremations, all characteristic of  the San Luis Rey complex. The San Luis Rey 
complex is divided temporally into San Luis Rey I and San Luis Rey II, with the latter distinguished 
mainly by the addition of ceramics. Along the coast of northern San Diego County, deposits containing 
signif icant amounts of  Donax shell are now of ten assigned to the Late Prehistoric, based on a well-
documented increase in the use of  this resource at this time.  

Ethnohistory 
The project site was occupied by the Cahuilla, Quechan, Kumeyaay, Kamia, and the CRIT. The two 
closest tribal reservations to the project site are the Torres-Martinez Reservation located to northwest 
of  the project site and Fort Yuma reservation located to the southeast of  the project site. The Torres-
Martinez Indian Reservation is currently home to the desert Cahuilla Indians and is on the northwest 
side of  the Salton Sea, roughly 55 miles f rom the project site. Fort Yuma is located approximately 51 
miles closer to the California-Arizona border and is the home of  the Quechan. An ethnographic and 
archaeological summary of  the Cahuilla, Quechan, Kumeyaay, Kamia, and CRIT is provided in Section 
3.14, Tribal Cultural Resources of  this EIR. 

Regional History 
The f irst significant European settlement of California began during the Spanish Period (1769 to 1821) 
when 21 missions and four presidios were established between San Diego and Sonoma. Although 
located primarily along the coast, the missions dominated economic and political life over the greater 
California region. The purpose of  the missions was primarily for political control and forced assimilation 
of  the Native American population into Spanish society and Catholicism, along with economic support 
to the presidios.  

In the 1700s, due to pressures f rom other colonizers (Russians, French, British), New Spain decided 
that a party should be sent north with the idea of  founding both military presidios and religious missions 
in Alta California to secure Spain’s hold on its lands. The aim of  the party was twofold. The f irst was 
the establishment of  presidios, which would give Spain a military presence within its lands. The second 
was the establishment of  a chain of  missions along the coast slightly inland, with the aim of  
Christianizing the native population. By converting the native Californians, they could be counted as 
Spanish subjects, thereby bolstering the colonial population within a relatively short time.  

The party was led by Gaspar de Portolá and consisted of  two groups: one would take an overland 
route, and one would go by sea. All parties were to converge on San Diego, which would be the 
starting point for the chain of  Spanish colonies. What became known as the Portolá Expedition set out 
on March 24, 1769. Portolá, who was very loyal to the crown and understood the gravity of his charge, 
arrived in what would become San Diego on July 1, 1769. Here, he immediately founded the presidio 
of  San Diego. Leaving one group in the southern part of  Alta California, Portolá took a smaller group 
and began heading north to his ultimate destination of Monterey Bay. Continuing up the coast, Portolá 
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established Monterey Bay as a Spanish possession on June 3, 1770, although it would take two 
expeditions to accomplish this task. 

Having established the presidios at San Diego and Monterey, Portolá returned to Mexico. During the 
f irst four years of  Spanish presence in Alta California, Father Junípero Serra, a member of  the Portolá 
expedition and the Catholic leader of  the new province, began establishing what would become a 
chain of  21 coastal missions in California. The f irst, founded concurrently at San Diego with the 
presidio, was the launching point for this group. During this time, four additional missions (San Carlos 
Borromeo de Carmelo, San Antonio de Padua, San Gabriel Arcángel, and San Luis Obispo de Tolosa) 
were established.  

The Mexican Period (1821-1848) began with the success of  the Mexican Revolution in 1821, but 
changes to the mission system were slow to follow. When secularization of  the missions occurred in 
the 1830s, the missions’ vast land holdings in California were divided into large land grants called 
ranchos. The Mexican government granted ranchos throughout California to Spanish and Hispanic 
soldiers and settlers. Even af ter the decree of  secularization was issued in 1833 by the Mexican 
Congress, missionaries continued to operate a small diocesan church. In 1834, the San Gabriel 
Mission, including over 16,000 head of  cattle, was turned over to the civil administrator.  

In 1848, the Treaty of  Guadalupe Hidalgo ended the Mexican American War and marked the beginning 
of  the American Period (1848 to present). The discovery of  gold that same year sparked the 1849 
California Gold Rush, bringing thousands of  miners and other new immigrants to California f rom 
various parts of  the United States, most of  whom settled in the northern part of  the state. For those 
settlers who chose to come to southern California, much of  their economic prosperity was fueled by 
cattle ranching rather than by gold. This prosperity, however, came to a halt in the 1860s because of  
severe f loods and droughts, as well as legal disputes over land boundaries, which put many ranchos 
into bankruptcy.  

Imperial County was formed in 1907 f rom a portion of  San Diego County known as Imperial Valley and 
is the newest of  California’s counties. It is known for being one of  California’s most prosperous 
agricultural communities because of  its vast canal systems stemming f rom the Colorado River. The 
f irst diversion of the Colorado River was in 1905 and continued through 1942 when the All-American 
Canal was completed. It is this water, conveyed f rom the Colorado River, that makes Imperial County 
so rich. 

City of Brawley 
Just as the Imperial Valley was starting to develop, a circular was released by the U.S. Government 
in 1902 claiming nothing would grow in this desert area, even with plentiful water. This now famous 
“libel” changed the name of  Brawley, which was initially slated to be called Braly. A man named J.H. 
Braly f rom Los Angeles had underwritten shares of  water stock and was assigned 4,000 acres of  land 
at the center of  the site where Brawley now stands. When Braly read this circular, he appealed to the 
Imperial Land Company to be released f rom his bargain. They told him they expected to build a city 
on his land and call it Braly. However, J.H. Braly wanted no part of  it; he did not want his name 
connected with what he envisioned as a failure. George E. Carter, who was building the grade for the 
new railroad, heard of  Braly’s wish and took over Braly’s contract for the 4,000 acres.  

The Imperial Land Company got wind of  the deal and sent emissaries to Carter, who sold out. 
Meanwhile, A.H. Heber (a principal in the townsite organizing company) had a f riend in Chicago by 
the name of  Brawley and suggested the town be called that name. The company ordered the new 
town platted in October of  1902. Brawley had a petition signed and was ready to incorporate in June 
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1907 but deferred the matter until the new Imperial County was formed out of  a portion of San Diego 
County that year. Then in February 1908, a petition was f iled, and Brawley was allowed to call an 
election. The vote was 34 to 22 in favor of  incorporation.  

For more than a century, Brawley has remained close to its roots of  being a small, agricultural 
community. Many of  its businesses cater to area farmers and ranchers who also call Brawley home. 
From the beginning, those who believed in Brawley were successful in creating imaginative ways to 
develop an oasis in what was once a hostile environment. Now as then, the town folk of Brawley pull 
together to create a united vision that is attractive to visitors, homeowners, consumers, developers 
and businesspeople alike. Incorporated in 1908, was a “tent city” of  only 100 persons who were 
involved in railroads and the earliest introduction of  agriculture. It had a population of 11,922 in 1950, 
but population growth was slow f rom the 1960s to the early 1990s. 

Records Search 

A records search dated October 14, 2020, was obtained f rom the South Coastal Information Center 
(SCIC) at San Diego State University. The records search provided information on all documented 
cultural resources and previous archaeological investigations within the 1-mile record search radius. 
Resources consulted during the records search conducted by the SCIC included the NRHP, California 
Historical Landmarks, California Points of  Historical Interest, and the CRHR Inventory. Results of  the 
records search and additional research are detailed below. 

Previous Research 

Based upon the records search conducted by the SCIC, 14 cultural resource studies have 
previously been completed within the 1-mile records search radius. Of  the 14 previous studies, 9 of 
the studies were within the project site. A list of  previous cultural resource studies within the 1-mile 
records search radius is provided in the Archaeological and Paleontological Assessment Report for 
the Brawley Solar Project (Appendix E of  this EIR). 

Previously Recorded Resources 

Based upon the records search conducted by the SCIC, 5 previously recorded cultural resources were 
recorded within the 1-mile record search radius. Results show that none of  the previously recorded 
resources are mapped within the project site boundaries. A list of  previously recorded resources within 
the 1-mile records search radius is provided in the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project (Appendix E of  this EIR). 

Field Survey 

A pedestrian survey was conducted on the project site between November 2 and 5, 2020. The purpose 
of  the f ield survey was to visually inspect the ground surface for both paleontological and 
archaeologically significant materials. The archaeologists assessed the ground surface for prehistoric 
artifacts (e.g., flaked stone tools, tool-making debris, stone milling tools), historic-period artifacts (e.g., 
metal, glass, ceramics), and sediment discoloration that might indicate the presence of  a cultural 
midden, as well as depressions and other features indicative of  the former presence of  structures or 
buildings (e.g., post holes, foundations). When an artifact or feature was observed during survey, the 
GPS data were recorded using the ArcGIS Collector application; photographs and measurements  
were taken; and, when applicable, for historic glass artifacts, the maker’s marks and date codes were 
recorded for further analysis and post-processing. 
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During completion of  the survey, resource CA-IMP-08166H was relocated. Although not mapped 
within the actual project site boundaries, a segment of  CA-IMP-08166H was relocated due to its 
bisecting position between the two adjacent project areas. Additionally, six newly recorded historic-
period resources were identif ied (Table 3.6-1). The new historic-period resources were fully 
documented with the appropriate DPR 523 series forms for each of  the new resources and will be 
submitted to the SCIC for inclusion in the archaeological database.  

Table 3.6-1. Newly Identified Cultural Resources within the Project Site 
Resource 

Name  
(Temporary) 

Trinomial 
Number Date Recorded 

Age 
 

Description Recommended 
Evaluation 

21267-001 Pending November 2, 2020 Historic Single-story 
residence 

Recommended not 
eligible 

21267-002 Pending November 2, 2020 Historic House/pads; glass 
and ceramic 
scatter 

Not evaluated 

21267-003 
(Iso) 

Pending November 3, 2020 Historic Green glass bottle 
base 

Not evaluated 

21267-004 Pending November 5, 2020 Multi-component Glass bottle, 
sanitary and food 
can scatter 

Not evaluated 

21267-005 Pending November 5, 2020 Multi-component Historic glass 
bottle, sanitary and 
food can scatter, 
modern refuse 

Not evaluated 

21267-006 Pending November 5, 2020 Historic Canals/water 
conveyance, part 
of irrigation district 

Not evaluated 

Source: Appendix E of this EIR 

Historical Resources 

Historical resources signif icant under CEQA include those designated or eligible for designation in the 
NRHP, the CRHR or other state program, or a local register of  historical resources. Historical 
resources may also include resources listed in the State Historic Resources Inventory as signif icant 
at the local level or higher, and resources evaluated as potentially signif icant in a survey or other 
professional evaluation. 

As shown in Table 3.6-1, a total of  6 cultural resources were identif ied within the project site: four 
historic-period and two multi-component sites. Five of  the resources have yet to be evaluated. A 
detailed description of  these f ive resources is provided in the Archaeological and Paleontological 
Assessment Report for the Brawley Solar Project (Appendix E of  this EIR). 

Resource 21267-001 was evaluated and not recommended eligible for designation in the NRHP, the 
CRHR or other state program, or a local register of  historical resources. The NRHP and CRHR 
eligibility criteria are described below.  
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• NRHP Eligibility Criteria. Four criteria have been established to determine if  a resource is 
signif icant to American history, architecture, archaeology, engineering, or culture and should 
be listed in the NRHP. These criteria include: 

A. It is associated with events that have made a signif icant contribution to the broad 
patterns of  our history; 

B. It is associated with the lives of  persons significant in our past; 

C. It embodies the distinctive characteristics of  a type, period, or method of construction 
or that represent the work of  a master, or that possess high artistic values, or that 
represent a signif icant and distinguishable entity whose components may lack 
individual distinction; and 

D. It yields, or may be likely to yield, information important in prehistory or history. 

• CRHR Eligibility Criteria. For the purposes of  CEQA review, a historical resource is def ined 
as follows (14 CCR 15064.5[a]): 

1. A resource listed in, or determined eligible by the State Historical Resources 
Commission for listing in, the California Register of  Historical Resources (CRHR) 

2. A resource included in a local register of  historical resources 

3. A resource identif ied as signif icant in a historical resource survey meeting the 
requirements specif ied in PRC 5024.1(g) 

4. Any resource that the lead agency determines to be historically signif icant 

Site 21267-001 

Site 21267-001 is a historic farm/ranch complex, including a single-story house, numerous 
miscellaneous outbuildings, and a fenced area on the east side of  the property. The farm/ranch is 
located at 5003 N Best Avenue, Brawley, CA 92227, at the northwest corner of  N Best Avenue and 
Ward Road, which runs parallel to the east-west Livesley Drain. The complex is in the southeastern 
most location within the project site boundaries and is bordered to the north and northwest by 
agricultural f ields. The complex is visible as early as 1945 on the USGS map and 1953 in aerial 
imagery. The house and associated structures are still present. The building appears to correspond 
to typical minimal traditional style of form and construction, resting on a perimeter foundation of poorly 
consolidated concrete made with local materials. Wood joists are noted in the interior where exposed, 
suggesting a post-and-pier foundation for the f loor of  the building. The outline is a simple rectangle 
with a low, gabled roof line and minimal pitch. Roof  eaves minimally extend, with boxed in soffits. The 
exterior is treated in stucco, using techniques typical of  the period; tarpaper wrap, with wire mesh, a 
brown/scratch coat, and a f inish coat. There are several wood-trimmed piercings for wood-cased 
double-sash windows. Cast-iron waste pipes are embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
f ramed and sided, and most are in a state of  collapse or disrepair. Construction techniques and the 
greater fullness of  the dimensions of  the dimensional lumber suggest that these buildings are 
contemporaneous with the main residential building. 
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ELIGIBILITY CONSIDERATION 

Site 21267-001 was evaluated in March 2021 by Chambers Group. Based on the evaluation of  the 
residence, either as a complex or as individual structures, none of  the four criteria are met for inclusion 
in the CRHR and the resource is recommended not eligible.  

Criterion 1: This resource does not meet the criteria under Criterion 1 as it is not associated with 
events that have made a signif icant contribution to the broad patterns of local or regional history or the 
cultural heritage of  California or the United States. Therefore, this resource is recommended not 
eligible for the CRHR under Criterion 1.  

Criterion 2: This resource does not meet Criterion 2 as it is not associated with the lives of  persons 
who are important to local, California history. While research has yielded information to suggest that 
one of  the original land patent holders, Thomas A. Livesley, was fairly prominent in Salem, Oregon, 
neither he nor his family, or those also listed on the 1911 land patent, were specif ically associated with 
Brawley or Imperial Valley, California history. There is no evidence that Mr. Livesley or his family ever 
resided at 5003 N Best Avenue and were not mentioned as being inf luential in literature regarding the 
Imperial Irrigation District between the 1900s and 1940s or the history of  Imperial Valley between the 
1900s and 1930s (Dowd 1956; Tout 1931). It is likely that Mr. Livesley and the other parties listed on 
the land patent were involved in speculative agriculture but were not personally invested in the overall 
development of  Brawley or within Imperial Valley.  

Additionally, there is no evidence that the subsequent property titles holders, namely the Flammangs, 
were of  particular signif icance in Brawley. The Flammangs were owners of  a few farms over the 
decades, but there is no documentation stating any noteworthy inf luence in Brawley, Imperial Valley, 
or California. Therefore, this resource is recommended not eligible for the CRHR Criterion 2.  

Criterion 3: This resource does not meet Criterion 3 for embodying the distinctive characteristics of a 
type, period, or method of  construction; or as a representative work of  a master; or for possessing high 
artistic values. represent a very common property type throughout the United States, California, and 
San Diego. Many Traditional Style residences were constructed throughout the United States during 
the twentieth century and these examples are neither unique nor innovative for the period in which 
they were constructed. Therefore, this resource is recommended not eligible for the CRHR under 
Criterion 3. 

Criterion 4: This resource does not meet Criterion 4 since it is unlikely to yield information important 
to prehistory or history. It is unlikely that this property has the potential to broaden our understanding 
of  the history of  the United States, California, or San Diego during the twentieth century. Therefore, 
this resource is recommended not eligible for the CRHR under Criterion 4. 

3.6.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that 
are applicable to the project. 

Federal 

National Historic Preservation Act 

Federal regulations (36 CFR Part 800.2) def ine historic properties as "any prehistoric or historic district, 
site, building, structure, or object included, or eligible for inclusion in, in the National Register of  Historic 
Places." Section 106 of  the National Historic Preservation Act (NHPA) (Public Law 89-665; 80 Stat 
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915; USC 470, as amended) requires a federal agency with jurisdiction over a project to take into 
account the ef fect of the project on properties included in or eligible for the (NRHP, and to af ford the 
Advisory Council on Historic Preservation a reasonable opportunity to comment. The term "cultural 
resource" is used to denote a historic or prehistoric district, site, building, structure, or object, 
regardless of  whether it is eligible for the NRHP. 

State 

California Office of Historic Preservation 

The California Of f ice of Historic Preservation (OHP) administers state and federal historic preservation 
programs and provides technical assistance to federal, state, and local government agencies, 
organizations, and the general public with regard to historic preservation programs designed to 
identify, evaluate, register, and protect California's historic resources. 

Section 15064.5 of  the CEQA Guidelines also requires that Native American concerns and the 
concerns of  other interested persons and corporate entities, including but not limited to museums, 
historical commissions, associations, and societies be solicited as part of  the process of  cultural 
resources inventory. In addition, California law protects Native American burials, skeletal remains, and 
associated grave goods regardless of  their antiquity and provides for the sensitive treatment and 
disposition of those remains (HSC Section 7050.5, PRC Sections 5097.94 et seq.). 

CEQA Guidelines: Historical Resources Definition 

CEQA Guidelines Section 15064.5(a) def ines a historical resource as: 

(1) A resource listed in, or determined to be eligible by the State Historical Resources 
Commission, for listing in the CRHR (PRC Section 5024.1; Title 14 CCR, Section 4850 et 
seq.). 

(2) A resource included in a local register of  historical resources, as def ined in Section 5020.1(k) 
of  the Public Resources Code or identif ied as signif icant in an historical resource survey 
meeting the requirements Section 5024.1(g) of  the Public Resources Code, shall be presumed 
to be historically or culturally signif icant. Public agencies must treat any such resource as 
signif icant unless the preponderance of  evidence demonstrates that it is not historically or 
culturally signif icant. 

(3) Any object, building, structure, site, area, place, record, or manuscript which a lead agency 
determines to be historically signif icant or signif icant in the architectural, engineering, 
scientif ic, economic, agricultural, educational, social, political, military, or cultural annals of  
California may be considered to be an historical resource, provided the lead agency’s 
determination is supported by substantial evidence in light of  the whole record. Generally, a 
resource shall be considered by the lead agency to be “historically signif icant” if  the resource 
meets the criteria for listing on the CRHR (PRC Section 5024.1; Title 14 CCR, Section 4852) 
including the following: 

(A) Is associated with events that have made a signif icant contribution to the broad 
patterns of  California’s history and cultural heritage; 

(B) Is associated with the lives of  persons important to our past; 
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(C) Embodies the distinctive characteristics of  a type, period, region, or method of  
construction, or represents the work of  an important creative individual, or possesses 
high artistic values; or 

(D) Has yielded, or may be likely to yield, information important in prehistory or history.1 

(4) The fact that a resource is not listed in, or determined to be eligible for listing in the CRHR, not 
included in a local register of  historical resources (pursuant to Section 5020.1(k) of  the Public 
Resources Code), or identif ied in an historical resources survey (meeting the criteria in Section 
5024.1(g) of  the Public Resources Code) does not preclude a lead agency f rom determining 
that the resource may be an historical resource as def ined in Public Resources Code Sections 
5020.1(j) or 5024.1. 

CEQA Guidelines: Archaeological Resources 

Section 15064.5(c) of  CEQA Guidelines provides specific guidance on the treatment of archaeological 
resources as noted below. 

(1) When a project will impact an archaeological site, a lead agency shall f irst determine whether 
the site is an historical resource, as def ined in subdivision (a). 

(2) If  a lead agency determines that the archaeological site is an historical resource, it shall refer 
to the provisions of Section 21084.1 of  the Public Resources Code, and this section, Section 
15126.4 of  the Guidelines, and the limits contained in Section 21083.2 of  the Public Resources 
Code do not apply. 

(3) If  an archaeological site does not meet the criteria def ined in subdivision (a), but does meet 
the def inition of  a unique archeological resource in Section 21083.2 of  the Public Resources 
Code, the site shall be treated in accordance with the provisions of Section 21083.2. The time 
and cost limitations described in Public Resources Code Section 21083.2 (c–f ) do not apply to 
surveys and site evaluation activities intended to determine whether the project location 
contains unique archaeological resources. 

(4) If  an archaeological resource is neither a unique archaeological nor an historical resource, the 
ef fects of  the project on those resources shall not be considered a signif icant ef fect on the 
environment. It shall be suf f icient that both the resource and the ef fect on it are noted in the 
Initial Study or EIR, if  one is prepared to address impacts on other resources, but they need 
not be considered further in the CEQA process. 

CEQA Guidelines: Human Remains  

Section 15064.5 of  CEQA Guidelines provides specific guidance on the treatment of  human remains 
pursuant to PRC § 5097.98, which provides specific guidance on the disposition of Native American 
burials (human remains), and fall within the jurisdiction of the NAHC: 

(d) When an initial study identif ies the existence of, or the probable likelihood, of Native American 
human remains within the project, a lead agency shall work with the appropriate Native 
Americans as identif ied by the NAHC as provided in Public Resources Code Section 5097.98. 
The applicant may develop an agreement for treating or disposing of, with appropriate dignity, 
the human remains and any items associated with Native American burials with the 

 
1 Ibid. 
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appropriate Native Americans as identif ied by the NAHC. Action implementing such an 
agreement is exempt f rom: 

(1) The general prohibition on disinterring, disturbing, or removing human remains f rom any 
location other than a dedicated cemetery (HSC Section 7050.5). 

(2) The requirements of  CEQA and the Coastal Act. 

(e) In the event of  the accidental discovery or recognition of  any human remains in any location 
other than a dedicated cemetery, the following steps should be taken: 

(1) There shall be no further excavation or disturbance of  the site or any nearby area 
reasonably suspected to overlie adjacent human remains until: 

(A) The coroner or the county in which the remains are discovered must be contacted to 
determine that no investigation of the cause of  death is required, and 

(B) If  the coroner determines the remains to be Native American: 

1. The coroner shall contact the NAHC within 24 hours. 

2. The NAHC shall identify the person or persons it believes to be the most likely 
descended f rom the deceased Native American. 

3. The mostly descendent may make recommendations to the landowner of  the 
person responsible for the excavation work, for means of  treating or disposing of, 
with appropriate dignity, the human remains and any associated grave goods as 
provided in Public Resources Code section 5097.98, or 

(2) Where the following conclusions occur the landowner or his authorized representative 
shall rebury the Native American human remains and associated grave goods with 
appropriate dignity on the property in a location not subject to further subsurface 
disturbance.  

(A) The NAHC is unable to identify a most likely descendent or the most likely descendent 
failed to make a recommendation within 24 hours af ter being notif ied by the 
commission. 

(B) The descendant fails to make a recommendation; or 

(C) The landowner or his authorized representative rejects the recommendation of  the 
descendant, and the mediation by the NAHC fails to provide measures acceptable to 
the landowner. 

(f ) As part of  the objectives, criteria, and procedures required by Section 21082 of  the Public 
Resources Code, a lead agency should make provisions for historical or unique archaeological 
resources accidentally discovered during construction. These provisions should include an 
immediate evaluation of  the f ind by a qualif ied archaeologist. If  the f ind is determined to be an 
historical or unique archaeological resource, contingency funding and a time allotment 
suf f icient to allow for implementation of avoidance measures or appropriate mitigation should 
be available. Work could continue on other parts of  the building site while historical or unique 
archaeological resource mitigation takes place.” 
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California Health and Safety Code, Section 7050.5 

California HSC 7050.5 makes it a misdemeanor to disturb or remove human remains found outside a 
cemetery. This code also requires a project owner to halt construction if  human remains are discovered 
and to contact the County Coroner. 

Local 

Imperial County General Plan 

The Imperial County General Plan provides goals, objectives, and policies for the identif ication and 
protection of  significant cultural resources. The Conservation and Open Space Element of  the General 
Plan includes goals, objectives, and policies for the protection of cultural resources and scientific sites 
that emphasize identif ication, documentation, and protection of cultural resources. While Section 3.9, 
Land Use Planning, of  this EIR analyzes the project’s consistency with the General Plan pursuant to 
CEQA Guidelines Section 15125(d), the Imperial County Board of  Supervisors and Planning 
Commission ultimately make a determination as to the project’s consistency with the General Plan. 
Goals and Objectives applicable to the proposed project are summarized in Table 3.6-2. 

Table 3.6-2. Project Consistency with Applicable General Plan Goals and Objectives 

General Plan Policies 
Consistency with 

General Plan Analysis 

Conservation and Open Space 
Element - Open Space and 
Recreation Conservation  

Goal 1 - Environmental resources 
shall be conserved for future 
generations by minimizing 
environmental impacts in all land 
use decisions and educating the 
public on their value. 

Objective 1.4 - Ensure the 
conservation and management of 
the County’s natural and cultural 
resources. 

Consistent A cultural resources inventory was prepared for 
the project area. Known archaeological 
resources within the project area will be avoided 
and not impacted. However, as discussed 
below, the proposed project has the potential to 
encounter undocumented historical, 
archaeological resources, and human remains. 

Implementation of Mitigation Measure CUL-1 
and CUL-2 would require a supervising monitor 
to monitor all ground disturbing activity and to 
provide WEAP training to workers to reduce 
potential impacts on historical resources to a 
level less than significant. Implementation of 
Mitigation Measures CUL-3, CUL-4, and CUL-5 
would reduce the potential impact associated 
with the inadvertent discovery of archaeological 
resources to a level less than significant.  

At the completion of construction, an 
Archaeological Resources Monitoring Report will 
be prepared to summarize all monitoring efforts 
and observations, as performed, and all 
prehistoric or historic archaeological finds per 
Mitigation Measure CUL-6.  Mitigation Measure 
CUL-7 would ensure that the potential impact on 
previously unknown human remains does not 
rise to the level of significance pursuant to 
CEQA. 

Objective 3.1 - Protect and 
preserve sites of archaeological, 
ecological, historical, and scientific 
value, and/or cultural significance. 

Consistent 

Source: County of Imperial 1993 
Notes: 
CUL=cultural; WEAP= Worker Environmental Awareness Program 
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3.6.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering proposed project impacts related 
to cultural and archeological resources, the methodology employed for the evaluation, an impact 
evaluation, and mitigation requirements, if  necessary. 

Thresholds of Significance 

Based on CEQA Guidelines Appendix G, project impacts related to cultural resources are considered 
signif icant if  any of the following occur: 

• Cause a substantial adverse change in the signif icance of  a historical resource pursuant to 
§15064.5 

• Cause a substantial adverse change in the signif icance of  an archaeological resource pursuant 
to §15064.5 

• Disturb any human remains, including those interred outside of  dedicated cemeteries 

Methodology 
This analysis evaluates the potential for the proposed project, as described in Chapter 2, Project 
Description, to interact with cultural resources in the project area. Based on the extent of  these 
interactions, this analysis considers whether these conditions would result in an exceedance of  one or 
more of  the applied significance criteria as identif ied above.  

As indicated in the environmental setting, the Archaeological and Paleontological Assessment Report 
for the Brawley Solar Project (Appendix E of  this EIR) was prepared for the project. The cultural 
resources inventory provides the results of a SCIC records search and a f ield survey which have been 
completed for the project area pursuant to CEQA.  

The information f rom the cultural resources inventory was reviewed and summarized to present the 
existing conditions and to identify potential environmental impacts, based on the signif icance criteria 
presented in this section. Impacts associated with cultural resources that could result f rom project 
construction and operational activities were evaluated qualitatively based on site conditions; expected 
construction practices; materials, locations, and duration of project construction and related activities. 

Impact Analysis  

Impact 3.6-1 Would the project cause a substantial adverse change in the significance of a 
historical resource pursuant to §15064.5? 

To be considered historically significant, a resource must meet one of  four criteria for listing outlined 
in the CRHR (CEQA Guidelines 15064.3 (a)(3)). In addition to meeting one of  the criteria outlined 
the CRHR, a resource must retain enough intact and undisturbed deposits to make a meaningful 
data contribution to regional research issues (CCR Title 14, Chapter 1.5 Section 4852 [c]). Further, 
based on CEQA Guidelines Section 15064.5 (b), substantial adverse change would include 
physical demolition, destruction, relocation, or alteration of  the resource or its immediate 
surroundings such that the signif icance of  an historical resource is materially impaired. This can 
occur when a project:  
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• Demolishes or materially alters in an adverse manner those physical characteristics of  an 
historical resource that convey its historical signif icance and that justify its inclusion in, or 
eligibility for, inclusion in the CRHR, NRHP, a local register, or historic resources. 

• Demolishes or materially alters in an adverse manner those physical characteristics that 
account for its identif ication in an historical resources survey meeting the requirements of  PRC 
§5024.1(g), unless the public agency establishes by a preponderance of  the evidence that the 
resource is not historically or culturally signif icant.  

As shown in Table 3.6-1, six newly recorded cultural resources were identif ied within the project site 
during f ield surveys. Newly identif ied cultural resources comprise both historic-period and two multi-
component sites. Resource 21267-001 is recommended not eligible for listing and the other f ive 
resources have not been formally evaluated for potential eligibility for listing in the CRHR. The project 
applicant will avoid ground-disturbing activities within and in close proximity to these resources. 
However, if -ground disturbing activities must occur within and in close proximity to these resources, a 
signif icant impact may potentially occur. Mitigation Measure CUL-1 and CUL-2 would involve retaining 
a Qualif ied Archaeologist to monitor ground disturbing work and provide WEAP training to construction 
personnel If  ground disturbing activities encounter unanticipated discoveries that are potentially 
signif icant historical resources pursuant to CEQA. Mitigation Measures CUL-3, CUL-4, and CUL-5 
would require construction to be halted in the area surrounding the discovery so that the Qualif ied 
Archaeologist can conduct formal site evaluations to assess whether resource(s) are potentially 
eligible for listing in the CRHR. At the completion of  construction, an Archaeological Resources 
Monitoring Report will be prepared to summarize all monitoring ef forts and observations, as performed, 
and all prehistoric or historic archaeological f inds per Mitigation Measure CUL-6. Implementation of  
Mitigation Measures CUL-1 through CUL-6 would reduce potential impacts associated with cultural 
resources to a level less than signif icant.  

Mitigation Measure(s) 

CUL-1  Cultural Monitoring. Prior to construction, the project Applicant shall retain the 
services of  a Qualif ied Professional Archaeologist meeting the Secretary of  the 
Interior’s Standards for a Qualif ied Archaeologist and require that all initial ground-
disturbing work be monitored by someone trained in artifact and feature identif ication 
in monitoring contexts. A Supervising Archaeological Specialist and a Paleontological 
Monitor, to be retained by the project applicant, will be required to be present at the 
project construction phase kickoff meeting. 
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CUL-2  Worker Environmental Awareness Program. Prior to any ground disturbance, the 
supervising Archaeological Resources Specialist and Archaeological Resources 
Monitor shall conduct initial Worker Environmental Awareness Program (WEAP) 
training to all construction personnel, including supervisors, present at the outset of  
the project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the project as needed. 

CUL-3 Discovery of Previously Unidentified Archaeological Materials. In the event of  the 
discovery of  previously unidentif ied archaeological materials, the construction 
contractor shall immediately cease all work activities within approximately 100 feet of  
the discovery. Af ter cessation of  excavation, the construction contractor shall 
immediately contact the Imperial County Department of  Planning and Development 
Services. Except in the case of  cultural items that fall within the scope of  the Native 
American Grave Protection and Repatriation Act, the discovery of any cultural resource 
within the project area shall not be grounds for a “stop work” notice or otherwise 
interfere with the project’s continuation except as set forth in this paragraph. In the 
event of  an unanticipated discovery of  archaeological materials during construction, 
the project Applicant shall retain the services of a Qualif ied Professional Archaeologist 
meeting the Secretary of  the Interior’s Standards for a Qualif ied Archaeologist to 
evaluate the signif icance of  the materials prior to resuming any construction-related 
activities in the vicinity of  the f ind. If  the Qualif ied Archaeologist determines that the 
discovery constitutes a significant resource under CEQA and it cannot be avoided, the 
project Applicant shall implement an archaeological data recovery program.  

CUL-4 Schedule of Ground-Disturbing Activities. The construction contractor shall provide 
the Supervising Archaeological Resources Specialist with a schedule of  initial potential 
ground-disturbing activities. A minimum of  48 hours will be provided of commencement 
of  any initial ground-disturbing activities such as vegetation grubbing or clearing, 
grading, trenching, or mass excavation.  

As detailed in the schedule provided, an Archaeological Monitor shall be present on 
site at the commencement of  ground-disturbing activities related to the project. The 
monitor, in consultation with the Supervising Archaeologist, shall observe initial 
ground-disturbing activities and, as they proceed, make adjustments to the number of  
monitors as needed to provide adequate observation and oversight. All monitors will 
have stop-work authority to allow for recordation and evaluation of  f inds during 
construction. The monitor will maintain a daily record of  observations to serve as an 
ongoing reference resource and to provide a resource for f inal reporting upon 
completion of the project.  

The Supervising Archaeologist, Archaeological Monitor, and the lead contractor and 
subcontractors shall maintain a line of  communication regarding schedule and activity 
such that the monitor is aware of  all ground-disturbing activities in advance in order to 
provide appropriate oversight. 
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CUL-5  Discovery of Archaeological Resources. If  archaeological resources are 
discovered, construction shall be halted within 50 feet of  the f ind and shall not resume 
until a Qualif ied Archaeologist can determine the signif icance of  the f ind and/or the f ind 
has been fully investigated, documented, and cleared. 

CUL-6  Archaeological Resources Monitoring Report. At the completion of  all ground-
disturbing activities, the Qualif ied Archaeologist shall prepare an Archaeological 
Resources Monitoring Report summarizing all monitoring ef forts and observations, as 
performed, and any and all prehistoric or historic archaeological f inds as well as 
providing follow-up reports of  any f inds to the South Coastal Information Center 
(SCIC), as required. 

Significance After Mitigation 

With the implementation of  Mitigation Measures CUL-1 through CUL-6, impacts to potential historical 
resources during construction would be reduced to a level less than signif icant by requiring 
construction monitoring, WEAP training, and proper handling and documentation of  previously 
undiscovered historic resources.  

Impact 3.6-2 Would the project cause a substantial adverse change in the significance of 
an archaeological resource pursuant to §15064.5? 

Pursuant to CEQA Guidelines §15064.5(c)(1) and (2), an archaeological resource includes an 
archaeological site that qualif ies as a signif icant historical resource as described for Impact 3.6-1. 
If  an archaeological site does not meet any of  the criteria outlined in the provisions under Impact 
3.6-1, but meets the def inition of a “unique archaeological resource” in PRC 21083.2, the site shall 
be treated in accordance with the provisions of  PRC 21083.2, unless the project applicant and 
public agency elect to comply with all other applicable provisions of  CEQA with regards to 
archaeological resources. “Unique archaeological resource” means an archaeological artifact, 
object or site about which it can be clearly demonstrated that, without merely adding to the current 
body of knowledge, there is a high probability that it meets any of  the following criteria:  

1) Contains information needed to answer important scientific research questions that there is 
a demonstrable public interest in that information.  

2) Has a special and particular quality such as being the oldest of its type or the best available 
example of  its type.  

3) Is directly associated with a scientif ically recognized important historic event or person.  

CEQA Guidelines 15064.5(c)(4) conf irms that if  an archaeological resource is neither a unique 
archaeological nor an historic resource, the ef fects of  the project on those resources shall not be 
considered a signif icant effect on the environment.  

Based on the f ield survey conducted for the project, much of  the proposed project survey area was 
vegetated by agricultural f ields while others were in areas previously disturbed for placement of water 
channels and culverts for agricultural purposes. The disturbed surface and subsurface of  the project 
area f rom agricultural activity and construction of  channels and culverts have likely destroyed any 
intact potential prehistoric or historic-era cultural resources. The potential of  f inding a buried 
archaeological site during construction is considered low. However, like all construction projects in the 
state, the possibility exists. This potential impact is considered significant. Implementation of  Mitigation 
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Measures CUL-1 through CUL-6 would reduce the potential impact associated with the inadvertent 
discovery of archaeological resources to a level less than signif icant.  

Impact 3.6-3 Would the project disturb any human remains, including those interred 
outside of dedicated cemeteries? 

During the construction and operational phases of  the proposed project, grading, excavation and 
trenching will be required. Although the potential for encountering subsurface human remains within 
the project site is low, there remains a possibility that human remains are present beneath the 
ground surface, and that such remains could be exposed during construction. The potential to 
encounter human remains is considered a signif icant impact. Mitigation Measure CUL-7 would 
ensure that the potential impact on previously unknown human remains does not rise to the level 
of  significance pursuant to CEQA. 

Mitigation Measure(s) 

CUL-7 Discovery of Human Remains. In the unlikely event that human remains are 
discovered during ground-disturbing activities, then the proposed project would be 
subject to California Health and Safety Code 7050.5, CEQA Section 15064.5, and 
California Public Resources Code Section 5097.98 (NPS 1983). If  human remains 
are found during ground-disturbing activities, State of California Health and Safety 
Code Section 7050.5 states that no further disturbance shall occur until the Imperial 
County Coroner has made a determination of  origin and disposition pursuant to 
Public Resources Code Section 5097.98. In the event of  an unanticipated discovery 
of  human remains, the Imperial County Coroner shall be notif ied immediately. If the 
human remains are determined to be prehistoric, the County Coroner shall notify 
the NAHC, which shall notify a most likely descendant (MLD). The MLD shall 
complete the inspection of  the site within 48 hours of  notif ication and may 
recommend scientif ic removal and nondestructive analysis of  human remains and 
items associated with Native American burials. 

Significance After Mitigation 

With the implementation of  Mitigation Measure CUL-7, potential impacts f rom encountering human 
remains during ground-disturbing construction activities would be reduced to a level than signif icant 
with adherence to California Health and Safety Code 7050.5, CEQA Section 15064.5, and California 
Public Resources Code Section 5097.98 (NPS 1983).  

3.6.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. No impact is anticipated f rom restoration activities as the ground disturbance and 
associated impacts on cultural resources will have occurred during the construction phase of  the 
proposed project. 
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Residual 
Implementation of  Mitigation Measure CUL-1 and CUL-2 would require a supervising monitor to 
monitor all ground disturbing activity and to provide WEAP training to workers to reduce potential 
impacts on historical resources to a level less than signif icant. Implementation of Mitigation Measures 
CUL-3, CUL-4, and CUL-5 would reduce the potential impact associated with the inadvertent discovery 
of  archaeological resources to a level less than signif icant. At the completion of decommissioning 
construction activities, an Archaeological Resources Monitoring Report will be prepared to summarize 
all monitoring ef forts and observations, as performed, and all prehistoric or historic archaeological 
f inds per Mitigation Measure CUL-6.  Mitigation Measure CUL-7 would ensure that the potential impact 
on previously unknown human remains does not rise to the level of  signif icance pursuant to CEQA. 
No unmitigable impacts on cultural resources would occur with implementation of  the proposed project. 
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3.7 Geology and Soils 
This section includes an evaluation of  the project in relation to existing geologic and soils conditions 
within the project site. Information contained in this section is summarized f rom the Geotechnical 
Feasibility Study prepared by Chambers Group (Appendix F of  this EIR) and the Archaeological and 
Paleontological Assessment Report for the Brawley Solar Project prepared by Chambers Group 
(Appendix E of  this EIR). 

3.7.1 Existing Conditions 

Regional Geology 
The project site is located in Imperial County in the Salton Trough geomorphic province of California. 
The Salton Trough encompasses the Coachella, Imperial and Mexicali Valley which extend f rom 
northeast of  Palm Springs near San Gorgonio Pass to the Gulf  of  California. The Imperial Valley is 
bounded by the Chocolate Mountains to the northeast, the Salton Sea to the north, the Peninsular 
Ranges to the Southwest, and Mexicali Valley to the south, and is dominated by lacustrine and alluvial 
sediments. Unexposed succession of Tertiary- and Quaternary-aged sedimentary rocks lie below the 
alluvial and lake sediments f rom depths of  11,000 feet or more. Basement rocks consisting of  
Mesozoic granite and probably Paleozoic metamorphic rocks are estimated to exist at depths between 
15,000 and 20,000 feet (Appendix F of  this EIR).  

The geologic conditions present within the County contribute to a wide variety of  hazards that can 
result in loss of  life, bodily injury, and property damage. The primary seismic hazard at the project site 
is the potential for strong ground shaking. The Salton Trough is a seismically active area and the 
Imperial Valley in particular has numerous northwest-treading active faults.  

Local Geology and Surface Conditions 
The project site is generally within the f loodplain of the New River and underlain by Quaternary Lake 
Deposits. The Western Boundary of  the project site which has a descending slope is the former bank 
of  the New River. The surface of  the project site is observed to contain a topsoil/tilled horizon related 
to previous agricultural usage of  the project site, and minor amounts of  undocumented artif icial fill 
related to the boundary roads and paths, adjacent drainage channels, and the railway that bisects the 
site. The f ill in these areas include local lean, to fat clay derived f rom the native lake deposits. The 
dominant geologic unit below the project site is young lake deposits which consist of  silts and clays 
with occasional interbeds of silty sand (Appendix F of  this EIR). As shown on Figure 3.7-1, soil series 
mapped on the project site include: 

• 102 Badland 

• 110 Holtville silty clay, wet 

• 114 Imperial silty clay, wet 

• 115 Imperial-Glenbar silty clay loams, wet, 0 to 2 percent slopes 

• 122 Meloland very f ine sandy loam, wet 
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Figure 3.7-1. Soils Mapped on the Project Site 
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Groundwater Conditions 

Groundwater was encountered at approximately 42 feet below the existing grade in the western end 
of  the project site, and perched groundwater was encountered at approximately 12 feet below grade 
in the northeast corner of  the site. Within the project site, water is channeled within the drainage ditches 
and channels along the northern and southern property lines just below surface elevation. Additionally, 
six geothermal wells are present throughout the site.  

Faulting and Seismicity 
Earthquakes are the result of  an abrupt release of  energy stored in the earth. This energy is generated 
f rom the forces which cause the continents to change their relative position on the earth's surface, a 
process called “continental drif t.” The earth's outer shell is composed of  a number of  relatively rigid 
plates which move slowly over the comparatively f luid molten layer below. The boundaries between 
plates are where the more active geologic processes take place. Earthquakes are an incidental 
product of these processes.  

Southern California straddles the boundary between two global tectonic plates known as the North 
American Plate (on the east) and the Pacif ic Plate (on the west). The main plate boundary is 
represented by the San Andreas Fault, which extends northwest f rom the Gulf  of California in Mexico, 
through the desert region of  the Imperial Valley, through the San Bernardino region, and into Northern 
California, where it eventually trends of fshore, north of San Francisco (Appendix F of this EIR).   

In Southern California, the plate boundary is a complex system of numerous faults known as the San 
Andreas Fault System that spans a 150-mile-wide zone f rom the main San Andreas fault in the 
Imperial Valley westward to of fshore of San Diego. As shown in Figure 3.7-2, the closest active faults 
to the project site include: the Brawley Seismic Zone which is approximately 2.4 miles to the west, the 
Imperial Fault which is approximate 8.3 miles to the south, the Superstition Hills Fault which is 
approximately 11.9 miles to the southwest, the Superstition Mountain Fault which is approximately 
14.5 miles to the southwest, the Elmore Ranch Fault which is approximately 15.8 miles to the west, 
and the San Andreas Fault which is 25.5 miles to the northwest (Appendix F of  this EIR). 

The project site is within an active tectonic area with several signif icant faults that are capable of  
producing moderate to strong earthquakes. The Imperial Fault, Superstition Hills Fault, and 
Superstition Mountain Fault are the three closest faults to the project site. Based on probabilistic 
analysis f rom the California Geological survey website, the peak ground acceleration at the project 
site is estimated to be approximated 0.48g, based on a probability of 10 percent in 50 years (Appendix 
F of  this EIR).  

Seismic Ground Shaking 
Ground shaking is the byproduct of an earthquake and is the energy created as rocks break and slip 
along a fault during an earthquake. The amount of  ground shaking that an area may be subject to 
during an earthquake is related to the proximity of  the area to the fault, the depth of  the hypocenter 
(focal depth), location of  the epicenter and the size (magnitude) of  the earthquake. Soil type also plays 
a role in the intensity of  shaking. Bedrock or other dense or consolidated materials are less prone to 
intense ground shaking than soils formed f rom alluvial deposition. 

As the project site is located in the seismically active southern California region, strong ground shaking 
can be expected at the project site during moderate to severe earthquakes in the general region. 
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Surface Rupture 
Surface rupture occurs when movement along a fault results in actual cracking or breaking of  the 
ground along a fault during an earthquake; however, it is important to note that not all earthquakes 
result in surface rupture. Surface rupture almost always follows preexisting fault traces, which are 
zones of  weakness. Rupture may occur suddenly during an earthquake or slowly in the form of  fault 
creep. Fault creep is the slow rupture of  the earth's crust. Sudden displacements are more damaging 
to structures because they are accompanied by shaking. 

The California Geologic Survey (CGS) established criteria for faults as active, potentially active, and 
inactive. Active faults are those that show evidence of  surface displacement within the last 11,000 
years (Holocene age). Potentially active faults are those that demonstrate displacement within the 
past 1.6 million years (Quaternary age). Faults showing no evidence of  displacement within the last 
1.6 million years may be, in general, considered inactive for most structures, except for critical 
structures (Appendix F of  this EIR). 

In 1972 the Alquist-Priolo Special Studies Earthquake Hazards Act (APEHA) was passed, which 
required fault studies within 500 feet of  active or potentially active faults. The APEHA designates 
“active” and “potentially active” faults utilizing the same age criteria as that used by the CGS. The 
project site is not located within a currently mapped APEHA zone. As previously mentioned above, 
the nearest active major fault is the Brawley Seismic Zone which is approximately 2.4 miles to the 
west of  the project site (Appendix F of this EIR). Based on this distance, the potential for surface fault 
rupture to occur on the project site is considered low.  
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Figure 3.7-2. Regional Fault Map 
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Liquefaction 
Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such 
as those produced by earthquakes. With strong ground shaking, an increase in pore water pressure 
develops as the soil tends to reduce in volume. If  the increase in pore water pressure is suf f icient to 
reduce the vertical ef fective stress (suspending the soil particles in water), the soil strength decreases, 
and the soil behaves as a liquid (similar to quicksand). The factors known to inf luence liquefaction 
potential include soil type, relative density, grain size distribution, conf ining pressure, depth to 
groundwater, and the intensity and duration of  the seismic ground shaking. Liquefaction is most 
prevalent in loose- to medium-dense, silty, sandy, and gravelly soils below the groundwater table.  

The predominate soil type encountered in the borings include f ine-grained silts and clays. Based on 
site observation of  the soil encountered during drilling for exploratory borings and the lack of  shallow 
groundwater table, the potential for liquefaction at the project site is considered to be very low. 
(Appendix F of  this EIR).  

Landslides 
Landslides are the descent of  rock or debris caused by natural factors, such as the pull of  gravity, 
f ractured or weak bedrock, heavy rainfall, erosion, and earthquakes. The project site has a relatively 
f lat topography; therefore, the potential for landsliding is considered negligible (Appendix F of  this 
EIR). Additionally, according to the County of  Imperial General Plan, Seismic and Public Safety 
Element (County of  Imperial 1997a), the project site is not within an area with moderate or low 
potentials for landslides. 

Lateral Spreading 
Lateral spreading typically occurs as a form of  horizontal displacement of  relatively f lat lying alluvial 
material toward an open or “f ree” face such as an open body of  water, channel, or excavation. This  
movement is generally due to failure along a weak plane, and may of ten be associated with 
liquefaction. As cracks develop within the weakened material, blocks of soil displace laterally toward 
the open face. Cracking and lateral movement may gradually propagate away f rom the face as blocks 
continue to break f ree. Based on the site conditions and gentle to relatively flat topography across the 
majority of  the project site, lateral spreading is considered unlikely (Appendix F of this EIR).   

Land Subsidence 
Land subsidence is the sinking of the ground surface caused by the compression of earth materials or 
the loss of  subsurface soil because of  underground mining, tunneling, or erosion. The major causes 
of  subsidence include f luid withdrawal f rom the ground, decomposing organics, underground mining 
or tunneling, and placing large f ills over compressible earth materials. The ef fective stress on 
underlying soils is increased resulting in consolidation and settlement. Subsidence may also be 
caused by tectonic processes. Based on the site conditions and gentle to relatively f lat topography 
across the majority of  the project site, ground subsidence is considered unlikely (Appendix F of  this 
EIR). 

Expansive Soils 
Expansive soils are characterized by their ability to undergo signif icant volume changes (shrink or 
swell) due to variations in moisture content. Changes in soil moisture content can result f rom 
precipitation, landscape irrigation, utility leakage, roof  drainage, perched groundwater, drought, or 
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other factors and may result in unacceptable settlement or heave of  structures. Expansive soils are 
known to be present throughout the Imperial Valley and based on preliminary laboratory testing, 
medium to highly expansive soils were encountered within the upper 5 feet of  the project site. As 
previously stated, the project site is predominately underlain by fine-grained silts and clays. Generally, 
sands are considered not expansive while soils and clays may exhibit moderate to high expansion 
potential due to variation in moisture content (Appendix F of  this EIR). 

Collapsible Soils  
Collapsible soil is generally def ined as soil that will undergo a sudden decrease in volume and its 
internal support is lost under applied loads when water is introduced into the soil. The internal support 
is considered to be a temporary strength and is derived f rom a number of  sources including capillary 
tension, cementing agents, e.g. iron oxide and calcium carbonate, clay-welding of  grains, silt bonds, 
clay bonds and clay bridges. Soils found to be most susceptible to collapse include loess (fine grained 
wind-deposited soils), valley alluvium deposited within a semi-arid to arid climate, and residual soil 
deposits. It is unknown whether collapsible soils are present on the project site.  

Corrosive Soils 

Corrosive soils can damage underground utilities including pipelines and cables, or weaken roadway 
structures. Based on screening tests conducted on a representative sample of  near surface soils, 
severely corrosive soils to both concrete material and metallic elements are present (Appendix F of  
this EIR). 

Paleontological Resources 
Paleontological resources (fossils) are the remains of  prehistoric plant and animal life. Fossil remains, 
such as bones teeth, shell, and wood, are found in geologic deposits (rock formations) within which 
they were originally buried. Many paleontological fossil sites are recorded in Imperial County and have 
been discovered during construction activities. Paleontological resources are typically impacted when 
earthwork activities, such as mass excavation cut into geological deposits (formations) with buried 
fossils.  

Late Pleistocene to Holocene Lake Cahuilla deposits exposed and/or underlying the proposed project 
area consist of  dark brown to gray, silty clays interpreted as f reshwater lacustrine; and, in drainages 
where exposed, these same sediments are interbedded with f iner to medium sands containing 
pebbles. The Lake Cahuilla Beds have yielded well-preserved subfossil remains of  f reshwater clams 
and snails and sparse remains of  f reshwater f ish. The paleontological resources of  the Lake Cahuilla 
Beds are considered signif icant because of  the paleoclimatic and palaeoecological information they 
can provide, and these deposits are therefore assigned a high paleontological potential. Therefore, 
although no paleontological resources were discovered during the survey within exposed cuts, the site 
does have paleontological sensitivity, with high potential for paleontological resource discovery 
(Appendix E of  this EIR).  

3.7.2 Regulatory Setting 
This section identif ies and summarizes laws, policies, and regulations that are applicable to the project.  
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Federal 

Earthquake Hazards Reduction Act 

The Earthquake Hazards Reduction Act was enacted in 1977 to “reduce the risks to life and property 
f rom future earthquakes in the United States through the establishment and maintenance of  an 
ef fective earthquake hazards and reduction program.” To accomplish this, the Act established the 
National Earthquake Hazards Reduction Program (NEHRP). This program was signif icantly amended 
in November 1990 by NEHRP, which ref ined the description of agency responsibilities, program goals, 
and objectives. 

NEHRP’s mission includes improved understanding, characterization, and prediction of  hazards and 
vulnerabilities; improvement of  building codes and land use practices; risk reduction through 
post-earthquake investigations and education; development and improvement of  design and 
construction techniques; improvement of mitigation capacity; and accelerated application of research 
results. The NEHRP designates the Federal Emergency Management Agency as the lead agency of  
the program and assigns it several planning, coordinating, and reporting responsibilities. Programs 
under NEHRP help inform and guide planning and building code requirements such as emergency 
evacuation responsibilities and seismic code standards such as those to which the project would be 
required to adhere. 

State 

Alquist-Priolo Special Studies Earthquake Hazards Act 

The APEHA was passed into law following the destructive February 9, 1971 San Fernando 
earthquake. The APEHA provides a mechanism for reducing losses f rom surface fault rupture on a 
statewide basis. The intent of  the APEHA is to ensure public safety by prohibiting the siting of  most 
structures for human occupancy across traces of  active faults that constitute a potential hazard to 
structures f rom surface faulting or fault creep. The state geologist (Chief  of  the California Division of  
Mines and Geology) is required to identify “earthquake fault zones” along known active faults in 
California. Counties and cities must withhold development permits for human occupancy projects 
within these zones unless geologic studies demonstrate that there would be no issues associated with 
the development of  projects. The project site is not located within a currently mapped APEHA zone. 

California Building Code 

The California Building Standards Commission is responsible for coordinating, managing, adopting, 
and approving building codes in California. CCR Title 24 is reserved for state regulations that govern 
the design and construction of  buildings, associated facilities, and equipment, known as building 
standards. The California Building Code (CBC) is based on the Federal Uniform Building Code used 
widely throughout the country (generally adopted on a state-by-state or district-by-district basis). The 
California Health and Safety Code (HSC) Section and 18980 HSC Section 18902 give CCR Title 24 
the name of  California Building Standards Code. The updates to the 2019 California Building 
Standards Code were published on January 1, 2021, with an ef fective date of July 1, 2021. 
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Local 

County of Imperial Land Use Ordinance 

Title 9 Division 15 (Geological Hazards) of  the County Land Use Ordinance has established 
procedures and standards for development within earthquake fault zones. Per County regulations, 
construction of  buildings intended for human occupancy are prohibited across the trace of  an active 
fault. An exception exists when such buildings located near the fault or within a designated Special 
Studies Zone are demonstrated through a geotechnical analysis and report not to expose a person to 
undue hazard created by the construction.  

County of Imperial General Plan 

The County of  Imperial General Plan, Seismic and Public Safety Element identif ies potential natural 
and human-induced hazards and provides policy to avoid or minimize the risk associated with hazards. 
The Seismic and Public Safety Element identif ies ‘lifelines and critical facilities’ whose disruption could 
endanger the public safety. Lifelines are def ined as networks of services that extend over a wide area 
and are vital to the public welfare, and can be classif ied into four categories: energy, water, 
transportation, and communications. The IID has a formal Disaster Readiness Standard Operating 
Procedure for the Water Department, Power Department, and the entire District staf f for response to 
earthquakes and other emergencies. 

Table 3.7-1 analyzes the consistency of  the project with specif ic policies contained in the County of  
Imperial General Plan associated with geology, soils, and seismicity. While this EIR analyzes the 
project’s consistency with the General Plan pursuant to CEQA Guidelines Section 15125(d), the 
Imperial County Board of  Supervisors ultimately determines consistency with the General Plan. 

Table 3.7-1. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Seismic and Public Safety Element 

Goal 1. Include public health and safety 
considerations in land use planning. Consistent Division 15 of the County Land Use Ordinance 

has established procedures and standards for 
development within earthquake fault zones. 
Per County regulations, construction of 
buildings intended for human occupancy 
which are located across the trace of an active 
fault are prohibited. An exception exists when 
such buildings located near the fault or within 
a designated Special Studies Zone are 
demonstrated through a geotechnical analysis 
and report not to expose a person to undue 
hazard created by the construction. 

Since the project site is located in a 
seismically active area, the project is required 
to be designed in accordance with the CBC for 
near source factors derived from a design 
basis earthquake based on a peak ground 
acceleration of 0.48 gravity. It should be noted 

Objective 1.1. Ensure that data on geological 
hazards is incorporated into the land use 
review process, and future development 
process. 

Objective 1.3. Regulate development adjacent 
to or near all mineral deposits and geothermal 
operations. 

Objective 1.4. Require, where possessing the 
authority, that avoidable seismic risks be 
avoided; and that measures, commensurate 
with risks, be taken to reduce injury, loss of life, 
destruction of property, and disruption of 
service. 
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Table 3.7-1. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Objective 1.7. Require developers to provide 
information related to geologic and seismic 
hazards when siting a proposed project. 

that, the project would be remotely operated 
and would not require any habitable structures 
on site. In considering these factors in 
conjunction with mitigation requirements 
outlined in the impact analysis, the risks 
associated with seismic hazards would be 
minimized. 

A preliminary geotechnical study has been 
prepared for the proposed project. The 
preliminary geotechnical study has been 
referenced in this environmental document. 
Additionally, a design-level geotechnical 
investigation will be conducted to evaluate the 
potential for site specific hazards associated 
with seismic activity. 

Goal 2: Minimize potential hazards to public 
health, safety, and welfare and prevent the loss 
of life and damage to health and property 
resulting from both natural and human-related 
phenomena. 

Objective 2.2. Reduce risk and damage due to 
seismic hazards by appropriate regulation. 

Objective 2.5 Minimize injury, loss of life, and 
damage to property by implementing all state 
codes where applicable. 

Objective 2.8 Prevent and reduce death, 
injuries, property damage, and economic and 
social dislocation resulting from natural hazards 
including flooding, land subsidence, 
earthquakes, other geologic phenomena, levee 
or dam failure, urban and wildland fires and 
building collapse by appropriate planning and 
emergency measures. 

Source: County of Imperial 1997 

3.7.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to geologic 
and soil conditions, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to geology and soils are considered 
signif icant if  any of the following occur: 

• Directly or indirectly cause potential substantive adverse ef fects, including the risk of  loss, 
injury, or death involving: 

o Rupture of  a known earthquake fault, as delineated on the most recent AP Earthquake 
Fault Zoning Map issued by the state geologist for the area or based on other substantial 
evidence of  a known fault; (Refer to Division of  Mines and Geology Special Publication 42)  

o Strong seismic ground shaking 

o Seismic related ground failure, including liquefaction 

o Landslides 
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• Result in substantial soil erosion or the loss of topsoil 

• Be located on a geologic unit or soil that is unstable or that would become unstable as a result 
of  the project, and potentially result in on- or of f -site landslide, lateral spreading, subsidence, 
liquefaction or collapse 

• Be located on expansive soil, as defined in Table 18-1-B of  the Uniform Building Code (1994), 
creating substantial direct or indirect risks to life or property  

• Have soils incapable of  adequately supporting the use of  septic tanks or alternative wastewater 
disposal systems where sewers are not available for the disposal of waste water 

• Directly or indirectly destroy a unique paleontological resource or site or unique geologic 
feature 

Methodology 

This analysis evaluates the potential for the project, as described in Chapter 2, Project Description, to 
interact with local geologic and soil conditions, as well as paleontological resources on the project site. 
A Geotechnical Feasibility Study prepared by Chambers Group (Appendix F of  this EIR) and 
Archaeological and Paleontological Assessment Report for the Brawley Solar Project prepared by 
Chambers Group (Appendix E of  this EIR) was prepared for the project. The information obtained from 
these studies were reviewed and summarized to present the existing geologic and soil conditions on 
the project site. This analysis considers whether these conditions would result in an exceedance of  
one or more of  the applied signif icance criteria as identif ied above. 

Impact Analysis  

Impact 3.7-1 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Rupture of a known earthquake fault, as delineated on the most recent AP 
Earthquake Fault Zoning Map issued by the state geologist for the area or based on 
other substantial evidence of a known fault; (Refer to Division of Mines and Geology 
Special Publication 42)?  

As previously discussed above, the project site is located in the seismically active Imperial Valley of  
southern California with several mapped faults of  the San Andreas Fault System traversing the region. 
As shown in Figure 3.7-2, the project site is not located on an active fault. Furthermore, no portion of  
the project site is within or near a designated APEHA zone, and, therefore, the potential for ground 
rupture to occur within the project site is considered unlikely. As such, the probability of surface fault 
rupture within the project site during construction and operation is considered low and the project 
would not increase or exacerbate existing hazards related to fault rupture. The proposed project would 
not directly or indirectly cause potential substantial adverse ef fects, including the risk of loss, injury or 
death involving rupture of  a major fault as delineated on the most recent Alquist-Priolo Fault Zoning 
map. This impact would be less than signif icant.  

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 3.7-2 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Strong seismic ground shaking? 

As previously discussed above, the closest mapped fault to the project site is the Brawley Seismic 
Zone which is approximately 2.4 miles to the west. In the event of  an earthquake along this fault or 
another regional fault, seismic hazards related to ground motion could occur in susceptible areas 
within the project site. The intensity of  such an event would depend on the causative fault and the 
distance to the epicenter, the moment magnitude, and the duration of  shaking. 

Even with the integration of  building standards that are designed to resist the ef fects of strong ground 
motion, ground shaking within the project site could cause some structural damage to the facility 
structures or, at least, cause unsecured objects to fall. During a stronger seismic event, ground 
shaking could result in structural damage or collapse of  electrical distribution facilities. Given the 
potentially hazardous nature of  the project facilities, the potential impact of  ground motion during an 
earthquake is considered a signif icant impact, as proposed structures, such as the substation and 
transmission lines could be damaged. However, the proposed project would be constructed in 
accordance with the applicable geotechnical and seismic design standards as well as the site-specific 
design recommendations in the f inal geotechnical report per Mitigation Measure GEO-1; and upon 
operation, the project would not result in any signif icant changes related to the risk of seismic hazards 
on the project site when compared to existing conditions, nor would project operation increase or 
exacerbate the potential for strong seismic ground shaking to occur. Impacts would be less than 
signif icant. 

Mitigation Measure(s) 

GEO-1 Prepare Geotechnical Report(s) as Part of Final Engineering for the Project and 
Implement Required Measures. Facility design for all project components shall 
comply with the site-specif ic design recommendations as provided by a licensed 
geotechnical or civil engineer to be retained by the project applicant. The f inal 
geotechnical and/or civil engineering report shall address and make recommendations 
on the following: 

• Site preparation 

• Soil bearing capacity 

• Appropriate sources and types of fill 

• Potential need for soil amendments 

• Structural foundations 

• Grading practices 

• Soil corrosion of concrete and steel 

• Erosion/winterization 

• Seismic ground shaking 

• Liquefaction 
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• Expansive/unstable soils 

In addition to the recommendations for the conditions listed above, the geotechnical 
investigation shall include subsurface testing of  soil and groundwater conditions, and 
shall determine appropriate foundation designs that are consistent with the version of  
the CBC that is applicable at the time building and grading permits are applied for. All 
recommendations contained in the f inal geotechnical engineering report shall be 
implemented by the project applicant. The f inal geotechnical and/or civil engineering  
report shall be submitted to Imperial County Public Works Department, Engineering 
Division for review and approval prior to issuance of  building permits.   

Significance after Mitigation 

With implementation of  Mitigation Measure GEO-1, potential impacts associated with strong seismic 
ground shaking would be reduced to a level less than signif icant with the implementation of  
recommendations made by a licensed geotechnical engineer in compliance with the CBC prepared as 
part of  a formal geotechnical investigation. 

Impact 3.7-3 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Seismic related ground failure, including liquefaction? 

As previously discussed above, the factors known to inf luence liquefaction potential include soil type, 
relative density, grain size distribution, confining pressure, depth to groundwater, and the intensity and 
duration of  the seismic ground shaking. Liquefaction is most prevalent in loose- to medium-dense, 
silty, sandy, and gravelly soils below the groundwater table.  

The predominate soil type encountered in the borings include f ine-grained silts and clays. Based on 
site observation of  the soil encountered during drilling for exploratory borings, the potential for 
liquefaction at the project site is considered to be very low (Appendix F of  this EIR). However, given 
that the project site is underlain by f ine-grained silts and clays, there is a potential for liquefaction to 
occur on the project site. Additional geotechnical investigation would be required in order to assess 
the risk of  liquefaction on the project site. The potential impact on liquefaction is considered a 
signif icant impact. Implementation of Mitigation Measure GEO-1, which requires the preparation of  a 
design-level geotechnical report, would reduce the potential impact associated with liquefaction to a 
level less than signif icant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Significance after Mitigation 

With implementation of  Mitigation Measure GEO-1, potential impacts associated with seismic ground 
failure such as liquefaction would be reduced to a level less than signif icant with the implementation 
of  recommendations made by a licensed geotechnical engineer in compliance with the CBC prepared 
as part of  a formal geotechnical investigation. 
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Impact 3.7-4 Would the project directly or indirectly cause potential substantive adverse 
effects, including the risk of loss, injury, or death involving: 

 Landslides? 

Along the western boundary of  the project site, there is a descending slope where there is a potential 
for general slope instability. The southern portion of  this slope does appear to have been recently 
graded while the northern portion appears to be natural and in a somewhat over-steepened condition. 
Minor slumping was also observed within localized areas of  this natural descending slope, as well as 
several areas that were heavily eroded. However, as stated above, the project site has a relatively f lat 
topographic gradient to the north, east, and west of  the site; and runoff water is allowed to f reely drain 
over the top of  the observed slope. Based on these factors the potential for a landslide is considered 
negligible (Appendix F of  this EIR). Therefore, the project would not directly or indirectly cause 
potential substantive adverse ef fects, including the risk of  loss, injury, or death involving landslides 
and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.7-5 Would the project result in substantial soil erosion or the loss of topsoil? 

During the site grading and construction phases, large areas of  unvegetated soil would be exposed to 
erosive forces by water for extended periods of time due to ICAPCD dust suppression requirements. 
Unvegetated soils are much more likely to erode f rom precipitation than vegetated areas because 
plants act to disperse, inf iltrate, and retain water. Construction activities will involve demolition and 
grubbing, grading of  the project site to establish access roads and pads for electrical equipment, 
trenching for underground electrical collection lines, and the installation of  solar equipment and 
security fencing which could result in increased erosion and sedimentation to surface waters. 
Construction could produce sediment-laden stormwater runof f  (nonpoint source pollution), a major 
contributor to the degradation of  water quality. If  precautions are not taken to contain contaminants, 
construction-related erosion impacts are considered a signif icant impact.  

As provided in Mitigation Measure GEO-1, during f inal engineering for the project, a design-level 
geotechnical study would identify appropriate measures for the project related to soil erosion. In 
addition, as part of  Mitigation Measure HYD-1 provided in Section 3.10 Hydrology/Water Quality, 
potential impacts f rom erosion during construction activities would be reduced to a level less than 
signif icant with the preparation of  a SWPPP for sediment and erosion control and implementation of  
BMPs to reduce erosion f rom the construction site.  

The project is not expected to result in substantial soil erosion or the loss of topsoil over the long term. 
The project applicant would be required to implement on-site erosion control measures in accordance 
with County standards, which require the preparation, review, and approval of  a grading plan by the 
County Engineer. Therefore, with implementation of  Mitigation Measure GEO-1 and Mitigation 
Measure HYD-1 identif ied in Section 3.10 Hydrology/Water Quality, impacts from construction-related 
erosion would be reduced to a level less than signif icant.  

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 and Mitigation Measure HYD-1 
are required. 
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Significance after Mitigation 

With implementation of  Mitigation Measure GEO-1 and Mitigation Measure HYD-1 in Section 3.10 
Hydrology/Water Quality, potential impacts f rom erosion during construction activities would be 
reduced to a level less than signif icant with the preparation of  a SWPPP and implementation of BMPs 
to reduce erosion f rom the construction site. 

Impact 3.7-6 Would the project be located on a geologic unit or soil that is unstable or that 
would become unstable as a result of the project, and potentially result in 
on- or off-site landslide, lateral spreading, subsidence, liquefaction or 
collapse? 

Based on the site conditions and gentle to relatively f lat topography across the majority of  the project 
site, lateral spreading is considered unlikely. However, additional geotechnical investigation would be 
required in order to assess the risk of  lateral spreading to occur on the project site. The potential 
impact associated with lateral spreading is considered a signif icant impact. 

The general project area is not experiencing subsidence which it typically attributed to the extraction 
of  groundwater. The proposed project facility is not expected to exacerbate or otherwise trigger 
signif icant subsidence; however, there are six geothermal wells on the project site that could potentially 
result in subsidence if  large quantities of  ground water are extracted, lowering the water table. 
Therefore, further geotechnical investigation would be required in order to address the issue of  
potential subsidence related to the operation of  these geothermal wells. The potential impact 
associated with lateral spreading is considered a signif icant impact.  

As described above, given that the project site is predominately underlain by f ine-grained silts and 
clays and based on site observation of the soil encountered during drilling for exploratory borings and 
the lack of  shallow groundwater table, the potential for liquefaction at the project site is considered to 
be very low. Additional geotechnical investigation would be required in order to assess the risk of  
liquefaction on the project site. The potential impact on liquefaction is considered a significant impact.  

It is unknown whether collapsible soils are present on the project site. Additional geotechnical 
investigation would be required in order to assess the risk of  collapsible soils to occur on the project 
site. The potential impact associated with collapsible soils is considered a significant impact. 

Implementation of  Mitigation Measure GEO-1, which requires the preparation of  a design-level 
geotechnical report, would reduce the potential impacts associated with lateral spreading, liquefaction, 
and collapsible soils to a level less than signif icant.  

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Significance after Mitigation 

With implementation of  Mitigation Measure GEO-1, potential impacts associated with lateral 
spreading, liquefaction, and collapsible soils would be reduced to a level less than signif icant with the 
implementation of  recommendations made by a licensed geotechnical engineer in compliance with 
the CBC prepared as part of  a formal geotechnical investigation. 
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Impact 3.7-7 Would the project be located on expansive soil, as defined in Table 18-1-B of 
the Uniform Building Code (1994), creating substantial direct or indirect risks 
to life or property? 

As stated above, expansive soils are characterized by their ability to undergo signif icant volume 
changes (shrink or swell) due to variations in moisture content. Changes in soil moisture content can 
result f rom precipitation, landscape irrigation, utility leakage, roof  drainage, perched groundwater, 
drought, or other factors and may result in unacceptable settlement or heave of  structures. The project 
site is predominately underlain by f ine-grained silts and clays. According to Section 1803.5.3 of  the 
2010 CBC, these soils should be considered “expansive.” Further, based on preliminary laboratory 
testing, medium to highly expansive soils were encountered within the upper 5 feet of  the project site.   

Therefore, unless properly mitigated, shrink-swell soils could exert additional pressure on buried 
structures and electrical connections producing shrinkage cracks that could allow water inf iltration and 
compromise the integrity of backfill material. These conditions could be worsened if structural facilities 
are constructed directly on expansive soil materials. This potential impact would be signif icant as 
structures could be damaged by these types of soils.  

Additionally, based on screening tests conducted on a representative sample of  near surface soils, it 
was found that the soils contain a water-soluble sulfate content of  0.27 percent; therefore, a severe 
exposure to sulfates may be expected for concrete placed in contact with soil materials. Careful control 
of  water-cement ratio and concrete compressive strength will be necessary in order to provide proper 
resistance again concrete deteriorate f rom sulfates. Further, the on-site soils, particularly clay/silty 
clay, are severely corrosive to ferrous metals and copper and can damage underground utilities 
including pipelines and cables or weaken roadway structures. Therefore, any ferrous metal or 
copper components of proposed project features that would be buried in direct contact with the site’s 
soil would also need to be protected against detrimental ef fects of severely corrosive soil materials. A 
site-specif ic geotechnical investigation would be required at the project site to determine the extent 
and ef fect of problematic soils which have been identif ied during preliminary laboratory screenings of  
near surface on-site soils. Implementation of  Mitigation Measure GEO-1, which requires the 
preparation of  a design-level geotechnical report, would reduce potential impacts associated with 
expansive and corrosive soils to a level less than signif icant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measure GEO-1 are required. 

Impact 3.7-8 Would the project have soils incapable of adequately supporting the use of 
septic tanks or alternative wastewater disposal systems where sewers are not 
available for the disposal of waste water?  

The proposed project would not require an operations and maintenance building. The proposed solar 
facility would be remotely operated, controlled and monitored and with no requirement for daily on-site 
employees. Therefore, no septic or other wastewater disposal systems would be required for the 
project and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 3.7-9 Would the project directly or indirectly destroy a unique paleontological 
resource or site or unique geologic feature? 

The Lake Cahuilla Beds have yielded well-preserved subfossil remains of freshwater clams and snails 
and sparse remains of  f reshwater f ish. The paleontological resources of  the Lake Cahuilla Beds are 
considered signif icant because of the paleoclimatic and palaeoecological information they can provide, 
and these deposits are therefore assigned a high paleontological potential. Therefore, the project site 
is considered to be paleontologically sensitive with a high potential for paleontological resource 
discovery (Appendix E of this EIR). Project construction has the potential to unearth and/or potentially 
destroy previously undiscovered paleontological resources. This potential impact is considered a 
signif icant impact. However, implementation of  Mitigation Measures GEO-2, through GEO-7 would 
reduce the potential impact on paleontological resources to a level less than signif icant. 

Mitigation Measure(s) 

GEO-2  Paleontological Mitigation and Monitoring Plan. Once a geotechnical report has 
been completed for the project, a qualif ied paleontologist shall review the boring logs 
and determine how deep paleontologically sensitive formations may be across the 
project site. The paleontologist shall use this information along with the results of  the 
paleontological survey to determine if  paleontological monitoring is warranted. If  
monitoring is warranted, a qualif ied paleontologist shall prepare a mitigation and 
monitoring plan to be implemented during project construction.  

GEO-3  Paleontological Monitoring. Prior to construction, the project applicant shall retain 
the services of  a Qualif ied Paleontologist and require that all initial ground-disturbing 
work be monitored by someone trained in fossil identification in monitoring contexts. A 
Supervising Paleontological Specialist and a Paleontological Monitor, to be retained 
by the project applicant, will be required to be present at the project construction phase 
kickoff meeting. 

GEO-4  Worker Awareness Program. Prior to any ground disturbance, the Supervising 
Paleontological Resources Specialist and Paleontological Resources Monitor shall 
conduct initial Worker Environmental Awareness Program (WEAP) training to all 
construction personnel, including supervisors, present at the outset of  the project 
construction work phase, for which the Lead Contractor and all subcontractors shall 
make their personnel available. This WEAP training will educate construction 
personnel on how to work with the monitor(s) to identify and minimize impacts to 
paleontological resources and maintain environmental compliance and be performed 
periodically for new personnel coming on to the project as needed.  

GEO-5  Schedule of Ground-Disturbing Activities. During construction, the construction 
contractor shall provide the Supervising Paleontological Resources Specialist with a 
schedule of  initial potential ground-disturbing activities. A minimum of  48 hours will be 
provided of  commencement of  any initial ground-disturbing activities such as 
vegetation grubbing or clearing, grading, trenching, or mass excavation.  

As detailed in the schedule provided, a Paleontological Monitor shall be present on 
site at the commencement of  ground-disturbing activities related to the project. The 
monitor, in consultation with the Supervising Paleontologist, shall observe initial 
ground-disturbing activities and, as they proceed, make adjustments to the number of  
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monitors as needed to provide adequate observation and oversight. All monitors will 
have stop-work authority to allow for recordation and evaluation of  f inds during 
construction. The monitor will maintain a daily record of  observations to serve as an 
ongoing reference resource and to provide a resource for f inal reporting upon 
completion of the project.  

The Supervising Paleontologist, Paleontological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of  communication regarding schedule and activity 
such that the monitor is aware of  all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

GEO-6  Discovery of Paleontological Resources. During construction, if  paleontological 
resources are discovered, construction shall be halted within 50 feet of  any 
paleontological f inds and shall not resume until a Qualif ied Paleontologist can 
determine the signif icance of  the f ind and/or the f ind has been fully investigated, 
documented, and cleared. 

GEO-7  Paleontological Resources Monitoring Report. At the completion of  all ground-
disturbing activities, the Supervising Paleontological Specialist shall prepare a 
Paleontological Resources Monitoring Report summarizing all monitoring ef forts and 
observations, as performed, and any and all paleontological f inds. 

Significance after Mitigation 

Implementation of  Mitigation Measures GEO-2 through GEO-7 would reduce the potential impact on 
paleontological resources to a level less than signif icant. In the event that unanticipated 
paleontological resources or unique geologic resources are encountered during ground-disturbing 
activities, work must cease within 50 feet of  the discovery and a paleontologist shall be hired to assess 
the scientif ic significance of the f ind. 

3.7.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. Decommissioning and restoration of  the project site at the end of  its use as a solar 
facility would involve the removal of  structures and restoration to prior (pre-solar project) conditions. 
No geologic or soil impacts associated with the restoration activities would be anticipated, and, 
therefore, no impact is identif ied.  

No impact is anticipated f rom restoration activities as the ground disturbance and associated impacts 
on paleontological resources will have occurred during the construction phase of  the project. 

Residual 
With implementation of  Mitigation Measure GEO-1, impacts related to strong seismic ground shaking, 
liquefaction, lateral spreading, collapsible soils, expansive soils, and corrosive soils would be reduced 
to a level less than signif icant. With implementation of  Mitigation Measure GEO-1 and Mitigation 
Measure HYD-1 in Section 3.10 Hydrology/Water Quality, potential impacts f rom erosion during 
construction activities would be reduced to a level less than signif icant. Implementation of  Mitigation 
Measures GEO-2 through GEO-7 would reduce the potential impact on paleontological resources to 
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a level less than signif icant. The project would not result in residual signif icant and unmitigable impacts 
related to geology and soil resources. 
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3.8 Greenhouse Gas Emissions 
This section includes an overview of  existing greenhouse gas (GHG) emissions within the project area 
and identif ies applicable federal, state, and local policies related to global climate change. The impact 
assessment provides an evaluation of potential adverse ef fects with regards to GHG emissions based 
on criteria derived f rom the CEQA Guidelines in conjunction with actions proposed in Chapter 2, 
Project Description. Information contained in this section is summarized f rom the Air Quality, Energy, 
and Greenhouse Gas Emissions Impact – Brawley Solar Energy Facility Project prepared by Vista 
Environmental. This report is included in Appendix C of  this EIR. 

3.8.1 Existing Conditions 

Greenhouse Gases 
Constituent gases of  the Earth’s atmosphere, called atmospheric greenhouse gases (GHGs), play a 
critical role in the Earth’s radiation amount by trapping inf rared radiation f rom the Earth’s surface, 
which otherwise would have escaped to space.  Prominent greenhouse gases contributing to this 
process include carbon dioxide (CO2), methane (CH4), ozone, water vapor, nitrous oxide (N2O), and 
chlorof luorocarbons (CFCs).  This phenomenon, known as the Greenhouse Ef fect, is responsible for 
maintaining a habitable climate.  Anthropogenic (caused or produced by humans) emissions of these 
greenhouse gases in excess of  natural ambient concentrations are responsible for the enhancement 
of  the Greenhouse Ef fect and have led to a trend of  unnatural warming of  the Earth’s natural climate, 
known as global warming or climate change.  Emissions of gases that induce global warming are 
attributable to human activities associated with industrial/manufacturing, agriculture, utilities, 
transportation, and residential land uses.  Emissions of  CO2 and N2O are byproducts of  fossil fuel 
combustion.  Methane, a potent greenhouse gas, results f rom off-gassing associated with agricultural 
practices and landf ills.  Sinks of CO2, where CO2 is stored outside of  the atmosphere, include uptake 
by vegetation and dissolution into the ocean.  The following provides a description of each of  the 
GHGs. 

Water Vapor. Water vapor is the most abundant, important, and variable GHG in the atmosphere.  
Water vapor is not considered a pollutant; in the atmosphere it maintains a climate necessary for life.  
Changes in its concentration are primarily considered a result of  climate feedbacks related to the 
warming of  the atmosphere rather than a direct result of  industrialization.  As the temperature of  the 
atmosphere rises, more water is evaporated f rom ground storage (rivers, oceans, reservoirs, soil).  
Because the air is warmer, the relative humidity can be higher, leading to more water vapor in the 
atmosphere.  As a GHG, the higher concentration of  water vapor is then able to absorb more thermal 
indirect energy radiated f rom the Earth, thus further warming the atmosphere.   

Carbon Dioxide. The natural production and absorption of  CO2 is achieved through the terrestrial 
biosphere and the ocean.  However, humankind has altered the natural carbon cycle by burning coal, 
oil, natural gas, and wood.  Since the industrial revolution began in the mid-1700s, each of  these 
activities has increased in scale and distribution.  Prior to the industrial revolution, concentrations were 
fairly stable at 280 parts per million (ppm).  The International Panel on Climate Change (IPCC) 
indicates that concentrations were 379 ppm in 2005, an increase of  more than 30 percent.  Left 
unchecked, the IPCC projects that concentration of CO2 in the atmosphere is projected to increase to 
a minimum of  540 ppm by 2100 as a direct result of  anthropogenic sources.  This could result in an 
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average global temperature rise of  at least two degrees Celsius or 3.6 degrees Fahrenheit (Appendix 
C of  this EIR).   

Methane. CH4 is an extremely ef fective absorber of radiation, although its atmospheric concentration 
is less than that of  CO2.  Its lifetime in the atmosphere is brief  (10 to 12 years), compared to some 
other GHGs (such as CO2, N2O, and CFCs).  CH4 has both natural and anthropogenic sources.  It is 
released as part of  the biological processes in low oxygen environments, such as in swamplands or 
in rice production.  Over the last 50 years, human activities such as growing rice, raising cattle, using 
natural gas, and mining coal have added to the atmospheric concentration of  methane.  Other 
anthropocentric sources include fossil-fuel combustion and biomass burning. 

Nitrous Oxide. N2O is produced by microbial processes in soil and water, including those reactions 
which occur in fertilizer containing nitrogen.  In addition to agricultural sources, some industrial 
processes (fossil fuel-f ired power plants, nylon production, nitric acid production, and vehicle 
emissions) also contribute to its atmospheric load.  N2O is also commonly used as an aerosol spray 
propellant. 

Chlorofluorocarbons. CFCs are nontoxic, nonf lammable, insoluble, and chemically unreactive in the 
troposphere (the level of  air at the Earth’s surface).  CFCs have no natural source, but were f irst 
synthesized in 1928.  They were used for ref rigerants, aerosol propellants, and cleaning solvents.  Due 
to the discovery that they are able to destroy stratospheric ozone, a global ef fort to halt their production 
was undertaken and in 1989 the European Community agreed to ban CFCs by 2000 and subsequent 
treaties banned CFCs worldwide by 2010.  This ef fort was extremely successful, and the levels of  the 
major CFCs are now remaining level or declining.  However, their long atmospheric lifetimes mean 
that some of  the CFCs will remain in the atmosphere for over 100 years. 

Hydrofluorocarbons. Hydrof luorocarbons (HFCs) are synthetic man-made chemicals that are used 
as a substitute for CFCs.  Out of  all the GHGs, they are one of  three groups with the highest global 
warming potential.  The HFCs with the largest measured atmospheric abundances are (in order), HFC-
23 (CHF3), HFC-134a (CF3CH2F), and HFC-152a (CH3CHF2).  Prior to 1990, the only signif icant 
emissions were HFC-23.  HFC-134a use is increasing due to its use as a ref rigerant.  Concentrations 
of  HFC-23 and HFC-134a in the atmosphere are now about 10 parts per trillion (ppt) each.  
Concentrations of  HFC-152a are about 1 ppt.  HFCs are manmade for applications such as automobile 
air conditioners and ref rigerants. 

Perfluorocarbons. Perf luorocarbons (PFCs) have stable molecular structures and do not break down 
through the chemical processes in the lower atmosphere.  High-energy ultraviolet rays about 60 
kilometers above Earth’s surface are able to destroy the compounds.  Because of  this, PFCs have 
very long lifetimes, between 10,000 and 50,000 years. Two common PFCs are tetraf luoromethane 
(CF4) and hexaf luoroethane (C2F6).  Concentrations of  CF4 in the atmosphere are over 70 ppt.  The 
two main sources of  PFCs are primary aluminum production and semiconductor manufacturing. 

Sulfur Hexafluoride. Sulfur Hexaf luoride (SF6) is an inorganic, odorless, colorless, nontoxic, 
nonf lammable gas.  SF6 has the highest global warming potential of  any gas evaluated; 23,900 times 
that of  CO2.  Concentrations in the 1990s were about 4 ppt.  Sulfur hexaf luoride is used for insulation 
in electric power transmission and distribution equipment, in the magnesium industry, in 
semiconductor manufacturing, and as a tracer gas for leak detection. 

Aerosols.  Aerosols are particles emitted into the air through burning biomass (plant material) and 
fossil fuels.  Aerosols can warm the atmosphere by absorbing and emitting heat and can cool the 
atmosphere by ref lecting light. Sulfate aerosols are emitted when fuel containing sulfur is burned.  
Black carbon (or soot) is emitted during biomass burning due to the incomplete combustion of  fossil 
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fuels. Particulate matter regulation has been lowering aerosol concentrations in the United States; 
however, global concentrations are likely increasing. 

Greenhouse Gas Emissions Inventory 
In 2020, CARB released the 2020 edition of  the California GHG inventory covering calendar year 2018 
emissions. In 2018, California emitted 425.3 million gross metric tons of CO2e including f rom imported 
electricity. The current inventory covers the years 2000 to 2018 and is summarized in Table 3.8-1.  
Data sources used to calculate this GHG inventory include California and Federal agencies, 
international organizations, and industry associations. The calculation methodologies are consistent 
with guidance f rom the IPCC. The 2000 emissions level is the sum total of  sources f rom all sectors 
and categories in the inventory. The inventory is divided into seven broad sectors and categories in 
the inventory. These sectors include agriculture, commercial and residential, electric power, industrial, 
transportation, recycling and waste, and high GWP gases. 

As shown in Table 3.8-1, combustion of fossil fuel in the transportation sector was the single largest 
source of  California’s GHG emissions in 2018, accounting for approximately 30 percent of  total GHG 
emissions in the state.  

Table 3.8-1. California Greenhouse Gas Emissions Inventory 2000 to 2018 

Sector Total 2000 Emissions (MMTCO2e) Total 2018 Emissions (MMTCO2e) 

Agriculture 30.97 32.57 

Commercial and Residential 43.95 41.37 

Electric Power 104.75 63.11 

Industrial 96.18 89.18 

Transportation 178.40 169.50 

Recycling and Waste 7.67 9.09 

High GWP Gases 6.28 20.46 

Source: CARB 2020 
Notes: 
GWP=global warming potential; MMTCO2e=million metric tons of CO2 equivalent 

Potential Effects of Climate Change 
Globally, climate change has the potential to af fect numerous environmental resources through 
uncertain impacts related to future air temperatures and precipitation patterns. Although climate 
change is driven by global atmospheric conditions, climate change impacts are felt locally. A scientific 
consensus conf irms that climate change is already af fecting California.  
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The California Natural Resources Agency’s Fourth Climate Change Assessment (Fourth Assessment) 
produced updated climate projections that provide state-of-the-art understanding of  different possible 
climate futures for California. The science is highly certain that California (and the world) will continue 
to warm and experience greater impacts f rom climate change in the future. While the IPCC and the 
National Climate Assessment have released descriptions of  scientific consensus on climate change 
for the world and the U.S., respectively, the Fourth Assessment summarizes the current understanding 
of  climate impacts and adaptation options in California (California Natural Resources Agency 2018).  
Projected changes in California include: 

• Temperatures: If  GHG emissions continue at current rates then California will experience 
average daily high temperatures that are warmer than the historical average by:  

o 2.7 Fahrenheit (°F) f rom 2006 to 2039 

o 5.8°F f rom 2040 to 2069 

o 8.8°F f rom 2070 to 2100 

• Wildfire: One Fourth Assessment model suggests large wildf ires (greater than 25,000 acres) 
could become 50 percent more f requent by the end of  century if  emissions are not reduced. 
The model produces more years with extremely high areas burned, even compared to the 
historically destructive wildf ires of 2017 and 2018. By the end of  the century, California could 
experience wildf ires that burn up to a maximum of  178 percent more acres per year than 
current averages. 

• Sea-Level Rise: If  emissions continue at current rates, the Fourth Assessment model results 
indicate that total sea-level rise by 2100 is expected to be 54 inches, almost twice the rise that 
would occur if  GHG emissions are lowered to reduce risk. 

• Snowpack: By 2050, the average water supply f rom snowpack is projected to decline to 
2/3 f rom historical levels. If emissions reductions do not occur, water f rom snowpack could fall 
to less than 1/3 of  historical levels by 2100. 

• Agriculture: Agricultural production could face climate-related water shortages of  up to 
16 percent in certain regions. Regardless of  whether California receives more or less annual 
precipitation in the future, the state will be dryer because hotter conditions will increase the 
loss of  soil moisture (California Natural Resources Agency 2018).  

3.8.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project. 

Federal 
At the federal level, there is currently no overarching law related to climate change or the reduction of  
GHGs. The U.S. EPA is developing regulations under the CAA to be adopted in the near future, 
pursuant to the U.S. EPA’s authority under the CAA. Foremost amongst recent developments have 
been the settlement agreements between the U.S. EPA, several states, and nongovernmental 
organizations to address GHG emissions f rom electric generating units and ref ineries; the U.S. 
Supreme Court’s decision in Massachusetts v. EPA; and U.S. EPA’s “Endangerment Finding,” “Cause 
or Contribute Finding,” and “Mandatory Reporting Rule.” On September 20, 2013, the U.S. EPA issued 
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a proposal to limit carbon pollution from new power plants. The U.S. EPA is proposing to set separate 
standards for natural gas-f ired turbines and coal-f ired units.  

Although periodically debated in Congress, no federal legislation concerning GHG limitations has yet 
been adopted. In Coalition for Responsible Regulation, Inc., et al. v. EPA, the United States Court of  
Appeals upheld the U.S. EPA’s authority to regulate GHG emissions under CAA. Furthermore, under 
the authority of  the CAA, the EPA is beginning to regulate GHG emissions starting with large stationary 
sources. In 2010, the U.S. EPA set GHG thresholds to def ine when permits under the New Source 
Review Prevention of  Signif icant Deterioration standard and Title V Operating Permit programs are 
required for new and existing industrial facilities. In 2012, U.S. EPA proposed a carbon pollution 
standard for new power plants. 

Corporate Average Fuel Standards 

Established by the U.S. Congress in 1975, the Corporate Average Fuel Economy (CAFE) standards 
reduce energy consumption by increasing the fuel economy of  cars and light trucks. The National 
Highway Traf f ic Safety Administration (NHTSA) and U.S. EPA jointly administer the CAFE standards. 
The U.S. Congress has specif ied that CAFE standards must be set at the “maximum feasible level” 
with consideration given for: (1) technological feasibility; (2) economic practicality; (3) ef fect of  other 
standards on fuel economy; and (4) need for the nation to conserve energy. 

Fuel ef f iciency standards for medium- and heavy-duty trucks have been jointly developed by U.S. EPA 
and NHTSA. The Phase 1 heavy-duty truck standards apply to combination tractors, heavy-duty 
pickup trucks and vans, and vocational vehicles for model years 2014 through 2018, and result in a 
reduction in fuel consumption f rom 6 to 23 percent over the 2010 baseline, depending on the vehicle 
type (U.S. EPA 2011). In 2012, the U.S. EPA and NHTSA also adopted the Phase 2 heavy-duty truck 
standards, which cover model years 2021 through 2027 and require the phase-in of  a 5 to 25 percent 
reduction in fuel consumption over the 2017 baseline depending on the compliance year and vehicle 
type (U.S. EPA 2016). 

State 

Executive Order S-3-05 – Statewide Greenhouse Gas Emissions Targets 

On June 1, 2005, the Governor issued EO S-3-05 which set the following GHG mission reduction 
targets: 

• By 2020, reduce GHG emissions to 1990 levels 

• By 2050, reduce GHG emissions to 80 percent below 1990 levels 

This EO directed the secretary of  the California EPA to oversee the ef forts made to reach these targets, 
and to prepare biannual biennial reports on the progress made toward meeting the targets and on the 
impacts on California related to global warming. The f irst such Climate Action Team Assessment 
Report was produced in March 2006 and has been updated every two years thereaf ter. This goal was 
further reinforced with the passage of  AB 32 in 2006 and SB 32 in 2016. 

Executive Order S-01-07 

This order, signed by Governor Schwarzenegger, sets forth the low carbon fuel standard (LCFS) for 
California. Under this EO, the carbon intensity of  California’s transportation fuels is to be reduced by 
at least 10 percent by the year 2020. CARB re-adopted the LCFS regulation in September 2015, and 
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the changes went into ef fect on January 1, 2016. The program establishes a strong f ramework to 
promote the low-carbon fuel adoption necessary to achieve the Governor's 2030 and 2050 GHG 
reduction goals. 

Assembly Bill 32 – California Global Warming Solutions Act  

In 2006, the California legislature passed Assembly Bill (AB) 32 (Health and Safety Code § 38500 et 
seq., or AB 32), also known as the Global Warming Solutions Act. AB 32 requires CARB to design 
and implement feasible and cost-ef fective emission limits, regulations, and other measures, such that 
statewide GHG emissions are reduced to 1990 levels by 2020 (representing a 25 percent reduction in 
emissions). Pursuant to AB 32, CARB adopted a Scoping Plan in December 2008, which outlines 
measures to meet the 2020 GHG reduction goals. California is on track to meet or exceed the target 
of  reducing GHG emissions to 1990 levels by the end of  2020. 

The Scoping Plan is required by AB 32 to be updated at least every f ive years. The latest update, the 
2017 Scoping Plan Update, addresses the 2030 target established by Senate Bill (SB) 32 as discussed 
below and establishes a proposed f ramework of action for California to meet a 40 percent reduction 
in GHG emissions by 2030 compared to 1990 levels. The key programs that the Scoping Plan Update 
builds on include increasing the use of  renewable energy in the state, the Cap-and-Trade Regulation, 
the Low Carbon Fuel Standard, and reduction of  methane emissions f rom agricultural and other 
wastes. 

Senate Bill 32 and Assembly Bill 197 of 2016 

In August 2016, Governor Brown signed SB 32 and AB 197, which serve to extend California’s GHG 
reduction programs beyond 2020. SB 32 amended the Health and Safety Code to include § 38566, 
which contains language to authorize CARB to achieve a statewide GHG emission reduction of  at 
least 40 percent below 1990 levels by no later than December 31, 2030. SB 32 codified the targets 
established by Executive Order (EO) B-30-15 for 2030, which set the next interim step in the State’s 
continuing ef forts to pursue the long-term target expressed in EOs S-3-05 and B-30-15 of  80 percent 
below 1990 emissions levels by 2050. 

Renewable Portfolio Standard  

The RPS promotes diversification of the state’s electricity supply and decreased reliance on fossil fuel 
energy sources. Originally adopted in 2002 with a goal to achieve a 20 percent renewable energy mix 
by 2020 (referred to as the “initial RPS”), the goals have been accelerated and increased by EOs 
S-14-08, S-21-09, SB 350, and SB 100.  

The RPS is included in CARB’s Scoping Plan list of GHG reduction measures to reduce energy sector 
emissions. It is designed to accelerate the transformation of the electricity sector through such means 
as investment in the energy transmission inf rastructure and systems to allow integration of  large 
quantities of  intermittent wind and solar generation. Increased use of  renewables would decrease 
California’s reliance on fossil fuels, thus reducing emissions of GHGs f rom the electricity sector.  

Senate Bill 350 

The RPS program was further accelerated in 2015 with SB 350 which mandated a 50 percent RPS by 
2030. SB 350 includes interim annual RPS targets with three-year compliance periods and requires 
65 percent of  RPS procurement to be derived f rom long-term contracts of 10 or more years.  
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Senate Bill 100 

On September 10, 2018, Governor Brown signed SB 100, establishing that 100 percent of  all electricity 
in California must be obtained f rom renewable and zero-carbon energy resources by 
December 31, 2045. SB 100 also creates new standards for the RPS goals established by SB 350 in 
2015. Specif ically, the bill increases required energy f rom renewable sources for both investor-owned 
utilities and publicly-owned utilities f rom 50 percent to 60 percent by 2030. Incrementally, these energy 
providers must also have a renewable energy supply of  33 percent by 2020, 44 percent by 2024, and 
52 percent by 2027. California must procure 100 percent of  its energy f rom carbon f ree energy sources 
by the end of  2045. 

Climate Change Scoping Plan 

The Scoping Plan released by CARB in 2008 outlined the state’s strategy to achieve the AB 32 goals. 
This Scoping Plan, developed by CARB in coordination with the Climate Action Team, proposed a 
comprehensive set of  actions designed to reduce overall GHG emissions in California, improve the 
environment, reduce dependence on oil, diversify our energy sources, save energy, create new jobs, 
and enhance public health. It was adopted by CARB at its meeting in December 2008. According to 
the Scoping Plan, the 2020 target of  427 million MTCO2e requires the reduction of  169 million 
MTCO2e, or approximately 28.3 percent, f rom the state’s projected 2020 BAU emissions level of  596 
million MTCO2e. 

However, in August 2011, the Scoping Plan was re-approved by the Board and includes the Final 
Supplement to the Scoping Plan Functional Equivalent Document. This document includes expanded 
analysis of  project alternatives as well as updates the 2020 emission projections in light of the current 
economic forecasts. Considering the updated 2020 BAU estimate of  507 million MTCO2e, only a 
16 percent reduction below the estimated new BAU levels would be necessary to return to 1990 levels 
by 2020. The 2011 Scoping Plan expands the list of  nine Early Action Measures into a list of  
39 Recommended Actions. 

In May 2014, CARB developed; in collaboration with the Climate Action Team, the First Update to 
California’s Climate Change Scoping Plan (Update), which shows that California is on track to meet 
the near-term 2020 GHG limit and is well positioned to maintain and continue reductions beyond 
2020 as required by AB 32. In accordance with the United Nations Framework Convention on Climate 
Change, CARB is beginning to transition to the use of  the AR4’s 100-year GWPs in its climate change 
programs. CARB has recalculated the 1990 GHG emissions level with the AR4 GWPs to be 431 million 
MTCO2e; therefore, the 2020 GHG emissions limit established in response to AB 32 is now slightly 
higher than the 427 million MTCO2e in the initial Scoping Plan. 

CARB adopted the latest update to the Climate Change Scoping Plan in December 2017. The 
2017 Scoping Plan is guided by the EO B-30-15 GHG reduction target of  40 percent below 1990 levels 
by 2030. The 2017 Scoping Plan builds upon the f ramework established by the initial Scoping Plan 
and the First Update, while identifying new, technologically feasible, and cost-ef fective strategies to 
ensure that California meets its GHG reduction targets in a way that promotes and rewards innovation, 
continues to foster economic growth, and delivers improvements to the environment and public health, 
including in disadvantaged communities. The Plan includes policies to require direct GHG reductions 
at some of  the State’s largest stationary sources and mobile sources. These policies include the use 
of  lower GHG fuels, ef f iciency regulations, and the Cap-and-Trade Program, which constrains and 
reduces emissions at covered sources (CARB 2017).  
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The majority of  the Scoping Plan’s GHG reduction strategies are directed at the two sectors with the 
largest GHG emissions contributions: transportation and electricity generation. The GHG reduction 
strategies for these sectors involve statutory mandates af fecting vehicle or fuel manufacture, public 
transit, and public utilities. The reduction strategies employed by CARB are designed to reduce 
emissions f rom existing sources as well as future sources.  

Senate Bill 97 

SB 97, enacted in 2007, amends the CEQA statute to clearly establish that GHG emissions and the 
ef fects of GHG emissions are appropriate subjects for CEQA analysis. It directs Of f ice of Planning and 
Research (OPR) to develop draf t CEQA Guidelines “for the mitigation of GHG emissions or the effects 
of  GHG emissions” by July 1, 2009, and directs the Resources Agency to certify and adopt the CEQA 
Guidelines by January 1, 2010. 

On December 30, 2009, the Natural Resources Agency adopted amendments to the CEQA Guidelines 
in the CCR. The amendments went into ef fect on March 18, 2010, and are summarized below: 

• Climate action plans and other GHG reduction plans can be used to determine whether a 
project has signif icant impacts, based upon its compliance with the plan. 

• Local governments are encouraged to quantify the GHG emissions of  proposed projects, 
noting that they have the f reedom to select the models and methodologies that best meet their 
needs and circumstances. In addition, consideration of several qualitative factors may be used 
in the determination of  signif icance, such as the extent to which the given project complies 
with state, regional, or local GHG reduction plans and policies. The Guidelines do not set or 
dictate specif ic thresholds of significance. 

• When creating their own thresholds of  signif icance, local governments may consider the 
thresholds of  signif icance adopted or recommended by other public agencies, or 
recommended by experts. 

• New amendments include guidelines for determining methods to mitigate the ef fects of GHG 
emissions in Appendix G of  the CEQA Guidelines. 

• The Guidelines are clear to state that “to qualify as mitigation, specific measures f rom an 
existing plan must be identif ied and incorporated into the project; general compliance with a 
plan, by itself , is not mitigation.” 

• The Guidelines promote the advantages of  analyzing GHG impacts on an institutional, 
programmatic level, and, therefore, approve tiering of  environmental analyses and highlights 
some benef its of such an approach. 

• EIRs must specif ically consider a project's energy use and energy ef f iciency potential, 
pursuant to Appendix F of the CEQA Guidelines. 

Senate Bill 375 – Regional Emissions Targets 

SB 375 requires that regions within the state which have a metropolitan planning organization (MPO) 
must adopt a sustainable communities' strategy as part of their RTPs. The strategy must be designed 
to achieve certain goals for the reduction of  GHG emissions. The bill f inds that “it will be necessary to 
achieve signif icant additional GHG reductions f rom changed land use patterns and improved 
transportation. Without improved land use and transportation policy, California will not be able to 
achieve the goals of  AB 32." SB 375 provides that new CEQA provisions be enacted to encourage 
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developers to submit applications and local governments to make land use decisions that will help the 
state achieve its goals under AB 32," and that “current planning models and analytical techniques used 
for making transportation inf rastructure decisions and for air quality planning should be able to assess 
the ef fects of policy choices, such as residential development patterns, expanded transit service and 
accessibility, the walkability of communities, and the use of  economic incentives and disincentives.” 

Regional 

Southern California Association of Governments - 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy 

The SCAG is the designated MPO for Los Angeles, Ventura, Orange, San Bernardino, Riverside, and 
Imperial Counties. CEQA requires that regional agencies like SCAG review projects and plans 
throughout its jurisdiction. SCAG, as the region’s “Clearinghouse,” collects information on projects of 
varying size and scope to provide a central point to monitor regional activity. SCAG has the 
responsibility of reviewing dozens of  projects, plans, and programs every month. Projects and plans 
that are regionally signif icant must demonstrate to SCAG their consistency with a range of  adopted 
regional plans and policies.  

In September 2020, SCAG adopted the 2020-2045 RTP/SCS. The RTP/SCS includes a strong 
commitment to reduce emissions f rom transportation sources to comply with SB 375, improve public 
health, and meet the NAAQS as set forth by the federal CAA (see Section 3.3, Air Quality, of this EIR). 
The following SCAG goal is applicable to the project:  

• Reduce greenhouse gas emissions and improve air quality 

As a solar generation facility, the proposed project would improve air quality by reducing the use of  
fossil fuels in energy production.  

Local 

County of Imperial 

Pursuant to the requirements of  SB 97, the Resources Agency adopted amendments to the CEQA 
Guidelines to provide regulatory guidance on the analysis and mitigation of GHG emissions in CEQA 
documents, while giving lead agencies the discretion to set quantitative or qualitative thresholds for 
the assessment and mitigation of  GHG and climate change impacts. Formal CEQA thresholds for lead 
agencies must always be established through a public hearing process. Imperial County has not 
established formal quantitative or qualitative thresholds through a public rulemaking process, but 
CEQA permits the lead agency to establish a project-specific threshold of  significance if  backed by 
substantial evidence, until such time as a formal threshold is approved. 

3.8.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to GHG emissions are considered 
signif icant if  any of the following occur: 

• Generate GHG emissions, either directly or indirectly, that may have a signif icant impact on 
the environment  
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• Conf lict with an applicable plan, policy, or regulation adopted for the purpose of  reducing the 
emissions of  GHGs  

As discussed in Section 15064.4 of  the CEQA Guidelines, the determination of  the signif icance of  
GHG emissions calls for a careful judgment by the lead agency consistent with the provisions in 
Section 15064. A lead agency should make a good-faith ef fort, based to the extent possible on 
scientif ic and factual data, to describe, calculate or estimate the amount of  GHG emissions resulting 
f rom a project. A lead agency shall have discretion to determine, in the context of  a particular project, 
whether to:  

1. Quantify greenhouse gas emissions resulting f rom a project; and/or  

2. Rely on a qualitative analysis or performance based standards.  

A lead agency should consider the following factors, among others, when assessing the signif icance 
of  impacts from GHG emissions on the environment:  

1. The extent to which the project may increase or reduce GHG emissions as compared to the 
existing environmental setting;  

2. Whether the project emissions exceed a threshold of  signif icance that the lead agency 
determines applies to the project; and 

3. The extent to which the project complies with regulations or requirements adopted to 
implement a statewide, regional, or local plan for the reduction or mitigation of  GHG emissions. 
Such requirements must be adopted by the relevant public agency through a public review 
process and must reduce or mitigate the project’s incremental contribution of GHG emissions. 
If  there is substantial evidence that the possible ef fects of  a particular project are still 
cumulatively considerable notwithstanding compliance with the adopted regulations or 
requirements, an EIR must be prepared for the project. In determining the signif icance of  
impacts, the lead agency may consider a project’s consistency with the State’s long-term 
climate goals or strategies, provided that substantial evidence supports the agency’s analysis 
of  how those goals or strategies address the project’s incremental contribution to climate 
change and its conclusion that the project’s incremental contribution is not cumulatively 
considerable.  

California Air Pollution Control Officers Association Significance Threshold 

The ICAPCD has not adopted a GHG signif icance threshold. As previously described, Section 
15064.7(c) of  the CEQA Guidelines specif ies that “[w]hen adopting or using thresholds of  significance, 
a lead agency may consider thresholds of  significance previously adopted or recommended by other 
public agencies, or recommended by experts, provided the decision of the lead agency to adopt such 
thresholds is supported by substantial evidence” (14 CCR 15064.7(c)). Thus, in the absence of  any 
GHG emissions signif icance thresholds, project GHG emissions are compared against the GHG 
threshold recommended by the California Air Pollution Control Officers Association (CAPCOA), which 
has provided guidance for determining the signif icance of  GHG emissions generated f rom land use 
development projects. CAPCOA considers projects that generate more than 900 metric tons of  CO2e 
per year to be signif icant. This 900 metric tons per year threshold was developed to ensure at least 
90 percent of  new GHG emissions would be reviewed and assessed for mitigation, thereby 
contributing to the statewide GHG emissions reduction goals that had been established for the year 
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2030 under SB 32. Thus, both cumulatively and individually, projects that generate less than 900 
metric tons CO2e per year have a negligible contribution to overall emissions.  

Methodology 
The project-related direct and indirect emissions of  GHGs were estimated using the similar methods 
for quantif ication of criteria air pollutants, as described in Section 3.4 Air Quality. Emissions were 
estimated using existing conditions, project construction and operations information, as well as a 
combination of  emission factors f rom various sources. Where GHG emission quantif ication was 
required, emissions were modeled using the CalEEMod, version 2020.4.0. CalEEMod is a statewide 
land use emissions computer model designed to quantify potential GHG emissions associated with 
both construction and operations f rom a variety of  land use projects.  

Impact Analysis  

Impact 3.8-1 Would the project generate GHG emissions, either directly or indirectly, that 
may have a significant impact on the environment? 

Construction and operation of  the project would result in a relatively small amount of  GHG emissions. 
The project would generate GHG emissions during construction and routine operational activities at 
the project site.  

Construction. During construction, GHG emissions would be generated f rom the operation of  off-
road equipment, haul-truck trips, and on-road worker vehicle trips. Table 3.8-2 shows the project’s 
construction-related GHG emissions. Consistent with SCAQMD’s recommendations, project 
construction GHG emissions f rom all phases of  construction activities were amortized over the 
expected life of the project, which is considered to be 30 years for a solar energy generation facility.  

Table 3.8-2. Project Construction-Related Greenhouse Gas Emissions 
Emissions Source CO2e (metric tons/year) 

Total Project Construction (amortized over the 30-year 
life of the Project) 

18.88 

CAPCOA Significance Threshold 900 

Exceed CAPCOA’s Significance Threshold? No 
Source: Appendix C of this EIR 

As shown in Table 3.8-2, the project would result in the generation of  approximately 19 MTCO2e 
annualized over the lifetime of  the project. Therefore, the construction emissions are less than the 
CAPCOA’s screening threshold of  900 MTCO2e per year.  

Operation. Once the project is constructed and operational, the proposed project would have no major 
stationary emission sources and would require minimal vehicular trips. The proposed project is 
anticipated to generate GHG emissions f rom area sources, energy usage and production, mobile 
sources, waste disposal, and water usage.  

As shown in Table 3.8-3, the proposed project would reduce GHG emissions created in Imperial 
County by 4,319 MTCO2e by providing a zero carbon source of  electricity generation. The proposed 
project would not exceed CAPCOA’s annual GHG emissions threshold of  900 MTCO2e per year. 
Therefore, a less than signif icant impact would occur.  
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Table 3.8-3. Project Operation-Related Greenhouse Gas Emissions 
 Greenhouse Gas Emissions (Metric Tons per Year) 

Category CO2 CH4 N2O CO2e 

Area Sources1 0.01 0.00 0.00 0.01 

Energy Usage and Production2 -4,299.50 -0.75 -0.09 -4,345.14 

Mobile Sources3 5.35 0.00 0.00 5.44 

Backup Generator4 0.61 0.00 0.00 0.62 

Solid Waste5 0.00 0.00 0.00 0.00 

Water and Wastewater6 0.38 0.01 0.00 0.66 

Construction7 18.63 0.00 0.00 18.88 

Total GHG Emissions -4,274.52 -0.73 -0.09 -4,319.54 

CAPCOA Significance Threshold 900 

Exceed CAPCOA Significance Threshold? No 
Notes: 
1 Area sources consist of GHG emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consists of GHG emissions from electricity used and generated onsite.  
3 Mobile sources consist of GHG emissions from vehicles. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
5 Solid Waste. Since no employees would be onsite during typical operations, no solid waste is anticipated to be generated from 
the project. 
6 Water includes GHG emissions from electricity used for transport of water and processing of wastewater. 
7 Construction emissions amortized over 30 years as recommended in the SCAQMD GHG Working Group on November 19, 2009. 
Source: Appendix C of this EIR 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.8-2 Would the project conflict with an applicable plan, policy, or regulation 
adopted for the purpose of reducing the emissions of GHGs? 

As discussed in Impact 3.8-1, the proposed project would generate a relatively small amount of  GHG 
emissions. The project-generated GHG emissions would not exceed the CAPCOA signif icance 
threshold, which was prepared with the purpose of  complying with statewide GHG-reduction ef forts. 
While the project would emit some GHG emissions during construction and a very small amount during 
operations, the contribution of  renewable resource energy production to meet the goals of  the 
Renewable Portfolio Standard (Scoping Plan Measure E-3) would result in a net cumulative reduction 
of  GHG emissions, a key environmental benef it. Scoping Plan Measure E-3, Renewable Portfolio 
Standard, of  the Climate Change Scoping Plan requires that all investor-owned utility companies 
generate 60 percent of  their energy demand f rom renewable sources by the year 2030. Therefore, the 
short-term minor generation of  GHG emissions during construction which is necessary to create this 
new, low-GHG emitting power-generating facility, as well as the negligible amount generated during 
ongoing maintenance operations, would be more than of fset by GHG emission reductions associated 
with solar-generated energy during operation. 

Increasing sources of  solar energy is one of the measures identif ied under the Scoping Plan to reduce 
statewide GHG emissions. The proposed project would reduce GHG emissions in a manner consistent 
with SB 32 and other California GHG-reducing legislation by creating a new source of  solar power to 
replace the current use of  fossil-fuel power and reduce GHG emissions power generation and use. 
Implementation of  the proposed project would result in a less than signif icant impact associated with 

PC ORIGINAL PKG



3.8 Greenhouse Gas Emissions 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | 3.8-13 

the potential to conf lict with an applicable plan, policy, or regulation adopted for the purpose of  
reducing the emission of  GHG. 

Mitigation Measure(s) 

No mitigation measures are required. 

3.8.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. Similar to construction activities, decommissioning and restoration would result in 
GHG emissions below allowable thresholds.  

Residual 
The proposed project’s GHG emissions would result in a less than signif icant impact. Project 
operation, subject to the provision of  a CUP, would generally be consistent with statewide GHG 
emission goals and policies including SB 32. Project consistency with applicable plans, policies, and 
regulations adopted to reduce GHG emissions would ensure that the project would not result in any 
residual signif icant and unavoidable impacts with regards to global climate change. 
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3.9 Hazards and Hazardous Materials 
Information contained in this section is summarized f rom review of  information f rom Envirostor, 
GeoTracker, and relevant County plans to present the existing conditions, in addition to identifying 
potential environmental impacts. This section addresses potential hazards and hazardous materials 
for construction and operational impacts.  

3.9.1 Existing Conditions 
The project site is located in an agriculturally zoned area of  Imperial County. The project site consists 
of  agricultural f ields that are currently under cultivation. The potential for an accident is increased in 
regions near major arterial roadways or railways that transport hazardous materials in regions with 
agricultural or industrial facilities that use, store, handle, or dispose of hazardous materials. 

Records Review 

Envirostor  

The Envirostor Database f rom the California DTSC records was reviewed for known contamination or 
sites for which there may be reason to investigate further. A desktop review was completed on 
September 14, 2021 for the project site. Two Leaking Underground Storage Tanks (LUST) were 
identif ied within 1 mile of  the project site; however, both cases have been complete and are closed. 
No reported cases were found on the project sites and no active sites have been identif ied within 1-
mile of  the project site.  

GeoTracker 

Geotracker GIS data f rom the SWRCB was used to review regulatory data about underground fuel 
tanks, fuel pipelines, and public drinking water supplies. Site information f rom the Spills, Leaks, 
Investigations, and Cleanups Program is also included in GeoTracker. A desktop review was 
completed on September 14, 2021 for the project site. No reported cases were found on the project 
site and no risk sites were located within 1 mile of  the project sites. 

Airports 
The project site is located within 2 miles of  a public airport or a public use airport. The nearest airport 
to the proposed project is the Brawley Municipal Airport located approximately 1.5 miles south of  the 
project site. 

Fire Hazard 
The project site is located in the unincorporated area of  Imperial County. According to the Seismic and 
Public Safety Element of  the General Plan, the potential for a major f ire in the unincorporated areas 
of  the County is generally low (County of  Imperial 1997a).  

Battery Energy Storage System 
The on-site battery energy storage system would utilize lithium-ion batteries. The batteries could 
contain a variety of  valuable metals, and recycling of  these batteries is expected to become 
increasingly commonplace with the increased use of  batteries in consumer goods and electric 
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vehicles. Some batteries may have the capacity at the end of  the operating life of  the project to be 
reused.  

3.9.2 Regulatory Setting 
This section identif ies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

Federal 

Comprehensive Environmental Response, Compensation, and Liability Act  

The Comprehensive Environmental Response, Compensation, and Liability Act, commonly known as 
Superfund, was enacted by Congress on December 11, 1980. This law created a tax on the chemical 
and petroleum industries and provided broad federal authority to respond directly to releases or 
threatened releases of  hazardous substances that may endanger public health or the environment. 
Over 5 years, $1.6 billion was collected and the tax went to a trust fund for cleaning up abandoned or 
uncontrolled hazardous waste sites. The Comprehensive Environmental Response, Compensation, 
and Liability Act established prohibitions and requirements concerning closed and abandoned 
hazardous waste sites; provided for liability of persons responsible for releases of hazardous waste at 
these sites; and established a trust fund to provide for cleanup when no responsible party could be 
identif ied. 

Emergency Planning Community Right-to-Know Act of 1986 (42 United States Code 11001 et 
seq.) 

The Emergency Planning Community Right-to-Know Act was included under the Superfund 
Amendments and Reauthorization Act (SARA) law and is commonly referred to as SARA Title III. 
Emergency Planning Community Right-to-Know was passed in response to concerns regarding the 
environmental and safety hazards posed by the storage and handling of  toxic chemicals. These 
concerns were triggered by the disaster in Bhopal, India, in which more than 2,000 people suf fered 
death or serious injury f rom the accidental release of  methyl isocyanate. To reduce the likelihood of  
such a disaster in the U.S., Congress imposed requirements on both states and regulated facilities.  

Emergency Planning Community Right-to-Know establishes requirements for federal, state, and local 
governments, Indian Tribes, and industry regarding emergency planning and “Community 
Right-to-Know” reporting on hazardous and toxic chemicals. SARA Title III requires states and local 
emergency planning groups to develop community emergency response plans for protection f rom a 
list of  Extremely Hazardous Substances (40 CFR 355). The Emergency Planning Community 
Right-to-Know provisions help increase the public’s knowledge and access to information on 
chemicals at individual facilities, their uses, and releases into the environment. In California, SARA 
Title III is implemented through the California Accidental Release Prevention. 

Federal Insecticide, Fungicide, and Rodenticide Act  

The objective of  Federal Insecticide, Fungicide, and Rodenticide Act is to provide federal control of  
pesticide distribution, sale, and use. All pesticides used in the U.S. must be registered (licensed) by 
the EPA. Registration assures that pesticides would be properly labeled and that, if  used in accordance 
with specif ications, they would not cause unreasonable harm to the environment. Use of  each 
registered pesticide must be consistent with use directions contained on the label or labeling. 
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Federal Water Pollution Control Act (Clean Water Act) 

The objective of  the Federal Water Pollution Control Act, commonly referred to as the CWA, is to 
restore and maintain the chemical, physical, and biological integrity of  the nation's waters by 
preventing point and nonpoint pollution sources, providing assistance to publicly owned treatment 
works for the improvement of  wastewater treatment, and maintaining the integrity of  wetlands. The oil 
SPCC Program of  the CWA specif ically seeks to prevent oil discharges f rom reaching waters of  the 
U.S. or adjoining shorelines. Further, farms are subject to the SPCC rule if  they: 

• Store, transfer, use, or consume oil or oil products 

• Could reasonably be expected to discharge oil to waters of  the U.S. or adjoining shorelines. 
Farms that meet these criteria are subject to the SPCC rule if  they meet at least one of  the 
following capacity thresholds: 

o Aboveground oil storage capacity greater than 1,320 gallons 

o Completely buried oil storage capacity greater than 42,000 gallons 

However, the following are exemptions to the SPCC rule: 

• Completely buried storage tanks subject to all the technical requirements of  the underground 
storage tank regulations 

• Containers with a storage capacity less than 55 gallons of  oil 

• Wastewater treatment facilities 

• Permanently closed containers 

• Motive power containers (e.g., automotive or truck fuel tanks) 

Hazardous Materials Transport Act – Code of Federal Regulations 

The Hazardous Materials Transportation Act was published in 1975. Its primary objective is to provide 
adequate protection against the risks to life and property inherent in the transportation of  hazardous 
material in commerce by improving the regulatory and enforcement authority of  the Secretary of  
Transportation. A hazardous material, as def ined by the Secretary of  Transportation is, any “particular 
quantity or form” of  a material that “may pose an unreasonable risk to health and safety or property.” 

Occupational Safety and Health Administration 

Occupational Safety and Health Administration’s (OSHA) mission is to ensure the safety and health 
of  America's workers by setting and enforcing standards; providing training, outreach, and education; 
establishing partnerships; and encouraging continual improvement in workplace safety and health. 
OSHA standards are listed in 29 CFR Part 1910. 

The OHSA Process Safety Management of  Highly Hazardous Chemicals (29 CFR Part 110.119) is 
intended to prevent or minimize the consequences of  a catastrophic release of  toxic, reactive, 
f lammable, or explosive highly hazardous chemicals by regulating their use, storage, manufacturing, 
and handling. The standard intends to accomplish its goal by requiring a comprehensive management 
program integrating technologies, procedures, and management practices. 
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Resource Conservation and Recovery Act 

The goal of  the Resource Conservation and Recovery Act, a federal statute passed in 1976, is the 
protection of  human health and the environment, the reduction of  waste, the conservation of  energy 
and natural resources, and the elimination of  the generation of  hazardous waste as expeditiously as 
possible. The Hazardous and Solid Waste Amendments of  1984 signif icantly expanded the scope of 
RCRA by adding new corrective action requirements, land disposal restrictions, and technical 
requirements. The corresponding regulations in 40 CFR 260-299 provide the general f ramework for 
managing hazardous waste, including requirements for entities that generate, store, transport, treat, 
and dispose of hazardous waste. 

State 

California Department of Conservation, Division of Oil, Gas, and Geothermal Resources 

The Division of  Oil, Gas, and Geothermal Resources was formed in 1915 to address the needs of  the 
state, local governments, and industry by regulating statewide oil and gas activities with uniform laws 
and regulations. The Division supervises the drilling, operation, maintenance, and plugging and 
abandonment of  onshore and of fshore oil, gas, and geothermal wells, preventing damage to: (1) life, 
health, property, and natural resources; (2) underground and surface waters suitable for irrigation or 
domestic use; and (3) oil, gas, and geothermal reservoirs. The Division’s programs include: well 
permitting and testing; safety inspections; oversight of production and injection projects; environmental 
lease inspections; idle-well testing; inspecting oilf ield tanks, pipelines, and sumps; hazardous and 
orphan well plugging and abandonment contracts; and subsidence monitoring. 

California Department of Toxic Substances Control 

DTSC regulates hazardous waste, cleans-up existing contamination, and looks for ways to reduce the 
hazardous waste produced in California. Approximately 1,000 scientists, engineers, and specialized 
support staf f are responsible for ensuring that companies and individuals handle, transport, store, 
treat, dispose of , and clean-up hazardous wastes appropriately. Through these measures, DTSC 
contributes to greater safety for all Californians, and less hazardous waste reaches the environment. 

On January 1, 2003, the Registered Environmental Assessor program joined DTSC. The program 
certif ies environmental experts and specialists as being qualif ied to perform a number of  environmental 
assessment activities. Those activities include private site management, Phase I ESAs, risk 
assessment, and more. 

California Division of Occupational Safety and Health 

The California Division of Occupational Safety and Health protects workers and the public from safety 
hazards through its programs and provides consultative assistance to employers. California Division 
of  Occupational Safety and Health issues permits, provides employee training workshops, conducts 
inspections of  facilities, investigates health and safety complaints, and develops and enforces 
employer health and safety policies and procedures. 

California Environmental Protection Agency 

California Environmental Protection Agency and the SWRCB establish rules governing the use of  
hazardous materials and the management of  hazardous waste. Applicable state and local laws include 
the following: 
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• Public Safety/Fire Regulations/Building Codes 

• Hazardous Waste Control Law 

• Hazardous Substances Information and Training Act 

• Air Toxics Hot Spots and Emissions Inventory Law 

• Underground Storage of  Hazardous Substances Act 

• Porter-Cologne Water Quality Control Act 

Within Cal-EPA, DTSC has primary regulatory responsibility, with delegation of  enforcement to local 
jurisdictions that enter into agreements with the state agency, for the management of  hazardous 
materials and the generation, transport, and disposal of  hazardous waste under the authority of  the 
Hazardous Waste Control Law. 

California Emergency Response Plan 

California has developed an Emergency Response Plan to coordinate emergency services provided 
by federal, state, and local government and private agencies. Response to hazardous materials 
incidents is one part of  this plan. The plan is managed by the State Of f ice of  Emergency Services 
(OES), which coordinates the responses of other agencies including Cal-EPA, the California Highway 
Patrol, CDFW, RWQCB, Imperial County Sherif f ’s Department, ICFD, and the City of  Imperial Police 
Department. 

Local 

Imperial County General Plan 

The Seismic and Public Safety Element identif ies goals and policies that will minimize the risks 
associated with natural and human-made hazards, and specify the land use planning procedures that 
should be implemented to avoid hazardous situations. The purpose of  the Seismic and Public Safety 
Element is to reduce the loss of  life, injury, and property damage that might result f rom disaster or 
accident. In addition, the Element specifies land use planning procedures that should be implemented 
to avoid hazardous situations. The policies listed in the Seismic and Public Safety Element are not 
applicable to the proposed project, as they address human occupancy development. The proposed 
project is a solar project and does not propose residential uses. 

Imperial County Public Health Department 

DTSC was appointed the Certif ied Unif ied Program Agency (CUPA) for Imperial County in January 
2005. The Unif ied Program is the consolidation of  6 state environmental programs into one program 
under the authority of  a CUPA. The CUPA inspects businesses or facilities that handle or store 
hazardous materials, generate hazardous waste, own or operate ASTs or USTs, and comply with the 
California Accidental Release Prevention Program. The CUPA Program is instrumental in 
accomplishing this goal through education, community and industry outreach, inspections and 
enforcement. 

Office of Emergency Services 

As part of  the ICFD, the County OES is mandated by the California Emergency Services Act (Chapter 
7, Division 1, Title 2 of  Government Code) to serve as the liaison between the State and all the local 
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government in the County. The OES provides centralized emergency management during major 
disasters, and coordinates emergency operations between various local jurisdictions within the 
County. The OES has developed several plans, consistent with federal and state policy guidance, to 
provide the County and participating local jurisdictions and agencies a f ramework for conducting 
emergency planning, response, and recovery operations, and handling of  hazardous substances. 

3.9.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to land use 
and planning, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to hazards and hazardous materials 
are considered significant if any of the following occur: 

• Create a signif icant hazard to the public or the environment through the routine transport, use, 
or disposal of hazardous materials 

• Create a signif icant hazard to the public or the environment through reasonably foreseeable 
upset and accident conditions involving the release of  hazardous materials into the 
environment 

• Emit hazardous emissions or handle hazardous or acutely hazardous materials, substances, 
or waste within 0.25 mile of  an existing or proposed school 

• Be located on a site which is included on a list of  hazardous materials sites compiled pursuant 
to Government Code Section 65962.5 and, as a result, would create a signif icant hazard to 
the public or the environment 

• For a project located within an airport land use plan or, where such a plan has not been 
adopted, within 2 miles of  a public airport or public use airport, result in a safety hazard or 
excessive noise for people residing or working in the project area 

• Impair implementation of  or physically interfere with an adopted emergency response plan or 
emergency evacuation plan 

• Expose people or structures, either directly or indirectly, to a signif icant risk of  loss, injury or 
death involving wildland f ires 

Methodology 
This analysis evaluates the potential for the project, as described in Chapter 2, Project Description to 
result in signif icant impacts related to hazards and hazardous materials on or within the 1-mile buf fer 
zone of  the project site. This analysis considers whether these conditions would result in an 
exceedance of  one or more of  the applied signif icance criteria as identif ied above. 

Information f rom Envirostor and GeoTracker were reviewed to present the existing conditions, in 
addition to identifying potential environmental impacts, based on the signif icance criteria presented 
above. Impacts associated with hazards and hazardous materials that could result f rom project 
construction and operational activities were evaluated qualitatively based on site conditions; expected 
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construction practices; materials, locations, duration of project construction, and related activities. The 
conceptual site plan for the project was also used to evaluate potential impacts. 

Impact Analysis 

Impact 3.9-1 Would the project create a significant hazard to the public or the environment 
through the routine transport, use, or disposal of hazardous materials?  

Although considered minimal, it is anticipated that the project will generate the following materials 
during construction, operation, and long-term maintenance: insulating oil (used for electrical 
equipment), lubricating oil (used for maintenance vehicles), various solvents/detergents (equipment 
cleaning), and gasoline (used for maintenance vehicles). These materials have the potential to be 
released into the environment as a result of  natural hazard (i.e., earthquake) related events, or 
because of  human error. However, all materials contained on site will be stored in appropriate 
containers (not to exceed a 55-gallon drum) protected f rom environmental conditions, including rain, 
wind, and direct heat and physical hazards such as vehicle traf f ic and sources of heat and impact. In 
addition, if  the on-site storage of  hazardous materials necessitate, at any time during construction 
and/or operations and long-term maintenance, quantities in excess of  55-gallons, a hazardous 
material management program (HMMP) would be required. The HMMP developed for the project will 
include, at a minimum, procedures for: 

• Hazardous materials handling, use and storage 

• Emergency response 

• Spill control and prevention 

• Employee training 

• Record keeping and reporting 

Additionally, hazardous material storage and management will be conducted in accordance with 
requirements set forth by the ICFD, Imperial County OES, DTSC, and CUPA for storage and handling 
of  hazardous materials. Further, construction activities would occur according to OSHA regulatory 
requirements; therefore, it is not anticipated that the construction activities for the proposed project 
would release hazardous emissions or result in the handling of  hazardous or acutely hazardous 
materials, substances, or waste. This could include the release of  hazardous emissions, materials, 
substances, or wastes during operational activities. With the implementation of  an HMMP and 
adherence to requirements set forth by the ICFD, Imperial County OES, DTSC, OSHA regulatory 
requirements and CUPA would reduce the impact to a level of  less than signif icant. 

Battery Energy Storage System 

In conjunction with the construction of  the solar facility, a battery energy storage system will be 
constructed to store the energy generated by the solar panels. Transportation of  hazardous materials 
relating to the battery system includes electrolyte and graphite and would occur during construction, 
operation (if  replacement of  batteries is needed) and decommissioning (removal of  the batteries). All 
of  these various materials would be transported and handled in compliance with DTSC regulations. 
Therefore, likelihood of  an accidental release during transport or residual contamination following 
accidental release is not anticipated. 
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Lithium-ion batteries used in the storage system contain cobalt oxide, manganese dioxide, nickel 
oxide, carbon, electrolyte, and polyvinylidene f luoride. Of these chemicals, only electrolyte should be 
considered hazardous, inf lammable and could react dangerously when mixed with water. The U.S. 
Department of  Transportation (DOT) regulates transport of  lithium-ion batteries under the DOT's 
Hazardous Materials Regulations (HMR; 49 C.F.R., Parts 171-180). The HMR apply to any material 
DOT determines is capable of  posing an unreasonable risk to health, safety, and property when 
transported in commerce. Lithium-ion batteries must conform to all applicable HMR requirements  
when of fered for transportation or transported by air, highway, rail, or water (DOT 2021). Additionally, 
carbon (as graphite) is f lammable and could pose a f ire hazard. As further detailed below, f ire 
protection is achieved through project design features, such as monitoring, diagnostics and a f ire 
suppression system. The project would be required to comply with state laws and county ordinance 
restrictions, which regulate and control hazardous materials handled on site. 

Construction wastes would be disposed of in accordance with local, state, and federal regulations, and 
recycling will be used to the greatest extent possible. In this context, with adherence to requirements 
set forth by the ICFD, Imperial County OES, DTSC, OSHA regulatory requirements and CUPA, 
impacts would be less than signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.9-2 Would the project create a significant hazard to the public or the environment 
through reasonably foreseeable upset and accident conditions involving the 
release of hazardous materials into the environment? 

Hazardous Materials 

The project site is currently being used for agricultural production. Typical agricultural practices in the 
Imperial Valley consist of  aerial and ground application of  pesticides and the application of  chemical 
fertilizers to both ground and irrigation water. However, the Federal Insecticide, Fungicide, and 
Rodenticide Act provides federal control of pesticide distribution, sale, and use. Pesticides used in the 
United States must be registered by the EPA to assure that pesticides are properly labeled and that 
they will not cause unreasonable harm to the environment. The construction phase, operations and 
long-term maintenance of  the facility would not result in additional application of  pesticides or 
fertilizers.  

As stated above, construction of the proposed project will involve the use of  limited use of  hazardous 
materials, such as fuels and greases to fuel and service construction equipment, and during operation 
regular and routine maintenance of  the proposed project may result in the potential to handle 
hazardous materials. However, the hazardous materials handled on-site would be limited to small 
amounts of  everyday use cleaners and common chemicals used for maintenance. The applicant will 
be required to comply with State laws and County Ordinance restrictions, which regulate and control 
hazardous materials handled on-site. Therefore, a less than signif icant impact has been identif ied for 
this issue area. 

Review of  information f rom Envirostor and GeoTracker, the project site is not listed as a hazardous 
materials site and there are no active sites that require cleanup, such as LUST Sites, Department of  
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Defense Sites, and Cleanup Program Sites within 1 mile of  the project site.  The two LUST cases 
within 1 mile of  the project site are completed and closed.  

Battery Energy Storage System 

Protection would be provided as part of  the project design by housing the battery units in enclosed 
structures to provide containment should a f ire break out or for potential spills. Any potential f ire risk 
that the traditional lithium-ion cells have will most likely be caused by over-charging or through short 
circuit due to age. This risk will be mitigated through monitoring and a f ire suppression system that 
includes water and or a suppression agent (eg FM-200, Novatech) with smoke detectors, control 
panel, alarm, piping and nozzles. The f ire protection system will be designed by a certif ied f ire 
protection engineer and installed by a f ire protection system contractor licensed in California and in 
accordance with all relevant building and f ire codes in ef fect in the County at the time of  building permit 
submission.  Fire protection systems for battery systems would be designed in accordance with 
California Fire Code and would take into consideration the recommendations of  the National Fire 
Protection Association (NFPA) 855. 

The f ire protection plan is anticipated to include a combination of  prevention, suppression, and 
isolation methods and materials. The general approach to f ire mitigation at the project site would be 
prevention of  an incident, followed by attempts to isolate and control the incident to the immediately 
af fected equipment, then to suppress any f ire with a clean agent so as to reduce damage to uninvolved 
equipment. Fire suppression agents such as Novec 1230 or FM 2000, or water may be used as a 
suppressant. In addition, f ire prevention methods would be implemented to reduce potential f ire risk, 
including voltage, current, and temperature alarms. Energy storage equipment would comply with 
Underwriters Laboratory (UL)-95401 and test methods associated with UL-9540A. For lithium-ion 
batteries storage, a system would be used that would contain the f ire event and encourage 
suppression through cooling, isolation, and containment. Suppressing a lithium-ion (secondary) 
battery is best accomplished by cooling the burning material. A gaseous f ire suppressant agent (e.g., 
3M™ Novec™ 1230 Fire Protection Fluid or similar) and an automatic f ire extinguishing system with 
sound and light alarms would be used for lithium-ion batteries.  

To mitigate potential hazards, redundant separate methods of  failure detection would be implemented. 
These would include alarms f rom the Battery Management System (BMS), including voltage, current, 
and temperature alarms. Detection methods for of f gas detection would be implemented, as 
applicable. These are in addition to other potential protective measures such as ventilation, 
overcurrent protection, battery controls maintaining batteries within designated parameters, 
temperature and humidity controls, smoke detection, and maintenance in accordance with 
manufacturer guidelines. Remote alarms would be installed for operations personnel as well as 
emergency response teams in addition to exterior hazard lighting. In addition, an Incidence Response 
Plan would be implemented. In this context, impacts would be considered less than signif icant for this 
impact area. 

Mitigation Measure(s) 

No mitigation measures are required.  

PC ORIGINAL PKG



3.9 Hazards and Hazardous Materials 
Draft EIR | Brawley Solar Energy Project 

3.9-10 | December 2021 Imperial County 

Impact 3.9-3 Would the project emit hazardous emissions or handle hazardous or acutely 
hazardous materials, substances, or waste within 0.25 mile of an existing or 
proposed school?  

The project site is not located within 0.25 mile of  an existing or proposed school. Therefore, the 
proposed project would not pose a risk to nearby schools and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-4 Would the project be located on a site which is included on a list of hazardous 
materials sites compiled pursuant to Government Code Section 65962.5 and, 
as a result, would create a significant hazard to the public or the environment? 

Based on a review of  the Cortese List conducted in September 2021, the project site is not listed as a 
hazardous materials site.  Therefore, implementation of  the proposed project would result in no impact 
related to the project site being located on a listed hazardous materials site pursuant to Government 
Code Section 65962.5. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-5 For a project located within an airport land use plan or, where such a plan has 
not been adopted, within 2 miles of a public airport or public use airport, result 
in a safety hazard or excessive noise for people residing or working in the 
project area?  

The nearest public airport is the Brawley Municipal Airport located approximately 1.5 miles south of  
the project site. However, the project site is outside of  the airport compatibility zones of  the Brawley 
Municipal Airport (County of  Imperial 1996). Additionally, as discussed in Section 3.2, Aesthetics, the 
project would not expose approach slopes associated with the Brawley Municipal Airport to glare 
hazards. Therefore, implementation of  the proposed project would not result in a safety hazard or 
excessive noise for people residing or working in the project area and no impact would occur. No 
signif icant impact is identified for this issue area. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-6 Would the project impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan?  

The Imperial County Operational Area Emergency Operations Plan (Imperial County OES 2016) does 
not identify specific emergency roadway routes as part of  their emergency operations plan (EOP). The 
Circulation & Scenic Highways Element of  the General Plan (County of  Imperial 2008), identif ies SR-
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111, located west of  the project site, as the “backbone” route of  Imperial County since it connects the 
three largest cities and acts as a major goods movement route.  

The applicant for the proposed project will be required, through the Conditions of Approval, to prepare 
a street improvement plan for the proposed project that will include emergency access points and safe 
vehicular travel. Additionally, local building codes would be followed to minimize f lood, seismic, and 
f ire hazard. Therefore, the proposed project would result in a less than signif icant impact associated 
with the possible impediment to emergency response plans or emergency evacuation plans. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 3.9-7 Would the project expose people or structures, either directly or indirectly, to 
a significant risk of loss, injury or death involving wildland fires? 

The project site is located in the unincorporated area of  Imperial County. According to the Seismic and 
Public Safety Element of  the General Plan (County of  Imperial 1997), the potential for a major f ire in 
the unincorporated areas of  the County is generally low.  

Proposed project facilities would be designed, constructed, and operated in accordance with 
applicable f ire protection and other environmental, health, and safety requirements (e.g., CPUC safety 
standards). Primary access to the project site would be located of f N Best Avenue. A secondary 
emergency access road would be located in the northwest portion of  the project site. Access roads 
would also be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards. Points of  ingress/egress would be accessed via locked gates that can be opened by any 
emergency responders. Additionally, water for emergency f ire suppression would likely be provided 
by water trucks during construction and the existing ground storage tank on-site which is f illed by the 
Best Canal during operation. 

Because the proposed project is not located in proximity to an area susceptible to wildland f ires, 
implementation of  the proposed project would result in a less than signif icant impact related to the 
possible risk to people or structures caused by wildland fires. 

Mitigation Measure(s) 

No mitigation measures are required. 

3.9.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. During decommissioning and restoration of  the project site, the applicant or its 
successor in interest would be responsible for the removal, recycling, and/or disposal of  all solar 
arrays, inverters, battery storage system, transformers and other structures on each of  the project site. 
The project applicant anticipates using the best available recycling measures at the time of  
decommissioning. Any potentially hazardous materials located on the site would be disposed of, 
and/or remediated prior to construction of  the solar facilities. At the end of  a lithium-ion module’s useful 
life (typically estimated to be 10 to 20+ years) and f inal project decommissioning, the batteries would 
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be decommissioned and recycled per manufacturer guidelines. Certain manufacturers allow for the 
batteries to be returned to the manufacturing facility or a third-party recycling facility where the 
batteries are disassembled, and certain materials are recovered f rom the battery for reuse.  

The operation of  the solar facility would not generate hazardous wastes and therefore, implementation 
of  applicable regulations and mitigation measures identif ied for construction and operations would 
ensure restoration of  the project site to pre-project conditions during the decommissioning process in 
a manner that would be less than signif icant. Furthermore, decommissioning/restoration activities 
would not result in a potential impact associated with ALUCP consistency (structures would be 
removed and the site would remain in an undeveloped condition), wildfires (f ire protection measures), 
or impediment to an emergency plan (the undeveloped condition as restored, would not conf lict with 
emergency plans). 

Residual 

Adherence to federal, state and local regulations will ensure that impacts related to the transportation 
of  hazardous materials and potential f ires would be reduced to levels less than signif icant. Based on 
these circumstances, the proposed project would not result in residual signif icant and unmitigable 
impacts related to hazards and hazardous materials. 
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3.10 Hydrology/Water Quality 
This section provides a description of existing water resources within the project area and  pert inent  
local, state, and federal plans and policies. Each subsection includes descriptions of  existing 
hydrology/drainage, existing f looding hazards, and the environmental impacts on hydrology and 
water quality resulting f rom implementation of the proposed project, and mitigation measures where 
appropriate. The impact assessment provides an evaluation of  potential adverse ef fects to water 
quality based on criteria derived f rom CEQA Guidelines in conjunction with actions proposed in 
Chapter 2, Project Description. 

3.10.1 Existing Conditions 
The project site is located in the Imperial Valley Planning Area of  the Colorado River Basin. The 
Colorado River Basin Region covers approximately 13 million acres (20,000 square miles) in the 
southeastern portion of California. It includes all of  Imperial County and portions of San Bernard ino ,  
Riverside, and San Diego Counties. The Colorado River Basin Region is divided into seven major 
planning areas on the basis of  different economic and hydrologic characteristics (California RWQCB 
2019). The project site is contained within the Brawley Hydrologic Area in the Imperial Hydrologic 
Unit (HU 723.10). The Imperial Valley is characterized as a closed basin and, therefore, all runof f  
generated within the watershed discharges into the Salton Sea (California RWQCB 2019). The 
western portion of  the project site is located within the New River watershed (Hydrologic Unit Code 
[HUC-10] 1810020411); the eastern portion of  the project site is located within the Alamo River 
watershed (HUC-10 1810020408) (Appendix D of this EIR). 

The project area is characterized by a typical desert climate with dry, warm winters, and hot, dry 
summers. Most of  the rainfall occurs in conjunction with monsoonal conditions between May and 
September, with an average annual rainfall of  3.15 inches for the project area (City of  Brawley 
2020). 

Localized Drainage Conditions 

The project site and the surrounding terrain is generally f lat. The New River f lows through the middle 
portion of  the project site. In addition, several drains, and ditches owned by Imperial Irrigation District 
(IID) f low along the borders of  the project site (Appendix D of this EIR).  

Flooding 
According to the Federal Emergency Management Agency’s (FEMA) Flood Insurance Rate Map 
(FIRM) (Map Number 06025C1025C) (FEMA 2008), the proposed project site is located in Zone X 
(unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside the 0.2 
percent annual chance f loodplain. However, the project site is bounded to the west by the New 
River, which is within the 100-year f loodplain, and subject to a 1 percent chance of  annual f lood risk  
(FEMA 2008). 

Surface Water Quality 
The surface waters of  the Imperial Valley depend primarily on the inf low of  irrigation water f rom the 
Colorado River via the All-American Canal. Excessive salinity concentrations have long been one o f  
the major water quality problems of  the Colorado River, a municipal and industrial water source to 
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millions of  people, and a source of  irrigation water for approximately 700,000 acres of  farmland.  The 
heavy salt load in the Colorado River results f rom both natural and human activities. Land use and 
water resources are unequivocally linked. A variety of  natural and human factors can af fect the 
quality and use of  streams, lakes, and rivers. Surface waters may be impacted f rom a variety of  point 
and non-point discharges. Examples of  point sources may include wastewater treatment plants, 
industrial discharges, or any other type of  discharge f rom a specif ic location (commonly a 
large-diameter pipe) into a stream or water body. In contrast, non-point source pollutant sources are 
generally more dif fuse in nature and connected to a cumulative contribution of  multiple smaller 
sources. There are no comprehensive water quality monitoring stations located within in the project 
site, and water quality data are limited.  

Common non-point source contaminants within the project area may include, but are not limited to: 
sediment, nutrients (phosphorous and nitrogen), trace metals (e.g., lead, zinc, copper, nickel, iron, 
cadmium, and mercury), oil and grease, bacteria (e.g., coliform), viruses, pesticides and herbic ides, 
organic matter, and solid debris/litter. Vehicles account for most of the heavy metals ,  f uel and  f uel 
additives (e.g., benzene), motor oil, lubricants, coolants, rubber, battery acid, and other substances.  
Nutrients result f rom excessive fertilizing of  agricultural areas, while pesticides and herbicides are 
widely used in agricultural f ields and roadway shoulders for keeping right-of-way (ROW) areas c lear 
of  vegetation and pests. Surface waters mostly drain towards the Salton Sea. The New and Alamo 
Rivers convey agricultural irrigation drainage, surface runof f , and some treated municipal waste f rom 
the Imperial Valley. The f low in the New River also contains agricultural drainage, treated and 
untreated sewage, and industrial waste discharges f rom Mexicali, Mexico (California RWQCB 2019). 

Based on the 2018 305(b)/303(d) Integrated Report prepared by the Colorado River Basin RWQCB, 
the water features within the Brawley Hydrologic Area include the Imperial Valley Drains, New River,  
and the Salton Sea (California RWQCB 2021). Specif ic impairments listed for each of  these water 
bodies (or Category 5) are identif ied below: 

• Imperial Valley Drains: Impaired for chlordane, dichlorodiphenyltrichloroethane (DDT), 
dieldrin, imidacloprid, Polychlorinated biphenyls (PCBs), chlorpyrifos, sedimentation/siltation, 
toxicity, toxaphene, and selenium;  

• New River: Impaired for Hexachlorobenzene, mercury, nutrients, selenium, toxicity, indicator 
bacteria, organic enrichment/low dissolved oxygen, sediment, trash, toxaphene, chlo rdane,  
chlorpyrifos, DDT, diazinon, cyhalothrin, lambda, malathion, dieldrin, PCBs, bifenthrin, 
chloride, cypermethrin, naphthalene, nitrogen ammonia, disulfoton, imidacloprid, and 
ichlorodiphenyldichloroethan (DDD);  

• Salton Sea: Impaired for arsenic, chlorpyrifos, DDT, enterococcus, low dissolved oxygen, 
nutrients, salinity, toxicity, chloride, and ammonia (California RWQCB 2021).  

Groundwater Hydrology 
The project site is located in the Imperial Valley Groundwater Basin (Basin 7-030). The basin covers  
957,774 acres. Adjacent basins include East Salton Sea to the north, Amos Valley to the no rtheast ,  
Ogilby Valley to the southeast, Coyote Wells Valley to the southwest, and Ocotillo-Clark Valley to the 
northwest (Groundwater Exchange 2021; California Department of  Water Resources 2021). 

Groundwater quality in the Imperial Valley Basin is generally reported as poor and not suitable for 
domestic or municipal purposes (United States Geological Survey 2014).  
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3.10.2 Regulatory Setting 

Federal  

Clean Water Act 

The U.S. EPA is the lead federal agency responsible for managing water quality. The CWA o f  1972 
is the primary federal law that governs and authorizes the U.S. EPA and the states to implement 
activities to control water quality. The various elements of  the CWA that address water quality and 
that are applicable to the project are discussed below. Wetland protection elements administered by  
the USACE under Section 404 of  the CWA, including permits for the discharge of  dredged and/or f i l l  
material into waters of  the United States, are discussed in Section 3.5, Biological Resources.  

Under federal law, the U.S. EPA has published water quality regulations under Volume 40 of  the 
CFR. Section 303 of  the CWA requires states to adopt water quality standards for all surface waters  
of  the U.S. As def ined by the CWA, water quality standards consist of two elements: (1) des ignated  
benef icial uses of  the water body in question; and (2) criteria that protect the designated uses. 
Section 304(a) requires the U.S.EPA to publish advisory water quality criteria that accurately  ref lec t  
the latest scientif ic knowledge on the kind and extent of  all ef fects on health and welfare that may be 
expected f rom the presence of  pollutants in water. Where multiple uses exist, water quality 
standards must protect the most sensitive use. The U.S. EPA is the federal agency with primary 
authority for implementing regulations adopted under the CWA. The U.S.EPA has delegated the 
State of  California the authority to implement and oversee most of  the programs authorized or 
adopted for CWA compliance through the Porter-Cologne Water Quality Control Act of  1969 
(Porter-Cologne Act), described below.  

Under CWA Section 401, applicants for a federal license or permit to conduct activities that may 
result in the discharge of  a pollutant into waters of  the U.S. must obtain a water quality cert i f icat ion 
f rom the SWRCB in which the discharge would originate or, if  appropriate, from the inters tate water 
pollution control agency with jurisdiction over af fected waters at the point where the discharge would  
originate.  

CWA Section 402 establishes the National Pollution Discharge Elimination System (NPDES) permit  
program to control point source discharges f rom industrial, municipal, and other facilities if  their 
discharges go directly to surface waters. The 1987 amendments to the CWA created a new section 
of  the CWA devoted to regulating storm water or nonpoint source discharges (Section 402[p ]).  The 
U.S.EPA has granted California primacy in administering and enforcing the provisions of  the CWA 
and the NPDES program through the SWRCB. The SWRCB is responsible for issuing both general 
and individual permits for discharges from certain activities. At the local and regional levels, general 
and individual permits are administered by RWQCBs. 

Clean Water Act Section 303(d) Impaired Waters List  

CWA Section 303(d) requires states to develop lists of water bodies that will not attain water quality  
standards af ter implementation of  minimum required levels of  treatment by point-source dischargers. 
Section 303(d) requires states to develop a total maximum daily load (TMDL) for each of  the listed 
pollutants and water bodies. A TMDL is the amount of  loading that the water body can receive and 
still be in compliance with applicable water quality objectives and applied benef icial uses. TMDLs 
can also act as a planning f ramework for reducing loadings of  a specif ic pollutant f rom various 
sources to achieve compliance with water quality objectives. TMDLs prepared by the state must 
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include an allocation of  allowable loadings to point and nonpoint sources, with consideration of  
background loadings and a margin of  safety. The TMDL must also include an analysis that shows 
links between loading reductions and the attainment of  water quality objectives. 

National Flood Insurance Program 

The Federal Emergency Management Agency (FEMA) administers the National Flood Insurance 
Program (NFIP) to provide subsidized f lood insurance to communities that comply with FEMA 
regulations that limit development in f loodplains. FEMA also issues Flood Insurance Rate Maps 
(FIRM) that identify which land areas are subject to f looding. These maps provide f lood inf ormat ion 
and identify flood hazard zones in the community. The design standard for f lood protection covered  
by the FIRM is established by FEMA, with the minimum level of  f lood protection for new 
development determined to be the 1-in-100 (0.01) annual exceedance probability) (i.e., the 100-year 
f lood event).  

State 

Porter-Cologne Water Quality Control Act  

The Porter-Cologne Water Quality Control Act, also known as the California Water Code, is 
California’s statutory authority for the protection of water quality. Under this act, the state must adopt  
water quality policies, plans, and objectives that protect the state’s waters. The act sets forth the 
obligations of  the State Water Resources Control Board (SWRCB) and RWQCBs pertaining to the 
adoption of  Water Quality Control Plans and establishment of  water quality objectives. Unlike the 
CWA, which regulates only surface water, the Porter-Cologne Act regulates both surface water and 
groundwater. 

Water Quality Control Plan for the Colorado River Basin 

The Water Quality Control Plan for the Colorado River Basin (or Basin Plan) prepared by the 
Colorado River RWQCB (Region 7) identif ies benef icial uses of  surface waters within the Colorado 
River Basin region, establishes quantitative and qualitative water quality objectives for protec tion of  
benef icial uses, and establishes policies to guide the implementation of  these water quality 
objectives.  

Water bodies that have benef icial uses that may be af fected by construction activity and 
post-construction activity include the Imperial Valley Drains (includes the Wistaria Drain and 
Greeson Wash), New River, and the Salton Sea. Table 3.10-1 identif ies the designated benef icial 
uses established for the project site’s receiving waters. The following are def initions of the applicable 
benef icial uses: 

• Aquaculture (AQUA) – Uses of  water for aquaculture or mariculture operations including, but  
not limited to, propagation, cultivation, maintenance, or harvesting of  aquatic plants and 
animals for human consumption or bait purposes.  

• Freshwater Replenishment (FRSH) – Uses of  water for natural or artif icial maintenance of  
surface water quantity or quality.  

• Industrial Service Supply (IND) – Uses of  water for industrial activities that do not depend 
primarily on water quality including, but not limited to, mining, cooling water supply, hydraulic  
conveyance, gravel washing, f ire protection, and oil well repressurization.  
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• Water Contact Recreation (REC I) – Uses of  water for recreational activities involving body 
contact with water, where ingestion of  water is reasonably possible. These uses include,  but  
are not limited to, swimming, wading, water-skiing, skin and scuba diving, surf ing, white 
water activities, f ishing, and use of  natural hot springs. 

• Non-contact Water Recreation (REC II) – Uses of  water for recreational activities involving 
proximity to water, but not normally involving contact with water where ingestion of  water is 
reasonably possible. These uses include, but are not limited to, picnicking, sunbathing, 
hiking, beachcombing, camping, boating, tide pool and marine life study, hunting, 
sightseeing, or aesthetic enjoyment in conjunction with the above activities. 

• Warm Freshwater Habitat (WARM) – Uses of  water that support warm water ecosystems 
including, but not limited to, preservation or enhancement of  aquatic habitats, vegetation, 
f ish, or wildlife, including invertebrates. 

• Wildlife Habitat (WILD) – Uses of  water that support terrestrial ecosystems including, but no t  
limited to, the preservation and enhancement of  terrestrial habitats, vegetation, wildlife (e.g . ,  
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources. 

• Preservation of  Rare, Threatened, or Endangered Species (RARE) – Uses of  water that 
support habitats necessary, at least in part, for the survival and successful maintenance of  
plant or animal species established under state or federal law as rare, threatened or 
endangered.  

Table 3.10-1. Beneficial Uses of Receiving Waters 
Beneficial Uses Imperial Valley Drains New River Salton Sea 

AQUA -- -- X 

FRSH X X -- 

IND -- P P 

REC I X X X 

REC II X X X 

WARM X X X 

WILD X X X 

RARE X X X 

Source: SWRCB 2021 

AQUA=aquaculture; FRSH=freshwater replenishment; IND=industrial service supply; P=Potential Uses; RARE=Preservation of 
Rare, Threatened, or Endangered Species; REC 1= water contact recreation; REC II=non-contact water recreation; 
WARM=Warm Freshwater Habitat; WILD=Wildlife Habitat; X=existing beneficial uses 

National Pollution Discharge Elimination System General Industrial and Construction Permits 

The NPDES General Industrial Permit requirements apply to the discharge of  stormwater associated 
with industrial sites. The permit requires implementation of  management measures that will achieve 
the performance standard of  the best available technology economically achievable and best 
conventional pollutant control technology. Under the statute, operators of  new facilities must 
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implement industrial BMPs in the projects’ SWPPP and perform monitoring of stormwater discharges 
and unauthorized non–stormwater discharges.  

Construction activities are regulated under the NPDES General Permit for Discharges of  Storm 
Water Runof f  Associated with Construction Activity (General Construction Permit) which covers 
stormwater runof f  requirements for projects where the total amount of  ground disturbance during 
construction exceeds 1 acre. Coverage under a General Construction Permit requires the 
preparation of  a SWPPP and submittal of  a Notice of  Intent (NOI) to comply with the General 
Construction Permit. The SWPPP includes a description of  BMPs to minimize the discharge of  
pollutants f rom the sites during construction. Typical BMPs include temporary soil stabilization 
measures (e.g., mulching and seeding), storing materials and equipment to ensure that spills or 
leaks cannot enter the storm drain system or stormwater, and using f iltering mechanisms at drop 
inlets to prevent contaminants f rom entering storm drains. Typical post-construction management 
practices include street sweeping and cleaning stormwater drain inlet structures. The NOI includes 
site-specif ic information and the certif ication of  compliance with the terms of  the General 
Construction Permit. 

Local 

County of Imperial General Plan 

The Water Element and the Conservation and Open Space Element of  the General Plan contain 
policies and programs, created to ensure water resources are preserved and protected. 
Table 3.10-2 identif ies the General Plan policies and programs for water quality and f lood hazards 
that are relevant to the project and summarizes the project’s consistency with the General Plan. 
While this EIR analyzes the project’s consistency with the General Plan pursuant to CEQA 
Guidelines Section 15125(d), the Imperial County Board of  Supervisors ultimately determines 
consistency with the General Plan. 

Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Conservation and Open Space Element 

Goal 6: The County will conserve, protect, 
and enhance water resources in the 
County.  

Consistent The proposed project would protect water quality 
during construction through compliance with 
Imperial County design and detention 
requirements and the NPDES General 
Construction Permit, as well as preparation and 
implementation of project-specific SWPPP, which 
will incorporate the requirements referenced in the 
State Regulatory Framework, design features, 
and BMPs.  
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Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Objective 6.3: Protect and improve water 
quality and quantity for all water bodies in 
Imperial County. 

Consistent The proposed project would protect water quality 
during construction through compliance with the 
NPDES General Construction Permit, SWPPP, 
and BMPs. Implementation of Mitigation Measure 
HYD-2 would require the project to incorporate 
post-construction BMPs into the project’s drainage 
plan. The proposed project will be designed to 
include site design, source control, and treatment 
control BMPs. The use of source control, site 
design, and treatment BMPs would result in a 
decrease potential for storm water pollution. 

Program: Structural development normally 
shall be prohibited in the designated 
floodways. Only structures which comply 
with specific development standards should 
be permitted in the floodplain. 

Consistent The project does not contain a residential 
component nor would it place housing or other 
structures within a 100-year flood hazard area.  

Water Element 

Policy: Adoption and implementation of 
ordinances, policies, and guidelines which 
assure the safety of County ground and 
surface waters from toxic or hazardous 
materials and/or wastes. 

Consistent The project would preserve ground and surface 
water quality from hazardous materials and 
wastes during construction, operation and 
decommissioning activities. The proposed project 
would protect water quality during construction 
through compliance with NPDES General 
Construction Permit, SWPPP, which will 
incorporate the requirements referenced in the 
State Regulatory Framework and BMPs. 
Implementation of Mitigation Measure HYD-2 
would require the project to incorporate 
post-construction BMPs into the project’s drainage 
plan. The proposed project will be designed to 
include site design, source control, and treatment 
control BMPs. The use of source control, site 
design, and treatment BMPs would result in a 
decrease potential for storm water pollution. It is 
anticipated that project decommissioning activities 
would be subject to similar, or more stringent 
ground and surface water regulations than those 
currently required.  

Program: The County of Imperial shall 
make every reasonable effort to limit or 
preclude the contamination or degradation 
of all groundwater and surface water 
resources in the County. 

Consistent Mitigation measures will require that the applicant 
of the project prepare a site-specific drainage plan 
and water quality management plan to minimize 
adverse effects to local water resources.  

Program: All development proposals 
brought before the County of Imperial shall 
be reviewed for potential adverse effects 
on water quality and quantity and shall be 
required to implement appropriate 
mitigation measures for any significant 
impacts. 

Consistent See response for Water Element Policy above.  
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Table 3.10-2. Project Consistency with Applicable General Plan Policies 

General Plan Policies 

Consistency 
with General 

Plan Analysis 

Source: County of Imperial 2016; County of Imperial 1997b 

County of Imperial Land Use Ordinance, Title 9 

The County’s Ordinance Code provides specif ic direction for the protection of  water resources. 
Applicable ordinance requirements are contained in Division 10, Building, Sewer and Grading 
Regulations, and summarized below. 

Chapter 10 – Grading Regulations. Section 91010.02 of  the Ordinance Code outlines conditions 
required for issuance of  a Grading Permit. These specif ic conditions include: 

1. If  the proposed grading, excavation or earthwork construction is of  irrigatable land, said 
grading will not cause said land to be unf it for agricultural use. 

2. The depth of  the grading, excavation or earthwork construction will not preclude the use of  
drain tiles in irrigated lands. 

3. The grading, excavation or earthwork construction will not extend below the water table of  
the immediate area. 

4. Where the transition between the grading plane and adjacent ground has a slope less than 
the ratio of  1.5 feet on the horizontal plane to 1 foot on the vertical plane, the plans and 
specif ications will provide for adequate safety precautions.  

Imperial County Engineering Design Guidelines Manual for the Preparation and Checking of 
Street Improvement, Drainage and Grading Plans within Imperial County 

Based on the guidance contained in the County’s Engineering Guidelines Design Guidelines Manual 
for the Preparation and Checking of Street Improvement, Drainage and Grading Plans within 
Imperial County (2008), the following drainage requirements would be applicable to the project.  

III A. GENERAL REQUIREMENTS 

1.  All drainage design and requirements are recommended to be in accordance with the IID 
“Draf t” Hydrology Manual or other recognized source with approval by the County Engineer 
and based on full development of upstream tributary basins. Another source is the Calt rans 
I-D-F curves for the Imperial Valley. 

3. Permanent drainage facilities and ROW, including access, shall be provided f rom 
development to point of satisfactory disposal. 

4. Retention volume on retention or detention basins should have a total volume capacity  f or a 
three (3) inch minimum precipitation covering the entire site with no C reduction factors. 
Volume can be considered by a combination of  basin size and volume considered within 
parking and/or landscaping areas.  

There is no guarantee that a detention basin outletting to an IID facility or other storm drain 
system will not back up should the facility be full and unable to accept the project runof f. This  
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provides the safety factor f rom f looding by ensuring each development can handle a 
minimum 3-inch precipitation over the project site. 

8. The developer shall submit a drainage study and specif ications for improvements of  all 
drainage easements, culverts, drainage structures, and drainage channels to the Department 
of  Public Works for approval. Unless specif ically waived herein, required plans and 
specif ications shall provide a drainage system capable of  handling and disposing of  all 
surface waters originating within the subdivision and all surface waters that may f low onto 
the subdivision from adjacent lands. Said drainage system shall include any easements  and  
structures required by the Department of  Public Works or the af fected Utility Agency to 
properly handle the drainage on-site and of f -site. The report should detail any vegetation and  
trash/debris removal, as well as address any standing water. 

9. Hydrology and hydraulic calculations for determining the storm system design shall be 
provided to the satisfaction of the Director, Department of Public Works. When approp riate,  
water surface prof iles and adequate f ield survey cross-section data may also be required. 

11. The County is implementing a storm water quality program as required by the SWRCB, 
which may modify or add to the requirements and guidelines presented elsewhere in this 
document. This can include ongoing monitoring of  water quality of  storm drain runof f , 
implementation of  BMPs to reduce storm water quality impacts downstream or along 
adjacent properties. Attention is directed to the need to reduce any potential of  vectors, 
mosquitoes, or standing water. 

12. A Drainage Report is required for all developments in the County. It shall include a project 
description, project setting including discussions of existing and proposed  condit ions, any 
drainage issues related to the site, summary of  the f indings or conclusions, of f -site 
hydrology, onsite hydrology, hydraulic calculations and a hydrology map. 

Imperial Irrigation District 

The IID is an irrigation district organized under the California Irrigation District Law, codif ied in 
Section 20500 et seq. of  the California Water Code. Critical functions of  IID include diversion and 
delivery of  Colorado River water to the Imperial Valley, operation and maintenance of  the drainage 
canals and facilities, including those in the project area, and generation and distribution of  electricity. 
Several policy documents govern IID operations and are summarized below: 

• The Law of  the River and historical Colorado River decisions, agreements and contracts 

• The Quantif ication Settlement Agreement and Transfer Agreements 

• The Def inite Plan, now referred to as the Systems Conservation Plan, which def ines the 
rigorous agricultural water conservation practices being implemented by growers and IID to 
meet the Quantif ication Settlement Agreement commitments 

• The Equitable Distribution Plan, which def ines how IID will prevent overruns and stay within 
the cap on the Colorado River water rights 

• Existing IID standards and guidelines for evaluation of  new development and def ine IID’s role 
as a responsible agency and wholesaler of  water 
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Integrated Water Resources Management Plan 

In relation to the project, IID maintains regulation over the drainage of  water into their drains, 
including the design requirements of  stormwater retention basins. IID requires that retention basins 
be sized to handle an entire rainfall event in case the IID system is at capacity. Additionally, IID 
requires that outlets to IID facilities be no larger than 12 inches in diameter and must contain a 
backf low prevention device (IID 2009). 

3.10.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to hydrology/water quality are 
considered significant if any of  the following occur: 

• Violate any water quality standards or waste discharge requirements or otherwise 
substantially degrade groundwater water quality 

• Substantially decrease groundwater supplies or interfere substantially with groundwater 
recharge such that the project may impede sustainable groundwater management of  the 
basin  

• Substantially alter the existing drainage pattern of  the site or area, including through the 
alteration of  the course of  a stream or river or through the addition of  impervious surfaces, in 
a manner which would: 

o Result in substantial erosion or siltation on- or of f-site 

o Substantially increase the rate or amount of  surface runof f in a manner which would 
result in f looding on- or offsite 

o Create or contribute runof f  water which would exceed the capacity of existing or planned 
stormwater drainage systems or provide substantial additional sources of polluted runof f 

o Impede or redirect f lood flows 

• In f lood hazard, tsunami, or seiche zones, risk release of  pollutants due to project inundation 

• Conf lict with or obstruct implementation of  a water quality control plan or sustainable 
groundwater management plan 

Methodology 
The drainage design will be conducted in accordance with the County of  Imperial’s design criteria, 
which establishes that 100 percent of  the 100-year storm (3 inches of  rain) will be stored on-site and  
released into the IID drainage system using existing drainage connections. 

Impact Analysis  

Impact 
3.10-1 

Would the project violate any water quality standards or waste discharge 
requirements or otherwise substantially degrade groundwater water quality? 
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Construction 

Construction of  the project includes site preparation, foundation construction, erection of  major 
equipment and structures, installation of  electrical systems, control systems, and startup/ tes t ing . In 
addition, the construction of  transmission lines, utility pole pads, conductors, and associated 
structures will be required. 

During the construction phase, sedimentation and erosion can occur because of  tracking f rom 
earthmoving equipment, erosion and subsequent runof f  of soil, or improperly designed  s tockpiles . 
The utilization of  proper erosion and sediment control BMPs is critical in preventing discharge to 
surface waters/drains. The project would employ proper SWPPP practices to minimize any 
discharges in order to meet the Best Available Technology/Best Conventional Technology standard  
set forth in the Construction General Permit.  

The project has the potential to af fect surface water quality. Many dif ferent types of  hazardous 
compounds will be used during the construction phase, with proper application, management, and 
containment being of  high importance. Poorly managed construction materials can lead to the 
possibility for exposure of  potential contaminants to precipitation. When this occurs, these visible 
and/or non-visible constituents become entrained in storm water runof f . If  they are not intercepted o r 
are lef t uncontrolled, the polluted runof f would otherwise f reely sheet f low f rom the project to the IID  
Imperial Valley Drains and could result in the accumulation of  these pollutants in the receiving 
waters. This is considered a potentially signif icant impact. With the implementation of  Mitigation 
Measure HYD-1, impacts on surface water quality as attributable to the project would be reduced  to  
a less than signif icant level. Prior to construction and grading activities, the project applicant is 
required to f ile an NOI with the SWRCB to comply with the General NPDES Construction Permit and  
prepare a SWPPP, which addresses the measures that would be included during construction or the 
project to minimize and control construction and post-construction runof f  to the “maximum extent 
practicable.” In addition, NPDES permits require the implementation of  BMPs that achieve a level o f  
pollution control to the maximum extent practical. With the implementation of  Mitigation Measures 
HYD-1, impacts on surface water quality as attributable to the project would be reduced to a less 
than signif icant level through the inclusion of  focused BMPs for the protection of  surface water 
resources. Monitoring and contingency response measures would be included to verify compliance 
with water quality objectives for all surface waters crossed during construction. In addition, given that 
site decommissioning would result in similar activities as identif ied for construction, these impacts 
could also occur in the future during site restoration activities. 

Operation 

As runof f  f lows over developed surfaces, water can entrain a variety of  potential pollutants including,  
but not limited to, oil and grease, pesticides, trace metals, and nutrients. These pollutants can 
become suspended in runof f  and carried to receiving waters. These ef fects are commonly referred to 
as non-point source water quality impacts. 

Long-term operation of  the solar facility poses a limited threat to surface water quality af ter the 
completion of  construction. The project would be subject to the County’s Grading Regulations as 
specif ied in Section 91010.02 of  the Ordinance Code. However, since the project site is located in 
unincorporated Imperial County and not subject to a Municipal Separate Storm Sewer System or 
NPDES General Industrial Permit, there is no regulatory mechanism in place to address 
post-construction water quality concerns. Based on this consideration, the project has the po tent ial 
to result in both direct and indirect water quality impacts that could be significant. Implementation o f  
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Mitigation Measure HYD-2 would require the project to incorporate post-construction BMPs into  the 
project’s drainage plan. The proposed project will be designed to include site design, source control,  
and treatment control BMPs, as described below. The use of source control, site design, and treatment 
BMPs would result in a decrease potential for storm water pollution. 

Site Design BMPs. The project will be designed to include site design BMPs, which reduce runof f , 
prevent storm water pollution associated with the project, and conserve natural areas onsite. Table 
3.10-3 lists the various site design BMPs. 

Table 3.10-3. Site Design Best Management Practices 
Design Concept Description 

1 Minimize Impervious 
Footprint 

The project site will include a significant amount of undeveloped land and pervious area. 
The footprint for the solar arrays will be predominately pervious ground. A minimal 
amount of Class II base paving for access roads and parking will be constructed.  

2 Conserve Natural 
Areas 

Only a small amount of existing site area can be classified as natural landscape and will 
only be disturbed in necessary areas at the project.  

3 Protect Slopes and 
Channels 

The project site and surrounding areas is comprised of extremely flat topography. 
Erosion of slopes due to stabilization problems is not a concern.  

4 Minimize Directly 
Connected 
Impervious Areas 

No storm drain will be constructed onsite. The site layout does not change the existing 
drainage pattern.  

Source Control BMPs. Source control BMPs (both structural and non-structural) means land  use o r 
site planning practices, or structures that aim to prevent urban runof f  pollution by reducing the 
potential for contamination at the source of  pollution. Source control BMPs minimize the contact 
between pollutants and urban runof f . Table 3.10-4 identif ies source control BMPs that would be 
applicable to the proposed project. 

Table 3.10-4. Source Control Best Management Practices 

Design Concept Description 

1 Design Trash Storage 
Areas to Reduce 
Pollution Introduction 

Any outdoor trash storage areas will be designed not to allow run-on from adjoining 
areas, screened or walled to prevent off-site transport of trash.  

2 Activity Restrictions Restrictions include activities that have the potential to create adverse impacts on 
water quality.  

3 Non-storm Water 
Discharges 

Illegal dumping educational materials as well as spill response materials will be 
provided to employees.  

4 Outdoor Loading and 
Unloading 

Material handling will be conducted in a manner as to prevent any storm water 
pollution.  

5 Spill Prevention, 
Control, and Cleanup 

The project will require a Spill Prevention, Control, and Countermeasure Plan, and a 
Hazardous Materials Business Plan in accordance with Federal and State 
requirements.  

6 Education Employees will receive materials for storm water pollution prevention in the form of 
brochures and other information in a format approved by the County of Imperial.  
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Table 3.10-4. Source Control Best Management Practices 
Design Concept Description 

7 Integrated Pest 
Management 

If any pesticide is required onsite, the need for pesticide use in the project design will 
be reduced by: 

• Keeping pests out of buildings using barriers, screens, and caulking 

• Physical pest elimination techniques, such as squashing, trapping, washing 
or pruning out pests 

• Relying on natural enemies to eat pests 

• Proper use of pesticides as a last line of defense 

8 Vehicle and 
Equipment Fueling, 
Cleaning, and Repair 

All vehicles will be serviced offsite whenever possible. If servicing is required onsite, 
it must be conducted in an area isolated from storm drain inlets or drainage ditch 
inlets. The area must be bermed and precluded from run on. Any spillage must be 
fully contained and captured and disposed of per County of Imperial Hazardous 
Waste requirements.  

9 Waste Handling and 
Disposal 

Materials will be disposed of in accordance with Imperial County Hazardous Material 
Management guidelines and will be sent to appropriate disposal facilities. Under no 
circumstances shall any waste or hazardous materials be stored outside without 
secondary containment. 

Treatment Control BMPs. The proposed project will incorporate post-construction Low Impact 
Development Treatment Control BMPs, including but not limited to inf iltration trenches or bioswales ,  
which shall be investigated and integrated into the project layout to the maximum extent practicab le.  
The drainage plan shall provide both short-term and long-term drainage solutions to ensure the 
proper sequencing of  drainage facilities and treatment of  runof f generated f rom projec t  imperv ious 
surfaces prior to off-site discharge.  

The proposed project shall develop a long-term maintenance plan and implemented to support the 
functionality of  treatment control BMPs. The facility layout shall also include suf f icient container 
storage and on-site containment and pollution-control devices for drainage facilities to avoid the 
of f -site release of  water quality pollutants, including, but not limited to oil and grease, fertilizers, 
treatment chemicals, and sediment. 

Mitigation Measure(s) 

HYD-1 Prepare SWPPP and Implement BMPs Prior to Construction and Site 
Restoration. The project applicant or its contractor shall prepare a SWPPP spec if ic  
to the project and be responsible for securing coverage under SWRCB’s NPDES 
stormwater permit for general construction activity (Order 2009-0009-DWQ). The 
SWPPP shall identify specif ic actions and BMPs relating to the prevention of  
stormwater pollution f rom project-related construction sources by identifying a 
practical sequence for site restoration, BMP implementation, contingency measures,  
responsible parties, and agency contacts. The SWPPP shall ref lect localized surface 
hydrological conditions and shall be reviewed and approved by the appropriate 
agency prior to commencement of  work and shall be made conditions of the contrac t  
with the contractor selected to build and decommission the project. The SWPPP 
shall incorporate control measures in the following categories: 
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• Soil stabilization and erosion control practices (e.g., hydroseeding, erosion 
control blankets, mulching) 

• Sediment control practices (e.g., temporary sediment basins, fiber rolls) 

• Temporary and post-construction on- and of f-site runof f controls 

• Special considerations and BMPs for water crossings and drainages 

• Monitoring protocols for discharge(s) and receiving waters, with emphas is  p lace 
on the following water quality objectives: dissolved oxygen, floating material,  o i l  
and grease, potential of  hydrogen (pH), and turbidity 

• Waste management, handling, and disposal control practices 

• Corrective action and spill contingency measures 

• Agency and responsible party contact information 

• Training procedures that shall be used to ensure that workers are aware of  
permit requirements and proper installation methods for BMPs specif ied in the 
SWPPP 

The SWPPP shall be prepared by a Qualif ied SWPPP Practitioner and/or Qualif ied 
SWPPP Developer with BMPs selected to achieve maximum pollutant removal and 
that represent the best available technology that is economically achievable. 
Emphasis for BMPs shall be placed on controlling discharges of  oxygen-depleting 
substances, f loating material, oil and grease, acidic or caustic substances or 
compounds, and turbidity. BMPs for soil stabilization and erosion control practices 
and sediment control practices will also be required. Performance and ef fectiveness 
of  these BMPs shall be determined either by visual means where applicable (i.e., 
observation of above-normal sediment release), or by actual water sampling in cases 
where verif ication of  contaminant reduction or elimination, (inadvertent petroleum 
release) is required to determine adequacy of  the measure. 

HYD-2 Incorporate Post-Construction Runoff BMPs into Project Drainage Plan. The 
project Drainage Plan shall adhere to the County’s Engineering Guidelines Manual, 
IID “Draf t” Hydrology Manual, or other recognized source with approval by the 
County Engineer to control and manage the on- and of f-site discharge of stormwater 
to existing drainage systems. Inf iltration basins will be integrated into the Drainage 
Plan to the maximum extent practical. The Drainage Plan shall provide both short- 
and long-term drainage solutions to ensure the proper sequencing of  drainage 
facilities and management of  runof f  generated f rom project impervious surfaces as 
necessary.  
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Significance after Mitigation 

With the implementation of  Mitigation Measure HYD-1, impacts on surface water quality as 
attributable to the project would be reduced to a less than signif icant level through the inclusion of  
focused BMPs for the protection of surface water resources. Monitoring and contingency response 
measures would be included to verify compliance with water quality objectives for all surface waters  
crossed during construction.  

With the implementation of  Mitigation Measure HYD-2, potential water quality impacts resulting f rom 
post-construction discharges during operation for the project would be reduced to a less than 
signif icant level. Implementation of  Mitigation Measure HYD-2 would require the project to 
incorporate post-construction BMPs into the project’s drainage plan. The use of  source contro l, s ite 
design, and treatment BMPs would result in a decrease potential for storm water pollution. 

Impact 
3.10-2 

Would the project substantially decrease groundwater supplies or interfere 
substantially with groundwater recharge such that the project may impede 
sustainable groundwater management of the basin? 

The proposed project would not require the construction of a groundwater well and/or the direc t  use 
of  groundwater for construction or operation. As described in Chapter 2 Project Description, 
approximately 20,000 to 30,000 gallons of  water per day would initially be required for grading, 
dropping to much less for the remainder of  the project construction. Construction water needs would  
be limited to earthwork, soil conditioning, dust suppression, and compaction efforts. Water would  be 
obtained f rom a ground storage tank existing onsite which f ills f rom the Best Canal along the eastern 
property boundary. Water may also be obtained f rom a nearby canal or lateral and delivered to the 
construction location by a water truck capable of  carrying approximately 4,000 gallons per load 
(Appendix H of  this EIR).  

According to the Water Supply Assessment prepared for the project (Appendix H of  this EIR), the 
anticipated water demand for construction, operation, and decommissioning of  the project is 
estimated to be 151.8 acre-feet (AF), for an annualized demand of  5.06 acre-feet per year (AFY) f o r 
the 30-year project life. Water for the project site will be supplied through an Interim Water Supply 
Policy (IWSP) Water Supply Agreement with IID to process the untreated Colorado River water for 
the proposed project. The IWSP sets aside 25,000 AFY of  IID’s Colorado River water supply to serve 
new non-agricultural projects. As of October 2021, a balance of  23,800 AFY remain availab le under 
the IWSP for new non-agricultural projects ensuring reasonably suf ficient supplies for such projec ts . 
As discussed in Section 3.15, Utilities and Service Systems, the project is expected to consume 
151.8 AF for the 30-year lifespan of  the project which would equate to 5.06 AFY amortized 
representing 0.02% of  the annual unallocated supply set aside for new non-agricultural projects 
(Appendix H of  this EIR).  

 Further, groundwater recharge in the area will not be signif icantly af fected as the majority of  the 
project site will feature a pervious landscape in both the existing and proposed conditions. Any runoff 
f rom solar panel washing would evaporate or percolate through the ground, as a majority of  the 
surfaces in the solar f ield would remain pervious. The proposed project would not substantially 
decrease groundwater supplies or interfere substantially with groundwater recharge such that the 
project may impede sustainable groundwater management of  the basin. No signif icant impacts on 
groundwater supply or recharge would occur.  
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Mitigation Measure(s) 

No mitigation measures are required. 

Impact 
3.10-3 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Result in substantial erosion or siltation on- or off-site?  

Project implementation would not substantially alter the existing drainage pattern of  the site o r area.  
Soil erosion could result during construction of the proposed project in association with grad ing  and  
earthmoving activities. The project site would be disturbed by construction activities such as grading  
and clearing as a part of  site preparation. To the extent feasible, site preparation would  be p lanned  
and designed to minimize the amount of  earth movement. Compaction of the soil to support building 
and traf f ic loads as well as the PV module supports may be required and is dependent on f inal 
engineering design. During construction, erosion would be controlled in accordance with County 
standards which include preparation, review and approval of a grading plan by the County Engineer;  
implementation of  a Dust Control Plan (Rule 801); and compliance with the NPDES General 
Construction Permit and project-specific SWPPP, as outlined in Mitigation Measure HYD-1.  

Af ter construction is complete, all existing roads would be lef t in a condition equal to  o r bet ter than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. As such, daily operations and routine maintenance (such as 
occasional PV panel washing) are not anticipated to alter the existing drainage pattern such that 
erosion increases when compared to existing conditions. The project site would remain largely 
impervious over the operational life of  the project. Additionally, the project would implement site 
design BMPs, as outlined in Table 3.10-3, which would reduce soil disturbance during operation. 
The proposed project would result in less than signif icant impacts associated with the alteration of  
drainage patterns resulting in substantial erosion or siltation on- or of f-site. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measures HYD-1 are required. 

Significance after Mitigation 

With the implementation of  Mitigation Measure HYD-1, potential impacts associated with the 
alteration of  drainage patterns resulting in substantial erosion or siltation on- or of f -site would be 
reduced to a level less than signif icant through compliance with County standards, implementation of 
a Dust Control Plan (Rule 801), and compliance with the NPDES General Construction Permit and 
project-specific SWPPP.  

Impact 
3.10-4 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Substantially increase the rate or amount of surface runoff in a manner which 
would result in flooding on- or offsite?  
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Project implementation would not substantially alter the existing drainage pattern of  the site o r area.  
The majority of  the project site would continue to sheet f low through the pervious native soils. The 
project will be designed to meet County of  Imperial storage requirements (100 percent of  the 
100-year storm (3 inches of  rain)) (refer to the County’s Engineering Guidelines Design Guidelines 
Manual for the Preparation and Checking of Street Improvement, Drainage and Grading Plans within 
Imperial County (2008) for storm water runof f , which will result in an impoundment of  runof f  in 
excess of  the anticipated volume of runoff to be generated by the 100-year storm event. Additionally, 
implementation of  Mitigation Measure HYD-2 requires that the project Drainage Plan adhere to the 
County’s Engineering Guidelines Manual, IID “Draf t” Hydrology Manual, or other recognized source 
with approval by the County Engineer to control and manage the on- and of f -site discharge of  
stormwater to existing drainage systems. As such, inf iltration basins will be integrated into the 
Drainage Plan to the maximum extent practical. The Drainage Plan shall provide both short- and 
long-term drainage solutions to ensure the proper sequencing of  drainage facilities and management 
of  runof f generated f rom project impervious surfaces as necessary.  

Additionally, after construction is complete, all existing roads would be lef t in a condition equal to  o r 
better than their preconstruction condition. All other areas disturbed by construction activities  would  
be recontoured and decompacted. As such, daily operations and routine maintenance (such as 
occasional PV panel washing) are not anticipated to alter the existing drainage pattern such that 
f looding (on- or of f -site) increases when compared to existing conditions. Lastly, the project site 
would remain largely impervious over the operational life of  the project. Therefore, the proposed 
project would result in no signif icant impacts associated with the alteration of  drainage patterns 
resulting in on- or of f -site f looding 

Mitigation Measure(s) 

Implement Mitigation Measure HYD-2.  

Significance after Mitigation 

With the implementation of  Mitigation Measure HYD-2, impacts on existing drainage patterns as a 
result of  potentially substantial increases to runof f would be reduced to a level less than signif icant .  
Implementation of  Mitigation Measure HYD-2 would require the project’s Drainage Plan to adhere to  
the County’s Engineering Guidelines Manual, IID “Draf t” Hydrology Manual, or other recognized 
source with approval by the County Engineer to control and manage the on- and of f -site discharge of 
stormwater to existing drainage systems.  

Impact 
3.10-5 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Create or contribute runoff water which would exceed the capacity of existing or 
planned stormwater drainage systems or provide substantial additional sources of 
polluted runoff? 

Project implementation would not substantially alter the existing drainage pattern of  the site o r area.  
During construction, erosion and associated pollutants would be controlled in accordance with 
County standards which include preparation, review and approval of  a grading plan by the County 
Engineer; implementation of  a Dust Control Plan (Rule 801); and compliance with the NPDES 
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General Construction Permit and project-specific SWPPP, as outlined in Mitigation Measure HYD-1 
(see Impact 3.10-1 for additional details). 

Af ter construction is complete, all existing roads would be lef t in a condition equal to  o r bet ter than 
their preconstruction condition. All other areas disturbed by construction activities would be 
recontoured and decompacted. The proposed project is not anticipated to generate a signif icant 
increase in the amount of  runof f  water when compared to existing conditions. As such, daily 
operations and routine maintenance (such as occasional PV panel washing) are not anticipated to 
alter the existing drainage pattern such that runof f  increases would exceed the capacity of  existing or 
planned stormwater drainage systems or provide substantial additional sources of  polluted runof f . 
The project site would remain largely impervious over the operational life of  the project. Water will 
continue to percolate through the ground, as a majority of  the surfaces on the project site will remain 
pervious. The proposed project would not create or contribute runof f water which would  exceed  the 
capacity of  existing or planned stormwater drainage systems or provide substantial additional 
sources of  polluted runoff. This is considered a less than signif icant impact. 

Mitigation Measure(s) 

Implement Mitigation Measure HYD-1.  

Significance after Mitigation 

With the implementation of  Mitigation Measure HYD-1, impacts on the existing drainage pattern by 
the project that could result in substantial or polluted runof f  would be reduced to a level less than 
signif icant through compliance with County standards, implementation of a Dust Control Plan (Rule 
801), and compliance with the NPDES General Construction Permit and project-specific SWPPP.  

Impact 
3.10-6 

Would the project substantially alter the existing drainage pattern of the site 
or area, including through the alteration of the course of a stream or river or 
through the addition of impervious surfaces, in a manner which would: 

 Impede or redirect flood flows?  

Project implementation would not substantially alter the existing drainage pattern of  the site o r area.  
The proposed project is not anticipated to generate a signif icant increase in the amount of  runof f  
water f rom water use involving solar panel washing. Water will continue to percolate through the 
ground, as a majority of  the surfaces on the project site will remain pervious. Additionally, accord ing  
to the FEMA’s FIRM (Map Number Map Number 06025C1025C) (FEMA 2008), the proposed solar 
energy facility, gen-tie line, and access roads located on the project site are located in Zone X 
(unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside the 0.2 
percent annual chance f loodplain. Therefore, the proposed project would not substantially alter the 
existing drainage pattern of  the site or area, including through the alteration of  the course of  a 
stream or river or through the addition of  impervious surfaces, in a manner which would impede or 
redirect f lood flows, and impacts would be less than signif icant.  

Mitigation Measure(s) 

No mitigation measures are required. 
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Impact 
3.10-7 

In flood hazard, tsunami, or seiche zones, would the project risk release of 
pollutants due to project inundation? 

The project site is not located near any large bodies of  water. The Salton Sea is located 
approximately 11.2 miles northwest of  the project site. Because of  the distance, the Salton Sea does 
not pose a danger of  inundation f rom seiche or tsunami as related to the project site. Furthermore, 
the project site is over 100 miles inland f rom the Pacif ic Ocean. In addition, the project site is 
relatively f lat. Therefore, there is no potential for the project site to be inundated by seiches or 
tsunamis. No impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required. 

Impact 
3.10-8 

Would the project conflict with or obstruct implementation of a water quality 
control plan or sustainable groundwater management plan?  

As described under Impact 3.10-1 above, with the implementation of  Mitigation Measure HYD-1, 
impacts on surface water quality as attributable to the project would be reduced to a less than 
signif icant level through the inclusion of  focused BMPs for the protection of surface water resources.  
Implementation of  Mitigation Measure HYD-2 would require the project to incorporate 
post-construction BMPs into the project’s drainage plan. The use of  source control, site design,  and  
treatment BMPs would result in a decrease potential for storm water pollution. Additionally, the 
project would not require the direct use of  groundwater. Therefore, the proposed project would not 
pose a signif icant threat to local surface water features or shallow groundwater resources, and, as 
such would not conf lict with or obstruct implementation of a water quality control plan or sustainab le 
groundwater management plan. Implementation of  Mitigation Measures HYD-1 and HYD-2 would 
reduce impacts to a level less than signif icant. 

Mitigation Measure(s) 

No additional mitigation measures beyond Mitigation Measures HYD-1 and HYD-2 are required. 

Significance after Mitigation 

With the implementation of  Mitigation Measures HYD-1 and HYD-2, the potential water quality 
impacts resulting during construction and operation of the project would be reduced  to  a level less  
than signif icant.  

3.10.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other 
buyer of  the energy emerges, or there is no further funding of  the project, the project will be 
decommissioned and dismantled. Decommissioning and restoration activities would result in s imilar 
impacts on hydrology and water quality as would occur during construction of the proposed p ro jec t . 
The primary water quality issue associated with decommissioning/restoration would be potential 
impacts on surface water quality, as the decommissioning activities would be similar to construc t ion 
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activities, and would be considered a signif icant impact. However, during decommissioning, soil 
erosion would be controlled in accordance with NPDES General Construction Permit(s) and 
project-specif ic SWPPP. Compliance with requirements and best available control technologies in 
place at the time of  decommissioning are anticipated to be similar to, or more stringent  than,  those 
currently required. Compliance with all applicable water quality regulations would reduce the 
project’s impacts during decommissioning to a level less than signif icant. Impacts on other water 
resource issues, including alteration of  drainage patterns, contributing to off-site flooding, impacts on 
groundwater recharge and supply, would be less than signif icant. There would be no impact 
associated with inundation f rom f looding or mudf lows. 

Residual 
With implementation of  the mitigation measures listed above, implementation of  the project would 
not result in any residual signif icant impacts related to increased risk of  f looding f rom stormwater 
runof f , f rom water quality ef fects f rom long-term urban runof f , or f rom short-term alteration of  
drainages and associated surface water quality and sedimentation. With the implementation of  the 
required mitigation measures during construction and decommissioning of the project, water quality  
impacts would be minimized to a less than signif icant level. Based on these circumstances, the 
project would not result in any residential signif icant and unmitigable adverse impacts on surface 
water hydrology and water quality. 
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3.11 Land Use/Planning 
This section provides information regarding current land use, land use designations, and land use 
policies within and in the vicinity of  the project site. Section 15125(d) of  the CEQA Guidelines states 
that “[t]he EIR shall discuss any inconsistencies between the project and applicable general plans and 
regional plans.” This section fulfills this requirement for the project. In this context, this section reviews 
the land use assumptions, designations, and policies of the County General Plan and other applicable 
federal, state, and local requirements, which govern land use within the project area and evaluates 
the project’s potential to conf lict with policies adopted for the purpose of  avoiding or mitigating 
signif icant environmental ef fects. Where appropriate, mitigation is applied and the resulting level of  
impact identif ied.  

3.11.1 Existing Conditions 
The project site is located on approximately 227 acres of  privately-owned land in the unincorporated 
area of  Imperial County, CA (Figure 3-1). The site is approximately one mile north f rom the City of  
Brawley’s jurisdictional limit. The project site is south of Baughman Road, west of N Best Avenue, and 
north of  Andre Road. The Union Pacif ic Railway transects the project site. Table 3.11-1 identif ies the 
individual assessor’s parcel numbers (APN) associated with the project site with their respective 
acreage, General Plan land use designation, and zoning.  

Table 3.11-1. Project Assessor Parcel Numbers, Acreages, and Zoning 

APN Acreage General Plan Land 
Use Zoning 

037-140-020 61.73 Agriculture A-2-G 

037-140-021 68.71 Agriculture A-2-G 

037-140-022 38.15 Agriculture A-2-G 

037-140-023 24.71 Agriculture A-2-G 

037-140-006 33.68 Agriculture A-2-G 

Total Gross Acres 227 -- -- 

APN = assessor parcel number; A-2-G = General Agricultural with Geothermal Overlay 

As shown on Figure 3.11-1, the project site’s land use is designated Agriculture under the County’s 
General Plan. As depicted on Figure 3.11-2, the solar energy facility site is located on a total of  f ive 
privately-owned legal parcels zoned A-2-G (General Agriculture with Geothermal Overlay). The 
proposed 1.8-mile gen-tie line would originate f rom the southern edge of  the project site and then head 
west along Andre Road to interconnect to the IID existing North Brawley Geothermal Power Plant 
substation, located at Hovley Road and Andre Road.  
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Figure 3.11-1. General Plan Land Use Designations 
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Figure 3.11-2. Zoning Designations 
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As discussed in Chapter 2, the County adopted the Renewable Energy and Transmission Element, 
which includes a RE Zone (RE Overlay Map). The RE Overlay Zone is concentrated in areas 
determined to be the most suitable for the development of  renewable energy facilities while minimizing 
the impact on other established uses. As shown on Figure 3.11-2, the northern portion of  the project 
site (APNs 037-140-020 and 037-140-021) is located within the Geothermal Overlay Zone. However, 
the entire project site is located outside of the RE Overlay Zone.  

The project applicant is seeking a zone change to include/classify all f ive project parcels into the 
Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG). Further, implementation of  the 
project would require the approval of  a CUP by the County to allow for the construction and operation 
of  the proposed solar energy facility with an integrated battery storage system. 

3.11.2 Regulatory Setting 
This section identif ies and summarizes state and local laws, policies, and regulations that are 
applicable to the project. 

State 

State Planning and Zoning Laws 

California Government Code Section 65300 et seq. establishes the obligation of cities and counties to 
adopt and implement general plans. The general plan is a comprehensive, long-term, and general 
document that describes plans for the physical development of  a city or county and of  any land outside 
its boundaries that, in the city’s or county’s judgment, bears relation to its planning.  

The general plan addresses a broad range of  topics, including, at a minimum, land use, circulation, 
housing, conservation, open space, noise, and safety. In addressing these topics, the general plan 
identif ies the goals, objectives, policies, principles, standards, and plan proposals that support the 
city’s or county’s vision for the area. The general plan is a long-range document that typically 
addresses the physical character of  an area over a 20-year period or more.  

The State Zoning Law (California Government Code Section 65800 et seq.) establishes that zoning 
ordinances, which are laws that def ine allowable land uses within a specif ic zone district, are required 
to be consistent with the general plan and any applicable specific plans.  

3.11.2.1 Regional 

Southern California Association of Governments – 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy (Connect SoCal) 

SCAG is the designated metropolitan planning organization for Los Angeles, Ventura, Orange, San 
Bernardino, Riverside, and Imperial Counties. CEQA requires that regional agencies like SCAG review 
projects and plans throughout its jurisdiction. SCAG, as the region’s “Clearinghouse,” collects 
information on projects of varying size and scope to provide a central point to monitor regional activity. 
SCAG has the responsibility of  reviewing dozens of  projects, plans, and programs every month. 
Projects and plans that are regionally signif icant must demonstrate to SCAG their consistency with a 
range of  adopted regional plans and policies.  

On September 3,2020, SCAG adopted the 2020-2045 RTP/SCS (Connect SoCal). The 2020-2045 
RTP/SCS (Connect SoCal) includes a strong commitment to reduce emissions f rom transportation 
sources to comply with Senate Bill 375, improve public health, and meet the NAAQS as set forth by 
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the federal CAA. The following goals f rom the 2020-2045 RTP/SCS (Connect SoCal) are considered 
applicable to the proposed project: 

• Goal 5: Reduce GHG emissions and improve air quality 

• Goal 10: Promote conservation of  natural and agricultural lands and restoration of  habitats  

Local 

County of Imperial General Plan 

The purpose of  the County’s General Plan (as amended through 2008) is to direct growth, particularly 
urban development, to areas where public inf rastructure exists or can be provided, where public health 
and safety hazards are limited, and where impacts on the County’s abundant natural, cultural, and 
economic resources can be avoided. The following 10 elements comprise the County’s General Plan: 
Land Use; Housing; Circulation and Scenic Highways; Noise; Seismic and Public Safety; Conservation 
and Open Space; Agricultural; Renewable Energy and Transmission Element; Water; and Parks and 
Recreation. Together, these elements satisfy the seven mandatory general plan elements as 
established in the California Government Code. Goals, objectives, and implementing policies and 
actions programs have been established for each of  the elements. 

Imperial County received funding f rom the CEC’s Renewable Energy and Conservation Planning 
Grant to amend and update the County’s General Plan in order to facilitate future development of  
renewable energy projects. The Geothermal/Alternative Energy and Transmission Element was last 
updated in 2006. Since then, there have been numerous renewable projects proposed, approved and 
constructed within Imperial County as a result of  California’s move to reduce greenhouse gas 
emissions, develop alternative fuel sources and implement its Renewable Portfolio Standard. The 
County has recently prepared an update to the Geothermal/Alternative Energy and Transmission 
Element of  its General Plan, called the Renewable Energy and Transmission Element. This Element 
is designed to provide guidance and approaches with respect to the future siting of renewable energy 
projects and electrical transmission lines in the County. The County adopted this element in 2016.  

The RE and Transmission Element includes a RE Zone (RE Overlay Map). The County Land Use 
Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the development and 
operation of  RE projects, with an approved CUP. The RE Overlay Zone is concentrated in areas 
determined to be the most suitable for the development of RE facilities while minimizing the impact to 
other established uses. As shown on Figure 3.11-2, the project site is located outside of  the RE 
Overlay Zone. 

An analysis of  the project’s consistency with the General Plan goals and objectives relevant to the 
project is provided in Table 3.11-2. While this EIR analyzes the project’s consistency with the General 
Plan pursuant to CEQA Guidelines Section 15125(d), the Imperial County Planning Commission and 
Board of  Supervisors retain f inal authority for the determination of  the project’s consistency with the 
General Plan. 
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Table 3.11-2. Project Consistency with Applicable General Plan Policies 

Applicable Policies 
Consistency 

Determination Analysis 

Land Use Element 

Public Facilities, Objective 8.7. Ensure the 
development, improvement, timing, and 
location of community sewer, water, and 
drainage facilities will meet the needs of 
existing communities and new developing 
areas. 

Consistent The project includes the necessary supporting 
infrastructure and would not require new 
community-based infrastructure. The project 
would be required to construct supporting 
drainage consistent with County requirements 
and mitigation measures prescribed in Section 
3.10, Hydrology/Water Quality, of the EIR.  

Once the project is operational, water would be 
required for solar panel washing and fire 
protection. The project would receive water 
service from the IID. Water would be purchased 
from the IID and delivered to the project site by 
water trucks. The proposed project would not 
require an operations and maintenance building. 
Therefore, no septic or other wastewater 
disposal systems would be required for the 
project.  

Public Facilities, Objective 8.8. Ensure 
that the siting of future facilities for the 
transmission of electricity, gas, and 
telecommunications is compatible with the 
environment and County regulation. 

Consistent The County Land Use Ordinance, Division 17, 
includes the Renewable Energy Overlay Zone, 
which authorizes the development and operation 
of renewable energy projects with an approved 
CUP. The RE Overlay Zone is concentrated in 
areas determined to be the most suitable for the 
development of renewable energy facilities while 
minimizing the impact on other established uses. 
CUP applications proposed for specific 
renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an 
amendment to the RE Overlay Zone.  

The County’s General Plan and Land Use 
Ordinance allows that for renewable energy 
projects proposed on land classified in a non-RE 
Overlay zone, that the land on which the project 
is located may be included/classified in the RE 
Overlay Zone if the renewable energy project: 1) 
would be located adjacent to an existing RE 
Overlay Zone; 2) is not located in a sensitive 
area; 3) is located in proximity to renewable 
energy infrastructure; and, 4) and would not 
result in any significant environmental impacts.  

As shown on Figure 3.11-2, the northern portion 
of the project site is located within the 
Geothermal Overlay Zone. However, the entire 
project site is located outside of the RE Overlay 
Zone. Therefore, the applicant is requesting a 
General Plan Amendment to include/classify all 
five project parcels into the RE Overlay Zone. 
With the approval of the General Plan 
Amendment, CUP, and zone change to A-2-
REG the proposed solar project can be 
implemented.  
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Applicable Policies 
Consistency 

Determination Analysis 

Public Facilities, Objective 8.9. Require 
necessary public utility rights-of-way when 
appropriate. 

Consistent The project would include the dedication of 
necessary ROW to facilitate the placement of 
electrical distribution and transmission 
infrastructure.  

Protection of Environmental Resources, 
Objective 9.6. Incorporate the strategies 
of the Imperial County AQAP in land use 
planning decisions and as amended.  

Consistent Because of the minimal grading of the site during 
construction and limited travel over the site 
during operations, local vegetation is anticipated 
to remain largely intact which will assist in dust 
suppression. Furthermore, dust suppression will 
be implemented including the use of water and 
soil binders during construction. Section 3.3, Air 
Quality, discusses the project’s consistency with 
the AQAP in more detail.  

Circulation and Scenic Highways Element 

Safe, Convenient, and Efficient 
Transportation System, Objective 1.1. 
Maintain and improve the existing road 
and highway network, while providing for 
future expansion and improvement based 
on travel demand and the development of 
alternative travel modes. 

Consistent Once construction is completed, the project 
would be remotely operated, controlled and 
monitored and with no requirement for daily on-
site employees. The project would include 
limited operational vehicle trips and would not be 
expected to reduce the current level of service at 
affected intersections, roadway segments, and 
highways. The project does not propose any 
forms for residential or commercial development 
and therefore would not require new forms of 
alternative transportation to minimize impacts on 
existing roadways.  

Safe, Convenient, and Efficient 
Transportation System, Objective 1.2. 
Require a traffic analysis for any new 
development which may have a significant 
impact on County roads. 

Consistent As described in Section 3.13, Transportation, a 
traffic study was prepared for the project and 
demonstrated that project operations would have 
a less than significant impact on the circulation 
network.  

Noise Element 

Noise Environment. Objective 1.3. Control 
noise levels at the source where feasible. 

Consistent Where construction-related and operational 
noise would occur in close proximity to noise 
sensitive land uses (e.g. less than 500 feet), the 
County would condition the project to maintain 
conformance with County noise standards. 

Project/Land Use Planning. Goal 2: 
Review Proposed Actions for noise 
impacts and require design which will 
provide acceptable indoor and outdoor 
noise environments. 

Consistent The project would be required to comply with the 
County’s noise standards during both 
construction and operation.  
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Applicable Policies 
Consistency 

Determination Analysis 

Conservation and Open Space Element 

Conservation of Environmental Resources 
for Future Generations Goal 1: 
Environmental resources shall be 
conserved for future generations by 
minimizing environmental impacts in all 
land use decisions and educating the 
public on their value.  

Consistent The project site would be converted from 
undeveloped land to a solar energy facility. The 
proposed project is a response to the state’s 
need for renewable energy to meet its 
Renewable Portfolio Standard, and while it 
would increase the availability of renewable 
energy, it would also replace existing sources of 
non-renewable energy.  

The power generated by the proposed project 
would be added to the state’s electricity grid with 
the intent that it would displace fossil fueled 
power plants and their associated environmental 
impacts (i.e., air quality and GHG emissions). 
The proposed project would ensure future 
generations have access to a broad array of 
renewable energy sources, providing the public 
with alternative choices to fossil fuels.  

Conservation of Biological Resources. 
Goal 2: The County will integrate 
programmatic strategies for the 
conservation of critical habitats to manage 
their integrity, function, productivity, and 
long-term viability.  

Consistent A biological resources survey was conducted for 
the project site. As discussed in Section 3.5, 
Biological Resources, there are potentially 
sensitive biological resources located within the 
project site. However, with the implementation of 
mitigation identified in Section 3.5, Biological 
Resources, these impacts would be reduced to a 
level less than significant. 

Preservation of Cultural Resources. 
Objective 3.1: Protect and preserve sites 
of archaeological, ecological, historical, 
and scientific value, and/or cultural 
significance. 

Consistent A cultural resource inventory was prepared for 
the project site. As discussed in Section 3.6, 
Cultural Resources, the proposed project has 
the potential to encounter undocumented 
archaeological resources and human remains. 
Mitigation Measures CUL-1 through CUL-7 have 
been identified to reduce potential impacts to a 
level less than significant. 

Conservation of Water Resources. 
Objective 6.1: Ensure the use and 
protection of all the rivers, waterways, and 
groundwater sources in the County for 
use by future generations. 

Consistent As discussed in Section 3.10, Hydrology/Water 
Quality, the project will prepare a site-specific 
drainage plan and water quality management 
plan to minimize adverse effects to local water 
resources; as well as coordinate with the IID for 
water consumption during construction and 
operation of the project.  

Protection of Air Quality and Addressing 
Climate Change. Goal 7: The County shall 
actively seek to improve the quality of air 
in the region.  

Consistent The proposed project would be required to 
comply with all applicable ICAPCD rules and 
requirements during construction and operation 
to reduce air emissions. Overall, the proposed 
project would improve air quality and reduce 
GHG emissions by reducing the amount of 
emissions that would be generated in 
association with electricity production from a 
fossil fuel burning facility. Therefore, the 
proposed project is consistent with this goal.  
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Applicable Policies 
Consistency 

Determination Analysis 

Protection of Air Quality and Addressing 
Climate Change. Objective 7.1: Ensure 
that all project and facilities comply with 
current Federal, State and local 
requirements for attainment of air quality 
objectives. 

Consistent The proposed project would comply with current 
federal and State requirements for attainment for 
air quality objectives through conformance with 
all applicable ICAPCD rules and requirements to 
reduce fugitive dust and emissions. Further, the 
proposed project would comply with the ICAPCD 
Air Quality CEQA Handbook’s Mandatory 
Standard Air Quality Measures (Applicant 
Proposed Measure AQ-1). Therefore, the 
proposed project is consistent with this objective.  

Protection of Air Quality and Addressing 
Climate Change. Objective 7.2: Develop 
management strategies to mitigate 
fugitive dust. Cooperate with all federal 
and state agencies in the effort to attain 
air quality objectives. 

Consistent The Applicant would cooperate with all federal 
and State agencies in the effort to attain air 
quality objectives through compliance with the 
ICAPCD Air Quality CEQA Handbook’s 
Mandatory Standard Air Quality Measures 
(Applicant Proposed Measure AQ-1). Therefore, 
the proposed project is consistent with this 
objective.  

Protection of Open Space and 
Recreational Opportunities. Objective 8.2: 
Focus all new renewable energy 
development within adopted Renewable 
Energy Overlay Zones. 

Consistent As shown on Figure 3.11-2, the northern portion 
of the project site (APNs 037-140-020 and 037-
140-021) is located within the Geothermal 
Overlay Zone. However, the entire project site is 
located outside of the RE Overlay Zone. The 
project applicant is requesting a General Plan 
Amendment and Zone Change to 
include/classify all five project parcels into the 
RE Overlay Zone. With the approval of the 
General Plan Amendment, Zone Change, and 
CUP, the proposed solar project can be 
implemented. 

Renewable Energy and Transmission Element 

Objective 1.4: Analyze potential impacts 
on agricultural, natural, and cultural 
resources, as appropriate. 

Consistent This EIR has been prepared to meet the 
requirements of CEQA for purposes of 
evaluating the potential environmental impacts 
associated with the proposed project, which 
includes analysis on applicable environmental 
topics that analyze impacts on agricultural, 
natural, and cultural resources.  

Objective 1.5: Require appropriate 
mitigation and monitoring for 
environmental issues associated with 
developing renewable energy facilities. 

Consistent Please refer to Section 3.3, Agricultural 
Resources, for a description of existing 
agricultural resources within the project site and 
a discussion of potential impacts attributable to 
the project. A biological resources report has 
been prepared for the project, which is 
summarized in Section 3.5, Biological 
Resources, along with potential impacts 
attributable to the project. With incorporation of 
mitigation identified in Sections 3.3, Agricultural 
Resources and 3.5, Biological Resources, less 
than significant impacts would result.  
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Applicable Policies 
Consistency 

Determination Analysis 

Objective 1.6: Encourage the efficient use 
of water resources required in the 
operation of renewable energy generation 
facilities. 

Consistent Water use during construction would be used 
primarily for dust control, and obtained from local 
IID irrigation canals or laterals in conformance 
with IID construction water acquisition 
requirements. The project applicant will also 
coordinate with IID to purchase water needed for 
maintenance activities (i.e. PV module washing) 
to ensure efficient use of water resources. 

Objective 1.7: Assure that development of 
renewable energy facilities and 
transmission lines comply with Imperial 
County Air Pollution Control District’s 
regulations and mitigation measures. 

Consistent Because of the minimal grading of the site during 
construction and limited travel over the site 
during operations, local vegetation is anticipated 
to remain largely intact which will assist in dust 
suppression. Furthermore, dust suppression will 
be implemented including the use of water and 
soil binders during construction. Section 3.4, Air 
Quality, discusses the project’s consistency with 
the ICAPCD in more detail. 

Objective 2.1: To the extent practicable, 
maximize utilization of IID’s transmission 
capacity in existing easements or rights-
of-way. Encourage the location of all 
major transmission lines within designated 
corridors easements, and rights-of-way. 

Consistent The project involves the construction and 
operation of new renewable energy 
infrastructure that would interconnect with 
existing and approved IID transmission 
infrastructure thereby maximizing the use of 
existing facilities. 

Seismic and Public Safety Element 

Land Use Planning and Public Safety. 
Goal 1: Include public health and safety 
considerations in land use planning. 

Consistent Division 5 of the County Land Use Ordinance 
has established procedures and standards for 
development within earthquake fault zones. Per 
County regulations, construction of buildings 
intended for human occupancy which are 
located across the trace of an active fault are 
prohibited. An exception exists when such 
buildings located near the fault or within a 
designated Special Studies Zone are 
demonstrated through a geotechnical analysis 
and report not to expose a person to undue 
hazard created by the construction. 

Since the project site is located in a seismically 
active area, the project is required to be 
designed in accordance with the CBC for near 
source factors derived from a design basis 
earthquake based on a peak ground 
acceleration of 0.48 gravity. It should be noted 
that, the project would be remotely operated and 
would not require any habitable structures on 
site. In considering these factors in conjunction 
with mitigation requirements outlined in the 
impact analysis, the risks associated with 
seismic hazards would be minimized. 

A preliminary geotechnical report has been 
prepared for the proposed project. The 
preliminary geotechnical report has been 
referenced in this environmental document. 

Land Use Planning and Public Safety. 
Objective 1.1: Ensure that data on 
geological hazards is incorporated into the 
land use review process, and future 
development process. 

Land Use Planning and Public Safety. 
Objective 1.3: Regulate development 
adjacent to or near all mineral deposits 
and geothermal operations. 

Land Use Planning and Public Safety. 
Objective 1.4: Require, where possessing 
the authority, that avoidable seismic risks 
be avoided; and that measures, 
commensurate with risks, be taken to 
reduce injury, loss of life, destruction of 
property, and disruption of service. 

Land Use Planning and Public Safety. 
Objective 1.7: Require developers to 
provide information related to geologic 
and seismic hazards when siting a 
proposed project. 
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Applicable Policies 
Consistency 

Determination Analysis 

Emergency Preparedness. Goal 2: 
Minimize potential hazards to public 
health, safety, and welfare and prevent 
the loss of life and damage to health and 
property resulting from both natural and 
human-related phenomena. 

Additionally, a design-level geotechnical 
investigation would be conducted to evaluate the 
potential for site specific hazards associated with 
seismic activity. 

Emergency Preparedness. Objective 2.2: 
Reduce risk and damage due to seismic 
hazards by appropriate regulation. 

Emergency Preparedness. Objective 2.5: 
Minimize injury, loss of life, and damage 
to property by implementing all state 
codes where applicable. 

Emergency Preparedness. Objective 2.8: 
Prevent and reduce death, injuries, 
property damage, and economic and 
social dislocation resulting from natural 
hazards including flooding, land 
subsidence, earthquakes, other geologic 
phenomena, levee or dam failure, urban 
and wildland fires and building collapse by 
appropriate planning and emergency 
measures. 

Water Element 

Protection of Water Resources from 
Hazardous Materials. Program: The 
County of Imperial shall make every 
reasonable effort to limit or preclude the 
contamination or degradation of all 
groundwater and surface water resources 
in the County. 

Consistent Mitigation measures will require that the 
applicant of the proposed project prepare a 
site-specific drainage plan and water quality 
management plan to minimize adverse effects to 
local water resources.  

Protection of Water Resources from 
Hazardous Materials. Program: All 
development proposals brought before 
the County of Imperial shall be reviewed 
for potential adverse effects on water 
quality and quantity, and shall be required 
to implement appropriate mitigation 
measures for any significant impacts. 

Consistent See previous response for Water Element 
above.  

Housing Element 

Not Applicable. The proposed project is a solar energy project and does not include the development of housing. 

Source: ICPDS 2008  
AQAP = air quality attainment plan; CUP = conditional use permit; EIR = environmental impact report; GV = growth visioning; 
ICAPCD = Imperial County Air Pollution Control District; IID = Imperial Irrigation District;  
MW = megawatt; RE = renewable energy’ ROW = right-of-way; 

County of Imperial Land Use Ordinance 

The County’s Land Use Ordinance provides the physical land use planning criteria for development 
within the jurisdiction of  the County. The Land Use Ordinance identif ies the permitted and conditional 
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uses within a zoning designation. Uses identif ied as conditionally permitted require a CUP, which is 
subject to the discretionary approval of the County Board of Supervisors per a recommendation by the 
County Planning Commission. 

A-2 Zoning. As depicted on Figure 3.11-2, the solar energy facility site is located on a total of  f ive 
privately-owned legal parcels zoned A-2-G (General Agriculture with a Geothermal Overlay). Pursuant  
to Title 9, Division 5, Chapter 8 (County of  Imperial 2019a), the following uses are permitted in the A-
2 zone subject to approval of  a CUP f rom Imperial County: solar energy electrical generator, battery 
storage facility, electrical substations, communication towers, and facilities for the transmission of  
electrical energy. 

RE Resources. According to Title 9, Division 17 of  the Land Use Ordinance, the purpose of  the RE 
Resources regulations are to “facilitate the benef icial use of  renewable energy resources for the 
general welfare of  the people of  Imperial County and the State of  California; to protect renewable 
energy resources f rom wasteful or detrimental uses; and to protect people, property, and the 
environment f rom detriments that might result f rom the improper use of  renewable energy resources” 
(County of  Imperial 2017). 

Title 9, Division 17, includes the RE Overlay Zone, which authorizes the development and operation 
of  renewable energy projects, with an approved CUP. Uses that are conditionally permitted require a 
CUP subject to the discretionary approval of  the County Board of  Supervisors (Board) per a 
recommendation by the County Planning Commission. 

Imperial County Airport Land Use Compatibility Plan 

The Imperial County Airport Land Use Compatibility Plan (ALUCP) provides the criteria and policies 
used by the Imperial County Airport Land Use Commission to assess compatibility between the 
principal airports in Imperial County and proposed land use development in the areas surrounding the 
airports. The ALUCP emphasizes review of  local general and specif ic plans, zoning ordinances, and 
other land use documents covering broad geographic areas. 

The project site is located approximately 1.5 miles north of  the Brawley Municipal Airport. However, 
the project site is outside of the airport compatibility zones of the Brawley Municipal Airport (County of 
Imperial 1996).  

3.11.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to land use 
and planning, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if  necessary. 

Thresholds of Significance 
Based on CEQA Guidelines Appendix G, project impacts related to land use and planning are 
considered significant if any of  the following occur: 

• Physically divide an established community 

• Cause a signif icant environmental impact due to a conf lict with any land use plan, policy, or 
regulation adopted for the purpose of avoiding or mitigating an environmental ef fect 
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Impact Analysis 

 Impact 3.11-1 Would the project physically divide an established community? 

The project site is located in a sparsely populated portion of  Imperial County. The following single-
family residences are located in the project vicinity:  

• Residences located near the northwest corner of  the project site  

• Two residences at the corner of  N Best Road and Ward Road 

• One residence across the proposed project’s primary access road  

• One residence across the northeast corner of  the project site   

• One residence (with a horse boarding/training facility) on the west side of  N Best Avenue, 
located south of  the project site)      

However, there are no established residential communities located in the vicinity of  the project site. 
The nearest established residential community is located approximately 1.7 miles southwest of  the 
project site in the City of  Brawley. Therefore, implementation of  the proposed project would not divide 
an established community and no impact would occur. 

Mitigation Measure(s) 

No mitigation measures are required.  

 Impact 3.11-2 Would the project cause a significant environmental impact due to a conflict 
with any land use plan, policy, or regulation adopted for the purpose of 
avoiding or mitigating an environmental effect? 

SCAG 2020-2045 RTP/SCS (Connect SoCal) 

As noted above, the 2020-2045 RTP/SCS (Connect SoCal) (SCAG 2020) identif ies two goals which 
include reducing GHG emissions to improve air quality (Goal 5), and to promote conservation of  
natural and agricultural lands (Goal 10). 

The 2020-2045 RTP/SCS (Connect SoCal), identif ies strategies to support the goal of  reducing 
regional GHG and improve air quality. Strategies include leveraging technological innovations 
including incorporating solar energy, hydrogen fuel cell power storage, and power generation. Once 
in operation, the proposed project would contribute to SCAG’s goal in reducing GHG emissions and 
improving air quality.  

The 2020-2045 RTP/SCS (Connect SoCal) also discusses the decline of agricultural land as an issue 
for the economy. As discussed in Section 3.3, Agricultural Resources, the majority of  the project site 
is designated as Farmland of  Statewide Importance, with a pocket of  Prime Farmland and Farmland 
of  Local Importance located in the southern portion of the project site. Approximately 1 acre of  Unique 
Farmland occurs along the western boundary of  the project site. 

The project would temporarily convert Prime Farmland, Farmland of  Statewide Importance, and 
Unique Farmland to non-agricultural uses. However, as a condition of  project approval (CUP 
condition), the project applicant or its successor in interest will be responsible for implementing a 
reclamation plan when the project is decommissioned at the end of  its lifespan. The reclamation plan 
includes the removal, recycling, and/or disposal of all solar arrays, inverters, transformers, and other 
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structures on the project site, as well as restoration of  the site to its pre-project condition. Therefore, 
the proposed project would not permanently convert Prime Farmland, Farmland of  Statewide 
Importance, and Unique Farmland to non-agricultural uses. Therefore, no impacts due to a conf lict 
with the 2020-2045 RTP/SCS (Connect SoCal) would occur. 

County of Imperial General 

The County’s General Plan applies to the solar energy facility, battery storage system, gentie, and 
supporting inf rastructure associated with the project. An analysis of  the project’s consistency with the 
General Plan goals and objectives relevant to the project is provided in Table 3.11-2. As shown in 
Table 3.11-2, the proposed project would generally be consistent with the goals and objectives of the 
General Plan.  

The County Land Use Ordinance, Division 17, includes the Renewable Energy Overlay Zone, which 
authorizes the development and operation of  renewable energy projects with an approved CUP. The 
RE Overlay Zone is concentrated in areas determined to be the most suitable for the development of 
renewable energy facilities while minimizing the impact on other established uses. CUP applications 
proposed for specific renewable energy projects not located in the RE Overlay Zone would not be 
allowed without an amendment to the RE Overlay Zone, and as stated in the Renewable Energy and 
Transmission Element: 

CUP applications proposed for specif ic renewable energy projects not located in the RE 
Overlay Zone would not be allowed without an amendment to the RE Overlay Zone. An 
amendment to the overlay zone would only be approved by the County Board of  Supervisors 
if  a future renewable energy project met one of  the following two conditions: 

1) Adjacent to the Existing RE Overlay Zone: An amendment may be made to allow for 
development of  a future renewable energy project located adjacent to the existing RE 
Overlay Zone if  the project:  

o Is not located in a sensitive area 
o Would not result in any signif icant impacts 

2) “Island Overlay”: An amendment may be made to allow for development of  a future 
renewable energy project that is not located adjacent to the existing RE Overlay Zone 
if  the project: 

o Is located adjacent (sharing a common boundary) to an existing transmission 
source 

o Consists of  the expansion of an existing renewable energy operation 
o Would not result in any signif icant environmental impacts. 

As shown on Figure 3.11-2, the northern portion of  the project site (APNs 037-140-020 and 037-140-
021) is located within the Geothermal Overlay Zone. However, the entire project site is located outside 
of  the RE Overlay Zone. Therefore, the project applicant is seeking a zone change to include/classify 
all f ive project parcels into the Renewable Energy/Geothermal (REG) Overlay Zone (A-2-REG) and 
approval of  a CUP by the County to allow for the construction and operation of  the proposed solar 
energy facility with an integrated battery storage system. The project site is not located adjacent to an 
existing RE Overlay Zone; therefore, the project will need to meet the criteria identif ied for the “Island 
Overlay” to obtain approval of  an amendment to the RE Overlay Zone. Table 3.11-3 provides an 
analysis of  the project’s consistency with the “Island Overlay” criteria. 
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With approval of the General Plan Amendment and Zone Change, the project applicant will be able to 
request for approval of a CUP to allow the construction and operation of  the proposed solar facility.  

Table 3.11-3. Project Consistency with “Island Overlay” Criteria 
Criteria Criteria Met? 

Is located adjacent (sharing a common boundary) to an 
existing transmission source?  

There are existing IID power poles along N Best 
Avenue and Andre Road. As described in Chapter 2, 
the project includes a gen-tie line that would connect to 
the IID’s existing North Brawley Geothermal Power 
Plant substation, located west of the project site’s 
southern boundary at Hovley Road and Andre Road. 
The gen-tie route would be approximately 1.8 miles.  

Consists of the expansion of an existing renewable 
energy operation?  

As described in Chapter 2, the project includes a gen-
tie line that would connect to the IID’s existing North 
Brawley Geothermal Power Plant substation, located 
west of the project site’s southern boundary at Hovley 
Road and Andre Road. The gen-tie route would be 
approximately 1.8 miles.  

The proposed project would be capable of generating 
up to 40 MW of solar energy, thereby expanding 
renewable energy generation in the area.  

Would not result in any significant environmental 
impacts? 

As detailed in Sections 3.2 through 3.15 of this EIR, no 
unavoidable or unmitigable significant impacts were 
identified. Where significant impacts have been 
identified, mitigation measures are proposed, that when 
implemented, would reduce the impact level to less 
than significant. Therefore, the proposed project would 
not result in a residual significant impact.  

EIR = environmental impact report; MW = megawatt; RE = renewable energy 
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County of Imperial Land Use Ordinance 

Development of  the solar energy facility and supporting inf rastructure is subject to the County’s zoning 
ordinance. The solar energy facility is located on f ive privately-owned legal parcels zoned A-2-G. 
Pursuant to Title 9, Division 5, Chapter 8 the following uses are permitted in the A-2 zone subject to 
approval of a CUP f rom Imperial County: solar energy electrical generator, battery storage facility, and 
facilities for the transmission of  electrical energy (County of  Imperial 2020). Therefore, with approval 
of  a CUP, the proposed project would not conflict with the County’s zoning ordinance.  

Imperial County Airport Land Use Compatibility Plan 

As previously discussed above, the project site is located approximately 1.5 miles north of  the Brawley 
Municipal Airport. According to Figure 3A (Compatibility Map – Brawley Municipal Airport) of  the 
ALUCP, no portion of  the project site is located within the Brawley Municipal Airport land use 
compatibility zones (County of  Imperial 1996). Therefore, the proposed project would not conflict with 
the Imperial County ALUCP and no signif icant impact would occur.  

Mitigation Measure(s) 

No mitigation measures are required.  

3.11.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. No impacts on land use and planning are anticipated to occur during decommissioning 
and restoration of  the project site. Decommissioning and restoration would not physically divide an 
established community or conflict with any applicable land use plan, policy, or regulation. Through the 
project’s decommissioning and subsequent restoration to pre-project conditions, the uses of  the 
project site (agricultural) would remain consistent with the General Plan and zoning designations of  
the site, which allow agricultural uses. Therefore, no impact is identif ied and no mitigation is required.  

Residual 
With mitigation as prescribed in other sections of  this EIR, issues related to the conversion of  Important 
Farmland to non-agricultural use would be mitigated and reduced to a less than signif icant level. 
Similarly, with the approval of  a CUP and reclamation plan to address post-project decommissioning, 
the project would generally be consistent with applicable federal, state, regional, and local plans and 
policies. Based on these circumstances, the project would not result in any residual signif icant and 
unmitigable land use impacts. 
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3.12 Public Services 
This section includes an evaluation of  potential impacts for identified public services that could result 
f rom implementation of  the proposed project. Public services typically include f ire protection, law 
enforcement, schools, and other public facilities such as parks, libraries, and post of f ices. Each 
subsection includes descriptions of existing facilities, service standards, and potential environmental 
impacts resulting f rom implementation of  the proposed project, and mitigation measures where 
appropriate. Section 3.15, Utilities/Service Systems, of  this EIR evaluates impacts related to water 
supply, wastewater, and other utilities. The impact assessment provides an evaluation of  potential 
adverse ef fects to public services based on criteria derived f rom the CEQA Guidelines in conjunction 
with actions proposed in Chapter 2, Project Description.  

The IS/NOP prepared for this EIR determined that the project would not result in impacts on schools, 
parks and other public facilities (libraries and post of fices). Therefore, these issue areas will not be 
discussed further and are included in Chapter 6, Ef fects Found Not Significant, of this EIR. The IS/NOP 
is included in Appendix A of this EIR.  

3.12.1 Existing Conditions 
The project site is located in unincorporated County, approximately one mile north f rom the City of  
Brawley’s jurisdictional limit. The project site is located within the Imperial County Fire Department 
(ICFD)/Of f ice of  Energy Services (OES) and the Imperial County Sherif f  Department’s areas of  
service.  

Fire Protection Services 
The project site is located within the ICFD/OES area of  service. ICFD/OES currently has nine f ire 
stations and six contracting agencies serving the entire 4,500 square miles of  unincorporated Imperial 
County. The nine ICFD stations are located in the communities of  Heber, Seeley, Ocotillo, Palo Verde, 
Niland, Winterhaven, Salton City, and the City of  Imperial (ICFD 2019). Each of  the county f ire stations 
is staf fed with a Captain, Firef ighter, and Reserve Firef ighter with the only exception being the Palo 
Verde station that is staf fed with a Firef ighter and Reserve Firef ighter. Every f ire station has a Type I 
engine as its primary apparatus. The City of  Imperial and Heber stations also house a Ladder Truck 
along with the Type I engine. The Seeley and Heber stations also house Type III engines. The ICFD 
Emergency Units strive to respond immediately af ter receiving the initial tone for service. The actual 
response time would be determined by the area of  response throughout the vast response area 
covered. 

The closest f ire station to the project is site is the Imperial station located at 2514 La Brucherie Road 
in Imperial, California. This station is located approximately 13.5 miles southwest of  the project site. 

Police Protection Services 

Imperial County’s Sherif f ’s Department is responsible for police protection services in the 
unincorporated areas of  Imperial County and the City of  Holtville. The patrol function is divided 
between North County Patrol, South County Patrol, East County Operations, and City of  Holtville. 
Deputies assigned to the Patrol Divisions are the “f irst responders” to a call for law enforcement 
service. The main patrol station is located in El Centro on Applestill Road. Sherif f  substations are 
located in the communities of  Brawley, Niland, Salton City, and Winterhaven with resident deputies 
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located in the unincorporated community of  Palo Verde. Under an existing mutual aid agreement, 
additional law enforcement services would be provided if  and when required by all of  the cities within 
the county, as well as with Border Patrol and the California Highway Patrol. The California Highway 
Patrol provides traf f ic regulation enforcement, emergency accident management, and service and 
assistance on state roadways and other major roadways in the unincorporated portions of  Imperial 
County.  

The closest sherif f ’s station to the project site is located at 220 Main St #207 in Brawley, California.  
This station is approximately 3 miles southwest of  the project site.  

3.12.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that are 
applicable to the project.  

State 

Fire Codes and Guidelines 

The California Fire Code (Title 24, Part 9 of  the CCR) establishes regulations to safeguard against 
hazards of  f ire, explosion, or dangerous conditions in new and existing buildings, structures, and 
premises. The Fire Code also establishes requirements intended to provide safety and assistance to 
f iref ighters and emergency responders during emergency operations. The provisions of the Fire Code 
apply to the construction, alteration, movement, enlargement, replacement, repair, equipment, use 
and occupancy, location, maintenance, removal, and demolition of  every building or structure 
throughout the State of  California. The Fire Code includes regulations regarding f ire resistance-rated 
construction, f ire protection systems such as alarm and sprinkler systems, f ire services features such 
as f ire apparatus access roads, means of  egress, f ire safety during construction and demolition, and 
wildland-urban interface areas. 

Local 

Imperial County General Plan 

The Imperial County General Plan Seismic and Public Safety Element contains goals and objectives 
that relate to f ire protection and law enforcement pertinent to the proposed project. An analysis of the 
project’s consistency with the applicable goals and objectives of  the Seismic and Public Safety 
Element is provided in Table 3.12-1.  

Table 3.12-1. Project Consistency with Applicable General Plan Seismic and Public 
Safety Element 

Applicable General Plan Goals/Policies 
Consistency 

Determination Analysis 

Goal 1: Include public health and safety 
considerations in land use planning.  

Consistent The project’s CUP application and site 
plan will be reviewed by the Imperial 
County Fire Department to ensure that 
the facility complies with state and local 
fire codes and fire safety features are 
met. Additionally, the project applicant 
has included site design measures that 
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Table 3.12-1. Project Consistency with Applicable General Plan Seismic and Public 
Safety Element 

Applicable General Plan Goals/Policies 
Consistency 

Determination Analysis 

Objective 1.8: Reduce fire hazards by the design of 
new developments 

meet the County Fire Department’s 
standards which would reduce the 
potential for fire hazards. This includes 
constructing a secondary emergency 
access road, providing all‐weather 
surface roads, and locked gates that 
can be opened by any emergency 
responders. 

Goal 2: Minimize potential hazards to public health, 
safety, and welfare and prevent the loss of life and 
damage to health and property resulting from both 
natural and human-related phenomena.  

Consistent See response above for a discussion on 
how the project would implement all 
state and local fire codes and provide 
site design measures to reduce the 
potential for fire hazards. With regards 
to public safety and security, the project 
would include 6-foot tall perimeter 
security fencing with barbed wire and a 
motion detection system and closed-
circuit camera system. In addition, the 
points of ingress/egress would be 
accessed via locked gates that can be 
opened by any emergency responders. 

Objective 2.5: Minimize injury, loss of life, and 
damage to property by implementing all state codes 
where applicable. 

Source: ICPDS 1997 

CUP = conditional use permit 

Imperial County Office of Emergency Services – Multi-Hazard Mitigation Plan 

The ICFD is the local Of f ice of Emergency services in Imperial County. Imperial County has developed 
the multi-jurisdictional hazard mitigation plan (MHMP) to create a safer community. The purpose of  
the MHMP is to signif icantly reduce deaths, injuries, and other disaster losses caused by natural and 
human-caused hazards in Imperial County. The MHMP describes past and current hazard mitigation 
activities and outlines goals, strategies, and actions for reducing future disaster losses. The Imperial 
County MHMP is the representation of  the County’s commitment to reduce risks f rom natural and other 
hazards and serves as a guide for decision-makers as they commit resources to reducing the ef fects 
of  natural and other hazards. The jurisdictions included in the MHMP include the cities of  Brawley, 
Calexico, Calipatria, El Centro, Holtville, Imperial, and Westmoreland, the IID and the Imperial County 
Of f ice of  Education. The MHMP complies with all federal, state, and local laws guiding disaster 
management.  

County Evacuation Plans 

The Imperial County Emergency Operations Plan (EOP) provides guidance and procedures for the 
County to prepare for and respond to emergencies. The EOP designates the Sherif f ’s Department as 
having jurisdiction in an emergency involving evacuation within the unincorporated areas of  the county 
and within contract cities.  
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3.12.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to public 
services, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if  necessary. 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to public services are considered 
signif icant if  the project would result in the provision of new or physically altered governmental facilities, 
need for new or physically altered governmental facilities, the construction of  which could cause 
signif icant environmental impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for any of  the public services: 

• Fire protection 

• Police protection 

• Schools 

• Parks 

• Other public facilities 

As mentioned previously, it was determined through the preparation of  an IS/NOP that the project 
would not result in impacts on schools, parks, or other public facilities. Therefore, those issue areas 
will not be discussed further and are included in Chapter 6, Ef fects Found Not Significant, of this EIR.  

Methodology 
Evaluation of  potential f ire and police service impacts of  the proposed project was based on 
consultation with the ICFD, Sherif f ’s Department and review of  other development projects in the area.  

Impact Analysis 

Impact 
3.12-1 

Would the project result in the provision of new or physically altered 
governmental facilities, need for new or physically altered governmental  
facilities, the construction of which could cause significant environmental  
impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for fire protection?  

The project would result in a minor increase in demand for f ire protection services over existing levels. 
No operation and maintenance (O&M) buildings are being proposed. Additional auxiliary facilities 
would include lighting, grounding, backup uninterruptable power supply (UPS) systems and diesel 
power generators, f ire and hazardous materials safety systems, security systems, chemical safety 
systems, and emergency response facilities. The project also includes a battery energy storage 
system (BESS), located near the proposed substation. The proposed project’s BESS component 
would be placed on a 54,000 square-foot concrete pad. The BESS would consist of  12 banks of  
batteries totaling up to 432 enclosures. Each of  the enclosures would utilize self -contained liquid 
cooling systems and include built-in f ire suppression systems.  
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The project site is located in the unincorporated area of  Imperial County. According to the Seismic and 
Public Safety Element of  the General Plan (County of  Imperial 1997), the potential for a major f ire in 
the unincorporated areas of  the County is generally low. As discussed in Chapter 2, Project 
Description, primary access to the project site would be located of f N Best Avenue. A secondary 
emergency access road would be located in the northwest portion of  the project site. An all‐weather 
surface access road would surround the perimeter of  the project site, as well as around solar blocks 
no greater than 500 by 500 feet. Points of  ingress/egress would be accessed via locked gates that 
can be opened by any emergency responders. Although the proposed project would be designed, 
constructed, and operated in accordance with applicable f ire protection and other environmental, 
health, and safety requirements (e.g., CPUC safety standards), the project applicant will be required 
to consult and coordinate with the Fire Department to address any f ire safety and service concerns 
(i.e, BESS) so that adequate service is maintained. While the proposed project may result in an 
increase in demand for f ire protection service, with installation of  internal f ire prevention systems and 
ICFD consultation, the project would not result in an increase in demand that would, in turn, result in 
a substantial adverse physical impact associated with the provision of  new or physically altered f ire 
protection facilities; the construction of which could cause signif icant environmental impacts, in order 
to maintain acceptable service ratios, response times, or other performance objectives for any of  the 
public services. Based on these considerations, the project would not result in a need for f ire facility 
expansion and a less than signif icant impact would occur. 

Imperial County requires payment of  impact fees for new development projects. Fire Impact Fees are 
imposed pursuant to Ordinance 1418 §2 (2006), which was draf ted in accordance with the County's 
TischlerBise Impact Fee Study. The ordinance has provisions for non-residential industrial projects 
based on square footage. The project applicant will be required to pay the f ire protection services’ 
impact fees. These fees would be included in the Conditions of  Approval for the CUP. No new f ire 
stations or facilities would be required to serve the project. Impacts would therefore be less than 
signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 
3.12-2 

Would the project result in the provision of new or physically altered 
governmental facilities, need for new or physically altered governmental  
facilities, the construction of which could cause significant environmental  
impacts, in order to maintain acceptable service ratios, response times or 
other performance objectives for police protection? 

The project does not include a residential component; therefore, it would not result in a substantial 
addition of  residents to the Sherif f  Department’s service area. Although the potential is low, the 
proposed project may attract vandals or other security risks and the increase in construction related 
traf f ic could increase demand on law enforcement services. Six-foot high chain link fencing topped 
with barbed wire would be installed around the perimeter of  the project site at the commencement of  
construction and site access would be limited to authorized site workers. Points of  ingress/egress 
would be accessed via locked gates. In addition, a motion detection system and closed-circuit camera 
system may also be installed. The site would be remotely monitored 24 hours per day, 7 days per 
week. In addition, periodic on-site personnel visitations for security would occur during operations and 
maintenance of  the proposed project, thereby minimizing the need for police surveillance.  
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The proposed project may result in a temporary increase in demand for law enforcement service due 
to the presence of  construction equipment and material being stored on-site. With installation of  the 
proposed security features on the project site, the proposed project would not result in an increase in 
demand that would, in turn, result in a substantial adverse physical impact associated with the 
provision of new or physically altered sheriff facilities; the construction of which could cause significant 
environmental impacts in order to maintain acceptable service ratios, response times, or other 
performance objectives for any of  the public services. As conditions of  approval of  the project, the 
project applicant will be required to participate in the Imperial County Public Benef it Program for the 
life of  this CUP and shall at all times be a party to a public benef it agreement in a form acceptable to 
County Counsel in order to pay for all costs, benef its, and fees associated with the approved project, 
and the applicant will be required to reimburse the Sherif f ’s Department for any investigations 
regarding thef t on the project site and related law enforcement. Approval of  this public benefit 
agreement will be by the Board of  Supervisors prior to the issuance of  the f irst building permit. These 
potential impacts are less than signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.12.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration  

If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. Decommissioning and restoration of the project site would occur and would not result 
in an increased need for f ire and police protection services. Decommissioning of the project would 
occur through implementation of  a required Reclamation Plan. These activities would be in the form 
of  disassembling project components, including the BESS, and then restoring the site to pre-project 
conditions, both of which would not create an increase in demand for police or fire service beyond the 
level required for the proposed solar operations. Therefore, no impact is identified and no mitigation is 
required for this phase. 

Residual 
With payment of  the development impact fees for f ire and police protection services, project impacts 
would be less than signif icant. No mitigation is required, and no residual signif icant and unmitigated 
impacts would result. 
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3.13 Transportation 
This section addresses the proposed project’s impacts on traf fic and the surrounding roadway network 
associated with construction and operation of the proposed project. The following discussion describes 
the existing conditions in the surrounding area, the existing federal, state, and local regulations 
regarding transportation, and an analysis of  the potential impacts of the proposed project. 

Information in this section is summarized f rom the Traffic Letter Report – Brawley Solar Project 
prepared by Linscott, Law & Greenspan (LLG). This report is included in Appendix G of  this EIR. 

3.13.1 Existing Conditions 

Existing Circulation Network 
The following is a description of the nearby roadway network: 

North Best Avenue is an unclassif ied roadway in the Imperial County Circulation Element Plan. It is 
currently constructed as a two-lane north-south roadway in the study area. There is no posted speed 
limit. There are no bike lanes provided. 

Ward Road is an unclassif ied roadway in the Imperial County Circulation Element Plan. It is currently 
constructed as a two-lane east-west roadway in the study area. There is no posted speed limit. There 
are no bike lanes provided. 

State Route 111 (SR-111) begins at the International Border between Mexico and the United States 
traveling north with two travel lanes in each direction. SR 111 (Imperial Avenue) is classif ied as a 4-
Lane primary north/south arterial in the City of  Calexico Circulation Element. Class II bicycle lanes are 
provided north of  SR 98. Bus stops are not provided. Curb, gutter, and sidewalks are provided south 
of  SR 98. Curbside parking is permitted intermittently south of  SR 98, on both sides of  the roadway. 
The speed limit is posted at 55 mph. 

Alternative/Public Transportation 

Fixed Route Transportation 

Imperial Valley Transit (IVT) is an inter-city f ixed route bus system, subsidized by the Imperial Valley 
Association of  Governments (IVAG), administered by the County Department of  Public Works and 
operated by a public transit bus service. The service is wheelchair accessible and Americans with 
Disabilities Act compliant. IVT Routes are def ined categorized in the following manner:  

• Fixed Routes. Fixed routes operate over a set pattern of  travel and with a published schedule. 
The f ixed route provides a low cost, reliable, accessible and comfortable way to travel.  

• Deviated Fixed Route. In several service areas, IVT operates on a deviated f ixed route basis 
so that persons with disabilities and limited mobility are able to travel on the bus. Passengers 
must call and request this service the day before service is desired in the communities of  
Seeley, Ocotillo and the east side of  the Salton Sea.  

• Remote Zone Routes. Remote zone route operate once a week. These routes are "lifeline" 
in nature in that they provide connections f rom some of the more distant communities in the 
Imperial County area (IVT 2021).  

 

PC ORIGINAL PKG



3.13 Transportation 
Draft EIR | Brawley Solar Energy Facility Project 

3.13-2 | December 2021 Imperial County 

The project site is not within the Fixed Route Transportation system and, therefore, would not receive 
regular bus service to the project site or within the vicinity of the project site. The IVT Gold Line serves 
the Brawley area with 31 bus stops. The nearest IVT bus stop is located at Flammang Avenue and 
Gutierrez Court, which is approximately two miles southwest of  the project site.  

Bicycle Facilities 

The project site is located within a rural portion of  Imperial County. There are no bicycle facilities in 
the immediate proximity of the project site.  

Project Site Access  
Regional access to the site would be provided by SR-78 and SR-111. As shown in Figure 2-3, primary 
access to the project site would be located of f N Best Avenue. A secondary emergency access road 
would be located in the northwest portion of  the project site. 

3.13.2 Regulatory Setting 
This section identif ies and summarizes laws, policies, and regulations that are applicable to the 
proposed project. 

State 

Senate Bill 743 

In September 2013, the Governor’s Of f ice signed Senate Bill 743 into law, starting a process that 
fundamentally changes the way transportation impact analysis is conducted under CEQA. Within the 
State’s CEQA Guidelines, these changes include the elimination of  Auto Delay, level of service (LOS), 
and similar measurements of  vehicular roadway capacity and traf f ic congestion as the basis for 
determining signif icant impacts. The guidance identif ies vehicle miles traveled (VMT) as the most 
appropriate CEQA transportation metric, along with the elimination of  Auto Delay/LOS for CEQA 
purposes statewide. The justif ication for this paradigm shif t is that Auto Delay/LOS impacts lead to 
improvements that increase roadway capacity and therefore induce more traf f ic and greenhouse gas 
emissions.  

California Department of Transportation 

Caltrans manages more than 50,000 miles of  California's highway and f reeway lanes, provides 
inter-city rail services, permits more than 400 public-use airports and special-use hospital heliports, 
and works with local agencies. Specif ically, Caltrans is responsible for the design, construction, 
maintenance, and operation of  the California State Highway System.  

As it relates to the proposed project and potential construction access routes within the County, 
Caltrans District 11 is responsible for maintaining and managing I-8, SR-78 and SR-111.  

Regional 

Southern California Association of Governments (SCAG) 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy (RTP/SCS) (Connect SoCal) 

On September 3,2020, SCAG adopted the 2020-2045 RTP/SCS (SCAG 2020). The RTP/SCS is a 
long-range visioning plan that balances future mobility and housing needs with economic, 
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environmental and public health goals. Input f rom local governments, county transportation 
commissions, tribal governments, non-profit organizations, businesses, and local stakeholders within 
the counties of  Imperial, Los Angeles, Orange, Riverside, San Bernardino, and Ventura. The 
2020-2045 RTP/SCS demonstrates how the region will reduce emissions f rom transportation sources 
to comply with SB 375 and meet the NAAQS set forth by the Clean Air Act.  

The updated RTP/SCS contains thousands of  individual transportation projects that aim to improve 
the region’s mobility and air quality and revitalize the economy. Since the RTP/SCS’s adoption, the 
county transportation commissions have identif ied new project priorities and have experienced 
technical changes that are time-sensitive. Additionally, the new amendments for the plan have outlined 
minor modif ications to project scopes, costs and/or funding and updates to completion years. The 
amendments to the RTP/SCS do not change any other policies, programs, or projects in the plan. 

Local 

County of Imperial Circulation and Scenic Highways Element 

The Circulation and Scenic Highways Element identif ies the location and extent of  transportation 
routes and facilities. It is intended to meet the transportation needs of  local residents and businesses 
and as a source for regional coordination. The inclusion of  Scenic Highways provides a means of  
protecting and enhancing scenic resources within highway corridors in Imperial County. The purpose 
of  the Circulation and Scenic Highways Element is to provide a comprehensive document which 
contains the latest knowledge about the transportation needs of  the County and the various modes 
available to meet these needs. Additionally, the purpose of  this Element is to provide a means of  
protecting and enhancing scenic resources within both rural and urban scenic highway corridors.  

Coordination across jurisdictional standards for road classification and design standards was identified 
as a crucial component to the 2008 update of  the Circulation and Scenic Highways Element. The intent 
of  this element is to provide a system of roads and streets that operate at a LOS “C” or better (County 
of  Imperial 2008). 

County of Imperial Bicycle Master Plan Update: Final Plan 

In 2012, the County of  Imperial adopted an updated Bicycle Master Plan to serve as the guiding 
document for the development of  an integrated network of  bicycle facilities and supporting programs 
designed to link the unincorporated areas and attractive land uses throughout the County. This  
document is an update to the previously adopted Countywide Bicycle Master Plan; and was prepared 
to accomplish the following goals: 

1. To promote bicycling as a viable travel choice for users of  all abilities in the County 

2. To provide a safe and comprehensive regional connected bikeway network  

3. To enhance environmental quality, public health, recreation and mobility benef its for the 
County through increased bicycling 

The County of  Imperial's General Plan, Circulation and Scenic Highways Element, and Conservation 
and Open Space Element, provide a solid planning basis for the Bicycle Master Plan. In spite of  the 
fact that there are a limited number of  bicycle facilities in Imperial County and no comprehensive 
bicycle system, there is a growing interest in cycling and numerous cyclists bike on a regular basis for 
both recreation and commuting to work and school. 
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3.13.3 Impacts and Mitigation Measures 

Thresholds of Significance  
Based on CEQA Guidelines Appendix G, project impacts related to transportation are considered 
signif icant if  any of the following occur: 

• Conf lict with a program plan, ordinance or policy addressing the circulation system, including 
transit, roadway, bicycle and pedestrian facilities 

• Conf lict with or be inconsistent with CEQA Guidelines section 15064.3, subdivision (b) 

• Substantially increase hazards due to a geometric design feature (e.g., sharp curves or 
dangerous intersections) or incompatible uses (e.g., farm equipment) 

• Result in inadequate emergency access 

Methodology  
The assessment evaluates the proposed project’s trip generated during and af ter construction, and 
roadway conditions for roads that would be utilized to access the project site for construction. 

Project Trip Generation 
Construction of  the proposed project would occur in phases beginning with site preparation and 
grading and ending with equipment setup and commencement of commercial operations. During peak 
construction activities, 120 workers and a maximum of  60 trucks at a time would be required. 

Daily and peak hour trip generation rates and in/out splits were calculated for the peak construction 
period using detailed data developed for analysis of  the project’s impacts. Construction activities would 
generally occur during a 12-hour-shif t day. A worst-case scenario in which all employees would arrive 
prior to the morning peak commuter period (7:00 – 9:00 a.m.) and depart within the evening peak 
period (4:00 – 6:00 p.m.) was assumed. Truck trips are anticipated to be distributed generally evenly 
throughout the 12-hour-shif t day. In order to provide a conservative analysis, all employees were 
assumed to arrive and depart during peak commute periods. In addition, no carpooling for construction 
employees was assumed. 

A passenger-car-equivalent (PCE) factor of  2.5 was applied to heavy vehicles (per the Highway 
Capacity Manual or HCM) to account for their reduced performance characteristics in the traf f ic stream 
(e.g. starting, stopping, and maneuvering). This information was used in calculating the project-
generated average daily traf f ic (ADT). 

Table 3.13-1 tabulates the total daily and peak hour project traf f ic volumes. The project’s construction 
trip generation is calculated to be 540 ADT with 127 inbound/19 outbound trips during the AM peak 
hour and 19 inbound/ 127 outbound trips during the PM peak hour. These values include the heavy-
vehicle PCE-adjustment.  

Once fully constructed, the project would be operated on an unstaf fed basis and be monitored remotely 
f rom the existing Brawley Geothermal Power Plant control room, with periodic on-site personnel 
visitations for security, maintenance and system monitoring. Therefore, no full-time site personnel 
would be required on-site during operations and approximately two employees would only be onsite 
up to four times per year to wash the solar panels.  
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Table 3.13-1. Construction Project Trip Generation 
Use Size PCE b Daily Trips AM Peak Hour PM Peak Hour 

Volume Volume 

Rate 
(In + Out) 

Volume 
(ADT)a 

In  Out In  Out 

Personnel 120 1 2.0/personnel 240 114 6 6 114 

Trucks 60 2.5 2.0/truck 300 13 13 13 13 

Subtotal -- -- -- 540 127 19 19 127 

Notes: a – ADT = Average daily traffic; b – PCE = Passenger car equivalent 
1. To estimate the employee traffic, it is conservatively assumed that 100% of the employee traffic would access the work 
area during the same commuter peak hours between 7:00 – 9:00 a.m. & 4:00 – 6:00 p.m. 
2. The In/Out splits assumed are 95:5 during AM peak hour and 5:95 during the PM peak hour. 
3. Truck trips are estimated to occur relatively evenly throughout a 12-hour construction hours proposed for the project. For 
30 trucks, this calculates to approximately 2.3 trucks/hour without PCE. 
4. A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the Highway Capacity Manual or HCM) 
Source: Appendix G of this EIR 

Impact Analysis  

Impact 3.13-1 Would the project conflict with a program plan, ordinance or policy 
addressing the circulation system, including transit, roadway, bicycle and 
pedestrian facilities? 

During the construction phase of  the proposed project, the maximum number of  trip ends generated 
on a daily basis would be approximately 540 trips. Based on the low amount of  construction trips 
generated and low existing traf f ic volumes on area roadways, no substantial transportation impacts 
are anticipated. Implementation of  the proposed project would not require any public road widening to 
accommodate vehicular trips associated with the proposed project (construction phase and 
operational phase), while maintaining adequate LOS. Additionally, future operations and maintenance 
would be conducted remotely, with minimal trips to the project site for panel washing and other solar 
maintenance. Approximately two employees would be onsite up to four times per year to wash the 
solar panels, which equates to 8 trips per employee or 16 trips annually. There is no regular bus 
service to the general area and project-related construction and operations and maintenance phases 
would not impact mass transit. The proposed project would not interfere with bicycle facilities because 
the proposed project is located in a rural portion of  the County with no existing or potential future 
designated bike routes in the immediate vicinity. Therefore, the proposed project would not result in 
any signif icant impacts to any roadway segments or transportation related facilities/infrastructure 
within the project area during construction and operation; and would not conf lict with a program plan, 
ordinance, or policy as it relates to traf f ic and transportation. Impacts are considered less than 
signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  
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Impact 3.13-2 Would the project conflict with or be inconsistent with CEQA Guidelines 
section 15064.3, subdivision (b)? 

Section 15064.3(b) of  the CEQA Guidelines provides guidance on determining the signif icance of  
transportation impacts and focuses on the use of vehicle miles traveled (VMT), which is def ined as the 
amount and distance of  automobile travel associated with a project. 

Although the proposed project would increase VMT during the construction phase as a result of  trips 
made by construction workers and transportation of  construction material and equipment, these 
increases are temporary in nature. Further, as discussed above, operation of  the proposed project 
would only require intermittent maintenance (including inspection, panel washing, and vegetation 
removal), which would be a nominal amount of  vehicle trips generated (16 trips annually). Therefore, 
the proposed project would not conf lict or be inconsistent with Section 15064.3(b) of  the CEQA 
Guidelines and this impact is considered less than signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.13-3 Would the project substantially increase hazards due to a geometric design 
feature (e.g., sharp curves or dangerous intersections) or incompatible uses 
(e.g., farm equipment)? 

Project construction would include the renovation of  existing dirt roads to all-weather surfaces (to meet 
the County standards) f rom N Best Avenue to the City of  Brawley wastewater treatment plant. 
Construction of  the proposed project would begin with clearing of  existing brush and installation of  
fencing around the project boundary. A 20-foot road of  engineering-approved aggregate would 
surround the site within the fencing. 

As shown in Figure 2-3, primary access to the project site would be located of f N Best Avenue. A 
secondary emergency access road would be located in the northwest portion of  the project site. 
Access roads would be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards. An all‐weather surface access road would surround the perimeter of  the project site, as 
well as around solar blocks no greater than 500 by 500 feet.  

At the time of  f inal design for the proposed project, and as a Condition of  Approval of the proposed 
project, the applicant will submit a f inal Haul Route Study that identif ies what road improvements, if  
any, are requested by Department of  Public Works and a cost estimate. The applicant would work with 
the Department of  Public Works to address the appropriate improvements and Applicant’s 
responsibility for the cost of  improvements, if  required. The Haul Route Study would include the 
following components:  

1. Pictures and/or other documents to verify the existing conditions of the roads proposed to be 
utilized for haul routes  

2. The Haul Route Study shall evaluate the impact to the roads and access points listed above, 
and provide recommendations on improvements, as well as quantity and cost estimates for 
such improvements  

The County Department of  Public Works will require a Roadway Maintenance Agreement, and that 
the application provide f inancial security to maintain the road on the approved Haul Route Study during 
construction. The Applicant would be responsible to repair any damages caused by construction traffic 
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during construction and maintain them in safe conditions. The use of  the proposed access roads are 
not otherwise anticipated to increase hazards because of  design features or incompatible uses and 
no signif icant impact is identified. 

Mitigation Measure(s) 

No mitigation measures are required.  

Impact 3.13-4 Would the project result in inadequate emergency access? 

PV panels would be spaced to maintain proper clearance for emergency access. Internal access roads 
would be constructed along the perimeter fence and solar panels to facilitate vehicle access and 
maneuverability for emergency unit vehicles. Access roads would be constructed with an all‐weather 
surface, to meet the County Fire Department’s standards. The access roads would also have 
turnaround areas at any dead-end to allow clearance for f ire trucks per f ire department standards. 
Based on this context, impacts on this issue area are considered less than signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.13.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. As presented above, construction traf f ic would not result in a signif icant impact on 
any of  the project area roadway segments, intersections, and f reeway segments because of  the low 
volume of  traf f ic. A similar scenario would occur during the decommissioning and site restoration stage 
for the proposed project. ADT would be similar to or less than the ADT required for construction. 
Similarly, the decommissioning activities would not result in a signif icant impact related to possible 
safety hazards, or possible conflicts with adopted policies, plans, or programs as the decommissioning 
and subsequent restoration would revert the project site to pre-project conditions. Therefore,  
decommissioning and restoration of the project site would not generate traf f ic resulting in a significant 
impact on the circulation network. A less than signif icant impact is identif ied and no mitigation is 
required. 

Residual  

The construction and operation of  the proposed project would not result in direct impacts on 
intersections, roadway segments, and f reeway segments. Therefore, less than signif icant impacts 
have been identif ied. No mitigation is required and no residual unmitigated impacts would occur with 
implementation of  the proposed project. 
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3.14 Tribal Cultural Resources 
This section discusses tribal cultural resources that may be potentially impacted by the proposed 
project. The following identifies the existing cultural resources within the project site, analyzes potential 
impacts of  the proposed project, and recommends mitigation measures to avoid or reduce potential 
impacts of  the proposed project.  

Information for this section is summarized f rom the Archaeological and Paleontological Assessment 
Report for the Brawley Solar Project prepared by Chambers Group, Inc. This report is included in 
Appendix E of  this EIR. 

3.14.1  Existing Conditions 
Tribal cultural resources are def ined as sites, features, places, cultural landscapes, sacred places, 
and objects with cultural value to a California Native American tribe that are either included or 
determined to be eligible for inclusion in the California Register of  Historical Resources (CRHR); or 
included in a local register of  historical resources; or a resource determined by the lead agency, in its 
discretion and supported by substantial evidence, to be signif icant. Historical resources, unique 
archaeological resources, or non-unique archaeological resources may also be tribal cultural 
resources if  they meet these criteria (PRC Section 21074). 

Tribal Cultural Setting  
See Section 3.6, Cultural Resources of  this EIR and the Archaeological and Paleontological 
Assessment Report for the Brawley Solar Project (Appendix E of  this EIR) for a description of  the 
regional ethnohistory. 

Sacred Lands File Results 

The California Native American Heritage Commission (NAHC) identif ies, catalogs, and protects Native 
American cultural resources on private and public lands in California. Cultural resources include 
graves, cemeteries, and places of  special religious or social signif icance to Native Americans. The 
NAHC also records the historical territories of  state recognized tribes into a database called the Sacred 
Lands File (SLF). A records search of  the SLF is conducted to ensure that the tribes potentially af fected 
by a project are properly notif ied and consulted. 

A SLF search request was submitted on October 2, 2020 to the California NAHC. The search results 
were received on October 28, 2020, and were positive. The NAHC response provided contact 
information for Native American tribes that may have information on cultural resources on the project 
site. 

 

Tribal Notification  
Pursuant to Assembly Bill (AB) 52, California Native American tribes traditionally and cultural af filiated 
with the project area can request notif ication of projects in their traditional cultural territory. The NAHC 
enclosed a list of  Native American groups and individuals who may be able to provide information 
about Native American cultural resources in the vicinity of  the project site.  
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Pursuant to Senate Bill (SB) 18, prior to the approval or any amendment of  a general plan or specific 
plan, a local government must notify the appropriate tribes (on the contact list maintained by the 
NAHC) of  the opportunity to conduct consultations for the purpose of preserving, or mitigating impacts 
on, cultural places on land within the local government’s jurisdiction that is af fected by the proposed 
plan adoption or amendment.  

In accordance with AB 52 and SB18, the County provided notification of the proposed project to the 
following Native American tribes via certif ied mail on August 4, 2021:  

• Barona Group of  the Capitan Grande 

• Campo Band of  Diegueno Mission Indians 

• Ewiiaapaayp Band of  Kumeyaay Indians 

• Iipay Nation of  Santa Ysabel 

• Inja-Cosmit Band of  Indians 

• Jamul Indian Village 

• Kwaaymii Laguna Band of  Mission Indians 

• La Posta Band of  Diegueno Mission Indians 

• Manzanita Band of  Kumeyaay Nation 

• Mesa Grande Band of  Diegueno Mission Indians 

• Quechan Tribe of  the Fort Yuma Reservation 

• San Pasqual Band of  Diegueno Mission Indians 

• Sycuan Band of  Kumeyaay Nation 

• Viejas Band of  Kumeyaay Indians 

The County requested for tribes to provide any information regarding any Traditional Cultural 
Properties, Sacred Sites, resource collecting areas, or any other areas of  concern known to occur in 
the project area. No tribes have responded that indicate the potential for traditional cultural properties 
or sacred sites. 

3.14.2 Regulatory Setting 
This section identif ies and summarizes federal, state, and local laws, policies, and regulations that 
are applicable to the project. 

Federal 

Native American Graves Protection and Repatriation Act (1990); Title 25, United States Code 
Section 3001, et seq. 

The Native American Graves Protection and Repatriation Act def ines “cultural items,” “sacred objects,” 
and “objects of  cultural patrimony;” establishes an ownership hierarchy; provides for review; allows 
excavation of  human remains, but stipulates return of  the remains according to ownership; sets 
penalties; calls for inventories; and provides for the return of  specified cultural items. 
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State 

Assembly Bill 52 

AB 52 amends PRC 5097.94, and adds eight new sections to the PRC relating to Native Americans. 
AB 52 was passed in 2014 and took ef fect on July 1, 2015. It establishes a new category of  
environmental impacts that must be considered under CEQA called tribal cultural resources (PRC 
21074) and establishes a process for consulting with Native American tribes and groups regarding 
potential impacts to tribal resources. Under AB 52, a project that may substantially change the 
signif icance of  a tribal cultural resource is a project that may have a signif icant impact on the 
environment. If  a project may cause a signif icant impact on a tribal cultural resource, the lead agency 
shall implement measures to avoid the impacts when feasible.  

Senate Bill 18 

SB 18 requires local governments to consult with tribes prior to making certain planning decisions and 
to provide notice to tribes at certain key points in the planning process. These consultation and notice 
requirements apply to approvals and amendments of  both general plans (def ined in Government Code 
§65300 et seq.) and specif ic plans (defined in Government Code §65450 et seq.).  

Prior to the approval or any amendment of  a general plan or specif ic plan, a local government must 
notify the appropriate tribes (on the contact list maintained by the NAHC) of  the opportunity to conduct 
consultations for the purpose of preserving, or mitigating impacts on, cultural places on land within the 
local government’s jurisdiction that is af fected by the proposed plan adoption or amendment. Tribes 
have 90 days f rom the date on which they receive notif ication to request consultation, unless a shorter 
timeframe has been agreed to by the tribe (Government Code §65352.3). 

Public Resources Code Section 21074 

PRC Section 21074 def ines a tribal cultural resource as a site, feature, place, cultural landscape, 
sacred place, and any object with cultural value to a California Native American Tribe. A tribal cultural 
resource must be on or eligible for the CRHR or must be included in a local register of  historical 
resources. The lead agency can determine if  a tribal cultural resource is signif icant even if  it has not 
been evaluated for the CRHR or is not included on a local register. 

Assembly Bill 4239 

AB 4239, passed in 1976, established the NAHC as the primary government agency responsible for 
identifying and cataloging Native American cultural resources. The bill authorized the Commission to 
act in order to prevent damage to and insure Native American access to sacred sites and authorized 
the Commission to prepare an inventory of  Native American sacred sites located on public lands. 

Public Resources Code Section 21074 

PRC Section 21074 def ines a tribal cultural resource as a site, feature, place, cultural landscape, 
sacred place, and any object with cultural value to a California Native American Tribe. A tribal cultural 
resource must be on or eligible for the CRHR or must be included in a local register of  historical 
resources. The lead agency can determine if  a tribal cultural resource is signif icant even if  it has not 
been evaluated for the CRHR or is not included on a local register. 
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Public Resources Code 5097.97 

No public agency and no private party using or occupying public property or operating on public 
property under a public license, permit, grant, lease, or contract made on or af ter July 1, 1977, shall 
in any manner whatsoever interfere with the f ree expression or exercise of  Native American religion 
as provided in the U.S. Constitution and the California Constitution; nor shall any such agency or party 
cause severe or irreparable damage to any Native American sanctif ied cemetery, place of  worship, 
religious or ceremonial site, or sacred shrine located on public property, except on a clear and 
convincing showing that the public interest and necessity so require. 

Public Resources Code 5097.98 (b) and (e) 

PRC 5097.98 (b) and (e) require a landowner on whose property Native American human remains are 
found to limit further development activity in the vicinity until he/she confers with the NAHC-identif ied 
most likely descendants (MLD) to consider treatment options. In the absence of  MLDs or of  a treatment 
acceptable to all parties, the landowner is required to reenter the remains elsewhere on the property 
in a location not subject to further disturbance. 

California Health and Safety Code, Section 7050.5 

California HSC 7050.5 makes it a misdemeanor to disturb or remove human remains found outside a 
cemetery. This code also requires a project owner to halt construction if  human remains are discovered 
and to contact the County Coroner. 

3.14.3 Impacts and Mitigation Measures 
This section presents the signif icance criteria used for considering project impacts related to tribal 
cultural resources, the methodology employed for the evaluation, an impact evaluation, and mitigation 
requirements, if  necessary. 

Thresholds of Significance 

Based on CEQA Guidelines Appendix G, project impacts related to tribal cultural resources are 
considered significant if the project causes a substantial adverse change in the signif icance of a tribal 
cultural resource def ined in PRC section 21074 as either a site, feature, place, cultural landscape that 
is geographically defined in terms of the size and scope of the landscape, sacred place, or object with 
cultural value to a California Native American tribe, and that is: 

• Listed or eligible for listing in the CRHR, or in a local register of  historical resources as defined 
in PRC section 5020.1(k) 

• A resource determined by the lead agency, in its discretion and supported by substantial 
evidence, to be signif icant pursuant to criteria set forth in subdivision (c) of  PRC Section 
5024.1. In applying the criteria set forth in subdivision (c) of  PRC Section 5024.1, the lead 
agency shall consider the signif icance of the resource to a California Native American tribe 
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Impact Analysis  

Impact 
3.14-1 

Would the project cause a substantial adverse change in the significance of a 
tribal cultural resource defined in Public Resources Code section 21074 as 
either a site, feature, place, cultural landscape that is geographically defined 
in terms of the size and scope of the landscape, sacred place, or object with 
cultural value to a California Native American tribe, and that is: 

 Listed or eligible for listing in the California Register of Historical Resources, or in a 
local register of historical resources as defined in Public Resources Code section 
5020.1(k) 

A resource determined by the lead agency, in its discretion and supported by 
substantial evidence, to be significant pursuant to criteria set forth in subdivision (c) 
of Public Resources Code Section 5024.1. In applying the criteria set forth in 
subdivision (c) of Public Resources Code Section 5024.1, the lead agency shall 
consider the significance of the resource to a California Native American tribe? 

The NAHC maintains the conf idential SLF which contains sites of  traditional, cultural, or religious value 
to the Native American community. A SLF search request was submitted on October 2, 2020 to the 
California NAHC. The search results were received on October 28, 2020 and were positive.  

In accordance with AB 52 and SB18, the County provided notification of  the proposed project to 14 
Native American tribes (see complete list in Section 3.14.1) via certif ied mail on August 4, 2021.  The 
County requested for tribes to provide any information regarding any Traditional Cultural Properties, 
Sacred Sites, resource collecting areas, or any other areas of  concern known to occur in the project 
area. No tribes have responded that indicate the potential for traditional cultural properties or sacred 
sites. Therefore, the project is not anticipated to cause a substantial adverse change in the signif icance 
of  a tribal cultural resource, def ined in PRC section 21074 as either a site, feature, place, cultural 
landscape that is geographically def ined in terms of  the size and scope of  the landscape, sacred place, 
or object with cultural value to a California Native American tribe, and that is a resource determined 
by the lead agency, in its discretion and supported by substantial evidence, to be significant pursuant 
to criteria set forth in subdivision (c) of  PRC Section 5024.1, and, per the criteria set forth in Section 
5024.1, considering the signif icance of the resource to a California Native American tribe. As stated in 
Section 3.6 Cultural Resources, potential impacts to archaeological resources would be less than 
signif icant with implementation of  Mitigation Measures CUL-1 through CUL-6.  Impacts specif ically 
related to tribal cultural resources would be less than signif icant. 

Mitigation Measure(s) 

No mitigation measures are required.  

3.14.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. No grading or signif icant landform modif ications would be required during 
decommissioning activities upon site restoration in the future. No impact on tribal cultural resources 
would occur.  
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Residual 
As described above, impacts specif ically related to tribal cultural resources would be less than 
signif icant. No mitigation is required and no residual unmitigated impacts would occur with 
implementation of  the proposed project. 
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3.15 Utilities and Service Systems 
This section includes an evaluation of  potential impacts for identif ied Utilities/Service Systems that 
could result f rom implementation of  the project. Utilities/Service Systems include wastewater treatment 
facilities, stormwater drainage facilities, water supply and treatment, and solid waste disposal. The 
impact analysis provides an evaluation of  potential impacts to Utilities/Service Systems based on 
criteria derived f rom CEQA Guidelines in conjunction with actions proposed in Chapter 2, Project 
Description. DuBose Design Group prepared the Water Supply Assessment (WSA) for the Brawley 
Solar Energy Facility. This report is included in Appendix H of  this EIR.  

The IS/NOP prepared for this EIR determined that impacts with regards to solid waste disposal, storm 
drainage, and wastewater treatment would be less than signif icant. Therefore, these impacts are not 
addressed in detail in this EIR; however, the rationale for eliminating these issues is discussed in 
Chapter 6.0, Ef fects Found Not Significant. 

3.15.1 Existing Conditions 
The Imperial Valley area is located within the south-central part of  Imperial County and is bound by 
Mexico on the south, the Algodones Sand Hills on the east, the Salton Sea on the north and San Diego 
County on the northwest, and the alluvial fans bordering the Coyote Mountains and the Yuha Desert 
to the southwest. Imperial Valley depends on the Colorado River for its water, which the Imperial 
Irrigation District (IID) transports, untreated, to delivery gates for agricultural, municipal, industrial 
(including geothermal and solar energy), environmental (managed marsh), recreational (lakes), and 
other non-agricultural uses. IID supplies the cities, communities, institutions and Golden State 
Water (which includes all or portions Calipatria, Niland, and some adjacent Imperial County territory) 
with untreated water that they treat to meet state and federal drinking water guidelines before 
distribution to their customers (Appendix H of  this EIR).  

The project site is located within IID’s Imperial Unit and district boundary and as such is eligible to 
receive water service. IID has adopted an Interim Water Supply Policy (IWSP) for Non-Agricultural 
Projects, f rom which water supplies can be contracted to serve new developments within IID’s water 
service area. The IWSP sets aside 25,000 acre-feet annually (AFY) of  IID’s Colorado River water 
supply to serve new non-agricultural projects. As of  October 2021, a balance of  23,800 acre-feet per 
year (AFY) remain available under the IWSP for new non-agricultural projects ensuring reasonably 
suf f icient supplies for such projects. Water for the project site will continue to be supplied by the 
adjacent Best Canal Lateral X through an IWSP Water Supply Agreement with IID to process the 
untreated Colorado River water for the proposed project. IID delivers untreated Colorado River water 
to the project site for agricultural uses through the following gates and laterals. The 10-year record for 
2011-2020 of  water delivery accounting is shown in Table 3.15-1. 
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Table 3.15-1. Historic 10-Year Historic Delivery (AFY): 2011 through 2020 
Canal/Gate 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Best 115 0 0 226.9 412.3 435.8 425.0 307.9 513.8 417.3 317.2 

 
 
 
 
 
 
 
 

Best 114 0 0 136.9 230.9 259.2 257.0 262.0 340.9 381.1 247.2 

 
 
 
 
 
 

Best 113 0 0 111.4 286.1 212.8 223.4 350.5 282.8 197.2 247.5 

 
 
 
 

Best 110 0 0 127.4 161.4 172.6 142.4 121.9 171.0 204.5 163.0 

 
 

Total 0 0 602.6 1090.7 1080.4 1047.8 1042.3 1308.5 1200.1 974.9 

Source: Appendix H of this EIR 
AF = acre-feet per year 

3.15.2 Regulatory Setting 
This section identif ies and summarizes laws, policies, and regulations that are applicable to the 
proposed project. 

State 

Senate Bill 610 

With the introduction of SB 610, any project under CEQA shall provide a WSA if : 

• The project meets the def inition of the Water Code Section 10912:  

For the purposes of  this part, the following terms have the following meanings:  

(a) ‘‘Project’’ means any of  the following:  

(1) A proposed residential development of more than 500 dwelling units.  
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(2) A proposed shopping center or business establishment employing more than 1,000 
persons or having more than 500,000 square feet of  floor space.  

(3) A proposed commercial of f ice building employing more than 1,000 persons or 
having more than 250,000 square feet of  f loor space. 

(4) A proposed hotel or motel, or both, having more than 500 rooms.  

(5) A proposed industrial, manufacturing, or processing plant, or industrial park 
planned to house more than 1,000 persons, occupying more than 40 acres of  land, or 
having more than 650,000 square feet of  f loor area.  

(6) A mixed-use project that includes one or more of  the projects specif ied in this 
subdivision.  

(7) A project that would demand an amount of  water equivalent to, or greater than, the 
amount of  water required by a 500 dwelling unit project. 

(b) If  a public water system has fewer than 5,000 service connections, then ‘‘project’’ means 
any proposed residential, business, commercial, hotel or motel, or industrial development that 
would account for an increase of  10 percent or more in the number of  the public water system’s 
existing service connections, or a mixed-use project that would demand an amount of  water 
equivalent to, or greater than, the amount of  water required by residential development that 
would represent an increase of  10 percent or more in the number of  the public water system’s 
existing service connections. 

Af ter review of  Water Code Section 10912, the solar facility is deemed a “project” because it is a 
proposed industrial use occupying more than 40 acres of  land.  

California Water Code 

Water Code Sections 10656 and 10657 restrict state funding for agencies that fail to submit their urban 
water management plan to the Department of  Water Resources. In addition, Water Code Section 
10910 describes the WSA that must be undertaken for projects referred under PRC Section 21151.9, 
including an analysis of  groundwater supplies. Water agencies are given 90 days f rom the start of  
consultation in which to provide a WSA to the CEQA lead agency. Water Code Section 10910 also 
specif ies the circumstances under which a project for which a WSA was once prepared would be 
required to obtain another assessment. Water Code Section 10631, directs that contents of the urban 
water management plans include further information on future water supply projects and programs 
and groundwater supplies. 

Water Quality Control Plan for the Colorado River Basin 

The Water Quality Control Plan for the Colorado River Basin (or Basin Plan) prepared by the Colorado 
River RWQCB (Region 7) identif ies benef icial uses of surface waters within the Colorado River Basin 
region, establishes quantitative and qualitative water quality objectives for protection of  benef icial 
uses, and establishes policies to guide the implementation of these water quality objectives.  
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Local 

Imperial Integrated Regional Water Management Plan 

The Imperial Integrated Regional Water Management Plan (IRWMP) serves as the governing 
document for regional water planning to meet present and future water resource needs and demands 
by addressing such issues as additional water supply options, demand management and 
determination and prioritization of  uses and classes of  service provided. In November 2012, the 
Imperial County Board of  Supervisors approved the Imperial IRWMP, and the City of  Imperial City 
Council and the IID Board of  Directors approved it in December 2012. Through the IRWMP process, 
IID presented to the region stakeholders options in the event long-term water supply augmentation is 
needed, such as water storage and banking, recycling of  municipal wastewater, and desalination of  
brackish water. 

Imperial Irrigation District Interim Water Supply Policy for Non-Agricultural Projects 

The IWSP was adopted by the IID Board on September 29, 2009. The IWSP provides a mechanism 
to address water supply requests for projects being developed within the IID service area. The IWSP 
designates up to 25,000 AFY of  IID’s annual Colorado River water supply for new non-agricultural 
projects, provides a mechanism and process to develop a water supply agreement for any 
appropriately permitted project, and establishes a f ramework and set of  fees to ensure the supplies 
used to meet new demands do not adversely af fect existing users by funding water conservation or 
augmentation projects, as needed.  

Depending on the nature, complexity, and water demands of  the proposed project, new projects may 
be charged a one-time reservation fee and an annual water supply development fee for the contracted 
water volume used solely to assist in funding new water supply projects. All new industrial use projects 
are subject to the fee, while new municipal and mixed-use projects shall be subject to the fee if  the 
project water demands exceed certain district-wide average per capita use standards. The applicability 
of  the fee to mixed-use projects will be determined by IID on a case-by-case basis, depending on the 
proportion of types of land uses and water demand proposed for a project.  

Temporary Land Conversion Fallowing Policy 

The Temporary Land Conversion Fallowing Policy was adopted by the Board on October 28, 2013, to 
provide a mechanism for IID to administer apportionment of  the district’s quantif ied annual supply of  
Colorado River water; IID board approved a resolution repealing the Equitable Distribution Plan (EDP) 
on February 6, 2018.  

In order to facilitate new development and economic diversity in Imperial County; as well as ensure 
that the long-term, temporary, land use designations are conducive to a coordinated land use/water 
supply policy as envisioned in the Imperial IRWMP the IID Temporary Land Conversion Fallowing 
Policy was developed. This policy provides a f ramework for a temporary, long-term fallowing program 
to work in concert with the IWSP and provides direction for certain private projects that, if  implemented, 
will temporarily remove land f rom agricultural production within the district’s water service area include 
renewable solar energy and other non-agricultural projects. Such projects may need a short-term 
water supply for construction and decommissioning activities and longer-term water service for facility 
operation and maintenance or for treating to potable water standards. 
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County of Imperial General Plan 

The Imperial County General Plan provides goals, objectives, policies, and programs regarding the 
preservation and use of  water. Table 3.15-2 provides a consistency analysis of the applicable Imperial 
County General Plan goals and objectives f rom the Conservation and Open Space Element, and 
Renewable Energy and Transmission Element, as they relate to the proposed project. While the EIR 
analyzes the project’s consistency with the General Plan pursuant to CEQA Guidelines 
Section 15125(d), the Imperial County Board of  Supervisors ultimately determines consistency with 
the General Plan. 

Table 3.15-2. County of Imperial General Plan Consistency Analysis – Water Service 
Applicable General Plan Goals 
and Policies 

Consistency 
Determination 

Analysis 

Conservation and Open Space Element 

Preservation of Water Resources, 
Goal 6: The County will conserve, 
protect, and enhance water 
resources in the County.  

Consistent Since the project would temporarily convert farmland into 
a non-agricultural use, the project would reduce the need 
for IID to fallow irrigation; thereby, reducing agricultural 
water demand.  

Preservation of Water Resources, 
Objective 6.4: Eliminate potential 
surface and groundwater pollution 
through regulations as well as 
educational programs.  

Consistent Currently, groundwater quality in the region is poor. 
However, since the project would temporarily convert 
farmland into a non-agricultural use, the project would 
reduce the amount of water used on site; thereby, 
reducing potential surface and groundwater pollution from 
agricultural uses. Additionally, the project would be 
required to comply with NPDES permits and regulations 
to address pollutants from run-off that may result during 
construction and operation of the project. 

Renewable Energy and Transmission Element 

Objective 1.6: Encourage the 
efficient use of water resources 
required in the operation of 
renewable energy generation 
facilities. 

Consistent Water for the project site will be used on site during 
construction, operation, and decommissioning/restoration 
for non-drinking non-potable water needs.  Additionally, 
as further detailed in Section 3.15.3, the project would 
result in a decrease in water use compared to the current 
active agricultural uses on the project site.  

Source: ICPDS 1993 
IID = Imperial Irrigation District 

3.15.3 Impacts and Mitigation Measures 

Thresholds of Significance  

Based on CEQA Guidelines Appendix G, project impacts related to utilities and service systems are 
considered significant if any of  the following occur: 

Water Supply  

• Have insuf f icient water supplies available to serve the project and reasonably foreseeable 
future development during normal, dry and multiple dry years 
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Methodology  
The WSA (Appendix H of  this EIR) was prepared using project-specific data to calculate the project’s 
water consumption during construction and at build-out collectively (“operational”).  

Impact Analysis  

Impact 3.15-1 Have sufficient water supplies available to serve the project and reasonably 
foreseeable future development during normal, dry and multiple dry years? 

CONSTRUCTION 

The proposed project is anticipated to take approximately 6-9 months f rom the commencement of the 
construction process to complete. Construction water needs would be limited to earthwork, soil 
conditioning, dust suppression, and compaction ef forts. As shown in Table 3.15-3, the proposed 
project would require approximately 32.5 AFY of  water during construction. This includes the 20,000 
gallons of  water that will need to be stored on the project site during construction per Imperial County 
Fire Standards.  

OPERATIONS AND MAINTENANCE 

As shown in Table 3.15-3, estimated annual water consumption for operation and maintenance of  the 
proposed project, including periodic PV module washing, would be approximately 86.8 acre feet or 3.1 
AFY, which would be trucked to the project site as needed. This includes the 180,000 gallons of  water 
that will need to be stored on the project site during operations per Imperial County Fire Standards. 
No full-time site personnel would be required on-site during operations and approximately two 
employees would only be onsite up to four times per year to wash the solar panels to ensure optimum 
solar absorption by removing dust particles and other buildup.  

DECOMMISSIONING 

If  at the end of  the Power Purchase Agreement (PPA) term, no contract extension is available for a 
power purchaser, no other buyer of  the energy emerges, or there is no further funding of  the project, 
the project will be decommissioned and dismantled. As shown in Table 3.15-3, total water demand 
during decommissioning is estimated to be 32.5 AFY. 

TOTAL AND ANNUAL WATER DEMAND 

According to the WSA (Appendix H of  this EIR), the anticipated water demand for construction, 
operation, and decommissioning of the project is estimated to be 151.8 AF, for an annualized demand 
of  5.06 AFY for the 30-year project life (Table 3.15-3). 

Table 3.15-3. Project Water Use 
Water Use Expected Years Total  

Construction Water1  1  32.5 AF 

Total for Water Construction  32.5 AF 

Processing, Daily Plant Operations 
& Mitigation2 

28 
3.1 AFY 
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Table 3.15-3. Project Water Use 
Water Use Expected Years Total  

Total Water Usage for Processing 
Daily Plant Operations & Mitigation 

 
86.8 AF 

Project Decommissioning  1 32.5 AF 

Total for Project Decommissioning  32.5 AF 

Total Water Usage for Project 30 151.8 AF 

Amortized 30 5.06 AFY 

Source: Appendix H of this EIR 
1 – 20,000 gallons of water will need to be stored on site during construction per Imperial County Fire Standards.  
2 – 180,000 gallons of water will need to be stored on site per Imperial County Fire Standards for operations.  
AF = acre-feet; AFY = acre-feet per year 

WATER SUPPLY  

Water for the project site will be supplied by the adjacent Best Canal Lateral X through an IWSP Water 
Supply Agreement with IID to process the untreated Colorado River water for the proposed project. 
The IWSP sets aside 25,000 acre-feet annually (AFY) of  IID’s Colorado River water supply to serve 
new non-agricultural projects. As of  October 2021, a balance of  23,800 AFY remain available under 
the IWSP for new non-agricultural projects ensuring reasonably suf f icient supplies for such projects. 
As shown in Table 3.15-4, the proposed project’s water demand during construction for a period of  1 
year using approximately 32.5 AFY, represents approximately 0.03% of  the annual unallocated supply 
set aside for new non-agricultural projects. The proposed project’s total water demand for operations 
is approximately 3.1 AFY for 28 years and represents approximately 0.01% of  the annual unallocated 
supply set aside for new non-agricultural projects. Decommissioning is expected to take 1 year and 
use approximately 32.5 AFY, representing approximately 0.03% of  the annual unallocated supply set 
aside for new non-agricultural projects. As shown in Table 3.15-4, the project is expected to consume 
151.8 AF for the 30-year lifespan of  the project which would equate to 5.06 AFY amortized 
representing 0.02% of  the annual unallocated supply set aside for new non-agricultural projects. Thus, 
the proposed project’s estimated water demand would not af fect IID’s ability to provide water to other 
users in IID’s water service area. Therefore, the proposed project would have sufficient water supplies 
available to serve the project f rom existing entitlements and resources, and impacts would be less 
than signif icant.  

Table 3.15-4. Amortized Project Water Summary 
Project Phase Project Water 

Use  
Years Total Combined 

(AF) 
IWSP (AFY) % of Remaining 

Unallocated 
IWSP per Year  

Construction 32.5 AFY 1 32.5 AF 23,800 AFY 0.03% 

Operations 3.1 AFY 28 86.8 AF 23,800 AFY 0.01% 

Decommissioning 32.5 AFY 1 32.5 AF 23,800 AFY 0.03% 
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Total  5.06 AFY 30 151.8 AF 23,800 AFY 0.02% 

Source: Appendix H of this EIR 

Mitigation Measure(s) 

No mitigation measures are required.  

3.15.4 Decommissioning/Restoration and Residual Impacts 

Decommissioning/Restoration 
If  at the end of  the PPA term, no contract extension is available for a power purchaser, no other buyer 
of  the energy emerges, or there is no further funding of  the project, the project will be decommissioned 
and dismantled. As shown in Table 3.15-3, total water demand during decommissioning is estimated 
to be 32.5 AFY. As described above, the proposed project’s estimated water demand, which includes 
decommissioning, would not af fect IID’s ability to provide water to other users in IID’s water service 
area. The proposed project would have suf f icient water supplies available to serve the project f rom 
existing entitlements and resources, and impacts would be less than signif icant. 

Residual  
The proposed project would not result in signif icant impacts on the water supply of  Imperial County; 
therefore, no mitigation is required. The proposed project will not result in residual impacts. 
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4 Analysis of Long-Term Effects 
4.1 Growth-Inducing Impacts 
In accordance with Section 15126.2(e) of  CEQA Guidelines, an EIR must: 

“discuss the ways in which the proposed project could foster economic or population growth, or 
the construction of additional housing, either directly or indirectly, in the surrounding 
environment. Included in this are projects which would remove obstacles to population growth 
... Increases in the population may tax existing community service facilities, requiring 
construction of new facilities that could cause significant environmental effects. Also discuss 
the characteristics of some projects which may encourage and facilitate other activities that 
could significantly affect the environment, either individually or cumulatively. It must not be 
assumed that growth in any area is necessarily beneficial, detrimental, or of little significance to 
the environment.” 

Projects promoting direct growth will impose burdens on a community by directly inducing an increase 
in population or resulting in the construction of  additional developments in the same area. For example, 
projects involving expansions, modifications, or additions to infrastructure, such as sewer, water, and 
roads, could have the potential to directly promote growth by removing existing physical barriers or 
allowing for additional development through capacity increases. New roadways leading into a 
previously undeveloped area directly promote growth by removing previously existing physical barriers 
to development and a new wastewater treatment plant would allow for further development within a 
community by increasing inf rastructure capacity. Because these types of  inf rastructure projects 
directly serve related projects and result in an overall impact to the local community, associated 
impacts cannot be considered isolated. Indirect growth typically includes substantial new permanent 
employment opportunities and can result f rom these aforementioned modifications.  

The proposed project is located within the unincorporated area of  Imperial County and it does not 
involve the development of permanent residences that would directly result in population growth in the 
area. The unemployment rate in Imperial County, as of  August 2021 was 19.4 percent (State of  
California Employment Development Department 2021b), which represents an approximately 1.3 
percent decrease in unemployment f rom September 2019 (20.7 percent) (State of  California 
Employment Development Department 2021b). The applicant expects to utilize construction workers 
f rom the local and regional area, a workforce similar to that involved in the development of  other 
utility-scale solar facilities. Based on the unemployment rate, and the availability of  the local workforce, 
construction of the proposed project would not have a growth-inducing ef fect related to workers moving 
into the area and increasing the demand for housing and services.  

Once construction is completed, the facility would be remotely operated, controlled and monitored and 
with no requirement for daily on-site employees. Security personnel may conduct unscheduled 
security rounds and would be dispatched to the project site in response to a fence breach or other 
alarm. It is anticipated that maintenance of  the facilities would require minimal site presence to perform 
periodic visual inspections and minor repairs. On intermittent occasions, the presence of  additional 
workers may be required for repairs or replacement of  equipment and panel cleaning; however, 
because of  the nature of  the facilities, such actions would likely occur inf requently. Overall, minimal 
maintenance requirements are anticipated. The proposed project would not result in substantial 
population growth, as the number of  employees required to operate and maintain the facility is minimal.  
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While the proposed project would contribute to energy supply, which indirectly supports population 
growth, the proposed project is a response to the state’s need for renewable energy to meet its 
Renewable Portfolio Standard, and while it would increase the availability of  renewable energy, it 
would also replace existing sources of  non-renewable energy. Unlike a gas-f ired power plant, the 
proposed project is not being developed as a source of  base-load power in response to growth in 
demand for electricity. The power generated would be added to the state’s electricity grid with the 
intent that it would displace fossil fueled power plants and their associated environmental impacts, 
consistent with the f indings and declarations in SB 2 that a benef it of  the Renewable Portfolio Standard 
is displacing fossil fuel consumption within the state. The project is being proposed in response to 
state policy and legislation promoting development of renewable energy. 

The proposed project would supply energy to accommodate and support existing demand and 
projected growth, but the energy provided by the project would not foster any new growth because 
(1) the additional energy would be used to ease the burdens of  meeting existing statewide energy 
demands within and beyond the area of  the project site; (2) the energy would be used to support 
already-projected growth; or, (3) the factors af fecting growth are so diverse that any potential 
connection between additional energy production and growth would necessarily be too speculative 
and uncertain to merit further analysis.  

Under CEQA, an EIR should consider potentially signif icant energy implications of  a project (CEQA 
Guidelines Appendix F(II); PRC Section 21100(b)(3)). However, the relationship between the 
proposed project’s increased electrical capacity and the growth-inducing impacts outside the 
surrounding area is too speculative and uncertain to warrant further analysis. When a project’s 
growth-inducing impacts are speculative, the lead agency should consider 14 CCR Section 15145, 
which provides that, if  an impact is too speculative for evaluation, the agency should note this 
conclusion and terminate discussion of the impact. As the court explained in Napa Citizens for Honest 
Gov’t v. Napa County Board of  Supervisors, 91 Cal. App.4th 342, 368: “Nothing in the Guidelines, or 
in the cases, requires more than a general analysis of  projected growth” Napa Citizens, 91 CA4th at 
369. The problem of  uncertainty of  the proposed project’s growth-inducing ef fects cannot be resolved 
by collection of further data because of  the diversity of factors affecting growth.  

While this document has considered that the proposed project, as an energy project, might foster 
regional growth, the particular growth that could be attributed to the proposed project is unpredictable, 
given the multitude of  variables at play, including uncertainty about the nature, extent, and location of  
growth and the ef fect of other contributors to growth besides the proposed project. No accurate and 
reliable data is available that could be used to predict the amount of  growth outside the area that would 
result f rom the proposed project’s contribution of additional electrical capacity. The County of  Imperial 
has not adopted a threshold of  signif icance for determining when an energy project is growth-inducing. 
Further evaluation of  this impact is not required under CEQA.  

Additionally, the project would not involve the development of  any new local or regional roadways, 
new water systems, or sewer; and thus, the project would not further facilitate additional development 
into outlying areas. For these reasons, the proposed project would not be growth-inducing. 
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4.2 Significant Irreversible Environmental Changes 
In accordance with CEQA Guidelines Section 15126.2(d), an EIR must identify any signif icant 
irreversible environmental changes that would be caused by implementation of  the proposed project 
being analyzed. Irreversible environmental changes may include current or future commitments to the 
use of  non-renewable resources or secondary growth-inducing impacts that commit future generations 
to similar uses.  

Energy resources needed for the construction of  the proposed project would contribute to the 
incremental depletion of  renewable and non-renewable resources. Resources, such as timber, used 
in building construction are generally considered renewable and would ultimately be replenished. 
Non-renewable resources, such as petrochemical construction materials, steel, copper, lead and other 
metals, gravel, concrete, and other materials, are typically considered f inite and would not be 
replenished over the lifetime of  the project. Thus, the project would irretrievably commit resources over 
the anticipated 30-year life of  the project.  

At the end of  the project’s operation term, the applicant may determine that the project should be 
decommissioned and deconstructed. Should the project be decommissioned, the project applicant is 
required to restore land to its pre-project state. Consequently, some of the resources on the site could 
potentially be retrieved af ter the site has been decommissioned. Concrete footings, foundations, and 
pads would be removed and recycled at an of f -site location. All remaining components would be 
removed, and all disturbed areas would be reclaimed and recontoured. The applicant anticipates using 
the best available recycling measures at the time of  decommissioning.  

Implementation and operation of  the proposed project would promote the use of  renewable energy 
and contribute incrementally to the reduction in demand for fossil fuel use for electricity-generating 
purposes. Therefore, the incremental reduction in fossil fuels would be a positive ef fect of  the 
commitment of  nonrenewable resources. Additionally, the project is consistent with the state’s 
def inition of an “eligible renewable energy resource” in Section 399.12 of  the California Public Utilities 
Code and the def inition of  “in-state renewable electricity generation facility” in Section 25741 of  the 
California PRC.  

4.3 Significant and Unmitigable Impacts 
In accordance with CEQA Guidelines Section 15126(c), EIRs must include a discussion of significant 
environmental ef fects that cannot be avoided if  the proposed project is implemented. The impact 
analysis, as detailed in Section 3 of  this EIR, concludes that no signif icant and unmitigable impacts 
were identif ied. Where signif icant impacts have been identif ied, mitigation measures are proposed, 
that when implemented, would reduce the impact level to less than signif icant.  
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5 Cumulative Impacts 
The CEQA Guidelines (Section 15355) def ine a cumulative impact as “two or more individual ef fects 
which, when considered together, are considerable or which compound or increase other 
environmental impacts.” The CEQA Guidelines [Section 15130(a)(1)] further states that “an EIR should 
not discuss impacts which do not result in part f rom the project.” 

Section 15130(a) of  the CEQA Guidelines provides that “[A]n EIR shall discuss cumulative impacts of 
a project when the project’s incremental ef fect is cumulatively considerable...” Cumulatively 
considerable, as def ined in Section 15065(a)(3), “means that the incremental ef fects of an individual 
project are signif icant when viewed in connection with the ef fects of past projects, the ef fects of other 
current projects, and the ef fects of probable future projects.” 

An adequate discussion of significant cumulative impacts requires either: (1) “a list of  past, present, 
and probable future projects producing related or cumulative impacts, including, if  necessary, those 
projects outside the control of  the agency; or (2) “a summary of  projections contained in an adopted 
general plan or related planning document, or in a prior environmental document which has been 
adopted or certified, which described or evaluated regional or area-wide conditions contributing to the 
cumulative impact.”  

The CEQA Guidelines recognize that cumulative impacts may require mitigation, such as new rules 
and regulations that go beyond project-by-project measures. An EIR may also determine that a 
project’s contribution to a signif icant cumulative impact will be rendered less than cumulatively 
considerable and thus is not significant. A project’s contribution is less than cumulatively considerable 
if  the project is required to implement or fund its fair share of  a mitigation measure or measures 
designed to alleviate the cumulative impact. The Lead Agency must identify facts and analysis 
supporting its conclusion that the contribution will be rendered less than cumulatively considerable 
(CEQA Guidelines Section 15130(a)(3)). 

This EIR evaluates the cumulative impacts of  the project for each resource area, using the following 
steps: 

1. Def ine the geographic and temporal scope of cumulative impact analysis for each cumulative 
ef fects issue, based on the project’s reasonably foreseeable direct and indirect ef fects. 

2. Evaluate the cumulative ef fects of the project in combination with past and present (existing) 
and reasonably foreseeable future projects and, in the larger context of  the Imperial Valley.  

3. Evaluate the project’s incremental contribution to the cumulative ef fects on each resource 
considered in Chapter 3, Environmental Analysis. When the project’s incremental contribution 
to a signif icant cumulative impact is considerable, mitigation measures to reduce the project’s 
“fair share” contribution to the cumulative ef fect are discussed, where required. 
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5.1 Geographic Scope and Timeframe of the Cumulative 
Effects Analysis  

The geographic area of  cumulative ef fects varies by each resource area considered in Chapter 3. For 
example, air quality impacts tend to disperse over a large area, while traf f ic impacts are typically more 
localized. Similarly, impacts on the habitats of  special-status wildlife species need to be considered 
within its range of  movement and associated habitat needs.  

The analysis of  cumulative ef fects in this EIR considers a number of  variables including geographic 
(spatial) limits, time (temporal) limits, and the characteristics of  the resource being evaluated. The 
geographic scope of  each analysis is based on the topography surrounding the project site and the 
natural boundaries of  the resource af fected, rather than jurisdictional boundaries. The geographic 
scope of  cumulative ef fects will of ten extend beyond the scope of  the direct ef fects of a project, but 
not beyond the scope of the direct and indirect ef fects of that project.  

The cumulative development scenario includes projects that extend through year (2030), which is the 
planning horizon of  the County of  Imperial General Plan. Because of  uncertain development patterns 
that are far in the future, it is too speculative to accurately determine the type and quantity of  cumulative 
projects beyond the planning horizon of  the County’s adopted County General Plan. Evaluating the 
proposed project’s cumulative impacts when future facility decommissioning occurs is highly 
speculative because decommissioning is expected to occur in 20 to 25 years’ time. Therefore, 
cumulative impacts during decommissioning are speculative for detailed consideration in this analysis.  

5.2 Projects Contributing to Potential Cumulative Impacts 
The CEQA Guidelines identify two basic methods for establishing the cumulative environment in which 
the projects are to be considered: the use of  a list of  past, present, and probable future projects (the 
“list approach”) or the use of  adopted projections f rom a general plan, other regional planning 
document, or certif ied EIR for such a planning document (the “plan approach”).  

For this EIR, the list approach has been utilized to generate the most reliable future projections of  
possible cumulative impacts. When the impacts of  the project are considered in combination with other 
past, present, and future projects to identify cumulative impacts, the other projects considered may 
also vary depending on the type of  environmental impacts being assessed. As described above, the 
general geographic area associated with dif ferent environmental impacts of  the project def ines the 
boundaries of  the area used for compiling the list of  projects considered in the cumulative impact 
analysis. Figure 5-1 provides the general location for each of  these projects in relation to the project 
site. 

5.3 Cumulative Impact Analysis  
This cumulative impact analysis utilizes an expanded list method (as def ined under CEQA) and 
considers environmental ef fects associated with those projects identif ied in Table 5-1 in conjunction 
with the impacts identif ied for the project in Chapter 3 of  this EIR. Table 5-1 includes solar projects 
known at the time of  release of  the NOP of  the Draf t EIR, as well as additional projects that have been 
proposed since the NOP date. Figure 5-1 provides the general location for each of  these projects in 
relation to the project site. 
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Figure 5-1. Cumulative Projects 
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Table 5-1. Projects Considered in the Cumulative Impact Analysis 
Map 

Label1 Project Name Project Type 
Distance from Brawley Project 

Site 
Size 

(acres) 
Capacity 

(MW) Status2 

1 Imperial Valley Solar II PV Solar Facility Approximately 16.30 miles north 146 20 Operational 

2 IV Solar Company PV Solar Facility Approximately 15.80 miles north 123 23 Operational 

3 Midway Solar Farm I PV Solar Facility Approximately 10.30 miles 
northwest 

480 50 Operational 

4 Midway Solar Farm II PV Solar Facility Approximately 10.30 miles 
northwest 

803 155 Operational 

5 Midway Solar Farm III PV Solar Facility Approximately 10.20 miles 
northwest 

160 20 Operational 

6 Midway Solar Farm IV PV Solar Facility Approximately 9.29 miles northwest 160 15 Approved – Not Built 

7 Calipatria Solar Farm I 
(Lindsey Solar) 

PV Solar Facility Approximately 8.60 miles north 148 20 Operational 

8 Calipatria Solar Farm 
(Wilkinson Solar) 

PV Solar Facility Approximately 8.60 miles north 302 30 Approved – Not Built 

9 Calipatria Solar Farm I PV Solar Facility Approximately 8.10 miles north 159 20 Operational 

10 Arkansas Solar  PV Solar Facility Approximately 8.50 miles northeast 481 50 Operational 

11 Nider Solar Project PV Solar Facility Approximately 10.50 miles 
northeast 

320 100 Pending Entitlement 

12 Sonora Solar  PV Solar Facility Approximately10.90 miles northeast 488 50 Operational 

13 Citizens Solar PV Solar Facility Approximately 13.00 miles 
northeast 

159 30 Operational 

14 Ormat Wister Solar PV Solar Facility Approximately 17.30 miles north 160 20 Approved – Not Built 

15 VEGA SES 5 PV Solar Facility Approximately 13.30 miles 
northeast 

Pending Entitlement 
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Table 5-1. Projects Considered in the Cumulative Impact Analysis 
Map 

Label1 Project Name Project Type 
Distance from Brawley Project 

Site 
Size 

(acres) 
Capacity 

(MW) Status2 

16 VEGA SES 2 PV Solar Facility Approximately 15.20 miles 
northeast 

1,963 
(combined 

total for 
VEGA 2, 
3, and 5) 

350 
(combined 

total for 
VEGA 2, 3, 

and 5) 

Pending Entitlement 

17 VEGA SES 3 PV Solar Facility Approximately 14.90 miles 
northeast 

Pending Entitlement 

18 Alhambra Solar PV Solar Facility Approximately 5.00 miles northeast 482 50 Operational 

19 Valencia Solar Project 1 PV Solar Facility Approximately 7.00 miles west 17 3 Operational 

20 Valencia Solar Project 2 PV Solar Facility Approximately 7.30 miles south 17 3 Operational 

21 Valencia Solar Project 3 PV Solar Facility Approximately 9.20 miles southwest 19 3 Operational 

22 Vikings Solar PV Solar Facility Approximately 20.00 miles 
southeast 

604 150 Pending Entitlement 

23 Campo Verde PV Solar Facility Approximately 20.10 miles 
southwest 

1,400 139 Operational 

24 Laurel 1 PV Solar Facility Approximately 21.60 miles 
southwest 

1,396 
(combined 

total for 
Laurel 1, 
2, and 3) 

325 
(combined 

total for 
Laurel 1, 2, 

and 3) 

Approved – Not Built 

25 Laurel 2 PV Solar Facility Approximately 22 miles southwest Approved – Not Built 

26 Laurel 3 PV Solar Facility Approximately 22 miles southwest Approved – Not Built 

27 Imperial Solar West PV Solar Facility Approximately 22 miles southwest 1,145 150 Operational 

28 Dixieland West PV Solar Facility Approximately 22 miles southwest 32 3 Operational 

29 Dixieland East PV Solar Facility Approximately 22 miles southwest 31 2 Operational 

1 – See Figure 5-1 for cumulative project location. 
2 – Project status based on information provided by County staff and on Imperial County Planning & Development Service’s RE Geographic Information System Mapping 
Application (http://icpds.maps.arcgis.com/apps/Viewer/index.html?appid=c6fd31272e3d42e1b736ce8542b994ae). Accessed on October 5, 2021.  
IID – Imperial Irrigation District; MW – megawatts; PV – photovoltaic 
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5.3.1 Aesthetics  
The cumulative study area for projects considered in the visual resources cumulative impact analysis 
considers a 5-mile radius f rom the project site. Views beyond 5 miles are obstructed by a combination 
of  the f lat topography coupled with the Earth’s curvature. The short-term visual impacts of  the project 
would be in the form of  general construction activities including grading, use of construction machinery, 
and installation of  the transmission poles and stringing of  transmission lines, but would only be 
available to a very limited amount of  people and would have to be in relatively close proximity to the 
project site. Longer-term visual impacts of  the project would be in the form of  the presence of  solar 
array grids, an electrical distribution and transmission system, and substation.  

As provided in Section 3.2, Aesthetics, the existing visual character of  the project site and the quality 
of  views in terms of  visibility beyond the site would not be substantially altered. The visual changes 
associated with the project would not be located in proximity to any designated scenic vistas or scenic 
highways. The proposed project would be absorbed into the broader landscape that already includes 
agricultural development, electricity transmission, geothermal power plants, and the City of  Brawley 
Wastewater Treatment Plant. Further, the project site would be restored to its existing condition 
following the decommissioning of  the solar uses. As a result, although the visual character of  the 
project site would change f rom undeveloped to one with developed characteristics, a less than 
signif icant impact associated with the proposed project has been identif ied.  

Development of  the proposed project in conjunction with the cumulative projects identif ied in 
Table 5-1 will gradually change the visual character of  this portion of  the Imperial Valley. However, 
projects located within private lands and/or under the jurisdiction of  the County of  Imperial are being 
designed in accordance with the County of  Imperial’s General Plan and Land Use Ordinance, which 
includes policies to protect visual resources in the County.  

Finally, all projects listed in Table 5-1 would not produce a substantial amount of light and glare, as no 
signif icant source of  light or glare is proposed, or the project will otherwise comply with the County 
lighting ordinance, as would all other related projects. Based on these considerations, there would be 
no signif icant cumulatively considerable aesthetic impact, and cumulative aesthetic impacts would be 
less than signif icant. 

5.3.2 Agricultural Resources 
Cumulative impacts on agricultural resources take into account the proposed project’s temporary 
impacts as well as those likely to occur as a result of  other existing, proposed, and reasonably 
foreseeable projects. To determine cumulative impacts on agricultural resources, an assessment is 
made of  the temporal nature of  the impacts on individual resources (e.g., temporary such as in solar 
projects versus permanent as in industrial or residential developments) as well as the inventory of  
agricultural resources within the cumulative setting.  

As discussed in Section 3.3, Agricultural Resources, the majority of  the project site is designated as 
Farmland of  Statewide Importance, with a pocket of  Prime Farmland and Farmland of  Local 
Importance1 located in the southern portion of  the project site. Approximately 1 acre of  Unique 
Farmland occurs along the western boundary of  the project site. Therefore, the proposed project would 

 
1 It should be noted that analysis of Other Land and Farmland of Local Importance is not required under 

CEQA significance criteria, as these designations are not considered an “agricultural land” per CEQA 
Statute Section 21060.1(a). 
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convert land designated as Prime Farmland, Farmland of  Statewide Importance, and Unique Farmland 
to non-agricultural uses, and, as such, incrementally add to the conversion of  agricultural land in 
Imperial County. However, the project site is located on land designated for agricultural uses. The 
project would be constructed on land currently zoned A-2-G (General Agricultural with a Geothermal 
Overlay). Pursuant to Title 9, Division 5, Chapter 8, the following uses are permitted in the A-2 zone 
subject to approval of a CUP f rom Imperial County: solar energy electrical generator, battery storage 
facility, electrical substations, communication towers, and facilities for the transmission of  electrical 
energy. Upon approval of  a CUP and Zone Change into the RE Overlay Zone designation, the project’s 
uses would be consistent with the Imperial County Land Use Ordinance and thus is also consistent 
with the General Plan land use designation of  the site. Additionally, as a condition of project approval, 
the project applicant or its successor in interest will be responsible for implementing a reclamation 
plan when the project is decommissioned at the end of  its lifespan. 

As discussed in Section 3.3, Agricultural Resources, Mitigation Measure AG-1a (Payment of  
Agricultural and Other Benef it Fees), AG-1b (Site Reclamation Plan), and AG-2 (Pest Management 
Plan) would be implemented to reduce potential impacts on agricultural resources to a level less than 
signif icant. Each individual cumulative project would be or would have been required to provide 
mitigation for any impacts on agricultural resources in accordance with the County’s policies directed 
at mitigating the impact associated with the conversion of  important farmlands. Therefore, the project’s 
contribution to this impact would be less than cumulatively considerable. 

5.3.3 Air Quality 
Imperial County is used as the geographic scope for analysis of  cumulative air quality impacts. As 
shown in Table 5-1, many of  the cumulative projects are large-scale renewable energy generation 
projects, where the main source of  air emissions would be generated during the construction phases 
of  these projects; however, there would also be limited operational emissions associated with 
operations and maintenance activities for these facilities. Additionally, a majority of  the projects listed 
in Table 5-1 are already constructed and operational. Therefore the potential for a cumulative, 
short-term air quality impact as a result of  construction activities is anticipated to be less than 
signif icant. 

Currently, the SSAB is either in attainment or unclassif ied for all federal and state air pollutant 
standards with the exception of  8-Hour O3, PM10, and PM2.5. Imperial County is classif ied as a "serious" 
nonattainment area for PM10 for the NAAQS.  

The AQAP for the SSAB, through the implementation of  the AQMP and SIP for PM10, sets forth a 
comprehensive program that will lead the SSAB into compliance with all federal and state air quality 
standards. With respect to PM10, the ICAPCD implements Regulation VIII – Fugitive Dust Rules, to 
control these emissions and ultimately lead the basin into compliance with air standards, consistent 
with the AQAP. Within Regulation VIII are Rules 800 through 806, which address construction and 
earthmoving activities, bulk materials, carry-out and track-out, open areas, paved and unpaved roads, 
and conservation management practices. Best Available Control Measures to reduce fugitive dust 
during construction and earthmoving activities include but are not limited to: 

• Phasing of  work in order to minimize disturbed surface area; 

• Application of water or chemical stabilizers to disturbed soils; 

• Construction and maintenance of  wind barriers; and 

• Use of  a track-out control device or wash down system at access points to paved roads. 
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Compliance with Regulation VIII is mandatory on all construction sites, regardless of  size. However, 
compliance with Regulation VIII does not constitute mitigation under the reductions attributed to 
environmental impacts. In addition, compliance for a project includes: (1) the development of  a dust 
control plan for the construction and operational phase; and (2) notif ication to the air district is required 
10 days prior to the commencement of  any construction activity. 

Construction 
The proposed project would generate air emissions due to vehicle and dust emissions associated with 
construction activities. Similar effects would also be realized upon site decommissioning, which would 
be carried out in conjunction with the project’s restoration plan, and subject to applicable ICAPCD 
standards. Likewise, the other cumulative projects that are approved, but not yet built (Midway Solar 
Farm I, Orni Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, Laurel II, and Laurel III),  
or pending entitlement (Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar) identif ied in 
Table 5-1 would result in the generation of  air emissions during construction activities. 

With respect to the proposed project, during the construction and decommissioning phases, the project 
would generate PM10, PM2.5, ROG, CO, and NOX emissions during each active day of  construction. 
However, as discussed in Section 3.4, Air Quality, the project would not result in a significant increase 
in CO, ROG, and NOX that would exceed ICAPCD thresholds.  

However, the project’s impact could be cumulatively considerable because: (1) portions of  the SSAB 
are nonattainment already (PM10 and PM2.5), although mitigated by ICAPCD Regulations; and, 
(2) project construction would occur on most days, including days when O3 already in excess of  state 
standards. Additionally, the ef fects could again be experienced in the future during decommissioning 
in conjunction with site restoration.  

The proposed project, in conjunction with the construction of other cumulative projects as identified in 
Table 5-1 (Midway Solar Farm I, Orni Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, 
Laurel II, Laurel III, Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar), could result in a 
cumulatively considerable increase in the generation of  PM10 and NOx; however, like the proposed 
project, cumulative projects would be subject to mitigation pursuant to County ICAPCD’s Regulations 
and Rules, and the cumulative impact would be reduced to a level less than signif icant through 
compliance with these measures. Because the project will be required to implement measures 
consistent with ICAPCD regulations designed to alleviate the cumulative impact associated with PM10, 
the proposed project’s contribution is rendered less than cumulatively considerable and is therefore, 
less than signif icant. 

Operation 
As the proposed project would have no major stationary emission sources and would require minimal 
vehicular trips, operation of  the proposed solar facility would result in substantially lower emissions 
than project construction. The project’s operational emissions would not exceed the Tier I thresholds; 
therefore, the impact would be less than signif icant. Operational impacts of  other renewable energy 
facilities identif ied in Table 5-1 would also be similar. Although these cumulative projects generally 
involve large areas, their operational requirements are very minimal, requiring minimal staf f  or use of  
machinery or equipment that generate emissions. Further, alternative energy projects, such as the 
project, would assist attainment of  regional air quality standards and improvement of  regional air 
quality by providing clean, renewable energy sources. Consequently, the projects would provide a 
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positive contribution to the implementation of  applicable air quality plan policies and compliance with 
EO S-3-05. 

However, f rom a cumulative air quality standpoint, the potential cumulative impact associated with the 
generation of  PM10 and PM2.5 emissions during operation of the cumulative projects is a consideration 
because of  the fact that Imperial County is classif ied as a "serious" non-attainment area for PM10 and 
a “moderate” non-attainment area for 8-hour O3 and PM2.5 for the NAAQS. However, as with the 
construction phases, the cumulative projects would be required to comply with ICAPCD’s Regulation 
VIII for dust control (Regulation VIII applies to both the construction and operational phases of  
projects). As a result, the ICAPCD would require compliance with the various dust control measures 
and, in addition be required to prepare and implement operational dust control plans as approved by 
the ICAPCD, which is a component of ICAPCD’s overall f ramework of the AQAP for the SSAB, which 
sets forth a comprehensive program that will lead the SSAB into compliance with all federal and state 
air quality standards. Therefore, the project would not contribute to long-term cumulatively 
considerable air quality impacts and the project would not result in cumulatively signif icant air quality 
impacts, and cumulative impacts would be less than signif icant. 

5.3.4 Biological Resources 
The geographic scope for considering cumulative impacts on biological resources includes the 
Imperial Valley and related biological habitats. Table 5-1 lists the projects considered for the biological 
resources cumulative impact analysis.  

In general terms, in instances where a potential impact could occur, CDFW and USFWS have 
promulgated a regulatory scheme that limits impacts on these species. The ef fects of the project would 
be rendered less than signif icant through mitigation requiring compliance with all applicable 
regulations that protect plant, f ish, and animal species, as well as waters of  the U.S. and state. Other 
cumulative projects would also be required to avoid impacts on special-status species and/or mitigate 
to the satisfaction of  the CDFW and USFWS for the potential loss of  habitat. As described in 
Section 3.5, Biological Resources, one plant species, Abram’s spurge, has a low potential to occur 
due to the limited suitable habitat within the project site. Three wildlife species have a low potential to 
occur (f lat-tailed horned lizard, short-eared owl, and western yellow bat) on the project site, two wildlife 
species have a high potential to occur (BUOW and mountain plover) on the project site, and one 
wildlife species (loggerhead shrikes) was observed onsite during site reconnaissance. As such, the 
project has the potential to result in direct impacts on biological resources. Additionally, project 
construction has the potential to result in direct and indirect impacts on nesting birds.  

Mitigation measures identif ied in Section 3.5, Biological Resources, would ensure that all regulations 
required to protect these species are implemented, thereby minimizing potential impacts on these 
species to a less than signif icant level. Similarly, the cumulative projects within the geographic scope 
of  the project would be required to comply with the legal f ramework as described above. Based on 
these considerations, impacts on biological resources would not be cumulatively considerable.  

As with the proposed project, each of  the cumulative projects would be required to provide mitigation 
for impacts on biological resources. The analysis below is conducted qualitatively and in the context 
that the cumulative projects would be subject to a variety of  statutes and administrative f rameworks 
that require mitigation for impacts on biological resources. 

Birds listed at 50 CFR 10.3 are protected by the MBTA (16 USC 703 et seq.), a Federal statute that 
implements treaties with several countries on the conservation and protection of  Birds listed at 50 CFR 
10.3 are protected by the MBTA (16 USC 703 et seq.), a Federal statute that implements treaties with 
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several countries on the conservation and protection of  migratory birds. The MBTA is enforced by 
USFWS. This act prohibits the killing of  any migratory birds without a valid permit. Any activity which 
contributes to unnatural migratory bird mortality could be prosecuted under this act. With few 
exceptions, most birds are considered migratory under this act. Raptors and active raptor nests are 
protected under California FGCs 3503.5, 3503, and 3513.  

The CWA and California’s Porter-Cologne Water Quality Control Act provide protection for 
water-related biological resources by controlling pollution, setting water quality standards, and 
preventing jurisdictional streams, lakes, and rivers f rom being f illed without a federal permit. Several 
jurisdictional features were observed within the project site. The New River, a NWI mapped blueline, 
f lows approximately .2 miles to the west of  the project site. In addition, several NWI mapped blueline 
canals, drains, and ditches owned by IID f low along the borders of  the project site. However, the project 
has been located, and consequently designed, to avoid impacts to waters of  the State and waters of  
the U.S.  

Given the above, the project would not contribute substantially to a cumulative biological resources 
impact. Similarly, the cumulative projects within the geographic scope of the proposed project will be 
required to comply with the legal f rameworks set forth above, as well as others, and will be required 
to mitigate their impacts to a less than signif icant level. Therefore, the project would not contribute to 
a cumulatively considerable impact to biological resources, and cumulative impacts would be less than 
signif icant. 

5.3.5 Cultural Resources 

As discussed in Section 3.6, Cultural Resources, 6 newly recorded cultural resources were identif ied 
within the project site during f ield surveys. Newly identif ied cultural resources comprise both historic-
period and two multi-component sites. Resource 21267-001 is recommended not eligible for listing 
and the other f ive resources have not been formally evaluated for potential eligibility for listing in the 
CRHR. The project applicant will avoid ground-disturbing activities within and in close proximity to 
these resources. However, if -ground disturbing activities must occur within and in close proximity to 
these resources, a signif icant impact may potentially occur. Implementation of  Mitigation Measures 
CUL-1 through CUL-6 would reduce potential impacts associated to cultural historic resources to a 
level less than signif icant. Therefore, the proposed project would not cause a substantial adverse 
change in the signif icant of  a historical resource as def ined in Section 15064.5 of  the CEQA Guidelines 
and no impact would occur.  

The potential of  f inding a buried archaeological site during construction is considered low. However, 
like all construction projects in the state, the possibility exists. This potential impact is considered 
signif icant. Implementation of  Mitigation Measures CUL-1 through CUL-6 would reduce potential 
impacts associated with the unanticipated discovery of  unknown buried archaeological resources. 
Implementation of  Mitigation Measure CUL-7 would reduce potential impacts on human remains to a 
level less than signif icant. 

Future projects with potentially signif icant impacts on cultural resources would be required to comply 
with federal, state, and local regulations and ordinances protecting cultural resources through 
implementation of  similar project-specific mitigation measures during construction. Therefore, through 
compliance with regulatory requirements, standard conditions of  approval, and Mitigation Measures 
CUL-1 through CUL-7 the proposed project would have a less than cumulatively considerable 
contribution to impacts on cultural resources.  
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During operations and decommissioning of  the project, no additional impacts on archaeological 
resources would be anticipated because the soil disturbance would have already occurred and been 
mitigated during construction. 

5.3.6 Geology and Soils 
The Imperial Valley portion of  the Salton Trough physiographic province of Southern California is used 
as the geographic scope for the analysis of  cumulative impacts on geology/soils and mineral 
resources. Cumulative development would result in an increase in population and development that 
could be exposed to hazardous geological conditions, depending on the location of  proposed 
developments. Geologic and soil conditions are typically site specific and can be addressed through 
appropriate engineering practices. Cumulative impacts on geologic resources would be considered 
signif icant if the project would be impacted by geologic hazard(s) and if  the impact could combine with 
of f -site geologic hazards to be cumulatively considerable. None of  the projects identif ied within the 
geographic scope of  potential cumulative impacts would intersect or be additive to the project’s 
site-specif ic geology and soils impacts; therefore, no cumulatively considerable ef fects are identif ied 
for geology/soils, and cumulative impacts would be less than signif icant. 

Development of  the proposed project, in combination with other projects in the area, has the potential 
to contribute to a cumulatively significant paleontological resources impact due to the potential loss of 
paleontological resources unique to the region. However, mitigation is included in this EIR to reduce 
potentially significant project impacts to paleontological resources during construction of the proposed 
project. Implementation of  Mitigation Measures GEO-2 through GEO-7 would ensure that the potential 
impacts on paleontological resources do not rise to the level of  signif icance. Future projects with 
potentially signif icant impacts on paleontological resources would be required to comply with federal, 
state, and local regulations and ordinances protecting paleontological resources through 
implementation of  similar project-specific mitigation measures during construction. Therefore, through 
compliance with regulatory requirements, standard conditions of  approval, and Mitigation Measures 
GEO-2 through GEO-7, the proposed project would have a less than cumulatively considerable 
contribution to impacts on paleontological resources.  

5.3.7 Greenhouse Gas Emissions 
Emissions of  GHGs have the potential to adversely af fect the environment because such emissions 
contribute, on a cumulative basis, to global climate change. Although the emissions of  the projects 
alone would not cause global climate change, GHG emissions f rom multiple projects throughout the 
world could result in a cumulative impact with respect to global climate change. In turn, global climate 
change has the potential to result in rising sea levels, which can inundate low-lying areas; af fect rainfall 
and snowfall, leading to changes in water supply; and af fect habitat, leading to adverse ef fects on 
biological resources.  

CAPCOA considers projects that generate more than 900 metric tons of  CO2e per year to be 
signif icant. This 900 metric tons per year threshold was developed to ensure at least 90 percent of  
new GHG emissions would be reviewed and assessed for mitigation, thereby contributing to the 
statewide GHG emissions reduction goals that had been established for the year 2030 under SB 32. 
Thus, both cumulatively and individually, projects that generate less than 900 metric tons CO2e per 
year have a negligible contribution to overall emissions. As discussed in Section 3.8, Greenhouse Gas 
Emissions, the project would result in the generation of  approximately 46 MTCO2e annualized over 
the lifetime of  the project. Therefore, the construction emissions are less than the CAPCOA’s 
screening threshold of  900 MTCO2e per year. As the project’s emissions do not exceed the CAPCOA’s 
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threshold, the proposed project would not result in a cumulatively considerable impact to GHG 
emissions and would not conf lict with the State GHG reduction targets. Other cumulative projects 
identif ied in Table 5-1 are utility-scale solar facilities. The nature of  these projects is such that, like the 
project, they would be consistent with the strategies of  the Climate Change Scoping Plan. In order to 
meet the AB 32 GHG emissions reduction mandate, the Scoping Plan relies on achievement of  the 
RPS target of  33 percent of  California’s energy coming f rom renewable sources by 2020 and 50 
percent by 2030. The RPS target was updated in September 2018 under SB 100 to 60 percent by 
2030. The project and other similar projects are essential to achieving the RPS.  

Given that the project is characterized as a renewable energy project and places emphasis on solar 
power generation, project operations would be almost carbon-neutral with the majority of  the 
operational GHG emissions associated with vehicle trips. Based on these considerations, no 
signif icant long-term operational GHG impacts would occur and, therefore, project-related GHG 
impacts would not be cumulatively considerable. 

5.3.8 Hazards and Hazardous Materials 
The geographic scope considered for cumulative impacts f rom health, safety, and hazardous materials 
is the area within 1 mile of  the boundary of  the project sites. One mile is the standard American Society 
of  Testing and Materials (ASTM) standard search distance for hazardous materials. 

Under cumulative conditions, implementation of  the project in conjunction with the projects listed in 
Table 5-1 is not anticipated to present a public health and safety hazard to residents. Additionally, the 
project and related projects would all involve the storage, use, disposal, and transport of  hazardous 
materials to varying degrees during construction, operation, and decommissioning. Impacts f rom these 
activities are less than signif icant for the project because the storage, use, disposal, and transport of 
hazardous materials are extensively regulated by various Federal, state, and local laws, regulations, 
and policies. It is foreseeable that the project and related projects would implement and comply with 
these existing hazardous materials laws, regulations, and policies. Therefore, the related projects 
would not cause a cumulative impact, and the project would not result in a cumulatively considerable 
incremental contribution to a cumulative impact related to use or routine transport of  hazardous 
materials. 

5.3.9 Hydrology and Water Quality 
Table 5-1 lists the projects considered for the hydrology and water quality cumulative impact analysis. 
The geographic scope for considering cumulative hydrology and water quality impacts is the Imperial 
Valley Hydrologic Unit as def ined by the Colorado Basin RWQCB Basin Plan.  

The construction of  the project is expected to result in short-term water quality impacts. Compliance 
with the SWRCB’s NPDES general permit for activities associated with construction 
(2009-0009-DWQ) would reduce water quality impacts. As with the proposed project, each of  the 
cumulative projects would be required to comply with the Construction General Permit. The SWRCB 
has determined that the Construction General Permit protects water quality, is consistent with the 
CWA, and addresses the cumulative impacts of numerous construction activities throughout the state. 
This determination in conjunction with the implementation of  mitigation would ensure short-term water 
quality impacts are not cumulatively considerable. 

The project is not expected to result in long-term operations-related impacts related to water quality. 
The project would mitigate potential water quality impacts by implementing site design, source control, 
and treatment control BMPs, as outlined in Mitigation Measures HYD-1 and HYD-2. Some cumulative 
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projects would require compliance with the SWRCB’s NPDES general permit for industrial activities, 
as well as rules found in the CWA, Section 402(p)(1) and 40 CFR 122.26, and implemented Order No. 
90-42 of  the RWQCB. With implementation of  SWRCB, Colorado River RWQCB, and County policies, 
plans, and ordinances governing land use activities that may degrade or contribute to the violation of  
water quality standards, cumulatively considerable impacts on water quality would be minimized to a 
less than signif icant level. 

Based on a review of  the FEMA Flood Insurance Rate Map FIRM, the proposed project site is located 
in Zone X (unshaded). The FEMA Zone X (unshaded) designation is an area determined to be outside 
the 0.2 percent annual chance f loodplain. As such, the project would not result in a signif icant 
cumulatively considerable impact on floodplains by constructing new facilities within an identif ied flood 
hazard zone.  

Based on these considerations, the project would not contribute to or result in a signif icant cumulatively 
considerable impact to hydrology or water quality, and cumulative impacts would be less than 
signif icant. 

5.3.10 Land Use Planning 
The geographic scope for the analysis of  cumulative land use and planning impacts is typically def ined 
by government jurisdiction. The geographic scope for considering potential inconsistencies with the 
General Plan’s policies f rom a cumulative perspective includes all lands within the County’s jurisdiction 
and governed by its currently adopted General Plan. In contrast, the geographic scope for considering 
potential land use impacts or incompatibilities include the project site plus a one-mile buf fer to ensure 
a consideration for reasonably anticipated potential direct and indirect ef fects. 

As provided in Section 3.11, Land Use/Planning, the project would not involve any facilities that could 
otherwise divide an established community. Based on this circumstance, no cumulatively considerable 
impacts would occur. As discussed in Section 3.11, Land Use/Planning, the project would not conflict 
with the goals and objectives of the County of  Imperial General Plan if  all entitlements (General Plan 
amendment, Conditional Use Permit, and Zone Change) are approved by the County Board of  
Supervisors. In addition, a majority of  the cumulative projects identif ied in Table 5-1 would not result 
in a conf lict with applicable land use plans, policies, or regulations. In the event that incompatibilities 
or land use conf licts are identif ied for other projects listed in Table 5-1, similar to the projects, the 
County would require mitigation to avoid or minimize potential land use impacts. Where General Plan 
Amendments and/or Zone Changes are required to extend the RE Overlay Zone, that project would 
also be required to demonstrate consistency with the overall goals and policies of  the General Plan, 
and would be required to demonstrate meeting the criteria for extending the RE Overlay onto the 
project site. Based on these circumstances, no signif icant cumulatively considerable impact would 
occur, and cumulative impacts would be less than signif icant. 

5.3.11 Public Services 
The project would result in increased demand for public services (f ire protection service and law 
enforcement services) (Section 3.12, Public Services). Future development in the Imperial Valley, 
including projects identified in Table 5-1, would also increase the demand for public services. In terms 
of  cumulative impacts, the appropriate service providers are responsible for ensuring adequate 
provision of  public services within their jurisdictional boundaries. In conjunction with the project’s 
approval, the project applicant would also be conditioned to ensure suf f icient funding is available for 
any f ire protection or prevention needs and law enforcement services. Based on the type of  projects 
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proposed (e.g., solar energy generation), their relatively low demand for public services other than f ire 
and police, it is reasonable to conclude that the project would not increase demands for education, or 
other public services. Service impacts associated with the project related to f ire and police would be 
addressed through payment of  impact fees as part of  the project’s Conditions of Approval to ensure 
that the service capabilities of  these departments are maintained. Therefore, no cumulatively 
considerable impacts would occur. 

5.3.12 Transportation 

As stated in Section 3.13, Transportation, during the construction phase of  the project, the maximum 
number of  trips generated on a daily basis would be approximately 540 trips. Based on the low amount 
of  construction trips generated and low existing traf f ic volumes on area roadways, no substantial 
transportation impacts are anticipated. A majority of  the projects listed in Table 5-1 are already 
constructed. As shown on Table 5-1, there are cumulative projects that are approved, but not yet built 
(Midway Solar Farm I, Ormat Wister Solar, Calipatria Solar Farm [Wilkinson Solar], Laurel I, Laurel II, 
and Laurel III), or pending entitlement (Nider Solar Project, Vega SES 2, 3, and 5, and Viking Solar). 
The construction phasing of  these projects is not anticipated to overlap with the proposed project. 
Furthermore, with exception of  SR-111, the cumulative projects are not anticipated to use the same 
construction haul route as the proposed project. Future operations and maintenance would be 
conducted remotely, with minimal trips to the project site for panel washing and other solar 
maintenance. Based on these f indings, the project would not result in cumulatively considerable 
roadway or intersection impacts, and this impact would be less than signif icant. 

5.3.13 Tribal Cultural Resources 
As discussed in Section 3.14, Tribal Cultural Resources, no tribes have responded that indicate the 
potential for traditional cultural properties or sacred sites. Therefore, the proposed project is not 
anticipated to cause a substantial adverse change in the signif icance of a tribal cultural resource, and 
impacts on tribal cultural resources would be less than signif icant. Future cumulative projects would 
also be required to comply with the requirements of  AB 52 to determine the presence/absence of  tribal 
cultural resources and engage in consultation to determine appropriate mitigation measures to 
minimize or avoid impacts on tribal cultural resources. Based on these considerations, the project 
would not contribute to or result in a signif icant cumulatively considerable impact tribal cultural 
resources.  

5.3.14 Utilities/Service Systems 
Future development in Imperial County would increase the demand for utility service in the region. In 
terms of  cumulative impacts, the appropriate service providers are responsible for ensuring adequate 
provision of public utilities within their jurisdictional boundaries. The proposed project would not require 
or result in the relocation or construction of  new or expanded wastewater facilities, storm water 
facilities, or water facilities. Additionally, the project would be comprised of mostly recyclable materials 
and would not generate signif icant volumes of solid waste that could otherwise contribute to signif icant 
decreases in landf ill capacity. Based on these considerations, the project would result in less than 
signif icant impacts on existing utility providers and, therefore, would not result in cumulatively 
considerable impacts. 
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6 Effects Found Not Significant 
In accordance with Section 15128 of  the CEQA Guidelines, an EIR must contain a statement briefly 
indicating the reasons that various potential signif icant effects of a project were determined not to be 
signif icant. Based on the Initial Study and Notice of  Preparation prepared for the proposed project 
(Appendix A of  this EIR), Imperial County has determined that the proposed project would not have 
the potential to cause signif icant adverse ef fects associated with the topics identified below. Therefore, 
these topics are not addressed in this EIR; however, the rationale for eliminating these topics is briefly 
discussed below. 

6.1 Agriculture and Forestry Resources 

6.1.1 Forestry Resources 
No portion of  the project site or the immediate vicinity is zoned or designated as forest lands, 
timberlands, or timberland production. As such, the proposed project would not result in a conf lict with 
existing zoning or cause the need for a zone change specif ically related to forest land (as def ined in 
Public Resources Code section 12220(g), timberland (as def ined by Public Resources Code section 
4526), or timberland zoned Timberland Production (as def ined by Government Code section 
51104(g)). Therefore, implementation of  the proposed project would not impact forestry resources. 

6.2 Energy 
Information for this section is summarized f rom the Air Quality, Energy, and Greenhouse Gas 
Emissions Impact Analysis prepared for the project by Vista Environmental. This report is included in 
Appendix C of  this EIR.  

The proposed project would impact energy resources during construction and operation.  Energy 
resources that would be potentially impacted include electricity, and petroleum-based fuel supplies 
and distribution systems. The proposed project would not utilize any natural gas during either 
construction or operation of the proposed project, and no further analysis of  natural gas is provided in 
this analysis.   

The following discussion calculates the potential energy consumption associated with the construction 
and operation of  the proposed project and analyzes if  any energy utilized by the proposed project is 
wasteful, inef f icient, or unnecessary consumption of energy resources. 

6.2.1 Construction Energy 
The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) 
PV System Installation and Testing, and 3) Site Clean-up and Restoration.  The proposed project 
would consume energy resources during construction in three (3) general forms:  

1. Petroleum-based fuels used to power of f -road construction vehicles and equipment on the 
project site, construction worker travel to and f rom the project site, as well as delivery and haul 
truck trips (e.g., hauling of  construction waste material to off-site reuse and disposal facilities);  

2. Electricity associated with the conveyance of  water that would be used during project 
construction for dust control (supply and conveyance) and electricity to power any necessary 
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lighting during construction, electronic equipment, or other construction activities necessitating 
electrical power; and, 

3. Energy used in the production of  construction materials, such as asphalt, steel, concrete, 
pipes, and manufactured or processed materials such as lumber and glass. 

Construction-Related Electricity 
During construction of  the proposed project, electricity would be consumed to construct the new 
structures and inf rastructure. Electricity would be supplied to the project site by IID and would be 
obtained f rom the existing electrical lines in the vicinity of  the project site.  The use of  electricity from 
existing power lines rather than temporary diesel or gasoline powered generators would minimize 
impacts on energy use.  Electricity consumed during project construction would vary throughout the 
construction period based on the construction activities being performed. Various construction 
activities include electricity associated with the conveyance of water that would be used during project 
construction for dust control (supply and conveyance) and electricity to power any necessary lighting 
during construction, electronic equipment, or other construction activities necessitating electrical 
power.  Such electricity demand would be temporary, nominal, and would cease upon the completion 
of  construction. Overall, construction activities associated with the proposed project would require 
limited electricity consumption that would not be expected to have an adverse impact on available 
electricity supplies and inf rastructure. Therefore, the use of  electricity during project construction would 
not be wasteful, inef f icient, or unnecessary. 

The proposed project would include installation of  an approximately 1.8-mile-long overhead power line 
f rom the southern edge of  the project site to the North Brawley Geothermal Power Plant substation, 
which would provide adequate capacity to handle the power generated and utilized by the proposed 
project.  Where feasible, the new service installations and connections would be scheduled and 
implemented in a manner that would not result in electrical service interruptions to other properties.  
Compliance with County and IID guidelines and requirements would ensure that the proposed project 
fulf ills its responsibilities relative to inf rastructure installation, coordinates any electrical inf rastructure 
removals or relocations, and limits any impacts associated with construction of  the project.  
Construction of  the project’s electrical infrastructure is not anticipated to adversely affect the electrical 
inf rastructure serving the surrounding uses or utility system capacity.  

Construction-Related Petroleum Fuel Use  
Petroleum-based fuel usage represents the highest amount of  transportation energy potentially 
consumed during construction, which would be utilized by both of f-road equipment operating on the 
project site and on-road automobiles transporting workers to and f rom the project site and on-road 
trucks transporting equipment and supplies to the project site.   

The of f -road equipment utilized during construction of  the proposed project would consume 84,890 
gallons of  fuel.  The on-road trips generated from construction of the proposed project would consume 
77,046 gallons of  fuel.  As such, the combined fuel used from off-road construction equipment and on-
road construction trips for the proposed project would result in the consumption of 161,935 gallons of  
petroleum fuel.  This equates to 0.17 percent of  the gasoline and diesel consumed annually in Imperial 
County.  As such, the construction-related petroleum use would be nominal, when compared to current 
county-wide petroleum usage rates. 

Construction activities associated with the proposed project would be required to adhere to all State 
and ICAPCD regulations for of f-road equipment and on-road trucks, which provide minimum fuel 
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ef f iciency standards.  As such, construction activities for the proposed project would not result in the 
wasteful, inef f icient, and unnecessary consumption of  energy resources.  Impacts regarding 
transportation energy would be less than signif icant.   

6.2.2 Operations Energy 
The on-going operation of the proposed project would require the use of  energy resources for multiple 
purposes including, but not limited to, heating/ventilating/air conditioning (HVAC), lighting, and 
electronics.  Energy would also be consumed during operations related to water usage and vehicle 
trips. 

Operations-Related Electricity 
Operation of  the proposed project would result in consumption and production of  electricity at the 
project site.  The proposed PV solar panels will generate 97,333,333 kWh per year of  electricity and 
operation of  the project will use 1,946,667 kWh per year of  electricity, which would result in the net 
generation of  95,386,667 kWh per year of  electricity.  This equates to 2.8 percent of  the electricity 
consumed annually by IID.  As such, the operations-related electricity use would provide a signif icant 
renewable resource for the IID and would help IID achieve the State’ Renewable Portfolio Standards 
requirement for non-carbon sources of  electricity. No impact would occur f rom electricity-related 
energy consumption from the proposed project. 

Operations-Related Vehicular Petroleum Fuel Usage 
Operation of  the proposed project would result in increased consumption of  petroleum-based fuels 
related to vehicular travel to and f rom the project site. The proposed project would consume 1,036 
gallons of  petroleum fuel per year f rom vehicle travel.  This equates to 0.001 percent of  the gasoline 
and diesel consumed in Imperial County annually. As such, the operations-related petroleum use 
would be nominal, when compared to current petroleum usage rates 

It should be noted that, the proposed project would comply with all Federal, State, and County 
requirements related to the consumption of  transportation energy and would provide a non-carbon 
source of  electricity to power electric vehicles in Imperial County. Thus, impacts with regard 
transportation energy supply and inf rastructure capacity would be less than signif icant and no 
mitigation measures would be required. 

6.2.3 Compliance with State or Local Plans for Renewable Energy or 
Energy Efficiency 

The purpose of  the proposed project is the construction of  a renewable energy and storage facility in 
Imperial County. Once in operation, it will decrease the need for energy f rom fossil fuel–based power 
plants in the state. The result would be a net increase in electricity resources available to the regional 
grid, generated f rom a renewable source. The proposed project would help California meet its 
Renewable Portfolio Standard of  60 percent of  retail electricity sales f rom renewable sources by the 
end of  2030 and 100 percent by 2045. Additionally, the project would also be consistent with the 
County’s General Plan Conservation and Open Space Element, Objective 9.2 which encourages 
renewable energy developments. Therefore, the project would directly support state and local plans 
for renewable energy development. The proposed project would not conflict with or obstruct a state or 
local plan for renewable energy or energy ef f iciency; therefore, no impact would occur.   
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6.3 Mineral Resources 
The project site is not used for mineral resource production and the applicant is not proposing any 
form of  mineral extraction. According to Figure 8: Imperial County Existing Mineral Resources of  the 
Conservation and Open Space Element of  the General Plan (County of  Imperial 2016), no known 
mineral resources occur within the project site nor does the project site contain mapped mineral 
resources. Therefore, the proposed project would not result in the loss of  availability of  any known 
mineral resources that would be of  value to the region and the residents of  California nor would the 
proposed project result in the loss of  availability of a locally important mineral resource. 

Based on a review of  the California Department Division of Oil, Gas, and Geothermal Resources Well 
Finder, there are two plugged and abandoned geothermal wells (Well No. 02590966 and 02590983) 
located in the central portion of  the project site (APN 037-140-022) (California Department of  Oil, Gas, 
and Geothermal Resources 2021). There is also one idle water well (Well No. 02591498) on the 
southwestern portion of the project site (APN 037-140-022). The proposed project would be designed 
to avoid the geothermal wells and water well and would result in no impact.  

6.4 Noise 
Information contained in this section is summarized f rom the Noise Impact Analysis for the Brawley 
Solar Energy Facility Project prepared by Vista Environmental. This report is included in Appendix I of 
this EIR. The following analyzes the potential noise emissions associated with the temporary 
construction activities and long-term operations of  the proposed project and compares the noise levels 
to the County standards. Potential noise impacts f rom vibration and nearby airports is also analyzed 
below.  

6.4.1 Construction-Related Noise 
The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) 
PV System Installation and Testing, and 3) Site Clean-up and Restoration.  Noise impacts f rom 
construction activities associated with the proposed project would be a function of  the noise generated 
by construction equipment, equipment location, sensitivity of  nearby land uses, and the timing and 
duration of  the construction activities.  The nearest sensitive receptors to the project site are single-
family homes located as near as 40 feet to the north side of  the project site (near the northwest corner 
of  the project site).  There are also homes located on the east side of  N Best Avenue that are as near 
as 120 feet east of  the project site. 

The General Plan Noise Element includes Construction Noise Standards that limits the noise created 
f rom construction equipment to 75 dB Leq, averaged over an eight (8) hour period at the nearest 
sensitive receptor.  In addition, the Construction Noise Standards limit construction equipment 
operation to between the hours of  7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. to 5 p.m. 
Saturday. No commercial construction operations are permitted on Sunday or holidays.  

For each phase of  construction, all construction equipment was analyzed based on being placed in 
the middle of  the project site, which is based on the analysis methodology detailed in FTA Manual for 
a General Assessment.  Since the County’s construction noise standard is based on the noise level 
over an 8-hour period and in a typical day the proposed construction equipment would operate over 
the entire project site, the use of  the methodology detailed in the FTA Manual for a General 
Assessment would provide a reasonable estimate of  the construction-related noise levels created by 
the proposed project.   
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Table 6-1 shows that greatest construction noise impacts would be as high as 53 dBA Leq during the 
PV system installation and testing phase at the nearest homes to the northwest, northeast, and 
southeast of  the project site.  All calculated construction noise levels shown in Table 6-1  are within 
the County’s construction noise standard of  75 dBA and would also be below the existing ambient 
daytime noise levels in the vicinity of  the nearby homes.  Therefore, through adherence to the limitation 
of  allowable construction times provided in the General Plan Noise Element, construction-related noise 
levels would not exceed any standards established in the General Plan or Noise Ordinance nor would 
construction activities create a substantial temporary increase in ambient noise levels f rom 
construction of the proposed project.  Impacts would be less than signif icant. 

Table 6-1.Construction Noise Levels at the Nearby Homes 
Construction Phase Construction Noise Level (dBA Leq) at: 

Home to Northwest1 Home to 
Northeast2 

Home to Southeast3 

Site Preparation 52 52 52 

PV System Installation and Testing 53 53 53 

Site Clean-Up and Restoration 52 52 52 

Construction Noise Threshold4 75 75 75 

Ambient Daytime Noise Level 66.5 60.2 62.0 

Exceed Thresholds? No No No 
1 The distance from the center of the project site to the home to the northwest was measured at 2,900 feet. 
2 The distance from the center of the project site to the homes to the northeast was measured at 2,900 feet. 
3 The distance from the center of the project site to the home to the southeast was measured at 2,850 feet. 
4 Construction Noise Threshold obtained from the General Plan Noise Element (County of Imperial, 2015). 
Source: Appendix I of this EIR 

6.4.2 Operational-Related Noise 
The proposed project would consist of the development of a solar facility with a BESS and a substation.  
Since the proposed project would be operated on an unstaf fed basis and monitored remotely from the 
Brawley Geothermal Power Plant control room, operation of the proposed project would not typically 
generate any additional vehicle traf f ic on the nearby roadways.  As such, potential noise impacts 
associated with the operations of the proposed project would be limited to onsite noise sources.  The 
proposed PV solar panels do not create any operational noise, however the proposed BESS 
Enclosures (AC Unit noise), Power Conversion System, Power Distribution Center that would be 
located at the BESS, and auxiliary transformers, and Battery Step Up Transformer that would be 
located at the proposed substation are known sources of  noise that have been analyzed below. 

Both the General Plan Noise Element and Section 90702.00 provide the same noise level limits at the 
property line of  the nearby homes of  50 dBA Leq-1hour between 7 a.m. and 10 p.m. and 45 dBA Leq-
1hour between 10 p.m. and 7 a.m. When the ambient noise level is equal to or exceeds the above 
noise standards, the proposed noise source shall not exceed the ambient plus 3 dB Leq. 

In order to determine the noise impacts f rom the operation of  onsite noise making equipment, noise 
specif ications from previously prepared noise reports were obtained and are shown in Table 6-2. The 
noise levels f rom each source were calculated through use of  standard geometric spreading of noise 
f rom a point source with a drop-off rate of  6 dB for each doubling of the distance between the source 
and receiver (Appendix I of  this EIR). 
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Table 6-2 shows that the proposed project’s onsite operational noise from the anticipated onsite noise 
sources would not exceed the applicable noise standards at the nearby homes.  Therefore, operational 
onsite noise impacts would be less than signif icant. 

Table 6-2. Operational Noise Levels at the Nearby Homes 
Noise Source Home to Northwest Home to Northeast Home to Southeast 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

Distance - 
Source to 

Home 
(feet) 

Noise 
Level1  
(dBA 
Leq) 

BESS Enclosures2 5,050 25 5,100 25 850 40 

Power Conversion System3  5,050 22 5,100 22 850 38 

Power Distribution Center4  5,050 22 5,100 22 850 38 

Auxiliary Transformers5 5,030 31 5,280 31 1,150 44 

Battery Step up Transformer6 5,030 31 5,280 31 850 47 

Combined Noise Levels 35  35  50 

County Noise Standard7 (day/night) 69.5/67.9  63.2/58.6  65.0/59.2 

Exceed County Noise Standards? No/No  No/No  No/No 
Notes: 
1  The noise levels were calculated through use of standard geometric spreading of noise from a point source with a drop-off rate 
of 6 dB for each doubling of the distance between the source and receiver.  
2  BESS Enclosures is based on a reference noise measurement of 88.6 dBA at 1 meter. 
3  Power Conversion System is based on a reference noise measurement of 86.1 dBA at 1 meter. 
4  Power Distribution Center is based on a reference noise measurement of 86.1 dBA at 1 meter. 
5  Auxiliary Transformers are based on a reference noise measurement of 95.1 dBA at 1 meter. 
6  Battery Step up Transformer is based on a reference noise measurement of 95.1 dBA at 1 meter. 
7  County Noise Standard based on ambient noise level shown in Table D plus 3 dB at the nearby homes. 
Source: Appendix I of this EIR 

6.4.3 Construction-Related Vibration Impacts 
Vibration impacts f rom construction activities associated with the proposed project would typically be 
created f rom the operation of  heavy off-road equipment.  The nearest sensitive receptor to the project 
site is a single-family home located as near as 40 feet to the north side of  the project site (near the 
northwest corner of  the project site).   

Since neither the Municipal Code nor the General Plan provides any thresholds related to vibration, 
Caltrans guidance has been utilized, which def ines the threshold of  perception from transient sources 
at 0.25 inch per second PPV.   

The primary source of  vibration during construction would be f rom the operation of  a bulldozer.  A 
large bulldozer would create a vibration level of  0.089 inch per second PPV at 25 feet.  Based on 
typical propagation rates, the vibration level at the nearest home (40 feet away) would be 0.06 inch 
per second PPV (Appendix I of this EIR).  The vibration level at the nearest home, would be below the 
0.25 inch per second PPV threshold detailed above.  Impacts would be less than signif icant.   
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6.4.4 Operations-Related Vibration Impacts 
The proposed project would consist of the operation of a solar energy facility. The on-going operation 
of  the proposed project would not include the operation of any known vibration sources.  Therefore, a 
less than signif icant vibration impact is anticipated f rom the operation of the proposed project. 

6.4.5 Airport Noise  
The project site is located within 2 miles of  a public airport. The nearest airport is the Brawley Municipal 
Airport located approximately 1.5 miles south of  the project site. However, the project site is outside 
of  the airport compatibility zones of  the Brawley Municipal Airport (County of  Imperial 1996). Therefore, 
the proposed project would not expose people residing or working in the project area to excess noise 
levels and no impact is identif ied for this issue area. 

6.5 Population and Housing 
Development of  housing is not proposed as part of  the project. The unemployment rate in Imperial 
County, as of  August 2021 was 19.4 percent (State of  California Employment Development 
Department 2021b). The applicant expects to utilize construction workers f rom the local and regional 
area, a workforce similar to that involved in the development of  other utility-scale solar facilities. Based 
on the unemployment rate in Imperial County (19.4 percent) (State of  California Employment 
Development Department 2021b), and the availability of  the local workforce, construction of  the 
proposed project would not have a growth-inducing ef fect.  

Once fully constructed, the project would be operated on an unstaf fed basis and be monitored 
remotely, with periodic on-site personnel visitations for security, maintenance and system monitoring. 
Therefore, no full-time site personnel would be required on-site during operations and approximately 
two employees would only be onsite up to four times per year to wash the solar panels. As the project’s 
PV arrays produce electricity passively, maintenance requirements are anticipated to be very minimal.  
Therefore, the proposed project would not result in a substantial growth in the area, as the number of  
employees required to operate and maintain the facility is minimal. 

No housing exists within the project site and no people reside within the project site. Therefore, the 
proposed project would not displace substantial numbers of  people or housing, necessitating the 
construction of  replacement housing elsewhere. The proposed project would result in no impact to 
population and housing.  

6.6 Public Services 
Schools. The proposed project does not include the development of residential land uses that would 
result in an increase in population or student generation. Construction of  the proposed project would 
not result in an increase in student population within the Imperial County’s School District since it is 
anticipated that construction workers would commute in during construction operations. The proposed 
project would have no impact on Imperial County schools.  

Parks and Other Public Facilities. No full-time employees are required to operate the project. The 
project facility will be monitored remotely. It is anticipated that maintenance of  the facility will require 
minimal site presence to perform periodic visual inspections and minor repairs. Therefore, substantial 
permanent increases in population that would adversely af fect local parks, libraries, and other public 
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facilities are not expected. The project is not expected to have an impact on parks, libraries, and other 
public facilities. 

6.7 Recreation 
The project site is not used for formal recreational purposes. Also, the proposed project would not 
generate new employment on a long-term basis. As such, the project would not significantly increase 
the use or accelerate the deterioration of  regional parks or other recreational facilities. Up to 120 
construction workers are expected to be on-site per day. The temporary increase of  population during 
construction that might be caused by an inf lux of  workers would be minimal and not cause a detectable 
increase in the use of  parks. Additionally, the project does not include or require the expansion of  
recreational facilities. Therefore, no impact is identif ied for recreation.  

6.8 Utilities and Service Systems 
Wastewater Facilities. The project would generate a minimal volume of  wastewater during 
construction. During construction activities, wastewater would be contained within portable toilet 
facilities and disposed of at an approved site. No habitable structures are proposed on the project site, 
such as O&M buildings; therefore, there would be no wastewater generation f rom the proposed 
project. The proposed project would not require or result in the relocation or construction of  new or 
expanded wastewater facilities. 

Storm Water Facilities. The proposed project will involve the construction of drainage control facilities 
within the project site, and included in the project impact footprint, of  which environmental impacts 
have been evaluated. Otherwise, the project does not require expanded or new storm drainage 
facilities of f-site (i.e., outside of  the project footprint) because the proposed solar facility would not 
generate a signif icant increase in the amount of  impervious surfaces that would increase runoff during 
storm events, and therefore, would not require the construction of  off-site storm water management 
facilities. Water f rom solar panel washing would continue to percolate through the ground, as a majority 
of  the surfaces within the project site would remain pervious. The proposed project would not require 
or result in the relocation or construction of  new or expanded storm water facilities beyond those 
proposed as part of the project and evaluated in the EIR. 

Water Facilities. The proposed project is not anticipated to result in a signif icant increase in water 
demand/use during operation; however, water will be needed for solar panel washing and dust 
suppression. During operation, water would be trucked to the project site f rom a local water source. 
Therefore, the proposed project would not require or result in the relocation or construction of  new or 
expanded water facilities.  

Power, Natural Gas, and Telecommunication Facilities. The proposed project would involve 
construction of  power facilities. However, these are components of the project as evaluated in the EIR. 
The proposed project would not otherwise generate the demand for or require or result in the relocation 
or construction of  new or expanded electric power, natural gas, or telecommunications facilities that 
would in turn, result in a signif icant impact to the environment.  

Solid Waste Facilities. Solid waste generation would be minor for the construction and operation of  
the project. Solid waste would be disposed of  using a locally-licensed waste hauling service, most 
likely Allied Waste. Trash would likely be hauled to the Imperial Landf ill (13-AA-0019) located 
approximately 11 miles south of  the proposed project in Imperial. The Imperial Landf ill has 
approximately 12,384,000 cubic yards of  remaining capacity and is estimated to remain in operation 
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through 2040 (CalRecycle 2021). Therefore, there is ample landf ill capacity in the County to receive 
the minor amount of  solid waste generated by construction and operation of the proposed project. 

Additionally, because the proposed project would generate solid waste during construction and 
operation, the project would be required to comply with state and local requirements for waste 
reduction and recycling; including the 1989 California Integrated Waste Management Act and the 1991 
California Solid Waste Reuse and Recycling Access Act of  1991. Also, conditions of the CUP would 
contain provisions for recycling and diversion of Imperial County construction waste policies.  

Further, when the proposed project reaches the end of  its operational life, the components would be 
decommissioned and deconstructed. When the project concludes operations, much of the wire, steel, 
and modules of  which the system is comprised would be recycled to the extent feasible. The project 
components would be deconstructed and recycled or disposed of  safely, and the site could be 
converted to other uses in accordance with applicable land use regulations in ef fect at the time of  
closure. Commercially reasonable ef forts would be used to recycle or reuse materials f rom the 
decommissioning. All other materials would be disposed of at a licensed facility. A less than significant 
impact is identif ied for this issue. 

6.9 Wildfire  
According to the Draf t Fire Hazard Severity Zone Map for Imperial County prepared by the California 
Department of  Forestry and Fire Protection, the project site is not located in or near state responsibility 
areas or lands classif ied as very high hazard severity zones (California Department of  Forestry and 
Fire Protection 2007). Therefore, the proposed project would not substantially impair an adopted 
emergency response plan or emergency evacuation plan; expose project occupants to, pollutant 
concentrations f rom a wildf ire or the uncontrolled spread of  a wildf ire; exacerbate f ire risk; or, expose 
people or structures to significant risks, including downslope or downstream f looding or landslides, as 
a result of  runof f, post-fire slope instability, or drainage changes. No impact is identified for wildf ire.  
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7 Alternatives 
7.1 Introduction 
The identif ication and analysis of  alternatives is a fundamental concept under CEQA. This is evident 
in that the role of  alternatives in an EIR is set forth clearly and forthrightly within the CEQA statutes. 
Specif ically, CEQA §21002.1(a) states: 

“The purpose of an environmental impact report is to identify the significant effects on the 
environment of a project, to identify alternatives to the project, and to indicate the manner in 
which those significant effects can be mitigated or avoided.” 

The CEQA Guidelines require an EIR to “describe a range of  reasonable alternatives to the project, or 
to the location of the project, which would feasibly attain most of the basic objectives of the project but 
would avoid or substantially lessen any of  the signif icant ef fects of  the project, and evaluate the 
comparative merits of  the alternatives” (CEQA Guidelines §15126.6(a)). The CEQA Guidelines direct 
that selection of  alternatives focus on those alternatives capable of  eliminating any signif icant 
environmental ef fects of the project or of  reducing them to a less-than signif icant level, even if  these 
alternatives would impede to some degree the attainment of  project objectives, or would be more 
costly. In cases where a project is not expected to result in signif icant impacts af ter implementation of 
recommended mitigation, review of  project alternatives is still appropriate. 

The range of  alternatives required within an EIR is governed by the “rule of  reason” which requires an 
EIR to include only those alternatives necessary to permit a reasoned choice. The discussion of  
alternatives need not be exhaustive. Furthermore, an EIR need not consider an alternative whose 
implementation is remote and speculative or whose ef fects cannot be reasonably ascertained. 

Alternatives that were considered but were rejected as infeasible during the scoping process should 
be identif ied along with a reasonably detailed discussion of  the reasons and facts supporting the 
conclusion that such alternatives were infeasible. 

Based on the alternatives analysis, an environmentally superior alternative is designated among the 
alternatives. If  the environmentally superior alternative is the No Project Alternative, then the EIR shall 
identify an environmentally superior alternative among the other alternatives (CEQA Guidelines 
§15126.6(e)(2)). 

7.2 Criteria for Alternatives Analysis 
As stated above, pursuant to CEQA, one of  the criteria for defining project alternatives is the potential 
to attain the project objectives. Established objectives of the project applicant for the proposed project 
include: 

• Construct, operate and maintain an ef f icient, economic, reliable, safe and environmentally 
sound solar-powered electricity generating facility.  

• Help meet California’s Renewable Portfolio Standard (RPS) requirements, which require that 
by 2030, California’s electric utilities are to obtain 50 percent of  the electricity they supply from 
renewable sources. 
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• Generate renewable solar-generated electricity f rom proven technology, at a competitive cost, 
with low environmental impact, and deliver it to the local markets as soon as possible. 

• Develop, construct, own and operate the Brawley Solar Energy Facility, and ultimately sell its 
electricity and all renewable and environmental attributes to an electric utility purchaser under 
a long-term contract to meet California’s RPS goals. 

• Utilize a location that is in close proximity to an existing switching station and powerlines. 

• Minimize and mitigate any potential impact to sensitive environmental resources within the 
project area.  

7.3 Alternatives Considered but Rejected 
7.3.1 Alternative Site 
Section 15126.6(f )(2) of  the CEQA Guidelines addresses alternative locations for a project. The key 
question and f irst step in the analysis is whether any of  the signif icant effects of the proposed project 
would be avoided or substantially lessened by constructing the proposed project in another location. 
Only locations that would avoid or substantially lessen any of the significant effects of the project need 
to be considered for inclusion in the EIR. Further, CEQA Guidelines Section 15126.6(f )(1) states that 
among the factors that may be taken into account when addressing the feasibility of  alternative 
locations are whether the project proponent can reasonably acquire, control or otherwise have access 
to the alternative site (or the site is already owned by the proponent). 

With respect to the proposed project, no signif icant, unmitigable impacts have been identif ied. With 
implementation of  proposed mitigation, all potentially signif icant environmental impacts will be 
mitigated to a level less than signif icant.  

The Applicant investigated the opportunity to develop the project site in the general project area and 
determined that the currently proposed project site is the most suitable for development of  the solar 
facility. An alternative site was considered and is depicted on Figure 7-1. As shown, this site is located 
south of  the project site on privately-owned agricultural lands, similar to the project site. The site, 
located on APNs 037-160-017, 037-160-018, and 037-160-019 totals approximately 282 acres of  land. 

However, this site was rejected f rom detailed analysis for the following reasons: 

• The alternative location site, as compared to the proposed project site, is located immediately 
north of  State Route 78, a major US State Highway traversed by large numbers of  transient 
public viewers. When compared to the proposed project, the alternative site would result in 
potentially signif icant impacts associated with aesthetics and visual quality. While the 
proposed project identif ied no signif icant impacts for aesthetics and visual quality, 
implementation of  the project at the alternative location site has the potential to permanently 
alter the existing visual character and visual quality of  the alternative site, which is 
characterized by agricultural lands and minor agricultural development under existing viewer 
locations f rom SR 78, looking north. As such, aesthetic impacts at the alternative location site, 
adjacent to SR 78, would be greater than those at the proposed project site, which is located 
adjacent to small, less-traveled, agricultural roads (N Best Road and Baughman Road), 
approximately 0.7 mile east of  the major thoroughfare, SR 111.  

Similarly, a glare hazard analysis prepared for the project (Appendix B of this EIR) concluded 
that sensitive viewers near the proposed project, including residences, a nearby golf  course, 

PC ORIGINAL PKG



7 Alternatives 
 Draft EIR | Brawley Solar Energy Facility Project 

 

Imperial County December 2021 | 7-3 

major roadways, and approach slopes associated with the Brawley Municipal Airport, would 
not experience glare ef fects f rom the project. Comparatively, due to the alternative site 
location’s close proximity immediately north of  SR 78, potential glare impacts resulting f rom 
the solar array would be potentially significant to viewers traveling on SR 78. 

• The alternative location site, as compared to the proposed project site, is bisected by the 
Shellenberger Drain. With the implementation of  mitigation, impacts on surface water quality 
as attributable to the proposed project, which has been designed to avoid bisecting any 
waterways, would be reduced to a less than signif icant level. However, construction activities 
at the alternative site location have the potential to impact hydrology and water quality (due to 
the presence of  the Shellenberger Drain) when compared to the proposed project site. 

• No signif icant, unmitigated impacts have been identif ied for the proposed project. Construction 
and operation of  the proposed project at this alternative location would likely result in similar 
impacts associated with the proposed project, or additional impacts (to hydrology and water 
quality) that are currently not identif ied for the project at the currently proposed location. 

As such, the County considers this alternative location infeasible and rejects further analysis of  this 
alternative because of  the factors listed above.   
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Figure 7-1. Alternative Site 
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7.4 Alternative 1: No Project/No Development Alternative 
The CEQA Guidelines require analysis of  the No Project Alternative (PRC Section 15126). According 
to Section 15126.6(e)(1), “the specif ic alternative of  ‘no project’ shall also be evaluated along with its 
impact.” Also, pursuant to Section 15126.6(e)(2); “The ‘no project’ analysis shall discuss the existing 
conditions at the time the notice of  preparation is published, … at the time environmental analysis is 
commenced, as well as what would be reasonably expected to occur in the foreseeable future if  the 
project were not approved, based on current plans and consistent with available inf rastructure and 
community services.” 

The No Project/No Development Alternative assumes that the project, as proposed, would not be 
implemented and the project site would not be further developed with a solar energy project. The No 
Project/No Development Alternative would not meet a majority of  the project objectives. 

7.4.1 Environmental Impact of Alternative 1: No Project/No Development 
Alternative 

Aesthetics  
Under the No Project/No Development Alternative, the project site would not be developed and would 
continue to be agricultural land. The No Project/No Development Alternative would not modify the 
existing project site or add construction to the project site; therefore, there would be no change to the 
existing condition of the site. Under this alternative, there would be no potential to create a new source 
of  light or glare associated with the PV arrays. As discussed in greater detail in Section 3.2, Aesthetics, 
the proposed project would result in a less than signif icant impact associated with introduction of new 
sources of  light and glare. Under the No Project Alternative, no new sources of  light, glare, or other 
aesthetic impacts would occur. Under this alternative, light, glare, and aesthetic impacts would be less 
compared to the project as the existing visual conditions would not change.  

Agricultural Resources 
Under the No Project/No Development Alternative, the project site would not be developed and would 
continue to be agricultural land. Compared to the proposed project, implementation of this alternative 
would avoid the conversion of  land designated as Prime Farmland (4.44 acres) and Farmland of  
Statewide Importance (204.95 acres) per the Farmland Mapping and Monitoring Program (FMMP). 
Therefore, this alternative would not contribute to the conversion of  agricultural lands or otherwise 
adversely af fect agricultural operations. Compared to the proposed project, this alternative would 
avoid the need for future restoration of the project site to pre-project conditions. This alternative would 
avoid any agricultural impacts associated with the proposed project. 

Air Quality 
Under the No Project/No Development Alternative, there would be no air emissions associated with 
project construction or operation, and no project- or cumulative-level air quality impact would occur. 
Therefore, no signif icant impacts to air quality or violation of  air quality standards would occur under 
this alternative. Moreover, this alternative would be consistent with existing air quality attainment plans 
and would not result in the creation of  objectionable odors. 

As discussed in Section 3.4, Air Quality, the proposed project would not exceed the ICAPCD’s 
signif icance thresholds for emissions of ROG, CO, NOx, and PM10 during both the construction and 
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operational phases of  the project. Although no signif icant air quality impacts would occur, all 
construction projects within Imperial County must comply with the requirements of  ICAPCD Regulation 
VIII for the control of  fugitive dust. In addition, the ICAPCD’s Air Quality Handbook lists additional 
feasible mitigation measures that may be warranted to control emissions of  fugitive dust and 
combustion exhaust. 

This alternative would result in less air quality emissions compared to the proposed project, the 
majority of  which would occur during construction.  

Biological Resources 
Under the No Project/No Development Alternative, existing biological resource conditions within the 
project site would largely remain unchanged and no impact would be identif ied. Unlike the proposed 
project which requires mitigation for biological resources including burrowing owl and other migratory 
birds, this alternative would not result in construction of  a solar facility that could otherwise result in 
signif icant impacts to these biological resources. Compared to the proposed project, this alternative 
would avoid impacts to biological resources. 

Cultural Resources 

The proposed project would involve ground-disturbing activities that have the potential to disturb 
previously undocumented cultural resources that could qualify as historical resources or unique 
archaeological resources pursuant to CEQA. Under the No Project/No Development Alternative, the 
project site would not be developed and no construction-related ground disturbance would occur. 
Therefore, compared to the proposed project, this alternative would avoid impacts to cultural 
resources.  

Geology and Soils 
Because there would be no development at the project site under the No Project/No Development 
Alternative, no grading or construction of new facilities would occur. Therefore, there would be no 
impact to project-related facilities as a result of  local seismic hazards (strong ground shaking), soil 
erosion, and paleontological resources. In contrast, the proposed project would require the 
incorporation of  mitigation measures related to potential seismic hazards, soil erosion, and 
paleontological resources to minimize impacts to a less than signif icant level. Compared to the 
proposed project, this alternative would avoid signif icant impacts related to local geology and soil 
conditions and paleontological resources. 

Greenhouse Gas Emissions 
Under the No Project/No Development Alternative, there would be no GHG emissions resulting f rom 
project construction or operation or corresponding impact to global climate change. The No Project/No 
Development Alternative would not help California meet its statutory and regulatory goal of increasing 
renewable power generation, including GHG reduction goals of  SB 32. While this alternative would 
not further implement policies (e.g., SB X1-2) for GHG reductions, this alternative would also not 
directly conf lict with any applicable plan, policy, or regulation adopted for the purpose of reducing the 
emissions of  GHGs. This alternative would not create any new GHG emissions during construction 
but would not lead to a long-term benef icial impact to global climate change by providing renewable 
clean energy. For the proposed project, a less than signif icant impact was identif ied for 
construction-related GHG emissions, and in the long-term, the project would result in an overall 
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benef icial impact to global climate change as the result of  creation of  clean renewable energy, that 
does not generate GHG emissions. Compared to the proposed project, while the No Project/No 
Development Alternative would not result in new GHG emissions during construction, it would be less 
benef icial to global climate change as compared to the proposed project. Further, the construction 
emissions (amortized over 30 years) associated with the project would be of f-set by the benef icial 
renewable energy provided by the project, negating any potential that the No Project/No Development 
alternative would reduce construction-related GHG emissions. 

Hazards and Hazardous Materials 

The No Project/No Development Alternative would not include any new construction. Therefore, no 
potential exposure to hazardous materials would occur. Therefore, no impact is identif ied for this 
alternative for hazards and hazardous materials. As with the proposed project, this alternative would 
not result in safety hazards associated with airport operations. Compared to the proposed project, this 
alternative would have less of  an impact related to hazards and hazardous materials. 

Hydrology/Water Quality 
The No Project/No Development Alternative would not result in modif ications to the existing drainage 
patterns or volume of  storm water runof f  as attributable to the proposed project, as the existing site 
conditions and on-site pervious surfaces would remain unchanged. In addition, no changes with regard 
to water quality would occur under this alternative. Compared to the proposed project, f rom a drainage 
perspective, this alternative would avoid changes to existing hydrology. Like the proposed project, this 
alternative would not result in the placement of  structures within a 100-year f lood zone. Under this 
alternative, there would be no water demand. This alternative would have less of  an impact associated 
with hydrology/water quality as compared to the proposed project. 

Land Use/Planning 
As discussed in Section 3.11, Land Use/Planning, the proposed project would not physically divide an 
established community or conflict with applicable plans, policies, or regulations.  

Under the No Project/No Development Alternative, the project site would not be developed and 
continue to be agricultural land. Current land uses would remain the same. No General Plan 
Amendment, Zone Change, or CUP would be required under this alternative. No existing community 
would be divided, and no inconsistencies with planning policies would occur. Because no signif icant 
Land Use and Planning impact has been identif ied associated with the proposed project, this 
alternative would not avoid or reduce a signif icant impact related to this issue and therefore, it is 
considered similar to the proposed project. 

Public Services 
The No Project/No Development Alternative would not increase the need for public services which 
would otherwise be required for the proposed project (additional police or f ire protection services). 
Therefore, no impact to public services is identified for this alternative. The proposed project will result 
in less than signif icant impacts; subject to payment of  law enforcement and f ire service fees. 
Compared to the proposed project, this alternative would have fewer impacts related to public services 
as no new development would occur on the project site. 
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Transportation 
There would be no new development under the No Project/No Development Alternative. Therefore,  
this alternative would not generate vehicular trips during construction or operation. For these reasons, 
no impact would occur and this alternative would not impact any applicable plan, ordinance, or policy 
addressing the performance of  the circulation system, substantially increase hazards because of  a 
design feature, result in inadequate emergency access, or conf lict with public transit, bicycle, or 
pedestrian facilities. Although the proposed project would result in less than signif icant 
transportation/traf fic impacts, this alternative would avoid an increase in vehicle trips on local 
roadways, and any safety related hazards that could occur in conjunction with the increase vehicle 
trips and truck traf f ic, primarily associated with the construction phase of  the project. 

Tribal Cultural Resources 

As discussed in Section 3.6, Cultural Resources, no tribes have responded that indicate the potential 
for traditional cultural properties or sacred sites on the project site. Therefore, the project is not 
anticipated to cause a substantial adverse change in the signif icance of  a tribal cultural resource. 
Impacts to tribal cultural resources under the No Project/No Development Alternative are similar to the 
proposed project. 

Utilities and Service Systems 

The No Project/No Development Alternative would not require the expansion or extension of  existing 
utilities, since there would be no new project facilities that would require utility service. No solid waste 
would be generated under this alternative. The proposed project would not result in any signif icant 
impacts to existing utilities or solid waste facilities. Compared to the proposed project, this alternative 
would have less of  an impact related to utilities and solid waste facilities. 

Conclusion 
Implementation of  the No Project/No Development Alternative would generally result in reduced 
impacts for a majority of  the environmental issues areas considered in Chapter 3, Environmental 
Analysis when compared to the proposed project. A majority of these reductions are realized in terms 
of  signif icant impacts that are identif ied as a result of  project construction. However, this alternative 
would not realize the benef its of  reduced GHG emissions associated with energy use, which are 
desirable benef its that are directly attributable to the proposed project. 

Comparison of the No Project/No Development Alternative to Project Objectives 
The No Project/No Development Alternative would not meet a majority of the objectives of the project. 
Additionally, the No Project/No Development Alternative would not help California meet its statutory 
and regulatory goal of  increasing renewable power generation, including GHG reduction goals of  SB 
32.  

7.5 Alternative 2: Development within Renewable Energy 
Overlay Zone – Agricultural Lands 

In certain cases, an evaluation of  an alternative location in an EIR is necessary. Section 
15126.6(f )(2)(A) of  the CEQA Guidelines states, “Key question. The key question and f irst step in 
analysis is whether any of  the signif icant ef fects of  the project would be avoided or substantially 
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lessened by putting the project in another location. Only locations that would avoid or substantially 
lessen any of  the signif icant effects of the project need be considered for inclusion in the EIR.” 

Given that the proposed project is not located within the County’s RE Overlay Zone, the purpose of  
this alternative is to develop a project alternative within the existing boundary of  County’s RE Overlay 
Zone. The RE Overlay Zone is concentrated in areas determined to be the most suitable for the 
development of  renewable energy facilities while minimizing the impact on other established areas.  

As shown on Figure 7-2, the Alternative 2 project site is located entirely within the RE Overlay Zone. 
Alternative 2 would involve the construction and operation of  a 40 MW solar energy facility and 
associated inf rastructure on an approximately 231-acre parcel (APN 026-030-008) located 
approximately 11 miles northeast of  Brawley in unincorporated Imperial County. The Alternative 2 
project site is designated as Agriculture under the County’s General Plan and zoned S-2-RE and A-3-
RE (Open Space/Preservation and Heavy Agriculture, both within the RE Overlay Zone).  

Similar to the proposed project, Alternative 2 would require approval of  a CUP to allow for the 
construction and operation of  a solar project. However, compared to the proposed project, the 
Alternative 2 project site is located within the RE Overlay Zone and, as such, would not require a 
General Plan Amendment or Zone Change to include/classify the project site into the RE Overlay 
Zone. Additionally, while the proposed project (A-2-G Zone) would not require a Variance, the S-2-RE 
Zone associated with the Alternative 2 site allows a maximum height limit of  40 feet for non-residential 
structures and 100 feet for communication towers. As such, a Variance would be required under this 
alternative because the proposed height of  the transmission towers (66 feet) and microwave tower 
(maximum of  100 feet) would exceed 40 feet. This alternative’s gen-tie line could potentially 
interconnect to IID’s existing Midway Substation located approximately 4.75 miles northwest of  the 
solar facility. Consultation and coordination with IID would be required to determine if  the Midway 
Substation has existing capacity or would require upgrades for this alternative’s interconnection.  
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Figure 7-2. Alternative 2: Development within Renewable Energy Overlay Zone – 
Agricultural Lands 
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7.5.1 Environmental Impact of Alternative 2: Development within 
Renewable Energy Overlay Zone – Agricultural Lands 

Aesthetics  
Compared to the proposed project site, the Alternative 2 project site is comprised of both agricultural 
and open space lands. Similar to the proposed project, Alternative 2 would alter the existing visual 
character of  the project site by changing the existing land use at the project site f rom undeveloped 
open space and/or agricultural to a solar facility. However, the Alternative 2 project site is located 
approximately 11 miles northeast of  Brawley in a relatively remote location. As such, potential impacts 
to aesthetics would be reduced under Alternative 2 when compared to the proposed project due to the 
lack of  public viewer locations. 

Agricultural Resources 
The Alternative 2 site is designated Farmland of  Statewide Importance by the FMMP. Compared to 
the proposed project, Alternative 2 does not contain Prime Farmland and would avoid the impact to 
approximately 4.44 acres of  Prime Farmland. However, this alternative would still result in the 
temporary conversion of  Farmland of  Statewide Importance (approximately 231 acres). Therefore, 
mitigation would still be required for this alternative to reduce signif icant farmland impacts to a less 
than signif icant level. Compared to the proposed project, development of  the Alternative 2 site would 
have less impacts on agricultural resources because it would avoid the temporary conversion of  Prime 
Farmland to non-agricultural uses.  

Air Quality 
Similar to the proposed project, a 40 MW solar energy facility would be constructed on approximately 
231 acres of  land. Based on this consideration, this alternative would generate air emissions similar 
to the proposed project. As discussed in Section 3.4, Air Quality, the proposed project would not 
exceed the ICAPCD’s signif icance thresholds for ROG, CO, NOx, and PM10 during construction and 
operation. Although no signif icant air quality impacts would occur, all construction projects within 
Imperial County must comply with the requirements of  ICAPCD Regulation VIII for the control of  
fugitive dust. In addition, the ICAPCD’s Air Quality Handbook lists additional feasible mitigation 
measures that may be warranted to control emissions of  fugitive dust and combustion exhaust. This 
alternative would result in similar air quality emissions as the proposed project. Similar to the proposed 
project, this alternative would result in temporary odor emissions f rom construction equipment.  

Biological Resources 
Similar to the proposed project, the Alternative 2 site is located on agricultural f ields, which provide 
habitat for burrowing owl. Irrigation canals and drains are commonly used as burrowing nesting sites 
in the Imperial Valley. This alternative would also require the construction of  supporting infrastructure 
that has the potential to result in biological impacts. Compared to the proposed project, this alternative 
would result in similar biology impacts. 

Cultural Resources 
This alternative would require the construction of  supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in cultural 
resources impacts. Compared to the proposed project, which is located on active agricultural land that 
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has been previously disturbed, the Alternative 2 site is predominantly located on open space land. As 
such, although this alternative would attempt to avoid cultural resources to the extent feasible, 
depending on the route of  the proposed gen-tie line, Alternative 2 could result in greater impacts to 
previously undiscovered cultural resources.  

Geology and Soils 

Grading and construction of new facilities, such as the solar facility and gen-tie line, would still occur 
under this alternative. Similar to the proposed project, Alternative 2 would result in potentially 
signif icant impacts related to strong ground shaking, soil erosion, and paleontological resources and 
would require the incorporation of  mitigation measures to minimize these impacts to a less than 
signif icant level. This alternative would result in similar geology and soil and paleontological resources 
impacts as the proposed project. 

Greenhouse Gas Emissions 
This alternative would result in the same power production capacity as the proposed project; hence, 
the overall benef its of  the project to global climate change through the creation of  renewable energy 
would be the same. Alternative 2 would not conf lict with any applicable plan, policy, or regulation 
adopted for the purpose of  reducing the emissions of  greenhouse gases. This alternative would 
contribute similar and desirable benef its to reductions in global climate change through the production 
of  renewable energy.  

Hazards and Hazardous Materials 
Depending on the specif ic locations and conditions of the Alternative 2 project site that would need to 
be developed, certain hazards and hazardous materials may be encountered. The Alternative 2 project 
site may need to be remediated before implementation of  the alternative. Overall, the degree of  impact 
associated with hazards and hazardous materials would likely be similar to the proposed project. 

Hydrology/Water Quality 
With implementation of  the proposed mitigation measures, potential hydrology/water quality impacts 
under the proposed project would be less than signif icant. Comparatively, the Alternative 2 site is 
bisected by the Mammoth Wash and the gen-tie alignment is longer, and, as such, construction 
activities have the potential to impact hydrology and water quality to a greater extent than would occur 
under the proposed project. Similar to the proposed project, no impacts would result from flooding and 
facilities will not be placed within f loodplains.  

Land Use/Planning 

The Alternative 2 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. Similar 
to the proposed project, Alternative 2 will require approval of  a CUP to allow for the construction and 
operation of  a solar project. Additionally, while the proposed project (A-2-G Zone) would not require a 
Variance, the S-2-RE Zone associated with the Alternative 2 site allows a maximum height limit of  40 
feet for non-residential structures and 100 feet for communication towers. As such, a Variance would 
be required under this alternative because the proposed height of  the transmission towers (70 feet) 
and microwave tower (maximum of  100 feet) would exceed 40 feet. With approval of  the CUP and 
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Variance, the alternative would not conf lict with the County’s zoning ordinance. Therefore, land use 
and planning impacts are anticipated to be similar to the proposed project.  

Public Services 
Alternative 2 would require increased public services, specifically law enforcement and f ire protection 
services. While the solar facility footprint would be slightly smaller (reduced by approximately 4 acres), 
the impacts of  this alternative to public services and associated service ratios would be similar. Like 
the proposed project, this alternative would be conditioned to provide law enforcement and f ire service 
development impact fees. Therefore, this alternative would result in a similar impact related to public 
services as the proposed project. 

Transportation 
This alternative would result in a similar level of  construction and operation-related vehicle and truck 
trips as compared to the proposed project. However, the increase in vehicular traf f ic was identified as 
a less than signif icant impact for the proposed project. In this context, Alternative 2 would not reduce 
or avoid an impact related to transportation/traf fic, and would result in less than signif icant impacts 
similar to the proposed project. As with the proposed project, Alternative 2 would not impact any 
applicable plan, ordinance, or policy addressing the performance of  the circulation system, 
substantially increase hazards because of  a design feature, result in inadequate emergency access, 
or conf lict with public transit, bicycle, or pedestrian facilities. This alternative would result in a similar 
impact related to transportation as the proposed project. 

Tribal Cultural Resources 
This alternative would require the construction of  supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in tribal 
cultural resources impacts. Although this alternative would attempt to avoid impacts on tribal cultural 
resources to the extent feasible, depending on the route of  the proposed gen-tie line, Alternative 2 
could result in greater impacts to tribal cultural resources.  

Utilities and Service Systems 
During construction of  this alternative, impacts would be similar to the proposed project in terms of  
water demand (for dust control) and solid waste generation. Similar to the proposed project, Alternative 
2 would require similar levels of  water demand and energy for the operation of  the solar facility. As 
with the proposed project, panel washing and other maintenance would be required. This alternative 
would have similar water demands and associated impacts related to utilities and service systems.  

Conclusion 
As shown on Table 7-1, this alternative would result in reduced aesthetics and agricultural resources 
impacts compared to the proposed project. This alternative would result in greater impacts for the 
following environmental issue areas as compared to the proposed project: cultural resources, 
hydrology and water quality, and tribal cultural resources.  
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Comparison of Alternative 2: Development within Renewable Energy Overlay Zone – 
Agricultural Lands to Project Objectives 
Alternative 2 would meet most of  the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: cultural resources,  hydrology and water quality, 
and tribal cultural resources. Further, the project applicant does not own, or otherwise control this 
property. 

7.6 Alternative 3: Development within Renewable Energy 
Overlay Zone – Desert Lands 

The purpose of  this alternative is to develop the proposed project within the existing boundary of  the 
County’s RE Overlay Zone. As shown on Figure 7-3, the Alternative 3 project site is located entirely 
within the RE Overlay Zone. Alternative 3 would involve the construction and operation of  a solar 
energy facility and associated inf rastructure on f ive parcels totaling approximately 288 acres (APN 
021-190-003; 021-380-004; 021-380-005; 021-380-012; and 021-380-013) located approximately 0.5 
mile south of  Slab City. This alternative is 61 acres larger than the proposed project site. Therefore, 
more solar panels could be installed on this site compared to the proposed project.  The 
Alternative 3 project site is located on undeveloped desert land. Existing transmission lines traverse 
the southwest corner of  the project site.  

The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. The 
Alternative 3 project site is designated as Recreation under the County’s General Plan and zoned 
General Agricultural with a renewable energy overlay (A-2-RE).  

Similar to the proposed project, Alternative 3 will require approval of  a CUP to allow for the construction 
and operation of  a solar project. Compared to the proposed project, the Alternative 3 project site is 
located within the RE Overlay Zone and would not require a General Plan Amendment or Zone 
Change to include/classify the project site into the RE Overlay Zone. Similar to the proposed project 
site, the A-2-RE zone allows a maximum height limit of  120 feet for non-residential structures. No 
Variance would be required under this alternative because the proposed height of  the transmission 
towers (66 feet) would not exceed 120 feet. This alternative’s gen-tie line could potentially interconnect 
to IID’s existing Midway Substation located approximately 4 miles southeast of  the solar facility. 
Consultation and coordination with IID would be required to determine if  the Midway Substation has 
existing capacity or would require upgrades for this alternative’s interconnection.   
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Figure 7-3. Alternative 3: Development within Renewable Energy Overlay Zone – Desert 
Lands 
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7.6.1 Environmental Impact of Alternative 3: Development within 
Renewable Energy Overlay Zone – Desert Lands 

Aesthetics  
While the proposed project site is located on active agricultural land, the Alternative 3 project site is 
located on undeveloped desert land. However, the Alternative 3 project site is located in closer 
proximity (approximately 0.5 mile) to Slab City and Salvation Mountain. Slab City is a former military 
facility that now serves as the site of  an informal community for artists, travelers, and winter-time RV 
campers. Salvation Mountain is an outdoor art project at the western entrance to Slab City. Both attract 
tourists and sight-seers. Therefore, the project components would be readily visible to more people 
under Alternative 3 when compared to the proposed project. Compared to the proposed project, this 
alternative could result in greater aesthetics impacts.  

Agricultural Resources 

The Alternative 3 site is designated Other Land by the FMMP. Compared to the proposed project, 
implementation of  this alternative would avoid the conversion of  land designated as Prime Farmland 
(4.44 acres) and Farmland of  Statewide Importance (204.95 acres). Therefore, this alternative would 
not contribute to the conversion of  agricultural lands or otherwise adversely af fect agricultural 
operations. This alternative would avoid any agricultural impacts associated with the proposed project. 

Air Quality 

This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  Based on this consideration, this alternative 
would generate slightly increased air emissions compared to the proposed project. This alternative 
would result in greater air quality emissions compared to the proposed project.  

Biological Resources 
As discussed in Section 3.5, project implementation has the potential to impact special-status species, 
including burrowing owl. Compared to the proposed project, which is located within an active 
agricultural area, the Alternative 3 site is located on relatively undisturbed desert lands. The overall 
number of  burrowing owl locations potentially impacted would be less because their potential to occur 
on the Alternative 3 site is lower than the proposed project site. Compared to the proposed project, 
development of  this site would have less impacts on burrowing owl. However, this alternative has the 
potential to impact other sensitive plant and animal species associated with a relatively undisturbed 
desert setting. 

The Alternative 3 site also contains desert washes and multiple braided channels. These features 
could be considered potentially jurisdictional waters. While the proposed project has been designed 
to avoid jurisdictional waters, Alternative 3 would require consultation with USACE and CDFW to avoid 
or minimize impacts upon federally and state jurisdictional drainage features. This alternative would 
result in greater impacts related to potential jurisdictional waters when compared to the proposed 
project. 

Cultural Resources 
This alternative would require the construction of  supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in cultural 
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resources impacts. While Alternative 3 may avoid the specif ic impacts on the proposed project site, 
this alternative would also require the construction of  supporting inf rastructure that has the potential 
to result in cultural resources impacts. Compared to the proposed project, although Alternative 3 would 
attempt to avoid cultural resources to the extent feasible, depending on the route of  the proposed 
gen-tie line, this alternative could result in greater impacts on cultural resources because, while the 
proposed project site is located on active agricultural land, Alternative 3 is located on relatively 
undisturbed desert lands.  

Geology and Soils 

Grading and construction of new facilities, such as the solar facility and gen-tie line, would still occur 
under this alternative. Similar to the proposed project, this alternative would result in potentially 
signif icant impacts related to strong ground shaking, soil erosion, and paleontological resources and 
would require the incorporation of  mitigation measures to minimize these impacts to a less than 
signif icant level. This alternative would result in similar geology and soil and paleontological resources 
impacts as the proposed project.  

Greenhouse Gas Emissions 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  This alternative would result in a slightly 
higher power production capacity compared to the proposed project; hence, the overall benef its of the 
project to global climate change through the creation of  renewable energy would be slightly greater. 
This alternative would not conf lict with any applicable plan, policy, or regulation adopted for the 
purpose of  reducing the emissions of  greenhouse gases. Similar to the proposed project, this 
alternative would contribute desirable benef its to reductions in global climate change through the 
production of renewable energy.  

Hazards and Hazardous Materials 
Depending on the specif ic locations and conditions of the Alternative 3 project site that would need to 
be developed, certain hazards and hazardous materials may be encountered. The Alternative 3 project 
site may need to be remediated before implementation of  the alternative. Overall, the degree of  impact 
associated with hazards and hazardous materials would likely be similar to the proposed project. 

Hydrology/Water Quality 
A portion of  the Alternative 3 site (Map Number 06025C0450C) contains an area mapped as Zone A. 
Alternative 3 could place structures (i.e., PV arrays, substation, or transmission towers) within a 
100-year f lood zone and result in the redirection of  f lood f lows on the project site. The Alternative 3 
site also contains desert washes and multiple braided channels. Implementation of  this alternative 
could potentially result in the modif ication of the existing drainage patterns and the volume of  storm 
water runof f  on the project site. Compared to the proposed project, this alternative would result in 
greater impacts related to hydrology/water quality.  

Land Use/Planning 

The Alternative 3 project site is located within the RE Overlay Zone and would not require a General 
Plan Amendment or Zone Change to include/classify the project site into the RE Overlay Zone. Similar 
to the proposed project, Alternative 3 will require approval of  a CUP to allow for the construction and 
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operation of  a solar project. Similar to the proposed project, no Variance would be required under this 
alternative because the proposed height of  the transmission towers (66 feet) would not exceed the 
120 feet height limit of  non-residential structures in the A-2-RE Zone. With approval of  the CUP, the 
alternative would not conf lict with the County’s zoning ordinance. Therefore, land use and planning 
impacts are anticipated to be similar to the proposed project.  

Public Services 
Alternative 3 would require increased public services, specifically law enforcement and f ire protection 
services. While the overall project footprint would be bigger (increased by approximately 61 acres), 
the impacts of  this alternative to public services and associated service ratios would be similar. Like 
the proposed project, this alternative would be conditioned to provide law enforcement and f ire service 
development impact fees. Therefore, this alternative would result in a similar impact related to public 
services as the proposed project. 

Transportation 
This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project.  This alternative would result in a slightly 
increased level of  construction and operation-related vehicle and truck trips as compared to the 
proposed project. However, the increase in vehicular traf f ic was identif ied as a less than signif icant 
impact for the proposed project. In this context, Alternative 3 would not reduce or avoid an impact 
related to transportation/traf fic, and would result in less than signif icant impacts similar to the proposed 
project. As with the proposed project, this alternative would not impact any applicable plan, ordinance, 
or policy addressing the performance of  the circulation system, substantially increase hazards 
because of  a design feature, result in inadequate emergency access, or conf lict with public transit, 
bicycle, or pedestrian facilities. This alternative would result in a similar impact related to 
transportation/traf fic as the proposed project. 

Tribal Cultural Resources 

This alternative would require the construction of  supporting infrastructure (i.e., transmission towers, 
substation) that would require ground disturbance and therefore, has the potential to result in tribal 
cultural resources impacts. Although this alternative would attempt to avoid impacts on tribal cultural 
resources to the extent feasible, depending on the route of  the proposed gen-tie line, Alternative 3 
could result in greater impacts to tribal cultural resources.  

Utilities and Service Systems 

This alternative is 61 acres larger than the proposed project site. Therefore, more solar panels could 
be installed on this site compared to the proposed project. Construction and operation of  this 
alternative would result in slightly increased water demand (for dust control) and solid waste 
generation.  Compared to the proposed project, this alternative would have greater water demands 
and associated impacts related to utilities and service systems.  

Conclusion 

As shown on Table 7-1, this alternative would avoid impacts on agricultural resources compared to 
the proposed project. This alternative would result in greater impacts for the following environmental 
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issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems.  

Comparison of Alternative 3: Development within Renewable Energy Overlay Zone – 
Desert Land to Project Objectives 
Alternative 3 would meet most of  the basic objectives of the proposed project and should remain under 
consideration. However, this alternative would result in greater impacts for the following environmental 
issue areas as compared to the proposed project: aesthetics, air quality, biological resources, cultural 
resources, hydrology/water quality, tribal cultural resources, and utilities and service systems. Further, 
the project applicant does not own, or otherwise control this property.  

7.7 Alternative 4: Distributed Commercial and Industrial 
Rooftop Solar Only Alternative 

This alternative would involve the development of  a number of  geographically distributed small to 
medium solar PV systems (100 kilowatts to 1 MW) within existing developed areas, typically on the 
roof tops of commercial and industrial facilities throughout Imperial County. Under this alternative, no 
new land would be developed or altered. Depending on the type of  solar modules installed and the 
type of  tracking equipment used, a similar or greater amount of  acreage (i.e., greater than 200 acres 
of  total rooftop area) may be required to attain the proposed project’s capacity of 40 MW of  solar PV 
generating capacity. This alternative would involve placement of  PV structures, transmission lines, 
and development of  additional supporting facilities, such as switching stations and substations at 
various locations throughout the County. This alternative assumes that roof top development would 
occur primarily on commercial and industrial structures due to the greater availability of  large, relatively 
f lat roof  areas necessary for ef ficient solar installations.  

This alternative would require hundreds of  installation locations across Imperial County, many of  which 
would require approval of  discretionary actions, such as design review, CUPs, or zone variances 
depending on local jurisdictional requirements. Similar to the proposed project, this alternative would 
be designed to operate year-round using PV panels to convert solar energy directly to electrical power. 
This alternative would involve the construction of  transmission lines and development of  additional 
supporting facilities, such as switching stations and substations at various locations throughout the 
County to distribute the energy.  

Roof top PV systems exist in small areas throughout California. Larger distributed solar PV installations 
are becoming more common. An example of  a distributed PV system is 1 MW of  distributed solar 
energy installed by Southern California Edison on a 458,000 square-foot industrial building in Chino, 
California.1  

Similar to utility-scale PV systems, the acreage of  rooftops or other inf rastructure required per MW of  
electricity produced is wide ranging, which is largely due to site-specif ic conditions (e.g., solar 
insolation levels, intervening landscape or topography, PV panel technology, etc.). Based on SCE’s 
use of  458,000-square feet for 1 MW of  energy, approximately 18,320,000 square feet (approximately 
420 acres) would be required to produce 40 MW.  

 
1 

http://newsroom.edison.com/releases/california-regulators-approve-southern-california-edison-proposal-to-create-n
ations-largest-solar-panel-installation-program 
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7.7.1 Environmental Impact of Alternative 4: Distributed Commercial and 
Industrial Rooftop Solar Only Alternative 

Aesthetics  
This alternative would reduce the overall size of  the solar energy f ield located in one place. However, 
this alternative would involve placement of  PV structures, transmission lines, and development of  
additional supporting facilities, such as switching stations and substations at various locations 
throughout the County. There could be significant aesthetic impacts in certain areas depending on the 
locations of  these facilities. Transmission lines would need to be constructed to serve the PV 
generation sites, all of  which would be placed in closer proximity to urban areas, and all of  which would 
be more readily visible to more people as compared to the proposed project. Compared to the 
proposed project, this alternative could result in greater aesthetics impacts. 

Agricultural Resources 

Compared to the proposed project, this alternative would not include the conversion of  Prime Farmland 
or Farmland of  Statewide Importance for the solar generation facility. Therefore, this alternative would 
avoid the proposed project’s impact to agricultural lands. Compared to the proposed project, this 
alternative would avoid the signif icant impacts associated with the agricultural issues. 

Air Quality 
Under this alternative, air emissions due to project construction could be less than the proposed 
project on a localized level; however, PV facilities and supporting infrastructure would still need to be 
constructed to support this alternative, which, like the proposed project, would involve short-term 
construction emissions. These emissions would likely be spread-out geographically throughout the 
basin, and would occur over a longer period of  time, as this alternative would involve a longer overall 
timeframe for implementation. Furthermore, the construction ef f iciencies that can be obtained by 
mobilizing equipment and crews in one general location over a shorter timeframe would not be 
realized. By the nature of  the alternative, in that solar panels would be constructed on habitable 
structures throughout the County, this alternative has the potential to expose more people to more 
localized construction-related emissions. Compared to the proposed project, this alternative would 
develop less renewable energy megawatt generation in the near-future, thereby reducing its ability to 
provide a long-term source of  renewable energy and meeting renewable energy goals, and air quality 
impacts could be greater than those of  the project under this alternative. 

Biological Resources 
Under this alternative, potential direct and indirect impacts to burrowing owl would be avoided as 
compared to the proposed project. However, this alternative would also require the construction of  
supporting inf rastructure that has the potential to result in biological impacts. While this alternative 
may avoid the specif ic impacts associated with the proposed project, it could also result in greater 
biological impacts in other areas of  the County where supporting inf rastructure is required to support 
Distributed Energy facilities.  

Cultural Resources 

This alternative would require the construction of inf rastructure that has the potential to result in cultural 
resources impacts. If  roof top solar panels were proposed on historic buildings, this alternative could 
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af fect the historic character and integrity of  the buildings. Implementation of  this alternative would 
require historic surveys and investigations to evaluate the eligibility of  potentially historic structures 
that are over 50 years old, and either avoidance of  such buildings, or incorporation of design measures 
to minimize impacts on historic integrity of  historically-significant structures. Compared to the proposed 
project, this alternative could result in greater impacts related to cultural resources. 

Geology and Soils 
This alternative would involve placement of  PV structures, transmission lines, and development of  
additional supporting facilities, such as switching stations and substations at various locations 
throughout the County. This alternative assumes that roof top development would occur primarily on 
commercial and industrial structures due to the greater availability of  large, relatively f lat roof  areas 
necessary for ef f icient solar installations. However, this alternative would still require grading and 
construction of  new facilities such as transmission lines, PV structures, and supporting facilities (i.e., 
switching stations and substations) at various locations throughout the County. This alternative would 
likely result in similar impacts related to strong ground shaking, soil erosion, and paleontological 
resources as the proposed project. This alternative would also be subject to similar mitigation 
measures as the proposed project to minimize impacts to a less than signif icant level. This alternative 
would result in similar geological and soil impacts. 

Greenhouse Gas Emissions 
Under this alternative, the project footprint would be reduced; however, in order to achieve the same 
megawatt capacity as the proposed project, this alternative would also involve a surface area similar 
in size to the project site. Therefore, while this alternative could reduce or eliminate GHG emissions 
during project construction at the project site, an equivalent level of  GHG emissions is likely to occur, 
as a result of  constructing solar panels and supporting inf rastructure throughout the County. 
Furthermore, as a consequence of  the reduced PV footprint associated with the utility-scale solar farm, 
this alternative would result in a reduced power production capacity as compared to the proposed 
project; hence, the overall benef its of  the project to global climate change through the creation of  
renewable energy would also be reduced. As with the proposed project, this alternative would not 
conf lict with any applicable plan, policy, or regulation for the purpose of  reducing the emissions of  
greenhouse gases. Compared to the proposed project, although this alternative would result in 
reduced construction emissions at the project site, overall, a similar level of  emissions would be 
expected. 

Hazards and Hazardous Materials 
Hazards and hazardous materials-related impacts, including the potential for accidental discovery of 
undocumented hazardous materials during construction would be avoided. However, there are other 
hazards that could result f rom implementation of  this alternative, depending on the specif ic locations 
and conditions of  the various sites that would need to be developed. For example, electrical 
inf rastructure would be placed on top of , or in closer proximity to habitable structures, such as office 
buildings. Electrical transmission systems would still be required in order to connect the various 
distributed energy systems to the electrical grid; therefore, there would be additional poles and other 
structures that could interfere with aviation, depending on their locations. Certain sites needed in order 
to implement this alternative may also contain hazardous materials that would need to be remediated 
before implementation of  the alternative. Overall, the degree of  impact associated with hazards and 
hazardous materials would likely be similar to the proposed project.  
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Hydrology/Water Quality 
This alternative would likely avoid any impacts associated with modifications to the existing drainage 
patterns and the volume of  storm water runof f , as this alternative would introduce less impervious 
surface areas (this alternative would involve construction of  PV facilities on existing structures and 
within existing developed areas). Compared to the proposed project, this alternative would result in 
fewer impacts related to hydrology/water quality. 

Land Use/Planning 
Similar to the proposed project, this alternative would not divide an established community and would 
involve multiple planning approvals (e.g., variances, CUPs, rezones) in order to accommodate the 
solar generating uses within other zones of  the County that currently do not allow such uses. With 
approval of  planning approvals, land use and planning impacts resulting from this alternative would be 
similar to the proposed project.  

Public Services 
This alternative would require increased public services, specif ically law enforcement and f ire 
protection services. It is anticipated that public services and associated service ratios would, at a 
minimum, be similar to the proposed project as the facilities would require f ire and law enforcement 
protection, and this alternative could result in a greater impact as the facilities would be distributed 
over a much larger geographical area. Similar to the proposed project, this alternative would be 
conditioned to provide law enforcement and f ire service fees. This alternative would result in a similar 
impact related to public services. 

Transportation 
This alternative would not reduce or avoid an impact to transportation/traffic and would result in less 
than signif icant impacts similar to the proposed project. As with the proposed project, this alternative 
would not impact any applicable plan, ordinance, or policy addressing the performance of  the 
circulation system, substantially increase hazards due to a design feature, result in inadequate 
emergency access, or conf lict with public transit, bicycle, or pedestrian facilities. This alternative would 
result in a similar impact related to transportation/traffic as the proposed project. 

Tribal Cultural Resources 
This alternative would require the construction of  supporting inf rastructure that would require ground 
disturbance and therefore, has the potential to result in tribal cultural resources impacts. Although this 
alternative would attempt to avoid impacts on tribal cultural resources to the extent feasible, depending 
on the location of  supporting infrastructure, Alternative 4 could result in greater impacts to tribal cultural 
resources.  

Utilities and Service Systems 
As with the proposed project, this alternative would require water service and energy for the operation 
of  the project. This alternative would involve the construction of transmission lines and development 
of  additional supporting facilities, such as switching stations and substations at various locations 
throughout the County to distribute the energy. Compared to the proposed project, this alternative 
could require the relocation or construction of  new or expanded supporting energy inf rastructure 
throughout the County. Compared to the proposed project, impacts associated with utilities and service 
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systems resulting f rom this alternative could be potentially greater than those identif ied for the 
proposed project. 

Conclusion 
As shown on Table 7-1, implementation of  Alternative 4: Distributed Commercial and Industrial 
Roof top Solar Only Alternative would avoid impacts on agricultural resources compared to the 
proposed project. It would result in reduced impacts for the following environmental issue areas as 
compared to the proposed project: hydrology/water quality. Overall, this alternative would result in 
greater impacts related to aesthetics, air quality, biological resources, cultural resources, tribal cultural 
resources, and utilities and service systems.  

Comparison of Alternative 4: Distributed Commercial and Industrial Rooftop Solar Only 
Alternative 

Alternative 4: Distributed Commercial and Industrial Roof top Solar Only Alternative would meet most 
of  the basic objectives of  the proposed project. However, this alternative would result in greater 
impacts for the following environmental issue areas as compared to the proposed project: aesthetics, 
air quality, biological resources, cultural resources, and utilities and service systems. Furthermore, this 
alternative would have a number of  drawbacks, including, but not limited to the following: 

• Dif f iculties with respect to buildout of  the system within a timeframe that would be similar to 
that of  the proposed project; 

• Given the distributed nature of  such a network of  facilities, management and maintenance 
would not be as ef f icient, and total capital costs would likely be higher; 

• The requirement to negotiate with a large number of  individual property owners to permit 
placement of  solar panels on roof tops; 

• The dif f iculty of ensuring proper maintenance of  a large number of  smaller solar installations; 
and 

• The lack of  an ef fective electricity distribution system for large numbers of  small electricity 
producers.  

7.8 Environmentally Superior Alternative 
Table 7-1 provides a qualitative comparison of  the impacts for each alternative compared to the 
proposed project. As noted on Table 7-1, the No Project/No Development Alternative would be 
considered the environmentally superior alternative, since it would eliminate all of  the signif icant 
impacts identif ied for the project. However, CEQA Guidelines Section 15126.6(e)(2) states that “if  the 
environmentally superior alternative is the No Project Alternative, the EIR shall also identify an 
environmentally superior alternative among the other alternatives.” As shown on Table 7-1, Alternative 
2 would be the environmental superior alternative because it would reduce impacts for the following 
environmental issue areas as compared to the proposed project: aesthetics and agricultural resources. 
Alternative 2 would meet most of  the basic objectives of  the proposed project. However, the project 
applicant does not own, or otherwise control this property. 
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Aesthetics  Less than 
Significant 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Agricultural 
Resources 

Less than 
Significant with 
Mitigation 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

CEQA Significance:  

No Impact 

Comparison to Proposed 
Project: 

Avoid 

Air Quality Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Biological 
Resources 

Less than 
Significant with 
Mitigation  

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Cultural Resources Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

Geology and Soils Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Similar Impact 

GHG Emissions Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Hazards and 
Hazardous 
Materials 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Hydrology/ Water 
Quality 

Less than 
Significant with 
Mitigation 

CEQA Significance: 

No Impact 
 

Comparison to Proposed 
Project: 

Less Impact (Avoid) 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 
 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant with 
Mitigation 

Comparison to Proposed 
Project: 

Less Impact 

Land Use/Planning Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Public Services  Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

Transportation Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  
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Table 7-1. Comparison of Alternative Impacts to Proposed Project 

Environmental 
Issue Area 

Proposed 
Project 

Alternative 1: 
No Project/No 
Development 

Alternative 2: 
Development within 
Renewable Energy 

Overlay Zone – 
Agricultural Lands 

Alternative 3:  
Development within 
Renewable Energy 

Overlay Zone – Desert 
Lands 

Alternative 4:  
Distributed Commercial 
and Industrial Rooftop 
Solar Only Alternative 

Tribal Cultural 
Resources 

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact  

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Potentially Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Utilities/Service 
Systems  

Less than 
Significant 

CEQA Significance: 

No Impact 

Comparison to Proposed 
Project: 

Less Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Similar Impact  

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

CEQA Significance: 

Less than Significant 

Comparison to Proposed 
Project: 

Greater Impact 

Notes: 
CEQA=California Environmental Quality Act; GHG=greenhouse gas 
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9 EIR Preparers and Persons and 
Organizations Contacted 

9.1 EIR Preparers 
This EIR was prepared for the County of  Imperial by HDR at 591 Camino de la Reina, Suite 300, San 
Diego, CA 92108. The following professionals participated in its preparation: 

County of Imperial 

Jim Minnick, Planning & Development Services Director 

Michael Abraham, AICP, Assistant Planning & Development Services Director 

David Black, Planner IV 

HDR 

Tim Gnibus, Principal 

Sharyn Del Rosario, Project Manager 

Elaine Lee, Environmental Planner 

Terrileigh Pellarin, Environmental Planner 

Jade Dean, Geographic Information Systems Analyst 

Katie Turner, Document Production Administrator 

HDR was assisted by the following consultants: 

Chambers Group, Inc. (Visual Impact Assessment, Biological Technical Report, Archaeological  
and Paleontological Assessment Report) 

9620 Chesapeake Drive, Suite 202 

San Diego, CA 92123  

Dubose Design Group (Water Supply Assessment) 

1065 W State Street 

El Centro, CA 92243 

Linscott, Law & Greenspan, Engineers (Traffic Letter Report) 

4542 Ruf fner Street, Suite 100 

San Diego, CA 92111  

Petra Geotechnical, Inc. (Geotechnical Feasibility Study) 

38655 Sky Canyon Drive, Suite A 

Murrieta, CA 92563 

Power Engineers, Inc. (Glare Analysis) 
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2041 South Cobalt Point Way 

Meridian, ID 83642 

Vista Environmental (Air Quality, Energy, and Greenhouse Gas Emissions Impact Analysis, 
Noise Impact Analysis) 

1021 Didrickson Way 

Laguna Beach, CA 92651  

9.2 Persons and Organizations Contacted 
The following persons and organizations were contacted in preparation of  this document: 

• Imperial Irrigation District 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to prepare this technical 
report assessing the current surrounding conditions and to describe potential changes to the landscape 
resulting from the Brawley Solar Energy Facility (Project) development. The Project would be located on 
six privately owned parcels covering approximately 227 acres in Brawley, Imperial County (Figure 1). 

The 40 Megawatt (MW)/160 Megawatt hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh 
battery energy storage system (BESS) would consist of 3.2-foot by 6.5-foot photovoltaic (PV) modules (or 
panels) on single-axis horizontal trackers in blocks that each hold 3,809 PV panels in 28 strings. The panels 
would be oriented from east to west for maximum exposure and the foundation would be designed based 
on soil conditions. The PV panels are made of a poly-crystalline silicon semiconductor material 
encapsulated in glass. A 20-foot wide road with an all-weather surface would surround the panels, and 
the entire site would be surrounded by a 6-foot tall chain link fence topped with three strands of barbed 
wire. 

The proposed Project substation would be a new 92/12 kV unstaffed, automated, low-profile substation. 
The dimensions of the fenced substation would be approximately 300 feet by 175 feet. The enclosed 
substation footprint would encompass approximately 1.2 acres of the Project parcel and be located 
immediately southwest of the solar field. 

The Project would connect to a switchyard located in the southeast corner Project site and then be routed 
through the BESS building for energy storage. Power would then be transferred to the North Brawley 
Geothermal Power Plant substation via a 1.8mile-long double circuit 13.8 and 92 kV gen-tie line with 66-
foot-high poles to interconnect to the Imperial Irrigation District (IID) at the North Brawley 1 substation 
located at Hovley Road and Andre Road, southwest of the Project site. The transmission line would span 
the New River. A 12-inch diameter conduit railroad undercrossing would connect the PV arrays from the 
western side of the railroad tracks to the inverters on the eastern side.   
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SECTION 2.0 – EXISTING CONDITIONS 

The Project is located at 5003 Best Ave, Brawley, California on six privately owned parcels: Assessor’s 
Parcel Numbers (APNs) 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 037-140-006 (Project 
site) as shown in Figure 1. Imperial County identifies the land use of the Project site as Agriculture and 
zoning as General Agricultural (A-2-G; County 2020). Currently the Project site contains alfalfa fields within 
different levels of harvest. North and east of the Project site is undeveloped agricultural land.  

The Project site is approximately one mile north from the City of Brawley’s jurisdictional limit. Brawley is 
relatively central within the agricultural portion of the Imperial Valley, which extends from the 
southeastern portion of the Salton Sea to the United States and Mexico border. Beyond miles of 
agricultural land, the 45-mile-long and 20-mile-wide Salton Sea lies northwest of the Project site. The 
elevation at the Project site is approximately 145 feet below mean sea level. With elevations extending to 
277 feet below sea level, the Salton Sea sits comparatively lower in the landscape than the Project site, as 
does much of the agricultural land to the immediate west and south. To the north and east of the Project 
site are the Chocolate Mountains, which extend to heights of more than 2,000 feet above mean sea level. 
 
Because of this gradual downward slope from east to west, areas to the north and east of the Project site 
would be more likely to have views of the Project where not impeded by natural or built features. Viewers 
in this area are associated with residences and land uses. North of the Project site is agricultural land. 
Along the eastern edge of the Project site there are two residences and agricultural land. South of the 
Project site is a mixture of agricultural land and dirt lots used for staging activities. The City of Brawley 
Wastewater Treatment Plant is located along the western edge of the Project site. 

Views in this area are expansive and are generally characterized by sparse development framed by 
topographical features. Low-profile, weedy plants, such as Quail Brush Scrub and Bush Seepweed, are 
widespread on undeveloped and unfarmed lands, and ruderal vegetation is along waterways associated 
with IID canals (Chambers 2021). Individual residences, transmission lines, transportation corridors 
(including roads and railroads), and agricultural equipment are discernable in the foreground (within 0.25 
mile) and middle ground (0.25 to 3-5 miles away) views throughout the area. They are identifiable by their 
vapor plumes. These views to the west from the Project site are backdropped by the Coyote Mountains 
and Fish Creek Mountains. Views to the east are backdropped by the Chocolate Mountains.  
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Figure 1: Project Location and Vicinity Map
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SECTION 3.0 – METHODOLOGY 

A comparison of the Project site’s existing conditions and the change to the landscape with 
implementation of the Project is based on the production of visual simulations. As a part of this process, 
Chambers Group reviewed aerial imagery to identify where the Project would potentially be visible from 
visually sensitive areas and selected preliminary viewpoints for site photography. Field surveys were 
conducted by POWER Engineers, Inc. (POWER) on March 4, 2021 to photo-document existing visual 
conditions and views toward the Project site. A representative subset of photographed viewpoints was 
selected as Key Observation Points (KOPs), which collectively serve as the basis for this assessment. This 
selection was done in coordination with ORNI and the County. Assessments of existing visual conditions 
were made based on professional judgment that took into consideration sensitive receptors and sensitive 
viewing areas in the Project area. The locations of the four KOPs in relation to the Project site are 
presented in Appendix A.  
 
During the field survey, the view from each KOP was photographed using a 35-millimeter, 30-megapixel, 
full-frame, single lens reflex camera equipped with a 50-millimeter fixed focal length lens. This 
configuration is the industry accepted standard for approximating the field of vision in a static view of the 
human eye. The camera positioning was determined with a sub-meter, differentially corrected global 
positioning system (GPS). The camera was positioned at eye-level for each photograph. 
 
The site photos were used to generate a rendering of the existing conditions and a proposed visualization 
of the implemented Project. The visual simulations provide clear before-and-after images of the location, 
scale, and visual appearance of the features affected by and associated with the Project. The simulations 
were developed through an objective analytical and computer-modeling process and are accurate within 
the constraints of the available site and alternative data (3-dimensional computer model was created 
using a combination of AutoCAD files and geographic information system [GIS] layers and exported to 
Autodesk’s 3-dimensional Studio Max for production). Design data — consisting of engineering drawings, 
elevations, site and topographical contour plans, concept diagrams, and reference pictures — were used 
as a platform from which digital models were created. In cases where detailed design data were 
unavailable, more general descriptions about alternative facilities and their locations were used to 
prepare the digital models.   
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SECTION 4.0 – DESCRIPTION OF POTENTIAL VISUAL EFFECTS 

This section describes views from each KOP, first under existing conditions, and then with the proposed 
Project simulated. The visual simulations illustrate the location, scale, and conceptual appearance of the 
Project, as seen from each KOP. These visual simulations allow for comparison of pre-Project and post-
Project conditions as discussed qualitatively below. See Figure 1 in Appendix A for KOP locations shown 
in the Viewpoint Map, as well as existing and simulated images included in Viewpoint 1, 2, 3, and 4. 

4.1 VIEW FROM NORTH (N)BEST AVENUE (AVE) (KOP 1) 

4.1.1 Existing View 

KOP 1 is located along N Best Ave, at the northeast corner of the Project site. The view from KOP 1 is to 
the southwest, toward the proposed Project’s solar arrays (Viewpoint 1). This viewpoint represents views 
from an identifiable point along the most proximate roadway, where topography allows visibility of the 
Project site. Additionally, the viewpoint represents the residents located at 5210 N Best Ave in Brawley, 
CA. The view is characterized by flat agricultural land to the west, south, and east with the nearby 
residence to the northeast. The Coyote Mountains and Fish Creek Mountains are visible far off to the 
south. The view of the Project site is mostly unobstructed except for utility poles traveling along the 
western side of N Best Road. 

4.1.2 View with Project 

Viewpoint 1 shows the view from KOP 1 with the proposed Project simulated. The solar arrays and the 
security fencing would be the most prominently visible portion of the Project from this location. As 
conceptually shown in the simulation, the Project would appear as a comparatively dark, horizontal bar 
across the majority of the view. The overall effect shown in Viewpoint 1 is the relatively small degree of 
contrast the Project would have with its broader surroundings, which includes views of the Coyote 
Mountains and Fish Creek Mountains. Solar arrays would not substantially obscure the mountain skyline 
from this vantage point. 

4.2 VIEW FROM N BEST AVE AND WARD ROAD (KOP 2) 

4.2.1 Existing View 

KOP 2 is located at the intersection of N Best Ave and Ward Road, at the southeast corner of the Project 
site. The view from KOP 2 is to the northwest, toward the proposed Project’s solar arrays, BESS, and 
substation (Viewpoint 2). This viewpoint represents views from an identifiable point along the most 
proximate roadway, where topography allows visibility of the Project site. Additionally, the viewpoint 
represents the residents located at 5000 N Best Ave and 5002 N Best Road in Brawley, CA. The view is 
characterized by flat agricultural land to the north; an abandoned residence and fenced corral to the west; 
a vacant dirt lot to the south; and the nearby residences to the northeast. Vegetation along the New River 
is visible to the west and the Chocolate Mountains are visible far off to the north and west. The view of 
the Project site is partially obstructed by vegetation along the old corral and utility poles traveling along 
the western side of N Best Road. 
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4.2.2 View with Project 

Viewpoint 2 shows the view from KOP 2 with the proposed Project simulated. The solar arrays and the 
security fencing would be the most prominently visible portion of the Project from this location. With 
demolition of the abandoned residence and corral, the Project’s BESS and substation are also visible from 
KOP 2 to the west. As conceptually shown in the simulation, the Project would appear as a generally 
uniform dark line across the view. The overall effect shown in Viewpoint 2 is the relatively small degree 
of contrast the Project would have with its broader surroundings, which include views of the Chocolate 
Mountains. The BESS, substation, and solar arrays would not substantially obscure the mountain skyline 
from this vantage point. 

4.3 VIEW FROM NORTH END OF DEL RIO COUNTRY CLUB AND GOLF COURSE (KOP 3) 

4.3.1 Existing View 

KOP 3 is located along the Union Pacific railroad tracks on the northwest end of Del Rio Country Club and 
Golf Course, approximately 0.25 mile from the Project site. The view from KOP 3 is to the north, toward 
the proposed Project’s solar arrays, BESS, substation, and gen-tie line. This viewpoint represents golfers 
and staff at Del Rio Country Club, where topography allows views of the Project site, as well as views from 
the Union Pacific railway line. The view is characterized by flat, undeveloped land with sparse vegetation 
to the north and northeast, agricultural land to the east, and the landscaped golf course to the west. The 
railroad tracks travel north through the middle of the view, with the Chocolate Mountain Range visible far 
off to the north. The view of the Project site is unobstructed.  

4.3.2 View with Project 

Viewpoint 3 shows the view from KOP 3 with the proposed Project simulated. The gen-tie structures 
would be the most prominently visible portion of the Project from this location. As conceptually shown in 
the simulation, the gen-tie structures would be visible in the center of the view, traveling from east to 
west approximately 1.75 miles. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also occupy 
a relatively narrow portion of the view to the north from KOP 3.  

The substation for the proposed Project has not yet been designed. However, the facility shown in 
Viewpoint 3 is an approximation based on representative examples of substations of similar size and in 
similar environments. As simulated, the substation would be partially visible in views from KOP 3, 
alongside the solar arrays, which would appear as a comparatively dark, horizontal bar across a portion 
of the view’s middle ground. Aside from the relatively narrow gen-tie structures, no Project component 
would substantially obscure or appear above the mountain skyline from this vantage point. 

4.4 VIEW FROM STATE ROUTE (SR) 111 AND ANDRE ROAD (KOP 4) 

4.4.1 Existing View 

KOP 4 is located at the corner of SR 111 and Andre Road, along the gen-tie line route. The view from KOP 
4 is to the east, toward the proposed Project’s gen-tie line, BESS, substation, and solar arrays. This 
viewpoint represents views from an identifiable point along a well-traveled roadway in the County, where 
topography allows visibility of the Project site. The view is characterized by mainly flat agricultural land to 
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the north and south. The City of Brawley Wastewater Treatment Plant is within the northern portion of 
the view and a dirt access road leads to an industrial dirt lot with pipelines directly east of the view. The 
Chocolate Mountain Range is visible far off to the east. The view of the Project site is partially obstructed 
by the City of Brawley Wastewater Treatment Plant, utility poles, and small amounts of vegetation in the 
foreground.  

4.4.2 View with Project 

Viewpoint 4 shows the view from KOP 4 with the proposed Project simulated. The gen-tie structures 
would be the most prominently visible portion of the Project from this location. As conceptually shown in 
the simulation, the gen-tie structures would be visible in the southern portion of the view, traveling from 
east to west approximately 0.5 mile. While appearing as new and highly visible features, the transmission 
structures would relate to the numerous lines visible throughout the landscape. They would also occupy 
a relatively narrow portion of the view to the south from KOP 4. 

As simulated, views of the substation and BESS would be visible in the distance from KOP 4. These 
structures would relate to the nearby industrial features in the landscape, including the nearby pipelines. 
The solar arrays would appear as a comparatively dark, horizontal bar across the remainder of the view. 
No Project component would substantially obscure or appear above the mountain skyline from this 
vantage point.  
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SECTION 5.0 – GLARE ANALYSIS 

The Federal Aviation Administration (FAA) has expressed concern for glare resulting from PV systems 
potentially causing distractions to pilots. For this reason, the FAA has asked solar developers to perform 
a glare hazard analysis to evaluate and document potential occurrences of glare. Proposed solar 
operations were studied by POWER Engineers (POWER) for two landing approaches at the Brawley 
Municipal Airport. In addition to airport operations, POWER analyzed potential glare that would cause 
distraction to nearby motorists and structures. The Project’s Glare Hazard Analysis is included in Appendix 
B of this document.  

 As detailed in Appendix B, POWER identified and analyzed the following sensitive viewers for glare: 

• Brawley Municipal Airport – 2-mile final approaches analyzed at 3% slope 
o Runway 8 Final Approach: 

▪ Distance from Project: 1.57 miles 
▪ Heading: 90 degrees true 
▪ Runway Elevation: -128.88 feet 
▪ Final Approach Slope: 3.0 degrees 

o Runway 26 Final Approach: 
▪ Distance from Project: 1.55 miles 
▪ Heading: 275 degrees true 
▪ Runway Elevation: -134.77 feet 
▪ Final Approach Slope: 3.0 degrees 

• Structures – Single point analysis was completed for nearby residences and structures. 
o An aerial survey using Google Earth was completed to identify residences/structures 

within one mile of the project boundary. 
o Distance from Project: Up to one mile 
o Viewer Height: 10 feet above grade 

• Major Roadways - Roadways were analyzed up to one mile from the project location at a viewer 
height of 10 feet to account for worse-case scenario truck traffic. 

o N. Best Avenue 
o Highway 111 
o Ward Road 
o Rutherford Road 

POWER used GlareGauge licensed by ForgeSolar. The GlareGauge uses Solar Glare Hazard Analysis Tool 
technology and is a web-based glare assessment tool allowing input of viewer position, solar facility 
location, solar technology, and elevation data. The GlareGauge provides a quantified assessment of when 
and where glare may occur throughout the year from a solar installation, as well as identifying the 
potential effects on the human eye when glare does occur. Glare was analyzed at one-minute intervals 
throughout the entire year to determine when and where glare may be visible to residences, motorists, 
and pilots. The GlareGauge meets FAA glare analysis requirements. 

After review of the GlareGauge tool analysis, POWER found no potential glare reported from the proposed 
solar operations due to the orientation of the PV panels, the 5 degree stow angle and the distance from 
sensitive viewers to the Project. When the sun is lowest in the sky, nearing sunrise and sunset, the 5 
degree stow angle redirects potential glare up and away from sensitive viewers. Based on these findings, 
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it was concluded that the Brawley Solar Energy Facility Project will have low potential for glare impact on 
airport operations and will not cause distraction to nearby residences or motorists. 

POWER’s independent analysis using the GlareGauge concluded the following: 

• Brawley Municipal Airport – Runways 8 and 26 reported no Glare. 
• Structures – Nearby residences and structures reported no Glare. 
• Motorists – Two-way route receptors reported no Glare. 

A detailed description of the GlareGauge Analysis Report is in Appendix B. 
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SECTION 6.0 – PRELIMINARY CEQA ANALYSIS 

This technical report will inform the Project’s eventual evaluation of potential environmental effects in 
order to satisfy the California Environmental Quality Act (CEQA). There are four CEQA criteria for 
Aesthetics. Each is presented here as a question, with preliminary assessments of impact to visual 
resources provided. 

1.  Would the Project have a substantial adverse effect on a scenic vista? 

Less than Significant Impact. Scenic vistas are typically expansive views from elevated areas. They may or 
may not be part of a designated scenic overlook or other area providing a static vista view of a landscape. 
There are no designated scenic vistas in the Project vicinity. According to the County General Plan, the 
closest scenic resource is the Salton Sea approximately 11 miles northwest of the Project site (County 
2015). Views from elevated areas near the Project site could be considered scenic vistas given the 
expansiveness of the views and distance one can see under favorable conditions. As described above for 
the view of the Project from all KOPs, the Project would not have a substantial adverse effect on such 
views. Rather, it would be absorbed into the natural and built features that comprise the existing 
landscape. Therefore, less than significant impacts to scenic vistas would occur. 

2. Would the Project substantially damage scenic resources, including, but not limited to, trees, rock 
outcroppings, and historic buildings within a state scenic highway? 

No Impact. There are no designated or eligible state scenic highways in the Project vicinity. The nearest 
road segment among those identified by Imperial County as “having potential as state-designated scenic 
highways” is the portion of SR 111 from Bombay Beach to the Imperial County/Riverside County boundary. 
The Project site is approximately 25 miles south of Bombay Beach. Therefore, no impacts to scenic 
resources within any state scenic highways would occur. 

3. Would the Project substantially degrade the existing visual character or quality of public views of 
the site and its surroundings? (Public views are those that are experienced from publicly accessible 
vantage point). If the project is in an urbanized area, would the project conflict with applicable 
zoning and other regulations governing scenic quality? 

Less than Significant Impact. The existing visual character in views of the Project would not be 
substantially altered based primarily on the proximity of viewpoints to the Project site. The views from 
KOPs 1 and 2 show the Project’s solar arrays and the security fencing most prominently, which would 
appear as a comparatively dark, horizontal bar across the view. The overall effect of the Project from these 
KOPs is relatively small degree of contrast the Project would have with its broader surroundings and a 
small interruption of views of the surrounding mountains. In the view from KOPs 3 and 4, new 
transmission structures that would be part of the Project’s interconnection would appear large in scale; 
however, the structures would be comparable in size and appearance to other structures visible 
throughout the surrounding landscape, including multiple existing transmission lines. As previously 
described, the Project would not substantially degrade the existing visual character or quality of views 
from this distance; rather it would appear absorbed into the broader landscape that already includes 
agricultural development, electricity transmission, geothermal power plants, and the City of Brawley 
Wastewater Treatment Plant. These effects would be less than significant. 
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4. Would the Project create a new source of substantial light or glare which would adversely affect 
day or nighttime views in the area? 

Less than Significant Impact. The Project would not include any source of nighttime lighting and therefore 
would not be a source of substantial light in the area outside of the Project site. POWER produced a Glare 
Hazard Analysis for the Project (Appendix B). It concluded that sensitive viewers near the Project, including 
residences, a nearby golf course, major roadways, and approach slopes associated with the Brawley 
Municipal Airport, would experience no glare effects from the Project. These effects would be less than 
significant. 
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SECTION 7.0 – CONCLUSIONS 

The Brawley Solar Energy Facility would result in the construction of solar arrays, a substation, a BESS, and 
a gen-tie line on a currently undeveloped site just east of the SR 111 corridor. In views from publicly 
accessible locations, the proposed Project would be visible and identifiable, though it would not 
substantially alter existing visual character (see discussion above). Further, such views of the Project 
would be limited in duration for drivers along SR 111. In most views, much or all of the Project would be 
absorbed into the broader landscape. The majority of this portion of the Imperial Valley is dedicated to 
agricultural and power production and transmission. The Project would appear consistent with existing 
patterns of croplands, geothermal facilities, utility infrastructure, and other mechanized or industrial-
appearing development. 
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April 26, 2021 
 
 
Victoria Boyd 
Chambers Group 
5 Hutton Center Drive Suite 750 
Santa Ana, CA 92707 
 
Subject: Glare analysis for the Brawley Solar Energy Facility in Brawley, Imperial County, 

California 
 
 
Dear Ms. Boyd: 
 
At your request, POWER Engineers Inc. (POWER) has evaluated the proposed Brawley Solar 
Energy Facility (Project) to ensure Federal Aviation Administration (FAA) compliance regarding 
hazardous solar glare in or around airports.  POWER has also evaluated any potential glare that 
could cause distraction to nearby structures and motorists. This technical memo describes our 
findings. 
 
Project Description – The proposed Project located in Brawley, California and will utilize single-
axis tracking photovoltaic solar technology and produce up to 40 megawatts (MW) of energy (See 
Appendix A). This Glare Study was commissioned by Chambers Group and prepared for Imperial 
County, Brawley Municipal Airport officials and the FAA. Specifically, this study does the 
following: 
 

• Identifies any sensitive viewers near the Project including residences, other structures, a 
nearby golf course, major roadways and approach slopes associated with the Brawley 
Municipal Airport. 

• Characterizes typical glare behavior experienced from the solar project throughout the day 
and year. 

• Evaluates when and where glare may be visible to structures, motorists and pilots on final 
approach. 

Sensitive Viewers – The FAA has expressed concern for glare resulting from PV systems 
potentially causing distractions to pilots. For this reason, the FAA has asked solar developers to 
perform a glare hazard analysis to evaluate and document potential occurrences of glare. Proposed 
solar operations were studied for two landing approaches at the Brawley Municipal Airport. In 
addition to airport operations, POWER analyzed potential glare that would cause distraction to 
nearby motorists and structures (See Appendix A). POWER identified and analyzed the following 
sensitive viewers: 

• Brawley Municipal Airport – 2-mile final approaches analyzed at 3% slope 

o Runway 8 Final Approach: 
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 Distance from Project: 1.57 miles 

 Heading: 90 degrees true 

 Runway Elevation: -128.88 feet 

 Final Approach Slope: 3.0 degrees 

o Runway 26 Final Approach: 

 Distance from Project: 1.55 miles 

 Heading: 275 degrees true 

 Runway Elevation: -134.77 feet 

 Final Approach Slope: 3.0 degrees 

• Structures – Single point analysis was completed for nearby residences and structures. 

o An aerial survey using Google Earth was completed to identify 
residences/structures within one mile of the project boundary. 

o Distance from Project: Up to one mile 
o Viewer Height: 10 feet above grade 

• Major Roadways - Roadways were analyzed up to one mile from the project location at 
a viewer height of 10 feet to account for worse-case scenario truck traffic. 

o N. Best Avenue  

o Highway 111 

o Ward Road 

o Rutherford Road 

Solar Technology – The Project proposes the use of single-axis tracking PV panels rotating 
around a north/south axis.  Single-axis trackers are designed to maximize solar efficiency by 
tracking the east-west position of the sun throughout the day. Panels will utilize back-tracking 
after reaching the maximum tracking angle to reduce shading of adjacent panels (See Appendix 
B). Details of the solar technologies were provided by the Chambers Group and are described 
below: 

o Tracking: Single-axis Tracking 

o Tracking Axis Orientation: 180 due south 

o Maximum Tracking Angle: ± 52 Degrees 

o Stow Angle: ± 5 Degrees 

o Coating/Texture: Smooth glass with anti-reflective (AR) coating 

o Mount Height: 5 feet above grade 

Glare Analysis – POWER used GlareGauge licensed by ForgeSolar. The GlareGauge uses Solar 
Glare Hazard Analysis Tool technology and is a web-based glare assessment tool allowing input 
of viewer position, solar facility location, solar technology, and elevation data. The GlareGauge 
provides a quantified assessment of when and where glare may occur throughout the year from a 
solar installation, as well as identifying the potential effects on the human eye when glare does 
occur. Glare was analyzed at one-minute intervals throughout the entire year to determine when 
and where glare may be visible to residences, motorists, and pilots.  The GlareGauge meets FAA 
glare analysis requirements.  
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Results – After review of the Glare Gauge tool analysis, POWER found no potential glare 
reported from the proposed solar operations due to the orientation of the PV panels, the 5 degree 
stow angle and the distance from sensitive viewers to the Project. When the sun is lowest in the 
sky, nearing sunrise and sunset, the 5 degree stow angle redirects potential glare up and away 
from sensitive viewers. Based on these findings, it is POWER’s professional opinion that the 
proposed Brawley Solar Energy Facility Project will have low potential for glare impact on airport 
operations and will not cause distraction to nearby residences or motorists.  

POWER’s independent analysis using the GlareGauge concluded the following: 

• Brawley Municipal Airport – Runways 8 and 26 reported no Glare.

• Structures – Nearby residences and structures reported no Glare.

• Motorists – Two-way route receptors reported no Glare.

For a detailed description of the GlareGauge analysis report please see Appendices C. 

Please let me know if you have any questions as I would be happy to discuss. 

Sincerely, 

Andy Stephens 
Visualization Specialist III 

Enclosure:  Appendix A – Project Location 
Appendix B – Solar Behavior 
Appendix C – GlareGauge output glare analysis 
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Brawley Solar Energy Facility Glare Analysis
Project Location - Appendix A
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Brawley Solar Energy Facility Glare Analysis
Solar Behavior - Appendix B
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FORGESOLAR GLARE ANALYSIS

Project: Brawley Solar
Site configuration: Brawley PV
Analysis conducted by Andy Stephens (andy.stephens@powereng.com) at 22:23 on 19 Apr, 2021. 

U.S. FAA 2013 Policy Adherence

The following table summarizes the policy adherence of the glare analysis based on the 2013 U.S. Federal Aviation Administration
Interim Policy 78 FR 63276. This policy requires the following criteria be met for solar energy systems on airport property:

• No "yellow" glare (potential for after-image) for any flight path from threshold to 2 miles
• No glare of any kind for Air Traffic Control Tower(s) ("ATCT") at cab height.
• Default analysis and observer characteristics (see list below)

ForgeSolar does not represent or speak officially for the FAA and cannot approve or deny projects. Results are informational only.

COMPONENT STATUS DESCRIPTION

Analysis parameters PASS Analysis time interval and eye characteristics used are acceptable
2-mile flight path(s) PASS Flight path receptor(s) do not receive yellow glare
ATCT(s) N/A No ATCT receptors designated

Default glare analysis parameters and observer eye characteristics (for reference only): 

• Analysis time interval: 1 minute
• Ocular transmission coefficient: 0.5
• Pupil diameter: 0.002 meters
• Eye focal length: 0.017 meters
• Sun subtended angle: 9.3 milliradians

FAA Policy 78 FR 63276 can be read at https://www.federalregister.gov/d/2013-24729
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SITE CONFIGURATION

PV Array(s)

Analysis Parameters

DNI: peaks at 1,000.0 W/m^2 
Time interval: 1 min
Ocular transmission
coefficient: 0.5
Pupil diameter: 0.002 m 
Eye focal length: 0.017 m 
Sun subtended angle: 9.3
mrad 
Site Config ID: 52670.9444 

Name: PV array 1 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.029958 -115.517802 -150.79 5.00 -145.79
2 33.029922 -115.515249 -148.76 5.00 -143.76
3 33.026522 -115.513876 -145.70 5.00 -140.70
4 33.026540 -115.517910 -151.93 5.00 -146.93
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Name: PV array 2 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.029940 -115.514949 -147.15 5.00 -142.15
2 33.029976 -115.509520 -145.94 5.00 -140.94
3 33.026540 -115.509477 -144.50 5.00 -139.50
4 33.026540 -115.513425 -145.34 5.00 -140.34

Name: PV array 3 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.026414 -115.517717 -159.64 5.00 -154.64
2 33.026414 -115.513811 -145.48 5.00 -140.48
3 33.022933 -115.512341 -144.59 5.00 -139.59
4 33.022951 -115.513296 -147.35 5.00 -142.35
5 33.024273 -115.513747 -143.95 5.00 -138.95
6 33.025119 -115.515142 -149.87 5.00 -144.87
7 33.025119 -115.517759 -147.43 5.00 -142.43
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Name: PV array 4 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.026378 -115.513361 -146.34 5.00 -141.34
2 33.026396 -115.509477 -144.66 5.00 -139.66
3 33.022942 -115.509498 -143.54 5.00 -138.54
4 33.022906 -115.512030 -144.23 5.00 -139.23

Name: PV array 5 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.022861 -115.513328 -148.32 5.00 -143.32
2 33.022834 -115.512331 -144.08 5.00 -139.08
3 33.021593 -115.511912 -146.10 5.00 -141.10
4 33.020279 -115.511891 -146.57 5.00 -141.57
5 33.019227 -115.512202 -144.98 5.00 -139.98
6 33.019236 -115.514401 -147.82 5.00 -142.82
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Name: PV array 6 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.022816 -115.511987 -144.06 5.00 -139.06
2 33.022834 -115.509509 -142.79 5.00 -137.79
3 33.019236 -115.509498 -143.10 5.00 -138.10
4 33.019245 -115.511869 -145.02 5.00 -140.02
5 33.020225 -115.511644 -146.05 5.00 -141.05
6 33.021691 -115.511644 -146.73 5.00 -141.73

Name: PV array 7 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.019173 -115.514434 -148.52 5.00 -143.52
2 33.019155 -115.512223 -144.95 5.00 -139.95
3 33.016609 -115.513811 -145.07 5.00 -140.07
4 33.016591 -115.516097 -146.79 5.00 -141.79
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Flight Path Receptor(s)

Name: PV array 8 
Axis tracking: Single-axis rotation 
Tracking axis orientation: 180.0° 
Tracking axis tilt: 0.0° 
Tracking axis panel offset: 0.0° 
Max tracking angle: 52.0° 
Resting angle: 5.0° 
Rated power: - 
Panel material: Smooth glass with AR coating 
Reflectivity: Vary with sun 
Slope error: correlate with material 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.019119 -115.511966 -144.60 5.00 -139.60
2 33.019146 -115.509509 -143.18 5.00 -138.18
3 33.015790 -115.509498 -140.29 5.00 -135.29
4 33.015763 -115.513929 -144.40 5.00 -139.40

Name: FP 26 
Description: 
Threshold height: 50 ft 
Direction: 270.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 32.992949 -115.511036 -134.19 50.00 -84.19
Two-mile 32.992954 -115.476524 -139.45 608.72 469.27
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Discrete Observation Receptors

Name ID Latitude (°) Longitude (°) Elevation (ft) Height (ft)

OP 1 1 33.030343 -115.508550 -144.90 10.00
OP 2 2 33.023028 -115.508671 -141.97 10.00
OP 3 3 33.015918 -115.508889 -141.68 10.00
OP 4 4 33.016206 -115.508985 -136.22 10.00
OP 5 5 33.012222 -115.510718 -132.70 10.00
OP 6 6 33.016879 -115.516500 -165.03 10.00
OP 7 7 33.019725 -115.525648 -140.27 10.00
OP 8 8 33.030390 -115.527614 -144.83 10.00
OP 9 9 33.001207 -115.508821 -129.38 10.00
OP 10 10 33.019487 -115.483043 -137.60 10.00
OP 11 11 33.030237 -115.517849 -149.57 10.00
OP 12 12 33.009611 -115.521644 -130.02 10.00

Name: FP 8 
Description: 
Threshold height: 50 ft 
Direction: 90.0° 
Glide slope: 3.0° 
Pilot view restricted? Yes 
Vertical view: 30.0° 
Azimuthal view: 50.0° 

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

Threshold 32.992931 -115.522773 -128.04 50.00 -78.04
Two-mile 32.992931 -115.557285 -119.14 594.56 475.42
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Route Receptor(s)

Name: Route 2 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.015524 -115.483415 -138.71 10.00 -128.71
2 33.015615 -115.509284 -142.13 10.00 -132.13

Name: Route 3 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044565 -115.527346 -161.18 10.00 -151.18
2 33.043630 -115.527389 -159.66 10.00 -149.66
3 33.043018 -115.527303 -157.99 10.00 -147.99
4 33.041831 -115.526981 -158.52 10.00 -148.51
5 33.040860 -115.526917 -156.83 10.00 -146.83
6 33.027924 -115.526836 -149.21 10.00 -139.21
7 33.015671 -115.526847 -142.44 10.00 -132.44
8 33.010274 -115.526584 -138.38 10.00 -128.38
9 33.007710 -115.526552 -148.29 10.00 -138.29
10 33.004426 -115.526509 -165.15 10.00 -155.15
11 33.000994 -115.526430 -133.10 10.00 -123.10
12 32.999906 -115.526452 -132.98 10.00 -122.98
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Name: Route 4 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044574 -115.527519 -160.65 10.00 -150.64
2 33.044485 -115.521446 -164.99 10.00 -154.99
3 33.044485 -115.509001 -151.38 10.00 -141.37
4 33.044507 -115.501104 -149.43 10.00 -139.43
5 33.044579 -115.500171 -150.41 10.00 -140.41
6 33.044603 -115.479221 -146.50 10.00 -136.50

Name: Route 4 
Path type: Two-way 
Observer view angle: 50.0° 

Note: Route receptors are excluded from this
FAA policy review. Use the 2-mile flight path
receptor to simulate flight paths according to
FAA guidelines. 

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)

1 33.044443 -115.509272 -151.53 10.00 -141.53
2 33.039923 -115.509262 -150.45 10.00 -140.45
3 33.030728 -115.509247 -148.05 10.00 -138.05
4 33.026435 -115.509240 -145.11 10.00 -135.11
5 33.022358 -115.509239 -143.95 10.00 -133.95
6 33.016137 -115.509232 -139.34 10.00 -129.34
7 33.015714 -115.509248 -140.20 10.00 -130.20
8 33.015294 -115.509293 -141.75 10.00 -131.75
9 33.001013 -115.509288 -133.83 10.00 -123.83
10 33.000860 -115.509293 -136.04 10.00 -126.04
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GLARE ANALYSIS RESULTS

Summary of Glare

PV Array Name Tilt Orient "Green" Glare "Yellow" Glare Energy

(°) (°) min min kWh
PV array 1 SA

tracking
SA

tracking
0 0 -

PV array 2 SA
tracking

SA
tracking

0 0 -

PV array 3 SA
tracking

SA
tracking

0 0 -

PV array 4 SA
tracking

SA
tracking

0 0 -

PV array 5 SA
tracking

SA
tracking

0 0 -

PV array 6 SA
tracking

SA
tracking

0 0 -

PV array 7 SA
tracking

SA
tracking

0 0 -

PV array 8 SA
tracking

SA
tracking

0 0 -

Total annual glare received by each receptor

Receptor Annual Green Glare (min) Annual Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
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Receptor Annual Green Glare (min) Annual Yellow Glare (min)

Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Results for: PV array 1

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 2

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
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Receptor Green Glare (min) Yellow Glare (min)

Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 

PC ORIGINAL PKG



0 minutes of green glare 

Results for: PV array 3

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 4

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0
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Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Results for: PV array 5

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 6

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0
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Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Results for: PV array 7

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 
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Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
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0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Results for: PV array 8

Receptor Green Glare (min) Yellow Glare (min)

FP 26 0 0
FP 8 0 0
OP 1 0 0
OP 2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP 7 0 0
OP 8 0 0
OP 9 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
Route 2 0 0
Route 3 0 0
Route 4 0 0
Route 4 0 0

PC ORIGINAL PKG



Flight Path: FP 26

0 minutes of yellow glare 
0 minutes of green glare 

Flight Path: FP 8

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 1

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 2

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 3

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 4

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 5

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 6

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 7

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 8

0 minutes of yellow glare 
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0 minutes of green glare 

Point Receptor: OP 9

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 10

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 11

0 minutes of yellow glare 
0 minutes of green glare 

Point Receptor: OP 12

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 2

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 3

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 

Route: Route 4

0 minutes of yellow glare 
0 minutes of green glare 
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Assumptions

2016 © Sims Industries d/b/a ForgeSolar, All Rights Reserved.

"Green" glare is glare with low potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
"Yellow" glare is glare with potential to cause an after-image (flash blindness) when observed prior to a typical blink response time. 
Times associated with glare are denoted in Standard time. For Daylight Savings, add one hour. 
Glare analyses do not account for physical obstructions between reflectors and receptors. This includes buildings, tree cover and
geographic obstructions. 
Several calculations utilize the PV array centroid, rather than the actual glare spot location, due to algorithm limitations. This may affect
results for large PV footprints. Additional analyses of array sub-sections can provide additional information on expected glare. 
The subtended source angle (glare spot size) is constrained by the PV array footprint size. Partitioning large arrays into smaller sections
will reduce the maximum potential subtended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Additional analyses of the combined area of adjacent sub-arrays can provide more information on potential glare hazards. (See previous
point on related limitations.) 
Glare locations displayed on receptor plots are approximate. Actual glare-spot locations may differ.
Glare vector plots are simplified representations of analysis data. Actual glare emanations and results may differ. 
The glare hazard determination relies on several approximations including observer eye characteristics, angle of view, and typical blink
response time. Actual results and glare occurrence may differ. 
Hazard zone boundaries shown in the Glare Hazard plot are an approximation and visual aid based on aggregated research data. Actual
ocular impact outcomes encompass a continuous, not discrete, spectrum. 
Refer to the Help page at www.forgesolar.com/help/ for assumptions and limitations not listed here. 
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1.0  INTRODUCTION 

1.1 Purpose of Analysis and Study Objectives 

This Air Quality, Energy, and Greenhouse Gas (GHG) Emissions  Impact Analysis has been completed to 
determine the air quality, energy, and GHG emissions impacts associated with the proposed Brawley Solar 
Energy Facility project (proposed project).  The following is provided in this report: 

 A description of the proposed project;  

 A description of the atmospheric setting; 

 A description of the criteria pollutants and GHGs; 

 A description of the air quality regulatory framework;  

 A description of the energy conservation regulatory framework; 

 A description of the GHG emissions regulatory framework; 

 A description of the air quality, energy, and GHG emissions thresholds  including  the California 
Environmental Quality Act (CEQA) significance thresholds; 

 An  analysis  of  the  conformity  of  the  proposed  project  with  the  South  Coast  Air  Quality 
Management District (SCAQMD) Air Quality Management Plan (AQMP);  

 An analysis of the short‐term construction related and long‐term operational air quality, energy, 
and GHG emissions impacts; and  

 An  analysis  of  the  conformity  of  the  proposed  project  with  all  applicable  energy  and  GHG 
emissions reduction plans and policies. 

1.2 Site Locations and Study Area 

The project site is located in the County of Imperial (County).  The approximately 227‐acre project site is 
currently alfalfa fields within different levels of harvest and is bounded by undeveloped agricultural land 
to the north and to the east, undeveloped agricultural land and dirt lots used for staging actives to the 
south, and City of Brawley Wastewater Treatment Plan to the west.  The project local study area is shown 
in Figure 1.   

Sensitive Receptors in Project Vicinity 

The nearest sensitive receptors to the project site are single‐family homes located as near as 40 feet to 
the north side of the project site (near the northwest corner of the project site).  The nearest school is 
Brawley Union High School and Desert Valley High School, which is located as near as 2.7 miles south of 
the project site and Barbara Worth Junior High School, which is located as near as 2.8 miles south of the 
project site. 

1.3 Proposed Project Description 

The proposed project would consist of development of solar energy  facility  located at 5003 Best Ave, 
Brawley.   The Brawley solar energy  facility  includes a 40 Megawatt  (MW)/160 Megawatt hour  (MWh) 
photovoltaic  (PV)  solar  farm  and  40  MW/160  MWh  battery  energy  storage  system  (BESS).    Power 
generated  by  the  proposed  project  would  be  low  voltage  direct  current  (DC)  power  that  would  be 
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collected and routed to a series of inverters and their associated pad‐mounted transformers. The inverters 
would convert  the DC power generated by  the panels  to alternating current  (AC) power and  the pad 
mounted  transformers would  step  up  the  voltage.  The  Project would  connect  to  the North  Brawley 
Geothermal  Power Plant  substation  southwest of  the Project  site  via  an  approximately  1.6‐mile‐long 
aboveground 92 kilovolt (kV) generation tie line (gen‐tie line). Energy generated and stored by the project 
will be sold to the wholesale market or retail electric providers in furtherance of the goals of the California 
Renewable Energy Portfolio Standards and other similar renewable programs  in  the Pacific Southwest 
power market.  The proposed site plan is shown in Figure 2. 

1.4 Executive Summary 

Standard Air Quality, Energy, and GHG Regulatory Conditions 

The proposed project will be required to comply with the following regulatory conditions from the ICAPCD 
and State of California (State).   

Imperial County Air Pollution Control District Regulations 

The following lists the ICAPCD regulations are applicable, but not limited to the proposed project.   

 Regulation II Permits – Requires all stationary emissions sources to obtain a permit from ICAPCD;  

 Regulation VIII – Provides specific rules for the control of fugitive dust. 

State of California Rules 

The  following  lists the State of California Code of Regulations  (CCR) air quality emission rules that are 
applicable, but not limited to the proposed project.  

 CCR Title 13, Article 4.8, Chapter 9, Section 2449 – In use Off‐Road Diesel Vehicles;  

 CCR Title 13, Section 2025 – On‐Road Diesel Truck Fleets; and 

 CCR Title 24 Part 11 – California Green Building Standards. 

Summary of Analysis Results 

The following is a summary of the proposed project’s impacts with regard to the State CEQA Guidelines 
air quality, energy, and GHG emissions checklist questions. 

Conflict with or obstruct implementation of the applicable air quality plan? 

Less than significant impact. 

Result in a cumulatively considerable net increase of any criteria pollutant for which the project region is 
non‐attainment under an applicable Federal or State ambient air quality standard? 

Less than significant impact. 

Expose sensitive receptors to substantial pollutant concentrations? 

Less than significant impact. 
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Result in other emissions (such as those leading to odors) adversely affecting a substantial number of 
people? 

Less than significant impact. 

Result in potentially significant environmental impact due to wasteful, inefficient, or unnecessary 
consumption of energy resources, during project construction or operation; 

Less than significant impact. 

Conflict with or obstruct a state or local plan for renewable energy; 

Less than significant impact. 

Generate GHG emissions, either directly or indirectly, that may have a significant impact on the 
environment? 

No impact. 

Conflict with any applicable plan, policy or regulation of an agency adopted for the purpose of reducing 
the emissions of GHGs? 

No impact. 

1.5 Project Design Features Incorporated into the Proposed Project 

This analysis was based on  implementation of the following project design features from the CEQA Air 
Quality Handbook (ICAPCD CEQA Handbook), prepared by ICAPCD, December 12, 2017, that all industrial 
projects in the County are required to implement. 

Project Design Feature 1: 
The project applicant shall require the following measures to be implemented during construction 
of the project:   

Fugitive Dust Control 

a. All disturbed areas,  including Bulk Material storage which  is not being actively utilized, 
shall be effectively stabilized and visible emissions shall be limited to no greater than 20% 
opacity for dust emissions by using water, chemical stabilizers, dust suppressants, tarps 
or other suitable material such as vegetative ground cover. 

b. All on site and off site unpaved roads will be effectively stabilized and visible emissions 
shall be  limited to no greater than 20% opacity for dust emissions by paving, chemical 
stabilizers, dust suppressants and/or watering. 

c. All unpaved traffic areas one (1) acre or more with 75 or more average vehicle trips per 
day will be effectively stabilized and visible emission shall be limited to no greater than 
20% opacity for dust emissions by paving, chemical stabilizers, dust suppressants and/or 
watering. 

d. The transport of Bulk Materials shall be completely covered unless six inches of freeboard 
space  from  the  top  of  the  container  is maintained with  no  spillage  and  loss  of  Bulk 
Material. In addition, the cargo compartment of all Haul Trucks is to be cleaned and/or 
washed at delivery site after removal of Bulk Material. 
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e. All Track‐Out or Carry‐Out will be cleaned at the end of each workday or  immediately 
when mud or dirt extends a cumulative distance of 50 linear feet or more onto a paved 
road within an Urban area. 

f. Movement of Bulk Material handling or transfer shall be stabilized prior to handling or at 
points of transfer with application of sufficient water, chemical stabilizers or by sheltering 
or enclosing the operation and transfer line. 

g. The  construction  of  any  new  Unpaved  Road  is  prohibited  within  any  area  with  a 
population of 500 or more unless the road meets the definition of a Temporary Unpaved 
Road. Any temporary unpaved road shall be effectively stabilized and visible emissions 
shall be  limited  to no greater  than 20% opacity  for dust emission by paving, chemical 
stabilizers, dust suppressants and/or watering. 

Construction Combustion Equipment 

a. Use of alternative fueled or catalyst equipped diesel construction equipment, including 
all off‐road and portable diesel powered equipment. 

b. Minimize  idling time either by shutting equipment off when not  in use or reducing the 
time of idling to 5 minutes as a maximum. 

c. Limit, to the extent feasible, the hours of operation of heavy duty equipment and/or the 
amount of equipment in use. 

d. When  commercially  available,  replace  fossil  fueled  equipment with  electrically driven 
equivalents (provided they are not run via a portable generator set). 

Project Design Feature 2 
The project applicant shall require that all construction equipment utilized during construction of 
the project shall be equipped with an engine designation of EPA Tier 2 or better (Tier 2+). A list of 
the construction equipment, including all off‐road equipment utilized at each of the projects by 
make, model, year, horsepower and expected/actual hours of use, and the associated EPA Tier 
shall be submitted to the County Planning and Development Services Department and  ICAPCD 
prior to the  issuance of a grading permit. The equipment  list shall be submitted periodically to 
ICAPCD to perform a NOx analysis. ICAPCD shall utilize this list to calculate air emissions to verify 
that  equipment use  does not  exceed  significance  thresholds.  The  Planning  and Development 
Services Department and ICAPCD shall verify implementation of this measure. 

Project Design Feature 3 
The project  applicant  shall employ a method of dust  suppression  (such as water or  chemical 
stabilization)  approved  by  ICAPCD.  The  project  applicant  shall  apply  chemical  stabilization  as 
directed by the product manufacturer to control dust between the panels as approved by ICAPCD, 
and other non‐used  areas  (exceptions will be  the paved entrance  and parking  area,  and  Fire 
Department  access/emergency  entry/exit  points  as  approved  by  Fire/Office  of  Emergency 
Services [OES] Department). 

Project Design Feature 4 
Prior to any earthmoving activity, the applicant shall submit a construction dust control plan and 
obtain  ICAPCD  and  Imperial  County  Planning  and  Development  Services Department  (ICPDS) 
approval.  
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Project Design Feature 5 
Prior  to  issuance of a Certificate of Occupancy,  the applicant  shall  submit an operations dust 
control plan and obtain ICAPCD and ICPDS approval.  ICAPCD Rule 301 Operational Fees apply to 
any project applying for a building permit. At the time that building permits are submitted for the 
proposed project, ICAPCD shall review the project to determine if Rule 310 fees are applicable to 
the project.   

Project Design Feature 6 
During construction and operation of the proposed project, the applicant shall limit the speed of 
all vehicles operating onsite on dirt roads to 15 miles per hour or less. 

Project Design Feature 7 
The project applicant shall require the following measures to be implemented during operation 
of  the project  (as detailed above  in Section 1.2,  the project would operate  remotely, with no 
employees typically onsite, as such the measures specific for onsite employees are not applicable 
to the project):   

 Provide  for  paving  a  minimum  of  100  feet  from  the  property  line  for  commercial 
driveways that access County paved roads as per County Standard Commercial Driveway 
Detail 410B.  

 Measures which meet mandatory, prescriptive/performance measures  as  required by 
Title 24. 

1.6 Mitigation Measures for the Proposed Project 

This analysis found that implementation of the State and ICAPCD air quality, energy, and GHG emissions 
reductions regulations and the Project Design Features provided above in Section 1.5 were adequate to 
limit criteria pollutants, toxic air contaminants, odors, and GHG emissions from the proposed project to 
less than significant levels.  No mitigation measures are required for the proposed project with respect to 
air quality, energy, and GHG emissions. 
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2.0  AIR POLLUTANTS  

Air  pollutants  are  generally  classified  as  either  criteria  pollutants  or  non‐criteria  pollutants.    Federal 
ambient air quality standards have been established for criteria pollutants, whereas no ambient standards 
have been established for non‐criteria pollutants.  For some criteria pollutants, separate standards have 
been  set  for  different  periods.    Most  standards  have  been  set  to  protect  public  health.    For  some 
pollutants,  standards  have  been  based  on  other  values  (such  as  protection  of  crops,  protection  of 
materials, or avoidance of nuisance  conditions).   A  summary of  federal and  state ambient air quality 
standards is provided in the Regulatory Framework section. 

2.1 Criteria Pollutants and Ozone Precursors 

The  criteria  pollutants  consist  of  ozone,  nitrogen  oxides  (NOx),  CO,  sulfur  oxides  (SOx),  lead,  and 
particulate matter  (PM). The ozone precursors consist of NOx and Volatile Organic Compounds  (VOC). 
These  pollutants  can  harm  your  health  and  the  environment,  and  cause  property  damage.    The 
Environmental Protection Agency (EPA) calls these pollutants “criteria” air pollutants because it regulates 
them by developing human health‐based and/or environmentally‐based criteria for setting permissible 
levels.  The following provides descriptions of each of the criteria pollutants and ozone precursors.  

Nitrogen Oxides 

NOx  is the generic term for a group of highly reactive gases which contain nitrogen and oxygen. While 
most NOx are colorless and odorless, concentrations of nitrogen dioxide  (NO2) can often be seen as a 
reddish‐brown layer over many urban areas.  NOx form when fuel is burned at high temperatures, as in a 
combustion process. The primary manmade sources of NOx are motor vehicles, electric utilities, and other 
industrial, commercial, and residential sources that burn fuel.  NOx reacts with other pollutants to form, 
ground‐level ozone, nitrate particles, acid aerosols, as well as NO2, which cause respiratory problems. NOx 
and the pollutants formed from NOx can be transported over  long distances, following the patterns of 
prevailing winds.  Therefore, controlling NOx is often most effective if done from a regional perspective, 
rather than focusing on the nearest sources. 

Ozone 

Ozone is not usually emitted directly into the air, instead it is created by a chemical reaction between NOx 
and  VOC  in  the  presence  of  sunlight.  Motor  vehicle  exhaust,  industrial  emissions,  gasoline  vapors, 
chemical solvents as well as natural sources emit NOx and VOC that help form ozone.  Ground‐level ozone 
is the primary constituent of smog.  Sunlight and hot weather cause ground‐level ozone to form with the 
greatest concentrations usually occurring downwind from urban areas.  Ozone is subsequently considered 
a  regional  pollutant.    Ground‐level  ozone  is  a  respiratory  irritant  and  an  oxidant  that  increases 
susceptibility  to  respiratory  infections  and  can  cause  substantial  damage  to  vegetation  and  other 
materials.  Because NOx and VOC are ozone precursors, the health effects associated with ozone are also 
indirect health effects associated with significant levels of NOx and VOC emissions. 

Carbon Monoxide 

Carbon monoxide  (CO)  is  a  colorless, odorless  gas  that  is  formed when  carbon  in  fuel  is not burned 
completely.  It is a component of motor vehicle exhaust, which contributes approximately 56 percent of 
all CO emissions nationwide.  In cities, 85 to 95 percent of all CO emissions may come from motor vehicle 
exhaust.   Other  sources of CO emissions  include  industrial processes  (such  as metals processing  and 
chemical manufacturing), residential wood burning, and natural sources such as forest fires.  Woodstoves, 
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gas stoves, cigarette smoke, and unvented gas and kerosene space heaters are indoor sources of CO.  The 
highest levels of CO in the outside air typically occur during the colder months of the year when inversion 
conditions are more frequent.   The air pollution becomes trapped near the ground beneath a  layer of 
warm  air.  CO  is  described  as  having  only  a  local  influence  because  it  dissipates  quickly.    Since  CO 
concentrations are strongly associated with motor vehicle emissions, high CO concentrations generally 
occur in the immediate vicinity of roadways with high traffic volumes and traffic congestion, active parking 
lots,  and  in  automobile  tunnels.   Areas  adjacent  to heavily  traveled  and  congested  intersections  are 
particularly susceptible to high CO concentrations. 

CO is a public health concern because it combines readily with hemoglobin and thus reduces the amount 
of oxygen transported in the bloodstream.  The health threat from lower levels of CO is most serious for 
those who suffer from heart disease such as angina, clogged arteries, or congestive heart failure.  For a 
person with heart disease, a single exposure to CO at low levels may cause chest pain and reduce that 
person’s ability  to exercise;  repeated exposures may contribute  to other cardiovascular effects.   High 
levels of CO can affect even healthy people.   People who breathe high  levels of CO can develop vision 
problems, reduced ability to work or learn, reduced manual dexterity, and difficulty performing complex 
tasks.  At extremely high levels, CO is poisonous and can cause death. 

Sulfur Oxides 

SOx gases are  formed when  fuel containing sulfur, such as coal and oil  is burned, as well as  from  the 
refining of gasoline.  SOx dissolves easily in water vapor to form acid and interacts with other gases and 
particles in the air to form sulfates and other products that can be harmful to people and the environment.  

Lead 

Lead is a metal found naturally in the environment as well as manufactured products.  The major sources 
of lead emissions have historically been motor vehicles and industrial sources.  Due to the phase out of 
leaded gasoline, metal processing is now the primary source of lead emissions to the air.  High levels of 
lead  in  the air are  typically only  found near  lead  smelters, waste  incinerators, utilities, and  lead‐acid 
battery manufacturers. Exposure of fetuses, infants and children to low levels of lead can adversely affect 
the development and function of the central nervous system, leading to learning disorders, distractibility, 
inability to follow simple commands, and lower intelligence quotient. In adults, increased lead levels are 
associated with increased blood pressure. 

Particulate Matter 

PM  is the term for a mixture of solid particles and  liquid droplets found  in the air. PM  is made up of a 
number of components including acids (such as nitrates and sulfates), organic chemicals, metals, and soil 
or dust particles.   The size of particles  is directly  linked to their potential for causing health problems. 
Particles  that  are  less  than  10  micrometers  in  diameter  (PM10)  that  are  also  known  as  Respirable 
Particulate Matter are the particles that generally pass through the throat and nose and enter the lungs.  
Once inhaled, these particles can affect the heart and lungs and cause serious health effects.  Particles 
that are less than 2.5 micrometers in diameter (PM2.5) that  are also known as Fine Particulate Matter 
have been designated as a subset of PM10 due to their increased negative health impacts and its ability 
to remain suspended in the air longer and travel further.   

Volatile Organic Compounds  

Hydrocarbons  are  organic  gases  that  are  formed  from  hydrogen  and  carbon  and  sometimes  other 
elements. Hydrocarbons that contribute to formation of ozone are referred to and regulated as VOCs (also 
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referred to as reactive organic gases). Combustion engine exhaust, oil refineries, and fossil‐fueled power 
plants  are  the  sources  of  hydrocarbons.  Other  sources  of  hydrocarbons  include  evaporation  from 
petroleum fuels, solvents, dry cleaning solutions, and paint. 

VOC is not classified as a criteria pollutant, since VOCs by themselves are not a known source of adverse 
health effects. The primary health effects of VOCs result from the formation of ozone and its related health 
effects. High levels of VOCs in the atmosphere can interfere with oxygen intake by reducing the amount 
of available oxygen  through displacement. Carcinogenic  forms of hydrocarbons,  such as benzene, are 
considered toxic air contaminants (TACs). There are no separate health standards for VOCs as a group.  

2.2 Other Pollutants of Concern 

Toxic Air Contaminants  

In addition  to  the above‐listed  criteria pollutants,  toxic air  contaminants  (TACs) are another group of 
pollutants of concern.  TACs is a term that is defined under the California Clean Air Act and consists of the 
same substances that are defined as Hazardous Air Pollutants (HAPs) in the Federal Clean Air Act.  There 
are over 700 hundred different types of TACs with varying degrees of toxicity.  Sources of TACs include 
industrial processes such as petroleum refining and chrome plating operations, commercial operations 
such as gasoline stations and dry cleaners, and motor vehicle exhaust.  Cars and trucks release at least 40 
different toxic air contaminants.   The most  important of these TACs,  in terms of health risk, are diesel 
particulates, benzene,  formaldehyde, 1,3‐butadiene,  and  acetaldehyde.   Public  exposure  to  TACs  can 
result from emissions from normal operations as well as from accidental releases.  Health effects of TACs 
include cancer, birth defects, neurological damage, and death. 

TACs are less pervasive in the urban atmosphere than criteria air pollutants, however they are linked to 
short‐term  (acute)  or  long‐term  (chronic  or  carcinogenic)  adverse  human  health  effects.    There  are 
hundreds of different types of TACs with varying degrees of toxicity.  Sources of TACs include industrial 
processes, commercial operations (e.g., gasoline stations and dry cleaners), and motor vehicle exhaust. 

According  to  The  California  Almanac  of  Emissions  and  Air Quality  2013  Edition,  the  majority  of  the 
estimated health risk from TACs can be attributed to relatively few compounds, the most  important of 
which is DPM.  DPM is a subset of PM2.5 because the size of diesel particles are typically 2.5 microns and 
smaller.   The  identification of DPM as a TAC  in 1998  led the CARB to adopt the Risk Reduction Plan to 
Reduce Particulate Matter Emissions from Diesel‐fueled Engines and Vehicles  in September 2000.   The 
plan’s goals are a 75‐percent reduction in DPM by 2010 and an 85‐percent reduction by 2020 from the 
2000 baseline.  Diesel engines emit a complex mixture of air pollutants, composed of gaseous and solid 
material.  The visible emissions in diesel exhaust are known as particulate matter or PM, which includes 
carbon particles or “soot.”   Diesel exhaust also contains a variety of harmful gases and over 40 other 
cancer‐causing substances.  California’s identification of DPM as a toxic air contaminant was based on its 
potential to cause cancer, premature deaths, and other health problems.  Exposure to DPM is a health 
hazard, particularly  to  children whose  lungs are  still developing and  the elderly who may have other 
serious health problems.  Overall, diesel engine emissions are responsible for the majority of California’s 
potential airborne cancer risk from combustion sources.   

Asbestos  

Asbestos  is  listed  as  a TAC by CARB  and  as  a HAP by  the EPA.   Asbestos occurs naturally  in mineral 
formations  and  crushing  or  breaking  these  rocks,  through  construction  or  other means,  can  release 
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asbestiform fibers into the air.  Asbestos emissions can result from the sale or use of asbestos‐containing 
materials, road surfacing with such materials, grading activities, and surface mining.  The risk of disease is 
dependent upon the intensity and duration of exposure.  When inhaled, asbestos fibers may remain in 
the lungs and with time may be linked to such diseases as asbestosis, lung cancer, and mesothelioma.  The 
nearest  likely  locations of naturally occurring asbestos, as  identified  in  the General Location Guide  for 
Ultramafic Rocks  in California, prepared by  the California Division of Mines and Geology,  is  located  in 
Santa Barbara County.  The nearest historic asbestos mine to the project site, as identified in the Reported 
Historic  Asbestos Mines,  Historic  Asbestos  Prospects,  and  Other  Natural  Occurrences  of  Asbestos  in 
California, prepared by U.S. Geological Survey, is located at Asbestos Mountain, which is approximately 
70 miles northwest of the project site in the San Jacinto Mountains.  Due to the distance to the nearest 
natural occurrences of asbestos, the project site is not likely to contain asbestos. 
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3.0  GREENHOUSE GASES 

3.1 Greenhouse Gases  

Constituent gases of the Earth’s atmosphere, called atmospheric greenhouse gases (GHGs), play a critical 
role  in  the  Earth’s  radiation  amount  by  trapping  infrared  radiation  from  the  Earth’s  surface,  which 
otherwise would have escaped to space.  Prominent greenhouse gases contributing to this process include 
carbon dioxide (CO2), methane (CH4), ozone, water vapor, nitrous oxide (N2O), and chlorofluorocarbons 
(CFCs).   This phenomenon, known as the Greenhouse Effect,  is responsible for maintaining a habitable 
climate.  Anthropogenic (caused or produced by humans) emissions of these greenhouse gases in excess 
of natural ambient concentrations are responsible for the enhancement of the Greenhouse Effect and 
have  led  to a  trend of unnatural warming of  the Earth’s natural climate, known as global warming or 
climate  change.    Emissions  of  gases  that  induce  global warming  are  attributable  to  human  activities 
associated with industrial/manufacturing, agriculture, utilities, transportation, and residential land uses.  
Emissions of CO2 and N2O are byproducts of fossil fuel combustion.  Methane, a potent greenhouse gas, 
results from off‐gassing associated with agricultural practices and  landfills.   Sinks of CO2, where CO2  is 
stored outside of  the atmosphere,  include uptake by vegetation and dissolution  into  the ocean.   The 
following provides a description of each of the greenhouse gases and their global warming potential. 

Water Vapor  

Water vapor is the most abundant, important, and variable GHG in the atmosphere.  Water vapor is not 
considered  a  pollutant;  in  the  atmosphere  it  maintains  a  climate  necessary  for  life.    Changes  in  its 
concentration  are  primarily  considered  a  result  of  climate  feedbacks  related  to  the  warming  of  the 
atmosphere rather than a direct result of industrialization.  The feedback loop in which water is involved 
is critically important to projecting future climate change.  As the temperature of the atmosphere rises, 
more water is evaporated from ground storage (rivers, oceans, reservoirs, soil).  Because the air is warmer, 
the relative humidity can be higher (in essence, the air is able to “hold” more water when it is warmer), 
leading to more water vapor in the atmosphere.  As a GHG, the higher concentration of water vapor is 
then able  to absorb more  thermal  indirect energy  radiated  from  the Earth,  thus  further warming  the 
atmosphere.   The warmer atmosphere can  then hold more water vapor and so on and so on.   This  is 
referred to as a “positive feedback loop.”  The extent to which this positive feedback loop will continue is 
unknown as there is also dynamics that put the positive feedback loop in check.  As an example, when 
water vapor increases in the atmosphere, more of it will eventually also condense into clouds, which are 
more able to reflect incoming solar radiation (thus allowing less energy to reach the Earth’s surface and 
heat it up).  

Carbon Dioxide  

The natural production and absorption of CO2 is achieved through the terrestrial biosphere and the ocean.  
However, humankind has altered the natural carbon cycle by burning coal, oil, natural gas, and wood.  
Since the industrial revolution began in the mid 1700s, each of these activities has increased in scale and 
distribution.  CO2 was the first GHG demonstrated to be increasing in atmospheric concentration with the 
first conclusive measurements being made  in  the  last half of  the 20th century.   Prior  to  the  industrial 
revolution, concentrations were fairly stable at 280 parts per million (ppm).  The International Panel on 
Climate Change (IPCC) indicates that concentrations were 379 ppm in 2005, an increase of more than 30 
percent.   Left unchecked, the  IPCC projects that concentration of carbon dioxide  in the atmosphere  is 
projected to increase to a minimum of 540 ppm by 2100 as a direct result of anthropogenic sources.  This 
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could  result  in  an  average  global  temperature  rise  of  at  least  two  degrees  Celsius  or  3.6  degrees 
Fahrenheit.   

Methane 

CH4 is an extremely effective absorber of radiation, although its atmospheric concentration is less than 
that of CO2.  Its lifetime in the atmosphere is brief (10 to 12 years), compared to some other GHGs (such 
as CO2, N2O, and CFCs).   CH4 has both natural and anthropogenic sources.   It  is released as part of the 
biological processes in low oxygen environments, such as in swamplands or in rice production (at the roots 
of the plants).  Over the last 50 years, human activities such as growing rice, raising cattle, using natural 
gas, and mining coal have added to the atmospheric concentration of methane.  Other anthropocentric 
sources include fossil‐fuel combustion and biomass burning. 

Nitrous Oxide 

Concentrations of N2O also began to rise at the beginning of the industrial revolution.  In 1998, the global 
concentration of this GHG was documented at 314 parts per billion (ppb).  N2O is produced by microbial 
processes  in soil and water,  including  those reactions which occur  in  fertilizer containing nitrogen.    In 
addition  to  agricultural  sources,  some  industrial  processes  (fossil  fuel‐fired  power  plants,  nylon 
production, nitric acid production, and vehicle emissions) also contribute to its atmospheric load.  N2O is 
also commonly used as an aerosol spray propellant (i.e., in whipped cream bottles, in potato chip bags to 
keep chips fresh, and in rocket engines and race cars). 

Chlorofluorocarbons  

CFCs are gases formed synthetically by replacing all hydrogen atoms in methane or ethane with chlorine 
and/or  fluorine atoms.   CFCs are nontoxic, nonflammable,  insoluble, and chemically unreactive  in  the 
troposphere  (the  level  of  air  at  the  Earth’s  surface).    CFCs  have  no  natural  source,  but  were  first 
synthesized in 1928.  They were used for refrigerants, aerosol propellants, and cleaning solvents.  Due to 
the discovery that they are able to destroy stratospheric ozone, a global effort to halt their production 
was undertaken and  in 1989  the European Community agreed  to ban CFCs by 2000 and  subsequent 
treaties banned CFCs worldwide by 2010.  This effort was extremely successful, and the levels of the major 
CFCs are now remaining level or declining.  However, their long atmospheric lifetimes mean that some of 
the CFCs will remain in the atmosphere for over 100 years. 

Hydrofluorocarbons  

Hydrofluorocarbons (HFCs) are synthetic man‐made chemicals that are used as a substitute for CFCs.  Out 
of all the GHGs, they are one of three groups with the highest global warming potential.  The HFCs with 
the  largest measured atmospheric abundances are  (in order), HFC‐23  (CHF3), HFC‐134a  (CF3CH2F), and 
HFC‐152a  (CH3CHF2).    Prior  to  1990,  the  only  significant  emissions  were  HFC‐23.    HFC‐134a  use  is 
increasing due to its use as a refrigerant.  Concentrations of HFC‐23 and HFC‐134a in the atmosphere are 
now  about  10 parts per  trillion  (ppt)  each.   Concentrations of HFC‐152a  are  about  1 ppt.   HFCs  are 
manmade for applications such as automobile air conditioners and refrigerants. 

Perfluorocarbons 

Perfluorocarbons (PFCs) have stable molecular structures and do not break down through the chemical 
processes  in  the  lower  atmosphere.   High‐energy  ultraviolet  rays  about  60  kilometers  above  Earth’s 
surface are able  to destroy  the compounds.   Because of  this, PFCs have very  long  lifetimes, between 
10,000 and 50,000 years.  Two common PFCs are tetrafluoromethane (CF4) and hexafluoroethane (C2F6).  
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Concentrations of CF4  in  the atmosphere are over 70 ppt.   The  two main sources of PFCs are primary 
aluminum production and semiconductor manufacturing. 

Sulfur Hexafluoride 

Sulfur Hexafluoride  (SF6)  is an  inorganic, odorless, colorless, nontoxic, nonflammable gas.   SF6 has  the 
highest global warming potential of any gas evaluated; 23,900 times that of CO2.  Concentrations in the 
1990s were about 4 ppt.   Sulfur hexafluoride  is used  for  insulation  in electric power transmission and 
distribution equipment, in the magnesium industry, in semiconductor manufacturing, and as a tracer gas 
for leak detection. 

Aerosols 

Aerosols  are particles  emitted  into  the  air  through burning biomass  (plant material)  and  fossil  fuels.  
Aerosols can warm  the atmosphere by absorbing and emitting heat and  can cool  the atmosphere by 
reflecting light.  Cloud formation can also be affected by aerosols.  Sulfate aerosols are emitted when fuel 
containing  sulfur  is  burned.    Black  carbon  (or  soot)  is  emitted  during  biomass  burning  due  to  the 
incomplete  combustion  of  fossil  fuels.    Particulate  matter  regulation  has  been  lowering  aerosol 
concentrations in the United States; however, global concentrations are likely increasing. 

3.2 Global Warming Potential 

GHGs have varying global warming potential (GWP).  The GWP is the potential of a gas or aerosol to trap 
heat in the atmosphere; it is the cumulative radiative forcing effects of a gas over a specified time horizon 
resulting from the emission of a unit mass of gas relative to the reference gas, CO2.  The GHGs listed by 
the IPCC and the CEQA Guidelines are discussed in this section in order of abundance in the atmosphere.  
Water vapor, the most abundant GHG, is not included in this list because its natural concentrations and 
fluctuations far outweigh its anthropogenic (human‐made) sources.  To simplify reporting and analysis, 
GHGs are commonly defined in terms of their GWP.  The IPCC defines the GWP of various GHG emissions 
on a normalized scale that recasts all GHG emissions in terms of CO2 equivalent (CO2e).  As such, the GWP 
of CO2 is equal to 1.  The GWP values used in this analysis are based on the 2007 IPCC Fourth Assessment 
Report, which are used in CARB’s 2014 Scoping Plan Update and the CalEEMod Model Version 2016.3.2 
and are detailed in Table A.  The IPCC has updated the Global Warming Potentials of some gases in their 
Fifth Assessment Report, however the new values have not yet been  incorporated  into  the CalEEMod 
model that has been utilized in this analysis. 

Table A – Global Warming Potentials, Atmospheric Lifetimes and Abundances of GHGs 

Gas 
Atmospheric Lifetime 

(years)1 
Global Warming Potential 

(100 Year Horizon)2 
Atmospheric 
Abundance 

Carbon Dioxide (CO2)  50‐200  1  379 ppm 

Methane (CH4)  9‐15  25  1,774 ppb 

Nitrous Oxide (N2O)  114  298  319 ppb 

HFC‐23   270  14,800  18 ppt 

HFC‐134a  14  1,430  35 ppt 

HFC‐152a  1.4  124  3.9 ppt 

PFC: Tetrafluoromethane (CF4)  50,000  7,390  74 ppt 

PFC:  Hexafluoroethane (C2F6)  10,000  12,200  2.9 ppt 

Sulfur Hexafluoride (SF6)  3,200  22,800  5.6 ppt 
Notes: 
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1 Defined as the half‐life of the gas. 
2 Compared to the same quantity of CO2 emissions and is based on the Intergovernmental Panel On Climate Change (IPCC) 2007 standard, which 
is utilized in CalEEMod (Version 2016.3.2),that is used in this report (CalEEMod user guide: Appendix A). 
Definitions: ppm = parts per million; ppb = parts per billion; ppt = parts per trillion 
Source: IPCC 2007, EPA 2015 

 

3.3 Greenhouse Gas Emissions Inventory 

According to the Carbon Dioxide Information Analysis Center1, 9,855 million metric tons (MMT) of CO2e 
emissions were  created globally  in  the year 2014. According  to  the Environmental Protection Agency 
(EPA), the breakdown of global GHG emissions by sector consists of: 25 percent from electricity and heat 
production; 21 percent from industry; 24 percent from agriculture, forestry and other land use activities; 
14 percent from transportation; 6 percent from building energy use; and 10 percent from all other sources 
of energy use2.  

According to Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990‐2019, prepared by EPA, in 2019 
total U.S. GHG emissions were 6,558 million metric tons (MMT) of CO2e emissions.  Total U.S. emissions 
have  increased  by  4  percent  between  1990  and  2016  and  GHG  emissions  decreased  by  13  percent 
between 2005 and 2019.  The recent decrease in GHG emissions was a result of multiple factors, including 
population, economic growth, energy markets, and technological changes the include energy efficiency 
and energy fuel choices.  Between 2018 and 2019, GHG emissions decreased by almost 2 percent due to 
multiple factors, including a one percent decrease in total energy use.  

According  to  California  Greenhouse  Gas  Emissions  for  2000  to  2019  Trends  of  Emissions  and  Other 
Indicators, prepared by CARB, July 28, 2021, the State of California created 418.2 million metric tons of 
carbon dioxide equivalent (MMTCO2e) in 2019. The 2019 emissions were 7.2 MMTCO2e lower than 2018 
levels and almost 13 MMTCO2e below the State adopted year 2020 GHG  limit of 431 MMTCO2e.   The 
breakdown of California GHG emissions by  sector  consists of: 39.7 percent  from  transportation; 21.1 
percent  from  industrial;  14.1  percent  from  electricity  generation;  7.6  percent  from  agriculture;  10.5 
percent  from  residential  and  commercial  buildings;  4.9  percent  from  high  global  warming  potential 
sources, and 2.1 percent from waste.   

 

 

   

 

 
1 Obtained from: https://cdiac.ess‐dive.lbl.gov/trends/emis/tre_glob_2014.html  
2 Obtained from: https://www.epa.gov/ghgemissions/global‐greenhouse‐gas‐emissions‐data 
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4.0  AIR QUALITY MANAGEMENT 

The air quality at the project site is addressed through the efforts of various international, federal, state, 
regional, and local government agencies.  These agencies work jointly, as well as individually, to improve 
air quality through legislation, regulations, planning, policy‐making, education, and a variety of programs.  
The agencies responsible for improving the air quality are discussed below. 

4.1 Federal – United States Environmental Protection Agency 

The Clean Air Act, first passed in 1963 with major amendments in 1970, 1977 and 1990, is the overarching 
legislation covering regulation of air pollution in the United States. The Clean Air Act has established the 
mandate for requiring regulation of both mobile and stationary sources of air pollution at the state and 
federal level. The EPA was created in 1970 in order to consolidate research, monitoring, standard‐setting 
and enforcement authority into a single agency. 

The EPA is responsible for setting and enforcing the National Ambient Air Quality Standards (NAAQS) for 
atmospheric pollutants.  It regulates emission sources that are under the exclusive authority of the federal 
government,  such as aircraft,  ships, and  certain  locomotives. NAAQS pollutants were  identified using 
medical evidence and are shown below in Table B. 

Table B – State and Federal Criteria Pollutant Standards 

Air 
Pollutant 

Concentration / Averaging Time 

Most Relevant Effects 
California 
Standards 

Federal Primary 
Standards 

Ozone (O3) 

0.09 ppm / 1‐hour 

 

0.07 ppm / 8‐hour 

0.070 ppm, / 8‐hour 

(a) Pulmonary function decrements and localized lung edema 
in humans and animals;  (b) Risk  to public health  implied by 
alterations in pulmonary morphology and host defense in 

animals; (c) Increased mortality risk; (d) Risk to public health 
implied by altered connective tissue metabolism and altered 
pulmonary morphology in animals after long‐term exposures 
and  pulmonary  function  decrements  in  chronically  exposed 
humans; (e) Vegetation damage; and (f) Property damage. 

Carbon 
Monoxide 

(CO) 

20.0 ppm / 1‐hour 

 

9.0 ppm / 8‐hour 

35.0 ppm / 1‐hour 

 

9.0 ppm / 8‐hour 

(a)  Aggravation  of  angina  pectoris  and  other  aspects  of 
coronary heart disease;  (b) Decreased  exercise  tolerance  in 
persons with peripheral vascular disease and lung disease; (c)  
Impairment  of  central  nervous  system  functions;    and  (d) 
Possible increased risk to fetuses. 

Nitrogen 
Dioxide 
(NO2) 

0.18 ppm / 1‐hour 

0.030 ppm / annual 

100 ppb / 1‐hour 

0.053 ppm / annual  

(a)  Potential  to  aggravate  chronic  respiratory  disease  and 
respiratory  symptoms  in  sensitive  groups;  (b) Risk  to public 
health  implied  by  pulmonary  and  extra‐pulmonary 
biochemical  and  cellular  changes  and  pulmonary  structural 
changes; and (c) Contribution to atmospheric discoloration. 

Sulfur 
Dioxide      

(SO2) 

0.25 ppm / 1‐hour 

 

0.04 ppm / 24‐hour 

75 ppb / 1‐hour 

0.14 ppm/annual 

(a)  Bronchoconstriction  accompanied  by  symptoms  which 
may  include  wheezing,  shortness  of  breath  and  chest 
tightness, during exercise or physical activity  in persons with 
asthma. 

Suspended 
Particulate 

Matter 
(PM10) 

50 µg/m3 / 24‐hour 

20 µg/m3 / annual 

150 µg/m3 / 24‐
hour 

(a)  Exacerbation  of  symptoms  in  sensitive  patients  with 
respiratory  or  cardiovascular  disease;  (b)  Declines  in 
pulmonary function growth in children; and (c) Increased risk 
of premature death from heart or lung diseases in elderly. 
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Air 
Pollutant 

Concentration / Averaging Time 

Most Relevant Effects 
California 
Standards 

Federal Primary 
Standards 

Suspended 
Particulate 

Matter 
(PM2.5) 

12 µg/m3 / annual 
35 µg/m3 / 24‐hour 

12 µg/m3 / annual 

Sulfates  25 µg/m3 / 24‐hour 
No Federal 
Standards 

(a)  Decrease  in  ventilatory  function;  (b)  Aggravation  of 
asthmatic  symptoms;  (c  )  Aggravation  of  cardio‐pulmonary 
disease; (d) Vegetation damage; (e) Degradation of visibility; 
and (f) Property damage. 

Lead  1.5 µg/m3 / 30‐day  
0.15 µg/m3 /3‐ 
month rolling 

(a)  Learning  disabilities;  and  (b)  Impairment  of  blood 
formation and nerve conduction. 

Visibility 
Reducing 
Particles 

Extinction 
coefficient of 0.23 

per kilometer ‐ 
visibility of ten miles 

or more due to 
particles when 

relative humidity is 
less than 70 percent.  

No Federal 
Standards 

Visibility  impairment on days when  relative humidity  is  less 
than 70 percent. 

Source: http://www.arb.ca.gov/research/aaqs/aaqs2.pdf . 

 

As part of its enforcement responsibilities, the EPA requires each state with federal nonattainment areas 
to prepare and  submit a  State  Implementation Plan  (SIP)  that demonstrates  the means  to attain  the 
national  standards.    The  SIP must  integrate  federal,  state,  and  local  components  and  regulations  to 
identify specific measures to reduce pollution, using a combination of performance standards and market‐
based programs within the timeframe identified in the SIP.  The CARB defines attainment as the category 
given to an area with no violations in the past three years.  

As indicated below in Table C, the ICAPCD portion of the Salton Sea Air Basin has been designated by EPA 
for the national standards as a non‐attainment area for ozone, respirable particulates (PM10), and fine 
particulate matter (PM2.5).  Currently, the ICAPCD is in attainment with the national ambient air quality 
standards for carbon monoxide (CO), sulfur dioxide (SO2), and nitrogen dioxide (NO2).     

Table C – Salton Sea Air Basin Attainment Status 

Pollutant  Federal Designation  State Designation 

Ozone (O3) – 2008 Standard  Nonattainment (Moderate)  Nonattainment 

Respirable Particulate Matter (PM10)  Nonattainment (Serious)  Nonattainment 

Fine Particulate Matter (PM2.5)  Nonattainment (Moderate)  Nonattainment 

Carbon Monoxide (CO)  Attainment  Attainment 

Nitrogen Dioxide (NO2)  Attainment  Attainment 

Sulfur Dioxide (SO2)  Attainment  Attainment 
Source: https://ww3.arb.ca.gov/desig/adm/adm.htm ; and https://ww3.arb.ca.gov/planning/sip/planarea/imperial/staffreport121318.pdf  

 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 18 

 

4.2 State – California Air Resources Board 

The  CARB, which  is  a  part  of  the  California  Environmental  Protection Agency,  is  responsible  for  the 
coordination and administration of both federal and state air pollution control programs within California.  
In this capacity, the CARB conducts research, sets the California Ambient Air Quality Standards (CAAQS), 
compiles  emission  inventories,  develops  suggested  control  measures,  provides  oversight  of  local 
programs, and prepares the SIP.  The CAAQS for criteria pollutants are shown above in Table B.  In addition, 
the CARB establishes emission standards for motor vehicles sold  in California, consumer products (e.g. 
hairspray, aerosol paints, and barbeque lighter fluid), and various types of commercial equipment.  It also 
sets fuel specifications to further reduce vehicular emissions. 

The  ICAPCD has been designated by the CARB as a non‐attainment area for ozone, PM10, and PM2.5.  
Currently, the ICAPCD is in attainment with the ambient air quality standards for CO, NO2, and SO2. 

The  following  lists the State of California Code of Regulations  (CCR) air quality emission rules that are 
applicable, but not limited to all non‐residential projects in the State.   

Assembly Bill 2588 

The Air Toxics “Hot Spots” Information and Assessment Act (Assembly Bill [AB] 2588, 1987, Connelly) was 
enacted in 1987 as a means to establish a formal air toxics emission inventory risk quantification program. 
AB 2588,  as  amended,  establishes  a process  that  requires  stationary  sources  to  report  the  type  and 
quantities of certain substances their facilities routinely release in California.  The data is ranked by high, 
intermediate, and low categories, which are determined by: the potency, toxicity, quantity, volume, and 
proximity of the facility to nearby receptors. 

CARB Regulation for In‐Use Off‐Road Diesel Vehicles 

On July 26, 2007, the CARB adopted California Code of Regulations Title 13, Article 4.8, Chapter 9, Section 
2449 to reduce DPM and NOx emissions from in‐use off‐road heavy‐duty diesel vehicles in California.  Such 
vehicles are used  in construction, mining, and  industrial operations.   The regulation  limits  idling to no 
more  than  five  consecutive  minutes,  requires  reporting  and  labeling,  and  requires  disclosure  of  the 
regulation upon vehicle sale.  Performance requirements of the rule are based on a fleet’s average NOx 
emissions, which  can be met by  replacing older  vehicles with newer,  cleaner  vehicles or by  applying 
exhaust retrofits.  The regulation was amended in 2010 to delay the original timeline of the performance 
requirement  making  the  first  compliance  deadline  January  1,  2014  for  large  fleets  (over  5,000 
horsepower),  2017  for  medium  fleets  (2,501‐5,000  horsepower),  and  2019  for  small  fleets  (2,500 
horsepower or less).  Currently, no commercial operation in California may add any equipment to their 
fleet that has a Tier 0 or Tier 1 engine.  By January 1, 2018 medium and large fleets will be restricted from 
adding Tier 2 engines to their fleets and by January 2023, no commercial operation will be allowed to add 
Tier 2 engines to their fleets.  It should be noted that commercial fleets may continue to use their existing 
Tier  0  and  1  equipment,  if  they  can  demonstrate  that  the  average  emissions  from  their  entire  fleet 
emissions meet the NOx emissions targets.  

CARB Resolution 08‐43 for On‐Road Diesel Truck Fleets   

On December 12, 2008 the CARB adopted Resolution 08‐43, which limits NOx, PM10 and PM2.5 emissions 
from on‐road diesel truck fleets that operate in California. On October 12, 2009 Executive Order R‐09‐010 
was  adopted  that  codified  Resolution  08‐43  into  Section  2025,  title  13  of  the  California  Code  of 
Regulations.  This regulation requires that by the year 2023 all commercial diesel trucks that operate in 
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California shall meet model year 2010 (Tier 4 Final) or latter emission standards.  In the interim period, 
this regulation provides annual interim targets for fleet owners to meet.  By January 1, 2014, 50 percent 
of a truck fleet is required to have installed Best Available Control Technology (BACT) for NOx emissions 
and 100 percent of a truck fleet installed BACT for PM10 emissions.  This regulation also provides a few 
exemptions  including a onetime per year 3‐day pass for trucks registered outside of California.   All on‐
road diesel trucks utilized during construction of the proposed project will be required to comply with 
Resolution 08‐43. 

4.3 Local – County of Imperial 

The ICAPCD is the agency principally responsible for comprehensive air pollution control in the County.  
To that end, as a regional agency, the ICAPCD works directly with the Southern California Association of 
Governments (SCAG), the Imperial County Transportation Commission (ICTC), and local governments and 
cooperates actively with all federal and state agencies. 

Imperial County Air Pollution Control District  

The  ICAPCD  is  the  agency  principally  responsible  for  comprehensive  air  pollution  control  in  Imperial 
County.  To that end, as a regional agency, the ICAPCD works directly with the County and incorporated 
communities as well as the military bases within the County to control air emissions within the County. 

The  ICAPCD has addressed each of  three nonattainment pollutants  in  separate State  Implementation 
Plans (SIPs). For ozone the most current SIP is the Imperial County 2017 State Implementation Plan for 
the 2008 8‐Hour Ozone Standard  (2017 Ozone SIP), prepared by  ICAPCD, September 2017, which was 
prepared  to detail measures to reduce ozone precursors  (i.e., reactive organic gases  [ROGs] and NOx) 
within the County in order to meet the 2008 NAAQS for 8‐hour ozone standard of 0.075 parts per million 
(ppm) by July 20, 2018. Although the Ozone 2017 SIP demonstrates that the County met the 8‐hour ozone 
standard of 0.075 ppm by  the  July 20, 2018, requirement,  it should be noted  that  in 2015  the USEPA 
further strengthened its 8‐hour ozone standard to 0.070 ppm, which will require an updated SIP for the 
County to meet the new ozone standard. 

Since PM10  in the County has met the 24‐hour NAAQS other than for exceptional events that  include 
storms as well as from substantial PM10 concentrations blowing into the County from Mexico, the most 
current  PM10  plan  is  the  Imperial  County  2018  Redesignation  Request  and  Maintenance  Plan  for 
Particulate Matter less than 10 Microns in Diameter (2018 PM10 Plan), prepared by ICAPCD, October 23, 
2018. The 2018 PM10 Plan  shows  that  the monitoring of PM10  in  the County  found  that other  than 
exceptional events, no violation of the 24‐hour PM10 NAAQS of 150 micrograms per cubic meter (µg/m3) 
occurred over the 2014 to 2016 time period. As such, the ICAPCD has requested the USEPA to redesignate 
the Air Basin to maintenance. The redesignation was anticipated to occur sometime in the year 2020. 

For PM2.5  the most  current  SIP  is  the  Imperial County 2018 Annual Particulate Matter  less  than 2.5 
Microns in Diameter State Implementation Plan (2018 PM2.5 SIP), prepared by ICAPCD, April 2018, which 
was prepared to detail measures to meet the 2012 NAAQS for annual PM2.5¬ standard of 12 µg/m3 by 
the end of 2021 for the portion of Imperial County (approximately from Brawley to Mexico border) that 
is designated nonattainment. The PM2.5 Plan found that the only monitoring station in the County that 
has recorded an exceedance of PM2.5 is the Calexico Monitoring Station and that the exceedance is likely 
caused by the transport of PM2.5 across the border from Mexico. It is anticipated that the ICAPCD will 
submit a redesignation request for PM2.5 in the near future.  
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Although ICAPCD is responsible for regional air quality planning efforts, it does not have the authority to 
directly regulate air quality issues associated with plans and new development projects throughout the 
County.    Instead,  this  is  controlled  through  local  jurisdictions  in  accordance  with  the  California 
Environmental Quality Act (CEQA).  In order to assist local jurisdictions with air quality compliance issues 
the CEQA Air Quality Handbook  (CEQA Handbook), prepared by  ICAPCD on December 12, 2017, was 
developed in accordance with the projections and programs detailed in the AQMPs.  The purpose of the 
CEQA  Handbook  is  to  assist  Lead  Agencies,  as  well  as  consultants,  project  proponents,  and  other 
interested parties in evaluating a proposed project’s potential air quality impacts.  Specifically, the CEQA 
Handbook explains the procedures that ICAPCD recommends be followed for the environmental review 
process  required by CEQA.   The CEQA Handbook provides direction on how  to evaluate potential air 
quality  impacts, how  to determine whether  these  impacts are  significant, and how  to mitigate  these 
impacts.    The  ICAPCD  intends  that  by  providing  this  guidance,  the  air  quality  impacts  of  plans  and 
development proposals will be analyzed accurately and consistently throughout the County, and adverse 
impacts will be minimized. 

The  following  provides  the  ICAPCD  regulations  that  are  applicable  but  not  limited  to  industrial 
development projects in the County.   

Regulation II ‐ Permits  

Rule  201  requires  that  a  permit  to  construct  and  operate  be  obtained  prior  to  start  of  construction 
activities for all facilities that need to obtain an Air Quality Permit from the  ICAPCD to operate, which 
includes backup diesel generators. Rule 208 requires a permit for all facilities prior to the construction, 
installation,  modification,  replacement,  and  operation  of  any  equipment  which  may  emit  air 
contaminants. 

Regulation VIII – Fugitive Dust Rules 

Rule 800 provides general requirements for the control of fugitive dust.  Rule 801 provides specific rules 
for  fugitive dust emissions created during construction and earthmoving activities.   Rule 802 provides 
specific rules for fugitive dust emissions from bulk materials.  Rule 803 provides specific rules for carry‐
out and track‐out.  Rule 805 provides specific rules for fugitive dust emissions from paved and unpaved 
roads. 

Imperial County Transportation Commission 

The ICTC serves as the regional delegated transportation commission for Imperial County that participates 
in development and  implementation of the RTP and distributes and oversees the Local Transportation 
Fund.  ICTC’s jurisdiction includes the seven incorporated cities in the County, the unincorporated County 
and the Imperial Valley Transit (IVT) System. 

Southern California Association of Governments 

The SCAG  is the regional planning agency for Los Angeles, Orange, Ventura, Riverside, San Bernardino, 
and Imperial Counties and addresses regional issues relating to transportation, the economy, community 
development and the environment.  SCAG is the federally designated Metropolitan Planning Organization 
(MPO) for the majority of the southern California region and is the largest MPO in the nation.  With respect 
to  air  quality  planning,  SCAG  has  prepared  the  2020‐2045  Regional  Transportation  Plan/Sustainable 
Communities Strategy (Connect SoCal), adopted September 3, 2020 and the 2019 Federal Transportation 
Improvement Program (2019 FTIP), adopted September 2018, which addresses regional development and 
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growth forecasts.  Although the Connect SoCal and 2019 FTIP are primarily planning documents for future 
transportation  projects  a  key  component  of  these  plans  are  to  integrate  land  use  planning  with 
transportation planning  that promotes higher density  infill development  in close proximity  to existing 
transit service.  These plans form the basis for the land use and transportation components of the AQMP, 
which are utilized in the preparation of air quality forecasts and in the consistency analysis included in the 
AQMP.  The Connect SoCal, 2019 FTIP, and AQMP are based on projections originating within the City and 
County General Plans.  
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5.0  ENERGY CONSERVATION MANAGEMENT 

The regulatory setting related to energy conservation  is primarily addressed through State and County 
regulations, which are discussed below.  

5.1 State  

Energy conservation management  in  the State was  initiated by  the 1974 Warren‐Alquist State Energy 
Resources Conservation and Development Act that created the California Energy Resource Conservation 
and  Development  Commission  (currently  named  California  Energy  Commission  [CEC]),  which  was 
originally tasked with certifying new electric generating plants based on the need for the plant and the 
suitability  of  the  site  of  the  plant.    In  1976  the  Warren‐Alquist  Act  was  expanded  to  include  new 
restrictions on nuclear generating plants, that effectively resulted  in a moratorium of any new nuclear 
generating plants in the State. The following details specific regulations adopted by the State in order to 
reduce the consumption of energy. 

California Code of Regulations (CCR) Title 20  

On November 3, 1976 the CEC adopted the Regulations  for Appliance Efficiency Standards Relating to 
Refrigerators,  Refrigerator‐Freezers  and  Freezers  and  Air  Conditioners,  which  were  the  first  energy‐
efficiency standards for appliances.  The appliance efficiency regulations have been updated several times 
by the Commission and the most current version is the 2016 Appliance Efficiency Regulations, adopted 
January 2017 and now includes almost all types of appliances and lamps that use electricity, natural gas 
as well as plumbing fixtures. The authority for the CEC to control the energy‐efficiency of appliances  is 
detailed in California Code of Regulations (CCR), Title 20, Division 2, Chapter 4, Article 4, Sections 1601‐
1609. 

California Code of Regulations (CCR) Title 24, Part 6  

The  CEC  is  also  responsible  for  implementing  the  CCR  Title  24,  Part  6:  California’s  Energy  Efficiency 
Standards for Residential and Nonresidential Buildings (Title 24 Part 6) that were first established in 1978 
in response to a legislative mandate to reduce California’s energy consumption.  In 2008 the State set an 
energy‐use reduction goal of zero‐net‐energy use of all new homes by 2020 and the CEC was mandated 
to meet this goal through revisions to the Title 24, Part 6 regulations. 

The Title 24 standards are updated on a three‐year schedule and since 2008 the standards have been 
incrementally moving to the 2020 goal of the zero‐net‐energy use.  On January 1, 2020 the 2019 standards 
went into effect, that have been designed so that the average new home built in California will now use 
zero‐net‐energy and that non‐residential buildings will use about 30 percent  less energy than the 2016 
standards due mainly to lighting upgrades. The 2019 standards also encourage the use of battery storage 
and heat pump water heaters, require the more widespread use of LED lighting, as well as improve the 
building’s thermal envelope through high performance attics, walls and windows.   The 2019 standards 
also require improvements to ventilation systems by requiring highly efficient air filters to trap hazardous 
air particulates as well as improvements to kitchen ventilation systems. 

California Code of Regulations (CCR) Title 24, Part 11 

CCR  Title  24,  Part  11:  California Green  Building  Standards  (CalGreen) was  developed  in  response  to 
continued efforts to reduce GHG emissions associated with energy consumption. The CalGreen Building 
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Standards are also updated every three years and the current version is the 2019 California Green Building 
Standard Code that become effective on January 1, 2020. 

The CALGreen Code contains requirements  for construction site selection; storm water control during 
construction;  construction  waste  reduction;  indoor  water  use  reduction;  material  selection;  natural 
resource  conservation;  site  irrigation  conservation;  and  more.  The  code  provides  for  design  options 
allowing the designer to determine how best to achieve compliance for a given site or building condition. 
The code also requires building commissioning, which is a process for verifying that all building systems 
(e.g., heating and cooling equipment and lighting systems) are functioning at their maximum efficiency. 

The CALGreen Code provides standards for bicycle parking, carpool/vanpool/electric vehicle spaces, light 
and  glare  reduction,  grading  and  paving,  energy  efficient  appliances,  renewable  energy,  graywater 
systems, water efficient plumbing fixtures, recycling and recycled materials, pollutant controls (including 
moisture control and indoor air quality), acoustical controls, storm water management, building design, 
insulation, flooring, and framing, among others. Implementation of the CALGreen Code measures reduces 
energy consumption and vehicle trips and encourages the use of alternative‐fuel vehicles, which reduces 
pollutant emissions.  

Some of the notable changes in the 2019 CALGreen Code over the prior 2016 CALGreen Code include: an 
alignment of building code engineering requirements with the national standards that include anchorage 
requirements  for solar panels, provides design  requirements  for buildings  in  tsunami zones,  increases 
Minimum Efficiency Reporting Value (MERV) for air filters from 8 to 13, increased electric vehicle charging 
requirements in parking areas, and sets minimum requirements for use of shade trees.  

Senate Bill 100  

Senate Bill 100 (SB 100) was adopted September 2018 and requires that by December 1, 2045 that 100 
percent of retail sales of electricity to be generated from renewable or zero‐carbon emission sources of 
electricity.  SB 100 supersedes the renewable energy requirements set by SB 350, SB 1078, SB 107, and 
SB  X1‐2.  However,  the  interim  renewable  energy  thresholds  from  the  prior  Bills  of  44  percent  by 
December 31, 2024, 52 percent by December 31, 2027, and 60 percent by December 31, 2030, will remain 
in effect. 

Executive Order B‐48‐18 and Assembly Bill 2127 

The California Governor issued Executive Order B‐48‐18 on January 26, 2018 that orders all state entities 
to work with the private sector to put at least five million zero‐emission vehicles on California roads by 
2030 and to install 200 hydrogen fueling stations and 250,000 electric vehicle chargers by 2025.  Currently 
there are approximately 350,000 electric vehicles operating in California, which represents approximately 
1.5 percent of the 24 million vehicles total currently operating in California.  Implementation of Executive 
Order B‐48‐18 would result in approximately 20 percent of all vehicles in California to be zero emission 
electric vehicles.   Assembly Bill 2127  (AB 2127) was codified  into statute on September 13, 2018 and 
requires  that  the  California  Energy  Commission working with  the  State Air Resources Board  prepare 
biannual assessments of  the  statewide electric vehicle  charging  infrastructure needed  to  support  the 
levels of zero emission vehicle adoption required for the State to meet its goals of putting at least 5 million 
zero‐emission vehicles on California roads by 2030. 
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Assembly Bill 1109 

California Assembly Bill 1109 (AB 1109) was adopted October 2007, also known as the Lighting Efficiency 
and Toxics Reduction Act, prohibits the manufacturing of lights after January 1, 2010 that contain levels 
of hazardous substances prohibited by the European Union pursuant to the RoHS Directive.  AB 1109 also 
requires reductions in energy usage for lighting and is structured to reduce lighting electrical consumption 
by: (1) At least 50 percent reduction from 2007 levels for indoor residential lighting; and (2) At least 25 
percent  reduction  from 2007  levels  for  indoor commercial and all outdoor  lighting by 2018.   AB 1109 
would reduce GHG emissions  through  reducing  the amount of electricity required  to be generated by 
fossil fuels in California. 

Assembly Bill 1493 

California Assembly Bill 1493 (also known as the Pavley Bill, in reference to its author Fran Pavley) was 
enacted on July 22, 2002 and required CARB to develop and adopt regulations that reduce GHGs emitted 
by passenger vehicles and light duty trucks.  In 2004, CARB approved the “Pavley I” regulations limiting 
the amount of GHGs that may be released from new passenger automobiles that are being phased  in 
between model years 2009 through 2016.   These regulations will reduce GHG emissions by 30 percent 
from 2002  levels by 2016.  In  June 2009,  the EPA granted California  the authority  to  implement GHG 
emission  reduction standards  for  light duty vehicles,  in September 2009, amendments  to  the Pavley  I 
regulations were adopted by CARB and implementation of the “Pavley I” regulations started in 2009. 

The second set of regulations “Pavley II” was developed in 2010, and is being phased in between model 
years 2017 through 2025 with the goal of reducing GHG emissions by 45 percent by the year 2020 as 
compared to the 2002 fleet.  The Pavley II standards were developed by linking the GHG emissions and 
formerly separate toxic tailpipe emissions standards previously known as the “LEV III” (third stage of the 
Low Emission Vehicle standards) into a single regulatory framework. The new rules reduce emissions from 
gasoline‐powered  cars  as  well  as  promote  zero‐emissions  auto  technologies  such  as  electricity  and 
hydrogen, and through increasing the infrastructure for fueling hydrogen vehicles. In 2009, the U.S. EPA 
granted California the authority to implement the GHG standards for passenger cars, pickup trucks and 
sport utility vehicles and these GHG emissions standards are currently being  implemented nationwide. 
However, EPA has performed a midterm evaluation of the longer‐term standards for model years 2022‐
2025, and based on the findings of this midterm evaluation, the EPA has proposed to amend the corporate 
average  fuel  economy  (CAFE)  and  GHG  emissions  standards  for  light  vehicles  for  model  years  2021 
through 2026.  The EPA’s proposed amendments do not include any extension of the legal waiver granted 
to California by the 1970 Clean Air Act and which has allowed the State to set tighter standards for vehicle 
pipe emissions than the EPA standards.   On September 20, 2019, California filed suit over the EPA decision 
to revoke California’s legal waiver that has been joined by 22 other states.  

5.2 Local – Imperial County 

The  Imperial  County  General  Plan  Renewable  Energy  and  Transmission  Element  addresses  energy 
conservation.  The General Plan Goals and Policies identified below, address energy conservation.   
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Table D – Imperial County General Plan Energy Conservation Goals, Objectives and Policies 

Goal, Objective, and 
Polices  General Plan 

Goal 1 
Support the safe and orderly development of renewable energy while providing for the 
protection of environmental resources. 

Objective 1.1 
The County of Imperial supports the overall goals of the Desert Renewable Energy 
Conservation Plan to provide a balance between the development of renewable energy 
resources while preserving sensitive environmental resources within its jurisdiction. 

Objective 1.2 
Lessen impacts of site and design production facilities on agricultural, natural, and cultural 
resources. 

Objective 1.3 
Require the use of directional geothermal drilling and “islands” when technically advisable 
in irrigated agricultural soils and sensitive or unique biological areas. 

Objective 1.4  Analyze potential impacts on agricultural, natural, and cultural resources, as appropriate. 

Objective 1.5  Analyze potential impacts on agricultural, natural, and cultural resources, as appropriate. 

Objective 1.6 
Encourage the efficient use of water resources required in the operation of renewable 
energy generation facilities. 

Objective 1.7 
Assure that development of renewable energy facilities and transmission lines comply with 
Imperial County Air Pollution Control District’s regulations and mitigation measures. 

Goal 2 
Encourage development of electrical transmission lines along routes which minimize 
potential environmental effects. 

Objective 2.1 
To the extent practicable, maximize utilization of IID’s transmission capacity in existing 
easements or rights‐of‐way. Encourage the location of all major transmission lines within 
designated corridors, easements, and rights‐of‐way. 

Objective 2.2 
Where practicable and cost‐effective, design transmission lines to minimize impacts on 
agricultural, natural, and cultural resources, urban areas, military operation areas, and 
recreational activities. 

Goal 3 
Support development of renewable energy resources that will contribute to and enhance 
the economic vitality of Imperial County. 

Objective 3.1 
Preserve IID’s Balancing Authority and local rate‐making authority which allows IID to 
continue to provide low‐cost service. Lower energy rates enhance the economic vitality in 
Imperial County. 

Objective 3.2  Encourage the continued development of the mineral extraction/production industry for 
job development using geothermal brines from the existing and future geothermal flash 
power plants. 

Objective 3.3  Encourage the development of services and industries associated with renewable energy 
facilities. 

Objective 3.4  Assure that revenues projected from proposed renewable energy facility developments 
are sufficient to offset operational costs to the County from that particular development. 

Objective 3.5  Encourage employment of County residents by the renewable energy industries wherever 
and whenever possible. 

Objective 3.6  Encourage the establishment of necessary and applicable renewable energy training 
programs in local school systems in association with the renewable energy industry. 

Objective 3.7  Evaluate environmental justice issues associated with job creation and displacement when 
considering the approval of renewable energy projects. 

Goal 4  Support development of renewable energy resources that will contribute to the 
restoration efforts of the Salton Sea. 

Objective 4.1  Prioritize the Salton Sea exposed seabed (playa) for renewable energy  
Development. 
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Goal, Objective, and 
Polices  General Plan 

Objective 4.2  Encourage the development of renewable energy facilities that will contribute to the 
reduction or elimination of airborne pollutants created by exposure of the seabed of the 
Salton Sea as it recedes. 

Objective 4.3  Develop mitigation measures and monitoring programs to minimize impacts to avian 
species and other species that may be affected by renewable energy facilities constructed 
near the Salton Sea. 

Goal 5  Encourage development of innovative renewable energy technologies that will diversify 
Imperial County’s energy portfolio. 

Objective 5.1  Support the implementation of pilot projects intended to test or demonstrate new and 
innovative renewable energy production technologies. 

Objective 5.2  Encourage development of utility‐scale distributed generation projects in the County. 

Goal 6  Support development of renewable energy while providing for the protection of military 
aviation and operations. 

Objective 6.1  Assure that renewable energy facilities proposed in areas adjacent to military installations 
and training areas will be compatible with these uses. 

Objective 6.2  Facilitate the early exchange of project‐related information with the military for proposed 
renewable energy facilities located within a military operations area (MOA) or within 1,000 
feet of a military installation. 

Objective 6.3  Assure that renewable energy facilities proposed within MOAs will not jeopardize the 
safety of existing residents or impact military operations. 

Goal 7  Actively minimize the potential for land subsidence to occur as a result of renewable 
energy operations. 

Objective 7.1  Require that all renewable energy facilities, where deemed appropriate, include design 
features that will prevent subsidence and other surface conditions from impacting existing 
land uses. 

Objective 7.2  For geothermal energy development facilities, establish injection standards consistent with 
the requirements of the California Division of Oil, Gas, and Geothermal Resources 
(CDOGGR). Request a CDOGGR subsidence review, if necessary, for consideration prior to 
setting injection standards. 

Objective 7.3  Require renewable energy facility permittees to establish and monitor subsidence 
detection networks in areas affected by permitted project activities. 

Objective 7.4  Require monitoring programs for determining the possibility or extent of induced 
subsidence. 

Objective 7.5  Require corrective measures, in proportion to each developer's activities, if evidence 
indicates that operation of geothermal energy facilities have caused, or will cause, surface 
impacts. In determining monitoring or mitigation requirements, the County shall consult 
with informed parties such as CDOGGR, County Department of Public Works, the IID, the 
permittee, other developers, and other experts as appropriate. 

Objective 7.6  Where geothermal fields have been divided into units or developers have established a 
cooperative agreement for reservoir management, specific production and injection 
requirements of individually permitted projects may be modified in accordance with both 
Federal and State requirements. 

Objective 7.7  Require seismic monitoring be performed in conjunction with major geothermal projects. 

Objective 7.8  Require operators of geothermal facilities analyze seismic data to determine the effects of 
geothermal production and injection on seismic activities within the development area. 

Objective 7.9  Consult with experts, such as CDOGGR, U.S. Geological Survey, geothermal industry 
representatives, permittees, and other developers to determine appropriate monitoring 
and mitigation requirements. 
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Goal, Objective, and 
Polices  General Plan 

Objective 7.10  Require operators of geothermal facilities to establish a notification system to warn or 
notify surrounding residents of the accidental release of potentially harmful emissions as 
part of an emergency response plan. 

Objective 7.11  Require all geothermal energy facilities to include operating procedures that would 
prevent detrimental impacts to geothermal reservoirs. 

Goal 8  Develop overlay zones that will facilitate the development of renewable energy resources 
while preserving and protecting agricultural, natural, and cultural resources. Development 
of overlay zones shall include coordination with Federal, State, County, Tribal 
governments, educational entities, the public and local industries. 

Objective 8.1  Allow for County review with appropriate development and performance standards for 
development of local resources within the overlay zones. 

Objective 8.2  Promote the exchange of information concerning renewable energy development to be 
circulated between industry, County staff, and the public. 

Objective 8.3  Provide the public adequate opportunity to obtain information on the current status of 
renewable energy development and to provide input on matters related to the 
development of renewable energy resources. 

Source: County of Imperial General Plan, 2015. 
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6.0  GLOBAL CLIMATE CHANGE MANAGEMENT 

The  regulatory  setting  related  to  global  climate  change  is  addressed  through  the  efforts  of  various 
international, federal, state, regional, and local government agencies.  These agencies work jointly, as well 
as  individually,  to  reduce  GHG  emissions  through  legislation,  regulations,  planning,  policy‐making, 
education, and a variety of programs.  The agencies responsible for global climate change regulations are 
discussed below. 

6.1 International 

In 1988, the United Nations established the IPCC to evaluate the impacts of global climate change and to 
develop strategies that nations could  implement to curtail global climate change.    In 1992, the United 
States joined other countries around the world in signing the United Nations’ Framework Convention on 
Climate Change  (UNFCCC) agreement with  the goal of  controlling GHG emissions.   The parties of  the 
UNFCCC  adopted  the  Kyoto  Protocol,  which  set  binding  GHG  reduction  targets  for  37  industrialized 
countries, the objective of reducing their collective GHG emissions by five percent below 1990 levels by 
2012.   The Kyoto Protocol has been ratified by 182 countries, but has not been ratified by the United 
States.    It should be noted that Japan and Canada opted out of the Kyoto Protocol and the remaining 
developed countries that ratified the Kyoto Protocol have not met their Kyoto targets. The Kyoto Protocol 
expired in 2012 and the amendment for the second commitment period from 2013 to 2020 has not yet 
entered into legal force.  The Parties to the Kyoto Protocol negotiated the Paris Agreement in December 
2015, agreeing to set a goal of limiting global warming to less than 2 degrees Celsius compared with pre‐
industrial levels. The Paris Agreement has been adopted by 195 nations with 147 ratifying it, including the 
United States by President Obama, who ratified it by Executive Order on September 3, 2016.  On June 1, 
2017, President Trump announced that the United States is withdrawing from the Paris Agreement and 
on January 21, 2021 President Biden signed an executive order rejoining the Paris Agreement. 

Additionally, the Montreal Protocol was originally signed in 1987 and substantially amended in 1990 and 
1992.  The Montreal Protocol stipulates that the production and consumption of compounds that deplete 
ozone  in  the  stratosphere—CFCs,  halons,  carbon  tetrachloride,  and  methyl  chloroform—were  to  be 
phased out, with the first three by the year 2000 and methyl chloroform by 2005. 

6.2 Federal – United States Environmental Protection Agency 

The United States Environmental Protection Agency (EPA) is responsible for implementing federal policy 
to address global climate change.   The Federal government administers a wide array of public‐private 
partnerships to reduce U.S. GHG intensity.  These programs focus on energy efficiency, renewable energy, 
methane, and other non‐CO2 gases, agricultural practices and implementation of technologies to achieve 
GHG  reductions.    EPA  implements  several  voluntary  programs  that  substantially  contribute  to  the 
reduction of GHG emissions. 

In Massachusetts v. Environmental Protection Agency (Docket No. 05–1120), argued November 29, 2006 
and decided April 2, 2007,  the U.S.  Supreme Court held  that not only did  the EPA have authority  to 
regulate greenhouse gases, but the EPA's reasons  for not regulating this area did not  fit the statutory 
requirements.  As such, the U.S. Supreme Court ruled that the EPA should be required to regulate CO2 
and other greenhouse gases as pollutants under the federal Clean Air Act (CAA). 
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In  response  to  the  FY2008  Consolidations  Appropriations  Act  (H.R.  2764;  Public  Law  110‐161),  EPA 
proposed  a  rule on March 10, 2009  that  requires mandatory  reporting of GHG emissions  from  large 
sources in the United States.  On September 22, 2009, the Final Mandatory Reporting of GHG Rule was 
signed and published in the Federal Register on October 30, 2009.  The rule became effective on December 
29, 2009.   This rule requires suppliers of fossil fuels or  industrial GHGs, manufacturers of vehicles and 
engines, and facilities that emit 25,000 metric tons or more per year of GHG emissions to submit annual 
reports to EPA. 

On December 7, 2009,  the EPA Administrator signed  two distinct  findings under section 202(a) of  the 
Clean Air Act.  One is an endangerment finding that finds concentrations of the six GHGs in the atmosphere 
threaten  the  public  health  and  welfare  of  current  and  future  generations.    The  other  is  a  cause  or 
contribute  finding,  that  finds  emissions  from  new  motor  vehicles  and  new  motor  vehicle  engines 
contribute to the GHG pollution which threatens public health and welfare.  These actions did not impose 
any requirements on  industry or other entities, however, since 2009 the EPA has been providing GHG 
emission standards for vehicles and other stationary sources of GHG emissions that are regulated by the 
EPA. On September 13, 2013 the EPA Administrator signed 40 CFR Part 60, that limits emissions from new 
sources to 1,100 pounds of CO2 per mega‐watt hour (MWh) for fossil fuel‐fired utility boilers and 1,000 
pounds of CO2 per MWh for large natural gas‐fired combustion units.   

On April 30, 2020, the EPA and the National Highway Safety Administration published the Final Rule for 
the Safer Affordable Fuel‐Efficient (SAFE) Vehicles Rule for Model Years 2021‐2026 Passenger Cars and 
Light Trucks (SAFE Vehicles Rule). Part One of the Rule revokes California’s authority to set its own GHG 
emissions  standards  and  zero‐emission  vehicle mandates  in California, which  results  in one  emission 
standard to be used nationally for all passenger cars and light trucks that is set by the EPA. 

6.3 State  

The California Air Resources Board (CARB) has the primary responsible for implementing state policy to 
address global climate change, however there are State regulations related to global climate change that 
affect a variety of State agencies.  CARB, which is a part of the California Environmental Protection Agency, 
is responsible for the coordination and administration of both the federal and state air pollution control 
programs within California.    In  this  capacity,  the CARB  conducts  research,  sets California Ambient Air 
Quality  Standards  (CAAQS),  compiles  emission  inventories,  develops  suggested  control  measures, 
provides oversight of local programs, and prepares the SIP.  In addition, the CARB establishes emission 
standards  for motor vehicles sold  in California, consumer products  (e.g. hairspray, aerosol paints, and 
barbeque  lighter  fluid), and various types of commercial equipment.    It also sets  fuel specifications  to 
further reduce vehicular emissions. 

In 2008, CARB approved a Climate Change Scoping Plan that proposes a “comprehensive set of actions 
designed  to  reduce overall carbon GHG emissions  in California,  improve our environment,  reduce our 
dependence on oil, diversify our energy sources, save energy, create new jobs, and enhance public health” 
(CARB 2008). The Climate Change Scoping Plan has a range of GHG reduction actions which include direct 
regulations;  alternative  compliance  mechanisms;  monetary  and  non‐monetary  incentives;  voluntary 
actions; market‐based mechanisms such as a cap‐and‐trade system.  In 2014, CARB approved  the First 
Update  to  the Climate Change  Scoping Plan  (CARB  2014)  that  identifies  additional  strategies moving 
beyond the 2020 targets to the year 2050. On December 14, 2017 CARB adopted the California’s 2017 
Climate Change Scoping Plan, November 2017 (CARB 2017) that provides specific statewide policies and 
measures to achieve the 2030 GHG reduction target of 40 percent below 1990  levels by 2030 and the 
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aspirational 2050 GHG reduction target of 80 percent below 1990 levels by 2050.  In addition, the State 
has passed the following laws directing CARB to develop actions to reduce GHG emissions, which are listed 
below in chronological order, with the most current first. 

Executive Order N‐79‐20 

The California Governor  issued Executive Order N‐79‐20 on September 23, 2020  that requires all new 
passenger cars and trucks and commercial drayage trucks sold in California to be zero‐emissions by the 
year 2035 and all medium‐ heavy‐duty vehicles (commercial trucks) sold in the state to be zero‐emission 
by 2045 for all operations where feasible.  Executive Order N‐79‐20 also requires all off‐road vehicles and 
equipment to transition to 100 percent zero‐emission equipment, where feasible by 2035. 

California Code of Regulations (CCR) Title 24, Part 6  

The Title 24 Part 6 standards have been developed by the CEC primarily for energy conservation and is 
described in more detail above in Section 5.1 under Energy Conservation Management.  It should be noted 
that implementation of the Title 24 Part 6 building standards would also reduce GHG emissions, since as 
detailed  above  in  Section  3.3  Greenhouse  Gas  Emissions  Inventory,  energy  use  for  residential  and 
commercial buildings creates 9.7 percent of the GHG emissions in the State. 

California Code of Regulations (CCR) Title 24, Part 11 

The CalGreen Building standards have been developed by the CEC primarily for energy conservation and 
is described in more detail above in Section 5.1 under Energy Conservation Management.  It should be 
noted that implementation of the CalGreen Building standards would also reduce GHG emissions, since 
as detailed above under Title 23, Part 6, energy usage from buildings creates 9.7 percent of GHG emissions 
in the State. 

Senate Bill 100  

SB 100 requires that by December 1, 2045 that 100 percent of retail sales of electricity to be generated 
from renewable or zero‐carbon emission sources of electricity and is described in more detail above in 
Section 5.1 under Energy Conservation Management. 

Executive Order B‐48‐18 and Assembly Bill 2127 

Executive Order B‐48‐18 and AB 2127 provides measures to put at least five million zero‐emission vehicles 
on California  roads by 2030 and  to  install 200 hydrogen  fueling  stations and 250,000 electric vehicle 
chargers  by  2025  and  is  described  in  more  detail  above  in  Section  5.1  under  Energy  Conservation 
Management. 

Executive Order B‐30‐15, Senate Bill 32 and Assembly Bill 197 

The California Governor issued Executive Order B‐30‐15 on April 29, 2015 that aims to reduce California’s 
GHG  emissions  40  percent  below  1990  levels  by  2030.    This  executive  order  aligns  California’s GHG 
reduction targets with those of other international governments, such as the European Union that set the 
same target for 2030  in October, 2014.   This target will make  it possible to reach the ultimate goal of 
reducing GHG emissions 80 percent under 1990 levels by 2050 that is based on scientifically established 
levels needed in the U.S.A to limit global warming below 2 degrees Celsius – the warming threshold at 
which scientists say there will likely be major climate disruptions such as super droughts and rising sea 
levels.  Assembly Bill 197 (AB 197) (September 8, 2016) and Senate Bill 32 (SB 32) (September 8, 2016) 
codified into statute the GHG emissions reduction targets of at least 40 percent below 1990 levels by 2030 
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as detailed in Executive Order B‐30‐15.  AB 197 also requires additional GHG emissions reporting that is 
broken down to sub‐county levels and requires CARB to consider the social costs of emissions impacting 
disadvantaged communities. 

Executive Order B‐29‐15 

The California Governor  issued Executive Order B‐29‐15 on April 1, 2015 and directed the State Water 
Resources Control Board  to  impose  restrictions  to achieve a  statewide 25%  reduction  in urban water 
usage and directed the Department of Water Resources to replace 50 million square feet of  lawn with 
drought  tolerant  landscaping  through  an  update  to  the  State’s  Model  Water  Efficient  Landscape 
Ordinance. The Ordinance also  requires  installation of more efficient  irrigation systems, promotion of 
greywater usage and onsite stormwater capture, and limits the turf planted in new residential landscapes 
to 25 percent of the total area and restricts turf from being planted in median strips or in parkways unless 
the parkway is next to a parking strip and a flat surface is required to enter and exit vehicles. Executive 
Order B‐29‐15 would reduce GHG emissions associated with the energy used to transport and filter water. 

Assembly Bill 341 and Senate Bills 939 and 1374 

Senate Bill 939  (SB 939) requires that each  jurisdiction  in California to divert at  least 50 percent of  its 
waste away from landfills, whether through waste reduction, recycling or other means.  Senate Bill 1374 
(SB 1374) requires the California Integrated Waste Management Board to adopt a model ordinance by 
March  1,  2004  suitable  for  adoption  by  any  local  agency  to  require  50  to  75  percent  diversion  of 
construction and demolition of waste materials from landfills.  Assembly Bill 341 (AB 341) was adopted in 
2011 and builds upon the waste reduction measures of SB 939 and 1374, and sets a new target of a 75 
percent reduction in solid waste generated by the year 2020. 

Senate Bill 375 

Senate Bill 375 (SB 375) was adopted September 2008 in order to support the State’s climate action goals 
to  reduce GHG emissions  through  coordinated  regional  transportation planning efforts,  regional GHG 
emission reduction targets, and  land use and housing allocation.   SB 375 requires CARB to set regional 
targets for GHG emissions reductions from passenger vehicle use. In 2010, CARB established targets for 
2020 and 2035 for each Metropolitan Planning Organizations (MPO) within the State. It was up to each 
MPO  to adopt a sustainable communities strategy  (SCS)  that will prescribe  land use allocation  in  that 
MPOs Regional Transportation Plan (RTP) to meet CARB’s 2020 and 2035 GHG emission reduction targets.  
These reduction targets are required to be updated every eight years. The most recent targets3 provide 
GHG emissions reduction targets for SCAG of 8 percent by 2020 and 19 percent by 2035.   

The Connect SoCal (SCAG 2020) provides a 2035 GHG emission reduction target of 19 percent reduction 
over  the  2005  per  capita  emissions  levels.    The  Connect  SoCal  include  new  initiatives  of  land  use, 
transportation and technology to meet the new 19 percent GHG emission reduction target for 2035.  CARB 
is also charged with reviewing SCAG’s RTP/SCS for consistency with its assigned targets.   

City and County land use policies, including General Plans, are not required to be consistent with the RTP 
and  associated  SCS.    However,  new  provisions  of  CEQA  incentivize,  through  streamlining  and  other 

 

3 Obtained from: https://ww2.arb.ca.gov/our‐work/programs/sustainable‐communities‐
program/regional‐plan‐targets 
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provisions, qualified projects that are consistent with an approved SCS and categorized as “transit priority 
projects.” 

Assembly Bill 1109 

AB 1109 requires reductions in energy usage for lighting and is described in more detail above in Section 
5.1 under Energy Conservation Management. 

Executive Order S‐1‐07 

Executive Order S‐1‐07 was issued in 2007 and proclaims that the transportation sector is the main source 
of GHG emissions in the State, since it generates more than 40 percent of the State’s GHG emissions.  It 
establishes a goal to reduce the carbon intensity of transportation fuels sold in the State by at least ten 
percent by 2020.   This Executive Order also directs CARB  to determine whether  this Low Carbon Fuel 
Standard (LCFS) could be adopted as a discrete early‐action measure as part of the effort to meet the 
mandates in AB 32. 

In 2009 CARB approved the proposed regulation to implement the LCFS.  The standard was challenged in 
the courts, but has been  in effect  since 2011 and was  re‐approved by  the CARB  in 2015. The LCFS  is 
anticipated to reduce GHG emissions by about 16 MMT per year by 2020.  The LCFS is designed to provide 
a framework that uses market mechanisms to spur the steady introduction of  lower carbon fuels.   The 
framework establishes performance standards that  fuel producers and  importers must meet annually.  
Reformulated gasoline mixed with corn‐derived ethanol and low‐sulfur diesel fuel represent the baseline 
fuels.    Lower  carbon  fuels may be ethanol, biodiesel,  renewable diesel, or blends of  these  fuels with 
gasoline  or  diesel.  Compressed  natural  gas  and  liquefied  natural  gas  also  may  be  low‐carbon  fuels.  
Hydrogen and electricity, when used in fuel cells or electric vehicles, are also considered as low‐carbon 
fuels. 

Senate Bill 97 

Senate Bill 97 (SB 97) was adopted August 2007 and acknowledges that climate change  is a prominent 
environmental issue that requires analysis under CEQA.  SB 97 directed the Governor’s Office of Planning 
and  Research  (OPR), which  is  part  of  the  State Natural  Resources Agency,  to  prepare,  develop,  and 
transmit to CARB guidelines for the feasible mitigation of GHG emissions or the effects of GHG emissions, 
as required by CEQA, by July 1, 2009.  The Natural Resources Agency was required to certify and adopt 
those guidelines by January 1, 2010. 

Pursuant to the requirements of SB 97 as stated above, on December 30, 2009 the Natural Resources 
Agency adopted amendments to the State CEQA guidelines that addresses GHG emissions.   The CEQA 
Guidelines Amendments changed 14 sections of  the CEQA Guidelines and  incorporated GHG  language 
throughout the Guidelines.  However, no GHG emissions thresholds of significance were provided and no 
specific mitigation measures were identified.  The GHG emission reduction amendments went into effect 
on March 18, 2010 and are summarized below: 

 Climate Action Plans and other greenhouse gas reduction plans can be used to determine whether 
a project has significant impacts, based upon its compliance with the plan. 

 Local governments are encouraged to quantify the GHG emissions of proposed projects, noting 
that they have the freedom to select the models and methodologies that best meet their needs 
and circumstances.  The section also recommends consideration of several qualitative factors that 
may be used in the determination of significance, such as the extent to which the given project 
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complies with state, regional, or  local GHG reduction plans and policies.   OPR does not set or 
dictate  specific  thresholds  of  significance.    Consistent  with  existing  CEQA  Guidelines,  OPR 
encourages  local governments  to develop and publish  their own  thresholds of significance  for 
GHG impacts assessment. 

 When  creating  their  own  thresholds  of  significance,  local  governments  may  consider  the 
thresholds of significance adopted or recommended by other public agencies, or recommended 
by experts. 

 New amendments  include guidelines  for determining methods  to mitigate  the effects of GHG 
emissions in Appendix F of the CEQA Guidelines. 

 OPR is clear to state that “to qualify as mitigation, specific measures from an existing plan must 
be identified and incorporated into the project; general compliance with a plan, by itself, is not 
mitigation.” 

 OPR’s emphasizes the advantages of analyzing GHG  impacts on an  institutional, programmatic 
level.  OPR therefore approves tiering of environmental analyses and highlights some benefits of 
such an approach. 

 Environmental  impact  reports  must  specifically  consider  a  project's  energy  use  and  energy 
efficiency potential. 

Assembly Bill 32 

In 2006, the California State Legislature adopted AB 32, the California Global Warming Solutions Act of 
2006.  AB 32 requires CARB, to adopt rules and regulations that would achieve GHG emissions equivalent 
to statewide levels in 1990 by 2020 through an enforceable statewide emission cap which will be phased 
in starting in 2012.  Emission reductions shall include carbon sequestration projects that would remove 
carbon from the atmosphere and utilize best management practices that are technologically feasible and 
cost effective. 

In 2007 CARB released the calculated Year 1990 GHG emissions of 431 MMTCO2e.  The 2020 target of 431 
MMTCO2e requires the reduction of 78 MMTCO2e, or approximately 16 percent from the State’s projected 
2020 business as usual emissions of 509 MMTCO2e (CARB 2014).   Under AB 32, CARB was required to 
adopt regulations by January 1, 2011 to achieve reductions in GHGs to meet the 1990 cap by 2020.  Early 
measures  CARB  took  to  lower  GHG  emissions  included  requiring  operators  of  the  largest  industrial 
facilities that emit 25,000 metric tons of CO2 in a calendar year to submit verification of GHG emissions by 
December 1, 2010.   The CARB Board  also approved nine discrete early action measures  that  include 
regulations affecting landfills, motor vehicle fuels, refrigerants in cars, port operations and other sources, 
all of which became enforceable on or before January 1, 2010. 

CARB’s Scoping Plan that was adopted in 2009, proposes a variety of measures including: strengthening 
energy efficiency and building standards; targeted fees on water and energy use; a market‐based cap‐
and‐trade system; achieving a 33 percent renewable energy mix; and a fee regulation to fund the program. 
The 2014 update to the Scoping Plan  identifies strategies moving beyond the 2020 targets to the year 
2050.  

The  Cap‐and‐Trade  Program  established  under  the  Scoping  Plan  sets  a  statewide  limit  on  sources 
responsible  for 85 percent of California’s GHG emissions, and has established a market  for  long‐term 
investment in energy efficiency and cleaner fuels since 2012. 
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Executive Order S‐3‐05 

In 2005  the California Governor  issued Executive Order  S 3‐05, GHG Emission, which established  the 
following reduction targets: 

 2010: Reduce greenhouse gas emissions to 2000 levels; 

 2020: Reduce greenhouse gas emissions to 1990 levels;  

 2050: Reduce greenhouse gas emissions to 80 percent below 1990 levels. 

The Executive Order directed the secretary of the California Environmental Protection Agency (CalEPA) to 
coordinate  a multi‐agency  effort  to  reduce GHG  emissions  to  the  target  levels.    To  comply with  the 
Executive Order, the secretary of CalEPA created the California Climate Action Team (CAT), made up of 
members from various state agencies and commissions.  The team released its first report in March 2006.  
The  report proposed  to  achieve  the  targets by building on  the  voluntary  actions of businesses,  local 
governments, and communities and through State incentive and regulatory programs. The State achieved 
its first goal of reducing GHG emissions to 2000 levels by 2010. 

Assembly Bill 1493 

AB 1493 or the Pavley Bill sets tailpipe GHG emissions limits for passenger vehicles in California as well as 
fuel economy standards and is described in more detail above in Section 5.1 under Energy Conservation 
Management. 

6.4 Local – Imperial County  

The ICAPCD develops rules and regulations, establishes permitting requirements for stationary sources, 
inspects emission  sources, and enforces  such measures  through educational programs or  fines, when 
necessary.    ICAPCD  is directly responsible for reducing emissions from stationary, mobile, and  indirect 
sources.   The  ICAPCD has not established  formal quantitative or qualitative GHG emissions thresholds 
through a public rulemaking process. However, the ICAPCD has adopted the Federal PSD and Title V GHG 
air permitting requirements by reference for stationary sources  in Regulation  IX  in Rules 900 and 903, 
which are described below. 

ICAPCD Rule 900 

ICAPCD Rule 900 provides procedures for issuing permits to operate for industrial projects that are subject 
to Title V of the Federal Clean Air Act Amendments of 1990 (Major Sources) of emissions, which is defined 
as a source that exceeds 100 tons per year of any regulated pollutant, including GHG emissions.  

ICAPCD Rule 903 

ICAPCD Rule 903 applies to any stationary source that would have the potential to emit hazardous air 
pollutants (HAPs). Rule 903 provides a de minimis emissions level of 20,000 tons of CO2e per year, where 
a  stationary  source  that produces  less  emissions  than  the de minimis  emissions  levels,  the  source  is 
exempt from the Rule 903 recordkeeping and reporting requirements.  
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7.0  ATMOSPHERIC SETTING 

7.1 Regional Climate 

The Project site is located within the central portion of Imperial County, which is part of the Salton Sea Air 
Basin  (Air Basin). The Air Basin  comprises  the  central portion of Riverside County and all of  Imperial 
County.  The  Riverside  County  portion  of  the  Air  Basin  is  regulated  by  the  South  Coast  Air  Quality 
Management District  (SCAQMD), and  the  Imperial County portion of  the Air Basin  is  regulated by  the 
Imperial County Air Pollution Control District (ICAPCD).  

Air  quality  is  a  function  of  both  the  rate  and  location  of  pollutant  emissions  under  the  influence  of 
meteorological conditions and topographical features. Atmospheric conditions such as wind speed, wind 
direction, and air temperature gradients  interact with physical features of the  landscape to determine 
their  movement  and  dispersal,  and,  consequently,  their  effect  on  air  quality.  The  combination  of 
topography  and  inversion  layers  generally  prevents  dispersion  of  air  pollutants  in  the Air Basin.  The 
following  description  of  climate  of  Imperial  County  was  obtained  from  Imperial  County  2018 
Redesignation Request and Maintenance Plan for Particulate Matter  less than 10 Microns  in Diameter, 
prepared by ICAPCD, October 23, 2018. 

The climate of  Imperial County  is governed by  the  large‐scale sinking and warming of air  in  the semi‐
permanent high‐pressure zone of the eastern Pacific Ocean. The high‐pressure ridge blocks out most mid‐
latitude storms, except in the winter, when it is weakest and located farthest south. The coastal mountains 
prevent the intrusion of any cool, damp air found in California coastal areas. Because of the barrier and 
weakened storms,  Imperial County experiences clear skies, extremely hot summers, mild winters, and 
little rainfall. The sun shines, on the average, more in Imperial County than anywhere else in the United 
States. 

Winters  are  mild  and  dry  with  daily  average  temperatures  ranging  between  65‐  and  75‐  degrees 
Fahrenheit (°F). During winter months it is not uncommon to record maximum temperatures of up to 80 
80 °F. Summers are extremely hot with daily average temperatures ranging between 104 and 115 °F. It is 
not uncommon to record maximum temperatures of 120 °F during summer months. 

The flat terrain of the valley and the strong temperature differentials created by  intense solar heating, 
produce moderate winds  and deep  thermal  convection. The  combination of  subsiding  air, protective 
mountains, and distance  from  the ocean all  combine  to  severely  limit precipitation. Rainfall  is highly 
variable, with precipitation from a single heavy storm able to exceed the entire annual total during a later 
drought condition. The average annual rainfall is just over three 3 inches, with most of it occurring in late 
summer or mid‐winter. 

Humidity is low throughout the year, ranging from an average of 28 percent in summer to 52 percent in 
winter. The large daily oscillation of temperature produces a corresponding large variation in the relative 
humidity. Nocturnal humidity rises to 50 to 60 percent but drops to about 10 percent during the day. 

The wind  in Imperial County follows two general patterns. Wind statistics  indicate prevailing winds are 
from  the west‐northwest  through  southwest;  a  secondary  flow maximum  from  the  southeast  is  also 
evident. The prevailing winds from the west and northwest occur seasonally from fall through spring and 
are  known  to  be  from  the  Los  Angeles  area.  Occasionally,  Imperial  County  experiences  periods  of 
extremely high wind speeds. Wind speeds can exceed 31 miles per hour  (mph), and  this occurs most 
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frequently during the months of April and May. However, speeds of less than 6.8 mph account for more 
than one‐half of the observed wind measurements. 

7.2 Monitored Local Air Quality 

The air quality at any site  is dependent on the regional air quality and  local pollutant sources. The air 
quality at any location in the Air Basin is determined by the release of pollutants throughout the Air Basin 
as well as from air pollutants that travel from the coastal areas and Mexico to the Air Basin. The ICAPCD 
operates a network of monitoring stations  throughout  the County  that continuously monitor ambient 
levels of criteria pollutants in compliance with federal monitoring regulations. 

Since not all air monitoring stations measure all of the tracked pollutants, the data from the following two 
monitoring stations, listed in the order of proximity to the Project site, have been used: Brawley‐220 Main 
Street Monitoring Station (Brawley Station), Westmorland Monitoring Station (Westmorland Station) and 
El Centro – 9th Street Monitoring Station (El Centro Station) 

The Brawley  Station  is  located  approximately 2.9 miles  south of  the project  site  at 220 Main  Street, 
Brawley, the Westmorland Station is located approximately 6.4 miles west of the project site at 202 W 
First Street, Westmorland, and  the El Centro Station  is  located approximately 15.7 miles  south of  the 
project site at 150 9th Street, El Centro. PM10 and PM2.5 were measured at the Brawley Station, ozone 
was measured at the Westmorland Station, and NO2 was measured at the El Centro Station.  It should be 
noted that due to the air monitoring stations’ distances from the project site, recorded air pollution levels 
at the air monitoring stations reflect with varying degrees of accuracy local air quality conditions at the 
project site.  

Table E and shows the most recent three years of monitoring data from CARB.  CO measurements have 
not been provided, since CO is currently in attainment in the Air Basin and monitoring of CO within the 
Air Basin ended on March 31, 2013.   

Table E – Local Area Air Quality Monitoring Summary 

Pollutant  (Standard) 

Year1 

2018  2019  2020 

Ozone: 1     

Maximum 1‐Hour Concentration (ppm)  0.086  0.071  0.067 

  Days > CAAQS (0.09 ppm)  0  0  0 

Maximum 8‐Hour Concentration (ppm)  0.068  0.060  0.059 

  Days > NAAQS (0.070 ppm)  0  0  0 

  Days > CAAQs (0.070 ppm)  0  0  0 

Nitrogen Dioxide: 2       

Maximum 1‐Hour Concentration (ppb)  34.1  41.4  44.8 

  Days > NAAQS (100 ppb)  0  0  0 

  Days > CAAQS (180 ppb)  0  0  0 

Inhalable Particulates (PM10) :3       

Maximum 24‐Hour National Measurement (ug/m3)  407.0  324.4  166.0 
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Pollutant  (Standard) 

Year1 

2018  2019  2020 

  Days > NAAQS (150 ug/m3)  13  2  2 

  Days > CAAQS (50 ug/m3)  106  53  73 

Annual Arithmetic Mean (AAM) (ug/m3)  52.2  35.8  39.0 

  Annual > NAAQS (50 ug/m3)  Yes  No  No 

  Annual > CAAQS (20 ug/m3)  Yes  Yes  Yes 

Ultra‐Fine Particulates (PM2.5):3       

Maximum 24‐Hour National Measurement (ug/m3)  55.1  28.9  23.7 

  Days > NAAQS (35 ug/m3)   2  0  0 

Annual Arithmetic Mean (AAM) (ug/m3)  10.4  8.3  9.4 

  Annual > NAAQS and CAAQS (12 ug/m3)  No  No  No 

Notes: Exceedances are listed in bold.  CAAQS = California Ambient Air Quality Standard; NAAQS = National Ambient Air Quality Standard; ppm = 
parts per million; ppb = parts per billion; ND = no data available. 
1  Data obtained from the Westmorland Station. 
2  Data obtained from the El Centro Station. 
3  Data obtained from the Brawley Station. 
Source: http://www.arb.ca.gov/adam/ 

 

Ozone  

During the last three years, the State 1‐hour and 8‐hour concentration standards for ozone have not been 
exceeded at the Westmorland Station.   The Federal 8‐hour ozone standard has not been exceeded over 
the  last  three years at  the Westmorland Station.   Ozone  is a  secondary pollutant as  it  is not directly 
emitted.  Ozone  is  the  result  of  chemical  reactions  between  other  pollutants,  most  importantly 
hydrocarbons  and NO2, which occur only  in  the presence of bright  sunlight. Pollutants  emitted  from 
upwind cities react during transport downwind to produce the oxidant concentrations experienced in the 
area.   Many areas of Southern California contribute to the ozone  levels experienced at this monitoring 
station, with the more significant areas being those directly upwind. 

Nitrogen Dioxide 

The El Centro Station did not record an exceedance of either the Federal or State 1‐hour NO2 standards 
for the last three years. 

Particulate Matter 

The State 24‐hour concentration standard for PM10 has been exceeded between 53 and 106 days per 
year over  the past  three years at  the Brawley Station. Over  the past  three years  the Federal 24‐hour 
standard for PM10 has been exceeded between 2 and 13 days per year over the past three years at the 
Brawley Station.  The annual PM10 concentration at the Brawley Station has exceeded the State standard 
for the past three years and has exceeded the Federal standard for only one of the past three years. 

Over the past three years the 24‐hour concentration standard for PM2.5 has been exceeded between 0 
and 2 days each year over the past three years at the Brawley Station.  The annual PM2.5 concentrations 
at the Brawley Station has not exceeded either the State or Federal standard for the past three years. 
Particulate levels in the area are due to natural sources, grading operations, and motor vehicles. 
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According to the EPA, some people are much more sensitive than others to breathing fine particles (PM10 
and PM2.5).  People with influenza, chronic respiratory and cardiovascular diseases, and the elderly may 
suffer worsening illness and premature death due to breathing these fine particles.  People with bronchitis 
can expect aggravated symptoms from breathing  in fine particles.   Children may experience decline  in 
lung function due to breathing in PM10 and PM2.5.  Other groups considered sensitive are smokers and 
people who cannot breathe well through their noses.  Exercising athletes are also considered sensitive, 
because many breathe through their mouths during exercise. 
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8.0  MODELING PARAMETERS AND ASSUMPTIONS 

8.1 CalEEMod Model Input Parameters  

The criteria air pollution and GHG emissions impacts created by the proposed project have been analyzed 
through use of CalEEMod Version 2020.4.0.  CalEEMod is a computer model published by the SCAQMD 
for estimating air pollutant emissions.  The CalEEMod program uses the EMFAC2017 computer program 
to calculate the emission rates specific for Imperial County for employee, vendor and haul truck vehicle 
trips  and  the  OFFROAD2011  computer  program  to  calculate  emission  rates  for  heavy  equipment 
operations.  EMFAC2017 and OFFROAD2011 are computer programs generated by CARB that calculates 
composite emission rates for vehicles.  Emission rates are reported by the program in grams per trip and 
grams per mile or grams per running hour.   

The project characteristics  in the CalEEMod model were set to a project  location of Imperial County, a 
Climate Zone of 10, and utility company of Imperial Irrigation District. and an opening year of 2023 was 
utilized in this analysis.  

Land Use Parameters 

The  proposed  project  would  consist  of  development  of  a  solar  energy  facility  that  would  include 
installation  of  106,652  PV  panels,  gen‐tie  lines  via  underground  conduits  onsite  and  a  1.6 mile  long 
overhead  power  lines  and  possible  fiber  optic  cable  from  southwest  corner  to  the North  Brawley  1 
Substation, construction of the 100,800 square foot BESS building that would be located at the southwest 
corner of the project site, and construction of a 1.2‐acre substation that would include an air conditioned 
control  room with a 20 kV backup generator  for  the HVAC  system.   The proposed project’s  land use 
parameters that were entered into the CalEEMod model are shown in Table F.  

Table F – CalEEMod Land Use Parameters 

Proposed Land Use  Land Use Subtype in CalEEMod 
Land Use 

Size1 

Lot 
Acreage2 

Building/Paving  
(square feet) 

Solar Panels  Other Non‐Asphalt Surfaces  223.49 AC  223.49  9,735,224 

BESS Building  Refrigerated Warehouse – No Rail  100.80 TSF  2.31  100,800 

Substation  Manufacturing  52.27 TSF  1.20  52,270 

Offsite Overhead Power Lines  Other Non‐Asphalt Surfaces  9.7 AC  9.70  422,532 
Notes:  
1 DU = Dwelling Unit; AC = Acres 
2 Lot acreage calculated based on the total project site area of 227‐acres and total offsite power line installation area of 9.7 acres (1.6 miles x 
50 feet wide). 

 

Construction Parameters 

Construction activities have been modeled as  starting  in December 2021 and  taking eight months  to 
complete.  The phases of construction activities that have been analyzed are detailed below and include: 
1) Site Preparation; 2) PV System Installation and Testing, and 3) Site Clean‐up and Restoration.  

The following On‐Road Fugitive Dust construction parameters were revised in the CalEEMod model: (1) 
The percent on‐road pavement was changed to 85 percent to account for Best Avenue that is adjacent to 
the project  site being paved; and  (2) The Material Silt Content was changed  to 3 percent  in order  to 
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account for ICAPCD Rule 805 F.1.c that requires the installation of gravel or other low silt material with 
less than 5 percent silt content on all onsite roads. 

The CalEEMod model provides the selection of “mitigation” to account for project conditions that would 
result  in  less emissions  than a project without  these conditions, however  it should be noted  that  this 
“mitigation” may represent regulatory requirements.   This  includes: (1) Required adherence to ICAPCD 
Rule 801, which  requires  that  the Best Available Control Measures be utilized  to  reduce  fugitive dust 
emissions, that was modeled  in CalEEMod with selection of mitigation of water all exposed areas two 
times per day; and (2) Required adherence to ICAPCD Rule 805 F.1.d that requires the application of water 
one or more times daily to unpaved roads that was modeled in CalEEMod with selection of Unpaved Road 
Mitigation of 7 percent moisture content and maximum vehicle speed of 15 miles per hour on unpaved 
roads. Since the 15 mile per hour speed on unpaved roads is not explicitly required in ICAPCD Rule 805, 
Project Design Feature 6 has been included in this analysis to ensure this limitation is adhered to.   

Site Preparation 

The site preparation phase would include the renovation of existing dirt roads to all‐weather surfaces (to 
meet the County standards) from Best Avenue to the City of Brawley wastewater treatment plant. The 
site preparation phase would begin with clearing of existing brush and installation of fencing around the 
Project boundary. The site preparation phase  is anticipated to start December 2021 and was based on 
occurring over one month.  The site preparation phase would generate up to 240 worker trips per day.  In 
addition, 6 vendor trips per day were added to the CalEEMod model, in order to account for water truck 
emissions. The onsite equipment was modeled as consisting of two bore/drill rigs, two excavators, three 
rubber‐tired dozers, and four of either tractors, loaders, or backhoes.   

PV System Installation and Testing 

The PV  system  Installation  and  testing phase  includes  installation of mounting posts,  assembling  the 
structural components, mounting PV modules, and wiring. This phase would occur after completion of the 
site preparation phase and was modeled as occurring over six months.     This phase was modeled as a 
Building Construction phase in CalEEMod.  This phase would generate up to 240 worker trips per day and 
up to 300 vendor truck trips per day.  The onsite equipment was modeled as consisting of two aerial lifts, 
one air compressor, two cranes, three forklifts, one generator set, one grader, two off‐highway trucks, 
one welder, and three of either tractors, loaders, or backhoes. 

Site Clean‐up and Restoration 

The site clean‐up and restoration phase would include removal of all waste material and debris from the 
project site as shredding and distributing the previously cleared vegetation over the project site, and the 
roads would be left in a condition equal or better than their preconstruction condition.  This phase would 
occur after the PV system installation phase and was modeled as occurring over one month. This phase 
was modeled as a Grading phase in CalEEMod.  This phase would generate up to 240 worker trips per day. 
In addition, 6 vendor trips per day were added to the CalEEMod model, in order to account for water truck 
emissions.  The onsite equipment was modeled as consisting of two graders, two rubber‐tired dozers, two 
rubber‐tired loaders, and two of either tractors, loaders, or backhoes.   

Operational Emissions Modeling 

Once fully constructed, the proposed project would be operated on an unstaffed basis and be monitored 
remotely  from  the  Brawley  Geothermal  Power  Plant  control  room,  with  periodic  on‐site  personnel 
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visitations for security, maintenance and system monitoring. Therefore, no full‐time site personnel would 
be required on‐site during operations and employees would only be on‐site up to four times per year to 
wash the panels. As the Project’s PV arrays produce electricity passively, maintenance requirements are 
anticipated to be very minimal. Any required planned maintenance activities would generally consist of 
equipment  inspection  and  replacement  and  would  be  scheduled  to  avoid  peak  load  periods.  Any 
unplanned maintenance would be responded to as needed, depending on the event. 

The  operations‐related  criteria  air  pollutant  emissions  and  GHG  emissions  created  by  the  proposed 
project have been analyzed through use of the CalEEMod model.  The proposed project was analyzed in 
the CalEEMod model based on the land use parameters provided above and the parameters entered for 
each operational source is described below.   

Mobile Sources 

Mobile sources include emissions the additional vehicle miles generated from the proposed project.  It is 
anticipated that the washing of the panels would generate up to 40 trips per day that would occur four 
times per year. However, in order to provide a worst‐case analysis, it was assumed that these trips would 
occur once per week. 

Area Sources 

Area  sources  include  emissions  from  consumer  products,  landscape  equipment,  and  architectural 
coatings.  Since no workers will typically be onsite, the consumer product emissions were set to zero.  No 
other changes were made to the default area source parameters in the CalEEMod model. 

Energy Usage 

Energy usage  includes emissions from electricity and natural gas used onsite. The natural gas emission 
rates were set to zero, since no natural gas will be used onsite.  For electricity use, the proposed solar PV 
panels  system  is  rated  at  40 mega‐watts  (MW).    Since  the  CalEEMod  model  requires  that  the  total 
kilowatt‐hours (kWh) per year generated by the solar panels be entered into the model, the 40 MW were 
converted to 40,000 kW  panels and was then multiplied by 8 hours, to provide a conservative average 
hours per day of sunlight that the solar panels will generate electricity and then divided by 1.2 to account 
for  the  loss  associated  with  converting  the  direct  current  (DC)  power  from  the  solar  panels  to  the 
alternating current (AC) power on the electrical grid and then multiplying by 365 days, which resulted in 
the  proposed  solar  panels  generating  97,333,333  kilowatt‐hours  per  year  that was  entered  into  the 
CalEEMod model under solar panel mitigation.   

Since  according  to  the  BESS  system  specifications,  the  air  conditioning  units  and  power  conversion 
associated  with  the  proposed  BESS  will  not  use  more  than  2  percent  of  the  electricity  stored,  the 
calculated 97,333,333 kWh generated by the solar panels was multiplied by 2 percent, which results in 
the proposed project utilizing 1,946,667 kWh per year that was entered into the CalEEMod. 

Solid Waste 

Waste includes the GHG emissions associated with the processing of waste from the proposed project as 
well as  the GHG emissions  from  the waste once  it  is  interred  into a  landfill. Since no workers would 
typically  be  onsite,  no waste  is  anticipated  to  be  generated  from  the  project.   As  such,  solid waste 
generation was set to zero in CalEEMod. 
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Water and Wastewater 

According to the Project Description for the proposed project, estimated annual water consumption for 
operation and maintenance of the proposed Project,  including periodic PV module washing, would be 
approximately 0.81‐acre feet (263,939 gallons) annually, which would be trucked to the Project site as 
needed.  As such, the water usage in CalEEMod was set to 263,939 gallons per year. 

Backup Diesel Generator 

The proposed project would  include  the  installation of a 20  kW backup diesel‐powered generator  to 
provide continuous power to the control room and associated HVAC system for the proposed substation. 
Since the exact model has not yet been determined, a search for 20 kW diesel generators found that the 
horsepower ranges between 50 and 62 horsepower, and in order to provide a worst‐case analysis, a 62 
horsepower generator was analyzed in CalEEMod.  Backup generators typically cycle on for 30 minutes on 
a weekly basis  in order to keep the engine  lubricated and ready to use  in case of a power outage. The 
typical cycling of a backup generator would operate  for approximately 26 hours per year. The backup 
diesel generator was modeled in CalEEMod based on a 62 horsepower engine, a 0.73 load factor, 0.5 hour 
per day, and 26 hours per year. 

8.2 Energy Use Calculations  

The proposed project  is anticipated to consume energy during both construction and operation of the 
proposed project and the parameters utilized to calculate energy use from construction and operation of 
the proposed project are detailed separately below. 

Construction‐Related Energy Use 

Construction of the proposed project is anticipated to use energy in the forms of petroleum fuel for both 
off‐road equipment as well as from the transport of workers and materials to and from the project site 
and the calculations for each source are described below.   

Off‐Road Construction Equipment 

The off‐road construction equipment  fuel usage was calculated  through use of  the CalEEMod model’s 
default  off‐road  equipment  assumptions  detailed  above  in  Section  8.1.  For  each  piece  of  off‐road 
equipment,  the  fuel  usage was  calculated  through  use  of  the  2017 Off‐road Diesel  Emission  Factors 
spreadsheet, prepared by CARB4.  The Spreadsheet provides the following formula to calculate fuel usage 
from off‐road equipment: 

Fuel Used = Load Factor x Horsepower x Total Operational Hours x BSFC / Unit Conversion 

  Where: 

  Load Factor ‐ Obtained from CalEEMod default values  

  Horsepower – Obtained from CalEEMod default values 

Total Operational Hours – Calculated by multiplying CalEEMod default daily hours by CalEEMod 
default number of working days for each phase of construction 

BSFC  –  Brake  Specific  Fuel  Consumption  (pounds  per  horsepower‐hour)  –  If  less  than  100 
Horsepower = 0.408, if greater than 100 Horsepower = 0.367 

 
4 Obtained from: https://ww3.arb.ca.gov/msei/ordiesel.htm 
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Unit Conversion – Converts pounds to gallons = 7.109 

Table G shows the off‐road construction equipment fuel calculations based on the above formula.  Table 
G shows that the off‐road equipment utilized during construction of the proposed project would consume 
84,890 gallons of fuel. 

Table G – Off‐Road Equipment and Fuel Consumption from Construction of the Proposed Project 

Equipment Type 
Equipment 
Quantity 

Horse‐
power 

Load 
Factor 

Operating Hours 
per Day 

Total Operational 
Hours1 

Fuel Used 
(gallons) 

Site Preparation 

Bore/Drill Rig  2  221  0.50  8   368    2,110  

Excavators  2  158  0.38  8   368    1,141  

Rubber Tired Dozers  3  247  0.40  8   552    2,815  

Tractors/Loaders/Backhoes  4  97  0.37  8   736    1,516  

PV System Installation and Testing 

Aerial Lifts  2  63  0.31  8   2,064    2,300  

Air Compressor  1  78  0.48  8   1,032    2,218  

Cranes  2  231  0.29  8   2,064    7,138  

Forklifts  3  89  0.20  8   3,096    3,163  

Generator Set  1  84  0.74  8   1,032    3,682  

Graders  1  187  0.41  8   1,032    4,072  

Off‐Hwy Trucks  2  402  0.38  8   2,064    16,358  

Tractors/Loaders/Backhoes  3  97  0.37  8   3,096    6,377  

Welders  1  46  0.45  8   1,032    1,226  

Site Clean‐up and Restoration 

Graders  2  187  0.41  8   2,064    8,169  

Rubber Tired Dozers  2  247  0.40  8   2,064    10,527  

Rubber Tired Loaders  2  203  0.36  8   2,064    7,826  

Tractors/Loaders/Backhoes  2  97  0.37  8   2,064    4,251  

Total Off‐Road Equipment Fuel Used during Construction (gallons)  84,890 
Notes: 
1 Based on: 23 days for Site Preparation; 129 days for PV System Installation and Testing; 21 days for Site Cleanup and Restoration.  
Source: CalEEMod Version 2020.4.0 (see Appendix A); CARB, 2017. 

 

On‐Road Construction‐Related Vehicle Trips 

The on‐road construction‐related vehicle trips fuel usage was calculated through use of the construction 
vehicle trip assumptions from the CalEEMod model run as detailed above in Section 8.1. The calculated 
total construction miles was then divided by the fleet average for Imperial County miles per gallon rates 
for  the  year  2021  calculated  through  use  of  the  EMFAC2017  model 
(https://www.arb.ca.gov/emfac/2017/) and the EMFAC2017 model printouts are shown in Appendix B. 
The worker  trips were based on  the  entire  fleet  average miles per  gallon  rate  for  gasoline powered 
vehicles and the vendor trips were based on the Heavy‐Heavy Duty Truck (HHDT), Medium Duty Vehicle 
(MDV), and Medium Heavy‐Duty Vehicle (MHDV) fleet average miles per gallon rate for diesel‐powered 
vehicles.   Table H shows the on‐road construction vehicle trips modeled in CalEEMod and the fuel usage 
calculations.   
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Table H shows that the on‐road construction‐related vehicle trips would consume 57,078 gallons of fuel 
and as detailed above, Table G shows that the off‐road construction equipment would consume 84,890 
gallons of  fuel.   This would result  in  the  total consumption of 141,968 gallons of petroleum  fuel  from 
construction of the proposed project.   

Table H – On‐Road Vehicle Trips and Fuel Consumption from Construction of the Proposed Project  

Vehicle Trip Types  Daily Trips 
Trip Length 

(miles) 
Total Miles 

per Day 

Total Miles 
per Phase1 

Fleet Average 
Miles per Gallon2 

Fuel Used 
(gallons) 

Site Preparation 

Worker Trips   240  7.3  1,752  40,296  25.1  1,607 

Vendor Truck Trips  6  8.9  53  1,228  7.7  159 

PV System Installation and Testing 

Worker Trips   240  7.3  1,752  226,008  25.1  9,015 

Vendor Truck Trips  300  8.9  2,670  344,430  7.7  44,683 

Site Clean‐up and Restoration 

Worker Trips   240  7.3  1,752  36,792  25.1  1,468 

Vendor Truck Trips   6  8.9  53  1,121  7.7  145 

Total Fuel Used from On‐Road Construction Vehicles (gallons)  57,078 
Notes: 
1 Based on: 23 days for Site Preparation; 129 days for PV System Installation and Testing; 21 days for Site Cleanup and Restoration.  
2 From EMFAC 2017 model (see Appendix B). Worker Trips based on entire fleet of gasoline vehicles and Vendor Trips based on only truck 
fleet of diesel vehicles.  
Source: CalEEMod Version 2020.4.0; CARB, 2018. 

Operations‐Related Energy Use 

The operation of the proposed project  is anticipated to use energy  in the forms of petroleum fuel and 
electricity and create electricity and the calculations for each source are described below.  It should be 
noted that the project would not use any natural gas.   

Operational Petroleum Fuel  

The on‐road operations‐related vehicle trips fuel usage was calculated through use of the total annual 
vehicle miles traveled assumptions from the CalEEMod model run as detailed above in Section 8.1, which 
found that operation of the proposed project would generate 14,869 vehicle miles traveled per year.  It 
should be noted  that  the CalEEMod model provides a worst‐case analysis, since  the proposed project 
would be operated on an unstaffed basis and be monitored remotely and employees would only be on‐
site up  to  four  times per  year  to wash  the panels  as well  as occasional maintenance  activities.   The 
calculated total operational miles were then divided by the  Imperial County fleet average rate of 27.5 
miles per gallon, which was calculated through use of the EMFAC2017 model and based on the year 2021.  
The EMFAC2017 model printouts are shown in Appendix B.  Based on the above calculation methodology, 
operational vehicle trips generated from the proposed project would consume 541 gallons per year.     

Operation of  the proposed project would also consume diesel  fuel  from  the operation of  the backup 
generator.    The  company  Generator  Source  provides  a  fuel  consumption  table  for  backup  diesel 
generators5, that shows a 20 kW generator would consume 1.3 gallons per hour with a ¾ load.  As detailed 

 
5 Obtained from: https://www.generatorsource.com/Diesel_Fuel_Consumption.aspx 

PC ORIGINAL PKG



    
 

 
Brawley Solar Energy Facility Project, Air Quality, Energy, and GHG Emissions Impact Analysis 
Imperial County   

Page 45 

 

above in Section 8.1, the typical maintenance cycling of the proposed diesel generator is anticipated to 
run 26 hours per year.  This would result in the consumption of 34 gallons of diesel per year.     

Operational Electricity Use  

The operations‐related electricity usage was calculated in the CalEEMod model run that is detailed above 
in Section 8.1 that found the proposed PV solar panels will generate 97,333,333 kWh per year of electricity 
and operation of the project will use 1,946,667 kWh per year of electricity, which would result in the net 
generation of 95,386,667 kWh per year of electricity. 
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9.0  THRESHOLDS OF SIGNIFICANCE 

9.1 Criteria Pollutants  

The  ICAPCD CEQA Handbook  (ICAPCD 2017) provides significance  thresholds  to assist  lead agencies  in 
determining whether a project may create a significant air quality impact.  The ICAPCD CEQA Handbook 
defines any projects  that emit  criteria pollutants below  significance  levels as a  “Tier  I project” and  is 
considered by the ICAPCD to create a less than significant adverse impact on air quality.  For Tier I projects, 
the proposed project is required to implement a set of feasible standard mitigation measures provide in 
the  ICAPCD CEQA Handbook.   Since  these measures are  required  for all projects  in  the County,  these 
measures are considered as  regulatory  requirements and have been provided above  in Section 1.5 as 
Project  Design  Features.    For  projects  that  meet  or  exceed  the  thresholds  of  significance  for  the 
operational phases of a project are called a “Tier  II project” and will be deemed  to have a potentially 
significant adverse impact on air quality.   

Operational Criteria Pollutant Thresholds 

The ICAPCD CEQA Handbook details that all operational emissions of a project, including motor vehicle, 
area source and stationary or point sources shall be quantified and compared to the thresholds shown in 
Table I. 

Table I – ICAPCD Criteria Pollutant Thresholds of Significance for Operations 

Pollutant  Tier I  Tier II 

NOx and ROG  Less than 137 pounds/day  137 pounds/day and greater 

PM10 and Sox  Less than 150 pounds/day  150 pounds/day and greater 

CO and PM2.5  Less than 550 pounds/day  550 pounds/day and greater 
Source: IPACD CEQA Handbook, Table 1 (ICAPCD, 2017).  

 

Construction Criteria Pollutant Thresholds 

The  ICAPCD CEQA Handbook also establishes thresholds of significance for criteria pollutant emissions 
created during construction of projects. Table J provides general guidelines for determining significance 
of impacts created during construction of the proposed project. 

Table J – ICAPCD Criteria Pollutant Thresholds of Significance for Construction 

Pollutant  Threshold 

PM10  150 pounds/day 

ROG  75 pounds/day 

NOx  100 pounds/day 

CO  550 pounds/day 
Source: IPACD CEQA Handbook, Table 4 (ICAPCD, 2017).  

 

9.2 Odor Impacts 

The ICAPCD CEQA Handbook states that an odor impact would occur if the proposed project exceeds the 
standards provided in California Health and Safety Code Sections 41700 and 41705 and ICAPCD Rule 407 
that prohibit emissions from any source whatsoever in quantities of air contaminants or other material, 
that cause injury, detriment, or annoyance to the public health or damage to property. 
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For  projects  that would  introduce  sensitive  receptors  to  a  project  site,  the  ICAPCD  CEQA Handbook 
provides screening level distances for potential odor sources.  If a project is proposed within one mile of 
a wastewater treatment plant, sanitary landfill, composting station, feedlot, asphalt plant, painting and 
coating operation, or rendering plant, a potential odor problem may result.    If a project with sensitive 
receptors is proposed that is located within a mile of one of the above land uses, the ICAPCD should be 
contacted in order to receive specific information regarding any odor complaints or other odor problems 
with the identified potential odor source. 

9.3 Energy Conservation 

The 2018 amendments and additions to the CEQA Checklist includes an Energy Section that analyzes the 
proposed project’s energy consumption in order to avoid or reduce inefficient, wasteful or unnecessary 
consumption of energy.   Since the Energy Section was recently added, no state or  local agencies have 
adopted specific criteria or thresholds to be utilized  in an energy  impact analysis.   However, the 2018 
Guidelines  for  the  Implementation  of  the  California  Environmental Quality Act,  provide  the  following 
direction on how to analyze a project’s energy consumption: 

“If  analysis  of  the  project’s  energy  use  reveals  that  the  project  may  result  in  significant 
environmental effects due to wasteful, inefficient, or unnecessary use of energy, or wasteful use 
of  energy  resources,  the  EIR  shall mitigate  that  energy  use.  This  analysis  should  include  the 
project’s  energy  use  for  all  project  phases  and  components,  including  transportation‐related 
energy,  during  construction  and  operation.  In  addition  to  building  code  compliance,  other 
relevant  considerations  may  include,  among  others,  the  project’s  size,  location,  orientation, 
equipment use and any renewable energy features that could be incorporated into the project. 
(Guidance on information that may be included in such an analysis is presented in Appendix F.) 
This analysis is subject to the rule of reason and shall focus on energy use that is caused by the 
project. This analysis may be included in related analyses of air quality, greenhouse gas emissions, 
transportation or utilities in the discretion of the lead agency.” 

If  the  proposed  project  creates  inefficient,  wasteful  or  unnecessary  consumption  of  energy  during 
construction or operation activities or conflicts with a state or local plan for renewable energy or energy 
efficiency, then the proposed project would create a significant energy impact. 

9.4 Greenhouse Gas Emissions 

Neither the County of Imperial nor the ICAPCD has established significance thresholds for GHG emissions. 
In order to establish context in which to consider the GHG emissions created from the proposed project, 
this  analysis  reviewed  guidelines  used  by  other  public  agencies  in  California  and  found  the  most 
conservative GHG emissions threshold is detailed in CEQA & Climate Change, prepared by California Air 
Pollution Control Officers Association (CAPCOA 2008), which recommends a threshold of 900 MTCO2e per 
year from any project. It should also be noted that a direct comparison of construction GHG emissions 
with  long‐term  thresholds would  not  be  appropriate,  since  construction  emissions  are  short‐term  in 
nature and would cease upon completion of construction. Other Air Districts,  including  the SCAQMD, 
recommend  that  GHG  emissions  from  construction  activities  be  amortized  over  30  years,  when 
construction emissions are compared to operational‐related GHG emissions thresholds. 

The GHG emissions analysis for both construction and operation of the proposed project can be found 
below in Sections 10.8 and 10.9. 
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10.0  IMPACT ANALYSIS 

10.1 CEQA Thresholds of Significance  

Consistent with CEQA and the State CEQA Guidelines, a significant impact related to air quality, energy, 
and GHG emissions would occur if the proposed project is determined to: 

 Conflict with or obstruct implementation of the applicable air quality plan; 

 Result in a cumulatively considerable net increase of any criteria pollutant for which the project 
region is in non‐attainment under an applicable federal or state ambient air quality standard; 

 Expose sensitive receptors to substantial pollutant concentrations;  

 Result in other emissions (such as those leading to odors) adversely affecting a substantial number 
of people; 

 Result in potentially significant environmental impact due to wasteful, inefficient, or unnecessary 
consumption of energy resources, during project construction or operation; 

 Conflict with or obstruct a state or local plan for renewable energy; 

 Generate GHG emissions, either directly or indirectly, that may have a significant impact on the 
environment; or 

 Conflict with any applicable plan, policy or regulation of an agency adopted for the purpose of 
reducing the emissions of GHGs. 

10.2 Air Quality Compliance 

The proposed project would not conflict with or obstruct  implementation of the applicable air quality 
plans, which include the 2017 Ozone SIP, 2018 PM10 Plan, and 2018 PM2.5 SIP that are described above 
in  the air quality  regulatory  setting. The  ICAPCD CEQA Handbook  (ICAPCD 2017), details  that  for any 
project that emits less than the screening thresholds provided above in Section 9.1 for construction and 
operations,  the project  is compliant with  the most current ozone and PM10 attainment plans and no 
further demonstration of compliance with these plans is required. 

The construction and operational air emissions have been calculated through use of the CalEEMod model 
and  the  input  parameters  utilized  in  this  analysis  have  been  detailed  above  in  Section  7.1  and  the 
CalEEMod model printouts are provided in Appendix A. Table K shows the maximum summer or winter 
daily emissions for each year of construction activities for the proposed project with implementation of 
the Project Design Features shown above in Section 1.5.  

Table K – Construction‐Related Criteria Pollutant Emissions  

   Pollutant Emissions (pounds/day) 

Construction Year  ROG  NOx  CO  SO2  PM10  PM2.5 

2021  6.11  51.82  39.73  0.08  67.20  12.54 

2022  4.57  39.74  36.41  0.12  128.90  14.44 

Maximum Daily Emissions  6.11  51.82  39.73  0.12  128.90  14.44 

ICAPCD Thresholds  75  100  550  ‐‐  150  ‐‐ 

Exceeds Threshold?  No  No  No  ‐‐  No  ‐‐ 
Source: CalEEMod Version 2020.4.0. 
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Table K shows that construction activities for the proposed project will not exceed the ICAPCD thresholds 
of significance.  Therefore, a less than significant air quality impact would occur from construction of the 
proposed project. 

The calculated maximum daily emissions created from operation of the proposed project are shown  in 
Table L. 

Table L – Operational Criteria Pollutant Emissions 

   Pollutant Emissions (pounds/day) 

Activity  ROG  NOx  CO  SO2  PM10  PM2.5 

Area Sources1  5.35  0.00  0.04  0.00  0.00  0.00 

Energy Usage2  0.00  0.00  0.00  0.00  0.00  0.00 

Mobile Sources3  0.17  0.18  1.31  0.00  2.35  0.27 

Backup Generator4  0.05  0.17  0.18  0.00  0.01  0.01 

Total Emissions  5.57  0.35  1.53  0.00  2.35  0.28 

ICAPCD Operational Thresholds  137  137  550  150  150  550 

Exceeds Threshold?  No  No  No  No  No  No 
Notes: 
1 Area sources consist of emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consist of emissions from natural gas usage (no natural gas usage during operation of the project). 
3 Mobile sources consist of emissions from vehicles and road dust. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
Source: Calculated from CalEEMod Version 2020.4.0.  

 

The data provided in Table L shows that none of the analyzed criteria pollutants would exceed the ICAPCD 
thresholds of significance.  Therefore, a less than significant air quality impact would occur from operation 
of the proposed project. 

As shown above, both construction and operational emissions created from the proposed project would 
be within their respective ICAPCD thresholds. According to the ICAPCD Handbook, projects that are within 
the  ICAPCD  thresholds  are  consistent with  the  regional  air  quality  plans.  Furthermore,  the  standard 
mitigation measures provided in the ICAPCD Handbook have been incorporated into the proposed project 
as  Project  Design  Features  (see  Section  1.5,  above),  and  the  proposed  project  will  be  required  to 
implement  all  of  the  ICAPCD Regulation VIII,  fugitive  dust  control measures  during  construction  and 
operation of the proposed project. Furthermore, any stationary sources of emissions operated on site will 
be required to adhere to ICAPCD Rule 207, New and Modified Stationary Source Review and Rule 201 that 
require permits to construct and operate stationary sources. Therefore, the proposed project would not 
conflict with or obstruct implementation of the applicable air quality plans and impacts would be less than 
significant. 

Level of Significance  

Less than significant impact. 

10.3 Cumulative Net Increase in Non‐Attainment Pollution 

The proposed project would not result in a cumulatively considerable net increase of any criteria pollutant 
for which the project region is non‐attainment under an applicable Federal or State ambient air quality 
standard.   
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The ICAPCD CEQA Handbook provides project emissions limits that are provided above in Section 9.1 for 
both construction and operation of projects within the County. The ICAPCD Handbook details that if the 
air emissions created from a project are below the air emissions thresholds shown in Section 9.1, then the 
proposed project’s air emissions would result in a less than significant impact, provided that all standard 
mitigation measures listed in the ICAPCD Handbook are implemented as well as all applicable ICAPCD rules 
controlling emissions are adhered to. 

As shown above  in Table J, construction activities for the proposed project will not exceed the ICAPCD 
thresholds of significance  for construction. Also, as shown  in Table  I, daily operations of the proposed 
project will not exceed the ICAPCD thresholds of significance for operations.  

The standard mitigation measures from the ICAPCD Handbook for both construction and operations have 
been  incorporated  into  the proposed project as Project Design Features 1  through 7  (see Section 1.5, 
above). Furthermore, the proposed project would be required to implement all of the ICAPCD Regulation 
VIII,  fugitive  dust  control  measures  during  construction  and  operation  of  the  proposed  project. 
Furthermore, any stationary sources of emissions operated on site will be required to adhere to ICAPCD 
Rule 207, New and Modified Stationary Source Review and Rule 201 that require permits to construct and 
operate  stationary  sources.  Therefore,  the  proposed  project  would  result  in  a  less  than  significant 
cumulatively considerable net increase of any criteria pollutant. 

Friant Ranch Decision 

In Sierra Club v. County of Fresno (2018) 6 Cal.5th 502 (also referred to as “Friant Ranch”), the California 
Supreme Court held that when an EIR concluded that when a project would have significant impacts to 
air quality impacts, an EIR should “make a reasonable effort to substantively connect a project’s air quality 
impacts to likely health consequences.” As shown in Table L above, and unlike the project at issue in the 
Friant Ranch case, the project’s emissions of criteria pollutants would not exceed the ICAPCD’s thresholds 
and would not have a significant air quality impact.  Therefore, it is not necessary to connect this small 
project’s air quality impacts to likely health impacts.  However, for informational purposes this analysis 
considers the Court’s direction as follows:    

1) The  air  quality  discussion  shall  describe  the  specific  health  risks  created  from  each  criteria 
pollutant, including diesel particulate matter.   

Although it has been determined that the project would not result in significant air quality impacts, this 
analysis details  the  specific health  risks created  from each criteria pollutant above  in Section 2.1 and 
specifically  in Table B.    In addition,  the  specific health  risks  created  from diesel particulate matter  is 
detailed above in Section 2.2 of this analysis.  As such, this analysis meets the part 1 requirements of the 
Friant Ranch Case 

2) The analysis shall identify the magnitude of the health risks created from the Project.  The Ruling 
details how to identify the magnitude of the health risks.  Specifically, on page 24 of the ruling it 
states  “The  Court  of Appeal  identified  several ways  in which  the  EIR  could  have  framed  the 
analysis so as to adequately  inform  the public and decision makers of possible adverse health 
effects.    The  County  could  have,  for  example,  identified  the  Project’s  impact  on  the  days  of 
nonattainment per year.”   

The Friant Ranch Case found that an EIR's air quality analysis must meaningfully connect the identified air 
quality  impacts to the human health consequences of those  impacts, or meaningfully explain why that 
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analysis cannot be provided.  As noted in the Brief of Amicus Curiae by the SCAQMD in the Friant Ranch 
case6    (Brief),  SCAQMD  has  among  the  most  sophisticated  air  quality  modeling  and  health  impact 
evaluation capability of any of the air districts in the State, and thus it is uniquely situated to express an 
opinion on how  lead agencies should correlate air quality  impacts with specific health outcomes.   The 
SCAQMD discusses  that  it may be  infeasible  to quantify health  risks caused by projects similar  to  the 
proposed Project, due to many factors.  It is necessary to have data regarding the sources and types of air 
toxic contaminants, location of emission points, velocity of emissions, the meteorology and topography 
of the area, and the  location of receptors (worker and residence).     The Brief states that  it may not be 
feasible to perform a health risk assessment for airborne toxics that will be emitted by a generic industrial 
building that was built on "speculation" (i.e., without knowing the future tenant(s)).  Even where a health 
risk assessment can be prepared, however, the resulting maximum health risk value is only a calculation 
of risk, it does not necessarily mean anyone will contract cancer as a result of the Project. The Brief also 
cites the author of the CARB methodology, which reported that a PM2.5 methodology is not suited for 
small projects and may yield unreliable results.  Similarly, SCAQMD staff does not currently know of a way 
to accurately quantify ozone‐related health impacts caused by NOX or VOC emissions from relatively small 
projects, due to photochemistry and regional model limitations. The Brief concludes, with respect to the 
Friant Ranch EIR, that although it may have been technically possible to plug the data into a methodology, 
the results would not have been reliable or meaningful.   

On the other hand, for extremely large regional projects (unlike the proposed project), the SCAQMD states 
that it has been able to correlate potential health outcomes for very large emissions sources – as part of 
their rulemaking activity, specifically 6,620 pounds per day of NOx and 89,180 pounds per day of VOC 
were expected to result in approximately 20 premature deaths per year and 89,947 school absences due 
to ozone.   

As shown above  in Table K, project‐related construction activities would generate a maximum of 6.11 
pounds per day of VOC and 51.82 pounds per day of NOx and as shown above in Table L, operation of the 
proposed  project  would  generate  5.57  pounds  per  day  of  VOC  and  0.35  pounds  per  day  NOx.  The 
proposed project would not generate anywhere near  these  levels of 6,620 pounds per day of NOx or 
89,190 pounds per day of VOC emissions. Therefore, the proposed project’s emissions are not sufficiently 
high enough to use a regional modeling program to correlate health effects on a basin‐wide level.  

Therefore,  the proposed project would not  result  in  a  cumulatively  considerable net  increase of  any 
criteria pollutant. 

Level of Significance 

Less than significant impact. 

10.4 Sensitive Receptors 

The proposed project would not expose sensitive receptors to substantial pollutant concentrations.  The 
nearest sensitive receptors to the project site are single‐family homes located as near as 40 feet to the 
north side of the project site (near the northwest corner of the project site).  The nearest school is Brawley 

 
6 Obtained from: https://www.courts.ca.gov/documents/9‐s219783‐ac‐south‐coast‐air‐quality‐mgt‐dist‐
041315.pdf  
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Union High School and Desert Valley High School, which is located as near as 2.7 miles south of the project 
site. 

The IPACD CEQA Guidelines detail that any development project that is located within close proximity to 
sensitive receptors and where the proposed project either 1) Has the potential to emit toxic or hazardous 
pollutant; or 2) Exceeds the  ICAPCD criteria pollutant thresholds for construction and operation of the 
proposed project.  In addition, any proposed industrial or commercial project located within 1,000 feet of 
a school must be referred to the ICAPCD for review. 

As detailed above in Section 10.2, the proposed project would not exceed the ICAPCD criteria pollutant 
threshold  from either construction or operation of  the proposed project.   However, construction and 
operation of  the proposed project would have  the potential  to emit TAC emissions, which have been 
analyzed separately below. 

Toxic Air Contaminants Impacts from Construction  

The greatest potential for toxic air contaminant emissions would be related to diesel particulate matter 
(DPM)  emissions  associated  with  heavy  equipment  operations  during  construction  of  the  proposed 
project.  According to CARB methodology, health effects from carcinogenic air toxics are usually described 
in terms of “individual cancer risk”.   “Individual Cancer Risk”  is the  likelihood that a person exposed to 
concentrations of toxic air contaminants over a 70‐year lifetime will contract cancer, based on the use of 
standard risk‐assessment methodology. It should be noted that the most current cancer risk assessment 
methodology  recommends  analyzing  a  30‐year  exposure  period  for  the  nearby  sensitive  receptors 
(OEHHA 2015). 

Given  the  relatively  limited number of heavy‐duty construction equipment,  the varying distances  that 
construction equipment would operate to the nearby sensitive receptors, and the short‐term construction 
schedule, the proposed project would not result in a long‐term (i.e., 30 or 70 years) substantial source of 
toxic air contaminant emissions and corresponding individual cancer risk.  In addition, California Code of 
Regulations  Title  13,  Article  4.8,  Chapter  9,  Section  2449  regulates  emissions  from  off‐road  diesel 
equipment in California.  This regulation limits idling of equipment to no more than five minutes, requires 
equipment operators to label each piece of equipment and provide annual reports to CARB of their fleet’s 
usage and emissions.  This regulation also requires systematic upgrading of the emission Tier level of each 
fleet, and currently no commercial operator  is allowed to purchase Tier 0 or Tier 1 equipment and by 
January  2023  no  commercial  operator  is  allowed  to  purchase  Tier  2  equipment.    In  addition  to  the 
purchase restrictions, equipment operators need to meet fleet average emissions targets that become 
more stringent each year between years 2014 and 2023.   By  January, 2022, 50 percent or more of all 
contractors’ equipment  fleets must be Tier 2 or higher.   Therefore, no significant short‐term  toxic air 
contaminant impacts would occur during construction of the proposed project.  As such, construction of 
the proposed project would result in a less than significant exposure of sensitive receptors to substantial 
pollutant concentrations. 

Operations‐Related Sensitive Receptor Impacts 

The proposed project would  consist of development of  a  solar  facility with  a BESS  and  a  substation.  
Although the proposed solar PV panels, the lithium batteries utilized in the BESS, and the transformers 
utilized  in the substation are made with toxic materials, only a negligible amount of TAC emissions are 
emitted from off‐gassing from the PV panels, which would not create TAC concentrations high enough to 
create a significant cancer risk from TAC emissions.    In addition, the proposed project would  include a 
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backup diesel generator, which would emit DPM emissions, which is categorized as a TAC.  The backup 
diesel generator would be located in the southwest portion of the project site, where the nearest offsite 
sensitive receptor is a home on the east side of Best Avenue that located approximately 1,900 feet to the 
east.   Due to the distance that the nearest sensitive receptor, a  less than significant TAC  impact would 
occur from the backup diesel generator.  Therefore, a less than significant TAC impact would occur during 
the on‐going operations of the proposed project and no mitigation would be required 

Therefore,  construction and operation of  the proposed project would  result  in a  less  than  significant 
exposure of sensitive receptors to substantial pollutant concentrations. 

Level of Significance 

Less than significant impact. 

10.5 Odor Emissions  

The proposed project would not create objectionable odors affecting a substantial number of people.  
Individual responses  to odors are highly variable and can result  in a variety of effects.   Generally,  the 
impact of an odor results from a variety of factors such as frequency, duration, offensiveness, location, 
and sensory perception.  The frequency is a measure of how often an individual is exposed to an odor in 
the  ambient  environment.    The  intensity  refers  to  an  individual’s  or  group’s  perception  of  the  odor 
strength or concentration.   The duration of an odor  refers  to  the elapsed  time over which an odor  is 
experienced.  The offensiveness of the odor is the subjective rating of the pleasantness or unpleasantness 
of an odor.  The location accounts for the type of area in which a potentially affected person lives, works, 
or visits; the type of activity in which he or she is engaged; and the sensitivity of the impacted receptor.   

Sensory perception has four major components: detectability, intensity, character, and hedonic tone.  The 
detection (or threshold) of an odor is based on a panel of responses to the odor.  There are two types of 
thresholds: the odor detection threshold and the recognition threshold.  The detection threshold is the 
lowest concentration of an odor that will elicit a response in a percentage of the people that live and work 
in the immediate vicinity of the project site and is typically presented as the mean (or 50 percent of the 
population).   The  recognition  threshold  is  the minimum  concentration  that  is  recognized  as having a 
characteristic odor quality, this is typically represented by recognition by 50 percent of the population.  
The intensity refers to the perceived strength of the odor.  The odor character is what the substance smells 
like.   The hedonic tone  is a  judgment of the pleasantness or unpleasantness of the odor.   The hedonic 
tone varies  in subjective experience, frequency, odor character, odor  intensity, and duration. Potential 
odor impacts have been analyzed separately for construction and operations below. 

Construction‐Related Odor Impacts 

Potential sources that may emit odors during construction activities include the application of coatings 
such as asphalt pavement, paints and  solvents and  from emissions  from diesel equipment.   Standard 
construction requirements that limit the time of day when construction may occur as well as adherence 
to ICAPCD Rule 407 that limits the discharge of any emissions that create odors in quantities that would 
cause a nuisance or annoyance to any considerable number of persons.  As such, the objectionable odors 
that may be produced during  the  construction process would be  temporary  and would not  likely be 
noticeable for extended periods of time beyond the project site’s boundaries.  Through compliance with 
the applicable regulations that reduce odors and due to the transitory nature of construction odors, a less 
than significant odor impact would occur and no mitigation would be required. 
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Operations‐Related Odor Impacts 

The proposed project would consist of the development of solar energy facility, which does not include 
any components that are a known sources of odors.  Therefore, a less than significant odor impact would 
occur and no mitigation would be required. 

Level of Significance  

Less than significant impact. 

10.6 Energy Consumption 

The  proposed  project  would  impact  energy  resources  during  construction  and  operation.    Energy 
resources that would be potentially impacted include electricity, and petroleum based fuel supplies and 
distribution systems.   The proposed project would not utilize any natural gas during either construction 
or operation of the proposed project, and no further analysis of natural gas is provided in this analysis.  
This analysis includes a discussion of the potential energy impacts of the proposed projects, with particular 
emphasis  on  avoiding  or  reducing  inefficient,  wasteful,  and  unnecessary  consumption  of  energy.    A 
general definition of each of these energy resources are provided below. 

Electricity,  a  consumptive  utility,  is  a man‐made  resource.  The  production  of  electricity  requires  the 
consumption or conversion of energy resources, including water, wind, oil, gas, coal, solar, geothermal, 
and nuclear resources, into energy. The delivery of electricity involves a number of system components, 
including substations and transformers that lower transmission line power (voltage) to a level appropriate 
for on‐site distribution and use. The electricity generated is distributed through a network of transmission 
and distribution lines commonly called a power grid. Conveyance of electricity through transmission lines 
is typically responsive to market demands.  In 2019, Imperial Irrigation District, which provides electricity 
to the project vicinity provided 3,322 Gigawatt‐hours per year of electricity7. 

Petroleum‐based fuels currently account for a majority of the California’s transportation energy sources 
and primarily  consist of diesel and gasoline  types of  fuels.   However,  the  state has been working on 
developing strategies to reduce petroleum use. Over the last decade California has implemented several 
policies,  rules,  and  regulations  to  improve  vehicle  efficiency,  increase  the  development  and  use  of 
alternative  fuels, reduce air pollutants and GHG emissions  from the transportation sector, and reduce 
vehicle miles traveled (VMT).  Accordingly, petroleum‐based fuel consumption in California has declined. 
In 2017, 83 million gallons of gasoline and 12 million gallons of diesel was sold in Imperial County8.   

The following section calculates the potential energy consumption associated with the construction and 
operations of the proposed project and provides a determination if any energy utilized by the proposed 
project is wasteful, inefficient, or unnecessary consumption of energy resources. 

Construction Energy  

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System  Installation  and  Testing,  and  3)  Site  Clean‐up  and  Restoration.    The  proposed  project would 
consume energy resources during construction in three (3) general forms:  

 
7 Obtained from: http://www.ecdms.energy.ca.gov/elecbyutil.aspx   
8 Obtained from: https://ww2.energy.ca.gov/almanac/transportation_data/gasoline/ 
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1. Petroleum‐based  fuels  used  to  power  off‐road  construction  vehicles  and  equipment  on  the 
project site, construction worker travel to and from the project site, as well as delivery and haul 
truck trips (e.g., hauling of construction waste material to off‐site reuse and disposal facilities);  

2. Electricity  associated  with  the  conveyance  of  water  that  would  be  used  during  project 
construction  for dust  control  (supply and  conveyance) and electricity  to power any necessary 
lighting during construction, electronic equipment, or other construction activities necessitating 
electrical power; and, 

3. Energy used in the production of construction materials, such as asphalt, steel, concrete, pipes, 
and manufactured or processed materials such as lumber and glass. 

Construction‐Related Electricity  

During construction the proposed project would consume electricity to construct the new structures and 
infrastructure. Electricity would be  supplied  to  the project  site by  Imperial  Irrigation District  (IID) and 
would be obtained from the existing electrical lines in the vicinity of the project site.  The use of electricity 
from existing power lines rather than temporary diesel or gasoline powered generators would minimize 
impacts on energy use.   Electricity  consumed during project  construction would  vary  throughout  the 
construction period based on the construction activities being performed. Various construction activities 
include  electricity  associated  with  the  conveyance  of  water  that  would  be  used  during  project 
construction  for dust control  (supply and conveyance) and electricity  to power any necessary  lighting 
during construction, electronic equipment, or other construction activities necessitating electrical power.  
Such  electricity  demand  would  be  temporary,  nominal,  and  would  cease  upon  the  completion  of 
construction. Overall, construction activities associated with the proposed project would require limited 
electricity consumption that would not be expected to have an adverse  impact on available electricity 
supplies and  infrastructure. Therefore,  the use of electricity during project construction would not be 
wasteful, inefficient, or unnecessary. 

The proposed project would include installation of an approximately 1.6 mile long overhead power lines 
from the southwest corner of the project site to the North Brawley 1 Substation, which would provide 
adequate capacity to handle the power generated and utilized by the proposed project.  Where feasible, 
the new service  installations and connections would be scheduled and  implemented  in a manner that 
would not result in electrical service interruptions to other properties.  Compliance with County guidelines 
and  requirements  would  ensure  that  the  proposed  project  fulfills  its  responsibilities  relative  to 
infrastructure installation, coordinates any electrical infrastructure removals or relocations, and limits any 
impacts associated with construction of the project.  Construction of the project’s electrical infrastructure 
is not anticipated to adversely affect the electrical infrastructure serving the surrounding uses or utility 
system capacity.  

Construction‐Related Petroleum Fuel Use  

Petroleum‐based  fuel  usage  represents  the  highest  amount  of  transportation  energy  potentially 
consumed during construction, which would be utilized by both off‐road equipment operating on  the 
project site and on‐road automobiles transporting workers to and from the project site and on‐road trucks 
transporting equipment and supplies to the project site.   

The off‐road construction equipment fuel usage was calculated through use of the off‐road equipment 
assumptions  and  fuel  use  assumptions  shown  above  in  Section  8.2,  which  found  that  the  off‐road 
equipment utilized during construction of the proposed project would consume 84,890 gallons of fuel.  
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The on‐road  construction  trips  fuel usage was  calculated  through use of  the construction vehicle  trip 
assumptions and fuel use assumptions shown above  in Section 8.2, which found that the on‐road trips 
generated from construction of the proposed project would consume 57,078 gallons of fuel.  As such, the 
combined  fuel  used  from  off‐road  construction  equipment  and  on‐road  construction  trips  for  the 
proposed project would result in the consumption of 141,968 gallons of petroleum fuel.  This equates to 
0.15 percent of the gasoline and diesel consumed annually in Imperial County.  As such, the construction‐
related petroleum use would be nominal, when compared to current county‐wide petroleum usage rates. 

Construction activities associated with the proposed project would be required to adhere to all State and 
SCAQMD regulations for off‐road equipment and on‐road trucks, which provide minimum fuel efficiency 
standards.   As such, construction activities  for  the proposed project would not  result  in  the wasteful, 
inefficient, and unnecessary consumption of energy resources.  Impacts regarding transportation energy 
would be less than significant.  Development of the project would not result in the need to manufacture 
construction  materials  or  create  new  building  material  facilities  specifically  to  supply  the  proposed 
project.    It  is difficult to measure  the energy used  in the production of construction materials such as 
asphalt, steel, and concrete, it is reasonable to assume that the production of building materials such as 
concrete,  steel,  etc.,  would  employ  all  reasonable  energy  conservation  practices  in  the  interest  of 
minimizing the cost of doing business. 

Operational Energy 

The on‐going operation of the proposed project would require the use of energy resources for multiple 
purposes  including,  but  not  limited  to,  heating/ventilating/air  conditioning  (HVAC),  lighting,  and 
electronics.  Energy would also be consumed during operations related to water usage and vehicle trips. 

Operations‐Related Electricity 

Operation of the proposed project would result in consumption and production of electricity at the project 
site.  As detailed above in Section 8.2 the proposed PV solar panels will generate 97,333,333 kWh per year 
of electricity and operation of the project will use 1,946,667 kWh per year of electricity, which would 
result in the net generation of 95,386,667 kWh per year of electricity.  This equates to 2.8 percent of the 
electricity  consumed annually by  IID.   As  such,  the operations‐related electricity use would provide a 
significant  renewable  resource  for  the  IID and would help  IID achieve  the  State’ Renewable Portfolio 
Standards  requirement  for non‐carbon  sources of electricity. No  impact would occur  from electricity‐
related energy consumption from the proposed project. 

Operations‐Related Vehicular Petroleum Fuel Usage 

Operation  of  the  proposed  project would  result  in  increased  consumption  of  petroleum‐based  fuels 
related to vehicular travel to and from the project site.   As detailed above  in Section 8.2 the proposed 
project would consume 541 gallons of petroleum fuel per year from vehicle travel.  This equates to 0.001 
percent of the gasoline and diesel consumed in Imperial County annually. As such, the operations‐related 
petroleum use would be nominal, when compared to current petroleum usage rates 

It  should  be  noted  that,  the  proposed  project  would  comply  with  all  Federal,  State,  and  County 
requirements  related  to  the  consumption  of  transportation  energy  and would  provide  a  non‐carbon 
source  of  electricity  to  power  electric  vehicles  in  Imperial  County.  Thus,  impacts  with  regard 
transportation energy supply and infrastructure capacity would be less than significant and no mitigation 
measures would be required. 
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In conclusion, the proposed project would comply with regulatory compliance measures outlined by the 
State and County related to Air Quality, Greenhouse Gas Emissions (GHG), Transportation/Circulation, and 
Water  Supply.    Therefore,  the  proposed  project  would  not  result  in  the  wasteful,  inefficient,  or 
unnecessary consumption of energy resources during project construction or operation.  Impacts would 
be less than significant. 

Level of Significance  

Less than significant impact. 

10.7 Energy Plan Consistency 

The proposed project would not conflict with or obstruct a state or  local plan for renewable energy or 
energy efficiency.   The applicable energy plan  for  the proposed project  is  the Renewable Energy and 
Transmission Element County of Imperial General Plan, Revised October 6, 2015.  The proposed project’s 
consistency with the applicable energy‐related policies in the Natural Resource Element of the General 
Plan are shown in Table M.  

Table M – Proposed Project Compliance with Applicable General Plan Energy Policies 

Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Goal 1  Support the safe and orderly development of 
renewable energy while providing for the 
protection of environmental resources. 

Consistent.  The proposed project provides 
protection to environmental resources while 
helping to produce renewable energy.  

Objective 
1.1 

The County of Imperial supports the overall goals of 
the Desert Renewable Energy Conservation Plan to 
provide a balance between the developments of 
renewable energy resources while preserving 
sensitive environmental resources within its 
jurisdiction. 

Not Applicable.  This objective is related to the 
County requirements.  

Objective 
1.2 

Lessen impacts of site and design production 
facilities on agricultural, natural, and cultural 
resources. 

Consistent.   The proposed project impacts 
related to these subjects have been evaluated 
in the DEIR prepared for this project. 

Objective 
1.3 

Require the use of directional geothermal drilling 
and “islands” when technically advisable in irrigated 
agricultural soils and sensitive or unique biological 
areas. 

Not applicable.  The proposed project would 
not include any geothermal drilling  

Objective 
1.4 

Analyze potential impacts on agricultural, natural, 
and cultural resources, as appropriate. 

Consistent.   This DEIR prepared for this project 
has analyzed the potential impacts related to 
these subjects.   

Objective 
1.5 

Require appropriate mitigation and monitoring for 
environmental issues associated with developing 
renewable energy facilities. 

Consistent.   The proposed Project provides a 
mitigation monitoring program.   

Objective 
1.6 

Encourage the efficient use of water resources 
required in the operation of renewable energy 
generation facilities. 

Consistent.   The proposed Project will be 
designed to meet Title 24 Part 11 requirements 
that require implementation of water‐efficiency 
measures. 

Objective 
1.7 

Assure that development of renewable energy 
facilities and transmission lines comply with 

Consistent.   The proposed Project will be 
required to obtain all required air permits from 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Imperial County Air Pollution Control District’s 
regulations and mitigation measures. 

the ICAPCD and to adhere to all of the ICAPCD 
rules and regulations. 

Goal 2  Encourage development of electrical transmission 
lines along routes which minimize potential 
environmental effects. 

Consistent. Any required improvements or 
extensions of existing IID electrical transmission 
lines will occur adjacent to existing routes. 

Objective 
2.1 

To the extent practicable, maximize utilization of 
IID’s transmission capacity in existing easements or 
rights‐of‐way. Encourage the location of all major 
transmission lines within designated corridors, 
easements, and rights‐of‐way. 

Consistent. Any required improvements or 
extensions of IID electrical transmission lines 
will occur within existing easements or right‐of‐
ways. 

Objective 
2.2 

Where practicable and cost‐effective, design 
transmission lines to minimize impacts on 
agricultural, natural, and cultural resources, urban 
areas, military operation areas, and recreational 
activities. 

Consistent. Any required improvements or 
extensions of IID electrical transmission lines 
will occur within existing easements or right‐of‐
ways. 

Goal 3  Support development of renewable energy 
resources that will contribute to and enhance the 
economic vitality of Imperial County. 

Consistent.  The proposed project will provide 
additional employment opportunities as well as 
contribute to the tax base of the County, that 
will enhance the economic vitality of the 
County. 

Objective 
3.1 

Preserve IID’s Balancing Authority and local rate‐
making authority which allows IID to continue to 
provide low‐cost service. Lower energy rates 
enhance the economic vitality in Imperial County. 

Not Applicable.   This measure applies to the 
IID. 

Objective 
3.2 

Encourage the continued development of the 
mineral extraction/production industry for job 
development using geothermal brines from the 
existing and future geothermal flash power plants. 

Not applicable.  The proposed project would 
not include any geothermal activities. 

Objective 
3.3 

Encourage the development of services and 
industries associated with renewable energy 
facilities. 

Consistent.  The proposed project implements 
this Objective. 

Objective 
3.4 

Assure that revenues projected from proposed 
renewable energy facility developments are 
sufficient to offset operational costs to the County 
from that particular development. 

Consistent.  The proposed project would 
generate more revenue for the County than 
any costs incurred by the County. 

Objective 
3.5 

Encourage employment of County residents by the 
renewable energy industries wherever and 
whenever possible. 

Consistent.  The proposed project will provide 
additional employment opportunities to 
residents in the County. 

Objective 
3.6 

Encourage the establishment of necessary and 
applicable renewable energy training programs in 
local school systems in association with the 
renewable energy industry. 

Not Applicable.   This measure applies to the 
local school systems. 

Objective 
3.7 

Evaluate environmental justice issues associated 
with job creation and displacement when 
considering the approval of renewable energy 
projects. 

Consistent.  No impacts to disadvantaged 
communities would occur from implementation 
of the proposed Project. 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

Goal 4  Support development of renewable energy 
resources that will contribute to the restoration 
efforts of the Salton Sea. 

Not applicable.  The proposed project is not 
located within the Salton Sea restoration area. 

Objective 
4.1 

Prioritize the Salton Sea exposed seabed (playa) for 
renewable energy  

Not applicable.  The location of the project was 
chosen to be in close proximity to the existing 
North Brawley Geothermal Power Plant 
Substation. 

Objective 
4.2 

Encourage the development of renewable energy 
facilities that will contribute to the reduction or 
elimination of airborne pollutants created by 
exposure of the seabed of the Salton Sea as it 
recedes. 

Not applicable.  The proposed project is not 
located within the Salton Sea restoration area. 

Objective 
4.3 

Develop mitigation measures and monitoring 
programs to minimize impacts to avian species and 
other species that may be affected by renewable 
energy facilities constructed near the Salton Sea. 

Not applicable.  The proposed project is not 
located near the Salton Sea. 

Goal 5  Encourage development of innovative renewable 
energy technologies that will diversify Imperial 
County’s energy portfolio. 

Consistent.  The proposed project will utilize 
the innovative renewable technologies in its 
design. 

Objective 
5.1 

Support the implementation of pilot projects 
intended to test or demonstrate new and 
innovative renewable energy production 
technologies. 

Consistent.  Although the proposed project is 
for full production and not a pilot project, it will 
demonstrate new and innovative renewable 
energy production technologies. 

Objective 
5.2 

Encourage development of utility‐scale distributed 
generation projects in the County. 

Consistent.  The proposed project consists of a 
utility‐scale solar PV system with a BESS. 

Goal 6  Support development of renewable energy while 
providing for the protection of military aviation and 
operations. 

Consistent.  The proposed project will be 
designed to meet all aviation requirements. 

Objective 
6.1 

Assure that renewable energy facilities proposed in 
areas adjacent to military installations and training 
areas will be compatible with these uses. 

Not Applicable.   No military facilities exist in 
the local vicinity to the project site. 

Objective 
6.2 

Facilitate the early exchange of project‐related 
information with the military for proposed 
renewable energy facilities located within a military 
operations area (MOA) or within 1,000 feet of a 
military installation. 

Not Applicable.   No military facilities exist 
within 1,000 feet of the project site. 

Objective 
6.3 

Assure that renewable energy facilities proposed 
within MOAs will not jeopardize the safety of 
existing residents or impact military operations. 

Not Applicable.   No military facilities exist in 
the local vicinity to the project site. 

Goal 7  Actively minimize the potential for land subsidence 
to occur as a result of renewable energy operations. 

Consistent.  The proposed project will be 
designed to minimize land subsidence. 

Objective 
7.1 

Require that all renewable energy facilities, where 
deemed appropriate, include design features that 
will prevent subsidence and other surface 
conditions from impacting existing land uses. 

Consistent.  The proposed project will be 
designed to minimize land subsidence. 

Objective 
7.2 

For geothermal energy development facilities, 
establish injection standards consistent with the 
requirements of the California Division of Oil, Gas, 

Not applicable.  The proposed project would 
not include any geothermal energy 
development. 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

and Geothermal Resources (CDOGGR). Request a 
CDOGGR subsidence review, if necessary, for 
consideration prior to setting injection standards. 

Objective 
7.3 

Require renewable energy facility permittees to 
establish and monitor subsidence detection 
networks in areas affected by permitted project 
activities. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.4 

Require monitoring programs for determining the 
possibility or extent of induced subsidence. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.5 

Require corrective measures, in proportion to each 
developer's activities, if evidence indicates that 
operation of geothermal energy facilities have 
caused, or will cause, surface impacts. In 
determining monitoring or mitigation requirements, 
the County shall consult with informed parties such 
as CDOGGR, County Department of Public Works, 
the IID, the permittee, other developers, and other 
experts as appropriate. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.6 

Where geothermal fields have been divided into 
units or developers have established a cooperative 
agreement for reservoir management, specific 
production and injection requirements of 
individually permitted projects may be modified in 
accordance with both Federal and State 
requirements. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.7 

Require seismic monitoring be performed in 
conjunction with major geothermal projects. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.8 

Require operators of geothermal facilities analyze 
seismic data to determine the effects of geothermal 
production and injection on seismic activities within 
the development area. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.9 

Consult with experts, such as CDOGGR, U.S. 
Geological Survey, geothermal industry 
representatives, permittees, and other developers 
to determine appropriate monitoring and mitigation 
requirements. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.10 

Require operators of geothermal facilities to 
establish a notification system to warn or notify 
surrounding residents of the accidental release of 
potentially harmful emissions as part of an 
emergency response plan. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Objective 
7.11 

Require all geothermal energy facilities to include 
operating procedures that would prevent 
detrimental impacts to geothermal reservoirs. 

Not applicable.  The proposed project would 
not include any geothermal energy 
development 

Goal 8  Develop overlay zones that will facilitate the 
development of renewable energy resources while 

Not Applicable.   This measure is applicable to 
the County Planning Department. 
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Goals, 
Objectives 

and Policies  General Plan   Proposed Project Implementation Actions 

preserving and protecting agricultural, natural, and 
cultural resources. Development of overlay zones 
shall include coordination with Federal, State, 
County, Tribal governments, educational entities, 
the public and local industries. 

Objective 
8.1 

Allow for County review with appropriate 
development and performance standards for 
development of local resources within the overlay 
zones. 

Not Applicable.   This measure is applicable to 
the County Planning Department. 

Objective 
8.2 

Promote the exchange of information concerning 
renewable energy development to be circulated 
between industry, County staff, and the public. 

Not Applicable.   This measure is applicable to 
the County Planning Department. 

Source: County of Imperial, 2015. 

 
 

As shown in Table M, the proposed project would be consistent with all applicable energy‐related policies 
from the General Plan.   Therefore, the proposed project would not conflict with or obstruct a state or 
local plan for renewable energy or energy efficiency. Impacts would be less than significant. 

Level of Significance  

Less than significant impact. 

10.8 Generation of Greenhouse Gas Emissions 

The proposed project would not generate GHG emissions, either directly or indirectly, that may have a 
significant impact on the environment and would not conflict with any applicable plan, policy or regulation 
of an agency adopted for the purpose of reducing GHG emissions.  Neither the County of Imperial nor the 
ICAPCD has established significance thresholds for GHG emissions.  In order to establish context in which 
to consider the GHG emissions created from the proposed project, this analysis reviewed guidelines used 
by  other  public  agencies  in  California  and  found  the  most  conservative  GHG  emissions  threshold  is 
detailed  in CEQA & Climate Change, prepared by California Air Pollution Control Officers Association 
(CAPCOA 2008), which recommends a threshold of 900 MTCO2e per year from any project.  It should also 
be noted that a direct comparison of construction GHG emissions with long‐term thresholds would not 
be appropriate, since construction emissions are short‐term in nature and would cease upon completion 
of  construction.    Other  Air  Districts,  including  the  SCAQMD,  recommend  that  GHG  emissions  from 
construction  activities  be  amortized  over  30  years,  when  construction  emissions  are  compared  to 
operational‐related GHG emissions thresholds. 

The proposed project  is anticipated  to generate GHG emissions  from area  sources, energy usage and 
production, mobile sources, waste disposal, water usage, and construction equipment. The project’s GHG 
emissions have been calculated with  the CalEEMod model based on  the construction and operational 
parameters detailed above in Section 8.1.  A summary of the results is shown below in Table N and the 
CalEEMod model run is provided in Appendix C. 
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Table N – Project Related Greenhouse Gas Annual Emissions 

  Greenhouse Gas Emissions (Metric Tons per Year) 

Category  CO2  CH4  N2O  CO2e 

Area Sources1  0.01  0.00  0.00  0.01 
Energy Usage and Production2  ‐4,299.50  ‐0.75  ‐0.09  ‐4,345.14 
Mobile Sources3  5.35  0.00  0.00  5.44 
Backup Generator4  0.61  0.00  0.00  0.62 
Solid Waste5  0.00  0.00  0.00  0.00 
Water and Wastewater6  0.38  0.01  0.00  0.66 
Construction7  18.63  0.00  0.00  18.88 

Total GHG Emissions  ‐4,274.52  ‐0.73  ‐0.09  ‐4,319.54 

GHG Emissions Threshold of Significance8  900 

Exceed Thresholds?  No 
Notes: 
1 Area sources consist of GHG emissions from consumer products, architectural coatings, and landscaping equipment. 
2 Energy usage consists of GHG emissions from electricity used and generated onsite.  
3 Mobile sources consist of GHG emissions from vehicles. 
4 Backup Generator based on a 20 kW (62 Horsepower) diesel generator that has a cycling schedule of 30 minutes per week. 
5 Solid Waste. Since no employees would be onsite during typical operations, no solid waste is anticipated to be generated from the project. 
6 Water includes GHG emissions from electricity used for transport of water and processing of wastewater. 
7 Construction emissions amortized over 30 years as recommended in the SCAQMD GHG Working Group on November 19, 2009. 
8 GHG emissions threshold from CAPCOA, 2008. 
Source: CalEEMod Version 2020.4.0. 

 

The data provided in Table N shows that the proposed project would reduce GHG emissions created in 
Imperial County by 4,319.54 MTCO2e per year by providing a zero carbon source of electricity generation.  
The proposed project would not exceed the annual GHG emissions threshold of 900 MTCO2e per year.  
Therefore, no greenhouse gas emissions  impact would occur  from  construction and operation of  the 
proposed project.    

Level of Significance  

No impact. 

10.9 Greenhouse Gas Plan Consistency 

The  proposed  project would  not  conflict with  any  applicable  plan,  policy  or  regulation  of  an  agency 
adopted for the purpose of reducing GHG emissions.  Neither the County of Imperial nor the ICAPCD has 
adopted a climate action plan to reduce GHG emissions in the proposed project area.  As such, the only 
applicable  plans  for  reducing GHG  emissions  for  the proposed project  area  are  statewide  plans  that 
include AB 32, AB 197, and SB 32. As shown above in Section 10.8, the proposed project would reduce 
GHG emissions created in Imperial County by 4,319.54 MTCO2e per year and would assist the County in 
meeting the zero carbon sources of electricity generation as required by the State’s Renewable Portfolio 
Standards. 

Therefore, the proposed project would not conflict with any applicable plan, policy, or regulation adopted 
for reducing the emissions of GHGs. No impact would occur.  

Level of Significance 

No impact. 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to conduct a literature 
review and reconnaissance-level survey for the development of the Brawley Solar Project (Project). The 
survey identified vegetation communities, potential waters of the state and waters of the U.S., wetlands, 
and potential for the occurrence of sensitive species or habitats that could support sensitive wildlife 
species. Information contained in this Biological Technical Report is in accordance with accepted scientific 
and technical standards that are consistent with the requirements of United States Fish and Wildlife 
Service (USFWS) and the California Department of Fish and Wildlife (CDFW). 

1.1 PROJECT BACKGROUND 

ORNI is proposing to build, operate, and maintain the Brawley Solar Energy Facility, a 40 megawatt 
(MW)/160 megawatt-hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy 
storage system (BESS) on approximately 227 acres in Brawley, Imperial County. Power generated by the 
Project would be low-voltage direct current (DC) power that would be collected and routed to a series of 
inverters and their associated pad-mounted transformers. The inverters would convert the DC power 
generated by the panels to alternating current (AC) power, and the pad-mounted transformers would 
step up the voltage. The Project would connect to the North Brawley Geothermal Power Plant southwest 
of the Project site via an approximately 1.8-mile-long aboveground 92 kilovolt (kV) generation tie line 
(gen-tie line).  

1.2 PROJECT LOCATION 

The Project is located at 5003 Best Avenue, Brawley, California, on six privately owned parcels (Project 
site). The Project is located within the U.S. Geological Survey (USGS) Westmorland East, California, 7.5-
minute topographic quadrangle. Currently the Project site contains fallow alfalfa fields. The Project site is 
bordered by undeveloped agricultural land to the north and east and a mixture of undeveloped 
agricultural land and dirt lots used for staging activities to the south, and the City of Brawley Wastewater 
Treatment Plant is located along the western edge of the Project site. The elevation at the Project site is 
approximately 145 feet below mean sea level (bmsl). Maps of the Project location and Project vicinity are 
provided in Figure 1. 
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SECTION 2.0 – METHODOLOGY 

2.1 LITERATURE REVIEW 

Prior to performing the field survey, existing documentation relevant to the Project site was reviewed. 
The most recent records of the California Natural Diversity Database (CNDDB) managed by CDFW (CDFW 
2020), the USFWS Critical Habitat Mapper (USFWS 2020), and the California Native Plant Society’s 
Electronic Inventory (CNPSEI) of Rare and Endangered Vascular Plants of California (CNPS 2020) were 
reviewed for the following quadrangles containing and surrounding the Project site: Westmorland East, 
Niland, Obsidian Butte, Westmorland West, West, Iris, Alamorio, Brawley, and Brawley Northwest, 
California, USGS 7.5-minute quadrangles. These databases contain records of reported occurrences of 
federally or state listed endangered or threatened species, California Species of Concern (SSC), or 
otherwise sensitive species or habitats that may occur within or in the immediate vicinity of the Project 
site. 

2.2 SOILS 

Before conducting the survey, soil maps for Imperial County were referenced online to determine the soil 
types found within the Project site. Soils were determined in accordance with categories set forth by the 
U.S. Department of Agriculture (USDA) Soil Conservation Service and by referencing the USDA Natural 
Resources Conservation Service (NRCS) Web Soil Survey (USDA 2020). 

2.3 JURISDICTIONAL WATERS 

A general assessment of jurisdictional waters regulated by the United States Army Corps of Engineers 
(USACE), California Regional Water Quality Control Board (RWQCB), and CDFW was conducted for the 
Project site. Pursuant to Section 404 of the Clean Water Act, USACE regulates the discharge of dredged 
and/or fill material into waters of the United States. The State of California (State) regulates discharge of 
material into waters of the State pursuant to Section 401 of the Clean Water Act and the California Porter-
Cologne Water Quality Control Act (California Water Code, Division 7, §13000 et seq.). Pursuant to 
Division 2, Chapter 6, Sections 1600-1602 of the California Fish and Game Code, CDFW regulates all 
diversions, obstructions, or changes to the natural flow or bed, channel, or bank of any river, stream, or 
lake which supports fish or wildlife. The assessment was conducted by a desktop survey through the USGS 
National Hydrography Dataset for hydrological connectivity. 

2.4 BIOLOGICAL RECONNAISSANCE-LEVEL SURVEY 

Chambers Group biologists Brian Cropper and Genelle Ives conducted the general reconnaissance survey 
(survey) within the Project site to identify the potential for occurrence of sensitive species, vegetation 
communities, or habitats that could support sensitive wildlife species. The survey was conducted on foot 
throughout the Project site between 0830 and 1715 hours on October 22, 2020. Weather conditions 
during the survey included temperatures ranging from 65 to 73 degrees Fahrenheit, with 80 percent cloud 
cover and no precipitation. Photographs of the Project site were recorded to document existing conditions 
(Appendix A). 
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2.4.1 Vegetation 

All plant species observed within the Project site were recorded. Vegetation communities within the 
Project site were identified, qualitatively described, and mapped onto a high-resolution imagery aerial 
photograph. Plant communities were determined in accordance with the Manual of California Vegetation, 
Second Edition (Sawyer et al. 2009). Plant nomenclature follows that of The Jepson Manual (Baldwin et al. 
2012). A comprehensive list of the plant species observed during the survey is provided in Appendix B. 

2.4.2 Wildlife 

All wildlife and wildlife signs observed and detected, including tracks, scat, carcasses, burrows, 
excavations, and vocalizations, were recorded. Additional survey time was spent in those habitats most 
likely to be utilized by wildlife (native vegetation, wildlife trails, etc.) or in habitats with the potential to 
support state and/or federally listed or otherwise sensitive species. Notes were made on the general 
habitat types, species observed, and the conditions of the Project site. A comprehensive list of the wildlife 
species observed during the survey is provided in Appendix C. 
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SECTION 3.0 – RESULTS 

3.1 NATURAL COMMUNITY CONSERVATION PLAN & HABITAT CONSERVATION PLAN 

The Project site is located within the designated boundaries of the Desert Renewable Energy Natural 
Community Conservation Plan & Habitat Conservation Plan (NCCP/HCP). However, the Project is not 
located within or adjacent to an Area of Critical Environmental Concern.  

3.2 SOILS 

According to the results from the USDA NRCS Web Soil Survey (USDA 2020), the Project site is located in 
the Imperial Valley Area, CA683 part of the soil map. Six soil types are known to occur within and/or 
adjacent to the site and are described below.  

Badland occurs along the western portion of the Project site. The parent material is composed of alluvium. 
This soil is not rated as hydric, and the runoff class is high.  

Imperial Silty Clay complex occurs throughout the Project site. The parent material is clayey alluvium 
derived from mixed or clayey lacustrine deposits. The available water capacity is classified as moderate 
(approximately 8.3 inches) with a depth to the water table of more than 80 inches. 

Imperial Glenbar Silty Clay Loam occurs along the western portion and eastern edge of the Project site. 
The parent material is clayey alluvium derived from mixed and/or clayey lacustrine deposits. The available 
water capacity is moderate (approximately 8.6 inches) with a depth to the water table of more than 
80 inches.  

Indio-Vent complex occurs in the southern portion of the Project site just east of the New River. The parent 
material is alluvium derived from mixed and/or eolian deposits. The available water capacity is moderate 
(approximately 8.5 inches) with a depth to the water table of more than 80 inches.  

Meloland Very Fine Sandy Loam occurs along the drainages in the southern portion of the Project site. 
The parent material is alluvium derived from mixed and/or eolian deposits. The available water capacity 
is moderate (approximately 7.8 inches) and a low runoff class. The depth to the water table is more than 
80 inches.  

Vint and Indio Very Fine Sandy Loam occurs along the drainage in the southwest portion of the Project 
site. The parent material is alluvium derived from mixed sources and/or eolian deposits. The available 
water capacity is moderate at about 6.8 inches. The depth to the water table is more than 80 inches.  

3.3 JURISDICTIONAL WATERS 

The western portion of the Project site is located within the New River watershed (Hydrologic Unit Code 
[HUC-10] 1810020411) and within the Federal Emergency Management Agency (FEMA) 100-year flood 
zone (Figure 2). The New River watershed at the Project site is bordered to the south by Imperial Valley, 
to the west by the Vallecito Mountains, to the north by the Salton Sea, and to the east by the Chocolate 
Mountains. The New River is the major water source for the watershed, which drains into the Salton Sea. 
Along its watercourse, several tributaries, including mostly agricultural drains and canals discharge into 
the New River. The eastern portion of the Project site is located within the Alamo River watershed (HUC-
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10 1810020408) and is within the FEMA 100-year flood zone (Figure 2). The Alamo River is the major water 
source for the watershed, which also drains into the Salton Sea. The primary tributaries to the Alamo River 
are agricultural drains and canals. Both rivers are known to be heavily polluted with agricultural and 
bacterial toxins.  

Several jurisdictional and non-jurisdictional features were observed within the Project site. The New River, 
a National Wetlands Inventory (NWI) mapped blueline, flows through the middle portion of the Project 
site (Figure 2). In addition, several NWI mapped blueline canals, drains, and ditches owned by Imperial 
Irrigation District (IID) flow along the borders of the Project site (Figure 2). Locations of the features 
observed during the field survey are presented in Figure 3. 

Feature 1, the IID “Spruce Three Drain,” occurs along the proposed gen-tie line located in the southwest 
portion of the Project site along Andre Road. The Spruce Three drain is a mapped NWI stream (Riverine 
Intermittent Stream Bed, Seasonally Flooded, Excavated). The drainage is man-made and receives flow 
from surface runoff from Andre Road and surrounding agricultural fields. Bank-to-bank measurements 
ranged from 13 to 80 feet. Ordinary High Water Mark (OHWM) measurements ranged from 6 to 40 feet. The 
drain flows into the Project site from the west at Hovley Road along the south side of Andre Road, flows 
east for approximately 0.50 mile and crosses under Andre Road to the north side of the road, and appears 
to continue to flow eastward until it empties into the New River, which terminates at the Salton Sea. The 
feature is lined with riparian vegetation dominated by arrow weed (Pluchea sericea) a Facultative Wetland 
(FACW) species, meaning one that usually occurs in wetlands but is also found in non-wetlands (Lichvar 
et al. 2016).  

Feature 2 occurs along the gen-tie line portion of the Project site, on the north side of Andre Road. Feature 
2 is a man-made, unvegetated cement-lined ditch. Bank-to-bank measured 10 feet; the OHWM measured 
4 feet. The feature flows into the Project site from the west for approximately 0.50 mile, where it appears 
to connect to the Spruce Three Drain. Feature 2 receives flow from road runoff and agricultural runoff 
from the surrounding agricultural fields.  

Feature 3, the New River, flows through the eastern portion of the gen-tie line. The New River is an NWI 
mapped blueline wetland riverine system (Riverine Lower Perennial, Unconsolidated Bottom Wetland, 
Permanently Flooded). Bank-to bank-measurements ranged from 110 to 170 feet. OHWM measurements 
ranged from 42 to 107 feet. The river flows south to north from Mexico and terminates in the Salton Sea. 
Within the Project site, the vegetation along the banks of the river consists completely of tamarisk 
(Tamarix spp.) a Facultative (FAC) species, one that is equally likely to occur in wetlands or non-wetlands 
(Lichvar et al. 2016). 

Feature 4, the IID “Livesly Drain,” occurs east of the New River in the eastern portion of the gen-tie line. 
The Livesly Drain is a NWI mapped blueline stream. This feature is man-made and receives flow from 
agricultural runoff. The Livesly Drain flows into the Project site from the east, turns north, and exits into 
the New River. Bank-to-bank measurements ranged from 20 to 120 feet. The OHWM measurements 
ranged from 13 to 20 feet. The portion of the drainage within the Project site is composed completely of 
tamarisk.  

Feature 5, the IID “Oakley Canal,” occurs just south of the Livesly Drain. The Oakley Canal is a NWI mapped 
blueline stream (Riverine Intermittent Stream Bed, Seasonally Flooded, Excavated). Feature 5 is man-
made and receives flow from agricultural runoff. The Oakley Canal flows south to north and empties into 
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the Livesly Canal. Bank-to-bank measurements ranged from 25 feet to 48 feet. OHWM measured 15 feet. 
The vegetation along the banks of Feature 5 consists primarily of tamarisk.  

Feature 6, the IID “Best Canal,” occurs along the eastern border of the Project site on the west side of Best 
Avenue. The canal is a NWI mapped blueline stream (Riverine Intermittent Stream Bed, Seasonally 
Flooded, Excavated) that receives flow from agricultural and road run-off. Bank-to-bank the canal 
measured 15 feet; OHWM measured 5 feet. The canal is unvegetated throughout the Project site and flows 
south to north, exits the Project site, turns west and eventually empties into the New River.  

Feature 7 occurs in the southeast portion of the Project site on the south side of Andre Road along the 
gen-tie line. Feature 7 consists of two man-made detention ponds with riparian vegetation and are 
mapped NWI wetlands (Palustrine Unconsolidated Bottom Wetland, Permanently Flooded, Excavated). 
The vegetation within Feature 7 is dominated by tamarisk and cattail (Typha spp.), an Obligate (OBL) 
species, one that almost always occurs naturally in wetlands (Lichvar et al. 2016). In addition, arrow weed 
and big saltbush (Atriplex lentiformis), also known as quail bush, a FAC species, were observed.  

Several man-made unvegetated ditches were observed throughout the Project site. When a field is 
irrigated, water is allowed to flow through smaller man-made earthen or concrete-lined ditches (typically 
referred to as a “head ditch”), which distributes the water evenly across the field. At the opposite, lower 
elevation side of the field, excess water is collected into another ditch (typically referred to as a “tail 
ditch”). The ditches present on the Project site are both earthen and concrete-lined and are frequently 
rebuilt when the fields are plowed and disked. These ditches occur primarily along the edges of the 
agricultural fields and across portions of the fields. None of these ditches connect directly to a major 
feature, and most terminate at small, man-made detention areas. Therefore, these features are not 
considered jurisdictional under CDFW, RWQCB, or USACE. 
 
The Imperial County Fire Department (ICFD) Fire Prevention Bureau requires two points of emergency 
access for the Project along the west side of the railroad tracks. The access routes will be approximately 
20 feet wide to allow large vehicles, including fire trucks and heavy equipment, access to the site.  One 
access routes may be extended from the main access road located off Best Avenue utilizing an existing 
access road that crosses over a concrete lined channel and a second access route is proposed to be 
constructed in the northwest portion of the Project site crossing over a non-jurisdictional irrigation ditch. 
Vegetation within this feature comprised of quail bush, and non-native Mexican palo verde (Parkinsonia 
aculeata) and tamarisk. 

3.4 VEGETATION COMMUNITIES 

Nine vegetation communities, Quail Bush Scrub, Agricultural, Bare Ground, Developed, Disturbed, Bush 
Seepweed Scrub, Arrow Weed Thickets, Ornamental and Tamarisk Thickets were observed within the 
Project site. A map showing the vegetation communities observed within the Project site is provided in 
Figure 4, and the communities are described in the following subsections.  

3.4.1 Quail Bush Scrub 

Quail bush scrub is dominated by quail bush with scattered bush seepweed (Sueda nigra) present in areas 
where the habitat gently slopes into more alkaline soils. The shrub layer is thick and continuous with a 
nonexistent herbaceous layer. Stands occur in areas where less alkaline or saline soils are present, favoring 
clay soils and more consistent topography where water does not accumulate easily (Sawyer et al. 2009). 
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Plant species observed within the Project site included bush seepweed, big saltbush, and spiny 
chlorocantha (Chloracantha spinosa). Approximately 4.86 acres of Quail Bush Scrub occurs within the 
Project site survey area. 

3.4.2 Agricultural  

Large swaths of the Project site consist of plots of agricultural fields that are no longer in use. Bermuda 
grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) seedlings in lower 
numbers. Agricultural fields are similar to Bare Ground habitat where areas have higher water 
permeability and higher fossorial rodent habitat potential. Mexican palo verde are planted along the 
outside of several agriculture fields as wind breaks for agricultural purposes, these areas are therefore 
considered agricultural habitat. Trees are mature, averaging 15 meters in height and are continuously 
planted alongside the agricultural fields. Isolated honey mesquite (Prosopis glandulosa) shrubs were 
observed along the northwestern portion of the Project site along the tree line. Other plant species 
observed within the Project site included alfalfa (Medicago sativa), Mexican palo verde, big saltbush, and 
tamarisk. Approximately 91.96 acres of Agricultural fields occur within the Project site survey area. 

3.4.3 Bare Ground 

Bare Ground areas are generally devoid of vegetation but do not contain any form of pavement. Bare 
Ground has higher water permeability and higher fossorial rodent habitat potential. Bare Ground is 
present throughout the entire Project site, with small patches between agricultural land and long swaths 
that include dirt access roads that receive very little use. Isolated alfalfa was the only vegetation observed 
in these areas. Approximately 148.07 acres of Bare Ground occurs within the Project site survey area. 

3.4.4 Developed 

Developed areas are areas that have been altered by humans and now display man-made structures such 
as urban areas, houses, paved roads, buildings, parks, and other maintained areas (Gray and Bramlet 
1992). Approximately 4.40 acres of Developed area occurs within the Project site survey area. 

3.4.5 Disturbed 

Disturbed areas generally have altered topography and soils due to man-made reasons, usually pertaining 
to development or agricultural purposes. Any shrubs in the shrub canopy are isolated, and the herbaceous 
layer is sparse to intermittent with pockets of advantageous non-native species that spread from a 
singular location. Species observed included Bermuda grass (Cynodon dactylon), Mediterranean schismus 
(Schismus barbatus), and lamb’s quarters (Chenopodium album). Approximately 6.38 acres of Disturbed 
areas occur within the Project site survey area. 

3.4.6 Bush Seepweed Scrub 

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural fields or irrigation ditches and areas with disturbed hydrology due to man-
made alteration. Soils are deep and saline or alkaline (Sawyer et al. 2009).  Species observed within the 
Project site included bush seepweed and big saltbush. Approximately 3.52 acres of Bush Seepweed Scrub 
occurs within the Project site survey area. 
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3.4.7 Arrow Weed Thickets 

The shrub canopy is intermittent to continuous with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed and extends along the water feature, occasionally extending over the bank 
and into the access road. The herbaceous layer is open and intermittent, existing in between stands of 
cattail and arrow weed. The habitat exists in irrigation ditches consisting of soils that are sandy and loamy 
where water is permeable. Plant species observed included arrow weed, tamarisk, cattail, big saltbush, 
saltgrass (Distichlis spicata), and salt heliotrope (Heliotropium curassavicum). Approximately 6.23 acres of 
Arrow Weed Thickets occur within the Project site survey area. 

3.4.8 Ornamental 

Ornamental Landscaping includes areas where the vegetation is dominated by non-native horticultural 
plants (Gray and Bramlet 1992). Typically, the species composition consists of introduced trees, shrubs, 
flowers, and turf grass. Approximately 1.87 acres of Ornamental Landscaping occurs within the Project 
site survey area. 

3.4.9 Tamarisk Thickets 

Tamarisk dominates the tree canopy and is thick and continuous. This non-native shrub layer is sparse 
with isolated quail bush present, while the herbaceous layer contains very little vegetation. Trees average 
15 meters in height and exist in irrigation ditches or on the upper banks along water features. Species 
observed within the Project site included tamarisk and big saltbush. Approximately 5.16 acres of Tamarisk 
Thickets occur within the Project site survey area. 
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3.5 SENSITIVE SPECIES 

The following information is a list of abbreviations used to help determine the significance of biological 
sensitive resources potentially occurring on the Project site. 

Rare Plant Rank (RPR) 

List 1A = Plants presumed extinct in California 
List 1B = Plants rare and endangered in California and throughout their range 
List 2 = Plants rare, threatened, or endangered in California but more common elsewhere 

in their range 
List 3 = Plants about which we need more information; a review list 
List 4 = Plants of limited distribution; a watch list 

RPR Extensions 

0.1 = Seriously endangered in California (greater than 80 percent of occurrences 
threatened/high degree and immediacy of threat)  

0.2 = Fairly endangered in California (20-80 percent occurrences threatened) 
0.3 = Not very endangered in California (less than 20 percent of occurrences 

threatened) 

Federal 

FE = Federally listed; Endangered 
FT = Federally listed; Threatened 

State 

ST = State listed; Threatened 
SE = State listed; Endangered 
RARE = State-listed; Rare (Listed “Rare” animals have been redesignated as Threatened, 

but Rare plants have retained the Rare designation.) 
SSC = State Species of Special Concern 

The following information was used to determine the significance of biological resources potentially 
occurring within the Project site. The criteria used to evaluate the potential for sensitive species to occur 
on the Project site are outlined in Table 1.  
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Table 1: Criteria for Evaluating Sensitive Species Potential for Occurrence (PFO) 

PFO CRITERIA 

Absent: 

Species is restricted to habitats or environmental conditions that do not occur within the 
Project site. Additionally, if the survey was conducted within the blooming period of the 
species and appropriate habitat was observed in the surrounding area but the species was 
not observed within the Project impact area, it was considered absent. 

Low: 
Historical records for this species do not exist within the immediate vicinity (approximately 
5 miles) of the Project site, and/or habitats or environmental conditions needed to support 
the species are of poor quality. 

Moderate: 

Either a historical record exists of the species within the immediate vicinity of the Project site 
(approximately 3 miles) and marginal habitat exists on the Project site, or the habitat 
requirements or environmental conditions associated with the species occur within the 
Project site, but no historical records exist within 5 miles of the Project site. 

High: 
Both a historical record exists of the species within the Project site or its immediate vicinity 
(approximately 1 mile), and the habitat requirements and environmental conditions 
associated with the species occur within the Project site. 

Present: Species was detected within the Project site at the time of the survey. 

* PFO: Potential for Occurrence 

3.5.1 Sensitive Plants 

Factors used to determine the potential for occurrence included the quality of habitat, elevation, and the 
results of the reconnaissance survey. In addition, the location of prior CNDDB records of occurrence were 
used as additional data; but since the CNDDB is a positive-sighting database, this data was used only in 
support of the analysis from the previously identified factors.  

Current database searches (CDFW 2020; CNPSEI 2020) resulted in a list of five federally and/or state listed 
threatened and endangered or rare sensitive plant species that may potentially occur within the Project 
site (Figure 5). After the literature review and the reconnaissance-level survey, it was determined that one 
species had a Moderate potential to occur; and four of these species are considered Absent from the 
Project site due to lack of suitable habitat.  

The following four plant species are considered Absent from the Project site due to lack of suitable 
habitat: 

▪ gravel milk-vetch (Astragalus sabulonum) -2B.2 
▪ Munz’s cholla (Cylindropuntia munzii) – 1B.3 
▪ glandular ditaxis (Ditaxis claryana) – 2B.2 
▪ Thurber’s pilostyles (Pilostyles thurberi) – 4.3 

 
The following species is considered Low Potential to be observed in the Project site due to lack of suitable 
habitat: 

▪ Abram’s spurge (Euphorbia abramsiana) – 2B.2 
 

Abram’s spurge is an annual herb in the spurge family that mostly exists in Sonoran or Mojave Desert 
habitats, favoring sandy flats where water is permeable (Sawyer et al. 2009). Although the habitats 
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available at the Project site are not typically where this plant would grow, it has the low potential to 
occur in fields, irrigation ditches, and other disturbed areas that all exist within the Project site. In 
addition, this species was positively identified less than 2 miles from the Project site. This 
identification, however, was made before 1940 and the population is presumed to be extirpated due 
to agricultural and residential development.   
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3.5.2 Sensitive Wildlife  

A current database search (CDFW 2020) resulted in a list of 23 federally and/or state listed endangered or 
threatened, Species of Concern, or otherwise sensitive wildlife species that may potentially occur within 
the Project site (Figure 5). After a literature review and the assessment of the various habitat types within 
the Project site, it was determined that 17 sensitive wildlife species were considered absent from the 
Project site, three species have a low potential to occur, two species have a high potential to occur, and 
one species was present within the Project site. Factors used to determine potential for occurrence 
included the quality of habitat and the location of prior CNDDB records of occurrence.  

The following 17 wildlife species are considered absent from the Project site due to lack of suitable habitat 
present on the Project site: 

▪ American badger (Taxidea taxus)- SSC 
▪ black skimmer (Rynchops niger) – SSC  
▪ California black rail (Laterallus jamaicensis coturniculus) – ST 
▪ Colorado Desert fringe-toed lizard (Uma notata) – SSC  
▪ crissal thrasher (Toxostoma crissale) – SSC  
▪ desert pupfish (Cyprinodon macularius) – FE, SE 
▪ Gila woodpecker (Melanerpes uropygialis) – SE  
▪ gull-billed tern (Gelochelidon nilotica) – SSC  
▪ Le Conte's thrasher (Toxostoma lecontei) – SSC  
▪ lowland leopard frog (Lithobates yavapaiensis) – SSC  
▪ Palm Springs pocket mouse (Perognathus longimembris bangsi) – SSC  
▪ razorback sucker (Xyrauchen texanus) – FE, SE 
▪ Sonoran Desert toad (Incilius alvarius) – SSC  
▪ western snowy plover (Charadrius alexandrinus nivosus) – FE, SSC 
▪ yellow warbler (Setophaga petechia) – SSC  
▪ Yuma hispid cotton rat (Sigmodon hispidus eremicus) – SSC  
▪ Yuma Ridgway's rail (Rallus obsoletus yumanensis) – FE, ST 

The analysis of the CNDDB search and field survey resulted in three species with a low potential to occur 
on the Project site due to low quality habitat and are described below: 

▪ flat-tailed horned lizard (Phrynosoma mcallii) – SSC  
▪ short-eared owl (Asio flammeus) – SSC 
▪ western yellow bat (Lasiurus xanthinus) – SSC 

The analysis of the CNDDB search and field survey resulted in two species with a high potential to occur 
on the Project site. Burrowing owl (Athene cunicularia) and Mountain plover (Charadrius montanus) have 
a high potential to occur and are described below: 

 Burrowing owl- SSC 

The burrowing owl (BUOW) is a California Species of Special Concern. The burrowing owl breeds 
in open plains from western Canada and the western United States, Mexico through Central 
America, and into South America to Argentina (Klute et al. 2003). This species inhabits dry, open, 
native or non-native grasslands, deserts, and other arid environments with low-growing and low-
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density vegetation (Ehrlich et al. 1988). It may occupy golf courses, cemeteries, road rights-of way, 
airstrips, abandoned buildings, irrigation ditches, and vacant lots with holes or cracks suitable for 
use as burrows (TLMA 2006). Burrowing owls typically use burrows made by mammals such as 
California ground squirrels (Otospermophilus beecheyi), foxes, or badgers (Trulio 1997). When 
burrows are scarce, the burrowing owl may use man-made structures such as openings beneath 
cement or asphalt pavement, pipes, culverts, and nest boxes (TLMA 2006). High quality habitat 
exists within the Project site. In addition, burrowing owl have recently been recorded within 0.14 
mile of the Project site. Therefore, this species has a high potential to occur within the Project 
site.  

Mountain plover – SSC  

The mountain plover (wintering) is a California Species of Special Concern and a federally 
Proposed Threatened Species. This species breeds from the prairie and sagebrush country of 
north-central Montana, eastern Wyoming, and the area around southeastern Colorado. It winters 
from central California along the southern border southward to northern Mexico (Udvardy 1977). 
Common wintering habitats consist of dry, barren ground, smooth dirt fields, agricultural fields, 
and shortgrass prairies. This species tends to form small flocks in the winter. It is one of the few 
shorebird species that prefers habitats away from water. The Project site contains suitable habitat 
of moderate to high quality. In addition, mountain plover have been recorded to occur within 
1 mile of the Project site. Therefore, this species has a high potential to occur with the site.  

One species, the loggerhead shrike (Lanius ludovicianus), was present within and directly adjacent to the 
Project site during the survey. In addition, this species has been recorded to nest within and surrounding 
the Project site. 

 Loggerhead shrike – SSC  

The loggerhead shrike (nesting) is a California Species of Special Concern. Habitats may include 
oak savannas, open chaparral, desert washes, juniper woodlands, Joshua tree woodlands, and 
other semi-open areas. It can occupy a variety of semi-open habitats with scattered trees, large 
shrubs, utility poles, and other structures that serve as lookout posts while searching for potential 
prey. Loggerhead shrikes prefer dense, thorny shrubs and trees, brush piles, and tumbleweeds 
for nesting (Seattle Audubon Society 2008). During the survey, one individual was observed just 
outside the northwest boundary of the Project site, and an additional individual was observed 
within the southwest portion of the Project site (Figure 6). In addition, suitable nesting and 
foraging habitat is present within and directly adjacent to the Project site.  

3.6 GENERAL PLANTS 

No sensitive plant species were observed during the survey effort. A complete list of plants observed is 
provided in Appendix B. 

3.7 GENERAL WILDLIFE 

A total of 39 wildlife species were observed during the survey. Wildlife species observed or detected 
during the survey were characteristic of the existing Project site conditions. One California Species of 
Special Concern, loggerhead shrike, and two California watch list species, black-tailed gnatcatcher 
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(Polioptila melanura) and ferruginous hawk (Buteo regalis) were observed within the Project site. A 
complete list of wildlife observed is provided in Appendix C. 
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SECTION 4.0 – CONCLUSIONS AND RECOMMENDATIONS 

4.1 SENSITIVE PLANTS 

After the literature review, the assessment of the various habitat types in the Project site, and the 
reconnaissance survey were conducted, it was determined that 4 sensitive plant species are considered 
absent from the Project site and 1 special status plant has a low potential to be present. 

Abram’s spurge has a low potential to occur. However, low quality habitat for this species occurs within 
the Project site and it has not been recorded within 3 miles of the site in the last 25 years. Therefore, no 
impacts to these species are anticipated to occur due to Project related activities.  

4.2 SENSITIVE WILDLIFE 

Of the 23 sensitive wildlife species identified in the literature review, it was determined that 17 sensitive 
wildlife species were considered absent from the Project site. Three species have a low potential to occur, 
two species have a high potential to occur, and one species was present within the Project site.  

Flat-tailed horned lizard, short-eared owl, and western yellow bat have a low potential to occur. However, 
low quality habitat for these species occurs within the Project site; and none of these species have been 
recorded within the site within the last 25 years. Therefore, no impacts to these species are anticipated 
to occur as a result of Project activities.  

Burrowing owl and mountain plover are considered to have a high potential to occur within the Project 
site. Two loggerhead shrikes were observed within the Project site. In order to minimize potential impacts 
to these species, a pre-construction survey should be conducted no more then 30 days prior to the start 
of construction activities. If any of these species are observed during the pre-construction survey, CDFW 
should be notified immediately; and an appropriate avoidance buffer should be established and measures 
to avoid or minimize impacts to the species should be submitted to CDFW for approval prior to 
construction. In addition, a biological monitor is recommended to be present during all construction 
activities occurring within 150 feet of wintering mountain plover or nesting loggerhead shrike and 500 feet 
of nesting burrowing owl.  

4.3 JURISDICTIONAL WATERS 

Several jurisdictional features were observed within the Project site. However, the project has been 
designed to avoid impacts to waters of the State and waters of the U.S. 

The ICFD Fire Prevention Bureau requires two points of emergency access for the Project, including two 
separate ingress/egress routes to access the west side of the railroad tracks running north/south through 
the center of the Project. Three access points will be available to access the Project site including: primary 
access located in the middle of Best Avenue, a secondary construction access located in the southeast 
corner, and an emergency access located in the northwest corner. The emergency access route from the 
northwest portion of the Project site will be designed to cross a non-jurisdictional agricultural ditch. 
Potential access route options include converting a non-vegetated portion of an open cement culvert to 
a corrugated metal pipe (CMP) or a closed concrete pipe of similar size and establishing an access road 
above the pipe. Native quail bush and non-native tamarisk and Mexican palo verde are located within the 
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irrigation ditch. It is recommended the access routes be constructed in an area that will avoid or minimize 
impacts to native vegetation found within the irrigation ditch.  

No impacts to  waters of the State and/or waters of the US are anticipated. However, if impacts to waters 
of the State and/or waters of the US are unavoidable as the Project designs are finalized, a USACE 404 
permit, State 401 certification, and/or State Lake and Streambed Alteration Agreement may be required 
for Project authorization. If permits are required for Project authorization, mitigation for impacts will be 
determined through coordination with the agencies during the permit application process. Prior to 
construction, installation of Best Management Practices should be installed for water quality and erosion 
control measures to minimize/avoid potential impacts. A biological monitor should be present prior to 
initiation of ground disturbing activities to demark limit of disturbance boundaries. Flagging and/or 
staking should be used to clearly define the work area boundaries and avoid impacts to adjacent native 
communities. 
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APPENDIX A – SITE PHOTOGRAPHS 

 

Photo 1. 

Photo of the 
western end of 
the Spruce 
Three Drain, 
non-vegetated, 
jurisdictional 
feature which 
runs parallel 
with the 
forested 
wetland 
jurisdictional 
feature just 
south of it. 
Photo is facing 
west. 

 

Photo 2. 

Photo of the 
eastern end of 
the Spruce 
Three Drain, 
forested shrub 
wetland, 
jurisdictional 
feature. The 
vegetation 
community 
consists of 
Riparian scrub. 
Photo facing 
east. 
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Photo 3. 

Overview of 
the New River 
that cuts 
diagonally 
through the 
Project site. 
The vegetation 
community is 
undisturbed 
Mediterranean 
Tamarisk. 
Photo is facing 
southeast.  

 

Photo 4. 

Overview of a 
man-made 
ditch leading 
into a culvert 
just north of 
the Livesley 
Drain. The area 
above the 
drainage is a 
disturbed 
vegetation 
community of 
Cattle Spinach. 
Photo is facing 
northwest.  
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Photo 5.  

Overview of 
the 
Ornamental 
Landscaping 
just north of 
the Livesley 
Drain. The 
vegetation 
community is 
agricultural 
Bermuda grass. 
There is a man-
made ditch 
surrounding it. 
Photo is facing 
north. 

 

Photo 6. 

Overview of 
the 
undisturbed 
scrub/chaparral 
vegetation 
community on 
the south side 
of the Project 
site. This area 
also contains a 
man-made 
culvert. Photo 
is facing 
northeast. 
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Photo 7.  

Overview of 
the southeast 
corner of the 
Project site. 
There is a strip 
of barren land 
and above that 
is the 
agricultural 
Bermuda grass. 
South of the 
barren land is 
the Livesley 
Drain. Photo is 
facing 
northeast.  

 

Photo 8.  

Photo of a 
house as well 
as the 
vegetation 
community of 
Paloverde and 
Honey 
Mesquite in 
the southeast 
corner of the 
Project site. 
Photo is facing 
west.  
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Photo 9.  

Photo showing 
the man-made 
ditch, in the 
middle of the 
Project site, 
that leads to a 
culvert. South 
of the ditch is 
agricultural 
Bermuda grass 
and to the 
north of the 
ditch is 
agricultural 
Alfalfa. Photo is 
facing west.  

 

Photo 10.  

Photo of the 
culvert, in the 
middle of the 
Project site, 
that the man-
made ditch 
leads into. 
Photo is facing 
east. 
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Photo 11.  

Overview of 
the northeast 
side of the 
Project site. To 
the east is bare 
ground, and to 
the west is a 
strip of mainly 
Mediterranean 
Tamarisk. A 
man-made 
ditch runs 
through it. 
Photo is facing 
north.  

 

Photo 12.  

Photo of a 
culvert that is 
in the center of 
the north side 
of the Project 
site. It is 
surrounded by 
mainly bare 
ground with 
man-made 
ditches running 
through. Photo 
is facing north. 
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Photo 13.  

Photo showing 
the southwest 
corner of the 
north side of 
the Project site. 
There is a 
culvert and 
disturbed bare 
ground. Photo 
is facing 
southeast. 

 

Photo 14.  

Overview of 
the bare 
ground on the 
northwest side 
of the Project 
site. Photo is 
facing east. 
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Photo 15.  

Overview of 
the wetland 
area in the 
northwest 
corner of the 
Project site. 
Photo is facing 
north.  
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APPENDIX B – PLANT SPECIES OBSERVED 

Scientific Name Common Name 
ANGIOSPERMS (EUDICOTS)   
AMARANTHACEAE AMARANTH FAMILY 
Amaranthus sp. pigweed 
Amaranthus biltoides prostrate pigweed 
Suaeda nigra bush seepweed 
ASTERACEAE SUNFLOWER FAMILY 
Chloracantha spinosa spiny chlorocantha 
Pluchea sericea arrow weed 
BORAGINACEAE BORAGE FAMILY 
Heliotropium curassavicum salt heliotrope 
BRASSICACEAE MUSTARD FAMILY 
Brassica tournefortii* Sahara mustard 
CHENOPODIACEAE GOOSEFOOT FAMILY 
Atriplex lentiformis quail bush 
Chenopodium album* lamb's quarters 
FABACEAE LEGUME FAMILY 
Medicago sativa alfalfa 
Parkinsonia aculeata Mexican palo verde 
Prosopis glandulosa  honey mesquite 
TAMARICACEAE TAMARISK FAMILY 
Tamarix ramosissima* Mediterranean tamarisk 
ZYGOPHYLLACEAE CALTROP FAMILY 
Larrea tridentata creosote bush 
ANGIOSPERMS (MONOCOTS)   
POACEAE GRASS FAMILY 
Cynodon dactylon Bermuda grass 
Distichlis spicata saltgrass 
Schismus barbatus* Mediterranean schismus 
TYPHACEAE CATTAIL FAMILY 
Typha sp. cattail 

*Non-Native Species   
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APPENDIX C – WILDLIFE SPECIES LIST 

Scientific Name Common Name 
CLASS REPTILIA REPTILES 

PHRYNOSOMATIDAE 
ZEBRA-TAILED, EARLESS, FRINGE-TOED, SPINY, 
TREE, SIDE-BLOTCHED, AND HORNED LIZARDS 

Sceloporus occidentalis western fence lizard 
CLASS AVES BIRDS 
PODICIPEDIDAE  GREBES 
Aechmophorus clarkii Clark’s grebe 
PHALACROCORACIDAE CORMORANTS 
Phalacrocorax auritus double-crested cormorant 
ARDEIDAE  HERONS, BITTERNS 
Egretta thula snowy egret 
THRESKIORNITHIDAE  IBISES 
Plegadis chihi white-faced ibis 
ANATIDAE  DUCKS, GEESE, SWANS 
Anas platyrhynchos mallard 
CATHARTIDAE  NEW WORLD VULTURES 
Cathartes aura turkey vulture 
ACCIPITRIDAE  HAWKS, KITES, EAGLES 
Buteo jamaicensis red-tailed hawk 
Circus cyaneus northern harrier 
FALCONIDAE  FALCONS 
Falco columbarius merlin 
Falco sparverius American kestrel 
ODONTOPHORIDAE   NEW WORLD QUAIL 
Callipepla gambelii Gambel's quail 
RALLIDAE  RAILS, GALLINULES, COOTS 
Fulica americana American coot 
CHARADRIIDAE  PLOVERS 
Charadrius vociferus killdeer 
RECURVIROSTRIDAE  STILTS & AVOCETS 
Himantopus mexicanus black-necked stilt 
SCOLOPACIDAE  SANDPIPERS 
Calidris minutilla least sandpiper 
Tringa semipalmata willet 
Limnodromus griseus short-billed dowitcher 
Limnodromus scolopaceus long-billed dowitcher 
COLUMBIDAE PIGEONS & DOVES 
Streptopelia decaocto Eurasian collared-dove 
Zenaida macroura mourning dove 
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Scientific Name Common Name 
PICIDAE WOODPECKERS 
Colaptes auratus northern flicker 
TYRANNIDAE TYRANT FLYCATCHERS 
Sayornis nigricans black phoebe 
Sayornis saya Say's phoebe 
Pyrocephalus rubinus vermilion flycatcher 
HIRUNDINIDAE SWALLOWS 
Hirundo rustica barn swallow 
Tachycineta thalassina violet-green swallow 
REMIZIDAE VERDINS 
Auriparus flaviceps verdin 
TROGLODYTIDAE WRENS 
Salpinctes obsoletus rock wren 
Troglodytes aedon house wren 
POLIOPTILIDAE GNATCATCHERS 
Polioptila caerulea blue-gray gnatcatcher 
Polioptila melanura black-tailed gnatcatcher 
MIMIDAE MOCKINGBIRDS, THRASHERS 
Mimus polyglottos northern mockingbird 
LANIIDAE SHRIKES 
Lanius ludovicianus loggerhead shrike 
PARULIDAE WOOD WARBLERS 
Setophaga nigrescens black-throated gray warbler 
Geothlypis trichas common yellowthroat 
ICTERIDAE BLACKBIRDS 
Agelaius phoeniceus red-winged blackbird 
Sturnella neglecta western meadowlark 
Quiscalus mexicanus great-tailed grackle 
FRINGILLIDAE FINCHES 
Haemorhous mexicanus house finch 
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SECTION 1.0 – INTRODUCTION 

Chambers Group, Inc. (Chambers Group) was retained by ORNI 30, LLC (ORNI) to complete an 
archaeological assessment as well as a paleontological assessment, including a literature review and 
pedestrian survey, for the development of the Brawley Solar Project (Project) in Brawley, Imperial County 
(County), California. The proposed Project includes the construction and operation of a solar energy farm 
and associated facilities. 

The purpose of this investigation is to assess the potential for significant archaeological and 
paleontological deposits and/or materials within the Project site and to determine if the current Project 
has the potential to adversely affect any significant cultural or paleontological materials. Chambers Group 
completed an archaeological and paleontological literature review, records search, and intensive 
pedestrian survey of the 225-acre proposed area. This report outlines the archaeological and 
paleontological findings and results of both efforts. 

The following studies have been conducted in accordance with the California Environmental Quality Act 
(CEQA). This report includes appropriate mitigation measures to ensure less than significant impacts to 
any cultural and paleontological resources potentially affected during construction.  

1.1 PROJECT DESCRIPTION 

ORNI is proposing to build, operate, and maintain the Brawley Solar Energy Facility, a 40 megawatt 
(MW)/160 megawatt-hour (MWh) photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy 
storage system (BESS) on approximately 225 acres in Brawley, Imperial County. Power generated by the 
Project would be low-voltage direct current (DC) power that would be collected and routed to a series of 
inverters and their associated pad-mounted transformers. The inverters would convert the DC power 
generated by the panels to alternating current (AC) power, and the pad-mounted transformers would 
step up the voltage. The Project would connect to the North Brawley Geothermal Power Plant southwest 
of the Project site via an approximately 1.6-mile-long aboveground 92 kilovolt (kV) generation tie line 
(gen-tie line). Energy generated and stored by the Project will be sold to the wholesale market or retail 
electric providers in furtherance of the goals of the California Renewable Energy Portfolio Standards and 
other similar renewable programs in the Pacific Southwest power market. 

1.2 PROJECT LOCATION 

The Project is located 19 miles north of El Centro at North Best Avenue, Brawley, California, on six privately 
owned parcels (Project site). The Project is located within the U.S. Geological Survey (USGS) Westmorland 
East, California, 7.5-minute topographic quadrangle, Township 13 South, Range 14 East, in Sections 10, 
15, 16, and 17. Currently the Project site contains fallow alfalfa fields. The Project site is bordered by 
undeveloped agricultural land to the north and east and a mixture of undeveloped agricultural land and 
dirt lots used for staging activities to the south, and the City of Brawley Wastewater Treatment Plant is 
located along the western edge of the Project site. The elevation at the Project site is approximately 
145 feet below mean sea level (bmsl). Maps of the Project location and Project vicinity are provided in 
Figure 1. 
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1.3 REGULATORY FRAMEWORK 

1.3.1 California Environmental Quality Act  

Work for this Project was conducted in compliance with CEQA. The regulatory framework as it pertains to 
cultural resources under CEQA is detailed below.  

1.3.2 Paleontological Resources 

CEQA requires that public agencies and private interests identify the potential environmental 
consequences of their projects on any object or site of significance to the scientific annals of California 
(Division I, California Public Resources Code [PRC] Section 5020.1 [b]). Appendix G in Section 15023 
provides an Environmental Checklist of questions (PRC 15023, Appendix G, Section VII, Part f) that includes 
the following: “Would the project directly or indirectly destroy a unique paleontological resource or site 
or unique geological feature?” CEQA does not define “a unique paleontological resource or site.” 
However, the Society of Vertebrate Paleontology (SVP) has provided guidance specifically designed to 
support state and federal environmental review. The SVP broadly defines significant paleontological 
resources as follows (SVP 2010, page 11): “Fossils and fossiliferous deposits consisting of identifiable 
vertebrate fossils, large or small, uncommon invertebrate, plant, and trace fossils, and other data that 
provide taphonomic, taxonomic, phylogenetic, paleoecologic, stratigraphic, and/or biochronologic 
information. Paleontological resources are considered to be older than recorded human history and/or 
older than middle Holocene (i.e., older than about 5,000 radiocarbon years).”  

Significant paleontological resources are determined to be fossils or assemblages of fossils that are 
unique, unusual, rare, diagnostically important, or are common but have the potential to provide valuable 
scientific information for evaluating evolutionary patterns and processes, or which could improve our 
understanding of paleochronology, paleoecology, paleophylogeography, or depositional histories. New or 
unique specimens can provide new insights into evolutionary history; however, additional specimens of 
even well represented lineages can be equally important for studying evolutionary pattern and process, 
evolutionary rates, and paleophylogeography. Even unidentifiable material can provide useful data for 
dating geologic units if radiometric dating is possible. As such, common fossils (especially vertebrates) 
may be scientifically important and therefore considered significant.  

1.3.3 Cultural Resources 

Under the provisions of CEQA, including the CEQA Statutes (PRC §§ 21083.2 and 21084.1), the CEQA 
Guidelines (Title 14 California Code of Regulations [CCR], § 15064.5), and PRC § 5024.1 (Title 14 CCR § 
4850 et seq.), properties expected to be directly or indirectly affected by a proposed project must be 
evaluated for California Register of Historical Resources (CRHR) eligibility (PRC § 5024.1).  

The purpose of the CRHR is to maintain listings of the state’s historical resources and to indicate which 
properties are to be protected, to the extent prudent and feasible, from material impairment and 
substantial adverse change. The term historical resources includes a resource listed in or determined to 
be eligible for listing in the CRHR; a resource included in a local register of historical resources; and any 
object, building, structure, site, area, place, record, or manuscript that a lead agency determines to be 
historically significant (CCR § 15064.5[a]). The criteria for listing properties in the CRHR were expressly 
developed in accordance with previously established criteria developed for listing in the National Register 
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of Historic Places (NRHP). The California Office of Historic Preservation (OHP 1995:2) regards “any physical 
evidence of human activities over 45 years old” as meriting recordation and evaluation. 

California Public Resources Code 

Section 5097.5 of the PRC states:  

“No person shall knowingly and willfully excavate upon, or remove, destroy, injure or 
deface any historic or prehistoric ruins, burial grounds, archaeological or vertebrate 
paleontological site, including fossilized footprints, inscriptions made by human agency, 
or any other archaeological, paleontological or historical feature, situated on public lands, 
except with the express permission of the public agency having jurisdiction over such 
lands. Violation of this section is a misdemeanor.”  

As used in this PRC section, “public lands” means lands owned by, or under the jurisdiction of, the state 
or any city, county, district, authority, or public corporation, or any agency thereof. Consequently, public 
agencies are required to comply with PRC 5097.5 for their own activities, including construction and 
maintenance, as well as for permit actions (e.g., encroachment permits) undertaken by others.  

California Register of Historic Resources 

A cultural resource is considered “historically significant” under CEQA if the resource meets one or more 
of the criteria for listing in the CRHR. The CRHR was designed to be used by state and local agencies, 
private groups, and citizens to identify existing cultural resources within the state and to indicate which 
of those resources should be protected, to the extent prudent and feasible, from substantial adverse 
change. The following criteria have been established for inclusion in the CRHR. A resource is considered 
significant if it: 

1. is associated with events that have made a significant contribution to the broad patterns of 
California’s history and cultural heritage; 

2. is associated with the lives of persons important in our past; 

3. embodies the distinctive characteristics of a type, period, region, or method of construction, or 
represents the work of an important creative individual, or possesses high artistic values; or 

4. has yielded, or may be likely to yield, information important in prehistory or history. 

In addition to meeting one or more of the above criteria, historical resources eligible for listing in the CRHR 
must retain enough of their historic character or appearance to be able to convey the reasons for their 
significance. Such integrity is evaluated in regard to the retention of location, design, setting, materials, 
workmanship, feeling, and association. 

Under CEQA, if an archeological site is not a historical resource but meets the definition of a “unique 
archeological resource” as defined in PRC § 21083.2, then it should be treated in accordance with the 
provisions of that section. A unique archaeological resource is defined as follows:  

▪ An archaeological artifact, object, or site about which it can be clearly demonstrated that, without 
merely adding to the current body of knowledge, there is a high probability that it meets any of 
the following criteria:  
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o Contains information needed to answer important scientific research questions and that 
there is a demonstrable public interest in that information;  

o Has a special and particular quality, such as being the oldest of its type or the best 
available example of its type; or  

o Is directly associated with a scientifically recognized important prehistoric or historic 
event or person. 

Resources that neither meet any of these criteria for listing in the CRHR nor qualify as a “unique 
archaeological resource” under CEQA PRC § 21083.2(g) are viewed as not significant. Under CEQA, “A non-
unique archaeological resource need be given no further consideration, other than the simple recording 
of its existence by the lead agency if it so elects” (PRC § 21083.2[h]). 

Impacts that adversely alter the significance of a resource listed in or eligible for listing in the CRHR are 
considered a significant effect on the environment. Impacts to historical resources from a proposed 
project are thus considered significant if the project (1) physically destroys or damages all or part of a 
resource; (2) changes the character of the use of the resource or physical feature within the setting of the 
resource, which contributes to its significance; or (3) introduces visual, atmospheric, or audible elements 
that diminish the integrity of significant features of the resource. 

Imperial County 

Section III(B) of the Imperial County Conservation and Open Space Element describes the cultural 
resources, goals, and objectives to protect such resources (County of Imperial 2016). The planning goals 
and objectives are described below. 

Goal 3 of the goals and objectives section of the Imperial County Conservation and Open Space Element 
addresses the preservation of cultural resources. Goal 3 states that the County will “preserve the spiritual 
and cultural heritage of the diverse communities of Imperial County” (County of Imperial 2016). Three 
objectives are enumerated to assist in implementation of the goal: 

▪ Objective 3.1: Project and preserve sites of archaeological, ecological, historical, and scientific 
value, and/or cultural significance.  

▪ Objective 3.2: Develop management strategies to preserve the memory of important historic 
periods, including Spanish, Mexican, and early American settlements of Imperial County. 

▪ Objective 3.3: Engage all local Native American Tribes in the protection of tribal cultural 
resources, including prehistoric trails and burials sites.  

City of Brawley 

The section regarding Resource Management Elements (RME) in the City of Brawley General Plan Update 
2030 describes the cultural and paleontological goals, objectives, and policies to protect such resources 
(City of Brawley 2008). 
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IMP-RME Goal 6: Preserve and Promote the Cultural Heritage of the City and Surrounding Region 

• IMP-RME Program 6.1 

Protect Historical and Archaeological Resources: During the development review process, identify 
proposed development projects located near or on sites with important archaeological and historic 
resources or in areas where cultural resources are expected to occur. Require a site inspection by a 
professional archaeologist and assess potential impacts of the proposed project on archaeological and/or 
historic resources. If significant impacts are identified according to Appendix K of the California 
Environmental Quality Act, either modify the project to avoid impacting the resource or implement 
mitigation measures to reduce the impact. Mitigation may involve archaeological investigation and 
resource recovery. Enforce the provision of the California Environmental Quality act regarding the 
preservation or salvage of significant historical and archaeological resources discovered before or during 
construction activities. 

IMP-RME Goal 7: Preserve and Promote the Cultural Heritage of the City and Surrounding Region. 

• RME Objective 7.1: Prevent the loss or compromise of significant archeological, historical, and 
other cultural resources located within the City. 

o RME Policy 7.1.1: Identify, designate, and protect facilities of historical significance and 
maintain an inventory. 

o RME Policy 7.1.2: Promote the education and awareness of the City’s cultural resources. 

o RME Policy 7.1.3: The City shall consult with the Native American tribes under SB 18 for 
General Plan Amendments.  

o RME Policy 7.1.4: When significant archeological sites or artifacts are discovered on a site, 
coordination with professional archeologists, relevant state agencies, and concerned 
Native American tribes regarding preservation of sites or professional retrieval and 
preservation of artifacts prior to development of the site shall be required. 

o RME Policy 7.1.5: If archeological excavations are recommended on a project site, the City 
shall require that all such investigations include Native American consultation, which shall 
occur prior to project approval. 

o RME Policy 7.1.6: Require professionally prepared archaeological reports be completed 
by a certified archeologist. The report shall include a literature search and a site survey 
for any project located within a potential sensitive area as defined by the City’s Important 
Archaeological Areas map or areas identified by the local Native American tribes. 

o RME Policy 7.1.7: Assure that adequate review of subsurface paleontological sensitivity is 
conducted prior to ground disturbance. 

o RME Policy 7.1.8: Ensure that development adjacent to a place, structure or object found 
to be of historic significance should be designed so that the uses permitted and the 
architectural design will protect the visual setting of the historical site. 
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o RME Policy 7.1.9: Consider acquisition of identified historical buildings for public uses. 

Plan: 

To prevent the destruction of important artifacts during development in these areas, the City will require 
a site inspection by a professional archaeologist during the development review process for all projects 
located in the potential resource area. If the archaeologist indicates that significant resources exist on the 
site and will be impacted by the proposed development project, the impact shall be avoided or mitigated 
according to the California Environmental Quality Act Guidelines. Mitigation may involve archaeological 
investigation and resource recovery. The City will also develop and maintain an inventory of 
archaeological sites in the Planning Area (City of Brawley 2008). 
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SECTION 2.0 – SETTINGS 

2.1 ENVIRONMENTAL SETTING 

The proposed Project is located within the mid-region of the lower Colorado Desert physiography. 
Brawley, Imperial County, California, has an average annual temperature of 72.3 degrees Fahrenheit (°F) 
(22.4 degrees Celsius [22°C]). Virtually no rainfall occurs during the year; about 2.4 inches of precipitation 
falls annually and the difference in precipitation between the driest month and the wettest month is 
0.39 inch. Average temperatures vary during the year; the warmest month of the year is July, with an 
average temperature of 91.6 °F (33.1 °C). In January, the average temperature is 54.0 °F (12.2 °C) (Climate-
Data 2021).  

2.1.1 Habitats / Vegetation Communities 

Seven vegetation communities — Quail Bush Scrub, Agricultural, Bare Ground, Disturbed, Bush Seepweed 
Scrub, Arrow Weed Thickets, and Tamarisk Thickets — were observed within the Project site.  

Areas classified as Quail Bush Scrub are dominated by quail bush with scattered bush seepweed (Sueda 
nigra) present in areas where the habitat gently slopes into more alkaline soils. Plant species observed 
within the Project site included bush seepweed, big saltbush (Atriplex lentiformis), and spiny chlorocantha 
(Chloracantha spinosa). Large swaths of the Project site consist of plots of agricultural fields that are no 
longer in use. Bermuda grass (Cynodon dactylon) is found in these areas with alfalfa (Medicago sativa) 
seedlings in lower numbers.  

Agricultural fields are similar to Bare Ground habitat where areas have higher water permeability and 
higher fossorial rodent habitat potential. Mexican palo verde (Parkinsonia aculeata) are planted along the 
outside of several agriculture fields as wind breaks for agricultural purposes; these areas are therefore 
considered agricultural habitat.  

Bare Ground (BG) areas are generally devoid of vegetation but do not contain any form of pavement. BG 
has higher water permeability and higher fossorial rodent habitat potential. BG is present throughout the 
entire Project site with large, uninterrupted expanses in the eastern portion of the Project site. Scattered, 
dead Mediterranean tamarisk (Tamarix sp.) seedlings were the only vegetation observed in these areas.  

Bush seepweed is dominant in the shrub canopy with scattered quail bush present. The shrub layer is 
intermittent to continuous with an herbaceous layer that is very sparse. Stands occur in gently sloping 
plains bordering agricultural fields or irrigation ditches and areas with disturbed hydrology due to man-
made alteration. Soils are deep and saline or alkaline (Sawyer et al. 2009). Species observed within the 
Project site included bush seepweed and big saltbush.  

The shrub canopy is intermittent to continuous, with shrubs reaching 2 to 3 meters in height. Vegetation 
is dominated by arrow weed (Pluchea sericea) and extends along the water feature, occasionally 
extending over the bank and into the access road. The herbaceous layer is open and intermittent, existing 
in between stands of cattail (Typha sp.) and arrow weed. The habitat exists in irrigation ditches consisting 
of soils that are sandy and loamy where water is permeable.  

Plant species observed included arrow weed, tamarisk, cattail, big saltbush, saltgrass (Distichlis spicata), 
and salt heliotrope (Heliotropium curassavicum). Tamarisk dominates the tree canopy and is thick and 
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continuous. This non-native shrub layer is sparse with isolated quail bush present, while the herbaceous 
layer contains very little vegetation. Trees average 15 meters in height exist in irrigation ditches and on 
the upper banks along water features. Species observed within the Project site included tamarisk and big 
saltbush. 

2.1.2 Geological and Paleontological 

The survey area is located within the Imperial Valley and is within a large geologic structure referred to as 
the Salton Trough, a graben or rift valley extending approximately 1,000 miles in length. This graben was 
created when the San Andreas Fault system and the East Pacific Rise split Baja California from mainland 
Mexico approximately 5 million years ago. The southern portion of this rift valley is now known as the Gulf 
of California, while the northern part is known as the Salton Trough. Plate tectonic activity has continued 
to open this rift with the Salton Trough as the hinge point. The North American Plate is to the east and 
the Pacific Plate to the west. The Colorado River may have begun depositing huge loads of silt in the upper 
trough as early as 5.5 million years ago (Alles 2004).  

By some time in the Pliocene Epoch (2 to 4 million years ago), the river had created a delta of sufficient 
height to form a dam isolating the Imperial Valley and Coachella Valley portions of the Salton Trough from 
the Gulf of California (Waters 1980). This silt dam continues to keep seawater out of the Salton Trough, 
which is more than 200 feet below sea level. A series of very high freshwater lake stands that occurred 
during the late Pleistocene have been documented in the Salton Trough, suggesting that the Colorado 
River began flowing into the Salton Trough on an occasional basis from that time. Ranging in elevation up 
to 170 feet above sea level, these Pleistocene freshwater lake shorelines date to between 25,000 and 
45,000 years ago (Waters 1980). The height of these Pleistocene lake stands reflects the elevation of the 
natural silt dam which separates the Gulf from the Salton Trough. These Pleistocene lake stands have 
been called Lake Cahuilla to refer to both the Pleistocene and Holocene lakes (Waters 1980).  

Site-Specific Geology and Soils 

After review of U.S. Department of Agriculture (USDA) Soil Conservation Service and by referencing the 
USDA Natural Resources Conservation Service (NRCS) Web Soil Survey (USDA 2020), it was determined 
that the survey area is located within the Imperial Valley Area (CA683); six soil types are known to occur 
within and/or adjacent to the site and are described below.  

Badland occurs along the western portion of the Project site. The parent material is composed of alluvium. 
This soil is not rated as hydric, and the runoff class is high.  

The Imperial Silty Clay complex is seen throughout the Project site. The parent material is clayey alluvium 
derived from mixed or clayey lacustrine deposits. The available water capacity is classified as moderate 
(approximately 8.3 inches) with a depth to the water table of more than 80 inches (USDA 2020).  

Imperial Glenbar Silty Clay Loam occurs along the western portion and eastern edge of the Project site. 
The parent material is clayey alluvium derived from mixed and/or clayey lacustrine deposits. The available 
water capacity is moderate (approximately 8.6 inches) with a depth to the water table of more than 
80 inches. 
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Indio-Vent complex occurs in the southern portion of the Project site just east of the New River. The parent 
material is alluvium derived from mixed and/or eolian deposits. The available water capacity is moderate 
(approximately 8.5 inches) with a depth to the water table of more than 80 inches. 

Meloland Very Fine Sandy Loam occurs along the drainages in the southern portion of the Project site. 
The parent material is alluvium derived from mixed and/or eolian deposits. The available water capacity 
is moderate (approximately 7.8 inches) and a low runoff class. The depth to the water table is more than 
80 inches. 

Vint and Indio Very Fine Sandy Loam occurs along the drainage in the southwest portion of the Project 
site. The parent material is alluvium derived from mixed sources and/or eolian deposits. The available 
water capacity is moderate at about 6.8 inches. The depth to the water table is more than 80 inches. 

Paleontological Significance 

Lake Cahuilla was a former freshwater lake that periodically occupied a major portion of the Salton Trough 
during late Pleistocene to Holocene time (approximately 37,000 to 240 years ago), depositing sediments 
that underlie the entire Project site (mapped as Quaternary lake deposits by Jennings [1967]). Generally, 
Lake Cahuilla sediments consist of an interbedded sequence of both freshwater lacustrine (lake) and 
fluvial (river/stream) deposits. The Lake Cahuilla Beds have yielded well-preserved subfossil remains of 
freshwater clams and snails (Stearns 1901) and sparse remains of freshwater fish (Hubbs and Miller 1948). 
The paleontological resources of the Lake Cahuilla Beds are considered significant because of the 
paleoclimatic and palaeoecological information they can provide (Jefferson 2006), and these deposits are 
therefore assigned a high paleontological potential (SVP 2010).  

Existing Conditions 

The original survey area included a small section of the lot located on the southeast corner of Andre Road 
and Western Avenue. This 5.5-acre section of the Project area was not surveyed due to the presence of 
the existing, fenced-off Ormat Brawley North facility, which was built between 2006 and 2008 (NETR 
Online 2020). The level of disturbance was evaluated to be high, and it was determined unnecessary to 
survey that small section of the Project area. 

2.2 CULTURAL SETTING 

2.2.1 Prehistory 

The Project site is located in the mid-section of the lower Colorado Desert, in which ancient Lake Cahuilla 
was situated – the present-day Salton Sea is illustrative of lower stands of the former Ancient Lake 
Cahuilla. In addition to paleontological potential, archaeological deposits found around the shoreline of 
Lake Cahuilla radiocarbon date to at least 1,440 years before present (B.P.) (Waters 1983; Hubbs et al. 
1962) and shows demonstrable evidence of cultural activity in the area. Lake Cahuilla presented a massive 
freshwater oasis, allowing seasonal occupations resulting in archaeological deposits that include pottery, 
ground and chipped stone artifacts, and archaeological features such as rock fish traps (Waters 1983; 
Phukan et al. 2019). As an ethnographic landscape, the Cahuilla, Kumeyaay, Kamia, and the tribes which 
now comprise the Colorado River Indian Tribes (CRIT), the Mojave, Chemehuevi, Hopi, and Navajo settled 
in various locations around the basin, including the Colorado delta (Phukan et al. 2019). The Kumeyaay 
and Cahuilla constructed the stone fish trap features, which can be difficult to identify during pedestrian 
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transect survey. Moreover, evidence from middens and human coprolites suggest subsistence on either 
razorback suckers or bonytail chubs, demonstrating environmental importance of this area (Phukan et al. 
2019). Cultural resources located in the area tend to be associated with Lake Cahuilla due to its temporal 
context and functional use as a landscape, which yield archaeological data of high significance regarding 
how people adapted to the changing environment around the lake.  

Archaeological studies have been limited in the Salton Sea desert region. This paucity of archaeological 
investigation has resulted in undefined and imperfect archaeological classification schemas and 
typologies. Therefore, the prehistoric time periods used by archaeologists to describe the southern 
Imperial County desert region borrow heavily from those chronologies established for San Diego County 
prehistory, with some minor Colorado Desert-specific clarifications. The three general time periods 
accepted in the region are the San Dieguito Complex, the Archaic period, and the Late Prehistoric period. 
These periods are briefly described below. 

The earliest recognized occupation of the region, dating to 10,000 to 8,000 years before present (B.P.), is 
known as the San Dieguito complex (Rogers 1939, 1945). Assemblages from this occupation generally 
consist of flaked stone tools. Evidence of milling activities is rare for sites dating to this period. It is 
generally agreed that the San Dieguito complex shows characteristics of the Western Pluvial Lakes 
Tradition (WPLT), which was widespread in California during the early Holocene. The WPLT assemblage 
generally includes scrapers, choppers, and bifacial knives. Archaeologists theorize this toolkit composition 
likely reflects a generalized hunting and gathering society (Moratto 1984; Moratto et al. 1994; Schaeffer 
and Laylander 2007). 

The following period, the Archaic (8,500 to 1,300 B.P.), is traditionally seen as encompassing both coastal 
and inland adaptations, with the coastal Archaic represented by the shell middens of the La Jolla complex 
and the inland Archaic represented by the Pauma complex (True 1980). Coastal settlement is also thought 
to have been significantly affected by the stabilization of sea levels around 4,000 years ago that led to a 
general decline in the productivity of coastal ecosystems. Artifacts associated with this period include 
milling stones, unshaped manos, flaked cobble tools, Pinto-like and Elko projectile points, and flexed 
inhumations (Schaefer and Laylander 2007). Colorado Desert rock art studies have led researchers to 
suggest Archaic-Period origins for many petroglyph and pictograph styles and elements common in later 
times (Whitley 2005). More recently, several important late Archaic-period sites have been documented 
in the northern Coachella Valley, consisting of deeply buried middens with clay-lined features and living 
surfaces, cremations, hearths, and rock shelters. Faunal assemblages show a high percentage of 
lagomorphs (rabbits and hares). The larger sites suggest a more sustained settlement type than previously 
known for the Archaic period in this area (Schaefer and Laylander 2007).  

The Late Prehistoric period (1,300 to 200 B.P.) is marked by the appearance of small projectile points 
indicating the use of the bow and arrow, the common use of ceramics, and the general replacement of 
inhumations with cremations, all characteristic of the San Luis Rey complex as defined by Meighan (1954). 
The San Luis Rey complex is divided temporally into San Luis Rey I and San Luis Rey II, with the latter 
distinguished mainly by the addition of ceramics. Along the coast of northern San Diego County, deposits 
containing significant amounts of Donax shell are now often assigned to the Late Prehistoric, based on a 
well-documented increase in the use of this resource at this time (e.g., Byrd and Reddy 1999). The 
inception of the San Luis Rey complex is suggested by True (1966; True et al. 1974) to mark the arrival of 
Takic speakers from regions farther inland. Waugh (1986) is in general agreement with True but suggests 
that the migration was probably sporadic and took place over a considerable period. Titus (1987) cites 
burials showing physical differences between pre- and post-1,300 B.P. remains to further support this 
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contention. However, some researchers have suggested that these Shoshonean groups may have arrived 
considerably earlier, perhaps as early as 4,000 years ago. Vellanoweth and Altschul (2002:102-105) 
provide an excellent summary of the various avenues of thought on the Shoshonean Incursion. 

2.2.2 Ethnography 

The Project site was occupied by the Cahuilla, Quechan, Kumeyaay, Kamia, and the Colorado River Indian 
Tribes (CRIT). The two closest tribal reservations to the Project site are the Torres-Martinez Reservation 
located to northwest of the Project site and Fort Yuma reservation located to the southeast of the Project 
site. The Torres-Martinez Indian Reservation is currently home to the desert Cahuilla Indians and is on the 
northwest side of the Salton Sea, roughly 55 miles from the Project site. Fort Yuma is located 
approximately 51 miles closer to the California-Arizona border and is the home of the Quechan. Following 
is a brief ethnographic and archaeological summary of the Cahuilla, Quechan, Kumeyaay, Kamia, and CRIT. 

Cahuilla 

The Project site currently falls within the ethnographic territory of the Cahuilla, whose ancestors may have 
entered this region of Southern California approximately 3,000 years ago (Moratto 1984: 559-560). The 
Cahuilla ancestral territory is located near the geographic center of Southern California and varied greatly 
topographically and environmentally, ranging from forested mountains to desert areas. Natural 
boundaries such as the lower Colorado Desert provided the Cahuilla separate territory from the 
neighboring Mojave, Ipai, and Tipai. In turn, mountains, hills, and plains separated the Cahuilla from the 
adjacent Luiseño, Gabrielino, and the Serrano (Bean 1978: 575).  

The Cahuilla relied heavily on the exploitation and seasonal availability of faunal and floral resources 
through a pattern of residential mobility that emphasized hunting and gathering. Important floral species 
used in food, for manufacturing of products, and/or for medicinal uses primarily included acorns, 
mesquite and screw beans, piñon nuts, and various cacti bulbs (Bean 1978:578). Coiled-ware baskets were 
common and used for a variety of tasks including food preparation, storage, and transportation (Bean 
1978:579).  

Networks of trails linked villages and functioned as hunting, trading, and social conduits. Trade occurred 
between the Cahuilla and tribes such as the Gabrielino as far west as Santa Catalina and the Pima as far 
east as the Gila River. Both goods and technologies were frequently exchanged between the Cahuilla and 
nearby Serrano, Gabrielino, and Luiseño cultural groups (Bean 1978:575-582). 

The Cahuilla are believed to have first come into contact with Europeans prior to the Juan Bautista de 
Anza expedition in 1774; however, little direct contact was established between the Cahuilla and the 
Spanish except for those baptized at the Missions San Gabriel, San Luis Rey, and San Diego (Bean 
1978:583-584). Following the establishment of several asistencias near the traditional Cahuilla territories, 
many Spanish cultural forms — especially agriculture and language — were adopted by the Cahuilla 
people (Bean 1978:583-584; Lech 2012:17-30). 

Through the Rancho and American periods, the Cahuilla continued to retain their political autonomy and 
lands despite more frequent interactions with European-American immigrants. In 1863, a large number 
of the population was killed by a sweeping smallpox epidemic that affected many of the tribal groups in 
Southern California. The first reservations established in Imperial County ca. 1865 saw many of the 
Cahuilla remaining on their traditional lands. After 1891, however, all aspects of the Cahuilla economic, 
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political, and social life were closely monitored by the federal government; a combination of missionaries 
and government schools drastically altered the Cahuilla culture (Bean 1978:583-584). 

Quechan 

The Quechan are a Native American Tribe that primarily occupied the surrounding area of the Gila and 
Colorado Rivers. Historically, the Quechan people were given the name “Yuma” by the Spanish explorers. 
They are one of several Yuman-speaking groups that resided in California and western Arizona (Bee 1983).  

The Quechan lived in small settlements located along the Colorado River, north and south of the Gila River 
confluence, and along the Gila River. These settlements consisted of several hundred people organized 
into extended family groups. These settlements were created to be on the move. Often times the families 
would move into the river bottom during the summer farming season and would return to the high banks 
of the river during spring flooding. The settlements would also move up or down the rivers depending on 
food shortages or warfare. Substantial housing was not common among Quechan villages because of the 
warm climate. Dome-shaped arrow weed houses and ramadas were the most common since it allowed 
for airflow (Bee 1983; Kroeber 1976). 

The Quechan were primarily gatherers and farmers. Hunting wild game was not a viable option due to the 
harsh desert conditions found outside the Colorado River floodplain. The Quechan cultivated food such 
as maize, melons, pumpkins, wild grass seeds, and beans. Other crops such as black-eyed beans, 
watermelon, and wheat were introduced by European immigrants. The Quechan practiced a varied 
farming strategy, meaning they would plant several food crops at various time of the year. Maize and 
melons were often planted in February and were not dependent on seasonal flooding. Other crops were 
planted after the spring flooding of the Colorado River. In autumn, wheat was often planted and harvested 
just before the spring flooding; while wild grasses, which provided seeds that were ground into a meal, 
were planted into less fertile soils. Some other wild foods were screw bean pods and mesquite, which 
could be gathered in times of a low-yielding crop year (Bee 1983; Kroeber 1976). 

Warfare was a basis of Quechan culture. They often used two types of warfare: the raiding party and the 
war party. The raiding party was often used to evoke mayhem and capture horses or captives. The war 
party consisted of a village raid followed by an organized battle in which both parties would face one 
another in two lines ending in hand-to-hand combat. Warfare among the tribes was intertwined with 
myth and ceremony. Traditionally, warfare was connected to ritual and tribal prestige rather than conflict 
over resources or territory. The Quechan often engaged in warfare with both the Maricopa and the 
Cocopah, who were sometimes called the Pima. Warfare may have increased in intensity and scale in the 
eighteenth and early nineteenth century for economic reasons. This departure from the ritual warfare 
tradition may have been related to the taking of captives to trade to the Spanish for horses or other goods 
(Bee 1983; Kroeber 1976).  

Kumeyaay 

The Native American people occupying the region also included the Kumeyaay. The Kumeyaay or Tipai-
Ipai were formerly known as the Kamia or Diegueños, the former Spanish name applied to the Mission 
Indians living along the San Diego River and are referred to as the Kumiai in Mexico. Today, members of 
the tribe prefer to be called Kumeyaay (Luomala 1978). The territory of the Kumeyaay extended north 
from Todos Santos Bay near Ensenada, Mexico, to the mouth of the San Luis Rey River in north San Diego 
County, and east to the Sand Hills in central Imperial Valley near the current Project site. The Kumeyaay 
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occupied the southern and eastern desert portions of the territory, while the Ipai inhabited the northern 
coastal region (Luomala 1978). 

The primary source of subsistence for the of Kumeyaay was vegetal food. Seasonal travel followed the 
ripening of plants from the lowlands to higher elevations of the mountain slopes. Buds, blossoms, 
potherbs, wild seeds, cactus fruits, and wild plums were among the diet of Kumeyaay. The Kumeyaay 
practiced limited agriculture within the floodplain areas of their territory. Melons, maize, beans, and 
cowpeas were planted. Women sometimes transplanted wild onion and tobacco plants to convenient 
locations and sowed wild tobacco seeds. Deer, rodents, and birds provided meat as a secondary source 
of sustenance. Families also gathered acorns and piñon nuts at the higher altitudes. Village locations were 
selected for seasonal use and were occupied by exogamous, patrilineal clans. Three or four clans would 
winter together and then disperse into smaller bands during the spring and summer (Luomala 1978). 

Kumeyaay structures varied with the seasons. Summer shelter consisted of a wind break, tree, or a cave 
fronted with rocks. Winter dwellings had slightly sunken floors with dome-shaped structures made of 
brush thatch covered with grass and earth (Gifford 1931; Luomala 1978). 

Upon death, the Kumeyaay cremated the body of the deceased. Ashes were placed in a ceramic urn and 
buried or hidden in a cluster of rocks. The family customarily held a mourning ceremony one year after 
the death of a family member. During this ceremony, the clothes of the deceased individual were burned 
to ensure that the spirit would not return for his or her possessions (Gifford 1931; Luomala 1978). 

It is estimated that the pre-contact Kumeyaay population living in this region ranged from approximately 
3,000 (Kroeber 1925) to 9,000 (Luomala 1978). Beginning in 1775, the semi-nomadic life of the Kumeyaay 
began to change as a result of contact with European-Americans, particularly from the influence of the 
Spanish missions. Through successive Spanish, Mexican, and Anglo-American control, the Kumeyaay 
people were forced to adopt a sedentary lifestyle and accept Christianity (Luomala 1978). As of 1968, 
Kumeyaay population was somewhere between approximately 1,322 (Shipek 1972 in Luomala 1978) and 
1,522 (Luomala 1978), and by 1990 an estimated 1,200 Kumeyaay lived on reservation lands while 2,000 
lived elsewhere (Pritzker 2000). 

Trade was a very important feature of Kumeyaay subsistence; coastal groups traded salt, dried seafood, 
dried greens, and abalone shells to inland and desert groups for products such as acorns, agave, mesquite 
beans, and gourds (Almstedt 1982:10; Cuero 1970:33; Luomala 1978:602). Travel and trade were 
accomplished by means of an extensive network of trails. Kumeyaay living in the mountains of eastern 
San Diego County frequently used these trails to travel down to the Kamia settlement of Xatopet on the 
east/west portion of the Alamo River to trade and socialize in winter (Castetter and Bell 1951; Gifford 
1918:168; Spier 1923:300; Woods 1982). 

Kamia 

The Kamia lived to the east of the Project site in an area that included Mexicali and bordered the Salton 
Sea. The traditional territory of the Kamia included the southern Imperial Valley from the latitude of the 
southern half of the Salton Sea to well below what is now the United States–Mexico international border 
(Forbes 1965; Luomala 1978:593). The Kamia tribe of Indigenous Peoples of the Americas live at the 
northern border of Baja California in Mexico and the southern border of California in the United States. 
Their main settlements were along the New and Alamo Rivers (Gifford 1931). Their Kumeyaay language 
belongs to the Yuman–Cochimí language family. 
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Subsistence of the Kamia consisted of hunting and gathering and floodplain horticulture (Barker 1976; 
Gifford 1931). In normal years, the Colorado River would overflow its banks in the spring and early summer 
and fill rivers such as the New and Alamo. When the floodwaters receded, the Kamia would plant in the 
mud. A dam was maintained at Xatopet on the east/west portion of the Alamo River to control water flow 
and allow farming in years when water flow was insufficient (Castetter and Bell 1951:43). Gifford 
(1931:22) and Castetter and Bell (1951:43) suggested these were recent adaptations and not traditional 
life ways. Bean and Lawton (1973); Lawton and Bean (1968), and Shipek (1988) argue that irrigation was 
indigenous. 

The Kamia’s major food staple was mesquite and screwbean, called by the Kamia anxi and iyix, 
respectively (Gifford 1931:23), along with the seeds of the ironwood (Olneya tesota), also known as palo 
fierro in Spanish, and palo verde were also used. Neither palo verde nor ironwood was considered a 
particularly desirable food resource (Castetter and Bell 1951:195-196). Acorns, also an important seasonal 
food, were gathered in the mountains to the west of Kamia territory in October and acquired through 
trade from the southern Kumeyaay (Gifford 1931). 

Hunting contributed to the diet in a minor way in terms of overall caloric intake but provided valuable 
protein and skin and bone for clothing, blankets, and tools. Small game, primarily rabbits, was most 
frequently taken, using bow and arrow or rabbit stick (macana). Sometimes fires were set along sloughs 
to drive rabbits out. Individuals with bow and arrow also hunted deer and mountain sheep. Fish were also 
taken in sloughs with bow and arrow and by hand, hooks, basketry scoops, and seine nets (Gifford 
1931:24). 

Colorado River Indian Tribes  

The population of the CRIT reservation comprises people from the Mojave, Chemehuevi, Hopi, and 
Navajo. While the Hopi and Navajo were forced into the reservation from further east, both the Mojave 
and Chemehuevi have been in this region since the tribe split off from the Southern Paiute in the area of 
current-day Las Vegas (Bean and Vane 2002). Although the origins of the Chemehuevi are of the Southern 
Paiute, their culture has been heavily influenced by the Mojave (Deur and Confer 2012), testifying to the 
close relationship between the two tribes. Relationships between the Chemehuevi and the Mojave have 
not always been peaceful; however, the Mojave retained the rights to travel through the newly 
established Chemehuevi territory (Bean and Vane 2002).  

The subsistence pattern of the Chemehuevi was agriculturally based. Maize, squash, melons, gourds, 
beans, cowpeas, winter wheat, and some grasses were key crops grown in the floodplain areas along the 
Colorado River. Hunting and gathering were also important elements of the subsistence strategy 
undertaken by younger adults while the elderly stayed in the village to tend to the crops (Deur and Confer 
2012).  

Spiritually, the Chemehuevi were tied to their land, with spiritual power coming from particular landmarks 
within their territory such as mountain peaks, caves, or springs. Puha trails link the landmarks together 
and are also considered to have spiritual power (Deur and Confer 2012). The manner in which ceremonies 
were practiced showed the tribe’s close ties with the Mojave. Hunting and gathering traditions followed 
the traditional Paiute pattern, as did burial practices. Other ceremonial practices testify to the Mojave 
influence (Deur and Confer 2012). 
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Mojave were also agrarian and had a reliance on fishing in the Colorado River. It should be noted that the 
Chemehuevi deferred fishing rights to the Mojave (Deur and Confer 2012). The Mojave people during the 
protohistoric and historic times were semi-sedentary. Floodplain farming was common, and the Colorado 
River made up the center of their territory. The extent of their territory extended on either side of the 
Colorado River to the east as far as the highest crest of the Black Mountains, the Buck Mountains, and the 
Mojave Mountains and to the west to the Sacramento, Dead, and Newberry Mountains. From north to 
south their territory ran from the Mohave Valley to south of what is now the City of Blythe (Bean and 
Vane 2002). 

The Mojave peoples were nationalistic, considering their home territory to be their own country (Deur 
and Confer 2012). Frequently warring with the Halchidoma, the Mojave and Quechan joined forces to 
evict the Halchidoma from their territory. The Mojave then encouraged the Chemehuevi to move into the 
river area (Russell et al. 2002). Trade was of particular importance to the Mojave, who had extensive trail 
networks to take them to the Pacific Coast in the west, and to the Cahuilla in the south and east (Bean 
and Vane 2002). 

In the spring and summer months the Mojave lived along the banks of the Colorado River where they 
harvested crops and fished for sustenance. Crops were planted in the spring as the river, swollen from the 
winter rains, receded. Seeds were planted in the newly exposed and saturated mud. While the Mojave 
peoples relied on their crops, their major food staple was mesquite and screwbean pods, which were 
gathered. In the winter they moved their settlement areas to rises above the river to avoid seasonal 
flooding (Russell et al. 2002).  

2.2.3 History 

The first significant European settlement of California began during the Spanish Period (1769 to 1821) 
when 21 missions and four presidios were established between San Diego and Sonoma. Although located 
primarily along the coast, the missions dominated economic and political life over the greater California 
region. The purpose of the missions was primarily for political control and forced assimilation of the Native 
American population into Spanish society and Catholicism, along with economic support to the presidios 
(Castillo 1978). 

In the 1700s, due to pressures from other colonizers (Russians, French, British), New Spain decided that a 
party should be sent north with the idea of founding both military presidios and religious missions in Alta 
California to secure Spain’s hold on its lands. The aim of the party was twofold. The first was the 
establishment of presidios, which would give Spain a military presence within its lands. The second was 
the establishment of a chain of missions along the coast slightly inland, with the aim of Christianizing the 
native population. By converting the native Californians, they could be counted as Spanish subjects, 
thereby bolstering the colonial population within a relatively short time (Lech 2012: 3-4). 

The party was led by Gaspar de Portolá and consisted of two groups: one would take an overland route, 
and one would go by sea. All parties were to converge on San Diego, which would be the starting point 
for the chain of Spanish colonies. What became known as the Portolá Expedition set out on March 24, 
1769. Portolá, who was very loyal to the crown and understood the gravity of his charge, arrived in what 
would become San Diego on July 1, 1769. Here, he immediately founded the presidio of San Diego. Leaving 
one group in the southern part of Alta California, Portolá took a smaller group and began heading north 
to his ultimate destination of Monterey Bay. Continuing up the coast, Portolá established Monterey Bay 
as a Spanish possession on June 3, 1770, although it would take two expeditions to accomplish this task. 
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Having established the presidios at San Diego and Monterey, Portolá returned to Mexico. During the first 
four years of Spanish presence in Alta California, Father Junípero Serra, a member of the Portolá 
expedition and the Catholic leader of the new province, began establishing what would become a chain 
of 21 coastal missions in California. The first, founded concurrently at San Diego with the presidio, was 
the launching point for this group. During this time, four additional missions (San Carlos Borromeo de 
Carmelo, San Antonio de Padua, San Gabriel Arcángel, and San Luis Obispo de Tolosa) were established 
(Lech 2012: 1-4).  

The Mexican Period (1821-1848) began with the success of the Mexican Revolution in 1821, but changes 
to the mission system were slow to follow. When secularization of the missions occurred in the 1830s, the 
missions’ vast land holdings in California were divided into large land grants called ranchos. The Mexican 
government granted ranchos throughout California to Spanish and Hispanic soldiers and settlers (Castillo 
1978; Cleland 1941). Even after the decree of secularization was issued in 1833 by the Mexican Congress, 
missionaries continued to operate a small diocesan church. In 1834, the San Gabriel Mission, including 
over 16,000 head of cattle, was turned over to the civil administrator.  

In 1848, the Treaty of Guadalupe Hidalgo ended the Mexican American War and marked the beginning of 
the American Period (1848 to present). The discovery of gold that same year sparked the 1849 California 
Gold Rush, bringing thousands of miners and other new immigrants to California from various parts of the 
United States, most of whom settled in the northern part of the state. For those settlers who chose to 
come to southern California, much of their economic prosperity was fueled by cattle ranching rather than 
by gold. This prosperity, however, came to a halt in the 1860s because of severe floods and droughts, as 
well as legal disputes over land boundaries, which put many ranchos into bankruptcy. 

Imperial County was formed in 1907 from a portion of San Diego County known as Imperial Valley and is 
the newest of California’s counties. It is known for being one of California’s most prosperous agricultural 
communities because of its vast canal systems stemming from the Colorado River. The first diversion of 
the Colorado River was in 1905 and continued through 1942 when the All-American Canal was completed. 
It is this water, conveyed from the Colorado River, that makes Imperial County so rich (Hoover et al. 2002).  

City of Brawley  

Just as the Imperial Valley was starting to develop, a circular was released by the U.S. Government in 1902 
claiming nothing would grow in this desert area, even with plentiful water. This now famous “libel” 
changed the name of Brawley, which was initially slated to be called Braly. A man named J.H. Braly from 
Los Angeles had underwritten shares of water stock and was assigned 4,000 acres of land at the center of 
the site where Brawley now stands. When Braly read this circular, he appealed to the Imperial Land 
Company to be released from his bargain. They told him they expected to build a city on his land and call 
it Braly. However, J.H. Braly wanted no part of it; he did not want his name connected with what he 
envisioned as a failure. George E. Carter, who was building the grade for the new railroad, heard of Braly’s 
wish and took over Braly’s contract for the 4000 acres (City of Brawley 2020).  

The Imperial Land Company got wind of the deal and sent emissaries to Carter, who sold out. Meanwhile, 
A.H. Heber (a principal in the townsite organizing company) had a friend in Chicago by the name of 
Brawley and suggested the town be called that name. The company ordered the new town platted in 
October of 1902. Brawley had a petition signed and was ready to incorporate in June 1907 but deferred 
the matter until the new Imperial County was formed out of a portion of San Diego County that year. Then 
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in February 1908, a petition was filed, and Brawley was allowed to call an election. The vote was 34 to 22 
in favor of incorporation (City of Brawley 2020). 

For more than a century, Brawley has remained close to its roots of being a small, agricultural community. 
Many of its businesses cater to area farmers and ranchers who also call Brawley home. From the 
beginning, those who believed in Brawley were successful in creating imaginative ways to develop an oasis 
in what was once a hostile environment. Now as then, the town folk of Brawley pull together to create a 
united vision that is attractive to visitors, homeowners, consumers, developers and businesspeople alike. 
Incorporated in 1908, was a “tent city” of only 100 persons who were involved in railroads and the earliest 
introduction of agriculture. It had a population of 11,922 in 1950, but population growth was slow from 
the 1960s to the early 1990s (City of Brawley 2020). 
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SECTION 3.0 – RESEARCH DESIGN 

3.1 PALEONTOLOGICAL RESOURCES 

Chambers Group conducted a desktop review that included a review of published and unpublished 
paleontological literature and a search of museum records obtained by the San Diego Natural History 
Museum (SDNHM; McComas 2020; [Confidential Appendix A]). Using the results of the literature review 
and records search, Chambers Group evaluated the paleontological resource potential of the geologic 
units underlying the Project site. A field survey was conducted for the geologic units identified as highly 
sensitive to assist in determining where paleontological monitoring may be necessary during Project 
implementation.  

Determining the probability that a given project site might yield paleontological resources requires a 
knowledge of the geology and stratigraphy of the project site, as well as researching any nearby fossil 
finds by: (1) reviewing published and unpublished maps and reports; (2) consulting online databases; 
(3) seeking any information regarding pertinent paleontological localities from local and regional museum 
repositories, and (4) if needed, conducting a reconnaissance site visit or paleontological resources field 
survey.  

The University of California Museum of Paleontology (UCMP) online paleontological database was used 
to search for previously recorded paleontological localities in the Project vicinity (November 2020). Only 
a single right dentary fragment from a Camelidae species was found near Coachella in 1953 (V5303). In 
addition, Chambers Group obtained paleontological record search data from the San Diego Natural 
History Museum (SDNHM) on October 07, 2020 (McComas 2020). The SDNHM determined that the 
proposed Project has the potential to impact late Pleistocene to Holocene-age Lake Cahuilla Beds. Eight 
recorded fossil localities have been recorded by the SDNHM within a 1-mile radius of the Project site 
including three localities that were recovered during paleontological monitoring of excavations at the 
borrow pit for the California Department of Transportation (Caltrans) Brawley Bypass project located 
along the west side of the proposed Project (McComas 2020). These discoveries include fragments of 
petrified wood, foraminiferal tests, shells of freshwater snails, mussels, pea clams, and ostracods, as well 
as bones and teeth of freshwater bony fish, a phalanx (toe bone) of an amphibian, and isolated postcranial 
remains of unidentified rodents, canids, and felids.  

3.2 CULTURAL RESOURCES 

A records search dated October 14, 2020, was obtained from the South Coastal Information Center (SCIC) 
at San Diego State University (Confidential Appendix A). The records search provided information on all 
documented cultural resources and previous archaeological investigations within the 1-mile record search 
radius. Resources consulted during the records search conducted by the SCIC included the NRHP, 
California Historical Landmarks, California Points of Historical Interest, and the CRHR Inventory. Results of 
the records search and additional research are detailed below. 

3.2.1 Reports within the Study Area 

Based upon the records search conducted by the SCIC, 14 cultural resource studies have previously been 
completed within the 1-mile records search radius. Of the 14 previous studies, 9 of these studies were 
within the current Project site and are shown in bold (Table 1).  
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Table 1: Previous Cultural Resources Studies within the Study Area 

Report 
Number 

Year Author Title* Resources 

IM-00079 1976 Von Werlhof, Jay, and 
Sherilee Von Werlhof 

Archaeological examinations of certain geothermal 
test well sites near Brawley. 

N/A 

IM-00095 1977 Von Werlhof, Jay, and 
Sherilee Von Werlhof 

Archaeological examinations of five (5) geothermal 
test well sites near Brawley.  

N/A 

IM-00146 1978 Von Werlhof, Jay and 
Sherilee Von Werlhof 

Archaeological examinations of a proposed 
geothermal test area near Brawley. 

N/A 

IM-00476 1993 Singer, Clay A., John 
Atwood, and Shelley 
Marie Gomes 

Cultural Resource Records Search for Southern 
California Gas Company Line 6902 South Imperial 
County, California. 

N/A 

IM-00602 1996 Von Werlhof, Jay Archaeological examination of the Davis Material 
Site: Reclamation Plan #177-95-COP #1187-95. 

N/A 

IM-00657 1998 Crafts, Karen C. Negative Archaeological survey report for the 
proposed widening of shoulders on State Route 
111 in Imperial County between the cities of 
Brawley and Calipatria.  

 N/A 

IM-00671 1999 Crafts, Karen C. Historic Property Survey for State Route 78/111 
Brawley Bypass. 

N/A 

IM-00692 1998 Crafts, Karen  Historic Property Survey Report-Negative 
Findings-Widening the shoulders on State Route 
111 in Imperial County between the cities of 
Brawley and Calipatria. 

N/A 

IM-00834 1998 Crafts, Karen C. Negative Archaeological Survey Report for the 
Construction of the State Route 78/111 Brawley 
Bypass.  

N/A 

IM-00835 1989 Fisher, Jim Historic Architectural Survey report for the 
Brawley bypass Imperial County. 

N/A 

IM-00913 2003 Perry, Laureen M. An Intensive Cultural Resources Inventory of 30 
acres for the Brawley Wastewater Treatment 
Wetlands Pilot Project in Brawley, Imperial County, 
California 

N/A 

IM-01149 1999 Eckhardt, William T. Archaeological Constraints Report for the 
proposed expansion of Brawley Wastewater 
Treatment Plant. 

N/A 

IM-01158 1996 Archaeological 
Consulting Services, 
LTD. 

An Archaeological Assessment of the Niland-
Imperial Pipeline Expansion Corridor, Imperial 
County, California. 

13-
005951 

IM-01228 2006 SWCA Environmental 
Consultants 

Volume 1- Cultural Resources Final Report of 
Monitoring and Findings for the QWEST Network 
Construction Project, State of California.  

N/A 

*Bold reports are within Project site boundaries 
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3.2.2 Previously Recorded Cultural Resources within the Study Area 

Based upon the records search conducted by the SCIC, five previously recorded cultural resources were 
recorded within the 1-mile record search radius. Results show that none of the previously recorded 
resources are mapped within the Project site boundaries  (Table 2). 

Table 2: Previously Recorded Cultural Resources within the Study Area 

Primary 
Number 

Trinomial Age Site Description 
Inside 

Project Site 
Boundaries 

Relocated 

P-13-00880 CA-IMP-00880 Prehistoric Indian Trail N.W 
& S.E. 

Outside N/A 

P-13-02409 CA-IMP-02409 Prehistoric Small ceramic kiln 
site 

Outside N/A 

P-13-07993 CA-IMP-07993 Historic Moderate-size 
farm complex 

Outside N/A 

P-13-07994 CA-IMP-07994 Historic Single-story 
rectangular 
structure 

Outside N/A 

P-13-08682 CA-IMP-08166H Historic Portion of the 
Niland to Calexico 
Railroad 

Outside Yes 
 

 

3.2.3 Native American Heritage Commission 

Sacred Lands File Search 

Chambers Group submitted a request for a search of the Sacred Lands Files (SLF) housed at the California 
Native American Heritage Commission (NAHC) on October 2, 2020. The results of the search were 
returned on October 28, 2020, and were positive. The NAHC response provided contact information for 
the 18 tribes that may have information on cultural resources on the Project site. 

Letters requesting information were sent via certified mail on October 19, 2020. Emails were also sent to 
the contacts in an effort to elicit a quicker response. As of February 1, 2020, the Viejas Band of Kumeyaay 
Indians has requested to be involved with monitoring efforts. Consultation and communications are 
ongoing with San Pasqual Band of Mission Indians, who have also requested to be involved as the Project 
progresses. The Agua Caliente Band of Cahuilla Indians declined involvement and defers to the other tribes 
in the area. Communication with the remaining 15 tribes is ongoing. 
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SECTION 4.0 – FIELD METHODS 

Survey of the Project site took place over the course of November 2 and 5, 2020, and included Chambers 
Group archaeologists Kellie Kandybowicz, B.A., Sarah Roebel, B.A., and paleontologist Niranjala 
Kottachchi, M.A. The Project site was surveyed at 15-meter intervals, and crews were equipped with 
submeter accurate Global Positioning Systems (GPS) units for recording spatial data and to document the 
survey area and all findings through ArcGIS Collector and Survey 123. The purpose of the field survey was 
to visually inspect the ground surface for both paleontological and archaeologically significant materials. 
No geographic obstructions or impediments were present, and the crew was able to survey the Project 
site in its entirety. Much of the proposed Project survey area was vegetated by agricultural fields (Figure 4) 
while others were in areas previously disturbed for emplacement of water channels and culverts for 
agricultural purposes. In agricultural fields on the eastern side of the Project area, visibility ranged from 
10 percent to 90 percent; the remainder of the Project area had 100 percent visibility.  

The paleontologist examined the surface soils, assessed for exposed fossils, and evaluated the 
stratigraphy for its potential to contain preserved paleontological resources. The survey focused on areas 
underlain by ancient Lake Cahuilla Beds previously interpreted to have a high sensitivity to produce 
paleontological resources. Sediment approximately 2 inches below the surface was examined to 
determine the geologic unit (s) present. Active drainages exposing the subsurface deposits were visually 
scanned for paleontological resources. Notes were taken on the geology and lithology of the geologic 
unit(s), and photographs were taken to document the survey (Figures 2 and 3). 

The archaeologists assessed the ground surface for prehistoric artifacts (e.g., flaked stone tools, tool-
making debris, stone milling tools), historic-period artifacts (e.g., metal, glass, ceramics), and sediment 
discoloration that might indicate the presence of a cultural midden, as well as depressions and other 
features indicative of the former presence of structures or buildings (e.g., post holes, foundations). When 
an artifact or feature was observed during survey, the GPS data were recorded using the ArcGIS Collector 
application; photographs and measurements were taken; and, when applicable, for historic glass artifacts, 
the maker’s marks and date codes were recorded for further analysis and post-processing. 
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SECTION 5.0 – RESULTS 

5.1 RESULTS OF PALEONTOLOGICAL SURVEY 

Late Pleistocene to Holocene Lake Cahuilla deposits exposed and/or underlying the proposed Project area 
consist of dark brown to gray, silty clays interpreted as freshwater lacustrine; and, in drainages where 
exposed, these same sediments are interbedded with finer to medium sands containing pebbles. The 
latter indicates the influence of fluvial action within the environment.  

No paleontological resources were discovered during the survey within exposed cuts. Numerous bivalves 
and gastropods were, however, identified on the surface in exposed sediments around the perimeter of 
agricultural fields. These finds were in silty clays resembling Lake Cahuilla Beds, but it is uncertain as to 
what depth these finds came from. They appear to be in sediments that may have been disturbed during 
previous excavations for the emplacement of canals and water drainages. 

5.2 RESULTS OF ARCHAEOLOGICAL SURVEY 

Archival records search, background studies, and intensive pedestrian survey of the Project site were 
conducted as part of a Phase I cultural resource study. The NAHC Sacred Lands File search returned a 
positive result. A records search request was submitted to the SCIC at San Diego State University, San 
Diego, October 5, 2020. The records search results (Confidential Appendix A) were received on 
October 22, 2020  The results indicate that five previously recorded resources have been identified within 
a 1-mile radius of the Project site; none are mapped within the Project site boundaries. These results are 
summarized in Table 2 above. In addition, 14 cultural resources studies have been conducted in the 
vicinity, with 9 being within the Project site (Table 1). 

During completion of the survey, resource CA-IMP-08166H was relocated. Although not mapped within 
the actual Project site boundaries, a segment of CA-IMP-8166H was relocated due to its bisecting position 
between the two adjacent Project areas. Additionally, six newly recorded historic-period resources were 
identified (Table 3). The new historic-period resources were fully documented with the appropriate DPR 
523 series forms for each of the new resources and will be submitted to the SCIC for inclusion in the 
archaeological database (Confidential Appendix B). These six historic-period sites will be assigned primary 
numbers by the SCIC (pending). A description of the new finds follows. 

Table 3: Newly Identified Cultural Resources Within Project Site  

Resource Name 
(Temporary) 

Trinomial 
Number 

Date 
Recorded 

Age Description 
Recommended 

Evaluation 

21267-001 Pending 
November 2, 

2020 
Historic 

Single-story 
residence 

Recommended not 
eligible 

21267-002 Pending 
November 2, 

2020 
Historic 

House/pads; glass 
and ceramic scatter 

Not Evaluated 

21267-003 (Iso) Pending 
November 3, 

2020 
Historic 

Green glass bottle 
base 

Not Evaluated 

21267-004 Pending 
November 5, 

2020 
Multi-component 

Glass bottle, 
sanitary and food 
can scatter 

Not Evaluated 
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Table 3: Newly Identified Cultural Resources Within Project Site  

Resource Name 
(Temporary) 

Trinomial 
Number 

Date 
Recorded 

Age Description 
Recommended 

Evaluation 

21267-005 Pending 
November 5, 

2020 
Multi-component 

Historic glass 
bottle, sanitary and 
food can scatter; 
modern refuse 

Not Evaluated 

21267-006 Pending 
November 5, 

2020 
Historic 

Canals / water 
conveyance, part 
of irrigation district 

Not Evaluated 

 

21267-001 

21267-001 is a historic farm/ranch complex, including a single-story house, numerous miscellaneous 
outbuildings, and a fenced area on the east side of the property. The farm/ranch is located at 5003 Best 
Road, Brawley, CA 92227, at the northwest corner of Best Road and Ward Road, which runs parallel to the 
east-west Livesley Drain. The complex is in the southeasternmost location within the Project site 
boundaries and is bordered to the north and northwest by agricultural fields. The complex is visible as 
early as 1945 on the USGS map and 1953 in aerial imagery (NETR Online 2020). The house and associated 
structures are still present. The building appears to correspond to typical minimal traditional style of form 
and construction, resting on a perimeter foundation of poorly consolidated concrete made with local 
materials. Wood joists are noted in the interior where exposed, suggesting a post-and-pier foundation for 
the floor of the building. The outline is a simple rectangle with a low, gabled roofline and minimal pitch. 
Roof eaves minimally extend, with boxed in soffits. The exterior is treated in stucco, using techniques 
typical of the period; tarpaper wrap, with wire mesh, a brown/scratch coat, and a finish coat. There are 
several wood-trimmed piercings for wood-cased double-sash windows. Cast-iron waste pipes are 
embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
framed and sided, and most are in a state of collapse or disrepair. Construction techniques and the greater 
fullness of the dimensions of the dimensional lumber suggest that these buildings are contemporaneous 
with the main residential building. 

The 5003 Best Road residence was evaluated in March 2021 by Chambers Group based on the criteria for 
listing in the CRHR and was recommended not eligible (Appendix C). 

21267-002 

21267-002 is the location of a formerly standing historic-era residential house, consisting of one remaining 
outbuilding foundation, two cement slabs (likely driveways), and historic debris, which includes ceramics 
and glass bottle fragments. The remaining components of the house and associated features are located 
immediately adjacent to and west of Best Road and the Best Canal; this is also the eastern entrance from 
Best Road to the City of Brawley Wastewater Treatment Plant. The perimeter foundation is constructed 
from concrete and contains inserted lag-bolts to secure the sill-plate of the building. This feature is a 
requirement following the 1933 Long Beach earthquake and was promulgated into the California building 
code in the 1930s. The foundation measures 208 inches in length, 111 inches in width, and has a height 
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of approximately 37 inches. The two concrete slab measurements range from 21 to 40 feet in length, are 
both 16 feet in width, and have a height of 5 inches. The glass fragments were predominately 
nondiagnostic; however, the presence of a patinated manganese glass fragment and a hobbleskirt design 
of what appears to be a Georgia-green-colored Coca-Cola bottle are dated to roughly the 1880s to the 
1950s (Toulouse 1971). Also observed were two Japanese blue on white porcelain ceramic fragments, 
likely from a saucer and a bowl or cup (Figure 5). The house and associated features are visible as early as 
1945 on the USGS map and 1953 in aerial imagery and is no longer present on the 1974 USGS map but 
visible in aerial imagery until 2012 (NETR Online 2020). 

21267-I-003 

21267-I-003 is an isolated green glass bottle base with an Anchor-Hocking maker’s mark dating to 1971 
(Toulouse 1971). The glass base was located on the north side of a graded pad in a highly disturbed area, 
which is due to previous construction and continuous vehicle traffic around the irrigation systems and 
wastewater treatment plant. The isolate was likely redeposited when the pad and water basin were 
constructed sometime between 2010 and 2012. The isolated artifact could possibly have been separated 
from historic trash deposit site 21267-004, which is located 450 feet to the east/southeast. 

21267-004 

21267-004 is an overlapping deposit site with two distinct periods of deposition. An early deposit is 
evidenced by the presence of manganese-clarified glass, which has since taken on its characteristic purple 
color due to absorption of ultraviolet solar radiation. Bottle types appear to consist of pepper sauce 
and/or liniment types and exhibit characteristics of being manufactured before the complete adoption of 
the automatic bottle machine. This is evidenced by the presence of hand-applied and tooled finishes. This 
manufacturing feature roughly dates between 1880 and 1918 but is likely to date before 1903, at which 
time the automatic bottle machine was put into commercial production. The overlaying historic-period 
deposit consists of common consumer goods such as liquor bottles, a bimetallic beer can, a condensed 
milk can, an oval fillet can, and a possible quart oil can, along with a bundle of wire mesh fence material, 
a variety of shot casings, and two cobble hearth features. Identified bottle maker’s marks include 
Latchford-Marble Glass that dates to between 1938 and 1956, an Owens-Illinois mark dated 1940, Gallo 
Flavor Guard dating between 1933 and 1964, and a Roma Wines mark dating between the 1950s and early 
1970s (SHA 2021). A bimetallic beer can with pull tab opening dates to the early 1960s, and the matchstick 
filler condensed milk can measuring 2 8/16 inches by 2 5/16 inches corresponds to Simonis’ type 20, which 
dates between 1950 and 1985 (Simonis 1997). Also present are a number of shot casings with headstamps 
relating to Activ, Remington, and Clever manufacturers. Activ Corporation of Kearneysville, West Virginia, 
produced a plastic hulled shell from the 1970s through the late 1990s. Clever has produced shot shells 
since 1952. Remington began manufacturing plastic shot shells in 1960, with Peters shells being produced 
in their characteristic blue color until the late 1960s (Standler 2006). Also noted in association with these 
deposits are two cobble hearth features with extant charcoal fragments. Based on this data it is suggested 
that the earlier component of the deposit may be related to railroad construction or maintenance, while 
the later component may be related to the expansion of post-war leisure time expansion and sport 
hunting activities. 

21267-005 

21267-005 is a historic-era site with deposits dating between the 1920s and the 1950s. The trash scatter 
consists of matchstick filler and sanitary cans, glass bottles and jars, 12- and 16-ounce beverage (beer) 
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cans, and a variety of unidentified burned fragments. The deposit is located west of railroad tracks, north 
of the proposed Project tie-line, on the bank along New River. The areas to the east and south of the site 
are disturbed by the installation of the aboveground water conveyance and the wastewater treatment 
plant. Identified items observed include a small pill bottle with screw-top finish, a bottle with a maker’s 
mark suggesting a C in a circle design, perhaps representative of the Chattanooga Glass Company of 
Chattanooga, Tennessee, whose mark was used between approximately 1927 and 1988, a bottle fragment 
with an Owens-Illinois mark and date code of 1940, and a bottle base with Latchford-Marble Glass mark 
that dates to between 1938 and 1956. Also noted was a 12-ounce bimetallic beverage (beer) can dating 
between 1960 and 1975 and a 16-ounce all-metal beverage (beer) can that predates 1975, a church key-
opened sanitary can that postdates 1935, and several matchstick filler condensed milk cans whose 
measurements are unclear at this time. In addition, several fragments of saw-cut bone, both bleached, 
and burned, were scattered throughout the deposit. 

21267-006 

21267-006 is a concrete, linear water conveyance element of the irrigation district. The irrigation system 
runs east-west along Andre Road between Hovley Road on the west to the wastewater facility tie-in on 
the east (west of Best Road). 

The tie-line corridor is paralleled by the Spruce No. 3 Lateral and the Spruce No. 3 Drain. Both of these 
features of the early irrigation network course through the tie-line corridor. The Spruce 3 Lateral is 
supplied by the Smilax Lateral, which draws water from the north-south running Spruce Main Canal, which 
is supplied by the West Side Main Canal. As the Spruce 3 Lateral and Drain travel easterly along Andre 
Road, both alignments jog north-northeasterly approximately 16 meters (50 feet), midway between 
Hovley Road and State Route (Highway) 111, and continue their easterly trajectory, where Spruce 3 Lateral 
continues to supply lands to the north. Spruce 3 Drain terminates at the New River. 

The Spruce line of irrigation canals, laterals, and drains was established by the Irrigation District Water 
Company No. 8 in the early 1900s. The alignments are noted on the Thurston map of 1914 and are 
indicated on a series of 7.5-minute USGS topographic quadrangles in the same format and arrangement.  

The Spruce No. 3 Lateral is concrete-lined and controlled by a series of gates and turnouts (Figure 7). The 
main channel is composed of formed-in-place concrete with walls opened outward approximately 30 
degrees from vertical. The width of the lateral is approximately 8 feet at the top, with a depth of 
approximately 4 feet. Approximately 0.5 mile east of Hovley Road the alignment of the lateral shifts north 
approximately 50 feet, with a turnout gate directing water underground, where it returns to the surface 
in the alignment to the north, continuing easterly towards Highway 111, where it undercrosses the 
roadway and continues to supply the fields to the north until it reaches the New River. Date stamps on 
turnouts and head gates indicate that these features were added between the middle 1950s to the middle 
1970s. Turnout gate 75, located near North Western Avenue, is dated to 1956 as is the head gate, while 
the adjacent upstream underground culvert frame is dated to 1963. Turnout gate 76 is dated to 1974. The 
head gate near Hovley Road is a jack type with a ferrous rod and jack assembly controlling a wooden gate 
located in tracks inset into the concrete lateral. The jack rests on a wood crossbeam set atop concrete 
pillars that rest on the sidewall of either side of the lateral. All turnout gates appear to be nonferrous 
metal slide gates that are controlled by dowling pins inserted into the perforated gate post, with the 
dowling pin resting on two wood beams affixed to the concrete pillars straddling either side of the gate 
opening. 
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The Spruce No. 3 Drain parallels the No. 3 Lateral and is offset approximately 30 feet to the south. The 
No. 3 Drain, as with nearly all drains in the system, was designed and constructed with an eye toward 
utility and function. The alignment is directly cut into the ground with spoils used to create elevated 
roadways along the margins. Width of the drain varies but is roughly 30 feet wide, with sidewalls sloping 
approximately 30 degrees from vertical. The drain has been subject to continual routine maintenance 
activities since its initial construction, with removed sediments relocated on the roadbeds adjacent. 
Approximately 0.5 mile east of Hovley Road, the alignment of the drain shifts north approximately 50 feet, 
continues eastward, undercrossing Highway 111, and terminates at the New River, where excess water is 
drained. 

While the irrigation network is considered an historic resource, individual elements such as laterals and 
drains are ubiquitous and often are a result of relining efforts to control water loss beginning in the 1950s, 
obliterating the original dirt canal systems. Similarly, drains are under constant maintenance and 
restructuring to maintain shape, form, and water flow through removal of vegetation and sediments 
(Shultz 2017). As such, both the Spruce No. 3 Lateral and the Spruce No. 3 Drain are not recommended 
eligible for inclusion on the NRHP or in the CRHR. 

CA-IMP-8166H 

CA-IMP-8166H is the Niland to Calexico Railroad, which was constructed between 1902 and 1904 by the 
Southern Pacific Company and runs 65 miles from Niland to Calexico. The resource was recorded in 2003 
by Collins and Pflaum as a standard gauge track on a gravel base and is still in use today (Ehringer 2011). 

A portion of the Niland to Calexico Railroad was revisited and updated as part of the current survey of the 
Project area, which is bisected by the railroad in a north-south direction, between an unnamed dirt road, 
west of Best Canal turn-out number 116 in the north, and the Livesley Drain in the south. Five 
undercrossing features were identified within the Project area crosspassing under the existing railroad 
line. These features are constructed of poured-in-place, board-formed concrete with head wall and wing-
walls either side to form a revetment-style retainer for the track ballast; and areas are constructed of 
cement and mortar and allow feeder lines from Best Canal, which is to the east of the railroad, to supply 
water to the adjacent agricultural lands. The feeder line undercrossing construction dates range from 
1928 to 1930 (Figure 6). The wall measurements range from approximately 36 to 96 inches in height and 
average between 8 to 12 inches in width. The dates of construction are stamped into the sides of the main 
walls. 

Feature 1: Two parallel feeder lines are immediately south of the intersection of the railroad and an 
unnamed dirt road, west of Best Canal turn-out number 116. The undercrossings, both dating to 1930, 
with the southern line turning slightly southwesterly on the west side of the tracks, are located at the 
northern end of the Project area.  

Feature 2: This is an undercrossing at the intersection of the railroad and an unnamed dirt road, west of 
Best Canal turn-out number 115, which dates to 1928. 

Feature 3: This is an undercrossing at the intersection of the railroad and an unnamed dirt road, west of 
Best Canal turn-out number 114, which dates to 1930. 

Feature 4: This is a southwesterly undercrossing offshoot stemming from and immediately south of the 
feeder line for Feature 3, which is west of Best Canal turn-out number 114 and dates to 1930.  
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Feature 5: This is the southernmost undercrossing at the intersection of the railroad and an unnamed dirt 
road, west of Best Canal turn-out number 110, which dates to 1930.  
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SECTION 6.0 – SUMMARY AND RECOMMENDATIONS 

6.1 SUMMARY 

Chambers Group conducted paleontological and archaeological investigations within the Project site in 
November 2020. The work was performed under Chambers Group’s contract with Imperial County 
Planning and Development Services Department. The main goal of the investigations was to gather and 
analyze information needed to determine if the Project, as currently proposed, would impact 
paleontological and cultural resources. 

The SDNHM determined that the proposed Project has the potential to impact late Pleistocene to 
Holocene-age Lake Cahuilla Beds. Eight recorded fossil localities have been identified within a 1-mile 
radius of the Project site with none being located inside the Project area. 

Archival record searches, background studies, and an intensive pedestrian survey of the Project site were 
conducted as part of a Phase I cultural resource study. The cultural record search identified nine cultural 
resource studies and one archaeological resource within the Project site.  

The survey yielded six new historic-period and multi-component resources (21267-001, 21267-002, 
21267-I-003, 21267-004, 21267-005, and 21267-006) within the Project site; a segment of the previously 
recorded resource, CA-IMP-8166H, was relocated and updated. One of the two farmhouses and 
associated structures, 21267-001, is still standing and has been evaluated for CRHR eligibility and has been 
recommended not eligible; what remains of the other, 21267-002, comprises a foundation, two cement 
slabs, and a small glass and ceramic scatter. Isolate 21267-I-003, a single green glass bottle base, was likely 
redeposited during the construction of the graded pad and retention basin southeast of the City of 
Brawley Wastewater Treatment Plant, possibly stemming from one of the two historic scatters which are 
located in relatively close proximity. Site 21267-004 is multi-component with a small glass and can scatter 
dating to the 1930s as well as 1970s and is located immediately west of the Niland to Calexico Railroad 
(CA-IMP-8166H) at the south end of the Project area. Site 21267-005 is multi-component with the first 
trash scatter dating from the early to mid-1950s and the second dating from the last deposition date 
through the present. Sites 21267-004 and 21267-005 were likely deposited during the construction of the 
railroad, water treatment plant, and irrigation system and “revisited” during the following decades during 
maintenance or upkeep. The segment of CA-IMP-8166H, the Niland to Calexico Railroad, which bisects 
the two adjacent Project areas from north to south, was revisited and relocated; updates were made to 

the resource by recording five cement and mortar undercrossing feeder lines from Best Canal dating to 
1928 and 1930. 

6.2 RECOMMENDATIONS 

6.2.1 Paleontological 

Prior to construction activity, a Qualified Paleontologist should prepare a Paleontological Resource 
Mitigation Plan (PRMP) to be implemented during ground-disturbance activity for the proposed Project. 
This program should outline the procedures for paleontological monitoring including extent and duration, 
protocols for salvage and preparation of fossils, and the requirements for a final mitigation and monitoring 
report. A qualified and trained paleontological monitor will be present on site to observe all earth-
disturbing activities in previously undisturbed geologic deposits determined to have a high paleontological 
sensitivity (i.e., Lake Cahuilla Beds). Monitoring will consist of the visual inspection of excavated or graded 
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areas and trench sidewalls. Screening of sedimentary matrix should be conducted as some invertebrates 
may not be visible to the naked eye. 

The site does have paleontological sensitivity, with high potential for paleontological resource discovery; 
therefore, it is recommended that a qualified paleontologist is retained and is on site for construction 
monitoring. These requirements are outlined in the proposed mitigation measures below. 

6.2.2 Cultural 

The records search and archaeological survey resulted in the identification of 12 resources within 1 mile 
of the Project site. Six new sites were identified and recorded within the Project site during the survey. 
One of the previously recorded resources identified in close proximity to the Project site during the 
records search  bisects two adjacent Project areas and was relocated; this record will also be updated. 

Based on the background research and results of the survey, it is not recommended that any further 
archaeological testing or evaluation occur, apart from resource 21267-001 which was evaluated in March 
2021 by Chambers Group, for any of the above listed archaeological sites prior to construction.  

Prior to permitting ground-disturbing work within the Project site, it is recommended that the County 
consult with the Viejas Band of Kumeyaay Indians, per their request for involvement during monitoring 
efforts for all ground-disturbing activities, to identify any concerns they may have regarding the Project. 
The San Pasqual Band of Mission Indians also requested to be notified of any discoveries located during 
the survey, which will determine their level of involvement. No significant impacts to cultural or 
paleontological resources are anticipated as a result of the current undertaking if the recommendations 
included below are implemented.  

MM PALEO-1 Once a geotechnical report has been completed for the project, a qualified paleontologist 
shall review the boring logs and determine how deep paleontologically sensitive 
formations may be across the project site. The paleontologist shall use this information 
along with the results of the paleontological survey to determine if paleontological 
monitoring is warranted. If monitoring IS warranted, a qualified paleontologist shall 
prepare a mitigation and monitoring plan to be implemented during project construction. 

 For any areas identified as likely to impact paleontologically sensitive MM PALEO 2-6 
shall be followed. 

MM PALEO-2 Developer shall retain the services of a Qualified Paleontologist and require that all initial 
ground-disturbing work be monitored by someone trained in fossil identification in 
monitoring contexts. The Consultant shall provide a Supervising Paleontological Specialist 
and a Paleontological Monitor present at the Project construction phase kickoff meeting.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Imperial County 
Department of Planning and Development Services 

MM PALEO-3 Prior to commencing construction activities and thus prior to any ground disturbance in 
the proposed Project site, the Supervising Paleontological Resources Specialist and 
Paleontological Resources Monitor shall conduct initial Worker Environmental Awareness 
Program (WEAP) training to all construction personnel, including supervisors, present at 
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the outset of the Project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the Project as needed.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-4 The Contractor shall provide the Supervising Paleontological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A minimum of 48 hours will be 
provided to the Consultant of commencement of any initial ground-disturbing activities 
such as vegetation grubbing or clearing, grading, trenching, or mass excavation. 

As detailed in the schedule provided, a Paleontological Monitor shall be present on site 
at the commencement of ground-disturbing activities related to the Project. The monitor, 
in consultation with the Supervising Paleontologist, shall observe initial ground-disturbing 
activities and, as they proceed, make adjustments to the number of monitors as needed 
to provide adequate observation and oversight. All monitors will have stop-work 
authority to allow for recordation and evaluation of finds during construction. The 
monitor will maintain a daily record of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting upon completion of the Project. 

The Supervising Paleontologist, Paleontological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-5 If paleontological resources are discovered, construction shall be halted within 50 feet of 
any paleontological finds and shall not resume until a Qualified Paleontologist can 
determine the significance of the find and/or the find has been fully investigated, 
documented, and cleared.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM PALEO-6  At the completion of all ground-disturbing activities, the Consultant shall prepare a 
Paleontological Resources Monitoring Report summarizing all monitoring efforts and 
observations, as performed, and any and all paleontological finds. 

Timing/Implementation: Post construction. Enforcement/Monitoring: Qualified 
Paleontologist and Imperial County Department of Planning and Development Services 

MM CUL-1 Developer shall retain the services of a Qualified Archaeologist and require that all initial 
ground-disturbing work be monitored by someone trained in artifact and feature 
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identification in monitoring contexts. The Consultant shall provide a Supervising 
Archaeological Specialist and a Paleontological Monitor present at the Project 
construction phase kickoff meeting.  

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Imperial County 
Department of Planning and Development Services 

MM CUL-2 Prior to commencing construction activities and thus prior to any ground disturbance in 
the proposed Project site, the supervising Archaeological Resources Specialist and 
Archaeological Resources Monitor shall conduct initial Worker Environmental Awareness 
Program (WEAP) training to all construction personnel, including supervisors, present at 
the outset of the Project construction work phase, for which the Lead Contractor and all 
subcontractors shall make their personnel available. This WEAP training will educate 
construction personnel on how to work with the monitor(s) to identify and minimize 
impacts to paleontological resources and maintain environmental compliance and be 
performed periodically for new personnel coming on to the Project as needed. 

Timing/Implementation: Prior to construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM CUL-3 In the event of the discovery of previously unidentified archaeological materials, the 
Contractor shall immediately cease all work activities within approximately 100 feet of 
the discovery. After cessation of excavation, the Contractor shall immediately contact the 
Imperial County Department of Planning and Development Services. Except in the case of 
cultural items that fall within the scope of the Native American Grave Protection and 
Repatriation Act, the discovery of any cultural resource within the Project area shall not 
be grounds for a “stop work” notice or otherwise interfere with the Project’s continuation 
except as set forth in this paragraph. In the event of an unanticipated discovery of 
archaeological materials during construction, the Applicant shall retain the services of a 
Qualified Professional Archaeologist meeting the Secretary of the Interior’s Standards for 
a Qualified Archaeologist to evaluate the significance of the materials prior to resuming 
any construction-related activities in the vicinity of the find. If the Qualified Archaeologist 
determines that the discovery constitutes a significant resource under CEQA and it cannot 
be avoided, the Applicant shall implement an archaeological data recovery program. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM CUL-4 The Contractor shall provide the Supervising Archaeological Resources Specialist with a 
schedule of initial potential ground-disturbing activities. A minimum of 48 hours will be 
provided to the Consultant of commencement of any initial ground-disturbing activities 
such as vegetation grubbing or clearing, grading, trenching, or mass excavation. 

As detailed in the schedule provided, an Archaeological Monitor shall be present on site 
at the commencement of ground-disturbing activities related to the Project. The monitor, 
in consultation with the Supervising Archaeologist, shall observe initial ground-disturbing 
activities and, as they proceed, make adjustments to the number of monitors as needed 
to provide adequate observation and oversight. All monitors will have stop-work 
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authority to allow for recordation and evaluation of finds during construction. The 
monitor will maintain a daily record of observations to serve as an ongoing reference 
resource and to provide a resource for final reporting upon completion of the Project. 

The Supervising Archaeologist, Archaeological Monitor, and the Lead Contractor and 
subcontractors shall maintain a line of communication regarding schedule and activity 
such that the monitor is aware of all ground-disturbing activities in advance in order to 
provide appropriate oversight. 

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM-CUL-5 If archaeological resources are discovered, construction shall be halted within 50 feet of 
the find and shall not resume until a Qualified Archaeologist can determine the 
significance of the find and/or the find has been fully investigated, documented, and 
cleared.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

MM-CUL-6  At the completion of all ground-disturbing activities, the Consultant shall prepare an 
Archaeological Resources Monitoring Report summarizing all monitoring efforts and 
observations, as performed, and any and all prehistoric or historic archaeological finds as 
well as providing follow-up reports of any finds to the South Coastal Information Center 
(SCIC), as required.  

Timing/Implementation: During construction. Enforcement/Monitoring: Qualified 
Archaeologist and Imperial County Department of Planning and Development Services 

HUMAN REMAINS – LEGAL REQUIREMENTS In the unlikely event that human remains are discovered 
during ground-disturbing activities, then the proposed Project would be subject to California Health and 
Safety Code 7050.5, CEQA Section 15064.5, and California Public Resources Code Section 5097.98 (NPS 
1983).If human remains are found during ground-disturbing activities, State of California Health and 
Safety Code Section 7050.5 states that no further disturbance shall occur until the Imperial County 
Coroner has made a determination of origin and disposition pursuant to Public Resources Code Section 
5097.98. In the event of an unanticipated discovery of human remains, the Imperial County Coroner shall 
be notified immediately. If the human remains are determined to be prehistoric, the County Coroner shall 
notify the NAHC, which shall notify a most likely descendant (MLD). The MLD shall complete the inspection 
of the site within 48 hours of notification and may recommend scientific removal and nondestructive 
analysis of human remains and items associated with Native American burials (NPS 1983). 
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SECTION 7.0 – SITE PHOTOGRAPHS 

 

Figure 2: Gastropods & 
bivalves within silty clays 
of possible Lake Cahuilla 

lacustrine sediment, facing 
north/overview. 

 

Figure 3: Possible exposure 
of Lake Cahuilla lacustrine, 

facing north. 
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Figure 4: Survey area west 
of Best Road, facing north. 

 

Figure 5: Historic Japanese 
blue on white porcelain 

ceramic fragment located 
near structure foundation 

at 21267-002. 
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Figure 6: Overview of 
Niland to Calexico Railroad 
and culvert undercrossing 
dated to 1930 at north end 

of Project area, facing 
southwest. 

 

Figure 7: Overview of 
Spruce No. 3 Lateral, 
showing construction 

dates of 1956 and 1963, 
facing west/southwest. 

Located at the southeast 
corner of Hovley Road and 

Andre Road. 
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5003 Best Road Residence CRHR Evaluation 
Temporary resource number: 21267-001 (Trinomial pending) 
Kellie Kandybowicz 
Cultural Resource Specialist, Chambers Group Inc. 
March 18, 2021 
 

During the Phase I pedestrian survey for the Brawley Solar Project in November 2020, the historic-era 
farm/ranch complex at 5003 Best Road was encountered within Project boundaries. The vacant residence 
was evaluated in March 2021 to determine if its removal during project development would contribute 
to any adverse effects and significant impacts as a cultural resource. The resource assessment was 
conducted in compliance with the California Environmental Quality Act (CEQA) and evaluated under the 
criteria of the California Register of Historic Resources (CRHR; OHP 2021).  

California Register of Historic Resources 

A cultural resource is considered “historically significant” under CEQA if the resource meets one or more 
of the criteria for listing on the CRHR. The CRHR was designed to be used by state and local agencies, 
private groups, and citizens to identify existing cultural resources within the state and to indicate which 
of those resources should be protected, to the extent prudent and feasible, from substantial adverse 
change. The following criteria have been established for inclusion in the CRHR. A resource is considered 
significant if it: 

1. is associated with events that have made a significant contribution to the broad patterns of 
California’s history and cultural heritage; 

2. is associated with the lives of persons important in our past; 

3. embodies the distinctive characteristics of a type, period, region, or method of construction, or 
represents the work of an important creative individual, or possesses high artistic values; or 

4. has yielded, or may be likely to yield, information important in prehistory or history. 
 

Historical Context 

Imperial County was formed in 1907 from a portion of San Diego County known as Imperial Valley and is 
the newest of California’s counties. It is known for being one of California’s most prosperous agricultural 
communities because of its vast canal systems stemming from the Colorado River. The first diversion of 
the Colorado River was in 1905 and continued through 1942 when the All-American Canal was completed. 
It is this water, conveyed from the Colorado River, that makes Imperial County so rich (Hoover et al. 2002).  

As the Imperial Valley was starting to develop, a circular was released by the U.S. Government in 1902 
claiming nothing would grow in this desert area, even with plentiful water. A man named J.H. Braly from 
Los Angeles had underwritten shares of water stock and was assigned 4,000 acres of land at the center of 
the site where Brawley now stands. George E. Carter, who was building the grade for the new railroad, 
heard of Braly’s wish to be released from his bargain, as he envisioned the city as a potential failure, and 
took over Braly’s contract for the 4000 acres. The Imperial Land Company got wind of the deal and sent 
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emissaries to buy out Carter. The company ordered the new town platted in October of 1902 (City of 
Brawley 2020).  

Brawley was eventually incorporated in 1908 and was a “tent city” of only 100 persons who were involved 
in railroads and the earliest introduction of agriculture. It had a population of 11,922 in 1950, had growth 
that was slow from the 1960s to the early 1990s, and as of 2019, Brawley’s population is 26,000. Although 
the town has grown substantially, for more than a century, Brawley has remained close to its roots of 
being an agricultural-driven community (City of Brawley 2020).  

5003 Best Road Residence 

The farm/ranch complex is located at 5003 Best Road, Brawley, CA 92227, at the northwest corner of Best 
Road and Ward Road, which runs parallel to the east-west Livesley Drain and is bordered to the north and 
northwest by agricultural fields. The complex is within U.S. Geological Survey (USGS) Westmorland East, 
California, 7.5-minute topographic quadrangle, Township 13 South, Range 14 East, in tract 120 and APN 
number 037-140-006. The property is located within the Imperial Irrigation District. 

In 1908, the property on which the farm/ranch complex is located was surveyed for sale to Ms. Myrta 
Livesley and on April 19, 1911 a patent (No. 189395) was recorded by the General Land Office in Los 
Angeles, California for claimants Edward J. Standlee, Thomas A. Livesley, and William E. Miller (USDI 2021). 
No additional documentation was located on the early development and residents of the property or the 
construction of the farm/ranch structures, which includes a single-story house, numerous miscellaneous 
outbuildings, and a fenced area on the east side of the property. The residence is first visible on the 1945 
USGS map and in 1953 aerial imagery (NETR 2020). Based on the construction style, the house was likely 
built circa 1935 (City of San Diego 2007).  

Over the last 100 years, the land on which the complex was built has been sold multiple times. The original 
land title held by the aforementioned individuals, most notably Mr. Livesley, was developed for 
agricultural use. The property was eventually owned by the Flammang family, Loma Farms, and most 
recently by ORNI 19, LLC (County of Imperial 2021). 

Thomas A. Livesley 

Thomas A. Livesley was born to Samuel and Margaret Livesley of Wisconsin. His father was a prominent 
British hop grower. The sixth of ten siblings, he was born in 1863 in Ironton, Sauk County, Wisconsin during 
the middle of the Civil War. At the age of ten his father bought and moved the family to a ranch in nearby 
LaValle. In 1879, at 16 he was listed by the census as "laborer” and at 21 as a "carpenter.” Thomas is said 
to have traveled west with John Morrison in 1885 and was one of the “two Livesley boys." It is known that 
in 1889 Tom was a butcher at the same Seattle address as his brother George who was a grocer. In 1890 
he was part of “Livesley Brothers" hop dealers with siblings Robert and George (Bush 2000).  

In February 1890, Tom married Myrta Emeline Hubbell in Seattle. She was the daughter of prominent 
LaValle farmer and Judge Wellington Hubbell who had also moved to Seattle. They did not have any 
children and were divorced in 1903 (Bush 2000).  

In the early 1900s, Thomas spent time in California, where he was in the grapefruit business, as well as 
having a melon ranch. He met his second wife Edna DeBeck in San Francisco who was Canadian and had 
attended Mills College in Oakland where she studied nursing. They were married in Vancouver, BC in 
September 1908. The Livesleys bought several hundred acres and began to grow cantaloupes, that were 
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sold though Hiram Wood and his company The Woods Company. It is recorded that Thomas purchased 
land in what would become the City of Brawley from 1908 to 1911, including the property on which the 
5003 Best Road farm/ranch complex was constructed. In 1908, Thomas founded his hop business "T.A. 
Livesley and Co." with his partner and friend Jack Roberts. Mr. Roberts was involved until 1924 when they 
amicably dissolved their partnership and Thomas became sole owner. It is unknown if Thomas ever 
resided in Brawley or just held land patents for agricultural use. At an unknown date, likely after initial 
construction, the drain immediately south of the 5003 Best Road property was named the Livesley Drain 
(Bush 2000). 

At an unknown date between 1911 and 1927, Thomas and his wife moved to Salem, Oregon. Between 
1910 and 1921 the couple had four children. Thomas was a busy man who had many resources and 
businesses and by 1924 became known as the "Hop King" because he was the largest grower of hops in 
Oregon. He also served as Vice President of Oregon Linen Mills. In 1927, Tom commissioned the Livesley 
Tower, an 11-story office building in downtown Salem. Space in this building was managed and leased by 
the Livesleys until its sale in 1960. The Livesleys had a mansion built which was designed by Ellis F. 
Lawrence, the founder of the University of Oregon School of Architecture; this house would later be sold 
n 1988 to the state to become the Governor’s Mansion (Bush 2000). 

Thomas was elected as Mayor of Salem, Oregon and served from 1927 to 1931. His mayorship was marked 
by much improvement, noticeably moving Salem toward a council-manager form of government, 
replacing many of the town's wooden bridges with concrete ones, construction of the Salem Airport, and 
the installation of streetlights. He was adamant that these changes be made with concern for the beauty 
of the city. He was known as the "Good Roads" mayor. He later served as Marion County State 
Representative from 1937 to 1939 (Bush 2000). 

Thomas lived a full and successful life and passed away in Salem of skin cancer in July of 1947, at the age 
of 84 (Bush 2000). 

Change of Title 

At an unknown date, the 5003 Best Road property was sold by the Livesley family. In 1976, based on 
Permit 14097, ownership of the property was held by Joe Flammang (County of Imperial 2021). In 1980, 
a grant of all minerals, gases, and water in a portion of the west half of the south half of Tract 120 was 
divided between Dennis Flammang, Joseph Flammang, Paula Ann McCormick, and Mary Dee Flammang 
(Stewart Title of California 2006).  

Joseph Flamming, one of the Flamming children, was born in Brawley in 1946 to parents John and Lois.  In 
1962, Mr. and Mrs. Flammang started a farm family business. Joseph grew up and attended school in 
Brawley and later attended Cal Poly in Pomona, California. After college, he traveled to Iran on a farming 
project for the Iran California Company. He farmed in Brawley, starting John Flammang Farms in 1998, 
and in later years was a substitute high school teacher. There is minimal information available on Joseph’s 
siblings aside from their property ownership. Joseph passed away on February 22, 2018 (Legacy 2021). 

In 1988, based on Permit 28722, the property owners were Loma Farms, Inc., a California corporation 
owned by John Flamming. In 2008, a geothermal lease was executed by the Flammangs and McCormick 
with ORNI 17, LLC as the lessor. Based on the County of Imperial’s Assessor the land was most recently 
sold to ORNI 19, LLC in 2009 who plan to construct a solar energy field (Stewart Title of California 2006). 

Residence Construction 
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The main residential building appears to correspond to typical Minimal Traditional style of form and 
construction, which dates range from 1935 to 1955, and is resting on a perimeter foundation of poorly 
consolidated concrete made with local materials (City of San Diego 2007). Wood joists are noted in the 
interior where exposed, suggesting a post-and-pier foundation for the floor of the building. The outline is 
a simple rectangle with a low, gabled roofline and minimal pitch. Roof eaves minimally extend, with boxed 
in soffits. The exterior is treated in stucco, using techniques typical of the period; tarpaper wrap, with wire 
mesh, a brown/scratch coat, and a finish coat. There are several wood-trimmed piercings for wood-cased 
double-sash windows. Cast-iron waste pipes are embedded into the exterior surface along one wall.  

Several outbuildings are present, but their function remains unknown at this time. These are wood-
framed and sided, and most are in a state of collapse or disrepair. Construction techniques and the greater 
fullness of the dimensions of the dimensional lumber suggest that these buildings are contemporaneous 
with the main residential building. The house and associated structures are still present. There are many 
mature trees lining the eastern and northern perimeters. 

Evaluation Recommendation 

Based on the evaluation of the residence, either as a complex or as individual structures, none of the four 
criteria are met for inclusion in the CRHR and the resource is recommended not eligible (OHP 2021).  

Criterion 1: This resource does not meet the criteria under Criterion 1 as it is not associated with events 
that have made a significant contribution to the broad patterns of local or regional history or the cultural 
heritage of California or the United States. Therefore, this resource is recommended not eligible for the 
CRHR under Criterion 1. 

Criterion 2: This resource does not meet Criterion 2 as it is not associated with the lives of persons who 
are important to local, California history. While research has yielded information to suggest that one of 
the original land patent holders, Thomas A. Livesley, was fairly prominent in Salem, Oregon, neither he 
nor his family, or those also listed on the 1911 land patent, were specifically associated with Brawley or 
Imperial Valley, California history. There is no evidence that Mr. Livesley or his family ever resided at 5003 
Best Road and were not mentioned as being influential in literature regarding the Imperial Irrigation 
District between the 1900s and 1940s or the history of Imperial Valley between the 1900s and 1930s 
(Dowd 1956; Tout 1931). It is likely that Mr. Livesley and the other parties listed on the land patent were 
involved in speculative agriculture but were not personally invested in the overall development of Brawley 
or within Imperial Valley.  

Additionally, there is no evidence that the subsequent property titles holders, namely the Flammangs, 
were of particular significance in Brawley. The Flammangs were owners of a few farms over the decades, 
but there is no documentation stating any noteworthy influence in Brawley, Imperial Valley, or California. 
Therefore, this resource is recommended not eligible for the CRHR Criterion 2. 

Criterion 3: This resource does not meet Criterion 3 for embodying the distinctive characteristics of a type, 
period, or method of construction; or as a representative work of a master; or for possessing high artistic 
values. represent a very common property type throughout the United States, California, and San Diego. 
Many Traditional Style residences were constructed throughout the United States during the twentieth 
century and these examples are neither unique nor innovative for the period in which they were 
constructed.  Therefore, this resource is recommended not eligible for the CRHR under Criterion 3. 
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Criterion 4: This resource does not meet Criterion 4 since it is unlikely to yield information important to 
prehistory or history. It is unlikely that this property has the potential to broaden our understanding of 
the history of the United States, California, or San Diego during the twentieth century. Therefore, this 
resource is recommended not eligible for the CRHR under Criterion 4.
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Photos 

 

Figure 1: Main residence, facing northwest 

 

Figure 2: Fenced lot east of main residence, facing northeast towards Best Road 
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Figure 3: Main residence and outbuilding, facing southeast 
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Brawley Solar Project – Geotechnical Feasibility 

Study 
Ormat Nevada, Inc. 

1 
      

 

February 8, 2021 

Alissa Sanchez 

Ormat Nevada, Inc. 

801 Main Street 

Centro, CA 92243 

Subject:  Geotechnical Feasibility Study Applicability 

Dear Ms. Sanchez, 

Petra Geosciences, Inc. prepared a Geologic/Geotechnical Feasibility Study for the Brawley Solar Project (proposed 
Project) on February 3, 2011. This study analyzed the Project Site in its entirety. 

On February 3, 2021, Chambers Group reached out to Alan Pace, one of the prepares of the original feasibility 

study to confirm that the findings in the previously prepared report have not meaningfully changed. Mr. Pace 

responded with: “Petra conducted a feasibility-level investigation for the Brawley Solar Facility project.  Petra 

Job No. 320-10 dated February 3rd, 2011.  The conditions noted in the 2011 study have not significantly changed 

since the preparation of this email.” 

Based on geological conditions and confirmation from Petra Geosciences, the February 3, 2011 Geologic/Geotechnical 
Feasibility Study would still apply to the proposed Project and could and should be used during CEQA compliance to 

describe the existing conditions and potential impacts from the Project to the environment specific to geology and soils. 

If you have any questions, please do not hesitate to contact Project Manager, Victoria Boyd at (760) 685-4838 or 

vboyd@chambersgroupinc.com.  

 

Sincerely, 

CHAMBERS GROUP, INC. 

 

 

Victoria Boyd 

Project Manager 
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May 12, 2021 
 
 
 
Ms. Corinne Lytle Bonine, PMP 
Environmental Planner 
Chambers Group, Inc. 
 

LLG Reference: 3-20-3302 
 
Subject: Brawley Solar Project 

Imperial County, California 
 
Dear Ms. Bonine: 
 
Linscott, Law & Greenspan, Engineers (LLG) has prepared this letter report to 
summarize the results of our evaluation of the proposed Brawley Solar Project 
(“Project”) from a traffic and transportation perspective. The Project site is located at 
5003 Best Ave, Brawley, California.  
 
INTRODUCTION 
The project is proposing to build, operate and maintain the Brawley Solar Energy 
Facility, a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 MWh 
battery energy storage system (BESS) on approximately 225 acres in Brawley, 
Imperial County. The County of Imperial (County) has identified the Project as a 
Solar Energy Electrical Generator, which is a permitted use within the A-2-G zone 
upon approval of a Conditional Use Permit (CUP). The purpose of this letter report is 
to explain the construction traffic that will be generated by the project. Included in 
this traffic report are the following. 

 Project Description 
 Existing Conditions Discussion 
 Trip Generation 
 Summary and Conclusions 

 
PROJECT DESCRIPTION  
Project Location 
The Project is located at 5003 Best Ave, Brawley, California on six privately owned 
parcels. Imperial County identifies the land use of the Project site as Agriculture and 
zoning as General Agricultural. Currently the Project site contains alfalfa fields 
within different levels of harvest. North and east of the Project site is undeveloped 
agricultural land. South of the Project site is a mixture of undeveloped agricultural 
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land and dirt lots used for staging activities. The City of Brawley Wastewater 
Treatment Plant is located along the western edge of the Project site.  
 
Figure 1 shows the Project Area Map. 
 
Project Description 
Solar cells, also called photovoltaic (PV) cells, convert sunlight directly into 
electricity. PV cells combine to create solar modules, or panels, and many solar 
panels combined together to create one system is called a solar (or PV) array. 
Installation of the PV arrays would include installation of mounting posts, module rail 
assemblies, PV modules, inverters, transformers and buried electrical conductors. 
Concrete would be required for the footings, foundations and pads for the 
transformers and substation work.  

All access to the Project site would be located off Best Avenue. Access roads would 
be constructed with an all‐weather surface, to meet the County Fire Department’s 
standards, and lead to a locked gate that can be opened by any emergency responders. 
An all‐weather surface access road, to meet the County’s standards, would surround 
the perimeter of the Project site, as well as around solar blocks no greater than 500 by 
500 feet. The Project would be required to conform to all California Public Utilities 
Commission (CPUC) safety standards. The Project site perimeter would be fenced 
with a 6‐foot high chain link security fence topped with barbed wire, with gates at the 
access points. 

Construction activities would be sequenced and conducted in a manner that addresses 
storm water management and soil conservation. During construction, electrical 
equipment would be placed in service at the completion of each power-block, after 
the gen-tie line has been completed. The activation of the power-blocks is turned over 
to interconnection following the installation of transformer and interconnection 
equipment upgrades. This in-service timing is critical because PV panels can produce 
power as soon as they are exposed to sunlight, and because the large number of 
blocks and the amount of time needed to commission each block requires 
commissioning to be integrated closely with construction on a block-by-block basis. 

During construction the workforce would consist of laborers, electricians, supervisory 
personnel, support personnel and construction management personnel. Up to 120 
people are expected to be on-site per day. Project laydown and construction staff 
parking is expected to be located on-site or at the North Brawley Geothermal Power 
Plan in an approximately 4-acre area. 
 
Construction is anticipated to start in quarter four of 2021 and would take 
approximately 6-9 months to complete. Construction would generally occur during 
daylight hours, Monday through Friday. However, non- daylight work hours may be 
necessary to make up schedule deficiencies, or to complete critical construction 
activities. For example, during hot weather, it may be necessary to start work earlier 
to avoid pouring concrete during high ambient temperatures. If construction is to 
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occur outside of the County’s specified working hours, permission in writing will be 
sought at the time. The County’s construction equipment operation shall be limited to 
the hours of 7 a.m. to 7 p.m., Monday through Friday, and 9 a.m. to 5 p.m. Saturday. 
No commercial construction operations are permitted on Sunday or holidays. 
 
Construction of the Project would occur in phases beginning with site preparation and 
grading and ending with equipment setup and commencement of commercial 
operations. Overall, construction would consist of three major phases over a period of 
approximately 6-9 months:  
 
1. Site Preparation, which includes clearing grubbing, grading, service roads, 

fences, drainage, and concrete pads; (1 month) (60 workers and 50 trucks). 
2. PV system installation and testing, which includes installation of mounting 

posts, assembling the structural components, mounting the PV modules, 
wiring; (7 months) (100 workers and 60 trucks). 

3. Site clean-up and restoration. (1 month) (40 workers and 40 trucks). 
 

Once fully constructed, the Project would be operated on an unstaffed basis and be 
monitored remotely from the Brawley Geothermal Power Plant control room, with 
periodic on-site personnel visitations for security, maintenance and system 
monitoring. 

Figure 2 shows the Construction Access Points 
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EXISTING CONDITIONS 
Existing Transportation Conditions 
The following is a description of the nearby roadway network: 
 
Best Avenue is an unclassified roadway in the Imperial County Circulation Element 
Plan. It is currently constructed as a two-lane north-south roadway in the study area. 
There is no posted speed limit. There are no bike lanes provided. 
 
Ward Road is an unclassified roadway in the Imperial County Circulation Element 
Plan. It is currently constructed as a two-lane east-west roadway in the study area. 
There is no posted speed limit. There are no bike lanes provided. 
 
State Route 111 (SR-111) begins at the International Border between Mexico and 
the United States traveling north with two travel lanes in each direction. SR 111 
(Imperial Avenue) is classified as a 4-Lane primary north/south arterial in the City of 
Calexico Circulation Element. Class II bicycle lanes are provided north of SR 98. Bus 
stops are not provided. Curb, gutter, and sidewalks are provided south of SR 98. 
Curbside parking is permitted intermittently south of SR 98, on both sides of the 
roadway. The speed limit is posted at 55 mph.  
 
 
TRIP GENERATION 
Project Trip Generation 
As described above, construction of the Project would occur in phases beginning with 
site preparation and grading and ending with equipment setup and commencement of 
commercial operations. During peak construction activities, 120 workers and a 
maximum of 60 trucks at a time would be required. 
Daily and peak hour trip generation rates and in/out splits were calculated for the 
peak construction period using detailed data developed for analysis of the project’s 
impacts. Construction activities would generally occur during a 12-hour-shift day. A 
worst case scenario in which all employees would arrive prior to the morning peak 
commuter period (7:00 – 9:00 a.m.) and depart within the evening peak period (4:00 – 
6:00 p.m.) was assumed. Truck trips are anticipated to be distributed generally evenly 
throughout the 12-hour-shift day. In order to provide a conservative analysis, all 
employees were assumed to arrive and depart during peak commute periods. In 
addition, no carpooling for construction employees was assumed.  
A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the 
Highway Capacity Manual or HCM) to account for their reduced performance 
characteristics in the traffic stream (e.g. starting, stopping, and maneuvering). This 
information was used in calculating the project-generated average daily traffic 
(ADT). 
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Table 1 
Construction Project Trip Generation 

Use Size PCEb 

Daily Trips 
AM PM 

Peak Hour Peak Hour 

Rate Volume Volume  Volume 

(In + Out) (ADT)a In Out In Out 

Personnel 120 1 2.0 /personnel 240 114 6 6 114 

Trucks 60 2.5 2.0 /truck 300 13 13 13 13 

Subtotal - - - 540 127 19 19 127 
Footnotes: 

a.        ADT – Average daily traffic 

b.        PCE – Passenger Car Equivalent  

General Notes: 

1.        To estimate the employee traffic, it is conservatively assumed that 100% of the employee traffic would access the work 
area during the same commuter peak hours between 7:00 – 9:00 a.m. & 4:00 – 6:00 p.m..  

2.        The In/Out splits assumed are 95:5 during AM peak hour and 5:95 during the PM peak hour. 

3.        Truck trips are estimated to occur relatively evenly throughout a 12-hour construction hours proposed for the Project. For 
30 trucks, this calculates to approximately 2.3 trucks/hour without PCE. 

4.      A passenger-car-equivalent (PCE) factor of 2.5 was applied to heavy vehicles (per the Highway Capacity Manual or HCM) 

 
 
 
Table 1 tabulates the total daily and peak hour project traffic volumes. The project 
during construction trip generation is calculated to be 540 ADT with 127 inbound/ 
19 outbound trips during the AM peak hour and 19 inbound/ 127 outbound trips 
during the PM peak hour. These values include the heavy-vehicle PCE-adjustment.  
Post-construction, the facility would be operated on an unstaffed basis and be 
monitored remotely from the Brawley Geothermal Power Plant control room, with 
periodic on-site personnel visitations for security, maintenance and system 
monitoring. Therefore, an assessment of the post-construction scenario was not 
conducted. 
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CONCLUSION 

Based on the low amount of construction trips generated and low existing traffic 
volumes on area roadways, no substantial transportation impacts are anticipated.  
 
Vehicle Miles Traveled (VMT) analysis is not required since the post construction 
operational traffic is close to zero.  
 
Please call us at 858.300.8800 if you have any questions or comments regarding this 
letter report. 
 
 
 
Sincerely, 
Linscott, Law & Greenspan, Engineers 

       
John Boarman, PE     
Principal     
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ACRONYMS  

A-2 G  Agricultural Zone – 2, Geothermal Overlay 

AC  Alternative Current 

AF  Acre-Foot or Acre-Feet 

AFY  Acre-Feet per Year 

AOP  Annual Operations Plan 

APN  Assessor’s Parcel Number  

BESS  Battery Energy Storage System 

CAP  Central Arizona Project 

CARB  California Air Resources Board  

CDCR   California Department of Corrections and Rehabilitation 

CDPH   California Department of Public Health 

CDWR  California Department of Water Resources 

CEQA   California Environmental Quality Act  

CPUC  California Public Utility Commission  

CRWDA Colorado River Water Delivery Agreement 

CUP  Conditional Use Permit 

CVWD  Coachella Valley Water District 

CWC  California Water Code 

DC  Direct Current 

EDP  IID Equitable Distribution Plan 

EHS  Environmental Health & Safety 

EIS  Environmental Impact Statement 

G  Land Zoning Geothermal  

Gen-Tie Line     Generation Tie Line 

ICPDS   Imperial County Planning and Development Services 

ICS  Intentionally Created Surplus 

IEEE   Institute of Electrical and Electronics Engineers 

IID  Imperial Irrigation District 
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IRWMP Integrated Regional Water Management Plan 
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KAF  Thousand Acre Feet 
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kV  Kilovolt 

kVA  Kilovolt-amp 

LAFCO  Local Agency Formation Commission 

LCR  Lower Colorado Region 

LCRWSP Lower Colorado Water Supply Project 

M-2  Land Zoning Industrial-2 

MCI  Municipal, commercial, industrial 

MEER  Mechanical and Electrical Equipment Room  

MGD  Million Gallons per Day 

MW  Megawatt 

MWh  Megawatt per hour 

MWD  Metropolitan Water District of Southern California 

NAF  Naval Air Facility 

ORNI   ORNI 30, LLC (Applicant) 

PCS  Power Conversion Station 
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PURPOSE OF WATER SUPPLY ASSESSMENT  

This Water Supply Assessment (WSA) was prepared for the Imperial County Planning & 

Development Services (Lead Agency) by Dubose Design Group, regarding ORNI 30, LLC (ORNI) (the 

“Applicant”) Brawley Solar Energy Facility (“Project”). This study is a requirement of California law, 

specifically Senate Bill 610 (referred to as SB 610). SB 610 is an act that amended Section 21151.9 

of the Public Resources Code, and Sections 10631, 10656, 10910, 10911, 10912, and 10915 of the 

Water Code. SB 221 is an act that amended Section 11010 of the Business and Professions Code, 

while amending Section 65867.5 and adding Sections 66455.3 and 66473.7 to the Government 

Code. SB 610 was approved by the Governor and filed with the Secretary of State on October 9, 

2001, and became effective January 1, 2002.F

1  SB 610 requires a lead agency, to determine that a 

project (as defined in CWC Section 10912) subject to California Environmental Quality Act (CEQA), 

to identify any public water system that may supply water for the project and to request the 

applicants to prepare a specified water supply assessment.  

 

This study has been prepared pursuant to the requirements of CWC Section 10910, as amended 

by SB 610 (Costa, Chapter 643, Stats. 2001).  The purpose of SB 610 is to advance water supply 

planning efforts in the State of California; therefore, SB 610 requires the Lead Agency, to identify 

any public water system or water purveyor that may supply water for the project and to prepare 

the WSA after a consultation. Once the water supply system is identified and water usage is 

established for construction and operations for the life of the project, the lead agency is then able 

to coordinate with the local water supplier and make informed land use decisions to help provide 

California’s cities, farms and rural communities with adequate water supplies. 

 

Under SB 610, water supply assessments must be furnished to local governments for inclusion in 

any environmental documentation for certain projects (as defined in California Water Code (CWC) 

Section 10912 [a]) that are subject to the California Environmental Quality Act (CEQA). Due to 

 
1SB 610 amended Section 21151.9 of the California Public Resources Code, and amended Sections 10631, 10656, 10910, 10911, 

10912, and 10915, repealed Section 10913, and added and amended Section 10657 of the Water Code.  SB 610 was approved by 

California Governor Gray Davis and filed with the Secretary of State on October 9, 2001.  
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increased water demands statewide, this water bill seeks to improve the link between information 

on water availability and certain land use decisions made by cities and counties. This bill takes a 

significant step toward managing the demand placed on California’s water supply. It provides 

further regulations and incentives to preserve and protect future water needs. Ultimately, this bill 

will coordinate local water supply and land use decisions to help provide California’s cities, farms, 

rural communities, and industrial developments with adequate long-term water supplies. The WSA 

will allow the lead agency to determine whether water supplies will be sufficient to satisfy the 

demands of the project, in addition to existing and planned future uses.  

PROJECT DETERMINATION ACCORDING TO SB 610 - WATER SUPPLY 
ASSESSMENT 

 

With the introduction of SB 610, any project under the California Environmental Quality Act (CEQA) 

shall provide a Water Supply Assessment if the project meets the definition of CWC § 10912. Water 

Code section 10911(c) requires for that the lead agency “determine, based on the entire record, 

whether projected water supplies will be sufficient to satisfy the demands of the project, in 

addition to existing and planned future uses.”  Specifically, Water Code section 10910(c)(3) 

states that “If the projected water demand associated with the proposed project was not 

accounted for in the most recently adopted urban water management plan, or the public water 

system has no urban water management plan, the water supply assessment for the project shall 

include a discussion with regard to whether the total projected water supplies, determined to 

be available by the city or county for the project during normal, single dry, and multiple dry 

water years during a 20 year projection, will meet the projected water demand associated with 

the proposed project, in addition to the public water system’s existing and planned future uses, 

including agricultural and manufacturing uses.”  

 

After review of CWC § 10912a, and Section 10912 (a)(5)(B), it was determined that the Applicant’s 

Brawley Solar Energy Facility, a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 

Megawatt hour (MWh) battery energy storage system (BESS) on approximately 227 acres in 

Brawley, Imperial County (proposed Project), is deemed a project as it is considered an industrial 
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water use project that is considered an industrial plant of 40 acres or more in accordance to CWC 

§ 10912a (5).  The proposed project totals 227 acres which exceeds the 40 acre or less allowance. 

SB 610 requires an analysis to show that adequate water is available for the proposed Project in 

various climate scenarios for at minimum 20 years; however, Imperial County issues Conditional 

Use Permits.    

EXECUTIVE SUMMARY   

 

Imperial County Planning & Development Services (ICPDS) in coordination with Imperial Irrigation 

District (IID) has requested a WSA as part of the environmental review for the proposed Brawley 

Solar Energy Facility Project (“Project”).  This study is intended for use by the ICPDS and IID in its 

evaluation of water supplies for existing and future land uses. The evaluation examines the 

following water elements: 

 

• Water availability during a normal year 

• Water availability during a single dry, and multiple dry water years 

• Water availability during the Project’s 30-year projection to meet existing demands 

• Expected 30-year water demands of the Project  

• Reasonably foreseeable planned future water demands to be served by the IID 

The proposed Project site is located within IID’s Imperial Unit and district boundary and as such is 

eligible to receive water service.  IID has adopted an Interim Water Supply Policy (IWSP) for Non-

Agricultural Projects, from which water supplies can be contracted to serve new developments 

within IID’s water service area. For applications processed under the IWSP, applicants shall be 

required to pay a processing fee and, after IID board approval of the corresponding agreement, 

will be required to pay a reservation fee(s) and annual water supply development fees. 

 

The IWSP sets aside 25,000 acre-feet annually (AFY) of IID’s Colorado River water supply to serve 

new non- agricultural projects. As of October 2021, a balance of 23,800 AFY remain available under 

the IWSP for new non-agricultural projects ensuring reasonably sufficient supplies for such 
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projects. The proposed Project water demand for construction for a period of 1 year of 

approximately 32.5 AFY, represents approximately 0.03% of the annual unallocated supply set 

aside for new non-agricultural projects, and the total water demand for operations is 

approximately 3.1 AFY for 28 years and represents approximately 0.01% of the annual unallocated 

supply set aside for new non-agricultural projects. Decommissioning is expected to take 1 year 

and use approximately 32.5 AFY, representing approximately 0.03% of the annual unallocated 

supply set aside for new non-agricultural projects, the project is expected to consume 151.8 AF 

for the 30-year lifespan of the proposed Project. The annual average water demand of 

approximately 5.06 AFY represents .02% of the annual unallocated supply set aside for new non-

agricultural projects.  Thus, the proposed Project’s estimated water demand would not affect IID’s 

ability to provide water to other users in IID’s water service area. 

 

Table 1: Project APNs, Canals and Gates and Land Relationship to Project 

IID Gate/ Canal APN Ownership Zoning Acres2 

Best Canal-Gate 110 037-140-006 ORNI 30,LLC A2-G 32.75 AC 

Best Canal-Gate 113 
037-140-023 

037-140-022 

ORNI 30,LLC A2-G 30.40 AC 

30.30 AC 

Best Canal-Gate 114 
037-140-020 

037-140-021 

ORNI 30,LLC A2-G 62.27 AC 

16.79 AC 

Best Canal -Gate 115 
037-140-020 

 

ORNI 30,LLC A2-G  

 

  

 
2 The total acre amount and the project amount specified differ by 54.5 due to the fact that the project considers the linear acreage 

of the proposed Gen Tie Line.  
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Table 2: Project Water Use Summary 

 

Table 3: Amortized Project Water Summary 

Project Water Use 

– Life of Project 
Years Total  Combined1 IWSP (AFY) 

% of Remaining Unallocated 

IWSP per Year3 

32.5 AFY 1 year 32.5 AF 23,800 AFY 0.03%- 

3.1 AFY 28 Years 86.8 AF 23,800 AFY 0.01 % 

32.5 AFY 1 Year 32.5 AF 23,800 AFY 0.03%- 

5.06 AFY2 30 Years 151.8 AF 23,800 AFY 0.02% 

1(AFY*Years) 

2(Total Combined/30 Years*100) 

3(AFY/23,800 AFY*100)  

 

PROJECT DESCRIPTION 

ORNI 30, LLC (ORNI) is proposing to build, operate and maintain the Brawley Solar Energy Facility, 

a 40 Megawatt (MW) photovoltaic (PV) solar farm and 40 MW/160 Megawatt hour (MWh) battery 

energy storage system (BESS) on approximately 227 acres of private land in Brawley, in an 

unincorporated area of Imperial County (proposed Project) located at Best Avenue and Ward Road 

Please refer to Figure 1 for the Project’s Regional Location (Figure 1 Site Regional Location) , and 

Figure 2 for the Project Site and Vicinity (Figure 2 Aerial View of Project Site and Vicinity)  

 
3 20, 000 gallons of water will need to be stored on site during construction per Imperial County Fire Standards.  

4 180,000 gallons of water will need to be stored on site per Imperial County Fire Standards for operations.  

Water Use Expected Years Total AF 

Construction3 1 Year                                                                                     32.5 AF 

Total for Water Construction  32.5 AF 

Processing, Daily Plant Operations & Mitigation4 28 Years                                                                                      3.1 AFY  

Total Water Usage for Processing Daily Plant 

Operations & Mitigation 
 86.8 AF 

Project Decommissioning  1 Year                                                                                     32.5 AF 

Total for Project Decommissioning  32.5AF 

Total Water Usage for Project  30 Years 151.8 AF 

Amortized  30 Years 5.06 AFY 
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In general, the proposed Project can be described as follows: Power generated by the proposed 

Project would be low voltage direct current (DC) power that would be collected and routed to a 

series of inverters and their associated pad-mounted transformers. The inverters would convert the 

DC power generated by the panels to alternating current (AC) power and the pad mounted 

transformers would step up the voltage. The Project would connect to the North Brawley 

Geothermal Power Plant substation southwest of the proposed Project site via an approximately 

1.8-mile-long aboveground 92 kilovolt (kV) generation tie line (gen-tie line). Energy generated and 

stored by the proposed Project will be sold to the wholesale market or retail electric providers in 

furtherance of the goals of the California Renewable Energy Portfolio Standards and other similar 

renewable programs in the Pacific Southwest power market. The Project plans to start constructon 

in the first quarter of 2022 and would take approximately 6-9 months, beginning operations   by 

December 2022. Please refer to Figure 3 for the conceptual project layout and tentative site plan 

(Figure 3. Project Layout/Site Plan).  The site will retain its domestic water delivery from a private vendor 

who will haul potable water to the project site. 

 

The Brawley Solar Energy Facility involves two entitlement permits from Imperial County Planning 

Department including a General Plan Amendment and a Conditional Use Permit  that will allow for 

the project to be in conformance with the Imperial County General Plan and Title 9 Division 5 

Zoning Areas Established. 

 

The Project will need to contract with IID to deliver up to 5.06 AFY see Table 2  of untreated water, via the 

Best Canal Gates 110, 114, 113, & 115.  The proposed Project is anticipated to use approximately 151.8 AF 

for the duration of 30 Years , 3.1 AFY for operation of the Project for a duration of  28 years, which equals 86.8 

AF of the Conditional Use Permits lifespan.  

 

This WSA does not include an analysis of water supply for domestic potable water for, workers and visitors 

for domestic water , only that the project is expected to purchase potable water from a California certified 

vendor and have the water hauled to the site.  
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Project site and Location 

 

The Project is located at 5003 Best Avenue, Brawley, California on five privately owned parcels: 

Assessor’s Parcel Numbers (APNs) 037-140-020, 037-140-021, 037-140-022, 037-140-023, and 

037-140-006 (Project site) as shown in Figure 1. The County of Imperial (County) identifies the land 

use of the proposed Project site as Agriculture and zoning as General Agricultural (A2-G; County 

2020). Currently the Project site contains alfalfa fields within different levels of harvest. North and 

east of the Project site is undeveloped agricultural land. South of the Project site is a mixture of 

undeveloped agricultural land and dirt lots used for staging activities. The City of Brawley 

Wastewater Treatment Plant is located along the western edge of the Project site.  

 

The County Land Use Ordinance, Division 17, includes the RE Overlay Zone, which authorizes the 

development and operation of renewable energy projects with an approved CUP. The RE Overlay 

Zone is concentrated in areas determined to be the most suitable for the development of 

renewable energy facilities while minimizing the impact on other established uses. CUP 

applications proposed for specific renewable energy projects not located in the RE Overlay Zone 

would not be allowed without an amendment to the RE Overlay Zone.  The northern portion of 

the project site (APNs 037-140-020 and 037-140-021) is located within the RE Overlay Zone. 

However, the entire project site (APNs 037-140-020, 037-140-021, 037-140-022, 037-140-023, 

and 037-140-006) is located outside of the RE Overlay Zone. All parcels are within the Known 

Geothermal Resource Area.  Therefore, the applicant is requesting a General Plan Amendment to 

include/classify all five project parcels into the RE Overlay Zone. No change in the underlying 

General Plan land use (Agriculture) is proposed. 

 

Primary access to the Project site would be located off Best Avenue. The primary road will be using 

an existing access road while a new Improved access roads would be designed and constructed 

with an all‐weather surface, to meet the County Fire Department’s standards and Imperial 

Irrigations Districts standards due to the crossing of any canal, and lead to a locked gate that can 

be opened by any emergency responders. A secondary emergency access would be located to the 
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north of the Project site, just west of the train tracks. An all‐weather surface access road, to meet 

the County’s standards, would surround the perimeter of the Project site, as well as around solar 

blocks no greater than 500 by 500 feet. The proposed emergency access road is being proposed 

on Best Drain which will need to be designed and constructed to meet the County Fire 

Department’s standards and Imperial Irrigations Districts standards.  The Project would be 

required to conform to all California Public Utilities Commission (CPUC) safety standards. The 

Project site perimeter would be fenced with a 6‐foot high chain link security fence topped with 

barbed wire, with gates at the access points. glass.  

 

Gen-Tie Line 

 

The Project would connect to a switchyard located in the southern end of the Project site and then 

routed through the BESS building for energy storage. Power would then be transferred to the 

North Brawley Geothermal Power Plant substation via a 1.6-mile-long double circuit 13.8 and 92 

kV gen-tie line with 66- foot-high poles to interconnect to the Imperial Irrigation District (IID) at the 

North Brawley 1 substation located at Hovley Road and Andre Road, southwest of the Project site. 

The transmission line would span the New River. A 12-inch diameter conduit railroad 

undercrossing would connect the PV arrays from the western side of the railroad tracks to the 

inverters on the eastern side. 

 

BESS  

 

The Project’s BESS component will be placed on in a 54,000 square-foot concrete pad at the 

southeastern corner of the Project site. The BESS will consist of 12 banks of enclosures totaling up 

to 432 enclosures. Each bank of batteries will be supported by a DC Combiner, control panel, and 

inverter/transformer skid. Each of the enclosures will utilize self-contained liquid cooling systems 

and include built-in fire suppression systems. All batteries will be lithium-ion based capable of 

storing 40 MW/160 MWh.  
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Fiberoptic Cable and Microwave Tower 

 

A proposed fiberoptic line from the Project substation would be connected with the existing North 

Brawley substation approximately 1.6 miles to the southwest, which is required to connect the 

Project substation to the region’s telecommunications system. Overall, this would provide 

Supervisory Control and Data Acquisition (SCADA), protective relaying, data transmission, and 

telephone services for the proposed Project substation and associated facilities. New 

telecommunications equipment would be installed at the Project substation within the unmanned 

Mechanical and Electrical Equipment Room (MEER). The proposed fiber optic telecommunications 

cable, once past the POI, would utilize existing transmission lines to connect to the North Brawley 

substation. The length of this proposed fiber optic telecommunications cable route would be 

approximately 1.6 miles. Alternatively, a microwave tower 40 to 100-feet tall could replace the 

need for a fiberoptic line to transmit data offsite. If selected, this microwave tower would be 

located within the Project substation footprint. 

 

Substation 

 

The proposed substation would be a new 92/12 kV unstaffed, automated, low-profile substation. 

The dimensions of the fenced substation would be approximately 300 feet by 175 feet, with the 

footprint encompassing approximately 1.2 acres of the approximately 227-acre Project parcel. The 

tallest feature of would be the dead-end portal structure (39 feet 6 inches) coming in off the gen-

tie line, which would have a lighting mast attached, making it 54 feet 6 inches total. The onsite 

substation control room would house the SCADA, switchgear, breakers, and DC batteries. 

Additionally, a 20kV emergency backup generator would be located adjacent to this control room 

for the HVAC system. The proposed substation site would be located at the southwest quarter of 

the parcel, adjacent to the BESS building. The California Building Code and the IEEE 693, 

Recommended Practices for Seismic Design of Substations, will be followed for the substation’s 

design, structures, and equipment. 
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Construction Personnel and Equipment 

 

The Project’s construction workforce would consist of laborers, electricians, supervisory 

personnel, support personnel and construction management personnel. Up to 120 people are 

expected to be on-site per day.  Water for construction personnel will be purchased through a 

local vendor. Project laydown and construction staff parking is expected to be located on-site or 

at the North Brawley  Geothermal Power Plan in an approximately 4-acre area. 

Construction Schedule, Sequence and Phasing 

 

Construction is anticipated to start in quarter four of 2021 and would take approximately 6-9 

months to complete. Construction would commence only after all required permits and 

authorizations have been secured. Construction of the Project would occur in phases beginning 

with site preparation and grading and ending with equipment setup and commencement of 

commercial operations. Overall, construction would consist of three major phases over a period 

of approximately 6-9 months: 

 

Site Preparation, which includes clearing grubbing, grading, service roads, fences, drainage, and 

concrete pads; (1 month) PV and BESS system installation and testing, which includes installation 

of mounting posts, assembling the structural components, mounting the PV modules, wiring; (7 

months) and Site clean-up and restoration. (1 month) 

 

Project Operation and Maintenance Activities 

 

Once fully constructed, the Project would be operated on an unstaffed basis and be monitored 

remotely, with periodic on-site personnel visitations for security, maintenance, and system 

monitoring. Therefore, no full-time site personnel would be required on-site during operations and 

employees would only be on- site up to four times per year to wash the panels. As the Project’s PV 

arrays and BESS components produce and manage electricity passively, maintenance 

requirements are anticipated to be very minimal. Any required planned maintenance activities 

would generally consist of equipment inspection and replacement and would be scheduled to 
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avoid peak load periods. Any unplanned maintenance would be responded to as needed, 

depending on the event. 

 

Estimated annual water consumption for operation and maintenance of the proposed Project, 

including periodic PV module washing, would be approximately3.1 acre feet annually (AFY), which 

would be trucked to the Project site as needed. 

 

Project Decommissioning 

 

Solar equipment has a lifespan of approximately 30 years. At the end of the Project’s operation 

term, the applicant may determine that the Project should be decommissioned and deconstructed. 

Should the Project be decommissioned, concrete footings, foundations, and pads would be 

removed using heavy   equipment and recycled at an off-site location. All remaining components 

would be removed for disposal and recycling (as applicable), and all disturbed areas would be 

reclaimed and recontoured. The total projected water use for decommissioning is expected to be 

32.5 AF and its projected to take up to a year to decommission.  
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Figure 1: Project Site Regional Location 
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Figure 2: Aerial Map of Project Vicinity 
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Figure 3: Project Layout/ Site Plan  
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Description of IID Service Area 

The proposed Project site is located in Imperial County in the southeastern corner of California. 

The County is comprised of approximately 4,597 square miles or 2,942,080 acres.2F

5  Imperial County 

is bordered by San Diego County to the west, Riverside County to the north, the Colorado 

River/Arizona boundary to the east, and 84 miles of International Boundary with the Republic of 

Mexico to the south.  Approximately fifty percent of Imperial County is undeveloped land under 

federal ownership and jurisdiction. The Salton Sea accounts for approximately 11 percent of 

Imperial County’s surface area. In 2020, sixteen percent (16%) of the area was in irrigated 

agriculture (466,952 acres), including 14,676 acres of the Yuma Project, some 35 sections or 6,227 

acres served by Palo Verde Irrigation District (PVID), and 446,049 acres served by IID.3F

6, 
4F

7  

 

The area served by IID is located in the Imperial Valley, which is generally contiguous with IID’s 

Imperial Unit, lies south of the Salton Sea, north of the U.S./Mexico International Border, and 

generally in the 658,942 acre area between IID’s Westside Main and East Highline Canals.8  In 2020, 

IID delivered untreated water to 494,921 net irrigated acres, predominantly in the Imperial Valley, 

along with small areas of East and West Mesa land , including non-agricultural areas. 

 

The developed area consists of seven incorporated cities (Brawley, Calexico, Calipatria, El Centro, 

Holtville, Imperial and Westmorland), three unincorporated communities (Heber, Niland and 

Seeley), and three institutions (Naval Air Facility [NAF] El Centro, Calipatria CDCR, and Centinela 

CDCR) and supporting facilities. Figure 4 provides a map of the IID Imperial Unit boundary, as well 

as cities, communities and main canals. 

 

 

 

 
5 Imperial County General Plan, Land Use Element 2008 Update 

6 USBR website: Yuma Project.  7 June 2017, PVID website: About Us, Acreage Map. 7 June 2017.  

7 Palo Verde Irrigation District Acreage Map <http://www.pvid.org/pviddocs/acreage_2012.pdf> 7 June 2013 

8 IID Annual Inventory of Areas Receiving Water Years 2017, 2016, 2015  
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Figure 4 IID Imperial Unit Boundary and Canal Network   
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Climate Factors 

 

Imperial Valley, located in the Northern Sonoran Desert, which has a subtropical desert climate is 

characterized by hot, dry summers and mild winters. Clear and sunny conditions typically prevail, 

and frost is rare. The region receives 85 to 90 percent of possible sunshine each year, the highest 

in the United States. Winter temperatures are mild rarely dropping below 32°F, but summer 

temperatures are very hot, with more than 100 days over 100°F each year. The remainder of the 

year has a relatively mild climate with temperatures averaging in the mid-70s. 

 

The 100-year average climate characteristics are provided in Table 4. Rainfall contributes around 

50,000 AF of effective agricultural water per inch of rain. Most rainfall occurs from November 

through March; however, summer storms can be significant in some years.  Annual areawide 

rainfall is shown in Table 5. The thirty-year, 1991-2020, average annual air temperature was 

73.7°F, and average annual rainfall was 2.70 inches, see Table 5 and  Table 6. This record shows 

that while average annual rainfall has fluctuated, the 10-year average temperatures have slightly 

increased over the 30-year averages. 

 

Table 4 Climate Characteristics, Imperial, CA 100-Year Record, 1921-2019 

Climate Characteristic Annual Value 

Average Precipitation (100-year record, 1921-2020) 2.79 inches (In)  

Minimum Temperature, Jan 1937 16 oF  

Maximum Temperature, July 1995 121 oF  

Average Minimum Temperature, 1921-2020 48.2 oF   

Average Maximum Temperature, 1921-2020 98.3 oF   

Average Temperature, 1921-2020 73.0 oF   
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Source: IID Imperial Weather Station Record 
 

Table 5: IID Areawide Annual Precipitation (In), (1991-2020) 

1990 1991 1992 1993 1994 1995 1996 

1.646 3.347 4.939 2.784 1.775 1.251 0.685 

 
1997 1998 1999 2000 2001 2002 2003 

1.328 2.604 1.399 0.612 0.516 0.266 2.402 

 
2004 2005 2006 2007 2008 2009 2010 

4.116 4.140 0.410 1.331 1.301 0.619 3.907 

 
2011 2012 2013 2014 2015 2016 2017 

2.261 2.752 2.772 1.103 2.000 1.867 2.183 

 
2018 2019 2020     

1.305 3.017 2.673     

 
  
Source: Computation based on polygon average of CIMIS as station came online in the WIS.9 

 

Notable from Table 5 (above) and Table 6 (below) is that while average annual rainfall measured 

at IID Headquarters in Imperial, CA, has been decreasing, monthly average temperatures are 

remarkably consistent. 

 

Table 6: Monthly Mean Temperature (oF) – Imperial, CA 10-Year, 30-Year & 100-Year (2011-2020, 1991-2020, 1921-2020) 
 

Jan Feb Mar Apr 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 82 32 57 84 35 60 93 42 67 100 47 73 

30-year 81 34 57 84 37 60 92 41 66 99 47 71 

100-year  80 31 55 86 34 60 91 40 64 99 46 71 
  

May Jun Jul Aug 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 105 53 76 115 61 87 115 70 92 114 70 92 

30-year 105 54 78 112 60 86 115 68 92 114 69 92 

100-year  105 53 78 113 59 86 114 68 92 113 68 92 
  

Sep Oct Nov Dec 

 Max Min Avg Max Min Avg Max Min Avg Max Min Avg 

10-year 111 62 87 101 52 76 91 39 64 80 32 55 

30-year 110 62 87 102 50 76 90 39 64 79 32 55 

100-year  110 60 86 101 49 75 89 38 63 80 32 56 

 

  

 
9 From 1/1/1990-3/23/2004, 3 CIMIS stations: Seeley, Calipatria/Mulberry, Meloland; 3/24/2004-7/5/2009, 4 CIMIS stations 
(added Westmorland N.); 7/6/2009-12/1/2009, 3 CIMIS stations: Westmorland N. offline; 12/2/2009-2/31/2009, 4 CIMIS 
stations, Westmorland N. back online; 1/1/2010-9/20/2010. 
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Table 7 Monthly Mean Rainfall (In) – Imperial, CA 10-Year, 30-Year & 100-Year (2011-2020, 1991-2020, 1921-2020) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

10-year 0.33 0.26 0.22 0.12 0.08 0.01 0.22 0.30 0.28 0.02 0.26 0.42 2.44 

30-year 0.50 0.43 0.31 0.09 0.06 0.00 0.14 0.19 0.26 0.15 0.22 0.40 2.70 

100-year  0.39 0.38 0.25 0.11 0.03 0.00 0.12 0.33 0.36 0.25 0.21 0.51 2.79 

Source: IID WIS: CIMIS stations polygon calculation (Data provided by IID staff). 

 

Imperial Valley depends on the Colorado River for its water, which IID transports, untreated, to 

delivery gates for agricultural, municipal, industrial (including geothermal and solar energy), 

environmental (managed marsh), recreational (lakes), and other non-agricultural uses. IID supplies 

the cities, communities, institutions, and Golden State Water (which includes all or portions 

Calipatria, Niland, and some adjacent Imperial County territory) with untreated water that they 

treat to meet state and federal drinking water guidelines before distribution to their customers. 

Industries outside the municipal areas treat the water to required standards of their industry. To 

comply with U.S. Environmental Protection Agency (USEPA) requirements and avoid termination 

of canal water service, residents in the IID water service area who do not receive treated water 

service must obtain alternative water service for drinking and cooking from a state-approved 

provider. To avoid penalties that could exceed $25,000 a day, IID strictly enforces this rule. The IID 

Water Department tracks nearly 3,200 raw water service accounts required by the California 

Department of Public Health (CDPH) to have alternate state approved drinking water service.  IID 

maintains a small-acreage pipe and drinking water database and provides an annual compliance 

update to CDPH. 

 

IMPERIAL VALLEY HISTORIC AND FUTURE LAND AND WATER USES 

Agricultural development in the Imperial Valley began at the turn of the twentieth century. In 

2020, gross agricultural production for Imperial County was valued at $2,026,427,000 
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, of which an estimated $1,772,462,950 10was produced in the IID water service area.11 While the 

agriculture-based economy is expected to continue, land use is projected to change somewhat 

over the years as industrial and/or alternative energy development and urbanization occur in rural 

areas and in areas adjacent to existing urban centers, respectively.   

 

Brawley Solar Energy Facility, would benefit the Imperial Valley by way of supporting the goals of 

diversification of a growing renewable energy economy and supplying the State of California with 

additional renewable energy.  

 

Imperial Valley’s economy is gradually diversifying. Agriculture will likely continue to be the primary 

industry within the valley; however, two principal factors anticipated to reduce crop acreage are 

renewable energy (geothermal and solar) and urban development. Over the next twenty years, 

urbanization is expected to slightly decrease agriculture land use to provide space for an increase 

in residential, commercial and industrial uses. The transition from agricultural land use typically 

results in a net decrease in water demand for municipal, commercial, and solar energy 

development; and a net increase in water demand for geothermal energy development Local 

energy resources include geothermal, wind, biomass and solar. The County General Plan provides 

for development of energy production centers or energy parks within Imperial County. Alternative 

energy facilities will help California meet its statutory and regulatory goals for increasing 

renewable power generation and use and decrease water demands in Imperial County.   

 

The IID Board has adopted the following policies and programs to address how to accommodate 

water demands under the terms of the Quantification Settlement Agreement and Related 

Agreements (QSA)/ Transfers Agreements and minimize potential negative impacts on agricultural 

water uses:  

 
10 IID Service Area Acre (not including Palo Verde Irrigation District and Yuma Project) 446,049/ 2019 Imperial County Crop Report 

Total Harvested Acres of  527,860 , Take Total Gross Value of $2,026,427,000 multiplied by .85 and multiply by 100 which equates 

to 1,772,462,950 to get the approximate value.  

11  2020 Imperial County Crop and Livestock Report 
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Imperial Integrated Regional Water Management Plan:  adopted by the board on December 18, 

2012, and by the County, the City of Imperial, to meet the basic requirement of California 

Department of Water Resources (CDWR) for an IRWM plan. In all, 14 local agencies adopted the 

2012 Imperial IRWMP.   

 

 Interim Water Supply Policy for Non-Agricultural Projects: adopted by the board on September 

29, 2009, to ensure sufficient water will be available for new development, in particular, 

anticipated renewable energy projects until the board selects and implements capital 

development projects such as those considered in the Imperial IRWMP.  

 

Temporary Land Conversion Fallowing Policy: adopted by the board on May 8, 2012, and revised 

on March 29, 2016, to provide a framework for a temporary, long-term fallowing program to work 

in concert with the IWSP and IID’s coordinated land use/water supply strategy. 

 

Equitable Distribution Plan: adopted by the board on October 28, 2013, to provide a mechanism 

for IID to administer apportionment of the district’s quantified annual supply of Colorado River 

water; IID board approved a resolution repealing the Equitable Distribution Plan (EDP) on February 

6, 2018. A revised EDP is anticipated to be adopted in 2022. 

 

In addition, water users within the IID service area are subject to the statewide requirement of 

reasonable and beneficial use of water under the California Constitution, Article X, section 2. 
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IMPERIAL INTEGRATED REGIONAL WATER MANAGEMENT PLAN (OCTOBER 2012) 

The Imperial Integrated Regional Water Management Plan (IRWMP) serves as the governing 

document for regional water planning to meet present and future water resource needs and 

demands by addressing such issues as additional water supply options, demand management and 

determination and prioritization of uses and classes of service provided.  In November 2012, the 

Imperial County Board of Supervisors approved the Imperial IRWMP, and the City of Imperial City 

Council and the IID Board of Directors approved it in December 2012. Approval by these three (3) 

stakeholders meets the basic requirement of California Department of Water Resources (CDWR) 

for an IRWMP. Through the IRWMP process, IID presented to the region stakeholders options in 

the event long-term water supply augmentation is needed, such as water storage and banking, 

recycling of municipal wastewater, and desalination of brackish water.12 As discussed herein, long 

term water supply augmentation is not anticipated to be necessary to meet proposed Project 

demands.     

 

Chapter 5 of the 2012 Imperial IRWMP addresses water supplies (Colorado River and 

groundwater), demand, baseline and forecasted through 2050; and IID water budget. Chapter 12 

addresses projects, programs and policies, and funding alternatives. Chapter 12 of the IRMWP 

lists, and Appendix N details, a set of capital projects that IID might pursue, including the amount 

of water that might result (AFY) and cost ($/AF) if necessary. These also highlight potential capital 

improvement projects that could be implemented in the future. 

 

Imperial Valley historic 2015 and 2020 and the forecasted future for 2025 to 2055 non-agricultural 

water demand, are provided in Table 8 in five-year increments. Total water demand for non-

agricultural uses is projected to be 201.4  KAF in the year 2055. This is a forecasted increase in the 

use of non-agricultural water from 107.4 KAF for the period of 2015 to 2055.13 These values were 

modified from Chapter 5 of the Imperial IRWMP to reflect updated conditions from the IID 

Provisional Water Balance for calendar year 2015 and 2020. Due to the recession in 2009 and 

 
12 October 2012 Imperial Integrated Regional Water Management Plan, Chapter 12. 
13 Wistaria Solar Ranch, Final Environmental Impact Report, December 2014 
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other factors, non-agricultural growth projections have lessened since the 2012 Imperial IRWMP. 

Projections in Table 8 have been adjusted (reduced by 3%) to reflect IID 2015 and 2020 delivery 

data adjustments. Even with these adjustments, the Table 8 projections for non-agricultural water 

demand within the IID water service area continue to reflect an unlikely aggressive growth. 

 

Table 8: Non-Agricultural Water Demand within IID Water Service Area, 2015-2055 (KAFY) 
 

2015 2020 2025 2030 2035 2040 2045 2050 2055 

Municipal 30.0 30.9 36.8 39.8 41.5 46.3 51.7 57.8 61.9 

Industrial 26.4 26.0 39.8 46.5 53.2 59.9 66.6 73.3 80.0 

Other  5.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

Feedlots/Dairies 17.8 19.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 

Envr Resources 8.3 9.2 12.0 12.0 12.0 12.0 12.0 12.0 12.0 

Recreation 7.4 9.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

Service Pipes 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 

Total Non Ag 107.4 113.1 136.1 145.8 154.2 165.7 177.8 190.6 201.4 

Notes: 2015 non-agricultural water demands are from IID 2015 Provisional Water Balance rerun 03/28/2019 2020-2055 demands are 
modified from 2012 Imperial IRWMP Chapter 5, Table 5-22 p 5-50 based on IID 2015 Provisional Water Balance.  2020 non-agricultural water 
demands are from IID2020 Provisional Water Balance rerun on 01/25/2021 2025-2055 demands are modified from 2012 Imperial IRWMP 
Chapter 5, Table 5-22 P5-50 based on IID 2020 Provisional Water Balance. Industrial Demand includes geothermal, but not solar, energy 
production. 

 

 

Agricultural evapotranspiration (ET) demand of approximately 1,476.4 KAF in 2015, decreased in 

2020 to around 1,442.2 KAF.  The termination of fallowing programs provided 103.5 KAF of water 

for Salton Sea mitigation in 2017. Forecasted agricultural ET remains constant, as reductions in 

water use are to come from efficiency conservation not reduction in agricultural production.  

Market forces and other factors may impact forecasted future water demand.  

 

Table 9 provides the 2015 and 2020 historic and 2025-2055 forecasted agricultural consumptive 

use and delivery demand within the IID water service area. When accounting for agriculture ET, 

tailwater and tilewater, total agricultural consumptive use (CU) demand ranges from 2,157.9 KAF 

in 2015 to 2,208.5 KAF in 2055. Forecasted total agricultural delivery demand is around 1 KAFY 

higher than the CU demand, ranging from 2,158.9 KAF in 2015 to 2,209.5 KAF in 2055.  

Table 9: Historic and forecasted Agricultural Water Consumptive Use and Delivery Demand within IID Water Service Area, 2015-

2055 (KAFY) 
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2015 2020 2025 2030 2035 2040 2045 2050 2055 

Ag ET from Delivered & 
Stored Soil Water 

1,476.4 
1,442.2 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 1,567.5 

Ag Tailwater to Salton 
Sea 

282.9 
312.9 268.0 218.0 218.0 218.0 218.0 218.0 218.0 

Ag Tilewater to Salton 
Sea 

398.6 
410.2 423.0 423.0 423.0 423.0 423.0 423.0 423.0 

Total Ag CU Demand 2,157.9 2,165.4 2,258.5 2,208.5 2,208.5 2,208.5 2,208.5 2,208.5 2,208.5 

Subsurface Flow to 
Salton Sea 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Total Ag Delivery 
Demand 

2,158.9 
2,166.4 2,259.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 

Notes: 2015 record from IID 2015 Provisional Water Balance rerun 06/28/2019; 2020-2055 forecasts from spreadsheet used to develop 

Figure 19, et seq. in Imperial IRWMP Chapter 5 (Data provided by IID staff).  

In addition to agricultural and non-agricultural water demands, system operational demands must 

be included to account for operational discharge, main and lateral canal seepage; and for All 

American Canal (AAC) seepage, river evaporation and phreatophyte ET from Imperial Dam to IID’s 

measurement site at AAC Mesa Lateral 5. These system operation demands are shown in Table 10. 

IID measures system operational uses and at All-American Canal Station 2900 just upstream of 

Mesa Lateral 5 Heading. Total system operational use for 2020 was 167 KAF, including 10 KAF of 

LCWSP input, 39.8 KAF of seepage interception input, and 40  KAF of unaccounted canal water 

input. 

Table 10 IID System Operations Consumptive Use within IID Water Service Area and from AAC at Mesa Lateral 5 to Imperial Dam, 

(KAF), 2020 

Delivery System Evaporation 24.4 

Canal Seepage  90.8 

Canal Spill  10.1 

Lateral Spill 121.5 

Seepage Interception  -39.0 

Unaccounted Canal Water -40.0 

Total System Operational Use, In valley 167.8 

Imperial Dam to AAC @ Mesa Lat 5 (Dam-Mesa Lat 5) 9.2 

LCWSP -10 

Total System Operational Use in 2020 167.0 

Source: 2020 IID Water Balance rerun 01/25/2021 
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IID INTERIM WATER SUPPLY POLICY FOR NON-AGRICULTURAL PROJECTS (SEPTEMBER 
2009) 
 

The IID IWSP provides a mechanism to address water supply requests for projects being developed 

within the IID service area. The IWSP designates up to 25,000 AFY of IID’s annual Colorado River 

water supply for new non-agricultural projects, provides a mechanism and process to develop a 

water supply agreement for any appropriately permitted project, and establishes a framework and 

set of fees to ensure the supplies used to meet new demands do not adversely affect existing users 

by funding water conservation or augmentation projects as needed. 14 

 

Depending on the nature, complexity and water demands of the proposed project, new projects 

may be charged a one-time Reservation Fee and an annual Water Supply Development Fee for the 

contracted water volume used solely to assist in funding new water supply projects.  The 

applicability of the fee to certain projects will be determined by IID on a case-by-case basis, 

depending on the proportion of types of land uses and water demand proposed for a project.  The 

2021 fee schedule is shown in Table 11. 

 

Table 11 Interim Water Supply Policy 2021 Annual Non-Agricultural Water Supply Development Fee Schedule 

Annual Demand (AF) Reservation Fee ($/AF)* Development Fee ($/AF)* 

0-500 $75.40 $301.59 

501-1000 $106.16 $424.64 

1001-2500 $133.30 $533.22 

2501-5000 $164.67 $658.68 

Adjusted annually in accordance with the Consumer Price Index (CPI). 

 

IID customers with new projects receiving water under the IWSP will be charged the appropriate 

water rate based on measured deliveries, see IID Water Rate Schedules.  As of September 2021, 

IID has issued one Water Supply Agreement for 1,200 AFY, leaving a balance of 23,800 AFY of 

supply available for contracting under the IWSP. 

 

 
14 IID website: Municipal, Industrial and Commercial Customers. 
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IID Temporary Land Conversion Fallowing Policy (May 2012) 

Imperial County planning officials determined that renewable energy facilities were consistent 

with the county’s agricultural zoning designation and began issuing CUPs for these projects with 

ten- to twenty-year terms. These longer-term, but temporary, land use designations were not 

conducive to a coordinated land use/water supply policy as envisioned in the Imperial IRWMP, 

because temporary water supply assignments during a conditional use permit (CUP) term were 

not sufficient to meet the water supply verification requirements for new project approvals. 

Agricultural landowners also sought long-term assurances from IID that, at project termination, 

irrigation service would be available for them to resume their farming operations.  

 

Based on these conditions, IID determined it had to develop a water supply policy that conformed 

to the local land use decision-making in order to facilitate new development and economic 

diversity in Imperial County which has resulted in the IID Temporary Land Conversion Fallowing Policy 

(TLCFP).15  IID concluded that certain lower water use projects could still provide benefits to local 

water users. The resulting benefits; however, may not be to the same categories of use (e.g., MCI) 

but to the district as a whole.  

 

At the general manager’s direction, staff developed a framework for a fallowing program that 

could be used to supplement the IWSP and meet the multiple policy objectives envisioned for the 

coordinated land use/water supply strategy. Certain private projects that, if implemented, will 

temporarily remove land from agricultural production within the district’s water service area 

include renewable solar energy and other non-agricultural projects. Such projects may need a 

short-term water supply for construction and decommissioning activities and longer-term water 

service for facility operation and maintenance or for treating to potable water standards. 

Conserved water will be credited to the extent that water use for the project is less than historic 

water use for the project site’s footprint as determined by the ten year water use history.16 

 
15 IID website: Temporary Land Conversion Fallowing Policy (TLCFP), and The TLCFP are the sources of the text for this section. 

16 For details of how water conservation yield attributable to land removed from agricultural production and temporarily 

fallowed is computed, see TLCFP for Water Conservation Yield. 
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Water demands for certain non-agricultural projects are typically less than that required for 

agricultural production; this reduced demand allows water to be made available for other users 

under IID’s annual consumptive use cap. This allows the district to avail itself of the ability during 

the term of the QSA/Transfer Agreements under CWC Section 1013 to create conserved water 

through projects such as temporary land fallowing conservation measures. This conserved water 

can then be used to satisfy the district’s conserved water transfer obligation and for environmental 

mitigation purposes. 

 

Under the terms of the legislation adopted to facilitate the QSA/Transfer Agreements and enacted 

in CWC Section 1013, the TLCFP was adopted by the IID board on May 8, 2012 and revised on 

March 29, 2016 to update the fee schedule for 2016. This policy provides a framework for a 

temporary, long-term fallowing program to work in concert with the IWSP. While conserved water 

generated from the TLCFP is limited by law for use for water transfer or environmental purposes, 

by satisfying multiple district objectives the TLCFP serves to reduce efficiency conservation and 

water use reduction demands on IID water users, thus providing district wide benefits. 

 

IMPERIAL IRRIGATION DISTRICT’S WATER RIGHTS 

The laws and regulations that influence IID’s water supply are noted in this section. The Law of the 

River (as described below), along with the 2003 Quantification Settlement Agreement and Related 

Agreements serve as the laws, regulations and agreements that primarily influence the findings of 

this WSA.  These agreements grant California the most senior water rights along the Colorado 

River and IID specify that IID has access to 3.1 MAF per year.  These two components will influence 

future decisions in terms of water supply during periods of shortages.  
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CALIFORNIA LAW 

IID’s has a longstanding right to divert Colorado River water, and IID holds legal titles to all of its 

water and water rights in trust for landowners within the district (CWC §20529 and §22437; Bryant 

v. Yellen, 447 U.S. 352, 371 (1980), fn.23.). Beginning in 1885, a number of individuals, as well as 

the California Development Company, made a series of appropriations of Colorado River water 

under California law for use in the Imperial Valley. The rights to these appropriations were among 

the properties acquired by IID from the California Development Company. 

 

LAW OF THE RIVER 

Colorado River water rights are governed by numerous compacts, state and federal laws, court 

decisions and decrees, contracts, and regulatory guidelines collectively known as the “Law of the 

River.” Together, these documents form the basis for allocation of the water, regulation of land 

use, and management of the Colorado River water supply among the seven basin states and 

Mexico. 

Of all regulatory literature that governs Colorado River water rights, the following are the specifics that 

impact IID: 

• Colorado River Compact (1922) 
• Boulder Canyon Project Act (1928) 
• California Seven-Party Agreement (1931) 
• Arizona v. California US Supreme Court Decision (1964, 1979) 
• Colorado River Basin Project Act (1968) 
• Quantification Settlement Agreement and Related Agreements (2003) 
• 2003 Colorado River Water Delivery Agreement: Federal QSA for purposes of Section 5(b) 

Interim Surplus Guidelines (CRWDA) 
• 1970 Criteria for Coordinated Long-Range Operation of Colorado River Reservoirs 
• Annual Operating Plan (AOP) for Colorado River Reservoirs 
• 2007 Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated 

Operations for Lakes Powell and Mead (2007 Interim Guidelines) 
 

COLORADO RIVER COMPACT (1922) 

With authorization of their legislatures and urging of the federal government, representatives from 

the seven Colorado River basin states began negotiations regarding distribution of water from the 

Colorado River in 1921. In November 1922, an interstate agreement called the “Colorado River 

Compact” was signed by the representatives giving the Lower Basin perpetual rights to annual 

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

36 | P a g e  
 

apportionments of 7.5 million acre-feet (MAF) of Colorado River water ( 75 MAF over ten years). 

The Upper Basin was to receive the remainder, which based on the available hydrological record 

was also expected to be 7.5 MAF annually, with enough left over to provide 1.5 MAF annually to 

Mexico. 

 

BOULDER CANYON PROJECT ACT (1928) 

Provisions in the 1928 Boulder Canyon Project Act made the compact effective and authorized 

construction of Hoover Dam and the All-American Canal, and served as the United States’ consent 

to accept the Compact. Through a Presidential Proclamation on June 25, 1929, this act resulted in 

ratification of the Compact by six of the basin states and required California to limit its annual 

consumptive use to 4.4 MAF of the lower basin’s apportionment plus not less than half of any 

excess or surplus water unportioned by the Compact. A lawsuit was filed by the State of Arizona 

after its refusal to sign. Through the implementation of its 1929 Limitation Act, California abided 

by this federal mandate. The Boulder Canyon Act authorized the Secretary of the Interior 

(Secretary) to “contract for the storage of water… and for the delivery thereof… for irrigation and 

domestic uses,” and additionally defined the lower basin’s 7.5 MAF apportionment split, with an 

annual allocation 0.3 MAF to Nevada, 2.8 MAF to Arizona, and 4.4 MAF to California. Even though 

the three states never formally settled or agreed to these terms, a 1964 Supreme Court decision 

(Arizona v. California, 373 U.S. 546) declared the three states’ consent to be insignificant since the 

Boulder Canyon Project Act was authorized by the Secretary. 

 

CALIFORNIA SEVEN-PARTY-AGREEMENT (1931) 

Following implementation of the Boulder Canyon Project Act, the Secretary requested that 

California make recommendations regarding distribution of its apportionment of Colorado River 

water. In August 1931, under chairmanship of the State Engineer, the California Seven-Party 

Agreement was developed and authorized by the affected parties to prioritize California water 

rights. The Secretary accepted this agreement and established these priorities through General 

Regulations issued in September of 1931. The first four (4) priority allocations account for 

California's annual apportionment of 4.4 MAF, with agricultural entities using 3.85 MAF of that 
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total. Additional priorities are defined for years in which the Secretary declares that excess waters 

are available. 

 

ARIZONA V. CALIFORNIA U.S. SUPREME COURT DECISION (1964, 1979) 

The 1964 Supreme Court decision settled a 25-year disagreement between Arizona and California 

that stemmed from Arizona’s desire to build the Central Arizona Project to enable use of its full 

apportionment. California’s argument was that as Arizona used water from the Gila River, which is 

a Colorado River tributary, it was using a portion of its annual Colorado River apportionment. An 

additional argument from California was that it had developed a historical use of some of Arizona’s 

apportionment, which, under the doctrine of prior appropriation, precluded Arizona from 

developing the project. California’s arguments were rejected by the U.S. Supreme Court. Under 

direction of the Supreme Court, the Secretary was restricted from delivering water outside of the 

framework of apportionments defined by law. Preparation of annual reports documenting 

consumptive use of water in the three lower basin states was also mandated by the Supreme 

Court. In 1979, present perfected water rights (PPRs) referred to in the Colorado River Compact 

and in the Boulder Canyon Project Act were addressed by the Supreme Court in the form of a 

Supplemental Decree. 

 

In March of 2006, a Consolidated Decree was issued by the Supreme Court to provide a single 

reference to the conditions of the original 1964 decrees and several additional decrees in 1966, 

1979, 1984 and 2000 that stemmed from the original ruling. The Consolidated Decree also reflects 

the settlements of the federal reserved water rights claim for the Fort Yuma Indian Reservation. 

 

COLORADO RIVER BASIN PROJECT ACT (1968) 

In 1968, various water development projects in both the upper and lower basins, including the 

Central Arizona Project (CAP) were authorized by Congress. Under the Colorado River Basin Project 

Act, priority was given to California’s apportionment over (before) the CAP water supply in times 

of shortage. Also under the act, the Secretary was directed to prepare long-range criteria for the 

Colorado River reservoir system in consultation with the Colorado River Basin States. 
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QUANTIFICATION SETTLEMENT AGREEMENT AND RELATED AGREEMENTS (2003) 

With completion of a large portion of the CAP infrastructure in 1994, creation of the Arizona Water Banking 

Authority in 1995, and the growth of Las Vegas in the 1990s, California encountered increasing pressure to 

live within its rights under the Law of the River. After years of negotiating among Colorado River Compact 

States and affected California water delivery agencies, a QSA and Related Agreements and documents were 

signed on October 10, 2003, by the Secretary of Interior, IID, Coachella Valley Water District (CVWD), 

Metropolitan Water District of Southern California (MWD), San Diego County Water Authority (SDCWA), 

and other affected parties. 

The Quantification Settlement Agreement and Related Agreements (QSA/Transfer Agreements) 

are a set of interrelated contracts that resolve certain disputes among the United States, the State 

of California, IID, MWD, CVWD and SDCWA, for a period of 35 to 75 years, regarding the reasonable 

and beneficial use of Colorado River water; the ability to conserve, transfer and acquire conserved 

Colorado River water; the quantification and priority of Priorities 3(a) and 6(a)17 within California 

for use of Colorado River water; and the obligation to implement and fund environmental impact 

mitigation. 

 

Conserved water transfer agreements between IID and SDCWA, IID and CVWD, and IID and MWD are all 

part of the QSA/Transfer Agreements. For IID, these contracts identify conserved water volumes and 

establish transfer schedules along with price and payment terms. As specified in the agreements, IID will 

transfer nearly 415,000 AF annually over a 35-year period (or loner), as follows:  

• to MWD 110,000 AF [modified to 105,000 AF in 2007],  
• to SDCWA 200,000 AF,  
• to CVWD and MWD combined 103,000 AF, and  
• to certain San Luis Rey Indian Tribes 11,500 AFY of water.  

 

 
17 Priorities 1, 2, 3(b), 6(b), and 7 of current Section 5 Contracts for the delivery of Colorado River water in the State of California 

and Indian and miscellaneous Present Perfected Rights within the State of California and other existing surplus water contracts 

are not affected by the QSA Agreement. 
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All of the conserved water will ultimately come from IID system and on-farm efficiency 

conservation improvements. In the interim, IID has implemented a Fallowing Program to generate 

water associated with Salton Sea mitigation related to the impacts of the IID/SDCWA water 

transfer, as required by the State Water Resources Control Board, which ran from 2003 through 

2017. In return for its QSA/Transfer Agreements programs and deliveries, IID will receive payments 

totaling billions of dollars to fund needed efficiency conservation measures and to pay growers for 

conserved on-farm water, so IID can transfer nearly 14.5 MAF of water without impacting local 

productivity. In addition, IID will transfer to SDCWA 67,700 AFY annually of water conserved from 

the lining of the AAC in exchange for payment of lining project costs and a grant to IID of certain 

rights to use the conserved water. In addition to the 105,000 acre-feet of water currently being 

conserved under the 1988 IID/MWD Conservation Program, these more recent agreements define 

an additional 303,000 AFY to be conserved by IID from on-farm and distribution system 

conservation projects for transferred to SDCWA, CVWD, and MWD. 

 

COLORADO RIVER WATER DELIVERY AGREEMENT (2003) 11F

18 

As part of QSA/Transfer Agreements among California and federal agencies, the Colorado River 

Water Delivery Agreement (CRWDA): Federal QSA for purposes of Section 5(b) Interim Surplus 

Guidelines was entered into by the Secretary of the Interior, IID, CVWD, MWD and SDCWA.  This 

agreement involves the federal government because of the change in place of diversion from 

Imperial Dam into the All-American Canal to Parker Dam into MWD’s Colorado River Aqueduct.  

The CRWDA assists California to meet its “4.4 Plan” goals by quantifying deliveries for a specific 

number of years for certain Colorado River entitlements so transfers may occur.  In particular, for 

the term of the CRWDA, quantification of Priority 3(a) was affected through caps on water 

deliveries to IID (consumptive use of 3.1 MAF per year) and CVWD (consumptive use of 330 KAF 

per year). In addition, California’s Priority 3(a) apportionment between IID and CVWD, with 

provisions for transfer of supplies involving IID, CVWD, MWD and SDCWA are quantified in the 

CRWDA for a period of 35 years or 45 years (assumes SDCWA does not terminate in year 35) or 75 

years (assumes SDCWA and IID mutually consent to renewal term of 30 years). 

 
18 CRWDA: Federal QSA accessed 7 June 2017. 
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Allocations for consumptive use of Colorado River water by IID, CVWD and MWD that will enable 

California to stay within its basic annual apportionment (4.4 MAF plus not less than half of any 

declared surplus) are defined by the terms of the QSA/Transfer Agreements (Table 12). As 

specified in the QSA/Transfer Agreements, by 2026, IID annual use within (Imperial Valley) is to be 

reduced to just over 2.6 MAF of its 3.1 MAF quantified annual apportionment. The remaining 

nearly 500,000 AF (which includes the 67,000 AF from AAC lining) are to be transferred annually 

to urban water users outside of the Imperial Valley. 

 

Table 12 CRWDA Annual 4.4 MAF Apportionment (Priorities 1 to 4) for California Agencies (AFY) 

User Apportionment (AFY) 

Palo Verde Irrigation District and Yuma Project*  420,000 

Imperial Irrigation District  3,100,000 

Coachella Valley Water District  330,000 

Metropolitan Water District of Southern California* 550,000 

Total: 4,400,000 

* PVID and Yuma Project did not agree to a cap; value represents a contractual obligation by MWD to assume responsibility for any overages 
or be credited with any volume below this value. 
Notes: All values are consumptive use at point of Colorado River diversion: Palo Verde Diversion Dam (PVID), Imperial Dam (IID and CVWD), and 
Parker Dam (MWD). Source: IID Annual Water Report  

Quantification of Priority 6(a) was effected through quantifying annual consumptive use amounts 

to be made available in order of priority to MWD (38 KAF), IID (63 KAF), and CVWD (119 KAF) with 

the provision that any additional water available to Priority 6(a) be delivered under IID’s and 

CVWD’s existing water delivery contract with the Secretary 12F

19  The CRWDA provides that the 

underlying water delivery contract with the Secretary remain in full force and effect (Colorado 

River Documents 2008, Chapter 6, pages 6-12 and 6-13). The CRWDA also provides a source of 

water to effect a San Luis Rey Indian Water rights settlement.  Additionally, the CRWDA satisfies 

the requirement of the 2001 Interim Surplus Guidelines (ISG) that a QSA be adopted as a 

prerequisite to the interim surplus determination by the Secretary in the ISG. 

 

INADVERTENT OVERRUN PAYBACK POLICY (2003) 
 

The CRWDA Inadvertent Overrun Payback Policy (IOPP), adopted by the Secretary 

contemporaneously with the execution of the CRWDA, provides additional flexibility to Colorado 

 
19 When water levels in the Colorado River reservoirs are low, Priority 5, 6 and 7 apportionments are not available for diversion. 
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River management and applies to entitlement holders in the Lower Division States (Arizona, 

California and Nevada)13F

20  The IOPP defines inadvertent overruns as “Colorado River water 

diverted, pumped, or received by an entitlement holder of the Lower Division States that is in 

excess of the water users’ entitlement for the year.” An entitlement holder is allowed a maximum 

overrun of 10 percent (10%) of its Colorado River water entitlement. 

 

In the event of an overrun, the IOPP provides a mechanism to payback the overrun. When the 

Secretary has declared a normal year for Colorado River diversions, a contractor has from one to 

three years to pay back its obligation, with a minimum annual payback equal to 20 percent of the 

entitlement holder’s maximum allowable cumulative overrun account or 33.3 percent of the total 

account balance, whichever is greater.  However, when Lake Mead is below 1125 feet on January 

1, the terms of the IOPP require that the payment of the inadvertent overrun obligation be made 

in the calendar year after the overrun is reported in the USBR Lower Colorado Region Colorado 

River Accounting and Water Use Report [for] Arizona, California, and Nevada (Decree Accounting 

Report).14F

21 

 

1970 CRITERIA FOR COORDINATED LONG-RANGE OPERATION OF COLORADO RIVER RESERVOIRS  
 

The 1970 Operating Criteria control operation of the Colorado River reservoirs in compliance with 

requirements set forth in the Colorado River Compact of 1922, the United States-Mexico Water 

Treaty of 1944, the Colorado River Storage Project Act of 1956, the Boulder Canyon Projects Act 

(Lake Mead) and the Colorado River Basin Project Act (Upper Basin Reservoirs) of 1968, and other 

applicable federal laws. Under these Operating Criteria, the Secretary makes annual 

determinations published in the USBR Annual Operating Plan for Colorado River Reservoirs 

(discussed below) regarding the release of Colorado River water for deliveries to the lower basin 

states.  A requirement to equalize active storage between Lake Powell and Lake Mead when there 

 
20 USBR, 2003 CRWDA ROD Implementation Agreement, IOPP and Related Federal Actions Final EIS. Section IX. Implementing 
the Decision A. Inadvertent Overrun and Payback Policy. Pages 16-19 of 34. 
21 2003 CRWDA ROD. Section IX. A.6.c,, page 18 of 34. 
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is sufficient storage in the Upper Basin is included in these operating criteria. Figure 5 identifies 

the major storage facilities at the upper and lower basin boundaries. 

 

ANNUAL OPERATING PLAN FOR COLORADO RIVER RESERVOIRS (Applicable Only if Lake Mead has 

Surplus/Shortage) 

The AOP is developed in accordance with Section 602 of the Colorado River Basin Project Act 

(Public Law 90-537); the Criteria for Coordinated Long-Range Operations of Colorado River 

Reservoirs Pursuant to the Colorado River Basin Project Act of 1968, as amended, promulgated by 

the Secretary of the Interior; and Section 1804(c)(3) of the Grand Canyon Protection Act (Public 

Law 102-575). As part of the AOP process, the Secretary makes determinations regarding the 

availability of Colorado River water for deliveries to the lower basin states, including whether 

normal, surplus, and shortage conditions are in effect on the lower portion of the Colorado River. 

 

2007 COLORADO RIVER INTERIM GUIDELINES FOR LOWER BASIN SHORTAGES (2007 INTERIM 

GUIDELINES) 

A multi-year drought in the Colorado River Upper Basin triggered the need for the 2007 Interim Shortage 

Guidelines. In the summer of 1999, Lake Powell was essentially full with reservoir storage at 97 percent of 

capacity.  However, precipitation fell off starting in October 1999 and 2002 inflow was the lowest recorded 

since Lake Powell began filling in 1963.22,23 By August 2011, inflow was 279 percent (279%) of average; 

however, drought resumed in 2012 and continued through calendar year 2020. Using the record in Table 

13, average unregulated inflow to Lake Powell for water years 2000-2020 is 0.733  percent (73%); or if 2011 

is excluded, 0.7015 percent (70%) of the historic average, see Table 13. 

 

Table 13: Unregulated Inflow to Lake Powell, Percent of Historic Average, 2000-2020 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

62% 59% 25% 51% 49% 105% 73% 68% 102% 88% 73% 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020  

136% 35% 49% 90% 83% 80% 101% 36% 120% 54%  

Source UCR Water Operations: Historic Data (2000-2020)  

 

 

 
22  Water Year: October 1 through September 30 of following year, so water year ending September 30, 1999  
23 Drought in the Upper Colorado River Basin.  August 2011 

PC ORIGINAL PKG

https://www.usbr.gov/rsvrWater/HistoricalApp.html
https://www.usbr.gov/uc/feature/drought.html


DRAFT Water Supply Assessment | Annette Leon 
 

43 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Major Colorado River Reservoir Storage Facilities and Basin Location Map 

Source: Final EIS – Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for 
Lake Powell and Lake Mead, Volume 1 Chapter 1 Purpose and Need , p  I-10. 
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In the midst of the drought period, USBR developed 2007 Interim Guidelines with consensus 

from the seven basin states, which selected the Draft EIS Preferred Alternative as the basis for 

USBR’s final determination. The basin states found the Preferred Alternative best met all 

aspects of the purpose and need for the federal action. 16F

24  
 

The 2007 interim Guidelines Preferred Alternative highlights the following:  

1. The need for the Interim Guidelines to remain in place for an extended period of time. 

2. The desirability of the Preferred Alternative based on the facilitated consensus 

recommendation from the basin states. 

3. The likely durability of the mechanisms adopted in the Preferred Alternative in light of the 

extraordinary efforts that the basin states and water users have undertaken to develop 

implementing agreements that will facilitate the water management tools (shortage 

sharing, forbearance, and conservation efforts) identified in the Preferred Alternative 

4. That the range of elements in the Preferred Alternative will enhance the Secretary’s ability 

to manage the Colorado River reservoirs in a manner that recognizes the inherent tradeoffs 

between water delivery and water storage. 

 

In June 2007, USBR announced that a preferred alternative for Colorado River Interim Guidelines 

for Lower Basin Shortages and Coordinated Operations of Lake Powell and Lake Mead (Final 

Preferred Alternative) had been determined. The Final Preferred Alternative, based on the basin 

states’ consensus alternative and an alternative submitted by the environmental interests called 

“Conservation Before Shortage,” is comprised of four key operational elements which are to guide 

operations of Lake Powell and Lake Mead through 2026 are: 

 

1. Shortage strategy for Lake Mead and Lower Division states: The Preferred Alternative 

proposed discrete levels of shortage volumes associated with Lake Mead elevations to 

conserve reservoir storage and provide water users and managers in the Lower Basin with 

 
24 USBR Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake 
Mead <http://www.usbr.gov/lc/region/programs/strategies.html> 
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greater certainty to know when, and by how much, water deliveries will be reduced during 

low reservoir conditions.  

2. Coordinated operations of Lake Powell and Lake Mead: The Preferred Alternative 

proposed a fully coordinated operation of the reservoirs to minimize shortages in the 

Lower Basin and to avoid risk of curtailments of water use in the Upper Basin.  

3. Mechanism for storage and delivery of conserved water in Lake Mead: The Preferred 

Alternative proposed the Intentionally Created Surplus (ICS) mechanism to provide for the 

creation, accounting, and delivery of conserved system and non-system water thereby 

promoting water conservation in the Lower Basin. Credits for Colorado River or non-

Colorado River water that has been conserved by users in the Lower Basin creating an ICS 

would be made available for release from Lake Mead at a later time. The total amount of 

credits would be 2.1 MAF, but this amount could be increased up to 4.2 MAF in future 

years.  

4. Modifying and extending elements of the Interim Surplus Guidelines (ISG). The ISG 

determines conditions under which surplus water is made available for use within the 

Lower Division states.  These modifications eliminate the most liberal surplus conditions 

thereby leaving more water in storage to reduce the severity of future shortages.  

With respect to the various interests, positions and views of the seven basin states, this provision 

adds an important element to the evolution of the legal framework for prudent management of 

the Colorado River.  Furthermore, the coordinated operation element allows for adjustment of 

Lake Powell releases to respond to low reservoir storage conditions in either Lake Powell or Lake 

Mead.25 States found the Preferred Alternative best met all aspects of the purpose and need for 

the federal action.26  The 2007 Interim Guidelines are in place from 2008 through December 31, 

2025 (through preparation of the 2026 Annual Operating Plan). 

 

 
25 For a discussion of the 2007 Interim Guidelines, see: Intermountain West Climate Summary by The Western Water Assessment, 

issued Jan. 21, 2008, Vol. 5, Issue 1, January 2009 Climate Summary, Feature Article, pages 5-7, 22 Mar 2013. 

26 USBR Colorado River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake Mead. 
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LOWER COLORADO REGION WATER SHORTAGE OPERATIONS 

The drought in the Colorado River watershed has continued through 2021 despite an increase in 

observed runoff in August 2011 when unregulated inflow to Lake Powell was 279 percent of the 

average.  Since 2000, Lake Mead has been below the “average” level of lake elevations (see Figure 

6).  Such conditions have caused the preparation of shortage plans for waters users in Arizona and 

Nevada, and in Mexico. 

 

 

Figure 6: Lake Mead Water Elevation Levels 2020 

 visit <http://www.arachnoid.com/NaturalResources/index.html> 
 

According to guidelines put in place in 2007, Arizona and Nevada begin to take shortages when 

the water elevation in Lake Mead falls below 1,075 feet. The volumes of shortages increase as 

water levels fall to 1,050 feet and again at 1,025 feet.  In 2012, Mexico agreed to participate in a 

5-year pilot agreement to share specific volumes of shortages at the same elevations. The 2007 

interim shortage guidelines contain no reductions for California, which has senior water rights to 

the Central Arizona Project water supply, through 2025 when the guidelines expire.  If Lake Mead's 

elevation drops to 1,025 feet, a re-consultation process would be triggered among the basin states 
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to address next steps.  Consultation would start out within each state, then move to the three 

lower basin states, followed by all seven states and the USBR. Mexico will then be brought into 

the process unless they choose to participate earlier.   

 

IMPERIAL IRRIGATION DISTRICT WATER SUPPLY AND DEMAND 

SB 610 requires an analysis of a normal, single dry, and multiple dry water years to show that 

adequate water is available for the proposed Project in various climate scenarios for at minimum 

20 years.  Water availability for this Project in a normal year is no different from water availability 

during a single-dry and multiple-dry year scenarios.  This is due to the small effect rainfall has on 

water availability in IID’s arid environment along with IID’s strong entitlements to the Colorado 

River water supply.  Local rainfall does have some impact on how much water is consumed (i.e., if 

rain falls on agricultural lands, those lands will not demand as much irrigation), but does not impact 

the definition of a normal year, a single-dry year or a multiple-dry year scenario.   

 

WATER AVAILABILITY – NORMAL YEAR  

IID is entitled to annual net consumptive use of 3.1 MAF of Colorado River, less its QSA/Transfer 

Agreement obligations. Imperial Dam, located north of Yuma, Arizona, serves as a diversion 

structure for water deliveries throughout southeastern California, Arizona and Mexico. Water is 

transported to the IID water service area through the AAC for use throughout the Imperial Valley. 

IID historic and forecast net consumptive use volumes at Imperial Dam from CRWDA Exhibit B are 

shown in Table 14.   Volumes for 2003-2020 are adjusted for USBR Decree Accounting historic 

records.  Volumes for 2021-2077 are from CRWDA Exhibit B modified to reflect 2014 Letter 

Agreement changes to the 1988 IID/MWD Water Conservation Agreement.27 

  

 
27 2014 Imperial Irrigation District Letter Agreement for Substitution and Conservation Modifications to the IID/MWD Water 

Conservation Agreement - December 17, 2014. 
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Table 14 IID Historic and Forecast Net Consumptive Use for Normal Year, Single-Dry Year and Multiple-Dry Year Water Supply, 2003-

2037, et seq. (CRWDA Exhibit B) 

IID Quantification and Transfers, Volumes in KAF at Imperial Dam 1 

Col  1 2 3 4 5 6 7 8 9 10 11 

Year 

IID Priority 3(a)   

IID 3(a) 
Quantified 

Amount 

IID Reductions IID Net 
[Available for] 
Consumptive 

Use 
(Col 2 - 10) 

 
1988 
MWD 

Transfer 2 

 
SDCWA 
Transfer 

AAC 
Lining 

Salton Sea 
Mitigation 

SDCWA 
Transfer 3 

Intra- 
Priority 3 

CVWD 
Transfer 

MWD 
Transfer w\ 
Salton Sea 

Restoration 4 
Misc. 
PPRs 

IID Total 
Reduction 

(Σ Cols 3-9) 5 

2003 3,100 105.1 10.0 0.0 0.0 0.0 0.0 11.5 126.6 2978.2 

2004 3,100 101.9 20.0 0.0 15.0 0.0 0.0 11.5 148.4 2743.9 

2005 3,100 101.9 30.0 0.0 15.0 0.0 0.0 11.5 158.4 2756.8 

2006 3,100 101.2 40.0 0.0 20.0 0.0 0.0 11.5 172.7 2909.7 

2007 3,100 105.0 50.0 0.0 25.0 0.0 0.0 11.5 191.5 2872.8 

2008 3,100 105.0 50.0 8.9 26.0 4.0 0.0 11.5 205.4 2825.1 

2009 3,100 105.0 60.0 65.5 30.1 8.0 0.0 11.5 280.1 2566.7 

2010 3,100 105.0 70.0 67.7 33.8 12.0 0.0 11.5 294.8 2540.5 

2011 3,100 103.9 63.3 67.7 0.0 16.0 0.0 11.5 262.4 2915.8 

2012 3,100 104.1 106.7 67.7 15.2 21.0 0.0 11.5 326.2 2,903.2 

2013 3,100 105.0 100.0 67.7 71.4 26.0 0.0 11.5 381.6 2,554.9 

2014 3,100 104.1 100.0 67.7 89.2 31.0 0.0 11.5 403.5 2,533.4 

2015 3,100 107.82 100.0 67.7 153.3 36.0 0.0 11.5 476.3 2,480.9 

2016 3,100 105.0 100.0 67.7 130.8 41.0 0.0 11.5 456.0 2,504.3 

2017 3,100 105.0 100.0 67.7 105.3 45.0 0.0 9.9 432.9 2,667.1.  

2018 3,100 105 130 67.7 0.1 63 0.0 9.7 375.5 2,724.5 

2019 3,100 105 160 67.7 46.55 68 0.0 6.9 454.2 2,645.8 

2020 3,100 105 192.5 67.7 0.0 73 0.0 9.8 448.0 2,652.0 

2021 3,100 105 205 67.7 0 78 0.0 11.5 467.2 2,632.8 

2022 3,100 105 203 67.7 0 83 0.0 11.5 470.2 2,629.8 

2023 3,100 105 200 67.7 0 88 0.0 11.5 472.2 2,627.8 

2024 3,100 105 200 67.7 0 93 0.0 11.5 477.2 2,622.8 

2025 3,100 105 200 67.7 0 98 0.0 11.5 482.2 2,617.8 

2026 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2027 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2028 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2029-37 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2038-47 6 3,100 105 200 67.7 0 103 0.0 11.5 487.2 2,612.8 

2048-77 7 3,100 105 200 67.7 0 50 8 0.0 11.5 434.2 2,665.8 

1. 2003 through 2020, volumes are adjusted for actual USBR Decree Accounting values; IID Total Reduction and Net Available for 
Consumptive Use may not equal Col 2 minus Col 10, if IID conservation/use was not included in Exhibit B.  

2. 2014 Letter of Agreement provides that, effective January 2016 total amount of conserved water available is 105 KAFY  
3. Salton Sea Mitigation volumes may vary based on conservation volumes and method of conservation. 
4. This transfer is not likely given lack of progress on Salton Sea restoration as of 2018; shaded entries represents volumes that may vary..  
5. Reductions include conservation for 1988 IID/MWD Transfer, IID/SDCWA Transfer, AAC Lining; SDCWA Transfer Mitigation, MWD 

Transfer w/Salton Sea Restoration (if any); Misc. PPRs. Amounts are independent of increases and reductions as allowed by the IOPP.  
6. Assumes SDCWA does not elect termination in year 35. 
7. Assumes SDCWA and IID mutually consent to renewal term of 30 years. 
8. Modified from 100 KAFY in CRWDA Exhibit B; stating in 2018 MWD will provide CVWD 50 KAFY of the 100 KAFY. 
Source: CRWDA: Federal QSA Exhibit B, p 13; updated values from 2019 QSA Implementation Report   
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Due to limits on annual consumptive use of Colorado River water under the QSA/Transfer 

Agreements, IID’s water supply during a normal year is best represented by the CRWDA Exhibit B 

Net Available for Consumptive Use (Table 14, Column 11).  The annual volume is IID Priority 3(a) 

Quantified Amount of 3.1 million acre-feet (MAF) (Table 14, Column 2) less the IID transfer 

program reductions for each year (Table 14, Columns 3-9). IID suggests Table 14 which assumes 

full use of IID’s quantified water supply, be used in determining base normal year water availability. 

 

CRWDA Exhibit B Net Available for Consumptive Use volumes less system operation demand 

represents the amount of water available for delivery by IID Water Department to its customers 

each year.  In a normal year, perhaps 50,000 to 100,000 AF of effective rainfall would fall in the IID 

water service area. However, rainfall is not evenly distributed throughout the IID water service 

area and is not taken into account by IID in the submittal of its Estimate of Diversion (annual water 

order) to the USBR. 

 

Expected Water Availability – Single Dry and Multiple Dry Years  

When drought conditions exist within the IID water service area, as has been the case for the past 

decade or so, the water supply available to meet agricultural and non-agricultural water demands 

remains the same as normal year water supply because IID continues to rely solely on its 

entitlement for Colorado River water.  Due to the priority of IID water rights and other agreements, 

drought conditions affecting Colorado River water supplies cause shortages for Arizona, Nevada 

and Mexico, before impacting California and IID.  Accordingly, the Net Available for Consumptive 

Use volumes in Table 14, Column 11 represents the water supply at Imperial Dam available for 

diversion by IID in single-dry year and multiple-dry year scenarios. 

 

Under CRWDA Inadvertent Overrun Payback Policy (IOPP), IID has some flexibility to manage its 

water use. When the water level in Lake Mead is above 1,125 feet, an overrun of its USBR approved 

annual water order is permissible, and IID has up to three years to pay water use above the annual 

water order. When Lake Mead’s water level is at or below 1,125 feet on January 1 in the calendar 
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year after the overrun is reported in the USBR Lower Colorado Region Decree Accounting Report, 

the IOPP prohibits additional overruns and requires that outstanding overruns be paid back in the 

 
subsequent calendar year rather than in three years as allowed under normal conditions; that is, 

the payback is to be made in the calendar year following publication of the overrun in the USBR 

Decree Accounting Report. For historic IID annual rainfall, net consumptive use, transfers and IID 

underrun/overrun amounts see Table 14.  For the purposes of the WSA, years with a shortage 

condition that impacts non-agricultural projects such as an IOPP payback obligation constitute “dry” 

years for IID. 

 

In years of inadvertent overrun payback, conditions such as those in Sections 3.7 and 3.8 of the 

2012 IWSP Water Agreement may go into effect, with the result that less water would be available 

for non-agricultural development contractors. Under such conditions, IID has requested that Orni 

30 LLC’s (a subsidiary company of Ormat Technologies, Inc.), management work with IID to ensure 

it can manage the reduction. IID has further indicated that, provided a water supply agreement is 

approved and executed by IID under the provisions of the IWSP, IID will have sufficient water to 

support the water of this Project.  
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Table 15: IID Annual Rainfall (In), Net Consumptive Use and Underrun/Overrun Amounts (AF), 1988-2020 

Year IID Total 
Annual Rainfall 

IID Water 
Users  

IID/MWD 
Transfer 

IID/ 
SDCWA 
Transfer 

SDCWA Transfer 
Salton Sea 
Mitigation 

IID 
Underrun 
/ Overrun 

IID/CVWD 
Transfer 

AAC 
Lining 

1988  2,947,581       

1989  3,009,451       

1990 91,104 3,054,188 6,110      

1991 192,671 2,898,963 26,700      

1992 375,955 2,575,659 33,929      

1993 288,081 2,772,148 54,830      

1994 137,226 3,048,076 72,870      

1995 159,189 3,070,582 74,570      

1996 78,507 3,159,609 90,880      

1997 64,407 3,158,486 97,740      

1998 100,092 3,101,548 107,160      

1999 67,854 3,088,980 108,500      

2000 29,642 3,112,770 109,460      

2001 12,850 3,089,911 106,880      

2002 12,850 3,152,984 104,940      

2003 116,232 2,978,223 105,130 10,000 0 6,555   

2004 199,358 2,743,909 101,900 20,000 15,000 -166,408   

2005 202,983 2,756,846 101,940 30,000 15,000 -159,881   

2006 19,893 2,909,680 101,160 40,000 20,000 12,414   

2007 64,580 2,872,754 105,000 50,000 25,021 6,358   

2008 63,124 2,825,116 105,000 50,000 26,085 -47,999 4,000 8,898 

2009 30,0354 2,566,713 105,000 60,000 30,158 -237,767 8,000 65,577 

2010 189,566 2,545,593 105,000 70,000 33,736 -207,925 12,000 67,700 

2011 109,703 2,915,784 103,940 63,278 0 82,662 16,000 67,700 

2012 133,526 2,903,216 104,140 106,722 15,182 134,076 21,000 67,700 

2013 134,497 2,554,845 105,000 100,000 71,398 -64,981 26,000 67,700 

2014 53,517 2,533,414 104,100 100,000 89,168 797 31,000 67,700 

2015 97,039 2,480,933 107,820 100,000 153,327 -90,025 36,000 67,700 

2016 90,586 2,504,258 105,000 100,000 130,796 -62,497 41,000 67,700 

2017 105,919 2,548,164 105,000 100,000 105,311 -30,591 45,000 67,700 

2018 63,318 2,625,422 105,000 130,000 0 0 63,000 67,700 

2019 146,384 2,558,136 105,000 160,000 46,555 -34,215 68,000 67,700 

2020 129,693 2,493,661 105,000 192,500 0 -95,715 73,000 67,700 
Notes: Volumes in acre-feet and except Total Annual Rainfall are USBR Decree Accounting Report record at Imperial Dam. 

IID Total Annual Rainfall from IID Provisional Water Balance, first available calculations are for 1990 

Not all IID QSA programs are shown on this table. 

Source: USBR Decree Accounting reports, except IID Total Rainfall and IID Overrun/Underrun is a separate calculation 

Source: 2019 IID QSA Implementation Report and 2020 IID SWRCB Report, page 31 of 335; IID Total Rainfall and IID Overrun/ Underrun is a separate 
calculation 
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Equitable Distribution Plan  

A 2006 study by Hanemann and Brookes suggested that such conditions were likely to occur 40-

50% of the years during the decade following the report. On November 28, 2006, the IID Board of 

Directors adopted Resolution No 22-2006 approving development and implementation of an 

Equitable Distribution Plan to deal with times when customers’ demand would exceed IID’s 

Colorado River supply. The EDP, adopted in 2007 allows the IID Board to institute an 

apportionment program.  As part of this Resolution, the IID Board directed the General Manager 

to prepare the rules and regulations necessary or appropriate to implement the plan within the 

district, which the board adopted in November 2006. The 2009 Regulations for EDP were created 

to enable IID to implement a water management tool (apportionment) to address years in which 

water demand is expected to exceed supply. So far, for the 17 years from 2003 through 2020, 

demand has exceeded supply by some amount for a total of five years (see Table 15, above). IID 

has not experienced any overruns since 2012. 

 

The IID 2013 Revised EDP, adopted by the Board on October 28, 2013, further allowed IID to pay 

back its outstanding overruns using an EDP Apportionment, and it was expected that an annual 

EDP Apportionment would be established for each of the next several years, if not for the duration 

of the QSA/Transfer Agreements. For purposes of this WSA, years with a shortage condition that 

impacts non-agricultural projects such as an IOPP payback obligation constitute “dry” years for IID.  

For single-dry year and multiple-dry water year assessments, IID’s EDP shall govern.  IOPP payback, 

EDP Apportionment, and the IWSP are further discussed under single-dry and multiple-dry year 

projections. However, the implementation of the EDP apportionment was legally challenged, and on 

February 6, 2018, the IID board approved a resolution repealing the EDP until the issue is resolved.  

As of the date of this WSA, a resolution had been reached, but a modified EDP has yet to be re-

instated.  
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WATER MANAGEMENT UNDER INADVERTENT OVERRUN PAYBACK POLICY (IOPP)  
 

On January 1, 2013, the water level in Lake Mead was 1,120.5 feet and for the first time since the 

IOPP came into effect, Lower Colorado River Basin water users faced a shortage condition (Figure 

7). For IID, this means that outstanding overruns must be paid back to the river in calendar years 

following the shortage (2013 and 2014) as described below and shown in Table 16. 

 

 

Figure 7 Lake Mead IOPP Schematic 

IID’s maximum allowable cumulative overrun account is 62,000 AF.22F

28  Thus, for IID’s 2011 overrun 

of 82,662 AF (which was published in 2012), 62,000 AF were paid back at the river in calendar year 

2013, with the remaining 20,662 AF paid back in 2014; however, due to an early payback of 6,290 

AF in 2012, IID had 55,710 AF to pay back in 2013 and 20,662 AF of the 2011 overrun to pay back 

in 2014. In addition, because of the low level of Lake Mead on Jan 1, 2013, IID’s entire 2012 

overrun of 134,076 AF was paid back in 2014, for a total of 154,738 AF in 2014. Furthermore, 

 
28 For IID Quantified Amount: 3.1 MAFY *10 percent = 310,000 AF allowable cumulative overrun account amount; minimum 

repayment in a calendar year is the less of 310,000 * 20 percent = 62,000 or the amount in the account, if less than 62,000 AF. 

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

54 | P a g e  
 

under the terms of the IOPP, no overruns are allowed in year when payback is required. IID has 

not experienced any overrun payback since 2014. 

 

Table 16: IID Inadvertent Overrun Payback to the Colorado River under the IOPP, 2012-2020 

 

Calendar Year of 

Payback 

2011 Overrun 

Payback (AF) 

2012 Overrun 

Payback (AF) 

Payback Total for 2014 

Calendar Year (AF) 

2013 55,710 - 55,710 

2014 20,662 134,076 154,738 

Total Payback 76,372 134,076 210,448 

 

The 2013 IOPP payback obligation and prohibition on overruns in payback years, led the IID Board 

to implement an apportionment program pursuant to the 2009 Regulations for EDP, which were 

subsequently revised and modified. The Revised 2013 EDP was version approved and adopted by 

the IID Board on October 28, 2013 (see Attachment B). The Revised 2013 EDP also establishes an 

agriculture water clearinghouse to facilitate the movement of apportioned water between 

agricultural water users and between farm units. This is to allow growers and IID to balance water 

demands for different types of crops and soils with the apportionment s that are made. IID’s Water 

Conservation Committee agreed on a July 1, 2013 start date for the agricultural water 

clearinghouse. 

 

Generally, the EDP Apportionment is not expected to impact industrial use. However, given the 

possibility of continuing drought on the Colorado River and other stressors, provisions such as the 

2012 IWSP Water Agreement sections 3.7 and 3.8 as well for dry and multiple dry year water 

assessment may come into effect. However, IID has agreed to work with Project proponents to 

ensure to the extent possible that the IWSP Water Agreement terms will not negatively impact 

Project operation. 
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PROJECT WATER AVAILABILITY FOR A 30-YEAR PERIOD TO MEET 
PROJECTED DEMANDS 
 

The proposed Project will obtain drinking water from a certified State of California provider via a 

local vendor who is authorized to haul potable water to the project site and verified through 

purchase agreement to Imperial County Environmental Health and Safety.  

 

Untreated Colorado River water will be supplied via the adjacent Best canal, gate’s 110, 113, 114, 

& 115  under an Industrial Water Supply Agreement with IID. The untreated Colorado River water 

will be used solely for periodic panel washing, fire suppression and dust mitigation as previously 

stated.  The applicant will be accepting an agreement with a local vendor for potable water needs.  

The applicant is required to enter into an IWSP Water Supply Agreement with IID and Schedule 7. 

General Industrial Use.` 

 

The current land use is agricultural land, the proposed Project will undergo a CUP and a General 

Plan Amendment for parcels 037-140-005, -022 and -023. The reason for the General Plan 

Amendment is due to the fact that project site is situated just outside the Renewable Energy 

Overlay area, no Zone Change is needed because the zoning for agricultural zoning is maintained.  

The project site is currently receiving water from Best Canal, gates 110, 113, 114 and 115.  The 

project water delivery will decrease from the overall current and historic use of water by 

831.63AFY. The canal gates are currently in working condition.  

  

PC ORIGINAL PKG



DRAFT Water Supply Assessment | Annette Leon 
 

56 | P a g e  
 

 

Imperial County Entitlement Discretionary Permits for the Project Include:  

▪ Imperial County Planning Department – General Plan Amendment 

▪ Imperial County Planning Department – Conditional Use Permit 

▪ Imperial County Planning Department – Certification of the EIR 

Subsequent ministerial approvals for the Project may include, but are not limited to: 

▪ Grading and clearing permits 

▪ Building permits 

▪ Reclamation plan 

▪ Encroachment permits 

▪ Transportation permit(s) 

 

As noted previously, under the terms of California legislation adopted to facilitate the 

QSA/Transfer Agreement and enacted in CWCW Section 1013, the IID board adopted TLCEP to 

address how to deal with any such temporary reductions of water use by projects like such sola 

project that are developed under a CUP.  

 

While conserved water generated from the TLCFP is limited by law for use for water transfer or 

environmental purposes, by satisfying multiple districts objectives the TLCFP severs to reduce the 

need for efficiency conservation and other water use reductions practices on the part f IID and its 

water users providing the districts with wide benefits.  One of the considerations in developing 

the TLCFP was to provide agricultural land owners with long term assurances from IID that, at 

Project termination irrigation services would be available for them to resume farming operations.  

 

INTERIM WATER SUPPLY POLICY WATER 

At the present time, IID is providing water for use by solar energy generation projects under Water 

Rate Schedule 7 General Industrial Use.  If IID determines that the proposed Project should obtain 

water under IID’s Interim Water Supply Policy (IWSP) for non-agricultural projects rather than 

Schedule 7 General Industrial Use, the Applicant will do so. IID will determine whether the Project 
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should obtain water under IID’s Interim Water Supply Policy (IWSP) for non-agricultural projects 

in addition to Schedule 7 General Industrial Water. 

 

The IWSP, provided herein as Attachment A, designates up to 25,000 AFY of water for potential 

Non-Agricultural Projects within IID's water service area.  As of September 2021, IID has 23,800 AF 

available under the IWSP for new projects such as the proposed project.  The IWSP establishes a 

schedule for Processing Fees, Reservation Fees, and Connection Fees that change each year for all 

non-agricultural projects, and annual Water Supply Development fees for some non-agricultural 

projects. The proposed Project’s water use will be subject to the annual Water Supply 

Development fee if IID determines that water for the Project is to be supplied under the IWSP. 

 

The likelihood that IID will not receive its annual 3.1 MAF apportionment less QSA/Transfer 

Agreement obligations of Colorado River water is low due to the high priority of the IID entitlement 

relative to other Colorado River contractors, see IID’s Water Rights section on page 17. If such 

reductions were to come into effect within the 20-year Project life, the Applicants are to work with 

IID to ensure any reduction can be managed.  

 

As such, lower Colorado River water shortage does not present a material risk to the available 

water supply that would prevent the County from making the findings necessary to approve this 

WSA.  IID, like any water provider, has jurisdiction to manage the water supply within its service 

area and impose conservation measures during a period of temporary water shortage. 

Furthermore, without the proposed Project, IID’s task of managing water supply under the 

QSA/Transfer Agreements would be more difficult, because agricultural use on the proposed 

Project site would be significantly higher than the proposed demand for the proposed Project as 

explained in the Expected Water Demands for the Proposed Project on the section that follows. 

 

Water for construction (primarily for dust control) would be obtained from IID canals or laterals in 

conformance with IID rules and regulations for MCI temporary water use.29 Water would be picked 

 
29 Complete the Application for Temporary Water Use and submit to Division office. Complete encroachment permit through Real Estate – non-
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up from a nearby canal or lateral and delivered to the construction location by a water truck 

capable of carrying approximately 4,000 gallons per load. To obtain water delivery service, the 

Project proponent will complete an IID-410 Certificate of Ownership and Authorization (Water Card), 

which allows the Water Department to provide the district with information needed to manage 

the district apportioned supply.  Water cards are used for Agriculture, Municipal, Industrial and 

Service Pipe accounts.  If water is to be provided under IWSP in addition to Schedule 7. General 

Industrial Use, the Applicant will seek to enter into a IWSP Water Supply Agreement. 

EXPECTED WATER DEMANDS FOR THE APPLICANT  

Water for the proposed Project will be needed on-site for panel washing, fire suppression and dust 

mitigation see Table 17 use.  water will be supplied to the Project via the adjacent Best Canal 

Gates, 110, 113, 114, and 115. Untreated Colorado River water will be supplied via the adjacent 

canal under an Industrial Water Supply Agreement. The untreated Colorado River water will be 

used solely for periodic panel washing, fire suppression and dust mitigation as previously stated.   

The applicant is required to enter into an IWSP Water Supply Agreement with IID and will be 

subject to Schedule 7. General Industrial Use.` 

 

The current land use is agricultural land, the Project will undergo a CUP and a General Plan 

Amendment for parcels 037-140-005, -022, -023. Reason for the General Plan Amendment is 

needed since it is just outside the Renewable Energy Overlay area, no Zone Change is needed 

because the zoning for agricultural zoning is maintained.  The project site is currently receiving 

water from Best Canal 110, 113, 114 and 115.  The project water delivery will decrease from the 

overall current and historic use of water.  The Project is anticipated to use approximately 3.1 AFY 

of water to operate a solar facility please refer to Table 2.. Projected raw water uses are 

summarized in Table 17. 

 
refundable application fee of $250, se.  IID website: Real Estate / Encroachments, Permissions, and Other Permitting. Fee for temporary 

service water: Schedule No. 7 General Industrial Use / Temporary Service Minimum charge for up to 5 AF, pay full flat fee for 5 AF at General 

Industrial Use rate ($425); use more than 5 AF, pay fee for actual use at General Industrial Rate ($85/AF). 
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Table 17 Project Water Uses (AFY)  

Water Use Single-Year Use  AFY 

Raw Water for Operations (Panel Washing) & Mitigation (Dust & Fire) (Years 2830)  3.1 AFY 

Construction Water (Year 1)31 32.5 AF  0 AFY 

Decommissioning Water (1 Year)  32.5 AF 0AFY 

Total Raw Water Usage  151.8 AF 86.8AF 

 

IID delivers untreated Colorado River water to the proposed Project site for agricultural uses 

through the following gates and laterals.  The 10-year record for 2011-2020 of water delivery 

accounting is shown in  

Table 18. and has a ten-year 737.2 historic average in AFY.  

 

Table 18 Ten-Year Historic Delivery (AFY), 2011-2020 

Canal/Gate 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Best 115 0 0 226.9 412.3 435.8 425.0 307.9 513.8 417.3 317.2 

Best 114 0 0 136.9 230.9 259.2 257.0 262.0 340.9 381.1 247.2 

Best 113 0 0 111.4 286.1 212.8 223.4 350.5 282.8 197.2 247.5 

Best 110 0 0 127.4 161.4 172.6 142.4 121.9 171.0 204.5 163.0 

Total 0 0 602.6 1090.7 1080.4 1047.8 1042.3 1308.5 1200.1 974.9 

Source:  IID Staff, June 2, 2021 (Jose Moreno) 

 

The proposed Project has an estimated total water demand of 151.8 AF or 5.06 AFY amortized 

over a 30-year term (for all delivery gates for Project).  Thus, the proposed Project demand is a 

reduction of 831.63 AFY from the historical 10-year average or 99 percent (99%) less than the 

historic 10-year average annual delivery for agricultural uses at the proposed Project site.  The 

proposed Project’s estimated water demand represents only .02% of the 23,800 AFY balance of 

supply available for contracting under the IWSP. 

  

 
30 180,000 gallons of water will need to be stored on-site during operation for Fire Suppression needs per Imperial County Fire 

Department standards.  

31 20,000 gallons of water will need to be stored on-site during construction per Imperial County Fire Department standards.  
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IID’s Ability to Meet Demands With Water Supply  

Non-agricultural water demands for the IID water service area are projected for 2025-2055 in Table 8, and 

IID agricultural demands including system operation are projected for 2025-2055 in  

Table 9, all volumes within the IID water service area. IID water supplies available for consumptive use after 

accounting for mandatory transfers are projected to 2077 in Table 14 (Column 11), volumes at Imperial 

Dam.  

 

 To assess IID’s ability to meet future water demands, IID historic and forecasted demands are compared 

with CRWDA Exhibit B net availability, volumes at Imperial Dam Table 14 (Column 11). The analysis requires 

accounting for system operation consumptive use within the IID water service area, from AAC at Mesa 

Lateral 5 to Imperial Dam, and for water pumped for use by the USBR Lower Colorado Water Supply Project 

(LCRWSP), an IID consumptive use component in the USBR Decree Accounting Report. IID system operation 

consumptive use for 2015 is provided in Table 19 to show the components included in the calculation and 

their 2015 volumes. 

 

Table 19  IID System Operations Consumptive Use within IID Water Service Area and from AAC at Mesa Lateral 5 to Imperial Dam, 

(KAF), 2020 

 Consumptive Use (KAF) 

IID Delivery System Evaporation 24.4 

IID Canal Seepage  90.8 

IID Main Canal Spill  10.0 

IID Lateral Canal Spill 121.5 

                                                                                                IID Seepage Interception  -39.0 

                                                                                        IID Unaccounted Canal Water -40.0 

Total IID System Operational Use, within water service area 167.8 

“Losses” from AAC @ Mesa Lat 5 to Imperial Dam 9.2 

LCWSP pump age -10 

Total System Operational Use in 2020 167.0 

Sources:  2020 Water Balance rerun 01/25/2021, and 2016 IID Water Conservation Plan 

IID’s ability to meet customer water demands through 2055 are shown in Table 20.  

 

• Non-agricultural use from Table 8 

• Agricultural and Salton Sea mitigation uses from Table 9 

• CRWDA Exhibit B net available for IID consumptive use from Table 14 

• System operation consumptive use from Table 19 
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Table 20: IID Historic and Forecasted Consumptive Use vs CRWDA Exhibit B IID Net Available Consumptive Use, volumes at Imperial 

Dam (KAFY), 2015-2055  

 2015 2020 2025 2030 2035 2040 2045 2050 2055 

Non-Ag Delivery 110.1 115.2 133.1 142.9 151.4 163.2 175.4 188.4 199.3 

Ag Delivery 2,156.8 2,165.4 2,259.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 2,209.5 

QSA SS Mitigation Delivery 153.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

System Op CU in IID & to 
Imperial Dam 

220.2 167.0 230.5 225.4 225.4 225.4 225.4 225.4 225.4 

IID CU at Imperial Dam 2,480.9 2,493.7 2,623.1 2,577.8 2,586.3 2,598.1 2,610.3 2,623.3 2,634.2 

Exhibit B IID Net Available for 
CU at Imperial Dam 

2,480.9 2,652.0 2,617.8 2,612.8 2,612.8 2,612.8 2,612.8 2,665.8 2,665.8 

IID Underrun/Overrun at 
Imperial Dam 

-90.0 
-98.1 -5.30 35.00 26.50 14.70 2.50 42.50 31.60 

Notes:  2015 Provisional Water Balance rerun 06/28/2019 
Non-Ag Delivery CI 15.0%, Ag Delivery CI 3.0%, QSA SS mitigation CI 15% 
QSA Salton Sea Mitigation Delivery terminates on 12/31/2017 
Underrun /Overrun = IID CU at Imperial Dam minus CRWDA Exhibit B Net Available 
Notes: Ag Delivery for 2020-2055 does not take into account land conversion for solar use nor reduction in agricultural land area due to urban 
expansion. 
 

As shown above, IID forecasted demand has the potential to exceed CRWDA Exhibit B Net 

Consumptive Use volumes during several time intervals through the lifespan projection for the 

Project.  However, due to temporary land conversion for solar use and urban land expansion that 

will reduce agricultural acres in the future, a water savings of approximately 217,000 AFY will be 

generated into the future and for the lifetime of the Project.   

 

In addition, USBR 2020 Decree Accounting Report states that IID Consumptive Use is 2,493.7 KAF 

(excludes 1,579 AF of ICS for Storage in Lake Mead and an additional 49,444 AF of conserved water 

left on the Colorado River system) with an underrun of -98.1 KAF, as reported by IID in  

2020 Annual SWRCB Report per WRO 2002-2013; that is, IID uses less than the amount in its 

approved Water Order (2,615,300  AF).  
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Table 21: 2020 Approved Water Order, Actual CU (Decree Accounting Report) and IID Underrun, KAF at Imperial Dam 

IID Approved Water Order  2,625.3 less 10 supplied by LCWSP and less 26 of additional water 

IID Consumptive Use 2,493.7 

IID Underrun /Overrun  -98.1 

Sources: 2020 IID Revised Water Order, approved on March 10, 2020,  2020 Decree Accounting Report, and 
2020 Annual Report of IID Pursuant to SWRCB Revised Order WRO 2002-2013 

 

As reported in the 2020 QSA Implementation Report  and 2020 SWRCB IID Report  and presented 

in Table 20 from 2013 to 2020 IID consumptive use (CU) resulted in underruns; i.e., annual CU was 

less than the district’s QSA Entitlement of 3.1 MAFY minus QSA/Transfer Agreements obligations. 

This would indicate that even though Table 10 shows IID Overrun/Underrun at Imperial Dam 

exceeding CRWDA Exhibit B Net Available for CU, for the 30-year life of the proposed Project, IID 

consumptive use may be less than forecasted. However, with repeal of the IID EDP in February 

2018, it is uncertain whether underruns will continue.  

  

Meanwhile, forecasted Ag Delivery reductions presented in Table 9 are premised on 

implementation of on-farm practices that will result in efficiency conservation. These reductions 

do not take into account land conversion for solar projects nor reduction in agricultural land area 

due to urban expansion; that is to say, the forecasted Ag Delivery is for acreage in 2003 with 

reduction for projected on-farm conservation efficiency. Thus, Ag Delivery demand may well be 

less than forecasted in Table 9. In any case, the proposed Project will use less water than the 

historical agricultural demand of proposed Project site, so the proposed Project will ease rather 

than exacerbate overall IID water demands.  

 

In the event that IID has issued water supply agreements that exhaust the 25 KAFY IWSP set aside, 

and it becomes apparent that IID delivery demands due to non-agriculture use are going to cause 

the district to exceed its quantified 3.1 MAFY entitlement less QSA/Transfer Agreements 

obligations, IID has identified options to meet these new non-agricultural demands. These options 

include (1) tracking water yield from temporary land conversion from agricultural to non-
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agricultural land uses (renewable solar energy); and (2) only if necessary, developing projects to 

expand the size of the district’s water supply portfolio. 

 

These factors will be discussed in the next two sections, Tracking Water Savings from Growth of 

Non-Agricultural land Uses and Expanding Water Supply Portfolio.  

 

Tracking Water Savings from Growth of Non-Agricultural Land Uses 

 

The Imperial County Board of Supervisors has targeted up to 25,000 acres of agricultural lands, 

about 5 percent (5%) of the farmable acreage served by IID, for temporary conversion to solar 

farms; because the board found that this level of reduction would not adversely affect agricultural 

production. As reported for IID’s 2020 Temporary Land Conversion Fallowing Program existing 

solar developments at the end of 2020 have converted 12,404 acres of farmland. These projects 

had a yield at-river of 65,964 AF of water in 2020. The balance of the 25,000-acre agriculture-to-

solar policy is 12,596 acres. On average, each agricultural acre converted reduces agricultural 

demand by 5.1 AFY, which results in a total at-river yield (reduction in consumptive use) of 127,500 

AFY.  

 

However, due to the nature of the conditional use permits under which solar farms are developed, 

IID cannot rely on this supply being permanently available. In fact, should a solar project 

decommission early, that land may go immediately back to agricultural use (it remains zoned an 

agricultural land). Nevertheless, during their operation, the solar farms do ameliorate pressure on 

IID to implement projects to meet demand from new non-agricultural projects.  

 

Unlike the impact of solar projects, other non-agricultural uses are projected to grow, as reflected 

in the nearly 55 percent (55%) increase in non-agricultural water demand from 107.4 KAF in 2015 

to 201.4 KAF in 2055 reflected herein in Table 8.  This increase in demand of 94 KAFY will more 

than likely be met by solar development; however, as the land remains zoned as agricultural land, 

that source is not reliable to be permanently available to IID. 

= 
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The amount of land developed for residential, commercial, and industrial purposes is projected to 

grow by 55,733 acres from 2015 to 205032 within the sphere of influence of the incorporated cities 

and specific plan areas in Imperial County.  A conservative estimate is that such development will 

displace at least another 24,500 acres of farmland based on the Imperial County Local Agency 

Formation Commission (LAFCO) sphere of influence maps and existing zoning and land use in 

Imperial County.  At 5.13 AFY yield at-river, there would be a 125,000 AFY reduction IID net 

consumptive use.   

 

The total foreseeable solar project temporary yield at-river (91,800 AFY) and municipal 

development permanent yield at-river (125,000 AFY) is to reduce forecasted IID net consumptive 

use at-river 216,800 AFY, which is more than enough to meet the forecast Demand minus Exhibit 

B Net Available volumes shown in Table 14.  This Yield at-river is sufficient to meet the forecasted 

excess of non-agricultural use over Net Available supply within the IID service area for the next 20 

years, as is required for SB 610 analysis. 

 

Farmland retirement associated with municipal development would reduce IID agricultural 

delivery requirements beyond the efficiency conservation projections shown in Table 9. Therefore, 

in the event that Schedule 7 General Industrial Use water is unavailable, the Applicants will rely on 

IID IWSP water to supply the Project, as discussed above in the section IID Water Supply Policy for 

Non-Agricultural Projects (September 2009). 

EXPANDING WATER SUPPLY PORTFOLIO 

 

While forecasted long-term annual yield-at-river from the reduction in agricultural acreage due to 

municipal development in the IID service area is sufficient to meet the forecasted excess of non-

agricultural use over CRWDA Net Available supply (Table 14) without expanding IID’s Water Supply 

Portfolio, IID has also evaluated the feasibility of a number of capital projects to increase its water 

supply portfolio. 

 
32 IRWMP, Chapter 5, Table 5-14 
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As reported in 2012 Imperial IRWMP Chapter 12, IID contracted with GEI Consultants, Inc. to 

identify a range of capital project alternatives that the district could implement. Qualitative and 

quantitative screening criteria and assumptions were developed in consultation with IID staff. 

Locations within the IID water service area with physical, geographical, and environmental 

characteristics most suited to implementing short- and long-term alternatives were identified. 

Technical project evaluation criteria included volumes of water that could be delivered and/or 

stored by each project, regulatory and permitting complexity, preliminary engineering 

components, land use requirements, and costs.  

 

After preliminary evaluation, a total of 27 projects were configured:  

 

• 17 groundwater or drain water desalination  

• 2 groundwater blending  

• 6 recycled water  

• 1 groundwater banking  

• 1 IID system conservation (concrete lining) 

Projects were assessed at a reconnaissance level to allow for comparison of project costs. IID staff 

and the board identified key factors to categorize project alternatives and establish priorities. 

Lower priority projects were less feasible due to technical, political, or financial constraints. 

Preferential criteria were features that increased the relative benefits of a project and grant it a 

higher priority.  Four criteria were used to prioritize the IID capital projects: 

 

1. Financial Feasibility. Projects whose unit cost was more than $600/AF were eliminated 

from further consideration.  

2. Annual Yield. Project alternatives generating 5,000 AF or less of total annual yield were 

determined not to be cost-effective and lacking necessary economies of scale.  
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3. Groundwater Banking. Groundwater banking to capture and store underruns is recognized 

as a beneficial use of Colorado River water. Project alternatives without groundwater 

banking were given a lower priority.   

4. Partnering. Project alternatives in which IID was dependent on others (private and/or 

public agencies) for implementation were considered to have a lower priority in the IID 

review; this criterion was reserved for the IRWMP process, where partnering is a desirable 

attribute.  

 

Based on these criteria, the top ten water expansion included six desalination, two groundwater 

blending, one system conservation, and one groundwater storage capital projects.  These capital 

projects are listed Table 22 IID Capital Project Alternatives and Cost (May 2009 price levels $)which follows. 
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Table 22 IID Capital Project Alternatives and Cost (May 2009 price levels $) 

Name Description 
Capital 

Cost 

O&M 

Cost 

Equivalent 

Annual Cost 

Unit Cost 

($/AF) 

In-Valley 

Yield (AF) 

GW 18 
Groundwater Blending E. Mesa Well 

Field Pumping to AAC 
$39,501,517 $198,000 $2,482,000 $99 25,000 

GW 19 

Groundwater Blending: E. Mesa Well 

Field Pumping to AAC w/Percolation 

Ponds 

$48,605,551 $243,000 $3,054,000 $122 25,000 

WB 1 
Coachella Valley Groundwater 

Storage 
$92,200,000 $7,544,000 $5,736,746 $266 50,000 

DES 8 
E. Brawley Desalination with Well 

Field and Groundwater Recharge 
$100,991,177 $6,166,000 $12,006,000 $480 25,000 

AWC 1 IID System Conservation Projects $56,225,000 N/A $4,068,000 $504 8,000 

DES 12 
East Mesa Desalination with Well Field 

and Groundwater Recharge 
$112,318,224 $6,336,000 $12,831,000 $513 25,000 

DES 4 
Keystone Desalination with IID Drain 

water/ Alamo River 
$147,437,743 $15,323,901 $23,849,901 $477 50,000 

DES 14 

So. Salton Sea Desalination with 

Alamo River Water and Industrial 

Distribution 

$158,619,378 $15,491,901 $24,664,901 $493 50,000 

DES 15 

So. Salton Sea Desalination with 

Alamo River Water and MCI 

Distribution 

$182,975,327 $15,857,901 $26,438,901 $529 50,000 

DES 2 
Keystone Desalination with Well Field 

and Groundwater Recharge 
$282,399,468 $13,158,000 $29,489,000 $590 50,000 

Source: Imperial IRWMP, Chapter 12; see also Imperial IRWMP Appendix N, IID Capital Projects 
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IID Near Term Water Supply Projections 
 

As mentioned above, IID’s quantified Priority 3(a) water right under the QSA/Transfer Agreements 

secures 3.1 MAF per year, less transfer obligations of water for IID’s use from the Colorado River, 

without relying on rainfall in the IID service area.   Even with this strong entitlement to water, IID 

actively promotes on-farm efficiency conservation and is implementing system efficiency 

conservation measures including seepage recovery from IID canals and the All-American Canal 

(ACC) and measures to reduce operational discharge.  As the IID website Water Department states:  

 

Through the implementation of extraordinary conservation projects, the development of 

innovative efficiency measures and the utilization of progressive management tools, the IID 

Water Department is working to ensure both the long-term viability of agriculture and the 

continued protection of water resources within its service area. 

 

Overall, agricultural water demand in the Imperial Valley will decrease due to IID system and 

grower on-farm efficiency conservation measures that are designed to maintain agricultural 

productivity at pre-QSA levels while producing sufficient yield-at-river to meet IID’s QSA/Transfer 

Agreements obligations. These efficiencies combined with the conversion of some agricultural 

land uses to non-agricultural land uses (both solar and municipal), ensure that IID can continue to 

meet the water delivery demand of its existing and future agricultural and non-agricultural water 

users, including this Project for the next 30 years and for the life of the proposed Project.   
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PUBLIC WATER SYSTEM/ LEAD AGENCY FINDINGS 

IID serves as the regional wholesale water supplier, importing raw Colorado River water and 

delivering it, untreated, to agricultural, municipal, industrial, environmental, and recreational 

water users within its Imperial Unit water service area. The County of Imperial serves as the 

responsible agency with land use authority over the proposed project.  Water Assessment findings 

are summarized as follows: 

1. IID’s annual entitlement to consumptive use of Colorado River water is capped at 3.1 MAF 

less water transfer obligations, pursuant to the QSA and Related Agreements. Under the 

terms of the CRWDA, IID is implementing efficiency conservation measure to reduce net 

consumptive use of Colorado River water needed to meet its QSA/Transfer Agreements 

obligations while retaining historical levels of agricultural productivity. 

2. In 2020 IID consumptively used 2,493.661 AF of Colorado River water (volume at Imperial 

Dam); 2,278,598 AF were delivered to customers (including recreational and 

environmental water deliveries) of which 2,165,386 AF or 95 percent went to agricultural 

users as per IID’s Water Balance run on 1/25/2021.  

3. Reduction of IID’s net consumptive use of Colorado River water under the terms of the 

Colorado River Water Delivery Agreement is to be the result of efficiency conservation 

measures. Agricultural consumptive use in the Imperial Valley will not decline. However, 

IID operational spill and tailwater will decline, impacting the Salton Sea. 

4. Due to the dependability of IID’s water rights, Colorado River flows, and Colorado River 

storage facilities for Colorado River water, it is unlikely that the water supply of IID would 

be disrupted, even in dry years or under shortage conditions because Mexico, Arizona and 

Nevada have lower priority and are responsible for reducing their water use during a 

declared Colorado River water shortage before impacting California. 

5. Historically, IID has never been denied the right to use the annual volume of water it has 

available for its consumptive uses under its entitlement. Nevertheless, IID is participating 

in discussions for possible actions in response to extreme drought on the Colorado River.   
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6. The proposed Project has an estimated total water demand of 151.8 AF or  5.06 AFY 

amortized over a 30-year term (for all delivery gates for Project). Thus, the proposed 

Project demand is a reduction of 831.63 AFY from the historical 10-year average or 99 

percent (99 %) less than the historic 10-year average annual delivery for agricultural uses 

at the proposed Project site.  

7. The Project’s water use will be covered under the Schedule 7 General Industrial Use. In the 

event that IID determines that the proposed Project is to utilize IWSP for Non-Agricultural 

Projects water, the Applicant will enter into an IWSP Water Supply Agreement with IID. In 

which case, the proposed Project would use .02 percent (.02%) of the 23,800 AFY of IWSP 

water. 

8. Based on the Environmental Impact Report (EIR) prepared for this proposed Project 

pursuant to the CEQA, California Public  Resources Code sections 21000, et seq., (SCH No. 

2021070424)  the Lead Agency hereby finds that the IID projected water supply will be 

sufficient to satisfy the demands of this proposed Project in addition to existing and 

planned future uses, including agricultural and non-agricultural uses for a 30-year Water 

Supply Assessment period and for the 30 -year proposed Project life.  
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Assessment Conclusion 

This Water Supply Assessment has determined that IID water supply is adequate for the proposed Project. 

The Imperial Irrigation District’s IWSP for Non-Agricultural Projects dedicates 25,000 AF of IID’s annual 

water supply to serve new projects. As of September 2021, 23,800 AF per year remain available for new 

projects ensuring reasonably sufficient supplies for new non-agricultural water users. The project water 

demand of approximately 151.8 AF represents amortized over 30 years equates to 5.06 AFY which is  .02% 

of the unallocated supply set aside in the IWSP for non-agricultural projects, and approximately .02 percent 

(.02%) of forecasted future non-agricultural water demands planned in the Imperial IRWMP through 2055.  

The water demand for the proposed project represents a 99% decrease from the historical average 

agricultural water use for 2011-2020 at the proposed Project site, a reduction in use of 831.63 AFY at full 

build out.  

For all the reasons described herein, the amount of water available and the stability of the IID water supply 

along with on-farm and system efficiency conservation and other measures being undertaken by IID and 

its customers ensure that Orni 30, LLC’s Brawley Solar Energy Facility Project’s water needs will be met for 

the next 30 years as assessed for compliance under SB-610. 
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Attachment A 

Attachment A: IID Interim Water Supply Policy for Non-Agricultural Projects 
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Attachment A: IID Interim Water Supply Policy for Non-Agricultural 

Projects25F

33 

1.0 Purpose. 

Imperial Irrigation District (the District) is developing an Integrated Water Resources Management Plan 

(IWRMP) 
26F

34  that will identify and recommend potential programs and projects to develop new water 

supplies and new storage, enhance the reliability of existing supplies, and provide more flexibility for District 

water department operations, all in order to maintain service levels within the District's existing water 

service area.  The first phase of the IWRMP is scheduled to be completed by the end of 2009 and will 

identify potential projects, implementation strategies and funding sources.  Pending development of the 

IWRMP, the District is adopting this Interim Water Supply Policy (IWSP) for Non-Agricultural Projects, as 

defined below, in order to address proposed projects that will rely upon a water supply from the District 

during the time that the IWRMP is still under development.  It is anticipated that this IWSP will be modified 

and/or superseded to take into consideration policies and data developed by the IWRMP. 

2.0 Background. 

The IWRMP will enable the District to more effectively manage existing water supplies and to maximize the 

District's ability to store or create water when the available water supplies exceed the demand for such 

water.  The stored water can be made available for later use when there is a higher water demand.  Based 

upon known pending requests to the District for water supply assessments/verifications and pending 

applications to the County of Imperial for various Non-Agricultural Projects, the District currently estimates 

that up to 50,000 acre feet per year (AFY) of water could potentially be requested for Non-Agricultural 

Projects over the next ten to twenty years.  Under the IWRMP the District shall evaluate the projected 

water demand of such projects and the potential means of supplying that amount of water.  This IWSP 

currently designates up to 25,000 AFY of water for potential Non-Agricultural Projects within IID's water 

service area.  Proposed Non-Agricultural projects may be required to pay a Reservation Fee, further 

described below.  The reserved water shall be available for other users until such Non-Agricultural projects 

are implemented and require the reserved water supply. This IWSP shall remain in effect pending the 

approval of further policies that will be adopted in association with the IWRMP.  

3.0 Terms and Definitions.   

3.1 Agricultural Use.  Uses of water for irrigation, crop production and leaching.  

 
33 IID Board Resolution 31-2009. Interim Water Supply Policy for New Non-Agricultural Projects. September 29, 2009. < IID Interim 

Water Supply Policy for Non-Agricultural Projects> 

34 The 2009 Draft IID IWRMP has been superseded by the October 2012 Imperial IRWMP, which incorporates the conditions of the 

IWSP by reference. 
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3.2 Connection Fee.  A fee established by the District to physically connect a new Water User to the 

District water system. 

3.3 Industrial Use.  Uses of water that are not Agricultural or Municipal, as defined herein, such as 

manufacturing, mining, cooling water supply, energy generation, hydraulic conveyance, gravel washing, fire 

protection, oil well re-pressurization and industrial process water. 

3.4 Municipal Use.  Uses of water for commercial, institutional, community, military, or public water 

systems, whether in municipalities or in unincorporated areas of Imperial County. 

3.5 Mixed Use.  Uses of water that involve a combination of Municipal Use and Industrial Use.  

3.6 Non-Agricultural Project.  Any project which has a water use other than Agricultural Use, as defined 

herein.   

3.7 Processing Fee.  A fee charged by the District Water Department to reimburse the District for staff 

time required to process a request for water supply for a Non-Agricultural Project. 

3.8 Reservation Fee.  A non-refundable fee charged by the District when an application for water 

supply for a Non-Agricultural Project is deemed complete and approved.  This fee is intended to offset the 

cost of setting aside the projected water supply for the project during the period commencing from the 

completion of the application to start-up of construction of the proposed project and/or execution of a 

water supply agreement.  The initial payment of the Reservation Fee will reserve the projected water supply 

for up to two years.  The Reservations Fee is renewable for up to two additional two-year periods upon 

payment of an additional fee for each renewal. 

3.9 Water Supply Development Fee.  An annual fee charged to some Non-Agricultural Projects by the 

District, as further described in Section 5.2 herein.  Such fees shall assist in funding IWRMP or related water 

supply projects, 

3.10 Water User.  A person or entity that orders or receives water service from the District. 

4.0. CEQA Compliance. 

4.1 The responsibility for CEQA compliance for new development projects within the unincorporated 

area of the County of Imperial attaches to the County of Imperial or, if the project is within the boundaries 

of a municipality, the particular municipality, or if the project is subject to the jurisdiction of another agency, 

such as the  California Energy Commission, the particular agency.  The District will coordinate with the 

County of Imperial, relevant municipality, or other agency to help ensure that the water supply component 

of their respective general plans is comprehensive and based upon current information.  Among other 

things, the general plans should assess the direct, indirect and cumulative potential impacts on the 

environment of using currently available water supplies for new industrial, municipal, commercial and/or 

institutional uses instead of the historical use of that water for agriculture.  Such a change in land use, and 
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the associated water use, could potentially impact land uses, various aquatic and terrestrial species, water 

quality, air quality and the conditions of drains, rivers and the Salton Sea. 

4.2 When determining whether to approve a water supply agreement for any Non-Agricultural Project 

pursuant to this IWSP, the District will consider whether potential environmental and water supply impacts 

of such proposed projects have been adequately assessed, appropriate mitigation has been developed and 

appropriate conditions have been adopted by the relevant land use permitting/approving agencies, before 

the District approves any water supply agreement for such project. 

5.0. Applicability of Fees for Non-Agricultural Projects.27F

35 

5.1 Pursuant to this Interim Water Supply Policy, applicants for water supply for a Non-Agricultural 

Project shall be required to pay a Processing Fee and may be required to pay a Reservation Fee as shown 

in Table A.  All Water Users shall also pay the applicable Connection Fee, if necessary, and regular water 

service fees according to the District water rate schedules, as modified from time to time. 

5.2 A Non-Agricultural Project may also be subject to an annual Water Supply Development Fee, 

depending upon the nature, complexity, and water demands of the proposed project.  The District will 

determine whether a proposed Non-Agricultural Project is subject to the Water Supply Development Fee 

for water supplied pursuant to this IWSP as follows: 

5.2.1. A proposed project that will require water for a Municipal Use shall be subject to an annual Water 

Supply Development Fee as set forth in Table B if the projected water demand for the project is in excess 

of the project’s estimated population multiplied by the District-wide per capita usage.  Municipal Use 

projects without an appreciable residential component will be analyzed under sub-section 5.2.3.   

5.2.2. A proposed project that will require water for an Industrial Use located in an unincorporated area 

of the County of Imperial shall be subject to an annual Water Supply Development Fee as set forth in Table 

B. 

5.2.3. The applicability of the Water Supply Development Fee set forth in Table B to Mixed Use projects, 

Industrial Use projects located within a municipality, or Municipal Use projects without an appreciable 

residential component, will be determined by the District on a case-by-case basis, depending upon the 

proportion of types of land uses and the water demand proposed for the project.   

5.3. A proposed Water User for a Non-Agricultural Projects may elect to provide some or all of the 

required water supply by paying for and implementing some other means of providing water in a manner 

approved by the District, such as conservation projects, water storage projects and/or use of an alternative 

source of supply, such as recycled water or some source of water other than from the District water supply.  

Such election shall require consultation with the District regarding the details of such alternatives and a 

 
35 The most recent fee schedules can be found in a link at IID/Water/ Municipal, Industrial and Commercial Customers; or visit by 

URL at Imperial Irrigation District : Water Rate Schedules 
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determination by the District, in its reasonable discretion, concerning how much credit, if any, should be 

given for such alternative water supply as against the project's water demand for purposes of determining 

the annual Water Supply Development Fee for such project. 

5.4 The District Board shall have the right to modify the fees shown on Tables A and B from time to 

time. 

6. Water Supply Development Fees collected by the District under this IWSP shall be accounted for 

independently, including reasonable accrued interest, and such fees shall only be used to help fund IWRMP 

or related District water supply projects.  

7. Any request for water service for a proposed Non-Agricultural Project that meets the criteria for a 

water supply assessment pursuant to Water Code Sections 10910-10915 or a water supply verification 

pursuant to Government Code Section 66473.7 shall include all information required by Water Code 

Sections 10910 –10915 or Government Code Section 66473.7 to enable the District to prepare the water 

supply assessment or verification.  All submittals should include sufficient detail and analysis regarding the 

project’s water demands, including types of land use and per capita water usage, necessary to make the 

determinations outlined in Section 5.2.  

8. Any request for water service for a proposed Non-Agricultural Project that does not meet the 

criteria for a water supply assessment pursuant to Water Code Section 10910-10915 or water supply 

verification pursuant to Government Code Section 66473.7 shall include a complete project description 

with a detailed map or diagram depicting the footprint of the proposed project, the size of the footprint, 

projected water demand at full implementation of the project and a schedule for implementing water 

service.  All submittals should include sufficient detail and analysis regarding the project’s water demands, 

including types of land use and per capita water usage, necessary to make the determinations outlined in 

Section 5.2. 

9. All other District rules and policies regarding a project applicant or Water User's responsibility for 

paying connection fees, costs of capital improvements and reimbursing the District for costs of staff and 

consultant's time, engineering studies and administrative overhead required to process and implement 

projects remain in effect.   

10. Municipal Use customers shall be required to follow appropriate water use efficiency best 

management practices (BMPs), including, but not limited to those established by the California Urban 

Water Conservation Council BMP’s (see http://www.cuwcc.org/mou/exhibit-1-bmp-definitions-schedules-

requirements.aspx), or other water use efficiency standards, adopted by the District or local government 

agencies.  

11. Industrial Use customers shall be required to follow appropriate water use efficiency BMP’s, 

including but not limited to those established by the California Urban Water Conservation Council and 

California Energy Commission, as well as other water use efficiency standards, adopted by the District or 

local government agencies.  
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12. The District may prescribe additional or different BMPs for certain categories of Municipal and 

Industrial Water Users.   
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1.0  EXECUTIVE SUMMARY 

1.1 Purpose of Analysis and Study Objectives 

This  Noise  Impact  Analysis  has  been  prepared  to  determine  the  noise  impacts  associated  with  the 
proposed Brawley Solar Energy Facility Project (proposed project).  The following is provided in this report: 

 A description of the study area and the proposed project;  

 Information regarding the fundamentals of noise;  

 Information regarding the fundamentals of vibration; 

 A description of the local noise guidelines and standards;  

 An evaluation of the current noise environment; 

 An analysis of  the potential  short‐term construction‐related noise  impacts  from  the proposed 
project; and, 

 An analysis of long‐term operations‐related noise impacts from the proposed project.   

1.2 Site Location and Study Area 

The project site is located in the County of Imperial (County).  The approximately 225‐acre project site is 
currently alfalfa fields within different levels of harvest and is bounded by undeveloped agricultural land 
to the north and to the east, undeveloped agricultural land and dirt lots used for staging actives to the 
south, and City of Brawley Wastewater Treatment Plan to the west.   The Union Pacific Railroad (UPRR 
runs through the western portion of the project site  in a generally north‐south direction.   The project 
study area is shown in Figure 1. 

Sensitive Receptors in Project Vicinity 

The nearest sensitive receptor to the project site is a single‐family home located as near as 40 feet to the 
north side of the project site (near the northwest corner of the project site).  There are also homes located 
on the east side of Best Avenue that are as near as 120 feet east of the project site.  The nearest school is 
Brawley Union High School and Desert Valley High School, which is located as near as 2.7 miles south of 
the project site and Barbara Worth Junior High School, which is located as near as 2.8 miles south of the 
project site. 

1.3 Proposed Project Description 

The proposed project would consist of development of solar energy  facility  located at 5003 Best Ave, 
Brawley.   The Brawley solar energy  facility  includes a 40 Megawatt  (MW)/160 Megawatt hour  (MWh) 
photovoltaic (PV) solar farm and 40 MW/160 MWh battery energy storage system (BESS).  The BESS will 
be located on the south side of the project site, approximately in the middle of the project site and the 
proposed transformers will be located on the west side of the BESS.  The BESS will be located on a concrete 
pad and will consist of 12 banks of enclosures, totaling up to 432 enclosures.  Each bank of batteries will 
be supported by a DC Combiner, control panel and inverter/transformer skid. 

Power generated by the proposed project would be low voltage direct current (DC) power that would be 
collected and routed to a series of inverters and their associated pad‐mounted transformers. The inverters 
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would convert  the DC power generated by  the panels  to alternating current  (AC) power and  the pad 
mounted  transformers would  step  up  the  voltage.  The  Project would  connect  to  the North  Brawley 
Geothermal  Power Plant  substation  southwest of  the Project  site  via  an  approximately  1.6‐mile‐long 
aboveground 92 kilovolt (kV) generation tie line (gen‐tie line). Energy generated and stored by the project 
will be sold to the wholesale market or retail electric providers in furtherance of the goals of the California 
Renewable Energy Portfolio Standards and other similar renewable programs  in  the Pacific Southwest 
power market.  The proposed site plan is shown in Figure 2. 

1.4 Standard Noise Regulatory Conditions 

The proposed project will be required to comply with the following regulatory conditions from the County 
of Imperial and State of California.  

County of Imperial Noise Regulations 

The following lists the noise/land use compatibility standards from the Noise Element of the General Plan 
that are applicable, but not limited to the proposed project. 

 Property Line Noise Standards 

 Construction Noise Standards 

State of California Noise Regulations 

The  following  lists  the State of California noise  regulations  that are applicable, but not  limited  to  the 
proposed project. 

 California Vehicle Code Section 2700‐27207 – On Road Vehicle Noise Limits 

 California Vehicle Code Section 38365‐38350 – Off‐Road Vehicle Noise Limits 

1.5 Summary of Analysis Results 

The following is a summary of the proposed project’s impacts with regard to the State CEQA Guidelines 
noise checklist questions. 

Generation of a substantial temporary or permanent increase in ambient noise levels in the vicinity of 
the project in excess of standards established in the local general plan or noise ordinance, or 
applicable standards of other agencies? 

Less than significant impact.  

Generation of excessive groundborne vibration or groundborne noise levels? 

Less than significant impact.  

For a project located within the vicinity of a private airstrip or an airport land use plan or, where such 
a plan has not been adopted, within two miles of a public airport or public use airport, would the 
project expose people residing or working in the project area to excessive noise levels? 

No impact.  
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1.6 Mitigation Measures for the Proposed Project 

This analysis found that through adherence to the noise and vibration regulations detailed in Section 1.4 
above, all noise and vibration impacts would be reduced to less than significant levels and no mitigation 
is required. 
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2.0  NOISE FUNDAMENTALS  

Noise is defined as unwanted sound.  Sound becomes unwanted when it interferes with normal activities, 
when it causes actual physical harm or when it has adverse effects on health.  Sound is produced by the 
vibration of sound pressure waves in the air.  Sound pressure levels are used to measure the intensity of 
sound and are described in terms of decibels. The decibel (dB) is a logarithmic unit which expresses the 
ratio of the sound pressure level being measured to a standard reference level.  A‐weighted decibels (dBA) 
approximate  the  subjective  response  of  the  human  ear  to  a  broad  frequency  noise  source  by 
discriminating against very low and very high frequencies of the audible spectrum.  They are adjusted to 
reflect only those frequencies which are audible to the human ear.   

2.1 Noise Descriptors 

Noise Equivalent sound levels are not measured directly, but are calculated from sound pressure levels 
typically measured in A‐weighted decibels (dBA).  The equivalent sound level (Leq) represents a steady 
state sound level containing the same total energy as a time varying signal over a given sample period.  
The worst‐hour traffic Leq, which  is usually the peak traffic hour  is the noise metric used by California 
Department of Transportation (Caltrans) for all traffic noise impact analyses. 

The Day‐Night Average Level (Ldn) is the weighted average of the intensity of a sound, with corrections 
for time of day, and averaged over 24 hours.   The  time of day corrections require  the addition of ten 
decibels to sound  levels at night between 10 p.m. and 7 a.m.   The Community Noise Equivalent Level 
(CNEL) is similar to the Ldn, except that it has an added 4.77 decibels to sound levels during the evening 
hours between 7 p.m. and 10 p.m.  These additions are made to the sound levels at these time periods 
because during the evening and nighttime hours, when compared to daytime hours, there is a decrease 
in the ambient noise levels, which creates an increased sensitivity to sounds.  For this reason the sound 
appears louder in the evening and nighttime hours and is weighted accordingly.  The County of Imperial 
also relies on the CNEL noise standard to assess transportation‐related  impacts on noise sensitive  land 
uses.   

2.2 Tone Noise  

A pure tone noise is a noise produced at a single frequency and laboratory tests have shown that humans 
are more perceptible to changes  in noise  levels of a pure tone.   For a noise source to contain a “pure 
tone,” there must be a significantly higher A‐weighted sound energy in a given frequency band than in the 
neighboring bands, thereby causing the noise source to “stand out” against other noise sources.  A pure 
tone occurs if the sound pressure level in the one‐third octave band with the tone exceeds the average of 
the sound pressure levels of the two contiguous one‐third octave bands by: 

 5 dB for center frequencies of 500 hertz (Hz) and above 

 8 dB for center frequencies between 160 and 400 Hz 

 15 dB for center frequencies of 125 Hz or less 

  

2.3 Noise Propagation 

From the noise source to the receiver, noise changes both  in  level and frequency spectrum.   The most 
obvious is the decrease in noise as the distance from the source increases.  The manner in which noise 
reduces  with  distance  depends  on  whether  the  source  is  a  point  or  line  source  as  well  as  ground 
absorption, atmospheric effects and refraction, and shielding by natural and manmade features.  Sound 
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from point sources, such as air conditioning condensers, radiate uniformly outward as it travels away from 
the source in a spherical pattern.  The noise drop‐off rate associated with this geometric spreading is 6 
dBA per each doubling of  the distance  (dBA/DD) between  source and  receiver.   Transportation noise 
sources such as roadways are typically analyzed as line sources, since at any given moment the receiver 
may be impacted by noise from multiple vehicles at various locations along the roadway.  Because of the 
geometry of a line source, the noise drop‐off rate associated with the geometric spreading of a line source 
is 3 dBA/DD.   

2.4 Ground Absorption 

The sound drop‐off rate is highly dependent on the conditions of the land between the noise source and 
receiver.   To account  for  this ground‐effect attenuation  (absorption),  two  types of site conditions are 
commonly used in traffic noise models, soft‐site and hard‐site conditions.  Soft‐site conditions account for 
the sound propagation loss over natural surfaces such as normal earth and ground vegetation.  For point 
sources,  a  drop‐off  rate  of  7.5  dBA/DD  is  typically  observed  over  soft  ground  with  landscaping,  as 
compared with a 6.0 dBA/DD drop‐off rate over hard ground such as asphalt, concrete, stone and very 
hard packed earth.  For line sources a 4.5 dBA/DD is typically observed for soft‐site conditions compared 
to the 3.0 dBA/DD drop‐off rate for hard‐site conditions.  Caltrans research has shown that the use of soft‐
site conditions  is more appropriate  for  the application of  the Federal Highway Administration  (FHWA) 
traffic noise prediction model used  in  this analysis as most ground  surfaces between  the  source and 
receptor will provide some noise absorption. 
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3.0  GROUND‐BORNE VIBRATION FUNDAMENTALS 

Ground‐borne vibrations consist of rapidly fluctuating motions within the ground that have an average 
motion of zero. The effects of ground‐borne vibrations typically only cause a nuisance to people, but at 
extreme vibration  levels damage to buildings may occur.   Although ground‐borne vibration can be felt 
outdoors, it is typically only an annoyance to people indoors where the associated effects of the shaking 
of a building can be notable.  Ground‐borne noise is an effect of ground‐borne vibration and only exists 
indoors, since it is produced from noise radiated from the motion of the walls and floors of a room and 
may also consist of the rattling of windows or dishes on shelves.  

3.1 Vibration Descriptors  

There are several different methods that are used to quantify vibration amplitude such as the maximum 
instantaneous peak in the vibrations velocity, which  is known as the peak particle velocity (PPV) or the 
root mean  square  (rms) amplitude of  the vibration velocity.   Due  to  the  typically  small amplitudes of 
vibrations, vibration velocity is often expressed in decibels and is denoted as (Lv) and is based on the rms 
velocity amplitude.  A commonly used abbreviation is vibration decibels (VdB), which in this text, is when 
Lv is based on the reference quantity of 1 micro inch per second.  

3.2 Vibration Perception  

Typically, developed areas are continuously affected by vibration velocities of 50 VdB or  lower.   These 
continuous vibrations are not noticeable to humans whose threshold of perception is around 65 VdB.  Off‐
site sources that may produce perceptible vibrations are usually caused by construction equipment, steel‐
wheeled trains, and traffic on rough roads, while smooth roads rarely produce perceptible ground‐borne 
noise or vibration.   

3.3 Vibration Propagation  

The propagation of ground‐borne vibration is not as simple to model as airborne noise.  This is due to the 
fact that noise in the air travels through a relatively uniform median, while ground‐borne vibrations travel 
through  the earth which may contain significant geological differences. There are three main types of 
vibration propagation; surface, compression, and shear waves.  Surface waves, or Rayleigh waves, travel 
along the ground’s surface.   These waves carry most of their energy along an expanding circular wave 
front, similar to ripples produced by throwing a rock into a pool of water.  P‐waves, or compression waves, 
are body waves that carry their energy along an expanding spherical wave front.  The particle motion in 
these waves  is  longitudinal  (i.e.,  in a  “push‐pull”  fashion).   P‐waves are analogous  to airborne  sound 
waves.  S‐waves, or shear waves, are also body waves that carry energy along an expanding spherical wave 
front.  However, unlike P‐waves, the particle motion is transverse or “side‐to‐side and perpendicular to 
the direction of propagation.” 

As vibration waves propagate from a source, the vibration energy decreases in a logarithmic nature and 
the vibration levels typically decrease by 6 VdB per doubling of the distance from the vibration source.  As 
stated above, this drop‐off rate can vary greatly depending on the soil but has been shown to be effective 
enough  for  screening purposes,  in order  to  identify potential  vibration  impacts  that may need  to be 
studied through actual field tests. 
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4.0  REGULATORY SETTING 

The project site is located in the County of Imperial. Noise regulations are addressed through the efforts 
of various federal, state, and local government agencies.  The agencies responsible for regulating noise 
are discussed below. 

4.1 Federal Regulations 

The adverse impact of noise was officially recognized by the federal government in the Noise Control Act 
of 1972, which serves three purposes: 

 Promulgating noise emission standards for interstate commerce 

 Assisting state and local abatement efforts 

 Promoting noise education and research 

The Federal Office of Noise Abatement and Control (ONAC) was  initially tasked with  implementing the 
Noise Control Act.   However, the ONAC has since been eliminated,  leaving the development of federal 
noise policies and programs  to other  federal agencies and  interagency committees.   For example,  the 
Occupational Safety and Health Administration (OSHA) agency prohibits exposure of workers to excessive 
sound levels.  The Department of Transportation (DOT) assumed a significant role in noise control through 
its various operating agencies.  The Federal Aviation Administration (FAA) regulates noise of aircraft and 
airports.   Surface transportation system noise  is regulated by a host of agencies,  including the Federal 
Transit Administration (FTA).  Transit noise is regulated by the federal Urban Mass Transit Administration 
(UMTA), while  freeways  that are part of  the  interstate highway  system are  regulated by  the  Federal 
Highway  Administration  (FHWA).    Finally,  the  federal  government  actively  advocates  that  local 
jurisdictions use their land use regulatory authority to arrange new development in such a way that “noise 
sensitive” uses  are  either prohibited  from being  sited  adjacent  to  a highway or,  alternately  that  the 
developments are planned and constructed in such a manner that potential noise impacts are minimized. 

Although the proposed project is not under the jurisdiction of the FTA, the FTA is the only agency that has 
defined what constitutes a significant noise impact from implementing a project.  The FTA standards are 
based  on  extensive  studies  by  the  FTA  and  other  governmental  agencies  on  the  human  effects  and 
reaction to noise and a summary of the FTA findings are provided below in Table A.   

Table A – FTA Project Effects on Cumulative Noise Exposure 

Existing Noise Exposure  
(dBA Leq or Ldn) 

Allowable Noise Impact Exposure dBA Leq or Ldn 

Project Only  Combined  Noise Exposure Increase 

45  51  52  +7 

50  53  55  +5 

55  55  58  +3 

60  57  62  +2 

65  60  66  +1 

70  64  71  +1 

75  65  75  0 

Source: Federal Transit Administration, 2018. 
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Since the federal government has preempted the setting of standards for noise levels that can be emitted 
by transportation sources, the City is restricted to regulating noise generated by the transportation system 
through nuisance abatement ordinances and land use planning. 

4.2 State Regulations 

Noise Standards 

California Department of Health Services Office of Noise Control 

Established  in 1973,  the California Department of Health  Services Office of Noise Control  (ONC) was 
instrumental  in developing  regularity  tools  to control and abate noise  for use by  local agencies.   One 
significant model is the “Land Use Compatibility for Community Noise Environments Matrix,” which allows 
the local jurisdiction to clearly delineate compatibility of sensitive uses with various incremental levels of 
noise. 

California Noise Insulation Standards 

Title 24, Chapter 1, Article 4 of the California Administrative Code (California Noise Insulation Standards) 
requires noise insulation in new hotels, motels, apartment houses, and dwellings (other than single‐family 
detached housing) that provides an annual average noise level of no more than 45 dBA CNEL.  When such 
structures are located within a 60‐dBA CNEL (or greater) noise contour, an acoustical analysis is required 
to ensure  that  interior  levels do not exceed  the 45‐dBA CNEL annual  threshold.    In addition, Title 21, 
Chapter 6, Article 1 of  the California Administrative Code  requires  that all habitable  rooms, hospitals, 
convalescent homes, and places of worship shall have an  interior CNEL of 45 dB or  less due to aircraft 
noise. 

Government Code Section 65302 

Government Code Section 65302 mandates that the legislative body of each county and city in California 
adopt a noise element as part of its comprehensive general plan.  The local noise element must recognize 
the  land  use  compatibility  guidelines  published  by  the  State  Department  of  Health  Services.    The 
guidelines rank noise  land use compatibility  in terms of normally acceptable, conditionally acceptable, 
normally unacceptable, and clearly unacceptable. 

Vibration Standards 

Title 14 of  the California Administrative Code Section 15000  requires  that all  state and  local agencies 
implement  the California Environmental Quality Act  (CEQA) Guidelines, which  requires  the analysis of 
exposure of persons to excessive groundborne vibration.  However, no statute has been adopted by the 
state that quantifies the level at which excessive groundborne vibration occurs.   

Caltrans issued the Transportation‐ and Construction‐Induced Vibration Guidance Manual in 2004.  The 
manual provides practical guidance to Caltrans engineers, planners, and consultants who must address 
vibration  issues  associated  with  the  construction,  operation,  and  maintenance  of  Caltrans  projects.  
However, this manual  is also used as a reference point by many  lead agencies and CEQA practitioners 
throughout California, as it provides numeric thresholds for vibration impacts.  Thresholds are established 
for continuous (construction‐related) and transient (transportation‐related) sources of vibration, which 
found that the human response becomes distinctly perceptible at 0.25 inch per second PPV for transient 
sources and 0.04 inch per second PPV for continuous sources.  
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4.3 Local Regulations 

The County of  Imperial General Plan and Municipal Code establishes  the  following applicable policies 
related to noise and vibration.   

County of Imperial General Plan Noise Element 

The General Plan Noise Element provides the following noise standards: 

1. Interior Noise Standards 

The California Noise Insulation Standards, California Code of Regulations Title 24, establishes a maximum 
interior noise  level, with windows closed, of 45 dB CNEL, due  to exterior sources. This requirement  is 
applicable  to new hotels, motels, apartment houses and dwellings other  than detached  single‐family 
dwellings. 

The  County  of  Imperial  hereby  establishes  the  following  additional  interior  noise  standards  to  be 
considered in acoustical analyses.  

 The interior noise standard for detached single family dwellings shall be 45 dB CNEL. 

 The interior noise standard for schools, libraries, offices and other noise sensitive areas where the 
occupancy  is normally only  in  the day  time,  shall be 50 dB averaged over  a one‐hour period 
(Leq(1)). 

2. Property Line Noise Standards 

The Property Line Noise Limits listed in Table 9 shall apply to noise generation from one property to an 
adjacent property. The standards imply the existence of a sensitive receptor on the adjacent, or receiving, 
property.  In  the  absence  of  a  sensitive  receptor,  an  exception  or  variance  to  the  standards may  be 
appropriate. These standards do not apply to construction noise. 

These standards are  intended to be enforced through the County's code enforcement program on the 
basis of complaints received from persons impacted by excessive noise. It must be acknowledged that a 
noise  nuisance  may  occur  even  though  an  objective  measurement  with  a  sound  level  meter  is  not 
available.  In such cases,  the County may act  to  restrict disturbing, excessive, or offensive noise which 
causes discomfort or annoyance to reasonable persons of normal sensitivity residing in an area. 

Table B – County of Imperial Property Line Noise Limits 

Zone  Time 
Applicable Limit One‐hour 

Average Sound Level (Decibels) 

Residential Zones 
7 a.m. to 10 p.m.  50 

10 p.m. to 7 a.m.  45 

Multi‐Residential Zones 
7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

Commercial Zones 
7 a.m. to 10 p.m.  60 

10 p.m. to 7 a.m.  55 

Light Industrial/Industrial Park Zones  Anytime  70 

General Industrial Zones  Anytime  75 
Note: When the noise‐generating property and the receiving property have different uses, the more restrictive standard shall apply. When 
the ambient noise level is equal to or exceeds the Property Line noise standard, the increase of the existing or proposed noise shall not exceed 
3 dB Leq. 
Source: County of Imperial, 2015. 
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3. Construction Noise Standards 

Construction noise, from a single piece of equipment or a combination of equipment, shall not exceed 75 
dB Leq, when averaged over an eight (8) hour period, and measured at the nearest sensitive receptor. 
This standard assumes a construction period, relative to an individual sensitive receptor of days or weeks. 
In cases of extended length construction times, the standard may be tightened so as not to exceed 75 dB 
Leq when averaged over a one (1) hour period. 

Construction equipment operation shall be  limited  to  the hours of 7 a.m.  to 7 p.m., Monday  through 
Friday, and 9 a.m. to 5 p.m. Saturday. No commercial construction operations are permitted on Sunday 
or holidays. In cases of a person constructing or modifying a residence for himself/herself, and if the work 
is not being performed as a business, construction equipment operations may be performed on Sundays 
and holidays between the hours of 9 a.m. and 5 p.m.  Such non‐commercial construction activities may 
be further restricted where disturbing, excessive, or offensive noise causes discomfort or annoyance to 
reasonable persons of normal sensitivity residing in an area. 

4. Significant Increase of Ambient Noise Levels 

The  increase  of  noise  levels  generally  results  in  an  adverse  impact  to  the  noise  environment.  The 
Noise/Land Use Compatibility Guidelines are not intended to allow the increase of ambient noise levels 
up to the maximum without consideration of feasible noise reduction measures. The following guidelines 
are established by the County of Imperial for the evaluation of significant noise impact. 

a. If the future noise level after the project is completed will be within the "normally acceptable" 
noise levels shown in the Noise/Land Use Compatibility Guidelines, but will result in an increase 
of 5 dB CNEL or greater, the project will have a potentially significant noise impact and mitigation 
measures must be considered. 

b. If  the  future  noise  level  after  the  project  is  completed  will  be  greater  than  the  "normally 
acceptable" noise levels shown in the Noise/Land Use Compatibility Guidelines, a noise increase 
of 3 dB CNEL or greater shall be considered a potentially significant noise impact and mitigation 
measures must be considered. 

The  following  applicable  goals,  objectives,  and  policies  to  the  proposed  project  are  from  the  Noise 
Element of the General Plan.  

Goal 1:  Provide an acceptable noise environment for existing and future residents in Imperial County. 

Objective 1.3   Control noise levels at the source where feasible. 

Objective 1.4  Coordinate  with  airport  operators  to  ensure  operations  are  in  conformance  with 
approved Airport Land Use Compatibility Plans 

Goal 2:  Review proposed projects  for noise  impacts and  require design which will provide acceptable 
indoor and outdoor noise environments. 

Objective 2.3  Work with project proponents to utilize site planning, architectural design, construction, 
and noise barriers to reduce noise impacts as projects as proposed. 
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Policy 1:  Acoustical Analysis of Proposed Projects 

The County shall require the analysis of proposed discretionary projects which may generate excessive 
noise  or which may  be  impacted  by  existing  excessive  noise  levels,  including  but  not  limited  to  the 
following: 

 An analysis shall be required  for any project which would be  located, all or  in part,  in a Noise 
Impact Zone as specified above. 

 An analysis shall be required for any project which has the potential to generate noise in excess 
of the Property Line Noise Limits stated in Table 9 (see Table B). 

 An analysis shall be required for any project which, although not located in a Noise Impact Zone, 
has  the potential  to result  in a significant  increase  in noise  levels  to sensitive receptors  in  the 
community. 

An acoustical analysis and  report  shall be prepared by a person deemed qualified by  the Director of 
Planning. The report shall describe the existing noise environment, the proposed project, the projected 
noise impact and, if required, the proposed mitigation to ensure conformance with applicable standards.  

County of Imperial Municipal Code 

The County of Imperial Municipal Code establishes the following applicable standards related to noise. 

90702.00 – Sound level limits 

A. It is unlawful for any person to cause noise by any means to the extent that the applicable one‐
hour average sound level set out in the following table (see Table C) is exceeded, at any location 
in  the county of  Imperial on or beyond  the boundaries of  the property on which  the noise  is 
produced. 

Table C – County of Imperial Municipal Code Sound Level Limits 

Land Use Zone  Time of Day 
One Hour Average Sound 

Level (decibels) 

1. Residential: 
All R‐1  

7 a.m. to 10 p.m.  50 

10 p.m. to 7 a.m.  45 

2. Residential: 
All R‐2 

7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

3. Residential: 
R‐3, R‐4 & all Other Residential 

7 a.m. to 10 p.m.  55 

10 p.m. to 7 a.m.  50 

4. All commercial 
7 a.m. to 10 p.m.  60 

10 p.m. to 7 a.m.  55 

5. Manufacturing, all other industrial, including 
agricultural & extraction industry 

Anytime  70 

6. General industrial  Anytime  75 
Source: County of Imperial, 2015. 

 

B. The sound level limit between two zoning districts (different land uses) shall be measured at the 
property line between the properties. 

C. Fixed‐location  public  utility  distribution  or  transmission  facilities  located  on  or  adjacent  to  a 
property line shall be subject to the noise level limits of subsection A of this section, measured at 
or beyond six feet from the boundary of the easement upon which the equipment is located. 
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5.0  EXISTING NOISE CONDITIONS 

To determine the existing noise levels, noise measurements have been taken in the vicinity of the project 
site.   The  field survey noted  that noise within  the proposed project area  is generally characterized by 
vehicle traffic on Best Avenue, which is located adjacent to the east side of the project site as well as train 
noise from the UPRR that runs through the western portion of the project site.  The following describes 
the measurement procedures, measurement locations, noise measurement results, and the modeling of 
the existing noise environment.   

5.1 Noise Measurement Equipment  

The noise measurements were  taken using  three Larson Davis Model LXT1 Type 1 sound  level meters 
programmed in “slow” mode to record the sound pressure level at 1‐second intervals for 24 hours in “A” 
weighted form.  In addition, the Leq averaged over the entire measuring time and Lmax were recorded with 
both sound level meters.  The sound level meters and microphones were mounted on fences and power 
poles on the project site, in the vicinity of the nearby homes.  The noise meters were mounted on fences 
and  poles  that  were  placed  between  four  and  six  feet  above  the  ground  and  were  equipped  with 
windscreens during all measurements.  The noise meters were calibrated before and after the monitoring 
using a Larson Davis Cal200 calibrator.  All noise level measurement equipment meets American National 
Standards Institute specifications for sound level meters (S1.4‐1983 identified in Chapter 19.68.020.AA). 

Noise Measurement Locations 

The noise monitoring locations were selected in order to obtain the existing noise levels on the project 
site, in the vicinity of the nearby homes.  Descriptions of the noise monitoring sites are provided below in 
Table D and are shown in Figure 3.  Appendix A includes a photo index of the study area and noise level 
measurement locations. 

Noise Measurement Timing and Climate 

The noise measurements were recorded between 12:48 p.m. on Thursday, April, 22, 2021 and 1:09 p.m. 
on Friday, April 23, 2021.   At  the start of  the noise measurements,  the sky was clear  (no clouds),  the 
temperature was 80 degrees Fahrenheit, the humidity was 45 percent, barometric pressure was 29.89 
inches of mercury, and the wind was blowing around four miles per hour. Overnight, the temperature 
dropped to 53 degrees Fahrenheit.  At the conclusion of the noise measurements, the sky was hazy, the 
temperature was 82 degrees Fahrenheit, the humidity was 23 percent, barometric pressure was 29.99 
inches of mercury, and the wind was blowing around seven miles per hour.   

5.2 Noise Measurement Results 

The results of the noise level measurements are presented in Table D. The measured sound pressure levels 
in dBA have been used to calculate the minimum and maximum Leq averaged over 1‐hour intervals.  Table 
D also shows the Leq, Lmax, and CNEL, based on the entire measurement time. The noise monitoring data 
printouts are included in Appendix B.  Figure 4 shows a graph of the 24‐hour noise measurements. 
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Table D – Existing (Ambient) Noise Level Measurements 

Site 
No.  Site Description 

Average (dBA Leq)  1‐hr Average (dBA Leq/Time)  Average 
(dBA CNEL) Daytime1  Nighttime2  Minimum  Maximum 

1 

Located near the southeast corner of the 
project site, on a power pole, 
approximately 55 feet west of Best 
Avenue centerline. 

62.0  56.2 
48.6 

11:23 p.m. 

63.7 

5:49 a.m. 
64.8 

2 

Located near the northeast corner of the 
project site, on a power pole, 
approximately 60 feet west of Best 
Avenue centerline. 

60.2  55.6 
45.9 

11:26 p.m. 

63.1 

5:50 a.m. 
63.9 

3 
Located near the northwest corner of the 
project site, on a fence, approximately 
115 feet west of the BNSF Railroad. 

66.5  64.9 
36.1 

3:42 a.m. 

76.0 

9:16 p.m. 
73.3 

Notes: 
1 Daytime is defined as 7:00 a.m. to 10:00 p.m. (Section 90702.00(A) of the Municipal Code) 
2 Nighttime define as 10:00 p.m. to 7:00 a.m. (Section 90702.00(A) of the Municipal Code) 
Source: Noise measurements taken between Thursday, April 22 and Friday, April 23, 2021. 
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Figure 3
Field Noise Monitoring Locations

SOURCE: Google Maps.
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6.0  MODELING PARAMETERS AND ASSUMPTIONS 

6.1 Construction Noise 

The noise  impacts  from construction of  the proposed project have been analyzed  through use of  the 
FHWA’s Roadway Construction Noise Model  (RCNM).    The  FHWA  compiled noise measurement data 
regarding the noise generating characteristics of several different types of construction equipment used 
during  the Central Artery/Tunnel project  in Boston.   Table E below provides a  list of  the construction 
equipment anticipated to be used for each phase of construction as detailed in Air Quality, Energy, and 
Greenhouse Gas Emissions  Impact Analysis Brawley Solar Energy Facility Project  (Air Quality Analysis), 
prepared by Vista Environmental, May 13, 2021. 

Table E – Construction Equipment Noise Emissions and Usage Factors 

Equipment Description 
Number of 
Equipment 

Acoustical Use 
Factor1 (percent) 

Spec 721.560 Lmax at 
50 feet2 (dBA, slow3) 

Actual Measured Lmax 
at 50 feet4 (dBA, slow3) 

Site Preparation         

Bore/Drill Rig  2  20  84  79 

Excavators  2  40  85  81 

Rubber Tired Dozers  3  40  85  83 

Tractors/Loaders/Backhoes  4  40  84  N/A 

PV System Installation and Testing       

Aerial Lifts (Man Lift)  2  40  84  N/A 

Air Compressor  1  40  80  78 

Cranes  2  16  85  81 

Forklifts (Gradall)  3  40  85  83 

Generator Set  1  50  82  81 

Graders  1  40  85  N/A 

Off‐Hwy Trucks (Flat Bed 
Truck) 

2  40  84  74 

Tractors/Loaders/Backhoes  3  40  84  N/A 

Welders  1  40  73  74 

Site Cleanup and Restoration       

Graders  2  40  85  N/A 

Rubber Tired Dozers  2  40  85  83 

Front End Loaders  2  40  80  79 

Tractors/Loaders/Backhoes  2  40  84  N/A 
Notes: 
1  Acoustical use factor is the percentage of time each piece of equipment is operational during a typical workday. 
2  Spec 721.560 is the equipment noise level utilized by the RCNM program. 
3  The “slow” response averages sound levels over 1‐second increments. A “fast” response averages sound levels over 0.125‐second increments.  
4 Actual Measured  is  the  average noise  level measured of  each piece  of  equipment during  the Central Artery/Tunnel project  in Boston, 
Massachusetts primarily during the 1990s. 
Source: Federal Highway Administration, 2006 and CalEEMod default equipment mix. 

 

Table E also shows the associated measured noise emissions for each piece of equipment from the RCNM 
model and measured percentage of typical equipment use per day.   Construction noise  impacts to the 
nearby homes have been calculated according to the equipment noise levels and usage factors listed in 
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Table E and through use of the RCNM.  For each phase of construction, all construction equipment was 
analyzed  based  on  being  placed  in  the  middle  of  the  project  site,  which  is  based  on  the  analysis 
methodology  detailed  in  FTA  Manual  for  a  General  Assessment.    However,  in  order  to  provide  a 
conservative analysis, all equipment was analyzed, instead of just the two nosiest pieces of equipment as 
detailed in the FTA Manual.   

6.2 Vibration 

Construction activity can result in varying degrees of ground vibration, depending on the equipment used 
on  the  site.   Operation of  construction equipment  causes  ground  vibrations  that  spread  through  the 
ground and diminish in strength with distance.  Buildings in the vicinity of the project site respond to these 
vibrations with varying results ranging from no perceptible effects at the low levels to slight damage to 
the structures at the highest levels.  Table F gives approximate vibration levels for particular construction 
equipment that is provided by the FTA, however it should be noted that not all of these equipment types 
would be used during construction of the proposed project.  The data in Table F provides a reasonable 
estimate for a wide range of soil conditions.  

Table F – Vibration Source Levels for Construction Equipment 

Equipment   
Peak Particle Velocity 

(inches/second) 
Approximate Vibration Level 

(Lv)at 25 feet 

Pile driver (impact) 
Upper range 
typical 

1.518 

0.644 

112 

104 

Pile driver (sonic) 
Upper range 
typical 

0.734 

0.170 

105 

93 

Clam shovel drop (slurry wall)    0.202  94 

Vibratory Roller    0.210  94 

Hoe Ram    0.089  87 

Large bulldozer    0.089  87 

Caisson drill    0.089  87 

Loaded trucks    0.076  86 

Jackhammer    0.035  79 

Small bulldozer    0.003  58 
Source: Federal Transit Administration, 2018. 

 

The  construction‐related  vibration  impacts  have  been  calculated  through  the  vibration  levels  shown 
above in Table F and through typical vibration propagation rates.  The equipment assumptions were based 
on the equipment lists provided above in Table E. 
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7.0  IMPACT ANALYSIS 

7.1 CEQA Thresholds of Significance  

Consistent  with  the  California  Environmental  Quality  Act  (CEQA)  and  the  State  CEQA  Guidelines,  a 
significant impact related to noise would occur if a proposed project is determined to result in: 

 Generation  of  a  substantial  temporary  or  permanent  increase  in  ambient  noise  levels  in  the 
vicinity  of  the  project  in  excess  of  standards  established  in  the  local  general  plan  or  noise 
ordinance, or applicable standards of other agencies;  

 Generation of excessive groundborne vibration or groundborne noise levels; or 

 For a project located within the vicinity of a private airstrip or an airport land use plan or, where 
such a plan has not been adopted, within two miles of a public airport or public use airport, would 
the project expose people residing or working in the project area to excessive noise levels. 

 

7.2 Generation of Noise Levels in Excess of Standards 

The proposed project would not generate a  substantial  temporary or permanent  increase  in ambient 
noise  levels  in the vicinity of the project  in excess of standards established  in the  local general plan or 
noise ordinance, or applicable standards of other agencies.  The following section calculates the potential 
noise emissions associated with the temporary construction activities and  long‐term operations of the 
proposed project and compares the noise levels to the City standards. 

Construction‐Related Noise 

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System Installation and Testing, and 3) Site Clean‐up and Restoration.  Noise impacts from construction 
activities associated with the proposed project would be a function of the noise generated by construction 
equipment,  equipment  location,  sensitivity  of  nearby  land  uses,  and  the  timing  and  duration  of  the 
construction activities.  The nearest sensitive receptors to the project site are single‐family homes located 
as near as 40 feet to the north side of the project site (near the northwest corner of the project site).  
There are also homes  located on the east side of Best Avenue that are as near as 120 feet east of the 
project site 

The General Plan Noise Element includes Construction Noise Standards that limits the noise created from 
construction equipment  to 75 dB Leq, averaged over an eight  (8) hour period at the nearest sensitive 
receptor.    In  addition,  the  Construction  Noise  Standards  limit  construction  equipment  operation  to 
between  the hours of  7  a.m.  to  7 p.m., Monday  through  Friday,  and  9  a.m.  to  5 p.m.  Saturday. No 
commercial construction operations are permitted on Sunday or holidays.  

Construction noise  impacts to the nearby sensitive receptors have been calculated through use of the 
RCNM and  the parameters and assumptions detailed  in Section 6.1 of  this  report  including Table E – 
Construction  Equipment  Noise  Emissions  and  Usage  Factors.  For  each  phase  of  construction,  all 
construction equipment was analyzed based on being placed in the middle of the project site, which is 
based on the analysis methodology detailed in FTA Manual for a General Assessment.  Since the County’s 
construction noise standard  is based on the noise  level over an 8‐hour period and  in a typical day the 
proposed construction equipment would operate over the entire project site, the use of the methodology 
detailed  in  the  FTA  Manual  for  a  General  Assessment  would  provide  a  reasonable  estimate  of  the 
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construction‐related noise levels created by the proposed project.  The results are shown below in Table 
G and the RCNM printouts are provided in Appendix D. 

Table G – Construction Noise Levels at the Nearby Homes  

Construction Phase 

Construction Noise Level (dBA Leq) at: 

Home to Northwest1  Home to Northeast2  Home to Southeast3 

Site Preparation  52  52  52 

PV System Installation and Testing  53  53  53 

Site Clean‐Up and Restoration  52  52  52 

Construction Noise Threshold4  75  75  75 

Ambient Daytime Noise Level  66.5  60.2  62.0 

Exceed Thresholds?  No  No  No 
1 The distance from the center of the project site to the home to the northwest was measured at 2,900 feet. 
2 The distance from the center of the project site to the homes to the northeast was measured at 2,900 feet. 
3 The distance from the center of the project site to the home to the southeast was measured at 2,850 feet. 
4 Construction Noise Threshold obtained from the General Plan Noise Element (County of Imperial, 2015). 
Source: RCNM, Federal Highway Administration, 2006 

 

Table G shows that greatest construction noise  impacts would be as high as 53 dBA Leq during the PV 
system installation and testing phase at the nearest homes to the northwest, northeast, and southeast of 
the project site.  All calculated construction noise levels shown in Table G are within the City’s construction 
noise standard of 75 dBA and would also be below the existing ambient daytime noise levels in the vicinity 
of the nearby homes.   Therefore, through adherence to the  limitation of allowable construction times 
provided  in  the General Plan Noise  Element,  construction‐related noise  levels would not  exceed  any 
standards established in the General Plan or Noise Ordinance nor would construction activities create a 
substantial  temporary  increase  in  ambient  noise  levels  from  construction  of  the  proposed  project.  
Impacts would be less than significant. 

Operational‐Related Noise 

The proposed project would consist of the development of a solar facility with a BESS and a substation.  
Since the proposed project would be operated on an unstaffed basis and monitored remotely from the 
Brawley Geothermal Power Plant control room, operation of the proposed project would not typically 
generate  any  additional  vehicle  traffic  on  the  nearby  roadways.    As  such,  potential  noise  impacts 
associated with the operations of the proposed project would be  limited to onsite noise sources.   The 
proposed PV solar panels do not create any operational noise, however the proposed BESS Enclosures (AC 
Unit noise), Power Conversion System (PCS), Power Distribution Center (PDC) that would be  located at 
the BESS, and auxiliary  transformers, and Battery  Step Up Transformer  that would be  located at  the 
proposed substation are known sources of noise that have been analyzed below. 

Both the General Plan Noise Element and Section 90702.00 provide  the same noise  level  limits at  the 
property  line of the nearby homes of 50 dBA Leq‐1hour between 7 a.m. and 10 p.m. and 45 dBA Leq‐
1hour between 10 p.m. and 7 a.m.. When the ambient noise level is equal to or exceeds the above noise 
standards, the proposed noise source shall not exceed the ambient plus 3 dB Leq. 

In order  to determine  the noise  impacts  from  the operation of onsite noise making equipment, noise 
specifications from previously prepared noise reports were obtained and are shown in Table H.  The noise 
levels from each source were calculated through use of standard geometric spreading of noise from a 
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point  source with a drop‐off  rate of 6 dB  for each doubling of  the distance between  the  source and 
receiver. 

Table H – Operational Noise Levels at the Nearby Homes 

Noise Source 

Home to Northwest  Home to Northeast  Home to Southeast 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

Distance ‐ 
Source to 

Home (feet) 

Noise 
Level1  

(dBA Leq) 

BESS Enclosures2  5,050  25  5,100  25  850  40 

Power Conversion System3   5,050  22  5,100  22  850  38 

Power Distribution Center4   5,050  22  5,100  22  850  38 

Auxiliary Transformers5  5,030  31  5,280  31  1,150  44 

Battery Step up Transformer6  5,030  31  5,280  31  850  47 

Combined Noise Levels  35    35    50 

County Noise Standard7 (day/night)  69.5/67.9    63.2/58.6    65.0/59.2 

Exceed County Noise Standards?  No/No    No/No    No/No 
Notes: 
1  The noise levels were calculated through use of standard geometric spreading of noise from a point source with a drop‐off rate of 6 dB for 
each doubling of the distance between the source and receiver.  
2  BESS Enclosures is based on a reference noise measurement of 88.6 dBA at 1 meter. 
3  Power Conversion System is based on a reference noise measurement of 86.1 dBA at 1 meter. 
4  Power Distribution Center is based on a reference noise measurement of 86.1 dBA at 1 meter. 
5  Auxiliary Transformers are based on a reference noise measurement of 95.1 dBA at 1 meter. 
6  Battery Step up Transformer is based on a reference noise measurement of 95.1 dBA at 1 meter. 
7  County Noise Standard based on ambient noise level shown in Table D plus 3 dB at the nearby homes. 

 

Table H shows  that  the proposed project’s onsite operational noise  from  the anticipated onsite noise 
sources would not exceed the applicable noise standards at the nearby homes.  Therefore, operational 
onsite noise impacts would be less than significant 

Level of Significance 

Less than significant impact. 

7.3 Generation of Excessive Groundborne Vibration 

The proposed project would not expose persons to or generation of excessive groundborne vibration or 
groundborne noise levels.  The following section analyzes the potential vibration impacts associated with 
the construction and operations of the proposed project. 

Construction‐Related Vibration Impacts 

The construction activities for the proposed project are anticipated to include: 1) Site Preparation; 2) PV 
System  Installation  and  Testing,  and  3)  Site  Clean‐up  and  Restoration.    Vibration  impacts  from 
construction activities associated with the proposed project would typically be created from the operation 
of heavy off‐road equipment.  The nearest sensitive receptor to the project site is a single‐family home 
located as near as 40 feet to the north side of the project site (near the northwest corner of the project 
site).   
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Since  neither  the Municipal Code nor  the General  Plan provides  any  thresholds  related  to  vibration, 
Caltrans guidance that is detailed above in Section 4.2 has been utilized, which defines the threshold of 
perception from transient sources at 0.25 inch per second PPV.   

The primary source of vibration during construction would be from the operation of a bulldozer.  From 
Table F above a large bulldozer would create a vibration level of 0.089 inch per second PPV at 25 feet.  
Based on typical propagation rates, the vibration level at the nearest home (40 feet away) would be 0.06 
inch per second PPV.  The vibration level at the nearest home, would be below the 0.25 inch per second 
PPV threshold detailed above.  Impacts would be less than significant.   

Operations‐Related Vibration Impacts 

The proposed project would consist of the operation of a solar energy facility.  The on‐going operation of 
the proposed project would not include the operation of any known vibration sources.  Therefore, a less 
than significant vibration impact is anticipated from the operation of the proposed project. 

Level of Significance  

Less than significant impact. 

7.4 Aircraft Noise  

The proposed project would not expose people residing or working in the project area to excessive noise 
levels from aircraft. The nearest airport is Brawley Municipal Airport that is located as near as 1.5 mile 
south of the project site.  The project site is located outside of the 60 dBA CNEL noise contours of Brawley 
Municipal  Airport  and  no  sensitive  receptors  would  be  introduced  to  the  project  site  through 
implementation of the proposed project.  No impact would occur from aircraft noise. 

Level of Significance  

No impact would occur. 
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Field Noise Measurements Printouts 
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Leq Daytime = 62.0 Leq Daytime = 60.2 Leq Daytime = 66.5
Freq Weighting=A Leq Nighttime = 56.2 Freq Weighting=A Leq Nighttime = 55.6 Freq Weighting=A Leq Nighttime = 64.9
86402 CNEL(24hr)= 64.8 86402 CNEL(24hr)= 63.9 86402 CNEL(24hr)= 73.3

Leq = 59.9 Ldn(24hr)= 64.6 Leq = 58.5 Ldn(24hr)= 63.7 Leq = 65.8 Ldn(24hr)= 72.5
Min = 39.5 Min Leq hr at 11:23 PM 48.6 Min = 39.6 Min Leq hr at 11:26 PM 45.9 Min = 30.8 Min Leq hr at 3:42 AM 36.1
Max = 85.7 Max Leq hr at 5:49 AM 63.7 Max = 84.6 Max Leq hr at 5:50 AM 63.1 Max = 106.8 Max Leq hr at 9:16 PM 76.0

SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
57.7 12:48:22 57.7 57.7 62.5 13:02:45 62.5 62.5 66.8 13:09:16 66.8 66.8
65.7 12:48:23 65.7 65.7 69.0 13:02:46 69.0 69.0 63.8 13:09:17 63.8 63.8
69.3 12:48:24 69.3 69.3 64.9 13:02:47 64.9 64.9 66.4 13:09:18 66.4 66.4
70.1 12:48:25 70.1 70.1 67.9 13:02:48 67.9 67.9 69.0 13:09:19 69.0 69.0
68.6 12:48:26 68.6 68.6 64.5 13:02:49 64.5 64.5 70.7 13:09:20 70.7 70.7
67.5 12:48:27 67.5 67.5 62.9 13:02:50 62.9 62.9 64.3 13:09:21 64.3 64.3
64.6 12:48:28 64.6 64.6 68.9 13:02:51 68.9 68.9 62.2 13:09:22 62.2 62.2
64.6 12:48:29 64.6 64.6 65.5 13:02:52 65.5 65.5 64.5 13:09:23 64.5 64.5
61.4 12:48:30 61.4 61.4 63.7 13:02:53 63.7 63.7 60.8 13:09:24 60.8 60.8
58.2 12:48:31 58.2 58.2 61.7 13:02:54 61.7 61.7 66.9 13:09:25 66.9 66.9
57.0 12:48:32 57.0 57.0 59.4 13:02:55 59.4 59.4 62.7 13:09:26 62.7 62.7
63.2 12:48:33 63.2 63.2 64.0 13:02:56 64.0 64.0 68.5 13:09:27 68.5 68.5
63.4 12:48:34 63.4 63.4 64.8 13:02:57 64.8 64.8 64.9 13:09:28 64.9 64.9
69.1 12:48:35 69.1 69.1 66.0 13:02:58 66.0 66.0 61.1 13:09:29 61.1 61.1
64.9 12:48:36 64.9 64.9 65.9 13:02:59 65.9 65.9 57.1 13:09:30 57.1 57.1
60.7 12:48:37 60.7 60.7 62.7 13:03:00 62.7 62.7 53.7 13:09:31 53.7 53.7
56.7 12:48:38 56.7 56.7 60.0 13:03:01 60.0 60.0 50.5 13:09:32 50.5 50.5
55.7 12:48:39 55.7 55.7 67.1 13:03:02 67.1 67.1 49.0 13:09:33 49.0 49.0
53.5 12:48:40 53.5 53.5 64.3 13:03:03 64.3 64.3 48.0 13:09:34 48.0 48.0
52.2 12:48:41 52.2 52.2 62.0 13:03:04 62.0 62.0 47.9 13:09:35 47.9 47.9
52.7 12:48:42 52.7 52.7 60.4 13:03:05 60.4 60.4 48.6 13:09:36 48.6 48.6
54.3 12:48:43 54.3 54.3 60.7 13:03:06 60.7 60.7 46.6 13:09:37 46.6 46.6
65.1 12:48:44 65.1 65.1 59.5 13:03:07 59.5 59.5 44.5 13:09:38 44.5 44.5
63.1 12:48:45 63.1 63.1 58.5 13:03:08 58.5 58.5 43.4 13:09:39 43.4 43.4
61.1 12:48:46 61.1 61.1 57.7 13:03:09 57.7 57.7 43.1 13:09:40 43.1 43.1
59.6 12:48:47 59.6 59.6 57.3 13:03:10 57.3 57.3 42.5 13:09:41 42.5 42.5
59.1 12:48:48 59.1 59.1 57.4 13:03:11 57.4 57.4 39.7 13:09:42 39.7 39.7
60.0 12:48:49 60.0 60.0 61.3 13:03:12 61.3 61.3 48.9 13:09:43 48.9 48.9
60.6 12:48:50 60.6 60.6 67.5 13:03:13 67.5 67.5 58.0 13:09:44 58.0 58.0
60.9 12:48:51 60.9 60.9 63.5 13:03:14 63.5 63.5 54.9 13:09:45 54.9 54.9
60.7 12:48:52 60.7 60.7 60.2 13:03:15 60.2 60.2 55.6 13:09:46 55.6 55.6
64.7 12:48:53 64.7 64.7 59.9 13:03:16 59.9 59.9 56.8 13:09:47 56.8 56.8
65.1 12:48:54 65.1 65.1 57.9 13:03:17 57.9 57.9 58.8 13:09:48 58.8 58.8
63.1 12:48:55 63.1 63.1 56.9 13:03:18 56.9 56.9 59.7 13:09:49 59.7 59.7
59.3 12:48:56 59.3 59.3 58.5 13:03:19 58.5 58.5 57.2 13:09:50 57.2 57.2
59.1 12:48:57 59.1 59.1 62.5 13:03:20 62.5 62.5 55.2 13:09:51 55.2 55.2
58.1 12:48:58 58.1 58.1 61.1 13:03:21 61.1 61.1 58.7 13:09:52 58.7 58.7
60.8 12:48:59 60.8 60.8 58.4 13:03:22 58.4 58.4 58.3 13:09:53 58.3 58.3
57.8 12:49:00 57.8 57.8 57.8 13:03:23 57.8 57.8 59.6 13:09:54 59.6 59.6
57.5 12:49:01 57.5 57.5 57.3 13:03:24 57.3 57.3 58.8 13:09:55 58.8 58.8
61.6 12:49:02 61.6 61.6 57.9 13:03:25 57.9 57.9 58.8 13:09:56 58.8 58.8
63.6 12:49:03 63.6 63.6 60.9 13:03:26 60.9 60.9 59.0 13:09:57 59.0 59.0
69.5 12:49:04 69.5 69.5 62.3 13:03:27 62.3 62.3 62.4 13:09:58 62.4 62.4
65.5 12:49:05 65.5 65.5 59.1 13:03:28 59.1 59.1 60.9 13:09:59 60.9 60.9
61.7 12:49:06 61.7 61.7 57.7 13:03:29 57.7 57.7 64.6 13:10:00 64.6 64.6
59.2 12:49:07 59.2 59.2 56.9 13:03:30 56.9 56.9 60.7 13:10:01 60.7 60.7
60.7 12:49:08 60.7 60.7 55.1 13:03:31 55.1 55.1 57.3 13:10:02 57.3 57.3
63.5 12:49:09 63.5 63.5 59.6 13:03:32 59.6 59.6 53.4 13:10:03 53.4 53.4
63.7 12:49:10 63.7 63.7 62.9 13:03:33 62.9 62.9 55.7 13:10:04 55.7 55.7
67.1 12:49:11 67.1 67.1 61.8 13:03:34 61.8 61.8 57.6 13:10:05 57.6 57.6
67.4 12:49:12 67.4 67.4 63.6 13:03:35 63.6 63.6 55.1 13:10:06 55.1 55.1
64.6 12:49:13 64.6 64.6 62.2 13:03:36 62.2 62.2 61.9 13:10:07 61.9 61.9
61.7 12:49:14 61.7 61.7 65.6 13:03:37 65.6 65.6 60.1 13:10:08 60.1 60.1
63.2 12:49:15 63.2 63.2 66.3 13:03:38 66.3 66.3 59.5 13:10:09 59.5 59.5
61.4 12:49:16 61.4 61.4 63.9 13:03:39 63.9 63.9 56.3 13:10:10 56.3 56.3
63.9 12:49:17 63.9 63.9 63.2 13:03:40 63.2 63.2 53.1 13:10:11 53.1 53.1
69.4 12:49:18 69.4 69.4 63.4 13:03:41 63.4 63.4 74.4 13:10:12 74.4 74.4
68.0 12:49:19 68.0 68.0 60.4 13:03:42 60.4 60.4 76.2 13:10:13 76.2 76.2
68.4 12:49:20 68.4 68.4 57.9 13:03:43 57.9 57.9 72.1 13:10:14 72.1 72.1
64.3 12:49:21 64.3 64.3 56.3 13:03:44 56.3 56.3 68.2 13:10:15 68.2 68.2
60.7 12:49:22 60.7 60.7 56.0 13:03:45 56.0 56.0 64.0 13:10:16 64.0 64.0
67.8 12:49:23 67.8 67.8 56.9 13:03:46 56.9 56.9 60.3 13:10:17 60.3 60.3
63.2 12:49:24 63.2 63.2 57.4 13:03:47 57.4 57.4 57.3 13:10:18 57.3 57.3
67.8 12:49:25 67.8 67.8 55.7 13:03:48 55.7 55.7 60.8 13:10:19 60.8 60.8
65.9 12:49:26 65.9 65.9 56.9 13:03:49 56.9 56.9 61.5 13:10:20 61.5 61.5
65.3 12:49:27 65.3 65.3 56.7 13:03:50 56.7 56.7 57.9 13:10:21 57.9 57.9
62.0 12:49:28 62.0 62.0 55.4 13:03:51 55.4 55.4 57.3 13:10:22 57.3 57.3
69.7 12:49:29 69.7 69.7 56.2 13:03:52 56.2 56.2 69.5 13:10:23 69.5 69.5
69.3 12:49:30 69.3 69.3 55.6 13:03:53 55.6 55.6 75.4 13:10:24 75.4 75.4
67.7 12:49:31 67.7 67.7 55.9 13:03:54 55.9 55.9 71.2 13:10:25 71.2 71.2
69.3 12:49:32 69.3 69.3 57.3 13:03:55 57.3 57.3 67.0 13:10:26 67.0 67.0
66.3 12:49:33 66.3 66.3 57.6 13:03:56 57.6 57.6 62.9 13:10:27 62.9 62.9
64.7 12:49:34 64.7 64.7 58.3 13:03:57 58.3 58.3 59.4 13:10:28 59.4 59.4
64.2 12:49:35 64.2 64.2 59.7 13:03:58 59.7 59.7 63.3 13:10:29 63.3 63.3
70.7 12:49:36 70.7 70.7 62.4 13:03:59 62.4 62.4 64.0 13:10:30 64.0 64.0
69.5 12:49:37 69.5 69.5 60.6 13:04:00 60.6 60.6 61.4 13:10:31 61.4 61.4
65.5 12:49:38 65.5 65.5 64.0 13:04:01 64.0 64.0 63.9 13:10:32 63.9 63.9
61.5 12:49:39 61.5 61.5 67.0 13:04:02 67.0 67.0 73.2 13:10:33 73.2 73.2
59.8 12:49:40 59.8 59.8 65.1 13:04:03 65.1 65.1 69.6 13:10:34 69.6 69.6
58.5 12:49:41 58.5 58.5 62.7 13:04:04 62.7 62.7 66.3 13:10:35 66.3 66.3
57.9 12:49:42 57.9 57.9 60.0 13:04:05 60.0 60.0 66.6 13:10:36 66.6 66.6
61.1 12:49:43 61.1 61.1 61.9 13:04:06 61.9 61.9 68.4 13:10:37 68.4 68.4
62.8 12:49:44 62.8 62.8 64.4 13:04:07 64.4 64.4 66.7 13:10:38 66.7 66.7
68.7 12:49:45 68.7 68.7 65.2 13:04:08 65.2 65.2 63.4 13:10:39 63.4 63.4
64.6 12:49:46 64.6 64.6 62.9 13:04:09 62.9 62.9 60.5 13:10:40 60.5 60.5
63.2 12:49:47 63.2 63.2 61.0 13:04:10 61.0 61.0 57.4 13:10:41 57.4 57.4
61.2 12:49:48 61.2 61.2 59.4 13:04:11 59.4 59.4 54.0 13:10:42 54.0 54.0
69.6 12:49:49 69.6 69.6 59.6 13:04:12 59.6 59.6 51.1 13:10:43 51.1 51.1
68.3 12:49:50 68.3 68.3 58.7 13:04:13 58.7 58.7 48.0 13:10:44 48.0 48.0
70.8 12:49:51 70.8 70.8 58.0 13:04:14 58.0 58.0 45.1 13:10:45 45.1 45.1
66.8 12:49:52 66.8 66.8 59.7 13:04:15 59.7 59.7 44.1 13:10:46 44.1 44.1
72.7 12:49:53 72.7 72.7 59.1 13:04:16 59.1 59.1 43.6 13:10:47 43.6 43.6
71.6 12:49:54 71.6 71.6 57.6 13:04:17 57.6 57.6 42.4 13:10:48 42.4 42.4
73.6 12:49:55 73.6 73.6 66.1 13:04:18 66.1 66.1 42.2 13:10:49 42.2 42.2
69.0 12:49:56 69.0 69.0 63.2 13:04:19 63.2 63.2 43.4 13:10:50 43.4 43.4
74.8 12:49:57 74.8 74.8 59.8 13:04:20 59.8 59.8 42.2 13:10:51 42.2 42.2
71.3 12:49:58 71.3 71.3 56.9 13:04:21 56.9 56.9 41.4 13:10:52 41.4 41.4
72.1 12:49:59 72.1 72.1 55.2 13:04:22 55.2 55.2 40.8 13:10:53 40.8 40.8
77.8 12:50:00 77.8 77.8 54.0 13:04:23 54.0 54.0 41.0 13:10:54 41.0 41.0
73.6 12:50:01 73.6 73.6 53.7 13:04:24 53.7 53.7 42.5 13:10:55 42.5 42.5
69.4 12:50:02 69.4 69.4 52.7 13:04:25 52.7 52.7 45.5 13:10:56 45.5 45.5
65.3 12:50:03 65.3 65.3 52.8 13:04:26 52.8 52.8 44.5 13:10:57 44.5 44.5
63.2 12:50:04 63.2 63.2 52.3 13:04:27 52.3 52.3 42.4 13:10:58 42.4 42.4
63.0 12:50:05 63.0 63.0 52.6 13:04:28 52.6 52.6 41.0 13:10:59 41.0 41.0
61.6 12:50:06 61.6 61.6 53.8 13:04:29 53.8 53.8 40.1 13:11:00 40.1 40.1
59.0 12:50:07 59.0 59.0 53.7 13:04:30 53.7 53.7 48.7 13:11:01 48.7 48.7
55.6 12:50:08 55.6 55.6 53.4 13:04:31 53.4 53.4 50.9 13:11:02 50.9 50.9
52.5 12:50:09 52.5 52.5 63.8 13:04:32 63.8 63.8 48.3 13:11:03 48.3 48.3
50.2 12:50:10 50.2 50.2 61.5 13:04:33 61.5 61.5 45.8 13:11:04 45.8 45.8
48.2 12:50:11 48.2 48.2 58.6 13:04:34 58.6 58.6 44.4 13:11:05 44.4 44.4
47.9 12:50:12 47.9 47.9 55.6 13:04:35 55.6 55.6 42.9 13:11:06 42.9 42.9
45.8 12:50:13 45.8 45.8 54.3 13:04:36 54.3 54.3 42.0 13:11:07 42.0 42.0
44.8 12:50:14 44.8 44.8 55.2 13:04:37 55.2 55.2 40.9 13:11:08 40.9 40.9
45.2 12:50:15 45.2 45.2 54.6 13:04:38 54.6 54.6 39.5 13:11:09 39.5 39.5
45.3 12:50:16 45.3 45.3 53.6 13:04:39 53.6 53.6 38.8 13:11:10 38.8 38.8
48.7 12:50:17 48.7 48.7 53.5 13:04:40 53.5 53.5 37.9 13:11:11 37.9 37.9
52.4 12:50:18 52.4 52.4 53.1 13:04:41 53.1 53.1 37.6 13:11:12 37.6 37.6
51.3 12:50:19 51.3 51.3 52.6 13:04:42 52.6 52.6 37.9 13:11:13 37.9 37.9
49.3 12:50:20 49.3 49.3 51.9 13:04:43 51.9 51.9 37.4 13:11:14 37.4 37.4
46.5 12:50:21 46.5 46.5 53.0 13:04:44 53.0 53.0 36.9 13:11:15 36.9 36.9
44.7 12:50:22 44.7 44.7 54.5 13:04:45 54.5 54.5 36.9 13:11:16 36.9 36.9
45.0 12:50:23 45.0 45.0 54.0 13:04:46 54.0 54.0 36.9 13:11:17 36.9 36.9
44.8 12:50:24 44.8 44.8 53.4 13:04:47 53.4 53.4 36.9 13:11:18 36.9 36.9
45.2 12:50:25 45.2 45.2 53.2 13:04:48 53.2 53.2 36.9 13:11:19 36.9 36.9
48.3 12:50:26 48.3 48.3 51.8 13:04:49 51.8 51.8 40.2 13:11:20 40.2 40.2
46.9 12:50:27 46.9 46.9 51.2 13:04:50 51.2 51.2 41.0 13:11:21 41.0 41.0
46.3 12:50:28 46.3 46.3 52.2 13:04:51 52.2 52.2 39.0 13:11:22 39.0 39.0
45.5 12:50:29 45.5 45.5 53.7 13:04:52 53.7 53.7 38.0 13:11:23 38.0 38.0
43.8 12:50:30 43.8 43.8 53.2 13:04:53 53.2 53.2 37.2 13:11:24 37.2 37.2
43.5 12:50:31 43.5 43.5 52.4 13:04:54 52.4 52.4 36.8 13:11:25 36.8 36.8
45.3 12:50:32 45.3 45.3 52.3 13:04:55 52.3 52.3 40.1 13:11:26 40.1 40.1
47.8 12:50:33 47.8 47.8 53.4 13:04:56 53.4 53.4 39.3 13:11:27 39.3 39.3
47.0 12:50:34 47.0 47.0 52.6 13:04:57 52.6 52.6 38.7 13:11:28 38.7 38.7
55.0 12:50:35 55.0 55.0 52.9 13:04:58 52.9 52.9 38.3 13:11:29 38.3 38.3
55.2 12:50:36 55.2 55.2 53.7 13:04:59 53.7 53.7 39.9 13:11:30 39.9 39.9
51.9 12:50:37 51.9 51.9 53.8 13:05:00 53.8 53.8 48.7 13:11:31 48.7 48.7
49.0 12:50:38 49.0 49.0 54.2 13:05:01 54.2 54.2 45.5 13:11:32 45.5 45.5
48.1 12:50:39 48.1 48.1 54.6 13:05:02 54.6 54.6 44.0 13:11:33 44.0 44.0
45.9 12:50:40 45.9 45.9 53.5 13:05:03 53.5 53.5 41.7 13:11:34 41.7 41.7
45.2 12:50:41 45.2 45.2 51.9 13:05:04 51.9 51.9 40.9 13:11:35 40.9 40.9
47.9 12:50:42 47.9 47.9 50.8 13:05:05 50.8 50.8 40.6 13:11:36 40.6 40.6
49.8 12:50:43 49.8 49.8 51.2 13:05:06 51.2 51.2 40.7 13:11:37 40.7 40.7
48.4 12:50:44 48.4 48.4 52.3 13:05:07 52.3 52.3 41.1 13:11:38 41.1 41.1
49.4 12:50:45 49.4 49.4 52.6 13:05:08 52.6 52.6 40.5 13:11:39 40.5 40.5
49.0 12:50:46 49.0 49.0 52.7 13:05:09 52.7 52.7 40.1 13:11:40 40.1 40.1
52.5 12:50:47 52.5 52.5 53.1 13:05:10 53.1 53.1 39.7 13:11:41 39.7 39.7
53.6 12:50:48 53.6 53.6 53.0 13:05:11 53.0 53.0 39.7 13:11:42 39.7 39.7
50.6 12:50:49 50.6 50.6 54.0 13:05:12 54.0 54.0 39.9 13:11:43 39.9 39.9
48.2 12:50:50 48.2 48.2 54.5 13:05:13 54.5 54.5 40.2 13:11:44 40.2 40.2
47.4 12:50:51 47.4 47.4 53.8 13:05:14 53.8 53.8 40.0 13:11:45 40.0 40.0
46.6 12:50:52 46.6 46.6 54.3 13:05:15 54.3 54.3 39.5 13:11:46 39.5 39.5
45.7 12:50:53 45.7 45.7 54.4 13:05:16 54.4 54.4 39.2 13:11:47 39.2 39.2
43.9 12:50:54 43.9 43.9 53.0 13:05:17 53.0 53.0 40.1 13:11:48 40.1 40.1
43.0 12:50:55 43.0 43.0 52.8 13:05:18 52.8 52.8 40.6 13:11:49 40.6 40.6
43.5 12:50:56 43.5 43.5 52.3 13:05:19 52.3 52.3 40.6 13:11:50 40.6 40.6
45.6 12:50:57 45.6 45.6 52.0 13:05:20 52.0 52.0 39.9 13:11:51 39.9 39.9
50.0 12:50:58 50.0 50.0 57.5 13:05:21 57.5 57.5 39.8 13:11:52 39.8 39.8
48.7 12:50:59 48.7 48.7 62.9 13:05:22 62.9 62.9 39.0 13:11:53 39.0 39.0
47.0 12:51:00 47.0 47.0 65.3 13:05:23 65.3 65.3 38.6 13:11:54 38.6 38.6
47.0 12:51:01 47.0 47.0 63.7 13:05:24 63.7 63.7 38.4 13:11:55 38.4 38.4
49.6 12:51:02 49.6 49.6 63.7 13:05:25 63.7 63.7 38.9 13:11:56 38.9 38.9
49.3 12:51:03 49.3 49.3 63.0 13:05:26 63.0 63.0 39.1 13:11:57 39.1 39.1
50.8 12:51:04 50.8 50.8 61.5 13:05:27 61.5 61.5 38.4 13:11:58 38.4 38.4
50.7 12:51:05 50.7 50.7 59.9 13:05:28 59.9 59.9 38.1 13:11:59 38.1 38.1
48.1 12:51:06 48.1 48.1 58.0 13:05:29 58.0 58.0 38.7 13:12:00 38.7 38.7
46.9 12:51:07 46.9 46.9 57.1 13:05:30 57.1 57.1 38.3 13:12:01 38.3 38.3
47.8 12:51:08 47.8 47.8 56.6 13:05:31 56.6 56.6 38.7 13:12:02 38.7 38.7
46.8 12:51:09 46.8 46.8 55.6 13:05:32 55.6 55.6 38.8 13:12:03 38.8 38.8
46.6 12:51:10 46.6 46.6 54.6 13:05:33 54.6 54.6 39.1 13:12:04 39.1 39.1
50.4 12:51:11 50.4 50.4 54.3 13:05:34 54.3 54.3 38.6 13:12:05 38.6 38.6

Site 2 - Near Northeast Corner of Project Site

Site 2 - Near Northeast Corner of Project Site

Site 1 - Near Southeast Corner of Project Site

Site 1 - Near Southeast Corner of Project Site

Site 3 - Near Northwest Corner of Project Site

Site 3 - Near Northwest Corner of Project Site

April 22, 2021 April 22, 2021 April 22, 2021

Record Num =Record Num = Record Num =
ampling Time = 1 se ampling Time = 1 se ampling Time = 1 se

1:09:16 PM1:02:45 PM12:48:22 PM

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

50.9 12:51:12 50.9 50.9 55.0 13:05:35 55.0 55.0 38.5 13:12:06 38.5 38.5
50.2 12:51:13 50.2 50.2 54.7 13:05:36 54.7 54.7 38.4 13:12:07 38.4 38.4
53.5 12:51:14 53.5 53.5 55.9 13:05:37 55.9 55.9 38.2 13:12:08 38.2 38.2
53.5 12:51:15 53.5 53.5 55.4 13:05:38 55.4 55.4 37.4 13:12:09 37.4 37.4
50.5 12:51:16 50.5 50.5 54.8 13:05:39 54.8 54.8 37.5 13:12:10 37.5 37.5
49.5 12:51:17 49.5 49.5 54.7 13:05:40 54.7 54.7 37.6 13:12:11 37.6 37.6
49.3 12:51:18 49.3 49.3 55.1 13:05:41 55.1 55.1 38.0 13:12:12 38.0 38.0
49.7 12:51:19 49.7 49.7 54.6 13:05:42 54.6 54.6 38.2 13:12:13 38.2 38.2
52.9 12:51:20 52.9 52.9 54.8 13:05:43 54.8 54.8 38.2 13:12:14 38.2 38.2
53.9 12:51:21 53.9 53.9 54.1 13:05:44 54.1 54.1 38.4 13:12:15 38.4 38.4
53.1 12:51:22 53.1 53.1 54.5 13:05:45 54.5 54.5 38.1 13:12:16 38.1 38.1
52.0 12:51:23 52.0 52.0 54.7 13:05:46 54.7 54.7 38.0 13:12:17 38.0 38.0
50.9 12:51:24 50.9 50.9 55.2 13:05:47 55.2 55.2 39.0 13:12:18 39.0 39.0
48.8 12:51:25 48.8 48.8 55.8 13:05:48 55.8 55.8 39.0 13:12:19 39.0 39.0
46.9 12:51:26 46.9 46.9 62.0 13:05:49 62.0 62.0 39.6 13:12:20 39.6 39.6
45.7 12:51:27 45.7 45.7 69.1 13:05:50 69.1 69.1 40.1 13:12:21 40.1 40.1
45.1 12:51:28 45.1 45.1 71.4 13:05:51 71.4 71.4 39.6 13:12:22 39.6 39.6
47.3 12:51:29 47.3 47.3 68.9 13:05:52 68.9 68.9 39.0 13:12:23 39.0 39.0
48.5 12:51:30 48.5 48.5 65.3 13:05:53 65.3 65.3 38.2 13:12:24 38.2 38.2
49.3 12:51:31 49.3 49.3 62.2 13:05:54 62.2 62.2 38.3 13:12:25 38.3 38.3
51.0 12:51:32 51.0 51.0 59.1 13:05:55 59.1 59.1 37.7 13:12:26 37.7 37.7
54.7 12:51:33 54.7 54.7 57.0 13:05:56 57.0 57.0 37.7 13:12:27 37.7 37.7
53.8 12:51:34 53.8 53.8 56.3 13:05:57 56.3 56.3 37.3 13:12:28 37.3 37.3
56.1 12:51:35 56.1 56.1 55.8 13:05:58 55.8 55.8 37.0 13:12:29 37.0 37.0
67.4 12:51:36 67.4 67.4 55.1 13:05:59 55.1 55.1 37.0 13:12:30 37.0 37.0
72.8 12:51:37 72.8 72.8 54.1 13:06:00 54.1 54.1 36.8 13:12:31 36.8 36.8
70.7 12:51:38 70.7 70.7 54.3 13:06:01 54.3 54.3 37.0 13:12:32 37.0 37.0
67.1 12:51:39 67.1 67.1 54.6 13:06:02 54.6 54.6 38.1 13:12:33 38.1 38.1
63.8 12:51:40 63.8 63.8 55.7 13:06:03 55.7 55.7 41.6 13:12:34 41.6 41.6
61.2 12:51:41 61.2 61.2 55.4 13:06:04 55.4 55.4 41.8 13:12:35 41.8 41.8
58.6 12:51:42 58.6 58.6 55.0 13:06:05 55.0 55.0 41.3 13:12:36 41.3 41.3
56.7 12:51:43 56.7 56.7 53.3 13:06:06 53.3 53.3 40.9 13:12:37 40.9 40.9
54.9 12:51:44 54.9 54.9 52.7 13:06:07 52.7 52.7 41.3 13:12:38 41.3 41.3
55.9 12:51:45 55.9 55.9 52.7 13:06:08 52.7 52.7 41.4 13:12:39 41.4 41.4
56.5 12:51:46 56.5 56.5 52.1 13:06:09 52.1 52.1 41.8 13:12:40 41.8 41.8
53.3 12:51:47 53.3 53.3 52.1 13:06:10 52.1 52.1 41.3 13:12:41 41.3 41.3
49.8 12:51:48 49.8 49.8 52.5 13:06:11 52.5 52.5 40.3 13:12:42 40.3 40.3
46.6 12:51:49 46.6 46.6 51.3 13:06:12 51.3 51.3 41.2 13:12:43 41.2 41.2
50.0 12:51:50 50.0 50.0 51.2 13:06:13 51.2 51.2 42.5 13:12:44 42.5 42.5
55.2 12:51:51 55.2 55.2 52.4 13:06:14 52.4 52.4 41.4 13:12:45 41.4 41.4
55.0 12:51:52 55.0 55.0 52.6 13:06:15 52.6 52.6 41.2 13:12:46 41.2 41.2
54.6 12:51:53 54.6 54.6 51.9 13:06:16 51.9 51.9 41.7 13:12:47 41.7 41.7
54.6 12:51:54 54.6 54.6 52.6 13:06:17 52.6 52.6 41.8 13:12:48 41.8 41.8
51.5 12:51:55 51.5 51.5 52.0 13:06:18 52.0 52.0 41.3 13:12:49 41.3 41.3
49.1 12:51:56 49.1 49.1 52.3 13:06:19 52.3 52.3 40.6 13:12:50 40.6 40.6
46.5 12:51:57 46.5 46.5 53.4 13:06:20 53.4 53.4 40.2 13:12:51 40.2 40.2
45.6 12:51:58 45.6 45.6 54.1 13:06:21 54.1 54.1 40.1 13:12:52 40.1 40.1
48.3 12:51:59 48.3 48.3 53.8 13:06:22 53.8 53.8 40.5 13:12:53 40.5 40.5
50.2 12:52:00 50.2 50.2 53.7 13:06:23 53.7 53.7 40.5 13:12:54 40.5 40.5
54.3 12:52:01 54.3 54.3 52.9 13:06:24 52.9 52.9 42.6 13:12:55 42.6 42.6
53.6 12:52:02 53.6 53.6 51.9 13:06:25 51.9 51.9 42.6 13:12:56 42.6 42.6
50.0 12:52:03 50.0 50.0 52.6 13:06:26 52.6 52.6 42.4 13:12:57 42.4 42.4
47.1 12:52:04 47.1 47.1 52.3 13:06:27 52.3 52.3 41.5 13:12:58 41.5 41.5
51.7 12:52:05 51.7 51.7 53.4 13:06:28 53.4 53.4 41.0 13:12:59 41.0 41.0
56.9 12:52:06 56.9 56.9 53.4 13:06:29 53.4 53.4 40.4 13:13:00 40.4 40.4
56.0 12:52:07 56.0 56.0 52.2 13:06:30 52.2 52.2 40.3 13:13:01 40.3 40.3
53.2 12:52:08 53.2 53.2 51.5 13:06:31 51.5 51.5 40.3 13:13:02 40.3 40.3
50.9 12:52:09 50.9 50.9 52.3 13:06:32 52.3 52.3 39.4 13:13:03 39.4 39.4
51.1 12:52:10 51.1 51.1 54.3 13:06:33 54.3 54.3 39.1 13:13:04 39.1 39.1
51.1 12:52:11 51.1 51.1 54.6 13:06:34 54.6 54.6 38.7 13:13:05 38.7 38.7
49.9 12:52:12 49.9 49.9 55.1 13:06:35 55.1 55.1 38.9 13:13:06 38.9 38.9
50.6 12:52:13 50.6 50.6 57.2 13:06:36 57.2 57.2 38.9 13:13:07 38.9 38.9
52.6 12:52:14 52.6 52.6 54.7 13:06:37 54.7 54.7 39.2 13:13:08 39.2 39.2
54.2 12:52:15 54.2 54.2 52.8 13:06:38 52.8 52.8 39.7 13:13:09 39.7 39.7
54.1 12:52:16 54.1 54.1 51.7 13:06:39 51.7 51.7 39.4 13:13:10 39.4 39.4
54.3 12:52:17 54.3 54.3 51.7 13:06:40 51.7 51.7 39.5 13:13:11 39.5 39.5
54.7 12:52:18 54.7 54.7 52.3 13:06:41 52.3 52.3 40.7 13:13:12 40.7 40.7
56.5 12:52:19 56.5 56.5 52.2 13:06:42 52.2 52.2 42.2 13:13:13 42.2 42.2
59.0 12:52:20 59.0 59.0 51.6 13:06:43 51.6 51.6 41.9 13:13:14 41.9 41.9
57.7 12:52:21 57.7 57.7 51.9 13:06:44 51.9 51.9 40.7 13:13:15 40.7 40.7
56.0 12:52:22 56.0 56.0 52.9 13:06:45 52.9 52.9 40.0 13:13:16 40.0 40.0
55.0 12:52:23 55.0 55.0 53.0 13:06:46 53.0 53.0 40.1 13:13:17 40.1 40.1
54.1 12:52:24 54.1 54.1 52.7 13:06:47 52.7 52.7 40.2 13:13:18 40.2 40.2
52.7 12:52:25 52.7 52.7 52.4 13:06:48 52.4 52.4 39.5 13:13:19 39.5 39.5
51.8 12:52:26 51.8 51.8 53.2 13:06:49 53.2 53.2 39.1 13:13:20 39.1 39.1
53.7 12:52:27 53.7 53.7 52.1 13:06:50 52.1 52.1 38.9 13:13:21 38.9 38.9
54.4 12:52:28 54.4 54.4 50.6 13:06:51 50.6 50.6 38.9 13:13:22 38.9 38.9
53.2 12:52:29 53.2 53.2 51.3 13:06:52 51.3 51.3 39.0 13:13:23 39.0 39.0
52.0 12:52:30 52.0 52.0 52.4 13:06:53 52.4 52.4 39.0 13:13:24 39.0 39.0
51.0 12:52:31 51.0 51.0 53.5 13:06:54 53.5 53.5 38.6 13:13:25 38.6 38.6
50.6 12:52:32 50.6 50.6 52.4 13:06:55 52.4 52.4 38.2 13:13:26 38.2 38.2
51.2 12:52:33 51.2 51.2 52.7 13:06:56 52.7 52.7 37.7 13:13:27 37.7 37.7
51.9 12:52:34 51.9 51.9 51.7 13:06:57 51.7 51.7 37.0 13:13:28 37.0 37.0
52.5 12:52:35 52.5 52.5 52.5 13:06:58 52.5 52.5 36.9 13:13:29 36.9 36.9
51.1 12:52:36 51.1 51.1 55.5 13:06:59 55.5 55.5 37.3 13:13:30 37.3 37.3
50.8 12:52:37 50.8 50.8 54.3 13:07:00 54.3 54.3 38.1 13:13:31 38.1 38.1
50.6 12:52:38 50.6 50.6 53.2 13:07:01 53.2 53.2 39.2 13:13:32 39.2 39.2
50.4 12:52:39 50.4 50.4 52.2 13:07:02 52.2 52.2 38.8 13:13:33 38.8 38.8
52.0 12:52:40 52.0 52.0 50.3 13:07:03 50.3 50.3 38.2 13:13:34 38.2 38.2
51.5 12:52:41 51.5 51.5 49.7 13:07:04 49.7 49.7 38.6 13:13:35 38.6 38.6
53.3 12:52:42 53.3 53.3 51.2 13:07:05 51.2 51.2 38.6 13:13:36 38.6 38.6
54.7 12:52:43 54.7 54.7 53.1 13:07:06 53.1 53.1 38.6 13:13:37 38.6 38.6
53.1 12:52:44 53.1 53.1 52.7 13:07:07 52.7 52.7 37.9 13:13:38 37.9 37.9
50.5 12:52:45 50.5 50.5 53.0 13:07:08 53.0 53.0 37.5 13:13:39 37.5 37.5
48.4 12:52:46 48.4 48.4 53.4 13:07:09 53.4 53.4 37.7 13:13:40 37.7 37.7
47.4 12:52:47 47.4 47.4 52.6 13:07:10 52.6 52.6 37.4 13:13:41 37.4 37.4
48.8 12:52:48 48.8 48.8 53.5 13:07:11 53.5 53.5 37.3 13:13:42 37.3 37.3
52.9 12:52:49 52.9 52.9 54.8 13:07:12 54.8 54.8 37.9 13:13:43 37.9 37.9
56.7 12:52:50 56.7 56.7 53.2 13:07:13 53.2 53.2 39.0 13:13:44 39.0 39.0
58.0 12:52:51 58.0 58.0 52.6 13:07:14 52.6 52.6 41.5 13:13:45 41.5 41.5
58.1 12:52:52 58.1 58.1 53.1 13:07:15 53.1 53.1 41.0 13:13:46 41.0 41.0
59.9 12:52:53 59.9 59.9 53.5 13:07:16 53.5 53.5 41.5 13:13:47 41.5 41.5
60.6 12:52:54 60.6 60.6 54.0 13:07:17 54.0 54.0 41.2 13:13:48 41.2 41.2
58.6 12:52:55 58.6 58.6 52.7 13:07:18 52.7 52.7 40.2 13:13:49 40.2 40.2
55.9 12:52:56 55.9 55.9 53.5 13:07:19 53.5 53.5 40.8 13:13:50 40.8 40.8
55.2 12:52:57 55.2 55.2 55.2 13:07:20 55.2 55.2 40.6 13:13:51 40.6 40.6
55.5 12:52:58 55.5 55.5 54.2 13:07:21 54.2 54.2 41.2 13:13:52 41.2 41.2
57.9 12:52:59 57.9 57.9 53.7 13:07:22 53.7 53.7 40.3 13:13:53 40.3 40.3
57.2 12:53:00 57.2 57.2 53.4 13:07:23 53.4 53.4 39.4 13:13:54 39.4 39.4
57.0 12:53:01 57.0 57.0 52.4 13:07:24 52.4 52.4 38.7 13:13:55 38.7 38.7
53.9 12:53:02 53.9 53.9 52.6 13:07:25 52.6 52.6 38.6 13:13:56 38.6 38.6
51.7 12:53:03 51.7 51.7 52.8 13:07:26 52.8 52.8 38.6 13:13:57 38.6 38.6
49.7 12:53:04 49.7 49.7 52.2 13:07:27 52.2 52.2 38.7 13:13:58 38.7 38.7
50.4 12:53:05 50.4 50.4 53.1 13:07:28 53.1 53.1 39.1 13:13:59 39.1 39.1
51.0 12:53:06 51.0 51.0 53.0 13:07:29 53.0 53.0 39.6 13:14:00 39.6 39.6
48.5 12:53:07 48.5 48.5 52.6 13:07:30 52.6 52.6 39.8 13:14:01 39.8 39.8
48.3 12:53:08 48.3 48.3 51.7 13:07:31 51.7 51.7 39.9 13:14:02 39.9 39.9
47.3 12:53:09 47.3 47.3 51.2 13:07:32 51.2 51.2 39.2 13:14:03 39.2 39.2
45.5 12:53:10 45.5 45.5 50.5 13:07:33 50.5 50.5 39.0 13:14:04 39.0 39.0
44.1 12:53:11 44.1 44.1 49.4 13:07:34 49.4 49.4 39.2 13:14:05 39.2 39.2
43.7 12:53:12 43.7 43.7 49.4 13:07:35 49.4 49.4 39.6 13:14:06 39.6 39.6
43.5 12:53:13 43.5 43.5 51.7 13:07:36 51.7 51.7 39.2 13:14:07 39.2 39.2
46.8 12:53:14 46.8 46.8 52.7 13:07:37 52.7 52.7 40.4 13:14:08 40.4 40.4
49.8 12:53:15 49.8 49.8 51.8 13:07:38 51.8 51.8 40.8 13:14:09 40.8 40.8
52.4 12:53:16 52.4 52.4 51.7 13:07:39 51.7 51.7 39.9 13:14:10 39.9 39.9
52.0 12:53:17 52.0 52.0 52.7 13:07:40 52.7 52.7 39.8 13:14:11 39.8 39.8
51.5 12:53:18 51.5 51.5 52.0 13:07:41 52.0 52.0 40.1 13:14:12 40.1 40.1
49.5 12:53:19 49.5 49.5 53.2 13:07:42 53.2 53.2 40.0 13:14:13 40.0 40.0
47.5 12:53:20 47.5 47.5 53.8 13:07:43 53.8 53.8 40.3 13:14:14 40.3 40.3
48.3 12:53:21 48.3 48.3 52.7 13:07:44 52.7 52.7 40.0 13:14:15 40.0 40.0
56.3 12:53:22 56.3 56.3 51.7 13:07:45 51.7 51.7 39.6 13:14:16 39.6 39.6
59.5 12:53:23 59.5 59.5 52.5 13:07:46 52.5 52.5 40.1 13:14:17 40.1 40.1
57.7 12:53:24 57.7 57.7 50.7 13:07:47 50.7 50.7 40.2 13:14:18 40.2 40.2
56.9 12:53:25 56.9 56.9 50.2 13:07:48 50.2 50.2 39.9 13:14:19 39.9 39.9
58.3 12:53:26 58.3 58.3 52.0 13:07:49 52.0 52.0 39.6 13:14:20 39.6 39.6
60.2 12:53:27 60.2 60.2 51.7 13:07:50 51.7 51.7 40.8 13:14:21 40.8 40.8
64.1 12:53:28 64.1 64.1 52.4 13:07:51 52.4 52.4 41.9 13:14:22 41.9 41.9
66.5 12:53:29 66.5 66.5 53.3 13:07:52 53.3 53.3 41.5 13:14:23 41.5 41.5
65.1 12:53:30 65.1 65.1 52.0 13:07:53 52.0 52.0 42.2 13:14:24 42.2 42.2
63.1 12:53:31 63.1 63.1 52.3 13:07:54 52.3 52.3 43.7 13:14:25 43.7 43.7
61.8 12:53:32 61.8 61.8 51.6 13:07:55 51.6 51.6 44.0 13:14:26 44.0 44.0
59.0 12:53:33 59.0 59.0 52.6 13:07:56 52.6 52.6 43.8 13:14:27 43.8 43.8
60.9 12:53:34 60.9 60.9 53.2 13:07:57 53.2 53.2 46.3 13:14:28 46.3 46.3
59.5 12:53:35 59.5 59.5 52.3 13:07:58 52.3 52.3 45.0 13:14:29 45.0 45.0
56.2 12:53:36 56.2 56.2 52.8 13:07:59 52.8 52.8 43.7 13:14:30 43.7 43.7
53.2 12:53:37 53.2 53.2 55.4 13:08:00 55.4 55.4 43.9 13:14:31 43.9 43.9
51.1 12:53:38 51.1 51.1 59.4 13:08:01 59.4 59.4 43.0 13:14:32 43.0 43.0
52.9 12:53:39 52.9 52.9 67.6 13:08:02 67.6 67.6 45.9 13:14:33 45.9 45.9
56.5 12:53:40 56.5 56.5 73.3 13:08:03 73.3 73.3 45.8 13:14:34 45.8 45.8
54.2 12:53:41 54.2 54.2 71.8 13:08:04 71.8 71.8 47.7 13:14:35 47.7 47.7
51.6 12:53:42 51.6 51.6 68.3 13:08:05 68.3 68.3 46.4 13:14:36 46.4 46.4
49.0 12:53:43 49.0 49.0 64.9 13:08:06 64.9 64.9 43.5 13:14:37 43.5 43.5
55.0 12:53:44 55.0 55.0 62.1 13:08:07 62.1 62.1 42.3 13:14:38 42.3 42.3
57.8 12:53:45 57.8 57.8 59.4 13:08:08 59.4 59.4 43.3 13:14:39 43.3 43.3
56.6 12:53:46 56.6 56.6 57.1 13:08:09 57.1 57.1 43.0 13:14:40 43.0 43.0
53.3 12:53:47 53.3 53.3 55.4 13:08:10 55.4 55.4 43.6 13:14:41 43.6 43.6
50.8 12:53:48 50.8 50.8 54.0 13:08:11 54.0 54.0 43.9 13:14:42 43.9 43.9
48.7 12:53:49 48.7 48.7 52.5 13:08:12 52.5 52.5 44.6 13:14:43 44.6 44.6
49.2 12:53:50 49.2 49.2 52.3 13:08:13 52.3 52.3 47.5 13:14:44 47.5 47.5
48.4 12:53:51 48.4 48.4 52.4 13:08:14 52.4 52.4 48.3 13:14:45 48.3 48.3
46.1 12:53:52 46.1 46.1 53.4 13:08:15 53.4 53.4 50.2 13:14:46 50.2 50.2
45.1 12:53:53 45.1 45.1 52.9 13:08:16 52.9 52.9 46.9 13:14:47 46.9 46.9
45.0 12:53:54 45.0 45.0 52.5 13:08:17 52.5 52.5 43.7 13:14:48 43.7 43.7
44.1 12:53:55 44.1 44.1 52.7 13:08:18 52.7 52.7 41.9 13:14:49 41.9 41.9
46.0 12:53:56 46.0 46.0 53.7 13:08:19 53.7 53.7 41.8 13:14:50 41.8 41.8
45.7 12:53:57 45.7 45.7 53.8 13:08:20 53.8 53.8 43.6 13:14:51 43.6 43.6
44.4 12:53:58 44.4 44.4 55.1 13:08:21 55.1 55.1 41.9 13:14:52 41.9 41.9
44.2 12:53:59 44.2 44.2 58.0 13:08:22 58.0 58.0 41.3 13:14:53 41.3 41.3
45.6 12:54:00 45.6 45.6 62.0 13:08:23 62.0 62.0 43.0 13:14:54 43.0 43.0
47.9 12:54:01 47.9 47.9 66.9 13:08:24 66.9 66.9 46.3 13:14:55 46.3 46.3
49.2 12:54:02 49.2 49.2 68.9 13:08:25 68.9 68.9 49.9 13:14:56 49.9 49.9
48.1 12:54:03 48.1 48.1 68.3 13:08:26 68.3 68.3 51.2 13:14:57 51.2 51.2
46.8 12:54:04 46.8 46.8 65.5 13:08:27 65.5 65.5 50.4 13:14:58 50.4 50.4
46.0 12:54:05 46.0 46.0 62.5 13:08:28 62.5 62.5 50.7 13:14:59 50.7 50.7
43.6 12:54:06 43.6 43.6 59.4 13:08:29 59.4 59.4 47.4 13:15:00 47.4 47.4
45.5 12:54:07 45.5 45.5 56.6 13:08:30 56.6 56.6 46.1 13:15:01 46.1 46.1
48.2 12:54:08 48.2 48.2 54.8 13:08:31 54.8 54.8 46.2 13:15:02 46.2 46.2
47.4 12:54:09 47.4 47.4 54.2 13:08:32 54.2 54.2 44.8 13:15:03 44.8 44.8
45.0 12:54:10 45.0 45.0 55.6 13:08:33 55.6 55.6 43.9 13:15:04 43.9 43.9
44.3 12:54:11 44.3 44.3 54.1 13:08:34 54.1 54.1 42.3 13:15:05 42.3 42.3
43.6 12:54:12 43.6 43.6 53.2 13:08:35 53.2 53.2 43.2 13:15:06 43.2 43.2

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

44.5 12:54:13 44.5 44.5 52.1 13:08:36 52.1 52.1 43.2 13:15:07 43.2 43.2
51.5 12:54:14 51.5 51.5 52.9 13:08:37 52.9 52.9 44.5 13:15:08 44.5 44.5
50.4 12:54:15 50.4 50.4 53.3 13:08:38 53.3 53.3 47.8 13:15:09 47.8 47.8
46.9 12:54:16 46.9 46.9 53.1 13:08:39 53.1 53.1 50.3 13:15:10 50.3 50.3
45.1 12:54:17 45.1 45.1 52.9 13:08:40 52.9 52.9 49.1 13:15:11 49.1 49.1
43.6 12:54:18 43.6 43.6 51.8 13:08:41 51.8 51.8 48.9 13:15:12 48.9 48.9
45.7 12:54:19 45.7 45.7 51.6 13:08:42 51.6 51.6 48.0 13:15:13 48.0 48.0
48.9 12:54:20 48.9 48.9 56.6 13:08:43 56.6 56.6 47.7 13:15:14 47.7 47.7
47.0 12:54:21 47.0 47.0 56.3 13:08:44 56.3 56.3 47.0 13:15:15 47.0 47.0
45.1 12:54:22 45.1 45.1 54.2 13:08:45 54.2 54.2 44.9 13:15:16 44.9 44.9
42.9 12:54:23 42.9 42.9 52.9 13:08:46 52.9 52.9 45.1 13:15:17 45.1 45.1
42.0 12:54:24 42.0 42.0 52.8 13:08:47 52.8 52.8 42.1 13:15:18 42.1 42.1
43.5 12:54:25 43.5 43.5 52.3 13:08:48 52.3 52.3 39.9 13:15:19 39.9 39.9
44.5 12:54:26 44.5 44.5 52.2 13:08:49 52.2 52.2 40.4 13:15:20 40.4 40.4
44.2 12:54:27 44.2 44.2 52.8 13:08:50 52.8 52.8 39.7 13:15:21 39.7 39.7
44.9 12:54:28 44.9 44.9 52.4 13:08:51 52.4 52.4 40.2 13:15:22 40.2 40.2
47.7 12:54:29 47.7 47.7 52.2 13:08:52 52.2 52.2 38.6 13:15:23 38.6 38.6
49.8 12:54:30 49.8 49.8 52.9 13:08:53 52.9 52.9 39.5 13:15:24 39.5 39.5
50.6 12:54:31 50.6 50.6 54.6 13:08:54 54.6 54.6 41.3 13:15:25 41.3 41.3
49.9 12:54:32 49.9 49.9 57.2 13:08:55 57.2 57.2 43.1 13:15:26 43.1 43.1
48.1 12:54:33 48.1 48.1 64.9 13:08:56 64.9 64.9 41.7 13:15:27 41.7 41.7
47.7 12:54:34 47.7 47.7 70.5 13:08:57 70.5 70.5 42.6 13:15:28 42.6 42.6
46.0 12:54:35 46.0 46.0 68.1 13:08:58 68.1 68.1 43.6 13:15:29 43.6 43.6
44.4 12:54:36 44.4 44.4 64.7 13:08:59 64.7 64.7 45.2 13:15:30 45.2 45.2
43.8 12:54:37 43.8 43.8 61.1 13:09:00 61.1 61.1 46.8 13:15:31 46.8 46.8
44.1 12:54:38 44.1 44.1 57.8 13:09:01 57.8 57.8 47.7 13:15:32 47.7 47.7
43.7 12:54:39 43.7 43.7 55.1 13:09:02 55.1 55.1 51.1 13:15:33 51.1 51.1
45.1 12:54:40 45.1 45.1 53.2 13:09:03 53.2 53.2 50.0 13:15:34 50.0 50.0
45.7 12:54:41 45.7 45.7 53.5 13:09:04 53.5 53.5 46.6 13:15:35 46.6 46.6
44.1 12:54:42 44.1 44.1 54.2 13:09:05 54.2 54.2 43.2 13:15:36 43.2 43.2
43.4 12:54:43 43.4 43.4 53.8 13:09:06 53.8 53.8 40.9 13:15:37 40.9 40.9
43.1 12:54:44 43.1 43.1 53.4 13:09:07 53.4 53.4 40.4 13:15:38 40.4 40.4
42.9 12:54:45 42.9 42.9 52.5 13:09:08 52.5 52.5 41.1 13:15:39 41.1 41.1
50.1 12:54:46 50.1 50.1 51.5 13:09:09 51.5 51.5 40.7 13:15:40 40.7 40.7
50.9 12:54:47 50.9 50.9 51.5 13:09:10 51.5 51.5 40.9 13:15:41 40.9 40.9
48.0 12:54:48 48.0 48.0 52.0 13:09:11 52.0 52.0 39.9 13:15:42 39.9 39.9
46.9 12:54:49 46.9 46.9 53.1 13:09:12 53.1 53.1 39.0 13:15:43 39.0 39.0
47.2 12:54:50 47.2 47.2 52.7 13:09:13 52.7 52.7 38.6 13:15:44 38.6 38.6
45.5 12:54:51 45.5 45.5 51.9 13:09:14 51.9 51.9 38.4 13:15:45 38.4 38.4
44.2 12:54:52 44.2 44.2 51.1 13:09:15 51.1 51.1 40.2 13:15:46 40.2 40.2
43.7 12:54:53 43.7 43.7 51.3 13:09:16 51.3 51.3 42.0 13:15:47 42.0 42.0
54.7 12:54:54 54.7 54.7 52.9 13:09:17 52.9 52.9 43.4 13:15:48 43.4 43.4
58.3 12:54:55 58.3 58.3 52.8 13:09:18 52.8 52.8 43.5 13:15:49 43.5 43.5
57.7 12:54:56 57.7 57.7 52.6 13:09:19 52.6 52.6 42.7 13:15:50 42.7 42.7
56.6 12:54:57 56.6 56.6 52.6 13:09:20 52.6 52.6 44.1 13:15:51 44.1 44.1
56.4 12:54:58 56.4 56.4 51.2 13:09:21 51.2 51.2 45.0 13:15:52 45.0 45.0
56.1 12:54:59 56.1 56.1 51.6 13:09:22 51.6 51.6 45.6 13:15:53 45.6 45.6
55.7 12:55:00 55.7 55.7 53.1 13:09:23 53.1 53.1 45.1 13:15:54 45.1 45.1
55.1 12:55:01 55.1 55.1 53.8 13:09:24 53.8 53.8 43.3 13:15:55 43.3 43.3
57.1 12:55:02 57.1 57.1 52.0 13:09:25 52.0 52.0 42.1 13:15:56 42.1 42.1
60.6 12:55:03 60.6 60.6 51.7 13:09:26 51.7 51.7 41.4 13:15:57 41.4 41.4
65.7 12:55:04 65.7 65.7 52.3 13:09:27 52.3 52.3 43.4 13:15:58 43.4 43.4
71.0 12:55:05 71.0 71.0 53.3 13:09:28 53.3 53.3 43.0 13:15:59 43.0 43.0
78.0 12:55:06 78.0 78.0 53.1 13:09:29 53.1 53.1 42.5 13:16:00 42.5 42.5
80.6 12:55:07 80.6 80.6 52.1 13:09:30 52.1 52.1 44.6 13:16:01 44.6 44.6
79.5 12:55:08 79.5 79.5 51.0 13:09:31 51.0 51.0 42.2 13:16:02 42.2 42.2
76.4 12:55:09 76.4 76.4 51.5 13:09:32 51.5 51.5 42.1 13:16:03 42.1 42.1
72.8 12:55:10 72.8 72.8 51.1 13:09:33 51.1 51.1 42.1 13:16:04 42.1 42.1
68.9 12:55:11 68.9 68.9 51.9 13:09:34 51.9 51.9 41.0 13:16:05 41.0 41.0
65.3 12:55:12 65.3 65.3 52.5 13:09:35 52.5 52.5 40.0 13:16:06 40.0 40.0
63.8 12:55:13 63.8 63.8 51.4 13:09:36 51.4 51.4 39.3 13:16:07 39.3 39.3
70.2 12:55:14 70.2 70.2 50.7 13:09:37 50.7 50.7 40.4 13:16:08 40.4 40.4
71.9 12:55:15 71.9 71.9 51.5 13:09:38 51.5 51.5 42.0 13:16:09 42.0 42.0
68.9 12:55:16 68.9 68.9 52.9 13:09:39 52.9 52.9 43.6 13:16:10 43.6 43.6
65.1 12:55:17 65.1 65.1 52.9 13:09:40 52.9 52.9 44.1 13:16:11 44.1 44.1
61.4 12:55:18 61.4 61.4 51.7 13:09:41 51.7 51.7 41.4 13:16:12 41.4 41.4
57.7 12:55:19 57.7 57.7 51.9 13:09:42 51.9 51.9 40.0 13:16:13 40.0 40.0
54.1 12:55:20 54.1 54.1 52.9 13:09:43 52.9 52.9 39.8 13:16:14 39.8 39.8
51.0 12:55:21 51.0 51.0 51.9 13:09:44 51.9 51.9 40.2 13:16:15 40.2 40.2
48.3 12:55:22 48.3 48.3 51.0 13:09:45 51.0 51.0 40.6 13:16:16 40.6 40.6
46.8 12:55:23 46.8 46.8 49.4 13:09:46 49.4 49.4 39.5 13:16:17 39.5 39.5
45.5 12:55:24 45.5 45.5 50.8 13:09:47 50.8 50.8 38.6 13:16:18 38.6 38.6
46.2 12:55:25 46.2 46.2 51.8 13:09:48 51.8 51.8 38.4 13:16:19 38.4 38.4
45.3 12:55:26 45.3 45.3 50.6 13:09:49 50.6 50.6 38.4 13:16:20 38.4 38.4
44.8 12:55:27 44.8 44.8 49.9 13:09:50 49.9 49.9 37.9 13:16:21 37.9 37.9
49.3 12:55:28 49.3 49.3 49.3 13:09:51 49.3 49.3 37.9 13:16:22 37.9 37.9
50.0 12:55:29 50.0 50.0 51.2 13:09:52 51.2 51.2 37.7 13:16:23 37.7 37.7
47.7 12:55:30 47.7 47.7 51.5 13:09:53 51.5 51.5 37.5 13:16:24 37.5 37.5
45.8 12:55:31 45.8 45.8 50.9 13:09:54 50.9 50.9 37.2 13:16:25 37.2 37.2
44.6 12:55:32 44.6 44.6 50.1 13:09:55 50.1 50.1 38.7 13:16:26 38.7 38.7
43.8 12:55:33 43.8 43.8 49.8 13:09:56 49.8 49.8 38.4 13:16:27 38.4 38.4
44.2 12:55:34 44.2 44.2 51.5 13:09:57 51.5 51.5 37.6 13:16:28 37.6 37.6
46.1 12:55:35 46.1 46.1 52.7 13:09:58 52.7 52.7 37.3 13:16:29 37.3 37.3
52.1 12:55:36 52.1 52.1 52.6 13:09:59 52.6 52.6 37.7 13:16:30 37.7 37.7
55.4 12:55:37 55.4 55.4 52.0 13:10:00 52.0 52.0 38.5 13:16:31 38.5 38.5
56.3 12:55:38 56.3 56.3 51.3 13:10:01 51.3 51.3 39.8 13:16:32 39.8 39.8
53.6 12:55:39 53.6 53.6 50.9 13:10:02 50.9 50.9 39.5 13:16:33 39.5 39.5
50.5 12:55:40 50.5 50.5 52.2 13:10:03 52.2 52.2 39.1 13:16:34 39.1 39.1
50.6 12:55:41 50.6 50.6 51.9 13:10:04 51.9 51.9 39.5 13:16:35 39.5 39.5
48.3 12:55:42 48.3 48.3 51.0 13:10:05 51.0 51.0 40.3 13:16:36 40.3 40.3
45.9 12:55:43 45.9 45.9 50.0 13:10:06 50.0 50.0 41.4 13:16:37 41.4 41.4
44.2 12:55:44 44.2 44.2 49.9 13:10:07 49.9 49.9 41.4 13:16:38 41.4 41.4
43.1 12:55:45 43.1 43.1 50.6 13:10:08 50.6 50.6 44.3 13:16:39 44.3 44.3
43.0 12:55:46 43.0 43.0 51.5 13:10:09 51.5 51.5 45.5 13:16:40 45.5 45.5
44.8 12:55:47 44.8 44.8 51.4 13:10:10 51.4 51.4 46.5 13:16:41 46.5 46.5
47.6 12:55:48 47.6 47.6 50.4 13:10:11 50.4 50.4 45.8 13:16:42 45.8 45.8
55.6 12:55:49 55.6 55.6 52.1 13:10:12 52.1 52.1 44.6 13:16:43 44.6 44.6
53.1 12:55:50 53.1 53.1 52.1 13:10:13 52.1 52.1 46.4 13:16:44 46.4 46.4
49.3 12:55:51 49.3 49.3 52.2 13:10:14 52.2 52.2 44.4 13:16:45 44.4 44.4
46.5 12:55:52 46.5 46.5 52.0 13:10:15 52.0 52.0 41.7 13:16:46 41.7 41.7
45.3 12:55:53 45.3 45.3 52.9 13:10:16 52.9 52.9 39.5 13:16:47 39.5 39.5
45.0 12:55:54 45.0 45.0 53.1 13:10:17 53.1 53.1 38.4 13:16:48 38.4 38.4
46.2 12:55:55 46.2 46.2 53.8 13:10:18 53.8 53.8 39.1 13:16:49 39.1 39.1
50.4 12:55:56 50.4 50.4 56.9 13:10:19 56.9 56.9 39.0 13:16:50 39.0 39.0
52.5 12:55:57 52.5 52.5 58.9 13:10:20 58.9 58.9 38.2 13:16:51 38.2 38.2
54.3 12:55:58 54.3 54.3 60.6 13:10:21 60.6 60.6 38.6 13:16:52 38.6 38.6
51.3 12:55:59 51.3 51.3 63.5 13:10:22 63.5 63.5 38.7 13:16:53 38.7 38.7
48.7 12:56:00 48.7 48.7 67.9 13:10:23 67.9 67.9 38.3 13:16:54 38.3 38.3
48.8 12:56:01 48.8 48.8 71.7 13:10:24 71.7 71.7 40.4 13:16:55 40.4 40.4
50.6 12:56:02 50.6 50.6 74.6 13:10:25 74.6 74.6 42.6 13:16:56 42.6 42.6
48.5 12:56:03 48.5 48.5 74.6 13:10:26 74.6 74.6 46.1 13:16:57 46.1 46.1
47.3 12:56:04 47.3 47.3 71.8 13:10:27 71.8 71.8 48.5 13:16:58 48.5 48.5
48.2 12:56:05 48.2 48.2 68.1 13:10:28 68.1 68.1 49.2 13:16:59 49.2 49.2
46.7 12:56:06 46.7 46.7 64.5 13:10:29 64.5 64.5 50.3 13:17:00 50.3 50.3
47.0 12:56:07 47.0 47.0 61.1 13:10:30 61.1 61.1 52.4 13:17:01 52.4 52.4
53.3 12:56:08 53.3 53.3 58.0 13:10:31 58.0 58.0 52.3 13:17:02 52.3 52.3
52.3 12:56:09 52.3 52.3 55.2 13:10:32 55.2 55.2 52.3 13:17:03 52.3 52.3
49.1 12:56:10 49.1 49.1 53.1 13:10:33 53.1 53.1 50.0 13:17:04 50.0 50.0
46.8 12:56:11 46.8 46.8 51.4 13:10:34 51.4 51.4 46.0 13:17:05 46.0 46.0
45.5 12:56:12 45.5 45.5 51.9 13:10:35 51.9 51.9 44.5 13:17:06 44.5 44.5
43.8 12:56:13 43.8 43.8 51.2 13:10:36 51.2 51.2 44.7 13:17:07 44.7 44.7
42.8 12:56:14 42.8 42.8 50.9 13:10:37 50.9 50.9 46.7 13:17:08 46.7 46.7
44.0 12:56:15 44.0 44.0 50.5 13:10:38 50.5 50.5 47.5 13:17:09 47.5 47.5
49.4 12:56:16 49.4 49.4 51.5 13:10:39 51.5 51.5 48.6 13:17:10 48.6 48.6
49.4 12:56:17 49.4 49.4 52.9 13:10:40 52.9 52.9 49.3 13:17:11 49.3 49.3
53.5 12:56:18 53.5 53.5 52.2 13:10:41 52.2 52.2 48.9 13:17:12 48.9 48.9
53.1 12:56:19 53.1 53.1 53.7 13:10:42 53.7 53.7 51.1 13:17:13 51.1 51.1
49.8 12:56:20 49.8 49.8 56.2 13:10:43 56.2 56.2 52.3 13:17:14 52.3 52.3
47.2 12:56:21 47.2 47.2 57.3 13:10:44 57.3 57.3 50.5 13:17:15 50.5 50.5
45.3 12:56:22 45.3 45.3 54.5 13:10:45 54.5 54.5 48.1 13:17:16 48.1 48.1
50.4 12:56:23 50.4 50.4 53.0 13:10:46 53.0 53.0 46.0 13:17:17 46.0 46.0
54.6 12:56:24 54.6 54.6 51.6 13:10:47 51.6 51.6 47.0 13:17:18 47.0 47.0
57.1 12:56:25 57.1 57.1 51.7 13:10:48 51.7 51.7 47.2 13:17:19 47.2 47.2
53.4 12:56:26 53.4 53.4 53.0 13:10:49 53.0 53.0 45.1 13:17:20 45.1 45.1
49.8 12:56:27 49.8 49.8 52.3 13:10:50 52.3 52.3 43.5 13:17:21 43.5 43.5
49.3 12:56:28 49.3 49.3 53.4 13:10:51 53.4 53.4 48.1 13:17:22 48.1 48.1
50.3 12:56:29 50.3 50.3 54.5 13:10:52 54.5 54.5 49.1 13:17:23 49.1 49.1
49.1 12:56:30 49.1 49.1 53.0 13:10:53 53.0 53.0 49.4 13:17:24 49.4 49.4
45.9 12:56:31 45.9 45.9 51.2 13:10:54 51.2 51.2 50.0 13:17:25 50.0 50.0
43.9 12:56:32 43.9 43.9 50.1 13:10:55 50.1 50.1 48.6 13:17:26 48.6 48.6
42.7 12:56:33 42.7 42.7 51.1 13:10:56 51.1 51.1 48.8 13:17:27 48.8 48.8
45.0 12:56:34 45.0 45.0 50.8 13:10:57 50.8 50.8 48.9 13:17:28 48.9 48.9
44.9 12:56:35 44.9 44.9 52.5 13:10:58 52.5 52.5 47.6 13:17:29 47.6 47.6
46.5 12:56:36 46.5 46.5 51.8 13:10:59 51.8 51.8 47.2 13:17:30 47.2 47.2
47.3 12:56:37 47.3 47.3 51.7 13:11:00 51.7 51.7 46.5 13:17:31 46.5 46.5
46.7 12:56:38 46.7 46.7 50.9 13:11:01 50.9 50.9 49.0 13:17:32 49.0 49.0
48.4 12:56:39 48.4 48.4 50.4 13:11:02 50.4 50.4 49.4 13:17:33 49.4 49.4
48.4 12:56:40 48.4 48.4 50.7 13:11:03 50.7 50.7 51.7 13:17:34 51.7 51.7
52.3 12:56:41 52.3 52.3 51.3 13:11:04 51.3 51.3 51.8 13:17:35 51.8 51.8
53.7 12:56:42 53.7 53.7 51.9 13:11:05 51.9 51.9 51.3 13:17:36 51.3 51.3
51.2 12:56:43 51.2 51.2 51.0 13:11:06 51.0 51.0 51.1 13:17:37 51.1 51.1
48.1 12:56:44 48.1 48.1 51.6 13:11:07 51.6 51.6 50.8 13:17:38 50.8 50.8
47.1 12:56:45 47.1 47.1 52.4 13:11:08 52.4 52.4 48.5 13:17:39 48.5 48.5
51.8 12:56:46 51.8 51.8 51.3 13:11:09 51.3 51.3 47.9 13:17:40 47.9 47.9
51.9 12:56:47 51.9 51.9 51.0 13:11:10 51.0 51.0 47.7 13:17:41 47.7 47.7
48.9 12:56:48 48.9 48.9 51.1 13:11:11 51.1 51.1 48.5 13:17:42 48.5 48.5
50.0 12:56:49 50.0 50.0 49.4 13:11:12 49.4 49.4 50.7 13:17:43 50.7 50.7
50.2 12:56:50 50.2 50.2 49.4 13:11:13 49.4 49.4 51.0 13:17:44 51.0 51.0
49.5 12:56:51 49.5 49.5 50.6 13:11:14 50.6 50.6 50.6 13:17:45 50.6 50.6
48.4 12:56:52 48.4 48.4 52.4 13:11:15 52.4 52.4 49.9 13:17:46 49.9 49.9
46.0 12:56:53 46.0 46.0 51.8 13:11:16 51.8 51.8 48.9 13:17:47 48.9 48.9
47.9 12:56:54 47.9 47.9 52.7 13:11:17 52.7 52.7 46.0 13:17:48 46.0 46.0
50.5 12:56:55 50.5 50.5 51.9 13:11:18 51.9 51.9 42.9 13:17:49 42.9 42.9
51.4 12:56:56 51.4 51.4 50.5 13:11:19 50.5 50.5 41.3 13:17:50 41.3 41.3
50.3 12:56:57 50.3 50.3 50.3 13:11:20 50.3 50.3 41.4 13:17:51 41.4 41.4
48.3 12:56:58 48.3 48.3 51.4 13:11:21 51.4 51.4 42.0 13:17:52 42.0 42.0
45.8 12:56:59 45.8 45.8 51.0 13:11:22 51.0 51.0 45.0 13:17:53 45.0 45.0
45.8 12:57:00 45.8 45.8 52.1 13:11:23 52.1 52.1 50.1 13:17:54 50.1 50.1
48.3 12:57:01 48.3 48.3 52.2 13:11:24 52.2 52.2 52.5 13:17:55 52.5 52.5
48.1 12:57:02 48.1 48.1 52.2 13:11:25 52.2 52.2 53.7 13:17:56 53.7 53.7
46.2 12:57:03 46.2 46.2 51.1 13:11:26 51.1 51.1 53.2 13:17:57 53.2 53.2
45.4 12:57:04 45.4 45.4 50.1 13:11:27 50.1 50.1 49.9 13:17:58 49.9 49.9
45.8 12:57:05 45.8 45.8 50.7 13:11:28 50.7 50.7 50.1 13:17:59 50.1 50.1
46.7 12:57:06 46.7 46.7 50.5 13:11:29 50.5 50.5 50.2 13:18:00 50.2 50.2
48.7 12:57:07 48.7 48.7 50.6 13:11:30 50.6 50.6 49.5 13:18:01 49.5 49.5
51.4 12:57:08 51.4 51.4 50.2 13:11:31 50.2 50.2 48.6 13:18:02 48.6 48.6
53.8 12:57:09 53.8 53.8 50.5 13:11:32 50.5 50.5 49.8 13:18:03 49.8 49.8
53.9 12:57:10 53.9 53.9 50.8 13:11:33 50.8 50.8 50.6 13:18:04 50.6 50.6
53.1 12:57:11 53.1 53.1 51.7 13:11:34 51.7 51.7 51.8 13:18:05 51.8 51.8
52.0 12:57:12 52.0 52.0 50.9 13:11:35 50.9 50.9 51.9 13:18:06 51.9 51.9
53.1 12:57:13 53.1 53.1 50.8 13:11:36 50.8 50.8 54.8 13:18:07 54.8 54.8
50.8 12:57:14 50.8 50.8 51.7 13:11:37 51.7 51.7 52.2 13:18:08 52.2 52.2
49.6 12:57:15 49.6 49.6 52.7 13:11:38 52.7 52.7 48.2 13:18:09 48.2 48.2
49.4 12:57:16 49.4 49.4 53.2 13:11:39 53.2 53.2 44.4 13:18:10 44.4 44.4
49.0 12:57:17 49.0 49.0 54.3 13:11:40 54.3 54.3 41.4 13:18:11 41.4 41.4
47.7 12:57:18 47.7 47.7 56.4 13:11:41 56.4 56.4 39.2 13:18:12 39.2 39.2
48.6 12:57:19 48.6 48.6 61.1 13:11:42 61.1 61.1 38.5 13:18:13 38.5 38.5
51.7 12:57:20 51.7 51.7 69.6 13:11:43 69.6 69.6 40.3 13:18:14 40.3 40.3
50.4 12:57:21 50.4 50.4 79.6 13:11:44 79.6 79.6 44.5 13:18:15 44.5 44.5
47.4 12:57:22 47.4 47.4 80.5 13:11:45 80.5 80.5 44.5 13:18:16 44.5 44.5
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SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

47.4 12:57:23 47.4 47.4 77.6 13:11:46 77.6 77.6 45.7 13:18:17 45.7 45.7
45.7 12:57:24 45.7 45.7 74.1 13:11:47 74.1 74.1 45.0 13:18:18 45.0 45.0
44.9 12:57:25 44.9 44.9 70.2 13:11:48 70.2 70.2 46.9 13:18:19 46.9 46.9
46.3 12:57:26 46.3 46.3 66.4 13:11:49 66.4 66.4 44.2 13:18:20 44.2 44.2
54.0 12:57:27 54.0 54.0 62.9 13:11:50 62.9 62.9 41.3 13:18:21 41.3 41.3
56.5 12:57:28 56.5 56.5 60.4 13:11:51 60.4 60.4 39.4 13:18:22 39.4 39.4
60.6 12:57:29 60.6 60.6 58.2 13:11:52 58.2 58.2 41.0 13:18:23 41.0 41.0
58.2 12:57:30 58.2 58.2 55.7 13:11:53 55.7 55.7 45.2 13:18:24 45.2 45.2
54.3 12:57:31 54.3 54.3 54.2 13:11:54 54.2 54.2 47.9 13:18:25 47.9 47.9
50.5 12:57:32 50.5 50.5 54.6 13:11:55 54.6 54.6 44.5 13:18:26 44.5 44.5
47.5 12:57:33 47.5 47.5 54.8 13:11:56 54.8 54.8 42.2 13:18:27 42.2 42.2
45.8 12:57:34 45.8 45.8 53.3 13:11:57 53.3 53.3 43.8 13:18:28 43.8 43.8
44.5 12:57:35 44.5 44.5 53.4 13:11:58 53.4 53.4 44.8 13:18:29 44.8 44.8
53.5 12:57:36 53.5 53.5 55.7 13:11:59 55.7 55.7 43.0 13:18:30 43.0 43.0
57.8 12:57:37 57.8 57.8 55.2 13:12:00 55.2 55.2 40.7 13:18:31 40.7 40.7
55.5 12:57:38 55.5 55.5 54.8 13:12:01 54.8 54.8 38.8 13:18:32 38.8 38.8
55.2 12:57:39 55.2 55.2 53.8 13:12:02 53.8 53.8 37.8 13:18:33 37.8 37.8
52.7 12:57:40 52.7 52.7 53.0 13:12:03 53.0 53.0 39.7 13:18:34 39.7 39.7
50.2 12:57:41 50.2 50.2 52.0 13:12:04 52.0 52.0 41.3 13:18:35 41.3 41.3
47.2 12:57:42 47.2 47.2 52.6 13:12:05 52.6 52.6 41.0 13:18:36 41.0 41.0
44.4 12:57:43 44.4 44.4 52.6 13:12:06 52.6 52.6 42.1 13:18:37 42.1 42.1
47.9 12:57:44 47.9 47.9 52.9 13:12:07 52.9 52.9 43.5 13:18:38 43.5 43.5
48.0 12:57:45 48.0 48.0 52.7 13:12:08 52.7 52.7 43.3 13:18:39 43.3 43.3
51.5 12:57:46 51.5 51.5 52.7 13:12:09 52.7 52.7 40.9 13:18:40 40.9 40.9
52.1 12:57:47 52.1 52.1 52.8 13:12:10 52.8 52.8 42.3 13:18:41 42.3 42.3
48.5 12:57:48 48.5 48.5 53.0 13:12:11 53.0 53.0 44.3 13:18:42 44.3 44.3
46.3 12:57:49 46.3 46.3 51.8 13:12:12 51.8 51.8 45.1 13:18:43 45.1 45.1
46.0 12:57:50 46.0 46.0 52.1 13:12:13 52.1 52.1 45.7 13:18:44 45.7 45.7
46.8 12:57:51 46.8 46.8 51.7 13:12:14 51.7 51.7 47.7 13:18:45 47.7 47.7
49.7 12:57:52 49.7 49.7 52.0 13:12:15 52.0 52.0 45.9 13:18:46 45.9 45.9
53.3 12:57:53 53.3 53.3 53.7 13:12:16 53.7 53.7 44.9 13:18:47 44.9 44.9
56.1 12:57:54 56.1 56.1 53.9 13:12:17 53.9 53.9 42.5 13:18:48 42.5 42.5
56.7 12:57:55 56.7 56.7 52.8 13:12:18 52.8 52.8 46.3 13:18:49 46.3 46.3
53.8 12:57:56 53.8 53.8 52.0 13:12:19 52.0 52.0 45.1 13:18:50 45.1 45.1
50.4 12:57:57 50.4 50.4 52.0 13:12:20 52.0 52.0 43.7 13:18:51 43.7 43.7
46.7 12:57:58 46.7 46.7 51.2 13:12:21 51.2 51.2 44.9 13:18:52 44.9 44.9
47.4 12:57:59 47.4 47.4 50.4 13:12:22 50.4 50.4 43.4 13:18:53 43.4 43.4
52.9 12:58:00 52.9 52.9 49.4 13:12:23 49.4 49.4 40.8 13:18:54 40.8 40.8
50.3 12:58:01 50.3 50.3 50.3 13:12:24 50.3 50.3 39.8 13:18:55 39.8 39.8
47.4 12:58:02 47.4 47.4 51.1 13:12:25 51.1 51.1 44.4 13:18:56 44.4 44.4
44.7 12:58:03 44.7 44.7 53.0 13:12:26 53.0 53.0 48.7 13:18:57 48.7 48.7
44.7 12:58:04 44.7 44.7 52.8 13:12:27 52.8 52.8 50.8 13:18:58 50.8 50.8
47.3 12:58:05 47.3 47.3 51.9 13:12:28 51.9 51.9 53.7 13:18:59 53.7 53.7
51.5 12:58:06 51.5 51.5 51.4 13:12:29 51.4 51.4 53.1 13:19:00 53.1 53.1
52.7 12:58:07 52.7 52.7 51.1 13:12:30 51.1 51.1 52.6 13:19:01 52.6 52.6
52.0 12:58:08 52.0 52.0 51.3 13:12:31 51.3 51.3 50.2 13:19:02 50.2 50.2
54.3 12:58:09 54.3 54.3 50.7 13:12:32 50.7 50.7 49.6 13:19:03 49.6 49.6
50.8 12:58:10 50.8 50.8 51.3 13:12:33 51.3 51.3 48.0 13:19:04 48.0 48.0
47.8 12:58:11 47.8 47.8 52.0 13:12:34 52.0 52.0 47.2 13:19:05 47.2 47.2
47.5 12:58:12 47.5 47.5 51.4 13:12:35 51.4 51.4 48.6 13:19:06 48.6 48.6
53.7 12:58:13 53.7 53.7 50.3 13:12:36 50.3 50.3 49.5 13:19:07 49.5 49.5
52.8 12:58:14 52.8 52.8 51.8 13:12:37 51.8 51.8 50.7 13:19:08 50.7 50.7
49.3 12:58:15 49.3 49.3 52.6 13:12:38 52.6 52.6 51.1 13:19:09 51.1 51.1
52.3 12:58:16 52.3 52.3 51.8 13:12:39 51.8 51.8 49.1 13:19:10 49.1 49.1
54.3 12:58:17 54.3 54.3 51.8 13:12:40 51.8 51.8 51.4 13:19:11 51.4 51.4
50.6 12:58:18 50.6 50.6 51.9 13:12:41 51.9 51.9 52.0 13:19:12 52.0 52.0
47.8 12:58:19 47.8 47.8 51.1 13:12:42 51.1 51.1 52.1 13:19:13 52.1 52.1
54.3 12:58:20 54.3 54.3 49.8 13:12:43 49.8 49.8 51.5 13:19:14 51.5 51.5
54.2 12:58:21 54.2 54.2 49.8 13:12:44 49.8 49.8 48.0 13:19:15 48.0 48.0
53.4 12:58:22 53.4 53.4 51.1 13:12:45 51.1 51.1 44.9 13:19:16 44.9 44.9
51.6 12:58:23 51.6 51.6 51.6 13:12:46 51.6 51.6 45.8 13:19:17 45.8 45.8
50.2 12:58:24 50.2 50.2 52.6 13:12:47 52.6 52.6 43.4 13:19:18 43.4 43.4
50.9 12:58:25 50.9 50.9 52.0 13:12:48 52.0 52.0 42.0 13:19:19 42.0 42.0
52.5 12:58:26 52.5 52.5 51.2 13:12:49 51.2 51.2 41.3 13:19:20 41.3 41.3
56.2 12:58:27 56.2 56.2 51.3 13:12:50 51.3 51.3 41.0 13:19:21 41.0 41.0
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66.9 12:58:30 66.9 66.9 51.5 13:12:53 51.5 51.5 39.3 13:19:24 39.3 39.3
73.3 12:58:31 73.3 73.3 50.5 13:12:54 50.5 50.5 39.0 13:19:25 39.0 39.0
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74.2 12:58:33 74.2 74.2 50.9 13:12:56 50.9 50.9 43.7 13:19:27 43.7 43.7
70.4 12:58:34 70.4 70.4 51.5 13:12:57 51.5 51.5 48.0 13:19:28 48.0 48.0
66.5 12:58:35 66.5 66.5 51.9 13:12:58 51.9 51.9 51.5 13:19:29 51.5 51.5
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49.8 12:58:42 49.8 49.8 50.5 13:13:05 50.5 50.5 40.8 13:19:36 40.8 40.8
52.3 12:58:43 52.3 52.3 50.5 13:13:06 50.5 50.5 40.8 13:19:37 40.8 40.8
56.7 12:58:44 56.7 56.7 50.1 13:13:07 50.1 50.1 40.9 13:19:38 40.9 40.9
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49.7 12:58:48 49.7 49.7 50.8 13:13:11 50.8 50.8 50.2 13:19:42 50.2 50.2
46.8 12:58:49 46.8 46.8 51.1 13:13:12 51.1 51.1 51.2 13:19:43 51.2 51.2
46.6 12:58:50 46.6 46.6 50.8 13:13:13 50.8 50.8 50.6 13:19:44 50.6 50.6
45.9 12:58:51 45.9 45.9 51.3 13:13:14 51.3 51.3 48.1 13:19:45 48.1 48.1
45.6 12:58:52 45.6 45.6 51.5 13:13:15 51.5 51.5 45.3 13:19:46 45.3 45.3
46.5 12:58:53 46.5 46.5 52.6 13:13:16 52.6 52.6 42.9 13:19:47 42.9 42.9
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46.6 12:59:00 46.6 46.6 51.0 13:13:23 51.0 51.0 41.8 13:19:54 41.8 41.8
49.9 12:59:01 49.9 49.9 51.3 13:13:24 51.3 51.3 41.3 13:19:55 41.3 41.3
48.3 12:59:02 48.3 48.3 51.8 13:13:25 51.8 51.8 40.6 13:19:56 40.6 40.6
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62.1 12:59:41 62.1 62.1 50.9 13:14:04 50.9 50.9 38.6 13:20:35 38.6 38.6
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70.3 13:00:49 70.3 70.3 52.5 13:15:12 52.5 52.5 42.1 13:21:43 42.1 42.1
66.3 13:00:50 66.3 66.3 52.9 13:15:13 52.9 52.9 41.3 13:21:44 41.3 41.3
62.4 13:00:51 62.4 62.4 51.7 13:15:14 51.7 51.7 41.3 13:21:45 41.3 41.3
59.2 13:00:52 59.2 59.2 49.6 13:15:15 49.6 49.6 41.8 13:21:46 41.8 41.8
55.4 13:00:53 55.4 55.4 49.6 13:15:16 49.6 49.6 42.3 13:21:47 42.3 42.3
51.8 13:00:54 51.8 51.8 50.5 13:15:17 50.5 50.5 41.4 13:21:48 41.4 41.4
48.4 13:00:55 48.4 48.4 50.8 13:15:18 50.8 50.8 41.5 13:21:49 41.5 41.5

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

45.5 13:00:56 45.5 45.5 51.4 13:15:19 51.4 51.4 40.9 13:21:50 40.9 40.9
44.3 13:00:57 44.3 44.3 51.3 13:15:20 51.3 51.3 40.3 13:21:51 40.3 40.3
44.4 13:00:58 44.4 44.4 50.9 13:15:21 50.9 50.9 39.5 13:21:52 39.5 39.5
53.4 13:00:59 53.4 53.4 51.1 13:15:22 51.1 51.1 39.7 13:21:53 39.7 39.7
53.2 13:01:00 53.2 53.2 52.5 13:15:23 52.5 52.5 40.5 13:21:54 40.5 40.5
49.4 13:01:01 49.4 49.4 51.9 13:15:24 51.9 51.9 41.3 13:21:55 41.3 41.3
46.4 13:01:02 46.4 46.4 52.4 13:15:25 52.4 52.4 42.0 13:21:56 42.0 42.0
46.9 13:01:03 46.9 46.9 53.1 13:15:26 53.1 53.1 41.6 13:21:57 41.6 41.6
48.1 13:01:04 48.1 48.1 55.4 13:15:27 55.4 55.4 41.1 13:21:58 41.1 41.1
45.7 13:01:05 45.7 45.7 57.9 13:15:28 57.9 57.9 40.7 13:21:59 40.7 40.7
49.8 13:01:06 49.8 49.8 64.3 13:15:29 64.3 64.3 40.5 13:22:00 40.5 40.5
52.4 13:01:07 52.4 52.4 75.5 13:15:30 75.5 75.5 40.6 13:22:01 40.6 40.6
49.9 13:01:08 49.9 49.9 76.5 13:15:31 76.5 76.5 40.7 13:22:02 40.7 40.7
46.5 13:01:09 46.5 46.5 73.7 13:15:32 73.7 73.7 39.8 13:22:03 39.8 39.8
53.5 13:01:10 53.5 53.5 70.3 13:15:33 70.3 70.3 39.8 13:22:04 39.8 39.8
55.0 13:01:11 55.0 55.0 67.2 13:15:34 67.2 67.2 39.4 13:22:05 39.4 39.4
58.2 13:01:12 58.2 58.2 64.2 13:15:35 64.2 64.2 39.5 13:22:06 39.5 39.5
57.2 13:01:13 57.2 57.2 62.0 13:15:36 62.0 62.0 40.3 13:22:07 40.3 40.3
57.2 13:01:14 57.2 57.2 65.6 13:15:37 65.6 65.6 40.8 13:22:08 40.8 40.8
55.5 13:01:15 55.5 55.5 71.5 13:15:38 71.5 71.5 40.9 13:22:09 40.9 40.9
51.5 13:01:16 51.5 51.5 70.5 13:15:39 70.5 70.5 41.3 13:22:10 41.3 41.3
47.7 13:01:17 47.7 47.7 67.5 13:15:40 67.5 67.5 41.6 13:22:11 41.6 41.6
45.5 13:01:18 45.5 45.5 64.2 13:15:41 64.2 64.2 43.2 13:22:12 43.2 43.2
44.8 13:01:19 44.8 44.8 61.1 13:15:42 61.1 61.1 43.4 13:22:13 43.4 43.4
43.0 13:01:20 43.0 43.0 58.0 13:15:43 58.0 58.0 43.3 13:22:14 43.3 43.3
41.6 13:01:21 41.6 41.6 55.9 13:15:44 55.9 55.9 42.8 13:22:15 42.8 42.8
42.1 13:01:22 42.1 42.1 55.2 13:15:45 55.2 55.2 43.2 13:22:16 43.2 43.2
41.9 13:01:23 41.9 41.9 55.0 13:15:46 55.0 55.0 43.3 13:22:17 43.3 43.3
41.6 13:01:24 41.6 41.6 55.3 13:15:47 55.3 55.3 43.1 13:22:18 43.1 43.1
40.5 13:01:25 40.5 40.5 54.5 13:15:48 54.5 54.5 43.9 13:22:19 43.9 43.9
45.7 13:01:26 45.7 45.7 54.0 13:15:49 54.0 54.0 43.4 13:22:20 43.4 43.4
53.9 13:01:27 53.9 53.9 55.7 13:15:50 55.7 55.7 43.3 13:22:21 43.3 43.3
50.5 13:01:28 50.5 50.5 58.9 13:15:51 58.9 58.9 43.0 13:22:22 43.0 43.0
47.8 13:01:29 47.8 47.8 68.2 13:15:52 68.2 68.2 43.0 13:22:23 43.0 43.0
45.2 13:01:30 45.2 45.2 73.7 13:15:53 73.7 73.7 43.6 13:22:24 43.6 43.6
44.3 13:01:31 44.3 44.3 72.3 13:15:54 72.3 72.3 44.0 13:22:25 44.0 44.0
43.8 13:01:32 43.8 43.8 69.1 13:15:55 69.1 69.1 44.0 13:22:26 44.0 44.0
43.4 13:01:33 43.4 43.4 65.8 13:15:56 65.8 65.8 43.5 13:22:27 43.5 43.5
44.2 13:01:34 44.2 44.2 62.5 13:15:57 62.5 62.5 42.5 13:22:28 42.5 42.5
45.3 13:01:35 45.3 45.3 59.3 13:15:58 59.3 59.3 44.8 13:22:29 44.8 44.8
46.8 13:01:36 46.8 46.8 56.6 13:15:59 56.6 56.6 44.1 13:22:30 44.1 44.1
50.7 13:01:37 50.7 50.7 55.1 13:16:00 55.1 55.1 42.3 13:22:31 42.3 42.3
55.2 13:01:38 55.2 55.2 55.9 13:16:01 55.9 55.9 40.9 13:22:32 40.9 40.9
54.2 13:01:39 54.2 54.2 57.0 13:16:02 57.0 57.0 39.8 13:22:33 39.8 39.8
54.7 13:01:40 54.7 54.7 55.5 13:16:03 55.5 55.5 39.8 13:22:34 39.8 39.8
56.4 13:01:41 56.4 56.4 53.0 13:16:04 53.0 53.0 39.9 13:22:35 39.9 39.9
55.7 13:01:42 55.7 55.7 51.3 13:16:05 51.3 51.3 40.1 13:22:36 40.1 40.1
52.8 13:01:43 52.8 52.8 51.3 13:16:06 51.3 51.3 39.2 13:22:37 39.2 39.2
52.4 13:01:44 52.4 52.4 51.3 13:16:07 51.3 51.3 38.7 13:22:38 38.7 38.7

54.5 13:01:45 54.5 54.5 50.9 13:16:08 50.9 50.9 38.6 13:22:39 38.6 38.6

54.1 13:01:46 54.1 54.1 51.2 13:16:09 51.2 51.2 38.9 13:22:40 38.9 38.9

52.7 13:01:47 52.7 52.7 51.4 13:16:10 51.4 51.4 38.7 13:22:41 38.7 38.7

52.1 13:01:48 52.1 52.1 51.5 13:16:11 51.5 51.5 38.9 13:22:42 38.9 38.9

51.0 13:01:49 51.0 51.0 51.8 13:16:12 51.8 51.8 39.2 13:22:43 39.2 39.2

51.1 13:01:50 51.1 51.1 52.7 13:16:13 52.7 52.7 39.8 13:22:44 39.8 39.8

55.7 13:01:51 55.7 55.7 52.1 13:16:14 52.1 52.1 39.8 13:22:45 39.8 39.8

56.8 13:01:52 56.8 56.8 51.2 13:16:15 51.2 51.2 39.5 13:22:46 39.5 39.5

58.8 13:01:53 58.8 58.8 49.8 13:16:16 49.8 49.8 38.8 13:22:47 38.8 38.8

62.0 13:01:54 62.0 62.0 50.8 13:16:17 50.8 50.8 38.8 13:22:48 38.8 38.8

63.8 13:01:55 63.8 63.8 51.8 13:16:18 51.8 51.8 39.0 13:22:49 39.0 39.0

67.4 13:01:56 67.4 67.4 52.2 13:16:19 52.2 52.2 38.4 13:22:50 38.4 38.4

70.3 13:01:57 70.3 70.3 52.4 13:16:20 52.4 52.4 38.3 13:22:51 38.3 38.3

68.1 13:01:58 68.1 68.1 52.7 13:16:21 52.7 52.7 38.5 13:22:52 38.5 38.5

64.5 13:01:59 64.5 64.5 54.0 13:16:22 54.0 54.0 38.1 13:22:53 38.1 38.1

61.0 13:02:00 61.0 61.0 53.9 13:16:23 53.9 53.9 38.8 13:22:54 38.8 38.8

58.5 13:02:01 58.5 58.5 55.7 13:16:24 55.7 55.7 38.4 13:22:55 38.4 38.4

55.9 13:02:02 55.9 55.9 59.8 13:16:25 59.8 59.8 38.4 13:22:56 38.4 38.4

52.5 13:02:03 52.5 52.5 67.6 13:16:26 67.6 67.6 38.9 13:22:57 38.9 38.9

49.3 13:02:04 49.3 49.3 71.0 13:16:27 71.0 71.0 38.4 13:22:58 38.4 38.4

46.8 13:02:05 46.8 46.8 72.6 13:16:28 72.6 72.6 39.0 13:22:59 39.0 39.0

45.1 13:02:06 45.1 45.1 70.9 13:16:29 70.9 70.9 39.3 13:23:00 39.3 39.3

44.9 13:02:07 44.9 44.9 67.6 13:16:30 67.6 67.6 38.5 13:23:01 38.5 38.5

54.8 13:02:08 54.8 54.8 64.2 13:16:31 64.2 64.2 38.3 13:23:02 38.3 38.3

52.1 13:02:09 52.1 52.1 60.9 13:16:32 60.9 60.9 38.9 13:23:03 38.9 38.9

51.7 13:02:10 51.7 51.7 58.3 13:16:33 58.3 58.3 39.4 13:23:04 39.4 39.4

48.7 13:02:11 48.7 48.7 57.2 13:16:34 57.2 57.2 40.5 13:23:05 40.5 40.5

46.3 13:02:12 46.3 46.3 57.5 13:16:35 57.5 57.5 40.0 13:23:06 40.0 40.0

49.7 13:02:13 49.7 49.7 58.2 13:16:36 58.2 58.2 39.1 13:23:07 39.1 39.1

55.9 13:02:14 55.9 55.9 60.0 13:16:37 60.0 60.0 38.6 13:23:08 38.6 38.6

53.9 13:02:15 53.9 53.9 63.0 13:16:38 63.0 63.0 38.7 13:23:09 38.7 38.7

51.2 13:02:16 51.2 51.2 61.4 13:16:39 61.4 61.4 38.9 13:23:10 38.9 38.9

50.6 13:02:17 50.6 50.6 60.7 13:16:40 60.7 60.7 38.6 13:23:11 38.6 38.6

49.8 13:02:18 49.8 49.8 59.6 13:16:41 59.6 59.6 38.8 13:23:12 38.8 38.8

50.0 13:02:19 50.0 50.0 58.4 13:16:42 58.4 58.4 38.7 13:23:13 38.7 38.7

47.5 13:02:20 47.5 47.5 57.8 13:16:43 57.8 57.8 38.6 13:23:14 38.6 38.6

46.3 13:02:21 46.3 46.3 57.4 13:16:44 57.4 57.4 38.0 13:23:15 38.0 38.0

44.5 13:02:22 44.5 44.5 56.4 13:16:45 56.4 56.4 37.7 13:23:16 37.7 37.7

43.5 13:02:23 43.5 43.5 55.5 13:16:46 55.5 55.5 37.4 13:23:17 37.4 37.4

43.2 13:02:24 43.2 43.2 54.9 13:16:47 54.9 54.9 37.9 13:23:18 37.9 37.9

43.1 13:02:25 43.1 43.1 53.8 13:16:48 53.8 53.8 38.7 13:23:19 38.7 38.7

42.2 13:02:26 42.2 42.2 54.2 13:16:49 54.2 54.2 38.5 13:23:20 38.5 38.5

42.4 13:02:27 42.4 42.4 54.4 13:16:50 54.4 54.4 38.8 13:23:21 38.8 38.8

42.0 13:02:28 42.0 42.0 53.4 13:16:51 53.4 53.4 39.2 13:23:22 39.2 39.2

41.7 13:02:29 41.7 41.7 53.7 13:16:52 53.7 53.7 39.4 13:23:23 39.4 39.4

42.0 13:02:30 42.0 42.0 54.3 13:16:53 54.3 54.3 39.2 13:23:24 39.2 39.2

43.4 13:02:31 43.4 43.4 54.2 13:16:54 54.2 54.2 40.0 13:23:25 40.0 40.0

48.2 13:02:32 48.2 48.2 53.1 13:16:55 53.1 53.1 41.0 13:23:26 41.0 41.0

49.9 13:02:33 49.9 49.9 53.7 13:16:56 53.7 53.7 40.1 13:23:27 40.1 40.1

47.8 13:02:34 47.8 47.8 55.7 13:16:57 55.7 55.7 39.1 13:23:28 39.1 39.1

45.4 13:02:35 45.4 45.4 57.1 13:16:58 57.1 57.1 39.2 13:23:29 39.2 39.2

46.2 13:02:36 46.2 46.2 57.0 13:16:59 57.0 57.0 39.3 13:23:30 39.3 39.3

45.3 13:02:37 45.3 45.3 61.3 13:17:00 61.3 61.3 39.7 13:23:31 39.7 39.7

43.7 13:02:38 43.7 43.7 68.1 13:17:01 68.1 68.1 39.7 13:23:32 39.7 39.7

42.7 13:02:39 42.7 42.7 70.6 13:17:02 70.6 70.6 39.7 13:23:33 39.7 39.7

42.5 13:02:40 42.5 42.5 68.4 13:17:03 68.4 68.4 39.3 13:23:34 39.3 39.3

42.5 13:02:41 42.5 42.5 64.8 13:17:04 64.8 64.8 39.2 13:23:35 39.2 39.2

42.8 13:02:42 42.8 42.8 61.4 13:17:05 61.4 61.4 39.6 13:23:36 39.6 39.6

44.7 13:02:43 44.7 44.7 58.1 13:17:06 58.1 58.1 39.6 13:23:37 39.6 39.6

46.0 13:02:44 46.0 46.0 56.2 13:17:07 56.2 56.2 39.9 13:23:38 39.9 39.9

43.9 13:02:45 43.9 43.9 54.5 13:17:08 54.5 54.5 40.0 13:23:39 40.0 40.0

43.7 13:02:46 43.7 43.7 55.1 13:17:09 55.1 55.1 39.8 13:23:40 39.8 39.8

46.8 13:02:47 46.8 46.8 54.5 13:17:10 54.5 54.5 39.3 13:23:41 39.3 39.3

44.9 13:02:48 44.9 44.9 53.5 13:17:11 53.5 53.5 39.2 13:23:42 39.2 39.2

43.3 13:02:49 43.3 43.3 53.2 13:17:12 53.2 53.2 39.0 13:23:43 39.0 39.0

44.9 13:02:50 44.9 44.9 53.8 13:17:13 53.8 53.8 38.2 13:23:44 38.2 38.2

44.4 13:02:51 44.4 44.4 54.5 13:17:14 54.5 54.5 39.2 13:23:45 39.2 39.2

43.3 13:02:52 43.3 43.3 54.1 13:17:15 54.1 54.1 38.8 13:23:46 38.8 38.8

43.9 13:02:53 43.9 43.9 53.5 13:17:16 53.5 53.5 38.5 13:23:47 38.5 38.5

48.5 13:02:54 48.5 48.5 54.0 13:17:17 54.0 54.0 39.1 13:23:48 39.1 39.1

50.7 13:02:55 50.7 50.7 54.4 13:17:18 54.4 54.4 39.4 13:23:49 39.4 39.4

51.0 13:02:56 51.0 51.0 54.9 13:17:19 54.9 54.9 39.2 13:23:50 39.2 39.2

50.5 13:02:57 50.5 50.5 53.7 13:17:20 53.7 53.7 38.5 13:23:51 38.5 38.5

48.4 13:02:58 48.4 48.4 53.0 13:17:21 53.0 53.0 38.2 13:23:52 38.2 38.2

47.0 13:02:59 47.0 47.0 53.2 13:17:22 53.2 53.2 37.9 13:23:53 37.9 37.9

47.3 13:03:00 47.3 47.3 53.3 13:17:23 53.3 53.3 37.6 13:23:54 37.6 37.6

46.4 13:03:01 46.4 46.4 53.2 13:17:24 53.2 53.2 37.1 13:23:55 37.1 37.1

44.7 13:03:02 44.7 44.7 53.2 13:17:25 53.2 53.2 36.7 13:23:56 36.7 36.7

43.9 13:03:03 43.9 43.9 54.1 13:17:26 54.1 54.1 36.8 13:23:57 36.8 36.8

43.4 13:03:04 43.4 43.4 53.8 13:17:27 53.8 53.8 37.4 13:23:58 37.4 37.4

44.2 13:03:05 44.2 44.2 55.0 13:17:28 55.0 55.0 38.3 13:23:59 38.3 38.3

47.7 13:03:06 47.7 47.7 55.2 13:17:29 55.2 55.2 37.8 13:24:00 37.8 37.8

47.3 13:03:07 47.3 47.3 54.0 13:17:30 54.0 54.0 37.1 13:24:01 37.1 37.1

49.1 13:03:08 49.1 49.1 53.5 13:17:31 53.5 53.5 37.2 13:24:02 37.2 37.2

52.3 13:03:09 52.3 52.3 54.4 13:17:32 54.4 54.4 37.0 13:24:03 37.0 37.0

52.4 13:03:10 52.4 52.4 57.6 13:17:33 57.6 57.6 36.9 13:24:04 36.9 36.9

49.3 13:03:11 49.3 49.3 65.1 13:17:34 65.1 65.1 37.0 13:24:05 37.0 37.0

46.4 13:03:12 46.4 46.4 71.7 13:17:35 71.7 71.7 36.7 13:24:06 36.7 36.7

44.5 13:03:13 44.5 44.5 71.2 13:17:36 71.2 71.2 37.0 13:24:07 37.0 37.0

45.0 13:03:14 45.0 45.0 67.9 13:17:37 67.9 67.9 37.0 13:24:08 37.0 37.0

45.3 13:03:15 45.3 45.3 64.3 13:17:38 64.3 64.3 36.9 13:24:09 36.9 36.9

44.5 13:03:16 44.5 44.5 60.9 13:17:39 60.9 60.9 36.6 13:24:10 36.6 36.6

44.3 13:03:17 44.3 44.3 58.0 13:17:40 58.0 58.0 36.2 13:24:11 36.2 36.2

43.0 13:03:18 43.0 43.0 57.1 13:17:41 57.1 57.1 36.0 13:24:12 36.0 36.0

42.1 13:03:19 42.1 42.1 56.4 13:17:42 56.4 56.4 35.8 13:24:13 35.8 35.8

41.2 13:03:20 41.2 41.2 55.1 13:17:43 55.1 55.1 35.8 13:24:14 35.8 35.8

42.2 13:03:21 42.2 42.2 54.6 13:17:44 54.6 54.6 35.8 13:24:15 35.8 35.8

42.5 13:03:22 42.5 42.5 54.9 13:17:45 54.9 54.9 35.9 13:24:16 35.9 35.9

43.1 13:03:23 43.1 43.1 55.8 13:17:46 55.8 55.8 36.1 13:24:17 36.1 36.1

45.0 13:03:24 45.0 45.0 55.7 13:17:47 55.7 55.7 36.3 13:24:18 36.3 36.3

43.8 13:03:25 43.8 43.8 55.3 13:17:48 55.3 55.3 36.3 13:24:19 36.3 36.3

47.4 13:03:26 47.4 47.4 56.0 13:17:49 56.0 56.0 36.6 13:24:20 36.6 36.6

50.7 13:03:27 50.7 50.7 57.9 13:17:50 57.9 57.9 36.5 13:24:21 36.5 36.5

50.0 13:03:28 50.0 50.0 61.8 13:17:51 61.8 61.8 36.3 13:24:22 36.3 36.3

46.8 13:03:29 46.8 46.8 69.4 13:17:52 69.4 69.4 36.4 13:24:23 36.4 36.4

45.4 13:03:30 45.4 45.4 71.3 13:17:53 71.3 71.3 36.6 13:24:24 36.6 36.6

45.0 13:03:31 45.0 45.0 69.2 13:17:54 69.2 69.2 36.5 13:24:25 36.5 36.5

44.7 13:03:32 44.7 44.7 65.7 13:17:55 65.7 65.7 37.1 13:24:26 37.1 37.1

46.4 13:03:33 46.4 46.4 61.9 13:17:56 61.9 61.9 37.5 13:24:27 37.5 37.5

52.4 13:03:34 52.4 52.4 59.0 13:17:57 59.0 59.0 37.7 13:24:28 37.7 37.7

54.2 13:03:35 54.2 54.2 57.0 13:17:58 57.0 57.0 37.1 13:24:29 37.1 37.1

50.9 13:03:36 50.9 50.9 55.8 13:17:59 55.8 55.8 36.7 13:24:30 36.7 36.7

48.2 13:03:37 48.2 48.2 54.9 13:18:00 54.9 54.9 36.6 13:24:31 36.6 36.6

46.7 13:03:38 46.7 46.7 55.0 13:18:01 55.0 55.0 36.9 13:24:32 36.9 36.9

45.9 13:03:39 45.9 45.9 53.5 13:18:02 53.5 53.5 36.8 13:24:33 36.8 36.8

46.1 13:03:40 46.1 46.1 52.8 13:18:03 52.8 52.8 38.7 13:24:34 38.7 38.7

47.3 13:03:41 47.3 47.3 53.5 13:18:04 53.5 53.5 37.8 13:24:35 37.8 37.8

48.7 13:03:42 48.7 48.7 53.5 13:18:05 53.5 53.5 38.0 13:24:36 38.0 38.0

46.9 13:03:43 46.9 46.9 52.4 13:18:06 52.4 52.4 38.1 13:24:37 38.1 38.1

46.0 13:03:44 46.0 46.0 53.1 13:18:07 53.1 53.1 37.8 13:24:38 37.8 37.8

44.9 13:03:45 44.9 44.9 55.2 13:18:08 55.2 55.2 37.4 13:24:39 37.4 37.4

44.8 13:03:46 44.8 44.8 56.4 13:18:09 56.4 56.4 36.9 13:24:40 36.9 36.9

49.2 13:03:47 49.2 49.2 54.8 13:18:10 54.8 54.8 37.2 13:24:41 37.2 37.2

50.1 13:03:48 50.1 50.1 52.9 13:18:11 52.9 52.9 37.0 13:24:42 37.0 37.0

49.0 13:03:49 49.0 49.0 53.5 13:18:12 53.5 53.5 37.0 13:24:43 37.0 37.0

PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

49.1 13:03:50 49.1 49.1 53.3 13:18:13 53.3 53.3 36.7 13:24:44 36.7 36.7

48.6 13:03:51 48.6 48.6 53.4 13:18:14 53.4 53.4 36.3 13:24:45 36.3 36.3

47.7 13:03:52 47.7 47.7 53.9 13:18:15 53.9 53.9 35.9 13:24:46 35.9 35.9

49.2 13:03:53 49.2 49.2 54.0 13:18:16 54.0 54.0 35.9 13:24:47 35.9 35.9

54.9 13:03:54 54.9 54.9 53.7 13:18:17 53.7 53.7 36.5 13:24:48 36.5 36.5

55.1 13:03:55 55.1 55.1 52.8 13:18:18 52.8 52.8 37.1 13:24:49 37.1 37.1

53.2 13:03:56 53.2 53.2 52.7 13:18:19 52.7 52.7 36.6 13:24:50 36.6 36.6

50.9 13:03:57 50.9 50.9 53.9 13:18:20 53.9 53.9 36.5 13:24:51 36.5 36.5

49.7 13:03:58 49.7 49.7 53.7 13:18:21 53.7 53.7 36.8 13:24:52 36.8 36.8

48.8 13:03:59 48.8 48.8 52.5 13:18:22 52.5 52.5 36.8 13:24:53 36.8 36.8

49.1 13:04:00 49.1 49.1 52.6 13:18:23 52.6 52.6 36.8 13:24:54 36.8 36.8

48.5 13:04:01 48.5 48.5 53.0 13:18:24 53.0 53.0 37.1 13:24:55 37.1 37.1

50.3 13:04:02 50.3 50.3 52.8 13:18:25 52.8 52.8 37.2 13:24:56 37.2 37.2

48.5 13:04:03 48.5 48.5 53.2 13:18:26 53.2 53.2 37.0 13:24:57 37.0 37.0

46.6 13:04:04 46.6 46.6 52.7 13:18:27 52.7 52.7 37.9 13:24:58 37.9 37.9

45.8 13:04:05 45.8 45.8 52.6 13:18:28 52.6 52.6 39.2 13:24:59 39.2 39.2

46.3 13:04:06 46.3 46.3 53.4 13:18:29 53.4 53.4 38.9 13:25:00 38.9 38.9

46.9 13:04:07 46.9 46.9 53.7 13:18:30 53.7 53.7 38.2 13:25:01 38.2 38.2

47.1 13:04:08 47.1 47.1 53.6 13:18:31 53.6 53.6 37.6 13:25:02 37.6 37.6

51.2 13:04:09 51.2 51.2 53.8 13:18:32 53.8 53.8 37.1 13:25:03 37.1 37.1

52.4 13:04:10 52.4 52.4 53.5 13:18:33 53.5 53.5 37.0 13:25:04 37.0 37.0

51.2 13:04:11 51.2 51.2 53.5 13:18:34 53.5 53.5 36.8 13:25:05 36.8 36.8

48.3 13:04:12 48.3 48.3 54.6 13:18:35 54.6 54.6 36.5 13:25:06 36.5 36.5

45.6 13:04:13 45.6 45.6 56.0 13:18:36 56.0 56.0 36.6 13:25:07 36.6 36.6

44.6 13:04:14 44.6 44.6 57.9 13:18:37 57.9 57.9 36.6 13:25:08 36.6 36.6

44.9 13:04:15 44.9 44.9 57.4 13:18:38 57.4 57.4 36.7 13:25:09 36.7 36.7

44.9 13:04:16 44.9 44.9 56.6 13:18:39 56.6 56.6 36.6 13:25:10 36.6 36.6

43.9 13:04:17 43.9 43.9 55.5 13:18:40 55.5 55.5 36.8 13:25:11 36.8 36.8

42.8 13:04:18 42.8 42.8 55.7 13:18:41 55.7 55.7 36.9 13:25:12 36.9 36.9

48.7 13:04:19 48.7 48.7 57.1 13:18:42 57.1 57.1 37.2 13:25:13 37.2 37.2

49.0 13:04:20 49.0 49.0 59.1 13:18:43 59.1 59.1 37.6 13:25:14 37.6 37.6

46.9 13:04:21 46.9 46.9 60.2 13:18:44 60.2 60.2 37.7 13:25:15 37.7 37.7

48.5 13:04:22 48.5 48.5 61.0 13:18:45 61.0 61.0 37.0 13:25:16 37.0 37.0

53.7 13:04:23 53.7 53.7 60.7 13:18:46 60.7 60.7 36.6 13:25:17 36.6 36.6

54.2 13:04:24 54.2 54.2 59.3 13:18:47 59.3 59.3 36.7 13:25:18 36.7 36.7

55.6 13:04:25 55.6 55.6 58.1 13:18:48 58.1 58.1 37.9 13:25:19 37.9 37.9

52.5 13:04:26 52.5 52.5 57.2 13:18:49 57.2 57.2 38.1 13:25:20 38.1 38.1

49.9 13:04:27 49.9 49.9 56.4 13:18:50 56.4 56.4 38.0 13:25:21 38.0 38.0

46.9 13:04:28 46.9 46.9 56.2 13:18:51 56.2 56.2 37.7 13:25:22 37.7 37.7

44.4 13:04:29 44.4 44.4 57.3 13:18:52 57.3 57.3 37.6 13:25:23 37.6 37.6

43.6 13:04:30 43.6 43.6 60.9 13:18:53 60.9 60.9 37.5 13:25:24 37.5 37.5

43.1 13:04:31 43.1 43.1 66.7 13:18:54 66.7 66.7 37.4 13:25:25 37.4 37.4

49.0 13:04:32 49.0 49.0 70.2 13:18:55 70.2 70.2 37.3 13:25:26 37.3 37.3

47.6 13:04:33 47.6 47.6 68.5 13:18:56 68.5 68.5 37.7 13:25:27 37.7 37.7

47.1 13:04:34 47.1 47.1 64.9 13:18:57 64.9 64.9 37.9 13:25:28 37.9 37.9

48.9 13:04:35 48.9 48.9 61.8 13:18:58 61.8 61.8 37.4 13:25:29 37.4 37.4

47.6 13:04:36 47.6 47.6 59.3 13:18:59 59.3 59.3 37.3 13:25:30 37.3 37.3

45.6 13:04:37 45.6 45.6 56.9 13:19:00 56.9 56.9 37.8 13:25:31 37.8 37.8

43.9 13:04:38 43.9 43.9 55.7 13:19:01 55.7 55.7 37.6 13:25:32 37.6 37.6

45.4 13:04:39 45.4 45.4 54.8 13:19:02 54.8 54.8 38.0 13:25:33 38.0 38.0

48.1 13:04:40 48.1 48.1 54.0 13:19:03 54.0 54.0 38.4 13:25:34 38.4 38.4

46.7 13:04:41 46.7 46.7 53.8 13:19:04 53.8 53.8 38.7 13:25:35 38.7 38.7

44.8 13:04:42 44.8 44.8 53.5 13:19:05 53.5 53.5 38.1 13:25:36 38.1 38.1

42.9 13:04:43 42.9 42.9 53.6 13:19:06 53.6 53.6 37.7 13:25:37 37.7 37.7

42.5 13:04:44 42.5 42.5 53.4 13:19:07 53.4 53.4 37.7 13:25:38 37.7 37.7

46.4 13:04:45 46.4 46.4 52.8 13:19:08 52.8 52.8 37.7 13:25:39 37.7 37.7

47.3 13:04:46 47.3 47.3 54.0 13:19:09 54.0 54.0 38.1 13:25:40 38.1 38.1

46.8 13:04:47 46.8 46.8 54.1 13:19:10 54.1 54.1 38.6 13:25:41 38.6 38.6

44.5 13:04:48 44.5 44.5 54.3 13:19:11 54.3 54.3 38.1 13:25:42 38.1 38.1

43.7 13:04:49 43.7 43.7 53.8 13:19:12 53.8 53.8 38.4 13:25:43 38.4 38.4

42.9 13:04:50 42.9 42.9 53.9 13:19:13 53.9 53.9 39.1 13:25:44 39.1 39.1

46.3 13:04:51 46.3 46.3 53.6 13:19:14 53.6 53.6 39.7 13:25:45 39.7 39.7

50.2 13:04:52 50.2 50.2 54.1 13:19:15 54.1 54.1 39.8 13:25:46 39.8 39.8

51.8 13:04:53 51.8 51.8 54.7 13:19:16 54.7 54.7 39.4 13:25:47 39.4 39.4

49.2 13:04:54 49.2 49.2 54.0 13:19:17 54.0 54.0 38.8 13:25:48 38.8 38.8

47.4 13:04:55 47.4 47.4 54.3 13:19:18 54.3 54.3 38.9 13:25:49 38.9 38.9

49.9 13:04:56 49.9 49.9 54.5 13:19:19 54.5 54.5 39.3 13:25:50 39.3 39.3

47.7 13:04:57 47.7 47.7 55.3 13:19:20 55.3 55.3 39.3 13:25:51 39.3 39.3

45.1 13:04:58 45.1 45.1 57.2 13:19:21 57.2 57.2 39.3 13:25:52 39.3 39.3

45.1 13:04:59 45.1 45.1 66.2 13:19:22 66.2 66.2 39.5 13:25:53 39.5 39.5

46.7 13:05:00 46.7 46.7 63.7 13:19:23 63.7 63.7 39.8 13:25:54 39.8 39.8

46.8 13:05:01 46.8 46.8 61.1 13:19:24 61.1 61.1 39.9 13:25:55 39.9 39.9

44.4 13:05:02 44.4 44.4 58.6 13:19:25 58.6 58.6 40.1 13:25:56 40.1 40.1

44.0 13:05:03 44.0 44.0 56.1 13:19:26 56.1 56.1 39.9 13:25:57 39.9 39.9

45.5 13:05:04 45.5 45.5 55.8 13:19:27 55.8 55.8 39.6 13:25:58 39.6 39.6

46.1 13:05:05 46.1 46.1 55.7 13:19:28 55.7 55.7 39.6 13:25:59 39.6 39.6

47.2 13:05:06 47.2 47.2 55.2 13:19:29 55.2 55.2 40.2 13:26:00 40.2 40.2

50.9 13:05:07 50.9 50.9 55.7 13:19:30 55.7 55.7 41.1 13:26:01 41.1 41.1

48.5 13:05:08 48.5 48.5 56.9 13:19:31 56.9 56.9 40.8 13:26:02 40.8 40.8

45.7 13:05:09 45.7 45.7 59.1 13:19:32 59.1 59.1 40.4 13:26:03 40.4 40.4

44.2 13:05:10 44.2 44.2 59.1 13:19:33 59.1 59.1 40.2 13:26:04 40.2 40.2

43.8 13:05:11 43.8 43.8 58.1 13:19:34 58.1 58.1 41.1 13:26:05 41.1 41.1

43.4 13:05:12 43.4 43.4 58.8 13:19:35 58.8 58.8 41.4 13:26:06 41.4 41.4

47.3 13:05:13 47.3 47.3 58.5 13:19:36 58.5 58.5 41.2 13:26:07 41.2 41.2

47.7 13:05:14 47.7 47.7 58.7 13:19:37 58.7 58.7 41.6 13:26:08 41.6 41.6

46.1 13:05:15 46.1 46.1 59.1 13:19:38 59.1 59.1 41.8 13:26:09 41.8 41.8

44.7 13:05:16 44.7 44.7 59.3 13:19:39 59.3 59.3 41.8 13:26:10 41.8 41.8

43.0 13:05:17 43.0 43.0 60.3 13:19:40 60.3 60.3 41.5 13:26:11 41.5 41.5

41.9 13:05:18 41.9 41.9 62.0 13:19:41 62.0 62.0 42.2 13:26:12 42.2 42.2

43.4 13:05:19 43.4 43.4 66.4 13:19:42 66.4 66.4 42.6 13:26:13 42.6 42.6

43.2 13:05:20 43.2 43.2 68.1 13:19:43 68.1 68.1 41.8 13:26:14 41.8 41.8

42.7 13:05:21 42.7 42.7 67.0 13:19:44 67.0 67.0 41.2 13:26:15 41.2 41.2

43.0 13:05:22 43.0 43.0 66.4 13:19:45 66.4 66.4 41.4 13:26:16 41.4 41.4

45.0 13:05:23 45.0 45.0 65.2 13:19:46 65.2 65.2 41.9 13:26:17 41.9 41.9

45.5 13:05:24 45.5 45.5 63.8 13:19:47 63.8 63.8 43.5 13:26:18 43.5 43.5

47.1 13:05:25 47.1 47.1 63.9 13:19:48 63.9 63.9 45.0 13:26:19 45.0 45.0

47.2 13:05:26 47.2 47.2 64.1 13:19:49 64.1 64.1 46.9 13:26:20 46.9 46.9

45.3 13:05:27 45.3 45.3 63.2 13:19:50 63.2 63.2 50.2 13:26:21 50.2 50.2

47.0 13:05:28 47.0 47.0 63.5 13:19:51 63.5 63.5 54.1 13:26:22 54.1 54.1

52.2 13:05:29 52.2 52.2 68.0 13:19:52 68.0 68.0 56.2 13:26:23 56.2 56.2

53.0 13:05:30 53.0 53.0 70.7 13:19:53 70.7 70.7 55.1 13:26:24 55.1 55.1

50.6 13:05:31 50.6 50.6 70.6 13:19:54 70.6 70.6 52.2 13:26:25 52.2 52.2

49.6 13:05:32 49.6 49.6 68.3 13:19:55 68.3 68.3 48.9 13:26:26 48.9 48.9

49.5 13:05:33 49.5 49.5 65.5 13:19:56 65.5 65.5 45.9 13:26:27 45.9 45.9

50.6 13:05:34 50.6 50.6 62.8 13:19:57 62.8 62.8 43.6 13:26:28 43.6 43.6

50.6 13:05:35 50.6 50.6 61.1 13:19:58 61.1 61.1 41.8 13:26:29 41.8 41.8

52.1 13:05:36 52.1 52.1 60.1 13:19:59 60.1 60.1 41.3 13:26:30 41.3 41.3

54.1 13:05:37 54.1 54.1 60.5 13:20:00 60.5 60.5 41.0 13:26:31 41.0 41.0

52.6 13:05:38 52.6 52.6 61.8 13:20:01 61.8 61.8 40.0 13:26:32 40.0 40.0

50.2 13:05:39 50.2 50.2 62.0 13:20:02 62.0 62.0 39.6 13:26:33 39.6 39.6

50.9 13:05:40 50.9 50.9 62.6 13:20:03 62.6 62.6 39.2 13:26:34 39.2 39.2

55.9 13:05:41 55.9 55.9 65.1 13:20:04 65.1 65.1 38.5 13:26:35 38.5 38.5

56.3 13:05:42 56.3 56.3 65.1 13:20:05 65.1 65.1 38.7 13:26:36 38.7 38.7

52.8 13:05:43 52.8 52.8 65.4 13:20:06 65.4 65.4 38.7 13:26:37 38.7 38.7

49.7 13:05:44 49.7 49.7 66.5 13:20:07 66.5 66.5 38.1 13:26:38 38.1 38.1

48.0 13:05:45 48.0 48.0 66.6 13:20:08 66.6 66.6 37.9 13:26:39 37.9 37.9

47.0 13:05:46 47.0 47.0 68.2 13:20:09 68.2 68.2 38.5 13:26:40 38.5 38.5

46.1 13:05:47 46.1 46.1 69.3 13:20:10 69.3 69.3 39.3 13:26:41 39.3 39.3

44.9 13:05:48 44.9 44.9 70.3 13:20:11 70.3 70.3 39.4 13:26:42 39.4 39.4

48.7 13:05:49 48.7 48.7 70.2 13:20:12 70.2 70.2 38.5 13:26:43 38.5 38.5

54.2 13:05:50 54.2 54.2 68.9 13:20:13 68.9 68.9 38.0 13:26:44 38.0 38.0

52.8 13:05:51 52.8 52.8 67.3 13:20:14 67.3 67.3 38.2 13:26:45 38.2 38.2

50.9 13:05:52 50.9 50.9 66.6 13:20:15 66.6 66.6 38.7 13:26:46 38.7 38.7

48.5 13:05:53 48.5 48.5 66.0 13:20:16 66.0 66.0 38.4 13:26:47 38.4 38.4

46.4 13:05:54 46.4 46.4 65.3 13:20:17 65.3 65.3 38.5 13:26:48 38.5 38.5

47.3 13:05:55 47.3 47.3 64.5 13:20:18 64.5 64.5 39.2 13:26:49 39.2 39.2

49.1 13:05:56 49.1 49.1 63.8 13:20:19 63.8 63.8 39.7 13:26:50 39.7 39.7

48.3 13:05:57 48.3 48.3 63.2 13:20:20 63.2 63.2 38.9 13:26:51 38.9 38.9

49.8 13:05:58 49.8 49.8 62.9 13:20:21 62.9 62.9 38.4 13:26:52 38.4 38.4

49.3 13:05:59 49.3 49.3 62.8 13:20:22 62.8 62.8 38.1 13:26:53 38.1 38.1

47.3 13:06:00 47.3 47.3 63.1 13:20:23 63.1 63.1 38.8 13:26:54 38.8 38.8

47.1 13:06:01 47.1 47.1 62.3 13:20:24 62.3 62.3 41.5 13:26:55 41.5 41.5

47.0 13:06:02 47.0 47.0 62.6 13:20:25 62.6 62.6 40.7 13:26:56 40.7 40.7

46.7 13:06:03 46.7 46.7 64.0 13:20:26 64.0 64.0 39.8 13:26:57 39.8 39.8

46.5 13:06:04 46.5 46.5 65.7 13:20:27 65.7 65.7 38.8 13:26:58 38.8 38.8

47.0 13:06:05 47.0 47.0 67.6 13:20:28 67.6 67.6 38.9 13:26:59 38.9 38.9

48.0 13:06:06 48.0 48.0 68.0 13:20:29 68.0 68.0 39.6 13:27:00 39.6 39.6

47.5 13:06:07 47.5 47.5 68.6 13:20:30 68.6 68.6 39.8 13:27:01 39.8 39.8

45.7 13:06:08 45.7 45.7 68.4 13:20:31 68.4 68.4 40.1 13:27:02 40.1 40.1

48.4 13:06:09 48.4 48.4 67.8 13:20:32 67.8 67.8 39.7 13:27:03 39.7 39.7

51.6 13:06:10 51.6 51.6 65.9 13:20:33 65.9 65.9 39.2 13:27:04 39.2 39.2

48.2 13:06:11 48.2 48.2 63.0 13:20:34 63.0 63.0 39.6 13:27:05 39.6 39.6

46.1 13:06:12 46.1 46.1 60.4 13:20:35 60.4 60.4 40.1 13:27:06 40.1 40.1

45.5 13:06:13 45.5 45.5 58.7 13:20:36 58.7 58.7 40.7 13:27:07 40.7 40.7

43.0 13:06:14 43.0 43.0 58.0 13:20:37 58.0 58.0 40.1 13:27:08 40.1 40.1

41.5 13:06:15 41.5 41.5 58.3 13:20:38 58.3 58.3 40.2 13:27:09 40.2 40.2

40.4 13:06:16 40.4 40.4 60.7 13:20:39 60.7 60.7 40.5 13:27:10 40.5 40.5

40.6 13:06:17 40.6 40.6 62.0 13:20:40 62.0 62.0 41.3 13:27:11 41.3 41.3

42.6 13:06:18 42.6 42.6 60.8 13:20:41 60.8 60.8 42.3 13:27:12 42.3 42.3

42.2 13:06:19 42.2 42.2 58.4 13:20:42 58.4 58.4 42.1 13:27:13 42.1 42.1

41.4 13:06:20 41.4 41.4 55.6 13:20:43 55.6 55.6 41.7 13:27:14 41.7 41.7

41.5 13:06:21 41.5 41.5 53.7 13:20:44 53.7 53.7 42.4 13:27:15 42.4 42.4

42.1 13:06:22 42.1 42.1 52.6 13:20:45 52.6 52.6 43.2 13:27:16 43.2 43.2

43.6 13:06:23 43.6 43.6 52.6 13:20:46 52.6 52.6 43.3 13:27:17 43.3 43.3

47.0 13:06:24 47.0 47.0 53.3 13:20:47 53.3 53.3 42.6 13:27:18 42.6 42.6

46.1 13:06:25 46.1 46.1 52.7 13:20:48 52.7 52.7 42.0 13:27:19 42.0 42.0

44.3 13:06:26 44.3 44.3 52.5 13:20:49 52.5 52.5 41.1 13:27:20 41.1 41.1

45.2 13:06:27 45.2 45.2 54.0 13:20:50 54.0 54.0 39.7 13:27:21 39.7 39.7

44.5 13:06:28 44.5 44.5 53.6 13:20:51 53.6 53.6 39.4 13:27:22 39.4 39.4

48.0 13:06:29 48.0 48.0 55.3 13:20:52 55.3 55.3 39.0 13:27:23 39.0 39.0

53.7 13:06:30 53.7 53.7 54.3 13:20:53 54.3 54.3 38.9 13:27:24 38.9 38.9

53.7 13:06:31 53.7 53.7 52.8 13:20:54 52.8 52.8 39.5 13:27:25 39.5 39.5
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

52.6 13:06:32 52.6 52.6 51.9 13:20:55 51.9 51.9 40.7 13:27:26 40.7 40.7

51.0 13:06:33 51.0 51.0 52.2 13:20:56 52.2 52.2 40.6 13:27:27 40.6 40.6

49.5 13:06:34 49.5 49.5 52.5 13:20:57 52.5 52.5 40.1 13:27:28 40.1 40.1

50.7 13:06:35 50.7 50.7 53.5 13:20:58 53.5 53.5 39.7 13:27:29 39.7 39.7

50.7 13:06:36 50.7 50.7 53.5 13:20:59 53.5 53.5 40.5 13:27:30 40.5 40.5

50.7 13:06:37 50.7 50.7 54.2 13:21:00 54.2 54.2 40.9 13:27:31 40.9 40.9

48.3 13:06:38 48.3 48.3 56.2 13:21:01 56.2 56.2 39.9 13:27:32 39.9 39.9

46.2 13:06:39 46.2 46.2 58.7 13:21:02 58.7 58.7 39.4 13:27:33 39.4 39.4

46.1 13:06:40 46.1 46.1 65.4 13:21:03 65.4 65.4 39.2 13:27:34 39.2 39.2

46.1 13:06:41 46.1 46.1 69.7 13:21:04 69.7 69.7 38.9 13:27:35 38.9 38.9

46.8 13:06:42 46.8 46.8 69.4 13:21:05 69.4 69.4 38.7 13:27:36 38.7 38.7

46.4 13:06:43 46.4 46.4 66.6 13:21:06 66.6 66.6 42.5 13:27:37 42.5 42.5

45.5 13:06:44 45.5 45.5 70.3 13:21:07 70.3 70.3 60.5 13:27:38 60.5 60.5

44.5 13:06:45 44.5 44.5 78.3 13:21:08 78.3 78.3 61.4 13:27:39 61.4 61.4

45.6 13:06:46 45.6 45.6 76.7 13:21:09 76.7 76.7 57.2 13:27:40 57.2 57.2

47.2 13:06:47 47.2 47.2 73.2 13:21:10 73.2 73.2 53.0 13:27:41 53.0 53.0

58.1 13:06:48 58.1 58.1 69.3 13:21:11 69.3 69.3 49.1 13:27:42 49.1 49.1

61.4 13:06:49 61.4 61.4 65.4 13:21:12 65.4 65.4 45.8 13:27:43 45.8 45.8

69.6 13:06:50 69.6 69.6 61.6 13:21:13 61.6 61.6 43.1 13:27:44 43.1 43.1

72.6 13:06:51 72.6 72.6 58.4 13:21:14 58.4 58.4 41.0 13:27:45 41.0 41.0

70.8 13:06:52 70.8 70.8 56.1 13:21:15 56.1 56.1 40.1 13:27:46 40.1 40.1

67.3 13:06:53 67.3 67.3 54.8 13:21:16 54.8 54.8 42.1 13:27:47 42.1 42.1

64.2 13:06:54 64.2 64.2 53.8 13:21:17 53.8 53.8 42.2 13:27:48 42.2 42.2

61.6 13:06:55 61.6 61.6 53.2 13:21:18 53.2 53.2 56.0 13:27:49 56.0 56.0

59.4 13:06:56 59.4 59.4 51.9 13:21:19 51.9 51.9 61.9 13:27:50 61.9 61.9

56.7 13:06:57 56.7 56.7 51.0 13:21:20 51.0 51.0 58.6 13:27:51 58.6 58.6

54.0 13:06:58 54.0 54.0 51.0 13:21:21 51.0 51.0 55.0 13:27:52 55.0 55.0

52.4 13:06:59 52.4 52.4 50.8 13:21:22 50.8 50.8 53.0 13:27:53 53.0 53.0

52.0 13:07:00 52.0 52.0 51.1 13:21:23 51.1 51.1 52.7 13:27:54 52.7 52.7

51.0 13:07:01 51.0 51.0 51.2 13:21:24 51.2 51.2 50.3 13:27:55 50.3 50.3

49.2 13:07:02 49.2 49.2 52.5 13:21:25 52.5 52.5 49.1 13:27:56 49.1 49.1

48.6 13:07:03 48.6 48.6 53.0 13:21:26 53.0 53.0 47.1 13:27:57 47.1 47.1

49.8 13:07:04 49.8 49.8 51.6 13:21:27 51.6 51.6 44.3 13:27:58 44.3 44.3

49.3 13:07:05 49.3 49.3 51.2 13:21:28 51.2 51.2 45.3 13:27:59 45.3 45.3

48.0 13:07:06 48.0 48.0 51.5 13:21:29 51.5 51.5 48.8 13:28:00 48.8 48.8

46.0 13:07:07 46.0 46.0 50.5 13:21:30 50.5 50.5 48.6 13:28:01 48.6 48.6

44.1 13:07:08 44.1 44.1 51.1 13:21:31 51.1 51.1 56.1 13:28:02 56.1 56.1

43.2 13:07:09 43.2 43.2 50.1 13:21:32 50.1 50.1 60.9 13:28:03 60.9 60.9

45.2 13:07:10 45.2 45.2 50.0 13:21:33 50.0 50.0 57.7 13:28:04 57.7 57.7

47.5 13:07:11 47.5 47.5 51.7 13:21:34 51.7 51.7 53.8 13:28:05 53.8 53.8

45.5 13:07:12 45.5 45.5 51.0 13:21:35 51.0 51.0 50.8 13:28:06 50.8 50.8

45.9 13:07:13 45.9 45.9 52.3 13:21:36 52.3 52.3 49.1 13:28:07 49.1 49.1

45.6 13:07:14 45.6 45.6 52.3 13:21:37 52.3 52.3 47.8 13:28:08 47.8 47.8

44.7 13:07:15 44.7 44.7 51.9 13:21:38 51.9 51.9 47.3 13:28:09 47.3 47.3

45.1 13:07:16 45.1 45.1 51.6 13:21:39 51.6 51.6 44.2 13:28:10 44.2 44.2

45.4 13:07:17 45.4 45.4 51.2 13:21:40 51.2 51.2 41.6 13:28:11 41.6 41.6

47.4 13:07:18 47.4 47.4 51.2 13:21:41 51.2 51.2 40.3 13:28:12 40.3 40.3

49.6 13:07:19 49.6 49.6 51.2 13:21:42 51.2 51.2 39.6 13:28:13 39.6 39.6

46.9 13:07:20 46.9 46.9 51.9 13:21:43 51.9 51.9 39.6 13:28:14 39.6 39.6

47.2 13:07:21 47.2 47.2 52.4 13:21:44 52.4 52.4 39.5 13:28:15 39.5 39.5

55.0 13:07:22 55.0 55.0 52.6 13:21:45 52.6 52.6 39.2 13:28:16 39.2 39.2

53.9 13:07:23 53.9 53.9 53.7 13:21:46 53.7 53.7 53.1 13:28:17 53.1 53.1

50.3 13:07:24 50.3 50.3 52.4 13:21:47 52.4 52.4 59.2 13:28:18 59.2 59.2

47.9 13:07:25 47.9 47.9 51.4 13:21:48 51.4 51.4 55.4 13:28:19 55.4 55.4

45.0 13:07:26 45.0 45.0 51.3 13:21:49 51.3 51.3 52.3 13:28:20 52.3 52.3

43.4 13:07:27 43.4 43.4 51.6 13:21:50 51.6 51.6 49.6 13:28:21 49.6 49.6

44.3 13:07:28 44.3 44.3 52.0 13:21:51 52.0 52.0 46.9 13:28:22 46.9 46.9

48.4 13:07:29 48.4 48.4 52.5 13:21:52 52.5 52.5 45.7 13:28:23 45.7 45.7

47.6 13:07:30 47.6 47.6 52.2 13:21:53 52.2 52.2 45.5 13:28:24 45.5 45.5

45.2 13:07:31 45.2 45.2 52.1 13:21:54 52.1 52.1 47.7 13:28:25 47.7 47.7

44.2 13:07:32 44.2 44.2 53.3 13:21:55 53.3 53.3 47.2 13:28:26 47.2 47.2

44.1 13:07:33 44.1 44.1 53.6 13:21:56 53.6 53.6 50.2 13:28:27 50.2 50.2

45.1 13:07:34 45.1 45.1 53.8 13:21:57 53.8 53.8 59.7 13:28:28 59.7 59.7

50.3 13:07:35 50.3 50.3 52.7 13:21:58 52.7 52.7 56.9 13:28:29 56.9 56.9

55.2 13:07:36 55.2 55.2 52.5 13:21:59 52.5 52.5 52.9 13:28:30 52.9 52.9

54.6 13:07:37 54.6 54.6 53.0 13:22:00 53.0 53.0 50.0 13:28:31 50.0 50.0

51.3 13:07:38 51.3 51.3 52.4 13:22:01 52.4 52.4 47.8 13:28:32 47.8 47.8

50.1 13:07:39 50.1 50.1 53.7 13:22:02 53.7 53.7 45.8 13:28:33 45.8 45.8

55.0 13:07:40 55.0 55.0 52.9 13:22:03 52.9 52.9 44.2 13:28:34 44.2 44.2

53.2 13:07:41 53.2 53.2 51.5 13:22:04 51.5 51.5 44.6 13:28:35 44.6 44.6

50.0 13:07:42 50.0 50.0 51.3 13:22:05 51.3 51.3 48.7 13:28:36 48.7 48.7

47.2 13:07:43 47.2 47.2 52.6 13:22:06 52.6 52.6 46.8 13:28:37 46.8 46.8

44.5 13:07:44 44.5 44.5 51.8 13:22:07 51.8 51.8 52.4 13:28:38 52.4 52.4

44.2 13:07:45 44.2 44.2 51.0 13:22:08 51.0 51.0 59.5 13:28:39 59.5 59.5

47.5 13:07:46 47.5 47.5 50.5 13:22:09 50.5 50.5 56.2 13:28:40 56.2 56.2

46.3 13:07:47 46.3 46.3 51.9 13:22:10 51.9 51.9 52.1 13:28:41 52.1 52.1

46.4 13:07:48 46.4 46.4 52.0 13:22:11 52.0 52.0 48.2 13:28:42 48.2 48.2

47.4 13:07:49 47.4 47.4 51.5 13:22:12 51.5 51.5 44.7 13:28:43 44.7 44.7

45.8 13:07:50 45.8 45.8 50.9 13:22:13 50.9 50.9 41.8 13:28:44 41.8 41.8

45.9 13:07:51 45.9 45.9 50.6 13:22:14 50.6 50.6 39.8 13:28:45 39.8 39.8

45.5 13:07:52 45.5 45.5 51.9 13:22:15 51.9 51.9 40.6 13:28:46 40.6 40.6

46.0 13:07:53 46.0 46.0 52.1 13:22:16 52.1 52.1 39.7 13:28:47 39.7 39.7

45.6 13:07:54 45.6 45.6 53.1 13:22:17 53.1 53.1 39.8 13:28:48 39.8 39.8

44.6 13:07:55 44.6 44.6 52.4 13:22:18 52.4 52.4 40.6 13:28:49 40.6 40.6

44.6 13:07:56 44.6 44.6 52.0 13:22:19 52.0 52.0 41.0 13:28:50 41.0 41.0

44.8 13:07:57 44.8 44.8 51.0 13:22:20 51.0 51.0 42.5 13:28:51 42.5 42.5

50.3 13:07:58 50.3 50.3 51.0 13:22:21 51.0 51.0 45.0 13:28:52 45.0 45.0

52.1 13:07:59 52.1 52.1 53.0 13:22:22 53.0 53.0 44.9 13:28:53 44.9 44.9

50.1 13:08:00 50.1 50.1 52.5 13:22:23 52.5 52.5 47.5 13:28:54 47.5 47.5

49.0 13:08:01 49.0 49.0 51.5 13:22:24 51.5 51.5 46.7 13:28:55 46.7 46.7

49.9 13:08:02 49.9 49.9 51.3 13:22:25 51.3 51.3 48.0 13:28:56 48.0 48.0

53.9 13:08:03 53.9 53.9 51.7 13:22:26 51.7 51.7 49.9 13:28:57 49.9 49.9

57.9 13:08:04 57.9 57.9 52.6 13:22:27 52.6 52.6 49.8 13:28:58 49.8 49.8

62.2 13:08:05 62.2 62.2 52.2 13:22:28 52.2 52.2 51.0 13:28:59 51.0 51.0

67.9 13:08:06 67.9 67.9 52.0 13:22:29 52.0 52.0 50.6 13:29:00 50.6 50.6

70.2 13:08:07 70.2 70.2 51.7 13:22:30 51.7 51.7 48.1 13:29:01 48.1 48.1

67.9 13:08:08 67.9 67.9 50.8 13:22:31 50.8 50.8 45.6 13:29:02 45.6 45.6

64.2 13:08:09 64.2 64.2 50.7 13:22:32 50.7 50.7 46.8 13:29:03 46.8 46.8

60.5 13:08:10 60.5 60.5 50.4 13:22:33 50.4 50.4 47.2 13:29:04 47.2 47.2

56.8 13:08:11 56.8 56.8 51.8 13:22:34 51.8 51.8 53.8 13:29:05 53.8 53.8

53.8 13:08:12 53.8 53.8 53.8 13:22:35 53.8 53.8 51.0 13:29:06 51.0 51.0

52.3 13:08:13 52.3 52.3 59.8 13:22:36 59.8 59.8 49.1 13:29:07 49.1 49.1

54.0 13:08:14 54.0 54.0 72.9 13:22:37 72.9 72.9 50.1 13:29:08 50.1 50.1

50.9 13:08:15 50.9 50.9 73.7 13:22:38 73.7 73.7 50.3 13:29:09 50.3 50.3

48.0 13:08:16 48.0 48.0 71.0 13:22:39 71.0 71.0 48.8 13:29:10 48.8 48.8

50.9 13:08:17 50.9 50.9 67.3 13:22:40 67.3 67.3 45.3 13:29:11 45.3 45.3

59.2 13:08:18 59.2 59.2 63.6 13:22:41 63.6 63.6 41.9 13:29:12 41.9 41.9

58.0 13:08:19 58.0 58.0 60.3 13:22:42 60.3 60.3 41.8 13:29:13 41.8 41.8

55.2 13:08:20 55.2 55.2 57.4 13:22:43 57.4 57.4 40.9 13:29:14 40.9 40.9

53.5 13:08:21 53.5 53.5 54.9 13:22:44 54.9 54.9 41.2 13:29:15 41.2 41.2

55.1 13:08:22 55.1 55.1 53.1 13:22:45 53.1 53.1 43.2 13:29:16 43.2 43.2

52.5 13:08:23 52.5 52.5 53.4 13:22:46 53.4 53.4 45.3 13:29:17 45.3 45.3

49.8 13:08:24 49.8 49.8 52.2 13:22:47 52.2 52.2 46.1 13:29:18 46.1 46.1

47.6 13:08:25 47.6 47.6 51.3 13:22:48 51.3 51.3 46.5 13:29:19 46.5 46.5

47.2 13:08:26 47.2 47.2 50.9 13:22:49 50.9 50.9 47.5 13:29:20 47.5 47.5

48.1 13:08:27 48.1 48.1 51.0 13:22:50 51.0 51.0 47.6 13:29:21 47.6 47.6

51.6 13:08:28 51.6 51.6 51.4 13:22:51 51.4 51.4 47.5 13:29:22 47.5 47.5

52.7 13:08:29 52.7 52.7 54.4 13:22:52 54.4 54.4 45.5 13:29:23 45.5 45.5

49.6 13:08:30 49.6 49.6 55.5 13:22:53 55.5 55.5 44.3 13:29:24 44.3 44.3

47.4 13:08:31 47.4 47.4 53.6 13:22:54 53.6 53.6 45.1 13:29:25 45.1 45.1

45.7 13:08:32 45.7 45.7 53.4 13:22:55 53.4 53.4 44.9 13:29:26 44.9 44.9

49.1 13:08:33 49.1 49.1 53.3 13:22:56 53.3 53.3 44.3 13:29:27 44.3 44.3

48.7 13:08:34 48.7 48.7 52.4 13:22:57 52.4 52.4 46.5 13:29:28 46.5 46.5

46.2 13:08:35 46.2 46.2 52.0 13:22:58 52.0 52.0 46.6 13:29:29 46.6 46.6

44.3 13:08:36 44.3 44.3 51.6 13:22:59 51.6 51.6 56.4 13:29:30 56.4 56.4

43.3 13:08:37 43.3 43.3 51.0 13:23:00 51.0 51.0 54.7 13:29:31 54.7 54.7

44.2 13:08:38 44.2 44.2 51.1 13:23:01 51.1 51.1 51.1 13:29:32 51.1 51.1

45.8 13:08:39 45.8 45.8 52.3 13:23:02 52.3 52.3 49.2 13:29:33 49.2 49.2

47.1 13:08:40 47.1 47.1 51.3 13:23:03 51.3 51.3 47.8 13:29:34 47.8 47.8

45.2 13:08:41 45.2 45.2 49.7 13:23:04 49.7 49.7 46.5 13:29:35 46.5 46.5

44.4 13:08:42 44.4 44.4 49.6 13:23:05 49.6 49.6 45.6 13:29:36 45.6 45.6

44.2 13:08:43 44.2 44.2 50.6 13:23:06 50.6 50.6 47.0 13:29:37 47.0 47.0

46.8 13:08:44 46.8 46.8 51.2 13:23:07 51.2 51.2 45.9 13:29:38 45.9 45.9

48.5 13:08:45 48.5 48.5 51.7 13:23:08 51.7 51.7 46.1 13:29:39 46.1 46.1

48.6 13:08:46 48.6 48.6 52.4 13:23:09 52.4 52.4 47.2 13:29:40 47.2 47.2

47.6 13:08:47 47.6 47.6 53.4 13:23:10 53.4 53.4 45.3 13:29:41 45.3 45.3

46.2 13:08:48 46.2 46.2 52.6 13:23:11 52.6 52.6 44.5 13:29:42 44.5 44.5

45.6 13:08:49 45.6 45.6 52.2 13:23:12 52.2 52.2 46.5 13:29:43 46.5 46.5

45.7 13:08:50 45.7 45.7 54.5 13:23:13 54.5 54.5 48.2 13:29:44 48.2 48.2

50.3 13:08:51 50.3 50.3 53.8 13:23:14 53.8 53.8 47.3 13:29:45 47.3 47.3

53.7 13:08:52 53.7 53.7 53.5 13:23:15 53.5 53.5 48.3 13:29:46 48.3 48.3

51.0 13:08:53 51.0 51.0 52.6 13:23:16 52.6 52.6 49.1 13:29:47 49.1 49.1

48.1 13:08:54 48.1 48.1 52.4 13:23:17 52.4 52.4 48.3 13:29:48 48.3 48.3

47.4 13:08:55 47.4 47.4 52.4 13:23:18 52.4 52.4 47.6 13:29:49 47.6 47.6

47.1 13:08:56 47.1 47.1 52.3 13:23:19 52.3 52.3 47.8 13:29:50 47.8 47.8

46.9 13:08:57 46.9 46.9 51.9 13:23:20 51.9 51.9 47.7 13:29:51 47.7 47.7

44.9 13:08:58 44.9 44.9 52.0 13:23:21 52.0 52.0 49.9 13:29:52 49.9 49.9

44.4 13:08:59 44.4 44.4 52.4 13:23:22 52.4 52.4 49.2 13:29:53 49.2 49.2

42.7 13:09:00 42.7 42.7 53.3 13:23:23 53.3 53.3 48.1 13:29:54 48.1 48.1

44.2 13:09:01 44.2 44.2 53.1 13:23:24 53.1 53.1 46.0 13:29:55 46.0 46.0

44.6 13:09:02 44.6 44.6 53.1 13:23:25 53.1 53.1 44.1 13:29:56 44.1 44.1

45.4 13:09:03 45.4 45.4 52.3 13:23:26 52.3 52.3 43.5 13:29:57 43.5 43.5

48.2 13:09:04 48.2 48.2 52.7 13:23:27 52.7 52.7 42.5 13:29:58 42.5 42.5

50.1 13:09:05 50.1 50.1 53.4 13:23:28 53.4 53.4 42.4 13:29:59 42.4 42.4

52.6 13:09:06 52.6 52.6 52.8 13:23:29 52.8 52.8 42.9 13:30:00 42.9 42.9

57.4 13:09:07 57.4 57.4 52.1 13:23:30 52.1 52.1 43.6 13:30:01 43.6 43.6

65.5 13:09:08 65.5 65.5 51.4 13:23:31 51.4 51.4 43.7 13:30:02 43.7 43.7

72.3 13:09:09 72.3 72.3 51.5 13:23:32 51.5 51.5 46.1 13:30:03 46.1 46.1

72.6 13:09:10 72.6 72.6 52.8 13:23:33 52.8 52.8 45.8 13:30:04 45.8 45.8

69.7 13:09:11 69.7 69.7 53.5 13:23:34 53.5 53.5 45.4 13:30:05 45.4 45.4

66.3 13:09:12 66.3 66.3 52.8 13:23:35 52.8 52.8 44.2 13:30:06 44.2 44.2

63.3 13:09:13 63.3 63.3 52.1 13:23:36 52.1 52.1 45.1 13:30:07 45.1 45.1
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

61.2 13:09:14 61.2 61.2 51.8 13:23:37 51.8 51.8 45.7 13:30:08 45.7 45.7

58.8 13:09:15 58.8 58.8 51.5 13:23:38 51.5 51.5 45.2 13:30:09 45.2 45.2

56.4 13:09:16 56.4 56.4 51.6 13:23:39 51.6 51.6 45.2 13:30:10 45.2 45.2

53.4 13:09:17 53.4 53.4 52.4 13:23:40 52.4 52.4 44.6 13:30:11 44.6 44.6

51.3 13:09:18 51.3 51.3 53.6 13:23:41 53.6 53.6 43.6 13:30:12 43.6 43.6

50.4 13:09:19 50.4 50.4 56.2 13:23:42 56.2 56.2 45.6 13:30:13 45.6 45.6

48.8 13:09:20 48.8 48.8 60.3 13:23:43 60.3 60.3 46.7 13:30:14 46.7 46.7

47.7 13:09:21 47.7 47.7 68.7 13:23:44 68.7 68.7 47.6 13:30:15 47.6 47.6

46.9 13:09:22 46.9 46.9 73.7 13:23:45 73.7 73.7 47.7 13:30:16 47.7 47.7

45.9 13:09:23 45.9 45.9 74.8 13:23:46 74.8 74.8 46.3 13:30:17 46.3 46.3

45.4 13:09:24 45.4 45.4 75.2 13:23:47 75.2 75.2 45.2 13:30:18 45.2 45.2

46.3 13:09:25 46.3 46.3 72.5 13:23:48 72.5 72.5 45.4 13:30:19 45.4 45.4

47.6 13:09:26 47.6 47.6 68.7 13:23:49 68.7 68.7 46.4 13:30:20 46.4 46.4

45.5 13:09:27 45.5 45.5 64.8 13:23:50 64.8 64.8 46.3 13:30:21 46.3 46.3

44.1 13:09:28 44.1 44.1 61.1 13:23:51 61.1 61.1 46.9 13:30:22 46.9 46.9

43.8 13:09:29 43.8 43.8 58.3 13:23:52 58.3 58.3 46.7 13:30:23 46.7 46.7

49.9 13:09:30 49.9 49.9 56.0 13:23:53 56.0 56.0 47.0 13:30:24 47.0 47.0

49.4 13:09:31 49.4 49.4 54.2 13:23:54 54.2 54.2 46.1 13:30:25 46.1 46.1

48.9 13:09:32 48.9 48.9 53.9 13:23:55 53.9 53.9 45.3 13:30:26 45.3 45.3

46.5 13:09:33 46.5 46.5 52.3 13:23:56 52.3 52.3 45.6 13:30:27 45.6 45.6

48.0 13:09:34 48.0 48.0 50.7 13:23:57 50.7 50.7 45.6 13:30:28 45.6 45.6

46.8 13:09:35 46.8 46.8 52.0 13:23:58 52.0 52.0 42.2 13:30:29 42.2 42.2

48.3 13:09:36 48.3 48.3 53.0 13:23:59 53.0 53.0 40.2 13:30:30 40.2 40.2

49.0 13:09:37 49.0 49.0 53.3 13:24:00 53.3 53.3 40.0 13:30:31 40.0 40.0

46.6 13:09:38 46.6 46.6 53.9 13:24:01 53.9 53.9 39.2 13:30:32 39.2 39.2

46.1 13:09:39 46.1 46.1 53.5 13:24:02 53.5 53.5 40.8 13:30:33 40.8 40.8

44.6 13:09:40 44.6 44.6 53.0 13:24:03 53.0 53.0 41.6 13:30:34 41.6 41.6

45.3 13:09:41 45.3 45.3 53.6 13:24:04 53.6 53.6 44.7 13:30:35 44.7 44.7

48.2 13:09:42 48.2 48.2 52.6 13:24:05 52.6 52.6 46.3 13:30:36 46.3 46.3

51.0 13:09:43 51.0 51.0 50.8 13:24:06 50.8 50.8 46.4 13:30:37 46.4 46.4

51.7 13:09:44 51.7 51.7 51.2 13:24:07 51.2 51.2 46.6 13:30:38 46.6 46.6

49.0 13:09:45 49.0 49.0 52.4 13:24:08 52.4 52.4 45.0 13:30:39 45.0 45.0

47.7 13:09:46 47.7 47.7 51.3 13:24:09 51.3 51.3 42.2 13:30:40 42.2 42.2

46.2 13:09:47 46.2 46.2 51.9 13:24:10 51.9 51.9 40.9 13:30:41 40.9 40.9

45.4 13:09:48 45.4 45.4 54.3 13:24:11 54.3 54.3 42.5 13:30:42 42.5 42.5

44.8 13:09:49 44.8 44.8 54.7 13:24:12 54.7 54.7 45.2 13:30:43 45.2 45.2

51.3 13:09:50 51.3 51.3 54.2 13:24:13 54.2 54.2 46.2 13:30:44 46.2 46.2

56.7 13:09:51 56.7 56.7 53.6 13:24:14 53.6 53.6 45.8 13:30:45 45.8 45.8

54.5 13:09:52 54.5 54.5 54.2 13:24:15 54.2 54.2 46.0 13:30:46 46.0 46.0

55.3 13:09:53 55.3 55.3 53.4 13:24:16 53.4 53.4 46.3 13:30:47 46.3 46.3

59.9 13:09:54 59.9 59.9 51.8 13:24:17 51.8 51.8 47.9 13:30:48 47.9 47.9

67.4 13:09:55 67.4 67.4 50.6 13:24:18 50.6 50.6 48.4 13:30:49 48.4 48.4

72.4 13:09:56 72.4 72.4 51.3 13:24:19 51.3 51.3 49.1 13:30:50 49.1 49.1

72.0 13:09:57 72.0 72.0 55.8 13:24:20 55.8 55.8 48.3 13:30:51 48.3 48.3

69.3 13:09:58 69.3 69.3 56.0 13:24:21 56.0 56.0 47.6 13:30:52 47.6 47.6

66.0 13:09:59 66.0 66.0 53.7 13:24:22 53.7 53.7 46.6 13:30:53 46.6 46.6

62.9 13:10:00 62.9 62.9 52.5 13:24:23 52.5 52.5 46.3 13:30:54 46.3 46.3

59.8 13:10:01 59.8 59.8 52.5 13:24:24 52.5 52.5 46.6 13:30:55 46.6 46.6

56.6 13:10:02 56.6 56.6 51.8 13:24:25 51.8 51.8 46.5 13:30:56 46.5 46.5

54.1 13:10:03 54.1 54.1 50.9 13:24:26 50.9 50.9 47.7 13:30:57 47.7 47.7

51.6 13:10:04 51.6 51.6 52.5 13:24:27 52.5 52.5 47.6 13:30:58 47.6 47.6

50.1 13:10:05 50.1 50.1 52.1 13:24:28 52.1 52.1 46.9 13:30:59 46.9 46.9

49.4 13:10:06 49.4 49.4 51.0 13:24:29 51.0 51.0 47.7 13:31:00 47.7 47.7

50.1 13:10:07 50.1 50.1 52.3 13:24:30 52.3 52.3 47.1 13:31:01 47.1 47.1

50.2 13:10:08 50.2 50.2 52.4 13:24:31 52.4 52.4 45.7 13:31:02 45.7 45.7

50.3 13:10:09 50.3 50.3 52.1 13:24:32 52.1 52.1 45.5 13:31:03 45.5 45.5

49.7 13:10:10 49.7 49.7 52.1 13:24:33 52.1 52.1 46.0 13:31:04 46.0 46.0

48.3 13:10:11 48.3 48.3 53.4 13:24:34 53.4 53.4 46.3 13:31:05 46.3 46.3

46.6 13:10:12 46.6 46.6 53.0 13:24:35 53.0 53.0 46.8 13:31:06 46.8 46.8

45.5 13:10:13 45.5 45.5 52.0 13:24:36 52.0 52.0 46.0 13:31:07 46.0 46.0

44.9 13:10:14 44.9 44.9 52.8 13:24:37 52.8 52.8 45.3 13:31:08 45.3 45.3

44.5 13:10:15 44.5 44.5 52.0 13:24:38 52.0 52.0 45.8 13:31:09 45.8 45.8

44.2 13:10:16 44.2 44.2 51.7 13:24:39 51.7 51.7 45.9 13:31:10 45.9 45.9

44.5 13:10:17 44.5 44.5 50.7 13:24:40 50.7 50.7 46.1 13:31:11 46.1 46.1

44.4 13:10:18 44.4 44.4 50.4 13:24:41 50.4 50.4 46.7 13:31:12 46.7 46.7

44.9 13:10:19 44.9 44.9 53.2 13:24:42 53.2 53.2 47.6 13:31:13 47.6 47.6

45.5 13:10:20 45.5 45.5 52.9 13:24:43 52.9 52.9 48.9 13:31:14 48.9 48.9

47.0 13:10:21 47.0 47.0 52.6 13:24:44 52.6 52.6 48.9 13:31:15 48.9 48.9

45.8 13:10:22 45.8 45.8 51.7 13:24:45 51.7 51.7 48.0 13:31:16 48.0 48.0

45.4 13:10:23 45.4 45.4 51.1 13:24:46 51.1 51.1 47.0 13:31:17 47.0 47.0

45.0 13:10:24 45.0 45.0 50.8 13:24:47 50.8 50.8 45.5 13:31:18 45.5 45.5

46.9 13:10:25 46.9 46.9 52.1 13:24:48 52.1 52.1 44.8 13:31:19 44.8 44.8

46.9 13:10:26 46.9 46.9 53.9 13:24:49 53.9 53.9 47.4 13:31:20 47.4 47.4

44.6 13:10:27 44.6 44.6 58.8 13:24:50 58.8 58.8 48.4 13:31:21 48.4 48.4

47.4 13:10:28 47.4 47.4 68.0 13:24:51 68.0 68.0 48.2 13:31:22 48.2 48.2

47.0 13:10:29 47.0 47.0 71.9 13:24:52 71.9 71.9 50.8 13:31:23 50.8 50.8

45.1 13:10:30 45.1 45.1 69.8 13:24:53 69.8 69.8 51.7 13:31:24 51.7 51.7

43.1 13:10:31 43.1 43.1 66.4 13:24:54 66.4 66.4 51.0 13:31:25 51.0 51.0

41.7 13:10:32 41.7 41.7 63.4 13:24:55 63.4 63.4 49.6 13:31:26 49.6 49.6

42.0 13:10:33 42.0 42.0 61.2 13:24:56 61.2 61.2 47.2 13:31:27 47.2 47.2

43.2 13:10:34 43.2 43.2 58.8 13:24:57 58.8 58.8 45.5 13:31:28 45.5 45.5

43.0 13:10:35 43.0 43.0 56.5 13:24:58 56.5 56.5 45.4 13:31:29 45.4 45.4

44.6 13:10:36 44.6 44.6 55.9 13:24:59 55.9 55.9 47.8 13:31:30 47.8 47.8

45.9 13:10:37 45.9 45.9 55.0 13:25:00 55.0 55.0 49.2 13:31:31 49.2 49.2

45.0 13:10:38 45.0 45.0 54.9 13:25:01 54.9 54.9 49.9 13:31:32 49.9 49.9

45.5 13:10:39 45.5 45.5 55.0 13:25:02 55.0 55.0 49.8 13:31:33 49.8 49.8

44.6 13:10:40 44.6 44.6 56.1 13:25:03 56.1 56.1 50.6 13:31:34 50.6 50.6

43.8 13:10:41 43.8 43.8 54.8 13:25:04 54.8 54.8 53.6 13:31:35 53.6 53.6

45.5 13:10:42 45.5 45.5 53.8 13:25:05 53.8 53.8 55.3 13:31:36 55.3 55.3

46.9 13:10:43 46.9 46.9 53.7 13:25:06 53.7 53.7 54.3 13:31:37 54.3 54.3

47.8 13:10:44 47.8 47.8 53.3 13:25:07 53.3 53.3 52.9 13:31:38 52.9 52.9

49.2 13:10:45 49.2 49.2 53.7 13:25:08 53.7 53.7 51.7 13:31:39 51.7 51.7

50.8 13:10:46 50.8 50.8 55.1 13:25:09 55.1 55.1 51.2 13:31:40 51.2 51.2

54.6 13:10:47 54.6 54.6 55.0 13:25:10 55.0 55.0 52.4 13:31:41 52.4 52.4

60.3 13:10:48 60.3 60.3 55.3 13:25:11 55.3 55.3 53.4 13:31:42 53.4 53.4

66.5 13:10:49 66.5 66.5 55.4 13:25:12 55.4 55.4 53.6 13:31:43 53.6 53.6

72.0 13:10:50 72.0 72.0 54.8 13:25:13 54.8 54.8 53.5 13:31:44 53.5 53.5

79.5 13:10:51 79.5 79.5 54.1 13:25:14 54.1 54.1 54.2 13:31:45 54.2 54.2

82.4 13:10:52 82.4 82.4 53.9 13:25:15 53.9 53.9 55.5 13:31:46 55.5 55.5

80.1 13:10:53 80.1 80.1 53.6 13:25:16 53.6 53.6 55.1 13:31:47 55.1 55.1

76.2 13:10:54 76.2 76.2 55.1 13:25:17 55.1 55.1 53.6 13:31:48 53.6 53.6

72.1 13:10:55 72.1 72.1 55.4 13:25:18 55.4 55.4 52.1 13:31:49 52.1 52.1

68.1 13:10:56 68.1 68.1 53.7 13:25:19 53.7 53.7 51.4 13:31:50 51.4 51.4

64.2 13:10:57 64.2 64.2 53.4 13:25:20 53.4 53.4 50.6 13:31:51 50.6 50.6

60.4 13:10:58 60.4 60.4 53.4 13:25:21 53.4 53.4 51.4 13:31:52 51.4 51.4

56.8 13:10:59 56.8 56.8 53.5 13:25:22 53.5 53.5 52.2 13:31:53 52.2 52.2

53.6 13:11:00 53.6 53.6 53.0 13:25:23 53.0 53.0 52.2 13:31:54 52.2 52.2

50.9 13:11:01 50.9 50.9 52.6 13:25:24 52.6 52.6 51.4 13:31:55 51.4 51.4

49.2 13:11:02 49.2 49.2 53.9 13:25:25 53.9 53.9 49.7 13:31:56 49.7 49.7

48.4 13:11:03 48.4 48.4 54.7 13:25:26 54.7 54.7 48.3 13:31:57 48.3 48.3

51.6 13:11:04 51.6 51.6 55.2 13:25:27 55.2 55.2 47.2 13:31:58 47.2 47.2

50.2 13:11:05 50.2 50.2 57.0 13:25:28 57.0 57.0 46.6 13:31:59 46.6 46.6

47.5 13:11:06 47.5 47.5 61.7 13:25:29 61.7 61.7 45.4 13:32:00 45.4 45.4

48.8 13:11:07 48.8 48.8 69.7 13:25:30 69.7 69.7 44.1 13:32:01 44.1 44.1

48.4 13:11:08 48.4 48.4 72.6 13:25:31 72.6 72.6 43.0 13:32:02 43.0 43.0

47.0 13:11:09 47.0 47.0 71.0 13:25:32 71.0 71.0 42.6 13:32:03 42.6 42.6

46.0 13:11:10 46.0 46.0 67.7 13:25:33 67.7 67.7 43.4 13:32:04 43.4 43.4

46.3 13:11:11 46.3 46.3 64.2 13:25:34 64.2 64.2 43.1 13:32:05 43.1 43.1

46.6 13:11:12 46.6 46.6 60.7 13:25:35 60.7 60.7 45.1 13:32:06 45.1 45.1

47.9 13:11:13 47.9 47.9 57.9 13:25:36 57.9 57.9 46.4 13:32:07 46.4 46.4

48.4 13:11:14 48.4 48.4 55.2 13:25:37 55.2 55.2 45.9 13:32:08 45.9 45.9

51.0 13:11:15 51.0 51.0 54.1 13:25:38 54.1 54.1 45.6 13:32:09 45.6 45.6

50.1 13:11:16 50.1 50.1 53.8 13:25:39 53.8 53.8 44.9 13:32:10 44.9 44.9

50.2 13:11:17 50.2 50.2 53.0 13:25:40 53.0 53.0 44.7 13:32:11 44.7 44.7

48.6 13:11:18 48.6 48.6 53.4 13:25:41 53.4 53.4 45.2 13:32:12 45.2 45.2

49.9 13:11:19 49.9 49.9 51.9 13:25:42 51.9 51.9 45.4 13:32:13 45.4 45.4

49.2 13:11:20 49.2 49.2 51.8 13:25:43 51.8 51.8 45.4 13:32:14 45.4 45.4

47.6 13:11:21 47.6 47.6 52.4 13:25:44 52.4 52.4 44.0 13:32:15 44.0 44.0

45.6 13:11:22 45.6 45.6 52.4 13:25:45 52.4 52.4 43.0 13:32:16 43.0 43.0

44.4 13:11:23 44.4 44.4 54.3 13:25:46 54.3 54.3 41.9 13:32:17 41.9 41.9

43.4 13:11:24 43.4 43.4 54.3 13:25:47 54.3 54.3 41.4 13:32:18 41.4 41.4

42.6 13:11:25 42.6 42.6 54.1 13:25:48 54.1 54.1 41.9 13:32:19 41.9 41.9

45.3 13:11:26 45.3 45.3 54.0 13:25:49 54.0 54.0 41.7 13:32:20 41.7 41.7

48.1 13:11:27 48.1 48.1 53.1 13:25:50 53.1 53.1 39.9 13:32:21 39.9 39.9

50.9 13:11:28 50.9 50.9 51.7 13:25:51 51.7 51.7 38.9 13:32:22 38.9 38.9

48.9 13:11:29 48.9 48.9 51.6 13:25:52 51.6 51.6 38.6 13:32:23 38.6 38.6

48.1 13:11:30 48.1 48.1 52.8 13:25:53 52.8 52.8 38.8 13:32:24 38.8 38.8

47.8 13:11:31 47.8 47.8 52.6 13:25:54 52.6 52.6 39.9 13:32:25 39.9 39.9

47.5 13:11:32 47.5 47.5 52.7 13:25:55 52.7 52.7 40.9 13:32:26 40.9 40.9

48.3 13:11:33 48.3 48.3 53.6 13:25:56 53.6 53.6 41.6 13:32:27 41.6 41.6

48.8 13:11:34 48.8 48.8 53.6 13:25:57 53.6 53.6 43.3 13:32:28 43.3 43.3

49.2 13:11:35 49.2 49.2 52.5 13:25:58 52.5 52.5 43.3 13:32:29 43.3 43.3

47.6 13:11:36 47.6 47.6 51.5 13:25:59 51.5 51.5 43.9 13:32:30 43.9 43.9

45.6 13:11:37 45.6 45.6 52.3 13:26:00 52.3 52.3 46.3 13:32:31 46.3 46.3

44.3 13:11:38 44.3 44.3 52.6 13:26:01 52.6 52.6 46.4 13:32:32 46.4 46.4

44.7 13:11:39 44.7 44.7 52.4 13:26:02 52.4 52.4 46.3 13:32:33 46.3 46.3

44.2 13:11:40 44.2 44.2 52.8 13:26:03 52.8 52.8 45.1 13:32:34 45.1 45.1

43.6 13:11:41 43.6 43.6 52.3 13:26:04 52.3 52.3 46.6 13:32:35 46.6 46.6

43.7 13:11:42 43.7 43.7 52.9 13:26:05 52.9 52.9 47.5 13:32:36 47.5 47.5

44.6 13:11:43 44.6 44.6 52.4 13:26:06 52.4 52.4 49.4 13:32:37 49.4 49.4

49.8 13:11:44 49.8 49.8 54.2 13:26:07 54.2 54.2 53.0 13:32:38 53.0 53.0

52.9 13:11:45 52.9 52.9 55.5 13:26:08 55.5 55.5 52.5 13:32:39 52.5 52.5

50.9 13:11:46 50.9 50.9 54.8 13:26:09 54.8 54.8 49.9 13:32:40 49.9 49.9

49.1 13:11:47 49.1 49.1 54.2 13:26:10 54.2 54.2 47.1 13:32:41 47.1 47.1

49.9 13:11:48 49.9 49.9 54.9 13:26:11 54.9 54.9 43.6 13:32:42 43.6 43.6

52.7 13:11:49 52.7 52.7 54.9 13:26:12 54.9 54.9 41.2 13:32:43 41.2 41.2

51.5 13:11:50 51.5 51.5 58.9 13:26:13 58.9 58.9 39.4 13:32:44 39.4 39.4

50.1 13:11:51 50.1 50.1 69.9 13:26:14 69.9 69.9 39.1 13:32:45 39.1 39.1

50.8 13:11:52 50.8 50.8 72.8 13:26:15 72.8 72.8 38.6 13:32:46 38.6 38.6

50.0 13:11:53 50.0 50.0 70.4 13:26:16 70.4 70.4 38.1 13:32:47 38.1 38.1

50.2 13:11:54 50.2 50.2 66.7 13:26:17 66.7 66.7 38.2 13:32:48 38.2 38.2

48.8 13:11:55 48.8 48.8 62.9 13:26:18 62.9 62.9 38.8 13:32:49 38.8 38.8
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

46.5 13:11:56 46.5 46.5 59.7 13:26:19 59.7 59.7 39.3 13:32:50 39.3 39.3

45.1 13:11:57 45.1 45.1 57.2 13:26:20 57.2 57.2 40.2 13:32:51 40.2 40.2

44.1 13:11:58 44.1 44.1 55.2 13:26:21 55.2 55.2 38.7 13:32:52 38.7 38.7

43.4 13:11:59 43.4 43.4 53.8 13:26:22 53.8 53.8 38.3 13:32:53 38.3 38.3

45.3 13:12:00 45.3 45.3 53.3 13:26:23 53.3 53.3 38.1 13:32:54 38.1 38.1

47.8 13:12:01 47.8 47.8 53.0 13:26:24 53.0 53.0 39.3 13:32:55 39.3 39.3

46.1 13:12:02 46.1 46.1 52.1 13:26:25 52.1 52.1 40.5 13:32:56 40.5 40.5

46.5 13:12:03 46.5 46.5 52.1 13:26:26 52.1 52.1 41.5 13:32:57 41.5 41.5

47.8 13:12:04 47.8 47.8 51.3 13:26:27 51.3 51.3 41.0 13:32:58 41.0 41.0

46.6 13:12:05 46.6 46.6 50.9 13:26:28 50.9 50.9 41.0 13:32:59 41.0 41.0

45.2 13:12:06 45.2 45.2 50.6 13:26:29 50.6 50.6 39.3 13:33:00 39.3 39.3

51.0 13:12:07 51.0 51.0 50.7 13:26:30 50.7 50.7 38.4 13:33:01 38.4 38.4

52.6 13:12:08 52.6 52.6 51.7 13:26:31 51.7 51.7 38.6 13:33:02 38.6 38.6

50.6 13:12:09 50.6 50.6 52.8 13:26:32 52.8 52.8 38.2 13:33:03 38.2 38.2

48.7 13:12:10 48.7 48.7 53.3 13:26:33 53.3 53.3 37.9 13:33:04 37.9 37.9

48.9 13:12:11 48.9 48.9 52.7 13:26:34 52.7 52.7 38.5 13:33:05 38.5 38.5

48.5 13:12:12 48.5 48.5 52.3 13:26:35 52.3 52.3 40.6 13:33:06 40.6 40.6

47.1 13:12:13 47.1 47.1 51.7 13:26:36 51.7 51.7 45.9 13:33:07 45.9 45.9

47.6 13:12:14 47.6 47.6 50.7 13:26:37 50.7 50.7 49.6 13:33:08 49.6 49.6

50.3 13:12:15 50.3 50.3 50.3 13:26:38 50.3 50.3 50.6 13:33:09 50.6 50.6

49.6 13:12:16 49.6 49.6 51.1 13:26:39 51.1 51.1 51.0 13:33:10 51.0 51.0

48.5 13:12:17 48.5 48.5 50.7 13:26:40 50.7 50.7 49.4 13:33:11 49.4 49.4

46.8 13:12:18 46.8 46.8 52.6 13:26:41 52.6 52.6 48.9 13:33:12 48.9 48.9

45.7 13:12:19 45.7 45.7 52.5 13:26:42 52.5 52.5 47.4 13:33:13 47.4 47.4

47.3 13:12:20 47.3 47.3 52.3 13:26:43 52.3 52.3 46.8 13:33:14 46.8 46.8

46.7 13:12:21 46.7 46.7 53.5 13:26:44 53.5 53.5 45.9 13:33:15 45.9 45.9

46.9 13:12:22 46.9 46.9 53.1 13:26:45 53.1 53.1 46.4 13:33:16 46.4 46.4

47.9 13:12:23 47.9 47.9 51.9 13:26:46 51.9 51.9 47.7 13:33:17 47.7 47.7

47.5 13:12:24 47.5 47.5 51.2 13:26:47 51.2 51.2 47.0 13:33:18 47.0 47.0

48.1 13:12:25 48.1 48.1 51.0 13:26:48 51.0 51.0 48.7 13:33:19 48.7 48.7

48.7 13:12:26 48.7 48.7 50.9 13:26:49 50.9 50.9 51.2 13:33:20 51.2 51.2

49.2 13:12:27 49.2 49.2 51.4 13:26:50 51.4 51.4 51.3 13:33:21 51.3 51.3

49.8 13:12:28 49.8 49.8 52.2 13:26:51 52.2 52.2 50.5 13:33:22 50.5 50.5

48.3 13:12:29 48.3 48.3 51.2 13:26:52 51.2 51.2 49.2 13:33:23 49.2 49.2

46.7 13:12:30 46.7 46.7 50.4 13:26:53 50.4 50.4 47.4 13:33:24 47.4 47.4

45.9 13:12:31 45.9 45.9 52.2 13:26:54 52.2 52.2 45.1 13:33:25 45.1 45.1

45.2 13:12:32 45.2 45.2 51.2 13:26:55 51.2 51.2 43.5 13:33:26 43.5 43.5

45.1 13:12:33 45.1 45.1 51.2 13:26:56 51.2 51.2 42.9 13:33:27 42.9 42.9

48.6 13:12:34 48.6 48.6 51.3 13:26:57 51.3 51.3 41.0 13:33:28 41.0 41.0

50.6 13:12:35 50.6 50.6 51.5 13:26:58 51.5 51.5 40.9 13:33:29 40.9 40.9

50.1 13:12:36 50.1 50.1 53.5 13:26:59 53.5 53.5 39.8 13:33:30 39.8 39.8

50.3 13:12:37 50.3 50.3 53.3 13:27:00 53.3 53.3 38.5 13:33:31 38.5 38.5

51.1 13:12:38 51.1 51.1 53.9 13:27:01 53.9 53.9 40.1 13:33:32 40.1 40.1

50.4 13:12:39 50.4 50.4 54.0 13:27:02 54.0 54.0 41.9 13:33:33 41.9 41.9

48.0 13:12:40 48.0 48.0 53.9 13:27:03 53.9 53.9 42.6 13:33:34 42.6 42.6

47.3 13:12:41 47.3 47.3 53.9 13:27:04 53.9 53.9 42.1 13:33:35 42.1 42.1

47.1 13:12:42 47.1 47.1 52.5 13:27:05 52.5 52.5 40.4 13:33:36 40.4 40.4

47.7 13:12:43 47.7 47.7 52.1 13:27:06 52.1 52.1 40.1 13:33:37 40.1 40.1

47.6 13:12:44 47.6 47.6 51.2 13:27:07 51.2 51.2 40.9 13:33:38 40.9 40.9

46.5 13:12:45 46.5 46.5 51.6 13:27:08 51.6 51.6 41.0 13:33:39 41.0 41.0

47.5 13:12:46 47.5 47.5 51.8 13:27:09 51.8 51.8 42.8 13:33:40 42.8 42.8

49.8 13:12:47 49.8 49.8 53.6 13:27:10 53.6 53.6 43.2 13:33:41 43.2 43.2

48.6 13:12:48 48.6 48.6 58.3 13:27:11 58.3 58.3 44.6 13:33:42 44.6 44.6

49.5 13:12:49 49.5 49.5 67.0 13:27:12 67.0 67.0 46.7 13:33:43 46.7 46.7

53.4 13:12:50 53.4 53.4 70.9 13:27:13 70.9 70.9 46.3 13:33:44 46.3 46.3

59.4 13:12:51 59.4 59.4 68.9 13:27:14 68.9 68.9 46.1 13:33:45 46.1 46.1

64.7 13:12:52 64.7 64.7 65.3 13:27:15 65.3 65.3 44.0 13:33:46 44.0 44.0

72.0 13:12:53 72.0 72.0 61.4 13:27:16 61.4 61.4 42.6 13:33:47 42.6 42.6

73.2 13:12:54 73.2 73.2 57.8 13:27:17 57.8 57.8 42.6 13:33:48 42.6 42.6

70.1 13:12:55 70.1 70.1 54.9 13:27:18 54.9 54.9 43.3 13:33:49 43.3 43.3

66.2 13:12:56 66.2 66.2 53.8 13:27:19 53.8 53.8 42.8 13:33:50 42.8 42.8

62.3 13:12:57 62.3 62.3 53.8 13:27:20 53.8 53.8 43.0 13:33:51 43.0 43.0

58.5 13:12:58 58.5 58.5 54.9 13:27:21 54.9 54.9 41.2 13:33:52 41.2 41.2

54.9 13:12:59 54.9 54.9 59.9 13:27:22 59.9 59.9 41.4 13:33:53 41.4 41.4

52.1 13:13:00 52.1 52.1 72.4 13:27:23 72.4 72.4 43.1 13:33:54 43.1 43.1

49.3 13:13:01 49.3 49.3 76.7 13:27:24 76.7 76.7 43.1 13:33:55 43.1 43.1

46.9 13:13:02 46.9 46.9 74.1 13:27:25 74.1 74.1 42.7 13:33:56 42.7 42.7

45.0 13:13:03 45.0 45.0 70.3 13:27:26 70.3 70.3 40.6 13:33:57 40.6 40.6

43.9 13:13:04 43.9 43.9 66.3 13:27:27 66.3 66.3 40.9 13:33:58 40.9 40.9

43.5 13:13:05 43.5 43.5 62.7 13:27:28 62.7 62.7 39.3 13:33:59 39.3 39.3

44.6 13:13:06 44.6 44.6 59.8 13:27:29 59.8 59.8 38.9 13:34:00 38.9 38.9

45.1 13:13:07 45.1 45.1 57.0 13:27:30 57.0 57.0 40.9 13:34:01 40.9 40.9

45.7 13:13:08 45.7 45.7 55.2 13:27:31 55.2 55.2 42.5 13:34:02 42.5 42.5

49.7 13:13:09 49.7 49.7 54.1 13:27:32 54.1 54.1 42.7 13:34:03 42.7 42.7

47.9 13:13:10 47.9 47.9 52.7 13:27:33 52.7 52.7 43.3 13:34:04 43.3 43.3

46.9 13:13:11 46.9 46.9 52.5 13:27:34 52.5 52.5 45.8 13:34:05 45.8 45.8

46.6 13:13:12 46.6 46.6 51.5 13:27:35 51.5 51.5 45.8 13:34:06 45.8 45.8

48.7 13:13:13 48.7 48.7 51.0 13:27:36 51.0 51.0 44.9 13:34:07 44.9 44.9

52.1 13:13:14 52.1 52.1 49.9 13:27:37 49.9 49.9 45.4 13:34:08 45.4 45.4

53.5 13:13:15 53.5 53.5 50.5 13:27:38 50.5 50.5 46.0 13:34:09 46.0 46.0

57.2 13:13:16 57.2 57.2 50.7 13:27:39 50.7 50.7 44.4 13:34:10 44.4 44.4

60.7 13:13:17 60.7 60.7 50.1 13:27:40 50.1 50.1 42.4 13:34:11 42.4 42.4

67.4 13:13:18 67.4 67.4 49.8 13:27:41 49.8 49.8 40.7 13:34:12 40.7 40.7

73.7 13:13:19 73.7 73.7 50.9 13:27:42 50.9 50.9 40.5 13:34:13 40.5 40.5

74.5 13:13:20 74.5 74.5 49.9 13:27:43 49.9 49.9 39.9 13:34:14 39.9 39.9

71.2 13:13:21 71.2 71.2 49.1 13:27:44 49.1 49.1 41.7 13:34:15 41.7 41.7

67.2 13:13:22 67.2 67.2 50.1 13:27:45 50.1 50.1 41.4 13:34:16 41.4 41.4

63.2 13:13:23 63.2 63.2 52.2 13:27:46 52.2 52.2 41.2 13:34:17 41.2 41.2

59.3 13:13:24 59.3 59.3 52.7 13:27:47 52.7 52.7 40.1 13:34:18 40.1 40.1

55.6 13:13:25 55.6 55.6 51.4 13:27:48 51.4 51.4 39.0 13:34:19 39.0 39.0

53.1 13:13:26 53.1 53.1 49.6 13:27:49 49.6 49.6 39.4 13:34:20 39.4 39.4

52.5 13:13:27 52.5 52.5 49.5 13:27:50 49.5 49.5 40.5 13:34:21 40.5 40.5

50.7 13:13:28 50.7 50.7 50.9 13:27:51 50.9 50.9 42.2 13:34:22 42.2 42.2

49.1 13:13:29 49.1 49.1 50.1 13:27:52 50.1 50.1 42.7 13:34:23 42.7 42.7

47.5 13:13:30 47.5 47.5 49.4 13:27:53 49.4 49.4 41.6 13:34:24 41.6 41.6

46.6 13:13:31 46.6 46.6 49.2 13:27:54 49.2 49.2 41.8 13:34:25 41.8 41.8

44.9 13:13:32 44.9 44.9 51.8 13:27:55 51.8 51.8 45.7 13:34:26 45.7 45.7

43.4 13:13:33 43.4 43.4 52.6 13:27:56 52.6 52.6 45.4 13:34:27 45.4 45.4

42.8 13:13:34 42.8 42.8 51.8 13:27:57 51.8 51.8 45.1 13:34:28 45.1 45.1

44.7 13:13:35 44.7 44.7 52.3 13:27:58 52.3 52.3 43.8 13:34:29 43.8 43.8

45.8 13:13:36 45.8 45.8 51.8 13:27:59 51.8 51.8 43.5 13:34:30 43.5 43.5

43.6 13:13:37 43.6 43.6 51.3 13:28:00 51.3 51.3 45.1 13:34:31 45.1 45.1

42.3 13:13:38 42.3 42.3 51.7 13:28:01 51.7 51.7 46.4 13:34:32 46.4 46.4

41.6 13:13:39 41.6 41.6 52.4 13:28:02 52.4 52.4 44.3 13:34:33 44.3 44.3

41.6 13:13:40 41.6 41.6 51.3 13:28:03 51.3 51.3 43.3 13:34:34 43.3 43.3

41.4 13:13:41 41.4 41.4 51.6 13:28:04 51.6 51.6 43.7 13:34:35 43.7 43.7

43.7 13:13:42 43.7 43.7 51.6 13:28:05 51.6 51.6 45.2 13:34:36 45.2 45.2

47.2 13:13:43 47.2 47.2 50.5 13:28:06 50.5 50.5 44.6 13:34:37 44.6 44.6

45.0 13:13:44 45.0 45.0 50.6 13:28:07 50.6 50.6 43.5 13:34:38 43.5 43.5

45.2 13:13:45 45.2 45.2 50.9 13:28:08 50.9 50.9 42.2 13:34:39 42.2 42.2

44.8 13:13:46 44.8 44.8 51.3 13:28:09 51.3 51.3 40.0 13:34:40 40.0 40.0

43.8 13:13:47 43.8 43.8 53.4 13:28:10 53.4 53.4 45.0 13:34:41 45.0 45.0

44.7 13:13:48 44.7 44.7 53.1 13:28:11 53.1 53.1 46.8 13:34:42 46.8 46.8

44.6 13:13:49 44.6 44.6 52.6 13:28:12 52.6 52.6 48.1 13:34:43 48.1 48.1

45.1 13:13:50 45.1 45.1 53.5 13:28:13 53.5 53.5 46.6 13:34:44 46.6 46.6

45.2 13:13:51 45.2 45.2 53.5 13:28:14 53.5 53.5 44.4 13:34:45 44.4 44.4

44.5 13:13:52 44.5 44.5 52.9 13:28:15 52.9 52.9 44.0 13:34:46 44.0 44.0

45.4 13:13:53 45.4 45.4 52.6 13:28:16 52.6 52.6 46.6 13:34:47 46.6 46.6

48.1 13:13:54 48.1 48.1 51.7 13:28:17 51.7 51.7 45.5 13:34:48 45.5 45.5

46.5 13:13:55 46.5 46.5 50.0 13:28:18 50.0 50.0 43.7 13:34:49 43.7 43.7

45.9 13:13:56 45.9 45.9 48.9 13:28:19 48.9 48.9 41.7 13:34:50 41.7 41.7

44.0 13:13:57 44.0 44.0 48.9 13:28:20 48.9 48.9 40.8 13:34:51 40.8 40.8

44.2 13:13:58 44.2 44.2 49.4 13:28:21 49.4 49.4 41.5 13:34:52 41.5 41.5

45.3 13:13:59 45.3 45.3 49.8 13:28:22 49.8 49.8 40.9 13:34:53 40.9 40.9

46.1 13:14:00 46.1 46.1 48.6 13:28:23 48.6 48.6 40.2 13:34:54 40.2 40.2

47.9 13:14:01 47.9 47.9 48.3 13:28:24 48.3 48.3 42.1 13:34:55 42.1 42.1

45.5 13:14:02 45.5 45.5 50.2 13:28:25 50.2 50.2 42.7 13:34:56 42.7 42.7

43.5 13:14:03 43.5 43.5 49.9 13:28:26 49.9 49.9 44.0 13:34:57 44.0 44.0

42.5 13:14:04 42.5 42.5 50.2 13:28:27 50.2 50.2 45.0 13:34:58 45.0 45.0

42.4 13:14:05 42.4 42.4 50.9 13:28:28 50.9 50.9 54.9 13:34:59 54.9 54.9

43.9 13:14:06 43.9 43.9 50.5 13:28:29 50.5 50.5 54.5 13:35:00 54.5 54.5

48.1 13:14:07 48.1 48.1 50.2 13:28:30 50.2 50.2 51.2 13:35:01 51.2 51.2

46.5 13:14:08 46.5 46.5 52.6 13:28:31 52.6 52.6 49.7 13:35:02 49.7 49.7

45.0 13:14:09 45.0 45.0 52.8 13:28:32 52.8 52.8 49.6 13:35:03 49.6 49.6

44.9 13:14:10 44.9 44.9 51.2 13:28:33 51.2 51.2 48.8 13:35:04 48.8 48.8

45.4 13:14:11 45.4 45.4 50.5 13:28:34 50.5 50.5 48.6 13:35:05 48.6 48.6

44.6 13:14:12 44.6 44.6 51.0 13:28:35 51.0 51.0 49.0 13:35:06 49.0 49.0

45.7 13:14:13 45.7 45.7 51.1 13:28:36 51.1 51.1 49.0 13:35:07 49.0 49.0

46.5 13:14:14 46.5 46.5 51.9 13:28:37 51.9 51.9 48.1 13:35:08 48.1 48.1

45.0 13:14:15 45.0 45.0 53.3 13:28:38 53.3 53.3 52.4 13:35:09 52.4 52.4

44.0 13:14:16 44.0 44.0 52.0 13:28:39 52.0 52.0 55.5 13:35:10 55.5 55.5

43.6 13:14:17 43.6 43.6 50.1 13:28:40 50.1 50.1 53.2 13:35:11 53.2 53.2

44.1 13:14:18 44.1 44.1 49.5 13:28:41 49.5 49.5 50.4 13:35:12 50.4 50.4

45.7 13:14:19 45.7 45.7 49.4 13:28:42 49.4 49.4 47.7 13:35:13 47.7 47.7

47.3 13:14:20 47.3 47.3 49.3 13:28:43 49.3 49.3 47.0 13:35:14 47.0 47.0

47.6 13:14:21 47.6 47.6 50.4 13:28:44 50.4 50.4 47.6 13:35:15 47.6 47.6

45.1 13:14:22 45.1 45.1 50.2 13:28:45 50.2 50.2 53.3 13:35:16 53.3 53.3

44.6 13:14:23 44.6 44.6 51.3 13:28:46 51.3 51.3 61.2 13:35:17 61.2 61.2

45.9 13:14:24 45.9 45.9 51.3 13:28:47 51.3 51.3 59.3 13:35:18 59.3 59.3

44.0 13:14:25 44.0 44.0 51.0 13:28:48 51.0 51.0 56.3 13:35:19 56.3 56.3

43.2 13:14:26 43.2 43.2 50.6 13:28:49 50.6 50.6 54.2 13:35:20 54.2 54.2

43.2 13:14:27 43.2 43.2 51.0 13:28:50 51.0 51.0 51.6 13:35:21 51.6 51.6

44.6 13:14:28 44.6 44.6 50.1 13:28:51 50.1 50.1 49.0 13:35:22 49.0 49.0

46.0 13:14:29 46.0 46.0 51.1 13:28:52 51.1 51.1 46.8 13:35:23 46.8 46.8

46.3 13:14:30 46.3 46.3 55.0 13:28:53 55.0 55.0 45.9 13:35:24 45.9 45.9

45.3 13:14:31 45.3 45.3 55.5 13:28:54 55.5 55.5 46.1 13:35:25 46.1 46.1

47.4 13:14:32 47.4 47.4 52.9 13:28:55 52.9 52.9 49.9 13:35:26 49.9 49.9

48.4 13:14:33 48.4 48.4 51.8 13:28:56 51.8 51.8 54.4 13:35:27 54.4 54.4

51.1 13:14:34 51.1 51.1 52.0 13:28:57 52.0 52.0 51.4 13:35:28 51.4 51.4

56.0 13:14:35 56.0 56.0 51.9 13:28:58 51.9 51.9 48.1 13:35:29 48.1 48.1

64.5 13:14:36 64.5 64.5 51.9 13:28:59 51.9 51.9 46.7 13:35:30 46.7 46.7

69.7 13:14:37 69.7 69.7 51.4 13:29:00 51.4 51.4 45.6 13:35:31 45.6 45.6
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

69.3 13:14:38 69.3 69.3 50.7 13:29:01 50.7 50.7 43.6 13:35:32 43.6 43.6

66.1 13:14:39 66.1 66.1 49.7 13:29:02 49.7 49.7 42.1 13:35:33 42.1 42.1

62.5 13:14:40 62.5 62.5 49.4 13:29:03 49.4 49.4 42.9 13:35:34 42.9 42.9

59.1 13:14:41 59.1 59.1 50.0 13:29:04 50.0 50.0 42.0 13:35:35 42.0 42.0

56.2 13:14:42 56.2 56.2 51.5 13:29:05 51.5 51.5 41.9 13:35:36 41.9 41.9

53.3 13:14:43 53.3 53.3 53.1 13:29:06 53.1 53.1 43.1 13:35:37 43.1 43.1

50.9 13:14:44 50.9 50.9 51.1 13:29:07 51.1 51.1 46.8 13:35:38 46.8 46.8

51.7 13:14:45 51.7 51.7 49.8 13:29:08 49.8 49.8 54.9 13:35:39 54.9 54.9

55.7 13:14:46 55.7 55.7 50.8 13:29:09 50.8 50.8 53.1 13:35:40 53.1 53.1

61.2 13:14:47 61.2 61.2 50.6 13:29:10 50.6 50.6 49.4 13:35:41 49.4 49.4

69.4 13:14:48 69.4 69.4 49.4 13:29:11 49.4 49.4 46.3 13:35:42 46.3 46.3

74.2 13:14:49 74.2 74.2 50.3 13:29:12 50.3 50.3 47.0 13:35:43 47.0 47.0

78.4 13:14:50 78.4 78.4 52.9 13:29:13 52.9 52.9 46.8 13:35:44 46.8 46.8

78.5 13:14:51 78.5 78.5 51.8 13:29:14 51.8 51.8 47.3 13:35:45 47.3 47.3

75.2 13:14:52 75.2 75.2 50.9 13:29:15 50.9 50.9 48.2 13:35:46 48.2 48.2

71.5 13:14:53 71.5 71.5 50.6 13:29:16 50.6 50.6 48.8 13:35:47 48.8 48.8

67.7 13:14:54 67.7 67.7 50.5 13:29:17 50.5 50.5 49.6 13:35:48 49.6 49.6

64.0 13:14:55 64.0 64.0 51.8 13:29:18 51.8 51.8 48.4 13:35:49 48.4 48.4

60.8 13:14:56 60.8 60.8 52.4 13:29:19 52.4 52.4 46.6 13:35:50 46.6 46.6

59.6 13:14:57 59.6 59.6 52.5 13:29:20 52.5 52.5 46.1 13:35:51 46.1 46.1

63.3 13:14:58 63.3 63.3 54.4 13:29:21 54.4 54.4 45.6 13:35:52 45.6 45.6

71.3 13:14:59 71.3 71.3 52.9 13:29:22 52.9 52.9 44.6 13:35:53 44.6 44.6

74.7 13:15:00 74.7 74.7 52.2 13:29:23 52.2 52.2 43.1 13:35:54 43.1 43.1

72.8 13:15:01 72.8 72.8 50.9 13:29:24 50.9 50.9 42.0 13:35:55 42.0 42.0

69.0 13:15:02 69.0 69.0 51.0 13:29:25 51.0 51.0 41.9 13:35:56 41.9 41.9

65.0 13:15:03 65.0 65.0 52.4 13:29:26 52.4 52.4 41.2 13:35:57 41.2 41.2

61.2 13:15:04 61.2 61.2 51.5 13:29:27 51.5 51.5 41.1 13:35:58 41.1 41.1

57.4 13:15:05 57.4 57.4 50.9 13:29:28 50.9 50.9 43.7 13:35:59 43.7 43.7

53.7 13:15:06 53.7 53.7 52.5 13:29:29 52.5 52.5 45.4 13:36:00 45.4 45.4

50.5 13:15:07 50.5 50.5 53.8 13:29:30 53.8 53.8 43.8 13:36:01 43.8 43.8

48.0 13:15:08 48.0 48.0 55.9 13:29:31 55.9 55.9 43.3 13:36:02 43.3 43.3

47.0 13:15:09 47.0 47.0 57.8 13:29:32 57.8 57.8 43.4 13:36:03 43.4 43.4

45.8 13:15:10 45.8 45.8 64.2 13:29:33 64.2 64.2 45.9 13:36:04 45.9 45.9

45.4 13:15:11 45.4 45.4 71.5 13:29:34 71.5 71.5 47.6 13:36:05 47.6 47.6

49.5 13:15:12 49.5 49.5 73.5 13:29:35 73.5 73.5 47.6 13:36:06 47.6 47.6

50.5 13:15:13 50.5 50.5 71.0 13:29:36 71.0 71.0 48.5 13:36:07 48.5 48.5

48.3 13:15:14 48.3 48.3 67.2 13:29:37 67.2 67.2 46.9 13:36:08 46.9 46.9

46.7 13:15:15 46.7 46.7 63.3 13:29:38 63.3 63.3 44.5 13:36:09 44.5 44.5

45.5 13:15:16 45.5 45.5 59.5 13:29:39 59.5 59.5 43.4 13:36:10 43.4 43.4

46.1 13:15:17 46.1 46.1 57.0 13:29:40 57.0 57.0 41.2 13:36:11 41.2 41.2

47.6 13:15:18 47.6 47.6 54.4 13:29:41 54.4 54.4 40.3 13:36:12 40.3 40.3

49.2 13:15:19 49.2 49.2 52.8 13:29:42 52.8 52.8 40.5 13:36:13 40.5 40.5

57.8 13:15:20 57.8 57.8 52.7 13:29:43 52.7 52.7 42.5 13:36:14 42.5 42.5

59.6 13:15:21 59.6 59.6 52.7 13:29:44 52.7 52.7 42.9 13:36:15 42.9 42.9

60.4 13:15:22 60.4 60.4 51.2 13:29:45 51.2 51.2 43.3 13:36:16 43.3 43.3

64.3 13:15:23 64.3 64.3 49.6 13:29:46 49.6 49.6 42.2 13:36:17 42.2 42.2

68.8 13:15:24 68.8 68.8 48.3 13:29:47 48.3 48.3 41.6 13:36:18 41.6 41.6

70.1 13:15:25 70.1 70.1 48.0 13:29:48 48.0 48.0 41.8 13:36:19 41.8 41.8

67.3 13:15:26 67.3 67.3 50.5 13:29:49 50.5 50.5 40.9 13:36:20 40.9 40.9

63.5 13:15:27 63.5 63.5 50.0 13:29:50 50.0 50.0 39.1 13:36:21 39.1 39.1

59.7 13:15:28 59.7 59.7 49.9 13:29:51 49.9 49.9 39.6 13:36:22 39.6 39.6

56.2 13:15:29 56.2 56.2 49.2 13:29:52 49.2 49.2 40.5 13:36:23 40.5 40.5

53.4 13:15:30 53.4 53.4 49.3 13:29:53 49.3 49.3 40.4 13:36:24 40.4 40.4

52.2 13:15:31 52.2 52.2 50.2 13:29:54 50.2 50.2 40.3 13:36:25 40.3 40.3

51.6 13:15:32 51.6 51.6 50.4 13:29:55 50.4 50.4 40.0 13:36:26 40.0 40.0

54.3 13:15:33 54.3 54.3 50.4 13:29:56 50.4 50.4 40.6 13:36:27 40.6 40.6

57.3 13:15:34 57.3 57.3 49.9 13:29:57 49.9 49.9 40.8 13:36:28 40.8 40.8

61.7 13:15:35 61.7 61.7 51.0 13:29:58 51.0 51.0 40.8 13:36:29 40.8 40.8

69.8 13:15:36 69.8 69.8 51.3 13:29:59 51.3 51.3 40.4 13:36:30 40.4 40.4

74.7 13:15:37 74.7 74.7 51.0 13:30:00 51.0 51.0 40.2 13:36:31 40.2 40.2

73.2 13:15:38 73.2 73.2 49.4 13:30:01 49.4 49.4 41.1 13:36:32 41.1 41.1

69.4 13:15:39 69.4 69.4 49.8 13:30:02 49.8 49.8 46.7 13:36:33 46.7 46.7

65.5 13:15:40 65.5 65.5 50.6 13:30:03 50.6 50.6 45.2 13:36:34 45.2 45.2

61.8 13:15:41 61.8 61.8 52.1 13:30:04 52.1 52.1 43.6 13:36:35 43.6 43.6

58.1 13:15:42 58.1 58.1 52.4 13:30:05 52.4 52.4 46.3 13:36:36 46.3 46.3

55.1 13:15:43 55.1 55.1 51.1 13:30:06 51.1 51.1 49.1 13:36:37 49.1 49.1

52.6 13:15:44 52.6 52.6 51.1 13:30:07 51.1 51.1 47.7 13:36:38 47.7 47.7

51.2 13:15:45 51.2 51.2 51.7 13:30:08 51.7 51.7 44.6 13:36:39 44.6 44.6

52.1 13:15:46 52.1 52.1 52.2 13:30:09 52.2 52.2 43.5 13:36:40 43.5 43.5

57.8 13:15:47 57.8 57.8 52.4 13:30:10 52.4 52.4 44.1 13:36:41 44.1 44.1

59.0 13:15:48 59.0 59.0 51.7 13:30:11 51.7 51.7 42.0 13:36:42 42.0 42.0

55.4 13:15:49 55.4 55.4 51.8 13:30:12 51.8 51.8 41.4 13:36:43 41.4 41.4

52.1 13:15:50 52.1 52.1 51.7 13:30:13 51.7 51.7 42.9 13:36:44 42.9 42.9

49.8 13:15:51 49.8 49.8 52.7 13:30:14 52.7 52.7 43.4 13:36:45 43.4 43.4

48.7 13:15:52 48.7 48.7 54.3 13:30:15 54.3 54.3 41.7 13:36:46 41.7 41.7

49.3 13:15:53 49.3 49.3 52.9 13:30:16 52.9 52.9 41.2 13:36:47 41.2 41.2

50.7 13:15:54 50.7 50.7 53.0 13:30:17 53.0 53.0 44.3 13:36:48 44.3 44.3

51.3 13:15:55 51.3 51.3 53.4 13:30:18 53.4 53.4 43.9 13:36:49 43.9 43.9

49.6 13:15:56 49.6 49.6 52.2 13:30:19 52.2 52.2 41.9 13:36:50 41.9 41.9

48.3 13:15:57 48.3 48.3 51.1 13:30:20 51.1 51.1 41.3 13:36:51 41.3 41.3

47.9 13:15:58 47.9 47.9 51.3 13:30:21 51.3 51.3 41.7 13:36:52 41.7 41.7

47.7 13:15:59 47.7 47.7 51.3 13:30:22 51.3 51.3 43.4 13:36:53 43.4 43.4

48.0 13:16:00 48.0 48.0 51.5 13:30:23 51.5 51.5 43.7 13:36:54 43.7 43.7

48.4 13:16:01 48.4 48.4 53.1 13:30:24 53.1 53.1 43.1 13:36:55 43.1 43.1

48.4 13:16:02 48.4 48.4 52.5 13:30:25 52.5 52.5 43.2 13:36:56 43.2 43.2

47.6 13:16:03 47.6 47.6 51.8 13:30:26 51.8 51.8 41.8 13:36:57 41.8 41.8

47.1 13:16:04 47.1 47.1 51.6 13:30:27 51.6 51.6 41.6 13:36:58 41.6 41.6

47.1 13:16:05 47.1 47.1 52.4 13:30:28 52.4 52.4 41.9 13:36:59 41.9 41.9

47.4 13:16:06 47.4 47.4 51.1 13:30:29 51.1 51.1 41.1 13:37:00 41.1 41.1

49.3 13:16:07 49.3 49.3 51.3 13:30:30 51.3 51.3 40.7 13:37:01 40.7 40.7

49.5 13:16:08 49.5 49.5 52.1 13:30:31 52.1 52.1 40.7 13:37:02 40.7 40.7

48.4 13:16:09 48.4 48.4 53.0 13:30:32 53.0 53.0 41.1 13:37:03 41.1 41.1

48.5 13:16:10 48.5 48.5 52.4 13:30:33 52.4 52.4 41.0 13:37:04 41.0 41.0

49.4 13:16:11 49.4 49.4 52.2 13:30:34 52.2 52.2 40.9 13:37:05 40.9 40.9

48.6 13:16:12 48.6 48.6 52.8 13:30:35 52.8 52.8 41.8 13:37:06 41.8 41.8

49.6 13:16:13 49.6 49.6 52.4 13:30:36 52.4 52.4 41.7 13:37:07 41.7 41.7

49.6 13:16:14 49.6 49.6 52.3 13:30:37 52.3 52.3 42.1 13:37:08 42.1 42.1

51.7 13:16:15 51.7 51.7 52.7 13:30:38 52.7 52.7 45.9 13:37:09 45.9 45.9

50.5 13:16:16 50.5 50.5 52.6 13:30:39 52.6 52.6 45.5 13:37:10 45.5 45.5

47.8 13:16:17 47.8 47.8 51.0 13:30:40 51.0 51.0 47.2 13:37:11 47.2 47.2

46.3 13:16:18 46.3 46.3 50.9 13:30:41 50.9 50.9 45.4 13:37:12 45.4 45.4

46.7 13:16:19 46.7 46.7 51.2 13:30:42 51.2 51.2 44.7 13:37:13 44.7 44.7

50.3 13:16:20 50.3 50.3 51.2 13:30:43 51.2 51.2 46.5 13:37:14 46.5 46.5

48.0 13:16:21 48.0 48.0 53.0 13:30:44 53.0 53.0 46.6 13:37:15 46.6 46.6

46.4 13:16:22 46.4 46.4 53.1 13:30:45 53.1 53.1 43.8 13:37:16 43.8 43.8

45.0 13:16:23 45.0 45.0 52.3 13:30:46 52.3 52.3 43.9 13:37:17 43.9 43.9

43.6 13:16:24 43.6 43.6 56.3 13:30:47 56.3 56.3 44.6 13:37:18 44.6 44.6

47.8 13:16:25 47.8 47.8 56.2 13:30:48 56.2 56.2 45.7 13:37:19 45.7 45.7

47.1 13:16:26 47.1 47.1 54.3 13:30:49 54.3 54.3 45.7 13:37:20 45.7 45.7

45.5 13:16:27 45.5 45.5 53.7 13:30:50 53.7 53.7 45.5 13:37:21 45.5 45.5

44.6 13:16:28 44.6 44.6 53.8 13:30:51 53.8 53.8 45.9 13:37:22 45.9 45.9

44.3 13:16:29 44.3 44.3 54.6 13:30:52 54.6 54.6 44.5 13:37:23 44.5 44.5

46.9 13:16:30 46.9 46.9 53.0 13:30:53 53.0 53.0 43.6 13:37:24 43.6 43.6

50.5 13:16:31 50.5 50.5 52.4 13:30:54 52.4 52.4 42.3 13:37:25 42.3 42.3

51.1 13:16:32 51.1 51.1 52.8 13:30:55 52.8 52.8 42.1 13:37:26 42.1 42.1

48.2 13:16:33 48.2 48.2 52.6 13:30:56 52.6 52.6 43.4 13:37:27 43.4 43.4

45.6 13:16:34 45.6 45.6 52.6 13:30:57 52.6 52.6 42.3 13:37:28 42.3 42.3

46.1 13:16:35 46.1 46.1 52.2 13:30:58 52.2 52.2 41.3 13:37:29 41.3 41.3

45.3 13:16:36 45.3 45.3 51.9 13:30:59 51.9 51.9 40.5 13:37:30 40.5 40.5

44.0 13:16:37 44.0 44.0 52.1 13:31:00 52.1 52.1 41.0 13:37:31 41.0 41.0

43.4 13:16:38 43.4 43.4 52.5 13:31:01 52.5 52.5 40.7 13:37:32 40.7 40.7

43.4 13:16:39 43.4 43.4 53.2 13:31:02 53.2 53.2 40.1 13:37:33 40.1 40.1

43.8 13:16:40 43.8 43.8 54.4 13:31:03 54.4 54.4 42.1 13:37:34 42.1 42.1

46.6 13:16:41 46.6 46.6 56.3 13:31:04 56.3 56.3 42.9 13:37:35 42.9 42.9

45.7 13:16:42 45.7 45.7 56.7 13:31:05 56.7 56.7 43.3 13:37:36 43.3 43.3

45.4 13:16:43 45.4 45.4 55.4 13:31:06 55.4 55.4 43.7 13:37:37 43.7 43.7

46.7 13:16:44 46.7 46.7 53.6 13:31:07 53.6 53.6 43.3 13:37:38 43.3 43.3

48.4 13:16:45 48.4 48.4 52.7 13:31:08 52.7 52.7 42.7 13:37:39 42.7 42.7

55.0 13:16:46 55.0 55.0 52.9 13:31:09 52.9 52.9 42.0 13:37:40 42.0 42.0

62.4 13:16:47 62.4 62.4 53.2 13:31:10 53.2 53.2 42.0 13:37:41 42.0 42.0

69.5 13:16:48 69.5 69.5 53.8 13:31:11 53.8 53.8 43.1 13:37:42 43.1 43.1

74.5 13:16:49 74.5 74.5 52.1 13:31:12 52.1 52.1 45.3 13:37:43 45.3 45.3

73.8 13:16:50 73.8 73.8 51.0 13:31:13 51.0 51.0 46.5 13:37:44 46.5 46.5

70.0 13:16:51 70.0 70.0 52.2 13:31:14 52.2 52.2 45.4 13:37:45 45.4 45.4

66.2 13:16:52 66.2 66.2 52.9 13:31:15 52.9 52.9 44.5 13:37:46 44.5 44.5

62.4 13:16:53 62.4 62.4 52.0 13:31:16 52.0 52.0 45.4 13:37:47 45.4 45.4

59.3 13:16:54 59.3 59.3 52.6 13:31:17 52.6 52.6 47.4 13:37:48 47.4 47.4

55.4 13:16:55 55.4 55.4 54.8 13:31:18 54.8 54.8 46.5 13:37:49 46.5 46.5

52.0 13:16:56 52.0 52.0 54.9 13:31:19 54.9 54.9 48.3 13:37:50 48.3 48.3

49.2 13:16:57 49.2 49.2 53.7 13:31:20 53.7 53.7 52.2 13:37:51 52.2 52.2

47.7 13:16:58 47.7 47.7 52.4 13:31:21 52.4 52.4 50.9 13:37:52 50.9 50.9

49.8 13:16:59 49.8 49.8 51.4 13:31:22 51.4 51.4 49.3 13:37:53 49.3 49.3

48.9 13:17:00 48.9 48.9 51.5 13:31:23 51.5 51.5 47.5 13:37:54 47.5 47.5

47.9 13:17:01 47.9 47.9 52.1 13:31:24 52.1 52.1 45.4 13:37:55 45.4 45.4

48.2 13:17:02 48.2 48.2 53.9 13:31:25 53.9 53.9 43.3 13:37:56 43.3 43.3

50.1 13:17:03 50.1 50.1 53.0 13:31:26 53.0 53.0 44.8 13:37:57 44.8 44.8

56.5 13:17:04 56.5 56.5 51.7 13:31:27 51.7 51.7 43.4 13:37:58 43.4 43.4

62.7 13:17:05 62.7 62.7 51.7 13:31:28 51.7 51.7 41.2 13:37:59 41.2 41.2

68.9 13:17:06 68.9 68.9 51.9 13:31:29 51.9 51.9 40.6 13:38:00 40.6 40.6

72.9 13:17:07 72.9 72.9 52.0 13:31:30 52.0 52.0 40.8 13:38:01 40.8 40.8

70.9 13:17:08 70.9 70.9 51.7 13:31:31 51.7 51.7 39.7 13:38:02 39.7 39.7

66.9 13:17:09 66.9 66.9 52.6 13:31:32 52.6 52.6 40.1 13:38:03 40.1 40.1

62.9 13:17:10 62.9 62.9 52.2 13:31:33 52.2 52.2 40.4 13:38:04 40.4 40.4

59.0 13:17:11 59.0 59.0 53.0 13:31:34 53.0 53.0 40.8 13:38:05 40.8 40.8

55.3 13:17:12 55.3 55.3 52.7 13:31:35 52.7 52.7 40.1 13:38:06 40.1 40.1

52.5 13:17:13 52.5 52.5 53.3 13:31:36 53.3 53.3 40.7 13:38:07 40.7 40.7

50.4 13:17:14 50.4 50.4 52.8 13:31:37 52.8 52.8 41.3 13:38:08 41.3 41.3

51.6 13:17:15 51.6 51.6 51.4 13:31:38 51.4 51.4 41.5 13:38:09 41.5 41.5

49.7 13:17:16 49.7 49.7 52.0 13:31:39 52.0 52.0 43.0 13:38:10 43.0 43.0

48.6 13:17:17 48.6 48.6 53.6 13:31:40 53.6 53.6 42.8 13:38:11 42.8 42.8

48.7 13:17:18 48.7 48.7 54.1 13:31:41 54.1 54.1 42.7 13:38:12 42.7 42.7

49.1 13:17:19 49.1 49.1 54.6 13:31:42 54.6 54.6 43.8 13:38:13 43.8 43.8
PC ORIGINAL PKG



SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL SPL Time Leq (1 hour Avg.) Ldn CNEL
Site 2 - Near Northeast Corner of Project SiteSite 1 - Near Southeast Corner of Project Site Site 3 - Near Northwest Corner of Project Site

50.2 13:17:20 50.2 50.2 56.2 13:31:43 56.2 56.2 42.8 13:38:14 42.8 42.8

51.2 13:17:21 51.2 51.2 58.5 13:31:44 58.5 58.5 41.2 13:38:15 41.2 41.2

48.9 13:17:22 48.9 48.9 57.7 13:31:45 57.7 57.7 40.7 13:38:16 40.7 40.7

47.4 13:17:23 47.4 47.4 57.4 13:31:46 57.4 57.4 40.5 13:38:17 40.5 40.5

47.9 13:17:24 47.9 47.9 56.8 13:31:47 56.8 56.8 40.4 13:38:18 40.4 40.4

47.1 13:17:25 47.1 47.1 56.4 13:31:48 56.4 56.4 42.5 13:38:19 42.5 42.5

46.8 13:17:26 46.8 46.8 56.8 13:31:49 56.8 56.8 43.9 13:38:20 43.9 43.9

49.4 13:17:27 49.4 49.4 56.7 13:31:50 56.7 56.7 44.2 13:38:21 44.2 44.2

49.1 13:17:28 49.1 49.1 55.1 13:31:51 55.1 55.1 44.2 13:38:22 44.2 44.2

50.7 13:17:29 50.7 50.7 55.5 13:31:52 55.5 55.5 45.3 13:38:23 45.3 45.3

48.8 13:17:30 48.8 48.8 55.0 13:31:53 55.0 55.0 43.5 13:38:24 43.5 43.5

47.6 13:17:31 47.6 47.6 54.5 13:31:54 54.5 54.5 41.0 13:38:25 41.0 41.0

47.1 13:17:32 47.1 47.1 54.0 13:31:55 54.0 54.0 40.1 13:38:26 40.1 40.1

52.3 13:17:33 52.3 52.3 53.8 13:31:56 53.8 53.8 42.5 13:38:27 42.5 42.5

50.6 13:17:34 50.6 50.6 52.9 13:31:57 52.9 52.9 42.9 13:38:28 42.9 42.9

48.2 13:17:35 48.2 48.2 53.2 13:31:58 53.2 53.2 41.6 13:38:29 41.6 41.6

49.2 13:17:36 49.2 49.2 53.7 13:31:59 53.7 53.7 41.5 13:38:30 41.5 41.5

48.8 13:17:37 48.8 48.8 52.4 13:32:00 52.4 52.4 41.3 13:38:31 41.3 41.3

47.1 13:17:38 47.1 47.1 51.9 13:32:01 51.9 51.9 40.9 13:38:32 40.9 40.9

46.3 13:17:39 46.3 46.3 52.6 13:32:02 52.6 52.6 42.7 13:38:33 42.7 42.7

46.5 13:17:40 46.5 46.5 53.4 13:32:03 53.4 53.4 44.2 13:38:34 44.2 44.2

45.8 13:17:41 45.8 45.8 52.9 13:32:04 52.9 52.9 46.1 13:38:35 46.1 46.1

46.2 13:17:42 46.2 46.2 52.4 13:32:05 52.4 52.4 46.3 13:38:36 46.3 46.3

52.6 13:17:43 52.6 52.6 52.1 13:32:06 52.1 52.1 46.1 13:38:37 46.1 46.1

51.4 13:17:44 51.4 51.4 51.6 13:32:07 51.6 51.6 43.6 13:38:38 43.6 43.6

49.3 13:17:45 49.3 49.3 52.2 13:32:08 52.2 52.2 43.1 13:38:39 43.1 43.1

48.0 13:17:46 48.0 48.0 51.8 13:32:09 51.8 51.8 43.0 13:38:40 43.0 43.0

47.3 13:17:47 47.3 47.3 50.7 13:32:10 50.7 50.7 41.8 13:38:41 41.8 41.8

46.8 13:17:48 46.8 46.8 51.6 13:32:11 51.6 51.6 42.6 13:38:42 42.6 42.6

49.8 13:17:49 49.8 49.8 51.4 13:32:12 51.4 51.4 44.2 13:38:43 44.2 44.2

49.4 13:17:50 49.4 49.4 52.1 13:32:13 52.1 52.1 43.5 13:38:44 43.5 43.5

49.5 13:17:51 49.5 49.5 52.8 13:32:14 52.8 52.8 44.3 13:38:45 44.3 44.3

52.0 13:17:52 52.0 52.0 53.1 13:32:15 53.1 53.1 46.1 13:38:46 46.1 46.1

55.8 13:17:53 55.8 55.8 53.0 13:32:16 53.0 53.0 45.4 13:38:47 45.4 45.4

59.8 13:17:54 59.8 59.8 51.9 13:32:17 51.9 51.9 44.7 13:38:48 44.7 44.7

62.4 13:17:55 62.4 62.4 52.9 13:32:18 52.9 52.9 42.4 13:38:49 42.4 42.4

68.6 13:17:56 68.6 68.6 51.7 13:32:19 51.7 51.7 42.7 13:38:50 42.7 42.7

71.2 13:17:57 71.2 71.2 51.5 13:32:20 51.5 51.5 44.3 13:38:51 44.3 44.3

69.1 13:17:58 69.1 69.1 52.2 13:32:21 52.2 52.2 45.8 13:38:52 45.8 45.8

65.3 13:17:59 65.3 65.3 52.4 13:32:22 52.4 52.4 45.9 13:38:53 45.9 45.9

61.4 13:18:00 61.4 61.4 52.6 13:32:23 52.6 52.6 45.2 13:38:54 45.2 45.2

57.4 13:18:01 57.4 57.4 52.1 13:32:24 52.1 52.1 44.7 13:38:55 44.7 44.7

53.9 13:18:02 53.9 53.9 52.4 13:32:25 52.4 52.4 45.8 13:38:56 45.8 45.8

50.8 13:18:03 50.8 50.8 51.9 13:32:26 51.9 51.9 45.6 13:38:57 45.6 45.6

48.6 13:18:04 48.6 48.6 52.0 13:32:27 52.0 52.0 48.1 13:38:58 48.1 48.1

47.5 13:18:05 47.5 47.5 53.0 13:32:28 53.0 53.0 49.0 13:38:59 49.0 49.0

47.4 13:18:06 47.4 47.4 53.1 13:32:29 53.1 53.1 48.0 13:39:00 48.0 48.0

48.1 13:18:07 48.1 48.1 51.4 13:32:30 51.4 51.4 47.6 13:39:01 47.6 47.6

50.5 13:18:08 50.5 50.5 50.7 13:32:31 50.7 50.7 47.3 13:39:02 47.3 47.3

55.6 13:18:09 55.6 55.6 50.7 13:32:32 50.7 50.7 46.3 13:39:03 46.3 46.3

61.0 13:18:10 61.0 61.0 51.0 13:32:33 51.0 51.0 45.9 13:39:04 45.9 45.9

68.4 13:18:11 68.4 68.4 52.3 13:32:34 52.3 52.3 45.2 13:39:05 45.2 45.2

70.9 13:18:12 70.9 70.9 55.6 13:32:35 55.6 55.6 47.1 13:39:06 47.1 47.1

68.8 13:18:13 68.8 68.8 61.3 13:32:36 61.3 61.3 45.3 13:39:07 45.3 45.3

65.4 13:18:14 65.4 65.4 75.5 13:32:37 75.5 75.5 44.2 13:39:08 44.2 44.2

62.1 13:18:15 62.1 62.1 77.8 13:32:38 77.8 77.8 44.6 13:39:09 44.6 44.6

59.3 13:18:16 59.3 59.3 74.7 13:32:39 74.7 74.7 46.0 13:39:10 46.0 46.0

56.5 13:18:17 56.5 56.5 70.9 13:32:40 70.9 70.9 44.6 13:39:11 44.6 44.6

53.5 13:18:18 53.5 53.5 66.9 13:32:41 66.9 66.9 44.3 13:39:12 44.3 44.3

51.3 13:18:19 51.3 51.3 63.0 13:32:42 63.0 63.0 44.1 13:39:13 44.1 44.1

51.1 13:18:20 51.1 51.1 59.5 13:32:43 59.5 59.5 42.8 13:39:14 42.8 42.8

50.4 13:18:21 50.4 50.4 56.5 13:32:44 56.5 56.5 42.8 13:39:15 42.8 42.8

49.4 13:18:22 62.2 49.4 49.4 54.8 13:32:45 61.0 54.8 54.8 41.6 13:39:16 51.3 41.6 41.6

48.7 13:18:23 62.2 48.7 48.7 54.1 13:32:46 61.0 54.1 54.1 43.6 13:39:17 51.2 43.6 43.6

48.3 13:18:24 62.2 48.3 48.3 54.1 13:32:47 61.0 54.1 54.1 43.0 13:39:18 51.2 43.0 43.0

50.6 13:18:25 62.2 50.6 50.6 54.1 13:32:48 61.0 54.1 54.1 41.0 13:39:19 51.2 41.0 41.0

50.9 13:18:26 62.2 50.9 50.9 53.2 13:32:49 61.0 53.2 53.2 39.4 13:39:20 51.1 39.4 39.4

51.0 13:18:27 62.2 51.0 51.0 51.9 13:32:50 61.0 51.9 51.9 37.9 13:39:21 51.0 37.9 37.9

49.8 13:18:28 62.2 49.8 49.8 52.2 13:32:51 61.0 52.2 52.2 37.9 13:39:22 50.9 37.9 37.9

47.7 13:18:29 62.2 47.7 47.7 53.0 13:32:52 61.0 53.0 53.0 39.1 13:39:23 50.9 39.1 39.1

46.9 13:18:30 62.2 46.9 46.9 52.4 13:32:53 61.0 52.4 52.4 39.6 13:39:24 50.9 39.6 39.6

46.8 13:18:31 62.2 46.8 46.8 51.9 13:32:54 61.0 51.9 51.9 40.8 13:39:25 50.9 40.8 40.8

47.2 13:18:32 62.2 47.2 47.2 51.5 13:32:55 61.0 51.5 51.5 41.9 13:39:26 50.8 41.9 41.9

51.7 13:18:33 62.2 51.7 51.7 51.7 13:32:56 61.0 51.7 51.7 42.2 13:39:27 50.8 42.2 42.2

50.5 13:18:34 62.2 50.5 50.5 51.8 13:32:57 61.0 51.8 51.8 41.9 13:39:28 50.8 41.9 41.9

53.2 13:18:35 62.2 53.2 53.2 52.0 13:32:58 61.0 52.0 52.0 42.0 13:39:29 50.7 42.0 42.0

54.2 13:18:36 62.2 54.2 54.2 52.5 13:32:59 61.0 52.5 52.5 42.9 13:39:30 50.7 42.9 42.9

51.2 13:18:37 62.2 51.2 51.2 54.0 13:33:00 61.0 54.0 54.0 42.2 13:39:31 50.7 42.2 42.2

49.6 13:18:38 62.2 49.6 49.6 52.9 13:33:01 61.0 52.9 52.9 40.4 13:39:32 50.7 40.4 40.4

49.2 13:18:39 62.2 49.2 49.2 52.9 13:33:02 61.0 52.9 52.9 39.7 13:39:33 50.7 39.7 39.7

50.0 13:18:40 62.2 50.0 50.0 51.9 13:33:03 61.0 51.9 51.9 41.2 13:39:34 50.7 41.2 41.2

52.8 13:18:41 62.2 52.8 52.8 51.3 13:33:04 61.0 51.3 51.3 41.4 13:39:35 50.7 41.4 41.4

56.9 13:18:42 62.2 56.9 56.9 51.7 13:33:05 61.0 51.7 51.7 41.5 13:39:36 50.7 41.5 41.5

58.8 13:18:43 62.2 58.8 58.8 51.3 13:33:06 61.0 51.3 51.3 42.9 13:39:37 50.7 42.9 42.9

60.6 13:18:44 62.2 60.6 60.6 50.8 13:33:07 61.0 50.8 50.8 44.4 13:39:38 50.7 44.4 44.4

63.2 13:18:45 62.2 63.2 63.2 51.0 13:33:08 61.0 51.0 51.0 45.8 13:39:39 50.7 45.8 45.8

68.9 13:18:46 62.2 68.9 68.9 51.8 13:33:09 61.0 51.8 51.8 47.0 13:39:40 50.7 47.0 47.0

72.2 13:18:47 62.2 72.2 72.2 52.3 13:33:10 61.0 52.3 52.3 46.1 13:39:41 50.7 46.1 46.1

72.9 13:18:48 62.2 72.9 72.9 52.2 13:33:11 61.0 52.2 52.2 44.2 13:39:42 50.7 44.2 44.2

70.6 13:18:49 62.2 70.6 70.6 51.8 13:33:12 61.0 51.8 51.8 44.6 13:39:43 50.7 44.6 44.6

67.6 13:18:50 62.2 67.6 67.6 51.4 13:33:13 61.0 51.4 51.4 44.6 13:39:44 50.7 44.6 44.6

64.1 13:18:51 62.2 64.1 64.1 51.9 13:33:14 61.0 51.9 51.9 44.4 13:39:45 50.7 44.4 44.4

60.5 13:18:52 62.2 60.5 60.5 51.4 13:33:15 61.0 51.4 51.4 44.5 13:39:46 50.7 44.5 44.5

57.3 13:18:53 62.2 57.3 57.3 52.2 13:33:16 61.0 52.2 52.2 44.8 13:39:47 50.7 44.8 44.8

54.1 13:18:54 62.2 54.1 54.1 52.4 13:33:17 61.0 52.4 52.4 46.2 13:39:48 50.7 46.2 46.2

51.6 13:18:55 62.2 51.6 51.6 52.9 13:33:18 61.0 52.9 52.9 48.0 13:39:49 50.7 48.0 48.0

49.3 13:18:56 62.2 49.3 49.3 51.5 13:33:19 61.0 51.5 51.5 47.9 13:39:50 50.7 47.9 47.9

48.3 13:18:57 62.2 48.3 48.3 51.3 13:33:20 61.0 51.3 51.3 47.9 13:39:51 50.7 47.9 47.9

48.4 13:18:58 62.2 48.4 48.4 52.0 13:33:21 61.0 52.0 52.0 47.8 13:39:52 50.7 47.8 47.8

49.6 13:18:59 62.2 49.6 49.6 52.2 13:33:22 61.0 52.2 52.2 46.7 13:39:53 50.6 46.7 46.7

46.5 13:19:00 62.2 46.5 46.5 53.2 13:33:23 61.0 53.2 53.2 44.1 13:39:54 50.6 44.1 44.1

44.6 13:19:01 62.2 44.6 44.6 53.0 13:33:24 61.0 53.0 53.0 43.3 13:39:55 50.6 43.3 43.3

47.4 13:19:02 62.1 47.4 47.4 52.2 13:33:25 61.0 52.2 52.2 44.1 13:39:56 50.6 44.1 44.1

49.6 13:19:03 62.1 49.6 49.6 52.4 13:33:26 61.0 52.4 52.4 45.4 13:39:57 50.6 45.4 45.4

47.1 13:19:04 62.1 47.1 47.1 53.5 13:33:27 61.0 53.5 53.5 46.4 13:39:58 50.6 46.4 46.4

45.1 13:19:05 62.1 45.1 45.1 52.8 13:33:28 61.0 52.8 52.8 45.0 13:39:59 50.6 45.0 45.0

43.8 13:19:06 62.1 43.8 43.8 52.6 13:33:29 61.0 52.6 52.6 44.3 13:40:00 50.6 44.3 44.3

42.7 13:19:07 62.1 42.7 42.7 53.1 13:33:30 61.0 53.1 53.1 45.2 13:40:01 50.5 45.2 45.2

41.5 13:19:08 62.1 41.5 41.5 53.8 13:33:31 61.0 53.8 53.8 43.3 13:40:02 50.5 43.3 43.3

41.4 13:19:09 62.1 41.4 41.4 54.1 13:33:32 61.0 54.1 54.1 44.6 13:40:03 50.5 44.6 44.6

43.2 13:19:10 62.1 43.2 43.2 57.6 13:33:33 61.0 57.6 57.6 42.9 13:40:04 50.5 42.9 42.9

43.9 13:19:11 62.1 43.9 43.9 56.8 13:33:34 61.0 56.8 56.8 43.1 13:40:05 50.5 43.1 43.1

42.5 13:19:12 62.1 42.5 42.5 54.8 13:33:35 61.0 54.8 54.8 41.8 13:40:06 50.5 41.8 41.8

44.4 13:19:13 62.1 44.4 44.4 54.5 13:33:36 61.0 54.5 54.5 39.8 13:40:07 50.5 39.8 39.8

48.5 13:19:14 62.1 48.5 48.5 54.4 13:33:37 61.0 54.4 54.4 39.6 13:40:08 50.5 39.6 39.6

49.4 13:19:15 62.1 49.4 49.4 53.4 13:33:38 60.9 53.4 53.4 41.3 13:40:09 50.5 41.3 41.3

48.2 13:19:16 62.1 48.2 48.2 52.3 13:33:39 60.9 52.3 52.3 41.8 13:40:10 50.5 41.8 41.8

48.5 13:19:17 62.1 48.5 48.5 51.7 13:33:40 60.9 51.7 51.7 41.4 13:40:11 50.5 41.4 41.4

47.5 13:19:18 62.1 47.5 47.5 51.9 13:33:41 60.9 51.9 51.9 40.8 13:40:12 50.5 40.8 40.8

46.6 13:19:19 62.1 46.6 46.6 54.8 13:33:42 60.9 54.8 54.8 40.8 13:40:13 50.2 40.8 40.8

46.9 13:19:20 62.1 46.9 46.9 53.8 13:33:43 60.9 53.8 53.8 40.9 13:40:14 49.6 40.9 40.9

47.2 13:19:21 62.1 47.2 47.2 52.2 13:33:44 60.9 52.2 52.2 48.6 13:40:15 49.4 48.6 48.6

48.9 13:19:22 62.1 48.9 48.9 51.8 13:33:45 60.9 51.8 51.8 46.6 13:40:16 49.3 46.6 46.6

48.1 13:19:23 62.1 48.1 48.1 52.7 13:33:46 60.9 52.7 52.7 45.0 13:40:17 49.3 45.0 45.0

47.4 13:19:24 62.1 47.4 47.4 52.1 13:33:47 60.9 52.1 52.1 45.5 13:40:18 49.3 45.5 45.5

48.0 13:19:25 62.1 48.0 48.0 51.2 13:33:48 60.9 51.2 51.2 46.0 13:40:19 49.3 46.0 46.0

49.7 13:19:26 62.1 49.7 49.7 51.1 13:33:49 60.9 51.1 51.1 45.4 13:40:20 49.3 45.4 45.4

50.3 13:19:27 62.1 50.3 50.3 51.2 13:33:50 60.9 51.2 51.2 46.8 13:40:21 49.2 46.8 46.8

50.1 13:19:28 62.1 50.1 50.1 51.9 13:33:51 60.9 51.9 51.9 46.4 13:40:22 49.2 46.4 46.4

50.5 13:19:29 62.1 50.5 50.5 52.7 13:33:52 60.9 52.7 52.7 45.7 13:40:23 49.2 45.7 45.7

50.6 13:19:30 62.1 50.6 50.6 53.0 13:33:53 60.9 53.0 53.0 44.7 13:40:24 49.1 44.7 44.7

50.1 13:19:31 62.1 50.1 50.1 52.7 13:33:54 60.9 52.7 52.7 45.0 13:40:25 48.5 45.0 45.0

50.0 13:19:32 62.1 50.0 50.0 52.2 13:33:55 60.9 52.2 52.2 46.6 13:40:26 48.3 46.6 46.6

49.6 13:19:33 62.1 49.6 49.6 53.2 13:33:56 60.9 53.2 53.2 47.7 13:40:27 48.2 47.7 47.7

50.6 13:19:34 62.1 50.6 50.6 53.0 13:33:57 60.9 53.0 53.0 46.6 13:40:28 48.2 46.6 46.6

51.0 13:19:35 62.1 51.0 51.0 54.1 13:33:58 60.9 54.1 54.1 49.4 13:40:29 48.2 49.4 49.4

50.0 13:19:36 62.1 50.0 50.0 53.0 13:33:59 60.9 53.0 53.0 52.5 13:40:30 48.1 52.5 52.5

50.0 13:19:37 62.0 50.0 50.0 51.9 13:34:00 60.9 51.9 51.9 52.3 13:40:31 48.1 52.3 52.3

49.9 13:19:38 62.0 49.9 49.9 52.3 13:34:01 60.9 52.3 52.3 51.5 13:40:32 48.1 51.5 51.5

49.7 13:19:39 62.0 49.7 49.7 51.4 13:34:02 60.9 51.4 51.4 48.7 13:40:33 48.0 48.7 48.7

50.1 13:19:40 62.1 50.1 50.1 52.4 13:34:03 60.9 52.4 52.4 46.0 13:40:34 47.6 46.0 46.0

49.7 13:19:41 62.1 49.7 49.7 53.2 13:34:04 60.9 53.2 53.2 48.0 13:40:35 47.4 48.0 48.0

49.8 13:19:42 62.1 49.8 49.8 54.0 13:34:05 60.9 54.0 54.0 46.9 13:40:36 47.3 46.9 46.9

49.4 13:19:43 62.1 49.4 49.4 52.8 13:34:06 60.9 52.8 52.8 46.4 13:40:37 47.2 46.4 46.4

48.3 13:19:44 62.1 48.3 48.3 51.6 13:34:07 60.9 51.6 51.6 45.6 13:40:38 47.1 45.6 45.6

48.1 13:19:45 62.1 48.1 48.1 51.3 13:34:08 60.9 51.3 51.3 44.3 13:40:39 46.9 44.3 44.3

48.6 13:19:46 62.1 48.6 48.6 52.5 13:34:09 60.9 52.5 52.5 42.3 13:40:40 46.9 42.3 42.3

50.8 13:19:47 62.1 50.8 50.8 51.9 13:34:10 60.9 51.9 51.9 40.5 13:40:41 46.9 40.5 40.5

53.0 13:19:48 62.1 53.0 53.0 52.6 13:34:11 60.9 52.6 52.6 40.0 13:40:42 46.9 40.0 40.0

55.0 13:19:49 62.1 55.0 55.0 53.6 13:34:12 60.9 53.6 53.6 41.0 13:40:43 46.9 41.0 41.0

60.1 13:19:50 62.1 60.1 60.1 53.5 13:34:13 60.9 53.5 53.5 40.9 13:40:44 46.9 40.9 40.9

68.2 13:19:51 62.1 68.2 68.2 53.6 13:34:14 60.9 53.6 53.6 41.4 13:40:45 46.9 41.4 41.4

71.3 13:19:52 62.0 71.3 71.3 52.6 13:34:15 60.9 52.6 52.6 43.5 13:40:46 46.9 43.5 43.5

69.5 13:19:53 62.0 69.5 69.5 52.9 13:34:16 60.9 52.9 52.9 44.7 13:40:47 46.9 44.7 44.7

66.2 13:19:54 62.0 66.2 66.2 54.5 13:34:17 60.9 54.5 54.5 47.4 13:40:48 46.9 47.4 47.4
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2900 0
Drill Rig Truck No 20 79.1 2900 0
Excavator No 40 80.7 2900 0
Excavator No 40 80.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Tractor No 40 84 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60.2 60.2 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2900 0
Drill Rig Truck No 20 79.1 2900 0
Excavator No 40 80.7 2900 0
Excavator No 40 80.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Tractor No 40.0 84 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Drill Rig Truck 43.9 36.9 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Excavator 45.4 41.5 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site Preparation

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Drill Rig Truck No 20 79.1 2850 0
Drill Rig Truck No 20 79.1 2850 0
Excavator No 40 80.7 2850 0
Excavator No 40 80.7 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Tractor No 40 84 2850 0
Front End Loader No 40 79.1 2850 0
Backhoe No 40 77.6 2850 0
Tractor No 40 84 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Drill Rig Truck 44.0 37.0 N/A N/A N/A N/A
Drill Rig Truck 44.0 37.0 N/A N/A N/A N/A
Excavator 45.6 41.6 N/A N/A N/A N/A
Excavator 45.6 41.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A

Total 49 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2900 0
Man Lift No 20 74.7 2900 0
Compressor (air) No 40 77.7 2900 0
Crane No 16 80.6 2900 0
Crane No 16 80.6 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Generator No 50 80.6 2900 0
Grader No 40 85 2900 0
Flat Bed Truck No 40 74.3 2900 0
Flat Bed Truck No 40 74.3 2900 0
Tractor No 40.0 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Welder / Torch No 40 74 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.4 32.4 N/A N/A N/A N/A
Man Lift 39.4 32.4 N/A N/A N/A N/A
Compressor (air) 42.4 38.4 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Generator 45.4 42.4 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Welder / Torch 38.7 34.8 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60.2 60.2 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2900 0
Man Lift No 20 74.7 2900 0
Compressor (air) No 40 77.7 2900 0
Crane No 16 80.6 2900 0
Crane No 16 80.6 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Gradall No 40 83.4 2900 0
Generator No 50 80.6 2900 0
Grader No 40 85 2900 0
Flat Bed Truck No 40 74.3 2900 0
Flat Bed Truck No 40 74.3 2900 0
Tractor No 40 84 2900 0
Front End Loader No 40 79.1 2900 0
Backhoe No 40 77.6 2900 0
Welder / Torch No 40 74 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.4 32.4 N/A N/A N/A N/A
Man Lift 39.4 32.4 N/A N/A N/A N/A
Compressor (air) 42.4 38.4 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Crane 45.3 37.3 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Gradall 48.1 44.2 N/A N/A N/A N/A
Generator 45.4 42.4 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Flat Bed Truck 39.0 35.0 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A
Welder / Torch 38.7 34.8 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - PV System Installation & Testing

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Man Lift No 20 74.7 2850 0
Man Lift No 20 74.7 2850 0
Compressor (air) No 40 77.7 2850 0
Crane No 16 80.6 2850 0
Crane No 16 80.6 2850 0
Gradall No 40 83.4 2850 0
Gradall No 40 83.4 2850 0
Gradall No 40 83.4 2850 0
Generator No 50 80.6 2850 0
Grader No 40 85 2850 0
Flat Bed Truck No 40 74.3 2850 0
Flat Bed Truck No 40 74.3 2850 0
Tractor No 40 84 2850 0
Front End Loader No 40 79.1 2850 0
Backhoe No 40 77.6 2850 0
Welder / Torch No 40 74 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Man Lift 39.6 32.6 N/A N/A N/A N/A
Man Lift 39.6 32.6 N/A N/A N/A N/A
Compressor (air) 42.6 38.6 N/A N/A N/A N/A
Crane 45.4 37.5 N/A N/A N/A N/A
Crane 45.4 37.5 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Gradall 48.3 44.3 N/A N/A N/A N/A
Generator 45.5 42.5 N/A N/A N/A N/A
Grader 49.9 45.9 N/A N/A N/A N/A
Flat Bed Truck 39.1 35.2 N/A N/A N/A N/A
Flat Bed Truck 39.1 35.2 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A
Welder / Torch 38.9 34.9 N/A N/A N/A N/A

Total 50 53 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northwest Residential 66.5 66.5 64.9

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2900 0
Grader No 40 85 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Front End Loader No 40 79.1 2900 0
Front End Loader No 40 79.1 2900 0
Tractor No 40 84 2900 0
Backhoe No 40 77.6 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.7 45.8 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Dozer 46 42 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Northeast Residential 60 60 55.6

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2900 0
Grader No 40 85 2900 0
Dozer No 40 81.7 2900 0
Dozer No 40 81.7 2900 0
Front End Loader No 40.0 79.1 2900 0
Front End Loader No 40.0 79.1 2900 0
Tractor No 40.0 84 2900 0
Backhoe No 40.0 77.6 2900 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.7 45.8 N/A N/A N/A N/A
Grader 49.7 45.8 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Dozer 46.4 42.4 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Front End Loader 43.8 39.9 N/A N/A N/A N/A
Tractor 48.7 44.8 N/A N/A N/A N/A
Backhoe 42.3 38.3 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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Roadway Construction Noise Model (RCNM),Version 1.1

Report date: 5/17/2021
Case Description: Brawley Solar Facility - Site cleanup & Restoration

---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
Nearest Home to Southeast Residential 62.0 62.0 56.2

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Grader No 40 85 2850 0
Grader No 40 85 2850 0
Dozer No 40 81.7 2850 0
Dozer No 40 81.7 2850 0
Front End Loader No 40 79.1 2850 0
Front End Loader No 40 79.1 2850 0
Tractor No 40 84 2850 0
Backhoe No 40 77.6 2850 0

Results
Calculated (dBA) Noise Limits (dBA)

Day Evening
Equipment *Lmax Leq Lmax Leq Lmax Leq
Grader 49.9 45.9 N/A N/A N/A N/A
Grader 49.9 45.9 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Dozer 46.6 42.6 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Front End Loader 44.0 40.0 N/A N/A N/A N/A
Tractor 48.9 44.9 N/A N/A N/A N/A
Backhoe 42.4 38.5 N/A N/A N/A N/A

Total 50 52 N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.
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EXECUTIVE SUMMARY 

Purpose and Use of the Publication. An investigation into eagle mortalities in the 
early 1970's revealed evidence of a relationship between power lines and the electrocution of 
eagles. Since that time, engineers, wildlife biologists, utility planners, and the utility industry 
have worked to address the problem. This publication presents the history and relative success 
of more than two decades of work to develop and implement solutions to the problem; it also 
represents a major update and revision for organizations seeking to preserve and enhance raptor 
popUlations, while maintaining the integrity and reliability of electric power networks 
worldwide. It explores the background of the interaction from biological and electrical 
perspectives, and provides specific guidance for reducing bird mortalities through cooperative 
utility, federal, state, and agency actions. It includes an extended, current bibliography. The 
goals of Suggested Practices are to minimize electrocutions so that avian resources are not 
adversely affected, and to reduce the number of and potential for electrical outages. 

The Issue. Discoveries of large numbers of electrocuted raptors in the early 1970' s 
spurred utilities and government agencies to work together to identify causes and develop 
solutions to the electrocution problem. Beginning in 1972, agencies such as the Edison 
Electric Institute (EEl), U.S. Fish and Wildlife Service (USFWS), National Audubon Society, 
Rural Electrification Administration (REA; now Rural Utilities Service[RUS]), and the 
Bureau of Land Management (BLM) began concerted efforts to address the problem. The 
results of their efforts were documented in the first edition of Suggested Practices (Miller et 
al. 1975); it recommended minimum phase spacing, elevated perches, gapping of 
groundwires, and other measures to make power-line structures safer for raptors. A few years 
later, the widely used report was expanded to incorporate new findings and recommendations 
(Olendorff et al. 1981). 

Literature accounts of rapt or power-line interactions since 1981 indicate that raptor 
electrocution remains a widespread problem in North American and throughout the world. In 
North America, all species known to be at risk at the time of the 1981 edition of Suggested 
Practices continue to appear in electrocution records. These include threatened and 
endangered species such as the bald eagle (Haliaeetus leucocephalus) and peregrine falcon 
(Falco peregrinus). Species that did not appear previously in electrocution records are now 
known to be at risk. In other parts of the world, electrocution may be the primary factor 
causing declines in some species. However, much progress has been made in documenting 
the problem, in retrofitting particularly hazardous power lines, and in implementing raptor
safe engineering of new lines. For example, raptor protection measures are now mandated as 
part of permitting and licensing requirements by most federal agencies in the U.S. 

Biological Aspects of Raptor Electrocution. Raptors are attracted to power 
lines. They use power poles and towers as perches from which to establish territorial 
boundaries, hunt, rest, find shade, feed, and sun themselves. Power-line structures are also 
used by many species as nesting substrates. 
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Raptors vary widely in their susceptibility to electrocution. Forest-dwelling raptors 
rarely perch on power lines and poles, and ground-nesting raptors are rarely electrocuted. 
Smaller species (e.g., merlin [Falco columbarius] and screech-owls [Otus spp.]) generally 
cannot span the distance between two electric conductors to complete a circuit. Larger birds, 
such as the ferruginous hawk (Buteo regalis) or red-tailed hawk (B. jamaicensis), are more 
likely to be electrocuted. 

Golden eagles (Aquila chrysaetos) are particularly vulnerable to electrocution because 
of their size (wingspans up to 2.3 meters or 7.5 feet). Many eagle electrocutions are caused by 
simultaneous skin-to-skin, foot-to-skin, and beak-to-skin contacts with two phase wires or a 
phase and a ground. Risks increase in weather that hampers controlled flight, or when 
feathers are wet, increasing conductivity. Immatures and subadults, less adept in flight skills 
and at landing on power poles, are also at greater risk. Other factors that affect susceptibility 
to electrocution include choice of prey, method of pursuit, the attraction of eagles to high 
seasonal or local prey concentrations, habitat diversi ty, the direction of the prevailing wind, 
and topography. Risks also occur from excreta streams and from nesting activities where nest 
materials may complete a circuit. 

Suggested Practices: Power-Line Design and Raptor Safety. Electrocution 
of raptors occurs most often on distribution lines of 69,OOO-volts (69-kV) or less. Mortality is 
directly related to the spacing between elements that can comprise a phase-to-phase or phase
to-ground contact. Two design factors make a line hazardous for raptors: (1) phase con
ductors separated by less than the wingspread (flesh-to-flesh distance) of the bird that is 
landing, perching, or taking off; and (2) a distance between grounded hardware (e.g., ground
wires, metal braces) and an energized conductor (phase) that is less than the wingspread or the 
distance from the tip of the bill to the tip of the tail. 

Problem designs occur on both single-phase and three-phase lines. Such problems 
include grounded insulator pins or jumper wires set too close to the phase conductor, use of 
metal crossarm braces, and reduced spacing between an energized conductor and the ground
wire used for lightning protection. 

The key to remedying lethal combinations is to modify problem structures or to use 
new construction designs with proper spacing of design elements. Modification measures are 
used to correct existing problems; raptor-safe construction provides appropriate designs for 
new or rebuilt lines in areas of more concentrated raptor use. The key objective for raptor 
protection is to provide a I 52.4-centimeter (60-inch) minimum separation between conductors 
and/or grounded hardware, or to insulate hardware or conductors against simultaneous contact 
if such separation is not possible. 

These recommendations are based on several assumptions: 

• a need has been demonstrated for such modification; 

• cost and other factors will playa part in determining the appropriate action ; 

• the focus should be on those poles that present the greatest problem; 
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• in area heavily used by raptors, a series of poles may require action; and 

• older lines (with more cramped spacing) may need most attention. 

Recommendations include use of insulating materials; gapping groundwires; adding pole-top 
extensions; lowering crossarms; installing perch guards or longer crossarms; and addition of 
elevated perches, depending on the nature of the pole and the problem. 

Perching, Roosting, and Nesting by Raptors on Power Lines. Power lines 
may also offer nesting and other opportunities for raptors. In open plains, prairies, or 
savannahs where trees and cliffs are scarce, power poles often provide the vertical structures 
necessary for nesting, roosting, and more effective foraging. Numerous species nest success
fully on power-line structures. Power lines may allow for population increases of some 
raptor in areas where natural nesting substrate is limiting. 

Raptor nests, however, can interfere with line maintenance and cause electrical 
outages. Generally, current practice is to accommodate nesting behavior, rather than to 
discourage it. Nesting platforms have been provided on the poles themselves or on "dummy" 
poles placed near those poles where nests have been built. Nest platforms are generally more 
necessary on distribution poles (with their closely spaced conductors) than on transmission 
structures. Various designs are available, and may be deployed after a problem has been 
documented or where raptors are likely to make heavy use of poles. 

Platforms are best placed on or near preferred poles and towers, and located so that 
dropped nest material or excreta will not interfere with operation of the line. Raptors should 
not be encouraged to nest in areas that would adversely affect other desirable wildlife species 
(prey). 

Cooperative Management of the Electrocution Issue. Much of the success in 
reducing raptor mortalities can be attributed to the concerted, joint efforts by utilities, conser
vation groups, government agencies, and other affected parties since the 1970's. Successful 
management of this issue often depends on continuing cooperation and integration of efforts. 
Prioritizing poles and high-use raptor areas for modification is the key to success in reducing 
raptor mortalities. 

Mortalities can be reported through existing utility company procedures (e.g., outage 
reporting systems), both to identify areas that should receive priority and to monitor the effect 
of management actions. Bird mortalities should be identified, even when they are not asso
ciated with an actual outage. 

Several management options offer effective possibilities for cooperative action. A 
company/agency workjng agreement translates their respective mandates and desires, 
including legal and economic constraints, into guidelines for action. With a framework that 
includes reporting procedures for specially protected species or for banded or injured birds, 
action does not have to be deferred while individual requests for direction are made. Standard 
operating procedures also contribute to effectiveness, especially if backed up by company 
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employee training. Awareness and interest provides better understanding, more thorough data 
collection, and more effective results. Heightened awareness, however, must begin with 
management personnel. 

Finally, research suggests that utility and agency files contain a great amount of 
unpublished data that could contribute greatly to understanding of problems and effective 
solutions. Efforts should be made to summarize and disseminate this information. Additional 
studies are needed to evaluate new remedial actions and improve raptor-safe standards. The 
use of raptor-safe construction techniques can be encouraged through the influence of 
international funding agencies and consultants involved in the economic development of 
Third World countries. The tools described in this document can be used worldwide to reduce 
raptor electrocutions, while still providing reliable electrical service. 
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FOREWORD 

Public perceptions of rap tors have changed dramatically in recent years. Only a few 
decades ago, raptors were considered "vermin" and in conflict with humans. As recently as 
the 1950's, some states even offered bounties on raptors. Today, however, birds of prey are 
valued as powerful and impressive birds that form an integral component of ecosystems. 

As our perceptions about raptors have changed, so has our concern for their welfare. 
For centuries, humans have changed Earth's natural landscapes, to the detriment of its 
wildlife. Human developments have eliminated and altered habitat, and direct human actions 
have added to the natural mortality factors of raptors. The additive effects of human-caused 
losses in the latter half of this century have turned the tide against some raptors. In North 
America, many species became endangered during this period, and others declined 
significantly. Pressures on raptor populations are increasing throughout the world. Thus, it is 
imperative that we take steps to reduce raptor mortality where there is a possibility of success, 
as in the raptor electrocution problem. 

Environmental issues often are resolved with conflict and confrontation. The history 
of the raptor electrocution problem, however, is an encouraging exception. From the 
beginning, efforts to reduce raptor electrocl~~IOns on power lines were marked by a spirit of 
cooperation. In the 1970's, biologists, engineers, and government officials began worlcing 
together to solve the problem. That effort led to the development of the two earlier editions of 
this document: the 1975 Suggested Practices for Raptor Protection on Powerlines, and the 
subsequent Suggested Practices for Raptor Protection on Power Lines--the State of the Art in 
1981, published by the Edison Electric Institute and distributed by the Raptor Research 
Foundation. This cooperative spirit was due in no small part to Butch Olendorff, to whom the 
current edition is dedicated. Butch had an extraordinary ability to bring people of opposing 
viewpoints together to work towards common goals. Equally important was the resolve on 
the part of Richard Thorsell, Edison Electric Institute (retired), to organize and fund all three 
editions of Suggested Practices. It was Richard who first envisioned an electric industry 
manual for raptor protection on power lines. 

Demands for electricity are increasing, and new engineering approaches to distribute 
electricity are constantly being developed. Before his untimely death in 1994, Butch felt that 
Suggested Practices should be updated to acquaint biologists and industry personnel with the 
latest developments in resolving raptor electrocution issues. This publication is the result. 
The Edison Electric Institute and Raptor Research Foundation are very pleased to present 
Suggested Practices for Raptor Protection on Power Lines: The State of the Art in 1996. 

Michael N. Kochert 
Vice President 
Raptor Research Foundation, Inc. 
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DEDICATION 

This publication is dedicated to the memory of its senior author: 

Richard R. (Butch) Olendorff 

(1943 - 1994) 

Butch devoted his life to the conservation of raptors, setting standards that guided 
the development of raptor research and management through the early years. A 
charter member of the Raptor Research Foundation (RRF), Butch served as 
RRF's editorfrom 1971 to 1976, its secretary from 1975 to 1976, and its 
president from 1977 to 1981. From 1975 to 1977, he served on RRF's Board of 
Directors. At the time of his death, he was the Technical Assistance Leader and 
past Director of the Raptor Research and Technical Assistance Center, Boise, 
Idaho. 

Butch worked for the Bureau of Land Management (BLM) for 19 years, and for 
the newly established National Biological Survey (now Service) from 1993 until 
his death in February 1994. During that time, Butch produced over 35 
publications and scientific papers, and developed a computerized raptor 
management bibliography with over 10,000 references. In 1985, Butch 
conceived and organized one of the largest raptor conservation events ever 
organized, the 1O-day World Raptor Meetings in Sacramento, California. 
Butch's dedication and hard work remain a shining example of the tremendous 
difference one person can make toward the wise stewardship of wildlife. 

The BLM periodically gives the Richard R. "Butch" Olendorff Conservation 
Award to individuals who make significant contributions toward raptor 
conservati on. 

A Richard R. Olendorff Memorial Fund has also been established: it will provide 
for the development of the Richard R. Olendorff Memorial Library at Boise State 
University. Contributions may be sent to: 

The Richard R. Olendorff Memorial Fund 
West One Bank 
P.O. Box 7159 

2730 Airport Way 
Boise, Idaho 83707. 
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CHAPTER I 

INTRODUCTION 

This book presents engineers, biologists, utility planners, and the public 
with a comprehensive portrait of progress in documenting and addressing 
the issue of raptor electrocution at electric power facilities. 1 It outlines the 
importance of the issue, and focuses on opportunities in the U.S. and 
throughout the world for avoidance or mitigation of electrocution problems, 
highlighting management options. 

PURPOSE AND SCOPE 

In the early 1970's, an investigation into reported killings and poisonings of eagles in 
Wyoming and other western states provided substantial evidence that power lines electrocuted 
eagles (Olendorff et al. 1981). Since then, engineers, wildlife biologists, utility planners, and the 
utility industry have worked together to understand the causes of raptor electrocution, and to 
develop and implement engineering solutions to the problem. Over the last 25 years, those 
efforts have led to a detailed understanding of the biological factors that attract raptors to power 
lines, and tho e harmful interactions that lead to electrocution. 

This publication, Suggested Practices for Raptor Protection on Power Lines: The State 
of the Art in 1996, summarizes the history and relati ve success of more than two decades of 
work on the electrocution problem. It springs from two previous editions, and represents a 
major update and revision for organizations concerned with enhancing raptor populations while 
maintaining the reliability of electric power networks worldwide. Early attempts to understand 
the engineering aspects of raptor electrocutions led to the first edition of Suggested Practices 
(Miller et al. 1975). The 1975 edition summarized early findings and recommendations; it was 
then succeeded by the 1981 edition (Olendorff et al. 1981), which contained more research 
results and practical experience, as well as a comprehensive annotated bibliography. 

Fifteen years of additional experience, design development, and research have produced 
new findings and refined recommendations for power-line structure modification and design to 
protect raptors. The current volume incorporates and builds from earlier material. It explores 
the background of the interaction from biological and electrical perspectives, and provides 

I The focu is on electrocutions. not on colli ions. Reader seeking information on the collision of raptors with 
power lines may consult Mitigating Bird Collisions with Power Lines: The State o/the Art in 1994 (APLIC 
1 994). 
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guidance for reducing bird mortalities through cooperative actions. Goals are to minimize 
electrocutions, and to reduce the number of and potential for electrical outages. 

This edition of Suggested Practices offers the reader an expanded range of solutions to 
hazardous power-line designs. Additional designs for which corrective measures are provided 
include bayonet, kite, switch pole, wishbone, horizontal post, compact, and suspension designs, 
as well as designs with jumper wires. Measures for modifying existing lines and for 
constructing new lines are now treated separately. Also included are the following: 

• examples of transmission line hazards not identified in 1981; 

• cross-referenced figures of problem designs and solutions; 

• an updated bibliography with more than 100 new references; 

• expanded treatment of the electrocution problem outside North America, giving the 
document a global perspecti ve; 

• a chapter on cooperative management to promote cooperation among industry, 
government, and private sectors; 

• a glossary of terms; 

• an appendix detailing the history of the raptor electrocution problem and individual 
and agency efforts to address it; and 

• an appendix of commercially available products for managing raptor perching on 
power poles and for insulating conductors. 

Not considered in the 1996 edition of Suggested Practices are discussions of other 
power-line-related impacts on raptors, including construction and maintenance impacts, impacts 
of shooting along power lines, and impacts of collision with power lines. These subjects were 
discussed in Part 4 of the 1981 edition and in the 1994 Collision Mitigation manual published by 
the Avian Power Line Interaction Committee (APUC). The authors felt that these topics were 
beyond the scope of this document, or were addressed elsewhere. Given the addition of many 
literature citations since 1981 (and consequent length of the citations section), the annotations 
contained in the 1981 edition have been eliminated. 

ORGANIZATION OF THIS DOCUMENT 

This book is intended for use by scientists, managers, and engineers, and across national 
borders. International literature is included, but the primary focus is on North America. The 
sequence of chapters and a brief synopsis of their contents are listed below. 

CHAPTER II 

2 

THE ISSUE. Defines the problem; traces its history; reviews the literature 
and latest research on raptor electrocution and its prevention. 
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CHAPTER III 

CHAPTER IV 

CHAPTER V 

CHAPTER VI 

BIOLOGICAL ASPECTS OF RAPTOR ELECTROCUTION. Identifies the 
causes of raptor electrocution on power lines and focuses on biological 
and environmental factors that predispose raptors to electrocution. 

SUGGESTED PRACTICES: POWER-LINE DESIGN AND RAPTOR SAFETY. 

Presents the reader with the background necessary to understand raptor 
electrocution from an engineering perspective: the construction and 
design of power facilities. Suggests ways to retrofit existing facilities and 
design new facilities to prevent or minimize raptor electrocution. 

PERCIUNG, ROOSTING, AND NESTING BY RAPTORS ON POWER LINEs. 

Explores the benefits of power lines to raptors and proposes strategies for 
repositioning nests or providing alternative nesting (perching, roosting) 
sites to minimize danger to raptors while maintaining electrical service. 

COOPERA TIVE MANAGEMENT OF THE ELECTROCUTION ISSUE. 

Presents a cooperative, multi-disciplinary approach to managing the bird 
electrocution problem. 

For literature citations from the text and additional useful references, see the Literature Cited 
and Bibliography section (pages 101-125). Appendix A contains a glossary; Appendix B a 
history of early agency actions addressing the electrocution issue; Appendix C information on 
specific products and sources for modifying power lines. 
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CHAPTER II 

THE ISSUE 

This chapter defines the issue and traces its history, provides a review of the 
literature, introduces the latest research on electrocution, and discusses 
approaches to addressing the problem. Particular emphasis is placed on 
studies since the previous edition of Suggested Practices (1981), including an 
overview of the issue outside the United States. 

Raptors (birds of prey) are both ecologically important (high trophic level) and 
biologically sensitive to toxic substances, habitat destruction, and direct human persecution. 
Inadvertent destruction of raptors also occurs wherever humans and raptors interact. 
Electrocution on power lines is only one of many human-caused mortality factors that in 
combination may limit raptor populations. The biological importance and environmental 
sensitivity of raptors have led to considerable academk and public interest in the birds and the 
problem of electrocution, and to considerable demand for better protection and management of 
raptor populations and habitats. 

In the U.S., the federal government provides protection for birds of prey through 
several laws. Prominent among these are The Bald and Golden Eagle Protection Act (16 
U.S.C. 668-668C), The Migratory Bird Treaty Act (16 U.S.C. 703-712), and The Endangered 
Species Act (16 U.S.C. 1531-1543). Also, most states provide some form of legal protection. 
Violation of federal laws can result in fine and/or imprisonment. Misdemeanor violations 
may result in fines of up to $100,000 for individuals and $250,000 for organizations, and up to 
2 years' imprisonment. Fines of up to $250,000 and $500,000 for individuals and 
organizations, respectively, may result from felony violations, depending on the statute. 

Another major impetus for action is the impact of raptor electrocution on the electric 
power network. Raptors and other birds cause a significant number of power outages. 
PacifiCorp (unpub!' data)2 documented 346 outages annually between 1986 and 1995, caused 
by large perching birds. In addition, an average of 13 nest-related outages occurred each year. 
When they are electrocuted or shot, birds may fall across conductors or into transformer 
banks. Other associated line problems include birds defecating onto and shorting out trans
formers or other equipment (Michener 1928, Benton and Dickinson 1966, West et a!. 1971), 
colliding with wires (a less significant mortality factor for raptors, according to Baldridge 
1977; Pinkowski 1977; Kroodsma 1978; Meyer 1979, 1980; Olendorff and Lehman 1986), 
dropping prey or nesting material onto energized wires (see Chapter II), and building nests on 

2 "Unpubli hed data" is used in th is text to indicate information available from the authors and their respective 
organizations. "Pers. comm." is u ed to indicate information available from other researchers, as named in the 
text. 
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power poles in positions that jeopardize the reliability of the lines (PacifiCorp, unpub!. data) 
(see Chapter V). Stocek (1981) estimated that the annual cost of bird-related damage to 
Canadian utilities was $374,600. 

Much less is known about the mortality of raptors than about most other aspects of 
their ecology. Thus, little is known about the effects of electrocution on raptor populations. 
Newton (1979:212) summarizes the difficulties of addre sing the issue: 

The importance of different mortality causes is also poorly understood, partly 
because it is hard to find a sample that is representative of the whole popula
tion, and partly because of the operation of pre-disposing causes. Starvation, 
predation and disease are all recorded as causing deaths of raptors, as are 
various accidents and collisions, electrocution, shooting, trapping and poison
ing. The [banding] recoveries and post-mortem analyses which provide most 
information are inevitably biased towards deaths that occur from human action 
or around human habitation. 

Both direct and indirect mortality factors must be considered in studying the overall 
population dynamics of birds of prey. In addition to electrocution from power facilities, 
Postivit and Postivit (1987) identified eight other human activities that affect birds of prey: 
persecution3

, pesticide use and pollution, agricultural development, logging, dam construction 
and water management, energy and mineral development, urbanization, and recreation. 

The growth of human populations and associated natural resource development (e.g., 
logging, mining, energy, or agricultural development) are a more pervasive threat to global 
raptor populations than all other threats combined (Newton 1991). Habitat destruction has 
been credited for greater reductions in raptor and other wildlife populations than any other 
factor, and is still the most serious long-term threat (Newton 1979). Howard (1980), for 
example, postulated the likely decline of local raptor populations due to agricultural develop
ment of land surrounding the Snake River Canyon in southern Idaho. For the bald eagle 
(Haliaeetus leucocephalus), organochlorine pesticides are certainly more detrimental than 
electrocution by power lines (Anthony et al. 1994). 

Nevertheless, electrocution at power facilities remains a legitimate concern. Such 
mortalities can be addressed by a variety of mitigation measures, through design and retro
fitti ng of existing lines. It is in the interest of utility planners, biologists, and engineers to 
familiarize themselves with the issue and its dimensions, and to plan for and implement steps 
to identify potential electrocution problems and to rectify them. 

3 Persecution was used here to mean hooting. We would include poisoning and direct trapping as well. Deaths 
from p r ecution are a much-debated topic: one tudy found that some researcher argue that persecution ha 
cau ed local declines in raptor number. while others contend that no long-term impact have re ulted (Postivit 
and Po ti vit (987) . 
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EARLY REPORTS 

Before the 1970's, raptor electrocution had been noted by several researchers (Hallinan 
1922, Marshall 1940, Dickinson 1957, Benton and Dickinson 1966, Edwards 1969, Coon et 
al. 1970). However, until the 1970' s, its magnitude was not known. In May 1971, the 
carcasses of 11 bald eagles and 4 golden eagles (Aquila chrysaetos) were discovered in 
Jackson Canyon, near Casper, Wyoming, a traditional roosting place for both species. The 
toll eventually reached 24 birds. External examinations revealed no gunshot wounds, and 
there were no power lines in the area on which the birds could have been electrocuted. It was 
determined that several antelope carcasses had been laced with thallium sulfate (then a widely 
used predator control poison), and left as bait. 

Subsequent surveys in Wyoming and Colorado found nearly 1,200 eagle mortalities 
due to poisoning, shooting from aircraft, and electrocution. That death toll was documented 
both in agency reports and court testimonies (Turner 1971, Laycock 1973). The surveys 
uncovered a major shooting campaign. During August 1971, a Wyoming helicopter pilot told 
the Senate Environmental Appropriations Subcommittee that he had piloted several eagle 
hunts in the preceding 7 months; roughly 560 eagles had been killed. The shooting was 
commissioned by the father-in-law of the sheep rancher who had poisoned the eagles in 
Jackson Canyon. Revised testimony by the helicopter pilot set the estimate of eagle kills at 
nearly 800, and implicated at least 12 other Wyoming ranching companies. 

During the surveys in Wyoming and Colorado, more than 300 eagles were found dead 
near power lines (Turner 1971, Laycock 1973). Although many had been shot, many others 
had been electrocuted by contact with lines not designed with eagle protection in mind. In 
addition, 17 golden eagles, one red-tailed hawk (Buteo jamaicensis) , and one great homed owl 
(Bubo virginianus) were found dead, all probably electrocuted, along 5.6 kilometers (km) 
(3.5 miles [miD of lines in northeastern Colorado (Olendorff 1972a). Five golden eagles and 
4 bald eagles were found dead under a power line in Tooele County, Utah, and another 47 
dead eagles (electrocuted) were found along a line in Beaver County, Utah (Richardson 1972, 
Smith and Murphy 1972). Of 60 autopsied golden eagles in Idaho, 55% had been electrocuted 
(M. Kochert, pers. comm. in Snow 1973). In June of 1974, 37 golden eagles and one short
eared owl (Asioflammeus) were found dead under a line southwest of Delta, Millard County, 
Utah (Benson 1977, 1980). In a review of bald eagle mortality data for 1960 through 1974, 
4% of the eagle deaths were attributed to electrocution (total sample size not given) (Meyer 
1980). Similar problems were also noted in New Mexico (Denver Post 1974), Oregon (White 
1974), Nevada (U.S. Fish and Wildl. Servo 1975a), Louisiana (Pendleton 1978), and Idaho 
(Peacock 1980). A problem had clearly been identified. 

Much of the information from the early 1970's was summarized by Boeker and 
Nickerson (1975), including documentation of 37 golden eagle deaths along a power line of 
just 88 poles in Moffat County, Colorado, in 1971. Four-hundred-sixteen raptor carcasses and 
skeletons were found along 24 8-km (5-mi.) sections of power lines in 6 western states 
(Benson 1981). In Utah, U.S. Fish and Wildlife Service (USFWS) employees found the 
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remains of 594 raptors (some dead up to 5 years) under 36 different distribution lines 
(approximately 402 km or 250 mi. total). Sixty-four of these carcasses were fresh enough 
to determine the cause of death: 54 (87.5%) had been electrocuted (R. Joseph, U.S . Fish and 
Wildl. Serv., pers. comm.). 

SUGGESTED PRACTICES: 1975 AND 1981 

The evidence compiled after the Jackson Canyon incident caused serious concern 
about raptors and electric power facilities. Industry, government, and conservation organiza
tions began to work together to identify and implement solutions to the problem of raptor 
electrocution. Agencies involved included the Rural Electrification Administration (REA; 
now the Rural Utilities Service [RUS)), U.S. Forest Service (USFS), Bureau of Land 
Management (BLM), the USFWS, National Park Service (NPS), and Bureau of Indian Affairs 
(BIA). The USFWS began searching for lethal lines, while the REA began developing 
proposed line modifications to minimize eagle electrocutions. The National Audubon Society 
and the Edison Electric Institute (EEl) initiated workshops, sought utility company 
participation, raised funds, and began to develop ways to address the problem. An REA 
bulletin described causes of raptor electrocution re ulting from certain grounding practices 
and conductor spacing (U.S. Rural Electrification Administration 1972), and the USFWS 
initiated a raptor mortality data bank to track patterns in electrocution. (Appendix B presents 
a history of individual and agency contributions.) 

As data were gathered on the magnitude of raptor electrocutions during the early 
1970's, several regional meetings were held to familiarize industry and agency personnel with 
the problem. Meetings in Ontario, Oregon (16 April 1974) (U.S. Bur. of Land Manage. 
1974a), and Reno, Nevada (3 October 1974), were particularly noteworthy. By then, several 
electric companies, most notably Idaho Power Company, had retained Morlan W. Nelson of 
Boise, Idaho, to begin testing the safety of new power-line designs and to propose modifica
tions of existing lines. 

These tests were instrumental in forming the basis for the first definitive work on the 
subject: Suggested Practices for Raptor Protection on Powerlines (Miller et al. 1975). This 
publication was widely circulated and used by both industry and government (Damon 1975, 
Edison Electric Institute 1975). For example, new power lines proposed by the electric in
dustry required applications for rights-of-way permits across BLM-administered land. This 
agency then decided whether to grant the permit, and what restrictions, if any, should be 
placed on the design and placement of the lines to minimize environmental impacts, including 
eagle electrocutions (Olendortf and Kochert 1977). Many BLM directives (as well as those of 
other agencies) required similar clearances and explicitly stipulated that such actions be 
consistent with the suggested practices. 

Field testing of the suggested practices in the mid-to-Iate 1970's led to a need for 
further documentation and evaluation. Some of the suggested practices and dimensions were 
found inadequate. For instance, the suggested 61.0-centimeter (cm) or 24-inch (in.) height of 
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the overhead perch was too high, and needed to be reduced to 40.6 cm (16 in.) to keep the 
birds from landing beneath the perch. New insulation material and conductor support 
schemes were also developed. In the 1981 edition (Olendorff et al. 1981), earlier suggested 
practices were corrected and updated, and a complete literature review and annotated 
bibliography was provided. 

THE CONTINUING PROBLEM 

ELECTROCUTION ISSUES IN NORTH AMERICA 

Despite the publication of Suggested Practices in 1981, and efforts on the part of the 
electric industry to correct many problem power lines, researchers have continued to report 
raptor use of power lines, raptor electrocution deaths, and solutions to the problem. During a 
literature review conducted for the 1996 Suggested Practices, over 100 new references were 
found documenting electrocution problems and their solutions worldwide since 1981 (see 
Literature Cited, pages 101-125). Of these, nearly 70 percent were from the North American 
continent. 

Literature accounts from North America since 1981 indicate that the raptor electrocu
tion problem is still widespread and continues to involve threatened and endangered species. 
The U.S.'s National Wildlife Health Laboratory (1985) reported that 130 (9.1%) of 1,429 dead 
bald eagles examined from 1963-1984 were electrocuted. Fifty-five percent of the eagles 
examined died in the last 6 years of the sampling period (1978-1984). Electrocution incidents 
occurred in 23 states, but were most common in Alaska, Kansas, Wisconsin, and Florida. In a 
more recent sUlTimary of bald eagle mortalities, 12% of deaths with known causes were due to 
electrocution (Franson et al. 1995). 

Electrocution deaths of bald eagles have also been documented by Frenzel (1984), 
Pennsylvania State Game Commission (1984), California Bald Eagle Working Team (1985), 
Brett (1987), California Department of Fish and Game (1987), Jurek (1988), and Garrett 
(1993). Wood et al. (1990) summarized bald eagle deaths by electrocution in the southeastern 
United States using the National Wildlife Health Laboratory's 1985 data. In the Southeast, 
shooting was the leading cause of bald eagle mortality, followed by emaciation, poisoning, 
and electrocution. 

Bald eagle losses to electrocution were probably underestimated in the 1970's and 
early 1980's because studies were not conducted in areas with bald eagle concentrations. 
During the winter, bald eagles often congregate in large numbers (Stalmaster 1987). Some of 
these concentrations involve hundreds of birds and occur in predominantly treeless areas 
where the only available perches are power poles. Over 1,000 bald eagles and a variety of 
other raptor species gather each winter in the Klamath Basin of southern Oregon and northern 
California (Keister et al. 1987). In Butte Valley, an area of the Klamath Basin used 
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extensively by raptors for foraging, 90 electrocuted eagles were found between 1986 and 
1992. Of these, 24 (27%) were bald eagles (PacifiCorp, unpubl. data). 

Since 1981 , electrocution deaths have also been documented for other threatened and 
endangered species. At least two peregrine falcons (Falco peregrinus) released as part of the 
Peregrine Fund's Rocky Mountain recovery program were electrocuted after fledging from 
release sites (Burnham 1982). Also, a peregrine falcon was electrocuted and two were 
suspected to have been electrocuted during a release in Ottawa, Canada (McDonnell and 
Levesque 1987). An Andean condor (Vulture gryphus), released in the former range of the 
California condor (Gymnogyps califomianus) in 1989 as part of the California condor 
recovery effort, was electrocuted soon after its release (Rees 1989, U.S. Fish and Wildl. Servo 
1989). The species is listed as endangered in its native South America. 

At least 11 North American raptor species that were not previously reported as 
electrocution victims are now known to be vulnerable to the hazard. Among diurnal species, 
these include the turkey vulture (Cathartes aura) (Harness 1996), northern goshawk 
(Accipiter gentilis) (O'Neil 1988, Harness 1996), Cooper's hawk (Accipiter cooperii) (O'Neil 
1988), common black-hawk (Buteogallus anthracinus) (Schnell 1980), Harris' hawk 
(Parabuteo unicinctus; discussed below), and the American kestrel (Falco sparverius) 
(Harness 1996; Idaho Power Co., unpubl. data). 

The number of owl species known to be vulnerable to electrocution has more than 
tripled since 1981. Records are now available for the long-eared owl (Asio otus) (Idaho 
Power Co., unpubl. data), eastern screech-owl (Otus asio) (Idaho Power Co., unpubl. data), 
western screech-owl (Otus kennicottii) (Harness 1996), bam owl (Tyto alba) (Williams and 
Colson 1989), and the great gray owl (Strix nebulosa) (Harness 1996). 

The species listed above appeared in electrocution records in low numbers (generally 
less than five records each). However, the Harris' hawk appears to be electrocuted in sur
prisingly high numbers. Eight cases of electrocution were reported by Whaley (1986) in the 
Sonoran Desert of southern Arizona, but the author felt that many additional electrocutions 
probably were unreported. A higher incidence of electrocution in Harris' hawks was 
confirmed by Dawson and Mannan (1994). In an urban population in and near Tucson, 
Arizona, 112 (63%) of 177 mortalities with known causes were due to electrocution between 
1990 and 1993. An additional 44 deaths were probably due to electrocution. Electrocutions 
typically occurred on residential power lines and transformers. 

During the 1980's and early 1990's, additional electrocution records were found for 
many species that were known in 1981 to be vulnerable. In the Klamath Basin of Oregon and 
California (mentioned above), 66 golden eagles were found electrocuted between 1986 and 
1992 (PacifiCorp, unpubl. data). In Montana, 32 golden eagle mortalities were confirmed 
from 1980 to 1985 (O'Neil 1988). In Nebraska, an estimated 500 raptors, mostly eagles, died 
of electrocution each year during a 6-year study (U.S. Fish and Wildl. Servo 1988). 
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Buteos have also continued to appear in electrocution records during the 1980's and 
1990's. In California, Estep (1989) reported that 28 unidentified raptors found electrocuted on 
wind energy farms in central California between 1984-1988 were probably Buteos. These 
birds represented 78% of the electrocution mortalities confirmed during that study. However, 
most raptor mortalities in that study were due to collisions with wind turbine blades (see also 
Orloff and Flannery 1993). Southern California Edison records indicate that red-tailed hawks 
constitute about 90% of electrocuted raptors found along their distribution lines (D. Pearson, 
Southern California Edison, pers. comm.). 

ELECTROCUTION ISSUES OUTSIDE NORTH AMERICA 

The raptor electrocution problem has received close attention in North America for 
25 years, and a great deal of information is available on the subject. For this reason, the 1996 
Suggested Practices focuses on raptor electrocution problems on this continent. Information 
about raptor electrocution elsewhere in the world was more difficult to obtain. During the 
1995-1996 literature review, extensive information about electrocution of raptors and raptor 
use of power lines was found only for South Africa and a few countries in Europe. Scattered 
references were found for Russia, other parts of Africa, and South America. Evidence from 
this literature suggests that electrocution is a limiting factor in some raptor popUlations, and 
has been an important factor in some popll!ation declines. 

South Africa has been aware of the electrocution problem since at least 1970. Markus 
(1972) found 148 Cape vultures (Gyps coprotheres) electrocuted by a single 88-kY power line 
in the eastern Cape Province over a 2-year period. Five years later, over 300 electrocuted 
Cape vultures had been found below this line (Ledger and Annegam 1981). The Cape vulture 
is electrocuted probably more than any other raptor species in South Africa, and is now 
considered to be a threatened species in that country. Ledger (1980) argued that electrocution, 
along with a variety of other human-caused factors, has caused the species' decline. Ledger et 
at. (1993) also discussed increasing concerns about electrocutions of other species, including 
the Martial eagle (Polemactus bellicosus) and black eagle (Aquila vereauxii). These species 
are highly vulnerable to electrocution on farms in rural areas where terminal power poles 
supply electricity to water pumps and other farm equipment. Also in Africa, Nikolaus (1984) 
suggested that electrocutions of the Egyptian vulture (Neophron pemopterus) along a single 
electrical line over a 20-year period may be responsible for the decline of that species near 
Khartoum, Sudan. 

Extensive work has also been done on the electrocution problem in Spain since 
Garzon (1977) reported that electrocution is a primary source of raptor mortality in that 
country. Fernandez and Insausti (1990) report that electrocution and shooting are the main 
causes of mortality in Bonnelli's eagle (Hieraaetus Jasciatus) in the northeastern part of the 
country. Numerous studies have identified electrocution as the primary cause of mortality (up 
to 69% of known deaths) for the Spanish imperial eagle (Aquila heliaca) in Donana National 
Park in Spain (Ferrer and de la Riva 1987; Meyburg 1989; Ferrar et al. 1991; Ferrer and 
Hiraldo 1991, 1992). The park is one of the last strongholds for this critically endangered 
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species. Ferrar et at. (1991) also estimated that over 400 raptors of 13 species were 
electrocuted each year (1982 and 1983) along a single 100-km (62.5-mi.) power line that 
passes through the park. The line in question runs for 300 km (187.5 mi.) through 
southwestern Spain. Approximately 70% of the mortalities were adults electrocuted during 
the breeding period. The author concluded that electrocutions were seriously affecting these 
raptor populations. 

Elsewhere in Europe, 14 diurnal raptor species (530 individuals) and 5 nocturnal 
raptor species (62 individuals) were found beneath power lines in West Germany, all apparent 
victims of electrocution (Haa 1980). Electrocution of eagle owls (Bubo bubo) was such a 
serious problem that the population was considered jeopardized. Herren (1969) made similar 
comments regarding eagle owls in Switzerland, and felt that utility lines were responsible for 
extirpations of these owls from the greater part of their range. A survey of 175 Norwegian 
power companies conducted by Bevanger (1994) indicated that 73% of the respondents 
believed that their systems contained installations that caused particularly frequent raptor 
electrocutions. The World Working Group on Birds of Prey (1991) suggested that electro
cution was the second greatest threat to raptor conservation in Czechoslovakia, next to nest 
robbing. Kaiser (1970) found that all but a few single-pole breakdowns with unknown causes 
throughout Europe could be traced to the excrement streams of common buzzards (Buteo 
buteo) perched on the poles, but did not discuss the proportions that were electrocuted or the 
potential impacts on buzzard populations. 

THE OUTLOOK 

In 1996, it is important to recognize that progress has been made in the effort to reduce 
raptor electrocution on power lines. For example, many electric utility companies in the 
United States have adopted or participated in raptor enhancement or protection programs. 
Fifty-eight of 88 respondents to a mail survey of electric utilities indicated that their organi
zations worked cooperatively on raptor enhancement programs (Blue 1996). Today, raptor 
protection measures are mandated as part of permitting and licensing requirements by most 
federal agencies in the U.S. In 1982, the BLM incorporated requirements for raptor protection 
on power lines into the Bureau's operations manual (Olendorff et at. 1989, Olendorff and 
Kochert 1992). The manual covers both modifications of existing lines and proposed lines on 
public lands administered by the BLM. The Federal Energy Regulatory Commission (FERC) 
routinely includes special articles mandating raptor protection in its licenses for the construc
tion and operation of hydroelectric projects (Federal Energy Regulatory Commission 1992). 

Nevertheless, raptor electrocutions continue today. Thousands of kilometers of new 
power lines will inevitably be built in the future , and many more kilometers of existing lines 
will continue to electrocute raptors. In the future, electrocution problems probably will be 
most severe on those continents that contain large, expanding human populations (Africa, 
South America, and Asia) (Bevanger 1994). Given the serious social, environmental, and 
economic crises facing much of Africa, it is unlikely that the prevention of electrocutions of 
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birds of prey will be a high priority for utility managers on that continent (Ledger et al. 1993). 
This will likely be the case in the remainder of the developing world. 

The challenge facing raptor conservation efforts in 1981 remains today: that of raising 
global awareness of the raptor electrocution problem and its solutions. Of particular impor
tance is the incorporation of raptor-safe construction techniques (see Chapter IV) during the 
design phase of future distribution systems. Much work also remains to be completed in 
retrofitting existing lines, both inside and outside the U.S. The authors hope that the 1996 
Suggested Practices will promote an awareness of the electrocution problem throughout the 
world. 
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CHAPTER III 

BIOLOGICAL ASPECTS OF RAPTOR ELECTROCUTION 

This chapter identifies the causes of raptor electrocution on power lines, 
and focuses on biological factors that predispose rap tors to electrocution. 
Minimizing electrocution risks requires some understanding of raptor 
biology and the environmental factors that increase risk behavior. 

Raptors are electrocuted by power lines because of two principal factors. First, raptor 
are opportunistic, and are attracted to power lines for many reasons. Power poles and towers 
provide perches for hunting, resting, feeding, and territorial defense. Raptors use power-line 
structures to sun themselves, find shade, and sense air currents. Many species also use power
line structures as nesting substrates, and in many areas power lines have provided benefits to 
raptors where they did not previously exist (see Chapter V). Second, many designs of electric 
industry hardware place conductors and groundwires close enough together that raptors can 
touch them simultaneously with their wings or other body parts, causing electrocution (see 
Chapter IV). 

Of the 31 species of diurnal raptors and 19 species of owls that regularly breed in 
North America (Johnsgard 1988, 1990),26 have been reported as electrocution victims. 
Electrocution risk depends on the specific habitat requirements, behavioral patterns, and prey 
of each species. Some species are more prone to electrocution because they are large and can 
easily span the distance between conductors; others because they live in areas lacking natural 
perches. Age, experience, weather, and time of year also affect the susceptibility of raptors to 
electrocution. 

SUSCEPTIBILITY OF RAPTORS TO ELECTROCUTION: SPECIES 
DIFFERENCES 

Forest-dwelling raptors (accipiters)--the sharp-shinned hawk (Accipiter striatu ), 
Cooper's hawk, and northern goshawk--are rarely found in electrocution records. Of 971 
combined electrocution records from 3 studies in the western U.S. (O'Neil 1988; Harness 
1996; Idaho Power Co., unpubl. data), only 3 were northern goshawks, and one was a 
Cooper's hawk. Forested areas generally have fewer reported raptor electrocutions than 
parklands, shrublands, and grasslands (Switzer 1977, Benson 1981). Because natural perches 
are abundant in forested areas, accipiters are more likely to perch in trees than on the 
relatively exposed perches provided by electric transmission and distribution facilities . 
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Ground-nesting raptors such as the northern harrier (Circus cyaneus) and short-eared 
owl also are electrocuted infrequently, but a few records exist (Pendleton 1978; Benson 1980, 
1981; Harness 1996; Idaho Power Co., unpub!' data). There are no known electrocution 
records for the burrowing owl (Athene cunicularia). These raptors typically hunt while in 
flight and perch on or near the ground (Johnsgard 1988, 1990); thus, they are less exposed to 
electrocution risks than other species. 

Other owl species appear in electrocution records in low numbers. The great homed 
owl is the most commonly electrocuted nocturnal raptor, though numbers usually are low in 
comparison to many diurnal species. Only 2 great homed owl electrocution deaths were 
found out of 207 known electrocution mortalities in Saskatchewan (Gi llard 1977); 4 of 113 
mortalities in Idaho between 1972 and 1979 were great homed owls (Ansell and Smith 1980). 
Low numbers of this species in electrocution records were also reported by Stewart (1969), 
Houston (1978), Benson (1981), and Harmata (1991). O'Neil (1988) reported the highest 
incidence of great homed owl electrocutions in Montana: 12 (24%) of 50 records. Harness 
(1996) reported that 32 (18%) of 173 electrocution records identified to species were great 
homed owls. 

No records were found for most forest-dwelling owls such as the spotted owl (Strix 
occidentalis) and barred owl (Strix varia), and only 2 of 301 electrocution records reported for 
4 western states were great gray owls (Harness 1996). Records for the snowy owls (Nyctea 
scandiaca) were also uncommon (Parmalee 1972, Gillard 1977). This species is found 
primarily in remote arctic regions lacking power-line structures. Only one record was found 
for the barn owl (Williams and Colson 1989). 

Small species (e.g., the American kestrel, merlin, screech-owls, and most kites) with 
wingspans below 100 cm (39+ in.) (Clark and Wheeler 1987) generally cannot span the dis
tance between two electric conductors, even with outstretched wings (see Figure 1 for an 
illustration of raptor wingspans).4 However, electrocution of smaller raptors is probably 
underestimated because they are not as noticeable and because mammalian predators may 
carry off or consume small raptors before they are found. Small raptors probably are more at 
risk on poles with transformers where element spacing is commonly only centimeters or 
inches (Idaho Power Co., unpubl data). 

Large size is by far the most crucial factor that makes certain raptor species susceptible 
to electrocution. The likelihood of spanning conductors with outstretched wings or other body 
parts is much greater for large birds. However, large size alone cannot account for the high 
incidence of electrocution among some species. Only one electrocution death has been 
recorded for the California condor, the largest North American raptor (R. Mesta, U.S. Fish 
and Wild!. Serv., pers. comm.), and few records are available for the large falcons--gyrfalcon 
(Falco rusticolus), peregrine falcon, and prairie falcon (Falco mexicanus). Only one case was 
found of an electrocuted gyrfalcon: a trained bird belonging to a falconer (Chindgren 1980). 

4 See Clark and Wheeler (1987) for comprehensive data on wing spans of all species. 
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As mentioned previously, peregrine falcon electrocutions near North American release sites 
have occurred on a few occasions (Cade and Dague 1977, Burnham 1982, McDonnell and 
Levesque 1987). Benson (1981), Harmata (1991), Harness (1996), and Idaho Power 
Company (unpub\. data) have reported a total of seven electrocution deaths of prairie falcons. 

Records of osprey (Pandion haliaetus) electrocutions are also surprisingly rare, 
considering how often the species nests on power poles (see Chapter V). Poole and Agler 
(1987) reported that less than 4% of 451 banded ospreys recovered between 1972-1984 died 
of electrocution, in collisions with power lines and TV/radio towers, and in entanglements 
with fishing nets. Additional electrocution mortalities of osprey have been documented by 
Dunstan (1967, 1968), Yager (1978), Fulton (1984), Harness (1996), and the Idaho Power 
Company (unpub\. data) (a total of 28 deaths). 

Buteos (large soaring hawks) make up the largest non-eagle group of power-line 
electrocutions. Combined electrocution mortality of the red-tailed hawk, rough-legged hawk 
(Buteo lagopus), ferruginous hawk (Buteo regalis), and Swainson's hawk (Buteo swain onii) 
has ranged between 8 and 15% of reported electrocutions in a number of studies (e.g., Ansell 
and Smith 1980, Peacock 1980, Benson 1981 , O'Neil 1988). Except for the Swainson's hawk, 
these species winter extensively in open prairies and shrub-steppe deserts of western North 
America and commonly perch on power poles and transmission towers. All but the rough
legged hawk also nest in the region. Records of electrocution for southwestern Buteos and 
related species are rare. Only one record was found for the common black-hawk (Schnell 
1980). 

In the majority of studies conducted in the western United States, most reported raptor 
mortali ties were eagles (e.g., Olendorff 1972a, Boeker and Nickerson 1975, Ansell and Smith 
1980, Peacock 1980, Benson 1981). The relati ve proportion of bald eagle deaths among all 
species reported typically has ranged from about 1 to 10%: 

• U.S. Fish and Wild\. Servo (1983) 

• Wood et a\. (1990) 

• Boeker (1972) 

• Peacock (1980) 

• Ansell and Smith (1980) 

• Idaho Power Co. (unpub\. data) 

9.9% (n=754) 

9.1 % (n= 1 ,428) 

5.0% (n=300) 

4.6% (n=133) 

1.7% (n=91) 

1.2% (n=620). 

Golden eagles are electrocuted more often than any other North American raptor. The 
proportion of golden eagles electrocuted among all species reported has ranged in a variety of 
studies from 51-93%: 

• Smith and Murphy (1972) 

• Boeker and Nickerson (1975) 
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• Olendorff (1 972a) 

• O'Neil (1988) 

• Idaho Power Co. (unpub!' data) 

89% (n=19) 

55% (n=58) 

51 % (n=620). 

Clearly, electrocution is a major cause of mortality for golden eagles. Of 375 golden 
eagle mortalities (with known causes) found between 1980 and 1984 along power lines in the 
western United States, 300 (80%) were caused by electrocution (Phillips 1986). Kochert 
(1973) reported that 65% of 26 mortalities with known causes in the Snake River Birds of 
Prey Natural Area in southern Idaho were due to electrocution. Other mortality factors 
included shooting, impact injuries, and disease. The preponderance of golden eagle deaths in 
electrocution studies suggests that we can learn a great deal about the biological aspects of 
electrocution from this one species. 

GOLDEN EAGLES AND ELECTROCUTION 

SIZE 

Golden eagles are very large birds (Figure 2). The maximum wingspan of a female 
golden eagle is 2.3 meters (m) (7.5 feet [ft.]); that of a male 1.8 m (6 ft.) (Brown and Amadon 
1968, Clark and Wheeler 1987). Tails are up to 33.0 cm (13 in.) long, and extend 25.4 cm 
(10 in.) below the top of a perch. 

The fleshy parts of the body that can make direct contact with electric wires include 
the feet, mouth, beak, and the wrists (flesh end of wings) to which the primary feathers are 
attached (Figure 2). A perched eagle can reach out 17.8 cm (7 in.) with its beak and touch a 
wire or grounded crossarm brace at perch level. For a large female, the effective reach from 
the fleshy tip of one wrist to the tip of the other is 137.2 cm (54 in.): i.e., 91.4 cm (36 in.) less 
than the total wingspread, including the primary feathers. These distances are important when 
considering phase-to-phase or phase-to-ground separations of power lines and the suscepti
bility of eagles to electrocution (see Chapter IV). 

DISTRIBUTION AND HABITAT USE 

The golden eagle is one of the most widely distributed eagles in the world (Brown and 
Amadon 1968). The species' success is a result of its adaptability to numerous nesting 
habitats. In North America, only a few eagles nest in the forested regions of the East, but the 
West supports thousands of golden eagles (Harlow and Bloom 1989). The species is most 
common in the shrub-steppe habitats and prairies of the Intermountain West, but also occurs 
in tundra, desert, and mountainous settings from Alaska to Mexico. A characteristic of many 
of these landscapes is the lack of natural perches. Not surprisingly, golden eagle mortalities 
are reported most frequently from western states in the Great Basin or on the Great Plains, 
where forests and natural perches are lacking (Benson 1981). 
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SEASONAL PATTERNS AND WEATHER EFFECTS 

Electrocution risk of golden eagles also varies with season. Many golden eagle 
mortalities along power lines (nearly 80% in the Benson 1981 study) occur during the winter. 
Inclement winter weather (particularly rain, snow, and wind) increases the susceptibility of 
raptors to electrocution: wet feathers increase conductivity, and immatures and subadults are 
less adept at landing on power poles in the wind. Other factors are also involved: e.g., the 
attraction of eagles to high seasonal prey concentrations (which may, coincidentally, occur 
near dangerous lines) and the hunting strategy of "still hunting" from poles, compared to 
hunting in flight. Adults probably hunt from perches more during the winter than at other 
times of the year (because energy demands are greater); thus, they are at greater risk of 
electrocution during this period. 

Most eagle electrocutions are caused by simultaneous skin-to-skin, foot-to-skin, and 
beak-to-skin contacts with two conductors or a conductor and a ground (e.g., groundwires, 
lightning arrestors, and grounded metal crossarm braces; see Chapter IV and the Glossary). 
Experiments to determine the conductivity of a live eagle by attaching electrodes to the skin of 
the wing joints and the toes were conducted by Nelson (l979b, 1980b). Although lethal 
vol tages and currents were not determined, these experiments demonstrated that, at 280 volts 
and a current of 6.3 milliamperes, the eagle's respiration increased. At 400 to 500 volts and a 
current range of 9 to 12 milliamperes, the eagle convulsed. Wet feathers burned at 5,000 to 
7,000 volts, but there was no measurable current through a dry feather at 70,000 volts. Skin
to-skin contacts were on the order of ten times more dangerous than contacts between a wet 
eagle and two conductors, and about 100 times more dangerous than contacts between 
conductors and dry feathers. 

Thus, feather-wetting is a critical factor in raptor electrocutions. A dry feather is 
almost as good an insulator as air, but a wet feather demonstrably increases conductivity. 
Major conclusions from Nelson (l979b, 1980b) were as follows: 

1) For voltages of up to 70,000 volts and with electrodes at least 17.8 cm (7 in.), 
apart, there is no measurable current flow (no conductivity) through a dry feather. 

2) There is little or no possibility of electrocution of dry eagles from wing-tip contacts 
with two electric conductors. 

3) Wet feathers conduct current more readily than dry ones, and become capable of 
conducting amperages dangerous to eagles starting at about 5,000 volts. 

4) The hazard to wet birds is much greater than that to dry ones, and is increased even 
more because, when wet, the birds lose some flight capability and control. 

The amount of current conducted through wet feathers also depended on the concentration of 
salts and minerals in the water: increased electrolyte content resulted in increased 
conductivity. Feather-wetting further increased danger because it elicited wing-spreading 
behavior in the birds studied (Nelson 1979b), presumably to dry the feathers. Thus, if wet 

21 PC ORIGINAL PKG



eagles roost on distribution poles at night, or fly to poles after leaving other roost sites, 
electrocution risk is acute. 

Finally, the direction of the prevailing wind relative to the crossarm is also an 
important factor. Poles with crossarms perpendicular to the prevailing winds produced fewer 
eagle mortalities (Boeker 1972; Nelson and Nelson 1976, 1977). About half as many birds 
were found below poles with crossarms perpendicular to the wind, as under poles with 
crossarrns diagonal or parallel to the wind (Benson 1981). This difference was probably 
related to the effect of wind on the ability of immature and subadult eagles to land on poles 
without touching energized parts. 

SUSCEPTIBILITY OF ADULTS VS. IMMATURES 

In the following studies, most golden eagle mortalities along power lines were 
immature or subadult birds: 

• Benson (1981) 

• Boeker and Nickerson (1975) 

94.2% (n=52) 

90.0% (n=419). 

The proportion of immature and subadult eagles in the general population, however, is usually 
below 40%: 

• Edwards (1969) 

• Boeker and Ray (1971) 

• u.s. Bur. Land Manage. (1980) 

• Wrakestraw (1973) 

39.4% (n=450) 

33.7% (n=799) 

33.7% (n=335) 

29.7% (n=6,383). 

Susceptibility of immature golden eagles to electrocution involves several factors, but 
none seems more important than flying and hunting experience. Inexperienced birds may be 
less adept at landings and take-offs, and thus at greater risk. Inexperience also may affect how 
immature birds hunt. lmmatures generally learn to fly and to hunt from a perch, particularly 
in flat country, where updrafts are less common. Learning to fly involves frequent short 
flights from perch to perch. The first attempts to kill involve frequent changes of perches 
following unsuccessful chases. One immature golden eagle was observed making over 20 
unsuccessful hunting sorties after cottontails (Sylvilagus spp.) from a distribution line (Benson 
1981). Had the line been unsafe for eagles and weather conditions poor, that eagle could 
easily have been electrocuted. 

Hundreds of hours of actual observations and analysis of slow-motion, 16-mm movies 
made by Morlan Nelson in the early 1970's demonstrated that immature eagles are less adept 
at maneuvering than adults, especially when landing and taking off from electric distribution 
lines (Nelson 1979b, 1980b; Nelson and Nelson 1976, 1977). Trained golden eagles were 
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filmed landing on unenergized, mockup power poles of various configurations in both calm 
and inclement weather. The eagles did not perch on wires (conductors) and seldom perched 
on pole-top porcelain insulators, which tend to be too small or too smooth and slick for 
comfortable gripping. Instead, they used the firmer footing of pole tops and crossarms. When 
an adult eagle approached a three-wire power pole crossarm, for instance, the bird usually 
came in under the outside wire, swung up between wires with wings folded, and stalled out 
onto the perch. The landing, when made into a headwind, was skilled and graceful, with very 
little wing flapping. 

Irnmatures, by contrast, often tried to settle onto a crossarm from above, using out
stretched wings to brake their descent. They sometimes approached diagonally, flew to the 
highest point--perhaps an insulator--and tried to land. The birds often slipped off the insulator 
or tried in midflight to change to the crossarm, maneuvers accomplished by much wing 
flapping. The risk of electrocution under these circumstances is clear. Sometimes, immature 
birds began corrective action at some distance from the poles, particularly when the approach 
was too swift or at the wrong angle. If they came in parallel to the lines, they often settled 
down across two conductors or tried to fly up between the conductors. Again, the risk is 
acute. 

During landing, immature birds caught the wires of the dummy poles between their 
outer primaries deep enough to make skin-to-skin contact near the wrist. Contact also 
occurred occasionally on downward wing beats during take-offs. On energized lines, touch
ing any two phase wires or a phase and a ground with fleshy parts of the body or with wet 
feathers can result in electrocution. 

HABITAT USE, PREY TYPE, AND PREFERRED POLES OR AREAS 

Golden eagles use power poles as hunting perches, a key factor increasing 
vulnerability to electrocution. Still-hunting conserves energy, provided good prey habitat is 
within an eagle's view from the perch. Eagles tend to use particular "preferred poles" that 
apparently facilitate hunting success. These typically provide good elevation above the 
surrounding terrain, a wide field of vision, and easy take-off (Boeker 1972; Boeker and 
Nickerson 1975; Nelson and Nelson 1976, 1977; Benson 1981). When the design of preferred 
poles is not safe for eagles, many electrocutions can occur. Researchers have found up to 
eight eagle carcasses or skeletons under a single pole (Dickinson 1957; Benton and Dickinson 
1966; Edwards 1969; Olendorff 1972a; Nelson and Nelson 1976, 1977). 

Benson (1981) confirmed that perch height above the surrounding terrain was 
important to the frequency of eagle electrocution. Actual height-above-ground of electric 
distribution poles on which eagles were electrocuted did not differ much from those on which 
they were not: pole height generally varies only 1.2 to 3.0 m (4 to 10 ft). However, poles that 
provided the greatest height above the surrounding terrain, e.g., those on bluffs and knolls, 
had a higher probability of causing electrocutions. 
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Habitat diversity plays an important part in pole preference. In one study (Pearson 
1979), raptors used poles in heterogeneous environments more often than those in homogen
eous environments. In fact, increased habitat diversity is only an indirect cause of increased 
use. A more direct reason is the increase in prey types and density of prey typical of greater 
habitat diversity. It is reasonable to expect that eagles will spend more time hunting in areas 
that offer a greater chance of a successful capture. It is also reasonable to expect that one pole 
will receive no more use than the next in uniform habitats, other factors notwithstanding 
(Ansell and Smith 1980). The "preferred pole" concept therefore may not apply when 
addressing an electrocution problem in homogeneous habitats ("preferred areas"). All poles 
should be considered in terms of proximity to prey. 

Choice of prey can also influence electrocution risk. Benson (1981) found highly 
significant differences both in eagle use and eagle mortalities along electric distribution lines 
in agricultural versus non-agricultural areas in six western states. More use and many more 
mortalities occurred in native shrublands, primarily because of variations in rabbit distribution 
and availability. In particular, more golden eagles were electrocuted where cottontails 
occurred than where only jack rabbits (Lepus spp.) occurred. In jack rabbit habitat, about 14% 
of poles had raptor carcasses under them, compared to nearly 37% in cottontail habitat. 
Where both cottontails and jack rabbits were present, about 22% of poles had raptor carcasses 
under them. The most lethal 25% of the lines studied were in sagebrush-dominated areas 
where both types of rabbits occurred in large numbers. No correlation was found between 
rodent population densities and the incidence of raptor electrocutions. 

Benson (1981) attributed differences in electrocution risk of adult and immature birds 
to the fact that aerial hunting (as opposed to still-hunting from a perch) was the principal 
tactic used by adults to capture for jack rabbits. Catching jack rabbits with any consistency 
requires experience and tenacity in long, cross-country chases initiated in flight. Adults 
generally have such experience. Young birds, by contrast, find more success in pouncing on 
cottontails or other prey from stationary perches such as power poles. Thus, they are more 
exposed to electrocution risk. 

The attraction of eagles to areas of high rabbit populations and associated electrocution 
risk was also noted by Olendorff (1972a) near the Pawnee National Grassland in Colorado. 
Kochert (1980) concluded that the incidence of eagle electrocutions in the Snake River Birds 
of Prey Area in southwestern Idaho was a function of mid-winter eagle density, strongly 
related in tum to the density of jack rabbits. Jack rabbits in southwestern Idaho occur at 
highest densities in native shrublands (Smith and Nydegger 1985); accordingly, more eagles 
are electrocuted in such habitats when power lines are present. 
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NESTING AND ELECTROCUTION 

Several additional factors make raptors susceptible to electrocution. Because many 
raptor species inhabit shrublands and plains where natural substrates such as trees and cliffs 
are limited, the birds exploit power poles and transmission tower as nest sites. (Chapter V 
presents solutions to this potential problem.) Nesting along power lines can place adults and 
fledglings, which are the same size as adults, at risk. For instance, Benson (1981) found that 
nearly 46% of red-tailed hawk electrocutions occurred during courtship and nesting. Most of 
the e birds were adults. Benson also noted that nearly 30% of the hawks electrocuted during 
the late spring and early summer were fledglings. Dawson and Mannon (1994) reported that 
41 (37%) of 112 electrocuted Harris' hawks in southern Arizona were birds that had recently 
fledged. A young Swainson's hawk was found electrocuted in south-central Washington soon 
after it fledged (Fitzner 1978), and two fledgling great homed owls were found electrocuted 
near nests in Saskatchewan (Gillard 1977). 

Several instances of electrocution of birds carrying prey or nest material have been 
reported. A dangling prey item can help span the gap between conductors or between a 
conductor and a groundwire, electrocuting a bird returning to the nest (Switzer 1977, Fitzner 
1978). A young great homed owl was found electrocuted, with a freshly killed snowshoe hare 
(Lepus american us) lying nearby (Gillard 1977). Similar incidents were noted by Brady 
(1969) and Hardy (1970). Two adult red-tailed hawks were electrocuted at separate nests in 
Wyoming, possibly while carrying nesting material (Benson 1981), and ospreys have been 
electrocuted when carrying seaweed (New York Times 1951) and barbed wire (Electric Meter 
1953) to their nests. Nests and nestlings can also be destroyed if nesting material lies across 
conductors, resulting in a flashover and fire (Vanderburgh 1993). 

During the nesting period, birds often engage in courtship and territorial defense. 
During such displays, raptors often link together talon to talon, greatly increasing their effec
tive wingspans. If these activities take place near a power line, the birds may be electrocuted. 
For example, a pair of electrocuted eagles was found below a pole, the talons of each bird 
imbedded in the breast of the other (Benson 1981). Although this may have been caused by 
convulsive action at the time of electrocution, it is likely that a territorial encounter or an 
attempted food theft initiated the incident. 

In summary, golden eagles and other raptors are opportunists and seek prey concen
trations as well as perches from which to hunt. Their susceptibility to electrocution on 
improperly designed power lines is correspondingly high. This biological susceptibility to 
electrocution, coupled with overall size, maximizes the danger, particularly on those poles 
with crossarms parallel to the prevailing wind, with a broad view of surrounding habitat, 
during inclement weather. Electrocution risk also occurs during nesting activities and from 
the nesting materials themselves, when they come into contact with energized surfaces. 
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CHAPTER IV 

SUGGESTED PRACTICES: POWER-LINE DESIGN 
AND RAPTOR SAFETY 

This chapter provides the reader with the background necessary to under
stand raptor electrocution from the engineering perspective: the 
construction and design of power facilities. It suggests alternative ways to 
retrofit existing facilities and to design new or rebuilt "raptor-safe" facilities 
to minimize or eliminate raptor electrocution. 

As communities grow, the demand for electric energy increases. More lines must be 
built to bring power to those populated areas. The more miles of line, the greater the potential 
for interaction with raptors. 

Biologists and planners must have a ba ic understanding of power systems, power-line 
designs, and related terminology to identify and implement solutions to the raptor 
electrocution problem. The sections below provide some necessary background about North 
American power lines, their designs, and the characteristics that make them raptor-hazardous 
or raptor-safe. A glossary of terms is also provided in Appendix A. 

TERMINOLOGY 

DISTINCTIONS BETWEEN TRANSMISSION AND DISTRIBUTION LINES 

Power lines are rated and categorized by the voltage levels at which they are energized. 
Industry standards use kilovolt (kV) for each 1000 volts. Lines of greater than 69,000 volts 
(69-kV) are designed to transmit large blocks of energy long distances to load centers for 
di tribution to various customers. In this report, these are called transmission lines. 
However, the distinction between transmission and distribution lines varies from company to 
company and country to country. In the United States, voltages between 69-kV and 11S-kV 
are practically nonexistent, while in South Africa, transmission voltages of 88-kV are 
frequently used. 

The voltage rating of a transmission line depends on the utility's existing transmission 
system voltages, interconnections with other utilities, potential delivery points, and the 
amount of power that must be transmitted to meet a specific load requirement. As voltages 
increase, the amount of power that can be transmitted increases rapidly. Various line design 
parameters 
(such as conductor size and configuration, spacing, and the number of conductors per phase 
["bundling" of conductors]) allow for different levels of power capacity. 
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Lines of 69 kV or less are used to serve residential cu tomers, offices, industrial 
complexes, and agricultural developments. In thi s report, they are referred to as distribution 
lines. Once the lines reach the residential or industrial complexes, voltage is reduced to 
115 volts, 208 volts, 220 volts, and 480 volts. 

SINGLE- AND THREE-PHASE SYSTEMS 

The term "phase" technically describes the mathematical relationship between the 
electrical characteristics of different electrical systems. In electrical engineering, the term 
"phase" has several significant meanings; however, for this report, it is used to mean an 
energized electrical conductor. 

Alternating current (AC) is used for the distribution and transmission of electrical 
energy because it can be generated and transformed at significantly lower costs than if direct 
current (DC) were used. Although there are some high-voltage DC lines in existence, the 
termination and transformation equipment needed is massive and very expensive. This report, 
therefore, focuses exclusively on AC systems. 

Single-phase systems are used for distribution lines only. They are built with two 
conductors, one energized (phase) and one neutral (grounded) conductor. Single-phase 
systems offer about one-third the capacity of three-phase systems, and are not adaptable for 
general power purposes because single-pha e motors have design and manufacturing 
limitations that keep the motors at 10 horsepower or less. 

Three-pha e systems are used for both distribution and transmission lines. Trans
mission lines are always three-phase systems; they have three energized conductors (more if 
bundled), and may have one or two overhead groundwires for lightning protection. Distri
bution lines can have three or four conductors, with three phases only or three phases and one 
neutral (grounded) conductor. The neutral conductor can be placed on the top of the pole and 
used for lightning protection, or it can be placed below the three phases for the neutral 
connections needed to complete the electrical configuration. 

All transmission and distribution lines and the associated electrical equipment must 
have certain protection from people and the elements. The terms used for protective equip
ment are similar to those used for equipment in the normal residence today (e.g., switches, 
lightning arresters, and circuit breakers). See Appendix A (Glossary) for more information. 

28 PC ORIGINAL PKG



RAPTOR ELECTROCUTIONS AND POWER-LINE DESIGN 

Raptor electrocution by power lines is a combination of factors: biological (Chapter 
ill) and electrical/design, primarily as a consequence of the physical spacing of components. 
With an understanding of how power lines electrocute birds, the utility can select designs that 
are raptor-safe, and avoid or mitigate those lines that are hazardous. Voltage, conductor 
spacing, and grounding practices are a particular concern; but so too are the more general 
constraint of the electric power industry, such as public safety, governed throughout the 
United State by the National Electrical Safety Code (NESC) (1993). The NESC sets forth in 
detail the minimum clearances for various voltage levels; safety factors for design of 
structures, conductors, and other power-line equipment; and safety factors to use in designing 
for maximum weather loading conditions (i.e., ice and wind loading) that could be 
experienced in certain areas around the United States. State and local governments also may 
have codes that govern power-line design and construction. Continued reference to NESC 
will imply compliance with such applicable safety and environmental regulations. 

Two design factors govern the relative safety of a line for raptors: 

1) phase conductors separated by less than the wingspread (flesh-to-flesh 
distance) of the bird that is landing, perching, or taking off; and 

2) a distance between grounded hardware (e.g., groundwires, metal braces, etc.) 
and an energized conductor (phase) that is less than the wingspread or the 
distance from the tip of the bill to the tip of the tail. 

A bird is electrocuted when it contacts two energized phases at the same time, or when it 
simultaneously contacts grounded hardware and an energized conductor. 

VOLTAGE 

Most lines that electrocute raptors are energized at voltage levels between 1 kV and 
69 kV. Benson (1981) found no significant difference in the number of raptor mortalities 
along lines carrying voltages in the lower portion of this range (12 to 23 kV) compared with 
the higher portion (34 to 69 kV). In South Africa, for example, Lawson and Wyndham (1993) 
found the following: 

• 80.4% of recorded events were electrocutions on 11-kV through 400-kV lines. 

• 82.6% of those events occurred on the 11-kV through 22-kV lines. 

• 17.4% of those events were recorded on the 66-kV to 400-kV lines. 

Total miles of line in existence at various kV ratings were not reported. Only in isolated cases 
have transmission lines (greater than 69-kV) electrocuted rap tors (Electricity Supply 
Commission of South Africa 1980; E. Colson, Colson and Associates, pers. comm.). A 
review of 558 Idaho Power Company electrocution records from 1972 - 1991 indicated only 
one incident, occurring on a 138-kV transmission line. The likelihood of electrocution is 
more closely related to line configuration than to voltage rating. 
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Very low voltage lines are not known to electrocute raptors. Principal examples of 
such lines are the numerous 480-volt lines that generally supply farming and oil industry 
equipment in Wyoming and other western states. The 480-volt lines are usually constructed 
below the higher-voltage distribution lines (underbuilt), and conductors are generally insulated 
with a covering that prevents contact with two bare conductors at the same time. No electro
cuted birds have been found under these lines, and Nelson (1979b, 1980b) demonstrated the 
non-lethal nature of such voltages during his conductivity studies. 

SPACING 

The voltage rating of a power line dictates conductor spacing and the clearance above 
ground. In accordance with the NESC, both the distance between conductors and the distance 
that the wires are hung above ground must be increased as voltages increase. With their lower 
voltages, distribution lines will therefore have shorter (and potentially more hazardous) 
distances between conductors and above ground than will transmission lines. 

Transmission conductors are generall y spaced 2.1 to 9. 1 m (7 to 30 ft.) apart, and are 
supported on poles or towers (structures) that range from 15.2 m to 36.6 m (50 ft. to 120 ft.) in 
height (Figure 3). The conductors will generally be kept at least 6.4 m (21 ft.) above ground 
at the lowest point of sag. Where a circuit is one three-phase system, one tower can 
accommodate more than one circuit (see the double-circuit tower in Figure 3). 

Distribution line conductors are generally spaced 0.6 to 1.8 m (2 to 6 ft.) apart, and are 
supported on 9.l- to 19.8-m (30- to 65-ft.) poles so that the conductors will be 7.6 to 10.7 m 
(25 to 35 ft.) above ground. As with transmission lines, distribution poles can accommodate 
more than one circuit for both single-phase and three-phase configurations (see Figures 4A 
and 4B). Because distribution spacings are less and are potentially more hazardous to raptors, 
the addition of wires, jumper wires, transformers, switches, grounding and other protective 
devices increases the potential for electrocution. 

BONDING AND GROUNDING 

Bonding is a practice of physically connecting all bolts, washers, insulator attachment 
connections, braces, and other hardware to a groundwire. The bonding drains off the leakage 
currents that are always present over insulators. Bonding is particularly necessary in contami
nated areas (industrial or coastal cities with salt in the air) where excessive leakage currents 
cause burning around bolts from moisture inherent in the center of the poles. Pole ground
wires (often referred to as downwires) are normally installed at each pole for worker and 
public safety, as well as to drain off leakage currents and static charges that are wind- and 
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Figure 3. Examples of high-voltage transmission structures . 
Dimensions will vary with utility's specifications. 
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weather-induced on conductors. For raptors, however, bonding provides another ground 
source that can lead to electrocution. 

SPECIFIC DESIGN PROBLEMS 

SINGLE-PHASE LINES 

In the early 1970's, most electrocuted eagles were found along two general types of 
pole lines: single-phase or three-phase (Olendorff et a!. 1981). Figure 5 shows the first type, a 
single-phase line. (Note that in this and subsequent figures, ground wires are shown in green, 
and energized wires in red.) With this configuration, the tail feathers of an eagle perching on 
the pole top could touch the groundwire or grounded insulator pin, while the eagle's breast or 
other body parts contact the phase conductor. Either tail feathers or feet could contact the 
grounded insulator pin, and the breast the phase conductor. An eagle's tail feathers may reach 
more than 25.4 cm (10 in.) below its perch, spanning the distance. The design in Figure 5 
killed 17 eagles in northeastern Colorado (Olendorff 1972a). 

Figure 6 shows another single-phase power line, where the overhead groundwire was 
mounted on top of the pole, while the energized conductor was supported on a 121.9-cm 
(48-in.) crossarm, 61.0 cm (24 in.) below the top of the pole. When the raptar tried to perch 
on the conductor end of the crossarm, the distance between the phase conductor and the 
ground was less than the wingspread, and the bird was electrocuted. Seventeen dead eagles 
were also found below such a configuration along a 24-km (I5-mi.) stretch of distribution line 
in central Wyoming in 1992 (PacifiCorp, un pub!, data). In both designs, phase-to-ground 
contact caused electrocutions. 

THREE-PHASE LINES 

The second hazardous design was a single-pole three-phase configuration (Figure 7). 
Crossarms of 1.8 or 2.4 m (6 or 8 ft.) are typically used for this configuration. They provide 
excellent perching opportunities on the crossarm between phases, but the phase spacing is 
insufficient (91.4 to 121.9 cm, or 36 to 48 in.) to prevent electrocution. Utility use of steel 
crossarm braces (grounded to prevent pole fires resulting from insulator leakage currents) 
increased hazards of electrocution. The practice resulted in a reduced ground-to-conductor 
separation. Although the REA specifications were changed in 1972 to increase conductor 
separation (REA Bulletin 61-10; see Appendix B), this design remains common today on 
poles constructed before 1972. As seen in Figure 7, the center phase is supported either with a 
pin attached to the pole top or on a pin next to the pole. In the latter case, the phases are 
closer together, and the hazard to rap tors increases. Three-phase lines proportionately kill 
more eagles than other raptor species (Harness 1996; PacifiCorp, Idaho Power Co., unpub!' 
data). 
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Figure 5. Problem single-phase configuration . 
(Refer to Figure 17 for recommended solution. ) 

~NEUTRAL CONDUCTOR 
(GROUNDED) 

Energ izer+-d -
Grounded --

35 PC ORIGINAL PKG



NEUTRAL ________ 

61.0 em (24" ) 

PHASE 
CONDUCTOR 

121.9 em 

( 48") 

Energ ized 
Grounded 

Figure 6. Problem single-phase c onfiguration with crossarm. 
(Refer to Figure 18 for recommended solution. ) 
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Other three-phase designs have also been found hazardous. The three-phase design 
shown in Figure 8 is generally safe for raptor perching (Olendorff et al. 1981). However, 
recent field observations (PacifiCorp, unpubl. data) have indicated that larger raptors may be 
electrocuted when flying in to perch on the short fibergl ass arms that support the phase 
conductors. 

Ferrer et al. (1991), in a study in Dofiana National Park in southwestern Spain, 
estimated that more than 400 raptors were electrocuted each year along a section of 16-kV 
line. The most hazardous configuration was a steel crossarm structure with the jumper wire 
supported on top of the arm, thus exposing the raptors to a lethal phase-to-ground condition 
(Figure 9). 

Figure 10 shows a three-phase design with a steel bayonet added as a lightning rod. 
This rod is grounded, but does not support an overhead groundwire between poles. Many 
raptors were electrocuted (phase-to-ground) when they attempted to land or perch on the 
crossarms. In one year, 69 raptor carcasses were recovered from a line of this configuration 
in southern Idaho (Idaho Power Co., unpubl. data). 

CORNER POLES 

Poles designed to accommodate directional changes in power lines (Figure 11) create 
hazards for perching raptors. On such poles, jumper wires are normally required to complete 
electrical connections, and the 106.7-cm (42-in.) or less spacing between conductors is 
insufficient to prevent electrocution. Grounded metal crossarm braces, guying attachments, 
and possible bonding wires also add to electrocution hazards. 

HORIZONTAL POST DESIGN 

This armless configuration is commonly used for 44-kV and 69-kV power lines 
(Figure 12). Conductors are mounted on horizontal post insulators that are usually 50.8 to 
68.7 cm (20 to 27 in.) long. In utility service areas subject to high lightning levels 
(isokeraunic levels, or lightning storm days), reliability of service is jeopardized. If lightning 
protection is justified, the power line must be designed with proper grounding and overhead 
groundwire protection. It is common practice to bond the bases of the post insulators with the 
groundwire. A raptor perching on the insulator wi ll be electrocuted when it comes in contact 
with the energized conductor and either the grounded insulator base or the bonding 
groundwire. From 1991 through 1993, more than 30 golden eagles were electrocuted along 
approximately 32 kIn (20 mi.) of this type of line in central Wyoming (PacifiCorp, unpubl. 
data). 
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Figure 8. Problem compact three-phase design. 
(Refer to Figures 33 & 34 for recommended increase in phase spacing .) 
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Figure 9. Problem design with grounded steel crossarm and exposed 
jumper wires used in Spain (see Ferrer et a1. 1991). 
(Refer to Figure 25 for recommended solution .) 
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Figure 10. Problem three-phase 69-kV design with grounded steel bayonet. 
(Refer to Figure 24 for recommended s olution .) 
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Figure 11. Problem three -phase distribution corner configuration. 
(Refer to Figures 26, 35 , & 36 for recommended solutions.) 
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WISHBONE CONFIGURATION 

The wishbone configuration (Figure 13) is commonly used for 34-kV to 69-kV 
distribution lines. The distance from the top phase to the lower arm can be less than 91.4 cm 
(36 in.), and presents an electrocution hazard when perching rap tors touch their heads to the 
energized conductor while their feet are in contact with bonding (grounded) hardware. Two 
conductors on one side of an underbuilt circuit may further increa e the hazards of phase-to
phase contact fo r perching raptor . 

PROBLEM TRANSMISSION DESIGNS 

Although transmission lines rarely electrocute raptors, there are a few exceptions. 
Figure 14 illustrates a "kite" design (the metal frame used to support the conductors is shaped 
like a kite) used in South Africa. This design has killed Cape vultures becau e of insufficient 
clearance between the groundwire on the crossarm and the center phase (Electricity Supply 
Commission of South Africa 1980). 

Two other cases of raptor deaths have occurred on double-circuit transmission tower 
designs with insufficient clearance for perching raptors from the grounded center cros arm 
brace to the top phase (E. Colson, Colson and As ociates, pers. comm.). This confi guration is 
also shown in Figure 14. 

TRANSFORMERS AND OTHER EQUIPMENT 

Poles with transformers, jumper wires, and other protective equipment (Figure 15) 
require special consideration because they are responsible for a disproportionate number of 
electrocutions. The wires, grounded hardware, switches, and lightning arresters on such poles 
are spaced closely together and create hazards for perching raptors. Lightning arresters are 
frequently used in conjunction with transformers for protection against lightning strikes. 
Fused cutouts are switches with fuses that burn out when current ratings are exceeded. 

If the line is located in an area of high lightning activity, an overhead groundwire is 
required. All electrical equipment such as transformers, switches, lightning arrester, and so 
on must have sufficient grounding to protect the equipment from damage. Protective 
equipment is installed at all substations and on distribution lines to assure compli ance with 
NESC requirements, and to protect all power system components (as well as the general 
public). Sufficient grounding usually reduces the spacing of phase and groundwi res and other 
grounded metal hardware or equipment. When raptors try to perch or land on this equipment, 
and phase-to-ground or phase-to-phase contact is made, they are electrocuted. Harness (1996) 
conducted a review of raptor electrocutions of REA uti lities in four states between 1986 and 
1995. Fifty-seven percent of confirmed electrocutions (n=240) were associated with 
transformers, while only 13-24% of the total poles in these areas were transformer poles. Less 
than 21 % of these transformers were three-pha e banks ( ee Figure 15), but they accounted for 
50% of all 
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Figure 13. Problem wishbone design with underbuild . 
(Refer to Figure 28 for recommended solution.) 
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(Refer to Figure 29 for recommended solution.) 
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transformer electrocutions (n=138). PacifiCorp (un pub\. data) reported that 33% of all eagle 
electrocutions (n= 165) between 1986 and 1994 were associated with transformers. Smaller 
raptors seemed even more vulnerable to transformers: 55% of hawk (n=64) and 64% of owl 
(n=50) electrocutions were associated with transformers. 

Many types of switches are used to sectionalize equipment for maintenance and also to 
separate the distribution system into segments during storms or emergency conditions (Figure 
16). A report from Germany (DIN VDE 0210/12.85,1991) indicates multiple raptor deaths 
(exact numbers not reported) on those energized lines and switches between 1 kV and 60 kV. 
Solutions to the problems encountered in Germany are very similar to those discussed below 
and involve guards, perches, conductor coverings, and the use of crossarms with the insulators 
in suspension so that the raptors can perch safely on the arm. 

SUGGESTED PRACTICES 

Suggested practices are discussed below as they apply to modification of existing 
facilities, and raptor-safe design of new facilities. Modification measures are methods of 
retrofitting existing lines to make the structure safer for raptors. Raptor-safe construction 
involves engineering designs for new or rebuilt lines 

Both standards are based on a required minimum spacing of 152.4 cm (60 in.) between 
phases or between phase and groundwires. This minimum was suggested by Morlan Nelson, 
based on filming and research in 1974. These dimensions are adequate to protect most birds 
under most conditions (Miller et al. 1975, Olendorff et al. 1981). However, there is still a 
greater chance of electrocution for wet birds. 

Both modification and raptor-safe construction approaches must be employed if raptor 
electrocutions are to be minimized. It is important to note that raptor-safe construction 
reduces the chance of raptor electrocution more effectively than retrofitting. We recommend 
that any new line construction in areas heavily used by raptors employ raptor-safe standards. 
We recognize, however, that, given the diversity of line designs and voltages used by power 
companies, across-the-board standards and guidelines are not practical. It is not realistic to 
expect to eliminate all hazards to perching birds; however, it is realistic to work proactively to 
reduce known and potential hazards. 

The following suggested practices relate primarily to distribution lines with l -kV to 
69-kV ratings, because lower-voltage lines (e.g., 480-V) are not known to electrocute raptors. 
Table 1 (page 78) provides a comprehensive list of measures and situations under which they 
most likely apply. 
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MODIFICATION OF EXISTING FACILITIES5 

In recommending the most appropriate remedial action for a particular problem, the 
following generalizations can be made: 

1) Older power lines built to past construction standards may represent serious threats 
to perching raptors. Such lines are generally characterized by unusually short 
crossarms, placement of groundwires near energized phases, and metal crossarm 
braces. 

2) The likelihood of electrocutions occurring at voltages greater than 69 kV is 
extremely low. Electrocution is a problem associated with distribution lines. 

3) Poles that are (1) preferred by raptors (see Chapter III) and (2) prove particularly 
lethal to raptors should be corrected first. 

4) Raptors may use all poles located in homogenous, high-density raptor habitat. In 
such a preferred area, all poles are possible threats. These areas should be 
monitored to detennine appropriate actions. 

5) Reports of electrocutions on distribution lines with standard crossarm construction 
should be evaluated closely to detennine the need for modification. Modifications 
are generally not recommended as a response to single electrocutions, which may be 
isolated events. Biologists should detennine whether multiple electrocutions are 
likely on a given pole or structure. Criteria could include documented findings of 
electrocuted birds near a pole, natural factors such as prey availability, terrain 
advantage, and/or consistent use of preferred poles for perching or still-hunting. If 
evidence of frequent use exists, the pole should be modified. If there is no such 
evidence, the pole should first be monitored (see Olendorff et al. 1981). 

6) Poles supporting additional electrical hardware (transfonners, switches, etc.) in 
raptor use areas are more likely to cause electrocution (Olendorff et al. 1981; Idaho 
Power Co., PacifiCorp, unpubl. data). 

7) The cost of modifying problem lines does not decrease for smaller raptors. 
Modification for small rap tors such as red-tailed hawks or prairie falcons costs the 
same as that for golden eagles because the largest modification expense is travel 
and labor. 

5 Note: The suggested practices for modifying existing lines reference a variety of equipment and material (e.g., 
elevated perches. perch guards. and conductor covers) developed since 1981 and found ucces ful. Appendix C 
list representative sources for such equipment. 
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Single-Phase Lines 

Annless single-phase lines may be a problem when a groundwire extends close to the 
top of the pole. The best solution is to cover the groundwire with insulating material to 
prevent simultaneous phase-to-ground contact. Alternatively, if the groundwire is gapped, it 
will end at least 30.5 cm (12 in.) below the pole top (Figure 17). Lightning will spark over 
these gaps, but the safety of the birds is ensured. To prevent a pole fire, gapped wires should 
be bent away from the poles so that any arcing will occur in the air rather than along the pole 
surface (Nelson 1978). 

For the single-phase crossarm configuration, the phase can be insulated with a conduc
tor cover (Figure 18). Rather than modifying the structure with a longer crossarm or revising 
the grounding, the simplest and most economical solution is to cover the phase conductor with 
one of the product avai lable (see Appendix C). Alternatively, the crossarm may be removed 
to convert to an annless configuration with an insulator or gapped groundwire. 

Three-Phase Lines 

Three-phase lines become a hazard when conductor spacing is insufficient (less than 
152.4 cm or 60 in.), or when bonded hardware and grounded metal crossarm braces are too 
close to energized conductors, so that phase-to-ground contact may result. Use of wood or 
other non-conductive braces significantly decreases the likelihood of electrocution. Several 
remedial measures are available to correct the conductor spacing problem. 

• Pole-top extensions can be added (Figure 19). This measure can achieve the 
152.4-cm (60-in.) spacing (Miller et a1. 1975; Nelson and Nelson 1976, 1977; Benson 

1981; Olendorff et a1. 1981). 

• The crossarm can be lowered (Figure 20) if sufficient ground clearance is avai lable 
to meet NESC requirements. 

• The center phase can be covered with conductor insulation (Figure 21). This 
measure has been tested successfully on several power lines in Wyoming and Utah 
(PacifiCorp, unpub1. data). 
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RAPSOA18 

Figure 17. Groundwire gapping. 
(Solution to Figure 5.) 
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Figure 18. Solution for problem single-phase configuration with crossarm. 
(Refer to Figure 6.) 
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Figure 19. Pole-tol? extension . 
(Refer to Figure 7.) 
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Figure 21. Conductor insulation alternative. 
(Refer to Figure 7.) 
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• Perch guards may be installed to discourage perching between closely spaced 
pha es (Figure 22). A variation of this measure is the elevated perch (Figure 23), 
which provides the bird with an alternate perching site. However, because raptors 
may try to land below the elevated perch, possibly for shade (Olendorff et al. 1981; 
PacifiCorp, unpubl. data), a 35.6- to 40.6-cm (14- to 16-in.) maximum height from 
the overhead perch to the crossarm is recommended. Perching below the elevated 
perch will be further discouraged with the use of the combination perch guard! 
overhead perch (Figure 23), and is the recommended practice. 

• A longer crossarm may be installed. Most three-phase lines mount conductors on 
2.4-m (8-ft) crossarms. If adequate ground clearance is available, a 3-m (1O-ft) 
crossarm mounted 61.0 cm (24 in.) below the top of the pole, with a pole-mounted 
middle phase, provides 152.4 cm (60 in.) of perching space. 

• The groundwire can be gapped to eliminate electrocution (Figure 24). 

• Jumper wires can be supported under the crossarm (Figure 25) to reduce the 
problem shown in Figure 9, but phase spacing and grounding must be carefully 
evaluated, to determine whether they are also contributing to the problem. 

Corner Poles 

Poles installed to accommodate changes in line direction are hazardous because of 
their closely spaced phases and jumper wires. On such poles, the center phase can be affixed 
to the top set of crossarms with a non-conducting extension link to prevent contact by a bird. 
Jumper wires should be insulated (Figure 26). The addition of an elevated perch could 
provide rap tors with a hunting perch above the energized area. See also the suggestions for 
comer poles under Raptor-Safe Design of New Facilities (pages 69-79) and in Figures 35 and 
36 (pages 74 and 75). 

Horizontal Post Design 

This design is not safe for raptors because a bird may make simultaneous contact with 
the phase and either the pole groundwire or the grounded base of the post insulator. Suggest
ed options (Figure 27) to increase safe perching include the following: 

• insulating the insulator bases, bolts, and groundwire with heat-shrink or other 
kinds of insulating material (insulating blankets, etc). Wood and plastic moldings 
are avai lable to cover pole groundwires (Appendix C); 

• installing perch guards on the post insulators to discourage perching on the 
insulators (perch guards completely eliminated eagle mortalities following 
installation on a line in central Wyoming in 1993 [PacifiCorp, unpubl. data]); 
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Figure 22 . Perch guards. 
(Refer to Figure 7.) 
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J-----"'i~~~------ 35.6 em - 40.6 em 
( 14" -1 6") 
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PERCH GUARD 
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PERCH COMBINATION 

~ ( 

Figure 23. Elevated perch with perch guard construction. 
(Refer to Figure 7 .) 
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Grounded --

RAPS0A22 

59 PC ORIGINAL PKG



STEEL 
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GROUND. 
10.2 em (4") GAP 
AWAY FROM POLE 
IS RECOMMENDED. 

GROUNDWIRE 

Energized -
Grounded __ 

Figure 24. Solution for problem three - phase 69-kV design with steel bayonet . 
(Refer to Figure 10.) 
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SUSPENDING JUMPERS UNDERNEATH 
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TO JUMPER WIRES. 
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/ 
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SIDE VIEW 
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UNDER 
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ON POLE 

GROUNDWIRE 
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Grounded - -

RAPS0A24 

Figure 25 . Solution for grounded steel crossarm with exposed jumper wires 
used in Spain (Ferrer et al. 1991). (Refer t o Figure 9 .) 
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Figure 26 . Solution for three-phase distribution c orner configuration . 
(Refer to Figure 11. ) 
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Figure 27. Solutions for 69-kV horizontal post design. 
(Refer t o Figure 12.) 
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• replacing the standard post insulators with longer insulators to provide the 
necessary 152.4-cm (60-in.) spacing; and 

• suspending the overhead groundwire on the side instead of on a ridge pin. This 
clears the pole top for perching. 

Wishbone Design 

Eagles or other large raptors may be electrocuted by perching on the lower crossarm of 
this design. Perch guards may be installed, but clearance distances may be difficult to 
maintain. Alternati vely, the groundwire may be insulated, or a Swan Flight Diverter (SFD) 
may be installed on the phase conductor to prevent physical contact with the bird's head 
(Figure 28). (Use of both a perch guard and an SFD may be determined by actual dimensions 
and the physical size of the raptor involved.) The SFD was designed to wrap on a conductor, 

~ increasing conductor silhouette to reduce or eliminate bird collisions (Ledger et al. 1993, 
A vian Power Line Interaction Committee 1994). Because the device is made of an insulating 
polyvinyl chloride (PVC) material, it may be applied in this situation so that the head of the 
raptor does not get too close to the energized conductor. Note that, on the underbuilt circuit 
below the wishbone, a perch guard is recommended between the close phases to encourage 
perching on the other side of the pole. 

Transmission Line Designs 

Transmission structures that cause electrocutions because there is insufficient clear
ance between the grounded perching substrate and the phase conductor may be remedied by 
installing SFDs or perch guards in appropriate locations (Figure 29). It may also be possible 
to replace the tension member on the center arm of the double-circuit structure with a non-

'conducting material (e.g., fiberglass) or to cover it with an insulating material. Safe perching 
substrate on the "kite" design was provided by installing a perch on top of the "kite," and 
perch guards under the center phase conductor (Ledger 1984). SFDs may also be used on the 
conductor for this problem. 

Transformers and Other Equipment 

Poles with transformers and other equipment necessary for NESC compliance and 
safety considerations are particularly hazardous to perching raptors, given the close spacing of 
energized wires and grounded hardware. When bird mortali ties are noted on such poles, 
safety can be provided by insulating jumper wires to prevent simultaneous contact (Figure 30). 
A variety of molding, insulator, conductor, and jumper-wire cover insulating materials are 
available to prevent contact with groundwires and other hardware (see Appendix C). In 
addition , insulation can be installed on exposed connections of transformer banks to protect 
birds that tend to perch on such equipment (e.g., owls; PacifiCorp, Idaho Power Co., unpubl. 
data). 
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Figure 28 . Solutions for the wishbone design . 
(Refer to Figure 13.) 
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Figure 29. Solution for problem transmission designs . 
(Refer to Figure 14.) 
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These are relatively inexpensive remedial actions. Adding an elevated perch with a perch 
guard above the pole top or a non-conducting link on the center phase are other possible 
actions. 

Switches used to sectionalize distribution systems (Figure 16, page 49) expose raptors 
to several electrocution risks. When switches are installed in an area with high populations of 
eagles or other raptors, offset or staggered switch configurations, along with greater pole 
height, may provide safer perching for raptors. This arrangement provides perches that should 
protect raptors from switch-related electrocutions. Spacing is the key to making these struc
tures safe for raptors. Elevated perches with perch guards can also be added. The key factor 
is to equip the switch pole with a safe perching position above the energized switch blades. 
Insulation coverings should be used on as much of the energized portions as possible, to 
reduce the risk of phase-to-phase or phase-to-ground contact. 

RAPTOR-SAFE DESIGN OF NEW FACILITIES 

When designing or rebuilding power lines in raptor habitat, those concepts used to 
modify existing power lines also apply to new construction. Again, two basic considerations 
are conductor pacing and grounding procedures. As with retrofitting, the objective is to 
provide 152.4 cm (60 in.) between energized conductors or between energized conductors and 
grounded hardware. Because raptor-safe construction results in very little chance of raptor 
electrocution, any new line construction in areas used heavily by raptors should employ 
raptor-safe standards rather than the modification measures discussed above. 

When planning the construction of new power lines, biological considerations, service 
reliability, other economic and political factors, and the safety of both the public and operating 
personnel must be considered. Although biological significance cannot be overlooked, it may 
not be possible to si te lines outside high-quality raptor habitat. Biologists and engineers must 
cooperatively consider all factors before making recommendations to solve a raptor mortality 
problem. 

Single-Phase Line~ 

Armless single-phase poles should be designed to prevent contact between the phase 
and groundwire. When groundwires are necessary on these poles, insulation or non
conductive molding must be installed over the groundwire to at least 30.5 cm (12 in.) below 
the top of the pole. This eliminates the possibility of simultaneous contact between the 
raptor's body on the phase and its tail on the groundwire. A good alternative to armless 
con truction for single-phase lines is a side-mounting configuration that not only prevents 
phase-to-ground contact, but also makes the top of the pole a safe perch (Figure 31). 
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Figure 31. Single -phase side-mounting configuration. 
(Solution for Figure 5.) 
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Three-Phase Lines 

Raptor-safe construction for the three-phase crossarm design involves a pole tall 
enough to allow 109.2 cm (43 in.) from the top of the pole to the 2.4-m (8·-ft) minimum length 
crossarm. Crossarm braces should be made of wood or other non-conductive material (Figure 
32). If a groundwire is necessary, it should be insulated or covered with non-conductive 
material. This technique leaves little chance of raptor electrocution. 

There are also several al ternative raptor-safe compact designs for three-phase lines 
(Figure 33). Achieving a 152.4-cm (60-in.) spacing between conductors remains the key 
factor. The position of the neutral depends on the area's isokeraunic level. The neutral often 
serves as an overhead groundwire. However, if it is used on the top of the structure, the 
designer should make every effort to provide at least 152.4 cm (60 in.) for perching. 
Conductors can be suspended below the crossarm rather than above it in the conventional 
manner (Figure 34). As voltages increase, it is advantageous to suspend conductors to 
increase phase spacing. 

Corner Poles 

Poles that accommodate directional changes in power lines can be constructed in the 
conventional manner, if jumper wires are insulated and center pha e non-conducting 
extension links are used (Figure 26, page 62). An al ternative is the vertical design (Figures 35 
and 36), which prevents simultaneous contact by a perching raptor. Longer poles are required, 
but crossarms and unwieldy jumper-wire arrangements are eliminated, overhead groundwires 
are easily accommodated, and guying and jumper-wire arrangements make this a raptor-safe 
design. 

Horizontal Post Design 

This configuration, typicaJ of many 69-kV power lines, may be made raptor-safe if 
longer post insulators are used or the bolts and bases of the insulators and all groundwires are 
covered with an insulating material (Figure 27, page 63). The raptor-safe suspension 
configuration, which can also be used as an alternative to the wishbone design, not only 
provides adequate spacing between phases, but also accommodates perching on the davit arms 
and on the pole top (Figure 37). The ridge pin overhead ground wire attachment may be 
replaced with a side-mounted suspension arrangement so that the pole top is available for 
raptor perching. 
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Figure 32. Raptor-safe three-phase construction. 
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Figure 33. Raptor-safe compact designs. See Figure 8. 

72 PC ORIGINAL PKG



PHASE 
CONDUCTOR 

WOOD BRACES ~ ~. ~ SUSPENDING PHASE 

CONDUCTORS ALLOWS 
PERCHING ON 

GROUNDWIRE 

152.4 em 

CROSSARM WITH 
EXPOSURE TO ONE 
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Figure 34. Raptor-safe construction by suspending outside phas~s. 
(Refer to Figures 7 & 8 .) 
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Figu r e 35 . Three-phase vertical corner configuration overhead groundwire on 
t op . (Allows for pole - top perching and eliminates hazardous jumper wires 
shown in Figure 11.) 
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Figure 36. Three-phase vertical corner configuration/neutral on bottom. 
(Allows for pole-top p erching and eliminates hazardous jumper wires 
shown in Figure 11. ) 
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Figure 37 . Raptor-safe suspension configuration . 
(Allows for perching on poletop and all cr oss arms. ) 
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Transformers and Other Equipment 

For transformer banks and other associated equipment, designs should provide 
adequate spacing between jumper wires and other electrical connections (e.g., transformer 
bushings). In most cases it will be necessary to insulate such wires during new construction to 
ensure safe perching. 

Table 1 presents a summary of the suggested practices for modifying existing facilities 
and for properly designing new facilities. This table offers guidelines; judgment is necessary 
to address specific problems and needs. 

SUBSTATION MODIFICATION AND DESIGN 

Substations are enclosed areas that terminate transmission and disttibution lines. 
Electrocution of raptors at substations is rare, but may occur during pursuit of prey species 
that are attracted to substations (e.g., squirrels, passerine birds). David Stephenson 
(Ecologistics, pers. comm.) indicated that only 2 of 312 bird-caused substation outages 
recorded by Ontario Hydro between 1969 and 1990 were caused by raptors (owls). In one 
instance, a golden eagle caused an outage at a substation (PacifiCorp, unpubl. data); great 
homed owls also have caused substation outages, perhaps when using the buswork as roosting 
or feeding sites (D. Pearson, Southern Cal ifornia Edison, pers comm.; P. Quincy, Florida 
Power and Light, pers. cornm.). Approximately 10-18% of similar wildlife electrocution and 
outage problems at substations have been caused by small birds (Stephenson 1991; E. Colson, 
Colson and Associates, pers. comm.; P. Quincy, Florida Power & Light, pers. comm.). 

Preventive methods, dispersal methods, and physical removal may be used to 
eliminate animal species that attract raptors to substations (Lucid and Slack 1980). Preventive 
methods generally include altering the habitat surrounding the substation, modifying the 
substation design, or excluding entry of the animals (e.g., netting, enclosures). Some of these 
methods may be cost-prohibitive or impractical for most substations, but some equipment 
modifications (e.g. , heat-shrink insulation, perch guards) may be as effective in substations as 
they are on distribution poles. (See Appendix C.) 

Dispersal methods include auditory, olfactory, and pyrotechnic devices, or mock 
predators to discourage use of the facility by animals. Such approaches, however, are usually 
temporary: the animals become accustomed to the deterrents (Erickson et al. 1992). In 
addition, techniques such as playing recorded distress calls may be interpreted as harassment, 
and cannot be used on protected species without consultation and permission from the 
appropriate regulatory agency. Physical removal of animals that may attract raptors generally 
includes the use of chemical repellents, pesticides, or trapping. These methods may also 
require a permitting process, are frequently labor-intensive, and may be socially unacceptable. 
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Table 1. Summary of suggested practices. 
Select appropriate options for modification or raptor-safe construction. 

Single- Three- Corner Hon- Wish- Trans Transf. Raptor-
SUGGESTED PRACTICES Phase Phase Poles zontal bone Unes & Sale 

Post Other Design 
Equip-
ment 

SetlS2.4-cm (60-ln.) minimum 
./ ./ ./ ./ ./ ./ be- tween phases or phase-to-

ground. 
Cover groundwire with molding or 

./ ./ ./ ./ ./ Insulation. 
Gap groundwlre. 

./ 

Cover phase conductor. 
./ ./ ./ ./ 

Replace steel crossarm braces 
./ ./ ./ with wood braces. 

Add pole-top extension to 
./ ./ achieve lS2.4-cm (60-ln.) 

minimum phase spacing. 
Lower c rossarm to achieve the 

./ lS2.4-cm (60-in.) phase spacing. 

Add perch guards to discourage 
./ ./ ./ ./ ./ ./ perching. 

Add elevated perch with perch 
./ ./ ./ ./ ./ ./ guards. 

Use longer crossarm for lS2.4-cm 
./ ./ ./ (60-ln.) minimum phase spacing. 

Add insulated extension link and 
./ cover ali jumpers. 

Insulate horizontal post insulator 
./ bases. 

Insulate or cover bonding wires. 
./ ./ ./ 

Add SFD to conductor. 
./ ./ 

Insulate tension members on 
./ transmission tower arms. 

Add bushing covers and insulate 
./ energized parts. 

Add additional pole height. 
./ ./ 

Redesign to raptor-safe 
./ ./ ./ ./ ./ ./ standards. 

Change to vertical configuration 
./ on corner poles. 

Use armless construction. 
./ ./ ./ 

Suspend conductors below 
./ ./ ./ ./ ./ crossarm. 

Increase length of honzontal post 
./ Insulator. 

Stagger or offset switches. 
./ 

Increase phase spacing or 
./ ./ ./ ./ phase-to-ground distance, to 

provide for 
raptor perching. 
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The most successful program will integrate pest management with substation equip
ment protection (Pacific Gas and Electric 1994). A program focused merely on eliminating 
small birds and other wildlife may be an expensive (or even futile) approach to reducing 
hazards to raptors at substations. By contrast, using techniques suggested in this book to 
prevent perching or roosting in hazardous locations in substations may be the most cost
efficient approach for providing raptor protection. 

RELATED ISSUES 

Radio Interference (RI) and Television Interference (TVI) 

Raptor protection modifications that affect conductor surfaces, or that place additional 
hardware close to conductors, may cause a noise problem for nearby radio and TV reception. 
Loose hardware (i.e., bolts, nuts, and washers that are not tightened), improper grounding or 
gaps between metal parts, improper tension on suspension-type insulators, and conductor 
surface imperfections (scratches, nicks, or protrusions) are common causes of RI and TVI on 
power lines. Any attachments to or modifications of the conductor-supporting hardware 
(braces, grounding attachments, crossarms, insulators, conductor coverings) should be 
selected carefully and discussed with design engineers to prevent RI and TVI. 

Compact Designs and the Relationship to Raptor Protection 

In responding to environmental concerns, utilities now often up-rate power lines on 
existing rights-of-way to meet increased power transfer capability of the lines, rather than 
build new lines on new rights-of-way. To cope with the need for higher voltages, design 
engineers have begun to use improved insulating materials and to reduce clearances and phase 
spacing (Electric Power Research Institute 1978). Compact designs are useful and often 
necessary. Characteristically they allow the following: (1) doubling or, in some cases, tripling 
voltage by reconfiguring existing lines, (2) increasing ground clearances by extending pole or 
tower height, (3) restricting conductor motion beyond certain limits in high winds, and (4) 
transmitting higher voltages while meeting NESC requirements and other safety requirements. 

However, in using compact designs, clearances and phase spacing are necessarily 
reduced. If a line traverses a high raptor-use area, compact designs could cause raptor 
electrocutions because the phase spacing and grounding practices are less than those 
recommended above. The frequently used horizontal post-type insulators, for instance, have 
been shown to electrocute raptors (Figure 11, page 42). The authors therefore suggest 
examining carefully the need for compact designs when a line must be modified or 
constructed in a high raptor-use area. Inventories of raptors, food source, preferred poles, 
available alternative configurations, electrical reli ability requirements, and other data must be 
obtained before determining the final design. 
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CHAPTER V 

PERCHING, ROOSTING, AND NESTING BY RAPTORS ON 
POWER LINES 

This chapter considers the benefits of power-line structures to rap tors. 
Distribution poles and transmission structures are readily used for 
perching, roosting and nesting, and may increase the distribution and 
numbers of these species into areas lacking sufficient substrate for these 
purposes. Nest platforms may be installed on power-line structures to 
enhance populations of raptors while minimizing the risk to service. 

Power lines may also provide benefits to raptor populations in the form of perching, 
roosting, and ne ting substrate (U.S. Bur. Land Manage. 1974a, Marion and Ryder 1975, 
Pinkowski 1977, Craig 1978, Meents and Delesantro 1979, Edison Electric Institute 1980a, 
Ledger 1980, Hobbs and Ledger 1986, Postovit and Postovit 1987, Williams and Colson 
1989, Steenhof et al. 1993). Following construction of a 230-kV transmission line in 
Colorado in 1974, raptor density increased near the line from 4-13 raptors/km2 (before 
construction) to 21 -32 raptors/km2 (after construction) (Stahlecker 1978). Power-line 
structures were selected a perch sites for raptors because the elevated position provided an 
expansive view of the surrounding terrain (Olendorff et al. 1981). Golden eagles and red
tailed hawks used transmission towers as though they were natural substrates: the upper 
portions of the towers were used for resting and perching during the day, while the lower 
portions provided what little cover there wa in the area for roosting at night (Smith 1985). 

The extent to which a power line enhances or detracts from raptor habitat depends on 
habitat diversity (Pearson 1979). Topographically diverse habitats provide a wider array of 
prey choices and attract greater numbers of raptors. It may be prudent to modify existing 
distribution poles that are not built to the raptor-safe construction standards described in 
Chapter IV. Benson (1981) suggested that new lines in such habitat be located to encourage 
birds to take advantage of rock outcrops, cliffs, or other natural nesting sites, rather than 
power poles. This can be accomplished by locating poles away from the higher elevations 
offered by ridgelines and hills. 

Many studies have documented raptor nesting on power-line structures (Table 2). 
Distribution poles and transmission towers are by far the most common types of artificial nest 
substrates used by raptors (Nelson 1982). Peregrine falcons have also nested successfully on 
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Table 2. Published accounts of raptor species nesting on transmission 
structures (T) and distribution poles (0). [Note that some studies refer only to 
nesting on power-line structures (P).] 

Species Structure Reference 

African hawk-eagle (HieraaetusJaciatus ) T Tarboton and Allan 1984 
T Allan 1988 

American kestrel (Falco sparverius) T Illinois Power Company 1972 
P Blue 1996 

Aplomado falcon (FaLco Jemoralis ) T The Peregrine Fund 1995 

Bald eagle (HaLiaeetus LeucocephaLus) T Keran 1986 
T Bohm 1988 
T Hanson 1988 
T Marion et al. 1992 

Black eagle (Aquila verreauxii) T Boshoff and Fabricus 1986 
T Ledger et al. 1987 

Brown snake eagle (Circaetus cine reus) T Brown and Lawson 1989 

Black-breasted snake eagle (Circaetus T Brown and Lawson 1989 
gaLLicus) 

Ferruginous hawk (Buteo regalis) T Nelson and Nelson 1976 
T Gilbertson 1982 
T Gilmer and Stewart 1983 
T Gaines 1985 
T Electric Power Research Institute 1988 
T Fitzner and Newell 1989 
T Steenhof et al. 1993 
P Blue 1996 

Golden eagle (AquiLa chrysaetos) T Anderson 1975 
T Nelson and Nelson 1976 
T Herron et al. 1980 
T Electric Power Research Institute 1988 
T Steenhof et al. 1993 
T Blue 1996 

Great homed owl (Bubo virginianus) T Gilmer and Wiehe 1977 
T Steenhof et al. 1993 
P Blue 1996 

Greater kestrel (FaLco rupicoLoides) T Kemp 1984 

Harris' hawk (Parabuteo unicinctus) D Ellis et al. 1978 
T Whaley 1986 
P Blue 1996 

Lanner falcon (Falco biarmicus) T Tarboton and Allan 1984 
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Species Structure Reference 

Martial eagle (Polemaetus bellicosus) T Dean 1975 
T Boshoff and Fabricus 1986 
T Hobbs and Ledger 1986 

Mountain caracara (Phalcoboenus P 
White and Boyce 1987 

megalopterus) 

Osprey (Pandion ha/iaetus) D Melquist 1974 
T Detrich 1978 

T,D Henny et at. 1978 
T Prevost et at. 1978 
D Henny and Anderson 1979 
D Van Daele et at. 1980 
D Jamie on et al. 1982 
T Austin-Smith and Rhodenizer 1983 
T Fulton 1984 
T Keran 1986 
T Hanson 1988 
D Vanderburgh 1993 
P Blue 1996 

Pale chanting goshawk (Melierax canorus) T Brown and Lawson 1989 

Prairie falcon (Falco mexicanus) T Roppe et at. 1989 
P Blue 1996 

Red-tailed hawk (Buteo jamaicensis) T Nelson and Nelson 1976 
T Ellis et at. 1978 
T Fitzner 1980a 
T Gilbertson 1982 
T Brett 1987 
T Electric Power Research lnstitute 1988 
T Fitzner and Newell 1989 
T Steenhof et al. 1993 
P Blue 1996 

Eurasian kestrel (Falco tinnunculus) T Boshoff et at. 1983 

Swainson's hawk (Buteo swainsonii) D Olendorff and Stoddart 1974 
D Fitzner 1978 
T Fitzner and Newell 1989 
P Blue 1996 

Tawny eagle (Aquila rapax) T Dean 1975 
T Tarboton and Allan 1984 

White-backed vulture (Gyps aJricanus) T Ledger and Hobbs 1985 

Zone-tailed hawk (Bureo albonotatus) P Blue 1996 
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a transmission structure in northern Utah in 1994 (D. Bunnell, Utah Di vision of Wildl. Res., 
pers. comm.). Although most species that nest on power-line structures inhabit open, arid 
habitats, one notable exception is the osprey. In a mai l survey of utility companies, 
respondents most frequently named ospreys as nesting on power-line structures, followed 
closely by red-tailed hawks (Blue 1996). 

Red-tailed hawk nests (n= 142) were found in all but the lowest tower sections of a 
transmission line in Oregon and Idaho (Steenhof et al. 1993). Common raven (Corvus corax) 
seemed the least versati le, with 98% (n=408) of the nests found at the uppermost part of the 
towers. Seventy-two percent (n= 29) of golden eagle nests and 48% (n=52) of the ferruginous 
hawk nests were located on nesting platforms installed on the towers. The Electric Power 
Research Institute (1988) reported that all hawk and eagle nests were located in the 
latticework in the central section of the transmission towers. 

Non-raptorial birds also use power-line structures. Engel et al. (1992a) documented 
the largest known communal roosting congregations of common ravens in the world on 
structures of a 500-kV transmission line in southwestern Idaho. As many as 2,103 ravens 
were counted in a single roost of adjoining transmission towers 3 years after construction of 
the power line in 1981. The towers appeared to present an attractive al ternative to natural 
roost sites, offering increased safety from predation and close proximity to local food sources. 

BENEFITS TO RAPTORS 

Some reports document drawbacks to power-pole nesting, such as nests blown away 
by wind, due to the openness of distribution-pole nest locations (Gilmer and Wiehe 1977, 
Postovit and Postovit 1987). Some investigators have reported electrocutions of raptors as a 
result of nesting activities on poles or towers (Ledger et al. 1987, Harmata 1991). These 
usually involved young inexperienced birds, which seem particularly vulnerable shortly after 
leaving their nests (Benson 1980, Meyburg 1989). However, most researchers and industry 
biologists noted advantages to raptor nesting on power poles and, primarily, transmission 
towers. Unlike nests on cliff eyries with southern exposures, tower nests on beams and cross
braces offer shading for the birds (Anderson 1975, Nelson and Nelson 1976, Steenhof et al. 
1993). In addition , the height of the nests and their openness (compared to a heat-absorbing 
cliff) provide air circulation for cooling. Tower-nesting raptors may also benefit by increased 
protection from ground predators and range fires (Steenhof et al. 1993). Perching and nesting 
opportunities on power lines result in population increases of some rap tors in areas where 
natural substrates are limited (S tahlecker 1978, Newton 1979, Yoakum et al. 1980, Fitzner 
and Newell 1989, Steenhof et al. 1993). Examples of population enhancement include the 
following: 
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• Fitzner and Newell (1989) monitored new 230-kV and 500-kV lines on the 
Hanford Site (south-central Washington) between 1979 and 1988. In 1979, soon 
after completion of the lines, only a single red-tailed hawk pair nested on these 
lines. By 1988, 19 red-tailed hawk, ferruginous hawk, and Swainson's hawk pairs 
were nesting on the lines. 

• Within 10 years of construction of a 500-kV transmission line in 1980 across 
eastern Oregon and southern Idaho, 133 pairs of raptors and ravens were nesting 
on the line (Steenhof et al. 1993). In 1989, nests included golden eagles (n=8), 
ferruginous hawks (n=11), red-tailed hawks (n=33), and common ravens (n=81). 
A great horned owl nest was also found in 1987. Nest densities of these species on 
surrounding natural substrate remained as high as pre-construction levels, but nest 
success on the towers was similar to or higher than that of natural substrates. 

• While the number of ospreys nesting on natural substrates remained constant in the 
Willamette Valley, Oregon (13 pairs in 1976, 12 pairs in 1993), the number of 
pair nesting on power-line structures increased from 1 in 1977 to 66 in 1993, 
suggesting that nesting on power poles is a learned response (Henny and Kaiser 
1996). 

Other studies also report high productivity for raptor species nesting on power-line structures, 
compared to the productivity of raptors nesting on surrounding natural substrate (Van Daele et 
al. 1980, Gaines 1985, Olendorff 1993a). 

DISADVANTAGES FOR LINE MAINTENANCE 

Raptor use of power-line facilities presents problems for line maintenance. Raptor 
perching and nesting have caused electrical outages. As noted in earlier chapters, several 
investigators reported flashovers from excretions on conductor insulators (Ledger 1980, 
Gilbertson 1982, Smith 1983). Raptor nests may also cause outages and pole fires when nest 
material contacts energized hardware (Nelson and Nelson 1976, Stocek 1981, Hobbs and 
Ledger 1986, Shank 1988, Vanderburgh 1993). 

Utility companies have attempted to deal with this problem in a number of ways. 
Shields affixed below the latticework on transmission towers prevent the accumulation of 
feces from roosting ravens (Engel et al. 1992b). Nest removal was a common practice 
(Stocek 1972, 1981; Fitzner 1980a; Toner and Bancroft 1986). Other solutions included 
trimming the nest material away from the conductors (Hobbs and Ledger 1986, Toner and 
Bancroft 1986) and installing perch guards or other devices to prevent nesting (Van Daele et 
al. 1980, Stocek 1981). The e approaches are labor-intensive and often unsuccessful: many 
raptors are tenacious in rebuilding their nests (Hobbs and Ledger 1986). 

Consequently, a number of utilities concluded that accommodating the birds' nesting 
behavior offered more advantages, including work efficiency and positive publicity associated 
with providing nesting opportunities for these species. Local utility companies removed nests 
from utility poles and towers on the Hanford Site in south-central Washington during the 
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1970's, believing that they were fire hazards. When this practice was discontinued in 1974, 
the population of red-tailed hawks increased 3-fold (from 9 pairs to about 25 pairs) within 3 
nesting seasons (Fitzner 1980a). In 1977, the Bonneville Power Administration directed its 
employees to move nests to less dangerous places on transmission structures (Lee 1980). 
Other companies began leaving nests in place on distribution poles, but reduced the likelihood 
of outages by installing additional crossarms and lowering the conductors to safer positions 
below nests (Oregon Wildlife 1976, Stocek 1981, Toner and Bancroft 1986, Conn. Dep. of 
Env. Protect. Wildl. Bur. 1987). It is the policy in South Africa that no raptor nest may be 
removed at any time un le s it is actually a threat to the power supply (Ledger et al. 1993). 
As a result, many kinds of raptors now regularly nest on transmission towers in South Africa. 

NESTING PLATFORMS 

The mo t successful raptor management/line maintenance technique has been the 
installation of nesting platforms in safe places on towers or poles. Dummy poles and artificial 
nest structures for ospreys were successfully installed during the late 1940's and early 1950's 
by everal power companies in the northea tern United States (Electric Reporter 1946; 
Electric Meter 1949, 1953; Investment Dealers' Digest 1950). Some investigators reported 
poor use of platforms because they were inappropriately placed on transmission towers 
(Stahlecker 1979) or because natural sites were readily available (Detrich 1978). However, 
most published reports documented success by raptors using nest platforms (Nelson 1978, 
Stocek 1981, Ledger et al. 1987, Hanson 1988, Shank 1988, Steenhof et al. 1993, 
Vanderburgh 1993). Platforms on dummy poles reduced nesting on power poles, while 
maintaining productivity of osprey in the local breeding population (Austin-Smith and 
Rhodenizer 1983). Steenhof et al. (1993) reported that nesting success for ferruginous hawk 
on platform (89%, n=19) wa higher than nesting success on cliffs (58%, n=38) or other 
natural substrates (20%, n=5). Nest platform installation was reported as the most common 
form of enhancement by utility companies in recent years (Blue 1996). 

NEST PLATFORMS ON DISTRIBUTION POLES 

Nest platforms are generally more necessary on distribution poles (with their closely 
spaced conductors) than on transmission structures. Platforms provide for the needs of the 
birds, whi le preventing electrocutions and electrical outages. Artificial nesting substrate in a 
variety of designs is accepted by nesting raptors, especially ospreys. In November 1979, 
crews erected eight platforms made from discarded wooden cable spools near existing power
pole nests along the Indian Path power-line corridor in Lunenburg County, Nova Scotia; 
osprey subsequently used the platforms (Austin-Smith and Rhodenizer 1983). PacifiCorp 
routinely installs nest platforms above energized conductors on poles where problem nests of 
osprey and Buteo hawks are found (Figure 38) (PacifiCorp, unpubl. data). Florida Power 
Corporation solved its osprey nesting problem on double-crossarm constructions by installing 
fiberglass nesting platforms above the conductors (Figure 39). Excreta accumulation on 
insulators 
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through the drain holes in the platforms was apparently not a problem with this design (D. 
Voights, Florida Power Corporation, pers. comm.). Idaho Power Company has developed 
another platform design that is placed directly on the problem pole or on a pole set adjacent to 
the line near the location of a problem nest (Figure 40) (Idaho Power Co., unpub!. data). The 
platform must be placed close to the original nest location and at a height that is attracti ve to 
raptors. The placement of sticks (or part of the original nest) on the platform serves to entice 
the birds to the new nesting location. Additional nesting platform designs are used by other 
utility companies throughout the United States. 

There may be times, however, when nesting must be discouraged. For example, an 
osprey nest on top of a transmission structure in Portland, Oregon, began to block the strobe 
light required by Federal Aviation Administration (FAA) regulations. PVC material banded 
to the crossbraces adjacent to the light prevented the placement of nest material. The birds 
eventually rebuilt their nest on a platform provided on the side of the tower (PacifiCorp, 
un pub!, data). A similar approach has been used successfully on distribution poles (Van 
Daele et al. 1980). Nest construction was discouraged by installing half of a large PVC tube 
over the crossarm position (Figure 41). The tube prevented nest material from accumulating 
on top of the crossarms during initial nest construction. 

NEST PLATFORMS ON TRANSMISSION STRUCTURES 

The wide spacing of conductors on transmission lines generally allows for raptor 
nesting without problems for electric operations (e.g., Hobbs and Ledger 1986). Furthermore, 
the latticework of steel transmission towers provides abundant opportunities for raptor nesting 
without the aid of nesting platforms. 

Appropriately placed platforms on transmission structures are excellent mitigation for 
construction of new lines, and may increase populations of some raptors in areas lacking 
suitable nesting substrate. For example, in 1980 and 1981 , the PacifiCorp Malin-to-Midpoint 
500-kV transmission line was constructed across eastern Oregon and southern Idaho 
(Steenhof et a!. 1993). In cooperation with the BLM, Pacifi Corp installed 37 nesting 
platforms designed by Morlan W. Nelson of Boise, Idaho (Figure 42) (Nelson and Nelson 
1976, Olendorff et al. 1981, Nelson 1982). Raptors and ravens began nesting on the 
transmission structures within one year of construction. Although only 2% of the tower had 
platforms, 72% (n=29) of the golden eagle and 48% (n=52) of the ferruginous hawk nesting 
attempts were on the artificial platforms from 1981 until 1989. Nineteen (51 %) of the 
platforms were used at least once. Steenhof et al. (1993) suggested that nesting by raptors 
should be considered in certain habitats during the construction of transmission lines. 
Specifically, where the line traverses miles of treeless habi tat, the use of artificial structures 
can enhance raptor populations. 

89 PC ORIGINAL PKG



9 1.4 em 
(36" ) 

9 1.4 em 

o 
(2" X 6") 
2 em 

(36") 

o o 

5 .1 em X 10.2 em n n n n 
(2" X 4") 

o a a a 

NOTE: 
o 

o 

1.8 m 
(6' -0") 

PLATFORM CAN BE 
ADDED TO EXISTING 
STRUCTURE OR ON A 
SEPARATE POLE SET 
ADJACENT TO LINE. 

o 0 0 

125.4CmI25.4Cml 
( 1 0") ( 10") 

§/ACCESSORY 

PERCH 5/8" X 7" Hardwo od do wel, 
dri ll ed 1- 1/2" in to 2" X 4" , glued 

-'-----

5.1 em X 10. 2 em 
(2" X 4" ) 

1.6 em X 17.8 em dowel 
dri ll ed 3.8 em in t o 
5.1 em X 10.2 em, glued 

PLAN VIEW 

~
._--8--'-(-=-3~='''''' )e_m __ ---=--,j--_ Sa mea s d i am ete r 

of pole used 
3 .8 em 

1 -1 / 2") I 
.u.-------,--,-----.,.---"u, ~ 8 .9 em 

ELEVATION 

(4)1 .0 em X 
bo lt s. 

f(3- 1/2") 

I h" 11 NOTES 
~15. 2 em 

/ 
" Staple a 91.4 em X 91.4 em (3 ' x .3') 

16-1 2 pieee of 1.3 em X 5 .1 em (1/2" x 2") 
41 .9 em galvanized we lded wire fabric over the 

25.4 em (3/8" x 10") top of the platform . All join t s sha ll be 
glued and na iled. Platform materia l is 
redwood . 

SECTION A-A ( 4 ) 1.0 em X 1 0 .2 em ( .3 /8" x 4") 
Lag bolts may be substituted fo r the 
(4) 1. 0 em X 25.4 em (3/8" x 10") 
bo lts . 

RAPSOM() 

Figure 40. Osprey nesting p latform deta ils (Ida ho Power Company. 

90 
PC ORIGINAL PKG



30.5 em (1 2" ) PVC PIPE CUT IN HALF LENGTHWISE 

o 

FRONT VIEW 

Figure 41. Nesting deterrent device PacifiCorp. 

f 
__ I 

SIDE VIEW 

Energized -
Grounded 

RAPS0f..J7 

91 PC ORIGINAL PKG



LOCATION OF NEST 
DEPENDENT ON 
SUN ANGL 

DIMENSION 

METRIC 

8 .9 em 
17.8 em 
20.3 em 
30.5 em 
35.6 em 

1.2 m 
2.4 m 

CONVERSION 

ENGLISH 

= 3.5" 
= 7' 

8" 
= 12" 

14" 
4' 

= 8' 

CUTIING PATIERN 
USING 1.2 m X 2.4 m X 1.9 em 

( 4' X 8' X 3/4") 
MARINE PLYWOOD 

o 0 

000 0 

BASE o 0 0 0 

CUT 
o~ 0 ~o 0 I 

---7 I- I 
SIDE / 

~ 
SIDE 

I- 4' 

BASIC DIMENSIONS 
IN ENGLISH UNITS ONLY FRONT VIEW 

Adapted from Nelson and Nelson (1977). 

RAPS0II41 

Figure 42. The Morlan Nelson raptor nesting p latform . 

92 PC ORIGINAL PKG



DESIGNING AND INSTALLING NESTING PLATFORMS 

In planning the use of nesting platforms, the biologist and engineer should bear in 
mind the following considerations. 

1) Nest platforms should be placed on or near poles and towers that have been u ed 
previously by nesting raptors (Lee 1977). Although this may not increase raptor 
density, it may increase line rel iabili ty (by moving the nests to safer positions) and 
nesting success (by minimizing wind damage and heat prostration of unshaded 
young raptors). 

2) Biologists should provide guidance, based on species' needs, on where to locate 
platforms (e.g., ravens prefer higher locations than Buteos; Steenhof et al. 1993). 

3) Platforms should be placed where conductors and energized hardware will not be 
fouled by dropped nest material or excrement (Nelson 1980a). Nest platforms 
erected 121.9 cm (48 in.) above distribution conductors have not been known to 
cause electrical outages (PacifiCorp, unpubl. data). 

4) Becau e raptors (particularly eagles) use updrafts to save energy when hunting and 
bringing prey to nests, nest platforms should be placed on poles or towers near the 
face of a rolling hill or escarpment that deflects wind upward (Nelson 1980a). 
However, platforms are not needed near escarpments or forests along waterways 
where adequate natural nest si tes exist (Nelson 1979a). 

5) Discretion should be used when placing nesting platforms near sensitive wildli fe 
si tes (e.g., grouse leks, colonies of burrowing owls). Wildlife using such sites 
might fall prey to eagles and other raptor that nest on the platforms. For example, 
ground-nesting burrowing owls are preyed upon by larger di urnal raptors (Fitzner 
1980a). 

6) In most cases, it is prudent to locate platforms away from intensi ve human activity 
(e.g., away from roads and trails) (Stahlecker 1975, Baldridge 1977). The site 
should be free from chronic harassment. However, Nelson (l980a: 1) states that 
"It is obvious under current situations that . .. birds [raptors] will nest very close to 
human activity, from 50 to 250 yards, if the site has the proper prey base." 
Disturbance should be avoided, where possible. 

7) Nest platforms may not be needed on all types of transmission towers, because the 
metal latticework of some steel towers and the double crossarrns of H-frame 
wooden con truction provide adequate nest substrates (Lee 1980, Steenhof et al. 
1993). 

8) More study is needed to evaluate the success and productivity of raptors using nest 
platforms on transmission structures. The success reported to date (e.g., Steenhof 
et al. 1993) is in part attributable to the fact that the platforms used by raptors were 
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located near very high-density raptor areas. Further, more study of the influence of 
artificial platforms on raptor nesting density is needed. 

9) Birds should be monitored as they select nesting locations. Monitoring after line 
construction may provide clues to the most appropriate locations for nest platforms 
and, ultimately, increase the chances of success. It may also be possible to provide 
platforms that keep birds from selecting inappropriate locations for nests. 
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CHAPTER VI 

COOPERATIVE MANAGEMENT 
OF THE ELECTROCUTION ISSUE 

To manage the electrocution issue effectively, utility companies and 
resource management agencies should work together to integrate their 
efforts. The goal is to document bird mortalities so that appropriate 
remedial actions may be taken and follow-up studies done to assess 
effectiveness. In this chapter, options for cooperative management are 
described. 

Since the issue of raptor electrocution was identified in the early 1970's, many pole 
have been modified, and many new power lines in non-urban area have been built to raptor
safe construction standards (PacifiCorp, Idaho Power Co. , unpubl. data) . However, as human 
populations grow, so will electric power distribution networks. Given the continued occur
rence of e lectrocution, particularly outside the United States, efforts to solve the problem must 
continue (Ledger et al. 1987, U.S . Fish and Wildl. Servo 1988, Meyburg 1989, Ferrer et al. 
1991 , Harmata 1991, Garrett 1993). 

In the United States, this need continues, in part because distribution poles last for 30-
60 years, depending on site conditions. Many were erected long before the extent of the raptor 
electrocution problem was understood or before raptor-safe construction techniques were 
known, and these poles may remain in service for years to come. A conservative estimate of 
total circuit miles of distribution lines in the United States in 1993 (22-kV to 70-kV lines 
only) exceeded 483,000 km (300,000 mi.) (Edison Electric Institute 1993: 97). Despi te the 
positive steps made to reduce electrocution hazards over the past 25 years, there are probably 
millions of distribution poles throughout the United States and the world that could 
electrocute large birds. Retrofitting such a large number of poles is prohibi tively expensive. 
Therefore, management efforts should continue to concentrate on those poles responsible for 
most electrocutions. 

PRIORITIZING AND COOPERATING 

It would be convenient to be able to predict accurately which poles present the most 
significant hazards, so that management actions could be planned. Some pole configurations 
are clearly more hazardous (see Chapter IV); therefore, poles must be prioritized for remedial 
action. Factors such as topography, prey populations, traditional migration pathways, and 
habitat influence the use of particular poles and are helpful predictors. However, it is difficult 
to anticipate events that might affect raptor use of poles in an area: e.g., drought, natural 
population cycles, changing land use practices, and changes in the numbers and distribution of 
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prey. Such variations may increase or decrease use of existing power poles and the 
probability of electrocution. 

To manage this issue most effectively, utility companies and resource management 
agencies should integrate their efforts (Hobbs and Ledger 1986, Colson 1993, Gauthreaux 
1993). Resource agencies are mandated to manage the public's natural resources effectively 
and to enforce law enacted to protect the e resources. Utility companies are charged with 
providing cost-effective, reliable electric power to their customer. Together, they can docu
ment problems, identify needs, and undertake solutions. Action must respond to real-world 
constraints, including utility economics, time, and personnel commitments, as well as the 
public concerns for natural resources and the goals of the resource agencies. Through 
cooperation, agencies can benefit from the bird mortality data collected by utilities. Actions 
taken by utili ty companie to reduce bird mortalities will comply with laws protecting avian 
re ource ,promote good public relations, and reduce electrical outages (Stocek 1981, Hobbs 
and Ledger 1986, Williams and Colson 1989, Lewis 1993, Nobel 1995). 

ISSUE MANAGEMENT 

MORTALITY REPORTS 

The first step in cooperative management is to identify a problem, usually through bird 
mortality data. Reports of bird mortalities near electrical facilities are essential for planning 
actions needed to reduce future electrocutions. Recorded mortalities can help to identify 
dangerous poles or lines; and they may be u ed to document success of modifications in 
reducing electrocution . 

Power lines in need of action, however, are frequentiy difficult to identify. Record 
collected over 10 years indicate that only 14% of eagle mortalities resul ted in sustained 
electrical outages (PacifiCorp, unpubl. data). Most bird electrocutions result in only 
momentary outages that do not require a service call to restore power. Momentary outages are 
often attributed to unknown causes, and many mortalities may therefore go unnoticed. 
Carcasses typically are found by company personnel during routine patrols and line main
tenance activities, or occasionally by landowners and other individuals during recreational 
activities. Many power lines are located in remote areas where carcasses may be carried off 
by scavengers. 

Since the early 1970's, some utility companies have adopted internal procedures that 
include standardized reporting of bird mortalities, both to identify areas to prioritize 
management and to monitor the effect of management actions. A generic raptor electrocution 
reporting form was distributed by the RUS to public utilities in 1985. An EEl questionnaire 
distributed to member utilities in the fa ll of 1994 indicated that nearly 40% of respondents 
provided some mechanism within their companies for reporting bird mortalities (Blue 1996). 
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For utility companie with established reporting procedures, methods generally fall into two 
categories: 

1) a systematic approach that incorporates reporting of bird mortalities into an 
existing company data collection system, or 

2) an opportunistic approach in which information on mortalities is recorded 
incidentally during other work-related activities. 

Many utility companies employ the latter approach; that is, employees are asked to record 
information on bird mortalities as they are found, usually related to electrical outages, or 
during routine maintenance surveys. Records may also include reports received from the 
agencies and the public. A reporting form may be used for data collection. Pertinent data 
includes the location of the dead bird, habitat conditions of the site, visual signs of death, and 
the type of pole configuration. These reports are generally submitted to the utility company' 
environmental services department. Some companies keep this information in a database to 
facilitate data analysis and retrieval. At least one company is using a geographic information 
system (GIS) to document patterns of mortalities and facilitate decision-making on pole 
modification, likelihood of future mortalities in particular areas, and siting of new lines 
(T. Nobel, Salt River Project, pers. comm.). 

A systematic method of data collection integrates bird mortality reporting with other 
reporting systems in the company. For example, PacifiCorp includes bird mortality reports in 
the company's outage reporting system (Garrett 1993). Personnel input bird mortality data 
into this system, whether the data are related to an electrical outage or not. Mortalities are 
categorized into types (e.g., eagles, hawks, owls, waterbirds, etc.), and data recorded for 
subsequent computer entry. Frequencies of bird mortalities for specific time periods, regions, 
power lines, or even particular poles may then be reviewed as needed. Entry of data into an 
exi ting company record system promotes employee acceptance, thorough data collection, and 
efficient data review. 

OPTIONS FOR MANAGEMENT ACTION 

To address this problem adequately, utility companies and resource agencies will be 
most effective in addressing the problem(s) when they collaborate to take appropriate action. 
Several options are available, including working agreements, standard operating procedure, 
training, and site-specific prescriptions. The discussion below centers on those useful 
approaches for moving from reporting mortalities to remediating poles and preventing future 
electrocutions. 
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Working Agreements Between Agencies and Utilities 

A cooperative working agreement is key to translating company and agency desires, 
including legal and economic constraints, into action (Nobel 1995). It is most useful to 
establish an informal written framework for cooperation, ideally with enough detail to assure 
both compliance with the law and applicability in the fie ld. (Where formal requirements must 
be met, a more formal written document may be appropriate.) The agreement may describe 
steps to manage an electrocution problem, or to manage specific nests that may affect service 
reliability or result in electrocutions. The agreement may stipulate differences for reporting 
information on eagles or other species that receive special management consideration. 
Additional requirements may be necessary for banded or injured birds, as well as procedures 
for carcass disposal of different species. Requirements for nest management may differ for 
occupied and unoccupied nests, and for eagles and other birds. There should also be pro
visions for immediate action in emergency situations without prior agency approval. 

Agencies and utility companies may see the issue from different points of view; thus 
the agreement may be a negotiated understanding that represents the best interests of all 
parties. Interpretation of laws, regulations, and agency goals may vary, for instance, between 
state wildlife agencies and regions of the USFWS. Therefore, if a company's service territory 
includes more than one state, separate agreements may be necessary to reflect local priorities. 
PacifiCorp has developed seven separate agreements, one for each state in its service territory 
(Garrett 1993). Each is different in detail but similar in overall purpose. 

Standard Operating Procedures and Training 

Standard operating procedures (SOPs), guided by company policy and workjng 
agreements with agencies, translate goals into action in the field. SOPs may include specific 
procedures for data collection and entry into a data base, and discussion of remedial action 
and hardware available for retrofitting problem poles. 

The key to acceptance and use of SOPs by company employees is training (Nobel 
1995). A training program may include written information such as fliers or pamphlets, a 
prepared video, or even a formal presentation to employees. The presentation may include a 
discussion of background issues, a detailed description of the SOP, bird identification, and 
remedial actions. A question-and-answer session should also be included to increase partici
pation and to clear up areas of confusion. Personnel most likely to find bird mortalities 
(linemen, line patrolmen, meter readers, line construction personnel) should receive SOP 
training, but a heightened awareness must begin with management personnel. Employee 
compliance begins only with a conscientious management commitment to address this issue. 

Utility company employees trained in procedures for reporting mortalities and 
remedial action contribute more to an understanding of this issue. Following implementation 
of a bird mortality reporting program, for instance, the mean number of mortalities reported 
annually by employees of one company increased from 12 between 1972 and 1984 to 39 
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between 1985 and 1991 (Idaho Power Co., unpubl. data). PacifiCorp personnel in southern 
Oregon have undergone extensive office and field training because of the high-density eagle 
population in their ervice area. Heightened awareness is reflected in the number of eagle 
carcasses found that are not related to sustained electrical outages. As noted above, most bird 
electrocutions do not cause sustained electrical outages. Although company-wide data 
indicated that 14% of eagle mortalities were found when responding to a sustained outage, 
only 5% of eagle mortalities reported by this company's personnel in southern California were 
outage-related. Employees, made more aware by training, reported more eagle mortalities not 
related to outages. 

Site-Specific Prescriptions 

Factors that cause electrocution hazards are complex and may be site-specific. As 
Ledger (1984) suggested, field observations contribute substantially to effective deci ion
making. When a problem area is identified, a site visit may be necessary to determine the best 
course of action. Such a visit not only allows for an assessment of site conditions, but also 
provides a format for interested parties to reconcile their points of view. The utility may be 
most concerned with finding an engineering solution that is cost-effecti ve and assures reliable 
electrical service--all within a reasonable timeframe. The top priority of the resource agency 
may be to eliminate future mortalities as soon as possible. The goal of the site meeting is to 
find common ground. The value of a working agreement comes to bear at this point, because 
appropriate contacts among state, federal, and utility representatives will already have been 
established. 

Site meeting attendees should fir t agree on the severity of the problem, based on the 
company's and agency's data, and then establish a timeframe for action. Utility engineering 
and operations personnel can provide guidance on line modifications, and biologists can 
provide input on the affected species. The timeframe for action should be based on budget 
and staffing constraints, as well as on biological considerations that affect species 
vulnerabili ty to electrocution (e.g., ti me of migration, distribution of prey). In this way, 
necessary action and a work schedule may be agreed upon in a spirit of cooperation. 
Thereafter, mortal ity reporting provides a mechanism for monitoring the effectiveness of the 
remedial action. 

1996 AND BEYOND 

Agencies, utilities, and individuals concerned with reducing electrical hazards to birds 
must recognize two basic principles: that electricity is essential in human society, and that 
there will continue to be a mandate to protect avian resources. Because overhead power line 
are a component of raptor habitat, and because any large bird perching on power-line 
structures faces some degree of risk, electrocutions will occur in the future. The goals are to 
minimize electrocutions, and to reduce the number of and potential for electrical outages. 
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Integrating the efforts of resource management agencies, land use planners, utility 
companies, and the concerned public can provide the means to move from crisis management 
to proactive planning. Mortality reports allow managers and technical specialists to prioritize 
sites that need action; they also increase our knowledge of effective pole modifications. 
Communication among agencies, companies, and the public facilitates decision-making and 
accomplishes mutual goals. Research conducted during the preparation of this document 
ugge ts that there is a great amount of unpublished data available in utility and agency files . 

Thi information, though at present largely unavailable for review, could contribute 
significantly to our understanding of the effectiveness of various remedial actions (i.e., power
line modifications) as power lines continue to affect raptor populations. Efforts should be 
made to summarize and disseminate this information. Additional studies are needed to 
evaluate new remedial actions and improve raptor-safe standards. 

As for the future, raptor-safe construction standards will be critical in the developing 
world where some raptor populations appear to be declining as a result of interactions with 
power lines. The use of raptor-safe construction techniques can be encouraged through the 
influence of international funding agencie and consultants involved in the economic 
development of Third World countries (Ledger et al. 1993). In all areas of the world where 
electrocutions occur, increased knowledge of the biological factors related to raptor 
electrocution may allow modeling to anticipate electrocution problems. These models may 
then be incorporated into site planning for new power lines (M. Dedon, Pacific Gas and 
Electric, pers. comm.) The tools described in this document can be used worldwide, today 
and into the future, to reduce chances of raptor electrocution, while still providing reliable 
electrical service. 
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adult-

ampere-

amperage-

breakdown 

bundling-

APPENDIX A 

GLOSSARY 

u ed properly of a bird only after it has assumed it final plumage. 

unit of measure of the current strength in a conductor with a 
resistance of one ohm and an electromotive force of one volt. 

the strength of electrical current in ampere . 

insulation level has been exceeded. 

an a sembly of two or more conductors, used a a ingle conductor 
and employing pacers to maintain a predetermin d configuration. 
The individual conductor of the assembly are call d 
subconductors. 

bushing (transformers)- a lining inserted in the top of a tran former tank to in ulate 
the electrical leads of the transformer winding from the tank. 
Bushings are usually made of porcelain, and are used on many 
types of electrical equipment, i.e., transformers, circuit breakers, 
and capacitor banks. 

bushing connectors- the devices used to make the necessary electrical connections to 
both ends of the bushing. 

buswork- normally copper or aluminum bar u ed in substations to complete 
the electrical connections between circuit . 

capacitance- the property of a circuit or body that permit it to store an electrical 
charge, equal to the accumulated charge divided by the voltag ; 
mea ur d in farads. Capacitance affect the efficiency of a circuit 
and is purposely added or subtracted to make energy use more 
efficient. 

capacitor- a device consisting of conductors i olated in a dielectric medium; 
each capacitor i attached to one ide of a circuit only. It i used to 
increase the capacitance of a circuit. Capacitor are con tructed in 
metal tank and have bushings. 

capacitor banks- a series of capacitors connected together and in erted into an 
electrical circuit to change the efficiency of the energy use. 
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circuit (single)- a conductor or ystem of conductors through which an el ctric 
current i intended to flow. The circuit will be nergized at a 
specified voltage. 

circuit (double)- di tribution poles or transmission towers can be designed to 
upport more than one circuit. A double circuit would be a 

configuration that supports two circuit . 

conductivity- the capacity to transmit electrical energy. 

conductor- a material, u ually in th fo rm of a wire, cable or bu bar, uitable 
for carrying an electric CutTent. 

configuration- the arrangement of parts. A distribution configuration would 
include the neces ary arrangement of crossarms, braces, insulators, 
etc. to upport one or two electrical circuit . 

crossarm- a piece of wood cut to specified dimensions (example: 8.9 cm x 11.4 
cm x 2.8 m [8/3 -112" x 4-112" x 8'-0"]) and bolted to a wood pole; 
u ed to support electrical conductor for the purpose of 
di tributing lectrical energy. U ually made ofDougla fir, and 
uppJied in variou lengths. 

current- a movement or flow of electricity pa sing through a conductor. In 
electrical circuits, the current can be compared to the volume in a 
water pipe (gallon ), since it is the measure of how much en rgy i 
being transmitted. Current is mea ured in amperes. 

current rating- conductive materials uch a wire, bu bar, or conductor are 
limited by their sub tance and cross-section a to how man 
anlpere of current can efficiently pa s through them. The current 
rating will be based on the material's resistance and the ambient 
temperature surrounding the material. 

davit arm- a formed, laminated wood or t el crossarm attached to wood or 
steel poles and u ed to upport electrical conductor or overh ad 
groundwires. 

de-energized- any electrical conducting device not energized with a voltage or 
other source of potential. 

distribution line- a circuit of low-voltage wires, energized at voltage from 0 to 69 
kV, and u ed to distribute en rgy to r id ntial, indu trial and 
commercial customers. Distribution lines ar normally can tructed 
on wood poles with various types of cros anns that are attached to 
upport the necessary electrical conductor . 

downwire- ( ee grouodwire). 
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electrode-

energized-

escarpment

farad-

feather-wetting-

flashover-

fledglings 

fused cutouts-

any terminal connecting a conventional conductor, uch as copper 
wire, with a non-conventional one, such as an electrolyte. In the 
ca e of checking the conductivity of an eagle feath r, electrod 
were attached to both ends of the feather, and electrical current wa 
pa sed through the feather. 

electrically connected to a ource of potential difference, or 
electrically charged so as to have a potential significantly different 
from that of earth in the vicinity. 

a long cliff or steep lope. 

the unit of capacitance; the capacitance of a cond nser that retains 
one coulomb of charge with on volt difference of potential. 

the condition where weather or behavior (e.g., taking pr y in 
water) re ult in the wetting offeath r , thereby rendering the bird 
potentially more usceptible to lectrocution. 

occurs when the value of insulation has been exc eded, as in the 
ca e of a lightning stroke, cau ing an interruption in service. 

a bird that has left the nest and that still dep nds upon its parents 
for food. 

electrical witches fitted with a fuse, a that the witch will open 
when the current rating of the fu e is exceeded. Fu ed cutouts are 
used to protect electrical equipment and circuits from lightning and 
occurrences when conductor might be hort-circuited by wire, 
wind, and conductive equipment of all kinds . 

gapping (groundwire)- technique u ed to insert a physical gap in the pole 
groundwire. As u ed in thi document, a space of 10.2 c ntim t r 
or 4 inche . 

ground rod-

groundwire-

guy-

normally a copper-clad rod, driven into the ground so that 
groundwire can be phy ically connected to the ground potential. 

a wir u ed to bond all of th bolt and oth r pole line hard war to 
ground. Groundwires are normally copper-clad or stranded 
galvanized wire and are attached to poles with staples. Sometimes 
also called down wire. 

ecure the upright position of a pole (of wood or other material) 
and offset phy icalloads imposed by the u e of conductors, wind, 
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immature-

insulators-

Appendix AJ 4 

ice, etc. Guys are normally attached to anchors that are securely 
placed in the ground to withstand loads within various limits . 

a bird in an intermediate plumage, between that of its natal down 
and adult plumage. Not an adult bird, but usually fully grown. 

insulating materials in a form de igned to support a conductor 
physically and electrically separate it from another conductor or 
object. Insulators are normally made of porcelain. Polymer 
insulators make use of fiberglass rods that are covered with 
polymer sheds. 
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isokeraunic level- r fer to the average number of thunder torm (lightning) days per 
year that are present in a region. Electric lines in areas of high 
levels normally have overhead ground wires installed so that 
lightning charge on the line can be grounded. 

jumper wire- a conductive wire, normally copper, used to connect various types 
of electrical equipment. Jumper wires are also used to make 
electrical conductor on lines continuous when it becomes 
necessary to change direction of the line, i.e. , angle poles, dead-end 
poles, etc. 

kilovolt-

latticework-

leks (grouse)-

1000 volts, abbreviated kY. A 13,000 volt line expres ed a 13 kV. 

the combination of steel member connected together to make 
complete structures, uch as transmission towers or substation 
structures. 

a communal court hip area on which everal grouse males hold 
courtship territories to attract and mate with females; sometimes 
called an arena. 

lightning arrester- an electrical device used to connect lightning charges to ground. 

lightning days-

load centers-

Lightning arre ters are normally made of porcelain, which 
surrounds the necessary electrical connections to achieve the 
grounding re ult . 

lightning or thunderstorm days. Several lightning storm in the same 
day would be classed as a lightning day. 

those areas that consume electrical energy. Residential 
communities, industrial and commercial comple e are load 
centers. An individual home or office can be a load center. 

nesting substrate- the base upon which a nest is built, e.g. cliffs, trees, and power 
poles. 

nestlings- young bird that have not yet reached sufficient ize and maturity 
to leave th nest. 

neutral (ground)- a conductor or wire that i at ground potential. 
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ohm-

outage-

phase-

unit of electrical resistance equal to the resi tance of a conductor 
carrying a current of one ampere at a potential difference 
(electromotive force) of one volt between terminal. 

event that occur wh n the energy source i cut off from the load. 
Outages can occur when raptors short-circuit two conductor 
(phase ) or connect one pha e to ground through the fle hy 
(conductive) portion of their body. 

for purposes of this document, an energized electrical conductor. 
Single-phase refers to one energized conductor and one neutral; 
three-phase refer to a three- or four-conductor configuration, the 
fourth conductor of which will always be a neutral or ground 
potential conductor. 

phase-to-ground- the contact of an energized wire (phase) to ground potential. 
Raptors will cause pha e-to-ground fault wh n their feet are 
grounded and a fleshy part of their body contacts an energized 
phase. 

phase-to-phase- the contact of two energized wires, more normally called a hort
circuit. Raptors will cause phase-to-pha e faults when the fl shy 
part of their wings contact two energized conductor (pha e ) at 
the same time. 

pole- a wood pole u ed to uppoli power line. Pole are al 0 artificially 
made of concrete, fibergl a s, and steel. The pole made from trees is 
the most common pole u ed by the utility industry. 

power line- a combination of conductors used to tran mit or distribute electrical 
energy, normally supported by wood or steel poles. Power lines 
can be low-voltage (0 - 69 kV) ingle-phase or three-phase, or they 
can be high-voltage lines (in exce of 115 kV). 

preferred pole- pole that facilitate hunting uccess and will normally give the 
raptor the highe t location along a line, from which to observe prey 
over a large area. Used by raptors for perching or still-hunting for 
prey. 

primary- also primary feath er. One of the flight feather attached to the hand 
(of the wing). 

problem pole- a pole u ed by raptors for perching or till hunting, but shown to 
electrocute bird . 
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raptor-

raptor-safe-

retrofitting-

ridge pin 

right-of-way-

sag-

sectionalize-

bird of prey. Members of the orders Falconiformes and 
Strigiformes. A type of bird with a sharp hooked beak modified for 
tearing of flesh and sharp talons used for holding and killing prey. 

a power line configuration designed to eliminate raptor 
electrocution by having 152.-centimeter (60-inch) minimum spacing 
between phases and phase to ground, and by providing for safe 
perching areas on the pole. 

the modification of a power line configuration to make it raptor
safe. 

the insulator supporting pin that is attached to the top of a pole with two or 
more bolts and that supports energized or grounded conductors, depending 
on the power line design. 

the strip of land that has been acquired by the power company or 
agency for the sole purpose of constructing and maintaining a 
power line. Rights-of-way are maintained for highways, pipe lines, 
waterways, etc. 

the distance measured vertically, at the midpoint of a span, from a 
conductor to a straight line joining the two points of support. Sag 
is necessary in conductors to allow for the expansion and 
contraction of the conductor material under different temperatures 
and weather conditions. 

refers to the practice of isolating an energy source from a load. It is 
sometimes necessary to isolate electric systems (using switches) 
from load centers because of storms, floods, accidents, etc. 

spacing (conductor)- the physical separation of phases or conductors from one 
another in order to eliminate physical contact. 

still-hunt-

structure-

subadult-

substation-

substrate

switch-

the practice of hunting from a perch, as opposed to hunting in 
flight. 

the wood pole and crossarm ystem or the transmission tower 
being used to support a distribution or transmission line circuit. 

a young bird that has not reached its adult plumage. See immature. 

an enclosed area (fenced for public safety) that terminates 
transmission and distribution lines, and includes the 
transformation and protective equipment necessary to serve the 
electric loads in an area and ensure public safety. 

see nesting substrate. 

an electrical device used to sectionalize electrical energy sources. 
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tension member- the tower member on lattice teel tower that upport the 

tower-

transformer-

transmission -

cro arm from the top side. Because of its location above the 
crossarm, and the conductor load on the outer end of th cros arm, 
this member i in constant ten ion. 

the upporting structure on transmi sion and distribution power 
line . Structme can be made of st el members bolted together, or 
of fabricated teel heets welded into poles. Wood structures are 
al 0 called towers. 

a device used to transform voltage to acceptable levels. 
Tran formers will have the electrical winding placed inside a steel 
tank and surrotmded with clear in ulating oil. Transformers are 
manufactured in all sizes, from pole-mounted distribution types to 
the large power transformer u ed in high voltage ub tation . 

those poles or tower u ed to upport the various conductor 
need d to tran mit large blocks of energy . 

transmission line- power line d ign d and con tructed to upport voltage from 115 
kV and up. 

trophic level-

underbuild-

unenergized-

volt-

voltage

voltage rating-

Appendix Ai 8 

functional cia ification of organisms in a community according to 
feeding relation hips (energy transfi r st ps). The first I vel 
includes green plant ; the second, herbivore . Pr dator occupy the 
highest trophic levels. 

refers to a circuit of lower voltage that i placed on the am pol 
but underneath another circuit of a higher voltage. The lower 
circuit i often referred to a the %ounderbuilt circuit.A 

see de-energized 

the mea ure of electrical pressure. More pecifically, it is the unit 
of electromotive force, or that difference of potential that, when 
steadily applied against a re i tance of one ohm, will produce a 
current of one ampere. 

electromotiv force expressed in volts. 

the rating of a power line in volt . 
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weather loading- the loading used during the design phase of a power line to 
accommodate those forces of nature that the line will normally 
have to with tand. These would include, but not be limited to, 
wind, ice, temperature, now, flooding (for foundation), tc. 

wire- a lend r rod, trand or thread of ductile metal, usually having a 
circular cross section of a specified diameter. For purposes of this 
document, it is the copper or aluminum wire used for the 
con truction of power lines. 
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APPENDIX B 

EARLY HISTORY OF AGENCY ACTION 

Chapter II provides a brief history of initial agency and individual response to the 
raptor electrocution problems identified after a systematic campaign to kill eagles was 
uncovered in the early 1970's. The material below provides additional detail for those 
interested in the process and people involved in this first, cooperative response. 

When the Jackson Canyon incident and subsequent investigation revealed a close 
connection between raptor deaths and power lines, individuals, agencies, and concerned 
groups pulled together to study the problem and begin corrective action. On 19 January 
1972, agency representative met in Wa hington, D.C. to discuss the electrocution 
problem (U.S. Fish and Wildl. Servo 1972). Agencies included the Rural Electrification 
Admini tration (REA; now the Rural Utilities Service), U.S. Forest Service (USFS), 
Bureau of Land Management (BLM), the U.S. Fish and Wildlife Service (USFWS), 
National Park Service (NPS), and Bureau of Indian Affairs (BIA). The USFWS was 
designated to coordinate the search for lethal lines, while the REA would begin 
developing proposed line modifications to minimize eagle electrocutions. 

In January 1972, Robert K. Turner, Rocky Mountain Regional Representative of 
the National Audubon Society, wrote to Thomas Riley of the Pacific Gas & Electric 
Company, drawing attention to the raptor electrocutions in Colorado and Wyoming (R. 
Turner, National Audubon Society, pers. comm.). The letter, forwarded to Richard S. 
Thorsell of the Edison Electric Institute (EEI)l in New York City, became the impetus for 
utility company participation, fund-raising, and publications aimed at decreasing power 
line hazard to eagles. Thorsell coordinated representatives of a group of western utilities2 

to assess the problem. They determined that grounding practices on 4-kV through 69-kV 
distribution lines (along with certain configurations of transformer banks, fused cutouts, 
lightning arresters, and conductor phase spacings) could be a substantial cause of raptor 
deaths. Engineering solutions were then to be developed in a cooperative public/private 
effort to solve the problem of raptor electrocutions. 

On 6 April 1972, EEl hosted a meeting in Denver, Colorado, the first of several 
workshops on eagle electrocutions and its relationship to power outages and other related 
issues (Olendorff 1972c). It was attended by representatives of western power 

I Now located in Washington, D.C. Edison Electric Institute, the association of electric utility companies 
in the United States, provides a committee structure and coordination for the industry. 

2 Idaho Power Company, Pacific Gas and Electric Company, Pacific Power & Light Company 
(PacifiCorp) ,Public Service Company of Colorado, Tuc on Ga & Electric, and Utah Power & Light 
Company. 
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companies, the REA, state and federal wildlife agencies, and major conservation 
organizations3

• Three concrete actions resulted: 

1) An accord was struck among the participants to seek and implement power 
line modifications and restrictions that would be biologically and 
economically feasible and that would reduce raptor electrocutions. 

2) A raptor mortality reporting system was established, to be administered by 
the USFWS. 

3) Participants would work to document modifications with drawings and 
suggestions that could be used by private and public entities. 

The REA, an agency of the U.S. Department of Agriculture, lends money to 
cooperatives that supply electricity primarily to customers in rural area. As part of the 
loan conditions, the REA sets minimum standards for power line design. Even before the 
Denver meeting, it had been determined that older three-phase and single-phase REA
designed power lines presented the most serious electrocution problems for eagles. REA 
Bulletin 61-10, Powerline Contacts by Eagles and Other Large Birds, described causes 
of raptor electrocutions resulting from certain grounding practices and conductor spacing 
(U.S. Rural Electrification Administration 1972). The bulletin included suggestions on 
how member companies could correct existing problem lines or design new lines that 
would be safe for eagles. 

The USFWS raptor electrocution reporting system was instituted in 1973. About 
300 eagle carcasses and skeletons were found between 1969 and 1972. Subsequently, the 
number of reported eagle mortalities along power lines dropped: to 123 in 1973, to 88 in 
1974, and to 65 in 1975. 

No conclusions can be drawn from these figures, however, because other variables 
were involved that affect reliability of the figures. For example, during the same period, 
mid-winter golden eagle populations trended downward in response to a steep jack rabbit 
(Lepus spp.) population decline 1 to 2 years earlier. The number of golden eagles elec
trocuted in Idaho declined during those years (Kochert 1980) when fewer young golden 
eagles fledged. Additionally, reporting sy tern figures are contradicted by findings of 
substantial numbers of eagle mortalities along power lines in several western states 
(Benson 1981; PacifiCorp, Idaho Power, unpub!' data). The USFWS reporting system is 
sti ll in effect, and data indicate that eagle electrocution continues to be a pressing concern 
for utilities and agencies interested in conserving avian resources (Terry Grosz, USFWS, 
per. comm.). 

3 Colorado Division of Wildlife, National Audubon Society, National Wi ldlife Federation, USFWS. 
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APPENDIX C 

PRODUCT INFORMATION 

ALUMA-FORM 

P.O. BOX 18555 

MEMPHIS, TN 38181-0555 

(901) 362-0100 * FAX (901) 794-9515 

ALUMA-FORM produces: 

• Wood raptor perches, several designs. 

• Wood crossanns and wood braces of all designs. 

• Wood and metal equipment mounting brackets for use with all types of electrical 
equipment. 

BR&W produces: 

BR&W COMPANY 

37030 SW LUKAS ROAD 

HILLSBORO, OR 97123 

(503) 628-7812 * FAX (503) 329-6306 

• Inverted V Raptor Guard. 

• Raptor Perch! Guard Combination. 
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CANUSA-EMI 

7820 PALACE DRIVE 

CINCINNA TI, OH 45249 

IN USA - 1-800-422-6872 

(513) 247-8800 

IN CANADA - 1-800-845-6808 

* FAX (513) 247-8806 

CANUSA-EMI produces: 

• Heat-shrink materials of all kinds, including, but not limited to: sheets, tubing, 
connectors, insulation, splicing, tapes, sealing, and repair materials. 

CONTINENTAL ELECTRIC COMPANY 

P.O. BOX 835 - 6655 HIWAY 11 NORTH 

TRUSSVILLE, AL 35173 

(205) 655-7400 * FAX (205)655-3530 

CONTINENT AL ELECTRIC COMPANY produces: 

• Fiberglass perch guards of various designs and sizes. 

• Scavenger guard (anti-perch device) for high-voltage lines. 

DULMISON, INC. 

1725 PURCELL ROAD 

LA WRENCEVILLE, GA 30243 

1-800-521-5230 * (770) 339-3362 * FAX (770) 339-3770 

DULMISON, INC. produces: 

• Spiral vibration dampers (SVD). 

• Bird flight diverters (BFD).* 

• Swan flight diverters (SFD).* 

* In standard gray PVC or yellow, high-impact PVc. Dulmison can also provide 
damping recommendations and related engineering information upon request. 
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HUGHES BROTHERS 

210 N. 13TH ST. - P.O. BOX 159 

SEWARD, NE 68434 

(402) 643-2991 * FAX (402) 643-2149 

HUGHES BROTHERS produces: 

• Wood crossarms, wood braces, wood moldings for groundwires, and a variety of 
other wood products used for construction of transmi ssion and distribution lines. 

• Elevated wood perches and perch guards. 

• Fiberglas extension links, fiberglass guy strains, and other related fiberglass 
products. 

• Metal bands, bolts, and other transmission and distribution line materials. 

KADDAS ENTERPRISES, INC. 

151 WEST ANGELO A VENUE - P.O. BOX 65931 

SALT LAKE CITY, UT 84115-0931 

1-800-658-5003 * (801) 943-0607 * FAX (801) 486-4621 

KADDAS ENTERPRISES, INC. produces: 

• Conductor coverings named Bird Guard (various sizes available on request) 
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3 M ELECTRICAL PRODUCTS DIVISION 

6801 RIVER PLACE BLVD. 

AUSTIN, TX 78726-9000 

1-800-245-3573 * FAX 1-800-245-0329 

3 M ELECTRICAL PRODUCTS DIVISION* produces: 

• Heat shrink products in various forms and sizes. 

• Electrical tapes, splices, terminating devices, etc. 

* 3M markets their products through distributors and agents. Contact the above 
numbers for information on the nearest representative. 

PACER INDUSTRIES 

3203 EAST 3225 NORTH 

TWIN FALLS, ID 83301-0507 

(208) 733-8074 * FAX (208) 733-8074 

PACER INDUSTRIES produces: 

• Elevated perches, perch guards, anti -perch devices, etc. made of PVC materials, 
spring-loaded for installation with hot sticks. 

PREFORMED LINE PRODUCTS COMPANY 

P.O. BOX 91129 

CLEVELAND, OH 44101 

(216) 461-5200 * FAX (216) 442-8816 

PREFORMED LINE PRODUCTS COMPANY produces: 

• Wildlife protectors such as bushing and jumper covers, conduit riser caps, heat 
shrink tubing, groundwire molding and other products that can be used for 
insulating electrical equipment. 

• Spiral vibration dampers, and a complete line of preformed line products. 
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RA YCHEM CORPORATION 

ELECTRICAL PRODUCTS DIVISION 

EASTERN CUSTOMER SERVICE CENTER 

220 LAKE DRIVE 

NEWARK, DE 19702 

(302) 453-1414 * FAX (302) 453-7574 

WESTERN CUSTOMER SERVICE CENTER 

300 CONSTITUTION DRIVE 

MENLO PARK, CA 94025-1164 

(415) 361-3136 * FAX (415) 361-5043 

RA YCHEM CORPORATION - ELECTRICAL PRODUCTS DIVISION* produces: 

• Heat shrink materials in various forms and sizes. 

• Electrical tapes, terminations, connectors, etc. 

* Raychem Corporation sells products through distributors and agents. Check 
the Customer Service Center nearest you for information on the distributor in 
your area. 

w. H. SALISBURY & CO. 

7520 NORTH LONG A VENUE· BOX 1060 

SKOKIE, IL 60077 

(847) 679-6700 * FAX (847) 679-2401 

W.H. SALISBURY & CO.* produces: 

• Insulating covers for all areas of distribution lines, including but not limited to 
jumper covers, insulating blankets, rubber goods of all descriptions, squirrel guards 
for transformers, human protective equipment, bushing covers of various sizes and 
hapes, and many other kinds of protective and insulating materials. 

* W.H. Salisbury & Co. sells through agents in cities throughout the U. S. 
Contact the company in Skokie or the agent nearest you. 
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VIRGINIA PLASTICS, INC. 

P.O. BOX 4577 

ROANOKE, VA 24015-0577 

(540) 375-0100 * FAX (540) 375-0135 

UTILITY CUSTOMER SERVICE (540) 375-0121 

VIRGINIA PLASTICS, INC. * produces: 

• Fonned polymer equipment covers and barriers to discourage raptor contact. 

• Guy guards, ground wire molding, between-phase barriers for crossann 
installation. 

* Virginia Plastics, Inc. has plastic molding capabilities and can provide raptor
safe products such as barriers, perches, perch-guards, and covers for energized 
conductors and equipment. 
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ILLUSTRATED ARE TWO OF THE POSSIBLE 
MOUNTING POSITIONS FOR THE SINGLE
POLE RAPTOR PROTECTOR. POSITION 1 
PROVIDES MAXIMUM PROTECTION OF THE 
POLE TOP; HOWEVER. IF EXPERIENCE 
INDICATES INSULATOR CONTAMINATION FROM 
FREQUENT BIRD LANDINGS. POSITI ON 2 MAY 
BE PREFERRED. 

ALL HARDWARE AND MOUNTING HOLES ARE 
PROVIDED FOR EITHER POSITION. 

HOLES ARE PROVIDED FOR USING THE 
SAME POLE TH ROUGH- BOLTS USED FOR 
MOUNTING THE POLE - TOP PIN. 

POSITION 2 : 
PARALLEL 
TO LINE 

AVAILABLE FROM: 
Alum a-Form. Inc . 
P.O. Box 18555 
3625 Old Getwe ll Road 
Memphis. TN 38181 
(901 )363-01 00 
FAX(90 1 )794-9515 

POSITION 1: 
PROTECTI NG 
PO LE TOP 

Appendix C. Product information - Aluma-Form. Inc./Raptor Protectorn. 
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1-------- 91.4 cm (36")--------11 

101: :1
0

1 
lolr- 8]-

I I 

NOTE: OPTI ONAL 
I I 

MOUNTING POSITION I I 
I I 

I I AS REQUIRED 

I I 
I I 

I I 

I I 

Aluma-Form, Inc. 
I I 

P.O. Box 18555 
I I m: 

3625 Old Getwe ll Road 7 .6 cm (3") 
Memphis , TN 38181 

I I m: I 

(901 )362-01 00 I 
FAX (901 )794 - 9515 

I I 
12 .7 cm (5" ) 

1 :ill: 

~I '---

RAPS0M4 

Appendix C. Product Information - Aluma -Form, Inc/Raptor Protectorn. 
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I. 18.4 em 
(7-1/4" ) 

DULM ISON SWAN FLIGHT DIVERTER 

DIVERTER COIL 

NOTES: 

1_ GRIPPING -I 
SECTIO N 

1. OVERALL LENGTH : APPROX 17.8 em (7') 
2. ROD DIA: 1.0 em (0 .375") 
3. ENDS ARE SANDED. 
4. MAN UFACTURED FROM GREY 

OR YELLOW HIGH IMPACT PVC. 

Appendix C. Product Information - Dulmison/Swan Flight Diverter. 

17.8 em 
(7" ) 

RAPS~ 
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61.0 em (24" ) 

50.8 em (20" ) 

Continental Electric Company 
CATALOG NO. GBG-2024-NY 

WOOD OR 
FIBERGLASS 

RAPS0A48 

Appendix C. Product Information - Continental Electric Co./Perch Guard. 
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KADDAS 

AVAILABLE FROM: 
Kaddas Enterprises, Inc . 
151 West Angelo Avenue 
Sal t Lake City, UT 84115 
(800)658-5003 
(801)943-0607 
FAX(801 )486-462 1 

HOT STI CK LOOP 

1.8 m (6') 

KE 1026-001 
"A' =22.9 em (9") 

KE 1026-002 
" P;' -;::. 2 7 . 9 c m (1 1") 

• MADE FROM 0 .3 cm (1 /8" ) THICK 
MOLDED PLASTIC 

• ULTRAVIOLET -PROTECTED 
• WEATHER-RESISTANT 
• BLACK IN COLOR 
• ASTM 0 149-350 VOLTS/MIL 

( MIN IMUM PROTECTION) 

UP TO 1.3 cm ( 1/2") 
DIAMETER CONDUCTOR & TIE WIRE 
OTHER SI ZES AVAILABLE UPON REQUEST. 

Appendix C. Product Information - Kaddas/ BirdGuard. 
RAPS<lII47 
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Preformed Line Products (SOUTH AFRICA) (PTY) Limited 

SA PATENT APP LIC NO 92/3660 

75.2 em 
(29-5/8" ) 

em (3 -1/4") 

67.9 em ---J 
r---i 26 - 3 / 4") I 
I _____ / ------CONDUCTOR COVER 

AVAILAB LE FROM: 
Preformed Lin e Prod ucts Company 
P.O. Box 91129 
Cleve land, OH 4410 1 
(216)461 -5200 
FAX(216)442-88 16 

Appendix C. Product Information - Preformed Line Products Co./Raptor 
Pr otector. 
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±76.2 em 
± (30" ) 

±76.2 em 

±(30" ) 

PERC H & BI RD GUARDS 
PACER INDUSTRIES 

E 
() ,,--.., 

..q- lD 
n 
"-'" 

CJ) +1 
+ 1 

BIRD GUARDS 

E 
() 

<D 
0 
..q- ,,--.., 

10 
.-

E 1 
() -:q-

<D '--'" 

I.{) + 1 
n 
+ 1 

~NG-LOADED FOR 
EASY ATIACHMENT 
TO CROSSARM. 

Pacer Indust r ies 
3143 Michigan Avenue 
Twi n Fal ls, 10 8330 1 
( 208) 733-8074 
FAX( 208)733 - 80 74 

C SPRING-LOADED FOR 
EASY ATIACHMENT 
TO CROSSARM . 

PERCH & BIRD GUARDS 

Appendix C. Product Information - Pacer Industries/Perch and Bird Guards. 
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ELEVATED PERCH AND BIRD GUARD CONSTRUCTION 

BY HUG HES BROTHERS 

COMBINE FOR RECOMMENDED PROTECTION 
OF ELEVATED PERCH 

121 .9 em 
(48" ) 

1- 0 -I 8 .9 em X 11. 4 em X 121 .9 em Perc h 
(3-1/2" X 4- 1/2" X 48") 

f =-=-:: 0 == 

35 .6 em - 40.6 em 
(14" - 1 6") 

HUGHES B-2502 BAYONET 
EAGLE PERCH 

Bayonet Eag le Perches provide 

I 

\' 

a safe place for eagles and other 
rapto rs to land on single - po le st ructures. 

Appendix C. Product Information. 
Hughes Brothers/Elevated Perch/Perch Guard. 

AS REQU IRED 

HUGHES B-257 1 
BIRD GUARD 

Hughes Brot hers 
P.O. Box 159 
21 0 North 13th Street 
Seward , NE 68434 
( 402) 643 - 2991 
Fax( 402)643-2149 
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7/21/2021 Health Effects « CAPCOA – California Air Pollution Control Officers Association
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Contact
Links
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Home
CalEEMod
Documents
Woodsmoke Reduction Program
CAPCOA GHG Rx
FARMER Program
Membership Website
Air Districts
About Us
Board Members
Maps
Moyer RAP
Ag Clearinghouse
NOA
Health Effects
Employment

Health Effects
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http://www.capcoa.org/blog/2009/05/27/contact/
http://www.capcoa.org/blog/2010/05/06/links/
http://www.capcoa.org/
http://www.capcoa.org/caleemod/
http://www.capcoa.org/documents/
http://www.capcoa.org/woodsmoke-reduction-program/
http://www.capcoa.org/ghg-rx/
http://www.capcoa.org/farmer-program/
http://www.capcoa.org/members/
http://www.capcoa.org/airdistricts/
http://www.capcoa.org/about/
http://www.capcoa.org/structure/
http://www.capcoa.org/maps/
http://www.capcoa.org/moyer-rural-assistance/
http://www.capcoa.org/ag-clearinghouse/
http://www.capcoa.org/noa/
http://www.capcoa.org/health-effects/
http://www.capcoa.org/employment/


7/21/2021 Health Effects « CAPCOA – California Air Pollution Control Officers Association

www.capcoa.org/health-effects/ 2/10

This page provides general information on the effects
of air pollution on human health.

To get the latest up-to-date air quality conditions and forecasts
for your area, click here.

Chart Name/Link Author .

Criteria Air Pollutants US EPA View
Air Quality Guide for Ozone. US EPA View
Air Quality Guide for Particulate Matter. US EPA View
Air Quality Guide for Sulfur Dioxide. US EPA View
Air Quality Guide for Carbon Monoxide. US EPA View
Lead – Emission Sources & Health Effects US EPA View
Nitrogen Oxide – Manmade Sources & Health Effects US EPA View
Premature Mortality Risk Attributable to PM2.5 Sonoma Technology, Inc. View
Links . .

Health Effects of Particulate Matter and Ozone Air Pollution,
January 2004 CARB View

ARB Fact Sheet: Air Pollution & Health CARB View
PC ORIGINAL PKG

http://www.airnow.gov/index.cfm?action=airnow.fcsummary&stateid=6
http://www.capcoa.org//#AIR_QUALITY_GUIDE_FOR_sulfur%20dioxide
http://www.arb.ca.gov/research/health/fs/PM-03fs.pdf
http://www.arb.ca.gov/research/health/fs/fs1/fs1.htm
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ARB Fact Sheet: Air Pollution Sources, Effects and Control CARB View
Toxic Air Pollutants EPA View
What Are the Six Common Air Pollutants? EPA View

CRITERIA AIR POLLUTANTS

Pollutant Symbol Major Man-Made Sources Human Health & Welfare Effects Control Methods
Particulate Matter Airborne solid
particle and liquid particles Grouped into
2 catergories:

PM

Power plants, steel mills, chemical plants, unpaved
roads

 and parking lots, wood-burning stoves and
fireplaces, automobiles and others.

Can get deep into your lungs or even
enter your blood stream, and cause
serious health problems; Increased
respiratory symptoms, such as irritation
of the airways, coughing, or difficulty
breathing; aggravated asthma;
development of chronic bronchitis;
irregular heartbeat; nonfatal heart
attacks; and premature death in people
with heart or lung disease. Impairs
visibility (haze).

Pollution control
equipment and
reduction of fuel
combustion

“Coarse Particles” from 2.5
to 10 microns in diameter

“Fine Particles” smaller
than 2.5 microns in diameter

. . . . .

Ozone (Smog) A colorless or
bluish gas

Formed by a chemical reaction between volatile
organic compounds (VOC) and nitrous oxides
(NOx) in the presence of sunlight. Motor vehicle
exhaust industrial emissions, gasoline storage and
transport, solvents, paints and landfills.

Irritates and causes inflammation of the
mucous membranes and lung airways;
causes wheezing, coughing and pain
when inhaling deeply; decreases lung
capacity; aggravates lung and heart
problems. Damages plants; reduces
crop yield. Damages rubber, some
textiles and dyes.

Pollution control
equipment;
reducing NOx

emissions from
power plants and
industrial
combustion
sources; introducing
low-emission cars
and trucks; using
“cleaner” gasoline;
use of low-VOC
solvents.

. . . . .

Sulfur Dioxide A colorless,
nonflammable gas

Formed when fuel containing sulfur, such as coal
and oil, is burned; when gasoline is extracted from
oil; or when metal is extracted from ore. Examples
are petroleum refineries, cement manufacturing,
metal processing facilities, locomotives, large
ships, and fuel combustion in diesel engines.

Respiratory irritant. Aggravates lung
and heart problems. In the presence of
moisture and oxygen, sulfur dioxide
converts to sulfuric acid which can
damage marble, iron and steel; damage
crops and natural vegetation. Impairs
visibility. Precursor to acid rain.

Use of low-sulfur
fuels, energy
conservation
(reduces power
plant emissions),
and pollution
control equipment.

PC ORIGINAL PKG
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Ultra Low Sulfur
Diesel is being
phased in during
2006 and will be
mandatory in 2007.

. . . . .

Carbon Monoxide An
odorless, colorless gas.

Formed when carbon in fuel is not burned
completely;’ a component of motor vehicle
exhaust.

Reduces the ability of blood to deliver
oxygen to vital tissues, effecting the
cardiovascular and nervous system.
Impairs vision, causes dizziness, and
can lead to unconsciousness or death.

Transportation
planning, vehicle
emission testing and
reduction, efficient
combustion
techniques, and
energy
conservation.

. . . . .

Nitrogen Dioxide A reddish-
brown gas

Fuel combustion in motor vehicles and industrial
sources. Motor vehicles; electric utilities, and other
sources that burn fuel.

Respiratory irritant; aggravates lung
and heart problems. Precursor to ozone
and acid rain. Contributes to global
warming, and nutrient overloading
which deteriorates water quality.
Causes brown discoloration of the
atmosphere.

Exhaust gas
recirculation in
motor vehicles;
reduction of
combustion
temperatures in
industrial sources;
energy conservation
pollution control
equipment.

» back to top «

AIR QUALITY GUIDE FOR OZONE

Air Quality Air Quality Index Protect Your Health
Good 0-50 No health impacts are expected when air quality is in this range.
. . .

Moderate 51-100 Unusually sensitive people should consider limiting prolonged
outdoor exertion.

. . .

Unhealthy for Sensitive Groups 101-150 Active children and adults, and people with respiratory diesase, such as asthma, should
limit prolonged outdoor exertion.

. . .

Unhealthy 151-200
Active children and adults, and people with respiratory disease, such as asthma, should
avoid prolonged outdoor exertion; everyone else, especially children should limit
prolonged outdoor exertion.

PC ORIGINAL PKG
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. . .

Very Unhealthy (Alert) 201-300
Active children and adults, and people with respiratory disease, such as asthma, should
avoid all outdoor exertion; everyone else, especially children, should limit outdoor
exertion.

. . .

Hazardous 301-500 Everyone should avoid all physical activity outdoors.

What is Ozone?

Ozone is a gas composed of three atoms of oxygen. Ozone occurs both in the Earth’s upper atmosphere and at ground level.

What are the health effects and who is most at risk?

Roughly one out of every three people in the United States is at a higher risk of experiencing problems from ground-level ozone.
One group at high risk is active children because they often spend a large part of the summer playing outdoors.
People of all ages who are active outdoors are at increased risk because, during physical activity, ozone penetrates deeper into the parts of the
lungs that are more vulnerable to injury.
People with respiratory diseases, including asthma, that make their lungs more vulnerable to ozone may experience health effects earlier and at
lower ozone levels than other people.
Though scientists don’t yet know why, some healthy people are unusually sensitive to ozone. They may experience health effects at more
moderate levels of outdoor exertion or at lower ozone levels than the average person.
Ozone can irritate the respiratory system, causing coughing, throat irritation, and/or an uncomfortable sensation in the chest.
Ozone can reduce lung function and make it more difficult to breathe deeply and vigorously. Breathing may become more rapid and shallow
than normal. This may limit a person’s ability to engage in vigorous activities.
Ozone can aggravate asthma. When ozone levels are high, more people with asthma have attacks that require a doctor’s attention or use of
medication. One reason this happens is that ozone makes people more sensitive to allergens such as pets, pollen, and dust mites, which are
common triggers of asthma attacks.
Ozone can increase susceptibility to respiratory infections.
Ozone can inflame and damage the lining of the lungs. Within a few days, the damaged cells are shed and replaced-much like the skin peels
after a sunburn. Studies suggest that if this type of inflammation happens repeatedly over a long time period (months, years, a lifetime), lung
tissue may become permanently scarred, resulting in permanent loss of lung function and a lower quality of life.

» back to top «

AIR QUALITY GUIDE FOR PARTICLE POLLUTION

Air Quality Air Quality Index Protect Your Health
Good 0-50 No health impacts are expected when air quality is in this range.
. . .

Moderate 51-100 Unusually sensitive people should consider reducing prolonged
or heavy exertion.

. . .PC ORIGINAL PKG
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Unhealthy for Sensitive Groups 101-150 People with heart or lung disease, older adults, and children should reduce prolonged or
heavy exertion.

. . .

Unhealthy 151-200 People with heart or lung disease, older adults, and children should avoid prolonged or
heavy exertion. Everyone else should reduce prolonged or heavy exertion.

. . .

Very Unhealthy (Alert) 201-300 People with heart or lung disease, older adults, and children should avoid all physical
activity outdoors. Everyone else should avoid prolonged or heavy exertion.

. . .

Hazardous 301-500 People with heart or lung disease, older adults, and children should remain indoors and
keep activity levels low. Everyone else should avoid all physical activity outdoors.

What is Particle Pollution?

Particle pollution (also known as “particulate matter”) in the air includes a mixture of solids and liquid droplets. Some particles are emitted directly;
others are formed in the atmosphere when other pollutants react. Particles come in a wide range of sizes. Those less than 10 micrometers in diameter
are so small that

 they can get into the lungs, potentially causing serious health problems. Ten micrometers is smaller than the width of a single human hair.

What are the health effects and who is most at risk?

Particles smaller than 10 micrometers in diameter can cause or aggravate a number of health problems and have been linked with illnesses and deaths
from heart or lung diseases. These effects have been associated with both short-term exposures (usually over a 24-hour period, but possibly as short as
one hour) and long-term exposures (years).

Sensitive groups for particle pollution include people with heart or lung disease, older adults (who may have undiagnosed heart or lung
disease), and children.
People with heart or lung diseases-such as congestive heart failure, coronary artery disease, asthma, or chronic obstructive pulmonary disease-
and older adults are more likely to visit emergency rooms, be admitted to hospitals, or in some cases, even die. When exposed to particle
pollution, people with heart disease may experience chest pain, palpitations, shortness of breath, and fatigue. Particle pollution has also been
associated with cardiac arrhythmias and heart attacks.
hen exposed to particles, people with existing lung disease may not be able to breathe as deeply or vigorously as they normally would. They
may experience symptoms such as coughing and shortness of breath. Healthy people also may experience these effects, although they are
unlikely to experience more serious effects.
Particle pollution also can increase susceptibility to respiratory infections and can aggravate existing respiratory diseases, such as asthma and
chronic bronchitis, causing more use of medication and more doctor visits.

 » back to top «

AIR QUALITY GUIDE FOR CARBON MONOXIDE (CO)

Air Quality Air Quality Index Protect Your HealthPC ORIGINAL PKG
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Good 0-50 None.
. . .

Moderate 51-100 None.
. . .

Unhealthy for Sensitive Groups 101-150 People with heart disease, such as angina, should reduce heavy exertion and avoid
sources of CO, such as heavy traffic

. . .

Unhealthy 151-200 People with heart disease, such as angina, should reduce moderate exertion and avoid
sources of CO, such as heavy traffic.

. . .

Very Unhealthy (Alert) 201-300 People with heart disease, such as angina, should avoid exertion and sources of CO,
such as heavy traffic.

. . .

Hazardous 301-500 People with heart disease, such as angina, should avoid exertion and sources of CO,
such as heavy traffic. Everyone else should reduce heavy exertion.

What is Carbon Monoxide?

Carbon monoxide (CO) is an odorless, colorless gas. It forms when the carbon in fuels does not completely burn. Vehicle exhaust contributes roughly
60 percent of all carbon monoxide emissions nationwide, and up to 95 percent in cities. Other sources include fuel combustion in industrial processes
and natural sources such as wildfires. Carbon monoxide levels typically are highest during cold weather, because cold temperatures make combustion
less complete and cause inversions that trap pollutants close to the ground.

What are the health effects and who is most at risk?

Carbon monoxide enters the bloodstream through the lungs and binds to hemoglobin, the substance in blood that carries oxygen to cells. It actually
reduces the amount of oxygen reaching the body’s organs and tissues.

People with cardiovascular disease, such as angina, are most at risk. They may experience chest pain and other cardiovascular symptoms if they
are exposed to carbon monoxide, particularly while exercising.
People with marginal or compromised cardiovascular and respiratory systems (for example, individuals with congestive heart failure,
cerebrovascular disease, anemia, chronic obstructive lung disease), and possibly young infants and fetuses, also may be at greater risk from
carbon monoxide pollution.
In healthy individuals, exposure to higher levels of carbon monoxide can affect mental alertness and vision.

» back to top «

AIR QUALITY GUIDE FOR SULFUR DIOXIDE (SO2)

Air Quality Air Quality Index Protect Your Health
Good 0-50 None.
. . .

PC ORIGINAL PKG
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Moderate 51-100 None.
. . .

Unhealthy for Sensitive Groups 101-150 People with asthma should consider reducing exertion outdoors.
. . .

Unhealthy 151-200 Children, asthmatics, and people with heart or lung disease should reduce exertion
outdoors.

. . .

Very Unhealthy (Alert) 201-300 Children, asthmatics, and people with heart or lung disease should avoid outdoor
exertion. Everyone else should reduce exertion outdoors.

. . .

Hazardous 301-500 Children, asthmatics, and people with heart or lung disease should remain indoors.
Everyone else should avoid exertion outdoors.

What is Sulfur Dioxide?

Sulfur dioxide (SO2), a colorless, reactive gas, is produced when sulfur-containing fuels such as coal and oil are burned. Major sources include power
plants and industrial boilers. Generally, the highest levels of sulfur dioxide are near large industrial complexes.

What are the health effects and who is most at risk?

Sulfur dioxide is an irritant gas that is removed by the nasal passages. Moderate activity levels that trigger mouth breathing, such as a brisk walk, are
needed for sulfur dioxide to cause health effects.

People with asthma who are physically active outdoors are most likely to experience the health effects of sulfur dioxide. The main effect, even
with brief exposure, is a narrowing of the airways (called bronchoconstriction). This may cause wheezing, chest tightness, and shortness of
breath. Symptoms increase as sulfur dioxide levels and/or breathing rates increase. When exposure to sulfur dioxide ceases, lung function
typically returns to normal within an hour.
At very high levels, sulfur dioxide may cause wheezing, chest tightness, and shortness of breath even in healthy people who do not have
asthma.
Long-term exposure to sulfur dioxide can cause respiratory illness, alter the lung’s defense mechanisms, and aggravate existing cardiovascular
disease. People with cardiovascular disease or chronic lung disease, as well as children and older adults, may be most susceptible to these
effects.

» back to top «

What is Lead?

Lead is a metal found naturally in the environment as well as in manufactured products. The major sources of lead emissions have historically been
motor vehicles (such as cars and trucks) and industrial sources. Due to the phase out of leaded gasoline, metals processing is the major source of lead
emissions to the air today. The highest levels of lead in air are generally found near lead smelters. Other stationary sources are waste incinerators,
utilities, and lead-acid battery manufacturers.
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What are the health effects and who is most at risk?

Lead is:

particularly affects young children and infants
is still found at high levels in urban and industrial areas
deposits on soil and water and harms animals and fish

Although overall blood lead levels have decreased since 1976, infants and young children still have the highest blood lead levels. Children and others can be exposed to lead not only through the air, but
also through accidentally or intentionally eating soil or paint chips, as well as food or water contaminated with lead.

People, animals, and fish are mainly exposed to lead by breathing and ingesting it in food, water, soil, or dust. Lead accumulates in the blood,
bones, muscles, and fat. Infants and young children are especially sensitive to even low levels of lead.
Lead causes damage to the kidneys, liver, brain and nerves, and other organs. Exposure to lead may also lead to osteoporosis (brittle bone
disease) and reproductive disorders.
Excessive exposure to lead causes seizures, mental retardation, behavioral disorders, memory problems, and mood changes. Low levels of lead
damage the brain and nerves in fetuses and young children, resulting in learning deficits and lowered IQ.
Lead exposure causes high blood pressure and increases heart disease, especially in men. Lead exposure may also lead to anemia, or weak
blood.
Wild and domestic animals can ingest lead while grazing. They experience the same kind of effects as people who are exposed to lead. Low
concentrations of lead can slow down vegetation growth near industrial facilities.
Lead can enter water systems through runoff and from sewage and industrial waste streams. Elevated levels of lead in the water can cause
reproductive damage in some aquatic life and cause blood and neurological changes in fish and other animals that live there.

» back to top «

What is Nitrogen Oxide?

Nitrogen Oxide, or NOx, is the generic term for a group of highly reactive gases, all of which contain nitrogen and oxygen in varying amounts. Many
of the nitrogen oxides are colorless and odorless. However, one common pollutant, nitrogen dioxide (NO2) along with particles in the air can often be
seen as a reddish-brown layer over many urban areas.

Nitrogen oxides form when fuel is burned at high temperatures, as in a combustion process. The primary manmade sources of NOx are motor
vehicles, electric utilities, and other industrial, commercial, and residential sources that burn fuels. NOx can also be formed naturally. NOx Emission in
California — 2005 

What are the health effects and who is most at risk?

Nitrogen Oxide causes a wide variety of health and environmental impacts because of various compounds and derivatives in the family of nitrogen
oxides, including nitrogen dioxide, nitric acid, nitrous oxide, nitrates, and nitric oxide.

PC ORIGINAL PKG
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Ground-level Ozone (Smog) – is formed when NOx and volatile organic compounds (VOCs) react in the presence of sunlight. Children, people
with lung diseases such as asthma, and people who work or exercise outside are susceptible to adverse effects such as damage to lung tissue and
reduction in lung function. Ozone can be transported by wind currents and cause health impacts far from original sources. Millions of
Americans live in areas that do not meet the health standards for ozone. Other impacts from ozone include damaged vegetation and reduced
crop yields
Acid Rain – NOx and sulfur dioxide react with other substances in the air to form acids which fall to earth as rain, fog, snow or dry particles.
Some may be carried by wind for hundreds of miles. Acid rain damages; causes deterioration of cars, buildings and historical monuments; and
causes lakes and streams to become acidic and unsuitable for many fish.
Particles – NOx reacts with ammonia, moisture, and other compounds to form nitric acid and related particles. Human health concerns include
effects on breathing and the respiratory system, damage to lung tissue, and premature death. Small particles penetrate deeply into sensitive parts
of the lungs and can cause or worsen respiratory disease such as emphysema and bronchitis, and aggravate existing heart disease.
Water Quality Deterioration – Increased nitrogen loading in water bodies, particularly coastal estuaries, upsets the chemical balance of nutrients
used by aquatic plants and animals. Additional nitrogen accelerates “eutrophication,” which leads to oxygen depletion and reduces fish and
shellfish populations. NOx emissions in the air are one of the largest sources of nitrogen pollution in the Chesapeake Bay.
Global Warming – One member of the NOx, nitrous oxide, is a greenhouse gas. It accumulates in the atmosphere with other greenhouse gasses
causing a gradual rise in the earth’s temperature. This will lead to increased risks to human health, a rise in the sea level, and other adverse
changes to plant and animal habitat.
Toxic Chemicals – In the air, NOx reacts readily with common organic chemicals and even ozone, to form a wide variety of toxic products,
some of which may cause biological mutations. Examples of these chemicals include the nitrate radical, nitroarenes, and nitrosamines.
Visibility Impairment – Nitrate particles and nitrogen dioxide can block the transmission of light, reducing visibility in urban areas and on a
regional scale in our national parks.

» back to top «
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Ambient Air Quality Standards 

Pollutant Averaging 
Time 

California Standards 1 National Standards 2 

Concentration 3 Method 4 Primary 3,5 Secondary 3,6 Method 7 

Ozone (O3)8 
1 Hour 0.09 ppm (180 µg/m3) 

Ultraviolet 
Photometry 

— 
Same as 

Primary Standard 
Ultraviolet 

Photometry
8 Hour 0.070 ppm (137 µg/m3) 0.070 ppm (137 µg/m3) 

Respirable 
Particulate 

Matter (PM10)9 

24 Hour 50 µg/m3 

Gravimetric or 
Beta Attenuation 

150 µg/m3 

Same as 
Primary Standard 

Inertial Separation 
and Gravimetric 

AnalysisAnnual 
Arithmetic Mean 20 µg/m3 — 

Fine 
Particulate 

Matter 
(PM2.5)9 

24 Hour — — 35 µg/m3 Same as 
Primary Standard Inertial Separation 

and Gravimetric 
AnalysisAnnual 

Arithmetic Mean 12 µg/m3 Gravimetric or 
Beta Attenuation 12.0 µg/m3 15 µg/m3 

Carbon 
Monoxide 

(CO) 

1 Hour 20 ppm (23 mg/m3) 

Non-Dispersive 
Infrared Photometry 

(NDIR) 

35 ppm (40 mg/m3) — 

Non-Dispersive 
Infrared Photometry 

(NDIR) 
8 Hour 9.0 ppm (10 mg/m3) 9 ppm (10 mg/m3) — 

8 Hour 
(Lake Tahoe) 6 ppm (7 mg/m3) — — 

Nitrogen 
Dioxide 
(NO2)10 

1 Hour 0.18 ppm (339 µg/m3) 
Gas Phase 

Chemiluminescence 

100 ppb (188 μg/m3) — 
Gas Phase 

ChemiluminescenceAnnual 
Arithmetic Mean 0.030 ppm (57 µg/m3) 0.053 ppm (100 µg/m3) 

Same as 
Primary Standard 

Sulfur Dioxide 
(SO2)11 

1 Hour 0.25 ppm (655 µg/m3) 

Ultraviolet 
Fluorescence 

75 ppb (196 μg/m3) — 

Ultraviolet 
Flourescence; 

Spectrophotometry 
(Pararosaniline 

Method) 

3 Hour — — 
0.5 ppm 

(1300 µg/m3) 

24 Hour 0.04 ppm (105 µg/m3) 
0.14 ppm 

(for certain areas)11 — 

Annual 
Arithmetic Mean 

— 
0.030 ppm 

(for certain areas)11 — 

Lead12,13 

30 Day Average 1.5 µg/m3 

Atomic Absorption 

— — 

High Volume 
Sampler and Atomic 

Absorption 

Calendar Quarter — 
1.5 µg/m3 

(for certain areas)12 
Same as 

Primary Standard
Rolling 3-Month 

Average 
— 0.15 µg/m3 

Visibility 
Reducing 
Particles14 

8 Hour See footnote 14 
Beta Attenuation and 

Transmittance 
through Filter Tape 

No 

Sulfates 24 Hour 25 µg/m3 Ion Chromatography 
National 

Hydrogen 
Sulfide 1 Hour 0.03 ppm (42 µg/m3) 

Ultraviolet 
Fluorescence  Standards 

Vinyl 
Chloride12 24 Hour 0.01 ppm (26 µg/m3) 

Gas 
Chromatography 

See footnotes on next page … 

For more information please call ARB-PIO at (916) 322-2990 California Air Resources Board (5/4/16) 
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1. California standards for ozone, carbon monoxide (except 8-hour Lake Tahoe), sulfur dioxide (1 and 24 hour), nitrogen dioxide, and 
particulate matter (PM10, PM2.5, and visibility reducing particles), are values that are not to be exceeded. All others are not to be 
equaled or exceeded. California ambient air quality standards are listed in the Table of Standards in Section 70200 of Title 17 of the 
California Code of Regulations. 

2. National standards (other than ozone, particulate matter, and those based on annual arithmetic mean) are not to be exceeded more than 
once a year. The ozone standard is attained when the fourth highest 8-hour concentration measured at each site in a year, averaged over 
three years, is equal to or less than the standard. For PM10, the 24 hour standard is attained when the expected number of days per 

calendar year with a 24-hour average concentration above 150 µg/m3 is equal to or less than one. For PM2.5, the 24 hour standard is 
attained when 98 percent of the daily concentrations, averaged over three years, are equal to or less than the standard. Contact the U.S. 
EPA for further clarification and current national policies. 

3. Concentration expressed first in units in which it was promulgated. Equivalent units given in parentheses are based upon a reference 
temperature of 25°C and a reference pressure of 760 torr. Most measurements of air quality are to be corrected to a reference 
temperature of 25°C and a reference pressure of 760 torr; ppm in this table refers to ppm by volume, or micromoles of pollutant per mole 
of gas. 

4. Any equivalent measurement method which can be shown to the satisfaction of the ARB to give equivalent results at or near the level of 
the air quality standard may be used. 

5. National Primary Standards: The levels of air quality necessary, with an adequate margin of safety to protect the public health. 

6. National Secondary Standards: The levels of air quality necessary to protect the public welfare from any known or anticipated adverse 
effects of a pollutant. 

7. Reference method as described by the U.S. EPA. An “equivalent method” of measurement may be used but must have a “consistent 
relationship to the reference method” and must be approved by the U.S. EPA. 

8. On October 1, 2015, the national 8-hour ozone primary and secondary standards were lowered from 0.075 to 0.070 ppm. 

9. On December 14, 2012, the national annual PM2.5 primary standard was lowered from 15 μg/m3 to 12.0 μg/m3. The existing national 24-

hour PM2.5 standards (primary and secondary) were retained at 35 μg/m3, as was the annual secondary standard of 15 μg/m3. The 

existing 24-hour PM10 standards (primary and secondary) of 150 μg/m3 also were retained. The form of the annual primary and 
secondary standards is the annual mean, averaged over 3 years. 

10. To attain the 1-hour national standard, the 3-year average of the annual 98th percentile of the 1-hour daily maximum concentrations at 
each site must not exceed 100 ppb. Note that the national 1-hour standard is in units of parts per billion (ppb). California standards are in 
units of parts per million (ppm). To directly compare the national 1-hour standard to the California standards the units can be converted 
from ppb to ppm. In this case, the national standard of 100 ppb is identical to 0.100 ppm. 

11. On June 2, 2010, a new 1-hour SO2 standard was established and the existing 24-hour and annual primary standards were revoked. To 
attain the 1-hour national standard, the 3-year average of the annual 99th percentile of the 1-hour daily maximum concentrations at each 
site must not exceed 75 ppb. The 1971 SO2 national standards (24-hour and annual) remain in effect until one year after an area is 
designated for the 2010 standard, except that in areas designated nonattainment for the 1971 standards, the 1971 standards remain in 
effect until implementation plans to attain or maintain the 2010 standards are approved. 

Note that the 1-hour national standard is in units of parts per billion (ppb). California standards are in units of parts per million (ppm). To 
directly compare the 1-hour national standard to the California standard the units can be converted to ppm. In this case, the national 
standard of 75 ppb is identical to 0.075 ppm. 

12. The ARB has identified lead and vinyl chloride as 'toxic air contaminants' with no threshold level of exposure for adverse health effects 
determined. These actions allow for the implementation of control measures at levels below the ambient concentrations specified for 
these pollutants. 

13. The national standard for lead was revised on October 15, 2008 to a rolling 3-month average. The 1978 lead standard (1.5 μg/m3 as a 
quarterly average) remains in effect until one year after an area is designated for the 2008 standard, except that in areas designated 
nonattainment for the 1978 standard, the 1978 standard remains in effect until implementation plans to attain or maintain the 2008 
standard are approved. 

14. In 1989, the ARB converted both the general statewide 10-mile visibility standard and the Lake Tahoe 30-mile visibility standard to 
instrumental equivalents, which are "extinction of 0.23 per kilometer" and "extinction of 0.07 per kilometer" for the statewide and Lake 
Tahoe Air Basin standards, respectively. 

For more information please call ARB-PIO at (916) 322-2990 California Air Resources Board (5/4/16) 
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WILLIAMSON ACT- NON-RENEWAL
Enrolled lands for which non-renewal has been filed pursuant to Government Code Section 51245.  Upon
the filing of non-renewal, the existing contract remains in effect for the balance of the period remaining on
the contract.  During the non-renewal process, the annual tax assesment gradually increases.  At the end
of the 9 year non-renewal period, the contract expires and the land is no longer enforceably restricted.  
NOTE: Effective January 01, 2011 non-renewal was filed either by the landowner or the County for all 
Williamson Act contracts in Imperial.

SCALE:  1:120,000
1 inch represents approximately 2 miles

IMPERIAL COUNTY WILLIAMSON ACT FY 2016/2017
STATE OF CALIFORNIA
Edmund G. Brown Jr., Governor
THE NATURAL RESOURCES AGENCY
John Laird, Secretary
DEPARTMENT OF CONSERVATION
David Bunn, Director

CALIFORNIA DEPARTMENT OF CONSERVATION
DIVISION OF LAND RESOURCE PROTECTION

CONSERVATION PROGRAM SUPPORT

NON-ENROLLED LAND
Land not enrolled in a Williamson Act contract and not mapped by Farmland Mapping & Monitoring 
Program (FMMP) as Urban and Built-Up Land or Water.

URBAN AND BUILT-UP LAND
Urban and Built-Up Land is occupied by structures with a building density of at least 1unit to 1.5 acres, 
or approximatley 6 structures to a 10-acre parcel.  Common examples include residential, industrial,
commercial, institutional facilities, cemeteries, airports, golf courses, sanitary landfills, sewage treatment,
and water control structures.  This definition and extent of mapping is derived from the latest Farmland
Mapping and Monitoring Program Important Farmland Maps.

WATER
Perennial water bodies with an extent of at least 40 acres.  This definition and extent of mapping is derived
from the latest Farmland Mapping and Monitoring Program Important Farmland Maps.

1 0 1 2 3 4 5
Miles

1 0 1 2 3 4 5 6 7 8 9 10
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The California Land Conservation Act of 1965 - commonly referred to as the Williamson Act - is the State's primary program 
for the conservation of private land in agricultural and open space use.  It is a voluntary, locally administered program that
offers preferential property taxes on lands which have enforceable restrictions on their use via contracts between individual
landowners and local governments.  For more information on the Williamson Act please contact: 
Department of Conservation
Division of Land Resource Protection
801 K Street, MS14-15
Sacramento, CA 95814
Phone (916) 324-0850; 
email: dlrp@conservation.ca.gov; 
web page: www.conservation.ca.gov/dlrp/lca
Maps depicting Williamson Act enrollment are produced in cooperation with the participating counties and the California 
Department of Conservation's Division of Land Resource Protection using Geographic Information Systems.  The information 
used to create these maps is provided by county planning agencies and/or assessor offices.  For the most accurate and up to 
date information regarding the status of specific contracted lands, contact the county assessor or planning agency office as the
status of enrolled lands may change throughout the year.
Cultural base information was derived from public domain data sets, based upon design of the U.S. Geological Survey, with 
updates generated by digitizing over current imagery.
The Department of Conservation makes no warranties as to suitability of this map for any particular purpose.  
Copyright: California Department of Conservation, Division of Land Resource Protection, 2016.
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California Department of Conservation 

Division of Land Resource Protection 

Farmland Mapping and Monitoring Program 

Alternate Imperial County 2016-2018 Land Use Conversion 
Table A-9 

Part 1: County Summary and Change by Land Use Category 
Land Use 
Category 

Total 
Acreage 
Inventoried 
2016 

Total 
Acreage 
Inventoried 
2018 

2016-18 
Acres 
Lost (-) 

2016-18 
Acres 
Gained 
(+) 

2016-18 
Total 
Acreage 
Changed 

2016-18 
Net 
Acreage 
Changed 

Prime 
Farmland 

190,206 189,163 1,699 656 2,355 -1,043 

Farmland 
of 
Statewide 
Importance 

297,272 291,596 6,330 654 6,984 -5,676 

Unique 
Farmland 

2,071 1,905 190 24 214 -166 

Farmland 
of Local 
Importance 

38,923 39,711 1,587 2,375 3,962 788 

Important 
Farmland 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 

Grazing 
Land 

0 0 0 0 0 0 

Agricultural 
Land 
Subtotal 

528,472 522,375 9,806 3,709 13,515 -6,097 

Urban and 
Built-up 
Land 

37,412 41,764 301 4,653 4,954 4,352 

Other Land 461,891 463,488 712 2,309 3,021 1,597 
Water Area 749 897 125 273 398 148 
Total Area 
Inventoried 

1,028,524 1,028,524 10,944 10,944 21,888 0 
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Part 2: Land Committed to Nonagricultural Use 
 Data not available for Land Committed to Nonagricultural Use. 

Part 3: Land Use Conversion from 2016-2018 
 Due to the large size of this table, it has been split into two tables. Table One has 
the conversions of all land uses to the Important Farmland categories (Prime Farmland, 
Farmland of Statewide Importance, Unique Farmland, Farmland of Local Importance, 
and Important Farmland Subtotal) and Table Two has the conversions of all land uses 
to the remaining land use categories (Grazing Land, Agricultural Farmland Subtotal, 
Urban and Built-up Land, Other Land, Water Area, and Total Area Inventoried). 

 

Table One  

Land Use 
Category 

Prime 
Farmland 

Farmland 
of 
Statewide 
Importance 

Unique 
Farmland 

Farmland 
of Local 
Importance 

Important 
Farmland 
Subtotal 

Prime 
Farmland 
(1) 

no data 0 7 1,128 1,135 

Farmland 
of 
Statewide 
Importance 
(1) 

0 no data 2 1,086 1,088 

Unique 
Farmland 

0 0 no data 112 112 

Farmland 
of Local 
Importance 

600 573 0 no data 1,173 

Important 
Farmland 
Subtotal 

600 573 9 2,326 3,508 

Grazing 
Land 

0 0 0 0 0 

Agricultural 
Land 
Subtotal 

600 573 9 2,326 3,508 

Urban and 
Built-up 
Land 

1 8 0 23 32 
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Land Use 
Category 

Prime 
Farmland 

Farmland 
of 
Statewide 
Importance 

Unique 
Farmland 

Farmland 
of Local 
Importance 

Important 
Farmland 
Subtotal 

Other Land 55 73 15 26 169 
Water Area 0 0 0 0 0 
Total 
Acreage 
Converted 

656 654 24 2,375 3,709 

Footnote (1): Prime Farmland and Farmland of Statewide Importance conversion to 
Farmland of Local Importance is primarily due to land left idle for three or more 
update cycles on qualifying soils. 

 

Table Two  

Land Use 
Category 

Grazing 
Land 

Agricultural 
Land 
Subtotal 

Urban 
and Built-
up Land 

Other 
Land 

Water 
Area 

Total 
Converted 
To Another 
Use 

Prime 
Farmland 

0 1,135 253 311 0 1,699 

Farmland 
of 
Statewide 
Importance 
(2) 

0 1,088 3,920 1,322 0 6,330 

Unique 
Farmland 

0 112 8 70 0 190 

Farmland 
of Local 
Importance 

0 1,173 202 212 0 1,587 

Important 
Farmland 
Subtotal 

0 3,508 4,383 1,915 0 9,806 

Grazing 
Land 

no data 0 0 0 0 0 

Agricultural 
Land 
Subtotal 

0 3,508 4,383 1,915 0 9,806 

Urban and 
Built-up 
Land (3) 

0 32 no data 269 0 301 
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Land Use 
Category 

Grazing 
Land 

Agricultural 
Land 
Subtotal 

Urban 
and Built-
up Land 

Other 
Land 

Water 
Area 

Total 
Converted 
To Another 
Use 

Other Land 
(4) 

0 169 270 no data 273 712 

Water Area 
(4) 

0 0 0 125 no data 125 

Total 
Acreage 
Converted 

0 3,709 4,653 2,309 273 10,944 

Footnote (2): Farmland of Statewide Importance conversion to Other Land is primarily 
due to the addition of constructed wetlands, hay bale storage areas, a feedlot 
expansion, and improved linework delineation. 

Footnote (3): Conversion from Urban and Built-up Land is primarily due to a lack of 
sufficient infrastructure and the use of detailed digital imagery to delineate more 
distinct urban boundaries. 

Footnote (4): Water related conversions are primarily due to boundary improvements 
bordering the Salton Sea and in the Imperial Wildlife Area. 
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State of California Employment Development Department
September 17, 2021 Labor Market Information Division
March 2020 Benchmark http://www.labormarketinfo.edd.ca.gov

(916) 262-2162

Labor Employ-
Area Name Force ment Number Rate Emp Unemp

Imperial County                                             68,500 55,200 13,300 19.4% 1.000000 1.000000

Brawley city 9,900 8,200 1,700 17.1% N/A N/A
Calexico city 17,200 12,000 5,200 30.4% N/A N/A
Calipatria city 1,200 900 300 27.2% 0.015781 0.024486
El Centro city 17,800 15,100 2,700 15.1% N/A N/A
Heber CDP 1,400 1,200 100 10.1% 0.022622 0.010580
Holtville city 2,400 1,800 600 23.9% 0.033309 0.043531
Imperial city 7,500 6,300 1,200 15.5% 0.114742 0.087666
Westmorland city 900 700 200 19.7% 0.012535 0.012797

or CDP, then the estimates for that area may not represent the current economic conditions. Since
this assumption is untested, caution should be employed when using these data.

the time of the 2015-2019 ACS survey. Ratios for CDPs' were developed from special tabulations 
based on ACS employment and unemployment from the Bureau of Labor Statistics.

This method assumes that the rates of change in employment and unemployment since the 
2015-2019 American Community Survey are exactly the same in each city and CDP as at the 
county level (i.e., that the shares are still accurate). If this assumption is not true for a specific city 

developed from special tabulations based on ACS employment, unemployment, and population 
and Census population from the Bureau of Labor Statistics. For smaller cities and CDPs, ratios
were calculated from published census data.

Monthly CDP's labor force data are derived by multiplying current estimates of county employment
and unemployment by the relative employment and unemployment shares (ratios) of each CDP at 

3) N/A = Estimate created by Bureau of Labor Statistics

Methodology:
Monthly city labor force data are derived by multiplying current estimates of county
employment and unemployment by the relative employment and unemployment shares (ratios) of 
each city at the time of the 2015-2019 American Community Survey. Ratios for cities were

of the 2015-2019  5-Year American Community Survey (ACS).

Notes:
1) Data may not add due to rounding. All unemployment rates shown are calculated on 
unrounded data. 
2) These data are not seasonally adjusted.

Monthly Labor Force Data for Cities and Census Designated Places (CDP)
August 2021 - Preliminary

Data Not Seasonally Adjusted

Unemployment Census Ratios

CDP is "Census Designated Place" - a recognized community that was unincorporated at the time
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Introduction to California’s Fourth Climate Change Assessment 

C alifornia is a global leader in using, investing in, and advancing research to set proactive climate change 
policy, and its Climate Change Assessments provide the scientifc foundation for understanding climate-
related vulnerability at the local scale and informing resilience actions. The Climate Change Assessments 
directly inform State policies, plans, programs, and guidance to promote effective and integrated action to 

safeguard California from climate change. 

This capstone report presents key fndings from California’s Fourth Climate Change 
Assessment (also referred to as the Fourth Assessment). It provides an overview of the 
state of climate science while pointing out how the Fourth Assessment contributes to 
better understanding the impacts of climate change and how to take action to become 
more resilient. 

To fnd out more about the 
other components of the 
Fourth Assessment, please visit: 
www.ClimateAssessment.ca.gov 

KEY 
FINDINGS 

ASSESSMENT FOUNDATION: 
UPDATED CLIMATE PROJECTIONS AND DATA 

SUMMARIES FOR REGIONS 
AND COMMUNITIES 

STATEWIDE 
SUMMARY 

ORIGINAL RESEARCH TO 
INFORM POLICY AND ACTION 

CALIFORNIA’S CLIMATE CHANGE POLICY AND 
THE FOURTH ASSESSMENT 

While California is leading eforts to reduce greenhouse 
gas emissions, the State must also proactively address 
current and future impacts of climate change. Te Fourth 
Assessment is part of 
California’s comprehensive 
strategy to take action based 
on cutting-edge climate 
research. Te Fourth 
Assessment addresses critical 
information gaps that 
decision-makers at 
the state, regional, and local levels need addressed in 
order to protect California’s people, infrastructure, 
natural systems, working lands, and waters. 

PEOPLE 

INFRA-
STRUCTURE 

NATURAL 
SYSTEMS 

Built infrastructure systems 

including changes in climate 

so that they both survive climate-

can withstand changing 
conditions and shocks, 

conditions, while continuing 
to provide critical services 

People and communities can respond to changing 
average conditions, shocks, and stresses in a manner 
that minimizes risks to public health, safety, and the 

economy; and maximizes equity and 
protection of the most vulnerable 

related events and thrive despite 
and after these events. 

Natural systems adjust and 
maintain desirable ecosystem 

characteristics in the face of 
change. 

The Fourth Assessment provides critical information that will enable more ambitious efforts 
to support a climate-resilient California. 
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Why Study Climate Change in California? 

C alifornia is one of the most “climate-challenged” regions of North America; its historical climate is 
extremely variable, and climate change is making extreme conditions more frequent and severe. California’s 
temperatures are already warming, heat waves are more frequent, and precipitation continues to be highly 
variable. Since its Third Climate Change Assessment in 2012, California has experienced several of the most 

extreme natural events in its recorded history: a severe 
drought from 2012-2016, an almost non-existent Sierra 
Nevada winter snowpack in 2014-2015, increasingly 
large and severe wildfres, and back-to-back years of the 
warmest average temperatures. 

California and the world need to rapidly reduce climate 
pollution to avoid the worst efects of climate change. 
We must also prepare for the continued acceleration of 
climate impacts in the future. Te Fourth Assessment has 
prepared information needed to reach these goals. 

Te Fourth Assessment includes 33 State-funded 
research projects and contributions from 11 externally-
funded researchers. Te State-funded projects include 
the development of cutting-edge climate projections for 
California. Te projections use a broader range of climate 
models, emission scenarios, and simulations than previous 
assessments, and included: 

• Te development and use of a new technique that 
provides spatial climate data that can be used at the 
local to regional level. 

• Improved understanding of additional climate vari-
ables, including relative humidity and wind speed, 
and extremes like drought, heat waves, and heavy 
precipitation events. 

• More extensive simulations of wildfre to help visual-
ize increases in area burned. 

• A more detailed set of sea-level rise projections that 
incorporate recent research on ice sheet collapse in 
West Antarctica. 

These projections are critical tools 
necessary to understand and plan for 
climate impacts. They also inform research 
into critical actions for resilience. 

CATALYZING ACTION THROUGH NEW ONLINE RESOURCES 

www.Cal-Adapt.org 

The Fourth Assessment supported the development and expansion 
of new and existing resources to directly support climate action. 
Examples include: 

Cal-Adapt is the State’s portal for the climate projections produced for 
the Fourth Assessment, enabling data downloading and visualizations 
of climate scenarios at the local level and wildfre projections for the 
entire state. 

www.Cal-Heat.org 

Cal-Heat is a new tool funded by the Fourth Assessment to inform 
local public health offcials’ initiatives to protect the public during 
climate-exacerbated extreme heat events. 

COASTAL STORM MODELING SYSTEM (COSMOS) 

The CoSMoS model, partly funded by the Fourth Assessment, provides 
information about the complex interplay of coastal dynamics and 
climate change for California’s coast. 

View updated CoSMoS results on these websites: 

• Hazard Exposure Reporting and Analytics (HERA) 

• Our Coast Our Future Flood Map 

https://www.usgs.gov/apps/hera/ 

www.OurCoastOurFuture.org 

The full suite of Fourth Assessment projects and other tools can be 
found at: www.ClimateAssessment.ca.gov 

3 PC ORIGINAL PKG

http:www.ClimateAssessment.ca.gov
http:www.OurCoastOurFuture.org
https://www.usgs.gov/apps/hera
http:www.Cal-Heat.org
http:www.Cal-Adapt.org


 
 

 

 

  

 

How is California’s climate projected to change? 

T
he Fourth Assessment produced updated climate projections that provide state-of-the-art understanding 
of different possible climate futures for California. The science is highly certain that California (and the 
world) will continue to warm and experience greater impacts from climate change in the future. While 
the Intergovernmental Panel on Climate Change and the National Climate Assessment have released 

descriptions of scientifc consensus on climate change for the world and the United States, respectively, the Fourth 
Assessment summarizes the current understanding of climate impacts and adaptation options in California. The 
greater detail provided by the Fourth Assessment supports efforts by individuals, businesses and communities to 
prepare for and reduce the impacts of climate change. 

CLIMATE IMPACT DIRECTION 
SCIENTIFIC CONFIDENCE 

FOR FUTURE CHANGE 

TEMPERATURE WARMING Very High 

SEA LEVELS RISING Very High 

SNOWPACK DECLINING Very High 

HEAVY PRECIPITATION EVENTS INCREASING Medium-High 

DROUGHT INCREASING Medium-High 

AREA BURNED BY WILDFIRE INCREASING Medium High 

While most of these trends have been generally understood and expected since before California’s First Climate 
Change Assessment in 2006, the Fourth Assessment provides new quantitative tools to understand and address these 
impacts. Te updated results from the suite of Fourth Assessment models and analyses demonstrate the importance 
of achieving global reductions in greenhouse gas emissions. 1 

1 The phrase “if greenhouse gas emissions continue at current rates” refers to the Representative Concentration Pathway (RCP) 8.5. The phrase “if greenhouse 

gas emissions are reduced at a moderate rate" refers to RCP4.5. The RCP4.5 emissions level represents reduced emissions, but those reductions are not 

suffcient to achieve the targets called for in the Paris Agreement.  However, the RCP4.5 emissions scenario was used in many of the Fourth Assessment's 

studies. 
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If greenhouse 

are reduced at a 
moderate rate… 

then California will 

experience average daily 

2.5°F 
from 2006 to 
2039. 

4.4°F 
from 2040 to 
2069. 

5.6°F 
from 2070 
to 2100. 

gas emissions… 
continue at 
current rates… 

high temperatures that 

are warmer than the 

historical average by… 

2.7°F 
from 2006 
to 2039. 

5.8°F 
from 2040 
to 2069. 

8.8°F 
from 2070 
to 2100. 

While the averages of daily maximum temperatures  
over an entire year are easily understood, in many ways 
this indicator obscures the risks from extreme weather 
events due to changing climate. For example, the number 
of extreme heat days will increase exponentially in  
many areas. 

Projections developed for the Fourth Assessment do 
not show a consensus in the overall trend in yearly 
precipitation, but they do have increasing variability 
in precipitation. However, across all the simulations, 
higher temperatures lead to dryer conditions because of 
increasing evaporation and plant stress. With increased 
numbers of dry days, several of the models indicated 
an increased occurrence of dry years and strings of 
dry years resulting in more frequent and more intense 
droughts. At the same time that most of the simulations 
had more dry days, there was also a tendency for 
increased precipitation on very wet days, so that the risk 
of foods caused by large storms will increase, sometimes 
occurring in bursts over several weeks. 

he Paris Agreement brought, for the frst time, all 
nations of the world together around the common 
cause of limiting global average temperature 

warming to 2°C [3.6˚F] or less (1.5°C [2.7˚F]) above 
pre-industrial levels. A Fourth Assessment study reports 
estimated climate impacts to California assuming global 
compliance with the Paris goals, fnding that impacts 
in California would be substantially reduced. However, 
California still needs to prepare, at a minimum, for 
signifcant unavoidable impacts that would occur even 
if global average temperate rise is limited to 1.5°C, and 
adopt precautionary adaptation policy to protect against 
impacts from higher emissions scenarios. 

T 

y 2050, the average water supply from 
snowpack is projected to decline to 2/3 from 
historical levels. If emissions reductions do not 

occur, water from snowpack could fall to less than 
1/3 of historical levels by 2100. 

B 
EXTREME HEAT DAYS PER YEAR IN DOWNTOWN FRESNO 

(Days exceeding 106.6°F)   

1961 – 2005 

4 
2050 – 2099 

26 
if greenhouse 
gas emissions 

are reduced at a 
moderate rate 

2050 – 2099 

43 
if greenhouse 
gas emissions 
continue at 
current rates 
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Sea-level rise is virtually certain to increase beyond the Increasing acreage burned by wildfre is associated with 
6 inches that much of California experienced in the past increasing air temperatures. One Fourth Assessment 
century, but there are important questions involving model suggests large wildfres (greater than 25,000 acres) 
how fast and how extreme the rates of sea-level rise will could become 50% more frequent by the end of century 
be. Te Fourth Assessment’s projections underscore the if emissions are not reduced. Te model produces more 
dependence of sea levels upon greenhouse gas emissions years with extremely high areas burned, even compared 
and the associated melt and ice-loss from Greenland and to the historically destructive wildfres of 2017 and 2018. 
Antarctica. If emissions continue at current rates, Fourth 
Assessment model results indicate that total sea-level 
rise by 2100 is expected to be 54 inches, almost twice the 
rise that would occur if greenhouse gas emissions are 
lowered to reduce risk. 

1961-1990 2035-2064 2070-2099 

This image shows the modeled area burned by wildfres from current time (modeled as 1961-1990), for mid-century (2035-2064), and for late 
century (2070-2099). By the end of the century, California could experience wildfres that burn up to a maximum of 178% more acres per year 
than current averages. 
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hile the impacts of climate change vary 
over time and place, each community 
will also experience these impacts 
in unique ways that will depend on 

social, economic, and demographic factors. The Fourth 
Assessment makes new strides at the intersection of 
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Impacts of Climate Change on People 

 

 

  
 

 

 
 

 

social and physical sciences to understand how climate 
change will affect Californians – and how Californians 
can adapt and safeguard their communities from climate 
change. 

PUBLIC HEALTH 

Climate change will afect California’s diverse people 
and communities diferently, depending on their 
location and existing vulnerabilities. While research 
shows that all Californians will likely endure more 
illness and be at greater risk of early death because of 
climate change, vulnerable populations that already 
experience the greatest adverse health impacts will be 
disproportionately afected. 

Heat waves, the natural disaster responsible for the 
most deaths in California over the last 30 years, are an 
example of the current and future risk climate change 
poses to people. Te 2006 heat wave killed over 600 
people, resulted in 16,000 emergency department visits, 
and led to nearly $5.4 billion in damages. Te human 
cost of these events is already immense, but research 
suggests that mortality risk for those 65 or older could 
increase ten-fold by the 2090s because of climate change. 
Studies show that while air conditioning can reduce 
mortality and illness from heat, increased electrical 
demand for cooling due to hotter conditions could 
also drive up emissions. However, the state is rapidly 
moving to cleaner electricity generation. Greenhouse gas 
emissions from electricity generation in 2016 were about 
37% lower than emissions in 1990. 

Social 
Vulnerability 
Composite 
Score 

A Fourth Assessment study produced this map of social vulnerability to heat by using 
18 health, social, and environmental factors associated with heat vulnerability. The 
map highlights the relative heat vulnerability of 8,046 census tracts by synthesizing 
vulnerability indicators to render a clearer picture of overall heat vulnerability. 
In more detail, Map A illustrates the Bay Area and Map B shows greater Los 
Angeles area. 

IMPACT FROM CLIMATE CHANGE: Heat-Health Events 
(HHEs), which predict heat risk to local vulnerable populations, 
will worsen drastically throughout the state by mid-century. The 
Central Valley is projected to experience average HHEs that are 
up to two weeks long, and HHEs could occur four to ten times 
more often in the North Sierra region. 

ACTION FOR RESILIENCE: The Fourth Assessment supported 
the development of a prototype heat warning system known 
as the California Heat Assessment Tool (CHAT), which was 
designed to provide information about heat events most likely to 
result in adverse health outcomes. It will support public health 
departments taking action to reduce heat-related morbidity and 
mortality outcomes. 

7 

new study found that deep greenhouse gas emission reductions (80% below 1990 levels) in California 
could signifcantly improve health outcomes, and cost savings would be comparable to the cost of achieving 
those reductions by 2050. These savings are achieved because shifting from polluting technologies to clean 

technology improves air quality, saves lives, and improves overall public health. 
A 
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In addition to heat, direct climate impacts like wildfre, 
drought, and coastal and inland fooding will negatively 
afect public health. However, there are also additional 
indirect efects of climate change on human health: 
wildfre smoke leads to increased respiratory illness, 
warmer temperatures lead to the spread of mosquito-
borne diseases like Zika, and increased disasters lead to 
greater stress and mental trauma. 

CLIMATE JUSTICE 

Te Fourth Assessment includes a report on climate 
justice in California, a new addition to the assessment 
process. Climate justice is the concept that no group of 

people should disproportionately bear 
the burden of climate impacts or the 
costs of mitigation and adaptation, and 
is a critical component of California’s 
climate strategy. 

Tis Fourth Assessment report 
highlights the importance of adaptation 
eforts to minimize climate impacts to 
disadvantaged communities, as well 
as case studies of innovative programs 
to increase the resiliency of vulnerable 
populations in California. Te report 
identifes areas for additional research 
needed to improve climate adaptation for 

Vulnerable communities vulnerable populations and to promote 
include feld workers, such climate justice in California. Tese 
as this person being given include better tools, indices, maps, and 
a protective N95 face mask metrics for identifying and quantifying 
who was exposed to poor air resilience in vulnerable communities, 
quality during the California research into achieving a just transition 
wildfres in the fall/early to a low carbon economy, and methods 
winter of 2017/2018. for ensuring community involvement in 
Photo: CAUSE climate adaptation planning. 

TRIBAL AND INDIGENOUS COMMUNITIES 

For the frst time, the Fourth Assessment includes a 
Tribal and Indigenous Communities Summary Report. 
Tribes and Indigenous communities in California face 
unique challenges under a changing climate. Tribes 
maintain cultural lifeways and rely on traditional 
resources (like salmon fsheries) for both social and 

An example of how tribes use Traditional Ecological Knowledge can 
be seen in the use of prescribed burns. These are commonly deployed 
within a centuries-old cultural context to manage meadows, forests, 
and other areas within tribal lands. 

economic purposes. For many tribes in California, 
seasonal movement and camps were a part of living 
with the environment. Today, these nomadic options are 
not available or are limited. Tis is the result of Euro-
American and U.S. policy and actions and underpins 
several climate vulnerabilities. Tribes with reservations, 
Rancherias, or allotments are vulnerable to climate 
change in a specifc way: tribal lands are essentially 
locked into fxed geographic locations and land status. 
Only relatively few tribal members are still able to engage 
in their cultural traditions as livelihoods. 

Traditional Ecological Knowledge (TEK)-based methods 
are gaining a revitalized position within a larger 
statewide toolset to build resilience against climate 
change by tribal and non-tribal stakeholders alike. 
Te importance of maintaining TEK is not isolated to 
environmental and ecological improvements. Tese 
ancient, traditional practices are closely linked to 
climate resilience across tribal cultural health, identity, 
and continuity. Cultural practices and traditional land 
management are also linked to improving physical 
and mental health among tribal members. Tese TEK 
techniques are increasingly incorporated by non-
tribal land and resource managers as part of wildfre 
prevention and ecosystem management. 
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Impacts of Climate Change on Infrastructure 

T he Fourth Assessment provides in-depth 
assessments that support proactive steps to 
protect California’s energy, transportation, 
and water infrastructure systems and the 

communities they serve. These systems face increasing 
risks from climate change as temperatures warm, sea 
levels rise, and other climate impacts worsen. These 
systems are interconnected, and disruption in one part 
can impact other connected parts with both direct and 
indirect economic effects. 

ENERGY 

Energy resources can be considered from both supply 
and demand perspectives. Fourth Assessment studies 
found infrastructure that supplies energy along the coast 
– particularly docks, terminals, and refneries – will 
increasingly be exposed to coastal fooding. Meanwhile, 
electrical power lines, rails, and roads are primarily 
at risk from increasing wildfre. Costs and impacts of 
wildfre to electricity transmission and distribution 
systems are expected to grow as climate change impacts 
increase. 

IMPACT FROM CLIMATE CHANGE: Annual demand 
for residential electricity is projected to increase in inland 
and Southern California, with more moderate increases in 
cool coastal areas. Increases in peak hourly demand during 
the hot months of the year could be more pronounced. 
Even though reduced use of natural gas in warmer winter 
months will offset some of the total demand for energy, it 
will be critical to be able to meet higher peak loads while 
protecting infrastructure from climate impacts. 

ACTION FOR RESILIENCE: Studies found that fexible 
adaptation pathways that allow for implementation of 
adaptation actions over time enable utilities to protect 
services to customers most effectively. The California Public 
Utilities Commission recently began a process to consider 
strategies and guidance for climate adaptation for electric 
and natural gas utilities, which will be informed by the 
Fourth Assessment. 

IMPACT FROM CLIMATE CHANGE: Emerging fndings for 
California show that direct climate impact costs by the middle 
of this century are dominated by human mortality, damages to 
coastal properties, and the potential for droughts and damaging 
foods. The costs have been estimated at tens of billions of 
dollars. The impacts after the middle of this century will be 
much lower if global greenhouse gas emissions are reduced 
substantially. 

ACTION FOR RESILIENCE: California’s Fourth Climate 
Assessment contributes information and tools that are needed 
from local to statewide levels to design and implement 
adaptation measures to lower economic impacts. In addition, the 
Climate-Safe Infrastructure Working Group, created in response 
to Assembly Bill 2800 (Quirk), is releasing recommendations 
that build on the Fourth Assessment fndings to inform a robust, 
comprehensive, and equitable approach to building for the 
future. 

Solar panels produce energy at the California Department of Water 
Resources Pearblossom Pumping Plant in Pearblossom, California. The 
Fourth Assessment considered climate risk to the electricity system in 
the context of the growth of renewable energy supply.  Photo credit: 
Florence Low/California Department of Water Resources 2017. 
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TRANSPORTATION 

California’s roads, railroads, pipelines, waterways, ports, 
and airports are critical for the movement of people 
and goods. Tey will be signifcantly afected by climate 
change. A growing threat to California’s transportation 
system is wildfre, which can also have cascading efects 
like landslides and mudslides that occur afer rain falls 
on newly burned areas. 

Increasing temperatures are also expected to increase 
road construction costs between 3 and 9%.  Adapting 
roadway materials to withstand higher temperatures is 
needed to avoid potential costs of over $1 billion by 2070. 
115 miles of railroad could be at risk of coastal fooding 
by 2040, with an additional 285 miles at risk by 2100. 

The combination of the Thomas wildfre (281,893 acres) and a subsequent intense 
rainstorm caused heavy mud and debris fows in the towns of Carpinteria and 
Montecito, resulting in 21 fatalities, destroying at least 1,063 structures, causing 
over $2.176 billion in damages, and closing Highway 101 for two weeks. 

IMPACT FROM CLIMATE CHANGE: Miles of 
highway at risk of fooding in a 100-year storm event 
will triple from current levels to 370 miles by 2100. 
Under that scenario, over 3,750 additional miles of 
highway will be exposed to temporary fooding. 

ACTION FOR RESILIENCE: Based in part on its 
work with the Climate-Safe Infrastructure Working 
Group, Caltrans will update its Highway Design 
Manual to include the latest climate-informed data 
on precipitation and heat. Caltrans will also complete 
climate vulnerability assessments and develop climate 
adaptation strategies for each of its 12 districts. 

Airports in major urban areas including San Francisco 
(SFO), Oakland, and San Diego will be susceptible to 
major fooding from a combination of sea-level rise 
and storm surge by 2040-2080, depending on location, 
without implementation of protective measures. SFO is 
already at risk of fooding from storm surge. 

WATER INFRASTRUCTURE 

Te impacts of climate change on California’s water 
infrastructure and management are especially profound 
and are causing shifs in the water cycle, greater risks to 
engineered systems, and threats to ecosystems and water 
quality. Te complex network that stores and distributes 
water throughout the state was designed for historical 
hydrologic conditions that are now changing. Te Fourth 
Assessment contributes critical knowledge to understand 
these new risks and to improve management. 

Modeling of reservoir operations show that Shasta and 
Oroville reservoirs, the two largest in the state, will have 
roughly one-third less water stored annually by the end 
of the century under current management practices. 
Tis reduced storage could limit water supplies and 
thus lower resilience to droughts. Changes in seasonal 
precipitation combined with the efects of sea level rise 
in the Delta may compound water supply reliability for 
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cities and farms that depend on imported water from 
the State Water Project and Central Valley Project, as 
exports from the Delta in future droughts could be 
reduced by as much as 50% more than during historical 
droughts. Te Fourth Assessment also found that water 
rights administration and oversight practices from past 
droughts are ill-suited to the growing challenges for 
water management from climate change. 

As temperatures increase, more precipitation will fall as 
rain rather than snow. With potentially larger storms, 
existing food management practices and infrastructure 
will be challenged to meet the higher fows. Advances in 
monitoring systems, forecasts, and coordination, coupled 
with continuing modifcations and repairs to food 
management infrastructure, will enable more time to 
prepare for future large foods while increasing options 
to improve and maintain supply reliability. 

The Shasta Dam is one of California’s two largest, with a storage 
capacity of 4.55 million acre feet. Photo credit: Apaliwal 2009. 

IMPACT FROM CLIMATE CHANGE: Current management practices 
for water supply and food management in California may need to be 
revised for a changing climate. This is in part because such practices were 
designed for historical climatic conditions, which are changing and will 
continue to change during the rest of this century and beyond. As one 
example, the reduction in the Sierra Nevada snowpack, which provides 
natural water storage, has signifcant implications for California’s water 
management system. 

ACTION FOR RESILIENCE: Promising adaptation options such as the 
use of probabilistic hydrological forecasts, better measurements of the 
snowpack, and other improved ways to manage water can reduce these 
negative impacts. Increased groundwater storage is another promising 
option, which may include taking advantage of increased winter runoff 
to food agricultural and natural areas to recharge aquifers. Institutional, 
regulatory, legal, and other barriers may need to be overcome to 
implement science-based solutions. 

In addition to illuminating impacts from climate 
change to California’s water infrastructure, the Fourth 
Assessment also presents potential solutions from 
around the state. One study shows how creative 
approaches from local water districts better prepared 
them for California’s drought. While small water systems 
throughout the state currently struggle to incorporate 
climate change into their planning and management 
practices, the State could help disadvantaged 
communities most impacted by climate change by 
providing funding, technical assistance, and assistance 
consolidating these water providers. 

L and subsidence and sea-level rise will impede the function of levees in the 
Sacramento-San Joaquin Delta, and by 2050-2080 some Delta levees may no 
longer meet federal standards. 
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Impacts of Climate Change on Natural and Working Lands and Waters 

N
atural and working lands and waters include 
forests, rangelands, farmland, riparian areas, 
and California's ocean and coast. These lands 
contribute to the natural infrastructure of 

the state. They harbor the species and ecosystems of 
California, and are increasingly at risk of disruption due 
to climate change. 

FORESTS 

California’s forests cover almost one-third of the state 
and provide important ecosystem services including 
water capture and fltration, wildlife habitat, recreation 
opportunities, and timber products. Climate change 
poses increased risk of wildfre and potential for insect 
infestations. California’s forests have the potential to 
remove and store carbon from the atmosphere, and are 
an important element of the State’s programs to reduce 
carbon in the atmosphere. However, more research is 
needed to understand the relationship between forest 
management practices to reduce wildfre risk and the 
efect on carbon storage. A Fourth Assessment study 
found that fuel treatments lowered the biomass stored in 
a forest, but that more of the remaining biomass survived 
a fre than in an untreated forest area. Te study also 
developed a new method to track how much biomass is 
stored in living trees on large scales. 

California’s forests contain over 60 species of trees including red fr (Abies 
magnifca) and extends from coastal regions to high elevations in the Sierra Nevada 
and other mountain ranges. Photo: Jean Pawek 

12 

ACTION FOR RESILIENCE: A Fourth Assessment 
review of forest health literature provides further 
scientifc backing to the State’s Forest Carbon Plan 
to increase forest restoration and treatment such as 
prescribed fre to an average of 35,000 acres a year 
by 2020. Additionally, intensive thinning in highly 
productive forests reduced tree evapotranspiration, 
suggesting that forest thinning could result in 
increased base fows of up to 10% for dry years and 
5% for all years. 

This review found prescribed fre a suitable tool to 
lower extreme fre risk. However, under extreme fre 
weather conditions, fres may simply jump or burn 
through treated areas. With regards to sequestering 
carbon, a key question in California forests is 
whether fuel treatment data such as fre intensity, 
stand age, and extent of treatment can be used to 
predict the reduction of carbon lost in a subsequent 
wildfre. 

A Fourth Assessment wildfre model suggests a 77% 
increase in mean and up to a 178% increase in maximum 
area burned by wildfres (compared to 1961-1990) by 
2050, but the actual impacts could be substantially more 
severe because external factors such as wind are not yet 
incorporated. By the end of the century, if greenhouse 
gas emissions continue to rise, extreme wildfres burning 
over about 25,000 acres is projected to increase by nearly 
50%. Reducing tree density and restoring benefcial, 
controlled fre can improve resilience of California’s 
forests to wildfre. In the areas that have the highest 
fre risk, wildfre insurance is estimated to rise by 18% 
by 2055, and the fraction of property insured would 
decrease. 
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RANGELANDS 

Conservation of California’s grasslands, chaparral, and 
oak woodlands and improved management of their 
soils has strong potential to improve soil water-holding 
capacity, increase stream fows and aquifer recharge, 
reduce fooding and erosion, and reduce climate-related 
water defcits. Increasing organic matter in soils by 3% by 
applying compost could increase the soil’s water holding 
capacity by up to 4.7 million acre-feet across all working 
lands in California, with hydrologic benefts greatest in 
locations with enough precipitation to fll increases in 
soil storage capacity. 

Many of California’s rangelands consist of nonnative grasses and 
oak woodlands including these blue oaks (Quercus douglasii)  or 
chaparral. Photo: Neal Kramer 

ACTION FOR RESILIENCE: Field experiments and modeling 
show that a single application of compost to rangelands in 
California can increase soil organic carbon sequestration for up 
to 30 years and enhance net primary productivity. The resulting 
increase in soil organic matter and increased vegetation also 
supports infltration of water during storm events, contributing to 
recharge of aquifers. A lifecycle assessment of California’s largest 
organic waste streams — food waste, yard waste, and cattle 
manure — showed that composting these feedstocks and applying 
the compost to California rangelands has lower net greenhouse 
gas emissions than other waste management approaches. 

BIODIVERSITY AND HABITATS 

California is a globally ranked biodiversity hotspot: only 
25 regions in the world have as many species. Tese 
species live in the state’s natural vegetation types: forests, 
chaparral, riparian areas, riverside and wetlands, as well 
as in its working landscapes, which include rangelands 
and agricultural lands. Under current emissions levels, 
between 45 to 56% of the natural vegetation in California 
becomes climatically stressed by 2100. Te recent tree 
die-of during the drought of 2012-2016 shows how 
projected impacts are already having drastic efects. 

Corridors can provide a means for plants and animals 
to migrate to more suitable areas as the climate changes. 
A Fourth Assessment study provides a framework for 
climate-wise corridor design and implementation for 
terrestrial plants and wildlife. It recommends starting 
with designs based on land use and land cover, to 
capture the connectivity needs of the majority of species. 
Corridors should be prioritized that connect habitat 
patches to sites where the future climate will be similar to 
the current climate in the habitat patch and incorporate 
climate refugia. 
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AGRICULTURE 

California produces over half of the nation’s specialty 
crops, including fruits, vegetables, nuts, fowers, and 
nursery crops. Many of these crops, including fruit 
and nut trees, are particularly vulnerable to climate 
change impacts such as altered temperatures and stress 
from warmth and dryness. Climate change impacts to 
California agriculture will add to ongoing challenges 
from conversion of agricultural land to urban areas and 
regulatory challenges. California agriculture is projected 
to experience lower crop yields due to extreme heat 
waves, heat stress and increased water needs of crops 
and livestock (particularly during dry and warm years), 
and changes in pest and disease threats. Many of these 
impacts can be lessened through on-farm management 
practices, technological advances, and incorporation 
of climate change risks in decision-making. A Fourth 
Assessment study suggests that climate-related crop 
losses will be less than impacts associated with the loss 
of water supply and conversion of agricultural lands to 
other uses. 

An analysis of crops, dairies, and beef cattle in California 
based on historical and projected climate conditions 
suggests that agriculture will continue to thrive through 
2050, although with a reduction of 5 to 15% in gross crop 
revenues, assuming reductions in irrigation water. When 
proper growing conditions exist, farms may rely on the 
production of higher value crops to cope with rising 
opportunity costs of water and land. Te high demand 
for specialty crops means that production of these crops 
will continue, while feld and grain crops may face more 
important decreases in irrigated area and associated loss 
of agricultural jobs. 

California’s agriculture produces a high diversity of crops, and depends on water 
that is frequently imported from other parts of the state or western US. 
Photo:Patrick Huber 

IMPACT FROM CLIMATE CHANGE: A 
secondary, but large, effect of droughts is the 
increased extraction of groundwater from aquifers 
in the Central Valley, primarily for agricultural uses. 
The pumping can lead to subsidence of ground 
levels, which around the San Joaquin-Sacramento 
Delta has been measured at over three-quarters of 
an inch per year. This subsidence impacts the canals 
that deliver water across the region. 

ACTION FOR RESILIENCE: Flooding of some 
types of agricultural felds during wet years can 
provide some additional groundwater recharge, 
which can be used to support agriculture through 
longer droughts. This could be an important 
adaptation option considering the loss of snowpack 
forecasted for the rest of this century. California’s 
Sustainable Groundwater Management Act will 
also reduce groundwater overdraft, and guidance 
for incorporating climate change projections will 
increase resilience. 

IMPACT FROM CLIMATE CHANGE: Agricultural 
production could face climate-related water 
shortages of up to 16% in certain regions. 
Regardless of whether California receives more or 
less annual precipitation in the future, the state will 
be dryer because hotter conditions will increase the 
loss of soil moisture. 

ACTION FOR RESILIENCE: Increasing soil organic 
matter by 3% by applying a ¼ inch of compost 
could increase the soil water holding capacity by 
up to 4.7 million acre-feet if applied to all working 
lands in California. 
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Impacts of Climate Change on the Ocean and Coast 

C alifornia’s iconic shoreline is integral to the state’s identity, but climate change is rapidly changing the 
ocean and coast. The coastal region, which stretches over 1,200 miles of shoreline, is an economic 
powerhouse that contributed $41.1 billion to the state’s GDP, provided $19.3 billion in wages and salaries, 
and supplied 502,073 jobs in 2013. Rising sea levels, warming ocean waters, increasing acidity, and 

decreasing dissolved oxygen levels will have effects that ripple far beyond the three-quarters of Californians who live 
in coastal counties. The Fourth Assessment included a Coast and Ocean Summary Report for the frst time; this report 
synthesizes the latest research – touched on below – about the challenges facing our coast and ocean because of 
climate change and what actions we can take to increase their resilience. 

OCEAN WARMING 

California has recently experienced unprecedented 
events along its coasts including a historic marine heat 
wave, record harmful algal blooms, fsheries closures, 
and a signifcant loss of northern kelp forests. Tese 
events increase concern that coastal and marine 
ecosystems are being transformed, degraded, or lost 
due to climate change impacts, particularly sea-level 
rise, ocean acidifcation, and warming. From 1900 to 
2016, California’s coastal oceans warmed by 1.26 °F. 
“Te Blob,” a very warm patch of ocean water of the 
coast of California from 2013-2016, demonstrated that 
anomalously warm ocean temperatures can produce 
unprecedented events, including the mass abandonment 
of sea lion pups and California’s record-setting drought. 

IMPACT FROM CLIMATE CHANGE: A new model 
estimates that, under mid to high sea-level rise scenarios, 31 
to 67% of Southern California beaches may completely erode 
by 2100 without large-scale human interventions. Damages 
in the state’s major population areas could reach nearly $17.9 
billion from inundation of residential and commercial buildings 
under 20 inches of sea-level rise, which is close to the 95th 
percentile of potential sea-level rise by the middle of this 
century. A 100-year coastal food, on top of this level of sea-
level rise, would almost double the costs. 

RISING SEA LEVELS 

Building resilience 
to sea-level rise in 
California requires 
approaches tailored to 
communities’ needs, 
climate impacts, and many 
other factors. Options 
to protect communities 
and ecosystems include 
combinations of armoring, 
natural infrastructure, 
and hybrid approaches. 
Decision-makers 
need tools to evaluate 
the economic and 
environmental costs and 
benefts of alternative 
strategies with more 
complete information. 
Te Fourth Assessment 
contributed to this need 

ACTION FOR RESILIENCE: A Fourth Assessment study 
developed technical guidance on design and implementation 
of natural infrastructure for adaptation to sea-level rise, such 
as the use of vegetated dunes, marsh sills, and native oyster 
reefs. This research included case studies on existing natural 
shoreline infrastructure projects at fve sites spanning from 
Humboldt to Los Angeles counties that show promising 
approaches to increase resilience to sea-level rise and other 
benefts. 

The CoSMoS tool permits assessment of food 
risk for all parts of California. This image shows 
the San Diego Harbor with a 4.9 foot sea level 
rise and with or without a 100-Year storm. 
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This site in Ventura County showed severe coastal erosion in 1990. A managed 
retreat of infrastructure from the waterline provided adequate space for restoration 
using cobble, sand, and dune plantings. To learn more about this project and other 
case studies, see the brochure “Case Studies of Natural Shoreline Infrastructure in 
Coastal California” that was prepared as part of the Fourth Assessment. 

A Fourth Assessment study found that 
sea-level rise has become the dominant 
concern for coastal managers, and most 

also face funding and fnancing barriers. 

by supporting the expansion of CoSMoS – a tool that 
can simulate sea-level rise in combination with storm 
events and other coastal dynamics – to include Southern 
California. 

Coastal protection strategies can include the restoration 
of tidal marshes, judiciously-placed coastal armoring, 
and beach renourishment for highly accessed urban 
locations (e.g., adding large volumes of sand, an 
expensive solution lasting only 1-2 years). However, by 
2050, with increasing sea-level rise and coastal storms, 
localities may begin to consider retreat strategies. 

Te restoration of marine plants and seaweeds in coastal 
environments is a tactic that could increase dissolved 
oxygen levels, at least for local areas. Ocean and coastal 
vegetation including marshes also sequester carbon, 
and quantifying the locations and contributions that 
marine plants can make to reducing carbon dioxide in 
local waters is needed. Other actions include reducing 
nutrient runof from sewage disposal and excess 
agricultural fertilizer. 

OCEAN CONDITIONS 

Te ocean has been absorbing atmospheric carbon 
dioxide, which diminishes the amount of greenhouse 
gases in the atmosphere and slows the rate of climate 
warming but causes the ocean to become more acidic. 
However, its capacity to do so will decrease. Improving 
our understanding of the overlapping efects of rising 
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temperature, ocean acidifcation, and identifying 
potential survival thresholds for species or ecosystems 
will allow us to make better-informed decisions and 
improve management options to reduce future losses and 
impacts. 

Ocean warming, ocean chemistry changes, sea-level rise, 
and other greenhouse gas-driven changes to California’s 
ocean and coast – those already occurring and projected 
– will have signifcant consequences for California’s 
coastal economy, communities, ecosystems, culture, and 
heritage. Reducing greenhouse gas emissions is the most 
efective long-term solution to man-made climate change 
and ocean acidifcation. 

Ocean-
Atmosphere 
Influences 

Changes 
to Rainfall 

Changes to 
Ocean Currents 

Ocean 
THERMAL Temperature 
Expansion 

CO2 O2 Stratification 

Acidity pH 

Changes in Ocean Physiology/ Behavior/ 
Shell Formation Chemistry 

IMPACT FROM CLIMATE CHANGE: Climate extremes and 
ocean acidifcation are already impacting shellfsh in California. 
Acidifcation affects shell-building species by decreasing the 
carbonate ions available in the water that they need to build their 
shells, causing larvae to essentially dissolve at certain acidities. 

ACTION FOR RESILIENCE: A Fourth Assessment study found 
a species of mussel can be an important “indicator species” for 
California to help us understand the biological and chemical 
processes altering ocean waters, potentially pointing the way 
to strategies that are more effective for mitigating the harmful 
effects of acidifcation. 

Increased 
Changes Greenhouse Gases 
to Winds/ 
Storms/Waves 

Foodweb 
Effects 

King Tides/ 
Storm Surge 

• Coastal Communities 
• Fisheries & Agriculture 
• Human Health Sea-Level Rise 
• Economic Growth 
• Natural Heritage 

COASTAL 
Erosion 

Climate change can affect many parts of the ocean ecosystem including what species can live in the ocean, foodwebs, winds and storms, ocean 
currents, sea level rise, and ocean chemistry, particularly the acidity of the water and the level of dissolved oxygen held in the water. 
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Building Capacity to Address Local Impacts 

F
or climate adaptation to be effective there is a 
need for action from all levels of government. 
Adaptation planning and actions at the 
community level will need regional and local 

context. The sector-specifc analyses and advanced 
projections developed as part of the Fourth Assessment 
are key to increasing resilience against natural disasters 
and enabling effective local action. 

EMERGENCY MANAGEMENT AND 
DISASTER PREVENTION 

Climate change is making major disasters more frequent 
and destructive, and emergency managers are starting 
to ensure their capacity matches growing challenges. 
A Fourth Assessment study found that $1.7 billion of 
critical facilities for emergency response, like dispatch 
centers and fre stations, are at risk to wildfre or food 
damage by 2100, and researchers developed a tool to 
assess emergency infrastructure vulnerability. 

IMPACT FROM CLIMATE CHANGE: In the City of 
Los Angeles, eight days of power disruption due to a 
prolonged heat wave would pose critical threats to lifeline 
systems such as treated water, supplies, and access to air 
conditioning. 

ACTION FOR RESILIENCE: Integrated maps of 
interconnected emergency services systems can help 
make practitioners more aware of the importance of 
cascading events and geographically-connected impacts 
(teleconnections) and can support effective efforts to 
prevent or otherwise mitigate them. 

Another Fourth Assessment study shows that 
interconnected systems are vulnerable to disasters in 
ways that may be beyond the traditional jurisdictional 
scope of local emergency managers. Maps of 
interconnected lifeline systems will be needed to 
recognize and prepare for cascading efects of climate 
impacts. 

Proactive planning for future urban growth will be 
particularly important to avoid loss of life and property 
in the future. Avoiding residential growth in areas at 
high risk of wildfre and other forms of “climate-smart 
development” will be critical to reducing vulnerability 
to climate change. Future research is needed on the 
interplay between climate risk and development patterns. 

LOCAL AND REGIONAL GOVERNMENTS 

In order to address the impacts of climate change, 
California’s local and regional governments must 
build institutional capacity to ensure the resilience 
of individuals, communities, natural systems, and 
infrastructure. Te Fourth Assessment explores the 
social aspects of preparing people and communities 
to grapple with and adapt to the imminent impacts of 
climate change, particularly in light of the high cost of 
natural disasters and other climate change-related events. 

In addition to the social aspects of preparing 
communities for the impacts of natural disasters and 
recovery, local governments must identify strategies to 
deal with the fnancial burden estimated to be in the 
tens of billions of dollars. Given the potentially high cost 
of inaction, climate adaptation is a highly cost-efective 
option for governments to pursue. 

A Fourth Assessment study found that 
models that can quantify risks to people’s 
assets can help engage stakeholders who 

may be reluctant to participate in discussions 
of climate vulnerability and adaptation by 
allowing them to see how their communities 
will experience the impacts of extreme climate-
related events. 

While California’s three prior climate change assessments 
were focused on developing climate models and 
assessing climate change impacts, the Fourth Assessment 
prioritized an additional focus: identifying actions for 
successful climate change adaptation across diferent 
sectors and regions. 
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IMPACT FROM CLIMATE CHANGE: A Fourth Assessment 
study found that funding and fnancing challenges are 
among the top barriers to adaptation, with these challenges 
exacerbated by a number of organizational barriers such as 
limited local government staff and lack of technical capacity, 
agency leadership, and stakeholder partnerships. 

ACTION FOR RESILIENCE: As part of the Fourth 
Assessment, the Adaptation Capability Advancement Toolkit, 
termed Adapt-CA, was created to help local governments 
overcome common organizational barriers and advance their 
capability to implement climate change adaptation measures. 
The Toolkit can help local governments assess their existing 

capabilities for climate adaptation and identify concrete 
actions to advance their capabilities for more effective 
planning and implementation of climate change adaptation 
activities. 

View the Adaptation Capability Advancement Toolkit 
(Adapt-CA) at: 

www.arccacalifornia.org/adapt-ca 

The Alliance of Regional Collaboratives for Climate 
Adaptation represents networks across California that 
are building resilience to regional impacts. It hosts the 
Adapt-CA Toolkit. 

To support action at the local scale, the Fourth 
Assessment includes reports for 9 regions of the 
state. Tese summary reports were included for 
the frst time as part of the State’s assessment 
process in part because the vast majority of 
adaptation planning and implementation will 
happen at the local and regional scales. Each of 
these regional reports provides a summary of 
relevant climate impacts, adaptation solutions, 
and local initiatives. As previously mentioned, 
the Fourth Assessment also includes three 
summary reports on climate justice, tribal and 
indigenous communities, and the coast and 
ocean. Like the regional summary reports, 
each of these 3 reports was designed to catalyze 
discussions, planning, and actions to understand 
and address climate vulnerability. 

Te map on this page shows the regions and the 
icon for all 12 summary reports. 

The Fourth Assessment produced nine regional reports and three topical 
reports to provide greater detail for the public on the climate change risks and 
potential adaptation strategies for California. 

SAN  
DIEGO  

REGION 

SAN FRANCISCO 
BAY AREA 
REGION 

NORTH 
COAST  
REGION 

CLIMATE 
JUSTICE 

OCEAN  
AND COAST 

COMMUNITIES 

TRIBAL  
COMMUNITIES 

SACRAMENTO  
VALLEY  
REGION 

SAN  
JOAQUIN  
VALLEY  
REGION 

SIERRA  
NEVADA  
REGION 

LOS ANGELES 
REGION 

INLAND DESERTS  
REGION 

CENTRAL  
COAST  
REGION 

These reports, the statewide summary report, 44 technical research reports, and other 
resources are available on the Fourth Assessment website: 

www.ClimateAssessment.ca.gov 
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CHAPTER 1000 – BICYCLE 
TRANSPORTATION DESIGN 

Topic 1001 – Introduction 

Index 1001.1 – Bicycle Transportation 

The needs of nonmotorized transportation are an essential part of all highway projects.  
Mobility for all travel modes is recognized as an integral element of the transportation system.  
Therefore, the guidance provided in this manual complies with Deputy Directive 64-R2:  
Complete Streets - Integrating the Transportation System.  See AASHTO, “Guide For The 
Development Of Bicycle Facilities”. 

Design guidance for Class I bikeways (bike paths), Class III bikeways (bike routes) and Trails 
are provided in this chapter.  Design guidance that addresses the mobility needs of bicyclists 
on all roads as well as on Class II bikeways (bike lanes) is distributed throughout this manual 
where appropriate.  Design guidance for Class IV bikeways (separated bikeways) is provided 
in DIB 89.  The AASHTO Guide for the Development of Bicycle Facilities also provides 
additional bikeway guidance not included in this chapter.  In addition, bikeway publications 
and manuals developed by organizations other than FHWA and AASHTO also provide 
guidance not covered in this manual. 

See Topic 116 for guidance regarding bikes on freeways. 

1001.2  Streets and Highways Code References 

The Streets and Highways Code Section 890.4 defines a “bikeway” as a facility that is 
provided primarily for bicycle travel.  Following are other related definitions, found in Chapter 
8 Nonmotorized Transportation, from the Streets and Highway Code: 

(a) Section 887 – Definition of nonmotorized facility. 

(b) Section 887.6 – Agreements with local agencies to construct and maintain nonmotorized 
facilities. 

(c) Section 887.8 – Payment for construction and maintenance of nonmotorized facilities 
approximately paralleling State highways. 

(d) Section 888 – Severance of existing major non- motorized route by freeway construction. 

(e) Section 888.2 – Incorporation of nonmotorized facilities in the design of freeways. 

(f) Section 888.4 – Requires Caltrans to budget not less than $360,000 annually for 
nonmotorized facilities used in conjunction with the State highway system. 

(g) Section 890.4 – Class I, II, III, and cycle tracks or separated bikeway definitions. 
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(h) Section 890.6 - 890.8 – Caltrans and local agencies to develop design criteria and 

symbols for signs, markers, and traffic control devices for bikeways and roadways where 
bicycle travel is permitted. 

(i) Section 891 – Local agencies must comply with design criteria and uniform symbols. 

(j) Section 892 – Use of abandoned right-of-way as a nonmotorized facility. 

1001.3  Vehicle Code References  

(a) Section 21200 – Bicyclist's rights and responsibilities for traveling on highways. 

(b) Section 21202 – Bicyclist's position on roadways when traveling slower than the normal 
traffic speed. 

(c) Section 21206 – Allows local agencies to regulate operation of bicycles on pedestrian or 
bicycle facilities. 

(d) Section 21207 – Allows local agencies to establish bike lanes on non-State highways. 

(e) Section 21207.5 – Prohibits motorized bicycles on bike paths or bike lanes. 

(f) Section 21208 – Specifies permitted movements by bicyclists from bike lanes. 

(g) Section 21209 – Specifies permitted movements by vehicles in bike lanes. 

(h) Section 21210 – Prohibits bicycle parking on sidewalks unless pedestrians have an 
adequate path. 

(i) Section 21211 – Prohibits impeding or obstruction of bicyclists on bike paths. 

(j) Section 21400 – Adopt rules and regulations for signs, markings, and traffic control 
devices for roadways user.   

(k) Section 21401 – Only those official traffic control devices that conform to the uniform 
standards and specifications promulgated by the Department of Transportation shall be 
placed upon a street or highway. 

(l) Section 21717 – Requires a motorist to drive in a bike lane prior to making a turn. 

(m)Section 21960 – Use of freeways by bicyclists. 

(n) Section 21966 – No pedestrian shall proceed along a bicycle path or lane where there is 
an adjacent adequate pedestrian facility. 

1001.4  Bikeways 

(1) Role of Bikeways.  Bikeways are one element of an effort to improve bicycling safety and 
convenience - either to help accommodate motor vehicle and bicycle traffic on the 
roadway system, or as a complement to the road system to meet the needs of the 
bicyclist. 

 Off-street bikeways in exclusive corridors can be effective in providing new recreational 
opportunities, and desirable transportation/commuter routes.  Off-street bikeways can 
also provide access with bridges and tunnels which cross barriers to bicycle travel (e.g., 
freeway or river crossing).  Likewise, on-street bikeways can serve to enhance safety and 
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convenience, especially if other commitments are made in conjunction with establishment 
of bikeways, such as: elimination of parking or increased roadway width, elimination of 
surface irregularities and roadway obstacles, frequent street sweeping, established 
intersection priority on the bike route street as compared with the majority of cross streets, 
and installation of bicycle-sensitive loop detectors at signalized intersections. 

(2) Decision to Develop Bikeways.  Providing an interconnected network of bikeways will 
improve safety for all users and access for bicycles. The development of well conceived 
bikeways can have a positive effect on bicyclist and motorist behavior.  In addition, 
providing an interconnected network of bikeways along with education and enforcement 
can improve safety and access for bicyclists. The decision to develop bikeways should 
be made in coordination with the local agencies. 

Topic 1002 – Bikeway Facilities 

1002.1  Selection of the Type of Facility 

The type of facility to select in meeting the bicyclist’s need is dependent on many factors, but 
the following applications are the most common for each type. 

(1) Shared Roadway (No Bikeway Designation).  Most bicycle travel in the State now occurs 
on streets and highways without bikeway designations and this may continue to be true 
in the future as well.  In some instances, entire street systems may be fully adequate for 
safe and efficient bicycle travel, where signing and pavement marking for bicycle use may 
be unnecessary.  In other cases, prior to designation as a bikeway, routes may need 
improvements for bicycle travel. 

 Many rural highways are used by touring bicyclists for intercity and recreational travel.  It 
might be inappropriate to designate the highways as bikeways because of the limited use 
and the lack of continuity with other bike routes.  However, the development and 
maintenance of 4-foot paved roadway shoulders with a standard 4 inch edge line can 
significantly improve the safety and convenience for bicyclists and motorists along such 
routes. 

(2) Class I Bikeway (Bike Path).  Generally, bike paths should be used to serve corridors not 
served by streets and highways or where wide right of way exists, permitting such facilities 
to be constructed away from the influence of parallel streets.  Bike paths should offer 
opportunities not provided by the road system.  They can either provide a recreational 
opportunity, or in some instances, can serve as direct high-speed commute routes if cross 
flow by motor vehicles and pedestrian conflicts can be minimized.  The most common 
applications are along rivers, ocean fronts, canals, utility right of way, abandoned railroad 
right of way, within school campuses, or within and between parks.  There may also be 
situations where such facilities can be provided as part of planned developments.  
Another common application of Class I facilities is to close gaps to bicycle travel caused 
by construction of freeways or because of the existence of natural barriers (rivers, 
mountains, etc.). 

(3) Class II Bikeway (Bike Lane).  Bike lanes are established along streets in corridors where 
there is significant bicycle demand, and where there are distinct needs that can be served 
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by them.  The purpose should be to improve conditions for bicyclists in the corridors.  Bike 
lanes are intended to delineate the right of way assigned to bicyclists and motorists and 
to provide for more predictable movements by each.  But a more important reason for 
constructing bike lanes is to better accommodate bicyclists through corridors where 
insufficient room exists for side-by-side sharing of existing streets by motorists and 
bicyclists.  This can be accomplished by reducing the number of lanes, reducing lane 
width, or prohibiting or reconfiguring parking on given streets in order to delineate bike 
lanes.  In addition, other things can be done on bike lane streets to improve the situation 
for bicyclists that might not be possible on all streets (e.g., improvements to the surface, 
augmented sweeping programs, special signal facilities, etc.).  Generally, pavement 
markings alone will not measurably enhance bicycling. 

 If bicycle travel is to be provided by delineation, attention should be made to assure that 
high levels of service are provided with these lanes.  It is important to meet bicyclist 
expectations and increase bicyclist perception of service quality, where capacity analysis 
demonstrates service quality measures are improved from the bicyclist’s point of view. 

 Design guidance that addresses the mobility needs of bicyclists on Class II bikeways (bike 
lanes) is also distributed throughout this manual where appropriate.   

(4) Class III Bikeway (Bike Route).  Bike routes are shared facilities which serve either to: 

(a) Provide continuity to other bicycle facilities (usually Class II bikeways); or  

(b) Designate preferred routes through high demand corridors. 

 As with bike lanes, designation of bike routes should indicate to bicyclists that there are 
particular advantages to using these routes as compared with alternative routes.  This 
means that responsible agencies have taken actions to assure that these routes are 
suitable as shared routes and will be maintained in a manner consistent with the needs 
of bicyclists.  Normally, bike routes are shared with motor vehicles.  The use of sidewalks 
as Class III bikeways is strongly discouraged. 

(5) Class IV Bikeways (Separated Bikeways).  See DIB 89 for guidance. 

 A Class IV bikeway (separated bikeway) is a bikeway for the exclusive use of bicycles 
and includes a separation required between the separated bikeway and the through 
vehicular traffic.  The separation may include, but is not limited to, grade separation, 
flexible posts, inflexible posts, inflexible barriers, or on-street parking.  See DIB 89 for 
further Class IV guidance. 

It is emphasized that the designation of bikeways as Class I, II,III, and IV should not be 
construed as a hierarchy of bikeways; that one is better than the other.  Each class of bikeway 
has its appropriate application. 

In selecting the proper facility, an overriding concern is to assure that the proposed facility 
will not encourage or require bicyclists or motorists to operate in a manner that is inconsistent 
with the rules of the road. 

An important consideration in selecting the type of facility is continuity.  Alternating segments 
of Class I to Class II (or Class III) bikeways along a route are generally incompatible, as street 
crossings by bicyclists is required when the route changes character.  Also, wrong-way 
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bicycle travel will occur on the street beyond the ends of bike paths because of the 
inconvenience of having to cross the street.  However, alternating from Class IV to Class II 
may be appropriate due to the presence of many driveways or turning movements.  The 
highway context or community setting may also influence the need to alternate bikeway 
classifications. 

Topic 1003 – Bikeway Design Criteria 

1003.1  Class I Bikeways (Bike Paths) 

Class I bikeways (bike paths) are facilities with exclusive right of way, with cross flows by 
vehicles minimized.  Motor vehicles are prohibited from bike paths per the CVC, which can 
be reinforced by signing. Class I bikeways, unless adjacent to an adequate pedestrian 
facility,(see Index 1001.3(n)) are for the exclusive use of bicycles and pedestrians, therefore 
any facility serving pedestrians must meet accessibility requirements, see DIB 82.  However, 
experience has shown that if regular pedestrian use is anticipated, separate facilities for 
pedestrians maybe beneficial to minimize conflicts.  Please note, sidewalks are not Class I 
bikeways because they are primarily intended to serve pedestrians, generally cannot meet 
the design standards for Class I bikeways, and do not minimize vehicle cross flows.  See 
Index 1003.3 for discussion of the issues associated with sidewalk bikeways. 

(1) Widths and Cross Slopes.  See Figure 1003.1A for two-way Class I bikeway (bike path) 
width, cross slope, and side slope details.  The term “shoulder” as used in the context of 
a bike path is an unobstructed all weather surface on each side of a bike path with similar 
functionality as shoulders on roadways with the exception that motor vehicle parking and 
use is not allowed.  The shoulder area is not considered part of the bike path traveled 
way. 

 Experience has shown that paved paths less than 12 feet wide can break up along the 
edge as a result of loads from maintenance vehicles. 

(a) Traveled Way.  The minimum paved width of travel way for a two-way bike path 
shall be 8 feet, 10-foot preferred.  The minimum paved width for a one-way bike 
path shall be 5 feet.  It should be assumed that bike paths will be used for two-way 
travel.  Development of a one-way bike path should be undertaken only in rare 
situations where there is a need for only one-direction of travel.  Two-way use of bike 
paths designed for one-way travel increases the risk of head-on collisions, as it is 
difficult to enforce one-way operation.  This is not meant to apply to two one-way bike 
paths that are parallel and adjacent to each other within a wide right of way. 

 Where heavy bicycle volumes are anticipated and/or significant pedestrian traffic is 
expected, the paved width of a two-way bike path should be greater than 10 feet, 
preferably 12 feet or more.  Another important factor to consider in determining the 
appropriate width is that bicyclists will tend to ride side by side on bike paths, and 
bicyclists may need adequate passing clearance next to pedestrians and slower 
moving bicyclists. 

 See Index 1003.1(16) Drainage, for cross slope information. 
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(b) Shoulder.  A minimum 2-foot wide shoulder, composed of the same pavement 
material as the bike path or all weather surface material that is free of vegetation, 
shall be provided adjacent to the traveled way of the bike path when not on a 
structure; see Figure 1003.1A.  A shoulder width of 3 feet should be provided where 
feasible.  A wider shoulder can reduce bicycle conflicts with pedestrians.  Where the 
paved bike path width is wider than the minimum required, the unpaved shoulder area 
may be reduced proportionately. If all or part of the shoulder is paved with the same 
material as the bike path, it is to be delineated from the traveled way of the bike path 
with an edgeline. 

 See Index 1003.1(16), Drainage, for cross slope information.   

(2) Bike Path Separation from a Pedestrian Walkway.  The CVC requires a pedestrian to use 
a pedestrian facility when adjacent to a bike path.  Thus, the bike path would be only for 
bicycles if there is an adjacent pedestrian facility.  This may be either immediately 
adjacent or with a separation between the pedestrian facility and the bike path.  The 
separation may be–but not limited to–fences, railings, solid walls, or landscaping.  If a 
separation is used, it should not obstruct stopping sight distance along curves or corner 
sight distance at intersections with roadways or other paths. 

(3) Clearance to Obstructions. A minimum 2-foot horizontal clearance from the paved 
edge of a bike path to obstructions shall be provided.  See Figure 1003.1A.  3 feet 
should be provided.  Adequate clearance from fixed objects is needed regardless of the 
paved width.  If a path is paved contiguous with a continuous fixed object (e.g., fence, 
wall, and building), a 4-inch white edge line, 2 feet from the fixed object, is recommended 
to minimize the likelihood of a bicyclist hitting it.  The clear width of a bicycle path on 
structures between railings shall be not less than 10 feet.  It is desirable that the clear 
width of structures be equal to the minimum clear width of the path plus shoulders (i.e., 
14 feet). 

 The vertical clearance to obstructions across the width of a bike path shall be a 
minimum of 8 feet and 7 feet over shoulder.  Where practical, a vertical clearance of 
10 feet is desirable. 

(4) Signing and Delineation.  For application and placement of signs, see the California 
MUTCD, Section 9B.  For pavement marking guidance, see the California MUTCD, 
Section 9C. 

(5) Intersections with Highways.  Intersections are an important consideration in bike path 
design.  Bicycle path intersection design should address both cross-traffic and turning 
movements.  If alternate locations for a bike path are available, the one with the most 
beneficial intersection characteristics should be selected. 

 Where motor vehicle cross traffic and bicycle traffic is heavy, grade separations are 
desirable to eliminate intersection conflicts.  Where grade separations are not feasible, 
assignment of right of way by traffic signals should be considered.  Where traffic is not  
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Figure 1003.1A 

Two-Way Class I Bikeway (Bike Path) 

 

NOTES: 

(1) See Index 1003.1(15) for pavement structure guidance of bike path. 

(2) For sign clearances, see California MUTCD, Figure 9B-1.  Also, for clearance over the shoulder see 
Index 1003.1(3). 

(3) The AASHTO Guide for the Development of Bicycle Facilities provides detailed guidance for creating a 
forgiving Class I bikeway environment. 

*1% cross-slope minimum. 
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heavy, ”STOP” or “YIELD” signs for either the path or the cross street (depending on 
volumes) may suffice. 

Bicycle path intersections and their approaches should be on relatively flat grades.  Stopping 
sight distances at intersections should be checked and adequate warning should be given 
to permit bicyclists to stop before reaching the intersection, especially on downgrades.  
When contemplating the placement of signs the designer is to discuss the proposed sign 
details with their District Traffic Safety Engineer or designee so that conflicts may be 
minimized.  Bicycle versus motor vehicle collisions may occur more often at intersections, 
where bicyclists misuse pedestrian crosswalks; thus, this should be avoided. 

When crossing an arterial street, the crossing should either occur at the pedestrian crossing, 
where vehicles can be expected to stop, or at a location completely out of the influence of 
any intersection to permit adequate opportunity for bicyclists to see turning vehicles.  When 
crossing at midblock locations, right of way should be assigned by devices such as “YIELD” 
signs, “STOP” signs, or traffic signals which can be activated by bicyclists.  Even when 
crossing within or adjacent to the pedestrian crossing, ”STOP” or “YIELD” signs for bicyclists 
should be placed to minimize potential for conflict resulting from turning autos.  Where bike 
path “STOP” or “YIELD” signs are visible to approaching motor vehicle traffic, they should 
be shielded to avoid confusion.  In some cases, Bike Xing signs may be placed in advance 
of the crossing to alert motorists.  Ramps should be installed in the curbs, to preserve the 
utility of the bike path.  Ramps should be the same width as the bicycle paths.  Curb cuts 
and ramps should provide a smooth transition between the bicycle paths and the roadway. 

Assignment of rights of way is necessary where bicycle paths intersect roadways or other 
bicycle paths. See the California MUTCD, Section 9B.03 and Figure 9B-7 for guidance on 
signals and signs for rights of way assignment at bicycle path intersections. 

(6) Paving at Crossings.  At unpaved roadway or driveway crossings, including bike paths or 
pedestrian walkways, the crossing roadway or driveway shall be paved a minimum of 15 feet 
to minimize or eliminate gravel intrusion on the path.  The pavement structure at the crossing 
should be adequate to sustain the expected loading at that location 

(7) Bike Paths Parallel and Adjacent to Streets and Highways.  A wide separation is 
recommended between bike paths and adjacent highways (see Figure 1003.1B).  The 
minimum separation between the edge of traveled way of a one-way or a two-way 
bicycle path and the edge of traveled way of a parallel road or street shall be 5 feet 
plus the standard shoulder width.  Bike paths within the clear recovery zone of 
freeways shall include a physical barrier separation.  The separation is unpaved and 
does not include curbs or sidewalks.  Separations less than 10 feet from the edge of the 
shoulder are to include landscaping or other features that provide a continuous barrier to 
prevent bicyclists from encroaching onto the highway.  Suitable barriers may include fences 
or dense shrubs if design speeds are less than or equal to 45 miles per hour.  Obstacles low 
to the ground or intermittent obstacles (e.g., curbs, dikes, raised traffic bars, posts connected 
by cable or wire, flexible channelizers, etc.) are not to be used because bicyclists could fall 
over these obstacles and into the roadway. 
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Figure 1003.1B 

Typical Cross Section of Class I Bikeway (Bike Path) Parallel to Highway 

 

NOTE: 

(1) See Index 1003.1(6) for guidance on separation between bike paths and highways. 

*One-Way: 5’ Minimum Width 

Two-Way: 8’ Minimum Width 
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Bike paths immediately adjacent to streets and highways are not recommended.  While they 
can provide separation between vehicles and nonmotorized traffic, they typically introduce 
significant conflicts at intersections.  In addition, they can create conflicts with passengers 
at public transit facilities, and with vehicle occupants crossing the path.  They are not a 
substitute for designing the road to meet bicyclist’s mobility needs.  Use of bicycle paths 
adjacent to roads is not mandatory in California, and many bicyclists will perceive these 
paths as offering a lower level of mobility compared with traveling on the road, particularly 
for utility trips.  Careful consideration regarding how to address the above points needs to 
be weighed against the perceived benefits of providing a bike path adjacent to a street or 
highway.  Factors such as urban density, the number of conflict points, the presence or 
absence of a sidewalk, speed and volume should be considered. 

(8) Bike Paths in the Median of Highway or Roadway.  Bike paths should not be placed in the 
median of a State highway or local road, and shall not be in the median of a freeway or 
expressway.  Bike paths in the median are generally not recommended because they may 
require movements contrary to normal rules of the road.  Specific problems with such 
facilities may include: 

(a) Right-turns by bicyclists from the median of roadways are unexpected by motorists. 

(b) Devoting separate phases to bicyclist movements to and from a median path at 
signalized intersections increases intersection delay. 

(c) Left-turning motorists must cross one direction of motor vehicle traffic and two directions 
of bicycle traffic, which may increase conflicts. 

(d) Where intersections are infrequent, bicyclists may choose to enter or exit bike paths at 
midblock. 

(e) Where medians are landscaped, visibility between bicyclists on the path and motorists 
at intersections may be diminished.  See Chapter 900 for planting guidance. 

(9) Bicycle Path Design Speed.  The design speed of bicycle paths is established using the 
same principles as those applied to highway design speeds.  The design speed given in 
Table 1003.1 shall be the minimum. 

 Installation of "speed bumps", gates, obstacles, posts, fences or other similar features 
intended to cause bicyclists to slow down are not to be used. 

(10)Horizontal Alignment and Superelevation.  The minimum radius of curvature negotiable by 
a bicycle is a function of the superelevation of the bicycle path surface, the coefficient of 
friction between the bicycle tires and the bicycle path surface, and the speed of the bicycle. 

 For all bicycle path applications the maximum superelevation rate is 2 percent.  

 The minimum radius of curvature should be 90 feet for 20 miles per hour, 160 feet for 25 mile 
per hour and 260 feet for 30 miles per hour.  No superelevation is needed for radius of 
curvature meeting or exceeding 100 feet for 20 miles per hour, 180 feet for 25 miles per 
hour, and 320 feet for 30 miles per hour.  When curve radii smaller than those given because 
of right of way, topographical or other considerations, standard curve warning signs and 
supplemental pavement markings should be installed.  The negative  
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Table 1003.1 

Bike Path Design Speeds 

Type of Facility
 

Design 
Speed 

(mph)(1) 

Bike Paths with Mopeds 
Prohibited

 20
 

Bike Paths with Mopeds 
Permitted 

30
 

Bike Paths on Long 
Downgrades (steeper than 
4%, and longer than 500') 

30
 

NOTE: 

(1)On bike paths with mopeds prohibited, a lower design speed can be used for the crest vertical curve, 
equivalent to 1 mile per hour per percent grade for grades exceeding a vertical rise of 10 feet, when at a crest in 
path.  

 
effects of nonstandard curves can also be partially offset by widening the pavement through 
the curves. 

(11)Stopping Sight Distance.  To provide bicyclists with an opportunity to see and react to the 
unexpected, a bicycle path should be designed with adequate stopping sight distances.  The 
minimum stopping sight distance based on design speed shall be 125 feet for 
20 miles per hour, 175 feet for 25 miles per hour and 230 feet for 30 miles per hour.  
The distance required to bring a bicycle to a full controlled stop is a function of the bicyclist’s 
perception and brake reaction time, the initial speed of the bicycle, the coefficient of friction 
between the tires and the pavement, and the braking ability of the bicycle. 

 Stopping sight distance is measured from a bicyclist’s eyes, which are assumed to be 
4 ½ feet above the pavement surface to an object ½-foot high on the pavement surface. 

(12)Length of Crest Vertical Curves.  Figure 1003.1C indicates the minimum lengths of crest 
vertical curves for varying design speeds. 

(13)Lateral Clearance on Horizontal Curves.  Figure 1003.1D indicates the minimum clearances 
to line of sight obstructions, m, for horizontal curves.  It is assumed that the bicyclist’s eyes 
are 4 ½ feet above the pavement surface to an object ½-foot high on the pavement surface.  

 Bicyclists frequently ride abreast of each other on bicycle paths, and on narrow bicycle 
paths, bicyclists have a tendency to ride near the middle of the path.  For these reasons, 
lateral clearances on horizontal curves should be calculated based on the sum of the 
stopping sight distances for bicyclists traveling in opposite directions around the curve.  
Where this is not possible or feasible, the following or combination thereof should be 
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Figure 1003.1C 

Minimum Length of Bicycle Path Crest Vertical Curve (L) Based on 
Stopping Sight Distance (S) 

A

1600
-2SL =  when S > L 

Double line represents S = L  

L = Minimum length of vertical curve – feet 

  A = Algebraic grade difference – % 

1600

AS
L

2

=  when S < L S = Stopping sight distance – feet 

  Refer to Index 1003.1(11) to determine “S”, for a 
given design speed “V” 

   

Height of cyclist eye = 4½ feet Height of object = ½ foot 

 

A S = Stopping Sight Distance (ft) 
(%) 70 90 110 125 130 150 170 175 190 210 230 250 270  

3             7  
4          20 60 100 140  
5       20 30 60 100 140 180 220  

6  S > L    33 73 83 113 153 193 233 270  

7    21 31 71 111 121 151 191 231 273 319  

8   20 50 60 100 140 150 180 221 265 313 365  

9  2 42 72 82 122 162 172 203 248 298 352 410  

10  20 60 90 100 140 181 191 226 276 331 391 456  

11  35 75 105 115 155 199 211 248 303 364 430 501  
12 7 47 87 117 127 169 217 230 271 331 397 469 547  

13 17 57 97 127 137 183 235 249 293 358 430 508 592 S <L 

14 26 66 106 137 148 197 253 268 316 386 463 547 638  

15 33 73 113 146 158 211 271 287 338 413 496 586 683  
16 40 80 121 156 169 225 289 306 361 441 529 625 729  

17 46 86 129 166 180 239 307 325 384 469 562 664 775  
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Figure 1003.1D 

Minimum Lateral Clearance (m) on Bicycle Path Horizontal Curves 

 

S = Sight distance in ft. 

R = Radius of ℄ of lane in ft. 

m = Distance from ℄ of lane in ft. 

Refer to Index 1003.1(11) to 
determine “S” for a given design 
speed “V”. 

Angle is expressed in degrees 

28.65S
𝑚 = R [1- cos( )] 

R

R R-m
S= [cos-1 ( )] 

28.655 R

Formula applies only when S is 
equal to or less than length of 
curve. 

Line of sight is 28” above ℄ 
inside lane at point of 
obstruction. 

Height of bicyclist’s eye is 4 ½ ft. 

R (ft) 

25 
50 
75 
95 
125 
155 
175 
200 
225 
250 
275 
300 
350 
390 
500 
565 
600 
700 
800 
900 
1000 

S = Stopping Sight Distance (ft) 

60 80 100 120 140 160 180 200 220 240 260 

15.9 
8.7 
5.9 
4.7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
15.2 
10.4 
8.3 
6.3 
5.1 
4.6 
4.0 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
23.0 
16.1 
12.9 
9.9 
8.0 
7.1 
6.2 
5.5 
5.0 
4.5 
4.2 

 
 
 
 
 
 
 
 
 

 
31.9 
22.8 
18.3 
14.1 
11.5 
10.2 
8.9 
8.0 
7.2 
6.5 
6.0 
5.1 
4.6 

 
 
 
 
 
 
 

 
41.5 
30.4 
24.7 
19.1 
15.5 
13.8 
12.1 
10.8 
9.7 
8.9 
8.1 
7.0 
6.3 
4.9 
4.3 
4.1 

 
 
 
 

 
 

38.8 
31.8 
24.7 
20.2 
18.0 
15.8 
14.1 
12.7 
11.6 
10.6 
9.1 
8.2 
6.4 
5.7 
5.3 
4.6 
4.0 

 
 

 
 

47.8 
39.5 
31.0 
25.4 
22.6 
19.9 
17.8 
16.0 
14.6 
13.4 
11.5 
10.3 
8.1 
7.2 
6.7 
5.8 
5.1 
4.5 
4.0 

 
 

57.4 
48.0 
37.9 
31.2 
27.8 
24.5 
21.9 
19.7 
18.0 
16.5 
14.2 
12.8 
10.0 
8.8 
8.3 
7.1 
6.2 
5.6 
5.0 

 
 

67.2 
56.9 
45.4 
37.4 
33.5 
29.5 
26.4 
23.8 
21.7 
19.9 
17.1 
15.4 
12.1 
10.7 
10.1 
8.6 
7.6 
6.7 
6.0 

 
 
 

66.3 
53.3 
44.2 
39.6 
34.9 
31.3 
28.3 
25.8 
23.7 
20.4 
18.3 
14.3 
12.7 
12.0 
10.3 
9.0 
8.0 
7.2 

 
 
 

75.9 
1.76 
51.4 
46.1 
40.8 
36.5 
33.1 
30.2 
27.7 
23.9 
21.5 
16.8 
14.9 
14.0 
12.0 
10.5 
9.4 
8.4 
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provided: (a) the path through the curve should be widened to a minimum paved width of 
14 feet; and(b) a yellow center line curve warning sign and advisory speed limit signs should 
be installed. 

(14) Grades.  Bike path grades must meet DIB 82.  The maximum grade rate recommended for 
bike paths should be 5 percent.  Sustained grades should be limited to 2 percent. 

(15)Pavement Structure.  The pavement material and structure of a bike path should be 
designed in the same manner as a highway, with a recommendation from the District 
Materials Branch. It is important to construct and maintain a smooth, well drained, all-
weather riding surface with skid resistant qualities, free of vegetation growth.  Principal loads 
will normally be from maintenance and emergency vehicles. 

(16)Drainage.  For proper drainage, the surface of a bike path should have a minimum cross 
slope of 1 percent to reduce ponding and a maximum of 2 percent per DIB 82.  Sloping of 
the traveled way in one direction usually simplifies longitudinal drainage design and surface 
construction, and accordingly is the preferred practice.  The bike path shoulder shall slope 
away from the traveled way at 2 percent to 5 percent to reduce ponding and minimize 
debris from flowing onto the bike path.  Ordinarily, surface drainage from the path will be 
adequately dissipated as it flows down the gently sloping shoulder.  However, when a bike 
path is constructed on the side of a hill, a drainage ditch of suitable dimensions may be 
necessary on the uphill side to intercept the hillside drainage.  Where necessary, catch 
basins with drains should be provided to carry intercepted water under the path.  Such 
ditches should be designed in such a way that no undue obstacle is presented to bicyclists. 

 Culverts or bridges are necessary where a bike path crosses a drainage channel. 

(17)Entry Control for Bicycle Paths.  Obstacle posts and gates are fixed objects and placement 
within the bicycle path traveled way can cause them to be an obstruction to bicyclists.  
Obstacles such as posts or gates may be considered only when other measures have failed 
to stop unauthorized motor vehicle entry.  Also, these obstacles may be considered only 
where safety and other issues posed by actual unauthorized vehicle entry are more serious 
than the safety and access issues posed to bicyclists, pedestrians and other authorized path 
users by the obstacles. 

 The 3-step approach to prevent unauthorized vehicle entry is: 

(a) Post signs identifying the entry as a bicycle path with regulatory signs prohibiting motor 
vehicle entry where roads and bicycle paths cross and at other path entry points. 

(b) Design the path entry so it does not look like a vehicle access and makes intentional 
access by unauthorized users more difficult. Dividing a path into two one-way paths prior 
to the intersection, separated by low plantings or other features not conducive to motor 
vehicle use, can discourage motorists from entering and reduce driver error. 

(c) Assess whether signing and path entry design prevents or minimizes unauthorized entry 
to tolerable levels.  If there are documented issues caused by unauthorized motor vehicle 
entry, and other methods have proven ineffective, assess whether the issues posed by 
unauthorized vehicle entry exceed the crash risks and access issues posed by obstacles. 

 If the decision is made to add bollards, plantings or similar obstacles, they should be: 
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• Yielding to minimize injury to bicyclists and pedestrians who may strike them. 

• Removable or moveable (such as posts, bollards or gates) for emergency and 
maintenance access must leave a flush surface when removed. 

• Reflectorized for nighttime visibility and painted, coated, or manufactured of material in 
a bright color to enhanced daytime visibility.  

• Illuminated when necessary. 

• Spaced to leave a minimum of 5 feet of clearance of paved area between obstacles 
(measured from face of obstacle to face of adjacent obstacle).  Symmetrically about the 
center line of the path. 

• Positioned so an even number of bicycle travel lanes are created, with a minimum of two 
paths of travel.  An odd number of openings increase the risk of head-on collisions if 
traffic in both directions tries to use the same opening. 

• Placed so additional, non-centerline/lane line posts are located a minimum of 2 feet from 
the edge of pavement 

• Delineated as shown in California MUTCD Figure 9C-2. 

• Provide special advance warning signs or painted pavement markings if sight distance 
is limited. 

• Placed 10 to 30 feet back from an intersection, and 5 to 10 feet from a bridge, so 
bicyclists approach the obstacle straight-on and maintenance vehicles can pull off the 
road. 

• Placed beyond the clear zone on the crossing highway, otherwise breakaway. 

 When physical obstacles are needed to control unauthorized vehicle access, a single non-
removable, flexible, post on the path centerline with a separate gate for 
emergency/maintenance vehicle access next to the path, is preferred.  The gate should 
swing away from the path. 

 Fold-down obstacle posts or fold-down bollards shall not be used within the paved 
area of bicycle paths.  They are often left in the folded down position, which presents a 
crash hazard to bicyclists and pedestrians. When vehicles drive across fold-down obstacles, 
they can be broken from their hinges, leaving twisted and jagged obstructions that project a 
few inches from the path surface. 

 Obstacle posts or gates must not be used to force bicyclists to slow down, stop or dismount. 
Treatments used to reduce vehicle speeds may be used where it is desirable to reduce 
bicycle speeds. 

 For obstacle post visibility marking, and pavement markings, see the California MUTCD, 
Section 9C.101(CA). 

(18) Lighting.  Fixed-source lighting raises awareness of conflicts along paths and at 
intersections.  In addition, lighting allows the bicyclist to see the bicycle path direction, 
surface conditions, and obstacles.  Lighting for bicycle paths is important and should be 
considered where nighttime use is not prohibited, in sag curves (see Index 201.5), at 
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intersections, at locations where nighttime security could be a problem, and where obstacles 
deter unauthorized vehicle entry to bicycle paths.  See Index 1003.1(17).  Daytime lighting 
should also be considered through underpasses or tunnels. 

 Depending on the location, average maintained horizontal illumination levels of 5 lux to 
22 lux should be considered.  Where special security problems exist, higher illumination 
levels may be considered.  Light standards (poles) should meet the recommended horizontal 
and vertical clearances.  Luminaires and standards should be at a scale appropriate for a 
pedestrian or bicycle path.  For additional guidance on lighting, consult with the District 
Traffic Electrical Unit. 

1003.2  Class II Bikeways (Bike Lanes) 

Design guidance that address the safety and mobility needs of bicyclists on Class II bikeways 
(bike lanes) is distributed throughout this manual where appropriate. 

For Class II bikeway signing and lane markings, see the California MUTCD, Section 9C.04. 

1003.3  Class III Bikeways (Bike Routes) 

Class III bikeways (bike routes) are intended to provide continuity to the bikeway system.  Bike 
routes are established along through routes not served by Class I or II bikeways, or to connect 
discontinuous segments of bikeway (normally bike lanes).  Class III facilities are facilities shared 
with motor vehicles on the street, which may be indicated by placing bike route signs along 
roadways.  Additional enhancement of Class III facilities can be provided by adding shared 
roadway markings along the route.  For application and placement of signs and pavement 
markings, see the California MUTCD Sections 9B and 9C. 

Minimum widths for Class III bikeways are represented, in the minimum standards for highway 
lanes and shoulder. 

Since bicyclists are permitted on all highways (except prohibited freeways), the decision to 
designate the route as a bikeway should be based on the advisability of encouraging bicycle 
travel on the route and other factors listed below. 

(1) On-street Bike Route Criteria.  To be of benefit to bicyclists, bike routes should offer a higher 
degree of service than alternative streets.  Routes should be signed only if some of the 
following apply: 

(a) They provide for through and direct travel in bicycle-demand corridors. 

(b) Connect discontinuous segments of bike lanes. 

(c) They provide traffic actuated signals for bicycles and appropriate assignment of right of 
way at intersections to give greater priority to bicyclists, as compared with alternative 
streets. 

(d) Street parking has been removed or restricted in areas of critical width to provide 
improved safety. 

(e) Surface imperfections or irregularities have been corrected (e.g., utility covers adjusted 
to grade, potholes filled, etc.). 
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(f) Maintenance of the route will be at a higher standard than that of other comparable 
streets (e.g., more frequent street sweeping). 

(2) Sidewalk as Bikeway.  Sidewalks are not to be designated for bicycle travel.  Wide sidewalks 
that do not meet design standards for bicycle paths or bicycle routes also may not meet the 
safety and mobility needs of bicyclists.  Wide sidewalks can encourage higher speed bicycle 
use and can increase the potential for conflicts with turning traffic at intersections as well as 
with pedestrians and fixed objects. 

 In residential areas, sidewalk riding by young children too inexperienced to ride in the street 
is common.  It is inappropriate to sign these facilities as bikeways because it may lead 
bicyclists to think it is designed to meet their safety and mobility needs.  Bicyclists should 
not be encouraged (through signing) to ride their bicycles on facilities that are not designed 
to accommodate bicycle travel. 

(3) Shared Transit and Bikeways. Transit lanes and bicycles are generally not compatible, and 
present risks to bicyclists.  Therefore sharing exclusive use transit lanes for buses with 
bicycles is discouraged.   

 Bus and bicycle lane sharing should be considered only under special circumstances to 
provide bikeway continuity, such as: 

(a) If bus operating speed is 25 miles per hour or below. 

(b) If the grade of the facility is 5 percent or less. 

1003.4  Trails 

Trails are generally, unpaved multipurpose facilities suitable for recreational use by hikers, 
pedestrians, equestrians, and off-road bicyclists.  While many Class I facilities are named as 
trails (e.g. Iron Horse Regional Trail, San Gabriel River Trail), trails as defined here do not meet 
Class I bikeways standards and should not be signed as bicycle paths.  Where equestrians are 
expected, a separate equestrian trail should be provided.  See DIB 82 for trail requirements for 
ADA.  See Index 208.7 for equestrian undercrossing guidance. 

• Pavement requirements for bicycle travel are not suitable for horses.  Horses require softer 
surfaces to avoid leg injuries.   

• Bicyclists may not be aware of the need to go slow or of the separation need when 
approaching or passing a horse. Horses reacting to perceived danger from predators may 
behave unpredictably; thus, if a bicyclist appears suddenly within their visual field, especially 
from behind they may bolt.  To help horses not be surprised by a bicyclist, good visibility 
should be provided at all points on equestrian paths. 

• When a corridor includes equestrian paths and Class I bikeways, the widest possible lateral 
separation should be provided between the two.  A physical obstacle, such as an open rail 
fence, adjacent to the equestrian trail may be beneficial to induce horses to shy away from 
the bikeway, as long as the obstacle does not block visibility between the equestrian trail 
and bicycle path.   

See FHWA-EP-01-027, Designing Sidewalks and Trails for Access and DIB 82 for additional 
design guidance. 
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1003.5  Miscellaneous Criteria 

The following are miscellaneous bicycle treatment criteria.  Specific application to Class I, and 
III bikeways are noted.  Criteria that are not noted as applying only to bikeways apply to any 
highway, roadways and shoulders, except freeways where bicycles are prohibited), without 
regard to whether or not bikeways are established. 

Bicycle Paths on Bridges – See Topic 208. 

(1) Pavement Surface Quality.  The surface to be used by bicyclists should be smooth, free of 
potholes, and with uniform pavement edges.   

(2) Drainage Grates, Manhole Covers, and Driveways.  Drainage inlet grates, manhole covers, 
etc., should be located out of the travel path of bicyclists whenever possible.  When such 
items are in an area that may be used for bicycle travel, they shall be designed and installed 
in a manner that meets bicycle surface requirements.  See Standard Plans.  They shall be 
maintained flush with the surface when resurfacing. 

 If grate inlets are to be located in roadway or shoulder areas (except freeways where 
bicycles are prohibited) the inlet design guidance of Index 837.2(2) applies. 

 Future driveway construction should avoid construction of a vertical lip from the driveway to 
the gutter, as the lip may create a problem for bicyclists when entering from the edge of the 
roadway at a flat angle.  If a lip is deemed necessary, the height should be limited to ½ inch. 

(3) At-grade Railroad Crossings and Cattle Guards.  Whenever it is necessary for a Class I 
bikeway, highway or roadway to cross railroad tracks, special care must be taken to ensure 
that the safety of users is protected.  The crossing must be at least as wide as the traveled 
way of the facility.  Wherever possible, the crossing should be straight and at right angles to 
the rails.  For bikeways or highways that cross tracks and where a skew is unavoidable, the 
shoulder or bikeway should be widened, to permit bicyclists to cross at right angles (see 
Figure 1003.5).  If this is not possible, special construction and materials should be 
considered to keep the flangeway depth and width to a minimum.   

 Pavement should be maintained so ridge buildup does not occur next to the rails.  In some 
cases, timber plank crossings can be justified and can provide for a smoother crossing. 

 All railroad crossings are regulated by the California Public Utilities Commission (CPUC).  
All new bicycle path railroad crossings must be approved by the CPUC.  Necessary railroad 
protection will be determined based on a joint field review involving the applicant, the railroad 
company, and the CPUC. 

 Cattle guards across any roadway are to be clearly marked with adequate advance warning.  
Cattle guards are only to be used where there is no other alternative to manage livestock. 

 The California MUTCD has specific guidance on Rail and Light Rail crossings.  See Part 8 
of the California MUTCD.  
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Figure 1003.5 

Railroad Crossing Class I Bikeway 

 

NOTE: 

See Index 403.3 Angle of Intersection for Class II and Class III facilities. 
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Decades of Leadership

From the first law to protect rivers from the impact of gold mining in 1884, to decades of 
work to fight smog, the Golden State has set the national – and international – standard 
for environmental protection. California pushes old boundaries, encounters new ones, 
and figures out ways to break through those as well. 
This is part of the reason why California has grown 
to become both the 6th largest economy in the 
world, and home to some of the world’s strongest 
environmental protections. And, we have seen our 
programs and policies adopted by others as they seek 
to protect public health and the environment.
California’s approach to climate change channels 
and continues this spirit of innovation, inclusion, and 
success. The 2030 target of 40 percent emissions 
reductions below 1990 levels guides this Scoping Plan, 
as the economy evolves to reduce greenhouse gas 
(GHG) emissions in every sector. It also demonstrates 
that we are doing our part in the global effort under 
the Paris Agreement to reduce GHGs and limit global 
temperature rise below 2 degrees Celsius in this century. 
California’s 2017 Climate Change Scoping Plan: The 
Strategy for Achieving California’s 2030 Greenhouse 
Gas Target (Plan) builds on the state’s successes to date, proposing to strengthen major 
programs that have been a hallmark of success, while further integrating efforts to reduce 
both GHGs and air pollution. California’s climate efforts will:

• Lower GHG emissions on a trajectory to avoid the worst impacts of climate change;
• Support a clean energy economy which provides  
 more opportunities for all Californians;
• Provide a more equitable future with good jobs  
 and less pollution for all communities;
• Improve the health of all Californians by reducing air and water  
 pollution and making it easier to bike and walk; and
• Make California an even better place to live, work, and play  
 by improving our natural and working lands.

2%  Recycling & Waste

California Carbon Emissions

2015 Total Emissions
440.4 MMTCO2e

11%  Electricity Generation

21%  Industrial

8%  Agriculture

37%  Transportation

In State

8%  Electricity Generation
Imports

9%  Commercial 
       & Residential

4%  High-GWP

Governor Brown signs SB 32 recommitting  
California’s efforts to curb climate change.

California Carbon Emissions by sCoping plan sECtor
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The Climate Imperative – We Must Act

The evidence that the climate is changing is undeniable. As 
evidence mounts, the scientific record only becomes more 
definitive – and makes clear the need to take additional action now.
In California, as in the rest of the world, climate change is contributing to an escalation of 
serious problems, including raging wildfires, coastal erosion, disruption of water supply, 

threats to agriculture, spread of 
insect-borne diseases, and continuing 
health threats from air pollution. 
The drought that plagued California 
for years devastated the state’s 
agricultural and rural communities, 
leaving some of them with no 
drinking water at all. In 2015 alone, 
the drought cost agriculture in the 
Central Valley an estimated $2.7 
billion, and more than 20,000 jobs. 
Last winter, the drought was broken 
by record-breaking rains, which led to 
flooding that tore through freeways, 
threatened rural communities, and 
isolated coastal areas. This year, 
California experienced the deadliest 

wildfires in its history. Climate change is making events like these more frequent, more 
catastrophic and more costly. Climate change impacts all Californians, and the impacts 
are often disproportionately borne by the state’s most vulnerable and disadvantaged 
populations.

is already experiencing

CLIMATE CHANGE
the impacts of

CALIFORNIA

WILDFIRES

HEAT WAVES

RISING 
SEA LEVELS

DROUGHT

REDUCED
SNOWPACK

IN 2015 THE DROUGHT COST THE 
AGRICULTURE INDUSTRY IN THE
CENTRAL VALLEY AN ESTIMATED

$2.7 BILLION & 20,000 JOBS
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California is on Track – But There is More to Do

Although the California Global Warming Solutions Act of 2006 – also known as AB 
32 – marked the beginning of an integrated climate change program, California has 
had programs to reduce GHG emissions for decades. The state’s energy efficiency 
requirements, Renewable Portfolio Standard, and clean car standards have reduced  
air pollution and saved consumers money, while also lowering GHG emissions. 

AB 32 set California’s first GHG target called on the state to reduce emissions to 1990 
levels by 2020. California is on track to exceed its 2020 climate target, while the economy 
continues to grow. Since the launch of many of the state’s major climate programs, including 
Cap-and-Trade, economic growth in California has consistently outpaced economic growth 
in the rest of the country. The state’s average annual growth rate has been double the 
national average – and ranks second in the 
country since Cap-and-Trade took effect 
in 2012. In short, California has succeeded 
in reducing GHG emissions while also 
developing a cleaner, resilient economy that 
uses less energy and generates less pollution.
Importantly, the State’s 2020 and 2030 targets 
have not been set in isolation. They represent 
benchmarks, consistent with prevailing climate 
science, charting an appropriate trajectory 
forward that is in line with California’s role in 
stabilizing global warming below dangerous 
thresholds. As we consider efforts to reduce 
emissions to meet the State’s near-term 
requirements, we must do so with an eye 
toward reductions needed beyond 2030.  
The Paris Agreement – which calls for limiting 
global warming to well below 2 degrees 
Celsius and pursuing efforts to limit it to  
1.5 degrees Celsius – frames our  
path forward.
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California’s Path to 2030

Executive Order B-30-15 and SB 32 extended the goals of AB 32 and set a 2030 goal of 
reducing emissions 40 percent from 2020 levels. This action keeps California on target to 

achieve the level of reductions scientists 
say is necessary to meet the Paris 
Agreement goals. This is an ambitious 
goal – calling on the State to double 
the rate of emissions reductions. 
Nevertheless, it is an achievable goal.
This Plan establishes a path that will 
get California to its 2030 target. Given 
our ambitious goals, this Plan is built 
on unprecedented outreach and 
coordination. Over 20 state agencies 
collaborated to produce the Plan, 
informed by 15 state agency-sponsored 
workshops and more than 500 public 
comments. The broad range of state 
agencies involved reflects the complex 
nature of addressing climate change, 
and the need to work across institutional 

boundaries and traditional economic sectors to effectively reduce GHG emissions. As part 
of the Plan development, alternative strategies were considered and evaluated, ranging 
from carbon taxes to individual facility caps to relying solely on sector-specific regulations. 
In addition, efforts were made to ensure that the Plan would benefit all Californians. To this 
end, the Environmental Justice Advisory Committee (EJAC), a Legislatively created advisory 
body, convened almost 20 community meetings throughout California to discuss the climate 
strategy, and held 19 meetings of its own to provide recommendations on the Plan. 
This Plan draws from the experiences in developing and implementing previous plans 
to present a path to reaching California’s 2030 GHG reduction target. The Plan is a 

package of economically viable and 
technologically feasible actions to not 
just keep California on track to achieve 
its 2030 target, but stay on track 
for a low- to zero-carbon economy 
by involving every part of the state. 
Every sector, every local government, 
every region, every resident is part 
of the solution. The Plan underscores 
that there is no single solution but 
rather a balanced mix of strategies 
to achieve the GHG target. This Plan 
highlights the fact that a balanced 
mix of strategies provides California 
with the greatest level of certainty in 
meeting the target at a low cost while 
also improving public health, investing 

in disadvantaged and low-income communities, protecting consumers, and supporting 
economic growth, jobs and energy diversity. Successful implementation of this Plan relies, 
in part, on long-term funding plans to inform future appropriations necessary to achieve 
California’s long-term targets.
 

SOURCE: ADVANCED ENERGY ECONOMY

employing 500,000 Californians

MORE THAN THE MOTION PICTURE
& AGRICULTURAL INDUSTRIES COMBINED

CREATING
31,000 DIRECT JOBS &
57,000 INDIRECT JOBS

+
#1 IN CLEAN ENERGY JOBS

California is

GENERATED 
renewable energy projects 

FROM 2002-2015 SAN JOAQUIN VALLEY

$11.6 BILLION
in economic activity

Double building efficiency

50% renewable power

More clean, renewable fuels

Cleaner zero or near-zero emission 
cars, trucks, and buses

Walkable/Bikeable communities 
with transit 

Cleaner freight and goods movement

Slash potent “super-pollutants” from dairies, 
landfills and refrigerants

Cap emissions from transportation, industry, 
natural gas, and electricity

Invest in communities to reduce emissions

California’s ClimatE poliCy portfolio
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California’s Climate Vision

Create Inclusive Policies and Broad Support for Clean Technologies
Remarkable progress over the past 10 years has put 
the global energy and transportation sector on a 
transformative path to cleaner energy. Far outpacing 
previous predictions, today solar and wind power are 
often less expensive than coal or natural gas, and they 
now comprise the majority of global investment in 
the power sector. Electric vehicle battery costs have 
tumbled even more quickly than solar costs, while 
performance has improved dramatically, and the auto 
industry is committed to an electric future. 
California’s policies have created markets for energy 
efficiency, energy storage, low carbon fuels, renewable 
power – including utility-scale and residential-scale 
solar – and zero-emission vehicles. Our companies are 
thriving, making those markets grow. California is home 
to nearly half of the zero-emission vehicles in the U.S., 
40 percent of North American clean fuels investments, 
the world’s best known electric car manufacturer, and 
the world’s leading ride-sharing services. California is further advancing efficient land use 
policies that reduce auto dependency. Altogether, we’re unleashing nonlinear transitions 
to clean energy and clean transportation technologies that will put California on the path 
to meeting our 2030 target and the goals of the Paris Agreement.
California policymaking has succeeded through thoughtful planning, bolstered by an open 
public process that solicits the best ideas from a wide array of sources, and by integrating 
effective regulation with targeted investments to provide broad market support for clean 
technologies. A key element of California’s approach continues to be careful monitoring and 
reporting on the results of our programs and a willingness to make mid-course adjustments. 
As the State looks to 2030 and beyond, all sectors of the economy must benefit from these 
ideas to create a new and better future.

OF TOTAL U.S. INVESTMENT IN
CLEAN  TRANSPORTATION

50%
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The benefits of innovative technologies need to reach 
all residents and businesses. Air pollution reductions 
and the associated health benefits should be targeted 
to communities where they are needed most. All 
Californians need access to clean transportation 
options that enable healthy communities to develop 
and thrive, including walking, cycling, transit, rail, and 
clean vehicle options. 
Although GHG reductions can help to reduce harmful 
air pollution, California must concurrently employ 
other strategies to accelerate reductions of pollutants 
from large industrial sources that adversely impact 
communities. Newly passed AB 617 strengthens 
existing criteria and toxic air pollutant programs and 
our partnerships with local air districts to further reduce 
harmful air pollutants and protect communities. More 
fundamentally, AB 617 establishes a comprehensive 
statewide program – the first of its kind – to address air 
pollution where it matters most: in neighborhoods with 
the most heavily polluted air.

California’s goals

California’s environmental justice and equity movement is establishing a blueprint for 
the nation and world. The State is pioneering targeted environmental and economic 
development programs to help those most in need. So far, half of all California Climate 
Investments, stemming from the State’s Cap-and-Trade-Program, have been used to 
provide benefits in the 25 percent of California communities that are most disadvantaged 
by environmental and socio-economic burdens. By increasingly engaging with, and 
investing in, these communities – investing in technical assistance resources, holding 
listening sessions, improving our programs, and accelerating our efforts to bring the 
cleanest technologies to mass market – all California residents can have clean air to 
breathe, clean water to drink, and opportunities to participate in the cleaner economy.

SAVE WATERMAKE CALIFORNIA
MORE RESILIENT

CREATE JOBSSUPPORT 
VULNERABLE

COMMUNITIES

TRANSFORM TO A 
CLEAN ENERGY ECONOMY

GIVE CONSUMERS 
CLEAN ENERGY CHOICES

Principles

DRAFT

aChiEving suCCEss in Equity and aCCEss

• Continue to engage local organizations and invest in disadvantaged  
 communities to ensure broad access to clean technologies;
• Ensure air pollution reductions happen where they are needed the most;
• Integrate across programs and agencies to ensure complementary policies  
 provide maximum benefits to disadvantaged communities;
• Implement California Energy Commission and CARB recommendations  
 to overcome barriers to clean energy and clean transportation options for  
 low-income residents;
• Provide energy-efficient affordable housing near job centers and transit; and
• Implement AB 617 to dramatically improve air quality in local communities  
 through targeted action plans.

lEgislativE lEadErship on ClimatE

The California Legislature has shaped the State’s 
climate change program, setting out clear policy 
objectives over the next decade:
• 40% reduction in GHG emissions by 2030;
• 50% renewable electricity;
• Double energy efficiency savings;
• Support for clean cars;
• Integrate land use, transit, and affordable  
 housing to curb auto trips;
• Prioritize direct reductions;
• Identify air pollution, health, and social  
 benefits of climate policies;
• Slash “super pollutants”;
• Protect and manage natural and working lands;
• Invest in disadvantaged communities; and
• Strong support for Cap-and-Trade.
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Enhance Industrial Efficiency & Competitiveness

California leads the country in manufacturing and industrial efficiency. For every dollar 
spent on electricity, our manufacturers produce 55 percent more value than the national 
average. And the efficiency of California industry continues to grow at rates faster than the 
national average. High efficiency rates, coupled with the Cap-and-Trade Program’s firm 
emission cap, allow economic activity to increase without 
corresponding increases in GHG emissions. In other words, 
the more California produces, the better it is for the planet. 
Maintaining and extending our successful programs – 
from the Cap-and-Trade Program and Low  Carbon Fuel 
Standard to zero-emission, renewable energy and energy 
efficiency programs – will reduce GHGs, increase energy 
cost savings, offer businesses flexibility to reduce emissions 
at low cost and provide clear policy and market direction, 
and certainty, for business planning and investment. 
This will encourage continued research, evaluation, and 
deployment of innovative strategies and technology to 
further reduce emissions in the industrial sector through 
advances in energy efficiency and productivity, increased 
access to cleaner fuels, and carbon capture, utilization and 
storage.

aCtion on hfCs

Hydrofluorocarbons (HFCs) represent one of 
the biggest opportunities to reduce GHGs 
in the State through 2030 due to their high 
climate impacts, and in many cases, offer 
energy efficiency and financial savings, as well. 
The world recently agreed to phase down 
their use, but California has committed to 
move more quickly, in line with the scope of 
the opportunity for cost-effective emissions 
reductions in the State.

aChiEving suCCEss in industrial EffiCiEnCy and CompEtitivEnEss

• Evaluate and implement policies and measures to continue reducing GHG,  
 criteria, and toxic air contaminant emissions from sources such as refineries;
• Improve productivity and strengthen economic competitiveness by further  
 improving energy efficiency and diversifying fuel supplies with low carbon  
 alternatives;
• Prioritize procurement of goods that have lower carbon footprints
• Support and attract industry that produces goods needed to reduce GHGs; and
• Cut energy costs and GHG emissions by quickly transitioning to efficient  
 HFC alternatives.
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Prioritize Transportation Sustainability

California’s transportation system underpins our economy. The extensive freight 
system moves trillions of dollars of goods each year and supports nearly one-third of 
the state economy and more than 5 million jobs. The way we plan our communities 
impacts everything from household budgets to infrastructure needs, productivity lost 
to congestion, protection of natural and working landscapes, and our overall health and 
well-being. And transportation is the largest source of GHG, criteria, and toxic diesel 
particulate matter emissions in the state.

California’s ability to remain an economic 
powerhouse and environmental leader 
requires additional efforts to improve 
transportation sustainability with a 
comprehensive approach that includes 
regulation, incentives, and investment. 
This approach addresses a full range of 

transportation system improvements relating to efficient land use, affordable housing, 
infrastructure for cyclists and pedestrians, public transit, new vehicle technologies, fuels 
and freight. One example is the deployment of the nation’s first high-speed rail system, 
which will include seamless connections to local transit.
The approach is working: California is home to nearly half of the country’s zero-emission 
vehicles. Innovative alternative fuel producers and oil companies are bringing more low 
carbon fuels to market than required by the Low Carbon Fuel Standard. And, the State 
has committed to investing billions in zero-emission vehicles and infrastructure, land use 
planning, and active transportation options such as walking and biking. In fact, renewable 
fuels in the heavy-duty vehicle sector are displacing diesel fossil fuel as quickly as 
renewable power is replacing fossil fuels on the electricity grid. California’s climate policies 
will also reduce fossil fuel use and decouple the state from volatile global oil prices. 
CARB’s analyses show fossil fuel demand will decrease by more than 45 percent by 2030, 
which means Californians will be using less gasoline and diesel resulting in healthier air and 
cost-savings on transportation fuels. These benefits will be further amplified as we move 
away from light-duty combustion vehicles.
By re-doubling our efforts, California can make sure that markets tip quickly and 
definitively in the favor of electric cars, trucks, buses, and equipment, while increasing the 
use of clean, low carbon fuels where zero-emissions options are not yet available. Local 
transportation planning can make communities become healthier and more vibrant and 
connected – encouraging housing, walking, biking and transit policies that reduce GHGs 
and promote good quality of life. And, we can work to ensure that an efficient sustainable 
freight system continues to power our ever-growing economy.

DRAFT

RENEWABLE       DIESEL USE

Source: CARB

has increased 7000% since 2011
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Achieving SucceSS in TrAnSporTATion SuSTAinAbiliTy

• Connect California’s communities with a state-of-the-art high-speed rail system;
• Promote vibrant communities and landscapes through better planning efforts  
 to curb vehicle-miles-traveled and increase walking, biking and transit;
• Build on the State’s successful regulatory and incentive-based policies to  
 quickly make clean cars, trucks, buses, and fuels definitive market winners;
• Coordinate agency activities to ensure that emerging automated and  
 connected vehicle technologies reduce emissions; and
• Improve freight and goods movement efficiency and sustainability to enable  
 California’s continued economic growth.
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Continue Leading on Clean Energy

California is well ahead of schedule in meeting its renewable energy targets. Wind 
and solar generation have grown exponentially in recent years, while hydroelectric, 
geothermal, and biomass have consistently contributed renewable power to our energy 
supply. Californians are the ones who will take action to meet energy efficiency targets, 
integrate renewable power through demand response, and drive demand for net zero 
energy buildings. This includes self-generation which also grew exponentially in recent 
years with installed solar totaling 2,000 megawatts (MW) in 2014 and 5,100 MW of the 
total statewide self-generation installed solar in 2015. By June 2017, solar installed in 
California was about 5,800 MW, far exceeding the State’s goals.
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The Renewable 
Portfolio 
Standard, 
Carbon Pricing, 
and lower costs 
for renewable 
technology are 
delivering real 
environmental 
benefits.
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While at this time natural gas is an important energy source, we must move toward 
cleaner heating fuels and replicate the progress underway for electricity. As with 
electricity, this starts with efficiency and demand reduction, including building and 
appliance electrification where these advancements make sense. It calls for minimizing 
fugitive methane leaks throughout the system, including beyond California’s borders 
where 90 percent of the natural gas used here originates. And, it includes using more 
renewable gas – a valuable in-state resource made from waste products – especially in the 
transportation sector. Replacing fossil fuels with renewable gas can reduce potent short-

lived climate pollutants, and state policies should support this effort. Reducing demand 
for natural gas, and moving toward renewable natural gas, will help California achieve its 
2030 climate target. However, switching from natural gas to electricity – where feasible and 
demonstrated to reduce GHGs – is needed to stay on track to achieve our long-term goals.

50% GOAL33% GOAL
20302020

Reaching California’s Clean Electricity Goals

29% PROGRESS
2016

aChiEving suCCEss in ClEan EnErgy

• Effectively integrate at least 50 percent renewables as the primary source of  
 power in the State through coordinated planning, additional deployments of  
 energy storage, and grid regionalization;
• Utilize distributed resources and engage customers by making net zero energy  
 buildings standard, implement Existing Buildings Energy Efficiency Action  
 Plan to double existing building efficiency, and increase access to energy  
 efficiency, renewable energy, and energy use data; and
• Reduce the use of heating fuels while concurrently making what is used cleaner  
 by minimizing fugitive methane leaks, prioritizing natural gas efficiency and  
 demand reduction, and enabling cost-effective access to renewable gas.

The State’s 3 
largest investor-
owned utilities 
are on track to 
achieve a 50% 
RPS by 2020.
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aChiEving suCCEss in putting wastE rEsourCEs to bEnEfiCial usE

• Develop and implement programs, including edible food waste recovery,  
 to divert organics from landfills and reduce methane emissions;
• Develop and implement a packaging reduction program; and
• Identify a sustainable funding mechanism to support waste management  
 programs, including infrastructure development to support organics diversion.

Put Waste Resources to Beneficial Use 

Effectively managing waste streams is perhaps the most basic of environmental tenets. 
“Reduce, re-use, and recycle” is a mantra known even to elementary school students. 
For decades California law has reduced waste reaching landfills and recaptured value 
from waste streams through recycling and composting. California law requires reducing, 
recycling, or composting 75 percent of solid waste generated by 2020. The State also has 
specific goals for diverting organic waste, which decomposes in landfills to produce the 
super pollutant methane. State law also directs edible food to hungry families rather than 
having it discarded.
Capturing value from waste makes sense. As described in the Healthy Soils Initiative, 
compost from organic matter provides soil amendments to revitalize farmland, reduces 
irrigation and landscaping water demand, and potentially increases long-term carbon 
storage in rangelands. Organic matter can also provide a clean, renewable energy source 
in the form of bioenergy, biofuels, or renewable natural gas.
California should take ownership of its waste and adhere to a waste “loading order” 
that prioritizes waste reduction, re-use, and material recovery over landfilling. The State 
can take steps to reduce waste from packaging, which constitutes about one-quarter 
of California’s waste stream. It can invest in and streamline in-state infrastructure 
development to support recycling, remanufacturing, composting, anaerobic digestion, 
and other beneficial uses of organic waste. And, it can help communities in their efforts to 
recover food for those in need.
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Support Resilient Agricultural and Rural  
Economies and Natural and Working Lands

California’s natural and working landscapes, like forests and farms, are home to the 
most diverse sources of food, fiber, and renewable energy in the country. They underpin 
the state’s water supply and support clean air, wildlife habitat, and local and regional 
economies. They are also the frontiers of climate change. They are often the first to 
experience the impacts of climate change, and they hold the ultimate solution to 
addressing climate change and its impacts. In order to stabilize the climate, natural and 
working lands must play a key role. 
Work to better quantify the carbon stored in natural and working 
lands is continuing, but given the long timelines to change 
landscapes, action must begin now to restore and conserve these 
lands. We should aim to manage our natural and working lands in 
California to reduce GHG emissions from business-as-usual by at 
least 15-20 million metric tons in 2030, to complement the measures 
described in this Plan. 
Natural and working lands can be better incorporated into California’s 
climate change mitigation efforts by encouraging collaboration with 
local and regional organizations and increasing investment to protect, 
enhance, and innovate in our rural landscapes and communities. 
The State is partnering with tribes to preserve carbon, protect tribal 
forest lands and increase their land base. Transportation and land 
use planning should minimize the footprint of the built environment, 
while supporting and investing in efforts to restore, conserve and 
strengthen natural and working lands. California’s forests should 
be healthy carbon sinks that minimize black carbon emissions 
where appropriate, supply new markets for woody waste and non-
merchantable timber, and provide multiple ecosystem benefits. 
Rehabilitating and strengthening wetlands and tidal environments, and incorporating 
natural landscapes into urban environments will also help make natural and working lands 
part of the state’s climate solution. Finally, California farmers can be a powerful force in 
the fight against climate change, in how they manage their lands, tend their crops, and 
husband their livestock. 

aChiEving suCCEss in supporting rEsiliEnt agriCultural and  
rural EConomiEs and natural and working lands

• Protect, enhance and innovate on California’s natural and working lands to  
 ensure natural and working lands become a net carbon sink over the long-term;
• Develop and implement the Natural and Working Lands Implementation Plan  
 to maintain these lands as a net carbon sink and avoid at least 15-20 metric  
 tons of GHG emissions by 2030;
• Measure and monitor progress by completing CARB’s Natural and Working  
 Lands Inventory and implementing tracking and performance monitoring  
 systems; and
• Unleash opportunity in the agricultural sector by improving manure  
 management, boosting soil health, generating renewable power, electrifying  
 operations, utilizing waste biomass, and increasing water, fertilizer, and energy  
 use efficiency to reduce super pollutants.

Improved forest management on 
tribal lands has preserved almost 
3 million metric tons of carbon in 
California and the revenues from the 
carbon offsets have been used to 
secure ownership of ancestral lands.
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thE watEr-EnErgy nExus

• About 12% of the total energy  
 used in the state is related to water,  
 with 2% for conveyance, treatment  
 and distribution, and 10% for  
 end-customer uses like heating  
 and cooling.
• The water-energy nexus provides  
 opportunities for conservation  
 of these natural resources as well as  
 reduction of GHGs.

aChiEving suCCEss in sECuring California’s watEr suppliEs

• Increase water savings by certifying innovative technologies for water  
 conservation and developing and implementing new conservation targets,  
 updated agricultural water management plans, and long term conservation  
 regulations;
• Develop a voluntary registry for GHG emissions from energy use associated  
 with water; and
• Continue to increase the use of renewable energy to operate the State  
 Water Project.

Secure California’s Water Supplies

Water is California’s lifeblood. It sustains communities and drives the economy. An 
elaborate network of storage and delivery systems has enabled the state to prosper and 
grow. But this aging system was built for a previous time and is increasingly challenged by 
the realities of climate change and population growth.

Producing, moving, heating and treating water demands 
significant energy and produces commensurately significant 
emissions. As California looks to the future, meeting new 
demands and sustaining prosperity requires increased water 
conservation and efficiency, improved coordination and 
management of various water supplies, greater understanding of 
the water-energy nexus, and deployment of new technologies in 
drinking water treatment, groundwater remediation and recharge, 
and potentially brackish and seawater desalination. State efforts 
must support systemic shifts toward conservation, efficiency, and 
renewable energy in the water sector.
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Climate Plan Provides Health Benefits in 2030

$1.2-1.8 billion

VALUE OF AVOIDED
HEALTH IMPACTS

$1.9-11.2 billion

VALUE OF AVOIDED
DAMAGES USING

SOCIAL COST OF CARBON

3,300~

AVOIDED
PREMATURE DEATHS

Cleaning the Air and Public Health

The benefits of this 
Plan are broader than 
just climate change 
– implementation of 
the Plan will also help 
improve public health. 
The Plan incorporates 
freight and mobile 
source strategies which 
will deliver reductions 
in criteria and toxic air 
pollutants to improve  
air quality.
California continues to seek ways to improve implementation of its climate program and 
its ability to address the unique set of impacts facing the state’s most pollution burdened 
communities. In addition, CARB’s environmental justice efforts are intended to reach far 
beyond climate change. While this Plan provides a path for reducing GHG emissions in 
disadvantaged communities, it also includes new tools that will complement the Plan and 
lead to further air quality improvements.
In particular, implementation of AB 617 will improve air quality in local communities, in 
partnership with local air districts, using targeted investments in neighborhood-level 
air monitoring and the development of air pollution reduction action plans with strong 
enforcement programs. These plans will require pollution reductions from both mobile and 
stationary sources. Through these efforts, CARB anticipates, and will work for, increased 
data transparency and the adoption of new statewide air pollutant emission controls that 
will not only confer short-term benefits to those most in need of improvement, but which 
will ultimately benefit all Californians.
Under the leadership of CARB’s first executive-level environmental justice liaison, 
the agency is also laying a roadmap to better serve California’s environmental justice 
communities in the design and implementation across its broader programs. 
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Successful Example of Carbon  
Pricing and Investment

The Cap-and-Trade Program is fundamental to meeting California’s long-range 
climate targets at low cost. The Cap-and-Trade Program includes GHG emissions from 
transportation, electricity, industrial, agricultural, waste, residential and commercial 

sources, and caps them while complementing the other measures 
needed to meet the 2030 GHG target. Altogether, the emissions 
covered by the Cap-and-Trade program total 80 percent of all 
GHG emissions in California. California’s response to climate 
change has led to many innovative programs designed to reduce 
GHG emissions, including the Renewable Portfolio and Low 
Carbon Transportation Standards, but the Cap-and-Trade Program 
guarantees GHG emissions reductions through a strict overall 
emissions limit that decreases each year, while trading provides 
businesses with flexibility in their approach to reducing emissions. 
The Cap-and-Trade Program also generates revenue when the 
allowances to emit pollution are auctioned. Some of the revenue is 
returned directly to electricity ratepayers, and the rest is dedicated 
to reducing GHG emissions by making Legislatively directed 
investments in California with an emphasis on programs or projects 
that benefit disadvantaged and low-income communities. 

Including the latest budget, approximately $5 billion has been appropriated to reduce 
GHG emissions, reduce air pollutant emissions where reductions are needed most, grow 
markets for clean technologies, and spur emissions reductions in sectors not covered by 
Cap-and-Trade. These investments are strengthening the economy and improving public 
health – especially in the areas of the state most burdened by pollution. So far, half of the 
$1.2 billion spent provides benefits to disadvantaged communities, and one-third of those 
investments were made directly in those communities.

Cap-and-tradE program

• Firm, declining cap provides  
 highest certainty to achieve  
 2030 target.
• Low cost GHG emission  
 reductions minimize impact on  
 consumers and economy.
• Flexibility for businesses
• Can be linked with similar  
 programs worldwide.

PROCEEDS

INVESTMENTS

FIRM LIMIT ON 
80% OF EMISSIONS

California’s Carbon priCing & invEstmEnts ovErviEw
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California’s Cap-and-Trade Program 
is the most comprehensive, 
effective, and well-designed 
carbon market on the planet. 
Today, the Program is linked with 
a similar program in Quebec and 
will link with a similar program 
in Ontario beginning in 2018. 
Nearly 40 countries and over 20 
subnational entities – altogether 
representing nearly a quarter of 
global emissions – have developed, 
or are developing, emissions trading 
programs. Each of them looks to 
California and our linked Western 
Climate Initiative Partners as they 
design, implement, and refine their 
own programs.

Fostering Global Action

Through the State’s leadership in the Cap-and-Trade Program, innovative sector-specific 
policies that are reducing technology costs and GHG emissions, and community-scale 
engagement and investments to reduce GHGs and promote equity, California is playing a 
significant role in addressing global climate change.
Governor Brown has stated that climate change is 
the most important issue of our lifetime, and has 
promoted scientifically sound approaches to address 
climate change in California and beyond. He has 
participated in international climate discussions at 
the United Nations headquarters in New York, the 
United Nations Climate Change Conference in Paris, 
the Vatican, and the Climate Summit of the Americas 
in Canada – calling on other subnational and national 
leaders to join California in the fight against climate 
change. He has signed climate change agreements 
with leaders from Chile, China, the Czech Republic, 
Israel, Japan, Mexico, the Netherlands, other North 
American states and provinces, and Peru. He has 
joined an unprecedented alliance of heads of state, 
city and state leaders – convened by the World Bank 
Group and International Monetary Fund – to urge 
countries and companies around the globe to put a 
price on carbon. And California is a founding member 
of the International Zero Emission Vehicle (ZEV) Alliance, a coalition of national and 
subnational governments working to accelerate the adoption of ZEVs and make all new 

Nearly 30,000 projects installing efficiency measures in homes

105,000+ rebates issued for zero-emission and plug-in hybrid vehicles

16,000+ acres of land preserved or restored

6,200+ trees planted in urban areas

200+ transit agency projects funded, adding or expanding transit options

1,100+ new affordable housing units under contract

140,000+ total projects implemented

50% of projects benefiting Disadvantaged Communities ($614M)

REGIONS REPRESENT

1.20

That’s 39 % of the global economy

BILLION
PEOPLE

AND

$28.8IN GDP
TRILLION

To �nd out more visit: Under2MOU.org

Cap-and-tradE dollars at work (2017)
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cars zero emissions. Delegations from around the world travel to Sacramento to meet with 
the architects and implementers of California’s climate policies to learn how to successfully 
combine strong greenhouse gas policies with a strong economy.
Perhaps most significant is the Under2Coalition. It is a global climate pact – spearheaded 
by Governor Brown – among states, provinces, countries, and cities all committing to do 
their part to limit the increase in global average temperatures below the dangerous levels. 
Signatories commit to either reducing greenhouse gas emissions 80 to 95 percent below 
1990 levels by 2050 or achieving a per capita annual emission target of less than 2 metric tons 
by 2050. More than 200 jurisdictions from 38 countries and six continents have now signed 
or endorsed the agreement. Together, members of the Under2Coalition represent more than 
1.2 billion people and $28.8 trillion in GDP, equivalent to 39 percent of the global economy. 

Unleashing the California Spirit

This Plan is a declaration of California’s path forward. It builds on the State’s successful 
approach to addressing climate change and harnesses the California spirit to propel a 
cleaner economy, while serving as an example for others. 
But this Plan will not be successful on its own. Our collective, and individual, efforts must 
reach every sector of California’s economy, and every community in the state. As California 
faces the challenge of climate change, it will succeed as it always has – through open, 
inclusive processes, through support of clean technology markets, and through a relentless 
pursuit of a healthy California for all.
There should be no doubt that California is united in understanding the need to act, and in 
the will to act. Investments in clean, low-carbon options will pay off – for the environment 
and the economy. Investments and training in education and workforce development for a 
lower carbon economy are a critical part of this transition.
This Plan is only the beginning. All of the measures in the Plan will be developed in 
their own public process, shaped not just by the vision of this Plan, but also by the best 
understanding of the technology, costs and impacts on communities – and by input from a 
broad range of stakeholders and perspectives with the recognition that achieving the 2030 
target is a milestone on our way to the deeper GHG reductions needed to protect the 
environment and our way of life. The Plan also proposes developing a long-term funding 
plan to inform future appropriations necessary to achieve our long-term targets, which will 
send clear market and workforce development signals.
Climate change presents unprecedented challenges, but just as we have always done, 
Californians will tackle them with innovation, inclusion and ultimately, success.
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Chapter 1

Background

In November 2016, California Governor Edmund G. Brown affirmed California’s role in the fight against climate 
change in the United States, noting, “We will protect the precious rights of our people and continue to confront 
the existential threat of our time–devastating climate change.” By working to reduce the threat facing the 
State and setting an example, California continues to lead in the climate arena. This Scoping Plan for Achieving 
California’s 2030 Greenhouse Gas Target (Scoping Plan or 2017 Scoping Plan) identifies how the State can 
reach our 2030 climate target to reduce greenhouse gas (GHG) emissions by 40 percent from 1990 levels, and 
substantially advance toward our 2050 climate goal to reduce GHG emissions by 80 percent below 1990 levels. 
By selecting and pursuing a sustainable and clean economy path for 2030, the State will continue to successfully 
execute existing programs, demonstrate the coupling of economic growth and environmental progress, and 
enhance new opportunities for engagement within the State to address and prepare for climate change.
This Scoping Plan builds on and integrates efforts already underway to reduce the State’s GHG, criteria 
pollutant, and toxic air contaminant emissions. Successful implementation of existing programs has put 
California on track to achieve the 2020 target. Programs such as the Low Carbon Fuel Standard and 
Renewables Portfolio Standard are delivering cleaner fuels and energy, the Advanced Clean Cars Program 
has put more than a quarter million clean vehicles on the road, and the Sustainable Freight Action Plan will 
result in efficient and cleaner systems to move goods throughout the State. Enhancing and implementing 
these ongoing efforts puts California on the path to achieving the 2030 target. This Scoping Plan relies on 
these, and other, foundational programs paired with an extended, more stringent Cap-and-Trade Program,  
to deliver climate, air quality, and other benefits.
In developing this Scoping Plan, it is paramount that we continue to build on California’s success by taking 
effective actions. We must rapidly produce real results to avoid the most catastrophic impacts of climate 
change. The Scoping Plan identifies policies based on solid science and identifies additional research needs, 
while also recognizing the need for flexibility in the face of a changing climate. Ongoing research to better 
understand systems where our knowledge is weaker will allow for additional opportunities to set targets and 
identify actionable policies. Further, a long-term funding plan to inform future appropriations is critical to 
achieve our long-term targets, which will send clear market and workforce development signals.

Climate Legislation and Directives
California has made progress on addressing climate change during periods of both Republican and 
Democratic national and State administrations. California’s governors and legislature prioritize public health 
and the environment. A series of executive orders and laws have generated policies and actions across 
State government, among local and regional governments, and within industry. These policies also have 
encouraged collaboration with federal agencies and spurred partnerships with many jurisdictions beyond 
California’s borders. Moving forward, California will continue its pursuit of collaborations and advocacy for 
action to address climate change. The following list provides a summary of major climate legislation and 
executive orders that have shaped California’s climate programs.

Assembly Bill 32 (AB 32) (Nuñez, Chapter 488, Statutes of 2006), the California Global 
Warming Solutions Act of 2006.

• Cut the State’s GHG emissions to 1990 levels by 2020 with  
 maintained and continued reductions post 2020.
• First comprehensive climate bill in California, a defining moment  
 in the State’s long history of environmental stewardship.

IntroductIon
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• Secured the State’s role as a national and global leader in reducing GHGs.
Pursuant	to	AB	32,	the	California	Air	Resources	Board	(CARB	or	Board)	prepared	and	adopted	the	initial	
Scoping	Plan	to	“identify and make recommendations on direct emissions reductions measures, alternative 
compliance mechanisms, market-based compliance mechanisms, and potential monetary and non-monetary 
incentives”	in	order	to	achieve	the	2020	goal,	and	to	achieve	“the maximum technologically feasible and 
cost-effective GHG emissions reductions”	by	2020	and	maintain	and	continue	reductions	beyond	2020.	AB	32	
requires	CARB	to	update	the	Scoping	Plan	at	least	every	five	years.

Executive Order B-30-15
In	his	January	2015	inaugural	address,	Governor	Brown	identified	actions	in	five	key	climate	change	strategy	
“pillars”	necessary	to	meet	California’s	ambitious	climate	change	goals.	These	five	pillars	are:

• Reducing	today’s	petroleum	use	in	cars	and	trucks	by	up	to	50	percent.
• Increasing	from	one-third	to	50	percent	our	electricity	derived	from	renewable	sources.
• Doubling	the	efficiency	savings	achieved	at	existing	buildings	and	making	heating	fuels	cleaner.
• Reducing the release of methane, black carbon, and other short-lived climate pollutants.
• Managing	farm	and	rangelands,	forests,	and	wetlands	so	they	can	store	carbon.

Consistent	with	these	goals,	Governor	Brown	signed	Executive	Order	B-30-15	in	April	2015:
• Establishing	a	California	GHG	reduction	target	of	40	percent	below	1990	levels	by	2030.
• Calling on CARB, in coordination with sister agencies, to update the  
 AB 32 Climate Change Scoping Plan to incorporate the 2030 target.
• Building	out	the	“sixth	pillar”	of	the	Governor’s	strategy–to	safeguard	California	 
 in the face of a changing climate–highlighting the need to prioritize actions to  
 reduce GHG emissions and build resilience in the face of a changing climate.

Senate Bill 350 (SB 350) (De Leon, Chapter 547, Statutes of 2015),  
Golden State Standards

• Required the State to set GHG reduction planning targets through Integrated  
	 Resource	Planning	in	the	electricity	sector	as	a	whole	and	among	individual	utilities	 
	 and	other	electricity	providers	(collectively	known	as	load	serving	entities).
• Codified	an	increase	in	the	Renewables	Portfolio	Standard	(RPS)	to	50	percent	 
	 by	20301	and	doubled	the	energy	savings	required	in	electricity	and	natural	 
 gas end uses as discussed in the Governor’s inaugural address.

Senate Bill 32 (SB 32) (Pavley, Chapter 249, Statutes of 2016), California Global Warming 
Solutions Act of 2016: emissions limit and Assembly Bill 197 (AB 197) (E. Garcia, Chapter 
250, Statutes of 2016), State Air Resources Board: greenhouse gases: regulations.
SB	32	affirms	the	importance	of	addressing	climate	change	by	codifying	into	statute	the	GHG	emissions	
reductions	target	of	at	least	40	percent	below	1990	levels	by	2030	contained	in	Governor	Brown’s	Executive	
Order	B-30-15.	The	2030	target	reflects	the	same	science	that	informs	the	agreement	reached	in	Paris	by	
the	2015	Conference	of	Parties	to	the	United	Nations	Framework	Convention	on	Climate	Change	(UNFCCC),	
aimed	at	keeping	the	global	temperature	increase	below	2	degrees	Celsius	(°C).	The	California	2030	target	
represents the most ambitious GHG reduction goal for North America. Based on the emissions reductions 
directed	by	SB	32,	the	annual	2030	statewide	target	emissions	level	for	California	is	260	million	metric	tons	of	
carbon dioxide equivalent (MMTCO2e).
The	companion	bill	to	SB	32,	AB	197,	provides	additional	direction	to	CARB	on	the	following	areas	related	to	
the adoption of strategies to reduce GHG emissions.

• Requires annual posting of GHG, criteria, and toxic air contaminant data  
	 throughout	the	State,	organized	by	local	and	sub-county	level	for	stationary	 
	 sources	and	by	at	least	a	county	level	for	mobile	sources.
• Requires CARB, when adopting rules and regulations to achieve emissions reductions  

1 http://www.cpuc.ca.gov/renewables/
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 and to protect the State’s most affected and disadvantaged communities, to  
	 consider	the	social	costs	of	GHG	emissions	and	prioritize	both	of	the	following:

• Emissions reductions rules and regulations that result in direct  
	 GHG	emissions	reductions	at	large	stationary	sources	of	GHG	 
 emissions and direct emissions reductions from mobile sources.
• Emissions reductions rules and regulations that result in direct GHG  
 emissions reductions from sources other than those listed above.

• Directs CARB, in the development of each scoping plan, to  
	 identify	for	each	emissions	reduction	measure:

• The	range	of	projected	GHG	emissions	reductions	that	result	from	the	measure.
• The	range	of	projected	air	pollution	reductions	that	result	from	the	measure.
• The cost-effectiveness, including avoided social costs, of the measure.

CARB	has	begun	the	process	to	implement	the	provisions	of	AB	197.	For	instance,	CARB	is	already	posting	
GHG, criteria pollutant and toxic air contaminant data. CARB also incorporated air emissions data into a 
visualization	tool	in	December	2016	in	response	to	direction	in	AB	197	to	provide	easier	access	to	this	data.2

Senate Bill 1383 (SB 1383) (Lara, Chapter 395, Statutes of 2016), Short-lived climate  
pollutants: methane emissions: dairy and livestock: organic waste: landfills

• Requires the development, adoption, and implementation  
	 of	a	Short-Lived	Climate	Pollutant	Strategy.3, 4

• Includes	the	following	specific	goals	for	2030	from	2013	levels:
• 40 percent reduction in methane.
• 40	percent	reduction	in	hydrofluorocarbon	gases.
• 50 percent reduction in anthropogenic black carbon.5

Short-lived	climate	pollutants	(SLCPs),	such	as	black	carbon,	fluorinated	gases,	and	methane,	are	powerful	
climate	forcers	that	have	a	dramatic	and	detrimental	effect	on	air	quality,	public	health,	and	climate	change.	
These	pollutants	create	a	warming	influence	on	the	climate	that	is	many	times	more	potent	than	that	of	
carbon	dioxide.	In	March	2017,	the	Board	adopted	the	Short-Lived	Climate	Pollutant	Reduction	Strategy	(SLCP	
Strategy)	establishing	a	path	to	decrease	GHG	emissions	and	displace	fossil-based	natural	gas	use.	Strategies	
include	avoiding	landfill	methane	emissions	by	reducing	the	disposal	of	organics	through	edible	food	recovery,	
composting, in-vessel digestion, and other processes; and recovering methane from wastewater treatment 
facilities, and manure methane at dairies, and using the methane as a renewable source of natural gas to 
fuel	vehicles	or	generate	electricity.	The	SLCP	Strategy	also	identifies	steps	to	reduce	natural	gas	leaks	from	
oil	and	gas	wells,	pipelines,	valves,	and	pumps	to	improve	safety,	avoid	energy	losses,	and	reduce	methane	
emissions	associated	with	natural	gas	use.	Lastly,	the	SLCP	Strategy	also	identifies	measures	that	can	reduce	
hydrofluorocarbon	(HFC)	emissions	at	national	and	international	levels,	in	addition	to	State-level	action	that	
includes	an	incentive	program	to	encourage	the	use	of	low-Global	Warming	Potential	(GWP)	refrigerants,	and	
limitations on the use of high-GWP refrigerants in new refrigeration and air-conditioning equipment.

Assembly Bill 1504 (AB 1504) (Skinner, Chapter 534, Statutes of 2010):  
Forest resources: carbon sequestration

• Requires	the	Board	of	Forestry	and	Fire	Protection	to	adopt	district	forest	practice	 
	 rules	and	regulations	in	accordance	with	specified	policies	to,	among	other	things,	 
 assure the continuous growing and harvesting of commercial forest tree species.
• Requires	the	Board	of	Forestry	and	Fire	Protection	to	ensure	that	its	rules	and	regulations	that	 
	 govern	the	harvesting	of	commercial	forest	tree	species	consider	the	capacity	of	forest	resources	to	 
	 sequester	carbon	dioxide	emissions	sufficient	to	meet	or	exceed	the	sequestration	target	of	5	million	 
	 metric	tons	of	carbon	dioxide	annually,	as	established	in	the	first	AB	32	Climate	Change	Scoping	Plan.

2	 CARB.	2016.	CARB’s	Emission	Inventory	Activities.	www.arb.ca.gov/ei/ei.htm
3 CARB. Reducing Short-Lived Climate Pollutants in California. www.arb.ca.gov/cc/shortlived/shortlived.htm
4 Senate Bill No. 605. leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB605
5	 Senate	Bill	No.1383.	leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB1383
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Senate Bill 1386 (SB 1386) (Wolk, Chapter 545, Statutes of 2016): Resource conservation, 
natural and working lands

• Declares	it	the	policy	of	the	State	that	protection	and	management	of	natural	and	working	 
	 lands,	as	defined,	is	an	important	strategy	in	meeting	the	State’s	GHG	reduction	goals.
• Requires State agencies to consider protection and management of natural and working lands in  
	 establishing	policies	and	grant	criteria,	and	in	making	expenditures,	and	“implement	this	requirement	 
	 in	conjunction	with	the	State’s	other	strategies	to	meet	its	greenhouse	gas	emissions	reduction	goals.”

Assembly Bill 398 (AB 398) (E. Garcia, Chapter 135, Statutes of 2017): California Global 
Warming Solutions Act of 2006: market-based compliance mechanisms: fire prevention fees: 
sales and use tax manufacturing exemption

• Clarifies	the	role	of	the	State’s	Cap-and-Trade	Program	from	January	1,	2021,	through	 
 December 31, 2030, continuing elements of the current program, but requiring CARB  
	 to	make	some	post-2020	refinements.
• Establishes a Compliance Offsets Protocol Task Force to provide guidance to CARB in approving  
	 new	offset	protocols	that	increase	projects	with	direct,	in-state	environmental	benefits.
• Establishes	the	Independent	Emissions	Market	Advisory	Committee	to	report	annually	on	the	 
 environmental and economic performance of the Cap-and-Trade Program and other climate policies.
• Identifies	legislative	priorities	for	allocating	auction	revenue	proceeds,	to	include	but	not	be	 
	 limited	to:	air	toxic	and	criteria	air	pollutants	from	stationary	and	mobile	sources;	low-	and	zero- 
 carbon transportation alternatives; sustainable agricultural practices that promote transition to clean  
	 technology,	water	efficiency,	and	improved	air	quality;	healthy	forests	and	urban	greening;	short- 
	 lived	climate	pollutants;	climate	adaptation	and	resiliency;	and	climate	and	clean	energy	research.

In	addition,	AB	398	requires	CARB	to	designate	the	Cap-and-Trade	Program	as	the	mechanism	for	reducing	
GHG	emissions	from	petroleum	refineries	and	oil	and	gas	production	facilities	in	this	update	to	the	Scoping	
Plan.	With	respect	to	local	air	districts,	AB	398	states	that	it	does	not	limit	or	expand	the	district’s	existing	
authority,	including	the	authority	to	regulate	criteria	pollutants	and	toxic	air	contaminants,	except	that	it	
prohibits	an	air	district	from	adopting	or	implementing	a	rule	for	the	specific	purpose	of	reducing	emissions	
of	carbon	dioxide	from	stationary	sources	that	are	subject	to	the	Cap-and-Trade	Program.

Assembly Bill 617 (AB 617) (C. Garcia, Chapter 136, Statutes of 2017):  
Nonvehicular air pollution: criteria air pollutants and toxic air contaminants.
This	bill	was	passed	as	a	companion	to	AB	398	(E.	Garcia,	2017)	to	strengthen	air	quality	monitoring	and	
reduce	air	pollution	at	a	community	level,	in	communities	affected	by	a	high	cumulative	burden	of	exposure	
to	pollution.	CARB	is	required	to	prepare	a	monitoring	plan	by	October	1,	2018,	that	assesses	the	State’s	
current	air	monitoring	network	with	recommendations	for	a	set	of	high-priority	locations	around	the	State	
to	deploy	community	focused	air	monitoring	systems.	Local	air	districts	must	deploy	air	monitoring	systems	
in	the	selected	high	priority	locations	by	July	1,	2019.	Thereafter,	CARB	will	evaluate	and	select	additional	
locations	for	community	air	monitoring	on	an	annual	basis.	The	air	districts	must	also	deploy	air	monitoring	
systems	within	one	year	of	CARB’s	selection	of	the	high-priority	locations.	In	addition	to	the	monitoring	plan,	
the	bill	requires	CARB	to	develop	a	statewide	strategy	to	reduce	criteria	pollutants	and	toxic	air	contaminants	
(TACs)	in	communities	affected	by	high	cumulative	exposure	burdens	through	approved	community	
emissions	reduction	programs	developed	by	local	air	districts,	in	partnership	with	residents	in	the	affected	
communities;	requires	CARB	to	establish	a	uniform	system	of	annual	reporting	of	criteria	pollutants	and	TACs	
for	the	existing	statewide	air	monitoring	network;	and	expedites	implementation	of	best	available	retrofit	
control	technology	in	non-attainment	areas.
Tables summarizing the legislation described in this section, along with other climate related legislation and 
programs	are	included	in	Appendix	H	and	organized	by	sector.
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Initial Scoping Plan and First Update to the Scoping Plan
The Initial Scoping Plan6	in	2008	presented	the	first	economy-wide	approach	to	reducing	emissions	and	
highlighted	the	value	of	combining	both	carbon	pricing	with	other	complementary	programs	to	meet	
California’s 2020 GHG emissions target while ensuring progress in all sectors. The coordinated set of policies 
in	the	Initial	Scoping	Plan	employed	strategies	tailored	to	specific	needs,	including	market-based	compliance	
mechanisms,	performance	standards,	technology	requirements,	and	voluntary	reductions.	The	Initial	Scoping	
Plan also described a conceptual design for a cap-and-trade program that included eventual linkage to other 
cap-and-trade programs to form a larger regional trading program.
AB	32	requires	CARB	to	update	the	scoping	plan	at	least	every	five	years.	The	First	Update	to	the	Scoping	
Plan7	(First	Update),	approved	in	2014,	presented	an	update	on	the	program	and	its	progress	toward	meeting	
the	2020	limit.	It	also	developed	the	first	vision	for	long-term	progress	beyond	2020.	In	doing	so,	the	First	
Update	laid	the	groundwork	for	the	goals	set	forth	in	Executive	Orders	S-3-058 and B-16-20129. It also 
identified	the	need	for	a	2030	mid-term	target	to	establish	a	continuum	of	actions	to	maintain	and	continue	
reductions,	rather	than	only	focusing	on	targets	for	2020	or	2050.

Building on California’s Environmental Legacy
California’s	successful	climate	policies	and	programs	have	already	delivered	emissions	reductions	resulting	
from	cleaner,	more	fuel-efficient	cars	and	zero	emission	vehicles	(ZEVs),	low	carbon	fuels,	increased	renewable	
energy,	and	greater	waste	diversion	from	landfills;	water	conservation;	improved	forest	management;	
and	improved	energy	efficiency	of	homes	and	businesses.	Beyond	GHG	reductions,	these	policies	and	
programs	also	provide	an	array	of	benefits	including	improved	public	health,	green	jobs,	and	more	clean	
energy	choices.	The	2030	GHG	emissions	reduction	target	in	SB	32	will	ensure	that	the	State	maintains	this	
momentum	beyond	2020,	mindful	of	the	State’s	population	growth	and	needs.	This	Scoping	Plan	identifies	a	
path	to	simultaneously	make	progress	on	the	State’s	climate	goals	as	well	as	complement	other	efforts	such	
as	the	State	Implementation	Plans	(SIPs)	and	community	emissions	reduction	programs	to	help	improve	air	
quality	in	all	parts	of	the	State.
California’s	future	climate	strategy	will	require	continued	contributions	from	all	sectors	of	the	economy,	
including	enhanced	focus	on	zero-	and	near-zero	emission	(ZE/NZE)	vehicle	technologies;	continued	
investment	in	renewables,	such	as	solar	roofs,	wind,	and	other	types	of	distributed	generation;	greater	use	
of low carbon fuels; integrated land conservation and development strategies; coordinated efforts to reduce 
emissions	of	short-lived	climate	pollutants	(methane,	black	carbon,	and	fluorinated	gases);	and	an	increased	
focus on integrated land use planning to support livable, transit-connected communities and conservation of 
agricultural	and	other	lands.	Requirements	for	GHG	reductions	at	stationary	sources	complement	efforts	of	
local	air	pollution	control	and	air	quality	management	districts	(air	districts)	to	tighten	criteria	and	toxics	air	
pollution emission limits on a broad spectrum of industrial sources, including in disadvantaged communities 
historically	located	adjacent	to	large	stationary	sources.	Finally,	meeting	the	State’s	climate,	public	health,	and	
environmental	goals	will	entail	understanding,	quantifying,	and	addressing	emissions	impacts	from	land	use	
decisions at all governmental levels.

Purpose of the 2017 Scoping Plan
This	Scoping	Plan	incorporates,	coordinates,	and	leverages	many	existing	and	ongoing	efforts	and	identifies	
new policies and actions to accomplish the State’s climate goals. Chapter 2 of this document includes a 
description	of	a	suite	of	specific	actions	to	meet	the	State’s	2030	GHG	limit.	In	addition,	Chapter	4	provides	
a	broader	description	of	the	many	actions	and	proposals	being	explored	across	the	sectors,	including	the	
natural resources sector, to achieve the State’s mid and long-term climate goals.
Guided	by	legislative	direction,	the	actions	identified	in	this	Scoping	Plan	reduce	overall	GHG	emissions	
in	California	and	deliver	policy	signals	that	will	continue	to	drive	investment	and	certainty	in	a	low	carbon	

6	 CARB.	Initial	AB	32	Climate	Change	Scoping	Plan.	Available	at:	 
 www.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf
7	 CARB.	First	Update	to	the	AB	32	Scoping	Plan.	Available	at:	 
 www.arb.ca.gov/cc/scopingplan/document/updatedscopingplan2013.htm
8	 www.gov.ca.gov/news.php?id=1861
9 www.gov.ca.gov/news.php?id=17472

PC ORIGINAL PKG

http://www.arb.ca.gov/cc/scopingplan/document/adopted_scoping_plan.pdf
www.arb.ca.gov/cc/scopingplan/document/updatedscopingplan2013.htm
https://www.gov.ca.gov/news.php?id=1861
https://www.gov.ca.gov/news.php?id=17472


6

economy.	This	Scoping	Plan	builds	upon	the	successful	framework	established	by	the	Initial	Scoping	Plan	
and	First	Update,	while	identifying	new,	technologically	feasible,	and	cost-effective	strategies	to	ensure	
that	California	meets	its	GHG	reduction	targets	in	a	way	that	promotes	and	rewards	innovation,	continues	
to foster economic growth, and delivers improvements to the environment and public health, including in 
disadvantaged communities. The Plan includes policies to require direct GHG reductions at some of the State’s 
largest	stationary	sources	and	mobile	sources.	These	policies	include	the	use	of	lower	GHG	fuels,	efficiency	
regulations, and the Cap-and-Trade Program, which constrains and reduces emissions at covered sources.

Process for Developing the 2017 Scoping Plan
This Scoping Plan was developed in coordination with State agencies, through engagement with the 
Legislature, and with open and transparent opportunities for stakeholders and the public to engage in 
workshops and other meetings. Development also included careful consideration of, and coordination with, 
other	State	agency	plans	and	regulations,	including	the	Cap-and-Trade	Program,	Low	Carbon	Fuel	Standard	
(LCFS),	State	Implementation	Plan,	California	Sustainable	Freight	Action	Plan,	California	Transportation	Plan	
2040,	Forest	Carbon	Plan,	and	the	Short-Lived	Climate	Pollutant	Strategy,	among	others.
To	inform	this	Scoping	Plan,	CARB,	in	collaboration	with	the	Governor’s	Office	and	other	State	agencies,	
solicited comments and feedback from affected stakeholders, including the public, and the Environmental 
Justice	Advisory	Committee	(EJAC	or	Committee).	The	process	to	update	the	2017	Scoping	Plan	began	with	
the	Governor’s	Office	Pillar	Symposia,	which	included	over	a	dozen	public	workshops,	and	featured	a	series	of	
Committee	and	environmental	justice	community	meetings.10

One	key	message	conveyed	to	CARB	during	engagement	with	the	legislature,	EJAC,	and	environmental	justice	
communities	was	the	need	to	emphasize	reductions	at	large	stationary	sources,	with	a	particular	focus	on	
multi-pollutant strategies for these sources to reduce GHGs and harmful criteria and toxic air pollutants that 
result	in	localized	health	impacts,	especially	in	disadvantaged	communities.	Other	consistent	feedback	for	
CARB	included	the	need	for	built	and	natural	infrastructure	improvements	that	enhance	quality	of	life,	increase	
access	to	safe	and	viable	transportation	options,	and	improve	physical	activity	and	related	health	outcomes.

Updated Climate Science Supports the Need for More Action

Climate	scientists	agree	that	global	warming	and	other	shifts	in	the	climate	system	observed	over	the	past	
century	are	caused	by	human	activities.	These	recorded	changes	are	occurring	at	an	unprecedented	rate.11 
According	to	new	research,	unabated	GHG	emissions	could	allow	sea	levels	to	rise	up	to	ten	feet	by	the	end	
of	this	century–an	outcome	that	could	devastate	coastal	communities	in	California	and	around	the	world.12

California	is	already	feeling	the	effects	of	climate	change,	and	projections	show	that	these	effects	will	
continue	and	worsen	over	the	coming	centuries.	The	impacts	of	climate	change	have	been	documented	by	
the	Office	of	Environmental	Health	Hazard	Assessment	(OEHHA)	in	the	Indicators	of	Climate	Change	Report,	
which	details	the	following	changes	that	are	occurring	already:13

• A recorded increase in annual average temperatures, as well as  
	 increases	in	daily	minimum	and	maximum	temperatures.
• An	increase	in	the	occurrence	of	extreme	events,	including	wildfire	and	heat	waves.
• A reduction in spring runoff volumes, as a result of declining snowpack.
• A	decrease	in	winter	chill	hours,	necessary	for	the	 
 production of high-value fruit and nut crops.
• Changes in the timing and location of species sightings, including migration  
	 upslope	of	flora	and	fauna,	and	earlier	appearance	of	Central	Valley	butterflies.

10 www.arb.ca.gov/cc/scopingplan/scopingplan.htm
11	 Cook,	J.,	et	al.	2016.	Consensus	on	consensus:	A	synthesis	of	consensus	estimates	on	human-caused	 
	 global	warming.	Environmental	Research	Letters	11:048002	doi:10.1088/1748-9326/11/4/048002.	 
 iopscience.iop.org/article/10.1088/1748-9326/11/4/048002.
12	 California	Ocean	Protection	Council.	2017.	Rising	Seas	in	California:	An	Update	On	Sea-Level	Rise	Science.	 
 www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
13	 Office	of	Environmental	Health	Hazard	Assessment,	Indicators	of	Climate	Change	(website):	 
 oehha.ca.gov/climate-change/document/indicators-climate-change-california
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In addition to these trends, the State’s current conditions point to a changing climate. California’s recent 
historic drought incited land subsidence, pest invasions that killed over 100 million trees, and water shortages 
throughout	the	State.	Recent	scientific	studies	show	that	such	extreme	drought	conditions	are	more	likely	
to occur under a changing climate.14,15 The total statewide economic cost of the 2013–2014 drought was 
estimated at $2.2 billion,	with	a	total	loss	of	17,100	jobs.16	In	the	Central	Valley,	the	drought	cost	California	
agriculture	about	$2.7	billion	and	more	than	20,000	jobs	in	2015,	which	highlights	the	critical	need	for	
developing drought resilience.17	Drought	affects	other	sectors	as	well.	An	analysis	of	the	amount	of	water	
consumed	in	meeting	California’s	energy	needs	between	1990	and	2012	shows	that	while	California’s	
energy	policies	have	supported	climate	mitigation	efforts,	the	performance	of	these	policies	have	increased	
vulnerability	to	climate	impacts,	especially	greater	hydrologic	uncertainty.18

Several	publications	carefully	examined	the	potential	role	of	climate	change	in	the	recent	California	drought.	
One	study	examined	both	precipitation	and	runoff	in	the	Sacramento	and	San	Joaquin	River	basins,	and	
found	that	10	of	the	past	14	years	between	2000	and	2014	have	been	below	normal,	and	recent	years	have	
been	the	driest	and	hottest	in	the	full	instrumental	record	from	1895	through	November	2014.19 In another 
study,	the	authors	show	that	the	increasing	co-occurrence	of	dry	years	with	warm	years	raises	the	risk	of	
drought,	highlighting	the	critical	role	of	elevated	temperatures	in	altering	water	availability	and	increasing	
overall	drought	intensity	and	impact.20	Generally,	there	is	growing	risk	of	unprecedented	drought	in	the	
western	United	States	driven	primarily	by	rising	temperatures,	regardless	of	whether	or	not	there	is	a	clear	
precipitation trend.21

According	to	the	U.S.	Forest	Service	report,	National	Insect	and	Disease	Forest	Risk	Assessment,	2013–
2027,22 California is at risk of losing 12 percent of the total area of forests and woodlands in the State due to 
insects	and	disease,	or	over	5.7	million	acres.	Some	species	are	expected	to	lose	significant	amounts	of	their	
total	basal	area	(e.g.,	whitebark	pine	is	projected	to	lose	60	percent	of	its	basal	area;	and	lodgepole	pine	is	
projected	to	lose	40	percent).	While	future	climate	change	is	not	modeled	within	the	risk	assessment,	and	
current	drought	conditions	are	not	accounted	for	in	these	estimates,	the	projected	climate	changes	over	a	15	
year	period	(2013-2027)	are	expected	to	significantly	increase	the	number	of	acres	at	risk,	and	will	increase	
the	risk	from	already	highly	destructive	pests	such	as	the	mountain	pine	beetle.	Extensive	tree	mortality	is	
already	prevalent	in	California.	The	western	pine	beetle	and	other	bark	beetles	have	killed	a	majority	of	the	
ponderosa	pine	in	the	foothills	of	the	central	and	southern	Sierra	Nevada	Mountains.	A	recent	aerial	survey	
by	the	U.S.	Forest	Service	identified	more	than	100	million	dead	trees	in	California.23	As	there	is	usually	a	lag	
time	between	drought	years	and	tree	mortality,	we	are	now	beginning	to	see	a	sharp	rise	in	mortality	from	
the	past	four	years	of	drought.	In	response	to	the	very	high	levels	of	tree	mortality,	Governor	Brown	issued	
an	Emergency	Proclamation	on	October	30,	2015,	that	directed	state	agencies	to	identify	and	take	action	to	
reduce	wildfire	risk	through	the	removal	and	use	of	the	dead	trees.

14 Diffenbaugh, N., D. L. Swain, and D. Touma. 2015. Anthropogenic Warming has Increased Drought Risk in  
	 California.	Proceedings	of	the	National	Academy	of	Sciences	112(13):	3931–3936.
15	 Cayan,	D.,	T.	Das,	D.	W.	Pierce,	T.	P.	Barnett,	M.	Tyree,	and	A.	Gershunov.	2010.	Future	Dryness	in	the	 
	 Southwest	US	and	Hydrology	of	the	Early	21st	Century	Drought.	Proceedings	of	the	National	Academy	of	 
	 Sciences	107(50):	21272–21276.
16 Howitt, R., J. Medellin-Azuara, D. MacEwan, J. Lund, and D. Summer. 2014. Economic Impacts of 2014  
 Drought on California Agriculture. watershed.ucdavis.edu/files/biblio/DroughtReport_23July2014_0.pdf.
17 Williams, A. P., et al. 2015. Contribution of anthropogenic warming to California drought during 2012– 
	 2014.	Geophysical	Research	Letters	http://onlinelibrary.wiley.com/doi/10.1002/2015GL064924/abstract.
18	 Fulton,	J.,	and	H.	Cooley.	2015.	The	water	footprint	of	California’s	energy	system,	1990–2012	 
	 Environmental	Science	&	Technology	49(6):3314–3321.	pubs.acs.org/doi/abs/10.1021/es505034x.
19 Mann, M. E., and P. H. Gleick. 2015. Climate change and California drought in the 21st	century.	 
	 Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America,	112(13):3858–3859.	 
 doi.org/10.1073/pnas.1503667112.
20 Diffenbaugh, N. S., D. L. Swain, and D. Touma. 2015. Anthropogenic warming has increased drought risk  
	 in	California.	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America.	10.1073/ 
	 pnas.1422385112.	www.pnas.org/content/112/13/3931.full.pdf
21	 Cook,	B.	I.,	T.	R.	Ault,	and	J.	E.	Smerdon.	2015.	Unprecedented	21st	century	drought	risk	in	the	American	 
	 Southwest	and	Central	Plains.	Science	Advances	1(1),	e1400082,	doi:10.1126/sciadv.1400082.
22	 Krist,	F.J.	Jr.,	J.R.	Ellenwood,	M.E.	Woods,	A.J.	McMahan,	J.P.	Cowardin,	D.E.	Ryerson,	F.J.	Sapio,	M.O. 
	 Zweifler,	S.A.	Romero.	2014.	FHTET	2013	–	2027	National	Insect	&	and	Disease	Forest	Risk	Assessment. 
	 FHTET-14-01	January	2014.	Available	at:	http://www.fs.fed.us/foresthealth/technology/pdfs/2012_RiskMap_Report_web.pdf
23	 USDA.	2016.	New	Aerial	Survey	Identifies	More	Than	100	Million	Dead	Trees	in	California.	 
 www.usda.gov/wps/portal/usda/usdahome?contentid=2016/11/0246.xml&contentidonly=true
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A	warming	climate	also	causes	sea	level	to	rise;	first,	by	warming	the	
oceans	which	causes	the	water	to	expand,	and	second,	by	melting	
land ice which transfers water to the ocean. Even if storms do not 
become	more	intense	or	frequent,	sea	level	rise	itself	will	magnify	the	
adverse	impact	of	any	storm	surge	and	high	waves	on	the	California	
coast. Some observational studies report that the largest waves are 
already	getting	higher	and	winds	are	getting	stronger.24 Further, as 
temperatures warm and GHG concentrations increase more carbon 
dioxide dissolves in the ocean, making it more acidic. More acidic 
ocean	water	affects	a	wide	variety	of	marine	species,	including	
species	that	people	rely	on	for	food.	Recent	projections	indicate	that	
if	no	significant	GHG	mitigation	efforts	are	taken,	the	San	Francisco	
Bay	Area	may	experience	sea	level	rise	between	1.6	to	3.4	feet,	and	
in an extreme scenario involving the rapid loss of the Antarctic ice 
sheet, sea levels along California’s coastline could rise up to 10 feet 
by	2100.25	This	change	is	likely	to	have	substantial	ecological	and	
economic consequences in California and worldwide.26

While	more	intense	dry	periods	are	anticipated	under	warmer	
conditions, extremes on the wet end of the spectrum are also 
expected to increase due to more frequent warm, wet atmospheric 
river events and a higher proportion of precipitation falling as rain 
instead	of	snow.	In	recent	years,	atmospheric	rivers	have	also	been	
recognized	as	the	cause	of	the	large	majority	of	major	floods	in	rivers	

all	along	the	U.S.	West	Coast	and	as	the	source	of	30-50	percent	of	all	precipitation	in	the	same	region.27 
These	extreme	precipitation	events,	together	with	the	rising	snowline,	often	cause	devastating	floods	in	
major	river	basins	(e.g.,	California’s	Russian	River).	It	was	estimated	that	the	top	50	observed	floods	in	the	
U.S.	Pacific	Northwest	were	due	to	atmospheric	rivers.28	Looking	ahead,	the	frequency	and	severity	of	
atmospheric	rivers	on	the	U.S.	West	Coast	will	increase	due	to	higher	atmospheric	water	vapor	that	occurs	
with	rising	temperature,	leading	to	more	frequent	flooding.29, 30

Climate	change	can	drive	extreme	weather	events	such	as	coastal	storm	surges,	drought,	wildfires,	floods,	and	
heat	waves,	and	disrupt	environmental	systems	including	our	forests	and	oceans.	As	GHG	emissions	continue	
to accumulate and climate disruption grows, such destructive events will become more frequent. Several 
recent	studies	project	increased	precipitation	within	hurricanes	over	ocean	regions.31, 32	The	primary	physical	
mechanism for this increase is higher water vapor in the warmer atmosphere, which enhances moisture 
convergence	in	a	storm	for	a	given	circulation	strength.	Since	hurricanes	are	responsible	for	many	of	the	most	
extreme	precipitation	events,	such	events	are	likely	to	become	more	extreme.	Anthropogenic	warming	by	

24	 National	Research	Council	of	the	National	Academy	of	Sciences.	2012.	Sea-Level	Rise	for	the	Coasts	of	California,	Oregon,	 
	 and	Washington:	Past,	Present,	and	Future.	National	Academies	Press.
25	 California	Ocean	Protection	Council.	2017.	Rising	Seas	in	California:	An	Update	On	Sea-Level	Rise	Science.	 
 www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
26	 Chan,	F.,	et	al.	2016.	The	West	Coast	Ocean	Acidification	and	Hypoxia	Science	Panel:	Major	Findings,	 
	 Recommendations,	and	Actions.	California	Ocean	Science	Trust,	Oakland,	California,	USA.
27	 Dettinger,	M.	D.	2013.	Atmospheric	rivers	as	drought	busters	on	the	U.S.	West	Coast.	Journal	of	 
	 Hydrometeorology	14:1721	1732,	doi:10.1175/JHM-D-13-02.1.	journals.ametsoc.org/doi/abs/10.1175/ 
 JHM-D-13-02.1.
28 Warner, M. D., C. F. Mass, and E. P. Salath´e. 2012. Wintertime extreme precipitation events along the  
	 Pacific	Northwest	coast:	Climatology	and	synoptic	evolution.	Monthly	Weather	Review	140:2021–43.	 
 http://journals.ametsoc.org/doi/abs/10.1175/MWR-D-11-00197.1.
29	 Hagos,	S.	M.,	L.	R.	Leung,	J.-H.	Yoon,	J.	Lu,	and	Y.	Gao,	2016:	A	projection	of	changes	in	landfalling	 
	 atmospheric	river	frequency	and	extreme	precipitation	over	western	North	America	from	the	Large	 
	 Ensemble	CESM	simulations.	Geophysical	Research	Letters,	43	(3),	357-1363,	 
 http://onlinelibrary.wiley.com/doi/10.1002/2015GL067392/epdf.
30	 Payne,	A.	E.,	and	G.	Magnusdottir,	2015:	An	evaluation	of	atmospheric	rivers	over	the	North	Pacific	in	 
	 CMIP5	and	their	response	to	warming	under	RCP	8.5.	Journal	of	Geophysical	Research:	Atmospheres,	120	 
	 (21),	11,173-111,190,	http://onlinelibrary.wiley.com/doi/10.1002/2015JD023586/epdf.
31	 Easterling,	D.R.,	K.E.	Kunkel,	M.F.	Wehner,	and	L.	Sun,	2016:	Detection	and	attribution	of	climate	 
	 extremes	in	the	observed	record.	Weather	and	Climate	Extremes,	11,	17-27.	http://dx.doi.org/10.1016/j.wace.2016.01.001.
32	 NAS,	2016:	Attribution	of	Extreme	Weather	Events	in	the	Context	of	Climate	Change.	The	National	 
	 Academies	Press,	Washington,	DC,	186	pp.	http://dx.doi.org/10.17226/21852.

Climate impaCts at the 
Community level

The	California	Energy	
Commission Cal-Adapt tool 
provides information about future 
climate conditions to help better 
understand how climate will 
impact local communities.
cal-adapt.org

PC ORIGINAL PKG

http://www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
journals.ametsoc.org/doi/abs/10.1175/JHM-D-13-02.1
journals.ametsoc.org/doi/abs/10.1175/JHM-D-13-02.1
http://journals.ametsoc.org/doi/abs/10.1175/MWR-D-11-00197.1
http://onlinelibrary.wiley.com/doi/10.1002/2015GL067392/epdf
http://onlinelibrary.wiley.com/doi/10.1002/2015JD023586/epdf
http://dx.doi.org/10.1016/j.wace.2016.01.001
http://dx.doi.org/10.17226/21852
http://Cal-Adapt.org


9

the end of the 21st	century	will	likely	cause	tropical	cyclones	globally	to	become	more	intense	on	average.	
This change implies an even larger percentage increase in the destructive potential per storm, assuming no 
changes in storm size.33,34 Thus, the historical record, which once set our expectations for the traditional range 
of	weather	and	other	natural	events,	is	becoming	an	increasingly	unreliable	predictor	of	the	conditions	we	will	
face	in	the	future.	Consequently,	the	best	available	science	must	drive	effective	climate	policy.
California	is	committed	to	further	supporting	new	research	on	ways	to	mitigate	climate	change	and	how	
to	understand	its	ongoing	and	projected	impacts.	California’s	Fourth	Climate	Change	Assessment	and	
Indicators	of	Change	Report	will	further	update	our	understanding	of	the	many	impacts	from	climate	
change	in	a	way	that	directly	informs	State	agencies’	efforts	to	safeguard	the	State’s	people,	economy,	and	
environment.35, 36 
Together,	historical	data,	current	conditions,	and	future	projections	provide	a	picture	of	California’s	changing	
climate,	with	two	important	messages:

• Change	is	already	being	experienced	and	documented	across	California,	and	 
	 some	of	these	changes	have	been	directly	linked	to	changing	climatic	conditions.
• Even	with	the	uncertainty	in	future	climate	conditions,	every	 
 scenario estimates further change in future conditions.

It is critical that California continue to take steps to reduce GHG emissions in order to avoid the worst of the 
projected	impacts	of	climate	change.	At	the	same	time,	the	State	is	taking	steps	to	make	the	State	more	
resilient	to	ongoing	and	projected	climate	impacts	as	laid	out	by	the	Safeguarding	California	Plan.37 The 
Safeguarding	California	Plan	is	being	updated	in	2017	to	present	new	policy	recommendations	and	provide	
a roadmap of all the actions and next steps that state government is taking to adapt to the ongoing and 
inevitable effects of climate change. The Draft Safeguarding California Plan38	is	available	and	will	be	finalized	
after workshops and public comments. California’s continuing efforts are vital steps toward minimizing the 
impact of GHG emissions and a three-pronged approach of reducing emissions, preparing for impacts, and 
conducting cutting-edge research can serve as a model for action.

California’s Greenhouse Gas Emissions and the 2030 Target

Progress Toward Achieving the 2020 Limit
AB 32 directs CARB to develop and track GHG emissions and progress toward the 2020 statewide 
GHG target. California is on track to achieve the target while also reducing criteria pollutants and toxic 
air contaminants and supporting economic growth. As shown in Figure 1, in 2015, total GHG emissions 
decreased	by	1.5	MMTCO2e compared to 2014, representing an overall decrease of 10 percent since peak 
levels	in	2004.	The	2015	GHG	Emission	Inventory	and	a	description	of	the	methodology	updates	can	be	
accessed	at:	www.arb.ca.gov/cc/inventory/inventory.htm.
Per	California	Health	and	Safety	Code	section	38505,	CARB	monitors	and	regulates	seven	GHGs	to	
reduce	emissions:	carbon	dioxide	(CO2),	methane	(CH4),	nitrous	oxide	(N2O),	sulfur	hexafluoride	(SF6),	
hydrofluorocarbons	(HFCs),	perfluorocarbons	(PFCs),	and	nitrogen	trifluoride	(NF3).	The	fluorinated	gases	are	
also	referred	to	as	“high	global	warming	potential	gases”	(high-GWP	gases).	California’s	annual	statewide	
GHG	emission	inventory	has	historically	been	the	primary	tool	for	tracking	GHG	emissions	trends.	Figure	1	
provides	the	GHG	inventory	trend.	Additional	information	on	the	methodology	for	the	GHG	inventory	can	
also	be	found	at:	www.arb.ca.gov/cc/inventory/data/data.htm.

33	 Sobel,	A.H.,	S.J.	Camargo,	T.M.	Hall,	C.-Y.	Lee,	M.K.	Tippett,	and	A.A.	Wing,	2016:	Human	influence	on	 
	 tropical	cyclone	intensity.	Science,	353,	242-246.
34	 Kossin,	J.	P.,	K.	A.	Emanuel,	and	S.	J.	Camargo,	2016:	Past	and	projected	changes	in	western	North	Pacific	 
	 tropical	cyclone	exposure.	Journal	of	Climate,	29	(16),	5725-5739,	https://doi.org/10.1175/JCLI-D-16-0076.1.
35 California’s Fourth Climate Change Assessment. http://resources.ca.gov/climate/safeguarding/research/
36	 Office	of	Environmental	Health	Hazard	Assessment,	Indicators	of	Climate	Change	(website):	 
 https://oehha.ca.gov/climate-change/document/indicators-climate-change-california
37	 California	Natural	Resources	Agency.	2017.	Safeguarding	California.	 
 http://resources.ca.gov/climate/safeguarding/
38 http://resources.ca.gov/climate/safeguarding/
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Figure 1: CaliFornia ghg inventory trend

Carbon	dioxide	is	the	primary	GHG	emitted	in	California,	accounting	for	84	percent	of	total	GHG	emissions	
in	2015,	as	shown	in	Figure	2	below.	Figure	3	illustrates	that	transportation,	primarily	on-road	travel,	is	the	
single largest source of CO2	emissions	in	the	State.	Upstream	transportation	emissions	from	the	refinery	and	
oil and gas sectors are categorized as CO2 emissions from industrial sources and constitute about 50 percent 
of the industrial source emissions. When these emissions sources are attributed to the transportation sector, 
the	emissions	from	that	sector	amount	to	approximately	half	of	statewide	GHG	emissions.	In	addition	to	
transportation,	electricity	production,	and	industrial	and	residential	sources	also	are	important	contributors	to	
CO2 emissions.
Figures	2	and	3	show	State	GHG	emission	contributions	by	GHG	and	sector	based	on	the	2015	GHG	
Emission	Inventory.	Emissions	in	Figure	3	are	depicted	by	Scoping	Plan	sector,	which	includes	separate	
categories	for	high-GWP	and	recycling/waste	emissions	that	are	otherwise	typically	included	within	other	
economic sectors.

Figure 2: emissions by ghg
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Figure 3: emissions by sCoping plan seCtor

In	addition,	CARB	has	developed	a	statewide	emission	inventory	for	black	carbon	in	support	of	the	SLCP	
Strategy,	which	is	reported	in	two	categories:	non-forestry	(anthropogenic)	sources	and	forestry	sources.39 
The	black	carbon	inventory	will	help	support	implementation	of	the	SLCP	Strategy,	but	is	not	part	of	
the	State’s	GHG	Inventory	that	tracks	progress	towards	the	State’s	climate	targets.	The	State’s	major	
anthropogenic sources of black carbon include off-road transportation, on-road transportation, residential 
wood	burning,	fuel	combustion,	and	industrial	processes	(Figure	4).	The	forestry	category	includes	non-
agricultural	prescribed	burning	and	wildfire	emissions.

Figure 4: CaliFornia 2013 anthropogeniC blaCk Carbon emission sourCes*

The exchange of CO2	between	the	atmosphere	and	California’s	natural	and	working	lands	sector	is	currently	
unquantified	and	therefore,	excluded	from	the	State’s	GHG	Inventory.	A	natural	and	working	lands	carbon	
inventory	is	essential	for	monitoring	land-based	activities	that	may	increase	or	decrease	carbon	sequestration	
over	time.	CARB	staff	is	working	to	develop	a	comprehensive	inventory	of	GHG	fluxes	from	all	of	California’s	

39	 Per	SB	1383,	the	SLCP	Strategy	only	addresses	anthropogenic	black	carbon.
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natural	and	working	lands	using	the	Intergovernmental	Panel	on	Climate	Change	(IPCC)	design	principles.	
CARB	released	the	Natural	and	Working	Lands	Inventory	with	the	2030	Target	Scoping	Plan	Update	
Discussion Draft.40	This	inventory	provides	an	estimate	of	GHG	emissions	reductions	and	changes	in	carbon	
stock from some carbon pools in agricultural and natural and working lands. The CARB Natural and Working 
Lands	Inventory	includes	an	inventory	of	carbon	stocks,	stock-change	(and	by	extension	GHG	flux	associated	
with	stock-change)	with	some	attribution	by	disturbance	process	for	the	analysis	period	2001-2010.	
Disturbance	processes	include	activities	such	as	conversion	from	one	land	category	to	a	different	category,	
fire,	and	harvest.	The	CARB	Natural	and	Working	Lands	Inventory	covers	varieties	of	forests	and	woodlands,	
grasslands,	and	wetlands	(biomass-stock-change	only).	The	Inventory	includes	default	carbon	densities	for	
croplands	and	urban/developed	lands	to	facilitate	stock-change	estimation	for	natural	lands	that	convert	to	
cropland, natural lands that convert to developed lands, and for croplands that convert to developed lands.

Greenhouse Gas Emissions Tracking
As	described	above,	California	maintains	an	economy-wide	GHG	inventory	for	the	State	that	is	consistent	
with IPCC practices to allow for comparison of statewide GHG emissions with those at the national level and 
with	other	international	GHG	inventories.	Statewide	GHG	emissions	calculations	use	many	data	sources,	
including	data	from	other	State	and	federal	agencies.	However,	the	primary	source	of	data	comes	from	
reports	submitted	to	CARB	through	the	Regulation	for	the	Mandatory	Reporting	of	GHG	Emissions	(MRR).	
MRR requires facilities and entities with more than 10,000 metric tons of carbon dioxide equivalent (MTCO2e)	
of combustion and process emissions, all facilities belonging to certain industries, and all electric power 
entities	to	submit	an	annual	GHG	emissions	data	report	directly	to	CARB.	Reports	from	facilities	and	entities	
that emit more than 25,000 MTCO2e	are	verified	by	a	CARB-accredited	third-party	verification	body.	More	
information	on	MRR	emissions	reports	can	be	found	at:	www.arb.ca.gov/cc/reporti\ng/ghg-rep/reported-
data/ghg-reports.htm.

All	data	sources	used	to	develop	the	GHG	Emission	Inventory	are	listed	in	inventory	supporting	
documentation	at:	www.arb.ca.gov/cc/inventory/data/data.htm.

Other	State	agencies,	nonprofit	organizations,	and	research	institutions	are	developing	and	testing	
methodologies	and	models	to	quantify	GHG	fluxes	from	California’s	natural	and	working	lands.	CARB’s	
ongoing	work	on	the	Natural	and	Working	Lands	Inventory	will	serve	as	one	source	of	data	to	gauge	the	
scope of GHG reduction potential from California’s natural and working lands and monitor progress over 
time.	CARB	will	evaluate	other	data	sources	and	methodologies	to	validate	or	support	the	CARB	inventory	
or	project-scale	tracking.	Interagency	work	is	also	underway	to	integrate	and	account	for	the	land	use	and	
management	impacts	of	development,	transportation,	housing,	and	energy	policies.
Greenhouse	gas	mitigation	action	may	cross	geographic	borders	as	part	of	international	and	subnational	
collaboration, or as a natural result of implementation of regional policies. In addition to the State’s existing 
GHG	inventory,	CARB	has	begun	exploring	how	to	build	an	accounting	framework	that	also	utilizes	existing	
program	data	to	better	reflect	the	broader	benefits	of	our	policies	that	may	be	happening	outside	of	
the State. For GHG reductions outside of the State to be attributed to our programs, those reductions 
must	be	real	and	quantifiable,	without	any	double	counting,	including	claims	to	those	reductions	by	other	
jurisdictions.	CARB	is	collaborating	with	other	jurisdictions	to	ensure	GHG	accounting	rules	are	consistent	
with	international	best	practices.	Robust	accounting	rules	will	instill	confidence	in	the	reductions	claimed	and	
maintain	support	for	joint	action	across	jurisdictions.	Consistency	and	transparency	are	critical	as	we	work	
together	with	other	jurisdictions	on	our	parallel	paths	to	achieve	our	GHG	targets.

California’s Approach to Addressing Climate Change

Integrated Systems
The State’s climate goals require a comprehensive approach that integrates and builds upon multiple 
ongoing	State	efforts.	As	we	address	future	mobility,	we	identify	how	existing	efforts	–	such	as	the	California	
Sustainable	Freight	Action	Plan,	Mobile	Source	Strategy,	California	Transportation	Plan	2040,	High-Speed	

40	 CARB.	2016.	California	Greenhouse	Gas	Inventory	-	Forests	and	Other	Lands.	 
 www.arb.ca.gov/cc/inventory/sectors/forest/forest.htm
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Rail,41 urban planning, housing, and goals for enhancement of the natural environment – can complement 
each	other	while	providing	multiple	environmental	benefits,	including	air	quality	and	climate	benefits.	The	
collective	consideration	of	these	efforts	illuminates	the	synergies	and	conflicts	between	policies.	For	example,	
land	disturbance	due	to	increased	renewables	through	utility	scale	wind	and	solar	and	transmission	can	
release GHGs from soil and disturb grasslands and rangelands that have the potential to sequester carbon. 
Further,	policies	that	support	sustainable	land	use	not	only	reduce	vehicle	miles	traveled	(VMT)	and	its	related	
emissions,	but	may	also	avoid	land	disturbance	that	could	result	in	GHG	emissions	or	loss	of	sequestration	
potential	in	the	natural	environment.	Identifying	these	types	of	trade-offs,	and	designing	policies	and	
implementation strategies to support goals across all sectors, will require ongoing efforts at the local, 
regional, and State level to ensure that sustainable action across both the built and natural environments help 
to achieve the State’s long-term climate goals.

Promoting Resilient Economic Growth
California’s	strategic	vision	for	achieving	at	least	a	40	percent	reduction	in	GHG	emissions	by	2030	is	based	
on	the	principle	that	economic	prosperity	and	environmental	sustainability	can	be	achieved	together.	
Policies, strategies, plans and regulations to reduce GHG emissions help California businesses compete in a 
global	economy	and	spur	new	investments,	business	creation,	and	jobs	to	support	a	clean	energy	economy.	
California’s	portfolio-based	climate	strategy	can	achieve	great	success	when	accompanied	by	consistent	and	
rigorous GHG monitoring and reporting, a robust public process, and an effective enforcement program 
for the few that attempt to evade rules. The transition to a low-carbon future can strengthen California’s 
economy	and	infrastructure	and	produce	other	important	environmental	benefits	such	as	reductions	in	
criteria	pollutants	and	toxic	air	contaminants,	especially	in	California’s	most	vulnerable	communities.
Actions that are presented in this Scoping Plan provide economic opportunities for the future, but progress 
toward	our	goals	is	already	evident	today.	For	example,	in	2015,	California	added	more	than	20,000	
new	jobs	in	the	solar	sector.	This	was	more	than	half	of	the	new	jobs	in	this	industry	across	the	nation.	
Employment	in	the	clean	economy	grew	by	20	percent	between	2002	and	2012,	which	included	the	period	of	
economic	recession	around	2008.42	Shifting	to	clean,	local,	and	efficient	uses	of	energy	reinvests	our	energy	
expenditures	in	our	local	economies	and	reduces	risks	to	our	statewide	economy	associated	with	exposure	to	
volatile	global	and	national	oil	and	gas	commodity	prices.	Indeed,	a	clean	economy	is	a	resilient	economy.
Successfully	driving	economic	transition	will	require	cleaner	and	more	efficient	technologies,	policies	and	
incentives that recognize and reward innovation, and prioritizing low carbon investments. Enacting policies 
and	incentives	at	multiple	jurisdictional	levels	further	ensures	the	advancement	of	land	use	and	natural	
resource	management	objectives	for	GHG	mitigation,	climate	adaptation,	and	other	co-benefits.	Intentional	
synergistic	linkages	between	technological	advances	and	resource	stewardship	can	result	in	sustainable	
development.	The	development	and	implementation	of	Sustainable	Communities	Strategies	(SCSs)	pursuant	
to	Senate	Bill	(SB)	375,	which	link	transportation,	housing,	and	climate	policy,	are	designed	to	reduce	per	
capita	GHG	emissions	while	improving	air	quality	and	expanding	transportation	and	housing	options.	This	
Scoping	Plan	identifies	additional	ways,	beyond	SB	375,	to	promote	the	technologies	and	infrastructure	
required to meet our collective climate goals, while also presenting the vision for California’s continuing 
efforts	to	foster	a	sustainable,	clean	energy	economy.

Increasing Carbon Sequestration in Natural and Working Lands
California’s	natural	and	working	lands	make	the	State	a	global	leader	in	agriculture,	a	U.S.	leader	in	forest	
products,	and	a	global	biodiversity	hotspot.	These	lands	support	clean	air,	wildlife	and	pollinator	habitat,	
rural economies, and are critical components of California’s water infrastructure. Keeping these lands and 
waters	intact	and	at	high	levels	of	ecological	function	(including	resilient	carbon	sequestration)	is	necessary	
for	the	well-being	and	security	of	Californians	in	2030,	2050,	and	beyond.	Forests,	rangelands,	farms,	

41	 California’s	High-Speed	Rail	is	part	of	the	International	Union	of	Railways	(UIC)	and	California	signed	 
	 the	Railway	Climate	Responsibility	Pledge,	which	was	commended	by	the	Secretary	of	the	UN	Framework	 
 Convention on Climate Change as part of achieving global 2050 targets.
42	 California	Business	Alliance	for	a	Clean	Economy.	2015.	Clean	Energy	and	Climate	Change	Summary	of	 
	 Recent	Analyses	for	California.	clean-economy.org/wp-content/uploads/2015/01/Clean-Energy-Climate- 
 Change-Analyses_January2015.pdf
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wetlands, riparian areas, deserts, coastal areas, and the ocean store substantial carbon in biomass and soils.
Natural	and	working	lands	are	a	key	sector	in	the	State’s	climate	change	strategy.	Storing	carbon	in	trees,	
other	vegetation,	soils,	and	aquatic	sediment	is	an	effective	way	to	remove	carbon	dioxide	from	the	
atmosphere. This Scoping Plan describes policies and programs that prioritize protection and enhancement 
of	California’s	landscapes,	including	urban	landscapes,	and	identifies	next	steps	to	ensure	management	
actions are taken to increase the sequestration potential of those resources. We cannot ignore the 
relationships	between	energy,	transportation,	and	natural	working	lands	sectors	or	the	adverse	impacts	that	
climate change is having on the environment itself. We must consider important trade-offs in developing the 
State’s	climate	strategy	by	understanding	the	near	and	long-term	impacts	of	various	policy	scenarios	and	
actions on our State and local communities.

Improving Public Health
The	State’s	drive	to	improve	air	quality	and	promote	community	health	and	well-being	as	we	address	climate	
change	remains	a	priority,	as	it	has	for	almost	50	years.	The	State	is	committed	to	addressing	public	health	
issues, including addressing chronic and infectious diseases, promoting mental health, and protecting 
communities from exposure to harmful air pollutants and toxins. Several of the strategies included in this 
Plan	were	primarily	developed	to	help	California	achieve	federal	and	State	ambient	air	quality	standards	for	
air	pollutants	with	direct	health	impacts,	but	they	will	also	deliver	GHG	reductions.	Likewise,	some	climate	
strategies, such as GHG reduction measures that decrease diesel combustion from mobile sources, produce 
air	quality	co-benefits	in	the	form	of	concurrent	reductions	in	criteria	pollutants	and	toxic	air	contaminants.
Climate	change	itself	is	already	affecting	the	health	of	our	communities	and	is	exacerbating	existing	health	
inequities. Those facing the greatest health burdens include low-income individuals and households, the 
very	young	and	the	very	old,	communities	of	color,	and	those	who	have	been	marginalized	or	discriminated	
against	based	on	gender	or	race/ethnicity.43	Economic	factors,	such	as	income,	poverty,	and	wealth,	are	
among	the	strongest	determinants	of	health.	Addressing	climate	change	presents	an	important	opportunity	
to improve public health for all of California’s residents and to further our work toward making our State the 
healthiest in the nation.
The	major	provisions	of	AB	617	(C.	Garcia,	2017),	to	be	completed	by	2020,	will	ensure	that	as	the	State	
seeks	to	advance	climate	policy	to	meet	the	2030	target,	we	will	also	act	locally	to	improve	neighborhood	air	
quality.	AB	617	requires	strengthening	and	expanding	community	level	air	monitoring;	expediting	equipment	
retrofits	at	large	industrial	sources	that	are	located	in	areas	that	are	in	nonattainment	for	the	federal	and	
State	ambient	air	quality	standards;	requiring	development	of	a	statewide	strategy	to	further	reduce	criteria	
pollutants and toxic air contaminants in communities faced with high cumulative exposure levels; and local 
air	district-developed	community	emissions	reductions	plans	that	identify	emissions	reductions	targets,	
measures,	implementation	schedules,	and	enforcement	plans	for	these	affected	communities.	By	identifying	
and	addressing	the	disproportionate	impacts	felt	today	and	by	planning,	designing,	and	implementing	
actions	for	a	sustainable	future	that	considers	both	climate	and	air	quality	objectives,	we	can	be	part	of	the	
solution to make public health inequities an issue of the past.

Environmental Justice
Fair	and	equitable	climate	action	requires	addressing	the	inequities	that	create	and	intensify	community	
vulnerabilities.	The	capacity	for	resilience	in	the	face	of	climate	change	is	driven	by	living	conditions	and	
the forces that shape them. These include, but are not limited to, access to services such as health care, 
healthy	foods,	air	and	water,	and	safe	spaces	for	physical	activity;	income;	education;	housing;	transportation;	
environmental	quality;	and	good	health	status.	Strategies	to	alleviate	poverty,	increase	access	to	economic	
opportunities, improve living conditions, and reduce health and social inequities will result in more climate-
resilient	communities.	The	transition	to	a	low	carbon	California	economy	provides	an	opportunity	to	not	
only	reduce	GHG	emissions,	but	also	to	reduce	emissions	of	criteria	pollutants	and	air	toxins,	and	to	create	a	
healthier	environment	for	all	of	California’s	residents,	especially	those	living	in	the	State’s	most	disadvantaged	
communities. Policies designed to facilitate this transition and state-wide, regional, and local reductions, 
43	 California	Department	of	Public	Health	(CDPH).	2015.	The	Portrait	of	Promise:	The	California	Statewide	 
	 Draft	Plan	to	Promote	Health	and	Mental	Health	Equity.	A	Report	to	the	Legislature	and	the	People	of	 
	 California	by	the	Office	of	Health	Equity.	Sacramento,	CA:	California	Department	of	Public	Health,	Office	 
	 of	Health	Equity.
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must	also	be	appropriately	tailored	to	address	
the	unique	characteristics	of	economically	
distressed communities throughout the 
State’s diverse geographic regions, including 
both	rural	and	highly-urbanized	areas.	Equity	
considerations must likewise be part of the 
deliberate and thoughtful process in the design 
and implementation of all policies and measures 
included in the Scoping Plan. And CARB must 
ensure that its ongoing engagement with 
environmental	justice	communities	will	continue	
beyond	the	development	of	the	Scoping	Plan	
and be included in all aspects of its various air 
pollution programs. Additional detail on CARB’s 
efforts to achieve these goals is provided in 
Chapter 5.
It is critical that communities of color, low-income 
communities,	or	both,	receive	the	benefits	of	the	
cleaner	economy	growing	in	California,	including	
its	environmental	and	economic	benefits.	
Currently,	low-income	customers	enrolled	in	the	
California	Alternate	Rates	for	Energy	(CARE)	
Program	or	the	Family	Electric	Rate	Assistance	
(FERA)	Program	are	also	eligible	to	receive	a	
rebate under the California Climate Credit, or a 
credit	on	residential	and	small	business	electricity	
bills resulting from the sale of allowances 
received	by	investor-owned	utilities	as	part	of	the	
Cap-and-Trade	Program.	SB	1018	(Committee	on	
Budget and Fiscal Review, Chapter 39, Statutes of 
2012)	and	other	implementing	legislation	requires	
that Cap-and-Trade Program auction monies 
deposited into the Greenhouse Gas Reduction 
Fund	(GGRF)	be	used	to	further	the	purposes	of	
AB 32 and facilitate reduction of GHG emissions. 
Investments	made	with	these	funds	not	only	
reduce GHG emissions, but also provide other 
environmental,	health,	and	economic	benefits	including,	fostering	job	creation	by	promoting	in-state	GHG	
emissions	reduction	projects	carried	out	by	California	workers	and	businesses.
Further,	SB	535	(De	Leon,	Chapter	830,	Statutes	of	2012)	and	AB	1550	(Gomez,	Chapter	369,	Statutes	of	2016)	
direct	State	and	local	agencies	to	make	significant	investments	using	GGRF	monies	to	assist	California’s	most	
vulnerable	communities.	Under	SB	535	(de	León,	Chapter	830,	Statutes	of	2012),	a	minimum	of	25	percent	of	the	
total	investments	were	required	to	benefit	disadvantaged	communities;	of	that,	a	minimum	of	10	percent	were	
required	to	be	located	within	and	provide	benefits	to	those	communities.	Based	on	cumulative	data	reported	
by	agencies	as	of	March	2016,	the	State	is	exceeding	these	targets.	Indeed,	50	percent	of	the	$1.2	billion	dollars	
spent	on	California	Climate	Investments	projects	provided	benefits	to	disadvantaged	communities;	and	34	
percent	of	this	funding	was	used	on	projects	located	directly	in	disadvantaged	communities.44

Environmental Justice Advisory Committee
AB	32	calls	for	CARB	to	convene	an	Environmental	Justice	Advisory	Committee	(EJAC),	to	advise	the	Board	
in	developing	the	Scoping	Plan,	and	any	other	pertinent	matter	in	implementing	AB	32.	It	requires	that	
the	Committee	be	comprised	of	representatives	from	communities	in	the	State	with	the	most	significant	
exposure	to	air	pollution,	including,	but	not	limited	to,	communities	with	minority	populations	or	low-income	

44 www.arb.ca.gov/cc/capandtrade/auctionproceeds/cci_annual_report_2017.pdf
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populations,	or	both.	CARB	consulted	13	environmental	justice	and	disadvantaged	community	representatives	
for	the	2017	Scoping	Plan	process,	starting	with	the	first	Committee	meeting	in	December	2015.	In	February	
and	April	2017,	members	of	the	California	Air	Resources	Board	held	joint	public	meetings	with	the	EJAC	to	
discuss	options	for	addressing	environmental	justice	and	disadvantaged	community	concerns	in	the	Scoping	
Plan. The full schedule of Committee meetings and meeting materials is available on CARB’s website.45

Starting	in	July	2016,	the	Committee	hosted	a	robust	community	engagement	process,	conducting	19	
community	meetings	throughout	the	State.	To	enhance	this	community	engagement,	CARB	staff	coordinated	
with	staff	from	local	government	agencies	and	sister	State	agencies.	At	the	community	meetings,	staff	from	
State	and	local	agencies	participated	in	extensive,	topic-specific	“world	café”	discussions	with	local	groups	
and individuals. The extensive dialogue between the EJAC, State agencies, and local agencies provided 
community	residents	the	opportunity	to	share	concerns	and	provide	input	on	ways	California	can	meet	its	
2030	GHG	target	while	addressing	a	number	of	environmental	and	equity	issues.

Environmental Justice Advisory Committee Recommendations
The	Committee’s	recommendations	for	the	Scoping	Plan	were	informed	by	comments	received	at	community	
meetings described above and Committee member expertise. Recommendations were provided for the 
sector	focus	areas,	overarching	environmental	justice	policy,	and	California	Climate	Investments.	The	
Committee	also	sorted	their	recommendations	into	five	themes:	partnership	with	environmental	justice	
communities,	equity,	economic	opportunity,	coordination,	and	long-term	vision.	Finally,	the	Committee	
provided	direction	that	their	recommendations	are	intended	“to	be	read	and	implemented	holistically	and	
not	independently	of	each	other.”	The	EJAC’s	recommendations,	in	their	entirety,	are	included	in	Appendix	A	
and available at www.arb.ca.gov/cc/ejac/meetings/04262017/ejac-sp-recommendations033017.pdf.
The	Committee’s	overarching	recommendations	for	partnership	with	environmental	justice	communities,	
equity,	coordination,	economic	opportunity,	and	long-term	vision	include	the	following	recommendations:

• Encourage	long-term	community	engagement,	a	culture	shift	in	California,	 
 and neighborhood-level solutions to promote the implementation of the  
	 State’s	climate	plans,	using	strategies	identified	by	the	Committee.
• Improve the balance of reducing GHGs and compliance costs with other AB 32 goals of improving  
	 air	quality	in	environmental	justice	communities	while	maximizing	benefits	for	all	Californians.
• Consider	public	health	impacts	and	equity	when	examining	issues	in	any	sector	and	have	CARB	 
	 conduct	an	equity	analysis	on	the	Scoping	Plan	and	each	sector,	with	guidance	from	the	Committee.
• Develop	metrics	to	ensure	actions	are	meeting	targets	and	develop	contingency	plans	for	 
	 mitigation	and	adjustment	if	emissions	increases	occur	as	programs	are	implemented.
• Develop	a	statewide	community-based	air	monitoring	network	to	support	regulatory	 
 efforts and monitor neighborhood scale pollution in disadvantaged communities.
• Coordinate strategies between State, federal, and local agencies for strong, enforceable,  
	 evidence-based	policies	to	prevent	and	address	sprawl	with	equity	at	the	center.
• Maximize	the	accessibility	of	safe	jobs,	incentives,	and	economic	benefits	for	Californians	and	the	 
	 development	of	a	just	transition	for	workers	and	communities	in	and	around	polluting	industries.
• Prioritize	improving	air	quality	in	environmental	justice	communities	and	analyze	 
 scenarios at a neighborhood scale for all California communities.
• Ensure that AB 32 economic reviewers come from various areas around the State to  
 represent insights on economic challenges and opportunities from those regions.
• Do not limit the Scoping Plan to examining interventions and impacts until 2030, or even 2050.  
	 Plan	and	analyze	on	a	longer-term	scale	to	prevent	short-sighted	mistakes	and	reach	the	long- 
	 term	vision,	as	actions	today	and	for	the	next	30	years	will	have	impacts	for	seven	generations.
• The Scoping Plan must prioritize GHG reductions and investments in California environmental  
	 justice	communities	first,	before	other	California	communities;	and	the	innovation	of	new	 
 technologies or strategies to reach even deeper emissions cuts, whenever possible.
• Convene	the	Committee	beyond	the	Scoping	Plan	development	process.

The	Committee’s	key	Energy	sector	recommendations	include:
• Developing	aggressive	energy	goals	toward	100	percent	renewable	energy	by	2030,	including	 
	 a	vision	for	a	clean	energy	economy,	and	prioritizing	actions	in	disadvantaged	communities.

45 www.arb.ca.gov/cc/ejac/ejac.htm 
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• Setting goals for green buildings.
• Enforcing GHG reduction targets for existing buildings, and providing upgrades that  
	 enable	buildings	to	use	renewable	energy	technologies	and	water	capture.
• Prioritizing	and	supporting	community-owned	technologies,	such	as	 
	 community-owned	solar,	for	environmental	justice	communities.

Key	Water	sector	recommendations	include:
• Encouraging	water	conservation	and	recycling.
• Prioritizing safe drinking water for all.

The	Committee’s	key	Industry	sector	recommendations	include:
• Prioritizing	direct	emissions	reductions	in	environmental	justice	communities.
• Replacing the Cap-and-Trade Program with a carbon tax or fee and dividend program.
• Eliminating offsets and the allocation of free allowances if the Cap-and-Trade Program continues.
• Analyze	where	GHG	emissions	are	increasing	and	identify	strategies	to	prevent	 
	 and	reduce	such	emissions	in	environmental	justice	communities.
• Committing to reductions in petroleum use.

The	Committee’s	key	Transportation	sector	recommendations	include:
• Increasing access to affordable, reliable, clean, and safe  
	 mobility	options	in	disadvantaged	communities.
• Community-engaged	land	use	planning.
• Maximizing	electrification.
• Restricting	sprawl	and	examining	transportation	regionally.
• Considering the development of green transportation hubs that integrate urban greening  
 with transportation options and implement the recommendations of the SB 350 studies.

The	Committee’s	key	Natural	and	Working	Lands,	Agriculture,	and	Waste	sector	recommendations	include:
• Reducing	waste	and	mandating	that	local	jurisdictions	manage	the	waste	they	create.
• Returning carbon to the soil.
• Not burning biomass or considering it a renewable resource.
• Supporting	healthy	soils	as	a	critical	element	to	land	and	waste	management.
• Integrating	urban	forestry	within	local	communities.
• Exploring	ways	to	allow	and	streamline	the	process	for	cultural	and	prescribed	 
	 burning	for	land	management	and	to	prevent	large-scale	wildfires.
• Including an annual reduction of 5 million metric tons of CO2e from natural and working lands.

The	Committee’s	recommendations	for	California	Climate	Investments	include:
• Ensuring	near-term	technologies	do	not	adversely	impact	communities	 
 and long-term investments move toward zero emissions.
• Requiring	GGRF	projects	to	be	transformative	for	disadvantaged	 
	 communities	as	defined	by	each	community.
• Eliminating funding for AB 32 regulated entities.
• Providing	technical	assistance	to	environmental	justice	communities	 
	 so	they	can	better	access	funding	and	resources.
• Prioritizing	projects	identified	by	communities	and	ensuring	all	applicants	 
	 have	policies	to	protect	against	displacement	or	gentrification.

In	April	2017,	EJAC	members	provided	a	refined	list	of	priority	changes	for	the	Scoping	Plan	from	the	full	list	
of	EJAC	recommendations.	CARB	staff	responded	to	each	priority	recommendation,	describing	additions	
to	the	Scoping	Plan	or	suggested	next	steps	for	recommendations	beyond	the	level	of	detail	in	the	Plan.	
Appendix	A	includes	the	Priority	EJAC	Recommendations	with	CARB	Responses	and	full	list	of	EJAC	
Recommendations.
More information about the Committee and its recommendations on the previous Scoping Plans and this 
Scoping	Plan	is	located	at:	www.arb.ca.gov/ejac.
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Setting the Path to 2050
The	State’s	2020	and	2030	targets	have	not	been	set	in	isolation.	They	represent	benchmarks,	consistent	with	
prevailing	climate	science,	charting	an	appropriate	trajectory	forward	that	is	in-line	with	California’s	role	in	
stabilizing global warming below dangerous thresholds. As we consider efforts to reduce emissions to meet 
the	State’s	near-term	requirements,	we	must	do	so	with	an	eye	toward	reductions	needed	beyond	2030,	
as well. The Paris Agreement – which calls for limiting global warming to well below 2 degrees Celsius and 
aiming to limit it below a 1.5 degrees Celsius – frames our path forward.
While the Scoping Plan charts the path to achieving the 2030 GHG emissions reduction target, we also need 
momentum	to	propel	us	to	the	2050	statewide	GHG	target	(80	percent	below	1990	levels).	In	developing	
this Scoping Plan, we considered what policies are needed to meet our mid-term and long-term goals. For 
example,	though	Zero	Net	Carbon	Buildings	are	not	feasible	at	this	time	and	more	work	needs	to	be	done	
in	this	area,	they	will	be	necessary	to	achieve	the	2050	target.	To	that	end,	work	must	begin	now	to	review	
and	evaluate	research	in	this	area,	establish	a	planning	horizon	for	targets,	and	identify	implementation	
mechanisms.	Concurrently,	we	must	consider	and	implement	policies	that	not	only	deliver	critical	reductions	
in	2030	and	continue	to	help	support	the	State’s	long-term	climate	objectives,	but	that	also	deliver	other	
health,	environmental	and	economic	benefits.	We	should	not	just	be	planning	to	put	1.5	million	ZEVs	on	the	
road	by	2025	or	4.2	million	on	the	road	by	2030	–	but	rather,	we	should	be	comprehensively	facilitating	the	
market-wide transition to electric drive that we need to see materialize as soon as possible. This means that 
we	need	to	be	working	towards	making	all	fuels	low	carbon	as	quickly	as	possible,	even	as	we	incrementally	
ramp up volume requirements through the Low Carbon Fuel Standard. And it means that we need to support 
the	broad	array	of	actions	and	strategies	identified	in	Chapter	4,	and	new	ones	that	may	emerge	–	to	keep	
us	on	track	to	achieve	deeper	GHG	reductions	to	protect	the	environment	and	our	way	of	life.	As	with	all	
investments,	the	approach	taken	must	balance	risk,	reward,	longevity,	and	timing.
Figure	5	illustrates	the	potential	GHG	reductions	that	are	possible	by	making	consistent	progress	between	
2020 and 2050, versus an approach that begins with the 2030 target and then makes progress toward the 
2050 level included in Executive Order S-3-05. Depending on our success in achieving the 2030 target, taking 
a	consistent	approach	may	be	possible.	It	would	achieve	the	2050	target	earlier,	and	together	with	similar	
actions	globally,	would	have	a	greater	chance	of	preventing	global	warming	of	2°C.	The	strategy	for	achieving	
the	2050	target	should	leave	open	the	possibility	for	both	paths.	Note	that	Figure	5	does	not	include	
emissions or sequestration potential from the natural and working lands sector or black carbon.

Figure 5: plotting CaliFornia’s path Forward
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Intergovernmental Collaboration
Federal,	state,	Tribal,	and	local	action	can	be	complementary.	We	have	seen	federal	action	through	the	Clean	
Air Act, regulations for GHG emissions from passenger cars and trucks, development of the Clean Power 
Plan to limit GHGs from power plants, and the advancement of methane rules for oil and gas production. We 
have	also	seen	recent	federal	efforts	to	delay	or	reverse	some	of	these	actions.	As	we	have	done	in	the	past,	
California, working with other climate leaders, can take steps to advance more ambitious federal action and 
protect	the	ability	of	states	to	move	forward	to	address	climate	change.	Both	collaboration	and	advocacy	will	
mark the road ahead. However, to the extent that California cannot implement policies or measures included 
in the Scoping Plan because of the lack of federal action, we will develop alternative measures to achieve the 
reductions from the same sectors to ensure we meet our GHG reduction targets.
Regional, Tribal, and local governments and agencies are critical leaders in reducing emissions through 
actions	that	reduce	demand	for	electricity,	transportation	fuels,	and	natural	gas,	and	improved	natural	and	
working	lands	management.	Many	local	governments	already	employ	efforts	to	reduce	GHG	emissions	
beyond	those	required	by	the	State.	For	example,	many	cities	and	counties	improve	their	municipal	
operations	by	upgrading	vehicle	fleets,	retrofitting	government	buildings	and	streetlights,	purchasing	greener	
products,	and	implementing	waste-reduction	policies.	In	addition,	they	may	adopt	more	sustainable	codes,	
standards,	and	general	plan	improvements	to	reduce	their	community’s	footprints	and	emissions.	Many	Tribes	
within and outside of California have engaged in consultations with CARB to develop robust carbon offset 
projects	under	California’s	Cap-and-Trade	Program,	in	particular	forest	projects.	In	fact,	Tribal	forest	projects	
represent	a	significant	percentage	of	offset	credits	issued	under	the	Program.	These	consultations	and	
carbon	sequestration	projects	are	in	addition	to	other	Tribal	climate-related	efforts.	The	State	will	provide	a	
supportive framework to advance these and other local efforts, while also recognizing the need to build on, 
and	export,	this	success	to	other	regional,	Tribal,	and	local	governments	throughout	California	and	beyond.
Local actions are critical for implementation of California’s ambitious climate agenda. State policies, 
programs,	and	actions–such	as	many	of	those	identified	throughout	this	Scoping	Plan–can	help	to	
support, incentivize, and accelerate local actions to achieve mutual goals for more sustainable and resilient 
communities.	Local	municipal	code	changes,	zoning	changes,	or	policy	directions	that	apply	broadly	to	the	
community	within	the	general	plan	or	climate	action	plan	area	can	promote	the	deployment	of	renewable,	
zero	emission,	and	low	carbon	technologies	such	as	zero	net	energy	buildings,	renewable	fuel	production	
facilities,	and	zero	emission	charging	stations.	Local	decision-making	has	an	especially	important	role	in	
achieving reductions of GHG emissions generated from transportation. Over the last 60 years,	development	
patterns	have	led	to	sprawling	suburban	neighborhoods,	a	vast	highway	system,	growth	in	automobile	
ownership, and under-prioritization of infrastructure for public transit and active transportation. Local 
decisions	about	these	policies	today	can	establish	a	more	sustainable	built	environment	for	the	future.

International Efforts
California is not alone in its efforts to address climate change at the international level to reduce global 
GHG	emissions.	The	agreement	reached	in	Paris	by	the	2015	Conference	of	Parties	to	the	United	Nations	
Framework	Convention	on	Climate	Change	(UNFCCC),	aimed	at	keeping	the	global	temperature	rise	below	
2°C,	is	spurring	worldwide	action	to	reduce	GHGs	and	support	decarbonization	across	the	global	economy.	
In	recent	years,	subnational	governments	have	emerged	to	take	on	a	prominent	role.	With	the	establishment	
of	the	Under	2	Memorandum	of	Understanding	(MOU),46,47 the Governors’ Climate and Forests Task Force,48 
and the Western Climate Initiative,49	among	other	partnership	initiatives,	subnational	jurisdictions	from	the	
around the world are collaborating and leading on how best to address climate change.

46	 Under	2	MOU	website:	under2mou.org/ 
47 One of the Brown Administration’s priorities is to highlight California’s climate leadership on the subnational level, and to ensure  
	 that	subnational	activity	is	recognized	at	the	international	level.	In	the	year	preceding	the	Paris	negotiations,	the	Governor’s	 
	 Office	recruited	subnational	jurisdictions	to	sign	onto	the	Memorandum	of	Understanding	on	Subnational	Global	Climate	 
	 Leadership	(Under	2	MOU),	which	brings	together	states	and	regions	willing	to	commit	to	reducing	their	GHG	emissions	by	80	to	 
 95 percent, or to limit emissions to 2 metric tons CO2-equivalent	per	capita,	by	2050.	The	governor	led	a	California	delegation	to	 
 the Paris negotiations to highlight our successful climate programs and to champion subnational action and international  
	 cooperation	on	meeting	the	challenge	of	reducing	GHG	emissions.	As	of	October	2017,	188	jurisdictions	representing	more	than	 
	 1.2	billion	people	and	more	than	one-third	of	the	global	economy	had	joined	California	in	the	Under	2	MOU.
48	 Governors’	Climate	and	Forests	Task	Force	website:	www.gcftaskforce.org/
49	 Western	Climate	Initiative	website:	www.wci-inc.org/
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From its inception, AB 32 recognized the importance of California’s climate leadership and engagement with 
other	jurisdictions,	and	directed	CARB	to	consult	with	the	federal	government	and	other	nations	to	identify	
the most effective strategies and methods to reduce GHGs, manage GHG control programs, and facilitate 
the development of integrated and cost-effective regional, national, and international GHG reduction 
programs.	California	undertook	a	two-pronged	approach:	first,	we	assessed	our	State-specific	circumstances	
to	develop	measures	that	would	apply	specifically	in	California;	and	second,	we	assessed	which	measures	
might	lend	themselves,	through	careful	design	and	collaboration	with	other	interested	jurisdictions,	toward	
linked	or	collaborative	GHG	reduction	programs.	Under	the	Clean	Air	Act,	California	has	a	special	role	as	an	
innovator and leader in the area of motor vehicle emission regulations, which allows our State to adopt motor 
vehicle	emission	standards	that	are	stricter	than	federal	requirements.	Partners	around	the	country	and	the	
world	emulate	these	motor	vehicle	standards,	leading	to	widespread	health	benefits.	Similarly,	by	enacting	a	
comprehensive	climate	strategy	that	appeals	to	national	and	international	partners,	California	can	help	lead	
the world in tackling climate change.
Today,	the	State’s	Cap-and-Trade	Program	is	linked	with	Québec’s	program	and	scheduled	to	link	with	
Ontario’s	emissions	trading	system	on	January	1,	2018.	Low	carbon	fuel	mandates	similar	to	California’s	
LCFS	have	been	adopted	by	the	United	States	Environmental	Protection	Agency	(U.S.	EPA)	and	by	other	
jurisdictions	including	Oregon,	British	Columbia,	the	European	Union,	and	the	United	Kingdom.	Over	two-
dozen	states	have	a	renewables	portfolio	standard.	California	is	a	member	of	the	Pacific	Coast	Collaborative	
with	British	Columbia,	Oregon,	and	Washington,	who	collaborate	on	issues	such	as	energy	and	sustainable	
resource management, among others.50 California continues to discuss carbon pricing through a cap-and-
trade program with international delegations. We have seen design features of the State’s Cap-and-Trade 
Program	incorporated	into	other	emerging	and	existing	programs,	such	as	the	European	Union	Emissions	
Trading	System,	the	Regional	Greenhouse	Gas	Initiative,	China’s	emerging	national	trading	program,	and	
Mexico’s emerging pilot emission trading program.
Recognizing	the	need	to	address	the	substantial	GHG	emissions	caused	by	the	deforestation	and	
degradation of tropical and other forests, California worked with a group of subnational governments to 
form	the	Governors’	Climate	and	Forests	Task	Force	(GCF)	in	2008.51	The	GCF	is	currently	comprised	of	38	
different	subnational	jurisdictions–	including	states	and	provinces	in	Brazil,	Colombia,	Ecuador,	Indonesia,	
Ivory	Coast,	Mexico,	Nigeria,	Peru,	Spain,	and	the	United	States–that	are	contemplating	or	enacting	
programs for low-emissions rural development and reduced emissions from deforestation and land use. 
GCF members continue to engage in discussions to share information and experiences about the design of 
such	programs	and	how	the	programs	could	potentially	interact	with	carbon	markets.	Ongoing	engagement	
between California and its GCF partners, as well as ongoing discussions with other stakeholders, continues to 
provide lessons on how such programs could complement California’s climate programs.52

Further,	California’s	High-Speed	Rail	is	part	of	the	International	Union	of	Railways	(UIC),	and	California	has	
signed	the	Railway	Climate	Responsibility	Pledge,	which	was	commended	by	the	Secretary	of	the	UNFCCC	
as part of achieving the global 2050 targets. This initiative is to demonstrate that rail transport is part of the 
solution	for	sustainable	and	carbon	free	mobility.
California	will	continue	to	engage	in	multi-lateral	forums	that	develop	the	policy	foundation	and	technical	
infrastructure	for	GHG	regulations	in	multiple	jurisdictions	through	entities	such	as	the	International	Carbon	
Action	Partnership	(ICAP),	established	by	California	and	other	partners	in	2007.	Members	of	the	ICAP	that	
have	already	implemented	or	are	actively	pursuing	market-based	GHG	programs53 share experiences and 
knowledge.	California	also	participates	in	the	Partnership	for	Market	Readiness	(PMR),	a	multilateral	World	
Bank initiative that brings together more than 30 developed and developing countries to share experiences 
and	build	capacity	for	climate	change	mitigation	efforts,	particularly	those	implemented	using	market	
instruments.54 In November 2014, CARB became a Technical Partner of the PMR, and CARB staff members 
have provided technical information on the design and implementation of the Cap-and-Trade Program at 
several PMR meetings.
50	 Pacific	Coast	Collaborative	website:	pacificcoastcollaborative.org/
51	 Governors’	Climate	and	Forests	Task	Force	Website:	www.gcftaskforce.org/ 
52 Continued collaboration on efforts to reduce emissions from tropical deforestation and to evaluate sector-based offset  
	 programs,	such	as	the	jurisdictional	program	in	Acre,	Brazil,	further	demonstrates	California’s	ongoing	climate	leadership	and	 
	 fosters	partnerships	on	mutually	beneficial	low	emissions	development	initiatives,	including	measures	to	encourage	sustainable	 
	 supply	chain	efforts	by	public	and	private	entities.
53	 International	Carbon	Action	Partnership	website:	icapcarbonaction.com/ 
54	 Partnership	for	Market	Readiness	website:	www.thepmr.org/ 
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Many	foreign	jurisdictions	seek	out	California’s	expertise	because	of	our	history	of	success	in	addressing	
air	pollution	and	climate	change.	California	also	benefits	from	these	interactions.	Expanding	global	action	
to	fight	air	pollution	and	climate	change	expands	markets	for	clean	technology.	This	can	bolster	business	
for	companies	in	California	developing	clean	energy	products	and	services	and	help	to	bring	down	the	cost	
of	those	products	globally	and	in	California.	Additionally,	innovative	policies	and	lessons	learned	from	our	
partners’	jurisdictions	can	help	to	inform	future	climate	policies	in	California.
Governor	Brown’s	focus	on	subnational	collaborations	on	climate	change	and	air	quality	has	strengthened	
and deepened California’s existing international relationships and forged new ones. These relationships are 
a critical component of reducing emissions of GHGs and other pollutants worldwide. As we move forward, 
CARB and other State agencies will continue to communicate and collaborate with international partners 
to	find	the	most	cost-effective	ways	to	improve	air	quality,	fight	climate	change,	and	share	California’s	
experience	and	expertise	in	reducing	air	pollution	and	GHGs	while	growing	a	strong	economy.	To	highlight	
the State’s resolve and support of other governments committed to action and tackling the threat of the 
global	warming,	on	July	6,	2017,	Governor	Brown	announced	a	major	initiative	to	host	world	leaders	at	a	
Global	Climate	Action	Summit	planned	for	September	2018	in	San	Francisco.
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This	chapter	describes	the	State	strategy	for	meeting	the	2030	GHG	target	(also	called	the	Scoping	Plan	
Scenario),	along	with	a	short	description	of	the	four	alternative	scenarios,	which	were	evaluated	but	ultimately	
rejected	when	compared	against	statutory	and	policy	criteria	and	priorities	that	the	State’s	comprehensive	
climate	action	must	deliver.	All	scenarios	are	set	against	the	business-as-usual	(BAU	or	Reference	Scenario)	
scenario–what	would	GHG	emissions	look	like	if	we	did	nothing	beyond	the	existing	policies	that	are	required	
and	already	in	place	to	achieve	the	2020	limit.	BAU	includes	the	existing	renewables	requirements,	advanced	
clean	cars,	the	10	percent	reduction	in	carbon	intensity	Low	Carbon	Fuel	Standard,	and	the	SB	375	program	
for sustainable communities, among others. However, it does not include a range of new policies or measures 
that	have	been	developed	or	put	into	statute	over	the	past	two	years.
The	Reference	Scenario	(BAU)	shows	continuing,	but	modest,	reductions	followed	by	a	later	rise	of	GHG	
emissions	as	the	economy	and	population	grow.	The	comprehensive	analysis	of	all	five	alternatives	indicates	
that the Scoping Plan Scenario–continuing the Cap-and-Trade Program–is the best choice to achieve the 
State’s climate and clean air goals. It also protects public health, provides a solid foundation for continued 
economic	growth,	and	supports	California’s	quality	of	life.
All	of	the	alternative	scenarios	briefly	described	in	this	chapter	are	the	product	of	the	Scoping	Plan	
development	process	and	were	informed	by	public	input,	including	that	from	EJAC,	as	well	as	Board	and	
legislative	direction	over	the	course	of	two	years.	The	scenarios	all	include	a	range	of	additional	measures	
developed	or	required	by	legislation	over	the	past	two	years	with	2030	as	their	target	date	and	include:	
extending	the	LCFS	to	an	18	percent	reduction	in	carbon	intensity	beyond	2020,	and	the	requirements	of	
SB	350	to	increase	renewables	to	50	percent	and	to	double	energy	efficiency	savings.	They	also	all	include	
the	Mobile	Source	Strategy	targets	for	more	zero	emission	vehicles	and	much	cleaner	trucks	and	transit,	the	
Sustainable	Freight	Action	Plan	to	improve	freight	efficiency	and	transition	to	zero	emission	freight	handling	
technologies,	and	the	requirements	under	SB	1383	to	reduce	anthropogenic	black	carbon	50	percent	and	
hydrofluorocarbon	and	methane	emissions	by	40	percent	below	2013	levels	by	2030.	The	recent	adoption	of	AB	
398	into	State	law	on	July	25,	2017,	clarifies	the	role	of	the	Cap-and-Trade	Program	through	December	31,	2030.
Work	is	still	underway	on	how	to	quantify	the	GHG	emissions	within	the	natural	and	working	lands	sector.	
As	such,	the	analyses	in	this	chapter	do	not	include	any	estimates	from	this	sector.	Additional	information	
on	the	current	efforts	to	better	understand	GHG	emissions	fluxes	and	model	the	actions	needed	to	support	
the goal of net carbon sequestration in natural and working lands can be found in Chapter 4. Even absent 
quantification	data,	the	importance	of	this	sector	in	achieving	the	State’s	climate	goals	should	be	considered	
in	conjunction	with	any	efforts	to	reduce	GHG	emissions	in	the	energy	and	industrial	sectors.
During the development of the Scoping Plan, stakeholders suggested alternative scenarios to achieve the 
2030	target.	While	countless	scenarios	could	potentially	be	developed	and	evaluated,	the	four	below	were	
considered,	as	they	were	most	often	included	in	comments	by	stakeholders	and	they	bracket	the	range	of	
potential scenarios. Several of these alternative scenarios were also evaluated in the Initial AB 32 Scoping 
Plan	in	2008	(All	Regulations,	Carbon	Tax).55 Since the adoption of the Initial AB 32 Scoping Plan, some of the 
alternative	scenarios	have	been	implemented	or	contemplated	by	other	jurisdictions,	which	has	helped	in	the	
analysis	and	the	development	of	this	Scoping	Plan.	This	section	provides	a	brief	description	of	the	alternatives.	
A	full	description	of	the	alternatives	and	staff’s	AB	197	and	policy	analyses	are	included	in	Appendix	G.

55 CARB. 2009. Initial AB 32 Climate Change Scoping Plan Document.  
 www.arb.ca.gov/cc/scopingplan/document/scopingplandocument.htm 
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Scoping Plan Scenario:	Ongoing	and	statutorily	required	programs	and	continuing	the	Cap-and-Trade	
Program.	This	scenario	was	modified	from	the	January	2017	Proposed	Scoping	Plan	to	reflect	AB	398,	
including	removal	of	the	20	percent	refinery	measure.
Alternative 1:	No	Cap-and-Trade.	Includes	additional	activities	in	a	wide	variety	of	sectors,	such	as	
specific	required	reductions	for	all	large	GHG	sources,	and	more	extensive	requirements	for	renewable	
energy.	Industrial	sources	would	be	regulated	through	command	and	control	strategies.
Alternative 2: Carbon Tax. A carbon tax to put a price, but not limit, on carbon, instead of the Cap-and-
Trade Program.
Alternative 3: All Cap-and-Trade. This alternative is the same as the Scoping Plan Scenario, while 
maintaining	the	LCFS	at	a	10	percent	reduction	in	carbon	intensity	past	2020.
Alternative 4: Cap-and-Tax. This would place a declining cap on individual industrial facilities, and 
individual	natural	gas	and	fuel	suppliers,	while	also	requiring	them	to	pay	a	tax	on	each	metric	ton	of	
GHGs emitted.

Since	the	statutory	direction	on	meeting	a	2030	GHG	target	is	clear,	the	issue	of	certainty	of	reductions	is	
paramount.	These	alternatives	vary	greatly	as	to	the	certainty	of	meeting	the	target.	The	declining	mass	
emissions cap under a cap-and-trade program provides certain and measurable reductions over time; a carbon 
tax,	meanwhile,	establishes	some	carbon	price	certainty,	but	does	not	provide	an	assurance	on	reductions	and	
instead assumes that some degree of reductions will occur if costs are high enough to alter behavior.
There	are	also	other	considerations:	to	what	extent	does	an	alternative	meet	the	target,	but	also	deliver	
clean	air	benefits,	prioritize	reductions	at	large	stationary	sources,	and	allow	for	continued	investment	in	
disadvantaged communities? What is the cost of an alternative and what will be the impact on California 
consumers?	Does	an	alternative	allow	for	California	to	link	with	other	jurisdictions,	and	support	the	Clean	
Power Plan56	and	other	federal	and	international	climate	programs?	Does	an	alternative	provide	for	flexibility	
for regulated entities, and a cost-effective approach to reduce greenhouse gases?
The Scoping Plan Scenario provides a portfolio of policies and measures that balances this combination 
of	objectives,	including	the	highest	certainty	to	achieve	the	2030	target,	while	protecting	the	California	
economy	and	consumers.	A	more	detailed	analyses	of	the	alternatives	is	provided	in	Appendix	G.

Scoping Plan Scenario

The	development	of	the	Scoping	Plan	began	by	first	modeling	a	Reference	Scenario	(BAU).	The	Reference	
Scenario is the forecasted statewide GHG emissions through 2030 with existing policies and programs, but 
without	any	further	action	to	reduce	GHGs.	Figure	6	provides	the	modeling	results	for	a	Reference	Scenario	
for this Scoping Plan. The graph shows the State is expected to reduce emissions below the 2020 statewide 
GHG target, but additional effort will be needed to maintain and continue GHG reductions to meet the 
mid-	(2030)	and	long-term	(2050)	targets.	Figure	6	depicts	a	linear,	straight-line	path	to	the	2030	target.	It	
should	be	noted	that	in	any	year,	GHG	emissions	may	be	higher	or	lower	than	the	straight	line.	That	is	to	be	
expected	as	periods	of	economic	recession	or	increased	economic	activity,	annual	variations	in	hydropower,	
and	many	other	factors	may	influence	a	single	or	several	years	of	GHG	emissions	in	the	State.	CARB’s	annual	
GHG	reporting	and	inventory	will	provide	data	on	progress	towards	achieving	the	2030	target.	More	details	
about the modeling for the Reference Scenario can be found in Appendix D.

56	 Although	the	Clean	Power	Plan	is	being	challenged	in	legal	and	administrative	processes,	its	requirements	reflect	U.S.	EPA’s	 
	 statutory	obligation	to	regulate	greenhouse	gases	from	the	power	sector.	Thus	it,	and	other	federal	programs,	are	a	key	 
 consideration for Scoping Plan development.
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Figure 6: 2017 sCoping plan reFerenCe sCenario

The Scoping Plan Scenario is summarized in Table 1. As shown in the table, most of the measures are 
identified	as	“known	commitments”	(marked	with	“*”),	meaning	that	they	are	existing	programs	or	required	
by	statute.	These	commitments	are	not	part	of	the	Reference	Scenario	(BAU)	in	Figure	6	since	their	passage	
and implementation is related to meeting the Governor’s climate pillars, the 2030 climate target, or other 
long-term	climate	and	air	quality	objectives.	In	addition	to	the	known	commitments,	the	Scoping	Plan	
Scenario includes a post-2020 Cap-and-Trade Program.
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table 1: sCoping plan sCenario

Policy Primary Objective Highlights Implementation 
Time Frame

SB 35057*

Reduce GHG emissions in 
the	electricity	sector	through	
the implementation of the 
50 percent RPS, doubling of 
energy	savings,	and	other	
actions as appropriate to 
achieve GHG emissions 
reductions planning targets 
in the Integrated Resource 
Plan	(IRP)	process.

• Load-serving	entities	file	plans	to	achieve	GHG	emissions	 
 reductions	planning	targets	while	ensuring	reliability	and	 
 meeting	the	State’s	other	policy	goals	cost-effectively.

• 50 percent RPS.
• Doubling	of	energy	efficiency	savings	in	natural	gas	and	 

 electricity	end	uses	statewide.

2030

Low Carbon 
Fuel Standard 
(LCFS)*

Transition	to	cleaner/less-
polluting fuels that have a 
lower carbon footprint.

• At	least	18	percent	reduction	in	carbon	intensity,	as	included	 
 in	the	Mobile	Source	Strategy. 2030

Mobile Source 
Strategy	
(Cleaner 
Technology	
and Fuels 
[CTF] 
Scenario)58*

Reduce GHGs and other 
pollutants from the 
transportation sector 
through transition to zero-
emission and low-emission 
vehicles, cleaner transit 
systems	and	reduction	of	
vehicle miles traveled. 

• 1.5	million	zero	emission	vehicles	(ZEV),	including	plug-in	 
 hybrid	electric,	battery-electric,	and	hydrogen	fuel	cell	vehicles	 
 by	2025	and	4.2	million	ZEVs	by	2030.

• Continue	ramp	up	of	GHG	stringency	for	all	light-duty	vehicles	 
 beyond	2025.

• Reductions	in	GHGs	from	medium-duty	and	heavy-duty	 
 vehicles	via	the	Phase	2	Medium	and	Heavy-Duty	GHG	 
 Standards.

• Innovative	Clean	Transit:	Transition	to	a	suite	of	innovative	 
 clean transit options. Assumed 20 percent of new urban buses  
 purchased	beginning	in	2018	will	be	zero	emission	buses	with	 
 the	penetration	of	zero-emission	technology	ramped	up	to	 
 100 percent of new bus sales in 2030. Also, new natural gas  
 buses,	starting	in	2018,	and	diesel	buses,	starting	in	2020,	 
 meet	the	optional	heavy-duty	low-NOX standard.

• Last	Mile	Delivery:	New	regulation	that	would	result	in	the	use	 
 of low NOX	or	cleaner	engines	and	the	deployment	of	 
 increasing	numbers	of	zero-emission	trucks	primarily	for	class	 
 3-7	last	mile	delivery	trucks	in	California.	This	measure	assumes	 
 ZEVs	comprise	2.5	percent	of	new	Class	3–7	truck	sales	in	local	 
 fleets	starting	in	2020,	increasing	to	10	percent	in	2025.

• Reduction	in	vehicle	miles	traveled	(VMT),	to	be	achieved	 
 in	part	by	continued	implementation	of	SB	375	and	regional	 
 Sustainable	Community	Strategies;	forthcoming	statewide	 
 implementation	of	SB	743;	and	potential	additional	VMT	 
 reduction	strategies	not	specified	in	the	Mobile	Source	 
 Strategy,	but	included	in	the	document	“Potential	VMT	 
 Reduction Strategies for Discussion” in Appendix C.59

Various

SB	1383*

Approve and Implement 
Short-Lived Climate 
Pollutant	strategy60 to 
reduce	highly	potent	GHGs

• 40	percent	reduction	in	methane	and	hydrofluorocarbon	(HFC)	 
 emissions	below	2013	levels	by	2030.

• 50 percent reduction in anthropogenic black carbon emissions  
 below	2013	levels	by	2030.

2030

California 
Sustainable 
Freight Action 
Plan61*

Improve	freight	efficiency,	
transition to zero emission 
technologies, and increase 
competitiveness of 
California’s	freight	system.

• Improve	freight	system	efficiency	by	25	percent	by	2030.
• Deploy	over	100,000	freight	vehicles	and	equipment	capable	 

 of zero emission operation and maximize both zero and  
 near-zero	emission	freight	vehicles	and	equipment	powered	by	 
 renewable	energy	by	2030.

2030

Post-2020 
Cap-and-Trade 
Program

Reduce GHGs across largest 
GHG emissions sources

• Continue the existing Cap-and-Trade Program with declining  
 caps to ensure the State’s 2030 target is achieved.

* These	measures	and	policies	are	referred	to	as	“known	commitments.”

57 58 5960 61

57	 SB	350	Clean	Energy	and	Pollution	Reduction	Act	of	2015	(De	León,	Chapter	547,	Statutes	of	2015).	leginfo.legislature.ca.gov/faces/ 
 billNavClient.xhtml?billid=201520160SB350	This	policy	also	includes	increased	demand	response	and	PV.
58	 CARB.	2016.	2016	Mobile	Source	Strategy.	www.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf
59	 CARB.	Potential	State-Level	Strategies	to	Advance	Sustainable,	Equitable	Communities	and	Reduce	Vehicle	Miles	of	Travel	(VMT)-- 
 for Discussion. www.arb.ca.gov/cc/scopingplan/meetings/091316/Potential%20VMT%20Measures%20For%20Discussion_9.13.16.pdf
60 CARB. 2016. Reducing Short-Lived Climate Pollutants in California. www.arb.ca.gov/cc/shortlived/shortlived.htm
61 State of California. California Sustainable Freight Action Plan website. www.casustainablefreight.org/
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Table 2 summarizes the results of the modeling for the Reference Scenario and known commitments. Per SB 
32, the 2030 limit is 260 MMTCO2e.	That	is	a	limit	on	total	GHG	emissions	in	a	single	year.	At	approximately	
389 MMTCO2e,	the	Reference	Scenario	is	expected	to	exceed	the	2030	limit	by	about	129 MMTCO2e.
Table	2	also	compares	the	Reference	Scenario	2030	emissions	estimate	of	389 MMTCO2e to the 2030 
target of 260 MMTCO2e and the level of 2030 emissions with the known commitments, estimated to be 320 
MMTCO2e. And, in the context of a linear path to achieve the 2030 target, there is also a need to achieve 
cumulative emissions reductions of 621 MMTCO2e from 2021 to 2030 to reach the 2030 limit. While there 
is	no	statutory	limit	on	cumulative	emissions,	the	analysis	considers	and	presents	some	results	in	cumulative	
form	for	several	reasons.	It	should	be	recognized	that	policies	and	measures	may	perform	differently	over	
time.	For	example,	in	early	years,	a	policy	or	measure	may	be	slow	to	be	deployed,	but	over	time	it	has	
greater	impact.	If	you	were	to	look	at	its	performance	in	2021	versus	2030,	you	would	see	that	it	may	not	
seem	important	and	may	not	deliver	significant	reductions	in	the	early	years,	but	is	critical	for	later	years	as	
it	results	in	greater	reductions	over	time.	Further,	once	GHGs	are	emitted	into	the	atmosphere,	they	can	
have long lifetimes that contribute to global warming for decades. Policies that reduce both cumulative 
GHG	emissions	and	achieve	the	single-year	2030	target	provide	the	most	effective	path	to	reducing	climate	
change	impacts.	A	cumulative	construct	provides	a	more	complete	way	to	evaluate	the	effectiveness	of	any	
measure	over	time,	instead	of	just	considering	a	snapshot	for	a	single	year.

table 2: 2030 modeling ghg results For the reFerenCe sCenario and  
known Commitments

Modeling 
Scenario

2030 GHG 
Emissions 
(MMTCO2e)

Cumulative GHG 
Reductions 2021–
2030 (MMTCO2e)

Cumulative Gap 
to 2030 Target 
(MMTCO2e)

Reference Scenario 
(Business-as-Usual) 389 n/a 621

Known Commitments 320 385 236

As noted above, the known commitments are expected to result in emissions that are 60 MMTCO2e above 
the target in 2030, and have a cumulative emissions reduction gap of about 236 MMTCO2e. This means the 
known commitments do not decline fast enough to achieve the 2030 target. The remaining 236 MMTCO2e 
of estimated GHG emissions reductions would not be achieved unless further action is taken to reduce 
GHGs.	Consequently,	for	the	Scoping	Plan	Scenario,	the	Post-2020	Cap-and-Trade	Program	would	need	to	
deliver 236 MMTCO2e cumulative GHG emissions reductions from 2021 through 2030. If the estimated GHG 
reductions	from	the	known	commitments	are	not	realized	due	to	delays	in	implementation	or	technology	
deployment,	the	post-2020	Cap-and-Trade	Program	would	deliver	the	additional	GHG	reductions	in	
the	sectors	it	covers	to	ensure	the	2030	target	is	achieved.	Figure	7	illustrates	the	cumulative	emissions	
reductions contributions of the known commitments and the Cap-and-Trade Program from 2021 to 2030.

Post-2020 Cap-and-Trade Program with Declining Caps
This measure would continue the Cap-and-Trade Program post-2020 pursuant to legislative direction in AB 
398.	The	program	is	up	and	running	and	has	a	five-year-long	record	of	auctions	and	successful	compliance.	
In	the	face	of	a	growing	economy,	dry	winters,	and	the	closing	of	a	nuclear	plant,	it	is	delivering	GHG	
reductions.	This	is	not	to	say	that	California	should	continue	on	this	road	simply	because	the	Cap-and-Trade	
Program	is	already	in	place.	The	analyses	in	this	chapter,	and	the	economic	analysis	in	Chapter	3,	clearly	
demonstrate that continuing the Cap-and-Trade Program through 2030 will provide the most secure, reliable, 
and	feasible	clean	energy	future	for	California–one	that	will	continue	to	deliver	crucial	investments	to	improve	
the	quality	of	life	and	the	environment	in	disadvantaged	communities.
Under	this	measure,	funds	would	also	continue	to	be	deposited	into	the	Greenhouse	Gas	Reduction	Fund	
(GGRF)	to	support	projects	that	fulfill	the	goals	of	AB	32,	with	AB	398	identifying	a	list	of	priorities	for	the	
Legislature to consider for future appropriations from GGRF. Investment of the Cap-and-Trade Program 
proceeds	furthers	the	goals	of	AB	32	by	reducing	GHG	emissions,	providing	net	GHG	sequestration,	
providing	co-benefits,	investing	in	disadvantaged	communities	and	low-income	communities,	and	
supporting the long-term, transformative efforts needed to improve public and environmental health and 
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develop	a	clean	energy	economy.	These	investments	support	programs	and	projects	that	deliver	major	
economic,	environmental,	and	public	health	benefits	for	Californians.	Importantly,	prioritized	investments	in	
disadvantaged	communities	are	providing	a	multitude	of	meaningful	benefits	to	these	communities	some	of	
which include increased affordable housing opportunities, reduced transit and transportation costs, access to 
cleaner	vehicles,	improved	mobility	options	and	air	quality,	job	creation,	energy	cost	savings,	and	greener	and	
more vibrant communities.
Further,	the	Cap-and-Trade	Program	is	designed	to	protect	electricity	and	natural	gas	residential	ratepayers	
from	higher	energy	prices.	The	program	includes	a	mechanism	for	electricity	and	natural	gas	utilities	to	
auction	their	freely	allocated	allowances,	with	the	auction	proceeds	benefiting	ratepayers.	The	Climate	Credit	
is	a	twice-annual	bill	credit	given	to	investor-owned	utility	electricity	residential	customers.	The	total	value	of	
the	Climate	Credit	for	vintage	2013	auction	allowances	alone	was	over	$400	million.	The	first	of	these	credits	
appeared on customer bills in April 2014.62	Currently,	natural	gas	utilities	are	permitted	to	use	a	portion	of	
their	freely	allocated	allowances	to	meet	their	own	compliance	obligations;	however,	over	time,	they	must	
consign a larger percentage of allowances and continue to provide the value back to customers.
Additionally,	under	this	measure,	the	State	would	preserve	its	current	linkages	with	its	Canadian	partners	
and	support	future	linkages	with	other	jurisdictions,	thus	facilitating	international	action	to	address	climate	
change. The high compliance rates with the Cap-and-Trade Program also demonstrate that the infrastructure 
and	implementation	features	of	the	program	are	effective	and	understood	by	the	regulated	community.	
This	measure	also	lends	itself	to	integration	with	the	Clean	Power	Plan	requirements	and	is	flexible	to	allow	
expansion to other sectors or regions.
In	late	2017,	CARB	began	evaluating	changes	to	program	design	features	for	post-2020	in	accordance	with	
AB	398.63 This includes changes to the offset usage limit, direction on allocation, two price containment 
points,	and	a	price	ceiling	–	which,	if	in	the	unlikely	event	were	to	be	accessed,	must	result	in	GHG	reductions	
by	compensating	for	any	GHG	emissions	above	the	cap,	ensuring	the	environmental	integrity	of	the	program.	
Changes	to	conform	to	the	requirements	of	AB	398	will	be	subject	to	a	public	process,	coordinated	with	
linked	partners,	and	be	part	of	a	future	rulemaking	that	would	take	effect	by	January	1,	2021.

62 www.arb.ca.gov/cc/capandtrade/allowanceallocation/edu-v2013-allowance-value-report.pdf
63 www.arb.ca.gov/cc/capandtrade/meetings/20171012/ct_presentation_11oct2017.pdf
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Figure 7: sCoping plan sCenario – estimated Cumulative ghg reduCtions  
by measure (2021–2030)64

The	Scoping	Plan	Scenario	in	Figure	7	represents	an	expected	case	where	current	and	proposed	GHG	
reduction	policies	and	measures	begin	as	expected	and	perform	as	expected,	and	technology	is	readily	
available	and	deployed	on	schedule.	An	Uncertainty	Analysis	was	performed	to	examine	the	range	of	
outcomes	that	could	occur	under	the	Scoping	Plan	policies	and	measures.	The	uncertainty	in	the	following	
factors	was	characterized	and	evaluated:

• Economic growth through 2030;
• Emission	intensity	of	the	California	economy;
• Cumulative	emissions	reductions	(2021	to	2030)	achieved	by	the	 
 prescriptive measures, including the known commitments; and
• Cumulative	emissions	reductions	(2021	to	2030)	that	can	be	motivated	 
	 by	emission	prices	under	the	Cap-and-Trade	Program.

The	combined	effects	of	these	uncertainties	are	summarized	in	Figure	8.	As	shown	in	Figure	7,	the	Scoping	
Plan	analysis	estimates	that	the	prescriptive	measures	will	achieve	cumulative	emissions	reductions	of	385	
MMTCO2e, the Cap-and-Trade Program will achieve 236 MMTCO2e, resulting in total cumulative emissions 
reductions of 621 MMTCO2e.	These	values	are	again	reflected	in	the	bar	on	the	left	of	Figure	8.	The	results	of	
the	Uncertainty	Analysis	are	summarized	in	the	three	bars	on	the	right	of	the	figure	as	follows:

• The cumulative emissions reductions required to achieve the 2030 emission limit has  
	 the	potential	to	be	higher	or	lower	than	the	Scoping	Plan	estimate.	The	uncertainty	 
	 analysis	simulates	an	average	required	emissions	reductions	of	about	660	MMTCO2e  
 with a range of +130 MMTCO2e.65	This	estimate	and	the	range	are	shown	in	Figure	8	 
	 as	the	bar	on	the	right.	Notably,	the	estimate	of	the	average	required	emissions	 
 reductions is 40 MMTCO2e	greater	than	the	estimate	in	the	Scoping	Plan	analysis.
• The prescriptive measures have the potential to underperform relative to expectations. Based on  
 CARB staff assessments of the potential risk of underperformance of each measure, the average  
 emissions reductions simulated to be achieved was 335 MMTCO2e, or about 13 percent below the  
 Scoping Plan estimate. The range for the performance of the measures was about +50 MMTCO2e.  

64	 The	whole	number	values	displayed	in	Figure	7	do	not	mathematically	sum	to	621	MMTCO2e, consistent with the modeling  
	 results	summary	in	Table	2.	This	is	a	result	of	embedded	significant	figures	and	rounding	for	graphic	display	purposes.	Please	 
 refer to the corresponding PATHWAYS modeling data spreadsheets for details.
65 The ranges presented are the 5th and 95th	percentile	observations	in	the	Uncertainty	Analysis.	See	Appendix	E	for	details.
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	 These	values	for	the	potential	reductions	achieved	by	the	measures	are	shown	in	the	figure.
• The	Cap-and-Trade	program	is	designed	to	fill	the	gap	in	the	required	emissions	reductions	 
	 over	and	above	what	is	achieved	by	the	prescriptive	measures.	Because	the	total	required	 
	 emissions	reductions	are	uncertain,	and	the	emissions	reductions	achieved	by	the	prescriptive	 
 measures are uncertain, the required emissions reductions from the Cap-and-Trade Program  
	 are	also	uncertain.	The	Uncertainty	Analysis	simulated	the	average	emissions	reductions	achieved	 
	 by	the	Cap-and-Trade	Program	at	about	305	MMTCO2e, or about 30 percent higher than the  
 Scoping Plan estimate. The range was simulated to be about +120 MMTCO2e. These values  
	 for	the	potential	reductions	achieved	by	the	Cap-and-Trade	Program	are	shown	in	the	figure.

The	Uncertainty	Analysis	provides	insight	into	the	range	of	potential	emissions	outcomes	that	may	occur,	and	
demonstrates	that	the	Scoping	Plan,	with	the	Cap-and-Trade	Program,	is	extremely	effective	in	the	face	of	
uncertainty,	assuring	that	the	required	emissions	reductions	are	achieved	(see	Appendix	E	for	more	detail).	
The	Uncertainty	Analysis	also	indicates	that	the	Cap-and-Trade	Program	could	contribute	a	larger	or	smaller	
share	of	the	total	required	cumulative	emissions	reductions	than	expected	in	the	Scoping	Plan	analysis.

Figure 8: unCertainty analysis

While	the	modeling	results	provide	estimates	of	the	GHG	reductions	that	could	be	achieved	by	the	
measures, the results also provide other insights and highlight the need to ensure successful implementation 
of	each	measure.	The	SLCP	Strategy	will	provide	significant	reductions	with	a	focus	on	methane	and	
hydrofluorocarbon	gases.	To	ensure	the	SLCP	Strategy	implementation	is	successful,	it	will	be	critical	
to	ensure	programs	such	as	LCFS	maintain	incentives	to	finance	the	capture	and	use	of	methane	as	a	
transportation fuel–further reducing the State’s dependence on fossil fuels. The modeling also shows that 
actions	on	energy	efficiency	could	provide	the	same	magnitude	of	GHG	emissions	reductions	as	the	mobile	
source	measures,	but	each	effort	will	provide	different	magnitudes	of	air	quality	improvements	and	cost-
effectiveness as discussed in Chapter 3.
Another	way	to	look	at	this	scenario	is	to	understand	the	trajectory	of	GHG	reductions	over	time,	relative	to	
the	2030	target.	Figure	9	provides	the	trajectory	of	GHG	emissions	modeled	for	the	Scoping	Plan	Scenario.	
Again,	this	depicts	a	straight-line	path	to	the	2030	target	for	discussion	purposes,	but	in	reality	GHG	
emissions	may	be	above	or	below	the	line	in	any	given	year(s).
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Figure 9: sCoping plan sCenario ghg reduCtions 

Figure	9	shows	the	Reference	Scenario	(yellow)	and	the	version	of	the	Scoping	Plan	Scenario	that	excludes	
the	Cap-and-Trade	Program	(blue).	Until	2023,	the	measures	in	the	Scoping	Plan	Scenario	constrain	GHG	
emissions below the dotted straight line. After 2023, GHG emissions continue to fall, but at a slower rate than 
needed	to	meet	the	2030	target.	It	is	the	Cap-and-Trade	Program	that	will	reduce	emissions	to	the	necessary	
levels to achieve the 2030 target. In this scenario, it is estimated that the known commitments will result in 
an emissions level of about 320 MMTCO2e in 2030. Thus, for the Scoping Plan Scenario, the Cap-and-Trade 
Program would deliver about 60 MMTCO2e in 2030 and ensure the 2030 target is achieved.
To understand how the Scoping Plan affects the main economic sectors, Table 3 provides estimated GHG 
emissions	by	sector,	compared	to	1990	levels,	and	the	range	of	GHG	emissions	for	each	sector	estimated	for	
2030. This comparison helps to illustrate which sectors are reducing emissions more than others and where to 
focus	additional	actions	to	reduce	GHGs	across	the	entire	economy.
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table 3: estimated Change in ghg emissions by seCtor (mmtCo2e)

1990 Plan Ranges66 from 1990

Agriculture 26 24–25 -8	to	-4

Residential and Commercial 44 38–40 -14 to -9

Electric Power 108 30–5367 -72	to	-51

High GWP 3 8–1168 267	to	367

Industrial 98 83–9069 -15	to	-8

Recycling and Waste 7 8–970 14	to	29**

Transportation (Including TCU) 152 103–111 -32	to	-27

Natural Working Lands Net Sink* -7*** TBD TBD

Sub Total 431 294–339 -32 to -21

Cap-and-Trade Program n/a 34–79 n/a

Total 431 260 -40

*	 Work	is	underway	through	2017	to	estimate	the	range	of	potential	sequestration	benefits	from	 
 the natural and working lands sector.
**	 The	SLCP	will	reduce	emissions	in	this	sector	by	40	percent	from	2013	levels.	However,	the	 
 2030 levels are still higher than the 1990 levels as emissions in this sector have grown between  
 1990 and 2013.
***	 This	number	reflects	net	results	and	is	different	than	the	intervention	targets	discussed	in	 
 Chapter 4.

2030 Scoping % change 

The	sector	ranges	may	change	in	response	to	how	the	sectors	respond	to	the	Cap-and-Trade	Program.	While	
the known commitments will deliver some reductions in each sector, the Cap-and-Trade Program will deliver 
additional	reductions	in	the	sectors	it	covers.	Annual	GHG	reporting	and	the	GHG	inventory	will	track	annual	
changes in emissions, and those will provide ongoing assessments of how each sector is reducing emissions 
due to the full complement of known commitments and the Cap-and-Trade Program, as applicable.

Scenario Modeling

There	are	a	variety	of	models	that	can	be	used	to	model	GHG	emissions.	For	this	Plan,	the	State	is	using	the	
PATHWAYS model.70 PATHWAYS is structured to model GHG emissions while recognizing the integrated 
nature	of	the	industrial	economic	and	energy	sectors.	For	example,	if	the	transportation	sector	adds	more	
electric	vehicles,	PATHWAYS	responds	to	reflect	an	energy	demand	increase	in	the	electricity	sector.	However,	
PATHWAYS	does	not	reflect	any	change	in	transportation	infrastructure	and	land	use	demand	associated	with	
additional	ZEVs	on	the	road.	The	ability	to	capture	a	subset	of	interactive	effects	of	policies	and	measures	
helps	to	provide	a	representation	of	the	interconnected	nature	of	the	system	and	impacts	to	GHGs.

66	 Unless	otherwise	noted,	the	low	end	of	the	sector	range	is	the	estimated	emissions	from	the	Scoping	Plan	Scenario	and	the	high	 
	 end	adjusts	the	expected	emissions	by	a	risk	factor	that	represents	sector	underperformance.
67	 The	high	end	of	the	electric	power	sector	range	is	represented	by	the	Scoping	Plan	Scenario,	and	the	low	end	by	enhancements	 
	 and	additional	electricity	sector	measures	such	as	deployment	of	additional	renewable	power,	greater	behind-the-meter	solar	 
	 PV,	and	additional	energy	efficiency.	The	electric	power	sector	range	provided	in	Table	3	will	be	used	to	help	inform	CARB’s	 
 setting of the SB 350 Integrated Resource Plan greenhouse gas emissions reduction planning targets for the sector. CARB,  
	 CPUC,	and	CEC	will	continue	to	coordinate	on	this	effort	before	final	IRP	targets	are	established	for	the	sector,	load-serving	 
	 entities,	and	publicly-owned	utilities.	State	agencies	will	investigate	the	potential	for	and	appropriateness	of	deeper	electric	 
	 sector	reductions	in	light	of	the	overall	needs	of	the	Scoping	Plan	to	cost-effectively	achieve	the	statewide	GHG	goals.	 
	 Concurrently,	CEC	and	CPUC	are	proceeding	with	their	respective	IRP	processes	using	this	range.
68	 The	sector	emissions	are	anticipated	to	increase	by	2030.	As	such,	the	high	end	of	the	sector	range	is	the	estimated	 
	 emissions	from	the	Scoping	Plan	Scenario	and	the	low	end	adjusts	the	expected	emissions	by	a	risk	factor	that	represents	sector	 
 over performance.
69 This estimate does not account for the reductions expected in this sector from the Cap-and-Trade Program. The Cap-and-Trade  
 line item includes reductions that will occur in the industrial sector.
70 CARB. 2016. AB 32 Scoping Plan Public Workshops. www.arb.ca.gov/cc/scopingplan/meetings/meetings.htm
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At this time, PATHWAYS does not include a module for natural and working lands. As such, PATHWAYS 
cannot be used to model the natural and working lands sector, the interactive effects of polices aimed at 
the	economic	and	energy	sectors	and	their	effect	on	land	use	or	conditions,	or	the	interactive	effects	of	
polices	aimed	at	the	natural	environment	and	their	impact	on	the	economic	and	energy	sectors.	For	this	Plan,	
external	inputs	had	to	be	developed	for	PATHWAYS	to	supply	biofuel	volumes.	The	natural	and	working	lands	
sector	is	also	being	modeled	separately	as	described	in	Chapter	4.	Moving	forward,	CARB	and	other	State	
agencies	will	work	to	integrate	all	the	sectors	into	one	model	to	fully	capture	interactive	effects	across	both	
the natural and built environments.
Lastly,	the	PATHWAYS	assumptions	and	results	in	this	Plan	show	the	significant	action	that	the	State	must	take	
to	reach	its	GHG	reduction	goals.	It	is	important	to	note	that	the	modeling	assumptions	may	differ	from	other	
models	used	by	other	State	agencies.	Modeling	exercises	undertaken	in	future	regulatory	proceedings	may	
result in different measures, programs, and program results than those used in the modeling for this Scoping 
Plan.	State	agencies	will	engage	on	their	specific	policies	and	measure	development	processes	separately	
from CARB Scoping Plan activities, in public forums to engage all stakeholders.

Uncertainty
Several	types	of	uncertainty	are	important	to	understand	in	both	forecasting	future	emissions	and	estimating	
the	benefits	of	emissions	reductions	scenarios.	In	developing	the	Scoping	Plan,	we	have	forecast	a	Reference	
Scenario and estimated the GHG emissions outcome of the Scoping Plan using PATHWAYS. Inherent in the 
Reference	Scenario	modeling	is	the	expectation	that	many	of	the	existing	programs	will	continue	in	their	
current	form,	and	the	expected	drivers	for	GHG	emissions	such	as	energy	demand,	population	growth,	and	
economic	growth	will	match	our	current	projections.	However,	it	is	unlikely	that	the	future	will	precisely	match	
our	projections,	leading	to	uncertainty	in	the	forecast.	Thus,	the	single	“reference”	line	should	be	understood	
to represent one possible future in a range of possible predictions. For the Scoping Plan Scenario, 
PATHWAYS utilized inputs that are assumptions external to the model. PATHWAYS was provided plausible 
inputs	such	as	energy	demand	over	time,	the	start	years	for	specific	policies,	and	the	penetration	rates	of	
associated	technologies.	Each	of	the	assumptions	provided	to	PATHWAYS	has	some	uncertainty,	which	is	also	
reflected	in	the	results.	Thus,	while	the	results	presented	in	the	Scoping	Plan	may	seem	precise	due	to	the	
need for precision in model inputs, these results are estimates, and the use of ranges in some of the results is 
meant	to	capture	that	uncertainty.
Further,	as	noted	in	the	November	7,	2016,	2030	Target	Scoping	Plan	Workshop,	“All	policies	have	a	degree	
of	uncertainty	associated	with	them.”71 As this Scoping Plan is meant to chart a path to achieving the 2030 
target,	additional	work	will	be	required	to	fully	design	and	implement	any	policies	identified	in	this	Scoping	
Plan. During the subsequent development of policies, CARB and other State agencies will learn more 
about	technologies,	cost,	and	how	each	industry	works	as	a	more	comprehensive	evaluation	is	conducted	
in	coordination	with	stakeholders.	Given	the	uncertainty	around	assumptions	used	in	modeling,	and	in	
performance	once	specific	policies	are	fully	designed	and	implemented,	estimates	associated	with	the	
Scoping	Plan	Scenario	are	likely	to	differ	from	what	actually	occurs	when	the	Scoping	Plan	is	implemented.	
One	way	to	mitigate	for	this	risk	is	to	develop	policies	that	can	adapt	and	increase	certainty	in	GHG	emissions	
reductions.	Periodic	reviews	of	progress	toward	achieving	the	2030	target	and	the	performance	of	specific	
policies	will	also	provide	opportunities	for	the	State	to	consider	any	changes	to	ensure	we	remain	on	course	
to achieve the 2030 target. The need for this periodic review process was anticipated in AB 32, as it calls for 
updates	to	the	Scoping	Plan	at	least	once	every	five	years.	Additional	information	on	the	uncertainty	analyses	
conducted in the development of this Scoping Plan is located in Appendix E.

71	 Bushnell,	James.	Economic	Modeling	and	Environmental	Policy	Choice.	PowerPoint.	Department	of	Economics,	University	 
 of California, Davis. www.arb.ca.gov/cc/scopingplan/meetings/110716/bushnellpresentation.pdf 
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Policy Analysis of Scoping Plan Scenario

The	following	key	criteria	were	considered	while	evaluating	potential	policies	beyond	the	known	
commitments.	The	results	of	the	economic	analysis	(presented	in	Chapter	3)	were	also	important	in	the	
design of this Scoping Plan.

• Ensure the State achieves the 2030 target.	The	strategy	must	ensure	that	GHG	emissions	 
	 reductions	occur	and	are	sufficient	to	achieve	the	2030	target.
• Provide air quality co-benefits.	An	important	concern	for	environmental	justice	communities	is	 
	 for	any	Scoping	Plan	to	provide	air	quality	co-benefits.
• Prioritize rules and regulations for direct GHG reductions.	AB	197	requires	CARB	in	developing	 
 this Scoping Plan to prioritize emissions reductions rules and regulations that result in direct  
	 emissions	reductions	at	large	stationary	sources	of	GHG	emissions	sources	and	direct	 
 emissions reductions from mobile sources.
• Provide protection against emissions leakage.	Require	any	policies	to	achieve	the	statewide	limits	 
 to minimize emissions leakage to the extent possible. Emissions leakage can occur when production  
 moves out-of-state, so there appears to be a reduction in California’s emissions, but the production  
	 and	emissions	have	just	moved	elsewhere.	This	loss	in	production	may	be	associated	with	loss	 
	 in	jobs	and	decreases	in	the	State’s	gross	domestic	product	(GDP)	and	could	potentially	increase	 
	 global	GHG	emissions	if	the	production	moves	to	a	less	efficient	facility	outside	of	California.
• Develop greenhouse gas reduction programs that can be readily exported to other  
 jurisdictions.	Currently,	California’s	Cap-and-Trade	Program	is	linked	with	Québec’s	 
 program and is scheduled to link with Ontario’s cap-and-trade program beginning  
	 in	2018.	At	the	same	time,	California’s	ambitious	policies	such	as	the	RPS,	LCFS,	and	 
 Advanced Clean Cars have resulted in other regions adopting similar programs.
• Minimize costs and increase investment in disadvantaged and low-income communities, and  
 low-income households.	Currently,	Cap-and-Trade	auction	proceeds	from	the	sale	of	State- 
	 owned	allowances	are	appropriated	for	a	variety	of	programs	to	reduce	GHGs,	and	provide	other	 
	 environmental,	health	and	economic	benefits	including	job	creation	and	economic	development.	 
	 Under	AB	1550,	a	minimum	of	25	percent	of	the	proceeds	are	to	be	invested	in	projects	located	 
	 in	and	benefiting	disadvantaged	communities,	with	an	additional	minimum	10	percent	to	projects	 
 in low-income communities, and low-income households. It is important to understand if the  
	 strategy	will	require	or	result	in	funding	to	support	these	GHG	reductions	and	associated	benefits.
• Avoid or minimize the impacts of climate change on public health by continuing reductions in  
 GHGs.	Climate	change	has	the	potential	to	significantly	impact	public	health,	including	increases	 
	 in	heat	illness	and	death,	air	pollution-related	exacerbation	of	cardiovascular	and	respiratory	 
	 diseases,	injury	and	loss	of	life	due	to	severe	storms	and	flooding,	increased	vector-borne	and	 
 water-borne diseases, and stress and mental trauma due to extreme weather-related catastrophes.
• Provide compliance flexibility.	Flexibility	is	important	as	it	allows	each	regulated	entity	 
	 the	ability	to	pursue	its	own	path	toward	compliance	in	a	way	that	works	best	for	its	 
	 business	model.	Flexibility	also	acknowledges	that	regulatory	agencies	may	not	have	a	 
 complete picture of all available low-cost compliance mechanisms or opportunities even  
	 across	the	same	sector.	In	addition,	under	AB	32	and	AB	197,	the	strategy	to	reduce	GHGs	 
	 requires	consideration	of	cost-effectiveness,	which	compliance	flexibility	provides.
• Support the Clean Power Plan and other federal climate programs. California will continue to  
 support aggressive federal action, as well as to defend existing programs like the Clean Power Plan,  
	 which	is	the	most	prominent	federal	climate	regulation	applicable	to	stationary	sources.	The	U.S.	 
	 Supreme	Court	has	repeatedly	confirmed	that	federal	greenhouse	gas	regulation	must	move	forward	 
 under the federal Clean Air Act, so it is important to ensure that California’s programs can support  
	 federal	compliance	as	well.	Although	continuing	litigation	has	stayed	certain	Clean	Power	Plan	 
	 deadlines	in	the	near	term,	and	U.S.	EPA	has	proposed	to	reconsider	aspects	of	the	rule	as	 
	 issued,	the	Clean	Power	Plan	remains	the	law	of	the	land.	California	is	vigorously	defending	 
 this important program, and is continuing to support federal climate regulation as is required  
	 by	law.	U.S	EPA	also	has	a	legal	obligation	to	implement	GHG	controls	for	power	plants,	even	 
 if it proposes to alter the form of those controls in the future. Therefore, the Clean Power Plan  
 and other federal efforts are important considerations for this Scoping Plan. With regard to the  
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	 Clean	Power	Plan,	California	power	plants	are	expected	to	be	within	their	limits	as	set	forth	by	 
	 the	State’s	compliance	plan,	which	was	approved	by	CARB	on	July	27,	2017.	However,	the	State	 
	 still	needs	a	mechanism	to	ensure	the	emissions	for	the	covered	electricity	generating	plants	 
	 do	not	exceed	the	federal	limits.	This	mechanism	must	be	federally	enforceable	with	regard	 
 to the affected power plants, and limit their emissions in accordance with the federal limit.

Table 4 uses the criteria listed above to assess the Scoping Plan Scenario. This assessment is based on CARB 
staff	evaluation	as	well	as	the	analyses	described	in	Chapter	3.

table 4: poliCy assessment oF the sCoping plan

Criteria Details

Ensure the State Achieves the 2030 Target

• Incorporates existing and new commitments to reduce emissions from all sectors
• The Cap-and-Trade Program scales to ensure reductions are achieved, even if  
	 other	policies	do	not	achieve	them.	This	is	particularly	critical	given	the	uncertainty	 
 inherent in both CARB’s emission forecast and its estimate of future regulations.

Provide	Air	Quality	Co-Benefits

• Reduced	fossil	fuel	use	and	increased	electrification	(including	plug-in	hybrid	 
	 electric,	battery-electric,	and	hydrogen	fuel	cell	vehicles)	from	policies	such	 
	 as	the	Mobile	Source	Strategy,	enhanced	LCFS	and	RPS,	energy	efficiency,	and	 
	 land	conservation	will	likely	reduce	criteria	pollutants	and	toxic	air	contaminants.
• The Cap-and-Trade Program will ensure GHG emissions reductions within  
	 California	that	may	reduce	criteria	pollutants	and	toxic	air	contaminants.

Prioritize Rules and Regulations for Direct 
GHG Reductions

• Advanced	Clean	Cars	regulations	require	reduction	in	the	light-duty	vehicle	sector.
• Enhanced	LCFS	requires	reductions	in	light-duty	and	heavy-duty	transportation.
• SB	350,	RPS,	and	energy	efficiency	will	reduce	the	need	for	fossil	power	generation.
• The Cap-and-Trade Program constrains and reduces emissions across  
	 approximately	80	percent	of	California	GHG	emissions.
• SB	1383	and	the	Short-lived	Climate	Pollutant	Reduction	Strategy	require	 

 reductions in the agricultural, commercial, residential, industrial, and  
	 energy	sectors.

Protect Against Emissions Leakage • Free	allowance	allocation	to	minimize	leakage,	where	supported	by	research.

Develop GHG Reduction Programs that can 
be	Readily	Exported	to	Other	Jurisdictions

• Supports existing and future linkages, allows for larger GHG emissions reductions  
 worldwide through collaborative regional efforts.
• Provides leadership on how to integrate short-lived climate pollutants into the  

 broader climate mitigation program.

Minimize Costs and Invest in Disadvantaged 
and Low-Income Communities, and  
Low-Income Households

• Continue	to	fund	programs	and	projects	that	reduce	GHGs	and	meaningfully	 
	 benefit	disadvantaged	and	low-income	communities	and	low-income	households	 
 through the Greenhouse Gas Reduction Fund.

Avoid or Minimize the Impacts of Climate 
Change on Public Health

• Reduces	GHGs	and	provides	leadership	nationally	and	internationally	for	 
 climate action.
• Provides funding for programs such as home weatherization focused on  

 disadvantaged communities, to mitigate potential cost impacts.

Compliance	Flexibility
• Regulated	sources	self-identify	and	implement	some	GHG	emissions	reductions	 
	 actions,	beyond	those	already	required	to	comply	with	additional	prescriptive	 
 measures.

Support the Clean Power Plan and  
other Federal Climate Programs 

• Post-2020	Cap-and-Trade	Program	can	be	used	to	comply	with	the	Clean	 
 Power Plan.
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Programs for Air Quality Improvement in California

For	half	a	century,	CARB	has	been	a	leader	in	measuring,	evaluating,	and	reducing	sources	of	air	pollution	
that impact public health. Its air pollution programs have been adapted for national programs and emulated 
in	other	countries.	Significant	progress	has	been	made	in	reducing	diesel	particulate	matter	(PM),	which	
is	a	designated	toxic	air	contaminant,	and	many	other	hazardous	air	pollutants.	CARB	partners	with	local	
air	districts	to	address	stationary	source	emissions	and	adopts	and	implements	State-level	regulations	to	
address	sources	of	criteria	and	toxic	air	pollution,	including	mobile	sources.	The	key	air	quality	strategies	
being	implemented	by	CARB	include	the	following:

• State Implementation Plans (SIPs).72 These comprehensive plans describe how an area will  
	 attain	national	ambient	air	quality	standards	by	deadlines	established	by	the	federal	Clean	 
	 Air	Act.	SIPs	are	a	compilation	of	new	and	previously	submitted	plans,	programs,	air	district	 
 rules, State regulations, and federal controls designed to achieve the emissions reductions  
	 needed	from	mobile	sources,	fuels,	stationary	sources,	and	consumer	products.	On	March	 
	 23,	2017,	CARB	adopted	the	Revised	Proposed	2016	State	Strategy	for	the	SIP,	describing	the	 
	 commitments	necessary	to	meet	federal	ozone	and	PM2.5	standards	over	the	next	15	years.
• Diesel Risk Reduction Plan.73	The	plan,	adopted	by	CARB	in	September	2000,	outlined	14	 
 recommended control measures to reduce the risks associated with diesel PM and achieve a goal of  
	 75	percent	PM	reduction	by	2010	and	85	percent	by	2020.	Since	2000,	CARB	has	adopted	 
 regulations to reduce smog-forming pollutants and diesel PM from mobile vehicles and  
 equipment (e.g., trucks, buses, locomotives, tractors, cargo handling equipment, construction  
	 equipment,	marine	vessels,	transport	refrigeration	units);	stationary	engines	and	portable	 
	 equipment	(e.g.,	emergency	standby	generators,	prime	generators,	agricultural	irrigation	 
	 pumps,	portable	generators);	and	diesel	fuels.	Diesel	PM	accounts	for	approximately	60	 
 percent of the current estimated inhalation cancer risk for background ambient air.74 CARB  
 staff continues to work to improve implementation and enforcement efforts and examine  
	 needed	amendments	to	increase	the	community	health	benefits	of	these	control	measures.
• Sustainable Freight Action Plan.75	This	joint	agency	strategy	was	developed	in	response	to	 
	 Governor’s	Executive	Order	B-32-15	to	improve	freight	efficiency,	transition	to	zero	emission	 
	 technologies,	and	increase	the	competitiveness	of	California’s	freight	system.	The	transition	 
	 of	the	freight	transport	system	is	essential	to	support	the	State’s	economic	development	 
	 in	the	coming	decades	and	reduce	air	pollution	affecting	many	California	communities.
• AB 32 Scoping Plan.76	This	comprehensive	strategy	is	updated	at	least	 
	 every	five	years	and	is	designed	to	achieve	the	State’s	climate	goals,	which	 
	 includes	measures	that	achieve	air	pollutant	reduction	co-benefits.
• AB 1807.77	AB	1807	(Tanner,	1983)	created	California’s	program	to	reduce	exposure	to	air	toxics.	 
	 CARB	uses	a	comprehensive	process	to	prioritize	the	identification	of	substances	that	pose	the	 
 greatest health threat and to develop airborne toxic control measures to reduce those exposures.  
	 CARB	has	reduced	public	exposure	to	toxic	air	contaminants	(TACs)	through	control	of	motor	 
	 vehicles,	fuels,	consumer	products,	and	stationary	sources,	including	adopting	control	measures	for	 

72 CARB. 2016. California State Implementation Plans. www.arb.ca.gov/planning/sip/sip.htm
73 CARB. 2000. Final Diesel Risk Reduction Plan with Appendices. www.arb.ca.gov/diesel/documents/rrpapp.htm 
74	 CARB	and	California	Air	Pollution	Control	Officers	Association.	2015.	Risk	Management	Guidance	for	Stationary	Sources	of	Air	 
	 Toxics.	July	23.	www.arb.ca.gov/toxics/rma/rmgssat.pdf 
75 CARB. 2016. Sustainable Freight Transport. www.arb.ca.gov/gmp/sfti/sfti.htm 
76 CARB. 2016. AB 32 Scoping Plan. www.arb.ca.gov/cc/scopingplan/scopingplan.htm 
77 CARB. 2014. California Air Toxics Program – Background. www.arb.ca.gov/toxics/background.htm 
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	 industrial	sources	(e.g.,	perchloroethylene	in	automotive	products;	hexavalent	chromium	from	cooling	 
	 towers,	automotive	coatings	and	plating;	ethylene	oxide	from	sterilizers	and	aerators;	dioxins	from	 
	 medical	waste	incinerators;	perchloroethylene	from	dry	cleaners;	cadmium	from	metal	melting).
• AB 2588 Air Toxics “Hot Spots” Program.78 The Hot Spots Program supplements the AB  
	 1807	program	by	requiring	a	statewide	air	toxics	inventory,	identification	of	facilities	having	 
	 localized	impacts,	notification	of	nearby	residents	exposed	to	a	significant	health	risk,	and	 
	 facility	risk	management	plans	to	reduce	those	significant	risks	to	acceptable	levels.
• AB 617 Community Air Protection Program. Together with the extension of the Cap-and-Trade  
	 Program	and	in	recognition	of	ongoing	air	quality	challenges,	California	has	committed	to	expand	its	 
 criteria and toxic emissions reductions efforts through the pursuit of a multipronged  
	 approach	to	reduce	localized	air	pollution	and	address	community	exposure,	 
	 framed	by	recently-signed	new	legislation,	AB	617	(C.	Garcia,	2017).	AB	617	outlines	 
	 actions	in	five	core	areas,	to	be	completed	in	the	2018	to	2020	timeframe,	to	reduce	 
	 criteria	and	toxic	emissions	in	the	most	heavily	impacted	areas	of	the	State:

• Community-scale air monitoring. Ambient air monitoring is needed to evaluate the  
 status of the atmosphere compared to clean air standards and historical data. Monitoring  
	 helps	identify	and	profile	air	pollution	sources,	assess	emerging	measurement	methods,	 
 characterize the degree and extent of air pollution, and track progress of emissions reductions  
	 activities.	AB	617	requires	a	statewide	assessment	of	the	current	air	monitoring	network	and	 
	 identification	of	priority	locations	where	community-level	air	monitoring	will	be	deployed.
• Statewide Strategy to reduce air pollutants impacting communities. CARB will  
	 identify	locations	with	high	cumulative	exposure	to	criteria	and	toxic	pollutants,	the	 
 sources contributing to those exposures, and select locations that will be required  
	 to	develop	a	community	action	plan	to	reduce	pollutants	to	acceptable	levels.
• Community Action Plans to reduce emissions in identified communities.	High	priority	 
	 locations	identified	in	the	Statewide	Strategy	will	need	to	prepare	a	community	action	 
 plan that includes emissions reductions targets, measures, and an implementation  
 timeline. The plan will be submitted to CARB for review and approval.
• Accelerated retrofits and technology clearinghouse.	This	effort	will	focus	on	stationary	 
	 source	equipment	at	Cap-and-Trade	facilities	that,	as	of	2007,	have	not	been	retrofitted	 
 with BARCT-level emission controls for nonattainment pollutants. In addition, creation  
	 of	a	statewide	clearinghouse	that	identifies	BACT	and	BARCT	technologies	and	emission	 
 levels for criteria pollutants and TACs will be developed to assist the air districts with the  
	 BARCT	evaluation	and	identify	available	emission	controls	for	the	Statewide	Strategy.
• Direct reporting of facility emissions data to CARB.	An	improved,	standardized	emission	inventory	 
	 promotes	a	better	understanding	of	actual	emissions	and	helps	identify	major	emission	sources,	 
	 priorities	for	emissions	reduction,	and	data	gaps	requiring	further	work.	AB	617	requires	CARB	 
	 to	establish	a	uniform	emission	inventory	system	for	stationary	sources	of	criteria	pollutants	and	 
	 TACs.	Data	integration	and	transparency-related	efforts	are	already	required	by	AB	197	(E.	Garcia,	 
	 2016)	and	underway	at	CARB,	so	this	new	task	will	build	on	these	efforts.	Moreover,	it	is	clear	 
	 that	better	data	reporting	is	necessary	to	identify	localized	exposure	risk	to	harmful	criteria	and	 
	 toxic	pollutants	and	actions	to	address	any	localized	impacts	must	be	taken	as	quickly	as	possible.

To	support	efforts	to	advance	the	State’s	toxics	program,	the	Office	of	Environmental	Health	Hazard	
Assessment	(OEHHA)	finalized	a	new	health	risk	assessment	methodology,	Air Toxics Hot Spots Program Risk 
Assessment Guidelines: Guidance Manual for Preparation of Health Risk Assessments, on March 6, 2015, which 
updates	the	previous	version	of	the	guidance	manual	and	reflects	advances	in	the	field	of	risk	assessment	
along with explicit consideration of infants and children.79	Subsequently,	CARB,	in	collaboration	with	the	
California	Air	Pollution	Control	Officers	Association	(CAPCOA),	finalized	a	Risk Management Guidance for 
Stationary Sources of Air Toxics for the air districts to use to incorporate OEHHA’s new health risk assessment 
methodology	into	their	stationary	source	permitting	and	AB	2588	Air	Toxics	Hot	Spots	programs.80

Together, all of these efforts will reduce criteria and toxics emissions in the State, with a focus on the most 
burdened	communities.	In	particular,	AB	617	responds	to	environmental	justice	concerns	that	the	Cap-and-
78	 CARB.	2016.	AB	2588	Air	Toxics	“Hot	Spots”	Program.	www.arb.ca.gov/ab2588/ab2588.htm 
79 OEHHA. 2015. Notice of Adoption of Air Toxics Hot Spots Program Guidance Manual for the Preparation of Health Risk Assessments  
 2015. http://oehha.ca.gov/air/crnr/notice-adoption-air-toxics-hot-spots-program-guidance-manual-preparation-health-risk-0 
80 www.arb.ca.gov/toxics/rma/rmgssat.pdf 
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Trade Program does not force large GHG emitters to reduce air pollution which results in localized health 
impacts.	Prior	to	the	passage	of	AB	617,	in	February	2017,	OEHHA	published	the	first	in	a	series	of	reports	
tasked with evaluating the impacts of California’s climate change programs on disadvantaged communities. 
The initial report focused on the Cap-and-Trade Program.81 Future reports will focus on the impacts of 
other	climate	programs	on	disadvantaged	communities.	The	report	confirms	disadvantaged	communities	
are	frequently	located	close	to	large	stationary	and	mobile	sources	of	emissions.	It	also	notes	there	are	
complexities	in	trying	to	correlate	GHGs	with	criteria	and	toxics	emissions	across	industry	and	within	sectors,	
although	preliminary	data	review	shows	there	may	be	some	poor	to	moderate	correlations	in	specific	instances.	
Lastly,	the	report	noted,	“…the	emissions	data	available	at	this	time	do	not	allow	for	a	conclusive	analysis.”
Two	additional	reports	were	released	during	this	same	period	of	time:	a	California	Environmental	Justice	
Alliance	(CEJA)	report	focused	on	identifying	equity	issues	for	disadvantaged	communities	resulting	from	the	
implementation of the Cap-and-Trade Program82 and a research paper examining the question of whether the 
Cap-and-Trade Program is causing more GHG emissions in disadvantaged communities when compared to 
other regions.83	Both	of	these	reports	also	confirmed	that	disadvantaged	communities	are	disproportionately	
located	close	to	large	stationary	and	mobile	sources	of	emissions.	While	the	CEJA	report	noted,	“Further	
research	is	needed	before	firm	policy	conclusions	can	be	drawn	from	this	preliminary	analysis,”	the	research	
paper,	in	reference	to	GHGs,	states,	“By	and	large,	the	annual	change	in	emissions	across	disadvantaged	and	
non-disadvantaged communities look similar.”
While the reports do not provide evidence that implementation of the Cap-and-Trade Program is contributing 
to	increased	local	air	pollution,	they	do	underscore	the	need	to	use	all	of	the	tools	(e.g.,	enhanced	
enforcement,	new	regulations,	tighter	permit	limits)	available	to	the	State	and	local	agencies	to	achieve	
further	emissions	reductions	of	toxic	and	criteria	pollutants	that	are	impacting	community	health.	Importantly,	
AB	617	provides	a	new	framework	and	tools	for	CARB,	in	collaboration	with	local	air	districts,	to	deploy	
focused monitoring and ensure criteria and toxics emissions reductions at the State’s largest GHG emitters.

AB 197 Measure Analyses

This	section	provides	the	required	AB	197	estimates	for	the	measures	evaluated	in	this	Scoping	Plan.	These	
estimates provide information on the relative impacts of the evaluated measures when compared to each 
other.	To	support	the	design	of	a	suite	of	policies	that	result	in	GHG	reductions,	air	quality	co-benefits,	and	
cost-effective measures, it is important to understand if a measure will increase or reduce criteria pollutants 
or	toxic	air	contaminant	emissions,	or	if	increasing	stringency	at	additional	costs	yields	few	additional	GHG	
reductions.	To	this	end,	AB	197	(E.	Garcia,	Chapter	250,	Statutes	of	2016)	requires	the	following	for	each	
potential	reduction	measure	evaluated	in	any	Scoping	Plan	update:

• The	range	of	projected	GHG	emissions	reductions	that	result	from	the	measure.
• The	range	of	projected	air	pollution	reductions	that	result	from	the	measure.
• The cost-effectiveness, including avoided social costs, of the measure.

As	the	Scoping	Plan	was	developed,	it	was	important	to	understand	if	any	of	the	proposed	policies	or	
measures would increase criteria pollutant or toxic air contaminant emissions. Note the important caveats 
around	some	of	the	estimates;	they	must	be	considered	when	using	the	information	in	the	tables	below	for	
purposes other than as intended.

Estimated Emissions Reductions for Evaluated Measures
For	many	of	the	existing	programs	with	known	commitments,	such	as	the	Mobile	Source	Strategy,	previous	
analyses	provide	emission	factors	or	other	methods	for	estimating	the	impacts	required	by	AB	197.	Where	
available, these values were used. In some cases, estimates are based on data from other sources, such as the 
California	Public	Utilities	Commission	(CPUC)	Renewables	Portfolio	Standard	Calculator.	For	newly	proposed	
measures,	assumptions	were	required	to	estimate	the	values.	Consequently,	the	estimates	for	the	newly	
proposed	measures	have	substantial	uncertainty.	The	uncertainty	in	the	impacts	of	these	measures	would	be	
reduced	as	the	measures	are	defined	in	greater	detail	during	the	regulatory	processes	that	are	undertaken	to	

81 https://oehha.ca.gov/media/downloads/environmental-justice/report/oehhaab32report020217.pdf
82 http://dornsife.usc.edu/PERE/enviro-equity-CA-cap-trade
83 https://www.dropbox.com/s/se3ibxkv8t4at8g/Meng_CA_EJ.pdf?dl=1
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define	and	adopt	the	programs.	For	example,	as	a	measure	is	developed	in	detail,	ways	to	obtain	additional	
co-pollutant	reductions	or	avoid	co-pollutant	increases	may	be	identified	and	evaluated.
Table 5 provides the estimates for the measures evaluated during the development of the Scoping Plan. 
Based	on	the	estimates	below,	these	measures	are	expected	to	provide	air	quality	benefits.	The	table	also	
provides important context, limitations, and caveats about the values. As shown, the table includes criteria 
pollutant and diesel PM estimates. As mentioned in the Diesel Risk Reduction Plan, diesel PM accounts for 
60 percent of the current estimated inhalation cancer risk for background ambient air. As we do not have 
direct modeling results for criteria and toxic pollutant estimates from PATHWAYS, we are estimating air 
quality	benefits	by	using	reductions	in	GHGs	to	assign	similar	reductions	for	criteria	and	toxic	pollutants.	By	
assigning	an	arbitrary	1:1	relationship	in	changes	between	GHGs	and	criteria	and	toxic	pollutants,	the	air	
quality	reductions	likely	overestimate	the	actual	reductions	from	implementation	of	the	measures.	As	noted	
in	the	OEHHA	report,	the	exact	relationship	between	GHGs	and	air	pollutants	is	not	clearly	understood	at	
this time. Moving forward, CARB will continue to assess the nature of the exact relationship between GHGs 
and	criteria	and	toxics	emissions.	All	estimates	in	Table	5	have	some	inherent	uncertainty.	The	table	allows	for	
assessing measures against each other and should not be used for other purposes without understanding the 
limitations	on	the	how	the	air	quality	values	are	derived.
Table	6	provides	a	summary	of	the	total	estimated	emissions	reductions	for	the	Scoping	Plan	Scenario	as	
outlined	in	Table	1.	Table	6	was	developed	by	adding	the	estimated	emissions	reductions	for	all	of	the	
measures included within the Scoping Plan Scenario in Table 1. More detail on the estimates for the Scoping 
Plan	Scenario,	as	well	as	the	specific	measures	included	in	each	of	the	other	four	alternative	scenarios	can	
be found in Appendix G. In 2030, the Scoping Plan scenario and alternatives will provide comparable GHG 
and	air	quality	reductions.	When	there	is	a	range,	the	measure	or	policy	should	be	designed	to	maximize	the	
benefit	to	the	extent	possible.

table 5: ranges oF estimated air pollution reduCtions by poliCy or measure in 2030

Measure
Range of NOX 
Reductions 
(Tons/Day)

Range of VOC 
Reductions 
(Tons/Day)

Range of PM2.5 
Reductions 
(Tons/Day)

Range of Diesel 
PM Reductions 
(Tons/Day)

50 percent RPS ~0.5 <0.1 ~0.4 < 0.01

Mobile Sources CTF and Freight 51–60 4.6–5.5 ~1.1 ~0.2

18	percent	Carbon	Intensity	Reduction	Target	
for	LCFS	-	Liquid	Biofuels* 3.5–4.4 0.5–0.6 0.4–0.6 ~0.5

Short-Lived	Climate	Pollutant	Strategy – – – –

2x	additional	achievable	energy	efficiency	in	the	
2015	Integrated	Energy	Policy	Report	(IEPR) 0.4–0.5 0.5–0.7 < 0.1 < 0.01

Cap-and-Trade Program A A A 4–9

*	 LCFS estimates include estimates of the NOX and PM2.5	tailpipe	benefits	limited	to	renewable	diesel	consumed	in	the	off-road	sector.
– CARB	is	evaluating	how	to	best	estimate	these	values.	Criteria	and	toxic	values	are	shown	in	tons	per	day,	as	they	are	episodic	 
 emissions	events	with	residence	times	of	a	few	hours	to	days,	unlike	GHGs,	which	have	atmospheric	residence	times	of	decades.
A Due	to	the	inherent	flexibility	of	the	Cap-and-Trade	Program,	as	well	as	the	overlay	of	other	complementary	GHG	reduction	 
 measures,	the	mix	of	compliance	strategies	that	individual	facilities	may	use	is	not	known.	However,	based	on	current	law	and	 
 policies	that	control	industrial	and	electricity	generating	sources	of	air	pollution,	and	expected	compliance	responses,	CARB	 
 believes	that	emissions	increases	at	the	statewide,	regional,	or	local	level	due	to	the	regulation	are	not	likely.	A	more	stringent	 
 post-2020	Cap-and-Trade	Program	will	provide	an	incentive	for	covered	facilities	to	decrease	GHG	emissions	and	any	related	 
 emissions of criteria and toxic pollutants. Please see CARB’s Co-Pollutant Emissions Assessment for a more detailed evaluation  
 of	a	cap-and-trade	program	and	associated	air	emissions	impacts:	www.arb.ca.gov/regact/2010/capandtrade10/capv6appp.pdf

NOX = nitrogen oxides; VOC = volatile organic compound

Important:	These	estimates	assume	a	1:1	relationship	between	changes	in	GHGs,	criteria	pollutants,	and	toxic	air	contaminant	emissions,	
and	it	is	unclear	whether	that	is	ever	the	case.	The	values	should	not	be	considered	estimates	of	absolute	changes	for	other	analytical	
purposes	and	only	allow	for	comparison	across	measures	in	the	table.	The	values	are	estimates	that	represent	current	assumptions	
of	how	programs	may	be	implemented;	actual	impacts	may	vary	depending	on	the	design,	implementation,	and	performance	of	the	
policies and measures. The table does not show interactions between measures, such as the relationship with increased transportation 

PC ORIGINAL PKG

https://www.arb.ca.gov/regact/2010/capandtrade10/capv6appp.pdf


39

electrification	and	associated	increase	in	energy	demand	for	the	electricity	sector.	The	measures	in	the	Scoping	Plan	Scenario	are	shown	
in bold font in the table below. Additional details, including GHG reductions, are available in Appendix G.

table 6: summary oF ranges oF estimated air pollution reduCtions For the sCoping 
plan sCenario in 2030

Scenario
Range of NOX 
Reductions 
(Tons/Day)

Range of VOC 
Reductions 
(Tons/Day)

Range of PM2.5 
Reductions 
(Tons/Day)

Range of 
Diesel PM 
Reductions 
(Tons/Day)

Scoping Plan Scenario 48–73 5.1–7.3 1.4–2.4 5–10

The	total	estimates	for	air	pollution	reductions	provided	in	this	table	for	the	Scoping	Plan	Scenario	are	estimated	by	adding	the	air	
pollution	benefits	for	the	subset	of	individual	measures	examined	in	Table	5	and	included	in	the	Scoping	Plan	Scenario	described	
in	Table	1,	and	scaled	by	a	risk	adjustment	factor	to	capture	interactive	effects	and	risks	of	under/over	achieving	on	air	pollution	
reductions.	Appendix	G	includes	details	of	the	specific	measures	in	the	Scoping	Plan	Scenario	and	Alternatives.	All caveats in Table 5 
apply to air quality estimates in this table.

Estimated Social Costs of Evaluated Measures
Consideration	of	the	social	costs	of	GHG	emissions	is	a	requirement	in	AB	197,	including	evaluation	of	the	
avoided social costs for measures within this Scoping Plan.84	Social	costs	are	generally	defined	as	the	cost	of	
an	action	on	people,	the	environment,	or	society	and	are	widely	used	to	evaluate	the	impact	of	regulatory	
actions. Social costs do not represent the cost of abatement or the cost of GHG reductions, rather social 
costs	estimate	the	harm	that	is	avoided	by	reducing	GHGs.
Since	2008,	federal	agencies	have	been	incorporating	the	social	costs	of	GHGs,	including	carbon	dioxide,	
methane,	and	nitrous	oxide	into	the	analysis	of	their	regulatory	actions.	Agencies	including	the	U.S.	
Environmental	Protection	Agency	(U.S.	EPA),	Department	of	Transportation	(DOT),	and	Department	of	
Energy	(DOE)	are	subject	to	Executive	Order	12866,	which	directs	agencies	“to	assess	both	the	costs	and	
benefits	of	the	intended	regulation…”.85	In	2007,	the	National	Highway	Transportation	Safety	Administration	
(NHTSA)	was	directed	by	the	U.S.	9th Circuit Court of Appeals to include the social cost of carbon in a 
regulatory	impact	analysis	for	a	vehicle	fuel	economy	rule.	The	Court	stated	that	“[w]hile	the	record	shows	
that	there	is	a	range	of	values,	the	value	of	carbon	emissions	reduction	is	certainly	not	zero.”86

In	2009,	the	Council	of	Economic	Advisors	and	the	Office	of	Management	and	Budget	convened	the	
Interagency	Working	Group	on	the	Social	Cost	of	Greenhouse	Gases87	(IWG)	to	develop	a	methodology	
for estimating the social cost of carbon (SC-CO2).	This	methodology	relied	on	a	standardized	range	of	
assumptions	and	could	be	used	consistently	when	estimating	the	benefits	of	regulations	across	agencies	and	
around	the	world.	The	IWG,	comprised	of	scientific	and	economic	experts,	recommended	the	use	of	SC-
CO2	values	based	on	three	integrated	assessment	models	(IAMs)	developed	over	decades	of	global	peer-
reviewed research.88

In this Scoping Plan, CARB utilizes the current IWG supported SC-CO2 values to consider the social costs 
of	actions	to	reduce	GHG	emissions.	This	approach	is	in	line	with	Executive	Orders	including	12866	and	
the	OMB	Circular	A-4	of	September	17,	2003,	and	reflects	the	best	available	science	in	the	estimation	of	
the socio-economic impacts of carbon.89	CARB	is	aware	that	the	current	federal	administration	has	recently	
withdrawn	certain	social	cost	of	carbon	reports	as	no	longer	representative	of	federal	governmental	policy.90 
However,	this	determination	does	not	call	into	question	the	validity	and	scientific	integrity	of	federal	social	

84	 AB	197	text	available	at:	https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160AB197. 
85 https://www.reginfo.gov/public/jsp/Utilities/EO_12866.pdf 
86	 Center	for	Biological	Diversity	v	National	Highway	Traffic	Safety	Administration	06-71891	(9th	Cir,	November	15	2007)
87	 Originally	titled	the	Interagency	Working	Group	on	the	Social	Cost	of	Carbon,	the	IWG	was	renamed	in	2016.
88	 Additional	technical	detail	on	the	IWG	process	is	available	in	the	Technical	Updates	of	the	Social	Cost	of	Carbon	for	Regulatory	 
	 Impact	Analysis	–	Under	Executive	Order	12866.	Iterations	of	the	Updates	are	available	at:	https://obamawhitehouse.archives.gov/ 
 sites/default/files/omb/inforeg/for-agencies/Social-Cost-of-Carbon-for-RIA.pdf, https://obamawhitehouse.archives.gov/sites/ 
 default/files/omb/inforeg/scc-tsd-final-july-2015.pdf, and https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/ 
 scc_tsd_final_clean_8_26_16.pdf. 
89	 OMB	circular	A-4	is	available	at:	https://www.transportation.gov/sites/dot.gov/files/docs/OMB%20Circular%20No.%20A-4.pdf. 
90	 See	Presidential	Executive	Order,	March	28,	2017,	sec.	5(b).
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cost	of	carbon	work,	or	the	merit	of	independent	scientific	work.	Indeed,	the	IWG’s	work	remains	relevant,	
reliable, and appropriate for use for these purposes.
The	IWG	describes	the	social	costs	of	carbon	as	follows:

The social cost of carbon (SC-CO2) for a given year is an estimate, in dollars, of the present discounted 
value of the future damage caused by a 1-metric ton increase in carbon dioxide (CO2) emissions into the 
atmosphere in that year, or equivalently, the benefits of reducing CO2 emissions by the same amount in 
that year. The SC-CO2 is intended to provide a comprehensive measure of the net damages – that is, the 
monetized value of the net impacts – from global climate change that result from an additional ton of CO2.

These damages include, but are not limited to, changes in net agricultural productivity, energy use, 
human health, property damage from increased flood risk, as well as nonmarket damages, such as the 
services that natural ecosystems provide to society. Many of these damages from CO2 emissions today will 
affect economic outcomes throughout the next several centuries.91

Table	7.	presents	the	range	of	IWG	SC-CO2	values	used	in	regulatory	assessments	including	this	Scoping	Plan.92

table 7: sC-Co2, 2015-2030 (in 2007 $ per metriC ton)

Year 5 Percent
Discount Rate

3 Percent
Discount Rate

2.5 Percent
Discount Rate

2015 $11 $36 $56

2020 $12 $42 $62

2025 $14 $46 $68

2030 $16 $50 $73

The SC-CO2	is	year	specific,	that	is,	the	IAMs	estimate	the	environmental	damages	from	a	given	year	in	the	
future and discount the value of the damages back to the present. For example, the SC-CO2	for	the	year	2030	
represents the value of climate change damages from a release of CO2	in	2030	discounted	back	to	today.	
The SC-CO2	increases	over	time	as	systems	become	stressed	from	the	aggregate	impacts	of	climate	change	
and	future	emissions	cause	incrementally	larger	damages.	Table	7	presents	the	SC-CO2 across a range of 
discount	rates	–	or	the	value	today	of	preventing	environmental	damages	in	the	future.	A	higher	discount	
rate decreases the value placed on future environmental damages. This Scoping Plan utilizes the IWG 
standardized	range	of	discount	rates,	from	2.5	to	5	percent	to	represent	varying	valuation	of	future	damages.
The SC-CO2	is	highly	sensitive	to	the	discount	rate.	Higher	discount	rates	decrease	the	value	today	of	future	
environmental damages. This Scoping Plan utilizes the IWG standardized range of discount rates, from 2.5 
to	5	percent	to	represent	varying	valuation	of	future	damages.	The	value	today	of	environmental	damages	in	
2030	is	higher	under	the	2.5	percent	discount	rate	compared	to	the	3	or	5	percent	discount	rate,	reflecting	
the	trade-off	of	consumption	today	and	future	damages.	The	IWG	estimates	the	SC-CO2 across a range of 
discount	rates	that	encompass	a	variety	of	assumptions	regarding	the	correlation	between	climate	damages	
and consumption of goods and is consistent with OMB’s Circular A-4 guidance.93

There is an active discussion within government and academia about the role of SC-CO2 in assessing 
regulations,	quantifying	avoided	climate	damages,	and	the	values	themselves.	In	January	2017,	the	National	
Academies	of	Sciences,	Engineering,	and	Medicine	(NAS)	released	a	report	examining	potential	approaches	
for a comprehensive update to the SC-CO2	methodology	to	ensure	resulting	cost	estimates	reflect	the	best	
available	science.	The	NAS	review	did	not	modify	the	estimated	values	of	the	SC-CO2, but evaluated the 
models,	assumptions,	handling	of	uncertainty,	and	discounting	used	in	the	estimating	of	the	SC-CO2. The 
report	titled,	“Valuating	Climate	Damages:	Updating	Estimation	of	the	Social	Cost	of	Carbon	Dioxide,”	
recommends near-term improvements to the existing IWG SC-CO2	as	well	as	a	long-term	strategy	to	more	
comprehensive updates.94 The State will continue to follow updates to the IWG SC-CO2, including changes 
91	 From	The	National	Academies,	Valuing	Climate	Damages:	Updating	Estimation	of	the	Social	Cost	of	Carbon	Dioxide,	2017,	 
	 available	at:	http://www.nap.edu/24651 
92 The SC-CO2	values	as	of	July	2015	are	available	at:	https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc-tsd- 
 final-july-2015.pdf 
93	 The	National	Academies,	Valuing	Climate	Damages:	Updating	Estimation	of	the	Social	Cost	of	Carbon	Dioxide,	2017,	available	at:	 
 http://www.nap.edu/24651. 
94	 The	National	Academies,	Valuing	Climate	Damages:	Updating	Estimation	of	the	Social	Cost	of	Carbon	Dioxide,	2017,	available	at:	 
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outlined	in	the	NAS	report,	and	incorporate	appropriate	peer-reviewed	modifications	to	estimates	based	on	
the latest available data and science.
It is important to note that the SC-CO2, while intended to be a comprehensive estimate of the damages 
caused	by	carbon	globally,	does	not	represent	the	cumulative	cost	of	climate	change	and	air	pollution	to	
society.	There	are	additional	costs	to	society	outside	of	the	SC-CO2, including costs associated with changes 
in co-pollutants, the social cost of other GHGs including methane and nitrous oxide, and costs that cannot 
be included due to modeling and data limitations. The IPCC has stated that the IWG SC-CO2 estimates 
are	likely	underestimated	due	to	the	omission	of	significant	impacts	that	cannot	be	accurately	monetized,	
including	important	physical,	ecological,	and	economic	impacts.95 CARB will continue engaging with experts 
to	evaluate	the	comprehensive	California-specific	impacts	of	climate	change	and	air	pollution.

The Social Cost of GHG Emissions
Social costs for methane (SC-CH4)	and	nitrous	oxide	(SC-N2O)	have	also	been	developed	using	methodology	
consistent with that used in estimating the IWG SC-CO2.	These	social	costs	have	also	been	endorsed	by	the	
IWG	and	have	been	used	in	federal	regulatory	analyses.96 Along with the SC-CO2, the State also supports the 
use of the SC-CH4 and SC-N2O in monetizing the impacts of GHG emissions.
While the SC-CO2, SC-CH4, and SC-N2O provide metrics to account for the social costs of climate change, 
California	will	continue	to	analyze	ways	to	more	comprehensively	identify	the	costs	of	climate	change	and	air	
pollution	to	all	Californians.	This	will	include	following	updates	to	the	IWG	methodology	and	social	costs	of	
GHGs and incorporating the SC-CO2, SC-CH4, and SC-N2O	into	regulatory	analyses.
Table	9	presents	the	estimated	social	cost	for	each	policy	or	measure	considered	in	the	development	of	the	
Scoping	Plan	in	2030.	For	each	measure	or	policy,	Table	9	includes	the	range	of	the	IWG	SC-CO2 values that 
result from the anticipated range of GHG reductions in 2030 presented in Appendix G. The SC-CO2 range is 
obtained using the IWG SC-CO2 values in 2030 at the 2.5, 3, and 5 percent discount rates. These values (of 
$16	using	the	5	percent	discount	rate,	$50	using	the	3	percent	discount	rate,	and	$73	using	the	2.5	percent	
discount	rate)	are	translated	into	2015	dollars	and	multiplied	across	the	range	of	estimated	reductions	by	
measure	in	2030	to	estimate	the	value	of	avoided	social	costs	from	each	measure	in	that	year.97

Implementation	of	the	SLCP	Strategy	will	result	in	reduction	of	a	variety	of	GHGs,	including	methane	and	
HFCs, which reported in carbon dioxide equivalent (CO2e).	While	there	is	no	social	cost	of	CO2e, the avoided 
damages	associated	with	the	methane	reductions	outlined	in	the	SLCP	Strategy	are	estimated	in	Table	9	
using the IWG SC-CH4	as	presented	in	Table	8.98

table 8: sC-Ch4, 2015-2030 (in 2007$ per metriC ton)

Year 5 Percent
Discount Rate

3 Percent
Discount Rate

2.5 Percent
Discount Rate

2015 $450 $1000 $1400

2020 $540 $1200 $1600

2025 $650 $1400 $1800

2030 $760 $1600 $2000

The range of SC-CH4 is obtained using the IWG SC-CH4 values in 2030 at the 2.5, 3, and 5 percent discount 
rates. The SC-CH4	values	(e.g.,	$760	using	the	5	percent	discount	rate,	$1,600	using	the	3	percent	discount	
rate,	and	$2,000	using	the	2.5	percent	discount	rate)	are	translated	into	2015	dollars	and	multiplied	across	
the	range	of	estimated	methane	reductions	in	2030	to	estimate	the	value	of	climate	benefits	from	the	SLCP	

 http://www.nap.edu/24651 
95 https://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch3s3-5-3-3.html
96	 More	information	is	available	at:	https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/august_2016_sc_ch4_sc_ 
 n2o_addendum_final_8_26_16.pdf 
97 The IWG.SC-CO2	values	are	in	2007	dollars.	In	2015	dollars,	$16,	$50,	and	$73	in	2007	translates	to	about	$18,	$57,	and	$83,	 
	 respectively,	based	on	the	Bureau	of	Labor	Statistics	GDP	Series	Table	1.1.4.
98 https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/august_2016_sc_ch4_sc_n2o_addendum_final_8_26_16.pdf 
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Strategy.99	As	the	social	cost	associated	with	the	SLCP	Strategy	does	not	include	the	impact	associated	with	
non-methane reductions, Table 9 underestimates the avoided social costs of this Scoping Plan as calculated 
using the IWG valuations.
As	this	Scoping	Plan	is	a	suite	of	policies	developed	to	reduce	GHGs	to	a	specific	level	in	2030,	any	alternative	
scenario that also achieves the 2030 target (with the same proportion of carbon dioxide and methane 
reductions)	will	have	the	same	avoided	social	cost,	as	estimated	using	the	IWG	social	cost	of	GHGs,	for	the	
single	year	2030.	The	social	costs	of	alternatives	could	vary	if	the	2030	target	is	achieved	with	vastly	different	
ratios of carbon dioxide to methane reductions. However, all alternatives in this Scoping Plan are anticipated 
to achieve the same proportion of carbon dioxide and methane reductions and will therefore all have the 
same estimated avoided social damage or social cost. This social cost, as estimated in 2030 using the IWG 
SC-CO2 and SC-CH4, ranges from $1.9 to $11.2 billion using the 2.5 to 5 percent discount rates, and is 
estimated	at	$5.0	to	$7.8	billion	using	the	3	percent	discount	rate.	For	example,	in	Table	9	the	CH4 reductions 
for	the	SCLP	strategy	are	about	1	MMTCH4.	That	value	is	multiplied	by	the	2030	SC-CH4	values	in	Table	8	for	
the	2030	values	at	the	2.5	and	5	percent	discount	rates	to	get	a	range	of	$860	to	$2,260	in	2015	dollars.

99 The IWG.SC-CH4	values	are	in	2007	dollars.	In	2015	dollars,	the	range	of	SC-CH4	translates	to	about	$858,	$1,807,	and	$2,259,	for	 
	 the	5	percent,	3	percent,	and	2.5	percent	discount	rates,	respectively.	These	values	are	based	on	the	Bureau	of	Labor	Statistics	 
 GDP Series Table 1.1.4.
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table 9: estimated soCial Cost (avoided eConomiC damages) oF poliCies  
or measures Considered in the 2017 sCoping plan development#

Measure (Measures in bold are included in the Scoping Plan) Range of Social Cost of Carbon
$ million USD (2015 dollars)**

50 percent Renewables Portfolio Standard (RPS) $55–$250

Mobile Sources CTF and Freight $200–$1,080

18 percent Carbon Intensity Reduction Target for LCFS -Liquid Biofuels $70–$330

Short-Lived Climate Pollutant Strategy $860-$2,260
(SC-CH4)

2x additional achievable energy efficiency in the 2015 IEPR $125–$750

Cap-and-Trade Program $610–$6,560

10	percent	incremental	RPS	and	additional	10	GW	behind-the-meter	solar	PV* $250–$1,160

25	percent	Carbon	Intensity	Reduction	Target	for	LCFS	and	a	Low-Emission	Diesel	Standard	
-	Liquid	Biofuels* $90–$415

20	percent	Refinery $55–$500

30	percent	Refinery $20–$250

25	percent	Industry $20–$415

25 percent Oil and Gas $35–$330

5	percent	Increased	Utilization	of	RNG	(core	and	non-core) $35–$165

Mobile	Source	Strategy	(CTF)	with	Increased	ZEVs	in	South	Coast	and	early	retirement	of	
LDVs	with	more	efficient	LDVs* $55–$500

2.5x	additional	achievable	energy	efficiency	in	the	2015	IEPR,	electrification	of	buildings	
(heat	pumps	and	res.	electric	stoves)	and	early	retirement	of	HVAC* $70–$580

Carbon Tax $775–$8,300

All Cap-and-Trade $700–$6,890

Cap-and-Tax $775–$8,300

Scoping Plan Scenario SC-CO2
Scoping Plan Scenario SC-CH4
Scoping Plan Scenario (Total)

$1,060–$8,970
$860–$2,260
$1,920–$11,230

Note: All values are rounded. The values for SC-CO2 and SC-CH4 in	2030	are	presented	in	Tables	7	and	8.

*	 Where	enhancements	have	been	made	to	a	measure	or	policy,	the	ranges	in	emissions	reductions	are	incremental	to	the	 
	 original	measure.	For	example,	the	ranges	for	the	25	percent	LCFS	are	incremental	to	the	emissions	ranges	for	the	18	percent	LCFS.

#	 Measures	included	in	the	Scoping	Plan	and	the	All	Cap-and-Trade	measure	reflect	emissions	reductions	from	modeling	changes	 
	 after	passage	of	AB	398.	Emissions	reductions	from	all	other	measures	reflect	modeling	completed	prior	to	passage	of	AB	398.	 
 See Appendix G for additional details.

** All values have been rounded to the nearest 0 or 5.

~ Some	measures	do	not	show	a	significant	change	in	2030	when	there	is	an	incremental	increase	in	measure	stringency	or	when	 
 modeling	uncertainty	was	factored.

PC ORIGINAL PKG



44

Social Costs of GHGs in Relation to Cost-Effectiveness
AB	32	includes	a	requirement	that	“rules	and	regulations	achieve	the	maximum	technologically	feasible	and	
cost-effective greenhouse gas emissions reductions.”100	Under	AB	32,	cost-effectiveness	means	the	relative	
cost per metric ton of various GHG reduction strategies, which is the traditional cost metric associated with 
emission control. In contrast, the SC-CO2, SC-CH4, and SC-N2O are	estimates	of	the	economic	benefits,	and	
not the cost of reducing GHG emissions.
There	may	be	technologies	or	policies	that	do	not	appear	to	be	cost-effective	when	compared	to	the	SC-
CO2, SC-CH4, and SC-N2O	associated	with	GHG	reductions.	However,	these	technologies	or	policies	may	
result	in	other	benefits	that	are	not	reflected	in	the	IWG	social	costs.	For	instance,	the	evaluation	of	social	
costs might include health impacts due to changes in local air pollution that result from reductions in GHGs, 
diversification	of	the	portfolio	of	transportation	fuels	(a	goal	outlined	in	the	LCFS)	and	reductions	in	criteria	
pollutant	emissions	from	power	plants	(as	in	the	RPS).

Estimated Cost Per Metric Ton by Measure
AB	197	also	requires	an	estimation	of	the	cost-effectiveness	of	the	potential	measures	evaluated	for	
the Scoping Plan. The values provided in Table 10 are estimates of the cost per metric ton of estimated 
reductions for each measure in 2030. To capture the fuel and GHG impacts of investments made from 2021 
through 2030 to meet the 2030 GHG goal, the table also includes an evaluation of the cost per metric ton 
based on the cumulative GHG emissions reductions and cumulative costs or savings for each potential 
measure from 2021 through 2030. While it is important to understand the relative cost effectiveness of 
measures,	the	economic	analysis	presented	in	Appendix	E	provides	a	more	comprehensive	analysis	of	how	
the	Scoping	Plan	and	alternative	scenarios	affect	the	State’s	economy	and	jobs.
The	cost	(or	savings)	per	metric	ton	of	CO2e reduced for each of the measures is one metric for comparing 
the	performance	of	the	measures.	Additional	factors	beyond	the	cost	per	metric	ton	that	could	be	considered	
include	continuity	with	existing	laws	and	policies,	implementation	feasibility,	contribution	to	fuel	diversity	and	
technology	transformation	goals,	as	well	as	health	and	other	benefits	to	California.	These	considerations	are	
not	reflected	in	the	cost	per	ton	metric	below.
Because	many	of	the	measures	interact	with	each	other,	isolating	the	cost	and	GHG	savings	of	an	individual	
measures	is	analytically	challenging.	For	example,	the	performance	of	the	renewable	electricity	measure	
impacts the GHG savings and cost per ton associated with increasing the use of electric vehicles. Likewise, 
the	increased	use	of	electric	vehicles	may	increase	flexible	loads	on	the	electric	system,	enabling	increased	
levels	of	renewable	electricity	to	be	achieved	more	cost	effectively.	Both	the	renewable	electricity	measure	
and the increased use of electric vehicles affect the cost of meeting the Low-Carbon Fuel Standard.
For most of the measures shown in Table 10, the 2030 cost per metric ton is isolated from the other measures 
by	performing	a	series	of	sensitivity	model	runs	in	the	California	PATHWAYS	model.	This	cost	per	metric	ton	
is	calculated	as	the	difference	in	the	2030	annualized	cost	(or	savings)	with	and	without	the	measure.	For	
the	measures	in	the	Scoping	Plan	Scenario,	the	analysis	starts	with	the	Scoping	Plan	Scenario	PATHWAYS	
estimates,	and	then	costs	and	emissions	are	recalculated	with	each	measure	removed	individually.	For	
measures included in the No Cap-and-Trade Scenario, the approach starts with the No Cap-and-Trade 
Scenario	PATHWAYS	estimates	and	then	each	measure	is	removed.	Using	this	approach,	the	incremental	
impact on GHG emissions and costs for each measure is calculated. The incremental cost in 2030 is divided 
by	the	incremental	GHG	emission	impact	to	calculate	the	cost	per	ton	in	2030.
The	same	approach	of	removing	each	measure	individually	is	used	to	estimate	the	incremental	cost	and	
emission impacts of each measure for the period 2021 to 2030. For each measure, its annual incremental 
costs from 2021 to 2030 are calculated and then discounted to 2021 using the discount rate used in 
PATHWAYS to levelize capital costs over the life of equipment. As a result, the discounted incremental cost 
of each measure is the total investment required from 2021 to 2030 to achieve each measure’s emissions 
reductions	from	2021	to	2030	(including	both	incremental	capital	costs	and	incremental	fuel	savings/
expenditures).	This	discounted	cost	for	each	measure	was	divided	by	its	cumulative	emissions	reductions	from	
2021 to 2030 to calculate a cost per ton for the measure for the period. A second calculation was also made 
that	divides	each	measure’s	discounted	cost	by	its	discounted	emissions	reductions	from	2021	to	2030.	The	 

100 www.arb.ca.gov/cc/docs/ab32text.pdf
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same discount rate is used to discount both incremental costs and emissions in this approach. The estimates 
are presented in the table below.
Costs	that	represent	transfers	within	the	state,	such	as	incentive	payments	for	early	retirement	of	equipment,	
are not included in this California total cost metric. The cost ranges shown below represent some of the 
uncertainty	inherent	in	estimating	this	metric.	The	details	of	how	the	ranges	for	each	measure	were	estimated	
are	described	in	the	footnotes	below.	All	cost	estimates	have	been	rounded	representing	further	uncertainty	
in individual values.
It is important to note that this cost per metric ton does not represent an expected market price value for 
carbon	mitigation	associated	with	these	measures.	In	addition,	the	single	year	(2030)	values	and	the	estimates	
that encompass 2021 to 2030 do not capture the fuel savings or GHG reductions associated with the full 
economic	lifetime	of	measures	that	have	been	implemented	by	2030,	but	whose	impacts	extend	beyond	
2030.	The	estimates	also	do	not	capture	the	climate	or	health	benefits	of	the	GHG	mitigation	measures.	
Table 10 also notes the measures for which sources other than the PATHWAYS model were used to develop 
estimates of the cost per metric ton. The estimates in the table indicate that the relative cost of the measures 
is	reasonably	consistent	across	the	different	measures	of	cost	per	metric	ton.	Measures	that	are	relatively	
less	costly	using	the	2030	cost	per	metric	ton	are	also	less	costly	using	the	cost	per	metric	ton	based	on	the	
period 2021 to 2030. However, for several measures the sign of the estimate differs, such that in 2030 the 
measure has a positive cost while there is a negative cost for the period 2021 to 2030. This difference in sign 
occurs	because	the	measure	includes	increasingly	costly	investments	toward	the	end	of	the	period	examined.	
By	examining	only	2030,	the	lower	cost	components	of	the	measure	that	occur	in	earlier	years	are	omitted,	
resulting in a higher cost estimate for 2030 alone.
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table 10: estimated Cost per metriC ton oF measures Considered in the 2017 
sCoping plan development and averaged From 2021 through 2030
Important:	As	individual	measures	are	designed	and	implemented	they	will	be	subject	to	further	
evaluation	and	refinement	and	public	review,	which	may	result	in	different	findings	than	presented	below.	
The	ranges	are	estimates	that	represent	current	assumptions	of	how	programs	may	be	implemented	
and	may	vary	greatly	depending	on	the	design,	implementation,	and	performance	of	the	policies	and	
measures. Measures in bold text are included in the Scoping Plan.

Measure Cost/metric  
ton in 2030*

Cost/metric ton 
2021-2030**

50 percent Renewables Portfolio Standard (RPS) a $175 $100 to $200

Mobile Sources CFT and Freight b <$50 <$50

Liquid Biofuels (18 percent Carbon Intensity Reduction Target for LCFS) c $150 $100 to $200

Short-Lived Climate Pollutant Strategy d $25 $25

2x additional achievable energy efficiency in the 2015 IEPR f -$350 -$300 to -$200

10 percent incremental RPS and additional 10 GW behind-the-meter solar PV a $350 $250 to $450

Liquid	Biofuels	(25	percent	Carbon	Intensity	Reduction	Target	for	LCFS	and	a	Low-Emission	
Diesel	Standard) b $900 $550	to	$975

20	percent	Refinery d $100 $50 to $100

30	percent	Refinery d $300 $175	to	$325

25	percent	Industry d  $200 $150	to	$275

25 percent Oil and Gas d  $125 $100	to	$175

5	percent	Increased	Utilization	of	renewable	natural	gas	-	core	and	non-core e $1500 $1350 to $3000

Mobile	Source	Strategy	(CFT)	with	Increased	ZEVs	in	South	Coast	&	additional	reductions	in	
VMT	and	energy	demand	&	early	retirement	of	LDVs	with	more	efficient	LDVs b $100 <$50

2.5x	additional	achievable	energy	efficiency	in	the	2015	IEPR,	electrification	of	buildings	
(heat	pumps	&	res.	electric	stoves)	and	early	retirement	of	HVAC f $75 -$120	to	-$70

* Where	enhancements	have	been	made	to	a	measure	or	policy,	the	cost	per	metric	ton	are	incremental	to	the	original	measure.	 
 For	example,	the	cost	per	metric	ton	for	the	25	percent	LCFS	are	incremental	to	the	cost	per	metric	ton	for	the	18	percent	LCFS.
** The lower values use a cost discount rate of 10 percent and cumulative emissions for the period 2021 to 2030. The higher values  
 discount both costs and emissions using a discount rate of 10 percent.
a Cost	estimate	is	based	on	PATHWAYS	sensitivity	analysis	as	described	in	the	main	text.
b Cost	estimate	is	based	on	PATHWAYS	sensitivity	analysis	as	described	in	the	main	text.
c Liquid biofuel values are calculated as the average unsubsidized cost of biofuels supplied above that of an equivalent volume of  
 fossil	fuels.	These	values	do	not	reflect	impacts	from	other	biofuel	policies,	such	as	the	Renewable	Fuel	Standard	or	production	 
 tax	credits,	that	are	partially	supported	by	fuel	purchasers/taxpayers	outside	of	California.	Therefore,	these	values	do	not	 
 represent LCFS program costs or potential LCFS credit prices.
d See Appendix D
e Cost	estimate	is	based	on	PATHWAYS	sensitivity	analysis	as	described	in	the	main	text.
f Cost	estimate	is	based	on	PATHWAYS	sensitivity	analysis	as	described	in	the	main	text.	The	cost	per	metric	ton	does	not	represent	 
 the	results	of	the	CPUC’s	or	CEC’s	standard	cost-effectiveness	evaluation	tests	
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Health Analyses

Climate	mitigation	will	result	in	both	environmental	and	health	benefits.	This	section	presents	information	
about	the	potential	health	benefits	of	the	Scoping	Plan.	The	impacts	are	primarily	from	reduced	particulate	
matter	pollution,	reduced	toxics	pollution	(both	diesel	combustion	particles	and	other	toxic	pollutants),	and	
the	health	benefits	of	increased	physical	activity	that	will	result	from	more	active	modes	of	transportation	
such	as	walking	and	biking	in	lieu	of	driving.	CARB	is	using	the	AB	197	air	quality	estimates	in	Table	5	as	a	
proxy	to	understand	the	potential	health	impacts	from	the	Scoping	Plan.	There	is	uncertainty	in	the	air	quality	
estimates and that is carried through to the health impacts evaluation presented here. In the future, CARB  
will	be	working	to	explore	how	to	better	integrate	health	analysis	and	health	considerations	in	the	design	and	
implementation of climate programs.
Because	the	health	endpoints	of	each	of	these	benefits	is	different	(e.g.,	fewer	incidences	of	premature	
mortality,	lower	cancer	risk,	and	fewer	incidences	of	heart	disease),	the	methodologies	for	estimating	the	
benefits	differ.	Further,	the	methodologies	are	statistical	estimates	of	adverse	health	outcomes	aggregated	
to	the	statewide	level.	Therefore,	this	information	should	only	be	used	to	understand	the	relative	health	
benefits	of	the	various	strategies	and	should	not	be	taken	as	an	absolute	estimate	of	the	health	outcomes	of	
the	Scoping	Plan	statewide,	or	within	a	specific	community.	The	latter	is	a	function	of	the	unique	exposure	
to	air	pollutants	within	each	community	and	each	individual’s	choice	of	more	active	transport	modes	that	
increase	physical	activity.
The	estimates	of	health	benefits	in	this	section	do	not	include	any	potential	avoided	adverse	health	impacts	
associated with a reduction in global climate change. While we recognize that mitigating climate change 
will,	for	example,	prevent	atmospheric	temperature	rise,	thereby	preventing	increases	in	ozone	in	California,	
which	will	result	in	fewer	breathing	problems,	the	connection	is	difficult	to	estimate	or	model.	Since	it	takes	
collective	global	action	to	mitigate	climate	change,	the	following	analyses	do	not	attempt	to	quantify	the	
improved health outcomes from reducing or stopping the rise in global temperatures.
The	estimated	statewide	health	benefits	of	the	Scoping	Plan	are	dominated	by	reductions	in	particulate	
matter from mobile sources and wood burning and a switch to more active transport modes. In particular, 
the focus on the impacts of exposure to particulate matter from mobile sources is expected because this is a 
major	cause	of	air	pollution	statewide.	For	this	reason,	the	actions	concerning	mobile	sources	in	the	Scoping	
Plan	were	specifically	developed	with	the	goal	of	achieving	health-based	air	quality	standards	by	reducing	
criteria	and	toxics	emissions	as	well	as	GHG	emissions	simultaneously.	In	addition,	actions	that	support	
walkable	communities	not	only	result	in	reduced	VMT	and	related	GHG	emissions,	but	promote	active	
transport	and	increased	physical	activity	that	is	strongly	related	to	improved	health.
Table	11	provides	a	summary	of	the	total	estimated	health	benefits	from	the	relevant	metrics	for	the	
Scoping	Plan.	The	sections	below	summarize	the	methodologies	used	to	estimate	these	benefits.	More	
detail on how these estimates were calculated can be found in Appendix G. The air pollutant values used 
in	estimating	the	health	impacts	are	from	Table	5	and	all	caveats	in	the	estimation	of	the	air	quality	impacts	
must	be	considered	when	reviewing	the	health	impacts	discussed	below	as	the	air	pollutant	values	are	likely	
overestimates	based	on	assigned	relationships	to	GHGs	that	may	not	be	real.

Potential Health Impacts of Reductions in Particulate Matter Air Pollution
CARB	relied	on	an	U.S.	EPA-approved	methodology	to	estimate	the	health	impacts	of	reducing	air	pollution	
by	actions	in	the	Scoping	Plan.	This	methodology	relies	on	an	incidents-per-ton	factor	to	quantify	the	health	
benefits	of	directly	emitted	(diesel	particles	and	wood	smoke)	and	secondary	PM2.5 formed from oxides of 
nitrogen	from	reductions	due	to	regulatory	controls.	It	is	similar	in	concept	to	the	methodology	developed	
by	the	U.S.	EPA	for	comparable	estimations101,	but	uses	California	air	basin	specific	relationships	between	
emissions	and	air	quality.	The	basis	of	the	methodology	is	an	approximately	linear	relationship	between	
changes in PM2.5	emissions	and	estimated	changes	in	health	outcomes.	In	this	methodology,	the	number	
of	premature	deaths	is	estimated	by	multiplying	emissions	by	the	incidents-per-ton	scaling	factor.	The	
factors are derived from studies that correlate the number of incidents (premature deaths, hospitalizations, 
emergency	room	visits)	associated	with	exposure	to	PM2.5.
101	 Fann,	N.,	Fulcher,	C.M,	&	Hubbell,	B.J.	(2009)	The	influence	of	location,	source,	and	emission	type	in	estimates	of	the	human	 
	 health	benefits	of	reducing	a	ton	of	air	pollution.	(2009)Air	Quality,	Atmosphere	&	Health	2(3),	169–176
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Potential Health Impacts of Reductions in Toxic Air Pollution
A	number	of	factors	complicate	any	attempt	to	evaluate	the	health	benefits	of	reducing	exposure	to	toxic	air	
pollution.	First,	there	are	hundreds	of	individual	chemicals	of	concern	with	widely	varying	health	effects	and	
potencies.	Therefore,	a	single	metric	is	of	limited	value	in	capturing	the	range	of	potential	toxics	benefits.	
Furthermore,	unlike	the	criteria	pollutants	whose	impacts	are	generally	measured	on	regional	scales,	toxics	
pose concern for both near-source impacts and larger-scale photochemical transformations and transport. 
Finally,	the	accepted	scientific	understanding	for	cancer	risk	is	that	there	is	usually	no	safe	threshold	for	
exposures	to	carcinogens.	Therefore,	cancer	risks	are	usually	expressed	as	“chances	per	million”	of	contracting	
cancer	over	a	(70-year)	lifetime	exposure	(in	Table	11	lifetime	exposure	is	provided	in	the	far	right	column).
In	light	of	these	complexities,	CARB	relied	on	the	most	recent	National	Air	Toxics	Assessment	(NATA)	
conducted	by	the	U.S.	EPA.102 The NATA 2011 models the potential risks from breathing emissions of 
approximately	180	toxic	air	pollutants	across	the	country.	Modeled	cancer	risk	results	are	available	by	
census	tract.	The	NATA	data	cover	industrial	facilities,	mobile	sources	(on-road	and	off-road),	small	area-
wide	sources,	and	more.	CARB	multiplied	the	NATA	“cancer	risk-per-million”	values	by	census	tract	by	the	
census tract’s population, in order to estimate a population-weighted metric that could be aggregated to 
the	statewide	level.	This	statistic	should	not	be	construed	as	actual	real-world	cancers	(due	to	the	many	
uncertainties	in	estimating	the	real-world	levels	of	risk).	Next,	CARB	applied	the	percent	reductions	in	
emissions	due	to	Scoping	Plan	actions,	in	order	to	obtain	an	estimate	of	the	“avoided	incidence”	of	statistical	
lifetime	cancers	attributable	to	implementation	of	the	Scoping	Plan.	Again,	the	“avoided	incidence”	is	a	
construct designed to provide a useful statistical metric for comparative purposes among scenarios. It should 
not be construed to be a real-world parameter.

Potential Health Impacts of Active Transportation
High	levels	of	active	transportation	have	been	linked	to	improved	health	and	reduced	premature	mortality	
by	increasing	daily	physical	activity,	representing	a	major	direct	co-benefit	of	using	active	transportation	as	
a	strategy	to	reduce	GHG	emissions.	The	benefits	of	physical	activity	can	be	very	large.	Individuals	who	are	
active	for	approximately	12	minutes	a	day	have	a	20	percent	lower	risk	of	dying	early	than	those	who	are	
active	for	just	5	minutes	a	day	and	those	who	are	active	an	hour	a	day,	have	close	to	a	40	percent	lower	risk	of	
premature death.103

The	Scoping	Plan	includes	reductions	in	VMT,	which	can	be	achieved	in	a	number	of	ways,	including	increased	
active	transportation.	To	estimate	the	potential	health	benefits	of	active	transport,	CARB	staff	reviewed	
work	done	by	the	California	Department	of	Public	Health	(CDPH)	concerning	the	potential	health	benefits	
associated with the Caltrans Strategic Management Plan. In this Management Plan, Caltrans set a target for 
increasing	the	adoption	of	active	transportation,	aiming	for	a	doubling	of	walking	and	a	tripling	of	bicycle	
trips	by	2020	compared	to	2010.	While	this	plan	itself	is	not	part	of	the	Scoping	Plan,	it	helps	provide	a	sense	
of	the	magnitude	of	health	benefits	associated	with	increased	active	transportation.
CDPH	performed	a	risk	assessment	to	compare	the	number	of	premature	deaths	due	to	physical	inactivity	
and	traffic	injuries	in	the	baseline	year	of	2010	to	the	year	2020,	assuming	that	Caltrans’	walking	and	bicycling	
mode share targets were met.104	CPDH’s	methodology	has	been	documented	in	a	publicly	available	technical	
manual105	and	the	model	has	appeared	in	many	peer-reviewed	research	articles.106 It has been in development 
102	 U.S.	Environmental	Protection	Agency	(2011),	National	Air	Toxics	Assessment	(NATA)	2011,	 
 https://www.epa.gov/national-air-toxics-assessment/2011-nata-assessment-results 
103	 U.S.	Department	of	Health	and	Human	Services	(2008)	Physical	Activity	Guidelines	Advisory	Committee.	Physical	Activity	 
	 Guidelines	Advisory	Committee	Report,	Washington,	DC
104	 Maizlish,	N.	(2016a)	Increasing	Walking,	Cycling,	and	Transit:	Improving	Californians’	Health,	Saving	costs,	and	Reducing	 
	 Greenhouse	Gases.	Office	of	Health	Equity,	California	Department	of	Public
 Health. https://www.cdph.ca.gov/Programs/OHE/CDPH%20Document%20Library/Maizlish-2016-Increasing-Walking-Cycling- 
 Transit-Technical-Report-rev8-17-ADA.pdf
105	 Maizlish,	N.	(2016b)	Integrated	Transport	and	Health	Impact	Model	(ITHIM):	A	Guide	to	Operation,	Calibration	and	Integration	with	 
 Travel Demand Models. California Spreadsheet Version December 12, 2016.
106	 Gotschi,	T.,	Tainio,	M.,	Maizlish,	N.,	Schwanen,	T.,	Goodman,	A.,	&	Woodcock,	J.	(2015).	Contrasts	in	active	transport	 
	 behaviour	across	four	countries:	how	do	they	translate	into	public	health	benefits?	Preventative	Medicine,	74,	42-48.	 
	 doi:10.1016/j.ypmed.2015.02.009
	 Maizlish,	N.,	Woodcock,	J.,	Co,	S.,	Ostro,	B.,	Fanai,	A.,	&	Fairley,	D.	(2013).	Health	cobenefits	and	transportation-related	 
	 reductions	in	greenhouse	gas	emissions	in	the	San	Francisco	Bay	area.	American	journal	of	public	health,	103(4),	703-709.	 
	 doi:10.2105/ajph.2012.300939
	 Whitfield,	G.	P.,	Meehan,	L.	A.,	Maizlish,	N.,	&	Wendel,	A.	M.	(2016).	The	Integrated	Transport	and	Health	Impact	Modeling	 
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since	2009,	and	a	California-specific	version	was	released	with	a	recent	update	in	November	2016.107

CDPH	estimated	that	2,100	premature	deaths	annually	would	be	avoided	if	Californians	met	the	Management	
Plan’s	2020	targets	were	met	by	Californians	compared	to	2010	travel	patterns.	A	recent	paper	by	Dr.	Maizlish	
et al108	quantified	the	health	co-benefits	of	the	preferred	Sustainable	Communities	Strategies	scenarios	
(compared	to	the	2010	baseline	travel	pattern)	for	the	major	Metropolitan	Planning	Organizations	using	the	
same	methodology	and	found	that	940	deaths	annually	would	be	avoided.	For	both	analyses,	there	were	
significant	reductions	in	cause-specific	premature	mortality	due	to	increased	physical	activity,	which	was	
slightly	counteracted	by	a	much	smaller	increase	in	fatal	traffic	injuries	due	to	the	increased	walking	and	
bicycling.	When	taken	together,	the	health	benefit	of	increasing	active	transportation	greatly	outweighed	
the	increased	mortality	from	road	traffic	collisions.	The	Scoping	Plan	goals	related	to	active	transportation	
are	more	aggressive	than	those	in	both	the	Maizlish	et	al.	2017	publication	and	the	analysis	by	CDPH	for	the	
Management	Plan.	Therefore,	CARB	staff	used	the	CDPH	estimate	of	approximately	2,100	fewer	premature	
deaths from the Management Plan as a lower bound of what could be realized through implementation of the 
VMT reductions and active transport goals called for in the Scoping Plan Scenario.

table 11: summary oF ranges oF estimated health impaCts For the sCoping plan 
sCenario in 2030

Fewer 
Premature 
Deaths

Hospitalizations 
(all)

visits cancers *

Diesel PM ~60-91 ~9-14 ~25-38

Secondary PM ~76-120 ~11-17 ~33-50

Toxics ~21-61

Wood smoke ~1000 ~	148 ~	418

Active Transport** >2100

Total ~3300 ~180 ~500 ~21-61

* This metric should not be construed as actual real-world cancer cases. It is intended  
 to be a comparative metric, based on the NATA estimates of lifetime cancer risk  
 (chances-per-million	over	a	70	year	life-time	exposure)	by	census	tract	multiplied	by	 
 the tract population.
** Reduction in premature death assumes meeting the CSMP 2020 mode shift target.

Fewer Fewer ER Fewer 

Note:	The	numbers	in	the	table	represent	individual	avoided	incidences.

	 Tool	in	Nashville,	Tennessee,	USA:	Implementation	Steps	and	Lessons	Learned.	Journal	of	transport	&	health,	3.	doi:10.1016/j. 
	 jth.2016.06.009
	 Woodcock,	J.	(2015).	Integrated	Transport	and	Health	Impact	Modelling	Tool	(ITHIM).	Retrieved	from	 
 http://www.cedar.iph.cam.ac.uk/research/modelling/ithim/
	 Woodcock,	J.,	Edwards,	P.,	Tonne,	C.,	Armstrong,	B.	G.,	Ashiru,	O.,	Banister,	D.,	&	Roberts,	I.	(2009).	Public	health	benefits	 
	 of	strategies	to	reduce	greenhouse-gas	emissions:	urban	land	transport.	Lancet,	374(9705),	1930-1943.	doi:10.1016/s0140- 
	 6736(09)61714-1
	 Woodcock,	J.,	Givoni,	M.,	&	Morgan,	A.	S.	(2013).	Health	impact	modelling	of	active	travel	visions	for	England	and	Wales	using	an	 
	 Integrated	Transport	and	Health	Impact	Modelling	Tool	(ITHIM).	PLoS	One,	8(1),	e51462.	doi:10.1371/journal.pone.0051462
	 Woodcock,	J.,	Tainio,	M.,	Cheshire,	J.,	O’Brien,	O.,	&	Goodman,	A.	(2014).	Health	effects	of	the	London	bicycle	sharing	system:	 
	 health	impact	modelling	study.	BMJ	(Clinical	research	ed.),	348,	g425.	doi:10.1136/bmj.g425
107	 Woodcock,	J.	Maizlish,	N.	(2016).	ITHIM:	Integrated	Transport	&	Health	Impact	Modelling,	California	Version,	November	11,	2016.	 
	 Original	citation:	Woodcock	J,	Givoni	M,	Morgan	AS.	Health	Impact	Modelling	of	Active	Travel	Visions	for	England	and	Wales	 
	 Using	an	Integrated	Transport	and	Health	Impact	Modelling	Tool	(ITHIM).	PLoS	One.	2013;8(1):e51462.
108	Maizlish	N,	Linesch	N,&	Woodcock	J.(2017)	Health	and	greenhouse	gas	mitigation	benefits	of	ambitious	expansion	of	cycling,	 
	 walking,	and	transit	in	California.	Journal	of	Transport	and	Health.	;	doi:	10.1016/j.jth.2017.04.011
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Future Health Activities
As	Table	11	shows,	the	Scoping	Plan	measures	would	have	significant	potential	positive	health	outcomes.	
The integrated nature of the strategies to reduce emissions of GHGs and criteria and toxics emissions could 
provide	multiple	benefits.	Actions	to	reduce	black	carbon	from	wood	smoke	are	reducing	the	same	particles	
that	lead	to	premature	mortality.	Reductions	in	fossil	combustion	will	not	only	reduce	GHG	emissions,	but	
also	toxics	emissions.	Finally,	reducing	VMT	with	strategies	that	provide	opportunities	for	people	to	switch	to	
active	transport	modes	can	have	very	large	health	benefits	resulting	from	increased	physical	activity.
In	recognition	of	the	potential	for	significant	positive	health	benefits	of	the	Scoping	Plan,	CARB	is	initiating	
a	process	to	better	understand	how	to	integrate	health	analysis	broadly	into	the	design	and	implementation	
of	our	climate	change	programs	with	the	goal	of	maximizing	the	health	benefits.	Although	health	impact	
assessments	have	been	used	to	inform	CARB’s	policymaking,	these	analyses	have	not	been	consistently	
integrated	into	the	general	up-front	design	of	CARB	programs.	To	begin	the	effort	to	increase	health	benefits	
from	climate	change	mitigation	policies,	CARB	will	convene	a	public	meeting	in	Spring	2018	to	solicit	input	on	
how	best	to	incorporate	health	analyses	into	our	policy	development.	CARB	staff	will	seek	appropriate	tools	
for	these	analyses	and	will	assemble	a	team	of	academic	advisors	to	provide	input	on	the	latest	developments	
in methods and data sources.

Economic Analyses

The following section outlines the economic impact of the Scoping Plan relative to the business-as-usual 
Reference	Scenario.	Additional	detail	on	the	economic	analysis,	including	modeling	details	and	the	estimated	
economic impact of alternative scenarios is presented in Appendix E.
The Scoping Plan outlines a path to achieve the SB 32 target that requires less reliance on fossil fuels and 
increased	investment	in	low	carbon	fuels	and	clean	energy	technologies.	Through	this	shift,	California	can	
lead the world in developing the technologies needed to reduce the global risks of climate change. This 
builds on California’s current successes of reducing GHG emissions while also developing a cleaner, resilient 
economy	that	uses	less	energy	and	generates	less	pollution.	Innovation	in	low-carbon	technologies	will	
continue	to	open	growth	opportunities	for	investors	and	businesses	in	California.	As	modeled,	the	analysis	
in	this	Scoping	Plan	suggests	that	the	costs	of	transitioning	to	this	lower	carbon	economy	are	small,	even	
without	counting	the	potential	opportunities	for	new	industries	and	innovation	in	California.	Under	the	
Scoping	Plan,	the	California	economy,	employment,	and	personal	income	will	continue	to	grow	as	California	
businesses	and	consumers	make	clean	energy	investments	and	improve	efficiency	and	productivity	to	reduce	
energy	costs.
In	2030,	the	California	economy	is	projected	to	grow	to	$3.4	trillion,	an	average	growth	rate	of	2.2	percent	
per	year	from	2021	to	2030.	It	is	not	anticipated	that	implementation	of	the	Scoping	Plan	will	change	the	
growth	of	annual	State	Gross	Domestic	Product	(GDP).	Further,	this	growth	in	GDP	will	occur	under	the	entire	
projected	range	of	Cap-and-Trade	Program	allowance	prices.	Based	on	this	analysis,	in	2030	the	California	
economy	will	take	only	three	months	longer	to	grow	to	the	GDP	estimated	in	the	absence	of	the	Scoping	
Plan–referred	to	as	the	Reference	Scenario.	The	impact	of	the	Scoping	Plan	on	job	growth	is	also	negligible,	
with	employment	less	than	one	half	of	one	percent	smaller	in	2030	compared	to	the	Reference	Scenario.
Additionally,	reducing	GHG	emissions	40	percent	below	1990	levels	under	the	Scoping	Plan	will	lead	to	avoided	
social damages from climate change on the order of $1.9 to $11.2 billion, as estimated using the SC-CO2 and 
SC-CH4, as well as additional potential savings from reductions in air pollution and petroleum dependence. 
These	impacts	are	not	accounted	for	in	this	economic	analysis.	The	estimated	impact	to	California	households	
is also modest in 2030. In 2030, the average annual household impact of the Scoping Plan ranges from $115 to 
$280,	depending	on	the	price	of	reductions	under	the	Cap-and-Trade	Program.109 Estimated personal income in 
California	is	also	relatively	unchanged	by	the	implementation	of	the	Scoping	Plan.

109	 Household	projections	are	obtained	from	the	California	Department	of	Finance	and	were	access	on	March	16,	2017	at:	 
 http://www.dof.ca.gov/Forecasting/Demographics/projections/.
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Overview of Economic Modeling
Two models are used to estimate the economic impact of the Scoping Plan and California’s continued clean 
energy	transition:	(1)	the	California	PATHWAYS	model,	and	(2)	the	Regional	Economic	Models,	Inc.	(REMI)	
Policy	Insight	Plus	model.	The	California	PATHWAYS	model	estimates	the	direct	costs	and	GHG	emissions	
reductions	of	implementing	the	prescriptive	(or	non-Cap-and-Trade)	measures	in	the	Scoping	Plan	relative	
to	the	BAU	scenario.110 Direct costs are the sum of the incremental changes in capital expenditures and fuel 
expenditures,	including	fuel	savings	for	reduced	energy	use	from	efficiency	measures.	In	most	cases,	reducing	
GHG emissions requires the use of more expensive equipment that can be operated using less fuel. In the 
Scoping Plan, the prescriptive measures modeled in PATHWAYS account for a portion of the GHG reductions 
required to meet the 2030 target. The remaining reductions are delivered through the Cap-and-Trade 
Program. The direct costs associated with the Cap-and-Trade Program are calculated outside of PATHWAYS 
based on an assumed range of Cap-and-Trade allowance prices from 2021 through 2030.
To	estimate	the	future	costs	of	the	Scoping	Plan,	this	economic	analysis	necessarily	creates	a	hypothetical	
future	California	that	is	essentially	identical	to	today,	adjusted	for	currently	existing	climate	policy	as	well	
as	projected	economic	and	population	growth	through	2030.	The	analysis	cannot	predict	the	types	of	
innovation	that	will	create	efficiencies	nor	can	it	fully	account	for	the	significant	economic	benefits	associated	
with	reducing	emissions.	Rather,	the	economic	modeling	is	conducted	by	estimating	incremental	capital	and	
clean	fuel	costs	of	measures	and	assigning	those	costs	to	certain	sectors	within	this	hypothetical	future.
The	macroeconomic	impacts	of	the	Scoping	Plan	on	the	California	economy	are	modeled	using	the	REMI	
model with output from California PATHWAYS and estimated Cap-and-Trade Program costs as inputs. 
Additional methodological detail is presented in Appendix E.111

Estimated Cost of Prescriptive Measures
As described above, the Scoping Plan combines new measures addressing legislative mandates and 
the extension of existing measures, including a comprehensive cap on overall GHG emissions from the 
State’s largest sources of pollution. The PATHWAYS model calculates costs and GHG emissions reductions 
associated	with	the	prescriptive	measures	in	the	Scoping	Plan.	Changes	in	energy	use	and	capital	investment	
are	calculated	in	PATHWAYS	and	represent	the	estimated	cost	of	achieving	an	estimated	50	to	70	percent	of	
the cumulative GHG reductions required to reach the SB 32 target between 2021 and 2030. The Cap-and-
Trade	Program	delivers	any	remaining	reductions,	as	shown	in	Figure	8.
Table	12	outlines	the	cost	of	prescriptive	measures	by	sector	in	2030,	compared	to	the	Reference	Scenario,	
as calculated in PATHWAYS. Estimated capital costs of equipment are levelized over the life of the equipment 
using a 10 percent discount rate and fuel costs are calculated on an annual basis.112 The costs in Table 12 
are	disaggregated	into	capital	costs	and	fuel	costs,	which	includes	the	varying	costs	of	gasoline,	diesel,	
biofuels,	natural	gas,	electricity	and	other	fuels.113 Table 12 assumes that all prescriptive measures deliver 
anticipated	GHG	reductions,	and	does	not	include	any	uncertainty	in	GHG	reductions	or	cost.114 The impact 
of	uncertainty	in	GHG	reductions	is	explored	in	more	detail	in	Appendices	E,	which	include	additional	detail	
on	measure,	cost,	and	Reference	Scenario	uncertainty.
The	prescriptive	measures	result	in	incremental	capital	investments	of	$6.7	billion	per	year	in	2030,	but	these	
annual	capital	costs	are	nearly	offset	by	annual	fuel	savings	of	$6.6	billion	in	2030.	The	incremental	net	cost	of	
prescriptive measures in the Scoping Plan is estimated at $100 million in 2030, which represents 0.03 percent 
of	the	projected	California	economy	in	2030.	The	residential	and	transportation	sectors	are	anticipated	to	
see	net	savings	in	2030	as	fuel	savings	for	these	areas	vastly	outweigh	annual	capital	investment.	Several	
sectors will see a net cost increase from implementation of the prescriptive measures. The industrial sector 
sees higher fuel costs relative to the Reference Scenario. In the agriculture sector, capital expenditures are 
due	to	investments	in	more	efficient	lighting	and	the	mitigation	of	agricultural	methane	and	nitrogen	oxides.	
Agricultural	fuel	costs	increase	due	to	higher	electricity	and	liquid	biofuel	costs.
110 The PATHWAYS modeling is described in Chapter 2, and additional detail is presented in Appendix D. 
111	 Additional	modeling	details	are	available	at	the	REMI	PI+	webpage:	http://www.remi.com/products/pi.
112 PATHWAYS costs are calculated in real $2012. For this analysis, all costs are reported in $2015. The PATHWAYS  
	 costs	are	inflated	using	Bureau	of	Economic	Analysis	(BEA)	data	available	at:	https://www.bea.gov/iTable/iTable. 
 cfm?ReqID=9#reqid=9&step=1&isuri=1&903=4.
113 Additional	information	on	the	fuels	included	in	PATHWAYS	is	available	at:	www.arb.ca.gov/cc/scopingplan/meetings/1142016/ 
 e3pathways.pdf.
114 More	information	on	the	inputs	to	the	California	PATHWAYS	model	is	available	at:	www.arb.ca.gov/cc/scopingplan/scoping_plan_ 
 scenario_description2016-12-01.pdf.
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table 12: Change in pathways seCtor Costs in 2030 relative to the reFerenCe 
sCenario (billion $2015)115

End Use Sector116 Levelized 
Capital Cost

Fuel Cost Total Annual 
Cost

Residential $0.1 -$1.2 -$1.1

Commercial $1.8 -$1.8 $0.1

Transportation $3.5 -$3.8 -$0.3

Industrial $0.8 $0.3 $0.5

Oil and Gas Extraction $0.0 $0.0 $0.1

Petroleum Refining $0.0 $0.0 $0.0

Agriculture $0.3 $0.2 $0.5

TCU (Transportation 
Communications and Utilities)

$0.1 $0.1 $0.2

Total $6.7 -$6.6 $0.1

Note:	Table	values	may	not	add	due	to	rounding.

Estimated Cost of the Cap-and-Trade Program
The direct cost of achieving GHG reductions through the Cap-and-Trade Program is estimated outside of 
PATHWAYS.	The	Cap-and-Trade	Program	sets	an	economy-wide	GHG	emissions	cap	and	gives	firms	the	
flexibility	to	choose	the	lowest-cost	approach	to	reduce	emissions.	As	with	the	prescriptive	measures,	the	
direct	costs	of	any	single	specific	GHG	reduction	activity	under	the	Cap-and-Trade	Program	is	subject	to	
a	large	degree	of	uncertainty.	However,	as	Cap-and-Trade	allows	covered	entities	to	pursue	the	reduction	
options	that	emerge	as	the	most	efficient,	overall	abatement	costs	can	be	bounded	by	the	allowance	price.	
Covered entities should pursue reduction actions with costs less than or equal to the allowance price. 
An upper bound on the compliance costs under the Cap-and-Trade Program can therefore be estimated 
by	multiplying	the	range	of	anticipated	allowance	prices	by	the	anticipated	GHG	reductions	needed	(in	
conjunction	with	the	reductions	achieved	through	the	prescriptive	measures)	to	achieve	the	SB	32	target.
A	large	number	of	factors	influence	the	allowance	price,	including	the	ease	of	substituting	lower	carbon	
production methods, consumer price response, the pace of technological progress, and impacts to the price 
of	fuel.	Other	policy	factors	that	also	affect	the	allowance	price	include	the	use	of	auction	proceeds	from	the	
sale	of	State-owned	allowances	and	linkage	with	other	jurisdictions.
Flexibility	allows	the	Cap-and-Trade	allowance	price	to	adjust	to	changes	in	supply	and	demand	while	a	firm	
cap	ensures	GHG	reductions	are	achieved.	This	analysis	includes	a	range	of	allowance	prices	bounded	at	the	
low	end	by	the	Cap-and-Trade	auction	floor	price	(C+T	Floor	Price)	which	represents	the	minimum	sales	price	
for	allowances	sold	at	auction	and	the	Allowance	Price	Containment	Reserve	Price	(C+T	Reserve	Price),	which	
represents the price at which an additional pool of allowances will be made available to ensure entities can 
comply	with	the	Cap-and-Trade	Program	and	is	the	highest	anticipated	price	under	the	Program.	Table	13	
outlines	the	projected	allowance	prices	used	in	this	analysis.117

115	 PATHWAYS	costs	reported	in	$2012	are	inflated	to	$2015	using	the	Bureau	of	Economic	Analysis	(BEA)	data	available	at:	 
 https://www.bea.gov/iTable/iTable.cfm?ReqID=9#reqid=9&step=1&isuri=1&903=4.
116	 Information	on	the	end	use	sectors	are	available	in	the	California	PATHWAYS	documentation	available	at:	 
 www.arb.ca.gov/cc/scopingplan/scopingplan.htm.
117	 The	Cap-and-Trade	allowance	price	range	is	based	on	the	Cap-and-Trade	Regulation	approved	by	the	Office	of	Administrative	 
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table 13: estimated range oF Cap-and-trade allowanCe priCe 2021–2030*

($2015) 2021 2025 2030

C+T Floor Price $16.2 $19.7 $25.2

C+T Reserve Price $72.9 $76.4 $81.9

*	 Based	on	current	regulation	in	effect	October	1,	2017

Uncertainty	in	the	GHG	reduction	potential	of	prescriptive	measures	in	the	Scoping	Plan	can	affect	the	cost	of	
achieving the 2030 target. The aggregate emissions cap of the Cap-and-Trade Program ensures that the 2030 
target will be met–irrespective of the GHG emissions realized through prescriptive measures. If GHG reductions 
anticipated under prescriptive measures do not materialize, the Cap-and-Trade Program will be responsible 
for	a	larger	share	of	emissions	reductions.	Under	that	scenario,	the	demand	for	Cap-and-Trade	allowances	may	
rise,	resulting	in	an	increase	in	allowance	price.	While	the	Cap-and-Trade	allowance	price	may	rise,	it	is	highly	
unlikely	that	it	will	rise	above	the	C+T	Reserve	price,	given	the	program	design.	If	prescriptive	measures	deliver	
anticipated GHG reductions, demand for allowances will be low, depressing the price of allowances. However, 
the C+T Floor Price represents the lowest price at which allowances can be sold at auction.
Table 14 presents the estimated direct cost estimates for GHG reductions achieved through the Cap-and-
Trade Program in 2030. These costs represent the lower and upper bounds of the cost of reducing GHG 
emissions to achieve the SB 32 target under the Scoping Plan. The estimated direct costs range from $1.6 to 
$5.1	billion	dollars	(in	$2015),	depending	on	the	allowance	price	in	2030.	This	range	highlights	the	allowance	
price	uncertainty	that	is	a	trade-off	to	the	GHG	reduction	certainty	provided	by	the	Cap-and-Trade	Program.	
The	estimated	cost	of	GHG	reductions	is	calculated	by	multiplying	the	allowance	price	by	the	GHG	emissions	
reductions required to achieve the SB 32 target.

Sensitivity Analysis
In	addition	to	uncertainty	in	the	Cap-and-Trade	allowance	price	and	uncertainty	in	the	GHG	reductions	
achieved	through	the	prescriptive	measures,	there	is	uncertainty	in	the	GHG	emissions	that	will	occur	under	
the	Reference	Scenario,	as	presented	in	Figure	6.	There	is	also	uncertainty	in	costs	embedded	within	the	
Reference	Scenario	including	the	price	of	oil,	other	energy	costs,	and	technology	costs.
The PATHWAYS incremental cost results are also sensitive to the fossil fuel price assumptions. Altering 
the	fuel	price	trajectory	in	the	Reference	Scenario	directly	impacts	the	incremental	cost	of	achieving	GHG	
reductions in the Scoping Plan, as the costs of the Scoping Plan are relative to the Reference Scenario.118

The	PATHWAYS	scenarios	use	fossil	fuel	price	projections	from	the	Annual	Energy	Outlook	(AEO)	2015	
reference case.119 To estimate the impact of changes in future fuel prices on the estimated incremental cost 
of	the	Scoping	Plan	two	sensitivities	were	conducted.	In	the	low	fuel	price	sensitivity,	the	AEO	low	oil	and	
natural	gas	price	case	is	used	to	project	the	future	cost	of	fuels	in	the	Reference	Scenario.	The	cost	of	the	
Scoping Plan, relative to the Reference Scenario, increases under these conditions, since fuel savings are less 
valuable	when	fuel	prices	are	low.	A	second	sensitivity	shows	that	high	future	oil	and	natural	gas	prices	(as	
projected	in	the	AEO	high	oil	price	case)	reduce	the	net	cost	of	the	Scoping	Plan,	relative	to	the	Reference	
Scenario. This is because avoided fuel savings are more valuable when fuel prices are high. Table 14 outlines 
the	costs	and	savings	from	the	Scoping	Plan	(both	prescriptive	measures	and	cap-and-trade)	under	the	high	
and low fuel price sensitivities.
The	price	of	oil	and	natural	gas	affects	the	value	of	fuel	savings	(as	presented	in	Table	12),	which	are	
estimated	to	be	significant	using	AEO	reference	oil	and	natural	gas	prices.	Under	the	low	fuel	price	sensitivity,	
	 Law	on	September	18,	2017.	Documentation	is	available	at:	www.arb.ca.gov/regact/2016/capandtrade16/capandtrade16.htm 
118	 In	addition	to	the	fuel	cost	sensitivities	presented	in	this	section,	Appendix	E	includes	an	uncertainty	analysis	of	the	Scoping	 
	 Plan	Scenario	and	alternatives.	This	analysis	addresses	uncertainty	in	the	Reference	Scenario	emissions,	GHG	reductions	from	 
 each measure, as well as capital and fuel costs.
119	 The	high	and	low	fuel	price	sensitivity	ranges	are	derived	from	differences	between	the	AEO	2016	High	Oil	Price	or	Low	Oil	Price	 
 forecast and the AEO 2016 reference case, and are applied as ratios to the base case fuel price assumptions (which are based on  
	 the	AEO	2015	report).	The	AEO	2015	report	is	available	at:	http://www.eia.gov/outlooks/aeo/pdf/0383(2015).pdf and the AEO  
	 2016	report	is	available	for	download	at:	http://www.eia.gov/outlooks/aeo/pdf/0383(2016).pdf.

PC ORIGINAL PKG

https://www.arb.ca.gov/regact/2016/capandtrade16/capandtrade16.htm
http://www.eia.gov/outlooks/aeo/pdf/0383(2015).pdf
http://www.eia.gov/outlooks/aeo/pdf/0383(2016).pdf


54

the	net	incremental	cost	of	prescriptive	measures	is	$2.9	billion	in	2030.	Under	the	high	fuel	price	sensitivity,	
the prescriptive measures result in net savings of $4.9 billion in 2030. Table 14 also shows that these price 
uncertainties	are	captured	within	the	analyzed	range	of	allowance	prices.	As	described	above,	changes	in	
fuel	prices	may	affect	the	price	of	Cap-and-Trade	allowances,	but	the	price	is	highly	unlikely	to	go	outside	
the	range	of	prices	bounded	by	the	C+T	Floor	Price	and	C+T	Reserve	Price.	The	final	column	in	Table	14	
presents the estimated direct cost of the Scoping Plan, including both the prescriptive measures and a range 
of	estimated	costs	to	achieve	GHG	reductions	under	the	Cap-and-Trade	Program	for	varying	projections	
of	future	fuel	prices.	The	total	cost,	reflecting	fuel	and	allowance	price	uncertainty,	ranges	from	an	annual	
savings	to	California	of	$3.3	billion	to	an	annual	cost	of	$8.0	billion	in	2030.	The	net	climate	benefits,	as	
estimated	by	the	SC-CO2 and SC-CH4, outweigh these direct costs.120

table 14: estimates oF direCt Cost and Climate beneFits in 2030 relative to  
the reFerenCe sCenario and inCluding Fuel priCe sensitivity (billion $2015)

Scenario Prescriptive 
Measures

C+T Floor 
Price

C+T Reserve 
Price

2030 Total 
Cost

Scoping Plan $0.1 $1.6 $5.1 $1.7	to	$5.2

Low	Fuel	Price	Sensitivity $2.9 $1.6 $5.1 $4.5	to	$8.0

High	Fuel	Price	Sensitivity -$4.9 $1.6 $5.1 -$3.3 to -$0.2

Fuel	price	sensitivity	is	directly	modeled	in	PATHWAYS,	resulting	in	a	range	of	impacts	from	prescriptive	measures.	The	range	of	costs	
labeled	“2030	Total	Cost”	includes	the	cost	of	prescriptive	measures	estimated	in	PATHWAYS	and	the	impact	of	the	Cap	and-Trade	
Program	calculated	at	the	C+T	Floor	Price	(the	lower	bounds)	and	the	C+T	Reserve	Price	(the	upper	bounds).
The social cost of GHGs estimated range in 2030 is $1.9 to $11.2 billion.

Macroeconomic Impacts
The macroeconomic impacts of the Scoping Plan are estimated using the REMI model. Annual capital and 
fuel	costs	(for	example,	the	costs	in	Table	12)	are	estimated	using	PATHWAYS	and	input	into	the	REMI	model	
to	estimate	the	impact	of	the	Scoping	Plan	on	the	California	economy	each	year	relative	to	GDP,	which	is	
often	used	as	a	proxy	for	economic	growth,	as	well	as	employment,	personal	income,	and	changes	in	output	
by	sector	and	consumer	spending.	Table	15	presents	key	macroeconomic	impacts	of	implementing	the	
Scoping Plan, based on the range of anticipated allowance prices. In 2030, under the Scoping Plan, growth 
across the indicators is about one-half of one percent less than the Reference Scenario. The results in Table 15 
include	not	only	the	estimated	direct	cost	of	the	Cap-and-Trade	Program,	but	also	distribution	of	allowance	
value from the auction of Cap-and-Trade allowances to California and consumers. See Appendix E for more 
detail on the modeling of the return of allowance value under the Cap-and-Trade Program in REMI.
The Cap-and-Trade Program is modeled in REMI as an increase in production cost to sectors based on 
estimated future GHG emissions and anticipated free allowance allocation. If a sector is expected to receive 
free allocation of allowances, the value of those free allowances is not modeled as a cost in REMI. The 
analysis	does	include	the	estimated	benefit	to	sectors	due	to	the	proceeds	from	the	auction	of	cap-and-trade	
allowances	and	assumes	that	each	year	$2	billion	of	proceeds	from	the	auction	of	State-owned	cap-and-
trade	allowances	are	distributed	to	the	economic	sectors	currently	receiving	GGRF	appropriations.	These	
funds work to achieve further GHG reductions in California, lower the cost to businesses of reducing GHG 
emissions	and	protect	disadvantaged	communities.	Any	auction	proceeds	remaining	after	the	distribution	
of	$2	billion	through	GGRF	sectors	are	distributed	evenly	to	consumers	in	California	as	a	dividend.	The	
estimated	costs	in	Table	15	include	the	cost	of	the	GHG	reductions	to	sectors,	as	well	as	the	benefit	to	
those sectors when allowance proceeds are returned through the GGRF and as a dividend to consumers, as 
detailed in Appendix E.

120	 Climate	benefits	are	estimated	using	the	Social	Cost	of	Carbon	in	2030	across	the	range	of	discount	rates	from	2.5	to	5	percent.	 
 All values are reported in $2015. Additional information on the Social Cost of Carbon is available from the National Academies of  
	 Sciences,	Engineering,	and	Medicine	at:	https://www.nap.edu/catalog/24651/valuing-climate-damages-updating-estimation-of- 
 the-social-cost-of. 
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table 15: maCroeConomiC indiCators in 2030 under base Fuel priCe assumptions

Reference Scenario 
(2030) (2030) to Reference Scenario

California GDP (Billion 
$2015)

$3,439 $3,430 to $3,420 -0.3 percent to
-0.6 percent

Employment	(Thousand	
Jobs)

23,522 23,478	to	23,441 -0.2 percent to
-0.3 percent

Personal Income
(Billion	$2015)

$3,010 $3,006	to	$3,008 -0.1 percent to
-0.1 percent

Scoping Plan Percentage Change Relative 

Table 15 was estimated using the REMI model. The range of costs for the Scoping Plan represents the impact of achieving the SB 32 
target	through	prescriptive	measures	and	the	Cap-and-Trade	Program	at	the	C+T	Floor	Price	(the	lower	bounds)	and	the	C+T	Reserve	
Price	(the	upper	bounds).

It	is	important	to	put	the	results	of	Table	15	into	context	of	the	growing	$3.4	trillion	California	economy	in	
2030.	As	noted	earlier,	the	economic	analysis	does	not	include	avoided	social	damages	and	other	potential	
savings	from	reductions	in	air	pollution	and	petroleum	dependency.
Determining	employment	changes	as	a	result	of	policies	is	challenging	to	model,	due	to	a	range	of	uncertainties	
and	global	trends	that	will	influence	the	California	economy,	regardless	of	implementation	of	the	Scoping	Plan.	
The	global	economy	is	seeing	a	shift	toward	automation	and	mechanization,	which	may	lead	to	slowing	of	
employment	across	some	industries	globally,	irrespective	of	California’s	energy	and	low	carbon	investments.	
In	California,	employment	is	projected	to	reach	23.5	million	jobs	in	2030.	In	this	analysis,	implementing	the	
Scoping	Plan	would	slow	the	growth	of	employment	by	less	than	one-half	of	one	percent	in	2030.
Estimated	personal	income	in	California	is	relatively	unchanged	under	the	Scoping	Plan	relative	to	the	
Reference	Scenario.	Considering	the	uncertainty	in	the	modeling,	modest	changes	in	the	growth	of	personal	
income are not different from zero, which suggests that meeting the SB 32 target will not change the growth 
of personal income relative to the Reference Scenario.
When	analyzing	the	estimated	macroeconomic	impacts,	it	is	important	to	remember	that	a	major	substitution	
of	electricity	and	capital	away	from	fossil	fuels	is	anticipated	to	have	a	very	small	effect	on	California	GDP,	
employment,	and	personal	income–less	than	one	percent	relative	to	the	Reference	Scenario	in	2030.	The	
economic	impacts	indicate	that	shifting	money	and	investment	away	from	fossil	fuels	and	to	clean	energy	
is	likely	to	have	a	negligible	effect	on	the	California	economy.	Additionally,	it	is	certain	that	innovation	will	
continue	as	new	technologies	are	developed	and	implemented.	While	this	analysis	projects	the	costs	and	
GHG reductions of current technologies over time, it does not capture the impact of new technologies that 
may	shift	the	economy	and	California	in	unanticipated	ways	or	benefits	related	to	changes	in	air	pollution	
and improvements to human health, avoided environmental damages, and positive impacts to natural and 
working	lands.	Thus,	the	results	of	this	analysis	very	likely	underestimate	the	benefits	of	shifting	to	a	clean	
energy	economy.
Consumer spending also shifts in response to implementation of the Scoping Plan relative to the Reference 
Scenario. As presented in Table 15, there is a negligible impact to consumer income, but small changes in 
income can alter the distribution of consumer spending among categories. In 2030, consumer spending is 
lower	under	the	Scoping	Plan	than	in	the	Reference	Scenario	across	all	analyzed	allowance	prices.	Consumers	
spend	less	on	fuels,	electricity,	natural	gas,	and	capital	as	a	result	of	measures	in	the	Scoping	Plan	that	
reduce	demand,	increase	efficiency,	and	drive	technological	innovations.	The	estimated	impact	to	California	
households is also modest in 2030. The estimated cost to California households in 2030 ranges from $115 to 
$280,	depending	on	the	price	of	reductions	under	the	Cap-and-Trade	Program.121

The household impact is estimated using the per-household change in personal income as modeled in REMI 
and utilizing household estimates from the California Department of Finance. The household impact does not 
account	for	benefits	from	reduced	climate	impacts,	health	savings	from	reduced	air	pollution	impacts,	or	lower	
petroleum dependence costs that might impact households. Additional details are presented in Appendix E.
As	modeled,	the	household	impact	of	the	Scoping	Plan	comprises	approximately	one	percent	of	average	
household expenditures in 2030. To ensure that vulnerable populations and low-income households are not 
121	 Household	projections	are	obtained	from	the	California	Department	of	Finance	and	are	available	at:	 
 http://www.dof.ca.gov/Forecasting/Demographics/projections/.

PC ORIGINAL PKG

http://www.dof.ca.gov/Forecasting/Demographics/projections/


56

disproportionately	affected	by	California’s	climate	policy,	CARB	is	taking	steps	to	better	quantify	localized	
economic	impacts	and	ensure	that	low-income	households	see	tangible	benefits	from	the	Scoping	Plan.	
Researchers	at	the	University	of	California,	Los	Angeles	(UCLA)	are	currently	working	on	a	retrospective	
analysis	that	will	estimate	the	impacts	across	California	communities	of	the	implementation	of	AB	32,	which	
will	help	identify	areas	of	focus	as	2030	measures	are	developed.	The	Cap-and-Trade	Program	will	also	
continue	to	provide	benefit	to	disadvantaged	communities	through	the	disbursement	of	GGRF	funds.
The	investments	made	in	implementing	the	Scoping	Plan	will	have	long-term	benefits	and	present	significant	
opportunities for California investors and businesses, as upfront capital investments will result in long-term 
fuel	and	energy	efficiency	savings,	the	benefits	of	which	will	continue	into	the	future.	The	California	economy	
will continue to grow under the Scoping Plan, but it will grow more resilient, more sustainable, and will be 
well	positioned	to	reap	the	long-term	benefits	of	lower	carbon	investments.

Economic Modeling of Health Impacts
Health	benefits	associated	with	reductions	in	diesel	particulate	matter	(DPM)	and	nitrogen	oxides	(NOX)	are	
monetized	for	inclusion	in	the	macroeconomic	modeling.	The	health	benefits	are	estimated	by	quantifying	the	
harmful	future	health	effects	that	will	be	avoided	by	reducing	human	exposure	to	DPM	and	NOX, as detailed 
in	Appendix	G,	and	monetized	by	estimating	a	health	effect’s	economic	value	to	society.	As	previously	noted	
the	health	impacts	are	based	on	air	quality	benefits	estimated	in	Table	6,	which	have	important	limitations	
and	likely	overestimate	the	impacts	of	the	Scoping	Plan.	Additional	detail	on	the	economic	modeling	of	
health	impacts,	including	the	monetization	methodology	and	modeling	results	for	all	Scoping	Plan	scenarios,	
is presented in Appendix E. Including the monetized health impacts in the REMI modeling has no discernible 
impact on the overall results. The impact of including the monetized health impacts is indiscernible relative to 
the impact of the Scoping Plan.

Estimating the Economic Impact on Disadvantaged Communities (DACs)
Implementing	the	Scoping	Plan	is	estimated	to	have	a	small	impact	on	the	Statewide	California	economy	
through	2030.	However,	shifting	from	fossil	fuels	can	disproportionately	affect	specific	geographic	regions	
whose	local	economies	rely	on	fossil	fuel	intensive	industries.	These	regions	can	also	include	vulnerable	
populations	and	disadvantaged	communities	who	may	be	disproportionately	impacted	by	poor	air	quality	
and climate.
The regional impacts of the Scoping Plan, including the impact to disadvantaged communities, are estimated 
using	the	REMI	California	County	model,	which	represents	the	58	counties	and	160	sectors	of	the	California	
economy.	Utilizing	the	same	inputs	used	for	modeling	the	statewide	impact	of	the	Scoping	Plan	relative	to	
the	Reference	Scenario,	the	California	County	model	estimates	how	measures	will	affect	employment,	value	
added,	and	other	economic	indicators	at	the	county	level	across	the	state.
The	county-level	REMI	output	is	also	used	to	estimate	impacts	on	disadvantaged	communities	affected	by	
the	Scoping	Plan	by	allocating	county	impacts	proportional	to	their	share	of	economic	indicators	unique	to	
each census tract.122	These	indicators	include	industry	output,	industry	consumption	by	fuel	category,	personal	
consumption,	and	population.	The	overall	impact	on	employment	across	regions	is	not	significant	and	there	
is	no	discernible	difference	in	the	impact	to	employment	in	disadvantaged	communities.	There	is	also	no	
discernible impact to wages in disadvantaged communities across regions in California. Additional details on 
the regional modeling, including the results for the Scoping Plan and alternatives, is presented in Appendix E.
In	addition	to	the	regional	modeling	conducted	in	this	analysis,	there	are	currently	three	research	contracts	
underway	at	CARB	to	quantify	the	impact	of	California’s	climate	policy	on	regions	and	disadvantaged	
communities	throughout	California.	As	mentioned	above,	researchers	from	UCLA	are	estimating	the	
improvements in health outcomes associated with AB 32, with a focus on disadvantaged communities. 
This	research	will	be	informed	by	input	from	technical	advisory	committees	including	a	group	focused	on	
environmental	justice.

122	 Census	tracts	are	small	geographic	areas	within	greater	metropolitan	areas	that	usually	have	a	population	between	2,500	and	 
	 8,000	persons.	More	information	on	the	composition	of	census	tracts	available	here:	https://www.census.gov/geo/reference/ 
 gtc/gtc_ct.html.	Disadvantaged	census	tracts	are	identified	using	CalEnviroScreen	2.0.	Additional	information	is	available	at:	 
 https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-version-20.
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There	are	also	two	studies	currently	underway	to	quantify	the	impact	of	GGRF	funds.	A	UCLA	contract	
focuses	on	quantifying	jobs	supported	by	GGRF	funds	in	California,	while	a	University	of	California,	Berkeley	
contract	is	constructing	methodologies	to	assess	the	co-benefits	of	GGRF	projects	across	California.	These	
research	efforts	will	provide	a	regional	analysis	of	the	impact	of	and	benefits	to	specific	communities	and	
sectors	to	ensure	that	all	Californians	see	economic	benefits,	in	addition	to	clean	air	benefits,	from	the	
implementing the Scoping Plan.

Public Health

Many	measures	to	reduce	GHG	emissions	also	have	significant	health	co-benefits	that	can	address	climate	
change and improve	the	health	and	well-being	of	all	populations	across	the	State.	Climate	change	is	already	
affecting the health of communities.123 Climate-related health impacts can include increased heat illness and 
death,	increases	in	air	pollution-related	exacerbation	of	cardiovascular	and	respiratory	diseases,	injury	and	
loss	of	life	due	to	severe	storms	and	flooding,	increased	vector-borne	and	water-borne	diseases,	and	stress	
and mental trauma due to extreme weather-related catastrophes.124	The	urgency	of	action	to	address	the	
impacts	already	being	felt	from	a	changing	climate	and	the	threats	in	coming	decades	provides	a	unique	
opportunity	for	California’s	leadership	in	climate	action	to	reduce	GHG	emissions	and	create	healthy,	
equitable, and resilient communities where all people thrive. This section discusses the link between climate 
change	and	public	health.	It	does	not	analyze	the	specific	measures	included	in	the	strategy	but	provides	
context for assessing the potential measures and scenarios.

Achieving Health Equity through Climate Action
Many	populations	in	California	face	health inequities, or	unfair	and	unjust	health	differences	between	
population	groups	that	are	systemic	and	avoidable.125 Differences in environmental and socioeconomic 
determinants of health result in these health inequities. Those facing the greatest health inequities include 
low-income	individuals	and	households,	the	very	young	and	the	very	old,	communities	of	color,	and	those	who	
have	been	marginalized	or	discriminated	against	based	on	gender	or	race/ethnicity.126	It	is	these	very	same	
populations, along with those suffering existing health conditions and certain populations of workers (e.g., 
outdoor	workers),	that	climate	change	will	most	disproportionately	impact.127 The inequitable distribution of 
social,	political,	and	economic	power	results	in	health	inequities,	while	perpetuating	systems	(e.g.,	economic,	
transportation,	land	use,	etc.)	that	drive	GHG	emissions.	As	a	result,	communities	face	inequitable	living	
conditions. For example, low-income communities of color tend to live in more polluted areas and face 
climate change impacts that can compound and exacerbate existing sensitivities and vulnerabilities.128,129 Fair 
and	healthy	climate	action	requires	that	the	inequities	creating	and	intensifying	community	vulnerabilities	
be addressed. Living conditions and the forces that shape them, such as income, education, housing, 
transportation,	environmental	quality,	and	access	to	services,	significantly	drive	the	capacity	for	climate	
resilience.	Thus,	strategies	such	as	alleviating	poverty,	increasing	access	to	opportunity,	improving	living	
conditions, and reducing health and social inequities will result in more climate-resilient communities. In fact, 
there	are	already	many	“no-regret”	climate	mitigation	and	adaptation	measures	available	(discussed	below)	that	
can	reduce	health	burdens,	increase	community	resilience,	and	address	social	inequities.130 Focusing efforts to 
achieve	health	equity	can	thus	lead	to	significant	progress	in	addressing	human-caused	climate	change.

123	 USGCRP.	2016.	The	Impacts	of	Climate	Change	on	Human	Health	in	the	United	States:	A	Scientific	Assessment.	Crimmins,	A.,	J.	 
 Balbus, J. L. Gamble, C. B. Beard, J. E. Bell, D. Dodgen, R. J. Eisen, N. Fann, M. D. Hawkins, S. C. Herring, L. Jantarasami, D. M.  
	 Mills,	S.	Saha,	M.	C.	Sarofim,	J.	Trtanj,	and	L.	Ziska,	Eds.	U.S.	Global	Change	Research	Program,	Washington,	D.C.,	312	pp.
124 Ibid.
125	 Whitehead,	M.	1992.	“The	concepts	and	principles	of	equity	and	health.”	International	Journal	of	Health	Services	22(3),	429–445.
126	 California	Department	of	Public	Health	(CDPH).	2015.	The	Portrait	of	Promise:	The	California	Statewide	Plan	to	Promote	Health	 
	 and	Mental	Health	Equity.	A	Report	to	the	Legislature	and	the	People	of	California	by	the	Office	of	Health	Equity.	Sacramento,	 
	 CA:	California	Department	of	Public	Health,	Office	of	Health	Equity.
127	 Shonkoff,	S.,	R.	Morello-Frosch,	M.	Pastor,	and	J.	Sadd.	2011.	“The	climate	gap:	Environmental	health	and	equity	implications	of	 
	 climate	change	and	mitigation	policies	in	California–a	review	of	the	literature.”	Climatic	Change	109	(Suppl	1):S485–S503.
128 Ibid.
129	 Rudolph,	L.	and	S.	Gould.	2015.	“Climate	change	and	health	inequities:	A	framework	for	action.”	Annals	of	Global	Health	 
	 81:3,	432–444.
130	 Watts	N,	Adger	WN,	Agnolucci	P,	et	al.	2015.	Health	and	climate	change:	policy	responses	to	protect	public	health.	Lancet:	 
	 386,	1861-1914
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Potential Health Impacts of Climate Change Mitigation Measures

Socioeconomic Factors: Income, Poverty, and Wealth
Economic	factors,	such	as	income,	poverty,	and	wealth,	are	collectively	one	of	the	largest	determinants	of	
health.	As	such,	climate	mitigation	measures	that	yield	economic	benefits	can	improve	population	health	
significantly,	especially	if	the	economic	benefits	are	directed	to	those	most	vulnerable	and	disadvantaged	
(including	those	living	in	poverty)	who	often	face	the	most	health	challenges.	From	the	poorest	to	richest	
ends	of	the	income	spectrum,	higher	income	is	associated	with	greater	longevity	in	the	United	States.131,132,133 
The	gap	in	life	expectancy	between	the	richest	1	percent	and	poorest	1	percent	of	Americans	was	almost	15	
years	for	men	in	2014,	and	about	10	years	for	women.134	Early	death	among	those	living	in	poverty	is	not	a	
result	of	those	with	higher	incomes	having	better	access	to	quality	health	care.135	Only	about	10-20	percent	of	
a	person’s	health	status	is	accounted	for	by	health	care	(and	20-30	percent	attributed	to	genetics),	while	the	
remainder	is	attributed	to	the	social	determinants	of	health.	These	include	environmental	quality,	social	and	
economic	circumstances,	and	the	social,	media,	policy,	economic,	retail,	and	built	environments–	all	of	which	
in turn shape stress levels and behaviors, including smoking, diet, and exercise.136,137,138,139,140,141,142,143,144,145,146 
In	fact,	where	people	live,	work,	learn,	and	play	is	often	a	stronger	predictor	of	life	expectancy	than	their	
genetic and biological makeup.147 The World Health Organization’s Commission on the Social Determinants 
of	Health	concluded	that	the	poor	health	of	poor	people,	and	the	social	gradient	in	health,	are	caused	by	the	
unequal distribution of power, income, goods, and services resulting from poor social policies and programs, 
unfair economic arrangements, and bad politics.148	Thus,	improving	the	conditions	of	daily	life	and	tackling	
the	inequitable	distribution	of	power,	money,	and	resources	can	remedy	inequitable	health	outcomes.149 
Simply	put,	the	more	evenly	distributed	the	wealth,	the	healthier	a	society	is.150

The	wealth-health	gradient	has	significant	implications	for	this	Scoping	Plan.	State	climate	legislation	and	
policies require prioritizing GHG reduction strategies that serve vulnerable populations and improve well-
being	for	disadvantaged	communities.	As	such,	strategies	that	improve	the	financial	security	of	communities	
facing disadvantages while reducing GHG emissions are win-win strategies. These include providing funds 
or	services	for	GHG	reduction	programs	(e.g.,	weatherization,	energy	efficiency,	renewable	energy,	ZEVs,	
transit,	housing,	and	others)	to	low-income	individuals	and	households	to	help	them	reduce	costs.	Among	
the	poorest	25	percent	of	people,	per	capita	government	expenditures	are	strongly	associated	with	longer	

131	 Chetty,	R.,	M.	Stepner,	S.	Abraham,	et	al.	2016.	“The	Association	Between	Income	and	Life	Expectancy	in	the	United	States,	 
	 2001–2014.”	JAMA	Published	online	April	10,	2016.	doi:10.1001/jama.2016.4226.
132	 Marmot,	M.,	S.	Friel,	R.	Bell,	et	al.	2008.	“Closing	the	gap	in	a	generation:	Health	equity	through	action	on	the	social	 
	 determinants	of	health.”	The	Lancet	372,	9650:	1661–1669.
133	 Woolf,	S.	H.,	and	P.	Braveman.	2011.	“Where	health	disparities	begin:	The	role	of	social	and	economic	determinants–and	why	 
	 current	policies	may	make	matters	worse.”	Health	Affairs	(Millwood)	30(10),	1852–1859.
134	 Chetty	R,	Stepner	M,	Abraham	S,	et	al.	2016.	The	Association	between	Income	and	Life	Expectancy	in	the	United	States,	2001- 
	 2014.	JAMA.	Published	online	April	10,	2016.	doi:10.1001/jama.2016.4226
135 Ibid.
136	 DHHS,	Public	Health	Service.	1980.	Ten	leading	causes	of	death	in	the	United	States.	Atlanta,	GA:	Bureau	of	State	Services.
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140	 Mokdad,	A.	et	al.	2004.	“Actual	causes	of	death	in	the	United	States,	2000.”	JAMA	291(10),	1238–1245.
141	 Danaei,	G.	et	al.	2009.	“The	preventable	causes	of	death	in	the	United	States:	Comparative	risk	assessment	of	dietary,	lifestyle,	 
	 and	metabolic	risk	factors.”	PLoS	Medicine	6(4),	e1000058.
142	 World	Health	Organization	(WHO).	2009.	Global	health	risks:	Mortality	and	burden	of	disease	attributable	to	selected	major	 
	 risks.	Geneva:	WHO.
143	 Booske,	B.	et	al.	2010.	Different	perspectives	for	assigning	weights	to	determinants	of	health.	County	Health	Rankings	Working	 
	 Paper.	Madison,	WI:	University	of	Wisconsin	Population	Health	Institute.
144	 Stringhini,	S.	et	al.	2010.	“Association	of	socioeconomic	position	with	health	behaviors	and	mortality.”	JAMA	303(12),	1159–1166.
145 Thoits,	P.	2010.	“Stress	and	health:	Major	findings	and	policy	implications.”	Journal of Health and Social Behavior 51 Suppl, S41–53.
146	 McGovern,	L.,	G.	Miller	and	P.	Highes-Cromwick.	2014.	“Health	policy	brief:	The	relative	contribution	of	multiple	determinants	to	 
 health outcomes.” Health Affairs
147	 Iton,	A.	2006.	Tackling	the	root	causes	of	health	disparities	through	community	capacity	building.	In:	Hofrichter	R,	ed.	Tackling	 
	 Health	Inequities	Through	Public	Health	Practice:	A	Handbook	for	Action.	Washington,	D.C.,	and	Lansing,	MI:	National	 
	 Association	of	County	and	City	Health	Officials	and	Ingham	County	Health	Department;	116–136.
148	 Marmot	M,	Friel	S,	Bell	R,	et	al.	2008.	Closing	the	gap	in	a	generation:	health	equity	through	action	on	the	social	determinants	of	 
	 health.	The	Lancet	,	Volume	372	,	Issue	9650,	1661	–	1669
149 Ibid.
150	 Smith,	R.	1996.	“The	big	idea.”	British	Medical	Journal	312:April	20th,	Editor’s	choice.
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life spans.151	Successful	strategies	California	has	already	implemented	to	assure	the	poor	do	not	pay	higher	
costs	for	societal	GHG	reductions	include	low-income	energy	discount	programs,	in	combination	with	direct	
climate	credits,	and	policies	and	programs	that	help	Californians	reduce	electricity,	natural	gas,	and	gasoline	
consumption.152 More such strategies could be pursued. To tackle the inequitable distribution of power that 
leads	to	disparate	health	outcomes,	agencies	can	first	assure	their	hearing	and	decision-making	processes	
provide opportunities for civic engagement so people facing health inequities can themselves participate 
in	decision-making	about	solutions.	Whether	it	is	absolute	poverty	or	relative	deprivation	that	leads	to	poor	
health, investments and policies that both lift up the poor and reduce wealth disparities will address the 
multiple problems of climate change mitigation, adaptation, and health inequities.

Employment
Employment	status	impacts	human	health	in	many	ways.	Poor	health	outcomes	of	unemployment	
include	premature	death,	self-rated	ill-health	(a	strong	predictor	of	poor	health	outcomes),	and	mental	
illness.153,154,155,156	Economic	strain	related	to	unemployment	can	impact	mental	health	and	trigger	stress	that	
is linked to other health conditions.157,158	Populations	of	color	are	overrepresented	in	the	unemployment	
and	under-employment	ranks,	which	likely	contributes	to	racial	health	inequities.	In	2014,	14.7	percent	of	
African-Americans,	12.1	percent	of	American	Indians	and	Alaska	Natives,	and	9.8	percent	of	Latinos	were	
unemployed,	compared	to	7.9	percent	of	Whites.159 In addition to providing income, the work experience has 
health consequences. There is a work status–health gradient similar to the wealth–health gradient. Workers 
with lower occupational status have a higher risk of death,160 increased blood pressure,161 and more heart 
attacks.162,163	Higher	status	workers	often	have	a	greater	sense	of	autonomy,	control	over	their	work,	and	
predictability,	compared	to	lower	status	workers,	whose	lack	of	control	and	predictability	translates	to	stress	
that shortens their lives.164 Nonstandard working arrangements such as part-time, seasonal, shift, contract, 
or	informal	sector	work	have	been	linked	to	greater	psychological	distress	and	poorer	physical	health.165,166 
Women	are	heavily	overrepresented	in	nonstandard	work,	as	are	people	of	color	and	people	with	low	levels	
of education.167,168

The	implementation	of	California’s	climate	change	goals	provides	great	opportunity	to	not	only	improve	the	
habitability	of	the	planet,	but	also	to	increase	economic	vitality,	employ	historically	disadvantaged	people	
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in	secure	jobs,	and	improve	the	health	of	the	population.	Measures	in	the	Scoping	Plan	that	aim	to	reduce	
GHGs	can	simultaneously	improve	health	and	social	equity	by	prioritizing	or	requiring	that:	(1)	infrastructure	
projects	using	public	funds	pay	living	wages,	provide	quality	benefits	to	all	employees,	and	minimize	
nonstandard	work;	(2)	locals	are	hired	as	much	as	is	feasible;	(3)	preference	is	given	for	women-owned	and	
minority-owned	businesses;	(4)	employers	receiving	public	funds	assess	and	reduce	work	stress	and	lack	of	
workplace	control;	(5)	projects	benefiting	from	State	climate	investments	prioritize	hiring	from	historically	
hard-to-employ	groups,	such	as	youth	(especially	youth	of	color),	formerly	incarcerated	people,	and	people	
with	physical	or	mental	illness;	and	(6)	training	is	provided	to	these	same	groups	to	work	in	jobs	in	sectors	
that	will	support	a	sustainable	economy.

Communications Supporting Climate Change Behaviors and Policies
California’s leadership on GHG reductions is exceptional. However, climate mitigation goals are often treated 
independently	by	sector,	and	the	public	does	not	see	a	unified	message	that	changes	must	take	place	on	
every	level	in	every	sector	to	preserve	human	health	and	well-being.	Climate	strategy	could	be	supported	by	
public communications campaigns that link sectors and present a message of the need for bold action, along 
with	the	benefits	that	action	can	yield.	Mass	media	communications	and	social	marketing	campaigns	can	help	
shift	social	and	cultural	norms	toward	sustainable	and	healthy	practices.	Messaging	about	the	co-benefits	of	
climate	change	policies	in	improving	health	and	well-being	can	lead	to	increased	community	and	decision-
maker support among vulnerable groups for policies and measures outlined in the Scoping Plan.

Community Engagement Leads to Robust, Lasting, and Effective Climate Policies
For	California’s	climate	change	policies	to	be	supported	by	the	public	and	be	implemented	with	enthusiasm,	
they	must	be	developed	through	ample,	genuine	opportunities	for	community	members	to	discuss	and	
provide	input.	Californians’	contributions	to	the	policy	arena	strengthen	the	end	products	and	assist	in	their	
implementation and enforcement.
Efforts	to	mitigate	climate	change	through	policy,	environmental,	and	systems	change	present	considerable	
opportunities	to	promote	sustainable,	healthy,	resilient,	and	equitable	communities.	The	measures	in	the	
Scoping	Plan,	and	the	way	they	are	implemented,	can	help	create	living	conditions	that	facilitate	physical	
activity;	encourage	public	transit	use;	provide	access	to	affordable,	fresh,	and	nutritious	foods;	protect	the	
natural	systems	on	which	human	health	depends;	spur	economic	development;	provide	safe,	affordable,	and	
energy-efficient	housing;	enable	access	to	jobs;	and	increase	social	cohesion	and	civic	engagement.	These	
climate change mitigation measures can improve overall population health, as well as material conditions, 
access	to	opportunity,	and	health	and	well-being	in	communities	facing	health	inequities.	Approaching	
the	policy	solutions	outlined	in	the	Scoping	Plan	with	a	health	and	equity	lens	can	ultimately	help	lead	to	a	
California	in	which	all	current	and	future	generations	of	Californians	can	benefit	and	thrive.

Environmental Analysis

CARB,	as	the	lead	agency,	prepared	a	Draft	Environmental	Analysis	(Draft	EA)	in	accordance	with	the	
requirements	of	the	California	Environmental	Quality	Act	(CEQA)	and	CARB’s	regulatory	program	(CARB’s	
program	has	been	certified	as	complying	with	CEQA	by	the	Secretary	of	Natural	Resources;	see	California	
Code	of	Regulation,	title	17,	sections	60006-60008;	California	Code	of	Regulation,	title	14,	section	15251,	
subdivision	(d)).	The	resource	areas	from	the	CEQA	Guidelines	Environmental	Checklist	were	used	as	a	
framework	for	a	programmatic	environmental	analysis	of	the	reasonably	foreseeable	compliance	responses	
resulting from implementation of the measures proposed in the Scoping Plan to achieve the 2030 target. 
Following	circulation	of	the	Draft	EA	for	an	80-day	public	review	and	comment	period	(January	20,	2017	
through	April	10,	2017),	CARB	prepared	the	Final	Environmental	Analysis	Prepared	for	the	Proposed	Strategy	
for	Achieving	California’s	2030	Greenhouse	Gas	Target	(Final	EA),	which	includes	minor	revisions	to	the	Draft	
EA,	and	the	Response	to	Comments	on	the	Draft	Environmental	Analysis	prepared	for	the	Proposed	Strategy	
for	Achieving	California’s	2030	Greenhouse	Gas	Target	(RTC).	The	Final	EA	is	included	as	Appendix	F	to	the	
2017	Scoping	Plan.	The	Final	EA	and	RTC	were	posted	on	CARB’s	Scoping	Plan	webpage	before	the	Board	
hearing	in	December	2017.
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The	Final	EA	provides	a	programmatic	level	of	analysis	of	the	adverse	environmental	impacts	that	are	
reasonably	foreseeable	as	resulting	from	implementation	of	the	proposed	Scoping	Plan	measures;	feasible	
mitigation	measures;	a	cumulative	impacts	analysis	and	an	alternatives	analysis.
Collectively,	the	Final	EA	concluded	that	implementation	of	these	actions	could	result	in	the	following	
short-term	and	long-term	beneficial	and	adverse	environmental	impacts:

• Beneficial	long-term	impacts	to	air	quality,	energy	demand	and	greenhouse	gas	emissions.
• Less	than	significant	impacts	to	energy	demand,	resources	related	to	land	use	planning,	 
 mineral resources, population and housing, public services, and recreational services.
• Potentially	significant	and	unavoidable	adverse	impacts	to	aesthetics,	agriculture	and	forest	 
	 resources,	air	quality,	biological	resources,	cultural	resources,	geology	and	soils,	hazards	 
	 and	hazardous	materials,	hydrology	and	water	quality,	resources	related	to	land	use	planning,	 
	 noise,	recreational	services,	transportation/traffic,	and	utilities	and	service	systems.

The	potentially	significant	and	unavoidable	adverse	impacts	are	disclosed	for	both	short-term	construction-
related	activities	and	long-term	operational	activities,	which	explains	why	some	resource	areas	are	identified	
above	as	having	both	less-than-significant	impacts	and	potentially	significant	impacts.	For	a	summary	of	
impacts, please refer to the table in Attachment B to the Final EA.
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Climate change mitigation policies must be considered in the context of the sector’s contribution to the 
State’s	total	GHGs,	while	also	considering	any	co-benefits	for	criteria	pollutant	and	toxic	air	contaminant	
reductions.	The	transportation,	electricity	(in-state	and	imported),	and	industrial	sectors	are	the	largest	
contributors	to	the	GHG	inventory	and	present	the	largest	opportunities	for	GHG	reductions.	However,	
to	ensure	decarbonization	across	the	entire	economy	and	to	meet	our	2030	GHG	target,	policies	must	be	
considered	for	all	sectors.	Policies	that	support	energy	efficiency,	alternative	fuels,	and	renewable	power	also	
can	provide	co-benefits	for	both	criteria	and	toxic	air	pollutants.
The	specific	policies	identified	in	this	Scoping	Plan	are	subject	to	additional	analytical	and	public	processes	
to	refine	the	requirements	and	methods	of	implementation.	For	example,	a	change	in	the	LCFS	Carbon	
Intensity	(CI)	target	would	only	take	effect	after	a	subsequent	rulemaking	for	that	regulation,	which	would	
include	its	own	public	process	and	environmental,	economic,	and	public	health	analyses.	As	described	in	
Chapter	2,	many	policies	for	reducing	emissions	toward	the	2030	target	are	already	known.	This	Scoping	
Plan	identifies	these	and	additional	policies	or	program	enhancements	needed	to	achieve	the	remaining	
GHG	reductions	in	a	complementary,	flexible,	and	cost-effective	manner	to	meet	the	2030	target.	These	
policies	should	continue	to	encourage	reductions	beyond	2030	to	keep	us	on	track	to	stabilize	the	climate.	
Policies	that	ensure	economy-wide	investment	decisions	that	incorporate	consideration	of	GHG	emissions	
are	particularly	important.
As we pursue GHG reduction targets, we must acknowledge the integrated nature of our built and natural 
environments,	and	cross-sector	impacts	of	policy	choices.	The	State’s	Green	Buildings	Strategy	is	one	such	
example	of	this	type	of	integrated	approach.	Buildings	have	tremendous	cross-sector	interactions	that	
influence	our	health	and	well-being	and	affect	land	use	and	transportation	patterns,	energy	use,	water	use,	
communities, and the indoor and outdoor environment. Green building regulations and programs offer 
complementary	opportunities	to	address	the	direct	and	indirect	effects	of	buildings	on	the	environment	by	
incorporating	strategies	to	minimize	overall	energy	use,	water	use,	waste	generation,	and	transportation	
impacts.	The	Governor’s	Green	Buildings	Executive	Order	B-18-12	for	State	buildings	and	the	California	
Green	Building	Standards	(CALGreen)	Code169	are	key	state	initiatives	supporting	emissions	reductions	
associated	with	buildings.	Local	governments	are	taking	action	by	adopting	“beyond	code”	green	building	
standards.	Additional	efforts	to	maintain	and	operate	existing	buildings	as	third-party	certified	green	
buildings	provides	a	significant	opportunity	to	reduce	GHG	emissions	associated	with	buildings.	These	
foundational regulations and programs for reducing building-related emissions are described in more detail 
in Appendix H. Looking forward, there is a need to establish a path toward transitioning to zero net carbon 
buildings170,	which	will	be	the	next	generation	of	buildings	that	can	contribute	significantly	to	achieving	long-
term	climate	goals.	A	discussion	of	how	the	green	buildings	strategy	can	support	GHG	reductions	to	help	
meet the 2030 target is provided in Appendix I. Recent research activities have provided results to better 
quantify	GHG	emissions	reductions	of	green	buildings,	and	additional	research	activities	need	to	continue	to	
expand	their	focus	to	support	technical	feasibility	evaluations	and	implementation.	Research	needs	related	to	
green buildings are included in Appendix I.
Further, each of the policies directed at the built environment must be considered in the broader context of 
the high-level goals for other sectors, including the natural and working lands sector. For example, policies 
that support natural and working lands can reduce emissions and sequester carbon, while also providing 
ecosystem	benefits	such	as	better	water	quality,	increased	water	yield,	soil	health,	reduced	erosion,	and	

169	 The	authority	to	update	and	implement	the	CALGreen	Code	is	the	responsibility	of	several	State	agencies	identified	in	 
 California Building Standards Law.
170	 A	zero	carbon	building	generates	zero	or	near	zero	GHG	emissions	over	the	course	of	a	year	from	all	GHG	emission	sources	 
	 associated,	directly	and	indirectly,	with	the	use	and	occupancy	of	the	building	(initial	definition	included	in	the	May	2014	 
 First Update to the Climate Change Scoping Plan).

Chapter 4

Key SectorS
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habitat	connectivity.	These	policies	and	co-benefits	will	be	considered	as	part	of	the	integrated	strategy	
outlined above. Table 16 provides examples of the cross-sector interactions between and among the main 
sectors	analyzed	for	the	Scoping	Plan	that	are	discussed	in	this	chapter	(Energy,	Transportation,	Industry,	
Water,	Waste	Management,	and	Natural	and	Working	Lands,	including	agricultural	lands).
This	chapter	recognizes	these	interactions	and	relates	these	broad	strategic	options	to	the	specific	additional	
programs	recommended	in	Chapter	2	of	this	document.	Accordingly,	Chapter	4	provides	an	overview	of	each	
sector’s contributions to the State’s GHG emissions, a description of both ongoing and proposed programs 
and	policies	to	meet	the	2030	target,	and	additional	climate	policy	or	actions	that	could	be	considered	in	the	
future.	The	wide	array	of	complementary	and	supporting	measures	being	contemplated	or	undertaken	across	
State government are detailed here. The broad view of State action described in this chapter thus provides 
context for the narrower set of measures discussed in detail in Chapter 2 of this Scoping Plan. It is these 
measures	in	Chapter	2	that	CARB	staff	has	identified	as	specific	actions	to	meet	the	2030	target	in	SB	32.
The	following	phrases	have	specific	meanings	in	this	discussion	of	the	policy	landscape:	“Ongoing	and	
Proposed Measures” refers to programs and policies that are either ongoing existing efforts, or efforts 
required	by	statute,	or	which	are	otherwise	underway	or	about	to	begin.	These	measures	include,	but	are	
not	limited	to,	those	identified	as	necessary	specific	actions	to	meet	the	2030	GHG	target,	and	which	are	
set	apart	and	described	in	greater	detail	in	Chapter	2.	“Sector	Measures”	listed	also	include	cross-cutting	
measures	that	affect	many	entities	in	the	sector;	some	of	these	are	also	identified	in	Chapter	2.	“Potential	
Additional	Actions”	are	not	being	proposed	as	part	of	the	specific	strategy	to	achieve	the	2030	target	in	this	
Scoping Plan. This Scoping Plan includes this broader, comprehensive, review of these measures because 
it	aims	to	spur	thinking	and	exploration	of	innovative	new	technologies	and	polices	that	may	help	the	State	
achieve	its	long-term	climate	goals.	Some	of	these	items	may	not	ever	be	formally	proposed,	but	they	are	
included here because CARB, other agencies, and stakeholders believe their potential should be explored 
with	stakeholders	in	coming	years.
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table 16: Cross-seCtor relationships

Sector Example Interactions with Other Sectors

Energy

• Hydroelectric	power,	cooling,	cleaning,	waste	water	treatment	plant	(WWTP)	bioenergy
• Vehicle-to-grid	power;	electricity	supply	to	vehicle	charging	infrastructure
• Biomass	feedstock	for	bioenergy,	land	for	utility-scale	renewable	energy	(solar,	wind)
• Agricultural	waste	and	manure	feedstocks	for	bioenergy/biofuels
• Organic	waste	for	bioenergy

Transportation

• Electric	vehicles,	natural	gas	vehicles,	transit/rail;	more	compact	development	patterns	that	reduce	 
 vehicle	miles	traveled	(VMT)	also	demand	less	energy	per	capita
• More compact development patterns that reduce VMT also demand less water per capita and reduce  

 conversion of natural and working lands
• Reducing	VMT	also	reduces	energy	demands	necessary	for	producing	and	distributing	fuels	and	vehicles	 

 and construction and maintenance of roads
• Biomass feedstock for biofuels
• Agricultural waste and manure feedstocks for biofuels
• Organic waste for biofuels
• Greenfield	suburban	development	on	natural	and	working	lands	leads	to	increased	VMT

Industry

• Potential	to	electrify	fossil	natural	gas	equipment,	substitution	of	fossil-based	energy	with	renewable	energy
• Greenfield	urban	development	impacts

Water

• Energy	consumption	for	water	pumping,	treatment,	heating;	resource	for	cooling,	cleaning;	WWTP	bioenergy
• Use	of	compost	to	help	with	water	retention	/	conservation	/	drought	mitigation
• Land	conservation	results	in	healthier	watersheds	by	reducing	polluted	runoff,	allowing	groundwater	 

 recharge,	and	maintaining	properly	functioning	ecosystems

Waste 
Management

• Composting,	anaerobic	digestion,	and	wastewater	treatment	plant	capacity	to	help	process	organic	waste	 
 diverted	from	landfills
• Compost	for	carbon	sequestration,	erosion	control	in	fire-ravaged	lands,	water	conservation,	and	healthy	soils
• Replacing	virgin	materials	with	recycled	materials	associated	with	goods	production;	enhanced	producer	 

 responsibility	reduces	energy	impacts	of	consumption
• Efficient	packaging	materials	reduces	energy	consumption	and	transportation	fuel	use

Agriculture

• Crop production, manure management; WWTP biosolids for soil amendments
• Agricultural	waste	and	manure	feedstocks	for	bioenergy
• Compost	production	in	support	of	Healthy	Soils	Initiative

Natural and  
Working Lands

• Healthy	forestlands	provide	wood	and	other	forest	products
• Restoring	coastal	and	sub-tidal	areas	improves	habitat	for	commercial	and	other	fisheries
• Sustainable	management	can	provide	biomass	for	electricity
• Sustainable management can provide biomass for biofuels
• Resilient natural and working lands provide habitat for species and functions to store water, recharge  

 groundwater,	naturally	purify	water,	and	moderate	flooding.	Forests	are	also	a	source	of	compost	and	other	 
 soil amendments.
• Conservation and land protections help reduce VMT and increase stable carbon pools in soils and  

 above-ground biomass
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Low Carbon Energy

The	energy	sector	in	California	is	composed	of	electricity	and	natural	gas	infrastructure,	which	brings	
electricity	and	natural	gas	to	homes,	businesses,	and	industry.	This	vast	system	is	critical	to	California’s	
economy	and	public	well-being,	and	pivotal	to	reducing	its	GHG	emissions.
Historically,	power	plants	generated	electricity	largely	by	combusting	fossil	fuels.	In	the	1970s	and	early	
1980s,	a	significant	portion	of	California’s	power	supply	came	from	coal	and	petroleum	resources.	To	
reduce	air	pollution	and	promote	fuel	diversity,	the	State	has	shifted	away	from	these	resources	to	natural	
gas,	renewable	energy,	and	energy	efficiency	programs,	resulting	in	significant	GHG	emissions	reductions.	
Emissions	from	the	electricity	sector	are	currently	approximately	20	percent	below	1990	levels	and	are	well	on	
their	way	to	achieving	deeper	emissions	cuts	by	2030.	Since	2008,	renewable	generation	has	almost	doubled,	
coal	generation	has	been	reduced	by	more	than	half,	and	GHG	emissions	have	been	reduced	by	a	quarter.
Carbon	dioxide	is	the	primary	GHG	associated	with	electricity	and	natural	gas	systems.	The	electricity	sector,	
which is composed of in-State generation and imported power to serve California load, has made great 
strides	to	help	California	achieve	its	climate	change	objectives.	Renewable	energy	has	shown	tremendous	
growth,	with	capacity	from	solar,	wind,	geothermal,	small	hydropower,	and	biomass	power	plants	growing	
from	6,600	megawatts	(MW)	in	2010	to	27,500	MW	as	of	June	2017.171

Renewable	energy	adoption	in	California	has	been	promoted	through	the	RPS	and	several	funding	
mechanisms,	such	as	the	California	Solar	Initiative	(CSI)	programs,	Self-Generation	Incentive	Program	(SGIP),	
Net-Energy	Metering	(NEM),	and	federal	tax	credits.	These	mandates	and	incentives	have	spurred	both	
utility-scale	and	small-scale	customer-developed	renewable	energy	projects.	SB	350	increased	the	RPS	
requirement	from	33	percent	by	2020	to	50	percent	by	2030.
SB	350	requires	publicly-owned	utilities	under	the	jurisdiction	of	the	California	Energy	Commission	(CEC)	
and	all	load-serving	entities	under	the	jurisdiction	of	the	California	Public	Utilities	Commission	(CPUC)	to	
file	integrated	resource	plans	(IRPs)	with	the	CEC	and	CPUC,	respectively.	Through	their	IRPs,	filing	entities	
will	demonstrate	how	they	will	plan	to	meet	the	electricity	sector’s	share	of	the	State’s	2030	GHG	reduction	
target	while	ensuring	reliability	in	a	cost-effective	manner.	The	CEC	and	CPUC	have	developed	the	guidelines	
that	publicly-owned	utilities	and	load-serving	entities	will	follow	to	prepare	and	submit	IRPs,	and	CARB	is	
working	collaboratively	with	CEC	and	CPUC	to	set	the	sector	and	utility	and	load-serving	entity	planning	
targets. The Scoping Plan provides information to help establish the range of GHG reductions required for 
the	electricity	sector,	and	those	numbers	will	be	translated	into	planning	target	ranges	in	the	IRP	process.	The	
IRP	processes	as	currently	proposed	by	CEC	and	CPUC	staff	will	grant	publicly-owned	utilities	flexibility	to	
determine	the	optimal	way	to	reduce	GHG	emissions,	and	load	serving	entities	some	flexibility	to	achieve	the	
electricity	sector’s	share	of	the	2030	goal.	The	CPUC	has	developed	a	Reference	System	Plan	to	help	guide	
investment,	resource	acquisition,	and	programmatic	decisions	to	reach	the	State’s	policy	goals,	in	addition	to	
informing the development of individual load serving entities’ IRPs.
Energy	efficiency	is	another	key	component	to	reducing	energy	sector	GHG	emissions,	and	is	another	
consideration	in	each	agency’s	IRP	process.	Utilities	have	been	offering	energy	efficiency	programs,	such	
as	incentives,	to	California	customers	for	decades,	and	CEC	has	continually	updated	building	and	appliance	
standards.	In	the	context	of	IRPs,	utility-ratepayer-funded	energy	efficiency	programs	will	likely	continue	to	
play	an	important	role	in	reducing	GHG	emissions	in	the	electricity	sector.
SB	350	requires	CEC	and	CPUC	to	establish	annual	targets	for	statewide	energy	efficiency	savings	and	
demand	reduction	that	will	achieve	a	cumulative	doubling	of	statewide	energy	efficiency	savings	in	electricity	
and	natural	gas	end	uses	by	2030.	These	targets	can	be	achieved	through	appliance	and	building	energy	
efficiency	standards;	utility	incentive,	rebate,	and	technical	assistance	programs;	third-party	delivered	
energy	efficiency	programs;	and	other	programs.	Achieving	greater	efficiency	savings	in	existing	buildings,	
as	directed	by	Governor	Brown	in	his	2015	inaugural	speech,	will	be	essential	to	meet	the	goal	of	doubling	
energy	efficiency	savings.	In	September	2015,	CEC	adopted	the	Existing	Buildings	Energy	Efficiency	Action	
Draft	Plan,	which	is	designed	to	provide	foundational	support	and	strategies	to	enable	scaling	of	energy	
efficiency	in	the	built	environment.	Pursuant	to	SB	350,	CEC	published	an	updated	Existing	Buildings	Energy	
Efficiency	Action	Plan	prior	to	January	2017.	More	than	$10	billion	in	private	capital	investment	will	be	needed	

171	 California	Energy	Commission.	August,	2017.	Tracking	Progress.	Renewable	Energy	–	 
 Overview. http://www.energy.ca.gov/renewables/tracking_progress/documents/renewable.pdf
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to	double	statewide	efficiency	savings	in	California.172	Energy	efficiency	programs	are	one	part	of	the	broader	
green	buildings	strategy,	which	incorporates	additional	measures	to	minimize	water	use,	waste	generation,	
and	transportation	impacts.	The	green	buildings	strategy	is	described	in	further	detail	in	Appendix	I.
Heating fuels used for activities such as space and water heating in the residential, commercial, and industrial 
sectors	represent	a	significant	source	of	GHG	emissions.	Transitioning	to	cleaner	heating	fuels	is	part	of	
the	solution	of	achieving	greater	efficiency	savings	in	existing	buildings	and	has	significant	GHG	emissions	
reductions potential. Examples of this transition can include use of renewable gas and solar thermal, as well 
as	electrification	of	end	uses	in	residential,	commercial,	and	industrial	sectors.	However,	achieving	significant	
GHG	emissions	reductions	can	only	be	achieved	by	decarbonizing	the	electricity	sector	–	switching	from	
natural	gas	end	uses	to	electricity	generated	by	burning	natural	gas	would	not	be	effective.	Electrification	
can	complement	renewables	and	energy	storage	if	implemented	in	an	integrated,	optimized	manner.	Other	
hurdles that will have to be overcome include electric equipment performance across all California climate 
regions, seasonal variations of renewable generation, cost-effectiveness, and consumer acceptance of 
different heating fuel options.
Fossil-fuel-based	natural	gas	is	a	significant	fuel	source	for	both	in-State	electricity	generation	and	electricity	
imported into California. It is also used in transportation applications and in residential, commercial, 
industrial, and agricultural sector end uses. Greenhouse gas emissions from combustion of fossil natural gas 
decreased	from	134.71	MMTCO2e	in	2000	to	126.98	MMTCO2e in 2015, while natural gas pipeline fugitive 
emissions were estimated to be 4.0 MMTCO2e	in	2015	and	have	been	nearly	unchanged	since	2000.173 
Greenhouse	gas-reduction	strategies	should	focus	on	efficiency,	reducing	leakage	from	wells	and	pipelines,	
implementing	the	SLCP	strategy,	and	studying	the	potential	for	renewable	gas	fuel	switching	(e.g.,	renewable	
hydrogen	blended	with	methane	or	biomethane).
Moving forward, reducing use of fossil natural gas wherever possible will be critical to achieving the State’s 
long-term	climate	goals.	For	end	uses	that	must	continue	to	rely	on	natural	gas,	renewable	natural	gas	could	
play	an	important	role.	Renewable	natural	gas	volume	has	been	increasing	from	approximately	1.5	million	diesel	
gallon	equivalent	(dge)	in	2011	to	more	than	68.5	million	dge	in	2015,	and	continued	substitution	of	renewable	
gas for fossil natural gas would help California reduce its dependence on fossil fuels. In addition, renewable 
gas	can	be	sourced	by	in-vessel	waste	digestion	(e.g.,	anaerobic	digestion	of	food	and	other	organics)	and	
recovering	methane	from	landfills,	livestock	operations,	and	wastewater	treatment	facilities	through	the	use	of	
existing	technologies,	thereby	also	reducing	methane	emissions.	The	capture	and	productive	use	of	renewable	
methane	from	these	and	other	sources	is	consistent	with	requirements	of	SB	1383.
Collectively,	renewable	energy	and	energy	efficiency	measures	can	result	in	significant	public	health	and	
climate	benefits	by	displacing	air	pollution	and	GHG	emissions	from	fossil-fuel	based	energy	sources,	as	well	
as	by	reducing	the	health	and	environmental	risks	associated	with	the	drilling,	extraction,	transportation,	and	
storage	of	fossil	fuels,	especially	for	communities	living	near	fossil-fuel	based	energy	operations.
As	the	energy	sector	continues	to	evolve	and	decarbonize,	both	the	behavior	of	individual	facilities	and	the	
design	of	the	grid	itself	will	change,	with	important	distributional	effects.	Some	power	plants	may	operate	
more	flexibly	to	balance	renewables,	emerging	technologies	(examples	include	storage,	smart	inverters,	
renewably-fueled	fuel	cells,	and	others)	will	become	more	prevalent,	and	aging	facilities	may	retire	and	be	
replaced.	In	turn,	this	may	shift	patterns	of	criteria	pollutant	emissions	at	these	facilities.	Because	many	
existing power plants are in, or near, disadvantaged communities, it is of particular importance to ensure that 
this transition to a cleaner grid does not result in unintended negative impacts to these communities.
Appendix	H	highlights	the	more	significant	existing	policies,	programs,	measures,	regulations,	and	initiatives	
that provide a framework for helping achieve GHG emissions reductions in this sector.

172	 California	Energy	Commission.	2016.	Existing	Building	Energy	Efficiency	Action	Plan.	page	61.	Available	at:	 
 http://docketpublic.energy.ca.gov/PublicDocuments/16-EBP-01/TN214801_20161214T155117_Existing_Building_Energy_ 
 Efficency_Plan_Update_Deceber_2016_Thi.pdf
173	 	CARB.	2017.	CARB’s	Emission	Inventory	Activities.	www.arb.ca.gov/ei/ei.htm
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Looking to the Future
This	section	outlines	the	high-level	objectives	and	goals	to	reduce	GHGs	in	this	sector.

Electricity Goals
• Achieve	sector-wide,	publicly-owned	utility,	and	load-serving	entity	specific	GHG	 
	 reduction	planning	targets	set	by	the	State	through	Integrated	Resource	Planning.
• Reduce fossil fuel use.
• Reduce	energy	demand.

Natural Gas Goals
• Ensure	safety	of	the	natural	gas	system.
• Decrease fugitive methane emissions.
• Reduce dependence on fossil natural gas.

Cross-Sector Interactions
The	energy	sector	interacts	with	nearly	all	sectors	of	the	economy.	Siting	of	power	plants	(including	solar	and	
wind	facilities)	and	transmission	and	distribution	lines	have	impacts	on	land	use	in	California–be	it	conversion	
of agricultural or natural and working lands, impacts to sensitive species and habitats, or implications to 
disadvantaged,	vulnerable,	and	environmental	justice	communities.	Additionally,	more	compact	development	
patterns	reduce	per	capita	energy	demands,	while	less-compact	sprawl	increases	them.	Further,	efforts	to	
reduce	GHG	emissions	in	the	transportation	sector	include	electrification,	such	as	PHEVs,	BEVs,	and	FCEVs.	
Some	industrial	sources	also	use	electricity	as	a	primary	or	auxiliary	source	of	power	for	manufacturing.	In	
the	future,	industrial	facilities	may	electrify	their	systems	instead	of	relying	on	natural	gas.	These	activities	will	
increase	demand	in	this	sector.	In	addition,	water	is	used	in	various	applications	in	the	energy	sector,	ranging	
in	intensity	from	cooling	of	turbines	and	other	equipment	at	power	plants	to	cleaning	solar	photovoltaic	
panels.	Given	California’s	recent	historic	drought,	water	use	for	the	electricity	sector	is	an	important	
consideration for operation, maintenance, and construction activities.
Continued planning and coordination with federal, State, and local agencies, governments, Tribes, and 
stakeholders	will	be	crucial	to	minimizing	environmental	and	health	impacts	from	the	energy	sector,	
deploying	new	technologies,	and	identifying	feedstocks.

Efforts to Reduce Greenhouse Gases
The measures below include some required and new potential measures to help achieve the State’s 2030 
target	and	to	support	the	high-level	objectives	for	this	sector.	Some	measures	may	be	designed	to	directly	
address	GHG	reductions,	while	others	may	result	in	GHG	reductions	as	a	co-benefit.

Ongoing and Proposed Measures – Electricity
• Per SB 350, with respect to Integrated Resource Plans, establish GHG planning targets  
	 for	the	electricity	sector,	publicly-owned	utilities,	and	load-serving	entities.
• Per	SB	350,	ensure	meaningful	GHG	emissions	reductions	by	publicly-owned	 
 utilities and load-serving entities through Integrated Resource Planning.
• Per	AB	197,	prioritize	direct	reductions	at	large	stationary	 
 sources, including power-generating facilities.
• Per	SB	350,	increase	the	RPS	to	50	percent	of	retail	sales	by	2030	and	ensure	grid	reliability.
• Per	Governor	Brown’s	Clean	Energy	Jobs	Plan,	AB	327	(Perea,	Chapter	611,	Statutes	 
	 of	2013),	and	AB	693	(Eggman,	Chapter	582,	Statutes	of	2015),	increase	development	 
 of distributed renewable generation, including for low income households.
• Continue to increase use of distributed renewable generation at State facilities where space allows.
• Increase	retail	customers’	use	of	renewable	energy	through	 
	 optional	utility	100	percent	renewable	energy	tariffs.
• Continue GHG reductions through participation in the California  
	 Independent	System	Operator	(CAISO)	Energy	Imbalance	Market.
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• Per	SB	350,	efforts	to	evaluate,	develop,	and	deploy	regionalization	of	the	grid	and	 
 integration of renewables via regionalization of the CAISO should continue while  
	 maintaining	the	accounting	accuracy	and	rigor	of	California’s	GHG	policies.
• Per	SB	350,	establish	annual	targets	for	statewide	energy	efficiency	savings	and	 
	 demand	reduction	that	will	achieve	a	cumulative	doubling	of	statewide	energy	 
	 efficiency	savings	in	electricity	and	natural	gas	end	uses	by	2030.
• Per	SB	350,	implement	the	recommendations	of	the	Barriers	Study	for	increasing	access	to	renewable	 
	 energy	generation	for	low-income	customers,	energy	efficiency	and	weatherization	investments	 
 for low-income customers, and contracting opportunities for local small business in disadvantaged  
 communities.174 And, track progress towards these actions over time to ensure disadvantaged  
	 communities	are	getting	equal	access	and	benefits	relative	to	other	parts	of	the	State.
• Continue implementation of the Regulations Establishing and Implementing a Greenhouse  
	 Gases	Emission	Performance	Standard	for	Local	Publicly	Owned	Electric	Utilities	as	required	 
	 by	SB	1368	(Perata,	Chapter	598,	Statutes	of	2006),	which	effectively	prohibits	electric	utilities	 
 from making new long-term investments in high-GHG emitting resources such as coal power.
• Per	AB	802	(Williams,	Chapter	590,	Statutes	of	2015),	adopt	the	forthcoming	CEC	regulations	 
	 governing	building	energy	use	data	access,	benchmarking,	and	public	disclosure.
• Per	AB	2868	(Gatto,	Chapter	681,	Statutes	of	2016),	encourage	development	of	 
	 additional	energy	storage	capacity	on	the	transmission	and	distribution	system.
• Per	AB	758	(Skinner,	Chapter	470,	Statutes	of	2009),175 implement recommendations  
	 under	State	jurisdiction	included	in	the	AB	758	Action	Plan	developed	by	CEC.

Ongoing and Proposed Measures – Natural Gas
• Implement the CARB Regulation for Greenhouse Gas Emission Standards for Crude Oil and Natural  
 Gas Facilities to reduce fugitive methane emissions from storage and distribution infrastructure.
• Per	SB	1371	(Leno,	Chapter	525,	Statutes	of	2014),	adopt	improvements	in	investor- 
	 owned	utility	(IOU)	natural	gas	systems	to	address	methane	leaks.
• Implement	the	SLCP	Strategy	to	reduce	natural	gas	leaks	from	oil	and	gas	 
	 wells,	pipelines,	valves,	and	pumps	to	improve	safety,	avoid	energy	losses,	 
 and reduce methane emissions associated with natural gas use.
• Per	SB	1383,	CEC	will	develop	recommendations	for	the	development	and	use	of	 
	 renewable	gas	as	part	of	its	2017	Integrated	Energy	Policy	Report	(IEPR).
• Per	SB	1383,	adopt	regulations	to	reduce	methane	emissions	from	livestock	manure	and	dairy	 
	 manure	management	operations	by	up	to	40	percent	below	the	dairy	sector’s	and	 
	 livestock	sector’s	2013	levels	by	2030,	including	establishing	energy	infrastructure	 
	 development	and	procurement	policies	needed	to	encourage	dairy	biomethane	 
	 projects.	The	regulations	will	take	effect	on	or	after	January	1,	2024.
• Per	SB	1383,	reduce	methane	emissions	at	landfills	by	reducing	landfill	disposal	of	 
	 organic	waste	75	percent	below	2014	levels	by	2025,	including	establishing	energy	 
 infrastructure development and procurement policies needed to encourage  
	 in-vessel	digestion	projects	and	increase	the	production	and	use	of	renewable	gas.
• Per	SB	887	(Pavley,	Chapter	673,	Statutes	of	2016),	initiate	continuous	monitoring	 
	 at	natural	gas	storage	facilities	and	(by	January	1,	2018)	mechanical	integrity	testing	 
 regimes at gas storage wells, develop regulations for leak reporting, and require risk  
 assessments of potential leaks for proposed new underground gas storage facilities.
• Per	Public	Utilities	(PU)	Code	454.56,	CPUC,	in	consultation	with	CEC,	(1)	identifies	all	potentially	 
	 achievable	cost-effective	natural	gas	efficiency	savings	and	establishes	gas	efficiency	 
	 targets	for	the	gas	corporation	to	achieve,	and	(2)	requires	gas	corporations	to	first	 
	 meet	unmet	resource	needs	through	available	natural	gas	efficiency	and	demand	 
	 reduction	resources	that	are	cost-effective,	reliable,	and	feasible	(PU	Codes	890– 

174	 CEC.	2016.	Low-Income	Barriers	Study,	Part	A:	Overcoming	Barriers	to	Energy	Efficiency	and	Renewables	for	Low-Income	 
 Customers and Small Business Contracting Opportunities in Disadvantaged Communities. http://docketpublic.energy.ca.gov/ 
 PublicDocuments/16-OIR-02/TN214830_20161215T184655_SB_350_LowIncome_Barriers_Study_Part_A__Commission_Final_ 
 Report.pdf
175	 AB	758	requires	CEC,	in	collaboration	with	CPUC,	to	develop	a	comprehensive	program	to	achieve	greater	energy	efficiency	in	 
 the State’s existing buildings.
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	 900	provide	public	goods	charge	funding	authorization	for	these	programs).
• Per	SB	185	(De	Leon,	Chapter	605,	Statutes	of	2015),	implement	the	requirement	for	the	 
	 California	Public	Employees’	Retirement	System	(CalPERS)	and	the	California	State	Teachers’	 
	 Retirement	System	(CalSTRS)	to	sell	their	holdings	in	coal-producing	companies	by	June	1,	 
	 2017,	and	explore	extending	divestiture	requirements	for	additional	fossil-fuel	assets.

Sector Measures
• Implement the post-2020 Cap-and-Trade Program.

Potential Additional Actions
The	actions	below	have	the	potential	to	reduce	GHGs	and	complement	the	measures	and	policies	identified	
in	Chapter	2.	These	are	included	to	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	
achieve its long-term climate goals. It is anticipated that there will be workshops and other stakeholder 
forums	in	the	years	following	finalization	of	the	Scoping	Plan	to	explore	these	potential	actions.

• Further	deploy	fuel	cells	that	use	renewable	fuels	or	those	that	generate	 
	 electricity	that	is	less	carbon	intensive	than	the	grid.
• Increase	use	of	renewable	energy	through	long-term	agreements	between	customers	 
	 and	utilities	(such	as	Sacramento	Municipal	Utility	District	Solar	Shares).
• Develop	rules	needed	for	the	development	of	electricity	storage	technologies.
• Adopt	a	zero	net	energy	(ZNE)	standard	for	residential	buildings	 
	 by	2018/2019,	and	for	commercial	buildings	by	2030.
• Through	a	public	process,	evaluate	and	set	targets	for	the	electrification	of	space	and	water	heating	 
 in residential and commercial buildings and cleaner heating fuels that will result in GHG reductions,  
	 and	identify	actions	that	can	be	taken	to	spur	market	transformation	in	the	2021-2030	period.
• Expand	the	State	Low-Income	Weatherization	Program	(LIWP)	to	continue	 
	 to	improve	energy	efficiency	and	weatherize	existing	residential	buildings,	 
	 particularly	for	low-income	individuals	and	households.
• Decrease	usage	of	fossil	natural	gas	through	a	combination	of	energy	 
	 efficiency	programs,	fuel	switching,	and	the	development	and	use	of	 
 renewable gas in the residential, commercial, and industrial sectors.
• Accelerate	the	deployment	of	heat	pumps	and	the	replacement	of	diesel	generators.
• Consider	enhanced	energy	efficiency	(high	efficiency	air	conditioners,	light-emitting	diode	(LED)	 
	 lamps,	efficiency	improvements	in	industrial	process	cooling	and	refrigeration,	efficient	street	lighting).
• Promote	programs	to	support	third-party	delivered	energy	efficiency	projects.
• Per	AB	33	(Quirk,	Chapter	680,	Statutes	of	2016),	consider	large-scale	electricity	storage.
• Support	more	compact	development	patterns	to	promote	reduced	per	capita	energy	 
	 demand	(see	the	Transportation	sector	for	specific	policy	recommendations).

Industry

California’s	robust	economy,	with	the	largest	manufacturing	sector	in	the	United	States,	is	supported	by	a	
variety	of	sub-industrial	sectors,	some	of	which	include	cement	plants,	refineries,	food	processors,	paper	
products,	wineries,	steel	plants,	and	industrial	gas,	entertainment,	technology	and	software,	aerospace,	and	
defense	companies.	Together,	industrial	sources	account	for	approximately	21	percent	of	the	State’s	GHG	
emissions–almost	equal	to	the	amount	of	GHG	emissions	from	the	energy	sector.	Emissions	in	this	sector	
are	mainly	due	to	fuel	combustion	and,	in	some	industries,	process-related	emissions.	Changes	in	this	sector	
strongly	correlate	with	changes	in	the	overall	economy.	For	example,	housing	and	construction	growth	usually	
increases	demand	for	cement.	Moving	toward	a	cleaner	economy	and	ensuring	we	meet	the	statewide	targets	
requires	us	to	address	GHG	emissions	in	this	sector,	which	has	the	potential	to	provide	local	co-benefits	
in	criteria	pollutant	and	toxic	air	contaminant	reductions	in	immediate	surrounding	locations,	especially	in	
vulnerable communities. At the same time, we must ensure there is a smooth path to a cleaner future to 
support	a	resilient	and	robust	economy	with	a	strong	job	force,	including	training	opportunities	for	workers	in	
disadvantaged communities, while continuing to support economic growth in existing and new industries.
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Greenhouse	gas	emissions	in	the	Industrial	sector	have	remained	relatively	flat	for	the	last	few	years	while	
the	State’s	economy	has	continued	to	grow,	meaning	the	GHG	emissions	to	produce	each	dollar	of	gross	
standard	product	is	decreasing.	Manufacturing	accounts	for	approximately	10	percent	of	the	gross	state	
product.176	In	2016,	California	industry	exported	$163.6	billion	in	merchandise.177 

 Policies to address GHG emissions reductions must continue to balance the State’s economic well-being with 
making progress toward achievement of the statewide limits.
As	this	sector	is	dominated	by	combustion-related	emissions,	policies	and	measures	to	supply	cleaner	fuels	
and	more	efficient	technology	are	the	key	to	reducing	GHG	emissions.	Some	sectors,	such	as	cement	and	
glass,	also	have	significant	process	emissions,	and	it	may	be	more	challenging	to	address	those	process	
emissions,	as	they	are	related	to	chemical	reactions	and	processes	to	meet	safety,	product-specific,	or	
regulatory	standards	for	the	final	products.	Another	important	aspect	for	this	sector	is	its	role	as	the	State	
transitions to a cleaner future. Infrastructure, including existing facilities and new facilities, can support 
the	production	of	new	technology	to	bolster	the	State’s	efforts	to	address	GHGs.	For	example,	existing	
refineries	have	an	opportunity	to	move	away	from	fossil	fuel	production	and	switch	to	the	production	of	
biofuels	and	clean	technology.	As	the	State	works	to	double	energy	efficiency	in	existing	buildings,	there	
will	be	an	increased	demand	for	efficient	lighting	fixtures,	building	insulation,	low-e178 coatings for existing 
windows, or new windows–goods which could be produced in California. The predominant paths to reducing 
GHG	emissions	for	the	Industrial	sector	are:	fuel	switching,	energy	efficiency	improvements,	and	process	
modifications.	Carbon	capture	and	sequestration	also	offers	a	potential	new,	long-term	path	for	reducing	
GHGs	for	large	stationary	sources.
Relocation of production to outside the State would also reduce emissions, but this is disadvantageous for 
a couple of reasons and efforts are needed to avoid this outcome. First, AB 32 requires the State’s climate 
policies to minimize emissions leakage, and relocation would shift GHG emissions outside of the State 
without	the	benefit	of	reducing	pollutants	that	contribute	to	overall	global	warming	impacts.	Second,	it	could	
also	reduce	the	availability	of	associated	jobs	and	could	impact	a	local	tax	base	that	supports	local	services	
such	as	public	transportation,	emergency	response,	and	social	services,	as	well	as	funding	sources	critical	to	
protecting the natural environment and keeping it available for current and future generations.
Even while we continue to seek further GHG reductions in the sector, it is important to recognize the State 
has	a	long	history	of	addressing	health-based	air	pollutants	in	this	sector.	Many	of	the	actions	for	addressing	
criteria	pollutants	and	toxic	air	contaminants	in	the	industrial	sector	are	driven	by	California’s	local	air	district	
stationary	source	requirements	to	ensure	progress	toward	achieving	State	and	national	ambient	air	quality	
standards.	Some	of	those	actions,	such	as	use	of	Best	Available	Control	Technology,	have	resulted	in	co-
benefits	in	the	form	of	GHG	reductions.	The	State	must	continue	to	strengthen	its	existing	criteria	and	toxic	
air	pollutant	programs	and	relationships	with	local	air	districts	to	ensure	all	Californians	have	healthy,	clean	air.	
This	is	especially	true	in	disadvantaged	communities.
AB	32	directed	CARB	to	take	several	actions	to	address	GHG	emissions,	such	as	early	action	measures,	GHG	
reporting requirements for the largest GHG sources, and other measures. In response, the State adopted 
multiple	measures	and	regulations,	including	regulations	for	high	global	warming	potential	(high-GWP)	gases	
used	in	refrigeration	systems	and	the	semiconductor	industry.179	These	regulations	apply	to	specific	GHGs	
and	types	of	equipment	that	can	be	found	across	the	economy.	For	example,	high-GWP	gases	are	found	in	
refrigeration	systems	in	large	food	processing	plants	and	chemical	and	petrochemical	facilities,	among	others.180

The	State	has	also	adopted	the	first	in	the	world	economy-wide	cap-and-trade	program	that	applies	to	
all	large	industrial	GHG	emitters,	imported	electricity,	and	fuel	and	natural	gas	suppliers.	As	discussed	in	
Chapters	2	and	3,	the	Cap-and-Trade	Program	is	a	key	element	of	California’s	GHG	reduction	strategy.	The	

176 http://www.investopedia.com/articles/investing/011416/californias-economy-9-industries-driving-gdp-growth.asp
177	 U.S.	Department	of	Commerce.	International	Trade	Administration.	2017.	California	Exports,	Jobs,	&	Foreign	Investment.	 
 www.trade.gov/mas/ian/statereports/states/ca.pdf
178	 Low-e	coatings	reduce	the	emissivity,	or	heat	transfer,	from	a	window	to	improve	its	insulating	properties.
179 CARB. Refrigerant Management Program. www.arb.ca.gov/cc/rmp/rmp.htm
180	 The	U.S.	Environmental	Protection	Agency	(U.S.	EPA)	has	also	enacted	regulations	to	reduce	hydrofluorocarbon	(HFC)	emissions	 
	 by	prohibiting	high-GWP	refrigerants	in	new	retail	food	refrigeration	equipment	and	in	chillers	used	for	large	air-conditioning	 
	 applications.	On	the	international	level,	the	European	Union	F-gas	regulations	went	into	effect	January	1,	2015.	Those	 
 regulations prohibit high-GWP HFCs in new equipment and require a gradual phasedown in the production and import of HFCs.  
	 A	similar	HFC	phasedown	that	would	take	place	globally	was	the	subject	of	international	negotiations	during	the	Montreal	 
 Protocol meeting in Rwanda in October, 2016. Those negotiations resulted in an agreement that will phase down the use of  
	 HFCs	and	put	the	world	on	track	to	avoid	nearly	0.5°C	of	warming	by	2100.
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Cap-and-Trade	Program	establishes	a	declining	limit	on	major	sources	of	GHG	emissions,	and	it	creates	a	
powerful	economic	incentive	for	major	investment	in	cleaner,	more	efficient	technologies.	The	Cap-and-
Trade	Program	applies	to	emissions	that	cover	about	85	percent	of	the	State’s	GHG	emissions.	CARB	creates	
allowances	equal	to	the	total	amount	of	permissible	emissions	(i.e.,	the	“cap”)	over	a	given	compliance	
period.	One	allowance	equals	one	metric	ton	of	GHG	emissions.	Fewer	allowances	are	created	each	year,	thus	
the annual cap declines and statewide emissions are reduced over time. An increasing annual auction reserve 
(or	floor)	price	for	allowances	and	the	reduction	in	annual	allowance	budgets	creates	a	steady	and	sustained	
pressure for covered entities to reduce their GHGs. All covered entities in the Cap-and-Trade Program are 
still	subject	to	the	air	quality	permit	limits	for	criteria	and	toxic	air	pollutants.
The Cap-and-Trade Program is designed to achieve the most cost-effective statewide GHG emissions 
reductions;	there	are	no	individual	or	facility-specific	GHG	emissions	reductions	requirements.	Each	entity	
covered	by	the	Cap-and-Trade	Program	has	a	compliance	obligation	that	is	set	by	its	GHG	emissions	
over	a	compliance	period,	and	entities	are	required	to	meet	that	compliance	obligation	by	acquiring	and	
surrendering allowances in an amount equal to their compliance obligation. Companies can also meet 
a	limited	portion	of	their	compliance	obligation	by	acquiring	and	surrendering	offset	credits,	which	are	
compliance	instruments	that	are	based	on	rigorously	verified	emissions	reductions	that	occur	from	projects	
outside the scope of the Cap-and-Trade Program. Like allowances, each offset credit is equal to one metric 
ton	of	GHG	emissions.	The	program	began	in	January	2013	and	achieved	a	near	100	percent	compliance	rate	
for	the	first	compliance	period	(2013–2014).	Reported	and	verified	emissions	covered	by	the	Cap-and-Trade	
Program	have	been	below	the	cap	throughout	the	first	years	of	the	Program.181

Allowances	are	issued	by	CARB	and	distributed	by	free	allocation	and	by	sale	at	auctions.	CARB	also	provides	
for	free	allocation	to	some	entities	covered	by	the	Program	to	address	potential	trade	exposure	due	to	the	
cost of compliance with the Program and address concerns of relocation of production out-of-state and 
resulting	emissions	leakage.	Offset	credits	are	issued	by	CARB	to	qualifying	offset	projects.	Secondary	
markets	exist	where	allowances	and	offset	credits	may	be	sold	and	traded	among	Cap-and-Trade	Program	
participants. Facilities must submit allowances and offsets to match their annual GHG emissions. Facilities 
that emit more GHG emissions must surrender more allowances or offset credits, and facilities that can cut 
their	emissions	need	to	surrender	fewer	compliance	instruments.	Entities	have	flexibility	to	choose	the	lowest-
cost	approach	to	achieving	program	compliance;	they	may	purchase	allowances	at	auction,	trade	allowances	
and offset credits with others, take steps to reduce emissions at their own facilities, or utilize a combination 
of these approaches. Proceeds from the sale of State-owned allowances at auction are placed into the 
Greenhouse Gas Reduction Fund.
It is important to note that while the Cap-and-Trade Program is designed to reduce GHGs for the industrial 
sector,	there	are	recommendations	from	the	EJAC	(or	Committee)	for	the	State	to	pursue	more	facility-
specific	GHG	reduction	measures	to	achieve	potential	local	air	quality	co-benefits,	and	AB	197	directs	CARB	
to	prioritize	direct	reductions	at	large	stationary	sources.	The	Committee	has	expressed	a	strong	preference	
to	forgo	the	existing	Cap-and-Trade	Program	and	rely	on	prescriptive	facility	level	regulations.
We agree with the EJAC that more can and should be done to reduce emissions of criteria pollutants and 
toxic	air	contaminants.	These	pollutants	pose	air	quality	and	related	health	issues	to	the	communities	
adjacent	to	the	sources	of	industrial	emissions.	Further,	many	of	these	communities	are	already	
disadvantaged	and	burdened	by	a	variety	of	other	environmental	stresses.	As	described	in	Chapter	3,	
however,	there	is	not	always	a	direct	correlation	between	emissions	of	GHGs,	criteria	pollutants,	and	toxic	air	
contaminants. Also, relationships between these pollutants are complex within and across industrial sectors. 
The	solution,	therefore,	is	not	to	do	away	with	or	change	the	regulation	of	GHGs	through	the	Cap-and-Trade	
Program	to	address	these	legitimate	concerns;	instead,	consistent	with	the	direction	in	AB	197	and	AB	617,	
State	and	local	agencies	must	evaluate	and	implement	additional	measures	that	directly	regulate	and	reduce	
emissions of criteria and toxic air pollutants through other programs.

181	 CARB.	2016.	Mandatory	Greenhouse	Gas	Emissions	Reporting.	www.arb.ca.gov/cc/reporting/ghg-rep/ghg-rep.htm
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Looking to the Future
This	section	outlines	the	high-level	objectives	and	goals	to	reduce	GHGs	in	this	sector.

Goals
• Increase	energy	efficiency.
• Reduce fossil fuel use.
• Promote	and	support	industry	that	provides	products	and	clean	 
	 technology	needed	to	achieve	the	State’s	climate	goals.
• Create	market	signals	for	low	carbon	intensity	products.
• Maximize	air	quality	co-benefits.
• Support	a	resilient	low	carbon	economy	and	strong	job	force.
• Make	California	the	epicenter	for	research,	development,	and	deployment	 
	 of	technology	needed	to	achieve	a	near-zero	carbon	future.
• Increase	in-State	recycling	manufacturing.

Cross-Sector Interactions
There	are	clear,	direct	relationships	between	the	industrial	sector	and	other	sectors	that	go	beyond	the	
economic	support	that	a	strong	economy	provides.	For	instance,	this	sector	could	increase	its	use	of	
renewable	fuels	such	as	biomethane,	which	would	be	sourced	from	landfills	or	dairies.	Additionally,	some	
industries	could	shift	from	raw	materials	to	recycled	materials	to	reduce	waste	and	reduce	GHG	emissions	
associated	with	processing	of	raw	materials.	Further,	addressing	energy	efficiency	could	reduce	onsite	
heating,	water,	and	fuel	demand.	Moreover,	supporting	mass-transit	or	ride	share	programs	for	employees	
would	reduce	VMT.	Finally,	upgrading	existing	facilities	or	repurposing	existing	infrastructure	instead	of	
constructing new facilities or infrastructure would support land conservation and smart growth goals.

Efforts to Reduce Greenhouse Gases
The measures below include some required and new potential measures to help achieve the State’s 2030 
target	and	to	support	the	high-level	objectives	for	this	sector.	Some	measures	may	be	designed	to	directly	
address	GHG	reductions,	while	others	may	result	in	GHG	reductions	as	a	co-benefit.

Ongoing and Proposed Measures
• At the October 2016 annual Montreal Protocol Meeting of Parties in Kigali, Rwanda,  
	 an	international	amendment	to	globally	phase	down	HFC	production	was	agreed	upon	 
	 by	more	than	150	countries.	Depending	on	the	level	of	future	HFC	emissions	reductions	 
	 expected	for	California	from	the	Kigali	Agreement,	California	may	also:	(1)	consider	placing	 
	 restrictions	on	the	sale	or	distribution	of	refrigerants	with	a	GWP	>	2,500,	and	(2)	consider	 
	 prohibiting	refrigerants	with	a	GWP	>=	150	in	new	stationary	refrigeration	equipment	 
	 and	refrigerants	with	a	GWP	>=	750	for	new	stationary	air-conditioning	equipment.	At	 
	 the	time	the	SLCP	Strategy	was	finalized,	U.S.	EPA	was	expected	to	continue	implementing	 
	 certain	HFC	reductions	under	its	Significant	New	Alternatives	Policy	(SNAP).	Recent	 
	 litigation	may	result	in	CARB	implementing	similar	measures	as	state	law	instead.
• Develop	a	regulatory	monitoring,	reporting,	verification,	and	implementation	 
	 methodology	for	the	implementation	of	carbon	capture	and	sequestration	projects.
• Implement the CARB Regulation for Greenhouse Gas Emission Standards for Crude Oil and Natural  
 Gas Facilities to reduce fugitive methane emissions from storage and distribution infrastructure.

Sector Measures
• Implement the post-2020 Cap-and-Trade Program.
• Continue	and	strategically	expand	research	and	development	efforts	to	identify,	evaluate,	 
	 and	help	deploy	innovative	strategies	that	reduce	GHG	emissions	in	the	industrial	sector.
• Promote procurement policies that prioritize low carbon production to  
	 delivery	options,	including	at	the	State	and	local	government	levels.
• Identify	and	remove	barriers	to	existing	grant	funding	for	 
	 onsite	clean	technology	or	efficiency	upgrades.
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Potential Additional Actions
The	actions	below	have	the	potential	to	reduce	GHGs	and	complement	the	measures	and	policies	identified	
in	Chapter	2.	These	are	included	to	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	
achieve its long-term climate goals. It is anticipated that there will be workshops and other stakeholder 
forums	in	the	years	following	finalization	of	the	Scoping	Plan	to	explore	these	potential	actions.

• Further	deploy	fuel	cells	that	use	renewable	fuels	or	those	that	generate	 
	 electricity	that	is	less	carbon	intensive	than	the	grid.
• Decrease	usage	of	fossil	natural	gas	through	a	combination	of	efficiency,	 
 fuel switching, and the development and use of renewable gas.
• Partner	with	California’s	local	air	districts	to	effectively	use	BARCT	to	achieve	 
	 air	quality	and	GHG	reduction	co-benefits	at	large	industrial	sources.
• Evaluate	the	potential	for	and	promote	electrification	for	industrial	stationary	 
 sources whose main emissions are onsite natural gas combustion.
• Identify	new	funding	for	grants	and	tariff	opportunities	for	onsite	clean	technology,	efficiency	 
	 upgrades,	diesel	generator	replacement,	or	recycling	manufacturing	technology.
• Develop	an	incentive	program	to	install	low-GWP	refrigeration	systems	in	retail	food	stores.
• Evaluate and design additional mechanisms to further minimize emissions  
	 leakage	in	the	Cap-and-Trade	Program	(e.g.,	border	carbon	adjustment).

Transportation Sustainability

California’s	population	is	projected	to	grow	to	50	million	people	by	2050.	How	and	where	the	State	grows	will	
have	important	implications	for	all	sectors	of	the	economy,	especially	the	transportation	sector.	Supporting	
this growth while continuing to protect the environment, developing livable and vibrant communities, and 
growing	the	economy	is	dependent	on	transitioning	the	State’s	transportation	system	to	one	powered	
by	ZEVs	(including	PHEVs,	BEVs,	and	FCEVs)	and	low	carbon	fuels.	It	must	also	offer	other	attractive	and	
convenient	low	carbon	transportation	choices,	including	safe	walking	and	bicycling,	as	well	as	quality	public	
transportation. Investments should consider California’s diverse communities and provide accessible and 
clean	travel	options	to	all	while	drastically	reducing	reliance	on	light-duty	combustion	vehicles.
The	transportation	system	in	California	moves	people	between	home,	work,	school,	shopping,	recreation,	
and	other	destinations,	and	connects	ports,	industry,	residential	communities,	commercial	centers,	
educational facilities, and natural wonders.182	California’s	vast	transportation	system	includes	roads	and	
highways	totaling	more	than	175,000	miles	and	valued	at	approximately	$1.2	trillion,	500	transit	agencies,	245	
public-use	airports,	12	major	ports,	and	the	nation’s	first	high-speed	rail	system,	now	under	construction.183 
Transportation	infrastructure	also	includes	sidewalks,	bicycle	paths,	parking,	transit	stations	and	shelters,	
street	trees	and	landscaping,	signage,	lighting,	and	other	elements	that	affect	the	convenience,	safety,	and	
accessibility	of	transportation	choices.	Increasingly,	technologies	such	as	real-time,	web-	and	mobile-enabled	
trip planning and ride-sourcing services are changing how people travel. In the near future, automated and 
connected	vehicles,	and	unmanned	aerial	systems	(e.g.,	drones)	are	expected	to	be	part	of	our	transportation	
landscape	and	to	transform	the	way	that	people	and	freight	are	transported.	Responsibility	for	the	
transportation	system	is	spread	across	State,	regional,	and	local	levels.
Through	effective	policy	design,	the	State	has	an	opportunity	to	guide	technology	transformation	and	
influence	investment	decisions	with	a	view	to	mitigate	climate	and	environmental	impacts	while	promoting	
economic	opportunities	and	community	health	and	safety.	The	network	of	transportation	technology	and	
infrastructure,	in	turn,	shapes	and	is	shaped	by	development	and	land	use	patterns	that	can	either	support	
or detract from a more sustainable, low carbon, multi-modal transportation future. Strategies to reduce 
GHG	emissions	from	the	transportation	sector,	therefore,	must	actively	address	not	only	infrastructure	and	
technology,	but	also	coordinated	strategies	to	achieve	development,	conservation,	and	land	use	patterns	that	
align	with	the	State’s	GHG	and	other	policy	goals.
Transportation also enables the movement of freight such as food, building materials, and other consumable 
products,	as	well	as	waste	and	recyclables.	The	California	freight	system	includes	myriad	equipment	and	

182	 Caltrans.	California	Transportation	Plan	2040,	February	2016.
183 Ibid.
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facilities,184	and	is	the	most	extensive,	complex,	and	interconnected	system	in	the	country,	with	approximately	
1.5	billion	tons	of	freight	valued	at	$2.8	trillion	shipped	in	2015	to,	through,	and	within	California.185 Freight-
dependent	industries	accounted	for	over	$740	billion	of	California’s	GDP	and	over	5	million	California	jobs	 
in 2014.186, 187

Transportation	has	a	profound	and	varied	impact	on	individuals	and	communities,	including	benefits	such	as	
economic	growth,	greater	accessibility,	and	transport-related	physical	activity,	and	adverse	consequences	
such	as	GHG	emissions,	smog-forming	and	toxic	air	pollutants,	traffic	congestion,	and	sedentary	behaviors.	
The sector is the largest emitter of GHG emissions in California. Air pollution from tailpipe emissions 
contributes	to	respiratory	ailments,	cardiovascular	disease,	and	early	death,	with	disproportionate	impacts	
on	vulnerable	populations	such	as	children,	the	elderly,	those	with	existing	health	conditions	(e.g.,	chronic	
obstructive	pulmonary	disease,	or	COPD),	low-income	communities,	and	communities	of	color.188, 189, 190, 191, 

192	Importantly,	transportation	costs	are	also	a	major	portion	of	most	Californian’s	household	budgets.193 
Additionally,	dependence	on	cars	has	a	direct	impact	on	levels	of	physical	activity,	which	is	closely	linked	to	
multiple adverse health outcomes.
Fortunately,	many	measures	that	reduce	transportation	sector	GHG	emissions	simultaneously	present	
opportunities	to	bolster	the	economy,	enhance	public	health,	revitalize	disadvantaged	communities,	
strengthen	resilience	to	disasters	and	changing	climate,	and	improve	Californians’	ability	to	conveniently	
access	daily	destinations	and	nature.	These	opportunities	are	particularly	important	for	those	who	are	not	
able to, or cannot afford to, drive. In addition, a growing market demand for walkable, bikeable, and transit-
accessible	communities	presents	a	significant	opportunity	to	shift	California’s	transportation	systems	toward	
a	lower-carbon	future	while	realizing	significant	public	health	benefits	through	increased	levels	of	physical	
activity	(e.g.,	walking	and	bicycling).	In	fact,	transport-related	physical	activity	could	result	in	reducing	risks	
from chronic diseases such as cardiovascular disease, diabetes, certain cancers, and more, to such an extent 
that	it	would	rank	among	the	top	public	health	accomplishments	in	modern	history,	and	help	to	reduce	the	
billions	of	dollars	California	spends	each	year	to	treat	chronic	diseases.	Just	as	California	was	the	first	to	
mitigate	the	contribution	of	cars	and	trucks	to	urban	smog,	it	is	leading	the	way	toward	a	clean,	low	carbon,	
healthy,	interconnected,	and	equitable	transportation	system.
Continuing	to	advance	the	significant	progress	already	underway	in	the	areas	of	vehicle	and	fuel	technology	is	
critical	to	the	transportation	sector	strategy	and	to	reducing	GHG	emissions	in	the	transportation	sector.	The	
rapid	technological	and	behavioral	changes	underway	with	automated	and	connected	vehicles,	unmanned	
aerial	systems,	and	ride-sourcing	services	are	redefining	the	transportation	sector,	and	should	be	part	of	
the solution for a lower carbon transportation sector. It is critical to support and accelerate progress on 
transitioning	to	a	zero	carbon	transportation	system,	while	ensuring	VMT	reductions	are	still	achieved.	The	
growing	severity	of	climate	impacts,	persistent	public	health	impacts	and	costs	from	air	pollution,194  
and	rapid	technology	progress	that	supports	the	expectation	that	cost	parity	between	some	ZEVs	and	
comparable	internal	combustion	vehicles	will	be	attained	in	a	few	years,	underscores	the	need	for	further	

184	 The	freight	system	includes	trucks,	ocean-going	vessels,	locomotives,	aircraft,	transport	refrigeration	units,	commercial	 
 harborcraft and cargo handling, industrial and ground service equipment used to move freight at seaports, airports, border  
	 crossings,	railyards,	warehouses,	and	distribution	centers.
185	 U.S.	Department	of	Transportation,	Bureau	of	Transportation	Statistics	and	Federal	Highway	Administration.	 
	 Freight	Analysis	Framework,	V	4.1,	2016.
186	 U.S.	Department	of	Commerce,	Bureau	of	Economic	Analysis.	Regional	Economic	Accounts.	Available	at:	 
 www.bea.gov/regional/index.htm, accessed March 11, 2016.
187	 State	of	California	Employment	Development	Department.	Labor	Market	Information	by	California	Geographic	Areas.	 
	 Available	at:	www.labormarketinfo.edd.ca.gov/geography/lmi-by-geography.html, accessed March 21, 2016.
188	 CARB.	May	2016.	Mobile	Source	Strategy.	Available	at:	www.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf
189 Hoek, G., Krishnan, R. M., Beelen, R., Peters, A., Ostro, B., Brunekreef, B., and Kaufman, J. D. 2013. Long-term air pollution  
	 exposure	and	cardio-respiratory	mortality:	a	review.	Environmental	Health,	12(1),	1.
190	 Friedman,	M.	S.,	K.	E.	Powell,	L.	Hutwagner,	L.	M.	Graham,	and	W.	G.	Teague.	2001.	“Impact	of	changes	in	transportation	and	 
	 commuting	behaviors	during	the	1996	Summer	Olympic	Games	in	Atlanta	on	air	quality	and	childhood	asthma.”	JAMA	285(7),	 
	 897–905.
191	 Bell,	M.	L.,	and	K.	Ebisu.	2012.	“Environmental	inequality	in	exposures	to	airborne	particulate	matter	components	in	the	United	 
	 States.”	Environmental	Health	Perspectives	120(12),	1699.
192	 Morello-Frosch,	R.,	M.	Zuk,	M.	Jerrett,	B.	Shamasunder,	and	A.	D.	Kyle.	2011.	“Understanding	the	cumulative	impacts	of	 
	 inequalities	in	environmental	health:	implications	for	policy.”	Health	Affairs	30(5),	879–887.
193 H + T® Index website. htaindex.cnt.org/
194	 For	example,	a	recent	report	by	the	American	Lung	Association	estimates	the	costs	of	climate	and	air	pollution	from	passenger	 
	 vehicles	in	California	to	be	$15	billion	annually.	Holmes-Gen,	B.	and	W.	Barrett.	2016.	Clean	Air	Future	–	Health	and	Climate	 
	 Benefits	of	Zero	Emission	Vehicles.	American	Lung	Association	in	California,	October.	
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action	on	ZEVs.	Therefore,	CARB	is	signaling	the	need	for	additional	policy	and	technical	support	on	
strategies	to	move	toward	a	goal	of	achieving	100	percent	ZEV	sales	in	the	light-duty	vehicle	sector.	Austria,	
Germany,	India,	Netherlands,	and	Norway	are	all	taking	steps	to,	or	have	indicated	a	desire	to,	move	to	100	
percent	ZEV	sales	in	the	2020–2030	time	frame.
In	addition,	policies	that	maximize	the	integration	of	electrified	rail	and	transit	to	improve	reliability	and	travel	
times,	increase	active	transportation	such	as	walking	and	bicycling,	encourage	use	of	streets	for	multiple	modes	
of	transportation,	improve	freight	efficiency	and	infrastructure	development,	and	shift	demand	to	low	carbon	
modes	will	need	to	play	a	greater	role	as	California	strives	to	achieve	its	2030	and	2050	climate	targets.195

The	State’s	rail	modernization	program	has	identified	critical	elements	of	the	rail	network	where	
improvements,	either	in	timing	of	service	or	infrastructure,	provide	benefits	across	the	entire	statewide	
network, furthering the attractiveness of rail for a range of trip distances.196 The State also uses the Transit 
and	Intercity	Rail	Capital	Program	(TIRCP)	and	Low	Carbon	Transit	Operations	Program	(LCTOP)	to	provide	
grants	from	GGRF	to	fund	transformative	improvements	modernizing	California’s	intercity,	commuter,	
and	urban	rail	systems,	as	well	as	bus	and	ferry	transit	systems,	to	reduce	emissions	of	GHGs	by	reducing	
congestion	and	VMT	throughout	California.	As	the	backbone	of	an	electrified	mass-transportation	network	
for	the	State,	the	high-speed	rail	system	catalyzes	and	relies	on	focused,	compact,	and	walkable	development	
well-served	by	local	transit	to	funnel	riders	onto	the	system	and	provide	alternative	options	to	airplanes	and	
automobiles	for	interregional	travel.	Concentrated	development,	such	as	that	incentivized	by	the	Affordable	
Housing	and	Sustainable	Communities	(AHSC)	grant	program,	can	improve	ridership	and	revenue	for	the	
system	while	providing	vibrant	communities	for	all.
At	the	same	time,	more	needs	to	be	done	to	fully	exploit	synergies	with	emerging	mobility	solutions	like	
ride-sourcing	and	more	effective	infrastructure	planning	to	anticipate	and	guide	the	necessary	changes	in	
travel	behavior,	especially	among	millennials.	Uniquely,	high-speed	rail	affects	air-miles	traveled,	diverting,	at	
minimum, 30 percent of the intrastate air travel market in 2040.197

While most of the GHG reductions from the transportation sector in this Scoping Plan will come from 
technologies and low carbon fuels, a reduction in the growth of VMT is also needed. VMT reductions are 
necessary	to	achieve	the	2030	target	and	must	be	part	of	any	strategy	evaluated	in	this	Plan.	Stronger	SB	
375	GHG	reduction	targets	will	enable	the	State	to	make	significant	progress	toward	this	goal,	but	alone	will	
not	provide	all	of	the	VMT	growth	reductions	that	will	be	needed.	There	is	a	gap	between	what	SB	375	can	
provide and what is needed to meet the State’s 2030 and 2050 goals.
At	the	time	of	this	writing,	adoption	of	the	first	round	of	SCSs	by	MPOs	is	complete,	and	the	second	round	
of	SCS	planning	is	underway.	Three	MPO	regions	are	in	the	very	early	stages	of	developing	their	third	SCSs.	
To	date,	CARB	staff	reviewed	the	final	determinations	of	16	MPOs,	and	concluded	that	all	16	of	those	SCSs	
would	achieve	their	targets,	if	implemented,	with	many	of	the	MPOs	indicating	that	they	expect	to	exceed	
their	targets.	CARB	staff	recognizes	the	very	strong	performance	in	this	first	round	of	SCSs	as	a	major	
success.	Currently	adopted	sustainable	communities	strategies	achieve,	in	aggregate,	a	17	percent	reduction	
in	statewide	per	capita	GHG	emissions	relative	to	2005	by	2035.
Since	2014,	CARB	has	been	working	with	MPOs	and	other	stakeholders	to	update	regional	SB	375	targets.	
At	the	same	time,	CARB	has	also	conducted	analysis	for	development	of	the	Mobile	Source	Strategy	and	
Scoping	Plan	that	identifies	the	need	for	statewide	per	capita	greenhouse	gas	emissions	reductions	on	
the	order	of	25	percent	by	2035,	to	meet	our	climate	goals.	Many	MPOs	have	identified	challenges	to	
incorporating	additional	strategies	and	reducing	emissions	further	in	their	plans,	principally	tied	to	the	need	
for	additional	and	more	flexible	revenue	sources.	MPOs	have	submitted	target	update	recommendations	
to	CARB	that	in	aggregate	maintains	a	17	percent	reduction	statewide,	which	includes	commitments	of	18	
percent	reduction	by	2035	from	each	of	the	four	largest	MPOs	in	the	State.
CARB	is	currently	reviewing	each	MPOs	target	update	recommendations	alongside	new	State	policies.	State	
agencies	have	been	working	on	new	State-level	VMT-related	Policies	and	Measures	(see	Table	17)	as	part	of	
this Scoping Plan intended to provide the State, MPOs, and local agencies with additional funding resources 
and	tools	to	successfully	meet	the	State’s	climate	goals.	CARB’s	preliminary	review	indicates	that	new	State-
level	policies	and	measures	will	help	support	updated	SB	375	targets	that	achieve	up	to	20	percent	of	the	
195	 Morello-Frosch,	R.,	M.	Zuk,	M.	Jerrett,	B.	Shamasunder,	and	A.	D.	Kyle.	2011.	“Understanding	the	cumulative	impacts	of	 
	 inequalities	in	environmental	health:	Implications	for	policy.”	Health	Affairs	30(5),	879–887.
196	 California	State	Transportation	Agency.	2016.	2018	California	State	Rail	Plan	factsheet	and	TIRCP	fact	sheet.
197	 California	High-Speed	Rail	Authority.	2016.	2016	Business	Plan.	Ridership	and	Revenue	Forecast.
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needed statewide reduction, as well as help bridge the remaining VMT growth reduction gap.
Discussions	among	a	broad	suite	of	stakeholders	from	transportation,	the	building	community,	financial	
institutions,	housing	advocates,	environmental	organizations,	and	community	groups	are	needed	to	begin	
the	process	to	pursue	and	develop	the	needed	set	of	strategies	to	ensure	that	we	can	achieve	necessary	
VMT	reductions,	and	that	the	associated	benefits	are	shared	by	all	Californians.	Appendix	C	further	details	
potential	actions	for	discussion	that	can	be	taken	by	State	government,	regional	planning	agencies,	and	local	
governments, to achieve a broad, statewide vision for more sustainable land use and close the VMT gap.198

At the State level, a number of important policies are being developed. Governor Brown signed Senate Bill 
743	(Steinberg,	Chapter	386,	Statutes	of	2013),	which	called	for	an	update	to	the	metric	of	transportation	
impact	in	CEQA.	That	update	to	the	CEQA	Guidelines	is	currently	underway.	Employing	VMT	as	the	metric	of	
transportation	impact	statewide	will	help	to	ensure	GHG	reductions	planned	under	SB	375	will	be	achieved	
through	on-the-ground	development,	and	will	also	play	an	important	role	in	creating	the	additional	GHG	
reductions	needed	beyond	SB	375	across	the	State.	Implementation	of	this	change	will	rely,	in	part,	on	local	
land	use	decisions	to	reduce	GHG	emissions	associated	with	the	transportation	sector,	both	at	the	project	
level,	and	in	long-term	plans	(including	general	plans,	climate	action	plans,	specific	plans,	and	transportation	
plans)	and	supporting	sustainable	community	strategies	developed	under	SB	375.	The	State	can	provide	
guidance	and	tools	to	assist	local	governments	in	achieving	those	objectives.
Appendix	H	highlights	the	more	significant	existing	policies,	programs,	measures,	regulations,	and	initiatives	
that provide a framework for helping achieve GHG emissions reductions in this sector.

Looking to the Future
This	section	outlines	the	high-level	objectives	and	goals	to	reduce	GHGs	in	this	sector.

Vibrant Communities and Landscapes / VMT Reduction Goals
• Implement and support the use of VMT as the metric for determining  
	 transportation	impacts	under	CEQA,	in	place	of	level	of	service	(LOS).
• Promote	all	feasible	policies	to	reduce	VMT,	including:

• Land	use	and	community	design	that	reduce	VMT,
• Transit oriented development,
• Complete street design policies that prioritize transit, biking, and walking, and
• Increasing	low	carbon	mobility	choices,	including	improved	access	to	viable	and	 
 affordable public transportation and active transportation opportunities.

• Complete the construction of high-speed rail integrated with  
	 enhanced	rail	and	transit	systems	throughout	the	State.
• Promote	transportation	fuel	system	infrastructure	for	electric,	fuel-cell,	and	other	 
 emerging clean technologies that is accessible to the public where possible, and  
	 especially	in	underserved	communities,	including	environmental	justice	communities.
• Increase	the	number,	safety,	connectivity,	and	attractiveness	 
 of biking and walking facilities to increase use.
• Promote	potential	efficiency	gains	from	automated	transportation	systems	and	identify	policy	 
	 priorities	to	maximize	sustainable	outcomes	from	automated	and	connected	vehicles	(preferably	 
	 ZEVs),	including	VMT	reduction,	coordination	with	transit,	and	shared	mobility,	and	minimize	any	 
	 increase	in	VMT,	fossil	fuel	use,	and	emissions	from	using	automated	transportation	systems.
• Promote	shared-use	mobility,	such	as	bike	sharing,	car	sharing	and	ride-sourcing	services	to	 
	 bridge	the	“first	mile,	last	mile”	gap	between	commuters’	transit	stops	and	their	destinations.
• Continue	research	and	development	on	transportation	system	infrastructure,	including:

• Integrate	frameworks	for	lifecycle	analysis	of	GHG	emissions	with	life- 
	 cycle	costs	for	pavement	and	large	infrastructure	projects,	and
• Health	benefits	and	costs	savings	from	shifting	from	driving	to	walking,	bicycling,	and	transit	use.

• Quadruple	the	proportion	of	trips	taken	by	foot	by	2030	(from	a	baseline	 

198 CARB. Potential State - Level Strategies to Advance Sustainable, Equitable Communities and Reduce Vehicle Miles of Travel  
	 (VMT)	--	for	Discussion.	www.arb.ca.gov/cc/scopingplan/meetings/091316/Potential%20VMT%20Measures%20For%20 
 Discussion_9.13.16.pdf
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	 of	the	2010–2012	California	Household	Travel	Survey).
• Strive	for	a	nine-fold	increase	in	the	proportion	of	trips	taken	by	bicycle	by	2030	 
	 (from	a	baseline	of	the	2010–2012	California	Household	Travel	Survey).
• Strive, in passenger rail hubs, for a transit mode share of between 10 percent and 50  
 percent, and for a walk and bike mode share of between 10 percent and 15 percent.

Vehicle Technology Goals
• Through	a	strong	set	of	complementary	policies–including	reliable	incentives,	significant	 
 infrastructure investment, broad education and outreach, and potential regulation–aim to  
	 reach	100	percent	ZEV	sales	in	the	light-duty	sector	(PHEVs,	BEVs,	and	FCEVs)	by	2050.
• Make	significant	progress	in	ZEV	penetrations	in	non-light-duty	sectors.
• Deploy	low-emission	and	electrified	rail	vehicles.

Clean Fuels Goals
• Electrify	the	transportation	sector	using	both	electricity	and	hydrogen.
• Promote	research	development	and	deployment	of	low	carbon	fuels	 
	 such	as	renewable	gas,	including	renewable	hydrogen.
• Rapidly	reduce	carbon	intensity	of	existing	liquid	and	gaseous	transportation	fuels.

Sustainable Freight Goals
• Increase	freight	system	efficiency	of	freight	operations	at	specific	facilities	and	along	 
 freight corridors such that more cargo can be moved with fewer emissions.
• Accelerate use of clean vehicle and equipment technologies and fuels of  
 freight through targeted introduction of zero emission or near-zero emission  
	 (ZE/NZE)	technologies,	and	continued	development	of	renewable	fuels.
• Encourage State and federal incentive programs to continue supporting zero  
	 and	near-zero	pilot	and	demonstration	projects	in	the	freight	sector.
• Accelerate use of clean vehicle, equipment, and fuels in freight sector through targeted  
	 introduction	of	ZE/NZE	technologies,	and	continued	development	of	renewable	fuels.	 
	 This	includes	developing	policy	options	that	encourage	ZE/NZE	vehicles	on	primary	freight	 
	 corridors	(e.g.,	Interstate-710);	examples	of	such	policy	options	include	a	separated	ZE/ 
	 NZE	freight	lane,	employing	market	mechanisms	such	as	favorable	road	pricing	for	ZE/NZE	 
 vehicles, and developing fuel storage and distribution infrastructure along those corridors.

Cross-Sector Interactions
The	transportation	sector	has	considerable	influence	on	other	sectors	and	industries	in	the	State.	California’s	
transportation	sector	is	still	primarily	powered	by	petroleum,	and	to	reduce	statewide	emissions,	California	
must	reduce	demand	for	driving;	continue	to	reduce	its	gasoline	and	diesel	fuel	consumption;	diversify	its	
transportation	fuel	sources	by	increasing	the	adoption	of	low-	and	zero-carbon	fuels;	increase	the	ease	and	
integration	of	the	rail	and	transit	networks	to	shift	travel	mode;	and	deploy	ZE/NZE	vehicles.
As	California’s	population	continues	to	increase,	land	use	patterns	will	directly	impact	GHG	emissions	from	
the	transportation	sector,	as	well	as	those	associated	with	the	conversion	and	development	of	previously	
undeveloped	land.	Specifically,	where	and	how	the	State	population	grows	will	have	implications	on	distances	
traveled	and	tailpipe	emissions;	as	well	as	on	secondary	emissions	from	the	transportation	sector,	including	
emissions	from	vehicle	manufacturing	and	distribution,	fuel	refining	and	distribution,	demand	for	new	
infrastructure	(including	roads,	transit,	and	active	transportation	infrastructure),	demand	for	maintenance	
and upkeep of existing infrastructure. Conversion of natural and working lands further affects emissions, 
with	the	attendant	impacts	to	food	security,	watershed	health,	and	ecosystems.	Less	dense	development	
also	demands	higher	energy	and	water	use.	With	the	exception	of	VMT	reductions,	none	of	these	secondary	
emissions	are	currently	accounted	for	in	the	GHG	models	used	in	this	Scoping	Plan,	but	are	nonetheless	
important	considerations.	Additionally,	compact,	lower-VMT	future	development	patterns	are	essential	
to	achieving	public	health,	equity,	economic,	and	conservation	goals,	which	are	also	not	modeled	but	are	
important	co-benefits	of	the	overall	transportation	sector	strategy.	For	example,	high-speed	rail	station	
locations	were	identified	in	downtown	areas	to	reinforce	existing	city	centers.
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Achieving LCFS targets and shifting from petroleum dependence toward greater reliance on low carbon fuels 
also	has	the	potential	to	affect	land	use	in	multiple	ways.	For	example,	increased	demand	for	conventional	
biofuels could require greater use of land and water for purpose-grown crops, which includes interactions 
with the agricultural and natural and working lands sectors. On the other hand, continuing growth in fuels 
from	urban	organic	waste,	as	well	as	waste	biomass	such	as	composting	residues,	by-processing	residues	and	
agricultural waste and excess forest biomass acts to alleviate the pressure on croplands to meet the need for 
food,	feed,	and	fuel.	Likewise,	captured	methane	from	in-vessel	digestion,	landfills	or	dairy	farms	for	use	in	
vehicles requires close interaction with the waste and farming sectors.
Also,	as	more	electric	vehicles	and	charging	stations	are	deployed,	drivers’	charging	behavior	will	affect	
the	extent	to	which	additional	electric	generation	capacity	and	ancillary	services	are	needed	to	maintain	a	
reliable	grid	and	accommodate	a	portfolio	of	50	percent	renewable	electricity	by	2030.	Charging	control	
and optimization technologies will determine how well integrated the electric and transportation sectors 
can become, including, for instance, the widespread use of electric vehicles as storage for excess renewable 
generation,	vehicle	to	grid,	smart	charging,	and/or	smart	grid.	The	GHG	emissions	intensity	of	electricity	
affects	the	GHG	savings	of	fuel	switching	from	petroleum-based	fuels	to	electricity;	the	cleaner	the	electric	
grid,	the	greater	the	benefits	of	switching	to	electricity	as	a	fuel.	Similar	to	electric	vehicles,	hydrogen	fuel	
cell electric vehicles have zero-tailpipe emissions and can mitigate GHGs and criteria pollutants. Greenhouse 
gas	emissions	could	be	further	reduced	with	the	use	of	renewable	hydrogen,	which	can	be	produced	using	
renewable	electricity	or	renewable	natural	gas.

Efforts to Reduce Greenhouse Gases
The measures below include some required and new potential measures to help achieve the State’s 2030 
target	and	to	support	the	high-level	objectives	for	the	transportation	sector.	Some	measures	may	be	
designed	to	directly	address	GHG	reductions,	while	others	may	result	in	GHG	reductions	as	a	co-benefit.

Ongoing and Proposed Measures – Vibrant Communities and Landscapes / VMT  
Reduction Goals

• Mobile	Source	Strategy	–	15	percent	reduction	in	total	light-duty	VMT	from	the	BAU	in	2050	 
	 (with	measures	to	achieve	this	goal	not	specified;	potential	measures	identified	in	Appendix	C).
• Work	with	regions	to	update	SB	375	Sustainable	Communities	Strategies	targets	for	2035	 
 to better align with the 2030 GHG target and take advantage of State rail investments.
• Stronger	SB	375	GHG	reduction	targets	will	enable	the	State	to	make	significant	progress	 
	 toward	the	goal	of	reducing	total	light-duty	VMT	by	15	percent	from	expected	levels	in	2050,	 
 but alone will not provide all of the VMT reductions that will be needed. The gap between what  
	 SB	375	can	provide	and	what	is	needed	to	meet	the	State’s	2030	and	2050	goals	needs	to	be	 
 addressed through additional VMT reduction measures such as those mentioned in Appendix C.
• Implement and support the adoption and use of VMT as the CEQA metric of  
 transportation impact, such that it promotes GHG reduction, the development  
	 of	multimodal	transportation	networks,	and	a	diversity	of	land	uses.
• Continue	to	develop	and	explore	pathways	to	implement	State-level	VMT	reduction	strategies,	such	 
	 as	those	outlined	in	the	document	“Potential	State-Level	Strategies	to	Advance	Sustainable,	Equitable	 
	 Communities	and	Reduce	Vehicle	Miles	of	Travel	(VMT)	–	for	Discussion”199 – included in Appendix C –  
	 through	a	transparent	and	inclusive	interagency	policy	development	process	 
	 to	evaluate	and	identify	implementation	pathways	for	additional	policies	to	 
	 reduce	VMT	and	promote	sustainable	communities,	with	a	focus	on:

• Accelerating	equitable	and	affordable	transit-oriented	and	infill	development	 
	 through	new	and	enhanced	financing	and	policy	incentives	and	mechanisms,
• Promoting stronger boundaries to suburban growth through enhanced  
 support for sprawl containment mechanisms such as urban growth  
 boundaries and transfer of development rights programs,
• Identifying	performance	criteria	for	transportation	and	other	infrastructure	investments	 

199 Refers to the document discussed at the September 2016 Public Workshop on the Transportation Sector to Inform  
	 Development	of	the	2030	Target	Scoping	Plan	Update,	also	available	at:	www.arb.ca.gov/cc/scopingplan/meetings/091316/ 
 Potential%20VMT%20Measures%20For%20Discussion_9.13.16.pdf
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	 to	ensure	alignment	with	GHG	reduction	goals	and	other	State	policy	priorities	and	 
	 expand	access	to	transit,	shared	mobility,	and	active	transportation	choices,
• Promoting	efficient	development	patterns	that	maximize	protection	of	natural	and	working	lands,
• Developing	pricing	mechanisms	such	as	road	user/VMT-based	 
 pricing, congestion pricing, and parking pricing strategies,
• Reducing congestion and related GHG emissions through commute trip reduction strategies, and
• Programs to maximize the use of alternatives to single-occupant vehicles,  
	 including	bicycling,	walking,	transit	use,	and	shared	mobility	options.

• Finalize	analysis	of	the	results	of	the	pilot	road	usage	charge	program,	implemented	pursuant	to	SB	 
	 1077	(DeSaulnier,	Chapter	835,	Statues	of	2014),	and	evaluate	deployment	of	a	statewide	program.
• Continue promoting active transportation pursuant to SB 99 (Committee on Budget and Fiscal  
	 Review,	Chapter	359,	Statutes	of	2013)	–	The	Active	Transportation	Program	and	beyond.
• Continue to build high-speed rail and broader statewide rail modernization  
	 pursuant	to	the	funding	program	in	SB	862	(Committee	on	Budget	and	 
	 Fiscal	Review,	Chapter	36,	Statutes	of	2014)	and	other	sources.
• Encourage use of streets for multiple modes of transportation (including public transit and active  
	 transportation,	such	as	walking	and	bicycling),	and	for	all	users,	including	the	elderly,	young,	and	less	 
	 able	bodied,	pursuant	to	AB	1358	(Leno,	Chapter	657,	Statutes	of	2008)	–	Complete	Streets	policies.
• Support and assist local and regional governments, through technical assistance, and grant and other  
 local assistance programs, to develop and implement plans that are consistent with the goals and  
	 concepts	in	The	Second	Investment	Plan	for	Fiscal	Years	2016-2017	through	2018-2019200 and its  
	 subsequent	updates,	and	Appendix	C:	Vibrant	Communities	and	Landscapes,	including	the	following:

• California Climate Investment programs such as Transformative Climate  
 Communities Program, ensuring promotion of GHG reductions from  
	 neighborhood-level	community	plans	in	disadvantaged	communities.
• AB	2087	(Levine,	Chapter	455,	Statutes	of	2016)	–	Help	local	and	State	agencies	apply	 
	 core	investment	principles	when	planning	conservation	or	mitigation	projects.
• High speed rail station area plans.
• Implementation of updated General Plan Guidelines.

• Per	SB	350,	implement	the	recommendations	identified	in	the	Barriers	Study	to	accessing	ZE/NZE	 
 transportation options for low-income customers and recommendations on how to increase  
 access.201 And, track progress towards these actions over time to ensure disadvantaged  
	 communities	are	getting	equal	access	and	benefits	relative	to	other	parts	of	the	State.
• Take into account the current and future impacts of climate change when  
 planning, designing, building, operating, maintaining, and investing in  
 State infrastructure, as required under Executive Order B-30-15.

Ongoing and Proposed Measures – Vehicle Technology
• Implement	the	Cleaner	Technology	and	Fuels	Scenario	of	 
	 CARB’s	Mobile	Source	Strategy,	which	includes:

• An expansion of the Advanced Clean Cars program, which further increases  
	 the	stringency	of	GHG	emissions	for	all	light-duty	vehicles,	and	4.2	million	 
	 zero	emission	and	plug-in	hybrid	light-duty	electric	vehicles	by	2030,
• Phase	1	and	2	GHG	regulations	for	medium-	and	heavy-duty	trucks,	and
• Innovative Clean Transit.

• Periodically	assess	and	promote	cleaner	fleet	standards.
• Deploy	ZEVs	across	all	vehicle	classes,	including	rail	vehicles,	 
	 along	with	the	necessary	charging	infrastructure.
• Encourage State and federal incentive programs to continue supporting  
	 zero	and	near-zero	pilot	and	demonstration	projects.
• Collaborate	with	the	U.S.	Environmental	Protection	Agency	to	promulgate	more	 

200	CARB.	January	2016.	Cap-and-Trade	Auction	Proceeds	Second	Investment	Plan:	Fiscal	Years	2016-17	through	2018-19.	 
	 Available	at:	www.arb.ca.gov/cc/capandtrade/auctionproceeds/16-17-updated-final-second-investment-planii.pdf
201	 CARB.	2017.	Low-Income	Barriers	Study,	Part	B:	Overcoming	Barriers	to	Clean	Transportation	Access	for	Low	Income	Residents.	 
 www.arb.ca.gov/msprog/transoptions/draft_sb350_clean_transportation_access_guidance_document.pdf
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 stringent locomotives requirements,202 work with California seaports, ocean carriers,  
 and other stakeholders to develop the criteria to incentivize introduction of Super- 
	 Low	Emission	Efficient	Ships,	and	investigate	potential	energy	efficiency	improvements	 
 for transport refrigeration units and insulated truck and trailer cargo vans.
• Promote	research,	development,	and	deployment	of	new	technology	 
 to reduce GHGs, criteria pollutants, and toxics.
• Implement	a	process	for	intra-state	agency	and	regional	and	local	transportation	coordination	 
	 on	automated	vehicles	to	ensure	shared	policy	goals	in	achieving	safe,	energy	efficient,	and	 
	 low	carbon	autonomous	vehicle	deployment	that	also	contribute	to	VMT	reductions.

Ongoing and Proposed Measures – Clean Fuels
• Continue	LCFS	activities,	with	increasing	stringency	of	at	least	 
	 18	percent	reduction	in	carbon	intensity	(CI).
• Continue	to	develop	and	commercialize	clean	transportation	fuels	through	renewable	energy	 
	 integration	goals,	tax	incentives,	research	investments,	support	for	project	demonstration,	public	 
 outreach, setting procurement standards, including updating State and local procurement contracts.
• Per	SB	1383	and	the	SLCP	Strategy,	adopt	regulations	to	reduce	and	recover	methane	 
	 from	landfills,	wastewater	treatment	facilities,	and	manure	at	dairies;	use	the	methane	as	a	 
	 source	of	renewable	gas	to	fuel	vehicles	and	generate	electricity;	and	establish	infrastructure	 
 development and procurement policies to deliver renewable gas to the market.
• Accelerate	deployment	of	alternative	fueling	infrastructure	pursuant	to	the	following:

• SB	350	–	CPUC	to	accelerate	widespread	transportation	electrification.
• Executive	Order	B-16-2012	and	2016	ZEV	Action	Plan	–	call	for	 
	 infrastructure	to	support	1	million	ZEVs	by	2020.
• CEC’s	Alternative	and	Renewable	Fuel	and	Vehicle	Technology	Program	(ARFVTP).
• CPUC’s	NRG	settlement.
• CALGreen Code provisions mandate installation of PEV charging  
 infrastructure in new residential and commercial buildings.203

• IOU	electric	vehicle	charging	infrastructure	pilot	programs.

Ongoing and Proposed Measures – Sustainable Freight
• Implement	the	California	Sustainable	Freight	Action	Plan:

• 25	percent	improvement	of	freight	system	efficiency	by	2030.
• Deployment	of	over	100,000	freight	vehicles	and	equipment	capable	 
 of zero emission operation, and maximize near-zero emission freight  
	 vehicles	and	equipment	powered	by	renewable	energy	by	2030.

Ongoing and Proposed Measures – California and Transportation Plan
• Update	every	five	years	and	implement	California	Transportation	Plan.

Sector Measures
• Implement the post-2020 Cap-and-Trade Program

Potential Additional Actions
The	actions	below	have	the	potential	to	reduce	GHGs	and	complement	the	measures	and	policies	identified	
in	Chapter	2.	These	are	included	to	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	
achieve its long-term climate goals.

• Develop	a	set	of	complementary	policies	to	make	light-duty	ZEVs	clear	market	winners,	with	 
	 a	goal	of	reaching	100	percent	light-duty	ZEV	sales.	This	could	include	the	following:

• Reliable	purchase/trade-in	incentives	for	at	least	10	years.
• Dealer	incentives	for	ZEV	sales.
• Policies	to	ensure	operating	cost	savings	for	ZEVs	relative	to	internal	 

202 www.arb.ca.gov/railyard/docs/final_locomotive_petition_and_cover_letter_4_13_17.pdf
203	 Such	as	raceway	and	panel	capacity	to	support	future	installation	of	electrical	vehicle	charging	stations.
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	 combustion	engines,	including	low	cost	electricity.
• Additional	investments	in	charging	and	ZEV	refueling	infrastructure.
• A broad and effective marketing and outreach campaign.
• Collaborations	with	cities	to	develop	complementary	incentive	and	use	policies	for	ZEVs.
• Targeted	policies	to	support	ZEV	sales	and	use	in	low	income	and	disadvantaged	communities.

• Develop	a	Low-Emission	Diesel	Standard	to	diversify	the	fuel	pool	by	incentivizing	 
 increased production of low-emission diesel fuels. This standard is anticipated  
 to both displace consumption of conventional diesel with increased use of low- 
 emission diesel fuels, and to reduce emissions from conventional fuels.
• Continue	to	develop	and	explore	pathways	to	implement	State-level	VMT	reduction	strategies,	 
	 such	as	those	outlined	in	Appendix	C	through	a	transparent	and	inclusive	interagency	policy	 
	 development	process	to	evaluate	and	identify	implementation	pathways	for	additional	policies	 
	 to	reduce	VMT	and	promote	sustainable	communities,	with	a	focus	on	the	following:

• Accelerating	equitable	and	affordable	transit-oriented	and	infill	development	 
	 through	new	and	enhanced	financing	and	policy	incentives	and	mechanisms.
• Promote	infrastructure	necessary	for	residential	development	in	existing	 
	 communities,	and	ensure	any	urban	growth	boundaries	are	paired	with	significant	 
	 infill	promotion	strategies	and	removal	of	infill	development	barriers.
• Identifying	performance	criteria	for	transportation	and	other	infrastructure	investments,	to	 
	 ensure	alignment	with	GHG	reduction	goals	and	other	State	policy	priorities,	and	improve	 
	 proximity,	expanded	access	to	transit,	shared	mobility,	and	active	transportation	choices.
• Promoting	efficient	development	patterns	that	maximize	protection	of	natural	and	working	lands.
• Developing	pricing	mechanisms	such	as	road	user/VMT-based	 
 pricing, congestion pricing, and parking pricing strategies.
• Reducing congestion and related GHG emissions through programs to  
	 maximize	the	use	of	alternatives	to	single-occupant	vehicles,	including	bicycling,	 
	 walking,	transit	use,	and	shared	mobility	options	for	commute	trips.

• Continue to promote research and standards for new and existing  
	 technologies	to	reduce	GHGs,	including	but	not	limited	to:

• Low	rolling	resistance	tires	in	the	replacement	tire	market,	subject	to	certification	standards	that	 
	 identify	tires	as	low	rolling	resistance	tires	or	verify	emissions	reductions	and	potential	fuel	savings.
• Impacts	on	VMT	of	car	sharing,	ride-sourcing,	and	other	emerging	mobility	options.
• Driving behaviors that reduce GHG emissions, such as ecodriving  
 training and real-time feedback mechanisms.

Natural and Working Lands Including Agricultural Lands

In his 2015 State of the State address, Governor Brown established 2030 targets for GHG emissions 
reductions and called for policies and actions to reduce GHG emissions from natural and working lands, 
including	forests,	rangelands,	farms,	wetlands,	and	soils.	The	passage	of	SB	1386	(Wolk,	Chapter	535,	
Statutes	of	2015-16)	codified	this	policy	and	emphasized	the	important	role	natural	and	working	lands	play	in	
the	State’s	climate	strategy.	This	Scoping	Plan	focuses	renewed	attention	on	California’s	natural	and	working	
lands	and	the	contribution	they	make	to	meet	the	State’s	goals	for	carbon	sequestration,	GHG	reduction,	and	
climate change adaptation.
California’s	natural	and	working	lands	encompass	a	range	of	land	types	and	uses,	including	farms,	ranches,	
forests, grasslands, deserts, wetlands, riparian areas, coastal areas and the ocean-- as well as the green 
spaces in urban and built environments. These resources can be both a source and sink for GHG emissions. 
Policy	in	this	sector	must	balance	GHG	emissions	reductions	and	carbon	sequestration	with	other	co-
benefits,	such	as	clean	air,	wildlife	and	pollinator	habitat,	strong	economies,	food,	fiber	and	renewable	energy	
production,	and	water	supply.204

Recent	trends	indicate	that	significant	pools	of	carbon	from	these	landscapes	risk	reversal:	over	the	period	
2001–2010	disturbance	caused	an	estimated	150	MMT	C	loss,	with	the	majority–	approximately	120	MMT	C–

204 www.sierranevada.ca.gov/our-region/ca-primary-watershed
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lost	through	wildland	fire.205	At	the	same	time,	energy	use,	methane,	and	N2O emissions from the agricultural 
sector	accounts	for	eight	percent	of	the	emissions	in	the	statewide	GHG	inventory.
California’s	climate	objective	for	natural	and	working	lands	is	to	maintain	them	as	a	carbon	sink	(i.e.,	net	zero	
or	negative	GHG	emissions)	and,	where	appropriate,	minimize	the	net	GHG	and	black	carbon	emissions	
associated	with	management,	biomass	utilization,	and	wildfire	events.	In	order	to	achieve	this	objective,	
this	Plan	directs	the	continued	development	of	the	broad	and	growing	understanding	of	carbon	dynamics	
on California’s landscapes, statewide emission trends, and their responses to different land management 
scenarios.	Further,	in	order	to	build	a	programmatic	framework	for	achieving	this	long-term	objective	to	
maintain	California’s	natural	and	working	lands	as	a	carbon	sink,	this	Plan	directs	the	State	to	quantify	the	
carbon	impacts	of	both	publicly	funded	(e.g.,	bonds,	special	taxes,	general	fund)	climate	intervention	activities	
on	California’s	natural	and	working	lands	made	through	existing	programs	as	well	as	potential	regulatory	
actions on land management. This Plan proposes an intervention based reduction goal of at least 15-20 million 
metric	tons	by	2030	as	a	reasonable	beginning	point	for	further	discussion	and	development	based	on	the	
State’s	current	preliminary	understanding	of	what	might	be	feasible.	This	Plan	recognizes	that	achieving	an	
initial	statewide	goal	of	sequestering	and	avoiding	emissions	in	this	sector	by	at	least	15-20	million	metric	tons	
by	2030	through	existing	pathways	and	new	incentives	would	provide	a	crucial	complement	to	the	measures	
described in this Scoping Plan and will inform the development of longer-term natural and working lands goals. 
Achieving this ambitious climate goal will require collaboration and support from State and local agencies, 
which	must	improve	their	capacity	to	participate	and	benefit	from	State	climate	programs,	and	set	the	path	for	
natural and working lands to help the State meet its long-range climate goals.

Looking to the Future
This	section	outlines	how	the	State	will	achieve	California’s	climate	objectives	to:	(1)	maintain	them	as	a	
resilient	carbon	sink	(i.e.,	net	zero	or	negative	GHG	emissions),	and	(2)	minimize	the	net	GHG	and	black	
carbon	emissions	associated	with	management,	biomass	disposal,	and	wildfire	events	to	2030	and	beyond.
Implementation	will	include	policy	and	program	pathways,	with	activities	related	to	land	protection;	enhanced	
carbon	sequestration;	and	innovative	biomass	utilization.	The	framework	for	this	section	is	to:

• Protect	land	from	conversion	to	more	intensified	uses	by	increasing	 
 conservation opportunities and pursuing local planning processes in urban and  
	 infrastructure	development	patterns	that	avoid	greenfield	development.
• Enhance the resilience of and potential for carbon sequestration on lands through management  
	 and	restoration,	and	reduce	GHG	and	black	carbon	emissions	from	wildfire	and	management	 
 activities. This enhancement includes expansion and management of green space in urban areas.
• Innovate biomass utilization such that harvested wood and excess agricultural and forest  
	 biomass	can	be	used	to	advance	statewide	objectives	for	renewable	energy	and	fuels,	wood	 
 product manufacturing, agricultural markets, and soil health, resulting in avoided  
	 GHG	emissions	relative	to	traditional	utilization	pathways.	Associated	activities	 
 should increase the resilience of rural communities and economies.

To	accomplish	these	objectives,	the	State,	led	by	California	Natural	Resources	Agency	(CNRA),	California	
Department	of	Food	and	Agriculture	(CDFA),	California	Environmental	Protection	Agency	(CalEPA)	and	CARB	
will	complete	a	Natural	and	Working	Lands	(NWL)	Climate	Change	Implementation	Plan	(Implementation	
Plan)	in	2018	to	evaluate	a	range	of	implementation	scenarios	for	natural	and	working	lands	and	identify	
long-term	(2050	or	2100)	sequestration	goals	that	can	be	incorporated	into	future	climate	policy.	The	
Implementation	Plan	will:

• Include	a	projection	of	statewide	emissions	under	business-as-usual	land	use	and	management	 
 conditions and alternative scenarios, as well as a listing and quantitative assessment  
	 of	conservation	and	management	activities	the	state	may	pursue	to	achieve	 
	 the	NWL	climate	objectives	and	the	statewide	goals	of	at	least	15-20	MMTCO2e  
	 emissions	sequestering	and	avoidance	from	the	NWL	sector	by	2030;
• Identify	state	departments,	boards,	conservancies,	and	CNRA	and	CDFA	 
 programs responsible for meeting the 15-20 MMTCO2e	goal	by	2030;	and
• Identify	methodologies	to	be	used	by	State	programs	to	account	for	the	 

205 www.arb.ca.gov/cc/inventory/sectors/forest/forest.htm
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 GHG impacts of prior state funded land use and management interventions,  
 and to be used to estimate the GHG impacts of future interventions.

While growing trees and other vegetation, as well as soil carbon sequestration, reduce some of the carbon 
losses	measured,	climate	change	itself	further	stresses	many	of	these	systems	and	affects	the	ability	of	
California’s	landscapes	to	maintain	its	carbon	sink.	The	State	will	continue	to	rely	on	best	available	science	
to support actions and incentives to slow and reverse these trends, in concert with other production and 
ecological	objectives	of	land	use.	The	Forest	Climate	Action	Team,	Healthy	Soils	Initiative,	State	Coastal	
Conservancy’s	Climate	Ready	Program,	various	California	Climate	Investment	programs,	and	CARB’s	
compliance	offset	program	already	undertake	portions	of	this	work.	As	we	move	towards	and	maximize	the	
ability	of	our	land	base	to	serve	as	a	carbon	sink,	it	will	also	be	important	to	strengthen	these	individual	
activities through the coordination and aggregation of ecoregional plans that inform these interventions. 
These	and	future	additional	efforts	can	not	only	protect	California’s	natural	carbon	stocks,	they	can	also	
improve	quality	of	life	in	urban	and	rural	communities	alike	and	increase	the	climate	resilience	of	agricultural,	
forestry,	and	recreational	industries	and	the	rural	communities	they	support;	the	State’s	water	supply;	
biodiversity;	and	the	safety	and	environmental	health	of	all	who	call	California	home.

Research and Policy Needs
Research	is	ongoing	across	agencies	to	advance	the	state	of	the	science	on	NWL	carbon	dynamics,	including	
a	number	of	projects	within	the	Fourth	Climate	Change	Assessment,	and	a	compendium	of	climate	research	
being	managed	by	the	CNRA	that	will	be	completed	in	2018.	Additionally,	California	needs	a	well-defined	
reference	case,	or	“business	as	usual”	scenario	to	set	a	comprehensive	and	strategic	path	forward	for	
California’s	lands	and	ocean	environments	to	contribute	to	the	State’s	climate	goals.	Finally,	efforts	must	
increase	to	gather,	interpret,	and	unify	best	available	science	on	the	GHG	and	carbon	sequestration	impacts	
of land use and management practices applied across forests, cultivated agricultural lands, rangelands and 
grasslands,	wetlands,	coastal	and	ocean	systems,	desert	ecosystems,	and	urban	and	other	settled	lands.
The Implementation Plan, as summarized above, will utilize the Protect-Enhance-Innovate framework and 
employ	projections	for	carbon	sequestration	and	GHG	emissions	from	California’s	land	base	under	reference	
case	and	increased	management	scenarios.	The	quantitative	outputs	of	these	projections,	expressed	as	
carbon dioxide equivalents will drive acreage needs for implementation using CO2e/acre	results	from	multiple	
modeling	efforts.	The	Implementation	Plan	will	also	identify	GHG	emissions	quantification	within	and	across	
programs and agencies and describe implementation monitoring and emissions inventories.

Natural and Working Lands Inventory
In	order	to	understand	how	carbon	is	released	and	sequestered	by	natural	and	working	landscapes,	CARB	has	
worked	extensively	with	other	State	agencies,	academic	researchers	and	the	public	to	develop	a	Natural	and	
Working	Lands	inventory	that	will	guide	this	process.	As	with	other	sectors,	the	CARB	Natural	and	Working	
Lands	inventory	represents	a	snapshot	of	emissions	in	recent	years,	using	a	combination	of	reported	and	
measured	data.	A	time	lag	exists	between	the	last	year	of	available	data	and	the	completion	of	the	inventory	
to	allow	time	for	reporting	and	processing	the	data.	For	emission	sources	that	are	hard	to	individually	measure,	
the	CARB	inventory	estimates	emissions	based	on	“surrogates,”	such	as	the	typical	amount	of	travel	on	
unpaved	roads	to	estimate	particulate	matter	emissions	at	the	county	level.	The	most	recent	inventory	can	also	
be	“forecast”	to	project	prevailing	conditions	in	a	future	year	based	on	rules	and	programs	currently	in	place	–	
known	as	a	“business	as	usual	projection”	-	along	with	scenarios	to	explore	the	benefits	of	further	strategies	to	
reduce	emissions.	Forecasts	of	business-as-usual	and	policy	scenarios	guide	planning	efforts.
As discussed below, ongoing research into forecasting emissions from Natural and Working Lands includes 
a	project	at	Lawrence	Berkeley	National	Laboratory	funded	by	CNRA.	CARB	is	monitoring	this	and	other	
research	activities	and	will	incorporate	results	into	a	proposed	inventory	and	forecasting	methodology	for	
Natural and Working Lands. CARB will solicit public feedback and review on the resulting product prior to 
completing	the	first	full	Natural	and	Working	Lands	Inventory	by	the	end	of	2018,	as	called	for	in	SB	859.	The	
Natural	and	Working	Lands	Inventory	is	spatially-resolved,	so	it	can	be	segmented	by	county,	watershed,	or	
other regional planning areas. This spatial resolution allows local governments and regional organizations to 
use	the	inventory,	along	with	more	granular	location-specific	information,	to	track	progress	from	projects	in	
their	jurisdictions.
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CARB	plans	to	update	the	forest	component	of	the	Natural	and	Working	Lands	inventory	to	include	2012	
GHG	emissions	estimates,	followed	by	emissions	estimates	for	soil	carbon,	urban	forestry,	and	croplands	
by	mid-2018.	Work	currently	in	progress	applies	airborne	and	space-based	technologies	to	monitor	forest	
health	and	quantify	emissions	associated	with	land-based	carbon.	California	and	federal	agencies	are	working	
with researchers and funding studies to enhance our understanding of the roles of forests and other lands in 
climate	change	using	rapidly	advancing	remote	sensing	technology.206, 207

CALAND Carbon Emissions Model
CNRA	is	managing	the	development	of	a	CALAND	model	through	Lawrence	Berkeley	National	Laboratory,	
which	will	include	a	projection	of	business-as-usual	emissions	as	well	as	a	listing	and	quantitative	assessment	
of	conservation	and	management	activities	the	State	may	pursue	to	achieve	at	least	15-20	MMT	sequestration	
and	GHG	avoided	emissions	from	the	NWL	sector	by	2030.
CNRA, along with CARB and CDFA, will establish a formal public engagement process to gather 
external	scientific	expertise	to	inform	development	and	finalization	of	the	CALAND	model	for	use	in	the	
Implementation Plan. Development of the Implementation Plan itself will also include a formal public process.

Cross-Sector Interactions
Strategies that reduce GHG emissions or increase sequestration in the natural and working lands sector 
often	overlap	and	result	in	synergies	with	other	sectors,	most	notably	at	intersections	with	land	use,	biomass	
and	waste	utilization,	energy	and	water.	It	will	be	important	for	the	sector	to	make	critical	linkages	to	other	
sectors,	including	energy,	transportation	fuels,	and	waste,	and	develop	plans	to	integrate	the	natural	and	
working lands sector into existing models, such as PATHWAYS and REMI.
Landowner, local, and regional decisions affect land use development patterns and natural and working land 
conversion	rates;	conversely,	conservation	activities	can	support	infill-oriented	regional	development	and	
related	transportation	needs.	As	discussed	earlier	in	the	Transportation	Sustainability	section,	under	SB	375,	
Sustainable	Communities	Strategies	(SCSs)	aim	to	link	transportation,	housing,	and	climate	policy	to	reduce	
per	capita	GHG	emissions	while	providing	a	range	of	other	important	benefits	for	Californians.	Some	SCSs	
include	policies,	objectives	or	implementation	measures	relating	to	conservation	and	land	protections,	and	
to urban greening.208 Protecting natural and working lands that are under threat of conversion can promote 
infill	development,	reduce	VMT,	limit	infrastructure	expansion,	and	curb	associated	GHG	emissions.	An	
integrated	vision	for	community	development,	land	conservation	and	management,	and	transportation	is	a	
key	component	of	meeting	our	transportation	and	natural	and	working	lands	goals.209

Agricultural	and	commercial	forestry	operations	produce	biomass	as	both	an	objective	(i.e.,	food	and	fiber	
production)	and	a	waste	by-product.	How	this	material	is	utilized	can	either	increase	or	decrease	emissions	
associated with management and restoration activities, turn waste into usable products, displace fossil 
fuels	used	in	energy	and	transportation,	and	increase	carbon	stored	in	durable	wood	products	in	the	built	
environment.	Finding	productive	ways	to	use	this	material	offers	new	opportunities	to	reduce	GHG	emissions,	
promote carbon sequestration, and generate economic resources for forest, agricultural, and waste sectors 
and	communities.	California	is	investigating	ways	to	transform	how	organic	waste	from	the	agricultural	and	
municipal	sectors	is	managed	to	meet	SLCP	emissions	reductions	targets	required	by	SB	1383,210 

	and	to	protect	public	health.	Cross-sector	synergies	and	complete	waste	inter-cycles,	discussed	further	
in the Waste Management section, result from conscientious treatment of these resources, including 
opportunities	to	improve	soil	health,	increase	renewable	energy	generation,	and	enhance	market	support	for	
non-commercial	products	and	waste.	Productive	utilization	of	dead	and	dying	trees	is	a	significant	focus	of	
the	Governor’s	Tree	Mortality	Task	Force,	and	efforts	to	resolve	the	current	shortfall	in	utilization	capacity	is	
addressed	in	that	State	of	Emergency	Declaration	as	well	as	in	SB	859.
Natural	and	working	lands	stewardship	is	essential	to	securing	the	State’s	water	supply	along	the	entire	

206	 Asner,	G.	et	al.	(2015)	Progressive	forest	canopy	water	loss	during	the	2012–2015	California	drought.	PNAS	113.2:	E249-E255
207	 Battles,	J.	et	al.	(in	progress)	Innovations	in	measuring	and	managing	forest	carbon	stocks	in	California.	Project	2C:	4th	California	 
	 Climate	Change	Assessment.	Natural	Resources	Agency.	resources.ca.gov/climate/fourth/
208	 	Livingston,	Adam.	Sustainable	Communities	Strategies	and	Conservation.	January	2016.	Available	at:	www.nature.org/ 
 ourinitiatives/regions/northamerica/unitedstates/california/sustainable-communities-strategies-and-conservation.pdf
209 www.arb.ca.gov/cc/scopingplan/meetings/meetings.htm
210	 SB1383	(Lara,	Chapter	396,	Statutes	of	2016)	requires	a	50	percent	reduction	in	anthropogenic	black	carbon	emissions	by	2030.
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supply	chain,	from	protection	and	management	of	the	forested	headwaters	to	preserving	the	ability	of	
mountain	meadows	to	retain	and	filter	water	ensuring	flows	and	habitat	in	the	Delta	and	its	tributaries,	end	
use	efficiencies	in	agricultural	and	urban	uses,	and	groundwater	infiltration	and	utilization	statewide.	For	
example,	more	efficient	water	and	energy	use	in	farming	operations	could	support	GHG	emissions	reductions	
goals	in	the	energy	sectors.	And	improving	forest	health	in	the	Sierra	Nevada,	Cascades,	and	other	
headwaters	protects	water	quality	and	availability,	in	alignment	with	the	California	Water	Action	Plan.

Potential Actions to Enhance Carbon Sequestration and Reduce Greenhouse 
Gases in NWL
While	agricultural	and	forest	lands	comprise	the	greatest	acreage	of	NWL	statewide,	representing	significant	
opportunity	for	achieving	the	State’s	NWL	climate	goals,	actions	on	all	NWL	remain	critical.	The	land	
management	strategies	and	targets	included	in	these	sections	are	illustrative	of	the	types	of	actions	that	will	
be	necessary	to	maintain	all	of	California’s	NWL	and	urban	green	space	as	a	net	sink	of	carbon,	and	are	being	
used to aid in development of scenario modeling. The Implementation Plan will use this scenario modeling to 
scope	the	scale	of	action	needed	to	ensure	resilient	future	landscapes	and	identify	key	areas	for	advancement.

Agriculture’s Role in Emissions Reductions and Carbon Sequestration
In 2030 and 2050, the agricultural sector must remain vibrant and strong. California’s agricultural production 
is	critical	to	global	food	security.	It	is	also	vulnerable	to	climate	change.	A	study211	by	the	University	of	
California	concluded	that	the	drought	in	2015	cost	the	state	economy	$2.7	billion	and	21,000	full	time	jobs.	
These	losses	are	expected	to	ripple	through	rural	communities	for	another	several	years.	This	illustrates	the	
importance of strengthening agriculture while protecting resources and mitigating climate change.
As the State works to meet emissions reductions goals, the agricultural sector can reduce emissions from 
production,	sequester	carbon	and	build	soil	carbon	stocks,	and	play	a	role	in	cross-sectoral	efforts	to	
maximize	the	benefits	of	natural	and	working	lands.
Climate-smart agriculture is an integrated approach to achieving GHG reductions while also ensuring food 
security	and	promoting	agricultural	adaptation	in	the	face	of	climate	change.	Conserving	agricultural	land,	
sequestering	carbon	in	agricultural	soils,	employing	a	variety	of	techniques	to	manage	manure	on	dairies,	and	
increasing	the	efficiency	of	on-farm	water	and	energy	use	are	examples	of	practices	that	can	achieve	climate	
and	food	production	goals	across	diverse	agricultural	systems.	Climate-smart	agriculture	can	support	the	
Protect, Enhance, and Innovate goals.
Approximately	60	percent	of	agricultural	emissions	are	methane	emissions	from	the	dairy	and	livestock	
sectors. Emissions come from the animals themselves, through enteric fermentation, as well as from 
manure	management–especially	at	dairies.	SB	1383	and	the	resultant	SLCP	Strategy	identify	a	mix	of	
voluntary,	incentive-based,	and	potential	regulatory	actions	to	achieve	significant	emissions	reductions	
from	these	sources.	A	variety	of	techniques	can	attain	the	best	results	for	each	specific	farming	operation;	
effectively	implementing	a	broad	mix	of	strategies	will	reduce	the	GHG	emissions	from	the	agricultural	
sector	significantly.	CARB	and	CDFA	and	other	agencies	are	working	together	to	solicit	input	from	industry,	
environmental,	and	community	groups	to	encourage	early	and	meaningful	action	to	reduce	emissions	from	
the livestock sector.
Over	the	last	several	years,	farms	have	begun	to	optimize	fertilizer	applications	to	protect	water	quality,	
maintain	high	yields,	and	reduce	emissions	of	N2O, a greenhouse gas. Farmers are required through the 
Irrigated	Lands	Regulatory	Program	to	manage	nitrogen	fertilizers	to	protect	water	quality	through	the	use	of	
nitrogen management plans. Nitrogen management plans are a tool designed to prevent over-applications of 
nitrogen through an approach that accounts for the nitrogen inputs from water, soil amendments and other 
sources,	and	also	accounts	for	nitrogen	removed	from	the	field.	CDFA’s	Fertilizer	Research	and	Education	
Program,	in	coordination	with	university	researchers	and	others,	has	developed	fertilization	guidelines	to	
optimize the rate, timing and placement of fertilizers for crops that represent more than half of the irrigated 
agriculture	in	California.	Similarly,	innovations	in	water	management	and	the	expansion	of	high	efficiency	
irrigation methods also are contributing to N2O reductions.

211	 Howitt,	Richard	E.,	Duncan	MacEwan,	Josué	Medellín-Azuara,	Jay	R.	Lund,	Daniel	A.	Sumner.	2015.	Economic	Analysis	of	 
	 the	2015	Drought	for	California.	Davis,	CA:	Center	for	Watershed	Sciences,	University	of	California	–	Davis.
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California’s	farms	and	ranches	have	the	ability	to	remove	carbon	from	the	atmosphere	through	management	
practices that build and retain soil organic matter. Adequate soil organic matter ensures the continued soil 
capacity	to	function	as	a	vital	living	ecosystem	with	multiple	benefits,	producing	food	for	plants,	animals,	
and	humans.	The	Healthy	Soils	Initiative,	announced	by	Governor	Brown	in	2015,	offers	an	opportunity	to	
incentivize the management of farmland for increased carbon sequestration in soil, also augmenting co-
benefits	including	improved	plant	health	and	yields,	increased	water	infiltration	and	retention,	reduced	
sediment	erosion	and	dust,	improved	water	and	air	quality,	and	improved	biological	diversity	and	wildlife	
habitat.
SB	859,	signed	into	law	in	2016,	establishes	the	Healthy	Soils	Program	at	CDFA	to	provide	incentives	to	
farmers.	It	enables	financial	support	for	on-farm	demonstration	projects	that	“result	in	greenhouse	gas	
benefits	across	all	farming	types	with	the	intent	to	establish	or	promote	healthy	soils”.	It	defines	healthy	
soils	as	“soils	that	enhance	their	continuing	capacity	to	function	as	a	biological	system,	increase	soil	
organic	matter,	improve	soil	structure	and	water-and	nutrient-holding	capacity,	and	result	in	net	long-term	
greenhouse	gas	benefits.”
As noted in the Cross-Sector Interactions section, State and local efforts to manage land for carbon 
sequestration	must	work	in	conjunction	with	existing	plans,	incentives,	and	programs	protecting	California’s	
water	supply,	agricultural	lands,	and	wildlife	habitat.	This	Scoping	Plan	fits	within	a	wide	range	of	ongoing	
planning efforts throughout the State to advance economic and environmental priorities associated with 
natural and working lands.

The Role of Forests in Emissions Reductions and Carbon Sequestration
Decades	of	fire	exclusion,	coupled	with	an	extended	drought	and	the	impacts	of	climate	change,	have	
increased	the	size	and	intensity	of	wildfires	and	bark	beetle	infestations;	exposed	millions	of	urban	and	rural	
residents	to	unhealthy	smoke-laden	air	from	wildfires;	and	threatened	progress	toward	meeting	the	state’s	
long-term	climate	goals.	Managing	forests	in	California	to	be	healthy,	resilient	net	sinks	of	carbon	is	a	vital	
part	of	California’s	climate	change	policy.
More	than	100	million	trees	are	dead,	and	recent	wildfires	have	been	among	the	most	destructive	and	
expensive	in	state	history.	As	many	as	15	million	acres	of	California	forests	are	estimated	to	be	unhealthy	
and	in	need	of	some	form	of	restoration,	including	more	than	9	million	acres	managed	by	federal	land	
management	agencies	and	6	million	acres	of	State	and	privately	managed	forests.
California’s	urban	forests	also	face	multiple	challenges,	including	drought	and	invasive	exotic	insects.	Urban	
forests	require	maintenance	to	preserve	the	multiple	values	they	provide	and	merit	expansion	to	sequester	
carbon	and	secure	other	benefits	to	urban	dwellers	and	the	State.
The	California	Forest	Carbon	Plan	(FCP),	being	developed	by	the	Forest	Climate	Action	Team	(FCAT),	seeks	
to establish California’s forests as a more resilient and reliable long-term carbon sink, rather than a GHG and 
black	carbon	emission	source,	and	confer	additional	ecosystem	benefits	through	a	range	of	management	
strategies.212	The	FCP	emphasizes	working	collaboratively	at	the	watershed	or	landscape	scale	to	restore	
resilience to all forestlands in the state.
The current draft of the FCP places carbon sequestration and reducing black carbon and GHG emissions as 
one	set	of	management	objectives	in	the	broader	context	of	forest	health	and	a	range	of	other	important	
forest	co-benefits.	California	will	manage	for	carbon	alongside	wildlife	habitat,	watershed	protection,	
recreational	access,	traditional	tribal	uses,	public	health	and	safety,	forest	products,	and	local	and	regional	
economic development.

212 http://www.fire.ca.gov/fcat/
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Federally	managed	lands	play	an	important	role	in	the	achievement	of	the	California	climate	goals	established	
in AB 32 and subsequent related legislation and plans. Over half of the forestland in California is managed 
by	the	federal	government,	primarily	by	the	USDA	Forest	Service	Pacific	Southwest	Region,	and	these	lands	
comprise	the	largest	potential	forest	carbon	sink	under	one	ownership	in	the	state.	Several	regulatory,	policy,	
and	financial	challenges	have	hindered	the	ability	of	the	Forest	Service	and	Department	of	Interior	agencies	
(Bureau	of	Land	Management	and	National	Park	Service)	to	increase	the	pace	and	scale	of	restoration	
needed,	such	as	the	current	budget	structure	to	fund	wildland	fire	suppression	and	the	procedural	
requirements of a number of federal environmental and planning statutes. The State of California must 
continue	to	work	closely	and	in	parallel	to	the	federal	government’s	efforts	to	resolve	these	obstacles	and	
achieve forest health and resilience on the lands that federal agencies manage.

Protection of Land and Land Use
California will continue to pursue development and new infrastructure construction patterns that avoid 
greenfield	development,	limit	conflicts	with	neighboring	land	uses,	and	increase	conservation	opportunities	
for	NWL	to	reduce	conversion	to	intensified	uses.	Success	will	depend	on	working	through	local	and	regional	
land	use	planning	and	permitting,	as	well	as	developing	incentives	for	participation	by	local	governments	and	
individual landowners.

Enhance Carbon Sequestration and Resilience through Management and Restoration
California will increase efforts to manage and restore land to secure and increase carbon storage and 
minimize GHG and black carbon emissions in a sustainable manner so that the carbon bank is resilient and 
provides	other	benefits	such	as	water	quality,	habitat	and	recreation.
One tool to demonstrate the potential for greater management and restoration on NWL is the CALAND 
model. As detailed in the Discussion Draft213	and	discussed	above,	it	considers	a	variety	of	management	
and	restoration	activities	employed	across	the	State.	Version	1	of	the	CALAND	model	considered	two	
potential	scenarios,	a	“low”	and	a	“high”	rate	of	implementation	to	2030,	with	resulting	carbon	sequestration	
outcomes	to	2050.	The	acreages	given	in	the	“low”	scenario	all	represent	feasible	implementation	on	public	
and	private	lands	beyond	current	rates	for	the	listed	activity,	given	availability	of	additional	funding	and	other	
supporting	resources.	The	“high”	scenario	represents	a	more	ambitious	approach,	requiring	new	programs	
and policies, including collaboration with federal partners, to support implementation.
The activities presented in the Discussion Draft and Version 2 of CALAND are not inclusive of all activities 
under	this	strategy.	Modeling	will	continue	beyond	finalization	of	the	Scoping	Plan.	Agencies	and	modelers	
will	continue	to	identify	and	analyze	land	management	and	restoration	activities	to	advance	the	State’s	
climate	goals	and	improvements	in	modeling	projections	or	other	quantification	protocols.
Management	and	restoration	activities	under	consideration	to	help	reduce	GHG	emissions	beyond	those	
identified	in	initial	modeling	include,	but	are	not	limited	to	the	following:

• Forest fuel reduction treatments, reforestation, other restoration  
	 activities,	prescribed	fire	and	managed	ignition.
• Restoration of mountain meadows, managed wetlands in the Sacramento  
 San Joaquin Delta, coastal wetlands and desert habitat.
• Increasing the extent of eelgrass beds.
• Creation and management of parks and other greenspace in urban  
	 areas,	including	expansion	of	the	existing	urban	tree	canopy.
• Implementation	of	U.S.	Department	of	Agriculture	(USDA)	Natural	Resource	 
	 Conservation	Service	(NRCS)	management	practices	suitable	for	California	agriculture	 
	 including	those	practices	identified	in	the	Healthy	Soils	Incentive	Program.
• Compost application to irrigated cropland.

Additional potential tools to encourage these activities include working with the federal government to 
fund	more	management	on	federal	lands,	mitigating	for	land	conversion	(as	modeled	by	the	High	Speed	Rail	
Authority),	and	revisiting	the	Forest	Practices	Act	to	enhance	carbon	sequestration	benefits	associated	with	
timber production activities.

213 www.arb.ca.gov/cc/scopingplan/2030target_sp_dd120216.pdf
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Innovate NWL Waste Utilization Pathways
Excess	materials	generated	by	commercial	agricultural	and	forestry	operations,	biomass	and	wood	harvested	
through forest health and restoration treatments, and material that is generated in response to Tree 
Mortality	Emergency	activities,	should	be	used	in	a	manner	that	minimizes	GHG	and	black	carbon	emissions	
and promotes public and environmental health. The Legislature and Governor Brown set an ambitious 
goal	of	75	percent	recycling,	composting	or	source	reduction	of	solid	waste	in	landfills	by	2020.	The	State	
and stakeholders must develop targeted policies or incentives to support durable markets for all of this 
diverted	material.	Market	opportunities	include	production	of	renewable	electricity	and	biofuels,	durable	
wood products, compost and other soil amendments, animal feed and bedding, and other uses. Research, 
development,	and	implementation	activities	in	energy,	wood	products,	waste,	and	soil	amendment	fields	
should	be	spatially-scaled	to	better	link	waste	generation	with	infrastructure	development.
The goals of this sector, with the potential to reduce GHGs and complement the measures and policies 
identified	in	Chapter	2,	are	described	in	Looking	to	the	Future.	The	development	of	the	Implementation	Plan	
will	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	achieve	its	long-term	climate	goals.

Waste Management

The Waste Management sector covers all aspects of solid waste214 and materials management including 
reduction/reuse;	recycling,	and	remanufacturing	of	recovered	material;	composting	and	in-vessel	(anaerobic	
and	aerobic)	digestion;	biomass	management	(chip	and	grind,	composting,	biomass	conversion);	municipal	
solid	waste	transformation;	and	landfilling.	This	sector	also	includes	market	development	programs,	such	as	
the	State’s	recycled-content	product	procurement	program	and	a	range	of	grant	and	loan	programs.	Data	
from	CalRecycle’s	report,	2014 Disposal Facility-Based Characterization of Solid Waste in California, shows 
that	materials,	such	as	organics,	that	decompose	in	landfills	and	generate	methane	comprise	a	significant	
portion of the waste stream. Methane is a potent SLCP with a global warming potential 25 times greater than 
that	of	carbon	dioxide	on	a	100-year	time	horizon	and	more	than	70	times	greater	than	that	of	carbon	dioxide	
on	a	20-year	time	horizon.215

Within	CARB’s	greenhouse	gas	inventory,	emissions	from	the	waste	management	sector	consist	of	methane	
and	nitrous	oxide	emissions	from	landfills	and	from	commercial-scale	composting,	with	methane	being	
the	primary	contributor	to	the	sector’s	emissions.	The	sector	emitted	8.85	MMTCO2e in 2014, comprising 
approximately	2	percent	of	the	State’s	GHG	emissions.
Emissions	from	recycling	and	waste	have	grown	by	19	percent	since	2000.	The	majority	of	those	emissions	
are	attributed	to	landfills,	despite	the	majority	of	landfills	having	gas	collection	systems	in	place.216	Landfill	
emissions account for 94 percent of the emissions in this sector, while compost production facilities make up 
a small fraction of emissions.217	The	annual	amount	of	solid	waste	deposited	in	California	landfills	grew	from	
37	million	tons	in	2000	to	its	peak	of	46	million	tons	in	2005,	followed	by	a	declining	trend	until	2009	when	
landfilled	solid	waste	stabilized	to	relatively	constant	levels.	Landfill	emissions	are	driven	by	the	total	waste-in-
place,	rather	than	year-to-year	fluctuation	in	annual	deposition	of	solid	waste,	as	the	rate	and	volume	of	gas	
produced during decomposition depends on the characteristics of the waste and a number of environmental 
factors.	As	a	result,	waste	disposed	in	a	given	year	contributes	to	emissions	that	year	and	in	subsequent	
years.
In	addition	to	direct	emissions,	the	reduction,	reuse,	and	recycling	of	waste	materials	decreases	upstream	
GHG emissions associated with the extraction and processing of virgin materials and their use in production 
and	transport	of	products.	Although	many	of	these	upstream	GHG	emissions	happen	outside	of	California,	
California’s	waste	policies	can	reduce	both	local	and	global	GHG	emissions	and	create	jobs	within	the	State.	
214  In general, the term solid waste refers to garbage, refuse, sludges, and other discarded solid materials resulting from residential  
	 activities,	and	industrial	and	commercial	operations.	This	term	generally	does	not	include	solids	or	dissolved	material	in	 
	 domestic	sewage	or	other	significant	pollutants	in	water	such	as	silt,	dissolved	or	suspended	solids	in	industrial	wastewater	 
	 effluents,	dissolved	materials	in	irrigation	return	flows	or	other	common	water	pollutants.
215	 Intergovernmental	Panel	on	Climate	Change.	2007.	Climate	Change	2007:	Working	Group	I:	The	Physical	Science	Basis.	2.10.2	 
 Direct Global Warming Potentials. Fourth Assessment Report. www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html 
216	 CARB.	2013.	California	Greenhouse	Gas	Inventory	for	2000–2013	–	by	Category	as	Defined	in	the	2008	Scoping	Draft	Plan	 
	 (based	upon	IPCC	Fourth	Assessment	Report’s	Global	Warming	Potentials).	
217	 CARB.	2016.	2016	Edition	California	GHG	Emission	Inventory.	California	Greenhouse	Gas	Emission	Inventory:	2000–2014.	 
	 Version	June	17,	2016.
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While	landfills	are	an	effective	and	relatively	safe	way	to	manage	some	waste,	disposal-centric	activities	
result	in	squandering	valuable	resources	and	generate	landfill	gases	as	well	as	other	risks.	A	large	fraction	
of	the	organics	in	the	waste	stream	can	be	diverted	from	landfills	to	composting	or	digestion	facilities	to	
produce	beneficial	products.	Moreover,	food	waste	is	the	largest	component	of	organics	disposed	in	landfills;	
a portion of this is edible and should be captured at its source and, for example, provided to food banks 
to	feed	people	in	need.	A	State	waste	management	sector	“loading	order”	should	focus	more	attention	
on	reducing	how	much	waste	we	generate	and	recovering	and	recycling	whatever	resources	we	can,	using	
landfills	as	a	last	resort.
Landmark	initiatives	like	the	Integrated	Waste	Management	Act	of	1989	(AB	939)	demonstrate	California’s	
efforts	to	build	communities	that	consume	less,	recycle	more,	and	take	resource	conservation	to	higher	and	
higher	levels.	Statewide,	Californians	achieved	a	49	percent	recycling	rate	in	2014,	and	recycling	programs	
support	an	estimated	75,000	to	115,000	green	jobs	in	California.	If	California	were	to	achieve	a	75	percent	
statewide	solid	waste	recycling	rate	by	2020–a	goal	set	out	by	the	Legislature	in	AB	341	(Chesboro,	Chapter	
476,	Statutes	of	2011)–by	recycling	and	remanufacturing	at	in-state	facilities,	the	State	could	potentially	
generate	an	additional	100,000	green	jobs.218	In	addition	to	employment	contributions,	diversion	of	organic	
waste	from	landfills	can	generate	positive	environmental	impacts.	Compost	from	organic	matter	provides	
soil amendments to revitalize farmland, reduces irrigation and landscaping water demands, contributes to 
erosion	control	in	fire-ravaged	landscapes,	and	potentially	increase	long-term	carbon	storage	in	rangelands.	
Production	and	use	of	bioenergy	in	the	form	of	biofuels	and	renewable	natural	gas	has	the	potential	to	
reduce	dependency	on	fossil	fuels	for	the	transportation	sector.	For	the	energy	sector,	however,	renewable	
natural	gas	faces	safety,	feasibility,	and	cost	issues.
The	State	has	a	robust	waste	management	system	in	place,	with	established	programs	that	reduce	air	
emissions	through	activities	such	as	gas	collection	systems	from	landfills219	and	stringent	recycling	mandates.	
AB	939	required	cities	and	counties	to	reduce	the	amount	of	waste	going	to	landfills	by	50	percent	in	2000,	
and	municipalities	have	nearly	universally	met	this	mandate.	Californians	dispose	about	30	million	tons	of	
solid	waste	in	landfills	each	year.	To	further	reduce	landfilled	solid	waste,	the	Legislature	adopted	AB	341	
to	achieve	more	significant	waste	reductions	by	setting	a	goal	that	75	percent	of	solid	waste	generated	be	
reduced,	recycled,	or	composted	by	2020,	and	by	mandating	commercial	recycling.	AB	1826	(Chesboro,	
Chapter	727,	Statutes	of	2014)	added	requirements	regarding	mandatory	commercial	organics	recycling.
Although	solid	waste	management	has	evolved	over	the	last	27	years	and	diversion	rates	(which	include	more	
than	recycling)	have	increased	more	than	six-fold	since	1989,	if	no	further	changes	in	policy	are	made,	the	
State’s	growing	population	and	economy	will	lead	to	higher	amounts	of	overall	disposal	along	with	associated	
increases	in	GHG	emissions.	The	pathway	to	reducing	disposal	and	associated	GHG	emissions	will	require	
significant	expansion	of	the	composting,	anaerobic	digestion,	and	recycling	manufacturing	infrastructure	in	
the State.
To	help	reduce	GHG	emissions	by	40	percent	below	1990	levels	by	2030	and	meet	California’s	waste	
reduction goals, California’s waste management sector strives to achieve in-state processing and 
management	of	waste	generated	in	California.	To	carry	out	this	vision,	we	must	work	with	residents	and	
producers	to	reduce	the	volume	of	waste	generated	overall	and	capitalize	on	technology	and	social	changes	
that	might	enable	waste	reduction.	Packaging	comprises	approximately	8	million	tons	of	waste	landfilled	in	
California	annually,	or	about	one	quarter	of	the	State’s	total	disposal	stream.	To	reduce	the	climate	change	
footprint of packaging, the State is promoting the inclusion of source reduction principles in packaging and 
product	design;	fostering	recycling	and	recyclability	as	a	front	end	design	parameter	for	packaging	and	
products	that	cannot	be	reduced;	and	encouraging	recycling	markets	and	market	development	for	recycled-
content	products	and	packaging.	CalRecycle	is	developing	a	packaging	policy	model	containing	components	
necessary	for	a	mandatory	comprehensive,	statewide	packaging	program	in	California;	this	would	need	to	be	
legislatively	enacted	to	achieve	a	packaging	reduction	goal,	such	as	50	percent	by	2030.	CalRecycle	is	also	
continuing	to	work	with	stakeholder	organizations	and	industry	to	explore	complementary	voluntary	activities	
that	have	the	potential	to	significantly	decrease	packaging	disposal	in	California.	In	addition,	large-scale	shifts	
in	materials	management	will	be	necessary,	including	steps	to	maximize	recycling	and	diversion	from	landfills	

218	 CalRecycle.	2013.	AB	341’s	75	Percent	Goal	and	Potential	New	Recycling	Jobs	in	California	by	2020.	July.	 
 www.calrecycle.ca.gov/Publications/Documents/1463/20131463.pdf
219	 CARB	approved	a	regulation	to	reduce	methane	from	municipal	solid	waste	landfills	as	a	discrete	early	action	measure	under	 
	 AB	32.	The	regulation	became	effective	June	17,	2010.	Additional	information	is	available	at:	www.arb.ca.gov/regact/2009/ 
 landfills09/landfillfinalfro.pdf
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and	build	the	necessary	infrastructure	to	support	a	sustainable,	low	carbon	waste	management	system	within	
California.	Working	together,	State	and	local	agencies	will	identify	ways	to	increase	the	use	of	waste	diversion	
alternatives and expand potential markets, obtain funds and incentives for building the infrastructure and 
strengthening markets, and evaluate the need for additional research to achieve California’s GHG reduction 
and waste management goals.
Additional	legislation	codified	since	the	First	Scoping	Plan	Update	outlines	new	opportunities	and	
requirements to reduce GHG emissions from the waste sector, with a focus on reducing organic waste 
sent	to	landfills.	SB	605	(Lara,	Chapter	523,	Statutes	of	2014)	requires	that	CARB	develop	a	strategy	to	
reduce	SLCPs	and	SB	1383	requires	the	strategy	to	be	implemented	by	January	1,	2018.	CARB’s	recently	
adopted	SLCP	Reduction	Strategy	includes	organic	waste	diversion	targets	for	2020	and	2025	consistent	
with	SB	1383	to	reduce	methane	emissions	from	landfills.	It	requires	CalRecycle,	in	consultation	with	CARB,	
to	adopt	regulations	to	achieve	statewide	disposal	targets	to	reduce	landfilling	of	organic	waste	by:	(1)	50	
percent	from	the	2014	level	by	2020,	and	(2)	75	percent	from	the	2014	level	by	2025.	Under	SB	1383,	of	
the edible food destined for the organic waste stream, not less than 20 percent is to be recovered to feed 
people	in	need	by	2025.	The	regulations	are	to	take	effect	on	or	after	January	1,	2022,	and	CalRecycle,	in	
consultation	with	CARB,	must	analyze	the	progress	that	the	waste	management	sector,	State	government,	
and	local	government	have	made	in	achieving	the	2020	and	2025	goals	by	July	1,	2020.	It	is	estimated	that	
the	combined	effect	of	the	food	waste	prevention	and	rescue	programs	and	organics	diversion	from	landfills	
will reduce 4 MMTCO2e	of	methane	in	2030	(using	a	20-year	GWP),	but	one	year	of	waste	diversion	in	2030	is	
expected to result in a reduction of 14 MMTCO2e of emissions over the lifetime of waste decomposition.

Looking to the Future
This	section	outlines	the	high-level	objectives	and	goals	to	reduce	GHGs	in	this	sector.

Goals
• Take full ownership of the waste generated in California.
• View	waste	as	a	resource	and	convert	waste	from	all	sectors	to	beneficial	uses.
• Develop	a	sustainable,	low	carbon	waste	management	system	that	processes	collected	 
	 waste	within	California	and	generates	jobs,	especially	in	disadvantaged	communities.
• Maximize	recycling	and	diversion	from	landfills.
• Reduce direct emissions from composting and digestion operations through improved technologies.
• Build the infrastructure needed to support a sustainable, low  
	 carbon	waste	management	system	within	California.
• Increase organics markets which complement and support other sectors.220

• Capture edible food before it enters the waste stream and provide to people in need.
• Increase production of renewable transportation fuels from anaerobic digestion of waste.
• Recognize	the	co-benefits	of	compost	application.

Cross-Sector Interactions
The	waste	management	sector	interacts	with	all	of	the	other	sectors	of	the	State’s	economy.	Reducing	
waste,	including	food	waste,	is	key	to	reducing	the	State’s	overall	carbon	footprint.	Additionally,	replacing	
virgin	materials	with	recycled	materials	reduces	the	energy	and	GHGs	associated	with	the	goods	we	
produce and consume.
California	leads	the	United	States	in	agricultural	production	in	terms	of	value	and	crop	diversity.	Soil	carbon	
is	the	main	source	of	energy	for	important	soil	microbes	and	is	key	for	making	nutrients	available	to	plants.	
Waste-derived	compost	and	other	organic	soil	amendments	support	the	State’s	Healthy	Soils	Initiative	being	
implemented	by	CDFA.	In	addition,	the	use	of	compost	to	increase	soil	organic	matter	in	the	agricultural	
sector	provides	other	benefits,	including	reduced	GHG	emissions,	conserved	water,	reduced	synthetic	
(petroleum-based)	fertilizer	and	herbicide	use,	and	sequestered	carbon.

220	 Examples	may	include	renewable	energy	(biogas	to	renewable	transportation	fuels	or	electricity);	soils	(application	of	organics	 
 to agricultural soils for building soil organic matter and conserving water; application of organics to mulch for erosion control;  
	 application	of	organics	to	rangelands	for	increased	carbon	sequestration);	and	forests	(support	use	of	forest	residues	for	erosion	 
	 control;	stabilization	of	fire-ravaged	lands).
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Efforts to Reduce Greenhouse Gases
The measures below include some required and new potential measures to help achieve the State’s 2030 
target	and	to	support	the	high-level	objectives	for	this	sector.	Some	measures	may	be	designed	to	directly	
address	GHG	reductions,	while	others	may	result	in	GHG	reductions	as	a	co-benefit.	In	addition,	to	move	
forward with the goals of the waste management sector and achieve the 2030 target, certain actions are 
recommended	to	help	set	the	groundwork.	These	actions	affect	several	broad	areas	and	are	necessary	for	
reducing	the	challenges	facing	this	sector,	and	they	are	listed	below	as	supporting	actions.

Ongoing and Proposed Measures
• Continue	implementation	of	the	Landfill	Methane	Control	Measure.
• Continue	implementation	of	the	Mandatory	Commercial	Recycling	Regulation	 
	 and	the	Mandatory	Commercial	Organics	Recycling	requirements.
• As	required	by	SB	1383:

• By	2018,	CARB	will	implement	the	SLCP	Strategy.
• CalRecycle	will	develop	regulations	to	require	50	percent	organic	waste	diversion	from	 
	 landfills	from	2014	levels	by	2020	and	75	percent	by	2025,	including	programs	to	achieve	an	 
	 edible	food	waste	recovery	goal	of	20	percent	below	2016	levels	by	2025.	The	regulations	 
	 shall	take	effect	on	or	after	January	1,	2022.	By	July	1,	2020,	analyze	the	progress	that	the	 
 waste sector, State government, and local governments have made in achieving these goals.
• CEC will develop recommendations for the development and use of renewable gas as part  
	 of	the	2017	Integrated	Energy	Policy	Report.	Based	on	these	recommendations,	adopt	policies	 
	 and	incentives	to	significantly	increase	sustainable	production	and	use	of	renewable	gas.

Potential Additional or Supporting Actions
The	actions	below	have	the	potential	to	reduce	GHGs	and	complement	the	measures	and	policies	identified	
in	Chapter	2.	These	are	included	to	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	
achieve its long-term climate goals.

• Establishing	a	sustainable	State	funding	source	(such	as	an	increased	landfill	tip	fee	and	new	 
	 generator	charge)	for	development	of	waste	management	infrastructure,	programs,	and	incentives.
• Working with residents and producers to reduce the volume of waste generated overall  
	 and	capitalize	on	technology	and	social	changes	that	might	enable	waste	reduction.
• Increasing	organics	diversion	from	landfills,	building	on	established	mandates	(AB	341’s	 
	 75	percent	by	2020	solid	waste	diversion	goal,	AB	1594,221	AB	1826,222	AB	876223)	and	new	 
	 short-lived	climate	pollutant	targets	for	2025	(SB	605,	SB	1383)	to	be	accomplished	via	 
	 prevention	(including	food	rescue),	recycling,	composting/digestion,	and	biomass	options.
• Addressing	challenges	and	issues	associated	with	significant	expansion	and	 
	 construction	of	organics	and	recycling	infrastructure	in	California	that	is	needed	 
	 to	achieve	recycling	and	diversion	goals.	Challenges	and	issues	include	permitting,	 
	 grid/pipeline	connection,	funding,	local	siting,	markets,	and	research.
• Developing	programmatic	Environmental	Impact	Reports	(EIRs)	and	model	permit	and	 
 guidance documents to assist in environmental review and CEQA for new facilities.
• Providing incentives for expanded and new facilities to handle  
	 organics	and	recyclables	to	meet	2020	and	2030	goals.
• Providing incentives to develop and expand food rescue programs to  
	 reduce	the	amount	of	edible	food	being	sent	to	landfills.
• Further	quantifying	co-benefits	of	compost	products	and	addressing	regulatory	 
	 barriers	that	do	not	provide	for	consideration	of	co-benefits.
• Supporting existing and new clean technologies and markets for excess  
	 woody	biomass	from	urban	areas,	forests,	and	agriculture.
• Supporting the development of transportation fuel production at  
 digestion facilities to generate renewable transportation fuels.

221	 Assembly	Bill	1594,	Waste	Management	(Williams,	Chapter	719,	Statutes	of	2014).
222	 Assembly	Bill	1826,	Solid	Waste:	Organic	Waste	(Chesbro,	Chapter	727,	Statutes	of	2014).
223	 Assembly	Bill	876,	Compostable	Organics	(McCarty,	Chapter	593,	Statutes	of	2015).
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• Resolving	issues	of	pipeline	injection	and	grid	connection	to	 
	 make	renewable	energy	projects	competitive.
• Supporting	the	use	of	available	capacity	at	wastewater	treatment	 
 plants that have digesters to process food waste.
• Working with local entities to provide a supportive framework to advance  
	 community-wide	efforts	that	are	consistent	with,	or	exceed,	statewide	goals.
• Supporting	research	and	development	and	pathways	to	market	for	dairy	and	 
	 codigestion	digesters,	including	pipeline	injection	and	interconnection.
• Supporting research on digestate characterization and end products.

Water

Water is essential to all life, and is vital to our overall health and well-being. A reliable, clean, and abundant 
supply	of	water	is	also	a	critical	component	of	California’s	economy	and	has	particularly	important	
connections	to	energy,	food,	and	the	environment.	California’s	water	system	includes	a	complex	infrastructure	
that	has	been	developed	to	support	the	capture,	use,	conveyance,	storage,	conservation,	and	treatment	of	
water	and	wastewater.	This	elaborate	network	of	storage	and	delivery	systems	enables	the	State	to	prosper	
and	support	populations,	amidst	wide	variability	in	annual	precipitation	rates	and	concentration	of	rain	north	
of Sacramento, through storing and moving water when and where it is needed.
Local	water	agencies	play	an	important	role	in	delivering	water	to	communities,	farms,	and	businesses.	Some	
purchase	water	from	the	major	State	and	federal	projects,	treat	the	water	as	needed,	and	deliver	it	to	their	
customers;	others	act	as	wholesale	agencies	that	buy	or	import	water	and	sell	it	to	retail	water	suppliers.	
Some	agencies	operate	their	own	local	water	supply	systems,	including	reservoirs	and	canals	that	store	
and	move	water	as	needed.	Many	agencies	rely	on	groundwater exclusively,	and	operate	local	wells	and	
distribution	systems.	In	recent	decades,	local	agencies	have	developed	more	diversified	sources	of	water	
supplies.	Many	agencies	use	a	combination	of	imported	surface	water	and	local	groundwater,	and	also	
produce	or	purchase	recycled	water	for	end	uses	such	as	landscape	irrigation.224

The	State’s	developed	surface	and	groundwater	resources	support	a	variety	of	residential,	commercial,	
industrial,	and	agricultural	activities.	California’s	rapidly	growing	population–estimated	to	reach	44	million	by	
2030225 –	is	putting	mounting	pressure	on	the	water	supply	system.	In	the	future,	the	ability	to	meet	most	new	
demand	for	water	will	come	from	a	combination	of	increased	conservation	and	water	use	efficiency,	improved	
coordination	of	management	of	surface	and	groundwater,	recycled	water,	new	technologies	in	drinking	water	
treatment, groundwater remediation, and brackish and seawater desalination.226

One	of	the	State’s	largest	uses	of	energy	is	attributed	to	several	aspects	of	the	water	life	cycle,	including	end	
uses	such	as	heating	and	cooling,	and	water	treatment	and	conveyance.	Ten	percent	of	the	State’s	energy	
use	is	associated	with	water-related	end	uses,	while	water	and	wastewater	systems	account	for	2	percent	
of	the	State’s	energy	use.227	Therefore,	as	water	demand	grows,	energy	demand	may	increase	concurrently.	
Population	growth	drives	demand	for	both	water	and	energy	resources,	so	both	grow	at	about	the	same	
rates	and	in	many	of	the	same	geographic	areas.228	This	dynamic	is	further	exacerbated	by	the	precipitation-
population	mismatch	between	Northern	and	Southern	California.	Since	the	greatest	energy	consumption	
related	to	water	is	from	delivery	to	end	uses,	the	potential	for	energy	savings	also	resides	with	water	end	
users,	where	water	conservation	and	efficiency	play	an	important	role.
The	principal	source	of	GHG	emissions	from	the	water	sector	comes	from	the	fossil	fuel-based	energy	
consumed	for	water	end	uses	(e.g.,	heating,	cooling,	pressurizing,	and	industrial	processes),	and	the	fossil	
fuel-based	energy	used	to	“produce”	water	(e.g.,	pump,	convey,	treat).	Therefore,	emissions	reductions	
strategies	are	primarily	associated	with	reducing	the	energy	intensity	of	the	water	sector.	Energy	intensity	is	
a	measure	of	the	amount	of	energy	required	to	take	a	unit	of	water	from	its	origin	(such	as	a	river	or	aquifer)	

224	 California	Department	of	Water	Resources.	Regional	Energy	Intensity	of	Water	Supplies.	 
 www.water.ca.gov/climatechange/RegionalEnergyIntensity.cfm
225 http://www.dof.ca.gov/Forecasting/Demographics/projections/ 
226	 California	Natural	Resources	Agency,	California	Department	of	Food	and	Agriculture,	and	California	Environmental	 
	 Protection	Agency.	California	Water	Action	Plan.
227	 California	Department	of	Water	Resources.	Water-Energy	Nexus:	Statewide.	Web	page	accessed	November	2016	at:	 
 www.water.ca.gov/climatechange/WaterEnergyStatewide.cfm.
228 Ibid
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and	extract	and	convey	it	to	its	end	use.229	Within	California,	the	energy	intensity	of	water	varies	greatly	
depending	on	the	geography,	water	source,	and	end	use.	The	California	Department	of	Water	Resources	
(DWR)	subdivides	the	State	into	10	regions	corresponding	to	the	State’s	major	drainage	basins.	An	interactive	
map	on	the	DWR	website	allows	users	to	see	a	summary	of	the	energy	intensity	of	regional	water	supplies,	
ignoring end-use factors.230	As	the	energy	sector	is	decarbonized	through	measures	such	as	increased	
renewable	energy	and	improved	efficiency,	energy	intensities	will	also	be	reduced.	It	is	also	important	to	
note	that	end	user	actions	to	reduce	water	consumption	or	replace	fresh	water	with	recycled	water	do	not	
automatically	translate	into	GHG	reductions.	The	integrated	nature	of	the	water	supply	system	means	that	
a	reduction	by	one	end	user	can	be	offset	by	an	increase	in	consumption	by	another	user.	Likewise,	use	of	
recycled	water	has	the	potential	to	reduce	GHGs	if	it	replaces,	and	not	merely	serves	as	an	alternative	to,	an	
existing,	higher-carbon	water	supply.
The	State	is	currently	implementing	several	targeted,	agricultural,	urban,	and	industrial-based	water	
conservation,	recycling,	and	water	use	efficiency	programs	as	part	of	an	integrated	water	management	effort	
that	will	help	achieve	GHG	reductions	through	reduced	energy	demand	within	the	water	sector.	Appendix	H	
highlights	the	more	significant	existing	policies,	programs,	measures,	regulations,	and	initiatives	that	provide	
a framework for helping achieve GHG emissions reductions in this sector.
While	it	is	important	for	every	sector	to	contribute	to	the	State’s	climate	goals,	ensuring	universal	access	to	
clean	water	as	outlined	in	AB	685	(Eng,	Chapter	524,	Statutes	of	2012),	also	known	as	the	“human	right	to	
water” bill, should take precedence over achieving GHG emissions reductions from water sector activities 
where	a	potential	conflict	exists.	AB	685	states	that	it	is	the	policy	of	the	State	that	“every	human	being	has	
the right to safe, clean, affordable, and accessible water adequate for human consumption, cooking, and 
sanitary	purposes.”	As	described	in	this	section,	water	supplies	vary	in	energy	intensity	and	resulting	GHGs,	
depending on the source of the water, treatment requirements, and location of the end user.

Looking to the Future
This	section	outlines	the	high-level	objectives	and	goals	to	reduce	GHGs	in	this	sector.

Goals
• Develop and support more reliable water supplies for people, agriculture, and the  
	 environment,	provided	by	a	more	resilient,	diversified,	sustainably	managed	water	 
	 resources	system	with	a	focus	on	actions	that	provide	direct	GHG	reductions.
• Make	conservation	a	California	way	of	life	by	using	and	reusing	water	more	efficiently	 
 through greater water conservation, drought tolerant landscaping, stormwater capture, water  
	 recycling,	and	reuse	to	help	meet	future	water	demands	and	adapt	to	climate	change.
• Develop	and	support	programs	and	projects	that	increase	water	sector	energy	 
	 efficiency	and	reduce	GHG	emissions	through	reduced	water	and	energy	use.
• Increase	the	use	of	renewable	energy	to	pump,	convey,	treat,	and	utilize	water.
• Reduce	the	carbon	footprint	of	water	systems	and	water	uses	for	both	surface	and	 
 groundwater supplies through integrated strategies that reduce GHG emissions while  
	 meeting	the	needs	of	a	growing	population,	improving	public	safety,	fostering	environmental	 
	 stewardship,	aiding	in	adaptation	to	climate	change,	and	supporting	a	stable	economy.

Cross-Sector Interactions
Water,	energy,	food,	and	ecosystems	are	inextricably	linked,	and	meeting	future	climate	challenges	will	
require an integrated approach to managing the resources in these sectors.
Water	is	used	in	various	applications	in	the	energy	sector,	ranging	in	intensity	from	cooling	of	turbines	and	other	
equipment at power plants to cleaning solar photovoltaic panels. In 2003, CEC adopted a water conservation 
policy	for	power	plants	to	limit	the	use	of	freshwater	for	power	plant	cooling,	and	has	since	encouraged	project	

229	 A	broader	definition	of	energy	intensity	could	consider	the	“downstream”	energy	(i.e.,	wastewater	treatment)	as	well	as	the	 
	 upstream	components.	More	robust	data	are	needed,	and	the	State	is	working	to	better	quantify	these	upstream	and	 
 downstream emissions.
230	 California	Department	of	Water	Resources.	Regional	Energy	Intensity	of	Water	Supplies.	 
 www.water.ca.gov/climatechange/RegionalEnergyIntensity.cfm
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owners	proposing	to	build	new	power	plants	in	California	to	reduce	water	consumption	with	water-efficiency	
technologies	such	as	dry	cooling	and	to	conserve	fresh	water	by	using	recycled	water.	Likewise,	energy	is	used	
in	multiple	ways	and	at	multiple	steps	in	water	delivery	and	treatment	systems,	including	energy	for	heating	and	
chilling	water;	treating	and	delivering	drinking	water;	conveying	water;	extracting	groundwater;	desalination;	
pressurizing water for irrigation; and wastewater collection, treatment, and disposal.
Although	GHG	reduction	strategies	for	the	water	sector	have	the	closest	ties	to	energy,	the	water	sector	also	
interacts with the natural and working lands, agricultural, waste management, and transportation sectors. 
Water	flows	from	mountains	to	downstream	regions	through	natural	and	working	lands,	which	provide	habitat	
for	many	species	and	function	to	store	water,	recharge	groundwater,	naturally	purify	water,	and	moderate	
flooding.	Protection	of	key	lands	from	conversion	results	in	healthier	watersheds	by	reducing	polluted	
runoff	and	maintaining	a	properly	functioning	ecosystem.	California	is	the	United	States’	leading	agricultural	
production	state	in	terms	of	value	and	crop	diversity.	Approximately	nine	million	acres	of	farmland	in	
California are irrigated.231	In	addition,	water	use	is	associated	with	livestock	watering,	feedlots,	dairy	
operations, and other on-farm needs. Altogether, agriculture uses about 40 percent of the State’s managed 
water	supply.232	In	the	end,	agricultural	products	produced	in	California	are	consumed	by	humans	throughout	
the	world	as	food,	fiber,	and	fuel.	Wastewater	treatment	plants	provide	a	complementary	opportunity	for	
the	waste	management	sector	to	help	process	organic	waste	diversion	from	landfills.	Treatment	plants	with	
spare	capacity	can	potentially	accommodate	organic	waste	for	anaerobic	co-digestion	of	materials	such	as	
food	waste	and	fats,	oil,	and	grease	from	residential,	commercial,	or	industrial	facilities	to	create	useful	by-
products	such	as	electricity,	hydrogen,	biofuels,	and	soil	amendments.233 The water sector is also essential to 
our	community	health	and	long-term	well-being,	and	measures	must	ensure	that	we	continue	to	have	access	
to clean and reliable sources of drinking water. Climate change threatens to impact our water supplies, for 
example,	with	long-term	droughts	leading	to	wells	and	other	sources	of	water	running	dry.	This	can	have	
devastating	consequences,	especially	on	communities	already	vulnerable	and	sensitive	to	changes	in	their	
water	supply	and	natural	hydrological	systems,	including	rural	communities	who	have	limited	options	for	
water	supplies.	Water	conservation	and	management	strategies	that	are	energy	efficient	can	also	ensure	a	
continued	supply	of	water	for	our	health	and	well-being.

Efforts to Reduce Greenhouse Gases
The measures below include some required and new potential measures to help achieve the State’s 2030 
target	and	to	support	the	high-level	objectives	for	this	sector.	Some	measures	may	be	designed	to	directly	
address	GHG	reductions,	while	others	may	result	in	GHG	reductions	as	a	co-benefit.	In	addition,	several	
recommended	actions	are	identified	to	help	the	water	sector	move	forward	with	the	identified	goals	and	
measures to achieve the 2030 target; these are listed as supporting actions.

Ongoing and Proposed Measures
• As	directed	by	Governor	Brown’s	Executive	Order	B-37-16,	DWR	and	State	Water	Resources	 
	 Control	Board	(SWRCB)	will	develop	and	implement	new	water	use	targets	to	generate	 
 more statewide water conservation than existing targets (the existing State law requires  
	 a	20	percent	reduction	in	urban	per	capita	water	use	by	2020	[SBx7-7,	Steinberg,	Chapter	 
	 4,	Statutes	of	2009]).	The	new	water	use	targets	will	be	based	on	strengthened	standards	 
 for indoor use, outdoor irrigation, commercial, industrial, and institutional water use.
• SWRCB will develop long-term water conservation regulation, and  
	 permanently	prohibit	practices	that	waste	potable	water.
• DWR	and	SWRCB	will	develop	and	implement	actions	to	minimize	water	system	leaks,	and	to	set	 
	 performance	standards	for	water	loss,	as	required	by	SB	555	(Wolk,	Chapter	679,	Statutes	of	2015).
• DWR and CDFA will update existing requirements for agricultural water  
	 management	plans	to	increase	water	system	efficiency.

231 Hanson, Blaine. No date. Irrigation of Agricultural Crops in California. PowerPoint. Department of Land, Air and Water Resources  
	 University	of	California,	Davis.	www.arb.ca.gov/fuels/lcfs/workgroups/lcfssustain/hanson.pdf
232	 Applied	water	use	is	the	official	terminology	used	by	DWR.	“Applied	water	refers	to	the	total	amount	of	water	that	is	diverted	 
	 from	any	source	to	meet	the	demands	of	water	users	without	adjusting	for	water	that	is	used	up,	returned	to	the	developed	supply,	 
 or considered irrecoverable.”
233	 An	example	of	a	resource	recovering	project	that	can	help	achieve	methane	reductions	includes	fuel	cells	that	are	integrated	 
	 into	wastewater	treatment	plants	for	both	onsite	heat	and	power	generation	and	the	production	of	renewable	hydrogen.
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• CEC	will	certify	innovative	technologies	for	water	conservation	and	water	loss	detection	and	control.
• CEC	will	continue	to	update	the	State’s	Appliance	Efficiency	Regulations	(California	Code	of	 
	 Regulations,	Title	20,	Sections	1601–1608)	for	appliances	offered	for	sale	in	California	to	establish	 
	 standards	that	reduce	energy	consumption	for	devices	that	use	electricity,	gas,	and/or	water.
• California	Environmental	Protection	Agency	(CalEPA)	will	oversee	development	 
	 of	a	voluntary	registry	for	GHG	emissions	resulting	from	the	water-energy	 
	 nexus,	as	required	by	SB	1425	(Pavley,	Chapter	596,	Statutes	of	2016).
• The	State	Water	Project	has	entered	long-term	contracts	to	procure	 
	 renewable	electricity	from	140	MW	solar	installations	in	California.
• As described in its Climate Action Plan, DWR will continue to increase the  
	 use	of	renewable	energy	to	operate	the	State	Water	Project.

Overall,	these	actions	will	contribute	to	the	broader	energy	efficiency	goals	discussed	in	the	Low	Carbon	
Energy	section	of	this	chapter.

Potential Additional or Supporting Actions
The	actions	below	have	the	potential	to	reduce	GHGs	and	complement	the	measures	and	policies	identified	
in	Chapter	2.	These	are	included	to	spur	thinking	and	exploration	of	innovation	that	may	help	the	State	
achieve its long-term climate goals.

• Where	technically	feasible	and	cost-effective,	local	water	and	wastewater	utilities	should	adopt	a	 
	 long-term	goal	to	reduce	GHGs	by	80	percent	below	1990	levels	by	2050	(consistent	with	 
	 DWR’s	Climate	Action	Plan),	and	thereafter	move	toward	low	carbon	or	net-zero	carbon	 
	 water	management	systems.
• Local	water	and	wastewater	utilities	should	develop	distributed	renewable	energy	where	 
	 feasible,	using	the	expanded	Local	Government	Renewable	Energy	Bill	Credit	(RES-BCT)	 
	 tariff	and	new	Net	Energy	Metering	(which	allow	for	installation	without	system	size	limit).
• In	support	of	the	Short-Lived	Climate	Pollutant	Strategy,	encourage	resource	recovering	 
	 wastewater	treatment	projects	to	help	achieve	the	goal	of	reducing	fugitive	methane	 
	 by	40	percent	by	2030,	to	include:

• Determining opportunities to support co-digestion of food-related waste  
 streams at wastewater treatment plants.
• Incentivizing	methane	capture	systems	at	wastewater	treatment	plants	to	 
	 produce	renewable	electricity,	transportation	fuel,	or	pipeline	biomethane.

• Support compact development and land use patterns, and associated conservation  
 and management strategies for natural and working lands that reduce per capita water  
	 consumption	through	more	water-efficient	built	environments.
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Meeting, and exceeding, our mandated GHG reduction goals in 2020 and through 2030 requires building 
on	California’s	decade	of	success	in	implementing	effective	climate	policies.	State	agencies	are	increasingly	
coordinating	planning	activities	to	align	with	overarching	climate,	clean	air,	social	equity,	and	broader	
economic	objectives.
However,	to	definitely	tip	the	scales	in	favor	of	rapidly	declining	emissions,	we	also	need	to	reach	beyond	
State	policy-making	and	engage	all	Californians.	Further	progress	can	be	made	by	supporting	innovative	
actions at the local level–among governments, small businesses, schools, and individual households. 
Ultimately,	success	depends	on	a	mix	of	regulatory	program	development,	incentives,	institutional	support,	
and	education	and	outreach	to	ensure	that	clean	energy	and	other	climate	strategies	are	clear,	winning	
alternatives in the marketplace–to drive business development and consumer adoption.

Ongoing Engagement with Environmental  
Justice Communities

CARB	continues	seek	ways	to	improve	implementation	of	AB	32	and	the	unique	set	of	impacts	facing	
environmental	justice	communities.	However,	CARB’s	environmental	justice	efforts	reach	far	beyond	climate	
change.	In	2001,	the	Board	approved	CARB’s	“Policies	and	Actions	for	Environmental	Action,”234 which 
expresses	a	broad	commitment	to	environmental	justice	and	makes	it	integral	to	all	of	CARB’s	programs,	
consistent	with	State	directives	at	the	time.	Though	over	the	years	CARB	has	taken	on	a	wide	array	of	
activities	aimed	at	reducing	environmental	burdens	on	environmental	justice	communities,	it	has	not	knitted	
its	various	efforts	together	in	a	coherent	narrative	or	maximized	the	impact	of	these	activities	by	leveraging	
them off of each other.
This	year,	CARB	appointed	its	first	executive-level	environmental	justice	liaison.	Under	her	leadership,	
CARB	will	lay	a	roadmap	for	better	serving	California’s	environmental	justice	communities	in	the	design	and	
implementation	of	its	programs,	and	identifying	new	actions	CARB	can	take	to	advance	environmental	justice	
and	social	equity	in	all	of	its	functions.
The	extensive	legislative	framework	addressing	climate	change,	air	quality,	and	environmental	justice	that	
has	emerged	since	the	passage	of	AB	32	has	prompted	CARB	to	step	up	its	environmental	justice	efforts	and	
articulate	a	vision	that	reflects	the	current	context.	CARB	will	initiate	a	public	process,	seeking	advice	and	
input	from	environmental	justice	advocates	and	other	key	stakeholders	to	inform	the	development	of	a	new	
strategic	plan	for	further	institutionalizing	environmental	justice	and	social	equity.
CARB understands that in addition to our programs to address climate change and reduce emissions of 
GHGs, more needs to be done to reduce exposure to toxic air and criteria pollutants and improve the 
quality	of	life	in	communities	surrounding	our	largest	emissions	sources.	To	this	end,	and	consistent	with	
AB	617,	AB	197,	AB	1071,	SB	535	and	AB	1550,	we	will	actively	engage	EJ	advocates,	communities,	and	
relevant	air	districts	in	the	development	of	programs	that	improve	air	quality	and	quantify	the	burdens	
placed	on	air	quality	in	local	communities.	Measuring	and	monitoring	air	quality	conditions	over	time	and	
ongoing	community	engagement	are	integral	to	the	success	of	CARB’s	efforts.	This	engagement	will	include	
substantive discussions with EJ stakeholders, gathering their input and providing adequate time for review 
before matters are taken to the Board for decision.

234 www.arb.ca.gov/ch/programs/ej/ejpolicies.pdf
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CARB’s	approach	to	environmental	justice	will	be	grounded	in	five	primary	pillars:	transparency,	integration,	
monitoring, research, and enforcement.

• Transparency: CARB must improve communication and engagement with environmental  
	 justice	stakeholders	and	deepen	partnerships	with	local	communities	impacted	by	air	 
	 pollution.	CARB	will	continue	to	prioritize	transparency	in	its	decision-making	processes	and	 
	 provide	better	access	to	the	air	quality,	toxics,	and	GHG	data	CARB	collects	and	stewards.
• Integration:	Besides	integrating	environmental	justice	throughout	all	of	CARB’s	programs,	those	 
 programs must complement each other. To that end, CARB will endeavor to break down  
	 programmatic	silos	so	that	it	is	able	to	leverage	its	work	and	achieve	more	effective	and	timely	results.	 
 Focused resources in individual communities can accelerate reduction in emissions, proliferation of  
	 clean	vehicles	and	creation	of	jobs	in	the	clean	energy	economy,	while	concurrently	 
 improving public health.
• Monitoring:	Communities	should	be	engaged	in	CARB’s	monitoring	work.	They	can	play	a	critical	 
 role in collecting their own data and adding to the coverage of other air monitoring  
	 efforts	(e.g.,	CARB,	local	air	districts).	CARB	has	already	invested	in	research	on	low- 
	 cost	monitors	that	are	accessible	by	communities,	and	it	will	continue	to	evaluate	 
	 how	community	monitoring	can	make	CARB	more	nimble	in	identifying	and	addressing	 
	 “hotspots.”	Mobile	monitoring	projects	similarly	will	allow	CARB	to	better	serve	and	protect	 
 residents of disadvantaged communities. CARB will continue to build partnerships with  
	 local	communities	and	help	build	local	capacity	through	funding	and	technical	assistance.
• Research: CARB’s research agenda is core to achieving its mission. To ensure that the research  
	 done	by	CARB	responds	to	environmental	justice	concerns	and	has	the	greatest	potential	to	improve	 
	 air	quality	and	public	health	in	disadvantaged	communities,	CARB	will	engage	communities	groups	 
	 early	in	the	development	of	its	research	agenda	and	the	projects	that	flow	out	from	that	agenda.
• Enforcement:	Disadvantaged	communities	are	often	impacted	by	many	sources	of	pollution.	In	 
	 order	to	improve	air	quality	and	protect	public	health,	CARB	will	prioritize	compliance	with	legal	 
	 requirements,	including	enforcement	actions	if	necessary,	in	environmental	justice	communities	 
 to ensure emissions of toxic and criteria pollutants in these communities are as low as possible.

Our	inclusive	approaches	to	further	environmental	justice	in	California’s	local	communities	may	include	
an	array	of	direct	regulation,	funding,	and	community	capacity-building.	CARB	will	continue	to	actively	
implement	the	provisions	of	AB	617,	AB	197,	AB	1071,	SB	535,	AB	1550,	and	other	laws	to	better	ensure	
that	environmental	justice	communities	see	additional	benefits	from	our	clean	air	and	climate	policies.	Our	
inclusive	approaches	to	further	environmental	justice	in	California’s	local	communities	may	include	an	array	of	
direct	regulation,	funding,	and	community	capacity-building.

Enabling Local Action

Local governments are essential partners in achieving California’s goals to reduce GHG emissions. Local 
governments can implement GHG emissions reduction strategies to address local conditions and issues 
and	can	effectively	engage	citizens	at	the	local	level.	Local	governments	also	have	broad	jurisdiction,	
and	sometimes	unique	authorities,	through	their	community-scale	planning	and	permitting	processes,	
discretionary	actions,	local	codes	and	ordinances,	outreach	and	education	efforts,	and	municipal	operations.	
Further,	local	jurisdictions	can	develop	new	and	innovative	approaches	to	reduce	GHG	emissions	that	can	
then	be	adopted	elsewhere.	For	example,	local	governments	can	develop	land	use	plans	with	more	efficient	
development patterns that bring people and destinations closer together in more mixed-use, compact 
communities that facilitate walking, biking, and use of transit. Local governments can also incentivize 
locally	generated	renewable	energy	and	infrastructure	for	alternative	fuels	and	electric	vehicles,	implement	
water	efficiency	measures,	and	develop	waste-to-energy	and	waste-to-fuel	projects.	These	local	actions	
complement statewide measures and are critical to supporting the State’s efforts to reduce emissions. Local 
efforts	can	deliver	substantial	additional	GHG	and	criteria	emissions	reductions	beyond	what	State	policy	
can	alone,	and	these	efforts	will	sometimes	be	more	cost-effective	and	provide	more	cobenefits	than	relying	
exclusively	on	top-down	statewide	regulations	to	achieve	the	State’s	climate	stabilization	goals.	To	ensure	
local	and	regional	engagement,	it	is	also	recommended	local	jurisdictions	make	readily	available	information	
regarding ongoing and proposed actions to reduce GHGs within their region.
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Many	cities	and	counties	are	already	setting	GHG	reduction	targets,	developing	local	plans,	and	making	
progress	toward	reducing	emissions.	The	Statewide	Energy	Efficiency	Collaborative	recently	released	a	report,	
The State of Local Climate Action: California 2016,235	which	highlights	local	government	efforts,	including:

• In	California,	60	percent	of	cities	and	over	70	percent	of	counties	have	completed	a	 
	 GHG	inventory,	and	42	percent	of	local	governments	have	completed	a	climate,	energy,	 
	 or	sustainability	plan	that	directly	addresses	GHG	emissions.	Many	other	community-scale	 
 local plans, such as general plans, have emissions reduction measures incorporated as well  
	 (see	Governor’s	Office	of	Planning	and	Research	[OPR]	Survey	questions	23	and	24).236

• Over one hundred California local governments have developed emissions  
 reduction targets that, if achieved, would result in annual reductions  
 that total 45 MMTCO2e	by	2020	and	83	MMTCO2e	by	2050.237

Local	air	quality	management	and	air	pollution	control	districts	also	play	a	key	role	in	reducing	regional	and	
local	sources	of	GHG	emissions	by	actively	integrating	climate	protection	into	air	quality	programs.	Air	
districts	also	support	local	climate	protection	programs	by	providing	technical	assistance	and	data,	
quantification	tools,	and	even	funding.238	Local	metropolitan	planning	organizations	(MPOs)	also	support	the	
State’s	climate	action	goals	via	sustainable	communities	strategies	(SCSs),	required	by	the	Sustainable	
Communities	and	Climate	Protection	Act	of	2008	(SB	375,	Chapter	728,	Statutes	of	2008).	Under	SB	375,	
MPOs must prepare SCSs as part of their regional transportation plan to meet regional GHG reduction 
targets	set	by	CARB	for	passenger	vehicles	in	2020	and	2035.	The	SCSs	contain	land	use,	housing,	and	
transportation strategies that allow regions to meet their GHG emissions reductions targets.

State	agencies	support	these	local	government	actions	in	several	ways:
• CoolCalifornia.org is an informational website that provides resources that assist local governments,  
 small businesses, schools, and households to reduce GHG emissions. The local government webpage  
 includes carbon calculators, a climate planning resource guide, a Funding Wizard that outlines grant  
	 and	loan	programs,	and	success	stories.	It	also	features	ClearPath	California,	a	no-cost	GHG	inventory,	 
 climate action plan development, and tracking tool developed through  
	 the	Statewide	Energy	Efficiency	Collaborative	in	coordination	with	CARB	 
	 and	the	Governor’s	Office	of	Planning	and	Research	(OPR).
• Chapter	8	of	OPR’s	General	Plan	Guidelines239 provides guidance for climate action plans and  

235	 Statewide	Energy	Efficiency	Collaborative.	2016.	State	of	Local	Climate	Action:	California	2016.	 
 californiaseec.org/wp-content/uploads/2016/10/State-of-Local-Climate-Action-California-2016_Screen.pdf
236	 Governor’s	Office	of	Planning	and	Research.	2016.	2016	Annual	Planning	Survey	Results.	November.	 
 www.opr.ca.gov/docs/2016_APS_final.pdf
237 These reductions include reductions from both state and local measures.
238	 Examples	include:	(1)	Bay	Area	Air	Quality	Management	District	(BAAQMD).	2016	Clean	Air	Plan	and	Regional	Climate	Protection	 
	 Strategy.	Available	at:	www.baaqmd.gov/plans-and-climate/air-quality-plans/plans-under-development;	(2)	California	Air	Pollution	 
	 Control	Officers	Association.	California	Emissions	Estimator	Model	(CalEEMod).	Available	at:	www.caleemod.com/;	(3)	San	Joaquin	 
	 Valley	Air	Pollution	Control	District.	Grants	and	Incentives.	Available	at:	valleyair.org/grants/;	(4)	BAAQMD.	Grant	Funding.	Available	 
	 at:	www.baaqmd.gov/grant-funding;	(5)	South	Coast	Air	Quality	Management	District.	Funding.	Available	at:	www.aqmd.gov/ 
 grants-bids/funding;	(6)	Sacramento	Metropolitan	Air	Quality	Management	District.	Incentive	Programs.	Available	at:	 
 www.airquality.org/Residents/Incentive-Programs.
239 http://opr.ca.gov/planning/general-plan/

To engage communities in efforts to reduce GHG emissions, 
CARB	has	partnered	with	Energy	Upgrade	California	on	the	
CoolCalifornia Challenge. It is a competition among California 
cities to reduce their carbon footprints and build more vibrant and 
sustainable communities. Three challenges have been completed. 
Most	recently,	the	2015–2016	Challenge	included	22	cities	and	
engaged	nearly	3,200	households,	each	of	which	took	actions	
to	reduce	energy	use	and	carbon	GHG	emissions.	In	total,	the	
participants	reported	savings	of	5,638	MTCO2	from	completed	
actions, equivalent to emissions from more than 1,000 cars or from 
electricity	used	by	more	than	2,500	California	homes	in	a	year.
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	 other	plans	linked	to	general	plans,	which	address	the	community	scale	approach	outlined	in	 
	 CEQA	Guidelines	Section	15183.5(b),	Plans	for	the	Reduction	of	Greenhouse	Gas	Emissions.
• OPR	hosts	the	Integrated	Climate	Adaptation	and	Resiliency	Program,	which	is	 
	 developing	resources	and	case	studies	that	outline	the	co-benefits	of	implementing	 
 emissions reduction strategies and addressing the impacts of climate change.
• CARB	is	developing	a	centralized	database	and	interactive	map	that	will	display	the	current	statewide	 
	 status	of	local	government	climate	action	planning.	Users	can	view	and	compare	the	details	of	 
 emission inventories, planned GHG reduction targets and strategies, and other climate action details  
	 specific	to	each	local	government.	This	information	will	help	jurisdictions	around	 
	 California	identify	what	climate	action	strategies	are	working	in	other,	similar	 
	 jurisdictions	across	the	State,	and	will	facilitate	collaboration	among	local	governments	 
 pursuing GHG reduction strategies and goals. This database and map will be featured  
 on the CoolCalifornia.org	website	and	are	anticipated	to	be	available	in	2017.
• Additional information on local government activities is available on  
 Cal-Adapt (www.cal-adapt.org)	and	OPR	(www.opr.ca.gov)

Further,	a	significant	portion	of	the	$3.4	billion	in	cap-and-trade	expenditures	has	either	directly	or	indirectly	
supported local government efforts to reduce emissions, including, for example, the Affordable Housing and 
Sustainable	Communities	(AHSC)	program	and	approximately	$142	million	for	project	implementation	and	
planning grants awarded under the Transformative Climate Communities program.

Climate Action through Local Planning and Permitting

Local	government	efforts	to	reduce	emissions	within	their	jurisdiction	are	critical	to	achieving	the	State’s	long-
term	GHG	goals,	and	can	also	provide	important	co-benefits,	such	as	improved	air	quality,	local	economic	
benefits,	more	sustainable	communities,	and	an	improved	quality	of	life.	To	support	local	governments	in	
their efforts to reduce GHG emissions, the following guidance is provided. This guidance should be used 
in	coordination	with	OPR’s	General	Plan	Guidelines	guidance	in	Chapter	8,	Climate	Change.240 While this 
guidance	is	provided	out	of	the	recognition	that	local	policy	makers	are	critical	in	reducing	the	carbon	
footprint	of	cities	and	counties,	the	decision	to	follow	this	guidance	is	voluntary	and	should	not	be	interpreted	
as a directive or mandate to local governments.

Recommended Local Plan-Level Greenhouse Gas Emissions Reduction Goals
CARB recommends statewide targets of no more than six metric tons CO2e	per	capita	by	2030	and	no	more	
than two metric tons CO2e	per	capita	by	2050.241 The statewide per capita targets account for all emissions 
sectors	in	the	State,	statewide	population	forecasts,	and	the	statewide	reductions	necessary	to	achieve	the	
2030	statewide	target	under	SB	32	and	the	longer	term	State	emissions	reduction	goal	of	80	percent	below	
1990	levels	by	2050.242 The statewide per capita targets are also consistent with Executive Order S-3-05, 
B-30-15,	and	the	Under	2	MOU	that	California	originated	with	Baden-Württemberg	and	has	now	been	signed	
or	endorsed	by	188	jurisdictions	representing	39	countries	and	six	continents.243,244	Central	to	the	Under	2	
MOU	is	that	all	signatories	agree	to	reduce	their	GHG	emissions	to	two	metric	tons	CO2e	per	capita	by	2050.	
This	limit	represents	California’s	and	these	other	governments’	recognition	of	their	“fair	share”	to	reduce	
GHG	emissions	to	the	scientifically	based	levels	to	limit	global	warming	below	two	degrees	Celsius.	This	limit	
is also consistent with the Paris Agreement, which sets out a global action plan to put the world on track to 
avoid	dangerous	climate	change	by	limiting	global	warming	to	below	2°C.245

CARB	recommends	that	local	governments	evaluate	and	adopt	robust	and	quantitative	locally-appropriate	

240 http://opr.ca.gov/planning/general-plan/ . 
241	 These	goals	are	appropriate	for	the	plan	level	(city,	county,	subregional,	or	regional	level,	as	appropriate),	but	not	for	specific	 
	 individual	projects	because	they	include	all	emissions	sectors	in	the	State.	
242	 This	number	represents	the	2030	and	2050	targets	divided	by	total	population	projections	from	California	Department	 
 of Finance.
243 http://under2mou.org/	California	signed	the	Under	2	MOU	on	May	19,	2015.	See	under2mou.org/wp-content/uploads/2015/05/ 
 California-appendix-English.pdf and under2mou.org/wp-content/uploads/2015/05/California-Signature-Page.pdf.
244	 The	Under	2	MOU	signatories	include	jurisdictions	ranging	from	cities	to	countries	to	multiple-country	partnerships.	Therefore,	 
	 like	the	goals	set	forth	above	for	local	and	regional	climate	planning,	the	Under	2	MOU	is	scalable	to	various	types	of	jurisdictions.
245	 UNFCCC.	The	Paris	Agreement.	unfccc.int/paris_agreement/items/9485.php 
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goals	that	align	with	the	statewide	per	capita	targets	and	the	State’s	sustainable	development	objectives	
and	develop	plans	to	achieve	the	local	goals.	The	statewide	per	capita	goals	were	developed	by	applying	
the	percent	reductions	necessary	to	reach	the	2030	and	2050	climate	goals	(i.e.,	40	percent	and	80	percent,	
respectively)	to	the	State’s	1990	emissions	limit	established	under	AB	32.
Numerous	local	governments	in	California	have	already	adopted	GHG	emissions	reduction	goals	for	year	
2020	consistent	with	AB	32.	CARB	advises	that	local	governments	also	develop	community-wide	GHG	
emissions	reduction	goals	necessary	to	reach	2030	and	2050	climate	goals.	Emissions	inventories	and	
reduction goals should be expressed in mass emissions, per capita emissions, and service population 
emissions.	To	do	this,	local	governments	can	start	by	developing	a	community-wide	GHG	emissions	target	
consistent	with	the	accepted	protocols	as	outlined	in	OPR’s	General	Plan	Guidelines	Chapter	8:	Climate	
Change.	They	can	then	calculate	GHG	emissions	thresholds	by	applying	the	percent	reductions	necessary	
to	reach	2030	and	2050	climate	goals	(i.e.,	40	percent	and	80	percent,	respectively)	to	their	community-wide	
GHG emissions target. Since the statewide per capita targets are based on the statewide GHG emissions 
inventory	that	includes	all	emissions	sectors	in	the	State,	it	is	appropriate	for	local	jurisdictions	to	derive	
evidence-based local per capita246	goals	based	on	local	emissions	sectors	and	population	projections	that	are	
consistent with the framework used to develop the statewide per capita targets. The resulting GHG emissions 
trajectory	should	show	a	downward	trend	consistent	with	the	statewide	objectives.	The	recommendation	for	
a	community-wide	goal	expands	upon	the	reduction	of	15	percent	from	“current”	(2005-2008)	levels	by	2020	
as	recommended	in	the	2008	Scoping	Plan.247

In	developing	local	plans,	local	governments	should	refer	to	“The	U.S.	Community	Protocol	for	Accounting	
and Reporting of Greenhouse Gas Emissions,”248	(community	protocol)	which	provides	detailed	guidance	on	
completing	a	GHG	emissions	inventory	at	the	community	scale	in	the	United	States	–	including	emissions	
from	businesses,	residents,	and	transportation.	Quantification	tools	such	as	ClearPath	California,	which	was	
developed	with	California	agencies,	also	support	the	analysis	of	community-scale	GHG	emissions.	Per	the	
community	protocol,	these	plans	should	disclose	all	emissions	within	the	defined	geographical	boundary,	
even	those	over	which	the	local	government	has	no	regulatory	authority	to	control,	and	then	focus	the	
strategies	on	those	emissions	that	the	jurisdiction	controls.	For	emissions	from	transportation,	the	community	
protocol	recommends	including	emissions	from	trips	that	extend	beyond	the	community’s	boundaries.	Local	
plans should also include the carbon sequestration values associated with natural and working lands, and 
the	importance	of	jurisdictional	lands	for	water,	habitat,	agricultural,	and	recreational	resources.	Strategies	
developed	to	achieve	the	local	goals	should	prioritize	mandatory	measures	that	support	the	Governor’s	“Five	
Pillars”	and	other	key	state	climate	action	goals.249 Examples of plan-level GHG reduction actions that could 
be	implemented	by	local	governments	are	listed	in	Appendix	B.	Additional	information	and	tools	on	how	to	
develop GHG emissions inventories and reduction plans tied to general plans can be found in OPR’s General 
Plan Guidelines and at CoolCalifornia.org.
These local government recommendations are based on the recognition that California must accommodate 
population and economic growth in a far more sustainable manner than in the past. While state-level 
investments,	policies,	and	actions	play	an	important	role	in	shaping	growth	and	development	patterns,	
regional	and	local	governments	and	agencies	are	uniquely	positioned	to	influence	the	future	of	the	built	
environment and its associated GHG emissions. Greenhouse gas emissions reduction strategies in Climate 
Action	Plans	(CAPs)	and	other	local	plans	can	also	lead	to	important	co-benefits,	such	as	improved	air	quality,	
local	economic	benefits	such	as	green	jobs,	more	mobility	choices,	improved	public	health	and	quality	of	
life,	protection	of	locally,	statewide,	and	globally	important	natural	resources,	and	more	equitable	sharing	of	
these	benefits	across	communities.
Contributions	from	policies	and	programs,	such	as	renewable	energy	and	energy	efficiency,	are	helping	to	
achieve the near-term 2020 target, but longer-term targets cannot be achieved without land use decisions 
that	allow	more	efficient	use	and	management	of	land	and	infrastructure.	Local	governments	have	primary	
authority	to	plan,	zone,	approve,	and	permit	how	and	where	land	is	developed	to	accommodate	population	
growth,	economic	growth,	and	the	changing	needs	of	their	jurisdictions.	Land	use	decisions	affect	GHG	
emissions associated with transportation, water use, wastewater treatment, waste generation and treatment, 
energy	consumption,	and	conversion	of	natural	and	working	lands.	Local	land	use	decisions	play	a	particularly	
246	 Or	some	other	metric	that	the	local	jurisdiction	deems	appropriate	(e.g.,	mass	emissions,	per	service	population)
247	 2008	Scoping	Plan,	page	27,	www.arb.ca.gov/cc/scopingplan/document/scopingplandocument.htm
248 http://icleiusa.org/publications/us-community-protocol/
249 www.arb.ca.gov/cc/pillars/pillars.htm 
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critical	role	in	reducing	GHG	emissions	associated	with	the	transportation	sector,	both	at	the	project	level,	
and	in	long-term	plans,	including	general	plans,	local	and	regional	climate	action	plans,	specific	plans,	
transportation	plans,	and	supporting	sustainable	community	strategies	developed	under	SB	375.
While the State can do more to accelerate and incentivize these local decisions, local actions that reduce VMT 
are	also	necessary	to	meet	transportation	sector-specific	goals	and	achieve	the	2030	target	under	SB	32.	
Through developing the Scoping Plan, CARB staff is more convinced than ever that, in addition to achieving 
GHG	reductions	from	cleaner	fuels	and	vehicles,	California	must	also	reduce	VMT.	Stronger	SB	375	GHG	
reduction	targets	will	enable	the	State	to	make	significant	progress	toward	needed	reductions,	but	alone	
will	not	provide	the	VMT	growth	reductions	needed;	there	is	a	gap	between	what	SB	375	can	provide	and	
what is needed to meet the State’s 2030 and 2050 goals. In its evaluation of the role of the transportation 
system	in	meeting	the	statewide	emissions	targets,	CARB	determined	that	VMT	reductions	of	7	percent	
below	projected	VMT	levels	in	2030	(which	includes	currently	adopted	SB	375	SCSs)	are	necessary.	In	2050,	
reductions	of	15	percent	below	projected	VMT	levels	are	needed.	A	7	percent	VMT	reduction	translates	
to	a	reduction,	on	average,	of	1.5	miles/person/day	from	projected	levels	in	2030.	It	is	recommended	that	
local	governments	consider	policies	to	reduce	VMT	to	help	achieve	these	reductions,	including:	land	use	
and	community	design	that	reduces	VMT;	transit	oriented	development;	street	design	policies	that	prioritize	
transit,	biking,	and	walking;	and	increasing	low	carbon	mobility	choices,	including	improved	access	to	viable	
and affordable public transportation and active transportation opportunities. It is important that VMT 
reducing	strategies	are	implemented	early	because	more	time	is	necessary	to	achieve	the	full	climate,	health,	
social,	equity,	and	economic	benefits	from	these	strategies.
Once	adopted,	the	plans	and	policies	designed	to	achieve	a	locally-set	GHG	goal	can	serve	as	a	performance	
metric	for	later	projects.	Sufficiently	detailed	and	adequately	supported	GHG	reduction	plans	(including	
CAPs)	also	provide	local	governments	with	a	valuable	tool	for	streamlining	project-level	environmental	review.	
Under	CEQA,	individual	projects	that	comply	with	the	strategies	and	actions	within	an	adequate	local	CAP	
can	streamline	the	project-specific	GHG	analysis.250	The	California	Supreme	Court	recently	called	out	this	
provision	in	CEQA	as	allowing	tiering	from	a	geographically	specific	GHG	reduction	plan.251 The Court also 
recognized that GHG determinations in CEQA should be consistent with the statewide Scoping Plan goals, 
and	that	CEQA	documents	taking	a	goal-consistency	approach	may	soon	need	to	consider	a	project’s	effects	
on meeting the State’s longer term post-2020 goals.252 The recommendation above that local governments 
develop local goals tied to the statewide per capita goals of six metric tons CO2e	by	2030	and	no	more	than	
two metric tons CO2e	per	capita	by	2050	provides	guidance	on	CARB’s	view	on	what	would	be	consistent	
with	the	2017	Scoping	Plan	and	the	State’s	long-term	goals.
Production based inventories and emissions reduction programs are appropriate for local communities 
wanting	to	mitigate	their	emissions	pursuant	to	CEQA	Section	15183.5(b).	Consumption	based	inventories	are	
complementary	to	production	based	inventories	and	are	appropriate	as	a	background	setting,	disclosure,	and	
as	an	outreach	tool	to	show	how	personal	decisions	may	change	a	person’s	or	household’s	contribution	to	
climate change. For additional information, see the OPR General Plan Guidelines.253

Project-Level Greenhouse Gas Emissions Reduction Actions and Thresholds
Beyond	plan-level	goals	and	actions,	local	governments	can	also	support	climate	action	when	considering	
discretionary	approvals	and	entitlements	of	individual	projects	through	CEQA.	Absent	conformity	with	
an	adequate	geographically-specific	GHG	reduction	plan	as	described	in	the	preceding	section	above,	
CARB	recommends	that	projects	incorporate	design	features	and	GHG	reduction	measures,	to	the	degree	
feasible, to minimize GHG emissions. Achieving no net additional increase in GHG emissions, resulting in 
no	contribution	to	GHG	impacts,	is	an	appropriate	overall	objective	for	new	development.	There	are	recent	
examples	of	land	use	development	projects	in	California	that	have	demonstrated	that	it	is	feasible	to	design	
projects	that	achieve	zero	net	additional	GHG	emissions.	Several	projects	have	received	certification	from	
the Governor under AB 900, the Jobs and Economic Improvement through Environmental Leadership Act 
(Buchanan,	Chapter	354,	Statutes	of	2011),	demonstrating	an	ability	to	design	economically	viable	projects	
that	create	jobs	while	contributing	no	net	additional	GHG	emissions. 254 Another example is the Newhall 
250	 CEQA	Guidelines,	§	15183.5,	sub.	(b).
251	 Center	for	Biological	Diversity	v.	California	Dept.	of	Fish	and	Wildlife	(2015)	62	Cal.4th	204,	229–230.
252 Id. at pp. 223–224. 
253 http://opr.ca.gov/planning/general-plan/.
254	 Governor’s	Office	of	Planning	and	Research.	California	Jobs.	http://www.opr.ca.gov/ceqa/california-jobs.html 
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Ranch	Resource	Management	and	Development	Plan	and	Spineflower	Conservation	Plan,255 in which the 
applicant,	Newhall	Land	and	Farming	Company,	proposed	a	commitment	to	achieve	net	zero	GHG	emissions	
for	a	very	large-scale	residential	and	commercial	specific	planned	development	in	Santa	Clarita	Valley.
Achieving	net	zero	increases	in	GHG	emissions,	resulting	in	no	contribution	to	GHG	impacts,	may	not	be	
feasible	or	appropriate	for	every	project,	however,	and	the	inability	of	a	project	to	mitigate	its	GHG	emissions	
to	net	zero	does	not	imply	the	project	results	in	a	substantial	contribution	to	the	cumulatively	significant	
environmental impact of climate change under CEQA. Lead agencies have the discretion to develop 
evidence-based	numeric	thresholds	(mass	emissions,	per	capita,	or	per	service	population)	consistent	with	
this Scoping Plan, the State’s long-term GHG goals, and climate change science.256

To	the	degree	a	project	relies	on	GHG	mitigation	measures,	CARB	recommends	that	lead	agencies	prioritize	
on-site	design	features	that	reduce	emissions,	especially	from	VMT,	and	direct	investments	in	GHG	reductions	
within	the	project’s	region	that	contribute	potential	air	quality,	health,	and	economic	co-benefits	locally.	For	
example,	on-site	design	features	to	be	considered	at	the	planning	stage	include	land	use	and	community	
design options that reduce VMT, promote transit oriented development, promote street design policies that 
prioritize	transit,	biking,	and	walking,	and	increase	low	carbon	mobility	choices,	including	improved	access	to	
viable	and	affordable	public	transportation,	and	active	transportation	opportunities.	Regionally,	additional	
GHG	reductions	can	be	achieved	through	direct	investment	in	local	building	retrofit	programs	that	can	pay	
for	cool	roofs,	solar	panels,	solar	water	heaters,	smart	meters,	energy	efficient	lighting,	energy	efficient	
appliances,	energy	efficient	windows,	insulation,	and	water	conservation	measures	for	homes	within	the	
geographic	area	of	the	project.	These	investments	generate	real	demand	side	benefits	and	local	jobs,	while	
creating	the	market	signals	for	energy	efficient	products,	some	of	which	are	produced	in	California.	Other	
examples	of	local	direct	investments	include	financing	installation	of	regional	electric	vehicle	(EV)	charging	
stations,	paying	for	electrification	of	public	school	buses,	and	investing	in	local	urban	forests.
Local	direct	investments	in	actions	to	reduce	GHG	emissions	should	be	supported	by	quantification	
methodologies	that	show	the	reductions	are	real,	verifiable,	quantifiable,	permanent,	and	enforceable.	
Where	further	project	design	or	regional	investments	are	infeasible	or	not	proven	to	be	effective,	it	may	
be	appropriate	and	feasible	to	mitigate	project	emissions	through	purchasing	and	retiring	carbon	credits.	
CAPCOA	has	developed	the	GHG	Reduction	Exchange	(GHG	Rx)	for	CEQA	mitigation,	which	could	provide	
credits	to	achieve	additional	reductions.	It	may	also	be	appropriate	to	utilize	credits	issued	by	a	recognized	
and	reputable	voluntary	carbon	registry.	Appendix	B	includes	examples	of	on-site	project	design	features,	
mitigation	measures,	and	direct	regional	investments	that	may	be	feasible	to	minimize	GHG	emissions	from	
land	use	development	projects.
California’s	future	climate	strategy	will	require	increased	focus	on	integrated	land	use	planning	to	support	
livable, transit-connected communities, and conservation of agricultural and other lands. Accommodating 
population	and	economic	growth	through	travel-	and	energy-efficient	land	use	provides	GHG-efficient	
growth,	reducing	GHGs	from	both	transportation	and	building	energy	use.257 GHGs can be further reduced 
at	the	project	level	through	implementing	energy-efficient	construction	and	travel	demand	management	
approaches.258 Further, the State’s understanding of transportation impacts continues to evolve. The CEQA 
Guidelines	are	being	updated	to	focus	the	analysis	of	transportation	impacts	on	VMT.	OPR’s	Technical	
Advisory	includes	methods	of	analysis	of	transportation	impacts,	approaches	to	setting	significance	
thresholds, and includes examples of VMT mitigation under CEQA.259

255 https://nrm.dfg.ca.gov/documents/ContextDocs.aspx?cat=NewhallRanchFinal
256	 CARB	provided	some	guidance	on	development	project	thresholds	in	a	paper	issued	in	October	2008,	which	included	a	concept	 
	 utilizing	a	bright-line	mass	numeric	threshold	based	on	capturing	approximately	90	percent	of	emissions	in	that	sector	and	 
 a concept of minimum performance based standards. Some districts built upon that work to develop thresholds. For example,  
	 Santa	Barbara	County	adopted	a	bright-line	numeric	threshold	of	1,000	MTCO2e/yr	for	industrial	stationary-source	projects,	and	 
	 Sacramento	Metropolitan	Air	Quality	Management	District	adopted	a	10,000	MTCO2e/yr	threshold	for	stationary	source	projects	 
 and a 1,100 MTCO2e/yr	threshold	for	construction	activities	and	land	development	projects	in	their	operational	phase.	CARB	is	 
	 not	endorsing	any	one	of	these	approaches,	but	noting	them	for	informational	purposes.
257	 Robert	Cervero,	Jim	Murakami;	Effects	of	Built	Environment	on	Vehicle	Miles	Traveled:	Evidence	from	370	US	Urbanized	Areas.	 
	 Environment	and	Planning	A,	Vol	42,	Issue	2,	pp.	400-418,	February-01-2010;	Ewing,	R.,	&	Rong,	F.	(2008).	The	impact	of	urban	 
	 form	on	U.S.	residential	energy	use.	Housing	Policy	Debagte,	19	(1),	1-30.).
258	 CAPCOA,	Quantifying	Greenhouse	Gas	Mitigation	Measures:	A	Resource	for	Local	Government	to	Assess	Emission	Reductions	 
 from Greenhouse Gas Mitigation Measures, August, 2010.
259 http://www.opr.ca.gov/ceqa/updates/sb-743/ 
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Implementing the Scoping Plan

This Scoping Plan outlines the regulations, programs, and other mechanisms needed to reduce GHG 
emissions	in	California.	CARB	and	other	State	agencies	will	work	closely	with	State	and	local	agencies,	
stakeholders,	Tribes,	and	the	public	to	develop	regulatory	measures	and	other	programs	to	implement	
the Scoping Plan. CARB and other State agencies will develop regulations in accordance with established 
rulemaking	guidelines.	Per	Executive	Order	B-30-15,	as	these	regulatory	measures	and	other	programs	are	
developed,	building	programs	for	climate	resiliency	must	also	be	a	consideration.	Additionally,	agencies	
will	further	collaborate	and	work	to	provide	the	institutional	support	needed	to	overcome	barriers	that	may	
currently	hinder	certain	efforts	to	reduce	GHG	emissions	and	to	support	the	goals,	actions,	and	measures	
identified	for	key	sectors	in	Chapter	4.	Table	17	provides	a	high-level	summary	of	the	Climate	Change	Policies	
and	Measures	discussed	in	the	Scoping	Plan,	including,	but	not	limited	to,	those	identified	specifically	to	
achieve the 2030 target.

table 17: Climate Change poliCies and measures

Recommended Action Lead Agency
Implement	SB	350	by	2030:

• Increase	the	Renewables	Portfolio	Standard	to	50	percent	of	retail	sales	by	2030	and	 
 ensure	grid	reliability.
• Establish	annual	targets	for	statewide	energy	efficiency	savings	and	demand	reduction	 

 that	will	achieve	a	cumulative	doubling	of	statewide	energy	efficiency	savings	in	 
 electricity	and	natural	gas	end	uses	by	2030.
• Reduce	GHG	emissions	in	the	electricity	sector	through	the	implementation	of	the	 

 above measures and other actions as modeled in IRPs to meet GHG emissions  
 reductions	planning	targets	in	the	IRP	process.	Load-serving	entities	and	publicly- 
 owned utilities meet GHG emissions reductions planning targets through a  
 combination of measures as described in IRPs. 

CPUC,	CEC,	CARB

Implement	Mobile	Source	Strategy	(Cleaner	Technology	and	Fuels):
• At	least	1.5	million	zero	emission	and	plug-in	hybrid	light-duty	electric	vehicles	by	2025.
• At	least	4.2	million	zero	emission	and	plug-in	hybrid	light-duty	electric	vehicles	by	2030.
• Further	increase	GHG	stringency	on	all	light-duty	vehicles	beyond	existing	Advanced	 

 Clean Cars regulations.
• Medium-	and	heavy-duty	GHG	Phase	2.
• Innovative	Clean	Transit:	Transition	to	a	suite	of	to-be-determined	innovative	clean	 

 transit	options.	Assumed	20	percent	of	new	urban	buses	purchased	beginning	in	2018	 
 will	be	zero	emission	buses	with	the	penetration	of	zero-emission	technology	ramped	 
 up	to	100	percent	of	new	sales	in	2030.	Also,	new	natural	gas	buses,	starting	in	2018,	 
 and	diesel	buses,	starting	in	2020,	meet	the	optional	heavy-duty	low-NOX standard.
• Last	Mile	Delivery:	New	regulation	that	would	result	in	the	use	of	low	NOX or cleaner  

 engines	and	the	deployment	of	increasing	numbers	of	zero-emission	trucks	primarily	 
 for	class	3-7	last	mile	delivery	trucks	in	California.	This	measure	assumes	ZEVs	 
 comprise	2.5	percent	of	new	Class	3–7	truck	sales	in	local	fleets	starting	in	2020,	 
 increasing	to	10	percent	in	2025	and	remaining	flat	through	2030.
• Further	reduce	VMT	through	continued	implementation	of	SB	375	and	regional	 

 Sustainable Communities Strategies; forthcoming statewide implementation of  
 SB	743;	and	potential	additional	VMT	reduction	strategies	not	specified	in	the	Mobile	 
 Source	Strategy	but	included	in	the	document	“Potential	VMT	Reduction	Strategies	 
 for Discussion.”

CARB, CalSTA, SGC, CalTrans
CEC, OPR, Local agencies

Increase	stringency	of	SB	375	Sustainable	Communities	Strategy	(2035	targets). CARB

By	2019,	adjust	performance	measures	used	to	select	and	design	transportation	facilities.
• Harmonize	project	performance	with	emissions	reductions,	and	increase	 

 competitiveness of transit and active transportation modes (e.g. via guideline  
 documents,	funding	programs,	project	selection,	etc.).

CalSTA and SGC, OPR, CARB, GoBiz, 
IBank, DOF, CTC, Caltrans

By	2019,	develop	pricing	policies	to	support	low-GHG	transportation	(e.g.	low-emission	
vehicle	zones	for	heavy	duty,	road	user,	parking	pricing,	transit	discounts).

CalSTA,	Caltrans,	CTC,	OPR/SGC,	
CARB

PC ORIGINAL PKG



104

Recommended Action Lead Agency
Implement	California	Sustainable	Freight	Action	Plan:

• Improve	freight	system	efficiency.
• Deploy	over	100,000	freight	vehicles	and	equipment	capable	of	zero	emission	 

 operation and maximize both zero and near-zero emission freight vehicles and  
 equipment	powered	by	renewable	energy	by	2030.

CalSTA, CalEPA, CNRA, CARB, 
CalTrans, CEC, GoBiz

Adopt	a	Low	Carbon	Fuel	Standard	with	a	CI	reduction	of	18	percent. CARB

Implement	the	Short-Lived	Climate	Pollutant	Strategy	by	2030:
• 40	percent	reduction	in	methane	and	hydrofluorocarbon	emissions	below	2013	levels.
• 50 percent reduction in black carbon emissions below 2013 levels.

CARB,	CalRecycle,	CDFA,	SWRCB,	
Local air districts

By	2019,	develop	regulations	and	programs	to	support	organic	waste	landfill	reduction	
goals	in	the	SLCP	and	SB	1383.

CARB,	CalRecycle,	CDFA,	SWRCB,	
Local air districts

Implement the post-2020 Cap-and-Trade Program with declining annual caps. CARB

By	2018,	develop	Integrated	Natural	and	Working	Lands	Implementation	Plan	to	secure	
California’s	land	base	as	a	net	carbon	sink:

• Protect land from conversion through conservation easements and other incentives.
• Increase the long-term resilience of carbon storage in the land base and enhance  

 sequestration	capacity
• Utilize	wood	and	agricultural	products	to	increase	the	amount	of	carbon	stored	in	the	 

 natural and built environments
• Establish	scenario	projections	to	serve	as	the	foundation	for	the	Implementation	Plan

CNRA and departments within, CDFA, 
CalEPA, CARB

Establish a carbon accounting framework for natural and working lands as described in SB 
859	by	2018 CARB

Implement Forest Carbon Plan CNRA, CAL FIRE, CalEPA and 
departments within

Identify	and	expand	funding	and	financing	mechanisms	to	support	GHG	reductions	across	
all sectors. State	Agencies	&	Local	Agencies

A Comprehensive Approach to Support Climate Action

Ultimately,	successfully	tipping	the	scales	in	the	fight	against	climate	change	relies	on	our	ability	to	incentivize	
clean	technologies	in	the	marketplace	and	to	make	other	climate	strategies	clearly	understood	and	easily	
accessible.	We	must	support	and	guide	our	businesses	as	they	continue	to	innovate	and	make	clean	
technologies	ever	more	attractive	to	ever	more	savvy	consumers.	Until	the	point	that	clean	technologies	
become	the	best	and	lowest	cost	option–which	is	clearly	on	the	horizon	for	many	technologies,	including	
renewable	energy	and	electric	cars–we	must	continue	to	support	emerging	markets	through	incentives	
and	outreach	efforts.	More	than	just	coordinating	among	agencies	and	providing	institutional	support	as	
described	above,	we	will	succeed	if	we	tackle	climate	change	from	all	angles–through	regulatory	and	policy	
development, targeted incentives, and education and outreach.

Regulations and Programmatic Development
Our decade of climate leadership has demonstrated that developing mitigation strategies through a public 
process,	where	all	stakeholders	have	a	voice,	leads	to	effective	actions	that	address	climate	change	and	yield	
a	series	of	additional	economic	and	environmental	co-benefits	to	the	State.	As	we	implement	this	Scoping	
Plan, State agencies will continue to develop and implement new and existing programs, as described herein. 
During	any	rulemaking	process,	there	are	many	opportunities	for	both	informal	interaction	with	technical	
staff in meetings and workshops, and formal interaction at Board meetings, Commission business meetings, 
monthly	public	meetings,	and	others.	Each	State	agency	will	consider	all	information	and	stakeholder	input	
during	the	rulemaking	process.	Based	on	this	information,	the	agency	may	modify	proposed	measures	
to	reflect	the	status	of	technological	development,	the	cost	of	the	measure,	the	cost-effectiveness	of	the	
measures, and other factors before presenting them for consideration and adoption.
Further, to achieve cost-effective GHG reductions, California State agencies must consider the environmental 
impact of small businesses and provide mechanisms to assist businesses as GHG reduction measures are 
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implemented. CARB provides resources and tips for small businesses to prevent pollution, minimize waste, 
and	save	energy	and	water	on	CoolCalifornia.org.	California’s	small	businesses	and	their	employees	represent	
a	valuable	economic	resource	in	the	State	and	“greening”	existing	businesses	is	not	only	achievable,	but	sets	
an	example	for	new	businesses	which	will	prove	significant	as	California	transitions	to	a	low	carbon	state.
State	agencies	conduct	environmental	and	environmental	justice	assessments	of	our	regulatory	actions.	
Many	of	the	requirements	in	AB	32	overlap	with	traditional	agency	evaluations.	In	adopting	regulations	to	
implement the measures recommended in the Scoping Plan, or including in the regulations the use of market-
based	compliance	mechanisms	to	comply	with	the	regulations,	agencies	will	ensure	that	the	measures	have	
undergone the aforementioned screenings and meet the requirements established in California Health and 
Safety	Code	Section	38562(b)(1-9)	and	Section	38570(b)(1-3).

Incentive Programs
Financial incentives and direct funding are critical components of the State’s climate framework. In particular, 
incentives	and	funding	are	necessary	to	support	GHG	emissions	reductions	strategies	for	priority	sectors,	
sources, and technologies. Although California has a number of existing incentive programs, available 
funding	is	limited.	It	is	critical	to	target	public	investments	efficiently	and	in	ways	that	encourage	integrated,	
system	wide	solutions	to	produce	deep	and	lasting	public	benefits.	Significant	investments	of	private	capital,	
supported	by	targeted,	priority	investments	of	public	funding,	are	necessary	to	scale	deployment	and	to	
maximize	benefits.	Public	investments,	including	through	decisions	related	to	State	pension	fund	portfolios,	
can	help	incentivize	early	action	to	accelerate	market	transition	to	cleaner	technologies	and	cleaner	practices,	
which	can	also	be	supported	by	regulatory	measures.
Many	existing	State	funding	programs	work	in	tandem	to	reduce	emissions	from	GHGs,	criteria	pollutants,	
and	toxic	air	contaminants,	and	are	helping	to	foster	the	transition	to	a	clean	energy	economy	and	protect	
and	manage	land	for	carbon	sequestration.	State	law,	including	Senate	Bill	535	(De	León,	Chapter	830,	
Statutes	of	2012)	and	Assembly	Bill	1550	(Gomez,	Chapter	369,	Statutes	of	2016)	also	requires	focused	
investment in low income and disadvantaged communities.
The State will need to continue to coordinate and utilize funding sources, such as the Greenhouse Gas 
Reduction	Fund	(cap-and-trade	auction	proceeds),	the	Alternative	and	Renewable	Fuel	and	Vehicle	
Technology	Program	(AB	118),	Electric	Program	Investment	Charge	(EPIC)	Program,	Carl	Moyer	Program,	
Air	Quality	Improvement	Program,	and	Proposition	39	to	expand	clean	energy	investments	in	California	and	
further	reduce	GHG	and	criteria	emissions.	Additionally,	programs	including	the	Bioenergy	Feed-In	Tariff,	
created	by	Senate	Bill	1122	(Rubio,	Chapter	612,	Statutes	of	2012),	Low	Carbon	Fuel	Standard,	Cap-and-Trade,	
Self-Generation	Incentive	Program,	Federal	Renewable	Fuel	Standard,	utility	incentives	pursuant	to	Assembly	
Bill	1900	(Gatto,	Chapter	602,	Statutes	of	2012),	and	others	provide	important	market	signals	and	potential	
revenue	streams	to	support	projects	to	reduce	GHG	emissions.
These	programs	represent	just	a	portion	of	the	opportunities	that	exist	at	the	federal,	State,	and	local	levels	
to	incentivize	GHG	emissions	reductions.	The	availability	of	dedicated	and	long-lasting	funding	sources	is	
critical	to	help	meet	the	State’s	climate	objectives	and	help	provide	certainty	and	additional	partnership	
opportunities	at	the	national,	State,	Tribal,	regional,	and	local	levels	for	further	investing	in	projects	that	have	
the	potential	to	expand	investments	in	California’s	clean	economy	and	further	reductions	in	GHG	emissions.

Public Education and Outreach Efforts
California State agencies are committed to meaningful opportunities for public input and effective 
engagement with stakeholders and the public through the development of the Scoping Plan, and as 
measures are implemented through workshops, other meetings, and through the formal rulemaking process. 
Additionally,	the	State	has	broad	public	education	and	outreach	campaigns	to	support	markets	for	key	
technologies,	like	ZEVs	and	energy	efficiency,	as	well	as	resources	to	support	local	and	voluntary	actions,	such	
as CoolCalifornia.org.
In	developing	this	Scoping	Plan,	there	has	been	extensive	outreach	with	environmental	justice	organizations	
and	disadvantaged	communities.	The	EJAC	launched	a	community	engagement	process	starting	in	July	2016,	
conducting	19	community	meetings	throughout	the	State	and	collecting	hundreds	of	individual	comments.	To	
enhance	the	engagement	opportunity,	CARB	coordinated	with	local	government	agencies	and	sister	State	
agencies	to	hold	collaborative	discussions	with	local	residents	about	specific	climate	issues	that	impact	their	
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lives.	This	effort	was	well	received	and	attended	by	local	community	residents	and	initiated	a	new	community	
engagement	endeavor	for	CARB.	Recognizing	the	value	of	the	input	received	and	the	opportunity	to	present	
California’s	climate	strategy	to	communities	across	the	State,	CARB	intends	to	continue	this	community	
involvement	to	generate	awareness	about	California’s	climate	strategy	and	be	responsive	to	specific	
community	needs	as	climate	programs	are	implemented.

Conclusion

This	Scoping	Plan	continues	more	than	a	half-century	of	California’s	nation-leading	efforts	to	clean	our	air,	our	
water and improve the environment. But, climate change poses a challenge of unprecedented proportions 
that	will,	in	one	way	or	another,	impact	all	Californians	whether	they	are	city	dwellers	in	Los	Angeles,	San	
Diego	or	San	Francisco,	farmers	in	Salinas	or	the	Central	Valley,	or	the	millions	of	Californians	who	live	in	the	
Sierra or in the desert areas.
This	is	the	State’s	climate	action	plan,	and	in	a	very	real	sense	it	belongs	to	all	those	Californians	who	are	
feeling, and will continue to feel, the impacts of climate change. Californians want to see continued effective 
action	that	addresses	climate	change	and	benefits	California	–	this	Plan	responds	to	both	of	these	goals.	The	
Plan	was	developed	by	the	coordinated	consensus	of	State	agencies,	but	it	is	really	California’s	Plan,	because	
over	the	coming	decades	the	approaches	in	this	document	will	be	carried	out	by	all	of	us.
In	this	Scoping	Plan,	every	sector	in	our	thriving	economy	plays	a	crucial	role.	Tribes,	cities,	and	local	
governments	are	already	rising	to	the	challenge,	and	will	play	increasingly	important	roles	with	everything	from	
low-carbon and cleaner transit, to more walkable streets and the development of vibrant urban communities.
We	will	see	a	remarkable	transformation	of	how	we	move	throughout	the	state,	away	from	cars	that	burn	
fossil fuels to cleaner, electric cars that will, in some cases, even drive themselves. Freight will be moved 
around	the	state	by	trucks	that	are	vastly	cleaner	than	those	on	the	road	now,	with	our	ports	moving	towards	
zero-	and	near-zero	emissions	technologies.	The	heavily	traveled	Los	Angeles-San	Francisco	corridor	will	be	
serviced	by	comfortable,	clean	and	affordable	high	speed	rail.
In addition to reducing GHGs, these efforts will slash pollution now created from using gasoline and diesel 
fuel	statewide,	with	the	greatest	benefits	going	to	the	disadvantaged	communities	of	our	state	which	are	
so	often	located	adjacent	to	ports,	railyards,	freight	distribution	centers	and	freeways.	And,	thanks	to	the	
continued investment of proceeds from the Cap-and-Trade Program in these same communities, we can 
continue	to	work	on	bringing	the	benefits	of	clean	technology	–	whether	electric	cars	or	solar	roofs	–	to	those	
in our state who need them the most.
Climate	change	presents	us	with	unprecedented	challenges	–	challenges	that	cannot	be	met	with	traditional	ways	
of thinking or conventional solutions. As Governor Brown has recognized, meeting these challenges will require 
“courage,	creativity	and	boldness.”	The	last	ten	years	proved	to	ourselves,	and	the	world,	that	Californians	
recognize the danger of climate change. It has also demonstrated that developing mitigation strategies through 
a public process where all stakeholders have a voice leads to effective actions that address climate change while 
yielding	a	series	of	co-benefits	to	the	state.	This	Scoping	Plan	builds	on	those	early	steps	and	moves	into	a	new	
chapter	that	will	deliver	a	thriving	economy	and	a	clean	environment	to	our	children	and	grandchildren.	It	is	a	
commitment	to	the	future,	but	it	begins	today	by	moving	forward	with	the	policies	in	this	Plan.

eduCation and environment initiative
The	California	Environmental	Protection	Agency	(CalEPA),	the	California	
Department	of	Education,	and	the	California	Natural	Resources	Agency	
have developed an environmental curriculum that is being taught in more 
than half of California’s school districts. The Education and Environment 
Initiative	(EEI)	provides	California’s	teachers	with	tools	to	educate	students	
about	the	natural	environment	and	how	everyday	choices	can	improve	our	
planet	and	save	money.
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abbrevIatIonS

AB Assembly	Bill

AC air conditioning

AEO Annual	Energy	Outlook

AHSC Affordable Housing and Sustainable Communities

ARFVTP Alternative	and	Renewable	Fuel	and	Vehicle	Technology	Program

BARCT best	available	retrofit	control	technology

BAU business-as-usual

BC British Columbia

BEV Battery-electric	vehicle

CARB California Air Resources Board

CAISO California	Independent	System	Operator

CalEPA California	Environmental	Protection	Agency

CALGreen California Green Building Standards

CalPERS California	Public	Employees’	Retirement	System

CalSTA California	State	Transportation	Agency

CalSTRS California	State	Teachers’	Retirement	System	

CAP Climate Action Plan

CARE California	Alternate	Rates	for	Energy	Program	

CDFA California Department of Food and Agriculture

CDPH California Department of Public Health

CEC California	Energy	Commission

CEQA California	Environmental	Quality	Act

CFT Clean	Fuels	and	Technology

CH4
Methane

CI carbon	intensity

CNRA California	Natural	Resources	Agency

CO2
carbon dioxide

CO2e carbon dioxide equivalent

COPD chronic	obstructive	pulmonary	disease

CPUC California	Public	Utilities	Commission

CSI California Solar Initiative

dge diesel gallon equivalent

DWR California Department of Water Resources

EA Environmental	Analysis

EEI Education and Environment Initiative

EIR Environmental Impact Report

EJAC Environmental	Justice	Advisory	Committee
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EO Executive Order

EPIC Electric Program Investment Charge Program

F-gases fluorinated	gases	

FCEV Fuel-cell electric vehicle

FERA Family	Electric	Rate	Assistance

GCF Governors’ Climate and Forests Task Force

GDP gross domestic product

GGRF Greenhouse Gas Reduction Fund

GHG greenhouse gas

GoBiz Governor’s	Office	of	Business	and	Economic	Development

GWP global warming potential

HCD California	Department	of	Housing	and	Community	Development

HFC Hydrofluorocarbon

HVAC heating, ventilation and air conditioning

ICAP International Carbon Action Partnership

IEPR Integrated	Energy	Policy	Report

IOU investor-owned	utility

IPCC United	Nations	Intergovernmental	Panel	on	Climate	Change

IRP integrated resource plan

IWG Interagency	Working	Group	on	the	Social	Cost	of	Greenhouse	Gases

LCFS Low Carbon Fuel Standard

LCTOP Low Carbon Transit Operations Program

LDV light-duty	vehicle

LED light-emitting diode

LIWP Low-Income Weatherization Program

LOS level of service

MMTCO2e million metric tons of carbon dioxide equivalent

MOU memorandum of understanding

MPO metropolitan planning organization

MRR Regulation	for	the	Mandatory	Reporting	of	GHG	Emissions

MTCO2
metric tons of carbon dioxide

MW Megawatt

N2O nitrous oxide

NAICS North	American	Industry	Classification	System

NEM Net-Energy	Metering

NF3
nitrogen	trifluoride

NOX
nitrogen oxide

NZE near-zero emission

OEHHA Office	of	Environmental	Health	Hazard	Assessment

OPR Governor’s	Office	of	Planning	and	Research
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PEV plug-in electric vehicle

PHEV Plug-in	hybrid	electric	vehicle

PFC Perfluorocarbon

PM particulate matter

PM2.5
fine	particulate	matter

PMR Partnership for Market Readiness

REMI Regional Economic Models, Inc.

RES-BCT Renewable	Energy	Bill	Credit

RNG renewable natural gas

RPS renewable portfolio standard

RTP regional transportation plan

SB Senate bill

SCS Sustainable Communities Strategies

SC-CO2
social cost of carbon

SF6
sulfur	hexafluoride

SGC Strategic Growth Council

SGIP Self-Generation Incentive Program

SLCP Short-lived climate pollutant

SWRCB State Water Resources Control Board

TBD to be determined

TCU Transportation	Communications	and	Utilities

TIRCP Transit	and	Intercity	Rail	Capital	Program

UCLA University	of	California,	Los	Angeles

UHI urban heat island

UIC International	Union	of	Railways

UNFCCC United	Nations	Framework	Convention	on	Climate	Change

USDA U.S.	Department	of	Agriculture

U.S. EPA United	States	Environmental	Protection	Agency

VMT vehicle miles traveled

WWTP waste water treatment plant

ZE zero emission

ZEV zero emission vehicles
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REDUCE “SUPER POLLUTANTS” 
40% reduction in methane and HFCs

CLEAN ENERGY
At least 50% renewable electricity

CLEAN TRANSIT
100% of new buses 
are zero-emission

Double energy efficiency in existing buildings

CLEAN CARS
Over 4 million affordable 
electric cars on the road

High density, transit-oriented housing

Walkable & bikable communities

On-road oil demand 
reduced by half

CLEAN FUELS
18% carbon intensity reduction

California’s 2030 Vision

NATURAL & 
WORKING 
LANDS 
RESTORATION
15-20 million metric 
tons of reductions

SUSTAINABLE 
FREIGHT
Transitioning to zero 
emissions everywhere 
feasible, and near-zero 
emissions with renewable 
fuels everywhere else

CAP-AND-TRADE
Firm limit on 80% of emissions
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Executive Summary 

The annual statewide greenhouse gas (GHG) emission inventory is an important tool in tracking 
progress towards meeting statewide GHG goals. This document summarizes the trends in emissions and 
indicators in the California GHG Emission Inventory (“the GHG Inventory). The 2020 edition of the 
inventory includes GHG emissions released during 2000-2018 calendar years. In 2018, emissions from GHG 
emitting activities statewide were 425 million metric tons of carbon dioxide equivalent (MMTCO2e), 
0.8 MMTCO2e higher than 2017 levels and 6 MMTCO2e below the 2020 GHG Limit of 431 MMTCO2e. The 
most notable highlights in the 2020 edition inventory include: 

• California statewide GHG emissions dropped below the 2020 GHG Limit in 2016 and have
remained below the 2020 GHG Limit since then.

• Transportation emissions decreased in 2018 compared to the previous year, which is the first
year over year decrease since 2013.

• Since 2008, California’s electricity sector has followed an overall downward trend in emissions.
In 2018, solar power generation has continued its rapid growth since 2013.

• Emissions from high-GWP gases increased 2.3 percent in 2018 (2000-2018 average year-over-
year increase is 6.8 percent), continuing the increasing trend as they replace Ozone Depleting
Substances (ODS) being phased out under the 1987 Montreal Protocol.

2020 Edition, California Greenhouse Gas Emission Inventory: 2000 – 2018 1 

California Greenhouse Gas Emissions 
for 2000 to 2018 

Trends of Emissions and Other Indicators 
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Figure 1 compares annual statewide GHG emissions to the 2020 GHG Limit. 

Figure 1. California’s GHG emissions, 2000-2018. This graph shows California’s annual GHG emissions from 2000 to 2018 in 
relation to the 2020 GHG Limit required by the California Global Warming Solutions Act (Assembly Bill 32). In 2016, California’s 
GHG emissions dropped below the 2020 GHG Limit and have remained below the 2020 GHG Limit since that time. 
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Introduction 

The GHG inventory is an important tool in demonstrating the State’s progress towards achieving 
the statewide GHG goals established by Assembly Bill 32 (AB 32) (reduce emissions to 1990 levels by 2020) 
and Senate Bill 32 (SB 32) (reduce emissions to at least 40 percent below 1990 levels by 2030). The GHG 
Inventory includes the following type of sources: emissions from fossil fuel combustion, GHG generated as 
by-product of chemical reactions in industrial processes, use of GHG-containing consumer products and 
human-made chemicals, and emissions from agricultural and waste sector operations. The exchange of 
ecosystem carbon between the atmosphere and the plants and soils in land is separately quantified in the 
Natural and Working Lands Ecosystem Carbon Inventory [1], which also includes wildfire emissions. For the 
emission sources included in the GHG Inventory, the inventory framework is consistent with international 
and national GHG inventory practices [2]. 

The 2020 edition of the GHG Inventory includes the emissions of the seven GHGs identified in 
AB 32 [3] for the years 2000 to 2018. There are additional climate pollutants that are not included in AB 32 
that are tracked separately outside of the GHG inventory. These climate pollutants include black carbon 
and sulfuryl fluoride (SO2F2), which are discussed in the Short-Lived Climate Pollutant (SLCP) Strategy [4] 
and ozone depleting substances (ODS), which are being phased out under a 1987 international treaty [5]. 
ODS are now being substituted with hydrofluorocarbons, which are pollutants specified in AB 32 [3]. 

In this report, emission trends and indicators are presented in the categories outlined in the Initial 
AB 32 Scoping Plan [6]. There are alternative ways of organizing emission sources into categories, and the 
resulting percentages will be different depending on these categorization schemes. The Additional 
Information section at the end of this report provides further information on alternative categorization 
schemes. All emissions in this report are expressed in 100-year Global Warming Potential (GWP) from the 
Intergovernmental Panel on Climate Change (IPCC) 4th Assessment Report (AR4) [7], consistent with 
current international GHG inventory practices. 

Statewide Trends of Emissions and Indicators 

In 2018, emissions from statewide emitting activities were 425 million metric tons of CO2 

equivalent (MMTCO2e, or million tonnes CO2e), 1.0 MMTCO2e higher than 2017 levels and 6 MMTCO2e 
below the 2020 GHG Limit of 431 MMTCO2e. Since the peak level in 2004, California’s GHG emissions have 
generally followed a decreasing trend. In 2016, statewide GHG emissions dropped below the 2020 GHG 
Limit and have remained below the Limit since that time. 

Per capita GHG emissions in California have dropped from a 2001 peak of 14.0 tonnes per person 
to 10.7 tonnes per person in 2018, a 24 percent decrease [8] [9]. Overall trends in the inventory also 
demonstrate that the carbon intensity of California’s economy (the amount of carbon pollution per million 
dollars of gross domestic product (GDP)) is declining. From 2000 to 2018, the carbon intensity of 
California’s economy decreased by 43 percent while the GDP increased by 59 percent. In 2018, GDP grew 
4.3 percent while the emissions per GDP declined by 0.4 percent compared to 2017 [9] [10]. 
Figures 2(a)-(c) show California’s growth alongside GHG emissions. 
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Figure 2c. Carbon Intensity of California’s Economy 

Figures 2(a)-(c). California’s GHG emissions, population, GDP, GHG emissions per capita, and carbon intensity of the 
economy. Figure 2(a) shows percent change in GHG emissions relative to GDP and population since 2000. Figures 2(b) and 2(c) 
present these indicators in the original units. In the charts with 2 vertical axes, the color of a trend line matches the color of its 
corresponding vertical label. 
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Figure 2b. California Total and Per Capita GHG Emissions 

Figure 2a. Change in California GDP, Population, and GHG Emissions Since 2000 
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Overview of Emission Trends by Sector 

The transportation sector remains the largest source of GHG emissions in the State. Direct 
emissions from vehicle tailpipe, off-road transportation sources, intrastate aviation, etc., account for 
40 percenta of statewide emissions in 2018. Transportation emissions decreased in 2018 compared to the 
previous year, which is the first year over year decrease since 2013. Emissions from the electricity sector 
account for 15 percent of the inventory and showed a slight increase in 2018 due to less hydropower. The 
industrial sector trend has been relatively flat in recent years and remains at 21 percent of the inventory. 
Emissions from high-GWP gases have continued to increase as they replace ODS that are being phased out 
under the 1987 Montreal Protocol [5]. Emissions from other sectors have remained relatively constant in 
recent years. Figure 3 shows an overview of the emission trends by Scoping Plan sector. Figure 4 breaks 
out 2018 emissions by sector into an additional level of sub-sector categories. 

Figure 3. Trends in California GHG Emissions. This figure shows changes in emissions by 
Scoping Plan sector between 2000 and 2018. Emissions are organized by the categories in the 
AB 32 Scoping Plan. 

a The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road mobile sources. 
It does not include emissions from petroleum refineries and oil extraction and production. 
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0.9% 
Pipelines 0.9% 

Cement 1.9% 

Thermal Cogen 1.9% 

Oil & Gas 3.9% 

General Fu el Use 4.4% 

Other 1 no;, 

Rail 0.5% 
Ships 0.9% 

Heavy-Duty Vehicles 8.2% 

In-State Unspecif ed 

Imports 
2.7% 

Livestock 5.4% 

Passenger Vehicles 28.1% 

Crops 1.5% 

Other Fuel Use 0.8% 

Refrigerants 4.3% 

Other 0.5% 

Waste 2.1% 

Figure 4. 2018 GHG Emissions by Scoping Plan Sector and Sub-Sector Category. This figure breaks out 2018 emissions by sector 
into an additional level of sub-sector categories. The inner ring shows the broad Scoping Plan sectors. The outer ring breaks out 
the broad sectors into sub-sectors or emission categories under each sector. 
*The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road mobile
sources. It does not include emissions from petroleum refineries and oil extraction and production, which are included in the 
industrial sector.
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Transportation Sector 

The transportation sector remains the largest source of GHG emissions in 2018, accounting for 
40 percentb of California’s GHG inventory. Contributions from the transportation sectorc include emissions 
from combustion of fuels in-state that are used by on-road and off-road vehicles, aviation, rail, and water-
borne vehicles, as well as a few other smaller sources. (In this report, emissions from refrigerants used in 
vehicles, airplane, train, and ship and boat are shown in the High-GWP gases category.) Transportation 
emissions decreased in 2018 compared to the previous year, which is the first year over year decrease 
since 2013. Figure 5 shows emissions by transportation source categories and the sector total. 

Figure 5. Overview of GHG Emissions from the Transportation Sector. “Transportation Total” is the sum of “On-Road Total,” 
“Aviation + Rail + Ships,” and “Off-Road + Unspecified.” “On-Road Total” is the sum of “Passenger Vehicles” and “Heavy Duty 
Vehicles.” 

b The 40 percent figure represents tailpipe emissions from on-road vehicles and direct emissions from other non-road transportation sources. It does not 
include emissions from petroleum refineries and oil extraction and production, which are included in the industrial sector. 

c Emissions from the following sources are not included in the GHG inventory for the purpose of comparing to the GHG Limit, but are tracked separately 
as informational items and are published with the GHG inventory: interstate and international aviation, diesel and jet fuel use at military bases, and a 
portion of bunker fuel purchased in California that is combusted by ships beyond 24 nautical miles from California’s shores. The following emissions are 
not included or tracked in the GHG inventory: emissions from the combustion of fuels purchased outside of California that are used in-state by passenger 
vehicles and trains crossing into California, and out-of-state upstream emissions tracked by the Low Carbon Fuel Standard (LCFS) program. 
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Figures 6 and 7 show the trends in emissions and fuel used in light-duty gasoline and heavy-duty 
diesel vehicles. Total fuel combustion emissions, inclusive of both fossil component (orange line) and 
bio-component (yellow shaded region) of the fuel blend, track trends in fuel sales. Consistent with the IPCC 
Guidelines [2] and the annual GHG inventories submitted by the U.S. and other nations to the United 
Nations Framework Convention on Climate Change (UNFCCC), carbon dioxide (CO2) emissions from biofuels 
(the biofuel components of fuel blends) are classified as “biogenic CO2.” They are tracked separately from 
the rest of the emissions in the inventory and are not included in the total emissions when comparing to 
California’s 2020 and 2030 GHG Limits. Biogenic CO2 emissions data are available on the CARB webpage 
[9]. Emissions of methane (CH4) and nitrous oxide (N2O) from biofuel combustion are included in the 
inventory along with CO2 from fossil fuel combustion. 

Figure 6. Trends in On-Road Light Duty Gasoline Emissions. Figure 7. Trends in On-Road Diesel Vehicle Emissions. In the 
In the top panel, the yellow shaded region represents CO2 top panel, the yellow shaded region represents CO2 emissions 
emissions from the ethanol-component of the gasoline fuel from the bio-component (biodiesel and renewable diesel) of 
blend. The orange line includes all GHG emissions from the the diesel fuel blend. The orange line includes all GHG 
fossil gasoline component of the fuel blend, as well as the CH4 emissions from the fossil diesel component of the fuel blend, 
and N2O emissions from the ethanol-component of the fuel as well as the CH4 and N2O emissions from the bio-component 
blend. "Total Sales of Gasoline Blend" includes gasoline used of the fuel blend. "Total Sales of On-Road Diesel " includes 
in any types of vehicles, 93% of which are used in light duty diesel blends used in any types of vehicles, 97% of which are 
vehicles. The color of a trend line matches the color of its used in heavy duty vehicles. The color of a trend line matches 
corresponding vertical axes label. The bottom panel shows the color of its corresponding vertical axes label. The bottom 
the percent of gasoline blend that is ethanol. panel shows the percent of diesel blend that are biodiesel or 

renewable diesel. 

Emissions from transportation sources declined from 2007 to 2013, followed by four consecutive 
years of annual increases through 2017. Transportation emissions dropped by 1.5 MMTCO2e in 2018. Sales 
of gasoline fuel blend decreased more than 60 million gallons, while ethanol blending increased by 
15 million gallons. Diesel fuel blend sales decreased 50 million gallons, while sale and blending of biodiesel 
and renewable diesel increased by more than 60 million gallons. Emissions from gasoline used in on-road 
passenger cars, trucks, and SUVs are 74 percent of the transportation inventory and had been the main 
driver of the increases between 2013 and 2017. 

2020 Edition, California Greenhouse Gas Emission Inventory: 2000 – 2018 8 PC ORIGINAL PKG



                          

            
               

              
                 

               
                 

                  
            

        
   

  

A combination of factors influences on-road transportation emissions. Regulations, improved fuel 
efficiency of the state’s vehicle fleet, and higher market penetration of zero-emission vehicles can drive 
down consumption and emissions over time; but population growth, lower fuel prices, more consumer 
activity, and higher overall employment are factors that may increase fuel use. Biofuels such as ethanol, 
biodiesel, and renewable diesel displace fossil fuels and reduce the amount of fossil-based CO2 emissions 
released into the atmosphere. The percentages of biodiesel and renewable diesel in the total diesel blend 
have shown significant growth in recent years, growing from 0.5 percent in 2011 to 18.5 percent in 2018, 
due mostly to the implementation of the Low Carbon Fuel Standard. 
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Electric Power 

Emissions from the electric power sector comprise 15 percent of 2018 statewide GHG emissions. 
The GHG emission inventory divides the electric power sector into two broad categories: emissions from in-
state power generation (including the portion of industrial and commercial cogeneration emissions 
attributed to electricity generation) and emissions from imported electricity. 

Since the early 2000’s, the development of renewable and less carbon-intensive resources have 
facilitated the continuing decline in fossil fuel electricity generation. The Renewable Portfolio Standard 
(RPS) Program and the Cap-and-Trade Program continue to incentivize the dispatch of renewables over 
fossil generation to serve California load. Higher energy efficiency standards also reduce growth in 
electricity consumption driven by a growing population and economy. However, year-to-year fluctuations 
in hydropower availability may result in small increases in carbon intensity in some years. Figures 8 and 9 
show California’s electricity emissions and GHG intensities of electricity generation over time. 

Figure 8. GHG Emissions from the Electric Power Sector. This 
figure shows trends in emissions of in-state electricity 
generation, emissions associated with electricity imported from 
outside of California, and the total electric power sector 
emissions, which is the sum of in-state generation and imports. 

Figure 9. GHG Intensity of Electricity Generation.d This figure 
shows trends in GHG intensities of electricity generated by in-
state power plants, electricity imported from outside of 
California, and the overall GHG intensities aggregating both in-
state generation and electricity imports. 

d All three GHG intensities account for renewables and exclude biogenic CO2 emissions. For calculating in-state and overall intensities, in-state 
electricity emissions and generation (MWh) include on-site generation for on-site use, cogeneration emissions attributed to electricity generation, in-
state generated electricity exported out of state, and rooftop solar. The denominator of overall intensity is the total electricity (MWh) consumed in and 
exported from California, and excludes electricity (MWh) lost during transmission and distribution. 

2020 Edition, California Greenhouse Gas Emission Inventory: 2000 – 2018 10 PC ORIGINAL PKG
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From 2017 to 2018, electric power emissions increased by 1 MMTCO2e, primarily due to a 
39 percent decrease in in-state hydropower generation (a result of lower precipitation levels in the 
2017-2018 winter season) that was partially compensated by increases in solar generation and other lower 
GHG intensity resources. In 2018, 44 percent of total electricity generation (in-state generation plus 
imported electricity) came from solar, wind, hydropower, and nuclear power; and another five percent 
came from Asset Controlling Supplierse, which imported low GHG intensity electricity consisting primarily 
hydropower. 

In-state solar generation grew 14 percent in 2018 compared to 2017. Between 2011 and 2018, 
in-state solar generation saw significant growth as rooftop photovoltaic solar generation increased 
eight-fold [11] and total solar generation (commercial-scale plus rooftop solar) increased by a factor of 
15 during that period [11] [12]. In-state wind energy generation ramped up through 2013, but its trend has 
remained relatively constant since 2013 [12]. Figure 10 shows trends in in-state hydro, solar, and wind 
electricity generation. 

Figure 10. In-State Hydro, Solar, and Wind Electricity Generation. This figure shows the amounts of electricity generated by 
California’s in-state wind power projects, large commercial-scale solar power projects, rooftop solar panels, and hydropower 
generation stations. The units are in terawatt-hour (1 TWh = 109 kWh). 

e “Asset Controlling Suppliers” are as defined by the Mandatory GHG Reporting Regulation (MRR). The term refers to an electric 
power entity that owns or operates inter-connected electricity generating facilities or serves as an exclusive marketer for these 
facilities even though it does not own them. Imports from ACS are primarily hydropower, but include some non-zero GHG power 
sources such as natural gas. 
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Trends in the types of in-state generation are presented in Figure 11. In-state natural gas 
generation complements the year-to-year fluctuations in hydro, solar, wind, and nuclear power, while 
generation from other fuel types gradually decline over time. 

Figure 11. In-State Electricity Generation by Fuel Type. This figure shows the amounts of electricity generated by in-state 
natural gas power plants, hydro/solar/wind/nuclear resources, and other generation sources. The units are in terawatt-hour 
(1 TWh = 109 kWh). 

f “Other Fuels” include energy generation from associated gas, biomass, coal, crude oil, digester gas, distillate, geothermal, jet fuel, kerosene, 
landfill gas, lignite coal, municipal solid waste (MSW), petroleum coke, propane, purchased steam, refinery gas, residual fuel oil, sub-bituminous 
coal, synthetic coal, tires, waste coal, waste heat, and waste oil. CO2 and CH4 emissions from geothermal power and CH4 and N2O emissions from 
biomass power are included in the statewide total for comparing to the 2020 GHG Limit. Except for geothermal power, most of these fuels are 
combusted in industrial cogeneration facility. 
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Trends in the types of imported electricity are presented in Figure 12 [13]. In 2018, imports of 
hydro, solar, wind, and nuclear energy grew nine percent while imports of coal energy dropped 21 percent. 
Comparing to 2011 levels, imports of hydro, solar, wind, and nuclear energy nearly tripled, while imports of 
coal energy dropped by 67 percent.g 

Figure 12. Imported Electricity by Generation Type. This figure shows the amounts of imported electricity by generation type. 
Non-emitting resources are on the top and include hydro, nuclear, wind, and solar. Asset Controlling Suppliers (ACS) and 
Multi-Jurisdictional Retail Provider (MJRP) are as defined by the Mandatory GHG Reporting Regulation (MRR) [13]. 
*Imports from ACS are primarily hydropower, but include some GHG-emitting power sources such as natural gas. 
**Imports from MJRP are primarily coal, but include other types of generation resources. The units are in terawatt-hour 
(1 TWh = 109 kWh).

g All claims of non-GHG-emitting imports are subject to third party verification to ensure against resource shuffling. 
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Industrial 

Emissions from the industrial sector contributed 21 percent of California’s total GHG emissions 
in 2018. Emissions in this sector are primarily driven by fuel combustion from sources that include 
refineries, oil & gas extraction, cement plants, and the portion of cogeneration emissions attributed to 
thermal energy output. Process emissions, such as from clinker production in cement plants and hydrogen 
production for refinery use, also contribute significantly to the total emissions. Refineries and hydrogen 
production represent the largest individual source in the industrial sector, contributing 34 percent of the 
sector’s total emissions. Refining and hydrogen production sector emissions have remained relatively 
constant in the past few years. Figure 13 shows emissions trends of the industrial sector over time. 

Figure 13. Industrial Sector Emissions. The top panel of this figure shows the overall emissions trend of the total industrial sector. 
The bottom panel shows emissions trends by sub-sector. Summing the bottom panel will equal the top panel. The “General Fuel 
Use” category includes emissions from combustion of fuels used by sectors not specifically broken out elsewhere in this figure. The 
“Other” category includes fugitive and process emissions (e.g., GHG released from chemical reaction during manufacturing process) 
from industrial sectors. In accordance with the IPCC Guidelines, the “Cogen (thermal)” category under the industrial sector includes 
only the portion of cogeneration emissions attributed to the total thermal output of cogeneration. The portion of cogeneration 
emissions attributed to electricity generation is assigned to the electric power sector and not shown in this graph. 
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Commercial and Residential Fuel Combustion 

Greenhouse gas emissions from the commercial and residential sectors are dominated by the 
combustion of natural gas and other fuels for household and commercial business use, such as space 
heating, cooking, and hot water or steam generation. Emissions from electricity used for cooling 
(air-conditioning) and appliance operation are accounted for in the Electric Power sector. In this report, 
using the Scoping Plan categorization, emissions from refrigerants use in commercial and residential 
buildings are presented in the high-GWP gases category. Changes in annual fuel combustion emissions are 
primarily driven by variability in weather conditions and the need for heating in buildings, as well as 
population growth. In 2018, emissions increased slightly compared to 2017 due to a rise in commercial 
natural gas use. Figure 14 presents emissions from the commercial and residential sectors, along with 
heating degree days, an estimate of the heating energy need in a given year. 

Figure 14. Emissions from Residential and Commercial Sectors. Emissions from the residential and commercial sectors 
are compared with heating degree days, an estimate of the heating energy need in a given year. 
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Emissions from fuel use by the commercial sector have grown by 13 percent since 2000; however, 
during the same period, commercial floor space grew by 27 percent. As a result, the commercial sector 
also exhibits a slight decline in fuel use per unit space. The number of occupied residential housing units 
grew steadily from 11.9 million units in 2000 to 13.1 million units in 2018 [14]. Emissions per housing unit 
generally fluctuate with the need for heating depending the winter temperatures of the given year, which 
is also illustrated by the heating degree day index in Figure 14 [15]. Figures 15a and 15b show emissions 
from these sectors and the related indicators. 

Figure 15a. Emissions per Unit Floor Space. The figure shows total square feet of commercial floor space and the emissions per 
square feet of commercial floor space. 

Figure 15b. Emissions per Residential Housing Unit. The figure shows number of occupied residential housing units and 
emissions per housing unit. 
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Agriculture 

California’s agricultural sector contributed approximately eight percent of statewide GHG 
emissions in 2018, mainly from CH4 and N2O sources. Sources include enteric fermentation and manure 
management from livestock, crop production (fertilizer use, soil preparation and disturbance, and crop 
residue burning), and fuel combustion associated with agricultural activities (water pumping, cooling or 
heating buildings, and processing commodities). 

Approximately 70 percent of agricultural sector greenhouse gases are emitted from livestock. 
Livestock emissions in 2018 are 19 percent higher than 2000 levels. Livestock emissions are almost entirely 
CH4 generated from enteric fermentation and manure management, and most of the livestock emissions 
are from dairy operations. GHG emissions from dairy manure management and enteric fermentation 
followed an increasing trend between 2000 and 2007, and year-to-year changes since 2007 have been 
relatively small. 

Crop production accounted for 20 percent of agriculture emissions in 2018. Emissions from the 
growing and harvesting of crops have generally followed a declining trend since 2000. The long-term trend 
of emissions reduction from 2000 to 2018 corresponds to a reduction in crop acreage (which leads to an 
associated decrease in synthetic fertilizer use) [16] and large-scale changes in irrigation management 
practices. Specifically, California agriculture has been shifting from flood irrigation towards sprinkler and 
drip irrigation. The increase from 2017 to 2018 is due to climatic factors that affect the amount of N2O 
produced from synthetic fertilizer (e.g. precipitation and min/max temperature). Figure 16 presents 
emissions from the livestock and crop production sectors. 

Figure 16. Agricultural Emissions. This figure presents the trends in emissions from livestock manure management and enteric 
fermentation, as well as emisisons from crop growing and harvesting, which include fertilizer application, soil preparation and 
distrubances, and crop residue burning. 
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High Global Warming Potential Gases 

In 2018, High Global Warming Potential (high-GWP) gases comprised 4.8 percent of California’s 
emissions. The GHG inventory tracks high-GWP gas emissions from releases of ozone depleting substance 
(ODS) substitutes, SF6 emissions from the electricity transmission and distribution system, and gases that 
are emitted in the semiconductor manufacturing process. (ODSs are also high-GWP gases, but are outside 
the scope of the IPCC accounting framework and AB 32.) Of these tracked categories, 98 percent of high-
GWP gas emissions are ODS substitutes, which are primarily hydrofluorocarbons (HFCs). ODS substitutes 
are used in refrigeration and air conditioning equipment, solvent cleaning, foam production, fire 
retardants, and aerosols. In 2018, refrigeration and air conditioning equipment contributed 91 percent of 
ODS substitutes emissions. 

Emissions of ODS substitutes are expected to continue to grow as they replace ODS being phased 
out under the Montreal Protocol [5]. Emissions of ODS have decreased significantly since they began to be 
phased out in the 1990s and dropped below ODS substitutes emissions for the first time in 2015. ODS 
emissions continued to drop in 2018. The combined emissions of ODS and ODS substitutes have been 
steadily decreasing over time as ODS are phased out, even as emissions from ODS substitutes continue to 
increase. Of the four main sub-sectors within the ODS substitutes category (Transportation, Commercial, 
Industrial, and Residential), only the Transportation Sector has seen an emissions decrease. The 
transportation refrigeration units (TRU) Airborne Toxic Control Measure adopted in 2004 has reduced 
transportation sector emissions by limiting the charge size of TRUs beginning in January 2010, reducing 
leakage rates, and lowering end-of-life losses for passenger vehicle air conditioning systems [17]. 
Figures 17a and 17b show ODS substitute’s emissions. 
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Figure 17a. Trends in ODS and ODS Substitutes Emissions. This figure presents the trends in emissions from ODS 
Substitutes, ODS, and their sum (“Total Emissions”). ODS Substitutes emissions are specified in IPCC Guidelines and AB 32 
and are included in the inventory. ODS are also GHGs, but are tracked separately outside of the inventory. 

Figure 17b. ODS Substitutes Emissions by Category. This figure presents the breakdown of ODS substitutes emissions by 
product type and sector category in 2018. Refrigerants used in various sectors make up the majority of ODS substitutes 
emissions. 
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Recycling and Waste 

Emissions from the recycling and waste sector include CH4 and N2O emissions from landfills and 
from commercial-scale composting. Emissions from recycling and waste, which comprise two percent of 
California’s GHG inventory, have grown by 19 percent since 2000. Landfill emissions are primarily CH4, and 
they account for 96 percent of the emissions in this sector,h while compost production facilities make up 
the remaining fraction of emissions. 

The amount of emissions from a landfill is the difference between the methane generated from 
waste decomposition and the methane captured by landfill gas collection and control system. The annual 
amount of solid waste deposited in California’s landfills grew from 39 million short tons in 2000 to its peak 
of 46 million short tons in 2005, followed by a declining trend until 2012, after which deposited waste 
amounts have seen a steady rise over time [18]. Landfill methane generation is driven by the total 
waste-in-place, an accumulation of degradable carbon in the solid waste stream, rather than year-to-year 
fluctuation in annual deposition of solid waste [19]. Figures 18 and 19 show trends in landfill emissions and 
activities that drive emissions. 

Figure 18. Landfill Methane Emissions. This figure presents 
trends in landfill emissions and the amount of degradable 
carbon remaining in California landfills. The latter drives the 
amount of emissions generated by landfills. The color of a 
trend line matches the color of its corresponding vertical axes 
label. 

Figure 19. Landfill Waste. The top panel presents the annual 
amounts of solid waste deposited into California landfills and the 
amount of degradable carbon contained in the solid waste. The 
color of a trend line matches the color of its corresponding 
vertical axes label. The bottom panel shows estimated amounts 
of compost feedstock processed by the state’s composting 
facilities. 

h CARB’s GHG inventory methodology has been using an assumption of 75 percent methane capture efficiency, consistent with common practice 
nationally. 
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Additional Information 

International GHG Inventory Practice of Recalculating Emissions for Previous Years 

Consistent with the IPCC GHG inventory guidelines, recalculations are made to incorporate new 
methods or reflect updated data for all years from 2000 to 2017 to maintain a consistent inventory time 
series. Therefore, emission estimates for a given calendar year may be different between editions as 
methods and supplemental data are updated. For example, in the 2019 edition, total 2017 emissions were 
estimated to be 424.1 MMTCO2e. In the 2020 edition, recalculation revised the 2017 emissions to 
424.3 MMTCO2e, reflecting refinements and updates to methodology and information gained since 2019. 
Analyses of emission trends, including the emissions increase of 1.0 MMTCO2e between 2017 and 2018, are 
based on the recalculated numbers in the 2020 edition of the inventory. A description of the method 
updates can be found here: 
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2018/ghg_inventory_00-
18_method_update_document.pdf 

Global Warming Potential Values 

In accordance with the IPCC GHG inventory guidelines, California’s GHG Inventory uses the 
100-year GWPs from the IPCC 4th Assessment Report, consistent with the national GHG inventories
submitted by the U.S. and other nations to the UNFCCC. However, other CARB programs may use different
GWP values. For example, the SLCP Reduction Strategy [4] uses a 20-year GWP because the SLCP has
greater climate impact in the near-term compared to the longer-lived GHGs, such as CO2.

Sources of Data Used in the GHG Emission Inventory 

Statewide GHG emissions are calculated using several data sources. One data source is from 
reports submitted to the California Air Resources Board (CARB) through the Regulation for the Mandatory 
Reporting of GHG Emissions (MRR). MRR requires facilities and entities with more than 10,000 metric tons 
CO2e per year of combustion and process emissions, all facilities belonging to certain industries, and all 
electricity importers to submit an annual GHG emissions data report directly to CARB. Reports from 
facilities and entities that emit more than 25,000 metric tons of CO2e per year are verified by a CARB-
accredited third-party verification body. More information on MRR emissions reports can be found at: 
https://ww2.arb.ca.gov/mrr-data 

CARB also relies on data from other California State and federal agencies to develop the annual 
statewide GHG emission inventory for the State of California. These additional sources include, but are not 
limited to, data from the California Energy Commission, California Department of Tax and Fee 
Administration, California Geologic Energy Management Division, Department of Food and Agriculture, 
CalRecycle, U.S. Energy Information Administration, and U.S. Environmental Protection Agency 
(U.S. EPA). All data sources used to develop the GHG Inventory are listed in the GHG Emission Inventory 
supporting documentation at: 

https://ww2.arb.ca.gov/ghg-inventory-data 

The main GHG inventory page is located at: 

https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program 
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Other Ways of Categorizing Emissions in the Inventory 

There is more than one way of organizing emissions by category in an inventory. Each year, CARB 
makes the GHG inventory available in three categorization schemes: 

• The Scoping Plan Categorization organizes emissions by CARB program structure. (This is the
categorization scheme used in this report.)

• The Economic Sector/Activity Categorization generally aligns with how sectors are defined in the
North America Industry Classification System (NAICS).

• The IPCC Categorization groups emissions into four broad categories of emission processes. This
format conforms to international GHG inventory practice and is consistent with the national GHG
inventory that U.S. EPA annually submits to the United Nations.

Although this report uses the Scoping Plan Categorization in the presentation and discussion of
emissions, the Economic Sector/Activity Categorization is also often used by the public. The difference 
between the Scoping Plan Categorization and the Economic Sector/Activity Categorization are as follows: 
(1) High-GWP gases are shown as its own category under the Scoping Plan categorization, but under the
economic sector categorization, they are included as part of the economic sectors where they are used.
(2) The recycling and waste sector is shown as its own category under the Scoping Plan categorization but is
included as part of the industrial sector under the Economic Sector/Activity Categorization.

The figures below show the Scoping Plan Categorization and the Economic Sector/Activity 
Categorization side-by-side. Detailed data for these categorization schemes can be accessed from CARB 
webpage at: https://ww2.arb.ca.gov/ghg-inventory-data 

*The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road mobile
sources. It does not include emissions from petroleum refineries and oil production, which are included in the industrial sector.

**Percentages may not add up to 100 percent due to rounding. 

Figure 20b. 2018 GHG Emissions by Scoping Plan Figure 20a**. 2018 GHG Emissions by Economic Sector. 
Category. This figure shows the relative size of 2018 This figure shows the relative size of 2018 emissions by 
emissions, organized by the categories in the AB32 economic sector. 
Scoping Plan. 
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Uncertainties in the Inventory 

CARB is committed to continually working to reduce the uncertainty in the inventory estimates. The 
uncertainty of emissions estimates in the inventory varies by sector. The data reported under MRR is 
subject to third-party verification, ensuring a high level of accuracy. Other non-MRR sources, mainly non-
combustion, biochemical processes, have varying uncertainty depending on the input data and the 
emission processes. 

Natural and Working Lands Ecosystem Carbon Inventory and Wildfire Emissions 

CARB has also developed a Natural and Working Lands (NWL) Ecosystem Carbon Inventory (“the 
NWL Inventory”) separate from this GHG Inventory [1]. The NWL Inventory quantifies ecosystem carbon 
stored in plants and soils in California’s Natural and Working Lands (including forest, woodland, shrubland, 
grassland, wetland, orchard crop, urban forest, and soils) and tracks changes in carbon stock over time. 
The NWL inventory report can be accessed here: https://ww2.arb.ca.gov/nwl-inventory. 

Fire has served a natural function in California's diverse ecosystems for millennia, such as 
facilitating germination of seeds for certain tree species, replenishing soil nutrients, clearing dead biomass 
to make room for living trees to grow, and reducing accumulation of fuel that lead to high-intensity 
wildfires. Fire also impacts human health and safety, and releases GHGs and other air pollutants. 
Greenhouse gas emissions from wildfires are tracked separately when compared to anthropogenic sources 
due to carbon cycling. Anthropogenic emissions from fossil fuels come from geological sources, which are 
part of the slow carbon cycle, where carbon pools change over the course of many millennia (e.g., fossil 
fuel formation). In contrast, the fast carbon cycle, in which carbon moves between pools over months to 
centuries, includes natural emission sources, such as wildfires, plant decomposition and respiration. The 
depletion of fossil fuels through their combustion has led to an increase in ambient CO2 concentrations; 
however, wildfire emissions are part of a fast carbon cycle that is balanced by vegetation growth. In recent 
years the frequency and magnitude of wildfires have been prolific across California. In an effort to 
contextualize the GHG emissions from wildfires, emissions estimations are available here: 
https://ww2.arb.ca.gov/wildfire-emissions 
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INTRODUCTION AND PURPOSE 
 
Maintaining California’s rich biological diversity is dependent on the conservation of species 
and their habitats.  The California Department of Fish and Game (Department) has 
designated certain species as “species of special concern” when their population viability and 
survival is adversely affected by risk factors such as precipitous declines or other vulnerability 
factors (Shuford and Gardali 2008).  Preliminary analyses of regional patterns for breeding 
populations of burrowing owls (Athene cunicularia) have detected declines both locally in 
their central and southern coastal breeding areas, and statewide where the species has 
experienced modest breeding range retraction (Gervais et al. 2008).  In California, threat 
factors affecting burrowing owl populations include habitat loss, degradation and modification, 
and eradication of ground squirrels resulting in a loss of suitable burrows required by 
burrowing owls for nesting, protection from predators, and shelter (See Appendix A). 
 
The Department recognized the need for a comprehensive conservation and mitigation 
strategy for burrowing owls, and in 1995 directed staff to prepare a report describing 
mitigation and survey recommendations.  This report, “1995 Staff Report on Burrowing Owl 
Mitigation,” (Staff Report) (CDFG 1995), contained Department-recommended burrowing owl 
and burrow survey techniques and mitigation measures intended to offset the loss of habitat 
and slow or reverse further decline of this species.  Notwithstanding these measures, over 
the past 15+ years, burrowing owls have continued to decline in portions of their range 
(DeSante et al. 2007, Wilkerson and Siegel, 2010).  The Department has determined that 
reversing declining population and range trends for burrowing owls will require 
implementation of more effective conservation actions, and evaluating the efficacy of the 
Department’s existing recommended avoidance, minimization and mitigation approaches for 
burrowing owls. 
 
The Department has identified three main actions that together will facilitate a more viable, 
coordinated, and concerted approach to conservation and mitigation for burrowing owls in 
California.  These include: 
 
1. Incorporating burrowing owl comprehensive conservation strategies into landscape-based 

planning efforts such as Natural Community Conservation Plans (NCCPs) and 
multi-species Habitat Conservation Plans (HCPs) that specifically address burrowing 
owls. 

2. Developing and implementing a statewide conservation strategy (Burkett and 
Johnson, 2007) and local or regional conservation strategies for burrowing owls, including 
the development and implementation of a statewide burrowing owl survey and monitoring 
plan. 

3. Developing more rigorous burrowing owl survey methods, working to improve the 
adequacy of impacts assessments; developing clear and effective avoidance and 
minimization measures; and developing mitigation measures to ensure impacts to the 
species are effectively addressed at the project, local, and/or regional level (the focus of 
this document). 

 
This Report sets forth the Department’s recommendations for implementing the third 
approach identified above by revising the 1995 Staff Report, drawing from the most relevant 
and current knowledge and expertise, and incorporating the best scientific information 
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available pertaining to the species.  It is designed to provide a compilation of the best 
available science for Department staff, biologists, planners, land managers, California 
Environmental Quality Act (CEQA) lead agencies, and the public to consider when assessing 
impacts of projects or other activities on burrowing owls.   
 
This revised Staff Report takes into account the California Burrowing Owl Consortium’s 
Survey Protocol and Mitigation Guidelines (CBOC 1993, 1997) and supersedes the survey, 
avoidance, minimization and mitigation recommendations in the 1995 Staff Report.  Based on 
experiences gained from implementing the 1995 Staff Report, the Department believes 
revising that report is warranted.  This document also includes general conservation goals 
and principles for developing mitigation measures for burrowing owls. 
 

DEPARTMENT ROLE AND LEGAL AUTHORITIES 
 
The mission of the Department is to manage California's diverse fish, wildlife and plant 
resources, and the habitats upon which they depend, for their ecological values and for their 
use and enjoyment by the public.  The Department has jurisdiction over the conservation, 
protection, and management of fish, wildlife, native plants, and habitats necessary to 
maintain biologically sustainable populations of those species (Fish and Game Code (FGC) 
§1802).  The Department, as trustee agency pursuant to CEQA (See CEQA Guidelines, 
§15386), has jurisdiction by law over natural resources, including fish and wildlife, affected by 
a project, as that term is defined in Section 21065 of the Public Resources Code.  The 
Department exercises this authority by reviewing and commenting on environmental 
documents and making recommendations to avoid, minimize, and mitigate potential negative 
impacts to those resources held in trust for the people of California.  
 
Field surveys designed to detect the presence of a particular species, habitat element, or 
natural community are one of the tools that can assist biologists in determining whether a 
species or habitat may be significantly impacted by land use changes or disturbance.  The 
Department reviews field survey data as well as site-specific and regional information to 
evaluate whether a project’s impacts may be significant.  This document compiles the best 
available science for conducting habitat assessments and surveys, and includes 
considerations for developing measures to avoid impacts or mitigate unavoidable impacts. 
 
CEQA 
 
CEQA requires public agencies in California to analyze and disclose potential environmental 
impacts associated with a project that the agency will carry out, fund, or approve.  Any 
potentially significant impact must be mitigated to the extent feasible.  Project-specific CEQA 
mitigation is important for burrowing owls because most populations exist on privately owned 
parcels that, when proposed for development or other types of modification, may be subject 
to the environmental review requirements of CEQA.  
 
Take 
 
Take of individual burrowing owls and their nests is defined by FGC section 86, and 
prohibited by sections 3503, 3503.5 and 3513.  Take is defined in FGC Section 86 as “hunt, 
pursue, catch, capture or kill, or attempt to hunt, pursue, catch, capture or kill.” 
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Migratory Bird Treaty Act 
 
The Migratory Bird Treaty Act (MBTA) implements various treaties and conventions between 
the United States and Canada, Japan, Mexico, and Russia for the protection of migratory 
birds, including the burrowing owl (50 C.F.R. § 10).  The MBTA protects migratory bird nests 
from possession, sale, purchase, barter, transport, import and export, and collection.  The 
other prohibitions of the MBTA - capture, pursue, hunt, and kill - are inapplicable to nests. 
The regulatory definition of take, as defined in Title 50 C.F.R. part 10.12, means to pursue, 
hunt, shoot, wound, kill, trap, capture, or collect, or attempt to hunt, shoot, wound, kill, trap, 
capture, or collect. Only the verb “collect” applies to nests.  It is illegal to collect, possess, and 
by any means transfer possession of any migratory bird nest.  The MBTA prohibits the 
destruction of a nest when it contains birds or eggs, and no possession shall occur during the 
destruction (see Fish and Wildlife Service, Migratory Bird Permit Memorandum, April 15, 
2003).  Certain exceptions to this prohibition are included in 50 C.F.R. section 21.  Pursuant 
to Fish & Game Code section 3513, the Department enforces the Migratory Bird Treaty Act 
consistent with rules and regulations adopted by the Secretary of the Interior under provisions 
of the Migratory Treaty Act. 
 
Regional Conservation Plans 
 
Regional multiple species conservation plans offer long-term assurances for conservation of 
covered species at a landscape scale, in exchange for biologically appropriate levels of 
incidental take and/or habitat loss as defined in the approved plan.  California’s NCCP Act 
(FGC §2800 et seq.) governs such plans at the state level, and was designed to conserve 
species, natural communities, ecosystems, and ecological processes across a jurisdiction or 
a collection of jurisdictions.  Complementary federal HCPs are governed by the Endangered 
Species Act (7 U.S.C. § 136, 16 U.S.C.§ 1531 et seq.) (ESA).  Regional conservation plans 
(and certain other landscape-level conservation and management plans), may provide 
conservation for unlisted as well as listed species.  Because the geographic scope of NCCPs 
and HCPs may span many hundreds of thousands of acres, these planning tools have the 
potential to play a significant role in conservation of burrowing owls, and grasslands and 
other habitats. 
 
Fish and Game Commission Policies 
 
There are a number of Fish and Game Commission policies (see FGC §2008) that can be 
applied to burrowing owl conservation.  These include policies on: Raptors, Cooperation, 
Endangered and Threatened Species, Land Use Planning, Management and Utilization of 
Fish and Wildlife on Federal Lands, Management and Utilization of Fish and Wildlife on 
Private Lands, and Research. 
 

GUIDING PRINCIPLES FOR CONSERVATION 
 
Unless otherwise provided in a statewide, local, or regional conservation strategy, surveying 
and evaluating impacts to burrowing owls, as well as developing and implementing 
avoidance, minimization, and mitigation and conservation measures incorporate the following 
principles.  These principles are a summary of Department staff expert opinion and were 
used to guide the preparation of this document. 
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1. Use the Precautionary Principle (Noss et al.1997), by which the alternative of increased 

conservation is deliberately chosen in order to buffer against incomplete knowledge of 
burrowing owl ecology and uncertainty about the consequences to burrowing owls of 
potential impacts, including those that are cumulative. 

2. Employ basic conservation biology tenets and population-level approaches when 
determining what constitutes appropriate avoidance, minimization, and mitigation for 
impacts.  Include mitigation effectiveness monitoring and reporting, and use an adaptive 
management loop to modify measures based on results. 

3. Protect and conserve owls in wild, semi-natural, and agricultural habitats (conserve is 
defined at FGC §1802). 

4. Protect and conserve natural nest burrows (or burrow surrogates) previously used by 
burrowing owls and sufficient foraging habitat and protect auxiliary “satellite” burrows that 
contribute to burrowing owl survivorship and natural behavior of owls. 

 
CONSERVATION GOALS FOR THE BURROWING OWL IN CALIFORNIA 

 
It is Department staff expert opinion that the following goals guide and contribute to the short 
and long-term conservation of burrowing owls in California: 
 
1. Maintain size and distribution of extant burrowing owl populations (allowing for natural 

population fluctuations). 
2. Increase geographic distribution of burrowing owls into formerly occupied historical range 

where burrowing owl habitat still exists, or where it can be created or enhanced, and 
where the reason for its local disappearance is no longer of concern. 

3. Increase size of existing populations where possible and appropriate (for example, 
considering basic ecological principles such as carrying capacity, predator-prey 
relationships, and inter-specific relationships with other species at risk). 

4. Protect and restore self-sustaining ecosystems or natural communities which can support 
burrowing owls at a landscape scale, and which will require minimal long-term 
management. 

5. Minimize or prevent unnatural causes of burrowing owl population declines (e.g., nest 
burrow destruction, chemical control of rodent hosts and prey). 

6. Augment/restore natural dynamics of burrowing owl populations including movement and 
genetic exchange among populations, such that the species does not require future listing 
and protection under the California Endangered Species Act (CESA) and/or the federal 
Endangered Species Act (ESA). 

7. Engage stakeholders, including ranchers; farmers; military; tribes; local, state, and federal 
agencies; non-governmental organizations; and scientific research and education 
communities involved in burrowing owl protection and habitat management. 

 
ACTIVITIES WITH THE POTENTIAL TO TAKE OR IMPACT BURROWING OWLS 

 
The following activities are examples of activities that have the potential to take burrowing 
owls, their nests or eggs, or destroy or degrade burrowing owl habitat: grading, disking, 
cultivation, earthmoving, burrow blockage, heavy equipment compacting and crushing burrow 
tunnels, levee maintenance, flooding, burning and mowing (if burrows are impacted), and 
operating wind turbine collisions (collectively hereafter referred to as “projects” or “activities” 
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whether carried out pursuant to CEQA or not).  In addition, the following activities may have 
impacts to burrowing owl populations: eradication of host burrowers; changes in vegetation 
management (i.e. grazing); use of pesticides and rodenticides; destruction, conversion or 
degradation of nesting, foraging, over-wintering or other habitats; destruction of natural 
burrows and burrow surrogates; and disturbance which may result in harassment of owls at 
occupied burrows. 
 

PROJECT IMPACT EVALUATIONS 
 

The following three progressive steps are effective in evaluating whether projects will result in 
impacts to burrowing owls.  The information gained from these steps will inform any 
subsequent avoidance, minimization and mitigation measures.  The steps for project impact 
evaluations are: 1) habitat assessment, 2) surveys, and 3) impact assessment.  Habitat 
assessments are conducted to evaluate the likelihood that a site supports burrowing owl.  
Burrowing owl surveys provide information needed to determine the potential effects of 
proposed projects and activities on burrowing owls, and to avoid take in accordance with 
FGC sections 86, 3503, and 3503.5.  Impact assessments evaluate the extent to which 
burrowing owls and their habitat may be impacted, directly or indirectly, on and within a 
reasonable distance of a proposed CEQA project activity or non-CEQA project.  These three 
site evaluation steps are discussed in detail below. 
 
Biologist Qualifications 
 
The current scientific literature indicates that only individuals meeting the following minimum 
qualifications should perform burrowing owl habitat assessments, surveys, and impact 
assessments: 
 
1. Familiarity with the species and its local ecology; 
2. Experience conducting habitat assessments and non-breeding and breeding season 

surveys, or experience with these surveys conducted under the direction of an 
experienced surveyor; 

3. Familiarity with the appropriate state and federal statutes related to burrowing owls, 
scientific research, and conservation; 

4. Experience with analyzing impacts of development on burrowing owls and their habitat. 
 
Habitat Assessment Data Collection and Reporting 
 
A habitat assessment is the first step in the evaluation process and will assist investigators in 
determining whether or not occupancy surveys are needed.  Refer to Appendix B for a 
definition of burrowing owl habitat.  Compile the detailed information described in Appendix C 
when conducting project scoping, conducting a habitat assessment site visit and preparing a 
habitat assessment report. 
 
Surveys 
 
Burrowing owl surveys are the second step of the evaluation process and the best available 
scientific literature recommends that they be conducted whenever burrowing owl habitat or 
sign (see Appendix B) is encountered on or adjacent to (within 150 meters) a project site 
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(Thomsen 1971, Martin 1973).  Occupancy of burrowing owl habitat is confirmed at a site 
when at least one burrowing owl, or its sign at or near a burrow entrance, is observed within 
the last three years (Rich 1984).  Burrowing owls are more detectable during the breeding 
season with detection probabilities being highest during the nestling stage (Conway et al. 
2008).  In California, the burrowing owl breeding season extends from 1 February to 31 
August (Haug et al. 1993, Thompsen 1971) with some variances by geographic location and 
climatic conditions.  Several researchers suggest three or more survey visits during daylight 
hours (Haug and Diduik 1993, CBOC 1997, Conway and Simon 2003) and recommend each 
visit occur at least three weeks apart during the peak of the breeding season, commonly 
accepted in California as between 15 April and 15 July (CBOC 1997).  Conway and Simon 
(2003) and Conway et al. (2008) recommended conducting surveys during the day when 
most burrowing owls in a local area are in the laying and incubation period (so as not to miss 
early breeding attempts), during the nesting period, and in the late nestling period when most 
owls are spending time above ground. 
 
Non-breeding season (1 September to 31 January) surveys may provide information on 
burrowing owl occupancy, but do not substitute for breeding season surveys because results 
are typically inconclusive.  Burrowing owls are more difficult to detect during the non-breeding 
season and their seasonal residency status is difficult to ascertain.  Burrowing owls detected 
during non-breeding season surveys may be year-round residents, young from the previous 
breeding season, pre-breeding territorial adults, winter residents, dispersing juveniles, 
migrants, transients or new colonizers.  In addition, the numbers of owls and their pattern of 
distribution may differ during winter and breeding seasons.  However, on rare occasions, 
non-breeding season surveys may be warranted (i.e., if the site is believed to be a wintering 
site only based on negative breeding season results).  Refer to Appendix D for information on 
breeding season and non-breeding season survey methodologies. 
 
Survey Reports 
 
Adequate information about burrowing owls present in and adjacent to an area that will be 
disturbed by a project or activity will enable the Department, reviewing agencies and the 
public to effectively assess potential impacts and will guide the development of avoidance, 
minimization, and mitigation measures. The survey report includes but is not limited to a 
description of the proposed project or proposed activity, including the proposed project start 
and end dates, as well as a description of disturbances or other activities occurring on-site or 
nearby.  Refer to Appendix D for details included in a survey report. 
 
Impact Assessment 
 
The third step in the evaluation process is the impact assessment.  When surveys confirm 
occupied burrowing owl habitat in or adjoining the project area, there are a number of ways to 
assess a project’s potential significant impacts to burrowing owls and their habitat.  
Richardson and Miller (1997) recommended monitoring raptor behavior prior to developing 
management recommendations and buffers to determine the extent to which individuals have 
been sensitized to human disturbance.  Monitoring results will also provide detail necessary 
for developing site-specific measures.  Postovit and Postovit (1987) recommended an 
analytical approach to mitigation planning: define the problem (impact), set goals (to guide 
mitigation development), evaluate and select mitigation methods, and monitor the results.  
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Define the problem.  The impact assessment evaluates all factors that could affect burrowing 
owls.  Postovit and Postovit (1987) recommend evaluating the following in assessing impacts 
to raptors and planning mitigation: type and extent of disturbance,  duration and timing of 
disturbance, visibility of disturbance, sensitivity and ability to habituate, and influence of 
environmental factors.  They suggest identifying and addressing all potential direct and 
indirect impacts to burrowing owls, regardless of whether or not the impacts will occur during 
the breeding season.  Several examples are given for each impact category below; however, 
examples are not intended to be used exclusively. 
 
Type and extent of the disturbance.  The impact assessment describes the nature (source) 
and extent (scale) of potential project impacts on occupied, satellite and unoccupied burrows 
including acreage to be lost (temporary or permanent), fragmentation/edge being created, 
increased distance to other nesting and foraging habitat, and habitat degradation.  Discuss 
any project activities that impact either breeding and/or non-breeding habitat which could 
affect owl home range size and spatial configuration, negatively affect onsite and offsite 
burrowing owl presence, increase energetic costs, lower reproductive success, increase 
vulnerability to predation, and/or decrease the chance of procuring a mate. 
 
Duration and timing of the impact.  The impact assessment describes the amount of time the 
burrowing owl habitat will be unavailable to burrowing owls (temporary or permanent) on the 
site and the effect of that loss on essential behaviors or life history requirements of burrowing 
owls, the overlap of project activities with breeding and/or non-breeding seasons (timing of 
nesting and/or non-breeding activities may vary with latitude and climatic conditions, which 
should be considered with the timeline of the project or activity), and any variance of the 
project activities in intensity, scale and proximity relative to burrowing owl occurrences. 
 
Visibility and sensitivity.  Some individual burrowing owls or pairs are more sensitive than 
others to specific stimuli and may habituate to ongoing visual or audible disturbance.  Site-
specific monitoring may provide clues to the burrowing owl’s sensitivities.  This type of 
assessment addresses the sensitivity of burrowing owls within their nesting area to humans 
on foot, and vehicular traffic.  Other variables are whether the site is primarily in a rural 
versus urban setting, and whether any prior disturbance (e.g., human development or 
recreation) is known at the site. 
 
Environmental factors.  The impact assessment discusses any environmental factors that 
could be influenced or changed by the proposed activities including nest site availability, 
predators, prey availability, burrowing mammal presence and abundance, and threats from 
other extrinsic factors such as human disturbance, urban interface, feral animals, invasive 
species, disease or pesticides. 
 
Significance of impacts.  The impact assessment evaluates the potential loss of nesting 
burrows, satellite burrows, foraging habitat, dispersal and migration habitat, wintering habitat, 
and habitat linkages, including habitat supporting prey and host burrowers and other 
essential habitat attributes.  This assessment determines if impacts to the species will result 
in significant impacts to the species locally, regionally and range-wide per CEQA Guidelines 
§15382 and Appendix G.  The significance of the impact to habitat depends on the extent of 
habitat disturbed and length of time the habitat is unavailable (for example: minor – several 
days, medium – several weeks to months, high - breeding season affecting juvenile survival, 
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or over winter affecting adult survival). 
 
Cumulative effects.  The cumulative effects assessment evaluates two consequences: 1) the 
project’s proportional share of reasonably foreseeable impacts on burrowing owls and habitat 
caused by the project or in combination with other projects and local influences having 
impacts on burrowing owls and habitat, and 2) the effects on the regional owl population 
resulting from the project’s impacts to burrowing owls and habitat. 
 
Mitigation goals.  Establishing goals will assist in planning mitigation and selecting measures 
that function at a desired level.  Goals also provide a standard by which to measure 
mitigation success.  Unless specifically provided for through other FGC Sections or through 
specific regulations, take, possession or destruction of individual burrowing owls, their nests 
and eggs is prohibited under FGC sections 3503, 3503.5 and 3513.  Therefore, a required 
goal for all project activities is to avoid take of burrowing owls.  Under CEQA, goals would 
consist of measures that would avoid, minimize and mitigate impacts to a less than significant 
level.  For individual projects, mitigation must be roughly proportional to the level of impacts, 
including cumulative impacts, in accordance with the provisions of CEQA (CEQA Guidelines, 
§§ 15126.4(a)(4)(B), 15064, 15065, and 16355).  In order for mitigation measures to be 
effective, they must be specific, enforceable, and feasible actions that will improve 
environmental conditions.  As set forth in more detail in Appendix A, the current scientific 
literature supports the conclusion that mitigation for permanent habitat loss necessitates 
replacement with an equivalent or greater habitat area for breeding, foraging, wintering, 
dispersal, presence of burrows, burrow surrogates, presence of fossorial mammal dens, well 
drained soils, and abundant and available prey within close proximity to the burrow. 
 

MITIGATION METHODS 
 

The current scientific literature indicates that any site-specific avoidance or mitigation 
measures developed should incorporate the best practices presented below or other 
practices confirmed by experts and the Department.  The Department is available to assist in 
the development of site-specific avoidance and mitigation measures. 
 
Avoiding.  A primary goal is to design and implement projects to seasonally and spatially 
avoid negative impacts and disturbances that could result in take of burrowing owls, nests, or 
eggs.  Other avoidance measures may include but not be limited to: 
 
 Avoid disturbing occupied burrows during the nesting period, from 1 February through  

31 August. 
 Avoid impacting burrows occupied during the non-breeding season by migratory or 

non-migratory resident burrowing owls. 
 Avoid direct destruction of burrows through chaining (dragging a heavy chain over an area 

to remove shrubs), disking, cultivation, and urban, industrial, or agricultural development. 
 Develop and implement a worker awareness program to increase the on-site worker’s 

recognition of and commitment to burrowing owl protection. 
 Place visible markers near burrows to ensure that farm equipment and other machinery 

does not collapse burrows. 
 Do not fumigate, use treated bait or other means of poisoning nuisance animals in areas 

where burrowing owls are known or suspected to occur (e.g., sites observed with nesting 
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owls, designated use areas). 
 Restrict the use of treated grain to poison mammals to the months of January and 

February. 
 
Take avoidance (pre-construction) surveys.  Take avoidance surveys are intended to detect 
the presence of burrowing owls on a project site at a fixed period in time and inform 
necessary take avoidance actions.  Take avoidance surveys may detect changes in owl 
presence such as colonizing owls that have recently moved onto the site, migrating owls, 
resident burrowing owls changing burrow use, or young of the year that are still present and 
have not dispersed.  Refer to Appendix D for take avoidance survey methodology. 
 
Site surveillance.  Burrowing owls may attempt to colonize or re-colonize an area that will be 
impacted; thus, the current scientific literature indicates a need for ongoing surveillance at the 
project site during project activities is recommended.  The surveillance frequency/effort 
should be sufficient to detect burrowing owls if they return.  Subsequent to their new 
occupancy or return to the site, take avoidance measures should assure with a high degree 
of certainty that take of owls will not occur. 
 
Minimizing.  If burrowing owls and their habitat can be protected in place on or  adjacent to a 
project site, the use of buffer zones, visual screens or other measures while project activities 
are occurring can minimize disturbance impacts.  Conduct site-specific monitoring to inform 
development of buffers (see Visibility and sensitivity above).  The following general guidelines 
for implementing buffers should be adjusted to address site-specific conditions using the 
impact assessment approach described above.  The CEQA lead agency and/or project 
proponent is encouraged to consult with the Department and other burrowing owl experts for 
assistance in developing site-specific buffer zones and visual screens. 
 
Buffers.  Holroyd et al. (2001) identified a need to standardize management and disturbance 
mitigation guidelines.  For instance, guidelines for mitigating impacts by petroleum industries 
on burrowing owls and other prairie species (Scobie and Faminow, 2000) may be used as a 
template for future mitigation guidelines (Holroyd et al. 2001).  Scobie and Faminow (2000) 
developed guidelines for activities around occupied burrowing owl nests recommending 
buffers around low, medium, and high disturbance activities, respectively (see below). 
 
Recommended restricted activity dates and setback distances by level of disturbance for 
burrowing owls (Scobie and Faminow 2000). 
 

Level of Disturbance Location Time of Year Low Med High 
Nesting sites April 1-Aug 15  200 m* 500 m 500 m 
Nesting sites Aug 16-Oct 15  200 m 200 m 500 m 
Nesting sites Oct 16-Mar 31  50 m 100 m 500 m 

  
* meters (m) 
 
Based on existing vegetation, human development, and land uses in an area, resource 
managers may decide to allow human development or resource extraction closer to these 
area/sites than recommended above.  However, if it is decided to allow activities closer than 
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the setback distances recommended, a broad-scale, long-term, scientifically-rigorous 
monitoring program ensures that burrowing owls are not detrimentally affected by alternative 
approaches. 

 
Other minimization measures include eliminating actions that reduce burrowing owl forage 
and burrowing surrogates (e.g. ground squirrel), or introduce/facilitate burrowing owl 
predators.  Actions that could influence these factors include reducing livestock grazing rates 
and/or changing the timing or duration of grazing or vegetation management that could result 
in less suitable habitat. 
 
Burrow exclusion and closure.  Burrow exclusion is a technique of installing one-way doors in 
burrow openings during the non-breeding season to temporarily exclude burrowing owls, or 
permanently exclude burrowing owls and close burrows after verifying burrows are empty by 
site monitoring and scoping.  Exclusion in and of itself is not a take avoidance, minimization 
or mitigation method.  Eviction of burrowing owls is a potentially significant impact under 
CEQA. 
  
The long-term demographic consequences of these techniques have not been thoroughly 
evaluated, and the fate of evicted or excluded burrowing owls has not been systematically 
studied.  Because burrowing owls are dependent on burrows at all times of the year for 
survival and/or reproduction, evicting them from nesting, roosting, and satellite burrows may 
lead to indirect impacts or take.  Temporary or permanent closure of burrows may result in 
significant loss of burrows and habitat for reproduction and other life history requirements.  
Depending on the proximity and availability of alternate habitat, loss of access to burrows will 
likely result in varying levels of increased stress on burrowing owls and could depress 
reproduction, increase predation, increase energetic costs, and introduce risks posed by 
having to find and compete for available burrows.  Therefore, exclusion and burrow closure 
are not recommended where they can be avoided.  The current scientific literature indicates 
consideration of all possible avoidance and minimization measures before temporary or 
permanent exclusion and closure of burrows is implemented, in order to avoid take. 
  
The results of a study by Trulio (1995) in California showed that burrowing owls passively 
displaced from their burrows were quickly attracted to adjacent artificial burrows at five of six 
passive relocation sites.  The successful sites were all within 75 meters (m) of the destroyed 
burrow, a distance generally within a pair's territory.  This researcher discouraged using 
passive relocation to artificial burrows as a mitigation measure for lost burrows without 
protection of adjacent foraging habitat.  The study results indicated artificial burrows were 
used by evicted burrowing owls when they were approximately 50-100 m from the natural 
burrow (Thomsen 1971, Haug and Oliphant 1990).  Locating artificial or natural burrows more 
than 100 m from the eviction burrow may greatly reduce the chances that new burrows will be 
used.  Ideally, exclusion and burrow closure is employed only where there are adjacent 
natural burrows and non-impacted, sufficient habitat for burrowing owls to occupy with 
permanent protection mechanisms in place.  Any new burrowing owl colonizing the project 
site after the CEQA document has been adopted may constitute changed circumstances that 
should be addressed in a re-circulated CEQA document. 
  
The current scientific literature indicates that burrow exclusion should only be conducted by 
qualified biologists (meeting the Biologist’s Qualifications above) during the non-breeding 
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season, before breeding behavior is exhibited and after the burrow is confirmed empty by site 
surveillance and/or scoping.  The literature also indicates that when temporary or permanent 
burrow exclusion and/or burrow closure is implemented, burrowing owls should not be 
excluded from burrows unless or until: 
 
 A Burrowing Owl Exclusion Plan (see Appendix E) is developed and approved by the 

applicable local DFG office; 
 Permanent loss of occupied burrow(s) and habitat is mitigated in accordance with the 

Mitigating Impacts sections below.  Temporary exclusion is mitigated in accordance with 
the item #1 under Mitigating Impacts below. 

 Site monitoring is conducted prior to, during, and after exclusion of burrowing owls from 
their burrows sufficient to ensure take is avoided.  Conduct daily monitoring for one week 
to confirm young of the year have fledged if the exclusion will occur immediately after the 
end of the breeding season. 

 Excluded burrowing owls are documented using artificial or natural burrows on an 
adjoining mitigation site (if able to confirm by band re-sight). 

 
Translocation (Active relocation offsite >100 meters).  At this time, there is little published 
information regarding the efficacy of translocating burrowing owls, and additional research is 
needed to determine subsequent survival and breeding success (Klute et al. 2003, Holroyd et 
al. 2001).  Study results for translocation in Florida implied that hatching success may be 
decreased for populations of burrowing owls that undergo translocation (Nixon 2006).  At this 
time, the Department is unable to authorize the capture and relocation of burrowing owls 
except within the context of scientific research (FGC §1002) or a NCCP conservation 
strategy. 

 
Mitigating impacts.  Habitat loss and degradation from rapid urbanization of farmland in the 
core areas of the Central and Imperial valleys is the greatest of many threats to burrowing 
owls in California (Shuford and Gardali, 2008).  At a minimum, if burrowing owls have been 
documented to occupy burrows (see Definitions, Appendix B) at the project site in recent 
years, the current scientific literature supports the conclusion that the site should be  
considered occupied and mitigation should be required by the CEQA lead agency to address 
project-specific significant and cumulative impacts.  Other site-specific and regionally 
significant and cumulative impacts may warrant mitigation.  The current scientific literature 
indicates the following to be best practices.  If these best practices cannot be implemented, 
the lead agency or lead investigator may consult with the Department to develop effective 
mitigation alternatives. The Department is also available to assist in the identification of 
suitable mitigation lands.   
 
1. Where habitat will be temporarily disturbed, restore the disturbed area to pre-project 

condition including decompacting soil and revegetating.  Permanent habitat protection 
may be warranted if there is the potential that the temporary impacts may render a 
nesting site (nesting burrow and satellite burrows) unsustainable or unavailable 
depending on the time frame, resulting in reduced survival or abandonment.  For the 
latter potential impact, see the permanent impact measures below. 

2. Mitigate for permanent impacts to nesting, occupied and satellite burrows and/or 
burrowing owl habitat such that the habitat acreage, number of burrows and burrowing 
owls impacted are replaced based on the information provided in Appendix A.  Note: A 
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minimum habitat replacement recommendation is not provided here as it has been 
shown to serve as a default, replacing any site-specific analysis and discounting the 
wide variation in natal area, home range, foraging area, and other factors influencing 
burrowing owls and burrowing owl population persistence in a particular area. 

3. Mitigate for permanent impacts to nesting, occupied and satellite burrows and burrowing 
owl habitat with (a) permanent conservation of similar vegetation communities 
(grassland, scrublands, desert, urban, and agriculture) to provide for burrowing owl 
nesting, foraging, wintering, and dispersal (i.e., during breeding and non-breeding 
seasons) comparable to or better than that of the impact area, and (b) sufficiently large 
acreage, and presence of fossorial mammals.  The mitigation lands may require habitat 
enhancements including enhancement or expansion of burrows for breeding, shelter 
and dispersal opportunity, and removal or control of population stressors.  If the 
mitigation lands are located adjacent to the impacted burrow site, ensure the nearest 
neighbor artificial or natural burrow clusters are at least within 210 meters (Fisher et al. 
2007). 

4. Permanently protect mitigation land through a conservation easement deeded to a non-
profit conservation organization or public agency with a conservation mission, for the 
purpose of conserving burrowing owl habitat and prohibiting activities incompatible with 
burrowing owl use.  If the project is located within the service area of a Department-
approved burrowing owl conservation bank, the project proponent may purchase 
available burrowing owl conservation bank credits. 

5. Develop and implement a mitigation land management plan to address long-term 
ecological sustainability and maintenance of the site for burrowing owls (see 
Management Plan and Artificial Burrow sections below, if applicable). 

6. Fund the maintenance and management of mitigation land through the establishment of 
a long-term funding mechanism such as an endowment. 

7. Habitat should not be altered or destroyed, and burrowing owls should not be excluded 
from burrows, until mitigation lands have been legally secured, are managed for the 
benefit of burrowing owls according to Department-approved management, monitoring 
and reporting plans, and the endowment or other long-term funding mechanism is in 
place or security is provided until these measures are completed. 

8. Mitigation lands should be on, adjacent or proximate to the impact site where possible 
and where habitat is sufficient to support burrowing owls present.  

9. Where there is insufficient habitat on, adjacent to, or near project sites where burrowing 
owls will be excluded, acquire mitigation lands with burrowing owl habitat away from the 
project site.  The selection of mitigation lands should then focus on consolidating and 
enlarging conservation areas located outside of urban and planned growth areas, within 
foraging distance of other conserved lands.  If mitigation lands are not available adjacent 
to other conserved lands, increase the mitigation land acreage requirement to ensure a 
selected site is of sufficient size.  Offsite mitigation may not adequately offset the 
biological and habitat values impacted on a one to one basis.  Consult with the 
Department when determining offsite mitigation acreages. 

10. Evaluate and select suitable mitigation lands based on a comparison of the habitat 
attributes of the impacted and conserved lands, including but not limited to: type and 
structure of habitat being impacted or conserved; density of burrowing owls in impacted 
and conserved habitat; and significance of impacted or conserved habitat to the species 
range-wide.  Mitigate for the highest quality burrowing owl habitat impacted first and 
foremost when identifying mitigation lands, even if a mitigation site is located outside of 
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a lead agency’s jurisdictional boundary, particularly if the lead agency is a city or special 
district. 

11. Select mitigation lands taking into account the potential human and wildlife conflicts or 
incompatibility, including but not limited to, human foot and vehicle traffic, and predation 
by cats, loose dogs and urban-adapted wildlife, and incompatible species management 
(i.e., snowy plover). 

12. Where a burrowing owl population appears to be highly adapted to heavily altered 
habitats such as golf courses, airports, athletic fields, and business complexes, 
permanently protecting the land, augmenting the site with artificial burrows, and 
enhancing and maintaining those areas may enhance sustainability of the burrowing owl 
population onsite.  Maintenance includes keeping lands grazed or mowed with weed-
eaters or push mowers, free from trees and shrubs, and preventing excessive human 
and human-related disturbance (e.g., walking, jogging, off-road activity, dog-walking) 
and loose and feral pets (chasing and, presumably, preying upon owls) that make the 
environment uninhabitable for burrowing owls (Wesemann and Rowe 1985, Millsap and 
Bear 2000, Lincer and Bloom 2007).  Items 4, 5 and 6 also still apply to this mitigation 
approach. 

13. If there are no other feasible mitigation options available and a lead agency is willing to 
establish and oversee a Burrowing Owl Mitigation and Conservation Fund that funds on 
a competitive basis acquisition and permanent habitat conservation, the project 
proponent may participate in the lead agency’s program. 

 
Artificial burrows.  Artificial burrows have been used to replace natural burrows either 
temporarily or long-term and their long-term success is unclear.  Artificial burrows may be an 
effective addition to in-perpetuity habitat mitigation if they are augmenting natural burrows, 
the burrows are regularly maintained (i.e., no less than annual, with biennial maintenance 
recommended), and surrounding habitat patches are carefully maintained.  There may be 
some circumstances, for example at airports, where squirrels will not be allowed to persist 
and create a dynamic burrow system, where artificial burrows may provide some support to 
an owl population. 
  
Many variables may contribute to the successful use of artificial burrows by burrowing owls, 
including pre-existence of burrowing owls in the area, availability of food, predators, 
surrounding vegetation and proximity, number of natural burrows in proximity, type of 
materials used to build the burrow, size of the burrow and entrance, direction in which the 
burrow entrance is facing, slope of the entrance, number of burrow entrances per burrow, 
depth of the burrow, type and height of perches, and annual maintenance needs (Belthoff 
and King 2002, Smith et al. 2005, Barclay et al. 2011).  Refer to Barclay (2008) and (2011) 
and to Johnson et al. 2010 (unpublished report) for guidance on installing artificial burrows 
including recommendations for placement, installation and maintenance. 
  
Any long-term reliance on artificial burrows as natural burrow replacements must include 
semi-annual to annual cleaning and maintenance and/or replacement (Barclay et al. 2011, 
Smith and Conway 2005, Alexander et al. 2005) as an ongoing management practice.  
Alexander et al. (2005), in a study of the use of artificial burrows found that all of 20 artificial 
burrows needed some annual cleaning and maintenance.  Burrows were either excavated by 
predators, blocked by soil or vegetation, or experienced substrate erosion forming a space 
beneath the tubing that prevented nestlings from re-entering the burrow. 
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Mitigation lands management plan.  Develop a Mitigation Lands Management Plan for 
projects that require off-site or on-site mitigation habitat protection to ensure compliance with 
and effectiveness of identified management actions for the mitigation lands.  A suggested 
outline and related vegetation management goals and monitoring success criteria can be 
found in Appendix E. 
 
Mitigation Monitoring and Reporting 
 
Verify the compliance with required mitigation measures, the accuracy of predictions, and 
ensure the effectiveness of all mitigation measures for burrowing owls by conducting follow-
up monitoring, and implementing midcourse corrections, if necessary, to protect burrowing 
owls.  Refer to CEQA Guidelines Section 15097 and the CEQA Guidelines for additional 
guidance on mitigation, monitoring and reporting.  Monitoring is qualitatively different from 
site surveillance; monitoring normally has a specific purpose and its outputs and outcomes 
will usually allow a comparison with some baseline condition of the site before the mitigation 
(including avoidance and minimization) was undertaken.  Ideally, monitoring should be based 
on the Before-After Control-Impact (BACI) principle (McDonald et al. 2000) that requires 
knowledge of the pre-mitigation state to provide a reference point for the state and change in 
state after the project and mitigation have been implemented. 
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Appendix A.  Burrowing Owl Natural History and Threats 
 
Diet 
 
Burrowing owl diet includes arthropods, small rodents, birds, amphibians, reptiles, and 
carrion (Haug et al. 1993).  
 
Breeding 
 
In California, the breeding season for the burrowing owl typically occurs between 1 February 
and 31 August although breeding in December has been documented (Thompson 1971, 
Gervais et al. 2008); breeding behavior includes nest site selection by the male, pair 
formation, copulation, egg laying, hatching, fledging, and post-fledging care of young by the 
parents.  The peak of the breeding season occurs between 15 April and 15 July and is the 
period when most burrowing owls have active nests (eggs or young).  The incubation period 
lasts 29 days (Coulombe 1971) and young fledge after 44 days (Haug et al. 1993).  Note that 
the timing of nesting activities may vary with latitude and climatic conditions.  Burrowing owls 
may change burrows several times during the breeding season, starting when nestlings are 
about three weeks old (Haug et al. 1993). 
 
Dispersal 
 
The following discussion is an excerpt from Gervais et al (2008): 
 

“The burrowing owl is often considered a sedentary species (e.g., Thomsen 1971).  
A large proportion of adults show strong fidelity to their nest site from year to year, 
especially where resident, as in Florida (74% for females, 83% for males; Millsap 
and Bear 1997).  In California, nest-site fidelity rates were 32%–50% in a large 
grassland and 57% in an agricultural environment (Ronan 2002, Catlin 2004, Catlin 
et al. 2005).  Differences in these rates among sites may reflect differences in nest 
predation rates (Catlin 2004, Catlin et al. 2005).  Despite the high nest fidelity 
rates, dispersal distances may be considerable for both juveniles (natal dispersal) 
and adults (postbreeding dispersal), but this also varied with location (Catlin 2004, 
Rosier et al. 2006).  Distances of 53 km to roughly 150 km have been observed in 
California for adult and natal dispersal, respectively (D. K. Rosenberg and J. A. 
Gervais, unpublished data), despite the difficulty in detecting movements beyond 
the immediate study area (Koenig et al. 1996).” 

 
Habitat 
 
The burrowing owl is a small, long-legged, ground-dwelling bird species, well-adapted to 
open, relatively flat expanses.  In California, preferred habitat is generally typified by short, 
sparse vegetation with few shrubs, level to gentle topography and well-drained soils (Haug et 
al. 1993).  Grassland, shrub steppe, and desert are naturally occurring habitat types used by 
the species.  In addition, burrowing owls may occur in some agricultural areas, ruderal grassy 
fields, vacant lots and pastures if the vegetation structure is suitable and there are useable 
burrows and foraging habitat in proximity (Gervais et al 2008).  Unique amongst North 

PC ORIGINAL PKG



03/7/12 DFG BUOW Staff Report 21          

American raptors, the burrowing owl requires underground burrows or other cavities for 
nesting during the breeding season and for roosting and cover, year round.  Burrows used by 
the owls are usually dug by other species termed host burrowers. In California, California 
ground squirrel (Spermophilus beecheyi) and round-tailed ground squirrel (Citellus 
tereticaudus) burrows are frequently used by burrowing owls but they may use dens or holes 
dug by other fossorial species including badger (Taxidea taxus), coyote (Canis latrans), and 
fox (e.g., San Joaquin kit fox, Vulpes macrotis mutica; Ronan 2002).  In some instances, owls 
have been known to excavate their own burrows (Thompson 1971, Barclay 2007).  Natural 
rock cavities, debris piles, culverts, and pipes also are used for nesting and roosting 
(Rosenberg et al. 1998).  Burrowing owls have been documented using artificial burrows for 
nesting and cover (Smith and Belthoff, 2003). 
 
Foraging habitat.  Foraging habitat is essential to burrowing owls.  The following discussion is 
an excerpt from Gervais et al. (2008): 
 

“Useful as a rough guide to evaluating project impacts and appropriate mitigation 
for burrowing owls, adult male burrowing owls home ranges have been 
documented (calculated by minimum convex polygon) to comprise anywhere from 
280 acres in intensively irrigated agroecosystems in Imperial Valley (Rosenberg 
and Haley 2004) to 450 acres in mixed agricultural lands at Lemoore Naval Air 
Station, CA (Gervais et al. 2003), to 600 acres in pasture in Saskatchewan, 
Canada (Haug and Oliphant 1990).  But owl home ranges may be much larger, 
perhaps by an order of magnitude, in non-irrigated grasslands such as at Carrizo 
Plain, California (Gervais et al. 2008), based on telemetry studies and distribution 
of nests.  Foraging occurs primarily within 600 m of their nests (within 
approximately 300 acres, based on a circle with a 600 m radius) during the 
breeding season.” 
 

Importance of burrows and adjacent habitat.  Burrows and the associated surrounding habitat 
are essential ecological requisites for burrowing owls throughout the year and especially 
during the breeding season.  During the non-breeding season, burrowing owls remain closely 
associated with burrows, as they continue to use them as refuge from predators, shelter from 
weather and roost sites.  Resident populations will remain near the previous season’s nest 
burrow at least some of the time (Coulombe 1971, Thomsen 1971, Botelho 1996, LaFever et 
al. 2008). 
 
In a study by Lutz and Plumpton (1999) adult males and females nested in formerly used 
sites at similar rates (75% and 63%, respectively) (Lutz and Plumpton 1999).  Burrow fidelity 
has been reported in some areas; however, more frequently, burrowing owls reuse traditional 
nesting areas without necessarily using the same burrow (Haug et al. 1993, Dechant et al. 
1999).  Burrow and nest sites are re-used at a higher rate if the burrowing owl has 
reproduced successfully during the previous year (Haug et al. 1993) and if the number of 
burrows isn’t limiting nesting opportunity. 
 
Burrowing owls may use “satellite” or non-nesting burrows, moving young at 10-14 days, 
presumably to reduce risk of predation (Desmond and Savidge 1998) and possibly to avoid 
nest parasites (Dechant et al. 1999).  Successful nests in Nebraska had more active satellite 
burrows within 75 m of the nest burrow than unsuccessful nests (Desmond and Savidge 

PC ORIGINAL PKG



03/7/12 DFG BUOW Staff Report 22          

1999).  Several studies have documented the number of satellite burrows used by young and 
adult burrowing owls during the breeding season as between one and 11 burrows with an 
average use of approximately five burrows (Thompsen 1984, Haug 1985, Haug and Oliphant 
1990).  Supporting the notion of selecting for nest sites near potential satellite burrows, 
Ronan (2002) found burrowing owl families would move away from a nest site if their satellite 
burrows were experimentally removed through blocking their entrance. 
 
Habitat adjacent to burrows has been documented to be important to burrowing owls.  
Gervais et al. (2003) found that home range sizes of male burrowing owls during the nesting 
season were highly variable within but not between years.  Their results also suggested that 
owls concentrate foraging efforts within 600 meters of the nest burrow, as was observed in 
Canada (Haug and Oliphant 1990) and southern California (Rosenberg and Haley 2004).  
James et al. (1997), reported habitat modification factors causing local burrowing owl 
declines included habitat fragmentation and loss of connectivity.   
 
In conclusion, the best available science indicates that essential habitat for the burrowing owl 
in California must include suitable year-round habitat, primarily for breeding, foraging, 
wintering and dispersal habitat consisting of short or sparse vegetation (at least at some time 
of year), presence of burrows, burrow surrogates or presence of fossorial mammal dens, 
well-drained soils, and abundant and available prey within close proximity to the burrow. 
 
Threats to Burrowing Owls in California 
 
Habitat loss.  Habitat loss, degradation, and fragmentation are the greatest threats to 
burrowing owls in California.  According to DeSante et al. (2007), “the vast majority of 
burrowing owls [now] occur in the wide, flat lowland valleys and basins of the Imperial Valley 
and Great Central Valley [where] for the most part,...the highest rates of residential and 
commercial development in California are occurring.”  Habitat loss from the State’s long 
history of urbanization in coastal counties has already resulted in either extirpation or drastic 
reduction of burrowing owl populations there (Gervais et al. 2008).  Further, loss of 
agricultural and other open lands (such as grazed landscapes) also negatively affect owl 
populations.  Because of their need for open habitat with low vegetation, burrowing owls are 
unlikely to persist in agricultural lands dominated by vineyards and orchards (Gervais et al. 
2008). 
 
Control of burrowing rodents.  According to Klute et al. (2003), the elimination of burrowing 
rodents through control programs is a primary factor in the recent and historical decline of 
burrowing owl populations nationwide.  In California, ground squirrel burrows are most often 
used by burrowing owls for nesting and cover; thus, ground squirrel control programs may 
affect owl numbers in local areas by eliminating a necessary resource. 
 
Direct mortality.  Burrowing owls suffer direct losses from a number of sources.  Vehicle 
collisions are a significant source of mortality especially in the urban interface and where owls 
nest alongside roads (Haug et al. 1993, Gervais et al. 2008).  Road and ditch maintenance, 
modification of water conveyance structures (Imperial Valley) and discing to control weeds in 
fallow fields may destroy burrows (Rosenberg and Haley 2004, Catlin and Rosenberg 2006) 
which may trap or crush owls.  Wind turbines at Altamont Pass Wind Resource Area are 
known to cause direct burrowing owl mortality (Thelander et al. 2003).  Exposure to 
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pesticides may pose a threat to the species but is poorly understood (Klute et al. 2003, 
Gervais et al. 2008). 
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Appendix B.  Definitions 
 
Some key terms that appear in this document are defined below. 
 
Adjacent habitat means burrowing owl habitat that abuts the area where habitat and 
burrows will be impacted and rendered non-suitable for occupancy. 
 
Breeding (nesting) season begins as early as 1 February and continues through 31 August 
(Thomsen 1971, Zarn 1974).  The timing of breeding activities may vary with latitude and 
climatic conditions.  The breeding season includes pairing, egg-laying and incubation, and 
nestling and fledging stages. 
 
Burrow exclusion is a technique of installing one-way doors in burrow openings during the 
non-breeding season to temporarily exclude burrowing owls or permanently exclude 
burrowing owls and excavate and close burrows after confirming burrows are empty. 

 
Burrowing owl habitat generally includes, but is not limited to, short or sparse vegetation (at 
least at some time of year), presence of burrows, burrow surrogates or presence of fossorial 
mammal dens, well-drained soils, and abundant and available prey. 
 
Burrow surrogates include culverts, piles of concrete rubble, piles of soil, burrows created 
along soft banks of ditches and canals, pipes, and similar structures. 
 
Civil twilight - Morning civil twilight begins when the geometric center of the sun is 6 degrees 
below the horizon (civil dawn) and ends at sunrise. Evening civil twilight begins at sunset and 
ends when the geometric center of the sun reaches 6 degrees below the horizon (civil dusk). 
During this period there is enough light from the sun that artificial sources of light may not be 
needed to carry on outdoor activities. This concept is sometimes enshrined in laws, for 
example, when drivers of automobiles must turn on their headlights (called lighting-up time in 
the UK); when pilots may exercise the rights to fly aircraft. Civil twilight can also be described 
as the limit at which twilight illumination is sufficient, under clear weather conditions, for 
terrestrial objects to be clearly distinguished; at the beginning of morning civil twilight, or end 
of evening civil twilight, the horizon is clearly defined and the brightest stars are visible under 
clear atmospheric conditions. 
 
Conservation for burrowing owls may include but may not be limited to protecting remaining 
breeding pairs or providing for population expansion, protecting and enhancing breeding and 
essential habitat, and amending or augmenting land use plans to stabilize populations and 
other specific actions to avoid the need to list the species pursuant to California or federal 
Endangered Species Acts. 
 
Contiguous means connected together so as to form an uninterrupted expanse in space. 
 
Essential habitat includes nesting, foraging, wintering, and dispersal habitat. 
 
Foraging habitat is habitat within the estimated home range of an occupied burrow, supports 
suitable prey base, and allows for effective hunting. 
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Host burrowers include ground squirrels, badgers, foxes, coyotes, gophers etc. 
 

Locally significant species is a species that is not rare from a statewide perspective but is 
rare or uncommon in a local context such as within a county or region (CEQA §15125 (c)) or 
is so designated in local or regional plans, policies, or ordinances (CEQA Guidelines, 
Appendix G). Examples include a species at the outer limits of its known range or occurring in 
a unique habitat type. 
 
Non-breeding season is the period of time when nesting activity is not occurring, generally 
September 1 through January 31, but may vary with latitude and climatic conditions. 
 
Occupied site or occupancy means a site that is assumed occupied if at least one 
burrowing owl has been observed occupying a burrow within the last three years (Rich 1984).  
Occupancy of suitable burrowing owl habitat may also be indicated by owl sign including its 
molted feathers, cast pellets, prey remains, eggshell fragments, or excrement at or near a 
burrow entrance or perch site. 
 
Other impacting activities may include but may not be limited to agricultural practices, 
vegetation management and fire control, pest management, conversion of habitat from 
rangeland or natural lands to more intensive agricultural uses that could result in “take”.  
These impacting activities may not meet the definition of a project under CEQA. 
 
Passive relocation is a technique of installing one-way doors in burrow openings to 
temporarily or permanently evict burrowing owls and prevent burrow re-occupation. 
 
Peak of the breeding season is between 15 April and 15 July. 
 
Sign includes its tracks, molted feathers, cast pellets (defined as 1-2” long brown to black 
regurgitated pellets consisting of non-digestible portions of the owls’ diet, such as fur, bones, 
claws, beetle elytra, or feathers), prey remains, egg shell fragments, owl white wash, nest 
burrow decoration materials (e.g., paper, foil, plastic items, livestock or other animal manure, 
etc.), possible owl perches, or other items. 
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Appendix C. Habitat Assessment and Reporting Details 
 
Habitat Assessment Data Collection and Reporting 
 
Current scientific literature indicates that it would be most effective to gather the data in the 
manner described below when conducting project scoping, conducting a habitat assessment 
site visit and preparing a habitat assessment report: 
 
1. Conduct at least one visit covering the entire potential project/activity area including areas 

that will be directly or indirectly impacted by the project.  Survey adjoining areas within 
150 m (Thomsen 1971, Martin 1973), or more where direct or indirect effects could 
potentially extend offsite.  If lawful access cannot be achieved to adjacent areas, surveys 
can be performed with a spotting scope or other methods. 

2. Prior to the site visit, compile relevant biological information for the site and surrounding 
area to provide a local and regional context.   

3. Check all available sources for burrowing owl occurrence information regionally prior to a 
field inspection.  The CNDDB and BIOS (see References cited) may be consulted for 
known occurrences of burrowing owls.  Other sources of information include, but are not 
limited to, the Proceedings of the California Burrowing Owl Symposium (Barclay et al. 
2007), county bird atlas projects, Breeding Bird Survey records, eBIRD (http://ebird.org), 
Gervais et al. (2008), local reports or experts, museum records, and other site-specific 
relevant information. 

4. Identify vegetation and habitat types potentially supporting burrowing owls in the project 
area and vicinity. 

5. Record and report on the following information: 
a. A full description of the proposed project, including but not limited to, expected work 

periods, daily work schedules, equipment used, activities performed (such as drilling, 
construction, excavation, etc.) and whether the expected activities will vary in location 
or intensity over the project’s timeline; 

b. A regional setting map, showing the general project location relative to major roads 
and other recognizable features; 

c. A detailed map (preferably a USGS topo 7.5’ quad base map) of the site and proposed 
project, including the footprint of proposed land and/or vegetation-altering activities, 
base map source, identifying topography, landscape features, a north arrow, bar scale, 
and legend; 

d. A written description of the biological setting, including location (Section, Township, 
Range, baseline and meridian), acreage, topography, soils, geographic and hydrologic 
characteristics, land use and management history on and adjoining the site (i.e., 
whether it is urban, semi-urban or rural; whether there is any evidence of past or 
current livestock grazing, mowing, disking, or other vegetation management activities); 

e. An analysis of any relevant, historical information concerning burrowing owl use or 
occupancy (breeding, foraging, over-wintering) on site or in the assessment area; 

f. Vegetation type and structure (using Sawyer et al. 2009), vegetation height, habitat 
types and features in the surrounding area plus a reasonably sized (as supported with 
logical justification) assessment area; (Note: use caution in discounting habitat based 
on grass height as it can be a temporary condition variable by season and conditions 
(such as current grazing regime) or may be distributed as a mosaic). 
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g. The presence of burrowing owl individuals or pairs or sign (see Appendix B); 
h. The presence of suitable burrows and/or burrow surrogates (>11 cm in diameter 

(height and width) and >150 cm in depth) (Johnson et al. 2010), regardless of a lack of 
any burrowing owl sign and/or burrow surrogates; and burrowing owls and/or their sign 
that have recently or historically (within the last 3 years) been identified on or adjacent 
to the site. 
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Appendix D. Breeding and Non-breeding Season Surveys and 
Reports 
 
Current scientific literature indicates that it is most effective to conduct breeding and non-
breeding season surveys and report in the manner that follows: 
 
Breeding Season Surveys 
 
Number of visits and timing.  Conduct 4 survey visits: 1) at least one site visit between 15 
February and 15 April, and 2) a minimum of three survey visits, at least three weeks apart, 
between 15 April and 15 July, with at least one visit after 15 June.  Note: many burrowing owl 
migrants are still present in southwestern California during mid-March, therefore, exercise 
caution in assuming breeding occupancy early in the breeding season. 
 
Survey method.  Rosenberg et al. (2007) confirmed walking line transects were most 
effective in smaller habitat patches.  Conduct surveys in all portions of the project site that 
were identified in the Habitat Assessment and fit the description of habitat in Appendix A.  
Conduct surveys by walking straight-line transects spaced 7 m to 20 m apart, adjusting for 
vegetation height and density (Rosenberg et al. 2007).  At the start of each transect and, at 
least, every 100 m, scan the entire visible project area for burrowing owls using binoculars.  
During walking surveys, record all potential burrows used by burrowing owls as determined 
by the presence of one or more burrowing owls, pellets, prey remains, whitewash, or 
decoration.  Some burrowing owls may be detected by their calls, so observers should also 
listen for burrowing owls while conducting the survey.  
 
Care should be taken to minimize disturbance near occupied burrows during all seasons and 
not to “flush” burrowing owls especially if predators are present to reduce any potential for 
needless energy expenditure or burrowing owl mortality.  Burrowing owls may flush if 
approached by pedestrians within 50 m (Conway et al. 2003).  If raptors or other predators 
are present that may suppress burrowing owl activity, return at another time or later date for a 
follow-up survey.  
 
Check all burrowing owls detected for bands and/or color bands and report band 
combinations to the Bird Banding Laboratory (BBL).  Some site-specific variations to survey 
methods discussed below may be developed in coordination with species experts and 
Department staff. 
 
Weather conditions.  Poor weather may affect the surveyor’s ability to detect burrowing owls, 
therefore, avoid conducting surveys when wind speed is >20 km/hr, and there is precipitation 
or dense fog.  Surveys have greater detection probability if conducted when ambient 
temperatures are >20º C, <12 km/hr winds, and cloud cover is <75% (Conway et al. 2008).  
 
Time of day.  Daily timing of surveys varies according to the literature, latitude, and survey 
method.  However, surveys between morning civil twilight and 10:00 AM and two hours 
before sunset until evening civil twilight provide the highest detection probabilities (Barclay 
pers. comm. 2012, Conway et al. 2008).  
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Alternate methods.  If the project site is large enough to warrant an alternate method, consult 
current literature for generally accepted survey methods and consult with the Department on 
the proposed survey approach. 
 
Additional breeding season site visits.  Additional breeding season site visits may be 
necessary, especially if non-breeding season exclusion methods are contemplated.  Detailed 
information, such as approximate home ranges of each individual or of family units, as well as 
foraging areas as related to the proposed project, will be important to document for 
evaluating impacts, planning avoidance measure implementation and for mitigation measure 
performance monitoring. 
 
Adverse conditions may prevent investigators from determining presence or occupancy.  
Disease, predation, drought, high rainfall or site disturbance may preclude presence of 
burrowing owls in any given year.  Any such conditions should be identified and discussed in 
the survey report.  Visits to the site in more than one year may increase the likelihood of 
detection.  Also, visits to adjacent known occupied habitat may help determine appropriate 
survey timing. 
 
Given the high site fidelity shown by burrowing owls (see Appendix A, Importance of 
burrows), conducting surveys over several years may be necessary when project activities 
are ongoing, occur annually, or start and stop seasonally.  (See Negative surveys). 
 
Non-breeding Season Surveys 
 
If conducting non-breeding season surveys, follow the methods described above for breeding 
season surveys, but conduct at least four (4) visits, spread evenly, throughout the non-
breeding season.  Burrowing owl experts and local Department staff are available to assist 
with interpreting results. 
 
Negative Surveys 
 
Adverse conditions may prevent investigators from documenting presence or occupancy.  
Disease, predation, drought, high rainfall or site disturbance may preclude presence of 
burrowing owl in any given year.  Discuss such conditions in the Survey Report.  Visits to the 
site in more than one year increase the likelihood of detection and failure to locate burrowing 
owls during one field season does not constitute evidence that the site is no longer occupied, 
particularly if adverse conditions influenced the survey results.  Visits to other nearby known 
occupied sites can affirm whether the survey timing is appropriate. 
 
Take Avoidance Surveys 
 
Field experience from 1995 to present supports the conclusion that it would be effective to 
complete an initial take avoidance survey no less than 14 days prior to initiating ground 
disturbance activities using the recommended methods described in the Detection Surveys 
section above.  Implementation of avoidance and minimization measures would be triggered 
by positive owl presence on the site where project activities will occur.  The development of 
avoidance and minimization approaches would be informed by monitoring the burrowing 
owls. 

PC ORIGINAL PKG



03/7/12 DFG BUOW Staff Report 30          

 
Burrowing owls may re-colonize a site after only a few days.  Time lapses between project 
activities trigger subsequent take avoidance surveys including but not limited to a final survey 
conducted within 24 hours prior to ground disturbance.   
 
Survey Reports 
 
Report on the survey methods used and results including the information described in the 
Summary Report and include the reports within the CEQA documentation: 
 
1. Date, start and end time of surveys including weather conditions (ambient temperature, 

wind speed, percent cloud cover, precipitation and visibility); 
2. Name(s) of surveyor(s) and qualifications; 
3. A discussion of how the timing of the survey affected the comprehensiveness and 

detection probability; 
4. A description of survey methods used including transect spacing, point count dispersal 

and duration, and any calls used; 
5. A description and justification of the area surveyed relative to the project area; 
6. A description that includes: number of owls or nesting pairs at each location (by nestlings, 

juveniles, adults, and those of an unknown age), number of burrows being used by owls, 
and burrowing owl sign at burrows.  Include a description of individual markers, such as 
bands (numbers and colors), transmitters, or unique natural identifying features.  If any 
owls are banded, request documentation from the BBL and bander to report on the details 
regarding the known history of the banded burrowing owl(s) (age, sex, origins, whether it 
was previously relocated) and provide with the report if available; 

7. A description of the behavior of burrowing owls during the surveys, including feeding, 
resting, courtship, alarm, territorial defense, and those indicative of parents or juveniles; 

8. A list of possible burrowing owl predators present and documentation of any evidence of 
predation of owls; 

9. A detailed map (1:24,000 or closer to show details) showing locations of all burrowing 
owls, potential burrows, occupied burrows, areas of concentrated burrows, and burrowing 
owl sign.  Locations documented by use of global positioning system (GPS) coordinates 
must include the datum in which they were collected.  The map should include a title, 
north arrow, bar scale and legend; 

10. Signed field forms, photos, etc., as appendices to the field survey report; 
11. Recent color photographs of the proposed project or activity site; and 
12. Original CNDDB Field Survey Forms should be sent directly to the Department’s CNDDB 

office, and copies should be included in the environmental document as an appendix. 
(http://www.dfg.ca.gov/bdb/html/cnddb.html ). 
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Appendix E.  Example Components for Burrowing Owl Artificial 
Burrow and Exclusion Plans 
 
Whereas the Department does not recommend exclusion and burrow closure, current 
scientific literature and experience from 1995 to present, indicate that the following example 
components for burrowing owl artificial burrow and exclusion plans, combined with 
consultation with the Department to further develop these plans, would be effective. 
 
Artificial Burrow Location 
 
If a burrow is confirmed occupied on-site, artificial burrow locations should be appropriately 
located and their use should be documented taking into consideration: 
 
1. A brief description of the project and project site pre-construction; 
2. The mitigation measures that will be implemented; 
3. Potential conflicting site uses or encumbrances; 
4. A comparison of the occupied burrow site(s) and the artificial burrow site(s) (e.g., 

vegetation, habitat types, fossorial species use in the area, and other features); 
5. Artificial burrow(s) proximity to the project activities, roads and drainages; 
6. Artificial burrow(s) proximity to other burrows and entrance exposure; 
7. Photographs of the site of the occupied burrow(s) and the artificial burrows; 
8. Map of the project area that identifies the burrow(s) to be excluded as well as the 

proposed sites for the artificial burrows; 
9. A brief description of the artificial burrow design; 
10. Description of the monitoring that will take place during and after project implementation 

including information that will be provided in a monitoring report. 
11. A description of the frequency and type of burrow maintenance. 

 
Exclusion Plan 
 
An Exclusion Plan addresses the following including but not limited to: 
 
1. Confirm by site surveillance that the burrow(s) is empty of burrowing owls and other 

species  preceding burrow scoping; 
2. Type of scope and appropriate timing of scoping to avoid impacts; 
3. Occupancy factors to look for and what will guide determination of vacancy and 

excavation timing (one-way doors should be left in place 48 hours to ensure burrowing 
owls have left the burrow before excavation, visited twice daily and monitored for 
evidence that owls are inside and can’t escape i.e., look for sign immediately inside the 
door). 

4. How the burrow(s) will be excavated.  Excavation using hand tools with refilling to prevent 
reoccupation is preferable whenever possible (may include using piping to stabilize the 
burrow to prevent collapsing until the entire burrow has been excavated and it can be 
determined that no owls reside inside the burrow); 

5. Removal of other potential owl burrow surrogates or refugia on site; 
6. Photographing the excavation and closure of the burrow to demonstrate success and 

sufficiency; 
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7. Monitoring of the site to evaluate success and, if needed, to implement remedial 
measures to prevent subsequent owl use to avoid take; 

8. How the impacted site will continually be made inhospitable to burrowing owls and 
fossorial mammals (e.g., by allowing vegetation to grow tall, heavy disking, or immediate 
and continuous grading) until development is complete. 
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Appendix F. Mitigation Management Plan and Vegetation 
Management Goals 
 
Mitigation Management Plan 
 
A mitigation site management plan will help ensure the appropriate implementation and 
maintenance for the mitigation site and persistence of the burrowing owls on the site.  For an 
example to review, refer to Rosenberg et al. (2009).  The current scientific literature and field 
experience from 1995 to present indicate that an effective management plan includes the 
following: 
 
1. Mitigation objectives; 
2. Site selection factors (including a comparison of the attributes of the impacted and 

conserved lands) and baseline assessment; 
3. Enhancement of the conserved lands (enhancement of reproductive capacity, 

enhancement of breeding areas and dispersal opportunities, and removal or control of 
population stressors); 

4. Site protection method and prohibited uses; 
5. Site manager roles and responsibilities; 
6. Habitat management goals and objectives: 

a. Vegetation management goals, 
i. Vegetation management tools: 

1. Grazing 
2. Mowing 
3. Burning 
4. Other 

b. Management of ground squirrels and other fossorial mammals, 
c. Semi-annual and annual artificial burrow cleaning and maintenance, 
d. Non-natives control – weeds and wildlife, 
e. Trash removal; 

7. Financial assurances: 
a. Property analysis record or other financial analysis to determine long-term 

management funding, 
b. Funding schedule; 

8. Performance standards and success criteria; 
9. Monitoring, surveys and adaptive management; 
10. Maps; 
11. Annual reports. 
 
Vegetation Management Goals 
 
 Manage vegetation height and density (especially in immediate proximity to burrows).  

Suitable vegetation structure varies across sites and vegetation types, but should 
generally be at the average effective vegetation height of 4.7 cm (Green and Anthony 
1989) and <13 cm average effective vegetation height (MacCracken et al. 1985a). 

 Employ experimental prescribed fires (controlled, at a small scale) to manage vegetation 
structure; 
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 Vegetation reduction or ground disturbance timing, extent, and configuration should avoid 
take.  While local ordinances may require fire prevention through vegetation management, 
activities like disking, mowing, and grading during the breeding season can result in take 
of burrowing owls and collapse of burrows, causing nest destruction.  Consult the take 
avoidance surveys section above for pre-management avoidance survey 
recommendations; 

 Promote natural prey distribution and abundance, especially in proximity to occupied 
burrows; and  

 Promote self-sustaining populations of host burrowers by limiting or prohibiting lethal 
rodent control measures and by ensuring food availability for host burrowers through 
vegetation management. 

 
Refer to Rosenberg et al. (2009) for a good discussion of managing grasslands for burrowing 
owls. 
 
Mitigation Site Success Criteria 
 
In order to evaluate the success of mitigation and management strategies for burrowing owls, 
monitoring is required that is specific to the burrowing owl management plan.  Given limited 
resources, Barclay et al. (2011) suggests managers focus on accurately estimating annual 
adult owl populations rather than devoting time to estimating reproduction, which shows high 
annual variation and is difficult to accurately estimate. Therefore, the key objective will be to 
determine accurately the number of adult burrowing owls and pairs, and if the numbers are 
maintained.  A frequency of 5-10 years for surveys to estimate population size may suffice if 
there are no changes in the management of the nesting and foraging habitat of the owls. 
 
Effective monitoring and evaluation of off-site and on-site mitigation management success for 
burrowing owls includes (Barclay, pers. comm.): 
 
 Site tenacity; 
 Number of adult owls present and reproducing; 
 Colonization by burrowing owls from elsewhere (by band re-sight); 
 Evidence and causes of mortality; 
 Changes in distribution; and 
 Trends in stressors. 
 

PC ORIGINAL PKG



California Sensitive Natural Communities Wednesday, August 18, 2021

This document provides the current list of Sensitive Natural Communities. State and Global rarity ranks are indicated for 
Alliance and some Associations. Natural Communities with ranks of 1-3 are considered Sensitive. Unranked Associations 
considered Sensitive are marked with a Y in the rightmost column. A “?” indicates our best estimate of the rank when we 
know we have insufficient samples over the full expected range of the type, but existing information points to this rank. 
Pending additions can be found at the bottom of the full Natural Community list. For more information, or to check for 
updates, please see:

https://www.wildlife.ca.gov/Data/VegCAMP/Natural-Communities

Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

Abies amabilis

Pacific silver fir forest

Alliance

88.800.00 G5 S1

YAbies amabilis88.800.01

Abies bracteata

Santa Lucia fir groves

Alliance

88.300.00 G3 S3

YAbies bracteata / Galium clementis88.300.01

YAbies bracteata / Polystichum munitum88.300.02

Abies concolor

White fir forest and woodland

Alliance

88.500.00 G4 S4

YG3?Abies concolor / Chimaphila umbellata88.500.11

YAbies concolor – Chrysolepis chrysophylla88.500.37

YAbies concolor / Ceanothus prostratus88.500.67

Abies concolor – Pinus lambertiana

White fir – sugar pine forest and woodland

Alliance

88.510.00 G4 S4

YS3G3Abies concolor – Pinus lambertiana88.510.01

YG3?Abies concolor – Pinus lambertiana / Maianthemum racemosum – Prosartes 
hookeri

88.510.03

YG3Abies concolor – Pinus lambertiana – Calocedrus decurrens / Cornus nuttallii 
/ Corylus cornuta

88.510.05

YG3?Abies concolor – Pinus lambertiana – Calocedrus decurrens / Chrysolepis 
sempervirens

88.510.07

Abies concolor – Pseudotsuga menziesii

White fir – Douglas fir forest and woodland

Alliance

88.530.00 G5 S4

YAbies concolor – Pseudotsuga menziesii – Notholithocarpus densiflorus82.500.44

YAbies concolor – Pseudotsuga menziesii – (Quercus chrysolepis)88.530.06

YAbies concolor – Pseudotsuga menziesii / Corylus cornuta88.530.15

YAbies concolor – Pseudotsuga menziesii / Rhododendron macrophyllum – 
Quercus sadleriana

88.530.21

YAbies concolor – Pseudotsuga menziesii / Rosa gymnocarpa / Linnaea 
borealis

88.530.25

YAbies concolor – Pseudotsuga menziesii / Rubus parviflorus88.530.26

YG3?Abies concolor – Pseudotsuga menziesii – Calocedrus decurrens88.530.30

Abies concolor Dry

Dry White fir forest and woodland

Alliance

88.501.00 G5 S3
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Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

Abies grandis

Grand fir forest

Alliance

88.100.00 G4 S2

YS1G1Abies grandis – Picea sitchensis / Gaultheria shallon / Polystichum munitum88.100.01

YS1G2Abies grandis – Tsuga heterophylla / Polystichum munitum88.100.02

Abies lasiocarpa

Subalpine fir forest and woodland

Alliance

88.400.00 G5 S2

YAbies lasiocarpa88.400.01

Abies magnifica

Red fir forest and woodland

Alliance

88.200.00 G5 S4

YAbies magnifica / Vaccinium membranaceum88.200.02

YAbies magnifica – (Calocedrus decurrens)88.200.10

YAbies magnifica / Rhododendron macrophyllum88.200.12

YG3?Abies magnifica / Wyethia mollis88.200.26

YS3G3Abies magnifica – (Pinus monticola) / Arctostaphylos nevadensis88.200.28

YS3G3Abies magnifica – Pinus monticola – Pinus contorta ssp. murrayana88.200.29

YS3G3Abies magnifica – Pinus monticola88.200.30

YS3G3Abies magnifica – Pinus monticola / Chrysolepis sempervirens88.200.31

YS3G3Abies magnifica – Abies concolor88.520.01

YS3G3Abies magnifica – Abies concolor – Pinus jeffreyi88.520.09

Acer macrophyllum

Bigleaf maple forest and woodland

Alliance

61.450.00 G4 S3

YAcer macrophyllum / (Rubus ursinus)61.450.01

YAcer macrophyllum – Pseudotsuga menziesii / Adenocaulon bicolor61.450.02

YAcer macrophyllum – Pseudotsuga menziesii / Dryopteris arguta61.450.03

YAcer macrophyllum – Pseudotsuga menziesii / Corylus cornuta61.450.04

YAcer macrophyllum – Pseudotsuga menziesii / Philadelphus lewisii61.450.05

YAcer macrophyllum – Pseudotsuga menziesii / Polystichum munitum61.450.06

YS3?G3Umbellularia californica – Acer macrophyllum74.100.10

YS3?G3ProvisionalUmbellularia californica / Rhododendron occidentale74.100.17

Acer negundo

Box-elder forest and woodland

Alliance

61.440.00 G5 S2

YAcer negundo – Salix gooddingii61.440.01

YAcer negundo / (Rubus ursinus)61.440.02

Aesculus californica

California buckeye groves

Alliance

75.100.00 G3 S3

YAesculus californica / Toxicodendron diversilobum / moss75.100.01

YAesculus californica75.100.03

YAesculus californica / Datisca glomerata75.100.04

YAesculus californica / Lupinus albifrons75.100.05

YAesculus californica – Umbellularia californica75.100.07

Alnus rhombifolia

White alder groves

Alliance

61.420.00 G4 S4

YAlnus rhombifolia / Polypodium californicum61.420.01
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Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

YAlnus rhombifolia / Darmera peltata61.420.05

YAlnus rhombifolia / Cornus sericea61.420.07

YG2QAlnus rhombifolia61.420.10

YS3G3Alnus rhombifolia – Platanus racemosa61.420.11

YAlnus rhombifolia – Salix laevigata61.420.13

YAlnus rhombifolia / Rhododendron occidentale61.420.17

YAlnus rhombifolia / Salix exigua – (Rosa californica)61.420.18

YG3?Calocedrus decurrens – Alnus rhombifolia85.100.03

Alnus rubra

Red alder forest

Alliance

61.410.00 G5 S4

YAlnus rubra – Pseudotsuga menziesii / Acer circinatum / Claytonia sibirica61.410.01

YAlnus rubra / Gaultheria shallon61.410.02

YS3G4Alnus rubra / Salix lasiolepis / Rubus spp.61.410.05

YG3G4Alnus rubra / Rubus spectabilis – Sambucus racemosa61.410.06

Arbutus menziesii

Madrone forest

Alliance

73.200.00 G4 S3

YS3?G3Arbutus menziesii – (Quercus agrifolia)73.200.03

YArbutus menziesii – Umbellularia californica73.200.04

Bursera microphylla

Elephant tree stands

Special Stands

33.120.00 G4 S1

Callitropsis nootkatensis

Alaska yellow-cedar stands

Alliance

81.200.00 G4 S1

YS1G3Callitropsis nootkatensis Subalpine Parkland81.200.01

Calocedrus decurrens

Incense cedar forest and woodland

Alliance

85.100.00 G4 S3

YCalocedrus decurrens / Listera convallarioides85.100.01

YCalocedrus decurrens – Quercus chrysolepis – Quercus kelloggii85.100.04

YCalocedrus decurrens – Abies concolor / Senecio triangularis85.100.05

Chamaecyparis lawsoniana

Port Orford cedar forest and woodland

Alliance

81.100.00 G3 S3

YG1Chamaecyparis lawsoniana / Rhododendron occidentale81.100.01

YChamaecyparis lawsoniana – Pseudotsuga menziesii / Quercus vacciniifolia81.100.02

YChamaecyparis lawsoniana – Abies procera / Quercus sadleriana – 
Vaccinium membranaceum

81.100.03

YChamaecyparis lawsoniana / Rhododendron macrophyllum – Gaultheria 
shallon

81.100.04

YChamaecyparis lawsoniana / Gaultheria shallon81.100.05

YChamaecyparis lawsoniana – Abies concolor / Rhododendron occidentale81.100.06

YChamaecyparis lawsoniana – Abies concolor / Quercus sadleriana81.100.07

YChamaecyparis lawsoniana – Abies concolor / herb81.100.08

YChamaecyparis lawsoniana – Abies concolor / Quercus vacciniifolia81.100.09

YChamaecyparis lawsoniana – Pinus monticola / Quercus vacciniifolia81.100.10

Page 3 of 63Wednesday, August 18, 2021 PC ORIGINAL PKG



Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

YChamaecyparis lawsoniana / Rhododendron occidentale – Notholithocarpus 
densiflorus var. echinoides

81.100.11

YChamaecyparis lawsoniana / Quercus vacciniifolia – Rhododendron 
occidentale

81.100.12

YChamaecyparis lawsoniana – Abies concolor / Chrysolepis sempervirens – 
(Rhododendron occidentale – Leucothoe davisiae)

81.100.14

YChamaecyparis lawsoniana – Pinus monticola / Rhododendron 
columbianum / Darlingtonia californica

81.100.15

YChamaecyparis lawsoniana – Pinus monticola / Alnus viridis81.100.16

YChamaecyparis lawsoniana – Pinus monticola / Vaccinium membranaceum81.100.17

YChamaecyparis lawsoniana – Pinus monticola / wet herb complex81.100.18

YProvisionalChamaecyparis lawsoniana – Pinus monticola / dry herb complex81.100.19

YChamaecyparis lawsoniana – Tsuga heterophylla / Chrysolepis sempervirens81.100.20

YChamaecyparis lawsoniana – Tsuga heterophylla / Rhododendron 
columbianum

81.100.21

YChamaecyparis lawsoniana – Pseudotsuga menziesii / Calycanthus 
occidentalis

81.100.22

YChamaecyparis lawsoniana – Tsuga heterophylla / Leucothoe davisiae81.100.24

YChamaecyparis lawsoniana – Pseudotsuga menziesii – Notholithocarpus 
densiflorus / Quercus vacciniifolia

81.100.25

YChamaecyparis lawsoniana – Pseudotsuga menziesii – Notholithocarpus 
densiflorus / Rhododendron macrophyllum

81.100.26

YChamaecyparis lawsoniana – Abies concolor / Alnus viridis81.100.30

YChamaecyparis lawsoniana – Abies concolor / Acer circinatum81.100.31

YChamaecyparis lawsoniana – Abies ×shastensis – Picea breweriana / 
Quercus sadleriana – Quercus vacciniifolia

81.100.32

YChamaecyparis lawsoniana – Abies ×shastensis / Alnus viridis – Quercus 
sadleriana

81.100.33

YProvisionalChamaecyparis lawsoniana – Abies ×shastensis / Alnus viridis / Darlingtonia 
californica

81.100.34

YChamaecyparis lawsoniana – Pseudotsuga menziesii / Corylus cornuta var. 
californica

81.100.35

YChamaecyparis lawsoniana – Pseudotsuga menziesii – Alnus rubra / Acer 
circinatum – Mahonia nervosa

81.100.36

YChamaecyparis lawsoniana – Pinus monticola / Rhododendron occidentale – 
Notholithocarpus densiflorus var. echinoides – Rhododendron columbianum

81.100.37

YChamaecyparis lawsoniana – Calocedrus decurrens – Alnus rhombifolia81.100.39

YChamaecyparis lawsoniana – Calocedrus decurrens / Quercus vacciniifolia81.100.40

Chilopsis linearis – Psorothamnus spinosus

Desert-willow – smoketree wash woodland

Alliance

61.555.00 G4 S3

YS3G3Chilopsis linearis61.550.01

YChilopsis linearis / Ambrosia salsola61.550.02

YChilopsis linearis / Prunus fasciculata61.550.04

YChilopsis linearis / (Ambrosia eriocentra – Salvia dorrii)61.550.05

YChilopsis linearis / Ericameria paniculata61.550.07

YChilopsis linearis / Atriplex polycarpa61.550.08
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Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

YG4G5Psorothamnus spinosus61.570.01

YPsorothamnus spinosus / Ambrosia salsola – (Bebbia juncea –  Ephedra 
californica)

61.570.02

YS3G4Psorothamnus spinosus /Senegalia greggii – (Hyptis emoryi)61.570.04

Fraxinus latifolia

Oregon ash groves

Alliance

61.960.00 G4 S3

YFraxinus latifolia – Alnus rhombifolia61.960.02

YFraxinus latifolia / Cornus sericea61.960.03

YFraxinus latifolia61.960.04

YFraxinus latifolia – Salix laevigata61.960.05

Hesperocyparis (sargentii, macnabiana)

Ultramafic cypress woodland

Alliance

81.550.00 G3 S3

YHesperocyparis macnabiana / Arctostaphylos viscida81.300.02

YG2Hesperocyparis sargentii81.500.01

YS2G2?Hesperocyparis sargentii / Rhododendron occidentale81.500.02

YProvisionalHesperocyparis sargentii / Ceanothus jepsonii – Arctostaphylos spp.81.500.04

YHesperocyparis sargentii / Quercus durata (Mesic)81.500.05

Hesperocyparis abramsiana

Santa Cruz cypress groves

Special Stands

81.606.00 G1 S1

Hesperocyparis bakeri

Baker cypress stands

Alliance

81.601.00 G2 S2

YHesperocyparis bakeri / Arctostaphylos patula81.601.01

Hesperocyparis forbesii – Hesperocyparis nevadensis

Tecate cypress – Piute cypress woodland

Alliance

81.609.00 G3 S3

YHesperocyparis nevadensis81.605.01

YProvisionalHesperocyparis forbesii81.607.01

Hesperocyparis goveniana

Monterey pygmy cypress stands

Special Stands

81.603.00 G1 S1

Hesperocyparis macrocarpa

Monterey cypress stands

Special Stands

81.604.00 G1 S1

Hesperocyparis pigmaea

Mendocino pygmy cypress woodland

Alliance

81.400.00 G1 S1

YHesperocyparis pigmaea – Pinus contorta ssp. bolanderi – Pinus muricata / 
Rhododendron macrophyllum

81.400.06

YHesperocyparis pigmaea – Pinus contorta ssp. bolanderi / Rhododendron 
columbianum

81.400.07

YHesperocyparis pigmaea – Pinus muricata / Arctostaphylos nummularia81.400.08

Hesperocyparis stephensonii

Cuyamaca cypress stands

Special Stands

81.610.00 G1 S1
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Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

Juglans californica

California walnut groves

Alliance

72.100.00 G3 S3

YS3G3Juglans californica / annual herbaceous72.100.03

YS3G3Juglans californica / Artemisia californica / Leymus condensatus72.100.04

YS3G3Juglans californica / Ceanothus spinosus72.100.05

YS3G3Juglans californica / Heteromeles arbutifolia72.100.06

YGNRJuglans californica / Malosma laurina72.100.07

YS3G3Juglans californica – Quercus agrifolia72.100.08

Juglans hindsii and Hybrids

Hinds’s walnut and related stands

Special Stands and 
Semi-Natural Alliance

61.810.00 G1 S1

YProvisionalJuglans hindsii / Sambucus nigra61.810.01

YJuglans hindsii61.810.02

Juniperus californica

California juniper woodland

Alliance

89.100.00 G4 S4

YJuniperus californica / Adenostoma fasciculatum – Eriogonum fasciculatum89.100.01

YJuniperus californica / Ericameria linearifolia / annual – perennial herb89.100.02

YS3.2G3Juniperus californica / Coleogyne ramosissima89.100.04

YS3.1G3Juniperus californica / Quercus cornelius-mulleri – Coleogyne ramosissima89.100.05

YS3G3Juniperus californica / Yucca schidigera / Pleuraphis rigida89.100.08

YS3G3Juniperus californica / (Cercocarpus montanus – Fraxinus dipetala)89.100.14

YJuniperus californica / herbaceous89.100.15

YJuniperus californica / Salvia leucophylla89.100.19

Juniperus grandis

Mountain juniper woodland

Alliance

89.200.00 G4 S4

YG3?Juniperus grandis / Artemisia tridentata89.200.02

YG3?Juniperus grandis – Cercocarpus ledifolius / Artemisia tridentata89.200.03

Juniperus osteosperma

Utah juniper woodland and forest

Alliance

89.300.00 G5 S3

YG5Juniperus osteosperma89.300.01

YJuniperus osteosperma – Yucca brevifolia / Bouteloua eriopoda89.300.05

YJuniperus osteosperma / Atriplex confertifolia – (Tetradymia axillaris)89.300.06

YJuniperus osteosperma / Ambrosia dumosa89.300.07

YGNRJuniperus osteosperma / Coleogyne ramosissima89.300.08

YJuniperus osteosperma / Ephedra nevadensis / Achnatherum speciosum89.300.11

YJuniperus osteosperma / Artemisia tridentata ssp. tridentata89.300.12

YJuniperus osteosperma / Eriogonum fasciculatum – Yucca baccata89.300.13

Notholithocarpus densiflorus

Tanoak forest

Alliance

73.100.00 G4 S3

YNotholithocarpus densiflorus – Pinus lambertiana / Toxicodendron 
diversilobum

73.100.01

YNotholithocarpus densiflorus / Frangula californica73.100.02

YS3G3Notholithocarpus densiflorus – Arbutus menziesii73.100.03
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Primary Life form: Tree
California Natural Community List

CaCode Name Rarity Sensitive

YNotholithocarpus densiflorus / Corylus cornuta73.100.04

YNotholithocarpus densiflorus / Gaultheria shallon73.100.05

YNotholithocarpus densiflorus / Mahonia nervosa73.100.06

YNotholithocarpus densiflorus / Quercus vacciniifolia – Rhododendron 
macrophyllum

73.100.07

YNotholithocarpus densiflorus / Toxicodendron diversilobum – Lonicera 
hispidula var. vacillans

73.100.08

YNotholithocarpus densiflorus / Vaccinium ovatum73.100.09

YNotholithocarpus densiflorus – Acer circinatum73.100.10

YNotholithocarpus densiflorus – Acer macrophyllum73.100.11

YNotholithocarpus densiflorus – Calocedrus decurrens / Festuca californica73.100.12

YNotholithocarpus densiflorus – Chamaecyparis lawsoniana73.100.13

YNotholithocarpus densiflorus – Chrysolepis chrysophylla73.100.14

YNotholithocarpus densiflorus – Cornus nuttallii73.100.15

YNotholithocarpus densiflorus – Cornus nuttallii / Toxicodendron diversilobum73.100.16

YNotholithocarpus densiflorus – Quercus chrysolepis73.100.17

YNotholithocarpus densiflorus – Quercus kelloggii73.100.18

YNotholithocarpus densiflorus – Arbutus menziesii / Ceanothus integerrimus73.100.20

YNotholithocarpus densiflorus73.100.21

Parkinsonia florida – Olneya tesota

Blue palo verde – ironwood woodland

Alliance

61.545.00 G4 S4

YOlneya tesota61.545.01

YOlneya tesota – Psorothamnus schottii61.545.02

YOlneya tesota / Larrea tridentata – Encelia farinosa61.545.03

YS3G4Olneya tesota / Hyptis emoryi61.545.04

YParkinsonia florida61.545.05

YParkinsonia florida – Senegalia greggii – Encelia frutescens61.545.06

YS3G3Parkinsonia florida / Chilopsis linearis61.545.07

YS3G4Parkinsonia florida / Hyptis emoryi61.545.08

YParkinsonia florida / Larrea tridentata – Peucephyllum schottii61.545.09

YParkinsonia florida – Olneya tesota61.545.10

YParkinsonia florida – Olneya tesota / Hyptis emoryi61.545.11

YParkinsonia florida – Olneya tesota / Cylindropuntia munzii61.545.12

Picea breweriana

Brewer spruce forest and woodland

Alliance

83.300.00 G3 S2

YPicea breweriana – Abies concolor / Chimaphila umbellata – Pyrola picta83.300.03

Picea engelmannii

Engelmann spruce forest

Alliance

83.100.00 G5 S2

YS1G3Picea engelmannii / Clintonia uniflora83.100.01

YS1G3Picea engelmannii / Senecio triangularis83.100.02

Picea sitchensis

Sitka spruce forest and woodland

Alliance

83.200.00 G5 S2

YPicea sitchensis / Maianthemum dilatatum83.200.01

YG3Picea sitchensis / Rubus spectabilis83.200.02
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YG4?Picea sitchensis / Polystichum munitum83.200.03

YPicea sitchensis – Tsuga heterophylla83.200.04

Pinus albicaulis

Whitebark pine forest and woodland

Alliance

87.180.00 G5 S4

YG3G4Pinus albicaulis / Penstemon davidsonii87.180.06

YG3G4Pinus albicaulis – Tsuga mertensiana87.180.07

YG3G4Pinus albicaulis / Carex filifolia87.180.08

YG3?Pinus albicaulis / Carex rossii87.180.09

YPinus albicaulis / Artemisia tridentata ssp. vaseyana87.180.10

Pinus attenuata

Knobcone pine forest and woodland

Alliance

87.100.00 G4 S4

YG3Pinus attenuata / Arctostaphylos viscida87.100.05

yProvisionalPinus attenuata / Arctostaphylos (manzanita, canescens)87.100.09

YProvisionalPinus attenuata / Arctostaphylos (crustacea)87.100.10

Pinus balfouriana

Foxtail pine woodland

Alliance

87.150.00 G3 S3

YPinus balfouriana87.150.01

YPinus balfouriana / Anemone drummondii87.150.02

YPinus balfouriana / Chrysolepis sempervirens87.150.03

YPinus balfouriana – Abies magnifica87.150.04

YPinus balfouriana – Pinus albicaulis87.150.05

YPinus balfouriana – Pinus monticola87.150.06

YPinus balfouriana – Pinus flexilis87.150.07

Pinus contorta ssp. contorta

Beach pine forest and woodland

Alliance

87.060.00 G5 S3

YPinus contorta ssp. contorta87.060.01

YPinus contorta ssp. contorta – Picea sitchensis87.060.02

Pinus contorta ssp. murrayana

Lodgepole pine forest and woodland

Alliance

87.080.00 G4 S4

YG3?Pinus contorta ssp. murrayana / Artemisia tridentata87.080.02

YG3?Pinus contorta ssp. murrayana / Carex rossii87.080.06

YS3?G3Pinus contorta ssp. murrayana / Vaccinium uliginosum87.080.09

YG3?Pinus contorta ssp. murrayana / Penstemon newberryi87.080.12

Pinus coulteri

Coulter pine woodland and forest

Alliance

87.090.00 G4 S4

YS2G2Pinus coulteri – Calocedrus decurrens – Pinus jeffreyi / Quercus durata87.090.01

YS3G3Pinus coulteri – Calocedrus decurrens / Quercus durata – Arctostaphylos 
glauca

87.090.02

YS3G3Pinus coulteri – Pinus sabiniana / Quercus durata – Arctostaphylos pungens87.090.03

YPinus coulteri – Quercus chrysolepis / Arctostaphylos pringlei87.090.06

YS3G3Pinus coulteri / Arctostaphylos glauca87.092.02

YS2G2Pinus coulteri – Calocedrus decurrens / Frangula californica ssp. tomentella 
/ Aquilegia eximia

87.092.03
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YS3G3Pinus coulteri / Quercus durata87.092.04

Pinus edulis

Two-needle pinyon stands

Alliance

87.050.00 G4 S2?

YPinus edulis – Juniperus osteosperma / Quercus turbinella87.050.01

Pinus flexilis

Limber pine woodland

Alliance

87.160.00 G5 S3

YG4Pinus flexilis / Cercocarpus ledifolius87.160.01

YPinus flexilis – Pinus contorta / Chrysolepis sempervirens87.160.02

YPinus flexilis – Pinus contorta ssp. murrayana87.160.03

YPinus flexilis / Artemisia tridentata87.160.04

Pinus jeffreyi

Jeffrey pine forest and woodland

Alliance

87.020.00 G4 S4

YPinus jeffreyi – Pseudotsuga menziesii / Quercus vacciniifolia / Festuca 
californica

87.020.02

YPinus jeffreyi / Festuca idahoensis87.020.03

YG3?Pinus jeffreyi / Ceanothus cordulatus87.020.10

YPinus jeffreyi / Purshia tridentata var. tridentata / Cercocarpus ledifolius / 
Achnatherum occidentale

87.020.13

YPinus jeffreyi – Quercus kelloggii / Poa secunda87.020.15

YPinus jeffreyi – Quercus kelloggii / Rhus trilobata87.020.16

YGNRPinus jeffreyi / Cercocarpus ledifolius87.020.17

YPinus jeffreyi / Symphoricarpos longiflorus / Poa wheeleri87.020.18

YG3?Pinus jeffreyi / Chrysolepis sempervirens87.020.20

YG3G4Pinus jeffreyi / Purshia tridentata var. tridentata87.020.21

YPinus jeffreyi / Ericameria ophitidis87.020.22

YPinus jeffreyi / Calamagrostis koelerioides87.020.23

YG3?Pinus jeffreyi – Abies magnifica87.020.39

YPinus jeffreyi – Abies concolor / Festuca californica87.020.40

YPinus jeffreyi / Ceanothus prostratus87.020.41

YG3?Pinus jeffreyi – Abies concolor / Symphoricarpos rotundifolius / Elymus 
elymoides

87.205.07

Pinus lambertiana

Sugar pine forest and woodland

Alliance

87.206.00 G4 S3

YPinus lambertiana – Chrysolepis chrysophylla / Quercus vacciniifolia – 
Quercus sadleriana

87.206.01

YPinus lambertiana – Pinus contorta ssp contorta / Quercus vacciniifolia – 
Notholithocarpus densiflorus var. echinoides

87.206.02

YPinus lambertiana – Pinus contorta ssp. murrayana / Notholithocarpus 
densiflorus var. echinoides – Rhododendron macrophyllum

87.206.03

YPinus lambertiana – Pinus monticola / Quercus vacciniifolia – Garrya 
buxifolia

87.206.04

Pinus longaeva

Bristlecone pine woodland

Alliance

87.140.00 G4 S2

YGNRPinus longaeva87.140.01
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YPinus longaeva / Cercocarpus intricatus87.140.02

YPinus longaeva / (Ericameria discoidea, Ribes spp.)87.140.03

Pinus monophylla – (Juniperus osteosperma)

Singleleaf pinyon – Utah juniper woodlands

Alliance

87.040.00 G5 S4

YPinus monophylla – (Juniperus osteosperma) / Quercus turbinella87.040.19

YPinus monophylla – Juniperus osteosperma / Coleogyne ramosissima87.040.20

YPinus monophylla / Eriogonum fasciculatum87.040.22

YPinus monophylla / Quercus john-tuckeri87.040.23

Pinus monticola

Western white pine forest and woodland

Alliance

87.170.00 G5 S4

YPinus monticola – Pinus contorta ssp. murrayana / Notholithocarpus 
densiflorus var. echinoides

87.170.01

YPinus monticola / Holodiscus discolor87.170.02

YPinus monticola / Xerophyllum tenax87.170.03

YPinus monticola / Angelica arguta87.170.04

Pinus muricata – Pinus radiata

Bishop pine – Monterey pine forest and woodland

Alliance

87.240.00 G3 S3

YS2G2Pinus muricata – (Arbutus menziesii) / Vaccinium ovatum87.070.01

YPinus muricata – Pseudotsuga menziesii87.070.04

YS2G2ProvisionalPinus muricata / Arctostaphylos glandulosa87.070.07

YPinus muricata / Xerophyllum tenax87.070.09

YS2G2Pinus muricata – Chrysolepis chrysophylla / Arctostaphylos nummularia87.070.11

YS3G3ProvisionalPinus muricata – Notholithocarpus densiflorus87.070.12

YPinus radiata / Arctostaphylos tomentosa – Vaccinium ovatum87.110.01

YPinus radiata / Toxicodendron diversilobum87.110.02

YPinus radiata – Pinus muricata / Arctostaphylos tomentosa – Arctostaphylos 
hookeri

87.110.03

YPinus radiata – Quercus agrifolia / Toxicodendron diversilobum87.110.04

YProvisionalPinus muricata / Comarostaphylis diversifolia ssp. planifolia87.240.01

YProvisionalPinus muricata / Arctostaphylos spp.87.240.02

YS3?G3?ProvisionalPinus muricata87.240.03

YPinus muricata / Ceanothus thyrsiflorus – Baccharis pilularis87.240.05

Pinus ponderosa

Ponderosa pine forest and woodland

Alliance

87.010.00 G5 S4

YPinus ponderosa / Chamaebatia foliolosa87.010.02

YPinus ponderosa / Arctostaphylos patula – Chamaebatia foliolosa87.010.03

YGNRPinus ponderosa / Artemisia tridentata87.010.04

YPinus ponderosa / Purshia tridentata var. tridentata87.010.05

YPinus ponderosa / Bromus carinatus87.010.06

YPinus ponderosa / Galium angustifolium87.010.07

YPinus ponderosa / Ceanothus prostratus87.010.08

YPinus ponderosa / Ceanothus cuneatus87.010.09

YPinus ponderosa / Purshia tridentata var. tridentata / Balsamorhiza 
sagittata

87.010.10
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YPinus ponderosa / Purshia tridentata var. tridentata / Achnatherum nelsonii 
/ pumice

87.010.12

YPinus ponderosa / Purshia tridentata var. tridentata – Arctostaphylos patula 
/ Achnatherum nelsonii

87.010.13

YPinus ponderosa / Purshia tridentata var. tridentata – Ceanothus velutinus87.010.14

YPinus ponderosa / Purshia tridentata var. tridentata / Senecio integerrimus / 
granite

87.010.15

YPinus ponderosa / Purshia tridentata var. tridentata – Ribes cereum / 
Bromus orcuttianus

87.010.16

YPinus ponderosa / Achnatherum nelsonii87.010.18

YPinus ponderosa / Cercocarpus ledifolius – Purshia tridentata var. tridentata 
/ Festuca idahoensis

87.010.19

YPinus ponderosa / Cercocarpus ledifolius / Pseudoroegneria spicata87.010.20

YPinus ponderosa – Pinus contorta ssp. murrayana / Amelanchier alnifolia87.010.23

YPinus ponderosa / Artemisia tridentata ssp. vaseyana / Festuca idahoensis87.010.24

YPinus ponderosa – Pinus jeffreyi / Artemisia tridentata ssp. vaseyana – 
Purshia tridentata var. tridentata

87.010.25

YPinus ponderosa / Amelanchier alnifolia – Prunus virginiana87.010.26

YPinus ponderosa / Amelanchier alnifolia – Mahonia repens / Arnica cordifolia87.010.27

YPinus ponderosa / Ceanothus velutinus / Achnatherum nelsonii87.010.28

YPinus ponderosa / Symphoricarpos longiflorus87.010.29

YPinus ponderosa / Artemisia tridentata ssp. vaseyana – Purshia tridentata 
var. tridentata

87.010.56

YPinus ponderosa – Pinus jeffreyi / Purshia tridentata var. tridentata / 
Festuca idahoensis

87.010.57

Pinus ponderosa – Calocedrus decurrens – Pseudotsuga menziesii

Ponderosa pine –  Incense Cedar  – Douglas fir forest and woodland

Alliance

87.005.00 GNR S4

YG3?Pinus ponderosa – Pseudotsuga menziesii – Calocedrus decurrens82.400.02

YPinus ponderosa – Pseudotsuga menziesii82.400.04

Pinus ponderosa / Shrub Understory

Ponderosa pine / shrub understory woodland

Alliance

87.125.00 GNR S4

YS3Pinus jeffreyi / Artemisia tridentata ssp. vaseyana / Festuca idahoensis87.020.19

YPinus ponderosa var. washoensis / Lupinus caudatus87.120.01

YS1Pinus ponderosa var. washoensis / Symphoricarpos spp. / Pseudostellaria 
jamesiana

87.120.02

YS1Pinus ponderosa var. washoensis / Arctostaphylos nevadensis87.120.03

YS3Pinus (jeffreyi, ponderosa) / (Ceanothus prostratus – Purshia tridentata)87.125.04

YG3Pinus ponderosa / Arctostaphylos patula – Purshia tridentata87.125.05

YG4Pinus ponderosa – Juniperus occidentalis / Artemisia tridentata – Purshia 
tridentata

87.125.06

Pinus quadrifolia

Parry pinyon woodland

Alliance

87.030.00 G3 S2

YPinus quadrifolia / Quercus cornelius-mulleri87.030.01

Pinus sabiniana

Foothill pine woodland

Alliance

87.130.00 G4 S4
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YS3G3Pinus sabiniana – Juniperus californica / grass87.130.02

YPinus sabiniana / Ceanothus cuneatus / Plantago erecta87.130.03

YPinus sabiniana / Eriogonum fasciculatum87.130.14

YPinus sabiniana / Cercis occidentalis87.130.15

YProvisionalPinus sabiniana / herbaceous87.130.16

YProvisionalPinus sabiniana / Quercus durata87.130.17

Pinus torreyana

Torrey pine woodland

Alliance

87.190.00 G1 S1

YS1G1Pinus torreyana / Artemisia californica – Rhus integrifolia87.190.01

YS1G1Pinus torreyana ssp. insularis87.190.02

Platanus racemosa – Quercus agrifolia

California sycamore – coast live oak riparian woodlands

Alliance

61.310.00 G3 S3

YPlatanus racemosa / Bromus hordeaceus61.311.02

YS3G3Platanus racemosa / annual grass61.311.03

YS3G3Platanus racemosa – Quercus agrifolia61.312.01

YPlatanus racemosa – Salix laevigata / Salix lasiolepis – Baccharis salicifolia61.312.05

YPlatanus racemosa – Quercus lobata61.312.08

YPlatanus racemosa / Baccharis salicifolia61.313.01

YPlatanus racemosa / Toxicodendron diversilobum61.313.02

YPlatanus racemosa / Adenostoma fasciculatum61.313.03

YPlatanus racemosa – Populus fremontii / Salix lasiolepis61.314.03

YS3G3Quercus agrifolia / Salix lasiolepis71.060.47

YS3G3Umbellularia californica – Platanus racemosa74.100.13

Populus fremontii – Fraxinus velutina – Salix gooddingii

Fremont cottonwood forest and woodland

Alliance

61.130.00 G4 S3

YG2QPopulus fremontii61.130.06

YG2QPopulus fremontii / Acer negundo61.130.07

YPopulus fremontii / Acer negundo / Rubus armeniacus61.130.08

YPopulus fremontii / Rubus ursinus61.130.11

YPopulus fremontii / Vitis californica61.130.13

YG2Populus fremontii – Salix gooddingii / Baccharis salicifolia61.130.14

YPopulus fremontii – Salix laevigata61.130.15

YG2Populus fremontii / Baccharis salicifolia61.130.16

YPopulus fremontii / Salix exigua61.130.17

YPopulus fremontii – Juglans californica61.130.18

YProvisionalPopulus fremontii – Prosopis spp.61.130.19

YPopulus fremontii – Quercus agrifolia61.130.20

YPopulus fremontii – Salix laevigata / Salix lasiolepis / Vitis girdiana61.130.21

YPopulus fremontii – Salix laevigata / Salix lasiolepis – Baccharis salicifolia61.130.22

YPopulus fremontii – Salix lasiolepis61.130.23

YPopulus fremontii – Salix (laevigata, lasiolepis, lucida ssp. lasiandra)61.130.24

YPopulus fremontii – Salix lucida ssp. lasiandra61.130.25

YPopulus fremontii – Sambucus nigra61.130.26

YPopulus fremontii Great Valley61.130.28
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YPopulus fremontii / Baccharis (emoryi, salicina)61.130.29

YPopulus fremontii / Baccharis sergiloides61.130.30

YPopulus fremontii – Fraxinus velutina61.130.31

YPopulus fremontii – Salix gooddingii61.211.04

Populus tremuloides

Aspen groves

Alliance

61.111.00 G5 S3

YPopulus tremuloides61.111.02

YG3?Populus tremuloides / Veratrum californicum61.111.03

YPopulus tremuloides / Symphyotrichum foliaceum61.111.05

YG3G4Populus tremuloides / Artemisia tridentata61.111.06

YGNRPopulus tremuloides / Artemisia tridentata / Monardella odoratissima – 
Kelloggia galioides

61.111.07

YG3Populus tremuloides / Monardella odoratissima61.111.08

YPopulus tremuloides / Pinus jeffreyi61.111.09

YGNRPopulus tremuloides / Rosa woodsii61.111.10

YPopulus tremuloides – Pinus contorta / Artemisia tridentata / Poa pratensis61.111.11

YPopulus tremuloides / Prunus61.111.14

YG3?Populus tremuloides / Symphoricarpos albus61.111.15

YPopulus tremuloides / Symphoricarpos rotundifolius61.111.16

YPopulus tremuloides / mesic forb61.111.17

YPopulus tremuloides / dry graminoid61.111.18

YPopulus tremuloides / Bromus carinatus61.111.19

YG1?Populus tremuloides / Poa pratensis61.111.20

Populus trichocarpa

Black cottonwood forest and woodland

Alliance

61.120.00 G5 S3

YPopulus trichocarpa61.120.01

YG3?Populus trichocarpa – Pinus jeffreyi61.120.03

YPopulus trichocarpa / Artemisia tridentata ssp. vaseyana61.120.04

YPopulus trichocarpa / Symphoricarpos rotundifolius61.120.05

YPopulus spp. / Salix spp.61.120.06

YProvisionalPopulus trichocarpa / Rhododendron occidentale61.120.07

YPopulus trichocarpa – Quercus agrifolia61.120.08

YPopulus trichocarpa – Salix laevigata61.120.09

YPopulus trichocarpa – Salix lasiolepis61.120.10

YPopulus trichocarpa – Salix lucida61.120.11

YProvisionalPopulus trichocarpa / Cornus sericea / Carex obnupta61.120.13

Prosopis glandulosa – Prosopis velutina – Prosopis pubescens

Mesquite thickets

Alliance

61.514.00 G5 S3

YGNRProsopis glandulosa var. torreyana61.512.01

YProsopis glandulosa – Sambucus nigra61.512.02

YProsopis glandulosa / Pluchea sericea61.512.06

YProsopis glandulosa / Rhus ovata (upper desert spring)61.512.07

YProsopis glandulosa – (Salix exigua – Salix lasiolepis)61.512.09

YProsopis pubescens / Pluchea sericea Alkaline Spring61.513.02
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YProsopis / Bebbia juncea – Petalonyx thurberi (wash)61.513.03

YProsopis pubescens / Baccharis sergiloides61.514.01

YProsopis glandulosa / (Atriplex spp. – Suaeda moquinii)61.514.02

Pseudotsuga macrocarpa

Bigcone Douglas fir forest

Alliance

82.100.00 G3 S3

YPseudotsuga macrocarpa – Quercus agrifolia82.100.01

YPseudotsuga macrocarpa – Quercus chrysolepis82.100.02

Pseudotsuga menziesii

Douglas fir forest and woodland

Alliance

82.200.00 G5 S4

YPseudotsuga menziesii – Chrysolepis chrysophylla / Xerophyllum tenax82.200.09

YPseudotsuga menziesii – Chrysolepis chrysophylla / Rhododendron 
macrophyllum – Mahonia nervosa

82.200.10

YPseudotsuga menziesii – Chrysolepis chrysophylla / Rhododendron 
macrophyllum – Quercus sadleriana – Xerophyllum tenax

82.200.11

YS3G3Pseudotsuga menziesii – Chrysolepis chrysophylla – Notholithocarpus 
densiflorus

82.200.12

YPseudotsuga menziesii / Quercus vacciniifolia82.200.15

YPseudotsuga menziesii / Quercus vacciniifolia – Notholithocarpus densiflorus 
var. echinoides

82.200.16

YPseudotsuga menziesii – Quercus garryana var. garryana / grass82.200.19

YPseudotsuga menziesii / Acer circinatum – Mahonia nervosa82.200.20

YPseudotsuga menziesii / Achlys triphylla82.200.49

YPseudotsuga menziesii – Arbutus menziesii82.200.50

YPseudotsuga menziesii / Adenocaulon bicolor82.200.54

YPseudotsuga menziesii / Corylus cornuta / Polystichum munitum82.200.56

YPseudotsuga menziesii / Vancouveria planipetala82.200.57

YPseudotsuga menziesii / Rhododendron spp.82.200.58

YG3G4Pseudotsuga menziesii / Gaultheria shallon82.200.59

YPseudotsuga menziesii – Quercus kelloggii82.200.60

YPseudotsuga menziesii / Mahonia nervosa82.200.64

YS3?G3Pseudotsuga menziesii – Quercus agrifolia82.200.71

YPseudotsuga menziesii / Quercus vacciniifolia – Rhododendron 
macrophyllum

82.200.74

YPseudotsuga menziesii – Chrysolepis chrysophylla / Rhododendron 
macrophyllum – Quercus sadleriana – Gaultheria shallon

82.200.83

YPseudotsuga menziesii – Quercus garryana var. garryana / Holodiscus 
discolor

82.200.84

YS3?G3?Pseudotsuga menziesii – Quercus chrysolepis82.300.03

Pseudotsuga menziesii – Calocedrus decurrens

Douglas fir – incense cedar forest and woodland

Alliance

82.600.00 G3 S3

YPseudotsuga menziesii – Calocedrus decurrens – Umbellularia californica / 
Toxicodendron diversilobum

82.600.01

YPseudotsuga menziesii – Calocedrus decurrens / Festuca californica82.600.02

YPseudotsuga menziesii – Calocedrus decurrens / Quercus vacciniifolia82.600.04

YPseudotsuga menziesii – Calocedrus decurrens – Pinus jeffreyi82.600.12
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YPseudotsuga menziesii – Calocedrus decurrens – Pinus jeffreyi / Festuca 
californica

82.600.13

YPseudotsuga menziesii – Calocedrus decurrens – (Quercus kelloggii) / 
Nassella pulchra

82.600.14

YPseudotsuga menziesii – Calocedrus decurrens – (Pinus jeffreyi) / Nassella 
pulchra

82.600.15

Pseudotsuga menziesii – Notholithocarpus densiflorus

Douglas fir – tanoak forest and woodland

Alliance

82.500.00 G3 S3

YPseudotsuga menziesii – Notholithocarpus densiflorus / Aralia californica82.200.82

YPseudotsuga menziesii – Notholithocarpus densiflorus / Chimaphila 
umbellata

82.500.01

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus kelloggii) / 
Rosa gymnocarpa

82.500.03

YPseudotsuga menziesii – Notholithocarpus densiflorus – Umbellularia 
californica / Toxicodendron diversilobum

82.500.04

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis, Quercus kelloggii) / Toxicodendron diversilobum

82.500.05

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis) / Mahonia nervosa – Gaultheria shallon

82.500.06

YPseudotsuga menziesii – Notholithocarpus densiflorus / Mahonia nervosa82.500.07

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis) / Vaccinium ovatum

82.500.08

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis) / Toxicodendron diversilobum

82.500.10

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis) / rockpile

82.500.11

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chrysolepis 
chrysophylla) / Pteridium aquilinum

82.500.12

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Quercus 
chrysolepis) / Mahonia nervosa

82.500.13

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chrysolepis 
chrysophylla) / Rhododendron macrophyllum – Gaultheria shallon

82.500.15

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chrysolepis 
chrysophylla) / Gaultheria shallon

82.500.16

YPseudotsuga menziesii – Notholithocarpus densiflorus / Vaccinium ovatum82.500.19

YPseudotsuga menziesii – Notholithocarpus densiflorus / Corylus cornuta82.500.21

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Calocedrus 
decurrens)  / Festuca californica

82.500.22

YPseudotsuga menziesii – Notholithocarpus densiflorus / (Toxicodendron 
diversilobum – Lonicera hispidula)

82.500.23

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana – Umbellularia californica) / Vaccinium ovatum

82.500.24

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Mahonia nervosa / Linnaea borealis

82.500.25

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Vaccinium ovatum

82.500.26
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YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Vaccinium ovatum – Rhododendron occidentale

82.500.27

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Vaccinium parvifolium

82.500.28

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Gaultheria shallon

82.500.29

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana) / Acer circinatum

82.500.30

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana – Alnus rubra) / riparian

82.500.31

YPseudotsuga menziesii – Notholithocarpus densiflorus / Gaultheria shallon82.500.35

YPseudotsuga menziesii – Notholithocarpus densiflorus / Acer circinatum82.500.36

YPseudotsuga menziesii – Notholithocarpus densiflorus / Taxus brevifolia82.500.38

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Pinus lambertiana)82.500.39

YPseudotsuga menziesii – Notholithocarpus densiflorus / Achlys triphylla82.500.40

YPseudotsuga menziesii – Notholithocarpus densiflorus / Cornus nuttallii82.500.43

YPseudotsuga menziesii – Notholithocarpus densiflorus / Quercus vacciniifolia 
– Holodiscus discolor

82.500.46

YPseudotsuga menziesii – Notholithocarpus densiflorus / Whipplea modesta82.500.47

YS2G2Pseudotsuga menziesii – Notholithocarpus densiflorus / Rhododendron 
macrophyllum

82.500.49

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Acer 
macrophyllum) / Polystichum munitum

82.500.50

YPseudotsuga menziesii – Notholithocarpus densiflorus – Thuja plicata / 
Vaccinium ovatum – Gaultheria shallon

82.500.51

YPseudotsuga menziesii – Notholithocarpus densiflorus – (Chamaecyparis 
lawsoniana – Tsuga heterophylla) / Vaccinium ovatum

82.500.52

Quercus (agrifolia, douglasii, garryana, kelloggii, lobata, wislizeni)

Mixed oak forest and woodland

Alliance

71.100.00 G4 S4

YQuercus agrifolia – Quercus garryana – Quercus kelloggii71.100.15

Quercus agrifolia

Coast live oak woodland and forest

Alliance

71.060.00 G5 S4

YS3G3Quercus agrifolia / Adenostoma fasciculatum – (Salvia mellifera)71.060.07

YQuercus agrifolia – Quercus kelloggii71.060.18

YS3G3Quercus agrifolia – Arbutus menziesii – Umbellularia californica71.060.26

YS3G3Quercus agrifolia / Quercus (berberidifolia, xacutidens)71.060.37

YS3G3Quercus agrifolia – Umbellularia californica71.060.48

YProvisionalQuercus agrifolia – Quercus tomentella / (Prunus ilicifolia ssp. lyonii)71.060.53

YQuercus agrifolia / Quercus pacifica71.060.54

YProvisionalQuercus agrifolia / Arctostaphylos (insularis)71.060.55

YProvisionalQuercus agrifolia / Arctostaphylos (crustacea)71.060.57

Quercus chrysolepis (tree)

Canyon live oak forest and woodland

Alliance

71.050.00 G5 S5

YQuercus chrysolepis – Pinus lambertiana71.050.02

YQuercus chrysolepis / Ceanothus integerrimus71.050.03
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YQuercus chrysolepis – Quercus garryana var. garryana / Pentagramma 
triangularis

71.050.07

YG3?Quercus chrysolepis / Arctostaphylos patula71.050.15

YG3?Quercus chrysolepis – Pinus ponderosa71.050.18

YQuercus chrysolepis – Quercus lobata / Vitis californica71.050.28

YQuercus chrysolepis / Calycanthus occidentalis – Vitis californica71.050.30

YQuercus chrysolepis / Styrax redivivus71.050.34

Quercus douglasii

Blue oak woodland and forest

Alliance

71.020.00 G4 S4

YQuercus douglasii – Quercus lobata71.020.11

YG3G4Quercus douglasii / Ceanothus cuneatus71.020.12

YQuercus douglasii / Cercocarpus montanus / Bowlesia incana – 
Lithophragma affine

71.020.14

YQuercus douglasii / Selaginella hansenii – Navarretia pubescens71.020.21

YQuercus douglasii – Juniperus californica / Ceanothus cuneatus71.020.23

YS3G3Quercus douglasii – Juniperus californica / Quercus john-tuckeri71.020.41

YS3G3Quercus douglasii – Juniperus californica / Cercocarpus montanus71.020.42

YProvisionalQuercus ×eplingii / Grass71.020.47

Quercus engelmannii

Engelmann oak woodland and forest

Alliance

71.070.00 G3 S3

YQuercus engelmannii – Quercus agrifolia / Artemisia californica71.070.02

YQuercus engelmannii – Quercus agrifolia / chaparral (Adenostoma 
fasciculatum – Quercus berberidifolia – Rhamnus ilicifolia)

71.070.03

YQuercus engelmannii – Quercus agrifolia / Toxicodendron diversilobum / 
annual grass

71.070.04

YQuercus engelmannii / Adenostoma fasciculatum – Arctostaphylos glauca71.070.05

YQuercus engelmannii / annual grass – herb71.070.06

YQuercus engelmannii / Quercus berberidifolia71.070.07

YQuercus engelmannii / Salvia apiana / grass – herb71.070.08

YQuercus engelmannii / Toxicodendron diversilobum / grass71.070.09

Quercus garryana (tree)

Oregon white oak woodland and forest

Alliance

71.030.00 G4 S3

YQuercus garryana – Quercus kelloggii / Arrhenatherum elatius71.030.01

YQuercus garryana var. garryana – Quercus garryana var. breweri / Festuca 
californica

71.030.02

YQuercus garryana – Pseudotsuga menziesii / Festuca californica71.030.03

YQuercus garryana / Toxicodendron diversilobum71.030.04

YQuercus garryana / Symphoricarpos albus71.030.05

YQuercus garryana / Cynosurus cristatus71.030.06

YQuercus garryana / Ribes roezlii71.030.07

YQuercus garryana / Philadelphus lewisii71.030.08

YQuercus garryana / Delphinium trolliifolium71.030.09

YQuercus garryana / Dactylis glomerata71.030.10

YQuercus garryana / Bromus carinatus71.030.11
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YQuercus garryana / Melica subulata71.030.13

YQuercus garryana – Quercus kelloggii / Toxicodendron diversilobum71.030.14

YQuercus garryana – Quercus kelloggii / Dichelostemma ida-maia71.030.15

YQuercus garryana – Umbellularia californica – Quercus (agrifolia, kelloggii)71.030.16

YQuercus garryana / (Cynosurus echinatus – Festuca californica)71.030.17

YQuercus garryana / Ceanothus cuneatus / Festuca idahoensis71.030.18

Quercus kelloggii

California black oak forest and woodland

Alliance

71.010.00 G4 S4

YQuercus kelloggii – Quercus agrifolia – pine / Holodiscus discolor71.010.02

YG3?Quercus kelloggii / Arctostaphylos patula71.010.06

YQuercus kelloggii / Toxicodendron diversilobum – Styrax redivivus / Triteleia 
laxa

71.010.10

YQuercus kelloggii – Quercus lobata / grass71.010.11

YQuercus kelloggii – Pseudotsuga menziesii71.010.17

YG3?Quercus kelloggii / Arctostaphylos mewukka / Chamaebatia foliolosa71.010.20

YS3G3Quercus kelloggii – Arbutus menziesii – Quercus agrifolia71.010.22

YQuercus kelloggii – Pseudotsuga menziesii – Umbellularia californica71.010.29

YProvisionalQuercus kelloggii / Ribes roezlii71.010.36

Quercus lobata

Valley oak woodland and forest

Alliance

71.040.00 G3 S3

YQuercus lobata / grass71.040.05

YQuercus lobata – Quercus agrifolia / grass71.040.06

YQuercus lobata – Quercus douglasii71.040.18

YQuercus lobata – Quercus kelloggii71.040.19

Quercus lobata Riparian

Valley oak riparian forest and woodland

Alliance

71.045.00 G3 S3

YQuercus lobata / Rubus armeniacus71.040.10

YQuercus lobata – Alnus rhombifolia71.040.11

YQuercus lobata – Quercus wislizeni71.040.12

YQuercus lobata / herbaceous semi-riparian71.040.13

YQuercus lobata – Fraxinus latifolia / Vitis californica71.040.16

YS2?G2Quercus lobata – Salix lasiolepis71.040.20

YQuercus lobata / Carex barbarae71.040.21

YQuercus lobata / Rubus ursinus – Rosa californica71.040.22

Quercus tomentella – Lyonothamnus floribundus

Island live oak – Catalina ironwood woodland and forest

Alliance

77.100.00 G3 S3

YS2G2Quercus tomentella77.100.01

YS2G2Lyonothamnus floribundus77.100.02

Quercus wislizeni – Quercus parvula (tree)

Interior live oak – shreve oak woodland and forest

Alliance

71.080.00 G4 S4

YQuercus wislizeni – Pinus sabiniana / Arctostaphylos manzanita71.080.02

YQuercus wislizeni – Salix laevigata / Frangula californica71.080.13

YQuercus wislizeni – Pinus ponderosa71.080.15
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Salix gooddingii – Salix laevigata

Goodding's willow – red willow riparian woodland and forest

Alliance

61.216.00 G4 S3

YGNRSalix laevigata61.205.01

YSalix laevigata / Salix lasiolepis61.205.02

YSalix laevigata / Rosa californica61.205.04

YS3?G3ProvisionalSalix laevigata / (Cornus sericea – Ribes spp.) / Scirpus microcarpus – Carex 
spp.

61.205.05

YSalix gooddingii61.211.01

YSalix gooddingii / Baccharis salicifolia61.211.02

YSalix gooddingii / Lepidium latifolium61.211.03

YSalix gooddingii – Salix laevigata61.211.05

YSalix gooddingii – Quercus lobata / wetland herb61.211.06

YSalix gooddingii / Rubus armeniacus61.211.07

YSalix gooddingii – Salix lucida – Populus fremontii61.211.08

YSalix gooddingii / Salix exigua61.211.09

YProvisionalSalix gooddingii – Fraxinus latifolia61.211.10

Salix lucida ssp. lasiandra

Shining willow groves

Alliance

61.204.00 G4 S3

YSalix lucida ssp. lasiandra / Urtica urens – Urtica dioica61.204.01

YSalix lucida ssp. lasiandra61.204.03

YSalix lucida ssp. lasiandra / Cornus sericea61.204.04

Sequoia sempervirens

Redwood forest and woodland

Alliance

86.100.00 G3 S3

YS3G3Sequoia sempervirens / (Pteridium aquilinum) – Woodwardia fimbriata86.100.02

YSequoia sempervirens / Polystichum munitum – Trillium ovatum86.100.03

YSequoia sempervirens86.100.04

YSequoia sempervirens / Marah fabaceus – Vicia sativa ssp. nigra86.100.05

YSequoia sempervirens – Notholithocarpus densiflorus / Carex globosa – Iris 
douglasiana

86.100.06

YSequoia sempervirens / Mahonia nervosa86.100.08

YSequoia sempervirens – Pseudotsuga menziesii – Arbutus menziesii86.100.10

YSequoia sempervirens – Pseudotsuga menziesii / Gaultheria shallon86.100.11

YSequoia sempervirens – Pseudotsuga menziesii / Vaccinium ovatum86.100.12

YSequoia sempervirens / Oxalis oregana86.100.13

YS3G3Sequoia sempervirens – Acer macrophyllum – Umbellularia californica86.100.14

YS3G3Sequoia sempervirens – Arbutus menziesii / Vaccinium ovatum86.100.15

YS3G3Sequoia sempervirens – Notholithocarpus densiflorus / Vaccinium ovatum86.100.16

YS2?G2Sequoia sempervirens – Chrysolepis chrysophylla / Arctostaphylos glandulosa86.100.18

YSequoia sempervirens – Pseudotsuga menziesii – Umbellularia californica86.100.20

YS3G3Sequoia sempervirens – Umbellularia californica86.100.21

YSequoia sempervirens – Pseudotsuga menziesii – Notholithocarpus 
densiflorus – Chamaecyparis lawsoniana / Vaccinium ovatum

86.100.23

YSequoia sempervirens / Polystichum munitum86.100.25
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YSequoia sempervirens – Pseudotsuga menziesii / Rhododendron 
macrophyllum

86.100.26

YSequoia sempervirens – Tsuga heterophylla / Vaccinium ovatum86.100.27

YSequoia sempervirens – Tsuga heterophylla / Polystichum munitum86.100.28

YSequoia sempervirens – Alnus rubra / Rubus spectabilis86.100.29

YSequoia sempervirens – Tsuga heterophylla / Rubus spectabilis86.100.30

YSequoia sempervirens – Pseudotsuga menziesii – Notholithocarpus 
densiflorus

86.100.31

YS1G1ProvisionalSequoia sempervirens – Hesperocyparis pigmaea86.100.32

YProvisionalSequoia sempervirens – Pinus muricata86.100.33

Sequoiadendron giganteum

Giant sequoia forest and woodland

Alliance

86.200.00 G3 S3

YSequoiadendron giganteum – Pinus lambertiana / Cornus nuttallii86.200.01

Tsuga heterophylla

Western hemlock forest

Alliance

84.200.00 G5 S2

YTsuga heterophylla – Pseudotsuga menziesii – Chamaecyparis lawsoniana84.200.01

Tsuga mertensiana

Mountain hemlock forest and woodland

Alliance

84.100.00 G5 S4

YG3G4Tsuga mertensiana84.100.04

YG3?Tsuga mertensiana – Pinus contorta ssp. murrayana – Pinus monticola84.100.11

YG3G4Tsuga mertensiana – Pinus contorta ssp. murrayana84.100.15

Umbellularia californica

California bay forest and woodland

Alliance

74.100.00 G4 S3

YS3G3Umbellularia californica74.100.01

YUmbellularia californica – Arbutus menziesii74.100.03

YS3G3Umbellularia californica / Ceanothus oliganthus74.100.07

YUmbellularia californica / Polystichum munitum74.100.08

YUmbellularia californica / Toxicodendron diversilobum74.100.09

YS3G3Umbellularia californica – Juglans californica / Ceanothus spinosus74.100.11

YS3G3Umbellularia californica – Notholithocarpus densiflorus74.100.12

YUmbellularia californica – Quercus wislizeni74.100.18

YUmbellularia californica – Quercus agrifolia / Toxicodendron diversilobum74.100.22

Washingtonia filifera

California fan palm oasis

Alliance

61.520.00 G3 S3

YWashingtonia filifera / spring (Atriplex – Baccharis – Pluchea)61.520.03

YWashingtonia filifera – Platanus racemosa / Salix spp.61.520.04

Yucca brevifolia

Joshua tree woodland

Alliance

33.170.00 G4 S3

YS3G4Yucca brevifolia / Coleogyne ramosissima33.170.02

YYucca brevifolia / (Artemisia tridentata – Atriplex confertifolia)33.170.04

YYucca brevifolia / Cylindropuntia acanthocarpa33.170.06

YYucca brevifolia / Lycium andersonii – Ephedra nevadensis33.170.08

YG4Yucca brevifolia / Larrea tridentata – Yucca schidigera / Pleuraphis rigida33.170.10
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YS3G3Yucca brevifolia / (Prunus fasciculata – Salazaria mexicana)33.170.13

YS3G4Yucca brevifolia / Pleuraphis rigida33.170.16

YYucca brevifolia / (Yucca baccata) / Pleuraphis jamesii – Bouteloua eriopoda33.170.18

YS3G3Yucca brevifolia / Juniperus californica / Ephedra nevadensis33.170.19
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Acer glabrum

Rocky Mountain maple thickets

Provisional Alliance

61.430.00 G5 S3?

YProvisionalAcer glabrum drainage bottom61.430.01

YProvisionalAcer glabrum Avalanche Chute61.430.02

Adenostoma fasciculatum

Chamise chaparral

Alliance

37.101.00 G5 S5

YAdenostoma fasciculatum – (Ceanothus greggii / mafic)37.101.06

YAdenostoma fasciculatum – (Arctostaphylos glandulosa – Ceanothus 
jepsonii)

37.101.15

YAdenostoma fasciculatum – Arctostaphylos manzanita37.101.19

YS3G3Adenostoma fasciculatum – (Ceanothus megacarpus)37.101.20

YS3G3Adenostoma fasciculatum – Salvia leucophylla37.101.23

YAdenostoma fasciculatum – Heteromeles arbutifolia / Melica torreyana37.101.28

YAdenostoma fasciculatum – Arctostaphylos stanfordiana / Salvia sonomensis37.101.35

YAdenostoma fasciculatum var. prostratum – (Quercus pacifica)37.101.36

YProvisionalAdenostoma fasciculatum var. prostratum – Salvia brandegeei / Selaginella 
bigelovii

37.101.37

YS2.2G2Adenostoma fasciculatum Southern Maritime37.101.38

YAdenostoma fasciculatum – Eriogonum fasciculatum – Salvia apiana37.103.03

Adenostoma fasciculatum – Salvia spp.

Chamise – Sage chaparral

Alliance

37.110.00 G4 S4

YAdenostoma fasciculatum – (Eriogonum fasciculatum – Salvia mellifera)37.102.03

YS3G3Adenostoma fasciculatum – Salvia mellifera – Rhus ovata37.102.07

YAdenostoma fasciculatum – Salvia apiana37.103.01

YAdenostoma fasciculatum – Salvia apiana – Artemisia californica37.103.02

Adenostoma sparsifolium

Redshank chaparral

Alliance

37.501.00 G4 S4

YG3?Adenostoma sparsifolium37.501.01

YAdenostoma sparsifolium – Adenostoma fasciculatum – Cercocarpus 
montanus

37.503.01

YAdenostoma sparsifolium – Adenostoma fasciculatum – Ceanothus greggii37.503.02

YAdenostoma sparsifolium – Adenostoma fasciculatum – Arctostaphylos 
pungens

37.503.03

YS3G3Adenostoma sparsifolium – Adenostoma fasciculatum – Ceanothus 
crassifolius

37.503.04

Agave deserti

Desert agave scrub

Alliance

33.075.00 G3 S3

YAgave deserti – Ambrosia salsola (wash and terrace)33.075.01

YAgave deserti – Yucca schidigera33.075.02

Allenrolfea occidentalis

Iodine bush scrub

Alliance

36.120.00 G4 S3

YProvisionalAllenrolfea occidentalis / Distichlis spicata36.120.01

YAllenrolfea occidentalis – Suaeda moquinii36.120.02
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YG3Allenrolfea occidentalis36.120.04

YProvisionalAllenrolfea occidentalis / Lasthenia gracilis36.120.06

Alnus incana

Mountain alder thicket

Alliance

63.210.00 G4 S3

YAlnus incana63.210.01

YAlnus incana / Glyceria elata63.210.02

YAlnus incana / bench63.210.03

Alnus viridis

Sitka alder thickets

Provisional Alliance

63.220.00 G5 S3?

Ambrosia dumosa

White bursage scrub

Alliance

33.060.00 G5 S5

YAmbrosia dumosa – Acamptopappus sphaerocephalus33.060.01

YAmbrosia dumosa33.060.02

Ambrosia salsola – Bebbia juncea

Cheesebush – sweetbush scrub

Alliance

33.200.00 G4 S4

YAmbrosia salsola – (Ambrosia eriocentra – Brickellia incana)33.200.06

YProvisionalAmbrosia eriocentra – Brickellia spp.33.200.12

YProvisionalBrickellia incana35.340.04

Amelanchier utahensis – Cercocarpus montanus – Cercocarpus intric

Utah serviceberry – birch leaf mountain mahogany – small leaf mountai

Alliance

76.300.00 G4 S3

YCercocarpus intricatus76.300.01

YCercocarpus intricatus – Glossopetalon spinescens76.300.02

YProvisionalPhiladelphus microphyllus76.300.03

YS1Amelanchier utahensis76.300.04

YCercocarpus montanus / Pseudoroegneria spicata76.300.05

Amphipappus fremontii – Salvia funerea

Fremont's chaffbush – woolly sage scrub

Alliance

33.305.00 G3 S3

YAmphipappus fremontii (limestone)33.305.01

YProvisionalSalvia funerea33.305.02

Arctostaphylos (bakeri, montana)

Baker's or Mt. Tamalpais manzanita chaparral

Alliance

37.324.00 G3 S3

YS2G2Arctostaphylos montana37.307.01

YS2G2Arctostaphylos montana – Adenostoma fasciculatum37.307.02

YS2G2ProvisionalArctostaphylos bakeri37.324.01

Arctostaphylos (canescens, manzanita, stanfordiana)

Hoary, common, and Stanford manzanita chaparral

Alliance

37.323.00 G3 S3

YProvisionalArctostaphylos canescens – Arctostaphylos glandulosa – Adenostoma 
fasciculatum

37.311.01

YS3G3Arctostaphylos manzanita37.323.01

YS3G3ProvisionalArctostaphylos stanfordiana37.323.02

YS3G3ProvisionalArctostaphylos canescens37.323.03
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Arctostaphylos (crustacea, tomentosa)

Brittle leaf – woolly leaf manzanita chaparral

Alliance

37.308.00 G3 S3

YS3G3Arctostaphylos crustacea37.308.03

YArctostaphylos crustacea – Adenostoma fasciculatum – Ceanothus 
(cuneatus, papillosus)

37.308.04

YArctostaphylos crustacea – Arctostaphylos gabilanensis37.308.05

YS2G2Arctostaphylos confertiflora37.308.06

YArctostaphylos insularis37.308.07

YProvisionalArctostaphylos catalinae37.308.08

Arctostaphylos (nummularia, sensitiva) – Chrysolepis chrysophylla

Glossy leaf manzanita - Golden chinquapin chaparral

Alliance

37.340.00 G2 S2

YS2G2Arctostaphylos nummularia37.306.03

YArctostaphylos sensitiva37.340.01

YProvisionalArctostaphylos montaraensis – Arctostaphylos imbricata37.340.02

YChrysolepis chrysophylla / Vaccinium ovatum37.417.01

YChrysolepis chrysophylla – Arctostaphylos glandulosa37.417.02

Arctostaphylos (purissima, rudis)

Burton Mesa chaparral

Special Stands

37.322.00 G1 S1

Arctostaphylos glandulosa

Eastwood manzanita chaparral

Alliance

37.302.00 G4 S4

YArctostaphylos glandulosa – Adenostoma fasciculatum / mafic soils37.106.05

YS3?G3Arctostaphylos glandulosa – Adenostoma fasciculatum – Quercus wislizeni37.106.10

YArctostaphylos glandulosa – Adenostoma fasciculatum – Chamaebatia 
australis

37.106.14

YG3G4Arctostaphylos glandulosa37.302.01

YArctostaphylos glandulosa ssp. adamsii37.302.02

YS3?G3Arctostaphylos glandulosa – Quercus wislizeni37.302.04

YArctostaphylos glandulosa – Arctostaphylos pringlei37.302.07

Arctostaphylos glauca

Bigberry manzanita chaparral

Alliance

37.301.00 G4 S4

YS3G3Arctostaphylos glauca – Adenostoma fasciculatum on serpentine37.104.11

YG3G4Arctostaphylos glauca37.301.01

YArctostaphylos glauca / Melica torreyana37.301.02

YS3G3Arctostaphylos glauca – Quercus durata / Pinus sabiniana37.301.04

YProvisionalArctostaphylos glauca – Quercus john-tuckeri37.301.06

Arctostaphylos hookeri

Hooker’s manzanita chaparral

Provisional Alliance

37.321.00 G2 S2

Arctostaphylos hooveri

Hoover’s manzanita chaparral

Alliance

37.312.00 G2 S2

YArctostaphylos hooveri37.312.01
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Arctostaphylos montereyensis

Monterey manzanita chaparral

Provisional Alliance

37.314.00 G1 S1

Arctostaphylos morroensis

Morro manzanita chaparral

Alliance

37.315.00 G1 S1

YProvisionalArctostaphylos morroensis37.315.01

Arctostaphylos myrtifolia

Ione manzanita chaparral

Alliance

37.304.00 G1 S1

YArctostaphylos myrtifolia37.304.01

Arctostaphylos pajaroensis

Pajaro manzanita chaparral

Alliance

37.316.00 G1 S1

YArctostaphylos pajaroensis37.316.01

Arctostaphylos patula – Arctostaphylos nevadensis

Green leaf manzanita – Pinemat manzanita chaparral

Alliance

37.303.00 G5 S3S4

NG5?Arctostaphylos patula37.303.01

NArctostaphylos patula – Quercus vacciniifolia37.303.02

NProvisionalArctostaphylos nevadensis37.303.03

YG3Arctostaphylos patula – Ceanothus velutinus37.303.04

Arctostaphylos pumila

Sandmat manzanita chaparral

Provisional Alliance

37.318.00 G1 S1

Arctostaphylos pungens – Arctostaphylos pringlei

Pointleaf manzanita – pink-bract manzanita chaparral

Alliance

37.310.00 G4 S3

YArctostaphylos pringlei ssp. drupacea – Arctostaphylos pungens37.310.01

YArctostaphylos pringlei ssp. drupacea37.310.02

YAdenostoma fasciculatum – Arctostaphylos pringlei37.310.03

YProvisionalArctostaphylos parryana37.310.04

Arctostaphylos silvicola

Silverleaf manzanita chaparral

Provisional Alliance

37.320.00 G1 S1

Arctostaphylos viscida

Whiteleaf manzanita chaparral

Alliance

37.305.00 G4 S4

YProvisionalArctostaphylos viscida / Salvia sonomensis – Carex (brainerdi, xerophilla)37.305.03

Y(Arctostaphylos viscida – Adenostoma fasciculatum) / Salvia sonomensis37.305.04

YProvisionalArctostaphylos viscida – Ceanothus jepsonii37.305.08

Artemisia arbuscula ssp. arbuscula

Little sagebrush scrub

Alliance

35.120.00 G5 S4

YArtemisia arbuscula / Trifolium andersonii ssp. monoense35.120.01

YS3Artemisia arbuscula / Festuca idahoensis35.120.03

YG2G3
?

Artemisia arbuscula –  Eriogonum (microthecum, sphaerocephalum)35.120.05

YArtemisia arbuscula / Poa secunda35.120.14
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Artemisia californica – (Salvia leucophylla)

California sagebrush – (purple sage) scrub

Alliance

32.015.00 G5 S5

YS3G3Artemisia californica – Lepidospartum squamatum32.010.09

YS3G3Artemisia californica – Diplacus aurantiacus32.010.11

YS3G3Artemisia californica – (Salvia leucophylla) / Leymus condensatus32.010.14

YProvisionalArtemisia californica – Opuntia littoralis32.010.16

YProvisionalArtemisia californica – Cleome isomeris32.010.18

YArtemisia californica – Salvia brandegeei32.010.19

YArtemisia californica / Nassella (pulchra)32.010.20

YS3G3Artemisia californica – Salvia leucophylla – Eriogonum cinereum / Nassella 
spp.

32.090.04

YS3G3Salvia leucophylla – Eriogonum cinereum / annual herb32.090.05

YS3G3Artemisia californica – Eriogonum fasciculatum – Salvia leucophylla32.110.03

YS3?G3Artemisia californica – Eriogonum fasciculatum – Salvia mellifera32.110.04

YS3G3Artemisia californica – Eriogonum fasciculatum – Ephedra californica32.110.07

YS2G3Artemisia californica – Eriogonum fasciculatum – Opuntia littoralis / 
Dudleya (edulis)

32.110.08

YArtemisia californica – Eriogonum fasciculatum – Viguiera laciniata32.110.09

Artemisia cana

Silver sagebrush wet shrubland

Alliance

35.150.00 G5 S3

YArtemisia cana / Juncus arcticus var. balticus35.150.04

YArtemisia cana (ssp. bolanderi, ssp. viscidula) / Poa secunda35.150.08

Artemisia nova

Black sagebrush scrub

Alliance

35.130.00 G4 S3

YG3G5Artemisia nova35.130.01

YArtemisia nova – Ambrosia salsola35.130.03

YArtemisia nova / Poa secunda35.130.04

Artemisia rothrockii

Rothrock’s sagebrush

Alliance

35.140.00 G3 S3

YArtemisia rothrockii / Penstemon heterodoxus35.140.01

YG3?Artemisia rothrockii / Monardella odoratissima35.140.02

Artemisia tridentata

Big sagebrush

Alliance

35.110.00 G5 S5

YS2G2ProvisionalArtemisia tridentata ssp. parishii35.110.16

YArtemisia tridentata / Pleuraphis jamesii35.110.17

YS3ProvisionalArtemisia tridentata / Distichlis spicata35.110.19

Artemisia tridentata ssp. vaseyana

Mountain big sagebrush

Alliance

35.111.00 G4 S4

YS3Artemisia tridentata (ssp. vaseyana) – Salvia dorrii – Chamaebatiaria 
millefolium

35.111.05

YS3Artemisia tridentata ssp. vaseyana / Festuca idahoensis35.111.07

YProvisionalArtemisia tridentata ssp. spiciformis35.111.09
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Atriplex canescens

Fourwing saltbush scrub

Alliance

36.310.00 G5 S4

YProvisionalAtriplex canescens / herbaceous36.310.03

Atriplex confertifolia

Shadscale scrub

Alliance

36.320.00 G5 S4

YG3Atriplex confertifolia – Lycium andersonii36.320.07

YG3G5Atriplex confertifolia – Krascheninnikovia lanata36.320.08

YAtriplex confertifolia – Lepidium fremontii36.320.13

YAtriplex confertifolia – Picrothamnus desertorum36.320.14

Atriplex hymenelytra

Desert holly scrub

Alliance

36.330.00 G5 S4

YS3G4Atriplex hymenelytra – Larrea tridentata36.330.03

YProvisionalHoffmannseggia microphylla36.330.07

Atriplex lentiformis

Quailbush scrub

Alliance

36.370.00 G4 S4

YAtriplex torreyi36.370.04

YProvisionalAtriplex torreyi / Distichlis spicata – Sporobolus airoides36.370.05

Atriplex spinifera

Spinescale scrub

Alliance

36.350.00 G4 S4

YAtriplex spinifera36.350.01

YS3G3Atriplex spinifera / herbaceous36.350.02

YAtriplex spinifera – Picrothamnus desertorum36.350.03

Baccharis emoryi – Baccharis sergiloides

Emory's and Broom baccharis scrub

Alliance

63.550.00 G4 S3

YProvisionalBaccharis emoryi63.520.01

YBaccharis sergiloides – Prunus fasciculata – Rhus trilobata63.530.02

YBaccharis sergiloides / (Muhlenbergia rigens – Typha domingensis)63.530.03

YBaccharis sergiloides63.550.01

Baccharis pilularis

Coyote brush scrub

Alliance

32.060.00 G5 S5

YS3G3Baccharis pilularis / Eriophyllum staechadifolium32.060.01

YS1G2Baccharis pilularis / Deschampsia cespitosa32.060.02

YBaccharis pilularis / Leymus triticoides32.060.03

YS2G2Baccharis pilularis / Danthonia californica32.060.11

YS3?G3ProvisionalBaccharis pilularis / Carex obnupta – Juncus patens32.060.13

YS3?G3Baccharis pilularis – Ceanothus thyrsiflorus32.060.14

YS3G3Baccharis pilularis / (Nassella pulchra – Elymus glaucus – Bromus carinatus)32.060.21

YProvisionalGarrya elliptica32.060.31

Baccharis salicifolia

Mulefat thickets

Alliance

63.510.00 G4 S4

YS3G3Baccharis salicifolia – Lepidospartum squamatum – Hazardia squarrosa63.510.02
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Betula glandulosa

Resin birch thickets

Provisional Alliance

63.620.00 G5 S2?

Betula occidentalis

Water birch thicket

Alliance

63.610.00 G4 S3

YBetula occidentalis / Salix spp.63.610.01

YBetula occidentalis / Mesic graminoids63.610.02

Carnegiea gigantea – Parkinsonia microphylla – Prosopis velutina

Saguaro – foothill palo verde – velvet mesquite desert scrub

Provisional Alliance

33.150.00 G4 S2

YS2G4ProvisionalParkinsonia microphylla – Larrea tridentata33.150.01

Cassiope mertensiana

White mountain heather heath

Provisional Alliance

91.126.00 G5 S3?

Castela emoryi

Crucifixion thorn stands

Special Stands

33.110.00 G2 S1

Ceanothus (oliganthus, tomentosus)

Hairy leaf - woolly leaf ceanothus chaparral

Alliance

37.207.00 G3 S3

YG4Ceanothus oliganthus37.207.01

YCeanothus oliganthus – Adenostoma fasciculatum37.207.02

YCeanothus oliganthus – Adenostoma fasciculatum – Xylococcus bicolor37.207.03

YS2G2Ceanothus oliganthus – Adenostoma sparsifolium37.207.04

YCeanothus oliganthus – Arctostaphylos glandulosa37.207.05

YCeanothus oliganthus – Eriodictyon crassifolium37.207.06

YG4Ceanothus oliganthus – Heteromeles arbutifolia – Rhus ovata37.207.07

YS3G3Ceanothus oliganthus – Quercus berberidifolia37.207.08

YS3G3Ceanothus tomentosus37.207.09

YProvisionalCeanothus cyaneus37.207.10

Ceanothus cordulatus

Mountain whitethorn chaparral

Alliance

37.209.00 G4 S4

YG3?Ceanothus cordulatus37.209.01

Ceanothus cuneatus

Wedge leaf ceanothus chaparral, Buck brush chaparral

Alliance

37.211.00 G4 S4

YCeanothus cuneatus / Plantago erecta37.211.05

YS3G3Ceanothus cuneatus – Adenostoma fasciculatum – Salvia mellifera – 
Malosma laurina

37.211.10

Ceanothus greggii – Fremontodendron californicum

Cup leaf ceanothus – California flannelbush chaparral

Alliance

37.212.00 G4 S3

YCeanothus greggii (var. vestitus, var. perplexans)37.212.01

YCeanothus greggii – Adenostoma fasciculatum37.212.03

YFremontodendron californicum37.212.05

Ceanothus integerrimus

Deer brush chaparral

Alliance

37.206.00 G4 S4
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YCeanothus integerrimus – Quercus garryana var. fruticosa37.206.05

Ceanothus megacarpus

Bigpod ceanothus chaparral

Alliance

37.201.00 G4 S4

YS3G3Ceanothus megacarpus – Adenostoma sparsifolium37.201.04

YS3G3Ceanothus megacarpus – Cercocarpus montanus37.201.05

YS3G3Ceanothus megacarpus – Salvia mellifera37.201.08

YProvisionalCeanothus megacarpus var. insularis37.201.10

Ceanothus papillosus

Wart leaf ceanothus chaparral

Alliance

37.215.00 G3 S3

YCeanothus papillosus – Adenostoma fasciculatum37.215.01

Ceanothus thyrsiflorus

Blue blossom chaparral

Alliance

37.204.00 G4 S4

YS3?G3Ceanothus thyrsiflorus – (Rubus ursinus)37.204.02

YS3?G3Ceanothus thyrsiflorus – Vaccinium ovatum – Rubus parviflorus37.204.03

YProvisionalCeanothus incanus37.204.04

YCeanothus arboreus37.204.05

Ceanothus velutinus

Tobacco brush or snow bush chaparral

Alliance

37.210.00 G5 S4

YG3?Ceanothus velutinus – Prunus emarginata – Artemisia tridentata37.210.02

Ceanothus verrucosus

Wart-stemmed ceanothus chaparral

Provisional Alliance

37.216.00 G2 S2

YProvisionalCeanothus verrucosus – Xylococcus bicolor37.216.01

Celtis laevigata var. reticulata – Rhus trilobata

Sugarberry – skunkbush sumac scrub

Provisional Alliance

61.565.00 G3 S1

YProvisionalCeltis laevigata var. reticulata61.565.01

Cephalanthus occidentalis

Button willow thickets

Alliance

63.300.00 G5 S2

YCephalanthus occidentalis63.300.01

Cercocarpus ledifolius

Curlleaf mountain mahogany scrub

Alliance

76.200.00 G5 S4

YG3G4Cercocarpus ledifolius / Symphoricarpos rotundifolius76.200.02

YS3Cercocarpus ledifolius – Artemisia tridentata ssp. vaseyana76.200.04

Cercocarpus montanus

Birch leaf mountain mahogany chaparral

Alliance

76.100.00 G5 S4

YS3G3Cercocarpus montanus – Ceanothus spinosus76.100.05

YS3G3Cercocarpus montanus – Ceanothus cuneatus – Quercus john-tuckeri76.100.09

YS3G3Cercocarpus montanus – Malosma laurina – Artemisia californica76.100.12

YProvisionalCercocarpus montanus var. blancheae76.100.18

Chrysolepis sempervirens

Bush chinquapin chaparral

Alliance

37.700.00 G4 S3

YS3G3Chrysolepis sempervirens37.700.01
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Coleogyne ramosissima

Black brush scrub

Alliance

33.020.00 G5 S4

YG4G5Coleogyne ramosissima33.020.01

YColeogyne ramosissima / Pleuraphis jamesii33.020.14

Coreopsis gigantea

Giant coreopsis scrub

Alliance

43.100.00 G3 S3

YS3G3Coreopsis gigantea – Artemisia californica – Eriogonum cinereum43.100.01

YS2G2Coreopsis gigantea – Ericameria ericoides – Encelia californica43.100.02

YProvisionalCoreopsis gigantea – Lotus dendroideus43.100.03

YCoreopsis gigantea / (Dudleya greenei)43.100.04

YCoreopsis gigantea – (Lycium californicum – Opuntia spp.)43.100.05

Cornus sericea

Red osier thickets

Alliance

80.100.00 G4 S3?

YCornus sericea – Salix (lasiolepis, exigua)80.100.06

Cornus sericea – Rosa woodsii – Ribes spp.

Red-osier dogwood - Interior rose - Currant thickets

Alliance

63.320.00 G5 S3

NRosa woodsii63.320.01

YCornus sericea / Senecio triangularis80.100.01

YCornus sericea80.100.02

Corylus cornuta var. californica

Hazelnut scrub

Alliance

37.950.00 G3 S2?

YS2?G2Corylus cornuta / Polystichum munitum37.950.01

Cylindropuntia acanthocarpa / Pleuraphis rigida

Buckhorn cholla / big galleta grass scrub

Alliance

33.055.00 GNR S4

YCylindropuntia acanthocarpa var. coloradensis33.055.01

Cylindropuntia bigelovii

Teddy bear cholla patches

Alliance

33.050.00 G4 S3

YS3G4Cylindropuntia bigelovii33.050.01

Dasiphora fruticosa

Shrubby cinquefoil scrub

Alliance

38.110.00 G5 S3?

YDasiphora fruticosa38.110.01

YDasiphora fruticosa / Danthonia intermedia38.110.02

YDasiphora fruticosa / Potentilla breweri38.110.03

YDasiphora fruticosa / Danthonia unispicata38.110.04

YDasiphora fruticosa / Veratrum californicum38.110.05

Deinandra clementina – Eriogonum giganteum

Island tar plant – Saint Catherine's lace scrub

Alliance

43.110.00 G2 S2

YDeinandra clementina43.110.01

YProvisionalConstancea nevinii43.110.02

YProvisionalEriogonum giganteum var. compactum43.110.03

YProvisionalEriogonum giganteum var. giganteum43.110.04
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Diplacus aurantiacus

Bush monkeyflower scrub

Alliance

32.082.00 G3 S3?

YS3G3Diplacus (aurantiacus, puniceus)32.082.01

YProvisionalDiplacus parviflorus32.082.02

Encelia (actonii, virginensis) – Viguiera reticulata

Acton's and Virgin River brittle brush – net-veined goldeneye scrub

Alliance

33.037.00 G3 S3

YEncelia virginensis33.025.01

YS3G3Encelia actonii33.025.03

YS1G1Viguiera reticulata33.033.01

Encelia californica – Eriogonum cinereum

California brittle bush – Ashy buckwheat scrub

Alliance

32.051.00 G3 S3

YS2S3G2G3Eriogonum cinereum32.035.01

YG3Encelia californica – Artemisia californica32.050.01

YG3Encelia californica32.050.02

YEncelia californica – Artemisia californica – Salvia mellifera – Baccharis 
pilularis

32.050.03

YS3G3Encelia californica – Eriogonum cinereum32.050.04

YS3?G3Encelia californica – Malosma laurina – Salvia mellifera32.050.05

YS3G3Encelia californica – Rhus integrifolia32.050.06

YProvisionalEncelia californica – Eriogonum arborescens32.051.01

Encelia farinosa

Brittle bush scrub

Alliance

33.030.00 G5 S4

YEncelia farinosa – Peucephyllum schottii33.030.02

YEncelia farinosa – Eriogonum fasciculatum – Agave deserti33.030.03

Ephedra californica – Ephedra trifurca

California joint fir – longleaf joint-fir scrub

Alliance

33.270.00 G5 S4

YEphedra californica – Ambrosia salsola33.270.02

YS3G3Ephedra californica / annual – perennial herb33.270.03

YS2G2Ephedra californica – Gutierrezia californica / Eriastrum pluriflorum33.270.04

YS3Ephedra trifurca33.270.05

Ephedra funerea

Death Valley joint fir scrub

Alliance

33.275.00 G3 S3

YEphedra funerea33.275.01

Ephedra nevadensis – Lycium andersonii – Grayia spinosa

Nevada joint fir – Anderson’s boxthorn – spiny hop sage scrub

Alliance

33.185.00 G5 S3S4

NGNRGrayia spinosa33.180.01

YGrayia spinosa – Larrea tridentata33.180.03

YG5Grayia spinosa – Lycium andersonii33.180.04

YGrayia spinosa / Eriogonum ovalifolium33.180.05

YGrayia spinosa – Ephedra viridis33.180.06

YGrayia spinosa – Picrothamnus desertorum33.180.07

NProvisionalLycium cooperi33.185.01

NProvisionalEphedra nevadensis / (Elymus elymoides)33.185.02
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YGrayia spinosa – Lycium pallidum33.185.03

NProvisionalGrayia spinosa – Tetradymia (axillaris, glabrata)33.185.04

NEphedra nevadensis – (Salazaria mexicana – Ambrosia salsola)33.280.01

NEphedra nevadensis – Lycium andersonii33.280.04

YS3S4G3G4Ephedra nevadensis – Ericameria cooperi33.280.05

YS3G4Lycium andersonii – Simmondsia chinensis – Pleuraphis rigida33.360.01

YProvisionalLycium andersonii33.360.02

Ericameria linearifolia – Cleome isomeris

Narrowleaf goldenbush – bladderpod scrub

Alliance

38.125.00 G4 S4

YEricameria linearifolia38.125.01

YS3G3Eastwoodia elegans38.125.02

YCleome isomeris38.125.03

YEastwoodia elegans – Krascheninnikovia lanata38.125.04

Ericameria nauseosa

Rubber rabbitbrush scrub

Alliance

35.310.00 G5 S5

YLepidospartum latisquamum35.310.04

Ericameria palmeri

Palmer’s goldenbush scrub

Provisional Alliance

38.130.00 G3 S3?

YProvisionalEricameria palmeri38.130.01

Ericameria paniculata

Black-stem rabbitbrush scrub

Alliance

35.340.00 G4 S3

YEricameria paniculata35.340.01

YEricameria paniculata – Ambrosia salsola35.340.02

YEricameria paniculata – Ambrosia eriocentra35.340.03

Ericameria parryi

Parry’s rabbitbrush scrub

Alliance

35.320.00 G4 S3

YEricameria parryi / Gayophytum diffusum35.320.01

Eriogonum arborescens – Eriogonum grande

Island Buckwheat scrub

Alliance

32.036.00 G3 S3

YArtemisia californica – Eriogonum arborescens32.010.17

YEriogonum arborescens – Hazardia detonsa32.036.01

YEriogonum arborescens32.036.02

YEriogonum grande var. grande32.036.03

YS1G1ProvisionalEriogonum grande var. rubescens32.036.04

Eriogonum fasciculatum

California buckwheat scrub

Alliance

32.040.00 G5 S5

YEriogonum fasciculatum – Artemisia tridentata32.040.03

YS3G3Eriogonum fasciculatum var. foliolosum – Juniperus californica32.040.13

YS2G2Eriogonum fasciculatum var. polifolium / Eriastrum pluriflorum32.040.15

YProvisionalEriogonum fasciculatum – Ephedra californica32.040.20

YProvisionalEriogonum fasciculatum / Salvia columbariae – Mirabilis laevis32.040.21

YS3S4G3G4ProvisionalHesperoyucca whipplei32.040.22
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Eriogonum fasciculatum – Salvia apiana

California buckwheat – white sage scrub

Alliance

32.100.00 G4 S4

YEriogonum fasciculatum – Salvia apiana32.100.01

YSalvia apiana – Artemisia californica – Ericameria spp.32.100.02

Eriogonum fasciculatum – Viguiera parishii

California buckwheat – Parish’s goldeneye scrub

Alliance

33.032.00 G4 S4

YViguiera parishii – Agave deserti33.032.01

YEriogonum fasciculatum rock outcrop33.032.06

YEriogonum fasciculatum – Ericameria (laricifolia, linearifolia)33.032.07

YViguiera parishii – Eriogonum fasciculatum – Simmondsia chinensis33.032.08

Eriogonum spp. / Poa secunda

Buckwheat / pine bluegrass dwarf-shrubland

Alliance

32.037.00 GNR S3

YEriogonum sphaerocephalum / Poa secunda32.037.01

YEriogonum douglasii / Poa secunda32.037.02

YEriogonum strictum / Poa secunda32.037.03

Eriogonum wrightii – Eriogonum heermannii – Buddleja utahensis

Wright's buckwheat – Heermann's buckwheat – Utah butterfly-bush scr

Alliance

32.046.00 G3 S3

YS2G2Eriogonum wrightii – Eriophyllum confertiflorum / Monardella antonina ssp. 
benitensis

32.041.01

YS3G3Eriogonum wrightii – Juniperus californica32.041.02

YEriogonum wrightii – Corethrogyne filaginifolia32.041.03

YProvisionalHecastocleis shockleyi32.046.01

Y(Buddleja utahensis – Eriogonum heermannii) – Gutierrezia spp. limestone32.046.02

YProvisionalEriogonum heermannii32.046.03

YProvisionalEriogonum wrightii (ssp. subscaposum, ssp. wrightii)32.046.04

Fallugia paradoxa

Apache plume scrub

Provisional Alliance

33.325.00 GNR S3

YFallugia paradoxa Desert Wash33.325.01

Frangula californica – Rhododendron occidentale – Salix breweri

California coffee berry – western azalea scrub – Brewer's willow

Alliance

63.311.00 G3 S3

NFrangula californica ssp. tomentella / Cirsium fontinale var. campylon – 
Mimulus guttatus

37.920.03

YFrangula californica ssp. tomentella / Hoita macrostachya37.920.04

YS2G2Salix breweri / Muhlenbergia asperifolia61.215.01

YProvisionalSalix breweri61.215.02

YProvisionalFrangula californica ssp. californica63.311.01

YProvisionalRhododendron occidentale – Frangula californica ssp. tomentella63.311.02

Gaultheria shallon – Rubus (ursinus)

Salal – berry brambles

Alliance

63.909.00 GNR S4

YS3?G3Holodiscus discolor – Baccharis pilularis – Rubus ursinus32.060.12

YGaultheria shallon – Rubus spectabilis – Rubus parviflorus63.901.01

YRubus parviflorus63.901.03

YRubus ursinus63.901.05
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YGaultheria shallon – Vaccinium ovatum / Pteridium aquilinum63.909.01

Gutierrezia californica

California match weed patches

Provisional Alliance

32.042.00 G3? S3?

YGutierrezia californica / Poa secunda32.042.02

Gutierrezia sarothrae – Gutierrezia microcephala

Snakeweed scrub

Alliance

32.043.00 G3 S3

YGutierrezia sarothrae / Pleuraphis rigida – Sphaeralcea ambigua32.043.01

YGutierrezia (microcephala, sarothrae)32.043.02

YProvisionalGutierrezia sarothrae – Erodium spp. – Nassella pulchra32.043.03

Hazardia squarrosa

Sawtooth golden bush scrub

Alliance

32.055.00 G3 S3

YS3G3Hazardia squarrosa / Nassella pulchra – Deinandra fasciculata32.055.01

YS3G3Hazardia squarrosa – Artemisia californica32.055.02

Isocoma menziesii

Menzies’s golden bush scrub

Alliance

32.044.00 G3 S3

YS3G3Isocoma menziesii – Lupinus albifrons32.044.03

YS3G3Isocoma menziesii32.044.04

YS1G1Isocoma menziesii – Lotus dendroideus32.044.05

YS3G3Isocoma menziesii – Artemisia californica32.044.06

YIsocoma menziesii / Dudleya greenei32.044.07

YS3G3Isocoma menziesii  / (Astragalus miguelensis – Atriplex californica)32.044.08

Kalmia microphylla

Alpine laurel heath

Provisional Alliance

45.406.00 G4 S3?

Keckiella antirrhinoides

Bush penstemon scrub

Alliance

32.065.00 G3 S3

YKeckiella antirrhinoides32.065.01

YKeckiella antirrhinoides – Artemisia californica32.065.02

YKeckiella antirrhinoides – Eriogonum fasciculatum32.065.03

YKeckiella antirrhinoides – Mixed Chaparral32.065.04

Koeberlinia spinosa

Crown-of-thorns stands

Special Stands

33.100.00 G2 S1

Krascheninnikovia lanata

Winterfat scrubland

Alliance

36.500.00 G4 S3

YKrascheninnikovia lanata36.500.01

Larrea tridentata

Creosote bush scrub

Alliance

33.010.00 G5 S5

YLarrea tridentata – Krameria grayi – Pleuraphis rigida33.010.07

YS3G4Larrea tridentata – Pleuraphis rigida33.010.13

YLarrea tridentata – Pleuraphis rigida – Lycium andersonii33.010.14
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Larrea tridentata – Ambrosia dumosa

Creosote bush – white bursage scrub

Alliance

33.140.00 G5 S5

YS3G4Larrea tridentata – Ambrosia dumosa – Psorothamnus schottii33.140.07

YLarrea tridentata – Ambrosia dumosa – Psorothamnus emoryi – sandy33.140.08

YLarrea tridentata – Ambrosia dumosa – Galium angustifolium – Lyrocarpa 
coulteri

33.140.10

YS3G4Larrea tridentata – Ambrosia dumosa – Senna armata33.140.13

YS3G4Larrea tridentata – Ambrosia dumosa / Pleuraphis rigida33.140.17

YLarrea tridentata – Ambrosia dumosa – Ephedra funerea33.140.29

YLarrea tridentata – Ambrosia dumosa – Encelia virginensis33.140.31

YLarrea tridentata – Ambrosia dumosa / Dalea mollissima33.140.34

YLarrea tridentata – Ambrosia dumosa / Cryptogamic crust33.140.35

YLarrea tridentata – Ambrosia dumosa – Fagonia laevis33.140.41

YLarrea tridentata – Ambrosia dumosa – Psorothamnus (arborescens, 
fremontii)

33.140.56

Larrea tridentata – Encelia farinosa

Creosote bush – brittle bush scrub

Alliance

33.027.00 G5 S4

YS3G5Larrea tridentata – Encelia farinosa – Fouquieria splendens33.027.04

Lepidospartum squamatum

Scale broom scrub

Alliance

32.070.00 G3 S3

YEriogonum fasciculatum – Lepidospartum squamatum alluvial fan32.070.01

YS2G2Lepidospartum squamatum / ephemeral annuals32.070.03

YLepidospartum squamatum – Atriplex canescens32.070.04

YLepidospartum squamatum – Baccharis salicifolia32.070.05

YLepidospartum squamatum – Eriogonum fasciculatum32.070.06

YLepidospartum squamatum / Amsinckia menziesii32.070.07

YLepidospartum squamatum – Eriodictyon trichocalyx – Hesperoyucca 
whipplei

32.070.08

YLepidospartum squamatum – Artemisia californica32.070.09

YLepidospartum squamatum / desert ephemeral annuals32.070.10

Lupinus arboreus

Yellow bush lupine scrub

Alliance and Semi-
Natural Alliance

32.080.00 G4 S4

YLupinus arboreus – Ericameria ericoides32.080.03

Lupinus chamissonis – Ericameria ericoides

Silver dune lupine – mock heather scrub

Alliance

32.160.00 G3 S3

YEricameria ericoides32.160.01

YLupinus chamissonis32.160.02

YS2.2G2Lupinus chamissonis – Ericameria ericoides32.160.03

Lycium californicum

California desert-thorn scrub

Alliance

33.365.00 G4 S3

YProvisionalLycium californicum – Encelia californica33.365.01

YLycium californicum33.365.02
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YProvisionalLycium californicum – Artemisia nesiotica33.365.03

Malacothamnus fasciculatus – Malacothamnus spp.

Bush mallow scrub

Alliance

45.450.00 G4 S4

YS3G3Malacothamnus fasciculatus – Ceanothus megacarpus45.450.02

YS3G3Malacothamnus fasciculatus – Ceanothus spinosus45.450.03

YS3G3Malacothamnus fasciculatus – Salvia leucophylla45.450.05

YProvisionalMalacothamnus aboriginum45.450.07

Malosma laurina

Laurel sumac scrub

Alliance

45.455.00 G4 S4

YS3G3Malosma laurina – Rhus ovata45.455.08

Menodora spinescens

Spiny menodora scrub

Alliance

33.290.00 G4 S3

YMenodora spinescens – Atriplex confertifolia33.290.01

YMenodora spinescens – (Ephedra nevadensis)33.290.02

Mortonia utahensis

Utah mortonia scrub

Alliance

33.375.00 G4 S2

YMortonia utahensis33.375.01

Nolina (bigelovii, parryi)

Nolina scrub

Alliance

33.080.00 G3 S2

YGNRNolina parryi33.080.01

YNolina bigelovii33.080.02

Notholithocarpus densiflorus var. echinoides

Shrub tanoak chaparral

Alliance

73.110.00 G3 S3

YNotholithocarpus densiflorus var. echinoides / Arctostaphylos nevadensis73.110.01

YNotholithocarpus densiflorus var. echinoides / Pteridium aquilinum73.110.02

Opuntia littoralis – Opuntia oricola – Cylindropuntia prolifera

Coast prickly pear scrub

Alliance

32.150.00 G4 S3

YOpuntia littoralis – Eriogonum fasciculatum – Malosma laurina32.150.01

YS3G3Opuntia littoralis32.150.02

YProvisionalCylindropuntia prolifera – Mixed Coastal Scrub32.150.03

YProvisionalOpuntia oricola32.150.04

Phyllodoce empetriformis

Pink mountain-heath mats

Provisional Alliance

45.404.00 G5 S2?

Pluchea sericea

Arrow weed thickets

Alliance

63.710.00 G4 S3

YPluchea sericea Seasonally Flooded63.710.01

Prunus emarginata – Holodiscus discolor

Bitter Cherry - Ocean Spray Brush

Alliance

37.970.00 G4 S4

YHolodiscus discolor37.970.02

YProvisionalRibes velutinum37.970.03

YHolodiscus discolor / Mimulus suksdorfii39.100.01
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YHolodiscus discolor / Achnatherum occidentale – Eriogonum nudum39.100.02

YHolodiscus discolor – Arctostaphylos patula39.100.03

YHolodiscus discolor – Keckiella corymbosa39.100.04

YHolodiscus discolor / Sedum obtusatum ssp. boreale – Cryptogramma 
acrostichoides

39.100.05

YHolodiscus discolor – Sambucus racemosa39.100.06

Prunus fasciculata – Salazaria mexicana

Desert almond – Mexican bladdersage scrub

Alliance

33.315.00 G4 S4

YG4Prunus fasciculata33.300.01

YPrunus fasciculata – Salazaria mexicana33.300.02

YPrunus fasciculata – Rhus trilobata33.300.03

YPrunus fasciculata – (Purshia stansburiana – Viguiera reticulata)33.300.04

YPrunus fasciculata – Ambrosia eriocentra33.300.05

YSNRGNRSalazaria mexicana33.310.01

YProvisionalAmbrosia salsola – Salazaria mexicana33.310.03

YProvisionalKeckiella antirrhinoides – Prunus fasciculata33.315.01

YProvisionalPrunus eremophila33.315.02

YGNRSalvia dorrii Wash33.320.01

Prunus fremontii

Desert apricot scrub

Alliance

33.220.00 G4 S3

YG4Prunus fremontii33.220.01

Prunus ilicifolia – Heteromeles arbutifolia – Ceanothus spinosus

Holly leaf cherry – toyon – greenbark ceanothus chaparral

Alliance

37.912.00 G5 S4

YS2?G2Prunus ilicifolia ssp. Ilicifolia / Sanicula crassicaulis37.910.01

YS3G3Prunus ilicifolia ssp. ilicifolia – Heteromeles arbutifolia37.910.02

YPrunus ilicifolia ssp. ilicifolia37.910.03

YPrunus ilicifolia ssp. lyonii37.910.04

YPrunus ilicifolia ssp. ilicifolia – Ceanothus cuneatus37.910.05

YPrunus ilicifolia ssp. ilicifolia – Fraxinus dipetala37.910.06

YProvisionalPrunus ilicifolia ssp. ilicifolia – Toxicodendron diversilobum / grass37.910.07

YHeteromeles arbutifolia Serpentine37.911.01

YHeteromeles arbutifolia – Artemisia californica37.911.02

YProvisionalHeteromeles arbutifolia – Fraxinus dipetala37.911.04

YProvisionalHeteromeles arbutifolia37.912.01

Prunus virginiana

Choke cherry thickets

Alliance

37.905.00 G4 S4

YProvisionalPrunus virginiana37.905.01

YProvisionalPrunus subcordata37.905.03

Psorothamnus fremontii – Psorothamnus polydenius

Fremont's smokebush – Nevada smokebush scrub

Alliance

61.590.00 G4? S3

YPsorothamnus polydenius var. polydenius / Achnatherum hymenoides61.590.01

YPsorothamnus polydenius – (Psorothamnus arborescens)61.590.03

YProvisionalPsorothamnus arborescens61.590.04
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YPsorothamnus arborescens – Atriplex confertifolia – Tetradymia spp.61.590.05

YProvisionalSarcobatus baileyi61.590.06

Purshia stansburiana

Stansbury cliff rose scrub

Alliance

33.240.00 G3 S3

YPurshia stansburiana33.240.01

YColeogyne ramosissima – Purshia stansburiana33.240.02

YPurshia stansburiana – Agave utahensis33.240.03

YPurshia stansburiana – Artemisia tridentata33.240.04

Purshia tridentata – Artemisia tridentata

Antelope bitterbrush – Big sagebrush scrub

Alliance

35.200.00 G4 S4

YPurshia glandulosa – Artemisia tridentata35.110.07

YS3GNRPurshia tridentata – Artemisia tridentata / Achnatherum hymenoides35.200.02

YPurshia tridentata – Artemisia tridentata35.200.03

YPurshia glandulosa35.200.06

YPurshia tridentata35.200.07

YPurshia tridentata – Artemisia tridentata – (Tetradymia canescens / 
Eriogonum umbellatum)

35.200.08

YProvisionalTetradymia canescens35.200.09

Quercus berberidifolia

Scrub oak chaparral

Alliance

37.407.00 G4 S4

YS3G3Quercus berberidifolia – Ceanothus cuneatus37.406.05

YS3G3Quercus berberidifolia – Cercocarpus montanus37.407.06

YS3G3Quercus berberidifolia – Ceanothus spinosus37.407.07

Quercus cornelius-mulleri

Muller oak chaparral

Alliance

37.415.00 G4 S4

YS3.2G3Quercus cornelius-mulleri – Coleogyne ramosissima37.415.06

Quercus dumosa – Quercus pacifica

Coastal sage and Island scrub oak chaparral

Alliance

37.416.00 G3 S3

YQuercus pacifica37.416.01

YQuercus pacifica – (Arctostaphylos insularis – Ceanothus megacarpus var. 
insularis)

37.416.02

YQuercus pacifica – Rhus integrifolia37.416.03

YProvisionalQuercus pacifica / grass37.416.04

YS2G2ProvisionalQuercus dumosa37.416.05

Quercus durata

Leather oak chaparral

Alliance

37.405.00 G4 S4

YS3G3Quercus durata – Arctostaphylos glandulosa37.405.01

YProvisionalQuercus durata – Arctostaphylos glauca – Artemisia californica / Grass37.405.06

YS3G3ProvisionalQuercus durata – Arctostaphylos glauca – Garrya congdonii / Melica 
torreyana

37.405.07

YS2G2Quercus durata – Arctostaphylos pungens / Pinus sabiniana37.405.08

YProvisionalQuercus durata – Frangula californica ssp. tomentella – Arctostaphylos 
glauca

37.405.12
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YQuercus durata – Adenostoma fasciculatum / Salvia sonomensis37.405.14

YProvisionalQuercus durata – Adenostoma fasciculatum37.405.15

YQuercus durata – Ceanothus jepsonii37.405.16

Quercus john-tuckeri

Tucker oak chaparral

Alliance

37.418.00 G4 S4

YS3G3Quercus john-tuckeri – Adenostoma fasciculatum37.418.01

YS3G3Quercus john-tuckeri – Juniperus californica – Fraxinus dipetala37.418.02

YS3G3Quercus john-tuckeri – Quercus wislizeni – Garrya flavescens37.418.03

YS3G3Quercus john-tuckeri – Juniperus californica – Ericameria linearifolia37.418.05

Quercus palmeri

Palmer oak chaparral

Alliance

37.419.00 G3 S2?

YQuercus palmeri – Eriogonum fasciculatum37.419.01

YQuercus palmeri – Eriogonum wrightii37.419.02

Quercus sadleriana

Sadler oak or deer oak brush fields

Alliance

37.412.00 G3 S3

YProvisionalQuercus sadleriana37.412.01

Quercus turbinella

Sonoran live oak scrub

Alliance

71.095.00 G4 S1

YQuercus turbinella – Baccharis sergiloides71.095.02

Quercus wislizeni – Quercus chrysolepis (shrub)

Canyon live oak - Interior live oak chaparral

Alliance

37.425.00 G4 S3S4

NGNRQuercus wislizeni – Quercus chrysolepis shrub37.402.01

NQuercus wislizeni – Ceanothus leucodermis37.403.01

NQuercus wislizeni – Ceanothus leucodermis – Arctostaphylos glandulosa37.403.02

NQuercus wislizeni – Quercus berberidifolia37.404.01

YQuercus chrysolepis shrub37.413.01

YQuercus chrysolepis – Ceanothus integerrimus37.413.02

YS3?G3Quercus wislizeni var. frutescens37.420.01

YS3?G3Quercus (parvula, wislizeni) – Arctostaphylos glandulosa37.420.02

NQuercus wislizeni – Cercocarpus montanus37.420.03

NQuercus wislizeni – Cercocarpus montanus – Adenostoma sparsifolium37.420.04

NQuercus wislizeni – Cercocarpus montanus – Arctostaphylos glandulosa37.420.05

NProvisionalQuercus wislizeni – Ceanothus oliganthus37.420.07

YProvisionalQuercus parvula (shrub)37.425.01

YProvisionalQuercus agrifolia – Quercus chrysolepis – Quercus parvula (shrub)37.425.02

YProvisionalQuercus wislizeni – Carpenteria californica37.425.03

Rhododendron columbianum

Western Labrador-tea thickets

Alliance

63.425.00 G4 S2?

YG2Rhododendron columbianum – Gaultheria shallon / Carex obnupta63.425.03

YG3Rhododendron columbianum / Pinus contorta ssp. murrayana87.080.08

Rhus integrifolia

Lemonade berry scrub

Alliance

37.803.00 G3 S3

YS3G3Rhus integrifolia37.803.01

Page 39 of 63Wednesday, August 18, 2021 PC ORIGINAL PKG



Primary Life form: Shrub
California Natural Community List

CaCode Name Rarity Sensitive

YRhus integrifolia – Adenostoma fasciculatum – Artemisia californica37.803.02

YS3G3Rhus integrifolia – Artemisia californica – Eriogonum cinereum37.803.03

YS3G3Rhus integrifolia – Opuntia spp. – Eriogonum cinereum37.803.04

YRhus integrifolia – Artemisia californica – Salvia mellifera37.803.05

YProvisionalRhus integrifolia – Artemisia californica37.803.06

YProvisionalRhamnus pirifolia37.803.07

Rhus ovata

Sugarbush chaparral

Alliance

37.801.00 G4 S4

YS3G3Rhus ovata37.801.01

YS3G3Rhus ovata – Salvia leucophylla – Artemisia californica37.801.02

YRhus ovata – Ziziphus parryi37.801.03

Rhus trilobata – Crataegus rivularis – Forestiera pubescens

Basket bush – river hawthorn – desert olive patches

Alliance

61.580.00 G4 S3?

YS3G3Rhus trilobata37.802.01

YS1S2G1G2ProvisionalForestiera pubescens61.580.01

YForestiera pubescens – Sambucus nigra61.580.02

YSambucus nigra63.410.01

Ribes quercetorum

Oak gooseberry thickets

Provisional Alliance

37.960.00 G2 S2?

YProvisionalRibes quercetorum37.960.01

Rosa californica

California rose briar patches

Alliance

63.907.00 G3 S3

YRosa californica – Baccharis pilularis63.907.01

YRosa californica63.907.02

YRosa californica / Schoenoplectus spp.63.907.03

Rubus spectabilis – Morella californica

Salmonberry – Wax myrtle scrub

Alliance

63.910.00 G4 S3

YS2.2?G4Rubus spectabilis63.901.04

YS3G3Morella californica – Rubus spp.63.910.01

YProvisionalSambucus racemosa – (Rubus ursinus)63.910.02

Salix boothii – Salix geyeriana – Salix lutea

Booth's Willow – Geyer's Willow – Yellow Willow thickets

Alliance

61.218.00 GNR S2

YSalix lucida / Poa pratensis61.204.02

YSalix lucida ssp. lasiandra / Equisetum arvense61.204.05

YSalix lucida ssp. lasiandra / Trifolium longipes61.204.06

YSalix lutea / mesic forbs61.210.01

YSalix lutea / mesic graminoids61.210.02

YSalix lutea / Poa pratensis61.210.03

YSalix lutea / Rosa woodsii61.210.04

YSalix geyeriana / grass61.212.01

YSalix geyeriana / mesic graminoid61.212.02

YSalix bebbiana / mesic forb61.213.01
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Salix eastwoodiae

Sierran willow thickets

Alliance

61.112.00 G3 S3

YG2QSalix eastwoodiae61.112.01

YSalix eastwoodiae / Carex scopulorum61.112.02

YSalix eastwoodiae / Oreostemma alpigenum61.112.03

YSalix eastwoodiae / Senecio triangularis63.160.02

Salix exigua

Sandbar willow thickets

Alliance

61.209.00 G5 S4

YSalix exigua – Brickellia californica61.209.06

Salix hookeriana

Coastal dune willow thickets

Alliance

61.203.00 G4 S3

YSalix hookeriana61.203.01

YSalix hookeriana / Rubus ursinus61.203.02

Salix jepsonii

Jepson willow thickets

Alliance

61.118.00 G3 S3

YSalix jepsonii61.118.01

YSalix jepsonii / Senecio triangularis61.118.02

YSalix jepsonii – Paxistima myrsinites61.118.03

YSalix jepsonii – Cornus sericea61.118.04

Salix lasiolepis

Arroyo willow thickets

Alliance

61.201.00 G4 S4

YSalix lasiolepis61.201.01

YS3?G3Salix lasiolepis – Salix lucida61.201.04

YS3?G3Salix lasiolepis – Malosma laurina61.201.07

YSalix lasiolepis / Barren Ground61.201.09

YS3Salix lasiolepis / Rosa woodsii / Mixed Herbs61.201.10

Salix lemmonii

Lemmon’s willow thickets

Alliance

61.113.00 G4 S3

YProvisionalSalix lemmonii61.113.01

YSalix lemmonii / Carex spp.61.113.02

YSalix lemmonii / mesic graminoid61.113.03

YSalix lemmonii / mesic forb61.113.04

YSalix lemmonii / fluvent61.113.05

YSalix lemmonii / dry graminoid61.113.06

Salix nivalis

Snow willow mats

Provisional Alliance

91.127.00 G4 S1?

Salix orestera

Sierra gray willow thickets

Alliance

61.115.00 G4 S4

YSalix orestera / Allium validum63.160.03

Salix petrophila

Alpine willow turf

Alliance

61.116.00 G5 S3
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YProvisionalSalix petrophila61.116.01

YG3?Salix petrophila – Calamagrostis muiriana – Vaccinium cespitosum – 
Antennaria media

61.116.02

YSalix petrophila – Calamagrostis muiriana61.116.03

Salix planifolia

Tea-leaved willow thickets

Provisional Alliance

61.119.00 G4 S2?

YProvisionalSalix planifolia61.119.01

YProvisionalSalix planifolia/Carex scopulorum61.119.02

Salix sitchensis

Sitka willow thickets

Provisional Alliance

61.206.00 G4 S3?

YProvisionalSalix sitchensis61.206.01

Salvia apiana

White sage scrub

Alliance

32.030.00 G4 S3

YSalvia apiana – Artemisia californica32.030.01

YSalvia apiana – Encelia farinosa32.030.02

YSalvia apiana – Hesperoyucca whipplei32.030.03

YS3G3ProvisionalSalvia apiana32.030.04

Salvia mellifera

Black sage scrub

Alliance

32.020.00 G4 S4

YS3G3Salvia mellifera – Eriogonum fasciculatum var. foliolosum – Eriodictyon 
tomentosum

32.020.07

YS3G3Salvia mellifera – Eriogonum cinereum32.020.08

YS3?G3Salvia mellifera – Rhus ovata32.020.11

YSalvia mellifera – Opuntia littoralis – Rhus integrifolia32.020.14

YS3G3Salvia mellifera – Malacothamnus fasciculatus45.450.06

Sarcobatus vermiculatus

Greasewood scrub

Alliance

36.400.00 G5 S3S4

YS1G4ProvisionalChrysothamnus albidus35.331.01

YS2G3ProvisionalAtriplex parryi36.220.01

NSarcobatus vermiculatus36.400.01

NS3S4Sarcobatus vermiculatus – Atriplex confertifolia – (Picrothamnus 
desertorum, Suaeda moquinii)

36.400.02

YSarcobatus vermiculatus / Leymus cinereus36.400.03

YSarcobatus vermiculatus / Distichlis spicata36.400.04

YSarcobatus vermiculatus / Sporobolus airoides36.400.05

NSarcobatus vermiculatus Disturbed36.400.06

YSarcobatus vermiculatus – Suaeda moquinii36.400.07

YS3S4Sarcobatus vermiculatus – Artemisia tridentata36.400.08

Senegalia greggii – Hyptis emoryi – Justicia californica

Catclaw acacia – desert lavender – chuparosa scrub

Alliance

33.045.00 G4 S4

YSenegalia greggii / Eriogonum davidsonii33.040.11

YSenegalia greggii – (Ambrosia eriocentra – Salvia dorrii)33.045.01

YSenegalia greggii – (Bebbia juncea – Hyptis emoryi)33.045.02
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YS3G4Hyptis emoryi33.190.01

YProvisionalJusticia californica33.340.01

Simmondsia chinensis

Jojoba scrub

Provisional Alliance

33.005.00 G4 S3?

YProvisionalSimmondsia chinensis – Eriogonum fasciculatum – Cylindropuntia californica33.005.01

Suaeda moquinii

Bush seepweed scrub

Alliance

36.200.00 G4 S3

YG5Suaeda moquinii36.200.01

YSuaeda moquinii – Atriplex canescens36.200.03

YSuaeda moquinii / Lepidium dictyotum36.200.04

YS3G3Isocoma acradenia Alkaline Wet36.210.01

YG3Isocoma acradenia – Suaeda moquinii36.210.02

Tetracoccus hallii

Hall’s shrubby-spurge patches

Provisional Alliance

33.350.00 G2 S1

Toxicodendron diversilobum

Poison oak scrub

Alliance

37.940.00 G4 S4

YS3G3Toxicodendron diversilobum – Artemisia californica / Leymus condensatus37.940.02

YS3?G3Toxicodendron diversilobum – Diplacus aurantiacus37.940.03

Vaccinium cespitosum

Dwarf bilberry meadows and mats

Alliance

45.405.00 G4? S3?

YVaccinium cespitosum – Carex nigricans45.400.02

YVaccinium cespitosum – Kalmia microphylla45.405.02

YVaccinium cespitosum – Calamagrostis muiriana45.405.03

YVaccinium cespitosum – Carex filifolia45.405.04

Vaccinium uliginosum

Bog blueberry wet meadows

Alliance

45.410.00 G4 S3

YG2G3
?

Vaccinium uliginosum45.410.01

YVaccinium uliginosum ssp. occidentale / Bistorta bistortoides45.410.02

YVaccinium uliginosum / Aulacomnium palustre45.410.03

YVaccinium uliginosum / Sphagnum teres45.410.04

Venegasia carpesioides

Canyon sunflower scrub

Alliance

39.030.00 G3 S3

YVenegasia carpesioides39.030.01

Vitis arizonica – Vitis girdiana

Wild grape shrubland

Alliance

63.540.00 G3 S3

YS3G3Vitis californica63.430.01

YS3G3Vitis girdiana63.430.02

Xylococcus bicolor

Mission manzanita chaparral

Alliance

37.109.00 G4 S3

YAdenostoma fasciculatum – Xylococcus bicolor37.109.01
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YAdenostoma fasciculatum – Xylococcus bicolor – Ceanothus tomentosus37.109.02

YAdenostoma fasciculatum – Xylococcus bicolor – Ceanothus crassifolius37.109.05

YAdenostoma fasciculatum – Xylococcus bicolor – Ceanothus verrucosus37.109.08

YAdenostoma fasciculatum – Xylococcus bicolor – Cneoridium dumosum37.109.09

YAdenostoma fasciculatum – Xylococcus bicolor – Eriogonum fasciculatum37.109.10

YXylococcus bicolor – Rhus integrifolia37.109.11

YAdenostoma fasciculatum – Xylococcus bicolor – Quercus berberidifolia37.109.12

YAdenostoma fasciculatum – Xylococcus bicolor – Salvia mellifera – Malosma 
laurina

37.109.13

YAdenostoma fasciculatum – Xylococcus bicolor – Ceanothus crassifolius – 
Malosma laurina

37.109.14

Yucca schidigera

Mojave yucca scrub

Alliance

33.070.00 G4 S4

YYucca schidigera – Cylindropuntia acanthocarpa33.070.08

YYucca schidigera – Larrea tridentata – Agave deserti33.070.11

YS3G3Yucca schidigera / Pleuraphis rigida33.070.12

Ziziphus obtusifolia

Graythorn patches

Special Stands

33.225.00 G2 S2?
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Abronia latifolia – Ambrosia chamissonis

Dune mat

Alliance

21.100.00 G3 S3

YAbronia latifolia – Calystegia soldanella – Lathyrus littoralis21.100.01

YPoa douglasii – Lathyrus littoralis21.100.06

YAmbrosia chamissonis21.100.11

YAbronia latifolia – Erigeron glaucus21.101.01

YAmbrosia chamissonis – Abronia umbellata21.102.01

YAmbrosia chamissonis – Abronia maritima – Cakile maritima21.102.02

YAmbrosia chamissonis – Malacothrix incana – Carpobrotus chilensis – Poa 
douglasii

21.102.03

YCakile maritima – Ambrosia chamissonis – Carpobrotus edulis21.102.04

YCalystegia macrostegia – Erigeron glaucus – Malacothrix incana21.102.05

YProvisionalCakile maritima – Abronia maritima21.125.01

Achnatherum hymenoides

Indian rice grass grassland

Alliance

41.120.00 G4 S1

YAchnatherum hymenoides – Linanthus pungens41.120.01

YAchnatherum hymenoides – Oenothera deltoides41.120.02

YAchnatherum hymenoides Shrub41.120.03

Achnatherum speciosum

Desert needlegrass grassland

Alliance

41.090.00 G4 S2

YAchnatherum speciosum Shrub41.090.01

Allium spp. – Streptanthus spp. – Hesperolinon spp. Serpentinite

Onion – twistflower – dwarf-flax serpentinite rock outcrop

Alliance

42.640.00 G2G3 S2S3

YStreptanthus glandulosus – Dudleya abramsii / Lichen – Moss42.640.01

YS2G2ProvisionalPinus jeffreyi – Pinus sabiniana Barren42.640.02

YS2G2ProvisionalPinus coulteri – Pinus sabiniana Barren42.640.03

YProvisionalAllium falcifolium – Eriogonum luteolum – Streptanthus (batrachopus, 
morrisonii)

42.640.04

Alopecurus geniculatus

Water foxtail meadows

Provisional Alliance

42.006.00 G3? S3?

Amsinckia (menziesii, tessellata) – Phacelia spp.

Fiddleneck - Phacelia Fields

Alliance

42.110.00 G5 S5

YPhacelia tanacetifolia42.110.04

YProvisionalPhacelia ciliata42.110.06

YAstragalus didymocarpus – Lotus wrangelianus42.110.07

Anemopsis californica – Helianthus nuttallii – Solidago spectabilis

Yerba mansa – Nuttall's sunflower – Nevada goldenrod alkaline wet me

Alliance

52.214.00 G3 S2

YAnemopsis californica – Juncus arcticus var. mexicanus52.214.01

YProvisionalAnemopsis californica52.214.02

YProvisionalSolidago (confinis, spectabilis)52.214.03

YProvisionalHelianthus nuttallii52.214.04
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Argentina egedii

Pacific silverweed marshes

Alliance

38.140.00 G4 S1

YArgentina egedii38.140.01

YArgentina egedii – Alopecurus aequalis38.140.02

YArgentina egedii – Eleocharis macrostachya38.140.03

YArgentina egedii – Lotus uliginosus38.140.04

YProvisionalFestuca rubra – (Argentina egedii)38.140.05

Aristida purpurea – Elymus elymoides – Poa secunda

Purple three-awn – squirreltail – curly blue grass patches

Alliance

41.660.00 G4 S4?

YMonolopia stricta – Poa secunda41.180.05

YPoa secunda – Bromus rubens41.180.06

YPoa secunda – (Elymus sp.) – Clarkia cylindrica41.660.01

YProvisionalAristida purpurea41.660.03

Arthrocnemum subterminale

Parish’s glasswort patches

Alliance

52.212.00 G4 S2

YProvisionalArthrocnemum subterminale52.212.01

YG3Arthrocnemum subterminale – Sarcocornia pacifica52.212.02

YArthrocnemum subterminale – Monanthochloe littoralis52.212.03

Bidens cernua – Euthamia occidentalis – Ludwigia palustris

Nodding beggarticks – western goldentop – marsh seedbox mudflats

Alliance

42.205.00 GNR S4

YG3ProvisionalEuthamia occidentalis42.205.05

YProvisionalBidens frondosa42.207.04

Bistorta bistortoides – Mimulus primuloides

Western bistort – primrose monkey flower meadows

Alliance

45.413.00 G4 S4

YBistorta bistortoides – Mimulus primuloides45.413.01

YMimulus primuloides45.413.03

Bolboschoenus maritimus

Salt marsh bulrush marshes

Alliance

52.112.00 G4 S3

YBolboschoenus maritimus52.112.03

YBolboschoenus maritimus – Sarcocornia pacifica52.112.04

YBolboschoenus maritimus / Sesuvium verrucosum52.112.05

Bromus carinatus – Elymus glaucus

California brome – blue wildrye prairie

Alliance

41.131.00 G3 S3

YS3G3Bromus carinatus41.131.01

YS3G3Pteridium aquilinum – Grass41.131.02

YS3G3Thermopsis californica – Bromus carinatus – Annual Brome41.131.03

YS3G3Elymus glaucus41.640.01

Calamagrostis canadensis

Bluejoint reed grass meadows

Alliance

41.224.00 G5 S3

YS3?G4Calamagrostis canadensis41.224.01

YCalamagrostis canadensis – Carex utriculata41.224.02

YCalamagrostis canadensis – Dodecatheon redolens41.224.03
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YCalamagrostis canadensis – Scirpus microcarpus41.224.04

Calamagrostis nutkaensis

Pacific reed grass meadows

Alliance

41.190.00 G4 S2

YS1.2G2Calamagrostis nutkaensis / Baccharis pilularis41.190.01

YS2.1G2Calamagrostis nutkaensis – Carex (obnupta) – Juncus (patens)41.190.02

YCalamagrostis nutkaensis41.190.03

Calamagrostis scopulorum – Andropogon glomeratus

Ditch reedgrass – bushy bluestem saturated hanging garden

Alliance

41.195.00 G3 S1

YS1G1Andropogon glomeratus – Schoenus nigricans41.195.01

Carex (aquatilis, lenticularis)

Water sedge and lakeshore sedge meadows

Alliance

45.168.00 G5 S3

YCarex aquatilis45.168.01

YCarex lenticularis / Aulacomnium palustre45.168.02

YCarex lenticularis / Perideridia parishii45.168.03

YCarex aquatilis – Carex lenticularis45.168.04

Carex (pansa, praegracilis)

Sand dune sedge swaths

Alliance

45.184.00 G4? S3?

YProvisionalCarex pansa45.184.01

YProvisionalCarex pansa – Baccharis pilularis45.184.02

YProvisionalCarex praegracilis45.184.03

YProvisionalCarex tumulicola45.184.05

Carex barbarae

White-root beds

Alliance

45.142.00 G2? S2?

YCarex barbarae45.142.01

Carex breweri

Brewer sedge mats

Alliance

45.150.00 G4 S3

YG3?Carex breweri45.150.01

YCarex breweri – Poa wheeleri45.150.02

YCarex breweri – Cistanthe umbellata45.150.03

Carex congdonii

Congdon’s sedge talus

Provisional Alliance

45.160.00 G2 S2

YProvisionalArnica amplexicaulis – Carex congdonii45.160.01

Carex densa

Dense sedge marshes

Provisional Alliance

45.165.00 G2? S2?

YProvisionalCarex densa45.165.01

Carex echinata

Star sedge fens

Alliance

45.191.00 G4? S3?

YCarex echinata / (Philonotis fontana – Sphagnum subsecundum)45.191.01

Carex filifolia

Shorthair sedge turf

Alliance

45.140.00 G4 S4

YG3?Carex filifolia45.140.06
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Carex helleri

Heller’s sedge fell-fields

Alliance

45.145.00 G4 S2

YCarex helleri – Saxifraga tolmiei – Luzula divaricata45.145.03

YCarex helleri – Poa suksdorfii45.145.04

YCarex helleri – Eriogonum incanum – Raillardella argentea45.145.05

YCarex helleri – Arabis platysperma – Penstemon heterodoxus45.145.06

Carex heteroneura

Different-nerve sedge patches

Provisional Alliance

45.115.00 G3? S3?

YProvisionalCarex heteroneura – Achillea millefolium45.115.01

Carex integra

Small-fruited sedge meadows

Provisional Alliance

45.175.00 G4? S2?

YProvisionalCarex integra45.175.01

YProvisionalCarex integra – Poa cusickii45.175.02

Carex jonesii

Jones’s sedge turf

Alliance

45.162.00 G4 S3

YCarex jonesii – Bistorta bistortoides45.162.01

YCarex jonesii45.162.02

YCarex jonesii / Sphagnum subsecundum45.162.03

Carex lasiocarpa

Slender sedge meadows

Provisional Alliance

45.166.00 G5? S3?

YCarex lasiocarpa45.166.01

Carex limosa

Shore sedge fens

Alliance

45.178.00 G4? S2?

YCarex limosa – Mimulus primuloides45.110.03

YCarex limosa / Drepanocladus sordidus45.178.01

YCarex limosa – Menyanthes trifoliata45.178.02

Carex luzulina

Woodland sedge fens

Provisional Alliance

45.179.00 G3 S2?

YProvisionalCarex luzulina – Philonotis fontana45.179.01

Carex lyngbyei

Lyngbye's sedge swathes

Provisional Alliance

45.167.00 GNR S1

Carex microptera

Small-winged sedge meadows

Provisional Alliance

45.181.00 G4 S2?

YProvisionalCarex microptera45.181.01

Carex nigricans

Black alpine sedge meadows

Provisional Alliance

45.164.00 G4 S3?

YProvisionalCarex nigricans – Kalmia microphylla45.164.02

Carex nudata

Torrent sedge patches

Alliance

45.182.00 G3 S3

YCarex nudata45.182.01
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Carex obnupta

Slough sedge swards

Alliance

45.183.00 G4 S3

YCarex obnupta45.183.01

YCarex obnupta – Juncus lescurii45.183.02

YS3?G3Carex obnupta – Juncus patens45.183.03

Carex scopulorum

Sierra alpine sedge turf

Alliance

45.120.00 G4 S3

YG5Carex scopulorum45.120.01

YCarex scopulorum – Pedicularis groenlandica45.120.02

YCarex scopulorum – Eriophorum crinigerum45.120.03

YCarex scopulorum – Eleocharis quinqueflora45.120.04

YCarex scopulorum / Oreostemma alpigenum45.120.05

YCarex scopulorum / Aulacomnium palustre45.120.06

YCarex scopulorum – Allium validum45.120.07

YCarex scopulorum – Mimulus primuloides45.120.08

Carex serratodens

Twotooth sedge seeps

Provisional Alliance

45.180.00 G3 S3?

Carex simulata

Short-beaked sedge fens

Alliance

45.190.00 G4 S3

YCarex simulata45.190.01

YCarex simulata / Aulacomnium palustre45.190.02

YCarex simulata / Philonotis fontana45.190.03

YCarex simulata – Carex utriculata45.190.04

YCarex simulata – Carex vesicaria45.190.05

Carex spectabilis

Showy sedge sod

Alliance

45.155.00 G4 S3

YG3?Carex spectabilis – Sibbaldia procumbens45.155.01

YCarex spectabilis – Senecio triangularis45.155.02

Carex straminiformis

Mount Shasta sedge meadows

Provisional Alliance

45.185.00 G3? S3?

YProvisionalCarex straminiformis45.185.01

YProvisionalAchnatherum lemmonii – Carex straminiformis45.185.02

Carex subnigricans

Dark alpine sedge turf

Alliance

45.186.00 G4 S3

YCarex vernacula – Antennaria media45.110.22

YCarex subnigricans – Antennaria media45.186.01

YCarex subnigricans – Oreostemma alpigenum45.186.02

YCarex subnigricans – Dodecatheon alpinum45.186.03

YCarex subnigricans – Pedicularis attollens45.186.04

YCarex subnigricans – Deschampsia cespitosa45.186.05

Centromadia (pungens)

Tar plant fields

Alliance

44.160.00 G2 S2
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YCentromadia pungens ssp. laevis44.160.01

YCentromadia pungens – Downingia bella44.160.02

YCentromadia pungens – Lepidium dictyotum44.160.03

Chorizanthe rigida – Geraea canescens Desert Pavement

Rigid spineflower – hairy desert sunflower

Alliance

22.310.00 G4 S4

YProvisionalChorizanthe brevicornu – Stephanomeria pauciflora22.310.01

YProvisionalAliciella latifolia – Nama pusillum – Phacelia rotundifolia23.310.02

YSNRChorizanthe rigida – Geraea canescens Desert Pavement33.380.01

Cirsium fontinale

Fountain thistle seeps

Alliance

42.100.00 G1 S1

YProvisionalCirsium fontinale42.100.04

Cladium californicum

California sawgrass alkaline seep

Alliance

52.160.00 G4 S1

YS1G4ProvisionalCladium californicum52.160.01

Corethrogyne filaginifolia – Eriogonum (elongatum, nudum)

Sand-aster and perennial buckwheat fields

Alliance

32.230.00 G4 S4

YEriogonum elongatum32.230.01

YS2G2Eriogonum nudum var. indictum – Eriogonum vestitum32.230.03

YLupinus excubitus – Mentzelia albicaulis – Eriogonum spp.32.230.05

Cressa truxillensis – Distichlis spicata

Alkali weed – salt grass playas and sinks

Alliance

46.100.00 G2 S2

YAtriplex persistens46.100.01

YProvisionalChamaesyce hooveri – Bolboschoenus maritimus46.100.02

YProvisionalNeostapfia colusana – Malvella leprosa46.100.03

YProvisionalNeostapfia colusana – Polypogon maritimus46.100.04

YProvisionalOrcuttia pilosa46.100.05

YProvisionalTuctoria greenei – Marsilea vestita46.100.06

YProvisionalTuctoria mucronata46.100.07

YProvisionalCressa truxillensis – Distichlis spicata46.100.08

YProvisionalCressa truxillensis46.100.09

YProvisionalPlagiobothrys parishii – Distichlis spicata46.100.10

Danthonia californica – Deschampsia cespitosa – Camassia quamash

Oatgrass - Tufted Hairgrass - Camas wet meadow

Alliance

41.281.00 GNR S4

YDanthonia californica – Elymus elymoides41.050.02

YDanthonia californica – Muhlenbergia filiformis41.050.03

YDanthonia californica41.050.05

YProvisionalPhleum alpinum – Danthonia unispicata41.051.03

YS3Danthonia unispicata – Poa secunda41.180.04

YG3?QDeschampsia cespitosa – Carex nebrascensis41.220.01

YDeschampsia cespitosa – Cardamine breweri41.220.02

YG4Deschampsia cespitosa41.220.08

YDeschampsia cespitosa – Trifolium longipes41.220.10

YG3?Deschampsia cespitosa – Bistorta bistortoides41.220.12
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YHordeum brachyantherum Montane41.281.01

YHordeum brachyantherum – Polypogon monspeliensis42.052.02

YHordeum brachyantherum – Senecio triangularis42.052.03

YHordeum brachyantherum – Poa pratensis42.052.04

YCamassia quamash / Sphagnum subsecundum45.416.01

Danthonia intermedia

Wild mountain oat grass meadows

Provisional Alliance

41.051.00 G4? S3?

YG4?ProvisionalDanthonia intermedia – Antennaria rosea41.051.01

YProvisionalDanthonia intermedia – Ptilagrostis kingii41.051.02

Darlingtonia californica

California pitcher plant fens

Alliance

51.200.00 G4? S3

YDarlingtonia californica51.200.01

Deinandra fasciculata

Clustered tarweed fields

Alliance

44.161.00 G2 S2

YDeinandra fasciculata – annual grass-herb44.161.01

YDeinandra fasciculata – Hordeum depressum – Atriplex coronata var. 
notatior

44.161.02

Deschampsia cespitosa – Hordeum brachyantherum – Danthonia cali

Coastal tufted hair grass – Meadow barley – California oatgrass meadow

Alliance

41.221.00 GNR S3

YDeschampsia cespitosa – Anthoxanthum odoratum41.220.05

YS2G2Deschampsia cespitosa – Danthonia californica41.220.09

YS1?G3Deschampsia cespitosa – Horkelia marinensis41.220.13

YProvisionalDeschampsia cespitosa – Lilaeopsis masonii41.220.14

YDeschampsia cespitosa – Eryngium armatum41.220.17

YDeschampsia (cespitosa, holciformis)41.220.18

YDeschampsia cespitosa – Iris douglasiana41.221.01

YProvisionalDeschampsia cespitosa / Rosa nutkana41.221.02

YG2Hordeum brachyantherum Lowland42.052.01

Dicoria canescens – Abronia villosa – Panicum urvilleanum

Mojave-Sonoran desert dunes

Alliance

22.105.00 G4 S3

YDicoria canescens22.100.01

YS2G2ProvisionalRumex hymenosepalus22.105.01

YProvisionalOenothera deltoides – Cryptantha spp.22.105.02

YPetalonyx thurberi22.105.03

YS1G1Swallenia alexandrae22.105.04

YProvisionalWislizenia refracta22.105.05

NProvisional(Dicoria canescens) – Salsola tragus22.105.06

YProvisionalCleomella obtusifolia – Cleome sparsifolia – Psathyrotes spp.22.105.07

YS1G3Panicum urvilleanum42.095.01

Distichlis spicata

Salt grass flats

Alliance

41.200.00 GNR S4

YDistichlis spicata / Allenrolfea occidentalis41.200.01

YDistichlis spicata – Juncus cooperi41.200.02
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YDistichlis spicata / Sarcobatus vermiculatus41.200.03

YDistichlis spicata / Ericameria albida41.200.04

YDistichlis spicata – Jaumea carnosa41.200.06

YS2.2G3Distichlis spicata – Frankenia salina – Jaumea carnosa41.200.07

YS2G3Distichlis spicata – Ambrosia chamissonis41.200.11

YDistichlis spicata – Sarcocornia pacifica41.200.20

YDistichlis spicata (– Baccharis douglasii – Equisetum hymenale)41.200.21

YProvisionalJuncus acutus41.200.22

YG4Distichlis spicata – (Scirpus nevadensis)41.200.23

YS2G4ProvisionalJuncus cooperi45.563.01

Dudleya cymosa – Dudleya lanceolata / Lichen – Moss

Live-forever – lichen/moss sparse herbaceous rock outcrop

Alliance

42.630.00 G4 S4

YS1G1ProvisionalDudleya (blochmaniae ssp. insularis, gnoma) – Sparse Herb42.630.01

YProvisionalDudleya farinosa / Lichen – Moss42.630.03

Dudleya greenei – Dudleya spp. Succulent Scrub

Greene's live-forever – live-forever species succulent scrub

Alliance

43.120.00 G1 S1

YS1G1ProvisionalDudleya greenei43.120.01

Dulichium arundinaceum

Three-way sedge meadows

Provisional Alliance

52.115.00 G3? S1

YProvisionalDulichium arundinaceum52.115.01

Eleocharis (palustris, rostellata) Alkaline-Saline

Common spikerush and beaked spikerush marshes

Alliance

45.260.00 GNR S2S3

YEleocharis rostellata – Muhlenbergia asperifolia45.260.01

YS3G3Eleocharis rostellata45.260.03

Eleocharis acicularis

Needle spike rush stands

Alliance

45.231.00 G2 S2

YEleocharis acicularis – Eryngium castrense45.231.01

YPlagiobothrys mollis – (Eleocharis acicularis – Eryngium mathiasiae)45.231.02

YNavarretia spp. – (Eleocharis acicularis – Eryngium alismifolium)45.231.03

Eleocharis macrostachya

Pale spike rush marshes

Alliance

45.230.00 G4 S4

YProvisionalEleocharis macrostachya – Callitriche hermaphroditica45.230.02

YProvisionalEleocharis macrostachya – Sagittaria montevidensis ssp. calycina45.230.03

YEleocharis macrostachya – Eryngium aristulatum var. parishii45.230.04

YEleocharis macrostachya – Lasthenia glaberrima45.230.05

YProvisionalEleocharis macrostachya – Marsilea vestita45.230.06

YProvisionalEleocharis macrostachya – (Pleuropogon californicus)45.230.07

Eleocharis quinqueflora

Few-flowered spike rush marshes

Alliance

45.220.00 G4 S4

YEleocharis quinqueflora – Mimulus primuloides45.220.02

YEleocharis quinqueflora / Aulacomnium palustre45.220.03

YEleocharis quinqueflora / Campylium stellatum45.220.04

YEleocharis quinqueflora / Drepanocladus aduncus – Drepanocladus sordidus45.220.05
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YEleocharis quinqueflora / Philonotis fontana45.220.06

Elymus glaucus Montane

Blue wild rye montane meadows

Alliance

41.640.00 G3? S3?

YElymus glaucus – Carex pellita41.640.02

YG2?Elymus glaucus – Carex feta41.640.03

YElymus glaucus – Heracleum maximum41.640.04

Equisetum (arvense, variegatum, hyemale)

Field horsetail – scouringrush horsetail – variegated scouringrush wet m

Alliance

52.070.00 GNR S3S4

NProvisionalEquisetum hyemale52.070.01

Ericameria discoidea – Hulsea algida

Fell-fields with California heath-goldenrod and Pacific alpine gold

Alliance

38.120.00 G3? S3?

YEricameria discoidea – Minuartia nuttallii38.120.01

YEricameria discoidea – Linanthus pungens38.120.02

YEricameria discoidea – Phacelia hastata38.120.03

YHulsea algida38.120.04

YHulsea algida – Ericameria discoidea – Phacelia hastata38.120.05

YHulsea algida – Muhlenbergia richardsonis – Achnatherum pinetorum38.120.06

Eriophyllum staechadifolium – Erigeron glaucus – Eriogonum latifoli

Seaside woolly-sunflower - seaside daisy - buckwheat patches

Alliance

21.310.00 G3 S3

YS3?G3Artemisia pycnocephala – Cardionema ramosissimum21.110.01

YArtemisia pycnocephala – Poa douglasii21.110.04

YEriophyllum staechadifolium – Eriogonum latifolium21.310.01

YErigeron glaucus – Fragaria chiloensis21.310.02

YProvisionalEriogonum parvifolium21.310.03

YArtemisia pycnocephala21.320.01

Eryngium aristulatum

California button-celery patches

Alliance

42.004.00 G2 S2

YEryngium aristulatum – Lupinus bicolor42.004.01

YHemizonia congesta42.004.02

Eschscholzia (californica) – Lupinus (nanus)

California poppy – lupine fields

Alliance

43.200.00 G4 S4

YS3G3ProvisionalLupinus bicolor43.200.02

YS3G3ProvisionalSalvia carduacea43.200.03

Festuca brachyphylla

Alpine fescue fell-fields

Alliance

91.170.00 G4? S3?

YFestuca brachyphylla – Eriogonum ovalifolium91.170.01

YFestuca brachyphylla – Penstemon davidsonii91.170.02

Festuca idahoensis – Danthonia californica

Idaho fescue - California oatgrass grassland

Alliance

41.251.00 GNR S3

YDanthonia californica – Arrhenatherum elatius41.050.01

YDanthonia californica – Nassella pulchra41.050.07

YS3?G3Festuca idahoensis – Bromus carinatus41.250.01
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YProvisionalFestuca idahoensis – Achillea millefolium41.250.03

YProvisionalFestuca idahoensis Ultramafic41.250.04

YFestuca idahoensis – Danthonia californica – Koeleria macrantha41.250.05

YFestuca californica41.250.06

YDanthonia californica coastal41.251.01

YProvisionalFestuca idahoensis – Nassella pulchra41.251.02

YProvisionalPerideridia kelloggii – Danthonia californica41.251.03

YProvisionalHeterotheca sessiliflora – Danthonia californica41.251.04

YFestuca rubra41.255.01

Festuca idahoensis – Pseudoroegneria spicata – Poa secunda

Idaho fescue  –  bluebunch wheat grass – pine bluegrass grassland

Alliance

41.040.00 GNR S3

YS2G4Pseudoroegneria spicata – Poa secunda41.040.01

YFestuca idahoensis – Pseudoroegneria spicata41.040.02

Frankenia salina

Alkali heath marsh

Alliance

52.500.00 G4 S3

YS2?G3Frankenia salina – Limonium californicum – Monanthochloe littoralis – 
Sarcocornia pacifica

52.500.01

YFrankenia salina52.500.02

YFrankenia salina / Agrostis avenacea52.500.03

YFrankenia salina – Distichlis spicata52.500.04

YLasthenia ferrisiae – Lasthenia conjugens52.500.05

YSuaeda taxifolia – Hordeum murinum52.500.06

YProvisionalFrankenia salina – Atriplex californica52.500.07

Glyceria (elata, striata)

Manna grass meadows

Alliance

41.222.00 G4 S3?

YGlyceria elata41.222.01

YGlyceria elata – Scirpus microcarpus41.222.02

YGlyceria elata – Lotus oblongifolius41.222.03

YG3Glyceria striata41.222.04

Glyceria ×occidentalis

Northwest manna grass marshes

Provisional Alliance

41.223.00 G3? S3?

Grindelia (camporum, stricta)

Gum plant patches

Provisional Alliance

52.206.00 G2G3 S2S3

YGrindelia camporum52.206.01

YProvisionalGrindelia stricta52.206.02

Heterotheca (oregona, sessiliflora)

Goldenaster patches

Alliance

42.230.00 G3 S3

YS3G3Heterotheca oregona42.230.01

YS3G3ProvisionalHeterotheca sessiliflora42.230.02

Hydrocotyle (ranunculoides, umbellata)

Mats of floating pennywort

Alliance

52.117.00 G4 S3?

YHydrocotyle ranunculoides52.117.01
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YProvisionalHydrocotyle ranunculoides – Schoenoplectus pungens52.117.02

Isoetes (bolanderi, echinospora, howellii, nuttallii, occidentalis)

Quillwort beds

Provisional Alliance

52.109.00 G3 S3?

Juncus (oxymeris, xiphioides)

Iris-leaf rush seeps

Provisional Alliance

45.568.00 G2? S2?

YProvisionalJuncus xiphioides45.568.01

YProvisionalJuncus oxymeris45.568.02

Juncus lescurii

Salt rush swales

Alliance

45.569.00 G3 S2?

YJuncus lescurii45.569.01

YJuncus (lescurii) – Distichlis spicata45.569.02

Juncus nevadensis

Sierra rush marshes

Alliance

45.567.00 G3? S3

YJuncus nevadensis45.567.01

YJuncus nevadensis – Carex leporinella45.567.02

YJuncus nevadensis – Eleocharis quinqueflora45.567.03

Juncus parryi

Parry’s rush outcrops

Alliance

45.566.00 G4 S4

YG3?Juncus parryi – Eriogonum incanum45.566.01

Kobresia myosuroides

Pacific bog sedge meadows

Alliance

91.115.00 G5 S1

YKobresia myosuroides – Thalictrum alpinum91.115.01

Lasthenia californica – Plantago erecta – Vulpia microstachys

California goldfields – dwarf plantain – small fescue flower fields

Alliance

44.108.00 G4 S4

YLasthenia californica – Plantago erecta – Hesperevax sparsiflora44.108.01

YS2?G2Vulpia microstachys – Plantago erecta – Calycadenia (truncata, 
multiglandulosa)

44.108.03

YVulpia microstachys – Plantago erecta44.108.04

YVulpia microstachys – Selaginella hansenii – Lupinus spectabilis44.108.07

YVulpia microstachys – Elymus elymoides – Achnatherum lemmonii44.108.08

YVulpia microstachys – Navarretia tagetina44.108.09

YVulpia microstachys – Selaginella hansenii44.108.10

YVulpia microstachys – Selaginella hansenii – Lupinus nanus44.108.11

YLasthenia (californica, gracilis)44.108.12

YLasthenia californica – Plagiobothrys acanthocarpa – Medicago polymorpha44.108.13

YLasthenia gracilis – Plantago erecta – Plagiobothrys canescens44.108.14

YProvisionalLasthenia minor44.108.15

YProvisionalLayia pentachaeta – Plagiobothrys (canescens)44.108.16

YLepidium nitidum – Trifolium gracilentum – Vulpia microstachys44.108.17

YVulpia microstachys44.108.18

YProvisionalLotus humistratus – Plantago erecta – Lomatium spp.44.108.20

YProvisionalMicropus californicus44.108.21
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YErigeron glaucus – Lasthenia californica44.108.22

YProvisionalPectocarya (linearis, penicillata)44.108.23

YProvisionalLayia platyglossa44.108.25

YProvisionalLasthenia californica – Atriplex coronata var. notatior44.109.01

YLasthenia californica – Lupinus bicolor – Layia platyglossa – Bromus spp.44.109.04

YVulpia microstachys – Lasthenia californica – Agrostis elliottiana44.109.05

YProvisionalLasthenia californica – Atriplex californica44.109.07

Lasthenia fremontii – Distichlis spicata

Fremont’s goldfields – salt grass alkaline vernal pools

Alliance

44.119.00 G2 S2

YDowningia bella – Lilaea scilloides44.119.01

YDowningia cuspidata – Myosurus minimus44.119.02

YDowningia insignis – Psilocarphus brevissimus44.119.03

YDowningia pulchella – Cressa truxillensis44.119.04

YDowningia pulchella – Distichlis spicata44.119.05

YHordeum (depressum, murinum ssp. leporinum)44.119.06

YLasthenia fremontii – Pleuropogon californicus44.119.07

YLasthenia glaberrima – Atriplex persistens44.119.08

YLasthenia platycarpha – Lepidium latipes44.119.09

YLimnanthes douglasii ssp. rosea – Pleuropogon californicus44.119.10

YProvisionalLasthenia fremontii – Distichlis spicata44.119.11

YProvisionalFrankenia salina – Psilocarphus brevissimus44.119.12

YAtriplex vallicola – Lasthenia ferrisiae – Lepidium jaredii44.119.13

YSpergularia macrotheca – Hordeum (murinum)44.119.14

Lasthenia fremontii – Downingia (bicornuta)

Fremont’s goldfields – Downingia vernal pools

Alliance

42.007.00 G2 S2

YDowningia bicornuta42.007.01

YDowningia (bicornuta, cuspidata)42.007.02

YLasthenia fremontii – Downingia bicornuta42.007.03

YLasthenia fremontii – Downingia ornatissima42.007.04

YRanunculus bonariensis – Holocarpha virgata42.007.05

YEryngium (vaseyi, castrense)42.007.06

YProvisionalLasthenia fremontii42.007.07

YLasthenia californica – Downingia bicornuta42.007.08

Lasthenia glaberrima

Smooth goldfields vernal pool bottoms

Alliance

44.140.00 G2 S2

YLasthenia glaberrima – Downingia bicornuta44.140.01

YLasthenia glaberrima – Pleuropogon californicus44.140.02

YLasthenia glaberrima – Pogogyne douglasii44.140.03

YLasthenia glaberrima – Trifolium variegatum44.140.04

YLasthenia glaberrima – Downingia insignis44.140.05

YLasthenia glaberrima – Lupinus bicolor44.140.06

Layia fremontii – Achyrachaena mollis

Fremont’s tidy-tips – blow wives vernal pools

Alliance

42.002.00 G3 S3?
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YProvisionalZigadenus fremontii – Lolium perenne41.321.12

YLayia fremontii – Achyrachaena mollis42.002.01

YLayia fremontii – Lasthenia californica – Achyrachaena mollis42.002.02

YLayia fremontii – Leontodon saxatilis – Plagiobothrys greenei42.002.03

YPlagiobothrys austiniae – Achyrachaena mollis42.002.04

Leymus cinereus – Leymus triticoides

Ashy ryegrass – Creeping wildrye turfs

Alliance

41.081.00 G3 S3

YS2?G2G3ProvisionalLeymus cinereus41.020.01

YLeymus triticoides41.080.01

YLeymus triticoides – Bromus spp. – Avena spp.41.080.02

YLeymus triticoides – Lolium perenne41.080.03

YLeymus triticoides – Carduus pycnocephalus – Geranium dissectum41.080.04

YLeymus triticoides – Anemopsis californica41.080.05

YLeymus triticoides – Poa secunda41.080.06

YProvisionalLeymus triticoides – Sporobolus airoides41.081.01

Leymus condensatus

Giant wild rye grassland

Alliance

41.265.00 G3 S3

YS3G3Leymus condensatus41.265.01

Leymus mollis

Sea lyme grass patches

Alliance

41.260.00 G4 S2

YLeymus mollis – Carpobrotus edulis41.260.01

YLeymus mollis – Ammophila arenaria41.260.02

YLeymus mollis – Abronia latifolia – (Cakile sp.)41.260.03

Mimulus (guttatus)

Common monkey flower seeps

Alliance

44.111.00 G4? S3?

YMimulus guttatus44.111.01

YMimulus guttatus – Vulpia microstachys44.111.02

YMimulus guttatus – (Mimulus spp.)44.111.03

YMimulus lewisii44.111.04

Monolopia (lanceolata) – Coreopsis (calliopsidea)

Monolopia – leafy-stemmed tickseed fields

Alliance

36.130.00 G3 S3

YS3G3Monolopia lanceolata36.130.01

YS3G3Coreopsis calliopsidea – Mentzelia pectinata36.130.02

YS2G2ProvisionalMonolopia stricta36.130.03

YProvisionalCoreopsis bigelovii – Layia glandulosa – Mentzelia spp. / Ephedra nevadensis36.130.04

Montia fontana – Sidalcea calycosa

Water blinks – annual checkerbloom vernal pools

Alliance

44.113.00 G2 S2

YMontia fontana – Sidalcea calycosa44.113.01

Muhlenbergia filiformis

Pullup muhly meadows

Provisional Alliance

41.276.00 G4? S4?

YProvisionalMuhlenbergia filiformis41.276.01

YProvisionalMuhlenbergia filiformis – Agrostis exarata41.276.02

YProvisionalMuhlenbergia filiformis – Artemisia ludoviciana41.276.03
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YProvisionalMuhlenbergia filiformis – Penstemon rydbergii41.276.04

Muhlenbergia rigens

Deer grass beds

Alliance

41.278.00 G3 S2?

YMuhlenbergia rigens41.278.01

Nassella spp. – Melica spp.

Needle grass - Melic grass grassland

Alliance

41.151.00 G3G4 S3S4

YS3G3ProvisionalNassella lepida41.110.01

YNassella cernua41.140.01

YS3?G3Nassella pulchra – Lolium perenne – (Trifolium spp.)41.150.01

YNassella pulchra – Sanicula bipinnatifida41.150.03

YNassella pulchra41.150.04

YS3?G3Nassella pulchra – Avena spp. – Bromus spp.41.150.05

YNassella pulchra – Erodium spp. – Avena barbata41.150.06

YS3G3Nassella pulchra / Hazardia squarrosa41.150.07

YS3G3Nassella pulchra – Melica californica – annual grass41.150.09

YNassella pulchra – Distichlis spicata – Bromus spp.41.150.10

YNassella pulchra – Leontodon saxatilis41.150.11

YNassella pulchra – Lolium perenne – Astragalus gambelianus – Lepidium 
nitidum

41.150.12

YNassella pulchra – Lolium perenne – Calystegia collina41.150.13

YS2.2?G2Nassella pulchra / Baccharis pilularis41.150.14

YMelica californica41.151.01

YProvisionalNassella pulchra – Achnatherum lemmonii41.151.02

YNassella pulchra – Hemizonia congesta41.151.03

YNassella pulchra – Lolium perenne – Plantago erecta Serpentine41.151.04

YProvisionalNassella pulchra – Plantago lanceolata41.151.05

YNassella pulchra – Corethrogyne filaginifolia41.151.06

YMelica torreyana41.275.01

YElymus multisetus – (Eschscholzia californica – Plantago erecta)41.650.02

Navarretia leucocephala ssp. minima – Plagiobothrys cusickii

Little white navarretia - Cusick's popcorn flower vernal pools

Alliance

43.000.00 GNR S2

YTaraxia tanacetifolia – Iva axillaris43.000.01

Nuphar lutea

Yellow pond-lily mats

Provisional Alliance

52.110.00 G5 S3?

Oenanthe sarmentosa

Water-parsley marsh

Alliance

52.119.00 G4 S2?

YOenanthe sarmentosa52.119.01

Oxypolis occidentalis

Western cowbane meadows

Alliance

45.418.00 G3 S3

YOxypolis occidentalis – Bistorta bistortoides45.418.02

YOxypolis occidentalis – Carex amplifolia45.418.03

YOxypolis occidentalis – Eleocharis montevidensis45.418.04
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YOxypolis occidentalis – Senecio triangularis45.418.05

YOxypolis occidentalis / Philonotis fontana45.418.06

Oxyria digyna

Mountain sorrel patches

Provisional Alliance

91.122.00 G4 S3?

YProvisionalDraba lemmonii – Oxyria digyna91.122.01

Penstemon heterodoxus

Heretic penstemon patches

Provisional Alliance

45.414.00 G4? S3?

YProvisionalAntennaria media – Penstemon heterodoxus45.414.01

YProvisionalPenstemon heterodoxus – Achillea millefolium45.414.02

Phlox covillei

Coville’s phlox fell-fields

Alliance

91.123.00 G4 S3

YIvesia muirii91.120.06

YPodistera nevadensis – Arenaria kingii91.120.08

YFestuca minutiflora – Penstemon davidsonii91.120.36

YG3?Phlox covillei – Elymus elymoides – Podistera nevadensis91.123.01

YPhlox covillei – Elymus elymoides – Podistera nevadensis – Erigeron 
pygmaeus

91.123.02

YAstragalus kentrophyta – Draba oligosperma91.123.03

YDraba oligosperma – Poa glauca ssp. rupicola91.123.04

YPhlox covillei – Eriogonum incanum91.123.05

YPodistera nevadensis – Erigeron pygmaeus91.123.06

YPhlox (covillei) – Ivesia shockleyi91.123.07

YPhlox covillei – Linum lewisii91.123.08

YPhlox covillei – Eriogonum gracilipes91.123.09

Phlox pulvinata

Cushion phlox fell-fields

Alliance

91.150.00 G4 S3

YPhlox pulvinata – Anelsonia eurycarpa91.150.02

YPhlox pulvinata – Ericameria suffruticosa – Ipomopsis congesta91.150.03

YPhlox pulvinata – Lupinus argenteus var. montigenus91.150.04

YPhlox pulvinata – Festuca brachyphylla91.150.05

YPhlox pulvinata – Ivesia gordonii91.150.06

Plagiobothrys nothofulvus

Popcorn flower fields

Alliance

43.300.00 G4 S4

YProvisionalPlagiobothrys nothofulvus – Castilleja exserta – Lupinus nanus43.300.02

Pleuraphis jamesii

James’ galleta shrub-steppe

Alliance

41.610.00 G3 S2

YPleuraphis jamesii41.610.04

YScleropogon brevifolius – Pleuraphis jamesii – Bouteloua eriopoda41.610.05

YBouteloua eriopoda – Pleuraphis jamesii41.610.06

Pleuraphis rigida

Big galleta shrub-steppe

Alliance

41.030.00 G3 S2

YPleuraphis rigida41.030.01

YPleuraphis rigida – Dalea mollissima41.030.04
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YS2G3Pleuraphis rigida / Atriplex canescens41.030.05

YPleuraphis rigida / Ambrosia dumosa41.030.06

YPleuraphis rigida / Ephedra (californica, trifurca)41.030.07

Poa secunda – Muhlenbergia richardsonis – Carex douglasii

Onesided bluegrass – mat muhly – Douglas' sedge moist meadow

Alliance

41.279.00 G4? S3

YPoa secunda ssp. secunda41.180.02

YPoa secunda Moist41.180.03

YProvisionalMuhlenbergia richardsonis41.277.01

YProvisionalMuhlenbergia richardsonis – Achnatherum pinetorum41.277.02

YProvisionalCarex douglasii45.169.01

Polygonum lapathifolium – Xanthium strumarium

Smartweed – cocklebur patches

Alliance

42.207.00 G5 S4

YProvisionalAlisma (triviale)42.207.05

Ptilagrostis kingii

King’s needle grass meadows

Alliance

41.225.00 G4 S4

YG3?Ptilagrostis kingii41.225.01

Ruppia (cirrhosa, maritima)

Ditch-grass or widgeon-grass mats

Alliance

52.202.00 G4? S2

YRuppia cirrhosa – algae52.202.02

Sarcocornia pacifica (Salicornia depressa)

Pickleweed mats

Alliance

52.215.00 G4 S3

YSarcocornia pacifica – Cuscuta salina – Spartina densiflora52.215.01

YSarcocornia pacifica – Distichlis spicata52.215.02

YS3G3Sarcocornia pacifica – Jaumea carnosa – Distichlis spicata52.215.03

YSarcocornia pacifica Managed52.215.04

YSarcocornia pacifica Tidal52.215.05

YSarcocornia pacifica – Atriplex prostrata52.215.06

YSarcocornia pacifica – Bolboschoenus maritimus52.215.07

YSarcocornia pacifica – Frankenia salina52.215.09

YSarcocornia pacifica – Grindelia stricta52.215.10

YSarcocornia pacifica – Jaumea carnosa52.215.11

YSarcocornia pacifica – Lepidium latifolium52.215.12

YSarcocornia pacifica – Spartina foliosa52.215.13

YG4Sarcocornia pacifica / algae52.215.14

YG4Sarcocornia pacifica – Brassica nigra52.215.15

YSarcocornia pacifica – Cotula coronopifolia52.215.16

YSarcocornia pacifica – Crypsis schoenoides52.215.17

YSarcocornia pacifica – Echinochloa crus-galli – Polygonum – Xanthium 
strumarium

52.215.18

YSarcocornia pacifica / (Lolium perenne –  Polypogon monspeliensis)52.215.19

YSarcocornia pacifica – Sesuvium verrucosum52.215.20

YS2?G2Sarcocornia pacifica – Frankenia salina – Suaeda taxifolia52.215.21

YSarcocornia pacifica – Jaumea carnosa – Batis maritima52.215.22
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YProvisionalSalicornia bigelovii52.215.23

Saxifraga nidifica

Pink saxifrage patches

Provisional Alliance

91.124.00 G4? S3?

YProvisionalRhodiola integrifolia – Selaginella watsonii91.124.02

YProvisionalPolygonum minimum91.124.03

YProvisionalSaxifraga bryophora91.124.04

YProvisionalSaxifraga nidifica – Mimulus rubellus91.124.05

Saxifraga tolmiei

Patches of Tolmie’s alpine saxifrage

Provisional Alliance

91.125.00 G4 S3?

YProvisionalSaxifraga tolmiei – Luzula divaricata91.125.01

Schoenoplectus (acutus, californicus)

Hardstem and California bulrush marshes

Alliance

52.128.00 GNR S3S4

YSchoenoplectus acutus – Typha domingensis52.102.02

YG5Schoenoplectus californicus – Schoenoplectus acutus52.114.01

YSchoenoplectus californicus52.114.02

YSchoenoplectus californicus – Schoenoplectus acutus / Rosa californica52.114.06

YSchoenoplectus acutus52.122.01

NSchoenoplectus acutus – Phragmites australis52.122.05

YSchoenoplectus acutus – Xanthium strumarium52.122.06

YProvisionalSchoenoplectus (acutus, californicus) – Wetland herbs52.128.01

YSchoenoplectus (acutus, californicus) – Typha (angustifolia, latifolia)52.128.02

Schoenoplectus americanus

Common Three-square marsh

Alliance

52.111.00 G5 S3

YSchoenoplectus americanus / Argentina egedii52.111.02

YSchoenoplectus americanus / Lepidium latifolium52.111.03

YSchoenoplectus americanus52.111.04

YProvisionalSchoenoplectus americanus – Schoenoplectus californicus – Schoenoplectus 
acutus

52.111.06

Scirpus microcarpus

Small-fruited bulrush marsh

Alliance

52.113.00 G4 S2

YG4Scirpus microcarpus52.113.01

YScirpus microcarpus – Oxypolis occidentalis52.113.02

YScirpus microcarpus – Scirpus congdonii52.113.03

Sedum spathulifolium

Coast Range stonecrop draperies

Provisional Alliance

43.400.00 G4? S4?

YProvisionalSedum spathulifolium – Polypodium californicum / Lichen – Moss43.400.01

Selaginella (bigelovii, wallacei)

Bushy spikemoss mats

Alliance

42.062.00 G4 S3

YS3G4Selaginella bigelovii / Eriogonum fasciculatum42.062.01

YProvisionalSelaginella wallacei / Lichen – Moss42.062.02

Sesuvium verrucosum

Western sea-purslane marshes

Alliance

52.210.00 G3? S2
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YSesuvium verrucosum52.210.01

YSesuvium verrucosum – Cotula coronopifolia52.210.02

YSesuvium verrucosum – Distichlis spicata52.210.03

YSesuvium verrucosum – Lolium perenne52.210.04

Sparganium (angustifolium)

Mats of bur-reed leaves

Alliance

52.010.00 G4 S3?

YSparganium angustifolium52.010.01

YProvisionalSparganium eurycarpum52.010.02

Spartina foliosa

California cordgrass marsh

Alliance

52.020.00 G3 S3

YSpartina foliosa – Sarcocornia pacifica52.020.01

YSpartina foliosa52.020.02

Spergularia marina

Saltmarsh sand-spurrey

Provisional Alliance

52.213.00 G3? S3?

Sporobolus airoides – Muhlenbergia asperifolia – Spartina gracilis

Alkali sacaton – scratchgrass – alkali cordgrass alkaline wet meadow

Alliance

52.060.00 G4 S2

YS2GNRSporobolus airoides41.010.01

YSporobolus airoides / Ericameria nauseosa41.010.02

YSporobolus airoides / Allenrolfea occidentalis41.010.03

YS1GNRSpartina gracilis52.030.01

YProvisionalMuhlenbergia asperifolia52.060.01

YG3?Puccinellia nuttalliana52.060.02

YS3G4?Sporobolus airoides – Distichlis spicata52.060.03

YS2ProvisionalIvesia kingii – Spartina gracilis52.060.04

Stuckenia (pectinata) – Potamogeton spp.

Pondweed mats

Alliance

52.107.00 G3G5 S3?

YStuckenia pectinata52.107.01

YPotamogeton spp.52.107.02

Torreyochloa pallida

Floating mats of weak manna grass

Alliance

45.171.00 G3 S3?

YTorreyochloa pallida var. pauciflora45.171.01

YTorreyochloa pallida var. pauciflora – Isoetes bolanderi45.171.02

Triantha occidentalis – Narthecium californicum

Western false asphodel – California bog asphodel fens

Alliance

45.135.00 G2? S2?

YTriantha occidentalis – Rhynchospora alba45.135.01

YTriantha occidentalis / Sphagnum teres45.135.02

YTriantha occidentalis – Narthecium californicum45.135.03

Trifolium longipes

Long-stalk clover meadows

Provisional Alliance

45.426.00 G3? S3?

Trifolium variegatum

White-tip clover swales

Alliance

42.005.00 G3? S3?
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YTrifolium variegatum42.005.01

YTrifolium gracilentum – Hesperevax caulescens42.005.02

YTrifolium variegatum – Lolium perenne – Leontodon saxatilis42.005.03

Y(Trifolium variegatum – Vulpia bromoides) – Hypochaeris glabra – 
Leontodon taraxacoides

42.005.05

YS1G1Trifolium variegatum – Juncus bufonius42.005.06

Typha (angustifolia, domingensis, latifolia)

Cattail marshes

Alliance

52.050.00 G5 S5

YProvisionalPhragmites australis ssp. americanus41.061.03

Veratrum californicum

White corn lily patches

Alliance

45.423.00 G5 S4

YS3G4Veratrum californicum – Senecio triangularis45.423.01

Zostera (marina, pacifica) Pacific Aquatic

Eelgrass beds

Alliance

52.710.00 GNR S3

YZostera marina52.710.01
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IMPERIAL COUNTY GENERAL PLAN 
SEISMIC AND PUBLIC SAFETY ELEMENT 

 
 
I. INTRODUCTION 
 
A. Preface 
 
The County of Imperial is exposed to a wide variety of hazards that result from 
natural phenomena and human-induced accidents.  These hazards can result in 
loss of life, bodily injury, and property damage.  The County is bisected by active 
seismic faults that could generate dangerous earthquakes and other geologic 
activity.  Although the County is located in a desert with very low precipitation, it 
is sometimes subject to heavy rains and subsequent flooding.  Flooding could 
also result from damage to the All American Canal and associated transmission 
aqueducts.  A few hazardous waste facilities are located in the County and 
accidents could dangerously pollute air and water. 
 
The Seismic and Public Safety Element identifies potential natural and human-
induced hazards and provides policy to avoid or minimize the risk associated with 
hazards.  Potential hazards must be addressed in the land use planning process 
to avoid the unfolding of dangerous situations.  For example, the risk associated 
with dangerous flooding can be avoided by not allowing development in 
floodplains and imposing strict safety standards on water transmission facilities. 
 
A Safety Element is a mandatory element of the General Plan according to 
California Government Code Section 65302.  This Seismic and Public Safety 
Element has been prepared to conform to the following requirement of the 
Government Code: 
 

A safety element for the protection of the community from any 
unreasonable risks associated with the effects of seismically induced 
surface rupture, ground shaking, ground failure, tsunami, seiche, and dam 
failure; slope instability leading to mudslides and landslides, subsidence 
and other geologic hazards known to the legislative body; flooding; and 
wildland and urban fires.  The safety element shall include mapping of 
known seismic and other geologic hazards.  It shall also address 
evacuation routes, peakload water supply requirements, and minimum 
road widths and clearances around structures, as those items relate to 
identified fire and geologic hazards. 

 
B. Purpose of the Seismic and Public Safety Element 
 
The purpose of the Seismic and Public Safety Element is directly concerned with 
reducing the loss of life, injury, and property damage that might result from a 
disaster or accident.  This Element identifies goals and policies that will minimize 
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the risks associated with natural and human-made hazards.  In addition, the 
Element specifies land use planning procedures that should be implemented to 
avoid hazardous situations. 
 
C. Risk Assessment 
 
Risk assessment refers to the subjective process of comparing the cost to avoid 
or reduce a hazard with the cost of the potential damage produced by the 
hazard.  The concepts "acceptable risk" and "avoidable risk" are important in risk 
assessment.  An avoidable risk refers to situations where the risk of a potential 
hazard can be entirely reduced by circumventing the development of the 
potential hazard.  An example of an avoidable risk is the preclusion of residential 
development in floodplains.  Avoiding the risk, however, can involve costs which 
are measured by time, money, inconvenience, and inefficiency.  Under these 
circumstances, the reduction in risk must be weighed against costs.  An 
acceptable risk refers to the point where an incremental reduction in risk does not 
justify increased cost.  An example of an acceptable risk is the development of a 
gravel mining operation in a floodplain that possesses large gravel reserves.  
While there is a risk of flooding, locating a gravel mining operation outside of the 
floodplain would be inefficient and economically infeasible. 
 
In establishing guidelines for acceptable risk, the County makes distinctions 
between hazards resulting in personal injury or loss of life, hazards resulting in 
disruption of essential services, and hazards resulting in damage to structures 
and property.  The risks of personal injury, loss of life, and the disruption of 
lifelines are unacceptable but the risk of structural damage is acceptable.  The 
County will impose restrictions or conditions on development to avoid personal 
injury, loss of life, and lifeline disruption and reduce the threat of structural 
damage. 
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II. EXISTING CONDITIONS AND TRENDS 
 
A. Geologic Activity 
 
Earthquakes are the principal geologic activity affecting public safety in Imperial 
County.  They are a triggering event which permit the force of gravity to operate 
and create many secondary hazards from ground shaking, including:  (1) 
differential ground settlement, soil liquefaction, rock and mudslides, ground 
lurching, and avalanches; (2) ground displacement along the fault; (3) floods from 
dam and levee failure, and seiches; (4) fires; and (5) the various adverse results 
of disruption of essential facilities and systems - water, sewer, gas, electricity, 
transportation, and communication (and notably in Imperial Valley, the irrigation 
and drainage system).  This section will focus on earthquakes and other geologic 
activities; flooding, fires, and disruption of essential services, whether seismically 
induced or otherwise, will be discussed separately. 
 
1. Earthquakes 
 
Earthquakes, are the result of an abrupt release of energy stored in the earth.  
This energy is generated from the forces which cause the continents to change 
their relative position on the earth's surface, a process called "plate tectonics."  
The earth's outer shell is composed of a number of relatively rigid plates which 
move slowly over the comparatively fluid molten layer below.  The boundaries 
between plates are where the more active geologic processes take place.  
Earthquakes are an incidental product of these processes. 
 
California rests on the boundary between the North American Plate and the 
Pacific Plate.  The San Andreas Fault system is located where the northwesterly 
drifting Pacific Plate grinds along and is subducted by the southwesterly drifting 
North American Plate.  Baja, and California west of the fault system, are part of 
the Pacific Plate and move northwest compared to the rest of California and 
North America.  
 
The Imperial Valley is a broad, flat, alluviated area that lies partly below sea 
level, cut off from the Gulf of California to the south by the Colorado River Delta.  
The valley, also known as the Salton Trough, is one of the most tectonically 
active regions in the United States.  The eastern boundary is formed by branches 
of the San Andreas fault and the western boundary is formed by the San Jacinto-
Coyote Creek and the Elsinore-Laguna Salada Faults.  Consequently, the Valley 
is subject to potentially destructive and devastating earthquakes.  Figure 1 shows 
the general location of known or inferred major fault lines in Imperial County. 
 
More small to moderate earthquakes have occurred in the Imperial Valley area 
than along any other section of the San Andreas Fault system.  During the 
current century, the areas has experienced eleven earthquakes of magnitude 6.0 
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or greater on the Richter scale with the strongest being a magnitude of 7.1 on the 
Imperial Fault in 1940.   
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Figure 1 - Seismic Activity in Imperial County 
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The deep, sediment-filled geologic structure of the Imperial Valley makes the 
area particularly susceptible to severe earthquake damage.  The Cities of 
Brawley, Imperial, El Centro, and Calexico have experienced damage from the 
movements of major faults in the San Jacinto fault zone, which includes the 
Imperial and Superstition Hills Faults. 
 
A moderate to severe incident with intense ground shaking in the populated 
areas of Imperial County could reasonably be expected to cause numerous 
casualties, extensive property damage, fire, road closures, disruption of rail 
systems, communication systems (particularly telephone systems), the County's 
extensive canal system, and utilities.  In addition, health hazards would be posed 
by damaged sewer systems, waste treatment facilities, and the possible 
contamination of the County's potable water supply.  Medical treatment facilities 
would most likely be overtaxed.  Theft and looting may also be a problem.  The 
resultant disruption of the agricultural community would affect the local economy. 
 
In accordance with the Alquist - Priolo Special Studies Zone Act (Chapter 7.5, 
Division 2, Public Resources Code, State of California, effective May 4, 1975) the 
Office of State Geologist delineated Special Study Zones which encompass 
potentially and recently active traces of four major faults (San Andreas, 
Calaveras, Hayward and San Jacinto).  These Special Study Zone Maps 
depicting active fault traces are available for public review at the Imperial County 
Planning Department and the Imperial County Public Works Department.  The 
Alquist - Priolo Special Study Zone Act is enforced by the County to assure that 
homes, offices, hospitals, public buildings, and other structures for human 
occupancy which are built on or near active faults, or if built within special study 
areas, are designed and constructed in compliance with the County of Imperial 
Codified Ordinance. 
 
It is difficult to predict the severity of casualties and property damage that could 
result from an earthquake.  The severity of casualties and property damage 
depend on the intensity of the earthquake, location of the epicenter to populated 
areas, and the time of day of the occurrence.  The analysis of past earthquakes 
provides some useful information regarding the potential consequences of future 
severe earthquakes.  Appendix A provides a summary of earthquakes that have 
impacted the County between 1852 and 1988. 
 
The 1940 earthquake along the Imperial Fault registered a 7.1 on the Richter 
scale.  The epicenter was located east of El Centro.  The ground was ruptured 
for forty miles from Volcano Lake in Baja California to a point near the City of 
Imperial.  Seven deaths occurred and property loss was in excess of $5 million.  
Eighty percent of the buildings in Imperial were destroyed; fifty percent of 
Brawley's structures were damaged.  Indirect damage to crops was substantial 
due to the subsequent disruption of drainage and flooding.  Horizontal 
displacement across the completed but unfilled International Canal was 14 feet, 
10 inches and the U.S.-Mexico boundary was permanently changed.  The Alamo 
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Canal in Baja California was also offset and a local flood resulted from water 
spilling out of the broken channel. 
 
Perhaps the most conspicuous area of surface rupture was on State Highway 98 
eight miles east of Calexico.  The roadway was broken by a four-foot scarp, and 
rows of trees in an orange grove south of the highway and west of the Alamo 
River bridge were offset almost 10 feet.  The maximum horizontal displacements 
of the earthquake, which were approximately 29 feet, were measured in the area 
just south of the orange grove. 
 
Existing information about earthquakes that have occurred in Imperial Valley 
suggest that an equal number of earthquakes of equal intensity may occur within 
the future.  The County can expect injuries, casualties and property damage from 
earthquakes as some time in the future because of the past frequency of 
moderately high magnitude and intensity earthquakes; the distribution of active 
faults and epicenters; and the projected increase in population.   
 
2. Landslides 
 
A landslide refers to slowly to very rapidly descending rock or debris caused by 
the pull of gravity.  Landslides affect humans in many ways.  A very rapid 
landslide could result in casualties and devastating property damage while a slow 
landslide could result in the nuisance of having a fence slowly pulled apart.  The 
cost in lives and property from landslides is surprisingly high.  According to the 
U.S. Geological Survey, more people in the United States died from landslides 
during the last three months of 1985 than were killed by all other geologic 
hazards, such as earthquakes and volcanic eruptions.  The damage to property 
from landslides each year exceeds the cost of earthquake damage for the last 
twenty years. 
 
The process of grading can accelerate landslide activity.  Slope and material 
failure often results from failing to utilize precautionary measures to stabilize 
slopes or cutting into the failure plane of an existing landslide.  In California, 
landslides are a common problem in the hillside areas and particularly in 
developed hillside areas that required grading.   
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The potential for landslides in Imperial County is low to moderate along the 
western edge of the County parallel to the Coast Range Mountains.  Additional 
areas in the County subject to landslides include the irrigated valley between the 
East Highline and Westside Main canals and bluffs adjacent to the All American 
Canal, Coachella Canal, New River, Alamo River, and the Colorado River.  The 
hazardous landslide areas adjacent to these water courses are defined as: 
 

1. A distance of fifty feet outside of the shaded flood zone areas 
delineated on the Federal Emergency Management Agency 
(FEMA) maps for the New and Alamo Rivers; and 

 
2. A distance of one-half the canal bank height beyond the toe of the 

slope for all of the levee and canal banks. 
 
Figure 2 illustrates the distribution of landslide activity in the County. 
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Figure 2 - Landslide Activity 
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3. Subsidence 
 
Subsidence is the gradual, local settling or sinking of the earth's surface with little 
or no horizontal motion.  Subsidence is usually the result of gas, oil, or water 
extraction, hydrocompaction, or peat oxidation, and not the result of a landslide 
or slope failure.  Ground surface effects related to subsidence are generally 
restricted to long surface structures such as canals, drains, and sewers, which 
are sensitive to slight changes in elevation. 
 
Subsidence from earthquakes and other activities, including geothermal 
resources development, can disrupt drainage systems and cause localized 
flooding.  Agricultural operations within the County depend on gravity-fed 
irrigation, drainage, and tiling systems.  These systems utilize existing land 
contours and have little tolerance for change.  Areas away from the irrigated 
fields, canals, and drains may be less sensitive to land surface elevation change.   
 
It is also to be noted that the "Valley", within the County, experiences a 
continuous natural subsidence toward the Salton Sea.  Natural subsidence has 
been occurring within the Salton Trough, averaging nearly two inches per year at 
the center of the Salton Sea and it decreases to zero near the Mexican border.  It 
is generally uniform, but local depressions have formed such as the Mesquite 
Sink located along Highway 86 between Imperial and Brawley.  Earthquakes 
have caused abrupt elevation changes in excess of one foot across fault lines. 
 
Increases in development of geothermal resources could be a factor for the 
future.  Recent reports by the geothermal industry in the Heber area indicates 
that some subsidence has occurred over several years and could be expected to 
change further depending on the rate and volume of extraction/injection.  
 
Well field programs covering production and injection plans are required by the 
Bureau of Land Management and the Division of Oil and Gas for each major 
geothermal project.  Detrimental subsidence from geothermal development 
needs to be avoided through careful permit review by CDOG and the County, 
establishment of standards for each project, and through impact mitigation and 
monitoring programs. 
 
4. Erosion 
 
Erosion is the removal of rock fragments or soil by the action of running water, 
glacial ice, or wind.  Human activities can accelerate erosion.  The areas in 
Imperial County that are most subject to erosion are the Algodones Sand Dunes 
parallelling the East Mesa and Superstition Mountain, and the Chocolate, 
Picacho, Cargo Muchacho, and Coast Range Mountains.  The remainder of 
Imperial County is generally flat and experiences low levels of natural erosion.  
Figure 3 illustrates the erosion activity throughout the County. 
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Figure 3 - Erosion Activity 
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5. Soil Stability 
 
The geologically young, unconsolidated sediments of the Salton Trough are 
subject to failure during earthquakes, especially throughout the irrigation portion 
of the Valley where the soil is generally saturated.  Liquefaction, and related loss 
of foundation support, is a common hazard.  
 
B. Flooding 
 
Flooding is a natural hazard present in Imperial County due to the County's 
geography, geology and climate.  There are various facets to flooding; all of 
which are relevant to Imperial County. Flood hazards include the following: 
natural floodplains, seiches, and dam failure. 
 
1. Natural Floodplains 
 
The entire county is subject to various degrees of flooding in the form of flash 
floods or slow floods caused by heavy precipitation.  Flash flooding is not 
infrequent in desert areas. Such flooding occurs when sudden downpours over 
the mountains and/or desert tend to create instantaneous peak flows which 
roughly follow empty stream beds and mountain washes.  
 
Flooding can occur either in floodplains or floodways.  Floodplains are generally 
located adjacent to rivers and other bodies of water, and in low lying areas near a 
water source.  The external boundary of floodplains is defined by the predicted 
extent of inundation that would result from the most intense storm that occurs 
once every one hundred years.  Floodways are defined by discernible drainage 
channels.  Floodways are more hazardous due to the anticipated velocities of the 
flood waters and expected damage to life and property.  Such designations occur 
along the Myer Creek (through Ocotillo) and within the levees along the Colorado 
River.  Further information can be obtained by consulting the Flood Insurance 
Rate Maps (FIRM's) prepared by the Federal Emergency Management Agency, 
which are on file with the County Department of Planning.  Figure 4 illustrates the 
areas in the County that are particularly at risk to flood hazards. 
 
Within the County jurisdiction, the communities of Bombay Beach and Ocotillo 
are considered to be the most likely to experience significant flooding.  In El 
Centro, the Gillett/Cannon Roads area receives the heaviest flooding. It is at a 
low elevation east of El Centro and south of East Evan Hewes Highway.   
 
Bombay Beach is located in a pocket created by the Salton Sea on the west and 
the Chocolate Mountains on the east.  Severe flooding could isolate the 
community.  In the event of a major flood, approximately 300 to 1,000 residents 
would have to be evacuated.    
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The communities of Ocotillo and Nomirage are at risk due to their location at the 
base of an alluvial fan originating at the base of Myer Creek.  More specifically, 
Myer Creek is located in the southwestern part of Imperial County and flows in a 
northeasterly direction through the townsites of Ocotillo and Nomirage, draining 
over 21.8 square miles. 
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Figure 4 - Natural Floodplains 
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Flood plain management is the key component to effective flood control within 
Imperial County. The Federal Insurance Administration delineates areas of 
special flood hazards, the risk premium zones, and floodways through official 
maps:  Flood Insurance Rate Map (F.I.R.M.); and Flood Boundary and Floodway 
Map.  These maps form the basis for Imperial County's Flood Ordinance which is 
intended to be applied to those areas which are subject to periodic flooding and 
accompanying hazards.  These official maps show all canals, drains, and rivers, 
and at 1"-1000' are a useful reference map.  Most of the irrigated valley is 
designated zone "C" - indefinite minor flooding - reflecting the flat terrain and the 
canal system.  Official Flood Insurance Rate Maps (F.I.R.M.) are available for 
public use at the Planning Department of Imperial County. 
 
2. Seiches 
 
A seiche is a to and from vibration of a body of water like the slopping of water in 
a jolted basin.  Once initiated, the water body continues to oscillate 
independently.  Seiches can be triggered by seismic events such as 
earthquakes. 
 
The most likely location for a significant seiche to occur is the Salton Sea.  While 
there have been a number of seismic events since the formation of the Salton 
Sea, no significant seiches have occurred to date.  A seiche could occur, 
however, in the Salton Sea under the appropriate seismic conditions.  The Salton 
Sea is proximal to the San Andreas and San Jacinto faults and would be subject 
to significant seismic ground shaking that could generate a seiche. 
 
3. Dam Failure 
 
Flooding, due to dam failure, is a factor which could seriously affect eastern 
Imperial County. The California Office of Emergency Services is charged with 
keeping on file the "inundation map" and "dam failure response plan" for each 
dam in the state.  The dam owner/operator is, however, responsible for map and 
plan preparation.  These documents generally do not exist. Imperial Dam, the 
only significant dam in Imperial County, has a plan, but no map; Laguna Dam 
has no plan, but the map is under preparation; Senator Wash Dam has no plan 
or map; and the Parker Dam has a plan, but no map.  Failure of any of these 
dams would certainly cause inundation of the down stream shorelines, all of the 
Bard - Winterhaven area, and possibly would flush large quantities of water 
through Mexico into the New and Alamo Rivers.  Inundation of the community, 
however, is considered unlikely; hazard analysis suggests that dam failure would 
likely occur only if heavy precipitation was coupled with significant seismic 
activity near the dam.  Flooding through Mexico would most probably be confined 
to the already designated flood areas. 
 
C. Fire 
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The potential for a major fire in the unincorporated areas of the County is 
generally low.  Fire hazards exist, however, at two different sites in the County at 
the fuel storage farms located south of the City of Imperial and east of Niland.  In 
the event of a fire, assistance from various fire departments within the County 
would be required.  The threat of fire spreading and causing major problems to 
other areas of the County are minimal due to the isolated locations of the fuel 
storage farms. 
 
The most significant regulatory codes from the standpoint of fire safety are fire 
prevention and building codes. The County implements the Uniform Building 
Code (UBC) and the Uniform Fire Code (UFC).  These uniform codes are 
intended to serve only as minimum standards. Therefore, it is important that 
these minimum fire safety standards be strictly enforced by fire and building 
agencies in the unincorporated County. 
 
The Imperial County Codified Zoning Ordinance also contains provisions which 
act to reduce fire hazards.  The Zoning Ordinance is a tool that helps prevent the 
construction of incompatible or hazardous structures.  For example, the 
ordinance separates industrial, commercial and residential uses and provides for 
the isolation of land uses that may create excessive fire exposure to other 
properties.  It also limits the height and bulk of buildings, specifies setbacks and 
distances between buildings. 
 
The Imperial County Subdivision Ordinance is also used to reduce the risk of fire 
by securing, as a condition of subdivision of land, water systems of adequate 
size and pressure for fire fighting, and adequate roadway widths for emergency 
service vehicle access including maneuverability of fire trucks.  As part of the 
review process, the Imperial County Planning Department seeks 
recommendations from fire and water districts wherever the proposed subdivision 
is located. 
 
The County of Imperial Fire Prevention and Explosives Ordinance, Section 
53101-53300, contains provisions for the purpose of prescribing regulations 
governing conditions hazardous to life and property from fire or explosion.  Such 
measures in this Ordinance include the following: 
 

Storage of flammable materials 
Storage of Radioactive materials 
Permit required for sale and use of fireworks 
Abatement of weeds and other vegetation 

 
The Fire Prevention Education Program encompasses a public information and 
education component that promotes public awareness of the significance of 
Fire/Safety prevention measures.  This program enables the public to be better 
prepared when an emergency fire situation occurs. 
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D. Hazardous Material Accident 
 
A hazardous material accident could occur in Imperial County due to the 
agricultural economy, proliferation of fuel tanks and transmission facilities, 
intricate canal system, and the confluence of major surface arteries and rail 
systems.  Although a hazardous material accident can occur almost anywhere, 
particular regions are more vulnerable.  The potential for an accident is increased 
in regions near roadways that are frequently used for transporting hazardous 
material, and in regions with agricultural or industrial facilities that use, store, 
handle, or dispose of hazardous material. 
 
The release of hazardous material into the environment could cause a multitude 
of problems.  The release of explosive and highly flammable materials have 
cause fatalities and injuries, required large-scale evacuations, and destroyed 
millions of dollars worth of property.  Toxic chemicals in gaseous form have 
caused injuries and fatalities among emergency response teams and passerby.  
Serious health problems have occurred where toxins have entered either surface 
or groundwater supplies.  Serious health problems have occurred.  Releases of 
hazardous chemicals have been especially damaging when they have occurred 
in highly populated areas, or along heavily traveled transportation routes.  The 
decree of threat posed to life and property is dependent on the type, location, 
and concentration of the material released, in addition to prevailing weather 
conditions such as precipitation, wind speed, and wind direction.  Appendix B 
contains a summary of hazardous material storage sites, handlers, and vendors. 
 
The Laidlaw Environmental Services hazardous waste facility located west of 
Westmorland is unique in the sense that a major wash traverses the site.  
Substantial engineering design was utilized to minimize flooding, and channel 
maintenance requirements have been implemented.  While the facility does pose 
a potential risk, the continued monitoring and stringent design standards imposed 
on the facility have minimized the probability of a serious failure.  Special reports 
on design requirements and risk concerns are on file at the Planning Department. 
 
A second type of facility which is more predominant and more difficult to assess.  
These facilities is the chemical handling and storage facilities and include 
distributors, transporters, and crop dusting firms.  These firms are not permitted 
to store the various chemicals in open areas, or in buildings not adequately 
protected from flood conditions.  During severe flooding the potential for these 
chemicals to be mixed with the flood water can pose a potentially serious health 
concern. 
 
Pursuant to Section 25500 et seq. of the California Health and Safety Code, the 
County Health Services Department is designated as the "administering agency" 
responsible for maintaining a list of handlers/vendors of toxics within the County.  
In addition, they are required to maintain, for each handler/vendor, to maintain an 
inventory and business plan.  This information is also available to the County Fire 
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Marshal and city fire departments.  The "Imperial County Emergency Plan" 
(1988) lists the ten largest concentrations of toxics in the County, which are 
shown on Figure 5 and are: (1) Naval Air Facility El Centro; (2) Santa Fe Pacific 
Pipe Line Tank Farm; (3) ST Services; (4) 89.92 miles of fuel pipelines; (5) Brea 
Agricultural Service; (6) United Agriculture Products; (7) Puregro Company: (8) 
Rockwood Chemical Company; (9) Helena Chemical Products; and (10) Wilbur 
Ellis Company. 
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E. Lifelines and Critical Facilities 
 
The disruption of lifelines and critical facilities can endanger the safety of the 
public.  Lifelines refer to networks of services that extend over a wide area and 
are vital to the public welfare.  Lifelines typically involve supply sources, 
transmission lines, storage facilities, and distribution systems.  Damage to any 
one of these key elements might cause loss of service to large areas or the entire 
service area.  Lifelines can be classified into four categories:  Energy, Water 
Transportation, and Communication.  These categories circumscribe the lifelines 
indicated in Table 1. 
 
 

 
TABLE 1 

SUMMARY OF LIFELINES 
 

 
 

Energy 
 

Water 
 
Transportatio

n 

 
Communications 

 
Type of 
Lifelines 

 
Electricity 
Liquid Fuel 
Gas 

 
Potable Water 
Sewage 
Solid Waste 

 
Highway 
Railway 
Airport 
Harbor 

 
Telephone 
Telegraph 
Radio 
Television 
Mail 
Press 

 
 
Energy.  Electricity is provided to the vast majority of Imperial County and the 
Coachella Valley area of Riverside County by the IID.  The transmission and 
distribution system is moderately resistant to earthquakes.  When parallel 
overhead power lines have too much slack or sag unevenly, they may come in 
contact with one another during an earthquake.  The resulting arcing could cause 
conductors to burn and fall to the ground.  On the other hand, if overhead 
powerlines are too taut, they could snap and fall to the ground from earthquake 
shaking.  Overhead powerlines can also be broken by objects jostled from 
earthquake shaking, (e.g., trees, antennas).  The entire electrical distribution 
system is protected by relays designed to prevent current overload.  Seismic 
vibrations themselves can cause the relays to "trip" and cut off power.  Such an 
abrupt power disruption could cause current overloads in other parts of the 
system.  As a result, other relays could trip and cut off more power.  Although the 
risk of serious damage to the distribution system is low, the risk of partial or total 
loss of power is fairly high. 
 
The IID's generating facilities and sources of power are varied and dispersed 
across the County.  The probability is low for all of the facilities being disrupted 
simultaneously.  The main generating facilities are El Centro (180 megawatts), 
Brawley (18 megawatts), Rockwood (50 megawatts), and Coachella (80 
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megawatts).  Hydroelectric facilities along the All American Canal have a 
maximum capacity of 45 megawatts.  All of these facilities are located in 
seismically active zones.  The facilities are also located within 15 miles of each 
other with the exception of the Coachella plant and the hydroelectric facilities.  
The probability of all of the plants being disrupted during a seismic event is 
considered low.  A break in the All American Canal could also reduce electricity 
generation. 
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Figure 5 - Hazardous Material Sites 
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Liquid petroleum products are delivered to and are transported through the 
County via the twenty-inch Santa Fe Pacific Pipe Line.  This line is generally 
located within the Southern Pacific Railroad right-of-way.  The right-of-way 
follows the northwest to southeast trend of Imperial Valley and subsequently 
parallels the major faults.  It passes near the east side of the Salton Sea and 
serves the storage facility at Niland.  Southeast of Ogilby, the line turns east and 
travels to Yuma.  A six-inch branch line distributes gas to the storage facility 
south of Imperial and a four-inch line serves the Naval Air Facility near Seeley.  
The maintenance staff for the line anticipates no special problems from 
earthquakes or fault movement and are unaware of such a situation occurring in 
California in past years.  A major break would take one to two days to repair. 
 
The petroleum storage facilities in Niland and Imperial are vulnerable to 
earthquakes.  Storage capacity at Niland is 77,500 barrels and at Imperial is 
289,000 barrels.  Storage tanks, however, are never full at one time but are 
normally filled fifty percent.  The 1979 earthquake resulted in the rupture of one 
tank and a gasoline leak of 100 gallon per minute at the Imperial facility.  The 
potential for a major disaster does exist.  The probability of loss of all liquid 
petroleum in the County is low.  Emergency service via tanker is readily available 
if required during an emergency situation. 
 
Natural gas is delivered by the Southern California Gas Company via twin ten-
inch lines which generally run south through the County in Range 14 East.  
These lines serve Niland, Calipatria, Brawley, Imperial, El Centro, Heber, and 
Calexico and branch lines serve Holtville, Westmorland, Seeley, NAF, and 
Plaster City.  Rural residents are served by laterals from the branch lines.  The 
lateral lines typically do not exceed a quarter mile in length. 
 
The gas lines are less resilient to seismic stress than the liquid lines and the 
entire natural gas system is vulnerable to disruption.  The lines were damaged 
from the 1979 earthquake.  The north-south line was damaged in the area it 
crossed the fault.  The line suffered compressive stress and a fitting buckled and 
resulted in a major leak.  The leak was repaired without shutting down the line.  
The line to Holtville was stretched where it crossed the fault.  The line did not 
break and was repaired without shutting down the line. 
 
The natural gas network is much more extensive than the liquid petroleum 
system.  Leaks are more insidious.  The risk of an explosion or fire is greater.  
The most serious potential hazards are at the customer service connections.  
Gas connections to hot water heaters are notably vulnerable to seismic shaking.   
 
The biggest potential problem would result from damage that required shutting 
the natural gas delivery system down.  A major rupture of the ten-inch line would 
be difficult to repair.  Once pressure was lost and air entered the system, a total 
shut down would be required.  Service personnel would have to visit the 
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customer connections at each twice.  The initial visit would be require to insure 
that the gas was turned off.  The second visit would be required to turn the gas 
back on, bleed the air, and assist in relighting fixtures.  This would be a massive 
job that would take weeks.  The main purpose of the twin lines is to avoid this 
type of disaster.   
 
Water and Sewer.  About seventy percent of the population is provided potable 
water for domestic purposes from municipal water systems, which are primarily 
served by the Imperial Irrigation District (IID).  Rural residents obtain potable 
water from truck delivery companies, such as the AAA Company, or from 
individual wells.  IID operates 1700 miles of canals; and the Coachella Irrigation 
District operates 83 miles of canals that traverse the County.  The entire system 
is vulnerable to disruption by earthquakes.  Approximately half of the system 
could generate flooding from a break.  IID has adopted the Disaster Readiness 
Standard Operating Procedure to respond to earthquakes and other 
emergencies. 
 
A number of the communities in the County are provided sewer service by 
municipal districts.  Earthquakes can rupture line and affect lift station operations.  
These problems are not considered serious.  Unless the seismic event totally 
disables the treatment plant, sewage can be transported using alternative means 
such as portable pumps and lines.  In the event of a complete plant failure, 
temporary evaporation ponds could be utilized for the interim repair period. 
 
Transportation.  The County is well served by a variety of transportation routes 
which are unlikely to be so extensively damaged by a natural disaster as to 
endanger the public safety due to disruption of lifelines.  Interstate 8 to San 
Diego County is potentially the most critical because it goes through 
mountainous terrain.  No other convenient surface route to the metropolitan San 
Diego area exists.  The Southern Pacific Railroad line along the east side of the 
Salton Sea is also endangered by its proximity to the San Andreas Fault.  Severe 
damage to either of these facilities is likely to significantly impact local and 
interstate commerce, but not substantially threaten public safety. 
 
Communications.  The telephone system in the County is the most elaborate 
communication network in the country.  The equipment and facilities can 
withstand earthquakes up to 8.0 on the Richter scale.  An Emergency 
Preparedness Plan has been developed by the telephone company.  The 
telephone network is designed to service sixty percent of the customers 
requesting dial tone. 
 
The telephone system was not damaged by the 1979 earthquake, but was 
overloaded with attempted phone calls within minutes of the earthquake and 
remained essentially inoperative for up to 18 hours in parts of the County.  There 
is a high probability that the telephone system would be significantly 
dysfunctional following a major earthquake.  The Countywide Communication 
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Plan was adopted in 1980 and provides direction for communication via the 
various radio networks when there are no telephone capabilities.  Due to 
problems with the telephone system immediately after the 1979 earthquake, the 
IID installed its own in-house telephone system that utilizes a microwave system.  
The microwave towers have been designed to withstand the most severe 
earthquake.   
Critical Facilities.  This refers to site specific facilities that serve to maintain the 
health, safety, and general welfare of the public.  Critical facilities can serve the 
public under normal circumstances (e.g., hospitals, fire stations, water reservoirs, 
and power plants) or under emergency circumstances (e.g., emergency 
operating centers, armories, or disaster supply warehouses).  The "Imperial 
County Emergency Plan" provides specific details on functional, organizational, 
and operational concepts and procedures for the provision of critical services 
during an emergency.  This includes overall management of emergency 
operations, fire and rescue, law enforcement and traffic control, medical, public 
health, coroner, care and shelter, evacuation movement, construction and 
engineering, and resources and support operations. 
 
F. Disaster Preparedness 
 
The "Imperial County Emergency Plan" also addresses Imperial County's 
planned response to extraordinary emergency situations associated with natural 
disasters, technological incidents, and nuclear defense operations.  The plan 
does not apply to normal day-to-day emergencies and the routine procedures 
used in coping with such emergencies.  Instead, the operational concepts in the 
Emergency Plan focus on potential large-scale disasters that can generate 
unique situations requiring unusual responses.  Such disasters pose major 
threats to life and property and can impact the well-being of large numbers of 
people.  The Emergency Plan also identifies the sources of outside support 
which might be provided by other jurisdictions, state and federal agencies, and 
the private sector through mutual aid and specific statutory authorities. 
 
G. Multi-Jurisdictional Hazard Mitigation Plan 
 
The County of Imperial Multi-Jurisdictional Hazard Mitigation Plan (MHMP) was 
developed in accordance with the Disaster Mitigation Act of 2000 (DMA 2000) and 
followed FEMA’s Local Hazard Mitigation Plan Guidance.  The MHMP incorporates a 
process where hazards are identified and profiled, the people and facilities at risk are 
analyzed, and mitigation actions are developed to reduce or eliminate hazard risk.  The 
implementation of these mitigation actions, which include both short and long-term 
strategies, involve planning, policy changes, programs, projects and other activities.  The 
State and Federal regulations the MHMP is hereby referenced in this Element.   
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III. GOALS AND OBJECTIVES 
 
A. Preface 
 
The Seismic and Public Safety Element of the General Plan is to be consulted in 
the implementation of development policies and land uses in Imperial County.  
This section (Chapter III) of the Seismic and Public Safety Element presents 
Imperial County's Goals and Objectives relative to all land use decisions within 
the unincorporated areas of the County.  They have been prepared in 
collaboration with the General Plan Ad-Hoc Advisory Committee appointed by 
the Board of Supervisors. 
 
The Goals and Objectives, together with the Implementation Programs and 
Policies in Chapter IV, are the statements that shall provide direction for private 
development as well as government actions and programs.  Imperial County's 
Goals and Objectives are intended to serve as long-term principles and policy 
statements representing ideals which have been determined by the citizens as 
being desirable and deserving of community time and resources to achieve.  
These Goals and Objectives, therefore, are important guidelines for public safety 
decision making.  It is recognized, however, that other social, economic, 
environmental, and legal considerations are involved in land use decisions and 
that these Goals and Objectives, and those of the other General Plan Elements, 
should be used as guidelines but not doctrines. 
 
B. Goals and Objectives 
 
Land Use Planning and Public Safety 
 
Goal 1:  Include public health and safety considerations in land use planning. 
 

Objective 1.1  Ensure that data on geological hazards is incorporated into 
the land use review process, and future development process. 

 
Objective 1.2  Regulate development within flood-way areas in 
accordance with Federal Emergency Management Agency (FEMA). 

 
Objective 1.3  Regulate development adjacent to or near all mineral 
deposits and geothermal operations. 

 
Objective 1.4  Require, where possessing the authority, that avoidable 
seismic risks be avoided; and that measures, commensurate with risks, be 
taken to reduce injury, loss of life, destruction of property, and disruption 
of service. 

 
Objective 1.5  Encourage other governmental agencies and the private 
sector to pursue an objective similar to Objective 1.4.   

PC ORIGINAL PKG



 

Planning/Building Department  Seismic/Public Safety Element   Page 26 

 
Objective 1.6  Ensure environmental hazards are considered when siting 
critical facilities. 
Objective 1.7  Require developers to provide information related to 
geologic and seismic hazards when siting a proposed project.   

 
Objective 1.8  Reduce fire hazards by the design of new developments. 

 
Objective 1.9  Encourage the reclamation of lands where mining, 
irrigation, landfills, solid waste, hazardous materials/waste storage or 
disposal, and natural soil erosion has occurred, so as to pose no danger 
to public health and safety. 

 
Objective 1.10  Encourage underground pipelining of all open canals 
adjacent to and within urban areas to prevent accidental drownings, 
without placing unreasonable cost burden on agricultural water users. 

 
Objective 1.11  Recognize that certain lands are unsuitable for high 
density development and that prohibition or restriction of such high density 
uses are in the public interest, health, and safety. 

 
Emergency Preparedness 
 
Goal 2:  Minimize potential hazards to public health, safety, and welfare and 
prevent the loss of life and damage to health and property resulting from both 
natural and human-related phenomena. 
 

Objective 2.1  Ensure the adequacy of existing emergency preparedness 
and evacuation plans to deal with identified hazards and potential 
emergencies. 

 
Objective 2.2  Reduce risk and damage due to seismic hazards by 
appropriate regulation. 

 
Objective 2.3  Identify potential risk and damage due to inundation from 
dam failure and/or water releases. 

 
Objective 2.4  Support and assist in informing the public and other 
agencies of the hazards and risks of earthquakes and of techniques to 
employ to reduce those hazards. 

 
Objective 2.5  Minimize injury, loss of life, and damage to property by 
implementing all state codes where applicable. 

 
Objective 2.6  Maintain, utilize, and provide geologic and seismic 
information as furnished by the State Geologist as required. 
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Objective 2.7  When appropriate situations are identified, require 
rehabilitation of buildings that pose a public hazard due to inadequate 
seismic design, or presents a structural hazard. 

 
Objective 2.8  Prevent and reduce death, injuries, property damage, and 
economic and social dislocation resulting from natural hazards including 
flooding, land subsidence, earthquakes, other geologic phenomena, levee 
or dam failure, urban and wildland fires and building collapse by 
appropriate planning and emergency measures. 

 
Objective 2.9  Reduce vehicle accidents through appropriate standards. 

 
Objective 2.10  Reduce the risk of damage due to subsidence resulting 
from extraction of groundwater and geothermal resources by appropriate 
regulation. 

 
Control Hazardous Materials 
 
Goal 3:  Protect the public from exposure to hazardous materials and wastes. 
 

Objective 3.1  Discourage the transporting of hazardous materials/waste 
near or through residential areas and critical facilities. 

 
Objective 3.2  Minimize the possibility of hazardous materials/waste spills. 

 
Objective 3.3  Discourage incompatible development adjacent to sites and 
facilities for the production, storage, disposal, and transport of hazardous 
materials/waste as identified in the County General Plan and other 
regulations. 

 
Objective 3.4  Adopt and implement ordinances, policies, and guidelines 
that assure the safety of County ground and surface waters from toxic or 
hazardous materials and wastes. 

 
C. Relationship to Other General Plan Elements 
 
The Seismic and Public Safety Policy Matrix (Table 2) identifies the relationship 
between the Seismic and Public Safety Element Goals and Objectives to other 
Elements of the Imperial County General Plan.  The Issue Area identifies the 
broader goals of the Element and the "Xs" identify that related objectives are 
contained in the corresponding Elements. 
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SEISMIC AND PUBLIC SAFETY ELEMENT POLICY MATRIX 
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IV. IMPLEMENTATION PROGRAMS AND POLICIES 
 
A. Preface 
 
This Chapter provides an implementation program to reduce the threat of seismic 
and public safety hazards within the unincorporated areas of the County.  The 
natural hazards discussed in this Chapter are relative to Imperial County's 
geography, geology and flooding and is divided into three major topics:  
Seismic/Geological Hazards; Flood Hazards; and Imperial Irrigation District Lifelines. 
 
B. Programs and Policies 
 
Seismic/Geologic Hazards 
 
1. Implement codified ordinances and procedures which require the review and 

restriction of land use due to possible natural hazards. 
 
2. Monitor, evaluate, and analyze existing seismic and geological data as it 

pertains to Imperial County to determine future regulations and programs. 
 
3. Implement the geologic hazards section of the County's Codified Ordinances 

pursuant to the requirements of the Alquist - Priolo Geologic Hazards Zone 
Act. 

 
4. Ensure that no structure for human occupancy, other than one-story wood 

frame structures, shall be permitted within fifty feet of an active fault trace as 
designated on maps compiled by the State Geologist under the Alquist - 
Priolo Geologist Hazards Zone Act. 

 
5. The County should require suppliers of all existing utilities which cross active 

faults to file with the County an operation plan describing the probable effects 
of failures at the fault and the various emergency facilities and procedures 
which exist to assure that failure does not threaten public safety. 

 
6. Ensure that proposed highway construction which falls within an Alquist - 

Priolo Act Special Studies Zone shall be reviewed to ensure that grade-
separated interchange structures are not located on or near an active fault. 

 
7. Periodically update maps of existing faults, slide areas, and other 

geographically unstable areas in the unincorporated area of the County. 
 
8. Support the safety awareness efforts of the Office of Emergency Services of 

Imperial County and other agencies through public information and 
educational activities. 

 
9. Continue to implement the Alquist - Priolo requirements in designated special 

study zones  in the Imperial County Ordinance. 
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Flood Hazards 
 
1. Provide technical and policy information regarding flood hazards to 

developers, interested parties, and the general public. 
 
2. Regulate and restrict development near major water courses and floodplains 

through application of appropriate land use measures. 
 
3. Both the ground floor elevation of any building for human occupancy and the 

driving surface, if designated evacuation routes within the 100-year 
floodplain, shall be constructed above the projected profile of a 100-year flood 
event. 

 
4. Require all new development for human occupancy within the 100-year 

floodplain to be adequately flood-proofed. 
 
5. Establish technical design criteria which minimizes or mitigates impacts 

associated with crossing of floodplains by development.  Unless such 
engineering alternatives are implemented, development in floodplains is to be 
restricted or prohibited. 

 
Imperial Irrigation District Lifelines 
 
Imperial Irrigation District has a formal Disaster Readiness Standard Operating 
Procedure for the Water Department, Power Department, and the entire District staff 
for response to earthquakes and other emergencies.  The general policy for the 
Water Department is as follows: 
 
1. Cooperate with the Imperial County Office of Emergency Service. 
 
2. Lower the level in canals after a need has been determined, and only to the 

extent necessary. 
 
3. If the need arises, divert the entire flow of the All American Canal at Pilot 

Knob back into the Colorado River; and divert the remaining water into the 
Alamo and at the New River where the canal crosses those rivers. 

 
4. Routinely hold water in many of the canals by check gates to maintain 

availability for domestic uses.  This would also be available for fire fighting 
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APPENDIX A 
 

SEISMIC SAFETY TECHNICAL REPORT 
 
 
INTRODUCTION 
 
In terms of seismic activities, Imperial County is similar to most regions bordering the 
Pacific Ocean.  It is an area of high seismic activity. Most of the seismic activity is in 
the Salton Trough (Imperial Valley) consequently, the Valley is subject to potentially 
destructive and devastating earthquakes.  (Imperial Valley in this instance, 
encompasses the central area, commonly known as the "irrigated" area.) 
 
Earthquakes, are the result of an abrupt release of energy stored in the earth.  This 
energy is generated from the forces which cause the continents to change their 
relative position on the earth's surface.  This process is called "plate tectonics." 
 
The earth's outer shell is composed of a number of relatively rigid plates which move 
slowly over the comparatively fluid molten layer below.  The boundaries between 
plates are where the more active geologic processes take place.  Earthquakes are 
an incidental product of these processes. 
 
California rests on the boundary between the North American Plate and the Pacific 
Plate.  The San Andreas Fault system is located where the northwesterly drifting 
Pacific Plate grinds along and is subducted by the southwesterly drifting North 
American Plate.  Baja, and California west of the fault system, are part of the Pacific 
Plate and move northwest compared to the rest of California and North America.  
The relative motion is two inches per year, but the plates do not slide easily past 
each other as they do over the molten layer below.  They stick until the strain 
exceeds the elastic capacity of the rock which then fractures and allows the sudden 
movement which is an earthquake. 
 
When sudden movement ruptures the earth's surface, it causes vibrations called 
seismic waves. Complex methods and equipment have been developed to measure 
earthquakes.  Magnitude is a measurement of the energy released.  Intensity is a 
measurement of the damage done. Earthquake prediction methods have been 
developed, but at this time it is not possible to tell when or where a quake will occur 
with any reliability. 
 
Effect of Earthquakes 
 
The principal seismic hazards in Imperial County are (1) ground shaking including 
differential ground settlement, soil liquefaction, rock and mudslides, ground lurching, 
and avalanches; (2) ground displacement along the fault; (3) floods from dam and 
levee failure, and seiches; (4) fires; and (5) the various adverse results of disruption 
of essential facilities and systems - water, sewer, gas, electricity, transportation, and 
communication (and notably in Imperial Valley, the irrigation and drainage system).i 
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Ground shaking is by far the most important hazard.  However, many people believe 
that fault displacement is the greatest danger.  In accordance with the Alquist - Priolo 
Special Studies Zone Act (Chapter 7.5, Division 2, Public Resources Code, State of 
California, effective May 4, 1975) the Office of State Geologist delineated Special 
Study Zones which encompass potentially and recently active traces of four major 
faults (San Andreas, Calaveras, Hayward and San Jacinto).  These Special Study 
Zone Maps depicting active fault traces are available for public review at the Imperial 
County Planning Department and the Imperial County Public Works Department.  
The Alquist - Priolo Special Study Zone Act is enforced by the County to assure that 
homes, offices, hospitals, public buildings, and other structures for human 
occupancy which are built on or near active faults, or if built within special study 
areas, are designed and constructed in compliance with the County of Imperial 
Codified Ordinance. 
 
An earthquake is the release of force built up by plate stress and triggered by some 
action; therefore an earthquake is the triggering event to permit the force of gravity to 
operate. Rockslides, mudslides, avalanches, slope slumping, and ground settlement 
illustrate this.  Water saturated, sandy and fine grained soils subjected to vibrations 
may lose their shear strength, take on a liquid character, and fail to support 
structures (liquefaction).  Buildings may "sink" into the soil; lighter structures may be 
buoyed up. 
 
Seiches are earthquake generated waves in small bodies of water.  Although there 
are no records of seiches in the Salton Sea, the following account from the Owens 
Valley quake of 1872 is instructive: "A huge wave developed in Owen Lake... the 
water (was) drawn away from the shore and standing in a perpendicular wall... But 
the return was fairly gentle so only 200 feet of new ground was covered by the 
waves."ii 
 
Floods from dam failure are a notable secondary effect of earthquakes.  Often, in 
earthquake country, the most economical (and sometimes only) dam site is in a high 
risk seismic zone.  The geological forces generating faults often produce the 
topographic features desirable for dams. Earthfill dams are  obviously more 
susceptible to seismic induced failure than concrete or other structural dams. 
 
In Imperial County, there are three major dams - Imperial, Laguna, and Senator 
Wash, located on the Colorado River; and in the irrigated area, several large, earthfill 
impoundment reservoirs; hundreds of miles of above ground level earth levee 
canals, and hundreds of check dams, drops and gates.  The Colorado River is not a 
known seismically active zone and, to date, there have been no reported cases of 
earthquake damage to the dams there.  Within the irrigated area, there have been a 
number of instances of levee failure from earthquakes and resultant flooding. 
Because of the comparatively small volumes of water involved, low head, variety of 
options to check or divert flows in the  canals, and the ubiquitous drainage network, 
the flooding hazard is not great.  Nevertheless, some hazard does exist and even 
minor flooding could be an incremental contribution to the other disruptions an 
earthquake might cause. 
 
Effects on Structures 
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Five main factors effect building damage from earthquakes are: 
 
1. The strength of earthquake waves.  For record purposes, accelerations over 

0.1g are considered "strong shaking" although this level generally does not 
produce significant damage.  Imperial County's two largest quakes; 1940 and 
1979, produced .22g vertical, .36g horizontal, and .38g vertical, .40g 
horizontal, respectively, as measured at El Centro.iii 

 
2. The frequency of the waves.  Ordinary structures respond mainly to shaking 

at frequencies higher than 1 Hz (1 cycle per second).  These occur out to a 
maximum of about 20 miles from the epicenter.  However, large structures 
such as large bridges, and/or high-rise buildings  respond to frequencies as 
long as 10 Hz.  These may be significant as much as 60 miles away. 

 
3. The duration of the shaking.  It is the cumulative effect of the shaking -- not 

the single pulse -- that affects structures and causes their collapse.  Each 
shake can weaken part of the structure.  Subsequent oscillations further 
weaken the structure especially if magnified by the resonance of the natural 
frequency of the structure with the frequency of the waves. 

 
Relating strength and duration, it is the "repeatable high ground acceleration 
(RHGA)" as opposed to the peak ground acceleration that is the main 
criterion in designing structures to be safe from ground shaking impacts.  In 
this respect, aftershocks also play an important role.  They frequently produce 
substantial damage to buildings weakened by the main shock sequence.  The 
Kern County quake of July 21, 1952 had a magnitude of 7.3.  However, most 
of the actual damage occurred a month later when an ordinarily mild 5.8 
aftershock brought down the already weakened buildings. 

 
4. The geologic foundation.  Engineers and insurance companies often consider 

this the most important factor in building damage.  Fill and "made" land, 
especially when saturated, transmits much greater intensity of motion than 
solid rock even when both are subjected to the same seismic waves.  The 
greater stress on the structure, as well as the possibility of liquefaction, 
differential settlement, or slope failure, make a poor geological foundation and 
create a double jeopardy in earthquakes. 

 
5. The building design.  Where subjected to the effects of a major event, an 

"earthquake proof" building may, at least with current technology be 
impossible to design.  Architects and engineers know how to design 
earthquake resistant structures. 

 
Buildings traditionally are designed first to resist the force of gravity.  The traditional 
building techniques and materials are very good for this: post and beam, bricks, 
concrete.  The loads are very easy to calculate and to design for; "dead load" 
representing the weight of the building itself, and the "live load" representing the 
contents of the building, wind, people, furniture, goods, etc.  All of these are static 
and dynamic forces acting in the vertical plane.  Often, in older buildings the main 
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force holding the building together is the force of gravity itself - the upper parts 
pressing down on the lower parts. 
 
When an earthquake occurs, it introduces vertical and horizontal dynamic forces.  
Newer buildings generally have reasonably large margins of safety designed into 
them to withstand the constant pull of gravity.  Therefore they generally withstand 
vertical seismic accelerations reasonably well.  However, horizontal accelerations 
and sudden rapid vertical acceleration are what cause the major damage. 
 
During an earthquake, buildings usually fail at the location where  their various parts 
are joined together.  Weakened structural sections are then affected by gravity which 
then may cause them to collapse.  The majority of buildings usually "pancake".   
They seldom fall or roll over.  Because there are so many factors that affect the 
structural integrity of a building, it is possible to have two identical buildings exhibit 
substantially different results in an earthquake. 
 
The second consideration in traditional building safety design is against fire (also a 
major secondary effect from earthquakes).  Here too, the most resistant materials 
are stone, bricks, concrete, etc.  As buildings became larger, and safer in their 
resistance to gravity and fire, and to weathering and wind, they become more 
massive and have greater inertia.  Like the damaging seismic forces, wind is 
dynamic and also acts  horizontally.  Most of the wind resisting design techniques 
also resist earthquakes.  However, whereas the inertia of massive buildings works 
positively to help resist horizontal wind forces, it can be detrimental in withstanding 
horizontal earthquake accelerations. 
 
"Rigid Strength" buildings tend to hold together well with little or no damage from 
quakes up to the point at which some part fails and then the whole building may 
come apart...  To design "rigid strength" to withstand the greatest expected quakes 
may require bulk and costs that would prevent the building from ever being built in 
the first place.  There are numerous architectural designs that have been 
implemented across the world to minimize earthquake damage, such as massive 
shock absorbers, counter balance weights, floating support systems, etc.  
Unfortunately most of these solutions are only practical in very large and expensive 
structures. 
 
The alternative to "rigid strength" is flexibility.  Wood (in small buildings), and 
especially steel, permits construction that will bend and deform, and allow the energy 
of the earth movements to pass through the building rather than try to resist and 
absorb the energy.  Flexibility permits the construction of buildings which are lighter, 
freer in design, much less costly, and which still won't completely fail under very 
large quakes.  Wood has both tensile and compressive strength.  It is usually readily 
available, is easy to work and assemble, and is thus both a popular and a fairly good 
earthquake resistant building material.  Its notable failing is at the joints.  Where bolts 
and screws, in addition to nails are combined with steel straps and "strong ties", and 
plywood is used for shear walls and horizontal diaphragms, quite excellent "flexible 
strength" can be built into wooden structures up to three stories high.  Larger than 
this, the weight of the structure begins to exceed the "cost effective strength" of the 
lower floor wooden supports.  Since flexible designs do permit various parts of a 
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structure to move in relation to its other parts, damage such as cracked tile and 
plaster, shattered windows, and broken pipes, may occur from moderate quakes. 
 
Because earthquakes involve dynamic oscillations, building design can also 
influence its reaction to a quake in ways not expected solely on the basis of strength 
to accommodate applied force. All things, including buildings, have a natural 
frequency at which they oscillate.  If this natural frequency matches that of the 
passing seismic waves, the building oscillations may build up to a much greater 
amplitude than would otherwise occur. 
 
Buildings with irregular layouts or abrupt changes in structural materials have been 
shown to suffer more earthquake damage than other buildings with the same 
"strength".  Particularly vulnerable are buildings with mixed rigidity and  flexibility. A 
classic example is the house in which a wall opening has been enlarged to install 
bigger windows.  That wall  now is weaker, but also more flexible than its opposite 
wall counterpart.  In a quake, most of the load previously carried by both walls, will 
be absorbed by the stronger, stiffer wall, and it may fail while the weaker, more 
flexible wall, remains intact.iv 
 
An aspect of building design is building orientation.  In Imperial County, faults all 
trend northwest to southeast and fault movement is mostly strike slip.  The waves 
from an earthquake can be expected to be stronger in the northwest/southeast 
direction.  Wise residents in earthquake country are known to take such basic 
precautions as anchoring furniture, water heaters, and breakables such as china 
cabinets, in order to diminish hazards.  Architects and engineers can apply this 
knowledge of predominant seismic wave orientation to building and site design. 
 
The foregoing discussion on building design is not meant to suggest design 
alternatives, as much as to illustrate the necessity to think in terms of "trade offs" and 
cost versus risk.  We cannot prevent earthquakes.  We can build resistant 
characteristics into structures and avoid building those which are particularly 
susceptible to the effects of earthquakes. 
 
Seiches 
 
"A seiche is a to and from vibration of a body of water in its own natural tempo like 
the slopping of water in a jolted basin.  Once started, the water body will continue to 
oscillate independently with its own proper period. Seismic sea waves are only one 
of the many causes of seiches which often occur also in lakes and ponds."v 
 
While there have been a number of seismic events since the formation of the Salton 
Sea, to date seiches have not occurred to any significant recorded magnitude.  
There is, however, no guarantee that under specific circumstances one could not 
occur. 
 
Although "the San Andreas Fault is known to be quite active in the Salton - Imperial 
Basin, it is difficult to define and almost impossible to trace."vi In addition to the San 
Andreas fault, the San Jacinto Fault lies west of the Salton Basin and, on the east 
side of the Salton Sea, another fault trace is recognizable near Durmid, where 
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sandstone and shale beds on the southwest side of the fault have been opened and 
contorted near the fault.vii 
 
Nevertheless, it is reasonable to believe that close proximity of these faults to the 
Salton Basin implies that the Salton - Imperial Basin could be subjected to an 
occurrence of significant seismic ground shaking in the future, thus, possibly 
inducing a seiche. 
 
SEISMIC HISTORY IN IMPERIAL VALLEY 
 
Reliable accounting of earthquakes began around the turn of the century when  
Imperial County became inhabited.  What evidence exists, suggests that earlier 
seismic activity was similar to recent activity.  Generally only events of intensity V or 
greater are included here. 
 
The following accounts, (through 1970), are taken largely from An Earthquake 
History of the United States by the U.S. Department of Commerce.  The accounts for 
after 1970 are compiled from a variety of sources, all listed in the reference section. 
 
1853 November. Based on reported effects in distant towns, a large earthquake is 
believed to have occurred in the northern Salton Trough, probably in the Imperial 
Valley.  A magnitude of 6.5 is estimated for this event.  
 
1853 December.  Fort Yuma.  Many shocks.  Possibly of destructive force. 
 
1868 May.  Los Palmas, east and north of Salton Sea.  One source states that a 
long fissure opened in the earth.  (If this is true, the intensity was IX, perhaps X). 
 
1871 (Month Unknown).  Imperial Valley.  Halfway between Los Palmas and Yuma, 
the shock rolled men over who were sleeping on the ground. 
 
1877 June 11.  Imperial County.  Violent vibrations preceded volcanic eruption in the 
mountains near Flowing Well Station, about 60 miles northeast of Yuma. 
 
1892 February 23.  Northern Baja California.  The intensity of this shock probably 
reached X near the epicenter, which was apparently in the uninhabited region of 
northern Baja California. It was felt strongly along the Pacific coast of  Baja 
California, as far as San Quentin, Mexico and as far north as Vislia, California.  At 
Carrizo, all adobe buildings were destroyed; at Jamul, walls of stone kilns cracked.  
At Campo, there were 155 shocks in 12 hours.  After shocks were numerous for 
several days. 
 
1903 January 23.  Baja California.  A strong earthquake, centering in the uninhabited 
region south of Imperial Valley, was felt throughout southern California, southern 
Nevada, and western Arizona.  A similar shock under present conditions in the 
Imperial Valley would cause damage. Recorded by distant seismographs.  
Magnitude 7+. 
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1906 March 3.  Southern California.  Felt widely in southern California.  Origin south 
of border.  Recorded by distant seismographs, which indicates moderately 
destructive power. 
 
1906 April 18.  Brawley, Imperial Valley.  Chimneys fell.  Banks of New River caved 
in; water tanks destroyed at Cocopah in Baja California.  The published information 
is very limited, but H. O. Wood, on the basis of verbal information, reported this to be 
a very severe shock. Magnitude 6+.  It came just hours after the great San Francisco 
quake and most probably was related. 
 
1915 June 22.  El Centro, Calexico, and Mexicali.  Two destructive shocks, nearly 1 
hour apart. Heavy damage (about $900,000) in southern Imperial Valley was caused 
as much by poor quality buildings as by the intensity of shock.  In El Centro, well 
constructed buildings merely suffered cracks.  At Mexicali, Mexico, people returned 
to buildings after the first shock; six were killed and many were injured by the second 
earthquake.  Though a few cracks were formed in the alluvium, the irrigation ditches 
and works were damaged very little.  The unstable banks of the New and Alamo 
Rivers slid down in many places.  Several farmers observed that after the shocks, 
one-third more water was required for irrigation because of the cracks in the soil. 
Despite the rather high local intensity, the total energy was moderate.  Magnitude 6 
1/4 for both shocks. 
 
1915 November 20.  Baja California.  A shock, revealed by seismograms to have 
been considerably greater than that of June 22, occurred in the Volcano Lake region  
south of the Mexican boundary.  In the Imperial Valley, the highest intensity was at 
Calexico; at Volcano Lake, levees and damp ground were cracked.  Magnitude 7.1. 
 
1917 May 27.  Imperial Valley.  Seems to have been most severe in open country.  
Walls were reported cracked at Brawley. 
 
1918 April 30.  Calexico, Plate glass broke.  Felt over an area of about 100 mile 
radius. 
 
1919 September 29.  Baja California.  Levees slumped and many longitudinal cracks 
were formed in the Volcano Lake region south of Imperial Valley.  Reported intensity 
distribution suggests that more than one shock occurred.  A few fore shocks and 
numerous after shocks. 
 
1919 October 1.  Baja California.  A shock similar in location and energy to that of 
September 29. 
 
1921 September 8.  South of Imperial Valley.  Duration at Calexico 30 seconds, than 
a second shock of same duration.  Felt over a large area; probably of destructive 
intensity in the epicenter area. 
 
1923 November 5.  Calexico.  The epicenter was probably near Calexico where a 
hotel shifted several inches on its foundation and other buildings sustained minor 
damage.  Intensity was about the same at El Centro. 
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1923 November 7.  Baja California.  Intensity VII at Calexico.  Damage caused by 
the shock of November 5 was increased, and one fire resulted.  A stronger shock 
than that of November 5.  Epicenter appears to have been in Baja California, south 
of Calexico. 
 
1925 April 15.  Calexico.  Plaster was shaken from walls; inhabitants fled to the 
streets.  Again, the epicenter probably was a short distance south of the border. 
 
1926 April 19.  Baja California.  Volcano Lake region.  Light at Calexico, duration 20 
seconds. Seismograms indicate energy sufficient to be destructive over a small area.  
Felt as far as San Diego. 
 
1927 January 1.  Imperial Valley, near Mexican border.  Two heavy shocks about an 
hour apart began a long earthquake series, though none of the latter exceeded VI in 
intensity.  In Calexico and Mexicali many buildings were damaged, water mains 
broke, and some fires ignited. Between 15 and 20 persons were injured.  At Heber, 
El Centro, and Imperial, slight damage was reported.  At Heber, telephone service 
was interrupted.  Magnitude 5 3/4 and 5 1/2, respectively.  The after shock of 
February 12, 00:59, was farther north and was felt as strongly at Brawley as the 
main shocks.  Hundreds of aftershocks occurred. 
 
1930 February 25.  Imperial Valley.  At Westmorland, walls cracked, chimneys 
toppled and inferior buildings were damaged.  Mud craterlets were found a few miles 
east of Westmorland. Several fore shocks and many after shocks.  Magnitude 5.0. 
 
1930 March 1.  Imperial Valley.  This shock was of smaller magnitude than that of 
February 25.  At Brawley, brick buildings were damaged, chimneys were thrown 
down, and plate glass shattered.  Structural damage included falling of cornice sand 
walls, severe cracks in walls, and displacement of roofs.  Well-constructed buildings 
sustained little damage.  Magnitude 4.5. 
 
1934 December 30 and 31.  South of Calexico.  Two separate main events, the first, 
magnitude 6.5 and the second 7.1.  It is difficult to determine which event caused 
what damage.  Railroad bridges were damaged and tracks twisted.  Surface cracks 
appeared.  Water sprouted in dry river beds.  Adobe houses were wrecked and a 
large water tower was thrown down.  Irrigation ditches were damaged, roads buckled 
and communication systems disrupted.  It was felt strongly  in Tijuana.  Chimneys 
and walls were thrown down at Calipatria.  Intensities XI and X in Baja, VI and VII in 
Imperial Valley. 
 
1940 May 18.  Imperial Valley.  Sixty thousand square miles affected in the United 
States (including Arizona and Nevada) and an unknown area in Mexico.  The 
epicenter was located southeast of El Centro, but there was surface slipping with 
surface rupture over a known distance of 40 miles.  The existence of the Imperial 
Fault was revealed for the first time.  The horizontal displacement reached 19 feet 
near the border.  Vertical displacements up to 4 feet were observed.  There was 
damage at all towns in the Imperial Valley and canals were damaged with serious 
interruption to water service. 
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The Alamo Canal (still in use) was opened by the displacement causing a local flood 
south of the border. 
 
At Imperial, the city water tanks collapsed and 80% of the buildings were damaged.  
At the more heavily populated town of Brawley, there was greater total damage but 
less percentage of loss.  Possibly 40% of the buildings were damaged, but the 
percentage was higher in business buildings. 
 
At Holtville, the city's water tank collapsed, but the damage was not great.  Damage 
at Calexico and at Mexicali, Mexico was not as extensive as might have been 
expected.  The principle loss in Mexicali was fire set by a short circuit. 
 
Indirect loss of crops was considerable; direct earthquake loss in the United States 
was 6 million dollars.  Nine lives were loss.  Magnitude 7.1, intensity X. 
 
Again, the rest of the decade was relatively quiet.  There were eight quakes of 
magnitude 5 or greater in the area.  Six of these came in 1942, with five of these on 
October 21-22.  A landslide damage the SD&AE railroad bridge in Carrizo Gorge 
and some cracked plaster was reported throughout the Imperial Valley.  A 5.4 event 
centered south of Borrego, January 8, 1946, caused no damage. 
 
1950 July 29.  Imperial Valley.  Strongest of the series of shocks centering near 
Calipatria on July 27, 28 and 29.  Fifty thousand dollars in damage resulted, chiefly 
from merchandise  being thrown from the shelves in the Calipatria, Westmorland, 
and Niland areas.  In Calipatria, concrete standpipes broke and a small railroad 
bridge shifted six to eight inches.  There was considerable plaster damage.  In the 
outskirts, sand boils appeared and irrigation ditch banks sloughed.  In Westmorland, 
reinforced concrete walls of the post office building cracked and window broke at the 
City Hall and at the Food Center Building.  Also felt at Parker and Yuma, Arizona.  
Magnitude 5.4.  A 4.7 aftershock August 1, caused sand boils and ground fissures 
around the North End Dam. 
 
1951 January 23.  Near Calipatria, cracked Westside Main canal.  Magnitude 5.6, 
intensity VII. 
 
1953 June 13-13.  Brawley-Westmorland area.  Landslides at Tamarack Road and 
the New River.  Windows broken and plaster cracked.  First event and aftershock of 
5.5, intensity VII. 
 
1954 November 12.  A 6.3 event in Baja was strongly felt in the Imperial Valley. 
 
1955 December 16.  Brawley area, magnitude 5.4, intensity VII. 
 
1957 April 25.  South end of Salton Sea slight damage in El Centro, Brawley and 
Westmorland, magnitude 5.2, intensity VII. 
 
1958 November 30.  Main shock of a series caused minor damage at Calexico and 
Seeley. Magnitude 5.8, intensity VII. 
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1963 June 11.  A 5.8 event in Baja was felt widely in Imperial Valley. 
 
1965 June 15.  A 4.5 main event in a series.  Slight damage to buildings, broken 
windows, and "residents alarmed" in Brawley and Westmorland. 
 
The history of seismic events is also a history of improvements in recording 
earthquakes and in understanding of seismic phenomena.  Two events at this time 
are notable more for what they revealed about earthquakes than for damage that 
occurred. 
 
1966 March 4.  Imperial.  Magnitude 3.6.  This quake caused virtually no damage, 
but did cause surface rupture and horizontal displacement.  It is the smallest known 
earthquake to do so.  (Some authorities question these effects.) 
 
1968 April 9.  South of Ocotillo Wells.  The main shock of a series was felt over a 
large area of California, Arizona, and Nevada.  Minor ground cracking and 
displacement occurred on the Coyote Creek Fault, and Highway 78 was cracked and 
adjacent to Ocotillo Wells.  Ground cracking, minor building damage, and power 
disruption occurred in some areas of Imperial Valley.  A 200-foot long, 2 inch wide 
crack occurred in a road 6 miles west of Imperial.  Minor damage was also sustained 
at Calexico,  El Centro, Los Angeles, San Diego, and Yuma Arizona.  Magnitude 6.5. 
Intensity VII.  Later an aftershock of magnitude 5.2 was widely felt. The significant 
feature of this earthquake was the triggering of minor ground ruptures on 
neighboring Superstition Hills Fault, Imperial Fault, and the Banning Mission Creek 
portion of the San Andreas Fault.  A 4.7 aftershock at Calexico knocked down 
plaster.  A 4.4 event, listed as an aftershock, occurred at Salton City on May 22. 
 
1969 May 19.  A 4.5 quake near Borrego Springs was felt in San Diego, Riverside 
and Imperial Counties.  There was no damage. 
 
1971 September 30.  Superstition Hills area, magnitude 5.1.  No known effects. 
 
1975 January 23-25.  Eight events from 4.0 to 4.8 in the Brawley are.  The smallest, 
on January 23 was assigned the highest intensity VII, but there was no significant 
damage recorded. 
 
1975 June 20.  Two events at Mexicali of 4.1 and 4.2. 
 
1976 November 4.  Eight events from 4.0 to 4.9 in the Calipatria area with no 
recorded significant effect. 
 
1977 October 20 to November 14.  Eight events from 4.0 to 4.3 southeast of El 
Centro, but with no recorded damage or effects. 
 
Seismic activity from 1940 to 1979 was characterized by "earthquake swarms" with 
little or no damage.  These were in addition to and sometimes associated with the 
individual events and series of events listed above.  They occurred in 1950, 1955, 
1966, 1973, 1975 and 1976.  For example, eighty-two separate tremors were 
reported felt in Brawley between December 16 and 20, 1955.  The 1975 Brawley 
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swarm was studied in detail by C.E. Johnson and revealed complex interaction 
between the Brawley and Imperial Faults.  These "swarms" were composed of 
dozens, and sometimes hundreds, of events in the range of 2.0 to 4.0. 
 
Seismic monitoring arrays installed by Chevron and Union Geothermal Companies, 
to assist in their exploration of the geothermal reservoirs and to determine what 
effects their operations might cause, have semitivities of 1.0 Richter magnitude.  
They frequently reveal hundreds of events daily.  There is no easy way to tell if these 
"swarms" and "microseismicity" (events less than 2.0 Richter magnitude) are normal 
to the Valley and not recorded in earlier years, or are a change in the normal pattern. 
 
1979 October 15.  The earthquake occurred at 4:16 p.m. (PDT).  The epicenter was 
on the Imperial Fault approximately 12 miles south of the Mexican border and 12 
miles east of Mexicali.  It was widely felt throughout Southern California, and was 
assigned a magnitude of 6.6 ML (Richter).  Two aftershocks of 5.0 or greater 
occurred by 9:00 p.m. 
 
Approximately 100 persons were reported injured; two were hospitalized.  The six 
story County Services Building, the largest building ever built in Imperial County, 
suffered the most notable damage resulting in its subsequent demolition and total 
loss.  It was occupied by 400 persons at the time of the quake.  None were seriously 
injured.  Commercial damage was widespread, particularly in the older sections of 
Imperial, Calexico, Brawley, El Centro, and Mexicali.  Sixty percent of the 
commercial buildings in Imperial were subsequently condemned.  Windows and 
bottle goods were the major loss.  One hundred and three mobile home units in El 
Centro were knocked from their piers, Throughout the quake area (in Imperial 
County) two homes were destroyed and 1,565 damaged.  Broken windows, cracked 
plaster, and collapsed brick chimneys were typical. 
 
One 30,000 gallon gasoline tank (among 18 at the Santa Fe Pacific Tank Farm at 
Aten and Clark Roads) were ruptured and began leaking 100 gallons per minute.  It 
was controlled by the next morning.  All roads within one mile were closed and ten 
families in the area were evacuated. 
 
There were 15 ruptures of water mains in El Centro and a temporary loss of ninety 
percent of the fire fighting capability.  The Southern Pacific Railroad tracks were 
offset nine inches where they cross the Imperial Fault.  Traffic was halted for 30 
hours.  Interstate 8, Routes 98 and 80 were damaged where they crossed the fault.  
The New River Bridge west of Brawley suffered serious damage by an aftershock 
about midnight.  The west end of Runway 26 at the Naval Air Facility settled.  The 
runway was closed 62 days for repairs.  Sewage treatment plants in El Centro, 
Brawley, and Imperial were seriously disrupted.  Clarifiers at all three were knocked 
out, pumps at Imperial were misaligned and subsequently burned out, and 
miscellaneous other damage occurred.  All exceeded their holding capacity and 
dumped raw sewage into the drainage system.  Normal service was not restored for 
from 2 to 6 months.  Estimates of sewer main ruptures have never been 
summarized. 
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The All American Canal suffered major slumping to its embankments  on both sides 
for an eight mile stretch in the vicinity of the Imperial Fault.  There were extensive 
slope failures in many of the other canals.  The IID immediately reduced flow to 
about fifteen percent and later shut the entire irrigation system down for several days 
for inspection and repairs.  (Although media accounts, and the "staff report" state 
this, the system never was completely "shut down".)  There was extensive drainage 
tile damage in fields crossed by the fault. 
 
Electrical power was out in parts of the Valley for 3 to 4  hours.  Several key 
emergency generators failed to function - one for the County fire station and control 
tower at the Imperial Airport and another at a local hospital.  All hospitals remained 
otherwise functional with only minor damage.  Students were not in class at the time 
of the quake.  Schools remained closed the following day to assess damage.  It was 
all non-structural -- estimated at $345,000, "County-wide".  Telephone and telegraph 
facilities were undamaged, but became inoperative due to overload of attempted 
calls for up to 18 hours in certain areas.  This seriously interfered with emergency 
analysis and response.  Local radio and television (including designated Emergency 
Broadcast Station) were off the air for about an hour.  Total loss was estimated at 
$30,000,000. 
 
1981 April 27.  Westmorland.  Magnitude 5.6 Intensity VII.  There was more damage 
to Westmorland than resulted from the October 1979 quake.  Several commercial 
buildings and 16 homes were substantially damaged.  The water tower, and the 
water and sewage treatment plants received $500,000 damage.  A quarter mile of 
the concrete lined Vail Canal was broken up.  An eight inch crack opened in Lack 
Road.  There were no injuries, nor significant damage reported elsewhere in the 
valley. 
 
The swarm of thirty quakes (seven between 3.0 and 4.1) occurred over a 12 hour 
period three days before the main quake.  More than three dozen quakes (over 3.0) 
occurred in the 24 hours afterwards. 
 
This quake apparently ruptured underground gasoline storage tanks, which was 
revealed months later with fumes and seepage into surface waters. 
 
1985 May 8.  An earthquake measuring 5.2 on the Richter Scale, rocked a large 
uninhabited area of the Mexican desert 65 miles southwest of Calexico, but there 
were no reports of damage or injuries, authorities said. 
 
The quake was followed by a series of aftershocks, including one that registered 4.3 
on the Richter Scale, according to a spokesman for the California Institute of 
Technology at Pasadena. 
 
1986 July 8.  A quake struck 12 miles northwest of Palm Springs measuring 5.9 on 
the Richter Scale of ground motion.  It did an estimated $5.75 million damage and 
injured 40 people. Numerous aftershocks, some measuring as high as 4.0 on the 
Richter scale, have jostled the area since then. 
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1986 July 13.  A 5.3 earthquake epicentered 28 miles southwest of Oceanside in the 
Pacific Ocean.  The quake was felt as far away as Yuma, AZ, 160 miles east of San 
Diego, but caused no reported damage or injuries in Imperial Valley. 
 
1987 February 6.  A strong earthquake shattered windows and disrupted power in 
Mexicali and briefly interrupted phone service in the Imperial Valley but there were 
no reported injuries, authorities said.  The trembler registered 5.6 on the Richter 
Scale and was centered 19 miles southeast of Mexicali according to a spokesman of 
Caltech in Pasadena. 
 
The quake was felt as far east as Yuma, about 60 miles from the epicenter and as 
far west as San Diego. 
 
1987 November 23-24.  Two strong earthquakes, which registered 6.0 and 6.3 on 
the Richter Scale, caused widespread damage, but few injuries were reported.  The 
Calexico area was apparently the hardest hit by the trembler, which was centered 
near Westmorland. 
 
Two bridges, on Forrester Road over the New River and on Worthington Road over 
the New River  were damaged according to the County Public Works Department.  
The California Highway Patrol also reported that Keystone Road between Forrester 
and Highway 86 is closed because of bridge damage. 
 
1988 January 25.  A large earthquake struck Baja California, Mexico, shaking some 
Californians awake but triggering no immediate damage reports either north or south 
of the border, officials said. 
 
The quake registered 5.3 on the Richter Scale was centered in a sparsely populated 
area about 45 miles east of the resort city of Ensenada according to a spokesman of 
the California Institute of Technology in Pasadena.  The U.S. Geological Survey in 
Golden, Colorado, measured the quake at 5.0.  There were no reports of damage in 
Imperial County. 
 
ENDNOTES 
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APPENDIX B 
 

STORAGE SITES, HANDLERS, AND VENDORS 
OF HAZARDOUS MATERIALS AND WASTE 

 
 
This report contains a summary of the largest concentrations of hazardous material 
and the obvious sources of massive leaks or spills in the County of Imperial.  Space 
requirements of this document preclude the listing of every potential source of 
hazardous material and waste.  This type of detailed information may be obtained by 
contacting the County of Imperial Department of Health Services. 
 
1. Santa Fe Pacific Pipe Line Tank Farm 
 
The Santa Fe Pacific Pipe Line Tank Farm is located at Aten Road and the Southern 
Pacific Railroad junction in the southeast quadrant of the City of Imperial.  This 
facility is a component of the Santa Fe Pacific Pipe Line network that delivers 
gasoline, diesel, and jet fuel to Southern California and Arizona.  The tank farm 
contains 16 storage tanks, in varying sizes, with a total storage capacity of 
approximately ten million gallons.   
 
2. Naval Air Facility (El Centro) 
 
The Naval Air Facility (El Centro) is serviced by a four-inch fuel line directly from the 
Santa Fe Pacific Pipe Line Tank Farm.  Safety devices include manual and 
automatic shutoff valves, as well as pressure regulators.  The facility also stores one 
million gallons of fuel, which is predominantly jet fuel, in underground tanks.  
Munitions storage is limited to aircraft and small arms training ammunition. 
 
3. ST Services 
 
ST Services is located south of the Santa Fe Pacific Pipe Line Tank Farm and has 
the capacity to store 70,000 gallons of fuel. 
 
4. Brea Agricultural Service 
 
Brea Agricultural Service is located at 89 East Main Street in the City of Heber and 
serves as a chemical and fertilizer storage facility. 
 
5. United Agriculture Products 
 
United Agriculture Products is located at 2415 Clark Street in the City of Imperial.  
This facility handles hazardous wastes, chemicals, insecticides, and pesticides. 
 
6. Puregro Company 
 
The Puregro Company is located at 10th Street and River Drive in the City of 
Brawley.  This facility handles chemicals and fertilizers. 
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7. Rockwood Chemical Company 
 
Rockwood Chemical Company is located at 47 West Rutherford Road in Brawley.  
This facility handles chemical and fertilizers. 
 
8. Helena Chemical Products 
 
Helena Chemical Products is located at 101 East Carey Road in the City of Brawley.  
This facility handles chemicals, fertilizers, insecticides, and pesticides. 
 
9. Wilbur Ellis Company 
 
The Wilbur Ellis Company is located at 45 West Danenberg Road in the community 
of Heber.  This facility handles chemicals, fertilizers, insecticides, and pesticides. 
 
10. Pipelines 
 
There are 89.92 miles of pipeline in Imperial County that transport hazardous 
material.  Pipe sizes vary in size from 12 to 20 inches and the average size is 12 
inches.  Pipelines are located adjacent to the Southern Pacific tracks from the 
Arizona border at Yuma to the Niland tank farm, north to the Riverside County Line, 
and south to the Imperial tank farm.  The pipeline system has section fuel control 
valves. 
 
Source:  1988 Imperial County Emergency Plan 
 
 
                                            
i. Robert Iacopi, Earthquake Country, (California:Menlo Park, Lane Books, 

1976):58-60. 

ii. Matthews H. William, Geology Made Simple, (New York:Doubleday & Company, 
Inc., 1982):78. 

iii. The World Book Encyclopedia, 1988 Edition, Flash Flood, (Chicago:World Book 
Inc., 1987 F Volume 7):237. 

iv. Office of Emergency Services Imperial County, Imperial County Emergency Plan, 
(June 1988):Appendix 1-3, 57. 

v. Federal Emergency Agency, Flood Insurance Study Imperial County, California 
Unincorporated Areas, (September 15, 1983):4. 

vi. Ibid. p. 4. 

vii. Ibid. p. 5. 

PC ORIGINAL PKG



Planning/Building Department Water Element Page i 

 
 
 
 
 
 
 
 
 
 
 

WATER ELEMENT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared By: 
 
 

Imperial County Planning/Building Department 
County of Imperial 

939 Main Street 
El Centro, California 92243 

 
 
 
 
 

JURG HEUBERGER, AICP 
Planning Director 

 
 
 
 
 

Approved by: 
 

Board of Supervisors 
 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page ii 

 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page iii 

 
 

WATER ELEMENT 
TABLE OF CONTENTS 

 
 
 
Section   Page 
 
 
I. INTRODUCTION  1 
 A. Preface  1 
 B. Purpose of the Water Element  1 
  
II. EXISTING CONDITIONS AND TRENDS  3 
 A. Preface  3 
 B. Existing Conditions  3 
 C. Trends  22 
 
III. GOALS AND OBJECTIVES  30 
 A. Preface  30 
 B. Goals and Objectives  30 
 C. Relationship to other General Plan Elements  32 
 
IV. IMPLEMENTATION PROGRAMS AND POLICIES  34 
 A. Preface  34 
 B. Policies and Programs  34 
 
 APPENDICES 
 A. History of Imperial Valley Water  A-1 
 B. Resource Assessment  B-1 
 C. Bibliography  C-1 

 
 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page iv 

 
LIST OF TABLES 

 
 
Number Title Page 
 
1 Priority Established by the Seven Party Agreement 6 
 for Water Apportionment 
2 Crop Acreage and Water Use in Imperial Valley Historical 

Average 17 
3 Yearly Population/Water Delivery 1984-1990 

by Community 20 
4 Water Conservation Projects and Estimated Water Conserved 

As of December 28, 1990 23 
5 Water Element Policy Matrix 32 
 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page 5 

 IMPERIAL COUNTY GENERAL PLAN 
 WATER ELEMENT 
 
 
I. INTRODUCTION 
 
A. Preface 
 
For many years there has been a growing concern about water resources and 
environmental problems.  Allocating water resources, achieving improved water quality 
and conserving water are very critical issues in the Imperial County.  Although new 
technologies can be useful, solutions to such problems require a broader view 
combining technical approaches with economic considerations. 
 
The Water Element is a newly drafted non-mandated Element of the County General 
Plan.  It contains information regarding general goals, objectives and policies to help 
Imperial County conserve and utilize this valuable resource.  In addition, an assessment 
of the water resources and patterns of water use are presented.  These features of the 
Water Element are aimed at guiding the County of Imperial to encourage efficient water 
use and provide sufficient water demands for long-term availability.  The Water Element 
serves as a benchmark for water management planning and in assisting the decision-
making process on various land use issues within the County. 
 
Imperial County has been known for many years as a mecca of raw resources.  The 
County is committed to continue to supply these raw resources in hope of exploring 
additional available resources and to further diversify its agriculture and manufacturing 
production capabilities.  Through this Water Element, and combined efforts with Federal, 
State and Local agencies, Imperial County will continue to enhance and utilize its water 
resources to accommodate future growth and establish a strong economy.   
 
An awareness of the importance of a sound Water Element is important in recognizing 
that water in California is becoming a scarce resource.  Land use decisions based in part 
upon water resources have significant effects on the physical, social, and economic 
character of the county.  Although the Water Element is concerned with long range goals 
and objectives, attention should also be given to currently existing conditions and issues.  
This approach will enable the County of Imperial to face important issues today, thereby 
avoiding problems in the future. 
 
B. Purpose of the Water Element 
 
The purpose of this document is to identify and analyze the types of water resources 
within Imperial County and to assure that goals and policies are adopted that preserve 
and enhance resource availability and quality.  It has been prepared to assure that water 
resources are conserved and utilized to enhance long-term availability, while providing 
for current supplies and demands.  In addition, this document has been prepared to 
improve the use and distribution of water in Imperial County, including the extension of 
current water conservation programs.  Through this document the County provides 
leadership, information and advisory services to help users increase efficiencies in their 
water consumption within the county.   
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California Government Code, Section 65300, requires all cities and counties in the state 
to prepare and adopt comprehensive, long-term general plans and update each of the 
elements which direct the development of the community.  As an official document of the 
County of Imperial, the Water Element provides goals, objectives and policies to guide 
the development, utilization and preservation of water resources in the County. 
 
In addition to the statement of goals, objectives and policies, the Water Element includes 
discussions, data, and water conservation programs which provide for the prudent and 
conscientious management and utilization of water resources for future development in 
the County. 
 
The implementation of the Water Element is meant to assure that water resources are 
conserved and utilized as possible, and to provide for the long-term viability and 
availability of this precious resource.  The goals and objectives of the Water Element of 
the Imperial County General Plan are designed to help the County play an important role 
in the management of future water demands due to future expansion of urban and non-
urban developments. 
 
II. EXISTING CONDITIONS AND TRENDS 
 
A. Preface 
 
The geographic center of the Imperial Valley is one of the finest agricultural areas in the 
world, in spite of the fact that it is in a very arid region.  The general area of the Imperial 
Valley, better known as the Imperial Unit, is bounded on the north by the south shore of 
the Salton Sea, on the south by the All-American Canal, on the east by the East Highline 
Canal, and on the west by the Westside Main Canal. 
 
The causes of the agricultural success of this region are two-fold: the rich soils which 
have accumulated on the valley floor over thousands of years; and the large quantity of 
water that is transported from many miles east via the All-American Canal, and 
subsequently distributed to farmlands by a complex system of smaller canals. 
 
A significant geographical feature in the County is the Salton Trough, which contains the 
Salton Sea and the Imperial Valley, and has been evolving for millions of years.  It is a 
"rift" in the earth's crustal plates.  The East Pacific Rise is the boundary between the 
Pacific and North American Plates. It extends up the Gulf of California by a series of 
"spreading centers" with strike slip faults.  The thinning of the crust from the slow but 
continuous widening of the Salton Trough causes the earth's magma to rise closer to the 
surface and generates abnormally high heat flow, which in turn heats deep ground 
waters. 
 
The trough is a structural extension of the Gulf of California.  In prehistoric times it 
contained the ancient Lake Cahuilla (not to be confused with the present Lake Cahuilla 
which is located at the terminus of the Coachella Branch of the All-American Canal). 
 
The Imperial Valley was created when the Colorado River formed a delta that isolated 
the Salton Trough from the Gulf of California.  Subsequently, under desert conditions, 
the inland sea dried up.  Later, the trough was occupied by lakes for various periods, 
and deposition into these lakes gave the valley its characteristic flat lands and fertile 
soils. 
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Further background information on prehistoric and historic water use and development in 
Imperial Valley is provided in Appendix A. 
 
B. Existing Conditions 
 
1. Water Rights 
 
The water of the Colorado River is used by both the Upper Basin States (Colorado, New 
Mexico, Utah, Wyoming) and the Lower Basin States (Arizona, California, and Nevada), 
as well as by Mexico.  In accordance with the Colorado River Compact of 1922, the 
Upper and Lower Basin States are each entitled to the exclusive beneficial consumptive 
use of 7.5 million acre-feet (MAF) of Colorado River water each year, in perpetuity.  In 
addition, an option is granted to the Lower Basin States for the use of an additional 1.0 
MAF for beneficial consumptive use.  The 1929 California Limitation Act limits 
California's annual consumptive usage to 4.4 MAF, plus not more than one-half of any 
excess or surplus water unapportioned by the Compact. 
 
By treaty signed on February 3, 1944, Mexico is entitled to 1.5 MAF of the Colorado 
River water each year.  In years of low flow, any shortfall required to meet Mexican 
treaty rights will be made in equal quantities by the Upper and Lower Basin States.  This 
treaty takes precedence over the Colorado River Compact of 1922. 
 
In 1928, The Boulder Canyon Project Act was passed by Congress which authorized the 
construction of Hoover Dam and Power Plant and the All-American Canal to Imperial 
and Coachella valleys.  The Act also required that the District and other water users to 
enter into water delivery contracts with the Secretary of Interior.  Finally, the Act 
authorized lower basin states to enter into a water apportionment agreement.  The 
proposal was as follows: of the 7.5 MAF of water annually apportioned to the states, 
Nevada would receive 0.3 MAF, Arizona would receive 2.8 MAF, plus one-half of any 
excess water unapportioned by the Colorado River Compact, and California would 
receive 4.4 MAF, plus one-half of any excess water unapportioned by the Colorado 
River Compact. 
 
The proposed apportionment was never settled upon by the Lower Basin States.  In 
1964, the United States Supreme Court Case of Arizona v. California (373 U.S. at 546) 
concluded that an agreement was not necessary because the Project Act authorized the 
Secretary of Interior to deliver water in accordance with the apportionment. 
 
To complete the apportionment in California, the Secretary of Interior requested the 
State of California to prioritize water rights among the major water users.  There were 
seven major water users which included the Palo Verde Irrigation District, the Yuma 
Project, the Imperial Irrigation District, the Coachella Valley Water District, the 
Metropolitan Water District, the City of San Diego, and the County of San Diego.  On 
August 18 of 1931 the California Seven Party Agreement was signed by all the water 
users and went into effect.  Table 1 shows the water apportionment priorities.  Note: that 
the first four California priorities total 4.4 MAF annually, of which the agricultural 
agencies are entitled to 3.85 MAF.  As a result of the Colorado River Basin Project Act of 
September 30, 1968, the 4.4 MAF are also the quantities accorded priority over the 
Central Arizona Project. 
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After the California Seven Party Agreement, a draft contract for water delivery was 
submitted to the District by the Secretary of Interior.  The draft contract called for 
extension of boundaries of the Imperial Irrigation District to include the Coachella Valley.  
The Coachella Valley desired to maintain its own organization. 
 
The District and the Secretary of Interior negotiated another contract which was 
approved by the District and the voters.  Following approval, the District filed an action in 
the Supreme Court to validate the contract.  The Coachella Valley objected to the 
validation.  Following judgement in favor of the District and during Coachella Valleys 
period of appeals, Imperial Valley and 
 

 
TABLE 1 

PRIORITY ESTABLISHED BY THE 
SEVEN PARTY AGREEMENT FOR WATER APPORTIONMENT 

 
Priority/User 

 
Apportionment 

 
1. 

 
Palo Verde Irrigation District (For use 
exclusively upon 104,500 acres of 
valley land in and adjoining district) 

 
 

 
2. 

 
Yuma Project (For use on California 
Division, not exceeding 25,000 acres 
of land) 

 
 

 
3a. 

 
Imperial Irrigation District and 
Coachella Valley Water District 
(Lands served by All-American Canal 
in Imperial and Coachella Valleys)  

3b. 
 
Palo Verde Irrigation District (For use 
exclusively on an additional 16,000 
acres of mesa lands) 

 
 
 
 
 
 
 
 

3.85 MAF 

 
4. 

 
Metropolitan Water District (For use 
on Southern California Coastal Plain) 

 
0.55 MAF 

 
 
 
 
 

4.4 MAF2 

 
5a. 

 
Metropolitan Water District (For use 
on Southern California Coastal Plain) 

 
0.55 MAF 

 
5b. 

 
City and County of San Diego1 

 
0.112 MAF  

6a. 
 
Imperial Irrigation District and 
Coachella Valley Water District 

 
 
 

0.962 MAF 
When Available 

 
6b. 

 
Palo Verde Irrigation District (For 
16,000 acres of mesa lands) 

 
 
 

0.3 MAF  
 

 
Total within California 

 
5.362 MAF 

 
 

 
1 Apportionment merged with those of MWD in 1946. 
2 Quantity is the Basic Entitlement for California. 
Source:  Water Conservation Plan, Imperial Irrigation District, 1985. 
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Coachella Valley negotiated in what came to be the Compromise Agreement of 1934.  
The result of this Agreement was that the District would have priority over Coachella in 
times of water shortage. 
 
2. Surface Water Quality 
 
The surface waters of the Imperial Valley are quite different from what would be 
expected in a natural desert climate.  The existence of most surface waters in the area is 
dependent primarily upon the inflow of irrigation water from the Colorado River via the 
All-American Canal.  The use of this water for irrigation and other purposes has a 
significant effect on the quality of surface water. 
 
There are three general categories which describe the surface water in Imperial County.  
These are freshwater, brackish water, and saline water.  The freshwater (with TDS 
generally less than 1,000 ppm) include the All-American Canal and other canals and 
laterals which deliver irrigation water to the agricultural fields within the County.  The 
brackish waters (with TDS in the range of 2,000 to 4,000 ppm) include the Alamo River, 
New river and the agricultural drains that flow into these rivers or directly into the Salton 
Sea. 
 
The Salton Sea represents the saline water category.  Salinity concentrations are 
currently slightly higher than ocean water (the Salton Sea's current TDS is approximately 
44,000 ppm).  The surface waters in Imperial County thus pass through a salinity 
gradient from the Colorado River to the Salton Sea. 
 
This regional salinity gradient exists because of the high evaporation of the Imperial 
Valley, high temperatures, low annual rainfall, and continual leaching of salts from 
irrigated areas.  Evapotransporation is water transported and evaporated from plants 
and surrounding soil surfaces. Although water is continually evaporated from the major 
canals, this evaporation represents a relatively minor increase in dissolved solids 
concentration because of the short residence times within the water conveyance system. 
 
High evaporation rates from the irrigated fields substantially reduce the amount of water 
and increase the concentration of salt entering the drainage system.  A 300% to 500% 
increase in total dissolved solids concentration is normal within the valley as water 
moves from the All-American Canal to the New and Alamo Rivers. 
 
The change in salinity through the valley is extremely important because it affects the 
aquatic ecosystems and other beneficial uses of the surface waters.  However, salinity is 
not the only water quality issue.  The intensive irrigation in the valley presents the 
potential for the introduction of agricultural chemicals, such as pesticides and herbicides, 
into downstream waters.  Field erosion and dredging activities also result in siltation in 
the New and Alamo Rivers and the Salton Sea.  The bacteriological quality of these 
waters is also a concern because these streams receive locally generated municipal 
waste discharges, in addition to the waste load entering the United States from Mexico. 
 
Additional information on surface water quality is provided in Appendix B. 
 
3. Groundwater Quality 
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The shallow aquifers beneath the Imperial Valley are affected by the inflow of Colorado 
River waters, the rate of evaporation, the depth of the agricultural tile drains beneath 
farm lands, and seepage from drains and rivers.  The Colorado River is probably the 
most important source of recharge into shallow ground water aquifers; approximately ten 
percent percolated to underlying aquifers.  Canals, such as the All-American and the 
East Highline, contribute to recharge because they are unlined; they are sometimes up 
to 200 feet wide; the All-American Canal flows across many miles of sandy terrain; and 
the water surface of the canals are higher than the general groundwater levels. 
 
Drainage from agricultural fields has resulted in local high salinity because of the 
leaching of salts from these fields.  In other areas, mounds of good quality fresh water 
have resulted from seepage from irrigation canals.  This has occurred significantly in the 
unlined major canals and the All-American, East Highline, and Coachella canals. 
 
Recharge by underflow from tributary areas is small compared to recharge that comes 
from the Colorado River.  Direct recharge from rainfall is very minor, however on higher 
alluvial slopes of the southwestern mountains, precipitation can be sufficient for recharge 
by direct infiltration.  This also occurs from runoff, mainly in washes and drainages which 
discharge to the central part of the valley and the Salton Sea. 
 
Waters within the shallow aquifers of the Salton Trough generally move at right angles to 
contours lines, and towards the Salton Sea.  Based on pumping data and water studies 
on various wells, groundwater is from six to eight feet below the ground surface level 
throughout most of the Imperial Valley.  Shallow groundwater quality is best on the 
eastern and western sides of the County.  Significant groundwater of good quality can 
also be found in the Ocotillo-Coyote Wells Groundwater Basin. 
 
The deep water reservoir underlying Imperial Valley has been estimated at 1.1 billion to 
3.0 billion acre feet, with total recoverable water estimated to be about twenty percent of 
the water in storage.  Annual recharge is about 400,000 acre feet from various sources. 
 
The deepest groundwater is in some cases believed to be moderately altered ocean 
water.  Above this level, the water may consist of residuals from prehistoric fresh water 
lakes that filled the Salton Trough.  Waters at this level vary from low to moderate 
salinity.  The next higher layers are high temperature, and in places highly saline waters. 
 
In the central part of the Imperial Valley, the groundwater is of a higher salinity.  Most 
wells had total dissolved solids concentrations of between 1,000 and 3,000 mg/L.  The 
ionic composition of the water in the central part of the valley is similar to that of the East 
Mesa.  However, as the total dissolved solids concentration increases, the ionic 
composition becomes more dominated by sodium chloride.  The pH of these waters is 
usually slightly basic, with an occasional value less than seven. 
 
In the western section of the valley, water quality varies widely.  Almost all of the wells in 
Coyote Valley had total dissolved solids concentrations below 500 mg/L; however, West 
Mesa wells had levels between 1,800 and 5,200 mg/L. 
 
For planning and reporting purposes, the Colorado River Basin Region has been divided 
into seven major planning areas by the Regional Water Quality Control Board.  The 
basis for this division is due to the fact that each areas has different economic and 
hydrologic characteristics.  The seven planning areas are: 
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1. Lucerne Valley 
2. Hayfield 
3. Coachella Valley 
4. Anza-Borrego 
5. Imperial Valley 
6. Salton Sea 
7. Colorado River Basin (East) 

 
Of the seven planning areas, portions of the latter four lie within Imperial County.  Each 
of these planning areas are further discussed in Appendix B in relation to groundwater 
hydrology and quality. 
 
4. Water Pollution 
 
In order for an area to develop, it has to have sufficient resources.  One of the most 
important and valuable resources is water.  Water attracts people to develop where this 
resource is abundant and is put to beneficial use.  However, not all water can be put to 
beneficial use if it is contaminated.  A major problem with water quality that concerns 
many people is that of water pollution.  There are a variety of issues that cause, or have 
potential to cause water pollution.  In Imperial County, these issues include pesticide and 
fertilizer contamination of agricultural drains, geothermal developments, discharge from 
Mexico, and landfills in the County. 
 
Agricultural Drains 
 
Water pollution can be defined as any contamination of water that lessens its value to 
humans and nature.  In the context of ecosystem function, pollution represents an 
imbalance of one or more elemental cycles.  There are two broad classes of water 
pollution.  One is point pollution which has its source in a well defined location, such as 
the pipe through which a factory discharges waste into a stream.  The other is non-point 
pollution which has its source spread over large areas such as farms, grazing lands, 
construction sites, and the gardens, lawns, streets, and parking lots of cities. 
 
There are two particularly disturbing aspects of groundwater pollution.  One is that is can 
take years for some pollutants to move from the earth's surface into groundwater 
supplies.  The other is that once the pollutants are in the ground, they can remain at 
problem concentrations for many decades.  Studies performed by the Regional Board 
and U.S. Geological Survey indicate that drainage water in the Imperial Valley contains 
pesticides in quantities which often exceed the Environmental Protection Agency's 
criteria for protection of fish and wildlife.  High levels of sediments and nutrients were 
also found. 
 
For many years groundwater was assumed to be safe from chemical pollution because 
contaminant movement was thought to be restricted to the top few inches of the earth's 
surface.  During the late 1970's, scientists realized that certain kinds of pesticides, such 
as Dibromochloropropanes (DBCP), are capable of moving through the soil and mixing 
with groundwater.  DBCP is a soil fumigant used to kill nematodes in the soil before 
planting a certain crop.  In the Imperial Valley, the agricultural fields of lettuce, carrots, 
and tomatoes are sprayed with DBCP.  There is potential for groundwater contamination 
from this process. 
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Water quality problems in drains have been attributed to discharge of irrigation surface 
runoff, such as tail water containing pesticide residues, fertilizers, and silt to receiving 
waters; drift of pesticides into adjacent waterways from aerial application; and 
mechanical dredging of drains, which in some reaches results in depletion of dissolved 
oxygen and suspension of chlorinated hydrocarbon pesticides. 
 
Numerous governmental programs have been established to identify and correct existing 
pollution problems, as well as to prevent further groundwater contamination.  Many of 
these programs are only a few years old and need to be continued for many years to be 
effective.  If these programs are effective, water resources would be free of most 
pollutants detrimental not only to the environment but to the population as well. 
 
Geothermal Developments 
 
Extensive geothermal resources have been identified in several areas of the Imperial 
Valley.  These are identified as Known Geothermal Resource Areas (KGRAs).  Power 
plants are currently generating electricity from the hot water resources in the Salton Sea, 
the Heber KGRA, and the East Mesa KGRA.  The fifteen existing power plants can 
generate about 300 megawatts, and it is estimated that the Imperial Valley resource 
could support approximately 2,750 megawatts of power production on a sustained basis. 
 
Geothermal fluids in the largest and hottest field, the Salton Sea KGRA, contain about 
twenty-five percent dissolved solids by weight.  These fluids also contain marginally 
hazardous levels of arsenic, antimony, lead, mercury, zinc, and a large amount of other 
potential pollutants, including ammonia, boron, copper, lithium, selenium, strontium, and 
manganese. 
 
The Heber and East Mesa KGRA's have fluids that are much cleaner by comparison, 
and contain less than two percent dissolved solids.  Drilling has identified additional 
potential resources in the Brawley, Westmorland, and Salton City areas. 
 
Geothermal power plants extract hot water through large wells drilled from 2,000 to 
12,000 feet below the surface.  The hot water is either allowed to boil to produce stream 
or passed through heat exchangers.  Return flows of hot water from both processes are 
injected back into the geothermal reservoirs through separate wells.  The problems of 
contaminating the surface waters or nearby non-geothermal groundwaters exists if the 
return flows are not injected to a significant depth; if they are injected under too much 
pressure; if they are injected into faults or fractures than connect to the surface; or if the 
injection wells leak.  The potential for surface spills exists from pipeline failures or well 
blowouts. 
 
In addition, land subsidence is a potential effect of geothermal developments.  Currently, 
most of the extracted fluid is returned to the reservoir by injection, with the remainder 
being vented to the atmosphere as steam.  This problem can be expected to increase as 
more power plants are built, although the natural subsidence of the Imperial Valley 
occurs at a rate of about one inch in ten years. 
 
Discharges from Mexico 
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Mexico is probably the largest contributing factor to increasing water pollution in the 
Imperial Valley via the New River.  The New River originates in Mexico, and flows 
northward across the International Boundary into Imperial County, California.  The flow 
continues through the Imperial Valley and ultimately discharges into the Salton Sea.  
The primary purpose of the New River is to convey agricultural drainage in the Imperial 
and Mexicali valleys to the Salton Sea.  A corollary use of the New River is to convey 
treated community and industrial wastewaters.  This corollary use is strictly controlled in 
the Imperial Valley by waste discharge requirements prescribed and enforced by the 
California Regional Water Quality Control Board.  However, Mexico's corollary use of the 
New River is largely ignored and uncontrolled. 
 
Mexico discharges raw and inadequately treated sewage, toxic industrial wastes, 
garbage and other solid wastes, animal wastes, and geothermal wastewaters out of the 
Mexicali area of Mexico and into the Imperial Valley.  This process has continued for 
over forty years, resulting in the on-going pollution of the New River at the International 
Boundary.  As Mexico's industry and population continue to grow, these problems have 
a high potential to increase if corrective measures are not taken. 
 
Until August of 1983, the problem of Mexico polluting the New River had been the 
responsibility of United States Section of the International Boundary and Water 
Commission (IBWC), a joint United States/Mexico federal agency with responsibility for 
dealing with border water and sanitation problems between the two nations. 
 
For over thirty years, the California Regional Water Quality Control Board has made 
several representations to the United States Commissioner on the IBWC to obtain 
corrections to the problem.  Since 1975, the California Regional Water Quality Control 
Board has been monitoring water pollution of the New River to identify the pollutants 
actually coming from Mexico.  This information has been presented to the United States 
Commissioner to aid and encourage Mexico in implementing corrective measures. 
 
In August of 1980, Minute No. 264 to the Mexico-American Water Treaty was signed, 
which specified time schedules for completing work that was to result in a full cleanup of 
the river.  In addition, minimum water quality standards were specified for New River 
water quality at the International Boundary.  Mexico has been in violation of practically all 
of the specified schedules and standards since Minute No. 264 went into effect in 
December of 1980.  There is no evidence that Minute No. 264 has had any influence on 
actions in Mexico to clean up the river. 
 
In July of 1983, the California Regional Water Quality Control Board conducted an 
investigation.  The purpose of the investigation was to determine the type(s) and extent 
of waste discharges into the New River and its tributaries from Mexico so that possible 
corrective action could be considered and pursued.  The investigation identified 
problems that must be addressed to obtain adequate corrections.  These problems 
included: 
 

1. City sewer lines which are not connected to the City's main sewer system 
discharging raw sewage to the river; 

 
2. Breakdowns in the sewer system resulting in the discharge of raw 

sewage to the river; 
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3. Discharge of wastes to the river by septic tank pumpers; 
 

4. Discharge of wastes to the river from adjacent unsewered residences; 
 

5. Discharge of untreated industrial wastes to the river including highly toxic 
chemicals wastes, many of which are on the Environmental Protection 
Agency's list of 129 priority pollutants and some of which are carcinogens; 

 
6. Inadequate treatment of sewage and industrial wastes by Mexicali, whose 

sewage treatment plant consists of nothing more than raw sewage 
lagoons; 

 
7. Location of the City's garbage dump such that refuse is disposed of 

directly into the river water; 
 

8. Discharges of untreated wastes from a slaughterhouse, dairy, and hog 
farms; 

  
9. Discharges from residential hog and cattle pens located adjacent to the 

river and its tributaries; and 
 
10. Discharge of geothermal wastes to the river. 

 
In August of 1983, a United States/Mexican Agreement for protection and improvement 
of the environment in the border area was signed by the Presidents of Mexico and the 
United States.  Under this agreement, responsibility for border environmental problems, 
including the New River pollution problem, was transferred from the International 
Boundary and Water Commission to the United States Environmental Protection Agency 
for the United States, and to the Mexican Secretarial de Desarollo Urbano y Ecologia 
(SDUE) for Mexico.  Since this transfer of responsibility, progress has been slow and it is 
questionable if the agreement has served any useful purpose in controlling pollution in 
the New River. 
 
In April of 1987, Minute No. 274 to the Mexican-American Water Treaty was approved 
by the United States and Mexico. The minute provided for a $1.2 million United 
States/Mexico jointly funded project to construct certain works in Mexico to reduce 
pollution in the New River.  Although this project is just a step towards resolving the 
pollution problems of the New River, it sets a precedent for the involvement of the United 
States in the implementation of corrective actions within Mexicali. 
 
According to the International Boundary and Water Commission of the United States, 
additional projects are needed to help reduce water pollution from Mexico.  Mexico and 
the United States are currently negotiating measures to solve the problem.  Upon 
agreement between both governments, a new Minute will be approved and added to the 
Mexican-American Treaty to supersede Minute No. 274.  The main goal of the new 
Minute would be to establish a long-term solution to the water pollution problem. 
 
Aside from the New River, the Alamo River is polluted with contaminants as well.  The 
Alamo River flows into Imperial County from Mexico and has low pollutant 
concentrations.  Presently, the Alamo River is very small as it crosses into the United 
States and carries agricultural water coming from agricultural fields in Mexico.  The main 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page 15 

pollutants in the water are pesticides which get drained into the Alamo River during 
irrigation.  However, the potential for polluting the Alamo River could increase not only 
from the pesticides contained in the water but from potential development at or near the 
Alamo River at the International Boundary.  A new border crossing is to constructed at or 
near the Alamo River as it crosses into the United States.  This new border crossing 
could create an "urban sprawl" effect in this area of Imperial County, which would 
increase drainage into the Alamo River.  The Alamo River currently has a small concrete 
culvert that passes underneath the All-American Canal which drains water coming from 
Mexico and eventually into the Salton Sea.  Additional flows could clog the culvert and 
present a financial burden to Imperial County and lead to environmental health 
problems. 
 
An option proposed by the California Regional Water Quality Control Board has been to 
shunt the Alamo River into a drainage system which would eventually drain into the New 
River before it crosses into the United States.  In order for this to happen both 
governments must agree.  Presently, nothing has been settled but further negotiations 
are currently being reviewed between the United States and Mexico, in hopes to 
minimize potential problems that could result from the development of the new border 
crossing. 
 
Landfills 
 
Another potential problem that may contribute to the pollution or contamination of 
groundwater is landfills.  There are three different types of landfills within the County.  
These are classified as Class I, Class II, and Class III.  A Class I landfill site is for the 
sole purpose of dumping hazardous wastes, a Class II landfill site is for dumping 
designated and/or special waste, and a Class III landfill site is for dumping non-
hazardous wastes such as municipal waste.   
 
Currently there are ten County-operated Class III disposal sites throughout Imperial 
County which accept non-hazardous wastes (Figure 3).  Four of the County landfills, 
near Brawley, Hot Mineral Spa, Imperial, and Calexico, are under the ownership or 
control of the County; five, Holtville, Niland, Salton City, Ocotillo, and Palo Verde, are on 
Bureau of Land Management (BLM) property; and one, the Picacho landfill, serves the 
Winterhaven/Bard area and is located on land owned by the Quechan Indian 
Reservation.   
 
In addition to the public sites, Imperial Republic Acquisitions operates a private Class III 
waste disposal facility in the unincorporated area northwest of the City of Imperial; 
Laidlaw Environmental Services operates a Class I facility west of the City of 
Westmorland; and Desert Valley Company operates a Class II solid waste 
disposal/storage site northwest of the City of Westmorland. 
   
For more detailed information on solid and hazardous waste disposal sites, please refer 
to the Health Department, Imperial County Hazardous Waste Management Plan.  The 
Imperial County Integrated Waste Management Plan is being prepared by the 
Department of Public Works, with a draft to be presented to the State Integrated Waste 
Management Board in January 1994.  
 
5. Water Use Patterns 
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Agricultural Water Use 
 
There are over 120 types of crops grown in the Imperial Valley.  Most relevant to the 
Water Element is an examination of the various crop types, the acreage dedicated to 
each and the demand for irrigation water generated by each crop per acre of cultivation.  
Water demand is provided below on a "net consumption" basis and is based upon 
historical acreage and water use data.  Major water consuming crops include alfalfa 
(5.20 ac.ft./acre), asparagus (4.12 ac.ft./acre), cotton (3.45 ac.ft./acre), and tomatoes 
(2.23 ac.ft/acre).  More efficient crops include carrots (1.21 ac.ft./acre), squash (1.58 
ac.ft./acre), and barley (1.64 ac.ft./acre).  The historical trend indicates that 
approximately 525,000 acres are in cultivation over the year and that crops grown on 
this acreage consume approximately 1,771,000 acre feet per year.  Table 2 shows the 
historical average of individual crop acreage and water use in Imperial Valley over a ten 
year period. 
 

 
TABLE 2 

CROP ACREAGE AND WATER USE IN IMPERIAL VALLEY 
HISTORICAL AVERAGE 

 
 

 
Crop 

 
Area (Acres) 

 
Water Use (af) 

 
Garden Crops  
 

 
Broccoli 

 
  7,000 

 
  11,480  

 
 
Carrots 

 
  12,000 

 
  14,540  

 
 
Lettuce 

 
  35,000 

 
  47,017  

 
 
Cantaloupes 

 
  15,000 

 
  33,213  

 
 
Watermelons 

 
  5,000 

 
  10,929  

 
 
Other Melons 

 
  4,000 

 
  8,903  

 
 
Onions 

 
  10,000 

 
  17,725  

 
 
Squash 

 
  1,000 

 
  1,578  

 
 
Tomatoes 

 
  3,000 

 
  6,695  

 
 
Vegetables (misc.) 

 
  5,000 

 
  8,083  

Field Crops  
 

 
Alfalfa 

 
 185,000 

 
 961,692  

 
 
Barley 

 
  1,000 

 
  1,650  

 
 
Bermuda Grass 

 
  15,000 

 
  52,125  

 
 
Cotton 

 
  40,000 

 
 137,900  

 
 
Rye Grass 

 
  4,000 

 
  9,500  

 
 
Sorghum 

 
  3,000 

 
  7,330  

 
 
Sudan Grass 

 
  20,000 

 
  47,500  

 
 
Sugar Beets 

 
  35,000 

 
 122,208  

 
 
Wheat 

 
 105,000 

 
 204,488     
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 Miscellaneous   2,000   4,695  
Permanent Crops  
 

 
Asparagus 

 
  3,000 

 
  12,355  

 
 
Citrus Fruits 

 
  2,000 

 
  7,163  

 
 
Duck Ponds (feed) 

 
  8,000 

 
  24,000  

 
 
Jojoba 

 
  3,000 

 
  10,745  

 
 
Trees and Vines 

 
  1,000 

 
  3,582  

 
 
Miscellaneous 

 
  1,000 

 
  3,982 

 
Source: Water Requirements and Availability Study.  Prepared by Parsons Water 

Resources, Inc. for the IID.  November 1985. 
 
Agriculture is the most highly water consumptive use in Imperial County.  Approximately 
ninety-eight percent of the water diverted to Imperial County from the Imperial Irrigation 
District is used for agricultural purposes.  Imperial Irrigation District supplies more than 
2,500,000 acre-feet of water annually for primarily agricultural purposes to its customers 
in Imperial County, which contains over 500,000 acres of irrigated farmland. 
 
In addition to the water being diverted to the Imperial Valley by the Imperial Irrigation 
District, five other water districts supply water to other areas in Imperial County outside 
the Imperial Irrigation District boundaries.  These are the Palo Verde Irrigation District, 
the Palo Verde County Water District, the Bard Water District, the Winterhaven Water 
District, and the Coachella Valley Water District.  
 
The Palo Verde Irrigation District supplies water to approximately 9,000 acres of 
agricultural lands in Palo Verde.  The water is strictly for irrigation purposes and is taken 
from the Colorado River.  All water drained from these agricultural fields drain back into 
the Colorado River.  Currently, the Palo Verde Irrigation District has an unlimited 
allocation for water as long as it is used for beneficial uses in agriculture.  The Palo 
Verde County Water District is responsible for supplying water to residents of the 
community of Palo Verde for domestic purposes.  This is further discussed in the 
following section under the sub-heading "Urban Water Use". 
 
The Bard Valley is located at the southeastern corner of Imperial County, better known 
as the Reservation Division of the Bureau of Reclamation.  The Bard Water District 
serves approximately 175 landowners and supplies approximately 90,000 acre-feet of 
water per year for approximately 15,000 acres of agricultural land.  The water is used for 
irrigation purposes only and is taken from the Colorado River, via the All-American 
Canal.  All drainage from the irrigation fields is drained back into the Colorado River.  
Domestic water uses in Bard are further discussed in the following section. 
 
Urban Water Use 
 
Domestic water uses account for approximately two percent (2%) of the total water use 
in the County.  There are ten communities in Imperial County that receive water for 
domestic purposes from the Imperial Irrigation District, Calexico, Holtville, El Centro, 
Imperial, Brawley, Westmorland, Calipatria, Niland, Seeley, and Heber.  Each city and 
unincorporated community has its own water treatment facilities for treating and 
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distributing water to the users of each jurisdiction.  Table 3 shows the average water use 
per capita for each jurisdiction from 1984 to 1990. 
 
The chart represents an averaging of the population in each community over the 1984-
90 period, as well as the averaging of the water deliveries to each of these communities 
over the same period.  The graph helps to illustrate the population/water demand 
relationship for each of these communities, and the averaging of several years data to 
smooth some of the anomalies in the year to year data. 

 
 

TABLE 3 
AVERAGE YEARLY POPULATION/WATER DELIVERY 

1984-1990 BY COMMUNITY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As mentioned earlier, five additional water districts supply water to other areas in 
Imperial County.  Of these, the Palo Verde County Water District (PVCWD), 
Winterhaven Water District (WWD), and the Coachella Valley Water District (CVWD) 
distribute treated water for domestic use.  The PVCWD is responsible for supplying 
water to approximately 162 customers for domestic purposes.  The PVCWD has a deep 
water well in the community of Palo Verde which extracts water from the ground water 
basin, is then treated at a plant before it is distributed to its customers.  The well extracts 
approximately 45,000 gallons per day and the quality of water is fairly good.  In addition, 
sufficient water supplies exist to accommodate growth of the community of Palo Verde in 
the future. 
 
The WWD supplies water to approximately 1,000 people in Winterhaven.  The WWD 
uses two wells, one of which is a standby well, to extract approximately 150,000 gallons 
of water per day from the groundwater basin for domestic purposes.  The groundwater 
basin is recharged by the Colorado River, which passes just south of Winterhaven.  The 
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community of Winterhaven has two 100,000 gallon storage tanks for storing domestic 
water.  A sewage system serves Winterhaven and also a few developments within the 
Indian Reservation lands adjacent to the community of Winterhaven.  A water treatment 
facility in Winterhaven treats sewage and then is discharged and piped to Yuma, 
Arizona.  This is a joint venture between the community of Winterhaven and the Indian 
Reservation lands under a grant from the Federal Government.  The pipeline is 
approximately sixteen inches in size and decreases to a ten inch line at the bridge 
crossing to Yuma. 
 
The community of Winterhaven presently holds a perfected right to divert 780 acre-feet 
per year from the Colorado River.  This perfected right was granted by the United States 
Supreme Court supplemental decree in Arizona v. California, dated January 9, 1979. 
 
In the community of Bard, wells are used to extract ground water for certain domestic 
purposes such as watering landscapes and taking baths.  Drinking water sources are 
supplied by 100 gallon tanks which are filled periodically by private water companies. 
 
The Salton City and Hot Mineral Spa/Bombay Beach communities are provided water for 
domestic use from the Coachella Valley Water District.  The CVWD, which primarily 
operates in Riverside County, receives Colorado River water via the Coachella Canal. 
 
The communities of Ocotillo, Nomirage, and Yuha Estates rely on groundwater from the 
Ocotillo-Coyote Wells groundwater basin.  The County of Imperial commissioned a study 
of the groundwater basin by the USGS, known as the Skrivan Report, which was 
released in November of 1977.  The report states that an annual overdraft of 500 acre 
feet exists and warns of possible saline intrusion.  The County also employed Dr. David 
Huntley, a geohydrology consultant, to review the report and the basin.  His 1979 report 
titled "The Magnitude and Potential Effect of Declining Ground Water Elevations in the 
Ocotillo-Coyote Wells Basin" projects even greater overdraft of between 1608 and 2410 
acre feet per year.  He also projects saline intrusion.  Future growth in Ocotillo/Nomirage 
is therefore expected to consist primarily of infill on existing lots, rather than expansion of 
community boundaries, except at very low densities. 
 
Other areas that use wells to extract water from the groundwater basin are the East 
Mesa Unit and the West Mesa Unit within the Imperial Irrigation District boundaries.  The 
East Mesa Unit has four wells that are approximately six hundred feet deep.  Scattered 
residential development occurs in the East Mesa Unit along with some mines.  As 
mentioned earlier, there are some geothermal developments in the East Mesa Unit that 
may have potential to cause water pollution. 
 
The West Mesa Unit is primarily land that is owned or regulated by the Bureau of Land 
Management.  A portion of the land in the West Mesa Unit is used by a Naval Air Facility 
for bombing practices and exercises.  Water delivered to the Naval Air Facility comes 
from the Elder Lateral Canal.  From June 1, 1986 to October 23, 1991, the NAF has 
used approximately 3,714 acre-feet of water, with a daily average water use of 2.0 acre-
feet. 
 
The lining of the Coachella Canal has reduced water losses due to seepage, however it 
has not affected the wells in the area.  The Coachella Canal is approximately 123 miles 
long and all but approximately thirty-two miles are lined.  The goal of the Coachella 
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Valley Water District is to completely line the Coachella Canal.  Currently, no date has 
been set for when this project is to take place. 
 
Recreational Water Use 
 
Some of the waterways throughout the County also provide recreational activity, with the 
Colorado River being the most widely used.  In addition, Ferguson, Martinez and Squaw 
Lakes along with Sender Reservoir, provide recreational activity as well.  A variety of 
recreational activities take place along the Colorado River and lakes, including fishing, 
boating, water skiing, jet skiing and campgrounds.  These recreational areas are owned 
and operated by a number of Federal, State and Local agencies, such as the United 
States Bureau of Reclamation, the United States Fish and Wildlife Service, the Bureau 
of Land Management, Riverside and Imperial Counties. 
 
The Salton Sea is another area that provides recreational activities.  The Salton Sea has 
been a popular recreation and marine sport fishery area.  Several commercial marinas, 
residential recreational communities, and public parks are now located around the sea.  
Also, the Salton Sea State Recreation Area lies along twenty miles of its northeastern 
shoreline. 
 
C. Trends 
 
1. Water Conservation 
 
The Imperial Irrigation District (IID) has initiated many water conservation programs in 
Imperial County.  They have also participated in various programs in cooperation with 
governmental agencies.  In addition, the District has offered public education programs 
and has encouraged innovative on-farm practices in the Imperial Valley.  Its commitment 
to efficient regional water use management was most clearly demonstrated by the Water 
Conservation Agreement between Imperial Irrigation District and the Metropolitan Water 
District of Southern California. 
 
Past water conservation efforts using innovative and creative programs have also helped 
Imperial Irrigation District to reduce water consumption.  Some of these programs 
include structural, operational, administrative, educational, cooperative, and on-farm 
programs.  Each of these programs is discussed in more detail below. 
 
Water Conservation Agreement 
 
This Agreement provided for the implementation of water conservation projects, to be 
funded by the Metropolitan Water District, during a five year period.  The projects are to 
result in an estimated conservation of 106,110 acre-feet of water annually.  The funding 
from the Metropolitan Water District covers the costs of construction, operation, and 
maintenance of projects.  In return for funding these projects, and subject to conditions 
contained in the approved agreement, the Metropolitan Water District is eligible to divert 
additional water, equivalent to the amount of water conserved, through its Colorado 
River Aqueduct, which has its headworks at Lake Havasu, created by Parker Dam along 
the Colorado River. 
 
Eighteen projects were selected for inclusion in the water conservation program based 
on individual cost-effectiveness, and as a reflection of the need to have a well-balanced 
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overall program.  The average amortized cost for the projects was estimated at $128 per 
acre-foot in 1988 dollars.  Construction of the projects began in February of 1990, and is 
scheduled for completion in December of 1994.  Table 4 shows the water conservation 
projects that had been completed as of December 28, 1990.  In addition, the estimated 
water conserved is also shown for each project. 
 

 
TABLE 4 

WATER CONSERVATION PROJECTS AND ESTIMATED WATER CONSERVED 
AS OF DECEMBER 28, 1990 

 
Project Description 

 
Annualized Water Conserved 

 
Carter Reservoir 

 
    4,930 af  

South Alamo Canal-Phase I 
 
    1,180 af  

South Alamo Canal-Phase II 
 
    848 af  

Lateral Canal Lining 
 
    6,706 af  

12-Hour Delivery 
 
    12,000 af  

Vail Supply Canal Lining 
 
    79 af  

Non-Leak Gates 
 
    125 af  

System Automation 
 
    324 af  

Westside Main Canal Lining 
 
    508 af  

Total Water Conserved 
 

   26,700 af 
 
Source: "IID/MWD Water Conservation Agreement."  Issue paper by Robert Lang, 

Assistant Manager, Imperial Irrigation District, February, 1991. 
 
To fully understand the effort that the Imperial Irrigation District has expended in 
achieving their water conservation goals, the following is an update on the status of the 
water conservation projects: 
 
Trifolium (Carter) Reservoir 

 
The completion of this project in 1988 utilized a Clean Water Bond, and 
consisted of a 340 acre-foot regulating reservoir.  The project was to eliminate 
operational discharge at the end of the Westside Main Canal.  The project is to 
conserve 4,930 acre-feet of water annually. 

 
South Alamo Canal Lining-Phase I 

 
Two miles of this large supply canal were lined and completed in August of 1989 
with the assistance of a Clean Water Bond. Seepage of water was reduced and 
1,180 acre-feet of water has been conserved. 

 
South Alamo Canal Lining-Phase II 

 
In addition to the first phase of this project, Phase II consisted of concrete lining 
the remaining 1.2 miles, and was completed in June of 1991.  To date, the 
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Imperial Irrigation District has conserved over 1,425 acre feet of water annually 
from this project. 

 
Lateral Interceptor 

 
This project consists of utilizing a header canal and 283 pond leveling gates to 
create a virtual demand system for eight lateral canals. The project will cost $5.7 
million and construction is currently underway. 

 
"Z" Reservoir 

 
The District has a total of five regulating reservoirs.  Four have been built since 
1975 at a total cost of $3.3 million and provide a total storage capacity of 1,570 
AF.  It is estimated that 6,200 AF of water is conserved annually through the use 
of these reservoirs, which help reduce operational spills from the canal systems 
they serve.  The fifth reservoir is presently under construction and consists of a 
400 AF capacity regulating reservoir.  The project carries a cost of $2.8 million 
and will conserve water by eliminating operational spills at the end of East 
Highline Canal. 

 
Lateral Canal Lining 

 
Between February and December of 1990, the Imperial Irrigation District 
concrete lined over 62 miles of lateral canals.  The District is to concrete line 265 
miles by December of 1994.  This project will reduce seepage and increase 
efficiency of the canal delivery system.  The project is projected to cost $50 
million and has, to date, conserved over 6,846 acre-feet of water annually. 

 
Trifolium Interceptor 

 
This project is similar to the Lateral Interceptor, in that its main purpose is to use 
a header canal and pond leveling gates to eliminate operational spills and 
minimize tailwater.  The project encompasses thirteen large lateral canals and is 
projected to cost $10 million.  Research and design of this project are still 
underway. 

 
Twelve-Hour Delivery 

 
In the past, water delivery to farmers of the Imperial Valley was on a fixed 24-
hour basis.  In February of 1991, the Imperial Irrigation District initiated a new 
program which allows farmers to order small delivery heads (up to 7 cubic feet 
per second) on a fixed 12-hour basis.  The program also allows for cutoff of the 
delivery within the last four hours, if the canal capacity permits.  The farmers in 
the Imperial Valley have widely accepted this program.  The program is 
estimated to conserve approximately 12,000 acre-feet annually. 

 
Non-Leak Gates 

 
This project consists of replacing the old wooden canal check gates with non-
leaking aluminum gates.  These types of gates were installed in June of 1990.  
This project has enhanced the operation of canals and also prevented water 
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leakage.  The five gates have conserved an estimated 125 acre-feet of water per 
year.  The installation of all remaining gates is expected to be completed by the 
end of 1992. 

 
Lowline Interceptor 

 
This project is another lateral interceptor which will collect operational discharge 
and minimize spill from approximately sixteen other lateral canals.  The project 
will cost $5.3 million, and construction is scheduled to begin in 1993.  The project 
is currently in the research phase of development. 

 
Irrigation Water Management 

 
Funds are used for this project to construct water conservation systems on 
farms.  The purpose is to educate farmers on the most advanced irrigation 
management techniques by providing training and support.  Agricultural 
engineers from Imperial Irrigation District plan to implement this program onto 
10,000 acres of farmland.  Pump back, drip irrigation and other systems, along 
with updated irrigation planning techniques, are used for water conservation.  
Thirty-four on-farm systems are currently in development. 

 
System Automation 

 
This project is by far the most innovative water conservation program.  The cost 
is $15 million, and it will radically improve Imperial Irrigation District's control of 
water delivery.  Computers will be located on fields and will control the water 
gates to manage the delivery of water more accurately.  The monitoring of the 
computer will be done by a radio-microwave system from a master water control 
center. 
 
This will centralize water management and monitoring for Imperial Irrigation 
District.  Approximately 200 field sites will provide data and be utilized to allow 
water control never pursued before.  The program is composed of over 60 
projects and has already seen the automation of five canal headings and the 
installation of the radio-microwave communications network.  A new Water 
Control Center will be added to the system and is scheduled to be operational by 
December of 1991.  Other water conservation programs include land leveling, 
tailwater pump back systems, low water-use crop selection, and low water-
demand irrigation methods. 

 
Structural Programs 
 
Structural programs to conserve water include physical changes to the water 
conveyance and usage system that will bring about benefits independently of user 
practices.  These programs consist of such projects as canal lining to reduce seepage 
losses; construction of regulating reservoirs to reduce canal spill; construction of 
seepage recovery lines to collect water to be pumped back into the canal for delivery to 
farms; farm delivery and outlet structures to provide for better water control and 
measurement of farm deliveries and to facilitate measurement of tailwater runoff; 
automatic controls and remote monitoring facilities to be operated manually in case of 
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power outages; and construction of evaporation ponds to reduce inflow into the Salton 
Sea. 
 
Operational Programs 
 
Operational Programs refer to changes in operational procedures that have been 
initiated to promote water conservation.  Operational programs include radio equipment 
and personnel training.  Communication among personnel permits greater operational 
flexibility in switching water deliveries from one farmer to another, thereby reducing 
operational spills. 
 
As newer methods are used and more structures are built, water department employees 
must be trained to manage and operate them.  Daily on-the-job training is an integral 
part of the program.  In addition, specialized training in water measurement and 
management is given to the new hydrographers.  Keeping up on the latest methods of 
water management and operations can help in conserving water for Imperial County. 
 
Administrative Programs 
 
These programs are options that are available to public distributors of water.  An 
example of this would be the establishment of incremental water rates to encourage 
water conservation.  The IID Board of Directors, recognizing the need to continue to 
expand water conservation efforts, appointed a Water Conservation Advisory Board 
made up primarily of farmers in 1979.  The purpose of the Advisory Board is to make 
recommendations to the District Board regarding the implementation of additional water 
conservation measures. 
 
The District approved a water conservation program called the "13 Point Program" in 
1976.  The overall goal of this program was to improve water use efficiency within the 
District and reduce inflow into the Salton Sea.  Another program, the "21 Point Program", 
was recommended by the Water Conservation Advisory Board and adopted by the 
District.   
 
Educational Programs 
 
Educational programs have been implemented to encourage water conservation within 
the Imperial Valley.  These programs range from public meetings to get input from the 
property owners themselves, to full-scale demonstrations so that others can see how 
new irrigation techniques and methods are used. 
 
Cooperative Programs 
 
The District has been involved in various cooperative studies and programs to research 
innovative water conservation methods.  Different levels of involvement have been 
required of the District.  For example, the District has helped the USDA Research 
Station in Brawley by constructing a lysimeter to determine crop water consumption; 
helped to construct an underground soil column laboratory, a reservoir, and a pumping 
station; installed four evaporation and weather stations; and provided labor, equipment, 
and materials for a five year irrigation efficiency study. 
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The District has also cooperated with the University of California Irrigation Management 
Information System and mobile laboratory programs sponsored by the University in 
conjunction with the California Department of Water Resources (DWR). 
 
On-Farm Irrigation Programs 
 
Farmers have been practicing on-farm irrigation methods to conserve water.  Agricultural 
lands must be tiled, graded, and prepared for the application of water.  Tile drains have 
been installed and, in addition, head ditches have been lined to reduce water loss due to 
seepage.  This program is still in effect. 
 
2. Miscellaneous Programs to Reduce Salton Sea Inflow 
 
Water conservation is designed to reduce losses, most of which contribute to the inflow 
to the Salton Sea.  Assuming that other inflow elements remain unchanged, the level of 
the Sea is expected to decline.  However, recognizing that conservation programs take 
time to implement, whether the time is five years or twenty years, other alternative 
programs need to be considered that can be applied in a shorter time period. 
 
The following are several proposals that could be looked into to help reduce inflows into 
the Salton Sea. 
 

a. The continued use of spreading drain water on available idle land by 
ponding, flooding or sprinkling. 

 
b. Constructing storm detention basins on the East and West Mesas. 

 
c. Irrigation with free drain water (through the cooperation of landowners) 

and alternating with canal water. 
 

d. Pumping water from the Salton Sea to shallow ponds adjacent to the Sea. 
 

e. Pumping water from drains to shallow ponds on the East and West 
Mesas (or other available lands) for wildlife ponds/marshes or other uses. 

 
f. Supporting the continued investigation of diverting the New River at or 

south of the Mexican Border to Laguna Salada in Mexico. 
 

g. Separating tile drain flows from tailwater to reuse surface runoff. 
 
3. Environmental Management 
 
In accordance with the California Environmental Quality Act (CEQA), IID has by 
resolution adopted the State CEQA guidelines.  These guidelines provide that certain 
programs are exempt from preparing environmental assessments.  Programs in this 
category include concrete lining existing District canals, installing pipelines for portions of 
laterals and drains, installing road crossings and replacing existing water system 
structures. 
  
The District has prepared a declaration of negative impact for each regulating reservoir, 
and it will continue to file this type of environmental review for similar projects.  As major 
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projects in the Water Conservation Plan of 1985 have been prepared for implementation, 
an environmental assessment as required by the CEQA guidelines will also be prepared.  
The major environmental issues expected to be of concern with local water system 
projects are: 
 

a. Reduction of flows in drains. 
b. Reduction of inflow to Salton Sea. 
c. Increase of salinity of drain waters. 
d. The impact of these three factors on fish and wildlife, recreation and 

aesthetic values. 
 
 
 

Remainder of Page Intentionally  Left Blank 
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III. GOALS AND OBJECTIVES 
 
A. Preface 
 
Many of the major water resource issues faced by the County now and in coming years 
include the threat of continued deterioration of surface and groundwater resources, the 
possible reduction of available Colorado River water caused by increased demand and 
adverse climatic conditions, as well as the balancing of urban and agricultural needs with 
those of plants and wildlife. 
 
Pollution of surface waters from urban development primarily in the Republic of Mexico, 
but also in the County, continue to pose a serious threat to groundwater and surface 
water resources in the County.  These issues also include the continued increase in 
salinity of the Salton Sea, as well as the high agrichemical and suspended solids load 
draining into the Sea, which have an adverse impact on sport fishing and other 
recreational uses associated with this important resource. 
 
The Water Element goals are developed as broad based statements reflecting the 
County's values, aims, and aspirations for management of this vital resource.  These 
goals address the physical development of the County as well as the wise use and 
preservation of the County's important water resources.  The programs set forth herein 
have been developed to implement the goals and objectives of the Water Element.  The 
policies set forth specific performance requirements for the various plans which relate to 
water issues in Imperial County. 
 
The goals and objectives are not to be inclusive and are general in nature.  They are not 
to be considered as a means to regulate a specific area.  Their main intent is for them to 
be implemented only to the extent that such implementation is achieved by reasonable 
regulations or rights therein.  The goals and objectives may change at any time to 
accommodate appropriate growth within the County. 
 
B. Goals and Objectives 
 
Adequate Domestic Water Supply 
 
Goal 1:  The County will secure the provision of safe and healthful sources and supplies 
of domestic water adequate to assure the implementation of the County General Plan 
and the long-term continued availability of this essential resource. 
 

Objective 1.1  The efficient and cost-effective utilization of local and imported 
water resources through the development and implementation of urban use 
patterns. 

 
Objective 1.2  Cooperation between the Cities and County for the need to 
maintain, upgrade, and expand domestic water and sewage treatment facilities of 
the communities within the County, the need for the implementation of 
appropriate development fees, and the raising of service fees to off-set limited 
public financial resources. 
 
Objective 1.3  The efficient regulation of land uses that economizes on water 
consumption, enhances equivalent dwelling unit demand for domestic water 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page 28 

resources, and that makes available affordable resources for continued urban 
growth and development. 

 
Protection of Surface Waters 
 
Goal 2:  Long-term viability of the Salton Sea, Colorado River, and other surface waters 
in the County will be protected for sustaining wildlife and a broad range of ecological 
communities. 
 

Objective 2.1  The continued viability of the agricultural sector as an important 
source of surface water for the maintenance of valuable wildlife and recreational 
resources in the County. 

 
Objective 2.2  A balanced ecology associated with the riparian and ruderal 
biological communities important as breeding and foraging habitats for native and 
migratory birds and animals occurring within the County. 

 
Objective 2.3  Preservation of riparian and ruderal habitats as important 
biological filters as breeding and foraging habitats for native and migratory birds 
and animals. 

 
Adequate Agricultural Irrigation Water Supply 
 
Goal 3:  The County will secure the provision of safe and healthful sources and supplies 
of agricultural irrigation water adequate to assure the continuation of agricultural land 
uses as established by the County General Plan and the long-term continued availability 
of this essential resource. 
 

Objective 3.1  The efficient and cost-effective utilization of local and imported 
water resources through the development and implementation of innovative 
agricultural use patterns. 

 
Protection of Water Resources from Hazardous Materials 
 
Goal 4:  The County will adopt and implement ordinances, policies, and guidelines that 
assure the safety of County ground and surface waters from toxic or hazardous 
materials and wastes. 
 

Objective 4.1  The development and implementation of infrastructure and 
regulatory policies in the Republic of Mexico, which reduce contamination of the 
New River, Alamo River, and the Salton Sea. 

 
Objective 4.2  The provision of safe and efficient community wastewater 
treatment facilities which adequately service the present and future needs of 
residential, commercial, and industrial development within the Imperial Irrigation 
District service area. 

 
Coordinated Water Management 
 
Goal 5:  Water Resources shall be managed effectively and efficiently through inter-
agency and inter-jurisdictional coordination and cooperation. 
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Objective 5.1  Encourage and provide for the management and wise use of water 
resources for contact and non-contact recreation, groundwater recharge, 
hydroelectric energy production, and wildlife habitat as well as for domestic and 
irrigation use. 

 
Objective 5.2  Aid in the protection and enhancement of limited water resources 
so as to provide for the indefinite use and maximum enjoyment. 

 
C. Relationship to Other General Plan Elements 
 
State law mandates seven Plans or "Elements" for local government General Plans.  
Although the Water Element is not mandatory, it must comply with requirements that are 
requisite to all parts within a General Plan.  Legislative intent must be fulfilled as set forth 
in Government Code, Section 65300.5:  "....the General Plan and the parts thereof 
comprise an integrated, internally consistent and compatible statement of policies for the 
adopting agency." 
 
The Water Element Policy Matrix (Table 5) identifies the relationship between the Water 
Element Goals and Objectives to other Elements of the Imperial County General Plan.  
The Issue Area identifies the broader goals of the Element and the "Xs" identify that 
related objectives are contained in the corresponding Elements. 
 
 

TABLE 5 
WATER ELEMENT POLICY MATRIX 

 
 
Issue Area 

 
 

Land 
Use 

 
 

Hous
ing 

 
 

Circulat
ion 

 
 

Noi
se 

 
Seismic/
Public 
Safety 

 
 

Agricultu
ral 

 
Open 
Space 

Conserva
tion 

 
 

Geother
mal 

 
Adequate 
Domestic Water 
Supply 

 
X 

 
X 

 
 

 
 

 
 

 
 

 
 

 
 

 
Protection of 
Surface Waters 

 
 

 
 

 
 

 
 

 
 

 
X 

 
X 

 
 

 
Adequate 
Agricultural 
Irrigation Water 
Supply 

 
 

 
 

 
 

 
 

 
 

 
X 

 
 

 
 

 
Protection of 
Water Resources 
from Hazardous 
Materials 

 
X 

 
 

 
 

 
 

 
X 
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IV. IMPLEMENTATION PROGRAMS AND POLICIES 
 
A. Preface 
 
Imperial County is seen as one of the most, if not the most, agriculturally productive 
regions in the world.  In order to continue the deserved reputation of supplying the world 
with high quality food crops, the County must appreciate and conserve its vital resources 
which enable the production of such valuable crops.  One of these important vital 
resources is water.  The County must recognize and consider the future of its economy 
and agriculture is the primary sector.  Obviously, the continued urban growth in the 
County is equally dependent upon receiving adequate water resources. 
 
Through water conservation measures, programs, and policies, the County and the 
District will continue to efficiently utilize this valuable resource as it has done in the past.  
Also, water conservation projects with other agencies such as the “Water Conservation 
Agreement between Imperial Irrigation District and the Metropolitan Water District of 
Southern California” will enhance the availability of water within the County and 
encourage additional water conservation projects.  With continued monitoring of the 
surface waters in Imperial County by the Imperial Irrigation District and others, any 
increase in salt concentrations can be addressed in order to enhance water quality. 
 
Recognizing that water is a vital resource, continued cooperation and coordination 
between Imperial County and other Local, State, and Federal agencies, water resources 
can be conserved and used for all approved beneficial purposes, including continued 
growth and development in all economic sectors.  Also, continued planning and 
coordination efforts by the County can assure that future developments will not only 
enhance the economy, but may also encourage various industries to relocate and create 
a more broad based economy in the County. 
 
Overall, Imperial County has great potential to wisely utilize its water resources and 
enhance the quality of water for all beneficial uses.  Strategies should be carefully 
planned and incorporated into the decision making process of the County to assure 
adequate conservation of its water resources and the availability of water in the future. 
 
B. Policies and Programs 
 
The following policies are statements of purpose and/or direction that are meant to help 
guide decision makers in making judgements on issues concerning water resources in 
the County.  These policies specifically address the Objective of the Water Element, 
which in turn accomplish the Goals of the Element.  The Policy is presented first for each 
sub-heading, followed by more specific program statements. 
 
1. Adequate Domestic Water Supply 
 
Policy 
 
The efficient regulation of land uses that economizes on water consumption, enhances 
equivalent dwelling unit demand for domestic water resources, and that makes available 
affordable resources for continued urban growth and development. 
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Programs 
 
• The County of Imperial shall regulate and encourage the economical use of 

domestic water resources through the implementation of applicable State codes 
and the promotion of drought resistant native and non-native desert landscaping 
in all types of urban development. 

 
• The County of Imperial shall encourage the distribution of water conservation 

literature and signage in public restaurants, hotels, and motels as a means of 
preserving domestic water treatment and wastewater treatment facility 
capacities. 

 
• The County of Imperial shall encourage the distribution of low cost water 

conservation technologies and literature to all households in the County as a 
means of assuring an affordable quality of life and of preserving the capacities of 
domestic water treatment and wastewater treatment facilities. 

 
• The County of Imperial shall encourage the metering of agricultural and urban 

water use, including encouraging municipalities to initiate water metering 
programs to promote more thoughtful and economical use of domestic water. 

 
• The County of Imperial shall assure the enforcement and implementation of 

Section 17921.3 of the Health and Safety Code, Title 20, California 
Administrative Code Section 1601(b), and applicable sections of Title 24 of the 
State Code through the development and building permit process. 

 
• The County of Imperial shall study the appropriateness of and need for impact 

and/or development fees, which can be used to preserve important water 
resources and assure their long-term availability. 

 
2. Protection of Surface Waters 
 
Policy 
 
Preservation of riparian and ruderal habitats as important biological filters, and as 
breeding and foraging habitats for native and migratory birds and animals. 
 
Programs 
 
• The County of Imperial shall take an active role in soliciting the support of State 

and Federal agencies, particularly the California Water Quality Control Board and 
the U.S. Environmental Protection Agency, in the cleanup of the New River at the 
International Border. 

 
• The County of Imperial Health Department, Parks and Recreation Department, 

and other responsible agencies shall maintain programs and regulations to 
assure safe and healthful water resources for sport, recreation, and wildlife uses. 
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• The County of Imperial, also with the Imperial Irrigation District, the California 
Department of Fish & Game, and the U.S. Fish & Wildlife Service, shall 
cooperate and coordinate the use of water resources to protect and enhance 
valuable wildlife communities and habitats of the region. 

 
• The County of Imperial shall take an active role in encouraging the development 

of infrastructure and a regulatory environment in the Republic of Mexico which 
addresses the chronic pollution of the New River and Alamo River from 
agricultural, industrial, and urban development. 

 
• The County Health Department shall report annually to the Board of Supervisors 

on the conditions of the New River at the International Border and within the 
County, and the progress made by State and Federal agencies in reducing the 
level of contaminants being carried to the Salton Sea. 

 
• As part of the effort to protect and enhance wildlife and their habitat, the County 

of Imperial shall actively pursue the preservation, maintenance of breeding and 
foraging habitat for native and migratory birds and animals, preserving these 
biological systems as indicators of environmental integrity, and as a source of 
sport and recreation. 

 
• The County of Imperial shall monitor, coordinate, and cooperate with State and 

Federal agencies to assure the protection of the Colorado River resource from 
over utilization and excessive export to protect urban and agricultural interests 
and to assure the health of the various biological habitats of the Colorado River. 

 
3. Adequate Agricultural Irrigation Water Supply 
 
Policy 
 
The efficient and cost-effective utilization of local and imported water resources through 
the development and implementation of appropriate and separate agricultural and urban 
use areas. 
 
Programs 
 
• The County of Imperial shall play a pro-active role in encouraging the use of 

efficient and cost-effective methods of water conservation in all aspects of urban 
development as well as agriculture. 

 
• The County of Imperial shall encourage the reclamation and use of agricultural 

and urban wastewaters in urban landscaping, golf courses, and wildlife habitat 
areas wherever practical. 

 
• The County of Imperial shall play a pro-active role in encouraging the efficient 

use and conservation of the Colorado River resource, and in maintaining an 
adequate allocation for local agricultural use in Imperial Valley. 

 
4. Protection of Water Resources from Hazardous Materials 
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Policy 
 
Adoption and implementation of ordinances, policies, and guidelines which assure the 
safety of County ground and surface waters from toxic or hazardous materials and/or 
wastes. 
 
Programs 
 
• The County of Imperial shall make every reasonable effort to limit or preclude the 

contamination or degradation of all groundwater and surface water resources in 
the County. 

 
• All development proposals brought before the County of Imperial shall be 

reviewed for potential adverse effects on water quality and quantity, and shall be 
required to implement appropriate mitigation measures for any significant 
impacts. 

 
• The County of Imperial shall coordinate with the California Regional Water 

Quality Control Board and incorporated cities is to assure that discharge from 
community wastewater treatment plants meet or exceed applicable State and 
Federal standards. 

 
• The County of Imperial shall play an active role in assuring the advance planning 

necessary to provide community and/or industrial wastewater treatment facilities 
which keep pace with continued urbanization in the County. 

 
• The County of Imperial shall support the investigation of innovative methods of 

wastewater treatment which reduces discharge of contaminants into County 
surface waters, while enhancing the ruderal and riparian habitats of the County. 

 
• The County of Imperial shall direct staff of the County Health Department, 

Planning/Building Department, and other appropriate departments, as well as the 
County Agricultural Commissioner, to review existing ordinances, policies, and 
guidelines and determine their adequacy in protecting groundwater and surface 
water from contamination by hazardous materials and/or waste. 

 
• The Imperial County Health Department, as the Local Enforcement Agency, shall 

continue monitoring operations at the various landfills across the County and 
shall periodically report on the impacts or potential impacts of these landfills on 
ground and surface water resources in the County. 

 
• The County of Imperial shall confer and coordinate with the California 

Department of Health, Regional Water Quality Control Board, and the U.S. 
Environmental Protection Agency to assure that these agencies are taking active 
steps to protect and reclaim groundwater and surface waters from contamination. 

 
5. Coordinated Water Management 
 
Policy 
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Encourage and provide inter-agency and inter-jurisdictional coordination and 
cooperation for the management and wise use of water resources for contact and non-
contact recreation, groundwater recharge, hydroelectric energy production, and wildlife 
habitat as well as for domestic and irrigation use. 
 
Programs 
 
• The County of Imperial shall confer and consult with the Imperial Irrigation District 

and incorporated communities of the County to assure a coordinated and 
coherent water policy for all interested parties in the County. 

 
• The County of Imperial shall actively consult and confer with IID and other 

Districts, and the incorporated communities of the County regarding the limitation 
or elimination of impacts to surface and groundwater resources due to 
agricultural and urban development. 

 
• The County of Imperial shall lend its support to programs and policies of the 

State Water Resources Control Board, Regional Water Quality Control Board, 
and other agencies which promote the wise and efficient use of water resources.  
Particular attention shall be given to the State Water Resources Control Board’s 
regulations pertaining to water quality control and land development. 

 
• The County of Imperial shall regulate land development and natural resource 

management to protect the limited but important areas of the County which 
contribute to groundwater recharge. 

 
• The County of Imperial shall support the continuance and development of 

hydroelectric resources in the County in conjunction with compatible resource 
protection and management policies. 

 
• The County of Imperial shall encourage the fair and appropriate assessment of 

fees and charges for the deliveries of urban and agricultural waters, and for water 
treatment capacity. 

 
• The County of Imperial shall take an active role in maintaining and enhancing 

river, sea, ruderal, and riparian habitats, as well as other biotic systems in the 
County which contribute to enhance water resource protection and maintenance. 

 
• The County of Imperial shall cooperate and coordinate with the Regional Water 

Quality Control Board and other responsible agencies to investigate the potential 
for the creation of additional wetlands as a means of providing tertiary waste 
treatment while expanding and enhancing wetlands habitat. 

 
• All County of Imperial departments with responsibility for regulation or jurisdiction 

for oversight of issues of water resource management shall make every effort to 
coordinate activities and share information and resources to assure protection of 
this vital resource. 
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• The County of Imperial shall act in a pro-active, cooperative, and coordinated 
manner with Local, State, Federal and International agencies responsible for 
maintenance of minimal standards for local surface and groundwater resources. 
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APPENDIX A 
 

HISTORY OF IMPERIAL VALLEY WATER 
 
 
The majority of land in Imperial County was, at one point, vacant desert.  It was not until 
the aboriginal inhabitants settled in the area and made use of the land near the 
waterfront to produce agricultural crops to provide food which improved the soils of the 
area.  The population then was largely Yuman-speaking.  In historic, times, the Mohave, 
Quechan, and Halchidhoma tribes all probably lived in the area at various times.  The 
Colorado River Basin Region was home to the Halchidhoma until about 1826, when the 
combined attack of the Quechan and Mohave resulted in more than 250 casualties to 
the resident tribe. 
 
The survivors fled to the Gila River where they joined the Maricopa tribe and lost their 
identity. Their vacated territory was soon filled by a division of the desert-dwelling, 
Shoshonean-speaking Chemehuevi, an off-shoot of the Southern Pauite.  Today, the 
Fort Mojave, Chemehuevi, Colorado River, and Yuma Indian Reservations are located 
along the Colorado River. 
 
Subsistence along the river mainly on intensive collection of wild plant foods and flood 
water farming, supplemented by hunting and fishing.  Mesquite was unquestionably the 
most important of the indigenous plants, but various cacti in the nearby plants were also 
important.  The probable casual flood plain farming included such crops as corn, beans, 
squash and, in historic times, wheat, barley, and melons. 
 
Villages were located near the river bank and houses were usually flat-topped ramada-
like in design. As now, the river was capable of supporting large populations of 
aboriginal inhabitants, however, unfavorable floods meant fewer crops, and at such 
times full-time hunting, fishing, and gathering were required to sustain the tribe.  At these 
times, tribes required more living space, and this led to competition for resources, theft 
of food, petty conflicts, and sometimes outright war.  The warfare pattern was chronic, 
brutal, and always involved neighboring groups. 
 
It is believed that the first European visitors came in 1776, traveling up the Colorado 
River looking for a better interior route from Yuma, Arizona to Monterey, California.  
They began settling and exploiting better agricultural practices that eventually led to the 
early development of small urban areas.  However, there was still very limited 
development of urban areas, since riverfront agriculture continued to be the most 
dominant form of the area's economy. 
 
The continued expansion of agriculture and the arid desert climate also created 
additional wildlife habitats.  The Imperial Valley provides a dramatic mix of arid desert 
and water oriented habitat areas, which support a broad range of native and introduced 
year-round and migrant species of plants and animals.  The sizable areas in active 
cultivation also provide important foraging habitat for numerous birds and small 
mammals.  Important habitat areas include the Colorado River, agriculture related canals 
and drains, the Salton Sea and desert wash and flat-land areas.  These diverse and 
occasionally highly specialized communities constitute an important and valuable 
resource, which will require protection if their long-term value is to be preserved. 
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The idea of diverting the Colorado River to irrigate the desert lands of the Imperial Valley 
was conceived before the Civil War.  In 1849, Dr. O.M. Wozencroft was probably the first 
to recognize this possibility as he crossed the Colorado Desert in route to San Francisco 
in search of gold.  Though he died in 1887, several water appropriations were filed in 
1895 by individuals to divert Colorado River water to irrigate lands in "that portion of San 
Diego County known as New River Country." 
 
In 1896 the California Development Company was formed by C.R. Rockwood.  
Rockwood and his associates decided to call the area by various names, including 
Colorado Desert, Salton Basin and New River Country; the name we know today is 
Imperial Valley.  Just prior to the turn of the century, Rockwood, an irrigation engineer, 
and his partner George Chaffey, sought to redirect Colorado River water to irrigate the 
potentially fertile soils of the Imperial Valley. 
 
In 1900, excavation of a canal and construction of headworks on the Colorado River 
near Pilot Knob began, and in 1901, the first diversions of water were made to serve 
about 1,500 acres of crops.  About 40 miles of the Imperial Canal, also known as the 
Alamo Canal, ran through Mexico before crossing into the United States east of present 
day Calexico.  Within three years, silting of the headworks and upper reaches of the 
Canal led to the excavation of a temporary bypass channel about four miles downstream 
in Mexico. 
 
For a few years the system worked well, however, in the fall of 1904, unseasonable flood 
waters on the Colorado and Gila Rivers broke into the bypass and down the Alamo 
Canal.  For about two years the entire flow of the Colorado River poured into the Salton 
Sink forming the Salton Sea, an impressive salt water body created by a combination of 
natural and man-made events.  The newly created sea was enormous in size 
(approximately 35 miles long and 15 miles wide). 
 
In 1907, the Southern Pacific Company bought out the California Development 
Company and was successful in returning the Colorado River to its original channel.  
During the next several years, physical, financial and international complications, and 
legal problems plagued the project.  The settlers decided to form a local agency which 
resulted in the formation of the Imperial Irrigation District (the District), a public 
corporation organized in 1911 under the California Irrigation District Act, California Water 
Code, Sections 20500 et. seq. 
 
The District was to perform three chief functions: diversions and delivery of Colorado 
River water for agriculture and domestic purposes; operation and maintenance of 
drainage canals and facilities; and generation, transmission and distribution of electric 
power. 
 
It was not until 1916 that financial and legal problems were settled so that the District 
could acquire the properties of the California Development Company and the Southern 
Pacific Company. 
 
The All-American Canal and the Coachella Canal were constructed as unlined canals in 
the 1940's to bring Colorado River water into the Imperial and Coachella Valleys.  
Construction of the All-American Canal began in August 1934 and was completed in 
1940.  Water deliveries to the East Highline Canal began in October of 1940.  In 
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February of 1942, all Colorado River water diverted to the Imperial Valley was delivered 
via the All-American Canal. 
 
The Coachella Canal was completed in 1948 and began diverting water from the All-
American Canal to the Coachella Valley.  Soon after construction of both canals, 
leakage from the unlined canals began creating mounds of ground water beneath the 
canals.  To prevent significant loss of water from the Coachella Canal, the United States 
Bureau of Reclamation reconstructed the first 49 miles with a new concrete lined canal.  
The new canal is located east of the older reach and was completed in 1980.  Gradual 
improvements took place during the three decades from 1950 to 1980.  Today, Imperial 
County has a complex system of irrigation and drainage canals that serve communities 
with water for various agricultural and domestic purposes. 
 
In addition to the Imperial and Coachella Valleys, the south end of the Palo Verde Valley 
lies at the northeast corner of Imperial County.  The Palo Verde Water District supplies 
water to this area from the Colorado River. 
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APPENDIX B 

 
RESOURCE ASSESSMENT 

 
 
I. Surface Waters  
 
A description of the water quality of the major surface waters is discussed below.  The 
discussion will focus on each type of surface water such as the Colorado River, the All-
American Canal, the New River, Alamo River and other drains, and the Salton Sea. 
 
The Colorado River 
 
Excessive salinity concentrations have long been recognized as one of the major quality 
problems of the Colorado River, which provides municipal and industrial water to nearly 
fourteen million people, and irrigates approximately 700,000 acres of farmland.  The 
Colorado River's heavy salt load is derived from both natural and human activities, each 
contributing about half the total amount. An estimated nine million tons of dissolved salts 
pass Hoover Dam each year, causing California water users an estimated $100 million 
in annual damages.  Without measures to control it, salinity in the lower reaches of the 
river will continue to cause major water quality problems. 
 
In 1975, the seven Colorado River Basin States (California, Arizona, Nevada, Utah, 
Wyoming, Colorado and New Mexico), with the Environmental Protection Agency's 
approval, adopted water quality standards for river salinity at three stations: 723 mg/L 
below Hoover Dam; 747 mg/L below Parker Dam; and 879 mg/L at Imperial Dam.  
Current studies show that, without control measures, salinity could reach 1,000 
milligrams per liter (mg/L) at Hoover Dam by the year 2010. 
 
Although Colorado River water still has a relatively high total of dissolved solids when 
compared to its headwaters, the water quality of the Imperial Valley is fairly good, with 
the exception of the minor quantity of rainfall it receives.  As the water flows through the 
Colorado system it is used for agriculture and other beneficial uses, resulting in salt 
buildup.  In addition, the erosion of the Colorado and its tributaries results in a large 
sediment load.  Between 1980 and 1983 the total annual amount of sediments removed 
from the desalting basins at Imperial Dam was 5,135,168 tons.  This seems relatively 
high but it was caused by extreme high river releases. 
 
A summary of the water quality of the Colorado River water reaching Imperial Dam and 
other surface waters is shown in Table B-1.  The water quality of Colorado River water 
reaching Imperial Dam is moderately basic (pH 8.0) and has good dissolved oxygen 
concentrations.  The average 1980 concentration for TDS of 760 mg/L represents good 
quality water for irrigation use.  This total is well below the criterion of 879 mg/L set by 
the Environmental Protection Agency for TDS at Imperial Dam.  Although this value is 
high for drinking water, it is still within acceptable limits.  Other water quality parameters 
such as nitrate, phosphate, and biological oxygen demand are well within acceptable 
limits. 
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Data received from the California Regional Water Quality Control Board for annual 
average water quality of the Colorado River at Imperial Dam between 1988 and 1990 is 
shown on Table B-2 to show differences from 1980 data.   
 
The water continues to be moderately basic with good dissolved oxygen concentrations.  
Total dissolved solids of the Colorado River at Imperial Dam have risen from 685 mg/L in 
1988 to 731 mg/L in 1990.  This figure is lower than the 1980 reading of 760 mg/L shown 
in Table B-2 and is still well below the criterion of 879 mg/L set by the Environmental 
Protection Agency.  
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TABLE B-1 

SUMMARY OF 1980 WATER QUALITY DATA* 
COLORADO RIVER AT IMPERIAL DAM AND OTHER SURFACE WATERS 

 
Factor 

 
Colorado 
River at 
Imperial 

Dam 

 
Alamo 

River Near 
Intl. Border 

 
Alamo 

River at 
Salton 

Sea 

 
New River 
at Salton 

Sea 

 
Salton 
Sea at 
State 
Park 

 
1.  Temperature (C°) 

 
18 

 
19 

 
21 

 
21 

 
22  

2.  pH 
 

8.0 
 

7.9 
 

7.9 
 

7.7 
 

8.3  
3.  Dissolved O2 (mg/L) 

 
8.4 

 
8.0 

 
7.5 

 
6.6 

 
6.9  

4.  Turbidity (NTU's) 
 

18 
 

77 
 

232 
 

188 
 

9  
5.  Specific Conductance 
(umhos/cm) 

 
1,400 

 
5,300 

 
4,000 

 
5,800 

 
42,900 

 
6.  Total Dissolved Solids 
(mg/L) 

 
760** 

 
3,396 

 
2,817 

 
3,496 

 
35,845 

 
7.  Phosphate, PO4 (mg/L) 

 
0.08 

 
0.31 

 
0.77 

 
0.75 

 
0.15  

8.  Nitrate, NO3-N (mg/L) 
 

0.12 
 

0.32 
 

7.5 
 

5.3 
 

0.23  
9.  Nitrate, NO2 (mg/L) 

 
<0.01 

 
0.09 

 
0.14 

 
0.16 

 
0.05  

10.  Ammonia NH3/NH4+-N 
(mg/L) 

 
<0.01 

 
1.3 

 
0.5 

 
1.0 

 
0.6 

 
11.  Suspended Solids 
(mg/L) 

 
70 

 
120 

 
337 

 
262 

 
285 

 
12.  Volatile Suspended 
Solids (mg/L) 

 
42 

 
96 

 
278 

 
217 

 
233 

 
13.  MBAS (mg/L) 

 
<0.1 

 
<0.1 

 
<0.1 

 
0.1 

 
0.3  

14.  COD (mg/L) 
 

8 
 

25 
 

23 
 

26 
 

---  
15.  BOD 5, 20°C (mg/L) 

 
<2 

 
4 

 
4 

 
8 

 
16  

16.  Fecal Coliform 
(MPN/100ML) 

 
8 

 
800 

 
3,600 

 
4,000 

 
1 

 
*  Mean Value Data 
**  Modified Based on United State Bureau of Reclamation, 1985c. 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source:  California Regional Water Quality Control Board, 1984. 
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TABLE B-2 

COLORADO RIVER AT IMPERIAL DAM 
SUMMARY OF AVERAGE ANNUAL WATER QUALITY DATA 

(1988-90) 
 

Year 
 
 
 Factor  

1988 
 

1989 
 

1990 
 
1.  Temperature (C°) 

 
26 

 
21 

 
20  

2.  pH 
 

8.0 
 

7.2 
 

8.1  
3.  Dissolved O2 (mg/L) 

 
8.25 

 
7.37 

 
7.77  

4.  Turbidity (NTU's) 
 

5.2 
 

4.5 
 

2.2  
5.  Specific Conductance (umhos/cm) 

 
1,079 

 
1,052 

 
1,113  

6.  Total Dissolved Solids (mg/L) 
 

685 
 

706 
 

731  
7.  Phosphate, PO4 (mg/L) 

 
17.4 

 
12.7 

 
21.7  

8.  Nitrate, NO3-N (mg/L) 
 

1.3 
 

10.0 
 

4.0  
9.  Nitrate, NO2 (mg/L) 

 
.09 

 
.03 

 
.03  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

.20 
 

.19 
 

.28  
11.  Suspended Solids (mg/L) 

 
<.01 

 
<.02 

 
NA  

12.  Volatile Suspended Solids (mg/L) 
 

.09 
 

.43 
 

.60  
13.  MBAS (mg/L) 

 
<.07 

 
<.07 

 
.06  

14.  COD (mg/L) 
 

3.25 
 

20 
 

<4.75  
15.  BOD 5, 20°C (mg/L) 

 
<1.0 

 
1.45 

 
<1.25  

16.  Fecal Coliform (MPN/100ML) 
 

<20 
 

<19 
 

<35 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly.  Regional Surface Water Quality Monitoring Program, 1988-1990. 
 
 
Fecal coliforms in the Colorado River at Imperial Dam have risen since 1980.  In 1980, 
an average of only 8 MPN/100ML of fecal coliforms were recording as compared to an 
average of 35 MPN/100ML in 1990.  This could be due to increased recreational uses 
along the Colorado River such as RV parks or other activities taking place. 
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The All-American Canal 
 
At Imperial Dam, water is diverted to the All-American Canal, which conveys water in 
California to the Bard Valley, and to the agricultural areas of the Imperial and Coachella 
Valleys.  Table B-3 and B-4 summarize water salinity, from 1960 to 1984, on the All-
American Canal below Drop No. 1, which diverts water to Coachella via the Coachella 
Canal.  The salinity of the water in the All-American Canal would be expected to follow 
fairly closely that of the Colorado River.  However, there is a fluctuation from a low of 
737 ppm (1.00 ton/AF) to a high of 958 ppm (1.30 tons/AF).  Without salinity control 
projects in the Colorado basin, the salt concentration of this water would be expected to 
increase.  This increase is partly a result of increased diversion and use of the Colorado 
River water in other parts of its reach. 
 
Data collected in 1978 and 1979 illustrates relatively little variation in water quality 
through the All-American Canal and Pilot Knob to the East Highline Canal.  The effects 
of the seepage and evaporation on water quality as it passes through this part of the 
system are apparently minor. Additional data shows a marked increase in dissolved 
solids between Imperial Dam and delivered irrigation water, and also demonstrates the 
relatively high sulfate concentrations in the Colorado water salt composition. 
 
Water quality data for the All-American Canal from monthly monitoring samples 
conducted by Imperial Irrigation District (IID) in 1983-1984, illustrated that the water had 
held relatively low salinity, with an average TDS of 754 mg/L, well below the criterion of 
879 mg/L for delivery of Colorado River water at Imperial Dam.  The quality of this water 
corresponds to that of the Colorado River with a basic pH ranging from 7.9 to 8.6, and 
low values for sodium absorption ratio (SAR). The low SAR is indicative of the fairly high 
concentrations of calcium and magnesium relative to the total concentration of cations (a 
positively charged ion), and it shows a quality of water very suitable for continued 
agricultural use. 
 
The New River, Alamo River, and Drains 
 
The New River flows into the Imperial Valley from Mexico with a significantly high waste 
load.  The New River at the International Boundary has a sizable flow, the 1983 mean 
flow measured at 325 ft3/second.  Seasonal variations in contaminant loads correspond 
to a late winter planting and irrigation, and a fallow fall season.  As this drainage flows 
through the County, the flow increases dramatically as a result of drainage from the 
agricultural lands in the Imperial Valley.  Tables B-5 and B-6 show 1983-1984 water 
quality data for the New River at the International Boundary and at the outlet to the 
Salton Sea, respectively. 
 
As shown, the New River is polluted as it enters the United States.  In 1983, TDS 
averaged 3,737 mg/L with a 5-day Biological Oxygen Demand (BOD) of 14 mg/L and 
fecal coliforms of 750,000 MPN/mL.  This total indicates the intensive use of this water 
for irrigation in Mexico and the presence of municipal wastewater from Mexicali.  To be 
safe for use as potable water, a source should be free of fecal coliforms. 
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Table B-3 and B-4 - Water Salinity Below Drop #1 - All-American Canal 

(Note: Table Labeling error The Bottom Table B-3 should be Labeled Table B-4) 
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TABLE B-5 
NEW RIVER WATER QUALITY AT CALEXICO 

(MONTHLY, 1983-1984) 
 

 
Date 

 
Flow 

(ft3/sec) 

 
TDS 

(mg/L) 

 
Conductivity 

(Kx106) 

 
 

pH 

 
 

SAR 

 
NA 

(epm) 

 
Ca+Mg 
(epm) 

 
Jan 83 

 
199 

 
4,182 

 
6,440 

 
----- 

 
12.79 

 
44.67 

 
24.40  

Feb 83 
 

429 
 

4,250 
 

5,140 
 

----- 
 
12.72 

 
45.62 

 
25.73  

Mar 83 
 

324 
 

4,266 
 

5,980 
 

----- 
 
10.54 

 
39.80 

 
28.53  

Apr 83 
 

319 
 

4,554 
 

6,640 
 

----- 
 
14.03 

 
50.20 

 
25.60  

May 83 
 

390 
 

4,070 
 

5,530 
 

----- 
 
09.88 

 
35.70 

 
26.13  

Jun 83 
 

324 
 

4,578 
 

5,180 
 
7.90 

 
13.41 

 
49.21 

 
29.94  

Jul 83 
 

361 
 

4,988 
 

6,450 
 
7.80 

 
14.13 

 
51.60 

 
26.67  

Aug 83 
 

378 
 

3,296 
 

5,070 
 
8.10 

 
0.26 

 
31.26 

 
22.80  

Sep 83 
 

411 
 

2,846 
 

5,000 
 
8.00 

 
08.99 

 
28.42 

 
20.00  

Oct 83 
 

416 
 

3,036 
 

4,620 
 
7.70 

 
08.66 

 
28.28 

 
21.33  

Nov 83 
 

338 
 

3,156 
 

5,370 
 
7.60 

 
08.97 

 
29.84 

 
22.14  

Dec 83 
 

313 
 

3,270 
 

5,085 
 
7.80 

 
09.78 

 
09.78 

 
33.21  

Jan 84 
 

347 
 

3,880 
 

5,370 
 
7.80 

 
11.01 

 
38.05 

 
23.87  

Feb 84 
 

387 
 

3,994 
 

5,640 
 
8.00 

 
11.25 

 
40.14 

 
25.47  

Mar 84 
 

384 
 

3,258 
 

5,240 
 
8.10 

 
06.56 

 
24.12 

 
27.07  

Apr 84 
 

414 
 

3,246 
 

5,130 
 
8.20 

 
07.21 

 
26.63 

 
27.26  

May 84 
 

419 
 

3,628 
 

5,130 
 
8.60 

 
07.77 

 
29.63 

 
29.07  

Jun 84 
 

329 
 

3,424 
 

5,000 
 
8.10 

 
13.70 

 
41.65 

 
18.48 

 
Jul 84 

 
333 

 
3,234 

 
5,040 

 
8.50 

 
11.04 

 
33.50 

 
18.40  

Aug 84 
 

403 
 

3,838 
 

6,030 
 
8.00 

 
14.65 

 
44.05 

 
18.08  

Sep 84 
 

371 
 

3,192 
 

4,860 
 
8.60 

 
10.90 

 
33.52 

 
18.93  

Oct 84 
 

425 
 

2,644 
 

4,090 
 
8.40 

 
08.49 

 
25.35 

 
17.84  

Nov 84 
 

355 
 

2,722 
 

3,750 
 
8.40 

 
08.09 

 
24.59 

 
18.49  

Dec 84 
 

430 
 

3,513 
 

6,000 
 
8.00 

 
10.59 

 
33.30 

 
19.76  

Average 
 

367 
 

3,628 
 

5,350 
 
8.08 

 
10.60 

 
----- 

 
----- 

 
Note: Ca+Mg = Calcium plus Magnesium 

epm = equivalents per million 
K = Potassium  Na = Sodium  
SAR = Sodium Adsorption Rate  TDS = Total Dissolved Solids 

Source: Imperial Irrigation District Water Quality Data, 1983-1984. 
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TABLE B-6 
NEW RIVER WATER QUALITY AT THE OUTLET INTO THE SALTON SEA 

(1983-1984) 
 

 
Date 

 
Flow 

(ft3/sec) 

 
TDS 

(mg/L) 

 
Conductivit

y 
(Kx106) 

 
 

pH 

 
 

SAR 

 
NA 

(epm) 

 
Ca+Mg 
(epm) 

 
Jan 83 

 
494 

 
4,100 

 
5,720 

 
----- 

 
10.15 

 
38.23 

 
28.40  

Feb 83 
 

1,147 
 

4,000 
 

4,110 
 

----- 
 
09.86 

 
37.40 

 
28.80  

Mar 83 
 

1,231 
 

2,942 
 

4,230 
 

----- 
 
05.26 

 
19.16 

 
26.53  

Apr 83 
 

777 
 

3,320 
 

4,980 
 

----- 
 
08.78 

 
30.16 

 
23.60  

May 83 
 

780 
 

3,274 
 

4,770 
 

----- 
 
08.84 

 
30.00 

 
23.06  

Jun 83 
 

665 
 

3,408 
 

4,940 
 

8.00 
 
08.73 

 
30.32 

 
24.14  

Jul 83 
 

665 
 

3,800 
 

6,450 
 

7.40 
 
10.81 

 
37.19 

 
23.67  

Aug 83 
 

675 
 

3,202 
 

4,100 
 

8.40 
 
08.31 

 
27.88 

 
22.53  

Sep 83 
 

733 
 

3,188 
 

4,770 
 

7.50 
 
08.05 

 
27.89 

 
24.00  

Oct 83 
 

755 
 

3,090 
 

4,620 
 

7.70 
 
07.09 

 
25.24 

 
25.33  

Nov 83 
 

664 
 

3,238 
 

5,670 
 

7.40 
 
07.71 

 
28.09 

 
26.53  

Dec 83 
 

618 
 

3,258 
 

5,080 
 

7.60 
 
07.65 

 
28.16 

 
27.07  

Jan 84 
 

657 
 

3,454 
 

5,370 
 

7.60 
 
07.09 

 
26.91 

 
28.80  

Feb 84 
 

721 
 

3,302 
 

5,979 
 

7.80 
 
07.75 

 
28.23 

 
26.53  

Mar 84 
 

835 
 

3,042 
 

4,740 
 

7.80 
 
06.02 

 
21.71 

 
26.00  

Apr 84 
 

893 
 

3,036 
 

4,660 
 

8.10 
 
06.23 

 
22.74 

 
26.67  

May 84 
 

842 
 

3,200 
 

4,460 
 

8.20 
 
06.85 

 
25.01 

 
26.67  

Jun 84 
 

698 
 

3,164 
 

4,750 
 

8.20 
 
12.19 

 
35.99 

 
17.43 

 
Jul 84 

 
658 

 
3,084 

 
4,800 

 
8.50 

 
07.41 

 
25.25 

 
23.20  

Aug 84 
 

787 
 

3,424 
 

5,400 
 

8.20 
 
10.57 

 
34.10 

 
20.80  

Sep 84 
 

726 
 

3,178 
 

4,860 
 

8.40 
 
07.54 

 
26.11 

 
24.00  

Oct 84 
 

795 
 

2,894 
 

4,440 
 

8.50 
 
08.49 

 
26.03 

 
18.80  

Nov 84 
 

707 
 

3,044 
 

4,220 
 

8.70 
 
08.34 

 
26.05 

 
19.52  

Dec 84 
 

690 
 

3,570 
 

6,500 
 

8.00 
 
10.89 

 
36.21 

 
22.12  

Average 
 

759 
 

3,301 
 

4,957 
 

8.00 
 
08.36 

 
----- 

 
----- 

 
Note: Ca+Mg = Calcium plus Magnesium 

epm = equivalents per million  K = Potassium  Na = Sodium   
SAR = Sodium Adsorption Rate  TDS = Total Dissolved Solids 
 

Source: Imperial Irrigation District Water Quality Data, 1983-1984. 
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It can be seen from the averages of Tables B-5 and B-6 that the pH balance of the New 
River remained fairly constant.  Average flows of the New River at the International 
Boundary were 367 cubic feet per second and 759 cubic feet per second at the outlet 
into the Salton Sea, and increase of 392 cubic feet per second over a two year period.  
Average total dissolved solids decreased from 3,628 mg/L to 3,302 mg/L for the same 
time period. 
 
Table B-7 shows the water quality of the New River, as it passes through the City of 
Calexico, which was monitored on three different days between December of 1990 and 
May of 1991 by the California Regional Water Quality Control Board.  The average of the 
data is summarized in Table B-7. 
 
The average pH balance of the water is 7.6.  Between December 3, 1990 and May 14, 
1991, total dissolved solids increased by 364 mg/L, however, other water parameters 
such as phosphate, nitrate and nitrite have decreased.  In addition, fecal coliforms 
decreased from 725,000 (MPN/100ML) in December, 1990 to 240,000 (MPN/100ML) in 
May, 1991.  This is probably due to an increase in water flow in the month of May due to 
higher water demands based on warmer temperatures.   Increases in water levels 
causes fecal coliforms to dilute in the water, thus reducing their abundance.  Table B-8 
summarizes the average annual water quality data for the New River near the outlet to 
the Salton Sea. 
 
The average pH balance of the New River decreased slightly at the outlet between 
1988-90 compared to the 1983-84 data of Table B-6 which showed a pH of 8.0.  Total 
dissolved solids has remained relatively constant between 1988-90.  Fecal coliforms 
have decreased by a large margin between 1989 and 1990, a difference of 19,300 
(MPN/100ML). 
 
Tables B-9 and B-10 show 1983-84 water quality data for the Alamo River at the 
International Boundary and at the outlet, respectively.  The Alamo River has a very low 
flow at the International Boundary, being typically less than 5 ft3/second.  Water quality 
data at this location as shown in Table B-9 indicates that the water already has very high 
"Total Dissolved Solids" as it enters the Valley, from agricultural lands in Mexico.  The 
data also shows the limited presence of other contaminants, given the limited urban 
development in this portion of the Alamo River drainage area. 
 
As Table B-10 indicates, agricultural runoff, community wastewater runoff and other 
contributions to the Alamo River in Imperial County act to dilute the total suspended 
solids and other contaminants.  This results in a reduced pollutant load being discharged 
into the Salton Sea than that entering the County from Mexico.  
 
Table B-11 shows average annual water quality data for the Alamo River near the 
International Boundary between 1988-90.  Total dissolved solids have increased slightly 
over the past three years.  However, total dissolved solids at the outlet decrease as 
shown in Table B-12.  Phosphate, nitrate, nitrite, and ammonia fluctuated slightly, while 
fecal coliform averages in 1990 decreased incredibly to 950 MPN/100ML from the 
average of 18,975 in 1989. 
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TABLE B-7 
NEW RIVER AT CALEXICO 

SUMMARY OF AVERAGE WATER QUALITY DATA 
FOR SPECIFIC DATES 

(1990-91) 
 
 
 Factor 

 
 

12/3/90 

 
Monitoring Dates 

3/14/91 

 
 

5/14/91 - 5/15/91 
 
1.  Temperature (C°) 

 
12 

 
15 

 
21  

2.  pH 
 

7.6 
 

7.5 
 

7.7  
3.  Dissolved O2 (mg/L) 

 
4.0 

 
1.5 

 
2.1  

4.  Turbidity (NTU's) 
 

24 
 

NA 
 

32  
5.  Specific Conductance (umhos/cm) 

 
4,703 

 
4,795 

 
5,067  

6.  Total Dissolved Solids (mg/L) 
 

2,780 
 

2,946 
 

3,196  
7.  Phosphate, PO4 (mg/L) 

 
2.06 

 
1.8 

 
1.6  

8.  Nitrate, NO3-N4 (mg/L) 
 

.47 
 

3.4 
 

0.3  
9.  Nitrate, NO2-N (mg/L) 

 
.21 

 
0.05 

 
0.03  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

3.8 
 

6.8 
 

4.5  
11.  Suspended Solids (mg/L) 

 
33 

 
60 

 
22  

12.  Volatile Suspended Solids (mg/L) 
 

23 
 

2.8 
 

NA  
13.  MBAS (mg/L) 

 
4.6 

 
4.2 

 
1.02  

14.  COD (mg/L) 
 

81 
 

68 
 

95  
15.  BOD 5, 20°C (mg/L) 

 
13 

 
13 

 
1.02  

16.  Fecal Coliform (MPN/100ML) 
 
725,000 

 
200,000 

 
240,000 

 
Note:  For 12/3/90 and 3/14/91 data, items 1-5 are averages of the readings taken between 
6:00 a.m. and 3:00 p.m.  Items 6-10 are total concentration readings taken between the 
same time period.  For 5/14/91 and 5/15/91 data, items 1-5 are averages of the readings 
taken between 8:00 a.m. on 5/14 and 7:00 a.m. on 5/15.  Items 6-10 are total concentration 
readings taken between the same time period.  Item 16 for all three dates is the average of 
past years median data. 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly Regional Surface Water Quality Monitoring Program, 1990-1991. 
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TABLE B-8 
NEW RIVER NEAR THE OUTLET TO SALTON SEA 

SUMMARY OF AVERAGE ANNUAL WATER QUALITY DATA 
(1988-90) 

 
Year 

 
 
 

Factor 
 

1988 
 

1989 
 

1990 
 
1.  Temperature (C°) 

 
20 

 
21 

 
21  

2.  pH 
 

7.8 
 

7.3 
 

7.6  
3.  Dissolved O2 (mg/L) 

 
6.2 

 
7.0 

 
4.5  

4.  Turbidity (NTU's) 
 

86 
 

84 
 

104  
5.  Specific Conductance (umhos/cm) 

 
4,050 

 
4,153 

 
3,898  

6.  Total Dissolved Solids (mg/L) 
 

2,774 
 

2,825 
 

2,566  
7.  Phosphate, PO4 (mg/L) 

 
0.82 

 
1.11 

 
0.80  

8.  Nitrate, NO3-N (mg/L) 
 

6.08 
 

8.90 
 

3.90  
9.  Nitrate, NO2-N (mg/L) 

 
0.81 

 
0.91 

 
0.63  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

1.59 
 

1.12 
 

3.23  
11.  Suspended Solids (mg/L) 

 
236 

 
344 

 
333  

12.  Volatile Suspended Solids (mg/L) 
 

25 
 

117 
 

31  
13.  MBAS (mg/L) 

 
0.36 

 
0.52 

 
0.77  

14.  COD (mg/L) 
 

37 
 

91 
 

30  
15.  BOD 5, 20°C (mg/L) 

 
9 

 
10 

 
9  

16.  Fecal Coliform (MPN/100ML) 
 

14,225 
 

25,700 
 

6,400 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly Regional Surface Water Monitoring Program, 1988-1990. 
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TABLE B-9 
ALAMO RIVER 

WATER QUALITY AT THE INTERNATIONAL BOUNDARY 
(1983-84) 

 
 

Date 

 
Flow 

(ft3/sec) 

 
TDS 

(mg/L) 

 
Conducti

vity 
(Kx106) 

 
 

pH 

 
 

SAR 

 
NA 

(epm) 

 
Ca+Mg 
(epm) 

 
Jan 83 

 
1 

 
3,888 

 
5,720 

 
----- 

 
08.50 

 
32.42 

 
29.07  

Feb 83 
 

1 
 

3,800 
 

5,710 
 

----- 
 

08.73 
 

32.99 
 

28.54  
Mar 83 

 
3 

 
3,982 

 
5,350 

 
----- 

 
09.49 

 
34.55 

 
26.53  

Apr 83 
 

3 
 

4,294 
 

5,860 
 

----- 
 

10.84 
 

40.75 
 

28.26  
May 83 

 
3 

 
4,678 

 
6,560 

 
----- 

 
12.13 

 
45.37 

 
28.00  

Jun 83 
 

3 
 

4,400 
 

5,810 
 

7.80 
 

10.91 
 

41.19 
 

28.53  
Jul 83 

 
2 

 
3,690 

 
4,690 

 
7.80 

 
10.27 

 
36.45 

 
25.20  

Aug 83 
 

3 
 

3,796 
 

4,440 
 

8.10 
 

10.13 
 

35.14 
 

25.54  
Sep 83 

 
3 

 
3,658 

 
5,000 

 
8.50 

 
08.47 

 
30.92 

 
26.66  

Oct 83 
 

2 
 

3,660 
 

5,650 
 

7.80 
 

08.29 
 

31.31 
 

28.53  
Nov 83 

 
2 

 
3,848 

 
4,860 

 
7.60 

 
08.11 

 
30.79 

 
28.28  

Dec 83 
 

2 
 

4,120 
 

5,640 
 

7.80 
 

07.29 
 

30.58 
 

35.20  
Jan 84 

 
3 

 
3,714 

 
5,100 

 
7.80 

 
05.64 

 
24.03 

 
26.27  

Feb 84 
 

3 
 

4,112 
 

5,980 
 

7.80 
 

08.22 
 

33.10 
 

32.40  
Mar 84 

 
3 

 
4,180 

 
6,230 

 
8.10 

 
09.22 

 
34.83 

 
28.54  

Apr 84 
 

3 
 

3,212 
 

5,700 
 

8.20 
 

11.15 
 

41.73 
 

28.00  
May 84 

 
4 

 
4,222 

 
5,700 

 
8.20 

 
10.10 

 
39.05 

 
29.87  

Jun 84 
 

1 
 

2,609 
 

3,700 
 

8.30 
 

10.50 
 

29.58 
 

15.87  
Jul 84 

 
2 

 
4,180 

 
5,600 

 
8.60 

 
11.36 

 
39.77 

 
24.53  

Aug 84 
 

4 
 

2,578 
 

3,950 
 

8.20 
 

07.15 
 

21.68 
 

18.40  
Sep 84 

 
2 

 
4,302 

 
6,380 

 
8.60 

 
11.42 

 
40.42 

 
25.07  

Oct 84 
 

2 
 

4,296 
 

6,390 
 

8.50 
 

10.91 
 

39.33 
 

26.00  
Nov 84 

 
3 

 
3,402 

 
4,050 

 
8.60 

 
08.88 

 
31.78 

 
25.60  

Dec 84 
 

3 
 

3,954 
 

6,500 
 

8.10 
 

10.86 
 

40.34 
 

27.58  
Average 

 
3 

 
3,857 

 
5,440 

 
8.13 

 
09.52 

 
----- 

 
----- 

 
Note: Ca+Mg = Calcium plus Magnesium 

epm = equivalents per million 
K = Potassium  Na = Sodium 

SAR = Sodium Adsorption Rate   TDS = Total Dissolved Solids 
Source: Imperial Irrigation District Water Quality Data, 1983-1984. 
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TABLE B-10 

ALAMO RIVER 
WATER QUALITY AT THE OUTLET INTO THE SALTON SEA 

(1983-84) 
 

 
Date 

 
Flow 

(ft3/sec) 

 
TDS 

(mg/L) 

 
Conducti

vity 
(Kx106) 

 
 

pH 

 
 

SAR 

 
NA 

(epm) 

 
Ca+Mg 
(epm) 

 
Jan 83 

 
567 

 
2,726 

 
3,960 

 
----- 

 
5.18 

 
17.95 

 
24.00  

Feb 83 
 

994 
 

2,832 
 

3,950 
 

----- 
 

4.99 
 

17.70 
 

25.20  
Mar 83 

 
1,439 

 
2,568 

 
3,500 

 
----- 

 
4.35 

 
15.03 

 
23.87  

Apr 83 
 

1,075 
 

2,456 
 

3,440 
 

----- 
 

3.81 
 

13.34 
 

24.54  
May 83 

 
919 

 
2,800 

 
3,180 

 
----- 

 
7.32 

 
24.35 

 
22.13  

Jun 83 
 

802 
 

2,522 
 

3,530 
 

8.00 
 

4.28 
 

15.31 
 

25.60  
Jul 83 

 
687 

 
2,710 

 
3,680 

 
7.80 

 
6.65 

 
21.78 

 
21.46  

Aug 83 
 

666 
 

2,738 
 

3,810 
 

8.30 
 

4.50 
 

16.19 
 

25.86  
Sep 83 

 
850 

 
2,822 

 
3,750 

 
7.50 

 
5.70 

 
19.75 

 
24.00  

Oct 83 
 

872 
 

2,860 
 

3,910 
 

7.80 
 

5.50 
 

19.54 
 

25.20  
Nov 83 

 
760 

 
3,054 

 
4,250 

 
7.40 

 
6.23 

 
22.47 

 
26.00  

Dec 83 
 

592 
 

3,234 
 

4,620 
 

7.60 
 

5.56 
 

22.07 
 

31.47  
Jan 84 

 
649 

 
2,930 

 
3,640 

 
7.60 

 
5.68 

 
20.84 

 
26.93  

Feb 84 
 

773 
 

2,654 
 

3,910 
 

7.80 
 

3.26 
 

12.52 
 

29.47  
Mar 84 

 
910 

 
2,334 

 
3,430 

 
8.00 

 
3.10 

 
10.85 

 
24.53  

Apr 84 
 

1,142 
 

2,354 
 

3,420 
 

8.20 
 

3.29 
 

11.65 
 

25.06  
May 84 

 
978 

 
2,420 

 
3,420 

 
8.20 

 
3.56 

 
12.67 

 
25.33  

Jun 84 
 

696 
 

2,449 
 

3,600 
 

8.30 
 

8.31 
 

23.23 
 

15.62  
Jul 84 

 
670 

 
2,584 

 
3,730 

 
8.50 

 
5.18 

 
17.32 

 
22.40  

Aug 84 
 

626 
 

2,856 
 

4,100 
 

8.40 
 

6.64 
 

21.83 
 

21.60  
Sep 84 

 
698 

 
2,900 

 
4,250 

 
8.40 

 
6.06 

 
20.41 

 
22.67  

Oct 84 
 

889 
 

2,774 
 

3,930 
 

8.50 
 

6.60 
 

21.34 
 

20.88  
Sep 84 

 
838 

 
2,866 

 
3,610 

 
8.80 

 
6.57 

 
21.58 

 
21.60  

Dec 84 
 

483 
 

3,442 
 

5,000 
 

8.00 
 

7.03 
 

26.13 
 

27.66  
Average 

 
816 

 
2,745 

 
3,818 

 
8.06 

 
5.39 

 
----- 

 
----- 

 
Note: Ca+Mg = Calcium plus Magnesium 

epm = equivalents per million 
K = Potassium  Na = Sodium 
SAR = Sodium Adsorption Rate  TDS = Total Dissolved Solids 
 

Source: Imperial Irrigation District Water Quality Data, 1983-1984. 
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TABLE B-11 

ALAMO RIVER 
AVERAGE ANNUAL WATER QUALITY 
NEAR INTERNATIONAL BOUNDARY 

 
Year 

 
 
 

Factor 
 

1988 
 

1989 
 

1990 
 
1.  Temperature (C°) 

 
20 

 
21 

 
20  

2.  pH 
 

8.0 
 

7.1 
 

8.0  
3.  Dissolved O2 (mg/L) 

 
7.3 

 
6.3 

 
8.1  

4.  Turbidity (NTU's) 
 

24 
 

31 
 

31  
5.  Specific Conductance (umhos/cm) 

 
4,088 

 
4,480 

 
4,638  

6.  Total Dissolved Solids (mg/L) 
 

2,751 
 

3,246 
 

3,251  
7.  Phosphate, PO4 (mg/L) 

 
52 

 
76 

 
56  

8.  Nitrate, NO3-N (mg/L) 
 

9 
 

20 
 

13  
9.  Nitrate, NO2-N (mg/L) 

 
.45 

 
.41 

 
.27  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

1.92 
 

1.96 
 

1.10  
11.  Suspended Solids (mg/L) 

 
<.20 

 
.21 

 
.26  

12.  Volatile Suspended Solids (mg/L) 
 

.55 
 

1.31 
 

.47  
13.  MBAS (mg/L) 

 
<.07 

 
<0.10 

 
.11  

14.  COD (mg/L) 
 

27 
 

101 
 

32  
15.  BOD 5, 20°C (mg/L) 

 
6.0 

 
6.9 

 
7.0  

16.  Fecal Coliform (MPN/100ML) 
 

10,175 
 

18,975 
 

950 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly Regional Surface Water Quality Monitoring Program, 1988-1990. 
 

PC ORIGINAL PKG



Planning/Building Department   Water Element    Page 53 

In Table B-12, the average pH balance has decreased from the average of the 1983-
1984 data shown on Table B-7.  Total dissolved solids remains relatively constant 
between 1988-90.  Fecal coliform concentrations increased tremendously from 11,625 
MPN/100ML in 1988 to 63,375 MPN/100ML in 1990, an increase of 51,750. 
 

 
TABLE B-12 

ALAMO RIVER AT THE OUTLET TO SALTON SEA 
SUMMARY OF AVERAGE ANNUAL WATER QUALITY DATA 

(1988-90) 
 

Year 
 

 
 

Factor 
 

1988 
 

1989 
 

1990 
 
1.  Temperature (C°) 

 
19 

 
20 

 
21  

2.  pH 
 

7.9 
 

7.4 
 

7.8  
3.  Dissolved O2 (mg/L) 

 
7.8 

 
8.6 

 
6.6  

4.  Turbidity (NTU's) 
 

170 
 

96 
 

143  
5.  Specific Conductance (umhos/cm) 

 
3,113 

 
3,297 

 
3,038  

6.  Total Dissolved Solids (mg/L) 
 

2,162 
 

2,159 
 

2,144  
7.  Phosphate, PO4 (mg/L) 

 
.52 

 
.57 

 
.34  

8.  Nitrate, NO3-N (mg/L) 
 

8.5 
 

13.0 
 

5.6  
9.  Nitrate, NO2-N (mg/L) 

 
.97 

 
.97 

 
.46  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

.96 
 

1.45 
 

1.25  
11.  Suspended Solids (mg/L) 

 
347 

 
396 

 
411  

12.  Volatile Suspended Solids (mg/L)1 
 

39 
 

123 
 

35  
13.  MBAS (mg/L) 

 
<.05 

 
.09 

 
.06  

14.  COD (mg/L) 
 

29 
 

71 
 

30  
15.  BOD 5, 20°C (mg/L) 

 
6 

 
7 

 
4  

16.  Fecal Coliform (MPN/100ML) 
 

11,625 
 

20,775 
 

5,600 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly Regional Surface Water Quality Monitoring Program, 1988-1990. 
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TABLE B-13 
SALTON SEA MIDPOINT NEAR COUNTY LINE 

SUMMARY OF AVERAGE ANNUAL WATER QUALITY DATA 
(1988-90) 

 
Year 

 
 
 

Factor 
 

1988 
 

1989 
 

1990 
 
1.  Temperature (C°) 

 
23 

 
23 

 
23  

2.  pH 
 

8.4 
 

8.3 
 

8.6  
3.  Dissolved O2 (mg/L) 

 
13.2 

 
11.3 

 
14.2  

4.  Turbidity (NTU's) 
 

16.0 
 

5.2 
 

10.2  
5.  Specific Conductance (umhos/cm) 

 
56,412 

 
36,600 

 
41,725  

6.  Total Dissolved Solids (mg/L) 
 

41,966 
 

40,043 
 

42,421  
7.  Phosphate, PO4 (mg/L) 

 
.54 

 
.40 

 
.08  

8.  Nitrate, NO3-N (mg/L) 
 

<.03 
 

<.54 
 

.25  
9.  Nitrate, NO2-N (mg/L) 

 
<.23 

 
<.03 

 
.13  

10.  Ammonia NH3/NH4+-N (mg/L) 
 

.42 
 

1.14 
 

1.55  
11.  Suspended Solids (mg/L) 

 
7.9 

 
34.5 

 
25.3  

12.  Volatile Suspended Solids (mg/L) 
 

5.0 
 

6.2 
 

11.0  
13.  MBAS (mg/L) 

 
.30 

 
.27 

 
.22  

14.  COD (mg/L) 
 

166 
 

255 
 

351  
15.  BOD 5, 20°C (mg/L) 

 
17 

 
4.6 

 
11.3  

16.  Fecal Coliform (MPN/100ML) 
 

<2 
 

2.5 
 

<2 
 
BOD 5 = Five Day Biological Oxygen Demand 
COD = Chemical Oxygen Demand 
MBAS = Mephylene Blue Active Substance 
Source: California Regional Water Quality Control Board, Colorado River Basin 

Region, Quarterly Regional Surface Water Quality Monitoring Program, 1988-1990. 
 
As the New River and Alamo Rivers flow toward the Salton Sea, the water quality does 
not degrade significantly.  About forty-six percent of the inflow comes from the Alamo 
River and thirty-eight percent comes from the New River.  The remainder of the inflow 
comes from smaller creeks, washes, agricultural drains and ground water seepage.  
Approximately twelve percent of the total inflow comes from Mexico, carried primarily by 
the New River.  The flows increase dramatically as they receive drainage from irrigated 
fields which results in high TDS concentrations due to the leaching of salts from this 
land.  Fecal coliform concentrations are reduced, probably due to the dilution effect of 
these drainage waters which are also contaminated. 
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The Salton Sea 
 
The historic data on the Salton Sea shows a gradual increase in the concentration of 
dissolved salts.  This increase has resulted from the high evaporation rates and 
continual inflow of drainage waters with high salt loads from canals and laterals in 
Imperial Valley and from agricultural activity in Mexico.  The Salton Sea has no outlet, 
occurring in a fault-controlled sub-sea level basin. 
 
At present, the water quality problem facing the Salton Sea continues to be increasing 
salinity.  Approximately five million tons of salt per year are carried into the Salton Sea.  
The current salinity of the Salton Sea is approximately 45,000 mg/L of total dissolved 
solids and increases by about 800 mg/L per year.  Most of the important species of fish 
inhabiting the sea were originally from the Gulf of California, where the salinity level is 
approximately 35,000 mg/L.  Previous tests have indicated that spawning of these fish is 
adversely affected at salinity levels above 40,000 mg/L.  When salinity increases to 
about 45,000 mg/L it is very questionable if a viable fishery can continue to exist.  Table 
B-14 shows the salinity of the Salton Sea from 1959 to 1984. 
 

TABLE B-14 
SALTON SEA SALINITY (A) 
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An analysis of the major ions of Salton Sea water in 1984 shows the dominance of 
sodium and chloride ions, but with a substantial proportion of calcium and magnesium 
sulfates.  The proportion of calcium, magnesium, and sulfate ions, however, is higher 
than that found in natural ocean water.  Dissolved oxygen concentrations are high in the 
winter months, and high concentrations of total organic carbon were found.  These 
parameters are indicative of the high productivity of the Salton Sea during the winter 
season.  At other times of the year, anoxic or very low dissolved oxygen concentrations 
can result from the decay of this biomass. 
 
The salinity of the Salton Sea is expected to increase in the next few years if appropriate 
measures are not taken.  The projections of the rate of increase depend upon changes 
to the salinity of the Colorado River waster, the effect of water conservation measures 
on salt loading, and other factors such as the development of industrial water users and 
salinity control projects. 
 
Assuming an average future inflow of four point seventy-four (4.74) million tons per year 
(average of 4.44 and 5.04, which are historical salt loading measurements in million tons 
per year between 1963-80), the salinity of the sea based on its present level would 
increase at the rate of approximately 480 parts per million per year (ppm/year).  The 
actual salinity will vary depending on the dilution effect of runoff and other factors, such 
as loading from Mexico. 
 
Total dissolved solids were high in these years.  This increase in total dissolved solids 
can be expected to continue if measures to reduce salinity are not taken.  Fecal 
coliforms are low in this portion of the Sea but higher concentrations are found at the 
outlet of the New and Alamo Rivers into the Salton Sea.  Phosphate, nitrate, nitrite and 
ammonia are within acceptable limits. 
 
Another problem facing the Salton Sea is that of selenium.  The California Regional 
Water Quality Control Board has provided funds since 1988 for the United States 
Geological Survey to conduct studies on the levels of selenium in the Salton Sea.  The 
studies have shown that the selenium getting into the Salton Sea is originally from the 
Colorado River, which contains approximately one to two part per billion (ppb) of 
selenium.  As the Colorado River water is brought into Imperial Valley by various canals, 
the selenium becomes concentrated due to the evaporation and evapotranspiration that 
occurs during farming of agricultural fields.  The agricultural drains then carry this 
selenium enriched water into the Salton Sea.  The New and Alamo Rivers contain 
approximately seven to eight parts per billion of selenium (ppb) when they reach the 
Sea. 
 
The selenium is taken up and concentrated by small organisms, which in turn, are eaten 
by larger organisms.  This process increases selenium concentrations.  Fish in the 
Salton Sea have an average concentration of selenium of approximately ten parts per 
billion (10 ppb).  Birds which feed off these fish have tissue levels of up to forty parts per 
billion (40 ppb).  This has a potential to cause health problems in birds and is currently 
being studied. 
 
Also, organochlorine pesticides affect the local fish and wildlife in agricultural drains and 
in the New and Alamo Rivers of Imperial Valley.  The concentration levels of these 
chemicals in the fish of these waterways are higher than the levels found in Salton Sea 
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fish by a factor of ten or more.  Birds also have high levels of these chemicals.  The 
United States Department of Fish and Wildlife is currently studying this problem.  The 
California Regional Water Quality Control Board Has focused on efforts to control toxic 
compounds detected in Agricultural drains in the Imperial Valley. 
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II. Groundwater 
 
The legal and institutional planning process for water planning is established through a 
complex arrangement of land use and environmental laws, and agency responsibilities 
which involve federal, state and local governments.  The purpose of the County Water 
Element is to provide a framework that includes project coordination in the review and 
approval of any project in Imperial County.  The following outline briefly provides, the 
legal and institutional framework for water management planning. 
 
For planning and reporting purposes, the Colorado River Basin Region has been divided 
into seven major planning areas by the Regional Water Quality Control Board.  The 
basis for this division is due to the fact that each areas has different economic and 
hydrologic characteristics.  The seven planning areas are: 
 

1. Lucerne Valley 
2. Hayfield 
3. Coachella Valley 
4. Anza-Borrego 
5. Imperial Valley 
6. Salton Sea 
7. Colorado River Basin (East) 

 
Of the seven planning areas, portions of the latter four lie within Imperial County.  Each 
of these planning areas are discussed below in relation to groundwater hydrology and its 
quality. 
 
Anza-Borrego Planning Area 
 
This planning area includes the Clark, West Salton Sea, and Anza-Borrego hydrologic 
units.  It comprises 1,000 square miles in the southwest corner of the Region, mostly in 
San Diego and Imperial Counties, with a small segment in Riverside County. 
 
Elevations range from 230 feet below sea level at the Salton Sea to over 6,000 feet 
along the western boundary.  The principal communities in the planning area are Salton 
City and, in San Diego County, Borrego Springs. 
 
Groundwater is pumped principally from unconsolidated Pleistocene sediments, but 
some is pumped from low-yield wells that extend to weathered and fractured bedrock.  
Groundwater flows in the same and general direction as surface water, to Clark Lake, 
Borrego Sink, and the Salton Sea.  However this subsurface flow is affected by pumping 
and may be impeded by faults.  About 10,000 acre feet of subsurface flow reaches the 
Salton Sea annually.  A safe yield of 22,000 acre feet/year is estimated for the planning 
area.  Storage capacity of the groundwater basin is estimated at seven million acre feet. 
 
Imperial Valley Planning Area 
 
This planning area comprises 2,500 square miles in the southern portion of the Region, 
almost all of it in Imperial County.  The easterly and westerly boundaries are contiguous 
with the westerly and easterly boundaries of the Colorado River Basin and the Anza-
Borrego planning areas, respectively.  Its northerly boundary is along the Salton Sea and 
the Coachella Valley planning area; and its southerly boundary follows the International 
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Boundary with Mexico.  The planning area's principal feature is the flat, fertile Imperial 
Valley.  The principal communities are El Centro and Brawley. 
 
Groundwater is stored in the Pleistocene sediments of the Valley floor, the mesas on the 
west, and the East Mesa and sand hills on the east.  However, the fine-grained lake 
sediments in the principal portion of the Imperial Valley inhibit groundwater movement, 
and tile-drain systems are required to dewater the sediments to a depth below the root 
zone of crops and to prevent the accumulation of saline water on the surface. 
 
Few wells have been drilled in these lake sediments because the yield is poor and the 
water is generally saline.  The few wells in the valley are for domestic use only.  In the 
Coyote Wells hydrologic subunit and Davis hydrologic unit, which are at higher 
elevations, the water yield of the wells is higher and the waters are of lower salt 
concentration.  Groundwater is the source of water supply in those areas. 
 
Factors that diminish groundwater reserves are consumption use, evapotranspiration, 
evaporation from soils where groundwater is near the surface, and losses through 
outflow and export. 
 
Salton Sea Planning Area 
 
This planning area consists entirely of the Salton Sea, which is a saline body of water in 
a natural sink between the Imperial and Coachella Valleys, in Riverside and Imperial 
counties.  The Salton Sea is approximately 360 square miles and its surface elevation, 
although variable, is approximately 227 feet below mean sea level. 
 
Replenishment of the Salton Sea is predominantly from farm drainage and seepage, and 
occasional and sometimes significant storm runoff, from the Coachella Valley, Imperial 
Valley, and the Anza-Borrego area in this Region, and from the Mexicali Valley in 
Mexico.  The gross contributing watershed comprises about 7,500 square miles. 
 
Colorado River Basin (East) Planning Area 
 
This planning area, also referred to as the East Colorado River Basin, encompasses the 
eastern portion of San Bernardino, Riverside, and Imperial counties.  It is bounded on 
the north by Nevada, on the east by the Colorado River, which generally forms the 
Arizona-California State Line, on the south by Mexico, and on the west by the drainage 
division of the California streams directly tributary to the Colorado River.  The area is 
characterized by desert valley and low mountains that are generally less than 4,000 feet 
above sea level.  The Palo Verde and Bard Valleys are also within this planning unit. 
 
Groundwater is generally unconfined in all four hydrologic units of the planning area.  
However, some confined zones probably exist in the more than 700 feet of alluvial 
sediments that form the aquifers in three of the units.  The main source of water for 
recharging the groundwater basins is percolation of runoff.  However, in localized 
groundwater basins next to the Colorado River, pumping has reversed the historical 
hydraulic gradient toward the river, carrying recharge from the river.  Also, in irrigated 
portions of the Colorado River Basin Region, deep percolation of applied water from the 
Colorado River replenishes the groundwater.  An additional source is the deep 
percolation of seepage from the unlined portion of the All-American Canal. 
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Subsurface water flows from each hydrologic unit toward the Colorado River, except 
from those local areas where the normal hydraulic gradient has been reversed by 
pumping or impeded by a natural barrier such as bedrock.  Natural groundwater barriers 
are known to exist at two locations.  These are near West Well in the Chemehuevi 
hydrologic unit, where subsurface water rises to within five feet of the surface, and in the 
Arroyo Seco hydrologic subunit, but there are no known wells in these areas. 
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IMPERIAL COUNTY GENERAL PLAN 
CIRCULATION AND SCENIC HIGHWAYS ELEMENT 

 
 
I. INTRODUCTION 
 
A. Preface 
 
This revision of the Circulation and Scenic Highways Element is prepared in conformance 
with the General Plan statutes and Guidelines, and in response to new state guidelines 
and modified population and transportation projections.  The County of Imperial is doing 
so in conjunction with the Southern California Association of Governments (SCAG) 
Regional Transportation Plan, "Destination 2030," and other related transportation 
planning documents.  
 
The circulation element is a mandatory element of the general plan pursuant to Section 
65302(b) of the State Government Code.  The inclusion of scenic highways is optional 
under state law and is being included by the County of Imperial as the initial step in 
providing a highway system offering unique scenic experiences.  Designation of scenic 
highways provides the policy framework to guide the implementation of a scenic 
highways program and establishes the basic actions needed to move the program 
forward.  Conscientious implementation of this program including the judicious application 
of scenic highway standards should lead to the protection of existing scenic resources 
and the enhancement of those areas in which scenic resources have been lost due to the 
lack of controls.   
 
B. Purpose of the Circulation and Scenic Highways Element 
 
The purpose of this element is to provide a comprehensive document which contains the 
latest information about the transportation needs of the County and the various modes 
available to meet these needs.  It is provided to meet the information needs of local 
residents, for regional coordination, and pursuant to requirements of law and policies of 
federal, state, and regional agencies.  The circulation system of a community is vital to its 
prosperity.  Its function is to provide for the movement of goods and people, including 
pedestrians, bicycles, transit, train, air, and automobile traffic flows within and through the 
community.  Efficient traffic circulation is important to economic viability and the creation 
and preservation of a quality living environment. 
 
The Imperial County Circulation and Scenic Highways Element is also intended to provide 
a plan to accommodate a pattern of concentrated and coordinated growth, providing both, 
regional and local linkage systems between unique communities, and its neighboring 
metropolitan regions.  The circulation system is also multi-model, meaning that it provides 
alternatives to the automobile, such as public transit and bicycle facilities so that Imperial 
County citizens and visitors can access the region by a number of transportation options.   
Additionally, the purpose of this Element is to provide a means of protecting and 
enhancing scenic resources within both rural and urban scenic highway corridors. 
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The State’s 2003 General Plan Guidelines recommend that the circulation policies and 
plans should: 
 

• Coordinate the transportation and circulation system with planned land uses; 
• Promote the safe and efficient transport of goods and the safe and effective 

movement of all segments of the population; 
• Make efficient use of existing transportation, transmission, and other infrastructure 

facilities, and 
• Protect environmental quality and promote the wise and equitable use of economic                      
• and natural resources. 

 
The County, through the Department of Public Works (DPW), administers and 
coordinates the development of local transportation resources, financing and road 
maintenance in a manner compatible with local land use planning, development patterns 
and the environment.  An important County goal is to provide leadership, staff, and liaison 
with local and regional permitting and regulatory agencies in order to prepare plans, 
regulations and standards which can facilitate the transportation network development 
process. 
 
A crucial component of this update was an extensive effort by the County to “coordinate” 
with each of the cities the “standards” for the road classification and design 
configurations. It is the intent of this document to guide the future circulation plans for the 
entire county in a manner that will provide a system of roads and streets that will operate 
at a level of service “C” (LOS “C”) or better.  It is further the intent of this element to 
standardize road “rights-of-way” dimensions, road alignments, construction design 
requirements and synchronized control systems between the County and the various 
cities.  
 
Additionally the County and the cities are expected to work closely together to apply not 
only consistency in design standards but the application of a “fair share” contribution 
system for all developments. 
 
C. Other Related Transportation Planning Documents and Programming 
 
Following are several existing planning documents and programs prepared by various 
agencies that are directly applicable to the aims and objectives of the Circulation 
Elements:   
 
Southern California Association of Governments Plans and Programs 
 
SCAG is responsible for the regional planning in Southern California, within the SCAG 
region of counties.  SCAG has prepared long range growth and development plans for 
the Southern California region since the early 1970’s as part of the ongoing Development 
Guide Program. This program provides a framework for coordinating local and regional 
decisions regarding future development and growth.  An important component of this 
process is the preparation of growth forecast policies at intervals ranging from three to 
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five years.  The adopted growth forecast policies become the basis for SCAG’s functional 
plans (transportation, housing, air and water) for the region.  The population totals and 
growth distribution are used in planning the future capacity of highways and transit 
systems. 
 
The Regional Comprehensive Plan (RCP) recommends ways to redirect the region’s 
growth in order to minimize congestion and better protect the environment.  While SCAG 
has no authority to mandate implementation of its Regional Comprehensive Plan (RCP), 
some of the Plan’s principal goals (such as improved jobs/housing balance) are being 
implemented through county and city general plans. 
 
The Regional Transportation Plan (RTP), Destination 2030, is linked to the RCP.  
Because SCAG has authority over a significant amount of transportation funding, it also 
has some control over the implementation of transportation-related projects.  The Goods 
Movement Action Plan seeks to optimize the region’s transportation system through 
increases in economic efficiency, congestion, mitigation, safety and air quality 
improvements, and enhancements to system security.  The Compass Blueprint 2% 
Strategy provides for studying new directions for growth. 
 
Circulation Elements of Other Cities within Imperial County 
 
The Circulation Elements of other cities in Imperial County contain information about the 
transportation needs of each city and the various modes available to meet the identified 
needs within that city. To ensure that improvements to the overall County circulation 
system including regional road corridors, public transit corridors and bicycle lanes 
correspond with new developments and coordinated jurisdictional goals, the Circulation 
Element addresses the local and regional coordination necessary to have an integrated 
plan. In particular, this includes standardized road rights of ways, roadway classifications, 
integrated infrastructure corridors, and the County Bicycle Master Plan, which are 
significant parts of the Circulation Element. 
 
County of Imperial Bicycle Master Plan 
 
In 1999, the County of Imperial adopted a Bicycle Master Plan for use as a guideline in 
planning, developing, designing and constructing future bicycle facilities. This was re-
adopted in 2003 and the 2003 plan is incorporated herein as an appendix.  As previously 
mentioned, coordination with Bicycle Master Plans for other cities are being reviewed for 
compatibility. The County Bicycle Master Plan is periodically updated and approved by 
the County and Imperial Valley Association of Governments (IVAG). The most current 
approved Bicycle Master Plan is herein made a part of the Circulation Element as an 
appendix and said plan may be amended from time to time. The latest adopted version 
will constitute the appendix.  
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Imperial County Airport Land Use Compatibility Plan 
 
The County of Imperial approved an amended Airport Land Use Compatibility Plan for all 
Imperial County airports in June of 1996.  The plan sets forth the criteria and policies that 
the Airport Land Use Commission use to assess the compatibility between the primary 
airports in the County and proposed land use development in the areas surrounding 
them.  Airports affected by this plan located near El Centro are the Imperial County 
Airport and the Naval Air Facility at El Centro.  Additionally, the Plan provides guidance 
for commission review of new airports and heliports proposed for construction in the 
County. 
 
2002 Imperial County 20-Year Transportation Plan Update - Highway Element 
 
The 2002 Transportation Plan is a 20-year plan that articulates Imperial County’s 
Transportation challenges. The plan provides the foundation for future transportation 
funding decisions by establishing a set of transportation priorities for Imperial Valley 
Roads and Highways.  These priorities are intended to meet and respond to the unique 
transportation characteristics of Imperial Valley’s residents, visitors, economy and 
businesses.  The basis for addressing the region’s particular needs was based on the 
mission statement; 
 
Maintain and improve mobility for people and goods to enhance the quality of life and 
economic vitality of Imperial County 
 
The 2002 20-Year Transportation Plan – Highway Element was adopted by the Imperial 
Valley Association of Governments on September 25, 2002 and will be incorporated into 
the SCAG Regional Transportation Plan of 2004. The Executive Summary is included as 
an appendix. 
 
Imperial County 20-Year Transportation Plan - Transit Vision Element 
 
An “Imperial County 20-Year Transit Vision Report” was prepared for the IVAG and 
released in April 2000.  The study evaluates existing public transit services in Imperial 
County and provides long term recommendations. The plan includes specific 
recommendations based upon census data. 
 
The Transit Vision Element is prepared for the member agencies of the Imperial Valley 
Association of Governments. The Executive Summary is included as an appendix. 
 
Imperial County 20-Year Transportation Plan – Non Motorized Transportation Element 
 
An “Imperial County 20-Year Non Motorized Transportation Plan” was prepared for the 
IVAG and released in April 2000.  The study evaluates existing facilities for pedestrian 
and bicycles services in Imperial County and provides long term recommendations. The 
plan includes specific recommendations based upon census data. 
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The Non Motorized Transportation Plan is prepared for the member agencies of the 
Imperial Valley Association of Governments. The Executive Summary is included as an 
appendix. 
 
Imperial Valley Short Range Transit Plan 
 
The SRTP, at the time of this update was published in 2003 and is an administrative and 
management tool.  The SRTP is a federally mandated planning document that describes 
the plans, programs and goals of the transit operator.  It has a 10-year planning horizon 
and is updated biennially.  It focuses on the characteristics and capital needs of the 
existing system, and on committed (funded) expansion plans.  The various regional 
County contracted transit services are listed, as well as, the Cities services. The plan is 
supported by the County circulation element goals and objectives. 
 
The SRTP is prepared for the member agencies of the IVAG. The Executive Summary is 
included as an appendix. 
 
Regional Transportation Plan, “Destination 2030” 
 
The RTP is a multi-modal, long-range planning document prepared by the SCAG, in 
coordination with federal, state, IVAG, and other regional, sub regional and local agencies 
in southern California. 
 
The RTP includes programs and policies for congestion management, transit, bicycles 
and pedestrians, roadways, and finances.  The RTP is prepared every three years and 
reflects the current future horizon based on a 20-year projection of needs. 
 
The RTP’s primary use is as a regional long-range plan for federally funded transportation 
projects.  It also serves as a comprehensive, coordinated transportation plan for all 
governmental jurisdictions within the region. 
 
Each agency responsible for transportation, such as local cities, the County, and 
Caltrans, has different transportation implementation responsibilities under the RTP.  The 
RTP relies on the plans and policies governing circulation and transportation in each 
County to identify the region’s future multi-modal transportation system. 
 
D.  Public Participation/Intergovernmental Coordination 
 
The Circulation Element was created in a public forum with input from numerous interest 
groups, citizens, jurisdictions, and agencies.  Extensive efforts were made to involve the 
public, including: 
 

• Public workshops to receive initial comments and discuss circulation and 
transportation issues, including local organizations and service groups; 

 
• Coordination with the SCAG; 
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• Coordination with IVAG; 

 
• Coordination with Caltrans and Local cities; and 

 
• Public Hearings with the County Planning Commission and County Board of 

Supervisors. 
 
E. Roadway Classification System 
 
Functional classification is the process by which roads and highways are grouped into 
classes or systems according to the type of service they are intended to provide.  Basic to 
this process is the recognition that individual roads do not serve the traveling public 
independently in any major way.  Rather, most travel involves movement through a 
network of roads.  It therefore becomes necessary to determine how this travel can be 
channelized within the network in a logical, efficient manner.  Functional classification 
defines the nature of this channelization process by defining the part that any particular 
road should plan on serving the flow of vehicles through a highway network. (Note: 
Where ROW’s are shown, these are minimum and more ROW may be required as a case 
by case.) 
 
 Expressway – the main function of this classification is to provide regional and 

intra-county travel services.  Features include high design standards with six travel 
lanes; wide, landscaped medians; highly restricted access; provisions for public 
transit lanes, including but not limited to, bus lanes, train lanes, or other mass 
transit type means; and no parking.  Minimum right-of-way (ROW) is 210 feet 
consisting of three travel lanes per direction, a 56-foot median, and shoulders 
along both sides of the travel way.  The ROW width is exclusive of necessary 
adjacent easements such as for IID facilities as these vary.  The minimum 
intersection spacing is one (1) mile.  (NOTE: ROW’s may be greater if the road 
segment also serves as a corridor for public utilities.) 

 
 Prime Arterial — the main function of this classification is to provide regional, sub 

regional, and intra-county travel services.  Features include high design standards 
with four to six travel lanes, raised and landscaped medians, highly restricted 
access, which in most cases will be a one mile (1 mile) minimum,  provisions for 
public transit lanes, including but not limited to bus lanes, train lanes, or other 
mass transit type means and no parking. The absolute minimum right of way w/o 
public transit lanes is 136 feet. ROW dimensions are specified in the STANDARDS 
for specific road segments. Please refer to appropriate standards section. (NOTE: 
ROW’s may be greater if the road segment also serves as a corridor for public 
utilities.) 
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 Minor Arterial — these roadways provide intra-county and sub regional service.  
Access and parking may be allowed, but closely restricted in such a manner as to 
ensure proper function of this roadway.  Typical standards include the provision for 
four and six travel lanes with raised and landscaped medians for added safety and 
efficiency by providing protected left turn lanes at selected locations. Some may 
also contain provisions for public transit lanes or other mass transit type means. 
Minimum right of way is 102 feet for 4 lanes and 126 for 6 lanes. 

 
 Major Collector (Collector) — these roadways are designed for intra-county 

travel as a link between the long haul facilities and the collector/local facilities.  
Although it frequently provides direct access to abutting properties, that is not its 
primary purpose.  Typical design features include provision for four travel lanes 
without a raised median and some may also contain provisions for public transit 
lanes or other mass transit type means.  Minimum right of way is 84 feet.  Parking 
is generally not permitted. 

 
 Minor Local Collector (Local Collector) — this is designed to connect local 

streets with the adjacent Collectors or arterial street system.  Design standards 
include provision for two travel lanes and parking, except in specific locations 
where parking is removed to provide a turn lane at intersections.  Local Collector 
streets frequently provide direct access to abutting properties, although that should 
be avoided where feasible. Minimum right of way is 70 feet. 

 
 Residential Street — this street type also includes residential cul de sac and loop 

street and is designed to provide direct access to abutting properties and to give 
access from neighborhoods to the Local Street and Collector Street system.  This 
classification should be discontinuous in alignment such that through trips are 
discouraged.  Typical design standards include provision for two travel lanes, 
parking on both sides, and direct driveway access. Minimum right of way is 60 feet. 

 
Additional functional classifications of planned roadways are intended to provide 
industrial-specific service are as follows: 
 

Major Industrial Collector (Industrial) — the main function of this classification is 
to provide for efficient movement of goods for regional, subregional, and intra-
county travel services.  Access and parking may be allowed, but closely restricted 
in such a manner as to ensure safe and proper function of industrial traffic on this 
roadway.  Typical design standards include provisions for up to four travel lanes 
and parking on both sides. Minimum right of way is 96 feet. 
 
Industrial Local Street — this classification is designed to connect industrial 
properties and areas with the adjacent Industrial Collector, Residential, Collector or 
arterial system.  Design standards include provisions for two travel lanes, of a 
minimum of 13 feet width each, and parking.  Industrial streets frequently provide 
direct access to abutting industrial sites and parking of industrial-sized vehicles.  
Minimum right of way is 64 feet. 
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A roadway cross-section illustrating the right-of-way, paved width, and other features of 
the street classification system is shown in Table 1.  Figure 2 illustrates the typical cross 
section for each classification type. 
 
In addition, the potential designation of Scenic Highway has been placed on specified 
roadways in the County and may be added to others in the future.  The purpose of this 
designation is to protect and enhance the County's scenic aesthetic resources which are 
visible from major County and State routes.  
 
 

Remainder of Page Blank 
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TABLE 1 
CROSS-SECTION DESIGN CRITERIA FOR RECOMMENDED ROADWAY 

CLASSIFICATIONS d 
 

IMPERIAL COUNTY AND CITIES IN IMPERIAL COUNTY 

Roadway 
Classification 

Travel Way 
No. 
Lanes/Width 

ROW  
Width

Road 
Surface 
Width 

Parkway 
Width 

Paved 
Shoulder 
No./Width

Median 
Width 

Median 
Shoulder 
No./Width

Minimum 
Design 
Speed 
(MPH) a 

         
Expressway (6) 6 – 12’ 210’b 154’ 56’ 2 – 10’ 46’ 2 – 8’ 65 
Prime Arterial 6 – 12’ 136’ c 

6’
106’ 30’ 2 – 8’ 18’ None 65 

Minor Arterial 4 – 12’ 102’ 82’ 20’ 2 – 8’ 18’ None 55 
Major Collector - 
(Collector) 4 – 12’ 84’ 64’ 20’ 2 – 8’ None None 55 

Minor Collector – 
(Local Collector) 2 – 12’ 70’ 40’ 30’ 2 – 8’ None None 30 

Local County – 
(Residential) 2 – 12’ 60’ 40’ 20’ 2 – 8’ None None 30 

Local County 
(Residential Cul-
de-Sac or Loop 

2- 12’ 60’ 40’ 20’ 2-8’ None None 30 

Major Industrial 
Collector - 
(Industrial) 

4 – 12’ 96’ 76’ 20’ 2 - 9’ 10’ None 30 

Industrial Local 2 – 13’ 64’ 44’ 20’ 2 – 9’ None None 25 

 
Footnote:  

a. The minimum design speed shall be used as a guideline only.   Final minimum design speeds are subject to the Director of Public 
Works determination and approval. 

b. 164 feet of ROW if transit is planned with roadway (such as on Dogwood Road).  Additional ROW needed at intersections and 
IID facilities not included within 164 feet. 

c. 136’ is the minimum, however if transit lanes or ROW is needed for utility corridors or other public facilty structures, the ROW 
width will be greater as determined by the County. 

d.  All ROW dimensions are MINIMUM and may be wider as determined on a case by case basis. Please consult with the County. 

General Notes:  

 Additional through lanes, dual turn lanes, or other unusual circumstances may require additional right-of-way, road surface 
widths, etc. in addition to those shown in Table 1. 

 Roads in undeveloped, unincorporated portions of the County may require different standards such as unpaved shoulders or no 
curb, gutter improvements, etc. 

 Modification to roadway classification and any widths shown are subject to County Road Commissioner determination and 
approval. 

 
Last Updated: August 24, 2006, Linscott, Law & Greenspan Engineers.
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II. EXISTING CONDITIONS AND TRENDS 
 
A. Preface 
 
Linscott, Law & Greenspan Engineers, Inc. (LL&G) was retained by the County of 
Imperial to prepare and evaluate the existing circulation conditions and potential 
transportation impact which may occur as part of the updated traffic forecast conducted 
by Caltrans (2006).  The following information on existing conditions was prepared by 
LL&G using traffic counts conducted by LL&G and the latest available traffic 
counts/estimates/forecasts from the County Public Works Department and Caltrans 
(2006). 
 
B. Existing Conditions 
 
1. State Highways 
 
Existing regional access to the County of Imperial is provided via Interstate 8, State Route 
(SR) 111, SR 78, SR 86, SR 98, SR 115, SR 7 and SR 186.  The existing conditions of 
these routes are described below: 
 

 Interstate 8 (I-8) is the primary east-west route through Imperial County between 
San Diego, California and Yuma, Arizona. Providing two travel lanes in each 
direction, I-8 has complete grade separations at all intersections.  In this area, the 
main functions of I-8 are to serve as an interregional route for people and goods 
movement, provide connection to other states and provide access to desert 
recreational activities.  The volumes on this facility between Imperial Avenue and 
Dogwood Road range from 32,000 average daily trips (ADT) to 36,000 ADT.  The 
volumes on this facility east of SR-111 range between 12,200 ADT to 15,700 
ADT. 

 
 State Route 111 (SR-111) begins at the International Border between Mexico and 

the United States traveling north with two travel lanes in each direction, to I-8 
with an ADT range from 33,500 to 37,000.  Within this section, SR-98 (an east-
west route) with heavy truck traffic intersects HWY 111 thru the City of Calexico 
(see more detail description winder SR 98 designation).  Additionally, a 
document entitled, “Greater Calexico Area Arterial Needs and Circulation 
Analysis” for Imperial Valley Association of Governments (IVAG) in the County of 
Imperial was prepared and submitted to IVAG.  This document is incorporated 
herein by reference in Appendix F.  North of I-8 to Keystone Road, the ADT 
ranges from 10,600 to 16,300.  Caltrans has begun construction of the Brawley 
Bypass, which consists of three SR-111 upgrades to a new expressway from I-8 
to Keystone Road.  Currently, Stage 1 of the Bypass has been completed and 
opened to the public as a four-lane divided expressway from Keystone Road, 
north to SR-78.  SR-111 is considered to be the “backbone” route of Imperial 
County as it connects the three largest cities and acts as a major goods 
movement route, particularly for agricultural products and cross-border goods 
and services. 
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 State Route 86 (SR-86) is generally a north-south route and begins near the 

Townsite of Heber as a two lane conventional highway, and ends at the 
Riverside County line as a four-lane expressway. In Riverside County, SR-86 
extends to Interstate 10.  Average existing daily traffic on this route north of the I-
8 to Keystone Road can range anywhere from 14,700 to 36,000.  Average 
existing daily traffic on this route north of Keystone Road can range anywhere 
from 9,400 to 21,400.  This 67.8-mile route primarily provides travel for 
interregional, intra-regional and international trips.  SR-86 north of SR-78 is a 
major goods movement corridor serving the Los Angeles area and other 
California goods movement centers from the Imperial County region.  During the 
spring, truck traffic transporting agriculture goods constitutes 35 percent of travel 
on this route.  Stage 3 of the Brawley Bypass, a four-lane divided expressway 
from the SR-111 to the SR-86, is pending funding, however Caltrans is expected 
to begin construction in early 2007 and complete construction by fall 2009.   

 
 State Route 78 (SR-78) is an east-west route and traverses a distance of 81.8 

miles through Imperial County with an ADT ranging from 17,000 to 19,500 east 
of SR-86 and from 1,850 to 3,950 east of SR-111.  The route is a two-lane 
conventional highway throughout its alignment, although some portions have 
been upgraded to a four-lane expressway and four-lane conventional highway 
as a result of recent improvement projects.  Caltrans is scheduled to begin 
construction on Stage 2 of the Brawley Bypass, a four-lane divided expressway 
from the SR-78 to the SR-111, in the summer of 2007.  The expected 
completion date for Stage 2 is fall 2009.  

 
 State Route 98 (SR-98) is an east-west route that is entirely contained within 

Imperial County.  Traversing a distance of 56.9 miles, SR-98 is mostly a two-lane 
conventional highway route serving interregional, intra-regional and international 
travel, as well as, providing an alternate route to I-8.  However, through the City of 
Calexico, SR-98 is a four-lane facility with traffic volumes ranging between 17,600 
and 26,000.  Existing daily traffic on the remaining portions of this route range 
between 2,200 and 4,550. In order to accommodate an increase of NAFTA, 
interregional, and local traffic arriving from the Calexico East Federal POE, 
Caltrans has initiated a Project Report/Environmental Document to widen SR-98 
(from SR-111 to SR-7) to four or six lanes.  An interchange with grade separation 
and ramp access is planned at Hwy 111 and Jasper Road.  Additionally, future 
grade separation and/or interchange may be needed at Meadows Road and 
Bowker Road.  The Project Report/Environmental Document study has one 
alternative considering realignment along Jasper Road east of Bowker Road with 
a direct connection. 
 

 State Route 7 (SR-7) is a four-lane highway with access control, which begins at 
the Calexico East POE and continues approximately 1.2 miles north to its 
terminus at I-8.  The average daily traffic for this segment of SR-7 averages 
anywhere between 3,000 and 15,400.  When completed, this route serves to 
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connect the POE to I-8 and provides for the movement of international commercial 
goods movement, as well as recreational and commuter traffic.   

 
 State Route 115 (SR-115)  is primarily a northerly route, serving as an alternate to 

both SR-86 and SR-111.  Traveling for a distance of 33.6 miles, SR-115 is 
important in facilitating interregional agricultural goods movement and also 
provides intraregional travel between various cities within Imperial County.  For 
the most part, SR-115 is a two lane conventional highway, although some short 
segments are four lanes.  Existing daily traffic volumes range between 1,000 ADT 
and 7,600 ADT. 

 
 State Route 186 (SR-186) is a short north-south facility connecting I-8 to the 

southeastern portion of Imperial County and the Mexican border community of 
Algodones.  SR-186 is classified as a two lane conventional highway with 7,500 
ADT.  SR-186 accommodates international travel and commercial travel.  
Currently, this roadway is constructed with one travel lane in each direction. 

 
2. North/South Corridors 
 
The following County roadways accommodate most of the north/south traffic movement 
between local cities and communities: 
 
 Drew Road (S 29) is a north-south two-lane undivided roadway with a 24-foot 

paved width and “soft” shoulders from Evan Hewes Highway south to SR-98.  
Drew Road provides access to I-8.  Bike lanes or bus stops are not provided and 
the speed limit is posted at 55 mph.  A portion of Drew Road from the Townsite of 
Seeley to Diehl Road is designated as a Class II bike route. 

 
 Forrester Road (S 30) is a north-south two-lane undivided roadway with a 30-foot 

paved width and “soft” shoulders from Carter Road to McCabe Road.  Bike lanes 
or bus stops are not provided and the speed limit is posted at 55 mph.  Curbside 
parking is prohibited along both sides of the roadway.  It should be noted that 
Forrester Road is planned to be designated as a primary State Route connection 
in the near future. Forrester Road also provides a diamond-type interchange with I-
8 with stop sign controls on both east and westbound off ramps.  

 
 Dogwood Road (S 31) is generally a north-south two-lane undivided roadway with 

a 24-foot paved width from Malan Road at the southern limit of Brawley south to I-
8.  Bike lanes or bus stops are not provided and the speed limit is posted at 55 
mph.  Curbside parking is prohibited along both sides of the roadway.  From I-8 to 
McCabe Road, Dogwood Road varies between a four-lane roadway with a two-
way-left-turn-lane and a 75-foot paved width to a two-lane undivided roadway with 
a 25-foot paved width.  Bike lanes or bus stops are not provided and the speed 
limit is posted at 55 mph.  A portion of Dogwood Road from El Centro City Limits to 
SR-98 is designated as a Class II bike route.  Curbside parking is prohibited along 
both sides of the roadway.  From Heber Road to Jasper Road, Dogwood Road is a 
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two-lane undivided roadway with a 24-foot paved width.  It continues as two lanes 
from SR 86 south to SR 98 and will extend the roadway south connecting at Anza 
Road which is an east-west arterial that will connect with the U.S. Boarder Station 
Expansion project at the City of Calexico (see City of Calexico General Plan 
Update Circulation Element for further details).  Bike lanes or bus stops are not 
provided and the speed limit is posted at 55 mph.  Curbside parking is prohibited 
along both sides of the roadway.  Dogwood Road is intended to be upgraded to a 
six lane road in the future and will also be designed to accommodate a mass 
transit lane system for either bus, train or other system that would allow commuting 
in a north-south direction. Such a system on Dogwood Road would serve to 
physically connect the cities of Calexico, El Centro, Imperial and Brawley as well 
as the community of Heber in a regionally beneficial and highly effective manner. 

 
 Orchard Road (S 32) is a two-lane north-south facility approximately seven miles 

east of SR-111.  Orchard Road connects to I-8 and provides travel and access 
through the City of Holtville.  At the intersection with I-8, there is a diamond 
interchange with stop sign controls on the east and westbound off ramps.   

 
 Holt Road (S 32) is a north-south two-lane undivided roadway with a 24-foot 

paved width from Boyd Road to Norrish Road.  Bike lanes or bus stops are not 
provided and the speed limit is posted at 55 mph.  Curbside parking is prohibited 
along both sides of the roadway.   

  
 Hovley Road is a two-lane north-south facility which provides connectivity from the 

City of Brawley north to Rutherford Road.   
  
 Kalin Road is a two-lane north-south facility which connects State Route 86 north 

to Sinclair Road. 
  
 Brandt Road is a two-lane north-south facility which connects State Route 86, 

west of the City of Brawley north to Eddins Road.   
 
 Gentry Road is a two-lane north-south facility which connects Forrester Road, 

north of the City of Westmorland north to Eddins Road.  A portion of Gentry Road 
from Sinclair Road to the City of Westmorland is designated a Class II bike route. 

 
 Anderholt Road is a two-lane north-south facility which connects Carr Road north 

to Hunt Road and to Evan Hewes Highway. This provides a secondary access 
from the Calexico East Port of Entry northerly.   

 
 McConnell Road is a two-lane north-south facility which connects Evan Hewes 

Highway north to State Route 78.   
 
 Austin Road is a north-south two-lane undivided roadway with a 24-foot paved 

width and “soft” shoulders from Keystone Road to McCabe Road.  Bike lanes or 
bus stops are not provided and the speed limit is posted at 55 mph.  A portion of 
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Austin Road from Keystone Road to the City of El Centro is designated as a Class 
II bike route.  Curbside parking is prohibited along both sides of the roadway. 

 
 La Brucherie Road is a north-south two-lane undivided roadway with a 24-foot 

paved width and “soft” shoulders from I-8 to Willoughby Road.  Bike lanes or bus 
stops are not provided and the speed limit is posted at 55 mph.  A portion of La 
Brucherie Road from Kubler Road to the City of El Centro is designated as a Class 
II bike route.  Curbside parking is prohibited along both sides of the roadway.  
Additional lanes are provided within the City of El Centro. La Brucherie Road 
continues north to the City of Imperial, connecting to Aten Road. 

 
 Clark Road is a north-south two-lane undivided roadway with a 26-foot paved 

width from McCabe Road to Willoughby Road.  Bike lanes or bus stops are not 
provided and the speed limit is posted at 50 mph.  Curbside parking is prohibited 
along both sides of the roadway. 

 
 Bowker Road is a north-south two-lane undivided roadway with a 24-foot paved 

width from Chick Road to Heber Road and a 21-foot paved width from Heber 
Road to Jasper Road.  Bike lanes or bus stops are not provided and the speed 
limit is posted at 55 mph.  Curbside parking is prohibited along both sides of the 
roadway. 

 
 Barbara Worth Road is a north-south two-lane undivided roadway with a 24-foot 

paved width from Chick Road to Heber Road and from Heber Road to Jasper 
Road.  Bike lanes or bus stops are not provided and the speed limit is posted at 
55 mph.  A portion of Barbara Worth Road from Evan Hewes Highway to SR-98 
is designated as a Class II bike route.  Curbside parking is prohibited along both 
sides of the roadway. 

 
 Bonds Corner Road is a two-lane north-south facility which provides connectivity 

from State Route 98, east of the Calexico East Point of Entry north to the City of 
Holtville.   

 
 Kloke Road is a north-south two-lane undivided roadway with a 24-foot paved 

width from Cole Road to the All-American Canal.  Bike lanes or bus stops are not 
provided and the speed limit is posted at 55 mph.  Curbside parking is prohibited 
along both sides of the roadway.  From the All-American Canal to SR 98, it is a 
four-lane roadway with a two-way-left-turn-lane and an 80-foot paved width.  Bike 
lanes or bus stops are not provided and the speed limit is posted at 25 mph.  
Curbside parking is prohibited along both sides of the roadway.  The current 
development proposals that are within the Sphere of Influence (SOI) of the City 
of Calexico shall conform to the City of Calexico street standard which is a four 
lane primary road (see City of Calexico General Plan Update Circulation Element 
for further details). 
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 Best Road is a two-lane north-south facility which provides connectivity from the 
City of Brawley north to Rutherford Road.   

  
 Ogilby Road is a two-lane north-south facility located between El Centro and 

Yuma, Arizona which provides connectivity between Interstate 8 and State Route 
78.   

 
 Pitzer Road is a two-lane north-south facility, which will eventually connect Chick 

Road to Fawcett Road. It is currently paved between Chick Road and McCabe 
Road with an ADT of 1,500, but a portion remains unpaved between McCabe 
Road and Heber Road.  Pitzer Road is a principal route for traffic oriented to/from 
the Imperial Valley Mall. 

 
3. East/West Corridors 
 
The following County roadways accommodate most of the east/west traffic movement 
between local cities and communities: 
 
 Evan Hewes Highway/Adams Street/SR-115 (S 80) is an east-west two-lane 

undivided roadway with a 24-foot paved width from Austin Road to La Brucherie 
Road.  Bike lanes or bus stops are not provided and the speed limit is posted at 
40 mph.  Curbside parking is prohibited along both sides of the roadway.  From 
SR 111 to McConnell Road, it is a four-lane divided roadway with a 30-foot curb-
to-median width for each direction.  Bike lanes or bus stops are not provided and 
the speed limit is posted at 65 mph.  Curbside parking is prohibited along both 
sides of the roadway.  From Barbara Worth Road to SR 115, it is a four-lane 
divided roadway with a 40-foot curb-to-median width in each direction.  Bike 
lanes or bus stops are not provided and the speed limit is posted at 65 mph.  
Curbside parking is prohibited along both sides of the roadway. Through the City 
of El Centro, Evan Hewes Highway connects to Adams Street and is constructed 
with two travel lanes in each direction.  Most portions of this facility are constructed 
with one travel lane in each direction.  West of the City of Holtville, the road 
corridor becomes SR-115 for approximately one mile.  

 
 McCabe Road is an east-west two-lane undivided roadway with a 24-foot paved 

width.  Bike lanes or bus stops are not provided and the speed limit is posted at 
55 mph.  A portion of McCabe Road from Brockman Road to La Brucherie Road 
is designated as a Class II bike route.  Curbside parking is prohibited along both 
sides of the roadway. 

 
 Ross Road is an east-west two-lane undivided roadway with a 33-foot paved 

width from Silsbee Road to Forrester Road, and a two-lane undivided roadway 
with a 24-foot paved width from SR 111 to Bowker Road.  Bike lanes or bus 
stops are not provided and the speed limit is posted at 55 mph.  A portion of 
Ross Road from Drew Road to Austin Road is designated as a Class II bike 
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route.  Curbside parking is prohibited along both sides of the roadway connects 
the communities of Seeley and Holtville traversing through the City of El Centro. 

 
 Aten Road is an east-west two-lane undivided roadway with a 27-foot paved 

width from Forrester Road to Dogwood Road and a four-lane undivided roadway 
with a 54-foot paved width from Dogwood Road to SR 111.  Bike lanes or bus 
stops are not provided and the speed limit is posted at 55 mph.  A portion of Aten 
Road from Dogwood Road to SR-111 is designated as a Class I bike route.  
Curbside parking is prohibited along both sides of the roadway commences west 
of Forrester Road and terminates at SR-111.   

 
 Worthington Road (S 28) commences north of Seeley and terminates just east of 

Highline Road north of the City of Holtville.  It is a two lane undivided roadway and 
traverses the northernmost section of the City of Imperial.  A portion of 
Worthington Road from Holt Road to the City of Imperial has a designation as a 
Class II bike route. 

 
 Keystone Road (S 27) is an east-west two-lane undivided roadway with a 24-

foot paved width from Austin Road to McConnell Road.  Bike lanes or bus stops 
are not provided and the speed limit is posted at 55 mph.  A portion of Keystone 
Road from SR-86 to Forrester Road is designated as a Class II bike route.  
Curbside parking is prohibited along both sides of the roadway. 

 
 Harris Road is an east-west two-lane undivided roadway with a 24-foot paved 

width from east of Austin Road to SR 111.  Harris Road is dirt road from SR 111 to 
McConnell Road with an observed speed of 25 mph.  Harris Road from Austin 
Road to SR 86 has a speed limit of 55 mph.  Bike lanes or bus stops are not 
provided.  Curbside parking is prohibited along both sides of the roadway. 

 
 Heber Road is an east-west two-lane undivided roadway with a 24-foot paved 

width from SR 111 to Bowker Road.  Bike lanes or bus stops are not provided and 
the speed limit is posted at 55 mph.  Curbside parking is prohibited along both 
sides of the roadway. 

 
 Rutherford Road (S 26) provides connection between the City of Westmorland 

and north central Imperial County.  A portion of Rutherford Road from Best Road 
to Kalin Road has a designation as a Class II bike route. 

 
 County Road (S 24) is located in the Winterhaven and Bard communities on the 

far southeastern edge of the County.  It follows several roadway alignments 
(Picacho Road, Ross Road, Collins Road, York Road, and Imperial Dam Road) 
and traverses in an east/west and north/south manner through the Quechan Indian 
Reservation.     

 
 Winterhaven Drive between I-8 and Picacho Road serves as the connector 

between County Route S24 and I-8.     
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 Bannister Road is a two-lane east-west facility which connects State Route 86 

east to Brandt Road.   
 
 Sinclair Road is a two-lane east-west facility which connects Gentry Road to State 

Route 111.  A portion of Sinclair Road from SR-111 to Gentry Road is designated 
as a Class II bike route. 

 
 Cole Road is an east-west four-lane undivided roadway with a 64-foot paved 

width from Andrade Road to Bowker Road.  Bike lanes or bus stops are not 
provided and the speed limit is posted at 35 mph.  A suggestion has been made 
for a portion of Cole Road from Dogwood Road to the City of Calexico to be 
designated as a Class II bike route.  Curbside parking is prohibited along both 
sides of the roadway. 

 
 Jasper Road is an east-west two-lane undivided roadway with a 24-foot paved 

width from SR 111 to Anderholt Road.  Bike lanes or bus stops are not provided 
and the speed limit is posted at 55 mph.  Curbside parking is prohibited along 
both sides of the roadway. 

 
 Eddins Road is a two-lane east-west facility which connects Gentry Road east to 

State Route 115.   
 
 Shank Road is a two-lane east-west facility which connects State Route 111 in the 

City of Brawley east to State Route 115.   
 
 Carr Road is a two-lane east-west facility which connects Barbara Worth Road 

and traffic from the City of Calexico east to State Route 7 and the Calexico East 
Point of Entry.  This roadway will be connected to LaVigne Road which will 
intersect at E. Rivera Avenue in the City of Calexico.  LaVigne is classified as 
Other Principal Arterial within the City of Calexico Sphere of Influence (SOI).  A 
bridge will be required at the All American Canal (AAC) Crossing. 

 
 Anza Road is a two-lane east-west facility which connects Barbara Worth Road 

and traffic from State Route7 and the Calexico East Point of Entry west to the City 
of Calexico.  The roadway is classified as a Minor Arterial within the City of 
Calexico Sphere of Influence (SOI).  A bridge widening and/or re-alignment will be 
required at the All American Canal (AAC) crossing.  A portion of Anza Road from 
Drew Road to the City of Calexico is designated as a Class II bike route. 

 
 Correll Road is a two-lane east-west facility which connects SR 111 and 

Dogwood Road along the north side of the community of Heber. A significant 
increase in traffic is expected due to proposed developments in the area. 

 
Chick Road is a four-lane east-west facility which extends from Dogwood Road in 
El Centro east to Pitzer Road.  The previous Chick Road connection to SR 111 
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was recently closed (2006).  No future connection will be allowed.   2005 ADT is 
5,700.  

 
Table 2 presents a summary of the existing street segment configuration, 2005 daily 
traffic volumes, and level of service. 
 

Remainder of Page Blank 
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TABLE 2 

IMPERIAL COUNTY EXISTING STREET SEGMENT CONFIGURATIONS AND 
VOLUMES 

Segment Location Existing 
Configuration 

Capacitya 
(LOS C) 

2005 ADT 
Volumeb LOSc 

Drew Rd  
    

Kramer Rd to Diehl Rd  2-Lane Roads  7,100  710  A  

Forrester Rd      
Carter Rd to Imler Rd  2-Lane Roads  7,100  6,140  C  
Keystone Rd to Larsen Rd  2-Lane Roads  7,100  5,400  C  
Worthington Rd to Aten Rd  2-Lane Roads  7,100  5,880  C  
Evan Hewes Hwy to Ross Rd  2-Lane Roads  7,100  6,020  C  
I-8 to McCabe Rd  2-Lane Roads  7,100  970  A  

Austin Rd      
Keystone Rd to Larsen Rd  2-Lane Roads  7,100  1,090  A  
Worthington Rd to Aten Rd  2-Lane Roads  7,100  3,320  B  
Evan Hewes Hwy to Ross Rd  2-Lane Roads  7,100  2,970  B  
I-8 to McCabe Rd  2-Lane Roads  7,100  1,240  A  

La Brucherie Rd      
I-8 to McCabe Rd  2-Lane Roads  7,100  2,800  B  
Heber Rd to Willoughby Rd  2-Lane Roads  7,100  990  A  

Clark Rd      
McCabe Rd to Heber Rd  2-Lane Roads  7,100  2,520  B  
Heber Rd to Willoughby Rd  2-Lane Roads  7,100  2,490  B  

Dogwood Rd      
Keystone Rd to Harris Rd  2-Lane Roads  7,100  4,000  B  
Worthington Rd to Aten Rd  2-Lane Roads  7,100  5,600  C  
Danenberg to McCabe Rd  4-Lane Sec. Arterial  27,400  10,670  A  
Heber Rd to Jasper Rd  2-Lane Roads  7,100  8,690  D  

Kloke Rd      
Cole Rd to SR 98  2-Lane Roads  7,100  4,780  C  

Bowker Rd      
Chick to McCabe Rd  2-Lane Roads  7,100  1,090  A  
Heber Rd to Jasper Rd  2-Lane Roads  7,100  1,422  A  

Barbara Worth Rd      
Chick Rd to McCabe Rd  2-Lane Roads  7,100  800  A  
Heber Rd to Jasper Rd  2-Lane Roads  7,100  1,340  A  

Holt Rd      
Boyd Rd to Harris Rd  2-Lane Roads  7,100  670  A  
Worthington Rd to Norrish Rd  2-Lane Roads  7,100  1,540  A  
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Keystone Rd      
Austin Rd to SR 86  2-Lane Roads  7,100  1,100  A  
SR 111 to McConnell Rd  2-Lane Roads  7,100  320  A  

Harris Rd      
West of SR 86  2-Lane Roads  7,100  40  A  
SR 111 to McConnell Rd  2-Lane Roads  7,100  160  A  

Worthington Rd      
Forrester Rd to Austin Rd  2-Lane Roads  7,100  1,220  A  
Dogwood Rd to SR 111  2-Lane Roads  7,100  2,920  B  
Casey Rd to SR 115  2-Lane Roads  7,100  1,110  A  

Aten Rd      
Forrester Rd to Austin Rd  2-Lane Roads  7,100  1,270  A  
Dogwood Rd to SR 111  2-Lane Roads  7,100  8,360  D  

Evan Hewes Hwy      
Austin Rd to La Brucherie Rd  2-Lane Roads  7,100  5,710  C  
SR 111 to Mcconnell Rd  2-Lane Roads  7,100  8,790  D  
Barbara Worth Rd to SR 115  2-Lane Roads  7,100  7,980  D  

Ross Rd      
Silsbee Rd to Forrester Rd  2-Lane Roads  7,100  1,080  A  
SR 111 to Bowker Rd  2-Lane Roads  7,100  560  A  

McCabe Rd      
Dogwood Rd to SR 111  2-Lane Roads  7,100  200  A  
SR 111 to Bowker Rd  2-Lane Roads  7,100  130  A  

Heber Rd      
SR 111 to Bowker Rd  2-Lane Roads  7,100  2,040  B  

Jasper Rd      
SR 111 to Meadows Rd  2-Lane Roads  7,100  120  A  

Cole Rd      
Andrade Rd to Bowker Rd  2-Lane Roads  7,100  70  A  

 
Notes: 
a. Capacity at level C based on the Imperial County Classification Table 5. 
b. Volume from Caltrans, Imperial County, or Linscott Law & Greenspan, Engineers counts. 
c. Capacity based on the Imperial County Classification Table 5. 
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4. Public Transportation 
 
Fixed Route Transportation 
 
Imperial Valley Transit (IVT) is an inter-city fixed route bus system, subsidized by the 
IVAG, administered by the County Department of Public Works and operated by a public 
transit bus service. The service is wheelchair accessible and Americans with Disabilities 
Act (ADA) compliant.  Existing ridership averages approximately 23,000 passengers a 
month. 
 
Service is provided from 6:00 AM until 11:00 PM weekdays, and 6:00 AM to 6:00 PM on 
Saturdays, within the areas classified as the Primary Zone; a north-south axis throughout 
Brawley, Imperial Valley College (IVC), Imperial, El Centro, Heber and Calexico, and from 
6:00 AM until 6:45 PM in the Secondary Zones; outlying cities and communities of Niland, 
Calipatria, Westmorland, Seeley and Holtville. The outlying Remote Zone community of 
Ocotillo is served once a week on Thursdays, by request one day ahead.  Remote Zone 
communities east and west of the Salton Sea, including Desert Shores, Salton City, 
Salton Sea Beach, and the far eastern portion of the County, including Winterhaven are 
served once a week, via lifeline.   
 
A second transportation service focusing on the south county is Numero Uno, a 
subsidiary of Laidlaw (owner of Greyhound), provides on the hour, every hour shuttle 
service between Calexico and El Centro throughout the day and early evening, 
everyday. 
 
A third transportation service focusing on the north county is, Road Runner, operated by a 
private independent service, provides service from Westmorland to Bombay Beach.  The 
Road Runner connection point is at Westmorland and can be accessed via IVT from the 
primary and secondary zone communities. 
 
ADA Paratransit 
 
The Americans with Disabilities Act (ADA) Comparable Complementary Paratransit 
Service is a federally mandated service requiring equal access to the public fixed route 
bus system for individuals with disabilities. The service operates wheelchair accessible 
minibuses as a demand response service in tandem with the fixed route bus system for 
certified eligible disabled passengers. The service area and hours are the same as the 
fixed route bus system discussed above. The service is subsidized by IVAG, managed by 
the County Executive Officer (CEO) and operated by a private non-profit transportation 
carrier. 
 
Med-Express 
 
The Med-Express is a non-emergency medical transportation service between 
communities in Imperial County and the large hospitals and medical facilities in San 
Diego County. The service is subsidized by IVAG, managed by the County Executive 
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Officer (CEO) and operated by a private non-profit transportation carrier. Demand 
response service is provided four days a week, with three pick up locations in Brawley, El 
Centro and Calexico. Pick up service is available on a limited basis from the home for an 
additional fare. The service is designed to provide persons with disabilities, low income 
and transit dependent persons access to medical facilities and services not available 
within Imperial County, i.e. Children’s Hospital in San Diego. 
 
Dial-A-Ride 
 
The County contracts for Dial-A-Ride services. The services are provided through a 
contract with a local provider in the community of the west side of the Salton Sea. These 
services are also subsidized by IVAG. 
 
5. Scenic Highways 
 
Four areas within the County have the potential as state-designated scenic highways.  
Senate Bill 1467 established the Scenic Highway Program.  SB1467 declares: “The 
development of scenic highways will not only add to the pleasure of the residents of this 
state, but will also play an important role in encouraging the growth of the recreation and 
tourist industries upon which the economy of many users of this State depends”. The 
following routes have been designated or are eligible for state scenic highway 
designation:    
 
 Interstate 8 (I-8).  The initial segment for future Scenic Highway Designation 

status lies between the San Diego County line and its junction with State Route 98.  
This segment known as Mountain Springs Grade has a long, rapid elevation 
change, remarkable rock and boulder scenery, and plant life variations. 

 
 State Route 78.  The portion of SR-78 from the junction with SR-86 to the San 

Diego County line is eligible for future Scenic Highway Designation. The area is 
considered scenic because of its desert characteristics and view of Salton Sea. 

 
 State Route 111.  SR-111 travels along the northeast shore of the Salton Sea and 

is eligible for future Scenic Highway Designation from Bombay Beach to the 
County line.  The drive along this body of water is a study in primitive beauty and 
an interesting and startling anomaly.  The contrast between the flat, wide Salton 
Sea with its sandy beach and the rugged rise of the Chocolate Mountains has 
many variations.  The panoramic view of the opposite (southwest) shore and its 
backdrop of mountains is also a sight of pre-historic beauty. 

 
 Borrego-Salton Seaway.  County Highway S-22 is also known as the Borrego-

Salton Seaway.  It begins in Salton City and ends at the community of Borrego 
Springs in San Diego County.  Along its route is Clay Point, located a mile and a 
half west of SR-86, which is a formation ring above the flat desert shore which 
shows the bed of pre-Columbian Lake Cahuilla.  Three and a half miles farther 
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west, the Anza Verde Wash parallels the Borrego-Salton Seaway with uniquely 
scenic desert landforms and vegetation. 

 
 SB1467 added Section 260 et seq. to the Streets and Highway Code.  In those 

statutes the State proclaimed its intent to: 
   

 “establish the States responsibility for the protection and enhancement of 
California natural scenic beauty.” 

 
 The legislature further declares the State’s intent to assign responsibility for the 

development of scenic highways to local jurisdictions.  Please refer to the following 
Caltrans website for all rules and regulations to the Scenic Highway system and  

 official designations: 
http://www.dot.ca.gov/hq/LandArch/scenic_highways/scenic_hwy.htm.  

 Appendix B (attached) contains “California Scenic Highway Program Frequently 
Asked Questions”.  Appendix C (attached) contains “Guidelines for the Official 
Designation of Scenic Highways”. 

 
Further, Caltrans has developed an official guide called the "Guidelines for the Official 
Designation of Scenic Highways" (March 1996) which can be utilized for protecting the 
County's scenic highways from potential aesthetic impacts from any development 
projects. This is included as Appendix C.  
 
6. Railroads 
 
The Union Pacific Railroad, formerly called the Southern Pacific Railroad main line enters 
the eastern border near Winterhaven and then bears northwest and leaves the County 
just east of the Salton Sea.  This line serves the Los Angeles area and northward in 
California and the balance of the U.S. eastward.  There is a branch line from this main 
line at Niland that provides rail service to Calipatria, Brawley, Imperial, El Centro, 
Calexico, and Mexico.  Another branch line of the Union Pacific, the Holton Interurban 
Railroad, provides service to east El Centro. 
 
The San Diego and Arizona Eastern Railroad, also a subsidiary of the Union Pacific 
Railroad, runs between El Centro and San Diego.  It presently provides rail service only 
between El Centro and the U.S. Gypsum plant in Plaster City. 
 
All of the above service is freight only.  Passenger rail service is being studied to provide 
service from Calexico to Los Angeles with terminals in Calexico, El Centro, and Brawley.  
In September 1991, the County Board of Supervisors endorsed the implementation of the 
County Intercity Railroad Project by Board Resolution. 
 
7. Airports 
 
The primary public use airports in Imperial County are:  Imperial County Airport located in 
the City of Imperial on SR-86; Calexico International Airport located west of Calexico on 
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Anza Road; Brawley Municipal Airport located at the intersection of Ken Bemis Drive and 
Jones Road in northeast Brawley; Cliff Hatfield Memorial Airport located on West Main 
Street in Calipatria; Holtville Airport located seven miles northeast of Holtville on Norrish 
Road; and the U.S. Naval Air Facility located six miles west of El Centro on Bennett 
Road.  There are several other private airstrips located throughout Imperial County 
serving principally crop dusting operations. 
 
8. Navigable Waterways 
 
Navigable waters as defined in Section 36 of the Harbors and Navigation Code are 
waters which come under the jurisdiction of the United States Corps of Engineers and 
any other publicly-owned waters within the State. 
 
Public recreational waters in Imperial County are:  Salton Sea, Ramer Lake, Finney Lake, 
Wiest Lake, Imperial Lake, Sunbeam Lake, Drew Lake, Senators Wash, and Squaw 
Lake.  Sixty-one miles of the Colorado River from Imperial Dam upriver to the Riverside 
County line at Taylor's Ferry are also navigable waters, including the backwaters such as 
Palo Verde Oxbow Lake, Palo Verde Lagoon, Davis Lake, The Old River Channel, Cibola 
Lake, Three Finger Lake, Draper Lake, Taylor Lake, Ferguson Lake, Clear Lake, Hidden 
Lake, Bard Lake, and other related backwaters. 
 
9. Other Local Public Utilities/Facilities 
 
About seventy percent of the population is provided potable water for domestic purposes 
from municipal water districts, which are primarily served by the Imperial Irrigation District 
(IID).  Rural residents obtain potable water from truck delivery companies or from 
individual wells.  IID operates 1700 miles of canals; and the Coachella Irrigation District 
operates 83 miles of canals that traverse the County.  All of the County's cities, and the 
communities of Seeley, Heber, Niland, Winterhaven, and Salton City, are provided sewer 
service by municipal districts.  The Gateway of the Americas Specific Plan Area, a 1700 
acre industrial/commercial development has a County Service Area that provides water 
and sewer services to the development. 
 
Electricity is delivered to the vast majority of Imperial County, and the Coachella Valley 
portion of Riverside County, by IID, with some existing and proposed transmission owned 
by San Diego Gas and Electric (SDG&E).  Imperial Irrigation District's generating facilities 
and sources of power are varied as follows:  El Centro, 180 megawatts (MW); Brawley, 
18 MW; Rockwood, 50 MW; and the Coachella Plant, 80 MW.  The County’s geothermal 
generating facilities and sources of power are located throughout the County and are 
owned and operated by various entities.  Current geothermal power generation is as 
follows: Salton Sea, 350 MW, East Mesa, 47 MW, and Heber, 90 MW.    An upgrade of 
the El Centro Power Plant was recently proposed by IID to the California Energy 
Commission and IID is proposing to build a 93 MW natural gas power plant in Niland.  
Hydroelectric facilities along the All American Canal have a maximum capacity of 45 MW. 
IID currently serves over 100,000 customers (IID 2006). 
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Due to the County's seismic conditions, the telephone system is one of the most 
elaborate communication networks in the country.  The equipment and facilities in 
Imperial County are earthquake resistant up to an 8.0 magnitude. 
 
10. Imperial Valley Telecommunications Authority 
 
The Imperial Valley Telecommunications Authority (IVTA) is a collaborative of all 
Imperial County school districts, city agencies, county agencies, Imperial Community 
College and San Diego State University-IVC.  The IVTA also has an innovative 
partnership with the Imperial Irrigation District and is officially recognized as a “Public 
Joint Powers Authority (JPA)”.  IVTA is dedicated to provide new technology and a 
community-wide system access to the Imperial Valley Public agencies, and contribute to 
the growth and development of the community.   
 
IVTA major projects include connecting participating agencies to a state-of-the-industry 
fiber-optic communications network, providing training and support for the use of 
computers and advanced technologies in public government and schools, planning for 
future uses of the high-speed network to improve efficiency and reduce costs of 
operations and providing government and education access television to our 
community. 
 
11. Petroleum and Natural Gas Lines 
 
Liquid petroleum products are delivered to and are transported through the County via the 
twenty-inch Santa Fe Pacific Pipe Line.  This line is generally located within the Southern 
Pacific Railroad right-of-way.  The right-of-way follows the northwest to southeast trend of 
Imperial Valley.  It passes near the east side of the Salton Sea and serves the storage 
facility at Niland.  The petroleum storage capacity at Niland is 77,500 barrels and at 
Imperial is 289,000 barrels.  Storage tanks, however, are never full at one time but are 
normally filled fifty percent.  Southeast of Ogilby, the line turns east and travels to Yuma.  
A six-inch branch line distributes gas to the storage facility south of Imperial and a four-
inch line serves the Naval Air Facility near Seeley.   
 
Natural gas is delivered by the Southern California Gas Company via twin ten-inch lines 
which generally run south through the County in Range 14 East.  These lines serve 
Niland, Calipatria, Brawley, Imperial, El Centro, Heber, and Calexico; and branch lines 
serve Holtville, Westmorland, Seeley, NAF, and Plaster City.  Rural residents are served 
by laterals from the branch lines.  The lateral lines typically do not exceed a quarter mile 
in length. 
 
The North Baja System is an 80-mile U.S. portion of an overall 220-mile pipeline that 
primarily serves electric-generation load in the Mexican state of Baja California. The 
pipeline could be a potential entry of LNG-sourced natural gas into southern California 
and Arizona from a proposed terminal off the coast of Baja California . 
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C. Future Traffic Volume Forecast 
 
Forecast Model 
A modification of SCAG’s 2025 Regional Model was used to forecast Year 2025 traffic 
volumes on the various street segments. Minor modifications were made to both the land 
use and network data to improve accuracy.  The following key roadway network and land 
use parameters were verified and/or assumed: 
 

The Socio-Economic and Land Use data was reviewed for the 2025 Imperial County 
Transportation Model (ICTM).  The 2025 ICTM contained two different socio-
economic and land use data, one is the Calexico General Plan (CalexGP) version 
and the other is the Imperial Mall (ImpMall4a) version.  After a review of the 
demographic information for both versions and consultation with Caltrans staff, it 
was determined that the CalexGP model provided the most accurate traffic forecast. 

The Calexico General Plan (CalexGP) version of the ICTM was updated based on 
comments from the City of Calexico and is called the CalexGP+ version. The 
CalexGP+ version is considered a land use alternative to the CalexGP and 
ImpMall4a versions of the model. 

The transportation network in the 2025 Imperial County Transportation Model was 
modified to include a link for Kloke Road from SR 98 to Cole Road and minor 
adjustments to some key connections. 

I-8 interchanges are assumed in 2050 at Drew Road, Forrester Road, Austin Road, 
Imperial Avenue, SR-86, Dogwood Road, SR-111, Bowker Road, and SR-7. 

 
Year 2050 Traffic Volumes 
Once the land use and network data were modified in the 2025 CalexGP+ Model, Year 
2025 ADT volumes were forecasted.  The Year 2025 forecasted ADT volumes were 
reviewed for validity and consistency with existing ADT volumes and the surrounding land 
use and network data.  A review of all 2025 model traffic volumes was conducted and 
revisions to these forecast volumes were made as deemed appropriate, especially when 
forecast volumes appeared lower than expected.   

Annual growth rates were calculated at the nearby road segments from the existing ADT 
volumes and Year 2025 ADT volumes.  The average annual growth rates were calculated 
for all the segments in the study area.  After a review of the annual growth rates, the 
following annual growth rates were applied to the segments in the circulation element 
plan to forecast Year 2050 volumes: 

 
Year 2025 ADT volumes < 20,000 - two percent (2.0%) annual growth was applied 
to the Year 2025 ADT volumes to determine Year 2050 ADT volumes. 
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Year 2025 ADT volumes between 20,001 and 27,000 - one percent (1.0%) annual 
growth was applied to the Year 2025 ADT volumes to estimate Year 2050 ADT 
volumes. 
 
Year 2025 ADT volumes > 27,000 - half percent (0.5%) annual growth was applied 
to the Year 2025 ADT volumes to determine Year 2050 ADT volumes. 

The 2025 CalexGP+ Model did not contain volumes for all of the roadway segments in 
the Imperial County Circulation Element Plan.  For those segments, the Year 2050 
segment volumes were calculated by applying a reasonable annual growth rate.  The 
resultant Year 2050 forecast traffic volumes for the roadway segments are summarized in 
Table 3.   
 
As shown in Table 3, all unincorporated area street segments are forecast to operate at 
LOS C or better on a daily basis.  For the purpose of this analysis, LOS C will be targeted 
as the minimum acceptable level of service.  Most roadway segments are forecast to 
operate at LOS A and B with their proposed Circulation Element classification.  Level of 
service on State Highways, in some cases, deteriorates to LOS D, however the County of 
Imperial has no jurisdiction over State Highways and planning for these facilities is 
undertaken by the State of California.  County roads that do intersect with State routes 
should be given special consideration because delays at intersections tend to deteriorate 
operating conditions along street segments.   
 
For the purposes of this analysis, a table (see Table 5, Section IV) to compare daily traffic 
levels of service has been utilized.  This is a broad base approach which is used to size 
roadways to accommodate long term volumes.  
 
D. Roadway Classification Recommendations 
 
The circulation plan is developed to create an efficient transportation system on a 
countywide basis.  Roadway classifications will provide for the effective flow of goods and 
people with minimum delays in a cost effective and well-maintained system. 
   
The recommended roadway classifications for the key roadways were determined based 
on Year 2050 volumes.  The goal of the recommended roadway classification is to ensure 
key roadway segments operate at LOS C or better for the forecasted Year 2050 traffic 
volumes.  The recommended roadway classifications were then reviewed for consistency 
and countywide infrastructure goals based on the future land use and network data.  
Table 3 shows the recommended roadway classifications for selected road segments. 
 
Dual left–turn lanes and dedicated right-turn lanes should be planned at the intersection 
of major roadways.  Appendix A1 contains guidelines for the provision of left-turn lanes 
and right-turn lanes at the intersection of various types of roadways.  It is recommended 
that grade-separated railroad crossings be planned at roadways classified as Prime 
Arterial or Expressway.  Appendix A2 contains the typical intersection layouts for the 
different roadway classifications. 
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A review of Table 3 shows that some of the classifications are potentially larger than 
necessary based on the forecasted traffic volumes.  However, based on discussions with 
County staff and the desire to be slightly conservative in terms of setting aside right-of-
way, the classifications shown in Table 3 were recommended. 
 
 
E. Financial Recommendations 
 
There is no single source nor single method of financing that will achieve the goals and 
objectives.  The County will need to apply consistent efforts to secure the necessary 
financing. 
 
 

Remainder of Page Blank 
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES 
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Alamo Road
Meloland/SR-115 Major Collector Major Collector (4)
Albright Road
SR-111/SR-115 Minor Collector Minor Collector (2)
SR-115/Butters Major Collector Major Collector (4)
Anderholt Road
Evan Hewes (S-80)/Hunt Minor Collector Minor Collector (2)
Hunt/Carr Major Collector Major Collector (4)
Andre Road
Forrester/End Minor Collector Minor Collector (2)
Anza Road
Pulliam/Rockwood Local Minor Collector (2)
Rockwood/Calexico Prime Arterial Prime Arterial (6-divided)
Calexico/Barbara Worth Prime Arterial Prime Arterial (6-divided)
Aten Road
End/Forrester Minor Collector Minor Collector (2)
Forrester/Austin Minor Arterial Minor Arterial (6-divided)
East Imperial City Limits/Dogwood Prime Arterial 7,300 8,450 39,000 1.13 44,500 Prime Arterial (6-divided) C
Dogwood/SR-111 Prime Arterial Prime Arterial (6-divided)
Proposed/SR-111/River None Prime Arterial (6-divided)
Austin Road
McCabe/Wahl Local Prime Arterial (6-divided)
Proposed Wahl/SR-98 None Prime Arterial (6-divided)
Evan Hewes Hwy/McCabe Major Collector Prime Arterial (6-divided)
Aten/Evan Hewes Hwy Minor Arterial Prime Arterial (6-divided)
Keystone/Aten Major Collector Prime Arterial (6-divided)
SR-86/Keystone Minor Collector Prime Arterial (6-divided)
Bannister Road
SR-86/Brandt Major Collector Major Collector (4)
Barbara Worth Road
Zenos/Evan Hewes (S-80) Minor Collector Major Collector (4)
Evan Hewes Hwy/Anza Major Collector Major Collector (4)
Baughman Road
Garvey/Lack Minor Collector Minor Collector (2)
Lack/SR-86 Major Collector Major Collector (4)
Bell Road
Alamo/Evan Hewes Hwy Minor Collector Minor Collector (2)
Bennett Road
Havens/Ross Minor Collector Minor Collector (2)
Best Road
Rutherford/Brawley Minor Arterial Minor Arterial (4)
Blair Road
Pound/Sinclair Minor Collector Minor Collector (2)
Peterson/Lindsey Major Collector Major Collector (4)
Lindsey/SR-115 Major Collector Major Collector (4)
SR-115/Yocum Local Major Collector (4)
Blais Road
Wieman/Forrester Minor Collector Minor Collector
Boarts Road (S26)
Westmorland/Kalin Major Collector Major Collector (4)
Boley Road
Westmorland/Huff Minor Collector Minor Collector (2)
Bonds Corner Road
Holtville/I-8 Major Collector Major Collector (4)
I-8/SR-98 Minor Arterial Minor Arterial (4)
Bonesteele Road
Kumberg/SR-98 Minor Collector Minor Collector (2)
Bornt Road
Verde School/SR-98 Minor Collector Minor Collector (2)
Bowker Road
Evan Hewes Hwy/I-8 Major Collector Major Collector (4)
I-8/SR-98 Minor Arterial Expressway (6)
SR-98/Anza None Minor Arterial (4)
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TABLE 3  
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Bowles Road
Riley/Lyerly Minor Collector Minor Collector (2)
Boyd Road
Wiest/SR-78 Local Minor Collector (2)
SR-115/Highline Local Minor Collector (2)
Highline/End Minor Collector Minor Collector (2)
Brandt Road
Sinclair/Lindsey Local Minor Collector (2)
Lindsey/Eddins Minor Collector Minor Collector (2)
Eddins/Webster Minor Collector Minor Collector (2)
Bridenstein Road
Proposed SR-78/Hartshorn Minor Collector (2)
Hartshorn/Bonds Corner Minor Collector Minor Collector (2)
Brockman Road (S30)
McCabe/SR-98 Major Collector Major Collector (4)
Butters Road (S32)
Gonder/SR-78 Prime Arterial Prime Arterial (6) A
Bowles/Albright Local Major Collector (4)
Albright/SR-78 Major Collector Major Collector (4)
Cady Road
Pellett/SR-86 Major Collector Major Collector (4)
Cambell Road
Jessup/Derrick Major Collector Major Collector (4)
Derrick/Drew Major Collector Major Collector (4)
Carey Road
SR-86/Dogwood Minor Collector Minor Collector (2)
Carr Road
Barbara Worth/SR-7 Major Collector Minor Arterial (4)
Carter Road
Kalin/Forrester Minor Collector Major Collector (4)
Casey Road
Dickerman/SR-78 Minor Collector Minor Collector (2)
SR-78/Worthington Minor Collector Major Collector (4)
Proposed Worthington/Norrish None Major Collector (4)
Chick Road
El Centro/Pitzer Prime Arterial Prime Arterial (6)
Pitzer/Barbara Worth Major Collector Major Collector (4)
Clark Road
El Centro/SR-98 Minor Arterial Minor Arterial (4)
North El Centro City Limits/Worthington Major Collector 2,100 2,430 12,550 1.64 21,000 Major Collector (4) B
Worthington/Larsen Minor Collector 800 930 6,220 1.64 10,500 Major Collector (4) A
Cole Road
Dogwood/Calexico Prime Arterial Prime Arterial (6-divided)
East Calexico City Limits/SR-98 Minor Arterial 9,700 11,230 18,340 1.64 30,500 Prime Arterial (6-divided) B
Connelly Road
Vencill/Van Der Linden Minor Collector Minor Collector (2)
Cooley Road
Worthington/Gillett Minor Collector Minor Collector (2)
Corn Road
Bowles/Eddins Minor Collector Minor Collector (2)
Correll Road
Dogwood/SR 111 Minor Arterial Minor Arterial (4)
Cross Road
Imperial (City)/Villa Minor Collector Minor Collector (2)
Davis Road
Gillespie/Schrimpf Major Collector Major Collector (4)
Proposed Schrimpf/Sinclair Major Collector Major Collector (4)
Dearborn Road
Harrigan/Wormwood Minor Collector Minor Collector (2)
Derrick Road
Evan Hewes Hwy/Wixom Minor Collector Minor Collector (2)
Dickerman Road
SR-115/Butters Minor Collector Minor Collector (2)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Diehl Road
Westside/Drew Minor Collector Minor Collector (2)
Drew/Harrigan Major Collector Prime Arterial (6)
Proposed Harrigan/Silsbee Major Collector Prime Arterial (6)
Dietrich Road
Rutherford/Shank Minor Collector Major Collector (4)
Proposed Shank/SR-78 None Major Collector (4)
Doetsch Road
Elder/SR-86 Minor Collector Minor Collector (2)
Dogwood Road (S31)*
Proposed Lindsey/Hovley None Prime Arterial (6-divided)
Brawley/SR-98 Prime Arterial Prime Arterial (6-divided)
Dowden Road
Proposed Forrester/Gentry None Local Collector (2)
Gentry/Kershaw None Prime Arterial (6)
Kershaw/Butters Minor Collector Prime Arterial (6)
Drew Road (S29)
Evan Hewes/SR-98 Prime Arterial Prime Arterial (6-divided)
Dunaway Road
I-8/Evan Hewes Hwy Major Collector 900 1,040 2,756 1.64 4,500 Major Collector (4) A
Eady Road
Willoughby/Cole Minor Collector Minor Collector (2)
Eddins Road (S30)
Gentry/SR-111(Calipatria City Limits) Major Collector Major Collector (4)
Edgar Road
Pierle/Forrester Minor Collector Minor Collector (2)
Elder Road
Doetsch/Cady Minor Collector Minor Collector (2)
English Road
Sinclair/Wilkins Minor Collector Minor Collector (2)
Erskine Road
Wheeler/Payne Minor Collector Minor Collector
Evan Hewes Hwy (S80)
Imperial Hwy/El Centro Prime Arterial Prime Arterial (6-divided)
El Centro/SR-115 Prime Arterial Prime Arterial (6-divided)
SR-115/End Prime Arterial Prime Arterial (6-divided)
Fawcett Road
Dogwood/Meadows Minor Collector Major Collector (4)
Ferrell Road
Kubler/SR-98 Major Collector Major Collector (4)
SR-98/Anza Minor Collector Minor Collector (2)
Fifield Road
SR-78/Streiby Minor Collector Minor Collector (2)
Fisher Road
Drew/Pulliam Minor Collector Minor Collector (2)
Flett Road
Wilkinson/Wirt Minor Collector Minor Collector (2)
Forrester Road (S30)
Proposed Sinclair/Walker None Prime Arterial (6-divided)
Walker/Westmorland Major Collector Prime Arterial (6-divided)
Westmorland/McCabe Prime Arterial Prime Arterial (6-divided)
McCabe/Hime Minor Collector Prime Arterial (6-divided)
Proposed Hime/River Minor Collector Prime Arterial (6-divided)
North Westmorland City Limits/Gentry Major Collector 1,200 1,390 9,000 1.64 15,000 Prime Arterial (6-divided) A
Foulds Road
Pellett/Lack Minor Collector Minor Collector (2)
Fredericks Road
Loveland/SR-111 Minor Collector Minor Collector (2)
Frontage Road
Ross/Brawley (City) Major Collector Major Collector (4)
Garst Road
Sinclair/McDonald Minor Collector Minor Collector (2)
Garvey Road
Baughman/Andre Minor Collector Minor Collector (2)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued) 
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Gentry Road
Sinclair/Walker Major Collector Major Collector (4)
Gillespie Road
Davis/Wilkins Minor Collector Minor Collector (2)
Gillett Road
Cooley/Bowker Minor Collector Minor Collector (2)
Gonder Road
Proposed New River/SR-115 None Major Collector (4)
SR-115/Butters Local Minor Collector (2)
Butters/Green Minor Collector Minor Collector (2)
Green/Highline Major Collector Major Collector (4)
Gowling Road
Norrish/Zenos Minor Collector Major Collector (4)
Green Road
SR-78/Gonder Major Collector Major Collector (4)
Griffin Road
Wiest/SR-115 Minor Collector Minor Collector (2)
Grumbles Road
James/Meloland Minor Collector Minor Collector (2)
Gullett Road
Worthington/Aten Minor Collector Minor Collector (2)
Gutherie Road
Wienert/Worthington Minor Collector Minor Collector (2)
Proposed Worthington/Hackleman Minor Collector Minor Collector (2)
Hackleman Road
Low/Forrester Minor Collector Minor Collector (2)
Hardy Road
Dunaway/Jeffrey Major Collector Major Collector (4)
Jeffrey/Hyde Major Collector Major Collector (4)
Hyde/Jessup Major Collector Major Collector (4)
Harrigan Road
Diehl/Dearborn Minor Collector Minor Collector (2)
Harris Road
Austin/SR-86 Local Major Collector (4)
SR-86/McConnel Major Collector Major Collector (4)
McConnell/Highline Minor Collector Major Collector (4)
Hart Road
Wiest/SR-115 Minor Collector Minor Collector (2)
Hartshorn Road
Bridenstein/Proposed Bridenstein Minor Collector Minor Collector
Haskell Road
Evan Hewes Hwy/End Minor Collector Minor Collector (2)
Hastain Road
Taecker/SR-78 Minor Collector Minor Collector (2)
Young/Dickerman Minor Collector Minor Collector (2)
Havens Road
Haskell/Bennett Minor Collector Minor Collector (2)
Hetzel Road
Westmorland/Huff Minor Collector Minor Collector (2)
Heber Road
La Brucherie/SR-86 Local Minor Collector (2)
SR-111/Anderholt Minor Arterial N/A 2,040 16,700 1.64 27,500 Prime Arterial (6-divided) B
Anderholt/Keffer Major Collector Major Collector (4)
Keffer/Vencill Minor Collector Major Collector (4)
Highline Road (S33)
Proposed SR-78/Gonder None Major Collector (4)
Gonder/Kavanuagh Major Collector Major Collector (4)
Proposed Kavanaugh/I-8 None Major Collector (4)
Holt Road. (S32)
Gonder/Holtville city limits Prime Arterial Prime Arterial (6-divided)
Hoskins Road
SR-86/Steiner Minor Collector Minor Collector
Hovley Road
Rutherford/Brawley Major Collector Major Collector (4)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Huff Road
Imler/Evan Hewes Hwy Major Collector Major Collector (4)
Hunt Road
Barbara Worth/Bonds Corner Major Collector Major Collector (4)
Bonds Corner/Van Der Linden Minor Collector Minor Collector (2)
Huston Road
Dogwood/McConnell Minor Collector Minor Collector (2)
Imler Road
Huff/Forrester Major Collector Major Collector (4)
International Road
Noffsinger/Pound Minor Collector Minor Collector (2)
Irvine Road
Shank/End Minor Collector Minor Collector (2)
James Road
Ralph/Evan Hewes Hwy Minor Collector Minor Collector (2)
Jasper Road
Calexico/Anderholt Major Collector Expressway (6)
Proposed Anderholt/ SR-7 None Expressway (6)
Jeffery Road
Evan Hewes Hwy/Hardy Minor Collector Minor Collector (2)
Kaiser Road
Wirt/Albright Minor Collector Minor Collector (2)
Kalin (S26)
Sinclair/SR-78/86 Major Collector Major Collector (4)
SR-78/86/Webster Minor Collector Minor Collector (4)
Kamm Road
River/SR-115 Local Prime Arterial (6)
SR-115/Holt Minor Collector Major Collector (4)
Keffer Road
SR-98/King Major Collector Major Collector (4)
Kershaw Road
Yocum/Rutherford Minor Collector Minor Collector (2)
Keystone Road (S27)
Forrester/SR-111 Prime Arterial Expressway (6)
SR-111/Highline Major Collector Expressway (6)
King Road
Orchard/Keffer Major Collector Major Collector (4)
Kloke Road
Willoughby/Calexico Major Collector Major Collector (4)
Kramar Road
Drew/Forrester Major Collector Major Collector (4)
Kubler Road
Drew/Clark Minor Collector Minor Collector (2)
Kumberg Road
Bonesteele/Miller Minor Collector Minor Collector (2)
La Brucherie Road
El Centro city limits/Kubler Major Collector Major Collector (4)
Larsen/Murphy Minor Collector Minor Collector (2)
Murphy/Imperial city limits Minor Collector Minor Collector (2)
Lack Road
Lindsey/Blais Minor Collector Minor Collector (2)
Larsen Road
Forrester/SR-86 Major Collector Major Collector (4)
SR-86/Clark Minor Collector Minor Collector (2)
Lavigne Road
SR-98/Bowker Prime Arterial Prime Arterial (6)
Proposed Bowker/Barbara Worth Prime Arterial Prime Arterial (6)
Liebert Road
Wixom/Rd 8018 Minor Collector Minor Collector (2)
Proposed Road 8018/SR-98 Minor Collector Minor Collector (2)
Lindsey Road
Lack/Wiest Minor Collector Minor Collector (2)
Loveland Road
Fredericks/Monte Minor Collector Minor Collector (2)
Low Road
Hackleman/Evan Hewes Hwy Minor Collector Minor Collector (2)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Lyerly Road
Bowles/Eddins Minor Collector Minor Collector (2)
Lyons Road
Drew/Nichols Minor Collector Major Collector (4)
Proposed Nichols/La Brucherie None Major Collector (4)
Main ST (Niland)
SR-111/Blair Major Collector Major Collector (4)
Martin Road
Baughman/7th Minor Collector Minor Collector (2)
7th/Bannister Local Minor Collector (2)
Mead Road
Dogwood/McConnell Minor Collector Minor Collector (2)
Meadows Road
Heber/Calexico (City) Major Collector Major Collector (4)
Meloland Road
Worthington/Correll Minor Collector Minor Collector (2)
Proposed Correll/SR-98 Minor Collector Minor Collector (2)
McCabe Road
Silsbee/La Brucherie Major Collector Prime Arterial (6-divided)
La Brucherie/SR-111 Minor Arterial N/A 200 17,270 1.64 28,500 Prime Arterial (6-divided) B
SR-111/SR-7 Major Collector Prime Arterial (6-divided)
McConnell Road
SR-78/Evan Hewes Hwy Major Collector Major Collector (4)
McDonald Road
Garst/SR-111 Minor Collector Minor Collector (2)
SR-111 TO Rd 8041 Minor Collector Minor Collector (2)
McKim Road
Harris/Ralph Minor Collector Minor Collector (2)
Miller Road (S33)
I-8/Kumberg Minor Collector Minor Collector (2)
I-8/SR-115 Major Collector 200 230 5,250 1.64 9,000 Major Collector (4) A
SR-115/Kavanaugh Major Collector 100 120 5,300 1.64 9,000 Major Collector (4) A
Monte Road
Pellett/Loveland Minor Collector Minor Collector (2)
Neckel Road
Austin/Clark Minor Collector Minor Collector (2)
Nichols Road
McCabe/Lyons Minor Collector Minor Collector (2)
Noffsinger Road
SR-111/McDonald Minor Collector Minor Collector (2)
Norrish Road
Gowling/Holt Minor Collector Minor Collector (2)
Holt/Highline Local Major Collector (4)
Highline/End Major Collector Major Collector (4)
Orchard Road (S32)/ SR 7
King/McCabe Major Collector 700 810 50,740 1.13 57,500 Expressway (6) C
McCabe/I-8 Major Collector 900 1,040 49,000 1.13 56,000 Expressway (6) C
Holtville/I-8 Minor Arterial Prime Arterial (6-divided)
I-8/Connelly Major Collector Major Collector (4)
Orr Road
Baughman/SR-86 Minor Collector Minor Collector (2)
Park Road
Proposed Dowden/Williams None Major Collector (4)
Williams/Rutherford Minor Collector Major Collector (4)
Proposed Rutherford/Dietrich None Major Collector (4)
Parker Road
Ross/Gilllett Minor Collector Minor Collector (2)
Payne Road
Huff/Erskine Minor Collector Minor Collector (2)
Pellett Road
Foulds/Monte Minor Collector Minor Collector (2)
Proposed Monte/Imler Minor Collector Minor Collector (2)
Pickett Road
Hastain/Butters Minor Collector Minor Collector (2)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Pierle Road
Edgar/Wheeler Minor Collector Minor Collector( 2)
Pitzer Road
Proposed Jasper/Willoughby None Major Collector (4)
Chick/SR-86 Major Collector Major Collector (4)
SR-86/Jasper Minor Collector Major Collector (4)
Pound Road
Davis/International Major Collector Major Collector (4)
International/Noffsinger Minor Collector Minor Collector (2)
Pulliam Road
Fisher/ SR-98 Minor Collector Minor Collector (2)
Ralph Road
Imperial (City)/Dogwood Major Collector Major Collector (4)
Dogwood/Mckim Minor Collector Minor Collector (2)
Riley Road
Bowles/Eddins Minor Collector Minor Collector
Rockwood Road
Proposed River/Lyons Minor Collector Prime Arterial (6)
Lyons SR-98 Minor Collector Prime Arterial (6)
SR-98/Anza Major Collector Major Collector
Ross Road
Drew/Bennett Major Collector 1,500 1,740 2,310 1.64 4,000 Major Collector (4) A
Drew/Austin Major Collector Major Collector (4)
El Centro/SR-111 Minor Arterial Minor Arterial (4)
SR-111/Mets Local N/A 560 2,120 1.64 3,500 Minor Collector (2) B
Ruegger Road
Kalin/SR-111 Minor Collector Minor Collector (2)
Rutherford Road (S26)
Proposed Banister/Kalin Major Collector (4)
Kalin/Butters Major Collector Major Collector (4)
Butters/Irvine Minor Collector Minor Collector (2)
Schartz Road
Proposed SR-86/Dogwood None Major Collector (4)
Dogwood/McConnell Minor Collector Major Collector (4)
Proposed McConnell/River None Major Collector (4)
Seybert Road
Taecker/SR-78 Minor Collector Minor Collector
Shank Road
Best/SR-115 Minor Arterial Minor Arterial (4)
SR-115/Irvine Minor Collector Minor Collector (2)
Silsbee Road
Evan Hewes Hwy/McCabe Minor Collector Minor Collector (2)
Sinclair Road
Gentry/SR-111 Major Collector Prime Arterial (6-divided)
SR-111/Weist Minor Collector Minor Collector (2)
Slayton Road
Worthington/Holtville (City) Minor Collector Minor Collector (2)
Snyder Road
Worthington/Bonds Corner Road Minor Collector Minor Collector (2)
Stahl Road
McConnell/End Minor Collector Minor Collector (2)
Streiby Road
Fifield/Wiest Minor Collector Minor Collector (2)
Taecker Road
Seybert/Hastain Minor Collector Minor Collector (2)
Titsworth Road
Butters/End Minor Collector Minor Collector (2)
Townsend Road
SR-115/Holt Minor Collector Minor Collector (2)
Vail Road
Lack/Kalin Minor Collector Minor Collector (2)
Van Der Linden
Hunt/Connelly Minor Collector Minor Collector (2)
Vencill Road
Connelly/Heber Minor Collector Minor Collector (2)
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued)  
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

Verde School Road
Keffer/Bornt Minor Collector Minor Collector (2)
Villa Road
Dogwood/Cooley Minor Collector Minor Collector (2)
Wahl Road
Nichols/Clark Minor Collector Minor Collector (2)
Walker Road
Gentry/End Major Collector Major Collector (4)
Gentry/Brandt Minor Collector Minor Collector (2)
Ware Road
Fawcett/Willoughby Major Collector Major Collector (4)
Weaver Road
Kalin/SR-86 Minor Collector Minor Collector (2)
Webster Road
Kalin/Brandt Minor Collector Minor Collector (2)
Westmorland Road
Boley/Evan Hewes Hwy Minor Collector Minor Collector (2)
Westside Road
Evan Hewes Hwy/End Minor Collector Minor Collector (2)
Wheeler Road
Erskine/Pierle Minor Collector Minor Collector (2)
Wieman Road
Steiner/Cady Minor Collector Minor Collector (2)
Wienert Road
Guthrie/Forrester Minor Collector Minor Collector (2)
Wiest Road
SR-78/Griffin Minor Collector Minor Collector (2)
Griffin/Boyd Local Minor Collector (2)
McDonald/SR-115 Minor Collector Minor Collector (2)
Wilkins Road
English/Cuff Minor Collector Minor Collector (2)
Wilkinson Road
Brandt/SR-111 Minor Collector Minor Collector (2)
Wiest/Flett Minor Collector Minor Collector (2)
Willoughby Road
Proposed La Brucherie/Clark none Major Collector (4)
Clark/Dogwood Minor Collector Major Collector (4)
Dogwood/Kloke Major Collector Major Collector (4)
Wirt Road
Wiest/Kaiser Minor Collector Minor Collector (2)
Wixom Road
Liebert/Drew Minor Collector Minor Collector (2)
Wormwood Road
Dearborn/Fisher Minor Collector Minor Collector (2)
Worthington Road (S28)
Huff/Highline Major Collector Major Collector (4)
Yocum Road
Proposed Dogwood/Lyerly none Major Collector (2)
Lyerly/Kershaw Minor Collector Major Collector (4)
Kershaw/Blair Local Major Collector (4)
Young Road
SR-111/Blair Minor Collector Minor Collector (2)
Zenos Road
Barbara Worth/Holtville (City) Minor Collector Minor Collector (2)
State Route 78
S.D.-Imperial County Line/Junction SR-86 State Hwy N/A 920 8,104 1.64 13,500 Collector (4) A
SR-111/SR-115N State Hwy N/A 3,950 10,592 1.64 17,500 Collector (4) B
SR-115N/SR-115S State Hwy N/A 3,100 13,447 1.64 22,500 Collector (4) B
115S/Glamis State Hwy N/A 1,950 7,340 1.64 12,500 Collector (4) A
Glamis/Olgilby State Hwy N/A 1,850 4,909 1.64 8,500 Collector (4) A
Olgilby/Palo Verde, Fourth State Hwy N/A 2,000 5,307 1.64 9,000 Collector (4) A
Palo Verde, Fourth/Imperial County Line State Hwy N/A 2,000 5,307 1.64 9,000 Collector (4) A
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TABLE 3 
IMPERIAL COUNTY PROJECTED STREET SEGMENT CONFIGURATIONS AND 

VOLUMES (continued) 
 

Segment Location 2003 
Classification

Year 
2002 ADT 
Volumea

Year 2005 
ADT 

Volumea

Year 
2025 ADT 
Volumec

25 Year 
Total 

Growth 
Factord

Year 
2050 ADT 
Volume

Year 2050 Recommended 
Classification (# of Lanes)

2050 
LOSe 

State Route 86
Imperial County Line/Desert Shores State Hwy N/A 12,900 21,138 1.28 27,500 Minor Arterial (4) C
Desert Shores/Brawley Ave. State Hwy N/A 12,400 20,319 1.28 26,500 Collector (4) C
Brawley Ave./S. Marina State Hwy N/A 13,400 21,957 1.28 28,500 Minor Arterial (4) C
S. Marina/Air Park State Hwy N/A 12,100 19,827 1.64 33,000 Prime Arterial (6-divided) B
Air Park/SR-78 West State Hwy N/A 10,800 17,697 1.64 29,500 Minor Arterial (4) C
SR-78 West/Lack State Hwy N/A 10,800 17,890 1.64 29,500 Minor Arterial (4) C
Lack/West Westmorland City Limits State Hwy N/A 10,200 19,650 1.64 32,500 Prime Arterial (6-divided) B
E Westmorland C. Limits/W Brawley C. Limits State Hwy N/A 14,000 19,440 1.64 32,000 Prime Arterial (6-divided) B
South Brawley City Limits/Legion State Hwy N/A 21,400 28,300 1.13 32,500 Prime Arterial (6-divided) B
Legion/Keystone State Hwy N/A 19,100 27,940 1.13 32,000 Prime Arterial (6-divided) B
Keystone/Imperial Ave. State Hwy N/A 14,700 27,980 1.13 32,000 Prime Arterial (6-divided) B
I-8/McCabe State Hwy N/A 21,500 24,890 1.28 32,000 Prime Arterial (6-divided) B
McCabe/Heber State Hwy N/A 7,100 26,100 1.28 33,500 Prime Arterial (6-divided) B
Heber/Dogwood State Hwy N/A 7,500 26,100 1.28 33,500 Prime Arterial (6-divided) B
Dogwood/SR-111 State Hwy N/A 5,200 26,000 1.28 33,500 Prime Arterial (6-divided) B
South Imperial City Limits/North El Centro City Limits State Hwy N/A 6,500 27,980 1.13 32,000 Prime Arterial (6-divided) B
State Route 98
Imperial Hwy/Drew State Hwy N/A 2,300 1,730 1.64 3,000 Local Collector (2) B
Drew/Clark State Hwy N/A 3,800 5,350 1.64 9,000 Collector (4) A
Clark/Dogwood State Hwy N/A 4,550 8,800 1.64 14,500 Collector (4) B
Dogwood/West Calexico City Limits State Hwy N/A 9,800 24,180 1.64 31,500 Prime Arterial (6-divided) B
East Calexico City Limits/Barbara Worth State Hwy N/A 24,400 26,000 1.64 33,500 Prime Arterial (6-divided) B
Barbara Worth/Bonds Corner State Hwy N/A 16,300 26,000 1.64 33,500 Prime Arterial (6-divided) B
Bonds Corner/E. Highline Canal State Hwy N/A 4,500 770 1.64 1,500 Local Collector (2) A
E. Highline Canal/I-8 State Hwy N/A 2,200 250 1.64 500 Local Collector (2) A
State Route 111
North Calexico City Limits State Hwy N/A 50,000 97,570 1.13 111,000 Freeway (8) C
Heber/McCabe State Hwy N/A 33,500 98,650 1.13 112,000 Freeway (8) C
McCabe/I-8 State Hwy N/A 37,000 90,830 1.13 103,000 Freeway (8) C
I-8/Evan Hewes Hwy State Hwy N/A 16,300 52,980 1.13 60,500 Expressway (6) D
Evan Hewes/Aten State Hwy N/A 14,100 60,200 1.13 68,500 Expressway (6) D
Aten/Worthington State Hwy N/A 11,300 58,160 1.13 66,000 Expressway (6) D
Worthington/Keystone State Hwy N/A 10,600 58,710 1.13 67,000 Expressway (6) D
Keystone/E. Junction 78 State Hwy N/A 9,300 57,590 1.13 65,500 Expressway (6) D
North Brawley City Limits/Rutherford State Hwy N/A 9,500 18,510 1.64 30,500 Prime Arterial (6-divided) B
Rutherford/South Calipatria City Limits State Hwy N/A 6,600 18,560 1.64 30,500 Prime Arterial (6-divided) B
North Calipatria City Limits/Sinclair State Hwy N/A 5,700 15,640 1.64 26,000 Minor Arterial (4) C
Sinclair/Niland Ave State Hwy N/A 5,100 13,532 1.64 22,500 Collector (4) B
Niland Ave/English State Hwy N/A 3,700 9,817 1.64 16,500 Collector (4) B
English/Bombay Beach State Hwy N/A 2,300 6,103 1.64 10,500 Collector (4) A
Bombay Beach/Imperial-Riverside County line State Hwy N/A 1,900 5,041 1.64 8,500 Collector (4) A
State Route 115
Junction I-8/East Holtville City Limits State Hwy N/A 1,850 4,140 1.64 7,000 Local Collector (2) C
West Holtville City Limits/West Junction Evan Hewes Hwy State Hwy N/A 6,600 8,320 1.64 14,000 Collector (4) B
West Junction Evan Hewes Hwy/SR-78 State Hwy N/A 2,850 27,870 1.13 32,000 Prime Arterial (6-divided) B
SR-78/Rutherford State Hwy N/A 990 13,450 1.64 22,500 Minor Arterial (4) B
Rutherford/Wirt State Hwy N/A 1,650 9,720 1.64 16,000 Collector (4) B
Wirt/East Calipatria City Limits State Hwy N/A 1,150 9,240 1.64 15,500 Collector (4) B
State Route 186
I-8/International Border State Hwy N/A State Hwy

Notes:
* See Table 1 regarding additional right-of-way for transit facility with roadway.
a. Volume from Imperial County Circulation and Scenic Highways Element Manual (Dec. 2003).
b. Volume from Caltrans, Imperial County, or Linscott Law & Greenspan, Engineers counts.
c. Volumes from Caltrans CalexGP+ Model and adjusted higher in some cases.
d. A 0.5%, 1.0%, or 2.0% annual growth rate was applied to the Year 2025 volumes to obtain Year 2050 volumes.
e. Capacity based on the Imperial County Classification Table (depending on the Year 2050 volume amount).
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 III. GOALS AND OBJECTIVES 
 
A. Preface 
 
The following are the Goals and Objectives of the Circulation and Scenic Highways 
Element along with policies to achieve these specific goals and objectives. 
 
The Goals and Objectives, together with the Implementation Programs and Policies in 
Chapter IV, are the statements that shall provide direction for private development as well 
as government actions and programs.  Imperial County's Goals and Objectives are 
intended to serve as long-term principles and policy statements representing ideals which 
have been determined by the citizens as being desirable and deserving of community 
time and resources to achieve.  These Goals and Objectives, therefore, are important 
guidelines for land use decision making.  It is recognized, however, that other social, 
economic, environmental, and legal considerations are involved in land use decisions and 
that these Goals and Objectives, and those of the other General Plan Elements, should 
be used as guidelines but not doctrines. 
 
B. Goals and Objectives 
 
Safe, Convenient, and Efficient Transportation System 
 
Goal 1:  The County will provide and require an integrated transportation system for the 
safe and efficient movement of people and goods within and through the County of 
Imperial with minimum disruption to the environment.   
 
  Objective 1.1 Maintain and improve the existing road and highway network, 

while providing for future expansion and improvement based on travel demand 
and the development of alternative travel modes. 

 
 Objective 1.2 Require a traffic analysis for any new development which may 

have a significant impact on County roads.  A traffic analysis may not be 
necessary in every situation, such as when the size or location of the project will 
not have a significant impact upon and generate only a small amount of traffic.  
Also, certain types of projects, due to the trip generation characteristics, may add 
virtually no traffic during peak periods.  These types of projects may be exempt 
from the traffic analysis requirements.  Whether a particular project qualifies for 
any exemption will be determined by the Department of Public Works Road 
Commissioner. 

 
 Objective 1.3 Ensure safe and coordinated traffic patterns, contiguous growth, 

and promote a planned and consistent development around city/township areas. 
Require that coordination with other jurisdictions, including the cities and 
CALTRANS results in a coordinated system that is consistent in classification, 
RoW and improvement standards. When annexations are proposed, projects  
must provide consistent roadway standards. This is intended to provide 
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“throughways” that allow for the flow of traffic at LOS “C” or better throughout the 
system, both in cities as well as the County. 

 
 Objective 1.4 In addition to Collector and Arterial roads, maintain and, where 

appropriate, extend the existing network of Local Streets which have been 
historically plotted along section, half-section and tract lines, and which provide 
alternative local routes to connect with Collector and Arterial streets. 

 
 Objective 1.5 Encourage the balance of employment, services, and housing 

throughout the County to preclude future traffic congestion. The result of balancing 
housing and employment demands at a community scale allows residents to live 
and work in the same area, potentially decreasing demand on inter-regional 
transportation facilities. 

 
 Objective 1.6 Expand and improve needed public utilities relating to 

transportation. 
 
 Objective 1.7 Finance, or seek funding for circulation system maintenance 

projects. 
 
 Objective 1.8 The County's circulation system shall promote efficient intra- and 

inter-County travel with minimum disruption to established and planned 
communities.     

 
 Objective 1.9 Identify busy agricultural roads to create special crossings for 

farm equipment.  
 
 Objective 1.10 Maintain and expand public transit services to keep pace with 

population and job growth. 
 
 Objective 1.11 Improve County circulation system roadways in concert with land 

development to ensure sufficient levels of service. 
 
 Objective 1.12 Review new development proposals to ensure that the proposed 

development provides adequate parking and would not increase traffic on existing 
roadways and intersection to a level of service (LOS) worse than “C” without 
providing appropriate mitigations to existing infrastructure. This can include fair 
share contributions on the part of developers to mitigate traffic impacts caused by 
such proposed developments. 

  
 Objective 1.13 Work with adjacent jurisdictions and transportation agencies to 

identify necessary improvements to the regional roadway system to ensure 
adequate interregional and intraregional access throughout the County. 
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 Objective 1.14 Coordinate improvement to the County circulation system with 
other major transportation improvement programs including compliance with air 
pollution control district regulations and mitigation. 

  
 Objective 1.15 Review and update County Road Functional Classifications 

periodically in accordance with Federal Highway Administration (FHWA) 
requirements. Purpose is to ensure current road classifications are accurate and 
appropriate.  Functional Road Classifications within the County are updated by the 
County Public Works Department routinely and require both County Board and 
IVAG approvals prior to notifications to Caltrans and FHWA. 

 
 Objective 1.16 Design transportation corridors to be co-located/joint use (within 

the ROW) with transmission, water and other infrastructure corridors to the extent 
possible. 

 
 Objective 1.17 Assure that road systems are adequate to accommodate 

emergency situations and evacuation plans. 
 
Multiple Modes of Transportation 
 
Goal 2:  Consider all modes of transportation including motor vehicle, rail, transit, air 
transportation, and non-motorized transportation.   
 
 Objective 2.1 Develop a balanced circulation system which will provide for the 

economical, efficient, and safe movement of people and goods within and through 
the County. 

 
Objective 2.2 Encourage a mix of transportation modes to meet community 
needs, including access to medical, educational, economic and social service 
facilities. The local circulation system should include pedestrian, bicycle and transit 
methods to enable residents to choose alternate modes in lieu of reliance on the 
automobile. 

 
 Objective 2.3 Develop and improve aviation facilities. 
 
 Objective 2.4 Reduce aviation-related hazards, including hazards to aircraft 

and hazards posed by aircraft. 
 
 Objective 2.5 Ensure consistency of the General Plan with the provisions of the 

Airport Land Use Plan. 
 

Objective 2.6 Coordinate and plan for the expansion of the County Airport in 
Imperial or new location to encourage interregional travel and commerce. 

 
Objective 2.7 Encourage passenger rail or trolley service between El Centro 
and Mexicali/Calexico and also between Imperial Valley and San Diego. 
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Objective 2.8 Encourage existing railroad corridor right of ways to be preserved 
for future transportation needs. 

 
Alternate Modes of Transport 
 
Goal 3:  Develop alternative transportation strategies designed to reduce traffic volumes 
and improve traffic flow.  This includes providing alternatives to residents such as 
pedestrian, bicycle and public transit options. 
 
 Objective 3.1 Develop, promote, and improve transit and para-transit services 

and programs for convenient access to major destinations. 
 
 Objective 3.2 Encourage the improvement and expansion of needed railroads 

and bus routes in the County transportation system. 
 
 Objective 3.3 Coordinate with the Imperial Valley Association of Governments 

(IVAG) to ensure that adequate bus service, including a fixed route public transit 
system, is available for all segments of the community. 

 
 Objective 3.4 Provide for the location of necessary transit infrastructure, such 

as bus stops, shelters or intermodal use facilities, in major activity centers. Include 
requiring developments that are identified as significant trip generators to 
incorporate design of such potential transit infrastructure. 

 
 Objective 3.5 Support ridesharing services and other similar alternative modes 

of transportation. 
 
 Objective 3.6 Develop and improve bicycle routes and pedestrian walkways.  

Consider the needs of bicyclists in the design, construction, and maintenance of all 
County roads, with specific attention to those roads established and defined in a 
network of key bicycling routes in the most current approved Imperial County 
Bicycle Master Plan. 

 
 Objective 3.7 Ensure the safety of the traveling public, including pedestrians 

and bicyclists. 
 
 Objective 3.8 Attempt to reduce motor vehicle air pollution. Require all major 

projects to perform an air quality analysis to determine the amount of pollution, as 
well as the alternative reduction options. 

 
 Objective 3.9 Continue to improve the accessibility of public facilities and 

commercial centers to improve access and the mobility of the elderly and disabled. 
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 Objective 3.10 Encourage the incorporation of bicycle facilities, such as bike 
lockers and showers at workplaces, and bicycle racks on buses, to better facilitate 
bicycle travel. 

 
 Objective 3.11 Maintain the pedestrian and bicycle system, including improving 

the road surface and sidewalk, to reduce the safety hazard associated with 
drainage grates, manholes, potholes and uneven surfaces. 

 
Scenic Highways 
 
Goal 4:  The County shall make every effort to develop a circulation system that highlights 
and preserves the environmental and scenic amenities of the area. 
 
 Objective 4.1 Establish various systems of scenic recreational travel utilizing 

multiple transportation modes. 
 
 Objective 4.2 Preserve, enhance, and protect Imperial County's scenic 

resources by the removal of illicit billboards from scenic areas and restrictions on 
new off-site sign construction visible from designated scenic highways. 

 
 Objective 4.3 Protect areas of outstanding scenic beauty along any scenic 

highways and protect the aesthetics of those areas. 
 
 Objective 4.4 Acquire scenic easements from private owners when required. 
 
 Objective 4.5 Develop standards for aesthetically valuable sites.  Design review 

may be required so that structures, facilities, and activities are properly merged 
with the surrounding environment.   

 
Regional Transportation System 
 
Goal 5:  Participate in and assist with coordinating regional efforts which integrate the 
County Transportation System with the Regional Transportation System.   
 
 Objective 5.1 The County's Circulation Element shall be designed to provide 

the facility and level of access necessary to serve the specific existing and 
proposed land uses designated in the Land Use Element and to satisfy regional 
travel needs.   

 
 Objective 5.2 The County shall provide and/or requires as appropriate the 

necessary facilities to obtain balanced use of all travel modes to address the 
transportation needs of all ages and to provide mobility for a variety of trip 
purposes.  The County shall generally recognize the following priorities for new 
transportation facilities: vehicular, freight movement, transit, pedestrian, and 
bicycle.   
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 Objective 5.3 The County shall cooperate with the adjacent communities and 
agencies such as the Federal Government, State Department of Transportation 
(Caltrans District 11), El Centro, Brawley, Calexico, Holtville, Imperial, 
Westmorland, and Calipatria to provide the maximum compatibility of adopted 
circulation elements and regional facility plans, provided however that the 
minimum standards of this element are maintained..   

 
 Objective 5.4 The County shall coordinate regularly with Caltrans to obtain 

information on trends and plans for roadway changes and improvements which 
would affect the noise environment. 

 
C. Relationship to Other General Plan Elements 
 
The Circulation and Scenic Highways Element Policy Matrix (Table 4) identifies the 
relationship between the Circulation and Scenic Highways Element Goals and Objectives 
to other Elements of the Imperial County General Plan.  The Issue Area identifies the 
broader goals of the Element and the "Xs" identify that related objectives are contained in 
the corresponding Elements. 
 
 
 
 

TABLE 4 
CIRCULATION AND SCENIC HIGHWAYS ELEMENT POLICY MATRIX 

 
Issue Area 

 
Land 
Use 

 
Housing 

 
Noise 

Seismic/
Public 
Safety 

 
Agricultural

Open Space 
Conservation 

 
Geothermal

 
Water 

Safe/Efficient 
System 

X X  X   X  

Scenic 
Highways 

X     X   

Regional 
Transport 

X  X      

 
 

Remainder of Page Blank 
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IV. IMPLEMENTATION PROGRAMS AND POLICIES 
 
A. Preface 
 
Any plan is only as good as the means of implementation.  There are various tools and 
methods to insure that the intent of the Circulation and Scenic Highways Element is 
followed.  These programs are described below. 
 
B. Programs and Policies 
 
1. Circulation and Scenic Highways Element 
 
The goal of the Circulation and Scenic Highways Element (see Figures 1, 1a-c) is to 
provide a network of roadways throughout the County, which is the foundation of the 
transportation system.  The street system is used for vehicular, bicycle, transit, 
pedestrian, and freight movement.  Thus, it is essential to define a hierarchical system in 
which each roadway functions in a manner consistent with its intended use. 
 
a. Roadway Classifications 
 
The policies contained in this section are intended to encourage design standards which 
promote efficiency and safety of the circulation system.  The Circulation Element roadway 
classifications are Expressway, Prime Arterial, Minor Arterial, Collector, Local Collector 
Street, Industrial Collector, Industrial Local Street, and Residential Street as described in 
Chapter I.  A large scale map of these proposed routes is available at the County 
Planning and Development Services Department and Department of Public Works.  Table 
5 presents a summary of the estimated level of service for each classification, as well as 
for residential streets, cul-de-sacs, and loop streets.  
 
 

Remainder of Page Blank 
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TABLE 5 

IMPERIAL COUNTY STANDARD STREET CLASSIFICATION 
AVERAGE DAILY VEHICLE TRIPS 

Road Level of Service (LOS) 
Class X-Section A B C D E 

Expressway 154/210 30,000 42,000 60,000 70,000 80,000
Prime Arterial 106/136 22,200 37,000 44,600 50,000 57,000
Minor Arterial 82/102 14,800 24,700 29,600 33,400 37,000
Major Collector 
(Collector) 

64/84 13,700 22,800 27,400 30,800 34,200

Minor Collector 
(Local Collector) 

40/70 1,900 4,100 7,100 10,900 16,200

Local County 
(Residential) 

40/60 * * <1,500 * *

Local County 
(Residential Cul-de-
Sac or Loop Street) 

40/60 * * <200 * *

Major Industrial 
Collector – (Industrial) 

76/96 5,000 10,000 14,000 17,000 20,000

Industrial Local 44/64 2,500 5,000 7,000 8,500 10,000
* Levels of service are not applied to residential streets since their primary purpose is 

to serve abutting lots, not carry through traffic.  Levels of service normally apply to 
roads carrying through traffic between major trip generators and attractors. 

 
 
Table 5 was originally developed for the County of San Diego by the San Diego County 
Department of Public Works in 1985 and compares ADT to levels of service (LOS) for 
various roadway classifications.  Proposed functional classifications were then inserted 
into this table and right-of-way widths adjusted to match County of Imperial standards. 
 
Transition Areas 
 
The Circulation and Scenic Highways Element is the graphical reference guide which 
shows the present and planned street system, along with the classification of those 
streets.  It is important to note that where there is a change from one classification to 
another along a certain street, the transition will occur in mid-block areas to preclude non-
continuing lanes and intersections.  The design criteria (design, speed, curve radii, etc.) 
for the higher classification shall generally take precedence through the transition area.  
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The County Director of Public Works shall review these transition areas and provide 
guidance in achieving this policy.   
 
c. New or enlarged Roads: 
 
 
 Local Roads 
 
The County shall require all new developments to provide for local roads to serve the 
direct access needs of abutting property.  These streets should be designed with a 
discontinuous pattern to discourage through traffic.  They generally should not intersect 
with arterial street classifications.  Typical design features include two travel lanes with 
parking on both sides of the street.  Local roads include loop streets and cul-de-sacs.  
 
  Regional Roads  (Roads beyond the actual development project) 
 
The County shall require that all new developments participate in the improvement of 
regional roads that may be impacted by the proposed development. The extent to which a 
project impacts regional roads is generally determined by a traffic study. In some cases 
however the County may have predetermined improvement requirements for certain road 
segments or road intersections. The new developments will be required to either make 
certain regional improvements or in the alternative contribute a “fair share” towards the 
cost of  such improvements.    
 
 
d. Level of Service Standards 
 
As the County continues to grow, transportation demand management and systems 
management will be necessary to preserve and increase available roadway “capacity”.  
Level of Service (LOS) standards are used to assess the performance of a street or 
highway system and the capacity of a roadway. 
 
An important goal when planning the transportation system is to maintain acceptable 
levels of service along the federal and state highways and the local roadway network. To 
accomplish this, the California Department of Transportation (Caltrans), Imperial County 
and local agencies adopt minimum levels of service to determine future infrastructure 
needs. 
 
Imperial County must provide and maintain a highway system with adequate capacity and 
acceptable levels of service to accommodate projected travel demands associated with 
the projected population growth within the Land Use Element.  This can be accomplished 
by establishing minimum service levels for the designated street and conventional state 
highway system.  Strategies that result in improvements to the transportation system, 
coupled with local job creation, will allow County residents to have access to a wide range 
of job opportunities within reasonable commute times. 
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The County's goal for an acceptable traffic service standard on an ADT basis and during 
AM and PM peak periods for all County-Maintained Roads shall be LOS C for all street 
segment links and intersections.  These service values are defined by the 1985 or 2000 
edition of the Highway Capacity Manual or any subsequent edition thereof.  This policy 
shall acknowledge that the aforementioned level of service standards may not be 
obtainable on some existing facilities where abutting development precludes acquisition 
of additional right-of-way needed for changes in facility classification. 
 
In order to achieve the level of service goals in the previous policy, the County shall 
develop and institute a long-range funding program in which new land development shall 
bear the major burden of the associated costs and improvement requirements.   
 
e. Design Standards 
 
The County shall adopt design standards for all streets in accordance with their functional 
classifications and recognized design guidelines.  In developing these standards, the 
County shall consider the design standards of Caltrans and the American Association of 
State and Highway Transportation Officials (AASHTO).  All streets within the County shall 
be designed in accordance with the adopted County of Imperial Design Standards.  
Typical cross sections and design criteria for the various street classifications are shown 
as an attachment to this document. 
 
f. Private Streets 
 
The County may permit construction of private streets within individual development 
projects (gated community).  providing the following are addressed: 
 

• They are designed geometrically and structurally to meet County standards. 
 

• Only project occupants are served (gated community). 
 

• Emergency vehicle access requirements are satisfied. 
 

• The streets do not provide a direct through route between public streets. 
 

• The Homeowners Associations and/or property owners provide an acceptable 
program for financing regular street maintenance. 

 
• If the private street is permitted with a waiver of any of the above standards, any 

future requests to make the private street a public street shall require that all 
adjacent property owners provide and pay for all improvements and right of way 
required to bring the street to current public street or road standards. This includes 
road width, right of way widths and structural section.  In no circumstance shall the 
County pay for any costs to upgrade a private street to public street standards if 
the above-mentioned requirements were waived at the request of the original 
developer or subdivider. 
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g. Street Access Guidelines 
 
The County shall institute street access guidelines consistent with the street 
classifications.  These shall be applied where feasible to all new developments.  The 
following guidelines shall be used to define appropriate access: 
 

• The County shall prohibit driveway access to Prime Arterials, unless there is no 
other reasonable means of access. 

 
• Access to Minor Arterials shall not be permitted unless there is no other 

reasonable means of access to the public street system.  Where access to Minor 
Arterial or Collectors must be allowed, it shall be limited through the use of 
medians and/or access controls in order to maintain street capacity. 

 
• Along Minor Arterials, access spacing shall be a standard distance of 1,200 feet or 

more.  Under special circumstances, this distance may be reduced to a minimum 
of 600 feet.  Along Collectors the corresponding access spacing shall be 600 feet 
for the standard distance and 300 feet for the minimum distance.  The above 
measurements shall be from the ends of the curb returns. 

 
• All access spacing requirements shall consider the above guidelines. Should more 

stringent requirements be imposed by the County Road Commissioner, his 
decision shall be final. 

 
• No driveway access will be allowed to some roads such as Expressways and 

Major Collectors. 
 
h. Specific Alignment Plans 
 
The County shall adopt specific alignment plans when "stand equal sided" widening is not 
adequate for future needs, or when special conditions exist which require a detailed 
implementation plan.  When necessary, the specific alignment plan should be prepared 
prior to the official submittal of the development proposal.  The need for such plans will be 
indicated by the following: 
 

• Variable terrain or other sensitive areas which may preclude straightforward 
preparation of street improvement plans.   

 
• Alignments which are necessary because of existing street design and/or land use 

configurations. 
 

• Development proposals which must deal with extraordinary physical or 
environmental features. 

 
• Transmission facilities for electric, water, gas and other infrastructure systems. 
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i.  Functional Road Classification Updates 
 
The County shall periodically review and update County Road Functional Classifications 
as necessary to ensure accurate and appropriate classifications are assigned to roads. 
The County Road Commissioner performs this task. Factors which contribute to 
necessary modifications include existing and proposed developments, types of 
development, County and City Land Use (Zoning) and vehicular driving patterns. All 
changes to the Functional Road Classifications must comply with the requirements 
described in the “Highway Functional Classifications – Concepts, Criteria and Procedures 
Manual”, published by the Federal Highway Administration (FHWA). Functional Road 
Classifications shown in the Circulation Element, although current, are subject to future 
revisions prepared by the County Public Works Department and approved by the County 
Board, concurred by IVAG and subsequently provided to Caltrans and FHWA for their 
review. 
 
Since Functional Road Classifications are updated independently of the Circulation 
Element the latest approved Functional Road classifications are hereby incorporated into 
the Circulation and Scenic Highway Element by reference.  
 
In some cases final approval of functional road classifications may not be in place when a 
private development project is being initiated or the development itself may require 
increasing the roads functional classification to address the near term and future traffic 
impacts.  In these cases the higher road functional classification shall govern. Final 
determination of road functional classification is by the County Road Commissioner. 
 
2. Ordinance Review 
 
The County Land Use Ordinance Regulations and the setback portions must be reviewed 
and made to conform with the needs of this Element.  This will insure that future 
construction will not interfere with present and potential highway needs.  In addition, the 
currently established road right of ways must be analyzed to determine if these are 
adequate.  In those areas where the present right of ways are inadequate, a program for 
securing such should be commenced.   
 
It shall be the policy and direction under this circulation element that the dedication of 
rights of way and street improvements as a condition of issuance of a building permit 
and/or land use development application shall be required. All such rights of ways 
established in the functional road classifications shall be protected and procurement of 
needed rights of ways and improvements shall be made wherever possible. The County 
Planning and Development Services Director in conjunction with the County Road 
Commissioner shall review every building permit and land use development application in 
regards to obtaining the necessary right of ways and public improvements as a condition 
of permit issuance. This shall also be performed during the CEQA review of any projects 
which fall under the CEQA guidelines. All setbacks established by County Ordinance 
shall be deemed to commence from the edge of ultimate right of ways on any parcel or 
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property fronting on a public street, right of way, or any other public transit corridor and 
not from the property line.  
 
The County Subdivision, Division 8 of the Title 9 Land Use Ordinance should be enforced 
in such a manner that street and roads installed shall conform to this element and the 
appropriate geometric section.  If this is appropriately implemented, future widening or 
roadbed strengthening will not be required later at County expense. 
 
3. Monitoring for Plan Compliance 
 
It will be the responsibility of the Department of Public Works (DPW) to maintain 
surveillance of the Element and the various items that might affect it.  Periodic formal 
reviews should be conducted by the Planning Commission and the Board of Supervisors 
to keep it current.  Generally, such a review should be held at least every five years and 
more often if needed.  In this way, the Element will be kept current and vital, and it will be 
kept visible to all areas of the public. 
 
The Planning and Development Services Department shall be responsible for advising 
the Department of Public Works of proposed development projects and building permit 
applications along designated routes.  Recommendations for right of way, street 
improvements, including but not limited to, off-site improvements of road segments, 
intersection widenings, traffic control devices, street lights, and bike lanes shall be made 
by DPW.  For projects affecting State routes, Caltrans' input shall be sought. 
 
4. Financing Alternatives 
 
Revenues for maintenance and construction improvements to the County Road System 
are mainly derived from the Gas Tax Fund and Local Transportation Authority Sales Tax 
Funds (Measure D). 
 
The Gas Tax Fund is distributed to the County in accordance with formulas enacted by 
the State Legislative Body.  The Local Transportation Authority Sales Tax Fund is a 1/2 
percent sales tax specifically targeted for repairs and rehabilitation, safety improvements 
and construction of needed facilities.  It is a Countywide tax, distributed to cities and the 
County, by a formula based on road mileage and population.  Collection of Measure D 
funds began in 1990 and will terminate in the year 2010. 
 
Other revenues are derived from developer impact fees, development mitigation fees, 
vehicle code fines and miscellaneous fees.  Total estimated revenue for Fiscal Year 1991 
is 8.3 million dollars.  
 
a. Objective 
 

In order to achieve a viable multi-modal transportation system, financing options 
must be considered. The majority of funds to provide needed capital improvements 
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as shown on the circulation map must come from the developer impact fees, 
Federal or State grants, or bond issues if so desired by a vote of the people. 

 
b. Policies 
 

Distribute the costs of transportation improvements equitably among those who 
will benefit, including current roadway users. 
 
Use annexations, development agreements and the CEQA process as tools to 
ensure that new development pays a fair share of costs to provide local and 
regional transportation improvements and to mitigate cumulative traffic impacts. 
 
Participate in the establishment of regional traffic mitigation fees to be assessed on 
new development. The fees shall cover a reasonable share of the costs of 
providing local and sub regional transportation improvements needed for serving 
new development in the unincorporated area. 
 
Seek all available means to finance improvements, including state and federal 
grants, to ensure that a non-motorized system is implemented, in addition to the 
current motorized system being adequately maintained. 
 
Seek to work cooperatively with the Cities to require that development is their 
jurisdiction, also to contribute its fair share to County road improvements. 

 
 

5. Roadway Improvements 
 
a. Objective 
 

The ultimate circulation system is not in place at this time, nor is it necessary for it 
to be fully completed until the County and regional growth warrant it.  In general, 
the road network will be constructed in phases consistent with the needs of the 
community.  This section incorporates policies which will encourage the orderly 
development and funding of the street system.  It is expected that the construction 
will be funded through a combination of developer contributions and fees, County 
funds such as gasoline tax, and state and federal subventions. 

 
b. Policies 
 

It shall be the policy and direction under this circulation element that the dedication 
of rights of way and street improvements as a condition of issuance of a building 
permit and/or land use development application shall be required. All such rights of 
ways established in the functional road classifications shall be protected and 
procurement of needed rights of ways and improvements shall be made wherever 
possible. The County Planning and Development Services Director in conjunction 
with the County Road Commissioner shall review every building permit and land 
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use development application in regards to obtaining the necessary right of ways 
and public improvements as a condition of permit issuance. This shall also be 
performed during the CEQA review of any projects which fall under the CEQA 
Guidelines. All setbacks established by County Ordinance shall be deemed to 
commence from the edge of ultimate right of ways on any parcel or property 
fronting on a public street, right of way, or any other public transit corridor and not 
from the property line. 
 
The County shall assure that each addition to the circulation system is a functional 
link on the total system so that new routes and links are coordinated with existing 
routes to ensure that each new and existing roadway continues to function as it 
was intended. 
 
The County shall require or provide adequate traffic safety measures on all new 
and existing roadways.  These measures may include, but not be limited to, 
appropriate levels of maintenance, proper street design, traffic control devices 
(signs, signals, and striping), street lighting, and coordination with the school 
districts to provide school crossing signs and protection. 
 
The County shall give priority to funding and implementing projects which either 
complete links on the circulation system, or relieve existing deficiencies. 
 
Where feasible, the County shall interconnect traffic signals to form area networks 
or corridor systems.  These systems shall be timed to facilitate the flow of through 
traffic on the arterial system, thus enhancing the movement of vehicles and goods 
through the County, while reducing fuel consumption and air pollution. 
 
The County shall impose appropriate pro-rated fees for construction of roadway 
facilities and associated landscaping to ensure that all new development 
contributes to the completion of the circulation system.  In addition to pre-permit 
collection, such fees may be imposed through creation of assessment districts. 

 
The County shall only approve and build streets as per County of Imperial Design 
Standards.  Likewise, the County shall not allow impacts to other jurisdictions to be 
unmitigated, nor shall the County allow impacts created by projects within 
incorporated areas, to be unmitigated in the County. 
 
The County shall require additional right-of-way and additional improvements of 
expressways and major arterials where required for turning movements, bus 
turnouts, school bus stops or shelters or to provide access to adjacent properties 
wherever access is not feasible from the lower classification street system. 
 
The County shall actively continue all efforts to standardize street design 
requirements with all Cities.  
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The County shall: 
 

a. Require development to provide collector and local street improvements according 
to standards of the County Public Works Department. 

 
b. Require development to dedicate necessary right-of-way when the subdivision or 

development of property adjacent or straddling Circulation and Scenic Highway 
Plan streets is proposed. 

 
c. Require development to provide all necessary grading, installation of curbs, 

gutters, sidewalks, and parkway tree planting, unless these improvements are 
provided through other means. 

 
d. Require development to provide half-width street improvements plus 12-feet 

beyond the centerline in accordance with County standards. 
 

e. Require development to provide right of way and improvements for transit 
infrastructure, including bus turnouts, stops, benches and shelters. 

 
f. Assure that new developments adopted by the Specific Plan process (In 

accordance with the General Plan Land Use Element, Section 1-D) have 
appropriate circulation access. The provision of such access may include the 
development of new local roads along with intersections or interchanges (that may 
not be currently listed in the Circulation Element) to the existing local and regional 
road networks.  Areas that may require additional, intersections or interchanges to 
the road networks when new large scale development occurs include, but not be 
limited to the County’s outlining communities of Salton Sea/ West Shores, Palo 
Verde, Ocotillo, and Bard/ Winterhaven.    

 
If the location and traffic generation of a proposed development will result in 
congestion on major streets or failure to meet LOS C at peak hour periods, or if it 
creates safety hazards, the proposed development shall be required to make 
necessary off-site improvements.  Such improvements may be eligible for 
reimbursement from collected impact fees.  In some cases, the development may 
have to wait until financing for required off-site improvements is available.  In other 
cases where development would result in unavoidable impacts, appropriate findings of 
overriding consideration would be required to allow temporary undesirable levels of 
service. 

 
 
6. Transportation Demand Management 
 
a. Objective 
 

The transportation system envisioned for the County is a balanced system, 
incorporating the needs of all groups, as well as making provisions for many 
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different modes of transportation.  To accomplish this, it is necessary to implement 
policies encouraging a range of transportation opportunities while reducing the 
dependency upon automobiles.   

 
b. Policies 
 

The County shall encourage the reduction of vehicle miles, reduction of the total 
number of daily peak hour vehicular trips, and provide better utilization of the 
circulation system through development and implementation of Transportation 
Demand Management and Transportation Systems Management programs.  
These may include implementation of mandatory peak hour trip reduction, 
requirements for staggered work hours, telecommunications, increased 
development of employment centers where transit usage is highly viable, 
encouraging ride sharing in the public and private sector, provision for park and 
ride facilities adjacent to the regional transportation system, preparation of Traffic 
Management Plans and provision for transit subsidies. 
 
The County in its role as a major employer shall commit to the use of trip reduction 
and vehicle miles traveled reduction strategies identified by Transportation 
Demand Management and Transportation Systems Management programs. 
 
The County shall consider the use of bicycles electric cars and walking paths 
during the design and implementation of the street system.   
 
The County shall update and maintain a recreational trails bikeway plan to 
recommend use of bicycle routes.  These routes shall connect residential areas 
with schools, parks, recreation areas, major employment centers, and 
neighborhood commercial centers. 
 
The County shall require pedestrian facilities along all streets, except 
expressways. 
 
The County shall require that adequate off-street parking be provided for all 
properties.  This assumes that on-street parking will not be available on Prime 
Arterials, Minor Arterials or Collectors since it is necessary in most cases to utilize 
paved width for vehicular traffic, transit, and bicycle uses. 
 
The County shall maintain curb use priorities that consider, in descending order, 
the needs of through traffic, transit stops, bus turnouts, passenger loading needs, 
and short and long term parking. 
 
The County shall prohibit the use of public streets for freight loading and 
unloading. 
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7. Public Transit and Railway Improvements  
 
a. Objective 
 

An integral part of the multi-modal system is the provision for public transit and 
adequate rail service for freight hauling and, when feasible, passenger service.  
For transit service to be successful, it should be properly planned so as to be 
accessible to users and operate on a reasonable schedule.  The following policies 
are intended to provide guidance in establishing a transit system and encouraging 
usage to serve the needs of the County and region. 

 
b. Policies 
 

The County shall cooperate with the SCAG and IVAG and the provider of the 
Countywide Transit System to attain a balance of transportation opportunities.  
This shall include the establishment of criteria to implement transit improvements, 
short and long range transit service plans, corridor improvements, transit centers, 
and park-and-ride lots. 
 
The County shall require developers to construct, where appropriate, transit 
facilities, including bus pull-outs on arterials and Collectors and bus stop 
amenities, including lighted shelters, benches, telephones, and route information 
signs. 
 
The County shall work with the Countywide Transit System to establish transit 
stops adjacent to senior housing facilities, areas with a high concentration of 
medical facilities, major educational and employment centers, and retail and 
commercial areas. 
 
The County should continue to work with the Countywide Transit System, 
Caltrans, and appropriate agencies to plan and implement rail service between the 
international border crossings in Calexico and the Coachella Valley. 
 
The County shall encourage use of the existing railway between San Diego and 
Imperial Counties for potential public transportation as well as cargo hauling. 
 
The County shall encourage the use of railroad freight service to minimize long 
haul truck traffic by providing efficient rail freight loading access facilities. 
 
The County shall encourage existing railroad corridor right of ways to be preserved 
for future transportation needs wherever possible. 
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8. Non-Motorized Transportation 
 
a. Objective 
 

The goal of this program is to enhance environmental and social benefits for the 
citizens of Imperial County by providing an integrated network system of bicycle 
and pedestrian facility for the safe and efficient movement in and through the 
County of Imperial in accordance with the most current approved County of 
Imperial Bicycle Master Plan.  This document is periodically updated and approved 
by the County and IVAG. The most current approved Master Plan is therefore 
made a part of the County Circulation Element by reference (Appendix D). 
 
The goal of the bicycle facilities program is to provide an integrated bicycle 
circulation system which includes facilities to promote the environmental and social 
benefits of commuter and recreational bicycling.  The bicycle circulation system 
and associated bicycle facilities shall provide mobility and safety to all persons and 
areas within the County of Imperial. 
 
The goals of the pedestrian facilities plan are: 

 
Provide for safe pedestrian circulation throughout the County, including 
sidewalks, pedestrian malls, and hiking trails. 
 
Provide properly designed pedestrian facilities for the handicapped and 
elderly population to ensure their safety and enhanced mobility. 

 
b. Policies 
 

Class II bikeways (on-street bike lanes) shall be planned into appropriate 
Expressways, Prime Arterials, Minor Arterials, and Collectors in accordance with 
the most current County of Imperial Bicycle Master Plan.   

 
The County shall cooperate with other governmental agencies to provide 
connection and continuation of bicycle corridors.   
 
The utilization of land shall integrate the bicycle circulation system with auto, 
pedestrian, and transit systems. 
 
The County shall seek funds at the private, local, state, and federal levels for the 
bicycle circulation system.   
 
The County shall encourage the inclusion of green belts and common open space 
for pedestrian use within residential development areas. 
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The County shall, in accordance with state and federal law (as applicable), provide 
access for the disabled and elderly to all public buildings by removal of 
architectural and access barriers. 
 
The County shall require all new development to provide handicap and pedestrian 
access in compliance with Americans with Disabilities Act (ADA). 
 
The County shall require all new development to provide necessary right of way 
and improvements to accommodate bike lanes in accordance with the most 
current approved County of Imperial Bicycle Master Plan. 

 
9. Scenic Highway Program/ Landscaping 
 
a. Objective 
 

The purpose of this program is to protect and enhance the County's scenic, 
historic, and recreational resources within a network of scenic highway corridors.  
This shall also include landscape standards for streets and roads particularly in 
urban areas. 

 
b. Policies 
 

The County shall consider creation of a Scenic Highway Advisory Committee to: 
 
a. Review and recommend amendments to existing ordinances, development 

standards, road classifications, and State Scenic Highway Law; 
 
b. Initiate corridor studies and recommend additional policies, programs and 

specific plans for managing scenic resources; and  
 
c. Review and revise Scenic Highway Program. 
 
The County shall provide staff assistance to the Scenic Highway Advisory 
Committee. 
 
The County shall emphasize protection of scenic highway resources in all County 
actions affecting land use. 
 
The County shall initiate a study of land use development standards for Scenic 
Highway Advisory Committee review. 
 
The County shall develop standards for road/street landscape requirements. 
 

Remainder of Page Blank 
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 APPENDIX A 
 
 GLOSSARY/DEFINITIONS/ABBREVIATIONS 
 
 
Arterial:  A major street carrying the traffic of local and collector streets to and from 
freeways and other major streets, with controlled intersections and generally providing 
direct access to properties. 
 
Collector:  A street for traffic moving between arterial and local streets, generally 
providing direct access to properties. 
 
Expressway:  A highway with full or partial control of access with some intersections at 
grade. 
 
Freeway:  A highway serving high-speed traffic with no crossings interrupting the flow of 
traffic (i.e., no crossings at grade).  Street and Highways Code Section 23.6, in part, 
states that "Freeway means a highway in respect to which the owners of abutting lands 
have no right or easement of access to or from their abutting lands or in respect to which 
such owners have only limited or restricted right or easement of access." 
 
Levels-of-Service (LOS):  According to the Transportation Research Board's 1985 
Highway Capacity Manual Special Report 209, level-of-service is a qualitative measure 
describing the efficiency of a traffic stream.  It also describes the way such conditions are 
perceived by persons traveling in a traffic stream.  Levels-of-service measurements 
describe variables such as speed and travel time, freedom to maneuver, traffic 
interruptions, traveler comfort and convenience, and safety. Measurements are graduated 
ranging from level-of-service A (representing free flow and excellent comfort for motorist, 
passenger or pedestrian) to level-of-service F (reflecting highly congested traffic 
conditions where traffic volumes exceed the capacities of streets, sidewalks, etc.).  
Levels-of-service can be determined for a number of transportation factors including 
freeways, multi-lane highways, two-lane highways, signalized intersections, intersections 
that are not signalized, arterials, transit and pedestrian facilities. 
 
Local Scenic Highway:  A segment of a state or local highway or street that a city or 
county has designated as "scenic." 
 
Official County Scenic Highway:  A segment of a county highway the Director of the 
Department of Transportation (Caltrans) has designated as "scenic." 
 
Official State Scenic Highway:  A segment of a state highway identified and designated 
by the Director of the Department of Transportation (Caltrans). 
 
Paratransit:  Transportation systems, such as dial-a-ride arrangements. 
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Recreational Trails:  Public areas that include pedestrian trails, bikeways, equestrian 
trails, boating routes, trails, and areas suitable for use by physically handicapped people, 
trails and areas for off-highway recreational vehicles, and cross-country skiing trails. 
 
Residential Street:  A street providing direct access to properties and designed to 
discourage through-traffic.  Includes residential cul de sacs and loop streets. 
 
Scenic Highway Corridor:  The visible area outside the highway's right-of-way, generally 
described as "the view from the road." 
 
Transit:  Urban and suburban rail, bus systems and ferryboats. 
 
LIST OF ABBREVIATIONS: 
 

ADT- Average Daily Trips 
FHWA – Federal Highway Administration 
IVAG – Imperial Valley Association of Governments 
IVT – Imperial Valley Transit 
LOS – Level of Service 
RCP-Regional Comprehensive Plan 
ROW- Right of Way 
RTP- Regional Transportation Plan 
SCAG – Southern California Association of Governments 

 
 

Remainder of Page Blank 
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APPENDIX A1 

 
INTERSECTION STANDARDS 

Mainline Street Intersecting 
Street 

Left-Turn Lane 
Requirements Right-Turn Lane 

Local Collector* Local Collector Single No 
Local Collector Collector Single No 
Local Collector Minor Single No 
Local Collector Prime Single No 

Collector** Local Collector Single No 
Collector Collector Single No 
Collector Minor Single No 
Collector Prime Single No 

Minor Local Collector Single No 
Minor Collector Single No 
Minor Minor Double No 
Minor Prime Double Yes 

Prime Local Collector Single No 
Prime Collector Single No 
Prime Minor Double Yes 
Prime Prime Double Yes 

 

Note: * Also Industrial Collector 
** Also Industrial Local 
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APPENDIX A2 

 
TYPICAL INTERSECTION ILLUSTRATION 

 
 

[FIGURES TO BE SUBMITTED SEPARATELY BY LL&G ENGINEERS, INC.] 
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California Scenic Highway Program Frequently Asked 

Questions 
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• What is the California Scenic Highway Program and when did it start?  
 

Many state highways are located in areas of outstanding natural beauty. California's Scenic 
Highway Program was created by the Legislature in 1963. Its purpose is to preserve and protect 
scenic highway corridors from change which would diminish the aesthetic value of lands adjacent 
to highways. The state laws governing the Scenic Highway Program are found in the Streets and 
Highways Code, Section 260 et seq.  
 

 What elements make a highway "scenic"?  
 
A highway may be designated scenic depending upon how much of the natural landscape can be 
seen by travelers, the scenic quality of the landscape, and the extent to which development 
intrudes upon the traveler's enjoyment of the view.  
 

 What does the "State Scenic Highway System" include?  
 
The State Scenic Highway System includes a list of highways that are either eligible for 
designation as scenic highways or have been so designated. These highways are identified in 
Section 263 of the Streets and Highways Code. A list of California's scenic highways and map 
showing their locations may be obtained from Caltrans' Scenic Highway Coordinators.  
 

 What is the difference between an "eligible" and an "officially designated" scenic highway?  
 
The status of a state scenic highway changes from eligible to officially designated when the local 
jurisdiction adopts a scenic corridor protection program, applies to the California Department of 
Transportation for scenic highway approval, and receives notification from Caltrans that the 
highway has been designated as a Scenic Highway.  
 

 What is a scenic corridor protection program?  
 
When a city or county nominates an eligible scenic highway for official designation, it must 
identify and define the scenic corridor of the highway. The agency must also adopt ordinances to 
preserve the scenic quality of the corridor or document such regulations that already exist in 
various portions of local codes. These ordinances make up the scenic corridor protection 
program.  
 

 What is included in a scenic corridor protection program?  
 
There are minimum requirements for scenic corridor protection:  
1. Regulation of land use and density of development;  
2. Detailed land and site planning;  

3. Control of outdoor advertising (including a ban on billboards);  

4. Careful attention to and control of earthmoving and landscaping; and  

5. Careful attention to design and appearance of structures and equipment.  
Citizen participation in developing these requirements is very important if the program is to have 
popular support.  
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 How are the boundaries of a scenic corridor determined?  
 
A scenic corridor is the land generally adjacent to and visible from the highway. A scenic corridor 
is identified using a motorist's line of vision. A reasonable boundary is selected when the view 
extends to the distant horizon. Jurisdictional boundaries of the applicants are also considered.  

 What steps are necessary to receive official designation?  
 
If a route is included on the list of scenic highways eligible for official designation, contact the 
Caltrans District Scenic Highway Coordinator for a copy of the Guidelines for the Official 
Designation of Scenic Highways. The city or county with jurisdiction over lands adjacent to the 
highway must take the following steps: 
 
1.  Inspect and evaluate the route to determine if it meets the current scenic highway criteria and 

to what extent, if any, development has intruded on the scenic views.  
 
2.  Submit a Resolution of Intent Package to the Departmental Transportation Advisory 

Committee (DTAC) through the appropriate Caltrans district office. The package should 
include a Resolution of Intent by the local governing body, maps showing the scenic corridor 
and existing zoning, a map overlay of development in the corridor, a narrative description of 
the scenic elements, and a videotape representative of the highway segment. Caltrans 
District and Headquarters Scenic Highway Coordinators and DTAC evaluate each proposal. 
If it is determined that the corridor meets the scenic criteria, the applicant proceeds to Step 3. 
If the route fails this review, it is not advisable to continue seeking official designation.  

 
3.  Prepare and adopt a scenic corridor protection program. Caltrans staff and DTAC review the 

protection program. If it is determined that the program meets the legislative standards, a 
recommendation to designate the highway as scenic will be forwarded to the Caltrans 
Director.  

 
 Can highways still be added to the Scenic Highway System?  

 
A city or county may propose adding routes with outstanding scenic elements to the list of eligible 
state highways. However, state legislation is required. Local governments should consult 
Caltrans' District Scenic Highway Coordinator before initiating action, to ensure that the route 
qualifies.  
 

 Can county roads become part of the Scenic Highway System?  
 

Yes. Although there is no official list of county highways eligible for scenic designation, county 
highways that are believed to have outstanding scenic qualities are considered eligible. To 
receive official designation, the county must follow the same process required for official 
designation of state scenic highways.  
 

 How are officially designated scenic highways identified?  
 
Caltrans places the colorful "poppy" sign, logo of the scenic highway program, along the route. 
Also, the poppy logo identifies scenic highways on travel maps, and maps produced by the State 
Division of Tourism.  
 

 Is there special funding for the Scenic Highway Program?  
 
There is no special funding for preparation of scenic highway nominations. Some types of 
projects on scenic highways may qualify for funding under the Transportation Enhancement 
Activities (TEA) Program. 
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 Can scenic highways be widened or otherwise changed?  
 
Official scenic highway status places no restrictions for making improvements on scenic 
highways. However, Caltrans works with appropriate agencies to coordinate transportation 
proposals and maintenance activities and to ensure the protection of scenic corridors to the 
maximum extent feasible.  

 Does official designation preclude development?  
 
No, but the corridor protection program seeks to encourage quality development that does not 
degrade the scenic value of the corridor.  
 

 Can official designation be revoked?  
 
The most critical element of the scenic highway program is implementation and maintenance of 
the scenic corridor protection program. Caltrans monitors officially designated scenic highways at 
least every five years. Designation can be revoked if the local government ceases to enforce its 
protection program. A city or county may request revocation if it no longer wishes to be part of the 
program.  
 

 What advantages does official designation offer?  
 
A scenic highway can create a positive image for a community, preserve and protect 
environmental assets and encourage tourism.  
 

 How can I find out more about the Scenic Highway Program?  
 
The Scenic Highway Coordinator at your local Caltrans district office can provide additional 
information.  
 
 

 Other Information on Scenic Highways  
 

 Guidelines for the Official Designation of Scenic Highways -- A process for the 
designation of official scenic highways whereby cities and/or counties develop and 
implement scenic protection measures.  

 What Scenic Highway Designation Can Do -- The benefits of Scenic Highway 
Designation.  

 California Scenic Routes -- A list of the officially designated California scenic highways.  

 California Scenic Highway System -- A list of eligible and officially designated routes. 

 California Scenic Highway Mapping System -- A description and photo tour of California's 
scenic routes.  

 
 Other Scenic Resources  

 
National Scenic Byways Program -- National Scenic Byways Online provides travelers with 
current, detailed information about scenic byways throughout the United States. NSBO also gives 
byway organizations easy access to government and private resources related to scenic byways.  
 

Office of State Landscape Architecture Homepage 
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APPENDIX C 
 
 
 

Guidelines for the Official Designation of Scenic Highways 
 
 
 
 

(Obtained from Caltrans website) 
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SECTION I 

INTRODUCTION AND BACKGROUND 
 

Program History 
 
In 1963, the State Legislature established the California Scenic Highway Program through Senate 
Bill 1467 (Farr). The bill declared:  
 
"The development of scenic highways will not only add to the pleasure of the residents of this 
State, but will also play an important role in encouraging the growth of the recreation and tourist 
industries upon which the economy of many areas of this State depend." 
 
Senate Bill 1467 added Sections 260 et seq. to the Streets and Highways Code. In these statutes 
the State proclaims its intent to:  
 
"establish the State's responsibility for the protection and enhancement of California's natural 
scenic beauty." 
The legislation further declares the State's intent to assign responsibility for the development of 
scenic highways to local jurisdictions. These and related codes are located in Appendix A.  
 
Provisions for a California Scenic Highway Program were added to the Streets and Highways 
Code in 1963. Since that time, key features in the Code have remained substantially unchanged.  
 

 
Highway 1, Monterey County 

Program Features 
 
The following features characterize the program:  
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• A State Scenic Highway System that includes a list of highways eligible to become, or 
designated as, official scenic highways. Legislative action establishes and amends this 
list.  

• A process for the designation of official scenic highways whereby cities and/or counties 
(hereafter referred to as local jurisdictions) develop and implement a scenic corridor 
protection program containing five pertinent, generally accepted land use planning 
standards.  

• A legislatively appointed body, the Departmental Transportation Advisory Committee 
(DTAC), whose responsibilities include:  

o Recommending program criteria;  
o Reviewing applications and recommending eligible highways for official scenic 

highway designation; and  
o Advising the Director of the California Department of Transportation (Caltrans) to 

revoke the official designation of any existing scenic highway which is no longer 
in compliance with the program.  

• A poppy sign as the logo of the California Scenic Highway Program. Caltrans places this 
on officially designated scenic routes.  

• A process for designating county roads as official county scenic highways.  
 

 
Highway 395, Mono County 
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SECTION II 

SCENIC HIGHWAY CRITERIA 
 

 
 
The goal of the California Scenic Highway Program is to preserve and enhance the natural 
beauty of California. Therefore, the merits of a nominated highway are evaluated on how much of 
the natural landscape a passing motorist sees and the extent to which visual intrusions (e.g., 
buildings, unsightly land uses, noise barriers) impact the "scenic corridor." Visual intrusions are 
considered in the following manner:  
 
• The more pristine and unaffected by intrusions, the more likely the nominated highway 

will qualify as scenic.  
• Where intrusions have occurred, the less the impact on an area's natural beauty, the 

more likely the nominated highway will qualify as scenic.  
• The extent to which intrusions, rather than the natural landscape, dominate views from 

the highway determines the significance of their impact on the scenic corridor.  
 
State highways nominated for scenic designation must be included on the list of highways eligible 
for scenic designation in the State Scenic Highway System. These highways are identified in 
Section 263 of the Streets and Highways Code, located in Appendix A.  A process for adding 
"eligible" highways to the system is described in Section III.  
 
Scenic highway nominations will be evaluated using the following qualifications:  
 
• The proposed scenic highway is principally within an unspoiled native habitat and 

showcases the unique aspects of the landscape. However, the scenic corridor can also 
showcase agriculture or manmade water features.  

• Existing visual intrusions do not significantly impact the scenic corridor.  
• Strong local support for the proposed scenic highway designation is demonstrated.  
• The length of the proposed scenic highway is not short or segmented.  
 
After it is determined the proposed scenic highway satisfies these qualifications, the local 
jurisdiction, with support of its citizens, must adopt a program to protect the scenic corridor. The 
zoning and land use along the highway must meet the State's minimum requirements for scenic 
highway corridor protection as stated in Section IV.  
 
Scenic Corridor: defined as the area of land generally adjacent to and visible from the highway. It 
is usually limited by topography and/or jurisdictional boundaries.  
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Highway 89, Hope Valley Area, El Dorado County 

 
SECTION III 

NOMINATION PROCESS 
 

 
 
Obtaining Eligibility 
 
If a route is not included on the list of highways eligible for scenic highway designation in the 
Streets and Highways Code Section 263 et seq. (see Appendix A), it must be added before it can 
be considered for official designation. Additions and deletions can only be made through 
legislative action. As a general policy, short or segmented routes are not recommended for 
inclusion in the State Scenic Highway System. If several suitable routes within a jurisdiction are 
being considered, they can be incorporated by means of a single piece of legislation.  
 
It is advisable that the local jurisdiction consult with the Caltrans District Scenic Highway 
Coordinator and/or Headquarters Scenic Highway Coordinator to determine suitability for scenic 
designation before seeking legislative action. A listing of Caltrans Headquarters and District 
Offices is found in Appendix C.  
 
Additions and deletions to the list of highways eligible for scenic designation can only be made 
through legislative action.  
 
Eligible Scenic Highways 
 
The application for nominating eligible scenic highways for official designation requires the 
preparation of a visual assessment and a resolution package. The resolution package is to 
include a resolution of intent, two maps, a video, and a narrative description of the scenic 
elements in the corridor, including intrusions on scenic views. Steps for completing the application 
are explained below. A chart summarizing the process and procedure is found in Appendix B.  
 
STEP 1 - VISUAL ASSESSMENT 
 
The local jurisdiction is to prepare a brief visual assessment, in the form of a written summary, to 
familiarize themselves and Caltrans' staff with the proposed scenic highway. The purpose of the 
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visual assessment is to inventory the natural landscape (e.g., landforms, vegetation, water 
features) and the type and amount of visual intrusions along the proposed scenic highway.  
 
Since California contains several diverse landscape regions, the merits of a particular landscape 
are considered within the context of its own region. However, the highway should go through an 
area of outstanding scenic quality, containing striking views, flora, geology, and other unique 
natural attributes.  
 
The following three visual concepts are to be addressed in the visual assessment:  
 
• Vividness - the extent to which the landscape is memorable. This is associated with the 

distinctiveness, diversity and contrast of visual elements. A vivid landscape makes an 
immediate and lasting impression on the viewer.  

• Intactness - the integrity of visual order in the landscape and the extent to which the 
natural landscape is free from visual intrusions.  

 
Not more than one third of the proposed scenic highway should be impacted by major 
intrusions.* Examples of visual intrusions are found in Appendix D.  

• Unity - the extent to which intrusions are sensitive to and in visual harmony with the 
natural landscape.  

 
Major intrusions are those that dominate the landscape, degrading or obstructing scenic views  
 
STEP 2 - CONSULTATION WITH CALTRANS 
 
The local jurisdiction is to discuss and field review the visual assessment with the Caltrans District 
Scenic Highway Coordinator before proceeding to Step 3. A map showing Caltrans district 
locations and telephone numbers is found in Appendix C.  
 
STEP 3 - SCENIC HIGHWAY RESOLUTION PACKAGE 
 
The local jurisdiction for the lands adjacent to the proposed scenic highway must prepare a 
scenic highway resolution package, consisting of the following:  
   
   

MINOR 
intrusions are 
those that are 
either 
complementary to 
the landscape or 
are recognized 
cultural or historical 
significance. Color 
these yellow.  
  
 
 
 

MODERATE 
intrusions are 
those that are 
integrated into the 
landscape and do 
not degrade or 

A. Resolution of Intent - An official Resolution of Intent is to be 
enacted by the local governing body. This should cite the reason for 
seeking official scenic designation. It is highly advisable to place the 
discussion of this resolution on the agenda at a regularly scheduled 
public meeting to allow public input at the beginning of the project. 
 
B.Topographic map and map overlay - A two-part mapping 
procedure is required to illustrate the visual quality of the proposed 
scenic highway. 
 
A topographic map (USGS or comparable) should show the 
suggested scenic corridor boundaries and proposed scenic highway 
limits. The map should show natural features in the landscape (land 
forms, water, vegetative cover) that make it scenic and include any 
visual intrusions within the scenic corridor. Also, Caltrans post-mile 
designations should be shown. 
 
The map overlay should be colored where minor, moderate, and 
major intrusions are shown on the underlying topographic map (see 
definitions and colors at left). A chart listing examples of intrusions is 
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obstruct scenic 
views. Color these 
orange. 
 
 
 
 
 

MAJOR 
intrusions are 
those that 
dominate the 
landscape, 
degrading or 
obstructing scenic 
views. Color these 
red.  

provided in Appendix D. 
 
C. Zoning map - A zoning map delineating the scenic corridor and 
showing allowable land use. 
 
D. Narrative - A narrative description of the elements that make the 
route scenic. This would include natural features, structures of 
historical significance and other scenic resources visible from the 
highway. In addition, the narrative must describe present zoning and 
future plans for lands in the scenic corridor. It should also describe 
the type (e.g., buildings, unsightly land uses, noise barriers) and 
extent of intrusions on scenic views. 
 
E. Video - A modest (15 minutes maximum) video cassette tape 
showing both sides of the corridor, or a representative sample (as 
attested to by the department) of the characteristics along the 
corridor, as viewed by the motorist. The video will be used to 
familiarize DTAC with the proposed scenic highway and for future 
reference. 

  
 
 
STEP 4 - CALTRANS REVIEW OF RESOLUTION PACKAGE 
 
Following receipt of the Scenic Highway Resolution Package, the Caltrans District and 
Headquarters Scenic Highway Coordinators will review the resolution package for completeness 
and accuracy and evaluate the proposed scenic highway for official designation potential. The 
evaluation will be based on the qualifications stated in Section II.  
 
STEP 5 - DTAC REVIEW OF RESOLUTION PACKAGE 
 
The Scenic Highway Resolution Package, as well as recommendations by the District and 
Headquarters Scenic Highway Coordinators, will be sent to DTAC prior to the meeting at which 
the project will be discussed. Local jurisdiction applicants will be notified of the meeting and may 
attend at their discretion. After receiving approval by DTAC, the local jurisdiction can proceed to 
Section IV.  
 
If DTAC determines that the route proposed for designation does not meet the legislative intent of 
the California Scenic Highway Program, which is to showcase the State's natural scenic beauty, 
the local jurisdiction should stop here.  
 
If DTAC does not approve the proposed route, the local jurisdiction should stop proceedings.  
 

 
SECTION IV 

DESIGNATION PROCESS 
 

 
 
STEP 1 - PREPARATION AND ADOPTION OF SCENIC CORRIDOR PROTECTION PROGRAM 
 
This step requires the local jurisdiction to develop and adopt protection measures in the form of 
ordinances to apply to the area of land within the scenic corridor. Such regulations may already 
exist in various portions of local codes. They should, however, be assembled under an easy to 
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read format that includes, at a minimum, the five legislatively required standards listed below. 
They should be written in sufficient detail to avoid broad discretionary interpretation.  
 
Scenic Corridor Protection Programs do not preclude development but ensure compatible 
development that is consistent with the community's scenic values and goals of the California 
Scenic Highway Program.  
 
Minimum Standards  
 
The five minimum requirements* under Section 261 of the Streets and Highways Code are:  
• Regulation of land use and density of development (i.e., density classifications and types 

of allowable land uses),  
• Detailed land and site planning (i.e., permit or design review authority and regulations for 

the review of proposed developments),  
• Prohibition of off-site outdoor advertising** and control of on-site outdoor advertising,  
• Careful attention to and control of earthmoving and landscaping (i.e., grading ordinances, 

grading permit requirements, design review authority, landscaping and vegetation 
requirements), and  

• The design and appearance of structures and equipment (i.e., placement of utility 
structures, microwave receptors, etc.).  

* also see "Undergrounding of Utility Lines" in Section VI.  
** as required per Section 5440.1 of the Business and Professions Code (Outdoor Advertising 
Act)  
 
Public Participation  
 
Public participation is an important part of the preparation of a scenic corridor protection program. 
Affected property owners, local citizens' committees, environmental groups and anyone else who 
might be impacted or interested in the proposed designation should be involved at the earliest 
possible date to afford ample time for review and comment before official action is taken. 
Notification by mail to affected property owners is strongly suggested. Effective citizen 
participation will result in a protection program which generally meets local desires and will 
reduce the probability of last minute controversy.  
 

 
Highway 4, Calaveras County 

 

PC ORIGINAL PKG



 

Appendix                                                                                                                                            98 

STEP 2 - CALTRANS REVIEW OF PROTECTION PROGRAM 
 
Following the adoption of the scenic corridor protection program, the local jurisdiction submits a 
request for official designation to Caltrans. The request should be addressed to: Chair, 
Departmental Transportation Advisory Committee. The submittal must include:  
 
• The adopted scenic corridor protection program, arranged under the headings of the five 

required minimum standards,  
• A brief description of the process employed for public participation, and  
• Evidence of adoption of protection program (i.e., official resolution).  
 
The protection program will be reviewed by the Caltrans District and Headquarters Scenic 
Highway Coordinators. They will check for compliance with the five minimum requirements 
described in this section, and if necessary, indicate to the jurisdiction any deficiencies of the 
scenic corridor protection program. If the deficiencies are corrected or the original submittal is 
found to be adequate, the coordinators will recommend that DTAC approve the request for official 
scenic highway designation of the route.  
 
STEP 3 - DTAC REVIEW OF PROTECTION PROGRAM 
 
Upon receipt of the Caltrans staff review, if DTAC concurs that the scenic corridor protection 
program is adequate, it will recommend official designation of the route to the Director of 
Caltrans.  
 
STEP 4 - OFFICIAL DESIGNATION AND PLACEMENT OF POPPY SIGNS 
 
If the Director agrees with the DTAC recommendation, the route will be designated an official 
state or county scenic highway. This will be indicated in departmental publications or maps for 
public distribution. The department will place and maintain poppy signs along the scenic highway. 
Standards for scenic highway signing are published in the Caltrans Traffic Manual. They call for 
the following:  
 
• Posting standard poppy signs (48" x 26"), when appropriate, with the words "scenic 

route," to identify routes which have been designated as official state scenic highways. 
The sign is installed on the right at the beginning of the scenic route. A standard sign 
indicating "begin" (26" x 12") may be used with this sign.  

• Posting standard poppy signs (12" x 18" or 18" x 27") at beginning, end and/or 
intermittent locations on the state scenic highway. These signs are posted below and on 
the same post as the route shields. On conventional highways, these signs will be 
installed at important urban and rural intersections and at three- to five-mile intervals in 
rural areas. Standard signs indicating "begin" (26" x 12") and/or "end" (18" x 12") may be 
used in combination with these signs.  

• Posting standard five-sided poppy signs (18" x 18" or 24"x 24") at beginning and/or 
intermittent locations on the county scenic highway.  

 
All requests for new or replacement signs must be ordered and approved by the Caltrans District 
Traffic Engineer.  
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SECTION V 

MONITORING PROCESS 
 

 
 
The degree to which a scenic corridor protection program is successful depends on enforcement 
of the protection measures. This requires that the Caltrans district staff remain familiar with the 
requirements of the protection program and experienced in inspection procedures.  
 
To maintain the consistency and integrity of the California Scenic Highway Program, Caltrans, in 
conjunction with DTAC, will conduct a monitoring program. The appropriate local jurisdiction will 
be asked to attest to continued enforcement of the approved corridor protection measures once 
every five years. The District Scenic Highway Coordinator will inspect the scenic highway to 
confirm compliance.  
Caltrans, with the advice of DTAC, is authorized by statute to revoke official scenic highway 
designations if the scenic corridor protection program has ceased to be enforced or if it is 
determined that the scenic appearance of the corridor has not been protected.  
 
Caltrans will extend designation for another five years if the local jurisdiction has reasonably 
enforced its adopted corridor protection measures. If the local jurisdiction is not in compliance, 
Caltrans will send notification of the infraction(s). When it is feasible for the local jurisdiction to 
remedy the infraction(s), a time period of one year (from the date of the notification) will be 
granted to make corrections. When the infraction(s) cannot be remedied, the scenic highway 
designation will be revoked.  
 
A local jurisdiction may request that Caltrans remove a route from Official Scenic Highway status 
at any time. 
 

 
SECTION VI 

MISCELLANEOUS 
 

 
Route Realignments and Relocation 
 
When a route is realigned from its original location, scenic designation or eligibility status is not 
necessarily carried over. The new alignment may be eligible if the original route was either a 
designated or eligible scenic highway and it essentially covers similar terrain and other natural 
features. Scenic designation may be transferred if the new alignment remains within the protected 
scenic corridor. These determinations will be made by the Caltrans District and Headquarters 
Scenic Highway Coordinators with the advice of DTAC.  
 
County Scenic Highways 
 
County roads and highways that are scenic may be designated as official county scenic 
highways. The designation process is initiated in the same manner as for a state scenic highway. 
When the department, with the advice of DTAC, determines that the county highway meets the 
minimum standards for official state scenic highways prescribed in this guide, the department 
may authorize the route to be signed as an official county scenic highway.  
 
Undergrounding of Utility Lines 
 
Section 320 of the California Public Utilities Code requires that all new or relocated electric and 
communication distribution facilities within 1,000 feet of an official designated scenic highway and 
visible from that highway, be buried undergrounded where feasible. Appendix A provides the full 
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text of Section 320. Copies of the Public Utilities Commission's Order and Court Decisions 
Relating to Section 320, which can be obtained from the Caltrans District Scenic Highway 
Coordinator, provide more detail on utility undergrounding.  
 
Effects of Official Designation on Future Highway Construction and Maintenance Activities 
 
Highway construction proposed on designated state scenic highways is evaluated in terms of the 
visual impact to scenic views as part of the environmental process. If major impacts occur, then 
appropriate mitigation measures shall be proposed. Generally, designating portions of a route as 
a scenic highway would not substantially alter the type of project proposed nor the environmental 
clearance process.  
 
There are no special restrictions for construction or maintenance activities on scenic highways. 
However, Caltrans works with appropriate agencies to coordinate transportation proposals and 
maintenance activities and to ensure the protection of scenic corridors to the maximum extent 
feasible.  
 

 
Route 88, Alpine County 
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APPENDIX A 

STATUTES RELATING TO THE CALIFORNIA STATE SCENIC HIGHWAY PROGRAM 
 

 
 
STREETS AND HIGHWAY CODE 
Division 1, Chapter 2, Article 2.5 
 

 
 
260. LEGISLATIVE INTENT 
 
It is the intent of the Legislature in designating certain portions of the state highway system as 
state scenic highways to establish the State's responsibility for the protection and enhancement 
of California's natural scenic beauty by identifying those portions of the state highway system 
which, together with the adjacent scenic corridors, require special scenic conservation treatment. 
It is further declared to be the intent of the Legislature in designating such scenic highways to 
assign responsibility for the development of such scenic highways and for the establishment and 
application of specific planning and design standards and procedures appropriate thereto and to 
indicate, in broad statement terms, the location and extent of routes and areas requiring 
continuing and careful coordination of planning, design, construction, and regulation of land use 
and development, by state and local agencies as appropriate, to protect the social and economic 
values provided by the State's scenic resources.  
 
261. PLANNING AND DESIGN STANDARDS; COMPLETE HIGHWAY 
 
The department shall, with the advice of the Departmental Transportation Advisory Committee, 
establish and apply pertinent planning and design standards for development of official scenic 
highways. In establishing and applying such standards for, and undertaking the development of 
official scenic highways, the department shall take into consideration the concept of the 
"complete highway" which is a highway which incorporates not only safety, utility, and economy, 
but also beauty. The department shall also take into consideration in establishing such standards 
that, in a "complete highway," pleasing appearance is a consideration in the planning and design 
process. In the development of official scenic highways, the department shall give special 
attention both to the impact of the highway on the landscape and to the highway's visual 
appearance. The standards for official scenic highways shall also require that local governmental 
agencies have taken such action as may be necessary to protect the scenic appearance of the 
scenic corridor, the band of land generally adjacent to the highway right-of-way, including, but not 
limited to (1) regulation of land use and intensity (density) of development; (2) detailed land and 
site planning; (3) control of outdoor advertising; (4) careful attention to and control of earthmoving 
and landscaping; and (5) the design and appearance of structures and equipment.  
 
262. DESIGNATION AS SCENIC HIGHWAYS 
 
Whenever the department determines that the corridor protection program for any state highway 
in the state scenic highway system established by this article has been implemented by local 
governmental agencies and a plan and program has been developed by the department for 
bringing the highway up to the standards for official scenic highways established by the 
department, including the concept of the "complete highway," as described in Section 261, the 
department shall designate the highway as an official state scenic highway and shall so indicate 
the highway in any publications of the department or in any maps which are issued by the 
department to the public.  
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The department shall cause appropriate signs to be placed and maintained along the portions of 
the state scenic highway system which the department has designated as official state scenic 
highways that indicate that the highways are official state scenic highways.  
 
If at any time the department, with the advice of the Departmental Transportation Advisory 
Committee, determines that the corridor protection program of local governmental agencies, with 
respect to any highway which has been designated as an official state scenic highway no longer 
adequately carries out responsibility of the local governmental agencies for the protection of the 
scenic corridor, it may revoke the designation of the highway as an official state scenic highway 
and remove the signs which so indicate the highway.  
 
262.1 LOCATION AND CONSTRUCTION OF NEW DISTRICT FACILITY OF LOCAL AGENCY 
WITHIN SCENIC CORRIDOR; APPROVAL 
 
A local agency as defined in subdivision (c) of Section 65402 of the Government Code, shall 
coordinate its planning with, and obtain the approval from, the appropriate local planning agency 
on the location and construction of any new district facility that would be within the scenic corridor 
of any state scenic highway.  
 
263. SCENIC HIGHWAY SYSTEM; ESTABLISHMENT; COMPOSITION 
 
The state scenic highway system is hereby established and shall be composed of the highways 
specified in this article. The highways listed in Sections 263.1 to 263.8, inclusive are either 
eligible for designation as state scenic highways or have been so designated.  
 
263.1 THE STATE SCENIC HIGHWAY SYSTEM SHALL INCLUDE: 
 
Routes 28, 35, 38, 52, 53, 62, 74, 75, 76, 89, 96, 97, 127, 150, 151, 154, 156, 158, 161, 173, 
197, 199, 203, 209, 221, 236, 239, 243, 247, 254, and 330 in their entirety.  
  
263.2 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 1 TO 4 
 
The state scenic highway system shall also include: 
  
• Route 1 from: (a) Route 5 south of San Juan Capistrano to Route 19 near Long Beach, 

(b) Route 187 near Santa Monica to Route 101 near El Rio, (c) Route 101 at Las Cruces 
to Route 246 near Lompoc, (d) Route 227 south of Oceano to Route 101 near Pismo 
Beach, (e) Route 101 near San Luis Obispo to Route 35 near Daly City, (f) Route 35 in 
San Francisco to Route 101 near the approach to the Golden Gate Bridge in San 
Francisco, (g) Route 101 near Marin City to Route 101 near Leggett.  

• Route 2 from Route 210 in La Canada Flintridge to Route 138 via Wrightwood.  
• Route 3 from: (a) Route 36 near Peanut to Route 299 near Douglas City, (b) Route 299 

near Weaverville to Montague.  
• Route 4 from: (a) Route 160 near Antioch to Route 84 near Brentwood, (b) Route 49 near 

Angels Camp to Route 89.  
 
263.3 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 5, 8 TO 10, 12, 14 TO 18, 20, 24, 
25, 27, 29, 30, 33 AND 36 
 
The state scenic highway system shall also include:  
 
• Route 5 from: (a) The international boundary near Tijuana to Route 75 near the south 

end of San Diego Bay, (b) San Diego opposite Coronado to Route 74 near San Juan 
Capistrano, (c) Route 210 near Tunnel Station to Route 126 near Castaic, (d) Route 152 
west of Los Banos to Route 580 near Vernalis, (e) Route 44 near Redding to the Shasta 
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Reservoir, (f) Route 89 near Mt. Shasta to Route 97 near Weed, (g) Route 3 near Yreka 
to the Oregon state line near Hilts.  

• Route 8 from Sunset Cliffs Boulevard in San Diego to Route 98 near Coyote Wells.  
• Route 9 from: (a) Route 1 near Santa Cruz to Route 2 near Boulder Creek, (b) Route 236 

near Boulder Creek to Route 236 near Waterman Gap, (c) Route 236 near Waterman 
Gap to Route 35, (d) Saratoga to Route 17 near Los Gatos, (e) Blaney Plaza in Saratoga 
to Route 35.  

• Route 10 from Route 38 near Redlands to Route 62 near Whitewater.  
• Route 12 from Route 101 near Santa Rosa to Route 121 near Sonoma.  
• Route 14 from Route 58 near Mojave to Route 395 near Little Lake.  
• Route 15 from: (a) Route 76 near the San Luis Rey River to Route 91 near Corona, (b) 

Route 58 near Barstow to Route 127 near Baker.  
• Route 16 from Route 20 to Capay.  
• Route 17 from Route 1 near Santa Cruz to Route 9 near Los Gatos.  
• Route 18 from Route 138 near Mt. Anderson to Route 247 near Lucerne Valley.  
• Route 20 from: (a) Route 1 near Fort Bragg to Route 101 near Willits, (b) Route 101 near 

Calpella to Route 16, (c) Route 49 near Grass Valley to Route 80 near Emigrant Gap.  
• Route 24 from the Alameda-Contra Costa county line to Route 680 in Walnut Creek.  
• Route 25 from Route 198 to Route 156 near Hollister.  
• Route 27 from Route 1 to Mulholland Drive.  
• Route 29 from: (a) Route 37 near Vallejo to Route 221 near Napa, (b) The vicinity of 

Trancas Street in northwest Napa to Route 20 near Upper Lake.  
• Route 30 from Route 330 near Highland to Route 10 near Redlands.  
• Route 33 from: (a) Route 101 near Ventura to Route 150, (b) Route 150 to Route 166 in 

Cuyama Valley, (c) Route 198 near Coalinga to Route 198 near Oilfields.  
• Route 36 from: (a) Route 101 near Alton to Route 3 near Peanut, (b) Route 89 near 

Morgan Summit to Route 89 near Deer Creek Pass.  
 
263.4 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 37, 39 TO 41, 44, 46, 49, 50, 57, 
58, 68, 70 AND 71 
 
The state scenic highway system shall also include:  
 
• Route 37 from: (a) Route 251 near Nicasio to Route 101 near Novato, (b) Route 101 near 

Ignacio to Route 29 near Vallejo.  
• Route 39 from Route 210 near Azusa to Route 2.  
• Route 40 from Barstow to Needles.  
• Route 41 from: (a) Route 1 near Morro Bay to Route 101 near Atascadero, (b) Route 46 

near Cholame to Route 33, (c) Route 49 near Oakhurst to Yosemite National Park.  
• Route 44 from Route 5 near Redding to Route 89 near Old Station.  
• Route 46 from: (a) Route 1 near Cambria to Route 101 near Paso Robles, (b) Route 101 

near Paso Robles to Route 41 near Cholame.  
• Route 49 from: (a) Route 41 near Oakhurst to Route 120 near Moccasin, (b) Route 120 

to Route 20 near Grass Valley, (c) Route 20 near Nevada City to Route 89 near Sattley.  
• Route 50 from Route 49 near Placerville to the Nevada state line near Lake Tahoe.  
• Route 57 from Route 90 to Route 60 near Industry.  
• Route 58 from Route 14 near Mojave to Route 15 near Barstow.  
• Route 68 from Monterey to Route 101 near Salinas.  
• Route 70 from Route 149 near Wicks Corner to Route 83 north of Corona.  
• Route 71 from Route 91 near Corona to Route 83 north of Corona.  
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263.5 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 78 TO 80, 84, 88, 91, 92 AND 94 
 
The state scenic highway system shall also include:  
• Route 78 from Route 79 near Santa Ysabel to Route 86 passing near Julian.  
• Route 79 from: (a) Route 8 near Descanso to Route 78 near Julian, (b) Route 78 near 

Santa Ysabel to Route 371 near Aguanga.  
• Route 80 from: (a) Route 280 near First Street in San Francisco to Route 61 in Oakland, 

(b) Route 20 near Emigrant Gap to the Nevada state line near Verdi, Nevada.  
• Route 84 from Route 238 to Route 680 near Sunol.  
• Route 88 from Route 49 in Jackson to the Nevada state line via Pine Grove, Silver Lake, 

and Kirkwood.  
• Route 91 from Route 55 near Santa Ana Canyon to Route 15 near Corona.  
• Route 92 from Route 1 near Half Moon Bay to Route 280 near Crystal Springs Lake.  
• Route 94 from Route 125 near Spring Valley to Route 8 west of Jacumba.  
 
263.6 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 101, 108, 111, 116, 118, 120, 121, 
125 AND 126 
 
The state scenic highway system shall also include:  
 
• Route 101 from: (a) Route 27 (Topanga Canyon Road) to Route 46 near Paso Robles, 

(b) Route 156 near Prunedale northeasterly to Route 156, (c) A point in Marin County 
opposite San Francisco to Route 1 near Marin City, (d) Route 37 near Ignacio to Route 
37 near Novato, (e) Route 20 near Calpella to Route 20 near Willits, (f) Route 1 near 
Leggett to Route 199 near Crescent City, (g) Route 197 near Fort Dick to the Oregon 
state line.  

• Route 108 from Route 49 near Sonora to Route 395.  
• Route 111 from: (a) Bombay Beach in Salton Sea State Park to Route 195 near Mecca, 

(b) Route 74 near Palm Desert to Route 10 near Whitewater.  
• Route 116 from Route 101 near Cotati to Route 1 near Jenner.  
• Route 118 from Route 23 to DeSoto Avenue near Browns Canyon.  
• Route 120 from: (a) Route 49 near Chinese Camp to Route 49 near Moccasin, (b) The 

east boundary of Yosemite National Park to Route 395 near Mono Lake.  
• Route 121 from: (a) Route 37 near Sears Point to Route 12 near Sonoma, (b) Route 221 

near Napa State Hospital to near the vicinity of Trancas Street in northeast Napa.  
• Route 125 from Route 94 near Spring Valley to Route 8 near La Mesa.  
• Route 126 from Route 150 near Santa Paula to Route 5 near Castaic.  
  
263.7 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 138 TO 140, 142, 146, 152, 160, 
163, 166, 174, 178, 180, 190 AND 266 
 
The state scenic highway system shall also include:  
• Route 138 from Route 2 near Wrightwood to Route 18 near Mt. Anderson.  
• Route 139 from Route 299 near Canby to the Oregon state line near Hatfield.  
• Route 140 from Route 49 at Mariposa to Yosemite National Park near El Portal.  
• Route 142 from the Orange-San Bernardino county line to Peyton Drive.  
• Route 146 from Pinnacles National Monument to Route 25 in Bear Valley.  
• Route 152 from: (a) Route 1 to the Santa Clara county line at Hecker Pass, (b) Route 156 

near San Felipe to Route 5.  
• Route 160 from Route 4 near Antioch to Sacramento.  
• Route 163 from Ash Street in San Diego to Route 8.  
• Route 166 from Route 101 near Santa Maria to Route 33 in Cuyama Valley.  
• Route 168 from: (a) Route 65 near Clovis to Huntington Lake, (b) Camp Sabrina to Route 

395, (c) Route 395 at Big Pine to Route 266 at Oasis.  
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• Route 174 from the Bear River to the Grass Valley city limits.  
• Route 178 from the east boundary of Death Valley National Monument to Route 127 near 

Shoshone.  
• Route 180 from: (a) Route 65 near Minkler to General Grant Grove section of Kings 

Canyon National Park, (b) General Grant Grove section of Kings Canyon National Park to 
Kings Canyon National Park boundary near Cedar Grove.  

• Route 190 from Route 65 near Porterville to Route 127 near Death Valley Junction.  
• Route 266 from the Nevada state line easterly of Oasis to Route 168 at Oasis.  
  
263.8 ADDITIONAL INCLUSIONS; PORTIONS OF ROUTES 198, 210, 215, 251, 280, 299, 395, 
580 AND 680 
 
The state scenic highway system shall also include:  
 
• Route 198 from: (a) Route 101 near San Lucas to Route 33 near Coalinga, (b) Route 33 

near Oilfields to Route 5, (c) Route 99 near Goshen to the Sequoia National Park line.  
• Route 210 from Route 5 near Tunnel Station to Route 134.  
• Route 215 from Route 74 near Romoland to Route 74 near Perris.  
• Route 251 from Route 37 near Nicassio to Route 1 near Point Reyes Station.  
• Route 280 from Route 17 in Santa Clara County to Route 80 near First Street in San 

Francisco.  
• Route 299 from: (a) Route 101 near Arcata to Route 96 near Willow Creek, (b) Route 3 

near Weaverville to Route 5 near Redding, (c) Route 89 near Burney to Route 139 near 
Canby.  

• Route 395 from Route 14 near Little Lake to Route 89 near Coleville.  
• Route 580 from Route 5 southwest of Vernalis to Route 80.  
• Route 680 from the Santa Clara-Alameda county line to Route 24 in Walnut Creek.  
•  

 
STREETS AND HIGHWAYS CODE 
Division 1, Chapter 1, Article 3 

 
 
154. COUNTY SCENIC HIGHWAYS; ENCOURAGEMENT; DESIGNATION; REVOCATION OF 
DESIGNATION 
 
The department shall encourage the construction and development by counties of portions of the 
county highways as official county scenic highways and may furnish to the counties any 
information or other assistance which will aid the counties in the construction or development or 
such scenic highways.  
 
Whenever the department with the advice of the Departmental Transportation Advisory 
Committee, determines that any county highway meets the minimum standards prescribed by the 
department for official scenic highways, including the concept of the "complete highway," as 
described in Section 261, it may authorize the county in which the highway is located to designate 
the highway as an official county scenic highway and the department shall so indicate the 
highway in publications of the department and in any maps which are prepared by the department 
for distribution to the public which show the highway.  
 
If the department, with the advice of the Departmental Transportation Advisory Committee, 
determines that any county highway which has been designated as an official county scenic 
highway no longer meets the minimum standards prescribed by the department for official scenic 
highways, it may, after notice to the county and a hearing on the matter, if requested by the 
county, revoke the authority of the county to designate the highway as an official county scenic 
highway. 
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STREETS AND HIGHWAYS CODE 
Division 3, Chapter 4 

 
 
2157. DEPARTMENTAL TRANSPORTATION ADVISORY COMMITTEE 
 
There is hereby created the Departmental Transportation Advisory Committee. At the 1973-74 
Regular Session of the Legislature, and at the commencement of the 1977-78 Regular Session 
and each four years thereafter, the Speaker of the Assembly and the Rules Committee of the 
Senate shall jointly appoint a committee of 16 members, to consist of county and city officials, 
representatives of transportation planning agencies, representatives of air, highway, motoring, 
and public transportation organizations, and others interested in transportation planning to act in 
an advisory capacity to the department in the preparation of various transportation reports 
required by statute, including but not limited to, functional classification and needs studies. The 
department shall cooperate and confer with the advisory committee so appointed. Each 
committee so appointed shall remain in existence until such time as a new advisory committee is 
appointed.  
 
Any vacancy on the committee shall be filled by a joint appointment by the Speaker of the 
Assembly and the Rules Committee of the Senate, and the appointee shall serve until the 
appointment of a new committee.  
 
2158. TRANSPORTATION ADVISORY COMMITTEE; SUCCESSION TO THE POWERS AND 
DUTIES OF THE SCENIC HIGHWAY ADVISORY COMMITTEE 
 
The Departmental Transportation Advisory Committee shall succeed to and is hereby vested with 
all of the powers, duties, purposes, responsibilities, and jurisdiction in matters now or hereafter 
vested by law in the Scenic Highway Advisory Committee, or any officer or employee thereof. 
Whenever reference is made to the Scenic Highway Advisory Committee, it shall be deemed to 
be a reference to the Departmental Transportation Advisory Committee. The Department of 
Transportation shall have possession and control of all records, books, papers, and other 
property, real, personal and mixed, now or hereafter held for the benefit or use of the Scenic 
Highway Advisory Committee. 
 

 
PUBLIC UTILITIES CODE 
Division 1, Part 1, Chapter 2 

 
 
320. UNDERGROUNDING OF ELECTRIC AND COMMUNICATION DISTRIBUTION 
FACILITIES NEAR STATE SCENIC HIGHWAYS 
 
The Legislature hereby declares that it is the policy of this State to achieve, whenever feasible 
and not inconsistent with sound environmental planning, the undergrounding of all future electric 
and communication distribution facilities which are proposed to be erected in proximity to any 
highway designated a state scenic highway pursuant to Article 2.5 (commencing with Section 
260) of Chapter 2 of Division 1 of the Streets and Highways Code and which would be visible 
from such scenic highways if erected above ground. The commission shall prepare and adopt by 
December 31, 1972, a statewide plan and schedule for the undergrounding of all such utility 
distribution facilities in accordance with the aforesaid policy and the policy and the rules of the 
commission relating to the undergrounding of facilities.  
 
The commission shall coordinate its activities regarding the plan with local governments and 
planning commissions concerned.  
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The commission shall require compliance with the plan upon its adoption.  
 
This section shall not apply to facilities necessary to the operation of any railroad. 
 

Remainder of Page Blank 
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APPENDIX B 
SCENIC HIGHWAYS PROCESS 

[ 
 

 

PC ORIGINAL PKG



 

Appendix                                                                                                                                            109 

 
 

APPENDIX C 
CALTRANS HEADQUARTERS AND DISTRICT OFFICES 
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Below are the street and mailing addresses and phone numbers for the Caltrans District Offices. 
Contact the District Scenic Highway Coordinator, who is generally in the Landscape Architecture 
Office. You may also contact the Statewide Scenic Highway Coordinator at Caltrans 
Headquarters.  
 
Caltran Headquarters 
 
1120 N Street, Sacramento CA 95814 (916) 654-5370  
 
District 1 
 
1656 Union Street, Eureka CA 95501 (P.O. Box 3770, 95502) (707) 445-6407  
 
District 2 
 
1657 Riverside Drive, Redding, CA 96001 (P.O. Box 494040, 96049-4040) (530) 225-3372  
 
District 3 
 
703 B Street, Marysville, CA 95901 (P.O. Box 911) (530) 741-4436  
 
District 4 
 
111 Grand Avenue, Oakland, CA 94612 (P.O. Box 23660, 94623-0660) (510) 286-5924  
 
District 5 
 
50 Higuera Street, San Luis Obispo, CA 93401 (805) 549-3083  
 
District 6 
 
1352 West Olive Avenue, Fresno, CA 93728 (P.O. Box 12616, 93778-2616) (559) 230-3135  
 
District 7 
 
120 South Spring Street, Los Angeles, CA 90012-3606 (213) 897-0624  
 
District 8 
 
247 West Third Street, San Bernardino, CA 92402 (P.O. Box 231, 92402) (909) 383-4521  
 
District 9 
 
500 South Main Street, Bishop, CA 93514 (760) 872- 0681  
 
District 10 
 
1976 East Charter Way, Stockton, CA 95205 (P.O. Box 2048, 95201) (209) 948-7190  
 
District 11 
 
2829 Juan Street, San Diego, CA 92110 (P.O. Box 85406, 92186-5406) (619) 688-6719  
 
District 12 
 
2501 Pullman Street, Santa Ana, CA 92705 (714) 724-2449  
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APPENDIX D 
EXAMPLES OF VISUAL INTRUSIONS* ALONG SCENIC CORRIDORS 

 
NOTE: Where more than one example is listed, only one example need be applicable for an 
intrusion to occur.  
 
BUILDINGS: 
 
Residential Development, Commercial Development, Industrial Development  
 

• MINOR (yellow) 
 

Widely dispersed buildings. Natural landscape dominates. Wide setbacks and 
buildings screened from roadway. Exterior colors and materials are compatible 
with environment. Buildings have cultural or historical significance. 
 

 MODERATE (orange) 
 
Increased number of buildings, but these are complementary to the landscape. 
Smaller setbacks and lack of roadway screening. Buildings do not degrade or 
obstruct scenic view. 
 

• MAJOR (red) 
 

Dense and continuous development. Highly reflective surfaces. Buildings poorly 
maintained. Visible blight. Development along ridge lines. Buildings degrade or 
obstruct scenic view. 

 
UNSIGHTLY LAND USES: 
 
Dumps, Quarries, Concrete Plants, Tank Farms, Auto Dismantling  

 
• MINOR (yellow) 

 
Screened from view so that facility is not visible from the highway. 

  MODERATE (orange) 
 

Not screened and visible but programmed/funded for removal and site 
restoration. 

 
• MAJOR (red) 

 
Not screened and visible by motorists. Will not be removed or modified. Scenic 
view is degraded. 

STRIP MALLS: 
 

 MODERATE (orange) 
 

Neat and well landscaped. Single story. Blend with surroundings. 
 

• MAJOR (red) 
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Not harmonious with surroundings. Poorly maintained or vacant. Blighted. 
Development degrades or obstructs scenic view. 
 

PARKING LOTS: 
 

• MINOR (yellow) 
 

Screened from view so that vehicles and pavement are not visible from the 
highway. 

 
 MODERATE (orange) 

 
Neat and well landscaped. Blend with surroundings. 

 
• MAJOR (red) 

 
Not screened or landscaped. Scenic view is degraded. 

 
OFF-SITE ADVERTISING STRUCTURES: 

 
• MAJOR (red) 

 
Billboards degrade or obstruct scenic view. 

 
NOISE BARRIERS: 

 
 MODERATE (orange) 

 
Noise barriers are well landscaped and complement the natural landscape. Noise 
barriers do not degrade or obstruct scenic view. 

 
• MAJOR (red) 

 
Noise barriers obstruct scenic view. 

 
POWER LINES: 

 
• MINOR (yellow) 

 
Not easily visible from road. 

 
 MODERATE (orange) 

 
Visible, but compatible with surroundings. 

 
• MAJOR (red) 

 
Poles and lines dominate view. Scenic view is degraded. 

 
AGRICULTURE: 

 
Structures, Equipment, Crops  

 
• MINOR (yellow) 
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Blends in and complements scenic view. Indicative of regional culture. 
  MODERATE (orange) 
 

Not in harmony with surroundings. Competes with natural landscape for visual 
dominance. 

 
• MAJOR (red) 

 
Incompatible with and dominates natural landscape. Structures, equipment or 
crops degrade scenic view. 

 
EXOTIC VEGETATION: 

 
• MINOR (yellow) 

 
Used as screening and landscaping. Blends in and complements scenic view. 

  MODERATE (orange) 
 

Competes with native vegetation for visual dominance. 
 

• MAJOR (red) 
 

Incompatible with and dominates natural landscape. Scenic view is degraded. 
 
CLEARCUTTING: 
 

 MODERATE (orange) 
 

Trees bordering highway remain so that clearcutting is not evident. 
 

• MAJOR (red) 
 

Clearcutting or deforestation is evident. Scenic view is degraded. 
 
EROSION: 

 
• MINOR (yellow) 

 
Minor Soil Erosion. 

  MODERATE (orange) 
 

Slopes beginning to erode. Not stabilized. 
 

• MAJOR (red) 
 

Large slope failures and no vegetation. Scenic view is degraded. 
 
GRADING: 
 

• MINOR (yellow) 
 

Grading blends with adjacent landforms and topography. 
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 MODERATE (orange) 
 

Some changes, but restoration is taking place. 
 

• MAJOR (red) 
 

Extensive cut and fill. Scarred hillsides and landscape. Canyons filled in. Scenic 
view is degraded. 

 
ROAD DESIGN: 

 
• MINOR (yellow) 

 
Blends in and complements scenic view. Roadway structures are suitable for 
location and compatible with surroundings. 

 
 MODERATE (orange) 

 
Cut and fill is visible, but has vegetative cover. 
 

 
Last update 9/17/99 
 

Other Information on Scenic Highways: 
 

The California Scenic Highway Program - Frequently asked questions (and 
answers) about the Scenic Highway Program. 

 
What Scenic Highway Designation Can Do - The benefits of scenic highway 

designation. 
 

California Scenic Routes - A list of the officially designated California scenic 
highways. 

 
California Scenic Highway System - A list of eligible and officially designated 

routes.  
 

California Scenic Highway Mapping System - A description and photo tour of 
California's scenic routes.  

Office of State Landscape Architecture Homepage 
If you have any questions or suggestions, please e-mail dennis cadd@dot.ca.gov 

 
   

Caltrans Homepage 
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APPENDIX D 
 
 
 
 

County of Imperial Bicycle Master Plan 
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APPENDIX E 
 
 

2002 Imperial County 20-Year Transportation Plan 
 
 

 
 Highway Element Executive Summary 
 Transit Vision Element Executive Summary 
 Non Motorized Transportation Element Executive Summary 
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APPENDIX F 
 
 

GREATER CALEXICO AREA ARTERIAL NEEDS AND CIRCULATION ANALYSIS 
 

For the Imperial Valley Association of Governments (IVAG) 
in the County of Imperial 

 
prepared and submitted to IVAG original date May 9, 2005 

with latest revised date June 16, 2005 by Darnell and Associates, Inc. 
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IMPERIAL COUNTY GENERAL PLAN 
AGRICULTURAL ELEMENT 

 
 
I. INTRODUCTION 
 
A. Preface 
 
Imperial County contains one of the finest agricultural areas in the world.  This 
accomplishment is due to several environmental and cultural factors including good 
soils, a year-round growing season, the availability of adequate water transported from 
the Colorado River by a complex canal system, extensive areas committed to 
agricultural production, a gently sloping topography, and a climate that is well-suited for 
growing crops and raising livestock.  In recognition of the importance of agricultural 
production to Imperial County, and in view of several potential threats to continued 
success, the County Board of Supervisors directed that an Agricultural Element be 
developed.   
 
Adoption of the Agricultural Element of the Imperial County General Plan demonstrates 
the long-term commitment by the County to the full promotion, management, use, and 
development and protection of agricultural production.  This Element will guide County 
staff activities, inform current and prospective developers of agricultural and non-
agricultural lands, and provide general information and reference about the County's 
agricultural goals and objectives. 
 
The Agricultural Element and the implementing County Ordinances for agricultural 
operations, activities, and industries shall ensure compatibility with adjacent land uses 
and provide clear guidelines for decisions in agricultural areas.  The policies and 
objectives of this Element shall legally bind the County, just as other policies and 
objectives are intended to satisfy the law for the State-mandated Elements in the 
County's General Plan.  This Element provides an informational base for the various 
policies and implementation of Imperial County agriculture; it does not zone, regulate, 
tax, or provide staffing for agricultural activities.   
 
The Agricultural Element is composed of four chapters: 
 

Chapter I describes the nature of the Agricultural Element, its relationship to the 
General Plan as authorized by the California Government Code, and benefits of 
agricultural production. 

 
Chapter II examines existing conditions, trends, and issues of agricultural 
production in Imperial County. 

 
Chapter III presents the goals and objectives of the Element. 

 
Chapter IV identifies implementation programs and plans. 
 

B. Purpose of the Agricultural Element 
 
The Agricultural Element is an optional Element of the Imperial County General Plan, as 
permitted by Section 65303 of the California Government Code.  Although this Element 
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is not mandatory, it must comply with requirements that are requisite to all Elements of 
the General Plan.  Legislative intent must be fulfilled as set forth in Section 65300.5 of 
the Government Code:  "... The General Plan and the parts thereof comprise an 
integrated, internally consistent and compatible statement of policies for the adopting 
agency...". 
 
This Element is intended to be a comprehensive, internally consistent, and long-term 
expression of community goals with regard to agriculture, and will serve as the 
foundation for development decisions by the County Board of Supervisors.  An overall 
purpose of the Element is to describe the status and trends of agricultural resources in 
the planning area and to identify the goals, objectives, policies, and measures and time 
frames related to conserving agricultural lands while minimizing or avoiding conflicts with 
urban and other land uses. 
 
It is noteworthy that on August 21, 1973, the Board of Supervisors adopted the Open 
Space Element of the County General Plan which states the following: 
 

The preservation of prime agricultural lands is beneficial to the public at 
large and adopted policies should encourage this end.  The identification 
and preservation of prime agricultural land, based upon soil 
characteristics, crop types, and water supply should provide the 
foundation for a rational and defensible preservation program.  
Refinement and clarification of the goals, policies, and objectives 
necessary to maintain the economic viability and importance of 
agriculture in Imperial County, will be found in the Proposed Agricultural 
Element... (p. 23). 

 
The County Board of Supervisors appointed an Ad Hoc Advisory Committee in 1990 to 
help the County prepare a General Plan Update.  On August 23, l990, the Ad Hoc 
Advisory Committee decided to recommend that an Agricultural Element be prepared for 
the General Plan.  On October 9, l990, the Board reviewed the Committee's 
recommendation and approved the preparation of this new portion of the General Plan.  
Although the County has long recognized the value and need for preservation of prime 
agricultural lands, the present Agricultural Element is the first to be prepared.   
 
Also in 1990, the Agricultural Commissioner's Office prepared and obtained the approval 
of the Board of Supervisors for the "Right-to-Farm Ordinance".  The Agricultural 
Ordinance states, in part, that "It is the declared policy of this County to enhance and 
encourage agricultural operations within the County.  It is the further intent of this County 
to provide to residents of this County proper notification of the County's recognition and 
support through this ordinance of those persons' and/or entities' right to farm." 
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C. Benefits of Imperial County Agriculture 
 
Agriculture has been the single most important economic activity of Imperial County 
throughout the 1900s, and is expected to play a major economic role in the foreseeable 
future.  The gross annual value of agricultural production in the County has hovered 
around one billion dollars for the last several years, making it the County's largest source 
of income and employment.  Agriculture also represents a major source of tax revenue 
for the County, and supports the purchase of numerous local goods and services.  The 
County's overall economic stability and well-being are intricately related to the economic 
status of this industry. 
 
Aside from economic benefits, Imperial County agriculture is a major producer and 
supplier of high quality plant and animal foods and non-food products.  Over 120 types 
of crops are grown in the County.  Field crops (such as alfalfa), row crops (such as 
lettuce, carrots, and melons), and livestock (especially cattle) represent significant 
contributions to the nation's diet, health, and well-being.  In addition, Imperial County 
agriculture makes efficient use of land, water, good soil, climate, and other natural 
resources.   
 
The agricultural system is currently diversifying by the establishment of aquaculture and 
possible reintroduction of significant dairy production.  Aquaculture offers an opportunity 
to put poorly drained clay soils which are only marginally useful for traditional agriculture 
to productive, high valued crop use.  The ratio of crop value to land used by aquaculture 
is relatively high.  Most existing aquaculture operations were started with capital brought 
into Imperial County.  Capital improvements made to real property and equipment 
purchased for these operations add substantially to the County property tax base, and 
most aquatic products are sold out of the County, thus bringing new money into the 
County.  Imperial County stands to benefit immensely from these industries which, 
among other benefits, provide year-round employment and job opportunities to people at 
many educational and skill levels. 
 
An indirect benefit of agriculture in Imperial County is the creation of modified wetlands 
that attract useful and beneficial wildlife.  The numerous canals, irrigated fields, 
reservoirs and evaporation ponds, aquaculture facilities, and the Salton Sea provide 
important habitats for various listed, protected, and other animal, bird, reptile, and fish 
species.  Considerable recreational fishing and hunting is also made possible as a side 
benefit of agriculture.  Under certain circumstances, agricultural facilities may qualify as 
constructed wetlands and satisfy state and federal concerns over the net loss of 
wetlands. 
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II. EXISTING CONDITIONS AND TRENDS 
 
A. Preface 
 
Agricultural production has been the major economic industry in Imperial County 
throughout the 1900s.  This chapter summarizes the early historical development of this 
industry, describes the existing conditions, and reviews recent trends and issues related 
to continued production.   
 
B. History of Imperial County Agriculture 
 
Ethnohistoric research has demonstrated that upon European contact in Imperial County 
in the 1700s, the Kamia Indians, a desert subgroup of the Kumeyaay (Diegueño) Indians 
whose territory included coastal and inland regions of San Diego County, were using 
dams and ditch systems to irrigate land along the New and Alamo Rivers.  Annual 
flooding of the Colorado River made desert cultivation of corn, beans, squash, 
pumpkins, gourds, and watermelon possible.   
 
Dr. Oliver M. Wozencraft, in 1849, was one of the first newcomers to the County to 
recognize the region's potential for irrigation development.  Irrigation water was first 
delivered to the Imperial Valley in June 1901, by the California Development Corporation 
by diverting it from the Colorado River through a channel cut in Mexico to the Alamo 
River.  After crossing the International Border east of Calexico, water was diverted from 
the stream to irrigate crops.  Until this time, although many people traveled through 
Imperial County, the area held little attraction for settlers.  Irrigation by the Alamo Canal 
Project soon led to a substantial population base in the area and the establishment of 
several towns.  More irrigation ditches were completed and rapid development occurred 
as settlers poured into the area. 
 
In 1905 the Colorado River flooded and ran uncontrolled through Imperial Valley, 
inundating 488 square miles of farmland and creating the Salton Sea.  Several decades 
were required to improve the water delivery system, culminating in the completion of the 
All American Canal, which replaced the Alamo Canal, in 1941.  With a reliable water 
system, operated by the Imperial Irrigation District since 1911, and the construction of 
the Southern Pacific Railroad and paved highways, the County's population and 
agricultural industry grew.  All larger towns and most smaller communities grew up as 
agricultural centers or shipping stations.  Today, agriculture remains the main economic 
resource in Imperial County. 
 
C. Existing Conditions 
 
For the purposes of this Element, discussion of the existing conditions is separated into 
the two major types of agricultural production in Imperial County: irrigated crop 
production, and livestock production (including aquatic products). 
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1. Irrigation Agriculture 
 
Imperial County covers an area of 4,597 square miles or 2,942,080 acres.  
Approximately 20 percent of the land is irrigated for agricultural purposes, most notably 
the central area known as Imperial Valley (512,163 acres; Imperial County General Plan 
Overview, September 1985).  Two other major irrigated areas are Bard Valley (14,737 
acres) in the southeast corner of the County, and Palo Verde Valley (7,428 acres) in the 
northeast corner (Figure 1). 
 
Favorable climate, productive soils, and the availability of irrigation water have permitted 
Imperial County to become a leading producer of agricultural products.  Irrigation 
agriculture in the County is extremely diverse and includes numerous types of vegetable 
crops including lettuce, carrots, onions, tomatoes, cauliflower, and broccoli; alfalfa, 
Sudan grass, and other animal feed; sugar beets; wheat and other grains; melons; 
cotton; and various citrus, fruits, and nuts.  In 1990, Imperial County surpassed one 
billion dollars in gross income from all agricultural products combined, and in 1988, 
1989, and 1991, the gross income was a little under the one billion dollar figure (Table 
1).  Vegetable and melon crops, as a category, have traditionally represented the 
highest gross value, followed by field crops, fruit and nut crops, seed crops and nursery 
products, and apiary products (Figure 2).  Detailed descriptions of crop production 
values and acreages cultivated are provided annually in the Imperial County Agricultural 
Crop & Livestock Report by the Agricultural Commissioner. 
 
Two resources that are vital to past and future agricultural production are productive 
soils and adequate water.  A review of these two resources is important for placing many 
of the trends, issues, goals, and objectives raised in this Element into perspective. 
 
a. Productive Soils 
 
The rich soils of Imperial County, and particularly of the Imperial Valley, were created by 
periodic flooding of the Colorado River over thousands of years which left deep, rich 
deposits of silt.  Information on the adequacy and importance of soils in Imperial County, 
taking into account general soil conditions and characteristics, is available from two 
important sources: the U.S. Department of Agriculture Soil Conservation Service, and 
California State Department of Conservation.  The Soil Conservation Service (SCS) has 
grouped soils into eight capability classes according to their suitability for most kinds of 
field crops.  These classes are defined as follows: 
 
Class I.  Soils have few limitations that restrict their use. 
 
Class II.  Soils have moderate limitations that reduce the choice of plants or that require 
moderate conservation practices. 
 
Class III.  Soils have severe limitations that reduce the choice of plants, or that require 
special conservation practices, or both. 
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Figure 1 - Existing Agricultural Lands in Imperial County 
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Figure 2 - Gross Values of Selected Agricultural Crop and Livestock Commodities 
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TABLE 1 
SUMMARY OF IMPERIAL COUNTY AREA HARVESTED AND GROSS INCOME, 

BY MAJOR AGRICULTURAL COMMODITY CATEGORY, FOR 1987-1991 
 

Commodity 1991 1990 1989 1988 1987 
Vegetable 
& Melon 

     

Harvested 
Acreage 

136,119 149,425 136,887 119,064 109,831 

Value 
 

$409,470,000 $354,868,000 $399,013,000 $452,069,000 $337,853,000 

Field 
Crops 

     

Harvested 
Acreage 

380,534 371,598 373,250 349,281 345,138 
 

Value $254,895,000 $346,497,000 $272,114,000 $250,815,000 $226,934,000 
 

Livestock 
 

     

Value $217,696,000 $264,262,000 $240,298,000 $204,061,000 $177,725,000 
Fruit & Nut 
Crops 

     

Harvested 
Acreage 

4,433 3,527 4,483 4,371 7,374* 
 

Value $35,239,000 $20,915,000 $25,483,000 $28,458,000 $22,000,000 
 

Seed Crops 
& Nursery 
Products 

     
 

Harvested 
Acreage 

40,391 41,248 49,293 49,592 47,662 
 

Value $32,833,000 $26,868,000 $36,968,000 $33,601,000 $36,525,000 
 

Apiary 
Products 

     
 

Value $2,596,000 $3,401,000 $3,565,000 $4,613,000 $4,778,000 
 

Total      
 

Harvested 
Acreage 

561,477 565,798 563,913 522,308 510,005 
 

Value $952,729,000 $1,016,811,000 $977,441,000 $973,617,,000 $805,815,000 
 

 
*included jojoba; moved to field crops in 1988. 
Source: Imperial County Agricultural Crop and Livestock Reports 
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Class IV.  Soils have very severe limitations that reduce the choice of plants, or that 
require very careful management, or both. 
 
Class V.  Soils are not likely to erode but have other limitations, impractical to remove, 
that limit their use. 
 
Class VI.  Soils have severe limitations that make them generally unsuitable for 
cultivation. 
 
Class VII.  Soils have very severe limitations that make them unsuitable for cultivation. 
 
Class VIII.  Soils and landforms have limitations that nearly preclude their use for 
commercial crop production. 
 
Although only Class I and II soils are normally considered as prime (Section 51201(c) of 
the California Government Code), the Open Space Element of the 1973 Plan indicated 
that Class III soils, which comprise most of the Imperial Valley and about 90% of the 
irrigated area in Imperial County, have the potential for prime agricultural production, 
given appropriate climatic and water conditions.  For the purposes of this Agricultural 
Element, the SCS definition of prime agricultural soils continues to be applicable to 
Class I, II, and III soils.  A significant portion of Imperial County is therefore highly suited 
for agricultural production if adequate quantities of irrigation water are available.  
 
Class II soils are scattered in the northwest, west canal, and southeast portions of the 
irrigated area; the San Felipe Creek areas; in the vicinity of the Salton Sea Test Base, 
and the Bard area.  While some of these Class II soils are presently not irrigated, they 
warrant preservation as prime soils.  An extensive area of nonirrigated Class III soils is 
located east of the East Highline Canal.  Barring the availability of substantial amounts of 
irrigation water from a new source, noticeable expansion of irrigated acreage appears 
unlikely.  
 
Additional details on soil characteristics are provided in the Open Space and 
Conservation Element.  Also, the Soil Conservation Service maintains an office in El 
Centro with detailed maps depicting the various types and locations of soils found in the 
County, and should be consulted for more information. 
 
The Department of Conservation's Farmland Mapping and Monitoring Program (FMMP) 
was implemented in 1982, largely as a result of growing public concern over farmland 
losses in California.  The program is mandated by Government Code Section 65570, 
Open Space Subventions.  For land inventory purposes, categorical definitions of 
important farmlands were developed by the SCS, recognizing the land's suitability for 
agricultural production, rather than reflecting only the physical and chemical 
characteristics of soils.   
 
The first Important Farmland Maps were compiled in 1984 and subsequently updated in 
1986, 1988, and 1990.  The major purpose of the FMMP is to monitor conversion of the 
state's agricultural land. The aim of the program is to provide for: 1) an inventory of 
important farm and grazing lands in the form of Important Farmland Series Maps; 2) an 
inventory of land locally planned for, and/or committed to, future urban development; 
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and, 3) biennial revision of the Important Farmland Series maps to identify and report 
conversion of land to and from agricultural use to the legislature, local government, and 
the public.  Lands mapped in Imperial County coincide with those lands included by the 
SCS in the soil survey of the Imperial Valley, the Palo Verde, and the Winterhaven-Bard 
areas. 
 
The Important Farmland Series maps use the eight classification categories summarized 
below and defined in Appendix A. 
 
Prime Farmland.  Land with the best combination of physical and chemical 
characteristics for the production of crops.   
 
Farmland of Statewide Importance.  Land with a good combination of physical and 
chemical characteristics for the production of crops. 
 
Unique Farmland.  Land of lesser quality soils used for the production of the State's 
leading agricultural cash crops. 
 
Farmland of Local Importance.  Nonirrigated and uncultivated land with Prime and 
Statewide soil mapping units. 
 
Grazing Land.  Land on which the existing vegetation is suited to the grazing of 
livestock. 
 
Urban and Built-Up Land.  Land occupied by structures or infrastructure to 
accommodate a building density of at least one unit to one and one-half acres, or 
approximately six structures to ten acres. 
 
Other Land.  Land which does not meet the criteria of any other category. 
 
Land Committed To Nonagricultural Use.  Land that may currently be in agriculture but 
which has been permanently committed by local elected officials to nonagricultural 
development. 
 
The FMMP regards four of the categories -- prime farmland, farmland of statewide 
importance, unique farmland, and farmland of local importance -- as "important 
farmland."  Based upon the most recent (1992) FMMP map and report, Imperial County 
currently has a little less than 560,000 acres of important farmland.   
 
As part of the FMMP, the Department of Conservation produces a Land Conversion 
Report to accompany each biennially updated Important Farmland Series map.  Table 2, 
adopted from the 1988-1990 Land Conversion Report, summarizes Imperial County land 
use data for 1988 and 1990.  As indicated in Table 2, a total of 559,435 acres were used 
as agricultural land in 1990, which represented a net loss of 1,395 acres from 1988.  
Although there was a slight increase in "prime farmland" (165 acres), the other three 
important farmland categories represented losses (1,560 acres combined). 
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TABLE 2 

IMPERIAL COUNTY LAND USE SUMMARY AND CHANGE FROM 1988 TO 1990 
 

Land Use 
Category 

Total Acreage 
Inventoried 

 

1988-90 Acreage Changes 
 

 1988 1990 Acres 
Lost (-) 

Acres 
Gained 

(+) 

Total 
Acreage 
Changed 

Net 
Acreage 
Changed

Prime Farmland 214,369 214,534 863 1,028 1,891 165

Farmland of 
Statewide 
Importance 
 

318,364 317,757 1,519 912 2,431 -607

Unique Farmland 831 783 48 0 48 -48

Farmland of 
Local Importance 

27,266 26,361 909 4 913 -905

Important 
Farmland 
Subtotal 

560,830 559,435 3,339 1,944 5,283 -1,395

Grazing Land 0 0 0 0 0 0

Agricultural Land 
Subtotal 

560,830 559,435 3,339 1,944 5,283 -1,395

Urban Build-Up 
Land 

19,219 20,408 0 1,189 1,189 1,189

Other Land 447,744 447,879 1,379 1,514 2,893 135

Water Area 375 446 0 71 71 71

Total Area 
Inventoried 

1,028,168 1,028,168 4,718 4,718 9,436 0

 
Source:  Table C-7, 1992 Farmland Mapping and Program Land Use Conversion Report 
(Department of Conservation) 
 
It is noteworthy that "Urban and Built-Up Land" increased by 1,189 acres from 1988 to 
1990 (Table 2).  As indicated in Table 3, which details actual conversions from category 
to category, 908 acres of the 1,189 acres of new Urban and Built-Up Land came from 
important farmland (the remaining 281 acres came from "Other Land"). 
 
A major agricultural land use issue addressed in this Element is the continued viability of 
agricultural production and preservation of agricultural land.  As noted above, the County 
Board of Supervisors recognized the potential threats to agricultural productivity posed 
by increased non-agricultural land uses, and on August 7, 1990 approved the "Right-to-
Farm" Ordinance (Ordinance No. 1031; see Appendix B).  Upon adoption of this 
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ordinance, the following "notice", prepared by the Agricultural Commissioner's Office, 
was mailed to all owners of real property in Imperial County.  This notice is also provided 
to potential purchasers of property in Imperial County, and is attached to all building 
permits issued for projects that exist on or within 1/4 of a mile of agricultural land: 
 
 

IMPORTANT NOTICE 
FROM THE BOARD OF SUPERVISORS OF IMPERIAL COUNTY 

DISCLOSURE REQUIRED BY IMPERIAL COUNTY CODIFIED ORDINANCE  
SECTION 62103 

 
RIGHT TO FARM 

 
The County of Imperial permits operation of properly conducted 
agricultural operations within the County.  If the property you are 
purchasing or own is located near agricultural lands or operations or 
included within an area zoned for agricultural purposes, you may be 
subject to inconvenience or discomfort arising from such operations.  
Such discomfort or inconvenience may include, but are not limited to: 
noises, odors, light, fumes, dust, smoke, insects, chemicals, operation of 
machinery (including aircraft) during any 24 hour period, storage and 
disposal of manure, and the application by spraying or otherwise of 
chemical fertilizers, soil amendments, herbicides and pesticides.  One or 
more of the inconveniences described may occur as a result of any 
agricultural operation which is in conformance with existing laws and 
regulations and accepted customs and standards.  If you live near an 
agricultural area, you should be prepared to accept such inconvenience 
or discomfort as a normal and necessary aspect of living in a county with 
a strong rural character and an active agricultural sector.  Imperial County 
has established a grievance committee to assist in the resolution of any 
disputes which might arise between residents of this county regarding 
agricultural operations.  If you have any questions concerning this 
disclosure, please contact the Agricultural Commissioner's Office at 339-
4314. 
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TABLE 3 
IMPERIAL COUNTY LAND USE CONVERSIONS FROM 1988 TO 1990 

 

Land Use 
Category 

Prime 
Farm 
land 

Farmland 
of 

Statewide 
Importance 

Unique 
Farm 
land 

Farmland of 
Local 

Importance

Grazing 
Land 

Total 
Ag. 

Land

Urban 
Built-up 

Land 

Other 
Land 

Water 
Area 

Total 
Converted 
to Another 

Use 
Prime 
Farmland to 

0 40 0 0 0 40 154 621 48 863

Farmland of 
Statewide 
Importance  
to: 

16 0 0 4 0 20 706 770 23 1,519

Unique 
Farmland  to: 

0 0 0 0 0 0 48 0 0 48

Farmland of 
Local 
Importance to 

266 520 0 0 0 786 0 123 0 909

Grazing Land  
to: 

0 0 0 0 0 0 0 0 0 0

Agricultural 
Land Subtotal 

282 560 0 4 0 846 908 1,514 71 3,339

Urban Build-
Up Land to: 

0 0 0 0 0 0 0 0 0 0

Other Land     
to: 

746 352 0 0 0 1,098 281 1 0 1,379

Water Area to 0 0 0 0 0 0 0 0 0 0

Total Acreage 
Converted      

1,028 912 0 4 0 1,944 1,189 1,514 71 4,718

Source: Table C-7, 1992 Farmland Mapping and Monitoring Program Land Use Conversion Report (Department of Conservation) 
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Although a major intent of this ordinance is to reduce the loss to the County of its 
agricultural resources, an important, related purpose is to promote a good neighbor 
policy by advising purchasers and users of adjacent properties about the potential 
problems and inconveniences associated with agricultural operations.  The ordinance 
also establishes a "County Agricultural Grievance Committee" to settle disputes between 
agriculturalists and adjacent property owners. 
 
In summary, the USDA Soil Conservation Service and the California Department of 
Conservation's Farmland Mapping and Monitoring Program have established that the 
soils currently cultivated in Imperial County are productive and important farmland; the 
gross annual value of agricultural production has averaged close to one billion dollars 
over the past few years; and the County has taken a strong position towards maintaining 
and encouraging agricultural production, as reflected in the "Right-to-Farm" Ordinance. 
 
b. Water Resources 
 
Water for irrigation in Imperial County is diverted from the Colorado River at the Palo 
Verde Diversion Dam north of Blythe by the Palo Verde Irrigation District, and at Imperial 
Dam through the All-American Canal headworks and desilting basins by the Imperial 
Irrigation District (IID) and the Bard Irrigation District for use in the Yuma, Bard, Imperial, 
and Coachella Valleys.  In the Imperial Valley, approximately 2.9 million acre-feet of 
water is delivered annually to over 500,000 acres of agricultural lands via an elaborate 
gravity-flow system of about 5,600 water delivery points, 1,675 miles of canals and 
laterals (more than 1,000 miles of which are concrete-lined) and six regulatory 
reservoirs.  The IID also maintains a 1,457-mile drainage system, which collects surface 
runoff and subsurface drainage from 32,222 miles of tile drains.  For more information on 
the water transportation system, see the Water Element. 
 
Irrigation is critical for crop production in Imperial County.  Most basically, irrigation 
permits farmers to apply measured amounts of water to particular crops as required.  
The water delivery system is sophisticated enough such that next-day water orders can 
normally be accommodated when necessary.  Although some crops are affected by 
salinity, extreme temperatures, and other environmental factors, the existing water 
delivery system overcomes the lack of precipitation in this otherwise arid region as a 
significant limiting factor to intensive crop production.  Detailed information on the water 
delivery systems is available from the IID, the Palo Verde Irrigation District, and the Bard 
Irrigation District. 
 
2. Livestock Production 
 
Livestock production, or animal husbandry, represents the second major form of 
agricultural production in Imperial County.  Livestock production focuses on the 
production of beef cattle, sheep, wool, dairy products, swine, and, more recently, fish 
and other aquatic products.  Horses are also used for work and pleasure.  Imperial 
County offers many advantages to livestock producers.  Locally grown crops provide a 
variety of feed ingredients for beef cattle, dairy cattle, sheep, and other animals, and 
adequate supplies of clean, fresh water are available from the water delivery systems 
described above.  Although hot in the summer, the climate is dry and mild in winter, 
making feeding conditions ideal for cattle and sheep.   
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As indicated in Table 1, the annual gross income from livestock production in the County 
ranged between 177 and 264 million dollars from 1977 to 1991, thereby typically 
representing 20-25% of the total agricultural gross income.  Within the general category 
of livestock production, beef cattle represent the single most important product to date.  
Indeed, taking into account all agricultural products, cattle has long been the highest 
ranked million dollar product (surpassed only in 1988 by lettuce as the top performer; 
see Figure 3 and annual issues of the Imperial County Agricultural Crop & Livestock 
Report by the Agricultural Commissioner).   
 
Cattle production therefore represents a major role in the County's economy by providing 
income, tax revenue, employment and the purchase of local goods and services.  Feed 
yards use many crops grown by Imperial County farmers including alfalfa, bermuda hay, 
bermuda straw, oat hay, Sudan grass hay, rye grass hay and wheat straw.   
 
It is noteworthy that alfalfa has typically been the second highest million dollar product in 
Imperial County; a considerable portion of this field crop is consumed by locally raised 
livestock.  Winter grazing of these crops in recently harvested fields is also important to 
cattle production and farmers alike, as are sugar beet tops which are grazed by cattle 
from April to July.  Several crop culls including melons and carrots are also fed to cattle, 
and locally produced beet pulp and molasses are used in feedyards; lower quality 
roughages that do not meet nutrient requirements for dairy cattle or retail markets are 
suitable for use in feedyard rations.  In addition, wheat and other locally grown grains are 
sold to cattle feeders when export or domestic markets are unfavorable, giving the 
farmers an alternative market for these crops.   
 
Dairy cattle also represent a significant agricultural product in Imperial County, although 
the number of dairies has declined recently.  Sheep are an important commodity, 
particularly in the winter when other regions throughout the West are unsuitably cold.  
The value of sheep was 7.3 million dollars in both 1985 and 1991, although it sunk to a 
low of 4.7 million dollars in 1986. 
 
Aquaculture, which involves the controlled growing of phytoplankton, zooplankton, 
aquatic invertebrates, as well as "higher" aquatic plants and animals in marine, brackish, 
or fresh water, has increased rapidly over the past decade as a significant form of 
agriculture in Imperial County.  Aquaculture products include fish, especially, and also 
fiber, pharmaceuticals, and chemicals.  Aquaculture uses a variety of systems including 
ponds, raceways, silos, circular tanks, cages, and recirculating systems to grow fish, 
plants and animals.  
 
 
Aquaculture is attracted to Imperial County because of a long growing season made 
possible by bright sunshine and cloudless days, and the abundant water supply offered 
by the Colorado River.  Also available are heavy clay soils for pond construction, 
compatible uses of adjoining lands, relatively low cost flat land, relatively low cost 
electricity, and direct heat use of the County's geothermal resources.  The proximity of 
this area to Los Angeles County, Orange County, and San Diego County markets is an 
additional advantage in locating here.  Although not currently exploited, two other 
important resources may, in the future, prove attractive for aquaculturalists: water from 
the Salton Sea (although this may be limited due to the current high levels of salts and 
toxic elements) and carbon dioxide trapped in groundwater.  
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Figure 3 - Selected Million Dollar Crops 
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Aquatic products in Imperial County had a gross annual value of 8.6 million dollars in 
1991, representing a steady increase in gross income from 2.6 million dollars in 1985.  
According to a report published by the Economic Research Service of USDA, 
aquaculture is the fastest growing segment of the overall agriculture industry.  
 
High population areas in Southern California, Baja California and Arizona give livestock 
producers in Imperial County a market unmatched in other areas in the country; and rail 
access to the Port of Los Angeles provides convenient access to international markets. 
 
D. Trends and Issues 
 
Several important trends and/or issues related to future agricultural production in 
Imperial County have developed recently and are addressed in this Agricultural Element.  
These trends and issues may be summarized as follows: 
 
• The loss of important farmland to urban and other uses. 
 
• An increase in "leapfrogging" or "checkerboard" patterns of residential and other 

development on agricultural land outside of existing urban boundaries. 
 
• The increased difficulty of cultivating crops and raising livestock in areas 

experiencing urban development or population increases. 
 
• Water conservation and transfer programs and the future availability of adequate 

quantities of irrigation water. 
 
• Agricultural production and salinity/selenium levels in the Salton Sea. 
 
• Environmental issues related to the runoff of agricultural chemicals and toxic 

elements in drainage water. 
 
• Increased regulation on agricultural operations. 
 
• A lack of understanding by the general public of importance of agricultural 

production and operations. 
 
• A need for balancing renewable energy development and continued agricultural 

operations. 
 
• The need for increased local agricultural packaging/processing activities. 
 
• Infestation by the Sweet Potato Whitefly Strain B (Silverleaf). 
 
• Decline of the cattle and dairy industries. 
 
• Special needs and difficulties of the aquaculture industry. 
 
These trends and issues are reviewed below, and establish the context for presentation 
of the Goals and Objectives in following chapter. 
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Loss of Important Farmland to Urban and Other Uses 
 
As indicated in the Land Use Element, the estimated total population for Imperial County 
increased from 109,303 in 1990 to 117,421 in 1992.  Projections of population and 
household numbers by the Southern California Association of Governments (SCAG) in 
1992 estimated that Imperial County will have 140,100 people (and an additional 5,110 
households) in year 1999.  These projections by SCAG may prove to be low, however, 
in view of several factors including the rapid population growth that the County appears 
to be experiencing, the relative affordability of local housing, completion of the new 
prisons, the proposed new border crossing, and the proposed North American Free 
Trade Agreement.  In 1991, the State Department of Finance had estimated the year 
2000 population would range from approximately 143,400 to 184,700, with the "most 
likely" projection being 164,115. 
 
It must be recognized that the County's population may increase significantly over the 
next decade or two.  New households will need places to live and cities and 
unincorporated areas will need to grow.  These observations are relevant to future 
agricultural production since, with few exceptions, virtually all land surrounding cities and 
unincorporated communities is important farmland.  More specifically, most land that 
surrounds existing urban uses is "Prime Farmland" or "Farmland of Statewide 
Importance", as defined by the California State Department of Conservation.  Indeed, 
these two important categories comprise approximately 95% of all agricultural land in the 
County. 
 
Recognizing that population growth will occur, it is obvious that there will be some net 
losses of existing important farmland.  Important agricultural lands are already under 
extreme pressure for urbanization in several areas, particularly in the vicinities of El 
Centro, Imperial, and Calexico.  Since the County's economy has historically been 
dependent upon agricultural production, and this dependency will exist in the 
foreseeable future, the permanent conversion of significant amounts of important 
farmland to non-agricultural uses will negatively impact the local economy and the 
County's ability to provide important agricultural products to the nation and elsewhere. 
 
Leapfrogging Patterns of Non-Agricultural Developments in Agricultural Areas 
 
Leapfrogging or "checkerboard" patterns of development occur when new subdivisions 
and other land uses are constructed in the midst of agricultural land near a city or rural 
community.  Agricultural fields typically become bounded by new residential or urban 
land uses, and often become isolated as they are cut off from existing farmland.  This 
isolation or stranding of fields leads to several major problems relating to agricultural 
operations including irrigation, the application of pesticides and other chemicals by aerial 
spraying and other means, and access by tractors, trucks and other farm equipment.  
Eventually, these fields become too small or circumscribed by other land uses to be 
economically or conveniently farmed. 
 
Leapfrogging has increased in the past few years and is a major concern of farmers.  
Agricultural uses of the type practiced in Imperial County, as opposed to "gentry farming" 
common in other Southern California communities, are not compatible with residential 
uses.  When a leapfrog residential development is allowed to occur, this inherent 
incompatibility creates land use conflicts on all four sides of the new development.  
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Inevitably, farming loses out and residential expands to create new boundaries of 
conflict. 
 
During interviews conducted for the preparation of this Element, farmers, agricultural 
advisors, and others from the agricultural community invariably identified leapfrogging as 
a significant recent trend and major threat to agricultural production.  Statements such 
as "keep the houses near the towns," "don't let people just develop houses or whatever 
in the middle of agricultural areas," and "growth should happen in an organized way, like 
spreading out around existing towns," are standard opinions.  The consensus is that 
leapfrogging disrupts agricultural operations and reduces agricultural productivity 
significantly more than would be the case by expanding out from existing non-
agricultural uses. 
 
Difficulty of Cultivating Crops and Raising Livestock Near Urban Development 
 
Any new growth beyond existing urban limits, especially including leapfrogging 
developments, but also well-planned expansions at the boundaries of existing urban 
limits, introduces new land use conflicts.  Normal agricultural operations are disrupted 
where non-agricultural land uses extend into or alongside areas that previously were 
entirely agricultural.  Aerial spraying, for example, is a standard and efficient pest control 
practice for the production of many crops in Imperial County.  Interruptions or restrictions 
of this practice, alone, threaten the economic viability of producing certain crops.   
 
As another example of land use incompatibility, new developments commonly impact 
well-established irrigation practices by requiring that farmers construct new canals to 
route water around such developments and to create new drainage systems.  Since the 
irrigation and drainage of farmland is based entirely on gravity flow, any new 
development in existing agricultural land poses potential difficulties for farming adjacent 
farmland, particularly on the downstream side.   
 
Another important difficulty imposed upon farmers by increased development is the 
transportation of farm equipment.  Most farmers in Imperial County cultivate fields in 
different locations, and must move various tractors, planters, cultivators, harvesters, 
landplanes, and other equipment, most of which is oversized, from area to area within 
the County.  With increased growth, and particularly with increased linear development 
between existing urban uses, the transportation of machinery has become increasingly 
difficult and dangerous. 
 
 
From another perspective, increased growth leads to increased nuisance complaints 
about farm and livestock production operations.  The inhabitants of new subdivisions, in 
particular, are often from non-agricultural areas and not accustomed to the activities, 
sounds, dust, night lights, and odors associated with farmland, feedlots, dairies, and 
other agricultural operations.   
 
The establishment of "buffer zones" between agricultural and urban areas would reduce 
much of the incompatibility between these land uses.  The use of buffer zones to date, 
however, has not been common or especially effective.  The buffer zones that exist often 
become overgrown with weeds, which attract various insects and other pests, or 
depositories for trash, making them aesthetically unpleasing. 
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The recently adopted Right-To-Farm Ordinance (Appendix B) goes far towards 
protecting the ability of agriculturalists to perform normal farm and livestock operations.  
By supporting agriculturalists and clarifying the circumstances under which agricultural 
operations may be considered a nuisance, this ordinance should help reduce losses to 
the County of its agricultural resources.  Nevertheless, it is likely that future "nuisance" 
complaints and other difficulties of farming and raising livestock related to urbanization 
will force or encourage some agriculturalists to cease or curtail their operations.  Such 
actions may discourage investments in farm improvements to the detriment of the 
County's agricultural industry as a whole. 
 
Water Conservation and Water Transfer Programs 
 
As described previously, the IID provides approximately 2.6 million acre-feet of water to 
Imperial County each year, and other districts provide water to irrigate some 24,000 
acres in the Bard and Palo Verde Valleys.  Approximately 98% of the water delivered to 
the County is for irrigation.  Considering that the Metropolitan Water District of Southern 
California (MWD) supplies about 2.6 million acre-feet of water each year to some 15 
million people in 27 member agencies stretching from San Diego to Ventura, water 
conservation in Imperial County has become a critical issue.  The issue has intensified in 
view of California's sixth consecutive year of drought and increased demands of 
Colorado River water from Arizona and Nevada.   
 
Under a Water Conservation Agreement between IID and MWD reached in December 
1989, MWD is financing the construction, operation, and maintenance of selected 
conservation projects at a cost of $233 million, and in exchange can divert additional 
water from the Colorado River for delivery to its service area, equivalent to the amount 
conserved by IID.  The 35-year contract between the districts commenced in 1990 and 
calls for construction to be completed in 1995.  The program calls for 18 structural and 
non-structural conservation projects which can be grouped into seven categories: canal 
concrete lining, regulatory reservoirs, 12-hour deliveries, non-leak gates, system 
automation, lateral interceptors, and on-farm irrigation water management.  By the end 
of 1991, an estimated 33,929 acre-feet of water was being conserved annually; the 
entire program is expected to conserve 106,110 acre-feet of water annually by 1994 in 
the County, and make it available for use by the MWD.   
 
Water conservation measures that have the most potential to directly affect agricultural 
production are the on-farm irrigation projects.  These proposed on-farm projects include 
the installation of tailwater pumpback and drip systems, farmer training of new irrigation 
techniques, reduction of alfalfa irrigation, and voluntary land fallowing.  The proposed 
modified alfalfa irrigation program may involve non-irrigation for 75 consecutive days 
with incentives paid to participants.  A voluntary land fallowing program involving 
subsidies may also be made available to farmers.  
 
Many farmers currently find these irrigation reduction programs attractive, considering 
especially the facts that alfalfa prices are low and alfalfa damage by the whitefly is high.  
Whitefly damage, alone, has recently encouraged most farmers to dry out their alfalfa 
fields.  It must be noted that although the agricultural community supported the IID/MWD 
water conservation/transfer program, many farmers are concerned that the initiation of 
irrigation reduction projects may lead to trends or policies that restrict the future 
availability of water for alfalfa and other crops.  Non-voluntary irrigation reduction policies 
would be regarded as a potential threat to long-term agricultural production and the 
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County's economy.  The County is extremely concerned over the incremental effects of 
some of the programs initiated by IID and beyond authority of the County Board of 
Supervisors. 
 
Agricultural Production and Salinity/Selenium Runoff 
 
Colorado River water is naturally somewhat saline, as are the soils that were deposited 
in Imperial Valley by thousands of years of periodic flooding.  Since the flood of the 
Colorado River in 1905-1906, the Sea has been sustained by agricultural drainage from 
the Imperial, Coachella, and Mexicali Valleys, as well as from rainfall, storm runoff from 
the surrounding mountains, and groundwater inflow.   
 
Agricultural production was adversely affected by high salt levels in the first half of the 
1900s.  This hazard has been overcome by the installation of subsurface tile drains.  To 
date, about 32,222 miles of tile drains have been installed and drain most irrigated land 
in Imperial Valley.  The drainage system has reduced previously existing soil salinity 
levels and prevents salt accumulation in farmland from irrigation water.  A consequence 
of tile drains, however, is that, since 1949 more salt has been carried by drainage water 
to the Salton Sea than has been brought in by irrigation water. 
 
Because the Salton Sea is a terminal sea, with no outlet except for evaporation, all salts 
that drain from agricultural lands of the lower Colorado River and Mexico are deposited 
there.  A result of being a terminus for Colorado River water is that approximately five 
million tons of salt per year are carried into the Salton Sea.  The high evaporation rate of 
the desert climate removes water from the Sea each year, but leaves the salt behind to 
become more and more concentrated.  The salinity level of the Salton Sea is currently 
more than 43,000 ppm, which exceeds the salinity of ocean water (about 35,000 ppm), 
and the Salton Sea's sportfishing industry is threatened by rising salinity levels.   
 
Another problem facing the Salton Sea is that of selenium.  Studies have shown that the 
selenium entering the Sea is originally from the Colorado River, which contains 
approximately one to two parts per billion (ppb) of selenium.  As water passes through 
Imperial Valley, the selenium becomes concentrated due to the evapotranspiration that 
occurs during irrigation.  The agricultural drains then carry this selenium-enriched water 
into the Salton Sea where it is taken up and concentrated by small organisms, which in 
turn are eaten by larger organisms.  This process increases selenium concentrations.  
Fish in the Salton Sea have an average concentration of approximately ten ppb.  Birds 
that feed off these fish have tissue levels of up to 40 ppb.  This has a potential to cause 
health problems in birds. 
 
Environmental concerns related to increased salinity and selenium levels of the Salton 
Sea have implications for future agricultural production practices.  While irrigation water 
contributes additional salt and selenium to the Sea, the drainage water also prevents the 
Sea's existing levels of these substances from becoming even more concentrated by 
providing dilution.  The solution to increased salinity and selenium levels is not simply to 
reduce irrigation water, since this would actually be accompanied by a rise in salinity and 
selenium concentrations.  Nevertheless, it behooves the agricultural community to 
remain sensitive to and cooperate with environmental efforts to stabilize salinity and 
selenium of the Salton Sea. 
 
Agricultural Chemicals and Environmental Issues 
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Similar to the problems of high salinity and selenium levels of drainage water, several 
water quality and environmental issues are related to the runoff of agricultural chemicals.  
The intensive agricultural production of Imperial County necessarily results in the 
introduction of agricultural chemicals from pesticides and fertilizers into downstream 
waters.  Studies performed by the California Regional Water Quality Control Board and 
the U.S. Geological Survey indicate that drainage water in the Imperial Valley contains 
pesticides in quantities that often exceed the Environmental Protection Agency's criteria 
for protection of fish and wildlife.  The concentration levels of these chemicals in the fish 
and birds of the agricultural drains and the New and Alamo Rivers are higher than the 
levels found in Salton Sea fish and wildlife by several factors; this problem is currently 
being studied by the U.S. Department of Fish and Wildlife.  It must be noted that a 
considerable portion of the pesticide and other contamination of New and Alamo Rivers 
and Salton Sea comes from irrigation drainage, industrial, and municipal waste 
discharges in Mexico.   
 
The agricultural community needs to be concerned with environmental issues related to 
downstream water quality.  The implementation of Integrated Pest Management (IPM) 
policies and programs that focus on long-term prevention or suppression of pest 
problems with minimum impact on human health, the environment, and nontarget 
organisms would go far towards reducing the environmental problems associated with 
pesticides and other toxic chemicals. 
 
Regulations on Agricultural Operations 
 
A significant trend over the last few decades has been increased regulation on 
agricultural operations.  Environmental, safety, and other restrictions on pesticide and 
fertilizer use, pest management, feedlot and dairy wastes, irrigation water and runoff 
drainage, aerial spraying, crop residue burning, slow-moving farm vehicles and 
operators' licenses, and other activities have made farming and livestock production 
extremely complex and arduous.   
 
Although many such regulations are necessary for the long-term well-being of our health 
and environment, many farmers and cattle producers feel they are being regulated out of 
existence.  Considerable time and effort is currently spent obtaining various non-land 
use related permits and licenses and meeting other regulatory obligations.  In view of the 
many concerns relating to the use of chemicals, drainage water quality and the Salton 
Sea, increased population and traffic in the County, etc., more regulations will likely be 
implemented.  Many potential constraints of farming activities deemed to be nuisances 
by nonfarm residents in rural areas, have likely been avoided by adoption of the Right-
To-Farm Ordinance; but it is clear that strict new Federal, State, or County regulations 
could threaten the viability of agricultural production in Imperial County. 
 
The agricultural community needs to anticipate and take the lead on environmental 
protections before governments do it for them.  For instance, the increased adoption of 
Integrated Pest Management for pest control would go far towards simultaneously 
reducing environmental impacts and fending off new regulations.  At the same time, 
agricultural researchers must continue to focus on the development of other ecologically-
sound agricultural practices for Imperial County, and the various levels of government 
must balance the approval of new regulations with the ability of farmers, cattlemen, and 
other agriculturalists to stay in business. 
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Agricultural Operations and the General Public 
 
As the population of Imperial County has increased, the overall general public's 
understanding of the importance of agricultural production and operations has declined.  
More urban dwellers mean a widened communication gap between agriculturalists and 
non-agricultural consumers.  Whereas long-time County residents understand or are 
accustomed to the odors, dust, noises, insects, and other conditions of living in an 
agricultural community, many new residents feel no loyalty to agriculture and simply find 
agricultural operations to be annoying.  As the County's population increases in the 
future, this lack of education on the part of the general population about agricultural 
operations could lead to political implications detrimental to the agricultural industry, 
despite the adoption of policies such as the Right-To-Farm Ordinance. 
 
The general public therefore needs information about the importance of agricultural 
operations.  Public attitudes about the use of pesticides, the use of large quantities of 
water for irrigation, the economic benefits of raising cattle, the need to transport 
oversized machinery, and other concerns can be improved through education.  The 
general public needs to appreciate what goes into putting food on the table, and needs 
to understand that the County's entire economy depends on agriculture.  Some 
education in the County is occurring, such as the Farm Bureau's "Ag in the Classroom" 
program, but the local agricultural community needs to intensify such efforts.  Several 
other counties in California, as well as the states of Arizona and Nevada, have 
established educational programs that would serve as excellent models for Imperial 
County. 
 
The North American Free Trade Agreement 
 
The proposed North American Free Trade Agreement (NAFTA) holds important 
production and economic implications for Imperial County agriculturalists, although most 
such implications are still poorly understood.  The opinions of County farmers, 
researchers and others of the agricultural community about NAFTA are presently varied 
but generally positive and leaning towards cautious optimism.  If NAFTA is approved by 
the U.S., Mexico, and Canada, the pact will eliminate trade barriers and topple political 
hurdles in creating the world's largest trading bloc worth $6 trillion. 
 
USDA economists are analyzing the expected effects of NAFTA on a commodity by 
commodity basis.  Agricultural products anticipated to improve for Imperial County 
growers include meat and dairy products, wheat, cotton, and nuts; other products 
expected to be exported to Mexico include sweet corn, green beans, rice, tomato paste, 
and frozen asparagus.  Crops that may be imported from Mexico in greater amounts, 
and which may increase competition for local growers, include melons, fresh tomatoes, 
bell peppers, cucumbers, fresh and frozen broccoli, and asparagus.  Imperial County 
can remain competitive in the arena of vegetable and fruit production if these imported 
products are required to meet the same California State minimum quality standards that 
County-grown produce must meet. 
 
The profitability of producing certain commodities will improve under NAFTA, and will 
decline for others.  The advantages and disadvantages of growing specific crops will 
continue to evolve well after NAFTA is adopted, as production costs increase or 
decrease for Imperial County farmers, and as Mexican incomes and purchasing power 
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for U.S. products increase.  It is essential that the short- and long-term economic 
implications of NAFTA be analyzed and, to the extent possible, predicted in order that 
local agriculturalists be well-positioned to appropriately adapt their production strategies. 
 
Agricultural Packaging and Processing 
 
The packaging and processing of agricultural products in Imperial County have declined 
in many ways since the 1950s, and yet these activities potentially represent highly 
valuable enterprises.  The need for a more diversified economic base is reflected in the 
County's attempt to attract industries, such as General Dynamics, and the establishment 
of proposed industrial and commercial Specific Plan Areas (SPAs) such as the Mesquite 
Lake SPA, East Border Crossing SPA, and the I-8 and Highway 111 SPA (see Land Use 
Element).   
 
Because Imperial County produces over 120 crops, of which dozens are multi-million 
dollar products, the potential benefits of developing agricultural packaging and 
processing operations are immense.  Local packaging and processing operations would 
stabilize and increase the value of farm products; increase local employment; diversify 
the overall agricultural industry and thereby stabilize the local economy; and lower the 
prices of many locally produced commodities for local consumption.   
 
Holly Sugar manufactures sugar from locally-raised sugar beets and is one of few 
agricultural processors in the County that could serve as a model for other commodities.  
Holly Sugar contracts with farmers to grow sugar beets, on about 40,000 acres, which 
are purchased by the factory at a stable price.  The guaranteed purchase of sugar beets 
by this plant at a market price adds considerable security to the production of this crop 
that would not be possible otherwise.  The Holly Sugar plant also employs over 325 
people from April through August and approximately 100 individuals during the 
remainder of the year, and contributes revenue to the County's economy. 
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Products that may be immediately amenable to advanced packaging and processing 
steps include carrots, tomatoes, cole crops, onions, Bermuda grass seed, and citrus, to 
name a few.  At present, most carrots are harvested, topped, washed, and exported out 
of the County in large trucks to be packaged elsewhere for the retail market.  Local 
packaging of carrots would increase the value of this product; the production of carrot 
juice and other carrot products would increase this crop's value even further.   
 
Similarly, local tomato processors could can, dry, and juice tomatoes, and thereby 
contribute benefits to the local economy, as could citrus juice plants, onion processing 
plants, seed mills, and a variety of fresh and frozen vegetable packaging operations.  
Research and marketing studies would likely identify several commodities that, if 
packaged and processed locally, would contribute to the benefits described above.   
 
White Fly Infestation 
 
The County is currently contending with a natural disaster in the form of the Sweet 
Potato Whitefly Strain B (Silverleaf).  In 1991, the whitefly wiped out 99% of Imperial 
Valley's fall melon crop, and inflicted severe damage to the winter vegetables including 
lettuce, broccoli, and cauliflower.  Alfalfa was also severely damaged.  In all, Imperial 
Valley growers suffered an estimated $130 million crop damage between May 1991 and 
May 1992, about 2,500 farmworkers were forced into unemployment, and local 
businesses felt the sting of economic hardship.  In November 1991, Governor Pete 
Wilson proclaimed a state of emergency in Imperial and Riverside Counties to assist 
farmers and researchers in finding a solution to the devastating pest. 
 
The Imperial County Whitefly Management Committee was established in September 
1991 to determine goals and coordinate research efforts to help eradicate this insect.  
The committee coordinates the efforts of the County Agricultural Commissioner, local 
farmers, IID, Palo Verde Irrigation District, Coachella Valley Water District, University of 
California Cooperative Agricultural Extension, United States Department of Agriculture, 
and other agencies.  An aggressive funding effort has been undertaken to provide 
operating capital and research funds.  Research efforts to date have focused on plant 
management techniques and other agricultural practices (e.g., shortened alfalfa cutting 
cycles and summer drying, delayed early plantings of alfalfa, sugar beets, and winter 
vegetables, etc.), biological controls, and pesticide and fertilizer effects.  Continued 
research funding is critical to combat this and other agricultural pests.  
 
Decline of the Cattle and Dairy Industries 
 
A significant trend has been a decline of cattle feeding from a peak of 450,000 animals 
in the early 1970's to about 200,000 in 1992, contributing a negative impact on the local 
agricultural economy.  The major reasons for this decline include increased marketing 
costs, competition from other regions, and State regulations.  These trends may be 
summarized as follows. 
 
Marketing.  New beef processing and packaging techniques have led to increased costs 
of these operations in California and a decline in processing facilities.  No beef packers 
currently remain in Imperial County, and the number of major packers in the southern 
California and Arizona region has declined from more than 20 in the 1960s and 1970s to 
only four at present.  Some finished cattle are transported to more distant areas for 
processing, but this option entails additional marketing costs.  It is noteworthy that 
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Mexico is becoming an important market for local cattle, and a potential exists for new, 
modern processing facilities being developed in Mexico that would not be feasible in 
California. 
 
Competitiveness.  Although the price of alfalfa is currently low, the cost of feed in 
Imperial County in recent years has been high compared with the cattle industry of the 
High Plains.  One consequence of this is that Imperial County cattle yards focus on 
raising calves, since calves are best raised in feedyard designs.  While this practice 
helps keep local occupancy up, the profitability is not as high as raising yearlings until 
finished.  Furthermore, light crossbred calves (e.g., Hereford/Brahman, Angus/Brahman, 
etc.), which gain weight fast, have become limited in availability to Imperial County and 
thus more costly to purchase.  As a consequence, relatively more Holstein calves are 
raised now than 15 years ago.  Holstein calves are cheaper to purchase but gain weight 
relatively slowly and command lower market prices when sold as heifers or steers. 
 
California Business Environment.  Increased regulations, increased requirements for 
permits and licenses, and increased costs such as labor, worker's compensation 
insurance, energy, taxes, and user fees have made it more difficult and less productive 
to raise cattle in California compared with other regions.  Several products that are 
prohibited or restricted in California, such as cotton foodstuffs and parasitical 
compounds, are available in other areas such as Arizona, often resulting in lower 
production costs out of the State.  Permitting processes for building and/or additions in 
California are more onerous than in most other states; air pollution standards have led to 
higher dust control expenses; a higher population in the County has added to dust and 
odor control difficulties, especially for those operating close to urban areas; and 
increased traffic has made the herding of pasture cattle more difficult.  Finally, livestock 
producers face legislation on animal welfare that can be devastating.    
 
It is noteworthy that any additional decline of the cattle industry in Imperial County would 
further exacerbate the viability of alfalfa, which currently is produced on approximately 
37% of all County agricultural land.  Alfalfa is already experiencing low prices and high 
transportation costs, largely due to the need to ship a major portion out of the County.   
 
If the above obstacles could be overcome, Imperial County has the land, labor, climate, 
technology, and other resources for attracting and developing profitable cattle and dairy 
operations (see Dairy Expansion Committee of Imperial County report, Desert Dairying 
in the Imperial Valley).  These operations would have a side benefit of improving and 
stabilizing the local alfalfa industry. 
 
Special Needs and Difficulties of the Aquaculture Industry 
 
Aquaculture facilities impound water and grow aquatic plants and animals under 
intensive and very controlled conditions.  Some facilities are most efficiently or 
economically operated as integrated production, processing and warehouse operations.  
As noted previously, Imperial County aquaculture production and sales have recently 
increased to the extent that this is one of the fastest growing industries in the County.  
Growth of the industry has also resulted in the identification of several special 
requirements and difficulties. 
 
As with any new industry, the availability of financing to develop and expand aquatic 
operations is often critical to aquaculturalists.  Aquaculturalists need freedom to develop 
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their private resources and to expand and modify their operations as needed.  Financing 
by agencies such as the Federal Land Bank, Production Credit Association, and 
Farmers Home Administration also needs to be facilitated.  These agencies are 
empowered to make aquaculture loans, but have been reluctant to do so in Imperial 
County due to unfamiliarity with the industry and the perception that it lies outside of 
mainstream agriculture. 
 
Aquaculturalists also need the capability to select facility designs, materials, and 
construction methods best suited for production sites and for culturing organisms.  
Because aquaculture operations require 24 hours-a-day monitoring and cultivation 
activities, on-site housing is often needed for employees and their families. 
 
Potential problems exist with water impoundment.  If water is ponded on land that has a 
high filtration rate, seepage may raise the water table on surrounding properties.  
However, legal remedies are available to neighboring landowners to force sealing of the 
leak or abandonment of the pond.  New water facilities also contribute to the risk of 
drowning.  But the exposure to drowning at aquaculture facilities will remain quite small 
compared with the numerous other water impoundments in the County such as canals 
and lakes. 
 
Fish are often perceived as having a bad odor.  Bad odor is not an inherent quality of 
fish or of aquaculture facilities, but result from poor water quality and improper 
operations.  The continued availability of clean, fresh water and the proper management 
of cultivation facilities will ensure the successful and sanitary production of high quality 
products desired by the marketplace.  
 
Aquatic organisms are very sensitive to certain pesticides.  Pesticides carried to 
aquaculture facilities by canal water or that drift from aerial spraying may threaten 
cultured aquatic organisms.  The agricultural community needs to be aware of this 
problem and assist, through education programs, in avoiding potential conflicts.   
 
Mosquitoes and other aquatic insects are often perceived by the public as a problem 
associated with aquaculture facilities.  This is seldom a problem, however, since fish and 
water movement tend to control mosquito larvae.  If problems arise, they are usually 
associated with water in drainage ditches or seepage containment structures.  Insects 
can be controlled in these waters by stocking fish that eat mosquito larvae or by adding 
chemicals to the water.  Aquaculture facilities may therefore require the use of 
pesticides, drugs, or chemicals, but they generally use less than other agricultural 
endeavors. 
 
Aquaculture facilities attract waterfowl and other wildlife, most of which are welcomed.  
Fish-eating birds are an exception; they transmit fish diseases in addition to eating and 
damaging fish.  The depredation problem of migratory waterfowl has increased in recent 
years and is unlikely to change significantly in the near future.  The problem of 
depredating wildlife is not unique to aquaculture; similar problems are experienced by 
farmers, ranchers, and pet owners.  The Department of Fish and Game regulations 
permit farmers and ranchers to harass and drive away wildlife that damage crops.  In 
cases where harassment is unsuccessful and exclusionary devices are impractical, 
Federal regulations provide for the issuance of permits by the U.S. Fish and Wildlife 
Service to take depredating migratory waterfowl.  Many public agencies and private 
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companies are conducting research into better ways to solve the problem of depredating 
wildlife. 
 

PC ORIGINAL PKG



Planning & Development Services Agricultural Element Page 29  
(Adopted November 9, 1993 MO#18) (Revised November 19, 1996 MO#11a1) (Revised October 6, 2015 MO#18b) 

III. GOALS AND OBJECTIVES 
 
A. Preface 
 
The Agricultural Element of the General Plan serves as the primary policy statement by 
the Board of Supervisors for implementing development policies for agricultural land use 
in Imperial County.  This Chapter of the Agricultural Element presents Imperial County's 
Goals and Objectives relative to agricultural production within the unincorporated areas 
of the County.  Some Goals and Objectives have been taken from other Elements of the 
previous General Plan (i.e., Land Use, Housing, and Open Space/Conservation) that 
relate to agriculture.  Several new Goals and Objectives have been added based upon 
existing conditions of the industry and the many important trends and issues described 
in Chapter II. 
 
The Goals and Objectives, together with the Implementation Programs and Policies in 
Chapter IV, are the statements that shall provide direction for private development as 
well as government actions and programs.  Imperial County's Goals and Objectives are 
intended to serve as long-term principles and policy statements representing ideals 
which have been determined by the citizens as being desirable and deserving of 
community time and resources to achieve.  The Goals and Objectives, therefore, are 
important guidelines for agricultural land use decision making.  It is recognized, 
however, that other social, economic, environmental, and legal considerations are 
involved in land use decisions and that these Goals and Objectives, and those of the 
other General Plan Elements, should be used as guidelines but not doctrines. 
 
B. Goals and Objectives 
 
Preservation of Important Farmland 
 
Goal 1:  All Important Farmland, including the categories of Prime Farmland, Farmland 
of Statewide Importance, Unique Farmland, and Farmland of Local Importance, as 
defined by Federal and State agencies, should be reserved for agricultural uses. 
 

Objective 1.1  Maintain existing agricultural land uses outside of urbanizing areas 
and allow only those land uses in agricultural areas that are compatible with 
agricultural activities. 

 
Objective 1.2  Encourage the continuation of irrigation agriculture on Important 
Farmland. 

 
Objective 1.3  Conserve Important Farmland for continued farm related (non-
urban) use and development while ensuring its proper management and use. 

 
Objective 1.4  Discourage the location of development adjacent to productive 
agricultural lands. 

 
Objective 1.5  Direct development to less valuable farmland (i.e., Unique 
Farmland and Farmland of Local Importance rather than Prime Farmland or 
Farmland of Statewide Importance) when conversion of agricultural land is 
justified. 
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Objective 1.6  Recognize and preserve unincorporated areas of the County, 
outside of city sphere of influence areas, for irrigation agriculture, livestock 
production, aquaculture, and other special uses. 

 
Objective 1.7  Provide policies and/or incentives for continued use of farmland 
located just beyond the urban boundaries to ensure the stability that enables 
farmers to invest and reinvest in agricultural production on their land. 

 
Objective 1.8  Allow conversion of agricultural land to non-agricultural uses 
including renewable energy only where a clear and immediate need can be 
demonstrated, based on economic benefits, population projections and lack of 
other available land (including land within incorporated cities) for such non-
agricultural uses.  Such conversion shall also be allowed only where such uses 
have been identified for non-agricultural use in a city general plan or the County 
General Plan, and are supported by a study to show a lack of alternative sites. 

 
Objective 1.9  Preserve major areas of Class II and III soils which are currently 
nonirrigated but which offer significant potential when water is made available. 

 
Objective 1.10  Hazard-prone areas such as earthquake faults and aircraft 
impact zones should remain designated for agricultural uses. 

 
Objective 1.11  Control and prevent soil erosion when possible. 

 
Objective 1.12  Support conversion of State and Federal lands suitable for 
irrigation agriculture to private ownership and into agricultural production. 

 
Development Patterns and Locations on Agricultural Land  
 
Goal 2: Adopt policies that prohibit "leapfrogging" or "checkerboard" patterns of non-
agricultural development in agricultural areas and confine future urbanization to adopted 
Sphere of Influence areas. 
 

Objective 2.1  Do not allow the placement of new non-agricultural land uses such 
that agricultural fields or parcels become isolated or more difficult to economically 
and conveniently farm. 

 
Objective 2.2  Encourage the infilling of development in urban areas as an 
alternative to expanding urban boundaries. 

 
Objective 2.3  Maintain agricultural lands in parcel size configurations that help 
assure that viable farming units are retained. 

 
Objective 2.4  Discourage the parcelization of large holdings. 

 
Objective 2.5  Merge or revert to acreage substandard lots in "paper 
subdivisions" under the same ownership and not being used as separate parcels.  
Such merging should be done only for agricultural reasons, not to facilitate 
residential development.  
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Objective 2.6  Discourage the development of new residential or other non-
agricultural areas outside of city "spheres of influence" unless designated for 
non-agricultural use on the County General Plan, or for necessary public 
facilities.  

 
Objective 2.7  Allow agricultural employee housing on Important Farmland for 
permanent and seasonal employees and their families where it promotes 
efficiency in farming operations and has a minimal impact on agricultural 
production. 

 
Agricultural and Non-Agricultural Land Use Relations 
 
Goal 3:  Limit the introduction of conflicting uses into farming areas, including residential 
development of existing parcels which may create the potential for conflict with 
continued agricultural use of adjacent property. 
 

Objective 3.1  The primary use of any parcel designated "Agriculture" on the 
Land Use Plan shall be agricultural production.  Residential uses in such areas 
must recognize that this primary use of the land may create nuisances such as 
flies, odors, dust, noise, night light, and chemical spraying.  

 
Objective 3.2  Enforce the provisions of the Imperial County Right-to-Farm 
Ordinance (No. 1031). 

 
Objective 3.3  Enforce the provisions of the State nuisance law (California Code 
Sub-Section 3482). 

 
Objective 3.4  Maintain for the benefit of agricultural transportation use, routes 
which are essential to facilitate the transportation of farm products and oversized 
farm equipment through agricultural and non-agricultural areas.  Continue to 
allow the driving of farm animals along rural transportation routes. 

 
Objective 3.4a  Identify busy agricultural roads to create special crossings for 
farm equipment. 

 
Objective 3.5  As a general rule, utilize transitional land uses around urban areas 
as buffers from agricultural uses.  Such buffers may include rural residential 
uses, industrial uses, recreation areas, roads, canals, and open space areas. 

 
Objective 3.6  Where a development permit is sought adjacent to agricultural 
land use, protect agricultural operations by requiring appropriate buffer zones 
between agricultural land and new developments, and then keep these zones 
aesthetically pleasing and free of pests by cleaning them of all garbage and 
noxious vegetation.  Vegetation for the purpose of dust control shall be planted 
and maintained in an attractive manner.  The buffer shall occur on the parcel for 
which the development permit is sought and shall favor protection of the 
maximum amount of farmland. 

 
Objective 3.7  Land use decisions regarding property contiguous to agricultural 
operations shall give consideration to creation of large parcel sizes to minimize 
conflicts with such operations. 

PC ORIGINAL PKG



Planning & Development Services Agricultural Element Page 32  
(Adopted November 9, 1993 MO#18) (Revised November 19, 1996 MO#11a1) (Revised October 6, 2015 MO#18b) 

 
Objective 3.8 Renewable energy projects will be allowed within the RE Overlay 
Zone and mitigation for agricultural impacts have been identified  and addressed.  

 
Water Availability and Conservation 
 
Goal 4:  Maximize the inherent productivity of Imperial County's agricultural resources by 
ensuring future availability of adequate and affordable irrigation water and by managing 
water such that it is used effectively and not wasted. 
 

Objective 4.1  The County must favor efforts to ensure adequate irrigation water 
for agricultural areas. 

 
Objective 4.2  Coordinate with the appropriate agencies for the availability of 
water to meet future agricultural needs. 

 
Objective 4.3  The County will participate and encourage multi-agency 
participation in water projects where such coordination can improve the likelihood 
of maintaining an adequate long-term supply of irrigation water throughout the 
County. 

 
Objective 4.4  Protest any development of non-voluntary water conservation 
legislation, which would risk removing land from production and impacting the 
local economy. 

 
Objective 4.5  Encourage farmers to use irrigation methods that conserve water. 

 
Objective 4.6  The County should participate with cities and districts to establish 
programs for the agricultural re-use of treated wastewater in manners that would 
be economically beneficial to agriculture. 

 
Irrigation Runoff and Environmental Issues 
 
Goal 5:  Improve the quality of irrigation water runoff and reduce the extensive use of 
pesticides and other chemicals to minimize impacts to downstream water bodies, 
wetland habitats, and the overall environment. 
 

Objective 5.1  The County shall participate and encourage multi-agency 
participation in finding long-term solutions to reduce existing high levels of salt 
and selenium, originating from Colorado River water, in downstream drainage 
ditches and the Salton Sea. 
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Objective 5.2  The County shall participate and encourage multi-agency 
participation in developing strategies to reduce the use of pesticides and other 
chemicals without negatively impacting agricultural production; and thereby 
reduce the drainage of toxic elements into downstream drainage ditches and the 
Salton Sea. 

 
Objective 5.3  Ensure the continued availability of the Salton Sea as a depository 
for irrigation runoff. 

 
Objective 5.4  The County shall continue to work closely with University of 
California Cooperative Extension personnel, college horticultural or 
entomological faculty, pest control advisers, and other pest management 
specialists to develop Integrated Pest Management (IPM) as a pest management 
strategy that focuses on long-term prevention or suppression of insects, plant 
pathogens, weeds, rodents, and other pests with minimum impact on human 
health, the environment, and nontarget organisms. 

 
Objective 5.5  Encourage uses of naturally occurring biological control; alternate 
plant species or varieties that resist pests; pesticides with a lower toxicity to 
humans or nontarget organisms; and irrigation, cultivation, and fertilizing 
practices that reduce pest problems. 

 
Objective 5.6  Use broad spectrum pesticides only as a last resort when careful 
monitoring indicates they are needed according to preestablished guidelines.  
When treatments are necessary, the least toxic and most target-specific 
pesticides should be chosen. 

 
Objective 5.7  The Agricultural Commissioner's Office shall continue to ensure 
that applicators of farm chemicals are educated regarding current pesticides and 
other chemicals, their hazards, and applications. 

 
Agricultural Regulations 
 
Goal 6:  Strive to prevent the adoption of inappropriate, unnecessary, and restricting 
Federal, State, and local regulations that threaten the ability of farmers and livestock 
producers to profitably produce food and fiber for the nation. 

Objective 6.1  The County shall not adopt regulations that impact agricultural 
production unless they are justified on the basis of sound environmental 
concerns. 

 
Objective 6.2  Assist farmers and livestock producers in their efforts to 
understand and abide by regulations and to process applications for permits and 
licenses.   

 
Objective 6.3  Oppose programs and regulations that seek to dictate animal 
husbandry practices based on religious beliefs, emotions, or misconceptions 
rather than on scientific evidence. 

 
Public Relations and Education 
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Goal 7:  Establish positive relations with the general public and inform the general public 
that the County's entire economy is intricately dependent upon agricultural production. 
 

Objective 7.1  Develop and expand educational programs, such as the Farm 
Bureau's "Ag in the Classroom", to inform children and adults of the importance 
of protecting farmland. 

 
Objective 7.2  Continue to make information accessible to the public regarding 
pesticides used and areas treated, as currently provided by the Agricultural 
Commissioner's Office. 

 
Objective 7.3  Strive to minimize citizen complaints through public education. 

 
Objective 7.4  Maintain existing procedures provided by the Agricultural 
Commissioner's Office and the Right To Farm Ordinance that allow for public 
input without disruption of agricultural operations. 

 
Agricultural Production and Marketing Research 
 
Goal 8:  Improve the financial viability of the agricultural sector of Imperial County's 
economy through actions that have the potential to improve yields and reduce costs. 
 

Objective 8.1  The County shall work closely with and promote the research of 
the University of California Cooperative Extension; the U.S.D.A Agricultural 
Research Service; the Animal, Plant Health and Inspection Service; pest 
management experts, water management experts, and others to continuously 
develop and implement efficient state-of-the-art farm and livestock production 
strategies. 

 
Objective 8.2  Promote marketing research at the regional level to monitor trends 
in the demands for particular commodities such that Imperial County 
agriculturalists may adjust production strategies in timely manners and thereby 
maintain a competitive edge in the marketplace. 

 
Objective 8.3  Promote the consumption of locally produced commodities, such 
as vegetables, beef and dairy products, fish, fruits, nuts, and honey. 

 
Objective 8.4  Continue to promote agricultural research on the expected effects 
upon commodities under the North American Free Trade Agreement (NAFTA) to 
provide a competitive edge to Imperial County agriculturalists.  

 
Objective 8.5  The County shall support and encourage the efforts of the Imperial 
County Whitefly Management Committee to develop the most effective means of 
controlling this pest.  The County shall support and promote similar efforts to 
eradicate, and/or formulate control strategies for, other new pests that may 
impact local agricultural production in the future. 

 
Objective 8.6  Encourage the production of labor intensive crops such as 
vegetables.  

 
Agricultural Packaging/Processing Operations 
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Goal 9:  Increase the value of locally produced agricultural commodities and improve 
and stabilize the County's economy by promoting local agricultural packaging and 
processing operations. 
 

Objective 9.1  Allow agriculturally related commercial and industrial uses to be 
located in agricultural areas that would package, process, or market agricultural 
commodities produced in the area, provided that the conversion of these facilities 
to non-agricultural related uses is prohibited. 

 
Objective 9.2  Encourage agricultural packaging/processing facilities in 
agricultural areas that would employ large numbers of workers. 

 
Objective 9.3  Utilize the following guidelines to analyze the suitability of a 
proposed agricultural service use: 

 
 • it does not adversely affect agricultural production in the area; 
 • it supports local agricultural production; 
 • it is compatible with existing agricultural activities and residential uses in 

the area; 
• it does not require the extension of sewer or water lines. 

 
Objective 9.4  Allow and encourage on-farm product handling and selling 
operations. 

 
Objective 9.5  Allow agricultural produce stands at appropriate locations in 
agricultural land use areas and Farmer's Markets to promote and market those 
agricultural products grown or processed in Imperial County.   

 
 
Special Cattle and Dairy Concerns 
 
Goal 10:  Encourage the continuation and expansion of cattle/dairy production on 
agricultural land. 
 

Objective 10.1  Direct new residential and other urban development away from 
existing cattle and dairy operations. 

 
Objective 10.2  Emphasize to the general public and to potential developers that 
the provisions of the Imperial County Right-To-Farm Ordinance (No. 1031) apply 
to livestock operations such as feed yards and dairies. 

 
Objective 10.3  Allow cattle and dairy producers the ability to operate trucks and 
equipment, often oversized or overweight, on County roads that are increasingly 
impacted by more traffic. 

 
Objective 10.4  Ensure the availability of clean, fresh water for cattle and dairy 
operations without unnecessary restrictions. 

 
 Objective 10.5  Support the existence and development of local beef processing 

operations. 
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Objective 10.6  Discourage the adoption of "nuisance" related regulation that 
restrict the ability of cattle and dairy operators to economically and conveniently 
produce these commodities. 

 
Special Aquaculture Concerns 
 
Goal 11:  Encourage the continuation and expansion of aquacultural production. 
 

Objective 11.1  County zoning regulations should define aquaculture as an 
agricultural use subject to the same rights, provisions, and regulations as other 
agricultural uses. 

 
Objective 11.2  Emphasize to the general public and to potential developers that 
the provisions of the Imperial County Right-To-Farm Ordinance (No. 1031) apply 
to aquaculture facilities. 

 
Objective 11.3  Encourage development by aquaculturalists of privately owned 
resources such as land, water, and geothermal energy and other underground 
resources. 

 
Objective 11.4  Allow labor housing on property utilized for aquacultural purposes 
subject to the same provisions and regulations as farm labor housing on land 
utilized for other agricultural purposes. 

 
Objective 11.5  Allow on-site processing, packing, and warehousing of aquatic 
plants and animals at aquaculture producing facilities subject to the same 
provisions and regulations as those on land utilized for other agricultural 
purposes. 

 
Objective 11.6  Continue to gather statistics on aquaculture production in the 
County and report them under the general category "aquaculture products" until 
production is sufficient to justify separate categories for various products. 

 
C. Relationship to Other General Plan Elements 
 
State law mandates seven Plans or "Elements" for local government General Plans.  
Although the Agricultural Element is not mandatory, it must comply with requirements 
that are requisite to all parts within a General Plan.  Legislative intent must be fulfilled as 
set forth in Government Code, Section 65300.5:  "....the General Plan and the parts 
thereof comprise an integrated, internally consistent and compatible statement of 
policies for the adopting agency." 
 
The Agricultural Element Policy Matrix (Table 4) identifies the relationship between the 
Agricultural Element Goals and Objectives to other Elements of the Imperial County 
General Plan.  The Issue Area identifies the broader goals of the Element and the "Xs" 
identify that related objectives are contained in the corresponding Elements. 
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TABLE 4 
AGRICULTURAL ELEMENT POLICY MATRIX 

 
Issue Area 

 
Land 
Use 

 
Housing 

 
Circulation

 
Noise

Seismic/
Public 
Safety 

Open Space 
Conservation 

 
Renewable 

Energy 

 
Water

Agriculture 
Preservation 

X    X X X X 

Land Use 
Planning 

X X X   X X  

Water Use       X X 

Environmental 
Issues 

X     X X  

Agricultural 
Production 

X      X  

Cattle/Dairy X  X     X 

Aquaculture X       X 
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IV. IMPLEMENTATION PROGRAMS AND POLICIES 
 
A. Preface 
 
Imperial County has utilized its productive soils, access to water, climate, and other 
resources to develop into one of the most agriculturally productive regions in the world.  
Based on information developed for the Agricultural Element of the General plan, it is 
clear that the County can and should take additional steps to provide further protection 
for agricultural operations and at the same time provide for logical, organized growth of 
urban areas.  This chapter summarizes the programs and policies that will be used to 
implement the Goals and Objectives identified in Chapter III. 
 
The single most important action that Imperial County can take to protect agricultural 
land is to adopt a clear, well-constructed set of goals, objectives, and policies that 
protect the conversion of agricultural land to non-agricultural uses in the future.  The 
County must be specific and consistent about which lands will be maintained for the 
production of food and fiber and for support of the County's economic base.  Additional 
implementation measures may be adopted by the County in the future to further the 
Goals and Objectives identified in this Element. 
 
The Planning Department shall prepare a report to the Planning Commission and Board 
of Supervisors regarding the use and implementation of the Agricultural Element within 
two years of the date of adoption.  The Agricultural Element should be updated every 
five years thereafter. 
 
B. Assumptions 
 
Based on current information and trends, County staff has made certain assumptions 
concerning the future.  The following assumptions were utilized in the preparation of this 
Element: 
 
• It is assumed that land suitable for irrigated agriculture is perhaps the most 

significant natural attribute of the County and its protection and enhancement is 
in the best interests of all County residents. 

 
• It is assumed that there will continue to be an opportunity to develop large scale 

renewable energy projects in Imperial County to serve the needs of California. 
 
• It is assumed that the County's overall economy will be dependent upon 

agricultural production in the foreseeable future. 
 
• It is assumed that residential, commercial, and urban pressures to expand into 

existing agricultural area will intensify, and that considerable non-agricultural land 
use projects will be proposed away from existing urban boundaries in the midst 
of Important Farmland. 

 
• It is assumed that the agriculture industry will grow, provided that important 

resources such as productive soils and irrigation water are not significantly 
reduced and that new restrictive and unreasonable regulations are not placed 
upon agriculturalists. 
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• It is assumed that the general public can and will be educated about the 
continued importance of agriculture to the County's overall well-being. 

 
• It is assumed that long-term environmental problems related to agricultural 

production, such as salt and selenium levels in the Salton Sea and the use of 
pesticides and other chemicals, will be reduced through effective projects to 
water quality in the Sea and through modified pest management strategies on 
the farm. 

 
• It is assumed that additional agricultural packaging and processing operations 

would be beneficial to agriculturalists and the County as a whole. 
 
C. Policies and Programs 
 
In order to implement the Goals and Objectives in the previous chapter, the County will 
adopt the following policies: 
 
1. Preservation of Important Farmland 
 
Policy 
 
The overall economy of Imperial County is expected to be dependent upon the 
agricultural industry for the foreseeable future.  As such, all agricultural land in Imperial 
County is considered as Important Farmland, as defined by Federal And State agencies, 
and should be reserved for agricultural uses.  Agricultural land may be converted to non-
agricultural uses only where a clear and immediate need can be demonstrated, such as 
requirements for urban housing, commercial facilities, or employment opportunities.  All 
existing agricultural land will be preserved for irrigation agriculture, livestock production, 
aquaculture, and other agriculture-related uses except for non-agricultural uses 
identified in this General Plan or in previously adopted City General Plans. 
 
Programs 
 
• No agricultural land designated except as provided in Exhibit C shall be removed 

from the Agriculture category except where needed for use by a public agency, 
for renewable energy purposes, where a mapping error may have occurred, or 
where a clear long term economic benefit to the County can be demonstrated 
through the planning and environmental review process.  The Board (or Planning 
Commission) shall be required to prepare and make specific findings and 
circulate same for 60 days (30 days for parcels considered under Exhibit C of this 
element) before granting final approval of any proposal which removes land from 
the Agriculture category.   

 
2. Development Patterns and Locations on Agricultural Land  
 
Policy 
 
"Leapfrogging" or "checkerboard" patterns of development have intensified recently and 
result in significant impacts to the efficient and economic production of adjacent 
agricultural land.  It is a policy of the County that leapfrogging will not be allowed in the 
future.  All new non-agricultural development will be confined to areas identified in this 
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plan for such purposes or in Cities' adopted Spheres of Influence, where new 
development must adjoin existing urban uses.  Non-agricultural residential, commercial, 
or industrial uses will only be permitted if they adjoin at least one side of an existing 
urban use, and only if they do not significantly impact the ability to economically and 
conveniently farm adjacent agricultural land. 
 
Programs 
 
• All non-agricultural uses in any land use category shall be analyzed during the 

subdivision, zoning, and environmental impact review process for their potential 
impact on the movement of agricultural equipment and products on roads located 
in the Agriculture category, and for other existing agricultural conditions which 
might impact the project, such as noise, dust, or odors. 

 
• The Planning Department shall review all proposed development projects to 

assure that any new residential or non-agricultural commercial uses located on 
agriculturally zoned land, except land designated as a Specific Plan Area, be 
adjoined on at least one entire property line to an area of existing urban uses.  
Developments which do not meet this criteria should not be approved. 

 
• The Planning Department shall identify "paper subdivisions" in predominantly 

agricultural areas where common ownership could enable lot mergers or 
reversions to acreage to be done in order to reduce the potential for residential 
development.  

 
• Establish and maintain County Zoning Ordinance requirements for a minimum lot 

size of 40 acres in land designated "Agriculture" on the Land Use Plan. 
 
3. Agricultural and Non-Agricultural Land Use Relations 
 
Policy 
 
Any new growth increases the potential for new conflicts with existing agricultural land 
uses.  It is the policy of the County that the burden for preventing or mitigating 
agricultural/non-agricultural land use conflicts falls on the developer of the non-
agricultural land use. 
 
 
 
Programs 
 
• Identify important transportation routes used by agriculturalists in non-agricultural 

areas and post signs warning drivers that these routes are frequently used to 
transport farm products and oversized farm equipment. 

 
• The Planning Department shall post and maintain copies of the County's "Right-

to-Farm" Ordinance at their public counter.  All building permit applicants 
proposing non-agricultural uses on land zoned or designated for agriculture, shall 
be given a copy of the notice and sign a statement that they have received the 
copy. 
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4. Water Availability and Conservation 
 
Policy 
 
Agricultural production in Imperial County is dependent upon adequate and affordable 
irrigation water, and the County is committed to protect its access to this resource.  The 
County is also committed to conserving water by promoting the development of 
structural and non-structural measures, including improved on-farm irrigation water 
management systems. 
 
Programs 
 
• All subdivisions and discretionary projects which require the extension of water 

service in excess of that necessary for a single residence, shall include an 
analysis of water use impacts as part of the environmental review process.  This 
shall include potential growth inducing impacts affecting continued agricultural 
uses in the vicinity of the project where appropriate. 

 
• The County shall establish landscape plan review procedures for new 

development in order to regulate and encourage the economical use of domestic 
water resources through the promotion of drought resistant native and non-native 
desert landscaping in all types of urban development. 

 
5. Irrigation Runoff and Environmental Issues 
 
Policy 
 
As a depository for irrigation runoff, the Salton Sea receives salt and selenium 
originating from the Colorado River, and pesticides and other chemicals originating from 
agricultural practices.  The County is committed to seek effective and long-term solutions 
to agriculture-related environmental problems.   
 
 
 
Programs 
 
• Form a working group comprised of the Regional Water Quality Control Board, 

Farm Bureau, Imperial Irrigation District, and County staff to study methods that 
would reduce the amount of contaminants transported into the Salton Sea. 

 
6. Agricultural Regulations 
 
Policy 
 
The County recognizes that Federal, State, and local regulations have made it 
increasingly difficult for farmers and livestock producers to conveniently and profitably 
produce food and fiber, and is committed to oppose all new regulations that impact 
agricultural production, unless they are justified on the basis of sound environmental 
concerns. 
 
Programs 
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• The County shall monitor and comment on bills and regulations introduced in the 

State and Federal legislatures affecting agricultural lands.  The Board of 
Supervisors shall transmit their position on such bills directly to the legislature or 
via Imperial County's local legislators. 

 
7. Public Relations and Education 
 
Policy 
 
Positive relations between the agricultural industry and the general public are essential if 
agricultural production is to remain viable and expand.  The County encourages the 
development of educational programs that teach children and adults about agricultural 
activities and about the importance if protecting farmland for the benefit of the nation's 
food supply and support of the local economy.  
 
Programs 
 
• Provide County staff support for classroom educational programs, such as the 

Farm Bureau's "Ag in the Classroom", to inform children and adults of the 
importance of protecting farmland. 

 
• Support the Mid-Winter Fair, Brawley Cattle Call, and other new community 

events and activities which remind local residents of the County's agricultural 
history at its economic importance.  An example of a possible new event is a 
cattle or sheep "drive" followed by a picnic with games and exhibits. 

 
 
 
8. Agricultural Production and Marketing Research 
 
Policy 
 
The County is committed to improve the financial viability of agricultural production 
through the improvement of agricultural yields and reduction of production costs.  All 
research related to developing more efficient and productive agricultural strategies, and 
to contributing a marketing edge to County agriculturalists, is supported and 
encouraged. 
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Programs 
 
• Continue to support and encourage work by the U.C. Cooperative Extension to 

assure that local agriculturalists are kept up-to-date on the latest advances in 
agricultural production, product market trends, and other new information so that 
agricultural practices can adjust to market conditions and production strategies. 

 
9. Agricultural Packaging/Processing Operations 
 
Policy 
 
The agricultural industry, and indeed the overall County economy, would benefit 
immensely from the development of new agricultural packaging and processing 
operations.  The County will promote such development and will permit these operations 
to be located on Important Farmland if they are deemed to improve agricultural 
production as a whole, and if they are determined not to significantly impact production 
of surrounding agricultural land.  The County will support this with the requirement that 
these facilities may not later be converted to non-agricultural uses. 
 
Programs 
 
• Amend the County Zoning Ordinance to facilitate with appropriate restrictions the 

establishment of local facilities in agricultural areas to package, process, or 
market agricultural commodities produced in the area.  Among the restrictions 
shall be a condition to prohibit the conversion of these facilities to non-
agricultural uses. 

 
• Amend the County Zoning Ordinance as needed to permit stands for the sale of 

locally grown or processed agricultural products in agricultural areas. 
 
10. Special Cattle and Dairy Concerns 
 
Policy 
 
The County recognizes cattle and dairy production and integral components of the 
overall agricultural industry, and supports the continuation and expansion of these 
operations.  All land uses that pertain to the protection of Important Farmland also apply 
to the cattle and dairy operations. 
Programs 
 
• Include with all notices to the general public and to potential developers that the 

provisions of the County Right-To-Farm Ordinance apply to livestock operations 
such as feedyards and dairies. 

 
• Amend the County Zoning Ordinance as needed to facilitate the local beef 

processing operations. 
 

PC ORIGINAL PKG



Planning & Development Services Agricultural Element Page 44  
(Adopted November 9, 1993 MO#18) (Revised November 19, 1996 MO#11a1) (Revised October 6, 2015 MO#18b) 

11. Special Aquaculture Concerns 
 
Policy 
 
Aquaculture is recognized as one of the fastest growing industries in the County, and is 
deemed beneficial to the County.  The County supports the continuation and expansion 
of aquaculture, and will treat aquaculture facilities and land uses as agricultural facilities 
and land uses. 
 
Programs 
 
• Amend the County Zoning Ordinance as needed to assure that aquaculture 

enjoys the same land use rights as other agricultural uses. 
 
• Amend the County Zoning Ordinance as needed to permit, with appropriate 

review for compliance with local and state regulations, labor housing on property 
utilized for aquacultural purposes. 
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APPENDIX A 
DEPARTMENT OF CONSERVATION 

FARMLAND MAPPING AND MONITORING PROGRAM 
 

DEFINITIONS FOR IMPORTANT FARMLAND MAP CATEGORIES 1 
 
 
Prime Farmland2.  Prime Farmland is land which has the best combination of physical and chemical characteristics for the 

production of crops.  It has the soil quality, growing season and moisture supply needed to produce sustained high yields of crops when 

treated and managed, including water management, according to current farming methods.  Prime Farmland must have been used for the 

production of irrigated crops at some time during the two update cycles prior to the mapping date.  It does not include publicly owned lands 

for which there is an adopted policy preventing agricultural use. 

 

Farmland of Statewide Importance2.  Farmland of Statewide Importance is land other than Prime 
Farmland which has a good combination of physical and chemical characteristics for the 
production of crops.  It must have been used for the production of irrigated crops at 
some time during the two update cycles prior to the mapping date.  It does not include 
publicly owned lands for which there is an adopted policy preventing agricultural use. 
 
Unique Farmland.  Unique Farmland is land which does not meet the criteria for Prime 
Farmland or Farmland of Statewide Importance, that has been used for the production of 
specific high economic value crops (as listed in California Agriculture produced by the 
California Department of Food and Agriculture) at some time during the two update 
cycles prior to the mapping date.  It has the special combination of soil quality, location, 
growing season and moisture supply needed to produce sustained high quality or high 
yields of a specific crop when treated and managed according to current farming 
methods.  Examples of such crops may include oranges, olives, avocados, rice, grapes, 
and cut flowers.  It does not include publicly owned lands for which there is an adopted 
policy preventing agricultural use. 
 
Farmland of Local Importance.  Farmland of Local Importance is either currently 
producing crops, or has the capability of production.  Farmland of Local Importance is 
land other than Prime Farmland, Farmland of Statewide Importance, or Unique 
Farmland.  This land may be important to the local economy due to its productivity.  It 
does not include publicly owned lands for which there is an adopted policy preventing 
agricultural use. 
 
This category varies from county-to-county and is determined by each county's board of 
supervisors and a local advisory committee. 
 

                                                           
1      These definitions have been excerpted from A Guide to the Farmland Mapping and 

Monitoring Program, 1992, Department of Conservation, Office of Land 
Conservation, Publication Number FM-92-01. 

 
2      Soil types qualifying for these two categories are provided by the U.S. Soil 

Conservation Service. 
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Grazing Land.  Grazing Land is land on which the existing vegetation, whether grown 
naturally or through management, is suitable for grazing or browsing of livestock.  The 
minimum mapping unit for Grazing Land is 40 acres. 
 
Urban and Built-up Land.  Urban and Built-up Land is used for residential, industrial, 
commercial, construction, institutional, public administrative purposes, railroad yards, 
cemeteries, airports, golf courses, sanitary landfills, sewage treatment plants, water 
control structures, and other development purposes.  Highways, railroads, and other 
transportation facilities are mapped as a part of Urban and Built-up Land if they are a 
part of the surrounding urban areas. 
 
The minimum mapping unit is ten acres.  Units of land smaller than ten acres will be 
incorporated into the surrounding map classifications.  The building density for 
residential use must be at least one structure per 1.5 acres (or approximately 6 
structures per 10 acres).  Urban and Built-up Land must contain man-made structures or 
the infrastructure required for development (e.g., paved roads, sewers, water, electricity, 
or in specific circumstances, drainage or flood control facilities) that are specifically 
designed to serve that land.  Parking lots, storage and distribution facilities, and 
industrial uses such as large packing operations for agricultural produce will generally be 
mapped as Urban and Built-up Land, even though they are associated with agriculture. 
 
Urban and Built-up Land does not include strip mines, borrow pits, gravel pits, 
farmsteads, ranch headquarters, commercial feedlots, greenhouses, poultry facilities, 
and road systems for freeway interchanges outside of areas classified as Urban and 
Built-up Land areas. 
 
Within areas classified as Urban and Built-up Land, vacant and nonagricultural land 
which is surrounded on all sides by urban development and is 40 acres or less in size 
will be mapped as Urban and Built-up Land.  Vacant and nonagricultural land larger than 
40 acres in size will be mapped as Other Land. 
 
Other Land.  Other Land is that which is not included in any of the other mapping 
categories.  The following types of land are generally included: 
 
a. Rural development which has a building density of less than one structure per 

1.5 acres, but with at least one structure per ten acres; 
 
b. Brush, timber and other lands not suitable for livestock grazing; 
 
c. Government lands not available for agricultural use; 
 
d. Road systems for freeway interchanges outside of Urban and Built-up Land 

areas; 
 
e. Vacant and nonagricultural land larger than 40 acres in size and surrounded on 

all sides by urban development; 
f. Confined livestock facilities of 10 or more acres unless accounted for by the 

county's definition for Farmland of Local Importance; 
 
g. A variety of other rural land uses; 
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h. Strip mines, borrow pits, gravel pits, ranch headquarters larger than 10 acres. 
 
Land Committed to Nonagricultural Use.  Land Committed to Nonagricultural Use is land 
that is permanently committed by local elected officials to nonagricultural development 
by virtue of decisions which cannot be reversed simply by a majority vote of a city 
council or county board of supervisors. 
 
County boards of supervisors and city councils will have the final authority to designated 
lands in this category pursuant to the requirements of this section.  The Department will 
work with city and county planning staffs to obtain this information. 
 
Land Committed to Nonagricultural Use will be shown on an overlay to the Important 
Farmland Series maps (and Interim Farmland Maps).  The current land use will be 
indicated on the base map, with the overlay indicating the areas that are Committed to 
Nonagricultural Use. 
 
Land Committed to Nonagricultural Use must be designated in an adopted, local general 
plan for future nonagricultural development.  The resulting development must meet the 
requirements of Urban and Built-up Land or the rural development density criteria of 
Other Land. 
 
Land Committed to Nonagricultural Use must also meet the requirements of either (a) or 
(b) below: 
 
a. It must have received on the following final discretionary approvals: 
 

1. Tentative subdivision map (approved per the Subdivision Map Act); 
 
 2. Tentative or final parcel map (approved per the Subdivision Map Act); 
 
 3. Recorded development agreement (per Section 65864 of the Government 

Code); 
 
 4. Other decisions by a local government which are analogous to items #1-3 

above and which exhibit the element of permanence discussed in Land 
Committed to Nonagricultural Use.  Zoning by itself does not qualify as a 
permanent commitment. 

 
OR 

 
b. It must be the subject of one of the final fiscal commitments to finance the capital 

improvements specifically required for future development of the land in question 
as shown below: 

 
 1. Recorded Resolution of Intent to form a district and levy an assessment; 
 
 2. Payment of assessment; 
 
 3. Sale of bonds; 
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 4. Binding contract, secured by bonds, guaranteeing installation of 
infrastructure; 

 
 5. Other fiscal commitments which are analogous to items #1-4 above and 

exhibit the element of permanence discussed for Land Committed to 
Nonagricultural Use. 

 
Land Committed to Nonagricultural Use will be mapped when the respective local 
government notifies the Department that the land meets qualifying criteria and submits 
maps at a scale of 1:24,000 identifying the area and showing its boundaries.  The 
notification referred to will be subject to verification by the Department.  In the case of 
land identified per Sections (a)4 and (b)5, the local government must also provide the 
Department with documentation of the permanent commitment. 
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APPENDIX B 

RIGHT TO FARM ORDINANCE 
 
 
 

(From Division 2, Title 6 of the Codified Ordinances of the County of Imperial) 
 
Section 62950.  Findings and Policy 
Section 62951.  Definitions 
Section 62952.  Nuisance 
Section 62953.  Disclosure 
Section 62954.  Resolution of Disputes 
Section 62955.  Severability 
 
§62950. Findings and Policy. 
 
 (a) It is the declared policy of this County to enhance and encourage 
agricultural operations within the County.  It is the further intent of this County to provide 
to residents of this County proper notification of the County's recognition and support 
through this ordinance of those persons' and/or entities' right to farm. 
 
 (b) Where non-agricultural land uses extend into agricultural areas or exist 
side by side, agricultural operations frequently become the subjects of nuisance 
complaints due to lack of information about such operations.  As a result, agricultural 
operators are forced to cease or curtail their operations.  Such actions discourage 
investments in farm improvements to the detriment of adjacent agricultural uses and the 
economic viability of the County's agricultural industry as a whole.  It is the purpose and 
intent of this ordinance to reduce the loss to the County of its agricultural resources by 
clarifying the circumstances under which agricultural operations may be considered a 
nuisance.  This ordinance is not to be construed as in any way modifying or abridging 
State law as set out in the California Civil Code, Health and Safety Code, Fish and 
Game Code, Food and Agricultural Code, Division 7 of the Water Code, or any other 
applicable provision of State law relative to nuisances; rather it is only to be utilized in 
the interpretation and enforcement of the provisions of this ordinance and County 
regulations. 
 
 (c) An additional purpose of this ordinance is to promote a good neighbor 
policy by advising purchasers and users of property adjacent to or near agricultural 
operations of the inherent potential problems associated with agricultural operations.  
Such concerns may include, but are not limited to, noises, odors, light, fumes, insects, 
dust, chemicals, smoke, the operation of machinery of any kind during any 24 hour 
period (including aircraft), the storage and disposal of manure, and the application of 
chemical fertilizers, soil amendments, and pesticides.  It is intended that, through 
mandatory disclosures, purchasers and users will better understand the impact of living 
near agricultural operations and be prepared to accept attendant conditions as the 
natural result of living in or near rural areas. 
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§ 62951. Definitions. 
 
 As used in this Chapter No. 1. 
 
 (a) "Agricultural Land" shall mean all that real property within the boundaries 
of Imperial County currently used for agricultural operations or upon which agricultural 
operations may in the future be established. 
 
 (b) "Agricultural Operation" shall mean and include, but not be limited to, the 
cultivation and tillage of the soil; dairying; the production, irrigation, application of 
agricultural chemicals, frost protection, cultivation, growing, harvesting, packing and 
processing of any agricultural commodity, including production of vegetables, fruits, 
forage, grain seeds, fiber and all other plants; viticulture, horticulture, apiculture, 
aquaculture; the raising of livestock, fur bearing animals, game birds and all other kinds 
of animal husbandry; the culture or breeding of livestock, poultry, fish, marine life, and all 
other types of animal or plant life; and commercial practices performed as incident to or 
in conjunction with such agricultural operations, inclusive of the operation of equipment 
(including agricultural aircraft, and machinery); selling, processing, packing, preparation 
for market, delivery to storage or market or to carriers for transportation to market.  
Agricultural operations shall also include innovative and experimental methods of 
accomplishing agricultural operations when such methods are found and determined to 
be a reasonable alternative, or improvement, to currently accepted methods of 
operation. 
 
§ 62952. Nuisance. 
 
 No present or future lawful agricultural activity, operation, or facility or 
appurtenances thereof, conducted or maintained for commercial purposes, and in a 
manner consistent with proper and accepted customs and standards, as established and 
followed by similar agricultural operations in Imperial County, shall be or become a 
nuisance, public or private, if it was not a nuisance when it began.  Provisions of this 
ordinance shall not apply whenever a nuisance results from the negligent, unlawful or 
improper operation of any such agricultural operation or if the agricultural operation 
obstructs the free passage or use, in the customary manner, of any navigable lake, river, 
stream, canal, basin; any public park, square street or highway. 
 
§ 62953. Disclosure. 
 
 (a) The disclosure statement required by this ordinance shall be used under 
the following circumstances and in the following manners: 
 

 (1) The County of Imperial Tax Collector shall mail a copy of the 
disclosure set forth in subpart (b) to all owners of real property in Imperial County 
with the annual 1990-1991 tax bill. 

 
 (2) The County of Imperial Recorder shall mail a copy of the 
disclosure set forth in subpart (b) with all real property conveyances returned by 
mail. 

 
 (3) The Planning Director/Building Official shall cause the notice 
described in subsection (b) to be included and/or attached to all building permits 
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issued in Imperial County for projects on land that lies partly or wholly within, or 
within 1/4 of a mile of agricultural land. 

 
 (b) The disclosure required by subsection (a) shall be the following: 
 

 "The County of Imperial permits operation of properly conducted 
agricultural operations within the County.  If the property you are purchasing or 
own is located near agricultural lands or operations or included within an area 
zoned for agricultural purposes, you may be subject to inconveniences or 
discomfort arising from such operations.  Such discomfort or inconveniences may 
include, but are not limited to:  noises, odors, light, fumes, dust, smoke, insects, 
chemicals, operation of machinery (including aircraft) during any 24 hour period, 
storage and disposal of manure, and the application by spraying or otherwise of 
chemical fertilizers, soil amendments, herbicides and pesticides.  One or more of 
the inconveniences described may occur as a result of any agricultural operation 
which is in conformance with existing laws and regulations and accepted 
customs and standards.  If you live near an agricultural area, you should be 
prepared to accept such inconveniences or discomfort as a normal and 
necessary aspect of living in a county with a strong rural character and an active 
agricultural sector.  Imperial County has established a grievance committee to 
assist in the resolution of any disputes which might arise between residents of 
this County regarding agricultural operations.  If you have any questions 
concerning this policy or the grievance committee, please contact the Agricultural 
Commissioner's Office at 339-4314." 

 
§ 62954. Resolution of Disputes. 
 
 (a) Should any controversy arise regarding any inconveniences or discomfort 
occasioned by agricultural operations, including, but not limited to, noises, odors, fumes, 
light, dust, the operation of machinery of any kind during any 24 hour period (including 
aircraft), the storage and disposal of manure, and the application by spraying or 
otherwise of chemical fertilizers, soil amendments, herbicides and pesticides, the parties 
may submit the controversy to a grievance committee ("County Agricultural Grievance 
Committee") as set forth below in an attempt to resolve the matter prior to the filing of 
any court action. 
 
 (b) Any controversy between the parties may be submitted in writing to the 
Imperial County Agricultural Commissioner within 15 calendar days of the occurrence of 
the particular activity giving rise to the dispute.  The Agricultural Commissioner, within 15 
calendar days, will review the written complaint and attempt to mediate the dispute.  If 
mediation is not achieved, the Agricultural Commissioner shall notify the County 
Agricultural Grievance Committee within 15 days, of his determination.  The County 
Agricultural Grievance Committee, whose decision shall be advisory only, shall meet 
within thirty (30) days of the date the Committee receives the notice of determination by 
the Agricultural Commissioner. 
 (c) The County Agricultural Grievance Committee shall be composed of three 
(3) members selected from the community by the Imperial County Board of Supervisors, 
and may include representatives from the County Agricultural Commissioner's Office, a 
local real estate association, local pest control operators association and/or 
representatives of other county offices. 
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 (d) The effectiveness of the County Agricultural Grievance Committee as a 
forum for resolution of disputes is dependent upon a full discussion and complete 
presentation of all pertinent facts concerning the dispute in order to eliminate any 
misunderstandings.  The parties are encouraged to cooperate in the exchange of 
pertinent information concerning the controversy. 
 
 (e) The controversy shall be presented to the Committee by written requests 
of one of the parties or the County Agricultural Commissioner within the time limits 
specified.  Thereafter the Committee may investigate the facts of the controversy, but 
must, within thirty (30) days, from receipt of the request, hold a meeting to consider the 
merits of the matter.  At the time of the meeting both parties shall have an opportunity to 
present what each considers to be pertinent facts.  Within twenty (20) days of the 
meeting, the Committee shall render a written decision to the parties. 
 
 (f) Any costs of the grievance, including the investigative costs, shall be 
borne by the losing party or in such proportion as the County Agricultural Grievance 
Committee shall decide. 
 
§ 62955. Severability. 
 
 If any section, subsection, sentence, clause or phrase of this ordinance is for any 
reason held to be invalid or unconstitutional by the decision of a court of competent 
jurisdiction, it shall not affect the remaining portions of the ordinance. 
 
 
 
 
 
 
 
 
 

Adopted by the County Board of Supervisors on August 7, 1990, as Ordinance 1031.  
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EXHIBIT C 
 
PURPOSE: 
 
While one of the major objectives of both the Land Use Element and the Agriculture 
Element is the protection and enhancement of agricultural land, there are a few areas 
within the Agriculture designation that warrant special consideration to allow limited 
further development.  These areas generally consist of a group (6 or more) of small 
parcels (1/2 to 10 acres maximum) which generally have existing residences mixed with 
vacant parcels already impacting agricultural operations within the boundary of the 
enclave.  The parcels and residences are arranged in a way where farming within this 
enclave is difficult or impossible.  An example of such an area is one where past 
subdivisions were allowed encompassing an area of about 40 acres.  By evaluating each 
such area on a case by case basis, there may be opportunities to allow some additional 
“country” or “rural” homes, within already impacted areas while concurrently protecting 
further development of viable agricultural land. 
 
POLICY: 
 
The County Planning Commission and/or Board of Supervisors may on a case by case 
basis consider allowing the further subdivision of existing small parcels within indentified 
existing enclaves that meet all of the following parameters: 
 
  The existing and the proposed parcels meet or can meet minimum health and 

safety standards for potable water, for fire protection, for police protection and for 
sewage disposal. 

 
  There are six (6) or more existing small, contiguous parcels within a confined 

area. 
 
  There are at least six (6) existing residences within the enclave. 
 
  The enclave consists of parcels sized to allow further division while still meeting 

minimum parcel sizes for the underlying zone. 
 
  The further division of land within the enclave does not promote the enlargement 

of the outer boundary of the area. 
 
PROCEDURE: 
 
Upon receipt of a subdivision application, the Planning/Building Department staff shall 
determine whether or not the proposed division is located within an area that qualifies for 
the exception under this Exhibit.  In processing such an application, the County staff 
shall analyze the full impacts of allowing further divisions, including additional 
agricultural impacts, the provisions of public services such as fire and police, the 
capacity and ability to provide potable water and sewage treatment, the additional traffic, 
and enhance agricultural land conservation. 
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EXCLUSION: 
 
The exceptions intended within this Exhibit shall not be allowed or considered if the 
proposed division further impacts designated agriculture lands.  For example, four (4) or 
more contiguous residences located among large agricultural parcels cannot be 
considered as a qualifying enclave.  It shall also not be used to develop existing but 
undeveloped pre-1967 subdivisions. 
 
FINDINGS: 
 
To allow divisions of land within an identified enclave the Commission and/or Board of 
Supervisors must be able to make the following findings: 
 
1) The division is within an impacted enclave that will not further adversely impact 
surrounding  agricultural operations; 
 
2) The division enhances agricultural land protection by converting existing 
impacted land more  efficiently and by keeping other agricultural land protected. 
 
3) The division is within an existing enclave of five (5) or more shall (<10 acre) 
parcels, and five (5) or more existing residences; 
 
4) The parcel(s) shall not be less than .5 acres net if a full soils report shows 
adequate soil  conditions to support development and long term sewage disposal 
capacity.  Larger size parcels will be required, if the soil report or other factors 
necessitate; 
 
5) The area can be provided adequate fire and police protection services. A written 
statement from the Fire Department and the Sheriff/Police Department shall be required; 
 
6) The division can mitigate and comply with added traffic impacts; 
 
7) The proposed division has an adequate supply of water to each parcel, through 
an acceptable  conveyance system, and can or will provide potable water to each parcel. 
 
8) Each existing, as well as proposed parcel, abuts a public road or highway and/or 
has legal and  physical access via a County road. 
 
9) The long term impacts of additional sewage disposal system within the enclave is 

verified and can sustain the additional loads as shown by acceptable engineering 
studies. 
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I. INTRODUCTION 

A. PREFACE 

The County of Imperial is rich in natural and cultural resources.  The landscape is dominated by 
native desert habitat and stark topographic features.  Prime soils, Colorado River water, and year-
round sunlight facilitate productive agricultural operations.  Natural mineral resources are 
extracted for commercial purposes.  The wide expanses of open space are useful for military 
maneuvers and recreational activities. 

Population growth and subsequent development have intensified the rate of resource use and 
regional environmental degradation.  Urban expansion is decreasing the amount of land 
available for agriculture and mineral extraction.  The pollution of air and water has diminished 
regional aesthetics, limited recreational opportunities, and threatened public health.  Native 
desert biological communities are being impacted by accelerated human activity in Imperial 
Valley. 

The Conservation and Open Space Element is the official conservation guide for all decision 
makers including the County Board of Supervisors, Planning Commission, Airport Land Use 
Commission, and various Departments in addition to other Federal, State, or County governmental 
decision-making bodies.  It shall also serve as a guide to the private sector, business community, 
investors, and developers in the County. 

This Conservation and Open Space Element is concerned with the following environmental 
resources: 

 Biological Resources 

 Cultural Resources 

 Geology and Soils 

 Mineral Resources 

 Regional Aesthetics 

 Air Quality and Climate Change 

 Open Space and Recreation 

Separate elements have been prepared for the conservation of water, agricultural, and 
renewable energy resources.  These three types of resources are critical to the long-term 
economic stability of Imperial County.  In addition, the issues surrounding these resources are 
particularly complex.  The Water Element, Agricultural Element, and Renewable Energy and 
Transmission Element contain focused goals and objectives, and an implementation program 
specific to each resource. 

The implementation of this Element does not negate the environmental review process required 
by the California Environmental Quality Act (CEQA) and the National Environmental Policy Act 
(NEPA).  While a proposed project may conform to the Conservation and Open Space Element, 
it may still be subject to environmental impact assessment pursuant to CEQA and NEPA.  This 
Element supports environmental review for proposed projects in addition to determining the 
extent that proposed projects promote the Element goals and objectives. 
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B. PURPOSE OF THE ELEMENT 

The County is charged with the responsibility of conserving environmental and cultural resources 
while encouraging economic development and growth.  The Conservation and Open Space 
Element identifies goals and policies to ensure the managed use of environmental resources.  The 
goals and policies are also designed to prevent limiting the range of resources available to future 
generations.  

The purpose of the Conservation and Open Space Element is to: 

 Promote the protection, maintenance, and use the County's natural and cultural 
resources with particular emphasis on scarce resources and resources that require special 
control and management. 

 Prevent the wasteful exploitation, destruction, and neglect of the State's natural and 
cultural resources. 

 Recognize that natural resources must be maintained for their ecological value as well as 
for the direct benefit to the public. 

 Protect open space for the conservation of natural and cultural resources, the managed 
production of resources, outdoor recreation, and public health and safety. 

C. APPLICABILITY 

The Conservation and Open Space Element applies to all unincorporated land within the County 
of Imperial.  Each incorporated City must adopt its own general plan and subsequent 
conservation and open space elements.  It is the intent of the County to be consistent and 
supportive of complementary plans of incorporated areas.  Since natural and cultural resources 
characteristically cross political boundaries, planning for the use and conservation of resources 
requires cooperation between various governmental divisions and departments.  When an area 
falls under more than one jurisdiction, each should consider the Conservation and Open Space 
Element goals and programs of the other jurisdiction when making decisions.  All public and 
private projects are subject to this Element. 

It is not the intent of this Element to impose any restriction on the use of any private land which 
would constitute a taking or a damaging of property for public use. In the event that the County 
Board of Supervisors, Planning Commission, or an official of the County determines that the 
application of any provision of this Element to any private property constitutes such a taking, the 
restrictions should be modified or waived to the extent necessary to avoid the taking or damaging.   

It is specifically not the intent of this Element to preclude the placement, construction, or the use 
of one single-family residence on any parcel that existed as a legal parcel of record at the time 
of the adoption of the Element, and no individual or public safety hazard or danger would result 
from such placement or construction.  Furthermore, the inventory of conservation issues and 
subsequent policy discussed in this Element are not intended to be all inclusive and may be 
amended when additional information or studies become available or are required. 

II. EXISTING CONDITIONS AND TRENDS 

This report focuses on specific environmental resources in Imperial County, including biological 
and cultural resources, soils, minerals, regional aesthetics, air quality, and open space.  
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A. BIOLOGICAL RESOURCES 

1. Plants and Vegetation Communities 

An extensive range of vegetation communities have been identified in the County, including 
native and nonnative communities on which sensitive and common plant and wildlife species are 
dependent. Native communities include wetland and riparian habitats within fresh and saltwater 
systems and high and low elevation woodland and scrub habitats, some with saline and alkali soil 
conditions. Nonnative communities include agriculture, annual grasslands, and tamarisk or salt 
cedar stands. 

2.  Sensitive Habitats and Conservation Areas 

A number of sensitive vegetation communities, identified by the California Department of Fish and 
Wildlife (CDFW) and others as rare and worthy of consideration in California, occur in Imperial 
County. Of the total 2,942,080 acres in the County, approximately 215,220 are sensitive habitats. 
Sensitive vegetation and habitats are a conservation priority for local, State, and Federal 
regulatory agencies because they have limited distribution and support a variety of sensitive 
plants and wildlife. 

Several areas in Imperial County have been designated as environmentally sensitive areas by 
various public agencies or entities. These include US Fish & Wildlife Service (USFWS)-designated 
critical habitat, USFWS National Wildlife Refuges, Bureau of Land Management (BLM), National 
Landscape Conservation System (NLCS) lands, BLM Desert Wildlife Management Areas (DWMAs) 
and Areas of Critical Environmental Concern (ACECs), wilderness and wildlife areas, State parks, 
and other protective designations by Federal and State agencies in the County. Many of these 
areas have development restrictions or prohibitions to facilitate conservation of biological 
resources or other sensitive resources. These areas are shown on Figures 1 through 3. 

Critical habitat is a Federal designation to provide essential habitat for listed species. While 
development is not precluded from designated critical habitat, these areas have been afforded 
legal protection which requires developers to consult with the USFWS if a project would affect 
critical habitat or any listed species. Critical habitat units support important habitat and often 
support more than one listed species. Critical habitat is designated in Imperial County for the 
following species: 

 Desert pupfish 

 Razorback sucker 

 Desert tortoise 

 Peirson’s milk-vetch 

 Peninsular bighorn sheep 

 Yellow-billed cuckoo (proposed as of October 2014) 

3.  Sensitive Species 

A number of species listed or candidates for listing as endangered or threatened under the 
Endangered Species Act or California Endangered Species Act, or listed as rare under the 
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California Native Plant Protection Act, have been recorded or potentially occur in Imperial 
County. Listed species documented in the California Natural Diversity Database (CNDDB) for the 
County include: 

 Desert tortoise  Gila woodpecker 

 Barefoot gecko  Elf owl 

 Townsend’s big-eared bat  Bald eagle 

 Peninsular bighorn sheep  Desert pupfish 

 Western yellow-billed cuckoo  Bonytail 

 Southwestern willow flycatcher  Colorado pikeminnow 

 Least Bell’s vireo  Razorback sucker 

 Arizona Bell’s vireo  Peirson’s milk-vetch 

 Western snowy plover  Wiggins’ croton 

 California black rail  San Diego button-celery 

 Yuma clapper rail  Algodones Dunes sunflower 

 Gilded flicker 

Numerous other special-status species occur in the County, including wildlife designated as 
California fully protected species or California Species of Special Concern as well as plants 
identified as California Rare Plant Rank. Several California Species of Special Concern are of 
particular conservation focus in Imperial County including the burrowing owl and flat-tailed 
horned lizard. Approximately two-thirds of the burrowing owl population in California occurs in 
agricultural areas in the Imperial Valley. There are three regional populations of flat-tailed horned 
lizard in California; two of these (representing the majority of the range in the State) occur in 
Imperial County. These are on the west side of the Salton Sea/Imperial Valley and on the east side 
of the Imperial Valley; both populations extend south into Mexico.  
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FIGURE 1 SENSITIVE HABITATS MAP 
(BASELINE REPORT FIGURE 2.2-2) 
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FIGURE 2 SENSITIVE SPECIES MAP 
(BASELINE REPORT FIGURE 2.2-3) 
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FIGURE 3 AGENCY-DESIGNATED HABITATS MAP 
(BASELINE REPORT FIGURE 2.2-4) 
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B.  CULTURAL RESOURCES 

In Imperial County most archeological resources can be separated into two distinct sections: 
prehistoric and historic. All prehistoric archeology involves indigenous culture that existed prior to 
Spanish colonization in 1769. Additional cultural resources, which have been identified by the 
State of California, include sacred lands that are manifested in cultural landscapes. 

1. Prehistoric Resources   

Prehistoric resources are the remains of activities in the past prior to sustained European contact. 
The Cahuilla, Tipai, and Quechan inhabited the Imperial County area since before Spanish 
contact. The Cahuilla people occupied a territory in south-central California, between the San 
Bernardino Mountains in the north to Borrego Springs and the Chocolate Mountains in the south, 
east to the Colorado Desert, and west into the San Jacinto Plain near Riverside and the Palomar 
Mountains. The Tipai, previously called Diegueño or Kamia, occupied an area that roughly 
extended from the Pacific Coast at San Diego eastward to the Sand Hills of Imperial County as 
well as south into modern-day Mexico. The Quechan, also known as the Yuma, continue to 
occupy their traditional territory at the confluence of the Gila and Colorado rivers at the edge of 
the California, Arizona, and Mexican borders. From here their territory stretched north along the 
Colorado River and to the east of the Gila River. 

The previous studies conducted in the County identified resources including villages, rock shelters, 
habitation sites, lithic scatters, trails, rock art localities, and milling stations. Isolated artifacts not 
associated with the larger sites have also been identified in Imperial County. In addition, cultural 
landscapes and ethnographic resources are elements of the natural resource types that are 
assigned cultural significance by traditional users or groups, such as geographic features. 
Previously identified prehistoric resources can be used as a general guideline to understanding 
the nature of localized prehistoric inhabitation and provide assistance in determining areas of 
known sensitivity for prehistoric resources.  

The most important feature in the study of the prehistory and history of Imperial County is Lake 
Cahuilla, the modern iteration of which is the Salton Sea. This enormous lake periodically formed 
when flooding in the Colorado River broke through low-lying areas and flooded the Salton Trough, 
inundating up to an average elevation of about 40 feet above mean sea level. Because Lake 
Cahuilla was a rare source of fresh water in the desert, human populations would have been 
attracted to live and gather plant and animal resources near the lake. Human occupation sites 
mark the ancient shorelines both above the high stand mark and along the lower, retreating 
shorelines.  

To date, 14,860 prehistoric and historic period resources have been recorded in Imperial County. 
Of those, 12,398 are archaeological sites and the rest are either isolates or historic structures. As 
the entire County has not been surveyed, additional sensitive prehistoric and historic period 
cultural resource are likely to exist throughout Imperial County.  

A prehistoric predictive model was developed in order to provide a general idea of potential 
locations of cultural resources present in the County. This model focused on proximity to water 
sources, access to food, access to tool-making sources (obsidian), and geographic slope. Using 
this criteria, regions most sensitive for prehistoric resources were determined to be those areas 
within 1,000 meters of a water source (in this case, named streams, waterbodies, wetlands, and 
playas/dry lakes), within 200 meters of an ecotone boundary (access to food), near obsidian stone 
tool sources, and less than 16.1 percent slope. These sensitive areas are depicted on Figure 4.  
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2. Historic Resources 

The historic period in California is generally broken into three parts: the Spanish period (1769 to 
1821), the Mexican period (1821 to 1848), and the American period (1848 to present).  

Although the first Europeans arrived in Imperial County with the Hernando de Alcarón expedition 
of 1540, the Spanish did not begin to colonize what was then known as Alta California until 1769. 
Spanish settlements were largely restricted to the West Mesa, now known as the Yuha Desert, in 
the southwestern portion of the County. Inhospitable terrain of the Algodones Dunes discouraged 
early exploration and colonization of the eastern portions of the County. Included in the early 
settlement sites of the Spanish period are the Mission Puerto de Purísima Concepción (1780) and 
Mission San Pedro y San Pablo de Bicuñer (1781) along the de Anza Trail, along the Colorado River 
in the southeast portion of the County. As described above, both missions were destroyed in 1781 
in conflicts between the Spanish and the Quechan. 

The Mexican Period in Imperial County was characterized by efforts to reestablish an overland 
route from Sonora to the California coast in order to encourage trade and settlement. Following 
several expeditions, the Sonora Road was established in 1825, following portions of the Juan 
Bautista de Anza Trail through the County before turning westward through the Carrizo Corridor 
and branching toward both San Diego and Temecula (see Figure 5).  

The American Period in Imperial County is marked by further exploration and by development of 
the agricultural potential of the Imperial Valley. The signing of the Treaty of Guadalupe Hidalgo in 
1848 and the U.S. acquisition of California was immediately followed by the establishment of the 
Southern Emigrant Trail, which largely followed the old Sonora Road. This route was extensively 
used by settlers, miners, and the military on their way to California. Until the twentieth century, few 
people permanently settled in Imperial County. Irrigation measures, vital to the County’s 
development during this period, were first made by the California Development Corporation using 
water from the Colorado River, which was then diverted to the Alamo River via the Alamo Canal. 
Irrigation from the Alamo Canal Project soon prompted a large population boom in the area; the 
town sites of Imperial, Brawley, Calexico, Heber, and Silsbee were constructed as part of irrigation 
projects to entice settlers to become permanent residents. In 1904, heavy silting greatly reduced 
the amount of water reaching the Imperial Valley farmers. Under stress, the California 
Development Company attempted to create a breach at the banks of the Colorado River; 
however, this action caused uncontrolled flooding of the Salton Sink through 1905 and resulted in 
the Salton Sea. Flooding to the region was not completely halted until 1907. Railroad lines, 
including a branch of the Southern Pacific Railroad extending through the Imperial Valley to 
Calexico (1903), were constructed throughout portions of the County. The introduction of 
automobiles also prompted the development of new and better roads.  

Identified historic period built-environment and archaeological resources represent a range of 
activities including, but not limited to, mining, transportation, and ranching/homesteading and 
are represented throughout the County. The number of previously identified historic period 
resources is smaller than prehistoric resources, making determination of areas of known or 
established sensitivity difficult. It is possible, however, to make informed deductions about the 
types of resources likely to be encountered based on the previously identified sites in combination 
with the documented history of the area. 

Similar to the prehistoric model, a historic period predictive model was developed based on 
criteria that includes proximity to water sources, proximity to exploration routes/surveys/trails, 
locations of historic period railroad towns, and the locations of dams/mines/wells over 50 years 
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FIGURE 4 AREAS PF HEIGHTENED PREHISTORIC SENSITIVITY 
(BASELINE REPORT FIGURE 2.3-1) 
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FIGURE 5 AREAS OF HEIGHTENED HISTORIC SENSITIVITY 
(BASELINE REPORT FIGURE 2.3-2) 
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FIGURE 6 KNOWN AREAS OF NATIVE AMERICAN CULTURAL SENSITIVITY 
(BASELINE REPORT FIGURE 2.3-3)  
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C. GEOLOGY AND SOILS 

Imperial County is underlain by three natural geomorphic provinces: the Peninsular Ranges, the 
Colorado Desert, and the Mojave Desert. Each of these provinces is a naturally defined geologic 
region that displays a distinct landscape or landform with defining features based on geology, 
faults, topographic relief, and climate.  

Soils in Imperial County are formed by stratified alluvial deposits. A large portion of the County 
includes fine-textured lakebed sediments. Approximately 28 known soil types occur in Imperial 
County: Aco, Antho, Carrizo, Carsitas, Chuckwalla, Cibola, Coachella, Fluvaquents, Gadsden, 
Gilman, Glenbar, Holtville, Imperial, Indio, Kofa, Lagunita, Laposa, Laveen, Mecca, Meloland, 
Niland, Orita, Ripley, Rositas, Salorthids, Superstition, Torriorthents, and Vint. Parent material 
includes Glenbar, Holtville, and Imperial soils. Indio, Vint, Meloland, and Rositas soils are derived 
from windblown and channel silts. Rositas and Carsitas soils were formed in beach deposits. Sand 
and gravelly fan materials are the parent materials of Carsitas and Rositas soils.  

The clay material deposited in riverine environments during the formation of the Colorado River 
delta terrace is the source of the Holtville and Imperial soils. Niland soils occur in clayey lakebed. 
Several large gullies have formed from runoff water leading into the Salton Sea. The Antho, 
Laveen, Niland, and Superstition soils were formed from fan sediment. Fine-textured basin deposits 
provide the source material for Glenbar, Holtville, and Imperial soils.  

The Imperial Formation is a geologic area that occurs in Imperial County and is exposed in the 
southeast Coyote Mountains on three major facies. Facies A includes shoreline deposits 
associated with alluvial fans. Facies B includes supratidal gypsum to low-tide terraces. Facies C 
includes siltstones and clays, indicating a filling of the Salton Trough by fine clastic material from 
the Colorado River. Rock units in Imperial County can be described as Precambrian and placed 
into two groups, the Chuckwalla complex and the Orocopia Schist. The rocks in the Chuckwalla 
complex include quartz biotite gneiss and various foliated hybrid granitic rocks and granophyres 
that range in composition from gabbro to granite. Rocks in the Orocopia Schist include 
weatherized mica-covered surfaces. The rock units are sericite-albite schist, quartz sericite schist, 
phyllite, and quartzite. Marble occurs in the schist in the Orocopia Mountains. Rock types or 
geological material known to occur in Imperial County include alluvium, andesite, basalt, 
conglomerate, dune sand, gneiss, granodiorite, limestone, mica schist, plutonic rock, rhyolite, 
sandstone, schist, and tonalite. 

Existing conditions for geologic activity in Imperial County include earthquakes, the principal 
geologic activity affecting public safety in the County. Imperial County contains several major 
active faults, including the Brawley Fault Zone, the Coyote Creek Fault and the Elmore Ranch Fault 
(in the San Jacinto Fault Zone), the Elsinore Fault, the Imperial Fault, the Laguna Salada Fault (in 
the Elsinore Fault Zone), the San Andreas Fault, the Superstition Hills Fault, and the Wienert Fault (in 
the San Jacinto Fault Zone).  

Figure 7 shows the major faults and seismic hazard ratings in Imperial County. 
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FIGURE 7 SEISMIC HAZARDS MAP 
(BASELINE REPORT FIGURE 2.4-3) 
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D. MINERAL RESOURCES 

A number of mineral resources in Imperial County are currently being extracted. These mineral 
resources include gold, gypsum, sand, gravel, lime, clay, stone, kyanite, limestone, sericite, mica, 
tuff, salt, potash, and manganese. Several issues influence the extraction of mineral deposits in 
Imperial County, including the location of geologic deposition, the potential for impacts to the 
environment, and land use conflicts. As a result, the extraction of mineral resources is limited to a 
relatively small number of sites throughout the County. Figure 8 depicts the distribution and 
location of mineral resources and mining sites in Imperial County.  

Mineral deposits are an important natural resource that contribute to the economic development 
of the State and the County and provide essential raw materials for construction projects 
throughout the region. However, mineral extraction can result in numerous environmental 
impacts, including air pollution and degradation of air quality, noise pollution, accentuation of 
geologic hazards, surface and groundwater pollution, risks to public safety, destruction of cultural 
resources, and impacts to wildlife and plant species.  
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FIGURE 8 EXISTING MINERAL RESOURCES MAP 
(BASELINE REPORT FIGURE 2.5-1) 
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E. REGIONAL AESTHETICS 

1. Scenic Visual Resources 

Imperial County extends over 4,597 square miles between Riverside County to the north, Mexico 
to the south, San Diego County to the west, and Arizona to the east. The County’s visual character 
varies greatly. It includes natural scenic visual resources such as deserts, sand dunes, mountains, 
and the Salton Sea. Many of the natural scenic resources are located on land under Bureau of 
Land Management (BLM) jurisdiction. County areas for BLM-managed lands are shown on Figure 
9, and depict the values of the County’s visual resources based on their Visual Resource Inventory 
(VRI) process.  Areas with a moderate to high value for maintenance of visual quality could 
represent opportunities for conservation and open space areas. Although these areas are within 
BLM lands, private inholdings under the County’s jurisdiction may be available for conservation or 
open space designations. The County also includes agricultural areas and built environments such 
as urban areas and solar, wind, and geothermal energy development. 

The desert areas include the Yuha Desert, West Mesa, lower Borrego Valley, East Mesa, and Pilot 
Knob Mesa. The Yuha Desert contains unique geologic features including sand chimneys and 
painted gorge formations that add scenic value to the natural landscape. Cultural features in the 
Yuha Desert include large earth sculptures, or geoglyphs, constructed by prehistoric Native 
Americans. The West Mesa, lower Borrego Valley, East Mesa, and Pilot Knob Mesa consist of desert 
vegetation from the creosote scrub community. Other plants include ocotillo, mesquite, palo 
verde, saltbush, and encelia.  

Also contributing to the scenic quality of the desert areas are the springtime blooms of desert 
wildflowers. In springtime, up to 60 species of annuals may be viewed. A typical scene would 
include large, white evening primroses gleaming over variegated carpets of sand verbena, sunny 
desert dandelion, and desert sunflower, which are often joined by desert marigold, coreopsis, and 
other daisy family species. 

Mountains are a significant visual resource in Imperial County. The eastern foothills of the Peninsular 
Range run along the County’s southwest side. These foothills include the In-Ko-Pah or Jacumba 
Mountains, Coyote Mountains, and Fish Creek Mountains. East of these mountain/wilderness areas 
is Mount Signal, located along the international border on the eastern edge of the Yuha Desert, 
west of Calexico, which is visible from most of the Imperial Valley.  

The southeast foothills of the Santa Rosa-San Jacinto Mountains are a prominent feature from 
State Route (SR) 86. The Superstition Mountains and Superstition Hills, located in West Mesa 
southeast of the lower Borrego Valley and west of Westmorland and Brawley, are visible looking 
north from I-8 west of El Centro and from SR 86 between El Centro and the Salton Sea. In the 
northeastern part of the County, the Chocolate Mountains, named because of their color, stretch 
northwest by southeast between Riverside County and the Colorado River. They are bisected by 
SR 78 between Glamis and the Palo Verde area. Portions of these mountain areas are designated 
by the BLM as Wilderness Areas, part of the National Wilderness Preservation System. The intention 
of this designation is to secure natural areas for the public purposes of recreation, scenic, scientific, 
educational, conservation, and historical use.  

The Algodones Dunes are the largest sand dunes in California. This dune system covers 
approximately 160 square miles, extending for 45 miles along the eastern edge of the Imperial 
Valley agricultural region in a band averaging 6 miles in width. They extend lengthwise in a 
northwest–southeast direction and are situated between the East Mesa and Pilot Knob Mesa 
areas. The dunes consist of shifting sands and attain a thickness of at least 200 feet in some parts. 
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Rising to heights of over 300 feet above the surrounding desert floor, the dunes are a well-known 
landmark to County residents, and thousands of highway travelers pass them annually. The 
Imperial Sand Dunes are considered a significant visual resource in the County due to their unique 
scenic qualities, historic features, and prominent visibility to a large number of people. 

The Salton Sea is located in the northwestern portion of the County and extends into Riverside 
County, measuring 35 miles in length and a surface area of approximately 376 square miles. The 
Salton Sea has been sustained by agricultural drainage from the Imperial, Coachella, and 
Mexicali valleys; rainfall; storm runoff from the surrounding mountains; and groundwater inflow. 
The area represents an important wildlife habitat area and provides migrating and wintering 
habitat for thousands of waterfowl and other birds. Masses of these birds are visible from the shores 
of the Salton Sea. This waterbody represents a unique visual resource because of its size, its 
location in a desert area, and its value to wildlife. 

Anza-Borrego Desert State Park is located on the eastern side of San Diego County, with portions 
extending east into Imperial County and north into Riverside County. The park features washes, 
wildflowers, palm groves, cacti, sweeping vistas, and many miles of hiking trails. 

The Osborne Overlook offers scenic views of the Imperial Sand Dunes Recreation Area, North 
Algodones Dunes Wilderness, and surrounding area. The overlook is located among the largest 
and tallest dunes. The Juan Bautista de Anza Overlook provides a view of the Yuha Basin and 
surrounding landscape. 

2. Scenic Highways 

The California Department of Transportation (Caltrans) manages the California Scenic Highway 
Program. The goal of the program is to preserve and protect scenic highway corridors from 
changes that would affect the aesthetic value of the land adjacent to the scenic corridor. No 
State scenic highways have been designated in Imperial County; however, the following four 
routes in Imperial County are considered eligible for a State scenic highway designation: 

 Interstate 8: The initial segment for future scenic highway designation status lies between 
the San Diego County line and its junction with SR 98 near Coyote Wells. This segment, 
known as Mountain Springs Grade, has a long, rapid elevation change, remarkable rock 
and boulder scenery, and plant life variations. 

 SR 78: The portion of SR 78 from the junction with SR 86 near Julian to the San Diego County 
line is eligible for a future scenic highway designation. That area is considered scenic 
because of its desert characteristics and view of Salton Sea. 

 SR 111: SR 111 travels along the northeast shore of the Salton Sea and is eligible for a future 
scenic highway designation from Bombay Beach to the County line. The drive contrasts 
the flat, wide portions of the Salton Sea with the rugged variations of the Chocolate 
Mountains. 

 Borrego-Salton Seaway: County Highway S-22 is also known as Borrego-Salton Seaway; it 
begins in Salton City and ends at the community of Borrego Springs in San Diego County. 
This route includes views of Clay Point, the Anza Verde Wash, and scenic viewpoints.
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FIGURE 9 VISUAL RESOURCE INVENTORY LEVEL RATINGS FOR BLM-MANAGED LANDS MAP 
(BASELINE REPORT FIGURE 2.1-2) 
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3. Other Visual Characteristics 

Agricultural areas dominate the visual scenes in Imperial Valley 115 and are characterized by 
square or rectangular fields, typically 40 to 80 acres in area, that are sometimes interspersed with 
scattered farmhouses and related agricultural structures. These agricultural regions are crossed by 
irrigation canals and drainages that parallel dirt farm roads. Several cattle feed yards, other 
animal ranches, and aquaculture farms are located throughout the Imperial Valley, as are a few 
agricultural processing/packaging plants including Spreckels Sugar, fertilizer/chemical plants, and 
other agricultural-related operations. 

Imperial County’s urban areas include the areas surrounding seven incorporated cities (Brawley, 
El Centro, Imperial, Westmorland, Holtville, Calipatria, and Calexico) and five unincorporated 
communities (Heber, Niland, Seeley, West Shores/Salton City, and Winterhaven). These areas are 
characterized by low-rise, mixed-use development and contain or propose a broad range of 
residential, commercial, and industrial uses. 

Military activities are centered at the Naval Air Facility El Centro, located north of Seeley, with 
military field and aerial operations conducted on approximately 350,000 acres in the Chocolate 
Mountains, 76,800 acres in the Superstition Mountains, and at other smaller sites throughout the 
County. 

Certain areas previously used as farmland are being converted to solar power facilities. If all solar 
projects currently proposed and under review are approved, Imperial County would have over 
23,000 acres of solar development. 

4. Sources of Light and Glare 

Light and glare may be created day or night from various residential, commercial, and industrial 
uses throughout the County. Potential sources of glare during the day may include surface water, 
motor vehicles either parked or traveling on surrounding roadways, paved surfaces, building 
windows, and solar facilities. At night, light sources include street lamps, accent and security 
lighting on buildings, parking lot lighting, vehicle headlights, existing transmission lines, and some 
park facilities. The Ocotillo Wind Energy Facility is located along I-8 near the western border 
between Imperial and San Diego counties. This project has red and white flashing lights on the 
towers that dominate nighttime views for Ocotillo residents and travelers along Interstate 8.  

F. AIR QUALITY AND CLIMATE CHANGE 

Air quality is defined by the concentration of pollutants related to human health. Concentrations 
of air pollutants are determined by the rate and location of pollutant emissions released by 
pollution sources and the atmosphere’s ability to transport and dilute such emissions. 
Concentrations of air pollutants are determined by the rate and location of pollutant emissions 
released by pollution sources and the atmosphere’s ability to transport and dilute such emissions.  

Imperial County is located in the southeastern corner of California in a relatively flat desert valley 
surrounded by mountain ranges to the east and west. The State and Federal air quality regulations 
designated this region as the Salton Sea Air Basin (SSAB), which is under the jurisdiction of the 
Imperial County Air Pollution Control District (ICAPCD). The SSAB encompasses the entirety of 
Imperial County and the southeast portion of Riverside County and is generally an arid desert 
region, with a significant portion located below sea level. A semi-permanent high-pressure cell 
blocks mid-latitude storms and causes sunny skies most of the time. The SSAB contains relatively 
few major emissions sources, but may experience emissions from significant vehicular traffic, 
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particularly near the two international port of entries. Emissions sources consist of geothermal 
power generation, food processing, plaster manufacturing, and other light industrial facilities. 
Additionally, the continued decrease in surface elevation of the Salton Sea is expected to 
generate dust containing decades’ worth of agricultural runoff from exposure of land currently 
underwater. 

Air quality in the County is measured at air quality monitoring stations located in Calexico, El 
Centro, Niland, Westmorland, and Brawley. 

1. State and Federal Air Quality Standards 

The Federal Clean Air Act (CAA) of 1971 and the CCA Amendments (1977) established the 
national ambient air quality standards (NAAQS), which are promulgated by the EPA. The State of 
California has also adopted its own California ambient air quality standards (CAAQS), which are 
promulgated by the California Air Resources Board (CARB). Both the State of California and the 
Federal government have established health-based ambient air quality standards for six air 
pollutants. These pollutants include O3, CO, NO2, SO2, PM10 and subset PM2.5, and lead. In 
addition, the State has set standards for sulfates, hydrogen sulfide, vinyl chloride, and visibility-
reducing particles. These standards are designed to protect the health and welfare of the 
populace with a reasonable margin of safety. 

Specific geographic areas are classified as attainment, nonattainment, or unclassified areas for 
each pollutant, based on the comparison of measured data with Federal and State standards. 
The unclassified designation is used in an area that cannot be classified on the basis of available 
information as meeting or not meeting the standards. The Imperial County portion of the SSAB is 
currently designated as a nonattainment area for the 8‐hour O3 NAAQS and CAAQS. The entire 
County is designated as a nonattainment area for the PM10 NAAQS and CAAQS. The central 
portion of Imperial County is designated as a nonattainment area for the PM2.5 NAAQS. The 
Imperial County portion of the SSAB is in attainment or unclassified with the NAAQS and CAAQS 
for the other applicable criteria pollutants. Table 1 shows the Federal and State attainment status 
for the Imperial County portion of the SSAB. 

TABLE 1 
FEDERAL AND STATE AMBIENT AIR QUALITY ATTAINMENT STATUS FOR IMPERIAL COUNTY 

Pollutant Federal State 

8-Hour Ozone (O3) Nonattainment Nonattainment 

Coarse Particulate Matter (PM10) Nonattainment Nonattainment 

Fine Particulate Matter (PM2.5) 
Nonattainment (central portion) 

Unclassified (remainder) 
Attainment 

Carbon Monoxide (CO) Unclassified/Attainment Attainment 

Nitrogen Dioxide (NO2) Unclassified/Attainment Attainment 

Sulfur Dioxide (SO2) Attainment Attainment 

Lead Unclassified/Attainment Attainment 

Sulfates — Attainment 

Hydrogen Sulfide  — Unclassified 

Visibility Reducing Particles  — Unclassified 

The Environmental Protection Agency (EPA), under the provisions of the CAA, requires each State 
with regions that have not attained the NAAQS to prepare a State Implementation Plan (SIP), 
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detailing how these standards are to be met in each local area. The SIP is a legal agreement 
between each State and the Federal government to commit resources to improving air quality. It 
serves as the template for conducting regional and project‐level air quality analysis. CARB is the 
lead agency for developing the SIP in California. Local air districts, such as the ICAPCD, prepare 
air quality attainment plans or air quality management plans and submit them to CARB for review, 
approval, and incorporation into the applicable SIP. The air districts develop the strategies stated 
in the SIPs for achieving air quality standards on a regional basis. 

For 8-Hour Ozone (O3), the ICAPCD adopted the Final 2009 8‐hour Ozone Modified Air Quality 
Management Plan in July 2010. The plan includes control measures which are an integral part of 
how the ICAPCD currently controls the ROG and NOX emissions within the O3 nonattainment 
areas. The overall strategy includes programs and control measures which represent the 
implementation of Reasonable Available Control Technology (40 CFR 51.912) and the assurance 
that stationary sources maintain a net decrease in emissions. 

For Coarse Particulate Matter (PM10), the ICAPCD adopted the PM10 SIP in August 2009 that 
developed fugitive dust control measures (Regulation VIII). On April 23, 2013, the EPA approved 
Regulation VIII fugitive dust rules into the Imperial County portion of the California SIP. 

For Fine Particulate Matter (PM2.5), the ICAPCD adopted the PM2.5 SIP in December 2014. This SIP 
concluded that the majority of the PM2.5 emissions resulted from transport in nearby Mexico. 
Specifically, the SIP demonstrates attainment of the 2006 PM2.5 NAAQS “but for” transport of 
international emissions from Mexicali, Mexico. In accordance with the CAA, the PM2.5 SIP satisfies 
the attainment demonstration requirement satisfying the provisions of the CAA. 

The ICAPCD is working cooperatively with counterparts from Mexico to implement emissions 
reductions strategies and projects for air quality improvements at the border. The two countries 
strive to achieve these goals through local input from states, County governments, and citizens. 
Within the Mexicali and Imperial Valley area, the Air Quality Task Force (AQTF) has been organized 
to address those issues unique to the border region known as the Mexicali/Imperial air shed. The 
AQTF membership includes representatives from Federal, State, and local governments from both 
sides of the border, as well as representatives from academia, environmental organizations, and 
the general public. This group was created to promote regional efforts to improve the air quality 
monitoring network, emissions inventories, and air pollution transport modeling development, as 
well as the creation of programs and strategies to improve air quality. 

2. Climate Change 

According to the State of California Climate Change Center, temperatures in California will rise 
significantly during this century as a result of the greenhouse gas (GHG) emissions humans release 
into the atmosphere. Generally, research indicates that California should expect overall hotter 
and drier conditions, with a continued reduction in winter snow (with concurrent increases in 
winter rains), as well as increased average temperatures and accelerating sea-level rise.  

In addition to changes in average temperatures, sea level, and precipitation patterns, the 
intensity of extreme weather events is also changing. Mean annual minimum temperatures are 
projected to substantially increase in Imperial County, as temperature change projections 
indicate mean annual, monthly median, and minimum and maximum temperature increases over 
2°C. Projections also show a change in the distribution of precipitation and vegetation shift due 
to climate change, based on the capacity of species to migrate and keep up with geographic 
change.  
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Further State studies and assessments are expected to better understand the scope, timing, cost, 
and feasibility of various management options to address climate risks. Understanding these risks 
will allow the State to prioritize actions and investments to safeguard the people, economy, and 
natural resources from climate change impacts. In addition, these further studies will assist in 
determining how future climate change is expected to impact the air quality of Imperial County 
and how the ICAPCD can address those impacts.  

G. OPEN SPACE AND RECREATION 

Parks and recreation in Imperial County are enhanced by the natural resources of the Sonoran 
Desert, including the mountains, sandy hills, Colorado River, and Salton Sea. Because of the varied 
terrain throughout the County, abundant opportunities for recreation exist, such as hiking, boating, 
fishing, hunting, and off-highway activities. Many of these opportunities are located on land under 
Federal or State jurisdiction, but multiple smaller parks are located in the urban areas of the 
County. 

Much of Imperial County is open space. Open space is considered any parcel or area of land or 
water that is essentially unimproved and devoted to conservation of natural resources, outdoor 
recreation, and protection of the public health and safety. The State and Federal governments 
manage large amounts of open space in Imperial County, the largest being the California Desert 
Conservation Area under Bureau of Land Management (BLM) jurisdiction. State and Federal 
protected areas, including a number of wilderness areas, are shown on Figure 10. 

The Imperial County Planning and Development Services Department (ICPDS) operates five parks: 
Sunbeam Lake Park, Wiest Lake Park, Red Hill Marina Park, Ocotillo Community Park, and Palo 
Verde Park. These County parks offer a variety of passive and active recreation opportunities, 
including playground equipment, basketball courts, picnic tables, barbecue grills, campsites, 
walking trails, boating and fishing opportunities, and open space for passive recreation.  

Imperial County hosts the El Centro Naval Air Facility, Imperial County Airport and other airports 
adjacent to open space areas. Countywide aircraft facilities are identified in the Airport Land Use 
Compatibility Plan and include land use compatibility and open space designations that protect 
people and property from potential aircraft accidents in the flight path.   
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FIGURE 10 – RECREATION AND OPEN SPACE AREAS 
(BASELINE REPORT FIGURE 2.6-1) 
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III. GOALS AND OBJECTIVES 

A. PREFACE 

The Conservation and Open Space Element of the General Plan serves as the primary policy 
statement by the Board of Supervisors for implementing policies to conserve the natural 
environment of Imperial County. The County recognizes that the degradation of one natural 
resource will have a cumulative effect upon the total resource base, including water, vegetation, 
air, wildlife, soil, minerals, and cultural landscapes. This section of the Element presents Imperial 
County's Goals and Objectives relative to planning for the natural environment of the 
unincorporated areas of the County. 

The Goals and Objectives, together with the Implementation Programs and Policies in Chapter IV, 
are the statement that shall provide direction for private development and industry as well as 
government actions and programs.  Imperial County's Goals and Objectives are intended to serve 
as long-term principles and policy statements representing ideals which have been determined 
by the citizens as being desirable and deserving of community time and resources to achieve.  
These Goals and Objectives, therefore, are important guidelines for decision making relative to 
proposed projects and land use planning.  It is recognized, however, that other social, economic, 
environmental, and legal considerations are involved in land use decisions and that these Goals 
and Objectives, and those of the other General Plan Elements, should be used as guidelines but 
not doctrines. 

B. GOALS AND OBJECTIVES 

Conservation of Environmental Resources for Future Generations 

Goal 1: Environmental resources shall be conserved for future generations by minimizing 
environmental impacts in all land use decisions and educating the public on their value. 

Objective 1.1:  Encourage uses and activities that are compatible with the fragile desert 
environment and foster conservation.  

Objective 1.2: Coordinate the acquisition, designation, and management of important 
natural and cultural resource areas in Imperial County with other governmental agencies 
as appropriate. 

Objective 1.3: Develop standards to protect significant natural and cultural resource areas 
for the purpose of enhancing both the planning and decision-making process. 

Objective 1.4:  Ensure the conservation and management of the County's natural and 
cultural resources. 

Objective 1.5: Provide opportunities for enjoyment of a quality natural experience to 
present and future generations. 

Objective 1.6:  Promote the conservation of ecological sites and preservation of cultural 
resource sites through scientific investigation and public education.  
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Conservation of Biological Resources 

Goal 2:  The County will integrate programmatic strategies for the conservation of critical habitats 
to manage their integrity, function, productivity, and long-term viability. 

Objective 2.1:  Designate critical habitats for Federally and State-listed species. 

Objective 2.2:  Develop management programs, including preservation of habitat for flat-
tailed horned lizard, desert pupfish, and burrowing owl. 

Objective 2.3: Support investigation of long-term climate change effects on biological 
resources. 

Objective 2.4: Use the CEQA and NEPA process to identify, conserve and restore sensitive 
vegetation and wildlife resources. 

Objective 2.5:  Give conservation of sensitive species and habitat a high priority in County 
park acquisition and development programs.   

Objective 2.6: Attempt to identify, reduce, and eliminate all forms of pollution; including 
air, noise, soil, and water.   

Preservation of Cultural Resources 

Goal 3:  Preserve the spiritual and cultural heritage of the diverse communities of Imperial County. 

Objective 3.1:  Protect and preserve sites of archaeological, ecological, historical, and 
scientific value, and/or cultural significance. 

Objective 3.2: Develop management strategies to preserve the memory of important 
historic periods, including Spanish, Mexican, and early American settlements of Imperial 
County. 

Objective 3.3:  Engage all local Native American Tribes in the protection of tribal cultural 
resources, including prehistoric trails and burial sites. 

Conservation of Geological Resources 

Goal 4:  The County will identify and protect geologic, soil, aggregate, and mineral resources for 
extraction while minimizing the effect of mining on surrounding land uses and other environmental 
resources. 

Objective 4.1: Require use of latest technologies for extraction of mineral and 
quarry/aggregate resources that protect the natural desert environment. 

Objective 4.2: Require that mineral extraction and reclamation operations be performed 
in a way that is compatible with surrounding land uses and minimize adverse effects on 
the environment. 

Objective 4.3:  Safeguard the use and full development of all mineral deposits. 
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Objective 4.4:  Regulate the development adjacent to or near all mineral deposits and 
geothermal operations due to the potential for land subsidence. 

Objective 4.5: Preserve significant geological features such as rock outcroppings, the 
Algodones Dunes, Imperial Sand Dunes, Salton Buttes, and Shell Beds in Yuha Basin. 

Conservation of Visual Resources 

Goal 5:  The aesthetic character of the region shall be protected and enhanced to provide a 
pleasing environment for residential, commercial, recreational, and tourist activity. 

Objective 5.1: Encourage the conservation and enhancement of the natural beauty of 
the desert and mountain landscape. 

Objective 5.2: Utilize the Code Enforcement process to eliminate visually dilapidated 
buildings that impact the visual character of rural communities. 

Conservation of Water Resources 

Goals 6:  The County will conserve, protect, and enhance water resources in the County. 

Objective 6.1:  Ensure the use and protection of all the rivers, waterways, and groundwater 
sources in the County for use by future generations.   

Objective 6.2: Ensure proper drainage and provide accommodation for storm runoff from 
urban and other developed areas in manners compatible with requirements to provide 
necessary agricultural drainage. 

Objective 6.3:  Protect and improve water quality and quantity for all water bodies in 
Imperial County. 

Objective 6.4: Eliminate potential surface and groundwater pollution through regulations 
as well as educational programs. 

Objective 6.5: Reclaim polluted water bodies, such as the New and Alamo Rivers. 

Objective 6.6: Ensure protection of water bodies that are important for recreational fishing. 

Objective 6.7: Prohibit the inappropriate siting of solid or hazardous waste facilities next to 
water bodies or over sources of potable groundwater or recharge basins.  In association 
with the cleanup of the New River, all existing landfills in or near the river should eventually 
be closed. 

Objective 6.8:  Discourage the use of hazardous materials in areas of the County where 
significant water pollution could pose hazards to humans or biological resources. 

Objective 6.9:  Identify and protect watersheds and key recharge areas for the protection 
of water quality and groundwater. 

Objective 6.10:  Encourage water conservation and efficient water use among municipal 
and industrial water users, as well as reclamation and reuse of wastewater. 
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Objective 6.11: Coordinate with the appropriate agencies for the availability of water to 
meet future domestic, industrial/commercial and agricultural needs. 

Protection of Air Quality and Addressing Climate Change 

Goal 7:  The County shall actively seek to improve the quality of air in the region. 

Objective 7.1: Ensure that all project and facilities comply with current Federal, State, and 
local requirements for attainment of air quality objectives. 

Objective 7.2:  Develop management strategies to mitigate fugitive dust. Cooperate with 
all Federal, State and local agencies in the effort to attain air quality objectives.   

Objective 7.3: Work cooperatively with the EPA and CARB in evaluating air quality 
monitoring in Imperial County. 

Objective 7.4: Enforce and monitor environmental mitigation measures relating to air 
quality. 

Objective 7.5: Coordinate efforts with Imperial County Transportation Commission (ICTC) 
and other appropriate agencies to reduce fugitive dust from unpaved streets. 

Objective 7.6: Explore and assess strategies to reduce greenhouse gas emissions in the 
County.  

Protection of Open Space and Recreational Opportunities 

Goal 8:  Open space shall be maintained to protect the aesthetic character of the region, protect 
natural resources, provide recreational opportunities, and minimize hazards to human activity. 

Objective 8.1:  Confine future urbanization within adopted Urban and Community areas. 

Objective 8.2: Focus all new renewable energy development within adopted Renewable 
Energy Overlay Zones. 

Objective 8.3: Recognize the regional significance of the development and conservation 
of recreational opportunities in Imperial County. 

Objective 8.4:  Provide a broad range of recreational facilities for all ages and economic 
groups emphasizing family-oriented opportunities. 

Objective 8.5:  Encourage the acquisition and development of additional County 
recreational facilities. 

Objective 8.6:  Recreational activities should be developed in such a manner as to 
minimize any significant environmental impact on humans and existing natural resources. 

Objective 8.7: Encourage the development and improvement of recreational facilities in 
Imperial County. 

Objective 8.8: Coordinate Federal, State, and County agencies for trail-oriented 
recreational uses. 
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Objective 8.9:  Conserve desert lands, within the County's jurisdiction for wildlife protection, 
recreation, and aesthetic purposes. 

Conservation and Restoration of Salton Sea 

Goal 9: The County shall work towards comprehensive restoration of the Salton Sea in order to 
provide recreation, healthy habitat for wildlife, and economic revitalization in the region.  

Objective 9.1: Develop programs in association with County, State, and Federal agencies 
and the Salton Sea Joint Powers Authority (JPA) to restore the Salton Sea. 

Objective 9.2: Encourage renewable energy developments that include Salton Sea 
restoration components.  

Objective 9.3: Coordinate with US Fish and Wildlife Service, California Department of Fish 
and Wildlife, and the Salton Sea JPA in developing programs to protect and restore 
migratory bird habitat, desert pup fish, and other sensitive or endangered species 
associated with the Salton Sea.  

Objective 9.4: Develop educational programs to promote a greater understanding of the 
value and importance of the Salton Sea habitat management areas among County 
residents.  

C. RELATIONSHIP TO OTHER ELEMENTS 

Table 2 identifies the relationship between the Conservation and Open Space Element Goals and 
Objectives to other Elements of the Imperial County General Plan.  The Issue Area identifies the 
broader goals of the Element and the "Xs" identify that related objectives are contained in the 
corresponding Elements. 
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TABLE 2 
CONSERVATION AND OPEN SPACE ELEMENT POLICY MATRIX 

Conservation 
and Open 

Space Issue 
Areas 

General Plan Elements

Agricultural 
Circulation/ 

Scenic 
Highways 

Housing Land 
Use Noise Parks/ 

Recreation

Renewable 
Energy/ 

Transmission 

Seismic/ 
Public 
Safety 

Water

Biological 
Resources       X      X    X  

Cultural 
Resources         X      X     

Geologic 
Resources      X       X     

Mineral 
Resources       X      X      

Salton Sea 
Restoration X     X     X    X  

Visual 
Resources   X    X       X     

Water 
Resources  X     X   X X X X 

Air Quality 
and Climate 
Change 

  X     X      X     

Open Space 
and 
Recreation 

    X  X     X X     

 

IV. IMPLEMENTATION PROGRAMS AND POLICIES 

A. PREFACE 

The primary mechanism to implement the Goals and Objectives of the Conservation and Open 
Space Element is to incorporate environmental concerns into land use planning.  This occurs 
primarily through the discretionary permit process of subdivision map review, rezones, conditional 
use permits, specific plans, and general plan amendments.  Accompanying all of these 
applications is an environmental review process to identify significant site resources and evaluate 
project impacts. 

In addition, the process of updating the County's resource data base needs to be a continual 
process of information exchange with County, State, and Federal resource agencies.  This includes 
the Bureau of Land Management, California Department of Fish and Wildlife, U.S. Fish and Wildlife 
Service, Imperial Irrigation District, Soil Conservation Service, State Department of Conservation, 
Regional Water Quality Control Board, Air Pollution Control District, and others.   
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B. POLICIES AND PROGRAMS  

The following policies and programs describe activities which are intended to implement the 
Goals and Objectives that have been described in the previous section. 

1. Biological Resource Conservation 

Policy 

Provide a framework for the conservation and enhancement of natural and created open space 
which provides wildlife habitat values. 

Programs 

 Identify Resource Areas (see Figures 1 through 3) to conserve and enhance native 
vegetation and wildlife.  These areas include agency designated sensitive habitats with 
the US Fish & Wildlife, BLM Areas of Critical Environmental Concern (ACECs), and California 
Department of Fish & Wildlife. These designated lands are designed for the protection and 
perpetuation of rare, endangered, and threatened species and areas important for 
scientific study.   

 Projects within or in the vicinity of a Resource Area should be designed to minimize adverse 
impacts on the biological resources it was created to protect. 

 Accept donations of land which have high wildlife value.  Where appropriate, Imperial 
County shall attempt to exchange donated lands of high wildlife value with other State, 
Federal, or other resource agencies equipped to protect and manage such lands for other 
lands more appropriate to County needs.   

 Develop an environmental mitigation program that protects, and restores Salton Sea 
wildlife habitats as offsets to biological disturbances identified through the CEQA review 
process for development projects. The program would allow the County and/or Salton Sea 
JPA to restore habitat through financing mechanisms including land banks and/or direct 
financial contributions from the developers to mitigate their impacts. 

 Conserve the native habitat of sensitive plants and animals through the dedication of 
open space easements, or other means that will ensure their long-term protection and 
survival.  Such easements may preclude the erecting of any structures (temporary or 
permanent), vegetation removal, or any other activities.  These dedicated open space 
easements would also serve to reduce potential indirect impacts to sensitive biological 
resources that may result from human activities associated with future developments.  

 Areas designated for biological open space conservation shall include buffers, which 
provide important breeding and foraging habitats for native and migratory birds and 
animals.  Such buffers shall serve to separate future development from adjacent native 
habitat areas to ensure the perpetual regeneration of these habitats. 

 Protect riparian habitat and other types of wetlands from loss or modification by 
dedicating open space easements with adequate buffer zones, and by other means to 
avoid impacts from adjacent land uses.  Road crossings or other disturbances of riparian 
habitat should be minimized and only allowed when alternatives have been considered 
and determined infeasible. 
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 Rock outcrops which serve as significant boulder habitat for sensitive biological resources 
should be considered within open space easements. 

 Preserve existing California fan palms in natural settings and other individual specimen 
trees which contribute to the community character and provide wildlife habitat. 

 Preserve and encourage the open space designation of wildlife corridors which are 
essential to the long-term viability of wildlife populations. 

 Integrate open space dedications in private developments with surrounding uses to 
maximize a functional open space/recreation and wildlife management system. 

Policy 

Landscaping should be required in all developments to prevent erosion on graded sites and, if the 
area is contiguous with undisturbed wildlife habitat, the plan should include revegetation with 
native plant species. 

Programs 

 Revegetation plans shall be submitted and approved by the Imperial County Planning 
and Development Services Department and relevant resource agencies for the mitigation 
of sensitive habitat lost, and for disturbed areas created by roads or installation of facilities 
adjacent to native habitat.  Such plans shall mitigate for the loss of sensitive habitat and 
habitat value based on a ratio consistent with accepted policy, as recommended by the 
State and Federal resource agencies.  These specifications shall include, at a minimum, 
the following: 

 Locations of ecologically appropriate planting areas. 

 Site preparation/remedial grading. 

 Amounts, sizes, and locations of appropriate over-story tree species to be planted. 

 Hydroseed/container stock planting mixes and locations for appropriate 
understory shrub species and groundcovers. 

 Timing of planting (for example, most plantings should be conducted during the 
rainy season). 

 Protective measures during and after plant installation, such as temporary chain-
link fencing to keep out construction equipment/personnel; caging to avoid 
potential herbivory (animal browsing); and permanent wood-rail fencing or 
signage to deter human intrusions.  This would also reduce potential impacts 
caused by future active uses, or "edge effects", from adjacent residential areas. 

 Irrigation schedule which specifies timing, frequency, length, and method of 
watering to ensure successful plant establishment.  For example, temporary 
irrigation through the use of drip emitters should be installed around each tree to 
encourage deep tap rooting.  Irrigation may only be necessary for the first one or 
two years, but could be extended throughout the monitoring period as determined 
necessary by the consulting biologist. 
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 The proposed habitat restoration sites shall be monitored for an appropriate period 
of time to ensure long-term plant survivorship.  Monitoring shall be conducted by a 
qualified biologist proficient at horticultural and botanical sampling methods.  The 
biological monitor shall be present at the time of plant installation to ensure correct 
implementation.  The monitoring program shall clearly specify success criteria (e.g., 
percent vegetative cover for shrub species, percent canopy cover for tree species, 
etc.) to be evaluated by the biological monitor on a quarterly basis.  Annual reports 
detailing the progress of the revegetation effort in attaining these goals shall be 
submitted to the Imperial County Planning and Development Services Department 
and relevant resource agencies. 

 A maintenance program shall be implemented for the length of the monitoring 
period.  Primary goals of the maintenance program shall include staking, weed 
control and replacement of planted material that is diseased or has died.  If the 
proposed restoration sites are not meeting stated goals of the Plan, supplemental 
remedial measures, such as additional weed control or replacement plantings, 
shall be recommended during the monitoring and maintenance period. 

 When appropriate, a bond or other security shall be provided for all required 
revegetation plans, which would be released by the County only after: 1) the 
consulting biologist has concluded that all specified success criteria have been 
met; and, 2) the County and other relevant permitting agencies have approved 
the successful completion of the plan. 

 Clearing of shrubs, vines, and other native vegetation for purposes of fire control shall be 
coordinated with the local fire district, particularly in fire-prone areas.  Where clearing is 
necessary, high-fuel plants shall be replaced with native, low-fuel plants.  Where feasible 
or necessary for habitat protection, fire buffer clearing shall be done by hand so as to 
minimize disturbance to understory species.  A list of important understory groundcover, 
shrubs, vines, ferns, and other vegetation shall be compiled by a qualified biologist, and 
included in all required landscape plans prior to final approval of individual projects. 

2. Cultural Resources Conservation  

Policy 

Identify and document significant historic and prehistoric resources, and provide for the 
preservation of representative and worthy examples; and recognize the value of historic and 
prehistoric resources, and assess current and proposed land uses for impacts upon these 
resources.   

Programs 

 The County will use the CEQA process to conserve cultural resources and conform to 
Senate Bill 18 “Consultation with Tribal Governments” and Assembly Bill 52 “Consultation 
with Tribal Governments”.  Public awareness of cultural heritage will be stressed.  All 
information and artifacts recovered in this process will be stored in an appropriate 
institution and made available for public exhibit and scientific review.   

 Encourage the use of open space easements in the conservation of high value cultural 
resources.   

PC ORIGINAL PKG



 

Conservation and Open Space Element Imperial County 
  

46 

 Consider measures which would provide incentives to report archeological discoveries 
immediately to the Imperial Valley Desert Museum.     

 Coordinate with appropriate Federal, State, local and tribal agencies to provide regular 
updates to the "Sensitivity Map for Cultural Resources" (Figure 6).   

 Discourage vandalism of cultural resources and excavation by persons other than 
qualified archaeologists. The County shall study the feasibility of implementing policies and 
enacting ordinances toward the protection of cultural resources such as can be found in 
California Penal Code, Title 14, Point 1, Section 622-1/2. The County should maintain 
confidentiality of specific resource locations to prevent vandalism and desecration of 
sensitive cultural resources.  

3. Mineral Resources Conservation 

Policy 

Control the extraction of mineral resources in order to assure minimal disturbance to the 
environment, conservation of significant mineral deposits, and to protect mining operations from 
encroachment by incompatible land use. 

Programs 

 The County shall require all surface mine operators to submit surface mining and 
reclamation plans prior to beginning mining operations.  Surface mining includes surface 
work incident to an underground mine.  Such plans shall be processed by the Planning 
and Development Services Department and shall require the approval of the Planning 
Commission.  Following the approval of those plans, the issuance of all other required 
regulatory permits, and the commencement of surface mining operations, the Planning 
and Development Services Department shall inspect each surface mining operation at 
least once a year, for the life of the operation to assure compliance with the mining plans. 
The County should coordinate with the Department of Conservation’s Office of Mine 
Reclamation (OMR) and the State Mining and Geology Board (SMGB) to ensure proper 
administration of the Surface Mining and Reclamation Act of 1975 (SMARA).    

 The County shall protect known mineral deposits and mining operations from the 
encroachment of incompatible urban land uses. All protected areas shall be reevaluated 
in light of future State reports identifying areas of regional and statewide mineral 
significance. The Existing Mineral Resources Map (Figure 8) for Imperial County provides 
the details and locations of mining activities. 

4.  Visual Resources Conservation 

Policy 

Develop planning programs to conserve and protect visual resources and scenic views from 
incompatible development and land uses. 
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Programs 

 Through the development review and CEQA process, encourage designs that are 
compatible with the natural landscape and with recognized historical character, and 
discourage designs that are clearly out of place within rural areas. 

 Through the development review and CEQA process, encourage designs that emphasize 
native vegetation and conform grading to existing natural forms. Encourage abundant 
native landscaping that screens buildings and parking lots and blends development with 
the natural landscape. 

 Amend the Land Use Ordinance, and/or Community Area Plans, as applicable, to enact 
or revise ordinance standards to protect scenic resources. Adoption and implementation 
of scenic protection standards shall not interfere with agricultural uses on private lands. 
Standards for land use permits, including industrial and processing uses, and subdivisions 
should include visual assessments by qualified experts; visually effective setbacks near 
highways and roadways; siting in unobtrusive locations; and standards for height, 
architectural design, landscaping, lighting, and signs. The standards should emphasize 
avoiding visual impacts through alternative locations and designs where feasible. Establish 
consistent Countywide Viewshed Protection Standards. 

Policy 

Develop a Scenic Highway program that identifies scenic highways for future state-designation 
and visual resource preservation. 

Program 

 Coordinate with Caltrans and the County to develop a scenic corridor program that 
establishes specific guidelines for identifying scenic corridors and analysis for new projects 
in the vicinity. At a minimum, the guidelines should: 

a) specify the features that need to be protected through a site-specific analysis of 
each Viewshed 

b) state why it is important to protect those features 

c) where applicable, establish specific mapped boundaries that define the minimum 
area necessary to protect the identified features 

d) identify the type of inappropriate development that should be regulated 

e) involve area property owners  

f) be accompanied by an economic assessment 

 Coordinate with Caltrans to identify the candidate roads and highways for future scenic 
highway designation. The potential candidates considered eligible for designation 
include: 

 Interstate 8 

 State Route 78 
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 State Route 111 

 County Highway S-22 

 Work with property owners to preserve prominent ridgelines and scenic backdrops through 
open space agreements, contracts, or other appropriate instruments along designated 
scenic corridors. 

5.  Protection of Air Quality and Addressing Climate Change 

Policy 

Reduce PM10 and PM2.5 emissions from unpaved roads, agricultural fields, and exposed Salton 
Sea lakebed. 

Programs 

 Implement all ICAPCD particulate matter (PM) emission controls including the Final PM10 
2009 State Implementation Plan and the 2013 State Implementation Plan for the 2006 24-
Hour PM2.5 Moderate Nonattainment Area. 

 Support programs, policies, and efforts to restore the Salton Sea and reduce fugitive dust 
emissions from exposed playa. 

Policy 

Work cooperatively with ICTC and other appropriate agencies to reduce vehicle miles traveled 
countywide in order to improve air quality and reduce greenhouse gas emissions. 

Programs 

 Direct most new residential development away from rural and agricultural areas and 
concentrate it in higher density residential areas located near major transportation 
corridors, transit routes, community centers, and town/urban centers where resources and 
services are available. 

 Cooperate in a countywide VMT Reduction Program in partnership with the ICAPCD, 
SCAG, ICTC, and Imperial Valley Transit (IVT). 

Policy 

Promote alternative transportation programs, policies, and development in order to reduce 
vehicle miles traveled and address air quality and greenhouse gas emissions. 

Programs 

 Review development applications to identify opportunities for connecting land uses to 
non-motorized routes, incorporating safe road crossings at major intersections, and 
including secure, weatherproof bicycle parking and storage facilities. Ensure long-term 
maintenance of all such facilities. 
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 Coordinate with SCAG, ICTC, IVT, and local cities to identify and map existing and future 
bus lines (routes) and transit corridors for inclusion in the Land Use and Circulation Element. 

 Adopt a “Complete Streets” Ordinance to ensure that the County’s streets and roads are 
designed and operated as a balanced, multimodal transportation network that enables 
safe access for all users. “All users” includes pedestrians, bicyclists, persons with disabilities, 
movers of commercial goods, transit vehicles, and users, and motorists of all ages and 
abilities. 

6. Open Space and Recreation Conservation 

Policy 

Identification of lands appropriate for open space conservation shall be included in the 
development review process.  The application of regulatory controls must be non-confiscatory, 
non-arbitrary, and reasonable.  It is not the intent of any of these measures to deny any 
landowners the reasonable use of his land, or be considered a "taking" under the law.  The 
following are examples of various regulatory techniques: 

Programs 

 Ensure consistency with the Parks and Recreation Element and pertinent factors such as 
existing park conditions, funding sources, and anticipated recreational needs.  

 Ensure consistency and compliance with the Quimby Act which allows the County to 
impose fees in order to ensure provision of 3 acres of park area per 1,000 residents. 
Assembly Bill 1359 allows fees collected from new housing development to be used on 
parks outside of the housing development’s neighborhood. 

 Ensure compliance with Imperial County Land Use Ordinance (Title 9) Division 29: Parks and 
Recreation Regulations to ensure the provision of specific rules and regulations for County 
parks and recreational areas in order to promote public health, safety, and general public 
welfare. 

 Agricultural lands shall require a minimum parcel size of 40 acres for the conservation and 
protection of productive agricultural lands. 

 Continue use of the "S" Open Space Zone for all unincorporated areas of the County not 
included in a precise zoning map.  

 There are some lands in public ownership at the present time.  The value and potential 
uses of these lands should be evaluated, and the possibility of exchanges for desirable 
open space or recreation lands explored.   

 The acquisition of development rights can also be used to permit the retention of the open 
character of certain land uses, notably agriculture.  Incentive for owners to sell these rights 
would result from a considerably lower tax assessment in view of the absence of 
development potential. 
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Policy 

The County shall participate in conducting detailed investigations into the significance, location, 
extent, and condition of natural resources in the County. 

Programs 

 Encourage State and Federal acquisition or management of areas or sites determined by 
the County and other agencies to possess important natural resource values, including 
small but significant landscape features and scientific sites. 

 Participate in the process of site and area evaluation and analysis after an area is 
determined to possess natural resource value. 

 Encourage acquisition of unique archaeological or scientific sites by State and Federal 
Agencies or non-profit organizations interested in preserving our cultural heritage. 

 Allow only compatible land uses and consistent zoning adjacent to protected areas. 

 Zone areas of natural resource value to conserve and protect their intrinsic values when 
applicable. 

 Preserve unique sites and areas by controlling direct public access. 

 Notify any agency responsible for protecting plant and wildlife before approving a project 
which would impact a rare, sensitive, or unique plant or wildlife habitat. 

Policy 

The County shall discourage urban development on State-designated important agricultural 
lands including Prime Farmland, Farmland of Statewide Importance, Unique Farmland, and 
Farmland of Local Importance. 

Programs 

 Recognize the incompatibility of small parcels to agricultural uses by adopting and 
enforcing large minimum acreage requirements in agricultural zones (excluding the A-1 
Zone). 

 Relate minimum acreage requirements in each zone to soil characteristics, climate, water 
availability, crop types, existing land use ownership patterns, and proximity to urban 
development. 

 Encourage development of agriculturally related industries, such as packing and 
processing, on marginally productive lands. 

 Continue a fee or assessment on new development which converts land presently in 
agricultural use.  The revenue could be used to purchase development rights or fee title 
to other land still in production or open space, as deemed necessary. 
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Policy 

The County shall take a pro-active role in working with local, State, and Federal agencies to 
maintain and develop lands for outdoor recreation. 

Programs 

 Encourage State and Federal Agencies to develop and operate recreational facilities 
which are determined by the County to possess more than local significance. 

 Provide County input into State and Federal recreation and wilderness areas so that the 
natural values of the area are conserved. 

 Support controlled development of recreation facilities in primitive or wilderness areas so 
that the natural values of the area are conserved. 

 Off-road vehicle (ORV) use is recognized as a popular recreational pursuit in the Imperial 
Valley.  Areas which are not environmentally sensitive should be identified for this purpose. 

 Encourage the recreational use of lands located in hazardous areas such as flood plains. 

 Establish adequate development standards for private recreation facilities to assure the 
conservation of natural and scenic values. 

 Encourage the identification and designation of historic buildings, landmarks, and sites 
within the County. 

 Encourage the acquisition of historic and cultural sites by public agencies or nonprofit 
organizations interested in their preservation. 

 With the Imperial Irrigation District, explore the possibility of utilizing and improving certain 
portions of the canal system for picnic and fishing sites. 

 Encourage the use of unobtrusive materials, structures, and color in power line transmission 
corridors.  Vegetative screening is encouraged wherever possible. 

Policy 

The County shall establish a program to identify open space necessary for the protection of public 
health and safety, such as floodplains, geologic risk areas, and airport flight zones, and maintain 
these areas in open space, agriculture, or other appropriate low intensity uses. 

Programs 

 Floodway and floodplain boundaries shall be identified on County zoning maps when 
required studies have been completed. 

 Structural development normally shall be prohibited in the designated floodways. Only 
structures which comply with specific development standards (Flood Drainage Prevention 
Regulation, Division 6) should be permitted in the floodplain. 

 Limit use of floodplains to natural wildlife habitat, non-structural recreational use, and 
agricultural production. 
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 Some encroachment into floodplain areas may be permitted with proper hydrologic 
design, review by the Department of Public Works and the floodplain administrator to 
assure that no public safety hazard is created, and a determination made that no 
significant impact to wildlife is created.   

 Identify areas of known seismic activity and delineate on County zoning maps general 
areas in which development should be restricted. 

 Control structural development upon or in the vicinity of an active fault. 

 Require detailed engineering or soil studies on a case-by-case basis for development 
proposals located in an area characterized by soils of limited structural capabilities. 

 Control development in areas of soil with properties which exhibit problems of erosion, 
limited bearing capacity, subsidence, shrink-swell, or slippage. 

 Adopt General Plan designations and appropriate zoning to control residential uses in the 
aircraft flight zones and in areas which may be subjected to severe noise levels. 

 Coordinate the review and consistency of projects near airports with the Airport Land Use 
Commission. 

Policy 

The County will establish a policy to clean up the Salton Sea and the rivers of Imperial County, 
specifically the New River and the Alamo River, in order to promote water recreation activities, 
habitat conservation, water quality, and other beneficial uses. 

Programs 

 The County of Imperial will work with Mexico to establish clean up procedures for the New 
and Alamo Rivers. 

 Landfills located in or near the New River should eventually be closed as part of the New 
River cleanup program. 

 The County will coordinate with local, State and Federal agencies to implement Salton 
Sea restoration efforts that include the Salton Sea Ecosystem Restoration Program and 
Salton Sea Restoration and Renewable Energy Initiative. 

 Develop an environmental mitigation program that protects and restores Salton Sea 
wildlife habitats as offsets to water quality and biological disturbances identified through 
the CEQA preview process for development projects. The program would allow the 
County and/or Salton Sea JPA to restore habitat through financing mechanisms including 
land banks and/or direct financial contributions from the developers to mitigate their 
impacts. 
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TITLE 9 

 
DIVISION 5: ZONING AREAS ESTABLISHED 
 

CHAPTER 1: GENERAL PROVISIONS 
CHAPTER 2: R-1  (LOW DENSITY RESIDENTIAL ZONE)  
CHAPTER 3: R-2 (MEDIUM DENSITY RESIDENTIAL ZONE)  
CHAPTER 4: R-3  (MEDIUM-HIGH DENSITY RESIDENTIAL ZONE)  
CHAPTER 5: R-4  (MOBILE HOME PARK OR SUBDIVISION/HIGH DENSITY 

RESIDENTIAL ZONE) 
CHAPTER 6: A-C  (CONDITIONAL AGRICULTURAL ZONE) 
CHAPTER 7: A-1  (LIMITED AGRICULTURE)( WITHIN URBAN BOUNDARIES ONLY) 
CHAPTER 8: A-2  (GENERAL AGRICULTURAL ZONE)  
 A-2-R (GENERAL AGRICULTURAL/RURAL ZONE) 
CHAPTER 9: A-3  (HEAVY AGRICULTURAL) 
CHAPTER 10: AM-1  (AGRICULTURAL RELATED LIGHT INDUSTRIAL) 
CHAPTER 11: AM-2  (AGRICULTURAL RELATED MEDIUM INDUSTRIAL) 
CHAPTER 12: C-1  (LIGHT COMMERCIAL) 
CHAPTER 13: C-2  (MEDIUM COMMERCIAL) 
CHAPTER 14: C-3  (HEAVY COMMERCIAL) 
CHAPTER 15: M-1  (LIGHT INDUSTRIAL) 
CHAPTER 16: M-2  (MEDIUM INDUSTRIAL) 
CHAPTER 17: M-3  (HEAVY INDUSTRIAL) 
CHAPTER 18: S-1  (OPEN SPACE/RECREATION) 
CHAPTER 19: S-2  (OPEN SPACE/PRESERVATION) 
CHAPTER 20: G/S  (GOVERNMENT/SPECIAL) 

 
CHAPTER 1: GENERAL PROVISIONS 
 

 § 90501.00 PURPOSE 
 § 90501.01 SINGLE BASE ZONING AREA 
 § 90501.02 ESTABLISHMENT OF BASE ZONE AREA 
 § 90501.03 CREATION OF OVERLAY ZONES 
 § 90501.04 ZONING MAPS 
 § 90501.05 BOUNDARIES OF ZONES 

  § 90501.06 REGULATIONS IN ZONES 
§ 90501.07 ARCHITECTURAL DESIGN STANDARDS.  
§ 90501.08 “U” ZONE (URBAN AREAS) 
§ 90501.09 “PE” (PRE-EXISTING ALLOWED/RESTRICTED) ZONE 
§ 90501.10 “H” ZONE, AIRPORT HEIGHT RESTRICTION 
§ 90501.11 “MU” ZONE, MIXED USE ZONE 
§ 90501.12 ACCESSORY BUILDINGS/STRUCTURES 
§ 90501.13 ACCESSORY DWELLING UNIT 
§ 90501.14 THROUGH LOTS 
§ 90501.15 YARD ENROACHMENTS 
§ 90501.16 SWIMMING POOLS 
§ 90501.17 FIREWORKS 
§ 90501.18 SPECIFIC PLANS 
§ 90501.19 ELECTRIC VEHICLES CHARGING STATION REQUIREMENTS 
§ 90501.20 UNLAWFUL ACCUMULATION OF WASTE 
 

§ 90501.00 PURPOSE 
 

In order to protect the public health, safety and welfare, to provide for orderly development, classify, regulate 
and where applicable segregate land uses and building uses; to regulate the height and size of buildings; 
to regulate the area of yards and other open spaces around buildings; to regulate the density of population, 
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and to provide the economic and social advantages resulting from orderly planned land uses and resources. 
The following classes of use zones and their sub-zones are established as shown in Section 90501.02. 

 
§ 90501.01 SINGLE BASE ZONING AREA 
 

Every lot or parcel of land or portion thereof within the unincorporated areas of the County of Imperial shall 
be classified in only one of the base zoning areas established in this section. 

 
EXCEPTION 

 
Parcels greater than 40 acres in net area may be divided by zoning district boundaries (A-2/A-3 Traffic 
corridor).  Parcels less than 40 acres net and currently divided by a zoning boundary shall have the larger 
of the current designation apply to the entire parcel.  Where a zoning map shows two zones on the same 
parcel the parcel shall have the larger of the two zones applicable to the entire parcel regardless of the map 
depiction. Unless identified by a Community/ Urban or Specific Plan Area 

 
§ 90501.02 ESTABLISHMENT OF BASE ZONE AREA 
 

In order to classify, regulate, restrict, manage and segregate the use of lands and buildings; to regulate, 
manage and restrict the height, bulk and construction of buildings; to regulate the area of yards and other 
open spaces around buildings; and to regulate intensity of land use and uses and the density of population,  
the following base zoning areas are established. 

 
1. Residential Areas  
 R-1  Low Density Residential Area [maximum density of one unit/lot] 

  R-2  Medium Density Residential Area (one to two units/lot) 
  R-3  Medium-High Density Residential Area (density of more than two attached units/lot) 

 R-4  Manufactured Home (Mobile Home Park) Areas/Subdivision 
 

2. Agricultural Areas 
A-1  Limited/light Agricultural Area [Rural Residential- allowed within Urban Areas only] 

 A-2  General Agricultural Area 
 A-3  Heavy Agricultural Area  
 A-A  Conditional Agricultural Area 
 AM-1- Agricultural related Light Industrial 
 AM-2- Agricultural related Medium Industrial 

 
3. Commercial Areas 
 C-1  Light Commercial Area [Neighborhood Commercial] 
 C-2  Medium Commercial Area [General Commercial] 
 C-3  Heavy Commercial Area 

  
4. Industrial Areas 
 M-1  Light Industrial Area 
 M-2  Medium Industrial Area 
 M-3  Heavy Industrial Area 

 
5. Open Space Areas 

  S-1  Open Space/Recreational 
 S-2  Open Space/Preservation 

  
6. Government/Special Public Areas 

  G.S.- Government/Special Public 
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§ 90501.03 CREATION OF OVERLAY ZONING AREAS 
 

In order to further refine, classify, regulate, restrict and segregate the use of land and buildings; to regulate 
and restrict the high bulk and construction of building;  regulate the area of yards and other open space 
around buildings and to regulate intensity of land uses and the density of population the following overlay 
zoning area boundaries are established. New overlay district zones established will be subject to zone 
change approval for establishment.   

 
1. L-(x) Lot Size Minimum (i.e. A-2-L-1 is A-2, Lot 1 acre minimum) 
2. G-  Geothermal Overlay 
3. REG Renewable Energy / Geothermal Overlay 
4. GH-  Geological Hazard Area 
5. FP-  Flood Plain Hazard Area 
6. H-  Airport Approach Height Restriction 
7. SH-  Specific Hazard Restriction 
8. MP-  Multi-Purpose (Restricted) 
9.  PE- Pre-Existing Allowed/Restricted (i.e. C-2-PE) 
10. U- Urban Areas (upon permit/development applicable Urban area regulations will be  

 followed) 
 11. N- No Residential 
 12. SPA- Specific Plan Area 
 13. MU Mixed Use 
 14. C Conditional Zone Change 
 

In addition to being classified in a base zoning area, a lot or parcel of land or a portion of land thereof maybe 
classified into one or more combination of overlay district established by this section.   

 
§ 90501.04 ZONING MAPS 
 

The boundaries of the zoning area established by this Title are not included within this chapter but are 
shown on official zoning maps maintained by and at the Imperial County Planning & Development Services 
Department.  A small-scale version is in Division 25.  The official zoning maps (on 11x17”, or 18x24” or a 
24"x36" format) and all notation, references, and other information shown there on shall be as much a part 
of this Title as if the matter and information said forth on such maps were fully described and contained 
herein.  The original zoning maps and amendments thereto are contained in Section 92501.00 et seq.  For 
public purposes, and due to increased computer capabilities only a copy signed by the Director, and 
“sealed” with the Planning Department’s embossed stamp, shall be deemed the official zone map.  Any 
copy of said maps without seal shall not be considered official or up to date. 

 
§ 90501.05 BOUNDARIES OF ZONES 
 

Where uncertainty exists as to the boundaries of any zone shown on said map, the following rules shall 
apply: 

 
A. Where such boundaries are indicated as “approximately” following street and alley lines or lot lines, 

such lines shall be construed to be such boundaries; 
 

B. In case any uncertainty exists, the Planning Commission shall determine the location of boundaries; 
 

C. Where any public street or alley is officially vacated or abandoned, the regulations applicable to 
abutting property shall apply to such vacated or abandoned street or alley; 

 
D. Where any private right-of-way or easement of any railroad; railway, canal, transportation or public 

utility company is vacated or abandoned, the regulations applicable to abutting property shall apply 
to such vacated or abandoned property. 
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§ 90501.06 REGULATIONS IN ZONES 
 

The following regulations shall apply in the respective zones unless otherwise provided in this Division: 
 

A. USES PERMITTED 
 

Except as hereinafter provided: 
 

1. No building, structure or manufactured home shall be erected or installed and no existing 
building or manufactured home shall be moved, altered, added to or enlarged, nor shall 
any land, building or premises be used, designed or intended to be used for any purpose 
or in any manner other than a use listed in this Division, or amendments thereto, as 
permitted in the respective zone in which such land, building or premises is located. 

 
2. No use, existing upon the effective date of this Division, of any building, manufactured 

home, structure or land, shall be enlarged or altered as to the extent, area or manner 
provided for the zone in which the building, structure or land is located. 

 
3. While a non-conforming use exists on any lot no other new use shall be permitted, even 

though such other use would otherwise be a conforming use, unless and until the non-
conforming use is removed and/or the property owner agrees in a written agreement with 
County to abate within a specified period of time as determined by the Planning Director. 
This decision can be appealed to the Board of Supervisors. 

 
B. BUILDING HEIGHT 

 
Where a building height is given, this shall be the maximum building height except as hereinafter 
provided: 

 
No building shall be erected nor any existing building be moved, reconstructed or structurally 
altered to exceed in height the limit established by this Division or amendments hereto, for the zone 
in which such building is located. 

 
C. YARDS 
 

Where a yard distance is given this shall be a minimum distance, except as hereinafter provided: 
 
1. No building or mobile home shall be erected or installed nor shall any existing building or 

mobile home be moved, altered, enlarged or rebuilt, nor shall any open spaces surrounding 
any building be encroached upon or reduced in any manner except in conformity with the 
yard regulations established by this Division, or amendments thereto, for the zone in which 
such building is located. 

 
2. No yard or other open space provided about any building for the purpose of complying with 

the regulations of this Division, or amendments thereto, shall be considered as providing a 
yard or open space for any other building or structure. 

 
3. Where lots comprising forty (40) percent or more of the frontage on one side of a street 

between intersecting streets are developed with buildings having an average front yard 
with a variation of not more than ten (10) feet, no building hereafter erected or structurally 
altered shall project beyond the average front yard line so established.  In determining such 
front yard depth, buildings located more than thirty-five (35) feet from the front yard property 
line or buildings facing a side street on a corner lot shall not be counted. 

 
4. The front yard shall be measured from the front property line except that where there is an 

official plan line or a future street line the front yard shall be measured from said official 
plan line or future street line. 
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D. AREA REQUIREMENTS 

 
Where the lot area per dwelling is given this shall be the minimum lot area per dwelling unit, 
provided, however, that when a lot has less area than herein required and was recorded at the time 
of the passage of this Title, said lot may be occupied by one dwelling unit. 
 

E. LOT WIDTH 
 

Where a lot width is given this shall be a minimum distance. 
 
§ 90501.07 ARCHITECTURAL DESIGN STANDARDS  
 

A. Architectural standards 
 

In order that buildings, structures, signs, grounds and landscaping will be in harmony with other 
structures and improvements in the area and with the General Plan for the harmonious appearance 
of the area, and not of obnoxious, undesirable or unsightly appearance, the following items shall 
be considered in approving plans of proposed improvements in any Architectural Design zone. 

 
1. The height, bulk and area of building 
2. The setback distance from the property line 
3. The color and material of the exterior of the structures 
4. The type and pitch of roof 
5. The size and spacing of windows, doors and other openings 
6. The size, type and location of signs 
7. Towers, chimneys, roof structures, flag poles, radio and television antennae 
8. Plot plan, landscaping and automobile parking areas 
9. The relationship of the existing buildings and structures in the general vicinity 
10. Lighting of the building, signs and grounds 
11. Size and shape of parcel. 

 
B. Compliance 

 
 No building or structure shall be erected and no existing building or structure shall be moved, 

altered, painted, added to, or enlarged in the “D” Architectural Design zone without conforming to 
the provisions of this Section. 

 
 C. Procedure 
 

1. Plans of the exterior architectural design and appearance of all buildings and structures 
2. Plot plans 
3. Advertising sign plans and parking area plans as well as building set-back plans shall be 

submitted to the Planning & Development Services Department for review and approval by 
the Planning Director or the Planning Commission, or its designated representatives. 

 
a. In order that the proposed buildings, structures, signs and landscaping will be in 

harmony with other structures and improvements in the area and with the General 
Plan for the harmonious appearance of the area and not of obnoxious, undesirable 
or unsightly appearance. 

 
b. In the event that it is determined that such proposed buildings or structures are not 

harmonious or are unsightly in appearance, the Planning Director or Planning 
Commission or its designated representative shall confer with the applicant in an 
endeavor to have the plans changed, so that the buildings or structures shall be 
harmonious and attractive in appearance.  In the case where the applicant is not 
satisfied with the actions of the Planning Director, his/her decision may be 
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appealed to the Planning Commission.  In the event that the applicant is not 
satisfied with the determination of the Planning Commission, the applicant may 
appeal the decision to the Board of Supervisors.  Said Board of Supervisors shall 
hold a public hearing on said appeal and shall render its decision. 

 
 

§ 90501.08 “U” ZONE (URBAN AREAS) 
 

Land classified in the “U” zone shall also be classified in another zone.  The “U” zone is therefore intended 
to be an Overlay zone to designate areas that are within an Urban area of an incorporated city or an Urban 
area as designated on the County’s General Plan.  With regard to Urban areas around incorporated cities, 
it is the intent of the County of Imperial to adhere to the standards, rules, regulations and ordinances of said 
Urban jurisdiction.  To that end, the Board of Supervisors directs staff to work with their respective 
counterparts in the Urban area and to use to the extent feasible and possible the Urban area regulations in 
implementing any proposed land use action. 

 
§ 90501.09 “PE” (PRE-EXISTING ALLOWED/RESTRICTED) ZONE 
 

Land classified in the “PE” (Pre-Existing Allowed/Restricted) zone shall also be classified in another zone.  
The intent of the “PE” designation following the base use designation is to allow an existing base zoned 
use to continue with its current use, even though through the strict interpretation of the General Plan and 
Zoning Ordinances, such use is a Pre-Existing, non-conforming use.  The intent is to allow the 
owner/operator of such an identified use to continue to operate such use, maintain and modify the structural 
facilities as required under the Health and Safety Codes to enlarge the facilities by no more than 30 percent 
of its current assessed value, and to replace such a facility should it be destroyed by fire, flood or act of 
God. 

 
§ 90501.10 “H” ZONE, AIRPORT HEIGHT RESTRICTION 
 

The following regulations shall apply in the “H” Airport Use Zone unless otherwise provided in this Division.  
Land shall be classified in this zone only upon application of the owners of such land.  Property once placed 
in the “H” Airport Use Zone shall not be reclassified to another zone until one (1) year has elapsed from the 
date of a duly advertised public hearing pertaining to such proposed zoning. 

 
A. USES PERMITTED 

 
Airports and aircraft landing fields and all necessary accessory buildings, structures, and uses 
including aircraft runways, taxi strips, control towers, radio masts, storage and tie down areas, 
hangars and open spaces; and reasonably necessary facilities for air passengers, air freight, air 
mail and air express; and reasonably necessary facilities for demonstrating, testing and servicing 
of aircraft, and the feeding and housing of passengers and employees and the parking of their 
automobiles and all public utility facilities necessary for these uses. 
 

B. COVENANTS 
 

There shall be recorded in the Office of the County Recorder of Imperial County, a covenant by the 
owners of the property for the benefit of the County of Imperial to the effect that the property will be 
used only for the uses permitted in the “H” Airport Use Zone for a period of not less than ten (10) 
years from the date the property is placed in such “H” Airport Use Zone. 
 

§ 90501.11 “MU” ZONE, MIXED USE ZONE 
 

The mixed-use overlay zone is established to encourage a mixture of compatible and synergistic land uses 
such as residential with compatible non-residential uses including office, retail, personal services, public 
spaces and other community amenities. 
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A. ZONES ESTABLISHED 
 

The Mixed Use Overlay Zone may be established within base zones C1 and C2 to provide development 
opportunities for integrated complementary residential and commercial development on the same parcel or 
a contiguous group of parcels. Singular, stand-alone uses are permitted when they foster an overall mixture 
of uses in the zone. A wide range of uses is permitted, and it is the intent of the overlay zone to foster a 
mixture of product types. Development solely as commercial or residential districts is strongly discouraged. 
Design and development standards for the mixed use overlay zone is directed toward encouraging 
pedestrian activity and ensuring that mixed commercial and residential uses are designed to be compatible 
both within the development and with other surrounding areas. 

 
B. SITE PLAN REVIEW AND REQUIRED FINDINGS  

 
New development in the Mixed Use overlay zone is subject to a Site Plan Review Permit in accordance 
with this Ordinance. Prior to submittal of a Site Plan Review Permit application, a pre-application conference 
with the Planning Division staff is encouraged.  
 

§ 90501.12 ACCESSORY BUILDINGS/STRUCTURES 
 

The following regulations shall apply to the location or development of any accessory building/structure, 
unless otherwise provided in this Division: 

 
A. No detached accessory buildings in the R-1, R-2, R-3 or R-4 zones may exceed three (3) stories, 

or thirty-five (35) feet in height. 
 

B. No detached accessory buildings in the R-1, R-2, R-3 or R-4 zones shall be located in front of or in 
the front yard of the primary use unless otherwise allowed herein. 

 
C. On a corner lot no detached accessory buildings in the R-1, R-2, R-3 or R-4 zones shall be located 

at a distance less than fifteen (15) feet from the side street line. 
 

D. No accessory buildings in the R-1, R-2, R-3 or R-4 zones, if more than one (1) story in height shall 
be located nearer than five (5) feet to any interior property line. 

 
E. No accessory buildings on the rear twenty five (25) feet of a reversed corner lot in the R-1, R-2, R-

3 or R-4 zones shall be located nearer to the side lot line on the street side of such reversed corner 
lot than the front yard depth required on the key lot in the rear. 

 
F. A private garage of not to exceed one thousand (1000) square feet may be a part of the main 

building if the garage and the main building have a common wall of not less than five (5) feet in 
length, or if not more than six (6) feet from the main building and connected thereto by a roof of not 
less than five (5) feet in width.  Such attached garage may extend into the required rear yard for a 
setback distance of not more than twenty (20) feet. 

 
1. EXCEPTION: If an attached private garage is located outside of an Urban Area, as 
identified by the land use designation or a zoning overlay, the building/structure’s area may 
exceed the above requirement (as indicated on the table below), which may require the 
approval of an Administrative Permit, processed according to Section(s) 90404.04-10, if: 
a. The parcel/lot’s zoning is A-2, A-3, S-1, and S-2. 
b. The building/structure is not located in the front yard or front yard setback. 
c. The building/structure meets the setbacks established for the primary use. 
d. The square footage of the building/structure does not exceed a 2:1 (garage to house) 
ratio to the square footage of the house for structures 4,000 sq. ft. or greater. 
e. The building/structure meets any and all wastewater and water well requirements 
regarding separation and sanitation. 
 

Acreage Garage (maximum) Sq. Ft.  House (minimum) Sq. Ft.  
<0.5 1,000 1,000 
0.5<1 1,500 1,500 
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1<2 2,000 2,000 
2<3 3,000 2,000 
3<4 4,000* 2,000 
4<5 5,000* 2,500 
5<6 6,000* 3,000 
6<7 7,000* 3,500 
7+ 8,000* 4,000 

* Garages 4,000 SF and over not to exceed twice the SF of living space and requires an 
administrative permit. 

 
G. One (1) detached access building for use as a private garage or similar private use may be 

permitted to occupy the front yard, outside of the front and side yard setbacks, of an interior lot in 
the R-1, R-2, R-3 and R-4 zones, when the slope of the front half of such lot is greater than two (2) 
foot rise or fall in the horizontal distance of four (4) feet from the established street elevation at the 
front property line, provided that no such building shall exceed fifteen (15) feet in height. 

 
H. Swimming pools refer to Section 90501.16 

 
§ 90501.13 ACCESSORY DWELLING UNIT 
 

Notwithstanding any other provisions of this Division, where a lot in the R-1 zone has an area of nine 
thousand (9,000) square feet or more and with adequate provisions for ingress and egress, a building permit 
may be granted for the construction of an accessory dwelling unit and allowable accessory building, 
however the maximum site area coverage shall not be exceeded.  Notwithstanding any other provisions of 
this Division, where a lot in the R-2 zone has an area of six thousand (6,000) square feet or more and with 
adequate provisions for ingress and egress, a building permit may be granted for the construction of an 
accessory dwelling unit and allowable accessory building, however, the minimum site area shall be four 
thousand five hundred (4,500) square feet of lot area per each family dwelling unit. 

 
§ 90501.14 THROUGH LOTS 
 

On through lots, either line separating such lot from a public thoroughfare may be designated by the owner 
as the front lot line.  In such cases, the minimum rear yard shall be the average of the yards on lots next 
adjoining.  If such lot next adjoining are undeveloped, the minimum rear yard shall conform to the front yard 
setback for the zone in which the property is located. 

 
§ 90501.15 YARD ENCROACHMENTS 
 

Where yards are required in this Title, they shall be not less in depth or width than the minimum dimension 
specified for any part, and they shall be at every point open and unobstructed from the ground upward, 
except as permitted by the following: 

 
A. Cornices, eaves, or other similar architectural features not providing additional floor space within 

the building may extend into a required front or side yard not to exceed two (2) feet. 
 

B. Open, unclosed, uncovered porches, platforms or landing places which do not extend above the 
level of the first floor of the building, may extend into any front or side yard setback not more than 
six (6) feet, provided, however, than an open work railing of not more than thirty (30) inches in 
height may be installed or constructed on any such porch, platform or landing place. 

 
C. Cornices, garages, eaves, gazebos, patios, and other canopied structures may occupy not more 

than fifty (50) percent of a rear yard.   
 

D. Detached accessory buildings may occupy side and rear yards except as otherwise provided in 
this Division. 
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§ 90501.16 SWIMMING POOLS 
 

A. Swimming pools may occupy rear or side yards if enough room design and setbacks is possible to  
maintain but not allowed in the front yard. 

 
B. The distance between the swimming pool and the property line shall be five (5) feet or equal to the 

depth of the pool; whichever is greater. 
 
C. The distance between the swimming pool and a weight bearing structure shall be at least equal to 

the depth of the pool or special engineering for the case is required according to one story or multi 
story building and swimming pool dimensions and depth. 
 

D. A minimum of five feet separation between the building wall and the pool wall is required in order 
to provide for safe walking surface and to avoid major demolition or modification to existing 
structures containing electrical systems or metal parts that would require compliance with 
equipotential bonding as required in California Electrical Code Art 280.026 A, B, C. 
 

§ 90501.17 FIREWORKS 
 

The storage and assembly of commercial and agricultural fireworks, black powder and explosives excluding 
military munitions and industrial explosives, in the A-2, A-2-R and A-3 Zones, with an approved Conditional 
Use Permit, for non-retail purposes.  Proposal must meet the following criteria: 
 
A. Parcel must be at least five (5) acres or more in size. 

 
B. Project site must be located no less than one (1) mile from any school, hospital or other similar 

institution and any area zoned or planned for residential uses. 
 

C. All structures, facilities or equipment must be no less than 200 feet from any public road or structure 
used for human habitation. 

 
D. The entire perimeter of the site shall be secured and maintained with a fence no less than six (6) 

feet in height or other approved barrier(s). 
 

E. Project shall comply with all applicable County, State and/or Federal statues or laws regulating 
such uses including the applicable California Fire Code and National Fire Protection Association 
standards. 

 
F. Project applicant must possess a valid State and/or Federal pyrotechnics license(s). 

 
§ 90501.18 SPECIFIC PLANS 
 

Specific Plans, such as Gateway and Mesquite Lake, may have zoning designations and development 
standards built into their Specific Plan document.  These zoning designation development standards, and 
mitigation measures are explained in detail within the Specific Plan documents which are attached herein 
as “Exhibits” at the end of this “Title”.  In the event that zoning and development standards are not 
specifically identified within a given Specific Plan, then this “Title” shall apply. 
 

§ 90501.19 ELECTRIC VEHICLES CHARGING STATION REQUIREMENTS 
 

1) Electric Vehicle (EV) Charging Space Calculation: 
 
a) Single Family Dwelling/Duplex: For each new dwelling unit, a dedicated 208/240-volt branch circuit 

shall be installed in the raceway required by California Green Building Standards Code, Section 
4.106.4.1 to allow for future installation of Electric Vehicle Supply Equipment (EVSE) to provide Electric 
Vehicle Charge Station (EVCS) readiness. The branch circuit and associated overcurrent protective 
device shall be rated at 40 amperes minimum. Other electrical components, including receptacles or 
blank cover, related to requirement shall be installed in accordance with the California Electrical Code. 
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b) Multifamily (MF) Dwellings, 3 to 16 units: 3% of the total number of provided parking spaces shall be 
EVCS capable of future installation of EVSE as required by California Green Building Standards Code, 
Section 4.106.4.2 to provide EVCS readiness. Calculations for the number of EV charging spaces shall 
be rounded up to the nearest whole number, and at no case shall the number of dedicated parking 
space(s) be less than 1. 
 
 

c) MF Dwellings, 17 or more units: 3% of the total number of provided parking spaces provided shall be 
EVCS capable of future installation of EVSE as required by California Green Building Standards Code, 
Section 4.106.4.2 to provide EVCS-readiness. In addition, at a minimum, 50% of the EVCS ready 
parking spaces shall have the necessary EVSE installed to provide an active EVCS for daily use; if 
100% of the EVCS provided by the development are active for daily use, the number of required regular 
parking spaces may be reduced by 10%. Calculations for the number of EVCS spaces shall be rounded 
up to the nearest whole number, and at no case shall the number of active EVCS space(s) for daily use 
be less than 1. 
 

d) Where determined by the Imperial County Planning & Development Services Director, any 
nonresidential uses shall provide service capacity necessary and EVSE for 3% of the total provided 
parking spaces but at no case less than the requirements shown on Table in Subsection 90501.19 (f). 
In addition, at a minimum, 50% of the EVCS ready parking spaces shall have the necessary EVSE 
installed to provide an active EVCS for daily use; if 100% of the provided EVCS are active for daily use, 
the number of regular parking may be reduced by 10%. Calculations for the number of EVCS spaces 
shall be rounded up to the nearest whole number, and at no case shall the number of active EVCS for 
daily use space(s) be less than 1. 

 
e) Table 90501.19 (e) 

TOTAL NUMBER OF PARKING 
SPACES 

NUMBER OF REQUIRED EV 
CHARGING SPACES 

0-25 1 
26-50 2 
51-100 3 
101 and over 3%* 

*Calculations for spaces shall be rounded up to the nearest whole number. 
 
f) Residential Exception for unfeasible conditions: The Planning & Development Services Director may 

determine if any of the above requirements in Subsection a., b., c., and d. are not feasible based upon 
one or more of the following conditions: 

i. Where there is no commercial power supply; 
ii. Where there is insufficient electrical supply that the utility is unable to provide; 
iii. Where there is evidence substantiating that meeting the requirements will alter the local utility 

infrastructure design requirements on the utility side of the meter so as to increase the utility side 
cost to the homeowner or developer by more than $400.00 per dwelling unit. 

 
2) Any EV charging spaces provided in accordance to the Land Use Ordinance shall count towards meeting 

the minimum parking spaces required by Division 4, Chapter 2 (Parking). 
 

3) All EV charging spaces shall be provided in accordance to the California Green Standards and Electrical 
Codes. 
 

4) Future EV charging spaces shall qualify as low-emitting, fuel-efficient vehicle(s) and carpool vehicle(s) 
designated parking requirements, pursuant to Section 5.106.5.2 of the California Green Building Standards 
Code. 
 

5) The EV charging spaces shall be developed in accordance to Section 90402.13 (M) but in no case in 
violation of any State or Federal laws. 
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§ 90501.20 UNLAWFUL ACCUMULATION OF WASTE 
 

Every person who causes or permits to be accumulated on private property any trash, rubbish, garbage, 
swill, cans, bottles, paper, ashes, refuse, which may support any verminous vectors of public health is guilty 
of a misdemeanor and/or infraction. 
 

 
 
                                                                      INTENTIONALLY LEFT BLANK 
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TITLE 9 
 
DIVISION 5: ZONING AREAS ESTABLISHED 
 

CHAPTER 2: R-1 (LOW DENSITY RESIDENTIAL ZONE)  
 

 § 90502.00 PURPOSE AND APPLICATION 
 § 90502.01 PERMITTED USES 
 § 90502.02 USES PERMITTED BY CONDITIONAL USE PERMIT 
 § 90502.03 PROHIBITED USES 
 § 90502.04 MINIMUM LOT/PARCEL SIZE 
 § 90502.05 MINIMUM LOT AREA/DWELLING UNIT 
 § 90502.06 YARD AND SETBACKS 
 § 90502.07 HEIGHT 
 § 90502.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90502.09 PARKING 
 § 90502.10 SIGNS 
 § 90502.11 LANDSCAPING 
 § 90502.12 YARD/PROPERTY MAINTENANCE 
 § 90502.13 ANIMALS 
 § 90502.14 GARAGE/YARD SALES 
 § 90502.15 SPECIAL PROCEDURES/STANDARDS 
 § 90502.16 FENCING 

 
§ 90502.00 PURPOSE AND APPLICATION 
 

The purpose of the LOW DENSITY RESIDENTIAL ZONE (R-1) is to designate areas that are and will be 
suitable for traditional smaller lot(s) with single family homes and related compatible or accessory uses.  
Typically the R-1 Zones are to be characterized by single family residential subdivisions.  The maximum 
density for the R-1 Zone shall not exceed five (5) dwelling units per (net) acre, except that an increase for 
density bonus consideration, and/or an increase under Division 3, Chapter 1, may be considered.  No new 
R-1 development shall be allowed unless full infrastructure, which at a minimum shall include sewer, water 
treatment and streets meeting County standards are provided. 
 

§ 90502.01 PERMITTED USES IN THE R-1 ZONE 
 
The following uses are permitted in the R-1 Zone provided they meet the requirements of this Title: 

 
a) Community related recreational facility owned publicly or by an association of area property 

owner(s). 
b) Community vegetable gardens 
c) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
d) Elementary school (public, charter, private) 
e) Guest house, provided it does not contain a kitchen and has no independent utility connections 
f) High school (public) 
g) Home Occupation per Division 4, Chapter 4 of Title 9 Land Use Ordinance (Home Occupation 

Permit required) 
h) Junior high school (public) 
i) Large Family Daycare Home as defined by CA Health & Safety Code Section 1597.46 
j) One (1) Accessory dwelling unit or Junior accessory dwelling unit, subject to Division 4 Chapter 5 

of Title 9 Land Use Ordinance 
k) One Mobile home; or one manufactured home; or one factory built home 
l) Public fire station/Police station 
m) Public parks/playgrounds with swimming areas 
n) Residential accessory structure(s) (including cargo containers provided they meet architectural 

standards as defined herein Division 14) 
o) Residential care facility serving five (5) or less. 
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p) R.V. only as a temporary use during construction of the single family residence, and not to exceed 
one year total time and only with an active building permit, (reference 90405 et seq.) 

q) Single family dwelling [conventional/or manufactured] 
r) Small Family Daycare as defined by CA Health & Safety Code Section 1597.44 & 1597.45 
s) Solar energy extraction generation (on-site consumption only) 

  
§ 90502.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the R-1 Zone provided they meet the requirements of this Title: 
 
a) Ambulance station  
b) Animals in excess of those allowed in Section 90502.13   
c) Church  
d) Club or Lodge  
e) Convalescent hospital  
f) Country Club   
g) Flood control facilities by a public entity  
h) Golf Course/ Driving Range  
i) Hospital  
j) Library 
k) Mortuary, mausoleum, cemetery  
l) Museum   
m) Pre-school (greater than 20 children) 
n) Pre-school (less than 20 children)  
o) Private non-profit service clubs or lodges (no alcoholic license)  
p) Radio, T.V., or commercial communication, transmitter, receiver, or translators  
q) Residential care facility serving more than 5 people  
r) Retirement Home  
s) Senior citizen complex  
t) Temporary real estate office/trailer connected with the sale of a given subdivision  
u) Tennis or swim club  
v) Utility substation or utility District conveyance control facility that routinely House employees  
 

§ 90502.03 PROHIBITED USES 
 

All other uses not specifically permitted by Section 90502.01 or 90502.02 are hereby strictly prohibited in 
the R-1 Zones. 

 
§ 90502.04 MINIMUM LOT/PARCEL SIZE 
 

Except as otherwise provided within this Title, no lot/parcel or portion thereof within the R-1 Zone shall 
contain less than 6000 sq. ft. net.  Except as otherwise provided herein no lot/parcel shall have an access 
width of less than 50 foot net, to a public street, except for “cul-de-sac” lots which will have at least 33 feet 
of frontage as measured at right-of-way line.  Lots created specifically for public purpose and continued 
public ownership may be less than 6000 square feet. 
 

§ 90502.05 MINIMUM LOT AREA/DWELLING UNIT 
 

Except as otherwise provided within this Title, there shall be no more than one (1) dwelling unit per legal 
parcel in the R-1 zone.  In no case shall the density allowed exceed that specified in the General Plan, 
and/or 5 units per acre, (net) and/or 4500 square feet of land per unit. 
 

§ 90502.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the R-1 Zone: 
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A. FRONT YARD.  Except as otherwise provided, the front yard minimum setback for all buildings 
shall  

             be as follows: 
 

1. Standard - 25 feet for existing lots unless the lot is less than 90 feet in depth in 
which case the setback is 20 feet.  Furthermore, if a minimum of three (3) covered 
or enclosed off street parking spaces are provided behind the setback line a 
minimum of 20 feet may be allowed. 

 
2. Option 1 - 20 feet minimum (averaged) for new subdivisions provided the setback 

dimensions vary from an absolute minimum of 10 feet, provided further that any lot 
with a setback of 20 feet or less shall provide a minimum of three (3) covered or 
enclosed off street parking spaces, behind the setback line. 

 
3. Option 2 - 10 feet minimum on any new or existing lot where a minimum of three 

(3) off street parking spaces are located entirely within the rear yard, with access 
to a street or public (paved) alley (20’ in width) from the rear yard, or with access 
to the street by means of a single driveway not less than 16 feet in width. 

 
NOTE Designated or required on-site parking areas shall be accessible and usable at all times, shall be 
outside of the front and side yard setbacks and may not be eliminated or constructed upon in any way that 
would reduce the minimum number of spaces required. Once option 1 or 2 is allowed, no further variance 
from the parking requirement shall be granted. 

 
B. SIDE YARD. Except as otherwise provided, the side yard minimum setback for all buildings shall 

be                
             as follows: 

 
1.       There shall be a minimum five feet (5') on each side of an R-1 structure to property line  

except as follows: 
 
2. On corner lots, the side yard facing a street shall have a 15 feet setback. 

 
3. On designated zero lot line R-1 structures, one side may be zero provided that the opposite 

side is ten feet (10') minimum, and provided further that the zero lot line portion of the 
structure meets California Building Code (CBC) fire protection standards.  At a minimum, 
the zero lot line dividing wall shall be fire rated for at least 2 hours and provide a noise 
attenuation to less than 40 db. 
 

C. REAR YARD.  Except as otherwise provided, the rear yard minimum setback for all buildings shall 
be as follows: 
 
1.  25 feet minimum for all primary structures on lots that do not have an alley.  Structures 

attached to the primary structure that are open on at least three sides, such as open patios 
may be allowed to encroach into the rear yard setback by 10 feet (maximum) provided they 
remain open at all times.  Converting such patios shall then be strictly prohibited. 

 
2. 20 feet minimum for all primary structures on lots that do not have an alley. Provided that 

a patio open on at least two sides is incorporated into the primary structure’s building 
“footprint,” and that does not encroach into the rear yard setback.  Provided further that 
said patio is a minimum of 10 feet by 10 feet in size. 

 
3. 10 feet minimum for all primary structures on lots that have a minimum alley of 20 feet 

width. Provided that a patio open on at least two sides is incorporated into the primary 
structure’s building “footprint,” and that does not encroach into the rear yard setback.  
Provided further that said patio is a minimum of 10 feet by 10 feet in size. 
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4. 5 feet for detached accessory structures for lots that do not have an alley. 
 
5. 0 feet for detached accessory structures that abut an alley of 20 feet minimum in width, 

provided the wall facing the alley meet minimum California Building Code fire protection 
standards. 

 
NOTE:  Any such structure found to have been converted or restored to its previous use without 
County approval (permits) shall not be allowed and shall be ordered to be removed by the Building 
Official if and when found to have been enclosed or converted. 
 
D. INNOVATIVE OPTION (A) 
 

Where the design for all off-street parking in an R-1 area is entirely within the back yard, and no 
driveway from the front yard, as well as no on-street parking is allowed, the front setbacks may 
vary from a minimum of 5 feet and the side yard setbacks may be 0 feet on one side (protected to 
CBC minimum or two hour minimum fire resistance) with 5 feet on the opposite side and the rear 
yard shall be a minimum of 15 feet to the primary structure, accessory structures shall be the 
standard setback options under A., B. and C. 

 
E. INNOVATIVE OPTION (B) 
 
 In new subdivisions where the developer submits concurrent with the subdivision application a “site 

plan review” that clearly shows all lots, their layout, their infrastructure, and the landscaping, as 
well as, parking and where said subdivision provides for bicycle paths, or walking paths mixed with 
public open space areas, including parks, playgrounds, community facilities, and/or other 
INNOVATIVE concepts that support a community atmosphere, the following allowances may be 
considered during the site review process, and subsequently approved for the subdivision. 

 
1. Lot size reduction to 5,000 square feet minimum, for 25% of total lots 
2. Street width without parking minimum 32 feet curb/curb 
3. 0 lot line for side yard on one side only and minimum 5 feet on the opposite side yard 
4. 10 feet front yard setback for lots with 4 cars off street parking behind setback 
5. 15 feet front yard setback for lots with 3 cars off street parking behind setback 
6. 20 feet front yard setback for 2 cars off street parking behind setback 
7. One-way streets 
8 Alleys (one way) 
 

NOTE: Porches, porticos, fireplaces, columns and similar construction elements shall be considered the building 
for setback purposes. Bay windows, oriel windows no more than thirty (30) inches deep, and balconies on second 
story no more than forty-eight (48) inches deep will be allowed to encroach within the required setbacks. 
 
§ 90502.07 HEIGHT 
 

The following height limits shall apply to all R-1 Zones (all heights measured from AGL (average ground 
level) of lot): 

 
A. Primary residential buildings shall not exceed three (3) stories in height, or 40 feet whichever is 

less. 
B. Detached accessory structures shall not exceed two (2) stories or 25 feet whichever is less. 
C. Radio and/or television antenna incidental to the structure, or chimneys, or any other architectural 

feature shall not exceed 60 feet in height. 
 

§ 90502.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements apply to the minimum distances between structures in the R-1 Zone. 
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A. There shall be a minimum of ten (10) feet between primary residential use buildings, except for 0 
lot line approved subdivisions. 

B. There shall be a minimum distance of six (6) feet between a residential building and any detached 
accessory building, except that any detached structure used to house, keep or maintain animals, 
permitted in this zone shall be separated as follows: 
- 30 ft. from primary residence 
- 80 ft. from front lot line 
- 25 ft. from any side or rear lot line 
- 100 ft. from any school or public park 
- 100 ft. from any water well 

C. Swimming pools refer to 90501.16 
 
NOTE: A covered walk way or breeze way is not considered attached. 

 
§ 90502.09 PARKING 
 

Off-street parking shall be provided in the R-1 Zone according to the standards contained in Sections 
90402.00 through 90402.16 of this Title.  RV’s, trailers and other vehicles may be stored on site only if they 
are within the rear yard and not readily visible or accessible to public view with a primary use on the 
property. 
 

§ 90502.10 SIGNS 
 

The following signs shall be permitted in the R-1 Zone; however, all signs shall be subject to Section 
90401.00 et. seq. as applicable. 
 

1. Temporary real estate signs not exceeding 10 square feet, and advertising the property for 
sale or lease, and meeting requirements of Division 4, Chapter 1. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 
3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 

meeting requirements of Division 4, Chapter 1. 
 
4. Institutional signs. 
 
5. Signs approved in conjunction with a Conditional Use Permit approved for the site. 

 
§ 90502.11 LANDSCAPING 
 

Every R-1 lot, parcel or use shall meet the requirements of Section 90302.06. 
 
§ 90502.12 YARD/PROPERTY MAINTENANCE 
 

The areas within an R-1 lot area shall at all times be maintained so as to not create a fire or life safety, or 
health hazards either to the occupants or the public. 

 
§ 90502.13 ANIMALS 
 

The breeding, keeping or maintaining of large or medium size animals is strictly prohibited, except as 
follows: 

 
A. R-1 lots greater than ½ but less than 1 acre net may keep two medium animals per acre provided 

the separation distances under Section 90502.08 can be achieved. 
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B. R-1 lots greater than 3/4 acre net may keep and maintain one large animal per ¾ acre up to 5 
acres, and one large animal for every 5 acres of lot area thereafter (i.e. 40 acre lot equals 12 large 
animals).  Small animals (i.e. goats, sheep, etc.) shall be allowed at the ratio of 1 large animal 
equals two small animals.  Separation as required under Section 90502.08 shall be met. 

 
C. R-1 lots allow for the keeping of small fowl, rabbits, birds, provided as follows: they are for domestic 

or hobby purposes; are maintained within proper enclosed/containment structures; are not free to 
leave the property; and the number of such animals does not exceed 5 of any one or combination 
thereof. 

 
D. The keeping of small domestic pets such as cats and dogs are allowed for non-commercial uses, 

and the number of such animals does not exceed 5 of any one or combination thereof. 
 
E. Special project animals considered to be a student oriented fair project that may be sponsored by 

an agricultural organization such as FFA or 4H may allow for the keeping of one large animal or 
two medium animals per parcel provided that they are: 

 
1. For the duration of the FFA/4H or agricultural fair schedule or 7 months maximum 

whichever is less; 
 
2. The property owner files an affidavit with the Planning & Development Services 

Department to verify it is a legitimate special project, including the name of the club, club 
leader and other information required by the Planning Director. 

 
NOTE: The keeping of animals as designated is only allowed to the extent that said animals do 
not constitute a nuisance or public health hazard. 

 
§ 90502.14 GARAGE/YARD SALES 
 

Garage or yard sales are permitted without special use permits, provided they meet the following conditions: 
 

A. Sales last no longer than two (2) consecutive days. 
B. Sales are held no more than two (2) times a year. 
C. Sales are contained within the property. 
D. No goods purchased for re-sale are evident. 
E. Directional signs shall be removed immediately after sale ends. 
F. Directional signs shall not exceed 9 square feet. 
G. Directional signs may be placed on public right-of-way provided they do not interfere with traffic. 
H. Directional signs on private property shall have property owners (not tenants) permission. 
I. Directional or other signs not removed within 24 hours after sale ends shall be fined $50.00. 
J. No signs shall be posted on utility posts/pole, or other highway information or directional sign. 
K. Violation of one or all of items (a) through (j) is a misdemeanor and may be cited as such. 
 

§ 90502.15 SPECIAL PROCEDURES/STANDARDS 
 

A mobile home or a recreational vehicle may be permitted as a temporary dwelling within the R-1 zone, 
provided it complies with and meets the following standards. 

 
A. TEMPORARY DWELLING 
 

1. A building permit for the construction of the conventional single-family residence shall be 
obtained either prior to or concurrently with the installation/utility permit of the mobile home. 

 
2. The mobile home or recreational vehicle shall be removed from the property as follows: 

 
a. Within twelve (12) months from the time the mobile home or recreational vehicle is 

placed on the property, and/or 
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b. Within ten (10) days from the time of final inspection for the conventional dwelling 

has been approved, and/or 
 

c. Within five (5) days from the time a building permit has lapsed due to lack of activity 
or other reason(s), as determined by the Building Official. 

 
3. The Planning & Development Services Department has received adequate assurances, 

which may include surety in a form acceptable to County. 
 
4. The Planning Director may, upon written request from the property owner, grant an 

extension for the mobile home or the recreational vehicle for a period of not to exceed six 
(6) months.  Extension of time may only be approved upon the following conditions: 

 
a. An active building permit is on file with the Planning & Development Services 

Department of the County of Imperial, and actual construction is in progress.  
 

b. The construction of the dwelling unit on the site has progressed to a stage of 
inspection and approval, which is at least in the framing, rough electrical, rough 
mechanical, and rough plumbing stage. 

 
c. The construction of a single-family dwelling is nearing completion. 

 
5. Any mobile home or recreational vehicle permitted as a temporary dwelling, shall be 

removed at any time if so determined by the Planning Director. 
 

 The electrical service supplying the mobile home or recreational vehicle on a temporary 
basis shall be terminated at the time that the electrical is approved for the conventional 
dwelling.  Under no conditions shall two (2) electrical services remain on the premises. 

 
B. TEMPORARY VISITORS USE 

 
While the use of Recreational Vehicles (R.V.’s) is not allowed as temporary or permanent 
residential dwellings, the incidental and occasional utilization of an R.V. may be allowed under the 
following conditions: 

 
1. Any legal residence may have an R.V. connected to approved utilities and occupied for a 

period not to exceed two weeks annually per Title 12, Section 4 et al. 
 

2. The R.V. connections are installed to meet applicable Health and Safety Code Regulations, 
and permitted by Planning & Development Services Department. 

 
3. The R.V. connections are for the primary use and are not independent service connections. 

 
4. The R.V. is not allowed in or upon any public street or right-of-way. 

 
§ 90502.16 FENCING 
 

Fencing, if installed, shall at a minimum meet the requirements of Section 90403 et seq.  Under no 
conditions shall the use of barbed, razor edged, or electrified fencing be allowed within this zone. 
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TITLE 9 
 
DIVISION 5: ZONING AREAS ESTABLISHED 
 

CHAPTER 3: R-2 (MEDIUM DENSITY RESIDENTIAL ZONE) 
 

 § 90503.00 PURPOSE AND APPLICATION 
 § 90503.01 PERMITTED USES IN THE R-2 ZONE 
 § 90503.02 USES PERMITTED BY CUP ONLY 
 § 90503.03 PROHIBITED USES 
 § 90503.04 MINIMUM LOT/PARCEL SIZE 
 § 90503.05 MINIMUM LOT AREA/DWELLING UNIT 
 § 90503.06 YARDS AND SETBACKS 
 § 90503.07 HEIGHT 
 § 90503.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90503.09 PARKING 
 § 90503.10 LANDSCAPING 
 § 90503.11 SIGNS 
 § 90503.12 YARD/PROPERTY MAINTENANCE 
 § 90503.13 ANIMALS 
 § 90503.14 GARAGE/YARD SALES 

§ 90503.15 SPECIAL PROCEDURE/DEVELOPMENT STANDARDS 
§ 90503.16 FENCING 
 

 
§ 90503.00 PURPOSE AND APPLICATION 
 

The purpose of the medium density R-2 Zone is to designate and establish standards for single family and 
duplex, residential uses.  This zone is typified with single family and duplex structures.  The density shall 
not exceed ten (10) dwelling units per net acre.  While duplex structures typify this zone, other innovative 
housing techniques including clustering, zero lot line and garden housing unit, may be permitted.  No new 
R-2 development shall be allowed unless full infrastructure, which at a minimum shall include sewer, water 
treatment and streets meeting County standards is provided. 

 
§ 90503.01 PERMITTED USES IN THE R-2 ZONE 
 

The following uses are permitted in the R-2 Zone provided they meet the requirements of this Title: 
 

a) Community recreational facilities owned by an association or publicly 
b) Community vegetable gardens 
c) Day care facility limited to fourteen (14) children or less  
d) Duplex, Apartment, Condominium, Etc. 
e) Elementary School (public) 
f) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
g) Fire station 
h) High School (public) 
i) Home occupation per Division 4, Chapter 4 (home occupation permit required) 
j) Junior High School (public) 
k) Parks, playgrounds and swimming areas (public or association maintained) 
l) Residential accessory structure (including cargo containers provided they meet architectural 

standards as defined herein Division 14) 
m) Residential care facility serving 5 or less individuals 
n) Single-family dwelling (one unit typical- two units maximum/legal lot), (per Section 90405.00). 
o) Small Family Daycare as defined by CA Health & Safety Code Section 1597.44 & 1597.45 
p) Solar energy extraction generation provided that it is for on-site consumption only. 
q) Temporary mobile home/recreational vehicle used during construction only (see Section 90502.15 

for standards) 
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§ 90503.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the R-2 Zone provided they meet the requirements of this Title: 
 

a) Ambulance station  
b) Cemetery  
c) Church  
d) Community care facility  
e) Country club   
f) Golf course/Driving Range  
g) Hospital  
h) Library  
i) Mausoleum  
j) Medical offices  
k) Museums  
l) Pre-school  
m) Private non-profit club or lodge  
n) Radio, TV of commercial communication transmitter, receiver or translator  
o) Rehabilitation facilities  
p) Residential care facility serving six (6) or more   
q) Sanitarium  
r) Senior Retirement Home  
s) Schools (private)  
t) Tennis/swim club  
u) Utility substations  
 

§ 90503.03 PROHIBITED USES 
 

All uses not specifically permitted by Sections 90503.01 or 90503.02 are strictly prohibited. 
 
§ 90503.04 MINIMUM LOT/PARCEL SIZE 
 

Except as otherwise provided within this Title no lot, parcel or portion thereof within the R-2 Zone shall be 
less than 6000 square feet for one dwelling and 3000 square feet/dwelling for multiple dwellings.  No parcel 
within this zone shall have less than 60 feet of street frontage, except for cul-de-sac designs, which will be 
no less than 33 feet as measured at the right-of-way line. 

 
§ 90503.05 MINIMUM LOT AREA/DWELLING UNIT 
 

Except as otherwise provided within this Title there shall be a minimum of 3000 square feet of lot area per 
dwelling unit in the R-2 zone, provided however that the basic lot minimum is 6000 square feet, for the first 
unit. 

 
§ 90503.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the R-2 Zone: 
 

A. FRONT YARD. Except as otherwise provided, the front yard minimum setback for all buildings shall 
be as follows: 

 
1. 25 feet minimum if at a minimum two off-street parking spaces per unit plus one visitor 

parking space for every two units is provided, which must be behind the setback line. 
 

2. 20 feet minimum if at a minimum two off-street parking spaces per unit plus one visitor 
parking space for every two units is provided and that all said parking (except visitor 
parking) is within an enclosed garage. 
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B. SIDE YARD. Except as otherwise provided, the side yard minimum setback for all buildings shall 

be as follows: 
 

1.  There shall be a minimum side yard of five feet (5') on each side of the building, except as 
follows: 

 
2. On a corner lot the side yard facing the street shall have a 15' setback. 
 
3. On designated zero lot line construction, one side may be zero provided the opposite side 

is a minimum of ten feet (10') (except corner lots) and provided further that the zero lot line 
side of the structure meets all California Building Code and California Fire Code 
requirements, for fire protection, or two hour fire resistant construction, whichever is 
greater. 

 
C. REAR YARD. Except as otherwise provided, the rear yard minimum setback for all buildings shall 

be as follows: 
 
1.  25 feet minimum for all primary structures on lots that do not have an alley.  Structures 

attached to the primary structure that are open on at least three sides, such as open patios 
may be allowed to encroach into the rear yard setback by 10 feet (maximum) provided they 
remain open at all times.  Converting such patios shall then be strictly prohibited. 

 
2. 20 feet minimum for all primary structures on lots that do not have an alley. Provided that 

a patio open on at least two sides is incorporated into the primary structure’s building 
“footprint,” and that does not encroach into the rear yard setback.  Provided further that 
said patio is a minimum of 10 feet by 10 feet in size. 

 
3. 10 feet minimum for all primary structures on lots that have a minimum width alley of 20 

feet. Provided that a patio open on at least two sides is incorporated into the primary 
structure’s building “footprint,” and that does not encroach into the rear yard setback.  
Provided further that said patio is a minimum of 10 feet by 10 feet in size. 

 
4. 5 feet for detached accessory structures for lots that do not have an alley. 
 
5. 0 feet for detached accessory structures that abut an alley of 20 feet minimum in width, 

provided the wall facing the alley meet minimum California Building Code fire protection 
standards. 

 
NOTE: Any such structure found to have been converted without County approval (permits) shall not be 
allowed and shall be ordered removed by the Building Official if and when found to have been enclosed or 
converted. 

 
§ 90503.07 HEIGHT 
 

The following height limits shall apply to all R-2 zones (all heights measured from AGL (average ground 
level) of lot): 

 
A. Primary residential buildings shall not exceed three (3) stories in height, or 40 feet whichever is 

less. 
B. Detached accessory structures shall not exceed two (2) stories or 25 feet whichever is less. 
C. Radio and/or television antenna incidental to the structure, or chimneys, or any other architectural 

feature shall not exceed 60 feet in height. 
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§ 90503.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

A. There shall be a minimum of ten feet (10') between residential use structures, unless constructed 
with common walls meeting a minimum of 2 hour fire rated separation. 

 
B. There shall be a minimum of six feet (6') between any residential use and any detached accessory 

structure(s). 
 

§ 90503.09 PARKING 
 

Off-street parking shall be provided in the R-2 Zone according to the standards contained in Sections 
90402.00 through 90402.16 of this Title.  RV’s, trailers and other vehicles may be stored on site only if they 
are within the rear yard and not readily visible or accessible to public view with a primary use on the 
property. 

 
§ 90503.10 LANDSCAPING 
 

Every R-2 lot/parcel shall be landscaped to meet the requirements of Section 90302.05. 
 
§ 90503.11 SIGNS 
 

The following signs shall be permitted in the R-2 Zone; however, all signs shall be subject to Section 
90401.00 et.seq as applicable. 
 

1. Temporary real estate signs not exceeding 10 square feet, and advertising the property for 
sale or lease, and meeting requirements of Division 4, Chapter 1. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 
3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 

meeting requirements of Division 4, Chapter 1. 
 
4. Institutional signs. 
 
5. Signs approved in conjunction with a Conditional Use Permit approved for the site. 

 
§ 90503.12 YARD/PROPERTY MAINTENANCE 
 

The areas within an R-2 lot area shall at all times be maintained so as to not create a fire or life safety, or 
health hazards either to the occupants or the neighbors. 

 
§ 90503.13 ANIMALS 
 

In cases where a single-family dwelling unit exists, restrictions apply per Section 90502.13.  
 
§ 90503.14 GARAGE/YARD SALES 
 

Garage or yard sales are permitted without special use permits, provided they meet the following conditions: 
 

A. Sales last no longer than two (2) consecutive days. 
B. Sales are held no more than two (2) times a year. 
C. Sales are contained within the property. 
D. No goods purchased for re-sale are evident. 
E. Directional signs shall be removed immediately after sale ends. 
F. Directional signs shall not exceed 9 square feet. 
G. Directional signs may be placed on public right-of-way provided they do not interfere with traffic. 
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H. Directional signs on private property shall have property owners (not tenants) permission. 
I. Directional or other signs not removed within 24 hours after sale ends shall be fined $50.00. 
J. No signs shall be posted on utility posts/pole, or other highway information or directional sign. 
K. Violation of one or all of items (a) through (j) is a misdemeanor and may be cited as such. 
 

§ 90503.15 SPECIAL PROCEDURE/DEVELOPMENT STANDARDS 
 

A. The R-2 Zone allows for a maximum of ten (10) dwelling units per (net) acre.  This may be a mixture of 
units on any one legal parcel.  The density shall be the limiting factor on the number of dwelling units 
per legal lot. 

 
B. The R-2 Zone does allow for a mixture of a single family or duplex structures, i.e. one house and a 

duplex, provided all requirements including density can be met.  
 

C. TEMPORARY DWELLINGS/RV: 
 

While the use of Recreational Vehicles (R.V.’s) is not allowed as temporary or permanent 
residential dwellings, the incidental and occasional utilization of an R.V. may be allowed under the 
following conditions: 

 
1. Any legal residence may have an RV connected to approved utilities and occupied for a period 

not to exceed two weeks annually per Title 12, Section 4 et al. 
 

2. The R.V. connections are installed to meet applicable Health and Safety Code Regulations, 
and permitted by Planning & Development Services Department. 

 
3. The R.V. connections are for the primary use and are not independent service connections. 

 
4. The R.V. is not allowed in or upon any public street or right-of-way. 

 
§ 90503.16 FENCING 
 

Fencing, if installed, shall at a minimum meet the requirements of Section 90403 et seq.  Under no 
conditions shall the use of barbed, razor edged, or electrified fencing be allowed within this zone. 
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TITLE 9 
 
DIVISION 5: ZONING AREAS ESTABLISHED 

 
CHAPTER 4: R-3 (MEDIUM-HIGH DENSITY RESIDENTIAL ZONES) 

 
 § 90504.00 PURPOSE AND APPLICATION 
 § 90504.01 PERMITTED USES IN THE R-3 ZONE 
 § 90504.02 USES PERMITTED BY CUP ONLY 
 § 90504.03 PROHIBITED USES 
 § 90504.04 MINIMUM LOT/PARCEL SIZE 
 § 90504.05 MINIMUM LOT AREA/DWELLING UNIT 
 § 90504.06 YARDS AND SETBACKS 
 § 90504.07 HEIGHT 
 § 90504.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90504.09 PARKING 
 § 90504.10 LANDSCAPING 
 § 90504.11 SIGNS 
 § 90504.12 YARD PROPERTY MAINTENANCE 
 § 90504.13 ANIMALS 
 § 90504.14 YARD/GARAGE SALES 
 § 90504.15 SPECIAL PROCEDURES 
 § 90504.16 FENCING 

 
 
§ 90504.00 PURPOSE AND APPLICATION 
 

The purpose of the medium-high density residential (R-3) zone is to designate and establish standards, as 
well as, areas appropriate for a variety of light and medium density to high density residential living 
environments, including therein, apartments, townhouses, and condominiums.  The maximum density is 
established at 29 dwelling units per net acre.  The R-3 zoning designation may be allowed in any urban 
area of the County provided it has adequate utility services, streets and other public facility capacities.  No 
new R-3 development shall be allowed unless full infrastructure, which at a minimum, include water, sewer 
treatment and streets meeting County standards is provided. 

 
§ 90504.01 PERMITTED USES IN THE R-3 ZONE 
 

The following uses are permitted in the R-3 Zone provided they meet the requirements of this Title: 
 

a) Apartments 
b) Community vegetable gardens 
c) Condominiums 
d) Day Care Center (not to exceed a capacity of 1 child for every two dwelling units located on the 

property, provided the lot contains a minimum of 3 dwelling units.) 
e) Day Care Home not to exceed 5 people 
f) Duplex 
g) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
h) Park or Play Grounds 
i) Pre-school, Elementary School, Junior High School, Senior High School, College, or University 

(public) 
j) Public Agency or Public Building 
k) Public Recreation Facilities 
l) Public Swimming Pool 
m) Quadruplex 
n) Residential Accessory Structure (including cargo containers provided they meet architectural 

standards as defined herein Division 14) 
o) Residential Care Facility (serving 5 or fewer persons) 
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p) Senior Retirement Home 
q) Single-Room Occupancy (SRO) Units and Boarding/Rooming Houses 
r) Solar energy extraction generation provided that it is for on-site consumption only. 
s) Supportive Housing 
t) Temporary On-site Construction Office 
u) Temporary On-site Real Estate Tract Sales/Rental Office 
v) Townhouse 
w) Transitional Housing (as defined in Section 50675.2 of the Health and Safety Code) 
x) Triplex 

 
§ 90504.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  
 

The following uses are permitted in the R-3 Zone provided they meet the requirements of this Title: 
 

a) Ambulance Service  
b) Auto Parking Garage   
c) Cemetery  
d) Charitable or Public Service Organization  
e) Church  
f) Club or Lodge  
g) Community Care Facility  
h) Community Center  
i) Fraternity or Sorority  
j) Golf Course/Driving Range  
k) Library  
l) Mausoleum/Columbarium  
m) Museum  
n) Public Tennis or Swim Club  
o) Radio, Television or Commercial Communication Transmitter  
p) Rehabilitation Facility  
q) Residential Hotel/SRO’s  
r) Retirement or Rest Home  
s) Sanitarium  
t) Sewage Treatment Plant  
u) Utility Sub-station  
v) Water Treatment Plant  
 

§ 90504.03 PROHIBITED USES 
 

All other uses not permitted by Section 90504.01 or 90504.02 are hereby strictly prohibited. 
 
§ 90504.04 MINIMUM LOT/PARCEL SIZE 
 

Except as otherwise provided within this Title no lot, parcel or portion thereof within the R-3 Zone shall be 
less than 6000 square feet, and shall provide a minimum of 2000 square feet/dwelling for multiple dwellings.  
No parcel within this zone shall have less than 60 feet of street frontage, except of cul-de-sac entrances. 

 
§ 90504.05 MINIMUM LOT AREA 
 

There shall be a minimum of 2,000 net square feet of lot area per dwelling unit in the R-3 zone, provided 
however that the basic lot minimum is 6,000 square feet, for the first unit. 

 
§ 90504.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the R-3 zone: 
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A. FRONT YARD. Except as otherwise provided, the front yard minimum setback for all buildings shall 
be as follows: 
20 feet minimum unless a minimum of 2 off-street parking spaces per unit, plus one visitor parking 
space for every three units is provided in which case the minimum may be 15 feet. 

 
B. SIDE YARD. Except as otherwise provided, the side yard minimum setback for all buildings shall 

be as follows: 
 

1.       The minimum side yard shall be at least 5 feet on each side of the building except for the      
following: 

 
 2. On a corner lot, the side yard facing the street shall meet the same setback as the  
  front yard. 

 
3. On designated 0 lot line construction, one side may be 0 provided the opposite side is 

minimum of 10 feet and provided further that the 0 lot line side of the structure meets all 
UBC and UFC requirements for fire protection. 

 
C. REAR YARD. Except as otherwise provided, the rear yard minimum setback for all buildings shall 

be as follows: 
 
  1. 15 foot minimum for all primary structures on lots that do not have an alley. 
 

2. 10 foot minimum for all primary structures on lots that do have a minimum width alley of 20 
feet. 

 
  3. 5 feet for accessory structures for lots that do not have an alley. 
 

4. 0 feet for accessory structures that abut an alley that have a minimum 20 foot width. 
 
§ 90504.07 HEIGHT 
 

The following heights shall apply to all R-3 zones (all heights measured from AGL (average ground level) 
of lot): 

 
A. Buildings and structures located in the R-3 zone shall not exceed six (6) stories or 80 feet. 

 
B. Detached accessory structures shall not exceed two stories or 25 feet whichever is less. 

 
C. Radio and/or television antenna incidental to the structure or chimneys or another architectural 

feature shall not exceed 60 feet in height. 
 
§ 90504.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

Requirements for minimum distances between structures in the R-3 Zone are as follows: 
 

A. There shall be a minimum distance of 20 feet between residential buildings/structures. 
 

B There shall be a minimum of 10 feet between a residential building/structure and any accessory 
building or structure; or between accessory buildings or structures. 

 
§ 90504.09 PARKING 
 

Off-street parking shall be provided in the R-3 zone according to the standards contained in Sections 
90402.00 through 90402.16.  Where off-street parking is provided vis-à-vis enclosed garages or carports, 
that are not readily visible from the street, 10% increase in unit density area along with a front yard setback 
reduction to 15 feet may be allowed. 
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§ 90504.10 LANDSCAPING 
 

Every R-3 lot/parcel shall be landscaped to meet the requirements of Section 90302.15. 
 
§ 90504.11 SIGNS 
 

The following signs shall be permitted in the R-3 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
1. Temporary real estate signs not exceeding 10 square feet, and advertising the property for 

sale or lease, and meeting requirements of Division 4, Chapter 1. 
 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 
3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 

meeting requirements of Division 4, Chapter 1. 
 
4. Institutional signs. 
 
5. Signs approved in conjunction with a Conditional Use Permit approved for the site. 

 
§ 90504.12 YARD/PROPERTY MAINTENANCE 
 

The areas within an R-3 lot area shall at all times be maintained so as to not create a fire or life safety, or 
health hazard either to the occupants of the structures or to adjacent neighboring properties. 

 
§ 90504.13 ANIMALS 
 

 In cases where a single-family dwelling unit exists, restrictions apply per Section 90502.13. 
 

§ 90504.14 YARD/GARAGE SALES 
 

Garage or yard sales are permitted without special use permits, provided they meet the following conditions: 
 

A. Sales last no longer than two (2) consecutive days. 
B. Sales are held no more than two (2) times a year. 
C. Sales are contained within the property. 
D. No goods purchased for re-sale are evident. 
E. Directional signs shall be removed immediately after sale ends. 
F. Directional signs shall not exceed 9 square feet. 
G. Directional signs may be placed on public right-of-way provided they do not interfere with traffic. 
H. Directional signs on private property shall have property owners (not tenants) permission. 
I. Directional or other signs not removed within 24 hours after sale ends shall be fined $50.00. 
J. No signs shall be posted on utility posts/pole, or other highway information or directional sign. 
K. Violation of one or all of items (a) through (j) is a misdemeanor and may be cited as such. 
 

§ 90504.15 SPECIAL PROCEDURE 
 

A. While the R-3 zone allows for multi-family housing such as duplex, triplex, quadruplex, etc.  The 
development within an R-3 zone does not allow one or multiple single-family detached structures 
or one or multiple manufactured structure. 

 
B. In any R-3 zone containing more than ten units, provisions for an on-site manager and/or contact 

person shall be made. 
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§ 90504.16 FENCING 
 

Fencing, if installed, shall at a minimum meet the requirements of Section 90403 et seq.  Under no 
conditions shall the use of barbed, razor edged, or electrified fencing be allowed within this zone. 

 
 
THIS SPACE INTENTIONALLY LEFT BLANK 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

TITLE 9 
 

DIVISION 5: ZONING AREAS ESTABLISHED 
 

CHAPTER 5: R-4 (MOBILE HOME PARK OR SUBDIVISION ZONE/HIGH DENSITY RESIDENTIAL) 
 

 § 90505.00 PURPOSE & APPLICATION 
 § 90505.01 PERMITTED USES IN THE R-4 ZONE 

§ 90505.02 USES PERMITTED WITH CONDITIONAL USE PERMIT ONLY 
§ 90505.03 PROHIBITED USES 
§ 90505.04 MINIMUM LOT SIZE 
§ 90505.05 MINIMUM LOT AREA 
§ 90505.06 YARDS AND SETBACKS 
§ 90505.07 HEIGHT 
§ 90505.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
§ 90505.09 PARKING 
§ 90505.10 SIGNS 
§ 90505.11 LANDSCAPING 
§ 90505.12 YARD MAINTENANCE 
§ 90505.13 ANIMALS 
§ 90505.14 SPECIAL PROCEDURES 
§ 90505.15 SITE DEVELOPMENT PLAN REVIEW REQUIRED 
§ 90505.16 SPECIAL DEVELOPMENT STANDARDS AND CONDITIONS 
§ 90505.17 FENCING 

 
§ 90505.00 PURPOSE & APPLICATION 
 

The purpose of the High Density Residential and Mobile Park/Subdivision Zone, is to allow for areas that 
are suitable for high density residential environments and mobile home (manufactured home) residential 
living environments and regulate development within these areas to be in compliance with California Code 
of Regulations (CCR) Title 25. 

 
§ 90505.01 PERMITTED USES IN THE R-4 ZONE 
 

The following uses are permitted in the R-4 Zone provided they meet the requirements of this Title: 
 
a) Accessory facilities, such as laundry, a storage facility and a convenience store, with an RV/Mobile 

home park 
b) All permitted R-3 uses listed in § 90504.01 
c) Commercial Office, related to the park or subdivision 
d) Community Recreational Facilities 
e) Day Care Facility limited to one child per 3 mobile homes 
f) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
g) Manager’s/Caretaker or proprietor’s quarters 
h) Mobile Home (manufactured home) (one per legal lot within a mobile home park subdivision zone) 
i) Residential accessory structure, (including cargo containers provided they meet architectural 

standards as defined herein Division 14). When located in a mobile home park or park subdivision 
only after installation of a mobile home. 

j) Single-Room Occupancy (SRO) Units and Boarding/Rooming Houses 
k) Solar energy extraction generation provided that it is for on-site consumption only. 

 
§ 90505.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  
 

The following uses are permitted in the R-4 Zone provided they meet the requirements of this Title: 
 

a) All R-3 uses listed under 90504.02 
b) Community Care Facility 
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c) Community sewage treatment facility 
d) Flood control facility, water storage or groundwater recharge facility 
e) Public agency or utility building or facility 
f) Utility sub-station 

 
§ 90505.03 PROHIBITED USES 
 

All other uses not permitted by Section 90505.01 and 90505.02 herein are prohibited in the R-4 (Mobile 
Home Park) Zone, including dwellings other than manufactured homes. 

 
§ 90505.04 MINIMUM LOT SIZE 
 

Except as otherwise provided within this Title, no portion of any lot within the R-4 Zone shall be less than 
6,000 square feet, except that lots within a designated and permitted mobile home park shall meet the 
requirements of Title 25 of CCR. 

 
§ 90505.05 MINIMUM LOT AREA 
 

In a mobile home park subdivision, there shall be no more than one dwelling unit per legal lot in the R-4 
Zone. 

 
§ 90505.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the R-4 Zone: 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 
as follows: 

 
The front yard minimum setback for all structures shall be 20 feet from property line.   

 
B Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows:  
 

1. For mobile home parks, there shall be a side yard on each side of the property or main 
building of not less than 5 feet and not less than 10 feet on the other side, except that on 
a corner lot, the side fronting on the street shall be the same as the front yard setback. 

 
2. For development other than mobile home parks, the minimum side yard shall be at least 5 

feet on each side of the building except for the following: 
 

  a. On a corner lot, the side yard facing the street shall meet the same setback as the 
   front yard. 

 
b. On designated 0 lot line construction, one side may be 0 provided the opposite 

side is minimum of 10 feet and provided further that the 0 lot line side of the 
structure meets all UBC and UFC requirements for fire protection. 

 
C Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
 

1. 15 foot minimum for all primary structures on lots that do not have an alley. 
 
2. 10 foot minimum for all primary structures on lots that do have a minimum width alley of 20 

feet. 
 
3. 5 feet for accessory structures for lots that do not have an alley. 
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4. 0 feet for accessory structures that abut an alley that have a minimum 20 foot width. 
 
§ 90505.07 HEIGHT 
 

The following heights shall apply to all R-4 zones (all heights measured from AGL (average ground level) 
of lot): 
 

1. Buildings and structures shall not exceed 2 stories or 30 feet, whichever is less. 
 
2. Radio and/or television antenna, chimneys and other similar structures shall not exceed 60 

feet. 
 

§ 90505.08 MINIMUM DISTANCES BETWEEN STRUCTURES 
 

The following requirements apply to the minimum distances between structures in the R-4 Zone: 
 

A. There shall be a minimum distance of 10 feet between primary residential use structures. 
 
B. There shall be a minimum of 6 feet between a primary residential structure and any 

accessory structure.   
 
 SPECIAL NOTE:  In addition to the above this zone shall comply with setback requirements 

of Title 25, at a minimum.  Where a “park” is governed by CCR Title 25, the CCR 
requirements shall govern. 

 
§ 90505.09 PARKING 
 

Off-street parking shall be provided in the R-4 Zone according to the standards contained in Sections 
90402.00 through 90402.16 of this Title.   

 
§ 90505.10 SIGNS 
 

The following signs shall be permitted in the R-4 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
1. Temporary real estate signs not exceeding 10 square feet, and advertising the property for 

sale or lease, and meeting requirements of Division 4, Chapter 1. 
 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 
3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 

meeting requirements of Division 4, Chapter 1. 
 
4. Institutional signs. 
 
5. Signs approved in conjunction with a Conditional Use Permit approved for the site. 

 
§ 90505.11 LANDSCAPING 
 

Every R-4 lot/parcel or use shall meet the requirements of Section 90302.02. 
 
§ 90505.12 YARD/PROPERTY MAINTENANCE 
 

The areas within an R-4 Zone/lot shall at all times be maintained so as to not create a fire or life safety, or 
health hazard either to the occupants of the structures or to adjacent neighboring properties. 
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§ 90505.13 ANIMALS 
 

In cases where a single-family dwelling unit exists, restrictions apply per Section 90502.13.  
 
§ 90505.14 SPECIAL PROCEDURES 
 

The following special procedures, development and standards apply to the R-4 Zone. 
 

A. No development shall be permitted within the R-4 Zone prior to the recordation of a final subdivision 
map in accordance to the procedures of Imperial County or following issuance of a Permit to 
Operate to a permitted mobile home park. 

 
B. Each mobile home placed on an individual lot/parcel shall be: 

  
 1. Placed on a permanent foundation system 

 
2. Be installed according to manufacturer's instructions and State requirements and either be 

recessed into the grounds or be otherwise enclosed so that no portion of the under carriage 
is visible 

 
Note that a mobile home shall not be recessed into the ground if it is connected to liquefied petroleum gas.  
Any recessed mobile home shall have a finished floor elevation of a minimum of 12 inches above adjacent 
street and shall make provisions for proper drainage. 

 
§ 90505.15 SITE DEVELOPMENT PLAN REVIEW REQUIRED 
 

No mobile home park shall be established, no development shall occur and no building or grading permit 
shall be issued for any use or development in the mobile home park until an application for a site 
development plan review has been submitted and approved by the Director of Planning.  At a minimum the 
site development plan review shall contain the following: 

 
A. Name and address of applicant 

 B. Name and address of property owners 
 C. Assessor's Parcel Number 
 D. Legal description 

E. A site development plan, drawn to scale specified by the Director of Planning, include the following: 
 
  1. Topography and proposed grading 
  2. Proposed private access drive-ways and parking areas 
  3. Location of all mobile home pads 
  4. Location of all permanent buildings and structures 
  5. Parks, open space and recreational areas 
  6. Proposed landscaping 
  7. North arrow 
  8. Manager's office/residential location 
 

F. Elevation of all permanent common buildings 
 G. Phasing of development 
 H. A detail description of the facility improvements including: 
 
  1. Curbs, gutter, sidewalks, and street widths 
  2. Water supply system 
  3. Sewage collection and disposal system 
  4. Public utility system 
  5. Fencing  
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I. Any other reports or approvals as required and/or specified as a mitigation measure by any 
environmental document for the implementation of a mobile home park. 

 
§ 90505.16 SPECIFIC DEVELOPMENT STANDARDS AND CONDITIONS 
 

Development within a mobile home park zone or within a mobile home park shall comply with the following 
minimum standards: 

 
A. The project shall be consistent with the General Plan and all development shall be consistent with 

the goals and policies of the County's General Plan. 
 

B. Access, access driveways and parking. 
 

1. All access driveways within a mobile home park shall be not less than 25 feet in 
width. 

 
2. Guest parking shall be distributed throughout the mobile home park as required by 

this Title and the department. 
 
3. All vehicular parking areas and driveways shall be surfaced and graded in 

accordance with the requirements for local public streets as contained in County 
ordinance. 

 
4. All mobile home parks spaces shall have frontage on internal private/public 

driveways.  No mobile home space shall have direct access to a public street or 
public alley way. 

 
5. All mobile home park sites shall have access from an abutting improved and 

dedicated County street or State highway. 
 

C. Public street and highway dedications. 
 

1. Streets and highway dedications adjacent to a mobile home park may be required 
by the Director of Planning in conjunction with Public Works Director, according to 
the following standards. 

 
a. If the park is adjacent to a major highway, as shown on the Imperial 

County's Circulation Plan, the owner shall dedicate or make an irrevocable 
offer of dedication of all property lying within 55 feet of the center line of 
such highway for public highway purposes at no cost to the County. 

 
b. If the park is adjacent to a secondary highway as shown on the Imperial 

County's Circulation Plan, the owner shall dedicate or make an irrevocable 
offer of dedication of all property lying within 45 feet of the center line of 
such highway for public highway purposes at no cost to the County. 

 
c. If the park lies adjacent to the projected alignment of a planned local street 

which is necessary for circulation within the general area or neighborhood, 
the owner shall dedicate or make an irrevocable offer of dedication of all 
property lying within 30 feet of the center line of such street for public street 
and no cost to the County. 

 
d. If the park is adjacent to an adopted specific plan or official plan line, the 

owner shall dedicate or make an irrevocable offer of dedication of all 
property lying within the specified right-of-way line for public highway 
purposes, and no cost to the County. 
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2. Required street and highway improvements shall include any necessary tie to 
existing pavement and shall be under permit of the County Public Works 
Department or the State Division of Highways (Caltrans) as appropriate. 

 
D. Recreational areas and facilities. 

 
1. If a mobile home park contains 10 or more mobile home spaces, or if a mobile 

home park combined with a recreational vehicle park contains a combination of 10 
or more mobile home spaces and recreational spaces, an open area of land 
devoted to and landscaped for recreational uses shall be provided within the park. 

 
2. Such recreational areas shall not be less than 5,000 square feet, plus any 

additional 100 square feet for each space in excess of 10. 
 
3. Required recreational areas may be divided into more than one location, provided 

that no single location, however, is less than 3,000 square feet. 
 
4. No building or mobile home shall occupy a required recreational area, except 

buildings and structures necessary or used and devoted to the recreational use, 
such as a recreational building, swimming pools, accessory buildings, saunas, 
playgrounds (with or without equipment), picnic areas, etc. 

 
5. No required front yard, side, or rear yard of the park or any mobile home space, 

recreational vehicle space or storage area shall be counted to with the requirement 
for recreational space. 

 
6. The required recreational space shall be accessible to all occupants of the park 

and shall not be used for any other purpose other than recreational use of the 
occupants of the park. 

 
E. Enclosures. 

 
1. Each mobile home park shall be completely enclosed within a fence, hedge or 

combination thereof subject to the approval of the Director of Planning. 
 
2. Such enclosures may have driveway or pedestrian way opening subject to the 

approval of the Director of Planning. 
 
3. Within the front yard a required enclosure shall be no more than 4 feet in height. 
 
4. Within any other portion of the park required enclosures shall be a minimum of 6 

feet in height. 
 
5. When deemed necessary by the Director or the Planning Commission, in order to 

maintain standards compatible with an existing development, on adjacent 
properties, specific types of fences may be required. 

 
F. Utility Installation. 

 
 1. All public utility transmission lines located within the park shall be underground. 

 
2. Utility connections to each mobile home space shall be placed underground. 
 

G. Drainage. 
 

1. The drainage system shall be installed prior to occupancy of the park and shall be 
continuously maintained in accordance with the plan approved by the Department. 
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2. The plan shall include, but not limited to the following: 
 

a. All drainage originating on the park site shall be contained on the same 
site, unless the plan for acceptance of such drainage to off-site canals 
approved by the Department of Public Works and Planning & 
Development Services Department. 

 
b. The method for transporting off-site drainage through and away from a 

mobile home park shall be in accordance with the Department of Public 
Works standards and accommodate a minimum of a 100-year flood. 

 
c. In the event that any drainage sump is located within the park, it must have 

a water holding capacity of more than 18 inches in depth and shall be 
completely enclosed with a secured fence. 

 
H. Water Distribution and Sewage Disposal System. 

 
1. A water distribution system shall be installed prior to occupancy of the park and 

shall be continuously maintained in accordance with the plan approved by the 
Imperial County Planning & Development Services Department and Imperial 
County Public Health Department or California Department of Public Health, as 
applicable. 

 
2. A sewage disposal system shall be installed prior to occupancy of the park and 

shall be continuously maintained in accordance with State Water Resources 
Control Board, Division of Drinking Water Standards as applicable. 

 
I. State Permit Requirements. 

 
a. Mobile home park owner/operator shall secure all necessary building permits and 

all operating licenses as required by the State of California, through the Imperial 
County Planning & Development Services Department. 

 
Garage or yard sales are permitted without special use permits, provided they meet the 
following conditions: 

 
a. Sales last no longer than two (2) days. 
b. Sales are held no more than two (2) times a year. 
c. Sales are contained within the property. 
d. No goods purchased for re-sale are efferent. 
e. Directional signs shall be removed immediately after sale ends. 
f. Directional signs shall not exceed 9 square feet. 
g. Directional signs may be placed on public right-of-way provided they do not 

interfere with traffic. 
h. Directional signs on private property shall have property owner’s (not tenants) 

permission. 
i. Violation of one or all of items (a) through (h) is a misdemeanor and may be cited. 

 
§ 90505.17 FENCING 
 

Fencing, if installed, shall at a minimum meet the requirements of Section 90403 et seq.  Under no 
conditions shall the use of barbed, razor edged, or electrified fencing be allowed within this zone. 

 
THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREAS ESTABLISHED 
 

 CHAPTER 6: (RESERVED FOR FUTURE USE)  
A-C (CONDITIONAL AGRICULTURAL ZONE) 

 
§  90506.00 
 
 
TO BE ADDED AT A FUTURE DATE 
 
NOTE: The intent of this zone is to allow agricultural uses in certain “open space” (S-2) areas and areas outside of 
currently designated agricultural areas. 
 
COMMENT: This section will be written at a future date and only upon consultation with the Farm Bureau. 
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TITLE 9 
 

DIVISION 5: ZONING AREAS ESTABLISHED 
 
  CHAPTER 7:  A-1 (LIMITED AGRICULTURE) (WITHIN URBAN BOUNDARIES ONLY) 
 
 § 90507.00 PURPOSE AND APPLICATION 
 § 90507.01 PERMITTED USES IN THE A-1 ZONE 
 § 90507.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90507.03 PROHIBITED USES 
 § 90507.04 MINIMUM LOT SIZE 
 § 90507.05 YARDS AND SETBACKS 
 § 90507.06 HEIGHT LIMITS 
 § 90507.07 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90507.08 PARKING 
 § 90507.09 SIGNS 
 § 90507.10 LANDSCAPING 
 § 90507.11 ANIMALS 
 § 90507.12 GARAGE/YARD SALES 
 § 90507.13 SPECIAL REVIEW PROCEDURE AND DEVELOPMENT STANDARDS 
 
§ 90507.00 PURPOSE AND APPLICATION 
 

The purpose of the A-1 designation is to designate areas and allow uses that are suitable for larger 
residential living environments. The uses are generally limited to those typical of and compatible with quiet 
residential neighborhoods. The minimum lot size shall be one-half acre (net), unless required to be larger 
by other regulatory requirements, such as health and safety standards. The minimum lot size in the A-1 
Zone may be reduced if public infrastructure including sewer and potable water are available from either a 
district or a city.  The A-1 designation is only allowed within urban designated areas as reflected on the land 
use diagram of the County General Plan. 

 
COMMENT: The acreage here needs to be “net” vs. “gross” due to the fact that the absolute minimum 
amount of land needed for sewage disposal is 20,000 square feet of usable land, and the County already 
has numerous locations where this creates problems. 

 
§ 90507.01 PERMITTED USES IN THE A-1 ZONE 
 

The following uses are permitted in the A-1 Zone provided they meet the requirements of this Title: 
 

a) Accessory agricultural building, structures, and uses, including farm buildings, housing of 
agricultural workers, garages and implement shelter, provided no livestock or any building or 
enclosure used in connection with livestock shall be located nearer than one hundred (100) feet to 
the front lot line, nor nearer than fifty (50) feet to any existing dwelling on any contiguous property, 
or to any public park or school. 

b) Accessory Dwelling Unit provided it complies with Imperial County code sections Title 9 Section 
90405.01 and Title 8 Section 8.80.150 Subsection C. 

c) Agricultural accessory structure(s) (including cargo containers) 
d) Agricultural crops, private greenhouses and horticultural collections, flowers and vegetable 

gardens, fruit trees, nut trees, vines and nurseries for producing trees, vines and horticultural stock 
e) Agricultural uses, (light farming only) 
f) Apiaries 
g) Breeding and raising of animals pursuant to the requirements of this Chapter 
h) Crop and tree farming, pasturing and grazing, provided, however, that not to exceed one horse, 

mule, or cow; five hogs, goats, sheep or other similar livestock be permitted for each one half (1/2) 
acre of the area of the parcel of land upon which the same are kept (except suckling animals), 
except that the pasturing of livestock to feed on vegetable matter grown on said premises may be 
permitted.  Feeding of garbage, (cooked or raw), shall not be permitted, nor shall a “feed lot” style 
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operation be allowed.  Other animals similar to those listed by example and having similar impact 
may be allowed at the same ratio of the “similar” animal. 

i) Daycare Home for less than five (5) people  
j) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
k) Employee Housing 
l) Growing of agricultural crops for domestic use of the resident occupant 
m) Hatching, raising and fattening of chickens, turkeys or other fowl or poultry and rabbits, fish or frogs 

for domestic or commercial use provided that no commercial poultry pen or coop or commercial 
rabbitry shall be maintained within fifty (50) feet of any dwelling or other building used for human 
habitation. There shall be no killing or dressing of any such animals or poultry on the premises for 
commercial purposes. 

n) Home occupation per Division 4, Chapter 4 (Home Occupation Permit required) 
o) Keeping of horses and other large animals on lots having an area of one (1) acre or more, providing 

that the number of horses on any one lot or parcel shall not exceed one horse for every three 
quarters (3/4) acre, or keeping of farm animals under recognized youth programs.  The keeping of 
such animals shall conform to all other provisions of law governing same, and no horses, nor any 
stable, barn or corral shall be kept or maintained within fifty (50) feet of any dwelling or other building 
used for human habitation, or within one hundred (100) feet of the front lot line of the lot upon which 
is located or within one hundred (100) feet of any public park, school, hospital, or similar institution. 

p) Mobile Home or Recreational Vehicle, temporary during construction of a single family dwelling, 
q) Park or Playground (public) 
r) Preschool, Elementary School, Junior High School, Senior High School, College or University 
s) Public buildings 
t) Public Swimming Pool (public) 
u) Residential accessory structures 
v) Residential care facilities serving six (6) or fewer people 
w) Signs advertising the products produced or sold locally or identifying the premises or occupants. 
x) Single family dwelling (conventional or manufactured) 
y) Single-Room Occupancy (SRO) Units and Boarding/Rooming Houses 
z) Solar energy extraction generation provided that it is for on-site consumption only.  . 
aa) Storage of agricultural products 
bb) Storage of products for use on the premises 
cc) Transitional Housing (as defined in Section 50675.2 of the Health and Safety Code) 
dd) The keeping of poultry, rabbits and similar small animals 
ee)  The sale of agricultural, horticultural or farming products grown or produced on the premises of 

the owner.  
ff) Wind driven electrical generator for on-site consumption 

 
§ 90507.02 USES PERMITED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the A-1 Zone provided they meet the requirements of this Title: 
 

a) Animal shelters 
b) Birds, including show or racing pigeons, and other small fowl not in excess of 25 per half acre 
c) Cemeteries, Mausoleums, Columbariums 
d) Church 
e) Club or Lodge 
f) Community Care Facility 
g) Community Center 
h) Community Recreational Facility 
i) Construction office/yard, temporary only 
j) Country Club 
k) Emergency shelters 
l) Equestrian Establishment 
m) Facilities for abused people 
n) Fish, frog and shrimp farms 
o) Golf Course, Golf Driving Range 
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p) Gun Club 
q) Heliports 
r) Library  
s) Museum 
t) Mineral Exploration 
u) Mineral Extraction 
v) Mortuaries 
w) Oil, gas and geothermal exploration 
x) Potable water treatment and Wastewater Treatment Plant 
y) Preschool, Elementary School, Junior High School, Senior High School, College or University 
z) Public Agency or Public Utility building or structure 
aa) Race Track or Test Track, including automobile, bicycle, horse or motorcycle 
bb) Rehabilitation Facility 
cc) Resource Extraction 
dd) Rest home, Retirement Home 
ee) Sanitarium 
ff) Scale repair facility 
gg) Senior Citizen Center 
hh) Solar Energy generation at more than ten (10) kilowatts 
ii) Tennis or Swim Club 
jj) Utility and Communication Facilities 
kk) Utility Substations not specifically exempted by other statutes 
 

§ 90507.03 PROHIBITED USES 
 

All other uses not permitted by Sections 90507.01 or 90507.02 are strictly prohibited. 
 
§ 90507.04 MINIMUM LOT SIZE  
 

Except as otherwise provided, no portion of any lot within the A-1 Zone shall be less than one-half acre 
(net), except in the case of a conveyance to or from a governmental agency, public entity, public utility or 
community water company or water district, for public purposes, public utility purposes or for rights-of-way, 
provided such governmental use occupies said parcel. The minimum lot size may be required to be larger 
than one (1) acre if an OWTS will be used, as required by County Ordinance §8.80.150.. 

 
§ 90507.05 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the A-1 Zone: 
 

A. Front Yard.  Except as otherwise provided, the front yard minimum setback for all buildings shall 
be as follows: 

 
 1.  25 feet from the edge of right-of-way, or  

 
2.  60 feet from the legal center line of any existing or proposed County road.  In no 

case shall the minimum setback be less than 25 feet from the edge of right-of-way 
as established by the County. 

 
B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows: 
 

There shall be a side yard on each side of any building of not less than five (5) feet, except that on 
the street side of a corner lot, the building shall be setback at least fifteen (15) feet from the edge 
of right-of-way/property line. 

 
C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
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There shall be a rear yard setback of not less than five (5) feet, except in the case of a through lot, 
the designated rear yard shall be equal to the front yard setback. 

 
§ 90507.06 HEIGHT LIMIT 
 

Height limits in any district shall be as follows: 
 
1. Residential buildings shall not exceed three (3) stories or forty (40) feet. 
 
2. Detached accessory structures shall not exceed two (2) stories or thirty (30) feet. 
 
3. Radio and television antennae, chimneys and other similar structures shall not exceed sixty 

(60) feet. 
 
§ 90507.07 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements apply to the minimum distance separation between structures in the A-1 Zone. 
 

A. There shall be a minimum distance of ten (10) feet between residential buildings/structures. 
 

B. There shall be a minimum distance of ten (10) feet between residential buildings and any 
accessory building. However, there shall be a minimum of fifty (50) feet between any 
residential building and an accessory structure used to house animals, including pens, 
coops and other structures.  Structures used to house animals shall be a minimum of 100 
feet from any public park, school, hospital or similar institution, and a minimum of fifty (50) 
feet from any adjacent residential structure. 

 
§ 90507.08 PARKING 
 

Off street parking in the A-1 Zone shall be provided in accordance with the standards contained in Sections 
90402.00 et seq. 

 
§ 90507.09 SIGNS 
 

The following signs shall be permitted in the A-1 Zone; however, all signs shall be subject to Section 90401 
as applicable. 
 

1. Temporary real estate signs not exceeding 20 sq. ft., and advertising the property for sale 
or lease, and meeting requirements of Division 4, Chapter 1. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 

3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 
meeting requirements of Division 4, Chapter 1. 

 
4. Signs approved in conjunction with a Conditional Use Permit approved for the site. 
 
5. Temporary agricultural signs as allowed by Section 90401.10. 

 
§ 90507.010 LANDSCAPING 
 

Landscaping for non-residential development in the A-1 zone shall be the same as the M-1 zone (excluding 
crop and tree farming).  Landscaping for residential development shall be the same as the R-1 zone. 
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§ 90507.11 ANIMALS 
 

The breeding, keeping or maintaining of large or medium size animals shall be limited to the allotted amount 
as set forth in Section 90507.01 for non-residential uses; however, for residential uses, the following 
requirements shall apply in the A-1 zone: 

 
A. Lots greater than ½ but less than 1 acre net may keep two medium animals per acre provided the 

separation distances under Section 90507.07 can be achieved. 
 
B. Lots greater than 3/4 acre net may keep and maintain one large animal per ¾ acre up to 5 acres, 

and one large animal for every 5 acres of lot area thereafter (i.e. 40 acre lot equals 12 large 
animals).  Small animals (i.e. goats, sheep, etc.) shall be allowed at the ratio of 1 large animal 
equals two small animals.  Separation as required under Section 90502.08 shall be met. 

 
C. Lots allow for the keeping of small fowl, rabbits, birds, provided as follows: they are for domestic or 

hobby purposes; are maintained within proper enclosed/containment structures; are not free to 
leave the property; and the number of such animals does not exceed 5 of any one or combination 
thereof. 

 
D. The keeping of small domestic pets such as cats and dogs are allowed for non-commercial uses, 

and the number of such animals does not exceed 5 of any one or combination thereof. 
 
E. Special project animals considered to be a student oriented fair project that may be sponsored by 

an agricultural organization such as FFA or 4H may allow for the keeping of one large animal or 
two medium animals per parcel provided that they are: 

 
2. For the duration of the FFA/4H or agricultural fair schedule or 7 months maximum 

whichever is less; 
 
2. The property owner files an affidavit with the Planning & Development Services 

Department to verify it is a legitimate special project, including the name of the club, club 
leader and other information required by the Planning Director. 

 
NOTE: The keeping of animals as designated is only allowed to the extent that said animals do 
not constitute a nuisance or public health hazard. 

 
§ 90507.12 GARAGE/YARD SALES 
 

Garage or yard sales are permitted without special use permits, provided they meet the following conditions: 
 

A. Sales last no longer than two (2) consecutive days. 
B. Sales are held no more than two (2) times a year. 
C. Sales are contained within the property. 
D. No goods purchased for re-sale are evident. 
E. Directional signs shall be removed immediately after sale ends. 
F. Directional signs shall not exceed 9 square feet. 
G. Directional signs may be placed on public right-of-way provided they do not interfere with traffic. 
H. Directional signs on private property shall have property owners (not tenants) permission. 
I.  Directional or other signs not removed within 24 hours after sale ends shall be fined $50.00. 
J. No signs shall be posted on utility posts/pole, or other highway information or directional sign. 
K. Violation of one or all of items (a) through (j) is a misdemeanor and may be cited as such. 

 
 
§ 90507.13 SPECIAL REVIEW PROCEDURE AND DEVELOPMENT STANDARDS 
 

The following special review procedures and development standards shall apply in the A-1 Zone. 
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A.  The breeding and raising of livestock permitted pursuant to this section shall be limited to 
one horse, one donkey, one mule, one cow, one buffalo, one llama, five goats, five sheep, 
or five other similar size animals per half acre. 

 
B.  Temporary farm stand for the sale of allowed agriculture, horticultural or farming products, 

permitted within the A-1 Zone shall comply with the following standards: 
 

1. The floor area of the farm stand shall not exceed 600 square feet. 
 
2. The farm stand shall not be located closer than 25 feet from the driveway line of 

the front yard. 
 
3. The stand shall be erected in such a manner that it can be readily removed. 
 
4. The owner shall remove the stand at his or her own expense, when the stand is 

not in use for a period of one hundred twenty (120) consecutive days. 
 
5. Customer parking, at the ratio of one car per 100 square feet, with a minimum of 

two (2) car spaces shall be provided, and shall be surfaced to prevent fugitive dust 
emissions. 

 
C. The breeding and raising of livestock in numbers greater than that allowed by subsection 

A, by minors in conjunction with a student oriented fair project sponsored by a bona fide 
agricultural organization, such as FFA or 4-H, shall be permitted upon application to and 
approval by the Director of Planning for a temporary permit.  The contents of the application 
shall contain the following information: 

 
1. Name and address of applicant. 
 
2. Name and address of property owner. 
  
3. Assessor's Parcel Number. 
  
4. Legal description of the property. 
 
5. Name of organization sponsoring applicant. 
 
6. Plot plan showing location of proposed pens, coops, or areas for raising of animals, 

and principal residential structures, both on site and immediate adjacent to subject 
site. 

 
7. The signature of the owner of the real property. 

 
 
D. TEMPORARY VISITORS USE 

 
While the use of Recreational Vehicles (R.V.’s) is not allowed as temporary or permanent 
residential dwellings, the incidental and occasional utilization of an R.V. may be allowed under the 
following conditions: 

 
1. An R.V. may be connected to utilities and occupied for a period not to exceed two weeks 

annually per Title 12, Section 04 et al. 
 

2. The R.V. connections are installed to meet applicable Health and Safety Code Regulations, 
and has been approved by Planning & Development Services Department. 

 
3. The R.V. connections are for the primary use and are not independent service connections. 
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4. The R.V. is not allowed in or upon any public street or right-of-way or setback area. 

 
 
 
THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

 CHAPTER 8: A-2 (GENERAL AGRICULTURE ZONE) 
   A-2-R (GENERAL AGRICULTURAL/RURAL ZONE) 
 
 § 90508.00 PURPOSE AND APPLICATION 
 § 90508.01 PERMITTED USES IN THE A-2 ZONE 
 § 90508.02 USES PERMITTED WITH CONDITIONAL USE PERMIT 
 § 90508.03 PROHIBITED USES 
 § 90508.04 MINIMUM LOT/PARCEL SIZE 
 § 90508.05 MINIMUM LOT AREA/DWELLING 
 § 90508.06 YARDS AND SETBACKS 
 § 90508.07 HEIGHT 
 § 90508.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90508.09 PARKING 
 § 90508.10 SIGNS 
 § 90508.11 LANDSCAPING 

§ 90508.12 SPECIAL REVIEW PROCEDURES AND DEVELOPMENT STANDARDS 
 
§ 90508.00 PURPOSE AND APPLICATION 
 

The purpose of the A-2 (General Agriculture), [40 Acre minimum] Zone is to designate areas that are 
suitable and intended primarily for agricultural uses (limited) and agricultural related compatible uses. 

 
§ 90508.01 PERMITTED USES IN THE A-2 ZONE 
 

The following uses are permitted in the A-2 Zone provided they meet the requirements of this Title: 
 
a) Agricultural accessory structure(s) (including cargo containers) 
b) All agricultural and grazing uses, including breeding and/or grazing of animals as follows: 

1. On parcels greater than 30 acres, no limit for temporary or transitory grazing provided 
primary food source is a product grown on site and any import is a supplement and does 
not generate significant vector breeding (Strictly prohibited unless approved by CUP are: 
livestock feed lots; hog ranches, dairies, animal sales yards, cotton gins, dehydration units, 
labor camps, packing plants and other similar intense uses). 

2. On parcels less than 30 acres and parcels contiguous to four (4) or more homes:  
a. Large animals (cattle, horses, etc.) not to exceed one (1) per half (½) acre; 
b. Medium animals (goats, sheep, swine, etc.) not to exceed five (5) per half (½) acre; 
c. Small animals (poultry, rabbits, etc.) not to exceed five (5); 
d. (All such animals shall be maintained at least 50 feet from any residence). 

c)       Animal Grooming, (no boarding of animals) 
d)       Any Agricultural use permitted in the A-1 Zone, under § 90507.01 (a) 
e)       Aquaculture to allow for the growing and harvesting of algae, fish, frogs, shrimp and similar aquatic 

products.  This includes shipping but does not include processing. 
f)       A “temporary” mobile home or recreational vehicle serving as a temporary residence during 

construction of a single family home, meeting the requirements specified in 90508.12 (c) 
g) Day Care home for less than five (5) people 
h)  Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
i) Farm stand for products grown locally (no processing) subject to Section 90509.12 (A) 
j)       General retail sales for products grown on site (no processing) 
k) Home Occupation per Division 4, Chapter 4 (home occupation permit required) 
l)       Industrial Hemp: including the cultivation, harvesting and testing, and light processing, subject to 

Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

m) Mineral exploration 
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n)       Oil, gas and geothermal exploration meeting requirements specified in Division 17 
o)       One Single family dwelling 
p)       Residential accessory structure(s) 
q)       Residential care facility serving five (5) or fewer persons 
r)       Single day fund raising event provided it is held no more than twice per year in an approved 

(meeting all Health and Safety, Traffic & Fire Code regulations) structure or facility. Any such event 
shall notify the Planning & Development Services Department, Public Works, EHS and Fire at least 
sixty (60) days prior to the event and request a written approval.  The County shall inspect the 
facilities and may upon compliance with applicable regulations approve the use.  If the facility does 
not or cannot meet the minimum requirements the County shall not approve and the event shall 
not be held at the specified location. (Temporary Use Permit) 

s)       Solar energy extraction generation provided that it is for on-site consumption only 
t)       The growing and harvesting of all types of crops including but not limited to the following: Berry 

crops, Bush crops, Field crops, , Flowers and horticultural Specialties, Green house, Nursery, Nut 
and fruit trees, Timber, Vegetables, Vine crops 

u)       Wildlife Preserve 
v)       Wind driven electrical generator for on-site consumption of electricity       

 
§ 90508.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the A-2 Zone provided they meet the requirements of this Title: 
 

a) Abattoir or animal slaughter house and/or meat packing facilities 
b) Accessory Dwelling Unit (one additional) unit per legal parcel, not to exceed two (2) per legal parcel 

which cannot then be subdivided at a later date 
c) Agricultural related trucking business (trucking predominantly agricultural products) 
d) Airports or aircraft landing fields Airport for private non-commercial use and agricultural air 

applicators 
e) Animal hospitals, kennels and veterinarians office 
f) Animal Kennel or boarding facility 
g) Animal sales yards or stockyard 
h) Animal shelters 
i) Animal training facility 
j) Battery Storage Facility (must be connected to an existing electrical power generation plant such 

as solar, geothermal, wind, natural gas, or other renewable energy generator, as an accessory unit 
to said power plant) 

k) Breeding and raising of animals in excess of the limits specified in 90508.01 
l) Cemetery or Mausoleum 
m) Cheese & other dairy product manufacturing 
n) Chickory processing facilities 
o) Circus or carnival, Country Club, or other amusement facilities 
p) City, County, State, and Federal enterprises, inclg buildings, facilities and uses of departments or 

institutions thereof which are necessary or advantages to the general welfare of the community 
q) Cold storage facilities for agricultural products only 
r) Commercial nurseries 
s) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

t) Concrete or Asphalt Batch Plant (Temporary, less than 180 days)  
u) Contract Harvesting businesses (not trucking business) 
v) Cotton gins 
w) Dairies 
x) Dehydration mills 
y) Electrical generation plants (less than 50 mw) excluding nuclear or coal fired and meeting 

requirements in Division 17 
z) Electrical substations in an electrical transmission system (500 kv/230 kv/161 kv). 
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aa) Equestrian establishments, stables and riding academies 
bb) Facilities for the transmission of electrical energy (100-200 kv) 
cc) Farm equipment rental agencies 
dd) Farm implement sales and farming related metal fabrication 
ee) Farm labor housing for onsite farm employees (Employee Housing) 
ff) Fireworks; assembly and storage according to §90501.17 
gg) Flood Control Facility 
hh) Fruit and vegetable packing plants 
ii) Geothermal test facilities, Intermediate projects, and major exploratory wells, meeting requirements 

in Division 17 
jj) Grain storage and loading facilities 
kk) Gun Club  
ll) Hay processing and storage 
mm) Heliports 
nn) Hunting and fishing clubs 
oo) Land application of sludge or similar “waste” material to agricultural land 
pp) Livestock feed yards or stockyards to include onsite agricultural material composting 
qq) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under State or Federal law, to be approved exclusively by an agency or agencies 
of the State and/or Federal governments and provided that such facilities shall be approved 
subsequent to coordination and review with the Imperial Irrigation District for electrical matters.  

rr) Major Geothermal projects  per Division 17 
ss) Manufacturing building materials from agricultural products 
tt) Meat and fish packing plants 
uu) Poultry farming including hatching, breeding, butchering, processing or shipping of chickens, 

turkeys or other foul or poultry, including eggs 
vv) Public Agency Structure 
ww) Resource extraction and energy development as per Division 17 
xx) Scale repair facility (truck or other large unit) 
yy) Seed mills 
zz) Small ethanol plant with a capacity not to exceed one million gallons a year  
aaa) Solar Energy Electrical Generator 
bbb) Special Occasion Facility 
ccc) Temporary Real Estate offices  
ddd) Temporary Construction office/yard 
eee) Trade Fairs and Exhibits (temporary, less than ten (10) days) 
fff) Transfer Station for solid waste 
ggg) Transportation, Treatment Units (TTU’s) which are used to process/treat hazardous and/or non-

hazardous waste/material and which may or may not require permit from such agencies as 
Department of  Health Services, Regional Water Quality Control Board and Air Pollution Control 
Board.  TTU’s shall not be allowed in any zone without the issuance of a Conditional Use Permit. 
TTU’s shall only be considered for permitting if there is an existing industrial, manufacturing or 
commercial use, and then only for a limited period not to exceed ninety (90) days 

hhh) Waste to energy facility less than 10 megawatt 
iii) Water and/or Wastewater Treatment Plant 
jjj) Wind Driven Electrical Generator, for commercial sale  as per Division 17 
 

§ 90508.03 PROHIBITED USES 
 

All other uses not expressly permitted by Section 90508.01 or 90508.02 are prohibited. 
 
§ 90508.04 MINIMUM LOT/PARCEL SIZE 
 

No portion of any lot within the A-2 Zone shall contain less than forty (40) acres gross (existing parcels at 
time of adoption of this Title are legal), except in the case of a conveyance to or from a governmental 
agency or public entity, for public purpose, public utility purpose (non-fee) right-of-way.  The intent is to 
maintain agricultural and in the largest farmable parcel configurations. 
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EXCEPTION: (The lot sizes in any Lot Reduction Exception may require minimum net land area per 
dwelling unit if an OWTS will be used, as required by County Ordinance §8.80.150.. 

 
LOT REDUCTION EXCEPTION #1 
 
Notwithstanding Section 90508.04, the Planning Director or Planning Commission may approve a 
parcel map creating no more than two (2) parcels where one or both of the parcels is smaller than 
the applicable minimum parcel size only if the following conditions can be met. 
 

a. The subdivision is to authorize conveyance of an existing single family dwelling 
which was actually constructed prior to April 1, 1976. 

 
b. The subdivider agrees to convey and surrender development rights to the County 

covering a sufficient remainder of property to guarantee that the reduction in the 
lot area will not result in an increase in the density of residential uses than 
otherwise permitted in the zone in which the property is located.  Such a 
conveyance shall be in a form approved by the Planning Director and shall be 
recorded with the final parcel map. 

 
c. Compliance is made with all other requirements contained in this Title. 
 

LOT REDUCTION EXCEPTION #2 
 
Notwithstanding Section 90508.04, the Planning Director or Planning Commission may approve a 
parcel map creating no more than four (4) parcels where one or all of the parcels is smaller than 
the applicable minimum parcel size only if all of the following conditions and findings can be met. 

 
CONDITIONS 

 
There are existing small parcels within identified existing enclaves that meet all (a.-e.) of the 
following parameters: 

 
a. The existing and the proposed parcels meet or can meet minimum health and 

safety standards for potable water, for fire protection, for police protection and for 
sewage disposal. 

 
b. There are six (6) or more existing small contiguous parcels (1/2 to 10 acres 

maximum) within a confined area. 
 

c. There are at least six (6) existing residences within the enclave. 
 

d. The enclave consists of parcels sized to allow further division while still meeting 
minimum parcel sizes that can meet the requirements of this Division. 

 
e. The further division of land within the enclave does not promote the enlargement 

of the outer boundary of the area. 
 

FINDINGS 
 

To allow divisions of land within an identified enclave the Commission and/or Board of Supervisors 
must be able to make the following findings: 

a. The division is within an impacted enclave that will not adversely impact 
surrounding agricultural operations, 

 
b. The division enhances agricultural land protection by converting existing impacted 

land more efficiently and by keeping other agricultural land protected 
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c. The division is within an existing enclave of six (6) or more shall (1/2 to 10 acre) 

parcels, and six (6) or more existing residences, 
 

d. The parcel (s) shall not be less than .5 acres net if a full soils report shows 
adequate soil conditions to support development and long term sewage disposal 
capacity.  Larger size parcels will be required, if the soil report or other factors 
necessitate, 

 
e. The area can be provided adequate fire and police protection services. A written 

statement from the Fire Department and the Sheriff/Police Department shall be 
required, 

 
f. The division can mitigate and comply with added traffic impacts, 

 
g. The proposed division has an adequate supply of water to each parcel, through an 

acceptable conveyance system, and can or will provide potable water to each 
parcel, 

 
h. Each existing, as well as proposed parcel, abuts a public road or highway and/or 

has legal and physical access via a County road, 
 

i. The long term impacts of additional sewage disposal system within the enclave is 
verified and can sustain the additional loads as shown by acceptable engineering 
studies. 

 
§ 90508.05 MINIMUM LOT AREA/DWELLING UNIT 
 

There shall be no more than one principal single family dwelling per legal lot in the A-2 Zone, except with a 
conditional use permit. There shall be a minimum one acre per dwelling unit, for the first unit, and there 
shall be a minimum of 30,000 square feet for any additional dwelling unit that may be allowed. However, 
when an OWTS is proposed for any dwelling unit, the lot area per dwelling unit shall be a minimum of (2.5) 
two and a half acres as  set forth in County Ordinance §8.80.150. 

 
§ 90508.06 YARDS AND SETBACKS 
 

The following yard setback requirements shall apply in the A-2 Zone: 
 

A. FRONT YARD. Except as otherwise provided, the front yard minimum setback for all buildings shall 
be as follows: 

 
The minimum front yard setback for all buildings within the A-2 Zone shall be 30 feet from the front 
yard property line or edge of public right-of-way, or in absence of a known (identifiable) property 
line, 80 feet from centerline of any existing or proposed secondary road or highway.  In no case 
shall the front yard minimum setback be less than 30 feet from the edge of right-of-way. 

 
B. SIDE YARD. Except as otherwise provided, the side yard minimum setback for all buildings shall 

be as follows: 
 

Side yard setback on each side of any building of not less than five (5) feet, except that on street 
sides of a corner lot, the building shall be setback a minimum of thirty (30) feet from the edge of 
right-of-way. 

 
C. REAR YARD. Except as otherwise provided, the rear yard minimum setback for all buildings shall 

be as follows: 
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There shall be a rear yard setback of not less than ten (10) feet for all structures, except that in the 
case of through lots that designate rear yard shall be the equivalent of the front yard. 

 
§ 90508.07 HEIGHT 
 

The following height limits apply in the A-2 Zone. 
 

A. Residential buildings shall not exceed three (3) stories in height or forty (40) feet. 
 

B. Radio and television antennae, chimney and other residential accessory features, structures, shall 
not exceed sixty (60) feet in height and as may be required by Airport Land Use Compatibility Plan 
(ALUCP). 

 
C. Non-Residential structures and commercial communication towers shall not exceed one hundred 

twenty (120) feet in height, and shall meet ALUC Plan requirements. 
 

D. All height limits shall also be subject to the restrictions of other divisions including airport approach 
zones, etc. 

 
§ 90508.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements shall apply to the minimum distance between structures in the A-2 Zone. 
 

A. There shall be least ten (10) feet between any residential structure and a residential accessory 
structure. 

 
B. There shall be at least fifteen (15) feet between residential structures. 

 
C. There shall be at least fifty (50) feet between any residential structure and a non-residential 

structure housing animals, including pens, coops, stables, barns. 
 

D. There shall be a minimum of one hundred (100) feet between any sanitary disposal system and a 
groundwater well. 

 
E. There shall be at least one hundred (100) feet between any structure/pen housing animals and a 

groundwater well or potable water supply. 
 
§ 90508.09 PARKING 
 

Off-street parking in the A-2 Zone shall be provided in accordance with the requirements of Section 
90402.01A (Residential Uses).  Each single family dwelling shall meet this requirement.  Additional parking 
shall be required for accessory or secondary uses. 

 
§ 90508.10 SIGNS 
 

The following signs shall be permitted in the A-2 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
1. Temporary real estate signs not exceeding 20 sq. ft., and advertising the property for sale 

or lease, and meeting requirements of Division 4, Chapter 1, of this Title. 
 

2. Temporary construction signs related to construction on said property, meeting 
requirements of Division 4, Chapter 1. 

 
3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 

meeting requirements of Division 4, Chapter 1. 
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4. Signs approved in conjunction with a Conditional Use Permit approved for the site. 
 
5. Temporary agricultural signs as allowed by Section 90401.10. 

 
§ 90508.11 LANDSCAPING 
 

Landscaping for non-residential development in the A-2 zone shall be the same as the M-1 zone (excluding 
crop and tree farming).  Landscaping for residential development shall be the same as the R-1 zone. 
 

§ 90508.12 SPECIAL REVIEW PROCEDURES AND DEVELOPMENT STANDARDS 
 

The following special review procedures and development standards shall apply in the A-2 Zone. 
 

A. Temporary farm stand for the sale of agriculture, horticultural or farming products, 
permitted within the A-2 Zone shall comply with the following standards: 

 
1.  Comply with standards of Division 17 of the Food & Agricultural Code and Chapter 

12.5 of the California Health & Safety Code. 
 

2. The floor area of the farm stand shall not exceed 600 square feet. 
 
3. The farm stand shall not be located closer than 25 feet from the driveway line of 

the front yard. 
 
4. The stand shall be erected in such a manner that it can be readily removed. 
 
5.  The owner shall remove the stand at his or her own expense, when the stand is 

not in use for a period of sixty (60) consecutive days. 
 
6. Customer parking, at the ratio of one car per 100 square feet, with a minimum of 

two (2) car spaces shall be provided, and shall be surfaced to prevent fugitive dust 
emissions. 

 
B. A mobile home or recreational vehicle permitted as a temporary dwelling during 

construction of a conventional dwelling shall comply with the following standards. 
 

1. Building permits for construction of a conventional single family residence shall be 
obtained prior to or concurrent with the installation of the permit for the mobile 
home or RV. 

 
2.  The mobile home shall be removed from the premises if: 
 

a. 6 months has passed since the mobile home or recreational vehicle was 
installed; 

 
b. 7 days has passed since the conventional dwelling was approved for 

occupancy; 
 
c. The building permit has lapsed due to lack of activity. 

 
3. One extension of time for a period not to exceed six (6) months may be directed 

by the Director of Planning, upon written request by the property owner.  Extension 
may only be approved subject to the following condition: 

 
a. An active building permit is on file with Imperial County Planning & 

Development Services Department. 
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b. The construction of a conventional dwelling unit on the site has progressed 
to a stage of inspection and approval, for the framing, rough electric, rough 
mechanical and top out. 

 
C. TEMPORARY VISITORS USE 

 
While the use of Recreational Vehicles (R.V.’s) is not allowed as temporary or permanent 
residential dwellings, the incidental and occasional utilization of an R.V. may be allowed under the 
following conditions: 

 
1. An R.V. may be connected to utilities and occupied for a period not to exceed two weeks 

annually per Title 12.04 et al. of the Imperial County Codified Ordinance. 
 

2. The R.V. connections are installed to meet applicable Health and Safety Code Regulations, 
and permitted by Planning & Development Services Department. 

 
3. The R.V. connections are for the primary use and are not independent service connections. 

 
4. The R.V. is not allowed in or upon any public street or right-of-way. 

 
   
                                                 THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 9: A-3 (HEAVY AGRICULTURE) 
 

 § 90509.00 PURPOSE & APPLICABILITY 
§ 90509.01 PERMITTED USES IN THE A-3 ZONE 
§ 90509.02 USES PERMITTED WITH CONDITIONAL USE PERMIT ONLY 
§ 90509.03 PROHIBITED USES 
§ 90509.04 MINIMUM LOT SIZE 
§ 90509.05 MINIMUM LOT AREA PER DWELLING UNIT 
§ 90509.06 YARDS AND SETBACKS 
§ 90509.07 HEIGHT 
§ 90509.08 MINIMUM DISTANCE BETWEEN SETBACKS 
§ 90509.09 PARKING 
§ 90509.10 LANDSCAPING 
§ 90509.11 SIGNS 
§ 50509.12 SPECIAL REVIEW PROCEDURES AND DEVELOPMENT STANDARDS 

 
§ 90509.00 PURPOSE & APPLICABILITY 
 

The purpose of the A-3 (Heavy Agriculture) [40 acres or larger typical] Zone is to designate areas that are 
suitable for agricultural land uses; to prevent the encroachment of incompatible uses onto and within 
agricultural lands; and to prohibit the premature conversion of such lands to non-agricultural uses.  It is a 
land use that is to promote the heaviest of agricultural uses in the most suitable land areas of the County.  
Uses in the A-3 zoning designation are limited primarily to agricultural related uses and agricultural activities 
that are compatible with agricultural uses. 

 
§ 90509.01 PERMITTED USES IN THE A-3 ZONE 
 

The following uses are permitted in the A-3 Zone provided they meet the requirements of this Title: 
 

a) Agricultural accessory structure(s) (including cargo containers) 
b) Agricultural industry and agricultural services when incidental to and secondary to the primary use 

of the agricultural parcel and by the same land owner. 
c) All uses shown in § 90508.01 but not § 90507.01 
d) Animal sales yards or stockyard 
e) Contract harvesting, when incidental to and secondary to the primary use of the premise for 

agriculture. 
f) Cotton gins 
g) Creameries, cheese processing, yogurt manufacturing 
h) Dehydration mills 
i) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
j) Farm stands, temporary in nature, and incidental to the permitted primary use are allowed.  Retail 

sales of processed products, processed under A-3 Zone provided that they are incidental to and 
secondary to the primary use, subject to Section 90509.12 (A)  

k) Feedlots 
l) Fruit, vegetable and plant product processing including, cold storage, packaging, preserving, 

canning, and shipping when the agricultural products are produced or grown by the owner of the 
processing facility on the premise or on land leased, rented or owned by the owner of the 
processing facility 

m) Home Occupation per Division 4, Chapter 4 of Title 9 Land Use Ordinance (Home Occupation 
permit required) 

n) Honey extraction 
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o) Industrial Hemp: including the cultivation, harvesting and testing, and light processing, subject to 
Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

p) Miscellaneous uses.  Accessory building, structures including cargo tank containers, if incidental to 
and accessory to the primary permitted use, flood control facilities, home occupation, hunting or 
fishing clubs without permanent structures, water storage or groundwater recharge facilities, water 
systems, sewage treatment facilities, wildlife or natural preserves. 

q) Residential accessory structure(s) (including cargo containers) 
r) Single family dwelling 
s) Solar energy extraction generation provided that it is for on-site consumption only 
t) The breeding and raising of animals including, bee keeping, cattle or livestock grazing, birds, dairy 

stock, fish and frogs, hogs, horse, donkeys, mules, poultry, rabbits,  and sheep. 
u) The growing and harvesting of all agricultural crops, including berry crops, bush crops, field crops 

(both dry and irrigated), flowers, and horticultural specialties, greenhouse, nursery, nut, timber, 
vegetable and vine. 

v) Residential accessory structures, farm labor housing under California law 
w) Transmission lines, including supporting towers, poles microwave towers, utility substations. 

 
Special Note:  The uses under agricultural industries may be in the form of a co-operative, 
corporation, limited partnership or sole proprietorship provided, if the facility continues to be used 
for agricultural related processing.  In the event the facility ceases to operate, it shall not be 
converted to another non-agricultural related processing or other commercial/industrial use. 

 
§ 90509.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  
 

The following uses are permitted in the A-3 Zone provided they meet the requirements of this Title: 
 
a) Abattoir or animal slaughter house  
b) Accessory Dwelling Unit (one additional) unit per legal parcel, not to exceed two (2) per legal parcel 

which cannot then be subdivided at a later date 
c) Agricultural animal products processing including, meat and fish packing, canning and shipping, 

provided the livestock is produced or grown by the owner of the process facility on the premise or 
on land, leased, rented or owned by the owner of the processing facility. This section does not allow 
for slaughterhouses, rendering plants or tanning operations or any similar animal or agricultural 
waste or by product processing 

d) Agricultural chemical storage, shipping and packing facilities (no manufacturing) 
e) Agricultural related trucking facility (hauling primarily agricultural products) 
f) Airports or aircraft landing fields for private non-commercial use and agricultural air applicators 
g) Animal hospitals, kennels and veterinarian office 
h) Animal shelters 
i) Battery Storage Facility (must be connected to an existing electrical power generation plant such 

as solar, geothermal, wind, natural gas, or other renewable energy generator, as an accessory unit 
to said power plant) 

j) Bio-mass energy conversion plant 
k) Cemeteries, columbariums, crematories and mausoleums 
l) Chickory processing facilities 
m) City, County, State and Federal enterprises, including buildings, facilities and uses of departments 

or institutions thereof which are necessary or advantageous to the general welfare of the 
community 

n) Cold storage facility for agricultural products 
o) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc.. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

p) Composting Facility 
q) Concrete or asphalt batch plants (Temporary and in conjunction with an active capital improvement 

project) 
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r) Dams and/or Reservoir 
s) Drainage control systems 
t) Equestrian establishments, stables and riding academies 
u) Ethanol plants with a capacity not to exceed one million gallons a year 
v) Explosive material storage and handling 
w) Farm labor housing for contract labor 
x) Farm machinery and equipment repair facilities 
y) Fertilizer mixing, storage and transport facilities (not manufacturing) 
z) Fireworks; assembly and storage according to §90501.17 
aa) Flower mills 
bb) Fruit and vegetable packing and processing plants 
cc) Geothermal test facilities, Intermediate projects, and major exploratory wells meeting the 

requirements in Division 17 
dd) Glucose processing  
ee) Government office or public buildings 
ff) Grain elevators for commercial storage and shipping 
gg) Guest ranches 
hh) Hay processing and storage 
ii) Heliport 
jj) Hog ranches 
kk) Hospitals, sanitariums and rest homes 
ll) Industrial Hemp: manufacturing into semi-finished and finished products, subject to Division 4 

Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
mm) Labor camps 
nn) Land application of sludge or similar product/waste to agricultural land 
oo) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under state or federal law, to be approved exclusively by an agency or agencies 
of the state and/or federal governments and provided that such facilities shall be approved 
subsequent to coordination and review with the Imperial Irrigation District for electrical matters, 
meeting the requirements in Division 17 

pp) Major geothermal projects,  meeting the requirements in Division 17 
qq) Mining and mineral extraction or rock, gravel, sand and crushing processing 
rr) Non-hazardous waste facility 
ss) Oil extraction 
tt) Private airports 
uu) Public agency or public utility buildings and structures 
vv) Race tracks (non-motorized) 
ww) Restricted Produce Sales. This “restricted” produce sales would allow for the retail sales of minor 

food items and souvenirs generally attributable to items sold at roadside and fruit stands, provided, 
however, that such use is otherwise allowable by State and local laws. 

xx) Septic disposal systems 
yy) Shooting range 
zz) Solar energy plants meeting the requirements in Division 17 
aaa) Special Occasion Facility 
bbb) Surface mining operations 
ccc) Tasting rooms 
ddd) Temporary construction yard/office 
eee) Temporary Real Estate tract offices and signs 
fff) Transfer stations (solid waste non-hazardous) 
ggg) Transportation Treatment Units (TTU’s) which are used to process/treat process hazardous and/or 

non-hazardous waste/material and which may or may not be required permit from such agencies 
as Department of Health Services, Regional Water Quality Control Board and Air Pollution Control 
Board shall only be permitted through a Conditional Use Permit.  TTU’s shall not be allowed in any 
other zone and only with the issuance of a Conditional Use Permit.  TTU’s shall only be considered 
for permitting in the zones if there is an existing industrial, manufacturing or commercial use to 
which the TTU would be an accessory use, and then only for a limited period not to exceed ninety 
(90) days. 
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hhh) Veterinary clinics 
iii) Waste to energy facilities 
jjj) Water treatment plants 
kkk) Wineries 
lll) Wool pulling and scouring 
 

§ 90509.03 PROHIBITED USES 
 

All other uses not permitted specifically by Sections 90509.01 and 90509.02 of this Chapter are prohibited. 
 
§ 90509.04 MINIMUM LOT SIZE 
 

No portion of any lot parcel within the A-3 Zone shall contain less than 40 acres gross, except in the case 
of conveyances to or from a governmental agency, public entity, public utility, community water company 
or mutual water company, or parcels less than 40 acres(net or gross) at time of adoption of this ordinance.  
The intent is to maintain all agricultural land in the largest farmable parcel size. 

 
EXCEPTION: 

 
LOT REDUCTION EXCEPTION #1 

 
Notwithstanding Section 90509.04, the Planning Director or Planning Commission may approve a 
parcel map creating no more than two (2) parcels where one (1) or both of the parcels is smaller 
than the applicable minimum parcel size and only if the following conditions can be met: 

 
a. The subdivision is to authorize conveyance of a single family dwelling which was 

actually constructed prior to April 1, 1976. 
 
b. The subdivider agrees to convey and surrender development rights to the County 

covering a sufficient remainder of property to guarantee that the reduction in the 
lot area will not result in an increase in the density of residential uses than 
otherwise permitted in the zone in which the property is located.  Such a 
conveyance shall be in a form approved by the Planning Director and shall be 
recorded with the final parcel map. 

 
c. Compliance is made with all other requirements contained in this Title. 

 
 

LOT REDUCTION EXCEPTION #2 
 
Notwithstanding Section 90508.04, the Planning Director or Planning Commission may approve a 
parcel map creating no more than four (4) parcels where one or all of the parcels is smaller than 
the applicable minimum parcel size and only if all of the following conditions and findings can be 
met: 

 
CONDITIONS: 

 
There are existing small parcels within identified existing enclaves that meet all (a.-e.) of the 
following parameters. 

 
a. The existing and the proposed parcels meet or can meet minimum health and 

safety standards for potable water, for fire protection, for police protection and for 
sewage disposal. 

 
b. There are six (6) or more existing small, contiguous parcels (1/2 to 10 acres 

maximum) within a confined area. 
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c. There are at least six (6) existing residences within the enclave. 
 

d. The enclave consists of parcels sized to allow further division while still meeting 
minimum parcel sizes the can meet the requirements of this division. 

 
e. The further division of land within the enclave does not promote the enlargement 

of the outer boundary of the area. 
 

FINDINGS: 
 

To allow divisions of land within an identified enclave the Commission and/or Board of Supervisors 
must be able to make the following findings: 

 
a. The division is within an impacted enclave that will not further adversely impact 

surrounding agricultural operations, 
 
b. The division enhances agricultural land protection by converting existing impacted 

land more efficiently and by keeping other agricultural land protected 
 
c. The division is within an existing enclave of six (6) or more (<10 acre) parcels, and 

six (6) or more existing residences, 
 
d. The parcel (s) shall not be less than .5 acres net if a full soils report shows 

adequate soil conditions to support development and long term sewage disposal 
capacity.  Larger size parcels will be required, if the soil report or other factors 
necessitate, 

 
e. The area can be provided adequate fire and police protection services. A written 

statement from the Fire Department and the Sheriff/Police Department shall be 
required, 

 
f. The division can mitigate and comply with added traffic impacts, 
 
g. The proposed division has an adequate supply of water to each parcel, through an 

acceptable conveyance system, and can or will provide potable water to each 
parcel, 

 
h. Each existing, as well as proposed parcel, abuts a public road or highway and/or 

has legal and physical access via a County road, 
 
i. The long term impacts of additional sewage disposal system within the enclave is 

verified and can sustain the additional loads as shown by acceptable engineering 
studies. 

 
§ 90509.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

There shall be not more than one (1) principal single-family dwelling on any legal parcel in the A-3 Zone, 
except that by a conditional use permit, a caretaker residence may be allowed in addition to the principal 
residence.  Where due to a proven need two (2) caretakers residences are needed to service an existing 
on-site use, two (2) may be allowed upon adequate findings.  Where one (1) or more residence is allowed 
in an A-3 zone, they shall not be allowed to be subdivided from the existing parcel at a later date. However, 
when an OWTS is proposed for any dwelling unit, the lot area per dwelling unit shall meet the standards 
set forth in County Ordinance §8.80.150. 

 
§ 90509.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the A-3 Zone. 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

 
A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 

as follows: 
 

1. 30 feet minimum from front yard property line or 80 feet from centerline of adjacent street 
 

2. 30 feet from the front yard property line for all non-residential structures. 
  

3. 300 feet from centerline of adjacent major collector roads, if any, for any animal, livestock 
pens 

 
4. 100 feet from centerline of adjacent street for any agricultural processing facility 

 
B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows: 
 
There shall be a side yard setback on each side of a building of not less than 10 feet. 

 
C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
 
There shall be a rear yard of not less than 10 feet for all structures. 

 
§ 90509.07 HEIGHT 
 

The following height limits apply in the A-3 Zone. 
 

A. Residential buildings shall not exceed three (3) stories in height or forty (40) feet. 
 
B. Radio and television antennae, chimney and other residential accessory features, 

structures, shall not exceed sixty (60) feet in height and as may be required by the Airport 
Land Use Compatibility Plan (ALUCP). 

 
C. Non-Residential structures and commercial communication towers shall not exceed one 

hundred twenty (120) feet in height, and as may be required by the Airport Land Use 
Compatibility Plan (ALUCP). 

 
D. All height limits shall also be subject to the restrictions of other divisions including airport 

approach zones, etc. 
 
§ 90509.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements shall apply to the minimum distance between structures in the A-3 Zone. 
 

A. There shall be least ten (10) feet between any residential structure and a residential 
accessory structure. 

 
B. There shall be at least fifteen (15) feet between residential structures. 

 
C. There shall be at least fifty (50) feet between any residential structure and a non-residential 

structure housing animals, including pens, coops, stables, barns. 
 

D. There shall be a minimum of one hundred (100) feet between any sanitary disposal system 
and a groundwater well. 

 
E. There shall be at least one hundred (100) feet between any structure/pen housing animals 

and a groundwater well or potable water supply. 
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§ 90509.09 PARKING 
 

Off-street parking shall be provided in the A-3 Zone according to the standards contained in Sections 
90402.00 through 90402.16 of this Title.   

 
§ 90509.10 LANDSCAPING 
 

Landscaping for non-residential development in the A-3 zone shall be the same as the M-1 zone (excluding 
crop and tree farming). Landscaping for residential Development shall be the same as the R-1 zone. 

 
§ 90509.11 SIGNS 
 

The following signs shall be permitted in the A-3 Zone; however, all signs shall be subject to Section 90401 
as applicable: 

 
1. Temporary real estate signs, not exceeding 20 square feet, in advertising property for sale 

or lease and meeting the requirements of Division 4, Chapter 1. 
 
2. Temporary construction signs related to construction on said property, again meeting 

requirements of Division 4, Chapter 1. 
 
3. Temporary political, religious, civic and campaign sign not exceeding three (3) months in 

duration and meeting the requirements of Division 4, Chapter 1. 
 
 4. Signs related to agricultural products grown on-site or for sale on-site. 
  

5. Institutional identification signs when approved in conjunction with the CUP. 
 
§ 90509.12 SPECIAL REVIEW PROCEDURES AND DEVELOPMENT STANDARDS 
 

The following special review procedures and development standards shall apply in the A-3 Zone. 
 

A. Temporary farm stand for the sale of agriculture, horticultural or farming products, 
permitted within the A-3 Zone shall comply with the following standards: 

 
1.  Comply with standards of Division 17 of the Food & Agricultural Code and Chapter 

12.5 of the California Health & Safety Code. 
 
2. The floor area of the farm stand shall not exceed 600 square feet. 
 
3. The farm stand shall not be located closer than 25 feet from the driveway line of 

the front yard. 
 
4. The stand shall be erected in such a manner that it can be readily removed. 
 
5.  The owner shall remove the stand at his or her own expense, when the stand is 

not in use for a period of one hundred twenty (120) consecutive days. 
 
6. Customer parking, at the ratio of one car per 100 square feet, with a minimum of 

two (2) car spaces shall be provided, and shall be surfaced to prevent fugitive dust 
emissions. 

 
B. A mobile home or recreational vehicle permitted as a temporary dwelling during 

construction of a conventional dwelling shall comply with the following standards. 
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1. Building permits for construction of a conventional single family residence shall be 
obtained prior to or concurrent with the installation of the permit for the mobile 
home. 

 
2.  The mobile home shall be removed from the premises if: 
 

a. 6 months has passed since the mobile home or recreational vehicle was 
installed; 

 
b. 7 days has passed since the conventional dwelling was approved for 

occupancy; 
 
c. The building permit has lapsed due to lack of activity. 
 

3. One extension of time for a period not to exceed six (6) months may be directed 
by the Director of Planning, upon written request by the property owner.  Extension 
may only be approved subject to the following condition: 

 
a. An active building permit is on file with Imperial County Planning & 

Development Services Department. 
 
b. The construction of a conventional dwelling unit on the site has progressed 

to a stage of inspection and approval, for the framing, rough electric, rough 
mechanical and top out. 

 
C. TEMPORARY VISITORS USE 

 
While the use of Recreational Vehicles (R.V.’s) is not allowed as temporary or permanent 
residential dwellings, the incidental and occasional utilization of an R.V. may be allowed under the 
following conditions: 

 
1. An R.V. may be connected to utilities and occupied for a period not to exceed two weeks 

annually per Section 12.04 et al. 
 

2. The R.V. connections are installed to meet applicable Health and Safety Code Regulations, 
and permitted by Planning & Development Services Department. 

 
3. The R.V. connections are for the primary use and are not independent service connections. 

 
4. The R.V. is not allowed in or upon any public street or right-of-way. 

 
   
                                                             THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 
CHAPTER 10: AM-1 (AGRICULTURAL RELATED LIGHT INDUSTRIAL) 
 
  § 90510.00 PURPOSE & APPLICATION 
  § 90510.01 PERMITTED USES IN THE AM-1 ZONE 
  § 90510.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
  § 90510.03 PROHIBITED USES 
  § 90510.04 MINIMUM LOT/PARCEL SIZE 
  § 90510.05 MINIMUM LOT/AREA IMPROVEMENT STANDARDS 
  § 90510.06 YARDS AND SETBACKS 
  § 90510.07 HEIGHT 
  § 90510.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
  § 90510.09 PARKING 
  § 90510.10 SIGNS 
  § 90510.11 LANDSCAPING 
 
 
§ 90510.00 PURPOSE & APPLICATION 
 

The purpose of the AM-1 (Agriculture related Light Industrial) zone is to: 
 

A. Provide a zone that is consistent with the intent of the General Plan to protect agriculture and at 
the same time allow limited but compatible industrial uses within the agriculture land use categories; 

 
B. Provide areas that are suitable for agricultural related Light Industrial land uses, yet are still 

compatible with and create no adverse impacts on adjacent agricultural land uses; 
 

C. Provide an opportunity for existing Industrial uses, or for existing M-1 & M-1-N zones to become 
consistent with the General Plan without becoming pre-existing non-conforming uses. 

 
§ 90510.01 PERMITTED USES IN THE AM-1 ZONE 

 
The following uses are permitted in the AM-1 Zone provided they meet the requirements of this Title: 

 
a) Accessory Dwelling Unit per Section 90405.02 incidental to primary use (i.e. caretakers residence; 

owners residence, security guard residence) 
b) Agricultural accessory structure(s) (including cargo containers) 
c) Agriculture chemical (fertilizer, pesticides, etc.) sales & shipping (not manufactured) 
d) Agricultural signs less than 100 square feet and less than 15 feet high. See Section 90510.10. 
e) All agricultural (farming) uses in the A-2 zone as listed under 90508.01  
f) Animal grooming 
g) Animal kennel or boarding facility 
h) Animal training facility 
i) Cold storage facilities for agriculture products 
j) Contract harvesting business 
k) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
l) Equestrian establishment 
m) Farm implement manufacturing (Light Manufacturing & assembly with less than 20 employees) 
n) Farm implement rental facility 
o) Farm implement repair (facility with less than 20 employees) 
p) Farm implement sales including parts (new) 
q) Farm implement sales including parts (used) 
r) Farmers market facility 
s) Feed stores (rental & wholesale) (Not regional distribution centers) 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

t) Fuel (bulk) sales 
u) Gardening & landscape supply store 
v) Industrial Hemp: including the cultivation, harvesting and testing, and light processing, subject to 

Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

w) Industrial Hemp: manufacturing into semi-finished and finished products, subject to Division 4 
Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance  

x) Mineral exploration 
y) Packaging facility for agricultural products 
z) Poultry butchering including processing & shipping 
aa) Processing facility for agricultural products 
bb) Seed processing facility 
cc) Seed stores (retail & wholesale) 
dd) Solar energy extraction generation provided that it is for on-site consumption only. 
ee) Veterinary clinic/hospital 

 
 

§ 90510.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the AM-1 Zone provided they meet the requirements of this Title: 
 

a) Agriculture chemical manufacturing 
b) Commercial Cannabis (Manufacturing), subject to Division 4 Chapter 6 of Title 9 Land Use 

Ordinance and Title 14 of the Imperial County Codified Ordinance 
c) Composting facility 
d) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

e) Farm labor bus transport facility 
f) Farm labor housing 
g) Heliports 
h) Mineral extraction facility 
i) Race track for horse or dog racing 
j) Rendering facility 
k) Slaughterhouse 
l) Solar power generation meeting the requirements in Division 17. 
m) Solid waste transfer station 
n) Waste to energy facility 
o) Wind electric power generation, meeting the requirements in Division 17. 

 
§ 90510.03 PROHIBITED USES 
 

All uses not expressly permitted either under 90510.01 or 90510.02 are strictly prohibited.  In addition, 
where an agricultural industrial use/business is allowed in an AM-1 zone, it shall not be converted to a non-
agricultural use, for a minimum of seven (7) years from date of Certificate of Occupancy for any project 
developed after adoption of this Title or five (5) years from adoption of this Title for any project operating in 
compliance with this zone at date of adoption. 

 
Prior to such a conversion, the property owner/operator shall file a written request for a zone change in 
allowed use.  The County may approve or deny such a request upon a public hearing before the Planning 
Commission and/or the Board of Supervisors.  To allow the change the County must be able to find that 
the proposed change meets all of the following: 

 
A. The proposed use does not create or impose an adverse impact on the adjoining agricultural land 

uses. 
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B. The proposed use has or will have adequate infrastructure which at a minimum shall include 
adequate sized and designed roads, waste water treatment and related infrastructure. 

 
C. The average daily trips (ADT) count for the proposed new project is less than or equal to the 

average ADT for the existing project.  If the new project exceeds the average ADT, a traffic study 
shall be required and all required mitigation measures implemented. 

 
D. Applicant has met the burden of proof to show that there are no other alternatives available to 

him/her except for the conversion to a non-agricultural land use. 
 
§ 90510.04 MINIMUM LOT/PARCEL SIZE 
 

No portion of or any lot within the AM-1 zone shall contain less than 1 acre net. 
 
§ 90510.05 MINIMUM LOT/AREA IMPROVEMENT STANDARDS 
 

In order for structures and/or facilities and/or land uses allowed in the AM-1 zone to be consistent with the 
intent of the General Plan they shall meet the minimum requirements of this Title, applicable State & Federal 
regulations and the following standards: 

 
A. TRAFFIC 

 
Any AM-1 use that generates in excess of 100 ADT (to and from the facility) shall prepare a traffic 
study and shall implement all traffic mitigation measures, including turn lanes, signal lights, signage 
etc., as determined by the Department of Public Works. 
 

B. AIR QUALITY 
 

Any AM-1 use shall comply with and obtain permits from the Air Quality Control District prior to 
construction/operation, if determined necessary by the Air Pollution Control Officer. 
 

C. WATER & WASTEWATER 
 

Any AM-1 use that requires by Federal, State or local law/code or employs people shall provide 
treated (potable) water meeting the California drinking water standard.  Likewise any such facility 
shall provide for wastewater treatment meeting California Regional Water Quality Control Board 
(CRWQCB) standards. 
 

D. AG COMPATIBILITY 
 

It shall be the obligation through studies, if necessary, for the proponent/owner of an AM-1 
facility/use to prove that the use is compatible with the adjacent agricultural land uses. 

 
§ 90510.06 YARDS AND SETBACKS 
 

The following yard setback requirements shall apply in the AM-1 zone: 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 
as follows: 

 
1. 25’ minimum from public right-of-way, and/or 
 
2. 80’ from centerline of existing or proposed secondary arterial and/or 
 
3. 60’ from centerline of existing or proposed local street, and/or 
 
4. 65’ from centerline of existing or proposed collector 
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B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows: 
 

1. 10’ on each side.  
 

2. Except that on a corner lot, the side facing a street shall be the same as the front yard. 
   
3.  Except that the side yard may be 0’ setback where the construction of the wall including 

parapet is of four (4) hour fire resistant construction and provided the overall height of the 
structure is less than 20 feet. 

 
C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
 

1. 10’ minimum 
 

2. The rear yard may be 0’ setback where the construction of the wall including parapet is of 
four (4) hour fire resistant construction and provided the overall height of the structure is 
less than 20 feet. 

 
§ 90510.07 HEIGHT 
 

The following height limit shall apply in the AM-1 Zone: 
 

A. Primary Structure- 80 feet 
 

B. Accessory Structure(s)- 30 feet 
 

C. Architectural Appurtenances such as TV & radio antennae, communication towers, silo elevators 
shall not exceed 100 feet. 

 
D. All height limits shall meet and be subject to other Divisions within this Title and other applicable 

regulations such as the Airport Land Use Compatibility Plan. 
 

NOTE: Height shall be measured from the Average Ground Level (AGL) of the parcel. 
 

§ 90510.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 
The following minimum distances between structures in the AM-1 zone shall be provided: 

 
A. There shall be at least 20 feet between the primary structure and any accessory structure. 

 
B. There shall be at least 50 feet between a Light Industrial use structure and a residence. 

 
C. There shall be at least 100 feet between any structure housing animals or processing animals and 

a residence. 
 
§ 90510.09 PARKING 
 

The parking for the AM-1 zone shall be the same as required for the M-1 zone. 
 
§ 90510.10 SIGNS 
 

The following signs shall be permitted in the AM-1 Zone; however, all signs shall be subject to Section 
90401 as applicable. 
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A. Temporary Real Estate signs advertising the property for sale or rent, and not to exceed 20 square 
feet. 

 
B. Temporary construction signs not to exceed 40 square feet. 

 
C. Temporary political, religious or civic campaign signs, not to exceed three (3) months. 

 
D. Agricultural signs not to exceed 100 square feet. 

 
E. Institutional identification signs. 

 
F. Off-site directional signs. 

 
§ 90510.11 LANDSCAPING 
 

Landscaping in the AM-1 zone shall be the same as the M-1 zone. 
 

   
THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 
CHAPTER 11: AM-2 (AGRICULTURALLY RELATED- MEDIUM INDUSTRIAL) 
 
  § 90511.00 PURPOSE & APPLICATION 
  § 90511.01 PERMITTED USES 
  § 90511.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
  § 90511.03 PROHIBITED USES 
  § 90511.04 MINIMUM LOT/PARCEL SIZE 
  § 90511.05 MINIMUM LOT/AREA IMPROVEMENT STANDARDS 
  § 90511.06 YARDS AND SETBACKS 
  § 90511.07 HEIGHT 
  § 90511.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
  § 90511.09 PARKING 
  § 90511.10 LANDSCAPING 
 
 
§ 90511.00 PURPOSE & APPLICATION 
 

The purpose of the AM-2 (Agricultural related Industrial) Zone is to: 
 

A. Provide a zone that is consistent with the intent of the General Plan to protect agriculture and at 
the same time allow limited but compatible and consistent agricultural related industrial land uses 
within the agricultural land use categories as defined in the General Plan. 

 
B. Provide uses that are suitable for Agricultural related Medium intensity Industrial land uses, yet are 

still consistent with the General Plan and compatible with the agricultural land uses in the vicinity, 
that are intended not to create adverse impacts on adjacent agricultural land or adjacent 
infrastructure. 

 
C. Provide an opportunity for existing Industrial uses or for existing M-2 and M-2-N Zones to become 

consistent with the General Plan without becoming pre-existing, non-conforming uses. 
 

D. Provide an opportunity for on-farm processing of agricultural related products and produce that 
while industrial in nature, can be safely, effectively done within the agricultural designated land 
uses without adversely affecting either the surrounding agricultural land uses and without becoming 
a detriment on planned industrial areas. 

 
§ 90511.01 PERMITTED USES IN THE AM-2 ZONE 
 

The following uses are permitted in the AM-2 Zone provided they meet the requirements of this Title: 
 

a) Agricultural accessory structure(s) (including cargo containers) 
b) Agricultural chemical manufacturing 
c) Agricultural chemical (fertilizer, pesticide, etc.) sales, handling and shipping (not disposal) 
d) Agricultural signs, less than 100 square feet and less than 15 feet in height. See Section 90511.10) 
e) All agricultural (farming) uses in the A-3 Zone as listed under 90509.01 
f) Animal grooming and training facility 
g) Animal kennel or boarding facility 
h) Aquaculture product packaging, processing and shipping plant 
i) Cold storage facilities for agricultural products 
j) Composting facility 
k) Contract harvesting businesses 
l) Cotton gins 
m) Creamery and other dairy product processing 
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n) Dehydration plant 
o) Electrical Vehicles Charging Stations as an Accessory Use. (incidental to Primary Use) 
p) Equestrian establishment 
q) Farm implement manufacturing (medium manufacturing and assembly with more than 20 

employees) 
r) Farm implement rental facility 
s) Farm implement repair facility (facility with more than 20 employees) 
t) Farm implement sales and parts (new) 
u) Farm implement sales (used) (include dismantling) 
v) Farmers Market 
w) Farm labor bus transport facility 
x) Farm labor housing  
y) Feed stores (rental and wholesale) 
z) Fuel (bulk) sales 
aa) Gardening and landscape supply store 
bb) Industrial Hemp: including the cultivation, harvesting and testing, and light processing, subject to 

Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

cc) Industrial Hemp: manufacturing into semi-finished and finished products, subject to Division 4 
Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 

dd) Mineral exploration 
ee) Packing facility for agricultural products 
ff) Poultry butchering including processing and shipping 
gg) Processing facility for agricultural products 
hh) Accessory Dwelling Unit incidental to primary use (i.e. caretakers residence, owners residence, 

security guards residence) per Section 90405.02 
ii) Seed processing facility 
jj) Seed store, retail and wholesale 
kk) Slaughterhouse 
ll) Solar energy extraction generation provided that it is for on-site consumption only. 
mm) Vegetable and other produce packaging, processing and shipping plant 
nn) Veterinary clinic/hospital 
oo) Winery 

 
 
§ 90511.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the AM-2 Zone provided they meet the requirements of this Title: 
 

a) Agricultural pesticide manufacturing 
b) Asphalt and concrete batch plants 
c) Blacksmith shop 
d) Candle manufacturing 
e) Coffee roasting 
f) Commercial Cannabis Manufacturing, subject to Division 4 Chapter 6 of Title 9 Land Use Ordinance 

and Title 14 of the Imperial County Codified Ordinance 
g) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

h) Manufacturing, compounding, assembling or treating or articles or merchandise from previously 
prepared materials as follows: bone, quartz, feather, felt, fur, hair, horn, paper, leather, tobacco, 
wood, manufacturing of batteries, manufacturing of ice, manufacturing of soap, manufacturing of 
textiles 

i) Mineral extraction facility 
j) Paper and straw board manufacturing 
k) Pickle and sauerkraut manufacturing 
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l) Race track for horse or dog racing 
m) Rendering facility 
n) Soap manufacturing 
o) Sold waste transfer station 
p) Starch manufacturing 
q) Sugar manufacturing 
r) Taxidermist 
s) Temporary contractor’s yard 
t) Vinegar manufacturing 
u) Waste to energy facility 

 
§ 90511.03 PROHIBITED USES 
 

All uses not expressly permitted in 90511.01 or 90511.02 are strictly prohibited. 
 
§ 90511.04 MINIMUM LOT/PARCEL SIZE 
 

No portion of any lot within the AM-2 zone shall contain less than 2 acres (net). 
 
§ 90511.05 MINIMUM LOT/AREA IMPROVEMENT STANDARDS 
 

In order for structures and/or facilities and/or land uses allowed in the AM-2 zone to be consistent with the 
intent of the General Plan they shall meet the minimum requirements of this Title, applicable State & Federal 
regulations and the following standards: 

 
A. TRAFFIC 
 

Any AM-2 use that generates in excess of 100 ADT (to and from the facility) shall prepare a 
traffic study and shall implement all traffic mitigation measures, including turn lanes, signal 
lights, signage etc., as determined by the Department of Public Works. 

 
B. AIR QUALITY 
 

Any AM-2 use shall comply with and obtain permits from the Air Quality Control District prior to 
construction/operation, if determined necessary by the Air Pollution Control Officer. 

 
C. WATER & WASTEWATER 
 

Any AM-2 use that requires by Federal, State or local law/code or employs people shall provide 
treated (potable) water meeting the California drinking water standard.  Likewise any such 
facility shall provide for wastewater treatment meeting California Regional Water Quality 
Control Board (CRWQCB) standards. 

 
D. AG COMPATIBILITY 
 

It shall be the obligation through studies, if necessary, for the proponent/owner of an AM-2 
facility/use to prove that the use is compatible with the adjacent agricultural land uses. 

 
§ 90511.06 YARDS AND SETBACKS 
 

The following yard setback requirements shall apply in the AM-2 zone: 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be as  
follows: 

 
1.  25’ minimum from public right-of-way, and/or 
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2.  80’ from centerline of existing or proposed secondary arterial and/or 
 
3.  60’ from centerline of existing or proposed local street, and/or 
 
4.  65’ from centerline of existing or proposed collector 
 

B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be as  
follows: 

 
1.  10’ on each side, except that on a corner lot, the side facing a street shall be the same as 

the front yard. 
 
2.  The side yard may be 0’ setback where the construction of the wall including parapet is of 

four (4) hour fire resistant construction and provided the overall height of the structure is 
less than 20 feet. 

 
C.  Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
 

1.  10’ minimum 
 
2.  The side yard may be 0’ setback where the construction of the wall including parapet is of 

four (4) hour fire resistant construction and provided the overall height of the structure is 
less than 20 feet. 

 
§ 90511.07 HEIGHT 
 

The following height limit shall apply in the AM-2 Zone: 
 

A. Primary Structure- 80 feet 
 

B. Accessory Structure(s)- 30 feet 
 

C. Architectural Appurtenances such as TV & radio antennae, communication towers, silo elevators shall 
not exceed 100 feet. 

 
D. All height limits shall meet and be subject to other Divisions within this Title and other applicable 

regulations such as the Airport Land Use Compatibility Plan. 
 

NOTE: Height shall be measured from the Average Ground Level (AGL) of the parcel. 
 

§ 90511.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 
The following minimum distances between structures in the AM-2 zone shall be provided: 

 
A. There shall be at least 20 feet between the primary structure and any accessory structure. 

 
B. There shall be at least 50 feet between a Light Industrial use structure and a residence. 

 
C. There shall be at least 100 feet between any structure housing animals or processing animals and a 

residence. 
 
§ 90511.09 PARKING 
 

The parking for the AM-2 zone shall be the same as required for the M-1 zone. 
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§ 90511.10 SIGNS 
 

The following signs shall be permitted in the AM-2 Zone; however, all signs shall be subject to Section 
90401 as applicable. 

 
A. Temporary Real Estate signs advertising the property for sale or rent, and not to exceed 20 square 

feet. 
 

B. Temporary construction signs not to exceed 40 square feet. 
 

C. Temporary political, religious or civic campaign signs, not to exceed three (3) months. 
 

D. Agricultural signs not to exceed 100 square feet. 
 

E. Institutional identification signs. 
 

F. Off-site directional signs. 
 
§ 90511.11 LANDSCAPING 
 

Landscaping in the AM-2 zone shall be the same as the M-1 zone. 
 
 

                                   THIS SECTION INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 12: C-1 (LIGHT COMMERCIAL) 
 

§ 90512.00 PURPOSE & APPLICABILITY 
 § 90512.01 PERMITTED USES IN THE C-1 ZONE 

§ 90512.02 USES PERMITTED WITH CONDITIONAL USE PERMIT ONLY 
§ 90512.03 PROHIBITED USES 
§ 90512.04 MINIMUM LOT SIZE 
§ 90512.05 MINIMUM LOT AREA PER DWELLING UNIT 
§ 90512.06 YARDS AND SETBACKS 
§ 90512.07 HEIGHT 
§ 90512.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
§ 90512.09 PARKING 
§ 90512.10 LANDSCAPING 
§ 90512.11 SIGNS 
§ 90512.12 YARD AND PROPERTY MAINTENANCE 
§ 90512.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 

 
§ 90512.00 PURPOSE & APPLICABILITY 
 

The purpose of the C-1 (Light Commercial) Zone is to designate areas for low density commercial activities 
that are oriented to serving and compatible with nearby residential areas.  The C-1 Zone may also be 
combined with the combination use MP Zone (Multi-Purpose Overlay) referenced Title 9, Division 3, 
Chapter 6 to achieve innovative unique and inventive office or commercial development.  The C-1 Zone 
typically includes small retail service oriented commercial activities.  The C-1 Zones are generally located 
in residential neighborhoods along major or secondary highways. 

 
§ 90512.01 PERMITTED USES IN THE C-1 ZONE 
 

The following uses are permitted in the C-1 Zone provided they meet the requirements of this Title: 
 
a) Art gallery 
b) Artist studio 
c) Automobile parking areas when developed as required by this Division if adjacent to a residential 

zone 
d) Automobile service station (containing not more than 6 pumps) 
e) Auto parts and accessory retail store 
f) Bakeries 
g) Banks 
h) Barber/beauty shop 
i) Bar/tavern/cocktail lounge 
j) Bath house (including saunas, spa, Turkish, steam or tanning) 
k) Bicycle sales (including rental and service) 
l) Book store 
m) Business or professional office 
n) Caretaker, security or proprietor residential quarters (Accessory Dwelling Unit per Section 

90405.02) 
o) Charitable or public service organizations 
p) Christmas tree sales (temporary) 
q) Church 
r) Clinic (medical for out-patient use only) 
s) Clothing and apparel stores (small not large department stores) 
t) Commercial accessory structure(s) (including cargo containers) 
u) Community or senior service center 
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v) Computer Stores (retail and repair) 
w) Confectionery stores 
x) Convenience Market 
y) Dress making or millinery shops 
z) Drive-in food market or dairy 
aa) Driving school 
bb) Drug and pharmacy store 
cc) Dry cleaning, pressing and laundry agencies 
dd) Dry goods and notions stores 
ee) Electric appliance stores and repairs 
ff) Electrical Vehicles Charging Stations as a Primary Use 
gg) Elementary School 
hh) Fast food restaurant 
ii) Financial institutions 
jj) Florists shops 
kk) Food store 
ll) Gift and cards store 
mm) Government office or government building 
nn) Grocery, fruit and vegetable stores 
oo) Hardware stores (general), excluding outside storage of material 
pp) Health club, tennis or swim club (in door use only) 
qq) High school  
rr) Hotels and motels (including bed and breakfasts) 
ss) Household pets (with no outside kennel) 
tt) Ice cream parlor (including yogurt) 
uu) Ice storage houses or not more than 5 ton capacity 
vv) Ice vending machines 
ww) Instruction school 
xx) Interior decorating 
yy) Jewelry stores 
zz) Junior high school 
aaa) Laboratory for medical, dental, optical, or biological 
bbb) Laundry mat/laundry 
ccc) Lawn mower, including repair, sales and service (including service and repairs, provided it is 

contained within a building) 
ddd) Library 
eee) Locksmith and key shop 
fff) Martial arts school 
ggg) Meat markets or delicatessen stores 
hhh) Museum 
iii) Newspaper, magazine stand 
jjj) Offices, business, professional or public utility 
kkk) Photographic shops 
lll) Pre-school 
mmm) Public buildings 
nnn) Real estate offices 
ooo) Research and development office 
ppp) Restaurant/cafe/coffee shop/team rooms where all customers are served at a table or counter 

(excluding dancing and entertainment 
qqq) Retail appliance store (including service and repairs, provided it is contained within a building) 
rrr) Retail store, general 
sss) Satellite dish (sales and repair) 
ttt) School 
uuu) Self-service laundries 
vvv) Shoe stores, shoe repair or shoe sales 
www) Single-Room Occupancy Units (SRO) and Boarding/Rooming Houses 
xxx) Solar energy extraction generation provided that it is for on-site consumption only. 
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yyy) Specialized stores including meat, vegetable, health foods. 
zzz) Stationary and office supply 
aaaa) Tailor, clothing or wearing apparel shops 
bbbb) Taxidermists 
cccc) Telegraph 
dddd) Ticket agency 
eeee) Tobacco store 
ffff) Trade school 
gggg) Travel agency 
hhhh) Utility sub-station 
iiii) Variety Store 
jjjj) Video Rental 

 
The above specified stores, shops and businesses shall be retail establishments selling new merchandise 
exclusively and shall be permitted only under the following conditions: 

 
 Such stores, shops or businesses except automobile service stations shall be conducted entirely 

within an enclosed building 
 

Products made incidental to a permitted use shall be sold at retail on the premises. 
  

Any exterior sign displayed shall pertain only to a use conducted within the building. 
 

The accessory building and structures necessary to such use located on the same lot or parcel of 
land, including a storage garage for the exclusive use of the patrons of the above stores or 
businesses. 

 
§ 90512.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  
 

The following uses are permitted in the C-1 Zone provided they meet the requirements of this Title: 
 
a) Airports or aircraft landing fields 
b) Ambulance 
c) Apartment building 
d) Auto wash 
e) Automobile parking garage or parking lot 
f) Billboard and advertising structures 
g) Cemeteries, columbariums, crematories and mausoleums 
h) Cemetery 
i) Circus or carnival  
j) City, County, State and Federal enterprises, including buildings, facilities and uses of departments 

or institutions thereof which are necessary or advantageous to the general welfare of the 
community 

k) Club or lodge 
l) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

m) Community care facility 
n) Convalescent home 
o) Day nurseries and nursery schools 
p) Educational institutions including schools, elementary and high 
q) Electrical generation plants  
r) Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 
s) Establishments or enterprises involving large assemblages of people or automobiles, including 

amusement parks, circuses, carnivals, exposition, fairground, open-air theatres, race tracks, 
recreational and sport centers 
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t) Facilities for abused women 
u) Facilities for the transmission of electrical energy (100-200 kV) 
v) Farm implement sales and metal fabrication 
w) Fire or police station 
x) Fraternity or sorority house 
y) Heliport 
z) Hospital 
aa) Hospitals, sanitariums and rest homes 
bb) Hotels 
cc) Institutions of a philanthropic nature 
dd) Labor or union hall 
ee) Libraries, museums, private clubs and golf courses 
ff) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under state or federal law, to be approved exclusively by an agency or agencies 
of the state and/or federal governments and provided that such facilities shall be approved 
subsequent to coordination and review with the Imperial Irrigation District for electrical matters.  
Such uses shall include, but not limited to the following: 

gg) Mausoleums 
hh) Mini storage 
ii) Miniature golf course 
jj) Mobile home parks 
kk) Mortuaries 
ll) Movie Theater 
mm) Nursery 
nn) Park or playground 
oo) Parks, playgrounds and community buildings 
pp) Pool or billiard parlor 
qq) Post office 
rr) Printing (topography or blueprints) 
ss) Public agency or utility buildings or facilities 
tt) Recycling Collection Facility, per Title 8, Chapter 8.68 
uu) Rehabilitation facility 
vv) Residential hotel 
ww) Rest home 
xx) Retirement home 
yy) Sanitarium 
zz) Swap meets 
aaa) Swimming (public) 
bbb) Tennis club (outdoor-public) 
ccc) Used car sales and repair facilities 
ddd) Video game arcade 

 
§ 90512.03 PROHIBITED USES 
 

All other uses not permitted specifically by Sections 90512.01 and 90512.02 of this Chapter are prohibited 
in the C-1 Zone. 

 
§ 90512.04 MINIMUM LOT SIZE 
 

Except as otherwise provided within this Title no lot, parcel or portion thereof within the C-1 Zone shall be 
less than 8,000 square feet net, except in the case of conveyances to or from a governmental agency, 
public entity, public utility.  No parcel within this zone shall have less than 60 feet of street frontage. 

 
§ 90512.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

Where a residential use is permitted on a C-1 Zone lot or parcel, there shall be a minimum of 1,500 square 
feet of lot area per dwelling unit, in addition to the minimum lot size.   
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§ 90512.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the C-1 Zone. 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 
as follows: 

 
1. 10 feet from front yard property line or right-of-way of public street or easement. 

 
2. 0 feet from property line or right-of-way line upon the approval of a full site plan review by 

Public Works, Fire/OES, and Planning/Building. 
 

B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 
as follows: 

  
None required provided that adequate fire segregation is provided between all structures 
as required under the California Building Code and California Fire Code. 

 
C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 

as follows: 
 

Shall be a minimum of 20 feet rear yard, except for lots that have public alley access.  The Director 
of Planning may reduce the rear yard requirement to a minimum of 5 feet, provided written 
concurrence is obtained from the Imperial County Fire/OES and Imperial County Public Works 
Department. 

 
D. Front, rear and side yard setbacks for residential occupancies permitted within the C-1 Zone shall 

meet the same setbacks as those contained in the R-3 Zone. 
 
§ 90512.07 HEIGHT 
 

Building and/or structures within the C-1 Zone shall not exceed 5 stories or 50 feet whichever is less. 
 
§ 90512.08 MINIMUM DISTANCES BETWEEN STRUCTURES 
 

There are no minimum distances between structures in the C-1 Zone. 
 
§ 90512.09 PARKING 
 

Off-street parking shall be provided in the C-1 Zone according to the standards contained in Sections 
90402.00 through 90402.15 of this Title.  Where off-street parking is prohibited vis-à-vis enclosed parking 
garages that are not readily visible from the street a 5% reduction in the density may be allowed. 

 
§ 90512.10 LANDSCAPING 
 

Every C-1 lot/parcel shall be landscaped to meet the requirements of Section 90302.04. 
 
§ 90512.11 SIGNS 
 

The following signs shall be permitted in the C-1 Zone; however, all signs shall be subject to Section 90401 
as applicable. 
 

1. Temporary real estate signs, advertising property for sale or lease not to exceed 20 square 
feet. 

 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

2. Temporary construction signs. 
 
3. Temporary political signs, not to exceed three (3) months. 
 
4. Institutional signs. 
 
5. Signs attached to buildings. 
 
6. Monument signs. 
 
7. Pole signs advertising on-site identification uses only. 
 
8. Off-site advertising signs when approved by a conditional use permit.   
 

All signs shall meet requirement of Division 4, Chapter 1. 
 
§ 90512.12 YARD AND PROPERTY MAINTENANCE 
 

All areas within the C-1 Zone shall be, at all times, maintained as not to create a fire or life safety or health 
hazard either to the occupants of the structures or to neighboring properties. 

 
§ 90512.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 
 

Any residential development allowed within the C-1 Zone either as an outright use or as a conditional use 
shall comply with the provisions and standards as contained in the R-2 Zone and meet all applicable Health 
and Safety regulations. 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 13: C-2 (MEDIUM COMMERCIAL) 
 

 § 90513.00 PURPOSE & APPLICABILITY 
§ 90513.01 PERMITTED USES IN THE C-2 ZONE 
§ 90513.02 USES PERMITTED WITH CONDITIONAL USE PERMIT ONLY 
§ 90513.03 PROHIBITED USES 
§ 90513.04 MINIMUM LOT/PARCEL SIZE 
§ 90513.05 MINIMUM LOT AREA PER DWELLING UNIT 
§ 90513.06 YARDS AND SETBACKS 
§ 90513.07 HEIGHT 
§ 90513.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
§ 90513.09 PARKING 
§ 90513.10 LANDSCAPING 
§ 90513.11 SIGNS 
§ 90513.12 YARD AND PROPERTY MAINTENANCE 
§ 90513.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 

 
§ 90513.00 PURPOSE & APPLICABILITY 
 

The purpose of the C-2 (Medium Commercial) Zone is to designate areas for a wide range of retail, 
commercial activities, including shopping centers, and other medium to high density commercial uses.  The 
C-2 Zones are generally located along major highways or collectors. 

 
§ 90513.01 PERMITTED USES IN THE C-2 ZONE 
 

The following uses are permitted in the C-2 Zone provided they meet the requirements of this Title: 
 
a) All permitted uses in the C-1 zone under § 90512.01 
b) Ambulance 
c) Antique stores 
d) Appliance stores, including service and repair provided no outside storage or repair 
e) Auditoriums for public use 
f) Auto leasing facilities 
g) Auto rental 
h) Auto sales lots (new) 
i) Auto sales lots (used) 
j) Auto service, tire sales and repair 
k) Auto wash 
l) Bakery 
m) Bingo parlor, bowling alley, card room 
n) Boats sales, including service and parts, provided repairs are completed indoors 
o) Call Center 
p) Camera stores 
q) Carpet cleaning 
r) Catering 
s) Charitable public service organizations 
t) Classifying or experimental, not involving any materials of using explosive or hazardous materials 
u) Clinic (medical or physical therapy for outpatient use only) 
v) Clothing and apparel stores 
w) Club or lodge 
x) Commercial accessory structure(s) (including cargo containers) 
y) Computer stores (large retail/repair) 
z) Convalescent hospital 
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aa) Dance hall, ballroom or discotheque 
bb) Dance school 
cc) Department stores 
dd) Electrical Vehicles Charging Stations as a Primary Use 
ee) Emergency Shelters 
ff) Equipment (small equipment rental, repair) 
gg) Farmers market 
hh) Feed stores 
ii) Fire/police station 
jj) Floor covering, drapery and upholstery stores 
kk) Furniture cleaning, refinishing upholstery 
ll) Furniture stores 
mm) Gardening and landscaping stores 
nn) General surplus 
oo) Golf/driving range 
pp) Gun stores (including repair) 
qq) Hardware (general), including lumber sales provided there is no outside storage of materials 
rr) Health club 
ss) Hobby supplies 
tt) Home or office furniture stores 
uu) Hospital 
vv) Janitorial service 
ww) Labor/union hall 
xx) Laboratory testing  
yy) Laboratory, including medical, optical and biological 
zz) Lapidary 
aaa) Lawn equipment, including repair located entirely within structures 
bbb) Leather goods and luggage 
ccc) Liquor stores 
ddd) Manager, caretaker or proprietors residential quarters (Accessory dwelling unit) 
eee) Military surplus 
fff) Miniature golf course 
ggg) Mini-warehouse (no outside storage) 
hhh) Mobile home sales, including rental and service 
iii) Mortuary or funeral parlor 
jjj) Motorcycle sales, including service and repair 
kkk) Movie theater (walk-in) 
lll) Music 
mmm) Newspaper or magazine stores 
nnn) Nursery 
ooo) Office machine/equipment 
ppp) Paint and wallpaper stores 
qqq) Pawn shops 
rrr) Pest control 
sss) Pet grooming 
ttt) Pet stores 
uuu) Photographic development 
vvv) Photographic studio 
www) Photographic supplier  
xxx) Picture framing 
yyy) Plumbing supply, provided no outside storage 
zzz) Pool or billiard parlor 
aaaa) Pottery stores 
bbbb) Printing 
cccc) Public agency  
dddd) Recreational vehicle sales and service 
eeee) Rehabilitation facility 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

ffff) Sanitarium 
gggg) Self-service auto wash 
hhhh) Single-Room Occupancy Units (SRO) and Boarding/Rooming Houses 
iiii) Skating rink, roller or ice skating rink 
jjjj) Special Occasion Facility 
kkkk) Solar energy extraction generation provided that it is for on-site consumption only. 
llll) Sporting goods 
mmmm) Swim instruction school 
nnnn)  Tennis or swim club 
oooo)  Theaters (Live) 
pppp) Toy stores 
qqqq) Transitional Housing (as defined in Section 50675.2 of the Health and Safety Code) 
rrrr) Truck fueling station without repair 
ssss) Truck sales, including rental provided no repair or service 
tttt) Used clothing and household goods 
uuuu) Utility building 
vvvv) Veterinarians office 
wwww) Video game arcade 
xxxx) Wedding chapels 

 
§ 90513.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  

 
The following uses are permitted in the C-2 Zone provided they meet the requirements of this Title: 
 
a) Adult book stores 
b) Adult movie theater 
c) Airport (private) 
d) Airport (public) 
e) Amusement park 
f) Auto body repair and painting 
g) Auto parking garage 
h) Billboards/Off site advertising signs 
i) Bus depot 
j) Cemeteries, columbarium, mortuary, crematoriums and mausoleums 
k) Circus or carnival 
l) College or university 
m) Commercial Cannabis Retail Sales, Distribution and Testing subject to Division 4 Chapter 6 of Title 

9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
n) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

o) Community care facility 
p) Community sewage treatment facility 
q) Community water treatment facility 
r) Contractors storage yard, provided it is incidental to a contractor's business that is that is wholly 

enclosed within a building or solid screen fence 
s) Drive-in movie theater 
t) Equestrian establishment 
u) Flea market 
v) Flood control facility 
w) Fraternity or sorority house 
x) Heliport 
y) Massage parlor 
z) Park or playground 
aa) Photographic processing plant or wholesale supply 
bb) Race track 
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cc) Recreational vehicle storage facilities 
dd) Recreational vehicle park 
ee) Recycling Collection Facility, per Title 8, Chapter 8.68 
ff) Residential hotel 
gg) Shooting range or gun club 
hh) Sports arena (indoor) 
ii) Sports arena (outdoor) 
jj) Swimming pool 
kk) Taxi depot 
ll) Temporary fruit stands 
mm) Trade fairs 
nn) Transfer station 
oo) Veterinary hospital 
pp) Waste or energy facility 
qq) Water purification plants 
rr) Water storage and recharge facilities 
ss) Zoo 

 
§ 90513.03 PROHIBITED USES 
 

All other uses not permitted by Sections 90513.01 and 90513.02 above are prohibited in the C-2 Zone. 
 

§ 90513.04 MINIMUM LOT/PARCEL SIZE 
 

Except as otherwise provided within this Title no portion of any lot within the C-2 Zone shall contain less 
than 20,000 square feet, except in the case of conveyances to or from a governmental agency, public entity, 
public utility. 
 

§ 90513.05 REMOVED 
 

 
§ 90513.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the C-2 Zone. 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 
as follows: 

 
None provided that any structure built on property line or on the right-of-way line shall meet all 
California Building Code and California Fire Code requirements, for fire protection and shall be so 
located as to not create visual obstruction to traffic. 

 
B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows: 
  
 None required provided, except that any structure built on property line shall meet all California 

Building Code and California Fire Code requirements. 
 

C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 
as follows: 

 
Shall be a rear yard of not less than 20 feet, except that no rear yard shall be required in the event 
that a public alley exists and is adequate size to accommodate large commercial vehicles for the 
loading and unloading of products to the site. 

 
D. Yards and setbacks for residential developments approved to be developed on C-2 Zones, shall 

meet the requirements of the R-3 Zone, as far as setbacks. 
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§ 90513.07 HEIGHT 
 

Building and/or structures within the C-2 Zone shall not exceed 6 stories or 75 feet, whichever is less. 
 
§ 90513.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

There is no minimum distance between structures in the C-2 Zone. 
 
§ 90513.09 PARKING 
 

Off-street parking shall be provided in the C-2 Zone according to the standards contained in Sections 
90402.00 through 90402.15 of this Title.   

 
§ 90513.10 LANDSCAPING 
 

Every C-2 lot/parcel shall be landscaped to meet the requirements of Section 90302.04. 
 
§ 90513.11 SIGNS 
 

The following signs shall be permitted in the C-2 Zone; however, all signs shall be subject to Section 
90401.00 as applicable. 

 
1. Temporary real estate signs, advertising property for sale or lease not to exceed 

20 square feet. 
 
  2. Temporary construction signs. 
 
  3. Temporary political signs, not to exceed three (3) months 
 
  4. Institutional signs. 
 
  5. Signs attached to buildings. 
 
  6. Monument signs. 
 
  7. Pole signs advertising on-site identification uses only. 
 
  8. Off-site advertising signs when approved by a conditional use permit.   
 

All signs shall meet requirement of Division 4, Chapter 1. 
 
§ 90513.12 YARD AND PROPERTY MAINTENANCE 
 

All areas within the C-2 lot/area shall be, at all times, maintained as not to create a fire or life safety or 
health hazard either to the occupants of the structures, property or the neighbors' property. 

 
§ 90513.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 
 

Any residential development authorized in the C-2 Zone shall meet the requirements of the R-2 Zone, and 
applicable Health and Safety regulations. 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 14: C-3 (HEAVY COMMERCIAL) 
 

§ 90514.00 PURPOSE & APPLICABILITY 
§ 90514.01 PERMITTED USES 
§ 90514.02 USES PERMITTED WITH CONDITIONAL USE PERMIT ONLY 
§ 90514.03 PROHIBITED USES 
§ 90514.04 MINIMUM LOT/PARCEL SIZE 
§ 90514.05 MINIMUM LOT AREA PER DWELLING UNIT 
§ 90514.06 YARDS AND SETBACKS 
§ 90514.07 HEIGHT 
§ 90514.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
§ 90514.09 PARKING 
§ 90514.10 LANDSCAPING 
§ 90514.11 SIGNS 
§ 90514.12 YARD AND PROPERTY MAINTENANCE 
§ 90514.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 

 
§ 90514.00 PURPOSE & APPLICABILITY 
 

The purpose of the C-3 (Heavy Commercial) Zone is to designate areas for use and services normally 
associated with the traveling public or for the regional Commercial convenience.  The C-3 Zones shall be 
located adjacent to major highways, freeways, or other significant circulation corridors. 

 
§ 90514.01 PERMITTED USES IN THE C-3 ZONE 
 

The following uses are permitted in the C-3 Zone provided they meet the requirements of this Title: 
 

a) All permitted uses in the C-2 Zone under § 90513.01  
b) Amusement park 
c) Auto self-service 
d) Auto service station 
e) Auto station (small) 
f) Auto towing 
g) Automobile parking garage or lot 
h) Bus depot 
i) Commercial accessory structure(s) (including cargo containers) 
j) Drive-in 
k) Drive-in food market 
l) Post office 
m) Public agency or utility 
n) Rail station 
o) Solar energy extraction generation provided that it is for on-site consumption only. 
p) Special Occasion Facility 
q) Sports arena (in door) 
r) Taxi depot 

 
§ 90514.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT  
 

The following uses are permitted in the C-3 Zone provided they meet the requirements of this Title: 
 
a) Airport 
b) Billboards/Off site advertising signs 
c) Campgrounds, RV park, or mobile home park 
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d) Circus or carnival 
e) College or university 
f) Commercial Cannabis Retail Sales, subject to Division 4 Chapter 6 of Title 9 Land Use Ordinance 

and Title 14 of the Imperial County Codified Ordinance 
g) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

h) Drainage facilities 
i) Electrical Vehicles Charging Stations as a Primary Use 
j) Golf course 
k) Heliport 
l) Movie theater 
m) Race track or test track 
n) Recreational vehicle park 
o) Recycling Collection Facility, per Title 8, Chapter 8.68 
p) Sports arena (outdoor) 
q) Trade fair and exhibits 
r) Travel center with incidental short term truck parking 
s) Truck repair (provided all repairs are in enclosed building) 
t) Utility substations 
u) Waste water treatment plants 
v) Water purification plants 
w) Water treatment plants 

 
§ 90514.03 PROHIBITED USES 
 

All other uses not permitted by Sections 90514.01 and 90514.02 above are prohibited in the C-3 Zone. 
 
§ 90514.04 MINIMUM LOT/PARCEL SIZE 
 

Except as otherwise provided within this Title no portion of any lot within the C-3 Zone shall contain less 
than 20,000 square feet, except in the case of conveyances to or from a governmental agency, public entity, 
public utility. 
 

§ 90514.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

Where a residential use occupancy is allowed in the C-3 Zone, there shall be a minimum of 1,500 square 
feet of lot area per dwelling unit, including dwelling units that are permitted by conditional use permit. 

 
§ 90514.06 YARDS AND SETBACKS 
 

The following yard and setback requirements shall apply in the C-3 Zone. 
 

A. Front Yard. Except as otherwise provided, the front yard minimum setback for all buildings shall be 
as follows: 

 
None provided that any structure built on property line or on the right-of-way line shall meet all 
California Building Code and California Fire Code requirements, for fire protection and shall be so 
located as to not create visual obstruction to traffic. 

 
B. Side Yard. Except as otherwise provided, the side yard minimum setback for all buildings shall be 

as follows: 
  

None required provided, except that any structure built on property line shall meet all California 
Building Code and California Fire Code requirements. 
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C. Rear Yard. Except as otherwise provided, the rear yard minimum setback for all buildings shall be 
as follows: 

 
Shall be a rear yard of not less than 20 feet, except that no rear yard shall be required in the event 
that a public alley exists and is adequate size to accommodate large commercial vehicles for the 
loading and unloading of products to the site. 

 
D. Yards and setbacks for residential developments approved to be developed on C-3 Zones, shall 

meet the requirements of the R-3 Zone, as far as setbacks. 
 
§ 90514.07 HEIGHT 
 

Building and/or structures within the C-3 Zone shall not exceed 6 stories or 75 feet, whichever is less. 
 
§ 90514.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

There is no minimum distance between structures in the C-3 Zone. 
 
§ 90514.09 PARKING 
 

Off-street parking shall be provided in the C-3 Zone according to the standards contained in Sections 
90402.00 through 90402.15 of this Title.   

 
§ 90514.10 LANDSCAPING 
 

Every C-3 lot/parcel shall be landscaped to meet the requirements of Section 90302.04. 
 
§ 90514.11 SIGNS 
 

The following signs shall be permitted in the C-3 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
 1. Temporary real estate signs, advertising property for sale or lease not to exceed 20 square 

feet. 
  
 2. Temporary construction signs. 
 
 3. Temporary political signs (not to exceed three (3) months). 
 
 4. Institutional signs. 
 
 5. Signs attached to buildings. 
 
 6. Monument signs. 
 
 7. Pole signs advertising on-site identification uses only. 
 
 8. Off-site advertising signs when approved by a conditional use permit.   
 

All signs shall meet requirement of Division 4, Chapter 1 of this Title. 
 
§ 90514.12 YARD AND PROPERTY MAINTENANCE 
 

All areas within the C-3 lot/area shall be, at all times, maintained as not to create a fire or life safety or 
health hazard either to the occupants of the structures, property or the neighbors' property. 
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§ 90514.13 SPECIAL PROCEDURES/DEVELOPMENT STANDARDS 
 

Any residential development authorized in the C-3 Zone shall meet the requirements of the R-2 Zone, and 
applicable Health and Safety regulations. 

 
 

THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 15: M-1 (LIGHT INDUSTRIAL) 
 

 § 90515.00 PURPOSE AND APPLICATION 
 § 90515.01 PERMITTED USES IN THE M-1 ZONE 

§ 90515.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
§ 90515.03 PROHIBITED USES 
§ 90515.04 MINIMUM LOT SIZE 
§ 90515.05 MINIMUM LOT AREA PER DWELLING UNIT 
§ 90515.06 YARDS AND SETBACKS 
§ 90515.07 HEIGHT LIMIT 
§ 90515.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
§ 90515.09 PARKING 
§ 90515.10 SIGNS 
§ 90515.11 LANDSCAPING 

 
§ 90515.00 PURPOSE AND APPLICATION 
 

The purpose of the M-1 (Light Industrial) Zone is to designate areas for wholesale commercial, storage, 
trucking, assembly type manufacturing and other similar light industrial uses.  Processing or fabrication is 
limited to activities conducted entirely within a building, that does not emit fumes, odor, dust,  smoke or gas, 
beyond the confines of the building within which the activity occurs, or produces significant levels of noise 
or vibration beyond the perimeter of the building. 

 
§ 90515.01 PERMITTED USES IN THE M-1 ZONE 
 

The following uses are permitted in the M-1 Zone provided they meet the requirements of this Title: 
 
a) Accessory Dwelling Unit, Caretakers Residence or Managers Residence per Section 90405.02 
b) Ambulance station 
c) Antique Store 
d) Appliance Repair store 
e) Appliance Store 
f) Art Gallery 
g) Artist Studio 
h) Auditoriums 
i) Auto Body Repair within enclosed facility 
j) Auto Leasing Store 
k) Auto Parking Garages (two (2) stories or less and enclosed) 
l) Auto Rental 
m) Auto Service Station 
n) Auto Service within enclosed facility 
o) Auto Tire Repair 
p) Auto Wash 
q) Auto Wash- self service 
r) Automobile Dealership- New (including parts) 
s) Automobile Dealership- Used (including parts) 
t) Automobile Parts and Accessories Store 
u) Automobile Tire Store including Service 
v) Bakery 
w) Ball Room 
x) Barber/Beauty 
y) Bars 
z) Bath House 
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aa) Bicycle Sales and Rental Service 
bb) Bingo Parlor 
cc) Boats sales, including Service and Parts 
dd) Book Store- Adult 
ee) Book Store- General 
ff) Bottled Gas Distributorship (no manufacturing or packaging) 
gg) Bowling Alley 
hh) Bus Depots 
ii) Business or Professional Office 
jj) Cafes 
kk) Card Room 
ll) Cargo Containers (provided they have an approved building permit) 
mm) Carpet Cleaning 
nn) Catering 
oo) Christmas Tree Sales 
pp) Circus or Carnival (not to exceed 5 days) 
qq) Clinic (health maintenance) 
rr) Clothing and Apparel sales, manufacturing, distribution 
ss) Clubs 
tt) Cocktail Lounges 
uu) Coffee Shop 
vv) Cold Storage facilities 
ww) College and Universities 
xx) Computer sales, repair, manufacturing 
yy) Contractors Storage Yard 
zz) Convenience Market 
aaa) Dance Hall 
bbb) Data center (within enclosed building) 
ccc) Department Store 
ddd) Discotheque 
eee) Drapery and Upholstery Store 
fff) Drug and Pharmaceutical sales and manufacturing 
ggg) Educational Institutions 
hhh) Electrical Appliance sales, repair and distribution 
iii) Electrical Equipment repair, assembly within enclosed facility 
jjj) Electronic Equipment Assembly (enclosed) 
kkk) Electrical Generation with rate and capacity not to exceed 15 kilowatts 
lll) Electrical Vehicles Charging Stations as a Primary Use 
mmm) Emergency Shelters 
nnn) Equipment and Building Materials 
ooo) Equipment- Heavy Truck, Trailer Rental 
ppp) Equipment- (small rental facility) 
qqq) Farmers Market 
rrr) Fast Food preparation, sales or distribution 
sss) Feed and fuel facility 
ttt) Financial Institution 
uuu) Fire/Police Station 
vvv) Floor Covering 
www) Florists 
xxx) Food Store 
yyy) Freight Storage Yard 
zzz) Funeral Parlor 
aaaa) Furniture Cleaning, Refinishing & Upholstery 
bbbb) Furniture Store 
cccc) Gardening and Landscape Store 
dddd) Gift and Card Store 
eeee) Golf Driving Range 
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ffff) Government Buildings 
gggg) Gun, including Repair Store 
hhhh) Hardware- General including Lumber 
iiii) Health Club 
jjjj) Hobby Supplies 
kkkk) Home or Office Furnishing 
llll) Hotel/Motel 
mmmm) Ice Cream Parlors 
nnnn) Ice Vending Machine 
oooo) Industrial Hemp: manufacturing into semi-finished and finished products, subject to Division 4 

Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
pppp) Industrial Storage 
qqqq) Interior Decorator 
rrrr) Janitorial 
ssss) Jewelry and Watches 
tttt) Labor/Union Halls 
uuuu) Laboratory- Medical, Dental, Optical and Biological 
vvvv) Laboratory Testing 
wwww) Lapidary 
xxxx) Laundromat 
yyyy) Lawnmower (sales/repair) 
zzzz) Leather Goods, sales and manufacturing 
aaaaa) Libraries 
bbbbb) Light Machine Shop Fabrication within enclosed facility 
ccccc) Liquor Store 
ddddd) Locksmith 
eeeee) Lumber 
fffff) Lumber Yard 
ggggg)              Manager / Caretaker / Security Guard Residence (One only) 
hhhhh) Medical and Physical Therapy 
iiiii) Microwave Relay Stations 
jjjjj) Military Surplus store 
kkkkk) Mini Warehouse (no outside storage) 
lllll) Miniature Golf Course 
mmmmm) Mobile Home Sales and Service 
nnnnn) Mortuary 
ooooo) Motorcycle Sales and Service 
ppppp) Movie Theatre 
qqqqq) Moving and Storage Warehouse 
rrrrr) Museums 
sssss) Musical Instrument Sales and Service 
ttttt) Newspaper, Magazine printing, distribution and sales 
uuuuu) Nursery 
vvvvv) Office Machine Equipment Sales & Service 
wwwww) Oil and Gas Exploration 
xxxxx) Paint and Wallpaper Sales & Service 
yyyyy) Pawn Shop 
zzzzz) Pest Control 
aaaaaa) Pet Grooming 
bbbbbb) Pet Store 
cccccc) Photographic Processing Plant 
dddddd) Photographic Supply Store 
eeeeee) Photography Studio 
ffffff) Picture Framing 
gggggg) Plastic Assembly 
hhhhhh) Plumbing Supply 
iiiiii) Pool or Billiard Parlor 
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jjjjjj) Post Office 
kkkkkk) Pottery 
llllll) Printing, Lithography or Blue Printing 
mmmmmm) Public Utility Buildings 
nnnnnn) Real Estate Office 
oooooo) Recreational Vehicle Sales & Service 
pppppp) Research and Development Office/Laboratory 
qqqqqq) Resource Extraction and Energy Development 
rrrrrr) Restaurants 
ssssss) Sheet Metal Shop within enclosed facility 
tttttt) Shoe repair and manufacturing 
uuuuuu) Shoe Shine  
vvvvvv) Sign Fabrication 
wwwwww) Skating Rink 
xxxxxx) Small Appliance assembly and repair 
yyyyyy) Solar energy extraction generation provided that it is for on-site consumption only. 
zzzzzz) Specialized Store 
aaaaaaa) Sporting Good 
bbbbbbb) Stationary 
ccccccc) Tailor or Dress Maker 
ddddddd) Taverns 
eeeeeee) Taxi Depots 
fffffff) Taxidermist 
ggggggg) Telegraph 
hhhhhhh) Tennis, Swim, Athletic Club 
iiiiiii) Theatre 
jjjjjjj) Ticket Agency 
kkkkkkk) Tire Re-Treading, Less than 10 employees 
lllllll) Tobacco 
mmmmmmm) Toy manufacturing 
nnnnnnn) Trade Schools 
ooooooo) Transitional Housing (as defined in Section 50675.2 of the Health and Safety Code) 
ppppppp) Transmission Lines 
qqqqqqq) Travel Agency 
rrrrrrr) Truck Fueling Station 
sssssss) Truck, including Sales, Rental, Service 
ttttttt) Used Clothing 
uuuuuuu) Utility Substations 
vvvvvvv) Veterinary including Veterinary Hospital (indoor only) 
wwwwwww) Video Game Arcade 
xxxxxxx) Wedding Chapel 
yyyyyyy) Welding or Blacksmithing provided it is adequately fenced with obscured fencing 
zzzzzzz) Wholesale Distribution 
aaaaaaaa) Wind Driven Electrical Generator, capacity not to exceed 15 kilowatts 

 
Note:  Pre-School, Elementary School, Junior High and High Schools are not permitted in the M-1 Zone. 

 
§ 90515.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the M-1 Zone provided they meet the requirements of this Title: 
 

a) Airports or aircraft landing fields 
b) Amusement Park 
c) Animal hospitals, kennels and veterinarians 
d) Asphalt production and products 
e) Asphalt/Concrete Batch Plant 
f) Auto Towing/Dismantling 
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g) Auto wrecking  
h) Bakery- Large (more than 25 employees) 
i) Battery Storage 
j) Billboards/Off site advertising signs 
k) Bulk fuel storage facilities 
l) Call Center 
m) Cemeteries, columbariums, crematories and mausoleums 
n) Chemical Storage (Non-Toxic, Non-Explosive) 
o) Churches or other places used exclusively for religious worship 
p) Circus 
q) City, County, State and Federal enterprises including buildings, facilities and uses of departments 

or institutions thereof which are necessary or advantageous to the general welfare of the 
community 

r) Commercial Cannabis (All Forms), subject to Division 4 Chapter 6 of Title 9 Land Use Ordinance 
and Title 14 of the Imperial County Codified Ordinance 

s) Communication Towers: including radio, television, cellular, digital, along with the necessary 
support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

t) Cotton gins 
u) Dairies 
v) Data center yard 
w) Dehydration mills 
x) Electrical Power Generation Plants 
y) Equestrian Establishment 
z) Establishments or enterprises involving large assemblages of people or automobiles, including 

amusement parks, circuses, carnivals, exposition, fairground, open air theatres, race tracks, 
recreational and sport centers 

aa) Farm implement sales and metal fabrication 
bb) Geothermal Test Facilities, intermediate projects and major exploratory wells  
cc) Golf Course 
dd) Grain storage and loading facilities 
ee) Heliport 
ff) Hospitals, sanitariums and rest homes 
gg) Institutions of a philanthropic nature 
hh) Labor camp 
ii) Libraries, museums, private clubs and golf courses 
jj) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under state or federal law, to be approved exclusively by an agency, or agencies 
of the state and/or federal governments, and provided that such facilities shall be approved 
subsequent to coordination and review with the Imperial Irrigation District for electrical matters.  
Such uses shall include, but not be limited to, the following: 
Electrical generation plants  
Facilities for the transmission of electrical energy (100-200 kV) 
Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 

kk) Meat and fish packing plants 
ll) Mineral Exploration 
mm) Newspaper, Magazine or Book Printing 
nn) Portable Restroom Facilities   
oo) Race Track 
pp) Railroad Station 
qq) Recreational Vehicle Storage Facilities 
rr) Recycling Facility 
ss) Rock shops and related facilities 
tt) Seed mills 
uu) Shooting Range (indoor only) 
vv) Small ethanol plants with a capacity not to exceed one million gallons a year 
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ww) Sports Arena- Indoor/Outdoor 
xx) Surface mining operations 
yy) Swap meets 
zz) Swimming Pool 
aaa) Transfer Station 
bbb) Trucking Services and Terminals; Trucking Firms 
ccc) Waste Energy Facility 
ddd) Well Drilling Service 

 
§ 90515.03 PROHIBITED USES 
 

All other uses not permitted by Section 90515.01 or 90515.02 of the Chapter are prohibited in the M-1 Zone. 
 
§ 90515.04 MINIMUM LOT SIZE 
 

The minimum lot size requirement in the M-1 Zone, is 10,000 square feet. 
 
§ 90515.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

There is no requirement for a minimum area per dwelling unit in the M-1 District since it does not allow 
dwelling units, except as accessory security or caretakers unit to the permitted use.  Any residential use 
must meet R-1 set-back requirements. 

 
§ 90515.06 YARDS AND SETBACKS 
 

Yards and setbacks in the M-1 Zone are as follows. 
 
 A. FRONT YARD. 
 

The front yard minimum setback for all buildings shall be as follows. 
 
 1. 10 feet from the property line or public right-of-way line. 
 

2.  0 feet if approved by the Planning Director with the written concurrence from Public 
Works Department and the Fire Marshall. 

 
In no case shall buildings be located in the right-of-way or on the property line, unless it meets the latest 
edition of the California Building Code. 

 
 B. SIDE YARD 
 

 None required. 
 
 C. REAR YARD 
 
  None required. 
 
§ 90515.07 HEIGHT LIMIT 
 

Buildings and structures in the M-1 District shall not exceed six (6) stories or 80 feet. 
 
§ 90515.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

There is no requirement for a minimum distance between structures in the M-1 Zone, except that required 
by the California Building Code. 
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§ 90515.09 PARKING 
 

Off street parking in the M-1 Zone shall be provided in accordance with Section 90402.01 (f). 
 
§ 90515.10 SIGNS 
 

The following signs shall be permitted in the M-1 Zone; however, all signs shall be subject to Section 90401 
as applicable. 
 
 

1. Temporary real estate signs not exceeding 20 square feet, advertising the property for sale 
or lease, and meeting requirements of Division 4, Chapter 1. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 

3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 
meeting requirements of Division 4, Chapter 1. 

 
4. Signs approved in conjunction with a Conditional Use Permit approved for the site. 

 
§ 90515.11 LANDSCAPING 
 

Landscaping in the M-1 Zone shall be provided according to Section 90302.03 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 16: M-2 (MEDIUM INDUSTRIAL) 
 
  § 90516.00 PURPOSE & APPLICATION 

 § 90516.01 PERMITTED USES IN THE M-2 ZONE 
 § 90516.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90516.03 PROHIBITED USES 
 § 90516.04 MINIMUM LOT SIZE 
 § 90516.05 MINIMUM LOT AREA PER DWELLING UNIT 
 § 90516.06 YARDS AND SETBACKS 
 § 90516.07 HEIGHT LIMIT 
 § 90516.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90516.09 PARKING 
 § 90516.10 SIGNS 
 § 90516.11 LANDSCAPING 
 

§ 90516.00 PURPOSE & APPLICATION 
 

The purpose of the M-2 (Medium Industrial) zone is to designate areas for wholesale commercial, storage, 
trucking, assembly type manufacturing, general manufacturing, research and development, medium 
intensity fabrication and other similar medium intensity processing facilities.  The processing or fabrication 
within any of these facilities is to be limited to activities conducted either entirely within a building or within 
securely fenced (obscured fencing) areas.  Provided further that such facilities do not omit fumes, odor, 
dust, smoke or gas beyond the confines of the property line within which their activity occurs, or produces 
significant levels of noise or vibration beyond the perimeter of the site. 

 
§ 90516.01 PERMITTED USES IN THE M-2 ZONE 
 

The following uses are permitted in the M-2 Zone provided they meet the requirements of this Title: 
 
a) Alcohol and alcoholic beverage manufacturer 
b) All M-1 uses permitted under §90515.01 
c) Asphalt and asphalt products manufacturing 
d) Automobile assembly 
e) Automobile body and fender works 
f) Automobile dismantling for used parts storage, only if operated and maintained entirely within a 

building 
g) Automobile painting 
h) Automobile upholstering 
i) Bag cleaning 
j) Boiler or tank works 
k) Brick, tile or terra cotta  
l) Building materials and manufacturing 
m) Candle making 
n) Carbon manufacturing 
o) Cargo Containers (provided they have an approved building permit) 
p) Celluloid or pyroxylin manufacturing 
q) Cement and cement product manufacturing 
r) Contractors equipment yards 
s) Contractors general 
t) Contractors storage yards 
u) Cotton gins or oil mills 
v) Crumb rubber processing 
w) Data centers 
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x) Disinfectant manufacturing 
y) Electrical Vehicles Charging Stations as a Primary Use 
z) Feed mills 
aa) Fertilizer and insecticide manufacturing 
bb) Fish and meat packing plant 
cc) Grain elevators 
dd) Graphite manufacturing 
ee) Gypsum manufacturing 
ff) House movers or wreckers 
gg) Industrial Hemp: manufacturing into semi-finished and finished products, subject to Division 4 

Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
hh) Ink, lime, linoleum, matches, paper and straw board, petroleum products, pickles, sauerkraut, soap, 

starch, sugar, tar and tar products, vinegar, accessory buildings and/or structures necessary to 
such use located on the same lot or parcel of land as the primary structure or use 

ii) Insulation materials manufacturing 
jj) Mini Storage (outside storage allowed provided it is screened) 
kk) Oil reclamation plant 
ll) Petroleum products storage 
mm) Railroad repair shop 
nn) Railroad yard 
oo) Seed mill 
pp) Solar energy extraction generation provided that it is for on-site consumption only. 
qq) Wool pulling and scouring 

 
§ 90516.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the M-2 Zone provided they meet the requirements of this Title: 
 
a) Acid manufacturing 
b) Ammonia, chlorine and bleaching powder manufacturing 
c) Animal sales yards 
d) Animal slaughter plant 
e) Animal stock yards 
f) Automobile wrecking yard (operated entirely within a fenced area where all portions of the site are 

obscure from any adjacent parcel) 
g) Battery Storage  
h) Billboards/Off site advertising signs 
i) Blast furnace 
j) Chemical manufacturing 
k) Commercial Cannabis (All Forms), subject to Division 4 Chapter 6 of Title 9 Land Use Ordinance 

and Title 14 of the Imperial County Codified Ordinance 
l) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

m) Distillation of coal, wood or tar 
n) Fat rendering 
o) Gelatin manufacturing 
p) Glass manufacturing 
q) Incinerators 
r) Junk yards 
s) Labor camps 
t) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under state or federal law, to be approved exclusively by an agency, or agencies 
of the state and/or federal governments, and provided that such facilities shall be approved 
subsequent to coordination and review with the Imperial Irrigation District for electrical matters.  
Such uses shall include, but not be limited to, the following: 
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Electrical generation plants 
Facilities for the transmission of electrical energy (100-200 kV) 
Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 

u) Recycling Facility 
v) Rubber and rubber products manufacturing 
w) Smelting of tin, copper or iron ore 
x) Solid Waste Facilities 
y) Storage and handling of radio-active materials 
z) Surface mining 
aa) Transportation treatment units (TTU’s) 
bb) Trucking firms, truck and automobile storage yards 

 
§ 90516.03 PROHIBITED USES 
 

All other uses not permitted by Section 90516.01 or 90516.02of this Division are prohibited in the M-2 zone. 
 
§ 90516.04 MINIMUM LOT SIZE 
 

Minimum lot size requirement in the M-2 zone is 20,000 square feet. 
 
§ 90516.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

There is no requirement for a minimum area per dwelling unit in the M-2 zone since it does not allow dwelling 
units as an outright use except as an accessory and/or security or caretakers unit which may be permitted 
incidental to the primary use.  Any residential use must meet R-1 setback requirements. 

 
§ 90516.06 YARDS AND SETBACKS 
 

Yards and setbacks in the M-2 zone are as follows: 
 

A. FRONT YARD 
 

Minimum front yard setback for all buildings shall be as follows: 
1. 10 feet from property line or public right-of-way line 
 
1. 0 feet if approved by the Planning Director with written concurrence from the Public 

Works Department and Fire Marshall 
 

In no case shall buildings be located in the right-of-way or on the property line unless it meets the 
latest edition of the California Building Code. 
 

B. SIDE YARD 
 

None required 
 

C. REAR YARD 
 

None required 
 

§ 90516.07 HEIGHT LIMIT 
 

Buildings and structures in the M-2 zone shall not exceed six (6) stories or 80 feet. 
 
§ 90516.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

There is no requirement for minimum distance between structures in the M-2 zone except as required by 
the Uniform Building Codes. 
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§ 90516.09 PARKING 
 

Off street parking in the M-2 zone shall be as provided in accordance with Section 90402.01 (F). 
 

§ 90516.10 SIGNS 
 

The following signs shall be permitted in the M-2 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
 1. Institutional Identification Signs 
 2. Monument Signs not to exceed 100 square feet 
 3. Pole Signs  
 4. Signs attached to buildings 
 5. Temporary Construction Signs 
 6. Temporary Political Signs, not to exceed 3 months 

7. Temporary Real Estate signs, advertising property for sale or lease not to exceed 
20 square feet. 

 
§ 90516.11 LANDSCAPING 
 

Landscaping in the M-2 zone shall be provided according to Section 90302.03. 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 17: M-3 (HEAVY INDUSTRIAL) 
 
  § 90517.00 PURPOSE & APPLICATION 

 § 90517.01 PERMITTED USES 
 § 90517.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90517.03 PROHIBITED USES 
 § 90517.04 MINIMUM LOT SIZE 
 § 90517.05 MINIMUM LOT AREA PER DWELLING UNIT 
 § 90517.06 YARDS AND SETBACKS 
 § 90517.07 HEIGHT LIMIT 
 § 90517.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90517.09 PARKING 
 § 90517.10 SIGNS 
 § 90517.11 LANDSCAPING 
 

§ 90517.00 PURPOSE & APPLICATION 
 

The purpose of the M-3 (Heavy Industrial) zone is to designate areas for the most intense, heaviest type of 
manufacturing processing or fabrication facilities.  Processing or fabrication in these areas is allowed to be 
conducted entirely within a building or outside of a building, provided however the facility does not omit 
fumes, odors, dust, smoke or gas beyond the confines of the property upon which the activity occurs, nor 
produces significant levels of noise or vibrations beyond the perimeter of the site in accordance with the 
County’s General Plan. 

 
§ 90517.01 PERMITTED USES IN THE M-3 ZONE 
 

The following uses are permitted in the M-3 Zone provided they meet the requirements of this Title: 
 
a) Abattoir or animal slaughter house 
b) Acid manufacturing 
c) All M-2 uses permitted under § 90516.01, not including § 90515.01 
d) Ammunition manufacturing 
e) Automobile assembly plants 
f) Automobile wrecking yard provided it is conducted entirely within a fenced area where all portions 

of the site are obscure from any adjacent parcel 
g) Battery Storage  
h) Cargo Containers (provided they have an approved building permit) 
i) Creosote manufacturing 
j) Curing, tanning and storage of raw hides or skins 
k) Distillation of bones 
l) Distillation of coal, wood or tar 
m) Drop forge industries 
n) Explosive manufacturing and storage 
o) Fat rendering 
p) Gas manufacturing 
q) Graphite manufacturing 
r) Incinerators 
s) Iron, steel, brass or copper foundries or fabrication plants 
t) Lumber mills 
u) Major facilities relating to the generation and transmission of electrical energy, provided such 

facilities are not, under state or federal law, to be approved exclusively by an agency, or agencies 
of the state and/or federal governments, and provided that such facilities shall be approved 
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subsequent to coordination and review with the Imperial Irrigation District for electrical matters.  
Such uses shall include, but not be limited to, the following: 

Electrical generation plants  
Facilities for the transmission of electrical energy (100-200 kV) 
Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 

v) MRF (Material recovery facility) 
w) Ore reduction plants 
x) Petroleum refineries 
y) Quarry or stone mills 
z) Recycling facility 
aa) Regional Landfill  
bb) Rolling mills 
cc) Rubber and rubber products manufacturing 
dd) Smelting of tin, copper, zinc or iron ore 
ee) Solar energy extraction generation provided that it is for on-site consumption only. 
ff) Transformation facility 

 
 
§ 90517.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the M-3 Zone provided they meet the requirements of this Title: 
 
a) Communication Towers: including radio, television, cellular, digital, along with the necessary support 
equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject to requirements 
of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” et al). 

 
§ 90517.03 PROHIBITED USES 
 

All uses not permitted by Section 90517.01 of this Division are prohibited in the M-3 zone.   
 
§ 90517.04 MINIMUM LOT SIZE 
 

The minimum lot size required in the M-3 zone is 20,000 square feet. 
 
§ 90517.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

There is no requirement for minimum area for a dwelling unit in the M-3 zone since it does not allow dwelling 
units except as accessory, security or caretaker units.  Any residential use must meet R-1 setback 
requirements. 

 
§ 90517.06 YARDS AND SETBACKS 
 

Yards and setbacks in the M-3 zone are as follows: 
 

A. FRONT YARD 
 

The minimum front yard setback for all buildings shall be as follows: 
 
1. 10 feet from property line or public right-of-way line 

 
2. 0 feet if approved by the Planning Director with the written concurrence from the Public 

Works Department and the Fire Marshall. 
 

B. SIDE YARD 
 

None required. 
 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

C. REAR YARD 
 

None required. 
 

§ 90517.07 HEIGHT LIMIT 
 

Buildings constructed in the M-3 zone shall not exceed six (6) stories or 80 feet. 
 
§ 90517.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

There are no requirements for a minimum distance between structures in the M-3 zone except that required 
by the California Building Codes. 

 
§ 90517.09 PARKING 
 

Off street parking in the M-3 zone shall be as provided in accordance with Section 90402.01 (F). 
 

§ 90517.10 SIGNS 
 

The following signs shall be permitted in the M-3 Zone; however, all signs shall be subject to Section 90401 
as applicable. 

 
 1. Institutional Identification Signs 
 2. Monument Signs not to exceed 100 square feet 
 3. Pole Signs  
 4. Signs attached to buildings 
 5. Temporary Construction Signs 
 6. Temporary Political Signs, not to exceed 3 months 

7. Temporary Real Estate signs, advertising property for sale or lease not to exceed 
20 square feet. 

 8. Temporary Subdivision Signs 
 
§ 90517.11 LANDSCAPING 
 

Landscaping in the M-3 zone shall be provided according to Section 90302.03. 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 18: S-1 (OPEN SPACE/RECREATIONAL) 
 
  § 90518.00 PURPOSE & APPLICATION 

 § 90518.01 PERMITTED USES IN THE S-1 ZONE 
 § 90518.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90518.03 PROHIBITED USES 
 § 90518.04 MINIMUM LOT SIZE 
 § 90518.05 MINIMUM LOT AREA PER DWELLING UNIT 
 § 90518.06 YARDS AND SETBACKS 
 § 90518.07 HEIGHT LIMIT 
 § 90518.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90518.09 PARKING 
 § 90518.10 SIGNS 
 § 90518.11 LANDSCAPING 
 § 90518.12 ANIMALS 
 

§ 90518.00 PURPOSE & APPLICATION 
 

The purpose of the S-1 zone is to designate areas that recognize the unique Open Space and Recreational 
character of Imperial County including the deserts, mountains and water front areas.  Primarily the S-1 Zone 
is characterized by low intensity human utilization and small scale recreation related uses.  Any new 
subdivision in the S-1 zone will require all necessary infrastructure, including potable water, sewer and 
roads to County standards. 

 
§ 90518.01 PERMITTED USES IN THE S-1 ZONE 
 

The following uses are permitted in the S-1 Zone provided they meet the requirements of this Title: 
a) Accessory Structure including cargo container (provided they have an approved building permit 

and are subordinate to a primary building/use) 
b) Crop and tree farming (not allowed within Ocotillo/Nomirage Community Area Plan)(ONCAP) 
c) Directional signs of not to exceed six (6) square feet in area but not including commercial 

advertising 
d) Duck clubs (not allowed within ONCAP) 
e) Fish farms (not allowed within ONCAP) 
f) Forest industries 
g) Grazing 
h) Gun clubs 
i) Harvesting of any wild crop 
j) Home Occupation per Division 4, Chapter 4 (home occupation permit required Hotels and motels 
k) Marinas, boat liveries and boat launching ramps 
l) Mobile home/RV Park provided 50% of the total use is for RV use 
m) Residence (one per legal parcel) 
n) RV Park 
o) Solar energy extraction generation provided that it is for on-site consumption only 

 
§ 90518.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the S-1 Zone provided they meet the requirements of this Title: 
 
a) Accessory Dwelling Unit  
b) Airports 
c) Breeding and raising of animals in excess of the limits specified in Section 90502.13 
d) Churches and other places used exclusively for religious worship 
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e) City, County, State and Federal enterprises including buildings and facilities 
f) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc.. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

g) Contractors office and storage yard (temporary) 
h) Daycare or nursery school 
i) Equestrian establishments, stables, or riding academies (not allowed within ONCAP) 
j) Establishments or enterprises involving large assemblages of people or automobiles including 

amusement parks, circuses, carnivals, expositions, fairs, open air theatres, race tracks, recreational 
and sport centers 

k) Facilities for abused people 
l) Hospital sanitariums 
m) Institutions of a philanthropic nature 
n) Major facilities relating to the generation and transmission of electrical energy provides such 

facilities are not under State or Federal law, to approved exclusively by an agency, or agencies of 
the State or Federal government, and provided such facilities shall be approved subsequent to 
coordination review of the Imperial Irrigation District for electrical matters. Such uses shall include 
but be limited to the following: 

Electrical generation plants  
Facilities for the transmission of electrical energy (100-200 kV) 
Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 

o) Meteorological Tower 
p) Oil, gas & geothermal exploration 
q) Planned unit development 
r) Recreational vehicle storage facilities 
s) Real Estate tract office and signs (temporary) 
t) Special Occasion Facility 
u) Surface mining operations 

 
§ 90518.03 PROHIBITED USES 
 

All other uses not permitted by Section 90518.01 or 90518.02 of the Chapter are prohibited in the S-1 Zone. 
 
§ 90518.04 MINIMUM LOT SIZE 
 

The minimum lot size for the S-1 zone is 1 acre and any parcel existing at less than 1 acre at the adoption 
of this Ordinance shall be deemed an legal parcel. 

 
§ 90518.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

The minimum lot area per dwelling unit in the S-1 zone shall be 1 acre for each residence allowed by this 
Chapter. 

 
§ 90518.06 YARDS AND SETBACKS 
 

Yards and setbacks in the S-1 zone are as follows: 
 
 A. FRONT YARD. 
 

The front yard minimum setback for all buildings shall be as follows. 
 
25 feet from the edge of right-of-way or property line or 80 feet from center line or adjacent street, 
whichever is greater 

 
 
 

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

 B. SIDE YARD 
 

 10 feet minimum. 
 
 C. REAR YARD 
 
  10 feet minimum. 
 
§ 90518.07 HEIGHT LIMIT 
 

Buildings or structures in the S-1 zone shall not exceed 35 feet, except for communication towers, which 
are 100 feet. 

 
§ 90518.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements apply to the minimum distances between structures in the S-1 Zone. 
 
A. There shall be a minimum of ten (10) feet between primary residential use buildings, except for 0 

lot line approved subdivisions. 
B. There shall be a minimum distance of six (6) feet between a residential building and any detached 

accessory building, except that any detached structure used to house, keep or maintain animals, 
permitted in this zone shall be separated as follows: 
- 30 ft. from primary residence 
- 80 ft. from front lot line 
- 25 ft. from any side or rear lot line 
- 100 ft. from any school or public park 
- 100 ft. from any water well 

 
NOTE: A covered walkway or breezeway is not considered attached. 

 
§ 90518.09 PARKING 
 

Off-street parking shall be provided in the S-1 Zone according to the standards contained in Sections 
90402.00 through 90402.15 of this Title.  RV’s, trailers and other vehicles provided they belong to the 
property owner may be stored on site only if they are within the rear yard and not readily visible or accessible 
to public view. 
 

§ 90518.10 SIGNS 
 

The following signs shall be permitted in the S-1 Zone; however, all signs shall be subject to Section 90401 
as applicable. 
 

1. Temporary real estate signs not exceeding 20 sq. ft., and advertising the property for sale 
or lease, and meeting requirements of Division 4, Chapter 1, of this Title. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 

3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 
meeting requirements of Division 4, Chapter 1. 

 
4. Institutional Signs 
 
5. Signs attached to buildings. 
 
6. Monument signs. 
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7. Pole signs advertising on-site identification uses only. 
 

8. Signs approved in conjunction with a Conditional Use Permit approved for the site. 
 

§ 90518.11 LANDSCAPING 
 

Every S-1 lot, parcel or use shall meet the requirements of Section 90302.06. 
 
§ 90518.12 ANIMALS 
 

The keeping of animals in the S-1 zone shall comply with Section 90502.13. 
 

THIS SPACE INTENTIONALLY LEFT BLANK 
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TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 19: S-2 (OPEN SPACE/PRESERVATION) 
 

 § 90519.00 PURPOSE & APPLICATION 
 § 90519.01 PERMITTED USES IN THE S-2 ZONE 
 § 90519.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90519.03 PROHIBITED USES 
 § 90519.04 MINIMUM LOT SIZE 
 § 90519.05 MINIMUM LOT AREA PER DWELLING UNIT 
 § 90519.06 YARDS AND SETBACKS 
 § 90519.07 HEIGHT LIMIT 
 § 90519.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90519.09 PARKING 
 § 90519.10 SIGNS 
 § 90519.11 LANDSCAPING 
 § 90519.12 ANIMALS 
 
 

§ 90519.00 PURPOSE & APPLICATION 
 

The S-2 Zone is considered to be the Open Space Preservation Zone.  The primary intent here is to 
preserve the cultural, biological, and open space areas that are rich and natural as well as cultural 
resources.  The S-2 Zone is dominated by native desert habitat and stark topographic features.  While 
certain uses are allowed within the S-2 Zone, such uses must be compatible with the intent of the Open 
Space and Conservation Element of the General Plan. 

 
§ 90519.01 PERMITTED USES IN THE S-2 ZONE 
 

The following uses are permitted in the S-2 Zone provided they meet the requirements of this Title: 
 
a) Accessory agricultural buildings, structures and uses including farm buildings, housing of 

agricultural product, garages and implementation shelters, provided no livestock or any building or 
enclosure used in connection with livestock shall be closer than 100 feet to the property lines. (not 
allowed within ONCAP) 

b) Accessory structure including cargo container (provided they have an approved building permit and 
are subordinate to a primary building/use) 

c) All permitted uses in S-1 zone under § 90518.01 except for mobile home and/or RV park 
d) Apiaries 
e) Home Occupation per Division 4, Chapter 4 (home occupation permit required) 
f) Keeping of poultry, or similar small animals. 
g) Mineral Extraction 
h) Pasturing and grazing, provided however, that it shall not exceed one large animal (horse, mule, 

cow, etc.) or five medium size animal (hogs, goat, sheep) for each acre of the area of the parcel of 
land upon which the same are kept, except the temporary pasturing of livestock to feed on 
vegetable manner grown on said premises made be permitted.  The feeding of garbage (cooked 
or raw), produce, or import materials shall be strictly prohibited. (not allowed with ONCAP) 

i) Public buildings 
j) Residence, one per legal parcel. 
k) Solar energy extraction generation provided that it is for on-site consumption only. 
l) Stands for the sale of agricultural, horticultural, or farming products grown on the premises. 
m) Storage of agricultural products. 
n) Storage of products used for premises. 
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§ 90519.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the S-2 Zone provided they meet the requirements of this Title: 
 
a) Airports, airparks, heliparks. 
b) Asphaltic/concrete batch plants 
c) Boat delivery and launching ramps. 
d) Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

e) Community recreational buildings. 
f) Contractors office and storage yard (temporary) 
g) Equestrian establishment. 
h) General Store, 2000 square feet maximum. 
i) Major facilities relating to the generation and transmission of electrical energy provides such 

facilities are not under State or Federal law, to approved exclusively by an agency, or agencies of 
the State or Federal government, and provided such facilities shall be approved subsequent to 
coordination review of the Imperial Irrigation District for electrical matters. Such uses shall include 
but be limited to the following: 

Electrical generation plants  
Facilities for the transmission of electrical energy (100-200 kV) 
Electrical substations in an electrical transmission system (500 kv/230 kv/161 kV) 

j) Mobile home/RV Park. 
k) Off road vehicle and or motorcycle events. 
l) Oil, and gas and geothermal exploration. 
m) Parks and picnic grounds. 
n) Recreational camps, resorts, guest and dude ranches, organized camps. 
o) Recreational vehicle storage compounds/mini storage provided at least 75% of total use is for RV 

storage 
p) Riding, hiking, and bicycle trials. 
q) Seasonal Vendor Area 
r) Special Occasion Facility 
s) Surface mining 
t) Tourist information centers. 
u) Youth camps. 

 
§ 90519.03 PROHIBITED USES 

 
All other uses not permitted by Section 90519.01 or 90519.02 shall be prohibited in the S-2 Zone. 

 
§ 90519.04 MINIMUM LOT SIZE 
 

The minimize lot size of the S-2 zone is 20 acres (net). 
 
§ 90519.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

There shall be a minimum of one (1) acre (net) of lot area per dwelling unit. 
 
§ 90519.06 YARDS AND SETBACKS 
 

Yards and setbacks in the S-2 zone are as follows: 
 

A. FRONT YARD. 
 

The front yard minimum setback for all buildings shall be as follows: 
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30 feet minimum from property line or 80 feet from center line of adjacent road. 

 
B. SIDE YARD 

 
20 Feet minimum. 
 

C. REAR YARD 
 

20 feet minimum 
 

§ 90519.07 HEIGHT LIMIT 
 

Maximum height limit in the S-2 zone shall be 40 feet, except for communication towers which are 100 feet 
 
§ 90519.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

The following requirements apply to the minimum distances between structures in the S-2 Zone. 
 
A. There shall be a minimum of ten (10) feet between primary residential use buildings, except for 0 

lot line approved subdivisions. 
B. There shall be a minimum distance of six (6) feet between a residential building and any detached 

accessory building, except that any detached structure used to house, keep or maintain animals, 
permitted in this zone shall be separated as follows: 
- 30 ft. from primary residence 
- 80 ft. from front lot line 
- 25 ft. from any side or rear lot line 
- 100 ft. from any school or public park 
- 100 ft. from any water well 

 
NOTE: A covered walk way or breeze way is not considered attached. 

 
§ 90519.09 PARKING 
 

Off-street parking shall be provided in the S-2 Zone according to the standards contained in Sections 
90402.00 through 90402.15 of this Title.  RV’s, trailers and other vehicles provided they belong to the 
property owner, may be stored on site only if they are within the rear yard and not readily visible or 
accessible to public view. 

 
§ 90519.10 SIGNS 
 

The following signs shall be permitted in the S-2 Zone; however, all signs shall be subject to Section 90401 
as applicable. 
 

1. Temporary real estate signs not exceeding 20 sq. ft., and advertising the property for sale 
or lease, and meeting requirements of Division 4, Chapter 1, of this Title. 

 
2. Temporary construction signs related to construction on said property, meeting 

requirements of Division 4, Chapter 1. 
 

3. Temporary political, religious, civic and campaigning signs not to exceed three (3) months, 
meeting requirements of Division 4, Chapter 1. 

 
4. Signs attached to buildings. 
 
5. Monument signs. 
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6. Pole signs advertising on-site identification uses only. 
 
7. Institutional Signs 

 
8. Signs approved in conjunction with a Conditional Use Permit approved for the site. 
 

§ 90519.11 LANDSCAPING 
 

Every S-2 lot, parcel or use shall meet the requirements of Section 90302.06. 
 
§ 90519.12 ANIMALS 
 

The keeping of animals in the S-2 zone shall comply with Section 90502.13. 
 
 

                                        THIS SPACE INTENTIONALLY LEFT BLANK 
  

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

TITLE 9 
 

DIVISION 5: ZONING AREA ESTABLISHED 
 

CHAPTER 20: G/S (GOVERNMENT/SPECIAL PUBLIC ZONE) 
 
  § 90520.00 PURPOSE & APPLICATION 

 § 90520.01 PERMITTED USES IN THE G/S ZONE 
 § 90520.02 USES PERMITTED WITH A CONDITIONAL USE PERMIT 
 § 90520.03 PROHIBITED USES 
 § 90520.04 MINIMUM LOT SIZE 
 § 90520.05 MINIMUM LOT AREA PER DWELLING UNIT 
 § 90520.06 YARDS AND SETBACKS 
 § 90520.07 HEIGHT LIMIT 
 § 90520.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 § 90520.09 PARKING 
 § 90520.10 SIGNS 
 § 90520.11 LANDSCAPING 
 § 90520.12 REVERSION IF PRIVATIZED 
 
 

§ 90520.00 PURPOSE & APPLICATION 
 

The purpose of the G/S zone is to designate areas that allow for the construction, development and 
operation of governmental facilities and special public facilities, primarily this zone allows for all types of 
government owned and/or government operated facilities, be they office or other uses.  It also allows for 
special public uses such as security facilities, jails, solid and/or hazardous wastes facilities and other similar 
special public benefit uses. 

 
§ 90520.01 PERMITTED USES IN THE G/S ZONE 
 

The following uses are permitted in the G/S Zone provided they meet the requirements of this Title: 
 
a. Airport (public) 
b. Adult care facilities 
c. Agricultural Products (growing, harvesting and processing) 
d. Business and Industry Incubation Space (non-volatile materials) 
e. Cargo container (provided they have an approved building permit) 
f. Child care facilities 
g. Commercial Cannabis (Cultivation non-volatile materials), subject to Division 4 Chapter 6 of Title 9 

Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
h. County buildings 
i. Electrical Vehicles Charging Stations as an Accessory Use. (Incidental to Primary Use) 
j. Incarceration 
k. Industrial Hemp: including the cultivation, harvesting and testing, and light processing, subject to 

Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

l. Industrial Hemp (non-volatile materials): manufacturing into semi-finished and finished products, 
subject to Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County 
Codified Ordinance 

m. Maintenance facilities 
n. Offices 
o. Parks, organized camps 
p. Public buildings 
q. Research and development (non-volatile materials) 
r. Schools 
s. Solar energy extraction generation provided that it is for on-site consumption only. 
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t. Solid waste recycling facility 
 
§ 90520.02 USES PERMITTED ONLY WITH A CONDITIONAL USE PERMIT 
 

The following uses are permitted in the G/S Zone provided they meet the requirements of this Title: 
 
a. Airport (private) 
b. Business and Industry Incubation Space (volatile materials) 
c. Commercial Cannabis Manufacturing (volatile materials), subject to Division 4 Chapter 6 of Title 9 

Land Use Ordinance and Title 14 of the Imperial County Codified Ordinance 
d. Communication Towers: including radio, television, cellular, digital, along with the necessary 

support equipment such as receivers, transmitters, antennas, satellite dishes, relays, etc.. (subject 
to requirements of this zone and Division 24; Section 92401 “Communications Facilities Ordinance” 
et al). 

e. Hazardous materials disposal 
f. Hazardous materials processing 
g. Hazardous materials recycling 
h. Hazardous materials treating 
i. Industrial Hemp (volatile materials): manufacturing into semi-finished and finished products, subject 

to Division 4 Chapter 6 of Title 9 Land Use Ordinance and Title 14 of the Imperial County Codified 
Ordinance 

j. Major facilities relating to the generation and transmission of electrical energy provides such 
facilities are not under State or Federal law, to approved exclusively by an agency, or agencies of 
the State or Federal government, and provided such facilities shall be approved subsequent to 
coordination review of the Imperial Irrigation District for electrical matters. Such uses shall include 
but be limited to the following: Electrical generation plants (less than 50 mw) Facilities for the 
transmission of electrical energy (100-200 kV) Electrical substations in an electrical transmission 
system (500 kv/230 kv/161 kV) 

k. Research and development (volatile materials) 
l. Solid waste landfill facility 
m. Training facility 
n. Water treatment facility 
o. Wastewater treatment facility 

 
§ 90520.03 PROHIBITED USES 
 

All other uses not permitted by Section 90520.01 of this Division are prohibited in the G/S zone. 
 
§ 90520.04 MINIMUM LOT SIZE 
 

The minimize lot size of the G/S zone is 20,000 square feet. 
 
§ 90520.05 MINIMUM LOT AREA PER DWELLING UNIT 
 

Dwelling units are not permitted in the G/S zone except as ancillary facilities such as caretakers or security 
facilities, therefore no minimum lot area per dwelling unit is required. 

 
§ 90520.06 YARDS AND SETBACKS 
 

None required. 
 
§ 90520.07 HEIGHT LIMIT 
 

Buildings or structures in the G/S zone shall not exceed six (6) stories or 80 feet, except communication 
towers which are 100 feet. 
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§ 90520.08 MINIMUM DISTANCE BETWEEN STRUCTURES 
 

No minimum distance separation requirements are required except to meet the California Codes. 
 
§ 90520.09 PARKING 
 

Off-street parking shall be provided as required by the Department of Public Works and Planning & 
Development Services Department. 
 

§ 90520.10 SIGNS 
 

No restriction on the placement or maintenance of signs shall apply in the G/S zone. 
 

§ 90520.11 LANDSCAPING 
 

Every G/S zoned facility shall provide landscaping consistent with the requirements of the C-2 zone.  
 
§ 90520.12 REVERSION IF PRIVATIZED 
 

In the event a parcel that is zoned G/S by virtue of the fact that it is under public ownership is sold or 
otherwise privatized, the zone of the parcel shall be automatically changed to that of S-2. 

 
Any privately owned G/S facility shall only be allowed to operate the business or facility in existence at time 
of adoption of this Ordinance.  Any change in use shall first require a change of zone. 

 
 

THIS SPACE INTENTIONALLY LEFT BLANK 
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RIO BEND SPECIFIC PLAN 
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PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

 
 
 
 
 
 
 
 

APPENDIX E 
 

McCABE RANCH SUBDIVISION SPECIFIC PLAN 
 
 
 

 
  

PC ORIGINAL PKG



Division 5 Adopted November 24, 1998 (Amended December 16, 2003) (Amended August 3, 2004) (Amended October 31, 2006) (Amended 
January 29, 2008) (Amended July 2, 2013 MO#12) (Amended December 9, 2014) (Amended April 18, 2017) (Amended October 15, 2019) 
(Amended December 15, 2020) 

 
 
 
 
 
 
 
 

APPENDIX F 
 

RIVER FRONT SPECIFIC PLAN 
 
 

 
 
 
 
 

PC ORIGINAL PKG



PC ORIGINAL PKG



12/21/21, 9:37 AM Transporting Lithium Batteries | PHMSA

https://www.phmsa.dot.gov/lithiumbatteries 1/3

 The latest general information on the Coronavirus (COVID-19) is available on Coronavirus.gov. For PHMSA contact information during the COVID-19 health emergency, please visit our page.
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Home / Training / Hazmat
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Battery Powered Devices by Mail

Transporting Lithium Batteries

Lithium cells and batteries power countless items that support everyday life from portable computers, cordless tools, mobile

telephones, watches, to wheelchairs and motor vehicles. Our society has come to depend on lithium cells and batteries for an

increasingly mobile lifestyle. Today's lithium cells and batteries are more energy dense than ever, bringing a steadily growing

number of higher-powered devices to market. With the increased energy density comes greater risk and the need to manage it.

Shippers play an important role in reducing this risk and preventing incidents—including �res aboard aircraft or other transport

vehicles.

Lithium batteries are regulated as a hazardous material under the U.S. Department of Transportation's (DOT) Hazardous Materials

Regulations (HMR; 49 C.F.R., Parts 171-180). The HMR apply to any material DOT determines can pose an unreasonable risk to

health, safety, and property when transported in commerce. Lithium batteries must conform to all applicable HMR requirements

when o�ered for transportation or transported by air, highway, rail, or water.

Why are Lithium Batteries Regulated in Transportation?

The risks posed by lithium cells and batteries are generally a function of type, size, and chemistry. Lithium cells and batteries can

present both chemical (e.g., corrosive or �ammable electrolytes) and electrical hazards. Unlike standard alkaline batteries, most

lithium batteries manufactured today contain a �ammable electrolyte and have an incredibly high energy density. They can

overheat and ignite under certain conditions, such as a short circuit or improper design or assembly. Once ignited, lithium cell and

battery �res can be di�cult to extinguish. Additional, although infrequent, events can result in lithium cells and batteries

experiencing thermal runaway, a chain reaction leading to a violent release of stored energy and �ammable gas. This thermal

runaway can propagate to other batteries or conductive materials nearby, potentially resulting in large scale thermal events with

severe consequences.

Resources for Shippers:

Whether shipping a single battery, a palletized load of batteries, or a battery-powered device, the safety of the package, and those

who handle it along its journey, depends on compliance with the HMR. Failure to comply with the applicable regulations may result

in �nes or even criminal prosecution. Refer to 49 CFR 173.185 and the resources below for detailed requirements related to

shipments of lithium batteries, including those contained in electronic devices.

Lithium Battery Guide for Shippers

For shipments made via the United States Postal Service (USPS), refer to the USPS website for information on postal service shipping

restrictions and access to Publication 52 and International Mail Manuals (IMM). Publication 52 describes the types and quantities of

hazmat that can be sent using USPS. In addition, you can view the resource below for helpful information.

USPS Delivers Shipping Hazmat Safely

Resources for Manufacturers:

Lithium cells and batteries o�ered for transportation must have passed the design tests found in the United Nations (UN) Manual of

Tests and Criteria, Section 38.3. E�ective January 21, 2022, lithium cell and battery manufacturers must make test summary

documents available upon request for lithium cells and batteries manufactured after January 1, 2008. The test summary includes a

standardized set of elements that provide traceability and accountability to ensure that lithium cell and battery designs o�ered for

transport meet UN 38.3 test requirements. The UN 38.3 testing accounts for transportation impacts such as:

Altitude Overcharge

Vibration Thermal test

Shock Impact/crush

External short circuit Forced discharge
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Manufacturers and subsequent distributors of lithium cells and batteries must make this information available to others in the

supply chain. Check with the battery manufacturer or distributor to determine if a battery design has passed these tests, or obtain,

if applicable, the test summary document. Battery manufacturers must keep copies of test results so long as the battery design is

o�ered for transportation and for one year thereafter.

Any change or modi�cation to a lithium battery that would lead to a failure of any of the UN 38.3 tests must be considered a new

type and subjected to the required tests. See the UN Manual for the types of changes that may be considered su�ciently di�erent

from a tested type so that it might lead to a failure of a lithium battery test result.

See § 173.185(a) for all testing and test summary document requirements. For low production runs and prototype batteries, refer to

§§ 173.185(d) and (e), respectively, for exceptions from the testing requirements for lithium cells or batteries shipped for disposal or

recycling and for low production runs and prototype lithium cells or batteries.

For additional information, view the resource below.

New UN Requirement for Test Summaries

Resources for Airline Passengers:

If you're taking a �ight, you can bring your laptop computer, cell phone, camera, tablet, or other lithium battery-powered devices!

These personal electronics pose lower risk if certain conditions and limitations are followed, such as preventing inadvertent

activation. Spare batteries, including baggage equipped with lithium batteries, can be packed in carry-on baggage if steps are taken

to protect against short circuits.

For information on the conditions and limitations for bringing lithium batteries or any other hazardous material on your next �ight,

refer to the FAA's PackSafe for Passengers website before you �y.

FAA PackSafe for Passengers

In addition, the Transportation Security Administration (TSA) publishes information on additional items that they restrict on �ights.

Refer to TSA resources below.

TSA What Can I Bring?

Resources for Recycling Batteries:

Because of their unique safety hazards, lithium batteries must be disposed of and recycled appropriately. PHMSA regulates the

transportation of these batteries in commerce. Any person involved in transporting lithium batteries for recycling or disposal must

package and transport these batteries in conformance with the requirements of the HMR.

DOT Resources for Recyclers/Collection Operators/Transporters:

Lithium Battery Guide for Shippers

Sustainable Materials Management (SMM) Web Academy Webinar – Safe Transportation of Lithium Batteries: What You Need to

Know in 2021

OSHA Information

The Occupational Safety and Health Administration (OSHA) maintains a website dedicated to battery disposal resources:

https://www.osha.gov/green-jobs/recycling/batteries

EPA Information

The Environmental Protection Agency (EPA) maintains a website dedicated to battery disposal resources:

https://www.epa.gov/recycle/used-lithium-ion-batteries. In addition, the EPA maintains frequently asked questions:

https://www.epa.gov/recycle/frequent-questions-lithium-ion-batteries

Private Individuals and Households

Private individuals should dispose of household lithium batteries via appropriate recycling channels and should never place lithium

batteries in the trash or general recycling due to safety concerns. Electronics recyclers or scrap/collection centers in your area can

be found online. Certain grocery, home improvement, big box retail, and consumer electronics stores o�er lithium battery recycling

services. In addition, your local solid waste district may o�er a lithium battery collection program or host regular collection events.

The manufacturer of your electronic may also o�er a mail-in program. Should you utilize a mail-in program, you must comply with

all USPS (for USPS mail shipments) or DOT (for shipments with other carriers) requirements. The organizer of your mail-in program

should provide you with the guidelines to ship in compliance with USPS and/or DOT requirements.

You can refer to the EPA's webpage dedicated to household batteries for more information and for tips on locating appropriate

recycling channels in your area: https://www.epa.gov/recycle/used-household-batteries

Hazardous Materials Information Center

Have a question about transporting lithium batteries? Need clari�cation on the Hazardous Materials Regulations? PHMSA's Hazmat

Information Center provides live, one-on-one assistance Monday through Friday from 9 a.m. - 5 p.m.

1-800-HMR-4922

1-800-467-4922

202-366-4488

infocntr@dot.gov

Last updated: Monday, October 4, 2021
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U.S. DEPARTMENT OF TRANSPORTATION

Pipeline and Hazardous Materials Safety Administration

1200 NEW JERSEY AVENUE, SE

WASHINGTON, DC 20590

202-366-4433

HAZMAT Registration Help Desk: 202-366-4109

Hazardous Materials Information Center: 1-800-467-4922
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Hydrologic Region Colorado River 
Imperial Valley Groundwater Basin 

California’s Groundwater 
Bulletin 118 

Imperial Valley Groundwater Basin 

• Groundwater Basin Number: 7-30 
• County: Imperial  
• Surface Area:  1,200,000 acres (1,870 sq. miles) 

Basin Boundaries and Hydrology 
Imperial Valley Groundwater Basin is located in the southeastern part of 
California at the international border with Mexico.  The basin lies within the 
southern part of the Colorado Desert Hydrologic Region, south of the Salton 
Sea. 

Imperial Valley Groundwater basin is bounded on the east by the Sand Hills 
and on the west by the impermeable rocks of the Fish Creek and Coyote 
Mountains. To the north the basin is bounded by the Salton Sea, which is the 
discharge point for groundwater in the basin.  The physical groundwater 
basin extends across the border into Baja California where it underlies a 
contiguous part of the Mexicali Valley (CDPW 1954).  However, in this 
report, the southern boundary of the Imperial Valley basin is defined 
politically as the international border with the Republic of Mexico.  
Major hydrologic features include the New and Alamo rivers, which flow 
north towards the Salton Sea. The rivers were formed in the mid to late 1800s 
when the Colorado River occasionally escaped the normal channel and 
flowed northward towards the present day Salton Sea (Setmire 1979).  The 
All-American Canal (three branches) and the Coachella Canal also cross over 
the basin. 

Hydrogeologic Information 
Water Bearing Formations 
The basin has two major aquifers, separated at depth by a semi-permeable 
aquitard that averages 60 feet thick and reaches a maximum thickness of 280 
feet. The aquifers consist mostly of alluvial deposits of late Tertiary and 
Quaternary age.  Average thickness of the upper aquifer is 200 feet with a 
maximum thickness of 450 feet.  The lower aquifer averages 380 feet thick 
with a maximum thickness of 1,500 feet.  As much as 80 feet of fine-grained, 
low permeability prehistoric lake deposits have accumulated on the nearly 
flat valley floor and cause locally confined aquifer conditions (Montgomery 
Watson 1995).  

Restrictive Structures 
The San Andreas, Algodones, and Imperial faults are present within the 
basin, but data on whether these faults control groundwater movement is 
lacking. The only known barriers to groundwater flow are the lake deposits 
of clay that obstruct downward seepage of surface waters in the central and 
western part of the basin (Loeltz and others 1975).  

Recharge Areas 
Recharge is primarily from irrigation return.  Other recharge sources are deep 
percolation of rainfall and surface runoff, underflow into the basin, and 
seepage from unlined canals which traverse the valley (CDPW 1954).  

Last update 2/27/04 
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Hydrologic Region Colorado River California’s Groundwater 
Imperial Valley Groundwater Basin Bulletin 118 

Principal areas of recharge from  surface runoff are in the East Mesa and 
West Mesa, where the surface deposits are more permeable than in the 
central valley (Loeltz and others 1975).   
Primary underflow into the basin is from Mexicali Valley to the south and 
through the alluvial section between the Cargo Muchacho Mountains and 
Pilot Knob. 

Total seepage from the All American Canal from 1942 to 1982 is estimated 
at 2.2 million af.  Seepage from the Coachella Canal between the same years 
is estimated at 1.2 million acre-feet.  However, in 1980, a 49 mile long 
southern portion of the Coachella Canal was lined, which has decreased the 
amount of recharge from this source (Montgomery Watson 1995).  
Another source of groundwater recharge occurs along the lower reaches of 
the New River, near Calexico (Montgomery Watson 1995).  

Groundwater Level Trends 
Groundwater within the basin generally  flows toward the axis of the valley  
and then northwestward towards the Salton Sea. (Montgomery Watson 
1995).  Water levels vary widely within the basin due to differing hydraulic 
heads and the localized confining clay beds in the area (Brown 1923).  
Groundwater levels remained stable within the majority of the basin from  
1970 to 1990 because of relatively constant recharge and an extensive 
network of subsurface drains (Montgomery Watson 1995).  

Groundwater Storage 
Groundwater Storage Capacity.  The basin may have saturated 
sedimentary deposits as thick as 20,000 feet.  A large portion of this  
groundwater is undesirable because of high TDS concentrations 
(Montgomery Watson 1995).  The total storage capacity for this basin is 
estimated to be 14,000,000 af (DWR 1975). 

Groundwater in Storage.  Groundwater storage values for the basin are not 
available. 

Groundwater Budget (Type A) 
Montgomery Watson (1995) published a groundwater model utilizing data 
from 1970 to 1990.  Based on this model, recharge comes mostly from  
imported sources and canal seepage and totals approximately 250,000 af/yr.  
Losses to streams average 169,342 af/yr.  Groundwater discharge from the 
basin averages 270,000 af/yr while subsurface inflow averages 173, 000 
af/yr.  This gives an average change in groundwater storage of approximately  
17,000 af/yr.    

Groundwater Quality 
Characterization.  Water quality  varies extensively  throughout the basin.  
TDS content ranges from 498 to 7,280 mg/L in the basin (Loeltz and others 
1975). Department of Health Services data from five public supply wells 
show an average TDS concentration of 712 mg/L and a range from 662 to 
817 mg/L. 
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Hydrologic Region Colorado River California’s Groundwater 
Imperial Valley Groundwater Basin Bulletin 118 

Impairments.  In general, groundwater beneath the basin is unusable for 
domestic and irrigation purposes without treatment.  TDS values typically 
exceeding 2,000 mg/L are reported from a limited number of test wells 
drilled in the western part of the basin.  Groundwater in areas of the basin has 
higher than recommended levels of fluoride and boron (Loeltz and others 
1975). 

Approximately 7,000 af/yr of groundwater is estimated to recharge the basin 
from the New River which drains the Mexicali Valley (Montgomery Watson 
1995). This groundwater is related to surface flow from the highly polluted 
New River and negatively affects groundwater quality in the basin (Setmire 
1979). 

Water Quality in Public Supply Wells 
Constituent Group1 Number of 

wells sampled2 
Number of wells with a 

concentration above an MCL3 

Inorganics – Primary 1 0 

Radiological 0 0 

Nitrates 0 0 

Pesticides 0 0 

VOCs and SVOCs 0 0 

Inorganics – Secondary 1 0 
1 A description of each member in the constituent groups and a generalized 
discussion of the relevance of these groups are included in California’s Groundwater 
– Bulletin 118 by DWR (2003). 
2 Represents distinct number of wells sampled as required under DHS Title 22 
program from 1994 through 2000. 
3 Each well reported with a concentration above an MCL was confirmed with a 
second detection above an MCL.  This information is intended as an indicator of the 
types of activities that cause contamination in a given basin.  It represents the water 
quality at the sample location.  It does not indicate the water quality delivered to the 
consumer.  More detailed drinking water quality information can be obtained from the 
local water purveyor and its annual Consumer Confidence Report. 

Well Characteristics 
Well yields (gal/min) 

Municipal/Irrigation  

Total depths (ft) 

Domestic 

Municipal/Irrigation  

Active Monitoring Data 
Agency

 

 Parameter 

 

Number of wells 
/measurement frequency 

USGS Water Level 19 

Department of 
Health Services and 
cooperators 

Title 22 water 
quality 

45 
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Hydrologic Region Colorado River California’s Groundwater 
Imperial Valley Groundwater Basin Bulletin 118 

Basin Management 
Groundwater management: 

Water agencies 

Public 

Private 
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Karen Ross, Secretary
California Department of Food and Agriculture
 &
The Honorable Board of Supervisors, County of Imperial  
Supervisor Luis A. Plancarte, District 2, Chairman
Supervisor Jesus E. Escobar, District 1
Supervisor Michael W. Kelley, District 3
Supervisor Ryan E. Kelley, District 4
Supervisor Raymond “Ray” Castillo, District 5
 &
County Executive Officer, County of Imperial  
Tony Rouhotas, Jr.

I am pleased to present the 2019 Imperial County Agricultural Crop and Livestock Report in accordance with the requirements of 
Section 2279 of the California Food and Agricultural Code. This report summarizes the estimated acreage, yield, and gross value of 
Imperial County’s agricultural production for the 2019 calendar year. Also included is a report on sustainable agriculture pursuant 
to Section 2272 of the California Food and Agricultural Code. 
 
The values presented in this report represent the gross value for products and do not reflect the cost of production, marketing, 
storage, or transportation. No attempt is made to reflect the net income, profit, or loss to producers.
 
Gross production for 2019 was valued at $2,015,843,000. This is a decrease of $210,188,000 (9.44%) compared to the 2018 gross 
value. The decrease was mainly due to a decrease in harvested acres as well as some field, vegetable and livestock prices. Vegetables 
such as leaf lettuce, cabbage, romaine lettuce and spinach saw a significant decrease in price. The decrease in price for cattle also 
contributed to the decrease.
 
Cattle ranked as our #1 commodity with a gross value of $449,021,000, which is a decrease of 4.43% from 2018.  This was due to a 
5.17% decrease in market price. Alfalfa remained as #2 and sugar beets moved from #12 in 2018 to #8 mainly due to better market 
prices and increase in harvested acres. Imperial County remains the sole producer of sugar beets in the state. 
 
In 2019, there was a decrease of 9,332 total harvested acres, down 1.74% from 2018. Vegetables & melon crops saw a significant 
decrease in harvested acres, down 9.19%. Watermelons saw the largest decrease of harvested acres, down 54% with a decrease of 774 
acres. Wheat saw the second largest decrease of harvested acres, down 43.34% with a decrease of 10,805 acres. Fruit & Nut Crops 
also saw a decrease in harvested acres. 
 
The 2018 Agricultural Crop & Livestock Report was the first report in which I decided to add a theme, which was “Celebrating our 
Industry Partners". This year’s theme for the 2019 crop report is “Tribute to Staff". Several employees volunteered to share their 
story, which I am truly grateful for their humility. I hope you enjoy reading these stories. It is through these profiles that we can 
see how diverse the Agricultural Commissioner’s staff is. 

Thank you to all the growers, processors, industry groups, and agencies who provided the information and statistics for this report; 
your help in this effort is truly appreciated. In addition, I would like to express my appreciation to all of the members of my staff for 
their continued hard work and dedication and particularly to the Special Projects Division, for their work in compiling this report.
 
Sincerely,
 

 
Carlos Ortiz
Agricultural Commissioner
Sealer of Weights and Measures
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4 Production Summary

Category
Harvested Acres Changes in 

Harvested 
Acres

Gross Value Changes in 
Gross Value2018 2019 2018 2019

Livestock  $532,130,000  $522,309,000 -1.85%

Field Crops  341,229  344,435 0.94%  $507,849,000  $498,165,000 -1.91%

Vegetable & Melon Crops  132,604  120,415 -9.19%  $984,472,000  $799,424,000 -18.80%

Fruit & Nuts Crops  10,328  9,606 -6.99%  $83,909,000  $75,636,000 -9.86%

Seed & Nursery Products  53,031  53,404 0.70%  $109,210,000  $113,690,000 4.10%

Apiary Products  $8,461,000  $6,619,000 -21.77%

Total   537,192  527,860 -1.74% $2,226,031,000  $2,015,843,000 -9.44%

2019 PRODUCTION SUMMARY

1

3

2

Top Ten Commodities

Rank 
2019

Commodity Gross Value
2019

Rank 
2018

1 Cattle  $449,021,000 1

2 Alfalfa  $217,446,000 2

3 Leaf Lettuce  $109,502,000 3

4 Broccoli  $105,521,000 5

5 Head Lettuce  $102,970,000 4

6 Bermuda Grass  $83,597,000 7

7 Carrots  $65,798,000 10

8 Sugar Beets  $62,050,000 12

9 Romaine Lettuce  $60,307,000 11

10 Spinach  $57,928,000 8

Agricultural Production Areas*

2019 Total County Farmable Acres

Imperial Valley 458,411

Bard/Winterhaven 14,782

Palo Verde 7,794

Total 480,987

Total harvested acres include multiple cropping on individual fields throughout the year.

*Obtained from Imperial Irrigation District, Palo Verde Water District and Bard Water District Reports.PC ORIGINAL PKG



5Livestock & Apiary Products

LIVESTOCK

APIARY 
PRODUCTS

Production

Crop Year Head Unit Gain Total Gain Unit
Value Per 

Unit
Gross Value

Cattle (Feedlot)
2019 386,295  10.16 3,924,760 cwt  $114.41  $449,021,000 
2018 379,129  10.27 3,894,412 cwt  $120.64  $469,832,000 

Aquatic Products 
(Fish & Algae)

2019  $18,282,000 
2018  $10,244,000 

Misc. Livestock
2019  $55,006,000 
2018  $52,054,000 

Total 2019 Value  $522,309,000 

Total 2018 Value  $532,130,000 

Production

Crop Year Hive
Yield 

Per Hive
Total Units Unit

Value Per 
Unit

Gross Value

Honey
2019 34,315 12.08 414,696 lbs  $1.84  $763,000 
2018 36,659 10.66 390,624 lbs  $1.78  $694,000 

Wax
2019 8685 0.50 4,342 lbs  $2.59  $11,000 
2018 11,594 1.09 12,583 lbs  $2.74  $35,000 

Pollination
2019 81,210 colony  $71.98  $5,845,000 
2018 107,812 colony  $71.72  $7,732,000 

Total 2019 Value  $6,619,000 

Total 2018 Value  $8,461,000 

Misc. Livestock may include: Calves, Replacement Cattle, Dairy Animals, Milk, Manure/Compost, Sheep, Wool, California 
Mid-Winter Fair & Fiesta Show Animals
Cwt = 100 Pounds
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6 Staff Profiles

Our office is proud to have in its 
ranks two veterans from our 

country’s military forces.

They are currently employed as Agricultural Assistant/Standards Technicians with the 
Pest Detection and Eradication Division (PD&E). Part of their job includes trapping 
insects using yellow sticky traps placed in trees around the county. When the traps 
have been serviced (switched out) and come back to the office, they are then carefully 
examined to determine whether there is anything on the trap that looks like a pest 
of concern. If there is a suspect then the trap is sent to a lab where it is identified. 
This is important stuff for our County’s plant and crop health. Some of the pests we 
are looking for are: the Mediterranean Fruit Fly, the Asian Citrus Psyllid, and other 
exotic and invasive pests.  Other pests using a different kind of trap include Red 
Imported Fire Ant, South American Palm Weevil and others.

John Molina served in the U.S. Army from 2003 to 2015. His service with the 
36th infantry division led him to two deployments in the Middle East Farah 
Province in western Afghanistan and later to the Tallil Air Base near Nasiriyah 
in Iraq. After he left the Army, he worked for the California Conservation Corps 
of Kings Canyon National Park out in the backcountry. His next job was with 
the Anza Borrego Desert State Park on the natural resource management crew. 
John has been working with the Agricultural Commissioner’s Office for the last 
4 years. Currently he is working on an Associate’s Degree in Heating, Ventilation 
and Air Conditioning (HVAC). 

John Molina (Army)

John Molina

Robert was born in Michigan and raised in Ohio and Oregon. He served in the Navy 
from 1987 to 2001. During his service in the U.S. Navy, he studied Meteorology and 
Oceanography. While in the Navy, he twice manned a Transatlantic Abort Landing Site 
for NASA Space Shuttle Missions, spent 13 months in Antarctica, and traveled to six 
continents (all but South America). Robert went on to work for the California Department 
of Food and Agriculture (CDFA) Pest Detection and Eradication department for five 
years where he gained valuable experience while working on the Asian Citrus Psyllid, 
the South American Palm Weevil and the European Grapevine Moth programs. After 
leaving CDFA, he came to work here in Pest Detection and Eradication as an Agricultural 
Assistant. A few of Robert’s hobbies include drawing, computer graphics and collectibles. 

Robert Japp

Robert Japp (Navy)
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7Staff Profiles

Frank Duarte like his dad. In his senior year in high 
school he was a service truck operator 
and with that job he no longer traveled 
with his family. 

After high school, he went to Cal Poly 
San Luis Obispo and graduated with a 
degree in Crop Science. His senior project 
was a trial of three different varieties of 
garlic funded by his employer. By the time 
he graduated, his family had stopped 
migrant fieldwork and they moved 
to San Diego. He had a few jobs after 
college, one at Terminix Pest Control, 
where he obtained several structural pest 
control licenses. Frank moved on to the 
Agricultural Commissioner’s Office. On 
day one, he was ready to apply all the 
knowledge, experience and work ethic 
he learned in college, from his family, 
and his prior employers. Frank says that 
being hired by the Ag Commissioner’s 
office was one the best things in his 
life. The friendships he made with his                                                                                                                       
co-workers and those within the 
agricultural industry could never be 
replaced. The job itself was always 
challenging and he learned new things 
every day. Frank says that it is a great 
place to work.

Working as laborers, his family would find 
growers who would provide the family 
with housing, be it a home, garage or 
someone's back yard. Being four years 
old, there was not a whole lot for him to 
help with. They usually worked harvesting 
stone fruit such as peaches, apricots, 
plums, and other fruits and vegetables. He 
remembers his dad shaking the trees and 
Frank's job would be to pick up all the fruit 
that fell. When they worked in field crops, 
his job was to collect all the vegetables 
left behind. He enjoyed working in the 
summertime because the whole family 
was together, having fun even though it 
was hard work. Frank has good memories 
of those summers. 

When Frank was in the eighth grade his 
family started working for a company 
who came from Turlock. The company 
the family worked for harvested garlic and 
onion. His dad was a machine operator, 
mom and sisters worked on the harvesting  
machine, cleaning debris from the garlic 
and onions. Frank was the bucket boy, 
filling the buckets with product so the 
harvester could pick them up. 

When he got older, he moved up to 
tractor driver, then machine operator

Frank Duarte must have really enjoyed 
his 30 years at the Ag Commissioner’s 
Office because he came back to us just 
nine months after his retirement, back 
at it as an Extra Help Biologist. He was 
assigned to just about every division 
we have; Pesticide Use Enforcement, 
Pest Detection and Eradication, Weights 
and Measures and Pest Exclusion. As 
an Extra Help Biologist, he has worked 
on the Industrial Hemp Program, and 
anywhere else he was needed.

Frank was born into a migrant 
farm working family. He was one 
of eight children. His dad and 
mom and all the kids would pack 
up and go north looking for work.

She went on to attend the University of 
Arizona - Yuma, where she received a 
Bachelor of Science degree in Agricultural 
Technology Management with a minor 
in Microbiology. Ashley never imagined 
she would be in an ag-related career, 
but it was her many experiences 
throughout college that steered her in 
that direction. It began when the United 
States Department of Agriculture (USDA) 
sponsored her to attend the Hispanic 
Association of Colleges and Universities 
(HACU) conference in Denver. This 
opened the door to opportunities such as 
internships, volunteering, and traveling. 

During college, Ashley interned with 
the US Forest Service and USDA-Food 
Safety and Inspection Service in northern 
California. She also volunteered with 
the USDA Regional Director at San Diego 
State University-Imperial Valley Campus, 
where she was involved in outreach for 
agricultural opportunities for Imperial 
Valley high school and college students. 

Ashley Romero

Ashley Romero is an Agricultural 
Biologist/Standards Specialist II in the 
Special Projects Division. She has been 
working for the Ag Commissioner’s 
Office for just over a year. Ashley 
graduated from Calexico High School in 
2014 and Imperial Valley College in 2016. 

Ashley also applied for sponsorship to 
attend the USDA Ag Outlook Forum in 
Washington D.C. and was selected as 1 of 
20 undergrads from around the country. 
This opened her eyes to the possibilities 
within the agricultural community and 
enabled her to switch her major and 
begin a career in agriculture.  Ashley’s 
current tasks include the Phytosanitary 
Field Inspection of Seed Program, the 
Industrial Hemp Program and the 
development and maintenance of the 
office website. Ashley’s hobbies include 
traveling, PC gaming, reading, playing 
with her dog (Toby), and watching Netflix.  
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8 Field Crops

Production

Crop Year
Harvested 

Acres
Yield 

Per Acre
Total Units Unit

Value Per 
Unit

Gross Value

Alfalfa Hay
2019 150,562 7.92 1,191,859 ton  $182.44  $217,446,000 
2018 155,171 7.54 1,169,723 ton  $186.76  $218,455,000 

Bermuda Grass Hay
2019 64,660 8.60 556,240 ton  $150.29  $83,597,000 
2018 55,638 10.22 568,757 ton  $167.89  $95,489,000 

Cotton (Lint)1/
2019 3,938 2.25 8,861 bale  $447.53  $3,965,000 
2018 3,075 3.45 10,614 bale  $432.38  $4,589,000 

Cotton (Seed)
2019 3,168 ton  $147.50  $467,000 
2018 4,130 ton  $150.00  $619,000 

Klein Grass Hay
2019 20,952 9.43 197,491 ton  $154.41  $30,494,000 
2018 17,932 13.03 233,564 ton  $175.80  $41,061,000 

Pastured Crops 2/
2019 42,950 acre  $37.23  $1,599,000 
2018 43,371 acre $39.38  $1,708,000 

Straw (Baled)
2019 61,276 ton  $34.26  $2,099,000 
2018 128,499 ton $37.23  $4,785,000 

Sudan Grass Hay
2019 53,141 5.07 275,021 ton $138.61  $38,867,000 
2018 53,562 6.41 343,094 ton  $153.63  $52,708,000 

Sugar Beets
2019 25,417  47.20 1,199,642 ton  $51.68  $62,050,000 
2018 24,417  47.73 1,165,423 ton  $47.08  $54,868,000 

Wheat
2019 14,127 3.51 49,629 ton  $246.67  $12,242,000 
2018 24,932 3.43 85,530 ton  $157.50  $13,471,000 

Misc. Field Crops
2019  11,638  $45,339,000 
2018 6,502  $20,096,000 

Total 2019 Acres 344,435 Value  $498,165,000 

Total 2018 Acres 341,229 Value  $507,849,000 

FIELD CROPS

Misc. Field Crops may include: Barley, Field Corn, Mixed Grasses, Molasses, Oats, Rape, Ryegrass, Safflower, Sesbania, Sorghum 
Grain, Sorghum Silage, Sugarbeet Molasses, Sugarbeet Pulp, Sugarcane.
1/Cotton Bales = 500 Pounds
2/Pastured Crops are pastured once and the acreage is not included in the total and may include: Alfalfa, Bermuda Grass, 
Permanent Pasture
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SEED & NURSERY PRODUCTS
9Seed & Nursery

Misc. Seed and Nursery Products may include: Aloe Vera, Broccoli Seed, Carrot Seed, Cauliflower Seed, Celery Seed, Chinese 
Cabbage Seed, Chrysanthemum Seed, Coriander Seed, Cut Flowers, Lettuce Seed, Mizuna Seed, Nursery Plants, Palm Trees, Radish 
Seed, Rapeseed, Ryegrass Seed, Sudan Seed, Sunflower Seed, Vegetable Transplants, Watermelon Seed, Wheat Seed.

Production

Crop Year
Harvested 

Acres
Yield 

Per Acre
Total Units Unit

Value 
Per Unit

Gross Value

Alfalfa Seed

Non-Certified
2019 11,102 733.18 8,139,474 lbs  $2.20  $17,907,000 
2018 10,665 670.17 7,147,328 lbs $2.20 $15,724,000 

Certified
2019 15,358 713.10 10,952,081 lbs  $2.81  $30,815,000 
2018 25,937 625.60 16,226,187 lbs $3.25 $52,735,000 

Total Alfalfa Seed
2019 26,460 721.53 19,091,555 lbs  $2.55  $48,722,000 
2018 36,602 638.59 23,373,515 lbs $2.93 $68,459,000 

Bermuda Grass Seed

Non-Certified
2019 5,025 376.46 1,891,719 lbs  $3.82  $7,231,000 
2018 4,366 400.78 1,749,796 lbs  $4.93  $8,623,000 

Certified
2019 5,253 321.63 1,689,540 lbs  $4.96  $8,380,000 
2018 4,520 351.33 1,588,027 lbs  $6.00  $9,528,000 

Total Bermuda Grass Seed
2019 10,278 349.05 3,581,259 lbs  $4.36  $15,611,000 
2018 8,886 375.63 3,337,822 lbs  $5.44  $18,151,000 

Onion Seed
2019 746 462.00 344,652 lbs  $5.00  $1,723,000 
2018 883 331.56 292,765 lbs  $7.22  $2,115,000 

Misc. Seed & Nursery

Misc. Non-Certified Seed
2019 12,119  $33,442,000 
2018 2,392  $4,876,000 

Misc. Certified Seed
2019 3,162  $6,839,000 
2018 3,504  $7,634,000 

Misc. Nursery Products
2019 639  $7,353,000 
2018 764  $7,975,000 

Total 2019 Acres 53,404 Value  $113,690,000 

Total 2018 Acres 53,031 Value  $109,210,000 
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10 Staff Profiles

Jolene Dessert was raised in El Centro 
and is a graduate of Central Union 
High School. As a member of the 
Future Farmers of America (FFA) she 
was introduced to the many aspects of 
agriculture and the sciences behind it. 

Jolene Dessert In July 1929, Henry held the title of 
“Watermelon King of Imperial County” 
and handed out watermelons instead 
of cigars when her mother, Marian, was 
born that same month.

From cracking cotton bolls to trapping, 
surveying, and identifying  pests and now 
managing staff and programs, the work 
and assignments have been a constant 
opportunity for her to learn and develop 
professionally, for which she is very 
thankful.  Jolene is married to Matt, has a 
daughter Emily who is a registered nurse, 
and a son Matthew who is a sophomore 
at the University of Denver.

While attending Imperial Valley College 
(IVC), Jolene worked as an Ag Assistant 
at the USDA Research Center in Brawley. 
She conducted mostly cotton and pink 
bollworm research. 

From IVC she went on to Cal Poly, Pomona 
where she worked as a curator in the 
insect lab and graduated with a degree 
in Agricultural Biology. Shortly after 
graduating, she started her career at the 
Agricultural Commissioner’s Office as 
an Agricultural Biologist.  Since then she 
has served as the County’s Entomologist/
Plant Pathologist and as a Deputy 
Commissioner/Sealer. She is now the 
Assistant Agricultural Commissioner/
Sealer of Weights and Measures.  

Jolene’s maternal grandparents, Henry 
and Olive Jackson, were early pioneers 
and farmers of Imperial County, arriving 
in the area in 1910. Henry stocked mules 
for hire for early farming and for the 
construction of the All-American Canal. 

Paul Deol

Paul Deol is an Agricultural Biologist 
/Standards Specialist III with the Pest 
Exclusion Division. Previously he 
worked in Weights and Measures and 
Pest Detection and Eradication. He 
has been working with the county for 
the last 15 ½ years. During his career 
at the Agricultural Commissioners, 
Paul has passed all the required state 
examinations.

program, field inspection program and 
Phytosanitary inspections and issuance. 

Paul has also worked in Weights and 
Measures certifying scales, gas pumps, 
electric meters, etc.

A strong community involvement has 
been an important part of Paul’s activities 
outside of work. From 2008 to 2018, Paul 
served as Assistant Scout Master and Merit 
Badge Counselor with the Boy Scouts of 
America. In his spare time, Paul enjoys 
hunting, fishing, target shooting, boating, 
off-roading and growing fruit trees. 

Paul was born and raised in a farming family 
in Imperial Valley. He spent most summers 
and weekends raking and baling hay, 
topping sugar beets, repairing equipment 
and irrigating fields. Paul attended 
Imperial Valley College and then California 
Polytechnic State University, Pomona 
where he obtained a bachelor’s degree in 
Agronomy in 1984. 

Before his employment at the Agricultural 
Commissioner’s Office, Paul successfully 
owned and operated a farming business in 
Imperial County for 23 years. This business 
consisted of hay and grain production 
and sales, custom tractor work for other 
farmers, overseeing employees, and repair 
and maintenance of equipment. During the 
time that Paul operated his family farming 
business, he produced alfalfa, wheat, Sudan 
grass, melons, kleingrass, and Bermuda 
hay and seed.

At the Agricultural Commissioner’s 
Office Paul has worked on the weed 
management area, Glassy-winged 
Sharpshooter program, Asian Citrus 
Psyllid program, Fruit-fly trapping 
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11Staff Profiles

Kelley Jackson started working for the 
Agricultural Commissioner’s Office in 
November of 2016. She is an Agricultural 
Biologist II and has been assigned to the 
Pest Detection and Eradication Division 
for the entire 4 years she has been here 
and, as such, she calls it her “home”. 

One of her assignments is performing 
nursery inspections. When local stores 
receive nursery stock, she drives to 
the store and inspects the incoming 
nursery stock before it can be placed on 
shelves to be sold. The same inspections 
are done when a landscape company 
receives nursery stock on a jobsite. 

Kelley Jackson Kelley is thankful for all of the 
knowledge and experience she gained 
by working with our local agricultural 
community and grateful to have met 
many wonderful people along the way.
Kelley has been married to Greg Jackson for 
nearly 34 years and they have a daughter, 
Emily. Kelley enjoys being active and 
volunteering in her spare time. Kelly and 
her husband have been involved in the 
local 4-H program for many years, serving 
as leaders in the Mt. Signal 4-H Club. The 
4-H Club gives Kelley the opportunity to 
give back to the community and make a 
difference in the lives of our local youth. 

Before they are planted, she has to inspect 
the plant material. She is looking for 
diseases and pests of concern in the plant 
material coming from other counties 
and states. It is very important that 
the nursery stock is free from diseases 
and pests that could harm our local 
agriculture or ornamental landscape 
plants and trees.  
Kelley grew up in Holtville. After she 
graduated high school, she attended the 
University of Arizona where she earned her 
degree in Agronomy. With her degree in 
hand, she began working part time for her 
future father in law, Chris Jackson, helping 
in the office until she found a full time 
job. She found a seasonal position with 
the Agricultural Commissioner’s Office 
working on the Hydrilla-triploid Grass 
Carp program, in conjunction with the 
Imperial Irrigation District (IID).

After leaving the seasonal job, she worked 
for the next 29 years at these employers: as 
an Agriculture Consulting Assistant with 
Clyde Shields Entomological Service/Plant 
Production Service, as a partner at Desert 
Valley Ag, and as a field assistant for Trio 
Equipment Company.

David Claverie David is a third generation Imperial 
County resident working in agriculture.   
Both of his grandfathers emigrated from 
Europe to settle in the Imperial Valley.     
They purchased ground and began 
farming in the early 1900’s growing hay, 
grain, vegetables, and milking dairy cows.

His father returned from military service 
and purchased farm land, where he 
farmed hay, grain, and raised sheep.

David was raised on his family’s farm 
where he was taught all the facets of 
farming from an early age. He worked 
moving sheep before school, and after 
school he harvested alfalfa, worked on 
equipment and many other projects that 
needed to be done on the farm.

After graduating from Cal Poly, Pomona 
with a degree in Ag Business Management/
Ag Marketing, David managed a custom 
hay harvesting operation and worked for 
several seed companies in purchasing, 
conditioning, sales, and research and 
development.

David Claverie is an Agricultural 
Biologist/Standards Specialist III for 
the Imperial County Agricultural 
Commissioner’s office.   He has been 
with the department for 11 years.

After 30+ years in the seed and hay 
harvesting industry David found his way 
to the Agricultural Commissioner’s Office 
where he worked in Weights and Measures/
Pest Exclusion Division and now in the 
Special Projects Division.

His current duties include overseeing our 
organic program, hemp program, PQ field 
inspections and other special projects.
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12 Vegetable & Melon Crops

VEGETABLES & MELONS
Production

Crop Year
Harvested 

Acres
Yield 

Per Acre
Total Units Unit

Value Per 
Unit

Gross Value

Broccoli (Market)
2019 11,957 451.73 5,401,345 26 lbs  $19.54  $105,521,000 
2018 13,726 460.22 6,316,932 26 lbs  $15.99  $100,982,000 

Cabbage (Market)
2019 1,922 802.65 1,542,700 45 lbs  $8.76  $13,507,000 
2018 2,044 777.25 1,588,700 45 lbs  $13.71  $21,777,000 

Carrots

Market
2019 4,298 825.75 3,549,156 50 lbs  $5.84  $20,740,000 
2018 4,764 932.29 4,441,707 50 lbs  $3.15  $13,977,000 

Processing & Others
2019 10,029 35.51 356,118 ton  $126.52  $45,058,000 
2018 11,117 26.41 293,541 ton  $161.20  $47,319,000 

Total Carrots
2019 14,327  $65,798,000 
2018 15,881  $61,296,000 

Cauliflower (Market)
2019 4,815 687.05 3,308,167 23 lbs  $11.31  $37,411,000 
2018 5,091 645.00 3,283,695 23 lbs  $12.12  $39,794,000 

Head Lettuce

Naked Pack
2019 1,984,064 50 lbs  $9.56  $18,976,000 
2018 2,274,594 50 lbs  $9.27  $21,076,000 

Wrap Pack
2019 4,960,161 40 lbs  $9.28  $46,041,000 
2018 5,686,485 40 lbs  $9.13  $51,934,000 

Bulk
2019 3,968,129 50 lbs  $9.56  $37,953,000 
2018 4,549,188 50 lbs  $9.27  $42,152,000 

Total Head Lettuce
2019 13,663 10,912,354 ctn  $9.44  $102,970,000 
2018 16,241 12,510,266 ctn  $9.21  $115,162,000 

Leaf Lettuce
2019 14,066 549.31 7,726,531 35 lbs  $14.17  $109,502,000 
2018 13,953 404.21 5,639,991 35 lbs  $21.74  $122,627,000 

Spring Mix 1/ 2019 * * * *  *  *  
2018 2,996 9,354.00 28,027,390 lbs  $0.58  $16,256,000 

Onions

Market
2019 3,109 1,401.50 4,357,263 50 lbs  $4.16  $18,119,000
2018 4,708 2,377.35 11,192,554 50 lbs  $6.60  $73,834,000

Processing
2019 8,694 21.03 182,869 ton  $148.40  $27,138,000
2018 7,852 19.51 153,161 ton  $161.98  $24,810,000

Total Onions
2019 11,803  $45,257,000 
2018 12,560  $98,644,000 

Potatoes
2019 2,518 183.33 461,633 cwt  $26.30  $12,139,000 
2018 2,087 250.95 523,733 cwt  $34.93  $18,294,000 

Spinach
2019 8,128 13,173.67 107,075,563 lbs  $0.54  $57,928,000 
2018 8,585 11,431.54 98,139,768 lbs  $0.86  $84,291,000 

Sweet Corn
2019 8,246 344.71 2,842,514 50 lbs  $11.58  $32,908,000 
2018 8,569 358.00 3,067,702 50 lbs  $13.22  $40,540,000 

Romaine Lettuce
2019 8,050 994.83 8,008,370 35 lbs  $7.53  $60,307,000 
2018 7,787 750.75 5,846,099 35 lbs  $9.47  $55,371,000 

Misc. Vegetables
2019 14,657  $119,415,000 
2018 16,098  $156,688,000 

Cantaloupes
2019 4,224 717.00 3,028,608 40 lbs  $7.04  $21,334,000 
2018 4,330 635.09 2,749,956 40 lbs  $8.90  $24,481,000 
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13Fruit & Nut Crops

Production

Crop Year
Harvested 

Acres
Yield 

Per Acre
Total Units Unit

Value Per 
Unit

Gross Value

Honeydew & Misc. 
Melons

2019 1,398 620.29 867,159 40 lbs  $9.70  $8,411,000 
2018 1,241 692.13 858,927 40 lbs  $11.95  $10,261,000 

Watermelons
2019 641 31.06 19,911 ton  $352.38  $7,016,000 
2018 1,415 31.92 45,170 ton  $398.68  $18,008,000 

Total 2019 Acres 120,415 Value  $799,424,000 

Total 2018 Acres 132,604 Value  $984,472,000 

Production

Crop Year
Harvested 

Acres
Yield

Per Acre
Total Units Unit

Value Per 
Unit

Gross Value

Dates
2019 2,556  3.59 9,175 ton  $2,471.23  $22,674,000 
2018 2,825 3.30 9,321 ton  $2,598.83  $24,224,000 

Grapefruit
2019 638 15.66 9,992 ton  $466.50  $4,661,000 
2018 692 12.08 8,362 ton  $486.93  $4,072,000 

Lemons
2019 4,126 11.68 48,171 ton  $757.01  $36,466,000 
2018 4,612 12.66 58,383 ton  $749.27  $43,745,000 

Tangelos
2019 633 6.11 3,870 ton  $458.97  $1,776,000 
2018 532 4.76 2,532 ton  $553.83  $1,402,000 

Tangerines
2019 578 11.51 6,651 ton  $453.33  $3,015,000 
2018 570 7.50 4,275 ton  $754.67  $3,226,000 

Misc. Citrus, Fruit & 
Nut Crops

2019 1,075  $5,825,000 
2018 1,097  $6,335,000 

Citrus by-Products
2019  $1,219,000 
2018  $905,000 

Total 2019 Acres  9,606 Value  $75,636,000

Total 2018 Acres 10,328 Value  $83,909,000

VEGETABLES & MELONS

Misc. Fruit & Nut Crops may include: Grape, Jujube, Lime, Mango, Olive, Orange, Pecan.

Misc. Vegetables may include: Artichoke, Arugula, Asparagus, Beets, Bok Choy, Celery, Cilantro, Collard, Dill, Gai Lon, Herbs, 
Kale, Mint, Mizuna, Mustard, Napa Cabbage, Okra, Parsley, Radish, Rapini, Squash, Sweet Basil, Swiss Chard, Thyme. 
1/* 2019 Spring Mix is now included in Misc. Vegetables.

FRUIT & NUTS

PC ORIGINAL PKG



14 Sustainable Agriculture

SUSTAINABLE AGRICULTURE
Pest Detection Trapping

Target Pest Host Crops Traps Placed Annual Services

European Corn Borer Corn & Sorghum 12 118

Various Exotic Fruit Flies Fruit Trees & Vegetables 110 1,443

Glassy-winged Sharpshooter Crops & Ornamentals 494 9,582

Gypsy Moth Shade Trees 60 466

Japanese Beetle Turf & Flowers 59 458

Khapra Beetle Stored Food Products 36 470

Mediterranean Fruit Fly Fruit Trees 121 6,305

Melon Fruit Fly Vegetables 121 6,305

Mexican Fruit Fly Fruit Trees 121 6,304

Oriental Fruit Fly Fruit Trees 121 6,305

South American Palm Weevil Palm Trees 84 59

Pest Detection Survey
Target Pest/
Survey Sites

Area Surveyed
Inspections 

& Finds
Actions

Asian Citrus Psyllid/  
Huanglongbing

Residential citrus trees 
within 2 miles of the 
international border

1,068 sites surveyed

No action needed1,003 plant samples

1 insect sample

Glassy-winged 
Sharpshooter

Retail nursery stock 
shipment

1,373 inspections; 
No finds

4-returned

11 rejections not due 
to finds

2-destroyed

5-other

Bulk citrus fruit 127; No finds No action needed

Ag & Urban 
A-Rated & 
Noxious Weed Pest Survey

1,534 total miles
25 total positive 
sites

4 sites mechanical 
removal

Pathogens of concern for 
export

305 fields 
147 target pests of 
concern

No action needed

Red Imported Fire Ant
42 High risk sites 43 inspections; No 

positive finds
No action needed

This division is mandated to monitor agricultural and urban areas for harmful exotic pests in order to protect the 
local agricultural industry, environment, the public, and urban landscaping. This is largely accomplished through 
trapping, visual surveys, and the inspection of incoming nursery stock. The division also provides field inspection 
services for seed exporters where inspection of mother plants is required and provides pest identification services. 
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SUSTAINABLE AGRICULTURE
Pest Exclusion & Quarantine

Plant Quarantine

Type of Inspection Inspections Pounds Origin

Field & Vegetable Seed  686 16,799,841
AL,AZ,CO,ID,IL,NE, 
NV,OR,TX,WA

Plants 253 -
AZ, CA, FL, BC, TN, MS, 
MI, OH, NM, MT, ND, OR

Bees 28 - CA,OR, ND

This division is mandated to exclude exotic agricultural, urban, and environmental pests and to prevent movement 
of newly discovered pests within the state. This is accomplished through inspection of incoming agricultural products 
and enforcement of quarantines that prohibit or restrict the movement of plants, seeds and other items capable of 
harboring harmful pests. In addition, certificates of quarantine compliance and phytosanitary certificates are issued for 
commodities originating here, in order to assist growers in moving their products to other counties, states or countries. 

Pest Exclusion Inspection - Shipments Entering Imperial County

Nursery & Seed Inspection

Nursery Inspections

The goal of the nursery inspection program is to prevent the introduction and spread of agricultural
pests through nursery stock and to protect agriculture and the consumer against economic losses 
resulting from the sale of inferior, defective or pest-infested nursery stock. The seed law enforcement
program protects seed consumers by regulation of the marketing of seed, inspection of seed grown or sold 
locally, verification of purity and germination, investigation of seed complaints, and prevention of the spread 
of noxious weed seeds through seed products. Also included in this program is the California Certified Seed 
Program in which superior varieties of seed are grown, processed and distributed under close supervision.

Type of Inspection Locations Production Areas Nursery Stock Type

Production Nursery  31  1,068.64
Date palms, ornamental 
trees, shrubs, annuals, and 
fruit trees.

Type of Inspection Inspections

Harvest Equipment 42

Seed Transfer Certification Inspections

In-state 124

Out of state 28

California Crop Improvement Association Inspections & Certification
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16 Staff Profiles

Ramon Ortega joined the Agricultural 
Commissioner’s Office in 1991. He 
started his career as an Agricultural 
Biologist in Pesticide Use Enforcement 
(PUE). After 23 years in the PUE division, 
Ramon moved on to work in Pest 
Detection and Eradication for 3 years. 
Ramon is currently an Agricultural 
Biologist/Standards Inspector III in 
the Pest Exclusion/Weights & Measures 
division.

Ramon Ortega The first professional job Ramon obtained 
after graduating college was in a soil lab 
in Brawley with Dr. Malek Kaddah. His 
duties were to do soil profile descriptions 
and take soil samples in the fields to test 
for fertility and salinity. He also collected 
petiole samples for nutrient levels and 
analyzed them at the lab. Ramon worked 
at this lab for 3 years. After working at 
the lab, Ramon went to work for Milas 
Russell Jr as a grower assistant/irrigation 
foreman. Ramon worked for Russell for 
2 ½ years. 

In his spare time, Ramon enjoys gardening, 
camping and off-road races.

Ramon learned that hard work goes hand 
in hand with agriculture early in his life.  
Ramon started working in the fields when 
he was 11 years old. His father was the 
foreman on a ranch and would allow 
Ramon to work on the weekends thinning 
sugar beets with a short handle hoe. When 
Ramon was 13 years old, he started raking 
hay with a tractor, and at 15, he was bailing 
hay. By the time Ramon was 17 he was 
driving a variety of agricultural equipment. 
During the weekends in his high school 
years, when there was no tractor work 
Ramon would go to Imperial Avenue in 
Calexico at 2:00 AM to look for field work 
and earn some money for his personal 
expenses.

Ramon graduated from Calexico High 
School and then went on to obtain an 
Agricultural Science degree from Cal 
Poly Pomona. Ramon is proud to have 
been the first in his family to earn a 
college degree. While attending college, 
Ramon worked with a landscaping 
company installing automatic sprinkler 
systems. 

Cynthia Paz is an Agricultural Biologist/
Standards Specialist III with the 
Pesticide Use Enforcement (PUE) 
Division. She began her career at the 
Agricultural Commissioner’s Office 
working in the Exclusion/Weights 
& Measures division for five years. 
Cynthia is close to finishing her third 
year in  the PUE division, which she 
describes as a challenge, but it only 
makes her grow. 

Cynthia Paz
She graduated in June of 2011. After 
graduating from Pomona, Cynthia 
worked with Imperial County Farm 
Bureau (ICFB) as their administrative 
assistant. Although this was a part-
time job and not the career path she 
had in mind, Cynthia learned many 
things from her co-workers. After 
nearly a year of working at ICFB, she 
was hired by the Imperial County 
Agricultural Commissioner’s Office. 

Cynthia and her husband, Nery, bought 
a house outside the City of Imperial, 
where they live with their sons, Samuel 
and Daniel. Their home is not only filled 
with a dog and two cats, they also have 
chickens, goats and lambs. Her family 
attends church in Calexico, where she 
is a Sunday school teacher.

Cynthia was raised surrounded by 
agriculture; as an Imperial County native 
it’s kind of a requirement. Growing up, 
she remembers hearing the stories of 
her grandpa farming his land in Mexico. 
As Cynthia grew older, her parents 
managed an apartment complex where 
many of the tenants were field workers. 
Agriculture has been a part of Cynthia’s 
life since she was a child, therefore it 
was no surprise to her that studying 
agriculture would be in her future. 
During her high school years, Cynthia 
was involved in Calexico FFA, and later 
applied to Cal Poly Pomona. 

Pomona was an adventure. She majored 
in Ornamental Horticulture and took 
courses like Plant Pathology, Weed 
Science, Arboriculture and Ag Insect 
Pests. Cynthia was a member in both 
Los Rancheros Agronomy Club and Los 
Robles Horticulture Club. She served 
as the publicist and then two years as 
secretary for Los Robles.  

Cynthia participated in many agriculture 
related events while in college such as 
The Pumpkin Festival, NACTA and the 
Hot Rod & Tractor Show. 
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Jeff Lopez, Agricultural Biologist/
Standards Specialist III, has spent the last 
six years working for the Agricultural 
Commissioner’s Office, in the Weights 
and Measures Division, Pesticide Use 
Enforcement, and most currently in Pest 
Detection & Eradication. However, 20 
years ago, he would have never imagined 
being where he is now. 

Jeffrey Lopez
As an Agricultural Biologist, Jeff is 
seldom bored at his job saying, “I don’t 
like constantly repeating the same thing 
over and over; here every inspection 
is different because the people 
doing the work are always different.” 
Jeff’s chemistry background taught him 
to think like a scientist asking numerous
questions. This training proved useful as 
he found himself surrounded by fields and 
crops he knew very little about. With the 
help of fellow Biologists and an inquisitive 
mind, he now better understands and 
loves the Imperial County agricultural 
community. 

In his spare time Jeff enjoys reading, 
cooking, listening to music and singing 
church choir hymns. 

The road that brought Jeff to our small 
desert community did not involve farmers 
or agriculture, but rather cadavers and 
pharmaceuticals. With a chemistry degree 
from Cal State Los Angeles, Jeff spent 15 
years working in the Los Angeles area 
as a Senior Donor Coordinator where 
he recovered cadaver tissues used for 
transplants. It was a specialized field 
of expertise that involved graphic 
circumstances and raw emotions. 

A career change led him and his wife to 
the Tucson area where he worked in the 
pharmaceutical industry. However, only 
a few years after they arrived in Tucson, 
his wife was offered a position with the 
Calexico Mission School and the family 
once again saw a change of scenery. 

Coming from Los Angeles, Tucson seemed 
like a small town that Jeff says, unknowing 
at the time, prepared him for his move 
to Imperial County. Working in the 
Imperial Valley farm fields, he was able 
to experience outdoor open space like 
never before. 

Julian Lopez is the Deputy Agricultural 
Commissioner for the Pesticide Use 
Enforcement (PUE) division. Under 
the leadership and direction of County 
Agricultural Commissioner (CAC) Carlos 
Ortiz, Julian and his division protect 
human health and the environment by 
regulating pesticide use. 

Julian Lopez His co-workers describe Julian as 
dedicated, hard-working, and committed 
to helping people become the best version 
of themselves.

Julian was born in Pomona and raised in 
Imperial. Julian's heroes are his parents, 
who remind him to stay humble, work 
hard, and be kind. He enjoys reading, 
listening to music and podcasts, journaling, 
working out, and coaching baseball. He 
and his wife Elena are graduates of the 
University of California, Riverside. They 
live in Imperial with their four sons, Julian 
(7), Sebastian (4), Benjamin (2), and Adan 
(1), who keep their parents very busy with 
school, sports, and 4-H.

Julian has worked for the CAC for the 
past 9 years. Julian strives to put the 
needs of his fellow co-workers first and 
collaborates to integrate people into high 
performing teams that will better serve 
the County of Imperial. In April 2018, 
Julian was selected as the Imperial County 
Employee of the Month.

Julian was selected by the CAC to serve 
in the Technical Advisory Panel that 
reports to the California Agricultural 
Commissioners and Sealers Association’s 
Information Management Committee 
and as a representative on the Imperial 
County Environmental Justice Taskforce. 
Always aiming to improve at a personal 
and professional level, Julian is currently 
a fellow of (Class 50) the CA Agricultural 
Leadership Program, an advanced 
leadership development experience for 
professionals seen as emerging leaders 
who will be effective advocates for issues 
facing agriculture, our communities, the 
state, and nation.

Julian credits his mentors, Carlos Ortiz, 
Jolene Dessert, and Rachel Garewal for his 
professional success. 
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18 Export Commodities

2019 EXPORT COMMODITIES

Federal Export Certificates1/

20,194 federal certificates issued to 85 countries
92.7% of the certificates issued to 7 countries

Percentage of Certificates Issued per Country

Japan 41.76% Taiwan 3.22%

Mexico 32.74% China 2.88%

Korea 7.05% United Arab Emirates 1.31%

Canada 3.73% Other 7.30%

Commodities Exported2/

Hay 41.59%

Vegetables 38.69%

Seeds 11.58%

Other 8.14%

1/Based on USDA Phytosanitary Certification Program
2/Not all commodities originated in Imperial County

200 to 9000
80 to 199
40 to 79
30 to 39
10 to 29
Less than 10

Number of certificates

Created with mapchart.net ®
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A CLOSER LOOK AT OUR TRADING PARTNERS

State Export Certificates1/

1,017 state certificates issued to 8 states and territories
95.38% of the certificates issued to 3 states

NOTE: Not all U.S. produce shipments require a phytosanitary certificate

1/Based on USDA Phytosanitary Certification Program
2/Not all commodities originated in Imperial County
1https://www.cdfa.ca.gov/statistics

Number of Certificates Issued per State

Hawaii 54.87% Texas 2.06%

Florida 31.07% Louisiana 1.38%

Arizona 9.44% Other 1.18%

Commodities Exported2/

Vegetables 73.65%

Nursery 25.57%

Seeds 0.49%

Hay 0.29%

California and the Global Market Place
According to the 2018-2019 California Agricultural Statistics Review1, California 
continues taking the lead as the number one agricultural producer and exporter. 

- California exported around 26% of the agricultural production volume 

- California is the sole  exporter of 99% or more  of the following commodities: 

Rank Country

1 European Union
2 Canada
3 China/Hong Kong
4 Japan
5 Korea
6 Mexico
7 India
8 Vietnam
9 United Arab Emirates

10 Taiwan

California’s Top 10 
Agricultural Export Markets

20181

10 to 600
Less than 10

Number of certificates

 › Almonds
 › Artichokes
 › Dates
 › Prunes

 › Figs 
 › Garlic
 › Kiwifruit
 › Olives and olive oil

 › Pistachios
 › Raisins
 › Table grapes
 › Walnuts

California Exportation Gross Value in 2018

$21.02
billion

Created with mapchart.net ®
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Valeria Mejía

Meet Valeria, one of our new 
Agricultural Biologists. She is assigned 
to our Pesticide Use Enforcement 
Division, and while she’s new to our 
office, she isn’t new to the Imperial 
Valley or the kind of work we do at 
the Imperial County Agricultural 
Commissioner’s Office.

Valeria grew up on the small Gamboa 
ranch in Calexico and spent her 
childhood chasing cows and being 
her grandpa’s shadow. The pair were 
always outdoors feeding the livestock 
and repairing pens and some kind of 
plumbing. She attended McCabe School 
and graduated from Southwest High 
School where she joined El Centro FFA. 
She entered a few metal shop projects 
in the local county fair alongside her 
future husband and also showed calves 
and lambs.

She packed up her car and went to 
Orange County with nothing more than 
a start date and an Airbnb reservation. 
After about 6 months of walking 
nurseries in OC and working shipping 
terminals, she made her way to San Diego 
County as an inspector in the Pesticide 
Regulation Program where she focused 
on performing structural fumigation 
inspections. Valeria was halfway through 
her honeymoon when she got the call – 
she landed herself the job in her home 
county! She’s been an Agricultural 
Biologist/Standards Specialist with us 
since November 2019.

As you can tell, Valeria is well versed 
in public service and is an avid animal 
lover. She and her husband, Rudy have 
adopted four dogs and two kittens that 
have completely taken over their lives. 
They also have a small pet tortoise named 
Tortellini. She enjoys nature, hiking 
with her dogs, spending time outdoors 
working in her yard, and off-roading. 
Valeria is happy to be home and proud 
to serve the community that shaped 
her. She’s excited to support the 
local agricultural industry and looks 
forward to meeting industry members 
throughout her career with Imperial 
County.

Valeria went on to further her 
education at California Polytechnic 
State University San Luis Obispo and 
graduated with a degree in Animal 
Science and a concentration in Food 
Animal Production. 

During her time at San Luis Obispo, 
she was in collegiate FFA, Latinos in 
Agriculture, and served as manager 
of the Swanton Pacific Stocker Cattle 
Enterprise and the health manager of 
the Bull Test Enterprise. Valeria seized 
every opportunity Cal Poly had to offer 
and before she knew it, it was time to 
move onto greener pastures.   

After graduation, Valeria went up 
north to Sacramento and interned with 
California Cattlemen’s Association on the 
experimental Foothill Abortion vaccine 
trial. Her time was divided between the 
downtown office, UC Davis veterinary 
school, and the majority of it, spent on 
the road to ranches in CA, NV, and OR. 

After her internship, she worked as a 
USDA food inspector at the local beef 
packer and later as a Park Ranger with 
BLM, providing emergency medical 
services at the Imperial Sand Dunes 
Recreation Area. Valeria was determined 
to become a biologist in Imperial County. 

Hiram Rocha

Agricultural Biologist/ Standards 
Specialist Hiram Rocha has done a lot 
of living in his lifetime. Hiram was 
born in Mexico City. His family moved 
to Mexicali, Mexico when he was five 
years old. In elementary school Hiram 
began to learn the value of hard work. 
He learned how to cultivate on a small 
plot of land behind his home. 

At 10 years old, he worked at a grocery 
store and at 14, a cotton gin where 
he cleaned the offices, assisted with 
receiving and helped weigh the trucks. 

With family here in the USA, Hiram 
emigrated to Fort Ord, CA and validated 
his professional degrees in two years. 

His next job was doing field quality 
control and working in organic fertilizer 
and pesticides for different companies. 
After some years, he started teaching 
Natural Science at San Diego State 
University, Imperial Valley Campus.

Fast forward to 1997 where he began 
his career here in the Pesticide Use 
Enforcement Division. Although most 
of his job consists of inspections, 
investigations, and audits, the teacher 
side of him enjoys outreach and teaching 
better methods to the ag community. He 
enjoys talking to everyone and shows 
no sign of slowing down any time soon. 
Hiram says, “When you love your job, it 
is gratifying to hear someone say, you’ve 
done well." Hiram is  honored to have 
been chosen as The Imperial County 
Employee of the Month in 2016.  He has 
a great love for motorcycles, aviation and 
is always seeking new things to learn.

During high school he attended night 
school at the Science and Arts Institute 
(in Mexicali) taking courses in accounting 
while he worked for a bank. 

Hiram continued his education and 
graduated college with a degree in 
Engineering in Agronomy from the 
University of Chihuahua and a Master’s 
Degree with an Honorary Mention in 
Agricultural Sciences specializing in plant 
breeding at the Autónomous University 
Antonio Narro in Saltillo, Mexico.

After Hiram graduated he went to work 
as a professor and researcher and later 
became the Principal (Director) at the 
University of Baja California Ag School, 
where he stayed for the next 20 years. 
In addition to teaching, he earned his 
pilot's license. He became a commercial 
crop duster pilot and an instructor for 
crop-dusters at a flight school in Mexicali. 
He flew official assignments for the 
government of Baja California, Mexico. 
Hiram became a test pilot and pulled 
gliders on the weekends.

PC ORIGINAL PKG



21Staff Profiles

Thirty-two years have passed since the day Carlos began 
working at the Agricultural Commissioner's Office in 1988, 
on a journey that has led him to the highest position in the 
department. Overseeing an agricultural industry that spans 
over approximately 450,000 farmable acres is a complex and 
challenging task that Carlos was prepared to take on. He 
confidently embraced this professional challenge relying on 
the strong upbringing, academic and professional experience 
that shaped his leadership abilities.

His father was a farmer in Guanajuato, Mexico. Carlos’ 
father participated in the Bracero Program and when Carlos 
was 4 years old, his father moved the family to Oxnard, 
California. Carlos attended school but also worked with his 
father and family harvesting strawberries, tomatoes, and 
cut flowers during weekends and the summers. Several 
years later his father purchased a farm in Mexico, farming 
different crops, raising swine and running a dairy. Carlos 
remembers helping his father along with his siblings, in all 
types of farming activities. When Carlos became a teenager, 
he worked during the summers for his oldest brother Jose, 
in his brother’s flower business in Ventura County. Carlos 
appreciates all the support he has received throughout his 
life from his parents and all of his siblings (7 brothers and 
2 sisters) and especially from Jose who always had a job for 
Carlos while on school vacation and trusted Carlos in various 
roles in his business.

Carlos graduated from the Instituto Tecnologico y de 
Estudios Superiores de Monterrey with a degree in 
Agricultural Engineering. He then accepted a position 
with the International Division of the U.S. Department 
of Agriculture (USDA) in Tapachula, Chiapas working for 
the Med-fly program. After two years, he transferred to 
Mexicali to work in the Southwestern Cotton Boll Weevil 
Project. Next Carlos was hired as an Agricultural Biologist 
I by former Agricultural Commissioner, Steve Birdsall. He 
was later promoted to Deputy Agricultural Commissioner/
Sealer. He was thankful to Steve for that opportunity. He is 
also thankful to former Agricultural Commissioner/Sealer, 
Connie Valenzuela for later promoting him to Assistant 
Agricultural Commissioner/ Sealer.

Carlos is currently a member of the California Agricultural 
Commissioners and Sealers Association (CACASA). 
Representing all of California’s 58 counties, County 
Agricultural Commissioners and Sealers of Weights and 
Measures have the dual roles of promoting and protecting 
the state’s food supply, agricultural trade, the environment, 
public health and safety, consumer confidence and a fair 
marketplace in California. 

Carlos Ortiz

As he comes close to his fourth year as 
Agricultural Commissioner/Sealer, Carlos 
Ortiz sometimes reflects on the importance 
and responsibilities of his job. A responsibility 
with a capital “R” for his staff, industry and the 
community.  Carlos describes it as a very time 
consuming, hard and difficult job with many 
challenges, but without a doubt, very rewarding.

Carlos recognizes the importance of the association especially 
the role the president has. "As a member of CACASA, I value 
the many accomplishments that the association makes on 
a constant basis. For that, I would like to recognize former 
Imperial County Agricultural Commissioner, Claude Finnell 
for his achievements as President of CACASA for the period 
of 1962-1963”. Carlos is currently a member of CACASA’s 
Board of Directors, the Co-Chairman of CACASA’s Long 
Range Planning Committee, and member of the Pesticide 
Regulatory Affairs Committee, Legislative Committee, and 
Personnel Standards Committees. He is the current Chair 
of the Southern California Agricultural Commissioners and 
Sealers Association.

Carlos and his wife Irma have made Imperial County their 
home. They raised their son Jonathan who is married to 
Tattiana, in Imperial. Carlos and Irma enjoy traveling. Last 
December they celebrated their 35th wedding anniversary 
while they were visiting the Holy Land. Carlos feels Blessed 
that Irma said “Yes” and for Jonathan. He attributes their 
love and support in making his career choices easier. He 
and Irma are very active in their church where they teach 
8th grade religious education. Carlos enjoys sports and is 
a fan of the Lakers, Padres, Chivas, and Atlético Madrid. 
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1 https://organic.cdfa.ca.gov/ - State Organic Program
2 https://www.cdfa.ca.gov/statistics/

22 Organic Program

Year Producers Producers Acres Handlers Processors
Operations 
Gross Value

2019 70 46,440 30 3  $147,251,367

2018 52 46,850 28 3  $181,753,731

2017 55 45,216 27 3  $181,482,000

2016 48 33,505 23 2 $242,403,000

2015 36 31,935 16 2 $275,382,000

ORGANIC GROWER PROGRAM
The Organic Program is responsible for enforcement of the federal 
Organic Foods Production Act of 1990 and the California Organic 
Products Act of 2003. These statutes were adopted to protect consumers, 
producers, handlers, processors and retailers by monitoring and 
inspecting fresh commodities grown, labeled or sold as organic.

In 2018, California was responsible for 40% of U.S. organic 
production2.  According to data compiled from the CDFA State 
Organic Program1, 2019 California organic gross sales totaled 
$10.36 billion represented by 58 counties.

Organic Acreage Production1

Five year comparison

Lettuce

Spinach
All other 

vegetables

Broccoli

Imperial Organic 
Planted Acreage

20191

Field crops

Carrots
Fruits

2019 Imperial County Organic Gross Sales 1

Imperial
County 

1.4%

Leading Counties
Monterey - 24.7%
Santa Cruz - 9.8%
Kern - 8.5%

From CA total
From CA total

2015

48000

2016 2017 2018 2019

46000

44000

42000

40000

38000

36000

34000

32000

30000
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23Industrial Hemp

INDUSTRIAL HEMP

Industrial Hemp:  In 2019, industrial hemp was mostly grown under Industrial Hemp:  In 2019, industrial hemp was mostly grown under 
research. Not enough data was provided in order to incorporate into research. Not enough data was provided in order to incorporate into 
the gross value.the gross value.

From a regulatory perspective 2019 was a challenging year for the production of industrial hemp. It was From a regulatory perspective 2019 was a challenging year for the production of industrial hemp. It was 
the first year that allowed for commercial production of industrial hemp by registration with the State. the first year that allowed for commercial production of industrial hemp by registration with the State. 
After the initial allowance of hemp registration, regulatory and policy changes were frequent, which After the initial allowance of hemp registration, regulatory and policy changes were frequent, which 
required staff to stay in near constant communication with one another and state counterparts. Frequent required staff to stay in near constant communication with one another and state counterparts. Frequent 
communication and collaboration with growers was also beneficial to help navigate regulations and ensure communication and collaboration with growers was also beneficial to help navigate regulations and ensure 
compliant crop production. compliant crop production. 

2019 Statistics

Registration Num. Acres

Growers 19 1,387 registered acres
Seed Breeders 2 No acres

Research 14 12,966 registered acres
Dual 5 -

Further exacerbating the challenges that hemp producers 
and regulators faced were the water restrictions imposed 
on the production of industrial hemp. Therefore, most 
of the local hemp production was under a memorandum 
of understanding (MOU), signed by the Imperial County 
Board of Supervisors and Imperial Valley College (IVC). 
This allowed for the research production of hemp through 
partnerships between growers and IVC. Eleven growers 
participated in this MOU to conduct research on the 
production of hemp. One aspect of this partnership, 
placed IVC student interns with growers, offering them 
hands on knowledge of farming practices and hemp 
growing techniques. Other research institutions also 
partnered with local growers, including the Imperial 
Valley Conservation Research Center. In total, growers 
identified 12,966 acres that may be included in research, 
but our office only verified that about 4,700 acres were 
planted.

A highlight of the 2019 growing season was the 
2019 Imperial County Hemp Summit and Expo. 
This took place in the fall of 2019. It served as an 
all-encompassing marketplace for education, 
networking and marketing for growers, processors, 
manufacturers and retailers in the hemp industry. 

There were approximately 550 attendees. The summit 
included panels from industry experts with topics that 
included local opportunities and resources, banking 
and financing, legislation and compliance, best field 
practices, extraction and processing, manufacturing 
and products.

We expect that we will face future regulatory challenges 
with this crop, including the final implementation of 
the USDA Interim Final Rule and the opening of local 
processing facilities. However, these challenges do not 
diminish our resolve to continue to work closely with 
our state counterparts and local producers to enable 
the legal production of hemp. This crop could prove to 
be economically important to Imperial County farmers 
and we intend to do our part to support this new and 
challenging crop. 
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24 Pesticide Use Enforcement

The Pesticide Use Enforcement Division is responsible for implementing and enforcing laws and regulations 
pertaining to local pesticide use, including the issuance of Restricted Materials Permits and Operator 
Identification Numbers to agricultural pesticide users.

PESTICIDE USE ENFORCEMENT

This division inspects agricultural and structural pesticide applications 
to ensure that the pesticides are handled in an environmentally 
safe manner and that handlers, field workers, and the community 
are protected. All illnesses and complaints of exposure resulting 
from pesticide use are investigated and reported to the California 
Department of Pesticide Regulation. 

In 2019 the Pesticide Use Enforcement division completed 
the following activities:

Issuance of Permits & Certificates

Restricted Material Permits and Supplements 1,491

Operator Identification Numbers 194

Private Applicator Certificates 55

Registrations

Pest Control Advisors 99

Pest Control Business  66

Pest Control Aircraft Pilots 76

Farm Labor Contractors 81

Structural Operators  78

Inspections

Notice of Intent 3,713

Agricultural Use Monitoring 927

Structural Use Monitoring 67

Headquarters/Employee Safety Records 140

Investigations

Closed Investigations 35

Outreach

Number of Events 61

Attendees 8,100

PC ORIGINAL PKG



25Weights & Measures

WEIGHTS & MEASURES

Weighing Devices Locations Inspections

Computing Scales 59 437

Counter Scales 26 39

Platform Scales <2,000 lb 30 51

Platform Scales 2,000 to 10,000 lb 25 32

Platform Scales >10,000 lb 2 3

Hopper Scales 5 8

Hanging Scales 9 15

Livestock Scales 17 19

Monorail 1 2

Prescription/Jewelry Scale 12 14

Railway Scale 2 2

Vehicle Scale 97 122

Measuring Devices Locations Inspections

Fabric/Cord/Wire 17 43

LPG 48 48

Retail Fuel Meters (Gas Pumps) 82 2,541

Retail Water Meters 81 130

Vehicle Meters 45 60

Wholesale Meter 4 3

The Weights and Measures Division is responsible  for maintaining equity in the marketplace to ensure the 
commercial transactions made by weight or measure in the county are fair. This protects both the consumer 
from over paying and the vendor from losing goods. The division registers devices throughout Imperial 
County and then tests them to make sure they are within tolerance. The division also conducts inspections 
of petroleum products, quantity control, point of sale systems, and weighmasters.
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26 California Agricultural Statistics

California Agricultural Statistics
2018 - 2019

 

BILLION

21.3%

$2.2
Imperial  Ranked #9 out of 58  
California counties in 2018.

Accounted for

Alfalfa Hay

7.8% increase from 2017

Sugar
Beets
in California

Sole Producer of

Imperial Leading Commodities:

IMPERIAL COUNTY 2018 

Among the top 2 producers of:

 › Corn (Sweet)
 › Alfalfa Seed
 › Sudan Hay
 › Lettuce
 › Broccoli
 › Onion
 › Carrots 

 › Spinach 
 › Wheat
 › Cantaloupes
 › Dates
 › Salad Greens
 › Cilantro

California Agricultural Statistics1 are compiled annually from County Agricultural Commissioner Crop Reports

 › Cattle & Calves
 › Alfalfa Hay
 › Vegetables
 › Other Hay

1https://www.cdfa.ca.gov/statistics/

of California's 
Alfalfa Hay production

Rank #1

Imperial Ranking

13.5%
Accounted for

Cattle & Calves

of California's 
Cattle & Calves production

Rank #2

15.4%
Accounted for

Lettuce

of California's 
Lettuce production

Rank #2
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Office Divisions
27Office Divisions

Pest Detection and Eradication

Pesticide Use EnforcementPest Exclusion/Weights & Measures

Special Projects

Administrative Professionals
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Carlos Ortiz
Agricultural Commissioner
Sealer of Weights & Measures

852 Broadway
El Centro, CA, 92243
https://agcom.imperialcounty.org/
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Imperial County Fire Department
about a month ago

On November 26, 2021 at approximately 08:35 hours the Imperial
County Fire Department and Office of Emergency Services Station
number nine located in Salton City was dispatched to a report of a
trailer on fire in the 100 block of Desert Shores. While in route crews
were informed of an additional trailer catching fire, Responding
Captain onboard Engine 9 requested a second alarm to the incident.
Information continue to pour in and stated that there were trapped
victims in the... See more
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Imperial County 50th Year History Video

Mission Statement

The mission statement of the Imperial County Fire department and O�ce of Emergency Services is to enhance the quality of

life, environment, and safety of our community in an atmosphere of courtesy, integrity, and quality service. The strength of this

organization will ultimately resolve itself into the strength of the individuals composing it. Therefore, it is necessary that all

members place before them the ideal of the best service to the citizenry and then strive diligently to serve that ideal.

Vision Statement

It is the vision of Imperial County Fire Department to continue to be identi�ed as an all-hazards, all-risk public service provider

by producing highly trained, customer service oriented �re�ghters, and developing a department which aligns with the strategic
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plan of the Imperial County.

Strategic Goals

�. Provide service that holds true to the Mission Statement of the Imperial County Fire Department, an overall mission of

providing high quality customer service and emergency response to all citizens.

�. Continue to develop, maintain, and implement Public Safety programs for making the community resilient from both natural

and man-made disasters.

�. Maintain and ensure Imperial County Fire Department is �scally sustainable.

�. Develop and maintain training, recruitment, health and wellness, apparatus, and equipment programs that re�ect local,

State, and Federal standards and recommendations.

Organizational Values

“We value hard work and professionalism and the pursuit of excellence in all the services we provide.

We value and advocate honesty, integrity, respect, teamwork, diversity, and discipline from all of our organizations members.

We value e�ciency, �scal responsibility and reliability.”

Alfredo Estrada Jr.

Imperial County Fire Chief / OES Coordinator

Search...
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Imperial County Fire Chief / OES Coordinator

“Prevent, Protect & Provide”

Prevention

The Fire Prevention Bureau is located at our Station #1, located at 2514 La Brucherie Imperial, Ca. 92251. The Bureau consists of the

Fire Chief assuming the duties of the Fire Marshal, Deputy Fire Marshal, 1 Fire Prevention Specialist, and 1 Fire Code Inspector.

The purpose of the Imperial County Fire Prevention Program is to assist in preventing injuries, deaths, business interruption and

property damages resulting from �res and other emergencies.

Robert Malek

Deputy Fire Marshal

Throughout the calendar year The Bureau is active in Public Education. Presentations are given to

many di�erent audiences from local businesses, public safety entities, healthcare providers, and local

schools. During Fire Prevention Week in October alone, the Bureau will give presentations to

approximately 3000 Children from grades K-3.

The Bureau currently enforces the 2010 California Fire, Building, Electrical, County Ordinances, as amended by the County of

Imperial Municipal Code, in addition to National Fire Protection Association standards; Title 19, of the California Public Safety

Code; and, the California Health and Safety Code.
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 This Fire Prevention Bureau also conducts an annual �re inspection program. This program is intended to help protect the

business owners, employees and patrons. This program is made possible by utilizing the in-service �re engine companies.

This improves the safety of the business being conducted in the County, but also allows the engine companies pre-plan the

facilities and meet the business owners, management and employees

Imperial County Fire Hazard Abatement Process.

1 – Initial Property surveys are conducted in unincorporated areas of Imperial County as well as contract cities upon 
receiving a complaint.
 
2- A Notice of Code Violation is issued to surveyed properties that are identi�ed as a �re hazard by Imperial County 
Fire Department of�cials.
 
3- A 30 day notice to comply is issued certi�ed mailed to legal property owner to contact the Imperial County Fire 
Department within 30 days of receiving the notice.
 
 4- If �re hazard has not been abated within 30 days or contact made with Imperial County Fire Department, a 15 day 
notice to comply is issued to legal property owner to abate the �re hazard.
 
5- If property owner does not comply within 15 day notice, Imperial County Fire Department shall forward the Notice 
of Code Violation to Imperial County Planning and Development Of�ce to place a notice of Code Violation within the 
property �le.
 
6- Notice of Code Violation is forwarded to Imperial County Legal Counsel for further legal action upon non-complaint 
after the 30 day and 15 day notices are received and the �re hazard(s) are not abated.
 
7- Imperial County Legal Counsel will pursue legal options on obtaining compliance and abatement of the �re hazard(s).
 
8- Imperial County Fire Department may issue fees and citations as stated within Imperial County Fire Department fee 
schedule for abatement process. 
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 For submitting a weed abatement complaint, please email Fire Prevention Specialist Lieutenant Andrew Loper at: 
 

andrewloper@co.imperial.ca.us

Division of Training
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Deputy Fire Chief Salvador Flores oversees the departments alignment with training.

The training division is progressive and responsible for improving �re�ghting and rescue capability through recruitment, physical �tness, in-

service and specialized training, and State Fire Training certi�cation. We foster relevant training, and a strong desire to acquire knowledge and

strive for excellence at each opportunity. This desire is re�ected through promoting a continual movement towards a higher level of education,

and performance in a positive environment. Our agency has a broad range of certi�ed personnel and instructors which include but not limited

to: hazardous materials, arson investigation, aircraft �re�ghting, con�ned space, advanced and basic life support, rescue systems, explosive

technician, and other related functions. The division maintains a digital library of books, manuals, videos, and other visual training aids that

meet federal and state requirements. In addition, the training division conducts regular exercises, live �re drills, and specialized training, to

ensure that consistent and e�ective emergency services continue to be provided to the citizens and visitors of Imperial County. A 45 foot,

two-story mobile burn trailer is located on site which enables the training of �re�ghters in a controlled environment. The burn trailer is shared

via a mutual agreement amongst the local agencies. All live-�re evolutions conform to NFPA 1403, Standard on Live Fire Training Evolutions in

Structures.
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The training division is also responsible for training all new members entering the Department, consisting of full-time, part-time, and

volunteers. On a monthly basis training o�cers provide a minimal average of 20 hours of training to each �re�ghter. To maintain medical

licensure for all Department members, 24 hours of Continuing Education are provided every 2 years for our EMT’s, and 48 hours every 2 years

for our paramedics. Each certi�cation is closely monitored to ensure quality assurance.
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OPERATIONS

The three shifts are supervised by an on-duty Battalion Chief. The on-duty Battalion Chief can be reached 24-7 at  442-

265-3010.

Search...

 English
PC ORIGINAL PKG

https://firedept.imperialcounty.org/home


12/21/21, 9:55 AM Imperial County Fire Department

https://firedept.imperialcounty.org/#operations 11/18

Battalion Chief Angel Morales is the A Shift supervisor.
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Battalion Chief Danny Stauf is the B Shift supervisor.
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Battalion Chief Juan Rodelo is the C Shift supervisor.

The Imperial County Fire Department provides many di�erent services to the unincorporated communities of the county, townships and the

City of Imperial. Those services include

Fire Protection

Medical (BLS/ALS)
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Aircraft Rescue Fire�ghting

Technical Rescue

Hazardous Material and Hazardous Devices incident responses

The department accomplishes this through nine stations and six contracting agencies. The nine stations that are manned by Imperial County

Fire�ghters are on a three shift system, “A” Shift, “B” Shift and “C” Shift. The nine Imperial County Fire Department stations are located in the

communities of Heber, Seeley, Ocotillo, Palo Verde, Niland, Winterhaven, Salton City and the City of Imperial. The department contracts with

Brawley, Calipatria, Holtville and Westmorland.

Each of the county �re stations is sta�ed with a Captain, Fire�ghter and Reserve Fire�ghter with the only exception being Ocotillo Station is

sta�ed with one senior Fire�ghter and one Reserve Fire�ghter and Palo Verde station that is sta�ed with two Reserve Fire�ghters. Every

station has a Type I engine as its primary apparatus. The City of Imperial and Heber stations also house a Ladder Truck along with the Type I

engine. The Seeley and Heber stations also house Type III engines.

Fleet Service

The Imperial County Fire Department is responsible for the maintanance and service of a vast �eet of emergency response vehicles, tools and

equipment. The departments full time mechanics are experienced and trained in accord to California State Fire Mechanics Academy. This

allows them to troubleshoot a variety of issues while working with complex apparatus
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allows them to troubleshoot a variety of issues while working with complex apparatus.
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Contact Information

The Imperial County Fire Department and O�ce of Emergency Services hopes that you �nd this website user friendly. We are

pleased to provide the appropriate information that you may be looking for. If there is something that you could not �nd and

need to make direct contact, please feel free to contact one of the divisions shown below.

O�ce hours are from 07:00 – 16:00 hours Monday – Friday

ADMINISTRATION

Alfredo Estrada Jr.

Fire Chief/OES Coordinator

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

alfredoestradajr@co.imperial.ca.us

TRAINING

Salvador Flores

Deputy Chief

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

salvador�ores@co.imperial.ca.us

PREVENTION

Robert Malek

Deputy Fire Marshal

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

robertmalek@co.imperial.ca.us

Search...

 English
PC ORIGINAL PKG

mailto:alfredoestradajr@co.imperial.ca.us
mailto:salvadorflores@co.imperial.ca.us
https://firedept.imperialcounty.org/mailto;robertmalek@co.imperial.ca.us
https://firedept.imperialcounty.org/home


12/21/21, 9:55 AM Imperial County Fire Department

https://firedept.imperialcounty.org/#operations 17/18

OPERATIONS

On duty Battalion Chief

2514 La Brucherie Rd. Imperial, CA 92251 (442) 265-3000

OFFICE OF EMERGENCY SERVICES

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

RECORDS REQUEST

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

COMMUNICATION

Mark Schmidth

Emergency Communications Project Coordinator

1078 Dogwood Rd. Heber, CA 92249 (442) 265-6000

markschmidt@co.imperial.ca.us

Notice of Non-Discrimination on the Basis of Disability

Notice of Interpreting Services
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Copyright © 2019 County of Imperial 

Imperial County Fire Department

1078 Dogwood, Suite 101

Heber, CA 92249

For questions or comments regarding this website, contact Webmaster
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Board of Supervisors 
County of Imperial 
 

                                                                    
  
March 15, 2016 

 
TO:  OFFICIALS, EMPLOYEES, PUBLIC AND PRIVATE ORGANIZATIONS, AND 

RESIDENTS OF IMPERIAL COUNTY 
 

SUBJECT:  LETTER OF PROMULGATION 
 

The preservation of life and property is an inherent responsibility of local, state, and federal government.  
The Imperial County Office of Emergency Services has updated this Emergency Operations Plan (EOP) to 
ensure the most effective allocation of resources for the benefit and protection of the residents of Imperial 
County in time of emergency.  

 
This EOP establishes the framework of the Imperial County Operational Area’s emergency organization 
consisting of the County, cities, towns, special districts, schools, volunteer and private sector organizations, 
as well as State and Federal agencies and conforms to current State and Federal guidelines for emergency 
plans.  This EOP further defines functions, assigns responsibilities, specifies policies and general 
procedures, and provides for coordination of planning efforts of the various emergency staff and service 
elements utilizing the Standardized Emergency Management System (SEMS) and the National Incident 
Management System (NIMS) standards. 

 
The Imperial County Board of Supervisors give their utmost support to the plan and urges all officials, 
employees, public and private organizations, and residents- individually and collectively- to do their share 
to safeguard our communities against the impacts of natural and manmade disaster and acts of terrorism 
in conjunction with the Imperial County Operational Area.  

 
This EOP is an extension of the State of California Emergency Plan and the National Response Plan.  It 
will be reviewed and exercised periodically and revised as necessary to meet changing conditions. This 
promulgation letter constitutes support of the continued implementation of SEMS and NIMS by the County, 
cities, towns, and special districts of Imperial County. 

 
Sincerely, 
 
JACK TERRAZAS  
Board of Supervisors Chairman 
Second District Supervisor 
Imperial County 

JACK TERRAZAS 

BOARD OF SUPERVISORS CHAIRMAN 

SECOND DISTRICT SUPERVISOR 
IMPERIAL COUNTY 
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The Emergency Management Program of Imperial County, hereafter referred to as (the County) is 
governed by a wide range of laws, regulations, plan, and policies. The program is administered and 
coordinated by the Imperial County Fire Department, Office of Emergency Services. The National 
Response Framework (NRF), National Incident Management System (NIMS), the Standardized 
Emergency Management System (SEMS) and the State of California Emergency Operations Plan 
provide planning and policy guidance to counties and local entities. Collectively, these documents 
support the foundation for the County’s Emergency Operations Plan (EOP). 
 
The EOP is an all-hazard plan describing how the County will organize and respond to incidents. It is 
based on and is compatible with the laws, regulations, plans, and policies listed above. The EOP 
describes how various agencies and organizations in the County will coordinate resources and 
activities with other Federal, State, County, local and private sector partners. 
 
It is recognized that response to emergency or disaster conditions to maximize the safety of the public 
and to minimize property damage is a primary responsibility of government. It is the goal of Imperial 
County that responses to such conditions are done in the most organized, efficient, and effective 
manner possible. To aid in accomplishing this goal, the County has adopted the principles of the 
National Incident Management System (NIMS), the Standardized Emergency Management System 
(SEMS), the National Response Framework (NRF), and the Incident Command System (ICS).     
 
Public officials, departments, employees, and volunteers that perform emergency and/or first response 
functions must be properly prepared. Department heads and elected officials shall, to the extent 
possible, ensure that necessary training is provided to themselves and their employees to further 
prepare them to successfully carry out assigned emergency response roles. To the extent possible, 
procurement and maintenance of essential response equipment will also be accomplished in support 
of this goal. All emergency response personnel and essential support staff must be familiar with this 
EOP and the supporting procedures and documents.   
 
1.1 Recent Trend in Emergency Management 
Since 1996, a variety of emerging trends have influenced emergency management, including an 
increasing diversity of California’s population, greater vulnerability to floods, earthquakes and wildland 
fires as development expands, and the need for more emphasis on disaster recovery and hazard 
mitigation efforts to reduce disaster impact. At the national level, significant events, such as Hurricane 
Katrina, captured the world’s largest attention and have widely influenced emergency management 
today. 
 
According to a 2011 report issued by FEMA’s Strategic Foresight Initiative (SFI); the emergency 
management community faces a future of challenges likely to be far different from those we confront 
today with increasing complexity and decreasing predictability in its operating environment. 
Complexity will take the form of more incidents, new and unfamiliar threats, more information to analyze 
(possibly with less time to process it), new players and participants, sophisticated technologies, and 
exceedingly high public expectations. 
 
Emergency services in Imperial County are provided without regard to race, gender, color, 
national origin, socioeconomic status, age, disability, marital status, religion, sexual orientation, 
or political affiliation. 
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1.2 OES Mission Statement 
The mission of the Imperial County Fire Department and Office of Emergency Services is to 
prevent the loss of life, protect the environment and loss of property, and provide to the 
community. Through leadership and guidance, strengthen county-wide emergency 
management capabilities to ensure the protection of life and property before, during and after 
disasters. 
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3.1 Purpose 
The Imperial County Emergency Operations Plan (EOP) provides a comprehensive, single source 
of guidance and procedures for the County to prepare for and respond to significant or 
catastrophic natural, environmental or conflict-related risks that produce situations requiring 
coordinated response. It further provides guidance regarding management concepts relating to 
response and abatement of various emergency situations, identifies organizational structures and 
relationships, and describes responsibilities and functions necessary to protect life and property. 
The Plan is consistent with the requirements of the Standardized Emergency Management 
System (SEMS) as defined in Government Code Section 8607(a) and the National Incident 
Management System (NIMS), as defined by Presidential Executive Orders for managing 
response to multi-agency and multi-jurisdictional emergencies. As such, the plan is flexible 
enough to use in all emergencies and will facilitate response and short-term recovery activities. 
SEMS/NIMS incorporate the use of the Incident Command System (ICS), mutual aid, the 
operational area concept, and multi/interagency coordination. 
 
Imperial County Operational Area Resolution No. 1010 forming the Operational Area and Disaster 
Council was originally adopted by the County Board of Supervisors on 02/27/1990 and is reviewed 
and revised as appropriate. Imperial County Operational Area Resolution No. 2006-013 
recognized that the Imperial County Operational Area will continue to use SEMS to meet the 
objective of the National Incident Management System (NIMS), which was adopted by the Board 
of Supervisors on 02/21/2006.  
 

3.2 Scope   
This plan provides guidance on response to the County’s most likely and demanding emergency 
conditions. It does not supersede the well-established protocols for coping with day-to-day 
emergencies involving law enforcement, the fire service, medical aid, transportation services, 
flood control, or other discipline-specific emergency response systems. Rather, it places 
emphasis on those unusual and unique emergency conditions that will require extraordinary 
response beyond the ability of any one or set of organizations to respond. Neither does this plan 
include detailed response level operating instructions.  Each organization identified in this plan is 
responsible for, and expected to develop, implement, and test procedures, instructions, and 
standard operating guides (SOGs) on checklists that reflect cognizance of the emergency 
management concepts contained herein. Coordinated response and support roles must be 
defined by these organizations to facilitate the ability to respond to any given incident. This Plan 
meets the requirements of NIMS for the purpose of emergency management.  
 
3.3 Plan Organization 
There are five parts to a comprehensive Emergency Operations Plan: The Basic Plan, Emergency 
Function Annexes, Support Annexes, Hazard-specific Annexes and Appendices.  
 
3.3.1 BASIC PLAN 

The basic plan describes the fundamental systems, strategies, policies, assumptions, 
responsibilities and operational priorities that Imperial County will utilize to guide and support 
emergency management efforts. The purpose of the Basic Plan is to: 

SECTION 3: INTRODUCTION 
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 Provide a description of the legal authorities upon which the County has structured its 

emergency management organization, including the emergency declaration process, 
activation of mutual aid agreements, and request for resources; 

 Describe the context under which the County will respond to an incident, including a 
community profile and discussion of hazards and threats facing the community; 

 Assign and describe roles and responsibilities for the County’s agencies tasked with 
emergency preparedness and response functions; 

 Describe a concept of operations for the County that provides a framework upon which 
the County will conduct its emergency operations and coordinate with other agencies 
and jurisdictions; 

 Describe the County’s emergency response structure, including activation and operation 
of the County Emergency Operations Center (EOC) and implementation of ICS; and 

 Discuss the County’s protocols for maintaining and reviewing this EOP, including 
training, exercises, and plan maintenance. 

 
3.3.2 EMERGENCY FUNCTION ANNEXES  

This plan implements Emergency Function working groups, which will develop functional annexes 
that follow an established format to describe discipline-specific goals, objectives, operational 
concepts, capabilities, organizational structures and related policies and procedures. The 
functional annexes will be developed separately from the basic plan and will make reference to 
existing agency and department plans and procedures.  

 
3.3.3 SUPPORT ANNEXES 

The support annexes describe the framework through which Imperial County departments and 
agencies, the private sector, not-for-profit and voluntary organizations, and other non-
governmental organizations coordinate and execute the common emergency management 
strategies. The actions described in the support annexes apply to nearly every type of emergency. 

 
3.3.4 HAZARD SPECIFIC ANNEXES  

The hazard, threat, or incident-specific annexes describe the policies, situation, concept of 
operations, and responsibilities for particular hazards, threats, or incidents. Additionally, these 
annexes may be referenced as plans or standard operating guides (SOGs) that have already 
been developed, plans/SOGs that are under development, or plans/SOGs that are scheduled for 
future development.  

 
3.3.5 APPENDICES  

Subsequent plans and procedures that are developed in support of the Emergency Plan, such as 
mutual aid plans, hazard-specific plans, catastrophic plans and related procedures will be 
incorporated by reference and maintained separate from the basic plan. 
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3.4 Relationship to Other Plans 
 
3.4.1 EMERGENCY OPERATIONS PLAN (EOP)  

The intent of the County’s EOP is to provide the concept of operations and strategic activities for 
responding to any type of emergency incident impacting the County. Other individual communities 
may maintain similar plans or procedures for implementation in response to localized incidents or 
initial activities prior to escalation to Imperial County.  
 
A number of agency and organization-specific plans and organizational procedures support the 
County EOP and annexes. These plans and procedures are interrelated and have a direct 
influence on the County’s preparation prior to a major emergency or disaster, its activities in 
response to such an emergency or disaster, and its ability to successfully recover from such 
incidents or events. These plans also provide local, regional, and State agencies and entities with 
a consolidated framework for coordinating activities and resources, thus promoting efficient use 
of resources during all phases of emergency management. 
 
3.4.2 MULTI-JURISDICTION HAZARD MITIGATION PLAN (MHMP)  

Imperial County and the surrounding jurisdictions have developed an Updated Multi-Jurisdiction 
Hazard Mitigation Plan (MHMP) and is pending FEMA approval. The plan identifies hazards, 
assesses the losses associated with the hazards, and investigates the vulnerability of the 
community towards different hazards. The plan also identifies alternatives for the future of the 
community to better prepare, minimize loss and educate the public of the hazards identified. The 
Imperial County MHMP presents updated information regarding hazards being faced by the 
County, presents mitigation measures to help reduce consequences from hazards, and 
outreach/education efforts within the unincorporated area of the County since 2007. 
 
3.4.3 CONTINUITY OF OPERATIONS (COOP) PLAN  

A Continuity of Operations (COOP) Plan is scheduled for future development. Once the plan has 
been developed and implemented, this plan will be used in conjunction with the EOP during 
various emergency situations. The COOP plan details the processes for accomplishing 
administrative and operational functions during emergencies that may disrupt normal business 
activities. Parts of this plan identify essential functions of local government, private sector 
businesses, and community services and delineate procedures to support their continuation.  

 
3.4.4 RECOVERY PLAN  

The County is in the process of developing a Recovery Plan in 2015. This plan will also be used 
in conjunction with the EOP. The purpose of the plan is to provide for efficient coordination and 
policy guidance during the disaster recovery process. The recovery process includes the 
restoration of damaged or destroyed public facilities and infrastructure and the coordination of 
available services and assistance to citizens and businesses impacted by the disaster. 
 
This plan will provide an organizational framework, policy guidance and methods for use during 
the recovery process. This plan will provide for the assignment of responsibilities within the 
County’s organizational structure and includes opportunities for participation by community 
members. 
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4.1 Situation  
Imperial County is located in the far southeastern portion of California.  With an area of 4,597 
square miles, bordering on Mexico to the south, Riverside County to the north, San Diego County 
to the west, and the State of Arizona on the east. The terrain varies from 235 feet below sea level 
at the Salton Sea to 4,548 feet at Blue Angel Peak.  
 
Although this region is a desert, with high temperatures and low rainfall of three inches per year, 
the economy is heavily based on agriculture due to the availability of irrigation water, which is 
supplied wholly from the Colorado River via the All-American Canal. A vast system of canals, 
check dams, and pipelines carry the water all over the county, a system which forms the Imperial 
Irrigation District. The water distribution system includes over 1,400 miles of canal with 1,200 
miles of pipeline. Imported water and a long growing season allow two crop cycles each year, and 
the Imperial Valley is a major source of winter fruits and vegetables, cotton, and grain for the 
United States and international markets. Alfalfa is another major crop produced in Imperial 
County.   
 
A secondary industry of the Imperial Valley region is tourism. Many visitors come to the area to 
visit the Salton Sea, at 235 feet below sea level, and the Glamis Sand Dunes, one of the largest 
dune fields in America. Another unique feature of the Imperial Valley is the New River, which flows 
from south to north, from the nearby border city of Mexicali, Mexico to the Salton Sea. 
  
Other significant contributors to the local economy are government, solar, wind, geothermal 
electric power plants, state prisons, retail trade, and services. The County’s future employment 
conditions will depend on several potential and on-going projects, which include the new industrial 
and commercial developments in the Gateway of America international border crossing, regional 
landfill, construction, geothermal industries, expansion of the U.S. Plaster City Gypsum Plant. 
 
Mexico runs all along our southern boundary and there are three international ports of entry.  
There are two ports of entry located in Calexico, and the third port is at Andrade in eastern Imperial 
County. Through these three ports travel over 35 million people and over 300,000 cargo trucks 
each year. 
 
The organizations described or noted in this Plan will be aware of significant emergency 
conditions as they arise. These conditions will trigger a response consistent with the respective 
responsibilities and roles defined either by this Plan, or other legal and policy frameworks. The 
responding organizations will be constrained in their response by the level of training, readiness 
activities, and interagency coordination undertaken prior to the event. 

 The citizens of Imperial County will be expected to provide for their immediate needs to 
the extent possible for at least 72 hours following a catastrophic event, or for at least 24 
hours following a location-specific event. This may include public, as well as, private 
resources in the form of lifeline services. 

 A catastrophic earthquake would adversely impact local, county, and state government 
response capabilities. Consequently, a number of local emergencies will be declared. 
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 Communications, electrical power, water and natural gas lines, sewer lines and fuel 
stations will be seriously impaired during the first 24 hours following a major earthquake 
and may not be fully restored for 30 days or more. 

 Transportation corridors will be affected so only equipment, foodstuffs, supplies, and 
materials on hand will be available for use during the first 72 hours of emergency 
operations. 

 It is possible only emergency response personnel on duty at the time of a significant 
earthquake will be available during the first 6 hours. Mission capability may be available 
within 24 hours. 

 In event of a catastrophic earthquake, a clear picture regarding the extent of damage, 
loss of life, and injuries, may not be known for at least 36 hours. 

 The OA EOC’s capability may be limited for at least 8 hours if communications links to 
other agencies and county departments are degraded. 

 

4.2 Assumptions 
 Essential County services will be maintained as long as conditions permit.  
 An emergency will require prompt and effective response and recovery operations by 

County emergency services, disaster relief, volunteer organizations, and the private 
sector.  

 All emergency response staff are trained and experienced in operating under the 
NIMS/SEMS protocol.  

 Environmental, technological, and civil emergencies may be of a magnitude and 
severity that State and Federal assistance is required.  

 County support of City emergency operations will be based on the principal of self-
help. The Cities/Towns will be responsible for utilizing all available local resources 
along with initiating mutual aid and cooperative assistance agreements before 
requesting assistance from the County.  

 Considering shortages of time, space, equipment, supplies, and personnel during a 
catastrophic disaster, self-sufficiency will be necessary for the first hours or days 
following the event.  

 Parts or the entire County may be affected by environmental and technological 
emergencies.  

 The United States Department of Homeland Security provides threat conditions over 
the United States and identifies possible targets.  

 Control over County resources will remain at the County level even though the 
Governor has the legal authority to assume control in a State Declaration of 
Emergency.  

 County communication and work centers may be destroyed or rendered inoperable 
during a disaster. Normal operations can be disrupted during a general emergency; 
however, the County can still operate effectively if public officials, first responders, 
employees, volunteers, and residents are:  

o Familiar with established policies and procedures;  
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o Assigned pre-designated tasks;  
o Provided with assembly instructions; and  
o Formally trained in their duties, roles, and responsibilities required 

during emergency operations.  
 The County’s planning strategies will make every effort to consider the needs of the 

general population, children of all ages, individuals with disabilities and others with 
access and functional needs, immigrants, individuals with limited English proficiency, 
and diverse racial and ethnic populations. 

 
4.3 Natural Hazards 
During the 2014 update of the Imperial County Multi-Jurisdiction Hazard Mitigation Plan, the 
planning team identified the following natural hazards: 
 

 
 
 
 
 
 
 
4.4 Industrial/ Technological/ Man-Made Hazards 
In addition to natural hazards, the County may be faced with the following industrial,              
technological or man-made hazards:    
 

 

 

 

 

 

 

  

 

  

Wildfires Flood  
Earthquake/Geologic Hazards Dam Inundation 
Infestation Drought 
High Winds Lightning 
Extreme Heat Extreme Cold  

Civil Unrest Airplane Crash  
Terrorism Utility Failure/ Power Disruption 
Public Health Hazards/Epidemics Train Derailment 
Hazardous Materials Incident Mass Fatalities Incident 
Communications Failure   
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5.1 Emergency Organization  
Imperial County Code Chapter 2 of Division 1 of Title 2: Administration, establishes the Imperial  
County Emergency Services Organization, the Office of Emergency Services (OES), and the 
Imperial County Disaster Council. OES and the Disaster Council prepare and execute 
preparedness and response plans for protection of life and property within the County in the event 
of an emergency.  
    
5.2 Roles and Responsibilities  
All participating agencies and response organizations will have various roles and responsibilities 
throughout an emergency. Therefore, it is critical the local command structure be established to 
support response and recovery efforts and maintain a significant amount of flexibility to expand/or 
contract as the situation evolves. Typical duties may also change depending on the severity and 
size of incident(s) and the availability of local resources. Because of this, it is also important to 
develop and maintain depth within the command structure and response organizations.  
 
Imperial County conducts all emergency management functions in accordance with SEMS and 
NIMS. During an emergency, the County has the responsibility to manage and coordinate the 
overall emergency response and recovery activities. The Office of Emergency Services along with 
each County Department is responsible for ensuring critical staff are identified and trained at a 
level enabling effective execution of existing response policies, plans, and procedures.  
 
Most County Departments have emergency functions in addition to their normal daily duties. The 
Office of Emergency Services in conjunction with representatives from each County Department 
is responsible for developing and maintaining Standard Operating Guides (SOGs). 
 
The Operational Area (OA) Emergency Management system consists of all County Departments, 
the Cities and Towns, unincorporated areas and Special Districts, together with the private and 
volunteer sector. This system represents all resources available within the County that may be 
applied to disaster response and recovery. The goal is to support emergency activities to protect 
life, property, and the environment.  
 
The OA was formed in 1995 with a cooperative agreement between Imperial County and the 
Cities/Towns located within the County. This agreement formed the Imperial County Disaster 
Council as part of the Imperial County Operational Area and recognizes the County Office of 
Emergency Services as the lead agency for the Operational Area. 
 
In 2006, the Operational Area Resolution was amended to include the National Incident 
Management System (NIMS) as an integral component of the OA disaster management system. 
 
The OA Emergency Management Organization operates from established: 

 County EOC 
 City/Town EOC 
 Incident Command Posts (ICPs) 
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 Department/District Operations Center (DOC) for county departments and special 
districts 

 Fire/Emergency Management/Staging  
 Specialized centers representing businesses, industries, and the volunteer sector. 

 
During a state of war emergency, a state of emergency, or a local emergency, the County’s 
Director of Emergency Services will coordinate the activities of all OA constituents.  In addition, 
a number of mutual aid systems can also be activated to support the emergency organization. 

 
Emergency mutual aid response and recovery activities are conducted at the request and under 
the direction of the affected local governments. For purposes of this Plan, such actions will initially 
be coordinated via the ICPs representing geographical areas of the county and operational area. 
Resource requests for response and recovery will originate at the lowest level of government and 
move progressively forward to the next level until filled.   

 
County Departments, Special Districts, and Cities/Towns with mandated responsibilities for 
emergency response will follow their established plans and procedures. During complex 
emergencies involving multiple jurisdictions and agencies, coordination of resources can be 
achieved through the use of liaison officers, agency representatives, and unified command. 

 
When support requirements cannot be met with county or local government resources, the county 
acting on behalf of the OA will request assistance from those state agencies having statutory 
authority to provide assistance via the Governor’s Office of Emergency Services (State OES). If 
events require assistance beyond the state’s capability, the state may request a Presidential 
Declaration of an Emergency or Major Disaster under the provisions of the Robert T. Stafford 
Disaster Relief and Emergency Assistance Act, Public Law 93-288 as amended. 

 
The County has established essential communications support requirements for the operational 
area’s mutual aid partners via dispatch centers, mobile communications vehicles, proprietary 
information systems and other resources. This communications structure provides the 
telecommunications infrastructure for linking elements of the County Operational Area emergency 
organization. 
 
Roles and responsibilities of the Board of Supervisors, Disaster Council, Individual County 
Departments, other levels of government, private sector, non-governmental organizations and 
individuals and households are described below to further clarify the County’s emergency 
management structure.   
 
5.2.1 BOARD OF SUPERVISORS AND DISASTER COUNCIL 

Overview 
The role of the Board of Supervisors, as the governing body for the County of Imperial in a disaster 
situation, is to develop and/or review policy actions and decisions for emergency response and 
recovery activities. Included in these efforts is proclaiming a local state of emergency if warranted 
as the first step in an effort to receive state and federal assistance for the County. The role of the 
Board of Supervisors is to provide policy guidance, advice, and support to the county and OA 
emergency organizations and, in particular to the Director of Emergency Services. The Chairman 
of the Board may be called upon to meet the requirements of the California Emergency Services 
Act if a Local Emergency proclamation is required. The  
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County Fire Chief and his Office of Emergency Services will provide the lead staff support role in 
providing recommendations in fulfilling these duties. 
 
Responsibility 
Per Imperial County Code section 2.104.050, the Board will have the following duties: 

 The chairperson of the board of supervisors shall be the director of emergency services. 
The county fire chief is designated as the assistant director of emergency services. 

 The members of the Board of Supervisors shall provide the emergency organization with 
overall policy direction for emergency response and recovery activities, for the four 
levels of readiness. 

 The Chairman or Vice-Chairman of the Board of Supervisors has the authority under 
California Government Code section 8630 to declare a local state of emergency. In their 
absence the remaining board members in succession by the longest office held will step 
in to fulfill the duties. The other members of the Board of Supervisors must ratify the 
action(s) of the Chairman or Vice-Chairman within seven (7) days or and renew every 
30 days to continue or the emergency proclamation will expire. 

Functions 
 Proclaim a local emergency, or ratify a proclamation made by city managers in 

accordance with the provisions of the California Emergency Services Act. 
 Govern the County and maintain necessary levels of operations. 
 Remain visible and available to calm and assist constituents. 
 Provide liaison and escort to visiting State and Federal officials. 
 Remain available to provide media with information on government role in disaster 

mitigation, planning and recovery. 
 Initiate immediate and long-term procedures to restore the community, mitigate hazards, 

and assist in sheltering and other related decisions. 
 Take steps to insure immediate action on emergency measures such as acting pursuant 

to emergency ordinance to waive permit fees, acquire goods and services, issue curfew 
orders, or other emergency regulations that may require the action of the governing 
body. 

 Develop legislation to mitigate future emergencies. 
Notes 

 The Board of Supervisors ratifies local emergencies that are proclaimed by the Director 
of Emergency Services. 

 The Governor proclaims State disasters. 
 The President declares Federal disasters. 

 
5.2.2 DISASTER COUNCIL 

Overview 
Per Imperial County Code sections 2.104.030 – 2.104.040, the role of the Disaster Council to 
develop and recommend for adoption by the board of supervisors, emergency and mutual aid 
plans and agreements and such ordinances and resolutions and rules and regulations as are 
necessary to implement such plans and agreements. 
 
5.2.3 DISASTER COUNCIL MEMBERSHIP 
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The Imperial County disaster council consists of the following: 
A. The chairperson of the board of supervisors, who shall be chairperson. 
B. The assistant director of emergency services, who shall be vice-chairperson 
C. Chiefs of emergency services as are provided for in a current emergency plan of the 

county. 
D. Representatives of civic, business, labor, veterans, professional, or other 

organizations having an official emergency responsibility, as may be appointed by the 
board of supervisors. 

 
     1)  Citizen Corps Council 

The County’s Disaster Council shall also serve as the County’s Citizen Corps Council. 
For further information see Citizen Corps Program Annex/Community Emergency Report 
Team (CERT). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC ORIGINAL PKG



 
 

21 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 
5.2.4 COUNTY DEPARTMENT ROLES 

Aging and Adult 
Administration 

Emergency Role:  Provide information and assistance to targeted 
populations 

 Provide staff at Local Assistance Centers (LAC) 
 Provide staff at shelter as needed  

Agricultural 
Commissioner’s 
Office 

 
Emergency Role: 

 
 Monitor Pest and insect infestation  
 Provide information regarding damage or threats of 

damage to the county’s agricultural industry 
 Provide staff at Local Assistance Centers (LAC) 

 EOC Role: Planning/ Intelligence Section  
 
Airport 

 
Emergency Role: 

 
 Advise on coordination and act as liaison with all 

airports in the County(military and civilian) 
 Act as liaison in all matters of aviation and 

coordinate with agencies including Federal Aviation 
Administration(FAA), Transportation Security 
administration(TSA), other law enforcement 
agencies and/or Homeland Security agencies 

 EOC Role: Logistic Section 
 
Assessor’s Office 

 
Emergency Role: 

 
 Assist in development of damage assessment 

information and Support Damage Assessment Unit 
 Determine dollar value of disaster caused damage 

 
EOC Role: Planning/Intelligence Section – Advanced Planning 

and Demobilization Units 
 
Auditor/Controller 

 
Emergency Role: 

 
 Record and maintain a permanent record of all 

receipts and expenditures during disaster response 
and recovery 

 Establish a disaster accounting system 
 Assist in development of damage assessment data  
 Recovery phase 
 Ensure liquidity of treasury pool to meet cash 

demands of County length of emergency 
 EOC Role: Finance Section 

 
Behavioral Health 

 
Emergency Role: 

 
 Disaster Crisis counseling services 
 Linkage to other resources agencies  
 Provide relief for disaster workers  
 Provide staff/counselors at Local Assistance 

Centers (LAC) 
 Provide staff/counselors at shelters as needed 

 EOC Role: Operations Section- care and shelter branch 
 
Clerk of the Board 

 
Emergency Role:  

 
 Maintain a record of all meetings and actions taken 

by the Board of Supervisors when acting as the 
“Policy Group” 
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Community and 
Economic 
Development 

 
Emergency Role: 

 
 Update department’s long-term recovery plans 

starting as soon as emergency occurs  
 Advise policy group on availability of economic 

development financial aid  
 Support Policy Group- Recovery Phase 

 EOC Role: Finance Admin Section 
 
County Counsel 

 
Emergency Role: 

 
 Serve as legal advisor to Management Section 

before, during and after each proclaimed local 
emergency 

  Prepare and review proclamations and other 
actions taken or contemplated for legal effect and 
liability 

 EOC Role: Management Section- Legal Advisor 
 
County Executive 
Office 

 
Emergency Role: 

 
 Proclaim “local emergency” when Board not in 

session 
 Control and direct the County’s emergency 

organization 
 Represent the County in all dealings pertaining to 

emergencies 
 EOC Role: Management Section- Director of Emergency Services 

 
District Attorney  

 
Emergency Role: 

 
 Continue essential criminal prosecutions and, if 

necessary, initiate “Motion to Extend Time” through 
appropriate magistrate 

 DA Investigators will provide protection for DA staff 
members and building security for DA facilities and 
be available to respond to assist other law 
enforcement agencies for mutual aid as required 

 Prosecute offenders who initiated disaster or who 
prey on those victimized by the disaster 

 Offer advice on criminal matters to EOC staff and 
others are necessary  

 
Facilities 
Management 

 
Emergency Role:  

 
 Re-establish power (i.e., utility service) to County 

buildings 
 Assist in determining status and condition of County 

buildings 
 Remove debris from County buildings and grounds 
 Support Local Assistance Center(LAC) 

 EOC Role:  Logistic Section- Facilities Branch  
 
Fire Department: 
Administration 

 
Emergency Role: 

 
 Management of emergency organization; fire 

suppression and rescue, fire mutual aid, emergency 
services, hazardous materials, and communications 

 Support field operations 
 Management and Operations Section 

 EOC Role:  Support Planning/Intelligence Section 
   

PC ORIGINAL PKG



 
 

23 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 
Fire Department:  
Fire Prevention 

     
 Emergency Role: 

 
 Fire/arson investigation operations 
 Damage assessment operations 
 Inspect/investigate potential threat to public safety 
 Suppression support activities  

 EOC Role:  Damage assessment operations 
 Public outreach/information operations 
 Action planning operations 

 
Fire Department: 
Hazardous Materials 

 
Emergency Role: 

 
 Respond to all hazardous materials emergencies 

for the purpose of protecting life, property, and the 
environment 

 EOC Role: Operations – Haz Mat Branch 
Support Planning and Intelligence Section 

 
Fire Department: 
Office of Emergency 
Services (OES) 

 
Emergency Role: 

 
 Lead agency for the Imperial County Operational 

Area (OA) 
 Provide timely and accurate situation status and 

resource status reports to appropriate 
policymakers, elected officials, and to State OES 
Southern Region EOC(REOC) 

 Provide accurate and timely information to the 
general public related to operational area and state 
emergency response  

 Monitor situation status and resource status in each 
local jurisdiction within the county 

 Coordinate with each local jurisdiction to facilitate 
the rapid and efficient procurement of resources 
needed in response to an emergency 

 Provide any appropriate services needed to support 
the area-wide response 

 Assist in the coordination between County 
departments to efficiently utilize County resources 
to produce the most effective response to an 
emergency 

 Assist in the facilitation of the rapid restoration of 
business, government, and other institutions  

 EOC Role:  Overall EOC management 
 Planning/Intelligence Section and support to other 

EOC Sections as required 
 
Fire Department: 
Suppression 

 
       Emergency Role: 

 
 Respond to all fire incidents for the purpose of 

protecting life, property and the environment 
 Search and rescue operations  
 Manage/Activate Incident Command posts (ICP’s) 
 OA Fire/Rescue coordination  

 
Fleet Services 
 

 
Emergency Role: 

 
 Provide emergency transportation and service 

needs of the County’s fleet 
 Provide fuel and vehicle/equipment support to all 

County Departments 
 Provide emergency generators and support to 

existing generators  
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 EOC Role: Support transportation/Logistics Section 
 
Human Resources: 
Administration 

 
Emergency Role: 

 

 
 Establish and implement a system of registering 

disaster workers and citizen volunteers 
 Review employment actions taken by County during 

a local proclamation 
 EOC Role: Logistics and Finance Sections 

 
Human Resources: 
Risk Management 

 
Emergency Role: 

 
 Provide safety and risk management services to 

emergency organizations 
 EOC Role:  Management Section – ADA Coordinator/ EOC 

Safety Officer 
 Support Finance Section – Compensation Unit 

 
Information/Tech 
Services  

 
Emergency Role: 

 
 Provide communications, computer, and date 

services during an emergency 
 

EOC Role: Logistics Section – Information Systems, 
Communications and Computer Systems Branch 

 
Library 

 
Emergency Role: 

 
Provide archive and records management 

 EOC Role: Planning/Intelligence Section – Documentation Unit 
 
Planning and 
Development 
Services:  
Administration 

 
Emergency Role: 

 
 Coordinate critical building damage assessment 
 Support Recovery phase 

 EOC Role: Operations Section 
 
Planning and 
Development 
Services: 
Building and Safety 

 
Emergency Role: 

 
 Damage assessment of privately owned structures 
 Support damage assessment activities County wide  

 EOC Role: Operations Section 
 
Planning and 
Development  
Services: 
Planning 

 
Emergency Role: 

 
 Provide, public information and warning when 

potential earthquake presents a hazard to citizens 
 Provide general information on ways to mitigate the 

potential effects of disasters 
 Support Department Operations Center(DOC) 

 
EOC Role: Planning/Intelligence Section – Advanced Planning 

Unit and Demobilization Unit 
          

Planning and 
Development 
Services: 
Parks/Recreation  

 
Emergency Role: 

 
 Establish Human shelters, Animal shelters, Staging 

areas, Fire camps, Incident Command Posts, Field 
treatment sites(FTS), and temporary morgues  

 Coordinate with solid waste management for 
disposal of waste  

 Account for cultural resources 
 Support Department Operations Center(DOC) 
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 EOC Role: Operations/ Logistics Section 
 
Probation 

 
Emergency Role: 

 

 
 Provide for the safety and security of the community 

by maintaining juvenile institutions 
 Act as a law enforcement resource as needed, 

where directed by the Chief or his designee 

 
Public Defender 

 
Emergency Role: 

 
 Continue to provide essential defense services to 

criminal prosecutions as mandated under the state 
and federal constitutions and state statutory laws  

 Offer legal advice on criminal matters to EOC staff 
and others as necessary  

 
Public Health: 
Administration 

 
Emergency Role: 

 
 Hospital capacity assessment and resource 

reallocation 
 Regional disaster medical health coordinator 

Environmental health assessment and mitigation  
Laboratory/epidemiological evaluation 

 Organize mass immunization or mass prophylaxis 
responses 

 Provide staff at shelters as needed 
 Support Department Operations Center (DOC) 

 EOC Role: Operations Section – Medical and Health Branch 

 
Public Health: 
Animal Control 

 
Emergency Role: 

 
 Coordinate control and boarding services for 

animals displaced by a disaster situation 
 Evacuation and care of animals 
 Assessment of causes of illness and death among 

animals  
 Coordination with the State Veterinary Diagnostic 

Laboratory  
 EOC Role: Operations Section- Animal Care Unit  
   

 
Public Health: 
Emergency Medical 
Services (EMS) 

 
Emergency Role:  

 
 Coordinate provisions of out-of-hospital acute and 

pre-hospital medical care, transportation to patients 
with illnesses and injuries  

 Provide subject matter technical support to Local 
Assistance Centers(LAC) 

 Coordinate provision of staff at shelters as needed 
with Public Health  

 EOC Role: Operations Section- Medical Health Branch  
 
Public Health: 
Environmental 
Health Services  

        
Emergency Role: 

 
 Protect public health, promote safety and prevent 

environmental hazards during disasters  
 Prevention of illness and injury during disasters  

 EOC Role: Operations Section- Medical and Health Branch 
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Public Works: 
Transportation 

   
Emergency Role: 

 
 Determine surface routes to be reopened following 

major disaster, and establish priorities for opening 
those routes in coordination with cities/towns and 
Cal Trans 

 Erect barricade and roadblocks around disaster 
areas 

 Survey roads and flood control facilities 
 Traffic signal maintenance 
 Traffic signs and pavement striping maintenance  
 Storm repairs and clean up 
 Maintenance of bridges and metal pipe and 

concrete box culverts  
 Maintenance of drainage facilities such as inlets, 

ditches, dikes, and gutters  
 

EOC Role: Operations Section-Public Works Branch 
Logistics Section- Transportation Branch 

 
Public Works: 
Administration  

 
Emergency Role: 

 
 Survey roads, flood control, and solid waste 

facilities 
 Assist purchasing to procure heavy equipment  
 Assist with public works mutual aid  
 Coordinate/activate Department Operations 

Center(DOC) 
 EOC Role: Operations Section- Public Works Branch 
 
Public Works: Solid 
Waste Management 

 
Emergency Role: 

 
 Conduct damage assessment of infrastructure and 

facilities  
 Determine waste disposal methods 
 Support recovery phase  

 EOC Role: Operations Section  
 
Procurement 
Services 

 
Emergency Role:  

 
 

 
 Responsible for procurement and purchase of 

equipment and materials needed by emergency 
organization 

 EOC Role: Logistics Section and Finance/Admin Section 

   
 
Real Estate Services 
(CEO) 

 
Emergency Role: 

 
 Assist in assessing condition of property/facilities 

owned or leased by the County and right of way 
issues associated with roads and flood control 
channels 

 Determine facilities needs of County departments 
and procure alternative facilities as needed to 
continue operations and services 

 Work with damage/safety assessment team(s) to 
determine condition of owned and leased facilities 
and need for replacement facilities 

 EOC Role: Support Planning/Intelligence Section 
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Sheriff- Coroner 

 
Emergency Role: 

 
 Coordinate law enforcement response to 

proclaimed disasters 
 Control and allocate all law enforcement resources 

sent in or from outside the County 
 Serve as action agency which implements 

evacuation of disaster victims 
 Direct movement of people, vehicles and equipment 

in and around disaster areas 
 Coordinate law enforcement mutual aid within OES 

Region VI 
 Provide security of EOC and County buildings 
 Coordinate/activate Department Operations Center 

(DOC) when necessary  
 EOC Role:  Operations Section – Law Branch/Area Law 

Coordinator 
 Planning/Intelligence Section  
 Management Section – when emergency is criminal 

in nature (e.g., terrorism) 
 
Social Services  

 
 
 
 

 
Emergency Role: 

 
 
 
 

 
 Support the American Red Cross with care and 

shelter operation  
 Support Local Assistance Centers(LAC) 
 Provide staff at shelters as needed 
 Damage assessment of social services facilities 

 EOC Role: Operations Section – Care and Shelter Branch 

 
Special Districts 

 
Emergency Role: 

 
 Provide information regarding condition of Board 

Governed and Self Governed Special Districts, 
including water, sanitation, road, park, dam and TV 
translator districts throughout the County 

 Conduct damage assessment of all infrastructure 
and assist in getting services on line  

 EOC Role: Operations Section 
 

  

 
Superintendent of 
Schools 

 
Emergency Role: 

 
Provide information regarding condition of all schools 
in County; coordinate mutual aid between school 
districts; monitor school district evacuations; provide 
updated information to media 

 EOC Role: Operations Section – School Branch 
 

Support Role: DOC, Safety Coordinator to coordinate with County 
Risk Management 

 
Treasurer – Tax 
Collector 

 
Emergency Role: 

 
 Ensure liquidity of treasury pool to meet cash 

demands of County during length of emergency 
 Support recovery phase  
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EOC Role: Planning/Intelligence Section – Advance 

Planning/Resources Branch 
 
Veterans Affairs 

 
Emergency Role: 

 
 Support Local Assistance Centers (LAC) 

 EOC Role:  Provide staff at shelters as needed  
 
 

 

 

 

 

 

 

 

 

 

 

 

PC ORIGINAL PKG



 
 

29 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 
5.3 Chart: Imperial County Emergency Organization 
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5.3.1 COUNTY GOVERNMENT/OPERATIONAL AREA  

The California Emergency Services Act designates each County as an Operational Area (OA) to 
coordinate emergency activities and resources of its political subdivisions. The governing bodies 
of political subdivisions within each County coordinate to establish the lead agency for the OA. 
The Operational Area lead agency serves as a coordinating link between the local government 
level and the region level of state government. OA responsibilities involve coordinating with the 
jurisdictions and organizations to deploy field-level emergency response personnel, activate 
emergency operations centers, and issue orders to protect the public.  
 
5.3.2 STATE GOVERNMENT  

During a state of war emergency, a state of emergency, or a local emergency, the Cal OES 
Secretary coordinates the emergency activities of all state agencies in connection with such 
emergency and has the authority to use any state government resource to fulfill mutual aid 
requests or to support emergency operations. Cal OES operates the California State Warning 
Center (CSWC) 24-hours a day to receive and disseminate emergency alerts and warnings. 
When needed the State Operations Center (SOC) and Regional Emergency Operations Centers 
(REOCs) are activated to coordinate emergency management information and resources. Cal 
OES also coordinates the delivery of federal grant programs under Presidential declarations of 
emergency and major disaster.  
 
5.3.3 FEDERAL GOVERNMENT  

The federal government supports emergency management throughout the nation and in California 
by providing tools, resources, and guidance to support California’s emergency management 
system. When an emergency occurs that exceeds, or is anticipated to exceed resources located 
within the state, or when federal departments or agencies acting under their own authorities are 
partners in the unified command for an emergency, the federal government will implement the 
National Response Framework (NRF) to access federal department and agency capabilities, 
organize the federal response and ensure coordination with all response partners.  
 
5.3.4 PRIVATE SECTOR  

Private sector organizations play a key role before, during, and after an emergency. First, they 
must provide for the welfare and protection of their employees in the workplace. In addition, the 
County must work seamlessly with businesses that provide water, power, communication 
networks, transportation, medical care, security, and numerous other services upon which both 
response and recovery are particularly dependent.  
 
5.3.5 NON-GOVERNMENTAL ORGANIZATIONS  

Non-governmental Organizations (NGOs) play extremely important roles before, during, and after 
an emergency. For the County, NGOs such as the American Red Cross (ARC) provide sheltering, 
emergency food supplies, counseling services, and other vital services to support response and 
promote the recovery of disaster victims. NGOs collaborate with responders, governments at all 
levels, and other agencies and organizations.  
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5.3.6 INDIVIDUALS AND HOUSEHOLDS 

Although not formally a part of the County’s emergency operations, individuals and households 
play an important role in the overall emergency management strategy. Community members 
can contribute by:  

 Reducing hazards in their homes,  
 Preparing emergency supply kits and household emergency plans,  
 Monitoring emergency communications carefully,  
 Volunteering with established organizations, and  
 Enrolling in emergency response training courses  

 
5.4 Standardized Emergency Management System (SEMS) Functions  
SEMS requires that every emergency response involving multiple jurisdictions or multiple 
agencies include the five SEMS functions identified below. These functions must be applied at 
each level of the SEMS organization.  
 
5.4.1 COMMAND  

Command is responsible for the directing, ordering, and/or controlling of resources at the field 
response level. A key concept in all emergency planning is to establish command and tactical 
control at the lowest level that can perform that role effectively in the organization. In the Incident 
Command System (ICS), the Incident Commander (IC), with appropriate policy direction and 
authority from the responding agency, sets the objectives to be accomplished and approves the 
strategy and tactics to be used to meet those objectives.  
 
The IC must respond to higher authority. Depending upon the incident’s size and scope, the higher 
authority could be the next ranking level in the organization up to the agency or department 
executive. This relationship provides an operational link with policy executives who customarily 
reside in the Department Operations Center (DOC) or EOC, when activated.  
 
5.4.2 MANAGEMENT  

Management is responsible for overall emergency policy and coordination at the SEMS EOC 
levels. The EOC serves as a central location from which multiple agencies or organizations 
coordinate information collection and evaluation, priority setting and resource management.  
 
Within the EOC, the primary Management functions are to: 

 Facilitate multiagency coordination and executive decision making in support of the 
incident response,  

 Implement the policies established by the governing bodies, and  
 Facilitate the activities of the Multiagency Coordination (MAC) Group.  

 
5.4.3 OPERATIONS 
Operations is responsible for coordinating and supporting all jurisdictional operations in support 
of the response to the emergency through implementation of the organizational level's Action 
Plans (AP). 
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 At the Field Level, the Operations Section is responsible for the coordinated tactical 
response directly applicable to, or in support of the objectives in accordance with the 
Incident Action Plan (IAP).  

 In the EOC, the Operations Section Coordinator manages functional coordinators who 
share information and decisions about discipline-specific operations.  

 
5.4.4 LOGISTICS 

Logistics is responsible for providing facilities, services, personnel, equipment and materials in 
support of the emergency. Unified ordering takes place through the Logistics Section Ordering 
Managers to ensure controls and accountability over resource requests. As needed, Unit 
Coordinators are appointed to address the needs for communications, food, medical, supplies, 
facilities and ground support.  
 
5.4.5 PLANNING/INTELLIGENCE  

Planning and Intelligence is responsible for the collection, evaluation and dissemination of 
operational information related to the incident for the preparation and documentation of the 
Incident Action Plan (IAP) at the Field Level or the Action Plan (AP) at an EOC.  
Planning/Intelligence also maintains information for the EOC. As needed, Unit Coordinators are 
appointed to collect and analyze data, prepare situation reports, develop action plans, set 
Geographic Information Systems (GIS) priorities, compile and maintain documentation, conduct 
advance planning, manage technical specialists and coordinate demobilization.  
 
5.4.6 FINANCE/ADMINISTRATION 

Finance and Administration is responsible for all financial and cost analysis aspects of the 
emergency and for any administrative aspects not handled by the other functions. As needed, 
Unit Leaders are appointed to record time for incident or EOC personnel and hired equipment, 
coordinate procurement activities, process claims and track costs. 

 
5.4.7 STANDARD ICS STRUCTURE (SEMS FUNCTIONS) Chart 

 
 
 
   
 
 
 
 
 
 
 
 
 

5.5 Emergency Functions  
The California State Emergency Plan establishes the California Emergency Functions (CA-EFs), 
which consists of seventeen primary activities deemed essential to addressing the emergency 
management needs of communities in all phases of emergency management. The California 
Emergency Functions were designed to bring together discipline-specific stakeholders  
 

   Management 

Operations Planning/ 
Intelligence       Logistics Finance/ 

Administration 
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at all levels of government to collaborate and function within four phases of emergency 
management. The EFs consist of an alliance of agencies, departments and other stakeholders 
with similar functional responsibilities. This grouping allows each EF to collaboratively mitigate, 
prepare for, cohesively respond to and effectively recover from an emergency.  
 

PC ORIGINAL PKG



 
 

34 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 
5.5.1 TABLE: CALIFORNIA EMERGENCY FUNCTIONS 

 

CA-EF Title Definition County Department 

1 Transportation Assists in the management of transportation systems and infrastructure during domestic 
threats or in response to incidents; including flood control. 

County Public Works Department: 
Transportation 

2 Communications Provides resources, support and restoration of government emergency 
telecommunications, including voice data, and public safety radio. 

County Information/Technical 
Services Department 

3 Construction & Engineering Organizes capabilities and resources to facilitate the delivery of services, technical 
assistance, engineering expertise, construction management and other support. 

County Public Works Department: 
Construction & Engineering/ 
Facilities Mgmt. 

4 Fire & Rescue 

Monitors the status of fire mutual aid activities. Coordinates support activities related to 
the detection and suppression of urban, rural and wild land fires and emergency 
incident scene rescue activities and provides personnel, equipment and supplies to 
support local jurisdictions. 

County Fire Department: 
Suppression 

5 Management 
Coordinates and resolves issues among the CA-EFs in the four phases of emergency 
management to ensure consistency in the development and maintenance of the EOP 
annexes. During emergencies, serves in an advisory capacity to the EOC Director. 

County Fire Department: Office of 
Emergency Services 

6 Care & Shelter 
Coordinates actions to assist responsible jurisdictions to meet the needs of victims 
displaced during an incident including food assistance, clothing, non-medical care and 
sheltering, family reunification and victim recovery. 

County Social Services Department/ 
Office of Emergency Services 

7 Resources Coordinates plans and activities to locate, procure and pre-position resources to support 
emergency operations. County Procurement Services Dept. 

8 Public Health & Medical 
Coordinates Public Health and Medical activities and services in support of the 
jurisdictions' resource needs for preparedness, response, and recovery from 
emergencies and disasters. 

County Public Health 
Department/EMS 

9 Search and Rescue Supports and coordinates response of personnel and equipment to search for and 
rescue missing or trapped persons that may involve criminal acts and water rescues. County Sheriff/ Coroner Department 

10 Hazardous Materials 
Coordinates resources and supports the responsible agencies to prepare for, prevent, 
minimize, assess, mitigate, respond to and recover from a threat to the public or 
environment by actual or potential hazardous materials releases. 

County Fire Department: HazMat 

PC ORIGINAL PKG



 
 

35 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 

 

 

 
 
 
 
 
 
 
 
 

 
 

11 Food & Agriculture  
Coordinates activities during emergencies impacting the agriculture and food production 
industries, specifically farms and ranches; supports the recovery of impacted industries 
and resources after incidents.  

County Agriculture Weights and 
Measures  

12 Utilities Provides resources and support to responsible jurisdictions and in partnership with 
private sector to restore gas, electric, water, wastewater and telecommunications.   

County Public Works Department/ 
County Special Districts  

13 Law Enforcement  
Coordinates law enforcement personnel and equipment to support responsible law 
enforcement agencies, coroner activities and public safety in accordance with Law 
Enforcement and Coroner's Mutual Aid Plans.  

County Sheriff/ Coroner Department  

14 Long-Term Recovery Supports and enables economic recovery from the long-term consequences of 
extraordinary emergencies and disasters. County Auditor- Controller  

15 Public Information  
Supports the dissemination of accurate, coordinated, timely and accessible information 
to affected audiences, including governments, media, the private sector, and the local 
populace, including people with access and functional needs.  

CAO Public Information/ County Fire 
Public Information/ County Sheriff-
Coroner PIO  

16 Evacuation  Supports the safe evacuation of persons, domestic animals and livestock from 
hazardous areas.  

County Sheriff/Coroner 
Department(Including Transit 
Agencies and Animal Control) 

17 Volunteer & Donations 
Management 

Supports responsible jurisdictions in ensuring the most efficient and effective use of 
affiliated and unaffiliated volunteers and organizations and monetary and in-kind 
donated resources to support incidents requiring a state response  

County Fire Department: Office of 
Emergency Services  
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5.5.2 MATRIX: CALIFORNIA EMERGENCY FUNCTIONS 

California Emergency Functions  
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1 Transportation              P     

2 Communications 
         P         

3 Construction & Engineering 
           P       

4 Fire & Rescue 
       P           

5 Management S     P             

6 Care & Shelter S     S   P  S        

7 Resources S    S S  S  S S  S S P S  S 

8 Public Health & Medical 
          P        

9 Search & Rescue 
       S         P  

10 Hazardous Materials 
    P   S           

11 Food & Agriculture   P                

12 Utilities             P     P 

13 Law Enforcement                P   

14 Long Term Recovery S   P  S      S       

15 Public Information 
 P    S P    S  S   S P  

16 Evacuation 
       S        P   

17 Volunteers & Donations 
Management 

     P             
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6.1 Overview 
The emergency response of governmental agencies in Imperial County is an extension of day-to-
day operations. Emergency operations rely on the normal authority and responsibility of 
government, plus police powers that may be invoked by executive authority under specified 
conditions. Governmental agencies at all levels must work together effectively, along with the 
private sector, business and the industry, community based organizations and volunteers in order 
to meet the challenges posed by a disaster. 
 
The organizational scheme for emergency operations will incorporate requirements of the 
Standardized Emergency Management System (SEMS) and the National Incident Management 
System (NIMS), and will be applied via the OA EOC, and the Department/Special District 
Operations Centers (DOCs). 
 
SEMS is the system required by Government Code Section 8607(a) for Managing response to 
multi-agency and multi-jurisdiction emergencies in California. SEMS consists of five 
organizational levels that are activated as necessary: field response, local government, 
operational area, region and state. NIMS is required by Homeland Security Presidential Directive 
(HSPD-5), Management of Domestic Incidents. 
 
SEMS incorporates the use of the Incident Command System (ICS), the Master Mutual Aid 
Agreement, existing mutual aid systems, the Operational Area concept, and multi-agency or inter-
agency coordination. SEMS helps unify all elements of Imperial County’s emergency 
management organization into a single integrated system. Its use is mandatory in order to be 
eligible for state funding of response related personnel costs resulting from a disaster. 
 
Imperial County’s emergency management organization is comprised of the County of Imperial’s 
departments and Board-Governed Special Districts. The Imperial County Operational Area (OA) 
comprises 7 cities and 11 towns, over 22 Special Districts, 27 public school districts, utility 
organizations and volunteers. 
 
Under SEMS, the OA means an intermediate level of the state’s emergency services organization 
that encompasses the County and all political subdivisions located within the geographical 
boundaries of the County, including Special Districts. 
  
The OA manages information, resources, and priorities among local governments within the OA. 
It serves as the coordination and communication link between the local government level and 
regional level of state government. 
 
It is important to note, that while an OA always encompasses the entire county area, it does not 
necessarily mean that the county government manages and coordinates the OA response within 
the County. The governing bodies of the County and the political subdivisions within the County 
develop the organization, structure, and operating procedures for the OA. 
 
In Imperial County, even though the county acts as lead agency, OA management and 
coordination are shared via operation of a mutual aid zone system. OA representation via the 
Cities/Towns will channel requests to the OA. The County OES provides staff to coordinate and  
 

SECTION 6: CONCEPT OF OPERATIONS 
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staff the County OA EOC. This ensures that information, resources, and priorities represent 
consensus and shared responsibilities. 
 
6.2 Emergency Management Phases 
Emergency management can be categorized into a series of phases. Each phase is unique and 
will cause the initiation of a response level consistent with it. 
 
6.2.1 DISASTER CYCLE CHART 

 

 
6.2.2 PREPAREDNESS PHASE/PLANNING PHASE 

Day-to-day 
 The preparedness phase involves activities undertaken in advance of an emergency. These 

activities develop operational capabilities and improve effective response to disasters. Disaster 
plans are developed and revised to guide disaster response and increase available resources. 
Planning activities include developing hazard analysis, writing mutual aid agreements, training 
response personnel, and improving public information and communications systems. 
 
These preparedness activities are part of the implementation of the County Operational Area plan, 
as well as related plans and procedures, which are in effect at all times to provide authorization 
to accomplish these essential preparedness activities. 
 
Increased Readiness 
As a crisis begins to develop, government takes action to increase its readiness. Actions taken 
during the buildup of a crisis situation are designated to increase an organization’s ability to 
respond effectively to a disaster. Increase readiness actions include briefing government officials, 
reviewing plans, preparing information for release to the public, updating resource lists, and 
testing warning and communications systems. 
Events that may trigger increased readiness are: 

 Issuance of a credible long-term earthquake prediction; 
 A flood or severe winter storm advisory; 
 Wind surge; 
 An expansive hazardous materials accident; 
 And outbreak of disease activity; 
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 A rapidly-deteriorating International situation that could lead to an attack upon the United 

States; or 
 Information or circumstances indicating the potential for acts of violence, terrorism, or 

civil unrest. 
 
6.2.3 RESPONSE PHASE 

Pre-Impact 
When emergency management authorities are able to recognize the approach of a potential 
disaster, actions are taken to save lives and protect property. The response phase is activated to 
coordinate emergency response activities. During this phase, warning systems may be activated, 
resources may be mobilized, EOC may be activated, and evacuation may begin. 
 
Immediate Impact 
During this phase, emphasis is placed on saving lives, controlling the situation, and minimizing 
the effects of the disaster. Immediate response actions are accomplished within the affected area 
by government agencies (including mutual aid) and segments of the private sector. During this 
phase, Incident Command Posts (ICPs) and EOCs may be activated, and emergency instructions 
may be issued to the public. 
Some examples of initial response activities include: 

 Brief the CEO and key officials or employees on the situation; 
 Disseminate warnings, emergency public information, and instructions to the 

cities/towns and citizens of Imperial County; 
 Conduct evacuations and/or rescue operations; 
 Care for displaced persons and treat the injured; 
 Conduct initial damage assessments and surveys; 
 Assess the need for mutual aid assistance; 
 Restrict movement of traffic and people; 
 Establish Unified Command(s); 
 Coordinate with state and federal agencies working on the field; and 
 Develop and implement incident Action Plans. 

 
Sustained 
As the emergency continues, assistance is provided to victims of the disaster and efforts are 
made to reduce secondary damage. Zone or countywide mutual aid may be provided to assist 
with these efforts. Response support facilities may also be established. The incident’s resource 
requirements continually change to meet the needs of the incident. 
Examples of sustained response activities include: 

 Preparation of detailed damage assessments; 
 Operation of the mass care and shelter facilities; 
 Conduct coroner operations; 
 Procure required resources to sustain operations; 
 Document situation status; 
 Protect, control, and allocate resources; 
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 Restore vital utility services; 
 Document expenditures; 
 Develop and implement Action Plans for extended operations; 
 Disseminate emergency public information; 
 Declare a local emergency; 
 Request a gubernational and federal declaration, if required; 
 Prioritized resource allocations; and  
 Inter/multi agency coordination. 

 
6.2.4 RECOVERY PHASE 

At the onset of an emergency, actions are taken to enhance the effectiveness of recovery 
operations. Recovery is comprised of steps the County will take during and after an emergency 
to restore government function and community services to levels existing prior to the emergency. 
Recovery is both a short and long-term process. 
 
Short term operations seek to restore vital services to the community and provide for the basic 
needs of the public, such as bringing necessary lifeline systems (e.g. power, communications, 
water and sewage, disposal of solid and hazardous wastes, or removal of debris) to an acceptable 
standard while providing for basic human needs (e.g. food, clothing, and shelter). Recovery also 
includes cost recovery activities. 
 
The recovery period is also an opportune time to institute mitigation measure, particularly those 
related to the recent emergency. This is also the phase of reassessing procedures and functions 
of all annexes of this disaster plan for deficiencies. Resources to restore or upgrade damaged 
areas may be available if it can be shown extra repairs will mitigate or lessen the chances of, or 
damages caused by, another similar disaster in the future. 
 
6.2.5 MITIGATION PHASE 

Mitigation planning includes a review of ways to avert future emergencies and reduce the impact 
of future disasters. Specific hazard mitigation plans are prepared subsequent to a federally 
declared disaster. They reflect the current risk analysis and mitigation priorities specific to the 
declared disaster. Mitigation efforts include, but are not limited to: 

 Amend local ordinances and statues, such as zoning ordinances, building codes, and 
other enforcement codes; 

 Initiate structural retrofitting measures; 
 Assess tax levies or abatements; 
 Emphasize public education and awareness; 
 Undertake flood control project; 
 Remove fuel in areas having a high potential for wildfires; and 
 Assess and alter land use planning. 
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6.3 Emergency Proclamations  
 
6.3.1 OVERVIEW  

To those directly affected, every disaster is catastrophic and merits a “proclamation” of an 
emergency. There are, however, a variety of governmental disaster proclamations/declarations 
that may be issued independently of one another. Sometimes mayors, County executives, or 
governors issue formal declarations that may or may not involve special emergency powers (for 
the issuing government) or be eligible for special assistance funds. The California Emergency 
Services Act provides for three types of emergency proclamations in California:  

 Local Emergency Proclamation 
 Governor’s Proclamation of State of Emergency 
 State of War Emergency 

 
Emergency proclamations expand the emergency powers and authorities of the state and its 
political subdivisions. They also provide a mechanism for unaffected jurisdictions to provide 
resources and assistance to the affected jurisdictions. Although emergency proclamations 
facilitate the flow of resources and support to the affected jurisdictions and local government, 
they are not a prerequisite for rendering mutual aid and assistance under existing agreements 
or requesting assistance from the American Red Cross (ARC). During a state of emergency or 
state of war emergency, the Governor has complete authority over all agencies of state 
government. 
 
6.3.2 LOCAL EMERGENCY PROCLAMATION  

The local governing body or a duly authorized local official may proclaim a local emergency, as 
described in the California Emergency Services Act and as provided in its local emergency 
ordinance. Proclamations are normally made when conditions of disaster or of extreme peril to 
the safety of persons and property exist within the jurisdictional limits of a County, city and County, 
or city. A local emergency may be proclaimed when conditions are or are likely to be beyond the 
control of the services, personnel, equipment, and facilities of that political subdivision and require 
the combined forces of other political subdivisions to combat, or with respect to regulated energy 
utilities, a sudden and severe energy shortage that requires extraordinary measures beyond 
authority vested in the California Public Utilities Commission (PUC).   
 
Local proclamations may authorize additional emergency powers to local officials per local 
ordinance. A Local Emergency provides local governing bodies with expanded emergency police 
powers and authorities, which include:  

 Authorization to promulgate and suspend local orders and regulations necessary to 
provide for the protection of life and property. 

 Authority to acquire or commandeer supplies and equipment for public use. 
 Power to conduct and perform emergency response activities under emergency 

conditions with broadened immunities from legal liability for performance or failure of 
performance.  
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As provided in the Imperial County Code, a local emergency may be proclaimed for good and 
sufficient causes by:  

 The Board of Supervisors acting as a body if the Board is in session; or, if the Board is 
not in session,  

 The Director of Emergency Services/Chief Executive Officer and;  
 Whenever a local emergency is proclaimed when the Board of Supervisors is not in 

session, the Board shall take action to ratify the proclamation within seven (7) days.  
 
The proclamation of a local emergency provides confirmation of the disaster condition and may 
trigger activation of the jurisdiction’s recovery and reconstruction organization. This organization 
will most likely be separate from the emergency organization dedicated to response and rise into 
being as the response organization begins demobilization. Such an organization is authorized via 
the Disaster Recovery Reconstruction Act of 1986 and may have powers parallel to those of a 
community redevelopment agency, except that the reconstruction authority would be authorized 
to operate beyond the confines of designated redevelopment areas and would have financing 
sources other than tax increment sources. 
  
6.3.3 STATE OF EMERGENCY  

A disaster may be of such magnitude that it requires extraordinary action by the state in order to 
protect the lives, property, and environment of its citizens. The Emergency Services Act allows 
the Governor to proclaim a state of emergency when conditions of disaster have risen or of 
extreme peril to the safety of persons and property within the state caused by such conditions as 
air pollution, fire, flood, storm, epidemic, riot, drought, sudden and severe energy shortage, plant 
or animal infestation, governor’s warning of an earthquake or volcanic prediction, an earthquake, 
or other conditions resulting from a labor controversy or conditions causing a ‘state of war 
emergency’ which conditions, by reasons of their magnitude, are or are likely to be beyond the 
control of the services, personnel, equipment, and facilities of any single County, city and County, 
or city and require the combined forces of a mutual aid region or regions to combat, or with respect 
to regulated energy utilities, a sudden and severe energy shortage requires extraordinary 
measures beyond the authority vested in the California Public Utilities Commission.  
 
When the situation warrants, the County’s Board of Supervisors may petition the Governor to 
proclaim a State of Emergency including Imperial County.  
 
This petition must include:  

 A resolution requesting the Governor to proclaim a State of Emergency.  
 Initial Damage Estimate (IDE) Report data depicting the conditions existing within the 

OA.  
 A summary of County Operational Area resources committed to the mitigation of the 

effects of the current disaster including dollars, manpower, equipment, facilities, etc.  
 In the event that the Board believes the situation is of such a serious nature that Federal 

assistance is required, the Governor should be petitioned to request a declaration of 
Federal Emergency from the President of the United States.  

 
 

 
Whenever the Governor declares a State of Emergency the following will apply:  
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 Mutual aid shall be rendered as needed;  
 The Governor shall have the right to exercise all police powers vested in the State by 

the Constitution and the laws of the State of California within the designated area;  
 The Governor may suspend orders, rules, or regulations of any state agency and any 

regulatory statute or statute prescribing the procedure for conducting state business;  
 The Governor may commandeer or make use of any private property or personnel (other 

than media) in carrying out the responsibilities of his office; and  
 The Governor may promulgate, issue, and enforce orders and regulations deemed 

necessary.  
 
Provided that the State of Emergency proclaimed by the Governor does not cause a Presidential 
Declaration of a State of Emergency or State of War, a local OA has other options for short-term 
recovery and include such programs as:  

 The California Disaster Assistance Act, and  

 The Corps of Engineers Emergency Authorities, including those for flood fighting, 
authorized under the provisions of Public Law 84-99, Flood and Coastal Storm 
Emergencies (33 U.S.C. 701n) (69 Stat. 186) as amended.  

 
The Disaster Assistance Act is the Act linked to SEMS, which authorizes reimbursement of 
personnel-related disaster expenses. It does not supplant federal assistance otherwise available 
in the absence of state financial relief.  
 
Public Law 84-99 (Flood Fighting) gives authority to the U.S. Army Corps of Engineers to prevent 
and control floods, and when local interests have exhausted their resources, provide assistance 
as appropriate. It is not always necessary to proclaim a Local Emergency prior to requesting 
assistance in flood fighting from the Corps. Requests for Corps assistance are to be coordinated 
by the County’s Public Works Group, and processed through County OES to the State’s Regional 
Emergency Operations Center (REOC) at Los Alamitos.  
 
6.3.4 STATE OF WAR EMERGENCY  

In addition to a State of Emergency, the Governor can proclaim a State of War Emergency 
whenever California or the nation is attacked by an enemy of the United States, or upon receipt 
by California of a warning from the federal government indicating that such an enemy attack is 
probable or imminent. The powers of the Governor granted under a State of War Emergency are 
commensurate with those granted under a State of Emergency.  
 

 

 

 

 

 
6.3.5 COUNTY EMERGENCY PROCLAMATION SAMPLE 
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COUNTY OF IMPERIAL 
STATE OF CALIFORNIA 

PROCLAMATION OF EXISTENCE OF A LOCAL EMERGENCY 
(By Director of Emergency Services) 

 
WHEREAS, California Government Code section 8630 and Imperial County Code section 2.104.060 et 
seq. empower the Chairman of the Board of Supervisors to proclaim the existence or threatened existence 
of a local emergency when Imperial County is affected or likely to be affected by a public calamity and the 
Board of Supervisors is not in session; and  
 
WHEREAS, the Chairman of the Board of Supervisors of the County of Imperial does hereby find: 
  
WHEREAS, _______; and  
 
WHEREAS, _______; and  
 
WHEREAS, _______; and  
 
WHEREAS, the Board of Supervisors of the County of Imperial is not in session and cannot immediately 
be called into session;  
 
NOW, THEREFORE, IT IS HEREBY PROCLAIMED that a local emergency exist throughout said County; 
and  
 
IT IS FURTHER PROCLAIMED AND ORDERED that during the existence of said local emergency the 
powers and duties of the emergency organization of the County shall be those prescribed by State law, by 
charter, ordinances, and resolutions of this County, and by the current County of Imperial Emergency Plan, 
as approved by the Board of Supervisors.  
 
IT IS FURTHER PROCLAIMED AND ORDERED that this local emergency be ratified by the County Board 
of Supervisors in accordance to section 8630 of the California Government Code.  
 
IT IS FURTHER PROCLAIMED AND ORDERED that said local emergency shall be deemed to continue 
to exist until its termination is proclaimed by the Board of Supervisors or it is terminated by operation of law.  
 
IT IS FURTHER PROCLAIMED AND ORDERED that a copy of this proclamation be forwarded to the 
Governor of California.  
 
IT IS FURTHER ORDERED that a copy of this proclamation be forwarded to the Secretary of the California 
Governor’s Office of Emergency Services (Cal OES).  
 
Dated: ____________________  
 
Time of Signing: _________________  
 
 

__________________________________________________ 
RYAN E. KELLEY 

Director of Emergency Services, 
County of Imperial and 

Chairman of the Board of Supervisors 
 
6.4 EOC Responder  
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6.4.1 OVERVIEW  

In order to ensure that Imperial County can sustain EOC operations for any type/length of 
activation, OES has implemented EOC Responder training, which includes ICS training, SEMS 
training, EOC Section specific training, and Web EOC orientation. Upon completion of the EOC 
Responder training, personnel are added to a confidential/limited access EOC Responder 
Database and Department Roster to be utilized for EOC responder call-outs. The database is 
comprised of contact information from County Department/Division personnel and personnel from 
other governmental, utilities and non-profit agencies that have been designated as EOC 
Responders for their respective department/division or agency.  
 
6.4.2 NOTIFICATION/MOBILIZATION  

In the event of an emergency or disaster requiring activation of the EOC or an impending 
activation, the EOC Responder Roster may be accessed for EOC Responder notifications. The 
database may be used by Logistics Section personnel (or EOC personnel as designed by the 
EOC Director) when the EOC Director requests an enhanced staffing level at the EOC. Upon 
activation of the EOC, each functional coordinator assesses the need for one or more EFs to 
support their emergency response and recovery activities. Each EF mobilizes according to its 
functional annex.  
 
Emergency notification and mobilization is based upon regular position assignment, not 
individuals. These assignments may be changed as an incident develops, or as needs are 
assessed. Emergency assignments allow employees to know when to respond during disaster 
operations and minimize the amount of phone calls necessary. This system does not affect the 
handling of smaller, local emergencies. These will be handled by on-duty units, mutual aid, and/or 
limited call-out of off-duty officers.  
 
Trained County personnel/EOC responders will be notified and fill the EOC section positions as 
needed.  
 
6.4.3 OPERATIONAL PERIOD/INCIDENT ACTION PLANNING  

FEMA defines an Operational Period as, “the period of time scheduled for executing a given set 
of operational actions as specified in the IAP. The length of the operational period is typically 12 
to 24 hours at the beginning of an incident requiring extensive response efforts, and are 
subsequently reviewed and adjusted throughout the life cycle of the incident as operations 
require.”  
 
Typically during Operational Area EOC activations, the operational period may be a 12 hour shift 
for EOC responders however, the initial operational period may vary from less than 12 hours, or 
may exceed 12 hours depending on the severity of the incident and the availability of EOC 
responders.  
 
Although many important tasks are accomplished during this initial period, efforts focus primarily 
on situational awareness and establishing initial incident priorities. Gaining an understanding of 
the situation includes gathering, recording, analyzing, and displaying information regarding the 
scale, scope, complexity, and potential incident impacts.  
 
 
Comprehensive situational awareness is essential in order to develop and implement an effective 
Incident Action Plan (IAP – Field Level) or Event Action Plan (EAP – EOC Level), a written plan 
that defines the incident objectives and reflects the tactics necessary to manage an incident 
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during an operational period. Incident objectives answer the question of what must be 
accomplished during the operational period. The IAP is a set of activities, repeated each 
operational period, that provides a consistent rhythm and structure to incident management.  
 
6.4.4 SHIFT CHANGE  

Before the initial operational period concludes and it has been determined that the incident 
requires multiple operational periods, shifts will be changed at the designated intervals until 
deactivation. Shift changes should allow for one-half-hour overlap to brief incoming personnel and 
would generally be scheduled one hour later than field personnel to stagger personnel during a 
shift change.  
 
6.4.5 DEACTIVATION  

Deactivation is called by the EOC Director. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.5 Standardized Emergency Management System (SEMS) Organization/ 
Coordination Levels  
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There are five SEMS organization levels: 
 

1. Field Level: where emergency response personnel and resources, under the command 
of responsible officials, carry out tactical decisions and activities in direct response to an 
incident or threat. 
 

2. Local Government Level: includes Cities/Towns, Counties and Special Districts. Local 
governments manage and coordinate the overall emergency response and recovery 
activities within their jurisdiction. Local governments are required to use SEMS when 
their Emergency Operations Center (EOC) is activated or a local emergency is declared 
or proclaimed in order to be eligible for state reimbursement of response-related costs. 

 
3. Operational Area (OA) Level: the intermediate level of the state's emergency 

management organization which encompasses a County’s boundaries and all political 
subdivisions located within that County, including Special Districts. The OA facilitates 
and/or coordinates information, resources and decisions regarding priorities among local 
governments within the OA. The OA serves as the coordination and communication link 
between the Local Government Level and Regional Level. State, federal and tribal 
jurisdictions in the OA may have statutory authorities for response similar to that at the 
local level. 

 
4. Regional Level: manages and coordinates information and resources among OAs 

within the mutual aid region and also between the OA and the state level. The Regional 
Level also coordinates overall state agency support for emergency response activities 
within the region. California is divided into three California Governor’s Office of 
Emergency Services (CalOES) Administrative Regions – Inland, Coastal and Southern 
– which are further divided into six mutual aid regions. The Regional Level operates out 
of the Regional Emergency Operations Center (REOC).  

 
5. State Level: prioritizes tasks and coordinates state resources in response to the 

requests from the Regional level and coordinates mutual aid among the mutual aid 
regions and between the Regional Level and State Level. The state level also serves as 
the coordination and communication link between the state and the federal emergency 
response system. The state level requests assistance from other state governments 
through the Emergency Management Assistance Compact (EMAC) and similar 
interstate compacts/agreements and coordinates with the Federal Emergency 
Management Agency (FEMA) when federal assistance is requested. The state level 
operates out of the State Operations Center (SOC).  

 
 
 
 
 
 
 
6.5.1 MULTI-AGENCY OR INTER-AGENCY COORDINATION  

Multi-agency or inter-agency coordination is important for:  

 Establishing priorities for response;  
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 Allocating critical resources;  
 Developing strategies for handling multi-agency response problems;  
 Sharing information; and  
 Facilitating communications.  

 
6.5.2 COORDINATION WITH SPECIAL DISTRICTS  

Special Districts are formed under various laws that provide the necessary authority to operate. 
Special Districts often have unique resources, capabilities, and vulnerabilities. Coordination and 
communications with the EOC should be established among Special Districts who are involved in 
emergency response. This may be accomplished in various ways depending on the local 
situation. Special Districts will work with the local government in their service areas to determine 
how best to establish coordination and communications in an emergency. If possible, the Special 
District will have a liaison representative at the County EOC and direct communications should 
be established between the Special District DOC and the County EOC.  
 
6.5.3 COORDINATION WITH PRIVATE/NON-PROFIT AGENCIES AND VOLUNTEER GROUPS 

Imperial County recognizes the valuable assistance and resources provided by non-governmental 
private sector partnerships and the importance of organizations that perform voluntary services 
in the community. As a result, the County continues to cultivate relationships with private/non-
profit agencies and has established an extensive trained volunteer base to support emergency 
response operations within the County.  
 
The County EOC will generally be the coordination point for private/non-profit agencies and 
volunteer groups for deployment to support emergency response activities. Private/non-profit 
agencies or volunteer groups that play a key role(s) in the response may have representative(s) 
in the EOC. Private/non-profit agencies and volunteer groups that have countywide response 
roles and cannot respond to numerous city EOCs may be represented at the OA level.  
 
During an emergency, the County EOC may establish communication with private/non-profit 
agencies and volunteer groups through an agency representative, volunteer coordinator, or 
authorized personnel. Coordination, activation, and deployment of these members may be 
incident driven and will follow the appropriate organization response guidelines that have been 
established for the specific private/non-profit agency or volunteer group.  
 
The following volunteer programs are managed and/or supported by OES and may be activated 
to provide support to the OA during EOC activations, Shelter activations, and/or other 
jurisdictional specific incidents:  
 
Community Emergency Response Teams (CERT) 
The Community Emergency Response Team (CERT) Program educates people about disaster 
preparedness and trains them in basic disaster response skills, such as fire safety, light search 
and rescue and disaster medical operations. Using their training, CERT members can assist 
others in their neighborhood or workplace following an event and can take a more active role in 
preparing their community. CERT members may be activated as follows:  
 

 In unincorporated communities that support a Community Emergency Response Team 
(CERT) Program, a CERT may be activated by contacting the assigned local CERT 
County Liaison.  
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 In Cities/Towns that support a CERT Program, the local Emergency Manager should be 
contacted for details regarding the activation of that jurisdiction’s CERT.  

 
Imperial Valley Disaster Recovery Team (IVDRT)/Voluntary Organizations Active in 
Disaster (VOAD) 
Imperial Valley Disaster Recovery Team (IV DRT) is an organization, based within a community 
or geographic area, which is composed of representatives from public, private, non-profit and 
faith-based agencies, community groups, and businesses. Their mission is to strengthen area-
wide disaster coordination and address the long term and unmet needs of Imperial County 
residents.  
 
Radio Amateur Civil Emergency Services (RACES)  
Radio Amateur Civil Emergency Service (RACES) volunteers hold an FCC issued HAM Radio 
license. These members volunteer their time to provide Auxiliary Emergency Communications for 
the County and affiliated Cities within the Imperial County Operational Area. The RACES mission 
is to provide support for any possible need relative to communications in an emergency.  
 
The RACES unit of OES provides a variety of professional non paid skills, including emergency 
tactical, administrative and logistical communications for all government agencies between the 
County and City Governments and neighboring State Agencies. This includes operations on all 
authorized equipment and frequencies when needed. 
 
Spontaneous Unaffiliated Volunteers (SUV)  
A widely recognized need existing in Imperial County immediately following a disaster or incident 
is the successful management of Spontaneous Unaffiliated Volunteers (SUV) who respond to an 
incident with the intent on helping. It becomes essential to direct the outpouring of human 
resources to where it’s most needed as quickly as possible to mitigate potential chaos and to give 
people an opportunity to be involved in the recovery of their own community.  
 
The Imperial County VOAD serves as the Lead Coordinating Organization. 
 
6.6 Incident Command System (ICS)  
The Incident Command System (ICS) is a nationally recognized on-scene emergency 
management system specifically designed to allow its user(s) to adopt an integrated 
organizational structure equal to the complexity and demands of single or multiple incidents 
without being hindered by jurisdictional boundaries. ICS uses a common organizational structure 
to effectively accomplish management of the incident by objectives.  
 
The five functions of the ICS organization are command, operations, planning, logistics, and 
finance:  
 
Command  
Responsible for directing, ordering, and/or controlling resources by virtue of explicit legal, agency, 
or delegated authority. It includes the incident commander (IC) who is responsible for the overall 
management of the incident. The command function also includes the Information Officer, Liaison 
Officer, and Safety Officer. 
 
Operations  
Responsible for the coordinated tactical response of all field operations directly applicable to or in 
support of the mission(s) in accordance with the Incident Action Plan (IAP). Operations develop 
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the operations portion of the IAP, requests resources to support tactical operations, maintain close 
communication with the Incident Commander, and ensure safer tactical operations. The 
operations function includes branches, divisions, groups, and air operations personnel.  
 
Planning  
Responsible for the collection, evaluation, documentation, and use of information about the 
development of the incident. The planning function includes the resource unit, situation unit, 
documentation unit, and demobilization unit.  
 
Logistics  
Responsible for providing facilities, services, personnel, equipment, and tracking the status of 
resources and materials in support of the incident. The logistics function includes the supply unit, 
facilities unit, ground support unit, communications unit, food unit, and medical unit.  
 
Finance  
Responsible for all financial and cost analysis aspects of the incident, and/or any administrative 
aspects not handled by the other functions. The finance function includes the time unit, 
procurement unit, compensation/claims unit, and the cost unit.  
 
6.6.1 PRINCIPLES OF ICS  

The system’s organizational structure adapts to any emergency or incident to which emergency 
response agencies would expect to respond. Components of ICS are:  

 Common terminology;  
 Modular organization;  
 Unified command structure;  
 Consolidated action plans;  
 Manageable span-of-control; 
 Pre-designed incident facilities; 
 Comprehensive resource management; and 
 Integrated communications.  

 
Common titles for organizational functions, resources, and facilities within ICS are utilized. The 
organizational structure is developed based upon the type and size of an incident. Staff builds 
from the top down as the incident grows, with responsibility and performance placed initially with 
the Incident Commander (IC). At all incidents there will be five functions. Initially, the IC may be 
performing all five functions. Then, as the incident grows, each function may be established as a 
section with several units under each section.  
 
6.6.2 UNIFIED COMMAND  

Unified command structure is a unified team effort that allows all agencies with responsibility for 
the incident to manage an incident by establishing a common set of incident objectives and 
strategies.  
 
 
In some incidents, several organizations may share response authority. ICS has the advantage 
of combining different local, County, regional, State, and Federal agencies into the same 
organizational system, maximizing coordination of response activities and avoiding duplication of 
efforts. A structure called Unified Command (UC) allows the IC position to be shared among 
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several agencies and organizations that maintain jurisdiction. UC members retain their original 
authority but work to resolve issues in a cooperative fashion to enable a more efficient response 
and recovery.  
 
In a large incident involving multiple jurisdictions and/or regional, State, and Federal response 
partners, a UC may replace a single organization IC. Each of the four primary ICS sections may 
be further subdivided, as needed. In smaller situations, where additional persons are not required, 
the IC will directly manage all aspects of the incident organization. 
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7.1 Overview  
The Imperial County Emergency Operations Center (EOC) is a centralized location for decision 
making regarding the Operational Area’s emergency response. The EOC is where the emergency 
response actions can be managed and resource allocations and responses can be tracked and 
coordinated with the field, Cities/Towns, and the State. The County’s Emergency Services 
Coordinator is responsible for the operational readiness of the EOC.  
 
When an emergency or disaster occurs, or has the potential to occur, the County will activate the 
EOC. Under SEMS, and expanded by the Imperial County OA, any one City/Town that activates 
its EOC for an emergency will trigger an OA EOC activation. In turn, this activates the State OES 
Region and State Operations Center.  
 
The EOC will organize according to the SEMS functions of Management, Operations, 
Planning/Intelligence, Logistics and Finance/Administration and will activate those functions 
necessary for the emergency. The five (5) SEMS EOC functions are shown below:  
 
1. Management Section Activities and Responsibilities:  

a. Overall EOC Management  
b. Facilitation of Multiagency Coordination System (MACS) and MAC Groups  
c. Public Information Coordination and Joint Information Center (JIC) Management  
d. Provision for Public Safety and Risk Communications and Policy  
 

2. Operations Section Activities and Responsibilities:  
a. Transportation 
b. Construction and Engineering  
c. Fire and Rescue  
d. Care and Shelter  
e. Resources  
f. Public Health and Medical  
g. Hazardous Materials  
h. Utilities  
i. Law Enforcement  
j. Long-Term Recovery  
k. Evacuation  
l. Volunteer and Donations Management  
m. Others as Needed 
 

3. Planning/Intelligence Section Activities and Responsibilities: 
a. Situation Status  
b. Resource Status  
c. Situation Analysis  
d. Information Display  

SECTION 7: EMERGENCY OPERATIONS CENTER (EOC) 
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e. Documentation   
f. Advance Planning  
g. Technical Services  
h. Action Planning  
i. Demobilization  

 
4. Logistics Section Activities and Responsibilities:  

a. Field Incident Support  
b. Communications Support   
c. Transportation Support  
d. Personnel  
e. Supply and Procurement  
f. Resource Tracking  
g. Sanitation Services  
h. Computer Support  

 
5. Finance/Administration Activities and Responsibilities:  

a. Fiscal Management   
b. Time-Keeping  
c. Purchasing  
d. Compensation and Claims  
e. Cost Recovery  
f. Travel Request, Forms, and Claims 
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7.1.1 CHART: IMPERIAL COUNTY EOC ORGANIZATION  
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7.2 Special Districts, Private, and Non-Profit Agencies  
Depending on the size and kind of incident, involvement from Special Districts, utilities, volunteer 
organizations and/or private organizations may be necessary in the County’s EOC. During EOC 
activations, these agencies respond to County-focused emergencies and will coordinate and 
communicate directly with staff in the EOC. Ideally, the agency will provide a representative to 
the EOC and will serve in the Management Section to better facilitate coordination.  
 
7.3 Primary and Alternate Emergency Operations Centers  
As a place, the OA EOC differs greatly from one organization to another, but the functions are 
much less variable. The OA EOC is responsible not only for assembling and directing local 
government response but also for communicating with all other levels of government, with the 
private sector, and the public (both the public at large and the public at risk).  
 
According to SEMS, the OA EOC is structured to fulfill an organization standard, which includes 
the functions of management, finance and administration, logistics, operations, and 
planning/intelligence. Although each of the SEMS functions is necessary, coordination, 
communications, and intelligence are critical.  
 
Communications issues are important to the County’s emergency response capability. These 
issues include channel capacity, the importance of multiple channels, and the planning for a viable 
emergency communications system. An alternate EOC will be activated in when the primary is 
not functional. 
 
Primary OA EOC Location  
OA EOC  
1078 Dogwood Road, Suite 104 
Heber, CA  92249 
(760) 482-2400  
 
Alternate EOCs Location  
County Planning & Development Services  
801 Main Street 
El Centro, CA  92243 
 
7.4 Activation Levels and Deactivation of Emergency Operations Center  
 
7.4.1 EVENT/INCIDENT MONITORING  

“Monitoring” refers to the staffing of an EOC facility to carry out duties related to a training 
exercise, a pre-planned event, or minor incident that would not require the Operational Area, State 
Region and State Emergency Operations Centers to activate in support.  
 
The City/Town may bring responders into the EOC to assist in monitoring an event that has the 
potential to escalate to the point that activation is necessary.  
 
Imperial County OES supports the Operational Area (OA) with a Duty Officer that is on call 24 
hours per day (24/7) and is always interested in such “monitoring” events. Under any 
circumstances, County OES must be notified if and when the EOC is formally activated.  
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Examples: Parades, holiday activities, sports events, political events, concerts, minor fire/hazmat, 
and winter storm incidents, etc. 
 
Listed below are the recommended three Levels of Activation. Establishing Levels of Activation 
facilitates the implementation of an appropriate emergency response. Levels of Activation ensure 
that assets are committed in phases according to the specific requirements of any threat or 
hazard. Increasing and decreasing EOC staffing is a principle of SEMS and its incorporation of 
ICS as modified in the EOC environment.  
 
7.4.2 LEVEL I EOC ACTIVATION 

Level I is often referred to as “Low-level Activation.” The EOC is staffed with the daily operating 
staff members of OES, who carry out additional duties in support of activation. Department 
Operations Centers (DOCs) may also be activated. 
 
Level I may prompt the minimum staffing of the EOC with an Emergency Manager, a Public 
Information Officer (PIO), a Duty Officer, an Emergency Communications Services (ECS) Officer 
and a few EOC responders to specifically fill designated EOC sections (Management, Operations, 
Planning/Intelligence, Logistics, and/or Finance/Administration). Per SEMS and ICS principles, if 
Section positions are not filled, the EOC Director/Manager is responsible for all sections. Section 
Coordinators and a situation assessment activity in the Planning and Intelligence Section may be 
included in this level, etc. These additional duties often include communication, coordination, 
monitoring, receiving, and distributing information pertaining to the emergency or disaster. After 
hours, a Level I EOC Activation is usually staffed by the on-call County OES Duty Officer.  
 
Example: To support the activation of a City/Town EOC within the Operational Area for an event 
such as flooding or for imminent threat condition such as fire, etc.  
 
7.4.3 LEVEL II EOC ACTIVATION  

Moving to Level II means that Level I staffing has been deemed insufficient to meet the needs of 
the incident and additional positions need to be filled in the EOC.  
 
Level II is often referred to as “Medium-level Activation.” The EOC is staffed with the daily 
operating staff members of County OES who carry out additional duties in support of activation. 
Additional trained EOC responders are also called in to staff specific functions within the 
Management, Operations, Planning/Intelligence, Logistics and Finance/Administration per 
SEMS/NIMS protocols. This may involve staffing the unfilled Section Chief positions and some 
Branch and Unit positions as needed. The decision to call in additional trained EOC responders 
is based upon the magnitude of the emergency or disaster as determined by the EOC Director.  
 
Level II activation may necessitate a 24-hour A-shift/B-shift operation. After hours, Level II EOC 
Activation may be staffed by a reduced number of EOC Responders in the EOC or by an on-call 
County OES Duty Officer. Staffing is at the discretion of the EOC Director as guided by incident 
activities. County Department Operations Centers (DOCs) may also be activated.  
 
Example: Earthquake with damage, flooding, or isolated to one or two Cities/Towns or in a remote 
area. 
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7.4.4 LEVEL III EOC ACTIVATION  

Level III is often referred to as “Full or High-level Activation.” This encompasses the staffing of 
Levels I and II along with additional trained EOC Responders to staff most, if not all, of the 
positions within the Management, Operations, Planning/Intelligence, Logistics and 
Finance/Administration SEMS Sections. All Sections have Section Chiefs, and most Branches 
and Units are also staffed.  
 
During a Level III Activation, the EOC operates on a 24-hour basis, rotating personnel into the 
EOC on 12-hour shifts. County Department Operations Centers (DOCs) may also be activated. 
 
7.4.5 CHART: ACTIVATION EVENT EXAMPLES  

Listed below are examples and characteristics of potential disastrous events that could occur 
within the boundaries of Imperial County and how the OA EOC will respond. 
 

Event Examples and 
Characteristics 

Threat 
Assessment 

County 
Response Level Response 

 Earthquake 
Predictions/Advisories 

 Severe Weather Conditions 
 Minor localized incidents 
 Short-term with 4-12 hour 

period of concern 

 
 
 
 

LOW 

 
 
 
 
I 
 

 
 Initially activate with County 

OES staff 
 Increase or reduce staff as 

appropriate 

 Moderate Earthquake 
Affecting OA 

 Major fire, wind or rain storm 
affecting county 

 Two (2) or more large scale 
incidents involving three (3) 
or more departments or 
Cities 

 Major scheduled event 
 Longer term incident, two or 

more shifts 

 
 
 
 
 

MEDIUM 

 
 
 
 
 

II 

 
 Activate Level Two EOC staff: 
   * EOC Section Coordinator/   
     Branch Leaders  
     as appropriate 
 
   * Liaison Reps as   
     Appropriate 
 
 Activate Recovery 

Organization if warranted. 
       

 
 Major county or regional 

emergency 
 Three (3) or more 

departments with heavy 
resource involvement 

 Mutual aid resources 
unavailable for 24-hours 

 Portions of county 
cutoff/isolated 

 Significant injury, damage, 
loss 

 Long duration; several days 
to weeks 

 

 
 
 
 
 
 

HIGH 

 
 
 
 
 
 

III 

 
 Activate full EOC 

organization 
 Brief full EOC organization 
 Operate 12 hour shifts 
 Activate Recovery 

Organization 
 Request mutual aid via 

REOC 
 Demobilize Branches not 

required 

 
7.4.6 WHO MAY ACTIVATE  
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The following County personnel are authorized to activate the County OA EOC provided that all 
criteria for EOC activation are met: 

 Chairman of the Board of Supervisors 
 County Executive Officer 
 County Fire Chief/OES Coordinator 
 County Assistant Fire Chief  

 
7.4.7 HOW TO ACTIVATE  

An authorized individual activating the EOC must contact: 

 The OES Coordinator or designee  
 Imperial County Fire Department Communication Center  
 Identify yourself and provide callback confirmation telephone number if requested 
 Briefly describe the emergency/disaster situation causing the request 
 Request EOC Responder staffing at a Level I, II, or III.  

 
The EOC Director will follow the activation set up procedures set forth in the Management 
Section of the EOC Standard Operating Procedure (EOC SOG).  
 
7.4.8 DEACTIVATION  

Deactivation (demobilization) of the EOC will occur upon order of the EOC Director based on 
incident status. Deactivation may occur through a gradual decrease in staffing or all at once. EOC 
Responders must follow the deactivation procedures set forth in each Section of the EOC 
Standard Operating Guide (EOC SOG).  
 
When de-activation occurs, staff is responsible for:  

 Ensuring that any open actions not yet completed will be taken care of after the de-
activation 

 Ensuring that all required forms or reports are completed and turned in prior to de-
activation  

 Being prepared to submit and/or participate in developing an After Action Report  
 
7.5 Field/EOC Communications and Coordination 
Responsibility for emergency response is based on statutory authority. The emergency response 
is coordinated under SEMS/ICS, which provides a flexible, adaptable and expandable response 
organization to address all-hazards of varying magnitude and complexity.  
 
An EOC is activated to support field operations when an emergency requires additional resources, 
or when requested resources exceed that which is available from within the jurisdiction. Field 
Incident Commanders and EOCs will establish communications when the EOC is activated. Local 
government EOCs will establish communications with the Operational Area EOC (OAEOC). The 
OAEOC will communicate with the Regional Emergency Operations Center (REOC) and the 
REOC will communicate with the State Operations Center (SOC).  
 
 
 
7.6 Field/EOC Direction and Control Interface  
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7.6.1 COMMAND AND CONTROL  

During response to minor or moderate events, jurisdictions may manage the emergency with 
existing resources and may or may not activate their local EOC. Personnel that are part of a field 
level emergency response will utilize the Incident Command System (ICS) to manage and direct 
on-scene operations.  
 
During multiple-incident situations within the County, an Area Command may be established to 
provide for the ICs at separate locations. Generally, an Area Commander will be assigned and 
receive policy direction from the EOC.  
 
Another scenario for the EOC/Area Command interaction would be the occurrence of several 
similar type incidents located in close proximity but in different jurisdictions. A Unified Area 
Command may be established to oversee Incident Commands operating in general proximity to 
each other. The Unified Area Command would coordinate with the activated local government 
EOCs.  
 
7.6.2 COORDINATION WITH THE OPERATIONAL AREA CITIES AND TOWNS  

Coordination and communications should be established between activated local government 
EOCs and the Operational Area (OA). For most of the Cities/Towns, this channel is through the 
Emergency Services Coordinator or designee by phone, radio, or computer. The Emergency 
Services Coordinator will notify and communicate with Imperial County Fire Office of Emergency 
Services who serves as the County Operational Area EOC. The OA responsibilities involve 
coordinating with the city and other organizations to deploy field-level emergency response 
personnel, activate emergency operations centers, and issue orders to protect the public.  
 
The Multi-Agency Coordination System (MACS) is the decision-making system used by member 
jurisdictions of the Imperial County Operational Area. Agencies and disciplines involved at any 
level of the SEMS organization work together to facilitate decisions for overall emergency 
response activities, including the sharing of critical resources and the prioritization of incidents.  
 
7.6.3 MULTI-AGENCY OR INTER-AGENCY COORDINATION (MACS)  

Multi-Agency Coordination (MAC) is a process that allows all levels of government and all 
disciplines to work together more efficiently and effectively. MAC occurs across the jurisdictional 
lines, or across levels of government. The primary function of MAC is to coordinate activities 
above the field level and to prioritize the incident demands for critical or competing resources. 
MACS consist of a combination of elements: personnel, procedures, protocols, business practices 
and communications integrated into a common system.  
 
In the EOC, representatives who are authorized to represent or commit agency resources and 
funds are brought together to form Multi-Agency Coordination Groups (MACS Groups) that can: 

 Commit agency resources and funds, 
 Provide coordinated decision making, 
 Allocate resources among cooperating agencies, 
 Establish priorities among incidents, 
 Harmonize agency policies, and  
 
 Provide strategic guidance to support incident management activities. 
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MACS Groups may include: 

 Representatives from the County’s departments and agencies; 
 Representatives from outside agencies including Special Districts, volunteer agencies, 

and private organizations;  
 Coordination with agencies not represented in the EOC may be accomplished through 

other methods of communications; and 
 Involvement by all departments and agencies in the EOC action planning process is 

essential for effective emergency management within the County.  
 
7.7 Field Coordination with Department Operations Centers (DOCs) and 
Emergency Operations Centers (EOCs)  
Communication and coordination among SEMS levels is clearly necessary for effective 
emergency response. In a major emergency, the County’s EOC may be activated to coordinate 
the overall response. Incident Commanders (ICs) in the field may communicate with the 
Department Operations Centers (DOCs) which in turn will communicate and coordinate with the 
EOC. Depending on the incident, the ICs may communicate directly with the EOC, usually to their 
counterpart in the Operations section. When the EOC is directly overseeing the incident command 
teams, the EOC is operating in a centralized coordination and direction mode. 
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8.1 Overview  
California's emergency assistance is based on a statewide mutual aid system designed to ensure 
that adequate support and/or additional resources are provided to a jurisdiction whenever their 
own resources are overwhelmed or inadequate. The basis for this system is the California 
Disaster and Civil Defense Master Mutual Aid Agreement (MMAA), which is entered into by 
and between the State of California, its various departments and agencies and the various political 
subdivisions, municipal corporations and public agencies to assist each other by providing 
resources during an emergency. This plan promotes the establishment of emergency assistance 
agreements between public and private sector agencies at all levels.  
 
The agreement obligates each signatory entity to provide aid to each other during an emergency 
without expectation of reimbursement. Under specific conditions, federal and state monies may 
be appropriated to reimburse public agencies who aid other jurisdictions. If other agreements, 
memoranda and contracts are used to provide assistance for consideration, the terms of those 
documents may affect disaster assistance eligibility and local entities may only be reimbursed if 
funds are available.  
 
Formal mutual aid requests will follow specified procedures and are processed through pre-
identified mutual aid coordinators. Mutual aid requests will follow discipline-specific chains (i.e. 
fire, law enforcement, emergency manager, etc.) from one level of government to the next. The 
mutual aid coordinator receives the mutual aid request and coordinates the provision of resources 
from within the coordinator's geographic area of responsibility. In the event resources are 
unavailable at one level of government, the request is forwarded to the next higher level of 
government to be filled. 
  

SECTION 8: MUTUAL AID 
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8.1.1 MUTUAL AID REGIONS  

To facilitate the coordination and flow of mutual aid, the State is divided into six Mutual Aid 
Regions. Imperial County is located in region VI. 
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8.1.2 MUTUAL AID AGREEMENTS  

The California Disaster and Civil Defense MMAA creates a formal structure wherein each 
jurisdiction retains control of its own facilities, personnel and resources, but may also receive or 
render assistance to other jurisdictions within the State. State government is obligated to provide 
available resources to assist local jurisdictions in emergencies. It is the responsibility of local 
jurisdictions to negotiate, coordinate and prepare mutual aid agreements. Mutual aid agreements 
exist for law enforcement, fire, public works, medical services and emergency managers.  
 
Mutual aid assistance may be provided under one or more of the following plans: 

 Law Enforcement Mutual Aid Plan  
 Search and Rescue Mutual Aid Plan 
 Coroner Mutual Aid Plan  
 Urban Search and Rescue Mutual Aid Plan 
 Emergency Managers Mutual Aid Plan  
 Public Works Mutual Aid Plan  
 California Medical Mutual Aid Plan  

 
8.1.3 MUTUAL AID COORDINATION  

Formal mutual aid requests will follow an established process for ordering, tracking, mobilizing 
and demobilizing. Depending on the scale of the emergency, limited resources may need to be 
rationed or controlled and are processed through pre-identified mutual aid coordinators. Mutual 
aid requests will follow discipline-specific chains (e.g., fire, law enforcement, emergency manager, 
etc.) from one level of government to the next. The mutual aid coordinator receives the mutual 
aid request and coordinates the provision of resources from within the coordinator's geographic 
area of responsibility. In the event resources are unavailable at one level of government, the 
request is forwarded to the next higher level of government to be filled.  
 

 Field Level Requests: Requests for MMAA resources originate from the Field Level 
and are managed by the Incident Commander (IC). If the IC is unable to obtain the 
resource through existing local channels, the request is elevated to the next successive 
government level until obtained or cancelled.  

 
 Local Government Request: Local jurisdictions are responsible for the protection of 

life and property within the municipal geographic boundaries. The local jurisdiction 
where the incident occurred should assess its resource inventory and existing local 
agreements to determine if the requested resource is available. When locally committed 
resources are exhausted and mutual aid is needed, the local official will request 
assistance from the OA Mutual Aid Coordinator.  

 
 Operational Area Requests: The OA is a composite of its political subdivisions (i.e. 

municipalities, contract cities, Special Districts and County agencies). The OA Mutual 
Aid Coordinator assesses the availability of resources within the OA and fulfills the 
resource request based upon that assessment. In the event resources are unavailable 
at the OA level, the request is forwarded to the responsible Region Mutual Aid 
Coordinator to be filled.  
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 Region Level Requests: The state is geographically divided into six Mutual Aid 

Regions. For Law Enforcement Mutual Aid, Region I is divided into two sub-regions. 
Each Mutual Aid Region is comprised of multiple Operational Areas and has a Regional 
Mutual Aid Coordinator. The Region Mutual Aid Coordinator is granted the authority to 
coordinate the mutual aid response of discipline-specific resources within the Region to 
support a mutual aid request by a jurisdiction also within the Region. In the event 
resources are unavailable at the Region level, the request is forwarded to the State 
Mutual Aid Coordinator to be filled. 

 
 State Level Requests: On behalf of the Governor, the Secretary of Cal OES has the 

responsibility for coordination of state mutual aid resources in support of local 
jurisdictions during times of emergency. The Secretary will analyze and coordinate the 
request by forwarding the request to an unaffected REOC or tasking an appropriate state 
agency to fill the need.  

 
8.1.4 INTERSTATE MUTUAL AID  

Mutual aid may also be obtained from other states. California is a member of the interstate 
Emergency Management Assistance Compact (EMAC), a congressionally ratified organization 
that provides form, structure and procedures for rendering emergency assistance between states. 
After a state of emergency declaration, California can request and receive reimbursable 
assistance through EMAC for other member states quickly and efficiently without issues of liability. 
The Secretary of Cal OES and the states’ EMAC Coordinator are responsible for facilitating 
requests for assistance pursuant to EMAC. 
 
8.1.5 VOLUNTEER AND PRIVATE MUTUAL AID  

A significant component of our mutual aid system is through volunteer and private agencies. 
These include agencies such as the American Red Cross (ARC) and Salvation Army who mobilize 
to provide assistance with mass care and sheltering. During these large-scale incidents, these 
agencies will typically provide a representative to the County EOC.  
 
Many private agencies, churches, non-profits and other organizations offer to provide their 
assistance during emergencies. If needed, the County may request the agency to provide a liaison 
to the EOC to help facilitate and coordinate mutual aid.  
 
8.1.6 MUTUAL AID RESOURCE MANAGEMENT  

It is the policy of the state that contracts and agreements for emergency response and disaster 
repair and restoration should be entered into by the lowest level of government. When local 
resources are exhausted and additional resources are required, resource requests (mission 
tasking) will follow an established process for ordering, tracking, mobilizing and demobilizing. 
Depending on the scale of the emergency, limited resources may need to be rationed or 
controlled.  
 
8.1.7 RESOURCE ORDERING 

All resource requests, at each level, must include the following:  

 Clearly describe the current situation;  
 Describe the requested resources; 
 Specify the type or nature of the service the resource(s) will provide; 
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 Provide delivery location with a common map reference; 
 Provide local contact at delivery location with primary and secondary means of contact;  
 Provide the name of the requesting agency and/or OA Coordinator contact person;  
 Indicate time frame needed and an estimate of duration; and  
 Resource request involving personnel and/or equipment with operators will need to 

indicate if logistical support is required (e.g., food, shelter, fuel and reasonable 
maintenance).  

 
8.1.8 RESOURCE DIRECTORIES  

Each state agency and local government entity should identify sources for materials and supplies 
internally and externally. The County currently utilizes the following systems for 
mobilizing/demobilizing, tracking, re-assigning, and accounting for county assets: 

 Sheriff CAD (Computer Aided Dispatch) – Fire/Law Enforcement/Animal Control 
Resources  

 
The County is in the process of implementing the Web EOC Resource Manager Database 
program for the following additional county assets:  

 Office of Emergency Services (OES) Resources  
 Public Health Resources  
 ICEMS (Southern Counties Emergency Medical Agency) Resources  

 
8.1.9 DAILY UPDATES  

The requesting agencies are responsible to report to Cal OES the number and status of resources 
deployed on a mission on a daily basis.  
 
8.1.10 FEDERAL ASSISTANCE  

When resources are not available within the state or through existing agreements with other 
states, California may request assistance from the federal government. Requests for federal 
assistance during an emergency will be coordinated through the State Operations Center (SOC). 
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9.1 Overview  
Emergency Operations Centers (EOCs) are responsible for gathering timely, accurate, accessible 
and consistent intelligence during an emergency. Situation reports should create a common 
operating picture and be used to adjust the operational goals, priorities and strategies.  
 
To ensure effective intelligence flow, emergency response agencies at all levels must establish 
communications systems and protocols to organize, integrate and coordinate intelligence among 
the affected agencies. The flow of situation reports among the levels of government should occur 
as:  
 
FIELD LEVEL  
Field situation reports should be disseminated to local EOC.  
 
LOCAL EMERGENCY OPERATIONS CENTER (EOC)  
Local EOC will summarize reports received from the field, Department Operation Centers (DOCs) 
and other reporting disciplines, and send to the Operational Area (OA) EOC.  
 
OPERATIONAL AREA EMERGENCY OPERATIONS CENTER (OA EOC)  
The OA EOC will summarize reports received from responsible local EOCs, County field units, 
County DOCs and other reporting disciplines, and forward to the Cal OES Regional Emergency 
Operations Center (REOC).  
 
REGIONAL EMERGENCY OPERATIONS CENTER (REOC)  
The REOC will summarize situation reports received from the OA EOC, state field units, state 
DOCs and other reporting disciplines, and forward to the State Operations Center (SOC).  
 
STATE OPERATIONS CENTER (SOC)  
The SOC will summarize situation reports received from the REOC, state DOCs, state agencies 
and other reporting disciplines, and distribute to state officials and others on the distribution list.  
 
JOINT FIELD OFFICE (JFO)  
When the state-federal JFO is activated, the REOC and SOC situation reports will be assimilated 
into the JFO situation report. The REOC organization may be collocated with the federal 
organization at the JFO. 
 
9.2 Technology  
The use of technology via the world-wide internet has redefined the parameters of emergency 
management and has enhanced simultaneous record keeping for the County. The utilization of 
internet web-hosted computer applications, in use in the County, includes the State Web-based 
Emergency Operations Center (CalEOC) used by the County EOC. 
  
9.2.1 CALIFORNIA EMERGENCY OPERATIONS CENTER (CalEOC)   

California established communications support procedures and systems to provide information 
links for elements of the California Emergency Organization specifically between the OA, the  
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OES REOC, the State Operations Center (SOC), and other state agencies. A key element of the 
current system is the Web-based Emergency Operations Center (CalEOC). CalEOC  
provides real time access to Federal, State and Local emergency response agencies throughout 
California for reporting and data collection. It is SEMS and NIMS compliant.  
 
Imperial County utilizes CalEOC; a crisis information management system for sharing elements 
of the crisis. This allows the County to have a common operating picture, situational awareness 
and information coordination throughout the Operational Area (OA) during an emergency. OA 
EOC responders are able to share real time information with other agencies within the County 
and Cities/Towns which allows for a coordinated deployment of resources available to emergency 
managers.  
 
In addition to CalEOC, the OA has other emergency management information systems 
operational in the EOC. They include the Operational Area Satellite Information System (OASIS) 
and Emergency Alert System (EAS). These systems link the County/Operational Area EOC with 
each of the Cities and Towns comprising the OA, County DOCs, State of California Governor’s 
Office of Emergency Services, and local radio stations. 
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10.1 Overview  
The purpose of Emergency Function (EF) 15 – Public Information, is to provide accurate, 
coordinated, timely and accessible information to affected audiences, including governments, 
media, the private sector, and the local populace including those with access and functional 
needs. This may be achieved by using accessible means and accessible formats on the incident’s 
cause, size and current situation to the public, responders and additional stakeholders (both 
directly affected and indirectly affected).  
 
Public information must be coordinated and integrated as part of the Multiagency Coordination 
System (MACS) across jurisdictions, agencies and organizations among federal, state, tribal and 
local governments and with the private sector and Non-Government Organizations (NGOs). 
Public information includes processes, procedures and organizational structures required to 
gather, verify, coordinate and disseminate information.  
 
The County has a Public Information Officer (PIO) who acts as spokesperson for the County as 
directed. The PIO directs, plans, organizes and coordinates a public relations and information 
dissemination program for the County.  
 
10.2 Government Responsibility  
The media provides the public with hazard warnings, safety instructions, official announcements, 
notice of emergency regulations, evacuation procedures, directions on getting to medical and 
mass care facilities, status reports on the condition of lifelines, and damage assessment 
information. Radio and television stations are required to maintain and test emergency 
communications equipment.  
 
The Federal Communications Commission (FCC) governs the Emergency Alert System (EAS), 
and local emergency managers are responsible for getting emergency information to EAS as well 
as ensuring that the information is translated for non-English speakers and made available to 
those with visual and hearing disabilities.  
 
Accurate and timely information is critical to saving lives and protecting property in a disaster. 
Coordination between the media and the EOC and other official communications systems 
contributes importantly to rumor control and assessments of report validity, and strengthens 
coordination generally among Local, County, State, and Federal information officials. 
Coordination with the media can also improve the quality of status reports about response efforts. 
 
Although this Plan addresses public information and media relations in the context of emergency 
response, the basis for the success of that effort occurs long before the disaster. Public 
awareness and education prior to any emergency are crucial to successful public information 
efforts during and after the emergency. The pre-disaster awareness and education programs 
must be viewed as equal in importance to all other preparations for emergencies and receive an 
adequate level of planning.  
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10.3 Function  
The coordination of public information in a disaster will require a high level of coordination 
between Cities and Towns, Special Districts, private organizations, and the County. For purposes 
of this Plan, the EOC will provide overall coordination of County and OA public information during 
a disaster. This coordination will be initiated when there is a Level II activation of the OA EOC. 
The EOC PIO will perform the public information function under the management component of 
SEMS.  
 
It will be the responsibility of this public information function to coordinate the collection of 
information from field, local, and zone locations and formulate an accurate and comprehensive 
picture of the disaster situation for release to the public. Dissemination of information may occur 
in the form of press releases, public service announcements, situation summaries, EAS, media 
interviews and press conferences.  
 
In addition to the functions generally described for the public information function, the political, 
economic and social impacts of the statements released must be considered. A high level of 
coordination will need to occur with elected officials to ensure that the message(s) provided to the 
public reflects public policy as it relates to the particular disaster event.  
 
Depending on the type of event, the EOC PIO may perform his or her function from a field location 
collocated with the Joint Information Center (JIC), or other field support location designated by an 
Incident Commander. The EOC PIO’s primary role is established and maintains positive working 
relationships with the media in attendance to ensure that the public receives accurate, 
comprehensive and timely reports of the event. 
 
10.4 Joint Information Center (JIC)  
The Joint Information Center (JIC) is a central location that facilitates operation of the Joint 
Information System (JIS). It is a location where personnel with public information responsibilities 
perform critical emergency information functions, crisis communications and public affairs 
functions. JICs may be established at the OA EOC, at incident sites, or can be components of 
Federal, State, tribal, territorial, regional, or local MACS (e.g., MAC Groups or EOCs).  
 
Typically, an incident−specific JIC is established at a single, on-scene location in coordination 
with Federal, State, and local agencies (depending on the requirements of the incident) or at the 
national level, if the situation warrants. Informational releases are cleared through IC/UC, the 
EOC/MAC Group, and/or Federal officials in the case of federally coordinated incidents to ensure 
consistent messages, avoid release of conflicting information, and prevent negative impact on 
operations. This formal process for informational releases ensures the protection of incident-
sensitive information.  
 
Agencies may issue their own releases related to their policies, procedures, programs, and 
capabilities; however, these should be coordinated with the incident-specific JIC(s). A single JIC 
location is preferable, but the system is flexible and adaptable enough to accommodate virtual or 
multiple JIC locations, as required. For example, multiple JICs may be needed for a complex 
incident spanning a wide geographic area or multiple jurisdictions. In instances when multiple 
JICs are activated, information must be coordinated among all appropriate JICs; each JIC must 
have procedures and protocols to communicate and coordinate effectively with one another. 
Whenever there are multiple JICs, the final release authority must be the senior command,  
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whether using Unified or Area Command structures. A county JIC may be used when an incident 
requires County coordination and is expected to be of long duration (e.g., weeks or months) or 
when the incident affects a large area of the County. 
 
10.5 Public Awareness and Education  
The public’s response to any emergency is based on an understanding of the nature of the 
emergency, the potential hazards, the likely response of emergency services, and knowledge of 
what individuals and groups with and without access and functional needs should do to increase 
their chances of survival and recovery. Pre-disaster awareness and education programs are 
viewed as equal in importance to all other preparation for emergencies. The County places a high 
priority in public disaster education by providing citizens emergency training such as Federal 
Emergency Management Agency (FEMA) Community Emergency Response Team (CERT) 
training.  
 
10.5.1 EMERGENCY PUBLIC INFORMATION  

During an emergency, the County is responsible for the dissemination of information about the 
emergency to the public to keep them informed about what has happened, the actions of the 
emergency response agencies and to summarize the expected outcomes of the emergency 
actions. The Public Information Officer’s (PIO’s) primary role is to disseminate emergency 
instructions and critical information to the media and the public and to provide approved 
messages that are accessible to all sectors within the access and functional needs population, 
including those who are deaf, blind, or require messages in a different language. 
 
The County has various systems in place for disseminating warnings and emergency information 
to the public. The following primary systems may be utilized by the County in an emergency. 
 
10.5.2 EMERGENCY ALERT SYSTEM (EAS)  

The Emergency Alert System (EAS) is designed for the broadcast media to disseminate 
emergency public information. This system enables the President, and federal, state and local 
governments to communicate with the general public through commercial broadcast stations. 
 
This system uses the facilities and personnel of the broadcast industry on a volunteer basis. EAS 
is operated by the broadcast industry according to established and approved EAS plans, standard 
operating guides and within the rules and regulations of the Federal Communications Commission 
(FCC). FCC rules and regulations require all participating stations with an EAS operating area to 
broadcast a common program. Each broadcast station volunteers to participate in EAS and 
agrees to comply with established rules and regulations of the FCC. 
 
10.5.3 TELEPHONE EMERGENCY NOTIFICATION SYSTEM (TENS) 

The County acquired the TENS to provide rapid emergency notifications to residents of the 
County. TENS, also referred to as a Reverse 9-1-1 Public Warning System, is a public warning 
system that may be used to warn or advise County residents of the potential for fire, flood, or 
other emergency circumstances in the County.  
 
An emergency may require varied responses, depending on the type of incident, whether it is an 
act of nature, human caused, or a technical event. The primary purpose of TENS is to improve 
notification of persons within a geographic area in the event of a life-threatening incident or  
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threat. This may include evacuation notices, shelter in place orders, and/or special instructions 
for an imminent threat.  
 
The TENS system uses a database of phone numbers and addresses which are geocoded with 
the County’s street network to identify phone numbers in a specific area. The notification system 
can complete both small and large-scale notifications. The system is a notification option for public 
safety officials to make emergency notifications in a timely manner. 
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Populations with access and functional needs include those members of the community who may 
have additional needs before, during and after an incident in functional areas including, but not 
limited to maintaining health, independence, safety and support, communication, and 
transportation.  
 
Individuals in need of additional response assistance may include those who: 

 Have disabilities; 
 Live in institutionalized settings;  
 Are elderly;  
 Are children;  
 Are from diverse cultures;  
 Have limited English proficiency or are non-English speaking; or  
 Are transportation disadvantaged.  

 
Lessons learned from recent national emergencies concerning people with disabilities and older 
adults have shown that the existing paradigm of emergency planning, implementation and 
response must change to meet the needs of these groups during an emergency. These lessons 
show four areas that are repeatedly identified as most important to people with access and 
functional needs. Each of the following areas has been addressed in detail under their respective 
plan:  
 

1. Communications and Public Information – Emergency notification systems must be 
accessible to ensure effective communication for people who are deaf/hard of hearing, 
blind/low vision, or deaf/blind. See: Section 10.5.2 and 10.5.3 of this plan for additional 
information.  

 
2. Evacuation and Transportation – Evacuation/Transportation plans should incorporate 

public transit, para-transit, school bus and private sector transportation resources and 
strategies for identifying and movement of people with disabilities and others with access 
and functional needs.  

 
3. Sheltering – Care and shelter plans must address the access and functional needs of 

people with disabilities and older adults to allow for sheltering in general population 
shelters. See: Imperial County Mass Care and Shelter (MCS) Plan for additional 
information.  

 
4. Americans with Disabilities Act - When shelter facilities are activated, Imperial County 

will make every reasonable effort to address and resolve Americans with Disabilities Act 
(ADA) issues when they arise. See: Imperial County Mass Care and Shelter (MCS) Plan 
for additional information.  

 
Imperial County is committed to the inclusion of access and functional needs in the County’s 
planning efforts and will do everything reasonably possible to communicate and coordinate with 
people with access and functional needs.  
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12.1 Overview  
A major disaster could include death or injury of key officials, partial or complete destruction of 
established seats of government, and the destruction of public and private records essential to 
continued operations of government and industry. Law and order must be preserved and 
government services maintained. Applicable portions of the California Government Code and the 
Constitution of the State of California provide authority for the continuity and preservation of local 
government. 
 
Continuity of leadership and government authority is particularly important with respect to 
emergency services, direction of emergency response operations, and management of recovery 
operations. To this end, it is particularly essential that the County of Imperial and all the Cities and 
Towns within the County continue to function as government entities. The California Government 
Code and the Constitution of California provide the authority for state and local governments to 
reconstitute themselves in the event incumbents are unable to serve. 
 
Under California's concept of mutual aid, local officials remain in control of their jurisdiction's 
emergency operations while others may provide additional resources upon request. A key aspect 
of this control is to be able to communicate official requests, situation reports, and other 
emergency information throughout any disaster situation.  
 
To ensure continuity of government seven elements must be addressed by government at all 
levels: 

 Succession of Officers 
 Seat of Government 
 Emergency Powers and Authority  
 Emergency Plans  
 Primary and Alternate Emergency Operations Center(s)  
 Preservation of Vital Records  
 Protection of Critical Infrastructure  

 
12.1.1 SUCCESSION AND POWERS OF THE DIRECTOR OF EMERGENCY SERVICES 

Section 2.104.050 of the Imperial County Code, identifies the following lines of succession for the 
Director of Emergency Services: 

1. Vice-Chair of the Board of Supervisors 
2. Assistant Director of Emergency Services/Fire Chief 
3. County Executive Officer 
4. Assistant Fire Chief   
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Section 2.104.060 of the Imperial County Code, empowers the Director of Emergency Services 
to: 

1. Request the Board of Supervisors to proclaim the existence of a “Local Emergency” if 
the Board of Supervisors is in session; 

2. Request the Chair of the Board of Supervisors to issue such proclamation if the Board 
of Supervisors is not in session. Or, in the absence of the Chair of the Board of 
Supervisors, request the Vice-Chair of the Board of Supervisors to issue such a 
proclamation if the Board of Supervisors is not in session. Or, in the absence of the 
Chair and Vice-Chair of the Board of Supervisors to issue such proclamation if the Board 
of Supervisors is not in session; 

3. Recommend that the Board of Supervisors request the Governor to proclaim a “State of 
Emergency” when, in his or her opinion, the locally available resources are inadequate 
to cope with the emergency; 

4. Control and direct the effort of the emergency organization of this County for the 
accomplishment of the purposes in this Chapter; 

5. Direct cooperation between and coordination of services and staff of the emergency 
organization of this County and resolve questions of authority and responsibility that 
may arise between them; and 

6. Represent this County in all dealings with public or private agencies on matters 
pertaining to emergencies as defined herein.  

 
12.1.2 SUCCESSION OF OFFICERS WHO HEAD DEPARTMENTS 

Section 8637, Article 15, Chapter 7, Division 1, Title 2 of the California Government Code permits 
the political subdivision to provide for the succession of officers who head departments having 
duties in the maintenance of law and order or in the furnishing of public services relating to health 
and safety. The Lines of Succession listing for the primary County emergency response functions 
are listed in Chart: 12.1.7. 
 
12.1.3 STANDBY OFFICERS 

Section 8638, Article 15, Chapter 7, Division 1, Title 2 of the California Government Code permits 
the governing body to appoint up to three standby officers for each member of the governing body 
and up to three standby officers for the political subdivision's chief executive. The standby officers 
shall have the same authority and powers as the regular officers. 
 
12.1.4 RECONSTITUTING THE GOVERNING BODY WITH TEMPORARY OFFICERS 

Section 8644, Article 15, Chapter 7, Division 1, Title 2 of the California Government Code 
establishes a method for reconstituting the governing body. It authorizes that, should all members 
of the governing body, including all standby members, be unavailable, temporary officers shall be 
appointed by the chairman of the board of any other County within 150 miles of the political 
subdivision or, if unavailable, by the mayor of any city within 150 miles of the political subdivision. 
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12.1.5 MEETING OF GOVERNING BODY DURING AN EMERGENCY 

Section 8642, Article 15, Chapter 7, Division 1, Title 2 of the California Government Code directs 
local governing bodies to convene as soon as possible whenever a state of emergency or local 
emergency exists and at a place not necessarily within the political subdivision. 
  
12.1.6 DUTIES OF GOVERNING BODY DURING AN EMERGENCY 

Section 8643, Article 15, Chapter 7, Division 1, Title 2 of the California Government Code provides 
that the duties of the governing body during emergencies shall include ascertaining the damage 
to the political subdivision and its personnel and property, reconstituting itself and the political 
subdivision, and performing functions in preserving law and order and furnishing local services. 
 
12.1.7 CHART: IMPERIAL COUNTY LINES OF SUCCESSION 
The Lines of Succession listing for the primary Imperial County emergency response (County 
Departments) function as follows: 

Function/Department Title/Position 

Agricultural/Seal of Weights 
1. Agricultural Commissioner 
2. Assistant Agricultural Commissioner 
3. Deputy Agricultural Commissioner 

Air Pollution Control 
1. Air Pollution Control Officer 
2. Assistant Air Pollution Control Officer 
3. Division Manager 

Assessor 
1. Assessor 
2. Assistant Assessor 
3. Auditor Appraisal Supervisor 

Auditor/ Controller 
1. Auditor/Controller 
2. Assistant Auditor/Controller 
3. Systems and Audit Manager 

Behavioral Health 
1. Director 
2. Assistant Director 
3. Deputy Director of Youth and Young 

Adults 

Child Support Services 
1. Director  
2. Assistant Director 
3. Program Manager & Administrative 

Services Manager 

Clerk of the Board 
1. Clerk of the Board 
2. Assistant Clerk of the Board 
3. County Executive Officer 

Cooperative Extension 
1. County Director 
2. Safety Coordinator 
3. Office Supervisor 

County Clerk/Recorder 1. Clerk/Recorder 
2. Assistant Clerk/Recorder 
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County Counsel 
1. County Counsel 
2. Assistant County Counsel 
3. Senior Deputy County Counsel 

County Free Library 
1. County Librarian 
2. Assistant County Librarian 
3. Library Technician 

District Attorney 
1. District Attorney 
2. Assistant District Attorney 
3. Chief Investigator 
4. Assistant Chief Investigator 

Executive Office 
1. County Executive Officer 
2. Assistant County Executive Officer 
3. Deputy CEO 

Airport 
1. County Executive Officer 
2. Assistant County Executive Officer 
3. Manager 

Community & Economic 
Development 

1. County Executive Officer 
2. Assistant County Executive Officer 
3. Manager 

EEO/ADA 
1. County Executive Officer 
2. Assistant County Executive Officer 
3. Administrative Analyst 

Fleet Services 
1. Fleet Supervisor 
2. Lead Mechanic 
3. Mechanics 

Info/Technical Services 
1. ITS Manager 
2. ITS Network Administrator 
3. ITS Communications Specialist 

Procurement Services 
1. Purchasing Supervisor 
2. Systems Coordinator 
3. Office Technician 

Fire Protection/OES 
1. County Fire Chief 
2. Assistant County Fire Chief 
3. Deputy Chief 

Human Resources & Risk 
Management 

1. Director 
2. Assistant Director 
3. Risk Management Analyst 
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Planning & Development Services 
Parks & Recreation 

1. Director  
2. Assistant Director 
3. Planning Division Manager 
4. Building Division Manager 

Probation & Corrections 
1. Chief 
2. Assistant Chief 
3. Division Manager 

Public Administrator/AAA 
1. Public Administrator 
2. Assistant Public Administrator 
3. Area Agency on Aging Manager 

Public Defender 
1. Department Head 
2. Assistant Public Defender 
3. Senior Deputy Public Defender 

Public Health/EHS 
Animal Control/EMS 

1. Director 
2. Deputy Director 
3. EMS Manager 

Public Works 

1. Director 
2. Deputy Director of Public 

Works/Engineering 
3. Deputy Director of Public Works/Admin 
4. Deputy Director of Field Operations 

Registrar of Voters 
1. Registrar of Voters  
2. Office Tech  
3. Office Assistant III 

Retirement 
1. Retirement Administrator 
2. Assistant Administrator 
3. Account/Auditor 

Sheriff/Coroner 
1. Sheriff 
2. Undersheriff 
3. Chief/Operations Division 
4. Coroner’s Sergeant 

Social Services 
1. Director 
2. Deputy Director of Administration 
3. Deputy Director of Welfare to Work 

Division 

Treasurer/Tax Collector 
1. Treasurer-Tax Collector 
2. Assistant Treasurer-Tax Collector 
3. Division Manager 

Workforce Development 
1. Director 
2. Deputy Director 
3. Supervisor 
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12.2 Alternate Government Facilities  
 
12.2.1 IMPERIAL COUNTY SEAT OF GOVERNMENT 

Section 23600 of the California Government Code provides that the Board of Supervisors shall 
designate alternate County seats which may be located outside County boundaries (real property 
cannot be purchased for this purpose). A resolution designating the alternate County seats must 
be filed with the Secretary of State, and additional seats may be designated subsequent to the 
original site designations if circumstances warrant.  
 
For appointed officials of Board-governed Special Districts, the Board of Supervisors may 
designate alternates to serve as acting officers in their principal positions when necessary. 
 
In general, the seat of County government is the place where the Board of Supervisors sits and 
meets: 
 
Imperial County Administration Center  
Board Chambers 
950 Main Street, Second Floor  
El Centro, CA  92243 
  
12.2.2 ALTERNATE SEAT OF GOVERNMENT 

The Chairman or Vice Chairman or other member of the Board of Supervisors may designate 
alternate or temporary seats of government in the event the above referenced location is deemed 
unsafe. The alternate location would depend upon the extent of damages resulting from a County-
wide event. However, alternate locations may be as follows: 
 
Imperial County Courthouse  
208 Main Street 
Brawley, CA  92227  
 
Imperial County Courthouse  
415 East Fourth Street 
Calexico, CA  92231   
  
Imperial County Center Four  
2995 S. 4th Street, Suite 105  
El Centro, CA  92243 
 
12.3 Vital Record Retention  
The preservation of vital records is of high importance to Imperial County. The County has an 
established Records Management Program, which is tasked to manage County records efficiently 
and economically by reducing the amount of unnecessary records being stored, creating a 
Countywide Records Retention Program, setting up standards and procedures for storing records, 
administering salvage paper programs, and maintaining historical records of the County.  
 
The preservation of vital records is critical to the County’s recovery from a catastrophic event. In 
addition to the information retrieval requirements of response, each response function has a 
record-keeping component. Although the principal focus of vital records preservation is to  
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support recovery through reimbursement of disaster-related costs, vital records also have a 
broader and arguably more important function. Vital records become vital because they help to 
describe a reasonably complete compilation of damage, death, physical and mental trauma, and 
allocation of public and private resources making it possible to learn from the disaster experience.  
 
Vital records for the County are maintained by various Departments, including the following: 

 The Clerk of the Board maintains records of the Board of Supervisors' actions, which 
include contracts for services, emergency proclamations and approval of emergency 
expenditures, programs and requests for grant funds. 

 The County Clerk-Recorder maintains records regarding birth, death, and marriage 
certificates.  

 The County Treasurer/Tax Collector maintains records regarding property taxes. 
 The County Assessor maintains records regarding the value of real property. 
 The County Auditor/Controller maintains records regarding budgets, accounting and 

audits. 
 The County Information Technical Services maintain the County’s archives and records 

management system.  
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13.1 Overview  
Recovery programs provide relief to individuals and communities stricken by an emergency and 
restore public services to a state of normalcy. Recovery efforts include damage assessments and 
the actions necessary to return health and safety systems (e.g., water, electricity, and food) and 
services (e.g., acute health care and law enforcement) to a community’s minimum operating 
standards. Successful recovery activities result in the restoration of government operations, 
business, reconstruction of public buildings and infrastructure, and the rebuilding of impacted 
communities.  
 
Recovery continues after the immediate public safety and life support infrastructure has been 
restored, and encompasses activities that result in the rebuilding of the affected communities 
based on their strategic priorities. It includes measures for social, political, environmental, and 
economic restoration, evaluation of the incident to identify lessons learned, post-incident 
reporting, and development of initiatives to mitigate the effects of future emergencies. Thus, many 
recovery activities are long-term and may continue for many years.  
 
The County, each of the Cities/Towns in the OA, and all Special Districts serving the OA, will be 
involved in recovery operations for the OA. In the aftermath of a disaster, many citizens will have 
specific needs that must be met. Typically, there will be a need for such services as: 

 Assessment of the extent and severity of damages to homes and other property; 
 Restoration of services generally available in communities: water, food, and medical 

assistance;  
 Repair of damaged homes and property; 
 Vital records recovery; and  
 Professional counseling for County citizens when the sudden changes resulting from the 

emergency have resulted in mental anguish and inability to cope.  
 
Recovery operations occur in two phases: short-term and long-term. Below is an overview of each 
phase, including objectives and goals of the phases.  
 
13.1.1 SHORT TERM RECOVERY  

Short-term recovery operations will begin during the response phase of the emergency. Short-
term recovery operations will include all the agencies participating in the OA.  
 
The major objectives of short-term recovery operations include: 

 Rapid debris removal and cleanup, and  
 Orderly and coordinated restoration of essential services (electricity, water, and sanitary 

systems).  
 
The goal of short-term recovery is to restore local government to at least a minimal capacity. 
Short-term recovery includes:  

 Expanded social, medical, and mental health services;  
 Re-establishment of the County continuity of government;  

SECTION 13: RECOVERY 
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 Re-establishment of transportation routes; and  
 Abatement and demolition of hazardous structures.  

 
For federally declared disasters, Local Assistance Centers (LACs) are established by local 
government (County/City/Town) and are staffed by local government, State OES and/or the 
Federal Emergency Management Agency (FEMA) personnel to assist disaster victims and 
businesses in applying for grants, loans, and other benefits. These LACs may host 
representatives from various agencies (governmental and private industry) in a coordinated effort 
to stage a “One-Stop” location for assistance to disaster victims and businesses.  
 
13.1.2 LONG TERM RECOVERY  

The goal of long-term recovery is to restore facilities to pre-disaster condition if this is desirable. 
Long-term recovery activities include hazard mitigation activities, restoration or reconstruction of 
public facilities, and disaster response cost recovery.  
 
The major objectives of long-term recovery operations include:  

 Coordinated delivery of social and health services;  
 Recovery of disaster response costs;  
 Effective integration of mitigation strategies into recovery planning and operations in 

order to ensure a maximum reduction of vulnerability to future disasters; and  
 Re-establishing the local economy to pre-disaster levels.  

 
13.1.3 RECOVERY ORGANIZATION  

Federal and State response and recovery operations will be mutually coordinated with the 
Operational Area to ensure effective mobilization of resources to and in support of the impacted 
jurisdictions in accordance with the California Catastrophic Incident Base Plan: Concept of 
Operations dated September 23, 2008.  
 
For the County, recovery operations will be managed and directed by the County Executive 
Officer (CEO). Recovery issues involving OA jurisdictions and Special Districts will be coordinated 
and managed between the CEO and designated representatives.  
 
The County Fire Department, Office of Emergency Services, Pubic Works, and other designated 
County staff will assist the CEO in facilitating and leading the recovery process. County 
departments will also be represented and responsible for certain functions throughout the 
recovery process.  
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13.1.4 CHART: RECOVERY OPERATIONS ORGANIZATION 
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13.1.5 RECOVERY OPERATIONS RESPONSIBILITIES  

The County, Cities/Towns, and Special Districts have specific responsibilities in recovering from 
a disaster. The chart listed below depicts the functional responsibilities assigned to the County 
departments and/or key personnel, OA jurisdictions, and Special Districts. 
 

Function Department/Agencies 

Political process management, interdepartmental coordination, 
policy development, decision making, and public information. 
Government operations and communications, space acquisition, 
supplies and equipment, vehicles, personnel, and related support. 

County Executive Office 

Advise on emergency authority, actions, and associated legal 
risks and liabilities, preparation of legal opinions, and preparation 
of new and amended ordinances, resolutions, and emergency 
proclamations. 

County Counsel 

Land use and zoning variance, permits and controls for new 
development, revision of building regulations and codes, code 
enforcement, plan review, and building and safety inspections. 

County Land Use Services and 
City/Town Planning Departments 

Debris removal, demolition, construction, management of and 
liaison with construction contractors, and restoration of utility 
services. 

County Public Works/Solid Waste 
and County Special Districts 

Restoration of Public Health medical facilities and associated 
services, and perform environmental reviews. County Public Health/ICEMS 

Lead County agency responsible for administering public 
assistance programs; including low income and accessible 
housing needs. 

Community and Economic 
Development 

Public finance, contracting, accounting claims processing, and 
insurance settlements. 

County Auditor/Controller-
Procurement Services and Risk 
Management 

Applications for disaster financial assistance, liaison with 
assistance providers, and onsite recovery support. County OES 
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13.2 Recovery Damage/Safety Assessment  
 
13.2.1 OVERVIEW  

The recovery damage/safety assessment is the basis for determining the type and amount of 
State and/or Federal financial assistance necessary for recovery. County OES staff will prepare 
and file an Initial Damage Estimate (IDE) with State OES (via a RIMS report) during the incident 
to support a request for a gubernatorial proclamation and for use by State OES to request a 
presidential declaration. 
 
A detailed damage/safety assessment report will be coordinated through the incident with the 
County OES and other applicable County Departments. Each County jurisdiction will complete a 
detailed damage/safety assessment and will forward this report to County OES for inclusion in 
the County’s IDE report. 
 
Building codes and land use regulations can reduce most of the structural damage that would 
otherwise result from a disaster. Nevertheless, damage will usually occur and a fast and accurate 
assessment of conditions is essential for immediate response and long-term recovery.  
 
Damage/safety assessment is a multi-department responsibility. A summary of those 
responsibilities follows: 

 Public Works - Assessment of flood control systems, structures and capabilities; 
damage related to debris; county transportation issues. 

 County Fire - Assessing situations where hazardous materials are involved. Also will 
provide windshield (initial) surveys to assess damage, initiate initial life safety activity, 
and identify impacts to critical facilities. 

 Planning & Development - Perform detailed physical damage assessment on a 
building-by-building basis on non-governmental buildings. Coordinate engineering 
contract and volunteer services.  

 Assessor - Utilize damage assessment information to correlate, verify and document 
damage assessment losses in dollar values. Coordinate with Fire and Planning & 
Development. 

 Auditor/Controller - Utilize damage assessment information collected to correlate, 
verify and document losses in dollar values. Provide financial basis for county claims for 
reimbursement from federal and state sources.  

 Facilities Management - Responsible for both the initial and detailed assessment of all 
county buildings. 

 Sheriff - Provide initial assessment of damage observed, identify impacts to critical 
facilities and provide airborne surveillance where required. 

 Information Systems - Provide initial and detailed assessments of damage to county 
telecommunications systems.  

 Public Safety Dispatch Centers - Provide immediate assessment of center structural 
integrity to determine its continued availability or use. 

 Public Health - Obtain damage estimates from Public Health medical facilities. 
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 Office of Emergency Services - Compile damage assessment data for transmission 

to State OES.  
 
13.3 Recovery Documentation and Reporting  
Recovery documentation and reporting are essential to recovering eligible emergency response 
and recovery costs. Timely damage/safety assessments, documentation of all incident activities 
and accurate reporting will be critical in establishing the basis for eligibility of disaster assistance 
programs. 
 
County OES is responsible for coordinating the preparation of the appropriate documentation for 
an incident and for development/ filing of specific recovery reports to State OES.  
 
13.3.1 RECOVERY DOCUMENTATION  

The recovery documenting information should include the location and extent of damage, and 
estimates of costs for: 

 Debris removal,  
 Emergency work, and  
 Repairing or replacing damaged facilities to a non-vulnerable and mitigated condition.  
 The cost of compliance with building codes for new construction, repair, and restoration 

will also be documented. The cost of improving facilities may be provided under federal 
mitigation programs.  

 
Documentation is essential to recovering expenditures related to emergency response and 
recovery operations. For each jurisdiction and special district, documentation must begin at the 
field response level and continue throughout the operation of their EOC as the disaster unfolds.  
 
Included in the EOC Planning/Intelligence Section is a Documentation Branch that will coordinate 
the collection of all incident documentation for dissemination and filing.  
 
13.3.2 RECOVERY REPORTING  

Along with the IDE report to be filed with State OES, there are several other recovery related 
reports that are the responsibility of County OES. Such reports include the After Action Report 
and the After Action Questionnaire.  
 
13.4 Recovery After Action Reports  
The completion of After Action Reports is a part of the required SEMS reporting process. The 
Emergency Services Act, Section 8607(f) mandates that the State Office of Emergency Services 
(State OES) in cooperation with involved state and local agencies, complete an After Action 
Report within 120-days after each declared disaster.  
 
Section 2450(a) of the SEMS Regulations states, “Any city, city and county, or county declaring 
a local emergency for which the governor proclaims a state of emergency, and any state agency 
responding to that emergency shall complete and transmit an After Action Report to State OES 
within 90-days of the close of the incident period as specified in the California Code of 
Regulations, section 2900(j).”  
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13.4.1 USE OF AFTER ACTION REPORTS  

After Action Reports (AARs) are made available to all interested public safety and emergency 
management organizations and serve the following important functions:  

 As a source for documentation of response activities.  
 Identifying problems/successes during emergency operations.  
 Analysis of the effectiveness of the components of SEMS. 
 Describe and define a plan of action for implementation of improvements.  

 
The SEMS approach to the use of After Action Reports emphasizes the improvement of 
emergency management at all levels. The After Action Report provides a vehicle for not only 
documenting system improvements, but also can, if desired; provide a work plan for how these 
improvements can be implemented.  
 
13.4.2 COORDINATION  

It may be useful to coordinate the After Action Report process when multiple 
agencies/jurisdictions are involved in the same emergency. Jurisdictions are encouraged to work 
together in the development of After Action Reports when appropriate and feasible. For example, 
an OA may take the lead in coordinating the development of an After Action Report, which 
involves several jurisdictions. If appropriate, jurisdictional reports may become part of an overall 
OA report.  
 
Coordination is required in passing on information to and cooperating with other EOC Branches 
and elements of the emergency organization. The dissemination of information, establishment of 
priorities and distribution of resources cannot be done by any one person - and probably not by 
any one agency or department. A concerted effort on the part of many individuals in many 
agencies or departments will be required.  
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13.4.3 SAMPLE: EOC ACTIVATION PERIOD/AAR REPORT  

Upon the deactivation of the EOC, County OES will distribute an EOC Activation Period 
Questionnaire (either electronically or in hard copy) to all EOC Responders. The EOC 
Responders will complete the form and return the form to County OES for use in the development 
of the After Action Report.  
 
After-Action/Corrective Action Report  
(This AA/CA Report template can be used for a declared, un-declared, or pre-planned event, an 
exercise, and/or training for SEMS/NIMS compliance).  
 

Information Needed Text goes in text boxes below. 
Name of Agency:  

Type of Agency:* (Select one) 
* City, County, Operational Area (OA), State 
agency (State), Federal agency (Fed), special 
district, Tribal Nation Government, non-
governmental or volunteer organization, other. 

 

OES Admin Region: 
(Southern) 

 

Completed by:  

Date report completed:  

Position: (use SEMS/NIMS positions)  

Phone number:  

Email address:  

Dates and Duration of event: 
(Beginning and ending date of response or 
exercise activities – using mm/dd/yyyy) 

 

Type of event, training, or exercise:* 
* Actual event, table top, functional or full scale 
exercise pre-identified planned event, training, 
seminar, workshop, drill, game. 

 

Hazard or Exercise Scenario:* 
* Civil Disorder, Dam Failure, Drought, 
Earthquake, Fire, Flood, Landslide, Terrorism, 
Winter Storm, chemical, biological release/threat, 
radiological release/threat, explosive 
release/threat, cyber, or other/specify. 
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SEMS/NIMS FUNCTION EVALUATION 

 
 

 

 

 

 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

MANAGEMENT (Public Information, Safety, Liaison, etc.) 

FIELD COMMAND (Use for assessment of field operations, i.e., Fire, Law Enforcement, etc.) 

OPERATIONS (Law enforcement, fire/rescue, medical/health, etc.) 
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 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

 Satisfactory Needs Improvement 
Overall Assessment of Function (check 

one)   
If “needs improvement” please briefly describe improvements needed: 

Planning  

Training  

Personnel  

Equipment  

Facilities  

PLANNING/INTELLIGENCE (Situation analysis, documentation, GIS, etc.) 

LOGISTICS (Services, support, facilities, etc.) 

FINANCE/ADMINISTRATION (Purchasing, cost unit, etc.) 
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SEMS regulations under Title IX, Division 2, Chapter 1, Section 2450(a) require any federal, state, 
or local jurisdiction proclaiming or responding to a Local Emergency for which the governor has 
declared a State of Emergency or State of War Emergency shall complete and transmit an AAR 
to Cal OES within 90 days of the close of the emergency period. Upon completion of the AAR, 
corrective actions are identified to make recommendations for correcting  
 
problems noted in the response/recovery effort, or during exercises and training. Depending on 
the level of the AAR, corrective action may encompass anything from detailed recommendations 
for improving individual agency plans and procedures to broader system-wide improvements. 
Priority corrective actions are assigned to relevant stakeholders and tracked to ensure the 
identified problem has been addressed. 
 
13.5 Recovery Disaster Assistance  
When requesting implementation of disaster assistance programs, some key areas of concern 
must be adequately addressed. These areas include the needs of distinct groups, disaster 
assistance available at each level of declaration, and the level of detail required on each request 
for disaster assistance.  
 
13.5.1 INDIVIDUAL ASSISTANCE PROGRAM  

The disaster individual assistance programs have been developed for the needs of four distinct 
groups:  

 Individuals: may receive loans or grants for real and personal property, dental, funeral, 
medical, transportation, unemployment, sheltering, and rental assistance, depending on 
the extent of damage. 

 Businesses: (including agriculture interests) may obtain loans that are often made 
available through the United States Small Business Administration (SBA), to assist with 
physical and economic losses as a result of a disaster or an emergency. 

 Agriculture: programs exist for agricultural or other rural interests through the United 
States Department of Agriculture, including assistance for physical and production 
losses. 

 Government: funds and grants are available to government and certain non-profit 
organizations to repair, reconstruct, and mitigate the risk of future damage. A state grant 
program is available to local governments to respond and recover from disasters. 
Federal grant programs are available to assist governments and certain non-profit 
organizations in responding to and recovering from disasters.  

 
13.5.2 PUBLIC ASSISTANCE PROGRAM  

The Public Assistance Program provides Federal disaster grant assistance for the repair, 
replacement, or restoration of disaster-damaged, publicly owned facilities and the facilities of 
certain Private Non-Profit (PNP) organizations. The Federal share of assistance is not less than 
75% of the eligible cost for emergency measures and permanent restoration. The State 
determines how the non-Federal share (up to 25%) is split with the applicants.  
 
13.5.3 ELIGIBLE APPLICANTS 

 Eligible applicants include the States, local governments, Indian Tribes and certain PNP 
organizations.  
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 Eligible PNP facilities must be open to the public and perform essential services of a 
governmental nature.  

 
 
 

 
13.5.4 ELIGIBLE WORK  

To be eligible, the work must be required as the result of the disaster, be located within the 
designated disaster area, and be the legal responsibility of an eligible applicant. Work that is 
eligible for supplemental Federal disaster grant assistance is classified as either emergency work 
or permanent work. 
 
FEMA has developed a number of reference documents that give specific details regarding Public 
Assistance. These documents include: 

 Public Assistance – Policy Digest  
 Public Assistance – Public Assistance Guide  
 Public Assistance – Applicant Handbook  
 Public Assistance – Debris Management Guide  
 Public Assistance Program Public Assistance Coordinator – 9570.2 SOP September 

1999  
 Public Assistance Program Case Management File – 9570.3 SOP September 1999  
 Public Assistance Program Kickoff Meeting – 9570.4 SOP September 1999  
 Public Assistance Program Project Formulation – 9570.5 SOP September 1999  
 Public Assistance Program Validation of Small Projects – 9570.6 SOP September 1999  
 Public Assistance Program Immediate Needs Funding – 9570.7 SOP September 1999  

 
13.5.5 HAZARD MITIGATION GRANT PROGRAMS 

Hazard Mitigation Grant Program (HMGP) activities are aimed at reducing or eliminating future 
damages. Activities include hazard mitigation plans approvable by the Federal Emergency 
Management Agency (FEMA) and cost effective hazard mitigation projects. HMGP grants are 
provided on a cost-share basis of 75 percent federal share and 25 percent non-federal share.  
 
The Disaster Mitigation Act of 2000 (DMA 2000) states that each jurisdiction (Counties, Cities, 
Towns, and Special Districts) must submit a local Hazard Mitigation Plan (HMP) to the State Office 
of Emergency Services (State OES) by November 1, 2004, in order to be eligible for Federal 
Emergency Management Agency (FEMA) pre and post disaster mitigation funds. The objective 
of the Local Hazard Mitigation Plan is "to save lives, preserve property and protect the 
environment, during times of Disaster."  
 
A few of the consequences of not having a HMP are: ineligibility for Public Assistance permanent 
reconstruction work, ineligibility for Fire Mitigation Assistance Grant (FMAG), ineligibility for 
Hazard Mitigation Grant Program (HMGP) funds, ineligibility for Pre-Disaster Mitigation Program 
funds, etc.  
 
Federal funding is provided under the Robert T. Stafford Emergency Assistance and Disaster 
Relief Act (Stafford Act) through FEMA and the State of California Governor’s Office of 
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Emergency Services (State OES). State OES is responsible for identifying program priorities, 
reviewing applications and forwarding recommendations for funding to FEMA. FEMA has final 
approval for activity eligibility and funding. 
 
 
 
The federal regulations governing the HMGP are found in Title 44 of Code of Federal Regulations 
(44CFR) Part 206 and Part 13. For specific information regarding current HMGP activities, refer 
to the State OES web site: www.oes.ca.gov.  
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14.1 Plan Implementation Overview  
An Emergency Operations Plan lays the groundwork for emergency operations. However, having 
a plan does not in itself enable Imperial County or the OA to respond effectively to a disaster. 
Experience shows that if responders do not fully understand procedures or responsibilities, 
serious problems will arise during efforts to respond to an incident. To implement this Plan, 
therefore, emergency staff and disaster support agencies must also be trained in the plan’s overall 
concept, their own responsibilities under it, and the procedures it sets forth. Training helps ensure 
that response agencies fully understand the plan. A community, County, or OA with an emergency 
plan that no one understands or knows how to implement, is at an enormous disadvantage in the 
event of a disaster.  
 
A plan is necessary but alone is not a sufficient management tool. It can generate consensus 
about the need to take specific actions and commit to specific programs. But to manage 
emergencies effectively, the plan must be regularly updated, monitored, and evaluated. It must 
also be supplemented by Standard Operating Guides (SOGs) that ensure its requirements are 
being addressed. Additionally, it must be implemented, whether through regulation, budgets, or 
ongoing decision-making.  
 
The implementation process necessary to make this Plan of use should be three-dimensional: it 
should take advantage of the broad range of training and informational resources available via 
the federal and state governments, and the Internet; it should include function-specific training 
based upon SOGs; and it should reach not only response agencies but the general population.  
 
Whereas training and information from federal, state or Internet sources is fairly general, the 
primary goal of an internal training program is to ensure that response agencies fully understand, 
and can act on, the roles assigned to them in the Plan. The third dimension of training is that 
designed for the community at large. For a response effort to be effective, citizens must know the 
proper responses to disasters and must also follow instructions. They need training in both areas.  
 
In addition to the training efforts stated above, the implementation activities must include 
correction of capability shortfalls. Correction of capability shortfalls should be a planned multi-year 
effort to ensure that capability targets are being met and that response capability is not degraded.  
 
14.2 Administration  
The Office of Emergency Services (OES) is the lead for the development and implementation of 
the County’s EOP and for ensuring that the following administrative actions are taken prior, during 
and after an emergency:  
 
Before  

 An established written Emergency Operations Plan (EOP)  
 Standard Operating Guides (SOGs)  
 Track emergency services training records  
 Document drills and exercises to include the critiques  

 
 Include non-government organizations in the County’s emergency planning activities  

SECTION 14: ADMINISTRATION AND LOGISTICS 

PC ORIGINAL PKG



 
 

94 
 

 

Imperial County 
Emergency Operations Plan 
Part I: Basic Plan 

 
During and After 

 Maintenance of written log-type records  
 Issuance of press releases  
 Submission of status reports and initial damage assessment  
 Utilize pre-established bookkeeping and accounting methods to track and maintain 

records of expenditures and obligations  
 Document recovery operations  

 
14.3 Logistics  
Additionally, OES is the lead for ensuring that the following logistical actions are taken before and 
during an emergency:  
 
Before  

 Acquiring and typing County equipment  
 Stockpiling supplies  
 Designating emergency facilities, such as shelter sites  
 Establish mutual aid agreements, such as with American Red Cross; and prepare a 

resource contact list  
 
During  

 Move emergency equipment into place  
 Arrange for food and transportation  
 Arrange for shelter facilities; if needed, call on mutual aid; and if needed, provide backup 

power and communications 
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15.1 Overview  
Upon final approval of the Plan, a listing of specific agencies and individuals will be documented 
on the “Record of Distribution” Form and will be inserted into the front section of this Plan. It will 
be the responsibility of County OES to periodically revise and update the Plan. Such 
revisions/updates will be documented on the “Update/Revision List Form” and the form will be 
inserted into the front section of this Plan.  
 
Annexes may be added to the Plan at future dates, as needed, and will also be documented on 
the “Record of Changes” Form and the form will be inserted into the front section of this Plan.  
 
15.2 Review and Approval  
The review and approval process for this Plan is conducted at four (4) levels: OA, Department, 
Disaster Council and Board of Supervisors.  
 
At the Department level, each department assigned a primary or important secondary response 
role in the emergency organization is provided a draft copy of the plan to review. They are 
requested to specifically comment on the role(s) prescribed for them in the emergency 
organization and to make or recommend appropriate changes. The changes are incorporated in 
the final draft.  
 
The final draft of the Plan is presented to the Disaster Council for review and to further ensure 
that policy issues regarding coordination of functions are clearly understood and/or clarified. The 
final draft is also sent to County Counsel for review to ensure its legal sufficiency. Upon a sign off 
by General Counsel and the Disaster Council, the Plan is submitted to the Board of Supervisors 
for approval.  
 
The Board of Supervisors will issue a Letter of Promulgation or Resolution denoting approval of 
the Plan. The Board of Supervisors exercises overall authority and responsibility for the contents 
of this Plan.  
 
  

SECTION 15: PLAN MAINTENANCE AND DISTRIBUTION 
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The Imperial County Emergency Plan is intended to be used in conjunction with City/Town and 
state agency plans and associated Standard Operating Procedures (SOPs). Where supporting 
plans are inconsistent with the general principles described in the County EOP, the County plan 
will supersede supporting plans.  
 
SOPs for Imperial County are published separately to support the EOP and provide details for 
how a particular function or task will be carried out during an emergency. For example: 

 Guidance information  
 Responsibilities of responding employees/agencies  
 Procedures  
 Personnel Assignments  
 Contact Lists  
 Equipment Lists  
 Forms  

 
SOPs provide the purpose, authorities, duration and details for the preferred method of performing 
a single function or a number of interrelated functions in a uniform manner. SOPs must also 
facilitate the need to carry out actions under conditions that may not have been anticipated when 
the SOP was drafted. For example, it may be necessary to consider alternative procedures that 
solve a problem in order to perform in a more time-efficient or cost-efficient way. 
 
It is the responsibility of OES to coordinate with the various County Departments and other 
agencies to update the SOPs on an as needed basis.  
 
  

SECTION 16: STANDARD OPERATING PROCEDURE (SOP) DEVELOPMENT 
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17.1 Training  
Training and testing are essential to ensure emergency response personnel of all levels of 
government and the public are operationally ready. As part of the emergency management 
training curriculum, it is recommended that personnel with emergency responsibilities complete 
emergency management courses as described in the SEMS Approved Course of Instruction (ACI) 
and the NIMS integration criteria.  
 
In addition to SEMS and NIMS courses, County employees are provided EOP orientation, 
Disaster Service Worker training, EOC Section Specific training and other additional specialized 
training as available. Imperial County Fire/OES is responsible to provide and maintain the training 
and testing records to demonstrate the compliance with SEMS and NIMS requirements. 
 
17.2 Exercises  
Exercises provide personnel with an opportunity to become thoroughly familiar with the 
procedures, facilities and systems which will actually be used in emergency situations. The 
County participates in all-hazard exercises that involve emergency management/response 
personnel from multiple disciplines and/or multiple jurisdictions. The exercises: 

 Are as realistic as possible  
 Stress the application of standardized emergency management  
 Are based on risk assessments (credible threats, vulnerabilities and consequences)  
 Include non-governmental organizations and the private sector, when appropriate  
 Incorporate the concepts and principles of SEMS and NIMS  
 Demonstrate continuity of operations issues  
 Incorporate issues related to access and functional needs populations  

 
The assurance that emergency management policies and plans are meeting their stated 
objectives is gained through a program of regularly scheduled tests and exercises. Drills and 
exercises are activities that are used to promote an awareness of potential hazards and the need 
for an effective emergency management program. Testing and evaluation of emergency 
operations plans and procedures, training response personnel in carrying out assigned 
responsibilities, and demonstrating the operational capabilities of the jurisdiction are ongoing 
goals. Local preparedness to assure that emergency forces “do the right things at the right time” 
is built by a repetitive cycle of planning, training, and exercising. 
 
Training and exercises of the emergency management organization (EOC, ICS, and/or other 
agencies) components can take many forms. Exercises range from seminars/workshops to full-
scale demonstrations. They will generally fall within one of the following types of training activity:  
 
17.2.1 DISCUSSION OR ORIENTATION EXERCISE  

This is a low key, non-stressed training approach in which members of the emergency 
organization are “walked” through required procedures and plans. This approach is best used as 
an introduction to specific subject matter and to clarify roles and responsibilities.  
 
 

SECTION 17: TRAINING AND EXERCISES 
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17.2.2 DRILLS  

Drills are a periodic activity for perfecting skills in specific operations. In developing the training 
program, care should be taken to ensure that students are taught via the building block method 
where they start first with discussion/orientation exercises and graduate to full scale exercises. 
This provides the student with a conceptual framework for clearly understanding his/her role in 
the emergency organization.  
 
In developing an exercise, consideration should be given to the type of exercise, the purpose and 
goals, and the hazard(s) on which to base the exercise. The selection of the hazard should be 
based on actual or potential threats identified in the hazard analysis. The County and OA should 
avoid concentrating on any single hazard year after year, but should diversify to cover adequately 
all major contingencies.  
 
One of the most important aspects of any exercise is getting the right people to participate. Major 
OA exercises should involve County department heads, key staff and representatives from the 
private sector and Cities and Towns, volunteer organizations, the media, hospitals, Special 
Districts and utilities. The active participation of organization chief executives would give the 
exercise the necessary importance and encourage full support of each element of the OA 
emergency organization. An exercise is of limited value without the participation of the right 
people.  
 
17.2.3 TABLETOP EXERCISE  

This is an activity in which targeted personnel (elected or appointed officials and key staff) is 
presented with simulated emergency situations without time constraints. It is usually informal, held 
in a conference room environment, and is designed to elicit constructive discussion by the 
participants as they attempt to resolve problems based on existing emergency operations plans. 
The purpose is for the participants to evaluate policy, plans and procedures and resolve 
coordination and responsibilities in a non-threatening format. 
 
17.2.4 FUNCTIONAL EXERCISE  

This activity is designed to test and/or evaluate the capability of an individual function (e.g., 
communications, care and shelter) or complex activity within a function. It is applicable where the 
activity is capable of being effectively evaluated in isolation from other emergency functions.  
 
17.2.5 FULL SCALE EXERCISE  

This exercise is intended to evaluate the operational capability of emergency management 
systems in an interactive manner. It involves testing of a major portion of the basic elements 
existing within emergency operations plans and organizations. This type of exercise includes the 
mobilization of personnel and resources and the actual movement of emergency workers, 
equipment, and resources required to demonstrate coordination and response capability.  
 
17.2.6 TESTS  

Tests measure the actual readiness capability of procedures, personnel, facilities, or equipment 
against the capability described in emergency operations plans. Examples include tests of the 
Emergency Alert System (EAS), call back procedures, and EOC activation procedures.  
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18.1: Overview 
The following checklists are extracted from the state planning guide SEMS Local Government 
EOC Position Checklists. They are based on the generic SEMS operating structure shown 
below. The EOC Director may alter this generic structure as needed based on operational 
requirements.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Situation Analysis Unit 

 Care & Shelter Unit 
 Public Health Unit 

 Utilities Unit 
 Damage/Safety Assessment Unit 
 Public Works Unit 

 L.E. Operations Unit 
 Coroner/Fatalities Mgmt. Unit** 
 Search & Rescue Unit 

Public Information Officer* 
Security Officer 

Safety Officer 
EOC Coordinator 

Liaison 

EOC Director 

 Agency Representatives 

 Rumor Control 

Operations 
Planning/ 

Intelligence Logistics 
Finance/ 

Administration 

Fire & Rescue Branch 
Communications Branch Time Keeping Unit 

 Fire Operations Unit 
 Disaster Medical Unit 
 HazMat Unit 

Law Enforcement Branch 

Construction/Engineering Branch 

Health & Welfare Branch 

Documentation Unit 

Advance Planning Unit 

Demobilization Unit 

Technical Specialists 

 Communications Unit 
 Information Systems 

Unit 

Transportation Unit 

Personnel Unit 

Supply/Procurement Unit 

Facilities Unit 

Resource Status Unit 

Compensation & Claims 
Unit 

Purchasing Unit 

Recovery Unit 

SECTION 18: SEMS EOC POSITION CHECKLISTS  
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Generic Checklist 
(For All Positions) 

Activation Phase: 
 Check in with the Personnel Unit (in Logistics) upon arrival at the EOC. 

 Report to EOC Director, Section Chief, Branch Coordinator, or other assigned Supervisor. 

 Set up your workstation and review your position responsibilities. 

 Establish and maintain a position log which chronologically describes your actions taken during 
your shift. 

 Determine your resource needs, such as a computer, phone, plan copies, and other reference 
documents. 

 Ensure RIMS (Response Information Management System) is operational. 

 
Demobilization Phase: 

 Deactivate your assigned position and close out logs when authorized by the EOC Director. 

 Complete all required forms, reports, and other documentation. All forms should be submitted 
through your supervisor to the Planning/Intelligence Section, as appropriate, prior to your 
departure. 

 Be prepared to provide input to the after-action report. 

 If another person is relieving you, ensure they are thoroughly briefed before you leave your 
workstation. 

 Clean up your work area before you leave. 

 Leave a forwarding phone number where you can be reached. 
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18.1.1 MANAGEMENT SECTION 

EOC Director 
 

 
 
Responsibilities: 

1. Establish the appropriate Staffing level for the EOC and continuously monitor organizational 
effectiveness ensuring that appropriate modifications occur as required. 

2. Exercise overall management responsibility for the coordination between Emergency Response 
Agencies within the Operational Area. In conjunction with the General Staff, set priorities for 
response efforts. Ensure that all agency actions are accomplished within the priorities established. 

3. Ensure that Inter-Agency Coordination is accomplished effectively within the EOC. 

Activation Phase: 
 Determine appropriate level of action based on situation as known. 

 Mobilize appropriate personnel for the initial activation of the EOC 

 Respond immediately to EOC site and determine operational status. 

 Obtain briefing from whatever sources are available. 

 Ensure that the EOC is properly set up and ready for operations. 

 Ensure that an EOC check-in procedure is established immediately. 

 Ensure that an EOC organization and staffing chart is posted and completed. 

 Determine which sections are needed, assign Section Chiefs as appropriate and ensure they are 
staffing their sections as required. 

○ Operations Sections Chief 
○ Logistics Section Chief 
○ Planning/Intelligence Section Chief 
○ Finance Administration Chief 

 Determine which Management Section positions are required and ensure they are filled as soon 
as possible. 

○ Liaison Officer 
○ EOC Coordinator 
○ Public Information Coordinator 
○ Safety Officer 
○ Security Officer 

 Ensure the telephone and/or radio communications with Operational Area EOC are established 
and functioning. 

 Schedule the initial Action Planning meeting. 

 Confer with the General Staff to determine what representation is needed at the EOC from other 
emergency response agencies. 

 Assign a liaison officer to coordinate outside agency response to the EOC, and to assist as 
necessary in establishing an Interagency Coordination Group. 

 

 

**** Read This Entire Position Checklist Before Taking Action **** 
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Operation Phase: 
 Monitor general staff activities to ensure that all appropriate actions are being taken. 

 In conjunction with the Public Information Unit, conduct news conferences and review media 
releases for final approval, following the established procedure for information releases and media 
briefings. 

 Ensure that the Liaison Officer is providing for and maintaining effective interagency coordination. 

 Based on current status reports, establish initial strategic objectives for the County EOC. 

 In coordination with Management Staff, prepare management function objectives for the initial 
Action Planning Meeting. 

 Convene the initial Action Planning meeting. Ensure that all Section Chiefs, Management Staff, 
and other key agency representatives are in attendance. Ensure that appropriate Action Planning 
procedures are followed (refer to Planning/Intelligence Section, “Action Planning Job Aid”). Ensure 
the meeting is facilitated appropriately by the Planning/Intelligence Section. 

 Once the Action Plan is completed by the Planning/Intelligence Section, review, approve and 
authorize its implementation. 

 Conduct periodic briefings with the general staff to ensure strategic objectives are current and 
appropriate. 

 Conduct periodic briefings for elected officials or their representatives. 

 Formally issue Emergency Proclamation for the County, and coordinate local government 
proclamations with other emergency response agencies, as appropriate. 

 Brief your relief at shift change, ensuring that ongoing activities are identified and follow-up 
requirements are known. 

Demobilization Phase: 
 Authorize demobilization of sections, branches and units when they are no longer required. 

 Notify the Operational Area EOC, and other appropriate organizations of the planned 
demobilization, as appropriate. 

 Ensure that any open actions not yet completed will be handled after demobilization. 

 Be prepared to provide input to the after action report. 

 Deactivate the County EOC at the designated time, as appropriate. 

 Proclaim termination of the emergency response and proceed with recovery operations. 
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EOC Coordinator (ESC) 

 
 
 
Responsibilities: 

1. Facilitate the overall function of the EOC. 
2. Assist and serve as an advisor to the EOC Director and General Staff as needed,  providing 

information and guidance related to the internal function of the EOC and ensure compliance with 
operational area emergency plans and procedures. 

3. Assist the Liaison Officer in ensuring proper procedures are in place for directing agency 
representatives and conducting VIP/visitor tours of the EOC.  

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Assist the EOC Director in determining appropriate staffing for the EOC. 

 Provide assistance and information regarding section staffing to all general staff. 

Operation Phase: 
 Assist the EOC Director and General Staff in developing overall strategic objectives as well as 

section objectives for the Action Plan. 

 Advise the EOC Director on procedures for enacting emergency proclamations, emergency 
ordinances and resolutions, and other legal requirements. 

 Assist the Planning/Intelligence Section in the development, continuous updating, and execution of 
the EOC Action Plan. 

 Provide overall procedural guidance to General Staff as required. 

 Provide general advice and guidance to the EOC Director as required. 

 Ensure that all notifications are made to the Operational Area EOC. 

 Ensure that all communications with appropriate emergency response agencies are established 
and maintained. 

 Assist EOC Director in preparing for and conducting briefings with Management Staff, the BOS, 
the media, and the general public. 

 Assist the EOC Director and Liaison Officer, in establishing maintaining an Interagency 
Coordination Group comprised of outside agency representatives and executives not assigned to 
specific sections with the EOC. 

 Assist the Liaison Officer with coordination of all EOC visits. 

 Provide assistance with shift change activity as required. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 
 
 

 

**** Read This Entire Position Checklist Before Taking Action **** 
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Public Information Branch Coordinator 

 
 

 
Responsibilities: 

1. Serve as the coordination point for all media releases. 
2. Represent the jurisdiction as the lead Public Information Officer. 
3. Ensure that the public within the affected area receives complete, accurate, and consistent 

information about life safety procedures, public health advisories, relief and assistance programs 
and other vital information. 

4. Coordinate media releases with Public Information Officers representing other affected emergency 
response agencies within the Operational Area as required. 

5. Develop the format for press conferences, in conjunction with the EOC Director. 
6. Maintaining a positive relationship with the media representatives. 
7. Supervising the Public Information Branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Determine staffing requirements and make required personnel assignments for the Public 
Information Branch as necessary. 

Operation Phase: 
 Obtain policy guidance from the EOC Director with regard to media releases. 
 Keep the EOC Director advised of all unusual requests for information and of all major critical or 

unfavorable media comments. Recommend procedures or measures to improve media relations. 
 Coordinate with the Situation Status Unit and identify method for obtaining and verifying significant 

information as it is developed. 
 Develop and publish a media briefing schedule, to include location, format, and preparation and 

distribution of hand-out materials. 
 Implement and maintain an overall information release program. 
 Establish a Media Information Center, as required, providing necessary space, materials, 

telephones, and electrical power. 
 Maintain up-to-date status boards and other references at the media information center. 
 Provide adequate staff to answer questions from members of the media. 
 Interact with other County EOC as well as Operational Area EOC PIOs and obtain information 

relative to public information operations. 
 Develop content for state Emergency Alert System (EAS) releases if available. 
 Monitor EAS releases as necessary. 
 In coordination with other EOC sections and as approved by the EOC Director, issue timely and 

consistent advisories and instructions for life safety, health, and assistance for the public. 
 
 

**** Read This Entire Position Checklist Before Taking Action **** 

PC ORIGINAL PKG



 
 

105 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
 At the request of the EOC Director, prepare media briefings for members of the BOS and provide 

other assistance as necessary to facilitate their participation in media briefings and press 
conferences. 

 Ensure that a rumor control function is established to correct false or erroneous information. 
 Ensure that adequate staff is available at incident sites to coordinate and conduct tours of the 

disaster areas. 
 Provide appropriate staffing and telephones to efficiently handle incoming media and public calls. 
 Prepare, update, and distribute to the public Disaster Assistance Information Directory, which 

contains locations to obtain food, shelter, supplies, health services, etc. 
 Ensure that announcements, emergency information and materials are translated and prepared for 

access and functional needs populations (non-English speaking, hearing impaired, etc.). 
 Monitor broadcast media, using information to develop follow-up news releases and rumor control. 
 Ensure that file copies are maintained of all information released. 
 Provide copies of all media releases to the EOC Director. 
 Conduct shift change briefings in detail, ensuring that in-progress activities are identified and follow-

up requirements are known. 
 Prepare final news releases and advise media representatives of points-of-contact for follow-up 

stories. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Rumor Control Unit Leader 

 
 
 
Responsibilities: 

1. Provide staffing for rumor control telephone bank. 
2. Establish a “Disaster Hotline” with an up-to-date recorded message. 
3. Supervise the Rumor Control Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Obtain “confirmed” disaster information. 

 Operate a telephone bank for receiving incoming inquiries from the general public. 

 Correct rumors by providing factual information based on confirmed data. 

 Establish a “Disaster Hotline” recorded message and provide updated message information 
periodically. 

 Refer inquiries from member of the media to the lead Public Information Officer or designated staff. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 
  

**** Read This Entire Position Checklist Before Taking Action **** 
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Liaison Officer 

 
 

 
Responsibilities: 

1. Oversee all liaison activities, including coordinating outside agency representatives assigned to the 
EOC and handling requests from other EOCs for EOC agency representatives. 

2. Establish and maintain a central location for incoming agency representatives, providing workspace 
and support as needed. 

3. Ensuring that position specific guidelines, policy directives, situation reports, and a copy of the EOC 
Action Plan is provided to Agency Representatives upon check-in. 

4. In conjunction with the EOC Coordinator, provide orientations for VIPs and other visitors to the 
EOC. 

5. Ensuring that demobilization is accomplished when directed by the EOC Director. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Obtain assistance for your position through the Personnel Unit in Logistics, as required. 

Operation Phase: 
 Contact Agency Representatives already on-site, ensuring that they: 

○ Have signed into the EOC, understand their assigned functions, know their work locations, 
and understand EOC organization and floor plan. 

 Determine if additional representation is required from: 
○ Other agencies, volunteer organizations, private organizations, utilities not already 

represented. 
 In conjunction with the EOC Director and EOC Coordinator, establish and maintain an Interagency 

Coordination Group comprised of outside agency representatives and executives not assigned to 
specific sections within the EOC. 

  Assist the EOC Director and EOC coordinator in conducting regular briefings for the Interagency 
Coordination Group and with distribution of the current EOC Action Plan and Situation Report. 

 Request that Agency Representatives maintain communications with their agencies and obtain 
situation status reports regularly. 

 With the approval of the EOC Director, provide agency representatives from the EOC to other 
EOCs as required and requested. 

 Maintain a roster of agency representatives located at the County EOC. Roster should include 
assignment within the EOC (Section or Interagency Coordination Group). Roster should be 
distributed internally on a regular basis. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 Release agency representatives that are no longer required in the County EOC when authorized 
by the EOC Director. 

 

**** Read This Entire Position Checklist Before Taking Action **** 
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Agency Representatives 

 
 
 
Responsibilities: 

1. Agency Representatives should be able to speak on behalf of their agencies, within established 
policy limits, acting as a liaison between their agencies and the EOC. 

2. Agency Representatives may facilitate requests to or from their agencies, but normally do not 
directly act on or process resource requests. 

3. Agency Representatives are responsible for obtaining situation status information and response 
activities from their agencies for the EOC. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Check in with the Liaison Officer and clarify any issues your authority and assignment, including 
the functions of other representatives from your agency (if any) in the EOC. 

 Establish communications with your home agency; notify the Logistics Section Communications 
Unit and the Liaison Officer of any communication problems. 

 Unpack any materials you may have brought with you and set up your assigned station, request 
through the Liaison Officer and/or Logistics to obtain necessary materials and equipment. 

 Obtain an EOC organization chart, floor plan, and telephone list from the Liaison Officer. 

 Contact the EOC sections or branches that are appropriate to your responsibility; advise them of 
your availability and assigned work location in the EOC. 

Operation Phase: 
 Facilitate requests for support or information that your agency can provide. 

 Keep current on the general status of resources and activity associated with your agency. 

 Provide appropriate situation information to the Planning/Intelligence Section. 

 Represent your agency at planning meetings, as appropriate, providing updated briefings about 
your agency’s activities and priorities. 

 Keep your agency executive informed and ensure that you can provide agency policy guidance 
and clarification for the EOC Director as required. 

 On a regular basis, inform your agency of the EOC priorities and actions that may be of interest. 

 Maintain logs and files associated with your position. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 When demobilization is approved by the EOC Director, contact your agency and advise them of 
expected time of demobilization and points of contact for the completion of ongoing actions or new 
requirements. 

 Ensure that you complete all final reports, close out your activity log, and transfer any ongoing 
missions and/or actions to the Liaison Officer or other appropriate individual. 

 Ensure copies of all documentation generated during the operation are submitted to the 
Planning/Intelligence Section. 

**** Read This Entire Position Checklist Before Taking Action **** 
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Safety Officer 

 
 
 
Responsibilities: 

1. Ensure that all buildings and other facilities used in support of the EOC are in safe operating 
condition. 

2. Monitor operational procedures and activities in the EOC to ensure they are being conducted in 
safe manner considering the existing situation and conditions. 

3. Stop or modify all unsafe operations outside the scope of the EOC Action Plan, notifying the EOC 
Director of actions taken. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Tour the entire EOC facility and evaluate conditions; advise the EOC Director of any conditions and 

actions which might result in liability, (unsafe layout or equipment set-up, etc.). 

 Study the EOC facility and document the locations of all fire extinguishers, emergency pull stations, 
and evacuation routs and exits. 

 Be familiar with particularly hazardous conditions in the facility; take action when necessary. 

 Prepare and present safety briefings for the EOC Director and General Staff at appropriate 
meetings. 

 If the event which caused activation was an earthquake, provide guidance regarding actions to be 
taken in preparation for aftershocks. 

 Ensure that the EOC facility is free from any environmental threats – e.g., radiation exposure, air 
purity, water quality, etc. 

 Keep the EOC Director advised of unsafe conditions; take action when necessary. 

 Coordinate with the Financial/Administration Section in preparing any personnel injury claims or 
records necessary for proper case evaluation and closure. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 
 

  

**** Read This Entire Position Checklist Before Taking Action **** 
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Security Officer 

 
 
 
Responsibilities: 

1. Provide 24-hour security for the EOC. 
2. Control personnel access to the EOC in accordance with policies established by the EOC Director. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Determine the current EOC security requirements and arrange for staffing as needed. 

 Determine needs for special access to EOC facilities. 

 Provide executive and V.I.P. security as appropriate and required. 

 Provide recommendations as appropriate to EOC Director. 

 Prepare and present security briefings for the EOC Director and General Staff at appropriate 
meetings. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

 
 

  

**** Read This Entire Position Checklist Before Taking Action **** 
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18.1.2 OPERATIONS SECTION 

Operations Section Chief 
 

 
 
Responsibilities: 

1. Ensure that the Operations Function is carried out including coordination of response for all 
operational functions assigned to the EOC. 

2. Ensure that operational objectives and assignments identified in the EOC Action Plan are carried 
out effectively. 

3. Establish the appropriate level of branch and unit organizations within the Operations Section, 
continuously monitoring the effectiveness and modifying accordingly. 

4. Exercise overall responsibility for the coordination of Branch and Unit activities within Operations 
Section. 

5. Ensure that the Planning/Intelligence Section is provided with Branch Status Reports and Major 
Incident Reports (utilizing the Response Information Management System formats if available). 

6. Conduct periodic Operations briefings for the EOC Director as required or requested. 

7. Overall supervision of the Operations Section. 

Activation Phase: 
 Follow the generic Activation Phase Checklist. 

 Ensure that the Operations Section is set up properly and that appropriate personnel, equipment 
and supplies are in place, including maps and status boards. 

 Meet with Planning/Intelligence Section Chief; obtain a preliminary situation briefing. 

 Based on the situation, activate appropriate branches within the section. Designate Branch 
Coordinators as necessary. 

○ Fire  & Rescue 
○ Law Enforcement 
○ Health & Welfare 
○ Construction & Engineering 

 Determine need for Mutual Aid. 

 Request additional personnel for the section as necessary for 24-hour operation. 

 Obtain a current communications status briefing from the Communications Branch Coordinator in 
Logistics. Ensure that there is adequate equipment and frequencies available for the section. 

 Determine estimated times of arrival of section staff from the Personnel Branch in Logistics. 

 Confer with the EOC Director to ensure that the Planning/Intelligence and Logistics Sections are 
staffed at levels necessary to provide adequate information and support for operations. 

 Coordinate with the Liaison Officer regarding the need for Agency Representatives in the 
Operations Section. 

 Establish radio or cell-phone communications with Incident Commander(s) operating in the County, 
and coordinate accordingly. 

 

**** Read This Entire Position Checklist Before Taking Action **** 
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 Determine activation status of other EOCs in the Operations Area and establish communication 

links with their Operations Section if necessary. 

 Based on the situation known or forecasted, determine likely future needs of the Operations 
Section. 

 Identify key issues currently affecting the Operations Section; meet with Section personnel and 
determine appropriate section objectives for the first operational period. 

 Review responsibilities of branches in section; develop an Operations Plan detailing strategies for 
carrying out Operations objectives. 

 Adopt a proactive attitude. Think ahead and anticipate situations and problems before they occur. 

Operation Phase: 
 Ensure that all section personnel are maintaining their individual position logs. 

 Ensure that situation and resources information is provided to the Planning/Intelligence Section on 
a regular basis or as the situation requires, including Branch Status Reports and Major Incident 
Reports (utilize Response Information Management System format if available). 

 Ensure that all media contacts are referred to the Public Information Branch. 

 Conduct periodic briefings and work to reach consensus among staff on objectives for forth-coming 
operational periods. 

 Attend and participate in EOC Director’s Action Planning meetings. 

 Provide the Planning/Intelligence Section Chief with the Operations Section’s objectives prior to 
each Action Planning meeting. 

 Work closely with each Branch Coordinator to ensure that the Operations Section objectives, as 
defined in the current Action Plan, are being addressed. 

 Ensure that the branches coordinate all resource needs through the Logistics Section. 

 Ensure that intelligence information from Branch Coordinators is made available to the 
Planning/intelligence Section in a timely manner. 

 Ensure that fiscal and administrative requirements are coordinated through the 
Financial/Administration Section (notification of emergency expenditures and daily time sheets). 

 Brief the EOC Director on all major incidents. 

 Complete a Major Incident Report for all major incidents; forward a copy to the Planning/Intelligence 
Section. 

 Brief Branch Coordinators periodically on any updated information you may have received. 

 Share status information with other sections as appropriate. 

Demobilization Phase: 
 Follow the generic Demobilization Phase Checklist. 
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Fire & Rescue Branch Coordinator 

 
 
 
Responsibilities: 

1. Coordinate fire, disaster medical, hazardous materials, and search and rescue operations in the 
unincorporated county or contact areas. 

2. Assist the EOC Fire & Rescue Branch Coordinator in acquiring mutual aid resources, as necessary. 

3. Coordinate the mobilization and transportation of all resources through the Logistics Section. 

4. Complete and maintain branch status reports (in RIMS format if available) for major incidents 
requiring or potentially requiring operational area, state and federal response, and maintain status 
of unassigned fire & rescue resources in the County. 

5. Implement the objectives of the EOC Action Plan assigned to the Fire & Rescue Branch. 

6. Overall supervision of the Fire & Rescue Branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Based on the situation, activate the necessary Units within the Fire & Rescue Branch: 
○ Fire Operations Unit 
○ Search & Rescue Unit 
○ Disaster Medical Unit 
○ HazMat Unit 

 If the mutual aid system is activated, coordinate use of the County’s fire resources with the Fire & 
Rescue Mutual Aid Coordinator. 

 Prepare and submit a preliminary branch status report and major incident reports as appropriate to 
the Operations Sections Chief. 

 Prepare objectives for the Fire & Rescue Branch; provide them to the Operations Section Chief 
prior to the first Action Planning meeting. 

Operation Phase: 
 Ensure that Branch and Unit position logs and other files are maintained. 

 Maintain current status on Fire & Rescue missions being conducted in the County. 

 Provide the Operations Section Chief and the Planning/Intelligence Section with an overall 
summary of the Fire & Rescue Branch operational priorities, periodically or as requested during the 
operational period. 

 On a regular basis, complete and maintain Fire & Rescue Branch Status Reports on RIMS forms if 
available. 

 Refer all contacts with the media to the Public Information Branch. 

 Ensure that all fiscal and administrative requirements are coordinated through the 
Finance/Administration Section (notification of any emergency expenditures and daily time sheets). 

 Prepare objectives for Fire & Rescue Branch for the subsequent operational period; provide them 
to the Operations Section Chief prior to the end to the shift and the next Action Planning meeting. 

 

**** Read This Entire Position Checklist Before Taking Action **** 
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 Provide your relief with a briefing at shift change; inform him/her of all ongoing activities, branch 
objectives, for the next operational period, and any other pertinent information. 

Demobilization Phase: 
 Follow the Generic Demobilization Phase Checklist. 
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Fire Operations Unit Leader 
 

 
 
Responsibilities: 

1. Assist Incident Commanders in the field by providing coordination for mutual aid requests to and 
from the Operational Area Fire/Rescue Aid Coordinator, as appropriate. 

2. Respond to requests for fire resources from the field in a timely manner, following established 
priorities (life safety, protection of the environment, and protection of property). 

3. Monitor and track fire resources utilized during the event. 

4. Provide general support to field personnel as required. 

5. Supervise the Fire Operations Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other appropriate files. 

 Establish and maintain radio or cell-phone communication with the Department Operations Center, 
or Fire & Rescue Branch at the Field Level. 

 Obtain regular status reports on the fire situation form the Department Operations Center or Fire & 
Rescue Branch at the Field Level. 

 Assess the impact of the disaster/event on the County Fire Department’s operational capability. 

 Establish the objectives of the Fire Operations Unit based on the nature and severity of the disaster, 
and provide them to the Fire& Rescue Branch Coordinator prior to the first Action Planning meeting. 

 Provide fire status updates to the Fire & Rescue Branch Coordinator on a regular basis. 

 Evaluate and process all requests for fire Mutual Aid resources through the Operational Area Fire 
& Rescue Mutual Aid Coordinator. 

 If not addressed at the Incident Command Post or DOC, ensure that incident facilities are 
established (staging areas, etc.) to coordinate incoming fire mutual aid resources, as required. 

 In conjunction with Planning/Intelligence, determine if current and forecasted weather conditions 
will affect fire and rescue operations. 

 Inform the Fire & Rescue Branch Coordinator of all significant events that occur. 

 Coordinate with the Law Enforcement Branch to determine status of evacuations and shelter 
locations. 

 Assist in establishing camp facilities (or the use of commercial lodging) through the Logistics 
Section, if not addressed at the ICP or DOC. 

 Reinforce the use of proper procedures for media contacts. 

Demobilization Phase: 
 Follow Generic Demobilization Phase Checklist. 
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Disaster Medical Unit Leader 

 
 
 
Responsibilities: 

1. Ensure that all available disaster medical resources are identified and mobilized as required. 

2. Provide assistance to Incident Command Posts and Department Operations Centers in 
establishing triage teams. 

3. Determine the status of medical facilities within affected area. 

4. Coordinate the transportation of injured victims to appropriate medical facilities as required. 

5. Supervise the Disaster Medical Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other necessary files. 

 Work closely with all Operations Section Branch Coordinators to determine the scope of disaster 
medical assistance required. 

 Determine the status and availability of medical mutual aid resources in the operational area; 
specifically paramedics and ambulances. 

 Establish radio or telephone communication with area hospitals and other medical facilities to 
determine their capability to treat disaster victims. 

 Determine status and availability of specialized treatment such as burn centers. 

 Assist the Search and Rescue Unit Leader in providing triage for extricated victims. 

 Coordinate with the Logistics Section to acquire suitable transportation for injured victims as 
required or requested. 

 Establish and maintain communication with the Operational Area EOC and determine status and 
availability of medical resources. 

 Coordinate with the Logistics Section to obtain necessary supplies and equipment to support 
disaster medical operations in the field. 

 Inform the Fire & Rescue Branch Coordinator of all significant events. 

 Reinforce the use of proper procedures for the media contacts. This is particularly critical in 
emergency medical situations where statistical information is requested by the media. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Search & Rescue Unit Leader 

 
 
 
Responsibilities: 

1. Determine the scope of the search and rescue mission and assist in mobilizing Search and Rescue 
Teams at the request of Department Operations Centers or Field Incident Commanders. 

2. Provide search and rescue support as required to other emergency response agencies consistent 
with established priorities and objectives. 

3. Ensure that deployed teams are provided with adequate support. 

4. Supervise the Search & Rescue Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other appropriate files. 

 Work closely with all Operations Section Branch Coordinators to determine the scope of search 
and rescue assistance required. 

 Coordinate with the Fire and Rescue Branch Coordinator to determine missions for search and 
rescue teams based on established priorities. 

 Mobilize and deploy available search and rescue teams to locations within the jurisdiction, or to 
other emergency response agencies within the Operational Area, in a manner consistent with 
established policies and priorities. 

 Establish radio or cell-phone communication with all deployed search and rescue team leaders to 
determine the scope of support required. 

 Work closely with the Logistics Section to determine the status and availability of search and rescue 
resources in the Operational Area; specifically larger jurisdictions who have organized USAR 
teams. 

 Coordinate with the Law Enforcement Branch to determine availability of search dog units. 

 Coordinate with the Construction and Engineering to provide on-site assistance with rescue 
operations at the request of team leaders. 

 Coordinate with the Disaster Medical Unit to provide on-site assistance to extricated victims 
requiring medical treatment. 

 Coordinate with the coroner’s unit to provide on-site assistance in managing fatalities at search 
locations. 

 Ensure that each team leader develops a safety plan for each assigned mission. 

 Monitor and track the progress and status of each search and rescue team. 

 Ensure that team leaders report all significant events. 

 Assist in establishing camp facilities (or commercial lodging) for Search and Rescue Teams through 
the Logistics Section, of not addressed at the ICP or DOC. 

 Inform the Fire & Rescue Branch Coordinator of all significant events. 
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 Reinforce the use of proper procedures for media contacts. This is particularly critical in instances 

where the media is seeking statistical information or personal identities of injured victims or 
fatalities. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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HazMat Unit Leader 

 
 
 
Responsibilities: 

1. Determine the scope of hazardous materials accidents throughout the jurisdiction. 

2. Assist in mobilizing hazardous materials teams at the request of Department Operations Centers 
or Field Incidents Commanders. 

3. Request assistance from and/or provide hazardous materials support as required to Operational 
Area Emergency Response Agencies consistent with established priorities and objectives. 

4. Ensure that deployed teams are provided with adequate support 

5. Supervise the HazMat Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other appropriate files. 

 Work closely with all Operations Section Branch Coordinators to determine the scope of HazMat 
incident response required. 

 Coordinate with the Fire and Rescue Branch Coordinator to determine missions for HazMat teams 
based on established priorities. 

 Mobilize and deploy available HazMat teams to the Operational Area or to other emergency 
response agencies within the Operational Area, in a manner consistent with the HazMat Mutual Aid 
System and established priorities. 

 Establish radio or cell-phone communication with all deployed HazMat teams to determine the 
scope of support required. 

 Work closely with the Logistics Section to determine the status and availability of HazMat Response 
Teams in the Operational Area. 

 Coordinate with construction and engineering to provide on-site assistance with HazMat operations 
at the request of team leaders. 

 Coordinate with the Disaster Medical Unit to determine medical facilities where victims of HazMat 
incidents can be transported following decontamination. 

 Coordinate with the Coroner’s Unit to provide on-site assistance in managing fatalities at HazMat 
scenes. 

 Monitor and track the progress and status of each HazMat team. 

 Ensure that HazMat Team Leaders report all significant events. 

 Assist in establishing camp facilities (or commercial lodging) for HazMat teams through the 
Logistics Section, of not addressed at the ICP or DOC. 

 Inform the Fire & Rescue Branch Coordinator of all significant events. 

 Reinforce the use of proper procedures for media contacts. This is particularly critical in instances 
where the media is seeking technical information on the hazardous material, statistical information, 
or personal identities of injured victims or fatalities. 
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Demobilization Phase: 

 Follow generic Demobilization Phase Checklist. 
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Law Enforcement Branch Coordinator 

 
 
 
Responsibilities: 

1. Coordinate movement and evacuation operations during a disaster. 
2. Alert and notify the public of the impending or existing emergency within the County. 
3. Coordinate law enforcement and traffic control operations during the disaster. 
4. Coordinate site security at incidents. 
5. Coordinate Law Enforcement Mutual Aid requests from emergency response agencies through the 

Law Enforcement Mutual Aid Coordinator at the Operational Area EOC. 
6. Supervise the Law Enforcement branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Based on the situation, activate the necessary Units within the Law Enforcement Branch 

○ Law Enforcement Operations Unit 
○ Coroner Unit 

 Contact and assist the Operational Area EOC Law Enforcement and Coroner’s Mutual Aid 
Coordinator with the coordination of mutual aid resources. 

 Provide an initial situation report to the Operations Sections Chief. 
 Based on the initial EOC strategic objectives; prepare objectives for the Law Enforcement Branch 

and provide them to the Operations Section Chief prior to the first Action Planning meeting. 

Operation Phase: 
 Ensure that Branch and Unit position logs and other appropriate files are maintained. 
 Maintain current status on Law Enforcement missions being conducted in the County. 
 Provide the Operations Section Chief and the Planning/Intelligence Section with an overall 

summary of Law Enforcement Branch operational priorities, periodically or as requested during the 
operational period. 

 On a regular basis, complete and maintain the Law Enforcement Branch Status Report. (Use RIMS 
Forms if available). 

 Refer all contacts with the media to the Public information Branch. 
 Determine need for Law Enforcement Mutual Aid. 
 Determine need for Coroner’s Mutual Aid. 
 Ensure that all fiscal and administrative requirements are coordinated through the 

Finance/Administration Section (notification of any emergency expenditures and daily time sheets). 
 Prepare objectives for the Law Enforcement Branch for the subsequent Operations period; provide 

them to the Operations Section Chief prior to the end of the shift and the next Action Planning 
Meeting. 

 Provide your relief with a briefing at shift change, informing him/her of all ongoing activities, branch 
objectives for the next operational period, and any other pertinent information. 
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Demobilization Phase: 

 Follow generic Demobilization Phase Checklist. 
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Law Enforcement Operations Unit Leader 

 
 
 
Responsibilities: 

1. Coordinate requests for Law Enforcement Mutual Aid Resources through the Operational Area Law 
Enforcement Mutual Aid Coordinator and provide general support to field personnel as required. 

2. Establish and maintain communication with Law Enforcement Branch Directors in the field or at the 
Department Operations Center (DOC) if activated. 

3. Respond to requests for Law Enforcement resources from the field in a timely manner, following 
established priorities (life safety, protection of the environment, and protection of property). 

4. Monitor and track law enforcement resources utilized during the event. 

5. Supervise the law enforcement unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other appropriate files. 

 Establish and maintain radio or cell-phone communication with the Department Operations Center, 
or Law Enforcement Branch Directors at the field level. 

 Obtain regular status reports on the law enforcement situation from the Department Operations 
Center or Law Enforcement Branch at the field level. 

 Assess the impact of the disaster/event on the Sheriff Department’s operational capability. 

 Establish the objectives of the Law Enforcement Operations Unit based on the nature and severity 
of the disaster, and provide them to the Law Enforcement Branch Coordinator prior to the first 
Action Planning meeting. 

 If the Department Operations Center is not activated, ensure that the assignment of law 
enforcement resources are closely monitored and coordinated, and that on-scene time is logged at 
the field level. 

 If not addressed at the ICP or DOC, ensure that incident facilities are established (staging areas, 
etc.) to coordinate incoming law enforcement mutual aid resources, as required. 

 In conjunction with Planning/Intelligence, determine if current and forecasted weather conditions 
will affect law enforcement operations. 

 Coordinate major evacuation activity with the Fire Operations Branch, as required. 

 Coordinate with the Care and Shelter Unit to establish suitable shelter locations and appropriate 
shelter facilities for evacuated population. 

 Assist in establishing camp facilities (or commercial lodging) for law enforcement personnel, 
through the Logistics Section, if not addressed at the ICP or DOC. 

 Reinforce the use of proper procedures for media contacts. 

 Provide law enforcement status updates to the Law Enforcement Branch Coordinator on a regular 
basis. 
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 Evaluate and process all requests for law enforcement resources through the Operational Area 
Law Enforcement Mutual Aid Coordinator. 

 
Demobilization Phase: 

 Follow generic Demobilization Phase Checklist. 
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Coroner Unit Leader 

 
 
 
Responsibilities: 

1. At the direction of the Sheriff/Coroner, establish and oversee an interim system for managing 
fatalities resulting from the disaster/event. 

2. At the direction of the Sheriff/Coroner, establish and oversee the operation of temporary morgue 
facilities and maintain detailed records of information relative to each fatality. 

3. Supervision of the Coroner Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other appropriate files. 

 Ensure that locations where fatalities are discovered are secured. 

 Ensure that fatality collection points are established and secured as necessary. 

 Ensure that temporary morgue facilities are established in accordance with guidelines established 
by the Sheriff/Coroner. 

 Request Coroner’s Mutual Aid through the Sheriff/Coroner at the Operational Area EOC as 
required. 

 Procure, through logistics, all necessary fatalities management equipment and supplies, such as 
temporary cold storage facilities or vehicles, body bags, etc. 

 Coordinate with the Search & Rescue Unit to determine location and number of extricated fatalities. 

 Ensure that human remains are transported from fatality collection points to temporary morgue(s), 
if so advised by the Sheriff/Coroner. 

 Assist the Sheriff/Coroner with identification of remains and notification of next of kin as required. 

 In conjunction with local mortuaries and cemeteries, assist with the reburial of any coffins that were 
surfaced and/or disturbed as a result of the disaster. 

 Keep the Law Enforcement Branch Coordinator informed of Coroners Unit activities on a regular 
basis. 

 Inform the Law Enforcement Branch Coordinator and the Public Information Branch of the number 
of confirmed fatalities resulting from the disaster or event. (NOTE: This information must be 
verified with the Sheriff/Coroner prior to release). 

 Ensure that all media contacts are referred to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Construction/Engineering Branch Coordinator 

 
 
 
Responsibilities: 

1. Survey all utility systems, and restore systems that have been disrupted, including coordinating 
with utility service providers in the restoration of disrupted services, and assist other sections, 
branches, and units as needed. 

2. Survey all public and private facilities, assessing the damage to such facilities, and coordinating 
the repair of damage to public facilities. Survey all other infrastructure systems, such as streets and 
roads within the County. 

3. Supervise the Construction/Engineering Branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Based on the situation, activate the necessary units within the Construction/Engineering Branch: 

○ Utilities Unit 
○ Damage/Safety Assessment Unit 
○ Public Works Unit 

 Contact and assist the Operational Area Public Works Mutual Aid Coordinator with the coordination 
of mutual aid resources as necessary. 

 Provide an initial situation report to the Operations Section Chief. 

 Based on the initial EOC strategic objectives prepare objectives for the Construction/Engineering 
Branch and provide them to the Operations Section Chief prior to the first Action Planning meeting. 

Operation Phase: 
 Ensure that branch and unit position logs and other necessary files are maintained. 

 Maintain current status on all construction/engineering activities. 

 Ensure that damage and safety assessments are being carried out for both public and private 
facilities. 

 Request mutual aid as required through the Operational Area Public Works Mutual Aid Coordinator. 

 Determine and document the status of transportation routes into and within affected areas. 

 Coordinate debris removal services as required. 

 Provide the Operations Section Chief and the Planning/Intelligence Section with an overall 
summary of Construction/Engineering Branch activities periodically during the operational period 
or as requested. 

 Ensure that all Utilities and Construction/Engineering Status Reports, as well as the Initial Damage 
Estimation are completed and maintained. (Utilize RIMS forms of available). 

 Refer all contacts with the media to the Public Information Branch. 

 Ensure that all fiscal and administrative requirements are coordinated through the 
Finance/Administration Section (notification of any emergency expenditures and daily time sheets). 
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 Prepare objectives for the Construction/Engineering Branch for the subsequent operations period; 
provide them to the Operations Section Chief prior to the end of the shift and next Action Planning 
meeting. 

 Provide your relief with a briefing at shift change, informing him/her of all ongoing activities, branch 
objectives for the next operational period, and any other pertinent information. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Utilities Unit Leader 

 
 
 
Responsibilities: 

1. Assess the status of utilities; provide Utility Status Reports as required. 

2. Coordinate restoration of damaged utilities with utility representatives in the County EOC if present, 
or directly with Utility companies. 

3. Supervise the Utilities Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other necessary files. 

 Establish and maintain communications with the utility providers for the County. 

 Determine the extent of damage to utility systems in the County. 

 Coordinate with the Liaison Officer to ensure that agency representatives from affected utilities are 
available to respond to the County EOC. 

 Ensure that all information on system outages is consolidated and provided to the Situation 
Analysis Unit in the Planning/Intelligence Section. 

 Ensure that support to utility providers is available as necessary to facilitate restoration of damaged 
systems. 

 Keep the Public Health Branch Coordinator informed of any damage to sewer and sanitation 
systems, as well as possible water contamination problems. 

 Keep the Construction/Engineering Branch Coordinator informed of the restoration status. 

 Complete and maintain the Utilities Status Report (utilize RIMS forms if available). 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Damage/Safety Assessment Unit Leader 

 
 
 
Responsibilities: 

1. Collect initial damage/safety assessment information from other branches/units within the 
Operations Section. 

2. If the disaster is winter storm, flood, or earthquake related, ensure that dam inspection teams have 
been dispatched. 

3. Provide detailed damage/safety assessment information to the Planning/Intelligence Section, with 
associated loss damage estimates. 

4. Maintain detailed records on damaged areas and structures. 

5. Initiate requests for Engineers form the Operational Area, to inspect structures and/or facilities. 

6. Supervise the Damage/Safety Assessment Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Obtain initial damage/safety assessment information from Fire & Rescue Branch, Law Enforcement 
Branch, Utilities Unit and other branches/units as necessary. 

 Coordinate with the American Red Cross, utility service providers, and other sources for additional 
damage/safety assessment information. 

 Prepare detailed damage/safety assessment information, including estimate of value of the losses, 
and provide to the Planning/Intelligence Section. 

 Clearly label each structure and/or facility inspected in accordance with ATC-20 standards and 
guidelines. 

 Maintain a list of structures and facilities requiring immediate inspection or engineering 
assessment. 

 Initiate all requests for engineers and building inspectors through the Operational Area EOC. 

 Keep the Construction/Engineering Branch Coordinator informed of the inspection and engineering 
assessment status. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Public Works Unit Leader 

 
 
 
Responsibilities: 

1. Assist other Operation Section Branches by providing construction equipment and operators as 
necessary. 

2. Provide heavy equipment assistance to the Damage/Safety Assessment Unit as required. 

3. Provide emergency construction and repair to damaged roadways. Assist with the repair of utility 
systems as required. 

4. Providing flood-fighting assistance, such as sandbagging, rerouting waterways away from 
populated areas, and river, creek, or stream bed debris clearance. 

5. Supervise the Public Works Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Ensure that appropriate staff is available to assist other emergency responders with the operation 
of heavy equipment, in coordination with the Logistics Section. 

 Ensure that engineering staff are available to assist the Damage/Safety Assessment Unit in 
inspecting damaged structures and facilities. 

 As requested, direct staff to provide flood fighting assistance, clear debris from roadways and water 
ways, assists with utility restoration, and build temporary emergency structures as required. 

 Work closely with the Logistics Section to provide support and materials as required. 

 Keep the Construction/Engineering Branch Coordinator informed of unit status. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Health & Welfare Branch Coordinator 

 
 
 
Responsibilities: 

1. Safeguard the public health of citizens by ensuring there is an ample supply of potable water, a 
functioning sanitation system, and vector controls are established, as required. 

2. In coordination with volunteer and private agencies, provide clothing, shelter, and other mass care 
services as required, to disaster victims. 

3. Supervise the Health and Welfare Branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a Health and Welfare Unit position log and other necessary files. 

 Ensure that all potable water supplies remain safe, and free from contaminates. 

 Ensure that sanitation systems are operating effectively and not contaminating water supplies. 

 Ensure that vector control plan is established and implemented for the affected area(s). 

 Provide the Operations Section Chief and the Planning/Intelligence Section with an overall 
summary of Health and Welfare Branch operational priorities, periodically during the operations 
period or as requested. 

 Complete and maintain the Care & Shelter Status Reports (utilizing RIMS forms if available). 

 Ensure that the Public Health Branch is available to assist the Coroner Unit in mitigating and 
managing mass fatality situations. 

 Ensure coordination of all mass care activities occurs with the Red Cross and other volunteer 
agencies as required. 

 Prepare objectives for the Health and Welfare Branch for the subsequent operations period; provide 
them to the Operations Section Chief prior to the end of the shift and the next Action Planning 
meeting. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

  

**** Read This Entire Position Checklist Before Taking Action **** 

PC ORIGINAL PKG



 
 

132 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
Care & Shelter Unit Leader 

 
 
 
Responsibilities: 

1. Coordinate directly with the American Red Cross and other volunteer agencies to provide food, 
potable water, clothing, shelter and other basic needs as required to disaster victims within the 
County. 

2. Assist the American Red Cross with inquiries and registration services to reunite families or 
respond to inquiries from relatives or friends. 

3. Assist the American Red Cross with the transition from mass care to separate family/individual 
housing. 

4. Supervise the Care & Shelter Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain your log and other necessary files. 

 Coordinate with the Liaison Office to request an Agency Representative from the American Red 
Cross. Work with the Agency Representative to coordinate all shelter and congregate care activity. 

 Establish communications with other volunteer agencies to provide clothing and other basic life 
sustaining needs. 

 Ensure that each activated shelter meets the requirements as described under the Americans with 
Disabilities Act. 

 Assist the American Red Cross in staffing and managing the shelters to the extent possible. 

 In coordination with the American Red Cross, activate an inquiry registry service to reunite families 
and respond to inquiries from relatives or friends 

 Assist the American Red Cross with the transition from operating shelters for displaced persons to 
separate family/individual housing. 

 Complete and maintain the Care and Shelter Status Report Form (utilize RIMS forms if available). 

 Refer all contacts with the media to the Public Information Branch 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Public Health Unit Leader 

 
 
 
Responsibilities: 

1. Assess the status and availability of potable water within the jurisdiction. 

2. Assess the status of sanitation system within the jurisdiction. 

3. Inspect and assess emergency supplies such as foodstuffs and other consumables for purity and 
utility. 

4. Assess the need for a vector control plan for the affected disaster area(s) within the jurisdiction. 

5. Supervise the Public Health Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Coordinate with the Utilities Unit Leader to determine current status of water and sanitation 
systems. 

 If systems are damaged, request assistance from County Public Health to assess drinking water 
quality and potential health risks form ruptured sewer/sanitation systems. 

 Develop a distribution system for drinking water throughout the County as required. 

 Contact and coordinate with the Logistics Section, to obtain chemical (portable) toilets and other 
temporary facilities for the disposal of human waste and other infected waste. 

 Inspect emergency supplies to be used in the EOC or by field emergency responders, such as 
foodstuffs, drugs, and other consumables for purity and utility. 

 Determine the need for vector control, and coordinate with County Public Health for Vector control 
services as required. 

 Inform the Health & Welfare Branch Coordinator on all activities of the Public Health Unit 
periodically during the operational period, or as required. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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18.1.3 PLANNING/INTELLIGENCE SECTION 

Planning/Intelligence Section Chief 
 

 
 
Responsibilities: 

1. Ensure that the following responsibilities of the Planning/Intelligence Section are addressed as 
required: 

a. Collecting, analyzing, and displaying situation information, 
b. Preparing periodic Situation Reports, 
c. Preparing and distributing the EOC Action Plan and facilitating the Action Planning 

meeting, 
d. Conducting Advance Planning activities and report, 
e. Providing technical support services to the various EOC sections and branches, and 

documenting and maintaining files on all EOC activities. 

2. Establish the appropriate level of organization for the Planning/Intelligence Section. 

3. Exercise overall responsibility for the coordination of branch/unit activities within the section. 

4. Keep the EOC Director informed of significant issues affecting the Planning/Intelligence Section. 

5. In coordination with other Section Chiefs, ensure that Branch Status Reports are completed and 
utilized as a basis for Situation Reports, and the EOC Action Plan. 

6. Supervise the Planning/Intelligence Section. 

Activation Phase: 
 Follow the generic Activation Phase Checklist. 

 Ensure that the Planning/Intelligence Section is set up properly and that appropriate personnel, 
equipment and supplies are in place, including maps and status boards. 

 Based on the situation, activate branches within section as needed and designate Branch or Unit 
Leaders for each element: 

○ Situation Analysis Unit 
○ Advance Planning Unit 
○ Documentation Unit 
○ Technical Services Unit 

 Request additional personnel for the section as necessary to maintain a 24-hour operation. 

 Establish contact with the Operational Area EOC when activated, and coordinate Situation Status 
Reports with their Planning/Intelligence Section. 

 Meet with Operations Section Chief; obtain and review any major incident reports. 

 Review responsibilities of branches in section; develop plans for carrying out all responsibilities. 

 Make a list of key issues to be addressed by Planning/Intelligence; in consultation with section staff, 
identify objectives to be accomplished during the initial Operational Period. 

 Keep he EOC Director informed of significant events. 

 Adopt a proactive attitude, thinking ahead and anticipating situations and problems before they 
occur. 

**** Read This Entire Position Checklist Before Taking Action **** 
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Operation Phase: 

 Ensure that Planning/Intelligence position logs and other necessary files are maintained. 

 Ensure that the Situation Analysis Unit is maintaining current information for the situation status 
report. 

 Ensure that major incidents reports and branch status reports are completed by the Operations 
Section and are accessible by Planning/Intelligence (utilize RIMS forms if available). 

 Ensure that a situation status report is produced and distributed to EOC Sections and Operational 
Area EOC at least once, prior to the end of the operational period. 

 Ensure that all status boards and other displays are kept current and that posted information is neat 
and legible. 

 Ensure that the Public Information Branch has immediate and unlimited access to all status reports 
and displays. 

 Conduct periodic briefings with section staff and work to reach consensus among staff on section 
objectives for forthcoming operational periods. 

 Facilitate the EOC Director’s Action Planning meetings approximately two hours before the end of 
each operational period. 

 Ensure that objectives for each section are completed, collected and posted in preparation for the 
next Action Planning meeting. 

 Ensure that the EOC Action Plan is completed and distributed prior to the start of the next 
operational period. 

 Work closely with each branch/unit within the Planning/Intelligence Section to ensure the section 
objectives, as defined in the current EOC Action Plan are being addressed. 

 Ensure that the advance planning unit develops and distributes a report which highlights forecasted 
events or conditions likely to occur beyond the forthcoming operational period; particularly those 
situations which may influence the overall strategic objectives of the EOC. 

 Ensure that the Documentation Unit maintains files on all EOC activities and provides reproduction 
and archiving services for the EOC, as required. 

 Provide technical services, such as energy advisors and other technical specialists to all EOC 
sections as required. 

 Ensure that fiscal and administrative requirements are coordinated through the 
Financial/Administration Section. 

Demobilization Phase: 
 Follow the generic Demobilization Phase Checklist. 
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Situation Analysis Unit Leader 

 
 
 
Responsibilities: 

1. Oversee the collection, organization, and analysis of disaster situation information. 

2. Ensure that the information collected from all sources is validated prior to posting on status boards. 

3. Ensure that situation status reports are developed utilizing RIMS forms, for dissemination to EOC 
staff and also to the Operational Area EOC. 

4. Ensure that an EOC Action Plan is developed (utilizing RIMS form) for each operational period, 
based on objectives developed by each EOC Section. 

5. Ensure that all maps, status boards and other displays contain current and accurate information. 

6. Supervise Situational Analysis Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Ensure there is adequate staff available to collect and analyze incoming information, maintain the 
Situation Status Report on RIMS, and facilitate the Action Planning process. 

 Prepare Situation Analysis Unit objectives for the initial Action Planning meeting. 

Operation Phase: 
 Ensure position logs and other necessary files are maintained. 

 Oversee the collection and analysis of all event or disaster related information. 

 Oversee the preparation and distribution of the Situation Status Report (utilizing RIMS forms if 
available). Coordinate with the Documentation Unit for manual distribution and reproduction as 
required. 

 Ensure that each EOC Section provides the Situation Analysis Unit with Branch Status Reports, 
(utilizing RIMS forms), on a regular basis. 

 Meet with the Public Information Branch Coordinator to determine the best method for ensuring 
access to current information. 

 Prepare a situation summary for the EOC Action Planning meeting. 

 Ensure each section provides their objectives at least 30 minutes prior to each Action Planning 
meeting. 

 Convene and facilitate the Action Planning meeting following the meeting process guidelines. 

 In preparation for the Action Planning meeting, ensure that all EOC objectives are posted on chart 
paper, and that the meeting room in set up with appropriate equipment and materials (easels, 
markers, sit stat reports, etc.) 

 Following the meeting, ensure that the Documentation Unit publishes and distributes the Action 
Plan prior to the beginning of the next operational period. 

 Ensure that adequate staff is assigned to maintain all maps, status boards and other displays. 
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Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Documentation Unit Leader 

 
 
 
Responsibilities: 

1. Collect, organize and file all completed event or disaster related forms, to include: all EOC position 
logs, situation status reports, EOC Action Plans and any other related information, just prior to the 
end of each operational period. 

2. Provide document reproduction services to EOC staff. 

3. Distribute the EOC situation status reports, EOC Action Plan, and other documents, as required. 

4. Maintain a permanent electronic archive of all situation reports and Action Plans associated with 
the event or disaster. 

5. Assist the EOC coordinator in the preparation and distribution of the After-action Report. 

6. Supervise the Documentation Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Maintain a position log. 

 Meet with the Planning/Intelligence Section Chief to determine what EOC materials should be 
maintained as official records. 

 Meet with the Recovery Unit Leader to determine what EOC materials and documents are 
necessary to provide accurate records and documentation for recovery purposes. 

 Initiate and maintain a roster of all activated EOC positions to ensure that position logs are 
accounted for and submitted to the Documentation Unit at the end of each shift. 

 Reproduce and distribute the Situation Status Reports and Action Plans. Ensure distribution is 
made to the Operational Area EOC. 

 Keep extra copies of reports and plans available for special distribution as required. 

 Set up and maintain document reproduction services for the EOC. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Advance Planning Unit Leader 

 
 
 
Responsibilities: 

1. Development of an Advance Plan consisting of potential response and recovery related issues 
likely to occur beyond the next operational period, generally within 36 to 72 hours. 

2. Review all available status reports, Action Plans, and other significant documents. Determine 
potential future impacts of the event or disaster; particularly issues which might modify the overall 
strategic EOC objectives. 

3. Provide periodic briefings for the EOC Director and General Staff addressing Advance Planning 
issues. 

4. Supervise the Advance Planning Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Maintain a position log. 

 Monitor the current situation report to include recent updates. 

 Meet individually with the general staff and determine best estimates of the future direction & 
outcomes of the event or disaster. 

 Develop and Advance Plan identifying future policy related issues, social and economic impacts, 
significant response or recovery resource needs, and any other key issues likely to affect EOC 
operations within a 36 to 72 hour time frame. 

 Submit the Advance Plan to the Planning/Intelligence Chief for review and approval prior to 
conducting briefings for the General Staff and EOC Director. 

 Review Action Planning objectives submitted by each section for the forthcoming operational 
period. In conjunction with the general staff, recommend a transition strategy to the EOC Director 
when EOC activity shifts predominately to recovery operations. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Technical Services Unit Leader 

 
 
 
Responsibilities: 

1. Provide technical observations and recommendations to the County EOC in specialized areas, as 
required. 

2. Ensure that qualified specialists are available in the areas required by the particular event or 
disaster. 

3. Supervise the Technical Services Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Maintain a position log and other necessary files. 

 Coordinate with the Logistics Section to ensure that technical staff are located and mobilized. 

 Assign technical staff to assist other EOC Sections in coordinating specialized areas of response 
or recovery. 

 Assign technical staff to assist the Logistics Section with interpreting specialized resource capability 
and requests. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

  

**** Read This Entire Position Checklist Before Taking Action **** 

PC ORIGINAL PKG



 
 

141 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
Demobilization Unit Leader 

 
 
 
Responsibilities: 

1. Develop a Demobilization Plan for the EOC based on a review of all pertinent planning documents, 
and status reports. 

2. Supervise personnel assigned to the Demobilization Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Monitor the current situation report to include recent updates. 

 Meet individually with the general staff and administer the section worksheet for the Demobilization 
Plan. 

 Meet with the EOC Director and administer the EOC Director’s worksheet for the Demobilization 
Plan. 

 Utilizing the worksheets, develop a draft Demobilization Plan and circulate to the EOC Director and 
General Staff for review. 

 Finalize the Demobilization Plan for approval by the EOC Director. 

 Demobilization planning must occur at least once during the operational period for as long as EOC 
Sections are formally staffed. 

 Advise all Section Chiefs to ensure that demobilization staff complete all reports, time sheets, and 
exit surveys in coordination with the personnel unit prior to leaving the EOC. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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18.1.4 LOGISTICS SECTION 

Logistics Section Chief 
 

 
 
Responsibilities: 

1. Ensure the Logistics function is carried out in support of the EOC. This function includes providing 
communication services, resource tracking; acquiring equipment, supplies, personnel, facilities, 
and transportation services; as well as arranging for food, lodging, and other support services as 
required. 

2. Establish the appropriate level of branch and/or unit staffing within the Logistics Section, 
continuously monitoring the effectiveness of the organization and modifying as required. 

3. Ensure section objectives as stated in the EOC Action Plan are accomplished within the operational 
period or within the estimated time frame. 

4. Coordinate closely with the Operations Section Chief to establish priorities for resource allocation 
to activated Incident Commands within the County. 

5. Keep the EOC Director informed of all significant issues relating to the Logistics Section. 

6. Supervise the Logistics Section. 

Activation Phase: 
 Follow the generic Activation Phase Checklist. 

 Ensure the Logistics Section is set up properly and that appropriate personnel, equipment and 
supplies are in place, including maps, status boards, vendor references, and other resource 
directories. 

 Based on the situation, activate branches/units within section as needed and designate Branch and 
Unit Leaders for each element: 

○ Communications Unit 
○ Personnel Unit 
○ Transportation Unit 
○ Facilities Unit 
○ Supply/Procurement Unit 
○ Resource Status Unit 

 Mobilize sufficient section staffing for 24 hour operations. 

 Establish communications with the Logistics Section at the Operational Area EOC if activated. 

 Advise Branches and Units within the section to coordinate with appropriate branches in the 
Operations Section to prioritize and validate resource requests from Incident Command Posts in 
the field. This should be done prior to acting on the request. 

 Meet with the EOC Director and General Staff and identify immediate resource needs. 

 Meet with the Finance/Administration Section Chief and determine level of purchasing authority for 
the Logistics Section. 

 Assist branch and Unit Leaders in developing objectives for the section as well as plans to 
accomplish their objectives within the first operational period, or in accordance with Action Plan. 

 Provide periodic Section Status Reports to the EOC Director. 

**** Read This Entire Position Checklist Before Taking Action **** 
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 Adopt a proactive attitude, thinking ahead and anticipating situations and problems before they 

occur. 

Operation Phase: 
 Ensure that Logistics Section position logs and other necessary files are maintained. 

 Meet regularly with section staff and work to reach consensus on section objectives for forthcoming 
operational periods. 

 Provide the Planning/Intelligence Section Chief with the Logistics Section objectives at least 30 
minutes prior to each Action Planning meeting. 

 Attend and participate in EOC Action Planning meetings. 

 Ensure that the Supply/Procurement Unit coordinates closely with the Purchasing Unit in the 
Finance/Administration Section, and that all required documents and procedures are completed 
and followed. 

 Ensure that transportation requirements, in support of response operations, are met. 

 Ensure that all requests for facilities and facility support are addressed. 

 Ensure that all County resources are tracked and accounted for, as well as resources ordered 
through Mutual Aid. 

 Provide section staff with information updates as required 

Demobilization Phase: 
 Follow the generic Demobilization Phase Checklist. 
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Communications Branch Coordinator 

 
 
 
Responsibilities: 

1. Ensure radio, telephone, and computer resources and services are provided to EOC staff as 
required and oversee the installation of communications resources within the County EOC. 

2. Determine specific computer requirements for all EOC positions. 

3. Implement RIMS if available, for internal information management to include message and e-mail 
systems, 

4. Ensure that the EOC Communications Center is established to include sufficient frequencies to 
facilitate operations, and that adequate communications operators are available for 24-hour 
coverage. 

5. Develop and distribute a Communications Plan which identifies all systems in use and lists specific 
frequencies allotted for the event or disaster. 

6. Supervise the communications branch. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

 Based on the situation, activate the necessary units within the Communications Branch: 

○ Communications Unit 
○ Information Systems Unit 

 Prepare objectives for the Communications Branch; provide them to the Logistics Section Chief 
prior to the initial Action Planning meeting. 

Operation Phase: 
 Ensure that communication branch position logs and other necessary files are maintained. 

 Keep all sections informed of the status of communications systems, particularly those that are 
being restored. 

 Coordinate with all EOC sections/branches/units regarding the use of all communication systems. 

 Ensure that the EOC Communications Center is activated to receive and direct all event or disaster 
related communications to appropriate destinations within the EOC. 

 Ensure that adequate communications operators are mobilized to accommodate each discipline on 
a 24-hour basis or as required. 

 Ensure that RIMS Communications links, if available, are established with the Operational Area 
EOC. 

 Ensure that communications links are established with activated EOC within the Operational Area, 
as appropriate. 

 Continually monitor the operational effectiveness of EOC communications systems. Provide 
additional equipment as required. 

 Ensure that technical personnel are available for communications equipment maintenance and 
repair. 
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 Mobilize and coordinate amateur radio resources to augment primary communications systems as 

required. 

 Keep the Logistics Section Chief informed of the status of communications systems. 

 Prepare objectives for the Communications Branch; provide them to the Logistics Section Chief 
prior to the next Action Planning meeting. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Communications Unit Leader 

 
 
 
Responsibilities: 

1. Install, activate, and maintain telephone and radio systems for the EOC. 

2. Assist EOC positions in determining appropriate numbers of telephones and other communications 
equipment required to facilitate operations. 

3. Acquire radio frequencies as necessary to facilitate operations. 

4. Assign Amateur Radio Operators as needed to augment primary communications networks. 

5. Supervise the EOC Communications Center and Communications Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Continually monitor and test the activated radio and telephone systems. Keep the Communications 
Branch Coordinator informed of system failures and restoration activities. 

 Develop instructional guidance for use of radios and telephones and conduct training sessions for 
EOC staff as necessary. 

 Meet periodically with the Operations Section Branches to ensure that their radio frequencies are 
adequate. Make modifications as necessary to maintain their operational capability. 

 Coordinate with Pacific Bell Telephone Company in the County to obtain portable telephone banks, 
as necessary. 

 Refer all contacts with the media to the Public Information Branch. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Information Systems Unit Leader 

 
 
 
Responsibilities: 

1. Install, activate, and maintain information systems for the EOC. 

2. Assist EOC positions in determining appropriate types and numbers of computers and computer 
applications required to facilitate operations. 

3. Install RIMS, if available, on all computers for internal information management to include message 
and e-mail systems. 

4. Supervise the Information Systems Unit.  

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Continually monitor and test RIMS if available, and ensure automated information links with the 
Operational Area EOC are maintained. 

 Keep the Communications Branch Coordinator informed of system failures and restoration 
activities. 

 Develop instructional guidance for use of computers and computer programs such as RIMS. Be 
prepared to conduct training sessions for EOC staff as necessary. 

 Request additional computer equipment as required through the Communications Branch 
Coordinator. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Transportation Unit Leader 

 
 
 
Responsibilities: 

1. In coordination with the Construction/Engineering Branch Coordinator, and the Situation Analysis 
Unit, develop a transportation plan to support EOC operations. 

2. Arrange for the acquisition or use of required transportation resources. 

3. Supervise the Transportation Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Routinely coordinate with the Situation Analysis Unit to determine the status of transportation routes 
in and around the County. 

 Routinely coordinate with the Construction/Engineering Branch Coordinator to determine progress 
of route recovery operations. 

 Develop a Transportation Plan which identifies routes of ingress and egress; thus facilitating the 
movement of response personnel, the affected population, and shipment of resources and materiel. 

 Establish contact with local transportation agencies and schools to establish availability of 
equipment and transportation resources for use in evacuations and other operations as needed. 

 Keep the Logistics Section Chief informed of significant issues affecting the Transportation Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Personnel Unit Leader 

 
 
 
Responsibilities: 

1. Provide personnel resources as requested in support of the EOC and Field Operations. 

2. Identify, recruit and register volunteers as required. 

3. Develop an EOC organization chart. 

4. Supervise the Personnel Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 In conjunction with the Documentations Unit, develop a large poster size EOC organization chart 
depicting each activated position. Upon check in, indicate the name of the person occupying each 
position on the chart. The chart should be posted in a conspicuous place, accessible to all EOC 
personnel. 

 Coordinate with the Liaison Officer and Safety Officer to ensure that all EOC staff, to include 
volunteers, receives a current situation and safety briefing upon check-in. 

 Establish communications with volunteer agencies and other organizations that can provide 
personnel resources. 

 Coordinate with the Operational Area EOC to activate the Emergency Management Mutual Aid 
System (EMMA), if required. 

 Process all incoming requests for personnel support. Identify the number of personnel, special 
qualifications or training, where they are needed and the person or unit they should report to upon 
arrival. Determine the estimated time of arrival of responding personnel, and advise the requesting 
parties accordingly. 

 Maintain a status board or other reference to keep track of incoming personnel resources. 

 Coordinate with the Liaison Officer and Safety Officer to ensure access, badging or identification, 
and proper direction for responding personnel upon arrival at the EOC. 

 Assist the Fire Rescue Branch and Law Enforcement Branch with ordering of mutual aid resources 
as required. 

 To minimize redundancy, coordinate all requests for personnel resources form the field level 
through the EOC Operations Section prior to acting on the request. 

 In coordination with the Safety Officer, determine the need for crises counseling for emergency 
workers; acquire mental health specialists as needed. 

 Arrange for child care services for EOC personnel as required. 

 Establish registration locations with sufficient staff to register volunteers, and issue them disaster 
service worker identification cards. 

 Keep the Logistics Section Chief informed of significant issues affecting the Personnel Unit. 
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Demobilization Phase: 

 Follow generic Demobilization Phase Checklist. 
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Supply/Procurement Unit Leader 

 
 
 
Responsibilities: 

1. Oversee the procurement and allocation of supplies and materiel not normally provided through 
mutual aid channels. 

2. Coordinate procurement actions with the Finance/Administration Section. 

3. Coordinate delivery of supplies and materiel as required. 

4. Supervise the Supply/Procurement Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Determine if requested types and quantities of supplies and materiel are available in County 
inventory. 

 Determine procurement spending limits with the Purchasing Unit in Finance/Administration. Obtain 
a list of pre-designated emergency purchase orders as required. 

 Whenever possible, meet personally with the requesting party to clarify types and amount of 
supplies and materiel, and also verify that the request has not been previously filled through another 
source. 

 In conjunction with the Resource Status Unit, maintain a status board or other reference depicting 
procurement actions in progress and their current status. 

 Determine if the procurement item can be provided without cost from another jurisdiction or through 
the Operational Area. 

 Determine unit costs of supplies and materiel, from suppliers and vendors and if they will accept 
purchase orders as payment, prior to completing the order. 

 Orders exceeding the purchase order limit must be approved by the Financial/Administration 
Section before the order can be completed. 

 If vendor contracts are required for procurement of specific resources or services, refer the request 
to the Financial/Administration Section for development of necessary agreements. 

 Determine if the vendor or provider will deliver the ordered items. If delivery services are not 
available, coordinate pickup and delivery through the Transportation Unit. 

 In coordination with the Personnel Unit, provide food and lodging for EOC staff and volunteers as 
required. Assist field level with food services at camp locations as requested. 

 Coordinate donated goods and services from community groups and private organizations. Set up 
procedures for collecting, inventorying, and distributing usable donations. 

 Keep the Logistics Section Chief informed of significant issues affecting the Supply/Procurement 
Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist 
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Facilities Unit Leader 

 
 
 
Responsibilities: 

1. Ensure that adequate essential facilities are provided for the response effort, including securing 
access to the facilities and providing staff, furniture, supplies, and materials necessary to configure 
the facilities in a manner adequate to accomplish the mission. 

2. Ensure acquired buildings, building floors, and or workspaces are returned to their original state 
when no longer needed. 

3. Supervise the facilities unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Work closely with the EOC Coordinator and other sections in determining facilities and furnishings 
required for effective operation of the EOC. 

 Coordinate with branches and units in the Operations Sections to determine if assistance with 
facility acquisition and support is needed at the field level. 

 Arrange for continuous maintenance of acquired facilities, to include ensuring that utilities and 
restrooms are operating properly. 

 If facilities are acquired away from the EOC, coordinate with assigned personnel and designate a 
Facility Manager. 

 Develop and maintain a status board or other reference which depicts the location of each facility; 
a general description of furnishings, supplies and equipment at the site; hours of operation, and the 
name and phone number of the Facility Manager. 

 Ensure all structures are safe for occupancy and that they comply with ADA requirements. 

 As facilities are vacated, coordinate with the facility manager to return the location to its original 
state. This includes removing and returning furnishings and equipment, arranging for janitorial 
services, and locking or otherwise securing the facility. 

 Keep the Logistics Section Chief informed of significant issues affecting the Facilities Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Resource Status Unit Leader 

 
 
 
Responsibilities: 

1. Coordinate with the other units in the Logistics Section to capture and centralize resource status 
information. 

2. Develop and maintain resource status boards in the Logistics Section. 

3. Supervise the Resource Status Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Coordinate closely with all units in the Logistics Section particularly Supply/Procurement, 
Personnel, and Transportation. 

 As resource requests are received in the Logistics Section, post the request on a status board and 
track the progress of the request until filled. 

 Status boards should track requests by providing at a minimum, the following information: date & 
time of the request, items requested, priority designation, time the request was processed and 
estimated time of arrival or delivery to the requesting party. 

 Work closely with other logistics units and assist in notifying requesting parties of the status of their 
resource request. This is particularly critical in situations where there will be delays in filling the 
request. 

 An additional status board may be developed to track resource use by the requesting party. 
Information categories might include the following: actual arrival time of resource, location of use, 
and an estimate of how long the resource will be needed. 

 Keep in mind that it is generally not necessary to track mutual aid resources unless they are ordered 
through the Logistics Section. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

  

**** Read This Entire Position Checklist Before Taking Action **** 

PC ORIGINAL PKG



 
 

154 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
18.1.5 FINANCE/ADMINISTRATION SECTION 

Finance/Administration Section Chief 
 

 
 
Responsibilities: 

1. Ensure that all financial records are maintained throughout the event or disaster. 

2. Ensure that all on-duty time is recorded for all County emergency response personnel. 

3. Ensure that all on-duty time sheets are collected from Field Level Supervisors or Incident 
Commanders and their staffs. 

4. Ensure there is a continuum of the payroll process for all County employees responding to the 
event or disaster. 

5. Determine purchase order limits for the procurement function in Logistics. 

6. Ensure that workers’ compensation claims, resulting from the response are processed within a 
reasonable time, given the nature of the situation.  

7. Ensure that all travel and expense claims are processed within a reasonable time, given the nature 
of the situation. 

8. Provide administrative support to all EOC Sections as required, in coordination with the Personnel 
Unit. 

9. Activate units with the Finance/Administration Section as required; monitor section activities 
continuously and modify the organized as needed. 

10. Ensure that all recovery documentation is accurately maintained during the response and submitted 
on the appropriate forms to the Federal Emergency Management Agency (FEMA) and/or the 
Governor’s Office of Emergency Services. 

11. Supervise the Finance/Administration Section. 

Activation Phase: 
 Follow the generic Activation Phase Checklist. 

 Ensure that the Financial/Administration Section is set up properly and that appropriate personnel, 
equipment, and supplies are in place. 

 Based on the situation, activate units within section as needed and designate Branch Coordinators 
for each element: 

○ Time Keeping Unit 
○ Compensation & Claims Unit 
○ Purchasing Unit 
○ Recovery Unit 

 Ensure that sufficient staff are available for a 24-hour schedule, or as required. 

 Meet with the Logistics Section Chief and review financial and administrative support requirements 
and procedures; determine the level of purchasing authority to be delegated to Logistics Section. 

 Meet with all Unit Leaders and ensure that responsibilities are clearly understood. 

 In conjunction with Unit Leaders, determine the initial Action Planning objectives for the first 
operational period. 
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 Notify the EOC Director when the Finance/Administration Section is operational. 

 Adopt a proactive attitude, thinking ahead and anticipating situations and problems before they 
occur. 

Operation Phase: 
 Ensure that Finance/Administration position logs and other necessary files are maintained. 

 Ensure that displays associated with the Finance/Administrative Section are current, and that 
information is posted in a legible and concise manner. 

 Participate in all Action Planning meetings. 

 Brief all Unit Leaders and ensure they are aware of the EOC objectives as defined in the Action 
Plan. 

 Keep the EOC Director, General staff, and elected officials aware of the current fiscal situation and 
other related matters, on an on-going basis. 

 Ensure that the Recovery Unit maintains all financial records throughout the event or disaster. 

 Ensure that the Time Keeping Unit tracks and records all agency staff time. 

 In coordination with the Logistics Section, ensure that the Purchasing Unit processes purchase 
orders and develops contracts in a timely manner. 

 Ensure that the Compensation & Claims Unit processes all workers’ compensation claims, resulting 
from the disaster, in a reasonable time-frame, given the nature of the situation. 

 Ensure that the Time Keeping Unit processes all time-sheets and travel expense claims promptly. 

 Ensure that the Finance/Administration Section provides administrative support to other EOC 
Sections as required. 

 Ensure that all recovery documentation is accurately maintained by the Recovery Unit during the 
response, and submitted on the appropriate forms to Federal Emergency Management Agent 
(FEMA) and/or the Governor’s Office of Emergency Services. 

Demobilization Phase: 
 Follow the generic Demobilization Phase Checklist. 

  

PC ORIGINAL PKG



 
 

156 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
Time Keeping Unit Leader 

 
 
 
Responsibilities: 

1. Track, record, and report all on-duty time for personnel working during the event or disaster. 

2. Ensure that personnel time records, travel expense claims and other related forms are prepared 
and submitted to county budget and payroll office. 

3. Supervise the time keeping unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Initiate, gather, or update time reports from all personnel, to include volunteers assigned to each 
shift; ensure that time records are accurate and prepared in compliance with County policy. 

 Obtain complete personnel rosters from the Personnel Unit. Rosters must include all EOC 
Personnel as well as personnel assigned to the field level. 

 Provide instructions for all supervisors to ensure that time sheets and travel expense claims are 
completed properly and signed by each employee prior to submitting them. 

 Establish a file for each employee or volunteer within the first operational period; to maintain a fiscal 
record for as long as the employee is assigned to the response. 

 Keep the Finance/Administration Section Chief informed of significant issues affecting the Time-
Keeping Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Compensation & Claims Unit Leader 

 
 
 
Responsibilities: 

1. Oversee the investigation of injuries and property/equipment damage claims involving the County, 
arising out of the event or disaster. 

2. Complete all forms required by Workers’ Compensation program. 

3. Maintain a file of injuries and illnesses associated with the event or disaster which includes results 
of investigations. 

4. Supervise the Compensation and Claims Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain a position log and other necessary files. 

 Maintain a chronological log of injuries and illnesses, and property damage reported during the 
event or disaster. 

 Investigate all injury and damage claims as soon as possible. 

 Prepare appropriate forms for all verifiable injury claims and forward them to Workers’ 
Compensation within the required time-frame consistent with County Policy & Procedures. 

 Coordinate with the Safety Officer regarding the mitigation of hazards. 

 Keep the Finance/Administration Chief informed of significant issues affecting the Compensation 
and Claims Unit. 

 Forward all equipment or property damage claims to the Recovery Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 

  

**** Read This Entire Position Checklist Before Taking Action **** 

PC ORIGINAL PKG



 
 

158 
 

 

Imperial County 
Emergency Operations Plan 
Part II: Functional Annexes 

 
Purchasing Unit Leader 

 
 
 
Responsibilities: 

1. Coordinate vendor contracts not previously addressed by existing approved vendor lists. 

2. Coordinate with Supply/Procurement Unit on all matters involving the need to exceed established 
purchase order limits. 

3. Supervise the Purchasing Unit. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position logs and other necessary files. 

 Review the County’s emergency purchasing procedures. 

 Prepare and sign contracts as needed; obtain concurrence from the Finance/Administration 
Section Chief. 

 Ensure that all contracts identify the scope of work and specific site locations. 

 Negotiate rental rates not already established, or purchase price with vendors as required. 

 Admonish vendors as necessary, regarding unethical business practices, such as inflating prices 
or rental rates for their merchandise or equipment during disasters. 

 Finalize all agreements and contracts, as required. 

 Complete final processing and send documents to Budget and Payroll for payment. 

 Verify costs data in the pre-established vendor contracts and/or agreements. 

 In coordinate with the Logistics Section, ensure that the Purchasing Unit processes purchase 
orders and develops contracts in a timely manner. 

 Keep the Finance/Administration Section Chief informed of all significant issues involving the 
Purchasing Unit. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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Recovery Unit Leader 

 
 
 
Responsibilities: 

1. Collect and maintain documentation of all disaster information for reimbursement from the Federal 
Emergency Management Agency (FEMA) and/or Cal OES. 

2. Coordinate all fiscal recovery with disaster assistance agencies. 

3. Prepare and maintain a cumulative cost report for the event or disaster. 

4. Supervise the Recovery Unit and all recovery operations. 

Activation Phase: 
 Follow generic Activation Phase Checklist. 

Operation Phase: 
 Establish and maintain position log and other necessary files. 

 In conjunction with Budget Office, compute costs for use of equipment owned, rented, donated or 
obtained through mutual aid. 

 Obtain information from the Resources Status Unit regarding equipment use times. 

 Ensure that the Budget Office establishes a disaster accounting system, to include an exclusive 
cost code for disaster response. 

 Ensure that each section is documenting cost recovery information from the onset of the event or 
disaster; collect required cost recovery documentation daily at the end of each shit. 

 Meet with the Documentation Unit Leader and review EOC Position logs, journals, all status reports 
and Action Plans to determine additional cost recovery items that may have been overlooked. 

 Act as the liaison for the EOC, with the county and other disaster assistance agencies; to coordinate 
the cost recovery process. 

 Prepare all required state and federal documentation as necessary to recover all allowable disaster 
response and recovery costs. 

 Contact assist Incident Commanders, and obtain their cumulative cost totals for the event or 
disaster, on a daily basis. 

 Prepare and maintain a cost report for the Finance/Administration Chief, EOC Director, and County 
Council. The report should provide cumulative analyses, summaries, and total disaster/event 
related expenditures for the County. 

 Organize and prepare records for final audit. 

 Assist the EOC Coordinate and Planning/Intelligence Section with preparation of the After-Action 
Report. 

Demobilization Phase: 
 Follow generic Demobilization Phase Checklist. 
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19.1 Overview 
Imperial County is not immune to potentially catastrophic events.  In the past, the County has 
experienced earthquakes, flooding, fires, wind storms and transportation accidents.  It has 
experienced multi-vehicle accidents, aircraft accidents, natural gas line explosions, hazardous 
material spills and releases, and civil disturbances. 
 
This history indicates that the County can expect the full range of natural, environmental and 
conflict hazards.  Understanding these hazards and their probable impact will provide a better 
foundation for planning what to do to prepare for the next event. 
 
19.2 Scope 
This section consists of a series of threat summaries based on the results of the County’s hazard 
analysis. The hazard analysis was conducted July 2003 through November 2004.  It represents 
a consensus involving several County departments; local agencies, cities and towns regarding 
which hazards pose the greatest threat(s) to the OA.  The purpose is to describe the areas at risk 
and the anticipated nature of the situation, which could result should the threatened event occur. 
See Imperial County Multi-Jurisdiction Hazard Mitigation Plan for additional information. 
 
19.3 Characteristics 
Geographic characteristics, population at risk to each hazard, and potential hazard considerations 
are included in the analysis.  A summary of the analysis follows: 

 A significant earthquake could impact all or most segments of the County’s population. 
 The County has major industry and faces the potential for hazardous materials incidents 

form stationary hazardous materials users as well as transportation accidents, pipeline 
ruptures, and illegal dumping. 

 Portions of the County at Winterhaven and Palo Verde have the potential for dam failure 
subject to a catastrophic event. 

 Portions of the County may be subject to flooding due to flash flooding devastation 
caused by storm drain failure, and infrastructure breakdown during heavy rains. 

 A transportation incident such as a major air crash, train derailment or trucking incident 
could impact key transit corridors or locations in the County. 

 A civil unrest incident could impact areas within the County’s largest cities. 
 Any single incident or a combination of events could require evacuation and/or sheltering 

of the population. 
 
19.4 Risk and Impact Analysis Summary 
As noted in the preceding materials, the County faces a myriad of risks which individually or in 
combination can cause extensive loss of life, damage to property, and harm to the environment.  
Rapid technological growth during the past few decades has resulted in an infrastructure that is 
tightly interconnected by vast systems of communications, transportation, industry, government  
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and economic integration.  This infrastructure is continually exposed to disruption or destruction 
in the event of terrorist acts – as a result of the full range of threats facing the County. 
 
A single threat cannot be viewed as a constant, either in terms of the potential for damage to 
property, loss of lives, or the preparedness measures that must be taken to protect the population 
and infrastructure. 
 
A threat also cannot be viewed as an isolated event resulting in a predictable kind of damage, 
i.e., each one can trigger a series of other related incidents that can substantially increase the 
impact of the original threat.  Such secondary events could, in fact, result in significantly higher 
death rates or substantially increased damage. 
 
The predictability of a hazardous event or the magnitude of its impact depends on the nature of 
the particular hazard itself.  For certain types of natural threats such as flooding and high winds 
there is a seasonal association.  For other threats such as earthquakes, there is no such 
relationship and predictability is nearly impossible. 
 
There is a significant variance in the potential impact of a threat on a “prepared” organization 
versus an “unprepared” organization.  Tremendous losses of life and property can possible be 
avoided with adequate preparedness and mitigation measures. 
 
Although many of the risks noted in this Plan may never occur in the form of a significant event, 
the County and its constituent Cities/Towns, special districts, business and voluntary 
organizations are preparing to ensure their timely and effective control. 
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20.1 Overview 
Natural hazards represent a category of events with historical proportions. Beginning with the 
demise of great civilizations from volcanic eruptions to modern day earthquakes and floods, 
natural hazards are a regular part of life. 
 
The list of hazard types from natural causes is relatively long. Many occur infrequently or impact 
a very small population. Other hazards, such as severe snowstorms, often occur in areas that are 
prepared to deal with them and seldom become disasters. On the contrary, earthquakes occur 
which test the abilities of communities to prepare and which may be catastrophic in scope. 
However, from the perspective of a disaster victim it is not particularly useful to distinguish 
between minor and major disasters. 
 
Natural hazards can be further categorized as sudden onset hazards or slow onset hazards: 

 Sudden onset hazards are usually geological or climatic in nature and include 
earthquakes, tsunamis, floods, tropical storms, volcanic eruptions and landslides. 

 Slow onset hazards are usually environmental in nature and include drought, famine, 
environmental degradation, deforestation and pest infections 

 
20.2 Major Earthquake 
The County is in the vicinity of several known active and potentially active earthquake faults 
including the San Andreas. 
 
20.2.1 OVERVIEW 

Historically, the Imperial Valley is one of the most, if not the most, seismically active regions in 
the State of California: Twelve significant seismic events have occurred in Imperial County during 
the period April 1906 to October 1987. 
 
A major earthquake occurring in or near this jurisdiction may cause many deaths and casualties, 
extensive property damage, fires and hazardous materials spills and other ensuing hazards. The 
effects could be aggravated by aftershocks and by the secondary effects of fire, hazardous 
material/chemical accidents and closure of Interstate 8 and/or overpasses between the valley and 
high desert portions of the County. The time of day and season of the year would have a profound 
effect on the number of dead and injured and the amount of property damage sustained. Such an 
earthquake would be catastrophic in its effect upon the population and could exceed response 
capabilities of the individual cities and towns, OA and the State OES. Damage control and disaster 
relief support would be required from other OA's and private organizations, and from the state and 
federal governments. 
 
Extensive search and rescue operations would be required to assist trapped or injured persons. 
Injured or displaced persons could require emergency medical care, food and temporary shelter. 
Identification and burial of many dead persons would pose difficult problems; public health would 
be a major concern. 
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Mass evacuation may be essential to save lives, particularly in areas downwind from hazardous 
material releases. 
 
Many families would be separated, particularly if the earthquake should occur during working 
hours, and a personal inquiry or locator system could be essential to maintain morale. Emergency 
operations could be seriously hampered by the loss of communications and damage to 
transportation routes within, and to and from, the disaster area and by the disruption of public 
utilities and services. 
 
The economic impact on the County from a major earthquake would be considerable in terms of 
loss of employment and loss of tax base. Also, a major earthquake could cause serious damage 
and/or outage of computer facilities. The loss of such facilities could curtail or seriously disrupt 
the operations of banks, insurance companies and other elements of the financial community. In 
turn, this could affect the ability of local government, business and the population to make 
payments and purchases. 
 
Below is a listing of the potential hazards that the County may face in an earthquake. 
 
20.2.2 GROUND SHAKING 

The most significant earthquake action in terms of potential structural damage and loss of life is 
ground shaking. Ground shaking is the movement of the earth’s surface in response to a seismic 
event. The intensity of the ground shaking and resultant damages are determined by the 
magnitude of the earthquake, distance from the epicenter, and characteristics of surface geology. 
This hazard is the primary cause of the collapse of buildings and other structures. 
 
It is generally understood that an earthquake does not in itself present a seismic hazard, but that 
it becomes a hazard when it occurs in a highly urbanized area. Therefore, the significance of an 
earthquake’s ground shaking action is directly related to the density and type of buildings and 
number of people exposed to its effects. 
 
20.2.3 LIQUEFACTION 

Many areas may have buildings destroyed or unstable due to the phenomenon of liquefaction 
which is a phenomenon involving the loss of shear strength of a soil. The shear strength loss 
results from the increase of water pressure caused by the rearrangement of soil particles induced 
by shaking or vibration. Liquefaction has been observed in many earthquakes, usually in soft, 
poorly graded granular materials (i.e., loose sands), with high water tables.  Liquefaction usually 
occurs in the soil during or shortly after a large earthquake. In effect, the liquefaction soil strata 
behave as a heavy fluid. Buried tanks may float to the surface and objects above the liquefaction 
strata may sink.  Pipelines passing through liquefaction materials typically sustain a relatively 
large number of breaks in an earthquake. 
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20.2.4 DAMAGE TO VITAL PUBLIC SERVICES, SYSTEMS AND FACILITIES 

The following lists major medical facilities and capabilities available in the County. 
 

Hospitals: El Centro Regional Medical Center – El Centro 
Pioneers Memorial Healthcare District – 
Brawley  

Community Health 
Centers: 

(7) Clinica de Salud, (3) El Centro Regional 
Medical  Center and (2) Pioneers Memorial 
Healthcare District 

Skilled Nursing Facilities: Valley Convalescent Hospital – El Centro 
Royal Convalescent Hospital – Brawley  

Public Health Services: Imperial County Behavioral Health 
Imperial County Public Health 

Medical Transportation: Gold Cross Ambulance Services 
Blythe Ambulance Service – Riverside Co.  
Calexico Fire Department 
Rural Metro Ambulance Service – Yuma, AZ 
West Shore Ambulance Services 

Air Transportation: Aeromedevac Air Ambulance 
California Highway Patrol – El Centro 
Mercy Air Ambulance 
Sun Care Air Ambulance 
Schaffer Air Ambulance  
Yuma Marine Corp Search & Rescue 
 

The hospitals listed above may suffer loss due to structural damage. This will reduce the number 
of beds available and create the need for several field hospitals.   
 
20.2.5 COMMUNICATIONS 

System failure, overloads, loss of electrical power and possible failure of some alternate power 
systems will affect telephone systems, including cellular phone systems.  Immediately after the 
event numerous failures will occur coupled with saturation overloads.  This will disable up to 80% 
of the telephone system for one day.  In light of the expected situation, emergency responders 
should not plan on the extensive use of telephone systems for the first few days after the event. 
Radio systems are expected to be 30 to 65% effective; microwave systems, 20% effective or less. 
 
20.2.6 DAMS, FLOOD CONTROL, CHANNELS, PUMPING STATIONS 

Because of current design and construction practices and ongoing programs of review and 
modification, catastrophic dam failure is considered unlikely.  Pumping stations in areas with high 
water tables are expected to fail due to liquefaction.  Many flood control channels are expected 
to suffer some damage. 
 
 
20.2.7 ELECTRICAL POWER 
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Major power plants are expected to sustain some damage due to liquefaction and the intensity of 
the earthquake.  Up to 40% of the system load may be interrupted immediately following the initial 
shock.  According to representatives of the Imperial Irrigation District, electrical power will not be 
rerouted and will be lost for an undefined period of time.  Much of the imported power is expected 
to be lost.  In some areas of greatest shaking it should be anticipated that some distribution lines, 
both underground and surface, would be damage.  Much of the affected area may have service 
restored in days; damaged areas with underground distribution may require a longer time.   
 
20.2.8 FIRE OPERATIONS 
Although total collapse of fire stations is not expected, possible disruption of utilities, twisted doors 
and loss of power can create major problems.  Numerous fires due to disruption of power and 
natural gas networks can be expected.  Many connections to major water sources may be out 
and storage facilities would have to be relied on; water supply could vary from little or none to 
inadequate.   
 
First response from fire personnel is expected to be assessment of the area to determine 
response and recovery needs.  Operations may take days because of the disruption of 
transportation routes for fire department personnel and equipment.  County Fire Department 
Services may be supplemented by statewide mutual aid systems. 
 
Secondary responses by the Fire Services after assessment will be placed upon diversion of 
resources to accomplish search and rescue of trapped persons.  Major problems the Fire Service 
should expect to interfere with operations are loss of power and water, jammed doors, restricted 
mobility due to debris, possible loss of primary dispatch capability and delays in reaching 
maximum effectiveness due to personnel shortages. 
 
20.2.9 HIGHWAYS AND BRIDGES 

Damages to highway systems are expected to be major.  Interstate 8, Highways 78, 86,98 and111 
would most likely be impassable.  Bridges and overpasses at key interchanges would be severely 
damaged.  Major inner surface transportation routes could be subject to delays and detours.  
Many surface streets and older business and residential areas will be blocked by debris from 
buildings, falling electrical wires and pavement damage. 
 
20.2.10 NATURAL GAS 

Damage to natural gas facilities will consist primarily of isolated breaks in major transmission lines 
and innumerable breaks in mains and individual service connections within the distribution 
system, particularly in the areas of intense ground shaking.  These leaks in the distribution system 
will affect a major portion of the County’s urbanized areas, resulting in a loss of service for 
extended periods.  Fires should be expected at the site of a small percentage of ruptures both in 
the transmission lines and distribution system.   
 
20.2.11 PETROLEUM FUELS 

Most major pipelines across the San Andreas Fault, and pipeline breakage is expected.  
Additionally, because of roadway damage and other utility transmission systems in close proximity 
to locations of expected pipeline breakage, an already limited response capability will  
 
 
be limited further.  There is a possibility of fire where pipeline failures occur.  Priorities will have 
to be established to assure adequate fuel for emergency crews.   
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There are 89.92 miles of pipeline located in Imperial County.  Pipelines are located adjacent to 
the Union Pacific railroad tracks from the Arizona border at Yuma to the Niland tank farm, north 
to the Riverside County Line and south to the Imperial Tank Farm.  
 
The Imperial Tank Farm located in the City of Imperial is a component of the Union Pacific Pipeline 
network that delivers gasoline, diesel and jet fuel to Southern California and Arizona. The tank 
farm contains 16 storage tanks with a total storage capacity of 10,000,000 gallons. A branch 
continues onto the Naval Air Facility (El Centro) that stores 1,000,000 gallons of fuel, 
predominately jet fuel, in underground tanks. 
 
After an earthquake where significant damage has occurred, emergency fire equipment, trained 
personnel, and the water supply will not be able to contain fires 
 
20.2.12 RAILROADS 

Damage to railroads will significantly affect the Imperial Valley. The Union Pacific Railroad runs 
from Riverside county line on the east shore of the Salton Sea southeast to Arizona's border 
through Winterhaven; branches from Niland to Calexico. The Carrizo Gorge Railway runs from 
San Diego County to Plaster City northeast of Ocotillo.      
 
These rail companies have lines that are expected to be severely damaged and out of service for 
an extended period of time after an earthquake. Many railroad bridges are susceptible to damage 
because of age, design and construction. Hazardous materials in railroad tank cars, fuel releases 
and fires could pose a substantial threat to this facility as well as other locations where hazardous 
materials are in transit or stored. 
 
20.2.13 SANITATION SYSTEMS 

Many wastewater treatment facilities could be out of service from 4 to 6 months, depending on 
the damage caused by the severity of intensity and liquefaction. There is a limited volume of 
storage available in wastewater treatment plants; if treatment capability cannot be restored before 
storage is expected, the wastewater will require discharge with emergency chlorination to reduce 
health hazards. Overflow of sewage through manholes and from ponds can be expected due to 
breakage in mains and loss of power. As a result, there will be a danger of excessive collection 
of explosive gas in sewer mains, and flow of untreated sewage in some street gutters.  Many 
house sewer connections will break and plug. 
 
20.2.14 WATER SUPPLY 

A major aqueduct serving the County is expected to be out of service from 3 to 6 months following 
the event; the All-American Canal is the Imperial Valley's lifeline from the Colorado River. 
Approximately 3.1 million acre-feet of Colorado River water is delivered annually through the All-
American Canal to nine cities and 500,000 acres of agricultural lands throughout the Imperial 
Valley.  Considered an engineering marvel, even by today's standards, the 82-mile gravity-flow 
All-American Canal begins at Imperial Dam on the Colorado River about 20 miles northeast of 
Yuma, Arizona. Dropping a total of 175 feet between Imperial Dam and the Westside Main Canal, 
the All-American Canal extends south and then west, following the Mexican/American border 
much of the way. Crossing 14 miles of sand dunes on the east side of the Imperial Valley, the All-
American Canal ends in the southwest corner of the Imperial  
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Irrigation District's delivery area. Water availability and distribution for needed life support, to treat 
the sick and injured and for life suppression activities, is of MAJOR concern throughout the 
County.   
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20.2.15 FAULT MAPS 

 
 
 
Imperial County 
Historically, the Imperial County is one of the most, if not the most, seismically active regions in 
the State of California.  Twelve significant seismic events of 6.0 to 7.1 occurred in County between 
April 1906 and November 1987.  These four faults (San Andreas, San Jacinto, Elsinore, and 
Imperial) are among the fastest moving, and therefore most dangerous, in Southern California. 
Over time, these four faults produce about half of the significant earthquakes of our region.  
 
The following fault-zones are located in the County: San Jacinto (Clark and Coyote Creek faults), 
San Andreas, Superstition Hills, Imperial-Brawley, and Elsinore. 
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The area covered by this map, which extends from the Transverse Ranges (the San Gabriel and 
San Bernardino Mountains) in the north to Baja California, Mexico, in the south is dominated 
primarily by northwest-trending faults, generally of a right-lateral strike-slip nature, though faults 
of every type and orientation can be found here. In this area is the Salton Trough, a great inland 
basin, much of which is below sea level, that harbors the Salton Sea, a dominant feature of the 
right-hand side of this map. 
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20.3 Modified Mercalli Scale of Earthquake Intensities 
The Modified Mercalli (MM) intensity scale, one of several similar measurements of earthquake 
effects and damage, was devised before seismographs were invested to give some kind of 
scientific dimension to tremors.  The MM intensity scale remains useful in plotting maps which 
show the general range and severity of ground effects, structural, interior damage, personal 
observation and sensations during an earthquake.  The scale is largely dependent upon the 
observations and reports of the victims of an earthquake.  These intensity maps are necessary 
imprecise and approximate.   
 
The MM scale is based on the following categories of earthquakes effects and damage, coded by 
Roman numerals. 
 

Intensity Description Characteristic effects 

I Instrumental Not felt by people, only detected by seismographs. 

II Feeble Felt only by a few people at rest, especially on upper floors of 
buildings. Delicately suspended objects may swing. 

III Slight Felt noticeably indoors; like the vibrations due to a passing truck. 
Standing motorcars may rock slightly. 

IV Moderate 
Felt indoors by many people, outdoors by few. Dishes, windows, 
doors rattle. May awaken some sleepers. Standing cars rocked 
noticeably. 

V Rather strong 

Felt by nearly everyone, many awakened. Some dishes and 
windows broken; occasional cracked plaster; unstable objects 
overturned. Some disturbance of trees, poles and other tall 
objects. 

VI Strong 
Felt by all; many frightened and run outdoors. Some heavy 
furniture moved; some falling plaster or damaged chimneys. 
Damage slight. 

 
VII 

 
Very strong 

 
General alarm; people run outside. Walls crack; chimneys fall. 
Considerable damage in poorly designed structures. Noticed by 
persons in moving vehicles. 

VIII Destructive 

Considerable damage in ordinary substantial buildings with 
partial collapse. Fall of chimneys, factory stacks, columns, 
monuments, walls. Heavy furniture overturned. Changes in well 
water. Car drivers seriously disturbed. 

IX Ruinous 
Considerable damage with partial collapse of substantial buildings. 
Buildings moved off foundations; ground cracks conspicuous. 
Underground pipes broken. 

X Disastrous Ground cracks badly; landslides on river banks and steep slopes; 
rails bent; many buildings destroyed. 

XI Very disastrous 
Broad fissures in ground; major landslides and earth slumps; 
floods. Few buildings remain standing; bridges destroyed; nearly 
all services (railways, underground pipes, cables) out of action.  

XII Catastrophic Total destruction. Ground rises and falls in waves; lines of sight 
and level distorted. Objects thrown into the air. 
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21.1 Floods 
Most serious flooding in the County has occurred as a result of summer thunderstorms.  While 
the entire county is subject to various degrees of flooding from flash flood, or slow rise flooding 
caused by heavy precipitation, the communities of Desert Shores, Salton City, Palo Verde, 
Bombay Beach, El Centro, and Ocotillo are considered to be the most likely to experience 
significant flooding. 

 Bombay Beach - In the event of a major incident, it is anticipated that 300 to 1,000 
residents would have to be evacuated. The community is situated in a pocket created 
by the Salton Sea on the west and the Chocolate Mountains on the east. Severe flooding 
could isolate the community. 

 El Centro – Historically, the Gillett/Cannon Roads area receives the heaviest flooding.  
It is at a low elevation east of El Centro, south of East Evan Hewes Highway, numerous 
residences and mobile homes are located in the inundation area.   

 Ocotillo – The entire community is at risk and is especially vulnerable to flash flooding. 

 Colorado River communities of Palo Verde and Winterhaven are at high risk of flooding. 

 Salton Sea – Salton City and West Shores communities are at risk of floods and flash 
flooding. 

   
The County has adopted flood plain zoning to preclude development of flood hazard areas. The 
County also has a subdivision ordinance that designates the County Planning Director to review 
and approve or disapprove all subdivision proposals. This ordinance specifically states that areas 
subject to flood hazards, inundation, or erosion shall not be subdivided except under restrictions 
as approved by the County Planning Director. 
 
A unique flood hazard to the County exists on its eastern border with the state of Arizona at the 
Colorado River. Colorado River dams are under the jurisdiction of the U.S. Department of the 
Interior, Bureau of Reclamation, Lower Colorado Region. Also, economic loss would be 
appreciable due to destruction of residences, businesses, County roads, highways, utilities and 
railroads. 
 
In addition to dam failure, the Colorado River can be expected to create severe flooding problems 
during periods of extended rainfall such as an El Nino event. The El Nino event of 1982-83 caused 
significant damage to the public works infrastructure along the Colorado River. 
 
21.2 Extreme Heat 
The County is desert and consequently experiences extreme heat.  Such extreme heat situations 
can kill by pushing the human body beyond its limits.  Most heat disorders occur because of 
overexposure to heart, over-exercise, age, or physical conditions. Extreme heat can also cause 
serious economic damage to a community by drought, increased demand for water, and 
shortages of electrical power. 
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Extreme heat occurs when temperatures hover 10 degrees or more above the average high 
temperature for the region and last for several weeks.  Humid or muggy conditions, which add to 
the discomfort of high temperatures, occur when a “dome” of high atmospheric pressure traps 
hazy, damp air nears the ground. 
 
Excessively dry and hot conditions may provoke dust storms and low visibility.  Droughts occur 
when a long period passes without substantial rainfall.  A heat wave combined with a drought is 
a very dangerous situation. 
 
21.3 Fire 
A combination of climate, topography, vegetation and development patterns creates high fire 
hazard risks throughout the County, especially in the many areas of wildland interface located in 
river bottom areas county wide. 
 
Fire poses a constant threat throughout the County, especially during an extended “fire season” 
such as expected in 2003. Fires of significant size and impact have caused injury, death and 
property loss. 
 
The wildland interface is defined as the line, area, or zone where structures and other human 
development meet or intermingle with undeveloped wildland or vegetative fuels. Recent fires such 
as the 1991 Oakland Hills fire, the Southern California fire siege of 1993, the Grand Prix, and 
most recently the 2003 San Diego fire are clear examples of the complexity of protecting the 
wildland/urban interface. 
 
Even though the potentials of having a major fire in the unincorporated areas of the County are 
minimal, the hazards exist in two different locations of the County.  Those would be the fuel 
storage farms, one of which is located south of the City of Imperial and the second site east of 
Niland.  In the event of a fire, in any one of these sites, assistance would be required of various 
fire departments within the County. The threat of fire spreading and causing major problems to 
other areas of the County are minimal due to their isolated locations. 
 
The interface will continue to be a major fire concern in the County, as people continue to move 
from urban areas and development increases. 
 
21.4 Windstorms 
Periodically, Imperial County is subjected to moderate to severe episodes of windstorm, usually 
in February and March. 
 
In the past, these windstorms have disrupted both surface and air transportation systems within 
the county; caused malfunctions in communication systems; power outages; structural damage 
to buildings, homes and causes crop and livestock losses, and health problems, particularly 
increased respiratory ailments.   
 
21.5 Thunderstorms 
Imperial County has experienced many haystack fires and power poles due to lighting during a 
thunderstorm. 
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Thunderstorms generate electrical discharges of incredible voltage, which are visible as lightning 
bolts. Atmospheric lightning bolts can extend for miles through clouds, and are not dangerous. 
Lighting discharges from clouds to ground and from ground to clouds are common and can be 
extremely dangerous.  
 
Any tall objects, particularly those that reach above surrounding contours, make probable targets 
for lightning. These objects may include a lone tree, a small stand of trees surrounded by clear 
ground, an exceptionally tall tree within a canopy of trees, piled haystacks or even the earth itself 
where it forms a ridge, peak or promontory point. 
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22.1 Overview 
Environmental hazards represent a category of events that impact everyone.  Generally, 
environmental hazards develop over a period of time so that their impact may be lessened by 
implementation of effective protection policies, manufacturing changes, and pollution controls. 
 
22.2 Air Pollution 
Much of the world’s urban pollution breathes polluted air at least part of the time.  Sulfur dioxide 
(SO2), a major pollutant, is a corrosive gas harmful to humans and the environment.  Electricity 
generation using fossil fuels is the key source of this compound in industrialized countries.  Other 
air pollutants include nitrogen oxides, carbon dioxide, and lead, mainly from motor vehicle 
exhaust. 
 
22.2.1 EFFECTS 

The pollution of the troposphere (lower atmosphere) is damaging to agricultural crops, aquatic 
systems, buildings and human health.  Primary pollutants often react to form secondary pollutants 
(acidic compounds), a frequent cause of environmental damage.  The following effects are 
possible: 

 Crop and vegetation damage by injury to plant tissue, increasing susceptibility to disease 
and drought. 

 Damage to aquatic ecosystems so they no longer support life. 
 Degradation of building materials, such as metals, stone and brick. 
 Impact to human health by damage to respiratory tracts. 

 
22.2.2 AIR QUALITY 

The air quality in the County results from a unique combination of factors; air flow patterns and 
emission sources, both local and those located through the region, result in some of the worst air 
quality in the nation. The County regularly exceeds State and Federal air quality standards for 
ozone and particulate matter. Designation in air quality is acute during summer months when wind 
patterns transport pollutants.  
 
According to U.S. Environmental Protection Agency, Imperial County has one of the most 
complex air quality problems in California. Elevated particulate matter levels can result from many 
sources, including transport form Mexico and from disturbance of soils by wind and human 
activity. Common sources include unpaved roads, waste burning, agriculture, and other activities 
along the U.S.-Mexico border. 
 
Many scientific studies have linked breathing particulate matter to significant health problems, 
including aggravated asthma, increases in respiratory symptoms, chronic bronchitis, and 
premature death. Particulate matter is also associated with increased hospital and emergency 
room visits for people with heart and lung disease, absences from work and school, and reduced 
visibility. 
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22.3 Water Pollution and Supply 
Although water pollution may include marine as well as fresh water pollution, this assessment will 
only address fresh water pollution. 
 
Southern California’s water sources are primarily groundwater or imported.  Most of the County’s 
water is from groundwater sources.  These sources may be impacted by anything that can be 
discharged into the ground. 
 
22.3.1 EFFECTS 

The clearing of land for agricultural uses and agricultural practices such as irrigation and use of 
fertilizers and pesticides may seriously affect water quality. 

 Fresh water pollution results in the following adverse effects: 
 Untreated wastewater carries viruses and bacteria from human feces into human 

drinking water, which can result in illness or even infant mortality. 
 Produces eutrophication, or decay of organic matter, which decreases oxygen levels in 

water, upsetting the balance of the aquatic ecosystem. 
 Industrial effluents negatively affect health of those drinking untreated water from the 

tainted source and cause the water to become acidified, reducing its ability to support 
aquatic life. 

 Sediment is carried by runoff from eroded soil deposits in drainage basins, reducing the 
capacity and exacerbating flooding. 

 Salinization from irrigation may have harmful effects on downstream agriculture. 
 Pesticides and fertilizer chemicals accumulate in water and affect tissues in living 

organisms. 
 
22.4 Industrial/Technological Hazards 
Industrial and technological hazards represent a category of events that has expanded 
dramatically throughout this century with the advancements in modern technology.  Like natural 
threats, they can affect localized or widespread areas, are frequently unpredictable, can result in 
substantial loss of life (in addition to the potential for damage to property), and can pose a 
significant threat to the infrastructure of a given area.  Industrial and technological threats include: 
hazardous materials incidents at fixed facilities; hazardous materials incidents resulting from 
transportation accidents; power failure; radiological incidents at fixed facilities; radiological 
incidents resulting from transportation accidents; structural fires; and transportation accidents of 
all types. 

22.5 Public Safety Communications Failure 
The County’s public safety communications system is comprised of all dispatch centers and the 
911 system. This includes command/control, resource deployment, acquisition and utilization. 
 
The dispatch centers addressed in this assessment include communications centers operated by 
local police and fire departments, County Sheriff, County Fire, California Highway Patrol (CHP), 
feral and state agencies, and Yuma County, Arizona.  
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The countywide enhanced 9-1-1 system is dependent on the Telco interconnect into an Orange 
County database for proper routing of all 9-1-1 calls. 
 
Some centers are dependent on microwave and/or landline connections to support computer-
aided-dispatch (CAD) systems and/or conventional and trunked radio systems. 
 
Without the Telco interconnect, the public loses its ability to call 9-1-1 and will need access to 7-
digit backup emergency telephone numbers that may or may not be available. 
 
22.6 Aircraft Crash 
An aircraft crash poses a major threat to populated areas. The communities of Calipatria, Brawley, 
Imperial, El Centro, and Calexico have airports in close proximity to populated areas, and are 
therefore subject to aircraft related disasters.  Particular attention should be given to the 
communities of Imperial, and El Centro: they both are close to airfields that service commercial, 
general, and military aircraft and there is an aircraft fuel tank farm at the end of the Imperial County 
Airport main runway. 
 
Impact on Vital Public Services, Systems and Facilities 
When aircraft disasters occur there is a tremendous impact on every aspect of the emergency 
response/public services infrastructure even though the area affected is often small in comparison 
to natural disasters. Even though a relatively small area may be affected, the potential for injuries, 
loss of life, and property damage is staggering. Emergency medical agencies, hospitals, police, 
fire, coroner, transportation and communications systems can be expected to reach capacity in a 
very short period of time. 
 
Fire Operations 
Aircraft crashes that occur at airports can be serviced by fire equipment especially designed for 
mass application of water and foam available for rapid deployment. However, the majority of 
aircraft emergencies at airports rarely require the use of that type of special equipment. 
 
More common are low impact or ground aircraft incidents requiring interior attack with standard 
hose lines and tactics similar to structural fires. Aircraft crashes away from airports tend to be 
those of higher impact where the use of large specialized airport crash vehicles would be of great 
value. This is of particular importance where there are limited or no water resources and where 
the fires are large open fuel or structural fires. 
 
Law Enforcement Operations 
Major aircraft crashes trigger a massive response by local emergency first responders, such a 
fire, law, and emergency medical services.  Especially in off-airport incidents, vehicular access to 
the crash site is often limited and responding emergency vehicles can cause a traffic gridlock that 
prevents an effective initial response.  It is law enforcement’s responsibility to establish a 
perimeter, restrict access, and maintain order at the scene of such an incident.  A very high priority 
must be established for initial law enforcement resources arriving on-scene to enforce ingress 
and egress routes for fire and EMS personnel and equipment. 
 
Initially, local law enforcement is responsible for responding to the emergency, securing the 
scene, and preserving evidence. For on-airport emergencies, once the initial response is  
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terminated, the Airport Manager, or designated representative, is responsible for securing the 
scene while Federal Aviation Administration (FAA) and/or National Transportation Safety Board 
(NTSB) conduct the aircraft incident/accident investigation.  For off-airport emergencies, local law 
enforcement is responsible for securing the scene for FAA/NTSB. If a criminal act is suspected, 
local law enforcement has a legal responsibility to investigate the incident, apprehend 
perpetrators, and coordinate with appropriate deferral agencies. 
 
22.6.1 MASS CASUALTY OPERATIONS 

A major aircraft crash can be expected to include mass casualties that will severely strain EMS 
personnel resources.  Local ambulance services as well as acute care facilities will be expected 
to meet the demand for emergency assistance.  Where local care is unavailable, patients may 
have to be transported to trauma care facilities some distance from the crash site. 
 
22.6.2 CORONER OPERATIONS 

The County Coroner’s Office is responsible for providing a trained and qualified fatality incident 
response team to account for all fatalities and human remains.  This team will include an ability 
to evacuate and identify remains, assistance in notification of families of deceased victims, 
preparation and filing of death certificates, facilitating ways for preparing, processing and 
releasing dead human remains to the next of kin under emergency conditions, and mortuary 
services.  The Coroner’s Office will coordinate its work with other law enforcement authorities. 
 
22.6.3 SPECIAL HAZARDS 

Multiple hazards are present at the site of major aircraft crashes. Recent experience has brought 
to light the tremendous bio-hazard caused by human blood and tissue. Universal precautions for 
all rescuers is decontamination of all equipment as well as protective clothing. 
 
Other hazards are sharp or jagged edges of aircraft fuselage, fuel contamination, toxic smoke 
from burning magnesium and carbon fiber components, and radioactive materials. 
 
22.7 Hazardous Materials Incidents 
Hazardous materials incidents can occur either in transit or at a fixed facility.  All areas of the 
County are at risk, particularly where hazardous materials fabrication, processing, storage, 
treatment, or disposal activities are conducted. For further information refer to the Imperial County 
Hazardous Materials Area Plan (May 2011). 
 
22.7.1 TYPES OF INCIDENTS 

The chemicals designated “hazardous” cover a wide range of toxicity and many have minimal or 
no effects on humans in small doses.  The type of incidents may include: 

 Emissions of gases or particles into the air; 
 Wastewater discharges into rivers and other bodies of water; 
 Solid waste disposal in on-site landfills; 
 Injection of wastes into underground wells; 
 Transfers of wastewaters to public sewer plants; and  
 Transfers of wastes to off-site facilities for treatment or storage. 

 
 

PC ORIGINAL PKG



 
 

178 
 

 

Imperial County 
Emergency Operations Plan 
Part III: Appendices 

 
22.7.2 OTHER INCIDENTS 

In addition to fixed site hazardous materials incidents, such incidents also occur during 
transportation. Areas at risk would be along highways, rail lines, pipelines, and rivers. Because 
major highways run through virtually every community in the County, all sections of the County 
are at risk. 
 
22.8 Power Failure 
Power failure may be defined as interruption or loss of electrical service for an extended period 
of time.  An extended period of time would be long enough to require emergency management 
organization response to needs for food, water, heating, etc., caused by loss of power. 
 
There are two classes of power failures: failures internal to the power distribution system such as 
the West Coast “brownout” in 1996, and failure as the result of external causes such as severe 
storms. 
 
A summary of potential effects includes loss of power to hospital and medical facilities which could 
cause life-threatening situations for patients; inability to use necessary medical care equipment 
(in the absence of working backup generators); massive traffic stoppages due to failure of traffic 
lights; spoilage of food; lack of heating/air conditioning for many residents/business; work 
interruptions since equipment cannot be used; and loss of major databases for business, 
educational and other institutions. 
 
22.9 Conflict Hazards 
Conflict hazards include any significant contact between opposing groups of a violent nature.  
Generally, these hazards are below the level of conventional war and above ‘routine street crimes’ 
and other crimes of violence.  They include terrorism, subversion, insurgency and drug trafficking. 
 
Terrorism is of increasing concern because of its potential for mass injury, destruction, and death 
in venues previously deemed to be safe havens. 
 
Chemicals and biological warfare tactics are being used more by terrorist-type groups and pose 
an increasingly serious threat to public safety organizations and the public. 
 
22.10 Domestic and International Terrorism 
The threat of terrorism has grown significantly during the past several years due in part to 
perceptions by anti-government groups regarding actions at Ruby Ridge and Waco, the terrorist 
bombings in New York City and Oklahoma City and the War on Terrorism.  The international 
terrorist events of September 11, 2001 have heightened the possibilities of these types of acts 
occurring in the County. 
 
Historically, terrorist acts have been a part of America history as various groups chose violence 
as the primary means for furthering their political agendas.  These groups were depicted as 
terrorists or freedom fighters depending on whose side they were on.  In reality, terrorists are 
lawbreakers and subject to being prosecuted as common criminals. 
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In the United States there are groups referred to as special interest terrorist groups.  These remain 
a potential threat to U.S. interests.  Special interest terrorist groups are characterized by their 
focus on a specific cause or issue.  Examples include groups who espouse the use of terrorism 
in order to advocate environmental issues or animal rights.  In recent years, many criminal acts 
have been perpetrated against providers of abortion services, immigrants, gays and lesbians, and 
racial and religious groups.  These include arson, extortion, bombing, stalking, and harassment. 
 
In addition to domestic terrorists, several international groups continue to maintain or increase 
their presence in the United States.  These groups continue to infiltrate their members into this 
country, by means both legal and illegal.  Despite their pronounced hatred for the United States 
and its policies, they perceive it as being a rich environment for fundraising, recruitment, and 
proselytizing.  Terrorist groups are aware of the open, innocent-until-proven-guilty nature of this 
country, where civil rights are enforced for the criminal, as well as the victim. 
 
Loosely affiliated groups of radical terrorists like the ones comprised of individuals who conspired 
in the bombing and airplane strikes of the World Trade Center and Pentagon, remain a primary 
concern of law enforcement officials.  Such groups are difficult to identify and do not easily 
conform to rigid categorizations used by western law enforcement agencies. 
 
In recent years, a variety of circumstances have substantially raised concern about the use of 
“weapons of mass destruction,” including Chemical, Biological, Radiological, Nuclear and 
Explosives (CBRNE) agents as well as the use of large conventional explosive devices.  America 
has little experience with response to a CBRNE attack.  Important issues include development of 
a local ability to rapidly decontaminate large numbers of people, isolate those infected by a 
biological agent, and public health officials will coordinate efforts with law enforcement to take 
advantage of the full-range of expertise and authorities. 
 
The County Sheriff’s Department participates in a counter-terrorism task force and is the lead 
agency in the San Diego Terrorism Early Warning Group (TEWG) and will provide additional 
information on a “need to know” basis. 
 
For further information, see Terrorism Annex, Appendix E. 
 
22.11 Civil Disturbances  
Civil disturbances include any incident, the intent of which is to disrupt a community to the degree 
that police intervention is required to maintain public safety. Riots, strikes resulting in violence, 
and demonstrations resulting in police intervention and arrests are included in this category. 
 
Civil disturbances may occur at any time. Public issues for which there are extreme views and a 
willingness to take action if one view appears to strongly outweigh another may trigger civil 
disturbances. 
 
The effects of this threat can be varied based upon the type of event and its severity and range.  
Loss of life and property as well as disruptions in services such as electricity, water supply, public 
transportation, communications, etc., could result from civil disorder.   
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Certain types of facilities may be more vulnerable than others during civil disorder.  These include 
federal, state, and local government buildings, shops, stores, or other locations, which represent 
a particular racial, religious, or ethnic activity. 
 
The County Sheriff’s Department, on a “need to know” basis, will provide specific information on 
these subjects. 
 
22.12 Public Health Hazards 
Generally, this category of hazards occurs when there are unsanitary conditions, crowding, and 
poverty.  However, in recent years, increasing resistance of diseases to drugs, and lifestyle 
situations has created significant public health hazards. 
 
The predictability of public health hazards may increase due to rises in travel or migration and 
long-term dormant symptoms of sexually transmitted diseases.  Blood-borne pathogens may also 
contribute to the threat of a public health hazard. 
 
In addition to the threat of biological terrorism, the well-publicized official concern about the use 
of chemical and biological agents as a terrorist weapon also raises the likelihood of non-terrorist 
groups or individuals using an infectious agent as part of other criminal activities. 
 
22.13 Epidemics 
An epidemic is defined as the occurrence of a disease, known or suspected to be of infectious or 
parasitic origin that is unusually large or unexpected.  An epidemic often evolves rapidly into an 
emergency situation; thus a prompt response is needed.  Epidemics may be hazards in 
themselves, but may also accompany and intensity the misery brought on by a disaster situation. 
 
The term “epidemic” may be applied to any pronounced rise in incidence and is not restricted to 
sudden outbreaks.  Slow outbreaks of leprosy, for example, may spread and develop over 
generations.  New and unrecognized epidemics occasionally arise such as AIDS (acute-
immunodeficiency syndrome), which was detected in the United States in 1981, through routine 
surveillance of pneumonia cases. 
 
The number of reported outbreaks of communicable disease has increased in recent years for a 
number of reasons.  National and international travel is increasing daily and takes place over 
greater distances.  Explosive urban development in many countries is associated with poor 
sanitary conditions and crowding.  An increase in incidence of sexually transmitted diseases has 
occurred due to changes in behavior and long-term dormant systems.  Some of the increases, 
however, may be attributed to better health care coverage in developed as well as developing 
countries and more thorough reporting of outbreaks. 
 
22.13.1 EXAMPLES 

Many endemic (constant presence of a disease or disease agent within a specified area) diseases 
are capable of being epidemic if environmental or host carriers change in a way that favors 
transmission. 
 
 
 
 
Possible examples include: 

PC ORIGINAL PKG



 
 

181 
 

 

Imperial County 
Emergency Operations Plan 
Part III: Appendices 

 Exposure of non-immune persons, generally by immigration from a non-endemic area 
(such as tourists or refugees). 

 Ecological changes may favor the breeding of an insect vector, such as the mosquito in 
the rainy season. 

 Increase in human movements due to markets or favorable seasonal conditions 
increasing the points of frequency of contact. 

 Contamination of food and water sources. 
 Declines in nutritional status. 

 
A potential epidemic may be predicted by increase in numbers of the organism in carriers or 
animals.  In plague, a disease carried by fleas on rodents, for instance, an “epizootic” (the parallel 
term for animals equivalent to an “epidemic” for humans) occurs prior to the epidemic. 
 
22.13.2 THREATENED 

A “threatened” epidemic can be anticipated when certain circumstances are present, such as: a 
susceptible population; the presence or impending introduction of the disease agent; or the 
presence of a mechanism for large-scale transmission (such as a contaminated water supply or 
a vector population). 
 
22.13.3 EMERGENCY 

An epidemic “emergency” can only be defined within the larger context in which it occurs, but may 
include the following characteristics: 

 Risk of introduction and spread of the disease in the population.  
 Expectation of a large number of cases. 
 The disease is of such severity as to lead to serious disability or death. 
 Risk of social and/or economic disruption from presence of the disease. 
 Governmental authorities are unable to cope adequately with these situations because 

of a lack or insufficiency of: 
 Technical or professional personnel 
 Organizational experience 
 Necessary supplies or equipment (drugs, vaccines, laboratory diagnostic) 
 Materials, vector control materials, etc.) 
 A danger of international transmission. 

 
Constraints to the predictability of epidemics can occur in newly formed of transitional 
communities where medical histories are not known and immunities to local vectors may be 
lacking.  Further, the environment may be unplanned or un-established and factors such as 
source of water supply uncertain.  Health care may be transitional or not sufficiently focused on 
prevention, due to lack of supplies and trained personnel. 
 
The communities and circumstances noted above may be a residual impact of a catastrophic 
earthquake or other large-area disaster event. 
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Epidemics can also be caused by intentional criminal acts.  In 1984, a religious cult in Oregon 
sprayed salmonella bacteria onto salad bars to sicken a local population in an attempt to fix a 
local election.  Although there were no deaths, hundreds of people were sickened.  Yet the crime 
went unrecognized until one of the cult members told authorities about it at a later date.  Currently 
concerns involve the potential use of pathogens like those that cause anthrax, botulism and small 
pox.  For further information see County Department of Public Health Emergency Plan. 
 
22.14 Animal Control 
During disasters, animals are victimized as much if not more than their human companions.  
Animals in harm’s way include horses, livestock and household pets.  Disaster workers can be 
expected to assist animals in  different ways – remove from fires or flooded areas, round-up and 
care for cattle involved in trailer transport accidents, and provide help for small domestic animals.  
Effective animal control will require setting up temporary holding areas for animals evacuated 
from areas at risk.  Holding areas for animals should be arranged in advance of an emergency 
for proper and safe planning.  An Animal Evacuation Plan was written in 2001 and distributed to 
public safety management personnel and the (7) cities and towns of the OA.  The County Animal 
Care and Control Program is the lead agency responsible to coordinate this Plan during a disaster. 
 
For public health reasons, many emergency shelters cannot accept pets.  It is incumbent on 
owners of pets to find out which motels and hotels in the county allow pets – well in advance of 
needing them. 
 
Often, during natural disasters, mosquitoes and dead animal carcasses may present disease 
problems.  Outbreaks of anthrax, encephalitis and other diseases may occur. 
 
22.15 Compound and Complex Hazards 
Increasingly one type of hazard can trigger a disaster, which in turn triggers another hazard, and 
subsequent disaster.  A flood may force people to seek refuge in neighboring communities or 
lands where conflicts ensue between the refugees and local communities.  A terrorism incident 
may cause a public health, technological, conflict, and national security threat at the same time. 
 
The potential for complex disasters is becoming more evident.  Essentially a complex disaster is 
a form of human-made emergency in which the cause of the emergency as well as the assistance 
to the afflicted are bound by intense levels of economic, social, political, and technological 
considerations. 
 
This is caused by situations where the ability of response forces to control and assist the afflicted 
is severely constrained; where persons by culture and experience view the measures suggested 
and imposed with disdain; where the afflicted are extremely suspicious and hostile to public 
(meaning government) intervention; where rumor may trigger a mob psychology and reaction 
which overwhelms response forces; and, where the combination of the above events compounds 
a disaster through actions that cause the mass displacement of people. 
 
 
 
 
22.16 Immigrant and Indigenous Community Reactions to Disasters 
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Immigration and homelessness are not just national issues but a state, a regional, and local issue 
as well.  In addition to these two highly visible groups, the County has other groups, indigenous 
to certain communities, who will be significantly affected by a catastrophic event. 
 
These groups will in turn have a significant effect on emergency response.  These groups include: 

 An increasing number of elderly and disabled persons who are not physically or 
financially able to leave their homes.  This group will place a high priority on “staying 
put” irrespective of warnings to the contrary. 

 Immigrants from Central and South America and Asia who have experienced near or 
actual catastrophic events.  Because of culture, language, and belief, their response to 
a disaster may be significantly different than that of persons whose lives have been lived 
solely in the United States.  Where the predominant culture instructs persons to “duck, 
cover, and hold”, persons with different experiences may “run, run, run” to open fields, 
parks, etc.   In the parks shelters may be established for a community. 

 Children, especially of school age, and who are in school at the time of a significant 
disaster event will greatly strain the resources of the emergency response management 
system.  This may be due not so much from the children’s reactions, but the reactions 
of parents who will want to immediately know the status of their offspring.  Under these 
circumstances, plans for sheltering in place, or other approaches, which manage the 
movement of children, will be sorely tested. 

 Homelessness will increase after a catastrophic event as many households representing 
lower income persons form substandard (not up to earthquake standards) housing units 
will be forced to the streets.  Although designated shelters may handle a portion of this 
group, the location and availability of such shelters will determine their effectiveness as 
an emergency housing alternative. 

 Traditional Native American beliefs and concerns may increase during and after a 
catastrophic event, particularly with respect to archeological sites containing human 
burials remains, cremations, artifacts of ceremonial or spiritual significance, and rock 
art.   

 Further since many Native Americans reside on protected lands, the approaches to 
response and recovery will require cognizance of federal laws and policies.  

 
22.17 Water Releases and Dam Failure  
The County has two (2) dams (Imperial & Laguna), following Palo Verde and Parker Dams on the 
Colorado River to the All American Canal. (Refer to Yuma Area Bureau of Reclamation for Dam 
Emergency Plans).   
 
The Imperial Irrigation District (IID) receives an average of 3.1 million acre-feet each year from 
the Colorado River. Imperial Dam, located north of Yuma, Arizona, serves as a diversion structure 
for water deliveries throughout southeastern California, Arizona and Mexico. The operations of 
IID's River Division Office at Imperial Dam, as well as system wide water distribution, all fall under 
the direction of the United States Bureau of Reclamation (USBR). Water diverted at Imperial Dam 
for use in the Imperial Valley first passes through one of three desilting basins, used to remove 
silt and clarify the water. From the desilting basins, water is then delivered to the Imperial Valley 
through the All-American Canal. 
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Three main canals - East Highline, Central Main and Westside Main - receive water from the All-
American Canal and are used to deliver water to many canals that exist throughout Imperial 
Valley. Another important component of IID's distribution system are the seven regulating 
reservoirs and three interceptor reservoirs that have a total storage capacity of more than 3,300 
acre-feet of water. 
 
IID operates and maintains more than 1,438 miles of lateral canals, 230 miles of main canals and 
the 82-mile-long All-American Canal. Most drainage ditches ultimately discharge water into either 
the Alamo River or New River. 
 
All dams and basins have the probability of some type of failure. An assessment by the Bureau 
of Reclamation has classified Parker Dam as a high-hazard facility. Failure of the dam has the 
potential to jeopardize approximately 167,000 lives along a 319-mile reach of the Colorado River 
between Hoover Dam and United States-Mexico border. 
 
22.18 Evacuations Due to Dam Failure 
A wide variety of types of incidents may generate the need to evacuate people from a threatened 
area. California Penal Code Section 409.5 gives peace officers the authority to close “the area 
where the menace exist to any and all persons” except the news media.  This section permits the 
arrest of any unauthorized person who willfully and knowingly enters an area closed by reason of 
an emergency.  An arrest is also permitted of any unauthorized person who willfully remains in 
the area after receiving notice to evacuate or leave, except that the statute no longer permits 
arrests of persons refusing to evacuate their home or business. 
 
Consequently, the responsibility to notify citizens and facilitate evacuations generally falls to law 
enforcement.  The decision to evacuate a given area is made by the Incident Commander (IC) of 
Unified Commanders, based on the advice of specialist familiar with the particular kind of 
emergency (fire, law enforcement, public health, etc.).  When an area is ordered evacuated, 
officers should make every effort to verbally persuade persons to leave their homes and 
businesses.  In only the most exceptional circumstances will arrest/force be considered to remove 
someone from their own home or business pursuant to an evacuation order.  Penal Code section 
273(a) and 148, and Welfare and Institutions Code 5150 may permit an arrest under limited 
circumstances, especially when a person creates a danger to others such as a parent preventing 
a child from leaving in the face of a direct threat. 
 
A duly authorized representative of any news service, newspaper, or radio or television station or 
network” cannot be prevented from entering areas closed pursuant to Penal Code Section 409.5. 
 
Livestock, including horses, cattle, and other large animals, are a common problem during 
evacuations.  The Imperial County Animal Care and Shelter Division maintain an emergency plan 
written in 2001 to provide transportation and temporary housing for such animals. 
 
 
 
 
 
 

23.1 Overview 

SECTION 23: NATIONAL SECURITY THREATS 
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National security threats represent those threats that are primarily the result of actions of external, 
hostile forces on the land, population or infrastructure of the United States.  The potential for 
damage resulting from national security threats ranges from the relatively localized damage that 
could be expected from a terrorist attack to the catastrophic devastation that could be expected 
to occur from either a chemical, biological or nuclear attack on the United States.  Like natural or 
technological threats, national security threats can be either predictable or unpredictable (for 
example, a preemptive strike versus an attack following a buildup of tensions).  National security 
threats include: nuclear attack; chemical/biological warfare; civil disorder; and low-intensity 
conflict (including terrorism, subversion, insurgency and drug trafficking). 
 
For further information see Terrorism Annex, Appendix E. 
 
23.2 Nuclear War 
Definition 
Any hostile action taken against the United States by foreign forces which results in destruction 
of military and/or civilian targets through use of nuclear weapons.  (Blast and fallout effects are 
assumed from a large-scale nuclear attack.) 
 
Frequency 
No U.S. occurrence. 
 
Areas at Risk 
All areas of U.S. are at risk for different blast effects or secondary effects. 
 
Season(s) 
An attack could occur at any time of the year. 
 
Effects  
The effects of a nuclear attack, if one should occur, would be devastating and far-reaching.  Many 
millions of lives would be at risk to the effects of blast overpressure, fire and radioactive fallout.  
The loss of property and infrastructure would be catastrophic with an almost incalculable 
associated dollar value. 
 
The area in the U.S. at high risk from a large-scare nuclear attack threat includes Southern 
California and represents the locations of blast overpressure and fallout. The information 
developed is based on the Nuclear Attack Planning Base (NAPB) National Aimpoint List, a 
database of projected Soviet (now Russia) targeting of the U.S. in a preemptive nuclear strike. 
 
Exact radiation levels can never be determined in advance of fallout arrival. Hence, minimum 
fallout protection levels for an entire area cannot be defined.   
 
Of additional concern to the United States is the increasing proliferation of missile capability 
worldwide, a capability that could be made more lethal by the addition of chemical, biological or  
 
nuclear warheads. Further, domestic and international terrorist groups are known to seek 
possession of such weapons in pursuit of their own agendas for disruption. These activities pose 
ever-greater dangers to U.S. facilities and citizens and must be planned for. 
 
23.3 Chemical and Biological Warfare 
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Definition 
The introduction of toxic or infective agents to harm a community’s population, animal or plant 
food resources. 
 
Frequency 
No significant U.S. occurrence; however, with continued development of chemical/biological 
weapons and improved delivery systems by Third World nations, the threat is increasing. 
 
Effects 
The effects of chemical warfare would be devastating to human and animal life or, depending on 
the agent used, plant life as well. Chemical weapons, including warheads on missiles, contain 
liquid or gaseous chemical agents that cause toxic damage to living tissue rather than damage 
resulting from other physical effects such as blast, heat, or shrapnel.   
 
Although chemical agents do little damage to buildings or vehicles, long-lasting chemical agents 
can be placed in structures or whole areas, thereby rendering these locations useless for humans 
or animals until they have been decontaminated. 
 
One advantage of using chemical and biological weapons in terrorism is the difficulty in their 
detection. Anything from soda cans to missile warheads can be used as delivery systems.  Cost 
and availability are advantages that chemical and biological weapons offer. Another advantage 
that chemical weapons offer the potential terrorist is reputation. Coughing, sneezing, cold sweats, 
headaches, difficulty breathing, nausea, blistering skin, paralysis, incontinence, and self-
defecation are all unpleasant terms associated with describing the effects of chemical weapons. 
As a result, the mere term “Chemical and Biological Weapons” strikes a chord of fear in modern 
day society.   
 
One final advantage to chemical and biological weapons is their efficiency. In short, these 
weapons cause numerous casualties at a very low cost, and are often referred to as a “Poor 
Man’s Atomic Bomb.” According to one study, the following numbers are an approximate cost per 
casualty for various weapons. For atomic bombs the cost would be approximately $2,000 per 
casualty. For conventional weapons the cost would be about $800 per casualty. For nerve gas 
weapons the cost is about $600 per casualty. And for biological weapons the cost would be about 
$1 per casualty. 
 
Although, some may view the above advantages with disdain, there is, as always, a down side.  
The disadvantages for use of chemical and biological weapons are many. The first is retaliation, 
followed closely by image, and acquisition. 
 
In the area of terrorism there has been an increasing level of activity in the national and 
international arena. This has corresponded with an increase in the ability of government response 
to terrorism, and the establishment of special operations units to combat terrorism both reactively 
and proactively. With this increase in responsiveness, the terrorist must take into  
 
account the retaliation aspects of chemical, biological and nuclear terrorism. The use of chemical 
and biological weapons within the borders of the United States will cause invocation of national 
security measures which allow military personnel to act, without executive order, on a shoot first, 
ask questions later platform. The typical ban on federal troops acting as police is lifted. 
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It is hard for terrorist organization to enhance its image once it elects to use chemical and 
biological weapons. This is primarily because the reputation of chemical weapons as being terrible 
and inhumane is enough to instantly shed bad light on whatever group is using them.  This bad 
image could lead to other ramifications. The use of such weapons would probably result in the 
downfall of financial support from sympathetic persons. Without funding, a typical terrorist group 
is as helpless as a bankrupt individual. They cannot hope to accomplish their goals without 
money, and chemical weapons are the quickest way to kill that funding. 
 
While the manufacture of chemical and biological weapons is possible for any competent chemist 
or microbiologist, there is still a high level of danger in the manufacturing process.  A large number 
terrorist have been known to self-destruct in attempting to fashion chemical or biological terrorist 
attack. 
 
 
 
 
  

PC ORIGINAL PKG



 
 

188 
 

 

Imperial County 
Emergency Operations Plan 
Part III: Appendices 

 
 

 
Action Plan (AP): See EOC Action Plan and Incident Action Plan.  
 
Activation: 1) Initial activation of an EOC may be accomplished by a designated official of the 
emergency response agency that implements SEMS as appropriate to accomplish the agency's 
role in response to the emergency. 2) An event in the sequence of events normally experienced 
during most emergencies.  
 
After-Action Report (AAR): A report that examines response actions, application of SEMS, 
modifications to plans and procedures, training needs and recovery activities. After action 
reports are required under SEMS after any emergency that requires a declaration of an 
emergency. Reports must be submitted within 90 days to Cal OES.  
 
Agency: A division of government with a specific function offering a particular kind of 
assistance. In the Incident Command System (ICS), agencies are defined either as jurisdictional 
(having statutory responsibility for incident management) or as assisting or cooperating 
(providing resources or other assistance). Governmental organizations are most often in charge 
of an incident, though in certain circumstances private sector organizations may be included. 
Additionally, Non-Governmental Organizations (NGOs) may be included to provide support.  
 
All-Hazards: Any incident, natural or manmade, that warrants action to protect life, property, 
environment, public health or safety and minimize disruptions of government, social, or 
economic activities.  
 
California Disaster and Civil Defense Master Mutual Aid Agreement (MMAA): An 
agreement entered into by and between the State of California, its various departments and 
agencies and the various political subdivisions, municipal corporations and public agencies of 
the State of California to assist each other by providing resources during an emergency. Mutual 
Aid occurs when two or more parties agree to furnish resources and facilities and to render 
services to each other in response to any type of disaster or emergency.  
 
California Emergency Functions (CA-EF): The California Emergency Functions are a 
grouping of state agencies, departments and other stakeholders with similar functional 
activities/responsibilities whose responsibilities lend to improving the state’s ability to 
collaboratively prepare for, effectively mitigate, cohesively respond to and rapidly recover from 
any emergency. California Emergency Functions unify a broad-spectrum of stakeholders with 
various capabilities, resources and authorities to improve collaboration and coordination for a 
particular discipline. They also provide a framework for the state government to support regional 
and community stakeholder collaboration and coordination at all levels of government and 
across overlapping jurisdictional boundaries.  
 
California Emergency Services Act (ESA): An Act within the California Government Code to 
insure that preparations within the state will be adequate to deal with natural, manmade, or war-
caused emergencies which result in conditions of disaster or in extreme peril to life, property 
and the natural resources of the state and generally to protect the health and safety and 
preserve the lives and property of the people of the state.  
 
 

SECTION 24: GLOSSARY OF TERMS 
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Catastrophe: Any natural or manmade incident, including terrorism that results in extraordinary 
levels of mass casualties, damage, or disruption severely affecting the population, 
infrastructure, environment, economy, national morale, and/or government functions. 
 
Command: The act of directing, ordering, or controlling by virtue of explicit statutory, regulatory, 
or delegated authority.  
 
Command/Management: Command is responsible for the directing, ordering, and/or controlling 
of resources at the field response level. Management is responsible for overall emergency 
policy and coordination at the SEMS EOC levels.  
 
Command Post: See Incident Command Post.  
 
Command Staff: The Command Staff at the SEMS Field Level consists of the Information 
Officer, Safety Officer and Liaison Officer. They report directly to the Incident Commander. They 
may have an assistant or assistants, as needed. These officers are also found at the EOC 
levels in SEMS and they report directly to the EOC Director and comprise the Management 
Staff. They may have an assistant or assistants, as needed.  
 
Common Terminology: Normally used words and phrases-avoids the use of different 
words/phrases for same concepts, consistency, to allow diverse incident management and 
support organizations to work together across a wide variety of incident management functions 
and hazard scenarios.  
 
Communications: Process of transmission of information through verbal, written, or symbolic 
means.  
 
Continuity of Government (COG): Activities that address the continuance of constitutional 
governance. COG planning aims to preserve and/or reconstitute the institution of government 
and ensure that a department or agency’s constitutional, legislative, and/or administrative 
responsibilities are maintained. This is accomplished through succession of leadership, the pre- 
delegation of emergency authority and active command and control during response and 
recovery operations.  
 
Continuity of Operations (COOP): Planning should be instituted (including all levels of 
government) across the private sector and non-governmental organizations as appropriate, to 
ensure the continued performance of core capabilities and/or critical government operations 
during any potential incident.  
 
Coordination: The process of systematically analyzing a situation, developing relevant 
information and informing appropriate command authority of viable alternatives for selection of 
the most effective combination of available resources to meet specific objectives. The 
coordination process (which can be either intra-or inter-agency) does not involve dispatch 
actions. However, personnel responsible for coordination may perform command or dispatch 
functions within the limits established by specific agency delegations, procedures, legal 
authority, etc. Multiagency or Interagency coordination is found at all SEMS levels.  
 
Corrective Actions: Implementing procedures that are based on lessons learned from actual 
incidents or from training and exercises.  
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Cost Unit: Functional unit within the Finance/Administration Section responsible for tracking 
costs, analyzing cost data, making cost estimates and recommending cost-saving measures.  
 
Critical Infrastructure: Systems and assets, whether physical or virtual, so vital to the United 
States that the incapacity or destruction of such systems and assets would have a debilitating 
impact on security, national economic security, national public health or safety, or any 
combination of those matters.  
 
Cyber Security: The protection of data and systems in networks that are connected to the 
internet, including measures to protect critical infrastructure services. These services may 
include essential communications such as voice, email and internet connectivity.  
 
Cyber Threat: An act or threat that poses potentially devastating disruptions to critical 
infrastructure, including essential communications such as voice, email and internet 
connectivity.  
 
Demobilization: The orderly, safe and efficient return of an incident resource to its original 
location and status.  
 
Department Operations Center (DOC): An Emergency Operations Center (EOC), specific to a 
single department or agency. Their focus is on internal agency incident management and 
response. They are often linked to and, in most cases, are physically represented in a combined 
agency EOC by authorized agent(s) for the department or agency.  
 
Disaster: A sudden calamitous emergency event bringing great damage loss or destruction.  
 
Division: The partition of an incident into geographical areas of operation. Divisions are 
established when the number of resources exceeds the manageable span of control of the 
Operations Section Chief. A Division is located within the ICS organization between the Branch 
and resources in the Operations Section. 
 
Documentation Unit: Functional unit within the Planning/Intelligence Section responsible for 
collecting, distributing, recording and safeguarding all documents relevant to an incident or 
within an EOC.  
 
Emergency: Any incident(s), whether natural or manmade, that requires responsive action to 
protect life or property. Under the Robert T. Stafford Disaster Relief and Emergency Assistance 
Act, an emergency means any occasion or instance for which, in the determination of the 
President, federal assistance is needed to supplement state and local efforts and capabilities to 
save lives and to protect property and public health and safety, or to lessen or avert the threat of 
a catastrophe in any part of the United States.  
 
Emergency Management Assistance Compact (EMAC): A congressionally ratified 
organization that provides form and structure to interstate mutual aid. Through EMAC, a 
disaster-affected state can request and receive assistance from other member states quickly 
and efficiently, resolving two key issues upfront: liability and reimbursement.  
 
Emergency Management Community: The stakeholders in emergency response in California 
including the residents of California, the private sector and federal, state, local and tribal 
governments.  
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Emergency Operations Center (EOC): The physical location at which the coordination of 
information and resources to support incident management (on-scene operations) activities 
normally takes place. An EOC may be a temporary facility or may be located in a more central 
or permanently established facility, perhaps at a higher level of organization within a jurisdiction. 
EOC may be organized by major functional disciplines (e.g., fire, law enforcement and medical  
services), by jurisdiction (e.g., federal, state, regional, tribal, city, County), or some combination 
thereof.  
 
Emergency Operations Plan: The ongoing plan maintained by various jurisdictional levels for 
responding to a wide variety of potential hazards.  
 
Emergency Resource Directory (ERD): A directory containing information on agency or 
organization personnel emergency certifications and qualifications and vendor and support 
organization supplies, equipment, etc. that may be needed during an emergency. Supplies and 
equipment can include such items as potable water tenders, portable toilets, heavy equipment, 
prepared meals, bulk foodstuffs, cots, rental office trailers, etc. To the extent possible and when 
appropriate, equipment should be typed by capability according to a common and accepted 
typing schematic. Emergency resource directories should only include those items likely to be 
needed by the preparing agency or organization in the performance of their duties and should 
not attempt to include everything that may be needed in any emergency.  
 
Emergency Response Agency: Any organization responding to an emergency, or providing 
mutual aid support to such an organization, whether in the field, at the scene of an incident, or 
to an operations center. 
 
Emergency Response Personnel: Personnel affiliated with or sponsored by emergency 
response agencies.  
 
EOC Action Plan: The plan developed at SEMS EOC levels, which contains objectives, actions 
to be taken, assignments and supporting information for the next operational period.  
 
Essential Facilities: Police, fire, emergency operations centers, schools, medical facilities and 
other resources that have a role in an effective and coordinated emergency response.  
 
Evacuation: Organized, phased and supervised withdrawal, dispersal, or removal of civilians 
from dangerous or potentially dangerous areas and their reception and care in safe areas.  
 
Federal: Of or pertaining to the federal government of the United States of America.  
 
Finance/Administration Section: The section responsible for all administrative and financial 
considerations surrounding an incident or EOC activation.  
 
Function: Function refers to the five major activities in ICS: Command, Operations, Planning, 
Logistics and Finance/Administration. The same five functions are also found at all SEMS EOC 
Levels. At the EOC, the term Management replaces Command. The term function is also used 
when describing the activity involved, (e.g. the planning function). A sixth function, 
Intelligence/Investigations, may be established, if required, to meet emergency management 
needs.  
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Group: Established to divide the incident management structure into functional areas of 
operation. Groups are composed of resources assembled to perform a special function not 
necessarily within a single geographic division. Groups, when activated, are located between 
branches and resources in the Operations Section. See Division.  
 
Hazard: Something that is potentially dangerous or harmful, often the root cause of an 
unwanted outcome.  
 
Incident: An occurrence or event, natural or manmade, which requires a response to protect life 
or property. Incidents can, for example, include major disasters, emergencies, terrorist attacks, 
terrorist threats, civil unrest, wild-land and urban fires, floods, hazardous materials spills, 
nuclear accidents, aircraft accidents, earthquakes, hurricanes, tornadoes, tropical storms, 
tsunamis, war- related disasters, public health and medical emergencies and other occurrences 
requiring an emergency response.  
 
Incident Action Plan (IAP): An oral or written plan containing general objectives reflecting the 
overall strategy for managing an incident. It may include the identification of operational 
resources and assignments. It may also include attachments that provide direction and 
important information for management of the incident during one or more operational periods. At 
the SEMS EOC level it is called the EOC Action Plan. 
 
Incident Base: The location at which primary Logistics functions for an incident are coordinated 
and administered. There is only one base per incident. (Incident name or other designator will 
be added to the term base.) The Incident Command Post may be co-located with the Base.  
 
Incident Command: Responsible for overall management of the incident and consists of the 
Incident Commander, either single or unified command and any assigned supporting staff.  
 
Incident Commander (IC): The individual responsible for all incident activities, including the 
development of strategies and tactics and the ordering and the release of resources. The IC has 
overall authority and responsibility for conducting incident operations and is responsible for the 
management of all incident operations at the incident site.  
 
Incident Command Post (ICP): The field location where the primary functions are performed. 
The ICP may be co-located with the incident base or other incident facilities.  
 
Incident Command System (ICS): A standardized on-scene emergency management 
construct specifically designed to provide for the adoption of an integrated organizational 
structure that reflects the complexity and demands of single or multiple incidents, without being 
hindered by jurisdictional boundaries. ICS is the combination of facilities, equipment, personnel, 
procedures and communications operating within a common organizational structure, designed 
to aid in the management of resources during incidents. It is used for all kinds of emergencies 
and is applicable to small as well as large and complex incidents. ICS is used by various 
jurisdictions and functional agencies, both public and private, to organize field-level incident 
management operations.  
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Intelligence: Product of an analytical process that evaluates information collected from diverse 
sources; integrates the relevant information into a cohesive package and produces a conclusion 
or estimate. Information must be real, accurate and verified before it becomes intelligence for 
planning purposes. Intelligence relates to the specific details involving the activities of an 
incident or EOC and current and expected conditions and how they affect the actions taken to 
achieve operational period objectives. Intelligence is an aspect of information. Intelligence is 
primarily intended for internal use and not for public dissemination.  
 
Intelligence/Investigations: Intelligence gathered within the Intelligence/Investigations function 
is information that either leads to the detection, prevention, apprehension and prosecution of 
criminal activities (or the individual(s) involved) including terrorist incidents or information that 
leads to determination of the cause of a given incident (regardless of the source) such as public 
health events or fires with unknown origins. This is different from the normal operational and 
situational intelligence gathered and reported by the Planning Section. 
 
Interoperability: Allows emergency management/response personnel and their affiliated 
organizations to communicate within and across agencies and jurisdictions via voice, data, or 
video-on-demand, in real-time, when needed and when authorized.  
 
Joint Information Center (JIC): A facility established to coordinate all incident-related public 
information activities. It is the central point of contact for all news media. Public information 
officials from all participating agencies should co-locate at the JIC.  
 
Joint Information System (JIS): Integrates incident information and public affairs into a 
cohesive organization designed to provide consistent, coordinated, accurate, accessible, timely 
and complete information during crisis or incident operations. The mission of the JIS is to 
provide a structure and system for developing and delivering coordinated interagency 
messages; developing, recommending and executing public information plans and strategies on 
behalf of the IC; advising the IC concerning public affairs issues that could affect a response 
effort; and controlling rumors and inaccurate information that could undermine public confidence 
in the emergency response effort.  
 
Jurisdiction: A range or sphere of authority. Public agencies have jurisdiction at an incident 
related to their legal responsibilities and authority. Jurisdictional authority at an incident can be 
political or geographical (e.g., federal, state, tribal and local boundary lines) or functional (e.g., 
law enforcement, public health).  
 
Key Resources: Any publicly or privately controlled resources essential to the minimal 
operations of the economy and government.  
 
Liaison: A form of communication for establishing and maintaining mutual understanding and 
cooperation.  
 
Liaison Officer: A member of the Command Staff (Management Staff at the SEMS EOC 
Levels) responsible for coordinating with representatives from cooperating and assisting 
agencies or organizations. At SEMS EOC Levels, reports directly to the EOC Director and 
coordinates the initial entry of Agency Representatives into the Operations Center and also 
provides guidance and support for them as required.  
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Local Government: According to Federal Code 30 a County, municipality, city, town, township, 
local public authority, school district, special district, intrastate district, council of governments 
(regardless of whether the council of governments is incorporated as a nonprofit corporation 
under state law), regional or interstate government entity, or agency or instrumentality of a local 
government; an Indian tribe or authorized tribal entity, or in Alaska a Native village or Alaska 
Regional Native Corporation; a rural community, unincorporated town or village, or other public 
entity.  
 
Logistics: Providing resources and other services to support incident management.  
 
Logistics Section: The section responsible for providing facilities, services and material 
support for an incident or EOC activation. 
 
Management Staff: See Command Staff.  
 
Mitigation: Provides a critical foundation in the effort to reduce the loss of life and property from 
natural and/or manmade disasters by avoiding or lessening the impact of a disaster and 
providing value to the public by creating safer communities. Mitigation seeks to fix the cycle of 
disaster damage, reconstruction and repeated damage. These activities or actions, in most 
cases, will have a long-term sustained effect.  
 
Mobilization: The process and procedures used by all organizations—federal, state, tribal and 
local-for activating, assembling and transporting all resources that have been requested to 
respond to or support an incident.  
 
Multiagency or Inter-Agency Coordination: The participation of agencies and disciplines 
involved at any level of the SEMS organization working together in a coordinated effort to 
facilitate decisions for overall emergency response activities, including the sharing of critical 
resources and the prioritization of incidents.  
 
Multiagency Coordination Group (MAC Group): Typically, administrators/executives, or their 
appointed representatives, who are authorized to commit agency resources and funds, are 
brought together and form MAC Groups. MAC Groups may also be known as multiagency 
committees, emergency management committees, or as otherwise defined by the System. It 
can provide coordinated decision making and resource allocation among cooperating agencies 
and may establish the priorities among incidents, harmonize agency policies and provide 
strategic guidance and direction to support incident management activities.  
 
Multiagency Coordination System(s) (MACS): Multiagency coordination systems provide the 
architecture to support coordination for incident prioritization, critical resource allocation, 
communications systems integration and information coordination. The elements of multiagency 
coordination systems include facilities, equipment, personnel, procedures and communications. 
Two of the most commonly used elements are EOC and MAC Groups. These systems assist 
agencies and organizations responding to an incident.  
 
Mutual Aid Agreements and/or Assistance Agreements: Written or oral agreements 
between and among agencies/organizations and/or jurisdictions that provide a mechanism to 
quickly obtain emergency assistance in the form of personnel, equipment, materials and other 
associated services. The primary objective is to facilitate rapid, short-term deployment of 
emergency support prior to, during, and/or after an incident.  

PC ORIGINAL PKG



 
 

195 
 

 

Imperial County 
Emergency Operations Plan 
Part III: Appendices 

 
Mutual Aid Coordinator: An individual at local government, Operational Area, Region or State 
Level that is responsible to coordinate the process of requesting, obtaining, processing and 
using mutual aid resources. Mutual Aid Coordinator duties will vary depending upon the mutual 
aid system. 
 
Mutual Aid Region: A mutual aid region is a subdivision of Cal OES established to assist in the 
coordination of mutual aid and other emergency operations within a geographical area of the 
state, consisting of two or more Operational Areas.  
 
National: Of a nationwide character, including the federal, state, tribal and local aspects of 
governance and policy.  
 
National Incident Management System (NIMS): Provides a systematic, proactive approach 
guiding government agencies at all levels, the private sector and non-governmental 
organizations to work seamlessly to prevent, protect against, respond to, recover from and 
mitigate the effects of incidents, regardless of cause, size, location, or complexity, in order to 
reduce the loss of life or property and harm to the environment.  
 
National Response Framework (NRF): A guide to how the nation conducts all-hazards 
incident management.  
 
Non-governmental Organization (NGO): An entity with an association that is based on the 
interests of its members, individuals, or institutions. It is not created by a government, but it may 
work cooperatively with the government. Such organizations serve a public purpose, not a 
private benefit. Examples of NGO include faith-based charity organizations and the American 
Red Cross.  
 
Operational Area (OA): An intermediate level of the state emergency organization, consisting 
of a County and all other political subdivisions within the geographical boundaries of the County. 
 
Operational Period: The time scheduled for executing a given set of operation actions, as 
specified in the Incident Action Plan. Operational periods can be of various lengths, although 
usually they last 12-24 hours.  
 
Operations Section: The section responsible for all tactical incident operations and 
implementation of the Incident Action Plan. In ICS, it normally includes subordinate branches, 
divisions, and/or groups. At the SEMS EOC levels the section is responsible for the coordination 
of operational activities. The Operations Section at an EOC contains branches, groups or units 
necessary to maintain appropriate span of control.  
 
Organization: Any association or group of persons with like objectives. Examples include, but 
are not limited to, governmental departments and agencies, private sector, and/or non- 
governmental organizations.  
 
Planning Section: The section responsible for the collection, evaluation and dissemination of 
operational information related to the incident or EOC activities and for the preparation and 
documentation of the IAP or EOC action plan respectively. This section also maintains 
information on the current and forecasted situation and on the status of resources assigned to 
the incident or EOC activation. 
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Political Subdivisions: Includes any city, city and County, County, tax or assessment district, 
or other legally authorized local governmental entity with jurisdictional boundaries.  
 
Preparedness: A continuous cycle of planning, organizing, training, equipping, exercising, 
evaluating and taking corrective action in an effort to ensure effective coordination during 
incident response. Within NIMS, preparedness focuses on the following elements: planning, 
procedures and protocols, training and exercises, personnel qualification and certification and 
equipment certification.  
 
Prevention: Actions to avoid an incident or to intervene to stop an incident from occurring. 
Prevention involves actions to protect lives and property. It involves applying intelligence and 
other information to a range of activities that may include such countermeasures as deterrence 
operations; heightened inspections; improved surveillance and security operations; 
investigations to determine the full nature and source of the threat; public health and agricultural 
surveillance and testing processes; immunizations, isolation, or quarantine; and, as appropriate, 
specific law enforcement operations aimed at deterring, preempting, interdicting, or disrupting 
illegal activity and apprehending potential perpetrators and bringing them to justice.  
 
Private Sector: Organizations and entities that are not part of any governmental structure. The 
private sector includes for-profit and not-for-profit organizations, formal and informal structures, 
commerce and industry.  
 
Protocols: Sets of established guidelines for actions (which may be designated by individuals, 
teams, functions, or capabilities) under various specified conditions.  
 
Public Information: Processes, procedures and systems for communicating timely, accurate 
and accessible information on the incident’s cause, size and current situation; resources 
committed; and other matters of general interest to the public, responders and additional 
stakeholders (both directly affected and indirectly affected).  
 
Public Information Officer (PIO): A member of the Command Staff (Management Staff at the 
SEMS EOC Levels) responsible for interfacing with the public and media and/or with other 
agencies with incident-related information requirements.  
 
Recovery: The development, coordination and execution of service- and site-restoration plans; 
the reconstitution of government operations and services; individual, private–sector, non- 
governmental and public assistance programs to provide housing and to promote restoration; 
long-term care and treatment of affected persons; additional measures for social, political, 
environmental and economic restoration; evaluation of the incident to identify lessons learned; 
post incident reporting; and development of initiatives to mitigate the effects of future incidents.  
 
Recovery Plan: A plan developed to restore the affected area or community. 
 
Region Emergency Operations Center (REOC): Facilities found at Cal OES Administrative 
Regions. REOC provide centralized coordination of resources among Operational Areas within 
their respective regions and between the Operational Areas and the State Level.  
 
Reimbursement: Provides a mechanism to recoup funds expended for incident-specific 
activities.  
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Resource Management: Efficient emergency management and incident response requires a 
system for identifying available resources at all jurisdictional levels to enable timely and 
unimpeded access to resources needed to prepare for, respond to, or recover from an incident. 
Resource management under NIMS includes mutual aid agreements and assistance 
agreements; the use of special federal, state, tribal and local teams; and resource mobilization 
protocols.  
 
Resources: Personnel and major items of equipment, supplies and facilities available or 
potentially available for assignment to incident operations and for which status is maintained. 
Resources are described by kind and type and may be used in operational support or 
supervisory capacities at an incident or at an EOC.  
 
Response: Activities that address the short-term, direct effects of an incident. Response 
includes immediate actions to save lives, protect property and meet basic human needs. 
Response also includes the execution of EOP and of mitigation activities designed to limit the 
loss of life, personal injury, property damage and other unfavorable outcomes. As indicated by 
the situation, response activities include applying intelligence and other information to lessen 
the effects or consequences of an incident; increased security operations; continuing 
investigations into nature and source of the threat; ongoing public health and agricultural 
surveillance and testing processes; immunizations, isolation, or quarantine; and specific law 
enforcement operations aimed at preempting, interdicting, or disrupting illegal activity and 
apprehending actual perpetrators and bringing them to justice.  
 
Response Personnel: Includes federal, state, territorial, tribal, sub-state regional and local 
governments, private sector organizations, critical infrastructure owners and operators, NGO 
and all other organizations and individuals who assume an emergency management role. Also 
known as an Emergency Responder.  
 
Safety Officer: A member of the Command Staff (Management Staff at the SEMS EOC Levels) 
responsible for monitoring incident operations and advising the IC on all matters relating to 
operational safety, including the health and safety of emergency responder personnel. The 
Safety Officer may have assistants.  
 
Section: 1) The organizational level having responsibility for a major functional area of incident 
or EOC Management, (e.g. Operations, Planning, Logistics, Finance/Administration) and 
Intelligence/ Investigations (if established). The section is organizationally situated between the 
branch and the Incident Command. 2) A separate part or division as: A) Portion of a book, 
treatise, or writing. B) Subdivision of a chapter. C) Division of law.  
 
Situation Report: Often contain confirmed or verified information regarding the specific details 
relating to the incident.  
 
Span of Control: The number of resources for which a supervisor is responsible, usually 
expressed as the ratio of supervisors to individuals. Under NIMS, an appropriate span of control 
is between 1:3 and 1:7, with optimal being 1:5.  
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Special District: A unit of local government (other than a city, County, or city and County) with 
authority or responsibility to own, operate and maintain systems, programs, services, or projects 
(as defined in California Code of Regulations (CCR) Section 2900(s) for purposes of disaster 
assistance. This may include a joint power authority established under Section 6500 et. seq. of 
the Code.  
 
Stafford Act: The Robert T. Stafford Disaster Relief and Emergency Assistance Act establishes 
the programs and processes for the federal government to provide disaster and emergency 
assistance to states, local governments, tribal nations, individuals and qualified private nonprofit 
organizations. The provisions of the Stafford Act cover all-hazards including natural disasters 
and terrorist events. Relevant provisions of the Stafford Act include a process for Governors to 
request federal disaster and emergency assistance from the President. The President may 
declare a major disaster or emergency.  
 
Staging Area: Established on an incident for the temporary location of available resources. A 
Staging Area can be any location on an incident in which personnel, supplies and equipment 
can be temporarily housed or parked while awaiting operational assignment.  
 
Standard Operating Procedure (SOG): Complete reference document or an operations 
manual that provides the purpose, authorities, duration and details for the preferred method of 
performing a single function or a number of interrelated functions in a uniform manner.  
 
Standardized Emergency Management System (SEMS): A system required by California 
Government Code and established by regulations for managing response to multiagency and 
multijurisdictional emergencies in California. SEMS consists of five organizational levels, which 
are activated as necessary: Field response, Local Government, Operational Area, Region and 
State.  
 
Standardized Emergency Management System (SEMS) Guidelines: The SEMS guidelines 
are intended to assist those responsible for planning, implementing and participating in SEMS.  
 
Standardized Emergency Management System (SEMS) Regulations: Regulations 
establishing the Standardized Emergency Management System (SEMS) based upon the 
Incident Command System (ICS) adapted from the system originally developed by the 
Firefighting Resources of California Organized for Potential Emergencies (FIRESCOPE) 
program including those currently in use by state agencies, the Multiagency Coordination 
System (MACS) as developed by FIRESCOPE program, the Operational Area concept and the 
Master Mutual Aid Agreement and related mutual aid systems. Regulations are found at TITLE 
19. DIVISION 2. Chapter 1, ∞ 2400 et. Seq.  
 
State: When capitalized, refers to any State of the United States, the District of Columbia, the 
Commonwealth of Puerto Rico, the Virgin Islands, Guam, American Samoa, the Commonwealth 
of the Northern Mariana Islands and any possession of the United States. See Section 2 (14), 
Homeland Security Act of 2002, Public Law 107−296, 116 Stat. 2135 (2002).  
 
State Operations Center (SOC): The SOC is operated by the California Governor’s Office of 
Emergency Services (CalOES) at the State Level in SEMS. It is responsible for centralized 
coordination of state resources in support of the three Cal OES Administrative Regional 
Emergency Operations Centers (REOCs). It is also responsible for providing updated situation 
reports to the Governor and legislature.  
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System: An integrated combination of people, equipment and processes that work in a 
coordinated manner to achieve a specific desired output under specific conditions.  
 
Technical Assistance: Support provided to state, tribal and local jurisdictions when they have 
the resources but lack the complete knowledge and skills needed to perform a required activity 
(such as mobile-home park design or hazardous material assessments).  
 
Technical Specialists: Personnel with special skills that can be used anywhere within the 
SEMS organization. No minimum qualifications are prescribed, as technical specialists normally 
perform the same duties during an incident that they perform in their everyday jobs and they are 
typically certified in their fields or professions.  
 
Terrorism: Under the Homeland Security Act of 2002, terrorism is defined as activity that 
involves an act dangerous to human life or potentially destructive of critical infrastructure or key 
resources; is a violation of the criminal laws of the United States or of any state or other 
subdivision of the United States in which it occurs; and is intended to intimidate or coerce the 
civilian population, or influence or affect the conduct of a government by mass destruction, 
assassination, or kidnapping. See Section 2 (15), Homeland Security Act of 2002, Public Law 
107−296, 116 Stat. 2135 (2002).  
 
Threat: An indication of possible violence, harm, or danger.  
 
Tribal: Any Indian tribe, band, nation, or other organized group or community, including any 
Alaskan Native Village as defined in or established pursuant to the Alaskan Native Claims 
Settlement Act (85 stat. 688) [43 U.S.C.A. and 1601 et seq.]. 
 
Type: 1) An ICS resource classification that refers to capability. Type 1 is generally considered 
to be more capable than Types 2, 3, or 4, respectively, because of size, power, capacity, or (in 
the case of incident management teams) experience and qualifications. 2) A class, kind, or 
group sharing one or more characteristics; category. 3) A variety or style of a particular class or 
kind of things.  
 
Unified Command: An ICS application used when more than one agency has incident 
jurisdiction or when incidents cross political jurisdictions. Agencies work together through the 
designated members of the UC, often the senior person from agencies and/or disciplines 
participating in the UC, to establish a common set of objectives and strategies and a single IAP.  
 
Unit: The organizational element with functional responsibility for a specific incident planning, 
logistics, or finance/administration activity.  
 
Vital Records: The essential agency records that are needed to meet operational 
responsibilities under national security emergencies or other emergency or disaster conditions 
(emergency operating records), or to protect the legal and financial rights of the Government 
and those affected by Government activities (legal and financial rights records).  
 
Volunteer: For purposes of NIMS, a volunteer is any individual accepted to perform services by 
the lead agency (which has authority to accept volunteer services) when the individual performs 
services without promise, expectation, or receipt of compensation for services performed. See 
16 U.S.C. 742f(c) and 29 CFR 553.101. 
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IMPERIAL COUNTY RESOLUTIONS:  

County Resolution No. 20: California Master Mutual Aid Agreement. Adopted and 
approved on January 1951.  
 
County Resolution No. 95-12: Adoption of Standardized Emergency Management 
System (SEMS). Adopted in September 1995, this Resolution contains language supporting 
the County’s use and implementation of SEMS and the OA Concept.  
 
County Resolution No. 2006-013: Adoption of National Incident Management System 
(NIMS). Adopted NIMS and also included language that the County would continue use of 
SEMS.  
 
County Resolution No. 2.104.030: Establish Disaster Council. County Ordnance No. 237 
also defines the County’s Disaster Council membership (2.104.030) and powers/duties 
(2.104.040).  
 
County Resolution No. 2008-004: Adoption of Multi-Jurisdictional Hazard Mitigation 
Plan. Adopted in February 2008 this resolution adopted the County’s MJHMP.  

 
STATE AUTHORITIES:  

California Civil Code, Chapter 9, Section 1799.102 – Good Samaritan Liability  
California Code of Regulations, Title 19  
California Disaster and Civil Defense Master Mutual Aid Agreement  
California Disaster Assistance Act  
California Emergency Services Act  

 
FEDERAL AUTHORITIES:  

Federal Civil Defense Act of 1950 (Public Law 920) as amended  
Robert T. Stafford Disaster Relief and Emergency Assistance Act, as amended  

 
REFERENCES  

California Catastrophic Incident Base Plan: Concept of Operations  
California Emergency Plan  
California Fire Service and Rescue Emergency Mutual Aid Plan  
California Hazardous Materials Incident Contingency Plan  
California Law Enforcement Mutual Aid Plan 
Comprehensive Preparedness Guide 101, Developing and Maintaining Emergency  
Operations Plans, Version 2  
Emergency Alert System Plan (EAS)  
Homeland Security Presidential Directive (HSPD-5)  
National Incident Management System  
National Response Framework  
Imperial County Multi-jurisdictional Hazard Mitigation Plan   
Standardized Emergency Management System Guidelines  
Tactical Interoperability Communications Plan (TICP)  
Telephone Emergency Notification System (TENS)  
Title 44 Code of Federal Regulations 
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26.1 County Contacts 

Agency Telephone Numbers 
County Emergency Operations Center (EOC) 760-482-2400 

Sheriff Dispatch 760-339-6312 

Public Health DOC 
 Deputy Officer 24/7 

760-482-4835 
760-455-4082 

Animal Control 760-339-6291 

Environmental Health - 24hr Deputy Officer 442-265-1900 

Behavioral Health Department 24/7 1-800-817-5292 

Public Works 24hr 442-265-1818 

Facilities Management 442-265-1818 

Information/ Technical Services 442-265-1040 

 
26.2 Utility Contacts 

Agency Telephone Numbers 
Imperial County Sheriff Dispatch 760-339-6312 
Imperial Irrigation District 
 Water Dispatch 
 Power Dispatch 

 
760-339-9348 

1-800-303-7756 
Southern California Gas 
 Police/Fire 24/7 
 Media 
 Public Affairs 

 
1-800-752-9656 
1-877-643-2331 
800-427-2000 

Southern California Edison 24hrs 
 Local Public Affairs 

800-611-1911 
760-202-4211 

 
26.3 Federal and State Contacts 

Agency Telephone Numbers 

State Warning Center Sacramento 916-845-8911 
REOC – Los Alamitos 562-795-2900 

CAL FIRE – South Ops 951-320-6197 

Cal WARN Region 909-806-4087 

NOAA Contact – Ken Waters 602-618-3115 

National Weather Service Phoenix 602-275-0073 

National Weather Service San Diego 858-675-8705 

SECTION 26: CONTACT LISTS 
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26.4 Transportation and Infrastructure Contacts 

Agency Telephone Numbers 
Caltrans 760-352-2071 

California Highway Patrol 
 Dispatch 
 Office 
 Road + Weather Info. 

 
760-482-2550 
760-482-2500 
760-352-6136 

Army Corps of Engineers 1-213-452-3440 

Department of Water Resources 916-574-2714 

Kinder Morgan 
 Operations Director 
 Office 

760-455-6464 
760-352-0677 

Reach Air Medical Dispatch 800-338-4045 

 
26.5 Non-Government Contacts 

Agency Telephone Numbers 

American Red Cross 
 Imperial/San Diego 
 Response Manager 
 Disaster Service Manager 

 
760-352-6220 

 
 

211 Imperial/San Diego 858-300-1239 

El Centro Regional Medical Center 760-339-7100 

Pioneers Memorial Healthcare District 760-351-4400 
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27.1 NIMS/CAST/TEP Overview  
 In Homeland Security Presidential Directive (HSPD)-5, Management of Domestic Incidents, the 
President directed the Secretary of Homeland Security to develop and administer a unified, 
national system for managing incidents. The National Incident Management System (NIMS) 
provides a consistent nationwide approach for Federal, State, tribal, and local governments to 
work effectively and efficiently together to prepare for, prevent, respond to, and recover from 
domestic incidents, regardless of cause, size, or complexity. NIMS incorporates the best 
practices currently in use by incident managers at all levels and represents a core set of 
doctrine, concepts, principles, terminology, and organizational processes to enable effective, 
efficient, and collaborative incident management at all levels.  
 
HSPD-5 also directed the establishment of a mechanism for ongoing coordination to provide 
strategic direction for, and oversight of NIMS. As a result, FEMA’s National Integration Center 
(NIC) was established to support both routine maintenance and the continuous refinement of 
NIMS and the guidance to Federal Departments and agencies and State, tribal, and local 
government encouraging its implementation.  
 
The NIC developed and maintains NIMS Compliance Assistance Support Tool (NIMSCAST) as 
the premier self-assessment instrument for Federal, State, territorial, tribal, and local jurisdictions 
to evaluate and report achievement of NIMS implementation objectives (activities). NIMSCAST 
reflects implementation objectives and metrics in support of national preparedness goals, 
including standards for preparedness assessments and strategies and a system for assessing 
the Nation's overall ability to prepare for all-hazards incident management.  
 
The Imperial County Office of Emergency Services is responsible for tracking the County’s NIMS 
compliance and as required by FEMA and Cal OES, prepares the annual NIMSCAST report. OES 
utilizes the web based NIMSCAST reporting tool to report the County’s NIMS compliance.  
 
In addition, as required by FEMA and Cal OES, OES prepares an annual Operational Area 
Training and Exercise Plan (TEP) utilizing the “building block” approach to training and exercises. 
The TEP is required for grant funding purposes and also ensures the County’s compliance with 
Homeland Security Exercise Evaluation Program (HSEEP). 
 

SECTION 27: SUPPORTING DOCUMENTATION 
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About Us

Imperial Valley Transit is a �xed route public bus service. IVT was created

in 1989 and began operations as a 5 route system with 3 buses running

Monday through Friday. The passenger ridership averaged

approximately 3,000 passengers a month. Today, the service has 12

routes and over 20 buses in operation. The passenger ridership averages

approximately 55,000 passengers a month.

Routes are categorized in the following manner. For further and more

detailed information please refer to the map and schedule information.Like our services? Add a shortcut on your phone or tablet to quickly launch our website when you need it!


   Wi-Fi Available

Based on the current events surrounding the COVID-19 Pandemic, the Imperial

County Transportation Commission is implementing a reduction in service for its

�xed route services. Services e�ected include Imperial Valley Transit (IVT), IVT Blue

Line, IVT Green Line and IVT Gold Line. Stay up to date with our COVID-19 updates.

–

Attention all passengers Imperial Valley Transit will begin an updated modi�ed

service schedule starting July 1, 2021. Please refer to our updated riders guide on

the IVT website, ivtransit.com. If you have any questions about scheduled times

and stops please call (760)482-2900. Thank you for Riding With US.

–

Introducing the Free Fares Program



English 
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Fixed Routes

Fixed routes operate over a set pattern of travel and with a published

schedule. The �xed route provides a low cost, reliable, accessible and

comfortable way to travel.

Deviated Fixed Route

In several service areas, IVT operates on a deviated �xed route basis so

that persons with disabilities and limited mobility are able to travel on

the bus. Passengers must call and request this service the day before

service is desired in the communities of Seeley, Ocotillo and the East side

of the Salton Sea

Remote Zone Routes

Remote zone route operate once a week. These routes are "lifeline" in

nature in that they provide connections from some of the more distant

communities in the Imperial County area.

The transit service is operated as a turnkey operation by First Transit,

Inc. The service is administrated and funded by the Imperial County

Transportation Commission (ICTC). The Commission members represent

each City, the County and the Imperial Irrigation District. Funding is

provided annually through the Commission adopted Overall Work

Program Budget and Finance Plan. The source of the funding includes

but is not limited to federal FTA 5307, 5311and 5317 funds, StateLike our services? Add a shortcut on your phone or tablet to quickly launch our website when you need it!


   Wi-Fi Available

Based on the current events surrounding the COVID-19 Pandemic, the Imperial

County Transportation Commission is implementing a reduction in service for its

�xed route services. Services e�ected include Imperial Valley Transit (IVT), IVT Blue

Line, IVT Green Line and IVT Gold Line. Stay up to date with our COVID-19 updates.

–

Attention all passengers Imperial Valley Transit will begin an updated modi�ed

service schedule starting July 1, 2021. Please refer to our updated riders guide on

the IVT website, ivtransit.com. If you have any questions about scheduled times

and stops please call (760)482-2900. Thank you for Riding With US.

–

Introducing the Free Fares Program



English 
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Transportation Development Act (TDA) including Local Transportation

(LTF) and State Transit Assistance (STA), and local fare revenue.

© 2021, Imperial Valley Transit
by Conveyor Group

Title VI The Imperial County Transportation Commission and its transit operators are committed

to ensuring that no person is excluded from participation in, or denied the bene�ts of its services

on the basis of race, color or national origin as protected by Title VI of the Civil Rights Act of 1964,

as amended. If you believe youhave been subjected to discrimination under Title VI, you may �le

a written complaint with the Executive Director, ICTC, 1503 N Imperial Ave, Ste 104, El Centro, CA

92243.

Like our services? Add a shortcut on your phone or tablet to quickly launch our website when you need it!


   Wi-Fi Available

Based on the current events surrounding the COVID-19 Pandemic, the Imperial

County Transportation Commission is implementing a reduction in service for its

�xed route services. Services e�ected include Imperial Valley Transit (IVT), IVT Blue

Line, IVT Green Line and IVT Gold Line. Stay up to date with our COVID-19 updates.

–

Attention all passengers Imperial Valley Transit will begin an updated modi�ed

service schedule starting July 1, 2021. Please refer to our updated riders guide on

the IVT website, ivtransit.com. If you have any questions about scheduled times

and stops please call (760)482-2900. Thank you for Riding With US.

–

Introducing the Free Fares Program



English 
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FOREWORD 
This Water Quality Control Plan (Basin Plan) was prepared by the California Regional Water Quality Control 
Board, Colorado River Basin Region (Regional Water Board), in accordance with criteria contained in the 
California Porter-Cologne Water Quality Control Act, the federal Clean Water Act, and other pertinent state and 
federal rules and regulations. 

The Basin Plan is designed to preserve and enhance water quality in the Colorado River Basin Region and to protect 
the beneficial uses of all regional waters for the benefit of present and future generations.  More specifically, the 
Basin Plan: (i) identifies beneficial uses for surface and ground waters, (ii) includes narrative and numerical water 
quality objectives that must be attained or maintained to protect the designated beneficial uses and conform to the 
state's anti-degradation policy, and (iii) describes implementation programs and other actions that are necessary to 
achieve the water quality objectives established in the Basin Plan.  

The Basin Plan is a dynamic rather than fixed document and is always subject to modification.  The Regional 
Water Board will periodically consider changes to this Basin Plan as necessary and at a minimum of every three 
years. Updated sections of the Basin Plan may appear as periodic Basin Plan amendments, which are also subject 
to approval by the State Water Resources Control Board and the Office of Administrative Law. 

This edition of the Basin Plan includes amendments adopted by the Regional Water Board and approved by 
aforementioned agencies through January 2019. 
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CHAPTER 1 - INTRODUCTION  

I. THE STATE AND REGIONAL WATER BOARDS 
Responsibility for the protection of surface water and ground water quality in California rests primarily with the State 
Water Resources Control Board (State Water Board) and nine Regional Water Quality Control Boards (Regional 
Water Boards) (collectively, Water Boards).  The Water Boards are part of the California Environmental Protection 
Agency, along with the Air Resources Board, the Department of Resources Recycling and Recovery, the 
Department of Pesticide Regulation, the Department of Toxic Substances Control, and the Office of Environmental 
Health Hazard Assessment. 

The State Water Board establishes statewide water quality control policy and regulation.  The State Water Board 
also coordinates Regional Water Board efforts and reviews Regional Water Board actions for consistency with 
statewide policy and regulation.   

The Regional Water Boards are semi-autonomous and make critical water quality decisions for their region.  All 
duties and responsibilities of the Regional Water Boards are directed at providing reasonable protection and 
enhancement of the quality of all regional surface and ground waters.  The programs by which these duties and 
responsibilities are carried out include, but are not limited to: 

• Preparing new or revised policies addressing region-wide quality concerns; 
• Adopting, monitoring compliance with, and enforcing waste discharge requirements (WDRs) and National 

Pollutant Discharge Elimination System (NPDES) permits; 
• Providing recommendations to the State Water Board on financial assistance programs, proposals for water 

diversion, budget development, and other statewide programs and policies; 
• Coordinating with other public agencies which are concerned with water quality control; and 
• Informing and involving the public on water quality issues. 

Given the highly diverse environmental and land use characteristics of regions within the state, region-specific water 
quality regulations are contained in Water Quality Control Plans (Basin Plans) that recognize regional beneficial 
uses, water quality characteristics, and water quality problems.  

The California Regional Water Quality Control Board, Colorado River Basin Region (Regional Water Board) 
regulates surface and ground water quality in the Colorado River Basin Region (Region).  The Regional Water 
Board consists of seven members appointed by the Governor for staggered, four-year terms.  Members must reside 
or maintain a place of business within the Region, and most of the members must have a demonstrated interest or 
proven ability in the field of water quality.  Members of the Regional Water Board conduct their business at regular 
meetings and public hearings at which public participation is encouraged. 

II. FUNCTION OF THE BASIN PLAN 
The Basin Plan contains the water quality regulations for the Colorado River Basin Region and programs to 
implement those regulations.  The Basin Plan is designed to preserve and enhance water quality in the Region and 
to protect the beneficial uses of all regional waters for the benefit of present and future generations.  Specifically, 
the Basin Plan: (i) identifies beneficial uses for surface and ground waters, (ii) includes narrative and numerical 
water quality objectives that must be attained or maintained to protect the designated beneficial uses and conform 
to the state's anti-degradation policy, and (iii) describes implementation programs and other actions that are 
necessary to achieve the water quality objectives established in the Basin Plan.  

Water uses and water benefits vary.  Water quality is an important factor in determining use and benefit.  For 
example, drinking water generally must be of higher quality than the water used to irrigate agricultural land.  Both 
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of these are beneficial uses of water, but the quality requirements for irrigation water are different from those for 
drinking water.  The Basin Plan recognizes the variations of water quality and water uses. 

The Basin Plan is divided into six chapters. Chapter 1 provides a summary overview of the functions of the State 
and Regional Water Boards, the legal basis and authority for the Basin Plan, and the physical features of the 
Colorado River Basin Region.  Chapter 2 designates the beneficial uses for surface and ground waters in the 
Region.  Chapter 3 designates the water quality objectives necessary to ensure the reasonable protection of the 
beneficial uses.  Chapter 4 describes the implementation plans for achieving and maintaining the beneficial uses 
and water quality objectives.  Chapter 5 summarizes the various plans and policies which protect water quality and 
also describes water quality issues requiring special attention.  Chapter 6 provides a summary description of the 
water quality monitoring and surveillance program of the Regional Water Board.   

The Regional Water Board implements the Basin Plan by issuing and enforcing waste discharge requirements to 
personsincluding individuals, communities, or businesses whose waste discharges may affect water quality.  These 
requirements can be either state WDRs or federally-delegated NPDES permits for discharges to waters of the 
United States.  Dischargers are required to meet water quality objectives and thus protect beneficial uses. 

This Basin Plan also encourages water users to improve the quality of their water supplies, particularly where the 
wastewater they discharge is likely to be reused.  Public works and other projects, which can affect water quality, 
are reviewed and their impacts are identified.  Proposals which implement or help achieve the goals of the Basin 
Plan are supported. 

The Basin Plan is a dynamic rather than fixed document and is always subject to modification.  The Regional Water 
Board will periodically consider changes to this Basin Plan as necessary and at a minimum of every three years. 
Updated sections of the Basin Plan may appear as periodic amendments, which are also subject to approval by the 
State Water Board and the Office of Administrative Law.  Amendments to the Basin Plan are also often subject to 
review by the United States Environmental Protection Agency (USEPA).    

III. LEGAL BASIS AND AUTHORITY 
The Porter-Cologne Water Quality Control Act, which is contained in division 7 of the California Water Code, 
establishes the responsibilities and authorities of the nine Regional Water Boards and the State Water Board.  The 
Act names these Regional Water Boards "...the principal state agencies with primary responsibility for the 
coordination and control of water quality."  (Water Code, § 13001.)  Each Regional Water Board is directed to 
"...formulate and adopt water quality control plans for all areas within the region."  (Id. § 13240.)  A water quality 
control plan for the waters of an area is defined as having these three components:  beneficial uses which are to 
be protected, water quality objectives which protect those uses, and an implementation plan which accomplishes 
those objectives.  (Id. § 13050.)  Further, "such plans shall be periodically reviewed and may be revised."  (Id. § 
13240.)  The federal Clean Water Act (33 U.S.C. section 1251 et seq.) provides for the delegation of certain 
responsibilities of water quality control and water quality planning to the states.  Where the USEPA and the State 
Water Board have agreed to such delegation, the Regional Water Boards implement portions of the Clean Water 
Act, such as the NPDES program and toxic substance control programs. 

The Porter-Cologne Water Quality Control Act and Clean Water Act also describe how enforcement of requirements 
pertaining to discharges of waste is to be carried out.  Enforcement tools available to the Regional Water Board 
range from simple letters to the discharger, through formal Regional Water Board orders and direct assessments 
of administrative civil liability and penalties, to judicial civil and/or criminal enforcement, including civil liability, 
penalties, fines, and/or injunctive relief.  Legally-noticed public hearings are required for most actions, but some 
enforcement actions (e.g., Cleanup and Abatement Orders) may be issued by the Executive Officer of the Regional 
Water Board to allow for a quicker response than regularly scheduled board meetings can provide.  

This Basin Plan was prepared to comply with all applicable federal and state laws, regulations, plans, policies, and 
guidelines.  The laws, regulations, and guidelines are summarized below.  The plans and policies are summarized 
in Chapter 5.  Also, future amendments thereto, are hereby included in this Basin Plan by reference. 
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A. FEDERAL REQUIREMENTS 
One federal law specifically and directly addresses the matter of water pollution control.  This law is known as the 
federal Clean Water Act (33 U.S.C. section 1251 et seq.).  Several other federal laws, classifiable as "environmental" 
laws, may also apply to water pollution control activities.  These laws include the National Environmental Policy Act, 
the Clean Air Act, and the Resource Conservation and Recovery Act. 

1. Federal Clean Water Act 

The objective of the Act (33 U.S.C. section 1251 et seq.) is to restore and maintain the chemical, physical, and 
biological integrity of the Nation's waters.  The Act further states that it is the policy of Congress to recognize, preserve, 
and protect the primary responsibilities, and rights of the states to prevent, reduce, and eliminate pollution, to plan the 
development and use (including restoration, preservation, and enhancement) of land and water resources, and that 
full public participation in the development and/or revision of regulations, plans and programs be provided for, 
encouraged, and assisted.  The responsibility to administer the Act is placed with the Administrator of the U.S. 
Environmental Protection Agency. 

2. National Environmental Policy Act (NEPA) 

In general, this Act (42 U.S.C. section 4321 et seq.) proposes to satisfactorily preserve the environment and to restore 
that which has been degraded.  The method devised to accomplish this is to require evaluation of the effect of each 
action proposed upon the environment, and to consider the results in making decisions regarding such action.  NEPA 
applies to the actions of the federal government. 

NEPA declares a continuing policy for all levels of government and concerned public and private organizations to 
create and maintain conditions under which people and nature can exist in productive harmony and fulfill the social, 
economic, and other needs of present and future generations.  The Act directs an interdisciplinary approach to 
integrated use of all talents in planning and decision-making that impact on the environment. (42 U.S.C. § 4332.)  Each 
report or recommendation must be accompanied by a detailed statement prepared by the responsible official on: 

• The environmental impact of the proposed action; 
• Any adverse environmental effects which cannot be avoided if the action is taken; 
• Alternatives to the action; 
• Relationship between local short-term uses of the environment, and maintenance and enhancement of long-

term productivity; and 
• Any irreversible and irretrievable commitments of resources if the proposed action is taken. 

Appropriate alternatives to proposed actions must be studied and developed when conflicts in use of available 
resources are encountered. 

B. CALIFORNIA STATUTORY AND ADMINISTRATIVE LAWS 
The laws in California are organized into the state constitution, statutes, and administrative codes encompassing 
all facets of the state's governmental controls.  Laws that directly affect water resources planning are contained 
principally in the Water Code, with additional specificity in those administrative codes which are titled Water 
Resources Code, Health and Safety Code, Public Resources Code, and Fish and Game Code. 
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1. California Water Code 

One division of statutory law is directed primarily towards the control of water quality.  This is division 7 of the California 
Water Code, also referred to as the "Porter-Cologne Water Quality Control Act."  Those portions of said division 7 
which relate to or govern the preparation of basin plans are summarized below. 

This Act establishes that the waters of the state shall be protected for use and enjoyment by the people of the state; 
that the activities and factors which may affect the quality of the waters of the state shall be regulated to attain the 
highest water quality which is reasonable, considering all demands being made or to be made and the total values 
involved, beneficial and detrimental, economic and social, tangible and intangible; that the health, safety, and welfare 
of the people require that there be a statewide program for control of the quality of all waters of the state; that quality 
and quantity of water shall be administered conjunctively; and that the statewide program for water quality can most 
effectively be administered regionally within a framework of statewide coordination and policy.   The State Water Board 
and the nine Regional Water Boards are established under the Act as the principal state agencies with primary 
responsibility for control of water quality. 

The State Water Board is responsible for the formulation and adoption of state policy for water quality control.  State 
policy consists of: 

• Water quality principles and guidelines for long-range planning for ground waters and surface waters, and the use 
of reclaimed water; 

• Water quality objectives at key locations; and 

• Other principles and guidelines deemed essential for water quality control. 

The State Water Board may adopt water quality control plans for waters for which water quality standards are required 
by the federal Clean Water Act.  The Regional Water Quality Control Plans are prepared to conform with policies of 
the State Water Board. 

Each Regional Water Board must formulate and adopt, for its region, water quality control plan(s) which establish such 
water quality objectives as in its judgment will ensure reasonable protection of beneficial uses. 

Article 4 of chapter 4 of division 7 of the Water Code establishes basic procedures for prescription of waste discharge 
requirements upon dischargers of waste.  Any person who is discharging, or proposes to discharge waste other than 
into a community sewer, that could affect the quality of water, shall file a report with the Regional Water Board 
containing information required by the Board.  After any necessary hearing, the Regional Water Board may impose 
waste discharge requirements based on the nature of the proposed discharge relative to conditions existing in the 
disposal area or receiving waters.  Discharge requirements may be reviewed and revised as appropriate, upon 
application by any affected person or by the Regional Water Board on its own motion.  The discharge of wastes does 
not create any vested right to continue such discharge. 

Section 2100 of the Water Code provides for adjudication to protect ground water quality.  The State Water Board, 
upon a finding of existing or threatened irreparable damage, may file an action in the superior court to restrict pumping 
or to impose physical solutions, or both, to the extent necessary to prevent destruction of or irreparable injury to the 
quality of ground water.  The State Water Board may take such action only if an affected local agency charged with 
this responsibility fails to take appropriate action. 

The Water Code contains provisions which control almost every consideration of water and its use.  Division 2 of the 
Water Code provides that the State Water Board shall consider and act upon all applications for permits to appropriate 
waters. The State Water Board's authority includes water quality considerations in granting a water right; division 3 
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deals with dams and reservoirs; division 5 pertains to flood control; division 6 controls conservation, development and 
utilization of the state water resources; division 7, as described above, covers water quality; and divisions 11 through 
21 provide for the organization, operation, and financing of various types of local water-oriented agencies. 

2. California Environmental Quality Act (CEQA) 

CEQA is contained in Public Resources Code section 21000 et seq.  CEQA, which is the state-level equivalent of the 
federal NEPA, requires all state agencies, boards, and commissions to include, in any report on any project having a 
significant effect on the environment, an environmental impact report (EIR).  CEQA also requires, in addition to the 
five items set forth in section 102 of NEPA, that the EIR include a discussion of mitigation measures proposed to 
minimize the impact.  The responsibility for development of objectives, criteria, and procedures to assure proper 
preparation and evaluation of the EIR is placed with the state Office of Planning and Research. 

3. California Code of Regulations 

The administrative procedures of the State Water Board are contained in title 23, chapter 3 of the California Code of 
Regulations.  Regulations relating to the many facets of water rights and water quality are contained in the several 
subchapters of said chapter 3.  Title 17 (Public Health) of the California Code of Regulations contains requirements 
for quality of water for domestic uses.  Restrictions on the uses of waters reclaimed from wastewater are contained in 
title 22 (Environmental Health) of the California Code of Regulations. 

4. Other State Statutes 

Portions of various other codes, such as the Health and Safety Code, Fish and Game Code, Public Resources Code, 
and Revenue and Taxation Code, impose various regulations that are to be considered in the basin planning process.  
The Health and Safety Code contains regulations relating to the formation and operation of county sanitation and 
sewer maintenance districts, sewer revenue bonds, the use by the public of reservoirs, and ocean water-contact 
sports.  The Fish and Game Code provides for the preservation, protection, and enhancement of birds, mammals, 
fish, amphibians, and reptiles, and their habitats. 

C. OTHER PLANNING AGENCIES 
There are various other regional and local governmental agencies whose policies are considered during any Water 
Quality Control Plan update.  These include but are not limited to the following: 

• Southern California Association of Governments 
• Coachella Valley Association of Governments 
• Imperial Valley Association of Governments 
• San Bernardino Association of Governments 
• Agencies, districts, and other public bodies responsible for collection, treatment, and disposal of wastewaters 

and for water conservation and production. 
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IV. THE PLANNING PROCESS 

A. BASIN PLAN AMENDMENT PROCESS 
Both federal and state laws require public participation in the development of Water Quality Control Plans and 
amendments thereto.  The principal laws governing public participation with respect to development of water quality 
control plans are listed below: 

• Federal Clean Water Act (33 U.S.C. § 1251 et seq.) 
• Porter-Cologne Water Quality Control Act (Water Code, § 13000 et seq.)   
• California Environmental Quality Act (CEQA) (Public Resources Code, § 21000 et seq.) 

In addition to these laws, both federal and state regulations and guidelines have been developed to ensure 
compliance with the intent of the laws. 

This Regional Water Board uses the following procedures for adoption of Water Quality Control Plans: 

• Proposed Plans are prepared by Regional Water Board staff, under the direction of the Regional Water 
Board's Executive Officer. 

• An Environmental Checklist Form for the proposed Plan is prepared. 

• Staff prepares a summary report containing: 

o A brief description of the proposed Plan; 
o Reasonable alternatives to the proposed Plan; and 
o Mitigation measures to minimize any significant adverse environmental impacts. 

 
• A Notice of Filing and Notice of Public Hearing is mailed to all interested agencies (federal, state, and local), 

organizations, and individuals at least 45 days prior to the scheduled Regional Water Board hearing on the 
proposed Plan.  Those agencies, organizations, and individuals who are presumed to have special interest 
in the proposed Plan are forwarded copies of the proposed plan, the Environmental Checklist Form, and 
the summary report. 

• At least 45 days prior to the scheduled Regional Water Board Public Hearing, a copy of the Notice of Filing 
and Notice of Public Hearing is published in newspapers for major circulation in areas affected by the 
proposed Plan. 

• Copies of the proposed Plan, environmental checklist, and summary report are provided upon request to 
other agencies and persons. 

• The Regional Water Board staff prepares written responses to comments concerning significant issues 
raised during the public review period.  If a comment is received less than 15 days prior to the date of the 
Regional Water Board hearing on the proposed Plan, an oral response is presented at the hearing.  The 
oral response, as well as comments and responses at the Board meeting, are included in the meeting 
minutes. 

• Following Regional Water Board adoption of the Plan, the Regional Water Board's Executive Officer will 
forward the Plan for consideration of approval to the State Water Board. 
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• Following State Water Board approval of the Plan, a Notice of Decision will be filed by the Regional Water 
Board with the Secretary of the Resources Agency for public posting for a period of at least 30 days. 

In addition to the above procedure, other provisions are made to allow for public involvement.  All Regional Water 
Board files containing information regarding the proposed plan are open to public inspection at the office of the 
California Regional Water Quality Control Board, Colorado River Basin Region, 73-720 Fred Waring Drive, Suite 
100, Palm Desert, California, 92260, during the hours of 9 a.m. to 4 p.m. of each business day.  Also, appointments 
can be made with Regional Water Board staff to discuss the proposed plan and answer any questions. 

B. TRIENNIAL REVIEW PROCESS 
The federal Clean Water Act (section 303(c)) requires states to hold public hearings for review of water quality 
standards at least once every three years.  Water quality standards consist of beneficial use designations and water 
quality objectives necessary to protect those uses.  The Porter-Cologne Water Quality Control Act requires the Basin 
Plan to be reviewed periodically.  While a major part of the review process consists of identifying potential problems, 
an important part of the review is the reaffirmation of those portions of the plan where no potential problems exist. 

At the conclusion of the triennial review public hearing, Regional Water Board staff prepares a priority list of potential 
problems with the Basin Plan that may result in amendments.  Placing a potential problem on the priority list will only 
require Regional Water Board staff investigation of the need for an amendment.  It does not necessarily mean a 
revision of the water quality control plan will be made. 

Other items completed after the public hearing include: 

• Detailed Workplans of each issue; 
• Regional Water Board identification of issues that can be completed within existing resource allocations over a 

three-year period; and 
• List of projects requiring additional resources to complete. 

Once the triennial review process is complete, Regional Water Board staff begins investigating the issues in order 
of rank.  After each investigation, staff determines the need for a Basin Plan amendment. 

Basin Plan amendments can also be prepared for issues not identified during the triennial review.  Amendments 
can be prepared for urgent issues or to reflect new legislation. 

V. THE COLORADO RIVER BASIN REGION 

A. GEOGRAPHICAL SETTING 
The Colorado River Basin Region covers approximately 13 million acres (20,000 square miles) in the southeastern 
portion of California (Figure 1-2, Page 1-18).  It includes all of Imperial County and portions of San Bernardino, 
Riverside, and San Diego Counties.  It is bounded for forty miles on the northeast by the State of Nevada, on the 
north by the New York, Providence, Granite, Old Dad, Bristol, Rodman, and Ord Mountain ranges, on the west by 
the San Bernardino, San Jacinto, and Laguna Mountain ranges, on the south by the Republic of Mexico, and on 
the east by the Colorado River and State of Arizona.  Geographically, the Region represents only a small portion of 
the total Colorado River drainage area, which includes portions of Arizona, Nevada, Utah, Wyoming, Colorado, New 
Mexico, and Mexico. 

A significant geographical feature of the Region is the Salton Trough, which contains the Salton Sea and the 
Coachella and Imperial Valleys.  The Salton Trough is a landward extension of the Gulf of California structural 
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depression.  In prehistoric times, it contained the Ancient Lake Cahuilla (not to be confused with the present Lake 
Cahuilla, located at the terminus of the Coachella Branch of the All-American Canal).  Much of the agricultural 
economy and industry of the Region is located in the Salton Trough.  The Salton Trough contains the Salton Sea 
Known Geothermal Resource Area, which as of 2017, consisted of 10 generating geothermal plants.  

Developments along California's 230-mile reach of the Colorado River, which flows along the eastern boundary of 
the Region, include agricultural areas in Palo Verde Valley and Bard Valley, urban centers at Needles, Blythe, and 
Winterhaven, several transcontinental gas compressor stations, and numerous small recreational communities.  
Some mining operations are located in the surrounding mountains.  Also situated along the Colorado River are the 
Fort Mojave, Chemehuevi, Colorado River, and Yuma Indian Reservations. 

B. GEOLOGY 
The mountains of the Region consist mainly of metamorphic and igneous rocks of pre-Cambrian to Tertiary age, 
and the sediments in the intervening valleys are generally weakly consolidated to unconsolidated sediments of late 
Cenozoic age.  Northwest-trending faults are extensive and are a major factor in determining the configuration of 
the land.  The well known San Andreas Fault Zone cuts diagonally across the southwesterly portion of the Region 
and borders the highlands on the northeast side of the Salton Trough.  Borrego Valley is a typical valley formed by 
the San Jacinto Fault.  The valleys, mountains, and dry lakes generally trend toward the northwest as oriented by 
the major fault systems. 

The Coachella and Imperial Valleys were created when the Colorado River formed a delta that isolated the Salton 
Trough from the Gulf of California.  Subsequently, under desert conditions, the inland sea dried up.  Later, the 
trough was occupied by lakes for various periods, and deposition into these lakes gives the valleys their 
characteristic flat lands and fertile soils. 

The Anza-Borrego planning area is made up of the Old California batholith that has been weathered and eroded.  
Today only low dissected hills remain. 

The East Colorado River Basin planning area consists of a sediment-filled structural trough.  Deep alluvial deposits 
composed of silt, clay, and sand were laid down by ancestral streams of the present Colorado River system. 

C. MAJOR HYDROLOGIC FEATURES   
The Colorado River is the most important waterway in the Region.  The River supplies water for use within the 
Region and elsewhere.  Regional drainage to the River is from a strip about 200 miles long, with a watershed which 
(in California) ranges from 7 to 40 miles in width.  This watershed strip is referred to as the East Colorado River 
Basin. 

Near Parker Dam, water is diverted by the Metropolitan Water District for export through the Colorado River 
Aqueduct to coastal counties.  The dam forms Lake Havasu, a major recreational development.  At Palo Verde 
Diversion Dam, water is diverted for irrigation in Palo Verde Valley.  At Imperial Dam, water is diverted to the All-
American Canal, which conveys water in California to the Bard Valley, and to the agricultural areas of the Imperial 
and Coachella Valleys. 

Apportionment of water available for diversion from the River is made in accordance with a number of documents 
collectively referred to as the Law of the River.  These include interstate compacts, federal legislation, water delivery 
contracts, state legislation, a treaty with Mexico, United States Supreme Court decrees, and federal administrative 
actions.  Presently, California is receiving waters unused by other states.  When Arizona is diverting its full 
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apportionment, it is anticipated that there will be only infrequent periods of surplus, and California's diversions will 
be limited to its basic apportionment of 4.4 million acre-feet per year. 

Regional drainage waters resulting from Colorado River diversions and use, and which do not return to the Colorado 
River, drain into the Salton Sea.  That portion of the Region that does not drain into the Colorado River is referred 
to as the Colorado River Basin (West) or West Basin. 

Much of the northern portion of the West Basin drains to several individual internal sinks or playas, while the 
southern portion generally drains to the Salton Sea.  The Imperial and Coachella Valleys contain numerous drains 
that transport irrigation return flows and stormwater, as well as canals for importation and distribution of Colorado 
River water. 

The Salton Sea, which is replenished principally by irrigation drainage and stormwater, is the largest body of water 
in the West Basin.  The Sea serves as a reservoir to receive and store agricultural drainage and seepage waters, 
but also provides important wildlife habitat and is used for recreational purposes which include boating and fishing.  
Several smaller constructed recreational lakes are located in the Imperial Valley.  In addition, Lake Cahuilla in 
Coachella Valley is used to store Colorado River water for irrigation and recreational purposes. 

D. CLIMATE 
The Region has the driest climate in California.  The winters are mild and summers are hot.  Temperatures range 
from below freezing to over 120oF.  In the Colorado River valleys and the Salton Trough frost is a rare occurrence, 
and crops are grown all year round.  

Snow falls in the Region's higher elevations, with mean seasonal precipitation in the upper San Jacinto and San 
Bernardino Mountains ranging from 30 to 40 inches.  The lower elevations receive relatively little rainfall.  An 
average of about four inches of precipitation occurs along the Colorado River, with much of this coming from late 
summer thunderstorms moving north from Mexico. 

Typical mean seasonal precipitation in the desert valleys is 3.6 inches at Indio and 3.2 inches at El Centro.  
Precipitation over the entire area occurs mostly from November through April, and August through September, but 
its distribution and intensity are often sporadic.  Local thunderstorms may contribute all the average seasonal 
precipitation at one time or only a trace of precipitation may be recorded at any locale for the entire season. 

E. FISH AND WILDLIFE RESOURCES 
The Region provides habitat for a variety of native and introduced species of wildlife.  Increasing human population 
and its associated development have adversely affected the habitat for some species, while enhancing it for others. 

Large areas within the Region are inhabited by animals tolerant of arid conditions, including small rodents, coyotes, 
foxes, birds, and a variety of reptiles.  Along the Colorado River and in the higher elevations of the San Bernardino 
and San Jacinto Mountains, where water is more abundant, deer, bighorn sheep, and a diversity of small animals 
exist. 

Practically all of the fishes inhabiting the Region are introduced species.  The most abundant species in the 
Colorado River and irrigation canals include largemouth bass, smallmouth bass, flathead and channel catfish, 
yellow bullhead, bluegill, redear sunfish, black crappie, carp, striped bass, threadfin shad, red shiner, and in the 
colder water above Lake Havasu, rainbow trout.  Grass carp were introduced into sections of the All American 
Canal system for aquatic weed control.  Fishes inhabiting agricultural drains in the Region generally include 
mosquito fish, mollies, red shiners, carp, and tilapia, although locally significant populations of catfish, bass, and 
sunfish occur in some drains.  The Salton Sea formerly hosted a considerable sportfishery of introduced species, 
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including Gulf croaker, orangemouth corvina, and sargo.  During the late 1960’s and 1970’s, a hybrid tilapia invaded 
the Salton Sea and became dominant by number and weight.  Fish surveys conducted in 2017 showed that tilapia 
are still present at the Salton Sea, but it is uncertain how long the population will be able to sustain itself with rising 
salinity. 

National wildlife refuges in the Region include the Sonny Bono Salton Sea National Wildlife Refuge Complex (Sonny 
Bono Complex) in the West Colorado River Basin, and three refuges in the East Colorado River Basin (Cibola, 
Havasu and Imperial National Wildlife Refuges).  The Sonny Bono Complex consists of the Sonny Bono Salton Sea 
National Wildlife Refuge and the Coachella Valley National Wildlife Refuge. The three Colorado River refuges have 
territory on either side of the Colorado River in both Arizona and California. Wildlife lands managed by the California 
Department of Fish and Wildlife within the Region are the Marble Mountains, Santa Rosa, San Felipe Valley, and 
Imperial wildlife areas. 

The Region provides habitat for certain wildlife species listed as endangered or threatened under the California 
Endangered Species Act (CESA) and/or the federal Endangered Species Act.  These species include, but are not 
limited to, desert pupfish, razorback sucker, Yuma clapper rail, black rail, least Bell's vireo, yellow-billed cuckoo, 
desert tortoise, and peninsular bighorn sheep. 

VI. PLANNING AREAS 
For planning and reporting purposes, the Region has been divided into the following seven major planning areas 
on the basis of different economic and hydrologic characteristics (Figure 1-2): 

• Lucerne Valley 
• Hayfield 
• Coachella Valley 
• Anza-Borrego 
• Imperial Valley 
• Salton Sea 
• East Colorado River Basin 

A. LUCERNE VALLEY PLANNING AREA 
The Lucerne Valley planning area comprises many small internal drainage basins which cover 6,500 square miles, 
approximately the northern third of the West Basin.  In the upper desert, which contains Lucerne Valley, Yucca 
Valley, Joshua Tree, and Twentynine Palms, precipitation is higher, and frost often occurs.  The San Bernardino 
Mountains on the northwest have the highest peaks in the planning area, with elevations exceeding 7,000 feet. 

1. Surface Water Hydrology 

Precipitation occurs mostly as rainfall, with some snowfall in the San Bernardino Mountains.  Rainfall is sporadic, and 
amounts vary widely with location.  Mean annual precipitation ranges from 16 inches in the San Bernardino Mountains 
to less than three inches in the Bristol Lake (dry) area.  The average annual rainfall over the entire planning area is 
five inches.  Little of the rainwater percolates into the ground water table and most is lost by evaporation and by 
evapotranspiration.  Arrastre and Crystal Creeks are the most significant streams in the planning area. 
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2. Ground Water Hydrology 

Ground water is stored principally in the unconsolidated alluvium.  Except for areas near some of the dry lakes, ground 
water is unconfined.  The depth of the water bearing deposits is not known, but the basins have accumulated hundreds 
of feet of sediments (e.g. 1,200 feet of sediments have been measured in the Dale Hydrologic Subunit). 

Wells yield from a few gallons-per-minute (gpm) to 3,000 gpm.  In 1970, depth to ground water ranged from flow at 
the surface to 445 feet in the Copper Mountain hydrologic unit. 

There may be some flow (less than an average 100 acre-feet per year) from the Lucerne Hydrologic unit into the 
Upper Mojave River Hydrologic Subunit in the South Lahontan Basin.  There is also an undetermined amount of 
outflow from the Cadiz Hydrologic Unit into the Palen Hydrologic Subunit of the Hayfield Planning Area. 

Ground water flow follows the general gradient of the land surface except in areas of heavy extraction and where 
subsurface flow may be affected by faults.  The Baseline Fault along the south side of Twentynine Palms Valley 
causes a long linear zone of rising water covered by dense vegetation, which includes the Twentynine Palms Oasis.  
Another fault, the Mesquite Dry Lake Fault, intersects the Baseline Fault four miles east of Twentynine Palms and 
impedes ground water movement locally, causing a higher water table on the southwest side of the fault.  Other faults 
have less effect on the hydrology, but may be responsible for high fluoride in the water and for high water temperatures.  
Wells in the Dale hydrologic unit yield water with temperatures ranging from 70o to 118oF. 

B. HAYFIELD PLANNING AREA 
The Hayfield Planning Area lies primarily in Riverside County and covers approximately 1,860 square miles.  The 
Hayfield Planning Area is a desert, with barren mountains and valleys and with dry lake beds at the lower elevations.   

The area is bounded on the south by the Chuckwalla Mountains, and on the east by the McCoy Mountains.  The 
highest elevation in the Planning Area is close to 5,000 feet, but most of the mountain tops are at lower elevations. 

1. Surface Water Hydrology 

Average annual precipitation ranges from less than three inches in the lower valley to eight inches in the higher 
elevations of the Little San Bernardino Mountains.  The average annual runoff for the area, which occurs principally 
during thunderstorms, is 5,000 acre-feet.  No perennial streams flow in the planning area.  Almost all the moisture 
from rain is lost through evaporation and evapotranspiration. 

2. Ground Water Hydrology 

Runoff from the higher elevations is the main source of recharge of the ground water basins.  Small amounts might 
percolate to the ground water table from direct precipitation.  Water in storage is generally unconfined in the sediments 
that fill the valleys. 

Water levels range from ground surface down to 400 feet.  Wells in the planning area yield from a few gpm to over 
5,000 gpm.  The water-bearing sediments have been penetrated to a depth of 1,200 feet.  Most of the pumping in the 
area has been done by the Kaiser Steel Corporation for industrial use. 

Ground water flow generally follows the gradient of the land surface but may be affected by pumping depressions and 
by the local geology of the non-water-bearing rocks.  An example is the subsurface basalt dike that impedes ground 
water movement at the east end of the Pinto hydrologic subunit and prevents flow into the adjoining Palen Hydrologic 
Subunit. 
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C. COACHELLA VALLEY PLANNING AREA  
This planning area contains the Whitewater Hydrologic Unit and the East Salton Sea Hydrologic Unit.  It lies almost 
entirely in Riverside County and covers 1,920 square miles in the west central portion of the Region.  The San 
Bernardino Mountains and the Little San Bernardino Mountains form the northern boundary. 

The San Jacinto and Santa Rosa Mountains and the Salton Sea shoreline form the western and southern boundaries.  
Elevations range from over 230 feet below sea level at the Salton Sea shoreline to over 10,000 feet above sea level 
in the San Jacinto Mountains. 

The higher elevations of the San Bernardino and San Jacinto Mountains have evergreen forests with perennial 
streams.  A contrasting scene is presented on the Coachella Valley floor where the land contains desert vegetation, 
except where the land has been irrigated with pumped ground water or with imported Colorado River water. 

1. Surface Water Hydrology 

Average annual precipitation ranges from less than three inches in the valleys to 40 inches in the San Bernardino 
Mountains.  Seasonal snows fall on the higher elevations in the San Bernardino and San Jacinto Mountains.  In the 
valleys, precipitation from summer thunderstorms often exceeds that of winter. 

Runoff resulting from rains and snowmelt at the higher elevations is the major source of ground water replenishment.  
Perennial streams include the upper reaches of the San Gorgonio and Whitewater Rivers, and Palm Canyon, Tahquitz, 
Snow, Deep Canyon, Chino, and Andreas Creeks. 

The Whitewater River is the major drainage course in the Planning Area.  There is perennial flow in the mountains, 
but because of diversions and percolation into the basin, the River becomes dry further downstream.  The constructed 
downstream extension of the River channel known as the Coachella Valley Storm Water Channel, serves as a 
drainage way for irrigation return flows, treated community wastewater, and storm runoff. 

There is one relatively large surface water impoundment.  Lake Cahuilla, at the terminus of the Coachella Canal, 
serves as a storage reservoir to regulate irrigation water demands, and is also used for recreational purposes. 

2. Ground Water Hydrology 

Ground water is stored principally in the unconsolidated Pleistocene sediments.  Wells yield up to 4,000 gpm.  
Maximum thickness of the water-bearing sediments is not known; however, it exceeds 1,000 feet in Coachella Valley. 

Ground water is generally unconfined except in the lower areas of the Coachella Valley.  A clay aquitard, a result of 
past sedimentation in the old lake bed, extends from the Salton Sea to some distance west of Indio, overlying the 
domestic-use aquifers.  The clay layer underlies lenses of permeable sediments and perched ground waters which 
are replenished by percolating irrigation water. 

The planning area is faulted extensively, altering ground water movement.  The Mission Creek, Banning, and San 
Andreas Faults form effective barriers to ground water movement.  The Indio Hills, Garnet Hills, and Mecca Faults 
form partial barriers. 

The Indio and Mecca Hills have been uplifted along the northwest-trending San Andreas Fault system.  The alignment 
of oases on the flanks of those hills results from faults that impede the movement of ground water.  The most prominent 
of these oases is the Thousand Palms Oasis on the Mission Creek Fault. 

Efforts to recharge the ground water basin in the Coachella Valley began in 1919 when the Coachella Valley County 
Water District constructed facilities to capture natural flows from the Whitewater River channel to recharge the upper 
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portion of the Whitewater River Subbasin. In 1973, the Coachella Valley Water District (CVWD) and Desert Water 
Agency (DWA) began importing Colorado River water to the Whitewater recharge facility. The imported water was 
obtained from Metropolitan Water District of Southern California via the Colorado River Aqueduct in exchange for 
State Water Project water, for the purpose of increasing ground water recharge in the upper portion of the Whitewater 
River Subbasin. In 2002, CVWD and DWA completed construction of the Mission Creek recharge facility and began 
recharging the Mission Creek Subbasin with imported Colorado River water via the Colorado River Aqueduct. 
Colorado River water transported by the Coachella Canal is used by CVWD to recharge the lower portion of the 
Whitewater River Subbasin at two sites in the Eastern Coachella Valley. Recharge at the pilot Dike 4 recharge facility 
located in La Quinta began in 1997 and in 2009, recharge began at the full-scale Thomas E. Levy Groundwater 
Replenishment facility at this location. Recharge at the pilot Martinez Canyon recharge facility located near the 
community of Oasis began in 2005. Ground water producers throughout the Coachella Valley are cooperating partners 
in these ground water recharge projects, which are funded by the replenishment assessment programs.   

D. ANZA-BORREGO PLANNING AREA 
This Planning Area includes the Clark, West Salton Sea, and Anza-Borrego Hydrologic Units.  It comprises 1,000 
square miles in the southwest corner of the Region, mostly in San Diego and Imperial Counties, with a small segment 
in Riverside County. 

Elevations range from over 230 feet below sea level at the Salton Sea to over 6,000 feet along the western boundary.  
The principal communities in the planning area are Salton City and Borrego Springs. 

1. Surface Water Hydrology 

Drainage flows to the Salton Sea except for two small areas of internal drainage in Clark and Borrego Valleys in the 
northwest corner of the planning area. 

Average annual precipitation ranges from less than three inches along the eastern boundary, near Imperial Valley, to 
25 inches in the mountain divide between the Salton Sea and Pacific Ocean drainages.  Runoff occurs from winter 
precipitation especially in the higher elevations and from summer thunderstorms.  Perennial flow includes reaches of 
Coyote and San Felipe Creeks. 

2. Ground Water Hydrology 

Ground water is pumped principally from the unconsolidated Pleistocene sediments, but some is pumped from low-
yield wells that extend to weathered and fractured bedrock. 

Ground water flows in the same general direction as surface water to Clark Lake, Borrego Sink, and the Salton Sea.  
However, this subsurface flow is affected by pumping and may be impeded by faults.  About 10,000 acre-feet of 
subsurface flow reaches the Salton Sea annually.  A safe yield of 22,000 acre-feet/year is estimated for the Planning 
Area.  Storage capacity of the ground water basin is estimated at seven million acre-feet. 

E. IMPERIAL VALLEY PLANNING AREA 
This Planning Area comprises 2,500 square miles in the southern portion of the Region, almost all of it in Imperial 
County.  The easterly and westerly boundaries are contiguous with the westerly and easterly boundaries of the East 
Colorado River Basin and the Anza-Borrego Planning Area, respectively.  Its northerly boundary is along Salton Sea 
and the Coachella Valley Planning Area and its southerly boundary follows the International Boundary with Mexico.  
The Planning Area's central feature is the flat, fertile Imperial Valley.  The principal communities are El Centro, Brawley, 
and Calexico. 
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1. Surface Water Hydrology 

Surface waters mostly drain toward the Salton Sea.  The New and Alamo Rivers convey agricultural irrigation drainage, 
surface runoff, and lesser amounts of treated municipal and industrial waste waters from the Imperial Valley.  The flow 
in the New River also contains agricultural drainage, treated and untreated sewage, and industrial waste discharges 
from Mexicali, Mexico. 

Average annual precipitation ranges from less than three inches over most of the planning area to about eight inches 
in the Coyote Mountains on the western border. 

Colorado River water, imported via the All American Canal, is the predominant water supply and is used for irrigation, 
industrial, and domestic purposes. 

2. Ground Water Hydrology 

Ground water is stored in the Pleistocene sediments of the valley floor, the mesas on the west, and the East Mesa 
and sand hills on the east.  However, the fine-grained lake sediments in the central portion of Imperial Valley inhibit 
ground water movement, and tile-drain systems are utilized to dewater the sediments to a depth below the root zone 
of crops and to prevent the accumulation of saline water on the surface. 

Few wells have been drilled in these lake sediments because the yield is poor and the water is generally saline.  The 
few wells in the Valley are for domestic use only.  In the Coyote Wells Hydrologic Subunit and Davies Hydrologic Unit, 
which are at higher elevations, the water yield from wells is higher, and the waters are of lower salt concentration.  
Ground water is the main water supply in those areas. 

Factors that diminish ground water reserves are consumptive use, evapotranspiration, evaporation from soils where 
ground water is near the surface, and losses through outflow and export. 

F. SALTON SEA PLANNING AREA 
This planning area consists entirely of the Salton Sea, a saline lake located within the lowest portion of the Salton 
Trough depression at the confluence of the Coachella Valley, Anza Borrego, and Imperial Valley Planning Areas, 
which together make up the Salton Sea Transboundary Watershed.  The northern end of the water body is in Riverside 
County and the southern portion is in Imperial County, while a section of the watershed extends to Mexicali Valley 
south of the United States-Mexico border. As a terminal lake with limited and diminishing recharge consisting 
predominantly of agricultural drainage, the sea has been shrinking in size, resulting in a surface elevation drop from 
approximately 228 feet below sea level in 1988 to 235 feet below sea level in 2016.  The Salton Sea stretches between 
Coachella and Imperial valleys and is roughly 30 miles long and about 10 to 15 miles wide.  It has a surface area of 
approximately 360 square miles.   (See Figure 1-1.) 

The lakebed of the Salton Sea was formed by the Ancient Lake Cahuilla and has been filled with water and dried 
out repeatedly throughout the past ten thousand years.  The present-day Salton Sea formed between 1905 and 
1907, when a temporary diversion of the Colorado River was breached by floodwaters, causing the river to change 
course and flow into the depression.  By the time the breach was closed, the surface water of the newly formed 
lake became California’s largest inland body of water by surface area.  Over the course of the twentieth century, 
the Salton Sea became an important recreation destination and wildlife habitat, while serving as an irrigation 
drainage reservoir for agriculture in the Coachella, Imperial, and Borrego valleys.  Wildlife and recreational uses of 
the sea have been declining as the water body recedes and salts concentrate.  The legislative and regulatory efforts 
to restore the sea are discussed in Chapter 4, IV.B. 
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The climate is arid, and average annual precipitation is about 2.6 inches. Replenishment of the Salton Sea is 
predominantly from farm drainage and seepage, with occasional inflows from storm runoff from the gross 
contributing watershed of about 7,500 square miles (see figure 1-1).  
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FIGURE 1-1: SALTON SEA WATERSHED 
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G. EAST COLORADO RIVER BASIN PLANNING AREA 
The East Colorado River Basin Planning Area encompasses the eastern portion of San Bernardino, Riverside, and 
Imperial Counties.  It is bounded on the north by Nevada, on the east by the Colorado River, which generally forms 
the Arizona-California state line, on the south by Mexico, and on the west by the drainage division of the California 
streams and washes directly tributary to the Colorado River.  The planning area is 200 miles long, with a maximum 
east-west width of 40 miles.  The area is characterized by desert valleys and low mountains that are generally less 
than 4,000 feet above sea level.  The Palo Verde and Bard Valleys are within this planning area. 

1. Surface Water Hydrology 

Precipitation is 3-4 inches annually with about half of this occurring from summer thunderstorms, and the other half 
from generally weak winter storms. 

All drainage flows to the Colorado River except for a minor amount which flows into the Colorado River aqueduct via 
Gene Wash and Copper Basin Reservoirs. 

Perennial flow is limited to the Colorado River, and associated drains, canals, and aqueducts.  Piute Creek, a small 
stream northwest of Needles, flows perennially for about a mile before infiltrating into the ground. 

2. Ground Water Hydrology 

Ground water is generally unconfined in all four hydrologic units of the Planning Area.  However, some confined zones 
probably exist in the more than 700 feet of alluvial sediments that form the aquifers in three of the units. 

Some subsurface water probably enters the Planning Area from other than the Colorado River.  However, no data is 
available upon which to base an estimate.  The subsurface inflow from Nevada into the Piute Hydrologic Subunit and 
from the Chuckwalla and Rice Hydrologic Units into the Palo Verde and Vidal Hydrologic Subunits, respectively, may 
be significant in terms of the limited capacity of these subunits. 

About 10,000 acre-feet of precipitation deep-percolates annually. The combined total storage capacity of all 
hydrologic units is about 35 million acre-feet within a selected 200-foot zone that lies above the base of the deepest 
well in each hydrologic unit.  In three hydrologic units, wells are 300 feet or more deep.   
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FIGURE 1-2: COLORADO RIVER BASIN PLANNING AREAS 
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CHAPTER 2 - BENEFICIAL USES 
 

Division 7 of the Water Code (also known as the Porter-Cologne Water Quality Control Act) requires the Regional 
Water Board to consider past as well as present and probable future beneficial uses when establishing water quality 
objectives.  Section 13050, subdivision (f), of division 7 describes "beneficial uses" as follows: 

"Beneficial uses of the waters of the State that may be protected against quality degradation include, 
but are not necessarily limited to, domestic, municipal, agricultural, and industrial supply; power 
generation; recreation; aesthetic enjoyment; navigation; and preservation and enhancement of fish, 
wildlife, and other aquatic resources or preserves." 

Beneficial water uses are of two types - consumptive and nonconsumptive.  Consumptive uses are those normally 
associated with people's activities, primarily municipal, industrial and irrigation uses that consume water and cause 
corresponding reduction and/or depletion of water supply.  Nonconsumptive uses include swimming, boating, 
waterskiing, fishing, hydropower generation, and other uses that do not significantly deplete water supplies.  
Maintenance of fish and wildlife may be either a consumptive or a nonconsumptive use.  Because each use may 
be best served by a specific set of water quality conditions, beneficial uses are a controlling factor in establishing 
water quality objectives for a particular body of water. 

Section 13263 of the Water Code requires that Waste Discharge Requirements be prescribed for any discharge or 
proposed discharge that could affect the quality of the waters of the state, other than into a community sewer 
system.  All industrial discharges that meet this definition are regulated with Waste Discharge Requirements.  

I. PAST OR HISTORICAL BENEFICIAL USES 
Historical beneficial uses of water within the Colorado River Basin Region have largely been associated with 
irrigated agriculture and mining.  With the discovery of gold in the East Colorado River Basin about 1860, mining 
activities began at Picacho, California.  Crops were also grown along the Colorado River to graze livestock. 

In 1877, the first request was filed for use of the Colorado River water in Palo Verde Valley, California, for 
agricultural, mining, manufacturing, domestic, and commercial purposes. 

In 1901, water was first delivered to Imperial Valley through the Canal del Alamo and was used to irrigate land.  
With the completion of Hoover Dam in 1935 and the All-American Canal in 1940, most of the land in the Imperial 
Valley was developed for agriculture.  In 1949, the Coachella branch of the All-American Canal was completed 
which delivers water for irrigation and other beneficial uses in Coachella Valley.  Today approximately 500,000 
acres in Imperial Valley and about 70,000 acres in Coachella Valley are under cultivation. 

Executive Order of Withdrawal (Public Water Reserve No. 114, California No. 26), signed by the President of the 
United States on February 26, 1928, withdrew from all forms of entry all public lands of the United States in the 
Salton Sea area lying below the elevation of 220 feet below sea level for the purpose of creating a reservoir in 
Salton Sea for storage of wastes and seepage water from irrigated land in the Imperial Valley. 

By the 1920's, large acreages of land in Palo Verde Valley were being irrigated with Colorado River water.  A few 
years later, canals were constructed to irrigate land within the Bard Valley.  At present, about 92,000 acres in Palo 
Verde Valley and about 14,000 acres in Bard Valley are under cultivation. 

Availability of good quality ground water has been very important in the development of many areas including 
Coachella Valley, Borrego Springs, Morongo Valley, Twentynine Palms, Joshua Tree, Yucca Valley, Lucerne 
Valley, and Desert Center. 
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Industrial use of water has become increasingly important in the Region, particularly in the agricultural areas.  
Recreational use (both contact and non-contact uses) of the Colorado River and Salton Sea is a very important use 
of these waters; and this use supports millions of dollars’ worth of recreational oriented businesses. 

The surface waters in the Region provide habitat for the support of a variety of fish and wildlife. 

Definitions and abbreviations of beneficial use categories are listed in Table 2-1.  

II. PRESENT BENEFICIAL USES 
From a quantity standpoint, agricultural use is the predominant beneficial use of water in the Colorado River Basin 
Region, with the major irrigated acreage being located in the Coachella, Imperial, and Palo Verde Valleys.  The use 
of water for municipal and industrial purposes, which is second in quantity of usage, is also located largely in these 
valleys and in the Joshua Tree and Dale Hydrologic Units of the Lucerne Valley Planning Area.  The third major 
category of beneficial use, recreational use of surface waters, represents another important segment of the Region's 
economy. 

The beneficial uses found in many areas/hydrologic units today are the result of not only naturally occurring 
resources, but also of improved technology and the importation of water into the Region.  The importation of 
Colorado River water, via the Canal del Alamo, which began shortly after the turn of the century, and subsequently 
via the All-American Canal, has resulted in numerous supply canals, drainage channels, and water bodies where 
previously surface waters were non-existent, intermittent, or limited in nature.  The development of deep well drilling 
and pumping technology allowed development in areas of the Region where water supplies were previously not 
available.  Since the mid-1970's, a portion of the Colorado River water which is imported via the California Aqueduct 
by the Metropolitan Water District of Southern California is used for ground water recharge in the upper portions of 
Coachella Valley. 

A. SURFACE WATER BENEFICIAL USES 
Beneficial uses for surface waters listed in Tables 2-2, 2-3, and 2-4 were identified based on data contained in the 
following reports: 

• Surface Water Survey, March 1984 (revised September 1988); 
• Survey of Springs, 1984; and 
• Survey of Springs, 1986. 

Present beneficial uses are designated by X; potential beneficial uses are designated by P, and intermittent uses 
by I.  Intermittent uses include those uses which occur only seasonally because of limiting environmental conditions 
(e.g. provide habitat for trout during colder months of the year), and uses which are dependent on and occur only 
when sufficient flow exists. 

Identification of beneficial uses of surface waters is based strictly on documentation of the existence of those uses 
and should not in any way be construed to indicate Regional Water Board authorization or approval of the uses.  In 
some instances water quality may not be adequate to support beneficial uses indicated, or beneficial uses may be 
occurring illegally1 or without authorization (for example: fishing in Coachella Valley drains2). 

 
1 "Illegal” means that the access to the surface waters is not allowed by the agency which owns, operates and maintains 

those bodies of waters. 
2 Documentation of unauthorized fishing in Coachella Valley drains is cited in: 208 Planning Study, Agricultural Wastewater 

Practices, 1978, CVWD. 
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B. GROUND WATER BENEFICIAL USES 
The beneficial uses for ground water which are contained in Table 2-5 are for each hydrologic unit as an entirety, 
unless otherwise specified.  Some hydrologic units contain multiple aquifers which may each support different 
beneficial uses. 

III. POTENTIAL BENEFICIAL USES 
Beneficial uses of surface water and ground water in the Region are expected to change little, if at all, between now 
and the year 2000.  Tables 2-2, 2-3 and 2-4 are also valid for potential beneficial uses. However, the relative amount 
of water resource used for each category of beneficial use may change during the above period. 

The existing quality of water in the New and Alamo Rivers limits the present beneficial uses of these waters.  Existing 
beneficial uses for these Rivers are indicated in Table 2-3.  When Mexico corrects its present discharges of raw 
and inadequately treated sewage and other wastes into the New River, beneficial uses of New River water are 
expected to increase, particularly fish and wildlife, and non-contact water recreational use.  The Rivers also have 
potential for hydropower generation and as cooling/replenishment water for production of geothermal energy. 

Where REC I and II are indicated as potential uses in Tables 2-2, 2-3, and 2-4, the designations are solely intended 
to indicate that water quality of the designated waterways are believed to be satisfactory to support REC I or II 
usage, but not that REC I or II usage is either appropriate or suitable.  For example, although a potential REC I use 
for the MWD aqueduct is indicated in Table 2-3, actual usage would be extremely dangerous and also illegal.  For 
the purpose of applying water quality objectives, a potential REC I use would have the same significance as an 
existing REC I use. 

IV. SOURCES OF DRINKING WATER POLICY3 
The following "Sources of Drinking Water" policy as adopted by the State Water Board on May 19, 1988 (Resolution 
No. 88-63) shall apply to all waters of the Region: 

All surface and ground waters are considered to be suitable, or potentially suitable, for municipal or domestic 
water supply with the exception of: 

a. Surface and ground waters where: 

1. The total dissolved solids (TDS) exceed 3,000 mg/L (5,000 us/cm, electrical conductivity), and it is not 
reasonably expected by the Regional Water Board to supply a public water system, or 

2. There is contamination, either by natural processes or by human activity (unrelated to a specific pollution 
incident), that cannot reasonably be treated for domestic use using either Management Practices or best 
economically achievable treatment practices, or 

3. The water source does not provide sufficient water to supply a single well capable of producing an 
average, sustained yield of 200 gallons per day. 

b. Surface waters where: 

1. The water is in systems designed or modified to collect or treat municipal or industrial wastewaters, 
process waters, mining wastewaters, or storm water runoff, provided that the discharge from such 
systems is monitored to assure compliance with all relevant water quality objectives as required by the 
Regional Water Board; or 

 
3 This policy does not affect any determination of what is a potential source of drinking water for the limited purposes of 

maintaining a surface water impoundment after June 30, 1988, pursuant to section 25208.4 of the Health and Safety 
Code. 
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2. The water is in systems designed or modified for the primary purpose of conveying or holding agricultural 
drainage waters, provided that the discharge from such systems is monitored to assure compliance with 
all relevant water quality objectives as required by the Regional Water Board. 

c. Ground waters where: 

1. The aquifer is regulated as a geothermal energy producing source or has been exempted administratively 
pursuant to 40 Code of Federal Regulations section 146.4 for the purpose of underground injection of 
fluids associated with the production of hydrocarbon or geothermal energy, provided that these fluids do 
not constitute a hazardous waste under 40 Code of Federal Regulations section 261.3. 

d. Regional Water Board authority to amend use designations: 

Any body of water which has a current specific designation previously assigned to it by the Regional Water Board 
in the Water Quality Control Plan may retain that designation at the Regional Water Board's discretion.  Where a 
body of water is not currently designated as MUN but, in the opinion of the Regional Water Board, is presently or 
potentially suitable for MUN, the Regional Water Board shall include MUN in the beneficial use designation. The 
Regional Water Board shall assure that the beneficial uses of municipal and domestic supply are designated for 
protection wherever those uses are presently being attained, and assure that any changes in beneficial use 
designations for waters of the state are consistent with all applicable regulations adopted by the U.S. Environmental 
Protection Agency. Tables 2-4 and 2-5 have not yet been modified to reflect this policy, but may be modified in 
future updates of this Plan after sufficient information has been collected to make determinations based on this 
policy. 
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TABLE 2-1: DEFINITIONS OF THE BENEFICIAL USES OF WATER 

CATEGORY DEFINITION 

MUN Municipal and 
Domestic Supply 

Uses of water for community, military, or individual water supply systems 
including, but not limited to, drinking water supply. 

AGR Agriculture Supply Uses of water for farming, horticulture, or ranching including, but not limited 
to, irrigation, stock watering, or support of vegetation for range grazing. 

AQUA Aquaculture Uses of water for aquaculture or mariculture operations including, but not 
limited to, propagation, cultivation, maintenance, or harvesting of aquatic 
plants and animals for human consumption or bait purposes. 

IND Industrial Service 
Supply 

Uses of water for industrial activities that do not depend primarily on water 
quality including, but not limited to, mining, cooling water supply, hydraulic 
conveyance, gravel washing, fire protection, and oil well repressurization. 

GWR Ground Water 
Recharge 

Uses of water for natural or artificial recharge of ground water for purposes 
of future extraction, maintenance of water quality, or halting salt water 
intrusion into fresh water aquifers. 

REC I Water Contact 
Recreation 

Uses of water for recreational activities involving body contact with water, 
where ingestion of water is reasonably possible.  These uses include, but 
are not limited to, swimming, wading, water-skiing, skin and scuba diving, 
surfing, white water activities, fishing, and use of natural hot springs. 

REC II Non-Contact Water 
Recreation 

Uses of water for recreational activities involving proximity to water, but not 
normally involving contact with water where ingestion of water is 
reasonably possible.  These uses include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tide pool and marine 
life study, hunting, sightseeing, or aesthetic enjoyment in conjunction with 
the above activities. 

WARM Warm Freshwater 
Habitat 

Uses of water that support warm water ecosystems including, but not 
limited to, preservation or enhancement of aquatic habitats, vegetation, 
fish, or wildlife, including invertebrates. 

COLD Cold Freshwater 
Habitats 

Uses of water that support cold water ecosystems including, but not limited 
to, preservation or enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 

WILD Wildlife Habitat Uses of water that support terrestrial ecosystems including, but not limited 
to, the preservation and enhancement of terrestrial habitats, vegetation, 
wildlife (e.g., mammals, birds, reptiles, amphibians, invertebrates), or 
wildlife water and food sources. 

POW Hydropower 
Generation 

Uses of water for hydropower generation. 

FRSH Freshwater 
Replenishment 

Uses of water for natural or artificial maintenance of surface water quantity 
or quality. 

RARE Preservation of  Rare, 
Threatened, or 
Endangered Species 

Uses of water that support habitats necessary, at least in part, for the 
survival and successful maintenance of plant or animal species established 
under state or federal law as rare, threatened or endangered. 
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TABLE 2-2: BENEFICIAL USES OF SURFACE WATERS IN THE EAST COLORADO RIVER BASIN 

(Listing of the beneficial uses is indicated by X for existing uses,  
P for potential uses, and I for intermittent uses) 
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Rivers/Streams              
Colorado River and 
associated lakes and 
reservoirs 

X X X  X X X X X X4 X X X 

Copper Basin Creek P     X X5 X5 X  X  X 

Piute Creek P X    X X X X  X  X 

Lakes              

Haughtelin Lake P X     X X X  X   

West Pond P      X X X  X  X 

Canals/Aqueducts              

Bard Valley Canals X X    X X5 X X  X P  

Palo Verde Valley Canals P X X   X6 X5 X5 X  X   

Drains              

Bard Valley Drains       X7 X X  X   

Palo Verde Valley Drains       X8 X2 X  X   

Palo Verde Lagoon and 
Outfall Drain 

      X8 X8 X  X  X 

              

 
4 Limited to reach from Parker Dam to Nevada State Line. 
5 Unauthorized Use. 
6 Palo Verde Irrigation District regards any loss of water through seepage from the canals as entirely detrimental to their 

operations, despite any corollary benefit which occurs from recharging the local ground water basin. 
7 The only REC I usage known to occur is from fishing activity. 
8 Unauthorized use within Riverside County portion of flow. 
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Other              
Unlisted Perennial and 
Intermittent Streams 

P9     I 
X 

I 
P 
X 

I 
X 

I 
X 

 I 
X 

  
  10 

Washes (Ephemeral 
Streams) 

     I  I     11  I   

 
9 Potential use designation will be determined on a case-by-case basis as necessary in accordance with the "Sources of 

Drinking Water Policy" in this chapter. 
10 Rare, endangered, or threatened wildlife may exist in or utilize some of these waterways.  If the RARE beneficial use may 

be affected by a water quality control decision, responsibility for substantiation of the existence of rare, endangered, or 
threatened species on a case-by-case basis is upon the California Department of Fish and Wildlife on its own initiative 
and/or at the request of the Regional Water Board; and such substantiation must be provided within a reasonable time 
frame as approved by the Regional Water Board. 

11 Use, if any, to be determined on a case-by-case basis. 
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TABLE 2-3: BENEFICIAL USES OF SURFACE WATERS IN THE WEST COLORADO RIVER BASIN 

(Listing of the beneficial uses is indicated by X for existing uses, 
P for potential uses, and I for intermittent uses) 
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Canals/Aqueducts              

All American Canal System X X X X12 X X X13 X13 X  X X X14 

Coachella Canal P X    X X13 X13 X  X  X14 

MWD Aqueduct and 
Associated reservoirs 

X     X P15  X  X P  

Drains              

Alamo River    X   X16 X X  X P X14 

Coachella Valley Drains    X   X13 X13 X  X  X14 

Coachella Valley Storm 
Water Channel17 

   X   X13 X13 X  X  X14 

 

Imperial Valley Drains 

    

X 

  13,1
6 

X 

 

X2 

 

X 

  

X 

 

 

 

X14 

New River    X P  X18 X X  X  X14 

              

 
12 Some very limited spillage of canal water occurs providing freshwater replenishment to Salton Sea. 
13 Unauthorized use. 
14 Rare, endangered, or threatened wildlife exists in or utilizes some of these waterway(s).  If the RARE beneficial use may 

be affected by a water quality control decision, responsibility for substantiation of the existence of rare, endangered, or 
threatened species on a case-by-case basis is upon the California Department of Fish and Wildlife on its own initiative 
and/or at the request of the Regional Water Board; and such substantiation must be provided within a reasonable time 
frame as approved by the Regional Water Board. 

15 The water quality is satisfactory to support REC I use, although such use is strictly prohibited and would be extremely 
dangerous. 

16 The only REC I usage that is known to occur is from infrequent fishing activity. 
17 Section of perennial flow from approximately Indio to the Salton Sea. 
18 Although some fishing occurs in the downstream reaches, the presently contaminated water in the river makes it unfit for 

any recreational use.  An advisory has been issued by the Imperial County Health Department warning against the 
consumption of any fish caught from the river and the river has been posted with advisories against any body contact with 
the water. 
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Lakes              

Finney Lake       X19 X X  X  X 

Lake Cahuilla P X     X X X I X   

Ramer Lake       X X X  X  X 

Salton Sea   X  P  X X X  X  X 

Sunbeam Lake P X     X X X I20 X   

Wiest Lake P      X X X I20 X   

Wister Unit       X19 X X  X  X 

Streams              

Andreas Creek P X    X X X X  X   

Arrastre Creek X    X X X X X  X   

Azalea Creek P X    X X X X  X   

Banner Creek P X   X X X X X  X   

Big Morongo Creek P X    X X21 X X  X   

Borrego Palm Canyon Creek P     X X X X  X  X 

Boundary Creek P X    X X X X  X   

Brown Creek P I    I I I I  I   

Carrizo Creek  X    X X X X  X  X 

Chino Canyon Creek X     X P X X  X   

Coyote Creek P     X X X X  X  X 

Crystal Creek X X    X X X X  X   

 
19 The California Department of Fish and Wildlife manages these lakes and does not permit swimming in them. 
20 The lake was experimentally stocked with trout during the winter of 1987/88.  The results from this stocking will be 

evaluated to see if future stocking will be recommended. 
21 Although it is not encouraged, children play in the water infrequently on the wildlife reserve. 
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Dutch Creek P I    I I I I  I   

Falls Creek X     X P X22  X X   

Grapevine Canyon Creek P     X X X X  X   

Hathaway Creek P X    X P X X  X   

Little Morongo Creek P X    X X X X  X   

Millard Canyon Creek X X    X X X X  X   

Mission Creek P X    X X X X  X   

Palm Canyon Creek P X    X X X X  X   

Pipes Canyon Creek P     I I I I  I   

Potrero Creek P X    X X X X  X   

Salt Creek    X  X X X X  X  X 

San Felipe Creek  X  X  X X X X  X  X 

San Gorgonio River P X    X X X  X X   

Snow Creek X     X X X22  X X   

Tahquitz Creek P     X X X  X X   

Thousand Palms Canyon 
Creek 

P X    X X13 X X  X   

Tubb Canyon Creek X     X P X X  X  X 

Tule Creek P X    X X X X  X   

Twin Pines Creek X X    X X X X  X   

Vallecito Creek P I    I I I I  I   

 
22 Most of the creek is on National Forest Service land except one section which is owned by Desert Water Agency.  This 

section provides the only reasonable access to the area.  To enter Falls or Snow Creek through Desert Water Agency's 
land, a permit is required.  The permit stipulates that persons entering through DWA's land must agree not to swim, fish, 
or wade in any portion of the creek. 
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Walker Creek P X    X X X X  X   

Whitewater River23 X X    X X X I X X X  

Willow Creek P     X X X  X X   

Other              

Unlisted Perennial and 
Intermittent Streams 

P24   X25  I 

X 

I 

P 

X 

I 

X 

I 

X 

 I 

X 

 I 

X14 

Washes26 (Ephemeral 
Streams) 

   I25  I  I     27  I   

 
23 Includes the section of flow from the headwaters in the San Gorgonio Mountains to (and including) the Whitewater 

Recharge Basins near Indian Avenue crossing in Palm Springs. 
24 Potential use designations will be determined on a case-by-case basis as necessary in accordance with the "Sources of 

Drinking Water Policy" in this chapter. 
25 Applies only to tributaries to Salton Sea. 
26 Including the section of ephemeral flow in the Whitewater River Storm Water Channel and Coachella Valley Storm Water 

Channel from Indian Avenue to approximately 1/4 mile west of Monroe Street crossing. 
27 Use, if any, to be determined on a case-by-case basis. 
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TABLE 2-4: BENEFICIAL USES OF WATERS FROM SPRINGS IN THE COLORADO RIVER BASIN 

(Listing of the beneficial uses is indicated by X for existing uses and P for potential uses. 
 Flow in some springs is intermittent) 
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Lucerne Hydrologic Unit              
Bousic Spring 
3N/1E - 7QS 

    X X P P X  X   

Veale Spring 
3N/1E - 18NS 

    X X P P  X X   

Nett Spring 
3N/1E - 18NS 

    X X P P  X X   

Box Spring 
4N/1E - 33RS 

X     X P P X  X   

Gordon Spring 
3N/1W - 13GS 

    X X P P  X X   

Furnace Spring 
3N/1W - 12JS 

 X    X P X X X X   

Arctic Canyon Spring 
3N/1E - 17RS 

   X X X P P  X X   

Rabbit Spring 
4N/1W - 11DS 

 X    X P X  X X   

Crystal Spring 
3N/1W - 11RS 

X X  X  X P X X X X   

Johnson Hydrologic Unit              
Rattlesnake Spring 
3N/3E - 19HS1 

 X    X P P  X X   

Two Hole Spring 
3N/3E - 20CS1 

 X    X P P  X X   

Old Woman Spring 
4N/3E - 31FS1 

X X    X X X X  X   

Anza-Borrego 
Hydrologic Unit 

             

Santa Rosa Spring 
7S/5E - 28AS 

   X  X X X  X X   

CYCC #1 Spring 
11S/5E - 22CS1 

 X    X X X X  X   

 
28 Many springs may have the potential to support a MUN beneficial use in accordance with the "Sources of Drinking Water 

Policy" (page 2-3).  Only the springs with an existing MUN use are noted in this table. 
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CYCC #2 Spring 
11S/5E - 22CS2 

 X    X X X X  X   

Dubber Spur Spring 
17S/8E - 29LS1X 

   X  X P X X  X   

Jacumba Spring 
18S/8E - 7JS 

   X  X P X X  X   

Palm Spring 
14S/7E - 25PS 

     X P X X  X  X 

Agua Caliente Spring 
14S/7E - 18PS 

 X    X X X X  X   

Route Sixty Six 
Hydrologic Unit 

             

Van Winkle Spring 
8N/13E - 23DS 

 X    X P X  X X   

Cove Spring 
8N/13E - 18FS 

X     X P P X  X   

Mitchell Caverns Spring 
10N/14E - 21GS 

X     X P P  X X   

Bonanza Spring 
7N/15E - 22DS 

X     X P X X  X   

Rock Spring 
12N/15E - 1DS 

 X    X X X  X X   

Cave Spring29,30 
11N/15E - 32DS1 

 X    X P P X  X   

Hackberry Spring29,30 

11N/16E - 1PS1 
 X    X P P X  X   

Bathtub Spring29 
13N/15E - 9NS1 

 X    X P P X  X   

Roth Spring29 
11N/14E - 11FS1 

 X    X P P X  X   

Desert Spring29 
10N/16E - 18GS1 

 X    X P P X  X   

Forshay Spring29,30 
10N/14E - 32GS2 

 X    X P X X  X   

              

 
29 U.S. Geological Survey Data 
30 Bureau of Land Management Data 
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Imperial Hydrologic Unit              
Mountain Spring 
17S/8E - 24JS 

   X  X P X X  X   

Whitewater Hydrologic 
Unit 

             

Agua Caliente Spring 
4S/4E - 14ES 

X     X X P X  X   

Thousand Palms Oasis 
(Lower) 4S/6E - 12LS 

 X  X  X P X X  X   

West Fork Spring 
5S/4E - 14FS 

   X  X X X X  X   

Cottonwood Spring 
5S/11E - 14LS 

     X P X X  X  X 

Twin Pines Spring 
3S/2E - 33AS 

 X    X P X X  X   

Hidden Palms Spring 
6S/6E - 30FS 

   X  X X X X  X  X 

Sheldon Bass Spring 
1S/4E - 18BS1 

  X X  X X X X  X  P 

Unnamed Spring 
1S/4E - 18LS2 

 X  X  X P X X  X   

Homer Hydrologic Unit              

Sacramento Spring 
9N/21E - 3RS 

 X    X P X X  X   

Kleinfelter Spring 
9N/21E - 3JS 

X X    X P P X  X   

Piute Spring 
12N/18E - 24DS 

 X    X P X X  X   

Von Trigger Spring1 
11N/17E - 4RS1 

X     X P P X  X   

Coates Spring1 
15N/17E - 27HS1 

 X    X P P X  X   

Malpais Spring29,30 

15N/17E - 22AS1 
X X    X P P X  X   

Indian Spring29,30 
15N/17E - 16RS1 

 X    X P P X  X   
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Ward Hydrologic Unit              
Wilhelm Spring 
5N/18E - 33FS 

 X    X P X X  X   

Sunflower Spring 
5N/18E - 7BS 

X X    X P X X X X   

Colorado Hydrologic 
Unit 

             

Arrowweed Spring 
11S/21E - 28AS 

 X    X P X X  X  X 

Miscellaneous              

Unlisted Springs      X X P X P X31  X  X32 

 

The following springs have the same beneficial uses noted for Unlisted Springs (above): 

Anza-Borrego Hydrologic Unit 
Mountain Home Spring, 7S/5E - 29HS 
Chimney Spring, 11S/5E - 15NS1 
Jim Spring, 11S/5E - 16LS1 
Pena Spring, 11S/5E - 10NS1 
Carizzo Creek Spring, 17S/8E - 29NS 
Arsenic Spring, 17S/8E - 32FS 
Cotttonwood Spring, 11S/5E - 21HS1 
Johnnie Spring, 11S/5E - 15MS3 
By Jim Spring, 11S/5E - 16MS1 
Kane Spring, 12S/11E - 21MS 
Bankhead Spring, 17S/7E - 34JS 
Lews Spring, 11S/5E - 15MS4 
Rusty Spring, 11S/5E - 15MS2 
Parali Spring, 11S/5E - 16CS1 
Mountain Palm Spring, 15S/7E - 13PS 
Sacatone Spring, 17S/7E - 2QS 
 

 
31 And/or COLD 
32 The RARE beneficial use occurs in at least some of these springs.  If the RARE beneficial use may be affected by a water 

quality control decision, responsibility for substantiation of the existence of rare, endangered or threatened species on a 
case-by-case basis is upon the California Department of Fish and Wildlife on its own initiative and/or at the request of the 
Regional Water Board; and such substantiation must be provided within a reasonable time frame as approved by the 
Regional Water Board. 
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East Salton Sea Hydrologic Unit 
Canyon Spring, 7S/13E - 20MS129 

 
Route Sixty Six Hydrologic Unit 
Woods Spring, 12N/15E - 34AS129,30 
Blind Spring, 10N/14E - 28PS129 
Mail Spring, 14N/16E - 28JS229, 30 
Willow Well Spring, 11N/14E - 2B129 
Gold Valley Spring, 12N/15E - 31LS129, 30 
Goldstone Spring, 10N/14E - 31QS129, 30 
No Name Spring, 9N/14E - 3FS230 
Boulder Spring, 12N/15E - 27BS129, 30 
Keystone Spring, 14N/16E - 29MS130 
Bighorn Spring, 9N/14E - 29ES130 
 
Imperial Hydrologic Unit 
Unnamed Spring, 9S/12E - 15AS 
Frink Spring, 9S/13E - 20LS 
Dos Cabezas Spring, 17S/8E - 3RS 
 
Whitewater Hydrologic Unit 
Willis Palms Spring, 4S/6E - 14DS 
Rarick Spring, 7S/4E - 18FS 
Mockingbird Spring, 1S/3E - 36BS1 
Thousand Palms Oasis (upper), 4S/6E - 1PS 
Cotton Spring, 5S/11E - 14CS 
Magnesia Spring, 5S/5E - 23CS 
Stubby Spring, 2S/7E - 27QS1 
 
Homer Hydrologic Unit 
Stagecoach Spring, 15N/17E - 25DS129, 30 
 
Joshua Tree Hydrologic Unit 
Coyote Hole Spring, 1S/6E - 1GS 
 
Dale Hydrologic Unit 
Forty-Nine Palms Springs, 1S/8E - 12DS 
Johnson Spring, 1S/8E - 16ES 
Oasis of Mara, 1N/9E - 33GS 
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TABLE 2-5: BENEFICIAL USES OF GROUND WATERS IN THE COLORADO RIVER BASIN33 

Area Code Hydrologic Unit MUN34 IND AGR 

 Lucerne Valley Planning Area    

701.00 Lucerne hydrologic unit X X X 

702.00 Johnson hydrologic unit X X X 

703.00 Bessemer hydrologic unit    

704.00 Means hydrologic unit X   

705.00 Emerson hydrologic unit X  X 

706.00 Lavic hydrologic unit    

707.00 Deadman hydrologic unit X   

708.00 Joshua Tree hydrologic unit X X  

709.00 Dale hydrologic unit X X X 

710.00 Route Sixty Six hydrologic unit X X X 

711.00 Cadiz hydrologic unit X X  

712.00 Ward hydrologic unit X  X 

 Hayfield Planning Area    

716.00 Rice hydrologic unit X   

717.00 Chuckwalla hydrologic unit X X X 

718.00 Hayfield hydrologic unit    

 Coachella Valley Planning Area    

719.00 Whitewater hydrologic unit    

 
33 Ground waters are important to sustain vegetation for wildlife habitat in some areas where surface waters are not present. 
34 At such time as the need arises to know whether a particular aquifer which has no known existing MUN use should be 

considered as a source of drinking water, the Regional Water Board will make such a determination based on the criteria 
listed in the "Sources of Drinking Water Policy" in Chapter 2 of this Basin Plan.  An "X" placed under the MUN in this 
Table for a particular hydrologic unit indicates only that at least one of the aquifers in that unit currently supports a MUN 
beneficial use.  For example, the actual MUN usage of the Imperial hydrologic unit is limited only to a small portion of that 
ground water unit. 
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Area Code Hydrologic Unit MUN34 IND AGR 

719.10  Morongo hydrologic subunit35 X   

719.20  Shavers hydrologic subunit X   

719.30  San Gorgonio hydrologic subunit X X X 

719.40  Coachella hydrologic subunit X X X 

725.00 East Salton Sea hydrologic unit X  X 

 Imperial Valley Planning Area    

723.00 Imperial hydrologic unit X X  

724.00 Davies  hydrologic unit     

726.00 Amos-Ogilby hydrologic unit X   

 Anza-Borrego Planning Area    

720.00 Clark hydrologic unit X   

721.00 West Salton Sea hydrologic unit X  X 

722.00 Anza-Borrego hydrologic unit X X X 

 Colorado River Planning Area 
(East Colorado River Basin) 

   

713.00 Homer hydrologic unit X X X 

714.00 Chemehuevi hydrologic unit X  X 

715.00 Colorado hydrologic unit X X X 

727.00 Yuma hydrologic unit X  X 

 
35 The term "hydrologic subunit" has the same meaning as the term "hydrologic area." 

PC ORIGINAL PKG



  

3-1 

CHAPTER 3 - WATER QUALITY 
OBJECTIVES 

 

Section 13241, division 7 of the Water Code, specifies as follows: 

"Each regional board shall establish such water quality objectives in water quality control plans as in 
its judgement will ensure the reasonable protection of beneficial uses and the prevention of nuisance; 
however, it is recognized that it may be possible for the quality of water to be changed to some degree 
without unreasonably affecting beneficial uses..." 

"Water quality objectives," as defined in said division 7 are "limits or levels of water quality constituents or 
characteristics which are established for the reasonable protection of beneficial uses of water or the prevention of 
nuisance within a specific area."  Water quality objectives contained herein are designed to be in accordance with 
all pertinent state and federal requirements. 

Existing Statewide Plans and Policies of the State Water Board that must be considered in establishing and 
implementing water quality objectives in the Colorado River Basin Region are listed in Chapter 5.  Some of these 
statewide plans contain water quality objectives that apply to waters in this Region.  However, most statewide 
objectives are not listed in this chapter but can be obtained by referring to the text of the statewide plans.  In the 
event that statewide and region wide objectives conflict the most stringent objective will apply. 

The water quality objectives contained in this Plan supersede and replace those contained in the Water Quality 
Control Plan, dated May 1991, and any amendments thereto. 

Controllable water quality factors shall conform to the water quality objectives contained herein.  When other factors 
result in the degradation of water quality beyond the levels or limits established herein as water quality objectives, 
the controllable factors shall not cause further degradation of water quality.  Controllable water quality factors are 
those actions, conditions, or circumstances resulting from people's activities which may influence the quality of the 
waters of the state and which may feasibly be controlled. 

Actions to be taken by the Regional Water Board to achieve compliance with water quality objectives are described 
in the Implementation section of this Plan (see Chapter 4).  Implementation actions directed toward nonpoint source 
discharges will be in conformance with the State Water Board's Nonpoint Source Management Plan, will be 
reasonable, and will consider economic and technical feasibility.  

I. GENERAL OBJECTIVES 
The following objective shall apply to all waters of the Region: 

Wherever the existing quality of water is better than the quality established herein as objectives, such existing 
quality shall be maintained unless otherwise provided for by the provisions of the State Water Board Resolution No. 
68-16, "Statement of Policy with Respect to Maintaining High Quality of Waters in California." 

II. GENERAL SURFACE WATER OBJECTIVES 
Regarding controllable sources of discharge, in the absence of site specific objectives established herein, the 
following objectives apply to all surface waters of the Colorado River Basin Region: 
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A. AESTHETIC QUALITIES 
All waters shall be free from substances attributable to wastewater of domestic or industrial origin or other 
discharges which adversely affect beneficial uses not limited to: 

• Settling to form objectionable deposits; 

• Floating as debris, scum, grease, oil, wax, or other matter that may cause nuisances; and 

• Producing objectionable color, odor, taste, or turbidity.  

B. TAINTING SUBSTANCES 
Water shall be free of unnatural materials which individually or in combination produce undesirable flavors in the 
edible portions of aquatic organisms.  

C. TOXICITY 36 
All waters shall be maintained free of toxic substances in concentrations which are toxic to, or which produce 
detrimental physiological responses in human, plant, animal, or indigenous aquatic life.  Compliance with this 
objective will be determined by use of indicator organisms, analyses of species diversity, population density, growth 
anomalies, 96-hour bioassay or bioassays of appropriate duration or other appropriate methods as specified by the 
Regional Water Board.  Effluent limits based upon bioassays of effluent will be prescribed where appropriate, 
additional numerical receiving water objectives for specific toxicants will be established as sufficient data become 
available, and source control of toxic substances will be encouraged. 

The survival of aquatic life in surface waters subjected to a waste discharge or other controllable water quality 
factors, shall not be less than that for the same water body in areas unaffected by the waste discharge, or other 
control water which is consistent with the requirements for "experimental water" as described in Standards Methods 
for the Examination of Water and Wastewater, 18th Edition.  As a minimum, compliance with this objective as stated 
in the previous sentence shall be evaluated with a 96-hour bioassay. 

As described in Chapter 6, the Regional Water Board will conduct toxic monitoring of the appropriate surface waters 
to gather baseline data as time and resources allow.  

D. TEMPERATURE 
The natural receiving water temperature of surface waters shall not be altered by discharges of wastewater unless 
it can be demonstrated to the satisfaction of the Regional Water Board that such alteration in temperature does not 
adversely affect beneficial uses.  

E. pH 
Since the regional waters are somewhat alkaline, pH shall range from 6.0-9.0.  Discharges shall not cause any 
changes in pH detrimental to beneficial water uses. 

 
36 Certain exceptions for herbicides apply to irrigation supply canals which are discussed under the heading "Irrigation 

Supply Canals" in this Chapter. 
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F. DISSOLVED OXYGEN 
The dissolved oxygen concentration shall not be reduced below the following minimum levels at any time: 

Waters designated: 

WARM ................................................................................... 5.0 mg/l 
COLD ................................................................................. ... 8.0 mg/l 
WARM and COLD ................................................................. 8.0 mg/l 

G. SUSPENDED SOLIDS AND SETTLEABLE SOLIDS 
Discharges of wastes or wastewater shall not contain suspended or settleable solids in concentrations which 
increase the turbidity of receiving waters, unless it can be demonstrated to the satisfaction of the Regional Water 
Board that such alteration in turbidity does not adversely affect beneficial uses.  

H. TOTAL DISSOLVED SOLIDS 
Discharges of wastes or wastewater shall not increase the total dissolved solids content of receiving waters, unless 
it can be demonstrated to the satisfaction of the Regional Water Board that such an increase in total dissolved 
solids does not adversely affect beneficial uses of receiving waters. 

Additionally, any discharge, excepting discharges from agricultural sources, shall not cause concentration of total 
dissolved solids (TDS) in surface waters to exceed the following limits: 

TDS (mg/L) 

 Annual Average Maximum 
New River 4000 4500 
Alamo River 4000 4500 
Imperial Valley Drains 4000 4500 
Coachella Valley Drains 2000 2500 
Palo Verde Valley Drains 2000 2500 

I. BACTERIA 
In waters designated for water contact recreation (REC I) or noncontact water recreation (REC II), the following 
bacterial objectives apply.  Although the objectives are expressed as fecal coliforms, E. coli, and enterococci 
bacteria, they address pathogenic microorganisms in general37(e.g., bacteria, viruses, and fungi). 

Based on a statistically sufficient number of samples (generally not less than five samples equally spaced over a 
30-day period), the geometric mean of the indicated bacterial densities should not exceed one or the other of the 
following: 

 REC I REC II 
E. coli 126 per 100 ml 630 per 100 ml 
enterococci 33 per 100 ml 165 per 100 ml 

 
nor shall any sample exceed the following maximum allowables: 

 
37 Fecal coliforms and E. coli bacteria are being used as the indicator microorganisms in the Region until better and similarly 

practical tests become readily available in the region to more specifically target pathogens. 
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 REC I REC II 
E. coli 400 per 100 ml 2000 per 100 ml 
enterococci 100 per 100 ml 500 per 100 ml 

 
except that for the Colorado River, the following maximum allowables shall apply: 

 REC I REC II 
E. coli 235 per 100 ml 1175 per 100 ml 
enterococci 61 per 100 ml 305 per 100 ml 

 
In addition to the objectives above, in waters designated for water contact recreation (REC I), the fecal coliform 
concentration based on a minimum of not less than five samples for any 30-day period, shall not exceed a log mean 
of 200 MPN per 100 ml, nor shall more than ten percent of total samples during any 30-day period exceed 400 MPN 
per 100 ml. 

J. BIOSTIMULATORY SUBSTANCES 
Waters shall not contain biostimulatory substances in concentrations that promote aquatic growths to the extent 
that such growths cause nuisance or adversely affect beneficial uses. Nitrate and phosphate limitations will be 
placed on industrial discharges to New and Alamo Rivers and irrigation basins on a case-by-case basis, taking into 
consideration the beneficial uses of these streams. 

K. SEDIMENT 
The suspended sediment load and suspended sediment discharge rate to surface waters shall not be altered in 
such a manner as to cause nuisance or adversely affect beneficial uses. 

L. TURBIDITY 
Waters shall be free of changes in turbidity that cause nuisance or adversely affect beneficial uses. 

M. RADIOACTIVITY 
Radionuclides shall not be present in waters in concentrations which are deleterious to human, plant, animal or 
aquatic life or that result in the accumulation of radionuclides in the food web to an extent which presents a hazard 
to human, plant, animal or aquatic life. 

Waters designated for use as domestic or municipal supply (MUN) shall not contain concentrations of radionuclides 
in excess of the limits specified in Tables 64442 and 64443 of sections 64442 and 64443, respectively, of title 22 
of the California Code of Regulations, which are incorporated by reference into this plan. This incorporation by 
reference is prospective, including future revisions to the incorporated provisions as the revisions take effect.  

Constituent Maximum Contaminant Level, pCi/L 
Combined Radium-226 and Radium-228 5 
Gross Alpha Particle activity (excluding Radon and Uranium) 15 
Tritium 20,000 38 
Strontium-90 8 39 
Beta / photon emitters 4 MREM 40 

 
38 Equivalent to 4 millirem / year dose to total body 
39 Equivalent to 4 millirem / year dose to bone marrow 
40  4 millirem / year annual dose equivalent to the total body or any internal organ 

PC ORIGINAL PKG



  

3-5 

Constituent Maximum Contaminant Level, pCi/L 
Uranium 20 

N. CHEMICAL CONSTITUENTS 
No individual chemical or combination of chemicals shall be present in concentrations that adversely affect 
beneficial uses.  There shall be no increase in hazardous chemical concentrations found in bottom sediments or 
aquatic life.  Waters designated for use as domestic or municipal supply (MUN) shall not contain concentrations of 
chemical constituents in excess of the maximum contaminant levels (MCLs) based upon drinking water standards 
specified in the following provisions of title 22 of the California Code of Regulations, which are incorporated by 
reference into this plan: Table 64431-A of section 64431 (Inorganic Chemicals), Table 64444-A of section 64444 
(Organic Chemicals), and Table 64678-A of section 64678 (Determination of Exceedances of Lead and Copper 
Action Levels). This incorporation is prospective, including future revisions to the incorporated provisions as the 
revisions take effect. The Regional Water Board acknowledges that specific treatment requirements are imposed 
by state and federal drinking water regulations on the consumption of surface waters under specific circumstances. 
To protect all beneficial uses, the Regional Water Board may apply limits more stringent than MCLs.  

Maximum Contaminant Levels (MCLs) for Organic and Inorganic Chemicals 

Inorganic Chemical Constituents: MCL, mg/L 
Arsenic 0.01 
Barium 1.0 
Cadmium 0.005 
Chromium 0.05 
Floride 2.0 
Lead 0.01541 
Mercury 0.002 
Nitrate (as NO3) 45.0 
Nitrate +Nitrite (sum of nitrogen) 10.0 
Selenium 0.05 
Silver 0.10 

 

Organic Chemical Constituents: MCL, mg/L 

(a) Chlorinated Hydrocarbons  

Endrin 0.002 

Lindane 0.0002 

Methoxychlor 0.03 

Toxaphene 0.003 

(b) Chlorophenoxys  

2,4-D 0.07 

 
41 Limit given is “Action Level.” USEPA’s Lead and Copper Rule requires drinking water systems to monitor for lead from 

customer taps. If ten percent of the homes tested have lead levels greater than the action level of 15 ppb, the system 
must increase monitoring, undertake additional efforts to control corrosion, and inform the public. For each monitoring 
period, a system (or the state) must calculate the lead level at the 90th percentile of homes monitored. 
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Organic Chemical Constituents: MCL, mg/L 

2,4,5-TP Silvex 0.05 

O. PESTICIDE WASTES 
The discharge of pesticidal wastes from pesticide manufacturing processing or cleaning operations to any surface 
water is prohibited. 

III. SPECIFIC SURFACE WATER OBJECTIVES 

A. COLORADO RIVER 

1. Colorado River (Above Imperial Dam) 

In response to requirements in section 303 of the Federal Water Pollution Control Act Amendments of 1972 (P.L. 
92-500), the Seven States Colorado River Salinity Control Forum developed water quality standards in 1975 for 
salinity consisting of numeric criteria and a basinwide plan of implementation for salinity control.  The Forum 
recommended that each of the Basin States adopt the proposed standards.  California along with the other Basin 
States adopted the Forum's recommended standards which were subsequently approved by the U.S. 
Environmental Protection Agency.  The standards were reviewed in 1978, 1981, 1984, 1987, and 1990.  While the 
numeric criteria have not changed, the plan of implementation was updated in those years to reflect changes in the 
salinity control program since 1975. 

The flow-weighted average annual numeric criteria for salinity (total dissolved solids) were established at three 
locations on the lower Colorado River: 

Salinity in mg/l 

Below Hoover Dam, AZ-NV ............................................................................................................... 723 
Below Parker Dam, AZ-CA ................................................................................................................ 747 
Imperial Dam, AZ-CA ......................................................................................................................... 879 

 
The plan of implementation consists of a number of federal and non-federal measures throughout the Colorado 
River system to maintain the adopted numeric criteria while the Basin States continue to develop their compact 
apportioned waters.  There are four areas of the implementation plan which have direct applicability to California.  
The first is the control of the discharge of total dissolved solids from point sources through the NPDES Permit 
program on industrial and municipal discharges.  The plan's policy has as its primary objective no-salt return from 
industrial sources wherever practicable.  Reasonable incremental increases of salinity from municipal sources shall 
be permitted so long as they do not exceed 400 mg/l above the flow-weighted average salinity of the supply water.  
The second recommends that each state encourage and promote the use of brackish and/or saline waters for 
industrial purposes.  The third deals with an improved water delivery system and on-farm water management 
system.  Finally, the plan encompasses those portions of the 208 Water Quality Management plans dealing with 
salinity control once adopted by the state and approved by USEPA. 

2. Colorado River (Below Imperial Dam) 

Below Imperial Dam, the River's salinity will be controlled to meet the terms of the agreement with Mexico on salinity 
in Minute No. 242 of the International Boundary and Water Commission, entitled "Permanent and Definitive Solution 
to the International Problem of the Salinity of the Colorado River."  This agreement states that measures will be 
taken to assure that the waters delivered to Mexico upstream from Morelos Dam will have annual average salinity 
concentration of no more than 115 ppm (+ 30 ppm) total dissolved solids greater than the annual average salinity 
concentration of Colorado River water arriving at Imperial Dam.  Title I of Public Law 93-320 is the legislation which 
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implements the provisions of Minute No. 242.  Minute No. 242 and Title I constitute a federal numeric criterion and 
plan of implementation for the River below Imperial Dam. 

B. NEW RIVER 
Minute No. 264 of the Mexican-American Water Treaty titled "Recommendations for Solution of the New River 
Border Sanitation Problem at Calexico, California - Mexicali, Baja California Norte" was approved by the 
Governments of the United States and Mexico effective on December 4, 1980.  Minute No. 264 specifies qualitative 
and quantitative standards for the New River at the International Boundary and upstream of the International 
Boundary in Mexico. 

The quantitative standards of Minute No. 264 are contained in Table 3-1.  Following are the qualitative standards 
of Minute No. 264 for the New River at the locations specified below (interim solution).   

1. The waters of the River shall be free of untreated domestic and industrial waste waters. 

2. The waters shall be free from substances that may be discharged into the River as a result of human activity in 
concentrations which are toxic or harmful to human, animal or aquatic life or which may significantly impair the 
beneficial uses of such waters. 

3. The waters of the River shall be essentially free from trash, oil, scum, or other floating materials resulting from 
human activity in amounts sufficient to be injurious, unsightly, or to cause adverse effects on human life, fish, and 
wildlife.  Persistent foaming shall be avoided. 

4. The waters of the River shall be free of pesticides in concentrations which could cause harmful effects to human 
life, fish, and wildlife. 

5. The channel of the River shall be free of residual sludge deposits from domestic or industrial wastes. 
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TABLE 3-1: NEW RIVER AT INTERNATIONAL BOUNDARY 

Quantitative Standards per Minute 264 42 of the Mexican/American Water Treaty 
(Applicable at Indicated Sampling Location) 

Parameters New River at Boundary43 Lagoon Discharge Canal 

New River 
Upstream of 
Discharge Canal 

BOD5 - 30 mg/l filtered 
(Monthly grab sample) 

30 mg/l unfiltered  
(Monthly 12-hr. composite 
sample)44 

COD - 70 mg/l filtered 
100 mg/l unfiltered 
(Monthly 12-hr. composite 
sample)3 

pH 6.0 to 9.0  
(Weekly grab sample) - - 

DO 5.0 mg/l 
(Daily grab sample) 

- 
(weekly grab sample) - 

Fecal Coliform 
Organisms - - 

30,000 colonies per 
100 ml, with no single 
sample to exceed 
60,000 colonies per 
100 ml. 

 
Monitoring data collected by the Regional Water Board and the United States section of the International 
Boundary and Water Commission indicate that with the exception of pH, all quantitative and qualitative standards 
of Minute No. 264 have been violated since they were established.  Moreover, with the exception of pH and DO, 
the standards do not protect or achieve the New River water quality given that: (1) they are inconsistent with the 
General Surface Water Objectives of this Basin Plan (p. 3-1), and (2) they are actually applicable to the New 
River in Mexico, not at the International Boundary. It is therefore appropriate for the Regional Water Board, as the 
agency responsible for protecting the quality of the waters in this region  of the United States, to develop and 
enforce water quality objectives for the New River that are consistent with State and USEPA criteria for surface 
waters and that protect the waters of the region as follows: 
 

Bacteria Water Quality Objectives 

1. The bacterial standards identified in the General Surface Water Objectives section of this Basin Plan (p. 3-3) 
are applicable to the entire stretch of the New River in the United States.  

2. The Pathogen Total Maximum Daily Load (TMDL) and associated implementation actions are described in 
Chapter 4, Section V.A. Compliance Monitoring activities for the TMDL are described in Chapter 6, Section 
II.B. 

 
42 It is the intent of the Regional Water Board to pursue long-range quantitative water quality standards for New River at the 

International Boundary beyond those contained in Minute No. 264.  Such standards are anticipated to include further 
reduction of fecal coliform organisms and of pesticidal and toxic discharges. 

43 For necessary and adequate monitoring, samples should be taken of the New River waters at the International Boundary 
monthly or more frequently if necessary, and these should be analyzed for BOD5, COD, pH, DO, and fecal coliform 
organisms.  Samples should also be analyzed for toxic substances as considered necessary. 

44 Twelve consecutive hourly samples once a month (24-hour composite to be taken as needed to establish correlation with 
12-hour composite). 
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C. SALTON SEA 

1. Total Dissolved Solids (Salinity) 

The total dissolved solids concentration of Salton Sea in 1992 was approximately 44,000 mg/L and over 61,000 
mg/L in 2017.  The water quality objective for Salton Sea is to reduce the present level of salinity and stabilize it at 
35,000 mg/L, unless it can be demonstrated that a different level of salinity is optimal for the sustenance of the sea's 
wild and aquatic life.  However, the achievement of this water quality objective shall be accomplished without adversely 
affecting the primary purpose of the Salton Sea, which is to receive and store agricultural drainage, seepage, and 
storm waters.  Also, because of economic considerations, 35,000 mg/L may not be realistically achievable.  In such 
case, any reduction in salinity which still allows for survival of the sea's aquatic life shall be deemed an acceptable 
alternative or interim objective.  Because of the difficulty and predicted costliness of achieving salinity stabilization of 
Salton Sea, it is unreasonable for the Regional Water Board to assume responsibility for implementation of this 
objective.  That responsibility must be shared jointly by all of the agencies which have direct influence on the sea's 
fate.  Additionally, there must be considerable public support for achieving this objective, without which it is unlikely 
that the necessary funding for Salton Sea salinity control will ever be realized. 

2. Selenium 

The following objectives apply to all surface waters that are tributaries to the Salton Sea: 

a. A four-day average value of selenium shall not exceed .005 mg/L; 

b. A one-hour average value of selenium shall not exceed .02 mg/L. 

These numerical limits are based on the United States Environmental Protection Agency's National Ambient Water 
Quality Criteria. 

D. IRRIGATION SUPPLY CANALS 
Herbicide spraying in irrigation canals must be conducted in coordination with the county agricultural commissioner, 
California Department of Fish and Wildlife (DFW), and California Department of Health Services.  In canals used 
for domestic supply, no herbicides shall be applied in concentrations which are toxic or otherwise harmful to 
humans; also no herbicides shall be applied in concentrations which are toxic or otherwise harmful to aquatic life, 
except that herbicides may be used in cases where the herbicide only impacts the targeted species, is a legally 
registered product, and is used in accordance with label requirements and in accordance with all applicable laws 
and regulations. 

E. COACHELLA VALLEY STORM WATER CHANNEL 
The following bacterial objectives apply to a limited section of the Coachella Valley Storm Water Channel (CVSC) 
where perennial flow exists specifically, that part of the channel that begins at the Valley Sanitary District Waste 
Water Treatment Plant in the City of Coachella, and extends to the south for approximately 17 miles, where it 
discharges into the Salton Sea at the northern shore.  The bacterial water quality objectives for this reach of the 
CVSC are expected to protect human health against gastro-intestinal illness caused by exposure to pathogenic 
organisms present in surface waters. These objectives are based on several epidemiological studies sponsored by 
USEPA, which determined that Escherichia coli (E. coli) is the most reliable indicator bacteria for protecting human 
health, given that E. coli is more specifically intestinal in origin than fecal coliform. E. coli density limits for the CVSC 
are as follows: 

Based on a minimum of five samples equally spaced over a 30 day period, the geometric mean of E. coli densities 
must not exceed the following:  
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 REC I REC II 
E. coli 126 MPN45 per 100 ml 630 MPN per 100 ml 

 
Nor shall any single sample exceed the following: 

 REC I REC II 
E. coli 400 MPN45 per 100 ml 2000 MPN per 100 ml 

IV. GROUND WATER OBJECTIVES 
Establishment of numerical objectives for ground water involves complex considerations since the quality of ground 
water varies significantly with depth of well perforations, existing water levels, geology, hydrology and several other 
factors.  Unavailability of adequate historical data compounds this problem.  The Regional Water Board believes 
that detailed investigation of the ground water basins should be conducted before establishing specific ground water 
quality objectives. 

Ideally the Regional Water Board's goal is to maintain the existing water quality of all nondegraded ground water 
basins.  However, in most cases ground water that is pumped generally returns to the basin after use with an 
increase in mineral concentrations such as total dissolved solids (TDS), nitrate etc., that are picked up by water 
during its use.  Under these circumstances, the Regional Water Board's objective is to minimize the quantities of 
contaminants reaching any ground water basin.  This could be achieved by establishing management practices for 
major discharges to land.  Until the Regional Water Board can complete investigations for the establishment of 
management practices, the objective will be to maintain the existing water quality where feasible.  

A. TASTE AND ODORS 
Ground waters for use as domestic or municipal supply shall not contain taste or odor-producing substances in 
concentrations that adversely affect beneficial uses as a result of human activity.  

B. BACTERIOLOGICAL QUALITY 
In ground waters designated for use as domestic or municipal supply (MUN), the concentration of coliform 
organisms shall not exceed the limits specified in section 64426.1 of title 22 of the California Code of Regulations.   

C. CHEMICAL AND PHYSICAL QUALITY 
Ground waters designated for use as domestic or municipal supply (MUN) shall not contain concentrations of 
chemical constituents in excess of the maximum contaminant levels (MCLs) specified in the following provisions of 
title 22 of the California Code of Regulations, which are incorporated by reference into this plan: Table 64431-A of 
section 64431 (Inorganic Chemicals), Table 64444-A of section 64444 (Organic Chemicals), and Table 64678-A of 
section 64678 (Determination of Exceedances of Lead and Copper Action Levels). This incorporation is prospective, 
including future revisions to the incorporated provisions as the revisions take effect. The Regional Water Board 
acknowledges that specific treatment requirements are imposed by state and federal drinking water regulations on 
the consumption of surface waters under specific circumstances. To protect all beneficial uses, the Regional Water 
Board may apply limits more stringent than MCLs.  

 
45  MPN represents “Most Probable Number,” which is defined as an index of the number of bacteria that, more probably 

than any other number, will give the results shown by the laboratory examination (APHA, 2005). 
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D. BRINES 
Discharges of water softener regeneration brines, other mineralized wastes, and toxic wastes to disposal facilities 
which ultimately discharge in areas where such wastes can percolate to ground waters usable for domestic and 
municipal purposes are prohibited. 

E. RADIOACTIVITY 
Ground waters designated for use as domestic or municipal supply (MUN) shall not contain radioactive material in 
excess of the maximum contaminant levels (MCLs) specified in Tables 64442 and 64443 of sections 64442 and 
64443, respectively, of title 22 of the California Code of Regulations (CCR), which are incorporated by reference 
into this plan. This incorporation by reference is prospective, including future revisions to the incorporated provisions 
as the revisions take effect.  

F. GROUND WATER OVERDRAFT 
A number of ground water basins in the Region are in overdraft, and in some areas there have been indications of 
possible increase of mineral content of the ground water.  Investigative studies will be conducted to develop ground 
water objectives and implementation plans for the following ground water basins: 

 Indio Subarea of the Whitewater Hydrologic Unit 

 Warren Subunit of the Joshua Tree Hydrologic Unit 

 Twentynine Palms Subunit of the Dale Hydrologic Unit 

 Borrego Subarea of the Anza-Borrego Hydrologic Unit 

 Lucerne Hydrologic Unit 

 Terwilliger Subarea of the Anza-Borrego Hydrologic Unit 

 Ocotillo Subunit of the Anza-Borrego Hydrologic Unit 
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CHAPTER 4 - IMPLEMENTATION 

I. INTRODUCTION 
The Porter-Cologne Water Quality Control Act states that basin plans consist of Beneficial Uses, Water Quality 
Objectives and an Implementation Program for achieving the water quality objectives.  The Implementation Program 
is required to include, but is not limited to:  

• A description of the nature of actions which are necessary to achieve the water quality objectives, including any 
recommendations for appropriate action by any entity, public or private; 

• A time schedule for actions to be taken; 
• A description of surveillance to be undertaken to determine compliance with the objectives.  

A. REGIONAL WATER BOARD GOALS AND MANAGEMENT PRINCIPLES 
The regulatory activities of the Regional Water Boards are the primary mechanism for water quality control.  In view 
of this, and in view of the limited water resources in the Colorado River Basin Region and their increasing use, the 
Regional Water Board directs its actions toward the following goals and management principles: 

• Preserve and enhance the quality of waters, both ground and surface, fresh and saline, for present and 
anticipated beneficial uses, taking social and economic factors into consideration. 

• Encourage reclamation of wastewaters, wherever feasible, in order to preserve freshwater supplies and to protect 
water quality to the maximum extent possible. 

• Preserve the integrity of ground water basins, so that the basins remain capable of storing water for beneficial 
uses. 

• Seek improvement in the quality of international and interstate waters entering the Region. 
• Waste collection, treatment, and discharge systems in addition to their primary function, shall also be oriented 

towards optimization of the quality of state waters and the reclamation of wastewaters for beneficial use. 
• The optimization of water quality, where feasible, will be considered in relation to environmental goals. 
• Controllable water quality factors will be regulated to ensure preservation of the integrity of usable ground water 

basins. 
• Source control and pretreatment of wastes will be required wherever necessary to minimize degradation of water 

quality. 
• The transport of hazardous materials should be controlled to prevent spillage and leakage.  
• Wastes which have a long-term capability of polluting water will be disposed of at approved sites, and in such a 

manner as to not enter usable waters of the state.  
• The administration of grants and loans to public entities shall be in accordance with applicable rules and 

regulations, including determination of implementation of adequate source control and industrial waste control 
ordinances. 

• Ground water recharge with water of adequate quality is encouraged, wherever feasible. 
• Evaporative loss of reclaimable wastewater is to be minimized. 

B. GENERAL IMPLEMENTATION 
The Regional Water Board will implement this Water Quality Control Plan by taking the following actions: 
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• Encourage water conservation and reuse of reclaimable water in situations where water quality and beneficial 
uses are not adversely impacted.  The Regional Water Board considers that by proper management of 
reclaimable wastewater, possible adverse impacts on ground water quality as well as potential ground water 
overdraft could be minimized.  The Regional Water Board encourages local agencies responsible for water 
supply and/or wastewater treatment and disposal to investigate conservation measures, and to maximize 
utilization of reclaimed water for greenbelt irrigation where socially and economically feasible. 

• Protect ground waters against land operations, particularly discharges of soluble minerals, toxicants, and taste-
producing materials on permeable soils, so that beneficial uses will not be impaired.  This is normally 
accomplished by prescription and enforcement of Waste Discharge Requirements. 

• Review local ordinances relating to individual waste treatment and disposal systems and request that local 
agencies adopt ordinances which are compatible with State Water Board and Regional Water Board policies and 
guidelines for those systems. 

• Eliminate discharges of wastes that threaten water quality or create nuisance conditions.  This includes 
elimination of discharges from individual subsurface sewage disposal facilities, unless Regional Water Board 
policies and/or guidelines are followed. 

II. POINT SOURCE CONTROLS 
Section 13263 of the Water Code requires that Waste Discharge Requirements be prescribed for any discharge or 
proposed discharge that could affect the quality of the waters of the state, other than into a community sewer system.  
All industrial discharges that meet this definition are regulated with Waste Discharge Requirements. 

In addition to Waste Discharge Requirements (WDRs), a National Pollutant Discharge Elimination System (NPDES) 
permit may be required for the discharge.  Part 122 of 40 Code of Federal Regulations (40 C.F.R.) requires that 
NPDES permits be obtained for all point source discharges to "waters of the United States."  Waters of the United 
States is defined in section 122.2 and is generally interpreted to mean any surface water in the state, including lakes, 
rivers, streams, wetlands, mudflats, sandflats, sloughs, or playa lakes. 

The NPDES program objective is to regulate the discharge of wastewaters and storm waters to surface waters of the 
state so that the beneficial uses of these waters are protected and enhanced.  NPDES permits are federal permits, 
but California has been delegated authority by the USEPA to administer NPDES permits. 

In order to implement the above stated objective, individual and general NPDES permits are developed and adopted 
by the Regional Water Board.  The Regional Water Board has adopted a general NPDES permit to regulate the 
discharge of extracted and treated ground water resulting from the cleanup of ground water polluted by fuel and other 
related waste leaks.  Also, the discharge of hydrostatic test water to surface waters is regulated through a general 
NPDES permit.  The State Water Board adopted general NPDES permits to regulate the discharge of stormwater 
resulting from industrial and construction sites to surface waters.  The issuance of general permits provide for more 
efficient and economical regulation of discharges of wastewaters that require the same type of control and monitoring, 
as opposed to issuing individual permits for each discharger. 

In addition to regulating discharges of wastewater to surface waters, NPDES permits also require municipal sewage 
treatment systems to conduct pretreatment programs if their design capacity is greater than 5 million gallons-per-day.  
Smaller municipal treatment systems may be required to conduct pretreatment programs if there are significant 
industrial users of their systems.  The pretreatment programs must comply with the federal regulations in 40 Code of 
Federal Regulations part 403. 

The NPDES program involves the issuance of new permits, reissuance of expired permits, conducting compliance 
inspections, review of monitoring reports, and taking enforcement actions against dischargers who fail to comply with 
the conditions of their permit.  Potential enforcement actions include letters of noncompliance, notices of violation, 
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cleanup and abatement orders, cease and desist orders, imposition of administrative civil liabilities, and referral to the 
State Attorney General. 

A. GEOTHERMAL DISCHARGES 
The Regional Water Board closely monitors the activities of those companies that are developing geothermal 
resources.  The Regional Water Board issues waste discharge requirements that regulate the drilling of geothermal 
wells, the operations at the power plants, and the disposal of geothermal wastes produced during these operations.  
The Regional Water Board works closely with the California Division of Oil and Gas to regulate these facilities in 
accordance with the Memorandum of Agreement between the State Water Board and the California Department of 
Conservation, Division of Oil and Gas, as amended by State Water Board Resolution No. 88-61.  This agreement 
generally requires the Division of Oil and Gas to issue permits to regulate subsurface discharges and requires the 
Regional Water Board to issue waste discharge requirements to regulate surface discharges. 

B. SLUDGE APPLICATION 
The U.S. Environmental Protection Agency recently promulgated new regulations for sludge use and disposal.  These 
regulations are applicable to land application, surface disposal, and incineration of municipal sludge.  These 
regulations are contained in 40 Code of Federal Regulations part 503. 

There is increasing interest in the beneficial use of municipal wastewater treatment plant sludges as an agricultural 
soil amendment.  State and federal regulations establish heavy metals application rates for sludge used in the growing 
of crops.  The new federal regulations establish heavy metals and pathogen limitations for "clean" sludge. 

The Regional Water Board's primary concerns related to sludge are contamination of groundwater by sludge 
composting facilities and potential contamination of surface waters from tailwater discharges off fields where sludge 
has been applied.  Sludge composting facilities are attracted to this Region because of the sunny climate, low cost of 
land, relatively low population density, and close proximity to major Southern California population centers. 

Regional Water Board measures for regulating sludge use are as follows: 

•   Permits issued to domestic wastewater treatment facilities will be modified to incorporate the requirements of 
40 Code of Federal Regulations part 503. 

• Sludge composting facilities will be regulated through the prescription and enforcement of WDRs. 

• Waste Discharge Requirements or waivers will be issued to land appliers of sludge on a case by case basis, 
although properly composted sludge may be exempted. 

C. MUNICIPAL WASTEWATER TREATMENT PLANTS 
Regulating discharges from municipal wastewater treatment plants is done through either the issuance of National 
Pollutant Discharge Elimination System (NPDES) permits where the discharge is to surface water or through Waste 
Discharge Requirements (WDRs) where the discharge is to land.  The discharge of wastewater effluent to surface 
water will meet the effluent limitations prescribed by the U.S. Environmental Protection Agency.  The current USEPA 
effluent limitations for secondary treatment are as follows: 

Constituent 
30-Day Arithmetic Mean 

Discharge Rate 
7-Day Arithmetic Mean 

Discharge Rate 

20oC BOD5 30 mg/L 45 mg/L 

Suspended Solids 30 mg/L 45 mg/L 

pH - The effluent values for pH shall remain within the limits of 6.0 to 9.0 
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The arithmetic mean of the values for effluent samples collected for 200C BOD5 and Suspended Solids (SS) in a period 
of 30 consecutive days shall not exceed 15 percent of the arithmetic mean of the values for influent samples collected 
at approximately the same times during the same period (85 percent removal). 

D. WASTEWATER RECLAMATION AND REUSE 
Wastewater reclamation and reuse is encouraged by this Regional Water Board.  However, for wastewater 
reclamation and reuse facilities it is necessary to meet the water quality standards set by the Regional Water Board.  
Also, all state, federal, and local standards must be adhered to when reclaimed wastewater is used in this Region.  
Waste Discharge Requirements would be necessary where potential public and worker contact is high and where 
reclaimed water is used in large amounts.  Currently, the primary use of reclaimed wastewater is golf course 
irrigation. 

E. CONFINED ANIMAL FACILITIES 
The State and Regional Water Boards have authority under federal regulations and under the Water Code (in 
general), and regulations contained in title 23, chapter 15, article 6 (in particular), to fully regulate waste disposal 
activities at confined animal facilities.  Additional and/or more stringent measures may be required in those areas 
overlying threatened or impaired sources of drinking water. 

There are three types of confined animal facilities operating in this Region: fish farms, dairies, and feedlots.  City 
and county offices have been notified to provide information to the Regional Water Board about the location of 
facilities in this Region.  All these facilities are required to submit a Report of Waste Discharge to the Regional 
Water Board.  Facilities may request a waiver from Waste Discharge Requirements which may be granted as long 
as the discharge does not create pollution, contamination, or nuisance as described by section 13050 of the Water 
Code.  Periodic inspections are conducted to observe the performance of the facilities under the program. 

F. STORMWATER 
Federal regulations require National Pollutant Discharge Elimination System (NPDES) permits for discharges of 
stormwater associated with: 

• municipalities with populations of 100,000 persons or more; 
• construction activities that disturb one or more acres of land; and 
• certain specified industrial activities. 

California is a delegated NPDES state, and has authority to administer the NPDES program within its borders.  Two 
general NPDES stormwater permits have been adopted by the State Water Board to administer two parts of the 
stormwater program; one for industrial activity discharges and one for construction activity discharges.  Discharges 
of stormwater from municipalities are regulated with individual NPDES permits. 

Enforcement of the two general NPDES stormwater permits is the responsibility of the Regional Water Board.  The 
number of facilities and projects applicable to these permits is expected to be large.  The first priority of the Regional 
Water Board is to assure that all applicable industrial facilities and construction projects have filed for their 
respective general NPDES permits.  The next priority is to assist the dischargers in achieving and maintaining 
compliance with the general NPDES permits.  Emphasis will be placed on maintaining a cooperative approach with 
the dischargers. 

The Municipal Storm Water Permitting Program regulates storm water discharges from Municipal Separate Storm 
Sewer Systems (MS4s). MS4 permits, as described in the State Water Board’s web site 
(http://www.waterboards.ca.gov/water_issues/programs/stormwater/municipal.shtml), were issued in two phases.  

Under Phase I, which started in 1990, the nine Regional Water Boards adopted NPDES storm water permits for 
medium municipalities with populations between 100,000 and 250,000 people, and for large municipalities with 
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populations of 250,000 people or more. On March 14, 1991, the Executive Officer of the Colorado River Basin Regional 
Water Board designated the Whitewater River region as an area required to have a Phase I NPDES MS4 permit. The 
first MS4 permit (Order No. 96-015, NPDES No. CAS 617002) expired on May 22, 2001. The permit was renewed by 
Regional Water Board Order No. 01-077 (NPDES No. CAS617002) on September 5, 2001.  

The County of Riverside and the Riverside County Flood Control and Water Conservation District, in cooperation with 
the Coachella Valley Water District and incorporated cities, including the cities of Banning, Cathedral City, Coachella, 
Desert Hot Springs, Indian Wells, Indio, La Quinta, Palm Desert, Palm Springs and Rancho Mirage (permittees), jointly 
submitted an NPDES application on March 9, 2006. Along with the application, they submitted a report of waste 
discharge for re-issuance of the MS4 permit to carry out the activities, regional compliance programs, and 
responsibilities prescribed in the previously issued NPDES permit (Order No. 01-077). The most recent MS4 permit 
for permittees was adopted by the Regional Water Board (Order No. R7-2008-0001) on May 21, 2008.  

As part of Phase II, the State Water Board adopted a general permit for the discharge of storm water from small MS4s 
(WQ Order No. 2003-0005-DWQ) to provide permit coverage for smaller municipalities, including non-traditional Small 
MS4s, which are government facilities such as military bases, public school campuses, and prison and hospital 
complexes. In March 2009, the County of Imperial and the cities of El Centro, Imperial, Brawley, and Calexico enrolled 
in the Small MS4 program. Their permit can be viewed at:  
http://www.waterboards.ca.gov/water_issues/programs/stormwater/phase_ii_municipal.shtml/.  

Discharges of storm water runoff from lands owned by Caltrans are currently regulated under a separate NPDES 
permit (Order No. 99-06-DWQ: NPDES No. CAS 000003) issued by the State Water Board. The complete description 
of this program can be found at the following link:  
http://www.waterboards.ca.gov/water_issues/programs/stormwater/caltrans.shtml/.  

G. BRINE DISCHARGES 
Discharges of water softener regeneration brine are prohibited to facilities which ultimately discharge in areas where 
such wastes can percolate to ground water usable for domestic and municipal purposes.  The Regional Water Board 
requests that local agencies adopt ordinances to prohibit discharges of these brines to ground waters, surface waters, 
or into community sewers.  

H. SEPTIC SYSTEMS     

1. Statewide Onsite Wastewater Treatment System Requirements 

Requirements for siting, design, operation, maintenance, and management of onsite wastewater systems are 
specified in the State Water Board’s Water Quality Control Policy for Siting, Design, Operation, and Maintenance of 
Onsite Wastewater Treatment Systems (OWTS Policy). The OWTS Policy sets forth a tiered implementation program 
with requirements based upon levels (tiers) of potential threat to water quality. The OWTS Policy includes a conditional 
waiver of waste discharge requirements for onsite systems that comply with the policy. 

The OWTS Policy, including future revisions, is incorporated into this Basin Plan and shall be implemented according 
to the OWTS Policy’s provisions.  

2. Prohibitions  

i. Cathedral City Cove 

On and after January 1, 2012, the discharge of wastewater into the ground through the use of individual subsurface 
disposal systems in the Cove area of Cathedral City in Riverside County is prohibited.  Cathedral City Cove is that 
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area of the city bound to the south by Cathedral City city limits as of January 1, 2012, to the east by the East 
Cathedral Canyon Channel, to the west by the West Cathedral Canyon Channel, and to the north east by the 
extension of the West Cathedral Canyon Channel, as depicted in the USGS Cathedral City Quad Map 
photorevised in 1981. 

(a) Cathedral City Cove - Reports 

On October 17, 2002, the State Water Board approved a $2,809,000.00 grant to the city of Cathedral City for 
Cove area septic system elimination.  Pursuant to section 13225 of the Water Code, by May 21, 2004 the City 
of Cathedral City shall submit to the Regional Water Board a report describing an implementation plan to comply 
with the January 1, 2012 prohibition date.  Thereafter, the city shall submit annual reports to the Regional Water 
Board regarding any actions taken by the city of Cathedral City or any other person or entity in order to achieve 
compliance by January 1, 2012. 

ii. Mission Creek or Desert Hot Springs Aquifers  

The following language implements Water Code section 13281. 

Effective January 21, 2005: 

• The discharge of waste from new or existing individual disposal systems on parcels of less than one-half acre 
that overlie the Mission Creek Aquifer or the Desert Hot Springs Aquifer in Riverside County is prohibited, if a 
sewer system is available.  
 

• For parcels of one-half acre or greater that overlie the Mission Creek Aquifer or the Desert Hot Springs Aquifer 
in Riverside County, the maximum number of equivalent dwelling units with individual disposal systems shall 
be two per acre, if a sewer system is available. The discharge of waste from additional new or existing 
individual disposal systems is prohibited, if a sewer system is available. The term “equivalent dwelling unit” 
means a building designed to be used as a home by the owner of such building, which shall be the only 
dwelling located on a parcel of ground with the usual accessory buildings. This definition is from Section 221.0 
of the 1997 edition of the Uniform Plumbing Code of the International Association of Plumbing and Mechanical 
Officials, and any authority interpreting that section shall be relevant in interpreting this prohibition.  

If a sewer system becomes available after January 21, 2005, Prohibitions (1) and (2) in the preceding paragraph 
shall apply to discharges of waste from all new or existing individual disposal systems on all parcels to which the 
sewer system becomes available.  

A sewer system is “available” if a sewer system, or a building connected to a sewer system, is within 200 feet of 
the existing or proposed dwelling unit, in accordance with Section 713.4 of the 1997 edition of the Uniform Plumbing 
Code of the International Association of Plumbing and Mechanical Officials. 

State Water Board awarded two grants to Mission Springs Water District for a total of $2,800,000 for the elimination 
of disposal systems (septic tanks) on parcels less than one-half acre overlying the Desert Hot Springs and Mission 
Creek Aquifers if sewer is available. Pursuant to section 13225 of the Water Code, by November 18, 2005, the 
Mission Springs Water District shall submit to the Regional Water Board a report describing actions taken to 
implement the subject prohibition. 

iii. Town of Yucca Valley 

Pursuant to section 13280 of the Water Code, the discharge of wastewater from new or existing individual disposal 
systems on parcels within Phase 1, Phase 2, and Phase 3 of the Hi-Desert Water District Sewer Master Plan (Final 
Report, January 2009) is prohibited with certain exceptions noted below.  
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(a) Time Schedule for Implementation 

This prohibition shall become effective for all parcels within the boundaries of the prohibition in accordance 
with the following time schedule: 

Phase Deadline46 
Phase 1 June 30, 2021 
Phase 2 December 31, 2025 
Phase 3 December 31, 2025 

 
Construction of the Hi-Desert Water District (HDWD) municipal sewage collection system and wastewater 
treatment and reclamation facility (WRF) for the Town of Yucca Valley shall proceed in accordance with the 
following milestones and schedule: 

Package Start Construction Complete 
Construction 

Package A: Collection System East July 31, 2016 February 28, 2018 
Package B: Pumping Stations September 30, 2016 April 30, 2018 
Package C: Collection System Central October 31, 2017 April 30, 2019 
Package D: Collection System West December 31, 2018 March 31, 2020 
WRF February 28, 2017 July 31, 2019 

Regarding the availability of and need to connect to the centralized sewer system, the District shall provide 
property owners in Phase 1 at a minimum the following two notifications: 

1st Notification: a 90-day advance notice (by mail), as to when the approximate date the 
sewage collection system will become “available” for them to connect; and 

2nd Notification: another written notification, within 10 days of when the system is actually 
“available,” that the system is “available,” and they need to connect to it. 

Within one-hundred (100) days following the first round of the 2nd Notification , and every month 
thereafter on the 15th day of the month, HDWD shall submit to the Colorado River Basin Water Board a 
technical report in the form of a letter with the names and address of property owners who have not connected 
to the sewage collection system as required even though the system is available for them to connect. Further, 
a detailed progress schedule to connect property owners to the sewage collection system shall be available 
on the HDWD’s Project webpage (www.protectgroundwater.org) throughout the Project. 

(b) Deferred Parcels 

Parcels identified in Appendix A of the March 2016 Staff Report prepared in support of this amendment 
(hereafter “March 2016 Staff Report”) shall connect to the HDWD’s centralized sewage collection system and 
WRF when they meet any of the following criteria: 

1. An area of Deferred Parcels has experienced enough development to meet a threshold of 1.7 
equivalent dwelling units (EDU) per 100 feet of pipe; 

2. A street or area is 80 percent developed; or 
 

46  Or when a municipal sewage collection system becomes available, whichever comes first. A municipal sewage collection 
system is defined as “available” once the system is operational, and is located within 500 lineal feet of an existing or 
proposed new disposal system discharge. 
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3. An area has experienced enough development to generate flows resulting in a minimum of 2 feet per 
second (fps) flushing velocity. 

(c) Internal Boundaries for Phases 1 through 3 

The internal boundaries for Phases 1 through 3 shall be realigned and defined as recommended in the March 
2016 Staff Report. Parcels in Alternative Area 1, which are identified in Appendix B of the March 2016 Staff 
Report, shall be moved from Phase 1 into Phase 2; Parcels in Alternative Area 2, which are identified in 
Appendix B of the March 2016 Staff Report, shall be moved from Phase 1 into Phase 3; and Parcels in Phases 
2 and 3, which are identified in Appendix C of the March 2016 Staff Report, shall be moved into Phase 1, as 
recommended in the March 2016 Staff Report. Thus, the internal boundaries of each Phase of the Prohibition 
shall be as shown in Figure 7 of the March 2016 Staff Report and are defined as follows: 

1. The Phase 1 area shall be bounded by Barron Drive to the north, Highland Trail to the south, La 
Contenta Road to the east, and Camino Del Cielo Trail to the west; 

2. The Phase 2 area shall be bounded by Onaga Trail to the north, Golden Bee Drive to the south, La 
Contenta Road to the east, and Rockaway Avenue to the west; and 

3. The Phase 3 area shall cover the remaining residential customers on the west end of HDWD’s service 
area, along with some low to medium density  residential customers located north of the Yucca Wash 
up to Cobalt Road; and some low to medium density residential customers located south of Golden 
Bee Drive and north of South Park Road. 

(d) Monitoring and Reporting 

Pursuant to section 13225 of the Water Code, by June 2016, and every calendar quarter thereafter on the 
15th, HDWD shall submit to the Regional Water Board a report regarding the construction of the centralized 
sewage collection system and WRF. The report shall describe overall progress to build the centralized system 
and WRF; number of parcels connected to the system; and overall progress to achieve compliance with the 
Prohibition. HDWD shall also submit bi-annual reports to the Regional Water Board by January 1st and July 
1st of each year regarding the status of Deferred Parcels. Specifically, the report shall address whether any 
Deferred Parcel and/or areas where Deferred Parcels are located meet any of the criteria specified in 
paragraph (b), above. 

(e) Prohibition Exemptions 

Exemptions to this Prohibition shall be considered and may be granted by the Regional Water Board on a 
case-by-case basis pursuant to an application submitted to the Executive Officer by any person or entity that 
is subject to the Prohibition (Discharger).  Such exemptions shall be based upon the weight of the evidence 
demonstrating the existence of unique conditions applicable to the Discharger, its discharge, and its property 
in question. These conditions include, but are not limited to, technical, environmental, or economic conditions 
that would make connection to the collection system or installation of an on-site advanced treatment and 
disposal system technically impracticable or economically excessively burdensome.  To be considered for an 
exemption, the Discharger shall apply to the Executive Officer for relief in writing and document the conditions 
that would make connection to the collection system or installation of an advanced on-site treatment and 
disposal system technically impracticable or economically excessively burdensome.  The application shall 
also include: 

a) Written quotes from three state-licensed commercial contractors regarding the estimated cost to install, 
operate, and maintain the advanced on-site treatment and disposal system; and 
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b) A financial statement regarding the applicant’s average income for the last five years, and the applicant’s 
most recent property value assessment. 

The Executive Officer shall have thirty (30) days from receipt of the application to notify the Discharger in 
writing whether the application is complete.  Following receipt of a complete application, the Executive Officer 
shall make a preliminary determination of whether the Discharger qualifies for an exemption and shall make 
a recommendation to the Regional Water Board based on that determination whether the exemption should 
be granted or denied.   The Executive Officer shall then notify the Discharger in writing regarding that 
recommendation and when the matter will be scheduled for the Regional Water Board’s consideration at a 
public hearing. 

(f) Compliance Assurance and Enforcement 

It is the Regional Water Board’s objective to work cooperatively with the Dischargers who are subject to this 
Prohibition to help them achieve compliance with the terms of the Prohibition.  Consistent with this objective, 
the Executive Officer shall assist the Dischargers achieve compliance with the terms of this Basin Plan 
amendment.  In this regard, the Executive Officer shall continue to assist the Town of Yucca Valley and HDWD 
obtain financial assistance and, within forty-five (45) days following approval of the amendment by the 
California Office of Administrative Law (OAL), shall notify in writing all Dischargers regarding: 

a) the key deadlines of this Prohibition,  
b) options available to comply with the amendment, and 
c) sources of potential financial and technical assistance. 

The Regional Water Board recognizes that there may be circumstances where a Discharger is not responsive 
to staff compliance efforts.  In these cases, the State Water Board's Water Quality Enforcement Policy 
provides clear guidance on the options available to the Regional Water Board to bring the Discharger into 
compliance.  In these circumstances, the Regional Water Board enforcement staff shall implement prompt, 
consistent, predictable, fair, and progressive enforcement to bring the Discharger into compliance at the 
earliest practicable date with the terms of this Prohibition.  Towards this end, the Regional Water Board staff 
may take any combination of the following actions, as the circumstances of the case may warrant:  

 Issue Notice of Non-Compliance letters; 
 Issue an order pursuant to section 13267 of the Water Code to ensure that a Discharger submits, in a 

prompt and complete manner, a technical report to bring its discharge into compliance with this 
Prohibition;  

 Issue a Cleanup and Abatement order pursuant to section 13304 of the Water Code against any 
Discharger who violates the Prohibition and/or threatens a condition of nuisance or pollution; 

 Prepare for consideration of adoption by the Regional Water Board, a Cease and Desist order pursuant 
to section 13301 of the Water Code against any Discharger who violates the Prohibition; 

 Issue Administrative Civil Liability Complaints, as provided for by the Water Code, against any responsible 
party who fails to comply with Regional Water Board orders and/or the Prohibition. 

The Executive Officer is hereby directed to provide the Regional Water Board an annual written report 
regarding overall progress to achieve compliance with the terms of this prohibition. The first annual report 
shall be due on May 23, 2012. 

The Executive Officer is hereby further directed to work with the Town and HDWD to revise the existing 
Memorandum of Agreement between the Town, HDWD, and Regional Water Board as soon as practicable 
but by no later than June 30, 2016, so  that it includes specific outreach and education activities targeting 
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discharges from septic systems within the Prohibition boundaries so that they are operated and maintained 
properly while the centralized municipal sewage collection system and WRF are being constructed. 
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Figure 4-1: PROHIBITION PHASE BOUNDARIES 
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III. NONPOINT SOURCE CONTROLS 
Despite California's significant achievements in controlling point source discharges, such as wastewater from 
municipal treatment plants and industrial facilities, many of the state's valuable water resources continue to be 
polluted by nonpoint sources (NPS).  NPS water pollution is generally caused by poor land use practices and the 
collective effects of individual behavior.  It is distinguished from point sources which discharge wastewater of 
predictable concentrations and volumes.  NPS pollution is diffuse throughout a watershed, variable in nature, and 
most significant in its cumulative effects.  Management of NPS water pollution is also distinguished from point 
source management because it requires an array of control techniques customized to local watershed conditions, 
rather than relying exclusively on waste discharge requirements as with individual point source facilities.  Land uses 
associated with NPS water pollution include agriculture, forestry, urban development, grazing, water development, 
inactive mines, and boating and marinas. 

Impacts from land uses to California's water resources continue.  Unless these uses are managed in a way which 
will minimize NPS impacts, the resource values will diminish, lowering land values and discouraging future use.  
The challenge of nonpoint source pollution management is to implement economically achievable protections which 
will preserve the resources upon which California's quality of life and economic vitality depend. 

The federal Clean Water Act, as amended in 1987, includes section 319 titled "Nonpoint Source Management 
Programs."  Section 319 requires the states to develop assessment reports and management programs describing 
the states' nonpoint source problems and setting forth a program to address the problems.  The State Water Board 
adopted its "Nonpoint Source Management Plan" in November 1988. The Plan was updated in December 1999 
with adoption of the "Plan For California’s Nonpoint Source Pollution Control Program," (hereafter referred to as 
"State NPS Program"), including "Volume I: Nonpoint Source Program Strategy and Implementation Plan for 1998-
2013 (PROSIP)" and "Volume II: California Management Measures for Polluted Runoff (CAMMPR)" (adopted 
December 14, 1999, State Water Board Resolution No. 99-114).  This Plan has an approach to NPS water quality 
control whereby the following are implemented as needed: 

1. Self-determined implementation of Management Practices (MPs); 

2. Regulatory-based encouragement of Management Practices; and 

3. Effluent requirements. 

Depending on water quality impacts and severity of NPS problem, the Regional Water Board may move directly to 
full regulatory and complementary enforcement actions.  It is the preference of the Regional Water Board to regulate 
nonpoint sources of pollution using the least stringent methods possible, while attaining water quality standards. 

The Porter-Cologne Water Quality Control Act is also used by the State Water Board and Regional Water Boards 
to direct nonpoint source pollution control activities.  The Porter-Cologne Act is California's comprehensive water 
quality control program and applies to both ground waters and surface waters.  Its principal means of implementing 
water quality controls is through issuance of waste discharge requirements which can be applied to both point 
source and nonpoint source discharges. 

There is close cooperation between the State Water Board's Nonpoint Source Program and this Region's Nonpoint 
Source Program.  Much of the funding for these programs comes from federal grants which are designed to assist 
in implementation of the federal Clean Water Act provisions on nonpoint source pollution control.  Some of the 
important activities of these nonpoint source programs include development of water quality assessments, 
development and oversight of NPS pollution control demonstration projects, active cooperation with other affected 
state, local and federal agencies, identification, development and implementation of MPs, program development 
activities, public participation, and educational outreach activities. 

The Regional Water Board adopted an updated Clean Water Act section 303(d) list, which, in part, identifies the 
quality of the waters of the Salton Sea, Alamo River, New River, and Imperial Valley agricultural drains as being 
impaired by discharges of wastes from nonpoint sources, primarily of agricultural origin.  The Alamo River and New 
River are the two largest drains in this Region that are significantly impaired by agricultural pollution.  Nonpoint 
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source pollution in this Region also originates from sources other than agriculture including abandoned mines, 
stormwater runoff, boating activities, alterations to land (e.g. urban development), and animal production activities.  
Storm water discharges have been discussed earlier in this chapter.  Alterations to land are discussed below under 
"State Water Quality Certification."  The other sources of nonpoint source pollution will be investigated and 
appropriate actions taken pending the availability of funding. 

Consistent with the 1999 State NPS Program, the Regional NPS Management Program includes: 

• Implementation of the “Plan for California’s Nonpoint Source Pollution Control Program” 
• Implementation of this Basin Plan 
• Implementation of other applicable statewide plans and policies 
• Development and implementation of Total Maximum Daily loads for impaired and threatened surface waters 
• Implementation of Regional planning and prioritization through the California Watershed Management Initiative 
• Completion of annual workplans 
• Public participation and coordination with stakeholders and cooperating agencies 
• Coordination with local governments in the development of General Plans 
• Formal agreements (Memoranda of Understanding and Management Agency Agreements) 
• Implementation of the NPS Regulation 
• Financial and technical assistance 
• Water Quality Monitoring and Assessment and Regular Reporting, and  
• Assessment of Management Measure Effectiveness 

A. AGRICULTURE 

1. Introduction 

Agricultural wastewater discharges, primarily irrigation return flows, constitute the largest volume of pollution 
entering surface waters in this Region.  The agricultural drains/drain systems in this Region support significant 
beneficial uses as identified in Chapter 2 of this Plan.  In an effort to protect and enhance these uses, the Regional 
Water Board adopted the "Agricultural Drainage Management (ADM) Report for the Colorado River Basin Region" 
in March 1992.  This report established priorities for dealing with the drain systems based on a watershed approach.  
Drainage entities (e.g., water districts), including Imperial Irrigation District, Coachella Valley Water District, and 
Palo Verde Irrigation District, were identified in each of four watersheds, and the Regional Water Board will work 
closely with these entities to implement agricultural pollution controls. 

The preferred approach toward addressing nonpoint source pollution is to deal with the problem on a watershed 
basis.  The Salton Sea Transboundary Watershed has been identified as this Region's highest priority for control of 
agricultural pollution, based mainly on its relatively large size, the beneficial uses of waters in the watershed, the 
volume of discharge, and the severity of water quality degradation.  California's 1998 Unified Watershed 
Assessment identified the Salton Sea Transboundary Watershed as a Category 1 (impaired) watershed. The 2013 
California Integrated Assessment of Watershed Health also identified Coachella and Imperial valleys, which make 
up the Salton Sea Watershed, as among the California regions with the highest watershed vulnerability scores.  

The effectiveness over time of agricultural pollution controls is much more likely if all involved parties (e.g., farmers, 
local officials, the public) are informed of these activities and play a role in their development and implementation.  In 
recognition of this, the state and federal nonpoint source programs contain significant outreach and educational 
components.  In addition to working with the identified drainage entities, the Regional Water Board will continue to 
work with local Resource Conservation Districts, the U.S. Natural Resource Conservation Service, the California 
Department of Pesticide Regulation, the California Department of Food and Agriculture, county agricultural 
commissioners, college and university agricultural extension services, local Farm Bureaus, and stakeholder groups.  
The Regional Water Board also has the responsibility of coordinating and overseeing implementation of federal and 
state grants and loans programs that provide resources to local entities for control of nonpoint source pollution.  The 
Regional Water Board will provide technical and educational assistance on pollution control as requested by local 
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groups and will collect and make available information on successful pollution control activities in other regions and 
other states. 

2. Conditional Discharge Prohibitions for Agriculture 

i. Imperial Valley Sedimentation/Siltation 

A prohibition of sediment/silt discharge is hereby established for the Imperial Valley, including the Alamo River, New 
River, all Imperial Valley Drains, and their tributaries.  Specifically, beginning three months after USEPA approval, 
the direct or indirect discharge of sediment into the Imperial Valley is prohibited, unless  

The Discharger is: 

• In compliance with applicable Sedimentation/Siltation TMDL(s), including implementation provisions (e.g., 
Discharger is in good standing with the ICFB Watershed Program or has a Drain Water Quality Monitoring Plan 
(DWQMP) approved by the Executive Officer); or 

• Has a monitoring and surveillance program approved by the Executive Officer that demonstrates that discharges 
of sediment/silt into the aforementioned waters do not violate or contribute to a violation of the TMDL(s), the anti-
degradation policy (State Water Board Resolution No. 68-16), or water quality objectives; or 

• Is covered by Waste Discharge Requirements (WDRs) or a Waiver of WDRs that applies to the discharge.    

TMDL compliance groups have formed to address issues regarding wastewater discharge from irrigated lands to 
waters of the state.  Individual Dischargers are not required by the Regional Water Board to join in TMDL compliance 
groups.  Individual Dischargers who choose not to participate in TMDL compliance groups must file a Report of 
Waste Discharge for general or individual Waste Discharge Requirements.  Compliance with the prohibition will be 
determined with respect to each individual Discharger, whether or not the Discharger is a member of a compliance 
group.  The intent of this prohibition is to control to the degree practicable sediment/silt discharges from irrigated 
lands in amounts that violate or contribute to a violation of state water quality standards  

B. STATE WATER QUALITY CERTIFICATION 
The Water Quality Certification program is authorized by Clean Water Act section 401.  Certification, or waiver of 
Certification is required for any activity which requires a federal permit or license and which may result in a discharge 
to waters of the United States.  Issuance or waiver of Certification is based on a determination that state water 
quality standards will not be violated.  Federal regulations define water quality standards as including a state's water 
quality objectives, designated beneficial uses, and anti-degradation policy, which requires that "existing instream 
water uses and the level of water quality necessary to protect the existing uses shall be maintained and protected." 
(40 C.F.R. part 131.)  Section 13160 of the Porter-Cologne Water Quality Control Act designates the State Water 
Board as the state's water pollution control agency for all purposes stated in the federal Clean Water Act (CWA) 
and any other federal act, including issuance of Certification.  Section 13160.1 authorizes the state to establish a 
reasonable fee schedule to cover the cost of processing Certification requests. 

Except for discharges associated with hydroelectric activities, the State Water Board has delegated to the Regional 
Water Board the authority to evaluate projects for Certification.  The Regional Water Boards have been delegated 
the authority to determine whether or not to waive Certification, or to recommend that the State Water Board issue 
Certification, a denial of Certification, or a conditional Certification for the project.  This delegated authority covers 
U.S. Army Corps of Engineers (ACOE) CWA 404 Permits which consist of Individual and General Permits covering 
dredge and fill operations to waters of the United States. 

Implementation of the 401 Water Quality Certification Program in this Region starts with a review of the following 
documentation for each activity for which Certification is required: 

• A formal request for CWA 401 Water Quality Certification for the project submitted by the applicant 
• A copy of the final environmental document prepared in compliance with the California Environmental Quality Act 

(CEQA) 
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• A full description of the project 
• A complete copy of the application for the federal permit or license 
• A copy of the California Department of Fish and Wildlife Streambed Alteration permit 
• The filing fee specified in the California Code of Regulations 

IV. SPECIFIC IMPLEMENTATION ACTIONS 

A. NEW RIVER POLLUTION BY MEXICO 
The New River rises in Mexico, flows northward across the International Boundary and through California's Imperial 
Valley before ultimately discharging into the Salton Sea.  The River conveys agricultural drainage from the Imperial 
and Mexicali Valleys to the Salton Sea.  The River also conveys community and industrial wastewaters.  In Imperial 
Valley, waste discharge requirements are prescribed and enforced by this Regional Water Board for discharges of 
treated community and industrial wastewater.  However, Mexico discharges raw and inadequately treated sewage, 
toxic industrial wastes, garbage and other solid wastes, animal wastes, and occasionally geothermal wastewaters 
from the Mexicali area into the United States via the New River.  These discharges of raw and inadequately treated 
sewage and industrial wastes have continued for over 40 years.  The resulting pollution of the New River at the 
International Boundary is such that sewage solids continue to be plainly visible in the River at the International 
Boundary.  Also, toxic chemicals have been detected in the River water. Responsibility within the United States for 
dealing with Mexico on the New River pollution problem is with the United States Section of the International 
Boundary and Water Commission (IBWC) and the USEPA. 

The IBWC is a US-Mexican federal agency with roots in the "Treaty of Guadalupe Hidalgo of Peace, Limits and 
Settlement," which was signed by both Countries in February 1848.  IBWC was established as the "International 
Boundary Commission" (IBC) in 1889 to deal with boundary issues.  In 1944, the US and Mexico signed the Treaty 
entitled "Utilization of Waters of the Colorado and Tijuana Rivers and of the Rio Grande" (a.k.a. the "Mexican-
American Water Treaty"), which was ratified by the US Congress in 1945.  The Mexican-American Water Treaty 
changed the name of IBC to IBWC, and expanded their jurisdiction and responsibilities.  The IBWC's jurisdiction 
extends along the boundary and into both countries where international projects have been constructed.  The 
agencies responsibilities include the implementation of boundary and water treaties and mediating disputes that 
arise in their application.  The treaty specifically charged the IBWC with solving border sanitation and water quality 
problems.   

In August 1983, the Presidents of Mexico and the United States signed the La Paz Agreement to protect and 
improve the environment in the border area.  The La Paz Agreement designates the USEPA as the US coordinator 
for pursuing practical, legal, institutional and technical measures necessary to protect the environment.  The 
agreement originally named Mexican Secretaría de Desarrollo Urbano y Ecologia (SEDUE) as the coordinator for 
Mexico.  In 1992, Mexico transferred responsibility for border problems to the Secretaría de Desarrollo Social 
(SEDESOL).  Currently, the Comision Nacional del Agua (CNA) has primary responsibility for water quality problems 
along the border for Mexico.   

For over 30 years, this Regional Water Board has been encouraging the United States Commissioner on the IBWC 
to obtain corrections of this gross problem.  Since 1975, the Regional Water Board has monitored water pollution 
in the New River in an effort to identify the pollutants coming from Mexico.  This information has been forwarded to 
the United States Commissioner and to others to aid and encourage Mexico in implementing corrective actions. 

For sewage service purposes, the Mexicali metropolitan area is divided into the Mexicali I and Mexicali II areas.  
Mexicali I includes most of the old, well established neighborhoods to the west, the existing municipal sewage 
collection and treatment system (excluding the Gonzalez-Ortega lagoon system) and the Zaragoza lagoons.  The 
Mexicali II service area includes the new residential and industrial development to the east of the Gonzalez-Ortega 
lagoons, and the proposed new 20-mgd WWTF.  The City of Mexicali is undergoing unprecedented growth.  In the 
year 2000, the “Instituto Nacional de Estadisticas Geografia e Informatica” (INEGI) estimated the population within 
the Municipality of Mexicali to be 765,000 people, and projected a 2.6% annual growth rate. Based on this, the 
production of domestic and industrial wastewater is projected to increase to 58-67 mgd over the next 20 years. 
However, Mexicali lacks an adequate sewage collection, conveyance, and treatment system for current and 
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projected flows.  It is currently served by two stabilization lagoon systems, which lack disinfection facilities.  The 
systems have a combined design capacity of about 20-25 mgd, however sewage flows calculated by CH2M Hill in 
1997 ranged from 35 to 40 mgd. 

The Regional Water Board staff has conducted investigations of the New River watershed in Mexico to determine 
the type(s) and extent of waste discharges into the New River and its tributaries so that possible corrective measures 
could be considered.  The investigations have been successful in identifying the problems that must be addressed 
to obtain adequate corrections.  These problems include the following: 

• Breakdowns in Mexicali's sewer system from either occasional pump failure or line incapacity/collapse resulting 
in the discharge of raw sewage to the River 

• Discharge of untreated industrial wastes to the River including highly toxic chemical wastes, many of which are 
on EPA's list of 129 priority pollutants and some of which are carcinogens 

• Inadequate treatment of sewage and industrial wastes by the Mexicali lagoon systems 
• Discharge of solid waste in or near the River and its tributaries 
• Discharge of raw sewage to the River from adjacent unsewered residences 
• Occasional discharge of wastes to the River by septic tank pumpers 
• Periodic direct discharges of untreated wastes from a slaughterhouse, dairy, and hog farms 
• Discharges from residential hog and cattle pens located adjacent to the River and its tributaries, and 
• Occasional discharges of geothermal wastes to the River. 

Described below is a summary of actions taken by various agencies (federal and state) to correct the international 
pollution problems in the New River watershed. 

In August 1980, Minute No. 264 to the Mexican-American Water Treaty was signed which specified time schedules 
for completing works that were to result in a full cleanup of the river.  In addition, minimal water quality standards 
were specified for New River water quality at the International Boundary.  Unfortunately, the specified schedules 
and standards of Minute No. 264 were not met and the need for further improvements to Mexicali's sewage work 
became evident. 

In 1987, Montgomery Engineers Inc., was contracted by the Regional Water Board to investigate pollution 
abatement measures within the United States for the New and Alamo Rivers.  A final report entitled New River 
Pollution Abatement Report - Recommended Projects, December 1987, recommended that a screening device and 
chlorination/aeration facility be constructed near the International Boundary.  A proposed appropriation of 
$1,525,000 for follow-up work including actual engineering designs was rejected by the Governor of California on 
July 8, 1988.  The Administration's position was that pollution emanating from Mexico is a complex international 
problem which demands an international solution and that the federal government must address this issue rather 
than the state. 

On April 15, 1987, Minute No. 274 to the Mexican-American Water Treaty was approved by the governments of 
Mexico and the United States. The Minute provided for a $1,200,000 United States/Mexico jointly funded project to 
construct certain works in Mexico to reduce pollution in the New River.  The project included construction of a major 
new pumping plant and sewer line, placement of standby pumps and rehabilitation of existing pumps at Pumping 
Plants No. 1 and 2, and purchase of sewer line cleaning equipment.  Although efforts were made by the Government 
of Mexico to rehabilitate and expand the sewage system in Mexicali, the accelerated urban growth surpassed the 
capacity of these works and discharges of untreated industrial and domestic wastewaters into the New River 
continued. 

Minute No. 288 was signed by the Commissioners in October of 1992 titled "Conceptual Plan for the Long Term 
Solution to the Border Sanitation Problem of the New River at Calexico, CA - Mexicali, Baja California."  It was the 
result of a recommendation by the United States and Mexico at the IXth US/Mexico Binational Commission that 
priority attention should be given to the cleanup of the New River.   Minute No. 288 established short and long-term 
solutions for the sanitation of the New River at the International Boundary.  These short-term measures, known as 
"Quick Fixes," were designed to be compatible with the long-term solution, and were funded through a cost sharing 
agreement between both countries. The U.S. and Mexico funded 55% and 45% respectively, of the total $7.5 million 
required for the Quick Fixes. The Binational Technical Advisory Committee (BTAC) implemented the quick fix and 
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is comprised of representatives from IBWC, Mexican Section (CILA), State Public Services Commission of Mexicali 
(CESPM), National Water Commission (CAN) (, Secretary of Human Settlements and Public Works (SAHOPE), the 
Municipality of Mexicali for Mexico, the United States IBWC Section, US EPA, State Water Board, Regional Water 
Board, Imperial County, and the Imperial Irrigation District. The BTAC improved communication and technology 
transfer between the two countries. The Quick Fixes are summarized below:  

• Improvements to the sewage collection system, either by lining or replacing existing sewer pipes and acquiring 
modern sewer line cleaning equipment; 

• Rehabilitation and upgrading of pumping facilities that lift and deliver wastewater to treatment facilities; and 
• Improvements to the existing lagoons at the Ignacio Zaragoza (Mexicali I) and Gonzalez-Ortega wastewater 

treatment facilities in Mexicali to increase their reliability and capacity.  

As of May 2000, nearly 100% of the Quick Fixes were completed and operating successfully. 

The long-term strategy consists of a series of sewage infrastructure projects for Mexicali I and Mexicali II service 
areas to address New River pollution.  The Mexicali I projects consist of the replacement/rehabilitation of about 
44,000 feet of sewage pipes, rehabilitation of sewage pump stations, and expansion of the Mexicali I wastewater 
treatment plant to 30 mgd.  The Mexicali II projects entail the construction of a new 20-mgd wastewater treatment 
plant (a.k.a. Mexicali II WWTP), the sewage Pumping Plant No. 4 for the new WWTP, installation of telemetry 
equipment for the WWTP and pumping plants, construction of 31,170 feet of discharge forcemain47 for Pumping 
Plant No. 4, construction/rehabilitation of about 96,000 feet of sewer lines, and rehabilitation of two sewage lift 
stations. In December 2003, the Border Environment Cooperation Commission (BECC) granted conditional 
certification for construction of the Mexicali II WWTP at a site known as “Las Arenitas,” which is outside the Salton 
Sea Transboundary Watershed. Effluent from Las Arenitas is discharged to a tributary of the Rio Hardy in Mexico. 
In October 2006, Mexico completed installation of the 48inch force main for Las Arenitas WWTP, the modifications 
to Pumping Plant No. 4 to meet the new pumping requirements for Las Arenitas, and construction of the Las Arenitas 
WWTP. The WWTP was fully functional in December 2008. The cost for this project was approximately 26 million 
dollars.   

Las Arenitas WWTP was designed to prevent any remaining untreated municipal sewage in Mexicali from 
discharging into the New River. As a result of Las Arenitas, 15-20 million gallons per day of raw sewage routinely 
present in the New River at the International Boundary (U.S. and Mexico) have been eliminated. Regional Water 
Board staff and USIBWC staff will continue to monitor the New River monthly, participate in bi-national technical 
committee meetings to address New River pollution from Mexico, and participate in bi-national tours to assess and 
enhance water quality improvements. Regional Water Board monitoring data (Table 4.1) indicate a 10-fold reduction 
in New River bacteria, and a reduction in volatile organic compounds to levels below detection as a result of Las 
Arenitas. The dissolved oxygen in the River at the International Boundary has also improved dramatically, 
eliminating the stench that characterized the New River at this location. Furthermore, the improvements and new 
WWTP have reduced nutrient loading into the Salton Sea by about twenty percent. Water quality impairments still 
occur at the International Boundary due to trash, and various non-point source pollution, such as pesticides from 
agricultural runoff, and nutrients and pathogens from confined animal feeding operations and slaughterhouses in 
Mexicali. The tables below compare New River water quality at the International Boundary before and after 
completion of the bi-national projects, including Las Arenitas. 

  

 
47  CNA is responsible for this project. As of December 1997, a CNA contractor had already installed approximately 1.5 miles 

of the force main, a 54-inch steel pipe. However, as of January 1998, the project has been on hold reportedly due to 
problems between CNA and its contractor. 
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TABLE 4.1 COMPARISON OF MONITORING RESULTS BEFORE AND AFTER BI-NATIONAL PROJECTS 

Issue Pre Bi-national Projects Post Bi-national Projects 

Fecal, E. Coli > 1,000,000 MPN ~ 100 – 60,000 MPN 

Dissolved Oxygen < 1.0 mg/L ~ 5.0 mg/L 

Nutrients (PO4) 40% of Load to Salton Sea 20% of Load to Salton Sea 

VOCs Some detected Non-detect 

Trash > 150 cu yds/year > 150 cu yds/year 

Pesticides Detected Still a problem 

The Regional Water Board will continue to work with state and federal authorities in an effort to bring about a 
solution to this longstanding problem. However, the cooperation of Mexico is crucial in solving this problem.  The 
Regional Water Board presently supports correction of the problem in Mexico as the most viable solution.  The 
successful implementation of Minutes No. 264 and 288 to the Mexican American Water Treaty would represent an 
important step in progressing toward this goal. 

Water quality sampling and analyses of the New River at the International Boundary by the Regional Water Board 
will continue as funding permits.  However, the conditions and characteristics of the river at the International 
Boundary are a federal responsibility.  Since the data is forwarded to all the agencies in Mexico and the United 
States that share responsibility for corrective action, it serves as a constant reminder that there is concern to keep 
the river clean, and that pressure will continue to be administered by the Regional Water Board.  Monitoring results 
will be utilized as follows: 

• Informing the United States Environmental Protection Agency and other appropriate agencies of pollution 
problems in the New River at the International Boundary requiring attention; 

• Gauging the effectiveness of cleanup measures in Mexico; 
• Evaluating Mexico's compliance with the standards set forth in Minute No. 264; 
• Formulating plans for construction and operation of facilities needed to assure permanent correction of this New 

River pollution problem; 
• Providing information on the appropriateness of New River water for specific beneficial uses; 
• Alerting the state and local health authorities of health hazards associated with New River water; and 
• Identifying new pollutants 
• Determining compliance with the waste load and load allocation. 

B. SALTON SEA 
The Salton Sea has experienced many regulatory and environmental changes and numerous restoration proposals 
have been made in over a century of its existence.  The first major interagency effort to restore the Salton Sea was 
initiated in 1986 when the California Resources Agency48  created a Salton Sea Task Force (1986 Task Force) to 
bring together stakeholders that had an interest in maintaining and improving the environment of the Salton Sea.  The 
1986 Task Force was formed and operated with the assistance of the California Department of Fish and Game.49 

 
48 The California Resources Agency was renamed the “California Natural Resources Agency” in 2008. 
49 The California Department of Fish and Game was renamed to “California Department of Fish and Wildlife” in 2012. 

PC ORIGINAL PKG



  

4-19 

This 1986 Task Force dissolved shortly after the Salton Sea Authority (SSA) was formed in 1993 as a Joint Powers 
Authority.  SSA was established with the goal of overseeing the comprehensive restoration of the Salton Sea in 
consultation and cooperation with the State of California.  The Board of the Salton Sea Authority consists of officials 
representing Riverside County, Imperial County, Imperial Irrigation District (IID), Coachella Valley Water District 
(CVWD), and the Torres-Martinez Desert Cahuilla Indians.  The Regional Water Board and numerous partner 
agencies provide support to the Authority in its ongoing efforts to address water quality and other environmental issues 
at the Salton Sea.  

In 2002, the State Water Board issued Order WRO 2002-0013.  The final order approved the long-term transfer of up 
to 300,000 acre-feet of Colorado River water per year authorized for diversion and use by IID to San Diego County 
Water Authority (SDCWA), CVWD, and Metropolitan Water District of Southern California (MWD).  The transfer was 
enacted in 2003 when the parties signed the Quantification Settlement Agreement (QSA).  The QSA requires water 
to be made available for transfer through a number of water conservation measures, including temporary land 
fallowing, which would result in diminished discharges to the Salton Sea.  Order WRO 2002-0013 required mitigation 
of this impact for 15 years in the form of water releases to the Salton Sea.  Between 2003 and 2017, a total of 800,000 
acre feet of water were scheduled for release by IID in annual increments, commonly referred to as the “mitigation 
water transfer.”  The 15-year period was meant to provide the state enough time to study the feasibility of long-term 
restoration actions and begin implementation of any feasible restoration projects. 

In the decade that followed, numerous studies were conducted to help meet the state’s obligation to restore the Salton 
Sea.  In 2007, the California Department of Water Resources (DWR) published the final Programmatic Environmental 
Impact Report (PEIR) on Salton Sea Restoration.  In July 2015, DWR released the Final Environmental Impact 
Statement/Report for the Species Conservation Habitat Project.  The preferred alternative consists of 3,770 acres of 
shallow saline ponds at the mouth of the New River.  

In May of 2015, Governor Edmund G. Brown formed the Salton Sea Task Force with principle staff and appointed 
members of the Governor’s Office, Natural Resources Agency, California Environmental Protection Agency, State 
Water Resources Control Board, Air Resources Board and Energy Commission. The Task Force was directed to 
identify realistic short and medium-term goals to respond to air quality and ecological threats at the sea resulting from 
scheduled reduced flows of fresh water to the sea.  The new Salton Sea Task Force recommended the initiation of 
the Salton Sea Management Program (SSMP) as an inter-agency effort headed by the California Natural Resources 
Agency (CNRA).  The SSMP partner agencies released a report titled “Phase I: SSMP 10-year plan” in March 2017, 
outlining proposed projects designed to meet restoration goals set forth by the Salton Sea Task Force and the 2016 
Memorandum of Understanding between the U.S. Department of Interior and CNRA.  The Regional Water Board is 
actively coordinating with CNRA, the Salton Sea Authority, and individual Salton Sea stakeholders on the development 
and implementation of the Salton Sea Management Program. 

At present, the primary water quality problem facing Salton Sea is increasing salinity.  Salinity and total dissolved 
solids are considered equivalent for this discussion.  The salinity of the sea was approximately 44,000 mg/L in 1992  
and over 61,000 mg/L in 2017.  Most of the recreationally important species of fish that have inhabited the sea in the 
past were originally transplanted from the Gulf of California, where the salinity level is approximately 35,000 mg/L.  
Previous tests have indicated that spawning of these transplanted fishes is adversely affected at salinity levels above 
40,000 mg/L.  As of 2017, all fish populations have collapsed with the exception of tilapia, which has also declined 
significantly.   

Because the Salton Sea is in a closed basin and is replenished primarily by agricultural drainage water with elevated 
total dissolved solids concentrations, the salinity will continue to rise unless a means of salinity control is devised and 
successfully implemented.  Upon completion of the fifteen-year Salton Sea mitigation water delivery requirement 
associated with the QSA water conservation and transfer in 2017, the inflows to the Salton Sea are projected to 
decrease significantly.  Any reduction in inflows to the sea causes the salinity to rise more rapidly.  The volumes of 
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flow contributed from Mexico and from stormwater runoff also have a bearing on the rate of salinity increase in Salton 
Sea. 

In addition to salinity, other pollutants are also present at the Salton Sea at elevated concentrations that impair 
beneficial uses.  As of 2012, the Clean Water Act section 303(d) list of impaired water bodies also identifies the Salton 
Sea as impaired due to nutrients, bacteria, pesticides, toxicity, and arsenic.  Nutrients and pesticides are likely to 
originate from agricultural runoff, while bacteria is found in raw sewage.  Arsenic is a common water pollutant that can 
have both natural and anthropogenic sources.  Toxicity in aquatic life is a form of pollution that can be caused by a 
variety of contaminants.  The Salton Sea was also formerly listed as impaired by selenium, but this pollutant was 
removed from the list of this water body’s impairments in 2012. The Salton Sea’s major tributaries, the New River and 
Alamo River, were still listed as impaired by selenium as of 2012. 

1. Salinity Control 

Based on past studies and findings, the following salinity control strategies have received the most attention among 
Salton Sea stakeholders: 

a. Pump-out Options  
 
Pump-out options for salinity control propose to pump water out of the sea in volumes that would remove the 
desired amount of salt.  
 
One option for salt removal is to pump the necessary amount of water from the Salton Sea to the Gulf of California 
or Laguna Salada. Such a project would require an agreement with Mexico.  Alternate locations for disposal of 
the salty water include the Pacific Ocean, underground injection, and pumping to other enclosed desert basins, 
although the technical difficulties and costs would be significantly higher.  
 
Another option would pump the necessary amount of water from the Salton Sea into constructed ponds where an 
enhanced evaporation system would concentrate salt.  These ponds could potentially be used to generate 
electricity through solar heat trapping.  To stabilize the salinity levels in the sea, at least 4-5 square miles would 
be needed for such ponds, in addition to disposal of up to 5 million tons of salt per year. 

b. In-Sea Impoundments  
 
This option would divide the Sea into basins separated by dikes.  Parts of the Sea would then be allowed to get 
very salty while other areas would receive most of the freshwater inflows and could maintain a favorable salinity.  
It would be very costly to construct and maintain the dikes.  As with the solar pond option, salt disposal would 
have to be dealt with at some point. 

The Phase I: SSMP 10-Year Plan outlines measures which feature a version of the in-sea impoundments option as 
the main method for salinity control, dust suppression, and habitat restoration in the initial stages of the program.  The 
10-Year Plan describes a series of ponds to be constructed on portions of the exposed playa, where the lake’s saline 
water and freshwater inflows will be mixed at varying concentrations to support different types of habitats. 

2. Pollution Control 

Investigations by the Regional Water Board, U.S. Geological Survey, U.S. Bureau of Reclamation, U.S. Fish and 
Wildlife Service, California Department of Fish and Wildlife, and others have identified pollutants from upstream 
sources which threaten the beneficial uses of the Salton Sea.  These pollutants include nutrients, pesticides, bacteria, 
and silt.  Most of these pollutants are from runoff from agricultural lands in the Salton Sea Watershed.  The largest 
contribution is from the Imperial Valley with smaller amounts coming from the Coachella and Mexicali Valleys.  Controls 
on these pollutants are most effectively implemented at their source.  The major control activity is implementation of 
Management Practices (MPs) on farmlands, conducted in accordance with the State's Nonpoint Source Program as 
discussed in Chapter 4.  The Regional Water Board is also working with the USEPA, U.S. Bureau of Reclamation, 
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Colorado River Basin Salinity Control Forum, and upstream states to identify sources of pollutants entering the 
Colorado River from locations upstream of California.  The Regional Water Board continues to monitor water quality 
at the Salton Sea and its tributaries as described in Chapter 6. 

C. TOXICITY OBJECTIVE COMPLIANCE 
Compliance with the Regional Water Board's toxicity objective (see Chapter 3) will be determined through the use 
of bioassays utilizing standard/approved methodology.  A three-part biomonitoring program to determine 
compliance is described in Chapter 6, Section II.B.  Compliance may also be determined by reviewing data 
generated by the Toxic Substances Monitoring Program (see Chapter 6, Section II.E) and other water quality 
monitoring programs. Implementation measures to address violations of the toxicity objective will be conducted in 
compliance with applicable state and federal policies and regulations. 

D.  DISPOSAL OF WASTE TO INDIAN LAND 
In an effort to protect the Region's water quality it is proposed that resources be requested to undertake the following 
tasks: 

• Identification of Indian Reservation land within the Region where disposal of wastes could threaten Regional 
surface and ground waters off the Reservation. 

• Creation of a Regional Water Board liaison to communicate with the Bureau of Indian Affairs, USEPA, and 
appropriate tribal representatives pertaining to disposal of wastes on Indian land. 

• In conjunction with the California Environmental Protection Agency cooperative agreements could be made with 
tribes to address water quality protection from construction and operation of hazardous waste and solid waste 
facilities on the Reservation.  The agreements would provide for the regulation of the facility at a level that is 
functionally equivalent to that provided under State Law. 

• Address other non-hazardous waste discharges on tribal land which may threaten the waters of the state, but for 
which State law presently does not apply for the purposes of entering into cooperative agreements. 

V. TOTAL MAXIMUM DAILY LOADS (TMDLs) AND IMPLEMENTATION 
PLANS 

A. NEW RIVER PATHOGEN TMDL 

1. TMDL Elements 

New River pathogen TMDL elements are shown on Table 4-2 below 

Table 4-2: NEW RIVER PATHOGEN TMDL ELEMENTS 

ELEMENT DESCRIPTION 

Problem 
Statement  

(impaired water 
quality 

standard) 

The New River headwaters start about 12-16 miles south of Calexico in the Mexicali Valley, 
Mexico.  Bacteria, which are pathogen-indicator organisms, impair the entire segment of the 
New River in the United States.  Pollution is severest at the International Boundary due to 
discharges of wastes from Mexico.  The bacterial concentrations exceed the water quality 
objectives established to protect mainly the water contact and non-contact water recreational 
beneficial uses of the New River.   
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ELEMENT DESCRIPTION 

Numeric  
Target 

The following are the in-stream numeric water quality targets for this TMDL: 
Indicator Parameters 30-Day Geometric Mean50 Maximum 
Fecal Coliforms 200 MPN51/100 ml 52 
E. Coli 126 MPN/100 ml 400 MPN/100 ml 
Enterococci 33 MPN/100 ml 100 MPN/100 ml 

 

Source 
Analysis 

The main sources of pathogens as indicated by fecal coliforms and E. coli bacteria in the New 
River are discharges of municipal wastes from the Mexicali Valley, Mexico and undisinfected 
but treated wastewater discharges from five domestic wastewater treatment plants in the 
Imperial Valley.  Natural sources of pathogens appear to play a relatively insignificant role, 
but their actual contribution, and contributions from other nonpoint sources of pollution in 
general require proper characterization.  

Allocations and 
Margin of 

Safety 

Discharges from point sources and nonpoint sources of pollution shall not exceed the 
following waste load allocations (WLAs) and load allocations (LAs), respectively:  
Indicator Parameters 30-Day Geometric Mean50 Maximum 
Fecal Coliforms 200 MPN51/100 ml 52Error! Bookmark not defined. 

E. Coli 126 MPN/100 ml 400 MPN/100 ml 
Enterococci 33 MPN/100 ml 100 MPN/100 ml 

The allocations are applicable throughout the entire stretch of the New River in the U.S. The 
numeric target concentrations are based on extensive epidemiological studies conducted by 
the USEPA and others. By setting the TMDL and each of the load and waste load allocations 
equal to the standards, the proposed TMDL approach results in very limited uncertainty about 
whether attainment of the TMDL and the individual allocations will result in attainment of the 
applicable numeric standards.  Moreover, the TMDL analysis takes a conservative approach 
of providing load and wasteload allocations even for relatively minor loading sources, which 
helps to ensure that the selected source control approach will result in attainment of the 
numeric objectives.  Finally, to help address uncertainty concerning the bacterial die-off and 
regrowth dynamics in the River, the TMDL provides implicit margin of safety by including a 
relatively aggressive monitoring and review plan which will help ensure that needed data are 
collected and that, if necessary, the TMDL will be revised in the relatively near future. 

2. Implementation Actions for Attainment of TMDL  

The pathogen load allocations, waste load allocations, and water quality objectives shall be applicable to the New 
River for the protection of the REC-l and REC-II beneficial uses and shall be achieved within three years of USEPA 
approval of the TMDL.  To this end, the following actions shall be implemented. 

i. Wastewater Treatment Plants 

All point source dischargers discharging, potentially discharging, or proposing to discharge waste with bacteria into 
the New River and/or surface waters tributary to the New River, at concentrations that violate or threaten to violate 
waste load allocations (WLAs), shall provide adequate disinfection to meet the WLAs specified in Table 4-2.  

Currently, there are five (5) NPDES permitted facilities discharging undisinfected municipal wastewater into the New 
River: the City of Brawley WWTP, Seeley County Water District (SCWD) WWTP; Date Gardens Mobile Home Park 
(DGMHP) WWTP; City of Westmorland WWTP, and McCabe Union School District (MCUSD) WWTP.  Both the 
City of Westmorland and City of Brawley have been issued Time Schedule Orders (TSOs) requiring them to upgrade 
their WWTPs by January 2002 and March 2002, respectively.  The City of Westmorland is already upgrading its 
WWTP and expects to complete the upgrade by 2002.  The City of Brawley is securing financing from the North 

 
50 Based on a minimum of no less than 5 samples equally spaced over a 30-day period 
51 Most probable number, and 
52 No more than 10% of total samples during any 30-day period shall exceed 400 MPN/100 ml. 
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America Development Bank to upgrade its WWTP.  The NPDES permit for the City of Brawley already prescribes 
effluent disinfection limits consistent with this TMDL.  However, neither the TSO nor the NPDES permits for the City 
of Westmorland contains requirements for disinfection. 

It is essential that the referenced facilities that are not disinfecting provide adequate effluent disinfection at the 
earliest possible date.  Towards this end, the Executive Officer shall direct staff to draft revised NPDES permits for 
these facilities incorporating the WLAs prescribed in Table 4-2 and monitoring requirements for the WLAs.  Draft 
revised permits shall be ready for Regional Water Board consideration in accordance with the following schedule 
(see Table 4-3) or sooner as resources allow.  

Table 4-3. SCHEDULE FOR DRAFT REVISED NPDES PERMITS 

Facility Name 
NPDES Permit 

No. Expiration Date Revision Date 
City of Westmorland WWTP CA0105007 1/28/03 {Year 1}53 
Seeley County Water District WWTP CA0105023 6/25/02 {Year 1}53 
Date Gardens Mobile Home Park 
WWTP 

CAO104841 9/24/02 {Year 1}53 

McCabe Union High School District 
WWTP 

CA0104281 11/29/00 {Year 1}53 

Additionally, SCWD, DGMHP, and MCUSD shall each: 

a. By November 14, 2002 and pursuant to section 13267 of the Water Code, submit a technical report in the 
form of plans, specifications, and proposed measures to be taken to secure funds to comply with their WLAs 
by no later than May 14, 2005, and 

b. Submit quarterly reports to the Executive Officer describing their progress towards meeting their WLAs.  
Quarterly reports shall be due on the 15th day of the month following the reporting calendar quarter, and begin 
the first calendar quarter immediately following USEPA approval. 

ii. United States Government 

Neither the existing lagoon systems nor the proposed wastewater treatment facilities for the Mexicali metropolitan area 
include disinfection.  Also, there are a significant number of unregulated point and nonpoint sources of bacteria which 
discharge directly into the New River watershed in Mexicali, and an unknown number of raw sewage bypasses, which 
are not addressed by the certified projects.  Therefore, the projects by themselves will not result in attainment of the 
bacterial load allocations downstream of the International Boundary.  Consequently, it is necessary for the U.S. 
Government to pursue additional steps to ensure this TMDL complies with the requirements of section 303(d) of the 
Clean Water Act and ensure discharges of wastes from Mexico will not cause or contribute to a violation of this TMDL.  
Therefore, pursuant to section 13225 of the Water Code, the U.S. Section of the International Boundary and Water 
Commission and USEPA shall:  

a. By February 14, 2003, submit a technical report to the Regional Water Board with proposed measures (e.g., 
plans and specifications for disinfection facilities) to ensure that discharges of wastes from Mexico do not 
cause or contribute to a violation of this TMDL. The report shall specify the parties responsible for 
implementation of the measures and include a time schedule for implementation and completion of the 
measures within three years of USEPA approval of this TMDL. 

 
53 Year 1 refers to the effective date to revise the permits for these plants, which shall be 30 days after USEPA approval of 

the TMDL. (USEPA approval date: August 14, 2002) 
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b. By May 14, 2003, submit a report identifying financial options for implementation of the measures discussed 
in Task No. “a,” above. 

c. Submit semi-annual progress reports to the Regional Water Board regarding progress towards completion of 
the measures. The semi-annual reports shall be due by the 15th day of the month, and shall begin in the 6th 
month following submission of the technical report required in 2.2, a. 

B. ALAMO RIVER SEDIMENTATION/SILTATION TMDL 

1. TMDL Elements 

SUMMARY 

This TMDL was adopted by: 

The California Regional Water Quality Control Board, Colorado River Basin Region on June 27, 2001.   
The California State Water Resources Control Board on February 19, 2002.  
The Office of Administrative Law on May 3, 2002.  
The U.S. Environmental Protection Agency on June 28, 2002. 
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Table 4-4: ALAMO RIVER SEDIMATATION/SILTATION TMDL ELEMENTS54 

ELEMENT DESCRIPTION 

Problem Statement 
(impaired water quality standard) 

Excess delivery of sediment to the Alamo River has resulted in degraded 
conditions that impair the following designated beneficial uses: warm 
freshwater habitat; wildlife habitat; preservation of threatened, rare, and 
endangered species habitat; contact- and non-contact recreation; 
freshwater replenishment.  As the Alamo River discharges into the Salton 
Sea, sediment also threatens the same beneficial uses of the Salton Sea.  
Specifically, sediment serves as a carrier for DDT, DDT metabolites, and 
other insoluble pesticides including toxaphene, which pose a threat to 
aquatic and avian communities and people feeding on fish from the Alamo 
River; and suspended solids concentrations, sediment loads, and turbidity 
levels are in violation of water quality objectives.  These current 
concentrations, loads, and levels are also forming objectionable bottom 
deposits, which are also adversely affecting the beneficial uses of Alamo 
River. 

Numeric Target 200 mg/L Total Suspended Solids (annual average)55 

Source Analysis 
Source tons/year 
Agricultural Drain Discharges: 322,493 
In-Stream Erosion & Wind Deposition: 6,623 
NPDES Permitted Facilities:  215 
International Boundary 146 
Total:  329,477 

 

Margin of Safety 8,737 tons/year, (corresponds to 10 mg/L)56 

Seasonal Variations and Critical 
Conditions 

Both the flow and sedimentation regimes within the Alamo River watershed 
are relatively stable, and the sediment and water sources within the 
watershed are relatively uniform and widespread; therefore, this TMDL 
does not include provisions other than the established load allocations and 
implementation plan for seasonal variations or critical conditions.   Staff's 
analysis of potential water transfers out of the watershed indicate that the 
transfers are not likely to affect compliance with this TMDL, but could 
cause other water quality problems that will need to be addressed by the 
parties responsible for the transfers. 

Loading Capacity 177,247 tons/year57 

 
54 For purposes of measuring compliance, all samples will be analyzed for volatile suspended solids at locations where 

organic loading represents a significant proportion of the total suspended solids or turbidity. The volatile suspended solids 
component will be subtracted for determining compliance. 

55 The numeric target is a goal that translates current silt/sediment-related Basin Plan narrative objectives and shall not be 
used for enforcement purposes. 

56 The margin of safety is roughly equal to the estimated load from natural sources to the Alamo River.  This margin of safety 
allows for the loading of sediment from natural sources to the river to be double the natural source loading estimated in 
the Source Analysis without exceeding the Numeric Target. 

57 Previously reported as 174,747 due to typographical error. 
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58  The sediment load allocation for any particular reach shall be distributed proportionately amongst the agricultural drains 

within that particular reach based on the relative flow contribution of each drain to the total flow contribution to the reach 
 

ELEMENT DESCRIPTION 

Load Allocations and 
Wasteload Allocations 

Load Allocations: 

• Natural sources of sediment to the Alamo River, including erosion and wind 
deposition, are allocated 8,737 tons/year. 

• Waste discharges from nonpoint sources into the Alamo River shall not exceed 
the load allocations specified below: 

River Reach 

# of IID 
Drains 
Identified 
within 
Reach 

Sediment 
Load 
Allocation 
(tons/year)
58,59 

Alamo River immediately downstream of the 
International Boundary, at the IID gauging station 
just north of the All American Canal, a point 
identified hereafter at “AR-0” 

None 146 

Reach 1:  Downstream from the International 
Boundary to a point approximately 100 feet 
downstream of the Ninth Street Drain outfall into the 
river, a point identified hereafter as "AR-1" 

8 17,488 

Reach 2:  This reach encompasses the river from 
AR-1 to a point downsteam of the Pomello Drain 
outfall into the river and upstream of the Graeser 
Drain outfall into the river, a point hereafter referred 
to as "AR-2."   

7 25,255 

Reach 3:  This reach covers the river from AR-2 to a 
point downstream of the Holtville Main Drain outfall 
into the river and upstream of the Olive Drain outfall 
into the river, a point hereafter referred to as "AR-3"; 

8 24,501 

Reach 4:  This reach covers from AR-3 to a point   
downstream of the Wills Drain outfall into the river 
and upstream of the Moss Drain outfall into the river, 
a point hereafter referred to as "AR-4"; 

12 31,887 

Reach 5:  This reach covers the river from AR-4 to a 
point downstream of Rockwood Drain outfall into the 
river and upstream of the C Drain outfall into the 
river, a point hereafter referred to as "AR-5"; 

22 30,002 

Reach 6:  This reach covers the river from AR-5 to 
the point where it intersects the Garst Road, a point 
hereafter referred to as "AR-Outlet.” 

12 19,469 

Tailwater outfalls discharging directly to the Alamo 
River. 

60 7,830 

Natural Sources  8,737 
Waste Load Allocations:     
The discharge from point sources shall not exceed 
the total suspended limits specified under 40 C.F.R. 
part 122 et seq., and the corresponding mass 
loading rates. 

N/A 3,196 
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Table 4-561 : WASTE LOAD ALLOCATIONS FOR POINT SOURCES IN THE ALAMO RIVER WATERSHED 

Facility NPDES # Discharge 
Location 

NPDES Permit 
Limits  

as of 6-2001 62 
(tons of 

suspended 
solids per year) 

Waste Load 
Allocation63  

(tons of 
suspended solids 

per year) 

City of Calipatria WWTP CA 
0105015 

G Drain 246.0 491.9 

City of El Centro WWTP CA 104426 Central Drain 365.5 731.1 
City of Holtville WWTP CA 

0104361 
Pear 
(Palmetto) 
Drain 

38.8 77.7 

City of Imperial MWTP CA 
0104400 

Rose Drain 64.0 127.9 

Heber Public Utilities District 
WWTP 

CA 
0104370 

Central Drain 20.6 41.1 

Imperial Community College  
District WWTP 

CA 104299 Central Drain 4.6 9.1 

Sunset Mutual Water Co CA 104345 Central Drain 2.3 4.6 
Country Life MHP CA 

0104264 
Central Drain 5.7 11.4 

Covanta Heber Geothermal CA 
0104965 

Central Drain 195.6 391.1 

El Centro Steam Plant CA 104248 Central Drain NA 95.0 
New Charleston Power Plant CA 101990 Rose Drain 6.9 13.7 
IID Grass Carp Hatchery CA 

7000004 
Central Drain NA 182.8 

Rockwood Gas Turbine Station CA 
0104949 

Bryant Drain 1.3 2.6 

Imperial Valley Resources 
Biomass Waste Fuel Power Plant 

CA 
0105066 

Rose Drain NA 15.5 

Future Point Sources NA NA NA 1000.0 
TOTAL   1098 3196 

2. Implementation Actions for Attainment of TMDL 

TMDL attainment shall be in accordance with the schedule contained in Table 4-6: 

 
from the drains within the reach.  The sediment load allocation will be reviewed every three years following TMDL 
implementation.  The sediment load allocation will vary depending on drain flow. 

59 The sediment load allocations herein have been calculated based on the estimated individual average drain flows within 
the reach for the 1994-1999 period.  At lower or higher drain flows, the average annual load allocation for a particular 
reach shall not exceed the load given by: 
LAR = (180)*(QR)*(0.0013597), where: 
LAR = Load Allocation for any of the Alamo River reaches identified above (tons/yr).  
QR = Reach Flow (ac-ft) = Total flow contribution to the reach from the drains within the reach (ac-ft) 

60 The number of outfalls has not been determined. 
61 Does not include volatile suspended solids determination. 
62 Calculated using design flows and 30-day mean TSS limits. 
63 Determined using double the current effluent limits to allow for facility expansion.  For the three energy generating 

facilities without current TSS limits, a 30 mg/L TSS limit is used for current effluent limit in this calculation. 
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Table 4-6: INTERIM NUMERIC TARGETS FOR ATTAINMENT OF THE SEDIMENT/SILTATION TMDL64 FOR 
THE ALAMO RIVER 

Phase Time Period65 Estimated Percent 
Load Reduction66 

Interim Target 
(mg/L)67 

Phase 1 Years 1 – 3 15% 320 
Phase 2 Years 4 – 7 25% 240 
Phase 3 Years 8 – 10 10% 216 
Phase 4 Years 11 – 13 8% 200 

C. NEW RIVER SEDIMENTATION/SILTATION TMDL 
SUMMARY 

This TMDL was adopted by the California Regional Water Quality Control Board, Colorado River Basin Region in 
June 2002; approved by the Office of Administrative Law in January 2003; and approved by the U.S. Environmental 
Protection Agency on March 31, 2003. 

1. TMDL ELEMENTS 

Table 4-7: NEW RIVER SEDIMENTATION/SILTATION TMDL ELEMENTS 

ELEMENT DESCRIPTION 
Problem 

Statement 
(impaired water 

quality 
standard) 

Excess delivery of sediment to the New River has resulted in degraded conditions that 
impair designated beneficial uses: warm freshwater habitat; wildlife habitat; 
preservation of threatened, rare, and endangered species habitat; contact- and non-
contact recreation; freshwater replenishment.  As the New River discharges into the 
Salton Sea, sediment also threatens the same beneficial uses of the Salton Sea.  
Sediment serves as a carrier for DDT, DDT metabolites, and other insoluble pesticides 
including toxaphene, which pose a threat to aquatic and avian communities and people 
feeding on fish from the New River; and suspended solids concentrations, sediment 
loads, and turbidity levels are in violation of water quality objectives.  These current 
concentrations, loads, and levels are also forming objectionable bottom deposits, which 
are also adversely affecting the beneficial uses of New River. 

Numeric Target 200 mg/L Total Suspended Solids (annual average)68 

 
64 For purposes of measuring compliance, all samples will be analyzed for volatile suspended solids at locations where 

organic loading represents a significant proportion of the total suspended solids or turbidity.  The volatile suspended solids 
will be subtracted for determining compliance. 

65 Year 1 refers to the effective date to start TMDL implementation, which shall be one year after USEPA approves the 
TMDL.  For example, if USEPA approves the TMDL on November 15, 2001, Year 1 is November 15, 2002, which makes 
Year 3 November 15, 2005, which makes Year 4 November 15, 2006, and so on. 

66 Percent reductions indicate the reduction required in total suspended sediment load from the average concentration of the 
Alamo River at the beginning of each phase, beginning with the 1980-2000 average concentration of 377 mg/L. 

67 These interim targets are goals which translate current silt/sediment related Basin Plan narrative objectives and are not 
intended to specifically be used for enforcement purposes. 

2 The numeric target is a goal that translates current silt/sediment-related Basin Plan narrative objectives and shall not be 
used for  enforcement   purposes.  
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ELEMENT DESCRIPTION 
Source 

Analysis 
Source tons/year 
Agricultural Drain Discharges: 137,715 
In-Stream Erosion & Wind Deposition: 6,409 
NPDES Permitted Facilities:  356 
International Boundary 11,265 
Total: 155,745 

 

Margin of 
Safety 

6,409 tons/year 
(corresponds to 10 mg/L) 

Seasonal 
Variations and 

Critical 
Conditions 

Both the flow and sedimentation regimes within the New River watershed are relatively 
stable, and the sediment and water sources within the watershed are relatively uniform 
and widespread; therefore, this TMDL does not include provisions other than the 
established load allocations and implementation plan for seasonal variations or critical 
conditions.   Staff's analysis of potential water transfers out of the watershed indicate 
that the transfers are not likely to affect compliance with this TMDL, but could cause 
other water quality problems that will need to be addressed by the parties responsible 
for the transfers. 

Loading 
Capacity 

127,881 tons/year 
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ELEMENT DESCRIPTION 

Load 
Allocations and 

Wasteload 
Allocations 

Load Allocations: 
• Natural sources of sediment to the New River, including erosion and wind 

deposition, are allocated 6,409 tons/year. 
• Waste discharges from nonpoint sources into the New River shall not exceed the 

load allocations specified below: 

River Reach 

# of IID 
Drains 
Identified 
within 
Reach 

Sediment 
Load 
Allocation 
(tons/year)
69,70 

New River immediately downstream of the 
International Boundary, at the USGS gauging 
station, a point identified hereafter at “NR-0” 

None 11,265 

Reach 1:  Downstream from the International 
Boundary to the intersection of the Evan Hewes 
Road Bridge and the New River Channel, a point 
identified hereafter as "NR-1" 

14 20,730 

Reach 2:  This reach encompasses the river from 
NR-1 to Drop Structure 2, a point upstream of the 
Rutheford Road Bridge hereafter referred to as "NR-
2."   

17 32,350 

Reach 3:  This reach covers the river from NR-2 to 
the point where it intersects the Lack Road Bridge, a 
point hereafter referred to as "NR-Outlet.” 

23 35,835 

 

Direct Outfalls to River 
# of IID 
Drains 
Identified 

Sediment 
Load 
Allocation 
(tons/year)
69,70 

Tailwater outfalls discharging directly to the New 
River 

71 14,884 

 

Natural Sources 

Sediment 
Load 
Allocation 
(tons/year) 

69,70 
Natural sources 6,409 

Waste Load Allocations: 
The discharge from point sources (NPDES permits) shall not exceed the total 
suspended solids limits specified under 40 C.F.R. part 122 et seq., and the 
corresponding mass loading rates 

 
69 The sediment load allocation for any particular applicable reach shall be distributed proportionately amongst the 

agricultural drains within that particular reach based on the relative flow contribution of each drain to the total flow 
contribution to the reach from the drains within the reach.  The sediment load allocation will be reviewed every three years 
following TMDL implementation.  The sediment load allocation will vary depending on drain flow. 

70 The sediment load allocations have been calculated based on the estimated individual average drain flows within the 
reach for the 1995-2000 period.  At lower or higher drain flows, the average annual load allocation for a particular reach 
shall not exceed the load given by:  
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2. Implementation Actions for Attainment of TMDL 

TMDL attainment shall be in accordance with the schedule contained in Table 4-8: 

Table 4-8: INTERIM NUMERIC TARGETS FOR ATTAINMENT OF THE SEDIMENTATION/SILTATION 
TMDL FOR THE NEW RIVER 

Phase Time Period72 Estimated Percent 
Load Reduction73 

Interim Target 
(mg/L)74 

Phase 1 Years 1 – 3 5% 229 
Phase 2 Years 4 – 6 7% 213 
Phase 3 Years 7 – 9 4% 204 
Phase 4 Years 10 – 12 2% 200 

D. IMPERIAL VALLEY DRAINS SEDIMENTATION/SILTATION TMDL 
SUMMARY 

This TMDL was adopted by the California Regional Water Quality Control Board, Colorado River Basin Region 
in January 2005. 

1. TMDL ELEMENTS 

The Imperial Valley Drains Sedimentation/Siltation TMDL contains allocations that apply to three Imperial Valley 
drains (Niland 2, P, and Pumice) and their tributary drains (Vail 4A, Vail 4, Vail 3A, Vail 3, and Vail 2A feed into 
Pumice).  These drains (among others) empty directly into the Salton Sea.  Figure 4-2 is a map of the three drains 
(and their tributary drains) for which allocations have been specified in this TMDL. 

 
LAR = (180)*(QR)*(0.0013597), where: 
LAR = Load Allocation for any of the New River reaches identified above (tons/yr). 
QR = Reach Flow (ac-ft) = Total flow contribution to reach from the drains within the reach (ac-ft). The sediment load 

allocation will be reviewed by the Executive Officer every three years following TMDL implementation. 
71 The number of outfalls has not been determined. 
72 Year 1 refers to the effective date to start TMDL implementation, which shall be one year after USEPA approves the 

TMDL.  For example, if USEPA approves the TMDL on November 15, 2002, Year 1 is November 15, 2003, which makes 
Year 3 November 15, 2005, which makes Year 4 November 15, 2006, and so on. 

73 Percent reductions indicate the reduction required in total suspended sediment load from the average concentration of the 
New River at the beginning of each phase, beginning with the 1980-2001 average concentration of 306 mg/L. 

74 These interim targets are goals which translate current silt/sediment related Basin Plan narrative objectives and are not 
intended to specifically be used for enforcement purposes. 
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Figure 4-2:  DRAINS (NILAN 2, P, AND PUMICE AND THEIR TRIBUTARY DRAINS) FOR WHICH 
ALLOCATION HAVE BEEN SPECIFIED IN THIS TMDL 
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Table 4-9: IMPERIAL VALLEY DRAINS (NILAND 2, P, AND PUMICE) SEDIMENTATION/SILTATION TMDL 
ELEMENTS 

ELEMENT DESCRIPTION 
Problem 

Statement 
(impaired 

water quality 
standard) 

Excess delivery of sediment to Niland 2, P, and Pumice Imperial Valley drains has resulted 
in degraded conditions that impair designated beneficial uses: warm freshwater habitat; 
wildlife habitat; preservation of threatened, rare, or endangered species; water contact and 
non-contact water recreation; and freshwater replenishment.  As the drains discharge into 
the Salton Sea, sediment also threatens the same beneficial uses of the Salton Sea.  
Sediment serves as a carrier for DDT, DDT metabolites, and other insoluble pesticides 
including toxaphene, which pose a threat to aquatic and avian communities and people 
feeding on fish from the drains.  Suspended solids concentrations, sediment loads, and 
turbidity levels are in violation of water quality objectives.  These current concentrations, 
loads, and levels also are forming objectionable bottom deposits, which are adversely 
affecting the beneficial uses. 

Numeric 
Target 200 mg/L Total Suspended Solids (annual average)75 

Source 
Analysis 

Source tons/year 
Agricultural Tailwater 11,602.4 
Natural Sources (In-Stream Erosion, Wind Deposition, Wildlife) 277.4 
Storm Event Runoff from Farm Land 50.5 
Total 11,930.0 

 

 LOAD ALLOCATIONS 
Margin of 

Safety 277.4 tons/year, (corresponds to TSS of 10 mg/L) 
Seasonal 
Variations 

and Critical 
Conditions 

Seasonal differences exist regarding local water flow, but not local climate (e.g., rainfall).  
Sediment becomes suspended in tailwater regardless of the season.  However, more flow at 
certain times of year means that more sediment becomes suspended in drains at certain 
times of year.  To address this seasonal variation, the numeric target is expressed in terms 
of an annual average.  If data for certain months exceeds the load allocation, this may be 
tempered by low data readings in other months.  Therefore, variability is accounted for and 
addressed by use of an annual average. 

Loading 
Capacity 

(Total 
Assimilative 

Capacity) 

5,547.2 tons/year, (corresponds to TSS of 200 mg/L) 

 
75 The numeric target is a goal that translates current sediment/silt-related Basin Plan narrative objectives and shall not be 

used for enforcement purposes. 
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ELEMENT DESCRIPTION 

Load 
Allocations 
and Waste 

Load 
Allocations: 

• Natural sources of sediment to Niland 2, P, and Pumice Imperial Valley Drains are 
allocated 277.4 tons/year. 

• Waste discharges from nonpoint sources into Niland 2, P, and Pumice Imperial Valley 
Drains shall not exceed load allocations specified below: 

Drain Sources # of Drains Included in 
Segment 

Sediment Load 
Allocation 

(tons/year)76 
Niland 2 1 300.1 
P 1 638.2 
Pumice, including 5 Vail drains (Vail 4A, 
Vail 4, Vail 3A, Vail 3, and Vail 2A) that 
drain into it 

6 3,904.3 

Future Growth None 149.8 
Total Load Allocation for drains 
(corresponds to TSS of 180 mg/L) 

8 4,992.4 

 
Other Sources # of Drains Included in 

Segment 
Sediment Load 

Allocation 
(tons/year)1 

Natural Sources Not applicable 277.4 
Margin of Safety Not applicable 277.4 
Total Load Allocation for other sources 
(corresponds to TSS of 20 mg/L) 

Not applicable 554.8 

• The discharge from point sources (NPDES permits) shall not exceed the total 
suspended solids limits specified under 40 C.F.R. part 122 et seq., and the 
corresponding mass loading rates. 

2. Implementation Actions for Attainment of TMDL 

The Implementation Plan for this TMDL applies not just to the three drains (Niland 2, P, and Pumice) for which 
allocations are specified, but to all Imperial Valley drains that empty directly into the Salton Sea.  This is necessary 
because all of the drains contribute, albeit in varying degrees, to sediment/silt impacts on water quality standards 
of the drains and the Salton Sea, and are so listed pursuant to section 303(d) of the Clean Water Act.  This approach 
ensures Valley-wide consistency in controlling sediment in all drains that empty directly into the Salton Sea, 
prevents a piece-meal approach in controlling sediment, and will enable de-listing of all the drains simultaneously 
upon successful completion of the control measures. 

TMDL attainment shall be in accordance with the schedule contained in Table 4-10: 

 
76  The sediment load allocation for any particular drain shall be distributed proportionately amongst the agricultural drains in 

the project area, based on the relative flow contribution of each drain to the total flow contribution of all drains in the 
project area.  The sediment load allocation will be reviewed every three years following TMDL implementation.  The 
sediment load allocation will vary depending on drain flow. 
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Table 4-10: INTERIM NUMERIC TARGETS FOR ATTAINMENT OF THE SEDIMENT/SILTATION TMDL 
FOR IMPERIAL VALLEY DRAINS 

Phase Time Period Estimated Percent 
Load Reduction77 

Interim Target 
(mg/L)78 

Phase 1 2005 through 2006 10% 376 
Phase 2 2007 through 2009 25% 282 
Phase 3 2010 through 2012 20% 226 
Phase 4 2013 through 2015 12% 200 

E. FURTHER IMPLEMENTATION ACTIONS AND REGULATIONS FOR ALL 
IMPERIAL VALLEY SEDIMENTATION/SILTATION TMDLs 

1. Designated Management Actions 

Consistent with the State NPS Program, sediment pollution shall be controlled by responsible parties through 
implementation of Management Practices (MPs).  For the purpose of this Section, responsible parties include 

• Farmers/landowners, renters/lessees, and operators/growers discharging waste into Imperial Valley Drains, New 
River, and Alamo River in a manner that causes or could cause violation of load allocations and/or exceedance 
of the Sediment/Silt numeric target; 

• The Imperial Irrigation District; 
• The United States Environmental Protection Agency and U.S. Section of the International Boundary and Water 

Commission, for wastes discharged from Mexico into the Alamo River and New River. 

Responsible parties who already have complied with the requirements of previously-adopted 
Sedimentation/Siltation TMDLs are not required to re-submit reports, workplans, or other information already 
submitted to the Regional Water Board.  Responsible parties who are subject to multiple TMDLs are encouraged, 
but not required, to combine submissions so that a single report or workplan satisfies the requirements of all 
applicable TMDLs.  Early implementation of actions by responsible parties will be welcomed by the Regional Water 
Board, to simplify timelines between all Imperial Valley Sedimentation/Siltation TMDLs. 

i. Farm Landowners, Renters/Lessees, Operators/Growers 

Farm landowners, renters/lessees, and/or operators/growers shall submit self-determined Sediment Control 
Programs (Water Quality Management Plans) to the Regional Water Board by:  

Table 4-11 SEDIMENT CONTROL PROGRAM DUE DATES 

TMDL Date 
Alamo River September 28, 2003 
New River June 30, 2004 

Imperial Valley Drains 6 months after U.S. Environmental Protection 
Agency (USEPA) approval 

and on an annual basis thereafter. 

 
77 The reduction required in the average concentration at the end of each phase, beginning with the current (2002) average 

concentration of 418 mg/L. 
78 The interim numeric target is a goal that translates current sediment/silt-related Basin Plan narrative objectives and shall 

not be used for enforcement purposes. 
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The Sediment Control Program may be submitted by an individual farm landowner, renter/lessee, or 
operator/grower (hereafter "Individual Program") or by a group of farm landowners, renters/lessees, and/or 
operators/growers (hereafter "Group Program").  Individual and Group Sediment Control Programs (Water Quality 
Management Plans) are required pursuant to Water Code section 13267.  These programs are necessary to 
achieve compliance with these TMDLs and applicable water quality objectives, and to monitor/assess MP 
effectiveness. Regional Water Board staff strongly recommends that individual farm landowners, renters/lessess, 
and/or operators/growers work with the Imperial County Farm Bureau (ICFB) to submit a Group Plan through the 
ICFB’s Watershed Program.  Group Plans offer landowners the ability to work together to solve their erosion 
problems, while also affording a measure of privacy to the members of the Group.  A Group Program must provide 
information on a drain- or drainshed basis regarding which responsible parties are enrolled in the program.  
Additionally, a group may provide a single monitoring and reporting plan as long as results are representative of the 
efficiency of the group’s various control practices, in order to measure overall water quality improvements.   

In either case (whether a Group or Individual Plan), the program shall, at a minimum, address the following in their 
Sediment Control Programs:   

3. Name of farm landowner, business address, mailing address, and phone number 
4. Name of farm operator/grower, business address, mailing address, and phone number 
5. Problem assessment, including site conditions(s), crop(s), potential or current NPS problems, problem 

severity, and problem frequency 
6. Statement of goals (measurable outcomes or products) 
7. Existing and/or alternative sediment management practices (technical/economic feasibility, desired outcome, 

etc.) 
8. Timetable for implementation of management practices (measured in either water quality improvement or 

level of implementation) 
9. Monitoring, including progress toward goals, and effectiveness of management decisions 
10. Mechanism for reporting planned and completed implementation actions to the Regional Water Board. 

A group program may address Item Nos. 1 through 6, above, for the individuals enrolled in the program as a group.  
The program shall nevertheless provide sufficient information so that the Regional Water Board can: (a) determine 
at a minimum on a drain- or drainshed-basis which responsible parties are enrolled in the program; (b) the types of 
sediment problems (i.e., severity, magnitude, and frequency) either the group as a whole or the drain/drainshed 
face; (c) the proposed sediment management practices for the group; and (d) the time table for implementation of 
the management practices (measured in either water quality improvement and/or level of implementation).  
Regarding Item Nos. 7 and 8, a single monitoring and reporting plan may also be proposed for a group provided 
that the monitoring and reporting will provide results that are representative of the efficiency of various control 
practices within the group and representative enough to measure overall water quality improvements.  Reported 
implementation of MPs shall be submitted to the Regional Water Board under penalty of perjury.   

All programs and reports specified herein are requested pursuant to section 13267 of the Water Code.  In 
accordance with section 13267, subdivision (b)(2) of the Water Code, when requested by the responsible party or 
group furnishing a program, the portions of a program, which might disclose trade secrets or secret processes, shall 
not be made available for inspection by the public but shall be made available to governmental agencies for use in 
making studies.  However, these portions of a program shall be available for use by the Regional Water Board or 
any state agency in judicial review or enforcement proceedings involving the person or group of persons furnishing 
the report. 

ii.  Imperial Irrigation District 

Table 4-12 REVISED DWQIP DUE DATES 

*TMDL Date 
Alamo River September 28, 2003 
New River June 30, 2004 

Imperial Valley Drains 6 months after USEPA approval 
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The Imperial Irrigation District shall submit to the Regional Water Board a revised Drain Water Quality Improvement 
Plan (DWQIP) with a proposed program to control and monitor water quality impacts caused by drain maintenance 
operations within the Alamo and New River and Imperial Valley Drains Watersheds and dredging operations in the 
Alamo and New River and Imperial Valley Drains.  The revised DWQIP shall be subject to the approval of the 
Executive Officer and shall address, but need not be limited to, items “a” and “b,” below:  

(a) Drain and River Deltas Maintenance  

• Reduction in drain cleaning and dredging activities to the practical extent allowed by the implementation of on- 
and off-field sediment control MPs by farmers landowners, renters/lessees, operators/growers and the MP 
effectiveness in reducing silt built up in the drains and the New and Alamo River Deltas and Imperial Valley Drains 
to avoid impacts on sensitive resources.   

• Mechanism(s) to assess effectiveness of such reduction  

(b) Drain Water Quality Monitoring Plan 

The revised DWQIP shall consist of a proposed program to monitor the New and Alamo Rivers and Imperial Valley 
Drains: 

• Water quality impacts caused by dredging operations in the drains and to monitor the effects that dredging 
operations in the New and Alamo River Deltas and Imperial Valley Drains have on compliance with the rivers' 
and drains’ water quality standards; 

• Representative samples from the water column of all major drains and a representative number of the small 
drains tributary to the New and Alamo Rivers and those drains emptying directly to  the Salton Sea for analyses 
of flow, TSS, Turbidity, and nutrients.  Samples collected from the last drain weir before the drain outfalls to the 
river shall be considered representative of the water column; 

• A representative number of source water locations for TSS; 
• A representative number of drains at a location sufficiently upstream of the outfalls to the river so as to provide 

an idea of how much of the silt is being reduced by field MPs; and 
• Sediment impacts from storm events. 

(c) Information on Agricultural Dischargers 

 
Table 4-13 IID SUBMISSION OF DATA ON AGRICULTURAL DISCHARGERS DUE DATES 

TMDL Date 
Alamo River October 28, 2003 
New River July 31, 2004 

Imperial Valley Drains 6 months after USEPA approval 

On a semi-annual basis after the completion of deadlines in Table 4-13, the IID shall submit the following information 
to the Regional Water Board on the agricultural dischargers within the District: 

• The names and mailing addresses for all the owners of properties within the IID service area that are being 
used for irrigated agriculture, as well as the location of their properties.   

• The names and mailing addresses for all water account holders within the IID service area, and the location of 
all fields that they irrigate.   

• For each parcel within the IID service area, the location of the parcel, the irrigation canal and gates serving the 
parcel, the drop boxes draining the parcel, the drains that these drop boxes empty into, and the fields located 
within each parcel.   
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• For each field within the IID service area, the parcel within which each field is located, the area and location of 
each field within the parcel, the irrigation canal and gates serving each field, the drop boxes draining each field 
and the drains to which these drop boxes drain.  

• The above information should be submitted in an electronic, tabular, and easily geo-referenced format.   

No later than 60 days following the Executive Officer’s approval of the revised DWQIP, the IID shall submit 
to the Executive Officer a Quality Assurance Project Plan (QAPP) prepared in accordance with Requirements for 
Quality Assurance Project Plans for Environmental Data Operations, EPA QA/R-5, 1994 for the revised DWQIP. 
The QAPP is subject to the approval of the Executive Officer.  No later than 30 days following the Executive Officer’s 
approval of the QAPP, the IID shall implement the QAPP and submit quarterly and annual monitoring reports to the 
Executive Officer.  The quarterly reports shall be due on the month following the calendar's quarter and shall 
transmit a quarterly summary of the results for the previous three months.  The annual reports shall be due on 
February 15 and summarize the year’s data, quality control reports, and any trends in the data. 

The DWQIP and QAPP are required pursuant to Water Code sections 13225 and 13267.  These are necessary to 
achieve compliance with this TMDL and the applicable water quality objectives and to monitor/assess effectiveness 
of MPs in a cost-effective manner.  IID is required to provide this information because it operates and maintains the 
subject drains and because it is the only entity with access to some of the information required in the DWQIP. 

All plans and reports requested herein are requested pursuant to section 13267 of the Water Code and shall be 
prepared under the direct supervision of a California registered civil engineer and/or agricultural engineer, with 
experience in the preparation of this type of program.   

iii. United States Environmental Protection Agency (USEPA) and U.S. Section of the 
International Boundary and Water Commission (USIBWC) 

The USEPA and USIBWC are not responsible parties for the Imperial Valley Drains Sedimentation/Siltation TMDL.  
The USEPA and USIBWC are responsible parties for the Alamo River and New River Sedimentation/Siltation 
TMDLs. 

Table 4-14 TECHNICAL REPORT DUE DATES 

TMDL Date 
Alamo River September 28, 2003 
New River June 30, 2004 

 
The USEPA and/or the U.S. Section of the IBWC shall submit to the Regional Water Board a technical report pursuant 
to section 13225 of the Water Code describing the proposed control measures, monitoring plan and reporting 
procedures, and quality assurance procedures the U.S. Government proposes to take to ensure that discharges of 
wastes from Mexico do not violate or contribute to a violation of these TMDLs, particularly a violation of the Load 
Allocation immediately downstream of the International Boundary, at the points identified as “AR-0.” and "NR-0."  The 
report shall be prepared under the direct supervision of a California registered civil engineer, with experience in the 
preparation of these types of reports and shall include a time schedule for implementation. 

2. RECOMMENDED MANAGEMENT PRACTICES (MPS) 

Implementation of MPs should normally include: (1) consideration of specific site conditions; (2) monitoring to assure 
that practices are properly applied and are effective; (3) improvement of a MP or implementation of additional MPs or 
other management practices when needed to resolve a deficiency and; (4) mitigation of a problem where practices 
are not effective.  The practices listed herein are a compilation of MPs recommended by the Imperial Valley 
Sedimentation/Siltation TMDL Technical Advisory Committee (Silt TMDL TAC), Natural Resources Conservation 
Services Field Office Technical Guide (NRCS FOTG), IID, and University of California Cooperative Extension (Holtville 
Field Station).  Inclusion of practices herein is not meant to imply or establish a prescriptive list of 'one size fits all' 
preferred practices for the Imperial Valley Drains, Salton Sea, and Alamo and New River Basins. These 
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recommendations do not preclude dischargers from implementing other proven sediment management practices.  
Identification of the most appropriate controls to achieve the TMDL for site- and crop-specific conditions is best made 
by the dischargers relying on technical resource agencies and organizations.  The listed practices are recommended 
because they have been documented to be effective under a variety of circumstances.  Under many circumstances, 
implementation of a combination of MPs may be necessary to ensure that discharges do not adversely impact water 
quality.  In addition, the effectiveness of many MPs can be greatly increased when used in conjunction with other MPs. 

i. On-Field Sediment Control MPs  

The following practices have been recommended for implementation as on-field sediment-control MPs (references 
are in brackets): 

• Tailwater Drop Box with Raised Grade Board (Imperial Irrigation District Regulation No. 39)  
This practice involves maintenance of the grade board at an elevation high enough to minimize erosion.  In 
many situations the grade board elevation can be set higher than required by IID Regulations, especially when 
anticipated tailwater flows will not reach an elevation that will cause crop damage. 

Imperial Irrigation District’s Regulation 39 (required by IID) calls for maintenance of field drainage structures, 
and states in part, “It is the responsibility of each water user to maintain a tailwater structure and approach 
channel in acceptable condition, in order to qualify for delivery of water.  An acceptable structure shall have 
vertical walls and a permanent, level grade board set a maximum of 12 inches below the natural surface.  If the 
situation warrants, and at the discretion of the district, 18 inches maximum may be allowed.” 

See also: Imperial Irrigation District Regulation No. 39, NRCS FOTG Conservation Practice “Structure for Water 
Control” (Code 587). 

• Improved Drop Box with Widened Weir and Raised Grade Board  
This practice involves widening the drop box overpour weir and maintaining the grade board at an elevation 
high enough to minimize erosion.  Widening the drop box overpour weir enables the weir elevation to be set 
higher without raising the surface elevation of the water above the acceptable level.  Higher weir elevations 
allow for an increased tailwater ditch cross section, and reduced erosion when water leaving the field enters 
the tailwater ditch.  See also: NRCS FOTG Conservation Practice “Structure for Water Control” (Code 587). 

• Pan Ditch (Enlarged Tailwater Ditch Cross Section)  
This practice involves widening the tailwater ditch and making it very shallow, which will result in decreased 
tailwater velocity and depth.  The water must be checked downstream of the oversized area to make the cross 
section of the water as large as practical.  The slower the velocity, the more sediment will settle out of the water 
and stay in the field, and the less will be picked up by the moving water.  Effectiveness can be further improved 
by planting grass filter strips in the tailwater ditch and/or installing tailwater ditch checks. 

• Tailwater Ditch Checks or Check Dams  
Tailwater Ditch Checks are temporary or permanent dams that hold the water level well above the ground.  
They can be placed at intervals in tailwater ditches, especially those with steeper slopes.  They increase the 
cross section of the stream of water, decrease the water velocity and reduce erosion, and may cause sediment 
already in the water to settle out. Tailwater Ditch Checks can be constructed of plastic, concrete, fiber, metal or 
other suitable material.  If plastic sheets are used, care must be taken not to allow pieces of the plastic to be 
carried downstream with the water.  In order to be effective, this practice must be utilized in condition where 
water velocities will not wash out the check dams or the sides of the tailwater ditch around the dams.  Tailwater 
ditch checks or check dams are expected to work best in wide “pan ditches” where the width of tailwater stream 
can be effectively increased.  

• Field to Tailditch Transition  
This practice involves use of spillways or pipes where water moves from fields into tailwater ditches, allowing 
the tailwater to fall down into the tailwater ditch from the field without washing across and eroding the soil.  
Spillways might be constructed of plastic, concrete, metal, or other suitable material.  If plastic sheets are used, 
care must be taken not to allow deterioration to cause pieces of the plastic to be carried downstream with the 
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water.  This procedure may be useful on fields irrigated in bordered-strips and furrows.  Care must be taken to 
address erosion that may be caused in the tailditch at the location where the spillway discharges to the tailditch. 

• Irrigation Land Leveling  
This practice involves maintaining or adjusting field slope so as to avoid excessive slopes or low spots at the 
tail end of a field.  In some cases it might be advantageous to maintain a reduced main or cross slope, which 
facilitates more uniform distribution of irrigation water and can result in reduced salt build-up in the soil, 
increased production, reduced tailwater, and decreased erosion. See also: NRCS FOTG Conservation Practice 
“Irrigation Land Leveling” (Code 464). 

• Filter Strips  
This practice involves elimination of borders on the last 20 to 200 feet of the field. Planted crop is maintained 
to the end of the field and tailwater from upper lands is used to irrigate the crop at the ends of the adjacent 
lower lands.  It is important that the main slope on the lower end of the field is no greater than on the balance 
of the field.  A reduced slope might be better.  With no tailwater ditch, there should be very little erosion as the 
water slowly moves across a wide area of the field to the tailwater box.  Some sediment might settle out as the 
crop slows the water while it moves across the field.  This could be used with water tolerant crops or special 
soil conditions.  See also: NRCS FOTG Conservation Practice “Filter Strip” (Code 393). 

• Irrigation Water Management  
Irrigation Water Management is defined as determining and controlling the rate, amount, and timing of irrigation 
water in a planned manner.  Effective implementation of this practice can result in minimizing on-farm soil 
erosion and the subsequent transport of sediments into receiving waters.  S Specific methods of Irrigation Water 
Management include: Surge Irrigation, Cut-Back Irrigation, Irrigation Scheduling, and the Runoff Reduction 
Method.  In some cases, irrigation water management could include the employment of an additional irrigator 
to assist in better monitoring and managing irrigation water and addressing potential erosion problems.  Irrigator 
Water Quality Training could provide irrigators with the knowledge necessarily to implement IWM and other 
sediment control practices.   See also: NRCS FOTG Conservation Practice “Improved Water Application” (Code 
197, CA Interim) and NRCS FOTG Conservation Practice “Irrigation Water Management” (Code 449). 

• Sprinkler Irrigation  
Sprinkler irrigation involves water distribution by means of sprinklers or spray nozzles.  The purpose of this 
practice is to efficiently and uniformly apply irrigation water to maintain adequate soils moisture for optimum 
plant growth without causing excessive water loss, erosion, or reduced water quality.  See also: NRCS FOTG 
Conservation Practice “Irrigation System, Sprinkler” (Code 442). 

• Drip Irrigation  
Drip irrigation consists of a network of pipes and emitters that apply water to the surface or subsurface of the 
soil in the form of spray or a small stream.  

• Reduced Tillage  
This practice involves limiting the use of heavy farm machinery to only the operations required for crop growing 
and harvesting.  The goal is to eliminate at least one cultivation per crop.  Reduced tillage practices include 
working seed beds only enough to properly plant, avoiding work in wet soil, varying tillage depth from year to 
year, cultivating only to control weeds, and chiseling when dry to break up plow plan.  Such practices minimize 
erosion and sedimentation that may occur in furrows. 

• Furrow Dikes (also known as “C-Taps”)  
Furrow dikes are small dikes created in furrows to manage the velocity of the water in the furrow.  They can be 
either constructed of earth and built with an attachment to tillage equipment, pre-manufactured “C-Taps,” or 
other material, including rolled fiber mat, plastic, etc.  

ii. Off-Field Sediment Control MPs 

The following practices have been recommended as off-field sediment-control BMPs (references are in brackets): 
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• Channel Vegetation/Grassed Waterway  
This practice involves establishing and maintaining adequate plants on channel banks and associated areas to 
stabilize channel banks and adjacent areas and reduce erosion and sedimentation, and establishing maximum 
side slopes.  This practice serves to stabilize the channel bank, reducing the potential for bank failure.   See 
also: NRCS FOTG Conservation Practice “Channel Vegetation” (Code 322) and NRCS FOTG Conservation 
Practice “Grassed Waterway” (Code 412). 

• Irrigation Canal or Lateral  
This practice applies to irrigation drainage channels.  One objective of the practice is to prevent erosion or 
degradation of water quality.  Drainage channels should be designed to develop velocities that are non-erosive 
for the soil materials of which the channel is constructed.   See also: NRCS FOTG Conservation Practice 
“Irrigation Canal or Lateral” (Code 320). 

• Sediment Basins  
Sediment basins are constructed to collect and store debris or sediment.  The capacity of the sediment basin 
should be sufficient to store irrigation tailwater flows for long enough to allow most of the sediments within the 
water to settle out.  The sediment basins also must be cleaned regularly to maintain their capacity and 
effectiveness. 

iii. Estimated Cost of Implementation And Sources Of Financing For Imperial Valley Drains, 
And New And Alamo Rivers 

The estimated total cost of implementing MPs range from just over $2.00 to $52.50 per acre per year, which is 
estimated to be less than or about 2% of production cost. The development of Farm Water Quality Management 
Plans are estimated to be less than $200.00 per field.  Monitoring costs are estimated to range from $100.00 to 
$500.00 depending on the monitoring program.  The preparation of the IID monitoring plan is estimated to be 
$25,000.  Implementation of the IID monitoring plan is estimated to be $70,000 per year, and the characterization 
of dredging impacts is estimated to be $20,000. 

Potential sources of financing are:  Private financing by individual sources; Bond indebtedness or loans from 
government institutions; Surcharge on water deliveries to lands contributing to the sediment pollution problem; 
Taxes and fees levied by the Irrigation District that provides drainage management; state and/or federal grants and 
low-interest loans, including State Proposition 13 (Costa-Machado Act of 2000) grant funds and federal Clean Water 
Act section 319(h) grant funds; and, Single purpose appropriations from Federal and/or state legislative bodies. 

iv. Recommended Actions for Cooperating Agencies 

(a) Imperial County Farm Bureau Watershed Program 

The Imperial County Farm Bureau (ICFB) initiated a “Watershed Program” in 1999, in which it committed to 
development of program elements, including “outreach programs and mechanisms to encourage and foster an 
effective self-determined approach to attainment of TMDL load applications.”  To implement the program, the ICFB 
has committed to make contact with every farm landowner, renter/lessee, and operator/grower, and to supply 
material related to the TMDL process, its ramifications, and implementation alternatives.  The specific goals of the 
Watershed Program include: (1) coordination of grass roots educational program to make farmers aware of the 
TMDL process, and educate farmers on how to reduce sediment/silt leaving their fields, (2) maintenance of 
informational and data website, (3) coordination of workshops with local technical assistance agencies, and (4) 
cooperation with Regional Water Board staff to track and report MP effectiveness.  The ICFB has designated the 
geographical areas for ten (10) subwatershed groups, each covering approximately 50,000 acres of irrigated land.  
These geographical designations are to be utilized in the ICFB Watershed Program’s approach to education and 
implementation. Although the Imperial County Farm Bureau is not a regulatory agency, it has committed to develop 
and implement a “Watershed Program” that can play a vital role in achieving TMDL waste load allocations.  
Therefore, it is appropriate to recommend that the ICFB prepare, submit, and implement the following: 

(1) ICFB Watershed Program Plan   

The Imperial County Farm Bureau should: 
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• By: 

Table 4-15 LETTER ISSUE DUE DATES 

TMDL Date 
Alamo River July 28, 2003 
New River April 30, 2004 

Imperial Valley Drains 3 months after USEPA approval 
issue letters to all potential program participants within the project area that are enrolled in the ICFB Watershed 
Program, informing them that the TMDL is being implemented and stating what is required of them. 

• By: 

Table 4-16 LIST OF PROGRAM PARTICIPANTS DUE DATES 

TMDL Date 
Alamo River September 28, 2003 
New River June 30, 2004 

Imperial Valley Drains 5 months after USEPA approval 
provide the Regional Water Board with a list of program participants, organized by subwatershed (“drainshed”). 

• By: 

Table 4-17 ICFB WATERSHED PROGRAM PLAN DUE DATES 

TMDL Date 
Alamo River September 28, 2003 
New River June 30, 2004 

Imperial Valley Drains 6 months after USEPA approval 
 
submit the ICFB Watershed Program Plan to the Regional Water Board.  The Plan should (1) identify 
measurable environmental and programmatic goals; (2) describe aggressive, reasonable milestones and 
timelines for development and implementation of TMDL outreach plans; (3) describe aggressive, reasonable 
milestones and timelines for development of sub-watershed (“drainshed”) plans; (4) describe a commitment to 
develop and implement a tracking and reporting program. 

• Submit semi-annual reports to the Regional Water Board’s Executive Officer that describe the progress of each 
subwatershed groups, any technical assistance workshops that are planned or were conducted, and any 
pertinent information.  

(2) ICFB Tracking and Reporting Procedures 

The Imperial County Farm Bureau should also: 

• By: 

Table 4-18 TRACKING IMPLEMENTATION PLAN DUE DATES 

TMDL Date 
Alamo River October 28, 2003 
New River July 31, 2004 

Imperial Valley Drains 7 months after USEPA approval 
submit a plan to the Regional Water Board’s Executive Officer describing tracking and reporting process for (1) 
implementation of MPs (and other proven management practices) and (2) MP performance. 

• Implement the tracking and reporting procedures in accordance with the Implementation Plan. 
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• Submit a yearly summary report to the Regional Water Board’s Executive Officer by 15th of February of each 
year. 

(b) University of California Cooperative Extension 

The Regional Water Board supports efforts of the University of California Cooperative Extension to provide 
interested growers information on sediment control MPs, implement projects qualitatively assessing MP 
performance, and develop farm water quality planning programs. 

(c) NRCS 

The Regional Water Board recommends that the NRCS require control of irrigation-induced erosion as part of the 
Farm Plans developed under the Environmental Quality Incentives Program (EQIP) or other federal grant programs. 

F. NEW RIVER AT THE INTERNATIONAL BOUNDARY TRASH TMDL 

1. TMDL Elements 

For the purpose of this TMDL, trash is defined as human-caused litter.  “Litter” is defined in California Government 
Code section 68055.1(g) as follows: 

“Litter means all improperly discarded waste material, including, but not limited to, convenience food, beverage, 
and other product packages or containers constructed of steel, aluminum, glass, paper, plastic, and other natural 
and synthetic materials, thrown or deposited on the lands and waters of the state, but not including the properly 
discarded waste of the primary processing of agriculture, mining, logging, sawmilling or manufacturing […]."  

Table 4-19: NEW RIVER AT THE INTERNATIONAL BOUNDARY TRASH TMDL ELEMENTS 

ELEMENT DESCRIPTION 

Problem Statement 
(impaired water quality 

standard) 

Trash deposited in the New River and its tributaries in Mexico has degraded U.S. 
water quality and impaired the following designated beneficial uses of the U.S. 
section of the New River:  warm freshwater habitat; wildlife habitat; preservation of 
threatened rare, or endangered species; water contact recreation; non-contact 
water recreation; and freshwater replenishment. Trash adversely affects fish and 
wildlife communities.  Trash also causes secondary water quality impacts to the 
River’s terminus at the Salton Sea because trash serves as a carrier for pathogens, 
dissolved organic matter, and volatile organic compounds that pose a public health 
threat to people and fish and wildlife communities. Trash in the New River violates 
Basin Plan water quality objectives, including: (a) general surface water objectives 
(Aesthetic Qualities, Tainting Substances, Dissolved Oxygen, Suspended Solids 
and Settleable Solids, Biostimulatory Substances, and Turbidity), and (b) specific 
surface water objectives for the New River at the International Boundary (qualitative 
standards 1 through 5 of Minute No. 264 of the Mexican-American Water Treaty). 

Numeric Target79 The numeric target established by this TMDL is zero pounds/day of trash. 
Source Analysis Source pounds/year 

Mexican wastewater drains/reaches 240,000 
Natural Sources 0 
Total 240,000 pounds/year  

(or 658 pounds/day) 
 

Margin of Safety There is an implicit margin of safety for this TMDL, meaning that the margin of 
safety is incorporated into the conservative processes used to develop the TMDL 
(i.e., numeric target is zero), and is not quantified. 

 
79 The numeric target is a goal that translates current Basin Plan narrative objectives into quantitative values. 
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ELEMENT DESCRIPTION 

Seasonal Variations and 
Critical Conditions 

Strong seasonal differences do not exist regarding rainfall.  Mexicali Valley 
irrigation practices differ between summer and winter.  More irrigation water flow in 
summer months means that more trash may be carried by the New River in 
summer.  Less irrigation water flow in winter means that concentrations of some 
pollutants (e.g., pathogens, dissolved organic matter, volatile organic compounds) 
may increase in winter. 

Loading Capacity 
(Total Assimilative 

Capacity) 

Zero pounds/day of trash 

Load Allocations and 
Wasteload Allocations 

As stated in 40 C.F.R. section 130.2, a TMDL is the sum of load allocations for 
nonpoint sources, individual wasteload allocations for point sources, and natural 
sources.  In the New River, load allocations (e.g., wastewater drains) and 
wasteload allocations (e.g., wastewater treatment plants) are zero pounds of trash 
per day because the numeric target and loading capacity are zero.  Load allocations 
apply to discharges at the Mexican border as well as to all nonpoint sources of trash 
along the New River in the United States.  Each NPDES facility discharging to the 
New River in the United States has an individual wasteload allocation of zero 
pounds of trash per day. 

2. Implementation Actions for Attainment of TMDL 

TMDL attainment for interim and final numeric targets shall be in accordance with the schedule in Table 4-20.  

Table 4-20: TIME SCHEDULE FOR IMPLEMENTATION PLAN PHASES AND NUMERIC TARGETS FOR 
TRASH IN THE NEW RIVER AT THE INTERNATIONAL BOUNDARY 

Phase Time Period Reduction from 
Existing Conditions 

Allowable Load80 
(pounds/day) 

Phase I Within 2 years of USEPA 
Approval of TMDL 

75% 165 
(Interim Numeric Target) 

Phase II Within 3 years of USEPA 
approval of TMDL 

100% 0 
(Final Numeric Target) 

Implementation Plan measures should be sufficient to achieve the TMDL so long as the third parties mentioned above 
are willing to complete the requested tasks below within the timeframes specified. 

i. Actions to be Taken by Third Party Cooperating Agencies and Organizations   

Consistent with the California Porter-Cologne Water Quality Control Act, the Basin Plan may identify requested 
implementation actions for agencies other than the Regional Water Quality Control Board. (Water Code, § 13242, 
subd. (a).)  Accordingly, the Regional Water Board requests that the following cooperating agencies sign a 
Memorandum of Understanding (MOU) to ensure coordination of International Boundary projects: U.S. members 
of the New River/ Mexicali Sanitation Program Binational Technical Advisory Committee (BTAC), North American 
Development Bank (NADBank), Border Environment Cooperation Commission (BECC), California Border 
Environment Cooperation Commission (CalBECC), City of Calexico New River Committee (CCNRC), and Citizens 
Congressional Task Force on the New River (CCRFNR).  The MOU should address: 

• Establishment of a coordination committee consisting of one representative from each agency and the Regional 
Water Board; 

 
80 Percent reduction required at the end of each phase, starting with the current (2005) average of 240,000 pounds/year or 

658 pounds/day. 
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• Establishment of a coordination committee charter to ensure cooperation and communication between all 
agencies; 

• Compilation of a list of potential/ongoing projects and funding sources to address pollution in the New River/ 
International Boundary area; and 

• Submission of semi-annual progress reports to the Regional Water Board.  

The MOU should be signed, and progress reports submitted, in accordance with the schedule in Table 4-21. 

Table 4-21: REQUESTED ACTIONS FOR THIRD PARTY COOPERATING AGENCIES AND 
ORGANIZATIONS 

Task Due Date 
1.   Submit signed MOU to the Regional Water Board. Six (6) months after USEPA approval of TMDL 
2.  Submit progress reports (through coordination 

committee) to the Regional Water Board describing 
status of projects and recommend actions to 
address pollution in the New River at the 
International Boundary. 

Semiannually, with the first report due 12 months after 
USEPA approval of TMDL 

 

ii. Actions Requested to be Taken by the U.S. Government 

The Regional Water Board does not have the authority to require Mexico or the U.S. Government to reduce trash 
that crosses the International Boundary.  Accordingly, this TMDL requests that the USIBWC and the USEPA: 

• Specify and implement measures to ensure that trash discharges from Mexico do not violate or contribute to a 
violation of this TMDL; 

• Remove trash from Mexico that has accumulated at Imperial County Calexico Landfill culverts; and 
• Conducts water quality and trash monitoring in the New River at the International Boundary to evaluate for water 

quality impacts from trash. 

It is critical that the U.S. Government coordinates activities with the other third party coordinating agencies and 
organizations: 

• to implement reasonable, timely measures to mitigate trash impacts on U.S. water quality in the New 
River/International Boundary area;  

• to ensure bi-national standards of Minute No. 264 are met, and  
• to persuade Mexico to prevent littering of Mexican surface waters that impact water quality in the New River/ 

International Boundary area81 

The Regional Water Board requests that the USIBWC and USEPA complete the trash reduction actions listed in 
Table 4-22. 

 
81  Removing trash from the New River at or immediately downstream of the International Boundary does not eliminate all 

water quality impacts because pollutants leached from trash in Mexico may contaminate the New River in the U.S.  
Pollutants dissolved from trash will be addressed if it is determined that water quality objectives at the International 
Boundary are still being exceeded after implementation of this TMDL and the New River TMDLs for VOCs, DO, and 
pathogens. 
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Table 4-22: REQUESTED TRASH REDUCTION ACTIONS FOR THE USIBWC AND USEPA 

Task Requested Target Date 
Describe in a report82 current and/or proposed 
measures to ensure Mexico complies with this 
TMDL.  The report should specify parties 
responsible for implementation, financial 
options, and implementation time schedule. 

Three (3) months after USEPA approval of TMDL 

Describe in a report* the current and/or 
proposed measures to remove trash from 
Mexico that has accumulated at Imperial County 
Calexico Landfill culverts. The report should 
specify the parties responsible for 
implementation, financial options, and 
implementation time schedule. 

Three (3) months after USEPA approval of TMDL 

Begin implementation measures identified in 
Tasks 1 and 2. 

Six (6) months after USEPA approval of TMDL 

Describe in a report* the progress achieved 
towards completion of implementation 
measures identified in Tasks 1 and 2. 

Semiannually, beginning 12 months after USEPA approval of 
TMDL 

Complete implementation measures identified 
in Tasks 1 and 2. 

Three (3) years after USEPA approval of TMDL 

The Regional Water Board also requests that the USIBWC and the USEPA implement the water quality and trash 
monitoring in the New River at the International Boundary that is summarized in Table 4-23 below, and submit 
monitoring reports to the Regional Water Board according to the schedule specified in the table.  The Regional 
Water Board requests that monitoring be conducted in accordance with a Quality Assurance Project Plan (QAPP).  
Water Quality samples from the New River shall be collected at the closest practical site on the U.S. side of the 
International Boundary.83 

Table 4-23: REQUESTED MONITORING ACTIONS FOR THE USIBWC AND USEPA 

Task Requested Target Date 
Prepare a monitoring plan and QAPP to monitor water 
quality and trash in the New River at the International 
Boundary. 

Three (3) months after USEPA approval of TMDL 

Implement water quality and trash monitoring in the New 
River at the International Boundary, pursuant to the QAPP. 

Six (6) months after USEPA approval of TMDL 

Submit monitoring data and reports to the Regional Water 
Board. 

Semiannually, beginning 12 months after USEPA 
approval of TMDL 

 
82 The report should be prepared under the direct supervision of a California registered civil engineer, with experience in the 

preparation of these types of reports. 
83 It may be impractical to take water quality samples immediately at the International Boundary because wastewater 

infrastructure (e.g., treatment lagoons, raw sewage bypasses, and drains) empties into the New River at this location, 
causing mixing/aeration of water that could yield misleading monitoring results.  The closest water quality monitoring site 
currently in use (for International Boundary Line and the State Water Board’s Surface Water Ambient Monitoring Program, 
SWAMP) is located in the New River at the Imperial Irrigation District Bridge, near the U.S. Geological Survey water 
quality gage, about 0.5 miles from the International Boundary.  The party that conducts monitoring for this TMDL should 
explore using locations closer than the currently used water quality monitoring site. 
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3. Regional Water Board Monitoring and Tracking Program 

Regional Water Board staff will coordinate the TMDL Monitoring and Tracking Program.  It is important to track 
TMDL implementation, monitor water quality progress, and modify TMDLs and Implementation Plans as necessary 
to: 

• Address uncertainty that may have existed during TMDL development; 
• Ensure that implementation is occurring;  and  
• Ensure TMDL effectiveness, given watershed changes that may have occurred after TMDL development. 

i. Water Quality and Trash Monitoring 

The Implementation Plan calls for water quality and trash monitoring to determine TMDL progress, and to revise 
the TMDL as needed.  Monitoring program objectives include evaluation of: 

• Water quality objectives attainment; 
• Implementation of effectiveness; 
• In-stream water quality; and 
• Water quality temporal and spatial trends. 

Regional Water Board staff requests that USIBWC and USEPA conduct water quality and trash monitoring of the 
New River at or immediately downstream of the International Boundary, and submit monitoring data and reports to 
the Regional Water Board. 

ii. Implementation Tracking Program 

The Implementation Plan calls for a tracking program to assess implementation.  Objectives include assessment 
and tracking of measures already in place, and evaluation of TMDL progress.  Regional Water Board staff will 
evaluate data to determine when numeric targets are attained, and will present annual reports to the Regional Water 
Board describing progress. 

iii. Measures of Success, and Failure Scenarios 

The primary measure of success for TMDL implementation is attainment of zero trash in the New River at the 
International Boundary within three years of USEPA approval of the TMDL.  Another measure of success may be 
a substantially lower level of trash than currently exists, such as meeting the interim numeric target (i.e., 75% trash 
reduction within two years of USEPA approval of the TMDL.) 

The primary failure scenario for TMDL implementation is the failure to achieve zero trash in the New River at the 
International Boundary, or the failure to substantially reduce trash if zero trash is not achieved. If either of these 
failure scenarios occurs, the Regional Water Board will consider taking further actions to achieve TMDL compliance. 

4. TMDL Review Schedule 

i. Annual Reports 

Regional Water Board staff shall present annual reports to the Regional Water Board describing progress toward 
milestone attainment.  The reports will assess: 

• Water quality improvement, in terms of trash reduction at the International Boundary; Monitoring results; 
• Control measures implemented to deal with pollution originating in Mexico; 
• Whether milestones were met on time or at all.  If milestones were not met, the reports will discuss the reasons; 

and 
• Recommendations for further actions. 
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ii. Triennial Review 

The State of California must hold public hearings for reviewing applicable water quality standards (WQS), and 
modifying/ adopting the standards as appropriate pursuant to section 303 of the Clean Water Act and 40 Code of 
Federal Regulations part 130.  The state also must formulate and periodically review (and update as necessary) 
regional water quality control plans pursuant to section 13240 of the Water Code.  Following adoption by the Regional 
Water Board, Basin Plan amendments and supporting documents are submitted to the State Water Board for review 
and approval, the California Office of Administrative Law for its concurrence that the amendments meet California 
Administrative Procedure Act requirements, and finally the USEPA. 

The first TMDL review is scheduled to conclude three years after TMDL adoption to provide adequate time for 
implementation and data collection.  At this time, TMDL compliance should be achieved.  If the TMDL is not achieved, 
the Regional Water Board will consider taking further actions to achieve TMDL compliance.  Subsequent reviews (if 
needed) will be conducted concurrently with the Triennial Review of the Basin Plan.  The TMDL Review will include 
the same components assessed in annual reports, and will conform to the schedule in Table 4-24. 

Public hearings will be held at least every three years to review this TMDL.  At these hearings, the Regional Water 
Board will: 

• Review monitoring results; 
• Review progress toward milestone attainment; 
• Consider approval of proposed management practices for the control of pathogens from human-made nonpoint 

sources of pollution; 
• Consider enforcement action; and  
• Consider revision of TMDL components. 

This proposed review schedule indicates the Regional Water Board’s commitment to periodic review and refinement 
of this TMDL via the Basin Plan amendment process. 

Table 4-24: TMDL REVIEW SCHEDULE 

Activity Date84 
USEPA Approval of TMDL December 2006 
Terminate First TMDL Review, Conduct Regional 
Water Board Public Hearing, and Begin Second TMDL 
Review 

December 2009 

Terminate Second TMDL Review, Conduct Regional 
Water Board Public Hearing, Begin Third TMDL 
Review, and Continue triennial review cycle 

December 2012 

Public hearings will be held at least every three years to review this TMDL.  At these hearings, the Regional Water 
Board will:  

• review monitoring results; 
• review progress toward milestone attainment; 
• consider approval of proposed management practices for the control of pathogens from human-made nonpoint 

sources of pollution; 
• consider enforcement action; and  
• consider revision of TMDL components. 

 
84 Dates are contingent upon USEPA approval 
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This proposed review schedule indicates the Regional Water Board’s commitment to periodic review and refinement 
of this TMDL via the Basin Plan amendment process. 

G. NEW RIVER AT THE INTERNATIONAL BOUNDARY DISSOLVED OXYGEN 
TMDL  

SUMMARY 

This TMDL was adopted by the California Regional Water Quality Control Board, Colorado River Basin Region  on 
May 20, 2010. 

This TMDL was approved by:  
The State Water Resources Control Board (SWRCB) on December 6, 2011  
The California Office of Administrative Law (OAL) on May 21, 2012  
The U.S. Environmental Protection Agency (USEPA) on November 16, 2012  

1. TMDL Elements  

Elements of this Total Maximum Daily Load (TMDL), as described in the “State of California S.B. 469 TMDL Guidance: 
A Process for Addressing Impaired Waters in California, June 2005,” are described in Table 4-25: 

Table 4-25: ELEMENTS OF THE TMDL IMPLEMENTATION PLAN FOR DISSOLVED OXYGEN IN THE 
NEW RIVE AT THE INTERNATIONAL BOUNARY 

ELEMENT DESCRIPTION 

Project Definition 
(To describe the 
impairment being 
addressed by the 

TMDL) 

This TMDL addresses impairment (or pollution) of low Dissolved Oxygen (DO) in the first 
12 mile (mi) [19.3 kilometer (km)] reach of the New River downstream of the International 
Boundary (IB) caused mainly by waste discharges from Mexico. The New River originates 
in Mexicali Valley, Mexico. It flows approximately 20 miles (32.2 km) through the city of 
Mexicali, Mexico, crosses the IB, continues through the city of Calexico, California, in the 
U.S., and travels northward about 60 miles (96.56 km) until it empties into the Salton Sea. 
The Salton Sea is California’s largest inland surface water. 

The Basin Plan prescribes a general surface water quality objective (WQO) for DO in all 
surface waters designated WARM, such as the New River, of a minimum of 5.0 (five) 
milligrams per liter (mg/L) at any time (Chapter 3, Section II.F).  The Basin Plan also 
prescribes a specific surface WQO for the New River at the International Boundary of 5.0 
mg/L, (Chapter 3, Section III.B, Table 3-1).  This WQO is based on the quantitative 
standards set forth in Minute No. 264 of the Mexican-American Water Treaty, titled 
“Recommendations for Solution of the New River Border Sanitation Problem at Calexico, 
California – Mexicali, Baja California Norte.”  The Treaty was signed and made effective 
by the U.S. and Mexico on December 4, 1980. Accordingly, this TMDL proposes these 
DO WQOs as the numerical target to be met.  
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ELEMENT DESCRIPTION 

Watershed 
Description 
(To provide a 

geographic and 
environmental setting 

for the TMDL) 

The New River watershed is approximately 500,000 acres  in size, with 200,000 acres in 
the United States that consists primarily of agricultural land of Imperial Valley; and 
300,000 acres in Mexico that include agricultural and urban land in Mexicali Valley. The 
climate of the New River watershed is hot, with dry summers, occasional thunderstorms, 
and gusty high winds. Average annual rainfall is less than 3 inches (76.2 mm), and 
temperatures are in excess of 100 ºF (38 ºC) for more than 100 days per year. Major soils 
associations in the New River watershed are within the “wet” series of poorly drained 
soils. Sources of flows to the New River are urban and agricultural runoff, and treated 
municipal and industrial wastes from the Mexicali Valley, Mexico, and the Imperial Valley, 
California, U.S.  

Downstream reaches of the New River provide important habitat for many kinds of 
wildlife. Birds are the most diverse wildlife group using the New River. Generally, 
waterfowl and shorebirds are seen where the New River meets the Salton Sea. Riparian 
areas along some parts of the New River, especially in downstream reaches, provide 
important habitat for songbirds. The New River contains state and federally endangered 
and threatened species. Fifteen special status wildlife and plant species (including one 
that is endangered and/or threatened) occur or potentially occur in the New River 
International Boundary vicinity. 
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ELEMENT DESCRIPTION 

Data Analysis 
(To inventory relevant 

data and provide a 
summary of the water 

quality and flow 
conditions in the 

impaired water and 
identify any important 

trends or relationships) 

Development of this TMDL started in early 2003. Regional Water Board staff collected 
monthly water quality samples at four locations in the New River, from March 2003 to 
November 2009, to evaluate DO impairments. The four sampling locations are: 

• New River at IB; 
• Evan Hewes Highway (EH), about 20 river miles downstream from IB; 
• Drop Structure 2 (D2), about 50 river miles downstream from IB; and 
• Outlet to the Salton Sea (Outlet), about 60 river miles downstream from IB. 

This TMDL also used water quality data from the Regional Water Board Border Program, 
U.S. Section of the International Boundary and Water Commission (USIBWC), U.S. 
Geological Survey (USGS), Imperial Irrigation District (IID), and wastewater treatment 
plants (WWTPs) in the New River watershed inside the U.S. 

For the past 28 years, the Regional Water Board has observed flows from Mexico to be 
decreasing. In 1980, average flows for the New River at the IB and at the outlet to the 
Salton Sea were about 6.10 and 17.71 cubic meters per second (cms), respectively. In 
2008, average flows for the New River at the IB and at the outlet to the Salton Sea were 
about 3.36 and 15.61 cms, respectively. 

DO averages for the New River at the IB ranged from 0.8 to 2.8 mg/l from 1997 to 2002. 
Data and source analysis for this TMDL determined that the Mexicali Valley in Mexico is 
the most significant source of materials causing New River DO impairments. The Las 
Arenitas Wastewater Treatment Plant (WWTP), which started operations in March 2007, 
was designed to prevent Mexicali’s remaining untreated sewage from discharging into 
the New River. As a result, DO levels in the impaired section of the New River improved 
significantly, but DO concentrations continue to violate the DO WQO of 5.0 mg/l at any 
time. Annual DO concentration averages for the New River at IB from both the Regional 
Water Board and USIBWC are shown below. 

 2005 2006 2007 2008 2009 
Regional Water Board 0.88 2.85 3.21 4.43 5.61 
USIBWC 0.82 1.18 3.70 4.27 5.94 

 

Source Analysis 
(To provide a complete 

inventory and 
description of all 

sources of the pollutant 
of concern, including 
point, nonpoint, and 

background sources in 
the watershed.) 

This source analysis identifies and characterizes sources of oxygen demanding 
materials that result in low DO concentrations in the New River. BOD and NH3 from the 
Mexicali Valley, Mexico, are found to be the main cause of low DO in the first 12-mile 
segment of the New River downstream of the International Boundary as shown by 
analysis of available data to date and New River QUAL2K Water Quality computer 
model simulations. A continuous monitoring program at various locations along the 
impaired section of the New River is needed to properly characterize any contribution 
of materials causing DO impairment from natural and nonpoint sources, and to evaluate 
the long term effect of the Las Arenitas WWTP in the New River Watershed. 
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ELEMENT DESCRIPTION 

Critical Conditions 
and Seasonal 

Variations 
(To identify the critical 

conditions and 
seasonal variation in 

the TMDL.) 
 

Prior to the completion of the Las Arenitas WWTP in March 2007, there were no 
significant critical conditions or seasonal variations for DO in the impaired section of the 
New River. Data showed year-round violations of DO WQOs immediately downstream 
of the International Boundary, regardless of season or climate. Analyses of data since 
March 2007 suggest improved concentrations of DO in the impaired section of the New 
River, although the DO concentrations still violate the Basin Plan’s DO WQO of a 
minimum of 5 mg/l at any time, especially during the hot summer months.  Because the 
materials that cause low DO may stay in the New River up to a few months, controlling 
these materials throughout the year is important. In addition, New River flows at the IB 
should be managed on a whole-year basis based on: (a) the oxygen data (which do not 
appear to exhibit strong seasonal variability); and (b) the fact that the warmer months 
have lower flows.  In conclusion, currently there are no significant critical conditions or 
seasonal variations for DO in the impaired section of the New River. 
 

Numeric Target 
(To identify the 

appropriate numeric 
water quality target(s) 

that represents 
attainment of applicable 

WQO and that were 
used in the calculation 

of the TMDL.) 

The numeric target for DO established by this TMDL for the first 12 mile (19.3 km) 
segment of the New River downstream from the International Boundary is a minimum 
of 5.0 mg/l at any time.   
 

Linkage Analysis 
(To describe the 
method used to 

establish the 
relationship between 

pollutant loading and in-
stream water quality 

response and how the 
relationship was used 
to identify the loading 

capacity of the impaired 
water.) 

A Steady-State New River DO QUAL2K Model, which was developed by Tetra Tech, 
Inc., for the USEPA, was used to establish the linkage between loading of materials 
causing DO impairment in the New River and the predicted DO responses. First priority 
in Model calibration was the determination of temperature, DO, carbonaceous BOD, 
and NH3. The second priority was the consideration of other nutrients, conductivity, 
suspended solids, alkalinity and pH. Phytoplankton, detritus, and pathogens were not 
calibrated due to limited data. The Model concentrated on the critical condition months 
of June, July, and August where lower flow, higher temperature and lower DO 
concentrations are characteristic of the New River’s flow at the IB.  BOD and NH3, 
expressed as mass per unit of time, were chosen because (1) the modeling showed 
BOD and NH3 are the most influential parameters affecting DO levels in the New River 
and (2) variations in other parameters were shown to have only a minor influence.   Data 
and modeling analysis showed that Mexico’s sources are the major cause of low DO in 
the New River. Allocations recommended by the Model for Mexico are expected to meet 
the applicable DO WQO in first 12-mile (19.3 km) segment downstream of the New 
River at IB. As more water quality data are collected and evaluated, allocations will be 
revised, if necessary.  
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ELEMENT DESCRIPTION 

TMDL Calculation and 
Allocations 

(To clearly identify all 
TMDL allocations for 
point sources (waste 
load allocations) and 
nonpopint sources 

(load allocations) in the 
watershed.) 

 

This TMDL proposes to eliminate low DO impairment in the first 12 mile (19.3 km) reach 
of the New River downstream of the IB.  To accomplish this WQO, the TMDL specifies 
allowable loads of BOD and NH3 to the sources of DO impairments.  The allowable 
loads are based on steady-state New River DO QUAL2K Model projections, scientific 
literature, monitoring data, and best professional judgment. 
The load allocations for all discharges from Mexico to the New River at the International 
Boundary are 5.0 mg/l or 1529 kg/day of BOD and 0.5 mg/l or 153 kg/day of NH3. The 
mass/day load allocations are based on the 2007 average flows of 125 cubic feet per 
second (cfs) or 3.54 cms measured at the IB. 
All publicly owned treatment works that discharge pollutants from point sources in the 
impaired New River watershed in the U.S. have been issued NPDES permits, which 
prescribe, among other requirements, effluent limitations for BOD concentrations.  
Therefore, wasteload allocations for these facilities are the BOD limitations prescribed 
in their existing permits, as shown below: 
Wasteload Allocations (Current NPDES Permitted BOD Effluent Limitations in  
mg/l) 

Discharger 
Average 
Monthly 

Average 
Weekly Permit Numbers 

City of Calexico WWTP 30 45 CA7000009 
Seeley County Water 
District 45 65 

 
CA0105023 

Centinela State Prison 45 65 CA7000001 
U.S. Naval Air Facility, El 
Centro 30 45 

CA0104906 

McCabe Union School 
District 30 45 

 
CA0104281 

Date Gardens Mobile Home 
Park 30 45 

 
CA0104841 

 
Although there are no effluent limitations for DO and NH3 in these NPDES permits, DO 
and NH3 are addressed in the receiving surface water limitation sections of the permits. 
This TMDL has an implicit Margin of Safety (MOS) that is incorporated into the 
conservative assumptions used to develop the TMDL, and thus, is not quantified. The 
MOS is implicit in this TMDL process through the use of conservative model inputs 
(temperature, DO concentrations, and flow). Conservative temperature values are 
employed through the use of the highest average maximum temperature that would 
normally occur under critical stream flow conditions. The DO concentrations and stream 
flow employed for the summer reflects the lowest DO and flows that would normally 
occur during the critical conditions period. 
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ELEMENT DESCRIPTION 

Implementation Plan 
(To describe the 

strategy for 
implementing the 

TMDL, and restoring 
water quality standards, 

including 
implementation 

activities, 
milestones/goals, 

timeline, funding, and 
responsible parties.) 

The TMDL Implementation Plan proposes to eliminate New River low DO impairment in 
two phases. Phase 1 of the TMDL Implementation Plan (first three years after USEPA 
approval) requests that the federal government (USIBWC and USEPA) take the following 
three actions: 

1. Develop and submit to the Regional Water Board a New River DO TMDL 
Implementation Report that describes measures taken or proposed to ensure 
Mexico does not cause or contribute to violations of this TMDL. This report is due 
one (1) year after USEPA approval of the TMDL. 

2. Continue to conduct water quality and DO monitoring in the New River at IB, and 
to submit monitoring data and reports to the Regional Water Board. This task is 
on-going.   

3. Develop and submit to the Regional Water Board a New River DO TMDL Final 
Implementation Report that describes progress in completing the implementation 
measures identified in Actions 1 and 2, above. This report is due three (3) years 
after USEPA approval of the TMDL.     

Phase 1 of TMDL Implementation also requests that third party cooperating agencies and 
organizations (i.e., U.S. members of the New River/ Mexicali Sanitation Program 
Binational Technical Advisory Committee (BTAC), North American Development Bank 
(NADBank), Border Environment Cooperation Commission (BECC), California Border 
Environment Cooperation Commission (CalBECC), City of Calexico New River 
Committee (CCNRC),  and Citizens Congressional Task Force on the New River 
(CCTFNR)) take the following two actions: 

1. Develop, sign, and submit to the Regional Water Board a memorandum of 
understanding (MOU) to ensure coordination of New River IB projects. The MOU is 
due six (6) months after USEPA approval of the TMDL. 

2. Develop and submit to the Regional Water Board New River DO TMDL 
implementation progress reports. These reports are due semiannually, with the first 
report due 12 months after USEPA approval of the TMDL. 

Phase 2 of TMDL Implementation (second three years after USEPA approval) will be 
implemented if Phase 1 does not result in attaining the DO WQO of a minimum of 5.0 
mg/l at any time in the first 12 mile (19.3 km) section of the New River downstream from 
the International Border. 

Regional Water Board staff will track TMDL implementation and monitor water quality 
progress in both phases, enforce provisions, and propose modifications of the TMDL to 
the Regional Water Board, if necessary, in accordance with a time schedule. 
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2. Measures of Success and Failure Scenarios 

i. Measures of Success 

The primary measure of success for TMDL implementation is timely attainment of numeric targets for DO in the New 
River. Another measure of success is the level of TMDL compliance.  A third measure of success is the cooperation 
from Mexico to maintain the Las Arenitas WWTP, and to identify and prevent other waste dischargers from violating 
the TMDL.  Such cooperation is essential to the success of the TMDL Implementation Plan. 

ii. Failure Scenarios 

The only failure scenario for TMDL implementation is the failure to achieve the numeric DO WQO of 5.0 mg/l at any 
time in the 12 mile (19.3 km) section of the New River downstream from the IB. If DO WQOs are not reached by the 
end of the first phase (the first three years after USEPA approval), several actions may be considered for the second 
phase (the following three years).  A river wastewater treatment plant in the U.S. could be one of these actions, if 
feasible and appropriate. 

3. TMDL Review Schedule 

i. Annual Reports 

Annual reports will be provided by Regional Water Board staff to the Regional Water Board describing progress toward 
milestone attainment.  Reports will assess: 

• monitoring results; 
• water quality improvement; 
• implementation actions and effectiveness; and 
• recommendations for further actions, including more stringent enforcement. 

ii. Triennial Review 

The Regional Water Boards must hold public hearings for reviewing applicable Water Quality Standards (WQSs), 
and modifying/adopting the standards as appropriate pursuant to CWA section 303 and 40 Code of Federal 
Regulations part 130.  Also, the Regional Water Board must formulate and periodically review (and update as 
necessary) Regional Water Board Basin Plans pursuant to Water Code section 13240.  Following adoption by the 
Regional Water Board, Basin Plan amendments and supporting documents are reviewed and approved by the State 
Water Board, the State Office of Administrative Law and, if the Basin Plan amendment concerns waters subject to 
the CWA, USEPA.  Since the Basin Plan amendment concerns waters subject to the CWA (i.e., the New River), 
USEPA approval is required. 

The first review for this TMDL will occur during a Regional Water Board public hearing scheduled three years after 
USEPA approval of the TMDL. The Regional Water Board may consider more stringent regulatory mechanisms for 
a second implementation phase (the second three years of implementation) if the TMDL is not achieved at this time. 
The TMDL review will evaluate attainment of numeric targets, and include the same components assessed in annual 
reports.  The schedule for TMDL review is provided in Table 4-26. 
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Table 4-26: TMDL REVIEW SCHEDULE85 

Activity Date 
Begin First TMDL Review Two Years after 

USEPA Approval 
Terminate First TMDL Review, Conduct Regional Water Board Public Hearing, and 
Begin Second TMDL Review 

Three Years after 
USEPA Approval 

Terminate Second TMDL Review, Conduct Regional Water Board Public Hearing, 
and Begin Third TMDL Review 

Six Years after 
USEPA Approval 

Public hearings will be held at least once every three years to review this TMDL.  At these hearings, the Regional 
Water Board will: 

• review monitoring results; 
• review progress toward milestone attainment; 
• consider approval of proposed management practices;  
• consider enforcement action, if necessary; and 
• consider revision of TMDL components.     

This proposed review schedule indicates the Regional Water Board’s commitment to periodic review and refinement 
of this TMDL via the Basin Plan amendment process.  

 
85 Dates are contingent upon availability of Regional Water Board resources. Subsequent reviews will occur concurrently 

with Triennial Reviews. 
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H. COACHELLA VALLEY STORMWATER CHANNEL BACTERIAL INDICATORS 
TMDL 

1. TMDL Elements 

Table  4-27: COACHELLA VALLEY STORMWATER CHANNEL BACTERIAL INDICATORS TMDL 
ELEMENTS 

ELEMENT DESCRIPTION 

Project Definition 

Coachella Valley Stormwater Channel (CVSC) is on the California 303(d) List for 
impairment by pathogens of unknown sources.  This listing applies to the 17-mile length 
of the CVSC from Indio to the Salton Sea.  This violation of water quality standards 
(WQSs) is a threat to public health, and impairs the following CVSC beneficial uses (BUs):  
Water Contact Recreation (REC I) and Water Non-Contact Recreation (REC II).  WQSs 
consist of designated beneficial uses, specified numeric or narrative water quality 
objectives (WQOs) that protect these BUs, and antidegradation requirements to ensure 
that existing uses and the level of water quality necessary to protect the existing uses are 
maintained and protected.  The following Table summarizes REC I bacteria indicator 
WQOs for all surface waters in the Colorado River Basin Region, excepting the Colorado 
River:  

Bacterial Indicator Water Quality Objectives 

Indicator Parameter 30-Day Geometrica Mean Maximum Instantaneous 
E. coli 126 MPNb/100 Milliliter (ml) 400 MPN/100 ml 
Fecal coliform 200 MPN/100 ml c 
Enterococci 33 MPN/100 ml 100 MPN/100 ml 

 
a- Based on a minimum of no less than 5 samples equally spaced over a 30-day 

period. 
b- Most probable number. 
c- No more than 10 % of total samples during any 30-day period exceed 400 MPN 

per 100 ml 
Federal Clean Water Act (CWA) section 303(d)(1)(A) requires all states to identify surface 
waters impaired by pollution (i.e., that do not meet WQSs), and to establish Total 
Maximum Daily Loads (TMDLs) for pollutants causing the impairments.  As a result, a 
TMDL to address bacterial indicator organisms is proposed for CVSC, which has been 
completed pursuant to the State of California TMDL Guidance issued in June 2005, and 
USEPA guidance published in April 2001. 
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ELEMENT DESCRIPTION 

 
Watershed 
Description 

CVSC is located in Coachella Valley in Riverside County, California.  The Coachella Valley 
is bounded to the north by the San Bernardino and Little San Bernardino Mountains, and to 
the south by the San Jacinto and Santa Rosa Mountains, and the Salton Sea.  The 
Coachella Valley has been heavily agricultural since the early 1900’s.  Agricultural lands are 
irrigated by groundwater and water from the Colorado River delivered to the Valley through 
the Coachella Canal via the All-American Canal.  CVSC is an unlined, engineered extension 
of the Whitewater River, and serves as a conveyance channel for irrigation return water, 
treated wastewater from three National Pollutant Discharge Elimination System (NPDES) 
permitted municipal wastewater treatment plants, wastewater discharge from one NPDES 
permitted aquaculture facility (Kent SeaTech Corporation Fish Farm (KSCFF), 
owned/operated by Kent SeaTech Corporation), and urban and stormwater runoff.  The 
Coachella Valley Water District (CVWD) operates and maintains the CVSC.  The three 
permitted wastewater treatment plants are: 

• Valley Sanitary District Wastewater Treatment Plant (VSDWTP), Indio, 
owned/operated by Valley Sanitary District; 

• Mid-Valley Water Reclamation Plant (MVWRP), Thermal, owned/operated by CVWD; 
and 

• Coachella Sanitary District Wastewater Treatment Plant (CSDWTP), Coachella, 
owned/operated by the City of Coachella and the Coachella Sanitary District. 

Average annual flows in CVSC are decreasing due to changes in agricultural practices 
and suburban development.  The CVSC and its tributary drains provide flood control and 
protection in addition to habitat for many types of wildlife including migratory songbirds, 
waterfowl, coyotes, raccoons, and rodents.  Although recreation in the stormwater channel 
is prohibited by CVWD, people are known to recreate in and around the stormwater 
channel. 
 

Data Analysis 

During the development of this TMDL, water quality samples were collected monthly at 
eight locations in the CVSC, from February to September 2003, to evaluate bacteria 
concentrations and loading.  Eleven of the 59 samples collected exceeded the 400 
MPN/100 ml E. coli WQO in the Colorado River Basin Water Quality Control Plan (Basin 
Plan) and one of the proposed numeric targets for this TMDL.  Based on the 2004 State 
of California’s 303(d) Listing Policy, this exceedance rate would be sufficient to confirm 
the impairment identified in the 303(d) List.  
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ELEMENT DESCRIPTION 

Source Analysis 

To identify potential sources of bacteria, Regional Water Board staff reviewed bacteria 
data provided by the three NPDES wastewater treatment facilities (WWTFs) and the City 
of Coachella, which is the only Municipal Separate Storm Sewer System (MS4) permittee 
discharging into the impaired section of the CVSC.  Data reviewed indicate that all three 
WWTFs met their applicable bacteria WQOs.  Data also indicate that urban and 
stormwater flows contain fecal coliform levels in violation of its applicable WQOs for REC 
I and REC II.  These water quality violations range up to 900,000 MPN/100 ml at Avenue 
52 Storm Drain in Coachella, September 1999.  Due to the limited data available, actual 
contribution from urban and stormwater runoff and contributions from other point and 
nonpoint sources require further characterization . 

To assist with characterizing the bacterial contribution from agricultural sources 
(Agricultural Dischargers), the Coachella Valley Agricultural Stakeholder Water Quality 
Task Force (CVAS) was formed for the purpose of collecting water samples and 
monitoring the amount of E. coli discharged from agricultural sources.  Samples were 
collected from subsurface drain collectors that service agricultural land and ultimately 
discharge into the CVSC.  Monitoring was conducted from July 2008 through June 2009.  
Four hundred fifty water samples were collected from five (5) representative subsurface 
drain collectors at receiving water locations upstream from the collectors, and at receiving 
water locations downstream from the collectors.  The samples were analyzed for E. coli 
concentrations.  The analysis of results from this monitoring program indicated that E. coli 
levels in the subsurface drain collectors were typically two orders of magnitude lower than 
the E. coli levels in the CVSC.  Out of one hundred fifty samples collected from the drain 
collectors, four exceeded the 400 MPN/100 ml Instantaneous Maximum E. coli WQO.  
None of the ninety 30-day geometric means calculated for E. coli exceeded the Basin 
Plan WQO of 126 MPN/100 ml.  No significant correlation could be made between the E. 
coli levels measured in the drain collector discharges and the E. coli levels measured in 
the CVSC.  The overall results of this monitoring program indicate that bacteria entering 
the CVSC in flows from subsurface drain collectors serving agricultural lands have only a 
de minimis effect on the bacterial indicator impairment in the CVSC.  

To further identify possible sources of bacteria to CVSC, a Ribotype or DNA microbial 
source tracking (MST) method was used. MST methods match fingerprints from bacterial 
strains isolated from a water system to those isolated from hosts such as humans, cows, 
geese, chicken, or municipal wastewater.  The DNA monitoring and analysis study was 
conducted from October 2003 through March 2004.  Two hundred water samples were 
collected from three sites along CVSC. E. coli strains were isolated from water samples, 
ribotypes fingerprinted, and then compared to a source library.  The DNA monitoring and 
analysis study determined the percentage distribution of fecal sources in the CVSC.  The 
following potential bacterial sources were identified in CVSC from the two hundred 
samples collected during the study: avian (40%), human (25%), rodents plus other wild 
mammals (25%), and livestock (<3%).  Approximately 6% of the E. coli species originated 
from unknown sources.  This distribution provides an idea of the possible sources of 
bacteria in CVSC, although it does not reflect the relative loading from those sources.  
Although scientific studies support the use of ribotype-based MST methods, there are 
concerns regarding their accuracy due to spatial and temporal vectors, stability of the 
markers, and sampling design. 

Critical Conditions 
and Seasonal 

Variation 

The climate in the Coachella Valley is arid with hot summers and warm winters and very 
low average annual rainfall (<3 inches/year).  The water in the CVSC mainly originates 
from irrigation return flows, rising groundwater, fish farm effluent, treated municipal 
wastewater, urban runoff, and stormwater runoff.  Analysis of available water quality data 
suggest slightly higher concentrations of bacteria in warm months, but the bacteria 
concentrations do not appear to be correlated with flow. 
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ELEMENT DESCRIPTION 

Numeric Targets 

TMDL numeric targets derived from the Basin Plan’s WQOs have been established for E. 
coli as a log mean (Geomean) of 126 MPN/100 ml (based on a minimum of not less than 
five samples during a 30-day period), and 400 MPN/100 ml for a single sample.  The 
rationale supporting Regional Water Board staff’s decision to choose only one bacterial 
indicator for the CVSC, E. coli, is as follows: 

The Colorado River Basin Region’s Basin Plan has bacterial indicator WQOs for E. coli, 
fecal coliform, and enterococci.  In most cases, these indicators do not cause human 
illness directly; rather, they have shown a correlation as indicators of the presence of other 
harmful pathogens in water bodies.  The general inclusion of all three bacterial indicators 
in the Basin Plan has presented region-wide application problems and confusion for the 
regulated community.  The CVSC is considered a fresh water recreational surface water.  
The decision to express the numeric targets, loading capacity, and allocations in the 
CVSC TMDL in terms of E.coli only was based on recommendations from USEPA 
guidance to eliminate fecal coliform as an indicator of pathogens causing human illness, 
and to rely instead on either E. coli and/or Enterococci.  The USEPA water quality criteria 
document, titled "Ambient Water Quality Criteria for Bacteria, 1986" recommends 
replacing fecal coliform with either E. coli or enterococci as bacterial indicators for the 
protection of fresh water recreational users.  The USEPA provided draft implementation 
guidance in May 2002, titled “Implementation Guidance for Ambient Water Quality Criteria 
for Bacteria,” that reaffirmed the 1986 guidance.  Further, E. coli, which is a species of 
fecal coliform, is being used in the TMDL as a surrogate for fecal coliform.  Consequently, 
a load reduction in E. coli into the CVSC that will attain the E. coli WQOs will also result 
in a load reduction in fecal coliform and attain the fecal coliform WQOs. 

The TMDL targets must not be exceeded more frequently than the allowable exceedance 
rate described in the State of California’s 303(d) Listing Policy, as a result of controllable 
sources with the exception of the three NPDES WWTFs, which have met their applicable 
bacteria WQOs and thus, shall be required to continue to meet their WQOs.  All other 
responsible parties, however, shall be required to attain their respective WLA and LA 
numeric targets within ten (10) years after USEPA approves the TMDL. 

Linkage Analysis 

For this TMDL, the connection between pollutant loading and protection of BUs is 
established by the fact that TMDL numeric targets and allocations are equal to WQOs for 
the most stringent BU of CVSC in the Basin Plan.  Therefore, this TMDL’s numeric targets 
protect all BUs of CVSC.  There is a one-to-one relationship between loading allocations 
and numeric targets in this TMDL.  For example, a 30-day geometric mean wasteload/load 
allocation of 126 MPN/100 ml for E. coli at the point of discharge makes it more likely that 
126 MPN/100 ml or less will be present in the CVSC, especially if contributions from 
natural background sources are not exceeding these allocations.  The potential for 
increased or decreased concentration downstream due to growth and decay dynamics 
may be offset by dilution from subsurface drainage from irrigated agricultural lands and 
effluent from permitted wastewater treatment plants and thus provides an implicit margin 
of safety. 
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ELEMENT DESCRIPTION 

TMDL Calculations 
and Allocations 

A TMDL is a numeric calculation of the loading capacity of a water body to assimilate a 
certain pollutant and still attain all WQSs.  The TMDL is the sum of the individual 
wasteload allocations (WLAs) for point sources, load allocations (LAs) for nonpoint 
sources and natural background sources, and a margin of safety (MOS) to address 
uncertainties.  Discharges from all current and future point sources and controllable 
nonpoint sources of pollution to the impaired section of CVSC shall not exceed the 
following WLAs and LAs for E. coli. 
Both WLAs and LAs for E. coli are: 
1) the log mean (Geomean) of samples collected shall not exceed 126 MPN/100 ml 

(based on a minimum of not less than five samples during a 30-day period), and86 

2) 400 MPN/100 ml for a single sample. 

The allocations are applicable throughout the entire stretch of the impaired section of the 
CVSC year-round.  The numeric target concentrations are based on extensive 
epidemiological studies conducted by the USEPA and others.  To address the uncertainty 
concerning bacterial die-off and re-growth dynamics in CVSC, and to better address 
critical conditions and seasonal variations, this TMDL provides a MOS by including a 
monitoring and review plan that uses data collected during implementation to evaluate 
TMDL effectiveness and the need for revision. 

Load allocations (LAs) and wasteload allocations (WLAs) for bacteria indicator 
dischargers into CVSC are described below: 

Allocation Type Discharger E. Coli Allocations 
Point Source (WLAs) VSDWTP 

CSDWTP 
MVWRP 

A log mean (Geomean) of 
≤126 MPN/100 ml (based 
on a minimum of not less 
than five samples during a 
30-day period), and 400 
MPN/100 ml for a single 
sample 

Point Source (WLAs) KSCFF 
Cal-Trans 

City of Coachella (MS4 co-
permittee) 

 

A log mean (Geomean) of 
≤126 MPN /100 ml (based 
on a minimum of not less 
than five samples during a 
30-day period), and 400 
MPN/100 ml for a single 
sample 

Nonpoint Source 
(LAs) 

Agricultural Runoff 
Federal Lands 
Tribal Lands 

A log mean (Geomean) of 
≤126 MPN/100 ml (based 
on a minimum of not less 
than five samples during a 
30-day period), and 400 
MPN/100 ml for a single 
sample 

Nonpoint Source 
(LAs) 

Septic Systems Zero (0) MPN/100 ml 

 
86 For Nonpoint sources, when it is impractical to collect five samples for the log mean (Geomean), the single sample 

maximum allocation of 400 MPN/100 ml may be used to determine compliance with the load allocation. 
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ELEMENT DESCRIPTION 

Monitoring Plan 

Dischargers listed in Table 4-27will be required to develop and submit as a whole, or in 
groups, a comprehensive water quality monitoring program for the 303(d) listed segment 
of CVSC to the Regional Water Board Executive Officer for review and approval 90 days 
after USEPA approves the TMDL.  The monitoring plan will include a sufficient number of 
monitoring stations and monitoring events to adequately address all potential sources of 
bacteria.  

2.  Implementation Actions for Attainment of TMDL  

The implementation plan is divided into two phases.  Phase I actions will take three years to complete and will focus 
on monitoring and addressing bacterial indicators associated with wastewater discharges from NPDES facilities, 
and urban and stormwater runoff.  Regional Water Board staff will coordinate closely with USEPA to address waste 
discharges from tribal lands.  If E. coli WQOs are not achieved by the end of Phase I, Regional Water Board staff 
will implement additional actions to control E. coli sources in Phase II.  Enforcement actions against violators of the 
TMDL will occur in both phases if necessary.  This approach provides for immediate assessment of known sources 
of bacterial indicators while allowing time for additional monitoring to assess TMDL implementation, effectiveness, 
and need for modification. 

Agricultural Dischargers and the CVWD are specifically exempted from having to complete Phase I monitoring 
actions regarding agricultural discharges.  The Regional Water Board acknowledges the monitoring completed by 
CVAS in 2008-2009, and finds that its monitoring accurately characterizes the contribution of irrigated agriculture 
to the bacterial indicator impairment in the CVSC.  The Regional Water Board considers CVAS’s effort as an early 
implementation of this TMDL.  Accordingly, this effort does not exempt Agricultural Dischargers and the CVWD from 
completing Phase II actions, should Phase II become necessary and available data indicate discharges into the 
CVSC from irrigated agriculture exceed E. coli WQOs. 

i. Phase I Implementation Actions 

Phase I actions will occur within three years after USEPA approves the TMDL, and begin as directed in Table 4-28 
below.  Phase I requires: 

• Monitor CVSC for bacteria loading from city of Coachella, KSCFF, Cal-Trans, federal lands, and tribal lands;  
• Identify significant federal and tribal dischargers to CVSC and notify them of their role in TMDL implementation; 
• Receive a written report from each tribal entity, or from USEPA, describing measures to ensure waste discharges 

from tribal property do not violate or contribute to a violation of this TMDL; 
• Prepare an amendment to the Basin Plan that rectifies current limitations of having three bacterial indicator 

organisms, clarifies which indicators apply to specified surface waters of the Region, and as necessary, 
determines the need for site-specific objectives; and 

• Monitor, track, and survey CVSC to determine if Phase I activities achieve bacteria WQOs. 

ii. Phase I Implementation Responsible Parties and Schedule 

The time schedule and parties responsible for implementing Phase I actions are provided in Table 4-28 below.  

Table 4-28: PHASE I ACTIONS AND TIME SCHEDULES 

Due Action 
Immediately 

following 
Regional Water 
Board approval 

of TMDL 

Regional Water Board staff shall begin preparing an amendment to the Basin Plan that 
rectifies current limitations of having three bacteria indicator organisms, clarifies which 
indicators apply to which surface waters of the Region, and as necessary, develops site-
specific objectives.  This Basin Plan amendment shall be drafted and presented to the 
Regional Water Board for consideration of adoption at the earliest practicable date, but no 

PC ORIGINAL PKG



  

4-63 

Phase I actions are intended to aid in developing an effective assessment of critical conditions and sources, which 
will be used to develop and implement appropriate control measures in Phase II.  Responsible parties, who are 
fulfilling their responsibilities, have no obligation to undertake the actions assigned to others, who may fail to 
perform.  

iii. Phase II Implementation Actions 

Actions taken in Phase I (within three years after USEPA approves the TMDL) will determine whether WQOs have 
been achieved, sources of bacterial pollution have been identified, and whether additional actions are required in 
Phase II (within seven years after end of Phase 1) to meet WQOs.  If monitoring and assessment in Phase I indicate 
that waste discharges to CVSC from anthropogenic activities violate this TMDL, and that violations persist despite 
recommended operation and maintenance procedures and control measures in responsible parties’ existing 
permits, the Regional Water Board shall require the implementation of additional actions to control anthropogenic 
sources of bacteria in Phase II.  The Regional Water Board will require responsible parties to select and implement 
new/additional management practices (MPs) for Phase II, following characterization of sources and a determination 
of whether these sources can be controlled.  This determination shall take into consideration background conditions 
and cost factors.  The Regional Water Board may revise Municipal Separate Storm Sewer System (MS4) permit 
water quality based effluent limitations, which may be expressed in terms of narrative management practice (MP) 
requirements.  The Regional Water Board may also consider revising WQOs for CVSC to address natural 
background sources of bacteria.  This revision would be accomplished through the establishment of a Site Specific 
Objective (SSO) after completing a Use Attainability Analysis (UAA).  If an SSO is required, it would be developed 
by the end of Phase 2 based on available resources. 

later than eighteen (18) months following USEPA approval of the CVSC Bacterial Indicators 
TMDL. 

90 days after 
USEPA 

approves the 
TMDL 

Pursuant to requests from Regional Water Board staff, the responsible parties, which 
includes Kent Seatech Corporation Fish Farm (NPDES permittee), Cal-Trans (MS4 
permittee); and the city of Coachella (MS4 permittee), shall submit to Regional Water Board 
staff with the cooperation and assistance of the Coachella Valley Water District, which 
operates and maintains the impaired section of CVSC, data that characterize their 
contribution of bacteria to the CVSC or shall develop bacterial indicator water quality 
monitoring programs.  As part of the water quality monitoring programs, Quality Assurance 
Project Plans (QAPPs) shall be developed and submitted to the Regional Water Board 
Executive Officer for review and approval.  Monitoring data will be provided to Regional Water 
Board staff on a quarterly basis and will be used to assess contributions of bacteria to CVSC 
from anthropogenic sources (stormwater and urban runoff, and other sources).  Responsible 
parties that join groups to complete Phase I actions shall be allowed an additional 90 days 
to submit their QAPP. 

90 days after 
USEPA 

approves the 
TMDL 

Regional Water Board staff shall begin to identify significant federal and tribal dischargers to 
CVSC and notify them of their role in TMDL implementation. 

90 days after 
USEPA 

approves the 
TMDL 

Regional Water Board staff shall develop a plan to conduct TMDL surveillance and track 
TMDL activities.  The objectives of the plan are to assess monitoring data, measure 
attainment of the water quality objectives, and determine compliance with the TMDL. 

90 days after 
USEPA 

approves the 
TMDL 

Pursuant to a request from the Regional Water Board, each tribal entity, in coordination with 
USEPA, shall submit a technical report describing measures to ensure that waste discharges 
to CVSC from tribal land do not violate or contribute to a violation of this TMDL. 

3 years after 
USEPA 

approves the 
TMDL 

Regional Water Board staff shall submit a written report to the Regional Water Board 
describing monitoring results, attainment of the water quality objectives, and the need to 
revise the TMDL, if necessary.  
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Violations of WQOs will be addressed by implementing MPs identified in the discharger’s existing Regional Water 
Board permit, or by implementing measures provided in the State Water Board’s Nonpoint Source Program Plan 
and/or Nonpoint Source Program Strategy and Implementation Plan (PROSIP).  Appropriate and required 
regulatory procedures will be followed prior to implementing any additional control practice(s). 

iv. TMDL Review Schedule 

Annual reports will be provided to the Regional Water Board by Regional Water Board staff describing progress in 
attaining the water quality objectives.  The reports will assess: 

• Water quality improvement in terms of E. coli concentration; 
• Water quality objectives achieved, delayed, or not achieved, and why; and 
• Compliance with Regional Water Board orders and requests.  

v. Triennial Review 

Federal law requires states to hold public hearings to review WQSs, and modify/adopt standards as appropriate. 
(CWA section 303(c); 40 C.F.R. § 131.20.)  State law requires that each Regional Water Board shall formulate and 
adopt water quality control plans (Basin Plan) for all areas within the region.  Such plans shall be periodically 
reviewed and may be revised. (Water Code, § 13240.)  All Basin Plan amendments and supporting documents 
adopted by the Regional Water Board must be submitted to the State Water Board, and then OAL, for review and 
approval.  Lastly, the USEPA has final approval authority for Basin Plan amendments concerning surface waters.  

The first review of this TMDL is scheduled for completion three years after USEPA approves the TMDL to provide 
adequate time for implementation and data collection.  Subsequent reviews will be conducted concurrently with the 
Triennial Review of the Basin Plan.  The TMDL review schedule is shown below in Table 4-29. 

Table 4-29: TMDL REVIEW SCHEDULE 

Activity Date87 
Begin TMDL Review Two years after USEPA approves the 

TMDL 
Terminate First TMDL Review, and conduct Regional Water Board 
Public Hearing 

Three years after USEPA approves the 
TMDL 

Begin Second TMDL Review 
 

Five years after USEPA approves the 
TMDL 

Terminate Second Review and Conduct Regional Water Board 
Public Hearing 

Six years after USEPA approves the 
TMDL 

Etc.  
 
Monitoring results and progress toward attainment of the water quality objectives will be provided during Triennial 
Review public hearings.  If TMDL progress is insufficient, staff will recommend to the Regional Water Board 
additional MPs to control pollutant sources, enforcement action, TMDL revision, or other means to achieve WQOs. 

This proposed review schedule reflects the Regional Water Board’s commitment to periodic review and refinement 
of this TMDL, via the basin plan amendment process.  

 
87 Dates are contingent upon availability of Regional Water Board resources. Subsequent reviews will occur concurrently 
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VI.  ACTIONS OF OTHER AUTHORITIES 
Within the Colorado River Basin Region, there are several water quality issues requiring actions that fall either 
wholly or in large part outside the direct authority of the State and Regional Water Boards.  One particular issue 
involves recharge of the Coachella Valley ground water basin with imported water. 

The Coachella Valley Water District (CVWD) and the Desert Water Agency (DWA) exchange their entitlements to 
State Water Project water for equal volumes of the Metropolitan Water District of Southern California's (MWD) water 
entitlement from the Colorado River.  This water is delivered via the MWD's Colorado River Aqueduct for recharge 
purposes in the upper portion of the Coachella Valley. The recharge lessens the Valley's overdraft problem, 
although the total dissolved solids (TDS) concentration of Colorado River water is significantly higher than that of 
the native ground water in the greater portion of Coachella Valley. 

In addition to importing water to augment available local supplies as required to lessen overdraft of ground water 
supplies within the Coachella Valley and to meet existing and future growth therein, the Regional Water Board 
encourages the CVWD and DWA to implement water conservation and reclamation practices within their respective 
jurisdictional areas of the Coachella Valley. 

The water resources of the Coachella Valley are limited, and the demands on those resources have increased 
considerably.  Every effort must be made to optimize the use of available water resources.  The quantity of treated 
wastewaters produced by community sewerage systems is appreciable, and the TDS concentrations of the treated 
wastewaters is less than that of the Colorado River water which is purchased and spread for recharge in the upper 
valley areas.  In recognition of this, the Regional Water Board supports the reuse of community wastewaters, 
wherever economically and socially feasible. 
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CHAPTER 5 - PLANS, POLICIES AND 
ISSUES 

 

In addition to the Basin Plan, many other plans and policies are applicable to Regional Water Board actions or clarify 
the Regional Water Boards intent.  This Chapter contains a list of applicable State Water Board and Regional Water 
Board plans and policies for water quality control.  This chapter also contains discussions of important water quality 
issues that the Regional Water Board will be addressing in the future. 

I. STATE WATER BOARD PLANS AND POLICIES 
The applicable State Water Board Plans and Policy statements include: 

A. RESOLUTION No. 68-16 
"Statement of Policy with Respect to Maintaining High Quality of Waters in California" (adopted October 28, 1968). 

http://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/1968/rs68_016.pdf  

B. WATER QUALITY CONTROL 
"Water Quality Control Policy for Addressing Impaired Waters: Regulatory Structure and Options” (adopted June 
15, 2005, Resolution No. 2005-0050). 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/iw_policy.pdf 

C. THERMAL PLAN 
"Water Quality Control Plan for Control of Temperature in the Coastal and Interstate Waters and Enclosed Bays 
and Estuaries of California" (adopted on September 18, 1975; Resolution No. 75-89). 

http://www.waterboards.ca.gov/water_issues/programs/ocean/docs/wqplans/thermpln.pdf  

D. POWER PLANT COOLING 
"Water Quality Control Policy on the Use and Disposal of Inland Waters Used for Powerplant Cooling" (adopted 
June 19, 1975; Resolution No. 75-58). 

http://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/1975/rs75_058.pdf 

E. WATER RECLAMATION 
"Policy with Respect to Water Reclamation in California" (adopted January 6, 1977; Resolution No. 77-1). 

http://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/1977/rs77_001.pdf  
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F. SHREDDER WASTE 
"Policy on the Disposal of Shredder Waste" (adopted March 19, 1987; Resolution No. 87-22). 

G. NONPOINT SOURCE PROGRAM STRATEGY AND IMPLEMENTATION PLAN 
Volume 1, Nonpoint Source Program Strategy and Implementation Plan, 1998-2013 (PROSIP) (adopted January 
2000).  

http://www.waterboards.ca.gov/water_issues/programs/nps/docs/planvol1.doc”  

H. SOURCES OF DRINKING WATER POLICY 
"Sources of Drinking Water" (adopted May 19, 1988; Resolution No. 88-63). 

http://www.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/2006/rs2006_000 8_rev_rs88_63.pdf  

I. RECYCLED WATER POLICY 
“Recycled Water Policy” (adopted February 3, 2009, Resolution No. 2009-0011).  

http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/recycled 
waterpolicy_approved.pdf  

II. REGIONAL WATER BOARD POLICIES 
Adopted Regional Water Board Policies include the following: 

A. SEWERAGE SYSTEMS 
"Guidelines Regarding Grouped or Community Sewerage Systems" (adopted January 28, 1981; Resolution No. 81-
35). 

http://www.waterboards.ca.gov/coloradoriver/publications_forms/publications/docs/commsew.pdf  

B. SEWAGE DISPOSAL FROM LAND DEVELOPMENTS 
"Guidelines for Sewage Disposal from Land Developments" (adopted March 14, 1979; Resolution No. 79-42).  

http://www.waterboards.ca.gov/coloradoriver/publications_forms/publications/docs/sewtoland.pdf  

C. MOU WITH THE BUREAU OF LAND MANAGEMENT 
"Memorandum of Understanding between California Desert District U.S. Bureau of Land Management and California 
Regional Water Quality Control Board Colorado River Basin Region" (adopted January 25, 1985; Resolution No. 85-
24). 
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D. WATER QUALITY LIMITED SEGMENT 
"Designating Water Quality Limited Segments in the Colorado River Basin Region" (adopted January 27, 1988; 
Resolution No. 88-37). 

E. MOA's 
"A Memorandum of Agreement between the California Regional Water Quality Control Board Colorado River Basin 
Region and the Department of Health Services for the Regulation of Low-Level Radioactive Waste" (adopted June 
28, 1989; Resolution No. 89-060). 

"A Memorandum of Agreement between the California Regional Water Quality Control Board Colorado River Basin 
Region's Executive Officer and Ibanez Farms and Chino Corona Farms" (adopted November 29, 1989; Resolution 
No. 89-078). 

F. WATER QUALITY ASSESMENT 
"Water Quality Assessment for the Colorado River Basin Region of California" (adopted November 20, 1991; 
Resolution No. 91-057). 

G. AGRICULTURAL DRAINAGE 
"Agricultural Drainage Management Report for the Colorado River Basin Region" (adopted March 11, 1992; Resolution 
No. 92-023). 

III. REGIONAL WATER BOARD ISSUES 
The following issues will be considered by the Regional Water Board: 

A. SEPTIC SYSTEM IMPACTS TO GROUND WATER BASINS 
There are a number of unsewered communities in this Region which have the potential to have a negative impact 
on the groundwater.  The Regional Water Board has identified some communities with high densities of septic 
systems.  As staffing and finances permit, the Regional Water Board will conduct investigations to determine the 
relative priority for sewering the following communities: 

- Communities in the Indio Hydrologic Subarea 
- Yucca Valley 
- Twentynine Palms 
- Palo Verde 
- Morongo Valley 
- Lucerne Valley 
- Borrego Springs 
- Landers 
- Joshua Tree 
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B. BENEFICIAL USE DESIGNATIONS OF AQUIFERS 
The ground water Beneficial Use Designations for this Region are currently based on hydrologic units.  In the next 
three years, Regional Water Board staff intends to review the appropriate groundwater data and propose changes to 
the Beneficial Use Designations so that they will correspond to individual groundwater aquifers within the various 
hydrologic units.  The proposed changes in designations will also be based on the review of the "Sources of Drinking 
Water Policy" in Chapter 2.  These changes would result in an updated version of Table 2-5 (Chapter 2) and a more 
detailed map of the groundwater aquifers in this Region. 

C. GEOTHERMAL FLUIDS 
Due to the extensive development of the geothermal industry in Imperial Valley, the Regional Water Board is assessing 
the potential of surface water and ground water contamination from geothermal brines.  A Regional Water Board policy 
on geothermal development along with updated water quality objectives may be promulgated as necessary based on 
the findings obtained. 
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CHAPTER 6 - SURVEILLANCE, 
MONITORING AND WATER QUALITY 

ASSESSMENT 
 

The effectiveness of a water quality control program cannot be judged without information supplied by a 
comprehensive surveillance and monitoring program.  To protect California's water resources, the State Water 
Board and the Regional Water Boards closely monitor water quality throughout the state. 

Historically, a wide variety of interested state, federal, and local agencies have sampled, analyzed, and tracked 
water quality.  Local agencies include county health departments, water districts, and irrigation districts.  The State 
Water Board and Regional Water Board monitoring programs evaluate existing information, supplementing it where 
necessary to meet data needs. 

I. STATEWIDE MONITORING 
The Porter-Cologne Water Quality Control Act delegates primary responsibility for coordination and control of water 
quality in California to the State Water Board.  Section 13163 of the Act states that in conducting this mission, the 
State Water Board shall coordinate water quality investigations, recognizing that other state agencies have primary 
statutory responsibility for such investigations, and shall consult with the concerned Regional Water Boards in 
implementing this section. 

Pursuant to these mandates, the State Water Board in 1976 established a coordinated Primary Water Quality 
Monitoring Network for California.  Participants in the Primary Network included the California Departments of Health, 
Water Resources, and Fish and Wildlife; and the U.S. Bureau of Reclamation, the U.S. Geological Survey and the 
U.S. Environmental Protection Agency. 

The goal of the Primary Network has been to provide an overall, continuing assessment of water quality in the state.  
This goal is to be achieved by statewide monitoring of water quality parameters that can affect beneficial uses of state 
waters.  Among such parameters, toxic substances have received increasing attention in federal and state water 
pollution control activities, and accordingly, the Toxic Substances Monitoring Program is included in the Primary 
Network. 

The state's surveillance and monitoring program is designed to assure the collection of data necessary to: establish 
and review water quality standards, goals and objectives; determine maximum daily loadings, wasteload allocations, 
and effluent limitations; perform segment classifications and rankings; and establish the relationship between water 
quality and individual point and nonpoint sources of pollutants. These data must be verified and properly interpreted 
to evaluate water quality trends in order to make the necessary changes in the enforcement and planning programs 
as needed to carry out program objectives.  Output based upon data obtained from this program is used to prepare 
reports satisfying the requirements of the federal Clean Water Act and the applicable portions of the Porter-Cologne 
Water Quality Control Act.   

The overall objectives of the state's surveillance and monitoring program are: 

• To measure the achievement of water quality goals and objectives specified in Water Quality Control Plans. 
• To measure specific effects of water quality changes on beneficial uses. 
• To measure background conditions of water quality and determine long-term trends in water quality. 
• To locate and identify sources of water pollution that pose a threat to the environment. 
• To provide information needed to relate receiving water quality to mass emissions of pollutants by waste 

dischargers. 

PC ORIGINAL PKG



  

6-2 

 

• To provide data for determining waste discharger's compliance with permit conditions. 
• To provide the documentation necessary to support the enforcement of permit conditions and waste discharge 

requirements. 
• To provide data needed to carry on the continuing planning process. 
• To measure the effects of water rights decisions on water quality and to guide the State Water Board in its 

responsibility to regulate unappropriated water for the control of quality. 
• To prepare reports on water quality conditions as required by federal and state regulations or requested by others. 

The surveillance and monitoring program is designed to meet the objectives set forth above.  An optimum 
surveillance and monitoring program requires flexibility and must be able to respond to needs specified in the Basin 
Plan as it is implemented and revised.  Statewide water quality assessments performed every two years provide a 
timely cycle to evaluate the program's effectiveness and make appropriate changes. 

The surveillance and monitoring program provides for collection and analysis of samples and the reporting of water 
quality data. It includes laboratory support and quality assurance, storage of data for rapid and systematic retrieval, 
and preparation of reports and data summaries.  Most importantly, it includes interpretation and evaluation of data 
leading to recommendations for action. 

II. REGIONAL WATER BOARD MONITORING 
The Regional Water Board participates in the implementation of the statewide surveillance and monitoring program 
by conducting the following tasks:  

A. Surface Water Monitoring 

B. Compliance Monitoring 

C. Complaint Investigation 

D. Intensive Surveys 

E. Toxic Substances Monitoring 

F. Total Maximum Daily Loads Compliance Assurance and Enforcement 

A. SURFACE WATER MONITORING 
The Regional Water Board's Surface Water Monitoring Program was developed in 1980 as an outgrowth of the 
state's Primary Monitoring Network.  Its goal has been to characterize the water quality of the Region's surface 
water bodies.  Quarterly sampling was conducted on major water bodies and annual sampling was conducted on 
other surface waters.  Samples were collected by Regional Water Board staff as grab samples and were analyzed 
by either the Regional Water Board's in-house laboratory or the California Department of Health Services laboratory 
in Los Angeles.  The samples were analyzed for several general water quality parameters but not for toxic 
substances.  Analyses were conducted for pH, turbidity, total dissolved solids, suspended solids, volatile suspended 
solids, settleable solids, phosphate, nitrate, nitrite, ammonia, MBAS, BOD, COD, and fecal coliform.  Field 
measurements were made for dissolved oxygen, temperature, pH, flow rate, and conductivity.  Data from this 
program has been entered into the statewide database system (SWQIS) from which it is periodically entered into 
the federal water quality data system (STORET).  A summary of historic sample collections at the surface water 
monitoring stations is included in Table 6-1.  Continued sampling of these water bodies by the Regional Water 
Board is dependent on the availability of funding.  Sampling of the New River at the International Boundary has 
been conducted as a separate investigation and is described in Section D. INTENSIVE SURVEYS. 
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TABLE 6-1: PRIMARY NETWORK STATIONS 

Station Name Period of 
Record 

Annual Stations  
Piute Creek 12/81-4/91 
Millard Canyon Creek 11/81-4/91 
Crystal Creek 12/81-4/91 
Copper Basin 12/81-4/91 
Azalea Creek 11/81-4/91 
Antelope Creek 05/85-4/91 
Boundary Creek 12/81-6/93 
Walker Creek 12/81-6/93 
Tule Creek 03/83-6/93 
Carrizo Creek 12/81-6/93 
Banner Creek 12/81-6/93 
San Felipe Creek 12/81-6/93 
Borrego Palm Canyon Creek 12/81-6/93 
Coyote Creek 12/81-6/93 
Salt Creek 12/81-6/93 
Tahquitz Creek 11/93-6/93 
Twin Pines Creek 11/81-6/93 
Mission Creek 12/81-6/93 
Big Morongo Creek 12/81-6/93 
Little Morongo Creek 12/81-6/93 
Arrastre Creek 12/81-6/93 
  
Quarterly Stations  

Colorado River above Morelos Dam 2/80-6/93 
Colorado River at Nevada State Line 2/80-5/93 
Colorado River at Imperial Dam 2/80-5/93 
Salton Sea at County Line 2/80-5/93 
Central Drain Outlet 2/80-5/93 
Alamo River Outlet 2/80-5/93 
New River Outlet 2/80-5/93 
Whitewater River above MWD outfall 2/80-5/93 
Palo Verde Outfall Drain 2/80-5/93 
Reservation Main Drain 4 2/80-5/93 
Holtville Main Drain 9/88-5/93 
Coachella Valley Stormwater Channel 2/80-5/93 
Alamo River at International Boundary 2/80-5/93 
Rose Drain at Outlet 2/80-8/89 
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B. COMPLIANCE MONITORING 

1. Regulated Facilities 

Data from facilities with waste discharge requirements including NPDES permits are collected and used to 
determine compliance with requirements and receiving water standards and to support enforcement actions.  Data 
is retrieved from self monitoring reports generated by waste dischargers and from compliance monitoring reports 
prepared by Regional Water Board staff.  These reports are reviewed and if violations are noted, appropriate action 
is taken, ranging from administrative enforcement to judicial abatement depending on the circumstances.  Self 
monitoring report data have also been used to calculate pollutant loadings and to indicate the general improvement 
noted in the receiving water. 

2.  Recommended Biomonitoring (Toxicity Monitoring) Programs 

Compliance with the Regional Water Board's toxicity objective (see Chapter 3) will be determined through the use 
of bioassays utilizing standard/approved methodology.  For an initial two-year period, biomonitoring will be 
conducted primarily for informational purposes.  The resulting data will be utilized to determine a specific compliance 
protocol, including methodology and enforcement procedures.  Dischargers whose NPDES permits do not include 
biomonitoring requirements will be encouraged to voluntarily conduct bioassays during this initial two-year period 
to assist in developing said protocol.  Dischargers who wish to experiment with other methods of determining toxicity 
compliance are welcome to do so and may submit such data to the Regional Water Board for review and 
consideration. 

Although this initial two-year period would be utilized primarily to collect information, it would not preclude the 
possibility of enforcement action in cases where significant toxicity is exhibited.  Such enforcement would be 
considered by the Regional Water Board on a case by case basis. 

Pending appropriations of adequate resources, the following three biomonitoring programs are recommended for 
implementation: 

Program A 

Bioassay Type:  Chronic 

Frequency:  Quarterly 

Sampling Locations:  

1. Colorado River near California/Nevada State Line 
2. Palo Verde Outfall Drain near South Highway 78 Crossing 
3. Colorado River at Imperial Dam 
4. Reservation Main Drain near Outlet 
5. Colorado River above Morelos Dam 
6. Alamo River near International Boundary 
7. New River near International Boundary 
8. Central Drain near Outlet 
9. Holtville Main Drain 
10. Alamo River near Outlet 
11. New River near Outlet 
12. Whitewater River above MWD Outfall 
13. Coachella Valley Storm Water Channel at Lincoln Street Crossing 

The above-listed sites represent the more important waterways in the Region in regard to flow.  Where chronic toxicity 
is exhibited at any of the above monitoring locations, an investigation would follow to determine the source of the 
toxicity. 
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Program B 

Bioassay Type:  Chronic 

Frequency:  Annually 

Sampling Locations: 

1. Tahquitz Creek 
2. Twin Pines Creek 
3. Boundary Creek 
4. Walker Creek 
5. Tule Creek 
6. Mission Creek 
7. Carrizo Creek 
8. Big Morongo Creek 
9. Banner Creek 
10. Little Morongo Creek 
11. San Felipe Creek 
12. Arrastre Creek 
13. Borrego Palm Canyon Creek 
14. Coyote Creek 
15. Salt Creek 

Where chronic toxicity is exhibited at any of the above monitoring locations, an investigation would follow to determine 
the source of the toxicity. 

Program C 

Bioassay Type:  Acute and/or Chronic 

Frequency:  To be determined by Regional Water Board staff on a case-by-case basis, but shall 
in no case be less frequent then annually 

It is recommended that at a minimum appropriate acute/chronic toxicity bioassays be required in all new or updated 
NPDES permits.  For future permit holders, assignment of such testing will be determined on a case-by-case basis.  

C. COMPLAINT INVESTIGATION 
This task involves investigation of complaints of citizens and public or governmental agencies on the discharge of 
pollutants or creation of nuisance conditions.  It is a Regional Water Board responsibility which may include 
preparation of reports, letters, and taking other necessary follow up actions to document observed conditions and 
to institute appropriate corrective actions.  

D. INTENSIVE SURVEYS 
Intensive monitoring surveys provide detailed water quality data which is used to locate and evaluate violations of 
receiving water standards and to develop waste load allocations.  They usually involve localized, intermittent 
sampling at a higher than normal frequency.  Intensive surveys should be repeated at appropriate intervals 
depending on the parameters involved, the variability of conditions, and changes in hydrologic or effluent regimes.  
The two main Regional Water Board studies are described below.  

1. Imperial Valley Agricultural Drain Study 
The agricultural drain study uses bioassays to monitor and assess toxicity in agricultural return flows and in receiving 
waters.  The first samples were collected in September 1991.  After the preliminary sampling results from various 
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drains and rivers were reviewed (see Table 6-2), the study was primarily limited to the South Central Drain area in 
the Imperial Valley.  This area was chosen because discharges to the drains in this area were primarily agricultural 
in nature and the potential for toxicity due to non-agricultural discharges would be reduced.  Samples were collected 
from tailwaters and from the surface drains which received the tailwaters.  Field measurements were made for 
temperature, pH, dissolved oxygen, and specific conductivity.  Samples were analyzed at the Regional Water Board 
laboratory for TDS, alkalinity, hardness, and ammonia.  Samples were shipped to the University of California, Davis 
for toxicity testing.  Acute toxicity tests (48 hour) were conducted using Daphnia magna and Ceriodaphnia dubia.  
Samples identified as toxic by the acute testing were also analyzed for Organophosphate and Carbamate 
pesticides.  Sample splits were collected on June 15 and 29, 1992 and analyzed by the U.S. Geological Survey 
laboratory for Organochlorine, Organophosphate, Carbamate, and Triazine pesticides. 

During the second year of the study, the toxicity in Imperial Valley waterbodies will be assessed from a broader 
perspective.  The Alamo River was selected for intensive surveying because it contains mainly agricultural runoff 
from Imperial Valley.  

Presently, the upper and lower portions of the Alamo River are sampled once a month.  The River is sampled at 
locations downstream of the major drains and other pertinent locations.  Field measurements and analyses by the 
Regional Water Board laboratory remain the same as the previous year's study.  Samples shipped to U.C. Davis 
have acute toxicity tests performed on them using Ceriodaphnia dubia and Neomysis.  The California Department 
of Pesticide Regulation analyzes samples (upper or lower Alamo River) for Organophosphate and Carbamate 
pesticides. 

TABLE 6-2: PRELIMINARY BIOMONITORING SCREENING LOCATIONS 

 Sample Sites  

1. New River at outlet 
2. Alamo River at outlet 
3. Trifolium Drain No. 9 
4. Vail 2A Drain at Sinclair Road 
5. New River at Worthington Road 
6. Alamo River at Worthington Road 
7. Palo Verde Intake Canal 
8. Palo Verde Outfall Drain 
9. Lincoln Street Drain between Ave. 70 & 71 
10. Coachella Valley Storm Water Channel (CVSWC) between Ave. 66 

& 68 
11. Avenue 66/68 Drain above CVSWC 
12. Rose Drain 
13. Newside Drain 
14. South Central Drain #4 
15. Barbara Worth Drain at Outlet 

2. New River Monitoring  
The New River is monitored at the International Boundary to evaluate discharges of untreated and partially treated 
wastewater from the City of Mexicali, Mexico.  Other type of wastes discharged to the River include toxic industrial 
wastes from industries in the City of Mexicali, garbage from dumpsites within the City, runoff from agricultural land 
in the Mexicali Valley, and occasionally geothermal wastewater and slaughterhouse wastes. 

The New River has been monitored on a quarterly basis since 1989.  Prior to 1989, monitoring was done on a 
monthly basis for several years.  Future monitoring will be conducted if funding is available. 

Data is collected in the field on an hourly basis for temperature, pH, dissolved oxygen, specific conductance, and 
settleable solids. Additional samples for turbidity analysis are taken hourly.  Samples for Fecal Coliform are taken 
on the hour during the last 4 hours of sampling. 
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The following additional analyses are performed on a composite sample comprised of grab samples taken at 60 
minute intervals throughout the sampling period: 

TDS, TSS, VSS, Total Phosphate, Ammonia, Nitrate, Nitrite, MBAS, BOD,  COD, Total Cyanide, Phenol, 
Arsenic, Boron, Cadmium, Chromium, Copper, Lead, Zinc. 

The composites presently consist of samples taken over an 8-hour period.  In the past, composites were generally 
taken over a 10-hour period and annually, a 24-hour composite was taken. 

Additionally, 1 or 2 grab samples are taken during each sampling event for analysis by EPA Method 524.2 for 
Volatile Organic Analyses. 

All samples are sent to the state Department of Health Services Southern California Laboratory for analyses except 
the following analysis which are performed at the Regional Water Board Laboratory: 

Turbidity, VSS, Fecal Coliform, BOD, TDS, COD, TSS. 

In January of 1992 the USEPA provided laboratory services for analysis of the following parameters: 

Metals,  Organophosphorus Pesticides, Volatile Organics, Semi-volatile Organics, Pesticides/PCPs, 
Chlorinated Herbicides, Triazine Herbicides. 

These analyses were performed on a grab sample taken during a regularly scheduled quarterly sampling run. 

Additional sampling events have also been conducted at this location in the past for the parameters listed above or 
for additional parameters.  These unscheduled sampling events will be conducted in response to unusual events 
noted at the New River, when funds or laboratory services are available for additional sampling or in response to 
specific needs for data. 

E. TOXIC SUBSTANCES MONITORING 
One method of monitoring for toxic substances is to collect and analyze water samples.  A major problem with this 
approach is that toxic discharges are likely to occur in an intermittent fashion and are thus likely to be missed with 
"grab" sampling of the water.  Another limitation to analyzing water samples is that, generally, harmful toxicants are 
present in low concentrations in the water. The process of bioaccumulation acts to concentrate toxicants through 
the aquatic food web.  Therefore, in the Toxic Substances Monitoring Program the tissues of fish and other aquatic 
organisms are analyzed for toxic metals and synthetic organic compounds. 

The Toxic Substances Monitoring (TSM) portion of the Primary Network has been integrated with other Primary 
Network monitoring.  The toxic substances monitoring of resident organisms has been performed by the California 
Department of Fish and Wildlife under a contract managed by the State Water Board with the assistance and 
oversight of the Regional Water Board.  Continuation of this monitoring is dependent upon continued funding of this 
program. 

The objectives of the Toxic Substance Monitoring Program are: 

• To develop statewide baseline data and to demonstrate trends in the occurrence of toxic elements and organic 
substances in the aquatic biota; 

• To assess impacts of accumulated toxicants upon the usability of state waters by man; 
• To assess impacts of accumulated toxicants upon the aquatic biota; and 
• Where problem concentrations of toxicants are detected, to attempt to identify sources of toxicants and to relate 

concentrations found in the biota to concentrations found in the water. 

The samples collected in the TSM program include benthic invertebrates and fish.  Species collected in this Region 
include (by common name): bardiella, carp, channel catfish, flathead catfish, grass carp, mosquitofish, mozambique 
mouthbrooder, largemouth bass, orangemouth corvina, tilapia, red shiner, red swamp crayfish, sailfin molly, sargo, 
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spiny soft shelled turtle, yellow bullhead, and zill's cichlid.  The history of the TSM Program sampling in this Region 
through 1990 is summarized in Table 6-3. 

TABLE 6-3: TSM PROGRAM – STATION SAMPLING HISTORIES 

Station Name Sample Years 
Alamo River/Calipatria  1978-1985, 1987-1990 
Alamo River/International Boundary 1985, 1987-88 
Central Drain 1988 
Coachella Canal 1987 
Coachella Valley Stormwater Channel 1986-87 
Colorado River/Cibola 1978-1981 
Colorado River/International Boundary 1985, 1988 
Colorado River/Needles 1987-88 
Colorado River/Picacho 1984 
Colorado River/u/s Imperial Dam 1987, 1989 
Dixie Drain No. 1 1986 
Dixie Drain No. 3 1986 
Dixie Drain No. 5 1986 
Fig Drain 1989-90 
Fig Lake 1985, 1989-90 
Fig Lake Outlet 1990 
Forgetmenot Drain 1986 
Greeson Drain 1985 
Holtville Main Drain 1989-90 
Lake Cahuilla 1987 
Lake Havasu 1987 
New River/Internat. Bound 1984-85, 87, 1989-90 
New River/Westmorland 1978-1990 
Palo Verde Outfall Drain 1986-87 
Pumice Drain 1990 
Reservation Main Drain 1986 
Rice Drain 1985-86 
Rose Drain 1988 
Salt Creek Slough 1985-86 
Salt Creek/Mouth 1987 
Salton Sea/North 1981 
Salton Sea/South 1980-81, 1985, 1987, 1989 
Salton Sea/West Shore 1984, 1986 
San Felipe Creek/d/s Highway 86 Bridge 1987 
San Felipe Creek/San Sebastion Marsh 1986 
South Central Drain 1990 
Trifolium Drain 7 1985 
Verde Drain 1989 
Warren Drain 1989-90 
West Side Drain 1986 
Wiest Lake 1989 

 

F. TOTAL MAXIMUM DAILY LOADS COMPLIANCE ASSURANCE AND 
ENFORCEMENT  

The Executive Officer shall use, as the circumstances of the case may warrant, any combination of the following 
actions to ensure that the water pollution threats identified in TMDLs are promptly and effectively corrected: 
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• Implementation and enforcement of sections 13225, 13267, and 13268 of the Water Code to ensure that all 
responsible parties submit in a prompt and complete manner, the Water Quality Management Plan defined in 
Chapter 4, Section V.E.1.i. 

• Require submission of reports of waste discharge pursuant to Water Code section 13260. 
• Adoption of waste discharge requirements, pursuant to section 13263 of the Water Code, as appropriate (i.e., 

for any responsible party who fails to implement voluntary or regulatory-encouraged sediment controls). 
• Adoption of enforcement orders pursuant to section 13304 of the Water Code against any responsible party 

who violates Regional Water Board waste discharge requirements and/or fails to implement voluntary or 
regulatory-encouraged sediment control measures to prevent and mitigate sediment pollution or threatened 
pollution of surface waters. 

• Adoption of enforcement orders pursuant to section 13301 of the Water Code against those who violate 
Regional Water Board waste discharge requirements and/or prohibitions. 

• Issuance of Administrative Civil Liability Complaints, pursuant to sections 13261, 13264, or 13268 of the Water 
Code, against any responsible party who fails to comply with Regional Water Board orders, prohibitions, and 
requests. 

• Adoption of referrals of recalcitrant violators of Regional Water Board orders and prohibitions to the District 
Attorney or Attorney General for criminal prosecution or civil enforcement.   

1.  PATHOGEN/BACTERIAL INDICATORS 

i. New River 

(a) Additional Compliance Assurance and Enforcement 

Implement and enforce section 13267 of the Water Code to ensure that all dischargers subject to Regional Water 
Quality Control Board, Colorado River Basin Region, Order No. 01-800, NPDES No. CA0017001, General National 
Pollutant Discharge Elimination System Permit and General Waste Discharge Requirements for Confined Animal 
feeding Operations (Order No. 01-800), submit, in a prompt and complete manner, the Engineered Waste 
Management Plan required by Order No. 01-800. 

(b) Water Quality Monitoring 

Monitoring activities are contingent upon adequate programmatic funding.  Monitoring activities for the New River 
Pathogen TMDL will be conducted by the Regional Water Board pursuant to a Regional Water Board Quality 
Assurance Project Plan for the New River (QAPP-NR).  The QAPP-NR shall be developed by Regional Water Board 
staff and be ready for implementation within 180 days following USEPA approval of the TMDL.  The objectives of 
the monitoring program shall include collection of water quality data for: 

• assessment of water quality standards attainment,  
• verification of pollution source allocations, 
• calibration or modification of selected models (if any), 
• evaluation of point and nonpoint source control implementation and effectiveness,  
• evaluation of in-stream water quality,  
• evaluation of temporal and spatial trends in water quality, and 
• modification of the TMDL as necessary. 

The monitoring program shall include a sufficient number of sampling locations and sampling points per location 
along the New River and major drain tributaries to the river.   Monthly grab samples from the above-mentioned 
surface waters shall be collected and analyzed for the following parameters: 

• Flow (to be obtained from IID or USGS) 
• Dissolved Oxygen 
• Ph 
• Temperature 
• Fecal coliform organisms 
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• E. Coli 
• Fecal streptococci 
• Enterococci 

Activities implemented by dischargers and responsible parties and surveillance conducted for the New River 
Pathogen TMDL will be tracked pursuant to a Regional Water Board implementation tracking plan (ITP).  Regional 
Water Board staff will develop the ITP within 180 days following USEPA approval of the TMDL.  The objectives of 
Regional Water Board surveillance and implementation tracking are: 

• Assess/track/account for practices already in place; 
• Measure the attainment of Milestones; 
• Determine compliance with NPDES permits, WLAs, and LAs; and 
• Report progress toward implementation of NPS water quality control, in accordance with the State Water Board 

NPS Program Plan (PROSIP). 

2. SEDIMENTATION/SILTATION  

i.  Imperial Valley 

(a) Additional Compliance Assurance and Enforcement 

As provided in the State Water Board's Water Quality Enforcement Policy, prompt, consistent, predictable, and fair 
enforcement are necessary to deter and correct violations of water quality standards, violations of the Water Code, 
and to ensure that responsible parties carry out their responsibilities for meeting TMDL allocations.  This is 
particularly necessary to adequately deal with those responsible parties who fail to implement self-determined or 
regulatory-encouraged sediment control measures, which are the cornerstone of the state's NPS Program.  

From the standpoint of measuring progress, any agricultural land discharge with a concentration of suspended 
solids, measuring more than 375 mg/L (or about 270 NTU for turbidity) and absent reasonable implementation of 
MPs would be considered unsatisfactory.  Samples will be analyzed for volatile suspended solids at locations where 
organic loading represents a significant proportion of the total suspended solids or turbidity.  The volatile suspended 
solids component will be subtracted.  Further, in assessing the status of compliance with Load Allocations of any 
responsible party, the Regional Water Board shall consider, in addition to water quality results, the degree to which 
the responsible party has implemented, or is implementing, sediment control measures.  In the absence of true 
progress, the Regional Water Board directs the Executive Officer to draft requirements that will fulfill sediment 
control measures.  The numeric target is a goal that translates current sediment/silt-related Basin Plan narrative 
objectives and shall not be used for enforcement purposes.  

(b) Monitoring and Tracking 

Tracking TMDL and monitoring water quality progress, and modifying TMDLs and implementation plans as 
necessary to ensure attainment of water quality standards, are important to address uncertainty that may exist in 
aspects of TMDL development, oversee TMDL implementation to ensure that implementation is being carried out, 
and to ensure that the TMDL remains effective, given changes that may occur in the watershed after the TMDL is 
developed. (All monitoring activities are contingent on funding through fund-source specific work plans.) 

(c) Water Quality Monitoring and Assessment 

Monitoring activities are contingent upon adequate programmatic funding.  Regional Water Board staff will conduct 
monitoring activities for the Alamo River, New River, and Imperial Valley Drains Sedimentation/Siltation TMDLs 
pursuant to a Regional Water Board Quality Assurance Project Plan for the Alamo River (QAPP-AR), New River 
(QAPP-NR), and Imperial Valley Drains (QAPP-IV Sed) Sediment TMDLs.  The QAPPs shall be developed by 
Regional Water Board staff.  The QAPP-AR and QAPP-NR shall be ready for implementation within 180 days 
following USEPA approval of these TMDLs.  The QAPP-IV Sed shall be ready for implementation by one month 
following USEPA approval of this TMDL.  The Regional Water Board’s Executive Officer shall approve the QAPPs 
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and monitoring plans after determining that they satisfy the objectives and requirements of this Section.  The 
objectives of the monitoring program shall include collection of water quality data for:  

• Assessment of water quality standards attainment, 
• Verification of pollution sources, 
• Calibration or modification of selected models (if any), 
• Evaluation of point and nonpoint source control implementation and effectiveness, 
• Evaluation of in-stream water quality, 
• Evaluation of temporal and spatial trends in water quality, and 
• Modification of the TMDLs as necessary. 

The monitoring program shall include a sufficient number of sampling locations and sampling points per location 
along the Alamo River, New River, Imperial Valley Drains, and major drain tributaries to the rivers and Salton Sea. 
The following parameters will be sampled and analyzed from the above-mentioned surface waters, contingent on 
funding.  Data sources may be outside of the Regional Water Board. Frequency is in brackets.   

• Flow [Quarterly]  
• Field turbidity [Monthly] 
• Laboratory turbidity (EPA Method No. 180.1) [Monthly] 
• Total Suspended Solids (EPA Method No. 160.2) [Monthly] 
• Total DDT and DDT metabolites [Quarterly] 

The Regional Water Board will track activities implemented by dischargers and responsible parties and surveillance 
conducted for the Alamo River, New River, and Imperial Valley Drains Sedimentation/Siltation TMDLs pursuant to 
an implementation tracking plan (ITP).  Regional Water Board staff will develop and implement the ITP within 180 
days following USEPA approval of the Alamo River and New River TMDLs.  Regional Water Board staff will develop 
and implement the ITP by one month following USEPA approval of the Imperial Valley Drains TMDL.  The Regional 
Water Board’s Executive Officer shall approve the ITP after determining that the ITP satisfies the objectives and 
requirements of this Section.  The objectives of Regional Water Board Surveillance and implementation tracking 
are: 

• Assess/track/account for practices already in place; 
• Measure the attainment of Milestones; 
• Report progress toward implementation of NPS water quality control, in accordance with the State Water Board 

NPS Program Plan (PROSIP). 

(d) TMDL Implementation Tracking 

Implementation of sediment control activities shall be tracked by Regional Water Board staff and shall be reported 
to the Regional Water Board at least yearly.  

(e) TMDL Assessment and Reporting 

On a yearly basis, Regional Water Board staff will prepare a report assessing compliance with the TMDL Goals and 
Milestones.  In the report, staff will assess: 

• Water quality improvement (in terms of total suspended sediments, total sediment loads, Total DDT, and DDT 
metabolites). 

• Trends in MP implementation. 
• MP effectiveness. 
• Whether milestones were met on time or at all.  If milestones were not met, provide a discussion of the reasons, 

and make recommendations. 
• Level of compliance with measures and timelines agreed to in Program Plans and Drainshed Plans. 
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(f) Regular Review 

The Regional Water Board shall hold public hearings at least every three years to review the level of MP 
implementation, effectiveness of MPs, and overall progress of sediment control practices.   At these hearings, the 
following shall be considered: 

• Monitoring results 
• Progress toward attainment of milestones 
• Trends in implementation of MPs 
• Modification/addition of management practices for the control of sediment discharges 
• Revision of TMDL components and/or development of site-specific water quality objectives 

Review of subcategories of water quality standards related to these TMDLs and/or attainability of the TMDLs also 
may be appropriate after the parties responsible for TMDL implementation submit appropriate documentation that 
sediment control practices (e.g., MPs) are being implemented on a widespread-basis in the watersheds, that the 
control practices are being properly implemented and maintained, and that additional controls would result in 
substantial and widespread economic and social impact.  The Regional Water Board 303(d) listing of the 
sediment/silt impairment for the Alamo River, New River, Imperial Valley Drains and/or tributary drains shall also 
be re-evaluated. 

III. WATER QUALITY ASSESSMENT ACTIVITIES 
Section 305(b) of the federal Clean Water Act requires states to prepare and submit biennially to the USEPA a 
Water Quality Inventory.  This Inventory report includes:  (a) a description of the water quality of major navigable 
waters in the state during the preceding years; (b) an analysis of the extent to which significant navigable waters 
provide for the protection and propagation of a balanced population of shellfish, fish and wildlife, and allow 
recreational activities in and on the water; (c) an analysis of the extent to which elimination of the discharge of 
pollutants is being achieved or will be needed; and (d) an estimate of the environmental impact, the economic and 
social costs necessary to achieve the "no discharge" objective of the Clean Water Act, the economic and social 
benefits of such achievement, and estimates of the date of such achievement.  

Data collection and analyses already being carried out by the state in the permitting, planning, monitoring, and 
enforcement programs is utilized in preparing the reports on the quality of the waters of California.  The first report was 
published in 1975. 

IV. QUALITY ASSURANCE AND QUALITY CONTROL 
The purpose of the statewide Quality Assurance (QA) Program is to ensure that data generated from environmental 
studies are technically sound, scientifically valid, and legally defensible. 

A federal regulation (EPA order 5360.1) requiring the state to develop and implement a Quality Assurance Program 
Plan (QAPP) was adopted in April 1993. The program mandate is identified in 40 Code of Federal Regulations section 
30.503 (July 01, 1987). 

The State Water Board has appointed a QA Program Manager to direct, coordinate and administer the state QAPP. 
Independently, each Regional Water Board has appointed a QA Officer to administer its Regional responsibilities.  The 
State Water Board and the Regional Water Boards jointly administer the program but the State Water Board has lead 
responsibility for managing the overall program and for reporting to the USEPA.  The duties of the Regional Water 
Board QA Officer include overseeing and implementing QA procedures conducted in the Regional Water Board 
laboratory, interacting with project managers on the required preparation of QA Project Plans, and evaluating 
compliance inspection data on all major dischargers. 

The Regional Water Board Laboratory was started in June 1976.  Its purpose is to perform water and wastewater 
analysis for the monitoring and surveillance, enforcement, and planning programs. In order for the laboratory to 
produce data that can be confidently used by this and other agencies in their programs, a QA Program Plan has been 
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written and is being used by the laboratory. The QA Program Plan is designed to maintain Quality Assurance on the 
samples from the time of collection until the data is reported. This Plan will be reviewed annually and updated if 
necessary. 
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RESOLUTION NO. 20-624-1
A RESOLUTION OF THE SOUTHERN 
CALIFORNIAASSOCIATION OF GOVERNMENTS 
(SCAG) ADOPTING THE 2020-2045 REGIONAL 
TRANSPORTATION PLAN/SUSTAINABLE COMMUNITIES 
STRATEGY (CONNECT SOCAL) PROGRAM 
ENVIRONMENTAL IMPACT REPORT (PEIR) ADDENDUM 
AND APPROVING CONNECT SOCAL IN ITS ENTIRETY

WHEREAS, the Southern California Association 
of Governments (SCAG) is a Joint Powers Agency 
established pursuant to California Government Code 
Section 6502 et seq.;

WHEREAS, SCAG is the designated Metropolitan 
Planning Organization (MPO) for the counties of Los 
Angeles, Riverside, San Bernardino, Ventura, Orange, 
and Imperial, pursuant to Title 23, United States Code 
Section 134(d);

WHEREAS, SCAG is responsible for maintaining 
a continuing, cooperative, and comprehensive 
transportation planning process which involves the 
preparation and update every four years of a Regional 
Transportation Plan (RTP) pursuant to Title 23, United 
States Code Section 134 et seq., Title 49, United 
States Code Section 5303 et seq., and Title 23, Code of 
Federal Regulations Section 450 et seq.;

WHEREAS, SCAG is the multi-county designated 
transportation planning agency under state law, and 
as such is responsible for preparing, adopting and 
updating every four years the RTP and Sustainable 
Communities Strategy (SCS) pursuant to Government 
Code Section 65080 et seq.;

WHEREAS, pursuant to Senate Bill 375 (Steinberg, 
2008) as codified in Government Code Section 
65080(b) et seq., SCAG prepared an SCS as a 
component of the RTP document that demonstrates 
how the region will meet its greenhouse gas (GHG) 
reduction targets as determined by the California Air 
Resources Board (ARB);

WHEREAS, ARB set the per capita GHG emission 
reduction targets from automobiles and light trucks 
for the SCAG region at 8% below 2005 per capita 
emissions levels by 2020 and 19% below 2005 per 
capita emissions levels by 2035;

WHEREAS, pursuant to Government Code Section 
65080(b)(2)(B), the SCS must: (1) identify the general 
location of uses, residential densities, and building 
intensities within the region; (2) identify areas within 
the region sufficient to house all the population of 
the region, including all economic segments of the 
population, over the course of the planning period of 
the  regional  transportation  plan  taking into account 
net migration into the region, population growth, 
household formation and employment growth; (3) 
identify areas within the region sufficient to house 
an eight-year projection of the regional housing 
need for the region pursuant to Government Code 
Section 65584; (4) identify a transportation network 
to service the transportation needs of the region; 
(5) gather and consider the best practically available 
scientific information regarding resource areas and 
farmland in the region as defined in subdivisions 
(a) and (b) of Section 65080.01; and (6) consider 
the state housing goals specified in Sections 65580 
and 65581, (7) set forth a forecasted development 
pattern for the region, which, when integrated with 
the transportation network, and other transportation 
measures and policies, will reduce the GHG emissions 
from automobiles and light trucks to achieve the GHG 
reduction targets approved by the state board, and 
(8) allow the RTP to comply with air quality conformity 
requirements under the federal Clean Air Act;

WHEREAS, through the continuing, comprehensive 
and coordinated transportation planning process 
in conformance with all applicable federal and state 
requirement, SCAG developed and prepared the 
2020-2045 Regional Transportation Plan/Sustainable 
Communities Strategy (“RTP/SCS,” “Connect SoCal” 
or “Plan”);

WHEREAS, Connect SoCal sets forth the long-
range regional plan, policies and strategies for 
transportation improvements and regional growth 
throughout the SCAG region through the horizon 
year of 2045;

WHEREAS, Connect SoCal includes a regional growth 
forecast that was developed by working with local 
jurisdictions using the most recent land use plans and 
policies and planning assumptions; 

WHEREAS, Connect SoCal includes a financial plan 
identifying the revenues committed, available or 
reasonably available to support the SCAG region’s 
surface transportation investments. The financial 
plan was developed following basic principles 
including incorporation of county and local financial 
planning documents in the region where available, 
and utilization of published data sources to evaluate 
historical trends and augment local forecasts 
as needed;

WHEREAS, Connect SoCal includes a financially 
constrained plan and a strategic plan. The constrained 
plan includes transportation projects that have 
committed, available or reasonably available revenue 
sources, and thus are probable for implementation. 
The strategic plan is an illustrative list of additional 
transportation investments that the region would 
pursue if additional funding and regional commitment 
were secured; and such investments are potential 
candidates for inclusion in the constrained RTP/SCS 
through future amendments or updates. The strategic 
plan is provided for information purposes only and is 
not part of the financially constrained and conforming 
Connect SoCal;

WHEREAS, Connect SoCal includes a sustainable 
communities strategy which sets forth a forecasted 
development pattern for the region, which, when 
integrated with the transportation network, and 
other transportations measures and policies, if 
implemented, will reduce the GHG emissions from 
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automobiles and light trucks to achieve the regional 
GHG targets set by ARB for the SCAG region;

WHEREAS, Connect SoCal must comply with all 
applicable provisions of federal and state law including 
but not limited to:

(1) The Moving Ahead for Progress in the 21st Century 
Act (MAP-21, PL 112-141) and the metropolitan 
planning regulations at Title 23, United States 
Code Section 134 et seq., as was amended by the 
Fixing America’s Surface Transportation Act (P.L. I 
14-94, December 4, 2015); 

(2) The metropolitan planning regulations at 23 C.F.R. 
Part 450, Subpart C; 

(3) California Government Code Section 65080 et seq.; 
Public Utilities Code Section 130058 and 130059; 
and Public Utilities Code Section 44243.5; 

(4) Sections 174 and 176(c) and (d) of the federal Clean 
Air Act [(42 U.S.C. §§7504 and 7506(c) and (d)] 
and U.S. Environmental Protection Agency (EPA) 
transportation conformity regulations, 40 C.F.R. 
Parts 51 and 93; 

(5) Title VI of the 1964 Civil Rights Act and the Title VI 
assurance executed by the State pursuant to Title 
23, United States Code Section 324; 

(6) The Department of Transportation’s Final 
Environmental Justice Strategy (60 Fed. Reg. 
33896; June 29, 1995) enacted pursuant to 
Executive Order 12898, which seeks to avoid 
disproportionately high and adverse impacts on 
minority and low-income populations with respect 
to human health and the environment;

(7) Title II of the 1990 Americans with Disabilities Act 
(42 U.S.C. §§ 12101 et seq.) and its accompanying 
regulations (49 C.F.R. §§ 27, 37, and 38); and 

(8) SB 375 (Steinberg, 2008) as codified in California 
Government Code §65080(b) et seq.;

WHEREAS, pursuant to the California Environmental 
Quality Act (CEQA) (Cal. Pub. Res. § 21000 et seq.) and 
CEQA Guidelines (Cal. Code Regs., Tit. 14, §15000 et 
seq.), SCAG, as the Lead Agency, prepared the Final 

Program Environmental Impact Report (PEIR) for 
Connect SoCal; 

WHEREAS, SCAG has also prepared and adopted 
a Mitigation Monitoring and Reporting Program in 
compliance with Public Resources Code §21081.6 and 
CEQA Guidelines §15097;

WHEREAS, in non-attainment and maintenance areas 
for transportation-related criteria pollutants, the 
MPO, as well as the Federal Highways Administration 
(FHWA) and Federal Transit Administration (FTA), must 
make a transportation conformity determination on 
any updated or amended RTP in accordance with 
the federal Clean Air Act to ensure that federally 
supported highway and transit project activities 
conform to the purpose of the State Implementation 
Plan (SIP);

WHEREAS, transportation conformity is based upon 
a positive conformity finding with respect to the 
following tests: (1) regional emissions analysis, (2) 
timely implementation of Transportation Control 
Measures, (3) financial constraint, and (4) interagency 
consultation and public involvement;

WHEREAS, pursuant to Government Code §65080(b)
(2)(F) and federal public participation requirements, 
including 23 C.F.R. §450.316(b)(l)(iv), SCAG must 
prepare the RTP/SCS by providing adequate public 
notice of public involvement activities and time for 
public review. On September 6, 2018, SCAG approved 
and adopted a Public Participation Plan, to serve as a 
guide for SCAG’s public involvement process, including 
the public involvement process to be used for the 
Connect SoCal, and included an enhanced outreach 
program that incorporates the public participation 
requirements of SB 375 and adds strategies to better 
serve the underrepresented segments of the region;

WHEREAS, pursuant to Government Code §65080(b)
(2)(F)(iii), during the summer 2019, SCAG held a series 
of RTP/SCS public workshops throughout the region, 
including residents, elected officials, representatives 
of public agencies, community organizations, and 
environmental, housing and business stakeholders;

WHEREAS, in accordance with the interagency 
consultation requirements, 40 C.F.R. §93.105, SCAG 
consulted with the respective transportation and 

air quality planning agencies, including but not 
limited to, extensive discussion of the Draft Connect 
SoCal Transportation Conformity Technical Report 
before the Transportation Conformity Working 
Group (a forum for implementing the interagency 
consultation requirements) throughout the  RTP/SCS 
update process;

WHEREAS, the Transportation Conformity Technical 
Report contained in Connect SoCal makes a positive 
transportation conformity determination. Using 
the final motor vehicle emission budgets submitted 
by ARB and approved or found to be adequate by 
EPA, this conformity determination is based upon 
staff’s analysis of the applicable transportation 
conformity tests;

WHEREAS, SCAG released the Draft Connect SoCal 
and the associated Draft Amendment No. 19-12 to the 
2019 FTIP for a 60-day public review and comment 
period that began on November 14, 2019 and ended 
on January 24, 2020;

WHEREAS, SCAG followed the provisions of its 
adopted Public Participation Plan regarding public 
involvement activities for the Draft Connect SoCal 
and Draft PEIR. Public outreach efforts included 
publication of the Draft Connect SoCal and Draft PEIR 
on SCAG’s website, distribution of public information 
materials, held three (3) duly-noticed public hearings 
(public hearings were video-conferenced to 5 regional 
offices in different counties), and 21 elected official 
briefings within the SCAG region to allow stakeholders, 
elected officials and the public to comment on the 
Draft Connect SoCal and the Draft PEIR;

WHEREAS, during the public review and comment 
period, SCAG received 107 verbal and written 
comment submissions on the Draft Connect SoCal;

WHEREAS, SCAG staff presented an overview of the 
comments received on the Draft Connect SoCal and 
Draft PEIR, and a proposed approach to the responses, 
to the Policy Committees and Regional Council on 
March 5, 2020;

WHEREAS, comment letters on the Draft Connect 
SoCal as well as staff responses were posted on the 
SCAG website on March 27, 2020, and included as part 
of the Final Connect SoCal, Public Participation and 
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Consultation Technical Report, Appendix 2-4. SCAG 
also notified all commenters of the availability of the 
comments and responses;

WHEREAS, on May 7, 2020, SCAG’s three Policy 
Committees met and each recommended that the 
Regional Council approve Resolution No. 20-621-1 
to certify the proposed Final PEIR and approve the 
proposed Final Connect SoCal for purposes of federal 
transportation conformity only;

WHEREAS, the Regional Council  had the opportunity 
to review and consider the proposed Final Connect 
SoCal and its related technical reports in its entirety as 
well as the staff report related to the proposed Final 
Connect SoCal, as part of a public meeting held on 
May 7, 2020;

WHEREAS, on or about May 7, 2020, the Regional 
Council adopted Resolution No. 20-621-1 wherein it 
certified the Final PEIR and approved Connect SoCal 
for federal transportation conformity purposes only, 
and postponed for up to 120 days approval of Connect 
SoCal in its entirety and for all other purposes;

WHEREAS, on May 14, 2020, SCAG staff submitted 
Connect SoCal and 2019 FTIP Amendment No. 19-12 
to FHWA and FTA for a final transportation conformity 
determination in accordance with the Federal Clean 
Air Act and EPA transportation conformity regulations, 
40 C.F.R. Parts 51 and 93;

WHEREAS, on June 5, 2020, FHWA and FTA jointly 
determined that transportation conformity 
requirements have been met for Connect SoCal and 
2019 FTIP Amendment No. 19-12; 

WHEREAS, staff engaged with a diverse array of 
stakeholders to consider the impacts of COVID-19 on 
Connect SoCal;

WHEREAS, staff worked with local jurisdictions to 
restore entitlements and their phasing as conveyed 
by jurisdictions, and conducted technical analysis to 
quantify all differences within the SCS and locally-
approved General Plans and quantify the increase 
(or decrease) in housing, jobs or population between 
Connect SoCal and each local General Plan; 

WHEREAS, on July 2, 2020, staff presented to each of 
the three Policy Committees and the Regional Council, 
a progress report describing modifications to the SCS 
and associated modeling and analysis;

WHEREAS, SCAG has prepared an Addendum to 
the Connect SoCal PEIR (Addendum) to evaluate the 
technical refinements for Connect SoCal and address 
two comment letters from the Center of Biological 
Diversity (CBD) received on May 1, 2020 and May 6, 
2020, wherein CBD requested expanded background 
information related to environmental setting, 
environmental impacts, and consideration of other 
mitigation measures;

WHEREAS, while SCAG is not obligated to respond to 
late comments (as the public review period occurred 
from December 9, 2019 to January 24, 2020), in the 
interest of providing as much information to the public 
as possible, SCAG has addressed CBD’s comments and 
incorporated additional information; 

WHEREAS, pursuant to CEQA Guidelines Section 
15164(a), an Addendum may be prepared by the 
Lead Agency that prepared the original EIR if some 
changes or additions are necessary, but none of 
the conditions have occurred set forth under CEQA 
Guidelines Section 15162 requiring preparation of a 
Subsequent EIR;

WHEREAS, the Addendum reflects SCAG’s clarification 
and addition of information requested by CBD and 
analysis of the technical refinements and concludes 
that the PEIR is sufficient for addressing the potential 
environmental impacts and mitigation measures 
for the Plan;

WHEREAS, based on CBD’s comment letters, SCAG has 
refined the mitigation measures and has prepared 
a Revised Mitigation Monitoring and Reporting 
Program (MMRP);

WHEREAS, SCAG has prepared an Errata to the Final 
Connect SoCal PEIR and to the adopted Findings as 
the previously adopted Final PEIR incorrectly identified 
Growth Forecast Guiding Principles as Plan Principles;

WHEREAS, pursuant to SB 375, Connect SoCal includes 
the SCS which is required to meet GHG reduction 

targets from automobiles and light trucks for 2020 and 
2035 as set by ARB;  

WHEREAS, the SCS must identify areas within the 
region sufficient to house an eight-year projection of 
the regional housing need for the region pursuant to 
Section 65080(b)(2)(B)(iii);

WHEREAS, the Regional Housing Needs Assessment 
(RHNA) is mandated by state housing law as part 
of the periodic process of updating local housing 
elements contained in General Plans. The RHNA 
quantifies the need for housing by income categories 
within each jurisdiction over a specified eight-year 
period and requires that local jurisdictions make 
available sufficient zoned capacity to accommodate 
this need; 

WHEREAS, the state Legislature intended that housing 
planning be coordinated and integrated with the 
regional transportation plan and SCS. To achieve 
this goal, the RHNA allocation plan shall allocate 
housing units within the region consistent with the 
development pattern included in the SCS (Govt. Code § 
65584.04(m));   

WHEREAS, as a result of stakeholder outreach, SCAG 
staff received requests   to clarify the limits of SCAG’s 
authority with respect to the TAZ-level growth forecast 
data used for Connect SoCal regional modeling 
purposes, and the relationship of such data with local 
jurisdictions’ implementation of their respective RHNA 
housing allocations; and

WHEREAS, all legal prerequisites to the adoption of 
this Resolution have occurred. 

NOW THEREFORE, BE IT RESOLVED, the Regional 
Council hereby adopts the Addendum to the Connect 
SoCal PEIR and approves Connect SoCal in its entirety. 

BE IT FURTHER RESOLVED by the Regional 
Council that:

1. The Addendum to the Connect SoCal PEIR has 
been completed in compliance with CEQA.

2. Based on substantial evidence provided in the 
Addendum, the Final PEIR and other materials in 
the record, SCAG determines that the impacts of 
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the Plan fall within the analyses in the Final PEIR 
as the Plan has no new significant environmental 
impacts; no substantial increase in the severity 
of previously identified significant effects; no 
mitigation measures or alternatives previously 
found infeasible are now feasible; and no 
mitigation measures or alternatives which are 
considerably different from those in the Final PEIR 
that would substantially reduce significant effects 
are declined to be adopted. Thus, a subsequent or 
supplemental EIR is not required.

3. Some changes or additions are necessary to the 
PEIR, making an Addendum the appropriate CEQA 
document for Connect SoCal refinements (CEQA 
Guidelines 15164).

4. Pursuant to Public Resources Code section 
21081.6, the Regional Council hereby adopts the 
Revised Mitigation and Monitoring and Reporting 
Program (MMRP) attached to this Resolution as 
Exhibit A and the Errata to the Findings of Fact, 
attached to this Resolution as Exhibit B. 

5. In consideration of the certified Connect SoCal 
PEIR and the Addendum to the PEIR, the Regional 
Council hereby approves Connect SoCal and finds 
as follows:

a. Connect SoCal complies with all applicable 
federal and state requirements, including the 
metropolitan planning provisions as identified 
in the Code of Federal Regulations Title 23 
Part 450 and Title 49, Part 613, and other 
state planning requirements as identified in 
California Government Code Section 65080.  
Specifically, Connect SoCal fully addresses the 
requirements relating to the development 
and content of metropolitan transportation 
plans as set forth in 23 C.F.R.§450.322 et seq., 
including issues relating to: identification of 
transportation facilities that function as an 
integrated metropolitan transportation system; 
operational and management strategies; 
safety and security; performance measures; 
environmental mitigation; the need for a 
financially constrained plan; consultation 
and public participation; and transportation 
conformity;

b. The SCS prepared as part of Connect SoCal 
complies with the emission reduction 
targets established by ARB and meets the 
requirements of  SB  375  (Steinberg,  2008)  
as  codified  in Government Code §65080(b) et 
seq. by achieving GHG emission reductions at 
8% below 2005 per capita emissions levels by 
2020 and 19% below 2005 per capita emissions 
levels by 2035;

c. Connect SoCal’s preferred land use scenario 
and corresponding forecast of population, 
household and employment growth is 
adopted at the jurisdictional level, and any 
corresponding sub-jurisdictional level data and/
or maps are advisory only.

6. The Regional Council hereby directs staff to submit 
the SCS to ARB to review SCAG’s determination 
that the SCS meets the regional GHG emission 
reduction targets;

7. The Regional Council hereby clarifies the limits 
of SCAG’s authority with respect to the use of 
TAZ-level data and the relationship between 
the Connect SoCal growth forecast and local 
jurisdictions’ implementation of their respective 
RHNA allocations as follows:

a. Pursuant to state planning law (SB 375), 
SCAG’s 2020-2045 Regional Transportation 
Plan/Sustainable Communities Strategy (RTP/
SCS), known as “Connect SoCal,” is required 
to meet greenhouse gas emissions (GHG) 
reduction targets from automobiles and 
light trucks for 2020 and 2035 as set by the 
California Air Resources Board (CARB).  With 
regard to implementation of the sustainable 
communities strategy (SCS), SB 375 specifically 
provides that nothing in the SCS shall be 
interpreted as superseding the exercise of 
the land use authority of cities and counties 
within the region. Further, SB 375 may not 
be interpreted to authorize the abrogation of 
any vested right whether created by statute or 
by common law, and may not require a city’s 
or county’s land use policies and regulations, 
including its general plan, to be consistent with 
such plan.  (Cal. Govt. Code § 65080(b)(2)(K)).

b. The Regional Housing Needs Assessment 
(RHNA) is mandated by state housing law as 
part of the periodic process of updating local 
housing elements contained in General Plans. 
The RHNA quantifies the need for housing by 
income categories within each jurisdiction over 
a specified eight-year period and requires that 
local jurisdictions make available sufficient 
zoned capacity to accommodate this need.  

c. SCAG’s legislative platform reflects its support 
of consistency within state law regarding the 
sometimes competing demands contained 
within SB 375 and the RHNA1.

d. The limits of SCAG’s authority are reflected 
in the following Growth Forecast Guiding 
Principles contained in Connect SoCal, which 
are hereby clarified as follows (additions are 
in italics):

 i. Connect SoCal will be adopted at the 
jurisdictional-level, and directly reflects the 
population, household and employment 
growth projections that have been reviewed 
and refined with feedback from local 
jurisdictions through SCAG’s Bottom-Up 
Local Input and Envisioning Process. The 
growth forecast maintains these locally 
informed projected jurisdictional growth 
totals, meaning future growth is not 
reallocated from one local jurisdiction 
to another.

ii. Connect SoCal’s growth forecast at the 
Transportation Analysis Zone (TAZ) level 
is controlled to not exceed the maximum 
density of local general plans as conveyed by 
jurisdictions, except in the case of existing 
entitlements and development agreements. 
TAZ-level growth projections are utilized by 
SCAG for regional modeling purposes and 
are not adopted as part of Connect SoCal 
nor included as part of the Forecasted 

1 See SCAG 2020 Legislative Platform at: http://www.scag.ca.gov/
programs/Documents/LegislativePriorities/SCAG-2020-legislative-
platform-STATE.pdf
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Regional Development Pattern. The 
Forecasted Regional Development Pattern 
for Connect SoCal reflects the policies and 
strategies of the Plan and includes existing 
entitlements and development agreements 
conveyed by jurisdictions, as depicted in the 
Connect SoCal Sustainable Communities 
Technical Report.  

iii. For the purpose of determining consistency 
with Connect SoCal for California 
Environmental Quality Act (CEQA), grants or 
other opportunities, lead agencies such as 
local jurisdictions have the sole discretion 
in determining a local project’s consistency; 
SCAG may also evaluate consistency for 
grants and other resource opportunities; 
consistency should be evaluated utilizing the 
goals and policies of Connect SoCal and its 
associated Program Environmental Impact 
Report (PEIR). However, TAZ-level growth 
projections for households, employment 
or population reflected in TAZ Maps may 
not be utilized to determine consistency or 
inconsistency with Connect SoCal2. 

iv. TAZ-level data or any data at a geography 
smaller than the jurisdictional-level has 
been utilized to conduct required modeling 
analyses and is therefore advisory only and 
non-binding, given that sub-jurisdictional 
forecasts are not adopted as part of 
Connect SoCal. TAZ-level data may be used 
by jurisdictions in local planning as they 
deem appropriate, and Connect SoCal does 
not supersede or otherwise affect local 
jurisdiction authority or decisions on future 
development, including entitlements and 
development agreements.   There is no 

2 “TAZ-level growth projections” refer to the disaggregation of the 
regional and jurisdictional population, household, employment growth 
forecasts developed as part of the final, adopted Connect SoCal, and 
is in contrast to other TAZ-level data such as locally envisioned growth 
projections (i.e., “local input”) or the 2016 base-year TAZ-level data 
developed by SCAG.  “TAZ Maps” refer to visualizations in a map format 
of the TAZ-level growth projections within a TAZ boundary, which 
may be created by SCAG, and such maps are not developed, included, 
contained, approved or adopted as part of Connect SoCal.

obligation by a jurisdiction to change its land 
use policies, General Plan, or regulations to 
be consistent with Connect SoCal. 

v. SCAG will maintain communication with 
agencies that use SCAG’s subjurisdictional-
level data to ensure that the “advisory 
and nonbinding” nature of the data is 
appropriately maintained.

e. TAZ-level growth forecast projections are 
used by SCAG staff for overall, regional-scale 
planning and modeling purposes in preparing 
Connect SoCal and to confirm data related 
to existing entitlements and development 
agreements. Given the scale at which their use 
is meaningful, these TAZ-level growth forecasts 
do not create any prescriptive or recommended 
cap or limit on the intra-jurisdictional locations 
of household/housing, employment or 
population within the boundaries of individual 
jurisdictions.  SCAG is a regional planning 
organization and does not possess any land use 
authority, nor does it have enough information 
at the local level to constrain or otherwise 
affect individual projects and plans at an intra-
jurisdictional scale. 

f. The SCS was developed to comply with state 
greenhouse gas reduction requirements 
pursuant to SB 375, and is intended to serve 
as an advisory and elective planning vision 
for consideration by other stakeholders and 
implementing agencies, and local control of 
land use decision-making is not intended 
to be constrained or limited in any way by 
Connect SoCal. 

g. In the event a project or plan located within 
a given TAZ boundary would exceed the 
projected growth as depicted within a TAZ Map 
utilized for overall, regional-scale modeling and 
forecasting, SCAG affirms that such TAZ Maps 
would not present a prescription, constraint or 
limit on household/housing, employment and 
population growth.  

h. SCAG confirms that the Connect SoCal TAZ-level 
growth projections reflected in TAZ Maps do 
not constitute a prescriptive “pattern” of future 

development in Connect SoCal for General 
Plan or zoning code amendments (including 
intra-jurisdictional RHNA compliance and 
housing element updates), or for any individual 
project approval. The distribution and types of 
RHNA housing units allocated within each local 
jurisdiction continues to be fully and completely 
subject to local control and subject to other 
applicable laws, and not be constrained or 
affected by the TAZ-level growth projections.   

i. SCAG recognizes that cities and counties will 
foreseeably update their housing elements 
as part of General Plans and amend zoning 
designations to accommodate the state-
mandated RHNA sixth cycle allocation.  For 
many cities and counties, the required RHNA 
General Plan and zoning changes may need 
to accommodate more housing units than 
reflected in the Connect SoCal’s household and 
population growth projections for individual 
or combined TAZs within the jurisdiction 
(“Exceedances”). Given SCAG’s use of TAZ-level 
growth projections for regional planning and 
modeling purposes, and the local jurisdictions’ 
obligations to comply with state housing laws 
including RHNA, SCAG agrees that in the event 
of any Exceedances at the jurisdictional and/
or intra-jurisdictional levels, such Exceedances 
may not be used to impede a local jurisdiction’s 
compliance with the sixth cycle RHNA 
requirements, to assess impacts of a plan or 
project under CEQA, or affect eligibility for 
state funding.

j. Nothing in this Resolution creates any 
affirmative enforcement obligation by SCAG 
against any third party;

8. That the foregoing recitals are true and correct and 
incorporated herein by this reference; and 

9. SCAG’s Executive Director or his designee is 
authorized to make minor modifications, finalize 
and transmit the final Connect SoCal in its entirety, 
including but not limited to submittal to ARB.
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PASSED, APPROVED AND ADOPTED by the Regional 
Council of the Southern California Association of 
Governments at its regular meeting this 3rd day of 
September 2020.

Rex Richardson 
President, SCAG 
Council Member, City of Long Beach

Attested by:

Kome Ajise 
Executive Director

Justine Block 
Acting Chief Counsel

Approved as to Form:
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Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy
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OUR PLAN
As the largest metropolitan planning organization in the country, the Southern 
California Association of Governments (SCAG) has worked collaboratively 
with transportation agencies across Southern California for the last fifty 
years to align and better connect transportation investments across the 
six-county region through the adoption of Regional Transportation Plans. 
The enactment of SB 375 in 2009 introduced a requirement to reduce 
greenhouse gas emissions, essentially codifying the integrated transportation 
and land use planning that our region had already initiated with the 2008 
Regional Transportation Plan. Through our continuing efforts to better align 
transportation investments and land use decisions, we strive to improve 
mobility and reduce greenhouse gases not just by building new and bigger 
infrastructure, but also by bringing housing and jobs closer together, making 
commutes shorter and making it easier to get around without a car. 

Guided by the leadership of the Regional Council, in 2012 SCAG adopted the 
region’s first Regional Transportation Plan/Sustainable Communities Strategy 
(RTP/SCS)—a plan we now call Connect SoCal. As might be expected, the 
vision for that plan was big: we would build more than 20 miles of light rail, 
creating a rail backbone to serve the entire region; we would accommodate 
51 percent of all future housing near major transit stations and corridors; we 
would replace gas taxes with mileage-based user fees to ensure a long-term 
sustainable funding mechanism that isn’t eroded by rising fuel efficiency and 
construction costs. 

By many metrics, we’ve succeeded in meeting these ambitious objectives, 
advancing the Core Vision of our plan. Between 2009 and today, our region has 
constructed 61 miles of rail, a number that will continue to grow as projects 
embraced through voter-approved initiatives come to fruition. We collaborated 
with the state to implement California’s Active Transportation Program, bringing 
nearly $500 million to local agencies to complete critical mobility and safety 
projects. Our persistence in advocating for increased transportation revenue 
was rewarded with passage of Senate Bill 1, a funding bill that generates 
$52 billion statewide over the next 10 years to maintain and preserve our 
transportation infrastructure.

However, despite our progress, we only narrowly achieve our 2020 target 
for greenhouse gas emission reductions, the core metric by which our 

OUR REGION
Southern California is a region shaped by big dreams and big ideas. With an 
economy that continues to grow and thrive on the aspirations, courage and 
hard work of almost 19 million people, we are a region that retains and attracts 
people in search of opportunity and freedom. Our population is greater 
than all but four states. We are the 15th biggest economy in the world. Our 
geography spans more than 38,000 square miles, making us as large as the 
entire state of Indiana. The size and diversity of our region across a wide range 
of measures is extraordinary. 

It is no surprise then that the infrastructure underlying the successful 
development of our region is huge. Our regional roadway network spans over 
135,000 lane miles1 — laid end-to-end, that is enough to circle the globe more 
than five times. We are home to the two largest container ports in the Western 
Hemisphere, the world’s fourth busiest airport, and soon the world’s longest 
light rail transit line, with the completion of the Regional Connector, which 
will connect transit lines from the Los Angeles Civic Center to the Financial 
District. Achieving this level of development has been a feat of engineering 
and ingenuity: tunneling under cities and across earthquake faults, scaling 
mountains and bridging rivers and canyons.

Our urban form also reflects extraordinary vision and leadership: the big 
ideas and persistence of community members seeking healthy and safe 
neighborhoods; civic leaders who through collaboration and compromise found 
a way to move initiatives forward; voters bold enough to tax themselves so that 
county transportation commissions—the region’s implementing agencies—can 
fund and build critical transportation infrastructure projects. These collective 
efforts keep the region moving in an environmentally sustainable, economically 
efficient and socially equitable manner.

1 Caltrans Highway Performance Monitoring System (HPMS) Data (2017)
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WHY WE CALL IT 
CONNECT SOCAL

Connect SoCal charts a path toward 
a more mobile, sustainable and 
prosperous region by making 

connections between transportation 
networks, between planning strategies 

and between the people whose 
collaboration can improve the quality of 

life for Southern Californians

region’s sustainability is judged. Transit ridership is falling, despite billions 
of dollars in investment and increased development in station areas. Deaths 
from traffic collisions are rising. Housing costs are increasing, along with 
homelessness. We must do better. 

OUR VISION
Connect SoCal was developed through a four-year planning process involving 
rigorous technical analysis, extensive stakeholder engagement and robust 
policy discussions with local elected leaders, who make up SCAG’s policy 
committees and Regional Council. SCAG’s leadership explored the challenges 
and barriers to the transformative change our region needs to address 
demographic and economic shifts, including an increasingly aging and 
economically inequitable society. Our analysis considered both the physical 
constraints and economic barriers of continuing to grow rapidly on the fringes 
of the region. Our policy committees reviewed and discussed emerging 
technologies and transportation innovations aimed at relieving congestion, 
while reducing emissions. 

Through this extensive planning process, we discovered not just one 
technological advancement or signature transportation project to advance 
our goals and vision, but many. Reflecting the size and diversity of our region, 
Connect SoCal continues to aim toward transformative change by providing a 
clear vision for collective action. For example, the region has already committed 
significant resources to improve and expand the transit system. However, the 
solutions to transit ridership decline are not limited to what transit agencies can 
do. Rather, the solutions involve collective action regarding how we prioritize 
the use of streets and curb space, for people not cars; how our land use plans 
encourage more housing and jobs closer to each other and to transit; how we 
use technology to improve safety and provide meaningful choices to travelers; 
and how we price and manage use of the automobile. 

We know that small changes can have a great impact. Taking the step of 
reforming how local jurisdictions permit accessory dwelling units, 2016’s Senate 
Bill 1069 resulted in a dramatic statewide increase in construction permits for 
those units. Similarly, our 2018 transit ridership study with the University of 
California Los Angeles Institute of Transportation Studies found that if one out 
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of every four people (who rarely ride transit) took transit just twice a month, 
it would more than make up for the region’s lost ridership. It has also been 
proven that every dollar spent on early preventive maintenance can save five 
to 10 times as much on pavement rehabilitation or replacement costs for our 
vast roadway network. 

The transformative change we seek does not require a radical shift in course. 
Our critical mission is to complete the Core Vision of our decades-long planning 
efforts and continue to build on past plans and successes. We must enhance 
and build out the transit network as the backbone of a mobility system that 
allows people to move freely without the personal, social and environmental 
cost of a car. We have to create complete streets across our communities such 
that people are prioritized over vehicles. And we must maintain the system we 
have and expand where necessary to ensure useful life and efficiency. We will 
adopt policies to encourage emerging technologies and mobility innovations 
that support rather than hamper regional goals. We will locate housing, jobs 
and transit closer together in priority growth areas while preserving natural 
lands and open spaces. 

To complete the “last mile” towards our sustainability goals, Connect SoCal 
builds upon this Core Vision for Southern California with regional initiatives, 
or Key Connections, that link the built environment and transportation system 
with policies, projects and programs that strengthen and enhance each other 
beyond what each would accomplish in isolation. For example, we will foster 
housing construction in transit rich areas by deregulating parking, promoting 
housing supportive infrastructure, and supporting innovative self-help financing 
districts. We will encourage regional coordination to incentivize shared mobility, 
as mobility services and new technologies gain mode share. We will ensure the 
safe and fluid movement of goods while committing to the broad deployment 
of zero- and near-zero emission technologies.

Altogether, the multimodal transportation projects and strategies included 
in Connect SoCal represent an investment of over $638 billion over the 
next 25 years. In addition to meeting our greenhouse gas reduction target, 
Connect SoCal will deliver significant benefits to the region with respect to 
mobility, safety, health outcomes, travel time reliability, air quality, economic 
productivity, environmental justice, and transportation asset condition. 
Technology will be integral to the solutions we need. The way we work, shop 
and travel has been transformed by a device that fits in our pockets. These 

CORE VISION
Connect SoCal builds upon and expands 
land use and transportation strategies 

established over several planning cycles 
to increase mobility options and achieve 

a more sustainable growth pattern

KEY CONNECTIONS
To augment the Core Vision of the 
plan, Connect SoCal includes new 

initiatives at the intersection of land 
use, tranportation and technology 

to close the gap and reach our 
greenhouse gas reduction goals
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Connect SoCal 
Plan Summary

innovations point to the tremendous opportunity to shift travel behaviors 
through small changes: the potential to unlock the promise of our big 
sustainability vision with investments in access, connectivity and technology.

LET’S CONNECT SOCAL TOGETHER 
The following pages of Connect SoCal provide further detail on the challenges 
facing our region, our shared goals and transportation and land use strategies, 
and how we intend to realize them. It is a compass, not a roadmap. It is a vision, 
not a guarantee. As has always been the case, the big dreams and big ideas that 
have shaped the landscape of Southern California will only be realized through 
hard work and collaboration. Let’s Connect SoCal together!

CORE  
VISION

Connect SoCal builds upon and expands land use and 
transportation strategies established over several 
planning cycles to increase mobility options and achieve 
a more sustainable growth pattern. Progress and next 
steps to advance the Core Vision can be found throughout 
Chapter 3

KEY 
CONNECTIONS

To augment the Core Vision of the plan, Connect SoCal 
includes new initiatives at the intersection of land 
use, tranportation and technology to close the gap 
and reach our greenhouse gas reduction goals. Key 
Connections can be found in Chapter 3

FUNDING $638.9 Billion

2035 GHG 19% Reduction Relative to 2005 Per Capita

ECONOMIC 
IMPACT

 • 168,400 New Jobs Supported by Transportation 
Investments

 • 264,500 New Jobs Supported by Improved 
Competitiveness

 • $346 Million Saved Per Year in Healthcare Spending 
 • $180 Million Saved Per Year on Air Pollution-Related 

Health Incidences 
 • $1.00 Investment = $2.06 Benefit

PLAN BENEFITS 25.7% Decrease in time spent in traffic delay per capita
5.0% Decrease in daily miles driven per capita
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Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy
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LAWS THAT GUIDE THE PLAN
Key laws and requirements that drive Connect SoCal include: 

 z Developing a Regional Transportation Plan (RTP) - SCAG is 
required by federal law to prepare and update a long-range RTP (23 
U.S.C. §134 et seq.). The RTP must include, among other things: the 
identification of transportation facilities such as major roadways, 
transit, intermodal facilities and connectors that function as an 
integrated metropolitan system over at least a 20 year forecast period; 
a financial plan demonstrating how the RTP can be implemented with 
“reasonably available” resources and additional financial approaches; 
strategies to improve existing facilities and relieve vehicular congestion 
and maximize the safety and mobility of people and goods; and 
environmental mitigation activities. (23 U.S.C. §134 (i)(2)).

 z Keeping up with Clean Air Act Requirements - With respect to air 
quality, most areas within the SCAG region have been designated as 
nonattainment or maintenance areas for one or more transportation-
related criteria pollutants. Pursuant to the federal Clean Air Act, 
SCAG’s 2020 RTP/SCS is required to meet all federal transportation 
conformity requirements, including regional emissions analysis, 
financial constraint, timely implementation of transportation control 
measures, and interagency consultation and public involvement (42 
U.S.C. §7401 et seq.).

 z Monitoring System Performance - With the passage of the ‘Moving 
Ahead for Progress in the 21st Century’ (MAP-21) federal transportation 
authorization legislation in 2012, transportation system performance 
planning and monitoring also became a federal mandate. This 
commitment to a national performance management and reporting 
system was further solidified with the passage of the subsequent 
federal transportation authorization package (the ‘FAST Act’) in 2015. 
SCAG has been a pioneer in the development and use of performance 
metrics to evaluate progress toward achieving regional goals before 
MAP-21/FAST Act became law, a practice that has only gained 
momentum in recent years. Starting with the 1998 RTP, SCAG has been 
using quantitative performance measures to evaluate how well the RTP 
may achieve the regional goals established in the plan.

WHAT IS CONNECT SOCAL? 
As a metropolitan planning organization – the largest in the nation – SCAG is 
responsible for developing long-range transportation plans and a sustainability 
strategy for a vast and varied region. The centerpiece of that planning work 
is Connect SoCal, our 2020-2045 Regional Transportation Plan/Sustainable 
Communities Strategy (RTP/SCS). The plan charts a path toward a more mobile, 
sustainable and prosperous region by making key connections: between 
transportation networks, between planning strategies and between the people 
whose collaboration can make plans a reality.

SCAG is just one part of a large body of governments and public organizations 
that collectively plan, construct, operate and maintain the region’s 
transportation system. SCAG’s work helps facilitate implementation, but the 
agency does not directly implement or construct projects. The policies and 
strategies laid out in Connect SoCal materialize only in collaboration with local, 
county, state, federal and private partners.

Connect SoCal embodies a collective vision for the region’s future, through 
the horizon year of 2045. It is developed with input from a wide range of 
constituents and stakeholders within the Counties of Imperial, Los Angeles, 
Orange, Riverside, San Bernardino and Ventura, including public agencies, 
community organizations, elected officials, tribal governments, the business 
community and the general public. 

Connect SoCal is an important planning document for the region, allowing 
public agencies who implement transportation projects to do so in a 
coordinated manner, while qualifying for federal and state funding. The plan 
includes robust financial analysis that considers operations and maintenance 
costs to ensure our existing transportation system’s reliability, longevity, 
resilience and cost effectiveness. In addition, Connect SoCal is supported by 
a combination of transportation and land use strategies that outline how the 
region can achieve California’s greenhouse gas emission reduction goals and 
federal Clean Air Act requirements. The plan also strives to achieve broader 
regional objectives, such as the preservation of natural lands, improvement of 
public health, increased roadway safety, support for the region’s vital goods 
movement industries and more efficient use of resources. 
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Connect SoCal 
Goals

 z Developing a Sustainable Communities Strategy - California 
State law also imposes additional requirements. For example, state 
law specifies that, “The plan shall be action-oriented and pragmatic, 
considering both the short-term and long-term future” (Government 
Code §65080(a)). California Senate Bill 375, codified in 2008 in 
Government Code §65080 (b)(2)(B), also requires that the RTP include 
a sustainable communities strategy or “SCS”, which outlines growth 
strategies for land use and transportation and help reduce the state’s 
greenhouse gas emissions from cars and light duty trucks.

 z Hitting Specific Targets for Greenhouse Gas Reduction - For 
the SCAG region, the California Air Resources Board (ARB) has set 
greenhouse gas reduction targets at eight percent below 2005 per 
capita emissions levels by 2020, and 19 percent below 2005 per capita 
emissions levels by 2035. As we will be discussed further in Chapter 3, 
the plan lays out a strategy for the region to meet these targets.

SCAG is committed to not only meeting its statutory requirements but also 
ensuring that Connect SoCal, as with the agency’s prior RTPs, remains a 
living document that is rooted in strong analysis and evolves as the region’s 
demographics, priorities and economy change.

GOALS & GUIDING PRINCIPLES
The goals of Connect SoCal fall into four core categories: economy, mobility, 
environment and healthy/complete communities. The plan explicitly lays out 
goals related to housing, transportation technologies, equity and resilience in 
order to adequately reflect the increasing importance of these topics in the 
region, and where possible the goals have been developed to link to potential 
performance measures and targets. The plan’s guiding policies take these goals 
and focus them, creating a specific direction for plan investments.

Federal policy also requires that SCAG sets performance measures and targets 
in Connect SoCal. As required under MAP-21/FAST Act, in 2016 and 2017 the 
Federal Highway Administration (FHWA) issued national performance measures 
and guidelines for use in the setting of statewide and regional performance 
targets. The FHWA rule-making process established a four-year performance 
target setting and reporting cycle, with a two-year mid-term progress evaluation 
point. SCAG coordinated closely with State of California Department of 

1. Encourage regional economic prosperity and 
global competitiveness

2. Improve mobility, accessibility, reliability, and travel safety 
for people and goods

3. Enhance the preservation, security, and resilience of the 
regional transportation system

4. Increase person and goods movement and travel choices within 
the transportation system

5. Reduce greenhouse gas emissions and improve air quality
6. Support healthy and equitable communities
7. Adapt to a changing climate and support an integrated regional 

development pattern and transportation network
8. Leverage new transportation technologies and data-driven 

solutions that result in more efficient travel
9. Encourage development of diverse housing types in areas that 

are supported by multiple transportation options
10. Promote conservation of natural and agricultural lands and 

restoration of habitats
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Connect SoCal 
Guiding Principles

Transportation (Caltrans) in the establishment of specific performance targets 
for the state and for our region in the various transportation performance 
areas established under MAP-21/FAST Act. These targets provide quantifiable 
objectives to achieve each measure during the performance period.

HOW THE PLAN WAS DEVELOPED
In preparing Connect SoCal, SCAG engaged with local, state and federal agency 
partners from the very beginning. Through many collaborative initiatives 
SCAG was able to better understand existing conditions in the region, building 
a foundation for planning how to accommodate growth and direct future 
transportation investments.

SCAG sought regular input from the Regional Council and Policy Committees 
while creating Connect SoCal. These groups of elected officials consist of 
representatives from county transportation commissions, tribal governments, 
as well as towns, cities and counties throughout the region. 

The development process also involved working closely with local governments 
throughout the region to collect and compile data on land use and growth 
trends. This “Bottom-Up Local Input and Envisioning Process,” helped us get 
a clear picture of what’s going on at the local level – and formed the basis 
for projections and strategies in Connect SoCal. Through this collaborative 
initiative, SCAG staff held one-on-one meetings with all of the region’s 197 
towns, cities and counties. In addition to seeking feedback on regional forecasts 
of population, household and employment growth, SCAG gathered data on 
land use, protected natural lands, farmland, flood areas and coastal inundation, 
regional bikeways, regional truck routes, planned major transit stops, high 
quality transit corridors, future transit priority areas and other local data. In 
addition to the jurisdictions themselves, the data came from county assessors’ 
offices, county transportation commissions, and state and federal partners. 

This local input process gave jurisdictions the opportunity to ask questions, 
understand data elements and seek technical support, as well as provide 
feedback on local data. The process was guided by the Connect SoCal 
Guidelines and Schedule that were adopted by the Regional Council in October 
2017. Overall, 90 percent of jurisdictions provided feedback on one or more 

1. Base transportation investments on adopted regional 
performance indicators and MAP-21/FAST Act regional targets

2. Place high priority for transportation funding in the region on 
projects and programs that improve mobility, accessibility, 
reliability and safety, and that preserve the existing 
transportation system

3. Assure that land use and growth strategies recognize local 
input, promote sustainable transportation options, and support 
equitable and adaptable communities

4. Encourage RTP/SCS investments and strategies that collectively 
result in reduced non-recurrent congestion and demand for 
single occupancy vehicle use, by leveraging new transportation 
technologies and expanding travel choices

5. Encourage transportation investments that will result 
in improved air quality and public health, and reduced 
greenhouse gas emissions

6. Monitor progress on all aspects of the Plan, including the timely 
implementation of projects, programs, and strategies 

7. Regionally, transportation investments should reflect best-known 
science regarding climate change vulnerability, in order to design 
for long term resilience
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11Chapter 1  About The Plan

data elements requested for local review. Collectively, these towns, cities and 
counties represent an estimated 94 percent of the region’s residents. 

SCAG staff also regularly convened a series of technical advisory groups 
that engaged local, state and federal agencies in the transportation and 
sustainable communities planning process. To more accurately understand 
future growth, SCAG engaged with expert demographers and economists to 
peer-review projections of population, households, and employment at the 
regional and county levels.

SCAG worked closely with each of the six county transportation commissions 
throughout 2018 to update the list of regionally significant transportation 
projects that was established in Connect SoCal’s predecessor, the 2016 RTP/
SCS. Each county transportation commission in turn worked with their partner 
transportation agencies (including applicable transit providers, rail operators, 
marine port and airport authorities and Caltrans District offices) to finalize a 
list of county-priority projects to submit to SCAG. This effort culminated in a 
comprehensive update to the list of programs and projects, which numbers in 
the thousands. SCAG worked collaboratively with key stakeholders to identify 
additional regional initiatives that go beyond county-level commitments and are 
intended to address challenges that are regional in nature. 

To better coordinate with the State, Connect SoCal was developed to align 
with the California State Rail Plan, California Transportation Plan (CTP 2040), 
California Freight Mobility Plan (CFMP), California Aviation System Plan (CASP), 
and State Bicycle and Pedestrian Plan. SCAG is also actively participating in the 
update of the California Transportation Plan, CTP 2050, to coordinate and better 
align regional and statewide planning. The CTP is a long-range statewide level 
transportation plan that combines regional transportation and land-use plans 
to produce a unified multimodal strategy to achieve our collective vision of a 
lasting and well-integrated transportation system that benefits both people and 
goods over the next 25 years.

Throughout this process, SCAG staff has regularly convened technical advisory 
committees and topic-specific working groups, which bring together regional 
stakeholders to discuss the plan’s development and provide technical expertise. 
There were seven formal Regional Planning Working Groups, including: Active 
Transportation, Environmental Justice, Mobility Innovations, Natural and Farm 
Land Conservation, Public Health, Sustainable Communities and Transportation 

Safety. These allow interested parties from across industries and sub-regions to 
have a direct pipeline into SCAG’s planning process, and helped develop a vision 
for the future that promotes regional goals and sustainability while respecting 
local control. Some takeaways include: the importance of identifying common 
barriers to sustainable development, such as funding and ‘NIMBYism’; the need 
for a balance of jobs and households in communities; the need for coordination 
and support on emerging transportation technologies; support for sustainable 
development solutions for existing suburban communities and the challenge of 
providing sufficient affordable housing.

To ensure that underrepresented voices were involved in the planning process, 
we also implemented a new grassroots outreach initiative to engage diverse 
constituencies across Southern California. SCAG partnered with 18 community-
based organizations, or CBOs, from across the region. These organizations 
assisted with workshop and survey outreach as well as hosting local gatherings 
for community members to provide input on Connect SoCal. Using this strategy, 
we successfully broadened our outreach to traditionally underserved and 
underrepresented communities including:

 z Children and youth
 z Individuals with access and functional needs
 z Low-income communities of color
 z Older adults or retired people 
 z Populations with limited English proficiency 
 z Women and female-headed households

SCAG’s 18 CBO partners represented constituents from Long Beach to 
Coachella Valley, Santa Clara River Valley to Orange County. Though their 
missions and areas of focus vary, each of these groups has a common 
commitment to creating a more equitable, sustainable, accessible and 
affordable Southern California. 

Feedback received through our CBO partners was used to identify areas where 
the plan could be refined to meaningfully reflect the priorities and concerns 
of these traditionally underserved groups, particularly because they have 
historically been disproportionately burdened by the negative outcomes 
associated with existing and changing land use patterns and transportation 
policies. Highlights of what we heard from them include: 

 z Concerns about housing availability and affordability, limited 
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alternative transportation options, displacement and access to 
destinations, the effects of increased greenhouse gas emissions, and 
the risks associated with climate change

 z A push for Connect SoCal to take into account the degree to which 
transportation and housing options vary between communities, and 
that having a limited range of travel options often increases residents’ 
reliance on vehicles

 z Pronounced support for strategies that create affordable housing, 
improve the existing transportation network, and expand mobility 
options that reduce the harmful impacts of displacement to historically 
marginalized neighborhoods

Overall, the communities surveyed agreed with the themes, policies and 
interventions proposed by Connect SoCal.

In developing a vision of future growth for Connect SoCal, SCAG also sought 
feedback from residents throughout the region through public engagement 
initiatives that featured 28 public workshops, an extensive advertisement 
campaign, a telephone town hall meeting and a widely distributed online 
survey. Public workshop attendees were asked to review four potential 
growth scenarios, each with a unique set of strategies. These included 
enhancing job centers, prioritizing connecting people to more transportation 
options, protecting natural lands and farmland areas and planning for our 
region’s future resiliency from natural disasters. Local plans and policies, 
as conveyed through the local input process, were integrated into each of 
these scenarios, ensuring that they reflected an attainable future. The input 
we received included support for locating more growth near transit and job 
centers, desire to prioritize infill and redevelopment within existing cities to 
accommodate future growth and promote affordable housing, and concerns 
about overcrowding or gentrification within existing communities. Taken 
together, the feedback pointed to a need for Connect SoCal to envision a 
sustainable development pattern that respects and enhances the quality of life 
within local communities.

SCAG considered input gathered through the CBO engagement and public 
workshops to ensure Connect SoCal addresses challenges faced by our 
region’s residents. Strategies, therefore, emphasize growth in areas rich with 
destinations and mobility options, promote diverse housing choices, leverage 
technology innovations, support implementation of sustainability policies 

and promote a green region. This more compact development pattern, 
combined with the identified transportation network improvements and 
strategies, results in improved pedestrian and bicycle access to community 
amenities, lowers average trip length and reduces Vehicle miles traveled. These 
outcomes not only reduce greenhouse gas emissions, but also support the 
development of more livable communities that provide lower-cost housing 
choices, conserve natural resources, offer transportation options and promote 
a better quality of life.

Connect SoCal will help residents thrive, providing better access to jobs, 
housing, schools, healthcare, recreation and everything in between. In our 
region’s history, we’ve seen that small actions can build to extraordinary 
outcomes. With investments to improve our roadways, expand our transit 
system, multiply walking and bicycling amenities, protect natural lands 
and integrate new initiatives like road pricing — Connect SoCal works to 
address residents’ challenges by promoting job accessibility, enabling 
shorter commutes, making communities safer and encouraging lower-cost 
housing developments. 

The various components of Connect SoCal were reviewed by SCAG’s Regional 
Council and Policy Committees in a series of meetings. At their Nov. 7, 2019 
meeting the Regional Council authorized the release of Connect SoCal and its 
accompanying Technical Reports for public review and comment. This final 
version of Connect SoCal, which incorporates adjustments based on feedback 
received during the public review process, was presented to the Regional 
Council on May 7, 2020 and approved for federal transportation conformity 
purposes only. On September 3, the Regional Council adopted Connect SoCal in 
full after an additional 120-day outreach and technical refinement period.
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Connect SoCal 
Technical Reports

HOW TO USE THIS PLAN 
SCAG collaborated closely with a wide range of partners to develop Connect 
SoCal. It is our goal that Connect SoCal be used by the same constituents 
and stakeholders that worked with us to create it, as a trusted reference and 
guiding document for prioritizing transportation projects, encouraging behavior 
change and furthering regional strategies that can shape Southern California’s 
transportation and land use development for years to come. 

Use the Connect SoCal plan to:

 z Understand the biggest trends and challenges in the region (Chapter 2)
 z Review a comprehensive set of policies, strategies and tools to improve 

mobility and sustainability (Chapter 3)
 z Evaluate the sources and structures of funding that will support 

executing the plan (Chapter 4)
 z Refer to performance measures and ways of tracking our success in 

becoming a more mobile and sustainable region (Chapter 5)
 z Identify new challenges that remain on our horizon (Chapter 6)

Connect SoCal is also supported by 20 technical reports that provide additional 
data and material on all topics and concepts covered in this plan. All citations 
used throughout the main book and technical reports conform to AP style.

13

Active Transportation
Aviation & Airport Ground Access

Congestion Management
Demographics & Growth Forecast
Economic & Job Creation Analysis

Emerging Technology
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Goods Movement
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Project List

Public Health
Public Participation & Consultation
Sustainable Communities Strategy

Transit
Transportation Conformity Analysis

Transportation Finance
Transportation Safety & Security
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Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy
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expected to reach 39.7. Meanwhile, the youngest members of the Baby Boomer 
generation turned 55 in 2019. This will substantially change the ratio of working-
age population to seniors in the future, placing stresses on social services 
such as healthcare, social security and pensions. As Baby Boomers enter their 
eighties and beyond, the region and nation are likely to experience a population 
decline, meaning that in order to create any future population growth, we will 
need to rely on migration. As such, many demographers have stressed the 
mutual dependence between the retirees and young immigrants who, together, 
will characterize a large portion of the region’s future population. Future 
economic success will require effectively integrating new residents into the 
social and economic structures of Southern California. Similarly, education and 
workforce development will be even more important for younger generations 
since their labor will need to support a larger retiree population. 

While net foreign immigration to the region has decreased from its highs in 
the early 1990s, Southern California is historically one of the country’s most 
important immigrant gateways. Today, Southern California ranks behind 
only the Miami and San Jose regions in its share of foreign-born population. 
While roughly half of the region’s foreign-born population is originally from 
Latin American countries, an increasing share of newly-arrived immigrants 
– now nearly 60 percent – are from Asian countries. Compared to the 
total population, immigrants are generally young or working age, which 
increases their importance to the regional economy. There are also clear-cut 
implications for transportation: new immigrants are more likely than their 
native-born counterparts to take transit, ride in carpools and utilize alternative 
modes of transportation. 

Another “mega-trend” impacting the SCAG region is domestic migration. For 
most of the last thirty years, the SCAG region has lost more people to other 
states and regions than it has gained—in each year since 2014, an average of 
91,000 more people have left the region for other parts of the country than the 
number of those who have arrived. While employment growth brings people to 
the region, high housing costs are often cited as a reason for leaving. 

Hidden behind this trend is an exchange that has been referred to as 
California’s “Brain Gain” – meaning that new residents moving to the region 
who come from other parts of the country (“domestic in-migrants”) tend to 
have a higher education level than those who leave (“domestic out-migrants”). 
In 2017, 47 percent of the region’s 321,000 domestic in-migrants had at least 

MAJOR TRENDS, EXISTING 
CONDITIONS & CHALLENGES
MAJOR TRENDS
With more than 19 million people, 6 million households, and 8 million jobs, the 
SCAG region is among the most dynamic metropolitan areas in the world. It 
encompasses a uniquely diverse mix of industries, urban forms, transportation 
connectivity, agricultural resources and risks for natural disasters. 

In order to plan for 2045 and identify how to best prepare for the uncertainty 
of the future, we must first understand how our region and its 197 local 
jurisdictions are changing, what challenges are currently in place and 
which are emerging. 

DEMOGRAPHIC & POPULATION CHANGES 
Southern California’s most precious resource is our people. In order to 
understand how changes will impact them, Connect SoCal projects growth 
in employment, population, and households at the region, county, city, town 
and neighborhood levels. These projections take into account economic and 
demographic trends at the global and regional levels, as well as feedback 
reflecting on-the-ground conditions from SCAG’s local partners, stakeholders 
and working groups. Overall, our population forecast reveals that we are 
embarking on a new era for Southern California, and in the wake of our 
recovery from the Great Recession, new and unprecedented demographic 
trends are beginning.

On a national level, population growth has slowed, with the US Census Bureau 
projecting a decrease in national annual growth rate from about 0.75 percent 
in 2016 to approximately 0.40 percent by the 2040s. In the SCAG region, annual 
growth is similarly slowing down, from about 0.85 percent in 2020 to about 0.45 
percent by 2045. These changes are driven by declines in fertility, as women are 
having fewer children and are doing so later in life. This is exacerbated by high 
housing costs in economically vibrant mega-regions like Southern California. 

While we are growing slower, we are also growing older. From 2000 to 2016, 
the region’s median age increased from 32.3 to 35.8. By 2045, this number is 

PC ORIGINAL PKG



17Chapter 2  SoCal Today

Changing Age 
Demographics  

in the Region

a four-year degree, compared to 39 percent of the region’s 429,000 domestic 
out-migrants (see the Demographics and Growth Forecast Technical Report). 
This is a trend which many regional economists believe is part of what it means 
to be a booming mega-region today. Many U.S. regions expend tremendous 
effort attracting the highly educated workforce that is moving to our region of 
its own accord. While this can be a great boost to the region’s economy, it is also 
indicative of some of the challenges faced by middle-class families native to 
Southern California.

In addition to the region’s aging and migration, Connect SoCal is heavily 
informed by trends surrounding the large cohort of Millennials — the 
generation born between years 1981 and 1996. Since most Millennials entered 
adulthood during the recession, difficulties in securing stable employment 
have caused many of them to lag behind previous generations in building 
lifetime wealth. During this time, Millennials were less likely than previous 
generations to form a family, move out of their parents’ homes to form a 
household, or purchase their own homes. This has had the effect of increased 
demand and higher prices in the rental housing market, since many would-
be homeowners lacked the income to buy. Since the Great Recession, the 
popular perception has been that Millennials prefer urban renting rather than 
suburban homeownership. This also accompanied a decline in vehicle miles 
traveled (VMT) during the same period. However, more recent travel survey 
data and economic research has shown that a large portion of this shift can 
be explained by the lower incomes Millennials had during the recession rather 
than a fundamental change in preferences. Thus, as the economy improves and 
Millennials age, we must be aware that their demonstrated preferences may 
have been a temporary delay rather than a lasting characteristic1. 

STRUCTURAL ECONOMIC CHANGES
The distribution of income and wealth in Southern California has been 
changing gradually; but in the long term, future impacts may be profound. 
Median incomes have increased in the SCAG region since the depths of the 
Great Recession, but when adjusted for inflation, the median household 
income in the SCAG region is below what it was in 1989 — validating some 

1 Kurz, Christopher, Geng Li, and Daniel J. Vine (2018). “Are Millennials Different?,” Finance and Economics 
Discussion Series 2018-080. Washington: Board of Governors of the Federal Reserve System
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Source: United States Census Bureau and American Community Survey
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60%
57.5%

Quintile 5
Highest Incomes 23.1%

20%
20.7%

2000
2010
2017

FIGURE 2.1 Income by Quintile 

claims that recovery has been uneven. Indeed, the middle class is measurably 
shrinking in Southern California. Since 2000, households in the middle income 
brackets have been declining - first as the recession turned some middle-class 
households into lower-income households, then as the recovery moved other 
middle-class households into the highest income group (see FIGURE 2.1). Using 
the “middle 60 percent” of the income distribution in the year 2000 to define 
the middle class, only 56.4 percent of households would fit that definition 
today. While the distribution of income remains a challenge, the region has 
experienced tremendous job growth since 2010, gaining 1.3 million jobs and 
cresting the pre-recession high of 8.1 million jobs reached in 2007. Meanwhile 
unemployment has dropped to lows not seen in several decades, from a high of 
12.4 percent in 2010 to 4.3 percent in 2018. 

Technological changes are also poised to make big impacts on our local 
economy, both by presenting new challenges and by creating new, previously 
infeasible solutions. While leaps in technology have always disrupted the 
established ways of getting things done, they are generally accompanied by 

increases in utility and productivity. New approaches to work have, for some, 
fostered a shift in the nature of employment away from full-time, long-term, 
stable jobs. Income sources like ridesourcing, short-term home rentals, and 
craft production enabled by new technology platforms can have the benefit of 
more efficiently matching consumers with products and services. But they can 
also remove important employment benefits and protections, as many of these 
positions are part-time or filled by independent contractors. Indeed, disruption 
by some technological platforms has caused serious concerns over displacing 
workers from stable, full-time jobs or from work altogether—a concern 
that is heightened when productivity gains are concentrated into smaller 
shares of the population. While workplace automation has already displaced 
some manufacturing jobs, services and knowledge-based employment are 
also increasingly being automated. An estimate of the potential impacts of 
automation on regional employment by 2045 suggests that construction, 
repair, transportation, food preparation, sales, social services and office 
support occupations show some of the highest likelihood of automation. Today 
these industries together employ over 3 million workers regionwide. FIGURE 
2.2 displays anticipated growth in these sectors, along with the projected 
number of jobs that will be automated based on three estimates – Brookings, 
Frey Osborne and Nesta. Looking at the logistics industry alone, changing 
trade paradigms and the emergence of new market-driven strategies and 
technologies (e.g., smaller urban fulfillment centers, increased competition for 
skilled labor, automation, etc.) will challenge the regional workforce. Trade-
related jobs once offered few barriers to entry as well as upward career mobility 
to low- and semi-skilled workers, often allowing them to achieve security and 
middle-class incomes. 

In the years ahead, the region may face significant challenges from technology 
disruption by reducing opportunities for many regional workers who will not 
be able to close the skills gap to adequately compete for future jobs in that 
sphere. This has spurred increasingly popular policy discussions of universal 
basic income (UBI) as a potential solution to offset the negative impacts of job 
losses due to technology. Since employment is becoming less necessary for 
gains in overall economic productivity, UBI models have proposed redistributing 
the revenues from taxes on businesses utilizing these new platforms to 
area residents to ensure a minimum living standard without impacting 
the incentive to work. 
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Another major economic shift is occurring among consumers, who are now 
spending less on products and goods than they are on services. Some of this 
can be correlated with the aging of the population, since older people are 
less likely to fill a home with goods and more likely to spend on healthcare. As 
services are generally not subject to local sales tax, this could be problematic 
for local city and county revenue streams - a major source of funding for 
public amenities as well as existing and future transportation infrastructure in 
Southern California.

GLOBALIZATION
As a global crossroads for the movement of people and things, Southern 
California depends heavily on transportation services for the health of our 
economy. As a crucial node in global supply chains with a massive volume of 
trade, as well as an enormous consumer market with extensive transportation 
infrastructure, it is highly important that SCAG’s strategies for the region 
accommodate growing freight movement. Combined, the region’s major 
trade hubs – including the Ports of Los Angeles and Long Beach, Los Angeles 
International Airport, and Calexico East – Mexicali II – handled more than $500 
billion of goods in 2018. International containerized trade between the U.S. and 
Pacific Rim countries and bilateral trade with Mexico have been key factors that 
helped to drive the region’s economy for decades. This has a direct impact on 
the region, as growth in international containerized trade continues to outpace 
growth in gross domestic product (GDP) nationally and globally (FIGURE 2.3). 

In part due to Southern California’s global connectivity - specifically its linkages 
with Asian countries – the growth of the global middle class also impacts the 
job and housing markets in the region. The growth rate in the global middle 
class internationally is at an all-time high, with 140 million new middle-class 
people annually2. In the future, 88 percent of new middle-class residents 
expected between 2015 and 2030 will live in the Asia Pacific region. This 
is an approximately 250 percent increase in middle class residents in Asia 
compared to a modest increase of about six percent in North America. Sharp 
declines in manufacturing employment in the U.S. and the region indicate that 
traditional middle-class occupations are being filled by middle-class workers 

2 Kharas, Homi. (2017) The unprecedented expansion of the global middle class: An update. Brookings, Global 
Economy & Development Working Paper 100. (February)

FIGURE 2.2 Job Growth (in Thousands) and Automation Potential by 
Occupation, SCAG Region, 2016-2045

* Figure shows Connect SoCal’s anticipated regional jobs and job growth alongside 
independent estimates of automation potential by occupation. Occupations are aggregations 
of 2-digit occupation codes covering 95% of regional jobs
Source: SCAG, Muro, Maxim, and Whiton (2019, Brookings), Frey and Osborne (2017), and 
Bakhski et al. (2017, Nesta)
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in other countries. One impact from both the growth in the middle class in 
Asia as well as rapid GDP increases in Asian countries, particularly China, is 
the relationship with the Southern California real estate market. While data on 
foreign investment in residential real estate are weak, the California Association 
of Realtors estimates between 5 and 10 percent of California’s single-family 
housing stock is owned by foreign buyers, and 71 percent of foreign buyers in 
2017 were from Asia3. An influx of foreign capital in Southern California real 
estate has the potential to exacerbate regional housing shortages, especially if 
investment properties are left unoccupied. 

REGIONAL GROWTH 
As our regional population and economy continue to grow, the physical 
footprint of development in our region is growing too. Though Southern 
California is seen by many as the embodiment of urban sprawl, the region 
has always challenged the notion of a crisp delineation between “urban” and 
“suburban.” U.S. Census data have indicated that Los Angeles is the densest 
urbanized area in the United States. This may seem counterintuitive since much 
of Southern California’s land use is characterized by fairly small-lot single-family 
homes that are spread across many square miles of the region. By contrast, 
urban areas that seem more compact like New York or Chicago have very dense 
cores but a lower level of development across their regions, since suburban 
and exurban land is often far more spread out in these locales. In Southern 
California, decades of lower-density development (particularly housing) 
has occurred farther from employment-rich areas, increasing congestion, 
automobile dependency, leapfrog development and air pollution, and limiting 
the effectiveness of public transit. 

Recent growth trends show a push-and-pull between new single-family 
development in traditionally suburban or formerly rural areas and multi-family 
residential development in higher-density communities. Overall, it is clear that 
when new residents join our region, existing towns, cities and counties adapt 
to accommodate and attract growth. From 2006 to 2016, an additional 930,000 
people called Southern California home. Riverside County had the largest 

3 Levin, Matt. (2018) “Data dig: Are foreign investors driving up real estate in your California neighborhood?” 
CalMatters. (March 7)

share of population growth among the six counties in the SCAG region during 
this period, adding an additional 360,000 new residents (nearly 40 percent 
of the region’s increase in population). Los Angeles County followed with the 
next largest share and experienced an increase of 190,000 residents (or 20 
percent of the growth). 

In meeting these new residents’ demand for housing, the region also added 
about 400,000 units from 2006 to 2016 – 54 percent of which were multi-family 
units. Comparing to current conditions in 2016, 39 percent of the region’s 
housing units are multi-family and 61 percent are single-family units. Looking 
at the distribution of these new housing units throughout the region, Riverside 
County and Los Angeles County again took the highest shares, together 
comprising two-thirds (66 percent) of Southern California’s housing growth 
from 2006 to 2016. Riverside County added just under 100,000 new units, and 
Los Angeles County added an additional 164,000 housing units - with 90 percent 

Source: SCAG staff review and process international trade statistics from: U.S. Department of 
Transportation, Maritime Administration, U.S. Waterborne Foreign Container Trade by U.S. Customs 
Ports (1997 - 2017), World Development Indicators, World Bank. Update 08/28/2018, Bureau of Economic 
Analysis

1980s

1990s

2000s

2010s

GDP GROWTH

3.2 3.03.1 3.2
3.8

1.7

3.8

2.3

WORLD UNITED STATES

INTERNATIONAL 
TRADE GROWTH

4.8

6.9
6.0

7.8

3.2

1.1

4.3
4.8

WORLD UNITED STATES

CONTAINERIZED 
TRADE GROWTH

10.3

8.4

12.0

9.8

5.5
4.4

6.2

4.3

WORLD UNITED STATES

FIGURE 2.3 World & US Growth Rates of GDP, International Trade & 
Containerized Trade

PC ORIGINAL PKG



21Chapter 2  SoCal Today

representing multi-family developments, largely occurring in denser areas that 
are well served by transit. 

Part of Riverside County’s expansion is due to new communities that began 
to emerge during the housing boom. Four additional cities have incorporated 
since 2006 (Wildomar, Menifee, Eastvale and Jurupa Valley), increasing the 
total number of local jurisdictions in the SCAG region to 197. Much of this 
new territory was previously vacant, very low density residential, or used for 
agricultural purposes. Many areas in Riverside and San Bernardino Counties 
were appealing for development due to the availability of lower priced land, 
which attracted new residents looking for larger or lower priced housing. 
Jobs, however, did not follow in proportion to housing unit growth in these 
communities. As a result, residents of the Inland Empire had to travel longer 
distances on average than other Southern Californians to reach their jobs. As 
wages are often higher in coastal counties than in inland counties, even for 
the same occupation, many residents also opted for a longer commute due to 
their preference for homes that were larger or lower-priced. Examining median 
commute distances for residents of these areas before and after the housing 
boom shows a sharp uptick from 2002 to 2012, followed by leveling off from 
2012 to 2016 (as displayed in the Environmental Justice Technical Report). 

From a regional perspective, incorporation of jurisdictions is often driven by an 
increase in housing density and the associated needs of residents for increased 
water, sewer, police, and other municipal services. Therefore, the acreage of 
incorporated towns and cities in our region provides a good indicator of overall 
regional development trends, as well as the expansion of growth into rural and 
agricultural areas. From 2006 to 2016, the amount of land within incorporated 
jurisdictions increased by over 144,000 acres—a 6 percent change during 
the 10-year period. 

Moving towards the future, new housing production has accelerated since the 
recession with over 40,000 new units permitted each year from 2015 to 2018. 
While this is above the 15,000 annual permits in 2009 – a historic low for the 
region during the Great Recession – it is still below the average of 80,000 new 
units permitted annually during the housing boom from 2002 to 2006. 

While the acceleration in new units since the Great Recession has been 
characterized by a higher share of multi-family units, there is concern that this 
trend may reverse absent policy intervention, as Millennials seek affordable 
ownership opportunities which are scarcer in the urban core and in the multi-

family market. For example, 51 percent of all new housing unit permits issued 
in California for 2018 were for single-family dwellings, making 2018 the first 
year since 2011 that single-family housing permitting outpaced multi-family 
homes. The SCAG region’s multi-family share of permits have begun to decline 
from their peak in 2015 (FIGURE 2.4). Connect SoCal projects a higher share 
in multi-family growth and seeks to provide more housing choices in both type 
and location, while being aware of the transportation, fiscal and environmental 
benefits of some aspects of denser living. 

As our communities continue to expand, vital habitat lands face severe 
development pressure. The diverse natural and agricultural landscapes of 
Southern California are a valuable asset to the region and its residents. These 
lands support a robust economy, provide clean drinking water, protect the 
air and host countless recreation activities. The region’s desert, mountain 
and coastal habitats have some of the highest concentrations of native plant 
and animal species on the planet. Southern California is part of the California 
Floristic Province, one of the planet’s top twenty-five biodiversity hotspots4. 
Much of the SCAG region has a rich agricultural history, and crop sales continue 
to bring billions of dollars into our local economy. 

LINKING FUTURE GROWTH WITH  
MORE TRANSPORTATION CHOICES
Planning for more housing and jobs near transit was a strategy incorporated 
in SCAG’s first Regional Transportation Plan/Sustainable Community Strategy 
(RTP/SCS) in 2012 and carried forward in the 2016 RTP/SCS with a focus on 
areas that are well served by transit. Efforts to implement the previous SCSs 
have been evident both in recently adopted local plans, which increasingly 
reflect more SCS strategies such as infill development, as well as in the observed 
data on recent growth. Between 2008 and 2016, over 58 percent of household 
growth and 45 percent of employment growth occurred within future high 
quality transit areas (i.e. places within a half mile of a rail or bus rapid transit 
stops or bus stops/corridors that will have peak headways of 15 minutes 
or less) (TABLE 2.1). 

4 Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., & Kent, J. (2000). Biodiversity hotspots for 
conservation priorities. Nature, 403(6772), 853.

PC ORIGINAL PKG



Connect SoCal22

Previous RTP/SCS plans also identified increasingly sophisticated strategies 
to ensure the preservation of natural lands and farmland. As of 2016, over 70 
local jurisdictions have conservation strategies in place, such as development 
impact fees. Between 2008 and 2016, 11 percent of household growth and 
5 percent of employment growth occurred in constrained areas (TABLE 
2.1). SCAG continues to support jurisdictions in implementing the SCS 
through the Sustainable Communities Program which provides resources for 
local planning efforts. 

Since 2008, there has been a substantial concentration and share of growth in 
high quality transit areas (HQTAs), Transit Priority Areas (TPAs), Specific Plan 
Areas, job centers, Neighborhood Mobility Areas (NMAs) and Livable Corridors. 
These areas account for just under four percent of the region’s land area but 
accommodate the lion’s share of regional growth (TABLE 2.1). While these 
recent trends are largely the result of existing local policy, demographic trends 
and market demand, they underscore that in many ways the region is gradually 
moving towards a more sustainable development pattern. This new growth 
is supported by the completion of major transportation projects across the 
region as well as several major urban rail projects under construction such 

*Population aged 25 and over  
Source: CA DOF and Construction Industry Research Board (CIRB). Single-family permits listed here utilize the CIRB definition, which includes attached duplexes and accessory dwelling units.
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TABLE 2.1 Recent Growth Trends in SCAG Growth Priority Areas, 2008-2016

Land Area Share of Total Growth 
(2008-2016)

Annual Growth Rate 
(2008-2016)

Acres Percent Households Employment Households Employment

SCAG Region Total 24,717,287 0.42% 1.01%

Priority Growth Areas Total 975,234 3.9% 70.7% 74.6% 0.50% 1.07%

High Quality Transit Areas (HQTA)1 592,286 2.4% 58.2% 45.2% 0.54% 0.85%

Transit Priority Areas (TPA)2 218,411 0.9% 33.9% 20.9% 0.65% 0.72%

Job Centers3 202,186 0.8% 24.2% 33.4% 0.90% 1.21%

Neighborhood Mobility Areas4 248,916 1.0% 37.4% 27.6% 0.54% 0.96%

Livable Corridors5 548,451 2.2% 49.6% 53.8% 0.50% 1.13%

Sphere of Influence6 146,017 0.6% 3.0% 2.6% 0.36% 1.31%

Absolute Constrained Areas7 20,487,984 82.9% 11.4% 5.0% 0.50% 0.66%

Variable Constrained Areas8 17,924,688 72.5% 52.9% 44.9% 0.48% 1.26%

Source: SCAG
Note: Priority Growth and Constrained areas extracted from 2045 plan year data of the final Connect SoCal, 2020-2045 RTP/SCS
1. Generally a walkable transit village or corridor, consistent with the adopted RTP/SCS, and within 1/2-mile of a transit stop or a transit corridor with 15-minute or less service frequency during peak commute hours, 

excluding freeway transit corridors with no bus stops on the freeway alignment. Additional information is included in the Connect SoCal Sustainable Communities Strategy Technical Report.
2. An area within 1/2-mile of a major transit stop that is existing or planned including an existing rail transit station or bus rapid transit station or the intersection of two or more major bus routes with a frequency of 

service interval of 15 minutes or less during AM and PM peak commute periods.
3. Areas with significantly higher employment density than surrounding areas which capture density peaks and locally significant job centers throughout all six counties in the region.
4. Areas with high intersection density (generally >= 50 intersections/sqmi.), low to moderate traffic speeds, and robust residential retail connections that can support the use of Neighborhood Electric Vehicles or active 

transportation modes for short trips.
5. An arterial network subset of HQTAs based on level of transit service and land use planning efforts. Some additional arterials identified through corridor planning studies funded through the Sustainability Planning 

Grant program.
6. Spheres of Influence (outside of absolute and variable constrained areas) - Existing or planned service areas and within the planning boundary outside of an agency’s legal boundary; data accessed by SCAG from each 

county’s Local Agency Formation Commission (LAFCO) in 2016.
7. Including tribal lands, military, open space, conserved lands, sea level rise areas (2 feet) and farmlands in unincorporated areas
8. Including Wildland Urban Interface (WUI), grazing lands, farmlands in incorporated jurisdictions, 500 year flood plains, CalFire Very High Severity Fire Risk (state and local), and Natural Lands and Habitat Corridors 

(connectivity, habitat quality, habitat type layers).
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HOW WE TRAVEL TODAY (2016)

Source: SCAG Activity Based Model 
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by individuals driving alone in their vehicles. After that, carpooling is 
the second most popular option, followed distantly by walking, taking 
transit and bicycling

 z Over two-thirds of all regional trips are non-work related; for these 
purposes, carpooling is the most popular means for residents to reach 
their destinations, including school, shopping, among many others

 z Looking at school trips specifically, nearly 14 percent are made by 
walking and 9 percent of trips are made by transit

While the system supports a multitude of options for people and cargo 
to navigate the region, it is not immune to challenges of preservation, 
maintenance and accessibility. To ensure a more connected 2045, Southern 
California will need to address many of these obstacles. 

PRESENT & FUTURE CHALLENGES
The region is experiencing a range of challenges and anticipating more, 
including the aging population, income inequality, traffic congestion and 
the high cost of housing. This section highlights several key land use and 
transportation challenges which are directly addressed in this plan; additional 
discussion is also available in the Technical Reports for Connect SoCal. 

AFFORDABLE HOUSING 
California is in the midst of a long-term structural housing shortage and 
affordability crisis. As of 2018, California ranks 49th of 50 states in the number 
of housing units per resident. With many strong indications, high demand for 
housing and short supply drives up rental and home prices throughout the 
state. Indeed, seven of the 10 most expensive housing markets in the United 
States are in California. 

SCAG published a housing report in 2016, Mission Impossible: Meeting 
California’s Housing Challenge, to review the causes and consequences of 
the housing crisis throughout the state and for the SCAG region. The housing 
crisis is a two-part problem – a shortage of housing and a lack of affordability. 
The shortage of housing is a lack of supply since there is not enough housing 
to meet population needs. Housing supply has not kept up with population 
growth. In comparison to the last few decades, housing building has 
significantly decreased. 

as the OC Streetcar, Metro Rail Regional Connector and Arrow/Redlands Rail. 
However, there is some very recent data that show increasing rates of single-
family housing and vehicle travel, which suggests that in an improving economy 
the region may require stronger policy intervention and community-building 
in priority areas to ensure that sustainable trends continue. See Chapter 3’s 
“Core Vision” and “Key Connections” for more highlights of recent progress and 
potential solutions for addressing the region’s challenges.

TRANSPORTATION SYSTEM
The SCAG region is a place in motion with more ships, planes, trains, trucks, and 
automobiles carrying people and goods in, out, and around than anywhere else 
in the United States. It is also infamous for congestion, network gaps, and lack 
of adequate maintenance and preservation. By understanding how the current 
system is utilized, we can implement policies that help address these challenges 
while preserving and maintaining the system’s longevity. 

Our current transportation network is comprised of more than 9,000 miles 
of public transit (EXHIBIT 2.1), 5,000 miles of bikeways (EXHIBIT 2.2), over 
135,000 lane miles of roadways and 94 miles of express lanes. The Port of 
Los Angeles and Port of Long Beach, which comprise the largest container 
complex in the U.S., is one of the many regional gateways that contribute to 
our expansive regional goods movement system (EXHIBIT 2.4). Our aviation 
system is one of the busiest in the world in terms of air passenger and cargo 
demand, with more than 110.2 million annual passengers and 3.14 million 
tons of cargo in 2017. All components of the system are providing economic 
stimulus throughout the region, while simultaneously connecting our homes to 
opportunities, including leisure. 

Understanding the current infrastructure presents the question of how do 
Southern Californians utilize the transportation system. PAGE 28 identifies 
the current mode choice for trip purposes throughout the SCAG region. 
Key takeaways include:

 z According to SCAG’s activity-based travel demand model (ABM), more 
than 71 million total unlinked daily trips are made throughout the 
region, and nearly one third of all trips are work related 

 z Of those 20 million daily work unlinked trips, nearly 40 percent are 
greater than 10 miles in distance and over 70 percent are completed 
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From 2010 to 2018, one unit was built for every 3.32 persons in the SCAG region 
which is a 47.5 percent decrease compared to the 1.74 persons per unit in 
1970 to 1980. There are also many other contributors to the overall housing 
crisis including barriers caused by land use zoning that prevent new housing 
development and increasing building and other costs resulting from time 
delays, environmental litigation, lack of sufficient local funding mechanisms 
and community resistance to new housing, especially medium and high-
density projects. The second problem, lack of affordability, is the mismatch 
of household incomes to the prices of housing that is available. EXHIBIT 2.5 
highlights SCAG’s existing land use as of 2016. One underlying challenge is that 
middle income job growth has been severely deficient despite an otherwise 
strong recovery from the Great Recession. 

Additionally, population and employment growth in metropolitan areas in 
California has slowed in recent years because wages cannot compensate for the 
high cost of housing. From 2000 to 2017, median gross rent and median home 
price have increased 25.5 percent and 55.7 percent, respectively, while median 
household income only increased by 2 percent. High housing costs often force 
residents to live further away from their workplace as affordable options 
are sparse near their place of work. In surveying the needs and concerns of 
residents in Southern California, affordable housing and homelessness were 
the top concerns. The California Legislative Analyst’s Office found that for 
every 10 percent increase in a metropolitan area’s median rent, there was a 
4.5 percent increase in an individual’s commute time5. High housing prices 
contribute to sprawl, add time to regular commutes, make food and healthcare 
less attainable by constraining household resources, and exacerbate the 
growing homelessness crisis.

The cumulative impacts of the housing shortage on individuals’ everyday 
lives add up to a significant economic loss for our region. This is in spite 
of the fact that every dollar spent on new housing construction, including 
infill development, generates more than an additional dollar ($1.10) in total 
economic activity, and each job created through residential construction 
supports 1.4 additional jobs6. These challenges also present an opportunity, 

5 Taylor, Mac. (2015). California’s High Housing Costs: Causes and Consequences. California Legislative Analysts’ 
Office. 17 March

6 Center for Strategic Economic Research. (2014). The Economic Benefits of Housing in California. September.

however: Increasing the supply of affordable housing would reduce poverty 
and homelessness, increase residents’ economic mobility and educational 
attainment and improve health outcomes in vulnerable populations. Several 
studies that have analyzed the economic relationship between affordable 
housing and surrounding properties have found that affordable housing 
development has little to no impact on surrounding property values, and in 
some cases, surrounding property values have increased.

NATURAL LANDS
A range of local conservation plans, habitat conservation agencies and state/
federal park designated areas provide protection for a significant amount of 
natural and farmland in the SCAG region. Many of these protected lands are 
in remote desert areas far from incorporated areas (EXHIBIT 2.6), leaving a 
substantial amount of land on the urban and suburban fringe susceptible to 
development. Protected areas tend to not be distributed evenly across habitat 
types, leaving some habitat types largely unprotected. Many of the high-
biodiversity habitats that play a key role in the region’s ecosystem are adjacent 
to urban and suburban communities and do not have protected status. 
Furthermore, many habitats, both protected and unprotected, are in need of 
restoration efforts such as non-native species removal, re-introduction of native 
species, erosion control and re-connecting fragmented areas. 

FARM LAND LOST & AT-RISK
Like natural habitat lands, farm and grazing lands are at risk. According to the 
California Department of Conservation’s most recent data, the SCAG region lost 
21 percent of its farmland between 1984 (the year the farmland tracking began) 
and 2016. Major losses were seen in Los Angeles, San Bernardino and Orange 
counties, which respectively lost 55, 71 and 78 percent of their farmland (TABLE 
2.2). This decline of agricultural land has implications for the economy and the 
environment, especially in the context of climate change. While many farming 
practices contribute to greenhouse gas (GHG) emissions, emissions from 
farmlands are far less than those from urban environments. Farm and grazing 
lands can also provide co-benefits such as wildlife habitats, flood control and 
groundwater recharge. Productive farm and range lands bring billions of dollars 
into Southern California’s economy, creating jobs and providing food security. 
Converting these lands to urban development weakens this vital industry and 
the region’s position in the U.S. economy.
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AFFORDABLE HOUSING
California is in the midst of a long-term structural 
housing shortage and affordability crisis. In 2016, 
SCAG published the report, Mission Impossible: 
Meeting California’s Housing Challenge, to review 
the causes and consequences of the housing 
crisis throughout the state and for the SCAG 
region. It found that the lack of supply of housing 
is due to the fact that housing construction has 
not kept up with population growth.  There are also 
many other contributors to the overall housing 
crisis including barriers caused by land use 
zoning that prevent new housing development 
and increasing building and other costs resulting 
from time delays, environmental litigation, lack 
of sufficient local funding mechanisms, and 
community resistance to new housing especially 
medium and high-density projects.
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TABLE 2.2 Farmland Loss by County in Acres, 1984-2016

County 1984 2016 Percent 
Change

Imperial 562,132 528,471 -6%

Los Angeles 60,877 27,390 -55%

Orange 26,535 5,715 -78%

Riverside 561,542 419,835 -25%

San Bernardino 69,575 20,293 -71%

Ventura 132,388 118,508 -10%

SCAG Region 1,413,049 1,120,212 -21%

Source: California Department of Conservation Farmland Mapping & Monitoring Program

As population continues to grow, vital habitat and farmlands face severe 
development pressure. In addition to their respective roles in biodiversity and 
food production, both natural areas and farmlands help reduce the impacts 
of climate change by capturing GHGs in the soil, plants, and trees instead of 
allowing them to concentrate in the atmosphere. Urban, suburban and even 
rural development on previously undeveloped land results in increased GHG 
emissions. The conservation of natural area and farmlands on the edges of 
urban and suburban development is an integral aspect of Connect SoCal as it 
incentivizes infill development and the concentration of different land uses. This 
makes it easier to travel shorter distances which reduces GHG emissions. Many 
counties, cities and conservation groups in Southern California have excelled 
in their work to protect these vulnerable lands, but few plans or policies have 
been enacted to preserve habitat and farmlands on a regional scale. With 
regional population increases, conservation decisions made now can safeguard 
the endurance of these lands, protecting threatened wildlife and the local 

agricultural economy, and reducing carbon emissions, while also contributing to 
a high quality of life for future generations.

TRANSPORTATION SAFETY 
Traffic-related fatalities and serious injuries are a critical and preventable 
public health and equity issue in the region. Approximately 1,500 people die, 
more than 5,200 are severely injured, and 136,000 are injured on roadways 
throughout the SCAG region every year. Collisions are happening in every 
community in the region, from El Centro in Imperial County to Malibu in 
Los Angeles County. They are happening to people from all walks of life, to 
those who drive and to people who walk and bike. Approximately 90 percent 
of collisions are occurring in urban areas, with most taking place on local 
roads, not highways. Regionally, 65 percent of fatalities and serious injuries 
are occurring on less than 1.5 percent of the roadway network. Of particular 
concern are vulnerable groups such as children, older adults, and users of 
personal mobility devices such as e-scooters. These roadway users do not 
have the protections included in automobiles, and collisions involving them 
have higher fatality rates. Pedestrian and bicycle-related collisions have been 
steadily increasing since 2012, underscoring the importance of implementing 
infrastructure improvements that safely accommodate all modes, or reducing 
speed limits in some areas to reduce the likelihood or severity of higher speed 
collisions. Unsafe speed is the primary collision factor in the SCAG region, 
accounting for about 30 percent of collisions. At 50 miles per hour, a pedestrian 
has only 25 percent chance of survival if struck. In contrast, at about 25 miles 
per hour, if struck, a pedestrian has a 90 percent chance of survival. 

Traffic-related fatalities and serious injuries have significant impacts on the 
lives of families, friends and community members. They also have economic 
and environmental impacts. Traffic collisions impact congestion, leading 
to emergency management costs and additional GHG emissions from 
bottlenecking. Increasing safety for pedestrians and bicyclists can make transit 
and active transportation more desirable, thereby motivating mode shifts 
and reducing GHG emissions. Policies, infrastructure and mode choice impact 
the safety of everyone who travels throughout the region. Providing a safe 
transportation network is essential for meeting SCAG’s economic, housing, 
environmental, equity and public health goals, and will require optimizing the 
existing system to strategically incorporate complete streets while supporting a 
range of other safety strategies.
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TRANSPORTATION SECURITY 
Catastrophic events like earthquakes, floods, fires, hazardous material 
incidents, dam failures, civil unrest, transportation accidents, tsunamis and 
terrorism can occur at any given moment in the SCAG region. The state of 
California has experienced 323 state proclaimed emergencies and 267 federally 
proclaimed disasters since the year 1950. While the threat of disasters cannot 
be eliminated, effective planning can help minimize the impacts from disasters. 
Disaster incidents in the state were highest between 2000 and 2009 where 
59 people died, and 885 people were injured. Despite a tripling of population 
between 1950 and 2017, the number of deaths resulting from disasters has 
remained within a relatively narrow range. The two most frequent disasters 
in the SCAG region are floods (160 incidents since 1950) and fires (138 
incidents since 1950). 

PUBLIC HEALTH
Across the SCAG region, transportation and land use decisions are shaping 
neighborhoods, while also influencing the health outcomes of residents. The 
way a community is designed impacts the likelihood that a person will bike or 
walk to school, work, or local shops; have access to healthy food or parks; and 
breathe air that is free of pollutants. Conditions in the places where people are 
born, live, learn, work and play affect a wide range of health risks and outcomes. 
These conditions are known as the Social Determinants of Health (SDOH) and 
they help explain why health outcomes (e.g., rates of asthma or diabetes) vary 
widely across the region. Depending on where you live in the region, your life 
expectancy could be as low as 68 years or as high as 93 years. To improve 
health outcomes and to reduce these inequities, it is critical for public health to 
be integrated into land use and transportation planning.

Public health outcomes in the 4-year period from 2012 to 2016, the base 
years of the 2016 RTP/SCS and Connect SoCal, have largely worsened or 
remained constant across the SCAG region, including asthma (13.8 percent), 
diabetes (8.9 percent), pre-diabetes (13.7 percent), high blood pressure (27.9 
percent), heart disease (5.8 percent) and obesity (29.6 percent). The main 
chronic diseases accounting for deaths in the region are coronary heart 
disease, cerebrovascular disease (stroke), chronic lower respiratory disease 
and diabetes. Chronic diseases carry significant direct treatment-related costs 

and indirect costs. Healthcare expenditures continue to be a large burden 
on the regional economy, with $18.8 billion spent annually at the base year 
on just three chronic diseases: type 2 diabetes, high blood pressure, and 
heart disease. Reducing the prevalence of chronic disease through strategic 
transportation investments and land use strategies would benefit the region’s 
health and the economy.

The aging of the region’s population will also pose new public health challenges. 
Most senior citizens prefer to age in place rather than move into a smaller 
dwelling unit or group housing. With an aging population comes greater risks 
of health complications, and an increased need to plan for walkable and 
compact urban environments to support older adults choosing to age in place. 
Through the implementation of Connect SoCal, public health outcomes through 
transportation investments and land use strategies are expected to improve 
across each of SCAG’s public health focus areas.

SYSTEM PRESERVATION & RESILIENCE
Maintaining the operational efficiency of our transportation system is crucial. 
Unfortunately, demand on the system has increased over the decades 
without significant maintenance reinvestment. This has greatly influenced 
the number of roadways and bridges that have fallen into an unacceptable 
state of disrepair. Indeed, many residents have expressed concern. One 
particular resident commented that “Southern California’s roads are in horrible 
condition. There’s no infrastructure to support planned development.” Part 
of the challenge is to ensure that life cycle costs such as maintenance and 
preservation expenses, are considered and planned in the development of 
infrastructure projects. Until the passage of Senate Bill 1 (SB1) (2017), funding 
for preservation and improvement of our system was on a dramatic decline. 
SB 1 provides a much needed funding supplement for system preservation, 
but we must continue to weigh our options carefully in allocating and investing 
resources to maximize the productivity of our transportation system. FIGURE 
2.5 displays the conditions of distressed lane miles on the State Highway 
System. FIGURE 2.6 reflects bridge conditions in the SCAG region. 

ACCESS & MOBILITY
Reaching destinations in a timely manner is a top concern of Southern 
California residents. In 2016, average trip length to work was over 19 miles and 
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and they help explain why health outcomes (e.g., rates of asthma 
or diabetes, lifespans, etc.) vary widely across the region. Social 
Determinants of Health are often the result of past transportation 
and land use planning and policy decisions, and they, along 
with economic opportunities, play a role in shaping these 
circumstances and influencing health outcomes.

Since the last plan was adopted, overall public health trends have 
continued to worsen or stay the same. SCAG analyzes health 
outcomes affected by the SDOH which include: accessibility to 
essential services; air quality; affordable housing; climate change; 
economic opportunity; safety; and physical activity. 

Conditions in the places where people are born, live, learn, work, 
and play affect a wide range of health risks and outcomes. If a 
person lives in housing adjacent to a freeway or high traffic road, 
they may be more likely to develop asthma. If a person lives in a 
community with an abundance of bikeways, they may be more 
inclined to bike to work or school. These types of community 
conditions are known as the Social Determinants of Health (SDOH) 
and they help explain why health outcomes (e.g., rates of asthma 
or diabetes, lifespans, etc.) vary widely across the region. Social 
Determinants of Health are often the result of past transportation 
and land use planning and policy decisions, and they, along 
with economic opportunities, play a role in shaping these 
circumstances and influencing health outcomes.

Since the last plan was adopted, overall public health trends have 
continued to worsen or stay the same. SCAG analyzes health 
outcomes affected by the SDOH which include: accessibility to 
essential services; air quality; affordable housing; climate change; 
economic opportunity; safety; and physical activity. 

$16.7
ANNUAL COST OF TREATING 
CHRONIC DISEASES:
Heart disease,  
high blood pressure 
and diabetes.

BILLION

CHRONIC DISEASES & INJURIES 
MAKE UP OVER 69% OF ALL CAUSES 
OF DEATH IN THE REGION:

14% 
ASTHMA

13% 
PRE-DIABETES

9%
DIABETES

28% 
HIGH BLOOD PRESSURE

6% 
HEART DISEASE

29% 
OBESITY

(+2% increase since 2012)

(existing rate 2016)

(2016)

(+4% increase since 2012)

(+10% increase since 2001)

(2016)

CHRONIC DISEASES & INJURIES 
MAKE UP OVER 69% OF ALL CAUSES 
OF DEATH IN THE REGION:

14% 
ASTHMA

13% 
PRE-DIABETES

9%
DIABETES

28% 
HIGH BLOOD PRESSURE

6% 
HEART DISEASE

29% 
OBESITY

(+2% increase since 2012)

(existing rate 2016)

(2016)

(+4% increase since 2012)

(+10% increase since 2001)

(2016)

Source: California Health Interview Survey (CHIS), 2012, 2016,  
California Public Health Assessment Model (C-PHAM) for the $16.7 billion figure

Source: California Health Interview Survey (CHIS), 2012, 2016,  
California Public Health Assessment Model (C-PHAM) for the $16.7 billion figure

$16.7
ANNUAL COST OF TREATING 
CHRONIC DISEASES:
Heart disease,  
high blood pressure 
and diabetes.

BILLION

PC ORIGINAL PKG



Connect SoCal40

14 miles by auto and transit respectively. Yet it took over twice as long by transit 
(69 min) to make the same trip compared to auto (31 min). 

Examining Southern California’s transportation system, it is clear that there 
are many causes of congestion and challenges for improving accessibility. 
Paramount among them is a dependence on personal vehicles in our region, 
which often shapes our built environment to be more suited to cars than people 
– reducing the attractiveness and viability of transit as an alternative means of 
getting around. Residents see a lack of transit options as a significant challenge 
and many express a desire, as one survey respondent put it, for more “…reliable 
transit outside of the Los Angeles downtown core.”

An imbalance between jobs and housing in many areas presents challenges 
to access and mobility in Southern California due to the geography and urban 
sprawl of our region. Many residents continue to move farther and farther 
inland to reach lower priced housing. Additional factors impacting congestion 
on roadways and transit accessibility are natural impediments such as 
mountains and waterways and other challenges. 

Another cause of congestion is gaps in the road network and bottlenecks where 
capacity is reduced at pinch points. SCAG identified the top 100 bottleneck 
locations in 2016 by annual hours of vehicle delay. Most bottlenecks are active 
in the morning and/or afternoon peak periods, and all are active at midday. The 
most active time for bottlenecks is the afternoon peak period. The top three 
ranked bottlenecks in the SCAG region are all located on the I-405. The top 
ranked bottleneck, where National Blvd. meets the Santa Monica Freeway (I-10) 
in Los Angeles, results in over 1.7 million annual hours of vehicle delay. Most 
bottlenecks are located in Los Angeles County, with 19 in Orange County, three 
in Riverside County and two in San Bernardino County. More discussion on 
bottlenecks is included in the Congestion Management Technical Report.

Access to opportunities such as jobs, schools and healthcare is critical to the 
well-being of all segments of our society. Equitable access to such opportunities 
still remain a challenges. Minority and low-income populations tend to live in 
areas that have relatively fewer opportunities and services. At the same time, 
they tend to be more dependent on public transportation, and/or walking or 
bicycling due to lower rates of auto ownership, which results in limiting their 

FIGURE 2.5 Pavement Condition of State Highway System
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FIGURE 2.6 Bridge Conditions in the SCAG Region, 2015
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access to opportunities, thus putting them at a disadvantage relative to the 
general population. 

FUNDING THE TRANSPORTATION SYSTEM
The cost of a multimodal transportation system that will serve the region’s 
projected growth in population, employment, and demand for travel surpasses 
the projected revenues expected from existing sources including the gas tax, 
our historic source of transportation funding. The purchasing power of our 
gas tax revenues is decreasing and will continue a downward trajectory while 
transportation costs escalate, fuel efficiency improves, and the number of 
alternative-fuel vehicles continues to grow. 

Despite the recent increase in state revenue through a state gas tax increase 
and other transportation fees with the passage of SB 1, state sources comprise 
a small share of total transportation revenues. Additionally, federal sources 
continue to dwindle as federal fuel tax rates have not been adjusted since 1993. 
To backfill limited state and federal gas tax revenues, our region has continued 
to rely on local revenues to meet transportation needs. In fact, 60 percent of the 
region’s core revenues are from local sources. Eight sales tax measures have 
been adopted throughout the region since the 1980s; the burden of raising tax 
dollars has shifted significantly to local agencies. 

Simultaneously, we need to explore innovative local programs that help meet 
the challenge of financing and maintaining the transportation system while 
reflecting the unique needs of the region. Efforts are underway to explore 
how we can transition from our current system based on fuel taxes to a more 
direct system based on user fees. In addition to generating revenues, user 
fees are among the most impactful VMT and GHG reduction strategies for the 
transportation sector. Yet perceptions about the fairness of user fees often 
raise public acceptability concerns. A sensible system of user fees can be 
designed with policies that address equity concerns. 

PLANNING FOR DISRUPTION
Emerging technology has the potential to expand transportation choices and 
equity throughout the region. By providing more options for local and regional 
trips, emerging technologies may shift trips to less environmentally damaging 
modes, minimize negative environmental impacts associated with current 

vehicle use, increase system efficiency, improve safety, and reduce auto-related 
collisions and fatalities. However, realizing the potential benefits (and potential 
negative impacts) is dependent on the rate of technology development and 
adoption of a wide range of public and private sector innovations. Emerging 
transportation technologies pose numerous challenges and opportunities for 
the SCAG region, including: 

 z An uncertain pace of development and deployment
 z Challenges obtaining data from the private sector
 z The impact of Transportation Network Companies (TNCs) on transit 

and active transportation usage
 z A lack of permanence in public/private service agreements
 z High likelihood of new technology actually increasing VMT
 z Finding a balance between regulation and innovation
 z Avoiding inequities in accessing new transportation technologies 

Emerging technologies vary widely when it comes to their effect on VMT, and 
therefore GHG emissions. Some of these technologies, such as alternative 
fuel vehicles, micro-mobility, bikesharing and microtransit, have a mitigating 
influence on GHG emissions. Others, such as ride-hailing and automated 
vehicles, will increase VMT and GHG emissions if their business models do not 
adapt7 to eliminate or reduce single-passenger rides and “deadheading,” where 
drivers drive with zero passengers. Therefore, it is vitally important to adopt 
strategies and policies that ensure pooled or shared rides.

MEETING FEDERAL AIR QUALITY STANDARDS
Although air quality has improved significantly over the past decades, the SCAG 
region still experiences among the worst air quality in the country. Almost the 
entire SCAG region fails to meet the health-based federal air quality standards 
for one or more transportation-related air pollutants. In addition to public 
health impacts from unhealthy air quality, the challenge of meeting health-
based federal air quality standards has serious implications for the RTP/SCS, 
the Federal Transportation Improvement Program (FTIP) and transportation 
projects in the SCAG region.

7 San Francisco County Transportation Authority, TNCs and Congestion Final Report, October 2018. 
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A particularly pressing challenge is for the South Coast Region to meet the 
2023 statutory deadline of attaining the 1997 ozone standard. Pursuant to the 
federal Clean Air Act (CAA), a Contingency Measure Plan was recently developed 
jointly by the South Coast Air Quality Management District (SCAQMD) and 
the California Air Resources Board (ARB) and subsequently submitted to the 
U.S. Environmental Protection Agency (EPA). The Contingency Measure Plan 
highlights the critical need for federal regulatory actions and/or funding to 
address emission sources under federal jurisdiction including aircraft, ships, 
trains and out-of-state trucks in order to meet the air quality standard. This is 
in addition to regulatory actions, programs and incentive funding SCAQMD and 
ARB have developed to achieve emission reductions. 

If the U.S. EPA disapproves the air plan, a federal sanctions clock will be 
triggered which will lead to federal highway sanctions if the underlying 
deficiency cannot be resolved within 24 months. Highway sanctions restrict 
federal funding to transportation projects that expand highway capacity, 
nonexempt project development activities and any other projects that do not 
explicitly meet exemption criteria. If imposed, highway sanctions have the 
potential to impact billions of dollars of federal funding and tens of billions of 
dollars of important transportation projects in the SCAG region.

Transportation, especially the goods movement sectors, contributes to the 
overwhelming majority of air pollutant emissions causing ozone pollution. 
A comprehensive and coordinated regional solution including aggressive 
regulations, advancements in clean technologies, innovative solutions, and 
integrated land use and transportation planning from all levels of governments 
and all stakeholders will be required to achieve the needed emission reductions 
from the goods movement sectors.

Finally, the emission of air pollutants come from a wide range of sources 
and may be transported upwind. Therefore, a mitigation strategy should 
be in place to assist impacted communities, even if the emissions are not 
being locally produced.

MOVING TOWARDS SOLUTIONS
As this region continues to grow in age and population, and in an environment 
already experiencing significant challenges, it is crucial that land use and 
transportation strategies are integrated to achieve regional goals. Connect 
SoCal identifies a number of land use and transportation strategies that will 
provide residents more choices in how they can reach their destinations reliably 
and reduce congestion on roadways in our region through 2045 and beyond. 

In the following chapter, Connect SoCal showcases an array of investments 
across all transportation modes and incorporates a range of best practices 
for increasing transportation choices, reducing dependence on personal 
automobiles, encouraging growth in walkable/mixed-use communities 
with ready access to transit infrastructure and employment opportunities, 
and improving air quality. More and varied housing types and employment 
opportunities are envisioned within and near job centers, transit stations, 
and walkable neighborhoods where goods and services are easily 
accessible via shorter trips.

Strategies in Connect SoCal also recognize the transformative potential 
of emerging technologies and mobility innovations to provide increased 
mobility, reduce harmful emissions, generate new revenue streams for 
regional reinvestment, and opportunities to affect land use to improve quality 
of life. While no one technology or innovation is likely to solve our regional 
challenges alone, the combination of and judicious application of their benefits 
for the region can positively change the way we live, work and travel in 
Southern California. 
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There is no one-size-fits-all solution for regional challenges. Instead, we 
must explore an integrated web of creative strategies to achieve the goals of 
Connect SoCal. In this chapter we will lay out clear policy guidance, action-
oriented strategies and pragmatic tools that can be utilized to achieve a 
coordinated and balanced regional transportation system. This chapter also 
describes strategies to integrate the region’s Forecasted Development Pattern 
with the transportation network to demonstrate reductions in greenhouse 
gas (GHG) emissions. 

OUR VISION FOR A  
CONNECTED REGION
As the region’s population increases, ages and diversifies, it is crucial that 
land use decisions and transportation investments made at the federal, state, 
regional and local levels are coordinated to be able to achieve Connect SoCal’s 
regional goals. Developing compact centers with a robust mix of land uses, a 
range of building types and connected public spaces can strengthen the fabric 
of communities. Targeting rideshare and transportation demand management 
strategies near employment centers can reduce travel costs and improve air 
quality. Thoughtfully locating freight delivery facilities and logistics centers 
can reduce truck travel and the impact of goods movement on communities. 
While coordinating land-use and transportation strategies makes sense and 
can yield beneficial outcomes, implementation is difficult in a region where 
authority is divided among myriad agencies. This plan is not designed to dictate 
or supersede local actions and policies, but rather to lay out a path to achieving 
regional goals set by the Regional Council.

Our vision for the region incorporates a range of best practices for increasing 
transportation choices, reducing dependence on personal automobiles, 
further improving air quality and encouraging growth in walkable, mixed-use 
communities with ready access to transit infrastructure and employment. 
More and varied housing types and employment opportunities would be 
located in and near job centers, transit stations and walkable neighborhoods 
where goods and services are easily accessible via shorter trips. To support 
shorter trips, people would have the choice of using neighborhood bike 
networks, car share or micro-mobility services like shared bicycles or scooters. 
For longer commutes, people would have expanded regional transit services 
and more employer incentives to carpool or vanpool. Other longer trips 

CORE VISION
Rooted in the 2008 and 2012 RTP/SCS plans, Connect SoCal’s 
“Core Vision” centers on maintaining and better managing the 
transportation network we have for moving people and goods, while 
expanding mobility choices by locating housing, jobs and transit 
closer together and increasing investment in transit and complete 
streets. Examples of SCAG’s Core Vision are embedded throughout 
this chapter in blue highlight boxes, and include progress made 
since the 2016 RTP/SCS. These highlights are presented alongside 
the narrative, which provides a more  comprehensive overview of 
strategies planned to advance the region’s core vision for mobility and 
sustainability. The Core Vision includes: 

DEMAND & SYSTEM MANAGEMENT

COMPLETE STREETS

GOODS MOVEMENT

SUSTAINABLE DEVELOPMENT

SYSTEM PRESERVATION & RESILIENCE

TRANSIT BACKBONE
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would be supported by on-demand services such as microtransit, carshare 
and citywide partnerships with ride hailing services. For those that choose to 
drive, hotspots of congestion would be less difficult to navigate due to cordon 
pricing, and using an electric vehicle will be easier thanks to an expanded 
regional charging network. 

There are certainly inherent constraints to expansive regional growth, 
and areas that are susceptible to natural hazards and a changing climate 
must be recognized. Connect SoCal therefore emphasizes options that 
conserve important farmland, resource areas and habitat corridors, and de-
prioritizes growth on lands that are vulnerable to wildfire, flooding and near 
term sea-level rise.

OUR APPROACH
Connect SoCal addresses regional challenges in several ways. A key, formative 
step is to develop a Regional Growth Forecast in collaboration with local 
jurisdictions, which helps SCAG identify opportunities and barriers to 
development. The plan forecasts the number of people, households and 
jobs (at the jurisdictional level) expected throughout SCAG’s 191 cities and in 
unincorporated areas by 2045. This forecast helps the region understand in a 
very general sense where we expect growth and allows us to focus attention 
on areas experiencing change and increases in transportation needs. For 
additional details on growth forecast methodology, refer to the Demographics 
and Growth Forecast Technical Report. 

The Regional Growth Forecast is then complemented by a set of strategies 
to guide integrated land use development decisions and transportation 
investments to achieve regional goals, called the Connect SoCal Growth Vision. 
The resulting Forecasted Development Pattern includes strategies to prioritize 
areas for new development, like near destinations and mobility options, and 
places enhanced conservation value on resource areas, key farm lands and 
areas vulnerable to natural hazards. However, Connect SoCal does not dictate 
or supersede local policies, actions or strategies – applying the Forecasted 
Development Pattern at the local level is the authority and responsibility of 
towns, cities and counties. The regional Forecasted Development Pattern 
identifies areas sufficient to house the region’s population, including all 
economic segments of the population, through 2045. It takes into account 

KEY CONNECTIONS
In this chapter, we also describe Connect SoCal’s “Key Connections” 
in yellow highlight boxes. Key Connections augment the Core Vision 
of the plan to address trends and emerging challenges while “closing 
the gap” between what can be accomplished through intensification 
of core planning strategies alone, and what must be done to meet 
increasingly aggressive greenhouse gas reduction goals. These 
Key Connections lie at the intersection of land use, transportation 
and innovation, aiming to coalesce policy discussions and 
advance promising strategies for leveraging new technologies and 
partnerships to accelerate progress on regional planning goals. The 
Key Connections include:

HOUSING SUPPORTIVE INFRASTRUCTURE

SMART CITIES & JOB CENTERS

ACCELERATED ELECTRIFICATION

GO ZONES

SHARED MOBILITY & MOBILITY AS A SERVICE
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net migration into the region, population growth, household formation and 
employment growth. Moreover, Connect SoCal identifies areas within the 
region sufficient to house near-term and long-term growth and support a 
diverse economy and workforce. For additional details on the Growth Vision 
and Forecasted Development Pattern, see the Sustainable Communities 
Strategy Technical Report.

Key investments are coupled with our Forecasted Development Pattern to 
optimize the regional transportation system and accommodate the increased 
service and infrastructure demands posed by land-use changes. Connect 
SoCal’s transportation investments are financially constrained to reflect core 
and reasonably available revenues and are progressively integrated with 
projected land use patterns and coordinated across transportation modes to 
advance plan goals. 

By integrating the Forecasted Development Pattern with a suite of financially 
constrained transportation investments, Connect SoCal can reach the regional 
target of reducing greenhouse gases, or GHGs, from autos and light-duty trucks 
by 8 percent per capita by 2020, and 19 percent by 2035 (compared to 2005 
levels). Moreover, this integration can yield tangible outcomes that make our 
everyday travel needs easier when compared to a future without the plan — for 
example, the combined work trips made by carpooling, active transportation, 
and public transit increases by 3 percent and travel delay reduces by 
26 percent per capita.

SUSTAINABLE  
COMMUNITIES STRATEGY
As part of the state’s mandate to reduce per-capita GHG emissions from 
automobiles and light trucks, Connect SoCal presents strategies and tools that 
are consistent with local jurisdictions’ land use policies and incorporate best 
practices for achieving the state-mandated reductions in GHG emissions at the 
regional level through reduced per-capita vehicle miles traveled (VMT).

These strategies identify how the SCAG region can implement Connect SoCal 
and achieve related GHG reductions. It is important to note that SCAG does 
not have a direct role in implementing the Sustainable Communities Strategy 

Through our continuing efforts to better align transportation investments 
and land use decisions, we strive to improve mobility and reduce 
greenhouse gases by bringing housing, jobs and transit closer together.

PROGRESS SINCE 2016
From 2008 to 2016, 71 percent of the region’s household growth and  
75 percent of the region’s job growth occurred in Connect SoCal’s priority 
growth areas. During this same period, only 11 percent of the region’s 
household growth and 5 percent of the job growth occurred on constrained 
areas like prime farmland, and in areas vulnerable to rising seas.

PLANNING FOR 2045
From 2016 to 2045, 64 percent of new households and 74 percent of new 
jobs will occur in priority growth areas. During this same period, roughly 
10 percent of new households and 9 percent of new jobs will occur 
in constrained areas.

SCAG’s Sustainable Communities Program supports planning in local 
jurisdictions to advance the regional Growth Vision. In addition, new regional 
data tools, like the Regional Data Platform, will help local jurisdictions identify 
areas well suited for infill and redevelopment as well as natural and farm 
lands to be preserved. Studies and partnerships will also be pursued to 
establish a Regional Advanced Mitigation Program (RAMP), a strategic 
habitat and agricultural land conservation-planning program that identifies 
mitigation solutions for infrastructure projects early in the planning process.

CORE VISION
SUSTAINABLE 
DEVELOPMENT
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—neither through decisions about what type of development goes where, nor 
what transportation projects are ultimately built. However, SCAG works to 
support local jurisdictions and partnerships by identifying ways to implement 
the Sustainable Communities Strategy (SCS) in a way that fits the vision and 
needs of each local community. Additionally, SCAG serves as a leader as well 
as a hub to convene stakeholders and to find ways to collaborate on broader 
regional initiatives. See the Sustainable Communities Strategy Technical Report 
for more details on GHG reduction and implementation of the SCS.

The following strategies are intended to be supportive of implementing 
the regional Sustainable Communities Strategy. Several are directly tied 
to supporting related GHG reductions while others support the broader 
goals of Connect SoCal:

Focus Growth Near Destinations & Mobility Options

 z Emphasize land use patterns that facilitate multimodal access to work, 
educational and other destinations

 z Focus on a regional jobs/housing balance to reduce commute times 
and distances and expand job opportunities near transit and along 
center-focused main streets

 z Plan for growth near transit investments and support implementation 
of first/last mile strategies

 z Promote the redevelopment of underperforming retail developments 
and other outmoded nonresidential uses

 z Prioritize infill and redevelopment of underutilized land to 
accommodate new growth, increase amenities and connectivity in 
existing neighborhoods

 z Encourage design and transportation options that reduce the reliance 
on and number of solo car trips (this could include mixed uses or 
locating and orienting close to existing destinations)

 z Identify ways to “right size” parking requirements and promote 
alternative parking strategies (e.g. shared parking or smart parking)

Promote Diverse Housing Choices

 z Preserve and rehabilitate affordable housing and prevent displacement
 z Identify funding opportunities for new workforce and 

affordable housing development

 z Create incentives and reduce regulatory barriers for building context-
sensitive accessory dwelling units to increase housing supply

 z Provide support to local jurisdictions to streamline and lessen 
barriers to housing development that supports reduction of 
greenhouse gas emissions

Leverage Technology Innovations

 z Promote low emission technologies such as neighborhood electric 
vehicles, shared rides hailing, car sharing, bike sharing and scooters by 
providing supportive and safe infrastructure such as dedicated lanes, 
charging and parking/drop-off space

 z Improve access to services through technology—such as telework and 
telemedicine as well as other incentives such as a “mobility wallet,” an 
app-based system for storing transit and other multi-modal payments

 z Identify ways to incorporate “micro-power grids” in communities, 
for example solar energy, hydrogen fuel cell power storage 
and power generation

Support Implementation of Sustainability Policies

 z Pursue funding opportunities to support local sustainable development 
implementation projects that reduce greenhouse gas emissions

 z Support statewide legislation that reduces barriers to new construction 
and that incentivizes development near transit corridors and stations

 z Support local jurisdictions in the establishment of Enhanced 
Infrastructure Financing Districts (EIFDs), Community Revitalization and 
Investment Authorities (CRIAs), or other tax increment or value capture 
tools to finance sustainable infrastructure and development projects, 
including parks and open space

 z Work with local jurisdictions/communities to identify opportunities and 
assess barriers to implement sustainability strategies

 z Enhance partnerships with other planning organizations to promote 
resources and best practices in the SCAG region

 z Continue to support long range planning efforts by local jurisdictions
 z Provide educational opportunities to local decisions makers and staff 

on new tools, best practices and policies related to implementing the 
Sustainable Communities Strategy
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patterns and design and green infrastructure and buildings. Some key elements 
are specified the Sustainable Communities Strategy Technical Report.

PRIORITY GROWTH AREAS
Priority Growth Areas (PGAs) follow the principles of center focused 
placemaking and are locations where many Connect SoCal strategies can be 
fully realized. Connect SoCal’s PGAs—Job Centers, TPAs, HQTAs, Neighborhood 
Mobility Areas (NMAs), Livable Corridors and Spheres of Influence (SOIs)—
account for only 4 percent of region’s total land area, but implementation of 
SCAG’s recommended growth strategies will help these areas accommodate 
64 percent of forecasted household growth and 74 percent of forecasted 
employment growth between 2016 and 2045. This more compact form 
of regional development, if fully realized, can reduce travel distances, 
increase mobility options, improve access to workplaces, and conserve the 
region’s resource areas.

Jurisdictions should continue to be sensitive to the possibility of gentrification 
and employ strategies to mitigate negative community impacts – particularly 
in PGAs. Although the region will see benefits from infill development, 
communities are encouraged to actively acknowledge and plan for 
potential impacts including displacement. Production and preservation of 
permanent affordable housing to complement infill strategies is essential to 
achieving equitable outcomes.

Exhibits for priority growth areas and growth constraints, spheres of 
influence, job centers, transit priority areas, high quality transit areas, and 
neighborhood mobility areas can be found at the end of this chapter (EXHIBIT 
3.4-3.10). Following is a description of Connect SoCal’s PGAs and their 
associated strategies.

JOB CENTERS 
Job Centers are where regional strategies that support economic prosperity 
can be deployed in catalytic ways. Job Centers have been identified in all six 
counties in the SCAG region and represent areas that have a significantly 
higher employment density than surrounding areas. Employment growth and 
residential growth are prioritized in existing Job Centers in order to leverage 
existing density and infrastructure. However, it is recognized that capacity 

Promote a Green Region

 z Support development of local climate adaptation and hazard mitigation 
plans, as well as project implementation that improves community 
resiliency to climate change and natural hazards

 z Support local policies for renewable energy production, reduction of 
urban heat islands and carbon sequestration

 z Integrate local food production into the regional landscape
 z Promote more resource efficient development focused on 

conservation, recycling and reclamation
 z Preserve, enhance and restore regional wildlife connectivity
 z Reduce consumption of resource areas, including agricultural land
 z Identify ways to improve access to public park space

LAND USE TOOLS
CENTER FOCUSED PLACEMAKING
Creating dynamic, connected built environments that support multimodal 
mobility, reduced reliance on single-occupancy vehicles, and reduced GHG 
emissions is critical throughout the region. Center focused placemaking is an 
approach that supports attractive and functional places for Southern California 
residents to live, work and play, in urban, suburban and rural settings. Although 
center focused placemaking can be applied in a wide range of settings, priority 
must be placed, however, on urban and suburban infill, in existing/planned 
service areas and, for unincorporated county growth, within the planning 
boundary known as “Spheres of Influence” (SOI) where applicable and feasible. 

Successful centers are typically human-scale, compact and pedestrian-oriented 
with a variety of housing types and ranges of affordability. For example, 
transit-oriented development (TOD) in Transit Priority Areas (TPAs) and high 
quality transit areas (HQTAs) within centers and nodes along corridors can 
play a pivotal role in supporting compact development that is less reliant on 
single-occupancy vehicles. Elements of center-focused placemaking can be 
implemented when transit service is neither existing nor planned. Center-
focused placemaking includes smart locations and linkages, neighborhood 
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for infrastructure or services may need to be evaluated before residential or 
employment population is increased in a given area. By encouraging regional 
growth and employing transportation strategies in the 70+ Job Centers 
throughout the region, Connect SoCal seeks to reinforce regional economic 
prosperity. SCAG’s methodology to identify Job Centers is not all-inclusive and 
additional potential centers can be identified.

Job Centers represent areas with local employment peaks rather than simply 
places with the most jobs. Identified Job Centers are present in over 60 percent 
of the region’s cities and contain about one-third of Southern California’s jobs – 
but only cover less than 1 percent of the region’s land area. These Job Centers 
range in size from over 250,000 jobs in the region’s most urbanized areas, to 
roughly 1,500 jobs in rural areas – all with employment densities far higher than 
neighboring areas. When growth is concentrated in Job Centers, the length of 
vehicle trips for residents can be reduced. 

TRANSIT PRIORITY AREAS 
Transit Priority Areas (TPAs) are Priority Growth Areas that are within one half 
mile of existing or planned ‘major’ transit stops in the region. A ‘major’ transit 
stop is defined as a site containing an existing or planned rail or bus rapid 
transit station, a ferry terminal served by either a bus or rail transit service, or 
the intersection of two or more major bus routes with a frequency of service 
interval of 15 minutes or less during the morning and afternoon peak commute 
periods. TPAs are where TOD can be realized – where people can live, work and 
play in higher density, compact communities with ready access to a multitude of 
safe and convenient transportation alternatives.

Focusing regional growth in areas with planned or existing transit stops is 
key to achieving equity, economic, and environmental goals. Infill within 
TPAs can reinforce the assets of existing communities, efficiently leveraging 
existing infrastructure and potentially lessening impacts on natural and 
working lands. Growth within TPAs supports Connect SoCal’s strategies for 
preserving natural lands and farmlands and alleviates development pressure 
in sensitive resource areas by promoting compact, focused infill development 
in established communities with access to high-quality transportation. 
Although TPAs comprise less than 1 percent of Southern California’s land 
area, around 30 percent of new households are projected to occur within 
these transit rich areas.

HIGH QUALITY TRANSIT AREAS 
High Quality Transit Areas (HQTAs) are corridor-focused Priority Growth Areas 
within one half mile of an existing or planned fixed guideway transit stop or a 
bus transit corridor where buses pick up passengers at a frequency of every 15 
minutes (or less) during peak commuting hours. Freeway transit corridors with 
no bus stops on the freeway alignment do not have a directly associated HQTA. 
Like Transit Priority Areas, HQTAs are places where vibrant TOD can be realized 
and are a cornerstone of land use planning best practice in the SCAG region.

HQTAs represent under 3 percent of the region’s acreage but are projected 
to be home to over 51 percent of new households between 2016 and 2045. 
Infrastructure investments that support walkable, compact communities 
that integrate land use and transportation planning for a better functioning 
built environment are essential within HQTAs. Active transportation and new 
developments should be context-sensitive, responding to the existing physical 
conditions of the surrounding area. Sensitively designed TODs can preserve 
existing development patterns and neighborhood character while providing a 
balance of modal and housing choices. 

NEIGHBORHOOD MOBILITY AREAS
Neighborhood mobility area (NMAs) focus on creating, improving, restoring 
and enhancing safe and convenient connections to schools, shopping, 
services, places of worship, parks, greenways and other destinations. NMAs 
are Priority Growth Areas with robust residential to non-residential land use 
connections, high roadway intersection densities and low-to-moderate traffic 
speeds. NMAs can encourage safer, multimodal, short trips in existing and 
planned neighborhoods and reduce reliance on single occupancy vehicles. 
NMAs support the principles of center focused placemaking. Fundamental 
to neighborhood scale mobility in urban, suburban and rural settings is 
encouraging “walkability,” active transportation and short, shared vehicular 
trips on a connected network through increased density, mixed land uses, 
neighborhood design, enhanced destination accessibility and reduced 
distance to transit.

From 2016 to 2045, nearly 29 percent of new households are projected to be 
located in NMAs. Although 38 percent of all trips made in the SCAG region 
are three miles or less, more than 78 percent of these short trips are made 
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by driving. Improving public health and reducing per-capita VMT, and GHG 
reductions relies on our region’s ability to support safe and convenient short 
trips at the neighborhood scale—by foot, bicycle, micro-mobility devices and 
slow speed electric vehicles such as e-bikes, scooters, and neighborhood 
electric vehicles. Adopting and implementing Complete Streets policies 
supports safer neighborhood mobility and connected, economically dynamic 
communities. Targeting future growth in these areas has inherent benefits to 
Southern California residents – providing access to “walkable” and destination-
rich neighborhoods to more people in the future. 

LIVABLE CORRIDORS
The Livable Corridor strategy encourages local jurisdictions to plan and zone 
for increased density at nodes along key corridors, and to “redevelop” single-
story under-performing retail with well-designed, higher density housing and 
employment centers. Growth at strategic nodes along key corridors, many 
of which are within HQTAs, will make transit a more convenient and viable 
option. The Livable Corridors strategy is comprised of three components that 
will encourage context sensitive density, improve retail performance, combat 
disinvestment, and improve fiscal outcomes for local communities:

 z Transit improvements: Some corridors have been identified as 
candidates for on-street, dedicated lane Bus Rapid Transit (BRT) or 
semi-dedicated “BRT-lite” transit. Other corridors have the potential 
to support features that improve the user experience and bus 
performance, including enhanced bus shelters, real-time travel 
information, off-bus ticketing, all-door boarding and longer distances 
between stops to increase speeds.

 z Active transportation improvements: Increased investments in 
Complete Streets within Livable Corridors and intersecting arterials 
are essential to support safe bicycling and walking. Investments 
should include protected lanes to encourage safe bicycling and 
lower speed mobility, improved pedestrian access and bicycle and 
micro-mobility parking. 

 z Land use policies: Mixed-use retail centers at key nodes along Livable 
Corridors are essential, as is increasing neighborhood-oriented retail 
at intersections, and flexible zoning that allows for the replacement of 
under-performing auto-oriented retail.

SPHERES OF INFLUENCE
Local Agency Formation Commissions, or LAFCos, are given the authority to 
determine SOIs for all local governmental agencies, and each county in the 
SCAG region has an associated LAFCo. An SOI is a planning boundary outside 
of a local agency’s legal boundary (such as the city limit line) that designates 
the agency’s probable future boundary and service area. The intent of an SOI is 
to promote the efficient, effective and equitable delivery of local and regional 
services for existing and future residents and to encourage a collaborative 
process between agencies. A city will periodically annex parcels in an SOI into 
the city limits to include new developments or areas with infrastructure needs. 
Some factors considered in an SOI designation focus on current and future land 
uses and the need and capacity for services. 

Decisions made by LAFCos in the SCAG region can support the implementation 
of Connect SoCal goals related to infill development, GHG emissions 
reductions, and climate change resilience. Connect SoCal encourages future 
unincorporated county growth be prioritized within existing SOIs to discourage 
urban sprawl and the premature conversion of agricultural and natural lands, 
support alignment of policies across jurisdictions, and rehabilitate and utilize 
existing infrastructure. This strategy promotes growth in an efficient manner 
that limits sprawl and “leapfrog” development and minimizes costs to taxpayers. 
As a result, 4 percent of the region’s future household growth will be located in 
SOIs outside of incorporated city boundaries from 2016 to 2045. 

GREEN REGION
A sustainable, “green” region requires that the built environment and natural 
resource areas coexist in a well-balanced land use pattern that encourages 
mutual co-benefits. The quality and range of conservation, natural and 
agricultural areas present in the region can be reinforced and enhanced by a 
range of regional and local tools. 

Paired with PGAs, Connect SoCal’s conservation strategies consider the 
economic and ecological benefits of preserving natural areas and farmlands, 
while also maximizing their potential for GHG reduction. New housing and 
employment development is emphasized in PGAs such as Job Centers, TPAs, 
HQTAs and NMAs, and away from natural and farm lands on the edges of urban 
and suburban areas, to incentivize infill development and the concentration 
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of varied land uses. This emphasis on concentrated, compact growth makes 
it easier to travel shorter distances, which reduces per-capita greenhouse gas 
emissions. In addition, natural areas and farmlands have the capacity to absorb 
and store atmospheric carbon dioxide, preventing additional contributions 
of GHG emissions. Finally, natural lands conservation is imperative to protect 
communities from major hazards caused or exacerbated by climate change, 
such as wildfires and flooding. 

Connect SoCal’s land use strategies deemphasize development on agricultural 
lands in unincorporated counties, and in areas subject to future two-foot 
sea level rise. To further prioritize natural habitat areas and avoid impacts to 
the environment, Connect SoCal seeks to avoid growth in wetlands, wildlife 
corridors, biodiverse areas, wildfire prone areas and floodplains. These 
strategies were identified with guidance from stakeholders in SCAG’s Natural 
and Farm LandsConservation Working Group as high priorities for conservation 
based on climate change vulnerability, water quality impacts, and decline 
of native species. In acknowledgement of this need for conservation and to 
address climate change’s impacts, local and regional agencies throughout the 
region have worked to establish and/or implement a diverse set of policies, 
projects and plans to protect threatened natural areas and farmlands. See the 
Natural and Farm Lands Conservation Technical Report for successful examples 
and see the Sustainable Communities Strategy Technical Report for more detail 
on the use of these as land use strategies. 

TRANSFER OF DEVELOPMENT RIGHTS
Transfer of Development Rights (TDR) is a market-based planning tool to 
support growth in locally identified “receiving districts” in lieu of growth 
in identified “sending districts.” Receiving districts typically exhibit future 
infrastructure capacity to absorb development impacts, whereas sending 
districts often contain fragile habitats, productive agricultural lands, or other 
unique community features that a jurisdiction may seek to preserve. TDR can 
be an effective tool to achieve regional growth outcomes and conservation 
objectives by augmenting and leveraging available public funds and programs, 
providing permanent protections for important resources, and focusing 
development in areas that already have infrastructure capacity.

URBAN GREENING
Urban Greening is a multi-benefit land use strategy that improves the 
relationship between the built and natural environment. Greening can support 
reduction in GHG emissions by sequestering carbon and reduce VMT by making 
the environment more appealing for people who are bicycling and walking. 
Benefits within urban, suburban and rural settings include:

 z Improved traffic calming and safety
 z Increased active transportation
 z Cooler street surfaces and communities
 z Increased trail and greenway connectivity
 z Improved water quality, groundwater recharge and watershed health
 z Reduced urban runoff
 z Reduced energy consumption and costs
 z Expanded urban forest
 z Provision of wildlife habitat and increased biodiversity 
 z Expanded recreation opportunities and beautification 

Urban greening improvements are critical components of Complete Streets and 
offer a sustainable approach to transportation infrastructure implementation. 
Ultimately, urban greening can be applied at both the project and programmatic 
scale to achieve broader community benefits, and can help transform the built 
environment into enjoyable, healthy and connected places.

GREENBELTS & COMMUNITY SEPARATORS
Greenbelts and community separators can serve as contiguous areas 
between jurisdictions that support projected regional growth, promote land 
conservation, and avert unchecked urbanization. These areas can include 
farmland, floodplains, unique habitats, scenic corridors, viewsheds, or other 
resources considered valuable to communities. Incorporating greenbelts 
and community separators into planning initiatives can achieve regional 
benefits, such as reducing VMT, preserving contiguous spaces for active 
transportation, restoring severed wildlife corridors, preserving agrarian 
economies, and reducing costs for infrastructure maintenance. The use of 
TDR can also help identify and prioritize candidate areas for greenbelts and 
community separators.
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BUILDING FOUNDATIONS FOR NEW HOUSING 
The extraordinary cost of producing housing is a significant barrier to growth throughout Southern California, but also specifically, to achieving the level 
of infill and transit-oriented development anticipated in Connect SoCal.  The Regional Housing Supportive Infrastructure strategy will help make it quicker 
for local jurisdictions to produce critically-needed housing. The costs of building parking, and sewer/water infrastructure through Development Fees 
can range from 10% to nearly 25% of construction costs. By implementing tax-increment finance districts, jurisdictions can plan and implement housing 
supportive infrastructure. With the increase in use of ridesourcing, right-sizing parking strategies, enabled by technology, can reduce the overall cost of 
housing construction in Connect SoCal’s Priority Growth Areas.

Through legislative and planning efforts, SCAG will advance 
the vision for accelerated development within transit-oriented 
communities.  Opportunities to be explored and advanced to realize 
this outcome include:

• Local Financing Planning Support – Expand activities to support local 
agencies in establishing self-help tax-increment financing districts.

• Parking Requirements Reform – Support local planning efforts 
to reduce or eliminate parking requirement to realize potential 
construction costs savings ranging from $20,000 for surface parking, 
$50,000 for garages and structures, and $80,000 per space for 
underground spaces. 

• Local Government Planning Support Grants Program – Leverage 
resources allocated to SCAG through AB 101 to support local activities 
that stimulate development near transit and in priority growth areas.

Affordable Housing Sustainable Communities Program 
Projects across Southern California’s cities have successfully 
competed for funding offered through the Strategic Growth Council 
for construction of affordable housing and supporting infrastructure in 
areas that are well served by transit and offer promising opportunities for 
neighborhood scale mobility.

Metro Joint Development Program 
LA Metro collaborates with developers to build affordable, transit-oriented 
housing on Metro-owned properties.

Placentia Enhanced Infrastructure Financing District (EIFD)  
Placentia’s EIFD will support the neighborhoods surrounding an upcoming 
Metrolink station by implementing streetscape, sewer and water 
infrastructure improvements through value capture – paving the way for 
economic development and reducing the cost of housing construction in 
this transit oriented locale.

PLANNING FOR 2045PROMISING PRACTICES

KEY CONNECTIONS
HOUSING SUPPORTIVE 
INFRASTRUCTURE
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REGIONAL ADVANCE MITIGATION
To promote the conservation of natural and agricultural lands and restoration 
of habitats, Connect SoCal includes a new Regional Advance Mitigation Program 
(RAMP) initiative that will establish or supplement regional conservation and 
mitigation banks and other approaches to more effectively address impacts 
for projects that support reduction of per-capita vehicle miles traveled. 
The initiative will also support long term management and stewardship of 
mitigated properties.

Transportation, land use and other development projects and programs are 
often required to reduce their impacts on the environment through mitigation 
measures. Habitat preservation and restoration is a leading mitigation method, 
especially for significant transportation projects. Implementing agencies can 
directly preserve land through acquisitions or they can pay into “mitigation 
banks” (for wetlands) or “conservation banks” (for listed species) where a 
qualified land trust, joint powers authority, or governmental agency acquires 
and manages lands for conservation and restoration. Advance mitigation uses a 
science-based approach to anticipate and identify mitigation needs for multiple 
development projects, early in the planning process. By avoiding piecemeal 
mitigation for individual projects, and by doing so in advance of impacts, 
this method prioritizes sites with the highest ecological benefits and provide 
mitigation efficiencies to transportation, land use and other development 
projects. Advance mitigation can reduce project cost escalations and delays. 

Regional advance mitigation planning takes this concept further and 
establishes inventories of anticipated impacts from transportation projects 
across the region and an assessment of the region’s sensitive habitats and the 
conservation actions needed to protect them. As ecological habitats and other 
conservation elements do not routinely line up with jurisdictional borders, 
designation of conservation sites can span multiple jurisdictions. In 2017, the 
California Department of Fish and Wildlife created the Regional Conservation 
Investment Strategy (RCIS) program to encourage regional approaches for 
advance mitigation and conservation. The program is a voluntary, non-
regulatory conservation assessment and strategy to benefit species and 
habitats of concern and to provide a more efficient and effective approaches 
to mitigation and conservation. An RCIS can be used as the basis for advance 
mitigation and have the benefit of streamlining.

CLIMATE ADAPTATION & MITIGATION
Embedded in Connect SoCal’s growth and conservation strategies is an 
understanding that climate adaptation and mitigation is critical to supporting 
an integrated regional development pattern and transportation network. 
Climate change mitigation means reducing or sequestering GHGs, whereas 
adaptation is preparing for the known impacts of climate change. The 
greater the mitigation effort is in the near-term, the less adaptation will be 
needed in the long-term. 

Climate change adaptation planning has become more pressing with each 
passing year, as the region experiences extreme climate-related events 
more frequently, such as the destruction of homes and infrastructure, travel 
congestion, air quality degradation from wildfires, inland flooding, mudslides 
from torrential rainstorms, coastal flooding from sea level rise, and urban heat 
island effects from unusually high temperatures. These events have become 
persistent reminders to local governments, residents, workers and businesses 
that systematic adaptation and resiliency planning must become a high priority. 
Since climate stressors also do not follow jurisdictional boundaries, effective 
management of and adaptation to risks posed by climate change will require 
cross-jurisdictional coordination and collaboration. 

TRANSPORTATION STRATEGIES
The strategies for land use are integrated with transportation strategies to 
achieve Connect SoCal’s regional goals. Similar to the Growth Vision and Land 
Use Tools, the transportation strategies build on the Core Vision established 
during previous planning cycles and are augmented by Key Connection 
strategies. Progress made in accomplishing the Core Vision and work that lies 
ahead in realizing Key Connections are highlighted throughout this section. In 
addition, this section also describes the broader set of transportation strategies 
being pursued across the region to achieve a coordinated and balanced 
transportation system, highlighting areas where we’ve made significant 
progress and opportunities to expand activities to yield an even greater benefit.

The transportation strategies described in this section are divided into 
two broad categories: Preserving and Optimizing our current and future 
system and Capital Improvements by mode for Completing Our System. 
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In all, Connect SoCal includes $638.9 billion in transportation system 
investments through 2045.

PRESERVE & OPTIMIZE OUR  
CURRENT SYSTEM
Millions of residents rely on our regional transportation system every 
day. Preserving and maintaining our existing, aging infrastructure assets 
is fundamental to mitigate growing pressures on the overburdened 
transportation infrastructure. Consistent with the overarching guiding 
principles of the System Management Pyramid as depicted in FIGURE 3.1, a top 
priority is to maintain and preserve the transportation infrastructure through a 
“Fix it First” principle. Funding provided by Senate Bill 1 offers an opportunity to 
strategically reinvest in the transportation network to realize an improvement in 
the conditions of the existing system. 

CORE VISION
SYSTEM PRESERVATION  

& RESILIENCE

“Fix it First” has been a guiding principle for prioritizing transportation funding 
in the RTP for the last decade. The cost of rebuilding roadways is eight times 
more than preventative maintenance. Preservation of the transportation 
system can extend the pavement life in a cost effective manner and can 
also improve safety.

PROGRESS SINCE 2016
Passage of Senate Bill 1 (SB 1) in California in 2017 provides much needed 
infusion of funding to address these challenges. More specifically, SB 1 is 
expected to generate over $52 billion statewide over the next 10 years 
dedicated primarily to Road Maintenance and Rehabilitation. Most of 
the new sources that make up SB 1 are indexed to California Consumer 
Price Index so that the funds keep pace with inflation moving forward. 
Many roadway improvement/rehabilitation projects, including bridge 
improvement have been programmed.

PLANNING FOR 2045
Given the magnitude of our need and to enhance resilience in light of 
climate change, Connect SoCal continues to prioritize funding for system 
preservation. The plan includes $68 billion towards preservation, operation 
and resiliency needs of the state highway system, and $47.5 billion towards 
preservation, operation and resiliency needs of the regionally significant 
local streets and roads.

SCAG will continue to collaborate with federal, state and local partners to 
monitor the conditions of transportation assets and pursue new research 
and partnerships to ensure plan resources are deployed to address the 
region’s greatest vulnerabilities.

FIGURE 3.1 System Management Pyramid

Source: Caltrans
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A key strategy for system preservation is to include preventative maintenance 
of roadways as part of project costs and work plans. According to Caltrans’ 
Automated Pavement Condition Survey Report, this strategy of prioritizing 
routine preventative maintenance to address surface damage on the system 
is significantly cheaper and more effective compared to major rehabilitation 
or reconstruction of a majorly damaged road. The timeframe to perform 
preventative maintenance can be days, while construction of a new roadway 
can take years, causing more increased inconvenience and congestion on 
the network as residents use alternate routes not built for such demand. 
Connect SoCal allocates approximately $68 billion towards state highway 
over the plan period to ensure a well maintained and resilient system for 
generations to come. 

MANAGE CONGESTION
Connect SoCal also seeks to optimize the existing transportation system to meet 
increased demand levels through the use of innovative strategies that leverage 
the existing transportation infrastructure. The following section discusses 
transportation strategies to help support preservation and optimization 
of infrastructure. Physical solutions can include reversible lanes and policy 
solutions can include congestion pricing concept along with other solutions.

CONGESTION MANAGEMENT PROCESS
The Congestion Management Process (CMP) aims to provide effective 
management of the regional transportation system through monitoring 
and maintenance, demand reduction, analysis of local land use decisions, 
operational management strategies and strategic capacity enhancements. 
Federal regulations require the development, establishment and 
implementation of a CMP. Consistent with federal requirements, SCAG 
implements, monitors and evaluates these actions as part of Connect SoCal. 
These eight actions are as follows:

 z Develop Regional Objectives for Congestion Management
 z Define CMP Network 
 z Develop Multimodal Performance
 z Collect Data/Monitor System Performance
 z Analyze Congestion Problems and Needs

 z Identify and Assess Strategies 
 z Program and Implement Strategies 
 z Evaluate Strategy Effectiveness 

The CMP requires that roadway projects that significantly increase the 
capacity for single-occupancy Vehicles (SOVs) be addressed through a CMP. 
It should provide appropriate analysis of reasonable, multimodal travel 
demand reduction and operational management strategies for the corridor. 
If alternative strategies are neither practical nor feasible, appropriate 
management strategies must be considered for roadway capacity improvement 
projects that would increase SOV capacity. For more details of this process are 
included in the 2019 FTIP.

CONGESTION PRICING 
Consistent with the mobility pyramid, SCAG’s planning efforts have focused 
on integrating pricing strategies to optimize operation, improve travel time 
reliability and offer travelers greater choices. 

In 2013, SCAG conducted the Express Travel Choices Study, which reviewed 
a variety of congestion pricing options and their potential applicability to the 
SCAG region based on mobility, economic and equity impacts. Three promising 
strategies were identified as noted below, two of which were incorporated 
into the 2016 Regional Transportation Plan/Sustainable Communities 
Strategy (RTP/SCS). 

1. Develop a network of express lanes, that connects to existing express 
lanes in order to accommodate growing inter-county travel 

2. Establish a mileage-based user fee to generate a funding source for 
aging infrastructure and construction of other travel options

3. Develop Cordon/Area Pricing which involves charging a variable or 
fixed fee to drive into or within a highly congested area

A cordon/area pricing strategy required additional analysis to identify 
the most promising geographic area and system design for initial testing. 
Accordingly, SCAG has been engaged in detailed analyses of this concept 
since the 2016 RTP/SCS. 

SCAG examined the potential application of cordon/area pricing in Southern 
California through its Mobility Go Zone and Pricing Feasibility Study. The study 
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showed that a Westside Go Zone would reduce VMT by 21 percent and vehicle 
hours traveled (VHT) by 24 percent during peak travel times, saving $4 million 
annually in reduced GHG emissions and generating a net average of $69.2 
million annually in revenues, which would go directly toward transportation 
improvements, pedestrian amenities and economic development. 

SCAG also estimated a 22 percent reduction in single-occupancy vehicles 
entering the area and an increase in transit trips and bike/walk trips by nine and 
seven percent, respectively during peak periods. SCAG urged the creation of a 
pilot project to more deeply test the potential of Mobility Go Zones in reducing 
congestion and improving air quality. 

Bolstered by recent decisions in New York City to move forward with 
implementing a congestion pricing program by 2021, further studies of cordon/
area pricing along with other forms of congestion pricing, are being evaluated 
by major metropolitan areas throughout the country. Los Angeles is no 
exception with recent announcements by Metro to evaluate congestion pricing 
and other user fee strategies. 

Connect SoCal assumes the implementation of a local road charge program in 
the form of mileage-based user fees regionally, which can be adjusted by time-
of-day at major activity centers. For analysis, SCAG assumes congestion pricing 
(peak period charges) in parts of Los Angeles, along with increases in parking 
pricing at major job centers as a part of the regional job centers strategy.

Overall, the implementation of user-fees and pricing strategies can be 
structured to increase equity and mobility, and preserve the transportation 
system, while reducing environmental impacts. Additionally, California’s and 
other states’ road charge pilots to date have had high levels of participant 
satisfaction- even on the issue of user privacy, and surveys show that support 
for such fees has been steadily increasing. 

Because mileage-based user fees are directly linked to system usage, they can 
more easily address the actual cost of driving and direct funding towards repair 
and maintenance of the system in accordance with usage, regardless of fuel 
purchases. Using differential pricing, fees can be balanced to compensate for 
the lost revenue from alternative fuel penetration and increasing fuel efficiency, 
while still providing incentives that encourage the adoption of cleaner vehicles, 

Better managing the existing transportation system through demand 
management strategies and Intelligent Transportation Systems (ITS) yields 
significant mobility benefits in a cost-effective manner. 

PROGRESS SINCE 2016
The I-210 Integrated Corridor Management Pilot, a first of its kind in Southern 
California, integrates management and operation of the freeway with 
nearby arterials and local transit using real-time monitoring of travel 
conditions, and improved corridor-wide collaboration to re-direct vehicles 
during congestion causing incidents. 

The California Road Charge Pilot Program is a statewide effort to test 
the functionality, complexity and feasibility of a road charge system for 
transportation funding. The pilot demonstrated the feasibility for a variety of 
technologies to facilitate mileage reporting methods and data collection. 
Coupled with carefully designed incentives, a road charge is a powerful tool 
for reducing congestion and supporting our sustainability goals.

In 2018, the Metro board signaled a major change in direction for the former 
I-710 North capacity project by approving an alternative that focuses on 
TDM/TSM strategies in this corridor.

PLANNING FOR 2045
Connect SoCal increases investment and strengthens policy levers to 
optimize system performance while realizing greenhouse gas reduction, 
quickly and efficiently.

New strategies resulting from SCAG’s TDM Strategic Plan provide 
an objectives-driven, performance-based process to identify and 
promote TDM strategies and programs across the region. SCAG will 
pursue implementation of these strategies in coordination with regional 
and local partners. 

SCAG will pursue research and planning as autonomous vehicles emerge in 
the market, transforming system management opportunities. 

CORE VISION
DEMAND & SYSTEM 

MANAGEMENT
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CLAIMING BACK TIME FROM YOUR COMMUTE 
Go Zones are geographic areas where a suite of mobility service options are provided together with incentives to reduce dependency on 
personal automobiles. This expanded mobility ecosystem can include increased transit, bike share, enhanced active transportation infrastructure 
and incentives—such as a fee on solo driving during peak traffic periods. Incentives would encourage the use of shared modes or shift less 
time sensitive trips to off-peak times. Revenues collected from the fee would be used to fund local transportation improvements and support 
sustainability goals by contributing to reductions in GHG emissions. Go Zones can be designed with policies and discounts that address equity 
concerns and promote mobility options for commuters of various income levels.

To foster adoption of Go Zones envisioned by Connect SoCal, 
SCAG will pursue research and partnerships, including: 

• SCAG Mobility Innovations & Incentives Pilot Program – 
design and conduct pilot tests to further assess equity 
impacts and likely changes in travel behavior

• Joint MPO Road Usage Charge & Incentive Program Pilot 
Tests – develop and test a common core road usage 
charge and incentive pilot 

• Metro Traffic Reduction Study – SCAG will partner with 
Metro to analyze and identify a place or places where 
congestion pricing can be tested along with a package 
of mobility improvements

100 Hours 
Public engagement campaign to turn traffic hot spots 
into models of mobility

SCAG Mobility Go Zone & Pricing Feasibility Study 
The Mobility Go Zone & Pricing Feasibility Study evaluates 
congestion pricing and the range of impacts on traffic 
volumes, transit ridership, air quality and availability of funds 
for transportation programs. 

Evaluating parts of the Cities of Los Angeles and Santa 
Monica, the study estimates a 21% to 22% decrease in VMT 
and 24% decrease in VHT within the study area during peak 
periods. Transit usage and bicycling/walking trips increase 
by 9% and 7%, respectively.  Annual average net revenue 
of $69.2 million would be generated to offer additional 
resources for local reinvestment. 

KEY CONNECTIONS
GO ZONES

PLANNING FOR 2045PROMISING PRACTICES

Providing greater 
bike and scooter 
options within the 
zone will provide 
alternatives 
to driving for 
short distance trips. 

Price incentives, partnerships with car 
share providers and smartphone apps 
that facilitate carpooling will reduce 
traffififific and GHG emissions.

Go Zone revenue 
will be invested 
in high frequency, 
high quality 
transit, providing 
greater options 
for commuters 
in/out of the zone. 
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and protecting user privacy. Additionally, differential pricing can be structured 
to encourage the use of more sustainable modes of transportation. 

A mileage-based system can also assuage environmental justice concerns 
inherent in the regressive gas tax. Environmental justice was a focus of the 
California Road Charge Pilot Program, and 73 percent of participants reported 
that they thought user fees were fairer than a gas tax. Looking forward, 
alternative fuel technologies are likely to remain expensive compared to 
conventional vehicles, and it is likely that low-income residents will be paying 
a higher proportion of transportation taxes through continued purchase 
of gasoline. Linking fees more directly with system usage would reduce 
the burden on disadvantaged residents and could even be structured to 
enhance overall mobility.

TRANSPORTATION DEMAND MANAGEMENT
Transportation Demand Management (TDM) is a set of strategies that aims 
to reduce the demand for roadway travel, particularly from SOVs. TDM 
investments can reduce congestion and shift trips from SOVs to other modes in 
ways that often cost significantly less than roadway or transit capital expansion 
projects. TDM strategies add transportation choices that improve sustainability, 
public health and the quality of life by reducing congestion, air pollution and 
GHG emissions. When transit ridership, carpooling, bicycling and walking 
increase, the efficiency of the entire transportation system improves, bringing 
many benefits to the region. These benefits can justify relatively modest public 
expenditures on effectively implemented TDM programs. Connect SoCal 
allocates $7.3 billion through 2045 to implement TDM strategies throughout the 
region. There are three primary goals of this program:

 z Reduce the number of SOV trips and per capita VMT through 
ridesharing (which includes carpooling and vanpooling) and providing 
first/last mile services to and from transit

 z Redistribute or eliminate vehicle trips during peak demand periods by 
supporting telecommuting and alternative work schedules

 z Reduce the number of SOV trips through use of other modes such as 
transit, rail, bicycling, and walking, or other micro-mobility modes

In 2018, SCAG initiated a study to develop a TDM Strategic Plan to identify ways 
in which SCAG and its regional partners can expand the effectiveness and use 
of TDM strategies to achieve regional goals. The resulting recommendations 

address knowledge sharing, policy and regulation, partnership, and TDM 
programming and performance measurement, and are included in more detail 
in the Congestion Management Technical Report and the TDM Strategic Plan. 

TRANSPORTATION SYSTEMS MANAGEMENT 
Transportation Systems Management (TSM) employs a series of techniques 
designed to maximize the capacity and efficiency of the existing transportation 
system. Effective TSM strategies reduce traffic congestion, improve air 
quality and reduce or eliminate the need to construct new and expensive 
transportation infrastructure. Many TSM strategies seek to optimize the 
operation of the existing transportation system through use of Intelligent 
Transportation Systems (ITS). For example, advanced technologies can 
anticipate changing traffic conditions and inform drivers about driving 
conditions on a real-time basis so that drivers can make more informed 
decisions. SCAG recently updated the Regional ITS Architecture which identifies 
a significant number of planned ITS projects, including those related to 
connected vehicle applications, transit signal priority, emergency response, 
express lanes and goods movement.

Examples of TSM strategies include Corridor System Management Plans 
(CSMPs) and system management initiatives (e.g., variable speed limits, signal 
synchronization, ramp metering, etc.), High Occupancy Toll (HOT) lanes, collision 
avoidance systems, universal transit fare cards and improved data collection.

COMPLETING OUR SYSTEM
Strategies for improving and expanding the many modes of transportation that 
make up the regional network must be integrated closely with our strategies for 
how we use land. The success of transit, passenger rail, walking, bicycling and 
other forms of active transportation, our highways and arterials, the efficient 
movement of goods and our regional airport system all depend on a close 
relationship with how our region uses land and how we grow. This is particularly 
true when it comes to improving and building a transit system that can best 
serve people in communities throughout our region. It is the first transportation 
category for which numerous strategies are reviewed.
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TRANSIT 
The Southern California vision for transportation and transit was developed 
via a cooperative, comprehensive and continuing process where local agencies 
work with their county transportation commission and with SCAG to identify 
a program of projects that will deliver a local vision of increased mobility and 
accessibility, and support Connect SoCal goals including congestion reduction 
and sustainability. Transit serves as both a key component of local, regional 
and state efforts to combat climate change and reduce congestion, and as 
a critical social service. It is a way of providing mobility for individuals who 
cannot provide it for themselves, especially those who do not have access to 
automobiles, are very poor, recent immigrants, and the elderly and disabled. 
It also can provide an alternative to SOVs and could serve as the backbone 
of a multimodal transportation system with an integrated trip planning and 
payment system, as part of the MaaS concept.

Since 1991, the region has spent over $77 billion on transit (in 2016 dollars). This 
trend is expected to continue, as the combined costs for transit capital projects 
and operations and maintenance (O&M) total nearly half of the investments 
in Connect SoCal. The plan includes significant investment across all transit 
modes, with $66.8 billion toward transit capital projects and $173.9 billion 
for transit O&M. TABLE 3.1 displays selected major transit capital projects 
included in Connect SoCal, while the map in EXHIBIT 3.1 displays the 2045 
plan transit network.

When these planned transit projects are completed, the region will have a 
greatly expanded urban rail network, including multiple Metro Rail extensions 
and the first urban rail services in Orange County (OC Streetcar) and San 
Bernardino County (Redlands Rail/Arrow). New bus rapid transit and rapid bus 
routes will be implemented across Los Angeles, Orange, Riverside and San 
Bernardino Counties. Riverside County will extend Metrolink to San Jacinto/
Hemet and San Bernardino County will connect via Metrolink to Ontario 
International Airport. 

Other ongoing regional efforts may result in changes to the transit investments 
in Connect SoCal. SCAG will monitor these efforts and adjust Connect SoCal 
accordingly through a future amendment, if needed. These efforts include 
Metro’s Twenty-Eight by ’28 Initiative, which seeks to complete 28 major projects 
approved by the Metro Board by the 2028 Summer Olympic and Paralympic 

Expanding the transit network and fostering development in transit-oriented 
communities is central to the region’s plan for meeting mobility and 
sustainability goals while continuing to grow the regional economy.

PROGRESS SINCE 2016
Major urban rail projects under construction:
 • Metro Rail Regional Connector and Crenshaw/LAX lines
 • OC Streetcar
 • Arrow / Redlands Rail

Metrolink achieved record ridership levels in fiscal year 2018-2019, almost 12 
million annual boardings.

Regional agencies have committed to major bus system redesigns 
including OC Bus 360 and the Metro NextGen Bus Study.

Microtransit pilots and partnerships with Transportation Network Companies 
are being implemented to provide additional options connecting to fixed 
route transit and rail. 

PLANNING FOR 2045
Connect SoCal builds upon extensive local investment in the transit and rail 
network by increasing resources for frequent and reliable bus service and 
closing gaps in the fixed guideway system. 

Regional collaboration to implement Metrolink’s Southern California 
Optimized Rail Expansion (SCORE) and complete the Link Union Station 
(LinkUS) to transform Los Angeles Union Station from a “stub-end” station, 
to a “run-through” will reduce rail travel times across the system and allow 
one-seat rides to many more destinations.

SCAG-supported plans and pilot projects to address first-last mile 
challenges will be essential to improving the transit experience and 
expanding access to jobs and destinations. 

CORE VISION
TRANSIT BACKBONE
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Source: SCAG

TABLE 3.1 Selected Transit Capital Projects

County Project

Los Angeles Airport Metro Connector

Los Angeles BRT Connector – Orange/Red Line to Gold Line

Los Angeles Crenshaw/LAX Transit Corridor

Los Angeles Historic Los Angeles Streetcar

Los Angeles East San Fernando Valley Transit Corridor

Los Angeles Gold Line Eastside Extension Phase 2 to South El Monte

Los Angeles Gold Line Foothill Extension – Azusa to Claremont

Los Angeles Green Line Extension to Torrance

Los Angeles LAX Automated People Mover

Los Angeles North San Fernando Valley Transit Corridor

Los Angeles Orange Line BRT Improvements

Los Angeles Purple Line Westside Subway Extension to La Cienega, Century City, Westwood

Los Angeles Regional Connector

Los Angeles Sepulveda Pass Transit Corridor (Phase 2)

Los Angeles Vermont Transit Corridor

Los Angeles West Santa Ana Branch Transit Corridor

Los Angeles Green Line Extension to Norwalk/Santa Fe Springs Metrolink Station

Los Angeles Red Line Extension to Hollywood Burbank Airport

Los Angeles Slauson Light Rail – Crenshaw/LAX Transit Corridor to Blue Line

Orange OC Streetcar

Orange OC Transit Vision

Riverside Coachella Valley Quick Bus

Riverside Rapid Commuter Corridor from Perris to San Jacinto

Riverside RapidLink Service – Riverside, Moreno Valley, Perris

San Bernardino Redlands Passenger Rail

San Bernardino West Valley Connector Phase 1

San Bernardino Gold Line Extension to Montclair

San Bernardino Passenger Rail Service from San Bernardino Metrolink Line to Ontario Airport
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and as the TNC business model evolves, the impacts will be felt across 
Southern California. One of the ways that transit providers or local jurisdictions 
are responding to that growth is by partnering with Uber, Lyft, and other 
companies to provide first/last mile services or replace low performing bus 
routes. Examples within the SCAG region include Go Monrovia, a partnership 
between the City of Monrovia and Lyft that provides subsidized rides including 
discounted rides to/from the Foothill Gold Line station, and a partnership 
between the City of San Clemente and Lyft in South Orange County in an area 
where OCTA discontinued two bus routes.

With respect to connected and automated vehicle applications, a new 
generation of transit navigation aids is emerging. Many private and public 
sector parties are currently testing automated passenger vehicles and trucks, 
and the capabilities range from driver assist to fully automated operations. 
Automated transit systems are still in the research phase and are supported 
by the FTA’s Office of Research, Demonstration and Innovation and a five-year 
Strategic Transit Automation Research Plan. Automated services may be tested 
in closed environments such as university and hospital campuses through the 
horizon of Connect SoCal and may enter into service in open environments 
before 2045. SCAG’s recently updated Regional ITS Architecture identifies 
planned projects such as connected vehicle applications, integrated corridor 
management and transit signal priority expansion.

PASSENGER RAIL 
The 2020 Connect SoCal vision for passenger rail in the SCAG region consists 
of four main elements:

Grow Ridership: Although ridership on commuter and intercity rail services has 
steadily grown over the last two decades, there is still tremendous potential to 
significantly increase ridership in the region.

Provide More Frequent and New Services: Providing more frequent rail 
service will attract new riders to passenger rail. Currently, commuter rail service 
in Southern California is much less frequent than commuter rail services 
elsewhere in the nation. There are also several unserved passenger rail markets 
that would greatly benefit from the establishment of new rail service.

Games. Additionally, Metro’s NextGen Bus Study seeks to redesign the bus 
network to be more relevant and attractive to the residents of Los Angeles 
County. Finally, the California Air Resources Board (ARB) Innovative Clean 
Transit Rule requires that transit agencies convert to Zero Emissions Bus Fleets 
with bus rollout plans due from larger transit operators in June 2020.

Transit agencies are also piloting improvements using emerging technologies 
and innovations. Metro is in the process of upgrading its TAP card program 
regional system and unified payment across multi-modal programs. Metro’s 
TAP system now integrates transit and bike share, with the potential for 
future integration of Express Lanes and electric vehicle car share, forming the 
foundation for a regional MaaS system. The system also allows for providing 
incentives and cross-program discounts. At the state level, the California State 
Transportation Agency is leading an initiative called the California Integrated 
Travel Project (Cal-ITP) to facilitate multimodal trip planning and payment to 
support state goals of increasing transit ridership, reaching environmental 
targets, lowering costs, creating efficiencies, improving customer experience 
and promoting equity. Current efforts focus on incentivizing statewide 
trip planning and fare payment standards and other integrated travel 
improvements over time. A future phase will involve a multi-agency pilot of 
integrated travel planning and fare payment.

In the SCAG region, several operators are piloting microtransit services, which 
typically involve smaller vehicles, flexible routing, on-demand dispatch and 
public-private partnerships. Research has shown that microtransit services 
are not very productive, carrying on average three to five passenger trips 
per vehicle per hour. Microtransit therefore may be best suited to serve 
lower-demand areas, acting as part of an array of services that include fixed 
route transit, TNCs, and other shared mobility services. Agencies conducting 
microtransit pilots in the SCAG region include OCTA (OC Flex), the City of 
Los Angeles Department of Transportation (LANow), LA Metro (Mobility on 
Demand pilot with Via), and Anaheim Transit Network (Free Ride Around the 
Neighborhood). Data and results from these pilot projects will inform future 
planning for microtransit in the region. 

Over the last 10 years, one of the leading new mobility practices has been 
ridesourcing. This practice marries the taxi model with mobile and GPS 
applications to provide on-demand point-to-point service. Use of these TNC 
services, particularly those offered by Uber and Lyft, has grown exponentially 
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Improve Connectivity: While progress has been made in connecting passenger 
rail services to other existing transit in our region, more needs to be done to 
coordinate schedules and connections. Also, more progress must be made in 
first/last mile connections to rail stations, and station area planning and transit 
oriented development.

Secure Funding: New funding opportunities have been created since the 2016 
Connect SoCal, such as the first dedicated source for rail operations at the state 
level. However, passenger rail funding in the region is still incremental in nature 
and to grow ridership via increased service levels, more long-term state and 
federal financing needs to be identified.

Several strategies in Connect SoCal are designed to increase rail ridership in 
our region by making rail travel more attractive as an alternative to commuting 
alone by car. These strategies address three distinct rail markets and the 
carriers can serve multiple travel markets: 

 z Metrolink – Commuter Rail 
 z Amtrak – Intercity Rail 
 z California High-Speed Rail and Southern California to Las Vegas 

– Interregional Rail

First, the Metrolink Southern California Optimized Rail Expansion (SCORE) 
program expands the capacity of the commuter rail system to ensure more 
regular and frequent service throughout the entire day. Capital investments for 
SCORE include construction of:

 z Construction of additional tracks (e.g., sidings, double track, triple track 
and quadruple track segments)

 z Improved signaling
 z Expanded and lower emissions fleets
 z Upgraded and enlarged maintenance facilities
 z Grade crossing treatments and separations
 z Fencing and safety features
 z Features to support readiness for quiet zones 
 z Required asset rehabilitation to sustain capacity

SCORE includes the Link Union Station (Link US) project, which will transform 
the region’s largest multi-modal transportation hub at Los Angeles Union 
Station by extending rail tracks over the US–101 freeway. With Link US, 

SCORE will greatly improve regional rail by providing through service at Union 
Station, reducing rail travel times in our region and allowing “one-seat ride” 
opportunities to many more destinations.

Second, the Los Angeles-San Diego-San Luis Obispo (LOSSAN) Rail Corridor 
Strategic Implementation Plan lays out a long-range vision for customer 
and capital improvements that increase the speed and quality of service. 
The latest LOSSAN Rail Corridor Agency Business Plan (FY 2018–19 to FY 
2019–20) highlights several significant strategies for improvement such as 
train monitoring, train and connecting bus schedule adjustments, improved 
connectivity with local transit services, equipment and crew utilization, 
response to service disruptions and service planning. The LOSSAN plan calls 
for improvements along the corridor to provide more service, including 
13 daily round trips between Los Angeles and San Diego, six round trips 
between Goleta and Los Angeles and three round trips between San Luis 
Obispo and Los Angeles.

Third, voters approved in 2008 the Proposition 1A bond measure providing 
$9.95 billion for the California High-Speed Rail project. Phase 1 will connect San 
Francisco to Los Angeles and Anaheim at speeds of up to 220 miles per hour, 
completing the trip within two hours and forty minutes. Segments in the SCAG 
region connect the Central Valley to Palmdale, Hollywood Burbank Airport, Los 
Angeles Union Station, and Anaheim. As described in the 2018 Business Plan 
and 2020 Draft Business Plan, Phase 1 will begin service in 2033. 

In 2012, the Regional Council entered into a memorandum of understanding 
(MOU) with the California High-Speed Rail Authority (CHSRA), Metrolink, 
San Diego Association of Governments (SANDAG), Metro, Riverside County 
Transportation Commission (RCTC), and the City of Anaheim to include Phase 
1 in the 2012 RTP/SCS and commit $500 million in Prop. 1A funds to early 
investments in Southern California’s existing passenger rail system. The funding 
agreement for the Rosecrans/Marquardt grade separation project to receive 
$76.7 million in Prop. 1A funds was executed in 2018. In September 2019, the 
CHSRA, Metro and the California State Transportation Agency (CalSTA) executed 
an MOU which established a commitment for these agencies to work together 
cooperatively to execute a full funding agreement for the remaining $423.3 
million for the LINK US project.
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Finally, the Southern California to Las Vegas high-speed rail project was 
environmentally cleared under XpressWest and the Federal Railroad 
Administration (FRA) issued a record of decision on July 8, 2011. XpressWest is 
now in the process of planning, constructing and operating this service, which is 
expected to be privately financed.

ACTIVE TRANSPORTATION 
With its temperate climate and wide array of stunning natural and built 
environments, the SCAG region holds great potential for active transportation 
initiatives. Walking (inclusive of people using personal mobility devices) and 
bicycling are accessible forms of transportation for people of all ages, abilities 
and socioeconomic backgrounds. Communities that are built to support 
walking and bicycling trips tend to be healthier and are safer for people using 
all modes of transportation. Likewise, the implementation of infrastructure and 
development of plans and programs increases the number of people walking 
and bicycling and decreases the number of people driving. This will improve 
health outcomes and reduce GHG emissions in the region. 

Connect SoCal is expected to increase the number of daily active transportation 
trips by more than two million, increasing the mode share from 7.8 percent in 
2016 to 10 percent by 2045. In order to achieve these outcomes, planned future 
investments are nearly doubled from $12.9 billion in the 2016 RTP/SCS to $22.5 
billion in Connect SoCal. The active transportation investments in Connect SoCal 
are allocated across a range of active transportation strategies that address 
planning, policy making and implementation for both short and regional trips. 
Additionally, they are designed to improve environmental justice outcomes and 
enhance the safety and comfort of people walking and bicycling. 

Since the adoption of the 2016 RTP/SCS planning efforts throughout the 
region have expanded significantly. Nearly 80 percent of the cities in the SCAG 
region now have completed some sort of active transportation plan, bringing 
the regional total to more than 300 pedestrian, bicycle and safe routes to 
schools plans. This is a 40 percent increase from 2016. Likewise, every county 
in the SCAG region now has a county-wide pedestrian, bicycle and/or active 
transportation plan (ATP) or is in the process of completing one. Some of these 
include the Imperial County Active Transportation Plan (2019) and Pedestrian 
Master Plan currently in progress, the Los Angeles County Active Transportation 
Strategic Plan (2016), Orange County’s OC Active (2018), the Western Riverside 

Council of Governments Active Transportation Plan, the San Bernardino 
Non-Motorized Transportation Plan (2018) and the Ventura County Regional 
Bikeway Wayfinding Plan (2017). Through Connect SoCal, SCAG’s Sustainable 
Communities Program and other statewide funding sources, additional 
planning funding will be available to continue this progress and to plan for more 
active communities across the region.

In addition to development of a robust set of plans, the region has seen 
significant positive changes to our built environment as active transportation 
projects have been implemented. Almost 500 bikeway miles have been built 
in the region since the 2016 RTP/SCS. These efforts are dispersed across the 
region, with a focus on projects that improve active transportation mode share 
and safety for disadvantaged communities. SCAG has worked closely with 
impacted communities and partnered with community-based organizations 
to ensure that plans and projects are designed to best address the issues that 
people walking and bicycling in each community face. Some noteworthy active 
transportation projects initiated or implemented since 2016 include: 

Coachella Valley Link: A multi-use trail in the Coachella Valley which 
is expected to facilitate more than 3 million active transportation 
trips per year by 2035.

El Centro 8th Street ATP Project: The El Centro 8th Street ATP-funded project 
is significant in part due to the positive impact of a Go Human demonstration 
project. The partnership allowed the City to showcase potential improvements 
and solicit community feedback and support, which helped see the 
project to implementation. 

Venice Boulevard Great Streets: Mar Vista’s Venice Boulevard Great Streets 
project enhanced pedestrian and bicycle safety, and promoted place-making 
through community art installations. The one-year evaluation report highlights 
how infrastructure investments, such as new signalized crossing locations and 
protected bike lanes, resulted in an 11 percent increase of active transportation 
users, a 75 percent reduction of collisions at its busiest intersection and a 
decrease in bicyclist injuries, all while supporting the same traffic volumes and 
promoting a vibrant downtown core.

Connect SoCal includes a wide variety of infrastructure projects that will 
support short and regional active transportation trips. These strategies will 
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reduce automobile vehicle miles traveled by increasing the number of trips 
accomplished by walking, bicycling and the use of micro-mobility devices. These 
strategies include building physical infrastructure such as local and regional 
bikeways, sidewalk and safe routes to schools pedestrian improvements, 
regional greenways and first-last mile connections to transit. In addition to 
reducing vehicle miles traveled, these strategies will improve air quality and 
public health by reducing emissions and increasing levels of physical activity. 
Finally, they will have a positive economic impact on the region by reducing 
transportation and healthcare costs.

Since the 2016 RTP/SCS there has been a significant change in technology 
and the way that it influences travel behavior. The growth in popularity of 
micro-mobility in the past few years necessitated the inclusion of strategies 
in Connect SoCal to address shared mobility infrastructure and regulation 
frameworks to ensure that new technologies can be used safely and 
responsibly. These strategies range from incentives for the purchase of e-bikes, 
to the distribution of private micro-mobility devices that help ensure access 
for low-income communities. While it is expected that many of these devices 
will be provided through the private sector, they will still use public streets and 
will likely increase demand for separated facilities that are safe for all ages and 
abilities. Local jurisdictions will likely be tasked with the regulation of these 
devices and will need to manage the locations where they will be stored and 
where they can be ridden.

New technology also has the potential to provide local partners with more and 
better travel behavior data. SCAG and member jurisdictions should support the 
procurement and development of new data sources for active transportation. 
This will include the collection of pedestrian, bicycle and micro-mobility volume 
data, as well as the integration of large data sets. Local cities, county agencies, 
public health departments and other stakeholders will all benefit from better 
data sets that provide information on traffic stress, accurate collision rates 
and information on the types of people using these modes. In addition, zoning 
codes and general plan elements should be updated when appropriate to 
support short trips and end-of-trip facilities such as bicycle parking.

Recent developments regarding micro-mobility and personal e-bikes and 
scooters have shown that new shared mobility benefits from the same 
programmatic and infrastructure improvements as traditional active 
transportation. Complete streets, which are planned, designed, operated and 

CORE VISION
COMPLETE STREETS

Creating “complete streets” that are safe and inviting to all roadway users is 
critical to increasing mobility choices, reducing traffic fatalities and serious 
injuries and meeting greenhouse gas reduction targets.

PROGRESS SINCE 2016
In December 2018, the City of Santa Ana opened its first protected bikeway, 
or cycletrack. The project, funded by OC Go (Orange County Measure 
M), features a 6-foot wide bikeway protected from vehicle traffic by a 
landscaped median. About 55 percent of the surrounding community 
doesn’t have access to a car. Santa Ana has been awarded about $45 
million in grant funding for projects like this one that improve safety for 
people walking and biking. 

In the City of Los Angeles, the Mobility Plan 2035 advances the complete 
streets concept beyond a single project by prioritizing multi-modal networks 
including a Bicycle Enhanced Network, Transit Enhanced Network, Vehicle 
Enhanced Network and Pedestrian Enhanced Districts.

PLANNING FOR 2045
Connect SoCal invests in local streets and arterials and anticipates 
continued success in securing grant funds for regionally significant projects 
through programs like the California Active Transportation Program (ATP). 

By expanding complete streets concepts to accommodate and optimize 
new technologies and micro-mobility devices, first-last mile connections to 
transit and curbside management strategies, the region will achieve even 
greater mode shift and reductions in VMT.  SCAG champions Complete 
Streets policy implementation throughout the region with the Go Human 
campaign and a range of planning resources, including the Regional High 
Injury Network. Specific strategies and actions related to Complete Streets 
are detailed in the Active Transportation Technical Report.

PC ORIGINAL PKG



KEY CONNECTIONS
ACCELERATED ELECTRIFICATION

CLEAN VEHICLES, CLEANER AIR 
The Accelerated Electrification strategy offers a holistic and coordinated approach to de-carbonizing or electrifying passenger vehicles, transit and 
goods movement vehicles. Through greater coordination and deeper collaboration, this strategy aims to go beyond benefits achieved through state 
mandates alone.  In the light-duty sector, Connect SoCal plans for greater incentives to increase sales of electric vehicles and strategies to increase the 
availability of charging infrastructure.  Electric vehicles (EVs) currently make up only seven percent of new car sales, but the growth is healthy: In 2013 
EVs made up just 2.4 percent of all new car sales statewide. For transit, in 2018 the California Air Resources Board voted to mandate purchases of electric 
buses. We can facilitate that process by working with transit agencies to ensure adequate charging stations and electricity rates.  In the goods movement 
sector, the goal is to achieve a zero-emissions system, fostering early adoption of near-zero-emissions technologies.

PLANNING FOR 2045PROMISING PRACTICES
Connect SoCal aims to align and catalyze investments to decarbonize 
the transportation system.  Opportunities to be explored and advanced 
through studies and regional planning include:

• Regional EV Charging Station & Vehicle Rebate Programs 
Provides financial incentives for local communities to install charging 
stations & for individuals to purchase EVs

• EV Charging Station Streamlining 
Working with member agencies to streamline the process of 
permitting and installing new charging stations.

• Innovative Clean Transit Rule 
Facilitating the transition of transit fleets in the region to  
100 percent electric vehicles.

LACI- Los Angeles Cleantech Incubator 
Public private partnership among local, regional, and state stakeholders 
to accelerate transportation electrification and zero emissions goods 
movement in SCAG region. 

SCAG PEV Atlas & Clean Cities Coalition Outreach 
Five Department of Energy certified coalitions advance alternative fuels 
and fuel technologies in the region by building partnerships, creating 
tools and disseminating resources from the National Laboratories. 
Successful coalition initiatives across the region include SCAG’s Plug-in 
Electric Vehicle Atlas, the AltCar Expo, and the deployment of thousands of 
municipal alternative fuel vehicles. 

Regional Transit Agency Electric Buses 
Sunline Transit, Foothill Transit pioneered the purchase of hydrogen and 
battery electric busses
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mandates alone.  In the light-duty sector, Connect SoCal plans for greater incentives to increase sales of electric vehicles and strategies to increase the 
availability of charging infrastructure.  Electric vehicles (EVs) currently make up only seven percent of new car sales, but the growth is healthy: In 2013 
EVs made up just 2.4 percent of all new car sales statewide. For transit, in 2018 the California Air Resources Board voted to mandate purchases of electric 
buses. We can facilitate that process by working with transit agencies to ensure adequate charging stations and electricity rates.  In the goods movement 
sector, the goal is to achieve a zero-emissions system, fostering early adoption of near-zero-emissions technologies.

PLANNING FOR 2045PROMISING PRACTICES
Connect SoCal aims to align and catalyze investments to decarbonize 
the transportation system.  Opportunities to be explored and advanced 
through studies and regional planning include:

• Regional EV Charging Station & Vehicle Rebate Programs 
Provides financial incentives for local communities to install charging 
stations & for individuals to purchase EVs

• EV Charging Station Streamlining 
Working with member agencies to streamline the process of 
permitting and installing new charging stations.

• Innovative Clean Transit Rule 
Facilitating the transition of transit fleets in the region to  
100 percent electric vehicles.

LACI- Los Angeles Cleantech Incubator 
Public private partnership among local, regional, and state stakeholders 
to accelerate transportation electrification and zero emissions goods 
movement in SCAG region. 

SCAG PEV Atlas & Clean Cities Coalition Outreach 
Five Department of Energy certified coalitions advance alternative fuels 
and fuel technologies in the region by building partnerships, creating 
tools and disseminating resources from the National Laboratories. 
Successful coalition initiatives across the region include SCAG’s Plug-in 
Electric Vehicle Atlas, the AltCar Expo, and the deployment of thousands of 
municipal alternative fuel vehicles. 

Regional Transit Agency Electric Buses 
Sunline Transit, Foothill Transit pioneered the purchase of hydrogen and 
battery electric busses

maintained for safe, convenient, and comfortable travel and access for users 
of all ages and abilities, will support people who are walking, bicycling, and 
using micro-mobility devices. A variety of engagement strategies will need 
to be implemented alongside infrastructure components to support active 
transportation, in whatever form it takes. This engagement can take the form 
of Safe Routes to School programs designed to encourage students to walk 
and bicycle to school, SCAG’s Go Human advertising campaigns to encourage 
the public to walk and bicycle more, or the demonstration of possible new 
infrastructure to get communities excited about changing their streets. 

TRANSPORTATION SAFETY 
Connect SoCal prioritizes the safety and mobility of the region’s residents, 
including drivers and passengers, transit riders, pedestrians, and bicyclists. 
To adhere to MAP-21/FAST Act performance measures requirement, SCAG 
adopted its annual regional safety targets in February 2020. For the year 2020, 
SCAG is aiming to reduce fatalities by a minimum of 3.03 percent and serious 
injuries by a minimum of 1.5 percent. To enhance safety in the region, SCAG 
anticipates providing cities with resources to develop safety plans and help 
achieve the safety targets.

SCAG’s safety strategies are largely grounded in the State’s Strategic Highway 
Safety Plan (SHSP), which helps member agencies interested in pursuing safety 
initiatives and strategies at the local level. SCAG outlines detailed strategies 
and actions that local jurisdictions and county transportation commissions 
can undertake to enhance safety in our region in the Transportation Safety 
and Security Report. The strategies are supportive of the Strategic Highway 
Safety Plan and include:

1. Reduce Aggressive Driving and Speeding
2. Improve Safety for Aging Populations:
3. Improve Bicyclist Safety
4. Improve Commercial Vehicles Safety
5. Ensure Drivers are Licensed
6. Improve Emergency Response Services
7. Leverage Emerging Technologies
8. Reduce Impaired Driving Fatalities
9. Reduce Distracted Driving

10. Improve Safety at Intersections
11. Reduce the Occurrence of Lane Departure Fatalities
12. Improve Motorcycle Safety
13. Improve Occupant Protection by Increased Use of Seat Belts 

and Child Safety Seats
14. Improve Pedestrian Safety
15. Improve Work Zone Safety
16. Improve Safety for Young Drivers

To achieve regional safety targets SCAG will:

 z Develop and maintain a High Injury Network (HIN) mapping 
tool to support planning efforts related to transportation safety 
by our local partners

 z Work with local jurisdictions to provide active transportation safety 
education opportunities through its Go Human campaign

 z Continue to represent Southern California on the California SHSP 
Steering Committee, the California Walk Bike Technical Advisory 
Committee, the Active Transportation Program Technical Advisory 
Committee and active transportation emphasis areas

 z Support regional safety efforts including the development of Vision 
Zero policies and plans

 z Support bicycle and pedestrian safety as part of SCAG’s 
Sustainable Communities Program

 z Analyze shared use of sidewalks between different modes (bicyclists, 
pedestrian’s e-scooters) and the impacts on personal safety (e.g. 
dockless devices blocking foot traffic or other conflicts when 
riding near pedestrians)

 z Advocate for funding strategies that reflect unique local needs

HIGHWAY & ARTERIAL NETWORK 
Southern California’s highway and arterial system functions as the backbone of 
the larger transportation network. Most trips in our region are still made on our 
highways and arterials. The network provides access to employment, health, 
social and educational services among others. Yet, expansion of our highways 
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and arterials has slowed down over the past decade. Building new roads is no 
longer accepted as the only solution to our congestion challenges, partly due 
to lack of funding and challenging environmental and community concerns. 
However, given that critical gaps and congestion choke points still exist in the 
system, improvements beyond those that are operational in nature still need to 
be considered. Connect SoCal includes capital improvements that will address 
the choke points and gaps in the system, to ensure the system is operating 
optimally and provides adequate and equitable access to opportunities. 

SCAG works with partner implementing agencies to prioritize projects that 
preserve and optimize the existing highway and arterial network. A sample of 
major committed projects included in Connect SoCal are highlighted in  
EXHIBIT 3.2 and TABLE 3.2. Projects include interchange improvements, 
auxiliary lanes, general purpose lanes, carpool lanes, toll lanes and Express/HOT 
lanes. The complete list of projects can be found in the Project List Technical 
Report. In addition to the financially constrained list (projects for which funds 
are identified in the plan) of projects, the Project List Technical Report also 
contains an unconstrained list of projects, also known as strategic projects, 
for illustrative purpose. Strategic projects are those projects that the region 
believes merits future consideration for inclusion in the financially constrained 
plan as the funding becomes available and the consensus for the projects are 
further developed through future studies.

Our region boasts one of the most comprehensive High Occupancy Vehicle 
(HOV) Lane systems in the nation. However, there are still gaps in the system 
that we must continue to close. As part of Connect SoCal, strategic HOV gap 
closures, direct highway-to-highway HOV connectors, and HOV direct access 
ramps need to be built to complete the system. 

Our region’s arterials and local road system accounts for more than 80 percent 
of the total road network and they carry a majority of overall traffic. A number 
of arterials run parallel to major highways and can provide alternatives to them. 
Beyond motor vehicles, our arterials serve transit and active transportation. 
As part of Complete Streets initiatives, improvements such as bicycle lanes, 
sidewalks, lighting, landscaping, and ADA compliant measures are shifting 
focus on arterials towards considering multiple users – while also providing a 
greater sense of place.

The Highway and Arterial improvements in Connect SoCal are guided by the 
following framework and guiding principles:

 z Protect and preserve what we have first, supporting ‘Fix 
it First’ principle, including the consideration of life cycle 
costs beyond construction

 z Support continued system preservation funding and 
augment as necessary

 z Focus on achieving maximum productivity through strategic 
investments in system management and demand management

 z Focus on adding capacity primarily (but not exclusively) to:
 � Close gaps in the system
 � Improve access where needed

 z Support policies and system improvements that will encourage the 
seamless operation of our roadway network from a user perspective

 z Consider safety in all roadway improvement projects
 z Assure that any new roadway capacity project is developed with 

consideration and incorporation of congestion management 
strategies, including demand management measures, operational 
improvements, transit and ITS.

 z Focus on addressing non-recurring congestion with new technology
 z Implement Complete Streets consistent with California’s 

Complete Streets Act

REGIONAL EXPRESS LANE NETWORK 
Consistent with the system management pyramid, the regional express lane 
network integrates congestion pricing to optimize existing capacity on freeways 
and offer users greater travel time reliability and choices. Express lanes when 
appropriately priced to reflect demand can outperform non-priced lanes 
in terms of throughput, especially during congested periods. Express lanes 
operate on the principle of congestion pricing – when more vehicles are using 
those lanes, the price increases accordingly to manage congestion in the lanes. 
Express lanes and toll roads generate revenues that fund construction and 
operation of the facilities, and can relieve air pollution and GHG emissions 
associated with congestion. 
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TABLE 3.2 Sample Highway Projects

County Route Description Completion 
Year

Project Cost 
($1,000's)

M
IX

ED
-F

LO
W

 LA
N

ES

Imperial SR-111 Widen and improve to six-lane freeway with interchanges at Heber, McCabe, and Jasper 
and overpass at Chick Rd. 2030 $999,136

Los Angeles SR-57/SR-60 Route 57/60 Confluence Chokepoint Relief Program. 2026 $300,000

Los Angeles I-710 Add one mixed-flow lane in each direction between Shoreline Dr and SR-91 and between 
I-105 and SR-60, plus add 2 truck lanes between Willow St and Del Amo Blvd. 2035 $5,941,000

Orange SR-55
Add one mixed-flow lane in each direction and fix chokepoints from I-405 to I-5 and 
add one auxiliary lane in each direction between select on/off ramps and operational 
improvements through project limits.

2025 $410,907

Orange SR-91
Add eastbound mixed-flow lane from SR-57 to SR-55, add one westbound mixed-flow 
lane from Kraemer to State College, improve interchanges and merging from Lakeview to 
Raymond, and auxiliary lanes in certain segments. 

2030 $456,190

Orange I-405 Add one mixed-flow lane in each direction from I-5 to SR-55 and southbound auxiliary lane 
from SR-133 to Irvine Center Drive. 2034 $323,600

Orange I-405 Add one mixed-flow lane in each direction, convert existing HOV lane to HOT lane, add one 
additional HOT lane in each direction from SR-73 to I-605. 2026 $1,900,000

Ventura SR-118 Add one lane each direction from RT-23 to Tapo Canyon Rd. 2031 $216,463
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TABLE 3.2  Sample Highway Projects - Continued

County Route Description Completion 
Year

Project Cost 
($1,000's)

EX
PR

ES
S 

LA
N

ES

Los Angeles I-405 Add I-405 Express Lanes from I-105 to I-110. 2028 $71,560

Los Angeles I-405 Add I-405 Express Lanes from I-110 to LA/Orange County Line. 2028 $110,390

Los Angeles I-105 Add I-105 Express Lane from I-405 to Studebaker. 2027 $520,900

Los Angeles I-405 Sepulveda Pass (Ph 1) ExpressLanes. 2027 $260,000

Los Angeles I-10 Add I-10 Express Lanes from I-605 to LA/San Bernardino County Line. 2028 $196,840

Los Angeles I-405 Add I-405 Express Lanes from I-10 to I-105. 2028 $70,880

Los Angeles I-605 I-605 Express Lanes from I-105 to Orange County Line. 2031 $100,850

RIVERSIDE I-15 Add two Express Lanes in each direction from Cajalco Rd to SR-74. 2027 $544,000

San Bernardino I-15 Add two Express Lanes in each direction from I-215 to US-395 2040 $687,994

San Bernardino I-15 Add one Express Lane in each direction from US-395 to High Desert Corridor (Segment 5) 2045 $194,662

San Bernardino I-10 Implement 2 Express Lanes from I-10/I-15 interchange to California St. and 1 Express Lane 
from California St. to Ford St. 2024 $1,214,607

Los Angeles SR-71  Add one HOV lane and one mixed-flow lane from Rt-10 to SB County Line. 2028 $326,392

Riverside I-15 Add one HOV lane in each direction from SR-74 to I-15/I-215 interchange. 2039 $375,664

San Bernardino I-215 Add one HOV lane in each direction from SR-210 to I-15. 2035 $249,151

Ventura US-101 Add one HOV lane in each direction from LA/VEN County Line to SR-33. 2040 $700,000
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The regional express lane network included in Connect SoCal builds on the 
successful implementation of the I-10 and I-110 Express Lanes in Los Angeles 
County and the recent extension of the SR-91 Express Lanes between Orange 
and Riverside Counties. Additional efforts underway include planned express 
lanes on the I-105 in Los Angeles County, the I-15 in Riverside County, the I-15 
and the I-10 in San Bernardino County and the I-405 in Orange County and Los 
Angeles County. EXHIBIT 3.3 displays the segments in the proposed regional 
express lane network.

GOODS MOVEMENT
Global supply chains are interconnected, and changes in one area have 
subsequent and far-reaching ripple effects on transportation networks. 
This is especially true in the SCAG region, which serves as the premier trade 
gateway for the U.S. 

Since the 2016 RTP/SCS, several new paradigms have emerged that are 
reshaping the way the region addresses goods movement issues. E-commerce 
has been a core driver affecting all aspects of regional goods movement by 
facilitating increased cargo volumes, fostering both the development and 
turnover of industrial establishments, changing consumer habits, causing 
shifts in labor forces, and paving the way for new technologies in logistics. 
The region is also positioning itself to address the challenges that will be 
brought by new technologies like automation and its corollary impacts on the 
regional goods movement workforce. Balancing traditional goods movement 
concerns and opportunities with emerging challenges, SCAG has developed 
key strategies to realize a regional vison that maintains regional economic 
competitiveness, promotes job creation and retention, increases freight 
mobility and safety, and mitigates environmental impacts. Specific details 
of goods movement challenges and strategies can be found in the Goods 
Movement Technical Report. 

Infrastructure Investments to Improve Freight Mobility 
Capturing the benefits that accompany goods movement means ensuring 
that regional businesses have access to and increased mobility on key goods 
movement corridors and networks. Improving efficiency on the transportation 
system will help contain the rising costs of goods and services that may be 
passed on to consumers. Connect SoCal identifies a significant number of 
infrastructure investments to assure that the region continues to be the leading 

trade gateway in the U.S. It does this by supporting physical improvements 
in the marine terminals, highways, intermodal terminals, railroad mainlines, 
access routes, airports and international land border crossings that make up 
the goods movement network.

Last-Mile Freight 
Last-mile delivery represents the final leg for goods to reach customers. These 
deliveries happen in complex environments, including high-density regional 
locations, involve sophisticated interactions among physical infrastructure and 
often compete for limited public space with other modes. Ensuring that freight 
is properly included in policy considerations and street design necessitates 
tailored and nuanced strategies involving multidisciplinary approaches as 
identified in Connect SoCal. 

Workforce Development 
Changing supply chains, automation and new technologies, and increasingly 
competitive wages from other sectors, will place growing pressure on goods 
movement related businesses to find qualified workers without raising costs 
and ensure the availability of jobs that have traditionally provided well-paying 
jobs to lower-skilled workers. Connect SoCal supports regional programs that 
raise awareness of the issue, reposition the image of goods movement jobs to 
accurately reflect career mobility for goods movement jobs, promote increased 
participation by younger workers and improve access for workers. 

Truck Bottleneck Relief Strategy  
In 2016, California had the third-highest cost of truck congestion behind Texas 
and Florida at nearly $5.1 billion and five of the top 100 truck bottlenecks in the 
nation. With driver wages and fuel costs representing more than 50 percent of 
total motor carrier costs, truck congestion has major impacts on the bottom line 
of the trucking industry. Truck bottlenecks are also emission “hot spots” that 
generally have significantly degraded localized air quality because of increased 
idling. Connect SoCal identifies 48 truck bottlenecks in the region and allocates 
an estimated $5 billion toward strategies that relieve them, such as:

 z Ramp metering
 z Extending merging lanes
 z Improving ramps and interchanges 
 z Adding auxiliary lanes 
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Industrial Warehouse & Distribution Centers 
Southern California is home to the largest industrial warehouse cluster in 
the nation, with well over 1.2 billion square feet of industrial space. SCAG will 
continue efforts to provide the most updated data on industrial warehouse 
building square footage and conduct further analyses to better reflect changes 
in industrial land uses, truck industry service types, and equipment usage 
for truck terminals due to e-commerce. This includes consideration of new 
area sub-category classifications such as seaport and air cargo terminals, 
and rail intermodal and classification yards. By further understanding 
industrial facilities, SCAG will be more equipped to explore strategies that 
support the effective integration between goods movement needs and 
regional land use patterns.

Goods Movement Environmental Strategy 
Much of the SCAG region (and nearly all of the urbanized area in the region) 
does not meet federal ozone and fine particulate air quality standards, and 
goods movement is a major source of greenhouse gas emissions. With 
growing demand to quickly deliver goods to consumers, the region will need 
to aggressively pursue the reduction of freight emissions that contributes to 
regional air pollution problems and localized “hot spots” that have adverse 
health impacts. Connect SoCal proposes an environmental strategy to 
address the air quality impacts of goods movement, while also allowing for 
the efficient and safe movement of goods throughout the region. A critical 
component of this strategy is the integration of advanced technologies that 
have benefits such as air quality improvements, energy security and economic 
growth opportunities. Connect SoCal articulates a process to accelerate the 
development and deployment of effective technologies, along with key action 
steps, to help the region reduce dangerous pollutants as much as possible. 
While this plan focuses on getting cleaner vehicles on the road quickly, this 
must be done with full life-cycle consideration of production, use and disposal 
impacts. This plan reaffirms zero and near-zero emission technologies as a 
priority, describes progress to date, and outlines a framework and key action 
steps to reach that goal. The process, framework, and action steps can be found 
in the Goods Movement Technical Report.

The efficient movement of goods is critical to a strong economy and 
improves quality of life in the SCAG region by providing jobs and access 
to markets through trade. However, increased volumes of goods moving 
across the transportation system contribute to greater congestion, safety 
concerns and harmful emissions. It is critical to integrate land use decisions 
and technological advancements to minimize environmental and health 
impacts while fostering continued growth in trade and commerce.

PROGRESS SINCE 2016
Adoption of the Clean Air Action Plan Update in 2017. Since inception in 
2006, the Ports have reduced air pollution from harbor trucks alone by 
more than 90 percent. 

Selection of a Locally Preferred Alternative for the I-710 South Recirculated 
Draft EIR/Supplemental Draft EIS.

Twenty-five regional grade separations have been completed and 
opened to traffic, reducing delays and emissions from idling vehicles, and 
addressing noise and safety concerns. 

Near completion of the Gerald Desmond Bridge (completion 2020).

Expansion of the international POE in Calexico.

PLANNING FOR 2045
Connect SoCal includes expanded railyards, additional mainline railroad 
tracks, grade separations, improved port terminals and truck bottleneck 
relief projects, including dedicated truck lanes. 

Connect SoCal addresses drivers of change such as e-commerce, new 
technologies, shifts in trade policies, last-mile delivery and the move to a 
near-zero and zero-emissions system. 

CORE VISION
GOODS MOVEMENT
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AVIATION
SCAG, by definition, is primarily a regional surface transportation planning 
agency. Therefore, SCAG is focused on air passenger and cargo activity from 
the perspective of how the traffic coming and going from the airports affects 
the region’s roads, highways, and transit systems, and how to improve ground 
transportation access to the airports. On a basic level, SCAG maintains an 
updated list of airport ground access improvements. However, SCAG has and 
will continue to play a role in terms of aviation systems research, planning and 
analysis, as well as encouraging collaboration and communication amongst the 
region’s aviation stakeholders. 

In order to best plan for and assess the impacts of air passenger and 
cargo activity on the region’s surface transportation system, SCAG takes 
a comprehensive, collaborative and empirical analytical approach to 
regional transportation planning. TABLE 3.3 summarizes passenger and 
air cargo demand in 2045 at each of the current and future commercial 
airports within the SCAG region. These forecasts were developed through 
a collaborative process working with each of the airports individually as 
well as collectively through the Aviation Technical Advisory committee 
(ATAC). The estimated future demand at each of the airports informs the 
transportation improvement needs. 

Work with Airports & Transportation Agencies on Airport 
Ground Access Projects 
The airports in the SCAG region are currently working with federal, state, and 
local transportation agencies, and private partners, to improve airport ground 
access and infrastructure. SCAG maintains an updated list of the various airport 
ground access improvement projects and works with the airports to assist with 
data collection and assist with agency coordination. 

Currently, Los Angeles World Airports (LAWA) is completing the Landside 
Access Modernization Program (LAMP) project and is in the planning and 
environmental phases for the Airfield and Terminal Modernization (ATM) 
program. Both the LAMP and ATM projects address ground access and airport 
modernization at LAX. The LAMP project will include the Automated People 
Mover, two Intermodal Transportation Facilities, a Consolidated Rental Car 
Facility and a series of comprehensive roadway improvements designed to 
alleviate traffic congestion in and around the airport. 

Hollywood Burbank Airport has recently completed transit and rail 
infrastructure projects to improve ground access, including the Regional 
Intermodal Transit Center (RITC), and is currently in the planning process for 
a new airport terminal. While Burbank is currently the only airport with direct 
rail access to the airport, the City of Ontario and the San Bernardino County 
Transportation Authority have formally initiated the planning process for new 
Metrolink connections to the Ontario International Airport. 

TABLE 3.3 SCAG Region Airport Passenger Forecast for 2020–2045

 Major SCAG 
Region Airports

2017 (Base Year) Actual 
Activity (in millions)

2045 (Horizon Year) 
Projection (in millions)

Total SCAG Region 110.17 197.14

Burbank 4.74 9

Imperial 0.012 0.3

Los Angeles 84.56 127

Long Beach 3.783 5.5

Ontario 4.552 33

Oxnard 0 0.3

Palmdale 0 1.82

Palm Springs 2.1 5

Riverside 0 0.61

San Bernardino 0 1.81

Orange County 10.423 12.5

So Cal Logistics 0 0.3

Source: The airport activity numbers for 2017 and the airport forecast numbers for 2045 were obtained 
from the airports.
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Effective Analysis & Planning 
Rigorous data collection, research and analysis is critical for effective regional 
planning, including planning for ground access to and from the region’s 
airports. The ongoing development of the SCAG region’s surface transportation 
system, especially as it relates to the airports in the face of growing air 
passenger and cargo demand, will require that all key partners maintain and 
have access to quality data on aviation passenger and cargo trends. 

Much of that research and analysis will continue to be provided by the aviation 
and transportation stakeholders in the region in the form of data, activity 
reports, passenger surveys and other agency-initiated reports, studies and 
working groups. However, in addition to the agency-led efforts, the SCAG 
Aviation Program will begin designing and initiating studies (e.g. air passenger 
surveys, airline airport choice studies) that will help inform airport and 
transportation planners in the region. To this end, in order to ensure that there 
is not unnecessarily overlap and that the research represents the interests and 
goals of the aviation stakeholders, SCAG will continue a comprehensive and 
collaborative planning approach by working with the airports, transportation 
commissions and agencies, state agencies, federal agencies and other aviation 
and transportation stakeholders. 

The data collection and analysis for the different research projects will be open, 
transparent and collaborative processes. At the core of the SCAG Aviation 
Program’s efforts will be to continue to facilitate effective research, analysis, and 
planning through information sharing and open communication.

Ongoing Communication & Collaboration Between Airports, 
Transportation Agencies & Government 
The SCAG Aviation Program will act as a facilitator of working relationships and 
discourse between aviation and transportation planning agencies and officials 
in the region. Although SCAG has no regulatory, planning, or operational 
authority over the airports, as a metropolitan planning organization, SCAG is 
encouraged by federal statute to consult and collaborate with transportation 
stakeholders, including airport officials. In an effort to encourage effective 
planning for the coming growth in air passenger and cargo demand, the 
SCAG Aviation Program has provided and will continue to provide a critical 
collaborative planning function. Whether it is through the ATAC, attendance 
at conferences and working group meetings, and meeting with airports and 

government agencies, the SCAG Aviation Program will continue to play a critical 
role in building bridges and partnerships across the region.

TECHNOLOGICAL INNOVATIONS & 
EMERGING TECHNOLOGY 
Emerging technologies in transportation and mobility are primarily developed 
and advanced by the private sector, and it is important that public agencies 
monitor the development of such innovations. Emerging technology in 
transportation and mobility are themes threaded throughout Connect 
SoCal. SCAG has completed wide-ranging analysis of recent and emerging 
technologies principally associated with light-duty vehicles that could potentially 
impact travel behavior and location choices in the region over the next 25 years. 
However, these new technologies will have diverse impacts, affecting everything 
from goods movement to transit. 

Connect SoCal recognizes that many of these new technologies provide 
consumer solutions and have been embraced by the public as evidenced 
by the proliferation of smartphones, mobile banking, navigational apps and 
social networking. Emerging technology such as ride-hailing, carshare, e-bike 
and e-scooters provide more choices, including a range of affordable mobility 
options for travelers. Some niche ride-hailing companies also serve special 
markets such as children, healthcare transportation and concierge service 
for elderly customers. Improvements in regional mobility will therefore likely 
be derived from how technology is used, rather than from any individual 
technological development. 

By providing more options for local and regional trips, emerging technologies 
may shift trips to less environmentally damaging modes, minimize negative 
environmental externalities associated with current vehicle use, increase 
system efficiency, improve safety, and reduce auto-related collisions and 
fatalities. Moreover, strategies to harness the benefits of emerging technologies 
to advance Connect SoCal goals are viewed through the lens of improving 
health, safety, and equity and mobility outcomes for all the region’s residents. 

To stay informed on emerging technologies as they develop, SCAG regularly 
communicates with institutions of higher learning, metropolitan planning 
organizations from around the country, county transportation commissions, 
local jurisdictions, economic development entities and chambers of commerce.

PC ORIGINAL PKG



81Chapter 3  A Path to Greater Access, Mobility & Sustainability 

SCAG has prepared a set of recommended policies that are included in the 
Connect SoCal Emerging Technology Technical Report. Those policies represent 
examples that SCAG could help local jurisdictions to adopt. The policies 
would need to be studied and customized to fit local context. In addition to 
recommended policies, Connect SoCal proposes programs that encourage 
the deployment of selected technologies to improve mobility and reduce 
GHGs. These programs support the Key Connections strategies ‘Accelerated 
Electrification’ and ‘Shared Mobility and Mobility as a Service (MaaS)’. 

PROTECTING THE ENVIRONMENT
Integrating the many transportation and land use strategies discussed in  
this chapter will help protect the region’s natural environment—in numerous 
ways. SCAG has been committed to this integration, as well as protecting 
the environment, for years. However, environmental protection is now a 
major requirement of Moving Ahead for Progress in the 21st Century Act 
(MAP-21/FAST Act). Pursuant to Section 23 U.S. Code Section 134, “a long-
range transportation plan shall include a discussion of types of potential 
environmental mitigation activities and potential areas to carry out these 
activities, including activities that may have the greatest potential to restore and 
maintain the environmental functions affected by the plan.” Connect SoCal also 
considers and is consistent with the provisions of the Fixing America’s Surface 
Transportation Act (FAST Act). As part of the planning process, MPOs “shall 
consult, as appropriate, with State and local agencies responsible for land use 
management, natural resources, environmental protection, conservation and 
historic preservation concerning the development of the transportation plan.” 
They also must consider, if available, “state conservation plans or maps” and 
“inventories of natural or historic resources.”

ENVIRONMENTAL MITIGATION PROGRAM
Connect SoCal includes an environmental mitigation program that links 
transportation planning to the environment. Building on its strong commitment 
to the environment as demonstrated in the previously conducted 2016 RTP/
SCS, SCAG’s mitigation program is intended to function as a resource for lead 
agencies to consider in identifying mitigation measures to reduce impacts 
anticipated to result from future projects as deemed applicable and feasible 
by such agencies. This mitigation discussion also utilizes documents created 

by federal, state and local agencies to guide environmental planning for 
transportation projects. 

Connect SoCal in some aspects acts as a “self-mitigating” plan in certain impact 
areas, in that its policies and strategies lead to improved environmental 
outcomes for air quality, GHG emissions, public health, congestion and other 
indicators, while accommodating existing and projected population growth, 
among other key environmental indicators compared to the No Project 
Alternative (Trend Scenario). Nevertheless, the implementation of plan 
programs, policies and strategies may lead to additional environmental impacts 
compared to existing conditions. 

As a public agency in California, SCAG also fulfills mitigation requirements by 
preparing a Program Environmental Impact Report (PEIR), pursuant to the 
California Environmental Quality Act (CEQA). The PEIR evaluates potential 
environmental impacts of Connect SoCal when compared with existing 
conditions and proposes measures at the program level to mitigate impacts 
to the maximum extent feasible for those resource areas that would be 
affected by the plan.

MITIGATION MEASURES
SCAG is responsible for developing a plan to monitor mitigation activities to 
track progress on implementation of these measures at the regional level. 
SCAG’s mitigation is consistent with the general role played by a metropolitan 
planning organization, including developing and sharing information, 
collaborating with partners and developing regional policies. 

Senate Bill 375 states that nothing in a SCS supersedes the land use authority 
of cities and counties and that cities and counties are not required to change 
their land use policies and regulations, including their general plans, to be 
consistent with the SCS or an alternative planning strategy (Government Code 
Section 65080(b)(2)(K)). Cities and counties have plenary authority to regulate 
land use through their police powers granted by the California Constitution, art. 
XI, §7, and under several statutes, including the local planning law (Government 
Code Sections 65100-65763), the zoning law (Government Code Sections 
65800-65912), and the Subdivision Map Act (Government Code Sections 
66410-66499.37). SCAG has no concurrent authority/jurisdiction to implement 
mitigation related to land use plans and projects. 
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BIG DATA & VIRTUAL INFRASTRUCTURE 
Smart Cities connect people, vehicles and infrastructure, allowing them to communicate in “real-time” through regional telecommunications networks. 
The Smart Cities and Job Centers strategy aims to catalyze investments across sectors to make “virtual access” a cost-effective and reliable option for 
all types of trips, expanding the air quality, congestion and VMT reduction benefits the region already realizes through teleworking. While Smart Cities 
strategies can be deployed universally, virtual access is particularly beneficial in rural communities where destinations are far apart.

Connect SoCal specifically envisions intensified deployment in sub-regional job centers to encourage more growth of both jobs and housing in areas 
with already high employment density.  The Smart Cities and Job Centers strategy enables this by using integrated information and communication 
technologies to improve the efficiency and performance of the transportation system. It incorporates transit demand management (TDM) measures that 
encourage carpooling and transit, and parking strategies that reduce the cost to build new employment facilities within job centers. Also, this strategy 
builds upon promising trends in “co-working” to promote alternatives for long-distance commuters who prefer not to telecommute.   Strengthening these 
locally significant employment centers allows the region to capitalize on the economic and mobility benefits of compact development, where housing 
and jobs are closer together.  

KEY CONNECTIONS
SMART CITIES & JOB CENTERS

PLANNING FOR 2045
To replace vehicle trips with virtual access and realize greenhouse gas 
reductions savings through the deployment of “smart” technologies, SCAG 
will continue to research and advance Smart Cities strategies including by:

• Seeking funding and partners to continue to the Future 
Communities Pilot Program.

• Expanding research on the Future of Work to increase understanding 
and advance strategies where technology can substitute for physical 
trips (via strategies like telecommuting, telemedicine, online learning, 
e-commerce, and e-government).

• Collaborating with the Inland Empire Regional Broadband 
Consortium, California Emerging Technology Fund, and others on a 
Transportation Broadband Strategies Study to help reduce VMT and 
greenhouse gas emissions.

PROMISING PRACTICES
South Bay Fiber Network 
Development of a regional broadband fiber-optic network to 
support improved management of transportation systems and 
transportation demand management.

SCAG Future Communities Pilot Program 
Partnership with the Mobile Source Air Pollution Reduction Review 
Committee to provide local technical assistance grants supporting data 
and technology solutions to reduce VMT through enhanced city services 
and mobility programs.

DRIVER’S LICENSE RENEWAL
SUBMIT

TELEMEDICINE

DRIVER’S LICENSE RENEWAL
SUBMIT

TELEWORKING

DRIVER’S LICENSE RENEWAL
SUBMIT

E-GOVERNMENT

TECHNOLOGY IS CHANGING THE FUTURE OF  
WORK (AND HELPING REDUCE VEHICLE TRIPS)
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THE RIGHT TOOL FOR THE JOB 
The future of transportation, like so many aspects of living in our region, will be shaped by technology and the ability to customize our choices.  The rise 
of shared mobility and mobility as a service will allow residents to choose how to travel, depending on the time, distance or goal of their trip. “Shared 
mobility” refers to a broad range of transportation options, such as rental e-scooters and e-bikes, ridesourcing services like Uber and Lyft, and on-demand 
app-based transit connections provided by vans and shuttles. “Mobility as a service,” or MaaS, allows travelers to research and compare different 
transportation options from one screen and plan their trip accordingly. MaaS will also allow the traveler to book and pay for different segments of a multi-
modal trip with one click. This will make it increasingly critical that dense urban areas manage their curb space smartly, in order to ensure safe access for 
low-speed modes, ridesourcing providers, parking and local deliveries. 

WHICH OPTION 
WOULD WORK BEST 

FOR ME TODAY?
Through regional planning and collaboration, SCAG will advance the vision 
of shared and seamless travel through MaaS as an alternative to driving 
alone. Programs to be explored and advanced to realize this outcome 
through partnership and collaboration could include:

• GoMonrovia – City-subsidized ridesharing trips take residents to city’s 
downtown and Metro Gold Line station

• California Integrated Travel Project (Cal-ITP) – facilitate multi-modal 
trip planning and payment to support state goals of increasing transit 
ridership, reaching environmental targets, lowering costs, creating 
efficiencies, improving customer experience and promoting equity.

• Micro-Mobility Pilot Programs – Developing local regulations helps 
ensure safety, accessibility, access to data and accountability 
for new modes of travel

• Regional Microtransit Pilot Projects – Testing on-demand transit 
across the region: OCTA - OC Flex, LADOT - LANow, Anaheim Transit 
Network - Free Rides Around the Neighborhood, and Metro – Via.

TAP Card Integration 
You can pay fares on 25 different regional transit systems with just one 
“Transit Access Pass” (TAP) card

Metro Bike Share /  TAP Card Integration 
Your TAP card gives you to access 1,500 bikes at over 150 
stations across LA County

LA Metro Carsharing Integration 
Dedicated carsharing spaces are available at 25 Metro 
stations in LA County

PLANNING FOR 2045PROMISING PRACTICES

KEY CONNECTIONS
SHARED MOBILITY & 
MOBILITY AS A SERVICE
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Connect SoCal86

With respect to the transportation projects in Connect SoCal, these projects 
are to be implemented by Caltrans, county transportation commissions, local 
transit agencies, and local governments (i.e., cities and counties), and not SCAG. 
Transportation project implementation and land use development decisions 
are subject to their own environmental review process and are expected to 
implement project-specific mitigation measures to minimize environmental 
impacts, as SCAG has no authority/jurisdiction to require these agencies to 
implement projects nor their mitigation measures.

For the Connect SoCal PEIR, SCAG has taken a performance standards-based 
mitigation approach that includes: 

 z SCAG’s program level mitigation measures
 z Project-level mitigation measures which are within responsibility, 

authority, and/or jurisdiction of project-implementing agency or other 
public agency serving as lead agency under CEQA in subsequent 
project- and site- specific design, CEQA review, and decision-making 
processes, to meet the performance standards for each of the CEQA 
resource categories.

Program level mitigation measures have been identified and will be undertaken 
by SCAG, to offset any identified potentially significant adverse programmatic-
level environmental effects. Such measures include public awareness and 
outreach, agency coordination and feasibility studies. 

Project level mitigation measures have been identified that “can and should 
where applicable and feasible” be undertaken by lead agencies that implement 
transportation projects or projects influenced by land use development 
patterns. Such measures may include: local safety measures, transportation 
demand management system, compliance with air management district 
regulations and others. 

The Connect SoCal PEIR identifies program and project-level mitigation 
measures for the following resource categories:

 z Aesthetics
 z Agriculture and forestry resources
 z Air quality; Biological resources
 z Cultural resources
 z Energy

 z Geology and soils
 z Greenhouse gas emissions and climate change
 z Hazards and hazardous materials
 z Hydrology and water quality
 z Land use and planning
 z Mineral resources
 z Noise
 z Population, housing and employment
 z Public services
 z Recreation
 z Transportation, traffic and safety
 z Tribal cultural resources
 z Utilities and service systems
 z Wildfire

For a complete list of mitigation measures and its approach, refer to the 
Connect SoCal PEIR located at the Connect SoCal website.
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 Note: SCAG used locally informed data elements to determine Regional
Growth Constraints including the absolute constraint areas shown in the
map such as Tribal lands, Conserved Land and others. See the Sustainable
Communities Strategy Technical Report for more details on these and the
variable constraints used in plan development.
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Note: SCAG used locally informed data elements to determine Regional
Growth Constraints including the absolute constraint areas shown in the
map such as Tribal lands, Conserved Land and others. See the Sustainable
Communities Strategy Technical Report for more details on these and the
variable constraints used in plan development.
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Note: Transit priority area (TPA) refers to an area within one-half mile of a major transit
stop that is existing or planned. SCAG identifies major transit stops and transit priority
areas using the methodology described in the Transit Technical Report. Major transit stops
are extracted from 2045 plan year data of Connect SoCal.
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Note: SCAG’s High Quality Transit Area (HQTA) is within one-half mile from major transit
stops and high quality transit corridors (HQTC). SCAG identifies major transit stops and
HQTCs using the methodology described in the Transit Technical Report. Major transit
stops and HQTCs are extracted from 2045 plan year data of Connect SoCal.
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Note: Neighborhood Mobility Areas (NMA) were identified by analyzing and assigning z-
scores four measures at the Tier 2 TAZ level, and subsequently summing the z-scores.
TAZs that scored at the 80th percentile or higher for the composite score were considered
NMAs.
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Connect SoCal96

In accordance with federal fiscal constraint requirements (23 U.S.C. § 134(i)(2)
(E)), this chapter and a more detailed Transportation Finance Technical Report 
identify how much money SCAG reasonably expects will be available to support 
our region’s surface transportation investments, ensuring that there is sufficient 
revenue available to support expenditures identified in Connect SoCal. SCAG 
has secured the necessary resources to support transportation investments 
detailed in past Plans, and our current financial plan will continue to meet the 
necessary milestones to implement Connect SoCal. 

The financially constrained Connect SoCal includes both a “traditional” core 
revenue forecast comprised of existing local, state, and federal sources and 
more innovative but reasonably available sources of revenue to implement 
a program of improvements that keeps people and goods moving. The 
financial plan further documents progress made since past RTPs and describes 
steps we can take to obtain needed revenues to implement the region’s 
transportation vision.

The SCAG region’s financially constrained Connect SoCal plan includes revenues 
from both core and reasonably available revenue sources, which together total 
$638.9 billion from FY2020-21 through FY2044-45, as illustrated in FIGURE 4.1. 
For core sources, the Plan is funded 60 percent by local sources, 32 percent by 
state sources and 8 percent by federal sources. 

As shown in FIGURE 4.2, capital projects total $287.3 billion in nominal dollars. 
Operating and maintenance (O&M) costs total $316 billion, while debt service 
obligations total $35.6 billion. Transit-related costs comprise the largest share 
of O&M costs for the region, totaling $173.9 billion.

The financial plan highlights the importance of finding new and pioneering 
ways to pay for transportation, including an ever-expanding backlog of projects 
necessary to preserve our existing transportation system. Nationally, we 
continue to face an insolvency crisis with the Federal Highway Trust Fund (HTF), 
which is funded by excise taxes on fuel. The federal gas tax remains unchanged 
since 1993, and fuel tax receipts have declined precipitously as fuel efficiency 

Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

$638.9 
Billion Total

Capital Projects

Debt Service

O&M State Highways

O&M Transit

O&M Passenger Rail

O&M Regionally
Significant Local
Streets & Roads

45%
6%
11%

27%
4%
7%

FIGURE 4.2 FY2021–FY2045 RTP/SCS Expenditures, in Nominal Dollars

Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.1 FY2021–FY2045 RTP/SCS Revenues, in Nominal Dollars

$638.9 
Billion Total

6%

Core Local

23% New Revenue

24% Core State

47%

Core Federal

PC ORIGINAL PKG



97Chapter 4  Paying Our Way Forward

has increased. California’s passage of the Road Repair and Accountability Act of 
2017 (Senate Bill 1) provides a significant influx of new state revenue through a 
state gas tax increase and other transportation fees, yet only a fraction of our 
needs is funded through state sources.

Our region continues to rely heavily on local sources of tax revenue. Eight sales 
tax measures in the region are the key reason that local sources generate 60 
percent of core revenues for transportation improvements. Ventura County is 
the only county in the SCAG region without a sales tax. Our region’s success in 
providing local sources of transportation funding also increases our ability to 
secure federal and state funding that requires local contribution. 

It is vital that we find new ways to make transportation funding more 
sustainable in the long-term, and efforts are underway to explore how we 
can transition from our current system, based on fuel taxes, to a more direct 
system of user fees linked to how people travel. User fees can support our 
infrastructure needs and promote a more balanced transportation system by 
encouraging residents and visitors to consider their travel choices. User fees 
can be structured and implemented to advance environmental, economic and 
equity goals, including reducing congestion and vehicle miles traveled (VMT), 
while encouraging active transportation and transit ridership. 

In our region, numerous policy and technical studies have been conducted on 
the subject, and more work is planned to examine and demonstrate the viability 
of user fee systems, including toll networks, mileage-based user fees to replace 
fuel taxes, and congestion pricing zones that levy fees based on time-of-day 
and congestion levels. Connect SoCal includes these user fee based financial 
strategies to support system management, preservation and resilience, and 
to contribute to the region’s greenhouse gas reduction goals. SCAG further 
considers the potential equity concerns that accompany pricing policies 
and assumes mitigation measures such as the establishment of a mobility 
equity fund to provide resources that can increase access for environmental 
justice communities. 

ECONOMIC OUTLOOK & KEY 
FINANCIAL ASSUMPTIONS
SCAG’s financial model reflects historical growth trends and reasonable 
future expectations for key revenue sources, which are described 
below. These include:

 z Inflation
 z Construction cost increases
 z Retail sales growth
 z Fuel consumption
 z Status of the Federal Highway Trust Fund
 z Status of the State Highway Account
 z Local sales tax measures
 z Transit operating and maintenance (O&M) costs
 z Multimodal system preservation and maintenance

INFLATION
Inflation can have a profound impact over the long-term time horizon of 
the Plan. SCAG’s revenue model accounts for historical inflation trends, as 
measured by the Gross Domestic Product (GDP) Price Deflator.

FIGURE 4.3 shows the trends in inflation by the GDP Price Deflator. Although 
inflation rates have varied considerably over time, they have generally 
trended between two and 4 percent. Accordingly, a 2.2 percent inflation rate 
is used to adjust constant dollar (revenue) forecasts into nominal (or year-of-
expenditure) dollars.

CONSTRUCTION COST INCREASES
The rise in construction costs can further erode the purchasing power of 
transportation revenues. FIGURE 4.4 shows the increase and decline in 
California highway construction costs since the early 1970s, which is well above 
general inflation. The financial plan uses a 4.5 percent annual inflation factor to 
estimate future and nominal (or year-of-expenditure) costs. 
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Source: Office of Management and Budget, Budget of the United States Government, Fiscal Year 2019 
Budget (FY2019)

FIGURE 4.3 Historical Inflation Trends, Annual Inflation
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FIGURE 4.4 Growth in Highway Capital Costs, Index Value
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FIGURE 4.5 Status of the Federal Highway Trust Fund, $ Billions
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RETAIL SALES GROWTH
Changes in personal consumption patterns and overall population are the main 
contributors to the growth in retail sales. Over the 30-year period from FY1985-
86 to FY2015-16, statewide retail sales grew by 1.5 percent in real terms (when 
the effects of inflation are eliminated). The financial plan assumes retail sales 
growth in the SCAG region ranging from -0.1 percent to 3.2 percent in real terms 
consistent with historical trends.

FUEL CONSUMPTION
Excise taxes on gasoline and diesel fuels are the basis of most federal and state 
transportation funding sources. Since these taxes are based on cents-per-gallon 
purchased, they depend on fuel consumption. Though changes in regional 
vehicle miles traveled will continue to play a role during the Plan period, 
increases in conventional fuel efficiency and the adoption of alternative fuel 
vehicles will reduce overall fuel consumption. The financial plan assumes that 
increases in vehicle fuel efficiency will reduce fuel consumption by 1 percent 
per year during the Plan period. Recently passed state legislation, Senate 
Bill 1, increased state fuel tax rates and will index these taxes to inflation in 
future years using the California Consumer Price Index (CPI). The combination 
of assumptions about declining fuel consumption and increasing excise tax 
rates leads to modest growth in the revenue sources funded by state fuel 
taxes in real terms. 

STATUS OF THE FEDERAL HIGHWAY  
TRUST FUND
The Federal Highway Trust Fund (HTF) provides federal highway and transit 
funding from a nationally imposed 18.3 cent-per-gallon gasoline excise tax. 
Since 2008, the HTF has failed to meet its obligations and has required the 
United States Congress to make transfers from the General Fund to keep it 
solvent. The negative balances shown on FIGURE 4.5 illustrate the projected 
inability of the HTF to pay its obligations into the highway account.

At the time of the Connect SoCal plan, nearly a decade has passed without 
substantive Congressional agreement on a long-term solution to provide 
adequate funding for the HTF and address the present, long-term structural 

deficiency that exists in funding the HTF. Although the financial plan assumes 
that Congress will reach agreement on reauthorizing federal spending 
for transportation programs over the plan horizon, the core revenues 
available from the HTF are expected to decline due to increasing fuel 
efficiency and other factors.

STATUS OF THE STATE  
HIGHWAY ACCOUNT
The passage of California’s Senate Bill 1 (SB 1) created a significant source of 
ongoing state transportation funding described in TABLE 4.1. SB 1 increased 
the gas excise tax from 18 cents per gallon to 47.3 cents per gallon (as of July 
1, 2019), and further indexed the gas tax to inflation going forward. Prior to 
passage of SB 1, the effective state gas excise tax rate of 18 cents per gallon 
remained unadjusted for more than 20 years. SB 1 additionally instituted per 
vehicle fees pegged to vehicle value to raise revenue for various transportation 
system improvements. It also enacted an annual fee on zero-emission vehicles 
(ZEVs). Most of these fees are indexed to the CPI. However, these fees do not 
completely address the erosion of purchasing power as construction costs are 
rising faster than the general inflation rate. 

Gas tax revenues remain the primary source of funding for the State Highway 
Operation and Protection Program (SHOPP), which funds projects to maintain 
the state highway system. As shown in FIGURE 4.6, previous levels of funding 
have been considerably less than actual needs. Statewide, the 2018 Ten-
Year SHOPP Plan identifies $85.8 billion in statewide needs, while available 
funding is only $44.9 billion. While SB 1 provides a key down payment, rising 
construction costs could undermine efforts to bring our highway assets back to 
a state of good repair.

LOCAL SALES TAX MEASURES
The SCAG region continues to rely heavily on local sales tax measures for the 
timely delivery of transportation projects. While most counties impose a 0.5 
percent sales tax to fund transportation projects, Los Angeles County effectively 
imposes a permanent 2 percent sales tax (a combination of four 0.5 percent 
sales taxes—Proposition A, Proposition C, Measure R, and Measure M) as 
Measure M increases from 0.5 to 1 percent upon the expiration of Measure R. 
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Riverside County’s Measure A also expires in 2039. Measure I in San Bernardino 
County expires in 2040, followed by Orange County’s Measure M in 2041. 
Measure D in Imperial County expires in 2050. Ventura County is the only 
county in the region without a dedicated sales tax for transportation.

TRANSIT OPERATING & MAINTENANCE 
COSTS
Future transit O&M costs depend on a variety of factors, such as future 
revenue-miles of service, labor contracts and the age of rolling stock. Over the 
last decade, these O&M costs grew by up to 5 percent annually, depending on 
the transit operator. 

For Connect SoCal, transit O&M costs are estimated based upon historical 
increases. The regional average increase (3.3 percent) is used for most 

operators. For Los Angeles County, the financial plan relies on detailed forecasts 
from the county transportation commission. These forecasts are consistent 
with historical data.

MULTIMODAL SYSTEM PRESERVATION & 
MAINTENANCE
TABLE 4.2 summarizes the total system preservation and maintenance needs 
assumed in Connect SoCal to bring transit, regionally significant local streets 
and roads, and the State Highway System to a state of good repair. 

Fee Description Amount Uses

Gas Tax A per gallon excise tax on 
gasoline purchases

47.3 cents, 
indexed to the 
California CPI

Road Maintenance and 
Rehabilitation

Diesel Tax A per gallon excise tax on 
diesel purchases

41.75 cents, 
indexed to the 
California CPI

Trade Corridor 
Enhancement  

 
Road Maintenance and 

Rehabilitation

Diesel Sales Tax Percentage sales tax on 
diesel purchases 5.75% Transit Improvements

Transportation 
Improvement 

Fee

An annual per-vehicle fee 
that varies according to 

the vehicle value

$25-$175 per 
vehicle, per 

year. 
Not adjusted 
for inflation

Road Maintenance and 
Rehabilitation 

 
Congested Corridors 

Program 
 

Transit Improvements

Zero Emissions 
Vehicle (ZEV) 

Registration Fee

An annual per-vehicle fee 
on all ZEVs

$100 per year, 
indexed to the 
California CPI

Road Maintenance and 
Rehabilitation

TABLE 4.1 California SB 1 Fees & Funding Programs

Source: California Department of Transportation

FIGURE 4.6 Status of the State Highway Operation & Protection 
Program (SHOPP), Billions
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REVENUE & EXPENDITURE 
CATEGORIES
CORE & REASONABLY  
AVAILABLE REVENUES
The Connect SoCal financial plan includes two types of revenue forecasts. Both 
are included in the financially constrained plan:

 z Core revenues
 z Reasonably available revenues

The core revenues identified are existing transportation funding sources 
projected to FY2044-45. The core revenue forecast does not include any future 
increases in state or federal gas excise tax rates (other than those described 
previously related to SB 1 or adoptions of new tax measures). These revenues 
provide a benchmark from which additional funding can be identified.

Federal guidelines additionally permit the inclusion in the financial plan of 
revenues that are reasonably available. Further, the Plan includes strategies 
for ensuring the availability of these sources. The region’s reasonably available 
revenues include new sources of transportation funding likely to materialize 
within the Connect SoCal timeframe. These sources include:

 z Adjustments to the existing federal gas tax rate 
 z Replacement of existing state and federal gas excise taxes with more 

direct mileage-based user fees 
 z Federal credit assistance and bond proceeds 
 z Private investment participation 
 z A local road charge program
 z  Value capture strategies 
 z A per-mile charge for Transportation Network Companies 

(e.g. Uber and Lyft) 

Note: Numbers may not sum to total due to rounding 
* Includes $4.8 billion for active transportation & $5 billion GM arterial

System State of Good Repair Needs Included in Estimate Estimated State of Good Repair Cost

Transit O&M Existing Service; O&M Service Expansion; O&M Major New Service; 
Preservation $173.9

Passenger Rail O&M Existing Service; O&M Service Expansion; O&M Major New Service; 
Preservation $26.6

Regionally Significant Local Streets and Roads* Pavement; Essential Components; Bridges; Goods Movement Corridors; Active 
Transportation Safety Improvements $47.5

State Highways Bridges, Pavement, Roadside; Mobility, Collision Reduction; Mandates, Facilities; 
Emergency Response $68.0

Total $316.0

TABLE 4.2 Multimodal System Preservation & Maintenance Needs, in Nominal Dollars, Billions
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EXPENDITURE CATEGORIES
Transportation expenditures in the SCAG region are summarized into 
three main categories:

 z Capital costs for transit, state highways, and local streets and roads 
(including regionally significant arterials). This category includes 
programmatic investments in transportation demand management 
(TDM), transportation system management, etc. 

 z Operating and maintenance costs for transit, state highways and local 
streets and roads (including regionally significant arterials) 

 z Debt service payments (for current and anticipated bond issuances)

CORE REVENUES
SCAG’s regional core revenue model forecasts transportation revenues over 
the entire Connect SoCal time horizon. The revenue model is comprehensive 
and provides data by county and funding source. The revenue forecast was 
developed using the following framework:

 z Incorporate financial planning documents developed by local 
county transportation commissions and transit operators in the 
region, where available

 z Ensure consistency with both local and state planning documents
 z Utilize published data sources to evaluate historical trends
 z Conduct sensitivity testing of assumptions to augment local 

forecasts, as needed

The region’s revenue forecast horizon for the financial plan is FY2020-21 
through FY2044-45. TABLE 4.3 shows these core revenues in five-year 
increments by county.

Note: Numbers may not sum to total due to rounding

County FY2021–FY2025 FY2026–FY2030 FY2031–FY2035 FY2036–FY2040 FY2041–FY2045 Total

Imperial $0.4 $0.5 $0.6 $0.7 $0.9 $3.1

Los Angeles $47.3 $53.8 $63.9 $73.7 $83.6 $322.1

Orange $11.4 $13.2 $15.9 $19.3 $20.4 $80.3

Riverside $5.9 $6.4 $7.4 $8.2 $8.4 $36.3

San Bernardino $5.6 $6.5 $7.5 $8.7 $8.4 $36.8

Ventura $2.1 $2.4 $2.8 $3.3 $3.9 $14.5

Total $72.6 $82.9 $98.1 $114.0 $125.5 $493.1

TABLE 4.3 Core Revenue Forecast FY2021–FY2045, in Nominal Dollars, Billions
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As shown in FIGURE 4.7, the majority of revenues in the SCAG region come 
from local sources (60 percent). The share of state sources has increased since 
the last RTP from 11 percent share of core revenues to 32 percent as a result of 
the passage of SB 1.

FIGURE 4.8 shows the breakdown of revenues by county. With four local sales 
tax measures, Los Angeles County accounts for 65 percent of the funding 
available in the SCAG region. This includes revenues from the passage of 
Measure M since the adoption of the 2016 Connect SoCal. 

Local sales taxes provide the largest single source of local funding, as shown 
in FIGURE 4.9. These taxes account for more than half (57 percent) of local 
sources in the plan.

As shown in FIGURE 4.10, the State Highway Operations and Protection 
Program (SHOPP), the Highway User Tax Account (HUTA), the Road Maintenance 
and Rehabilitation Account (RMRA), and the State Transit Assistance fund (STA) 
account for the bulk of the state funding available.

As shown in FIGURE 4.11, federal sources are expected to comprise a small 
portion of overall transportation funds ($41.1 billion or eight percent share of 
core revenues). This is consistent with past RTPs. Federal Transit Administration 
(FTA) funds account for 61 percent of federal funding in the SCAG region. The 
financial plan also assumes that Congestion Mitigation and Air Quality funding 
will decline over the life of the Plan due to the region achieving attainment for a 
number of criteria pollutants and reducing the severity level of others.

REASONABLY AVAILABLE REVENUES
There are several new funding sources that are reasonably expected to be 
available for Connect SoCal. The following guiding principles were used for 
identifying reasonably available revenues:

 z Establish a user fee-based system that better reflects the true cost of 
transportation, provides firewall protection for transportation funds 
and ensures an equitable distribution of costs and benefits

 z Promote national and state programs that include return-to-source 

Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.7 Core Revenues, in Nominal Dollars
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Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.8 Core Revenues by County, in Nominal Dollars
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Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.9 Core Revenues, Local Sources, in Nominal Dollars

$297.2B 
Billion Total

Local Sales Tax57%

Other Local10%

TDA12%
Farebox Revenue9%
Highway Tolls11%
Mitigation Fees1%

Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.10 Core Revenues, State Sources, in Nominal Dollars

$154.8 
Billion Total

STIP3%
SHOPP41%
HUTA24%
RMRA16%
STA9%
Cap-and-Trade
Auction Proceeds

1%

Other State6%

guarantees, while maintaining flexibility to reward regions that 
continue to commit substantial local resources

 z Leverage locally available funding with innovative financing tools 
(e.g., tax credits and expansion of the Transportation Infrastructure 
Finance and Innovation Act [TIFIA]) to attract private capital and 
accelerate project delivery

 z Promote local funding strategies that maximize the value of public 
assets while improving mobility, sustainability, and resilience

TABLE 4.4 identifies seven categories of funding sources that are reasonably 
available and are included in the financially constrained plan. These sources 
were identified because of their potential for revenue generation, historical 
precedence, and the likelihood of their implementation within the time frame 
of Connect SoCal. For each funding source, SCAG has examined the policy and 
legal context of implementation and has prepared an estimate of the potential 
revenues generated. 

The implementation of road user charges, in particular, will require further 
collaboration with the California State Transportation Agency, the California 
Transportation Commission, Caltrans, business, and other key parties on the 
California Road Charge Pilot Program to address key implementation factors 
such as: technology and associated privacy issues, cost of implementation and 
administrative methods for fee collection/revenue allocation, and potential 
equity concerns. Equity concerns can be addressed through enhanced 
transportation alternatives for transit dependent populations, and discounts for 
impacted low-income populations. Connect SoCal assumes the establishment 
of a Mobility Equity Fund to cover the cost of rebates, credits, or discounts 
for general mobility expenses including user fees/tolls, parking charges, 
transit fares and new mobility options. Additional documentation of funding 
sources included in the financial plan are provided in the Transportation 
Finance Technical Report.
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Note: Numbers may not sum to total due to rounding; Source: SCAG Revenue Model 2020

FIGURE 4.11 Core Revenues, Federal Sources, in Nominal Dollars

$41.1 
Billion Total

CMAQ13%
STBG18%
FTA Formula46%
FTA Discretionary15%
Other Federal8%

ASSUMPTIONS BY REVENUE SOURCE
TABLE 4.5 describes the specific revenue assumptions used for the financially 
constrained 2020 Connect SoCal. A more detailed discussion of revenue sources 
is included in the Transportation Finance Technical Report.

SUMMARY OF REVENUE SOURCES  
& EXPENDITURES
TABLE 4.6.1 presents the SCAG region’s revenue forecast by source in five-year 
increments, from FY2020-21 through FY2044-45.

This is followed by TABLE 4.6.2, which provides details of the region’s 
expenditures by category in five-year increments.
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Revenue 
Source Description Amount Actions to Ensure Availability Responsible Party(ies)

Federal Gas Excise 
Tax Adjustment to 
Maintain Historical 
Purchasing Power

Additional $0.10 per gallon gasoline tax imposed at 
the federal level starting in 2025 to 2029—indexed 
to maintain purchasing power.

$2.7

Requires action of Congress. Strategy is 
consistent with recommendations from two 
national commissions to move immediately 
with augmenting fuel tax resources through 

conventional Highway Trust Fund mechanisms. 

Congress

Mileage-Based 
User Fee 
(Replacement) 

Mileage-based user fees would be implemented to 
replace gas taxes—estimated at about $0.025 (in 
2019 dollars) per mile starting in 2030 and indexed 
to maintain purchasing power.

$42.7 
 (est. increment only)

Requires state enabling legislation and action 
of Congress. In 2017, California succesfully 

conducted a legislatively-mandated pilot program 
to study the feasibility of a road charge as a 
replacement to the gas tax, and is currently 

pursuing next-step studies. The FAST Act 
establishes the Surface Transportation System 
Funding Alternatives program, which provides 

grants to states to demonstrate alternative user-
based revenue mechanisms that could maintain 

the long-term solvency of the Trust Fund.

State Legislature, Congress

Federal Credit 
Assistance; Other 
Bond Proceeds

TIFIA/RRIF credit assistance and other bond 
financing , pledging new local funding (e.g., 
mileage-based road charge program funding) to 
help finance specific initiaitives including SCORE. 

$2.2

Issuance of debt and TIFIA/RRIF credit agreement 
terms subject to County Transportation 

Commissions' respective board policies, and 
potentially the Southern California Regional Rail 

Authority (SCRRA). 

County Transportation 
Commissions and USDOT 

Build America Bureau; other 
potential parties include 

SCRRA. 

Private Investment

XpressWest, to construct and operate high-speed 
rail service from the Victor Valley to Las Vegas 
along the I-15 corridor. Revenue estimate would 
cover construction costs for the San Bernardino 
County portion only. This category of funding also 
assumes private funding for SCAG-region portion 
of California High-Speed Rail Phase 1; various 
freight related initiatives. 

$12.7

Contingent upon financing efforts by XpressWest 
and necessary approvals. Similarly, contingent 

upon private financing for California High-Speed 
Rail. For freight investments, contigent upon 

private entities in the region, including freight 
railroads. 

XpressWest; private partners; 
freight railroads as may be 

applicable. 

TABLE 4.4 New Revenue Sources & Innovative Financing Strategies, in Nominal Dollars, Billions
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TABLE 4.4  New Revenue Sources & Innovative Financing Strategies, in Nominal Dollars, Billions - Continued

Revenue 
Source Description Amount Actions to Ensure Availability Responsible Party(ies)

Local Road Charge 
Program

Local road charge program assumes a $0.015 
(in 2019 dollars) per mile charge throughout the 
region that can be implemented on a county basis. 
This can be adjusted by time-of-day and location 
with congestion pricing and/or parking pricing at 
major activity centers. For analysis, also assumed 
congestion pricing (peak period charges) in parts 
of Los Angeles County, along with increases in 
parking pricing at major job centers as a part of the 
regional job centers strategy.

$77.8

Requires state enabling legislation for at least 
two components--mileage-based user fees and 

congestion pricing. Parking pricing would be 
subject to local policies. 

MPO, CTCs, Caltrans, and 
FHWA as may be applicable; 

local jurisdictions. 

Value Capture 
Strategies

Assumed the use of EIFDs and tax increment 
financing (TIF) to support investment in transit 
supportive housing infrastructure needs. 

$3.0 Pursue necessary approvals for district formation 
and TIF. Local jurisdictions

Transportation 
Network Company 
(TNC) Mileage-
Based Fee

User fees on TNC mileage —estimated at about 
$0.05 (in 2019 dollars) per mile starting in 2021. $4.7

Requires state enabling legislation to implement
at local level. Currently being explored by LA 

Metro and a similar measure was approved by 
voters in San Francisco in 2019.

MPO, CTCs, California Public 
Utilities Commission, State 

Legislature
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Note: Numbers may not sum to total due to rounding

4.5.1 Core & Reasonably Available Revenue Projections—Local Core Revenue Sources, in Nominal Dollars, Billions

Revenue 
Source Revenue Projection Assumptions Revenue 

Estimate

Local Option Sales 
Tax Measures

Description: Locally imposed ½ percent sales tax in four counties (Imperial, Orange, Riverside, and San Bernardino). Permanent 2 percent sales 
tax in Los Angeles County (combination of two permanent ½ percent sales taxes, Measure R through 2039, and Measure M, which will increase 
from 1/2 percent to 1 percent upon the expiration of Measure R). Measure D in Imperial County expires in 2050; Measure M in Orange County 
expires in 2041; Measure A in Riverside County expires in 2039; and Measure D in San Bernardino County expires in 2040. 
Assumptions: Sales taxes grow consistent with county transportation commission forecasts and historical trends.

$169.8

Transportation 
Development 
Act (TDA)—Local 
Transportation 
Fund

Description: The Local Transportation Fund (LTF) is derived from a ¼ cent sales tax on retail sales statewide. Funds are returned to the county of 
generation and used mostly for transit operations and transit capital expenses. 
Assumptions: Same sales tax growth rate as used for local option sales tax measures.

$34.7

Transit Farebox 
Revenue

Description: Transit fares collected by transit operators in the SCAG region. 
Assumptions: Farebox revenues increase consistent with historic trends, planned system expansions, and operator forecasts. $27.3

Highway Tolls

Description: Revenues generated from toll roads operated by the Transportation Corridor Agencies (TCA), from the SR-91 Express Lanes 
operated by the Orange County Transportation Authority (OCTA) and Riverside County Transportation Commission (RCTC), and from the 
MetroExpress Lanes along I-10 and I-110 in Los Angeles County. 
Assumptions: Toll revenues grow consistent with county transportation commission forecasts and historical trends.

$32.7

Mitigation Fees

Description: Revenues generated from development impact fees. The revenue forecast includes fees from the Transportation Corridor Agencies 
(TCA) development impact fee program, San Bernardino County’s development impact fee program and Riverside County’s Transportation 
Uniform Mitigation Fee (TUMF) for both the Coachella Valley and Western Riverside County. 
Assumptions: The financial forecast is consistent with revenue forecasts from TCA, Coachella Valley Council of Governments, Western Riverside 
Council of Governments, and the San Bernardino County Transportation Commission (SBCTA).

$2.5

Other Local 
Sources

Description: Includes local revenue sources such as general funds, transit advertising and auxiliary revenues, lease revenues and interest and 
investment earnings from reserve funds. For Los Angeles County, interest income from Propositions A and C and Measure R are included under 
this source. Income from financing is also included, while principal and interest payments are included as part of debt service. 
Assumptions: Revenues are based on financial data from transit operators and local county transportation commissions.

$30.2

Local Subtotal $297.2

TABLE 4.5 Summary of Revenue Sources
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Note: Numbers may not sum to total due to rounding

4.5.2 Core & Reasonably Available Revenue Projections—State Revenue Sources, in Nominal Dollars, Billions

Revenue 
Source Revenue Projection Assumptions Revenue 

Estimate

State 
Transportation 
Improvement 
Program (STIP)

Description: The STIP is a five-year capital improvement program that provides funding from the State Highway Account (SHA) for projects that 
increase the capacity of the transportation system. The SHA is funded through a combination of state gas excise tax, the Federal Highway Trust 
Fund, and truck weight fees. The STIP may include projects on state highways, local roads, intercity rail, or public transit systems. The Regional 
Transportation Planning Agencies (RTPAs) propose 75 percent of STIP funding for regional transportation projects in Regional Transportation 
Improvement Programs (RTIPs). Caltrans proposes 25 percent of STIP funding for interregional transportation projects in the Interregional 
Transportation Improvement Program (ITIP). 
Assumptions: Funds are based upon the 2020 STIP Fund Estimate, 2020 STIP Commission Staff Recommendations, February 28, 2020. Fuel 
consumption declines in real terms by 1 percent due to increasing fuel efficiency.

$5.1

State Highway 
Operation and 
Protection Plan 
(SHOPP)

Description: Funds state highway maintenance and operations projects. 
Assumptions: Short-term revenues are based on overlapping 2016 and 2018 SHOPP programs. Long-term forecasts are consistent with STIP 
forecasts and assume decline in fuel consumption. As with the HUTA and STA, a portion of SHOPP revenues are indexed due to passage of SB 1, 
which offsets the effect of the increase in fuel efficiency.

$63.0

Highway Users Tax 
Account (HUTA)

Description: Gas tax revenue apportionments distributed via the HUTA to counties and cities in the region. 
Assumptions: The forecast is based on current funding levels reported by the State Controller. Future funding declines with fuel consumption 
using assumptions consistent with other sources.

$36.7

Road Maintenance 
and Rehabilitation 
Account (RMRA)

Description: The RMRA was established by SB 1 and is funded by new diesel and gas excise taxes, a transportation improvement fee, and electric 
vehicle fee. Although the RMRA also provides SHOPP funding, for purposes of the 2020 RTP/SCS financial plan, it only reflects the portion directed 
to counties and cities. 
Assumptions: SB 1 indexes the sources for RMRA, offsetting the decline due to fuel efficiency.

$24.3

State Transit 
Assistance Fund 
(STA)

Description: The STA is funded by diesel sales taxes and the transportation improvement fee established under SB 1. SB 1 also created a State of 
Good Repair Program associated with the STA, which for purposes of this financial plan are included in the STA figures. 
Assumptions: The forecast is based on current funding levels reported by the State Controller. Future funding declines with fuel consumption 
but is offset by SB 1 indexing using assumptions consistent with other sources.

$14.2

Cap-and-Trade 
Auction Proceeds

Description: The Global Warming Solutions Act of 2006 (AB 32) established the goal of reducing greenhouse gas (GHG) emissions statewide to 
1990 levels by 2020. In order to help achieve this goal, the California Air Resources Board (ARB) adopted a regulation to establish a cap-and-trade 
program that places a “cap” on the aggregate GHG emissions from entities responsible for roughly 85 percent of the state’s GHG emissions. 
As part of the cap-and-trade program, ARB conducts quarterly auctions where it sells emission allowances. Revenues from the sale of these 
allowances fund projects that support the goals of AB 32, including transit and rail investments. Funds associated with non-transportation and 
High-Speed Rail are not included in this amount.  
Assumptions: The forecast is based on current funding levels reported by the State Controller for the Low Carbon Transit Operations Program 
and award lists as reported by Caltrans. Given the uncertainty about future allowance prices, annual growth is assumed to be flat and is assumed 
to end after 2030.

$2.2

Other State 
Sources

Description: Other state sources include remaining SB 1 competitive program awards; the Active Transportation Program (ATP); and other 
miscellaneous state grant apportionments for the SCAG region. 
Assumptions: Short-term revenues are based on actual apportionments. Future Active Transportation Program funding declines with fuel 
consumption using assumptions consistent with other sources.

$9.2

State Subtotal $154.8

TABLE 4.5  Summary of Revenue Sources - Continued
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TABLE 4.5  Summary of Revenue Sources - Continued

Note: Numbers may not sum to total due to rounding

4.5.3 Core & Reasonably Available Revenue Projections—Federal Core Revenue Sources, in Nominal Dollars, Billions

Revenue 
Source Revenue Projection Assumptions Revenue 

Estimate

FHWA Non-
Discretionary 
Congestion 
Mitigation and Air 
Quality (CMAQ) 
Program

Description: Program to reduce traffic congestion and improve air quality in non-attainment areas. 
Assumptions: Short-term revenues are based upon the Caltrans apportionment estimates. Long-term revenues assume that fuel consumption 
declines by 1 percent (in real terms) annually. CMAQ funding is assumed to be reduced by 25 percent in 2027, an additional 25 percent in 2032, 
and an additional 25 percent in 2037 due to improved air quality.

$5.3

FHWA Non-
Discretionary 
Surface 
Transportation 
Block Grant (STBG)

Description: Projects eligible for STBG funds include rehabilitation and new construction on any highways included in the National Highway 
System (NHS) and Interstate Highways (including bridges). Also, transit capital projects, as well as intracity and intercity bus terminals and 
facilities, are eligible. 
Assumptions: Short-term revenues are based upon the Caltrans apportionment estimates. Long-term revenues assume that fuel consumption 
declines by 1 percent (in real terms) annually.

$7.5

FTA Formula 
Programs 5307 
Urbanized Area 
Formula, 5310 
Enhanced Mobility 
of Seniors and 
Individuals with 
Disabilities 
Formula, 5311 
Rural Formula, 
5337 State of Good 
Repair Formula, 
and 5339 Bus 
and Bus Facilities 
Formula

Description: This includes a number of FTA programs distributed by formula. 5307 is distributed to state urbanized areas with a formula based 
upon population, population density, number of low-income individuals, and transit revenue and passenger miles of service. Program funds 
capital projects, planning, job access and reverse commute projects, and operations costs under certain circumstances. 5310 funds are allocated 
by formula to states for projects providing enhanced mobility to seniors and persons with disabilities. 5311 provides capital, planning, and 
operating assistance to states to support public transportation in rural areas with populations less than 50,000. 5337 is distributed based on 
revenue and route miles and provides funds for repairing and upgrading rail transit systems, high-intensity bus systems that use High-Occupancy 
Vehicle (HOV) lanes, including bus rapid transit (BRT). 5339 provides capital funding to replace, rehabilitate, and purchase buses and related 
equipment and to construct bus-related facilities.  
Assumptions: Formula funds are assumed to decline in proportion with the Federal Highway Trust Fund. As with the FHWA sources, fuel 
consumption declines by 1 percent (in real terms) annually.

$19.0

FTA Non-Formula 
Program 5309 
Fixed Guideway 
Capital Investment 
Grants ("New 
Starts")

Description: Provides grants for new fixed-guideways or extensions to fixed guideways (projects that operate on a separate right-of-way 
exclusively for public transportation, or that include a rail or a catenary system), bus rapid transit projects operating in mixed traffic that represent 
a substantial investment in the corridor, and projects that improve capacity on an existing fixed-guideway system. 
Assumptions: Operators are assumed to receive FTA discretionary funds in rough proportion to what they have received historically. As with the 
FHWA sources, fuel consumption declines by 1 percent (in real terms) annually.

$6.0

Other Federal 
Sources

Description: Includes other federal programs, such as Transportation Investment Generating Economic Recovery (TIGER) competitive grant 
program, Highway Safety Improvement Program, Federal Safe Routes to School, Highway Bridge Program, and earmarks. 
Assumptions: Short-term revenues are based on actual apportionments. Long-term revenues assumes a 1 percent (in real terms) annual decline 
in fuel consumption as used for other federal funding sources.

$3.3

Federal Subtotal $41.1
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Note: Numbers may not sum to total due to rounding

TABLE 4.5  Summary of Revenue Sources - Continued

4.5.4 Core & Reasonably Available Revenue Projections—Innovative Financing and New Revenue Sources, in Nominal Dollars, Billions

Revenue 
Source Revenue Projection Assumptions Revenue 

Estimate

Federal Gas Excise 
Tax Adjustment

Description: Additional 10-cents-per-gallon gasoline tax imposed by the federal government starting in 2025 through 2029. 
Assumptions: Forecast consistent with historical tax rate adjustments for federal gas taxes. $2.7

Mileage-Based 
User Fee 
(Replacement)

Description: Mileage-based user fees would be implemented to replace existing gas taxes (state and federal) by 2030. 
Assumptions: It is assumed that a national mileage-based user fee system would be established during the latter years of the RTP/SCS. An 
estimated $0.025 per mile (in 2019 dollars) is assumed starting in 2030 to replace existing gas tax revenues, indexed to maintain purchasing 
power.

$42.7 
 (est. 

increment 
only)

Federal Credit 
Assistance; Other 
Bond Proceeds

Description: Credit assistance/debt financing is assumed to facilitate construction of regional initiatives, pledging new regional/local funding via 
road charge program.  
Assumptions: It is assumed that some credit assistance in the form of TIFIA/RRIF will be needed to facilitate implementation of key regional 
initiatives. Assumed aggregate level debt service using an interest rate of 2.2 percent over 35 years.

$2.2

Private Investment 

Description: XpressWest, to construct and operate high-speed rail service from Victor Valley to Las Vegas along the I-15 corridor; assumes private 
sector investment contribution for California High-Speed Rail Phase 1; also includes freight initiatives.  
Assumptions: Revenue estimate reflects only the San Bernardino County segment costs for XpressWest; SCAG-region segment for California-
High Speed Rail Phase 1.

$12.7

Local Road Charge 
Program

Description: Local road charge program assumes a per mile charge across the region that can be implemented on a county basis. This can be 
adjusted by time-of-day and location with congestion pricing and parking pricing at major activity centers. For analysis, also assumed congestion 
pricing in parts of Los Angeles County, along with increases in parking pricing at major job centers throughout the region as a part of the regional 
job centers strategy. 
Assumptions: Assumes a charge of $0.015 per mile (in 2019 dollars) starting in 2030; peak period congestion charges in parts of Los Angeles 
County; some increases in parking costs assumed starting in 2025 at regional job centers.

$77.8

Value Capture 
Strategies

Description: Formation of EIFDs and use of tax increment financing for transit supportive housing related infrastructure.  
Assumptions: Based on recent EIFD/tax increment financing studies to fund improved water and sewer infrastructure in Transit Priority Areas $3.0

Transportation 
Network Company 
(TNC) Mileage-
Based Fee

Description: User fees on TNC mileage 
Assumptions: Estimated at about $0.05 (in 2019 dollars) per mile starting in 2021 $4.7

New Revenue Source Subtotal $145.7
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Revenue Sources FY2021 – 
FY2025

FY2026 – 
FY2030

FY2031 – 
FY2035

FY2036 – 
FY2040

FY2041 – 
FY2045 Total

Lo
ca

l

Sales Tax $28.4 $34.3 $41.4 $48.9 $51.5 $204.5

– Local Option Sales Tax Measures $23.6 $28.7 $34.7 $40.9 $42.0 $169.8

– Transportation Development Act (TDA)—Local Transportation Fund $4.8 $5.7 $6.7 $8.0 $9.5 $34.7

Transit Farebox Revenue $3.5 $4.4 $5.2 $6.4 $7.8 $27.3

Highway Tolls (in core revenue forecast) $3.4 $4.5 $6.0 $8.0 $10.7 $32.7

Mitigation Fees $0.4 $0.4 $0.5 $0.5 $0.6 $2.5

Other Local Sources $6.5 $5.4 $7.3 $6.6 $4.3 $30.2

Local Total $42.2 $49.1 $60.5 $70.6 $74.9 $297.2

St
at

e

State Transportation Improvement Program (STIP) $1.3 $0.7 $0.9 $1.0 $1.2 $5.1

– Regional Transportation Improvement Program (RTIP) $1.1 $0.5 $0.6 $0.7 $0.9 $3.8

– Interregional Transportation Improvement Program (ITIP) $0.1 $0.2 $0.2 $0.3 $0.3 $1.2

State Highway Operation and Protection Plan (SHOPP) $8.5 $10.2 $12.2 $14.6 $17.5 $63.0

Highway Users Tax Account (HUTA) $5.1 $6.0 $7.1 $8.4 $10.0 $36.7

Road Maintenance and Rehabilitation Account (RMRA) $3.1 $3.8 $4.7 $5.7 $7.0 $24.3

State Transit Assistance Fund (STA) $1.9 $2.3 $2.8 $3.3 $3.9 $14.2

Cap-and-Trade Auction Proceeds $1.1 $1.1 $0.0 $0.0 $0.0 $2.2

Other State Sources $1.6 $1.6 $1.8 $2.0 $2.2 $9.2

State Total $22.6 $25.8 $29.5 $35.1 $41.9 $154.8

TABLE 4.6.1  FY2021–FY2045 RTP/SCS Revenues, in Nominal Dollars, Billions

Note: Numbers may not sum to total due to rounding
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Revenue Sources FY2021 – 
FY2025

FY2026 – 
FY2030

FY2031 – 
FY2035

FY2036 – 
FY2040

FY2041 – 
FY2045 Total

Fe
de

ra
l

Federal Transit $4.4 $4.7 $5.0 $5.3 $5.6 $25.0

– Federal Transit Formula $3.4 $3.6 $3.8 $4.0 $4.2 $19.0

– Federal Transit Non-Formula $1.1 $1.1 $1.2 $1.3 $1.3 $6.0

Federal Highway & Other $3.4 $3.3 $3.2 $3.1 $3.2 $16.1

– Congestion Mitigation and Air Quality (CMAQ) $1.5 $1.3 $1.0 $0.8 $0.8 $5.3

– Surface Transportation Block Grant (STBG) $1.3 $1.4 $1.5 $1.6 $1.7 $7.5

– Other Federal Sources $0.5 $0.6 $0.7 $0.7 $0.8 $3.3

Federal Total $7.8 $8.0 $8.1 $8.4 $8.8 $41.1

N
ew

Federal Gas Excise Tax Adjustment $0.6 $2.1 $0.0 $0.0 $0.0 $2.7

Mileage-Based User Fee (Replacement) $0.0 $1.6 $10.4 $13.7 $16.9 $42.7

Federal Credit Assistance; Other Bond Proceeds $0.0 $2.2 $0.0 $0.0 $0.0 $2.2

Private Equity Participation $3.2 $0.0 $2.1 $4.2 $3.2 $12.7

Local Road Charge Program $0.2 $5.8 $21.0 $23.8 $26.9 $77.8

Enhanced Infrastructure Financing District $0.0 $0.8 $0.8 $0.8 $0.8 $3.0

TNC Fee $0.7 $0.8 $0.9 $1.1 $1.2 $4.7

New Revenue Total $4.7 $13.3 $35.1 $43.5 $49.1 $145.7

Revenue Total $77.3 $96.2 $133.2 $157.6 $174.6 $638.9

TABLE 4.6.1  FY2021–FY2045 RTP/SCS Revenues, in Nominal Dollars, Billions - Continued

Note: Numbers may not sum to total due to rounding
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RTP Costs FY2021 – 
FY2025

FY2026 – 
FY2030

FY2031 – 
FY2035

FY2036 – 
FY2040

FY2041 – 
FY2045 Total

Capital Projects and Other Programs  $36.2  $44.6  $68.0  $70.9  $67.6  $287.3 

Arterials  $7.1  $4.7  $4.2  $4.1  $0.7  $20.7 

Goods Movement (including Grade Separations)  $4.8  $9.3  $9.6  $22.7  $19.6  $66.0 

High-Occupancy Vehicle/Express Lanes  $0.9  $3.2  $3.3  $3.4  $2.6  $13.4 

Mixed-Flow and Interchange Improvements  $2.7  $1.7  $1.7  $1.4  $2.8  $10.3 

Transportation System Management (including ITS)  $1.4  $1.4  $3.3  $3.9  $3.7  $13.7 

Transit  $10.9  $13.9  $20.4  $13.5  $8.1  $66.8 

Passenger Rail  $4.6  $6.5  $14.5  $9.3  $18.4  $53.3 

Active Transportation  $1.6  $2.3  $4.2  $4.9  $4.6  $17.7 

Transportation Demand Management  $0.7  $0.2  $2.4  $2.4  $1.7  $7.3 

Other**  $1.5  $1.5  $4.3  $5.4  $5.4  $18.1 

Operations and Maintenance  $35.9  $44.9  $57.4  $77.8  $100.0  $316.0 

State Highways  $8.5  $10.2  $12.2  $17.1  $20.0  $68.0 

Transit  $20.5  $24.9  $31.8  $41.2  $55.4  $173.9 

Passenger Rail  $2.0  $2.7  $4.3  $7.5  $10.1  $26.6 

Regionally Significant Local Streets and Roads*  $4.8  $7.1  $9.1  $12.0  $14.4  $47.5 

Debt Service  $5.2  $6.6  $7.8  $8.9  $7.0  $35.6 

Cost Total  $77.3  $96.2  $133.2  $157.6  $174.6  $638.9 

Note: Numbers may not sum to total due to rounding 
* Includes $4.8 billion for active transportation in addition to capital project investment level of $17.7 billion for a total of $22.5 billion for active transportation improvements
** Includes Safety, Pooled Incentives, Mobility Equity Fund, Regional PEV Charger Program, and Others

TABLE 4.6.2   FY2021–FY2045 RTP/SCS Expenditures, in Nominal Dollars, Billions

PC ORIGINAL PKG



115PC ORIGINAL PKG



CHAPTER
5

PC ORIGINAL PKG



117

MEASURING 
OUR PROGRESS

CHAPTER 5

Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy

PC ORIGINAL PKG



Connect SoCal118

CONNECT SOCAL &  
PERFORMANCE-BASED PLANNING 
SCAG has been incorporating performance measures into its Regional 
Transportation Plan (RTP) evaluation process since development of the 1998 
Plan. For the 2004 RTP, SCAG developed a set of measurable outcomes that 
were based upon the principle of sustainability, which includes environmental 
preservation, linking transportation and land use and focusing on how the 
region meets its critical system preservation needs. Connect SoCal builds 
upon the sustainability goals established in previous RTP cycles, reflecting the 
ever-evolving needs and priorities of our region. The performance measures 
developed in support of Connect SoCal are focused on a set of outcomes 
that aim to continue to strengthen land-use and transportation connections, 
enhance the health of our region’s residents, reduce greenhouse gas (GHG) 
emissions, and ameliorate the consequential effects of climate change. 

Implementation of the strategies, programs and projects identified in Connect 
SoCal will help to secure a safe, efficient, sustainable and prosperous future 
for our region. To demonstrate the effectiveness of Connect SoCal toward 
achieving our regional goals and desired outcomes, SCAG conducted a ‘Plan’ 
vs ‘No Plan’ (or ‘Baseline’) analysis, which compares how the region would 
perform with and without implementation of the Plan. The conclusions 
of that analysis are the focus of this chapter. More details on the Connect 
SoCal performance analysis and its results may be found in the Performance 
Measures Technical Report. 

Implementation of the Plan would result in a regional transportation system 
that provides improved travel conditions and better air quality, while also 
ensuring an equitable distribution of benefits among the various communities 
that comprise the SCAG region. With Connect SoCal, trips to work, schools 
and other key destinations would be faster and more efficient. Connect SoCal 
improves the integration of multiple transportation modes, leading to an 
increase in carpooling, demand for transit and use of active transportation 
(bicycle and pedestrian) modes for work trips and for other trips made 
throughout the day.  

Analysis conducted by SCAG found that, in comparison to the 2045 
Baseline, Connect SoCal will:

 z Increase the combined percentage of work trips made by carpooling, 
active transportation, and public transit by 3 percent, with a 
commensurate reduction in the number of commuters traveling by 
single-occupancy vehicle 

 z Reduce vehicle miles traveled per capita by 5 percent and vehicle hours 
traveled per capita by 9 percent (for automobiles and light/medium-
duty trucks) as a result of more efficient land use strategies and 
improved regional transit service

 z Increase transit use for work trips by 2 percent, as a result of improved 
transit service and more transit-oriented, mixed-use development

 z Reduce travel delay per capita by 26 percent
 z Reduce heavy-duty truck delay by 24 percent
 z Create more than 264,500 new jobs annually, due to an increased 

level of economic competitiveness throughout the region, and 
improved regional economic performance. This more competitive 
economic environment would be the result of an improved regional 
transportation system and reduced levels of congestion

 z Reduce greenfield development by 29 percent. Conservation of 
open space, agricultural lands, and other rural land uses may be 
achieved by focusing new residential and commercial development 
in higher density areas that are already equipped with the requisite 
urban infrastructure.

Note, the above transportation performance results do not include off-model 
adjustments and are therefore considered to be conservative estimates of 
Connect SoCal performance.

Connect SoCal also focuses on improving public health outcomes in the SCAG 
region. Some key performance results include a reduction in our regional 
obesity rate and a reduction in the share of our population that suffers from 
pathologies related to lack of regular physical activity, such as hypertension and 
type 2 diabetes. The total annual healthcare costs for respiratory disease will 
be reduced under the Plan by more than 5 percent compared to the Baseline. 
Implementation of Connect SoCal would provide more than $346 million in 
healthcare cost savings per year as a result of reductions in several chronic 
diseases and would bring significant benefits for the regional economy. When 
looking specifically at air-pollution related health incidences, the region is 
expected to save over $180 million in healthcare expenditures annually. These 
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public health improvements are the result of Connect SoCal investments in 
active transportation, more walkable and bikeable communities and improved 
regional air quality.

PERFORMANCE  
GOALS & REQUIREMENTS
The Connect SoCal performance measurement process provides a means 
for determining how well the program of investments included in the Plan 
correspond to the overall goals and desired vision for the future of the 
SCAG region. As part of the development of Connect SoCal, a set of 10 high 
level goals for the Plan were adopted. The goals are intentionally general 
in nature, and the Connect SoCal performance measures are not intended 
to correspond specifically to each of the Plan goals. However, they are 
complementary, with most of the performance measures supporting multiple 
goals. While the Connect SoCal goals are visionary in nature, the performance 
outcomes provide a more specific framework to guide the region toward 
achievement of the higher level goals. Performance measures, in turn, are 
the quantitatively defined variables used to assess progress within each of 
the outcome categories.

Performance measures are also used to ensure that the Plan meets all federal 
and state mandates. These requirements will be discussed in detail in a 
subsequent section of this chapter.

PERFORMANCE  
OUTCOMES & MEASURES
Senate Bill 375 (SB 375) provided a strong regulatory foundation for addressing 
the daunting challenges presented by climate change. The ambitious GHG 
reduction goals and associated sustainability planning requirements mandated 
by SB 375 served to further fortify SCAG’s already firm commitment to the 
monitoring of regional GHG emissions reductions and achievement of regional 
sustainability objectives, as well as promoting the integration of transportation 
and land use planning.

The Connect SoCal performance measures are focused on specific outcomes 
that will serve to strengthen the land-use transportation connections in the 
SCAG region and enhance the physical health of our region’s residents, while 
also facilitating attainment of GHG emissions reduction goals and ameliorating 
the consequential impacts of climate change. The set of outcomes and 
performance measures used to evaluate various scenarios for Connect SoCal 
are presented in the Performance Measures Technical Report. 

USES OF PERFORMANCE MEASURES
The Connect SoCal performance measures serve to gauge progress toward 
meeting the goals and objectives for our region as outlined in the Plan, as well 
to ensure that the region meets state requirements for reducing GHG emissions 
and planning for a more sustainable future. The results of SCAG’s performance 
analysis and assessment process allow us to conclude that implementation of 
the integrated program of projects, strategies and policy recommendations of 
Connect SoCal will result in significant benefits to our region, not only in respect 
to the transportation-related objectives of improved mobility and accessibility; 
but also for better air quality, stimulated regional economic activity and job 
creation, community and environmental sustainability, social equity, and 
environmental justice. 

Performance monitoring is an invaluable tool to facilitate linkage of the 
regional goals and desired outcomes identified in Connect SoCal with actual 
performance at the implementation level. The monitoring of local and regional 
progress is key to understanding which projects, programs, and strategies are 
proving successful in meeting our regional goals and which ones may require 
modification or reconsideration. Ultimately, progress toward our regional 
objectives is made through implementation at the local level.  

Ongoing performance monitoring serves to guide future planning efforts and 
support local and regional transportation system investment decision-making. 
The assessment of regional performance over time allows us to set meaningful 
performance targets and milestones so that progress and setbacks may be 
effectively evaluated and addressed in a timely manner. On-going performance 
monitoring also helps to identify emerging trends in the region that may need 
to be accounted for in our interim planning activities, as well as to inform 
development of the next RTP/Sustainable Communities Strategy (SCS).
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CONNECT SOCAL  
PERFORMANCE OUTCOMES
This section summarizes how well the Connect SoCal program of transportation 
improvement projects, land use strategies and sustainable communities policy 
recommendations are expected to perform when fully implemented. The 
performance of the Plan is assessed through the modeling of several discretely 
defined outcome scenarios. The modeling outputs are then compared, using 
standardized performance measures, to quantify differences in the model 
results between various scenarios. 

Three planning scenarios are referenced in Connect SoCal: Base 
Year, Baseline and Plan. 

 z Base Year represents existing conditions in the SCAG region as 
of 2016. This includes our regional transportation system, land 
use patterns and socio-economic characteristics (households and 
employment). The year 2016 was selected as the ‘Base Year’ for this 
analysis because it is the year of the most recent available data for all 
variables related to Connect SoCal performance outcomes.

 z Baseline represents the future regional transportation system that will 
result from the continuation of current programs, including projects 
currently under construction or undergoing right-of-way acquisition, 
those transportation plans and projects programmed and committed 
to in the 2019 Federal Transportation Improvement Program 
(FTIP), and/or transportation projects that have already received 
environmental clearance. 

 z Plan represents future conditions in 2045 wherein the transportation 
investments, policy recommendations and strategies identified in 
Connect SoCal are fully implemented.

The Base Year, Baseline and Plan scenarios discussed in this chapter were 
developed to help evaluate the performance of the strategies, programs 
and projects presented in Connect SoCal and to meet various state and 
federal requirements. 

TABLE 5.1 presents the Connect SoCal performance outcomes and the 
associated measures used to forecast Plan performance. The table also includes 
specific performance results for both the Baseline and the Plan.

PERFORMANCE OUTCOME CATEGORIES
The Connect SoCal performance monitoring program is based upon 
performance goals, outcomes and measures. As discussed previously, the 
goals refer to high level regional objectives for the Plan. The performance 
goals correlate to how we envision the future of the SCAG region and what 
planning priorities need to be emphasized through the Plan to achieve that 
vision. Connect SoCal includes 10 overall performance goals as presented in the 
Performance Measures Technical Report. 

For Connect SoCal, eight outcome categories have been designated, 
each representing a primary performance focus area for the Plan. These 
performance outcome categories include:

1. Location Efficiency
2. Mobility and Accessibility
3. Safety and Public Health
4. Environmental Quality
5. Economic Opportunity
6. Investment Effectiveness
7. Transportation System Sustainability
8. Environmental Justice

An additional set of performance measures to be used for SCAG’s on-going 
regional monitoring effort are described and discussed in the Connect SoCal 
Performance Measures Technical Report. The next section of this chapter 
defines these categories and introduces the specific measures used to evaluate 
the performance of Connect SoCal. 

CONNECT SOCAL 
PERFORMANCE PROFILE
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LOCATION 
EFFICIENCY

LESS TIME 
SPENT DRIVING

44.8%
59.7%
Baseline

Plan

High Quality Transit Area 
Employment Growth Share

14.9%

Reactive Organic Gas Emissions

46.5 tons

44.1 tons

Baseline

Plan

5.3%

Carbon Monoxide Emissions

325.8 tons

307.3 tons

Baseline

Plan

5.7%

PM2.5 Emissions

12.9 tons

12.4 tons

Baseline

Plan

4.1%

Daily Miles Driven per capita

21.8 mi

20.7 mi

Baseline

Plan

5.0%

Daily Traffic Delay per capita

11.3 mins

8.4 mins

Baseline

Plan

25.7%

Heavy Duty Truck Delay Highway

186,276 hrs

144,744 hrs

Baseline

Plan

22.3%

Heavy Duty Truck Delay Arterial

32,027 hrs

23,492 hrs

Baseline

Plan

26.6%

45.2%
51.2%
Baseline

Plan

High Quality Transit Area 
Household Growth Share

6.0%

IMPROVED 
AIR QUALITY

ECONOMIC  
OPPORTUNITY

Rural Land Consumption

29.2%
100
71
Baseline

Plan

sq.
miles

sq.
miles

GHG Reductions

8% 8%
19% 19%

2020

2035

 YEAR TARGET PLAN

Benefit/Cost Ratio

INVESTMENT
$1.00

BENEFIT
$2.06=

Annual New Jobs Supported By
Improved Competitiveness

264,500

Annual New Jobs Supported By
Transportation Investments

168,400

CONNECT SOCAL 
PERFORMANCE PROFILE

Saved in Annual 
Healthcare Expenditure

$346 Million
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Daily Vehicle Miles Traveled (VMT)* 
per capita

2016 
BASE YEAR

23.2
MILES

2045 
BASELINE

21.8
MILES

2045 
PLAN

20.7
MILES

-5.0%
Baseline to Plan 

Comparison
Base Year to Plan 

Comparison

-10.8%

LOS ANGELES 
COUNTY

DAILY VMT 
per capita 22.2

MILES
20.4

MILES
19.2

MILES

DAILY DELAY 
per capita 13.4

MINUTES
13.4

MINUTES
10.5

MINUTES

ORANGE 
COUNTY

DAILY VMT 
per capita 24.1

MILES
22.9

MILES
22.3

MILES

DAILY DELAY 
per capita 10.0

MINUTES
11.0

MINUTES
8.0

MINUTES

RIVERSIDE 
COUNTY

DAILY VMT 
per capita 23.0

MILES
21.6

MILES
20.6

MILES

DAILY DELAY 
per capita 5.6

MINUTES
8.4

MINUTES
5.4

MINUTES

VENTURA 
COUNTY

DAILY VMT 
per capita 22.3

MILES
21.0

MILES
19.6

MILES

DAILY DELAY 
per capita 5.6

MINUTES
6.1
MINUTES

3.4
MINUTES

DAILY VMT 
per capita 30.7

MILES
32.6

MILES
32.4

MILES

3.3
MINUTES

12.1
MINUTES

8.1
MINUTES

DAILY DELAY 
per capita

IMPERIAL 
COUNTY

26.1
MILES

25.6
MILES

24.5
MILES

DAILY VMT 
per capita

5.4
MINUTES

8.3
MINUTES

5.2
MINUTES

DAILY DELAY 
per capita

SAN 
BERNARDINO 
COUNTY

2016 
BASE YEAR

2045 
BASELINE

2045 
PLAN

Daily Minutes of Person Delay 
per capita

2016 
BASE YEAR

10.5
MINUTES

2045 
BASELINE

11.3
MINUTES

2045 
PLAN

8.4
MINUTES

Baseline to Plan 
Comparison

-25.7%
Base Year to Plan 

Comparison

-20.0%

CONNECT SOCAL 
PERFORMANCE RESULTS

Note: Base Year: 2016 Existing Conditions, Baseline: Continuation of current trends without Plan, Plan: Full implementation of Connect SoCal 
*VMT per capita refers to automobiles & light trucks onlyPC ORIGINAL PKG
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TABLE 5.1 Connect SoCal Performance Measures & Results

Outcome 
Group

Performance  
Measure Definition Objective Category

2045 Performance Results

Baseline Connect 
SoCal Trend

Lo
ca

tio
n 

Ef
fic

ie
nc

y

Share of regional household 
growth occurring in HQTAs 

Percent of the region's total 
household growth occurring 
within HQTAs

Improvement 
(increase) over 
Baseline

Percent of households 
located in HQTAs 45.2% 51.2% 

Share of regional 
employment growth 
occurring in HQTAs 

Percent of the region's total 
employment growth occurring 
within HQTAs

Improvement 
(increase) over 
Baseline

Percent of jobs located in 
HQTAs 44.8% 59.7% 

Land consumption
Total acreage of greenfield 
or otherwise rural land uses 
converted to urban use 

Improvement 
(decrease) over 
Baseline

Greenfield land consumed 100 sq miles 71 sq miles 

VMT per capita Daily vehicle miles driven per 
person

Improvement 
(decrease) over 
Baseline

Automobiles and light-duty 
trucks 21.8 miles 20.7 miles 

Average distance traveled 
Average daily distance traveled 
for work and non-work trips 
(in miles) 

Improvement 
(decrease) over 
Baseline

Work Trips 17.9 miles 17.7 miles 

Non-Work Trips 5.8 miles 5.7 miles 

Percent of trips less than 3 
miles

Percentage of work and non-
work trips which are less than 
3 miles in length

Improvement 
(increase) over 
Baseline

Work Trips 14.0% 14.3% 

Non-Work Trips 40.5% 41.4% 

Work trip length distribution Statistical distribution of work 
trip length

Improvement 
(increase in 
share of short 
trip lengths) over 
Baseline

Trip Length: 10 miles or less 42.3% 42.4% 

Trip Length: 25 miles or less 76.6% 76.6% 
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 TABLE 5.1  Connect SoCal Performance Measures & Results - Continued

Outcome 
Group

Performance  
Measure Definition Objective Category

2045 Performance Results

Baseline Connect 
SoCal Trend

M
ob

ili
ty

 &
 A

cc
es

si
bi

lit
y

Person delay per capita
Average minutes of delay 
experienced per capita due to 
traffic congestion

Improvement 
(decrease) over 
Baseline

Daily minutes of delay per 
capita 11.3 mins 8.4 mins 

Person hours of delay by 
facility type

Excess travel time resulting 
from the difference between 
a reference speed and actual 
speed

Improvement 
(decrease) over 
Baseline

Highway 1,648,575 hrs 1,224,572 hrs 

HOV 127,650 hrs 31,740 hrs 

Arterial 2,006,711 hrs 1,523,701 hrs 

Truck delay by facility type

Excess travel time for heavy 
duty trucks resulting from 
the difference between a 
reference speed and actual 
speed 

Improvement 
(decrease) over 
Baseline

Highway 186,276 hrs 144,744 hrs 

Arterial 32,027 hrs 23,492 hrs 

Travel time distribution by 
mode

Percentage of PM peak period 
trips completed within 45 
minutes by travel mode

Improvement 
(increase) over 
Baseline

Transit Trips 46.70% 47.20% 

HOV Trips 78.30% 83.90% 

SOV Trips 80.10% 85.40% 

Transit mode share Percentage of trips that use 
transit (work and all trips)

Improvement 
(increase) over 
Baseline

All Trips 3.60% 4.90% 

Work Trips 4.00% 6.10% 

Mean commute time Average travel time to work (all 
modes)

Improvement 
(decrease) over 
Baseline

Average commute time 
(minutes) 32.1 30.2 
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 TABLE 5.1  Connect SoCal Performance Measures & Results - Continued

Outcome 
Group

Performance  
Measure Definition Objective Category

2045 Performance Results

Baseline Connect 
SoCal Trend

Sa
fe

ty
 &

 P
ub

lic
 H

ea
lth

Vehicle collision rate by 
severity

Collision rate per 100 million 
vehicle miles traveled 

Improvement 
(decrease) 

Fatality rate N/A 0.12 N/A

Serious injury rate N/A 1.97 N/A

Air pollution-related health 
measures

Annual air pollution-related 
respiratory disease incidence 
and cost

Improvement 
(decrease) over 
Baseline

Pollution-related respiratory 
health incidences 192,400 182,200 

Pollution-related respiratory 
health costs $3.34 billion $3.16 billion 

Physical activity-related 
health measures

Health incidences and costs 
related to lack of physical 
activity and/or obesity

Improvement 
(decrease) over 
Baseline

Daily per capita walking 5.8 mins 6.7 mins 

Daily per capita biking 0.5 mins 0.7 mins 

Daily per capita driving 48.4 mins 43.2 mins 

Obesity rate 30.30% 30.10% 

Hypertension rate 26.40% 26.30% 

Cardiovascular disease rate 4.37% 4.36% 

Diabetes (type 2) rate 8.10% 7.90% 

Active transportation  
mode share*

Percentage of trips using 
either walking or biking (by 
trip type)

Improvement 
(increase) over 
Baseline

Walk share (work trips) 2.70% 3.00% 

Bike share (work trips) 1.00% 1.20% 

Walk share (non-work trips) 9.10% 10.10% 

Bike share (non-work trips) 1.80% 2.30% 

Walk share (all trips) 7.80% 8.70% 

Bike share (all trips) 1.70% 2.10% 

*Values do not include off-model adjustment factors, see "Active Transportation Mode Share" section for additional details.
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* Comparative figures shown for Criteria Pollutant Emissions are for the 2016 Base Year

 TABLE 5.1  Connect SoCal Performance Measures & Results - Continued

Outcome 
Group

Performance  
Measure Definition Objective Category

2045 Performance Results

Baseline Connect 
SoCal Trend

En
vi

ro
nm

en
ta

l Q
ua

lit
y

Greenhouse gas (GHG) 
emissions reduction

Percent reduction in per capita 
GHG emissions (from 2005 
levels)

Meet state and 
regional GHG 
reduction targets

2020 N/A 8% N/A

2035 N/A 19% N/A

Criteria pollutant emissions
ROG, CO, NOx, PM10, and 
PM2.5 emissions (tons per 
day)

Meet federal air 
quality conformity 
requirements

Reactive organic gases (ROG) 46.5 tons 44.1 tons 

Carbon monoxide (CO) 325.8 tons 307.3 tons 

Oxides of nitrogen (NOx) 82.9 tons 79.5 tons 

Particulate matter (PM10) 31.7 tons 30.4 tons 

Particulate matter (PM2.5) 12.9 tons 12.4 tons 

Non-SOV mode share
Percentage of trips using a 
travel mode other than single 
occupancy vehicle (SOV)

Improvement 
(increase) over 
Baseline

All Trips 62.8% 64.9% 

Work Trips 30.9% 33.3% 

Ec
on

om
ic

 O
pp

or
tu

ni
ty New jobs supported 

by improved economic 
competitiveness 

Number of new jobs 
supported by improved 
regional economic 
competitiveness 

Improvement 
(increase) over 
Baseline

Annual number of new jobs 
generated by Connect SoCal N/A 264,500 N/A

New jobs supported by 
transportation system 
investments  

Number of new jobs 
supported by Connect 
SoCal transportation system 
investments 

Improvement 
(increase) over 
Baseline

Annual number of new jobs 
generated by Connect SoCal N/A 168,400 N/A
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 TABLE 5.1  Connect SoCal Performance Measures & Results - Continued

Outcome 
Group

Performance  
Measure Definition Objective Category

2045 Performance Results

Baseline Connect 
SoCal Trend

In
ve

st
m

en
t E

ff
ec

tiv
en

es
s

Transportation system 
investment benefit/cost ratio

Ratio of monetized user 
and social benefits relative 
to transportation system 
investment expenditures

Benefit/cost ratio 
greater than 1.0

Benefit ratio per $1 
investment N/A 2.06 N/A

Tr
an

sp
or

ta
tio

n 
Sy

st
em

 
Su

st
ai

na
bi

lit
y

Cost per capita to preserve 
the regional multimodal 
transportation system in 
current state of good repair

Annual cost per capita 
required to preserve 
the regional multimodal 
transportation system to 
current conditions

Improvement 
(decrease) over 
Baseline

Cost per capita (per year) N/A $562 N/A

En
vi

ro
nm

en
ta

l J
us

tic
e

See Table 5.5: Connect SoCal Environmental Justice 
Performance Measures 

Meet federal Environmental Justice requirements: No unaddressed disproportinately high and 
adverse effects on low income or minority communities    

Source: SCAG
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CONNECT SOCAL  
PERFORMANCE OUTCOMES
OUTCOME 1: LOCATION EFFICIENCY
The ‘Location Efficiency’ performance outcome reflects how improved 
coordination of land use and transportation planning affects the movement 
of people and goods throughout the SCAG region. This outcome has seven 
associated performance measures to assess progress provided by Connect 
SoCal toward achieving our Location Efficiency objectives:

 z Share of Household Growth in High Quality Transit Areas
 z Share of Employment Growth in High Quality Transit Areas 
 z Land Consumption
 z Vehicle Miles Traveled per Capita
 z Average Distance Traveled
 z Percent of Trips Less than Three Miles
 z Work Trip Length Distribution 

The following is a summary of the Location Efficiency performance measures:

SHARE OF HOUSEHOLD GROWTH IN HIGH QUALITY 
TRANSIT AREAS
By 2045, the share of new households located within designated High Quality 
Transit Areas (HQTAs) is projected to increase by 6 percent between the 
Baseline (45.2 percent) and Connect SoCal (51.2 percent). 

SHARE OF EMPLOYMENT GROWTH IN HIGH QUALITY 
TRANSIT AREAS
Growth in the share of new regional employment located within HQTAs is 
projected to increase by 15.3 percent between the Baseline (44.8 percent) and 
Connect SoCal (60.1 percent) by 2045. 

LAND CONSUMPTION
The land consumption metric is used to assess the amount of previously 
agricultural or otherwise undeveloped land that has changed from rural 
to more intensive development. ‘Greenfield’ land consumption refers to 
new urban development occurring on land that has not previously been 
developed, or otherwise impacted by, urbanized use, including agricultural 
lands, forests, deserts and other open spaces. Rural land consumption under 
Connect SoCal would be substantially less (71 square miles) than under the 
Baseline (100 square miles).

VEHICLE MILES TRAVELED PER CAPITA
Vehicle miles traveled (VMT) per capita is an essential metric used for 
monitoring the impact of population and economic growth on our regional 
transportation system. VMT measures the total number of miles traveled by 
motor vehicles within the SCAG region. Increases in VMT may impact traffic 
congestion, air quality and the overall quality of life in our region. As a region 
with an ever-growing population and a vibrant economy, it is expected that 
more people will be making use of our regional transportation system to get 
to their places of employment and to engage in other daily economic, service, 
and entertainment activities. The challenge is to identify effective solutions 
to balance our regional mobility needs with the imperative to address the 
consequential impacts of climate change.

The monitoring of VMT per capita (for automobiles and light trucks) became 
even more important with the passage of SB 375, which led to state-
mandated reduction targets for regional GHG emissions. According to the 
U.S. Environmental Protection Agency (U.S. EPA), the transportation sector 
produces about 30 percent of all GHG emissions, with automobiles contributing 
approximately 60 percent of transportation sector emissions. 

SB 375 engendered the passage of several subsequent legislative measures for 
purposes of implementing its GHG reduction mandate. SB 743, passed in 2013, 
directed the Governor’s Office of Planning and Research (OPR) to identify a new 
metric for assessing California Environmental Quality Act (CEQA) transportation 
impacts that would serve to promote achievement of statewide GHG reduction 
goals. Ultimately, VMT was selected as the most viable of several alternatives 
evaluated to replace the previously used ‘Level of Service’ (LOS) methodology, 
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which focused exclusively on vehicle delay. Replacing the LOS methodology 
with a VMT-based assessment metric satisfies the SB 743 objectives of reducing 
GHG emissions, promoting mixed-use and infill development, and encouraging 
the provision of active transportation infrastructure. The new VMT-based CEQA 
transportation impact assessment requirement will take effect statewide on 
July 1, 2020, further elevating the importance of monitoring VMT at the regional 
and local levels. Connect SoCal has not taken any credits in regard to potential 
per capita VMT reduction through SB 743 implementation. By monitoring 
progress in reducing per capita VMT through implementation of the various 
transportation investments and land use strategies outlined in Connect SoCal, 
we are better able to accurately gauge progress toward achieving our regional 
GHG emissions reduction goals.

Daily per capita VMT in the SCAG region is projected to decrease in 2045 from 
21.8 miles under the Baseline to 20.7 miles with Connect SoCal. FIGURE 5.1 
shows per capita VMT by county.

AVERAGE DISTANCE TRAVELED
In 2045, the average distance traveled one-way for work trips in the SCAG region 
is projected to decrease slightly from 17.9 miles under the Baseline to 17.7 

miles with Connect SoCal. The average distance traveled one-way for non-work 
trips in 2045 is also projected to decrease, from 5.8 miles to 5.7 miles. 

PERCENT OF TRIPS LESS THAN THREE MILES
The majority of trips in Southern California are made by people driving alone 
in their vehicles. As trip lengths become shorter, particularly to within a few 
miles, people become more amenable to the use of transit, bicycling, walking 
or using other travel modes instead of driving alone. By 2045, the share of 
work trips less than three miles in length is projected to increase from 14 
percent to 14.3 percent; and from 40.5 percent to 41.4 percent for non-work 
trips. Land use strategies that emphasize location efficiency, investments 
in active transportation, and transit system enhancements contribute to 
achieving these results.

WORK TRIP LENGTH DISTRIBUTION
A primary objective of Connect SoCal is the reduction of commuting distances 
in the SCAG region. The share of work trips under 25 miles one-way is projected 
to remain unchanged at 76.6 percent. However, a subset of this group, the 
share of work trips less than 10 miles in length one-way, is expected to increase 
slightly from 42.3 percent to 42.4 percent.  

OUTCOME 2: MOBILITY & ACCESSIBILITY
The ‘Mobility and Accessibility’ outcome is defined as the ability to reach desired 
destinations with relative ease and within a reasonable time, using available 
transportation choices. This section discusses the mobility and accessibility 
performance measures for Connect SoCal.

MOBILITY
Mobility performance measures are based on the metric of travel delay. Delay 
is defined as the difference between an actual travel time and the expected 
travel time at a reference speed for a specified mode. Travel delay is measured 
in vehicle-hours of delay, from which person-hours of delay is derived. The 
measures used to evaluate alternatives for the mobility outcome include:

 z Person Delay per Capita
 z Person Hours of Delay by Facility Type

FIGURE 5.1 Daily Vehicle Miles Traveled (VMT) per Capita by County

Imperial Los Angeles Orange Riverside San 
Bernardino

Ventura SCAG Region

2016 2020 2035
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Source: SCAG Regional Travel Demand Model 
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 z Truck Delay by Facility Type 

PERSON DELAY PER CAPITA
FIGURE 5.2 shows daily minutes of delay experienced per capita for each 
of the six counties, and for the entire SCAG region. Normalizing delay by the 
number of people living in an area provides insight as to how well the region is 
mitigating traffic congestion within the context of increasing population growth. 
Daily minutes of delay per capita would be expected to increase by 2045 in all 
six counties of the region under Baseline conditions. However, implementation 
of Connect SoCal would reduce delay substantially, to about 20 percent below 
2016 levels and about 26 percent below the Baseline.

PERSON-HOURS OF DELAY BY FACILITY TYPE 
Travel delay is also assessed by comparing the number of person-hours of delay 
experienced on different facility types. The person-hours of delay by facility type 
metric differentiates the amount of delay experienced by commuters traveling 
on mixed flow lanes, carpools using high-occupancy vehicle (HOV) lanes, and on 
our arterial roadways. As shown in FIGURE 5.3, person delay experienced on 
the mixed flow lanes of our highways would improve upon Baseline conditions 
with Connect SoCal by approximately 26 percent, while delay on HOV facilities 
will be reduced even more significantly, by more than 75 percent. Delay on 
arterial roadways in the SCAG region would be reduced by about 24 percent 
between the Baseline and the Plan. 

TRUCK DELAY BY FACILITY TYPE 
The Truck Delay by Facility Type performance measure estimates average daily 
delay experienced by heavy-duty trucks on freeways and arterials in the SCAG 
region. Connect SoCal includes significant investments in transportation system 
improvements to facilitate goods movement. FIGURE 5.4 summarizes heavy 
duty truck delay projections for freeways and on major arterials in the SCAG 
region for the Base Year, Baseline, and Connect SoCal. 

Connect SoCal will reduce heavy-duty truck delay on both our regional freeways 
and arterial highways as compared to 2045 Baseline projections by 22 percent 
and 27 percent, respectively. However, truck delay under the Plan will still be 
expected to be above 2016 levels due to projected growth in regional economic 
activity and the associated increased demand for freight movement by truck.

HIGHWAY NON-RECURRENT DELAY
Another measure for delay that is useful for ongoing performance monitoring, 
but is not readily modeled, is non-recurrent delay. Recurrent delay is the 
expected daily traffic congestion that occurs as a result of there being too 
many vehicles being on the road at the same time. Non-recurrent delay refers 
to unexpected conditions of excessive traffic congestion caused by vehicle 
collisions, adverse weather, special events or other atypical incidents. 

Non-recurrent delay may be mitigated or reduced by improving incident 
response times, implementation of traveler information systems, and 
deployment of other intelligent transportation technologies, such as traffic 
signal coordination and highway ramp metering systems. Dynamic travel 
information technologies providing real-time information about unexpected 
delays allow travelers to make better-informed decisions regarding the 
availability of transportation alternatives, including transit. Non-recurrent delay 
as an ongoing regional monitoring measure is discussed in greater detail in the 
Connect SoCal Performance Measures Technical Report.

FIGURE 5.2 Daily Person Delay per Capita by County, Minutes

Imperial Los Angeles Orange Riverside San
Bernardino

Ventura SCAG 
Region
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2016 Base Year 2045 Baseline Connect SoCal

Source: SCAG Regional Travel Demand Model 
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FIGURE 5.5 shows the relative proportion of freeway congestion experienced 
in each county that is caused by non-recurrent events. Please note that data for 
Imperial County is not currently available for this metric.

ACCESSIBILITY
The ‘Accessibility’ outcome is used to evaluate how well the regional 
transportation system performs in providing access to various types of 
opportunities. Opportunities may include jobs, education, medical care, 
recreation, shopping, or any other activities that may help enhance a person’s 
quality of life. For Connect SoCal, accessibility is assessed by the distribution of 
trips by mode and by travel time.

A useful metric for evaluating accessibility is to determine the percentage of 
peak period work trips that are completed within 45 minutes in comparison 
with the 2045 Baseline and the 2016 Base Year scenarios. Peak commute 
periods are those times during the weekday when travel demand on regional 
roadways reaches its highest levels. Peak periods typically occur twice daily, first 

during the morning commute when people are traveling to their workplaces, 
and again in the late afternoon when people are returning home from work. 

FIGURE 5.6 shows the results of the accessibility analysis conducted for the 
afternoon (PM) peak period. In all cases, Connect SoCal improves performance 
for the share of work trips in the SCAG region completed within 45 minutes. In 
support of the accessibility performance analysis for Connect SoCal, travel time 
distribution tables are prepared for transit, single-occupant vehicle (SOV) and 
HOV travel modes, for both work and non-work trips. The results of these mode 
specific accessibility analyses may be found in the Connect SoCal Performance 
Measures Technical Report.

TRANSIT MODE SHARE
The Transit Mode Share performance measure reports the share of work 
trips, and all trips that use transit. This metric helps identify how effectively 
the transit improvements and strategies proposed in Connect SoCal work 
toward providing better and more diverse commuting options for the travelers. 
Ideally, with better and more reliable transit service, more commuters will 

FIGURE 5.3 Daily Person-Hours of Delay, Thousands
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1,369

138

1,466

3,233

1,649

128

2,007

4,190

1,225

32

1,524

3,096

2016 Base Year 2045 Baseline Connect SoCal

Source: SCAG Regional Travel Demand Model 
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FIGURE 5.4 Daily Heavy-Duty Truck Hours of Delay by Facility Type, 
Thousands

Source: SCAG Regional Travel Demand Model 
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choose transit over driving alone, facilitating reduction of VMT and regional 
GHG emissions. TABLE 5.2 shows transit mode shares by county. These 2045 

projections are for work trips and for all trips under Connect SoCal.

ACTIVE TRANSPORTATION MODE SHARE 
The Active Transportation Mode Share performance measure reports the share 
of work trips, and all trips that use active transportation (walking, bicycling, and 
other human-powered transportation) using the SCAG Activity-Based Model 
(ABM). Due to the general lack of data collected regarding active transportation 
infrastructure, SCAG conducted an additional “off-model” analysis for 
Connect SoCal. This analysis takes into account Safe Routes to School safety 
enhancements, first-last mile improvements, pedestrian infrastructure 
improvements, and bike share and micro-mobility. While the ABM shows 
active transportation mode share of 8.7 percent for walking (all trips) and 2.1 
percent for bicycling (all trips), the most accurate Connect SoCal mode share 
estimate includes an addition of 1.3 percent for walking (all trips) and 0.4 
percent for bicycling (all trips) for a total of 10 percent walking mode share 
(all trips) and 2.5 percent bicycling mode share (all trips). Additional details 

on the active transportation off-model analysis can be found in the Active 
Transportation Technical Report. 

MEAN COMMUTE TIME
Mean commute time is a new performance metric introduced for Connect 
SoCal. This measure reports the average time it takes for a commuter in 
the SCAG region to get to work by various travel modes. In 2045, the mean 
commute time by automobile in the region will improve from 30.6 minutes 
under the Baseline to 27.8 minutes with Connect SoCal. For transit, the average 
commute time will decrease from about 71 minutes under the Baseline to 70 
minutes under the Plan. 

OUTCOME 3: SAFETY & PUBLIC HEALTH
Connect SoCal includes several performance measures to evaluate the ‘Safety 
and Public Health’ outcome. The totality of impacts of regional transportation 
improvements on safety and public health are not easily modeled. However, the 
assessment of the number and severity of collisions occurring on our roadways 

FIGURE 5.5 Non-Recurrent Congestion Share by County
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FIGURE 5.6 Work Trips Completed within 45 Minutes, PM Peak Period
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provides a useful means for monitoring the relative safety of the regional 
transportation system. The total number and rate of fatalities and of serious 
injuries resulting from collisions are the primary performance measures used 
to assess safety. It should be noted, however, that this methodology does not 
account for safety improvements specific to individual transportation modes. 
For purposes of ongoing regional performance monitoring, this measure is 
reported over time and by mode (including for active transportation modes). 
Please see the Connect SoCal Transportation Safety and Security Technical 
Report for more detailed analysis on regional safety performance and trends. 

Connect SoCal seeks to improve the integration of transportation and land 
use planning with the recognition that our regional multimodal transportation 
system generates a wide range of impacts that significantly affect public 
health and quality of life. To assess public health outcomes of the Plan, 
SCAG consolidated several health-related performance measures. Please 
see the Public Health Technical Report for an analysis on Plan performance 
related to health outcomes. SCAG models several specific health-related 
metrics to evaluate how the Plan affects the public health outcome. 
These measures include: 

 z Incidences of air pollution-related respiratory illness
 z Healthcare expenditures related to air pollution-related illnesses
 z Mode share walking and bicycling
 z Reduced rates of chronic disease and obesity due to improvements 

in physical activity 
 z Healthcare expenditures related to hypertension, heart disease, and 

type 2 diabetes for adults ages 18-65

Air quality significantly impacts public health in the SCAG region, as the amount 
of air pollutants released into the atmosphere is highly correlated to respiratory 
health issues, including asthma. There are four common criteria air pollutants 
that are monitored in the SCAG region in accordance with federal air quality 
regulations. These air pollutants include ozone, particulate matter (PM10 and 
PM2.5), carbon monoxide (CO), and nitrogen dioxide (NO2). These pollutants 
require careful monitoring because of their known adverse effects on human 
health. While children, older citizens and persons with existing respiratory 
illnesses are most vulnerable to the effects of air pollutants, the health impacts 
of long-term exposure are a concern for everyone in the region. 

Airborne particulate matter comes in all sizes, however particles smaller than 10 
micrometers in diameter are considered the most dangerous to human health 
because they are small enough to be absorbed into the lungs. High levels of 
carbon monoxide are also considered a health hazard, especially for people 
with compromised respiratory or coronary function, as CO is known to reduce 
the flow of oxygen through the human body. Long-term exposure to high levels 
of nitrogen dioxide, which is produced primarily through the burning of fossil 
fuels, may cause a narrowing of the bronchial airways, resulting in chronic 
wheezing or aggravation of asthma symptoms. For more detailed information 
regarding the performance of the criteria pollutant measures, please see the 
Connect SoCal Performance Measures Technical Report.

Improved opportunities for daily physical activity and adoption of healthy 
lifestyle choices are also quite relevant to the discussion of public health in the 
SCAG region. Connect SoCal improves physical activity-related public health 
outcomes through the promotion of more efficient and better coordinated land 
use and transportation planning. By increasing the share of shorter trips, more 

County Work Trips All Trips

  Imperial County 0.7% 1.4%

  Los Angeles County 9.8% 7.0%

  Orange County 2.2% 2.6%

  Riverside County 1.2% 2.1%

  San Bernardino County 1.7% 2.4%

  Ventura County 2.0% 2.1%

  SCAG Region 6.1% 4.9%

TABLE 5.2 Transit Mode Share: 2045, Connect SoCal

Source: SCAG Regional Travel Demand Model 
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opportunities are provided for use of active transportation. With development 
of an enhanced active transportation network, first/last mile improvements, 
Safe Routes to School projects and improved regional bikeway infrastructure, 
opportunities for healthy lifestyle choices are increased. Connect SoCal also 
improves access to natural lands, open space and parks, thereby increasing 
opportunities for physical activity and adoption of healthy lifestyle choices.

The linkage between obesity and chronic disease has been well documented. 
Providing the appropriate community design and infrastructure to support 
a more active lifestyle is an important first step toward promoting healthy 
communities in the SCAG region. Implementation of Connect SoCal is expected 
to contribute to a 15 percent increase in daily minutes walking per person and 
an increase in daily minutes of bicycling per capita of about 40 percent. This 
increase in daily physical activity would improve health outcomes related to 
obesity, hypertension, heart disease and type 2 diabetes. For a more detailed 
discussion of the Plan’s public health implications, please see the Connect SoCal 
Public Health Technical Report.

As the health benefits associated with an active lifestyle have become 
increasingly recognized over recent years, there has been growing support 
for improving the walkability and bikeability of the communities where we 
live and work. To promote active lifestyle choices, the Plan evaluates mode 
share for both walking and bicycling. Connect SoCal increases the mode share 
for walking from 7.8 percent under the Baseline to 8.7 percent. For bicycling, 
the share increases from 1.7 percent under the Baseline to 2.1 percent 
with Connect SoCal. 

OUTCOME 4: ENVIRONMENTAL QUALITY
The ‘Environmental Quality’ performance outcome is assessed in terms of 
criteria air pollutant and GHG emissions. Based on the modeling results 
of SCAG’s activity-based Regional Transportation Demand Model (RTDM), 
emissions are estimated using the California Air Resources Board (ARB) 
Emission Factors (EMFAC) model. Criteria air pollutant emissions are reported 
in detail as part of the Connect SoCal Transportation Conformity Analysis 
Technical Report. The impact of air quality on public health is discussed in the 
Safety and Public Health section of this chapter and monitoring of regional GHG 
emissions is further discussed in the Connect SoCal Performance Measures 

Technical Report. A new ‘Environmental Quality’ outcome performance 
measure introduced for Connect SoCal is mode share for travel other than 
driving alone in a motor vehicle (non-SOV mode share). This metric is also 
supportive of federal MAP-21/FAST Act performance management and 
reporting requirements.

OUTCOME 5: ECONOMIC OPPORTUNITY
Performance measures used to quantify the ‘Economic Opportunity’ outcome 
include the number of new jobs created due to an improved level of economic 
competitiveness in the SCAG region occurring as a result of Connect SoCal 
regional transportation system investments. This improved regional economic 
climate would result in the creation of approximately 264,500 new jobs 
generated annually over a wide range of employment sectors. In addition, 
an average of 168,400 new jobs would be generated each year directly 
through Connect SoCal transportation system construction and operations 
expenditures. Through implementation of the strategic investments contained 
in Connect SoCal, the SCAG region will save over $346 million each year in 
healthcare expenditures associated with high blood pressure, heart disease and 
type 2 diabetes. These health cost savings may result in new economic activity 
due to increased disposable income.

The continued strength of the Southern California economy depends on a 
modern, well maintained regional multimodal transportation system. Goods 
movement, freight logistics and distribution, tourism, manufacturing and other 
primary employment sectors are key job generators for all six counties in the 
SCAG region, and each is very much dependent upon the availability of efficient, 
high quality transportation infrastructure. The robust investments in our 
regional transportation system provided through Connect SoCal will serve not 
only to improve mobility for people and goods throughout our region, but will 
also ensure the sustained health and vigor of our regional economy, fortifying 
Southern California’s pivotal position within the state, national and global 
economies for generations to come. Additional economic co-benefits derived 
through Connect SoCal are referenced in the Economic and Job Creation 
Analysis Technical Report. 
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OUTCOME 6: INVESTMENT EFFECTIVENESS
The ‘Investment Effectiveness’ performance outcome evaluates the degree to 
which the Plan’s transportation system expenditures generate direct benefits to 
residents of the SCAG region in relation to the amount invested. 

The benefit/cost ratio is the quantitative measure used to assess the 
‘Investment Effectiveness’ outcome, as it compares the incremental benefits 
generated by Connect SoCal expenditures with the incremental costs of regional 
transportation system capital investments. The benefits are categorized into 
several categories, including:

 z Travel time savings resulting from reduced travel delay
 z Air quality improvements
 z Safety improvements
 z Reductions in vehicle operating costs

For these categories, travel delay and air quality models are used to estimate 
the benefits generated by Connect SoCal as compared with the Baseline. Many 
of these benefits are a function of reductions in travel distance (vehicle miles 
traveled) and in travel time (vehicle hours traveled). 

To estimate the Connect SoCal benefit/cost ratio, the benefits generated for 
each category are converted into dollars and added together. These monetized 
benefits are then divided by the total incremental costs of the Plan’s regional 
transportation system investments to produce a ratio. 

The investments provided in Connect SoCal would provide a return of $2.06 
for every dollar invested. For this analysis, all benefits and costs are expressed 
in 2016 dollars. Benefits are estimated over the Connect SoCal planning 
period from 2020 through 2045. The user benefits are estimated using the 
California Benefit/Cost (Cal-B/C) framework and incorporate SCAG Regional 
Transportation Demand Model (RTDM) outputs. The costs include incremental 
capital expenditures over the entire 25-year Connect SoCal planning horizon.

OUTCOME 7: TRANSPORTATION SYSTEM 
SUSTAINABILITY
A regional transportation system may be considered ‘sustainable’ if it maintains 
its overall performance over time in an equitable manner with minimal impact 
to the environment, while not compromising future transportation needs. 
Essentially, sustainability refers to how decisions made today impact future 
generations. One of the performance measures used to evaluate transportation 
system sustainability is the total inflation-adjusted cost per capita to 
maintain our existing regional multimodal transportation system in a state 
of good repair. Connect SoCal provides two additional measures to support 
preservation of our existing transportation system infrastructure: state highway 
system pavement condition and local roadways pavement condition. 

Connect SoCal is committed to maintaining a sustainable transportation system 
by allocating a total of more than $316 billion toward maintaining and operating 
the system in a state of good repair. This amounts to an average annual per 
capita investment of about $562 per person for each year of the Plan. More 
details on the ‘Transportation System Sustainability’ performance measures and 
analysis results are presented in the Connect SoCal Chapter 4 (Paying our Way 
Forward) and the Performance Measures Technical Report.

OUTCOME 8: ENVIRONMENTAL JUSTICE
Environmental Justice (EJ) is a federal and state requirement designed to ensure 
the fair treatment and meaningful involvement of all people and communities 
in the regional planning process regardless of race, color, national origin, or 
income. SCAG conducted a comprehensive EJ community outreach process and 
prepared a wide-ranging analysis during the development of Connect SoCal. A 
separate set of performance measures were developed for use in the EJ analysis 
and these measures are described later in this chapter. 

The results of SCAG’s comprehensive EJ analysis and community outreach 
process are presented in detail in the Connect SoCal Environmental 
Justice Technical Report.
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CONNECT SOCAL CO-BENEFITS
Connect SoCal provides substantial regional benefits and cost savings that 
extend beyond the performance variables used to evaluate the Plan. The 
more focused and compact land use patterns promoted by Connect SoCal 
serve to reduce the need for significant capital investments. Since most new 
development would be directed into areas where urban infrastructure already 
exists, there will not be as much need to extend or build new local roads, water 
and sewer systems and parks, although existing infrastructure may require 
enhancement. There will also be savings in operations and maintenance 
(O&M) costs. O&M costs include the on-going municipal expenditures required 
to operate and maintain the urban infrastructure needed to serve new 
residential growth. 

The Connect SoCal land use strategies also reduce average household 
costs associated with driving and residential energy and water use. A 
land use configuration that features more mixed-use/walkable and urban 
infill development accommodates a higher proportion of growth in more 
energy-efficient housing types such as townhomes, apartments and 
smaller single-family homes, as well as more compact and energy efficient 
commercial buildings. 

As California continues to experience constraints on water supplies due to 
periodic drought conditions throughout the state, which are likely to become 
more prevalent as we continue to encounter the challenges presented by 
climate change, there is a need to do what is possible to reduce residential 
water use. Residential water use is a function of both indoor and outdoor 
water needs, with outdoor use (landscape irrigation) accounting for much of 
the difference among housing types. Because homes with larger yards require 
more water for landscape irrigation, lot size is generally highly correlated with 
a household’s overall water consumption. Therefore, a prevailing land use 
configuration with a greater proportion of large lot single-family homes will 
typically consume more water than one that features compact and urban infill 
development, which includes attached and multi-family homes.

TABLE 5.3 presents some of the supplemental co-benefits provided  
by Connect SoCal.

MEETING STATE & FEDERAL 
PLANNING REQUIREMENTS
In addition to meeting the ambitious regional goals and performance outcomes 
discussed in previous sections of this chapter, Connect SoCal prioritizes the 
attainment of all applicable federal and state performance requirements. As 
presented in depth in the Transportation Conformity Analysis Technical Report, 
Connect SoCal meets all federal provisions for transportation conformity as 
defined under the federal Clean Air Act (CAA). Cleaner fuels and emergent 
vehicle technologies will help to significantly reduce many of the pollutants that 
contribute to smog and other airborne contaminants that impact public health 
in the SCAG region. 

TRANSPORTATION CONFORMITY
Pursuant to the CAA, the U.S. EPA establishes and regularly updates the 
National Ambient Air Quality Standards (NAAQS), along with a set of planning 
and reporting requirements for designated criteria air pollutants. To comply 
with CAA requirements for achieving NAAQS, the ARB periodically prepares a 
State Implementation Plan (SIP) for each federally designated ‘non-attainment’ 
area (an area that does not meet NAAQS for one or more criteria pollutants), 
and ‘maintenance’ area (a previously designated non-attainment area that now 
meets NAAQS) within the State of California. The SIP provides a comprehensive 
plan of action for how an area will work toward achieving attainment and 
maintenance of NAAQS. Development of the SIP requires the collaboration of 
all applicable local air agencies and the ARB, working cooperatively with federal, 
state, and local agencies, including MPOs. 

Demonstration of transportation conformity is required under the CAA to 
ensure that federally supported highway and transit project activities conform 
to, or are consistent with, the purpose of the applicable SIP. Conformity 
for the purpose of the SIP means that transportation activities including 
regional transportation plans, transportation improvement programs and 
transportation projects will not cause new air quality violations, worsen existing 
air quality violations, or delay timely attainment of the relevant NAAQS. Air 
quality conformity regulations apply to areas designated by the U.S. EPA as 
being in non-attainment or maintenance for the following transportation 
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Benefit Category

Comparative Benefit Performance

2045 Baseline Connect SoCal Savings % Savings

Local Infrastructure and Services Costs: Capital, operations, and 
maintenance costs to support new growth: 2016-2045 $40.3 billion $36.4 billion $3.9 billion 9.7%

Household Costs: Annual transportation and home energy/water use: 
2045 $13,953 $13,272 $681 4.9%

Land Consumption: New (greenfield) land consumed to accommodate 
new growth: 2016-2045 100 square miles 71 square miles 29 square miles 29.2%

Building Energy Use: Residential and commercial buildings: Cumulative 
2016-2045 (British Thermal Units) 15,546 trillion 15,396 trillion 150 trillion 0.9%

Building Energy Costs: Residential and commercial buildings: 
Cumulative 2016-2045 $671.4 billion $666.4 billion $5.0 billion 0.7%

Building Water Use: Residential and commercial buildings: Cumulative 
2016-2045 (Acre Feet) 89.7 million 88.1 million 1.6 million 1.8%

Building Water Costs: Residential and commercial buildings: Cumulative 
2016-2045 $122.5 billion $120.4 billion $2.2 billion 1.8%

Total Annual Vehicle Miles Traveled (VMT): 2045 483.5 million 459.1 million 24.4 million 5.0%

TABLE 5.3 Connect SoCal Co-Benefits

Source: SCAG Scenario Planning Model
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related criteria pollutants: carbon monoxide (CO), nitrogen dioxide (NO2), 
ozone, and particulate matter (PM2.5 and PM10).

Under the U.S. Department of Transportation Metropolitan Planning 
Regulations and the U.S. EPA’s Transportation Conformity Regulations, Connect 
SoCal is required to pass the following four conformity tests in order to 
demonstrate transportation conformity:

 z Regional Emissions Analysis 
 z Timely Implementation of Transportation Control Measures
 z Financial Constraint
 z Interagency Consultation and Public Involvement

The Regional Council adopts the initial Connect SoCal transportation 
conformity determination, while the Federal Highway Administration (FHWA) 
and the Federal Transit Administration (FTA) approve the final transportation 
conformity determination.

CONFORMITY ANALYSIS & FINDINGS
As documented in the Transportation Conformity Analysis Technical Report, 
Connect SoCal meets all federal transportation conformity requirements and 
therefore demonstrates transportation conformity. The findings associated with 
the conformity tests are described in detail in the Connect SoCal Transportation 
Conformity Analysis Technical Report.

GREENHOUSE GAS  
EMISSIONS REDUCTION
Although transportation conformity is a federal requirement and the reduction 
of GHG emissions is a state mandate, both requirements are highly interrelated. 
First, each of the Connect SoCal policies, strategies, programs and projects that 
contribute to meeting federal transportation conformity requirements are the 
same policies, strategies, programs and projects that support achievement 
of state GHG emissions reduction targets. Secondly, although transportation 
conformity addresses emissions of federally designated criteria pollutants 
and their precursors, these pollutants originate from the same source as GHG 
emissions: the combustion of fossil fuels in motor vehicles. 

Plans and strategies that result in the reduction or elimination of the use of 
fossil fuels in motor vehicles serve to help Connect SoCal meet both federal 
transportation conformity requirements and state GHG emission reduction 
targets. In addition, the regional emissions analysis conducted to ensure 
transportation conformity and the analysis employed for evaluating GHG 
emissions reduction performance use the same regional transportation model 
and the same ARB EMFAC model. There is now greater awareness of the need 
for more concerted efforts at the federal, state and local levels to integrate the 
SIP development process with planning activities to address climate change. As 
a result, transportation conformity and GHG emissions reduction efforts will 
become even more interconnected and more mutually supportive.

As discussed throughout Connect SoCal, SB 375 requires SCAG to incorporate 
into its RTP a Sustainable Communities Strategy (SCS) to reduce per capita 
GHG emissions through integrated transportation, land use, housing and 
environmental planning. 

SB 375 required the ARB to set per capita GHG emission reduction targets from 
passenger vehicles for each of the state’s 18 MPOs. These regional targets were 
updated by the ARB in 2018 to ensure consistency with the more stringent 
statewide reduction goals subsequently introduced by the California legislature 
and the Governor’s office. For the SCAG region, the updated targets are 8 
percent below 2005 per capita emissions levels by 2020 (this value is unchanged 
from the previous 2020 ARB target), and 19 percent below 2005 per capita 
emissions levels by 2035. This revised 2035 target is significantly higher than the 
previous ARB target of 13 percent for the SCAG region.

Analysis of SCAG’s ability to meet SB 375 targets relies on data outputs from 
SCAG’s activity based model as well as supplemental off-model analysis. TABLE 
5.4 provides a simplified calculation overview of the performance of the plan 
related to GHG emissions reductions. 

The Connect SoCal SCS has been found to meet state targets for reducing GHG 
emissions from cars and light trucks. Connect SoCal achieves per capita GHG 
emission reductions relative to 2005 levels of 8 percent in 2020, and 19 percent 
in 2035, thereby meeting the GHG reduction targets established by the ARB for 
the SCAG region. For the 2020 target, this achievement is based on modeled 
results as observed data is not yet available to confirm achievement. For more 
detailed information and analysis on the performance of Connect SoCal in 
regard to criteria air pollutant emissions and GHG reduction targets in the SCAG 
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GHG Reduction 
Targets for the  

SCAG Region

Percent Reduction Relative to 2005 Levels (per capita)

2020 2035

ARB 
Target 8% 19%

Connect 
SoCal 8%* 19%

% Difference 0% 0%

region, please see the Transportation Conformity Analysis Technical Report and 
the Sustainable Communities Strategy Technical Report.

FEDERAL PERFORMANCE 
MANAGEMENT REQUIREMENTS
In July 2012, the ‘Moving Ahead for Progress in the 21st Century’ (MAP-21) 
federal transportation authorization legislation was signed into law. MAP-21 
was widely considered to be a groundbreaking achievement in that it provided 
a legislative foundation for the establishment of a national performance-based 
transportation planning program, which was continued with the subsequent 
federal authorization program, the ‘Fixing America’s Surface Transportation’ 
(FAST) Act, in December 2015. 

MAP-21/FAST Act requires states and MPOs to establish performance targets 
focused on outcomes supportive of seven key national transportation goals 
related to transportation investment efficiency. These national performance 
goals include: 1) transportation system safety, 2) transportation infrastructure 
condition, 3) congestion reduction, 4) system reliability, 5) freight movement 
and economic vitality, 6) environmental sustainability and 7) reduced 
project delivery delay.

To provide a quantitative basis for evaluating progress toward achieving 
these seven national performance goals, MAP-21/FAST Act also tasked FHWA 
with the development of a corresponding set of performance measures and 
targets. The performance measures provide a standardized quantitative 
metric for monitoring progress toward meeting each of the national goals. 
Performance targets establish quantitative thresholds by which the measures 
may be interpreted as having made acceptable progress toward achieving a 
specific performance goal. 

As required by MAP-21/FAST Act, FHWA established national performance 
measures and guidelines for the setting of statewide and regional performance 
targets. As provided for in the federal rulemaking, SCAG coordinated closely 
with Caltrans in the establishment of specific performance targets for the state 
and for our region in the various transportation performance areas established 
under MAP-21/FAST Act.

*Observed data is not yet available. Achievement is based on modeled results 
and does not include off-model adjustment factors.
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ENVIRONMENTAL JUSTICE
Environmental Justice (EJ) is a federal and state mandate designed to help 
ensure social equity in the transportation planning and decision-making 
process, with the goal of protecting minority and low-income communities from 
incurring a disproportionate share of adverse impacts produced by regional 
transportation projects and plans. SCAG’s EJ program includes two essential 
elements: public outreach and technical analysis. Specifically, it is SCAG’s role 
to ensure that when transportation system investment decisions are being 

FHWA established rules for implementing transportation system performance 
management planning at a national level. Rulemaking in support of MAP-21/
FAST Act has provided performance management and target-setting guidance 
through three performance management (PM) packages: 

 z Transportation System Safety
 z Pavement and Bridge Condition (National Highway System)
 z National Highway System, Freight Movement, and 

CMAQ Program Performance

In addition to the three performance management packages, federal 
performance measures and reporting requirements were established for 
Transit Asset Management (TAM) and Transit Safety. Performance metrics for 
TAM focus on the maintenance of our regional transit system in a state of good 
repair. Transit assets to be monitored under this provision include: 

1. Non-revenue support equipment and maintenance vehicles 
2. Transit vehicles (rolling stock) 
3. Rail infrastructure including tracks, signals, and guidance systems 
4. Transit facilities including stations, parking structures and 

administrative offices 

Transit safety performance monitoring is focused on assessment of the 
number of transit incidents resulting in fatalities or serious injuries, and on 
transit system reliability.

Each of the federal Performance Management packages features a 
corresponding set of specific performance measures for which statewide 
and regional performance targets must be set and reported to FHWA. A 
comprehensive MAP-21/FAST Act System Performance Report is included 
in the Connect SoCal Performance Measures Technical Report. The System 
Performance Report provides details regarding MAP-21/FAST Act performance 
measures and the associated statewide and regional targets for each of the 
federal performance management packages. 

Modeled Greenhouse Gas Emissions

This calculation reflects transportation investments, pricing 
strategies, transportation demand management strategies and 
land use strategies.

-14.89%

Baseline Adjustment

Tele-Medicine and E-Commerce -0.35%

Off-Model Greenhouse Gas Emissions

Induced Demand 0.56%

Electric Vehicle Strategies -1.76%

Emerging Technology (e.g. carshare and bikeshare) -0.78%

Job Center and Commute Strategies (e.g. co-working) -1.21%

Multimodal Strategies (e.g. Safe Routes to School) -0.70%

TOTAL GREENHOUSE GAS EMISSIONS -19.12%

TABLE 5.4 2035 Greenhouse Gas Emission Reduction Calculation
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made, low-income and minority communities have adequate opportunity to 
participate in the decision-making process and receive an equitable distribution 
of benefits, while not bearing a disproportionate share of burdens. 

As such, SCAG adheres to all federal and state EJ directives. All public agencies 
that use federal funding must make EJ part of their mission and adhere to three 
fundamental EJ principles:

 z To avoid, minimize or mitigate disproportionately high and adverse 
human health and environmental effects, including social and 
economic effects, on minority populations and low-income populations

 z To ensure the full and fair participation by all potentially affected 
communities in the transportation decision-making process

 z To prevent the denial of, reduction in or significant delay in the receipt 
of benefits by minority and low-income populations

Public outreach to EJ stakeholders and the EJ technical analysis conducted in 
support of Connect SoCal is described in detail in the Environmental Justice 
Technical Report. The Technical Report also provides a review of federal and 
state legislation pertaining to EJ, SCAG policies related to EJ, outreach efforts 
in communities throughout the region, SCAG’s efforts to identify affected 
communities and an ‘EJ Toolbox” which provides recommended practices and 
approaches that local jurisdictions and community organizations may use to 
guide further discussion on the identification of EJ solutions and mitigations. 

In the development of the EJ analysis, SCAG identified 18 performance 
measures to analyze existing EJ parameters in the region and to address any 
potential adverse impacts that Connect SoCal may impose upon the various 
EJ communities throughout the region. SCAG also examined potential impacts 
at various geographic levels, and specifically employed a community-based 
approach for Connect SoCal based on guidance received from community 
stakeholders. A brief description of the EJ performance measures is 
provided in this section.

TABLE 5.5 (at the end of this section) presents the Connect SoCal 
Environmental Justice performance measures. 

ENVIRONMENTAL JUSTICE 
PERFORMANCE MEASURES
A critical element in the development of Connect SoCal is the completion of 
a comprehensive EJ analysis. SCAG also conducted an extensive EJ outreach 
program with regional EJ stakeholders to maximize participation of all 
communities that may be affected by the development and implementation 
of Connect SoCal. SCAG established a separate set of performance 
measures to evaluate Connect SoCal impacts on designated EJ communities 
throughout the region.

The Connect SoCal EJ analysis includes a set of topical areas of inquiry designed 
to evaluate various social equity concerns. Each of the Connect SoCal EJ 
performance measures are described below. The 18 EJ performance measures 
are categorized into four EJ-focused questions as requested by stakeholders to 
make the performance areas more relatable. These four relatable questions 
are: 1) How will this impact quality of life; 2) how will this impact health and 
safety; 3) how will this impact the commute; and 4) how will this impact 
transportation costs? For more information regarding the SCAG EJ program 
and the detailed results of the Connect SoCal EJ analysis, please see the 
Environmental Justice Technical Report.

HOW WILL THIS IMPACT QUALITY OF LIFE?
1. Jobs-Housing Balance: An imbalance between employment and 

housing in a community is a key contributor to local traffic congestion. 
These types of origin/destination disparities may also be considered 
impediments to EJ. From an economic standpoint, transportation and 
driving are expensive; workers without a car or cannot afford a vehicle 
have to live close to their jobs where they have access to transit or 
are able to walk or bike to their jobs. This metric seeks to identify any 
significant differences in commute distances, job-to-work ratios, and 
jobs-housing ratios among various income levels, between coastal 
counties and inland counties, and over time.

2. Neighborhood Change & Displacement: The integration and 
coordination of transportation and land use planning is recognized 
as a key strategy for reducing VMT, air pollution and GHG emissions, 
while also increasing opportunities for physical activity. However, there 
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are some equity concerns regarding some ‘smart growth’ strategies 
as they relate to housing affordability, specifically in as it relates to 
Transit-Oriented Development (TOD). The concentration of new 
growth in central cities and towns to limit sprawl may lead to higher 
household costs. In some cases where improved transit service has 
spurred significant new TOD, the result has been that people with low 
and average incomes are no longer able to afford to buy or rent homes 
in or near the new developments. In response to these concerns, 
SCAG developed a methodology to model and monitor demographic 
trends occurring in and around new transit-oriented communities. 
This measure examines historical demographic and housing trends 
for areas surrounding rail and transit stations. With this methodology, 
demographic changes may be tracked over time in key growth areas. 
The results will help SCAG and our regional partners better understand 
demographic shifts that have occurred due to development of TOD 
along transit lines. 

3. Accessibility to Employment & Services: Accessibility to key 
destinations is vital for social and economic interactions. As a 
performance metric, accessibility is evaluated by the spatial 
distribution of potential destinations, the ease of reaching each 
destination by various transportation modes and the magnitude, 
quality and character of the activities at the destination sites. Travel 
costs are central: the lower the costs of travel, in terms of time and 
money, the more places may be reached within a specific budget – that 
is, the greater the accessibility. The number of destination choices 
that people have is equally crucial: the more destinations and the 
more varied the destinations, the higher the level of accessibility. This 
metric analyzes the share of employment and shopping destinations 
reachable within 30 minutes by automobile or 45 minutes by transit 
during evening peak periods to determine the accessibility of 
services in EJ communities 

4. Accessibility to Parks & Schools: Accessibility to parks is defined as 
the percentage of park acreage that may be reached within 30 minutes 
of travel time by automobile or 45 minutes by transit. In support of 
the Connect SoCal EJ assessment, analysis was conducted to evaluate 
accessibility to the San Gabriel National Monument. SCAG’s accessibility 
analysis seeks to determine how the Plan improves residents’ ability to 
access parks within a designated travel time and distance. This analysis 

is discussed in greater detail in the Connect SoCal Environmental 
Justice Technical Report. 

HOW WILL THIS IMPACT HEALTH  
& SAFETY?

5. Active Transportation Hazards: Encouraging a healthier, more active 
lifestyle in all our communities is one of the featured goals of Connect 
SoCal. Making walking and bicycling safer and more convenient 
transportation options is key to attracting more people to choose 
these healthy alternatives. Bicycling or walking along roadways near 
motor vehicles is often perceived as dangerous and reducing hazards 
in the pedestrian and cycling environment is a primary strategy toward 
achieving our goal of promoting healthier, more active communities.  
The ‘Active Transportation Hazards’ performance measure 
evaluates incidences of motor vehicle collisions involving bicyclists 
and pedestrians in our communities, with the goal of promoting 
an improved environment for active transportation users and 
encouraging more residents to make the choice to walk or bicycle 
in their communities. As with other EJ performance measures, this 
indicator will be used to identify patterns of active transportation 
hazards and potential risk disparities among the various communities 
in the SCAG region. For more information on active transportation 
safety, please see the Active Transportation Technical Report. 

6. Climate Vulnerability: The ‘Climate Vulnerability’ performance 
measure seeks to identify disparities in vulnerability to the impacts of 
climate change among the various communities in the SCAG region. 
Of specific interest for this analysis is relative risk for sea level rise and 
wildfires. It is understood that climate change will impact different 
regions in different ways. In Southern California, we may expect 
a general trend toward warmer temperatures, less precipitation 
and higher sea levels along our coasts. This combination of climatic 
changes will likely result in increased wildfire danger, particularly in 
the foothill areas, where our cities adjoin our local mountains. Due 
to rapidly melting polar ice caps, a steady rise in global sea levels is 
expected. This may impact the coastal regions of Southern California. 
This measure will allow SCAG to obtain a better understanding of how 
these anticipated changes in our local climate may impact our more 
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vulnerable communities.
7. Public Health Impacts: The ‘Public Health Impacts’ metric seeks to 

assess the potential disparity among communities in the SCAG region 
of public health issues that may be associated with local exposure to 
toxic substances and to transportation infrastructure. Like the Active 
Transportation Hazards measure, inclusion of this analysis is intended 
to advance the regional goal of fostering healthier lifestyle choices in 
our communities. It is a priority of Connect SoCal to provide for more 
and better opportunities for healthy lifestyle choices throughout the 
region. For more information on public health, please see the Public 
Health Technical Report. 

8. Aviation Noise Impacts: The SCAG region supports the nation’s 
largest regional airport system, in terms of the number of airports and 
overall aircraft operating within a complex airspace environment. The 
aviation system includes seven airports with commercial passenger 
service: Los Angeles International (LAX), Hollywood/Burbank, John 
Wayne (Orange County), Long Beach, Ontario, Palm Springs, and 
Imperial. In addition, there are four large reliever airports located 
in the Inland Empire and in North Los Angeles County, including 
San Bernardino International Airport, March Inland Port, Southern 
California Logistics Airport, and Palmdale Airport.  
The regional aviation system also includes more than 30 general 
aviation and reliever airports, several private-use and government 
airports, and 14 public use airports not included in the national 
airport system – for a total of more than 60 airports in the region. The 
primary aviation planning challenge in the SCAG region is striking a 
balance between the aviation capacity needs of Southern California 
and maintaining the quality of life for people living near airports. This 
performance measure provides a descriptive analysis of aviation noise 
in terms of trends in passenger demand and aircraft operations. 

9. Roadway Noise Impacts: The SCAG region has an extensive roadway 
system, with nearly 24,000 centerline miles or over 73,000 lane miles 
of regionally significant roadways. It also includes one of the country’s 
most extensive HOV systems and a growing network of high-occupancy 
toll (HOT) lanes. The region also has a vast network of arterials and 
other local roadways, and the noise generated by these facilities may 
cause significant environmental concerns. Noise associated with 
highway traffic depends on multiple factors including traffic volumes, 

vehicle speed, vehicle fleet mix (cars, trucks) and the location of the 
highway relative to schools, daycare facilities, parks and other sensitive 
receptors. This performance measure assesses transportation-related 
noise impacts by examining how the program of projects included in 
Connect SoCal may affect roadway noise levels, and by determining the 
population groups that may potentially be most impacted by increased 
levels of roadway noise. 

10. Emissions Impact Analysis: The EJ emissions impact analysis seeks to 
identify areas in the region that generate a disproportionate share of 
air pollutant emissions as a result of Connect SoCal. This analysis also 
includes a breakdown of demographics for those affected areas.

11. Impacts Along Freeways & High-Traffic Roadways: Exposure to air 
pollutants is an EJ issue due to the disproportionate share of minority 
and low-income populations living near heavily traveled corridors, 
particularly freeways and port and logistics activities. Exposure to 
unhealthy air is estimated to result in approximately 5,000 premature 
deaths annually in the SCAG region, as well as 140,000 incidents of 
asthma and symptoms of respiratory distress. More than half of all 
Americans exposed to PM2.5 levels that exceed the national standard 
live in the SCAG region. This performance metric examines the 
potential impact of Connect SoCal on the generation of particulate 
matter and ozone emissions in areas near freeways and other highly 
traveled corridors. 

HOW WILL THIS IMPACT THE COMMUTE?
12. Travel Time Savings & Travel Distance Savings: SCAG assessed the 

distribution of both travel time and travel distance savings that result 
from the implementation of Connect SoCal, through the analysis of 
demographic and mode share data for each Transportation Analysis 
Zone (TAZ) in the region. With this input, travel time and distance 
savings estimates were developed for various income and ethnic 
groups for transit trips (bus and rail) and for automobile trips. 

13. Rail-Related Impacts: Freight rail emissions are estimated to account 
for 5 percent of all NOx emissions and 4 percent of all particulate 
matter emissions generated by regional goods movement activities. 
When compared with all regional particulate matter and NOx sources, 
the contributions by freight rail emissions is even lower. However, 
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environmental pollution from locomotives, rail yards and other rail 
facilities must be considered, as concentrations of rail activities may 
contribute to localized air pollution. In support of this outcome, SCAG 
conducted an extensive analysis of potential impacts to EJ communities 
adjacent to railroads and rail facilities and of rail-related impacts 
to designated sensitive receptors. For more detailed information 
regarding the SCAG regional rail system, please see the Goods 
Movement Technical Report.

HOW WILL THIS IMPACT 
TRANSPORTATION COSTS?

14. Share of Transportation System Usage: SCAG analyzed the use 
of various transportation modes by race/ethnicity and by income 
group, with the objective of identifying transportation mode share 
consistencies among various ethnicity groups and income levels 
in the SCAG region. 

15. Connect SoCal Revenue Sources & Tax Burdens: Various types 
of transportation improvement revenue sources (taxes on income, 
property, sales and fuel) may impose disproportionate burdens on low-
income and minority populations. Sales and gasoline taxes, which are 
currently the primary sources of funding for the region’s transportation 
system, were evaluated for the purposes of this analysis. The amount 
of taxes paid was broken down to demonstrate how tax burdens fall 
on various demographic and income groups. As with previous RTP 
EJ assessments, the Connect SoCal EJ analysis examined in detail the 
incidence, distribution and relative burden of taxation. 

16. Connect SoCal Investments: The strategies that public agencies 
pursue to invest in transportation systems present potential impacts 
on EJ. Transportation investment strategies and policies determine the 
number and quality of transportation choices that are available to low-
income and minority communities. An investment analysis that reveals 
a disproportionate allocation of resources for high quality transit 
projects, for example, may indicate a pattern of discrimination. 

17. Geographic Distribution of Transportation Investments: This 
metric examines where Connect SoCal transportation investments are 
planned throughout the region. Building upon the community-based 
approach used in SCAG’s overall EJ process, a summary of investments 

for areas with high concentrations of minority and/or low-income 
populations is compiled for Connect SoCal highway, transit and active 
transportation investments. 

18. Mileage-Based User Fee Impacts: This analysis is based on a 
potential transportation improvement financing strategy which 
would implement a user fee based on VMT. If implemented, the VMT 
user fee would replace the current gasoline tax and is estimated to 
cost about 2.5 cents (2019 value) per mile and would be indexed to 
maintain its purchasing power starting in 2030. Implementation of 
this financing strategy would require action by both the California 
State Legislature and the U.S. Congress. This performance measure 
evaluates the potential land use impacts that may result from 
implementation of such a fee. 

SUMMARY OF PLAN PERFORMANCE
The comprehensive program of transportation system improvement projects, 
regional sustainability strategies and land use-transportation coordination 
policies proposed by Connect SoCal serve to advance the regional goals. 
Performance outcomes and performance measures are the tools used by SCAG 
to evaluate how well the Plan performs toward achieving those objectives. 

Common elements among the various Connect SoCal outcomes and 
performance metrics are a unified commitment to the strengthening of the 
transportation-land use connection, the promotion of sustainable land use 
policies throughout the region, and the reduction of GHG emissions that 
contribute to climate change. Connect SoCal strengthens the transportation-
land use connection through its focus on orienting new housing and job 
growth in areas served by high quality transit, and into other infill areas where 
urban infrastructure already exists. This more compact and sustainable land 
use pattern, combined with the transportation network improvements and 
strategies identified in Connect SoCal, will result in an improved pedestrian and 
bicycle environment, access to more community amenities, shorter average trip 
lengths, reduced VMT and better regional air quality.

The Connect SoCal performance outcomes and measures also support the 
development of more livable communities that provide housing choices for all 
income levels, encourage conservation of our natural resources, offer more 
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and better transportation options and promote an improved quality of life for 
residents of the SCAG region.

The overall objective of Connect SoCal is to provide a means to transform 
the SCAG region in accordance with the vision provided by our constituent 
communities and jurisdictions. Among the performance outcome areas where 
Connect SoCal demonstrates significant transformative capacity is in Location 
Efficiency. As discussed earlier in this chapter, Location Efficiency refers to 
improvements in the coordination of land use and transportation planning and 
decision-making to promote development of more sustainable communities 
throughout the region that are less dependent on SOV travel and reduce 
regional VMT and GHG emissions. Focusing new residential and commercial 
development in HQTAs serves this outcome by situating employment centers 
and new housing closer to reliable transit options, thereby providing viable 
alternatives to driving alone to the workplace and to other destinations. HQTAs 
also foster the mixing of both employment and housing, further enhancing 
opportunities to reduce commute times and distances. 

Under the 2045 Baseline scenario, just over 45.2 percent of new households 
would be located in HQTAs. With Connect SoCal, the share of new households 
in HQTAs increases by six percent to 51.2 percent. The share of employment 
in HQTAs, increases even more dramatically going from 44.8 percent under 
the Baseline to nearly 60 percent with the Plan, an increase of more than 15 
percent. With more people living and working within locations proximal to 
efficient and convenient transit options, traffic congestion on our freeways and 
arterial roadways will be reduced accordingly. Another substantial Location 
Efficiency improvement provided by Connect SoCal is in the reduction of urban 
sprawl into the rural periphery of our region. Under the Baseline, urbanization 
would consume 100 square miles of previously rural areas. Connect SoCal 
reduces this expansion to only 71 square miles, a reduction of 29 percent. The 
preservation of rural and agricultural lands on the periphery of our region will 
allow future generations to enjoy the grandeur of our deserts and the rich 
harvests of our local farmlands. 

VMT per capita is another performance area where Connect SoCal excels. Under 
the Baseline, SCAG region residents would drive an average of 21.8 miles per 
day. Connect SoCal would reduce this figure to 20.7 miles per day. While one 
mile per day doesn’t seem like very much, when considering the SCAG region is 

expected to be home to 22.5 million people by 2045, that decrease of one mile 
in per capita VMT becomes quite meaningful. 

Another area where Connect SoCal demonstrates significant strength is in the 
reduction of travel delay. Person hours of delay experienced on the mixed flow 
lanes of our highways is expected to decrease by 26 percent in comparison to 
the 2045 Baseline projection, while delay on our arterial roadways will decrease 
by 24 percent. Traffic congestion is a significant quality of life issue in the SCAG 
region and these reductions in travel delay on our roadways will result in 
less time spent stuck in traffic, more time available to use for more satisfying 
activities, and therefore less stress for residents of the SCAG region.
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TABLE 5.5 Environmental Justice Performance Measures

Performance Measure Definition Performance Target Summary of Impacts

Jobs/housing balance

Comparison of median earnings 
for intra-county vs inter-
county commuters for each 
county; analysis of relative 
housing affordability and jobs 
throughout the region

Establish existing conditions to 
evaluate future performance (not a 
Connect SoCal performance measure)

Higher wage workers tend to commute longer distances than lower wage 
workers. Coastal counties have a substantial concentration of low-wage 
jobs, but lack an adequate number of affordable rental units, while inland 
counties have a substantial concentration of affordable rental units and 
workers relative to the number of low-wage jobs. Connect SoCal will 
improve jobs/housing balance throughout the region, particularly in inland 
counties. 

Neighborhood change and 
displacement

Examination of historical 
and projected demographic 
and housing trends for areas 
surrounding rail transit stations

Establish existing conditions to 
evaluate future performance (not a 
Connect SoCal performance metric)

New light rail stations may increase neighborhood outflow rates by up to 
ten percent. However, most observed moves were for middle and upper 
income groups. Project-based analysis provides a better understanding 
of local neighborhood dynamics and helps ensure equitable access to 
the benefits of improved infrastructure. Regional neighborhood analysis 
identified several communities that have experienced persistent change 
over recent decades, however, they are not disproportionately located in EJ 
communities.

Accessibility to employment 
and services

Share of employment and 
shopping destinations 
reachable within 30 minutes 
by automobile or 45 minutes 
by transit during evening peak 
period

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Connect SoCal will improve the number of accessible destinations within 45 
minutes of travel and within short distances for low income and minority 
communities both by auto and transit.

Accessibility to parks and 
educational facilities

Share of park acreage 
reachable within 30 minutes 
by automobile or 45 minutes 
by transit during evening peak 
period

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Connect SoCal will improve the number of destinations accessible within 
45 minutes of travel and short distances for low income and minority 
communities both by auto and transit.

Active transportation 
hazards

Analysis of population by 
demographic group for areas 
that experience highest rates of 
bicycle and pedestrian collisions

Establish existing conditions to 
evaluate future performance

Analysis indicates that low-income and minority communities tend to 
incur a higher rate of bicycle and pedestrian risk. Improvements in active 
transportation infrastructure and complete streets measures, such as 
those proposed in Connect SoCal, have been shown to reduce hazards to 
cyclists and pedestrians. 
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 TABLE 5.5  Environmental Justice Performance Measures - Continued

Performance Measure Definition Performance Target Summary of Impacts

Climate vulnerability

Population analysis by 
demographic group for areas 
potentially impacted by 
substandard housing, sea level 
rise, wildfire risk, or extreme 
heat effects related to climate 
change

Establish existing conditions to 
evaluate future performance (not a 
Connect SoCal performance metric)

Minority and low-income populations are at greater risk for experiencing 
negative impacts of climate change, including extreme heat and 
flooding. These communities have fewer resources to ameliorate climate 
consequences. 

Public health analysis

Summary of historical emissions 
and health data for areas with 
high concentrations of minority 
and low income population

Establish existing conditions to 
evaluate future performance (not a 
Connect SoCal performance metric)

Air quality is generally improving throughout the SCAG region, however 
some areas not showing improvement feature higher proportions of 
minority and low income population. When examining regional public 
health performance, areas with the highest concentrations of minority and 
low-income population often incur some of the highest risks.

Aviation noise impacts

Descriptive analysis of aviation 
noise in terms of trends in 
passenger demand and aircraft 
operations

Establish existing conditions to 
evaluate future performance

Airport noise impacts affecting adjacent communities have been reduced 
through enhanced FAA noise certification standards, improved technology 
implemented by aircraft and engine manufacturers, investments by U.S. 
airlines in newer, quieter aircraft, and mandates by the FAA and the U.S. 
Congress to retire older, noisier aircraft. However, aviation noise levels 
and impacts willl continue to be monitored for minority and low-income 
communities located near airports.

Roadway noise impacts

Comparison of Plan 
and Baseline scenarios, 
identification of areas that are 
low performing due to Connect 
SoCal investments; breakdown 
of population for impacted 
areas by ethnicity and income

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities 

Connect SoCal will reduce roadway noise impacts at the regional level, but 
does not specifically improve impacts for disadvantaged communities.

Emissions impact analysis

Comparison of Plan 
and Baseline scenarios; 
identification of areas that are 
lower performing as a result of 
the Plan, including a breakdown 
of demographics for those 
areas

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities 

Connect SoCal will result in reductions in vehicle carbon monoxide and 
particulate matter emissions, providing air quality benefits to minority and 
low-income households and to communities with a high concentration of 
minority and low income population.

PC ORIGINAL PKG



Connect SoCal148

 TABLE 5.5  Environmental Justice Performance Measures - Continued

Performance Measure Definition Performance Target Summary of Impacts

Impacts along freeways and 
highly traveled corridors

Comparison of Plan and 
Baseline scenarios and 
demographic analysis of 
communities in close proximity 
to freeways and highly traveled 
corridors

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities 

Connect SoCal will result in an overall reduction in emissions in areas 
located near highly traveled roadways, which tend to have a higher 
concentration of minority and low-income groups than the region as a 
whole.

Travel time and travel 
distance savings

Assessment of comparative 
benefits received as a result of 
Connect SoCal investments by 
demographic group in terms of 
travel time and travel distance 
savings 

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Connect SoCal travel time and distance savings for low-income households 
and minority communities are proportionate to each group's usage of the 
transportation system.

Rail-related impacts

Breakdown of population by 
demographic group for areas in 
close proximity to rail corridors 
and planned grade separations

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Minority and low income communities in areas adjacent to railroad grade 
separation projects do not demonstrate improvement.

Share of transportation 
system usage

Comparison of transportation 
system usage by mode for 
low income and minority 
households relative to each 
group's regional population 
share

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Low-income and minority groups show a higher usage of transit and active 
transportation modes and positions these communities to benefit from the 
investments in Connect SoCal.

Connect SoCal revenue 
sources in terms of tax 
burdens

Proportion of Connect SoCal 
revenue sources (taxable sales, 
income, and gasoline taxes) 
generated from low income and 
minority populations

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities 

Households in poverty would not contribute disproportionately to 
the overall funding of Connect SoCal. Minority households would not 
pay a higher proportion of taxes to fund the Plan than their relative 
representation in the SCAG region as a whole.

Connect SoCal investments

Analysis of Connect SoCal 
investments by mode (bus, HOV 
lanes, commuter/high speed 
rail, highways/arterials, and 
light/heavy rail transit)

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

The share of Connect SoCal transportation investments serving low-income 
and minority communities outpaces the relative share of financial burden 
on those groups.
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Performance Measure Definition Performance Target Summary of Impacts

Geographic distribution 
of Connect SoCal 
transportation investments

Evaluation of Connect SoCal 
transit, roadway, and active 
transportation infrastructure 
investments in various 
communities throughout the 
region

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

Connect SoCal transportation infrastructure investments are distributed 
throughout the region in proportion to population density.

Mileage-Based User Fee 
impacts

Examination of potential 
impacts from implementation 
of a mileage-based user fee on 
low income households in the 
region

No unaddressed disproportionately 
high adverse effects for low income or 
minority communities

No disproportionate impact is found. Analysis indicates that a mileage-
based user fee would be less regressive and more equitable to low-income 
residents than the current gasoline tax. Low income households currently 
pay more per mile in gasoline tax than their higher earning counterparts 
due to lower adoption rates of new (more fuel efficient) vehicles. With a 
mileage-based user fee system, all households will pay in proportion to 
their usage of the transportation system.

 TABLE 5.5  Environmental Justice Performance Measures - Continued

Source: SCAG 
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LOOKING AHEAD
Connect SoCal has presented a suite of valuable regional strategies and 
catalytic transportation investments reflecting our aspirations for a healthier, 
safer, more resilient and economically vibrant region. In particular, Connect 
SoCal introduces the Key Connections which are packages of strategies that lie 
at the intersection of land use, transportation and innovation. These strategies 
depend on broad inter-agency partnerships, and will position the region to 
deliver sustained performance in meeting the plan’s objectives. Our air can be 
cleaner to breathe, our streets can be safer to navigate, and our resources can 
be preserved and restored when we directly confront our challenges and take 
decisive action. Real progress can be made towards sustainable results over 
the next 25 years if cities and counties are equipped with sufficient resources 
and practical tools. SCAG will help forge partnerships beyond jurisdictional 
boundaries for over 20 million people so we can achieve our regional goals.

There is always more to accomplish in Southern California – much more 
than what a single regional transportation plan can articulate. Although 
Connect SoCal helps our region advance towards a more sustainable future, 
additional needs remain, and this Chapter seeks to illuminate new challenges 
that are on our horizon.

A REGIONAL RESILIENCE 
FRAMEWORK
The challenges our region will face in meeting ambitious goals over the next 25 
years and beyond are increasingly difficult to predict, as the recent COVID-19 
pandemic has proven. Disruptions to the region from our changing climate, 
natural hazards, technology, the global economy and other external forces 
will be significant in the near- and long-term. These disruptions may be acute 
shocks that are sudden such as earthquakes, or chronic stresses such as 
high unemployment or housing insecurity. It is critical that we recognize the 
likelihood of disruption and strengthen our collective resolve to become an 
even more resilient and prepared region. Disruptions will impact to varying 
degrees our region’s public health, vulnerable populations, economy, natural 
resources, built environment, transportation system, housing and water 
supplies, utility infrastructure and emergency services. 

To better anticipate a wide range of potential futures and strengthen the 
resilience and preparedness of the region, a collaborative exploratory 
scenario planning process will be initiated to augment the traditional Regional 
Transportation Plan/Sustainable Communities Strategy (RTP/SCS) planning 

process. This process will not be focused on achieving predetermined 
outcomes or targets. Rather, it will explore pressing issues and potential 
near- and long-term disruptions to Southern California, such as earthquakes, 
extreme weather, drought, wildfires, pandemics and economic shocks. This 
exploration will be expansive and help identify pathways for developing future 
regional and local plans, including those addressing resilience, emergency 
preparedness and health equity.

A framework and approach will help define “regional resilience” and identify 
specific strategies to reduce vulnerabilities, thus allowing the region to further 
adapt, withstand and respond to disruption. Specifically, the approach will 
consider the potential degree of disruption to the region that could result 
from land based, atmospheric, public health and geologic natural hazards. 
Opportunities for being better prepared for climate change and public health 
impacts may be prioritized, and implementation tools will be established. 

Connect SoCal recognizes that a resilient and prepared region requires that 
the transportation system, built environment and natural resource areas 
coexist in a well-balanced land use pattern. Further, it recognizes that when 
well-coordinated, these components can result in multiple benefits, including 
greenhouse gas (GHG) emissions reductions, improved health, equity and 
conservation. Accordingly, the framework will be developed to maximize 
the implementation of Connect SoCal’s regional strategies and investments 
that support resilience.

SCAG recognizes that disruptions and their impacts may be borne differently by 
people depending on demographics and location. Crafting a regional resilience 
framework and approach therefore requires the meaningful engagement of 
diverse stakeholders from throughout the region. To better reach and engage 
a broader cross section of residents – particularly when physical distancing 
may make traditional outreach more challenging – SCAG intends to develop, 
expand and deepen partnerships with Community Based Organizations (CBOs). 
Partnering with CBOs can support equitable and resilient regional outcomes.

IDENTIFYING & FULFILLING  
HOUSING NEEDS
Connect SoCal’s strategies and investments seek to support expanded housing 
choices for all income levels in areas with a range of transportation choices and 
economic opportunities. For instance, land use strategies such as prioritizing 
growth in Job Centers are intended to reduce commute distances and times, 
and regional initiatives focused on supportive infrastructure for housing in 
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these areas seek to incentivize infill housing production. However, as prices 
have soared in areas closest to employment centers, high housing costs have 
lengthened commutes and growth has been pushed to distant locales that 
often have important natural resources meriting conservation. 

Moreover, since 1990, new home construction in the region has on average 
been at much lower levels than the decades before and vacancy rates have 
declined. The cost of building housing has been increasing and the risk of 
displacement has amplified. Production of affordable housing in particular has 
also remained well below the region’s needs during a critical time. Overcrowded 
households and the burdens of housing costs have increased as a result of low 
supply and increased demand.

Cost-burdened households with limited transit options who reside further 
from Connect SoCal’s Priority Growth Areas (PGAs) such as Jobs Centers, 
Transit Priority Areas (TPAs) and High Quality Transit Areas (HQTAs) are more 
likely to acquire an automobile, drive longer distances, and drive more often. 
Accordingly, a comprehensive approach is needed to expedite the production 
of housing in and near PGAs and in other areas with multiple mobility options. 
Investigating opportunities and barriers to producing units of all types for 
households of all ages, sizes and income levels is critical. 

A Regional Housing Strategy Framework should be developed that places 
enhanced value on infill opportunities within Connect SoCal’s identified and 
potential future PGAs such as Job Centers, TPAs, HQTAs, Neighborhood Mobility 
Areas and Livable Corridors. Strategies to preserve existing affordable housing 
and avert displacement will be essential. This effort should balance housing 
production strategies well supported by multiple transportation options with 
the conservation of natural and agricultural lands and restoration of habitats. 
The “Housing Supportive Infrastructure” Key Connections strategy, discussed 
in Chapter 3, will be a starting point to coordinate policies and investments 
across different agencies involving innovations in technology, planning 
and financial tools.

Finally, it is important to note that recent legislation has increased funding to 
support local planning for housing. Specifically, under Assembly Bill 101 (AB 
101) (2019) legislation, SCAG is eligible for approximately $47 million from the 
California Department of Housing and Community Development (HCD). These 
funds will be used to develop a Regional Housing Strategy Framework and 
provide planning resources, grants and services to jurisdictions to implement 
their 6th cycle Regional Housing Needs Assessment (RHNA) allocation, which is 
supportive of Connect SoCal goals and policies. In addition, depending on their 
population size, local jurisdictions are eligible to receive between $65,000 and 
$1.5 million individually through AB 101 funding to develop and implement 

their 6th cycle housing element. Collectively, SCAG jurisdictions are eligible for 
up to $50 million based on this direct funding resource. SCAG is promoting 
coordination among these funding opportunities to accelerate housing 
production throughout the region. 

PLANNING FOR TECHNOLOGY & 
MOBILITY SERVICES
Given existing land use patterns and our maturing transportation system, 
expanding transportation capacity and infrastructure to serve exurban areas 
is ever more expensive to build and maintain. Accordingly, it is essential to 
ensure we are getting the most productivity out of our existing built areas 
and transportation system through system optimization strategies. These 
strategies can be facilitated by new technology and mobility innovations that 
are fundamentally transforming the way people travel. 

Connect SoCal provides a number of policies and recommendations to support 
and facilitate the three revolutions of transportation — electrification, sharing 
and automation — and ensure that these transformative innovations support, 
rather than hinder, our regional goals. For example, research suggests that 
Transportation Network Companies (TNCs) contribute to increased congestion, 
vehicle miles traveled (VMT) and therefore GHG emissions. Various studies 
report that between 43 percent and 61 percent of TNC trips substitute for 
transit, walk or bike travel, or would not have been made at all. The University 
of Kentucky found that Uber and Lyft decrease rail ridership by 1.3 percent 
per year and bus ridership by 1.7 percent per year. These impacts could be 
dwarfed by the increased VMT that may occur in a future where privately 
owned automated vehicles are the primary means of travel. More discussion is 
provided in the Emerging Technology Technical Report.

Through additional policy discussions and planning efforts, SCAG will build 
upon Connect SoCal recommendations and develop a regional framework for 
technology and mobility services to ensure that the power of technology and 
innovation is harnessed to improve mobility, accessibility and sustainability in 
Southern California. This framework should be built on a foundation of guiding 
principles, data and analysis, to provide a blueprint for integrated policies, 
practices and programs. SCAG will develop work plans in partnership with 
various jurisdictions to implement innovative strategies aligned with the “Smart 
Cities and Job Centers,” “Go Zones,” “Accelerated Electrification” and “Shared 
Mobility and Mobility as a Service” Key Connections described in Chapter 3.
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Through its Emerging Technologies Committee, SCAG will develop a set 
of guiding principles to inform decision-making processes related to new 
technologies in transportation. Guiding principles provide for the objective 
evaluation of technology to ensure outcomes are consistent with shared 
priorities, including congestion reduction, efficient use of land and public rights-
of-way, equity, open data, labor, seamless connectivity and safety. Additionally, 
in order to enhance SCAG’s understanding of emerging technology, staff will 
build on its Future Mobility Research Program in collaboration with the other 
large metropolitan planning organizations in California.

SCAG will also continue research efforts to understand travel behavior in 
response to incentives including pricing and other transportation demand 
management strategies. SCAG will engage with regional stakeholders to 
ensure local components of the Regional Intelligent Transportation Systems 
(ITS) Architecture are updated with the latest national standards, implement 
planned ITS investments, and to identify key actions for local jurisdictions 
to prepare for a connected and automated future. Through its ongoing 
Future Communities Initiative, SCAG will continue to ensure that public 
agencies in Southern California lead the nation with respect to efficiency, 
innovation and transparency through improvements in data collection, 
analysis and technology.
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A
AASHTO  American Association of State Highway and Transportation 
Officials – A nonprofit, non-partisan association representing highway 
and transportation departments in the 50 states, the District of 
Columbia and Puerto Rico.

AB 32  Assembly Bill 32 – Signed into law on September 26, 2006, it requires 
that the state’s global warming emissions be reduced to 1990 levels by 2020. 
This reduction will be accomplished through an enforceable statewide cap on 
global warming emissions that will be phased in starting in 2012 in addition to 
other measures. In order to effectively implement the cap, AB 32 directs the 
California Air Resources Board (ARB) to develop appropriate regulations and 
establish a mandatory reporting system to track and monitor global warming 
emissions levels. Please also see “ARB – California Air Resource Board.”

AB 169  Assembly Bill 169 – Provides for the sixteen federally recognized tribes 
in the SCAG region to join the SCAG Joint Powers Authority ( JPA) to participate 
in the Southern California Association of Governments by voting at the 
SCAG General Assembly.

AB 398  Assembly Bill 398 – In 2017, California Governor Jerry Brown signed 
Assembly Bill 398 (Eduardo Garcia, Chapter 135, Statutes of 2017) to extend 
the state’s cap-and-trade program to 2030. Cap and trade is a key part of 
California’s plan to reduce greenhouse gas emissions 40 percent below 
1990 levels by 2030. The enacted bill makes design changes to the post-
2020 carbon market, such as including a price ceiling, price containment 
points, additional limits to the number and location of offset credits, limits 
on who can set greenhouse gas emission requirements, and specifics on 
industry assistance factors.

AB 617  Assembly Bill 617 – In 2017, California Governor Jerry Brown signed 
Assembly Bill 617 (C. Garcia, Chapter 136, Statutes of 2017) to develop a new 
community focused program to more effectively reduce exposure to air 
pollution and preserve public health. AB 617 is a companion bill to AB 398 that 
extends California’s cap-and-trade program for greenhouse gas emissions. 
The most significant criteria and toxics air quality legislation passed in 
California in the last three decades, AB 617 directs the California Air Resources 
Board (ARB) and all local air districts throughout California to take measures to 
protect communities disproportionally impacted by air pollution.

There are five central components to the AB 617 mandate:

• Community-level air monitoring
• A state strategy and community specific emission reduction plans
• Accelerated review of retrofit pollution control technologies on industrial 

facilities subject to Cap-and-Trade
• Enhanced emission reporting requirements
• Increased penalty provisions for polluters

Additionally, ARB may direct additional grant funding to communities 
determined to have the highest air pollution burden.

AB 744  Assembly Bill 744 – Allows a developer that is requesting a density 
bonus and including 100% affordable rental units in the development to also 
request that the city or county reduce the minimum parking requirements 
for the development. To qualify, the development would have to be either 
within half a mile of a major transit stop, a seniors-only development with 
access to transit, or a development that serves special-needs individuals and 
has access to transit. For mixed-income developments within a half mile of 
a major transit stop that include the maximum number of very low- or low-
income units under Density Bonus Law, the parking requirement cannot 
exceed 0.5 per bedroom.

ABM  Activity-Based Model is based on the principle that travel demand 
is derived from people’s daily activity patterns. ABMs predict when and 
where activities are conducted, for how long, and the travel choices 
made to complete them.

Absolute Constrained Areas  Include tribal lands, military, open space, 
conserved lands, sea level rise areas (2 feet) and farmlands in unincorporated 
areas. These areas were identified during the scenario development process 
to be used during the modeling process to redirect jurisdictional growth 
into other areas. These are intended to be regional guidelines and do not 
supersede existing regulations or protections or local land use policy.

ACE  Alameda Corridor East is a 35-mile corridor extending through the San 
Gabriel Valley between East Los Angeles and Pomona and connecting the 
Alameda Corridor to the transcontinental railroad network.
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Active Transportation  A mode of transportation that includes human 
powered transportation and low-speed electronic assist devices. Examples 
include but are not limited to: walking (includes any person walking, 
skateboarding and using a wheelchair or other personal mobility device), use 
of a bicycle, electric bicycle (e-bike), tricycle, scooter, skates, push scooter, 
trailer and hand cart.

ADA  Americans with Disabilities Act of 1990 – Guarantees equal 
opportunity for individuals with disabilities in public accommodations, 
employment, transportation, state and local government services, and 
telecommunications. It prescribes federal transportation requirements for 
transportation providers.

ADU  Accessory Dwelling Units – A room or set of rooms in a single-family 
home (and in a single-family zone) that has been designated or configured to 
be used as a separate dwelling unit, and has been established by a permit. 

Advance Mitigation  A science-based approach to identify mitigation 
opportunities early in the planning process prior to project design and 
permitting phases to support regional conservation priorities. 

Affordable Housing Units  Housing that is affordable to households earning 
80% or less of the county median income.

Agricultural Lands  Land designated for farming; specifically the production 
of crops and rearing of animals to provide food and other products.

AHSC  Affordable Housing and Sustainable Communities – A state grant 
program from the Greenhouse Gas Reduction Fund that addresses land-use, 
housing, transportation, and land preservation projects to support infill and 
compact development to reduce greenhouse gas emissions.

AJR 40  Assembly Joint Resolution No. 40 – Introduced on August 23, 2007, the 
resolution calls upon the governor to declare a state of emergency in respect 
to the air quality health crisis in the South Coast Air Quality Basin related to 
emissions of PM2.5, and to direct steps necessary to address the emergency.

Antelope Valley AQMD  Antelope Valley Air Quality Management District – 
The air pollution control agency with the primary responsibility for the control 
of non-vehicular sources of air pollution throughout the Antelope Valley 
within the northern part of Los Angeles County.. The District boundaries start 

on the south just outside of Acton, north to the Kern County line, east to the 
San Bernardino County line, and west to the Quail Lake area. The AVAQMD is 
located within the Mojave Desert air basin.

AQMP  Air Quality Management Plan – Regional plan for air quality 
improvement in compliance with federal and state air quality planning 
requirements including attaining applicable federal and state ambient 
air quality standards.

ARB  California Air Resources Board – California state agency responsible for 
attaining and maintaining healthy air quality through setting and enforcing 
emissions standards, conducting research, monitoring air quality, providing 
education and outreach, and overseeing/assisting local air quality districts 
within California. The ARB is also responsible for implementing AB 32 
and establishing regional greenhouse gas emission reduction targets for 
automobile and light trucks under SB 375. ARB is a part of the California 
Environmental Protection Agency, an organization which reports directly to 
the Governor’s Office in the Executive Branch of California State Government.

ATIS  Advanced Traveler Information Systems – Technology used to provide 
travelers with information, both pre-trip and in-vehicle, so they can better 
utilize the transportation system.

ATMS  Advanced Transportation Management Systems – Technology used to 
improve the operations of the transportation network.

ATP  Active Transportation Program – The ATP was created by Senate Bill 99 
and Assembly Bill 101, and expanded by Senate Bill 1 to encourage increased 
use of active modes of transportation. The ATP is a program designed for 
cities, counties and regional government organizations to apply for funding to 
further active transportation planning and implementation in the State.  

Automated Vehicle  U.S. Department of Transportation’s National Highway 
Traffic Safety Administration (NHTSA) has defined five increasing levels of 
vehicle automation at five levels:

• Level 0. No-Automation: The driver is in complete and sole control and 
performs all driving tasks.

• Level 1. Driver Assistance: Vehicle is controlled by the driver, but some 
driving assist features may be included in the vehicle design.

• Level 2. Partial Automation: Vehicle has combined automated functions, 
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like acceleration and steering, but the driver must remain engaged with the 
driving task and monitor the operating environment at all times.

• Level 3. Conditional Automation: Driver is a necessity, but is able to cede 
the performance of driving tasks to the vehicle. However the driver must 
be ready to take control of the vehicle at all times when noticed. 

• Level 4. High Automation: The vehicle is capable of performing all 
driving functions under certain conditions, and within certain operating 
environments.  The driver may or not have the ability to control the vehicle.

• Level 5. Full Automation: The vehicle is capable of performing all driving 
functions under all conditions. The driver may or may not have the ability 
to control the vehicle.

Autonomous Vehicle  Vehicles in which operation of the vehicle occurs 
without direct driver input to control the steering, acceleration and braking 
and are designed so that the driver is not expected to constantly the roadway 
while operating in automated- driving mode.

B
Baseline  Defined in the US EPA’s Transportation Conformity Regulations, 
the Baseline is the future transportation system that will result from current 
programs, including the following (except that exempt projects listed in 
§93.126 and projects exempt from regional emissions analysis as listed in 
§93.127 need not be explicitly considered):

• All in-place regionally significant highway and transit facilities, 
services and activities

• All ongoing travel demand management or transportation system 
management activities

• Completion of all regionally significant projects, regardless of funding 
source, which are currently under construction or are undergoing right-
of-way acquisition (except for hardship acquisition and protective buying); 
come from the first year of the previously conforming transportation plan 
and/or TIP; or have completed the NEPA process 

For Connect SoCal, the Baseline is based upon the adopted 2019 FTIP. 

Base Year  The year that is used in the RTP/SCS performance analysis 
as a reference point for current conditions. For Connect SoCal, 
the base year is 2016.

BEV  Battery Electric Vehicle – An electric drive vehicle powertrain 
that is powered by an on-board battery. A BEV is a sub-class of Plug-in 
Electric Vehicle (PEV).

Bike Share  A service that provides users with on-demand access to bicycles 
at a variety of pick-up and drop-off locations for one-way (point-to-point) or 
roundtrip travel. Bike sharing fleets are commonly deployed in a network 
within a metropolitan region, city, neighborhood, employment center and/
or university campus. 

Bikeway  Common term for any designated bicycle facility, such as a bicycle 
path, bicycle lane, bicycle route, sharrow, bicycle boulevard or cycle-track.

BNSF  Burlington Northern and Santa Fe Railway Company

BRT  Bus Rapid Transit – Bus transit service that seeks to reduce travel time 
through measures such as traffic signal priority, automatic vehicle location, 
dedicated bus lanes, limited-stop service and faster fare collection policies

Bus  A transit mode comprised of rubber-tired passenger vehicles operating 
on fixed routes and schedules over roadways.

C
CAA  Federal Clean Air Act – The federal law that authorized the United 
States Environmental Protection Agency (EPA) to establish national ambient 
air quality standards (NAAQS) to limit levels of pollutants in the air. EPA has 
promulgated such standards for six criteria pollutants: sulfur dioxide (SO2), 
nitrogen dioxide (NO2), carbon monoxide (CO), ozone, lead, and particulate 
matter (PM10). All areas of the United States must maintain ambient levels 
of these pollutants below the ceilings established by the NAAQS; any area 
that does not meet these standards is a “nonattainment” area. States 
must develop State Implementation Plans (SIPs) to explain how they will 
comply with the CAA. 

The last major change in the law, the Clean Air Act Amendments of 1990, was 
enacted by Congress in 1990. Legislation passed since then has made several 
minor changes. The Clean Air Act, like other laws enacted by Congress, was 
incorporated into the United States Code as Title 42, Chapter 85. The House of 
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Representatives maintains a current version of the U.S. Code, which includes 
Clean Air Act changes enacted since 1990.

Cal B/C Model  California Life-Cycle Benefit/Cost Analysis Model (Cal-B/C) 
– Was developed for the California Department of Transportation (Caltrans) 
as a tool for benefit-cost analysis of highway and transit projects. It is an 
Excel (spreadsheet) application structured to analyze several types of 
transportation improvement projects in a corridor where there already exists 
a highway facility or a transit service (the base case).

CalBRACE  CalBRACE is a project of the California Department of Public 
Health (CDPH) to enhance CDPH’s capability to plan for and reduce health risks 
associated with climate change. CalBRACE provides local health departments 
and its partners with tools (e.g. climate change and health indicator narratives 
and data) to better understand the people and places in their jurisdictions 
that are more susceptible to adverse health impacts associated with climate 
change, specifically extreme heat, wildfire, sea level rise, drought, and poor 
air quality. The assessment data can be used to screen and prioritize where to 
focus deeper analysis and plan for public health actions to increase resilience.

Caltrans  California Department of Transportation – State agency responsible 
for the design, construction, maintenance, and operation of the California 
State Highway System, as well as that portion of the Interstate Highway 
System within the state’s boundaries.

Cap-and-Trade  is a market based regulation that is designed to reduce 
greenhouse gases (GHGs) from multiple sources. Cap-and-trade sets a 
firm limit or cap on GHGs and minimize the compliance costs of achieving 
California’s AB 32 goals. The cap will decline approximately 3 percent each 
year beginning in 2013. Trading creates incentives to reduce GHGs below 
allowable levels through investments in clean technologies. With a carbon 
market, a price on carbon is established for GHGs. Market forces spur 
technological innovation and investments in clean energy.

Carbon Sequestration  The ability for natural elements such as forests, 
soils and oceans to store carbon instead of releasing it into the atmosphere, 
preventing GHG Emissions.

Car Share  An integrated network of passenger vehicles available for short-
term rental in heavily urbanized areas. Car share can take the form of return 
systems in which a vehicle must be returned to the parking space from which 

it was rented. Alternatively, it can take the form of point-to-point systems in 
which the car can be returned to another space, or left anywhere within a pre-
determined geographic zone. Peer-to-peer car sharing is an app based system 
that allows people to rent out their own private vehicles, and is return based. 

CB  Commuter Bus – Fixed-route bus systems that are primarily connecting 
outlying areas with a central city through bus service that operates with 
at least five miles of continuous closed-door service. This service typically 
operates using motorcoaches (aka over-the-road buses), and usually features 
peak scheduling, multiple-trip tickets, and multiple stops in outlying areas 
with limited stops in the central city.

CBO  Community Based Organization – Public or private non-profit group that 
work at a local-level to address community needs. 

CEHD  Community, Economic and Human Development Committee – A 
SCAG committee that studies the problems, programs, and other matters 
which pertain to the regional issues of community, economic and human 
development, and growth. This committee reviews projects, plans, and 
programs of regional significance for consistency and conformity with 
applicable regional plans.

CEQA  California Environmental Quality Act – State law providing 
certain environmental protections that apply to all state-funded 
transportation projects.

CHSRA  California High-Speed Rail Authority – Agency responsible for 
planning, designing, constructing, and operating a state-of-the-art high-speed 
train system in California.

CIP  Capital Improvement Program – Long-range strategic plan that identifies 
capital projects; provides a planning schedule and financing options.

Class I Railroad  Rail carrier with operating revenues equal to 
or above $447,621,226.

Climate Change Adaptation  The Process of adjusting to actual or expected 
climate change and its effects, in order to moderate or avoid harm. Adaptation 
addresses the impacts but not the causes of climate change. 
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Climate Change Mitigation  Consists of actions to limit the magnitude 
of climate change and its related effects. Mitigation addresses the 
cause of climate change. 

CMAQ  Congestion Mitigation and Air Quality Program – Federal program 
initiated by the Intermodal Surface Transportation Efficiency Act of 1991 to 
provide funding for surface transportation and other related projects that 
contribute to air quality improvements and reduce congestion.

CMP  Congestion Management Program – Established by Proposition 111 
in 1990, each county is required to develop and adopt a CMP that includes 
highway and roadway system monitoring, multimodal system performance 
analysis, transportation demand management program, land-use analysis 
program, and local conformance. 

CO  Carbon Monoxide – A colorless, odorless, poisonous gas formed when 
carbon in fuels is not burned completely and can be harmful when inhaled in 
large amounts. The greatest sources of CO to outdoor air are cars, trucks and 
other vehicles or machinery that burn fossil fuels. A variety of items in your 
home such as unvented kerosene and gas space heaters, leaking chimneys 
and furnaces, and gas stoves also release CO and can affect air quality 
indoors. CO is one of six “criteria air pollutants” for which the U.S. EPA set 
national standards pursuant to CAA.

COG  Council of Governments – Under state law, a single or multi-county 
council created by a joint powers agreement.

Complete Communities  Suburban communities that provide a mix of land 
uses in strategic growth areas, wherein most daily needs can be met within 
a short distance of home. Complete communities provide residents with the 
opportunity to support their local area and run daily errands by walking or 
bicycling rather than traveling by automobile. 

Complete Streets  Streets designed and operated to enable safe access for 
all roadway users of all ages and abilities, including pedestrians, bicyclists, 
motorists and transit riders. Complete Streets strategies can include 
traffic calming, bicycle priority streets (bicycle boulevards) and pedestrian 
connectivity to increase physical activity, improve connectivity to the regional 
bikeway/greenway networks, local businesses and parks. 

Community Separator  A parcel of undeveloped land, sometimes in the 
form of open space, separating two or more urban areas under different 
municipal jurisdictions, which has been designated to provide a permanent 
low-density area preserving the communal integrity of the two municipalities. 

Congestion (Cordon Area) Pricing  A system of surcharging users/drivers 
a fee to operate in designated areas, roads or highway corridors as part of a 
demand management strategy to relieve traffic congestion within that area. 

Connected/Automated Vehicles  Refers to the interrelated nature of 
connectivity and automation in new vehicle technology. Connected vehicles 
are vehicles that use any of a number of different communication technologies 
to communicate with the driver, other cars on the road (vehicle-to-vehicle 
[V2V]), roadside infrastructure (vehicle-to- infrastructure [V2I]) and the 
“Cloud” to improved safety, user experience and collision avoidance. Please 
also see “automated vehicles.”

Conservation Easement  A voluntary agreement landowner and a land trust 
or government agency that permanently limits uses of the land in order to 
protect its conservation values. 

Constant Dollars  Dollars expended/received in a specific year adjusted for 
inflation/deflation relative to another time period.

Constrained Projects  Constrained are projects that have funding whether 
committed or reasonably available.

Corridor  In planning, a broad geographical band that follows a general 
directional flow or connects major sources of trips. It may contain a number of 
streets and highways, as well as transit lines and routes.

CR  Commuter Rail – A transit mode that is an electric or diesel propelled 
railway for urban passenger train service consisting of local short distance 
travel operating between a central city and adjacent suburbs. Service must 
be operated on a regular basis by or under contract with a transit operator 
for the purpose of transporting passengers within urbanized areas (UZAs), or 
between urbanized areas and outlying areas. Such rail service, using either 
locomotive hauled or self-propelled railroad passenger cars, is generally 
characterized by multi-trip tickets, specific station to station fares, railroad 
employment practices, and usually only one or two stations in a central 
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business district. Commuter Rail does not include heavy rail rapid transit, or 
light rail /streetcar transit service, or intercity rail service.

CRIA  Community Revitalization and Investment Authorities - Community 
Revitalization and Investment Authorities (CRIA) were enacted into law 
by Assembly Bill 2, which authorized the revitalization of disadvantaged 
communities through planning and financing infrastructure improvements 
and upgrades; economic development activities; and affordable housing via 
tax increment financing. 

CSMP  Corridor System Management Plans.

CTC  California Transportation Commission – eleven voting members and 
two non- voting ex-officio members. Nine of the members are appointed by 
the Governor, one is appointed by the Senate Rules Committee, and one is 
appointed by the Speaker of the Assembly, to oversee and administer state 
and federal transportation funds and provide oversight on project delivery.

CTIPS  California Transportation Improvement Program System – A project 
programming database system used to efficiently and effectively develop and 
manage various transportation programming documents as required under 
state and federal law.

CTP  California Transportation Plan – A statewide, long-range transportation 
policy plan that provides for the movement of people, goods, services, 
and information. The CTP offers a blueprint to guide future transportation 
decisions and investments.

CVO  Commercial Vehicle Operations – Management of commercial vehicle 
activities through ITS.

D
Demand Response  A transit mode comprised of non-fixed route or fixed-
schedule automobiles, vans or small buses that operate in response to calls 
from passengers or their agents to the transit operator, who then dispatches a 
vehicle to pick up and transport passengers to their destinations. 

Development Impact Fee  A fee imposed by a local government on a new 
or proposed development project, to pay for the costs of providing public 
services to the new development.

Displacement  The process that occurs when the increasing property values 
brought about through gentrification drive out the existing residents and 
business operators, and attract a new and different demographic population 
to an area. Please also see Gentrification.

E
EIFD  Enhanced Infrastructure Financing District – Senate Bill 628 authorizes 
the creation of a governmental entity known as an EIFD. One or more of these 
districts may be created within a city or county to finance the construction or 
rehabilitation of a wide variety of public infrastructure and private facilities by 
using property tax increment of consenting taxing agencies (cities, counties, 
special districts, but not schools).

EIR  Environmental Impact Report – An informational document, required 
under CEQA, which will inform public agency decision-makers and the public 
generally of the significant environmental effects of a project, possible ways to 
minimize significant effects, and reasonable alternatives to the project.

EIS  Environmental Impact Statement (federal) – National Environmental Policy 
Act (NEPA) requirement for assessing the environmental impacts of federal 
actions that may have a significant impact on the human environment.

EJ  Environmental Justice – The concept of Environmental Justice is about 
equal and fair access to a healthy environment, with the goal of protecting 
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minority and low-income communities from incurring disproportionate 
negative environmental impacts.

EJA  Environmental Justice Area – The area is created using SCAG’s 
transportation analysis zones (TAZ), which are similar to census block groups 
that have a higher concentration of minority population or low-income 
households than is seen in the region as a whole.

EMFAC Model  The Emission Factors model is a computer model developed 
by the ARB for estimating emission rates and emissions for on-road mobile 
sources operating in California. Upon approved by the U.S. Environmental 
Protection Agency, EMFAC model is required to be used for regional 
transportation conformity determination in California.

EPA  The United States Environmental Protection Agency – Federal agency 
established to develop and enforce regulations that implement environmental 
laws enacted by Congress to protect human health and safeguard the 
natural environment.

E-scooter  An e-scooter is an electric powered two-wheeled device that 
has handlebars, a floorboard designed to be stood upon when riding, 
and is sized to accommodate most adults. The e-scooter travel on level 
ground up to about 15mph.

EV  Electric Vehicle – A vehicle fully or partially powered by an electric engine. 
In common use it is synonymous with Plug-In Electric Vehicle (PEV), however 
hydrogen fuel cell vehicles are also electric vehicles.

EV Charging Station  A location where a vehicle can be parked and the 
electric storage or battery can be recharged. EV charging stations can be 
private or publicly accessible and can be free to the user or used for a fee

Executive Order B-30-15  Signed by Governor Brown on April 29, 2015, which 
establishes a California Greenhouse Gas (GHG) reduction target of 40 percent 
below 1990 levels by 2030.

Express Lane  A High-Occupancy Vehicle lane that single-occupant drivers 
can pay to drive in, also referred to as “High Occupancy Toll Lanes.”

F
FAA  Federal Aviation Administration – Federal agency responsible for issuing 
and enforcing safety regulations and minimum standards, managing air space 
and air traffic, and building and maintaining air navigation facilities.

FAST Act  Fixing America’s Surface Transportation Act (H.R. 22) – Signed 
into law by President Obama on December 4, 2016. FAST Act funds surface 
transportation programs at over $305 billion for five years through 2020.

FCV  Fuel Cell Vehicle – Electric vehicles that are powered by 
hydrogen fuel cells.

FHWA  Federal Highway Administration – Federal agency responsible for 
administering the Federal-Aid Highway Program, which provides federal 
financial assistance to the states to construct and improve the National 
Highway System, urban and rural roads, and bridges.

First-Last Mile  Strategies designed to increase transit usage by making it 
more convenient and safe to walk or bicycle to and from transit stations. 
Strategies include wayfinding, bikeways, station amenities, new crosswalks, 
sidewalk improvements, shared mobility services and bike share.

Form Based Code  A means of regulating land development to achieve a 
specific urban form. Form based codes foster predictable built results and 
a high-quality public realm by using physical form (rather than separation 
of uses) as the organizing principle, with a lesser focus on land use through 
municipal regulations. 

FRA  Federal Railroad Administration – Federal agency created to promulgate 
and enforce rail safety regulations, administer railroad assistance programs, 
conduct research and development in support of improved railroad safety and 
national rail transportation policy, and consolidate government support of rail 
transportation activities.

FTA  Federal Transit Administration – The federal agency responsible 
for administering federal transit funds and assisting in the planning and 
establishment of area wide urban mass transportation systems. As opposed 
to FHWA funding, most FTA funds are allocated directly to local agencies, 
rather than to Caltrans.
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FTIP  Federal Transportation Improvement Program – A six-year 
comprehensive listing of transportation projects proposed for federal 
funding, that require a federal action, or are regionally significant, 
and are within the planning area of an MPO, the last two years are for 
informational purposes only.

FTZ  Foreign Trade Zones.

FY  Fiscal Year – The twelve-month period on which the budget is planned. 
The state fiscal year begins July 1 and ends June 30 of the following 
year. The federal fiscal year begins October 1 and ends September 30 
of the following year.

G
Gentrification  while holding many definitions, is commonly understood as 
a change process in historically low-income communities that results in rising 
real estate values coupled with shifts in the economic, social, and cultural 
demographics and feel of the communities. Please also see Displacement.

GGRF  Greenhouse Gas Reduction Funds – administered by state and local 
agencies for a variety of greenhouse gas (GHG) emission reductions programs, 
including energy efficiency, public transit, low-carbon transportation 
and affordable housing.

GHG  Greenhouse Gases – Components of the atmosphere that contribute 
to the greenhouse effect. The principal greenhouse gases that enter the 
atmosphere because of human activities are carbon dioxide, methane, nitrous 
oxide, and fluorinated gases.

GIS  Geographic Information System – Mapping software that links 
information about where things are with information about what things are 
like. GIS allows users to examine relationships between features distributed 
unevenly over space, seeking patterns that may not be apparent without using 
advanced techniques of query, selection, analysis, and display.

GNP  Gross National Product – An estimate of the total value of goods and 
services produced in any specified country in a given year. GNP can be 
measured as a total amount or an amount per capita.

Grade Crossing  A crossing or intersection of highways, railroad tracks, 
other guideways, or pedestrian walks, or combinations of these at the 
same level or grade.

Greenbelt  Land surrounding or neighboring areas that is designated as 
largely undeveloped, wild or agricultural. 

Greenfield  Also known as “raw land,” land that is privately owned, lacks 
urban services, has not been previously developed, and is located at the fringe 
of existing urban areas.

GRP  Gross Regional Product.

H
Habitat Connectivity  The degree to which the landscape facilitates animal 
movement and other ecological flows.

HCP  Habitat Conservation Plan – Established under Section 10 of the federal 
Endangered Species Act to allow development to proceed while protecting 
endangered species. A federal Habitat Conservation Plan is typically 
accompanied by a state Natural Communities Conservation Plan or NCCP.

HDT  Heavy-Duty Truck – Truck with a gross vehicle weight of 
8,500 pounds or more.

Health Equity  SCAG has adopted the California Department of Public Health, 
Office of Health Equity (OHE) definition to define health equity as “efforts to 
ensure that all people have full and equal access to opportunities that enable 
them to lead healthy lives.” Determinants of equity are, “social, economic, 
geographic, political, and physical environmental conditions that lead to the 
creation of a fair and just society.”

Healthy Cities  A movement that promotes comprehensive, systematic policy 
and planning for health by addressing the social, economic and environmental 
determinants of health. Healthy Cities emphasizes the need to address 
inequality in health, urban poverty and participatory governance.

Heavy Rail  A transit mode that is an electric railway with the capacity 
for a heavy volume of traffic. It is characterized by high speed and rapid 
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acceleration passenger rail cars operating singly or in multi-car trains on fixed 
rails, separate rights-of-way (ROW) from which all other vehicular and foot 
traffic are excluded, sophisticated signaling, and raised platform loading.

HIA  Health Impact Assessment – A tool that can help communities, 
decision makers, and practitioners make choices that improve public health 
through community design. 

HiAP  Health in All Policies – HiAP is a collaborative strategy that aims to 
improve public health outcomes by including health considerations in the 
decision-making process across sectors and policy areas. HiAP addresses the 
social determinants of health by encouraging transportation practitioners to 
work with nontraditional partners who have expertise related to public health 
outcomes, such as city and county public health departments.

HIN  High Injury Network – A High Injury Network include stretches of 
roadways where the highest concentrations of collisions occur on the 
transportation network.

Home-Based Work Trips  Trips that go between home and work, 
either directly or with an intermediate stop. Home-based work 
trips include telecommuting, working at home, and non-motorized 
transportation work trips.

HOT Lane  High-Occupancy Toll Lane – An HOV lane that single-occupant 
drivers can pay to drive in, also referred to as “Express Lanes.”

Household  A household consists of all the people who occupy a housing 
unit. A household includes the related family members and all the unrelated 
people, if any, such as lodgers, foster children, wards, or employees who 
share the housing unit. A person living alone in a housing unit, or a group of 
unrelated people sharing a housing unit such as partners or roomers, is also 
counted as a household.

HOV Lane  High-Occupancy Vehicle Lane – A lane restricted to vehicles with 
two (and in some cases three) or more occupants to encourage carpooling. 
Vehicles include automobiles, vans, buses, and taxis.

HQTA  High Quality Transit Areas – Generally a walkable transit village or 
corridor, consistent with the adopted RTP/SCS, and is within one half-mile of a 
well- serviced transit stop or a transit corridor with 15-minute or less service 

frequency during peak commute hours. Freeway transit corridors with no bus 
stops on the freeway alignment do not have a directly associated HQTA. The 
definition that SCAG has been using for the HQTA is based on the language in 
SB375 which defines:

• Major Transit Stop: A site containing an existing rail or bus rapid transit 
station, a ferry terminal served by either a bus or rail transit service, or 
the intersection of two or more major bus routes with a frequency of 
service interval of 15 minutes or less during the morning and afternoon 
peak commute periods (CA Public Resource Code Section 21064.3). SCAG’s 
methodology for identifying major transit stops is included as an appendix 
to the Transit Technical Report.

• High-Quality Transit Corridor (HQTC): A corridor with fixed route bus 
service with service intervals no longer than 15 minutes during peak 
commute hours (CA Public Resource Code Section 21155(b)). SCAG’s 
methodology for identifying HQTCs is included as an appendix to the 
Transit Technical Report.

HSIP  Highway Safety Improvement Program – A core Federal-aid program 
with the purpose to achieve a significant reduction in traffic fatalities and 
serious injuries on all public roads, including non-State-owned roads and 
roads on tribal land.

HSR  High-Speed Rail – Intercity passenger rail service that is reasonably 
expected to reach speeds of at least 110 mile per hour.

HTF  Highway Trust Fund – The Federal HTF is a transportation fund in the 
United States that received money from a federal fuel tax of 18.4 cents 
per gallon on gasoline and 24.4 cents per gallon from diesel fuel and 
related excise taxes. 

HUD  U.S. Department of Housing and Urban Development – Federal 
agency charged with increasing homeownership, supporting community 
development, and increasing access to affordable housing free 
from discrimination.

HUTA  Highway Users Tax Account – Formerly known as the California 
Highway Users Tax Fund, HUTA is a trust fund comprised of revenues collected 
from taxes imposed by California on motor vehicle fuels for use in motor 
vehicles upon public streets and highways. The HUTA is dedicated to fund 
transportation improvements. 
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I
ICE  Internal Combustion Engine – Refers traditional vehicle engines 
that are powered by the burning of fuel sources, including gasoline, 
diesel, and natural gas.

ICTC  Imperial County Transportation Commission – Agency responsible 
for planning and funding countywide transportation improvements and 
administering the county’s transportation sales tax revenues.

IGR  Intergovernmental Review Process – The review of documents by several 
governmental agencies to ensure consistency of regionally significant local 
plans, projects, and programs with SCAG’s adopted regional plans.

Inclusionary Zoning  Municipal or county planning ordinances that require 
a given share of new construction to be affordable by people with low 
to moderate incomes. 

Infill  New development on vacant, underutilized or undeveloped land within 
an existing community that is enclosed by other types of development. 

Infrastructure  The basic facilities, equipment, services, and installations 
needed for the growth and functioning of a community. This may refer to 
transportation infrastructure such as rail stations or roadways, as well as 
other civic infrastructure such as electrical and water systems.

In-Lieu Fee (Environment)  An in-lieu fee is one type of mitigation that can 
be used to compensate for unavoidable environmental impacts that would 
affect open space, culturally significant land, agricultural and forestry land, 
wetlands or other environmentally sensitive areas. Such fees are typically 
pooled and distributed to build off-site mitigation areas. 

In-Lieu Fee (Housing)  A fee typically applied when affordable housing 
cannot be provided “on-site” of a new development. These fees are typically 
paid into a housing trust fund and used (often along with other local funding 
sources) to finance affordable housing to be developed “off-site”. 

ITIP  Interregional Transportation Improvement Program – The portion of the 
STIP that includes projects selected by Caltrans (25 percent of STIP funds).

ITS  Intelligent Transportation Systems – Systems that use modern detection, 
communications and computing technology to collect data on system 
operations and performance, communicate that information to system 
managers and users, and use that information to manage and adjust 
the transportation system to respond to changing operating conditions, 
congestion, or accidents. ITS technology can be applied to arterials, freeways, 
transit, trucks, and private vehicles. ITS include Advanced Traveler Information 
Systems (ATIS), Advanced Public Transit Systems (APTS), Advanced Traffic 
Management Systems (ATMS), Advanced Vehicle Control Systems (AVCS), and 
Commercial Vehicle Operations (CVO).

J
JPA  Joint Powers Authority – Two or more agencies that enter into a 
cooperative agreement to jointly wield powers that are common to them. 
JPAs are a vehicle for the cooperative use of existing governmental powers to 
finance and provide infrastructure and/or services in a cost-efficient manner.

L
LACMTA  Los Angeles County Metropolitan Transportation Authority, 
also referred to as “Metro” – Agency responsible for planning and funding 
countywide transportation improvements, administering the county’s 
transportation sales tax revenues, and operating bus and rail transit service.

LAFCo  Local Agency Formation Commission - Regional service planning 
agencies of the State of California that exercise regulatory and planning 
powers. LAFCos regulatory powers are outlined in California Government 
Code Sections 56375 and 56133. 

LAWA or LAX  Los Angeles World Airports – Aviation authority of the City 
of Los Angeles. LAWA owns and operates Los Angeles International (LAX), 
Ontario International, Van Nuys, and Palmdale Airports.

LCVs  Longer-Combination Vehicles – Includes tractor-trailer combinations 
with two or more trailers that weigh more than 80,000 pounds.

LID  Low Impact Development – A land planning and engineering design 
approach to manage storm water runoff as part of green infrastructure. 

PC ORIGINAL PKG



167Glossary

LID emphasizes conservation and use of on-site natural features to 
protect water quality. 

LIHTC  Low Income Housing Credit – A federal program created under the Tax 
Reform Act of 1986, which gives incentives for the utilization of private equity 
in the development of affordable housing. 

Livable Communities  Any location in which people choose to live may 
be viewed as “livable.” However, communities that contain a healthy mix of 
homes, shops, workplaces, schools, parks, and civic institutions coupled with 
a variety of transportation choices, give residents greater access to life’s daily 
essentials and offer higher quality of life to a wider range of residents.

Livable Corridors  Arterial roadways where local jurisdictions may plan for 
a combination of the following elements: high-quality bus frequency; higher 
density residential and employment at key intersections; and increased 
active transportation through dedicated bikeways. Most, but not all Livable 
Corridors would be located within HQTAs. Livable Corridor land-use strategies 
include development of mixed use retail centers at key nodes along corridors, 
increasing neighborhood-oriented retail at more intersections, applying a 
“Complete Streets” approach to roadway improvements and zoning that 
allows for the replacement of underperforming auto- oriented strip retail 
between nodes with higher density residential and employment.

LTF  Local Transportation Fund – A fund which receives TDA revenues.

M
MaaS  Mobility as a Service – Please see “Shared Mobility Services.”

MAP  Million Annual Passengers – Used to quantify airport activity.

MAP-21  Moving Ahead for Progress in the 21st Century – Signed into law by 
President Obama on July 6, 2012. Funding surface transportation programs 
at over $105 billion for fiscal years (FY) 2013 and 2014, MAP-21 was the first 
long-term highway authorization enacted since 2005. To allow more time for 
development and consideration of a long-term reauthorization of surface 
transportation programs, Congress has enacted short term extensions of the 
expiring law, MAP-21. 

Market Incentives  Measures designed to encourage certain actions or 
behaviors. These include inducements for the use of carpools, buses, and 
other HOVs in place of single-occupant automobile travel. Examples include 
HOV lanes, preferential parking, and financial incentives.

MDAB  Mojave Desert Air Basin – Area defined by state law as comprising the 
desert portions of Los Angeles, Kern, Riverside, and San Bernardino Counties.

MDAQMD  Mojave Desert Air Quality Management District – Stretched out 
over almost 20,000 square miles of California’s vast desert expanse, the 
Mojave Desert Air Quality Management District is geographically the second 
largest of the state’s 35 air districts. As the air pollution control agency for San 
Bernardino County’s High Desert and Riverside County’s Palo Verde Valley, 
the District has primary responsibility for regulating stationary sources of air 
pollution located within its jurisdictional boundaries. The District implements 
air quality programs required by state and federal mandates, enforces rules 
and regulations based on air pollution laws and educates businesses and 
residents about their role in protecting air quality and the risks of air pollution. 

Measure A  Revenues generated from Riverside County’s local 
half-cent sales tax.

Measure D  Revenues generated from Imperial County’s local 
half-cent sales tax.

Measure I  Revenues generated from San Bernardino County’s local 
half-cent sales tax.

Measure M  Revenues generated from Orange County’s local half-cent 
sales tax. Also refers to Los Angeles County’s local half cent sales tax which 
was authorized in 2018.

Measure R  Revenues generated from Los Angeles County’s local half-
cent sales tax. Los Angeles County has three permanent local sales taxes 
(Proposition A, Proposition C, and Measure M) and one temporary local 
sales tax (Measure R).

Metrolink  Regional commuter rail system connecting Los Angeles, Orange, 
Riverside, San Bernardino, and Ventura Counties and operated by SCRRA.
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Micro-mobility  Personal vehicles which typically are designed to carry one 
passenger. Devices include but are not limited to bicycles, electronic bicycles 
(e-bikes) and electronic scooters (e-scooters). Micro-mobility is often linked to 
bike and scooter sharing. 

Mills Act  A state law allowing cities to enter into contracts with the owners 
of historic structures. Such contracts require a reduction of property taxes in 
exchange for the continued preservation of the property. 

Mitigation Measure  A measure designed to minimize a project’s significant 
environmental impacts. 

Mixed Flow  Traffic movement having autos, trucks, buses, and motorcycles 
sharing traffic lanes.

Mixed Use Development  A type of urban development that blends 
residential, commercial, cultural, institutional or industrial uses, where 
those functions are physically and functionally integrated, and that provides 
pedestrian connections.

Mode Split  The proportion of total person trips using various specified 
modes of transportation. 

Mode  A particular form of travel (e.g., walking, traveling by automobile, 
traveling by bus, or traveling by train).

Model  A mathematical description of a real-life situation that uses data on 
past and present conditions to make a projection.

MPO  Metropolitan Planning Organization – A federally required planning 
body responsible for transportation planning and project selection in a region.

MSHCP  Multiple Species Habitat Conservation Plans – A comprehensive, 
multi-jurisdictional Habitat Conservation Plan (HCP) designed to preserve a 
network of habitat and open space, protecting biodiversity and enhancing the 
region’s quality of life. MSHCPs are often implemented with the assistance of 
federal and state wildlife agencies.

MTS  Metropolitan Transportation System – Regional network of roadways 
and transit corridors.

Multi-Family Residential  Multi-family units are attached residences, 
apartments, condominiums, and townhouses. Multi-family residences are 
usually served by all utilities, are on paved streets, and are provided with 
or have access to all urban facilities such as schools, parks, police and fire 
stations. Senior citizen apartment buildings are included in these classes. 
Also included are off-campus university owned housing and off-campus 
fraternity/sorority houses.

Multimodal  A mixture of the several modes of transportation, such as 
transit, highways, non-motorized, etc.

N
NAAQS  National Ambient Air Quality Standards – The federal Clean Air Act 
requires US EPA to set National Ambient Air Quality Standards (NAAQS) for six 
criteria air pollutants. These common air pollutants can harm human health 
and the environment, and cause property damage. Please see “CAA-Federal 
Clean Air Act” for more information on NAAQS.

Natural Lands  Biologically diverse landscapes such as forested and 
mountainous areas, shrub lands, deserts and other ecosystems which contain 
habitat that supports wildlife and vegetation. 

NCCP  Natural Community Conservation Plan – A program that takes a broad-
based ecosystem approach to planning for the protection and perpetuation 
of biological diversity. It is broader in its orientation and objectives than the 
California and Federal Endangered Species Acts, as these laws are designed 
to identify and protect individual species that have already declined in 
number significantly. 

NEPA  National Environmental Protection Act – Federal environmental law 
that applies to all projects funded with federal funds or requiring review 
by a federal agency.

New Markets Tax Credit  The New Markets Tax Credit (NMTC) Program 
incentivizes business and real estate investment in low-income communities 
via a federal tax credit.
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New Mobility  The integration of various forms of transportation 
services into a single service accessible on demand. Please also see 
“Shared Mobility Services.”

NGV  Natural Gas Vehicle – Vehicles that are powered by internal combustion 
engines that burn compressed or liquid natural gas.

NIMBY  Not in My Backyard – The phenomenon where people oppose the 
location of a development perceived as undesirable (e.g. landfill, freeway 
expansion) in their own neighborhood, but raise no objections of similar 
developments elsewhere. 

NIMS  National Incident Management System – Nationwide template that 
enables all government, private-sector, and non-governmental organizations 
to work together during a domestic incident.

NMAs Neighborhood Mobility Areas  Areas with a high number of 
intersections, low observed travel speed, high mix of uses and high 
accessibility to “everyday” destinations. These are areas where complete 
streets and sustainability policies support and encourage replacing or 
reducing single and multi-occupant automobile use with walking, bicycling, 
skateboarding and slow speed electric vehicles (such as e-bikes, scooters, 
senior mobility devices and neighborhood electric vehicles). Please also 
see “Complete Streets.”

Nominal Dollars  Actual dollars expended/received in a specific year without 
adjustments for inflation/deflation.

Non-Reportable TCM  The following de minimis committed TCMs are 
defined in the Final 2019 FTIP Guidelines as non-reportable TCMs for the 
purpose of TCM timely implementation reporting:

• Bus/shuttle/paratransit fleet expansion projects with fewer than 5 vehicles
• Bus stop improvement projects
• Bicycle facility less than 1 mile and pedestrian facility less than 1/4 mile
• Intelligent transportation systems/control system computerization projects 

with fewer than 3 traffic signals
• Changeable message sign projects with fewer than 5 signs
• Bike parking facilities, new or expansion, with nine or 

fewer bike lockers/slots
• Expansion of bus station/shelter/transfer facilities with nine or 

fewer bike lockers/slots
• Rail station expansion with addition of nine or fewer bike lockers/slots.

NOx  Nitrogen oxides – A group of highly reactive gases, all of which contain 
nitrogen and oxygen in varying amounts. NOx is a major component of ozone 
and smog. NOx also can be a major component of particle air pollution.

NTD  National Transit Database – The Federal Transit Administration’s (FTA) 
national database for transit statistics.

O
O&M  Operations and Maintenance – The range of activities and services 
provided by the transportation system and for the upkeep and preservation 
of the existing system.

OCS  Overhead Catenary System - A type of wayside power where vehicles 
may connect to and draw power from overhead wires.

OCTA  Orange County Transportation Authority – Agency responsible 
for planning and funding countywide transportation improvements, 
administering the county’s transportation sales tax revenues, and operating 
bus transit service.

OEM  Original Equipment Manufacturer

OHE  Office of Health Equity - OHE is a program within the CDPH focused on 
providing a leadership role to reduce health and mental health disparities to 
vulnerable communities. OHE has moved forward with the implementation 
of Portrait of Promise: The California Statewide Plan to Promote Health 
and Mental Health Equity. Example action items include advancing climate 
change and health equity research, supporting the Cal BRACE Framework 
through additional research, and publishing new reports such as Safeguarding 
California: Implementation Action Plan – Public Health Sector Plan.

Open Space  Generally understood as any area of land or water which, for 
whatever reason, is not developed for urbanized uses and which therefore 
enhances residents’ quality of life. Each county and city in California must 
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adopt an open space element as part of its general plan. The element is a 
statement of local planning policies focusing on the use of unimproved land 
or water for: 1) the preservation or managed production of natural resources, 
2) outdoor recreation, and 3) the promotion of public health and safety. 
Therefore, open space will be defined by each jurisdiction based on their own 
unique resources and environment.

OWP  Overall Work Program – SCAG develops an OWP annually, describing 
proposed transportation planning activities for the upcoming fiscal year, 
including those required by federal and state law.

P
Parking Subsidy  The difference between the out-of-pocket amount paid 
by an employer on a regular basis in order to secure the availability of an 
employee parking space not owned by the employer and the price, if any, 
charged to an employee for use of that space.

PCI  Pavement Condition Index – A numerical index between 0 and 100 which 
is used to indicate the general condition of a pavement. 

PEIR  Program Environmental Impact Report – An information document 
that analyzes and discloses potential environmental effects of large-
scale plans or programs in accordance with provisions of the California 
Environmental Quality Act (CEQA).

PeMS  Freeway Performance Measurement System – A service provided 
by the University of California, Berkeley, to collect historical and real-time 
freeway data from freeways in the state of California in order to compute 
freeway performance measures.

Person Trip  A trip made by a person by any mode or combination of 
modes for any purpose.

PEV  Plug-in Electric Vehicle – Refers to all vehicles that can be plugged into an 
external source of electricity in order to recharge an on-board battery which 
will provide some or all power to an electric engine.

PGA  Priority Growth Area – Designated areas prioritized for new development 
based on established criteria (e.g. infrastructure, location, market). 

PHEV  Plug-in Hybrid Electric Vehicle – A vehicle powertrain that combines an 
electric engine with a traditional internal combustion engine. The two engines 
can operate in parallel with the electric engine operating at certain speeds, 
or the engines can operate sequentially, with all power being provided by the 
electric engine until the battery power is exhausted.

PM2.5  Particulate matter with diameters that are generally 2.5 micrometers 
and smaller – A mixture of fine inhalable solid particles and liquid droplets 
found in the air 2.5 micrometers or less in size (A micrometer is one-millionth 
of a meter. The average human hair is about 70 micrometers in diameter). 
These fine particles result from fuel combustion from motor vehicles, 
power generation, and industrial facilities, as well as from residential 
fireplaces and wood stoves.

PM10  Particulate matter with diameters that are generally 10 micrometers 
and smaller – A mixture of inhalable solid particles and liquid droplets found 
in the air 10 micrometers or less in size (A micrometer is one-millionth of a 
meter. The average human hair is about 70 micrometers in diameter). These 
coarse particles are generally emitted from sources such as vehicles traveling 
on unpaved roads, materials handling, and crushing and grinding operations, 
as well as windblown dust.

PMD  LA/Palmdale Regional Airport – Regional airport located in Palmdale.

PMT  Passenger Miles Traveled – The cumulative sum of the distances ridden 
by each public transportation passenger.

POE  Port of Entry.

POLA  Port of Los Angeles.

POLB  Port of Long Beach.

PPP  Public-Private Partnership – Contractual agreements formed between a 
public agency and private-sector entity that allow for greater private-sector 
participation in the delivery of transportation projects.

PRC  Peer Review Committee – An “informal” committee of technical experts 
usually organized and invited to review and comment on various technical 
issues and processes used in the planning process.
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Proposition 1A  Passed by voters in 2006, Proposition 1A protects 
transportation funding for traffic congestion relief projects, safety 
improvements, and local streets and roads. It also prohibits the state sales 
tax on motor vehicle fuels from being used for any purpose other than 
transportation improvements and authorizes loans of these funds only in the 
case of severe state fiscal hardship.

Proposition 1B  Highway Safety, Traffic Reduction, Air Quality, and Port 
Security State of California – Passed in November 2006, Proposition 1B 
provides $19.9 billion to fund state and local transportation improvement 
projects to relieve congestion, improve movement of goods, improve air 
quality, and enhance safety and security of the transportation system.

Proposition A  Revenues generated from Los Angeles County’s local 
half-cent sales tax. Los Angeles County has three permanent local sales 
taxes (Propositions A and C; and Measure M) and one temporary local 
sales tax (Measure R).

Proposition C  Revenues generated from Los Angeles County’s local 
half-cent sales tax. Los Angeles County has three permanent local sales 
taxes (Propositions A and C; and Measure M) and one temporary local 
sales tax (Measure R).

PTA  Public Transportation Account – The major state transportation account 
for mass transportation purposes. Revenues include a portion of the sales tax 
on gasoline and diesel fuels.

Public Transportation  As defined in the Federal Transit Act, “Transportation 
by a conveyance that provides regular and continuing general or special 
transportation to the public, but does not include school bus, charter, or 
intercity bus transportation or intercity passenger rail transportation provided 
by the entity described in chapter 243 (Amtrak or a successor to such entity).”

PUC  Public Utilities Commission – Regulates privately owned 
telecommunications, electric, natural gas, water, railroad, rail transit, and 
passenger transportation companies.

R
RAMP  Regional Advance Mitigation Program – Advance mitigation is a science-
based approach to identify mitigation opportunities to support regional 
conservation priorities. By considering mitigation development early in the 
regional planning process prior to design and permitting phases, proponents 
can identify higher-quality mitigation opportunities. 

Rapid Bus  A bus rapid transit (BRT) type service operated by Metro 
with vehicles branded as “Rapid” and painted red, operating in mixed 
traffic environments, serving fewer stops than local bus service, and with 
transit signal priority where available. Other transit operators, including 
Culver CityBus, Santa Monica’s Big Blue Bus and Torrance Transit, also 
operate Rapid lines.

RBN  Regional Bikeway Network – A system of regionally interconnected 
bikeways linking cities and counties in the SCAG region.

RC  Regional Council – Conducts the affairs of SCAG; implements the General 
Assembly’s policy decisions; acts upon policy recommendations from SCAG 
policy committees and external agencies; appoints committees to study 
specific problems; and amends, decreases or increases the proposed budget 
to be reported to the General Assembly.

RCIS  Regional Conservation Investment Strategy –  A voluntary, non-
regulatory, and non-binding conservation assessment that includes 
information and analyses and establishes biological goals and objectives 
that may be used as a basis to provide advance mitigation through the 
development of credits or to inform other conservation investments.

RCP  Regional Comprehensive Plan (RCP) – Developed by SCAG, the RCP 
is a vision of how Southern California can balance resource conservation, 
economic vitality, and quality of life. It will serve as a blueprint to 
approach growth and infrastructure challenges in an integrated 
and comprehensive way.

RCTC  Riverside County Transportation Commission – Agency responsible 
for planning and funding countywide transportation improvements and 
administering the county’s transportation sales tax revenues.
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Rent Stabilization  A practice which allows landlords a reasonable rate of 
return on their investments while setting maximum rates for annual rent 
increases to protect tenants. 

Resilience  The capacity of infrastructure, communities and their related 
systems to mitigate, adapt or positively respond to chronic and acute 
stresses, transforming in ways that restore, maintain and even improve their 
essential functions. 

RGN  Regional Greenway Network – A regional system of bikeways physically 
separate from traffic. It makes use of riverbeds and under-utilized utility 
corridors. It is part of the Regional Bikeway Network (RBN).

RHNA  Regional Housing Needs Assessment – Quantifies and allocates the 
determination of housing need during specified planning periods at various 
income categories for each city and county in the region, in accordance with 
state housing law. Cities and counties then address this need through the 
process of updating the housing elements of local General Plans.

Ride-hailing  A generic term to describe booking rides and paying for car 
service through a smartphone app with a transportation network company 
(TNC) such as Uber or Lyft. The term “ridesharing” has been used to describe 
TNCs, but it has been widely argued to be inaccurate, and hence the ride-
hailing term was introduced.

Rideshare  Please see “Ride-hailing.”

RMRA  Road Maintenance and Rehabilitation Account – Funds related to 
the Road Maintenance and Rehabilitation Program, collected via fuel taxes 
and vehicle fees established by SB 1, are deposited in the RMRA. Cities and 
counties receiving RMRA funds must comply with relevant federal and state 
laws, regulations, policies and procedures. RMRA funds are also referred to as 
“SB 1 funds”. Please also see “SB 1.”

ROG  Reactive Organic Gas – Organic gases emitted from a variety of sources, 
including motor vehicles, chemical plants, refineries, factories, consumer, 
commercial products, and other industrial sources. Ozone, the main 
component of smog, is formed from the reaction of VOCs and NOx in the 
presence of heat and sunlight.

RSTIS  Regionally Significant Transportation Investment Study – Involves 
identifying all reasonable transportation options, their costs, and their 
environmental impacts. RSTIS projects are generally highway or transit 
improvements that have a significant impact on the capacity, traffic flow, level 
of service, or mode share at the transportation corridor or sub-area level.

RTMS  Regional Transportation Monitoring System – Internet-based 
transportation monitoring system. The RTMS will be the source for real-
time and historical transportation data collected from local, regional, and 
private data sources.

RTP  Regional Transportation Plan (RTP) – Federally required 20-year plan 
prepared by metropolitan planning organizations and updated every four 
years. Includes projections of population growth and travel demand, along 
with a specific list of proposed projects to be funded.

RTSS  Regional Transit Security Strategy – Strategy for the region with specific 
goals and objectives related to the prevention, detection, response, and 
recovery of transit security issues.

S
Safe Routes to School  Part of a nationwide/region-wide program to 
increase students walking or biking to school. Includes engineering, 
educational and enforcement activities. Funded through the State Active 
Transportation Program (ATP).

SANDAG  San Diego Association of Governments.

SB 1  Senate Bill 1 – Known as the Road Repair and Accountability Act of 2017, 
SB 1 established fuel taxes and vehicle fees that will generate new funding for 
roadways, including up to $1.5 billion per year allocated directly to counties 
and cities for local road maintenance, safety improvements and complete 
streets improvements (e.g. bicycle and pedestrian facilities).

SB 45  Senate Bill 45 (Chapter 622, Statutes of 1997, Kopp) – Established the 
current STIP process and shifted control of decision-making from the state 
to the regional level.
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SB 226 (Simitian)  Implements changes to the California Environmental 
Quality Act (CEQA) by authorizing limited CEQA review for urban infill projects, 
creating a new statutory exemption for rooftop and parking lot solar energy 
projects and establishing that greenhouse gas emissions at a project or 
cumulative level do not disqualify the use of categorical exemptions if the 
project complies with certain regulations and requirements. 

SB 375  Senate Bill 375 (Chapter 728, Steinberg) – Established to implement 
the state’s greenhouse gas (GHG) emission-reduction goals, as set forth by AB 
32, in the sector of cars and light trucks. This mandate requires the California 
Air Resources Board to determine per capita GHG emission-reduction 
targets for each metropolitan planning organization (MPO) in the state at 
two points in the future—2020 and 2035. In turn, each MPO must prepare a 
Sustainable Communities Strategy (SCS) that demonstrates how the region 
will meet its GHG reduction target through integrated land use, housing, and 
transportation planning.

SB 535  Senate Bill 535 (Chapter 830, De León) – Established that a quarter 
of the proceeds from the Greenhouse Gas Reduction Fund must also go to 
projects that provide a benefit to disadvantaged communities. A minimum 
of 10 percent of the funds must be for projects located within those 
communities. The legislation gives the California Environmental Protection 
Agency responsibility for identifying those communities.

SB 743 (Steinberg, 2013)  Made several changes to the California 
Environmental Quality Act (CEQA) for projects located in areas served by 
transit. SB 743 proposes to eliminate auto delay, level of services, and other 
similar measures of vehicular capacity or traffic congestion as a basis for 
determining significant impacts. It also creates a new exemption for certain 
projects that are consistent with a Specific Plan, and eliminates the need to 
evaluate aesthetic and parking impacts of a project in some circumstances.

SBCTA  San Bernardino County Transportation Authority − The council of 
governments and transportation planning agency for San Bernardino County. 
SBCTA is responsible for cooperative regional planning and developing an 
efficient multimodal transportation system countywide.

SBD  San Bernardino International Airport – International airport 
located in San Bernardino.

SCAB  South Coast Air Basin – Comprises the non–Antelope Valley portion of 
Los Angeles County, Orange County, western Riverside County, and the non-
desert portion of San Bernardino County.

SCAG  Southern California Association of Governments – The metropolitan 
planning organization (MPO) for six counties including Imperial, Los Angeles, 
Orange, Riverside, San Bernardino, and Ventura.

SCAQMD  South Coast Air Quality Management District – The air pollution 
control agency for all of Orange County and the urbanized portions of Los 
Angeles, Riverside, and San Bernardino Counties in Southern California. This 
area of 10,743 square miles is home to over 16.8 million people–about half the 
population of the whole state of California. It is the second most populated 
urban area in the United States and one of the smoggiest. South Coast AQMD 
is responsible for controlling emissions primarily from stationary sources 
of air pollution within its jurisdiction. These can include anything from large 
power plants and refineries to the corner gas station. 

SCCAB  South Central Coast Air Basin – Comprises San Luis Obispo, Santa 
Barbara, and Ventura Counties.

SCS  Sustainable Communities Strategy – As part of SB 375, which was 
established to implement the state’s greenhouse gas (GHG) emission- 
reduction goals, as set forth by AB 32, each California metropolitan planning 
organization (MPO) is required to prepare a SCS as part of their regional 
transportation plan. The mandate requires the California Air Resources Board 
to determine per capita GHG emission-reduction targets for each MPO in 
the state at two points in the future – 2020 and 2035. In turn, each MPO must 
prepare a SCS that demonstrates how the region will meet its GHG through 
integrated land use, housing and transportation planning. 

Scooter Share  Scooter sharing allows individuals access to scooters by 
joining an organization that maintains a fleet of scooters at various locations. 
Scooter sharing models can include a variety of motorized and non-motorized 
scooter types. The scooter service provider typically provides gasoline or 
charge (in the case of motorized scooters), maintenance, and may include 
parking as part of the service. Users typically pay a fee each time they use a 
scooter. Trips can be roundtrip or one way.

SDOH  Social Determinants of Health – Includes the circumstances in which 
people are born, grow up, live, work, play, and age. Economic opportunities, 
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government policies, and the built environment all play a role in shaping these 
circumstances and influencing public health outcomes.

SED  Socioeconomic Data – Population, employment and housing forecast.

SGC  The Strategic Growth Council is a state agency tasked with encouraging 
the development of sustainable communities.

SHA  State Highway Account – The major state transportation account for 
highway purposes. Revenues include the state excise taxes on gasoline and 
diesel fuel and truck weight fees.

Shared Mobility Services  Refers to a wide variety of new mobility services 
and encompasses bike share, scooters, car share, app-based transit services, 
and ride-hailing.  This term refers to the way in which these modes are offered 
as services brokered by a mobile application, and each vehicle is shared 
amongst multiple users. Another common term used to describe this type of 
transportation service is Mobility as a Service (MaaS).

Shared Parking  A tool in parking management which allows different land 
uses with different periods of parking demand to share a common parking 
facility and thereby limit the need to provide additional parking. Shared 
parking policies do not treat the parking supply as individual units specific to 
particular businesses or uses, but rather emphasize the efficient use of the 
parking supply by including as many spaces as possible in a common pool of 
shared, publicly available spaces.

SHOPP  State Highway Operation and Protection Program – A four-year 
capital improvement program for rehabilitation, safety, and operational 
improvements on state highways.

SHSP  Strategic Highway Safety Plan – A statewide, coordinated safety plan 
that provides a comprehensive framework for reducing fatalities and severe 
injuries to motorists, pedestrians, and bicyclists on all public roads. SHSP goals 
and objectives are data-driven and results are measured. Actions designed 
to achieve the objectives are developed by hundreds of safety stakeholders 
from the five E’s of highway safety: engineering, education, enforcement 
and emergency medical services and equipment. In California, Caltrans 
coordinates the effort to develop the plan.

Single-Family Residential  These residential areas are typically made up of 
detached dwellings, where each structure houses a single family, located in an 
urban or suburban setting. These single family residences are usually served 
by all utilities, are on paved streets, and are provided with or have access 
to all urban facilities such as schools, parks, police, and fire stations. Single 
family residential neighborhoods are normally large contiguous areas of 
residential lots. Some areas have subdivisions or tracts of homes with similar 
size or architectural design. In these areas the roofs may be similar in shape 
or color when viewed on the aerial photo. Typically, single family lots contain 
landscaped front and back yards, one driveway, and one walkway either to the 
sidewalk or to the driveway. Some lots may have swimming pools in the back 
yards. High or low density is determined by the size of the lot on which the 
residence is located. If an area is under construction, and the residential lots 
or pads are easily identifiable, then the area can be properly mapped.

SIP  State Implementation Plan – Comprehensive state plan that describes 
how an area will attain national ambient air quality standards. Transportation 
conformity requires that transportation activities including regional 
transportation plans, programs, and projects are consistent with the goals and 
objectives of the applicable SIP.

Small-Lot Development  A practice that allows for the subdivision of lots 
located within existing multifamily and commercial zones to develop fee 
simple housing. Typically small lot developments are not required to be part of 
a homeowner’s association, thus reducing the cost for home buyers. 

Smart City  A designation given to a city that incorporates information and 
communication technologies to enhance the quality and performance of 
public services, consumption, waste and overall costs. 

Smart Growth Principles  The following principles developed by the 
Smart Growth Network, a partnership of government, business, and civic 
organizations created in 1996:

• Mix land uses
• Take advantage of compact building design
• Create a range of housing opportunities and choices
• Create walkable neighborhoods
• Foster distinctive, attractive communities with a strong sense of place
• Preserve open space, farmland, natural beauty, and 
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critical environmental areas
• Strengthen and direct development towards existing communities
• Provide a variety of transportation choices
• Make development decisions predictable, fair, and cost effective
• Encourage community and stakeholder collaboration in 

development decisions

Smart Parking  Smart parking management techniques include real-
time identification of open parking spaces, active wayfinding, adaptive 
pricing, and consumer facing apps for information and payment of parking. 
These management techniques pertain to on-street as well as public 
off-street parking. 

Social Equity  Equal opportunity in a safe and healthy environment.

SOI  Sphere of Influence – A planning boundary outside of an agency’s 
legal boundary (e.g. city limit) that designates the agency’s probable future 
boundary and service area. 

SOV  Single-Occupant Vehicle – Privately operated vehicle that contains only 
one driver or occupant.

SOx  Sulfur oxide – Any of several compounds of sulfur and oxygen, formed 
from burning fuels such as coal and oil.

SPA  Specific Plan Areas – An SPA is created for an established area when the 
countywide zoning regulations do not adequately address local concerns. The 
SPA allows uses, regulations and standards that would not be allowed under 
countywide regulations. 

SPB Ports  San Pedro Bay Ports.

SRTS  Safe Routes to School – Part of a nationwide/region-wide program 
to increase students walking or biking to school. Includes engineering, 
educational and enforcement activities. Funded through the State Active 
Transportation Program (ATP).

SSAB  Salton Sea Air Basin – Comprises the Coachella Valley portion of 
Riverside County and all of Imperial County.

STA  State Transit Assistance – State funding program for mass transit 
operations and capital projects. Current law requires that STA receive 50 
percent of PTA revenues.

STBG  Surface Transportation Block Grant – Established by California 
state statute utilizing federal Surface Transportation Program funds. 
Approximately 76 percent of the state’s STBG funds must be obligated 
on projects located within the 11 urbanized areas of California with 
populations of 200,000 or more.

STIP  State Transportation Improvement Program – A five-year capital outlay 
plan that includes the cost and schedule estimates for all transportation 
projects funded with any amount of state funds. The STIP is approved and 
adopted by the CTC and is the combined result of the ITIP and the RTIP.

STP  Surface Transportation Program – Provides flexible funding that may be 
used by states and localities for projects on any federal-aid highway, bridge 
projects on any public road, transit capital projects, and intracity and intercity 
bus terminals and facilities. A portion of funds reserved for rural areas may be 
spent on rural minor collectors.

Strategic Projects/Plan  Strategic projects are unfunded projects that are 
showcased in case future funding is available.

Sustainability  The practice of analyzing and accounting for the impact of 
decisions, policies, strategies and development projects on the Economy, the 
Environment and Social Equity (commonly referred to as the three E’s). In the 
2017 Agency Strategic Plan, SCAG adopted the following objective: “Cultivate 
dynamic knowledge of the major challenges and opportunities relevant to 
sustainability and quality of life in the region.”

SWITRS  Statewide Integrated Traffic Records System - A database that serves 
as a means to collect and process data gathered from a collision scene.

T
TAP  Transit Access Pass – A form of electronic ticketing payment method used 
in most public transit services within Los Angeles County. 
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TAM  Transit Asset Management – A business model that prioritizes funding 
based on the actual condition of transit assets in order to achieve or maintain 
transit networks in a state of good repair. 

TAZ  Traffic Analysis Zone – Zone system used in travel demand forecasting.

TC  Transportation Committee – Committee used to study problems, 
programs, and other matters which pertain to the regional issues of mobility, 
air quality, transportation control measures, and communications.

TCM  Transportation Control Measure – Defined in the US EPA’s Transportation 
Conformity Regulations, TCM is any measure that is specifically identified and 
committed to in the applicable SIP, including a substitute or additional TCM 
that is incorporated into the applicable SIP through the process established in 
CAA section 176(c)(8), that is either one of the types listed in CAA section 108, 
or any other measure for the purpose of reducing emissions or concentrations 
of air pollutants from transportation sources by reducing vehicle use or 
changing traffic flow or congestion conditions. Vehicle technology-based, fuel-
based, and maintenance-based measures which control the emissions from 
vehicles under fixed traffic conditions are not TCMs.

TCWG  Transportation Conformity Working Group – A forum to support 
federally mandated interagency consultation to help improve air quality 
and maintain transportation conformity in the SCAG region. Membership 
of the TCWG includes federal (US EPA, FHWA, FTA), state (ARB, Caltrans), 
regional (Air Quality Management Districts, SCAG), and sub-regional (County 
Transportation Commissions) agencies and other stakeholders. 

TDA  Transportation Development Act – State law enacted in 1971 that 
provided a 0.25 percent sales tax on all retail sales in each county for transit, 
bicycle, and pedestrian purposes. In non-urban areas, funds may be used for 
streets and roads under certain conditions.

TDM  Transportation Demand Management – Strategies that result in 
more efficient use of transportation resources, such as ridesharing, 
telecommuting, park-and-ride programs, pedestrian improvements, and 
alternative work schedules.

TDR  Transfer of Development Rights – A market-based planning tool to 
support growth in locally identified “receiving districts” in lieu of growth in 
identified “sending districts”.

TEU  Twenty-Foot Equivalent Unit, a measure of shipping container capacity.

TIFIA  Transportation Infrastructure Finance and Innovation Act of 1998 
– Established a new federal credit program under which the US DOT may 
provide three forms of credit assistance—secured (direct) loans, loan 
guarantees, and standby lines of credit—for surface transportation projects 
of national or regional significance. The program’s fundamental goal is to 
leverage federal funds by attracting substantial private and other non-federal 
co-investment in critical improvements to the nation’s surface transportation 
system. Sponsors may include state departments of transportation, transit 
operators, special authorities, local governments, and private entities.

TMA  Transportation Management Area – An area designated by the Secretary 
of Transportation, having an urbanized area population of over 200,000, or 
upon special request from the Governor and the MPO designated for the area.

TNC  Transportation Network Companies – This is the technical term for 
ride-hailing companies used by the California Public Utilities Commission 
in order to create a new class of mobility provider distinguished from taxi 
companies and limousines.

TOD  Transit-Oriented Development – A planning strategy that explicitly 
links land- use and transportation by focusing mixed housing, employment, 
and commercial growth around bus and rail stations (usually within ½ mile). 
TODs can reduce the number and length of vehicle trips by encouraging more 
bicycle/pedestrian and transit use and can support transit investments by 
creating the density around stations to boost ridership.

TP&D  Transportation Planning and Development Account – A state transit 
trust fund that is the funding source for the STA program. 

TPA  Transit Priority Areas - An area within half a mile of a major transit stop 
that is existing or planned.

TSM  Transportation Systems Management – A set of techniques used 
to increase the capacity of a segment of transportation infrastructure 
without increasing its physical size. Most often, these techniques are used 
in the context of roadways, and techniques include coordinated traffic 
signals and ramp meters. 
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TSP  Transit Signal Priority – A set of operational improvements that use 
technology to facilitate the movement of transit vehicles and reduce their 
dwell time at traffic signals by holding green lights longer or shortening red 
lights. TSP may be implemented at individual intersections or across corridors 
or entire street systems. Objectives of TSP include improved schedule 
adherence and improved transit travel time efficiency while minimizing 
impacts to normal traffic operations.

TSWG  Transportation Safety Working Group – Advises the operating 
organizations on transportation safety matters associated with the transfer or 
shipment of hazardous materials.

TUMF  Transportation Uniform Mitigation Fee – Ordinance enacted by the 
Riverside County Board of Supervisors and cities to impose a fee on new 
development to fund related transportation improvements.

U
Unconstrained Plan  Same as Strategic Projects/Plan.

Union Station  Los Angeles Union Station is the main railway 
station in Los Angeles.

UP  Union Pacific Railroad.

UPT  Unlinked Passenger Trips - The number of passengers who board public 
transportation vehicles. Passengers are counted each time they board 
vehicles no matter how many vehicles they use to travel from their origin 
to their destination.

Urban Areas  Urban Areas in the SCAG region represent densely developed 
territory, and encompass residential, commercial and other non-
residential urban land uses where population is concentrated over 2,500 
people in a given locale.

Urban Greening Grant Program  A grant program that competitively 
distributes grants statewide to projects that make the built environment 
more sustainable and effective in creating healthy and vibrant communities. 
The program funds establishing and enhancing parks and open space, using 

natural solutions to improving air and water quality and reducing energy 
consumption, and creating more walkable and bikeable trails.

Urban Growth Boundary  A regional boundary that seeks to contain 
outward urban expansion by limiting development outside of the boundary, 
while focusing new growth within the boundary. Urban growth boundaries 
lead to the preservation of natural and agricultural lands, redevelopment and 
infill in existing communities, and optimization of existing infrastructure and 
transportation investments.

Urban Heat Island/ Heat Island Effect  An urban or metropolitan area that 
is significantly warmer than surrounding rural areas due to human activities. 
Its main cause is the modification of land surfaces.

US DOT  U.S. Department of Transportation – Federal agency responsible for 
the development of transportation policies and programs that contribute to 
providing fast, safe, efficient, and convenient transportation at the lowest cost 
consistent with those and other national objectives, including the efficient use 
and conservation of the resources of the United States. US DOT is comprised 
of ten operating administrations, including FHWA, FTA, FAA and FRA.

V
Variable Constrained Areas  Include Wildland Urban Interface (WUI), 
grazing lands, farmlands in incorporated jurisdictions, 500 year flood plains, 
CalFire Very High Severity Fire Risk (state and local), and Natural Lands 
Conservation Areas (connectivity, habitat quality, habitat type layers). These 
areas were identified during the scenario development process to be used 
during the modeling process to redirect jurisdictional growth into other 
areas when feasible. These are intended to be regional guidelines and do not 
supersede existing regulations or protections or local land use policy.

VCAPCD  Ventura County Air Pollution Control District – The air pollution 
control agency with the primary responsibility for the control of non-vehicular 
sources of air pollution in Ventura County. The District provides a full range 
of air pollution control activities, including permitting, facility inspection, air 
quality attainment planning, rulemaking, air quality monitoring, and incentive 
programs. The District shares responsibility with the California Air Resources 
Board for ensuring that all state and federal air quality standards are achieved 
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and maintained within Ventura County. The VCAPCD is located within the 
South Central Coast Air Basin.

VCTC  Ventura County Transportation Commission – Agency responsible for 
planning and funding countywide transportation improvements.

Vehicle Hours of Delay  The travel time spent on the highway due to 
congestion. Delay is estimated as the difference between vehicle hours 
traveled at a specified free- flow speed and vehicle hours traveled 
at a congested speed.

Vehicle Revenue Hours  The hours that a public transportation vehicle 
actually travels while in revenue service. Vehicle revenue hours include 
layover/recovery time, but exclude deadheading, operator training, vehicle 
maintenance testing, and school bus and charter services.

VHDD  Vehicle Hours of Daily Delay – Hours of delay attributed to congestion 
for vehicles each day.

Vision Zero Policy  A multi-national road traffic safety project that aims to 
achieve a highway system with no fatalities or serious injuries in road traffic. 
The policy was started in Sweden and was approved by their parliament 
in 1997. Since then, various countries (including the United States) have 
adopted the policy. 

VMT  Vehicle Miles Traveled – On roadways, a measurement of the total miles 
traveled by all vehicles in the area for a specified time period. It is calculated 
by the number of vehicles times the miles traveled in a given area or on a 
given roadway during the time period. In transit, the number of vehicle miles 
operated on a given route or line or network during a specified time period.

VRM  Vehicle Revenue Miles – The miles that a public transportation vehicle 
actually travels while in revenue service. Vehicle revenue miles include 
layover/recovery time, but exclude deadheading, operator training, vehicle 
maintenance testing, and school bus and charter services.

Z
ZEV  Zero Emissions Vehicles – Vehicles that produce no tailpipe emissions of 
criteria pollutants. Generally, ZEVs feature electric powertrains. Technically, 
ZEVs are still responsible for some greenhouse gas emissions, as the GHG 
content from the electricity generation must be accounted for. ZEVs include 
battery electric vehicles (BEV), plug-in electric hybrids (PHEV) when powered 
by the electric engine, and hydrogen fuel cell vehicles (FCV). 

PC ORIGINAL PKG



179PC ORIGINAL PKG



Connect SoCal180

DATA INDEX

Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy

PC ORIGINAL PKG



181Southern California Association of Governments

Ch Pg Name
2 17 INFOGRAPHIC Changing Age Demographics in the Region

2 18 FIGURE 2.1 Income by Quintile

2 19 FIGURE 2.2 Job Growth (in Thousands) and Automation Potential by 
Occupation, SCAG Region, 2016-2045

2 20 FIGURE 2.3 World & US Growth Rates of GDP, International Trade & 
Containerized Trade

2 22 FIGURE 2.4 Building Permit Activity & Household Size,  
SCAG Region, 2000-2018

2 23 TABLE 2.1 Recent Growth Trends in SCAG Growth Priority Areas, 
2008-2016

2 24 INFOGRAPHIC How We Travel Today (2016)

2 26 EXHIBIT 2.1 Existing Transit Network, 2016

2 27 EXHIBIT 2.2 Existing Bikeway Network, 2016

2 28 EXHIBIT 2.3 Existing Arterial System, 2016

2 29 EXHIBIT 2.4 Existing Goods Movement System

2 30 INFOGRAPHIC Focus: Regional Aviation

2 31 INFOGRAPHIC Focus: Goods Movement

2 33 INFOGRAPHIC Focus: Affordable Housing

2 34 EXHIBIT 2.5 Regional Land Use, 2016

2 35 EXHIBIT 2.6 Protected Areas in the SCAG Region

2 36 TABLE 2.2 Farmland Loss by County in Acres, 1984-2016

2 37 INFOGRAPHIC Focus: Transportation Safety

2 39 INFOGRAPHIC Focus: Public Health

2 40 FIGURE 2.5 Pavement Condition of State Highway System

2 40 FIGURE 2.6 Bridge Conditions in the SCAG Region, 2015

3 46 INFOGRAPHIC Core Vision Summary

3 47 INFOGRAPHIC Key Connections Summary

3 48 INFOGRAPHIC Core Vision: Sustainable Development

3 54 INFOGRAPHIC Key Connections: Housing Supportive Infrastructure

Ch Pg Name
3 57 FIGURE 3.1 System Management Pyramid

3 57 INFOGRAPHIC Core Vision: System Preservation & Resilience

3 59 INFOGRAPHIC Core Vision: Demand System Management

3 60 INFOGRAPHIC Key Connections: Go Zones

3 63 INFOGRAPHIC Core Vision: Transit Backbone

3 64 TABLE 3.1 Selected Transit Capital Projects

3 65 EXHIBIT 3.1 2045 Plan Transit Network

3 69 INFOGRAPHIC Core Vision: Complete Streets

3 70 INFOGRAPHIC Key Connections: Accelerated Electrification

3 73 EXHIBIT 3.2 Sample Major Highway Projects

3 74 TABLE 3.2 Sample Highway Projects

3 77 EXHIBIT 3.3 Planned Regional Express Lane Network

3 78 INFOGRAPHIC Core Vision: Goods Movement

3 79 TABLE 3.3 SCAG Region Airport Passenger Forecast  
for 2020–2045

3 82 INFOGRAPHIC Key Connections: Smart Cities & Job Centers

3 84 INFOGRAPHIC Key connections: Shared Mobility &  
Mobility as a Service

3 87 EXHIBIT 3.4 Priority Growth Areas & Growth Constraints

3 88 EXHIBIT 3.5 Priority Growth Area - Spheres of Influence

3 89 EXHIBIT 3.6 Priority Growth Area - Job Centers

3 90 EXHIBIT 3.7 Priority Growth Area - Transit Priority Areas

3 91 EXHIBIT 3.8 Priority Growth Area - High Quality Transit Areas

3 92 EXHIBIT 3.9 Priority Growth Area - Neighborhood  
Mobility Areas

3 93 EXHIBIT 3.10 Priority Growth Area - Livable Corridors

4 96 FIGURE 4.1 FY2021–FY2045 RTP/SCS Revenues, in Nominal Dollars

4 96 FIGURE 4.2 FY2021–FY2045 RTP/SCS Expenditures, in Nominal Dollars

PC ORIGINAL PKG



Connect SoCal182

Ch Pg Name
4 98 FIGURE 4.3 Historical Inflation Trends, Annual Inflation

4 98 FIGURE 4.4 Growth in Highway Capital Costs, Index Value

4 98 FIGURE 4.5 Status of the Federal Highway Trust Fund,  
$ Billions

4 100 TABLE 4.1 California SB 1 Fees & Funding Programs

4 100 FIGURE 4.6 Status of the State Highway Operation &  
Protection Program (SHOPP), Billions

4 101 TABLE 4.2 Multimodal System Preservation & Maintenance Needs,  
in Nominal Dollars, Billions

4 102 TABLE 4.3 Core Revenue Forecast FY2021–FY2045,  
in Nominal Dollars, Billions

4 103 FIGURE 4.7 Core Revenues, in Nominal Dollars

4 103 FIGURE 4.8 Core Revenues by County, in Nominal Dollars

4 104 FIGURE 4.9 Core Revenues, Local Sources, in Nominal Dollars

4 104 FIGURE 4.10 Core Revenues, State Sources, in Nominal Dollars

4 105 FIGURE 4.11 Core Revenues, Federal Sources, in Nominal Dollars

4 106 TABLE 4.4 New Revenue Sources & Innovative Financing Strategies, 
in Nominal Dollars, Billions

4 108 TABLE 4.5 Summary of Revenue Sources

4 112 TABLE 4.6.1 FY2021–FY2045 RTP/SCS Revenues,  
in Nominal Dollars, Billions

4 114 TABLE 4.6.2 FY2021–FY2045 RTP/SCS Expenditures,  
in Nominal Dollars, Billions

5 121 INFOGRAPHIC Connect SoCal Performance Profile

5 122 INFOGRAPHIC Connect SoCal Performance Results

5 123 TABLE 5.1 Connect SoCal Performance Measures & Results

5 129 FIGURE 5.1 Daily Vehicle Miles Traveled (VMT)  
per Capita by County

5 130 FIGURE 5.2 Daily Person Delay per Capita by County, Minutes

5 131 FIGURE 5.3 Daily Person-Hours of Delay, Thousands

5 131 FIGURE 5.4 Daily Heavy-Duty Truck Hours of Delay by Facility Type, 
Thousands

Ch Pg Name
5 132 FIGURE 5.5 Non-Recurrent Congestion Share by County

5 132 FIGURE 5.6 Work Trips Completed within 45 Minutes,  
PM Peak Period

5 133 TABLE 5.2 Transit Mode Share: 2045, Connect SoCal

5 137 TABLE 5.3 Connect SoCal Co-Benefits

5 139 INFOGRAPHIC GHG Reduction Targets for the SCAG Region

5 140 TABLE 5.4 2035 Greenhouse Gas Emission Reduction Calculation

5 146 TABLE 5.5 Environmental Justice Performance Measures

PC ORIGINAL PKG



183Southern California Association of Governments

TECHNICAL REPORTS 
Active Transportation
Aviation & Airport Ground Access
Congestion Management
Demographics & Growth Forecast
Economic & Job Creation Analysis
Emerging Technology
Environmental Justice
Goods Movement
Highways & Arterials
Natural & Farm Lands Conservation
Passenger Rail
Performance Measures
Project List
Public Health
Public Participation & Consultation
Sustainable Communities Strategy
Transit
Transportation Conformity Analysis
Transportation Finance
Transportation Safety & Security

PC ORIGINAL PKG



Connect SoCal184

ACKNOWLEDGEMENTS

Connect SoCal - The 2020-2045 Regional Transportation Plan/Sustainable Communities Strategy

PC ORIGINAL PKG



185Southern California Association of Governments

EXECUTIVE OFFICE
Executive Director 
Kome Ajise
Chief Strategy Officer 
Debbie Dillon
Chief Operating Officer 
Darin Chidsey
Sarah Miller  |  Brittany Webber

HUMAN RESOURCES
Carmen Flores, Manager
Negin Afarinesh  |  Nicole Katz  |  Renee Lutz

INTERNAL AUDITOR
Joshua Margraf 

OFFICE OF REGIONAL COUNCIL SUPPORT
Maggie Aguilar, Clerk of the Board
Peter Waggonner

ENTERPRISE PROJECT  
MANAGEMENT OFFICE
Debbie Dillon, Chief Strategy Officer
Daniel Allen  |  Mike Jones

LEGAL SERVICES
Justine Block, Acting Chief Counsel

PLANNING STRATEGY
Frank Wen, Manager 
Courtney Aguirre  |  Hannah Brunelle 
Andres Carrasquillo  |  Sarah Dominguez 
Dorothy Le Suchkova  |  Julia Lippe-Klein  |  Tom Vo

SUSTAINABILITY
Jason Greenspan, Manager
Grieg Asher  |  Kimberly Clark 
India Brookover  |  Joseph Cryer 
Lorianne Esturas  |  Lyle Janicek  |  Karla Verdesoto

TRANSPORTATION PLANNING & 
PROGRAMMING
Naresh Amatya, Manager
John Asuncion  |  Agustin Barajas  |  Hina Chanchlani 
Stephanie Chin  |  Pablo Gutierrez  |  Hiroshi Ishikawa 
Nancy Lo  |  Maria Lopez  |  Mariana Peterson 
Kana Sato-Nguyen

PLANNING & PROGRAMS
Sarah Jepson, Director
Marco Anderson  |  Ed Rodriguez  |  Linda Wheaton  

COMPLIANCE &  
PERFORMANCE MONITORING
Ping Chang, Manager
Giselle Armendariz  |  Anita Au  |  Karen Calderon 
Jazmine Estores  |  Michael Gainor  |  Meg Healy 
Alisha James  |  Ma’Ayn Johnson  |  Kevin Kane 
Rongsheng Luo  |  Roland Ok  |  Shannon McAlpine

GOODS MOVEMENT & 
TRANSPORTATION FINANCE
Annie Nam, Manager
Prithvi Deore  |  Jaimee Lederman 
Scott Strelecki  |  Alison Linder Wilkinson 
Stephen Yoon

MOBILITY PLANNING & MANAGEMENT
Philip Law, Manager

Tom Bellino  |  Stephen Fox 
Priscilla Freduah-Agyemang  |  Hannah Keyes  
Marisa Laderach  |  Cory Wilkerson 

MODELING & FORECASTING
Hsi-Hwa Hu, Manager
Javier Aguilar  |  Bayarmaa Aleksandr  |  Hao Cheng 
John Cho  |  Sungbin Cho  |  Hui Deng  |  Kihong Kim 
Cheol Ho Lee  |  Ellen Jisu Lee  |  Mengdi Li  |  Xiaoxiao Li 
Cheryl Liesing  |  Sreedhar Nambisan  |  Sung Ho Ryu 
Mana Sangkapichai  |  Jung Seo  |  JungA Uhm 
Ping Wang  |  Yang Wang  |  Ying Zhou  |  Xuanye Zuo 

PC ORIGINAL PKG



Connect SoCal186

POLICY & PUBLIC AFFAIRS
Art Yoon, Director
Perla Lopez  |  Linda Jones

LEGISLATION
Kevin Gilhooley, Manager
Melvin Sanchez  |  Estee Sepulveda  

MEDIA & PUBLIC AFFAIRS
Houston Laney, Lead – Internal & Website 
Communications
Ludlow Brown  |  Diana Chamberlain 
Daniela D’Elia
Margaret de Larios, Lead – External  
Communications & Media
Blake Brooks  |  Stephanie McGrath

REGIONAL SERVICES
Javiera Cartagena, Manager
Jonathan Hughes  |  Sarah Patterson  
David Salgado  |  Arnold San Miguel 
Rachel Wagner

INFORMATION TECHNOLOGY
Julie Shroyer, Chief Information Officer
Modesto Tojin

APPLICATION DEVELOPMENT & SUPPORT
Jonathan Holt, Manager
Leigh Guannu  |  Hamlet Garibyan  |  Sunggon Hong  
Gurpreet Kaur  |  Abhishek Sharma  |  Jianhong Sun 
Divya Sunkara

PROJECT MANAGEMENT
Sana Gautam, Lead IT Project Manager
Bianca Holmes

INFRASTRUCTURE & OPERATIONS
Emmanuel Figueroa, Manager
Joshua Miyakawa

FACILITIES
Tonia Reeves Jackson, Supervisor
Patricia Camacho  |  Anthony Ford

OPERATIONS
David Milner, Supervisor
Jennifer Martinez  |  Edward Venegas

FINANCE
Basil Panas, Chief Financial Officer
Carmen Summers

ACCOUNTING
Tom Philip, Manager
Debbie Chen  |  Judith Kim  | Tracey Kosasih  
Jimmy Lim  |  Carol Ng  |  Marion Russell  
Anthony Taylor  |  Yichin Wu

BUDGET & GRANTS
Erika Bustamante, Manager
Pontip Alferez  |  Fiona Ly 
Andrew Mora 

CONTRACTS
Leyton Morgan, Manager
Laura Aguilar  |  Marisa Blancarte 
Ted Dorjee  |  Sloane Hewitt 
Roslyn Lewis  |  Sandee Maheshwari  
Lori Tapp

PC ORIGINAL PKG



ADDITIONAL GRAPHIC  
DESIGN SERVICES
Victoria Chan  |  Sebabatso Matseletsele 
Allie Rae Treharne

SPECIAL THANKS
Jeff Liu  |  Tess Rey-Chaput

The information and content contained in this 
publication is provided without warranty of any 
kind, and the use of or reliance on any information 
or content contained herein shall be at the user’s 
sole risk. In no event shall SCAG be responsible or 
liable for any consequential, incidental or direct 
damages (including, but not limited to, damages 
for loss of profits, business interruption, or loss 
of programs or information) arising from or in 
connection with the use of or reliance on any 
information or content of this publication.

connectsocal.org

PC ORIGINAL PKG

http://connectsocal.org


Connect SoCal188

PL
EA

SE
 R

EC
YC

LE
 2

90
7 

20
20

.0
9.

23

REGIONAL OFFICES

IMPERIAL COUNTY
1503 North Imperial Ave., Ste.104  
El Centro, CA 92243  
Tel: (213) 236-1967

ORANGE COUNTY
OCTA Building  
600 South Main St., Ste. 741  
Orange, CA 92868  
Tel: (213) 236-1997

RIVERSIDE COUNTY
3403 10th St., Ste. 805  
Riverside, CA 92501  
Tel: (951) 784-1513

SAN BERNARDINO COUNTY  
1170 West 3rd St., Ste. 140  
San Bernardino, CA 92410  
Tel: (213) 236-1925 

VENTURA COUNTY
4001 Mission Oaks Blvd., Ste. L 
Camarillo, CA 93012 
Tel: (213) 236-1960 ADOPTED ON 

SEPTEMBER 3, 2020

MAIN OFFICE
900 Wilshire Blvd., Ste. 1700 
Los Angeles, CA 90017 
Tel: (213) 236-1800

connectsocal.orgPC ORIGINAL PKG

http://connectsocal.org


PC ORIGINAL PKG



PC ORIGINAL PKG



PC ORIGINAL PKG



Vol. 76 Thursday, 

No. 179 September 15, 2011 

Part II 

Environmental Protection Agency 
40 CFR Parts 85, 86, 600, et al. 

Department of Transportation 
National Highway Traffic Safety Administration 

49 CFR Parts 523, 534, and 535 
Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for 
Medium- and Heavy-Duty Engines and Vehicles; Final Rule 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00001 Fmt 4717 Sfmt 4717 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57106 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Parts 85, 86, 600, 1033, 1036, 
1037, 1039, 1065, 1066, and 1068 

DEPARTMENT OF TRANSPORTATION 

National Highway Traffic Safety 
Administration 

49 CFR Parts 523, 534, and 535 

[EPA–HQ–OAR–2010–0162; NHTSA–2010– 
0079; FRL–9455–1] 

RIN 2060–AP61; 2127–AK74 

Greenhouse Gas Emissions Standards 
and Fuel Efficiency Standards for 
Medium- and Heavy-Duty Engines and 
Vehicles 

AGENCY: Environmental Protection 
Agency (EPA) and National Highway 
Traffic Safety Administration (NHTSA), 
DOT. 
ACTION: Final Rules. 

SUMMARY: EPA and NHTSA, on behalf of 
the Department of Transportation, are 
each finalizing rules to establish a 
comprehensive Heavy-Duty National 
Program that will reduce greenhouse gas 
emissions and fuel consumption for on- 
road heavy-duty vehicles, responding to 
the President’s directive on May 21, 
2010, to take coordinated steps to 
produce a new generation of clean 
vehicles. NHTSA’s final fuel 
consumption standards and EPA’s final 
carbon dioxide (CO2) emissions 
standards are tailored to each of three 
regulatory categories of heavy-duty 
vehicles: Combination Tractors; Heavy- 
duty Pickup Trucks and Vans; and 
Vocational Vehicles. The rules include 
separate standards for the engines that 
power combination tractors and 
vocational vehicles. Certain rules are 
exclusive to the EPA program. These 
include EPA’s final hydrofluorocarbon 
standards to control leakage from air 
conditioning systems in combination 
tractors, and pickup trucks and vans. 
These also include EPA’s final nitrous 
oxide (N2O) and methane (CH4) 
emissions standards that apply to all 
heavy-duty engines, pickup trucks and 
vans. 

EPA’s final greenhouse gas emission 
standards under the Clean Air Act will 
begin with model year 2014. NHTSA’s 
final fuel consumption standards under 
the Energy Independence and Security 
Act of 2007 will be voluntary in model 
years 2014 and 2015, becoming 
mandatory with model year 2016 for 
most regulatory categories. Commercial 
trailers are not regulated in this phase 
of the Heavy-Duty National Program. 

The agencies estimate that the 
combined standards will reduce CO2 
emissions by approximately 270 million 
metric tons and save 530 million barrels 
of oil over the life of vehicles sold 
during the 2014 through 2018 model 
years, providing over $7 billion in net 
societal benefits, and $49 billion in net 
societal benefits when private fuel 
savings are considered. 

EPA is also finalizing provisions 
allowing light-duty vehicle 
manufacturers to use CO2 credits to 
meet the light-duty vehicle N2O and 
CH4 standards, technical amendments to 
the fuel economy provisions for light- 
duty vehicles, and a technical 
amendment to the criteria pollutant 
emissions requirements for certain 
switch locomotives. 
DATES: These final rules are effective on 
November 14, 2011. The incorporation 
by reference of certain publications 
listed in this regulation is approved by 
the Director of the Federal Register as of 
November 14, 2011. 
ADDRESSES: EPA and NHTSA have 
established dockets for this action under 
Docket ID No. EPA–HQ–OAR–2010– 
0162 and NHTSA–2010–0079, 
respectively. All documents in the 
docket are listed on the http:// 
www.regulations.gov Web site. Although 
listed in the index, some information is 
not publicly available, e.g., confidential 
business information or other 
information whose disclosure is 
restricted by statute. Certain other 
material, such as copyrighted material, 
is not placed on the Internet and will be 
publicly available only in hard copy 
form. Publicly available docket 
materials are available either 
electronically through http:// 
www.regulations.gov or in hard copy at 
the following locations: EPA: EPA 
Docket Center, EPA/DC, EPA West 

Building, 1301 Constitution Ave., NW., 
Room 3334, Washington, DC. The 
Public Reading Room is open from 8:30 
a.m. to 4:30 p.m., Monday through 
Friday, excluding legal holidays. The 
telephone number for the Public 
Reading Room is (202) 566–1744, and 
the telephone number for the Air Docket 
is (202) 566–1742. NHTSA: Docket 
Management Facility, M–30, U.S. 
Department of Transportation, West 
Building, Ground Floor, Rm. W12–140, 
1200 New Jersey Avenue, SE., 
Washington, DC 20590. The Docket 
Management Facility is open between 9 
a.m. and 5 p.m. Eastern Time, Monday 
through Friday, except Federal holidays. 

FOR FURTHER INFORMATION CONTACT: 
NHTSA: Lily Smith, Office of Chief 
Counsel, National Highway Traffic 
Safety Administration, 1200 New Jersey 
Avenue, SE., Washington, DC 20590. 
Telephone: (202) 366–2992. EPA: 
Lauren Steele, Office of Transportation 
and Air Quality, Assessment and 
Standards Division (ASD), 
Environmental Protection Agency, 2000 
Traverwood Drive, Ann Arbor, MI 
48105; telephone number: (734) 214– 
4788; fax number: (734) 214–4816; 
e-mail address: steele.lauren@epa.gov, 
or contact the Office of Transportation 
and Air Quality at 
OTAQPUBLICWEB@epa.gov. 

SUPPLEMENTARY INFORMATION:

A. Does this action apply to me? 

This action affects companies that 
manufacture, sell, or import into the 
United States new heavy-duty engines 
and new Class 2b through 8 trucks, 
including combination tractors, school 
and transit buses, vocational vehicles 
such as utility service trucks, as well as 
3⁄4-ton and 1-ton pickup trucks and 
vans. The heavy-duty category 
incorporates all motor vehicles with a 
gross vehicle weight rating of 8,500 
pounds or greater, and the engines that 
power them, except for medium-duty 
passenger vehicles already covered by 
the greenhouse gas emissions standards 
and corporate average fuel economy 
standards issued for light-duty model 
year 2012–2016 vehicles. Regulated 
categories and entities include the 
following: 

Category NAICS Code a Examples of potentially affected entities 

Industry .................................................... 336111 
336112 

Motor Vehicle Manufacturers, Engine and Truck Manufacturers. 

336120 
Industry .................................................... 541514 

811112 
Commercial Importers of Vehicles and Vehicle Components. 

811198 
Industry .................................................... 336111 Alternative Fuel Vehicle Converters. 

336112 
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1 Improving Energy Security, American 
Competitiveness and Job Creation, and 
Environmental Protection Through a 
Transformation of Our Nation’s Fleet of Cars And 
Trucks,’’ Issued May 21, 2010, published at 75 FR 
29399, May 26, 2010. 

2 The May 2010 Presidential Memorandum also 
directed EPA and NHTSA, in close coordination 
with the California Air Resources Board, to build 
on the National Program for 2012–2016 MY light- 
duty vehicles by developing and proposing 
coordinated light-duty vehicle standards for MY 
2017–2025. The agencies have taken an initial step 
in this process, releasing a Joint Notice of Intent and 

Continued 

Category NAICS Code a Examples of potentially affected entities 

422720 
454312 
541514 
541690 
811198 

Industry .................................................... 333618 
336510 

Manufacturers, remanufacturers and importers of locomotives and locomotive en-
gines. 

NOTE: 
a North American Industry Classification System (NAICS). 

This table is not intended to be 
exhaustive, but rather provides a guide 
for readers regarding entities likely 
covered by these rules. This table lists 
the types of entities that the agencies are 
aware may be regulated by this action. 
Other types of entities not listed in the 
table could also be regulated. To 
determine whether your activities are 
regulated by this action, you should 
carefully examine the applicability 
criteria in the referenced regulations. 
You may direct questions regarding the 
applicability of this action to the 
persons listed in the preceding FOR 
FURTHER INFORMATION CONTACT section. 

Table of Contents 

A. Does this action apply to me? 
I. Overview 

A. Introduction 
B. Building Blocks of the Heavy-Duty 

National Program 
C. Summary of the Final EPA and NHTSA 

HD National Program 
D. Summary of Costs and Benefits of the 

HD National Program 
E. Program Flexibilities 
F. EPA and NHTSA Statutory Authorities 
G. Future HD GHG and Fuel Consumption 

Rulemakings 
II. Final GHG and Fuel Consumption 

Standards for Heavy-Duty Engines and 
Vehicles 

A. What vehicles will be affected? 
B. Class 7 and 8 Combination Tractors 
C. Heavy-Duty Pickup Trucks and Vans 
D. Class 2b–8 Vocational Vehicles 
E. Other Standards 

III. Feasibility Assessments and Conclusions 
A. Class 7–8 Combination Tractor 
B. Heavy-Duty Pickup Trucks and Vans 
C. Class 2b–8 Vocational Vehicles 

IV. Final Regulatory Flexibility Provisions 
A. Averaging, Banking, and Trading 

Program 
B. Additional Flexibility Provisions 

V. NHTSA and EPA Compliance, 
Certification, and Enforcement 
Provisions 

A. Overview 
B. Heavy-Duty Pickup Trucks and Vans 
C. Heavy-Duty Engines 
D. Class 7 and 8 Combination Tractors 
E. Class 2b–8 Vocational Vehicles 
F. General Regulatory Provisions 
G. Penalties 

VI. How will this program impact fuel 
consumption, GHG emissions, and 
climate change? 

A. What methodologies did the agencies 
use to project GHG emissions and fuel 
consumption impacts? 

B. MOVES Analysis 
C. What are the projected reductions in 

fuel consumption and GHG emissions? 
D. Overview of Climate Change Impacts 

From GHG Emissions 
E. Changes in Atmospheric CO2 

Concentrations, Global Mean 
Temperature, Sea Level Rise, and Ocean 
pH Associated With the Program’s GHG 
Emissions Reductions 

VII. How will this final action impact non- 
ghg emissions and their associated 
effects? 

A. Emissions Inventory Impacts 
B. Health Effects of Non-GHG Pollutants 
C. Environmental Effects of Non-GHG 

Pollutants 
D. Air Quality Impacts of Non-GHG 

Pollutants 
VIII. What are the agencies’ estimated cost, 

economic, and other impacts of the final 
program? 

A. Conceptual Framework for Evaluating 
Impacts 

B. Costs Associated With the Final Program 
C. Indirect Cost Multipliers 
D. Cost per Ton of Emissions Reductions 
E. Impacts of Reduction in Fuel 

Consumption 
F. Class Shifting and Fleet Turnover 

Impacts 
G. Benefits of Reducing CO2 Emissions 
H. Non-GHG Health and Environmental 

Impacts 
I. Energy Security Impacts 
J. Other Impacts 
K. The Effect of Safety Standards and 

Voluntary Safety Improvements on 
Vehicle Weight 

L. Summary of Costs and Benefits 
M. Employment Impacts 

IX. Analysis of the Alternatives 
A. What are the alternatives that the 

agencies considered? 
B. How do these alternatives compare in 

overall GHG emissions reductions and 
fuel efficiency and cost? 

C. What is the agencies’ decision regarding 
trailer standards? 

X. Public Participation 
XI. NHTSA’s Record of Decision 

A. The Agency’s Decision 
B. Alternatives Considered by NHTSA in 

Reaching Its Decision, Including the 
Environmentally Preferable Alternative 

C. Factors Balanced by NHTSA in Making 
Its Decision 

D. How the Factors and Considerations 
Balanced by NHTSA Entered Into Its 
Decision 

E. The Agency’s Preferences Among 
Alternatives Based on Relevant Factors, 
Including Economic and Technical 
Considerations and Agency Statutory 
Missions 

F. Mitigation 
XII. Statutory and Executive Order Reviews 
XIII. Statutory Provisions and Legal 

Authority 
A. EPA 
B. NHTSA 

I. Overview 

A. Introduction 
EPA and NHTSA (‘‘the agencies’’) are 

announcing a first-ever program to 
reduce greenhouse gas (GHG) emissions 
and fuel consumption in the heavy-duty 
highway vehicle sector. This broad 
sector—ranging from large pickups to 
sleeper-cab tractors—together represent 
the second largest contributor to oil 
consumption and GHG emissions from 
the mobile source sector, after light-duty 
passenger cars and trucks. These are the 
second joint rules issued by the 
agencies, following on the April 1, 2010 
standards to sharply reduce GHG 
emissions and fuel consumption from 
MY 2012–2016 passenger cars and light 
trucks (published on May 7, 2010 at 75 
FR 25324). 

In a May 21, 2010 memorandum to 
the Administrators of EPA and NHTSA 
(and the Secretaries of Transportation 
and Energy), the President stated that 
‘‘America has the opportunity to lead 
the world in the development of a new 
generation of clean cars and trucks 
through innovative technologies and 
manufacturing that will spur economic 
growth and create high-quality domestic 
jobs, enhance our energy security, and 
improve our environment.’’ 1 2 In the 
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Initial Joint Technical Assessment Report in 
September 2010 (75 FR 62739), and a Supplemental 
Notice of Intent (75 FR 76337). The agencies plan 
to issue a full light-duty vehicle proposal to extend 
the National Program to MY 2017–2025 in 
September 2011. 

3 References in this preamble to ‘‘gasoline’’ 
engines (and the vehicles powered by them) 
generally include other Otto-cycle engines as well, 
such as those fueled by ethanol and natural gas, 
except in contexts that are clearly gasoline-specific. 

4 In this rulemaking, EPA and NHTSA use the 
term ‘‘truck’’ in a general way, referring to all 
categories of regulated heavy-duty highway vehicles 
(including buses). As such, the term is generally 
interchangeable with ‘‘heavy-duty vehicle.’’ 

5 Light-Duty Vehicle Greenhouse Gas Emission 
Standards and Corporate Average Fuel Economy 
Standards; Final Rule 75 FR 25323, May 7, 2010. 

May 2010 memorandum, the President 
specifically requested the 
Administrators of EPA and NHTSA to 
‘‘immediately begin work on a joint 
rulemaking under the Clean Air Act 
(CAA) and the Energy Independence 
and Security Act of 2007 (EISA) to 
establish fuel efficiency and greenhouse 
gas emissions standards for commercial 
medium-and heavy-duty on-highway 
vehicles and work trucks beginning 
with the 2014 model year (MY).’’ In this 
final rulemaking, each agency is 
addressing this Memorandum by 
adopting rules under its respective 
authority that together comprise a 
coordinated and comprehensive HD 
National Program designed to address 
the urgent and closely intertwined 
challenges of reduction of dependence 
on oil, achievement of energy security, 
and amelioration of global climate 
change. 

At the same time, the final program 
will enhance American competitiveness 
and job creation, benefit consumers and 
businesses by reducing costs for 
transporting goods, and spur growth in 
the clean energy sector. 

The HD National Program the 
agencies are finalizing today reflects a 
collaborative effort between the 
agencies, a range of public interest 
nongovernmental organizations (NGOs), 
the state of California and the regulated 
industry. At the time of the President’s 
announcement, a number of major HD 
truck and engine manufacturers 
representing the vast majority of this 
industry, and the California Air 
Resources Board (California ARB), sent 
letters to EPA and NHTSA supporting 
the creation of a HD National Program 
based on a common set of principles. In 
the letters, the stakeholders committed 
to working with the agencies and with 
other stakeholders toward a program 
consistent with common principles, 
including: 

Increased use of existing technologies 
to achieve significant GHG emissions 
and fuel consumption reductions; 

A program that starts in 2014 and is 
fully phased in by 2018; 

A program that works towards 
harmonization of methods for 
determining a vehicle’s GHG and fuel 
efficiency, recognizing the global nature 
of the issues and the industry; 

Standards that recognize the 
commercial needs of the trucking 
industry; and 

Incentives leading to the early 
introduction of advanced technologies. 

The final rules adopted today reflect 
these principles. The final HD National 
Program also builds on many years of 
heavy-duty engine and vehicle 
technology development to achieve 
what the agencies believe is the greatest 
degree of fuel consumption and GHG 
emission reduction appropriate, 
technologically and economically 
feasible, and cost-effective for model 
years 2014–2018. In addition to taking 
aggressive steps that are reasonably 
possible now, based on the 
technological opportunities and 
pathways that present themselves 
during these model years, the agencies 
and industry will also continue learning 
about emerging opportunities for this 
complex sector to further reduce fuel 
consumption and GHG emission 
through future regulatory steps. 

Similarly, the agencies will 
participate in efforts to improve our 
ability to accurately characterize the 
actual in-use fuel consumption and 
emissions of this complex sector. As 
technologies progress in the coming 
years and as the agencies improve the 
regulatory tools to evaluate real world 
vehicle performance, we expect that we 
will develop a second phase of 
regulations to reinforce these initial 
rules and achieve further reductions in 
GHG emissions and fuel consumption 
reduction for the mid- and longer-term 
time frame (beyond 2018). The agencies 
are committed to working with all 
interested stakeholders in this effort and 
to the extent possible working towards 
alignment with similar programs being 
developed in Canada, Mexico, Europe, 
China, and Japan. In doing so, we will 
continue to evaluate many of the 
structural and technical decisions we 
are making in today’s final action in the 
context of new technologies and the 
new regulatory tools that we expect to 
realize in the future. 

The regulatory program we are 
finalizing today is largely unchanged 
from the proposal the agencies made on 
November 30, 2010 (See 75 FR 741512). 
The structure of the program and the 
stringency of the standards are 
essentially the same as proposed. We 
have made a number of changes to the 
testing requirements and reporting 
requirements to provide greater 
regulatory certainty and better align the 
NHTSA and EPA portions of the 
program. In response to comments, we 
have also made some changes to the 
averaging, banking and trading (ABT) 
provisions of the program that will 
make implementation of this final 
program more flexible for 
manufacturers. We have added 

provisions to further encourage the 
development of advanced technologies 
and to provide a more straightforward 
mechanism to certify engines and 
vehicles using innovative technologies. 
Finally in response to comments, we 
have made some technical changes to 
our emissions compliance model that 
results in different numeric standards 
for both combination tractors and 
vocational vehicles to more accurately 
characterize emissions while 
maintaining the same overall stringency 
and therefore expected costs and 
benefits of the program. 

Heavy-duty vehicles move much of 
the nation’s freight and carry out 
numerous other tasks, including utility 
work, concrete delivery, fire response, 
refuse collection, and many more. 
Heavy-duty vehicles are primarily 
powered by diesel engines, although 
about 37 percent of these vehicles are 
powered by gasoline engines.3 Heavy- 
duty trucks 4 have long been an 
important part of the goods movement 
infrastructure in this country and have 
experienced significant growth over the 
last decade related to increased imports 
and exports of finished goods and 
increased shipping of finished goods to 
homes through Internet purchases. 

The heavy-duty sector is extremely 
diverse in several respects, including 
types of manufacturing companies 
involved, the range of sizes of trucks 
and engines they produce, the types of 
work the trucks are designed to perform, 
and the regulatory history of different 
subcategories of vehicles and engines. 
The current heavy-duty fleet 
encompasses vehicles from the ‘‘18- 
wheeler’’ combination tractors one sees 
on the highway to school and transit 
buses, to vocational vehicles such as 
utility service trucks, as well as the 
largest pickup trucks and vans. 

For purposes of this preamble, the 
term ‘‘heavy-duty’’ or ‘‘HD’’ is used to 
apply to all highway vehicles and 
engines that are not within the range of 
light-duty vehicles, light-duty trucks, 
and medium-duty passenger vehicles 
(MDPV) covered by the GHG and 
Corporate Average Fuel Economy 
(CAFE) standards issued for MY 2012– 
2016.5 It also does not include 
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6 The CAA defines heavy-duty as a truck, bus or 
other motor vehicles with a gross vehicle weight 
rating exceeding 6,000 pounds (CAA section 
202(b)(3)). The term HD as used in this action refers 
to a subset of these vehicles and engines. 

7 49 U.S.C. 32902(k)(2). ‘‘Commercial medium- 
and heavy-duty on-highway vehicles’’ are defined 
as on-highway vehicles with a gross vehicle weight 
rating of 10,000 pounds or more, while ‘‘work 
trucks’’ are defined as vehicles rated between 8,500 
and 10,000 pounds gross vehicle weight that are not 
MDPVs. See 49 U.S.C. 32901(a)(7) and (a)(19). 

8 See 49 U.S.C. 32902(k)(2), Note 7 above. 
9 In 2009 Source: EIA Annual Energy Outlook 

2010 released May 11, 2010. 

10 U.S. EPA. (2009). ‘‘Technical Support 
Document for Endangerment and Cause or 
Contribute Findings for Greenhouse Gases Under 
Section 202(a) of the Clean Air Act’’ Washington, 
DC, available at Docket: EPA–HQ–OAR–2009– 
0171–11645, and at http://epa.gov/climatechange/
endangerment.html. 

11 U.S. Environmental Protection Agency. 2009. 
Inventory of U.S. Greenhouse Gas Emissions and 
Sinks: 1990–2007. EPA 430–R–09–004. Available at 
http://epa.gov/climatechange/emissions/
downloads09/GHG2007entire_report-508.pdf. 

12 See Endangerment TSD, Note 10, above, at pp. 
180–194. 

13 U.S. Environmental Protection Agency. 2009. 
Inventory of U.S. Greenhouse Gas Emissions and 
Sinks: See Note 11, above. 

14 Pursuant to DOT Order 2100.2, NHTSA has 
docketed a memorandum recording those meetings 
that it attended and documents submitted by 
stakeholders which formed a basis for this action 
and which can be made publicly available in its 
docket for this rulemaking. DOT Order 2100.2 is 
available at http://www.reg-group.com/library/
DOT2100–2.PDF. 

motorcycles. Thus, in this rulemaking, 
unless specified otherwise, the heavy- 
duty category incorporates all vehicles 
with a gross vehicle weight rating above 
8,500 pounds, and the engines that 
power them, except for MDPVs.6 

The agencies proposed to cover all 
segments of the heavy-duty category 
above, except with respect to 
recreational vehicles (RVs or motor 
homes). We note that the Energy 
Independence and Security Act of 2007 
requires NHTSA to set standards for 
‘‘commercial medium- and heavy-duty 
on-highway vehicles and work trucks.’’ 7 
The standards that EPA is finalizing 
today cover recreational on-highway 
vehicles, while NHTSA proposed not to 
include recreational vehicles based on 
an interpretation of the term 
‘‘commercial medium- and heavy-duty 
on-highway commercial’’ vehicles. 
NHTSA stated in the NPRM that 
recreational vehicles are non- 
commercial, and therefore outside of the 
term and the scope of its rule. 

Oshkosh Corporation commented that 
this interpretation did not match the 
statutory definition of the term in EISA, 
which defines ‘‘commercial medium- 
and heavy-duty on-highway vehicle’’ by 
weight only,8 and that therefore the 
agency’s interpretation of the term 
should be explicitly broadened to 
include all vehicles, and more than only 
vehicles that are not engaged in 
interstate commerce as defined by the 
Federal Motor Carrier Safety 
Administration in 49 CFR part 202. 
Alternatively, Oshkosh suggested that if 
NHTSA followed the definition 
provided in EISA, which makes no 
direct reference to the concept of 
‘‘commercial,’’ there would be no 
logical reason to exclude RVs based on 
that definition. 

NHTSA has considered Oshkosh’s 
comment and reconsidered its 
interpretation that effectively read 
words into the statutory definition. 
Given the very wide variety of vehicles 
contained in the HD fleet, reading those 
words into the definition and thereby 
excluding certain types of vehicles 
could create illogical results, i.e., 
treating similar vehicles differently. 
Therefore, NHTSA will adhere to the 

statutory definition contained in EISA 
for this rulemaking. However, as RVs 
were not included by NHTSA in the 
proposed regulation in the NPRM, they 
are not within the scope and must be 
excluded in NHTSA’s portion of the 
final program. Accordingly, NHTSA 
will address this issue in the next 
rulemaking. However, as noted, RVs are 
subject to the CO2 standards for 
vocational vehicles. 

Setting fuel consumption standards 
for the heavy-duty sector, pursuant to 
NHTSA’s EISA authority, will also 
improve our energy and national 
security by reducing our dependence on 
foreign oil, which has been a national 
objective since the first oil price shocks 
in the 1970s. Net petroleum imports 
now account for approximately 49–51 
percent of U.S. petroleum consumption. 
World crude oil production is highly 
concentrated, exacerbating the risks of 
supply disruptions and price shocks as 
the recent unrest in North Africa and 
the Persian Gulf highlights. Recently, oil 
prices have been over $100 per barrel, 
gasoline and diesel fuel prices in excess 
of $4 per gallon, causing financial 
hardship for many families and 
businesses. The export of U.S. assets in 
exchange for oil imports continues to be 
an important component of the 
historically unprecedented U.S. trade 
deficits. Transportation accounts for 
about 72 percent of U.S. petroleum 
consumption. Heavy-duty vehicles 
account for about 17 percent of 
transportation oil use, which means that 
they alone account for about 12 percent 
of all U.S. oil consumption.9 

Setting GHG emissions standards for 
the heavy-duty sector will help to 
ameliorate climate change. The EPA 
Administrator found after a thorough 
examination of the scientific evidence 
on the causes and impact of current and 
future climate change, and careful 
review of public comments, that the 
science compellingly supports a 
positive finding that atmospheric 
concentrations of six greenhouse gases 
taken in combination result in air 
pollution which may reasonably be 
anticipated to endanger both public 
health and welfare and that the 
combined emissions of these 
greenhouse gases from new motor 
vehicles and engines contributes to the 
greenhouse gas air pollution that 
endangers public health and welfare. In 
her finding, the Administrator carefully 
studied and relied heavily upon the 
major findings and conclusions from the 
recent assessments of the U.S. Climate 
Change Science Program and the U.N. 

Intergovernmental Panel on Climate 
Change. 74 FR 66496, December 15, 
2009. As summarized in the Technical 
Support Document for EPA’s 
Endangerment and Cause or Contribute 
Findings under section 202(a) of the 
Clean Air Act, anthropogenic emissions 
of GHGs are very likely (a 90 to 99 
percent probability) the cause of most of 
the observed global warming over the 
last 50 years.10 Primary GHGs of 
concern are carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6). Mobile sources 
emitted 31 percent of all U.S. GHGs in 
2007 (transportation sources, which do 
not include certain off-highway sources, 
account for 28 percent) and have been 
the fastest-growing source of U.S. GHGs 
since 1990.11 Mobile sources addressed 
in EPA’s endangerment and 
contribution findings under CAA 
section 202(a)—light-duty vehicles, 
heavy-duty trucks, buses, and 
motorcycles—accounted for 23 percent 
of all U.S. GHG emissions in 2007.12 
Heavy-duty vehicles emit CO2, CH4, 
N2O, and HFCs and are responsible for 
nearly 19 percent of all mobile source 
GHGs (nearly 6 percent of all U.S. 
GHGs) and about 25 percent of section 
202(a) mobile source GHGs. For heavy- 
duty vehicles in 2007, CO2 emissions 
represented more than 99 percent of all 
GHG emissions (including HFCs).13 

In developing this HD National 
program, the agencies have worked with 
a large and diverse group of 
stakeholders representing truck and 
engine manufacturers, trucking fleets, 
environmental organizations, and states 
including the State of California.14 
Further, it is our expectation based on 
our ongoing work with the State of 
California that the California ARB will 
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15 However, as discussed below, in addition to 
addressing CO2, the EPA’s final standards also 
include provisions to address other GHGs (nitrous 
oxide, methane, and air conditioning refrigerant 
emissions). See Section II. 

16 Prior to or at the same time that a manufacturer 
submits its first application for a certificate of 
conformity; See Section V below. 

17 In contrast, light-duty standards must remain in 
place for ‘‘at least 1, but not more than 5, model 
years.’’ 23902(b)(3)(B). 

be able to adopt regulations equivalent 
in practice to those of this HD National 
Program, just as it has done for past EPA 
regulation of heavy-duty trucks and 
engines. NHTSA and EPA have been 
working with California ARB to enable 
that outcome. 

In light of the industry’s diversity, 
and consistent with the 
recommendations of the National 
Academy of Sciences (NAS) as 
discussed further below, the agencies 
are adopting a HD National Program that 
recognizes the different sizes and work 
requirements of this wide range of 
heavy-duty vehicles and their engines. 
NHTSA’s final fuel consumption 
standards and EPA’s final GHG 
standards apply to manufacturers of the 
following types of heavy-duty vehicles 
and their engines; the final provisions 
for each of these are described in more 
detail below in this section: 

• Heavy-duty Pickup Trucks and 
Vans. 

• Combination Tractors. 
• Vocational Vehicles. 
As in the light-duty 2012–2016 MY 

vehicle rule, EPA’s and NHTSA’s final 
standards for the heavy-duty sector are 
largely harmonized with one another 
due to the close and direct relationship 
between improving the fuel efficiency of 
these vehicles and reducing their CO2 
tailpipe emissions. For all vehicles that 
consume carbon-based fuels, the 
amount of CO2 exhaust emissions is 
essentially constant per gallon for a 
given type of fuel that is consumed. The 
more efficient a heavy-duty truck is in 
completing its work, the lower its 
environmental impact will be, because 
the less fuel consumed to move cargo a 
given distance, the less CO2 that truck 
emits directly into the air. The 
technologies available for improving 
fuel efficiency, and therefore for 
reducing both CO2 emissions and fuel 
consumption, are one and the same.15 
Because of this close technical 
relationship, NHTSA and EPA have 
been able to rely on jointly-developed 
assumptions, analyses, and analytical 
conclusions to support the standards 
and other provisions that NHTSA and 
EPA are adopting under our separate 
legal authorities. 

This program is based on standards 
for direct exhaust emissions from 
engines and vehicles. In characterizing 
the overall emissions impacts, benefits 
and costs of the program, analyses of air 
pollutant emissions from upstream 
sources have been conducted. In this 

action, the agencies use the term 
upstream to include emissions from the 
production and distribution of fuel. A 
summary of the analysis of upstream 
emissions can be found in Section VI.C 
of this preamble, and further details are 
available in Chapter 5 of the RIA. 

The timelines for the implementation 
of the final NHTSA and EPA standards 
are also closely coordinated. EPA’s final 
GHG emission standards will begin in 
model year 2014. In order to provide for 
the four full model years of regulatory 
lead time required by EISA, as 
discussed in Section 0 below, NHTSA’s 
final fuel consumption standards will be 
voluntary in model years 2014 and 
2015, becoming mandatory in model 
year 2016, except for diesel engine 
standards which will be voluntary in 
model years 2014, 2015 and 2016, 
becoming mandatory in model year 
2017. Both agencies are also allowing 
for early compliance in model year 
2013. A detailed discussion of how the 
final standards are consistent with each 
agency’s respective statutory 
requirements and authorities is found 
later in this preamble. 

Allison Transmission stated that 
sufficient time must be taken before 
issuing the final rules in order to ensure 
that the standards are supportable. As 
explained in Sections II and III below, 
as well as in the RIA, the agencies 
believe there is sufficient lead time to 
meet all of the standards adopted in 
today’s rules. For those areas for which 
the agencies have determined that 
insufficient time is available to develop 
appropriate standards, such as for 
trailers, the agencies are not including 
regulations as part of this initial 
program. 

NHTSA received several comments 
related to the timing of the 
implementation of its fuel consumption 
standards. The Engine Manufacturers 
Association (EMA), the National 
Automobile Dealers Association 
(NADA), The Volvo Group (Volvo), and 
Navistar argued that the timing of 
NHTSA’s standards violated the lead 
time requirement of 49 U.S.C. 
32902(k)(3)(A), which states that 
standards under the new medium- and 
heavy-duty program shall have ‘‘not less 
than 4 full model years of regulatory 
lead-time.’’ The commenters seemed to 
interpret the voluntary program as the 
imposition of regulation upon industry. 
NADA described NHTSA’s standards 
during the voluntary period as 
‘‘mandates.’’ 

NHTSA has reviewed this issue and 
believes that the regulatory schedule is 
consistent with the lead time 
requirement of Section 32902(k)(3). To 
clarify, NHTSA will not be imposing a 

mandatory regulatory program until 
2016, and none of the voluntary 
standards will be ‘‘mandates.’’ As 
described in later sections, the 
voluntary standards would only apply 
to a manufacturer if it makes the 
voluntary and affirmative choice to opt- 
in to the program. 16 Mandatory NHTSA 
standards will first come into effect in 
2016, giving industry four full years of 
lead time with the NHTSA fuel 
consumption standards. 

EMA, NADA, and Navistar also 
argued that the proposed standards 
would violate the stability requirement 
of 49 U.S.C. 32902(k)(3)(B), which states 
that they shall have ‘‘not less than 3 full 
model years of regulatory stability.’’ 
EMA stated that since there are HD 
emission standards taking effect in 
2013, the 2014 implementation date for 
this rule would violate the stability 
requirements. NADA argued that the 
MY 2014–2017/2018 phase-in period 
was inadequate to fulfill the stability 
requirement. 

Congress has not spoken directly to 
the meaning of the words ‘‘regulatory 
stability.’’ NHTSA believes that the 
‘‘regulatory stability’’ requirement exists 
to ensure that manufacturers will not be 
subject to new standards in repeated 
rulemakings too rapidly, given that 
Congress did not include a minimum 
duration period for the MD/HD 
standards.17 NHTSA further believes 
that standards, which as set provide for 
increasing stringency during the period 
that the standards are applicable under 
this rule to be the maximum feasible 
during the regulatory period, are within 
the meaning of the statute. In this 
statutory context, NHTSA interprets the 
phrase ‘‘regulatory stability’’ in Section 
32902(k)(3)(B) as requiring that the 
standards remain in effect for three 
years before they may be increased by 
amendment. It does not prohibit 
standards which contain pre- 
determined stringency increases. 

As laid out in Section II below, 
NHTSA’s final standards follow 
different phase-in schedules based on 
differences between the regulatory 
categories. Consistent with NHTSA’s 
statutory obligation to implement a 
program designed to achieve the 
maximum feasible fuel efficiency 
improvement, the standards increase in 
stringency based upon increasing fleet 
penetration rates for the available 
technologies. The NPRM proposed 
phase-in schedules aligned with EPA’s, 
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some of which followed pre-determined 
stringency increases. The NPRM also 
noted that NHTSA was considering 
alternate standards that would not 
change in stringency during the time 
frame when the regulations are effective 
for those standards that increased 
throughout the mandatory program. As 
described in Section II below, the final 
rule includes the proposed alternate 
standards for those standards that 
follow such a stringency phase-in path. 
Therefore, NHTSA believes that the 
final rule provides ample stability for 
each standard. 

Each standard, associated phase-in 
schedule, and alternative standard 
implemented by this final rule was 
noticed in the NPRM. Those fuel 
consumption standards that become 
mandatory in 2017 will remain in effect 
through at least 2019. This further 
ensures that the fuel consumption 
standards in this rule will remain in 
effect for at least three years, providing 
the statutorily-mandated three full years 
of regulatory stability, and ensuring that 
manufacturers will not be subject to 
new or amended standards too rapidly. 
(The greenhouse gas emission standards 
remain in effect unless and until 
amended in all later model years in any 
case.) Therefore, NHTSA believes the 
commenters’ concern about regulatory 
stability is addressed in the structure of 
the rule. 

Neither EPA nor NHTSA is adopting 
standards at this time for GHG 
emissions or fuel consumption, 
respectively, for heavy-duty commercial 
trailers or for vehicles or engines 
manufactured by small businesses. The 
agencies recognize that aerodynamic 
and tire rolling resistance improvements 
to trailers represent a significant 
opportunity to reduce fuel consumption 
and GHGs as evidenced, among other 
things, by the work of the EPA 
SmartWay program. While we are 
deferring action today on setting trailer 
standards, the agencies are committed to 
moving forward to create a regulatory 
program for trailers that would 
complement the current vehicle 
program. See Section IX for more details 
on the agencies’ decisions regarding 
trailers, and Sections II and XII for more 
details on the agencies’ decisions 
regarding small businesses. 

The agencies have analyzed in detail 
the projected costs, fuel savings, and 
benefits of the final GHG and fuel 
consumption standards. Table I–1 
shows estimated lifetime discounted 
program costs (including technological 
outlays), fuel savings, and benefits for 
all heavy-duty vehicles projected to be 
sold in model years 2014–2018 over 
these vehicles’ lives. Section I.D 

includes additional information about 
this analysis. 

TABLE I–1—ESTIMATED LIFETIME DIS-
COUNTED COSTS, FUEL SAVINGS, 
BENEFITS, AND NET BENEFITS FOR 
2014–2018 MODEL YEAR HEAVY- 
DUTY VEHICLES a b 

[Billions, 2009$] 

Lifetime Present Value c—3% Discount 
Rate 

Program Costs .................................. $8.1 
Fuel Savings ..................................... 50 
Benefits ............................................. 7.3 
Net Benefitsd .................................... 49 

Annualized Value e—3% Discount Rate 

Annualized Costs .............................. 0.4 
Fuel Savings ..................................... 2.2 
Annualized Benefits .......................... 0.4 
Net Benefits d .................................... 2.2 

Lifetime Present Value c—7% Discount 
Rate 

Program Costs .................................. 8.1 
Fuel Savings ..................................... 34 
Benefits ............................................. 6.7 
Net Benefits d .................................... 33 

Annualized Value e—7% Discount Rate 

Annualized Costs .............................. 0.6 
Fuel Savings ..................................... 2.6 
Annualized Benefits .......................... 0.5 
Net Benefits d .................................... 2.5 

Notes: 
a The agencies estimated the benefits asso-

ciated with four different values of a one ton 
CO2 reduction (model average at 2.5% dis-
count rate, 3%, and 5%; 95th percentile at 
3%), which each increase over time. For the 
purposes of this overview presentation of esti-
mated costs and benefits, however, we are 
showing the benefits associated with the mar-
ginal value deemed to be central by the inter-
agency working group on this topic: the model 
average at 3% discount rate, in 2009 dollars. 
Section VIII.F provides a complete list of val-
ues for the 4 estimates. 

b Note that net present value of reduced 
GHG emissions is calculated differently than 
other benefits. The same discount rate used to 
discount the value of damages from future 
emissions (SCC at 5, 3, and 2.5 percent) is 
used to calculate net present value of SCC for 
internal consistency. Refer to Section VIII.F for 
more detail. 

c Present value is the total, aggregated 
amount that a series of monetized costs or 
benefits that occur over time is worth now (in 
year 2009 dollar terms), discounting future val-
ues to the present. 

d Net benefits reflect the fuel savings plus 
benefits minus costs. 

e The annualized value is the constant an-
nual value through a given time period (2012 
through 2050 in this analysis) whose summed 
present value equals the present value from 
which it was derived. 

B. Building Blocks of the Heavy-Duty 
National Program 

The standards that are being adopted 
in this notice represent the first time 
that NHTSA and EPA are regulating the 
heavy-duty sector for fuel consumption 
and GHG emissions, respectively. The 
HD National Program is rooted in EPA’s 
prior regulatory history, the SmartWay® 
Transport Partnership program, and 
extensive technical and engineering 
analyses done at the federal level. This 
section summarizes some of the most 
important of these precursors and 
foundations for this HD National 
Program. 

(1) EPA’s Traditional Heavy-Duty 
Regulatory Program 

Since the 1980s, EPA has acted 
several times to address tailpipe 
emissions of criteria pollutants and air 
toxics from heavy-duty vehicles and 
engines. During the last 18 years, these 
programs have primarily addressed 
emissions of particulate matter (PM) and 
the primary ozone precursors, 
hydrocarbons (HC) and oxides of 
nitrogen (NOX). These programs have 
successfully achieved significant and 
cost-effective reductions in emissions 
and associated health and welfare 
benefits to the nation. They have been 
structured in ways that account for the 
varying circumstances of the engine and 
truck industries. As required by the 
CAA, the emission standards 
implemented by these programs include 
standards that apply at the time that the 
vehicle or engine is sold as well as 
standards that apply in actual use. As a 
result of these programs, new vehicles 
meeting current emission standards will 
emit 98 percent less NOX and 99 percent 
less PM than new trucks 20 years ago. 
The resulting emission reductions 
provide significant public health and 
welfare benefits. The most recent EPA 
regulations which were fully phased-in 
in 2010, the monetized health and 
welfare benefits alone are projected to 
be greater than $70 billion in 2030— 
benefits far exceeding compliance costs 
and not including the unmonetized 
benefits resulting from reductions in air 
toxics and ozone precursors (66 FR 
5002, January 18, 2001). 

EPA’s overall program goal has 
always been to achieve emissions 
reductions from the complete vehicles 
that operate on our roads. The agency 
has often accomplished this goal for 
many heavy-duty truck categories 
through the regulation of heavy-duty 
engine emissions. A key part of this 
success has been the development over 
many years of a well-established, 
representative, and robust set of engine 
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18 Factors and Considerations for Establishing a 
Fuel Efficiency Regulatory Program for Commercial 
Medium- and Heavy-Duty Vehicles, October 2010, 
available at http://www.nhtsa.gov/staticfiles/ 
rulemaking/pdf/cafe/NHTSA_Study_Trucks.pdf. 

19 In the context of 49 U.S.C. 32902(k), NHTSA 
interprets ‘‘fuel economy standards’’ as referring not 
specifically to miles per gallon, as in the light-duty 
vehicle context, but instead more broadly to 

account as accurately as possible for MD/HD fuel 
efficiency. While it is a metric that NHTSA 
considered for setting MD/HD fuel efficiency 
standards, the agency recognizes that miles per 
gallon may not be an appropriate metric given the 
work that MD/HD vehicles are manufactured to do. 
NHTSA is thus finalizing alternative metrics as 
discussed further below. 

20 49 U.S.C. 32902(f) states that ‘‘When deciding 
maximum feasible average fuel economy under this 
section, [NHTSA] shall consider technological 
feasibility, economic practicability, the effect of 
other motor vehicle standards of the Government on 
fuel economy, and the need of the United States to 
conserve energy.’’ 

21 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
‘‘Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles,’’ (hereafter, ‘‘NAS Report’’). Washington, 
DC, The National Academies Press. Available 
electronically from the National Academies Press 
Website at http://www.nap.edu/ 
catalog.php?record_id=12845 (last accessed 
September 10, 2010). 

test procedures that industry and EPA 
now routinely use to measure emissions 
and determine compliance with 
emission standards. These test 
procedures in turn serve the overall 
compliance program that EPA 
implements to help ensure that 
emissions reductions are being 
achieved. By isolating the engine from 
the many variables involved when the 
engine is installed and operated in a HD 
vehicle, EPA has been able to accurately 
address the contribution of the engine 
alone to overall emissions. The agencies 
discuss below how the final program 
incorporates the existing engine-based 
approach used for criteria pollutant 
regulations, as well as new vehicle- 
based approaches. 

(2) NHTSA’s Responsibilities To 
Regulate Heavy-Duty Fuel Efficiency 
under EISA 

With the passage of the EISA in 
December 2007, Congress laid out a 
framework developing the first fuel 
efficiency regulations for HD vehicles. 
As codified at 49 U.S.C. 32902(k), EISA 
requires NHTSA to develop a regulatory 
system for the fuel efficiency of 
commercial medium-duty and heavy- 
duty on-highway vehicles and work 
trucks in three steps: a study by NAS, 
a study by NHTSA,18 and a rulemaking 
to develop the regulations themselves. 

Specifically, section 102 of EISA, 
codified at 49 U.S.C. 32902(k)(2), states 
that not later than two years after 
completion of the NHTSA study, DOT 
(by delegation, NHTSA), in consultation 
with the Department of Energy (DOE) 
and EPA, shall develop a regulation to 
implement a ‘‘commercial medium-duty 
and heavy-duty on-highway vehicle and 
work truck fuel efficiency improvement 
program designed to achieve the 
maximum feasible improvement.’’ 
NHTSA interprets the timing 
requirements as permitting a regulation 
to be developed earlier, rather than as 
requiring the agency to wait a specified 
period of time. 

Congress specified that as part of the 
‘‘HD fuel efficiency improvement 
program designed to achieve the 
maximum feasible improvement,’’ 
NHTSA must adopt and implement: 

Appropriate test methods; 
Measurement metrics; 
Fuel economy standards; 19 and 

Compliance and enforcement 
protocols. 

Congress emphasized that the test 
methods, measurement metrics, 
standards, and compliance and 
enforcement protocols must all be 
appropriate, cost-effective, and 
technologically feasible for commercial 
medium-duty and heavy-duty on- 
highway vehicles and work trucks. 
NHTSA notes that these criteria are 
different from the ‘‘four factors’’ of 49 
U.S.C. 32902(f) 20 that have long 
governed NHTSA’s setting of fuel 
economy standards for passenger cars 
and light trucks, although many of the 
same issues are considered under each 
of these provisions. 

Congress also stated that NHTSA may 
set separate standards for different 
classes of HD vehicles, which the 
agency interprets broadly to allow 
regulation of HD engines in addition to 
HD vehicles, and provided requirements 
new to 49 U.S.C. 32902 in terms of 
timing of regulations, stating that the 
standards adopted as a result of the 
agency’s rulemaking shall provide not 
less than four full model years of 
regulatory lead time, and three full 
model years of regulatory stability. 

(3) National Academy of Sciences 
Report on Heavy-Duty Technology 

In April 2010 as mandated by 
Congress in EISA, the National Research 
Council (NRC) under NAS issued a 
report to NHTSA and to Congress 
evaluating medium-duty and heavy- 
duty truck fuel efficiency improvement 
opportunities, titled ‘‘Technologies and 
Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy- 
duty Vehicles.’’ 21 This study covers the 
same universe of heavy-duty vehicles 
that is the focus of this final 

rulemaking—all highway vehicles that 
are not light-duty, MDPVs, or 
motorcycles. The agencies have 
carefully evaluated the research 
supporting this report and its 
recommendations and have 
incorporated them to the extent 
practicable in the development of this 
rulemaking. 

The NAS report is far reaching in its 
review of the technologies that are 
available and which may become 
available in the future to reduce fuel 
consumption from medium and heavy- 
duty vehicles. In presenting the full 
range of technical opportunities the 
report includes technologies which may 
not be available until 2020 or even 
further into the future. As such, the 
report provides not only a valuable list 
of off the shelf technologies from which 
the agencies have drawn in developing 
this near-term 2014–2018 program 
consistent with statutory authorities and 
with the set of principles set forth by the 
President, but the report also provides a 
road map the agencies can use as we 
look to develop future regulations for 
this sector. A review of the technologies 
in the NAS report makes clear that there 
are not only many technologies readily 
available today to achieve important 
reductions in fuel consumption, like the 
ones we used in developing the 2014– 
2018 program, but there are also great 
opportunities for even larger reductions 
in the future through the development 
of advanced hybrid drive systems and 
sophisticated engine technologies such 
as Rankine waste heat recovery. The 
agencies will again make extensive use 
of this report when we move forward to 
develop the next phase of regulations 
for medium and heavy-duty vehicles. 

Allison Transmission commented that 
NHTSA (implicitly, both agencies) had 
improperly relied on the NAS report 
and failed to do sufficient independent 
analysis, which Allison claimed did not 
meet the statutory obligation to provide 
an adequate basis for the rule. First, an 
agency does not improperly delegate its 
authority or judgment merely by using 
work performed by outside parties as 
the factual basis for its decision making. 
See U.S. Telecom Ass’n v. FCC, 359 
F.3d 554, 568 (DC Cir. 2004); United 
Steelworkers of Am. v. Marshall, 647 
F.2d 1189, 1216–17 (DC Cir. 1980). 
Here, although EPA and NHTSA 
carefully considered the NAS report, the 
agencies’ consideration and use of the 
report was not uncritical and the 
agencies exercised reasonable 
independent judgment in developing 
the proposed and final rules. Consistent 
with EISA’s direction, NAS submitted a 
report evaluating MD/HD fuel economy 
standards to NHTSA in March of 2010. 
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22 The term ‘‘brake power’’ refers to engine torque 
and power as measured at the interface between the 
engine’s output shaft and the dynamometer. This 
contrasts with ‘‘indicated power’’, which is a 
calculated value based on the pressure dynamics in 
the combustion chamber, not including internal 
losses that occur due to friction and pumping work. 
Since the measurement procedure inherently 
measures brake torque and power, the final 
regulations refer simply to g/hp-hr. This is 
consistent with EPA’s other emission control 
programs, which generally include standards in g/ 
kW-hr. 

Indeed, many commenters argued that 
the agencies should have adopted more 
of the NAS report recommendations. 
The agencies reviewed the findings and 
recommendations of the NAS report 
when developing the proposed rules, as 
was clearly intended by Congress, but 
also conducted an independent study, 
as described throughout the record to 
the proposal and summarized in Section 
X of the NPRM, 75 FR at 74351–56. In 
conducting its analysis of the NAS 
report, the agencies found that several 
key recommendations, such as the use 
of fuel efficiency metrics, were the best 
approach to implementing the new 
program. However, the agencies rejected 
other recommendations of the NAS 
report, for example, by proposing 
separate regulation of engines and 
vehicles and the regulation of large 
manufacturers. 

(4) The NHTSA and EPA Light-Duty 
National GHG and Fuel Economy 
Program 

On May 7, 2010, EPA and NHTSA 
finalized the first-ever National Program 
for light-duty cars and trucks, which set 
GHG emissions and fuel economy 
standards for model years 2012–2016 
(See 75 FR 25324). The agencies have 
used the light-duty National Program as 
a model for this final HD National 
Program in many respects. This is most 
apparent in the case of heavy-duty 
pickups and vans, which are very 
similar to the light-duty trucks 
addressed in the light-duty National 
Program both technologically as well as 
in terms of how they are manufactured 
(i.e., the same company often makes 
both the vehicle and the engine). For 
these vehicles, there are close parallels 
to the light-duty program in how the 
agencies have developed our respective 
final standards and compliance 
structures, although, as discussed 
below, the technologies applied to light- 
duty trucks are not invariably applicable 
to heavy-duty pickups and vans at the 
same penetration rates in the lead time 
afforded in this heavy-duty action. 
Another difference is that each agency 
adopts standards based on attributes 
other than vehicle footprint, as 
discussed below. 

Due to the diversity of the remaining 
HD vehicles, there are fewer parallels 
with the structure of the light-duty 
program. However, the agencies have 
maintained the same collaboration and 
coordination that characterized the 
development of the light-duty program. 
Most notably, as with the light-duty 
program, manufacturers will be able to 
design and build vehicles to meet a 
closely coordinated, harmonized 
national program, and avoid 

unnecessarily duplicative testing and 
compliance burdens. 

(5) EPA’s SmartWay Program 
EPA’s voluntary SmartWay Transport 

Partnership program encourages 
shipping and trucking companies to 
take actions that reduce fuel 
consumption and CO2 by working with 
the shipping community and the freight 
sector to identify low carbon strategies 
and technologies, and by providing 
technical information, financial 
incentives, and partner recognition to 
accelerate the adoption of these 
strategies. Through the SmartWay 
program, EPA has worked closely with 
truck manufacturers and truck fleets to 
develop test procedures to evaluate 
vehicle and component performance in 
reducing fuel consumption and has 
conducted testing and has established 
test programs to verify technologies that 
can achieve these reductions. Over the 
last six years, EPA has developed 
hands-on experience testing the largest 
heavy-duty trucks and evaluating 
improvements in tire and vehicle 
aerodynamic performance. In 2010, 
according to vehicle manufacturers, 
approximately five percent of new 
combination heavy-duty trucks will 
meet the SmartWay performance criteria 
demonstrating that they represent the 
pinnacle of current heavy-duty truck 
reductions in fuel consumption. 

In developing this HD National 
Program, the agencies have drawn from 
the SmartWay experience, as discussed 
in detail both in Sections II and III 
below (e.g., developing test procedures 
to evaluate trucks and truck 
components) but also in the RIA 
(estimating performance levels from the 
application of the best available 
technologies identified in the SmartWay 
program). These technologies provide 
part of the basis for the GHG emission 
and fuel consumption standards in this 
rulemaking for certain types of new 
heavy-duty Class 7 and 8 combination 
tractors. 

In addition to identifying 
technologies, the SmartWay program 
includes operational approaches that 
truck fleet owners as well as individual 
drivers and their freight customers can 
incorporate, that the NHTSA and EPA 
believe will complement the final 
standards. These include such 
approaches as improved logistics and 
driver training, as discussed in the RIA. 
This approach is consistent with the one 
of the three alternative approaches that 
the NAS recommended be considered. 
The three approaches were raising fuel 
taxes, relaxing truck size and weight 
restrictions, and encouraging incentives 
to disseminate information to inform 

truck drivers about the relationship 
between driving behavior and fuel 
savings. Taxes and truck size and 
weight limits are mandated by public 
law; as such, these options are outside 
EPA’s and NHTSA’s authority to 
implement. However, complementary 
operational measures like driver 
training, which SmartWay does 
promote, can complement the final 
standards and also provide benefits for 
the existing truck fleet, furthering the 
public policy objectives of addressing 
energy security and climate change. 

(6) Environment Canada 

The Government of Canada’s 
Department of the Environment 
(Environment Canada) assisted EPA’s 
development of this rulemaking by 
conducting emissions testing of heavy- 
duty vehicles at their test facilities to 
gather data on a range of possible test 
cycles, and to evaluate the impact of 
certain emissions reduction 
technologies. Environment Canada also 
facilitated the evaluation of heavy-duty 
vehicle aerodynamic properties at 
Canada’s National Research Council 
wind tunnel, and during coastdown 
testing. 

We expect the technical collaboration 
with Environment Canada to continue 
as we implement testing and 
compliance verification procedures for 
this rulemaking. We may also begin to 
develop a knowledge base enabling 
improvement upon this regulatory 
framework for model years beyond 2018 
(for example, improvements to the 
means of demonstrating compliance). 
We also expect to continue our 
collaboration with Environment Canada 
on compliance issues. 

Collaboration with Environment 
Canada is taking place under the 
Canada-U.S. Air Quality Committee. 

C. Summary of the Final EPA and 
NHTSA HD National Program 

When EPA first addressed emissions 
from heavy-duty trucks in the 1980s, it 
established standards for engines, based 
on the amount of work performed 
(grams of pollutant per unit of work, 
expressed as grams per brake 
horsepower-hour or g/bhp-hr).22 This 
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23 GVWR describes the maximum load that can be 
carried by a vehicle, including the weight of the 
vehicle itself. Heavy-duty vehicles also have a gross 
combined weight rating (GCWR), which describes 
the maximum load that the vehicle can haul, 

including the weight of a loaded trailer and the 
vehicle itself. 

24 Class 2b vehicles designed as passenger 
vehicles (Medium Duty Passenger Vehicles, 

MDPVs) are covered by the light-duty GHG and fuel 
economy standards and not addressed in this 
rulemaking. 

approach recognized the fact that engine 
characteristics are the dominant 
determinant of the types of emissions 
generated, and engine-based 
technologies (including exhaust 
aftertreatment systems) need to be the 
focus for addressing those emissions. 
Vehicle-based technologies, in contrast, 
have less influence on overall truck 
emissions of the pollutants that EPA has 
regulated in the past. The engine testing 
approach also recognized the relatively 
small number of distinct heavy-duty 
engine designs, as compared to the 
extremely wide range of truck designs. 
EPA concluded at that time that any 
incremental gain in conventional 
emission control that could be achieved 
through regulation of the complete 
vehicle would be small in comparison 
to the cost of addressing the many 
variants of complete trucks that make 
up the heavy-duty sector—smaller and 
larger vocational vehicles for dozens of 
purposes, various designs of 
combination tractors, and many others. 

Addressing GHG emissions and fuel 
consumption from heavy-duty trucks, 
however, requires a different approach. 
Reducing GHG emissions and fuel 
consumption requires increasing the 
inherent efficiency of the engine as well 
as making changes to the vehicles to 
reduce the amount of work demanded 
from the engine in order to move the 
truck down the road. A focus on the 
entire vehicle is thus required. For 
example, in addition to the basic 
emissions and fuel consumption levels 
of the engine, the aerodynamics of the 
vehicle can have a major impact on the 
amount of work that must be performed 
to transport freight at common highway 
speeds. For this first rulemaking, the 
agencies proposed a complementary 
engine and vehicle approach in order to 
achieve the maximum feasible near-term 
reductions. 

NHTSA received comments on the 
proposal to create complementary 
engine and vehicle standards. Volvo and 
Daimler argued that EISA limited 
NHTSA’s authority to the regulation of 
completed vehicles and did not give 
NHTSA authority to regulate engines. 49 
U.S.C. 32902(k)(2) grants NHTSA broad 
authority to regulate this sector, stating 
simply that the Secretary ‘‘shall 
determine in a rulemaking proceeding 
how to implement a commercial 
medium- and heavy-duty on-highway 
vehicle and work truck fuel efficiency 
improvement program designed to 
achieve the maximum feasible 
improvement,’’ considering 
appropriateness, cost-effectiveness, and 
technological feasibility. NHTSA does 
not believe that this language precludes 
the regulation of engines, but rather 
explicitly leaves the regulatory 
approach to the agency’s expertise and 
discretion. See 75 FR at 74173 n. 36. 
Considering the factors described in the 
NPRM and in Sections III and IV below, 
NHTSA continues to believe that the 
separate regulation of engines and 
vehicles is both consistent with the 
agency’s statutory mandate to determine 
how to implement a regulatory program 
designed to achieve the maximum 
feasible improvement and facilitates 
coordination with EPA’s efforts to 
reduce greenhouse gas emissions. The 
Clean Air act, of course, mandates 
standards for both ‘‘new motor 
vehicles’’ and ‘‘new motor vehicle 
engines’’, so there is no issue of 
authority for separate engine standards 
under the EPA GHG program. CAA 
section 202(a)(1). 

As described elsewhere in this 
preamble, the final standards under the 
HD National Program address the 
complete vehicle, to the extent 
practicable and appropriate under the 
agencies’ respective statutory 

authorities, through complementary 
engine and vehicle standards. The 
agencies continue to believe that this 
complementary engine and vehicle 
approach is the best way to achieve near 
term reductions from the heavy-duty 
sector. However, we also recognize as 
did the NAS committee and a wide 
range of industry and environmental 
commenters, that in order to fully 
capture the multi-faceted synergistic 
aspects of engine and vehicle design a 
more comprehensive complete vehicle 
standard may be appropriate in the 
future. The agencies are committed to 
fully exploring such a possibility and to 
developing the testing and modeling 
tools necessary to enable such a 
regulatory approach. We intend to work 
with all interested stakeholders as we 
move forward. 

(1) Brief Overview of the Heavy-Duty 
Truck Industry 

The heavy-duty truck sector spans a 
wide range of vehicles with often 
unique form and function. A primary 
indicator of the extreme diversity among 
heavy-duty trucks is the range of load- 
carrying capability across the industry. 
The heavy-duty truck sector is often 
subdivided by vehicle weight 
classifications, as defined by the 
vehicle’s gross vehicle weight rating 
(GVWR), which is a measure of the 
combined curb (empty) weight and 
cargo carrying capacity of the truck.23 
Table I–2 below outlines the vehicle 
weight classifications commonly used 
for many years for a variety of purposes 
by businesses and by several federal 
agencies, including the Department of 
Transportation, the Environmental 
Protection Agency, the Department of 
Commerce, and the Internal Revenue 
Service. 

TABLE I–2—VEHICLE WEIGHT CLASSIFICATION 

Class 2b 3 4 5 6 7 8 

GVWR (lb) ...... 8,501–10,000 10,001–14,000 14,001–16,000 16,001–19,500 19,501–26,000 26,001–33,000 > 33,001 

In the framework of these vehicle 
weight classifications, the heavy-duty 
truck sector refers to Class 2b through 
Class 8 vehicles and the engines that 
power those vehicles.24 Unlike light- 
duty vehicles, which are primarily used 
for transporting passengers for personal 

travel, heavy-duty vehicles fill much 
more diverse operator needs. Heavy- 
duty pickup trucks and vans (Classes 2b 
and 3) are used chiefly as work truck 
and vans, and as shuttle vans, as well 
as for personal transportation, with an 
average annual mileage in the range of 

15,000 miles. The rest of the heavy-duty 
sector is used for carrying cargo and/or 
performing specialized tasks. 
‘‘Vocational’’ vehicles, which may span 
Classes 2b through 8, vary widely in 
size, including smaller and larger van 
trucks, utility ‘‘bucket’’ trucks, tank 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00010 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57115 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

25 The on-highway Class 7 and 8 combination 
tractors constitute the vast majority of this 
regulatory category, and form the backbone of this 
HD National Program. A small fraction of 
combination tractors are used in off-road 
applications and are regulated differently, as 
described in Section II. 

trucks, refuse trucks, urban and over- 
the-road buses, fire trucks, flat-bed 
trucks, and dump trucks, among others. 
The annual mileage of these trucks is as 
varied as their uses, but for the most 
part tends to fall in between heavy-duty 
pickups/vans and the large combination 
tractors, typically from 15,000 to 
150,000 miles per year, although some 
travel more and some less. Class 7 and 
8 combination tractor-trailers—some 
equipped with sleeper cabs and some 
not—are primarily used for freight 
transportation. They are sold as tractors 
and sometimes run without a trailer in 
between loads, but most of the time they 
run with one or more trailers that can 
carry up to 50,000 pounds or more of 
payload, consuming significant 
quantities of fuel and producing 
significant amounts of GHG emissions. 
The combination tractor-trailers used in 
combination applications can travel 
more than 150,000 miles per year. 

EPA and NHTSA have designed our 
respective standards in careful 
consideration of the diversity and 
complexity of the heavy-duty truck 
industry, as discussed next. 

(2) Summary of Final EPA GHG 
Emission Standards and NHTSA Fuel 
Consumption Standards 

As described above, NHTSA and EPA 
recognize the importance of addressing 
the entire vehicle in reducing fuel 
consumption and GHG emissions. At 
the same time, the agencies understand 
that the complexity of the industry 
means that we will need to use different 
approaches to achieve this goal, 
depending on the characteristics of each 
general type of truck. We are therefore 
dividing the industry into three discrete 
regulatory categories for purposes of 
setting our respective standards— 
combination tractors, heavy-duty 
pickups and vans, and vocational 
vehicles—based on the relative degree 
of homogeneity among trucks within 
each category. For each regulatory 
category, the agencies are adopting 
related but distinct program approaches 
reflecting the specific challenges that we 
see in these segments. In the following 
paragraphs, we discuss EPA’s final GHG 
emission standards and NHTSA’s final 
fuel consumption standards for the 
three regulatory categories of heavy- 
duty vehicles and their engines. 

The agencies are adopting test metrics 
that express fuel consumption and GHG 
emissions relative to the most important 
measures of heavy-duty truck utility for 
each segment, consistent with the 
recommendation of the 2010 NAS 
Report that metrics should reflect and 
account for the work performed by 
various types of HD vehicles. This 

approach differs from NHTSA’s light- 
duty program that uses fuel economy as 
the basis. The NAS committee discussed 
the difference between fuel economy (a 
measure of how far a vehicle will go on 
a gallon of fuel) and fuel consumption 
(the inverse measure, of how much fuel 
is consumed in driving a given distance) 
as potential metrics for MD/HD 
regulations. The committee concluded 
that fuel economy would not be a good 
metric for judging the fuel efficiency of 
a heavy-duty vehicle, and stated that 
NHTSA should instead consider fuel 
consumption as the metric for its 
standards. As a result, for heavy-duty 
pickup trucks and vans, EPA and 
NHTSA are finalizing standards on a 
per-mile basis (g/mile for the EPA 
standards, gallons/100 miles for the 
NHTSA standards), as explained in 
Section 0 below. For heavy-duty trucks, 
both combination and vocational, the 
agencies are adopting standards 
expressed in terms of the key measure 
of freight movement, tons of payload 
miles or, more simply, ton-miles. Hence, 
for EPA the final standards are in the 
form of the mass of emissions from 
carrying a ton of cargo over a distance 
of one mile (g/ton-mi). Similarly, the 
final NHTSA standards are in terms of 
gallons of fuel consumed over a set 
distance (one thousand miles), or gal/ 
1,000 ton-mile. Finally, for engines, EPA 
is adopting standards in the form of 
grams of emissions per unit of work (g/ 
bhp-hr), the same metric used for the 
heavy-duty highway engine standards 
for criteria pollutants today. Similarly, 
NHTSA is finalizing standards for 
heavy-duty engines in the form of 
gallons of fuel consumption per 100 
units of work (gal/100 bhp-hr). 

Section II below discusses the final 
EPA and NHTSA standards in greater 
detail. 

(a) Class 7 and 8 Combination Tractors 
Class 7 and 8 combination tractors 

and their engines contribute the largest 
portion of the total GHG emissions and 
fuel consumption of the heavy-duty 
sector, approximately 65 percent, due to 
their large payloads, their high annual 
miles traveled, and their major role in 
national freight transport.25 These 
vehicles consist of a cab and engine 
(tractor or combination tractor) and a 
detachable trailer. In general, reducing 
GHG emissions and fuel consumption 
for these vehicles will involve 

improvements in aerodynamics and 
tires and reduction in idle operation, as 
well as engine-based efficiency 
improvements. 

In general, the heavy-duty 
combination tractor industry consists of 
tractor manufacturers (which 
manufacture the tractor and purchase 
and install the engine) and trailer 
manufacturers. These manufacturers are 
usually not the same entity. We are not 
aware of any manufacturer that typically 
assembles both the finished truck and 
the trailer and introduces the 
combination into commerce for sale to 
a buyer. The owners of trucks and 
trailers are often distinct as well. A 
typical truck buyer will purchase only 
the tractor. The trailers are usually 
purchased and owned by fleets and 
shippers. This occurs in part because 
trucking fleets on average maintain 3 
trailers per tractor and in some cases as 
many as 6 or more trailers per tractor. 
There are also large differences in the 
kinds of manufacturers involved with 
producing tractors and trailers. For HD 
highway tractors and their engines, a 
relatively limited number of 
manufacturers produce the vast majority 
of these products. The trailer 
manufacturing industry is quite 
different, and includes a large number 
of companies, many of which are 
relatively small in size and production 
volume. Setting standards for the 
products involved—tractors and 
trailers—requires recognition of the 
large differences between these 
manufacturing industries, which can 
then warrant consideration of different 
regulatory approaches. 

Based on these industry 
characteristics, EPA and NHTSA believe 
that the most straightforward regulatory 
approach for combination tractors and 
trailers is to establish standards for 
tractors separately from trailers. As 
discussed below in Section IX, the 
agencies are adopting standards for the 
tractors and their engines in this 
rulemaking, but did not propose and are 
not adopting standards for trailers. 

As with the other regulatory 
categories of heavy-duty vehicles, EPA 
and NHTSA have concluded that 
achieving reductions in GHG emissions 
and fuel consumption from combination 
tractors requires addressing both the cab 
and the engine, and EPA and NHTSA 
each are adopting standards that reflect 
this conclusion. The importance of the 
cab is that its design determines the 
amount of power that the engine must 
produce in moving the truck down the 
road. As illustrated in Figure I–1, the 
loads that require additional power from 
the engine include air resistance 
(aerodynamics), tire rolling resistance, 
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26 Adapted from Figure 4.1. Class 8 Truck Energy 
Audit, Technology Roadmap for the 21st Century 

Truck Program: A Government-Industry Research 
Partnership, 21CT–001, December 2000. 

and parasitic losses (including accessory 
loads and friction in the drivetrain). The 
importance of the engine design is that 
it determines the basic GHG emissions 
and fuel consumption performance of 

the engine for the variety of demands 
placed on the engine, regardless of the 
characteristics of the cab in which it is 
installed. The agencies intend for the 
final standards to result in the 

application of improved technologies 
for lower GHG emissions and fuel 
consumption for both the cab and the 
engine. 

Accordingly, for Class 7 and 8 
combination tractors, the agencies are 
each finalizing two sets of standards. 
For vehicle-related emissions and fuel 
consumption, tractor manufacturers are 
required to meet vehicle-based 
standards. Compliance with the vehicle 
standard will typically be determined 
based on a customized vehicle 
simulation model, called the 
Greenhouse gas Emissions Model 
(GEM), which is consistent with the 
NAS Report recommendations to 
require compliance testing for 
combination tractors using vehicle 
simulation rather than chassis 
dynamometer testing. This compliance 
model was developed by EPA 
specifically for this final action. It is an 
accurate and cost-effective alternative to 
measuring emissions and fuel 
consumption while operating the 
vehicle on a chassis dynamometer. 
Instead of using a chassis dynamometer 
as an indirect way to evaluate real- 
world operation and performance, 
various characteristics of the vehicle are 
measured and these measurements are 
used as inputs to the model. These 
characteristics relate to key technologies 
appropriate for this subcategory of 
truck—including aerodynamic features, 
weight reductions, tire rolling 
resistance, the presence of idle-reducing 
technology, and vehicle speed limiters. 
The model also assumes the use of a 

representative typical engine, rather 
than a vehicle-specific engine, because 
engines are regulated separately. Using 
these inputs, the model will be used to 
quantify the overall performance of the 
vehicle in terms of CO2 emissions and 
fuel consumption. The model’s 
development and design, as well as the 
sources for inputs, are discussed in 
detail in Section II below and in Chapter 
4 of the RIA. 

(i) Final Standards for Class 7 and 8 
Combination Tractors and Their Engines 

The vehicle standards that EPA and 
NHTSA are adopting for Class 7 and 8 
combination tractor manufacturers are 
based on several key attributes related to 
GHG emissions and fuel consumption 
that we believe reasonably represent the 
many differences in utility and 
performance among these vehicles. The 
final standards differ depending on 
GVWR (i.e., whether the truck is Class 
7 or Class 8), the height of the roof of 
the cab, and whether it is a ‘‘day cab’’ 
or a ‘‘sleeper cab.’’ These later two 
attributes are important because the 
height of the roof, designed to 
correspond to the height of the trailer, 
significantly affects air resistance, and a 
sleeper cab generally corresponds to the 
opportunity for extended duration idle 
emission and fuel consumption 
improvements. We received a number of 
comments supporting this approach and 

no comments that provided a 
compelling reason to change our 
approach in this final action. 

Thus, the agencies have created nine 
subcategories within the Class 7 and 8 
combination tractor category based on 
the differences in expected emissions 
and fuel consumption associated with 
the key attributes of GVWR, cab type, 
and roof height. The agencies are setting 
standards beginning in 2014 model year 
with more stringent standards following 
in 2017 model year. Table I–3 presents 
the agencies’ respective standards for 
combination tractor manufacturers for 
the 2017 model year. The standards 
represent an overall fuel consumption 
and CO2 emissions reduction up to 23 
percent from the tractors and the 
engines installed in them when 
compared to a baseline 2010 model year 
tractor and engine without idle 
shutdown technology. The standard 
values shown below differ somewhat 
from the proposal, reflecting 
refinements made to the GEM in 
response to comments. These changes 
did not impact our estimates of the 
relative effectiveness of the various 
control technologies modeled in this 
final action nor the overall cost or 
benefits or cost effectiveness estimated 
for these final vehicle standards. 

As proposed, the agencies are 
exempting certain types of tractors 
which operate off-road to be exempt 
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27 The global warming potential for HFC–134a 
refrigerant of 1430 used in this program is 
consistent with the Intergovernmental Panel on 
Climate Change Fourth Assessment Report. 

from the combination tractor vehicle 
standards (although standards would 
still apply to the engines installed in 
these vehicles). The criteria for tractors 
to be considered off-road have been 
amended slightly from those proposed, 

in response to public comment. The 
agencies have also recognized, again in 
response to public comment, that some 
combination tractors operate in a 
manner essentially the same as 
vocational vehicles and have created a 

subcategory of ‘‘vocational tractors’’ as a 
result. Vocational tractors will be 
subject to the standards for vocational 
vehicles rather than the combination 
tractor standards. See Section II.B of this 
preamble. 

TABLE I–3—HEAVY-DUTY COMBINATION TRACTOR EPA EMISSIONS STANDARDS (G CO2/TON-MILE) AND NHTSA FUEL 
CONSUMPTION STANDARDS (GAL/1,000 TON-MILE) 

Day cab Sleeper cab 

Class 7 Class 8 Class 8 

2017 Model Year CO2 Grams per Ton-Mile 

Low Roof .................................................................................................................... 104 80 66 
Mid Roof .................................................................................................................... 115 86 73 
High Roof ................................................................................................................... 120 89 72 

2017 Model Year Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .................................................................................................................... 10 .2 7 .8 6 .5 
Mid Roof .................................................................................................................... 11 .3 8 .4 7 .2 
High Roof ................................................................................................................... 11 .8 8 .7 7 .1 

In addition, the agencies are finalizing 
separate performance standards for the 
engines manufactured for use in these 
trucks. EPA’s engine-based CO2 
standards and NHTSA’s engine-based 
fuel consumption standards are 
implemented using EPA’s existing test 
procedures and regulatory structure for 
criteria pollutant emissions from 
medium- and heavy-duty engines. As at 
proposal, the final engine standards 
vary depending on engine size linked to 
intended vehicle service class. 
Consistent with our proposal, the 
agencies are finalizing an interim 
alternative compression ignition engine 
standard for model years 2014–2016. 
This alternative standard is designed to 
provide a glide path for legacy diesel 
engine products that may not be able to 
comply with the final engine standards 
for model years 2014–16 given the short 
(approximately 2-year) lead time of this 
program. We believe this alternative 
standard is appropriate for a first-ever 
program when the overall baseline 
performance of the industry is quite 
varied and where the short lead time 
means that not every product can be 
brought into compliance by 2014. The 
alternative standard only applies 
through and including model year 2016. 

Separately, EPA is adopting standards 
for combination tractors that apply in 
use. EPA is also finalizing engine-based 
N2O and CH4 standards for 
manufacturers of the engines used in 
these combination tractors. EPA is 
finalizing separate engine-based 
standards for N2O and CH4 because the 
agency believes that emissions of these 
GHGs are technologically related solely 
to the engine, fuel, and emissions 

aftertreatment systems, and the agency 
is not aware of any influence of vehicle- 
based technologies on these emissions. 
NHTSA is not incorporating standards 
for N2O and CH4 because these 
emissions do not impact fuel 
consumption in a significant way. The 
standards that EPA is finalizing for N2O 
and CH4 are less stringent than those we 
proposed, reflecting new data provided 
to EPA in comments on the proposal 
showing that the current baseline level 
of N2O and CH4 emissions varies more 
than EPA had expected. EPA expects 
that manufacturers of current engine 
technologies will be able to comply with 
the final N2O and CH4 ‘‘cap’’ standards 
with little or no technological 
improvements; the value of the 
standards will be to prevent significant 
increases in these emissions as 
alternative technologies are developed 
and introduced in the future. 
Compliance with the final EPA engine- 
based CO2 standards and the final 
NHTSA engine-based fuel consumption 
standards, as well as the final EPA N2O 
and CH4 standards, will be determined 
using the appropriate EPA engine test 
procedure, as discussed in Sections II.B, 
II.D, and II.E below. 

As with the other categories of heavy- 
duty vehicles, EPA and NHTSA are 
finalizing respective standards that will 
apply to Class 7 and 8 tractors at the 
time of production (as in Table I–3, 
above). In addition, EPA is finalizing 
separate standards that will apply for a 
specified period of time in use. All of 
the standards for these vehicles, as well 
as details about the provisions for 
certification and implementation of 
these standards, are discussed in more 

detail in Sections II, III, IV, and V below 
and in the RIA. 

(ii) EPA’s Final Air Conditioning 
Leakage Standard for Class 7 and 8 
Combination Tractors 

In addition to the final EPA tractor- 
and engine-based standards for CO2 and 
engine-based standards for N2O, and 
CH4 emissions, EPA is finalizing a 
separate standard to reduce leakage of 
HFC refrigerant from cabin air 
conditioning (A/C) systems from 
combination tractors, to apply to the 
tractor manufacturer. This standard is 
independent of the CO2 tractor standard, 
as discussed below in Section II.E.5. 
Because the current refrigerant used 
widely in all these systems has a very 
high global warming potential, EPA is 
concerned about leakage of refrigerant.27 

Because the interior volume to be 
cooled for most tractor cabins is similar 
to that of light-duty vehicles, the size 
and design of current tractor A/C 
systems is also very similar. The 
compliance approach for Class 7 and 8 
tractors is therefore similar to that in the 
light-duty rule in that these standards 
are design-based. Manufacturers will 
choose technologies from a menu of 
leak-reducing technologies sufficient to 
comply with the standard, as opposed to 
using a test to measure performance. 

However, the final heavy-duty A/C 
provisions differ in two important ways 
from those established in the light-duty 
rule. First, the light-duty provisions 
were established as voluntary ways to 
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28 EPA has approved an alternative refrigerant, 
HFO–1234yf, which has a very low GWP, for use 
in light-duty vehicle mobile A/C systems. The final 
heavy-duty vehicle A/C leakage standard is 
designed to account for use of an alternative, low- 
GWP refrigerant. If in the future this refrigerant is 
approved for heavy-duty applications and if it 
becomes widespread as a substitute for HFC–134a 
in heavy-duty vehicle mobile A/C systems, EPA 
may propose to revise or eliminate the leakage 
standard. 

29 The Light-duty FTP is a vehicle driving cycle 
that was originally developed for certifying light- 
duty vehicles and subsequently applied to HD 
chassis testing for criteria pollutants. This contrasts 
with the Heavy-duty FTP, which refers to the 
transient engine test cycles used for certifying 
heavy-duty engines (with separate cycles specified 
for diesel and spark-ignition engines). 

30 EISA requires CAFE standards for passenger 
cars and light trucks to be attribute-based; See 49 
U.S.C. 32902(b)(3)(A). 

generate credits towards the CO2 g/mi 
standard, and EPA took into account the 
expected use of such credits in 
determining the stringency of the CO2 
emissions standards. In the HD National 
Program, EPA is requiring that 
manufacturers actually meet a 
standard—as opposed to having the 
opportunity to earn a credit—for A/C 
refrigerant leakage. Thus, refrigerant 
leakage control is not separately 
accounted for in the final heavy-duty 
CO2 standards. We are taking this 
approach here recognizing that while 
the benefits of leakage control are 
almost identical between light-duty and 
heavy-duty vehicles on a per vehicle 
basis, these benefits on a per mile basis 
expressed as a percentage of overall 
GHG emissions are much smaller for 
heavy-duty vehicles due to their much 
higher CO2 emissions rates and higher 
annual mileage when compared to light- 
duty vehicles. Hence a credit-based 
approach as done for light-duty vehicles 
would provide less motivation for 
manufacturers to install low leakage 
systems even though such systems 
represent a highly cost effective means 
to control GHG emissions. The second 
difference relates to the expression of 
the leakage rate. The light-duty A/C 
leakage standard is expressed in terms 
of grams per year. For EPA’s heavy-duty 
program, however, because of the wide 
variety of system designs and 
arrangements, a one-size-fits-all gram 
per year standard would not be 
appropriate, so EPA is adopting a 
standard in terms of annual mass 
leakage rate for A/C systems with 
refrigerant capacities less than or equal 
to 733 grams and percent of total 
refrigerant leakage per year for A/C 
systems with refrigerant capacities 
greater than 733 grams. The percent of 
total refrigerant leakage per year 
requires the total refrigerant capacity of 
the A/C system to be taken into account 
in determining compliance. EPA 
believes that this approach—a standard 
instead of a credit, and basing the 
standard on percent or mass of leakage 
over time—is more appropriate for 
heavy-duty tractors than the light-duty 
vehicle approach and that it will 
achieve the desired reductions in 
refrigerant leakage. Compliance with the 
standard will be determined through a 
showing by the tractor manufacturer 
that its A/C system incorporates a 
combination of low-leak technologies 
sufficient to meet the leakage rate of the 
applicable standard. The ‘‘menu’’ of 
technologies is very similar to that 

established in the light-duty 2012–2016 
MY vehicle rule.28 

Finally, the agencies did not propose 
and are not adopting an A/C system 
efficiency standard in this heavy-duty 
rulemaking, although an efficiency 
credit was a part of the light-duty rule. 
The much larger emissions of CO2 from 
a heavy-duty tractor as compared to 
those from a light-duty vehicle mean 
that the relative amount of CO2 that 
could be reduced through A/C 
efficiency improvements is very small. 

A more detailed discussion of A/C 
related issues is found in Section II.E.5 
of this preamble. 

(b) Heavy-Duty Pickup Trucks and Vans 
(Class 2b and 3) 

Heavy-duty vehicles with GVWR 
between 8,501 and 10,000 lb are 
classified in the industry as Class 2b 
motor vehicles per the Federal Motor 
Carrier Safety Administration 
definition. As discussed above, Class 2b 
includes MDPVs that are regulated by 
the agencies under the light-duty 
vehicle rule, and the agencies are not 
adopting additional requirements for 
MDPVs in this rulemaking. Heavy-duty 
vehicles with GVWR between 10,001 
and 14,000 lb are classified as Class 3 
motor vehicles. Class 2b and Class 3 
heavy-duty vehicles (referred to in these 
rules as ‘‘HD pickups and vans’’) 
together emit about 15 percent of 
today’s GHG emissions from the heavy- 
duty vehicle sector. 

About 90 percent of HD pickups and 
vans are 3⁄4-ton and 1-ton pickup trucks, 
12- and 15-passenger vans, and large 
work vans that are sold by vehicle 
manufacturers as complete vehicles, 
with no secondary manufacturer making 
substantial modifications prior to 
registration and use. These vehicle 
manufacturers are companies with 
major light-duty markets in the United 
States, primarily Ford, General Motors, 
and Chrysler. Furthermore, the 
technologies available to reduce fuel 
consumption and GHG emissions from 
this segment are similar to the 
technologies used on light-duty pickup 
trucks, including both engine efficiency 
improvements (for gasoline and diesel 
engines) and vehicle efficiency 
improvements. 

For these reasons, EPA believes it is 
appropriate to adopt GHG standards for 
HD pickups and vans based on the 
whole vehicle (including the engine), 
expressed as grams per mile, consistent 
with the way these vehicles are 
regulated by EPA today for criteria 
pollutants. NHTSA believes it is 
appropriate to adopt corresponding 
gallons per 100 mile fuel consumption 
standards that are likewise based on the 
whole vehicle. This complete vehicle 
approach being adopted by both 
agencies for HD pickups and vans is 
consistent with the recommendations of 
the NAS Committee in their 2010 
Report. EPA and NHTSA also believe 
that the structure and many of the 
detailed provisions of the recently 
finalized light-duty GHG and fuel 
economy program, which also involves 
vehicle-based standards, are appropriate 
for the HD pickup and van GHG and 
fuel consumption standards as well, and 
this is reflected in the standards each 
agency is finalizing, as detailed in 
Section II.C. These commonalities 
include a new vehicle fleet average 
standard for each manufacturer in each 
model year and the determination of 
these fleet average standards based on 
production volume-weighted targets for 
each model, with the targets varying 
based on a defined vehicle attribute. 
Vehicle testing will be conducted on 
chassis dynamometers using the drive 
cycles from the EPA Federal Test 
Procedure (Light-duty FTP or ‘‘city’’ 
test) and Highway Fuel Economy Test 
(HFET or ‘‘highway’’ test).29 

For the light-duty GHG and fuel 
economy standards, the agencies 
factored in vehicle size by basing the 
emissions and fuel economy targets on 
vehicle footprint (the wheelbase times 
the average track width).30 For those 
standards, passenger cars and light 
trucks with larger footprints are 
assigned higher GHG and lower fuel 
economy target levels in 
acknowledgement of their inherent 
tendency to consume more fuel and 
emit more GHGs per mile. For HD 
pickups and vans, the agencies believe 
that setting standards based on vehicle 
attributes is appropriate, but feel that a 
work-based metric serves as a better 
attribute than the footprint attribute 
utilized in the light-duty vehicle 
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31 See Docket EPA–HQ–OAR–2010–0162. 

rulemaking. Work-based measures such 
as payload and towing capability are 
key among the parameters that 
characterize differences in the design of 
these vehicles, as well as differences in 
how the vehicles will be utilized. 
Buyers consider these utility-based 
attributes when purchasing a heavy- 
duty pickup or van. EPA and NHTSA 
are therefore finalizing standards for HD 
pickups and vans based on a ‘‘work 
factor’’ attribute that combines their 
payload and towing capabilities, with 
an added adjustment for 4-wheel drive 
vehicles. The agencies received a 
number of comments supporting this 
approach arguing, as the agencies had, 
that this approach was an effective way 
to encourage technology development 
and to appropriately reflect the utility of 
work vehicles while setting a consistent 
metric measure of vehicle performance. 

As proposed, the agencies are 
adopting provisions such that each 
manufacturer’s fleet average standard 
will be based on production volume- 
weighting of target standards for all 
vehicles that in turn are based on each 
vehicle’s work factor. These target 
standards are taken from a set of curves 
(mathematical functions), presented in 
Section II.C below and in § 1037.104. 
EPA is also phasing in the CO2 
standards gradually starting in the 2014 
model year, at 15–20–40–60–100 
percent of the model year 2018 
standards stringency level in model 
years 2014–2015–2016–2017–2018, 
respectively. The phase-in takes the 
form of a set of target standard curves, 
with increasing stringency in each 
model year, as detailed in Section II.C. 
The final EPA standards for 2018 
(including a separate standard to control 
air conditioning system leakage) 
represent an average per-vehicle 
reduction in GHGs of 17 percent for 
diesel vehicles and 12 percent for 
gasoline vehicles, compared to a 
common baseline, as described in 
Sections II.C and III.B of this preamble. 
The rule contains separate standards for 
diesel and gasoline heavy duty pickups 
and vans for reasons described in 
Section II.C below. EPA is also 
finalizing a compliance alternative 
whereby manufacturers can phase in 
different percentages: 15–20–67–67–67– 
100 percent of the model year 2019 
standards stringency level in model 
years 2014–2015–2016–2017–2018– 
2019, respectively. This compliance 
alternative parallels and is equivalent to 
NHTSA’s first alternative described 
below. 

NHTSA is allowing manufacturers to 
select one of two fuel consumption 
standard alternatives for model years 
2016 and later. The first alternative 

defines individual gasoline vehicle and 
diesel vehicle fuel consumption target 
curves that will not change for model 
years 2016–2018, and are equivalent to 
EPA’s 67–67–67–100 percent target 
curves in model years 2016–2017–2018– 
2019, respectively. The target curves for 
this alternative are presented in Section 
II.C. The second alternative uses target 
curves that are equivalent to the EPA’s 
40–60–100 percent target curves in 
model years 2016–2017–2018, 
respectively. Stringency for the 
alternatives has been selected to allow 
a manufacturer, through the use of the 
credit and deficit carry-forward 
provisions that the agencies are also 
finalizing, to rely on the same product 
plans to satisfy either of these two 
alternatives, and also EPA requirements. 
If a manufacturer cannot meet an 
applicable standard in a given model 
year, it may make up its shortfall by 
overcomplying in a subsequent year, 
called reconciling a credit deficit. 
NHTSA is also allowing manufacturers 
to voluntarily opt into the NHTSA HD 
pickup and van program in model years 
2014 or 2015. For these model years, 
NHTSA’s fuel consumption target 
curves are equivalent to EPA’s target 
curves. 

The agencies received a number of 
comments including from the Senate 
authors and supporters of the Ten-in- 
Ten Fuel Economy Act suggesting that 
the standards for heavy-duty pickups 
and vans should be made more stringent 
for gasoline vehicles and that the phase- 
in timing of the standards should be 
accelerated to the 2016 model year 
(from 2018). We also received comments 
arguing that the proposed standards 
were aggressive and could only be met 
given the phase-in schedules proposed 
by the agencies. In response to these 
comments, we reviewed again the 
technology assessments from the 2010 
NAS report, our own joint light-duty 
2012–2016 rulemaking, and information 
provided by the commenters relevant to 
the stringency of these standards. After 
reviewing all of the information, we 
continue to conclude that the proposed 
standards and associated phase-in 
schedules represent technically 
stringent but reasonable standards 
considering the available lead time and 
costs to bring the necessary technologies 
to market and our own assessments of 
the efficacy of the technologies when 
applied to heavy-duty pickup trucks 
and vans. Further detail on the 
feasibility of the standards and the 
agencies’ choices among alternative 
standards is found in Section III.C 
below. 

The Senate authors and supporters of 
the Ten-in-Ten Fuel Economy Act sent 

a letter to the agencies encouraging the 
agencies to finalize a fuel economy 
labeling requirement for heavy-duty 
pickups and vans.31 The agencies 
recognize that consumer information in 
the form of a fuel efficiency label can be 
a valuable tool to help achieve our 
goals, and we note that the agencies 
have just recently finalized a new fuel 
economy label for passenger cars and 
light trucks. See 76 FR at 39478. That 
rulemaking effort focused solely on 
modifying an existing label and was a 
multi-year process with significant 
public input. As we did not propose a 
consumer label for heavy-duty pickups 
and vans in this action and have not 
appropriately engaged the public in 
developing such a label, we are not 
prepared to finalize a consumer-based 
label in this action. However, we do 
intend to consider this issue as we begin 
work on the next phase of regulations, 
as we recognize that a consumer label 
can play an important role in reducing 
fuel consumption and GHG emissions. 

The form and stringency of the EPA 
and NHTSA standards curves are based 
on a set of vehicle, engine, and 
transmission technologies expected to 
be used to meet the recently established 
GHG emissions and fuel economy 
standards for model year 2012–2016 
light-duty vehicles, with full 
consideration of how these technologies 
are likely to perform in heavy-duty 
vehicle testing and use. All of these 
technologies are already in use or have 
been announced for upcoming model 
years in some light-duty vehicle models, 
and some are in use in a portion of HD 
pickups and vans as well. The 
technologies include: 

• Advanced 8-speed automatic 
transmissions. 

• Aerodynamic improvements. 
• Electro-hydraulic power steering. 
• Engine friction reductions. 
• Improved accessories. 
• Low friction lubricants in 

powertrain components. 
• Lower rolling resistance tires. 
• Lightweighting. 
• Gasoline direct injection. 
• Diesel aftertreatment optimization. 
• Air conditioning system leakage 

reduction (for EPA program only). 
See Section III.B for a detailed 

analysis of these and other potential 
technologies, including their feasibility, 
costs, and effectiveness when employed 
for reducing fuel consumption and CO2 
emissions in HD pickups and vans. 

A relatively small number of HD 
pickups and vans are sold by vehicle 
manufacturers as incomplete vehicles, 
without the primary load-carrying 
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32 NHTSA’s final fuel consumption standards will 
not apply to recreational vehicles, as discussed in 
earlier in this preamble section. 33 See 49 U.S.C. 567.5 and 568.4. 

device or container attached. We are 
generally regulating these vehicles as 
Class 2b through 8 vocational vehicles 
but are also allowing manufacturers the 
option to choose to comply with heavy- 
duty pickup or van standards, as 
described in Section I.C.(2)(c). 
Although, as with vocational vehicles 
generally, we have little information on 
baseline aerodynamic performance and 
opportunities for improvement, a 
sizeable subset of these incomplete 
vehicles, often called cab-chassis 
vehicles, are sold by the vehicle 
manufacturers in configurations with 
many of the components that affect GHG 
emissions and fuel consumption 
identical to those on complete pickup 
truck or van counterparts—including 
engines, cabs, frames, transmissions, 
axles, and wheels. We are including 
provisions that will allow 
manufacturers to include these vehicles, 
as well as some Class 4 and 5 vehicles, 
to be regulated under the chassis-based 
HD pickup and van program (i.e. subject 
to the standards for HD pickups and 
vans), rather than the vocational vehicle 
program. These provisions are described 
in Section V.B(1)(e). 

In addition to the EPA CO2 emission 
standards and the NHTSA fuel 
consumption standards for HD pickups 
and vans, EPA is also finalizing 
standards for two additional GHGs, N2O 
and CH4, as well as standards for air 
conditioning-related HFC emissions. 
These standards are discussed in more 
detail in Section II.E. Finally, EPA is 
finalizing standards that will apply to 
HD pickups and vans in use. All of the 
standards for these HD pickups and 
vans, as well as details about the 
provisions for certification and 
implementation of these standards, are 
discussed in Section II.C. 

(c) Class 2b–8 Vocational Vehicles 
Class 2b–8 vocational vehicles consist 

of a wide variety of vehicle types. Some 
of the primary applications for vehicles 
in this segment include delivery, refuse, 
utility, dump, and cement trucks; 
transit, shuttle, and school buses; 
emergency vehicles, motor homes,32 
tow trucks, among others. These 
vehicles and their engines contribute 
approximately 20 percent of today’s 
heavy-duty truck sector GHG emissions. 

Manufacturing of vehicles in this 
segment of the industry is organized in 
a more complex way than that of the 
other heavy-duty categories. Class 2b–8 
vocational vehicles are often built as a 
chassis with an installed engine and an 

installed transmission. Both the engine 
and transmissions are typically 
manufactured by other manufacturers 
and the chassis manufacturer purchases 
and installs them. Many of the same 
companies that build Class 7 and 8 
tractors are also in the Class 2b–8 
chassis manufacturing market. The 
chassis is typically then sent to a body 
manufacturer, which completes the 
vehicle by installing the appropriate 
feature—such as dump bed, delivery 
box, or utility bucket—onto the chassis. 
Vehicle body manufacturers tend to be 
small businesses that specialize in 
specific types of bodies or specialized 
features. 

EPA and NHTSA proposed that in 
this vocational vehicle category the 
proposed GHG and fuel consumption 
standards apply to chassis 
manufacturers. Chassis manufacturers 
play a central role in the manufacturing 
process. The product they produce—the 
chassis with engine and transmission— 
includes the primary technologies that 
affect GHG emissions and fuel 
consumption. They also constitute a 
much more limited group of 
manufacturers for purposes of 
developing and implementing a 
regulatory program. The agencies 
believe that a focus on the body 
manufacturers would be much less 
practical, since they represent a much 
more diverse set of manufacturers, many 
of whom are small businesses. Further, 
the part of the vehicle that they add 
affords very few opportunities to reduce 
GHG emissions and fuel consumption 
(given the limited role that 
aerodynamics plays in many types of 
lower speed and stop-and-go operation 
typically found with vocational 
vehicles.) Therefore, the agencies 
proposed that the standards in this 
vocational vehicle category would apply 
to the chassis manufacturers of all 
heavy-duty vehicles not otherwise 
covered by the HD pickup and van 
standards or Class 7 and 8 combination 
tractor standards discussed above. The 
agencies requested comment on the 
proposed focus on chassis 
manufacturers. 

Volvo and Daimler commented that 
the EISA does not speak to the 
regulation of subsystems, such as 
engines or incomplete vehicles, and 
argued that on the other hand, Section 
32902(k)(2) prescribes the regulation of 
vehicles. Volvo further stated that 
precedent for the regulation of complete 
vehicles exists in the light-duty fuel 
economy rule. As noted above, NHTSA 
does not believe that EISA mandates a 
particular regulatory approach, but 
rather gives the agency wide latitude 
and explicitly leaves that determination 

to the agency. NHTSA also notes that its 
heavy-duty rule creates a new fuel 
efficiency program for which the light- 
duty program does not necessarily serve 
as a useful precedent for considerations 
of its structure. Unlike the light-duty 
fuel economy program, MD/HD vehicles 
are produced in widely diverse stages. 
Further, given the MD/HD market 
structure, where the complete vehicle 
manufacturers are numerous, diverse, 
and often small businesses, the 
regulation of complete vehicles would 
create unique difficulties for the 
application of appropriate and feasible 
technologies. These same considerations 
justify EPA’s determination, pursuant to 
CAA section 202 (a), to regulate only 
chassis manufacturers in this first stage 
of GHG rules for the heavy-duty sector. 
NHTSA also notes that this rule does 
not represent the first time that the 
agency has regulated incomplete 
vehicles. Rather, incomplete vehicles 
have a history of regulation under the 
Federal Motor Vehicle Safety 
Standards.33 For this first phase of the 
HD National Program, NHTSA and EPA 
believe that given the complexity of the 
manufacturing process for vocational 
vehicles, and given the wide range of 
entities that participate in that process, 
vehicle fuel consumption standards 
would be most appropriately applied to 
chassis manufacturers and not to body 
builders. 

The agencies continue to believe that 
regulation of the chassis manufacturers 
for this vocational vehicle category will 
achieve the maximum feasible 
improvement in fuel efficiency for 
purposes of EISA and appropriate 
emissions reductions for purposes of the 
CAA. Therefore, consistent with our 
proposal the final standards in this 
vocational vehicle category apply to the 
chassis manufacturers of all heavy-duty 
vehicles not otherwise covered by the 
HD pickup and van standards or Class 
7 and 8 combination tractor standards 
discussed above. As discussed above, 
EPA and NHTSA have concluded that 
reductions in GHG emissions and fuel 
consumption require addressing both 
the vehicle and the engine. As discussed 
above for Class 7 and 8 combination 
tractors, the agencies are each finalizing 
two sets of standards for Class 2b–8 
vocational vehicles. For vehicle-related 
emissions and fuel consumption, the 
agencies are adopting standards for 
chassis manufacturers: EPA CO2 (g/ton- 
mile) standards and NHTSA fuel 
consumption (gal/1,000 ton-mile) 
standards). While the agencies believe 
that a freight-based metric is broadly 
appropriate for vocational vehicles 
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because the vocational vehicle 
population is dominated by freight 
trucks and maintain that it is 
appropriate for the first phase of the 
program, the agencies may consider 
other metrics for future phases of a HD 
program. Manufacturers will use GEM, 
the same customized vehicle simulation 
model used for Class 7 and 8 tractors, 
to determine compliance with the 
vocational vehicle standards finalized in 
this action. The primary manufacturer- 
generated input into the GEM for this 
category of trucks will be a measure of 
tire rolling resistance, as discussed 
further below, because tire 
improvements are the primary means of 
vehicle improvement available at this 
time for vocational vehicles. The model 
also assumes the use of a typical 
representative, compliant engine in the 
simulation, resulting in an overall value 
for CO2 emissions and one for fuel 
consumption. This is done for the same 
reason as for combination tractors. As is 
the case for combination tractors, the 
manufacturers of the engines intended 
for vocational vehicles will be subject to 
separate engine-based standards. 

(i) Final Standards for Class 2b–8 
Vocational Vehicles and Their Engines 

Based on our analysis and research, 
the agencies believe that the primary 
opportunity for reductions in vocational 
vehicle GHG emissions and fuel 
consumption will be through improved 
engine technologies and improved tire 
rolling resistance. For engines, EPA and 
NHTSA are adopting separate standards 
for the manufacturers of engines used in 
Class 2b–8 vocational vehicles (the same 
approach as for combination tractors 
and engines intended for use in those 
tractors). EPA’s final engine-based CO2 
standards and NHTSA’s final engine- 
based fuel consumption standards vary 
based on the expected weight class and 
usage of the truck into which the engine 
will be installed. Tire rolling resistance 
is closely related to the weight of the 
vehicle. Therefore, we are adopting 
vehicle-based standards for these trucks 
which vary according to one key 
attribute, GVWR. For this initial HD 
rulemaking, we are adopting standards 
based on the same groupings of truck 
weight classes used for the engine 

standards—light heavy-duty, medium 
heavy-duty, and heavy heavy-duty. 
These groupings are appropriate for the 
final vehicle-based standards because 
they parallel the general divisions 
among key engine characteristics, as 
discussed in Section II. 

The agencies are also finalizing an 
interim alternative compression ignition 
(diesel) engine standard for model years 
2014–2016, again analogous to the 
alternative standards for compression 
ignition engines use in combination 
tractors. The need for this provision and 
our considerations in adopting it are the 
same for the engines used in vocational 
vehicles as for the engines used in 
combination tractors. As we proposed, 
these alternative standards will only be 
available through model year 2016. In 
addition, manufacturers that use the 
interim alternative diesel engine 
standards for model years 2014–2016 
under the EPA program must use 
equivalent fuel consumption standards 
under the NHTSA program. 

For the 2014 to 2016 model years, 
manufacturers may also choose to meet 
alternative engine standards that are 
phased-in over the model years to 
coincide with new EPA On-Board 
Diagnostic (OBD) requirements 
applicable for these same model years. 
See Sections II.B and II.D below. 

The agencies received a significant 
number of comments including from the 
Senate authors and supporters of the 
Ten-in-Ten Fuel Economy Act arguing 
that our proposed standards for 
vocational vehicles did not reflect all of 
the technologies identified in the 2010 
NAS report. The commenters 
encouraged the agencies to expand the 
program to bring in additional 
reductions through the use of new 
transmission technologies, vehicle 
weight reductions and hybrid 
drivetrains. In general, the agencies 
agree with the commenters’ central 
contention that there are additional 
technologies to improve the fuel 
efficiency of vocational vehicles. As 
discussed later, we are finalizing 
provisions to allow new technologies to 
be brought into the program through the 
innovative technology credit program. 
More specifically, we are including 
provisions to account for and credit the 

use of hybrid technology as a 
technology that can reduce emissions 
and fuel consumption. Hybrid 
technology can currently be a cost- 
effective technology in certain specific 
vocational applications, and the 
agencies want to recognize and promote 
the use of this technology. (See Sections 
I.E and IV below.) However, we are not 
finalizing standards that are premised 
on the use of these additional 
technologies because we have not been 
able to develop the test procedures, 
regulatory mechanisms and baseline 
performance data necessary to adopt a 
more comprehensive approach to 
controlling fuel efficiency and GHG 
emissions from vocational vehicles. In 
concept, the agencies would need to 
know the baseline weight, aerodynamic 
performance, and transmission 
configuration for the wide range of 
vocational vehicles produced today. We 
do not have this information even for 
relatively small portions of this market 
(e.g. concrete mixers) nor are we well 
informed regarding the potential 
tradeoffs to changes to vehicle utility 
that might exist for changes to concrete 
mixer designs in response to a 
regulation. Nor did the commenters 
provide any such information. Absent 
this information and the necessary 
regulatory tools, we believe the 
standards we are finalizing for 
vocational vehicles represent the most 
appropriate standards for this segment 
during the model years of the first phase 
of the program. We intend to address 
fuel consumption and GHG emissions 
from these vehicles in a more 
comprehensive manner through future 
regulation and look forward to working 
with all stakeholders on this important 
segment in the future. 

The agencies are setting standards 
beginning in the 2014 model year and 
establishing more stringent standards in 
the 2017 model year. Table I–4 presents 
EPA’s final CO2 standards and NHTSA’s 
final fuel consumption standards for 
chassis manufacturers of Class 2b 
through Class 8 vocational vehicles for 
the 2017 model year. The 2017 model 
year standards represent a 6 to 9 percent 
reduction in CO2 emissions and fuel 
consumption over a 2010 model year 
vehicle. 

TABLE I–4—FINAL 2017 CLASS 2b–8 VOCATIONAL VEHICLE EPA CO2 STANDARDS AND NHTSA FUEL CONSUMPTION 
STANDARDS 

Light heavy-duty 
Class 2b–5 

Medium heavy- 
duty Class 6–7 

Heavy heavy-duty 
Class 8 

EPA CO2 (gram/ton-mile) Standard Effective 2017 Model Year 

CO2 Emissions ........................................................................................................... 373 225 222 
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34 See § 1036.150 and § 1037.150 
35 Two heavy-duty combination tractor and ten 

chassis manufacturers each comprising less than 0.5 
percent of the total tractor and vocational market 
based on Polk Registration Data from 2003 through 
2007, and three engine manufacturing entities based 
on company information included in Hoover’s, 
comprising less than 0.1 percent of the total heavy- 
duty engine sales in the United States based on 
2009 and 2010 EPA certification information. 

TABLE I–4—FINAL 2017 CLASS 2b–8 VOCATIONAL VEHICLE EPA CO2 STANDARDS AND NHTSA FUEL CONSUMPTION 
STANDARDS—Continued 

Light heavy-duty 
Class 2b–5 

Medium heavy- 
duty Class 6–7 

Heavy heavy-duty 
Class 8 

NHTSA Fuel Consumption (gallon per 1,000 ton-mile) Standard Effective 2017 Model Year 

Fuel Consumption ...................................................................................................... 36 .7 22 .1 21 .8 

As mentioned above for Class 7 and 
8 combination tractors, EPA believes 
that N2O and CH4 emissions are 
technologically related solely to the 
engine, fuel, and emissions 
aftertreatment systems, and the agency 
is not aware of any influence of vehicle- 
based technologies on these emissions. 
Therefore, for Class 2b–8 vocational 
vehicles, EPA’s final N2O and CH4 
standards cover manufacturers of the 
engines to be used in vocational 
vehicles. EPA did not propose, nor are 
we adopting separate vehicle-based 
standards for these GHGs. As for the 
engines used in Class 7 and 8 tractors, 
we are finalizing a somewhat higher 
N2O and CH4 emission standards 
reflecting new data submitted to the 
agencies during the public comment 
period. EPA expects that manufacturers 
of current engine technologies will be 
able to comply with the final ‘‘cap’’ 
standards with little or no technological 
improvements; the value of the 
standards is that they will prevent 
significant increases in these emissions 
as alternative technologies are 
developed and introduced in the future. 
Compliance with the final EPA engine- 
based CO2 standards and the final 
NHTSA fuel consumption standards, as 
well as the final EPA N2O and CH4 
standards, will be determined using the 
appropriate EPA engine test procedure, 
as discussed in Section II below. 

As with the other regulatory 
categories of heavy-duty vehicles, EPA 
and NHTSA are adopting standards that 
apply to Class 2b–8 vocational vehicles 
at the time of production, and EPA is 
adopting standards for a specified 
period of time in use. All of the 
standards for these trucks, as well as 
details about the final provisions for 
certification and implementation of 
these standards, are discussed in more 
detail later in this notice and in the RIA. 

EPA did not propose, nor is it 
adopting A/C refrigerant leakage 
standards for Class 2b–8 vocational 
vehicles, primarily because of the 
number of entities involved in their 
manufacture and thus the potential for 
different entities besides the chassis 
manufacturer to be involved in the A/ 
C system production and installation. 

(d) What manufacturers are not covered 
by the final standards? 

The NPRM proposed to defer 
temporarily greenhouse gas emissions 
and fuel consumption standards for any 
manufacturers of heavy-duty engines, 
manufacturers of combination tractors, 
and chassis manufacturers for 
vocational vehicles that meet the ‘‘small 
business’’ size criteria set by the Small 
Business Administration (SBA). 13 CFR 
121.201 defines a small business by the 
maximum number of employees; for 
example, this is currently 1,000 for 
heavy-duty vehicle manufacturing and 
750 for engine manufacturing.34 The 
agencies stated that they would instead 
consider appropriate GHG and fuel 
consumption standards for these entities 
as part of a future regulatory action. 
This includes both U.S.-based and 
foreign small-volume heavy-duty 
manufacturers. To ensure that the 
agencies are aware of which companies 
would be exempt, the agencies proposed 
to require that such entities submit a 
declaration describing how it qualifies 
as a small entity under the provisions of 
13 CFR 121.201 to EPA and NHTSA as 
prescribed in Section V below. 

EPA and NHTSA were not aware of 
any manufacturers of HD pickups and 
vans that meet these criteria. For each 
of the other categories and for engines, 
the agencies identified a small number 
of manufacturers that would appear to 
qualify as small businesses under the 
SBA size criterion, which were 
estimated to comprise a negligible 
percentage of the U.S. market.35 
Therefore, the agencies believed that 
deferring the standards for these 
companies at this time would have a 
negligible impact on the GHG emission 
reductions and fuel consumption 
reductions that the program would 
otherwise achieve. The agencies 
proposed to consider appropriate GHG 

emissions and fuel consumption 
standards for these entities as part of a 
future regulatory action. 

The Institute for Policy Integrity (IPI) 
commented that the small business 
exemption proposed in the NPRM was 
based on the improper framework of 
whether the exemption would have a 
negligible impact, and did not 
adequately explain why the regulation 
of small businesses would face special 
compliance and administrative burdens. 
IPI argued that the only proper basis for 
this exemption would be if the agencies 
could explain how these burdens create 
costs that exceeded the benefits of 
regulation. 

NHTSA believes that developing 
standards that are ‘‘appropriate, cost- 
effective, and technologically feasible’’ 
under 49 U.S.C. 32902(k)(2) includes 
the authority to exclude certain 
manufacturers if their inclusion would 
work against these statutory factors. 
Similarly, under section 202(a) of the 
CAA, EPA may reasonably choose to 
defer regulation of industry segments 
based on considerations of cost, cost- 
effectiveness and available lead time for 
standards. As noted above, small 
businesses make up a very small 
percentage of the market and are 
estimated to have a negligible impact on 
the emissions and fuel consumption 
goals of this program. The short lead 
time before the CO2 standards take 
effect, the extremely small fuel savings 
and emissions contribution of these 
entities, and the potential need to 
develop a program that would be 
structured differently for them (which 
would require more time to determine 
and adopt), all led to the decision that 
the inclusion of small businesses would 
not be appropriate at this time. 
Therefore, the final rule exempts small 
businesses as proposed. 

Volvo and EMA stated that by 
exempting small businesses based on 
the definition from SBA, the rules 
would create a competitive advantage 
for small businesses over larger entities. 
EMA commented that the exemption 
should not apply to market segments 
where a small business has a significant 
share of a particular HD market. Volvo 
argued that the exempted businesses 
could expand their product offerings or 
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36 E85 is a blended fuel consisting of nominally 
15 percent gasoline and 85 percent ethanol. 

sell vehicles on behalf of larger entities, 
thereby inappropriately increasing the 
scope of the exclusion. The agencies 
anticipate that the gain a manufacturer 
might achieve by restructuring its 
practices and products to circumvent 
the standard (which for vocational 
vehicles simply means installing low 
rolling resistance tires) in the first few 
years of this program will be 
outweighed by the costs, particularly as 
small businesses anticipate their 
potential inclusion in the next 
rulemaking. 

Volvo also commented that the 
agencies should elaborate on the 
requirements for the exemption in 
greater detail. The agencies agree that 
this may help to clarify the process. As 
suggested by Volvo, the agencies will 
consider affiliations to other companies 
and evidence of spin-offs for the 
purpose of circumventing the standards 
in determining whether a business 
qualifies as a small entity for this 
exclusion. Each declaration must be 
submitted in writing to EPA and 
NHTSA as prescribed in Section V 
below. As the agencies gain more 
experience with this exemption, these 
clarifications may be codified in the 
regulatory text of a future rulemaking. 

Volvo further commented that the 
agencies were adopting an exemption of 
‘‘small businesses’’ in order to avoid 
doing a Small Business Regulatory 
Enforcement Fairness Act (SBREFA) 
and Regulatory Flexibility Act (RFA) 
analysis. The agencies would like to 
reiterate that they have decided not to 
include small businesses at this time 
due to the factors described above. The 
discussion on an RFA analysis is laid 
out in Section XII(4). 

The agencies continue to believe that 
deferring the standards for these 
companies at this time will have a 
negligible impact on the GHG emission 
reductions and fuel consumption 
reductions that the program would 
otherwise achieve. Therefore, the final 
rules include the small business 
exemption as proposed. The specific 
deferral provisions are discussed in 
more detail in Section II. 

The agencies will consider 
appropriate GHG emissions and fuel 
consumption standards for these entities 
as part of a future regulatory action. 

(e) Light-Duty Vehicle CH4 and N2O 
Standards Flexibility 

After finalization of the N2O and CH4 
standards for light-duty vehicles as part 
of the 2012–2016 MY program, some 
manufacturers raised concerns that they 
may have difficulty meeting those 
standards across their light-duty vehicle 
fleets. In response to these concerns, as 

part of the same Federal Register notice 
as the heavy-duty proposal, EPA 
requested comments on additional 
options for manufacturers to comply 
with light-duty vehicle N2O and CH4 
standards to provide additional near- 
term flexibility. Commenters providing 
comment on this issue supported 
additional flexibility for manufacturers. 
EPA is finalizing provisions allowing 
manufacturers to use CO2 credits, on a 
CO2-equivalent basis, to meet the N2O 
and CH4 standards, which is consistent 
with many commenters’ preferred 
approach. Manufacturers will have the 
option of using CO2 credits to meet N2O 
and CH4 standards on a test group basis 
as needed for MYs 2012–2016. 

(f) Alternative Fuel Engines and 
Vehicles 

The agencies believe that it is also 
appropriate to take steps to recognize 
the benefits of flexible-fueled vehicles 
(FFVs) and dedicated alternative-fueled 
vehicles. In the NPRM, EPA proposed to 
determine the emissions performance of 
dedicated alternative fuel engines and 
pickup trucks and vans by measuring 
tailpipe CO2 emissions. NHTSA 
proposed to determine fuel 
consumption performance of non- 
electric dedicated alternative fuel 
engines and pickup trucks and vans by 
measuring fuel consumption with the 
alternative fuel and then calculating a 
petroleum equivalent fuel consumption 
using a Petroleum Equivalency Factor 
(PEF) that is determined by the 
Department of Energy. NHTSA 
proposed to treat electric vehicles as 
having zero fuel consumption, 
comparable to the EPA proposal. Both 
agencies proposed to determine FFV 
performance in the same way as for 
GHG emissions for light-duty vehicles, 
with a 50–50 weighting of alternative 
and conventional fuel test results 
through MY 2015, and a weighting 
based on demonstrated fuel use in the 
real world after MY 2015 (defaulting to 
an assumption of 100 percent 
conventional fuel use). This approach 
was considered to be a reasonable and 
logical way to properly credit 
alternative fuel use in FFVs in the real 
world without imposing a difficult 
burden of proof on manufacturers. 
However, unlike in the light-duty rule, 
the agencies do not believe it is 
appropriate to create a provision for 
additional incentives similar to the 
2012–2015 light-duty incentive program 
(See 49 U.S.C. 32904) because the HD 
sector does not have the incentives 
mandated in EISA for light-duty FFVs, 
and so has not relied on the existence 
of such credits in devising compliance 
strategies for the early model years of 

this program. See 74 FR at 49531. In 
fact, manufacturers have not in the past 
produced FFV heavy-duty vehicles. On 
the other hand, the agencies sought 
comment on how to properly recognize 
the impact of the use of alternative 
fuels, and E85 in particular, in HD 
pickups and vans, including the proper 
accounting for alternative fuel use in 
FFVs in the real world.36 See 75 FR at 
74198. 

The agencies received several 
comments from natural gas vehicle 
(NGV) interests arguing for greater 
crediting of NGVs than the proposed 
approach would have provided. Clean 
Energy, Hayday Farms, Border Valley, 
AGA, Ryder, Encana, and a group of 
NGV interests commented that the 
NPRM ignored Congress’ intent to 
incentivize the use of NGVs by not 
including the conversion factor that 
exists in the light-duty statutory 
language. The commenters argued that 
Congress’ intent to incentivize NGVs is 
evident in the formula contained in 49 
U.S.C. 32905, which deems a gallon 
equivalent of gaseous fuel to have a fuel 
content of 0.15 gallon of fuel. The 
commenters also argued that Congress 
implicitly intended NGVs to be 
incentivized in this rulemaking, as 
evidenced by the incentives in the light- 
duty statutory text. AGA and Hayday 
suggested that the agencies were not 
including the NGV incentive from light- 
duty because Congress did not explicitly 
include it in 49 U.S.C. 32902(k), and 
argued that this would contradict the 
agencies’ inclusion of other incentives 
similar to the light-duty rule. 

The American Trucking Association 
expressed support for estimating natural 
gas fuel efficiency by using carbon 
emissions from natural gas rather than 
energy content to estimate fuel 
consumption. ATA explained that two 
vehicles can achieve the same fuel 
efficiency, yet one operated on natural 
gas would have a lower carbon dioxide 
emissions rate. A natural gas conversion 
factor that uses carbon content versus 
energy content is a more appropriate 
method for calculating fuel 
consumption, in the commenter’s view. 
A number of other groups commented 
on the appropriate method to use in 
establishing fuel consumption from 
alternative fueled vehicles. A group of 
NGV interests, Ryder, Border Valley 
Trading, Waste Management, Robert 
Bosch and the Blue Green Alliance 
encouraged the agencies to adopt the 
0.15 conversion factor in estimating fuel 
consumption for FFVs and alternative 
fuel vehicles finalized in the light-duty 
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37 Fuel consumption calculated from measured 
CO2 using conversion factors of 8,887 g CO2/gallon 
for gasoline (for alternative fuel engines that are 
derived from gasoline engines), and 10,180 g CO2/ 
gallon for diesel fuel (for alternative fuel engines 
that are derived from diesel engines). 

38 EPA is responsible for developing and 
implementing regulations to ensure that 
transportation fuel sold in the United States 
contains a minimum volume of renewable fuel. The 
RFS program was created under the Energy Policy 
Act (EPAct) of 2005, and expanded under the 
Energy Independence and Security Act (EISA) of 
2007. 

39 EO 13563 states that an agency shall ‘‘tailor its 
regulations to impose the least burden on society, 
consistent with obtaining regulatory objectives, 
taking into account, among other things, and to the 
extent practicable, the costs of cumulative 
regulations,’’ and ‘‘promote such coordination, 
simplification, and harmonization’’ as will reduce 
redundancy, inconsistency, and costs of multiple 
regulatory requirements. 

2012–2016 MY vehicle standards. The 
suggested incentive would effectively 
reduce the calculated fuel consumption 
for FFVs and alternative fuel vehicles by 
a factor of 85 percent. The commenters 
argued that the incentive is needed for 
heavy-duty vehicles to encourage the 
use of natural gas and to reduce the 
nation’s dependence on petroleum. 

The agencies reassessed the options 
for evaluating the CO2 and fuel 
consumption performance of alternative 
fuel vehicles in response to comments 
and because the agencies recognized 
that the treatment of alternate fuel 
vehicles was one of the few provisions 
in the proposal where the EPA and 
NHTSA programs were not aligned. The 
agencies conducted an analysis 
comparing fuel consumption calculated 
based on CO2 emissions 37 to fuel 
consumption calculated based on 
gasoline or diesel energy equivalency to 
evaluate impacts of a consistent 
consumption measurement for all 
vehicle classes covered by this program 
and to further understand how 
alternative fuels would be impacted by 
this measurement methodology. In 
particular the agencies evaluated how 
measuring consumption via CO2 
emissions would hinder or benefit the 
application of alternative fuels versus 
following similar alternative fuel 
incentivizing programs provided via 
statute for the Agency’s light-duty 
programs. The analysis showed 
measuring a vehicle’s CO2 output 
converted to fuel consumption provided 
a fuel consumption measurement 
benefit to those vehicles operating on 
fuels other than gasoline or diesel. For 
CNG, LNG and LPG the benefit is 
approximately 19 percent to 24 percent, 
for biodiesel and ethanol blends the 
benefit is approximately 1 percent to 3 
percent, and for electricity and 
hydrogen fuels the benefit is 100 
percent benefit, as fuel consumption is 
zero. The agencies also considered that 
the EPA Renewable Fuel Standard,38 a 
separate program, requires an increase 
in the volume of renewable fuels used 
in the U.S. transportation sector. For the 
fuels covered by the Renewable Fuels 
Standard additional incentives are not 

needed in this regulation given the large 
volume increases required under the 
Renewable Fuel Standard. 

The agencies continue to believe that 
alternative-fueled vehicles, including 
NGVs, provide fuel consumption 
benefits that should be, and are, 
accounted for in this program. However, 
the agencies do not agree with the 
commenters’ claim that the NGV 
incentive contained in EISA, and 
reflected in the light-duty program, is an 
explicit Congressional directive that 
must also be applied to the heavy-duty 
program, nor that the light-duty 
incentive for NGVs should be 
interpreted as an implicit Congressional 
directive for NGVs to be comparably 
incentivized in the heavy-duty program. 
Further, the agencies believe that the 
fuel consumption benefits that 
alternative fuel vehicles would obtain 
through measuring CO2 emissions for 
the EPA program and converting CO2 
emissions to fuel consumption for the 
NHTSA program accurately reflects 
their energy benefits. This accurate 
accounting, in conjunction with the 
volumetric increases required by the 
Renewable Fuels Standard, provides 
sufficient incentives for these vehicles. 
The agencies continue to believe that 
the light-duty conversion factor is not 
appropriate for this program. Instead, 
the agencies are finalizing measuring 
the performance of alternative fueled 
vehicles by measuring CO2 emissions 
for the EPA program and converting CO2 
emissions to fuel consumption for the 
NHTSA program. The agencies are also 
finalizing measuring FFV performance 
with a 50–50 weighting of alternative 
and conventional fuel test results 
through MY 2015, and an agency- or 
manufacturer-determined weighting 
based on demonstrated fuel use in the 
real world after MY 2015 (defaulting to 
an assumption of 100 percent 
conventional fuel use). 

The agencies believe this structure 
accurately reflects the fuel consumption 
of the vehicles while at the same time 
providing an incentive for the 
alternative fuel use. (For example, 
natural gas heavy duty engines perform 
20 to 30 percent better than their diesel 
and gasoline counterparts from a CO2 
perspective, and so meet the standards 
adopted in these rules without cost, and 
indeed will be credit generators without 
cost.) We believe this is a substantial 
enough advantage to spur the market for 
these vehicles. The calculation at the 
same time does not overestimate the 
benefit from these technologies, which 
could reduce the effectiveness of the 
regulation. Therefore, the final rules do 
not include the light-duty 0.15 
conversion factor for NGVs. The 

agencies would like to clarify that the 
decision not to include an NGV 
incentive was based on this policy 
determination, not on a belief that 
incentives present in the light-duty rule 
could not be developed for the heavy- 
duty sector because they were not 
explicitly included in Section 32902(k). 

NHTSA recognizes that EPCA/EISA 
promotes incentives for alternative 
fueled vehicles for different purposes 
than does the CAA, and that there may 
be additional energy and national 
security benefits that could be achieved 
through increasing fleet percentages of 
natural gas and other alternative-fueled 
vehicles. More alternative-fueled 
vehicles on road would arguably 
displace petroleum-fueled vehicles, and 
thereby increase both U.S. energy and 
national security by reducing the 
nation’s dependence on foreign oil. 

However, a rule that adopts identical 
incentive provisions reduces industry 
reporting burdens and NHTSA’s 
monitoring burden. In addition, the 
agencies are concerned that providing 
greater incentives under EPCA/EISA 
might lead to little increased production 
of alternative fueled vehicles. If this 
were the case, then the benefits of 
harmonization could outweigh any 
potential gains from providing greater 
incentives. It is also consistent with 
Executive Order 13563.39 

Adopting the same incentive 
provisions could also have benefits for 
the public, the regulated industries, and 
the agencies. This approach allows 
manufacturers to project clear benefits 
for the application of GHG-reduction 
and fuel efficiency technologies, thus 
spurring their adoption. 

This combined rulemaking by EPA 
and NHTSA is designed to regulate two 
separate characteristics of heavy duty 
vehicles: Greenhouse gas emissions 
(GHG) and fuel consumption. In the 
case of diesel or gasoline powered 
vehicles, there is a one-to-one 
relationship between these two 
characteristics. Each gallon of gasoline 
combusted by a truck engine generates 
approximately 8,887 grams of CO2; and 
each gallon of diesel fuel burned 
generates about 10,180 grams of CO2. 
Because no available technologies 
reduce tailpipe CO2 emissions per 
gallon of fuel combusted, any rule that 
limits tailpipe CO2 emissions is 
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effectively identical to a rule that limits 
fuel consumption. Compliance by a 
truck manufacturer with the NHTSA 
fuel economy rule assures compliance 
with the EPA rule, and vice versa. 

For alternatively fueled vehicles, 
which use no petroleum, the situation is 
different. For example, a natural gas 
vehicle that achieves approximately the 
same fuel economy as a diesel powered 
vehicle would emit 20 percent less CO2; 
and a natural gas vehicle with the same 
fuel economy as a gasoline vehicle 
would emit 30 percent less CO2. Yet 
natural gas vehicles consume no 
petroleum. To the extent that the goal of 
the NHTSA fuel economy portion of this 
rulemaking is to curb petroleum use, 
crediting natural gas vehicles with zero 
fuel consumption per mile could 
contribute to achieving that goal. 
Similar differences between oil 
consumption and greenhouse gas 
emissions would apply to electric 
vehicles, hybrid electric vehicles, and 
biofuel-powered vehicles. 

NHTSA notes that the purpose of 
EPCA/EISA is not merely to curb 
petroleum use—it is more generally to 
secure energy independence, which can 
be achieved by reducing petroleum use. 
The value of incentivizing natural gas, 
electric vehicles, biofuels, hydrogen, or 
other alt fuel vehicles for energy 
independence is limited to the extent 
that the alternative fuels may be 
imported. 

In the recent rulemaking for light-duty 
vehicles, EPA and NHTSA have 
followed the light duty specific 
statutory provision that treats one gallon 
of alternative fuel as equivalent to 0.15 
gallons of gasoline until MY 2016, when 
performance on the EPA CO2 standards 
is measured based on actual emissions. 
75 FR at 25433. Following that MY 
2012–2015 approach in this heavy duty 
program would mean that, for example, 
a natural gas powered truck would have 
attributed to it 20 percent less CO2 
emissions than a comparable diesel 
powered truck, but 85 percent less fuel 
consumption. Engine manufacturers 
with a relatively large share of 
alternative-fuel products would likely 
have an easier time complying with 
NHTSA’s average fuel economy 
standard than with EPA’s GHG 
standard. Similarly, engine 
manufacturers with a relatively small 
share of alternative-fuel products would 
have a relatively easier time complying 
with EPA’s CO2 standard than with 
NHTSA’s fuel economy standard. In that 
way, the rule would not differ from the 
light duty vehicle rules. 

Instead, in this program, EPA and 
NHTSA are establishing identical rules. 
Fuel consumption for alternatively- 

powered vehicles will be calculated 
according to their tailpipe CO2 
emissions. In that way, there will be a 
one-to-one relationship between fuel 
economy and tailpipe CO2 emissions for 
all vehicles. However, this might not 
result in a one-to-one relationship 
between petroleum consumption and 
GHG emissions for all vehicles. On the 
other hand, it could have the 
disadvantage of not doing more to 
encourage some cost-effective means of 
reducing petroleum consumption by 
trucks, and the accompanying energy 
security costs. By attributing to natural 
gas engines only 20 percent less fuel 
consumption than comparable diesel 
engines, because they emit 20 percent 
less CO2, rather than attributing to them 
a much larger percentage reduction in 
fuel consumption, because they use no 
petroleum, this uniform approach to 
rulemaking provides less of an incentive 
for technologies that reduce 
consumption of petroleum-based fuels. 

In the future, the Agencies will 
consider the possibility of proposing 
standards in a way that more fully 
reflects differences in fuel consumption 
and greenhouse gas emissions. Under 
such standards, any given vehicle might 
‘‘over-comply’’ with the fuel economy 
standard, but might ‘‘under-comply’’ 
with the greenhouse gas standard. 
Therefore, in meeting the fleet-wide 
requirements, a manufacturer would 
need to meet both standards using all 
available options, such as credit trading 
and technology mix. Allowing for two 
distinct standards might enable 
manufacturers to achieve the twin goals 
of reducing greenhouse gas emissions 
and decreasing consumption of 
petroleum-based fuels in a more cost- 
effective manner. 

D. Summary of Costs and Benefits of the 
HD National Program 

This section summarizes the projected 
costs and benefits of the final NHTSA 
fuel consumption and EPA GHG 
emissions standards. These projections 
helped to inform the agencies’ choices 
among the alternatives considered and 
provide further confirmation that the 
final standards are an appropriate 
choice within the spectrum of choices 
allowable under the agencies’ respective 
statutory criteria. NHTSA and EPA have 
used common projected costs and 
benefits as the bases for our respective 
standards. 

The agencies have analyzed in detail 
the projected costs, fuel savings, and 
benefits of the final GHG and fuel 
consumption standards. Table I–5 
shows estimated lifetime discounted 
program costs (including technological 
outlays), fuel savings, and benefits for 

all heavy-duty vehicles projected to be 
sold in model years 2014–2018 over 
these vehicles’ lives. The benefits 
include impacts such as climate-related 
economic benefits from reducing 
emissions of CO2 (but not other GHGs) 
and reductions in energy security 
externalities caused by U.S. petroleum 
consumption and imports. The analysis 
also includes economic impacts 
stemming from additional heavy-duty 
vehicle use attributable to fuel savings, 
such as the economic damages caused 
by accidents, congestion and noise. Note 
that benefits reflect on estimated values 
for the social cost of carbon (SCC), as 
described in Section VIII.G. 

The costs, fuel savings, and benefits 
summarized here are slightly higher 
than at proposal, reflecting the use of 
2009 (versus 2008) dollars, some minor 
changes to our cost estimates in 
response to comments, and a change to 
the 2011 Annual Energy Outlook (AEO) 
estimate of economic growth and future 
fuel prices. In aggregate, these changes 
lead to an increased estimate of the net 
benefits of the final action compared to 
the proposal. 

TABLE I–5—ESTIMATED LIFETIME DIS-
COUNTED COSTS, FUEL SAVINGS, 
BENEFITS, AND NET BENEFITS FOR 
2014–2018 MODEL YEAR HEAVY- 
DUTY VEHICLESa b 

[Billions, 2009$] 

Lifetime Present Valuec—3% Discount Rate 

Program Costs ...................... $8.1 
Fuel Savings ......................... $50 
Benefits ................................. $7.3 
Net Benefitsd ........................ $49 

Annualized Valuee—3% Discount Rate 

Annualized Costs .................. $0.4 
Fuel Savings ......................... $2.2 
Annualized Benefits .............. $0.4 
Net Benefitsd ........................ $2.2 

Lifetime Present Valuec—7% Discount Rate 

Program Costs ...................... $8.1 
Fuel Savings ......................... $34 
Benefits ................................. $6.7 
Net Benefitsd ........................ $33 

Annualized Valuee—7% Discount Rate 

Annualized Costs .................. $0.6 
Fuel Savings ......................... $2.6 
Annualized Benefits .............. $0.5 
Net Benefitsd ........................ $2.5 

Notes: 
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40 Non-GHG emissions and health-related impacts 
were estimated for the calendar year analysis. See 

Section VII for more information about non-GHG emission impacts and Section VIII for more 
information about non-GHG-related health impacts. 

a The agencies estimated the benefits asso-
ciated with four different values of a one ton 
CO2 reduction (model average at 2.5% dis-
count rate, 3%, and 5%; 95th percentile at 
3%), which each increase over time. For the 
purposes of this overview presentation of esti-
mated costs and benefits, however, we are 
showing the benefits associated with the mar-
ginal value deemed to be central by the inter-
agency working group on this topic: the model 
average at 3% discount rate, in 2009 dollars. 
Section VIII.F provides a complete list of val-
ues for the 4 estimates. 

b Note that net present value of reduced 
GHG emissions is calculated differently than 
other benefits. The same discount rate used to 
discount the value of damages from future 
emissions (SCC at 5, 3, and 2.5 percent) is 
used to calculate net present value of SCC for 
internal consistency. Refer to Section VIII.F for 
more detail. 

c Present value is the total, aggregated 
amount that a series of monetized costs or 
benefits that occur over time is worth now (in 
year 2009 dollar terms), discounting future val-
ues to the present. 

d Net benefits reflect the fuel savings plus 
benefits minus costs. 

e The annualized value is the constant an-
nual value through a given time period (2012 
through 2050 in this analysis) whose summed 
present value equals the present value from 
which it was derived. 

Table I–6 shows the estimated 
lifetime reductions in CO2 emissions (in 
million metric tons (MMT)) and fuel 
consumption for all heavy-duty vehicles 
sold in the model years 2014–2018. The 
values in Table I–6 are projected 
lifetime totals for each model year and 
are not discounted. The two agencies’ 
standards together comprise the HD 
National Program, and the agencies’ 
respective GHG emissions and fuel 
consumption standards, jointly, are the 
source of the benefits and costs of the 
HD National Program. 

TABLE I–6—ESTIMATED LIFETIME REDUCTIONS IN FUEL CONSUMPTION AND CO2 EMISSIONS FOR 2014–2018 MODEL 
YEAR HD VEHICLES 

All heavy-duty vehicles 2014 MY 2015 MY 2016 MY 2017 MY 2018 MY Total 

Fuel (billion gallons) ..................... 4 .0 3 .6 3 .6 5 .1 5 .8 22 .1 
Fuel (billion barrels) ..................... 0 .10 0 .09 0 .08 0 .12 0 .14 0 .53 
CO2 (MMT)a ................................. 50 .2 44 .8 44 .0 62 .8 71 .7 273 

Note: 
a Includes upstream and downstream CO2 reductions. 

Table I–7 shows the estimated 
lifetime discounted benefits for all 
heavy-duty vehicles sold in model years 
2014–2018. Although the agencies 
estimated the benefits associated with 
four different values of a one ton CO2 
reduction ($5, $22, $36, $66), for the 
purposes of this overview presentation 
of estimated benefits the agencies are 
showing the benefits associated with 
one of these marginal values, $22 per 
ton of CO2, in 2009 dollars and 2010 
emissions. Table I–7 presents benefits 
based on the $22 per ton of CO2 value. 

Section VIII.F presents the four marginal 
values used to estimate monetized 
benefits of CO2 reductions and Section 
VIII presents the program benefits using 
each of the four marginal values, which 
represent only a partial accounting of 
total benefits due to omitted climate 
change impacts and other factors that 
are not readily monetized. The values in 
the table are discounted values for each 
model year of vehicles throughout their 
projected lifetimes. The analysis 
includes other economic impacts such 
as energy security, and other 

externalities such as impacts on 
accidents, congestion and noise. 
However, the model year lifetime 
analysis supporting the program omits 
other impacts such as benefits related to 
non-GHG emission reductions.40 The 
lifetime discounted benefits are shown 
for one of four different SCC values 
considered by EPA and NHTSA. The 
values in Table I–7 do not include costs 
associated with new technology 
required to meet the GHG and fuel 
consumption standards. 

TABLE I–7—ESTIMATED LIFETIME DISCOUNTED BENEFITS FOR 2014–2018 MODEL YEAR HD VEHICLES ASSUMING THE 
MODEL AVERAGE, 3% DISCOUNT RATE SCC VALUEa b c 

[billions of 2009 dollars] 

Discount rate 
(percent) 

Model year 

2014 2015 2016 2017 2018 Total 

3 ............................................................... $10.7 $9.4 $9.2 $13.2 $14.9 $57 
7 ............................................................... 8.3 6.9 6.6 9.2 10.1 41 

Notes: 
a The analysis includes impacts such as the economic value of reduced fuel consumption and accompanying climate-related economic benefits 

from reducing emissions of CO2 (but not other GHGs), and reductions in energy security externalities caused by U.S. petroleum consumption 
and imports. The analysis also includes economic impacts stemming from additional heavy-duty vehicle use, such as the economic damages 
caused by accidents, congestion and noise. 

b Note that net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount 
the value of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consist-
ency. Refer to Section VIII.F for more detail, including a list of all four SCC values, which increase over time. 

c Benefits in this table include fuel savings. 

Table I–8 shows the agencies’ 
estimated lifetime fuel savings, lifetime 
CO2 emission reductions, and the 

monetized net present values of those 
fuel savings and CO2 emission 
reductions. The gallons of fuel and CO2 

emission reductions are projected 
lifetime values for all vehicles sold in 
the model years 2014–2018. The 
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41 NHTSA notes that it has greater flexibility in 
the HD program to include consideration of credits 
and other flexibilities in determining appropriate 
and feasible levels of stringency than it does in the 
light-duty CAFE program. Cf. 49 U.S.C. 32902(h), 
which applies to light-duty CAFE but not heavy- 
duty fuel efficiency under 49 U.S.C. 32902(k). 

estimated fuel savings in billions of 
barrels and the GHG reductions in 
million metric tons of CO2 shown in 
Table I–8 are totals for the five model 
years throughout their projected lifetime 

and are not discounted. The monetized 
values shown in Table I–8 are the 
summed values of the discounted 
monetized-fuel consumption and 
monetized-CO2 reductions for the five 

model years 2014–2018 throughout their 
lifetimes. The monetized values in 
Table I–8 reflect both a 3 percent and a 
7 percent discount rate as noted. 

TABLE I–8—ESTIMATED LIFETIME REDUCTIONS AND ASSOCIATED DISCOUNTED MONETIZED BENEFITS FOR 2014–2018 
MODEL YEAR HD VEHICLES 
[Monetized values in 2009 dollars] 

Amount $ Value (billions) 

Fuel Consumption Reductions ................................................ 0.53 billion barrels ................................. $50.1, 3% discount rate $34.4, 7% dis-
count rate. 

CO2 Emission Reductions a Valued assuming $22/ton CO2 in 
2010.

273 MMT CO2 ....................................... $5.8 b. 

Notes: 
a Includes both upstream and downstream CO2 emission reductions. 
b Note that net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount 

the value of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consist-
ency. Refer to Section VIII.F for more detail. 

Table I–9 shows the estimated 
incremental and total technology 
outlays for all heavy-duty vehicles for 

each of the model years 2014–2018. The 
technology outlays shown in Table I–9 
are for the industry as a whole and do 

not account for fuel savings associated 
with the program. 

TABLE I–9—ESTIMATED INCREMENTAL TECHNOLOGY OUTLAYS FOR 2014–2018 MODEL YEAR HD VEHICLES 
[Billions of 2009 dollars] 

2014 
MY 

2015 
MY 

2016 
MY 

2017 
MY 

2018 
MY Total 

All Heavy-Duty Vehicles .................................................................................................. $1.6 $1.4 $1.5 $1.6 $2.0 $8.1 

Table I–10 shows the agencies’ 
estimated incremental cost increase of 

the average new heavy-duty vehicle for 
each model year 2014–2018. The values 

shown are incremental to a baseline 
vehicle and are not cumulative. 

TABLE I–10—ESTIMATED INCREMENTAL INCREASE IN AVERAGE COST FOR 2014–2018 MODEL YEAR HD VEHICLES 
[2009 Dollars per unit] 

2014 
MY 

2015 
MY 

2016 
MY 

2017 
MY 

2018 
MY 

Combination Tractors ................................................................................................... $6,019 $5,871 $5,677 $6,413 $6,215 
HD Pickups & Vans ..................................................................................................... 165 215 422 631 1,048 
Vocational Vehicles ...................................................................................................... 329 320 397 387 378 

Both costs and benefits presented in 
this section are in comparison to a 
reference case with no improvements in 
fuel consumption or greenhouse gas 
emissions in model years 2014 to 2018. 

E. Program Flexibilities 

For each of the heavy-duty vehicle 
and heavy-duty engine categories for 
which we are adopting respective 
standards, EPA and NHTSA are also 
finalizing provisions designed to give 
manufacturers a degree of flexibility in 
complying with the standards. These 
final provisions have enabled the 
agencies to consider overall standards 
that are more stringent and that will 
become effective sooner than we could 
consider with a more rigid program, one 
in which all of a manufacturer’s similar 

vehicles or engines would be required to 
achieve the same emissions or fuel 
consumption levels, and at the same 
time.41 We believe that incorporating 
carefully structured regulatory 
flexibility provisions into the overall 
program is an important way to achieve 
each agency’s goals for the program. 

NHTSA’s and EPA’s flexibility 
provisions are essentially identical in 
structure and function. Within 
combination tractor and vocational 
vehicle categories and within heavy- 

duty engines, we are finalizing four 
primary types of flexibility: Averaging, 
banking, and trading (ABT) provisions; 
early credits; advanced technology 
credits (including hybrid powertrains); 
and innovative technology credit 
provisions. The final ABT provisions 
are patterned on existing EPA and 
NHTSA ABT programs and will allow a 
vehicle manufacturer to reduce CO2 
emission and fuel consumption levels 
further than the level of the standard for 
one or more vehicles to generate ABT 
credits. The manufacturer can use those 
credits to offset higher emission or fuel 
consumption levels in the same 
averaging set, ‘‘bank’’ the credits for 
later use, or ‘‘trade’’ the credits to 
another manufacturer. For HD pickups 
and vans, we are finalizing a fleet 
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averaging system very similar to the 
light-duty GHG and CAFE fleet 
averaging system. 

At proposal, we restricted the use of 
the ABT provisions of the program to 
vehicles or engines within the same 
regulatory subcategory. This meant that 
credit exchanges could only happen 
between similar vehicles meeting the 
same standards. We proposed this 
approach for two reasons. First, we were 
concerned about a level playing field 
between different manufacturers who 
may not participate equally in the 
various truck and engine markets 
covered in the regulation. Second, we 
were concerned about the uncertainties 
inherent in credit calculations that are 
based on projections of lifetime 
emissions for different vehicles in 
wholly different vehicle markets. In 
response to comments, we have revised 
our ABT provisions to provide greater 
flexibility while continuing to provide 
assurance that the projected reductions 
in fuel consumption and GHG emissions 
will be achieved. We are relaxing the 
restriction on averaging, banking, and 
trading of credits between the various 
regulatory subcategories, by defining 
three HD vehicle averaging sets: Light 
Heavy-Duty (Classes 2b–5); Medium 
Heavy-Duty (Class 6–7); and Heavy 
Heavy-Duty (Class 8). This allows the 
use of credits between vehicles within 
the same weight class. This means that 
a Class 8 day cab tractor can exchange 
credits with a Class 8 high roof sleeper 
tractor but not with a smaller Class 7 
tractor. Also, a Class 8 vocational 
vehicle can exchange credits with a 
Class 8 tractor. We are adopting these 
revisions based on comments from the 
regulated industry that convinced us 
these changes would allow the broadest 
trading possible while maintaining a 
level playing field among the various 
market segments. However, we are 
restricting trading between engines and 
chassis, even within the same vehicle 
class. 

The agencies believe that restricting 
trading to within the same eight classes 
as EPA’s existing criteria pollutant 
program (i.e. Heavy-Heavy Duty, Light 
Heavy-Duty, Medium Heavy-Duty), but 
not restricting trading between vehicle 
or engine type (such as combination 
tractors), and restricting between 
engines and chassis for the same vehicle 
type, is appropriate and reasonable. We 
do not expect emissions from engines 
and vehicles—when restricted by 
weight class—to be dissimilar. We 
therefore expect that the lifetime vehicle 
performance and emissions levels will 
be very similar across these defined 
categories, and the estimated credit 
calculations will fairly ensure the 

expected fuel consumption and GHG 
reductions. 

The agencies considered even broader 
averaging, banking, and trading 
provisions but decided that in this first 
phase of regulation, it would be prudent 
to start with the program described here, 
which will regulate greenhouse gas 
emissions and fuel consumption from 
this sector for the first time and provide 
considerable early reductions as well as 
opportunities to learn about technical 
and other issues that can inform future 
rulemakings. In the future we intend to 
consider whether additional cost 
savings could be realized through 
broader trading provisions and whether 
such provisions could be designed so as 
to address any other relevant concerns. 

Reducing the cost of regulation 
through broader use of market tools is 
a high priority for the Administration. 
See Executive Order 13563 and in 
particular section 1(b)(5) and section 4. 
Consistent with this principle, we 
intend to seek public comment through 
a Notice of Data Availability after credit 
trading begins in 2013, the first year we 
expect manufacturers to begin certifying 
2014 model year vehicles, on whether 
broader credit trading is more 
appropriate in developing the next 
phase of heavy-duty regulations. We 
believe that input will be better 
informed by the work the agencies and 
the regulated industry will have put into 
implementing this first phase of heavy- 
duty regulations. 

Through this public process, 
emphasizing the Administration’s 
strong preference for flexible 
approaches and maximizing the use of 
market tools, the agencies intend to 
fully consider whether broader credit 
trading is more appropriate in 
developing the next phase of heavy-duty 
regulations. 

This program thus does not allow 
credits to be exchanged between heavy- 
duty vehicles and light-duty vehicles, 
nor can credits be traded from heavy- 
duty vehicle fleets to light-duty vehicle 
fleets and vice versa. 

The engine ABT provisions are also 
changed from the proposal and now are 
the same as in EPA’s existing criteria 
pollutant emission rules. The agencies 
have broadened the averaging sets to 
include both FTP-certified and SET- 
certified engines in the same averaging 
set. For example, a SET-certified engine 
intended for a Class 8 tractor can 
exchange credits with a FTP-certified 
engine intended for a Class 8 vocational 
vehicle. 

The agencies are finalizing three year 
deficit carry-forward provisions for 
heavy-duty engines and vehicles within 
a limited time frame. This flexibility is 

expected to provide an opportunity for 
manufacturers to make necessary 
technological improvements and reduce 
the overall cost of the program without 
compromising overall environmental 
and fuel economy objectives. This 
flexibility, similar to the flexibility the 
agencies have offered under the light- 
duty vehicle program, is intended to 
assist the broad goal of harmonizing the 
two agencies’ standards while 
preserving the flexibility of 
manufacturers of vehicles and engines 
in meeting the standards, to the extent 
appropriate and required by law. During 
the MYs 2014–2018 manufacturers are 
expected to go through the normal 
business cycle of redesigning and 
upgrading their heavy-duty engine and 
vehicle products, and in some cases 
introducing entirely new vehicles and 
engines not on the market today. As 
explained in the following paragraph, 
the carry-forward provision will allow 
manufacturers the time needed to 
incorporate technology to achieve GHG 
reductions and improve fuel economy 
during the vehicle redesign process. 

We received comments from Center 
for Biological Diversity against the need 
to offer the deficit carry-forward 
flexibility. CBD has stated that allowing 
manufacturers to carry-forward deficits 
for up to three years would incentivize 
delays in investment and technological 
innovation and allow for the generation 
of additional tons of GHG emissions that 
may be prevented today. However, the 
deficit carry-forward flexibility (as well 
as ABT generally) has enabled the 
agencies to consider overall standards 
that are more stringent and that will 
become effective at an earlier period 
than we could consider with a more 
rigid program. The agencies also believe 
this flexibility is an important aspect of 
the program, as it avoids the much 
higher costs that would occur if 
manufacturers needed to add or change 
technology at times other than their 
scheduled redesigns, i.e. the cost of 
adopting a new engine or vehicle 
platform mid-production or mid-design. 
This time period would also provide 
manufacturers the opportunity to plan 
for compliance using a multi-year time 
frame, again consistent with normal 
business practice. Over these four model 
years, there would be an opportunity for 
manufacturers to evaluate practically all 
of their vehicle and engine model 
platforms and add technology in a cost 
effective way to control GHG emissions 
and improve fuel economy. 

As noted above, in addition to ABT, 
the other primary flexibility provisions 
in this program involve opportunities to 
generate early credits, advanced 
technology credits (including for use of 
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42 See 49 U.S.C. 32902(h). 
43 EO 12866 states that an agency must ‘‘design 

its regulations in the most cost-effective manner to 
achieve the regulatory objective * * * consider[ing] 
incentives for innovation * * * [and] flexibility,’’ 
among other factors; EO 13563 directs agencies to 
‘‘seek to identify, as appropriate, means to achieve 
regulatory goals that are designed to promote 
innovation,’’ and ‘‘identify and consider regulatory 
approaches that * * * maintain flexibility.’’ 

44 See 42 U.S.C. 7521 (a). A number of 
commenters believed that the GHG program was 
being adopted pursuant to section 202 (a)(3)(A) and 
that the lead time requirements of section 202 
(a)(3)(C) therefore apply. This is mistaken. Section 
202 (a)(3)(A) applies to standards for emissions of 
hydrocarbons, carbon monoxide, oxides of nitrogen, 
and particulate matter from heavy-duty vehicles 
and engines. This does not include the GHGs 
regulated under the standards in today’s action. 
This comment is addressed further in the Response 
to Comment document. 

hybrid powertrains), and innovative 
technology credits. For the early credits 
and advanced technology credits, the 
agencies sought comment on the 
appropriateness of providing a 1.5x 
multiplier as an incentive for their use. 
We received a number of comments 
supporting the idea of a credit 
multiplier, arguing it was an appropriate 
means to incentivize the early 
compliance and advanced technologies 
the agencies sought. We received other 
comments suggesting a multiplier was 
unnecessary. After considering the 
comments, the agencies have decided to 
finalize a 1.5x multiplier consistent 
with our request for comments. We 
believe that given the very short lead 
time of the program and the nascent 
nature of the advanced technologies 
identified in the proposal, that a 1.5x 
multiplier is an effective means to bring 
technology forward into the heavy-duty 
sector sooner than would otherwise 
occur. In addition, advanced technology 
credits could be used anywhere within 
the heavy duty sector (including both 
vehicles and engines), but early credits 
would be restricted to use within the 
same defined averaging set generating 
the credit. 

For other technologies which can 
reduce CO2 and fuel consumption, but 
for which there do not yet exist 
established methods for quantifying 
reductions, the agencies still wish to 
encourage the development of such 
innovative technologies, and are 
therefore adopting special ‘‘innovative 
technology’’ credits. These innovative 
technology credits will apply to 
technologies that are shown to produce 
emission and fuel consumption 
reductions that are not adequately 
recognized on the current test 
procedures and that are not yet in 
widespread use in the heavy-duty 
sector. Manufacturers will need to 
quantify the reductions in fuel 
consumption and CO2 emissions that 
the technology is expected to achieve, 
above and beyond those achieved on the 
existing test procedures. As with ABT, 
the use of innovative technology credits 
will only be allowed for use among 
vehicles and engines of the same 
defined averaging set generating the 
credit, as described above. The credit 
multiplier will not be used for 
innovative technology credits. 

CBD argued that including any 
opportunities for manufacturers to earn 
credits in the final rule would violate 
NHTSA’s statutory mandate to 
implement a program designed to 
achieve the maximum feasible 
improvement. 

NHTSA strongly believes that creating 
credit flexibilities for manufacturers for 

this first phase of the HD National 
Program is fully consistent with the 
agency’s obligation to develop a fuel 
efficiency improvement program 
designed to achieve the maximum 
feasible improvement. EISA gives 
NHTSA broad authority to develop 
‘‘compliance and enforcement 
protocols’’ that are ‘‘appropriate, cost- 
effective, and technologically feasible,’’ 
and the agency believes that compliance 
flexibilities such as the opportunity to 
earn and use credits to meet the 
standards are a reasonable and 
appropriate interpretation of that 
authority, along with the other 
compliance and enforcement provisions 
developed for this final rule. Unlike in 
NHTSA’s light-duty program, where the 
agency is restricted from considering the 
availability of credits in determining the 
maximum feasible level of stringency 
for the fuel economy standards,42 in this 
HD National Program, NHTSA and EPA 
have based the levels of stringency in 
part on our assumptions of the use of 
available flexibilities that have been 
built into the program to incentivize 
over-compliance in some respects, to 
balance out potential under-compliance 
in others. 

By assuming the use of credits for 
compliance, the agencies were able to 
set the fuel consumption/GHG 
standards at more stringent levels than 
would otherwise have been feasible. 
Greater improvements in fuel efficiency 
will occur under more stringent 
standards; manufacturers will simply 
have greater flexibility to determine 
where and how to make those 
improvements than they would have 
without credit options. Further, this is 
consistent with EOs 12866 and 13563, 
which encourage agencies to design 
regulations that promote innovation and 
flexibility where possible.43 

A detailed discussion of each agency’s 
ABT, early credit, advanced technology, 
and innovative technology provisions 
for each regulatory category of heavy- 
duty vehicles and engines is found in 
Section IV below. 

F. EPA and NHTSA Statutory 
Authorities 

(1) EPA Authority 
Title II of the CAA provides for 

comprehensive regulation of mobile 

sources, authorizing EPA to regulate 
emissions of air pollutants from all 
mobile source categories. When acting 
under Title II of the CAA, EPA 
considers such issues as technology 
effectiveness, its cost (both per vehicle, 
per manufacturer, and per consumer), 
the lead time necessary to implement 
the technology, and based on this the 
feasibility and practicability of potential 
standards; the impacts of potential 
standards on emissions reductions of 
both GHGs and non-GHGs; the impacts 
of standards on oil conservation and 
energy security; the impacts of 
standards on fuel savings by customers; 
the impacts of standards on the truck 
industry; other energy impacts; as well 
as other relevant factors such as impacts 
on safety. 

This final action implements a 
specific provision from Title II, section 
202(a).44 Section 202(a)(1) of the CAA 
states that ‘‘the Administrator shall by 
regulation prescribe (and from time to 
time revise) * * * standards applicable 
to the emission of any air pollutant from 
any class or classes of new motor 
vehicles * * *, which in his judgment 
cause, or contribute to, air pollution 
which may reasonably be anticipated to 
endanger public health or welfare.’’ 
With EPA’s December 2009 final 
findings that certain greenhouse gases 
may reasonably be anticipated to 
endanger public health and welfare and 
that emissions of GHGs from section 202 
(a) sources cause or contribute to that 
endangerment, section 202(a) requires 
EPA to issue standards applicable to 
emissions of those pollutants from new 
motor vehicles. 

Any standards under CAA section 
202(a)(1) ‘‘shall be applicable to such 
vehicles * * * for their useful life.’’ 
Emission standards set by the EPA 
under CAA section 202(a)(1) are 
technology-based, as the levels chosen 
must be premised on a finding of 
technological feasibility. Thus, 
standards promulgated under CAA 
section 202(a) are to take effect only 
‘‘after providing such period as the 
Administrator finds necessary to permit 
the development and application of the 
requisite technology, giving appropriate 
consideration to the cost of compliance 
within such period’’ (section 202(a)(2); 
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45 One commenter mistakenly stated that section 
202 (a) standards must be technology-forcing, but 
the provision plainly does not require EPA to adopt 
technology-forcing standards. See further 
discussion in Section III.A below. 

see also NRDC v. EPA, 655 F. 2d 318, 
322 (DC Cir. 1981)). EPA is afforded 
considerable discretion under section 
202(a) when assessing issues of 
technical feasibility and availability of 
lead time to implement new technology. 
Such determinations are ‘‘subject to the 
restraints of reasonableness’’, which 
‘‘does not open the door to ‘crystal ball’ 
inquiry.’’ NRDC, 655 F. 2d at 328, 
quoting International Harvester Co. v. 
Ruckelshaus, 478 F. 2d 615, 629 (DC 
Cir. 1973). However, ‘‘EPA is not 
obliged to provide detailed solutions to 
every engineering problem posed in the 
perfection of the trap-oxidizer. In the 
absence of theoretical objections to the 
technology, the agency need only 
identify the major steps necessary for 
development of the device, and give 
plausible reasons for its belief that the 
industry will be able to solve those 
problems in the time remaining. The 
EPA is not required to rebut all 
speculation that unspecified factors may 
hinder ‘real world’ emission control.’’ 
NRDC, 655 F. 2d at 333–34. In 
developing such technology-based 
standards, EPA has the discretion to 
consider different standards for 
appropriate groupings of vehicles 
(‘‘class or classes of new motor 
vehicles’’), or a single standard for a 
larger grouping of motor vehicles 
(NRDC, 655 F. 2d at 338). 

Although standards under CAA 
section 202(a)(1) are technology-based, 
they are not based exclusively on 
technological capability. EPA has the 
discretion to consider and weigh 
various factors along with technological 
feasibility, such as the cost of 
compliance (See section 202(a) (2)), lead 
time necessary for compliance (section 
202(a)(2)), safety (See NRDC, 655 F. 2d 
at 336 n. 31) and other impacts on 
consumers, and energy impacts 
associated with use of the technology. 
See George E. Warren Corp. v. EPA, 159 
F.3d 616, 623–624 (DC Cir. 1998) 
(ordinarily permissible for EPA to 
consider factors not specifically 
enumerated in the CAA). See also 
Entergy Corp. v. Riverkeeper, Inc., 129 
S.Ct. 1498, 1508–09 (2009) 
(congressional silence did not bar EPA 
from employing cost-benefit analysis 
under Clean Water Act absent some 
other clear indication that such analysis 
was prohibited; rather, silence indicated 
discretion to use or not use such an 
approach as the agency deems 
appropriate). 

In addition, EPA has clear authority to 
set standards under CAA section 202(a) 
that are technology forcing when EPA 
considers that to be appropriate, but is 
not required to do so (as compared to 
standards set under provisions such as 

section 202(a)(3) and section 
213(a)(3)).45 EPA has interpreted a 
similar statutory provision, CAA section 
231, as follows: 

While the statutory language of 
section 231 is not identical to other 
provisions in title II of the CAA that 
direct EPA to establish technology- 
based standards for various types of 
engines, EPA interprets its authority 
under section 231 to be somewhat 
similar to those provisions that require 
us to identify a reasonable balance of 
specified emissions reduction, cost, 
safety, noise, and other factors. See, e.g., 
Husqvarna AB v. EPA, 254 F.3d 195 (DC 
Cir. 2001) (upholding EPA’s 
promulgation of technology-based 
standards for small non-road engines 
under section 213(a)(3) of the CAA). 
However, EPA is not compelled under 
section 231 to obtain the ‘‘greatest 
degree of emission reduction 
achievable’’ as per sections 213 and 202 
of the CAA, and so EPA does not 
interpret the Act as requiring the agency 
to give subordinate status to factors such 
as cost, safety, and noise in determining 
what standards are reasonable for 
aircraft engines. Rather, EPA has greater 
flexibility under section 231 in 
determining what standard is most 
reasonable for aircraft engines, and is 
not required to achieve a ‘‘technology 
forcing’’ result (70 FR 69664 and 69676, 
November 17, 2005). 

This interpretation was upheld as 
reasonable in NACAA v. EPA, 489 F.3d 
1221, 1230 (DC Cir. 2007). CAA section 
202(a) does not specify the degree of 
weight to apply to each factor, and EPA 
accordingly has discretion in choosing 
an appropriate balance among factors. 
See Sierra Club v. EPA, 325 F.3d 374, 
378 (DC Cir. 2003) (even where a 
provision is technology-forcing, the 
provision ‘‘does not resolve how the 
Administrator should weigh all [the 
statutory] factors in the process of 
finding the ‘greatest emission reduction 
achievable’ ’’). See also Husqvarna AB v. 
EPA, 254 F. 3d 195, 200 (DC Cir. 2001) 
(great discretion to balance statutory 
factors in considering level of 
technology-based standard, and 
statutory requirement ‘‘to [give 
appropriate] consideration to the cost of 
applying * * * technology’’ does not 
mandate a specific method of cost 
analysis); see also Hercules Inc. v. EPA, 
598 F. 2d 91, 106 (DC Cir. 1978) (‘‘In 
reviewing a numerical standard the 
agencies must ask whether the agency’s 
numbers are within a zone of 

reasonableness, not whether its numbers 
are precisely right’’); Permian Basin 
Area Rate Cases, 390 U.S. 747, 797 
(1968) (same); Federal Power 
Commission v. Conway Corp., 426 U.S. 
271, 278 (1976) (same); Exxon Mobil Gas 
Marketing Co. v. FERC, 297 F. 3d 1071, 
1084 (DC Cir. 2002) (same). 

(a) EPA Testing Authority 
Under section 203 of the CAA, sales 

of vehicles are prohibited unless the 
vehicle is covered by a certificate of 
conformity. EPA issues certificates of 
conformity pursuant to section 206 of 
the Act, based on (necessarily) pre-sale 
testing conducted either by EPA or by 
the manufacturer. The Heavy-duty 
Federal Test Procedure (Heavy-duty 
FTP) and the Supplemental Engine Test 
(SET) are used for this purpose. 
Compliance with standards is required 
not only at certification but throughout 
a vehicle’s useful life, so that testing 
requirements may continue post- 
certification. Useful life standards may 
apply an adjustment factor to account 
for vehicle emission control 
deterioration or variability in use 
(section 206(a)). 

EPA established the Light-duty FTP 
for emissions measurement in the early 
1970s. In 1976, in response to the 
Energy Policy and Conservation Act, 
EPA extended the use of the Light-duty 
FTP to fuel economy measurement (See 
49 U.S.C. 32904(c)). EPA can determine 
fuel efficiency of a vehicle by measuring 
the amount of CO2 and all other carbon 
compounds (e.g., total hydrocarbons 
and carbon monoxide (CO)), and then, 
by mass balance, calculating the amount 
of fuel consumed. 

(b) EPA Enforcement Authority 
Section 207 of the CAA grants EPA 

broad authority to require 
manufacturers to remedy vehicles if 
EPA determines there are a substantial 
number of noncomplying vehicles. In 
addition, section 205 of the CAA 
authorizes EPA to assess penalties of up 
to $37,500 per vehicle for violations of 
various prohibited acts specified in the 
CAA. In determining the appropriate 
penalty, EPA must consider a variety of 
factors such as the gravity of the 
violation, the economic impact of the 
violation, the violator’s history of 
compliance, and ‘‘such other matters as 
justice may require.’’ 

(2) NHTSA Authority 
In 1975, Congress enacted the Energy 

Policy and Conservation Act (EPCA), 
mandating a regulatory program for 
motor vehicle fuel economy to meet the 
various facets of the need to conserve 
energy. In December 2007, Congress 
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46 ‘‘Commercial medium- and heavy-duty on- 
highway vehicles’’ are defined at 49 U.S.C. 
32901(a)(7), and ‘‘work trucks’’ are defined at 
(a)(19). 

47 ‘‘[W]here Congress includes particular language 
in one section of a statute but omits it in another 
section of the same Act, it is generally presumed 
that Congress acts intentionally and purposely in 
the disparate inclusion or exclusion.’’ Russello v. 
United States, 464 U.S. 16, 23 (1983), quoting U.S. 
v. Wong Kim Bo, 472 F.2d 720, 722 (5th Cir 1972)., 
See also Mayo v. Questech, Inc., 727 F.Supp. 1007, 
1014 (E.D.Va. 1989) (conspicuous absence of 
provision from section where inclusion would be 
most logical signals Congress did not intend for it 
to be implied). 

enacted the Energy Independence and 
Securities Act (EISA), amending EPCA 
to require, among other things, the 
creation of a medium- and heavy-duty 
fuel efficiency program for the first time. 
This mandate in EISA represents a 
major step forward in promoting EPCA’s 
goals of energy independence and 
security, and environmental and 
national security. 

NHTSA has primary responsibility for 
fuel economy and consumption 
standards, and assures compliance with 
EISA through rulemaking, including 
standard-setting; technical reviews, 
audits and studies; investigations; and 
enforcement of implementing 
regulations including penalty actions. 
This final action implements Section 
32902(k)(2) of EISA, which instructs 
NHTSA to create a fuel efficiency 
improvement program for ‘‘commercial 
medium- and heavy-duty on-highway 
vehicles and work trucks’’ 46 by 
rulemaking, which is to include 
standards, test methods, measurement 
metrics, and enforcement protocols. See 
49 U.S.C. 32902(k)(2). Congress directed 
that the standards, test methods, 
measurement metrics, and compliance 
and enforcement protocols be 
‘‘appropriate, cost-effective, and 
technologically feasible’’ for the 
vehicles to be regulated, while 
achieving the ‘‘maximum feasible 
improvement’’ in fuel efficiency. 

NHTSA has clear authority to design 
and implement a fuel efficiency 
program for vehicles and work trucks 
under EISA, and was given broad 
discretion to balance the statutory 
factors in Section 32902(k)(2) in 
developing fuel consumption standards 
to achieve the maximum feasible 
improvement. Since this is the first 
rulemaking that NHTSA has conducted 
under 49 U.S.C. 32902(k)(2), the agency 
interpreted these elements and factors 
in the context of setting standards, 
choosing metrics, and determining test 
methods and compliance/enforcement 
mechanisms. Discussion of the 
application of these factors can be found 
in Section III below. Congress also gave 
NHTSA the authority to set separate 
standards for different classes of these 
vehicles, but required that all standards 
adopted provide not less than four full 
model years of regulatory lead-time and 
three full model years of regulatory 
stability. 

In EISA, Congress required NHTSA to 
prescribe separate average fuel economy 
standards for passenger cars and light 

trucks in accordance with the 
provisions in 49 U.S.C. Section 
32902(b), and to prescribe standards for 
work trucks and commercial medium- 
and heavy-duty vehicles in accordance 
with the provisions in 49 U.S.C. 
32902(k). See 49 U.S.C. Section 
32902(b)(1). Congress also added in 
EISA a requirement that NHTSA shall 
issue regulations prescribing fuel 
economy standards for at least 1, but not 
more than 5, model years. See 49 U.S.C. 
32902(b)(3)(B). For purposes of the fuel 
efficiency standards that the agency 
proposed for HD vehicles and engines, 
the NPRM stated an interpretation of the 
statute that the 5-year maximum limit 
did not apply to standards promulgated 
in accordance with 49 U.S.C. 32902(k), 
given the language in Section 
32902(b)(1). Based on this 
interpretation, NHTSA proposed that 
the standards ultimately finalized for 
HD vehicles and engines would remain 
in effect indefinitely at their 2018 or 
2019 model year levels until amended 
by a future rulemaking action. In any 
future rulemaking action to amend the 
standards, NHTSA would ensure not 
less than four full model years of 
regulatory lead-time and three full 
model years of regulatory stability. 
NHTSA sought comment on its 
interpretation of EISA. 

Robert Bosch LLC (Bosch) commented 
that the absence of an expiration date 
for the standards proposed in the NPRM 
could violate 49 U.S.C. 32902, which it 
interpreted as requiring the MD/HD 
program to have standards that expire in 
five years. Section 32902(k)(3), which 
lays out the requirements for the MD/ 
HD program, specifies the minimum 
regulatory lead and stability times, as 
described above, but does not specify a 
maximum duration period. In contrast, 
Section 32902(b)(3)(B) lays out the 
minimum and maximum durations of 
standards to be established in a 
rulemaking for the light-duty program, 
but prescribes no minimum lead or 
stability time. Bosch argued that as 49 
U.S.C. Section 32902(k)(3) does not 
require a maximum duration period, 
Congress intended that NHTSA take the 
maximum duration period specified for 
the light-duty program in Section 
32902(b)(3)(B), five years, and apply it 
to Section 32902(k)(3). Bosch also 
argued, however, that the minimum 
duration period should not be carried 
over from the light-duty to the heavy- 
duty section, as a minimum duration 
period for HD was specified in Section 
32902(k)(3). 

NHTSA has revisited this issue and 
continues to believe that it is reasonable 
to assume that if Congress intended for 
the HD/MD regulatory program to be 

limited by the timeline prescribed in 
Subsection (b)(3)(B), it would have 
either mentioned HD/MD vehicles in 
that subsection or included the same 
timeline in Subsection (k).47 In addition, 
in order for Subsection (b)(3)(B) to be 
interpreted to apply to Subsection (k), 
the agency would need to give less than 
full weight to the earlier phrase in the 
statute directing the Secretary to 
prescribe standards for ‘‘work trucks 
and commercial medium-duty or heavy- 
duty on-highway vehicles in accordance 
with Subsection (k).’’ 49 U.S.C. 
32902(b)(1)(C). Instead, this direction 
would need to be read to mean ‘‘in 
accordance with Subsection (k) and the 
remainder of Subsection (b).’’ NHTSA 
believes this interpretation would be 
inappropriate. Interpreting ‘‘in 
accordance with Subsection (k)’’ to 
mean something indistinct from ‘‘in 
accordance with this Subsection’’ goes 
against the canon that statutes should 
not be interpreted in a way that 
‘‘render[s] language superfluous.’’ 
Dobrova v. Holder, 607 F.3d 297, 302 
(2d Cir. 2010), quoting Mendez v. 
Holder, 566 F. 3d 316, 321–22 (2d Cir. 
2009). Based on this reasoning, NHTSA 
believes the more reasonable and 
appropriate approach is reflected in the 
proposal, and the final rules therefore 
follow this approach. 

Another commenter, CBD, expressed 
concern that lack of an expiration date 
meant that the standards would remain 
indefinitely, thus forgoing the 
possibility of increased stringency in the 
future. CBD argued that this violated 
NHTSA’s statutory duty to set 
maximum feasible standards. NHTSA 
disagrees that the indefinite duration of 
the standards in this rule would prevent 
the agency from setting future standards 
at the maximum feasible level in future 
rulemakings. The absence of an 
expiration date for these standards 
should not be interpreted to mean that 
there will be no future rulemakings to 
establish new MD/HD fuel efficiency 
standards for MYs 2019 and beyond— 
the agencies have already previewed the 
possibility of such a rulemaking in other 
parts of this final rule preamble. 
Therefore, NHTSA believes this concern 
is unnecessary. 
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48 State of Ohio v. U.S. Dept. of Interior, 880 F.2d 
432, 439 (DC Cir. 1989). 

(a) NHTSA Testing Authority 
49 U.S.C. Section 32902(k)(2) states 

that NHTSA must adopt and implement 
appropriate, cost-effective, and 
technologically feasible test methods 
and measurement metrics as part of the 
fuel efficiency improvement program. 
For this program, manufacturers will 
test and conduct modeling to determine 
GHG emissions and fuel consumption 
performance, and EPA and NHTSA will 
perform validation testing. The results 
of the validation tests will be used by 
EPA to create a finalized reporting that 
confirms the manufacturer’s final model 
year GHG emissions and fuel 
consumption results, which each agency 
will use to enforce compliance with its 
standards. 

(v) NHTSA Enforcement Authority 

(i) Overview 
The NPRM proposed a compliance 

and enforcement program that included 
civil penalties for violations of the fuel 
efficiency standards. 49 U.S.C. 
32902(k)(2) states that NHTSA must 
adopt and implement appropriate, cost- 
effective, and technologically feasible 
compliance and enforcement protocols 
for the fuel efficiency improvement 
program. Congress gave DOT broad 
discretion to fashion its fuel efficiency 
improvement program and thus 
necessarily did not speak directly or 
specifically as to the nature of the 
compliance and enforcement protocols 
that would be best suited for effectively 
supporting the yet-to-be-designed-and- 
established program. Instead, it left the 
matter generally to the Secretary. 
Congress’ approach is unlike CAFE 
enforcement for passenger cars and light 
trucks, where Congress specified the 
precise details of a program and 
provided that a manufacturer either 
complies with standards or pays civil 
penalties. 

The statute is silent with respect to 
how ‘‘protocol’’ should be interpreted. 
The term ‘‘protocol’’ is imprecise and 
thus Congress’ choice of that term 
affords the agency substantial breadth of 
discretion. For example, in a case 
interpreting Section 301(c)(2) of the 
Comprehensive Environmental 
Response, Compensation, and Liability 
Act (CERCLA), the DC Circuit noted that 
the word ‘‘protocols’’ has many 
definitions that are not much help. 
Kennecott Utah Copper Corp., Inc. v. 
U.S. Dept. of Interior, 88 F.3d. 1191, 
1216 (DC Cir. 1996). Section 301(c)(2) of 
CERCLA prescribed the creation of two 
types of procedures for conducting 
natural resources damages assessments. 
The regulations were to specify (a) 
‘‘standard procedures for simplified 

assessments requiring minimal field 
observation’’ (the ‘‘Type A’’ rules), and 
(b) ‘‘alternative protocols for conducting 
assessments in individual cases’’ (the 
‘‘Type B’’ rules).48 The court upheld the 
challenged provisions, which were a 
part of a set of rules establishing a step- 
by-step procedure to evaluate options 
based on certain criteria, and to make a 
decision and document the results. 

Taking the considerations above into 
account, including Congress’ 
instructions to adopt and implement 
compliance and enforcement protocols, 
and the Secretary’s authority to 
formulate policy and make rules to fill 
gaps left, implicitly or explicitly, by 
Congress, the agency interpreted 
‘‘protocol’’ in the context of EISA as 
authorizing the agency to determine 
both whether manufacturers have 
complied with the standards, and to 
establish suitable and reasonable 
enforcement mechanisms and decision 
criteria for non-compliance. Therefore, 
NHTSA interpreted its authority to 
develop an enforcement program to 
include the authority to determine and 
assess civil penalties for non- 
compliance. 

Several commenters disagreed with 
this interpretation. Volvo and EMA 
commented that the penalties proposed 
by NHTSA exceeded the authority 
granted to the agency by Congress, and 
Volvo commented that the fact that 
Congress did not adopt an entirely new 
statute for the HD program should be 
interpreted to mean that provisions 
adopted for the light-duty program 
should apply to the HD program as well. 
Daimler argued that it was likely that 
EISA did not give NHTSA the authority 
to assess civil penalties, and Navistar 
and EMA argued that NHTSA could not 
have the authority as Congress did not 
expressly grant it. 

NHTSA continues to believe that it is 
reasonable to interpret ‘‘compliance and 
enforcement protocols’’ to include 
authority to impose civil penalties. 
Where a statute does not specify an 
approach, the discretion to do so is left 
to the agency. When Congress has 
‘‘explicitly left a gap for an agency to 
fill, there is an express delegation of 
authority to the agency to elucidate a 
specific provision of the statute by 
regulation.’’ United States. v. Mead, 533 
U.S. 218, 227 (2001), quoting Chevron v. 
NRDC, 467 U.S. 837, 843–44 (1984). The 
delegation of authority may be implicit 
rather than express. Id. at 229. NHTSA 
believes it would be unreasonable to 
assume that Congress intended to create 
a hollow regulatory program without a 

mechanism for effective enforcement. 
Further, interpreting ‘‘enforcement 
protocols’’ to mean not more than 
‘‘compliance protocols’’ would go 
against the canon noted above that 
statutes should not be interpreted in a 
way that ‘‘render[s] language 
superfluous.’’ Dobrova v. Holder, 607 
F.3d 297, 302 (2d Cir. 2010), quoting 
Mendez v. Holder 566 F. 3d 316, 321– 
22 (2d Cir. 2009). The interpretation 
urged by the commenters would render 
an entire program superfluous. 

Further, NHTSA believes that 
Congress would have anticipated that 
compliance and enforcement protocols 
would include civil penalties for the HD 
sector, given that penalties are an 
integral part of a product standards 
program and given the long precedent of 
civil penalties for the light-duty sector. 
The agency disagrees with the argument 
that the HD program would have 
appeared in a wholly separate statute if 
Congress had not intended the penalty 
program for light-duty to apply to it. 
The inclusion of the MD/HD program in 
Title 329 does not mean that Congress 
intended for the boundaries and 
differences between the separate 
sections to be ignored. Rather, this 
argument leads to the opposite 
conclusion that the fact that Congress 
created a new section for the HD 
program, instead of simply amending 
the existing light-duty program to 
include ‘‘work trucks and other 
vehicles’’ in addition to automobiles, 
means the agency should assume that 
Congress acted intentionally when it 
created two wholly separate programs 
and respect their distinctions. 
Therefore, consistent with the statutory 
interpretation proposed in the NPRM, 
the final rule includes penalties for non- 
compliance with the fuel efficiency 
standards. 

(ii) Penalty Levels 
NHTSA proposed to adopt penalty 

levels equal to those in EPA’s existing 
heavy-duty program, in order to provide 
adequate deterrence as well as 
consistency with the GHG regulation. 
The proposed maximum penalty levels 
were $37,500.00 per vehicle or engine. 

Several manufacturers commented 
that the penalty levels should be limited 
to those mandated in the light-duty 
program. Volvo and Daimler argued that 
Congress intended lower penalties for 
the HD program than were proposed in 
the NPRM, because they believed that 
Congress had expressly or implicitly 
intended for the HD program to be 
included in the penalty calculation of 
Section 32912(b). That section 
prescribes penalty levels for violators 
under Section 32902 of ‘‘$5 multiplied 
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49 This fine was increased by 49 CFR 578.6, 
which provides that ‘‘Except as provided in 49 
U.S.C. 32912(c), a manufacturer that violates a 
standard prescribed for a model year under 49 
U.S.C. 32902 is liable to the United States 
Government for a civil penalty of $5.50 multiplied 
by each 0.1 of a mile a gallon by which the 
applicable average fuel economy standard under 
that section exceeds the average fuel economy.’’ 

by each tenth (0.1) of a mile a gallon by 
which the applicable average fuel 
economy standard under that section 
exceeds the average fuel economy,’’ 49 
calculated and applied to automobiles. 
Volvo further argued that NHTSA was 
relying upon the CAA as the statutory 
basis for the penalty levels. 

NHTSA recognizes that Section 329 
contains a detailed penalty scheme, for 
light-duty vehicle CAFE standards. 
However, Section 32902(k)(2) explicitly 
directs NHTSA to ‘‘adopt and 
implement appropriate test methods, 
measurement metrics, fuel economy 
standards, and compliance and 
enforcement protocols,’’ in the creation 
of the new HD program. NHTSA 
continues to believe that this broad 
Congressional mandate should be 
interpreted based on a plain text 
reading, which includes the authority to 
determine compliance and enforcement 
protocols that will be effective and 
appropriate for this new sector of 
regulation. NHTSA also believes that 
reading Section 32912 to apply to the 
new HD program would contradict 
Congress’ broad mandate for the agency 
to establish new measurement metrics 
and a compliance and enforcement 
program. Further, interpreting the 
requirement to create ‘‘enforcement 
protocols’’ for HD vehicles to mean that 
NHTSA should rely on the enforcement 
provisions for light-duty vehicles would 
go against the canon noted above that 
statutes should not be interpreted in a 
way that ‘‘render[s] language 
superfluous.’’ Dobrova v. Holder, 607 
F.3d 297, 302 (2d Cir. 2010), quoting 
Mendez v. Holder 566 F. 3d 316, 321– 
22 (2d Cir. 2009). 

NHTSA believes that Section 32912 
does not apply to the new HD program 
for several other reasons. First, this 
section uses a fuel economy metric, 
miles/gallon, while the HD program is 
built around a fuel consumption metric, 
per the requirement to develop a ‘‘fuel 
efficiency improvement program’’ and 
the agencies’ conclusion, supported by 
NAS, that a fuel consumption metric is 
a much more reasonable choice than a 
fuel economy metric for HD vehicles 
given their usage as work vehicles. 
Second, this section specifies a 
calculation for automobiles, a vehicle 
class which is confined to the light-duty 
rule. In addition, the HD program 

prescribes fuel consumption standards, 
not average fuel economy standards. 

Finally, NHTSA believes that if 
Congress had intended for a pre- 
determined penalty scheme to apply to 
the new HD program, it would have 
been specific. Instead, Congress 
explicitly directed the agency to 
develop a new measurement, 
compliance, and enforcement scheme. 
Consistent with the statutory 
interpretation of the duration of the 
standards, NHTSA believes that if 
Congress intended for particular penalty 
levels to be used in Section 32902(k)(3), 
it would have either included a 
reference to those levels or included a 
reference in 32912 to the vehicles and 
metrics regulated by 32902(k)(3). See 
Russello v. United States, 464 U.S. 16, 
23 (1983), quoting United States v. 
Wong Kim Bo, 472 F.2d 720, 722 (5th 
Cir 1972) (‘‘[W]here Congress includes 
particular language in one section of a 
statute but omits it in another section of 
the same Act, it is generally presumed 
that Congress acts intentionally and 
purposely in the disparate inclusion or 
exclusion.’’) Instead, the absence of 
such language could mean either that 
Congress did not contemplate the 
specific penalty levels to be used, or 
that Congress left the choice of specific 
penalty levels to the agency. See 
Alliance for Community Media v. F.C.C. 
529 F. 3d 763, 779 (6th Cir. 2008) 
(absence of a statutory deadline in one 
section but not others meant that 
Congress authorized but did not require 
it in that section). 

NHTSA believes that, based on EPA’s 
experience regulating this sector for 
criteria pollutants, the proposed 
maximum penalty is at an appropriate 
level to create deterrence for non- 
compliance, while at the same time, not 
so high as to create undue hardship for 
manufacturers. Therefore, the final rule 
retains the maximum penalty level 
proposed in the NPRM. 

G. Future HD GHG and Fuel 
Consumption Rulemakings 

This final action represents a first 
regulatory step by NHTSA and EPA to 
address the multi-faceted challenges of 
reducing fuel use and greenhouse gas 
emissions from these vehicles. By 
focusing on existing technologies and 
well-developed regulatory tools, the 
agencies are able to adopt rules that we 
believe will produce real and important 
reductions in GHG emissions and fuel 
consumption within only a few years. 
Within the context of this regulatory 
time frame, our program is very 
aggressive—with limited lead time 
compared to historic heavy-duty 
regulations—but pragmatic in the 

context of technologies that are 
available and that can be reasonably 
implemented during the regulatory time 
frame. 

While we are now only finalizing this 
first step, it is worthwhile to consider 
how the next regulatory step may be 
designed. Technologies such as hybrid 
drivetrains, advanced bottoming cycle 
engines, and full electric vehicles are 
promoted in this first step through 
incentive concepts as discussed in 
Section IV, but we believe that these 
advanced technologies will not be 
necessary to meet the final standards. 
Today’s standards are premised on the 
use of existing technologies given the 
short lead time, as discussed in Section 
III, below. When we begin work to 
develop a possible next set of regulatory 
standards, the agencies expect these 
advanced technologies to be an 
important part of the regulatory program 
and will consider them in setting the 
stringency of any standards beyond the 
2018 model year. 

We will not only consider the 
progress of technology in our future 
regulatory efforts, but the agencies are 
also committed to fully considering a 
range of regulatory approaches. To more 
completely capture the complex 
interactions of the total vehicle and the 
potential to reduce fuel consumption 
and GHG emissions through the 
optimization of those interactions may 
require a more sophisticated approach 
to vehicle testing than we are adopting 
today for the largest heavy-duty 
vehicles. In future regulations, the 
agencies expect to fully evaluate the 
potential to expand the use of vehicle 
compliance models to reflect engine and 
drivetrain performance. Similarly, we 
intend to consider the potential for 
complete vehicle testing using a chassis 
dynamometer, not only as a means for 
compliance, but also as a 
complementary tool for the 
development of more complex vehicle 
modeling approaches. In considering 
these more comprehensive regulatory 
approaches, the agencies will also 
reevaluate whether separate regulation 
of trucks and engines remains 
necessary. 

In addition to technology and test 
procedures, vehicle and engine drive 
cycles are an important part of the 
overall approach to evaluating and 
improving vehicle performance. EPA, 
working through the WP.29 Global 
Technical Regulation process, has 
actively participated in the development 
of a new World Harmonized Duty Cycle 
for heavy-duty engines. EPA is 
committed to bringing forward these 
new procedures as part of our overall 
comprehensive approach for controlling 
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50 Codified at 49 U.S.C. 32901(a)(7). 
51 EISA Section 103(a)(6) is codified at 49 U.S.C. 

32901(a)(19). EPA defines medium-duty passenger 
vehicles as any complete vehicle between 8,500 and 
10,000 pounds GVWR designed primarily for the 
transportation of persons which meet the criteria 
outlined in 40 CFR 86.1803–01. The definition 
specifically excludes any vehicle that (1) has a 
capacity of more than 12 persons total or, (2) is 
designed to accommodate more than 9 persons in 
seating rearward of the driver’s seat or, (3) has a 
cargo box (e.g., pickup box or bed) of six feet or 
more in interior length. (See the Tier 2 final 
rulemaking, 65 FR 6698, February 10, 2000.) 

criteria pollutant and GHG emissions. 
However, we believe the important 
issues and technical work related to 
setting new criteria pollutant emissions 
standards appropriate for the World 
Harmonized Duty Cycle are significant 
and beyond the scope of this 
rulemaking. Therefore, the agencies are 
not adopting these test procedures in 
this action, but we are ready to work 
with interested stakeholders to adopt 
these procedures in a future action. 

As noted above, the agencies also 
intend to further investigate possibilities 
of expanded credit trading across the 
heavy-duty sector. As part of this effort, 
the agencies will investigate the degree 
to which the issue of credit trading is 
connected with complete vehicle testing 
procedures. 

As with this program, our future 
efforts will be based on collaborative 
outreach with the stakeholder 
community and will be focused on a 
program that delivers on our energy 
security and environmental goals 
without restricting the industry’s ability 
to produce a very diverse range of 
vehicles serving a wide range of needs. 

II. Final GHG and Fuel Consumption 
Standards for Heavy-Duty Engines and 
Vehicles 

This section describes the standards 
and implementation dates that the 
agencies are finalizing for the three 
categories of heavy-duty vehicles and 
engines. The agencies have performed a 
technology analysis to determine the 
level of standards that we believe will 
be cost-effective, feasible, and 
appropriate in the lead time provided. 
This analysis, described in Section III 
and in more detail in the RIA Chapter 
2, considered for each of the regulatory 
categories: 

• The level of technology that is 
incorporated in current new engines 
and trucks, 

• Forecasts of manufacturers’ product 
redesign schedules, 

• The available data on 
corresponding CO2 emissions and fuel 
consumption for these engines and 
vehicles, 

• Technologies that would reduce 
CO2 emissions and fuel consumption 
and that are judged to be feasible and 
appropriate for these vehicles and 
engines through the 2018 model year, 

• The effectiveness and cost of these 
technologies, and 

• Projections of future U.S. sales for 
trucks and engines. 

A. What vehicles will be affected? 

EPA and NHTSA are finalizing 
standards for heavy-duty engines and 
also for what we refer to generally as 

‘‘heavy-duty vehicles.’’ In general, these 
standards will apply for the model year 
2014 and later engines and vehicles, 
although some standards do not apply 
until 2016 or 2017. The EPA standards 
will apply throughout the useful life of 
the engine or vehicle, just as existing 
criteria emission standards apply 
throughout the useful life. As noted in 
Section I, for purposes of this preamble 
and rules, the term ‘‘heavy-duty or 
‘‘HD’’ applies to all highway vehicles 
and engines that are not regulated by the 
light-duty vehicle, light-duty truck and 
medium-duty passenger vehicle 
greenhouse gas and CAFE standards 
issued for MYs 2012–2016. Thus, in this 
notice, unless specified otherwise, the 
heavy-duty category incorporates all 
vehicles rated with GVWR greater than 
8,500 pounds, and the engines that 
power these vehicles, except for 
MDPVs. The CAA defines heavy-duty 
vehicles as trucks, buses or other motor 
vehicles with GVWR exceeding 6,000 
pounds. See CAA section 202(b)(3). In 
the context of the CAA, the term HD as 
used in these final rules thus refers to 
a subset of these vehicles and engines. 
EISA section 103(a)(3) defines a 
‘commercial medium- and heavy-duty 
on-highway vehicle’ as an on-highway 
vehicle with GVWR of 10,000 pounds or 
more.50 EISA section 103(a)(6) defines a 
‘work truck’ as a vehicle that is rated at 
between 8,500 and 10,000 pounds gross 
vehicle weight and is not a medium- 
duty passenger vehicle.51 Therefore, the 
term ‘‘heavy-duty vehicles’’ in this 
rulemaking refers to both work trucks 
and commercial medium- and heavy- 
duty on-highway vehicles as defined by 
EISA. Heavy-duty engines affected by 
the standards are those that are installed 
in commercial medium- and heavy-duty 
vehicles, except for the engines installed 
in vehicles certified to a complete 
vehicle emissions standard based on a 
chassis test, which would be addressed 
as a part of those complete vehicles, and 
except for engines used exclusively for 
stationary power when the vehicle is 
parked. The agencies’ scope is the same 
with the exception of recreational 
vehicles (or motor homes), as discussed 
above. The standards that EPA is 

finalizing today cover recreational on- 
highway vehicles, while NHTSA limited 
its scope in the proposal to not include 
these vehicles. See Section I.A above. 

The NPRM did not include an export 
exclusion in NHTSA’s fuel consumption 
standards. Oshkosh Corporation 
commented that NHTSA should add an 
export exclusion in order to 
accommodate the testing and delivery 
needs of manufacturers of vehicles 
intended for export. NHTSA agrees with 
this comment and Section 535.3 of the 
final rule specifies such an exclusion. 

EPA and NHTSA are finalizing 
standards for each of the following 
categories, which together comprise all 
heavy-duty vehicles and all engines 
used in such vehicles. In order to most 
appropriately regulate the broad range 
of heavy-duty vehicles and engines, the 
agencies are setting separate engine and 
vehicle standards for the combination 
tractors and Class 2b through 8 
vocational vehicles. The engine 
standards and test procedures for 
engines installed in the tractors and 
vocational vehicles are discussed within 
the preamble sections for combination 
tractors and vocational vehicles, 
respectively. The agencies are 
establishing standards for heavy-duty 
pickups and vans that apply to the 
entire vehicle;—there are no separate 
engine standards. 

As discussed in Section IX, the 
agencies are not adopting GHG emission 
and fuel consumption standards for 
trailers at this time. In addition, the 
agencies are not adopting standards at 
this time for engine, chassis, and vehicle 
manufacturers which are small 
businesses (as defined by the Small 
Business Administration). More detailed 
discussion of each regulatory category is 
included in the subsequent sections 
below. 

B. Class 7 and 8 Combination Tractors 
EPA is finalizing CO2 standards and 

NHTSA is finalizing fuel consumption 
standards for new Class 7 and 8 
combination tractors. The standards are 
for the tractor cab, with a separate 
standard for the engine that is installed 
in the tractor. Together these standards 
would achieve reductions of up to 23 
percent compared to the model 2010 
baseline level. As discussed below, EPA 
is finalizing its proposal to adopt the 
existing useful life definitions for Class 
7 and 8 tractors and the heavy-duty 
engines installed in them. NHTSA and 
EPA are finalizing revised fuel 
consumption and GHG emissions 
standards for tractors, and finalizing as 
proposed engine standards for heavy- 
duty engines in Class 7 and 8 tractors. 
The agencies’ analyses, as discussed 
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52 33 FR 19703, December 25, 1968. 
53 A dromedary is a box, deck or plate mounted 

behind the cab to carry freight or cargo. 

briefly below and in more detail later in 
this preamble and in the RIA Chapter 2, 
show that these standards are feasible 
and appropriate under each agency’s 
respective statutory authorities. 

EPA is also finalizing standards to 
control N2O, CH4, and HFC emissions 
from Class 7 and 8 combination tractors. 
The final heavy-duty engine standards 
for both N2O and CH4 and details of the 
standard are included in the discussion 
in Section II.E.1.b and II.E.2.b, 
respectively. The final air conditioning 
leakage standards applying to tractor 
manufacturers to address HFC 
emissions are discussed in Section 
II.E.5. 

The agencies are finalizing CO2 
emissions and fuel consumption 
standards for the combination tractors 
that reflect reductions that can be 
achieved through improvements in the 
tractor (such as aerodynamics), tires, 
and other vehicle systems. The agencies 
are also finalizing heavy-duty engine 
standards for CO2 emissions and fuel 
consumption that reflect technological 
improvements in combustion and 
overall engine efficiency. 

The agencies have analyzed the 
feasibility of achieving the CO2 and fuel 
consumption standards, and have 
identified means of achieving the 
standards that are technically feasible in 
the lead time afforded, economically 
practicable and cost-effective. EPA and 
NHTSA present the estimated costs and 
benefits of the standards in Section III. 
In developing the final rules, the 
agencies have evaluated the kinds of 
technologies that could be utilized by 
engine and tractor manufacturers, as 
well as the associated costs for the 
industry and fuel savings for the 
consumer and the magnitude of the 
national CO2 and fuel savings that may 
be achieved. 

The agencies received comments from 
multiple stakeholders regarding the 
definition and classification of 
‘‘combination tractors.’’ The 
commenters raised three key issues. 
First, EMA/TMA, Navistar and DTNA 
requested that both agencies use the 
same definition for ‘‘tractor’’ or ‘‘truck 
tractor’’ in the final rules. EPA proposed 
a definition for ‘‘tractor’’ in § 1037.801 
(see the proposed rule published 
November 30, 2010, 75 FR 74402) which 
stated that ‘‘tractor’’ means a vehicle 
capable of pulling trailers that is not 
intended to carry significant cargo other 
than cargo in the trailer, or any other 
vehicle intended for the primary 
purpose of pulling a trailer. For 
purposes of this definition, the term 
’’cargo’’ includes permanently attached 
equipment such as fire-fighting 
equipment. The following vehicles are 

tractors: any vehicle sold to an ultimate 
purchaser with a fifth wheel coupling 
installed; any vehicle sold to an 
ultimate purchaser with the rear portion 
of the frame exposed where the length 
of the exposed portion is 5.0 meters or 
less. See § 1037.620 for special 
provisions related to vehicles sold to 
secondary vehicle manufacturers in this 
condition. The following vehicles are 
not tractors: Any vehicle sold to an 
ultimate purchaser with an installed 
cargo carrying feature (for example, this 
would include dump trucks and cement 
trucks); any vehicle lacking a fifth wheel 
coupling sold to an ultimate purchaser 
with the rear portion of the frame 
exposed where the length of the 
exposed portion is more than 5.0 
meters. 

NHTSA proposed to use the 49 CFR 
571.3 definition of ‘‘truck tractor’’ in 49 
CFR 535.4 (see the proposed rule 
published November 30, 2010, 75 FR 
74440) which stated that ‘‘truck tractor’’ 
means a truck designed primarily for 
drawing other motor vehicles and not so 
constructed as to carry a load other than 
a part of the weight of the vehicle and 
the load so drawn. 

Second, EMA/TMA, NTEA and 
Navistar expressed concerns over, and 
requested the removal of, the proposed 
language that all vehicles with sleeper 
cabs would be classified as tractors. The 
commenters argued that because there 
are vocational vehicles manufactured 
with sleeper cabs that operate as 
vocational vehicles and not as tractors, 
those vehicles should be treated the 
same as all other vocational vehicles. 
Third, eleven different commenters 
requested that the agencies subdivide 
tractors into line-haul tractors and 
vocational tractors and treat each based 
upon their operational characteristics: 
vocational tractors, which operate at 
lower speeds offroad or in stop-and-go 
city driving as vocational vehicles; and 
line-haul tractors, which operate at 
highway speeds on interstate roadways 
over long distances, as line-haul 
tractors. 

In response to the first comment, the 
agencies have decided to standardize 
the definition of tractor by using the 
long-standing NHTSA definition of 
‘‘truck tractor’’ established in 49 CFR 
571.3. 49 CFR 571.3(b) states that a 
‘‘truck tractor means a truck designed 
primarily for drawing other motor 
vehicles and not so constructed as to 
carry a load other than a part of the 
weight of the vehicle and the load so 
drawn.’’ EPA’s proposed definition for 
‘‘tractor’’ in the NPRM was similar to 
the NHTSA definition, but included 
some additional language to require a 
fifth wheel coupling and an exposed 

frame in the rear of the vehicle where 
the length of the exposed portion is 5.0 
meters or less. EMA and Navistar argued 
that these two different definitions 
could lead to confusion if the agencies 
applied their requirements for truck 
tractors differently from each other. The 
commenters suggested that the EPA 
definition was more complicated than 
necessary, and that the simpler NHTSA 
definition should be used by both 
agencies as the base definition of truck 
tractor. 

The agencies agree that the definitions 
should be standardized and that the 
NHTSA definition is sufficient and 
includes the essential requirement that 
a truck tractor is a truck designed 
‘‘primarily for drawing other motor 
vehicles and not so constructed as to 
carry a load other than a part of the 
weight of the vehicle and the load so 
drawn.’’ EPA’s proposed tractor 
definition was intended to be 
functionally equivalent to NHTSA’s 
definition based on design, but to be 
more objective by including the criteria 
related to ‘‘fifth wheels’’ and exposed 
rear frame. However, EPA no longer 
believes that such additional criteria are 
needed for implementation. NHTSA 
established the definition for truck 
tractor in 49 CFR 571.3(b) years ago,52 
and has not encountered any notable 
problems with its application. 
Nevertheless, because the NHTSA 
definition relies more on design intent 
than EPA’s proposed definition, we 
recognize that there may be some 
questions regarding how the agencies 
would apply the NHTSA definition 
being finalized to certain unique 
vehicles. For example, many of the 
common automobile and boat transport 
trucks may look similar to tractors, but 
the agencies would not consider them to 
meet the definition, because they have 
the capability to carry one or several 
vehicles as cargo with or without a 
trailer attached, and therefore are not 
‘‘constructed as to carry a load other 
than a part of the weight of the vehicle 
and the load so drawn.’’ Similarly, a 
‘‘dromedary’’ style truck that has the 
capability to carry a large load of cargo 
with or without drawing a trailer would 
also not qualify as a tractor.53 Even 
though these particular vehicles 
identified could potentially draw other 
motor vehicles like a trailer, they have 
also been designed to carry cargo with 
or without the trailer attached. NHTSA 
has previously interpreted its definition 
for ‘‘truck tractor’’ as excluding these 
specific vehicles like the dromedary and 
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automobile/boat transport vehicles. Tow 
trucks have also been excluded from the 
category of truck tractor. On the other 
hand, it is worth clarifying that designs 
that allow cargo to be carried in the 
passenger compartment, the sleeper 
compartment, or external toolboxes 
would not exclude a vehicle from the 
tractor category. The agencies plan to 
continue with this approach for the HD 
fuel efficiency and GHG standards, 
which means that these particular 
vehicles will be subject to the vocational 
vehicle standards and not the tractor 
standards, but vehicles that did meet the 
definition above for ‘‘tractor’’ will be 
subject to the combination tractor 
standards. 

In response to the second comment, 
the agencies have decided not to classify 
vocational vehicles with sleeper cabs as 
tractors. In the NPRM, the agencies 
proposed that vocational vehicles with 
sleeper cabs be classified as tractors out 
of concern that a vehicle could initially 
be manufactured as a straight truck 
vocational vehicle with a sleeper cab 
and, soon after introduction into 
commerce, be converted to a 
combination tractor as a means to 
circumvent the Class 8 sleeper cab 
regulations. Commenters who addressed 
this issue generally disagreed with the 
agencies’ concern. EMA/TMA, for 
example, argued that it is expensive and 
difficult for a manufacturer to change a 
vehicle from a straight truck to a tractor, 
because of modifications required to the 
vehicle, such as to the vehicle’s air 
brake system, and also because of the 
manufacturers ultimate responsibility 
for recertification to NHTSA’s safety 
standards. EMA/TMA also argued that 
straight trucks are often built with 
sleeper cabs to perform the functions of 
a vocational type vehicle and not the 
functions of a line-haul tractor. NTEA 
also provided an example of a straight 
truck (Expediter Cab) that can be built 
with a sleeper cab and a cargo-carrying 
body, which it argued should be 
classified as a vocational vehicle and 
not a tractor. 

Upon further consideration, the 
agencies agree that vocational vehicles 
with sleeper cabs are more 
appropriately classified as vocational 
vehicles than as tractors. The comments 
discussed above help to illustrate the 
reasons for building a vocational vehicle 
with a sleeper cab and the difficulties of 
converting a straight truck to a tractor. 
Moreover, 49 U.S.C. Chapter 301 
requires any service organization 
making such modifications to be 
responsible for recertification to all 
applicable Federal motor vehicle safety 
standards, which should act as a further 
deterrent to anyone contemplating 

making such a conversion. Together 
these two items address the agencies’ 
primary reason for proposing the 
requirement that all vehicles with 
sleeper cabs be treated as tractors—the 
concern of circumvention of the tractor 
standards. However, the agencies will 
continue to monitor whether it appears 
that the definitions are creating 
unintended consequences, and may 
consider revising the definitions in a 
future rulemaking to address such 
issues should any arise. NHTSA and 
EPA have concluded that the engine and 
tire improvements required in the 
vocational category are appropriate for 
this set of vehicles based on the typical 
operation of these vehicles. The 
agencies did not intend to include 
vocational vehicles with sleeper cabs, 
such as an Expediter vehicle, into the 
tractor category in either the NPRM or 
in this final action, and the agencies’ 
analyses at proposal reflected this 
intention. Therefore the agencies did 
not make any adjustments to the 
program costs and benefits due to this 
classification change. 

In response to the third comment, the 
agencies have decided to allow 
manufacturers to exclude certain 
vocational-type of tractors from the 
combination tractor standards and 
instead be subject to the vocational 
vehicle standards. We discuss below the 
reasoning underlying this decision, the 
criteria manufacturers would use in 
asserting a claim that a vocational 
tractor should be reclassified as a 
vocational vehicle, and the procedures 
the agencies will use to accept or reject 
manufacturers’ claims. 

Multiple commenters (Allison 
Transmission, ATA, CALSTART, Eaton, 
EMA/TMA, National Solid Waste 
Management Association, MEMA, 
Navistar, NADA, RMA, and Volvo) 
argued that the agencies’ proposed 
classification failed to recognize 
genuine differences between vocational 
tractors, which typically operate at 
lower speeds in stop-and-go city 
driving, and line-haul tractors, which 
typically operate at highway speeds on 
interstate roadways over long distances. 
Commenters argued that the proposed 
tractor standards and associated tractor 
GEM test cycles were derived based 
primarily upon the operational 
characteristics of the line-haul tractors, 
and that technologies that apply to these 
line-haul tractors, such as improved 
aerodynamics, vehicle speed limiters 
and automatic engine shutdown, as well 
as engine performance for improving 
emissions and fuel consumption, do not 
have the same positive impact on fuel 
consumption when used on tractors. In 
today’s market, as mentioned by Volvo 

and ATA, we understand that 
approximately 15 percent, or 
approximately 15,000 to 20,000, of the 
Class 7 and 8 tractors could be classified 
as vocational tractors based upon the 
work they perform. 

The agencies agree that the overall 
operation of these vocational-types of 
tractors resembles other vocational 
vehicles’ operation: lower average speed 
and more stop and go activity than line- 
haul tractors. Due to their operation 
style, a FTP certified engine is a better 
match for these tractors than a SET 
certified engine, because the FTP cycle 
uses a lower average speed and more 
stop and go activity than the SET cycle. 
In addition, the limited high speed 
operation leads to minimal 
opportunities for fuel consumption and 
CO2 emissions reductions due to 
aerodynamic improvements. 
Conversely, the additional weight of the 
aerodynamic components could cause 
an unintended consequence of 
increasing gram per ton-mile emissions 
by reducing the amount of payload the 
vehicle can carry in those applications 
which are weight-limited. Similarly, the 
vocational tractors typically do not hotel 
overnight and therefore will have little 
to no benefit through the installation of 
an idle reduction technology. 

The agencies received several other 
comments that described criteria that 
could be used to distinguish between 
vocational and non-vocational tractors. 
Volvo suggested that a tractor could be 
a vocational tractor if it meets three of 
five specified features: 

(1) A frame Resisting Bending 
Moment (RBM) greater than or equal to 
2,000,000 in-lbs per rail, or rail and 
liner combination; 

(2) An approach angle greater than or 
equal to 20 degrees nominal design 
specification, to exclude extended front 
rails/bumpers for additional equipment 
(e.g.—pumps, winch, front engine PTO); 

(3) Ground clearance greater than or 
equal to 14 inches as measured unladen 
from the lowest point of any frame rail 
or body mounted components, 
excluding axles and suspension (for 
HHD and MHD vehicles this is usually 
considered as the lowest point of the 
fuel tank/mounting or chassis 
aerodynamic devices); 

(4) A total reduction in high gear 
greater than or equal to 3.00:1; and 

(5) A total reduction in low gear 
greater than or equal to 57:1. 

The approach proposed by Volvo is 
somewhat similar to the approach 
NHTSA has for determining if a vehicle 
is a light truck under the light vehicle 
CAFE program, in which a vehicle must 
either have a GVWR greater than 6,000 
pounds or have 4-wheel drive, and meet 
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54 The agencies have found based on standard 
truck specifications, that vehicles designed for 
significant off-road applications, such as concrete 

Continued 

four of the five specified suspension 
characteristics (approach angle, break- 
over angle, axle clearance, etc.) to be 
classified as a light truck. Although we 
do not believe that the criteria suggested 
by Volvo are workable for all 
manufacturers and all applications, we 
agree that these criteria would reflect a 
reasonable basis for allowing 
manufacturers to reclassify their 
vehicles as vocational tractors. 

Two other commenters, EMA/TMA 
and Navistar, suggested simply that the 
manufacturer should have the burden of 
establishing that a tractor is a vocational 
tractor to the agencies’ reasonable 
satisfaction. The commenters also 
suggested some factors that could be 
used to establish that a tractor is 
actually a ‘‘vocational tractor’’, 
including: 

(1) A vehicle speed limiter set at 55 
mph or less; 

(2) Power take-off (PTO) controls; 
(3) Extended front frame; 
(4) Ground clearance greater than 14 

in.; 
(5) An approach angle greater than 20 

degrees; 
(6) Frame RBM greater than 2,000,000 

in-lbs.; and 
(7) A total gear reduction in low gear 

greater than 57 and a total gear 
reduction in top gear greater than 3. 

The agencies believe that both 
suggested approaches have some merit. 
A rule based on specific criteria as 
suggested by Volvo could help to 
minimize the burden on both the 
manufacturers and the agencies, as 
manufacturer-written requests for 
approval and agency approvals of those 
requests would not be required for each 
vocational tractor determination 
whereas the EMA/TMA and Navistar 
approach requires the opposite namely 
that each manufacturer would have to 
justify the determination of each 
vocational tractor based upon its related 
design features in a separate petition to 
the agencies. Neither of the two 
approaches, which are based on specific 
criteria, could be used to identify all the 
tractors that should be classified as 
vocational tractors. An urban beverage 
delivery tractor, for example, may not be 
designed with any of the features 
mentioned but is used in a vocational 
vehicle manner. Also, the agencies were 
concerned about the possibility of 
manufacturers circumventing the 
system by incorporating design changes 
to their line-haul tractors in order to 
classify them as vocational tractors 
required to meet less stringent emission 
and fuel consumption standards. 
However, at this time the agencies do 
not believe that circumventing the 
system is likely, as most of these 

vocational tractors are built to order and 
will incorporate the design features 
required by the customer. Manufacturer 
vehicle offerings are designed or 
tailored to suit the particular task of the 
consumer. The vehicle transport 
mission including vehicle type, gross 
vehicle weight, gross combination 
weight, body style and load handling 
characteristics, must be considered in 
the design process. Further, how the 
vehicle will be utilized, including 
operating cycles, operating environment 
and road conditions, is another 
important consideration in designing a 
vehicle to accomplish a particular task. 
The agencies agree that these criteria 
could also be used as part of a basis for 
classification. We also note that many of 
these vehicles have front axle weight 
ratings greater than 14,600 pounds. 

Although the agencies agree that these 
vocational tractors are operated 
differently than line-haul tractors and 
therefore fit more appropriately into the 
vocational vehicle category, we need to 
ensure that only tractors that are truly 
vocational tractors are classified as 
such. Upon further consideration of the 
comments received the agencies have 
decided to allow manufacturers to 
exclude certain vocational-type tractors 
from the combination tractor standards, 
and instead be subject to the standards 
for vocational vehicles. A vehicle 
determined by the manufacturer to be a 
HHD vocational tractor would fall into 
the HHD vocational vehicle subcategory 
and be regulated as a vocational vehicle. 
Similarly, MHD which the manufacturer 
chooses to reclassify as vocational 
tractors will be regulated as a MHD 
vocational vehicle. Specifically, under 
the provision being finalized at 40 CFR 
1037.630 and NHTSA’s regulation at 49 
CFR 523.2 of today’s rules only the 
following three types of vocational 
tractors are eligible for reclassification 
by the manufacturer: 

(1) Low-roof tractors intended for 
intra-city pickup and delivery, such as 
those that deliver bottled beverages to 
retail stores. 

(2) Tractors intended for off-road 
operation (including mixed service 
operation), such as those with 
reinforced frames and increased ground 
clearance. 

(3) Tractors with a GCWR over 
120,000 pounds. 

As adopted in 40 CFR 
1037.230(a)(1)(xiii), manufacturers will 
be required to group vocational tractors 
into a unique family, separate from 
other combination tractors and 
vocational vehicles. The provision being 
adopted in 40 CFR 1037.630 and 49 CFR 
535.8 requires the manufacturers to 
summarize in their applications their 

basis for believing that the vehicles are 
eligible for manufacturer reclassification 
as vocational tractors. EPA and NHTSA 
could ask for a more detailed 
description of the basis and EPA would 
deny an application for certification 
where it determines the manufacturer 
lacks an adequate basis for 
reclassification. The manufacturer 
would then have to resubmit a modified 
application to certify the vehicles in 
question to the tractor standards. Where 
we determine that a manufacturer is not 
applying this allowance in good faith, 
we may require that manufacturer to 
obtain preliminary approval before 
using this allowance. This would mean 
that a manufacturer would need to 
submit its detailed records to EPA and 
receive formal approval before 
submitting its application for 
certification. The agencies plan to 
monitor how manufacturers classify 
their tractor fleets and would reconsider 
the issue of vocational tractor 
classification in a future rulemaking if 
necessary. 

Because the difference between some 
vocational tractors and line-haul tractors 
is potentially somewhat subjective, we 
are also including an annual sales limit 
of 7,000 vocational tractors per 
manufacturer (based on a three year 
rolling average) consistent with past 
production volumes of such vehicles. It 
is important to note, however, that we 
do not expect it to be common for 
manufacturers to be able to justify 
classifying 7,000 vehicles as vocational 
tractors in a given model year. 

Under the regulations being 
promulgated in 40 CFR 1037.630 and 49 
CFR 523.2, manufacturers will be 
required to keep records of how they 
determined that such vehicles qualify as 
vocational. These records would be 
more detailed than the description 
submitted in the applications. 
Typically, this would be a combination 
of records of the design features and/or 
purchasers of the vehicles. The agencies 
have analyzed the design features that 
reflect the special needs of these 
vocational tractors in the three areas 
noted above—mixed service, heavy 
haul, and urban delivery. Mixed service 
applications, such as construction 
trucks, typically require higher ground 
clearance and approach angle to 
accommodate non-paved roads. In 
addition, they often require frame rails 
with greater resisting bending moment 
(RBM) because of the terrain where they 
operate.54 The mixed service 
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pumper and logging trucks have resisting bending 
moment greater than 2,100,000 lb-in. (ranging up to 
3,580,000 lb-in.). The typical on highway tractors 
have resisting bending moment of 1,390,000 lb-in. 
An example line haul truck is the Mack Pinnacle 
which has a RBM of 1,390,000 lb-in, as shown at 
http://www.macktrucks.com/assets/Mack
Marketing/Specifications/CXU6124x2PinAxle
Back.pdf. 

55 See 2010 NAS Report, Note 21, 
Recommendation 2–1. 

applications also sometimes require 
higher front axle weight ratings to 
accommodate extra loads and/or power 
take off systems for additional 
capability. Heavy haul tractors are 
typically designed with frame rails with 
extra strength (greater RBM) and higher 
front axle weight ratings to 
accommodate the heavy payloads. Often 
the heavy haul tractors will also have 
higher ground clearance and greater 
approach angle for similar reasons as 
the mixed service applications. Lastly, 
heavy haul vehicles require a total gear 
reduction of 57:1 or greater to provide 
the torque necessary to start the vehicle 
moving. Urban delivery tractors, such as 
beverage haulers, have less defined 
design features that reflect their 
operational needs. These vehicles offer 
options which include high RBM rails 
and front axle weight ratings, but not all 
beverage trucks are specified with these 
options. The primary differentiation of 
these urban delivery tractors is their 
operation. For this final rulemaking, the 
agencies projected the costs and benefits 
of the program considering this 
provision. As detailed in RIA Section 
5.3.2.2.1, the agencies assumed that 
approximately 20 percent of short-haul 
tractors sold in 2014 model year and 
beyond will be vocational tractors. As 
such, these vehicles will experience 
benefits reflective of a FTP-certified 
engine and tire rolling resistance 
improvement at the technology costs 
projected in the rules for vocational 
vehicles. 

(1) What is the form of the Class 7 and 
8 tractor CO2 emissions and fuel 
consumption standards? 

As proposed, EPA and NHTSA are 
finalizing different standards for 
different subcategories of these tractors 
with the basis for subcategorization 
being particular tractor attributes. 
Attribute-based standards in general 
recognize the variety of functions 
performed by vehicles and engines, 
which in turn can affect the kind of 
technology that is available to control 
emissions and reduce fuel consumption, 
or its effectiveness. Attributes that 
characterize differences in the design of 
vehicles, as well as differences in how 
the vehicles will be employed in-use, 
can be key factors in evaluating 
technological improvements for 

reducing CO2 emissions and fuel 
consumption. Developing an 
appropriate attribute-based standard can 
also avoid interfering with the ability of 
the market to offer a variety of products 
to meet consumer demand. There are 
several examples of where the agencies 
have utilized an attribute-based 
standard. In addition to the example of 
the light-duty 2012–16 MY vehicle rule, 
in which the standards are based on the 
attribute of vehicle ‘‘footprint,’’ the 
existing heavy-duty highway engine 
standards for criteria pollutants have for 
many years been based on a vehicle 
weight attribute (Light Heavy, Medium 
Heavy, Heavy Heavy) with different 
useful life periods, which is a similar 
approach finalized for the engine GHG 
and fuel consumption standards 
discussed below. 

Heavy-duty combination tractors are 
built to move freight. The ability of a 
vehicle to meet a customer’s freight 
transportation requirements depends on 
three major characteristics of the tractor: 
the gross vehicle weight rating (which 
along with gross combination weight 
rating (GCWR) establishes the maximum 
carrying capacity of the tractor and 
trailer), cab type (sleeper cabs provide 
overnight accommodations for drivers), 
and the tractor roof height (to mate 
tractors to trailers for the most fuel- 
efficient configuration). Each of these 
attributes impacts the baseline fuel 
consumption and GHG emissions, as 
well as the effectiveness of possible 
technologies, like aerodynamics, and is 
discussed in more detail below. 

The first tractor characteristic to 
consider is payload which is 
determined by a tractor’s GVWR and 
GCWR relative to the weight of the 
tractor, trailer, fuel, driver, and 
equipment. Class 7 trucks, which have 
a GVWR of 26,001–33,000 pounds and 
a typical GCWR of 65,000 pounds, have 
a lesser payload capacity than Class 8 
trucks. Class 8 trucks have a GVWR of 
greater than 33,000 pounds and a 
typical GCWR of greater than 80,000 
pounds, the effective weight limit on the 
federal highway system except in states 
with preexisting higher weight limits. 
Consistent with the recommendation in 
the National Academy of Sciences 2010 
Report to NHTSA,55 the agencies are 
finalizing a load-specific fuel 
consumption metric (g/ton-mile and gal/ 
1,000 ton-mile) where the ‘‘ton’’ 
represents the amount of payload. 
Generally, higher payload capacity 
vehicles have better specific fuel 
consumption and GHG emissions than 
lower payload capacity vehicles. 

Therefore, since the amount of payload 
that a Class 7 vehicle can carry is less 
than the Class 8 vehicle’s payload 
capacity, the baseline fuel consumption 
and GHG emissions performance per 
ton-mile differs between the categories. 
It is consequently reasonable to 
distinguish between these two vehicle 
categories, so that the agencies are 
finalizing separate standards for Class 7 
and Class 8 tractors. 

The agencies are not finalizing a 
single standard for both Class 7 and 8 
tractors based on the payload carrying 
capabilities and assumed typical 
payload levels of Class 8 tractors alone, 
as that would quite likely have the 
perverse impact of increasing fuel 
consumption and greenhouse gas 
emissions. Such a single standard 
would penalize Class 7 vehicles in favor 
of Class 8 vehicles. However, the greater 
capabilities of Class 8 tractors and their 
related greater efficiency when 
measured on a per ton-mile basis are 
only relevant in the context of 
operations where that greater capacity is 
needed. For many applications such as 
regional distribution, the trailer 
payloads dictated by the goods being 
carried are lower than the average Class 
8 tractor payload. In those situations, 
Class 7 tractors are more efficient than 
Class 8 tractors when measured by ton- 
mile of actual freight carried. This is 
because the extra capabilities of Class 8 
tractors add additional weight to 
vehicles that is only beneficial in the 
context of its higher capabilities. The 
existing market already selects for 
vehicle performance based on the 
projected payloads. By setting separate 
standards the agencies do not advantage 
or disadvantage Class 7 or 8 tractors 
relative to one another and continue to 
allow trucking fleets to purchase the 
vehicle most appropriate to their 
business practices. 

The second characteristic that affects 
fuel consumption and GHG emissions is 
the relationship between the tractor cab 
roof height and the type of trailer used 
to carry the freight. The primary trailer 
types are box, flat bed, tanker, bulk 
carrier, chassis, and low boys. Tractor 
manufacturers sell tractors in three roof 
heights—low, mid, and high. The 
manufacturers do this to obtain the best 
aerodynamic performance of a tractor- 
trailer combination, resulting in 
reductions of GHG emissions and fuel 
consumption, because it allows the 
frontal area of the tractor to be similar 
in size to the frontal area of the trailer. 
In other words, high roof tractors are 
designed to be paired with a (relatively 
tall) box trailer while a low roof tractor 
is designed to pull a (relatively low) flat 
bed trailer. The baseline performance of 
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56 The Federal Motor Carrier Safety 
Administration’s Hours-of-Service regulations put 
limits in place for when and how long commercial 
motor vehicle drivers may drive. They are based on 
an exhaustive scientific review and are designed to 
ensure truck drivers get the necessary rest to 
perform safe operations. See 49 CFR part 395, and 
see also http://www.fmcsa.dot.gov/rules- 
regulations/topics/hos/index.htm (last accessed 
August 8, 2010). 

57 The agencies note, as discussed in the previous 
section, that some day cabs and sleeper cabs will 
be reclassified as vocational tractors and if so will 
not be subject to the combination tractor standards. 

58 Once a manufacturer opts into the NHTSA 
program it must stay in the program for all the 
optional MYs. 

a high roof, mid roof, and low roof 
tractor differs due to the variation in 
frontal area which determines the 
aerodynamic drag. For example, the 
frontal area of a low roof tractor is 
approximately 6 square meters, while a 
high roof tractor has a frontal area of 
approximately 9.8 square meters. 
Therefore, as explained below, the 
agencies are using the roof height of the 
tractor to determine the trailer type 
required to be used to demonstrate 
compliance of a vehicle with the fuel 
consumption and CO2 emissions 
standards. As with vehicle weight 
classes, setting separate standards for 
each tractor roof height helps ensure 
that all tractors are regulated to achieve 
appropriate improvements, without 
inadvertently leading to increased 
emissions and fuel consumption by 
shifting the mix of vehicle roof heights 
offered in the market away from a level 
determined by market foces linked to 
the actual trailers vehicles will haul in- 
use. 

Tractor cabs typically can be divided 
into two configurations—day cabs and 
sleeper cabs. Line haul operations 
typically require overnight 
accommodations due to Federal Motor 
Carrier Safety Administration hours of 
operation requirements.56 Therefore, 
some truck buyers purchase tractor cabs 
with sleeping accommodations, also 
known as sleeper cabs, because they do 
not return to their home base nightly. 
Sleeper cabs tend to have a greater 
empty curb weight than day cabs due to 
the larger cab volume and 
accommodations, which lead to a higher 
baseline fuel consumption for sleeper 
cabs when compared to day cabs. In 
addition, there are specific technologies, 
such as extended idle reduction 
technologies, which are appropriate 
only for tractors which hotel—such as 
sleeper cabs. To respect these 
differences, the agencies are finalizing 
separate standards for sleeper cabs and 
day cabs.57 

The agencies received comments from 
industry stakeholders (EMA, Allison 
Transmission, Bosch, and the Heavy- 
Duty Fuel Efficiency Leadership Group) 
and ICCT supporting the nine tractor 

regulatory subcategories proposed and 
did not receive any comments which 
supported an alternate classification. 
Thus, to account for the relevant 
combinations of these attributes, the 
agencies are adopting the classification 
scheme proposed, segmenting 
combination tractors into the following 
nine regulatory subcategories: 

• Class 7 Day Cab With Low Roof 
• Class 7 Day Cab With Mid Roof 
• Class 7 Day Cab With High Roof 
• Class 8 Day Cab With Low Roof 
• Class 8 Day Cab With Mid Roof 
• Class 8 Day Cab With High Roof 
• Class 8 Sleeper Cab With Low Roof 
• Class 8 Sleeper Cab With Mid Roof 
• Class 8 Sleeper Cab With High Roof 
Adjustable roof fairings are used 

today on what the agencies consider to 
be low roof tractors. The adjustable 
fairings allow the operator to change the 
fairing height to better match the type of 
trailer that is being pulled which can 
reduce fuel consumption and GHG 
emissions during operation. As 
proposed, the agencies are treating 
tractors with adjustable roof fairings as 
low roof tractors that will tested with 
the fairing in its lowest position. 

(2) What are the Final Class 7 and 8 
Tractor and Engine CO2 Emissions and 
Fuel Consumption Standards and Their 
Timing? 

In developing the final standards for 
Class 7 and 8 tractors and for the 
engines used in these tractors, the 
agencies have evaluated the current 
levels of emissions and fuel 
consumption, the kinds of technologies 
that could be utilized by truck and 
engine manufacturers to reduce 
emissions and fuel consumption from 
tractors and associated engines, the 
necessary lead time, the associated costs 
for the industry, fuel savings for the 
consumer, and the magnitude of the CO2 
and fuel savings that may be achieved. 
The technologies on whose performance 
the final tractor standards are predicated 
are improvements in aerodynamic 
design, lower rolling resistance tires, 
extended idle reduction technologies, 
and lightweighting of the tractor. The 
technologies on whose performance the 
final tractor standards are predicated are 
engine friction reduction, aftertreatment 
optimization, and turbocompounding, 
among others, as described in RIA 
Chapter 2.4. The agencies’ evaluation 
showed that these technologies are 
available today, but have very low 
application rates on current vehicles 
and engines. EPA and NHTSA also 
present the estimated costs and benefits 
of the Class 7 and 8 combination tractor 
and engine standards in Section III and 
in RIA Chapter 2, explaining as well the 

basis for the agencies’ conclusion not to 
adopt standards which are less stringent 
or more stringent. 

(a) Tractor Standards 
The agencies are finalizing the 

following standards for Class 7 and 8 
combination tractors in Table 0–1, using 
the subcategorization approach that was 
proposed. As explained below in 
Section III, EPA has determined that 
there is sufficient lead time to introduce 
various tractor and engine technologies 
into the fleet starting in the 2014 model 
year, and is finalizing standards starting 
for that model year predicated on 
performance of those technologies. EPA 
is finalizing more stringent tractor 
standards for the 2017 model year 
which reflect the CO2 emissions 
reductions required for 2017 model year 
engines. (As explained in Section 
II.B(3)(h)(v) below, engine performance 
is one of the inputs into the compliance 
model, and that input will change in 
2017 to reflect the 2017 MY engine 
standards.) The 2017 MY vehicle 
standards are not premised on tractor 
manufacturers installing additional 
vehicle technologies. EPA’s final 
standards apply throughout the useful 
life period as described in Section V. As 
proposed, and as discussed further in 
Section IV below, manufacturers may 
generate and use credits from Class 7 
and 8 combination tractors to show 
compliance with the standards. 

NHTSA is finalizing Class 7 and 8 
tractor fuel consumption standards that 
are voluntary standards in the 2014 and 
2015 model years and become 
mandatory beginning in the 2016 model 
year, as required by the lead time within 
EISA. The 2014 and 2015 model year 
standards are voluntary in that 
manufacturers are not subject to them 
unless they opt-in to the standards.58 
Manufacturers that opt in become 
subject to NHTSA standards for all 
regulatory categories. NHTSA is also 
adopting new tractor standards for the 
2017 model year which reflect 
additional improvements in only the 
heavy-duty engines. As proposed, 
NHTSA is not implementing an in-use 
compliance program for fuel 
consumption because it does not 
anticipate that there will be notable 
deterioration of fuel consumption over 
the useful life of the vehicle. 

As explained more fully in Section III 
and Chapter 2 of the RIA, EPA and 
NHTSA are not adopting more stringent 
tractor standards for 2014–2017 MY. 
The final tractor standards are based on 
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59 As noted above, manufacturers may voluntarily 
opt-in to the NHTSA fuel consumption program in 
2014 or 2015. Once a manufacturer opts into the 
NHTSA program it must stay in the program for all 
the optional MYs. 

60 See RIA Chapter 4 for the engine fuel maps 
used in GEM v2.0. 

the maximum application rates of 
available technologies considering the 
available lead time, and we explain in 

Section III and Chapter 2 of the RIA that 
use of additional technologies, or 
further application of the technologies 

already mentioned would be either 
infeasible in the lead time afforded, or 
uneconomic. 

TABLE II–1—HEAVY-DUTY COMBINATION TRACTOR EMISSIONS AND FUEL CONSUMPTION STANDARDS 

Day cab Sleeper cab 

Class 7 Class 8 Class 8 

2014 Model Year CO2 Grams per Ton-Mile 

Low Roof .............................................................................................................. 107 81 68 
Mid Roof .............................................................................................................. 119 88 76 
High Roof ............................................................................................................. 124 92 75 

2014–2016 Model Year Gallons of Fuel per 1,000 Ton-Mile 59 

Low Roof .............................................................................................................. 10.5 8.0 6.7 
Mid Roof .............................................................................................................. 11.7 8.7 7.4 
High Roof ............................................................................................................. 12.2 9.0 7.3 

2017 Model Year CO2 Grams per Ton-Mile 

Low Roof .............................................................................................................. 104 80 66 
Mid Roof .............................................................................................................. 115 86 73 
High Roof ............................................................................................................. 120 89 72 

2017 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .............................................................................................................. 10.2 7.8 6.5 
Mid Roof .............................................................................................................. 11.3 8.4 7.2 
High Roof ............................................................................................................. 11.8 8.7 7.1 

The standard values shown above 
differ somewhat from the proposal, 
reflecting refinements made to the GEM 
in response to comments. For example, 
the agencies received comments from 
stakeholders concerned that the 2017 
MY tractor standards appeared to be 
backsliding because the reductions were 
not in line with the reductions expected 
from the 2017 MY engine standards. 
The agencies reviewed the issue and 
found that the engine maps we created 
in the GEM for the 2017 model year for 
the proposal did not appropriately 
reflect the engine improvements. 
Therefore, the agencies developed new 
fuel maps for the GEM v2.0 which fully 
reflect the engine improvements due to 
the 2017 MY standards.60 These changes 
to the GEM did not impact our estimates 
of the relative effectiveness of the 
greenhouse gas emissions and fuel 
consumption improving technologies 
modeled in this final action nor the 
overall cost or benefits estimated for 
these final vehicle standards. 

Based on our analysis, the 2017 model 
year standards for combination tractors 
and engines represent up to a 23 percent 
reduction in CO2 emissions and fuel 

consumption over a 2010 model year 
baseline tractor (the baseline sleeper cab 
does not include idle shutdown 
technology), as detailed in Section 
III.A.2. In considering the feasibility of 
vehicles to comply with the standards, 
EPA also considered the potential for 
CO2 emissions to increase during the 
regulatory useful life of the product. As 
we discuss separately in the context of 
deterioration factor (DF) testing, we 
have concluded that CO2 emissions are 
likely to stay the same or actually 
decrease in-use compared to new 
certified configurations. In general, 
engine and vehicle friction decreases as 
products wear in leading to reduced 
parasitic losses and lower CO2 
emissions. Similarly, tire rolling 
resistance falls as tires wear due to the 
reduction in tread height. In the case of 
aerodynamic components, we project no 
change in performance through the 
regulatory life of the vehicle since there 
is essentially no change in their 
physical form as vehicles age. Similarly, 
weight reduction elements such as 
aluminum wheels are not projected to 
increase in mass through time, and 
hence, we can conclude will not 
deteriorate with regard to CO2 
performance in-use. Given all of these 
considerations, EPA is confident in 
projecting that the standards finalized 
today will be technical feasible 

throughout the regulatory useful life of 
the program. 

(b) Standards for Engines Installed in 
Combination Tractors 

EPA is adopting GHG standards and 
NHTSA is adopting fuel consumption 
standards for new heavy-duty engines. 
This section discusses the standards for 
engines used in Class 7 and 8 
combination tractors and also provides 
some overall background information. 
We also note that the agencies are 
adopting standards for heavy-duty 
engines used in vocational vehicles. 
However, as explained further below, 
compliance with the standards would 
be measured using different test 
procedures, corresponding with actual 
vehicle use, depending on whether the 
vehicle in which the engine is installed 
is a Class 7 and 8 combination tractor 
or a vocational vehicle. 

The heavy-duty engine standards vary 
depending on the type of vehicle in 
which they are installed, as well as 
whether the engines are compression 
ignition or spark ignition. The agencies 
are adopting separate engine fuel 
consumption and GHG emissions 
standards for engines installed in 
combination tractors versus engines 
installed in vocational vehicles. Also, 
for the purposes of the GHG engine 
emissions and engine fuel consumption 
standards, the agencies are adopting 
engine subcategories that match EPA’s 
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61 See 40 CFR 86.90–2. 
62 The agencies note that the CO2 and fuel 

consumption standards for Class 7 and 8 
combination tractors do not cover gasoline or LHDD 
engines, as those are not used in Class 7 and 8 
combination tractors. 

63 The baseline HHD diesel engine performance in 
MY 2010 on the SET is 490 g CO2/bhp-hr (4.81 gal/ 
100 bhp-hr), as determined from confidential data 
provided by manufacturers and data submitted for 
the non-GHG emissions certification process. The 
baseline MHD diesel engine performance on the 
SET cycle is 518 g CO2/bhp-hr (5.09 gallon/100- 
bhp-hr) in MY 2010. Further discussion of the 

derivation of the baseline can be found in Section 
III. 

64 Once a manufacturer opts into the NHTSA 
program it must stay in the program for all the 
optional MYs and remain standardized with the 
implementation approach being used to meet the 
EPA emission program. 

existing criteria pollutant emissions 
regulations for heavy-duty highway 
engines which established four 
regulatory service classes that represent 
the engine’s intended and primary 
vehicle application.61 The Light Heavy- 
Duty (LHD) diesel engines are intended 
for application in Class 2b through Class 
5 trucks (8,501 through 19,500 pounds 
GVWR). The Medium Heavy-Duty 
(MHD) diesel engines are intended for 
Class 6 and Class 7 trucks (19,501 
through 33,000 pounds GVWR). The 
Heavy Heavy-Duty (HDD) diesel engines 
are primarily used in Class 8 trucks 
(33,001 pounds and greater GVWR). 
Lastly, spark ignition engines (primarily 

gasoline-powered engines) installed in 
incomplete vehicles less than 14,000 
pounds GVWR and spark ignition 
engines that are installed in all vehicles 
(complete or incomplete) greater than 
14,000 pounds GVWR are grouped into 
a single engine service class. The 
engines in these four regulatory service 
classes range in size between 
approximately five liters and sixteen 
liters. This subcategory structure 
enables the agencies to set standards 
that appropriately reflect the technology 
available for engines installed in each 
type of vehicle, and that are therefore 
technologically feasible for these 
engines. This is the same engine 

classification scheme the agencies 
proposed, and there were no adverse 
comments in response to the proposal. 

Heavy heavy-duty diesel and medium 
heavy-duty diesel engines are used 
today in combination tractors. The 
following section refers to the engine 
standards for these types of engines. 
This section does not cover gasoline or 
light heavy-duty diesel engines because 
they are not used in combination 
tractors. 

In the NPRM, the agencies proposed 
CO2 and fuel consumption standards for 
HD diesel engines to be installed in 
Class 7 and 8 combination tractors as 
shown in Table II–2.62 

TABLE II–2—PROPOSED HEAVY-DUTY DIESEL ENGINE STANDARDS FOR ENGINES INSTALLED IN TRACTORS 

Effective 2014 model year Effective 2017 Model Year 

CO2 standard 
(g/bhp-hr) 

Voluntary fuel 
consumption 

standard 
(gal/100 bhp- 

hr) 

CO2 standard 
(g/bhp-hr) 

Fuel consump-
tion standard 
(gal/100 bhp- 

hr) 

MHD diesel engine .......................................................................................... 502 4.93 487 4.78 
HHD diesel engine ........................................................................................... 475 4.67 460 4.52 

The agencies proposed to require 
diesel engine manufacturers to achieve, 
on average, a three percent reduction in 
fuel consumption and CO2 emissions for 
the 2014 standards over the baseline MY 
2010 performance for the engines.63 The 
agencies’ preliminary assessment of the 
findings of the 2010 NAS Report and 
other literature sources indicated that 
there are technologies available to 
reduce fuel consumption by this amount 
in the time frame in the lead time 
provided by the rules. These 
technologies include improved 
turbochargers, aftertreatment 
optimization, and low temperature 
exhaust gas recirculation. 

The agencies also proposed to require 
diesel engine manufacturers to achieve, 
on average, a six percent reduction in 
fuel consumption and CO2 emissions for 
the 2017 MY standards over the baseline 
MY 2010 performance for MHD and 
HHD diesel engines required to use the 
SET-based standard. The agencies stated 
that additional reductions could likely 
be achieved through the increased 
refinement of the technologies projected 
to be implemented for 2014, plus the 
addition of turbocompounding, which 

the agencies’ analysis showed would 
require a longer development time and 
would not be available in MY 2014. The 
agencies therefore proposed to provide 
additional lead time to allow for the 
introduction of this additional 
technology, and to wait until 2017 to 
increase stringency to levels reflecting 
application of this technology. 

The agencies proposed that the MHD 
and HHD diesel engine CO2 standards 
for Class 7 and 8 combination tractors 
would become effective in MY 2014 for 
EPA, with more stringent CO2 standards 
becoming effective in MY 2017, while 
NHTSA’s fuel consumption standards 
would become effective in MY 2017, 
which would be both consistent with 
the EISA four-year minimum lead-time 
requirements and harmonized with 
EPA’s timing. The agencies explained 
that the three-year timing, besides being 
required by EISA, made sense because 
EPA’s heavy-duty highway engine 
program for criteria pollutants had 
begun to provide new emissions 
standards for the industry in three year 
increments, which had caused the 
heavy-duty engine product plans to fall 
largely into three year cycles reflecting 

this regulatory environment. To further 
harmonize with EPA, NHTSA proposed 
voluntary fuel consumption standards 
for MHD and HHD diesel engines that 
are equivalent to EPA CO2 standards for 
MYs 2014–2016, allowing 
manufacturers to opt into the voluntary 
standards in any of those model years.64 
NHTSA proposed that manufacturers 
could opt into the program by declaring 
their intent to opt in to the program at 
the same time they submit the Pre- 
Certification Compliance Report, and 
that a manufacturer opting into the 
program would begin tracking credits 
and debits beginning in the model year 
in which they opt into the program. 
Both agencies proposed to allow 
manufacturers to generate and use 
credits to achieve compliance with the 
HD diesel engine standards, including 
averaging, banking, and trading (ABT) 
and deficit carry-forward. The agencies 
sought comment on the proposed MHD 
and HHD engine standards and timing. 

The agencies received comments from 
EMA, Navistar, Cummins, ACEEE, 
Center for Biological Diversity, Detroit 
Diesel Corporation, American Lung 
Association, and the Union of 
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Concerned Scientists. Comments were 
divided with respect to the proposed 
levels of stringency. While Cummins 
and DDC expressed support for the CO2 
and fuel consumption standards for 
diesel engines, and EMA and Navistar 
stated the standards could be met if the 
flexibilities outlined in the NPRM are 
finalized as proposed, Navistar also 
stated that the model year 2017 standard 
may not be feasible since what the 
agencies characterized as existing 
technologies are not in production for 
all manufacturers. In contrast, 
environmental groups and NGOs stated 
that the standards did not reflect the 
potential reductions outlined in the 
2010 NAS study and should be more 
stringent. CBD argued that the standards 
were not set at the maximum feasible 
level by definition, because the agencies 
had said that they were based on the use 
of existing technologies. In addition, the 
Center for Neighborhood Technology 
encouraged the agencies to implement 
the rules as soon as possible, beginning 
in the 2012 model year. 

In light of the above comments, the 
agencies re-evaluated the technical basis 
for the heavy-duty engine standards. 
The baseline HHD diesel engine 
performance in 2010 model year on the 
SET is estimated at 490 g CO2/bhp-hr 
(4.81 gal/100 bhp-hr), based on our 
analysis of confidential data provided 
by manufacturers and data submitted for 

the non-GHG emissions certification 
process. Similarly, the baseline MHD 
diesel engine performance on the SET 
cycle is estimated to be 518 g CO2/bhp- 
hr (5.09 gallon/100-bhp-hr) for the 2010 
model year. Further discussion of the 
derivation of the baseline can be found 
in Section III. The agencies believe that 
the MY 2014 standards can be achieved 
by most manufacturers through the use 
of technologies time frame such as 
improved aftertreatment systems, 
friction reduction, improved auxiliaries, 
turbochargers, pistons, and other 
components. These standards will 
require diesel engine manufacturers to 
achieve on average a three percent 
reduction in fuel consumption and CO2 
emissions over the baseline 2010 model 
year levels. 

However, in recognizing that some 
manufacturers have engines that would 
not meet the standard even after 
applying technologies that improve 
GHG emissions and fuel consumption 
by three percent, the agencies are 
finalizing both the proposed ABT 
provisions for these engines and also an 
optional alternate engine standard for 
2014 model year, described in more 
detail below. We believe that concerns 
expressed by Navistar regarding the 
2014 MY standards will be addressed by 
this alternative standard. The agencies 
also continue to believe that the 2017 
MY standards are achievable using the 

above approaches and, in the case of 
SET certified engines, 
turbocompounding. While Navistar 
commented that the 2017 MY standard 
may be challenging because not all 
manufacturers are presently producing 
the technologies that may be required to 
meet the standards, the agencies believe 
that since manufacturers that may 
require turbocompounding to meet the 
standards will not have to do so until 
2017 MY, there will be sufficient lead 
time for all manufacturers to introduce 
this technology. As noted above, by MY 
2017 all MHD and HHD engines 
installed in combination tractors should 
have gone through a redesign during 
which all needed technology can be 
applied. We note that we are finalizing 
these standards as proposed based on 
the assessment that most manufacturers 
(not just Navistar) will need to make 
improvements to existing engine 
systems in order to meet the standards. 
EPA’s HD diesel engine CO2 emission 
standards and NHTSA’s HD diesel 
engine fuel consumption standards for 
engines installed in tractors are 
presented in Table II–3. As explained 
above, the first set of standards take 
effect with MY 2014 (mandatory 
standards for EPA, voluntary standards 
for NHTSA), and the second set take 
effect with MY 2017 (mandatory for 
both agencies). 

TABLE II–3—FINAL HEAVY-DUTY DIESEL ENGINE STANDARDS FOR ENGINES INSTALLED IN TRACTORS 

Effective 2014 model year Effective 2017 model year 

CO2 standard 
(g/bhp-hr) 

Voluntary fuel 
consumption 

standard 
(gal/100 bhp- 

hr) 

CO2 standard 
(g/bhp-hr) 

Fuel consump-
tion standard 
(gal/100 bhp- 

hr) 

MHD diesel engine .......................................................................................... 502 4.93 487 4.78 
HHD diesel engine ........................................................................................... 475 4.67 460 4.52 

The agencies have also decided to 
remove NHTSA’s proposed Pre- 
Certification Compliance Report 
requirement. Instead, manufacturers 
must submit their decision to opt into 
NHTSA’s voluntary standards for the 
2014 through 2016 model years as part 
of its certification process with EPA. 
Once a manufacturer opts into the 
NHTSA program it must stay in the 
program for all the subsequent optional 
model years. Manufacturers that opt in 
become subject to NHTSA standards for 
all regulatory categories. The 
declaration statement must be entered 
prior to or at the same time the 
manufacturer submits its first 
application for a certificate of 
conformity. NHTSA will begin tracking 

credits and debits beginning in the 
model year in which a manufacturer 
opts into its program. 

Compliance with the CO2 emissions 
and fuel consumption standards will be 
evaluated based on the SET engine test 
cycle. In the NPRM, the agencies 
proposed standards based on the SET 
cycle for MHD and HHD engines used 
in tractors due to these engines’ primary 
use in steady state operating conditions 
(typified by highway cruising). Tractors 
spend the majority of their operation at 
steady state conditions, and will obtain 
in-use benefit of technologies such as 
turbocompounding and other waste heat 
recovery technologies during this kind 
of typical engine operation. Therefore, 
the engines installed in tractors will be 

required to meet the standard based on 
the SET, which is a steady state test 
cycle. 

The agencies gave full consideration 
to the need for engine manufacturers to 
redesign and upgrade their engines 
during the MYs 2014–2017 to meet 
standards, and fully considered the cost- 
effectiveness of the standards and the 
available lead time. The final two-step 
CO2 emission and fuel consumption 
standards recognize the opportunity for 
technology improvements over the 
rulemaking time frame, while reflecting 
the typical engine manufacturers’ 
product plan cycles. Over these four 
model years there will be an 
opportunity for manufacturers to 
evaluate almost every one of their 
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65 See 75 FR at 25467–68 for further discussion 
of the negative cost implications of establishing 
requirements outside of the redesign cycle. 

66 See RIA Chapter 2.4.2.7. 
67 On-board diagnostics (OBD) is a computer- 

based emissions monitoring system that was first 

required in 2007 for vehicles under 14,000 pounds 
(65 FR 59896, Oct. 6, 2000) and in 2010 for vehicles 
over 14,000 pounds (74 FR 8310, Feb. 24, 2009). 

engine models and add technology in a 
cost-effective way, consistent with 
existing redesign schedules, to control 
GHG emissions and reduce fuel 
consumption. The time-frame and levels 
for the standards, as well as the ability 
to average, bank and trade credits and 
carry a deficit forward for a limited 
time, are expected to provide 
manufacturers the time and flexibilities 
needed to incorporate technology that 
will achieve the final GHG and fuel 
consumption standards within the 
normal engine redesign process. This is 
an important aspect of the final rules, as 
it will avoid the much higher costs that 
would occur if manufacturers needed to 
add or change technology at times other 
than these scheduled redesigns.65 This 
time period will also provide 
manufacturers the opportunity to plan 
for compliance using a multi-year time 
frame, again in alignment with their 
normal business practice. Further 
details on lead time, redesigns and 
technical feasibility can be found in 
Section III. 

The agencies continue to believe the 
standards for MHD and HHD diesel 
engines installed in combination 
tractors are the most stringent 
technically feasible in the time frame 
established in this regulation. The 
standards will require a 3 percent 
reduction in engine fuel consumption 
and GHG emissions in 2014 MY based 
on improvements to engine components 
and aftertreatment systems. The 2017 
MY standards will require a 6 percent 
reduction in fuel consumption and GHG 
emissions over a 2010 model year 
baseline and assumes the introduction, 
for some engines, of technologies such 
as turbocompounding. The standards, 
however, are not premised on the 
introduction of technologies that are 
still in development—such as Rankine 

bottoming cycle—since these 
approaches cannot be introduced 
without further technical development 
or engine re-design.66 

Additional discussion on technical 
feasibility is included in Section III 
below and in Chapter 2 of the RIA. 

The agencies recognize, however, that 
the schedule of changes for the final 
standards may not be the most cost- 
effective one for all manufacturers. The 
agencies also sought comment as to 
whether an alternate phase-in schedule 
for the HD diesel engine standards for 
combination tractors should be 
considered. In developing the proposal, 
heavy-duty engine manufacturers stated 
that the phase-in of the GHG and fuel 
consumption standards should be 
aligned with the On Board Diagnostic 
(OBD)67 phase-in schedule, which 
includes new requirements for heavy- 
duty vehicles in the 2013 and 2016 
model years. The agencies did not adopt 
this suggestion in the proposal, 
explaining that the credit averaging, 
banking and trading provisions would 
provide manufacturers with 
considerable flexibility to manage their 
GHG and fuel efficiency standard 
compliance plans—including the phase- 
in of the new heavy-duty OBD 
requirements—but requested comment 
on whether EPA and NHTSA should 
provide an alternate phase-in schedules 
that would more explicitly 
accommodate this request in the event 
that manufacturers did not agree that 
the ABT provisions mitigated their 
concern about the GHG/fuel 
consumption standard phase-in. See 75 
FR at 74178. 

In response, Cummins, Engine 
Manufacturers Association, and DTNA 
commented that their first choice was a 
delay in the OBD effective date for one 
year to the 2014 model year. The 

industry’s second choice was to provide 
manufacturers with an optional GHG 
and fuel consumption phase-in that 
aligns their product development plans 
with their current plans to meet the 
OBD regulations for EPA and California 
in the 2013 and 2016 model years. 
These commenters argued that meeting 
the OBD regulation in the 2013 model 
year already poses a significant 
challenge, and that having to meet GHG 
and fuel consumption standards 
beginning in 2014 could require them to 
redesign and recertify their products 
just one year later. They argued that 
bundling design changes where possible 
can reduce the burden on industry for 
complying with regulations, so aligning 
the introduction of the OBD, GHG, and 
fuel consumption standards could help 
reduce manufacturers’ burden for 
product development, validation and 
certification. 

In order to provide additional 
flexibility for manufacturers looking to 
align their technology changes with 
multiple regulatory requirements, the 
agencies are finalizing an alternate 
‘‘OBD phase-in’’ option for meeting the 
standards for MHD and HHD diesel 
engines installed in tractors (in addition 
to engines installed in vocational 
vehicles as noted below in Section II.D), 
which delivers equivalent CO2 
emissions and fuel consumption 
reductions as the primary standards for 
the engines built in the 2013 through 
2017 model years, as shown in Table II– 
4. The optional OBD phase-in schedule 
requires that engines built in the 2013 
and 2016 model years to achieve greater 
reductions than the engines built in 
those model years under the primary 
program, but requires fewer reductions 
for the engines built in the 2014 and 
2015 model years. 

TABLE II–4—COMPARISON OF CO2 REDUCTIONS FOR THE HHD AND MHD TRACTOR STANDARDS UNDER THE 
ALTERNATIVE OBD PHASE-IN AND PRIMARY PHASE-IN 

HHD Tractor engines MHD Tractor engines 

Primary 
phase-in 
standard 
(g/bhp-hr) 

Optional 
phase-in 
standard 
(g/bhp-hr) 

Difference 
in lifetime 

CO2 engine 
emissions 

(MMT) 

Primary 
phase-in 
standard 
(g/bhp-hr) 

Optional 
phase-in 
standard 
(g/bhp-hr) 

Difference 
in lifetime 

CO2 engine 
emissions 

(MMT) 

Baseline ........................................................................... 490 490 — 518 518 — 
2013 MY Engine .............................................................. 490 485 14 518 512 17 
2014 MY Engine .............................................................. 475 485 ¥28 502 512 ¥28 
2015 MY Engine .............................................................. 475 485 ¥28 502 512 ¥28 
2016 MY Engine .............................................................. 475 460 42 502 487 42 
2017 MY Engine .............................................................. 460 460 0 487 487 0 
Net Reductions (MMT) ..................................................... .................... .................... 0 .................... .................... 3 
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68 See § 1036.150(e). 69 See 75 FR at 74178–74179. 

The technologies for the 2013 model 
year optional standard include a subset 
of technologies that could be used to 
meet the primary 2014 model year 
standard. The agencies believe this 
approach is appropriate because the 
shorter lead time provided for 
manufacturers selecting this option 
limits the technologies which can be 
applied. However, in order to maintain 
equivalent CO2 emissions and fuel 
consumption reduction over the 2013 
through 2017 model year period, it is 

necessary for the 2016 model year 
standard to be equal to the 2017 model 
year standard, using the same 
technology paths described for the 
primary engine program. If a 
manufacturer selects this optional 
phase-in, then the engines must be 
certified starting in the 2013 model year 
and continue using this phase-in 
through 2016 model year. That is, once 
electing this compliance path, 
manufacturers must adhere to it.68 
Manufacturers may opt into the optional 

OBD phase-in through the voluntary 
NHTSA program, but must opt in in the 
2013 model year and continue using 
this phase-in through the 2016 model 
year. Manufacturers that opt in to the 
voluntary NHTSA program in 2014 and 
2015 will be required to meet the 
primary phase-in schedule and may not 
adopt the OBD phase-in option. Table 
II–5 below presents the final HD diesel 
engine CO2 emission standards under 
the ‘‘OBD phase-in’’ option. 

TABLE II–5—OPTIONAL HEAVY-DUTY ENGINE STANDARD PHASE-IN SCHEDULE FOR TRACTOR ENGINES 

MHD Diesel engine HHD Diesel engine 

Effective 2013 Through 2015 Model Year 

CO2 Standard (g/bhp-hr) ......................................................................................................................... 512 485 
Voluntary Fuel Consumption Standard (gallon/100 bhp-hr) .................................................................... 5.03 4.76 

Effective 2016 Model Year and Later 

CO2 Standard (g/bhp-hr) ......................................................................................................................... 487 460 
Fuel Consumption (gallon/100 bhp-hr) .................................................................................................... 4.78 4.52 

Although the agencies believe that the 
standards for the HD diesel engines 
installed in combination tractors are 
generally appropriate, cost-effective, 
and technologically feasible in the 
rulemaking time frame, we also 
recognize that when regulating a 
category of engines for the first time, 
there will be individual products that 
may deviate significantly from the 
baseline level of performance, whether 
because of a specific approach to criteria 
pollution control, or due to engine 
calibration for specific applications or 
duty cycles. In the current fleet of 2010 
and 2011 model year engines used in 
combination tractors, NHTSA and EPA 
understand that there is a relatively 
small group of legacy engines that are 
up to approximately 25 percent worse 
than the average baseline for other 
engines. For this group of legacy MHD 
and HHD diesel engines installed in 
tractors, when compared to the typical 
performance levels of the majority of the 
engines in the fleet and the fuel 
consumption/GHG emissions reductions 
that the majority of engines would 
achieve through increased application 
of technology, the same reduction from 
the industry baseline may not be 
possible at reasonably comparable cost 
given the same amount of lead-time, 
because these products may require a 
total redesign in order to meet the 
standards. Manufacturers of the MHD 
and HHD diesel engines installed in 
tractors with atypically high baseline 

CO2 and fuel consumption levels may 
also, in some instances, have a limited 
line of engines across which to average 
performance to meet the generally- 
applicable standards. 

To account for this possibility, the 
agencies requested comment in the 
NPRM on the establishment of an 
optional alternative MHD and HHD 
engine standard for those engines 
installed in combination tractors which 
would be set at 3 percent below a 
manufacturer’s 2011 engine baseline 
emissions and fuel consumption, or 
alternatively, at 2 percent below a 
manufacturer’s 2011 baseline. The 
agencies also requested comment on 
extending this optional standard one 
year (to the 2017 MY) for a single engine 
family at a 6 percent level below the 
2011 baseline.69 This option would not 
be available unless and until a 
manufacturer had exhausted all 
available credits and credit 
opportunities, and engines under the 
optional standard could not generate 
credits. 

In comments to the NPRM, Navistar 
supported the alternative engine 
standard, but recommended that it be 
set at 2 percent below the 
manufacturer’s 2011 baseline. They also 
supported the extension to 2017 MY at 
6 percent. Navistar provided CBI in 
support of its comments. Volvo, DTNA, 
environmental groups, NGOs, and the 
New York State Department of 
Environmental Conservation opposed 
the optional engine standard, arguing 

that existing flexibilities are sufficient to 
allow compliance with the standards 
and that all manufacturers should be 
held to the same standards. 

Based on the CBI submitted by 
Navistar, the agencies found that a large 
majority of the HD diesel engines used 
in Class 7 and 8 combination tractors 
were relatively close to the average 
baseline, with some above and some 
below, but also that some legacy MHD 
and HDD diesel engines were far enough 
away from the baseline that they could 
not meet the generally-applicable 
standards with application of 
technology that would be available for 
those specific engines by 2014. The 
agencies continue to believe that an 
interim alternative standard is needed 
for these products, and that an interim 
standard reflects a legitimate difference 
between products starting from different 
fuel consumption/GHG emitting 
baselines. As explained in the proposal, 
it is legally permissible to accommodate 
short term lead time constraints with 
alternative standards. Commenters did 
not dispute that there are legacy engine 
families with significantly higher CO2 
emissions and fuel consumption 
baselines, and that these engines require 
longer lead time to meet the principal 
standards in the early model years of the 
program. Although the agencies 
acknowledge the view that all 
manufacturers should be subject to the 
same burden for meeting the primary 
standards, the agencies believe that, in 
the initial years of a new program, 
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70 See 75 FR at 74178. 
71 See 75 FR 25414–25419. 

additional flexibilities should be 
provided. The GHG standards and fuel 
consumption standards are first-time 
standards for these engines, so the 
possibility of significantly different 
baselines is not unexpected.70 
Moreover, the agencies do not believe 
that the alternative standard affords a 
relative competitive advantage to the 
higher emitting legacy engines: the same 
level of improvement at the same cost 
will be required of those tractor engines, 
and in addition, by 2017 MY, those 
tractor engines will be required to make 
the additional improvements to meet 
the same standards as other engines. We 
believe that the concern expressed by 
Navistar regarding the 2014 MY 
standards will be addressed by this 
alternative. The agencies also continue 
to believe the 2017 MY standards are 
achievable using the above approaches 
and, in the case of MHD and HHD 
engines installed in tractors, 
turbocompounding. While Navistar 
commented that the 2017 MY standard 
may be challenging, the agencies believe 
that since manufacturers which may 
need to use turbocompounding to meet 
the standards will not have to do so 
until 2017 MY, there will be sufficient 
lead time for all engine manufacturers to 
introduce this technology. Thus, the 
agencies are finalizing a regulatory 
alternative whereby a manufacturer, for 
an interim period of the 2014–2016 
model years, would have the option to 
comply with a unique standard based 
on a three percent reduction from an 
individual engine’s own 2011 model 
year baseline level. Our assessment is 
that this three percent reduction is 
appropriate given the potential for 
manufacturers to apply similar 
technology packages with similar cost to 
what we have estimated for the primary 
program. This is similar to EPA’s 
approach in the light-duty rule for 
handling a certain subset of vehicles 
that were deemed unable to meet the 
generally-applicable GHG standards 
during the 2012–2015 time frame due to 
higher initial baseline conditions, and 
which therefore needed alternate 
standards in those model years.71 

The agencies stress that this is a 
temporary and limited option being 
implemented to address diverse 
manufacturer needs associated with 
complying with this first phase of the 
regulations. As codified in 40 CFR 
1036.620 and 49 CFR 535.5(d), this 
optional standard will be available only 
for the 2014 through 2016 model years, 
because we believe that manufacturers 
will have had ample opportunity to 

make appropriate changes to bring their 
product performance into line with the 
rest of the industry after that time. As 
proposed, the final rules require that 
manufacturers making use of these 
provisions for the optional standard 
would need to exhaust all credits 
available to this averaging set prior to 
using this flexibility and would not be 
able to generate emissions credits from 
other engines in the same regulatory 
averaging set as the engines complying 
using this alternate approach. 

The agencies note again that 
manufacturers choosing to utilize this 
option in MYs 2014–2016 will have to 
make a greater relative improvement in 
MY 2017 than the rest of the industry, 
since they will be starting from a worse 
level—for compliance purposes, 
emissions from engines certified and 
sold at the three percent level will be 
averaged with emissions from engines 
certified and sold at more stringent 
levels to arrive at a weighted average 
emissions for all engines in the 
subcategory. Again, this option can only 
be taken if all other credit opportunities 
have been exhausted and the 
manufacturer still cannot meet the 
primary standards. If a manufacturer 
chooses this option to meet the EPA 
emission standards in the MY 2014– 
2016, and wants to opt into the NHTSA 
fuel consumption program in these 
same MYs it must follow the exact path 
followed under the EPA program 
utilizing equivalent fuel consumption 
standards. Since the NHTSA standards 
are optional in 2014, manufacturers may 
choose not to adopt either the 
alternative engine standard or the 
regular voluntary standard by not 
participating in the NHTSA program in 
2014 and 2015. 

Some commenters argued that 
manufacturers could game the standard 
by establishing an artificially high 2011 
baseline emission level. This could be 
done, for example, by certifying an 
engine with high fuel consumption and 
GHG emissions that is either: (1) Not 
sold in significant quantities; or (2) later 
altered to emit fewer GHGs and 
consume less fuel through service 
changes. In order to mitigate this 
possibility, the agencies are requiring 
that the 2011 model year baseline must 
be developed by averaging emissions 
over all engines in an engine family 
certified and sold for that model year so 
as to prevent a manufacturer from 
developing a single high GHG output 
engine solely for the purpose of 
establishing a high baseline. As an 
alternative, if a manufacturer does not 
certify all engine families in an 
averaging set to the alternate standards, 
then the tested configuration of the 

engine certified to the alternate standard 
must have the same engine 
displacement and its rated power within 
5 percent of the highest rated power of 
the baseline tested configuration. In 
addition, the tested configuration of the 
engine certified to the alternate standard 
must be a configuration sold to 
customers. These three requirements 
will prevent a manufacturer from 
producing an engine with an artificially 
high power rating and therefore produce 
artificially low grams of CO2 emissions 
and fuel consumption per brake 
horsepower. In addition, the tested 
configurations must have a BSFC 
equivalent to or better than all other 
configurations within the engine family 
which will prevent a manufacturer from 
creating a baseline configuration with 
artificially high CO2 emissions and fuel 
consumption. 

(c) In-Use Standards 
Section 202(a)(1) of the CAA specifies 

that EPA is to adopt emissions 
standards that are applicable for the 
useful life of the vehicle. The in-use 
standards that EPA is finalizing would 
apply to individual vehicles and 
engines. NHTSA is adopting an 
approach which does not include in-use 
standards. 

EPA proposed that the in-use 
standards for heavy-duty engines 
installed in tractors be established by 
adding an adjustment factor to the full 
useful life emissions and fuel 
consumption results projected in the 
EPA certification process to address 
measurement variability inherent in 
comparing results among different 
laboratories and different engines. The 
agency proposed a two percent 
adjustment factor and requested 
comments and additional data during 
the proposal to assist in developing an 
appropriate factor level. The agency 
received additional data during the 
comment period which identified 
production variability which was not 
accounted for at proposal. Details on the 
development of the final adjustment 
factor are included in RIA Chapter 3. 
Based on the data received, EPA 
determined that the adjustment factor in 
the final rules should be higher than the 
proposed level of two percent. EPA is 
finalizing a three percent adjustment 
factor for the in-use standard to provide 
a reasonable margin for production and 
test-to-test variability that could result 
in differences between the initial 
emission test results and emission 
results obtained during subsequent in- 
use testing. 

We are finalizing regulatory text (in 
§ 1036.150) to allow engine 
manufacturers to used assigned 
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72 See 2010 NAS Report. Note 21, 
Recommendation 8–4. Page 190. 

deterioration factors (DFs) without 
performing their own durability 
emission tests or engineering analysis. 
However, the engines would still be 
required to meet the standards in actual 
use without regard to whether the 
manufacturer used the assigned DFs. 
This allowance is being adopted as an 
interim provision applicable only for 
this initial phase of standards. 

Manufacturers will be allowed to use 
an assigned additive DF of 0.0 g/bhp-hr 
for CO2 emissions from any 
conventional engine (i.e., an engine not 
including advance or innovative 
technologies). Upon request, we could 
allow the assigned DF for CO2 emissions 
from engines including advance or 
innovative technologies, but only if we 
determine that it would be consistent 
with good engineering judgment. We 
believe that we have enough 
information about in-use CO2 emissions 
from conventional engines to conclude 
that they will not increase as the 
engines age. However, we lack such 
information about the more advanced 
technologies. 

EPA is also finalizing the proposed 
provisions requiring that the useful life 
for these engine and vehicles with 
respect to GHG emissions be set equal 
to the respective useful life periods for 
criteria pollutants. EPA is adopting 
provisions where the existing engine 
useful life periods, as included in Table 
II–6, be broadened to include CO2 
emissions for both engines (See 40 CFR 
1036.108(d)) and tractors (See 40 CFR 
1037.105). 

TABLE II–6—TRACTOR AND ENGINE 
USEFUL LIFE PERIODS 

Years Miles 

Medium Heavy-Duty 
Diesel Engines ...... 10 185,000 

Heavy Heavy-Duty 
Diesel Engines ...... 10 435,000 

Class 7 Tractors ....... 10 185,000 
Class 8 Tractors ....... 10 435,000 

(3) Test Procedures and Related Issues 
The agencies are finalizing a complete 

set of test procedures to evaluate fuel 
consumption and CO2 emissions from 
Class 7 and 8 tractors and the engines 
installed in them. Consistent with the 
proposal, the test procedures related to 
the tractors are all new, while the 
engine test procedures already 
established were built substantially on 
EPA’s current non-GHG emissions test 
procedures, except as noted. This 
section discusses the final simulation 
model developed for demonstrating 
compliance with the tractor standard 
and the final engine test procedures. 

(a) Vehicle Simulation Model 
We are finalizing as proposed separate 

engine and vehicle-based emission 
standards to achieve the goal of 
reducing emissions and fuel 
consumption for both combination 
tractors and engines. Engine 
manufacturers are subject to the engine 
standards while the Class 7 and 8 tractor 
manufacturers are required to install 
certified engines in their tractors. The 
tractor manufacturer is also subject to a 
separate vehicle-based standard which 
utilizes a vehicle simulation model to 
evaluate the impact of the tractor cab 
design to determine compliance with 
the tractor standard. 

A simulation model, in general, uses 
various inputs to characterize a 
vehicle’s properties (such as weight, 
aerodynamics, and rolling resistance) 
and predicts how the vehicle would 
behave on the road when it follows a 
driving cycle (vehicle speed versus 
time). On a second-by-second basis, the 
model determines how much engine 
power needs to be generated for the 
vehicle to follow the driving cycle as 
closely as possible. The engine power is 
then transmitted to the wheels through 
transmission, driveline, and axles to 
move the vehicle according to the 
driving cycle. The second-by-second 
fuel consumption of the vehicle, which 
corresponds to the engine power 
demand to move the vehicle, is then 
calculated according to a fuel 
consumption map in the model. Similar 
to a chassis dynamometer test, the 
second-by-second fuel consumption is 
aggregated over the complete drive cycle 
to determine the fuel consumption of 
the vehicle. 

Consistent with the proposal, NHTSA 
and EPA are finalizing a procedure to 
evaluate fuel consumption and CO2 
emissions respectively through a 
simulation of whole-vehicle operation, 
consistent with the NAS 
recommendation to use a truck model to 
evaluate truck performance.72 The EPA 
developed the Greenhouse gas 
Emissions Model (GEM) for the specific 
purpose of this rulemaking to evaluate 
truck performance. The GEM is similar 
in concept to a number of vehicle 
simulation tools developed by 
commercial and government entities. 
The model developed by the EPA and 
finalized here was designed for the 
express purpose of vehicle compliance 
demonstration and is therefore simpler 
and less configurable than similar 
commercial products. This approach 
gives a compact and quicker tool for 
vehicle compliance without the 

overhead and costs of a more 
sophisticated model. Details of the 
model are included in Chapter 4 of the 
RIA. The agencies are aware of several 
other simulation tools developed by 
universities and private companies. 
Tools such as Argonne National 
Laboratory’s Autonomie, Gamma 
Technologies’ GT–Drive, AVL’s 
CRUISE, Ricardo’s VSIM, Dassault’s 
DYMOLA, and University of Michigan’s 
HE–VESIM codes are publicly available. 
In addition, manufacturers of engines, 
vehicles, and trucks often have their 
own in-house simulation tools. The 
agencies sought comments regarding 
other software packages which would 
better serve the compliance purposes of 
the rules than the GEM, but did not 
receive any recommendations. 

The GEM is designed to focus on the 
inputs most closely associated with fuel 
consumption and CO2 emissions—i.e., 
on those which have the largest impacts 
such as aerodynamics, rolling 
resistance, weight, and others. 

EPA has validated the GEM based on 
the chassis test results from two 
combination tractors tested at 
Southwest Research Institute. The 
validation work conducted on this 
vehicle was representative of the other 
Class 7 and 8 tractors. Many aspects of 
one tractor configuration (such as the 
engine, transmission, axle configuration, 
tire sizes, and control systems) are 
similar to those used on the 
manufacturer’s sister models. For 
example, the powertrain configuration 
of a sleeper cab with any roof height is 
similar to the one used on a day cab 
with any roof height. Overall, the GEM 
predicted the fuel consumption and CO2 
emissions within 2 percent of the 
chassis test procedure results for three 
test cycles—the California ARB 
Transient cycle, 65 mph cruise cycle, 
and 55 mph cruise cycle. These cycles 
are the ones the agencies are utilizing in 
compliance testing. Since the time of 
the proposal, the EPA also conducted a 
validation of the GEM relative to a 
commonly used vehicle simulation 
software, GT–Power. The results of this 
validation found that the two software 
programs predicted the fuel efficiency of 
each subcategory of tractor to be within 
2 percent. Test to test variation for 
heavy-duty vehicle chassis testing can 
be higher than 4 percent due to driver 
variation alone. The final simulation 
model is described in greater detail in 
Chapter 4 of the RIA and is available for 
download by at (http://www.epa.gov/ 
otaq/climate/regulations.htm). 

After proposal, the agencies 
conducted a peer review of GEM version 
1.0 which was proposed. In addition, 
we requested comment on all aspects of 
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this approach to compliance 
determination in general and to the use 
of the GEM in particular. The agencies 
received comments from stakeholders 
and made changes for the release of 
GEM v2.0 to address concerns raised in 
the comments, along with the comments 
received during the peer review process. 
The most noticeable changes to the GEM 
include improvements to the graphical 
user interface (GUI). In response to 
comments, the agencies have reduced 
the amount of information required in 
the Identification section; linked the 
inputs to the selected subcategory while 
graying-out the items that are not 
applicable to the subcategory; and 
added batch modeling capability to 
reduce the compliance burden to 
manufacturers. In addition, substantial 
work went into model validations and 
benchmarking against vehicle test data 
and other commonly used vehicle 
simulation models. 

The model also includes a new driver 
model, a simplified electric system 
model, and revised engine fuel maps to 
better reflect the 2017 model year 
engine standards. The model in the final 

rulemaking uses the targeted vehicle 
driving speed to estimate vehicle torque 
demand at any given time, and then the 
power required to drive the vehicle is 
derived to estimate the required 
accelerator and braking pedal positions. 
If the driver misses the vehicle speed 
target, a speed correction logic 
controlled by a PID controller is applied 
to adjust necessary accelerator and 
braking pedal positions in order to 
match targeted vehicle speed at every 
simulation time step. The enhanced 
driver model used in the final 
rulemaking with its feed-forward driver 
controls more realistically models 
driving behavior. The GEM v1.0, the 
proposed version of the model, had four 
individual components to model the 
electric system—starter, electrical 
energy system, alternator, and electrical 
accessory. For the final rulemaking, the 
GEM v2.0 has a single electric system 
model with a constant power 
consumption level. Based on comments 
received, the agencies revisited the 2017 
model year proposed fuel maps, 
specifically the low load area, which 
was extrapolated during the proposal 

and (incorrectly) generated negative 
improvements. The agencies 
redeveloped the fuel maps for the final 
rulemaking to better predict the fuel 
consumption of engines in this area of 
the fuel consumption map. Details of 
the changes are included in RIA Chapter 
4. 

To demonstrate compliance, a Class 7 
and 8 tractor manufacturer will measure 
the performance of specified tractor 
systems (such as aerodynamics and tire 
rolling resistance), input the values into 
the GEM, and compare the model’s 
output to the standard. The rules require 
that a tractor manufacturer provide the 
inputs for each of following factors for 
each of the tractors it wishes to certify 
under CO2 standards and for 
establishing fuel consumption values: 
Coefficient of Drag, Tire Rolling 
Resistance Coefficient, Weight 
Reduction, Vehicle Speed Limiter, and 
Extended Idle Reduction Technology. 
These are the technologies on which the 
agencies’ own feasibility analysis for 
these vehicles is predicated. An 
example of the GEM input screen is 
included in Figure II–1. 

For the aerodynamic assessment, tire 
rolling resistance, and tractor weight 

reduction, the input values for the 
simulation model will be determined by 

the manufacturer through conducting 
tests using the test procedures finalized 
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by the agencies in this action and 
described below. The agencies are 
allowing several testing alternatives for 
aerodynamic assessment referenced 
back to a coastdown test procedure, a 
single procedure for determination of 
the coefficient of rolling resistance 
(CRR) for tires, and a prescribed method 
to determine tractor weight reduction. 
The agencies have finalized defined 
model inputs for determining vehicle 
speed limiter and extended idle 
reduction technology benefits. The other 
aspects of vehicle performance are fixed 
within the model as defined by the 
agencies and are not varied for the 
purpose of compliance. 

(b) Metric 
Test metrics which are quantifiable 

and meaningful are critical for a 
regulatory program. The CO2 and fuel 
consumption metric should reflect what 
we wish to control (CO2 or fuel 
consumption) relative to the clearest 
value of its use: in this case, carrying 
freight. It should encourage efficiency 
improvements that will lead to 
reductions in emissions and fuel 
consumption during real world 
operation. The agencies are finalizing 
standards for Class 7 and 8 combination 
tractors that would be expressed in 
terms of moving a ton (2,000 pounds) of 
freight over one mile. Thus, NHTSA’s 
final fuel consumption standards for 
these trucks would be represented as 
gallons of fuel used to move one ton of 
freight 1,000 miles, or gal/1,000 ton- 
mile. EPA’s final CO2 vehicle standards 
would be represented as grams of CO2 
per ton-mile. The model converts CO2 
emissions to fuel consumption using the 
CO2 grams per ton mile estimated by 
GEM and an assumed 10,180 grams of 
CO2 per gallon of diesel fuel. 

This approach tracks the 
recommendations of the NAS report. 
The NAS panel concluded, in their 
report, that a load-specific fuel 
consumption metric is appropriate for 
HD trucks. The panel spent considerable 
time explaining the advantages of and 
recommending a load-specific fuel 
consumption approach to regulating the 
fuel efficiency of heavy-duty trucks. See 
NAS Report pages 20 through 28. The 
panel first points out that the nonlinear 
relationship between fuel economy and 
fuel consumption has led consumers of 
light-duty vehicles to have difficulty in 
judging the benefits of replacing the 
most inefficient vehicles. The panel 
describes an example where a light-duty 
vehicle can save the same 107 gallons 
per year (assuming 12,000 miles 
travelled per year) by improving one 
vehicle’s fuel efficiency from 14 to 16 
mpg or improving another vehicle’s fuel 

efficiency from 35 to 50.8 mpg. The use 
of miles per gallon leads consumers to 
undervalue the importance of small mpg 
improvements in vehicles with lower 
fuel economy. Therefore, the NAS panel 
recommends the use of a fuel 
consumption metric over a fuel 
economy metric. The panel also 
describes the primary purpose of most 
heavy-duty vehicles as moving freight or 
passengers (the payload). Therefore, 
they concluded that the most 
appropriate way to represent an 
attribute-based fuel consumption metric 
is to normalize the fuel consumption to 
the payload. 

With the approach to compliance 
NHTSA and EPA are adopting, a default 
payload is specified for each of the 
tractor categories suggesting that a gram 
per mile metric with a specified payload 
and a gram per ton-mile metric would 
be effectively equivalent. The primary 
difference between the metrics and 
approaches relates to our treatment of 
mass reductions as a means to reduce 
fuel consumption and greenhouse gas 
emissions. In the case of a gram per mile 
metric, mass reductions are reflected 
only in the calculation of the work 
necessary to move the vehicle mass 
through the drive cycle. As such it 
directly reduces the gram emissions in 
the numerator since a vehicle with less 
mass will require less energy to move 
through the drive cycle leading to lower 
CO2 emissions. In the case of Class 7 
and 8 tractors and our gram/ton-mile 
metric, reductions in mass are reflected 
both in less mass moved through the 
drive cycle (the numerator) and greater 
payload (the denominator). We adjust 
the payload based on vehicle mass 
reductions because we estimate that 
approximately one third of the time the 
amount of freight loaded in a trailer is 
limited not by volume in the trailer but 
by the total gross vehicle weight rating 
of the tractor. By reducing the mass of 
the tractor the mass of the freight loaded 
in the vehicle can go up. Based on this 
general approach, it can be estimated 
that for every 1,200 pounds in mass 
reduction across all Class 7 and 8 
tractors on the road, that total vehicle 
miles traveled, and therefore trucks on 
the road, could be reduced by one 
percent. Without the use of a per ton- 
mile metric it would not be clear or 
straightforward for the agencies to 
reflect the benefits of mass reduction 
from large freight carrying vehicles that 
are often limited in the freight they 
carry by the gross vehicle weight rating 
of the vehicle. There was strong 
consensus in the public comments for 
adopting the proposed metrics for 
tractors. 

(c) Vehicle Aerodynamic Assessment 

The aerodynamic drag of a vehicle is 
determined by the vehicle’s coefficient 
of drag (Cd), frontal area, air density and 
speed. As noted in the NPRM, 
quantifying truck aerodynamics as an 
input to the GEM presents technical 
challenges because of the proliferation 
of vehicle configurations, the lack of a 
clearly preferable standardized test 
method, and subtle variations in 
measured aerodynamic values among 
various test procedures. Class 7 and 8 
tractor aerodynamics are currently 
developed by manufacturers using a 
range of techniques, including wind 
tunnel testing, computational fluid 
dynamics, and constant speed tests. 

Consistent with our discussion at 
proposal, we believe a broad approach 
allowing manufacturers to use these 
multiple different test procedures to 
demonstrate aerodynamic performance 
of its tractor fleet is appropriate given 
that no single test procedure is superior 
in all aspects to other approaches. 
Allowing manufacturers to use multiple 
test procedures and modeling coupled 
with good engineering judgment to 
determine aerodynamic performance is 
consistent with the current approach 
used in determining representative road 
load forces for light-duty vehicle testing 
(40 CFR 86.129–00(e)(1)). However, we 
also recognize the need for consistency 
and a level playing field in evaluating 
aerodynamic performance. 

The agencies are retaining an 
aerodynamic bin structure for the final 
rulemaking, but are adjusting the 
method used to determine the bins. To 
address the consistency and level 
playing field concerns, NHTSA and EPA 
proposed that manufacturers use a two- 
part screening approach for determining 
the aerodynamic inputs to the GEM. The 
first part would have required the 
manufacturers to assign each vehicle 
aerodynamic configuration based on 
descriptions of vehicle characteristics to 
one of five aerodynamics bins created 
by EPA and NHTSA. The proposed 
assignment by bin would have fixed (by 
rule) the aerodynamic characteristics of 
the vehicle. However, the agencies, 
while working with industry, concluded 
for the final rulemaking that an 
approach which identified a reference 
aerodynamic test method and a 
procedure to align results from other 
aerodynamic test procedures with the 
reference method is a simpler, more 
accurate approach than deciphering and 
interpreting written descriptions of 
aerodynamic components. 

Therefore, we are finalizing an 
approach, as described in Section 
V.B.3.d and § 1037.501, which uses an 
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73 See 2010 NAS Report, Note 21, Finding 2–4 on 
page 39. 

74 As explained in Section IV, there are no ABT 
implications to this change from proposal, since all 

Continued 

enhanced coastdown procedure as a 
reference method and defines a process 
for manufacturers to align drag results 
from each of their own test methods to 
the reference method results. 
Manufacturers will be able to use any 
aerodynamic evaluation method in 
demonstrating a vehicle’s aerodynamic 
performance as long as the method is 
aligned to the reference method. The 
results from the aerodynamic testing 
will be the single determining factor for 
aerodynamic bin assignments. 

EPA and NHTSA recognize that wind 
conditions, most notably wind 
direction, have a greater impact on real 
world CO2 emissions and fuel 
consumption of heavy-duty trucks than 
of light-duty vehicles. As noted in the 
NAS report,73 the wind average drag 
coefficient is about 15 percent higher 
than the zero degree coefficient of drag. 
In addition, the agencies received 
comments that supported the use of 
wind averaged drag results for the 
aerodynamic determination. The 
agencies considered finalizing the use of 
a wind averaged drag coefficient in this 
regulatory program, but ultimately 
decided to finalize drag values which 
represent zero yaw (i.e., representing 
wind from directly in front of the 
vehicle, not from the side) instead. We 
are taking this approach recognizing 
that the reference method is coastdown 
testing which is not capable of 
determining wind averaged yaw. Wind 
tunnels are currently the only tool 
which can accurately assess the 
influence of wind speed and direction 
on a vehicle’s aerodynamic 
performance. The agencies recognize, as 
NAS did, that the results of using the 
zero yaw approach may result in fuel 
consumption predictions that are offset 
slightly from real world performance 
levels, not unlike the offset we see today 
between fuel economy test results in the 
CAFE program and actual fuel economy 
performance observed in-use. We 
believe this approach will not impact 
overall technology effectiveness or 
change the kinds of technology 
decisions made by the tractor 
manufacturers in developing equipment 
to meet our final standards. However, 
the agencies are adopting provisions 
which allow manufacturers to generate 
credits reflecting performance of 
technologies which improve the 
aerodynamic performance in crosswind 
conditions, similar to those experienced 
by vehicles in use through innovative 
technologies, as described in Section IV. 

As just noted, the agencies are 
adopting an approach for this final 

action where the manufacturer would 
determine a tractor’s aerodynamic drag 
force using their own aerodynamic 
assessment tools and correlating the 
results back to the reference 
aerodynamic test method of enhanced 
coastdown testing. The manufacturer 
determines the appropriate predefined 
aerodynamic bin based on the correlated 
test results and then inputs the 
predefined Cd value for that 
aerodynamic bin into the GEM. 
Coefficient of drag and frontal area of 
the tractor-trailer combination go hand- 
in-hand to determine the force required 
to overcome aerodynamic drag. The 
agencies proposed that the Cd value 
would be a GEM input derived by the 
manufacturer and that the agencies 
would specify the vehicle’s frontal area 
for each regulatory subcategory. The 
agencies sought and received comment 
recommending an alternate approach 
where the aerodynamic input tables (as 
shown in Table 0–7 and Table 0–8) 
represent the drag force as defined as Cd 
multiplied by the frontal area. Because 
both approaches are essentially 
equivalent and the use of CdA more 
directly relates back to the aerodynamic 
testing, the agencies are finalizing the 
use of CdA as recommended by 
manufacturers. 

The agencies are finalizing 
aerodynamic technology bins which 
divide the wide spectrum of tractor 
aerodynamics into five bins (i.e., 
categories) for high roof tractors. The 
first high roof category, Bin I, is 
designed to represent tractor bodies 
which prioritize appearance or special 
duty capabilities over aerodynamics. 
These Bin I trucks incorporate few, if 
any, aerodynamic features and may 
have several features which detract from 
aerodynamics, such as bug deflectors, 
custom sunshades, B-pillar exhaust 
stacks, and others. The second high roof 
aerodynamics category is Bin II which 
roughly represents the aerodynamic 
performance of the average new tractor 
sold today. The agencies developed this 
bin to incorporate conventional tractors 
which capitalize on a generally 
aerodynamic shape and avoid classic 
features which increase drag. High roof 
tractors within Bin III build on the basic 
aerodynamics of Bin II tractors with 
added components to reduce drag in the 
most significant areas on the tractor, 
such as integral roof fairings, side 
extending gap reducers, fuel tank 
fairings, and streamlined grill/hood/ 
mirrors/bumpers, similar to SmartWay 
trucks today. The Bin IV aerodynamic 
category for high roof tractors builds 
upon the Bin III tractor body with 
additional aerodynamic treatments such 

as underbody airflow treatment, down 
exhaust, and lowered ride height, 
among other technologies. And finally, 
Bin V tractors incorporate advanced 
technologies which are currently in the 
prototype stage of development, such as 
advanced gap reduction, rearview 
cameras to replace mirrors, wheel 
system streamlining, and advanced 
body designs. 

The agencies had proposed five 
aerodynamic bins for each tractor 
regulatory subcategory. The agencies 
received comments from ATA, EMA/ 
TMA, and Volvo indicating that this 
approach was not consistent with the 
aerodynamics of low and mid roof 
tractors. High roof tractors are 
consistently paired with box trailer 
designs, and therefore manufacturers 
can design the tractor aerodynamics as 
a tractor-trailer unit and target specific 
areas like the gap between the tractor 
and trailer. In addition, the high roof 
tractors tend to spend more time at high 
speed operation which increases the 
impact of aerodynamics on fuel 
consumption and GHG emissions. On 
the other hand, low and mid roof 
tractors are designed to pull variable 
trailer loads and shapes. They may pull 
trailers such as flat bed, low boy, 
tankers, or bulk carriers. The loads on 
flat bed trailers can range from 
rectangular cartons with tarps, to a 
single roll of steel, to a front loader. Due 
to these variables, manufacturers do not 
design unique low and mid roof tractor 
aerodynamics but instead use 
derivatives from their high roof tractor 
designs. The aerodynamic 
improvements to the bumper, hood, 
windshield, mirrors, and doors are 
developed for the high roof tractor 
application and then carried over into 
the low and mid roof applications. As 
mentioned above, the types of designs 
that would move high roof tractors from 
a Bin III to Bins IV and V include 
features such as gap reducers and 
integral roof fairings which would not 
be appropriate on low and mid roof 
tractors. The agencies considered and 
largely agree with these comments and 
are therefore finalizing only two 
aerodynamic bins for low and mid roof 
tractors. The agencies are reducing the 
number of bins to reflect the actual 
range of aerodynamic technologies 
effective in low and mid roof tractor 
applications. Thus, the agencies are 
differentiating the aerodynamic 
performance for low and mid roof 
applications into two bins— 
conventional and aerodynamic.74 
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Class 8 combination tractors are considered to be 
a single averaging set for ABT purposes. Similarly, 
all Class 7 tractors are considered to be a single 
averaging set for ABT purposes. 

75 ISO, 2009, Passenger Car, Truck, and Bus 
Tyres—Methods of Measuring Rolling Resistance— 
Single Point Test and Correlation of Measurement 
Results: ISO 28580:2009(E), First Edition, 2009–07– 
01 

76 NHTSA, 2009. ‘‘NHTSA Tire Fuel Efficiency 
Consumer Information Program Development: 
Phase 1—Evaluation of Laboratory Test Protocols.’’ 
DOT HS 811 119. June. (http://www.regulations.gov, 
Docket ID: NHTSA–2008–0121–0019). 

For high roof combination tractor 
compliance determination, a 
manufacturer would use the 
aerodynamic results determined 
through testing to establish the 
appropriate bin. The manufacturer 
would then input into GEM the Cd 
value specified for each bin as defined 
in Table II–7 and Table II–8. For 

example, if a manufacturer tests a Class 
8 sleeper cab high roof tractor and the 
test produces a CdA value between 5.8 
and 6.6, the manufacturer would assign 
this tractor to the Class 8 Sleeper Cab 
High Roof Bin III. The manufacturer 
would then use the Cd value identified 
for Bin III of 0.60 as the input to GEM. 

The Cd values in Table II–7 and Table 
II–8 differ from proposal based on a 
change in the reference method 
(enhanced coastdown procedure) and 
additional testing conducted by EPA. 
Details of the test program and results 
are included in RIA Chapter 2.5.1.4. 

TABLE II–7—AERODYNAMIC INPUT DEFINITIONS TO GEM FOR HIGH ROOF TRACTORS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

High roof High roof High roof≤ 

Aerodynamic Test Results (CdA in m2) 

Bin I .......................................................................................................................................................... ≥ 8.0 ≥ 8.0 ≥ 7.6 
Bin II ......................................................................................................................................................... 7.1–7.9 7.1–7.9 6.7–7.5 
Bin III ........................................................................................................................................................ 6.2–7.0 6.2–7.0 5.8–6.6 
Bin IV ....................................................................................................................................................... 5.6–6.1 5.6–6.1 5.2–5.7 
Bin V ........................................................................................................................................................ ≤ 5.5 ≤ 5.5 ≤ 5.1 

Aerodynamic Input to GEM (Cd) 

Bin I .......................................................................................................................................................... 0.79 0.79 0.75 
Bin II ......................................................................................................................................................... 0.72 0.72 0.68 
Bin III ........................................................................................................................................................ 0.63 0.63 0.60 
Bin IV ....................................................................................................................................................... 0.56 0.56 0.52 
Bin V ........................................................................................................................................................ 0.51 0.51 0.47 

The CdA values in Table II–8 are 
based on testing using the enhanced 
coastdown test procedures adopted for 
the final rulemaking, which includes 
aerodynamic assessment of the low and 
mid roof tractors without a trailer. The 
removal of the trailer significantly 

reduces the CdA value of mid roof 
tractors with tanker trailers because of 
the poor aerodynamic performance of 
the tanker trailer. The agencies 
developed the Cd input for each of the 
low and mid roof tractor bins to 
represent the Cd of the tractor, its 

frontal area, and the impact of the Cd 
value due to the trailer such that the 
GEM value is representative of a tractor- 
trailer combination, as it is for the high 
roof tractors. 

TABLE II–8—AERODYNAMIC INPUT DEFINITIONS TO GEM FOR LOW AND MID ROOF TRACTORS 

Class 7 Class 8 

Day Cab Day Cab 

Low Roof Mid Roof Low Roof Mid Roof 

Aerodynamic Test Results (CdA in m2) 

Bin I .................................................................................. ≥ 5.1 ≥ 5.6 ≥ 5.1 ≥ 5.6 ≥ 5.1 ≥ 5.6 
Bin II ................................................................................. ≤ 5.0 ≤ 5.5 ≤ 5.0 ≤ 5.5 ≤ 5.0 ≤ 5.5 

Aerodynamic Input to GEM (Cd) 

Bin I .................................................................................. 0.77 0.87 0.77 0.87 0.77 0.87 
Bin II ................................................................................. 0.71 0.82 0.71 0.82 0.71 0.82 

(d) Tire Rolling Resistance Assessment 

NHTSA and EPA are finalizing as 
proposed that the tractor’s tire rolling 
resistance input to the GEM be 
determined by either the tire 

manufacturer or tractor manufacturer 
using the test method adopted by the 
International Organization for 
Standardization, ISO 28580:2009.75 The 
agencies believe the ISO test procedure 

is appropriate for this program because 
the procedure is the same one used by 
NHTSA in its fuel efficiency tire 
labeling program 76 and is consistent 
with the testing direction being taken by 
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77 This distribution is equivalent to the federal 
over-axle weight limits for an 80,000 GVWR 5-axle 
tractor-trailer: 12,000 pounds over the steer axle, 
34,000 pounds over the tandem drive axles (17,000 
pounds per axle) and 34,000 pounds over the 
tandem trailer axles (17,000 pounds per axle). 

78 U.S. Environmental Protection Agency. 
SmartWay Transport Partnership July 2010 e- 
update accessed July 16, 2010, from http:// 
www.epa.gov/smartwaylogistics/newsroom/ 
documents/e-update-july-10.pdf. 

79 TIAX, LLC. ‘‘Assessment of Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles,’’ Final Report to National Academy of 
Sciences, November 19, 2009. Pages 4–62 through 
4–64. 

80 Alcoa. ‘‘Improving Sustainability of Transport: 
Aluminum is Part of the Solution.’’ 2009. 

81 Schutte, Carol. U.S. Department of Energy, 
Vehicle Technologies Program. ‘‘Losing Weight—an 
enabler for a Systems Level Technology 
Development, Integration, and Demonstration for 
Efficient Class 8 Trucks (SuperTruck) and 
Advanced Technology Powertrains for Light-Duty 
Vehicles.’’ 

82 American Iron and Steel Institute. ‘‘A Cost 
Benefit Analysis Report to the North American 

Continued 

the tire industry both in the United 
States and Europe. The rolling 
resistance from this test would be used 
to specify the rolling resistance of each 
tire on the steer and drive axle of the 
tractor. The results would be expressed 
as a rolling resistance coefficient (CRR) 
and measured as kilogram per metric 
ton (kg/metric ton). The agencies are 
finalizing as proposed that three tire 
samples within each tire model be 
tested three times each to account for 
some of the production variability and 
the average of the nine tests would be 
the rolling resistance coefficient for the 
tire. The GEM will use the steer and 
drive tire rolling resistance inputs and 
distribute 15 percent of the gross weight 
of the tractor and trailer to the steer 
axle, 42.5 percent to the drive axles, and 
42.5 percent to the trailer axles.77 The 
trailer tires’ rolling resistance is 
prescribed by the agencies as part of the 
standardized trailer used for 
demonstrating compliance at 6 kg/ 
metric ton, which was the average 
trailer tire rolling resistance measured 
during the SmartWay tire testing.78 

EPA and NHTSA conducted 
additional evaluation testing on HD 
trucks tires used for tractors, and also 
for vocational vehicles. The agencies 
also received several comments on the 
suitability of low rolling resistance tires 
for various HD vehicle applications. The 
summary of the agencies’ findings and 
a response to issues raised by 
commenters is presented in Section 
II.D(1)(a). 

(e) Weight Reduction Assessment 
The agencies proposed that the tractor 

standards reflect improved CO2 
emissions and fuel consumption 
performance of a 400 pound weight 
reduction in Class 7 and 8 tractors 
through the substitution of single wide 
tires and light-weight wheels for dual 
tires and steel wheels. This approach 
was taken since there is a large variation 
in the baseline weight among trucks that 
perform roughly similar functions with 
roughly similar configurations. Because 
of this, the only effective way to 
quantify the exact CO2 and fuel 
consumption benefit of mass reduction 
using GEM is to estimate baseline 
weights for specific components that 
can be replaced with light weight 

components. If the weight reduction is 
specified for light weight versions of 
specific components, then both the 
baseline and weight differentials for 
these are readily quantifiable and well- 
understood. Lightweight wheels are 
commercially available as are single 
wide tires and thus data on the weight 
reductions attributable to these two 
approaches are readily available. 

The agencies received comments on 
this approach from Volvo, ATA, MEMA, 
Navistar, American Chemistry Council, 
the Auto Policy Center, Iron and Steel 
Institute, Arvin Meritor, Aluminum 
Association, and environmental groups 
and NGOs. Volvo and ATA stated that 
not all fleets can use single wide tires 
and if this is the case the 400 pound 
weight reduction target cannot be met. 
Volvo stated that without the use of 
single wide drive tires, a 6x4 tractor will 
have a maximum weight reduction of 
300 pounds if the customer selects all 
ten wheels to be outfitted with light 
weight aluminum wheels. A number of 
additional commenters—including 
American Chemistry Council, The Auto 
Policy Center, Iron and Steel Institute, 
Aluminum Association, Arvin Meritor, 
MEMA, Navistar, Volvo, and 
environmental and nonprofit groups— 
stated that manufacturers should be 
allowed to use additional light weight 
components in order to meet the tractor 
fuel consumption and CO2 emissions 
standards. These groups stated that 
weight reductions should not be limited 
to wheels and tires. They asked that cab 
doors, cab sides and backs, cab 
underbodies, frame rails, cross 
members, clutch housings, transmission 
cases, axle differential carrier cases, 
brake drums, and other components be 
allowed to be replaced with light-weight 
versions. Materials suggested for 
substitution included aluminum, light- 
weight aluminum, high strength steel, 
and plastic composites. The American 
Iron and Steel Institute stated there are 
opportunities to reduce mass by 
replacing mild steel—which currently 
dominates the heavy-duty industry— 
with high strength steel. 

In addition, The American Auto 
Policy Center asked that manufacturers 
be allowed to use materials other than 
aluminum and high strength steel to 
comply with the regulations. DTNA 
asked that weight reduction due to 
engine downsizing be allowed to receive 
credit. Volvo requested that weight 
reductions due to changes in axle 
configuration be credited. They used the 
example of a customer selecting a 4 X 
2 over a 6 X 4 axle tractor. In this case, 
they assert there would be a 1,000 
pound weight savings from removing an 
axle. 

As proposed, many of the material 
substitutions could have been 
considered as innovative technologies 
for tractors and hence eligible for off 
cycle credits (so that the commenters 
overstated that these technologies were 
‘disallowed’). Nonetheless in response 
to the above summarized comments, the 
agencies evaluated whether additional 
materials and components could be 
used directly for compliance with the 
tractor weight reduction through the 
primary program (i.e. be available as 
direct inputs to the GEM). The agencies 
reviewed comments and data received 
in response to the NPRM and additional 
studies cited by commenters. A 
summary of this review is provided in 
the following paragraphs. 

TIAX, in their report to the NAS, cited 
information from Alcoa identifying 
several mass reduction opportunities 
from material substitution in the tractor 
cab components which were similar to 
the ones identified by the Aluminum 
Association in their comments to this 
rulemaking.79 TIAX included studies 
submitted by Alcoa showing the 
potential to reduce the weight of a 
tractor-trailer combination by 3,500 to 
4,500 pounds.80 In addition, the U.S. 
Department of Energy has several 
projects underway to improve the 
freight efficiency of Class 8 trucks 
which provide relevant data: 81 DOE 
reviewed prospective lightweighting 
alternative materials and found that 
aluminum has a potential to reduce 
mass by 40 to 60 percent, which is in 
line with the estimates of mass 
reductions of various components 
provided by Alcoa, and by the 
Aluminum Association in their 
comments and as cited in the TIAX 
report. These combined studies, 
comments, and additional data provided 
information on specific components that 
could be replaced with aluminum 
components. 

With regard to high strength steel, the 
Iron and Steel Institute found that the 
use of high strength steel and redesign 
can reduce the weight of light-duty 
trucks by 25 percent.82 Approximately 
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Steel Industry on Improved Materials and 
Powertrain Architectures for 21st Century Trucks.’’ 

83 Schutte, Carol. U.S. Department of Energy, 
Vehicle Technologies Program. ‘‘Losing Weight—an 
enabler for a Systems Level Technology 
Development, Integration, and Demonstration for 

Efficient Class 8 Trucks (SuperTruck) and 
Advanced Technology Powertrains for Light-Duty 
Vehicles’’. 

84 Schutte, Carol. U.S. Department of Energy, 
Vehicle Technologies Program. ‘‘Losing Weight—an 
enabler for a Systems Level Technology 

Development, Integration, and Demonstration for 
Efficient Class 8 Trucks (SuperTruck) and 
Advanced Technology Powertrains for Light-Duty 
Vehicles’’. 

10 percent of this reduction results from 
material substitution and 15 percent 
from vehicle re-design. While this study 
evaluated light-duty trucks, the agencies 
believe that a similar reduction could be 
achieved in heavy-duty trucks since the 
reductions from material substitution 
would likely be similar in heavy-trucks 
as in light-trucks. U.S. DOE, in the 
report noted above, identified 
opportunities to reduce mass by 10 
percent through high strength steel.83 
This study was also for light-duty 
vehicles. 

The agencies considered other 
materials such as plastic composites and 
magnesium substitutes but were not 
able to obtain weights for specific 
components made from these materials. 
We have therefore not included 
components made from these materials 
as possible substitutes in the primary 
program, but they may be considered 
through the innovative technology/off- 
cycle credits provision. We may 
consider including these materials as 
part of the primary compliance option 
in a subsequent regulation if data 
become available. 

Based on this analysis, the agencies 
developed an expanded list of weight 
reduction opportunities for the final 
rulemaking that may be reflected in the 
GEM, as listed in Table II–9. The list 
includes additional components, but not 
materials, from those proposed. For high 
strength steel, the weight reduction 
value is equal to 10 percent of the 
presumed baseline component weight, 
as the agencies used a conservative 
value based on the DOE report. We 

recognize that there may be additional 
potential for weight reduction in new 
high strength steel components which 
combine the reduction due to the 
material substitution along with 
improvements in redesign, as evidenced 
by the studies done for light-duty 
vehicles. In the development of the high 
strength steel component weights, we 
are only assuming a reduction from 
material substitution and no weight 
reduction from redesign, since we do 
not have any data specific to redesign of 
heavy-duty components nor do we have 
a regulatory mechanism to differentiate 
between material substitution and 
improved design. We are finalizing for 
wheels that both aluminum and light 
weight aluminum are eligible to be used 
as light-weight materials. Aluminum, 
but not light-weight aluminum, can be 
used as a light-weight material for other 
components. The reason for this is that 
data were available for light weight 
aluminum for wheels but were not 
available for other components. 

The agencies received comments on 
the proposal from the American 
Chemistry Council highlighting the role 
of plastics and composites in heavy- 
duty vehicles. As they stated, 
composites can be low density while 
having high strength and are currently 
used in applications such as oil pans 
and buses. The DOE mass reduction 
program demonstrated for heavy 
vehicles proof of concept designs for 
hybrid composite doors with an overall 
mass savings of 40 percent; 30 percent 
mass reduction of a hood system with 
carbon fiber sheet molding compound; 

50 percent mass reduction from 
composite tie rods, trailing arms, and 
axles; and superplastically formed 
aluminum body panels.84 While the 
agencies recognize these opportunities, 
we do not believe the technologies have 
advanced far enough to quantify the 
benefits of these materials because they 
are very dependent on the actual 
composite material. The agencies may 
consider such lightweighting 
opportunities in future actions, but are 
not including them as part of this 
primary program. Manufacturers which 
opt to pursue composite and plastic 
material substitutions may seek credits 
through the innovative technology 
provisions. 

With regard to Volvo’s request that 
manufacturers be allowed to receive 
credit for trucks with fewer axles, the 
agencies recognize that vehicle options 
exist today which have less mass than 
other options. However, we believe the 
decisions to add or subtract such 
components will be made based on the 
intended use of the vehicle and not 
based on a crediting for the mass 
difference in our compliance program. It 
is not our intention to create a tradeoff 
between the right vehicle to serve a 
need (e.g. one with more or fewer axles) 
and compliance with our final 
standards. Therefore, we are not 
including provisions to credit (or 
penalize) vehicle performance based on 
the subtraction (or addition) of specific 
vehicle components. Table II–9 provides 
weight reduction values for different 
components and materials. 

TABLE II–9—WEIGHT REDUCTION VALUES 

Weight reduction technology Weight reduction (lb per tire/ 
wheel) 

Single Wide Drive Tire with: 
Steel Wheel ...................................................................................................................................................... 84 
Aluminum Wheel .............................................................................................................................................. 139 
Light Weight Aluminum Wheel ......................................................................................................................... 147 

Steer Tire or Dual Wide Drive Tire with: 
High Strength Steel Wheel ............................................................................................................................... 8 
Aluminum Wheel .............................................................................................................................................. 21 
Light Weight Aluminum Wheel ......................................................................................................................... 30 

Weight reduction technologies Aluminum 
weight 

reduction (lb.) 

High strength 
steel weight 

reduction (lb.) 

Door ......................................................................................................................................................................... 20 6 
Roof ......................................................................................................................................................................... 60 18 
Cab rear wall ........................................................................................................................................................... 49 16 
Cab floor .................................................................................................................................................................. 56 18 
Hood Support Structure ........................................................................................................................................... 15 3 
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85 For more information on the estimated safety 
effects of this rule, see Chapter 9 of the RIA. 

86 Federal Motor Carrier Safety Administration. 
Hours of Service Regulations. Last accessed on 
August 2, 2010 at http://www.fmcsa.dot.gov/rules- 
regulations/topics/hos/. 

87 The agencies note that some sleeper cabs may 
be classified as vocational tractors and therefore are 
expected to primarily travel locally and would not 
benefit from an idle reduction technology. 

TABLE II–9—WEIGHT REDUCTION VALUES—Continued 

Fairing Support Structure ........................................................................................................................................ 35 6 
Instrument Panel Support Structure ........................................................................................................................ 5 1 
Brake Drums—Drive (4) .......................................................................................................................................... 140 11 
Brake Drums—Non Drive (2) .................................................................................................................................. 60 8 
Frame Rails ............................................................................................................................................................. 440 87 
Crossmember—Cab ................................................................................................................................................ 15 5 
Crossmember—Suspension .................................................................................................................................... 25 6 
Crossmember—Non Suspension (3) ....................................................................................................................... 15 5 
Fifth Wheel ............................................................................................................................................................... 100 25 
Radiator Support ...................................................................................................................................................... 20 6 
Fuel Tank Support Structure ................................................................................................................................... 40 12 
Steps ........................................................................................................................................................................ 35 6 
Bumper .................................................................................................................................................................... 33 10 
Shackles .................................................................................................................................................................. 10 3 
Front Axle ................................................................................................................................................................ 60 15 
Suspension Brackets, Hangers ............................................................................................................................... 100 30 
Transmission Case .................................................................................................................................................. 50 12 
Clutch Housing ........................................................................................................................................................ 40 10 
Drive Axle Hubs (8) ................................................................................................................................................. 160 4 
Non Drive Front Hubs (2) ........................................................................................................................................ 40 5 
Driveshaft ................................................................................................................................................................. 20 5 
Transmission/Clutch Shift Levers ............................................................................................................................ 20 4 

EPA and NHTSA are specifying the 
baseline vehicle weight for each 
regulatory vehicle subcategory 
(including the tires, wheels, frame, and 
cab components) in the GEM in 
aggregate based on weight of vehicles 
used in EPA’s aerodynamic test 
program, but allow manufacturers to 
specify the use of light-weight 
components. The GEM then quantifies 
the weight reductions based on the pre- 
determined weight of the baseline 
component minus the pre-determined 
weight of the component made from 
light-weight material. Manufacturers 
cannot specify the weight of the light- 
weight component themselves, only the 
material used in the substitute 
component. The agencies assume the 
baseline wheel and tire configuration 
contains dual tires with steel wheels, 
along with steel frame and cab 
components, because these represent 
the vast majority of new vehicle 
configurations today. The weight 
reduction due to replacement of 
components with light weight versions 
will be reflected partially in the payload 
tons and partially in reducing the 
overall weight of the vehicle run in the 
GEM. The specified payload in the GEM 
will be set to the prescribed payload 
plus one third of the weight reduction 
amount to recognize that approximately 
one third of the truck miles are travelled 
at maximum payload, as discussed 
below in the payload discussion. The 
other two thirds of the weight reduction 
will be subtracted from the overall 
vehicle weight prescribed in the GEM. 

The agencies continue to believe that 
the 400 pound weight target is 
appropriate to use as a basis for setting 
the final combination tractor CO2 

emissions and fuel consumption 
standards. The agencies agree with the 
commenter that 400 pounds of weight 
reduction without the use of single wide 
tires may not be achievable for all 
tractor configurations. As noted, the 
agencies have extended the list of 
weight reduction components in order 
to provide the manufacturers with 
additional means to comply with the 
combination tractors and to further 
encourage reductions in vehicle weight. 
The agencies considered increasing the 
target value beyond 400 pounds given 
the additional reduction potential 
identified in the expanded technology 
list; however, lacking information on 
the capacity for the industry to change 
to these lightweight components across 
the board by the 2014 model year, we 
have decided to maintain the 400 pound 
target. The agencies intend to continue 
to study the potential for additional 
weight reductions in our future work 
considering a second phase of vehicle 
fuel efficiency and GHG regulations. In 
the context of the current rulemaking for 
HD fuel consumption and GHG 
standards, one would expect that 
reducing the weight of medium-duty 
trucks similarly would, if anything, 
have a positive impact on safety. 
However, given the large difference in 
weight between light-duty and medium- 
duty vehicles, and even larger difference 
between light-duty vehicles and heavy- 
duty vehicles with loads, the agencies 
believe that the impact of weight 
reductions of medium- and heavy-duty 
vehicles would not have a noticeable 
impact on safety for any of these classes 
of vehicles.85 

(f) Extended Idle Reduction Technology 
Assessment 

Extended idling from Class 8 heavy- 
duty long haul combination tractors 
contributes to significant CO2 emissions 
and fuel consumption in the United 
States. The Federal Motor Carrier Safety 
Administration regulations require a 
certain amount of driver rest for a 
corresponding period of driving 
hours.86 Extended idle occurs when 
Class 8 long haul drivers rest in the 
sleeper cab compartment during rest 
periods as drivers find it both 
convenient and less expensive to rest in 
the tractor cab itself than to pull off the 
road and find accommodations.87 
During this rest period a driver will idle 
the tractor engine in order to provide 
heating or cooling, or to run on-board 
appliances. In some cases the engine 
can idle in excess of 10 hours. During 
this period, the engine will consume 
approximately 0.8 gallons of fuel and 
emit over 8,000 grams of CO2 per hour. 
An average tractor engine can consume 
8 gallons of fuel and emit over 80,000 
grams of CO2 during overnight idling in 
such a case. 

Idling reduction technologies (IRT) 
are available to allow for driver comfort 
while reducing fuel consumptions and 
CO2 emissions. Auxiliary power units, 
fuel operated heaters, battery supplied 
air conditioning, and thermal storage 
systems are among the technologies 
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88 See Gaines, L., A. Vyas, J. Anderson. 
‘‘Estimation of Fuel Used by Idling Commercial 
Trucks,’’ Page 9 (2006). 

89 See 2010 NAS Report, Note 21, Page 28. Road 
Load Force Equation defines the aerodynamic 
portion of the road load as c * Coefficient of Drag 
* Frontal Area * air density * vehicle speed 
squared. 

90 One commenter mistakenly thought that the 
agencies were rejecting consideration of VSLs due 
to perceived jurisdictional obstacles. In fact, both 
the CAA and EISA allow consideration of VSL 
technology and the agencies considered the 
appropriateness of basing standards on performance 
of the technology. 

91 Commenters stated that OEMs need access for 
setting appropriate trims for managing the VSL, 
otherwise significant supply chain issues could 
result such as parts shortages caused by the need 
for unique speed governed PCMs. 

available today. The agencies are 
adopting a provision for use of extended 
idle reduction technology as an input to 
the GEM for Class 8 sleeper cabs. As 
discussed further in Section III, if a 
manufacturer wishes to receive credit 
for using IRT to meet the standard, then 
an automatic main engine shutoff must 
be programmed and enabled, such that 
engine shutdown occurs after 5 minutes 
of idling, to help ensure the reductions 
are realized in-use. A discussion of the 
provisions the agencies are adopting for 
allowing an override of this automatic 
shutdown can be found in RIA Chapter 
2. As with all of the technology inputs 
discussed in this section, the agencies 
are not mandating the use of idle 
reductions or idle shutdown, but rather 
allowing their use as one part of a suite 
of technologies feasible for reducing fuel 
consumption and meeting the final 
standards and using these technologies 
as the inputs to the GEM. The default 
value (5 g CO2/ton-mile or 0.5 gal/1,000 
ton-mile) for the use of automatic engine 
shutdown (AES) with idle reduction 
technologies was determined as the 
difference between a baseline main 
engine with idle fuel consumption of 
0.8 gallons per hour that idles 1,800 
hours and travels 125,000 miles per 
year, and a diesel auxiliary power unit 
operating in lieu of main engine during 
those same idling hours. The agencies 
received various comments from ACEEE 
and MEMA regarding the assumptions 
used to derive the idle reduction value. 
ACEEE argued that the agencies should 
use a fuel consumption rate of 0.47 
gallon/hour for main engine idling 
based on a paper written by Kahn. 
MEMA argued that the agencies should 
use a main engine idling fuel 
consumption rate of 0.87 gal/hr, which 
is the midpoint of a DOE calculator 
reporting fuel consumption rates from 
0.64 to 1.15 gal/hr at idling conditions, 
and between 800 and 1200 rpm with the 
air conditioning on and off, 
respectively. The agencies respectfully 
disagree with the 0.47 gal/hr 
recommendation because the same 
paper by Kahn shows that while idling 
fuel consumption is 0.47 gal/hr on 
average at 600 rpm, CO2 emissions 
increase by 25 percent with A/C on at 
600 rpm, and increase by 165 percent 
between 600 rpm and 1,100 rpm with 
A/C on.88 MEMA recommended using 
2,500 hours per year for APU operation. 
They cited the SmartWay Web site 
which uses 2,400 hours per year (8 
hours per day and 300 days per year). 
Also, they cited an Argonne study 

which assumed 7 hours per day and 303 
days per year, which equals 2,121 hours 
per year. Lastly, they referred to the 
FMCSA 2010 driver guidelines which 
reduce the number of hours driven per 
day by one to two hours, which would 
lead to 2,650 to 2,900 hours per year. 
The agencies reviewed other studies to 
quantify idling operations, as discussed 
in greater detail in RIA Section 2.5.4.2, 
and believe that the entirety of the 
research does not support a change from 
the proposed calculation. Therefore, the 
agencies are finalizing the calculation as 
proposed. Additional details regarding 
the comments, calculations, and agency 
decisions are included in RIA Section 
2.5.4.2. 

The agencies are adopting a provision 
to allow manufacturers to provide an 
AES system which is active for only a 
portion of a vehicle’s life. In this case, 
a discounted idle reduction value would 
be entered into GEM. A discussion of 
the calculation of a discounted IRT 
credit can be found in Section III. 
Additional details on the emission and 
fuel consumption reduction values are 
included in RIA Section 2.5.4.2. 

(g) Vehicle Speed Limiters 
The NPRM proposed to allow 

combination tractors that use vehicle 
speed limiters (VSL) to include the 
maximum governed speed value as an 
input to the GEM for purposes of 
determining compliance with the 
vehicle standards. The agencies also 
proposed not to assume the use of a 
mandatory vehicle speed limiter 
because of concerns about how to set a 
realistic application rate that avoids 
unintended consequences. See 75 FR at 
74223. Governing the top speed of a 
vehicle can reduce fuel consumption 
and GHG emissions, because fuel 
consumption and CO2 emissions 
increase proportionally to the square of 
vehicle speed.89 Limiting the speed of a 
vehicle reduces the fuel consumed, 
which in turn reduces the amount of 
CO2 emitted. The specific input to the 
GEM would be the maximum governed 
speed limit of the VSL that is 
programmed into the powertrain control 
module (PCM). The agencies stressed in 
the NPRM that in order to obtain a 
benefit in the GEM, a manufacturer 
must preset the limiter in such a way 
that the setting will not be ‘‘capable of 
being easily overridden by the fleet or 
the owner.’’ If the top speed could be 
easily overridden, the fuel 
consumption/CO2 benefits of the VSL 

might not be realized, and the agencies 
did not want to allow the technology to 
be used for compliance if the technology 
could be disabled easily and the real 
world benefits not achieved. 

Both the Center for Biological 
Diversity (CBD) and New York State 
Department of Transportation and 
Environmental Conservation 
commented that the application of 
speed limiters should be used to set the 
tractor standards.90 CBD urged the 
agencies to reconsider the position and 
adopt a speed limitation technology. NY 
State commented that the technologies 
are cost effective, reduce emissions, and 
appear to be generally acceptable to the 
trucking industry. They continued to 
say that the vehicle speed limit could be 
set without compromising operational 
logistics. 

Many commenters (Cummins, 
Daimler, EMA/TMA, ATA, AAPC, 
NADA) supported the use of VSLs as an 
input to the GEM, but requested 
clarification of what the specific 
requirements would be to ensure the 
VSL setting would not be capable of 
being easily overridden. Cummins and 
Daimler requested that the final rules 
explicitly allow vehicle manufacturers 
to access and adjust the VSL control 
feature for setting the maximum 
governed speed, arguing that the diverse 
needs of the commercial vehicle 
industry warrant flexibility in electronic 
control features, and that otherwise 
supply chain issues 91 may result from 
the use of VSLs. NADA and EMA/TMA 
also requested that VSLs have override 
features and be adjustable, citing 
various needs for flexibility by the 
fleets. EMA/TMA and ATA requested 
that VSLs be adjustable downward by 
fleets in order to obtain greater benefit 
in GEM, if company policies change or 
if a subsequent vehicle owner needs a 
different VSL setting. EMA/TMA stated 
that the agencies should prohibit 
tampering with VSLs, and both EMA 
and TRALA requested more information 
on how the agencies intended to address 
tampering with VSLs. 

In addition to features governing the 
maximum vehicle speed, commenters 
requested adding other programmable 
flexibilities to mitigate potential 
drawbacks to VSLs. Cummins, DTNA, 
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92 See 75 FR at page 74223. 93 See § 1037.640. 

and EMA/TMA requested that a 
programmable ‘‘soft top’’ speed be 
added to PCMs which would allow a 
vehicle to exceed the speed limit setting 
governed by a VSL for a short period of 
time. A ‘‘soft top’’ feature could be used 
for a limited duration in order to 
maneuver and pass other on-road 
vehicles at speeds greater than that 
governed by the VSL. The commenters 
argued this was important for vehicle 
passing and safety-related situations 
where, without a soft top feature, it 
could be possible for speed limited 
trucks to obstruct other vehicles on the 
road and cause severe road congestion. 

ATA and EMA/TMA also requested 
that manufacturers be allowed to 
program a mileage based expiration into 
the VSL control feature, in order to 
preserve the value of vehicles for second 
owners who may require operation at 
higher speeds. ATA further commented 
that manufacturers should be allowed to 
account for additional GEM input 
benefits if the speed governor is 
reprogrammed to a lower speed within 
the useful life of the vehicle. 

After carefully considering the 
comments, the agencies have decided, 
for these final rules, to retain most of the 
elements in the proposal. Manufacturers 
will be allowed to implement a fixed 
maximum governed vehicle speed 
through a VSL feature and to use the 
maximum governed vehicle speed as an 
input to the GEM for certification. Also 
consistent with the proposal, the 
agencies are not premising the final 
standards on the use of VSLs. The 
comments received from stakeholders 
did not address the agencies’ concerns 
discussed in the proposal, specifically 
the risk of requiring VSL in situations 
that are not appropriate from an 
efficiency perspective because it may 
lead to additional vehicle trips to 
deliver the same amount of freight.92 
The agencies continue to believe that we 
are not in a position to determine how 
many additional vehicles would benefit 
from the use of a VSL with a setting of 
less than 65 mph (a VSL with a speed 
set at or above 65 mph will show no 
CO2 emissions or fuel consumption 
benefit on the drive cycles included in 
this program). The agencies further 
believe that manufacturers will not 
utilize VSLs unless it is in their interest 
to do so, so that these unintended 
consequences should not occur when 
manufacturers use VSLs as a 
compliance strategy. We will monitor 
the industry’s use of VSL in this 
program and may consider using this 

technology in standard setting in the 
future. 

The agencies have decided to adopt 
commenters’ suggestions to allow 
adjustable lower limits that can be set 
and governed by VSLs independent of 
the one governing the maximum 
certified speed limit to provide the 
desired flexibility requested by the 
trucking industry. We believe that this 
flexibility would not decrease the 
anticipated fuel consumption or CO2 
benefits of VSLs because the adjustable 
limits would be lower values. Issues 
identified by the commenters including 
the ability to change delivery routes 
requiring lower governed speeds or 
when a fleet’s business practices change 
resulting in a desire for greater fuel 
consumption savings are not in conflict 
with the purpose and benefit of VSLs. 
As such, the agencies have decided to 
allow a manufacturer to install features 
for its fleet customers to set their own 
lower adjustable limits below the 
maximum VSL specified by the 
agencies. However, the agencies have 
decided to not allow any additional 
benefit in the GEM to a manufacturer for 
allowing a lower governed speed in-use 
than the certified maximum limit for 
this first phase of the HD National 
Program because we can only be certain 
that the VSL will be at the maximum 
setting. 

Both agencies also agree that 
manufacturers can provide a ‘‘soft top’’ 
and expiration features to be 
programmed into PCMs to provide 
additional flexibility for fleet owners 
and so that fleets who purchase used 
vehicles have the ability to have 
different VSL policies than the original 
owner of the vehicle. Although the 
agencies considered limiting the soft top 
maximum level due to safety and fuel 
consumption/GHG benefit concerns, we 
have decided to allow the soft top 
maximum level to be set to any level 
higher than the maximum speed 
governed by the VSL. This approach 
will provide drivers with the ability to 
better navigate through traffic. However, 
the agencies are requiring that 
manufacturers providing a soft top 
feature must design the system so it 
cannot be modified by the fleets and 
will not decrement the vehicle speed 
limit causing the vehicle to decelerate 
while the driver is operating a vehicle 
above the normal governed vehicle 
speed limit. For example, if a 
manufacturer designs a vehicle speed 
limiter that has a normal governed 
speed limiter setting of 62 mph, and a 
‘‘soft top’’ speed limiter value of 65 
mph, the algorithm shall not cause the 
vehicle speed to decrement causing the 
vehicle to decelerate while the driver is 

operating the vehicle at a speed greater 
that 62 mph (between 62 and 65 mph). 
The agencies are concerned that a forced 
deceleration when a driver is attempting 
to pass or maneuver could have an 
adverse impact on safety. 

In using a soft top feature, a 
manufacturer will be required to 
provide to the agencies a functional 
description of the ‘‘soft top’’ control 
strategy including calibration values, 
the speed setting for both the hard limit 
and the soft top and the maximum time 
per day the control strategy could allow 
the vehicle to operate at the ‘‘soft top’’ 
speed limit at the time of certification. 
This information will be used to derive 
a factor to discount the VSL input used 
in the GEM to determine the fuel 
consumption and GHG emissions 
performance of the vehicle. The 
agencies also agree with comments that 
VSLs should be adjustable so as not to 
potentially limit a vehicle’s resale value. 
However, manufacturers choosing the 
option to override the VSL after a 
specified number of miles would be 
required to discount the benefit of the 
VSL relative to the tractor’s full lifetime 
miles. The VSL discount benefits for 
using soft-top and expiration features 
must be calculated using Equation II– 
1.93 Additional details regarding the 
derivation of the discounted equation 
are included in RIA Chapter 2. The 
agencies are also requiring that any 
vehicle that has a ‘‘soft top’’ VSL to 
identify the use of the ‘‘soft top’’ VSL on 
the vehicle emissions label. 

Equation II–1: Discounted Vehicle 
Speed Limiter Equation 
VSL input for GEM = Expiration Factor 

* [Soft Top Factor* Soft Top VSL + 
(1–Soft Top Factor) * VSL] + (1– 
Expiration Factor)*65 mph 

The agencies will require that the VSL 
algorithm be designed to assure that 
over the useful life of the vehicle that 
the vehicle will not operate in the soft 
top mode for more miles than would be 
expected based on the values used in 
Equation 0–1, as specified by the 
expiration factor and the soft top factor. 
In addition, any time the cumulative 
percentage of operation in the soft top 
mode (based on miles) exceeds the 
maximum ratio that could occur at the 
full lifetime mileage, or at the expiration 
mileage if used, the algorithm must not 
allow the vehicle to exceed the VSL 
value. In this case, the soft top feature 
remain disabled until the vehicle 
mileage reaches a point where the ratio 
no longer meets this condition. 

In response to the comments about 
how the agencies will evaluate 
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94 76 FR 78. 
95 See 2010 NAS Report, Note 21, Chapters 4 and 

8. 

96 This situation does not typically occur for 
heavy-duty emission control technology designed to 
control criteria pollutants such as PM and NOX. 

97 California Air Resources Board. Heavy Heavy- 
duty Diesel Truck chassis dynamometer schedule, 
Transient Mode. Last accessed on August 2, 2010 
at http://www.dieselnet.com/standards/cycles/ 
hhddt.html. 

98 EPA’s MOVES (Motor Vehicle Emission 
Simulator). See http://www.epa.gov/otaq/models/ 
moves/index.htm for additional information. 

99 Governors Highway Safety Association. Speed 
Limit Laws May 2011. Last viewed on May 9, 2011 
at http://www.ghsa.org/html/stateinfo/laws/ 
speedlimit_laws.html. 

tampering, NHTSA and EPA have added 
a number of requirements in these final 
rules relating to the VSL control feature. 
VSL control features should be designed 
so they cannot be easily overridden. 
Manufacturers must ensure that the 
governed speed limit programmed into 
the VSL must also be verifiable through 
on-board diagnostic scanning tools, and 
must provide a description of the coding 
to identify the governed maximum 
speed limit and the expiration mileage 
both at the time of the initial vehicle 
certification and in-use. The agencies 
believe both manufacturers and fleets 
should work toward maintaining the 
integrity of VSLs, and the agencies may 
conduct new-vehicle and in-use random 
audits to verify that inputs into GEM are 
accurate. 

The agencies are aware that some 
fleets/owners make changes to vehicles, 
such as installing different diameter 
tires, changing the axle (final drive) 
ratio and transmission gearing, such that 
a vehicle could travel at speeds higher 
than the speed limited by its VSL. 
Vehicles subject to FMCSA 
requirements must be in compliance 
with 49 CFR 393.82. The requirements 
apply to speedometers and states as 
follows: 

Each bus, truck, and truck-tractor must be 
equipped with a speedometer indicating 
vehicle speed in miles per hour and/or 
kilometers per hour. The speedometer must 
be accurate to within plus or minus 8 km/ 
hr (5 mph) at a speed of 80 km/hr (50 mph). 

To facilitate adjustments for 
component changes affecting vehicle 
speed, manufacturers should provide a 
fleet/owner with the means to do so 
unless the adjustments would affect the 
VSL setting or operation. 

DTNA and ATA additionally 
requested that the agencies ensure that 
any VSL provisions adopted under the 
GHG emissions and fuel efficiency rules 
align with existing NHTSA standards. 
The agencies agree and note that there 
are no existing standards for a VSL 
outside of this current rulemaking 
activity. However, NHTSA has 
announced its intent to publish a 
proposal in 2012 for a VSL.94 While 
both agencies have taken steps to avoid 
potential conflicts between the 
rulemaking being finalized today for 
fuel consumption and GHG emissions 
and the anticipated safety rulemaking, 
different conclusions may be reached in 
a safety-based rulemaking on VSLs, 
particularly in the approach to 
specifying soft top parameters and VSL 
expiration. 

(h) Defined Vehicle Configurations in 
the GEM 

As discussed above, the agencies are 
adopting methodologies that 
manufacturers will use to quantify the 
values input into the GEM for these 
factors affecting vehicle efficiency: 
Coefficient of Drag, Tire Rolling 
Resistance Coefficient, Weight 
Reduction, Vehicle Speed Limiter, and 
Extended Idle Reduction Technology. 
The other aspects of the vehicle 
configuration are fixed within the model 
and are not varied for the purpose of 
compliance. The defined inputs include 
the tractor-trailer combination curb 
weight, payload, engine characteristics, 
and drivetrain for each vehicle type, and 
others. 

(i) Vehicle Drive Cycles 

The GEM simulation model uses 
various inputs to characterize a 
vehicle’s configuration (such as weight, 
aerodynamics, and rolling resistance) 
and predicts how the vehicle would 
behave on the road when it follows a 
driving cycle (vehicle speed versus 
time). As noted by the 2010 NAS 
Report,95 the choice of a drive cycle 
used in compliance testing has 
significant consequences on the 
technology that will be employed to 
achieve a standard as well as the ability 
of the technology to achieve real world 
reductions in emissions and 
improvements in fuel consumption. 
Manufacturers naturally will design 
vehicles to ensure they satisfy 
regulatory standards. An ill-suited drive 
cycle for a regulatory category could 
encourage GHG emissions and fuel 
consumption technologies which satisfy 
the test but do not achieve the same 
benefits in use. For example, requiring 
all trucks to use a constant speed 
highway drive cycle will drive 
significant aerodynamic improvements. 
However, in the real world a 
combination tractor used for local 
delivery may spend little time on the 
highway, reducing the benefits achieved 
by this technology. In addition, the extra 
weight of the aerodynamic fairings will 
actually penalize the GHG and fuel 
consumption performance in urban 
driving and may reduce the freight 
carrying capability. The unique nature 
of the kinds of CO2 emissions control 
and fuel consumption technology means 
that the same technology can be of 
benefit during some operation but cause 
a reduced benefit under other 

operation.96 To maximize the GHG 
emissions and fuel consumption 
benefits and avoid unintended 
reductions in benefits, the drive cycle 
should focus on promoting technology 
that produces benefits during the 
primary operation modes of the 
application. Consequently, drive cycles 
used in GHG emissions and fuel 
consumption compliance testing should 
reasonably represent the primary actual 
use, notwithstanding that every vehicle 
has a different drive cycle in-use. 

The agencies proposed a modified 
version of the California ARB Heavy 
Heavy-duty Truck 5 Mode Cycle 97, 
using the basis of three of the cycles 
which best mirror Class 7 and 8 
combination tractor driving patterns, 
based on information from EPA’s 
MOVES model.98 The key advantage of 
the California ARB 5 mode cycle is that 
it provides the flexibility to use several 
different modes and weight the modes 
to fit specific vehicle application usage 
patterns. For the proposal, EPA 
analyzed the five cycles and found that 
some modifications to the cycles were 
required to allow sufficient flexibility in 
weightings. The agencies proposed the 
use of the Transient mode, as defined by 
California ARB, because it broadly 
covers urban driving. The agencies also 
proposed altered versions of the High 
Speed Cruise and Low Speed Cruise 
modes which reflected only constant 
speed cycles at 65 mph and 55 mph 
respectively. In the NPRM, the agencies 
proposed to use three cycles which were 
the ARB transient cycle, a 55 mph 
steady state cruise, and a 65 mph steady 
state cruise. 

The agencies received comment from 
NACAA recommending an increase in 
the high speed cruise cycle speed from 
the proposed value of 65 mph to 75 mph 
because trucks travel at higher speeds. 
The agencies analyzed the urban and 
rural interstate truck speed limits in 
each state to determine the national 
average truck speed limit. State 
interstate speed limits for trucks vary 
between 55 and 75 mph, depending on 
the state.99 Based on this information, 
the national median truck speed limit is 
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100 See Section IV.B.3.b below. 
101 The Environmental Protection Agency. Draft 

MOVES2009 Highway Vehicle Population and 
Activity Data. EPA–420–P–09–001, August 2009 
http://www.epa.gov/otaq/models/moves/techdocs/
420p09001.pdf. 

102 In the light-duty vehicle rule, EPA and 
NHTSA based compliance with tailpipe standards 

on use of the FTP and HFET, and declined to use 
alternative tests. See 75 FR 25407. NHTSA is 
mandated to use the FTP and HFET tests for CAFE 
standards, and all relevant data was obtained by 
FTP and HFET testing in any case. Id. Neither of 
these constraints exists for Class 7–8 tractors. The 
little data which exist on current performance are 
principally measured by the ARB Heavy Heavy- 

duty Truck 5 Mode Cycle testing, and NHTSA is not 
mandated to use the FTP to establish heavy-duty 
fuel economy standards. See 49 U.S.C. 32902(k)(2) 
authorizing NHTSA, among other things, to adopt 
and implement appropriate ‘‘test methods, 
measurement metrics, * * * and compliance 
protocols’’. 

65 mph. The agencies also analyzed the 
national average truck speed limit 
weighted by VMT for each state based 
on VMT data by state from the Federal 
Highway Administration as described in 
RIA Section 3.4.2. Based on this 
information, the national average VMT- 
weighted truck speed limit is 63 mph. 
The agencies continue to believe that 
the appropriate high speed cruise speed 
should be set at the national average 
truck speed limit to appropriately 
balance the evaluation of technologies 
such as aerodynamics, but not overstate 
the benefits of these technologies. 
Therefore, the agencies are adopting as 
proposed a speed of 65 mph for the high 
speed cruise cycle. 

The agencies also received comments 
from Allison which disagreed with 
proposed drive cycles for combination 
tractors because the cycles did not 
account for external factors such as 
grades, wind, traffic condition, etc. 
Allison also believes that the 
acceleration rates are too low. The 
agencies recognize that the proposed 
drive cycles do not incorporate the 
external factors described by Allison. 
Parallel to the approach used to evaluate 
light-duty vehicles, the drive cycles do 
not incorporate either grade or wind 
which can be difficult to simulate in 

chassis dynamometer cells. In the final 
rules, the agencies are defining an 
approach that manufacturers may take 
to evaluate their aerodynamic packages 
in a wind-averaged condition and use a 
modified Cd value in GEM.100 The 
agencies are also adopting provisions for 
the innovative technology 
demonstration that allows for the use of 
on-road testing which includes grades 
for technologies whose benefits are 
reflected with grade. Lastly, the 
agencies’ final drive cycles for highway 
operation contain a constant speed, as 
proposed. The acceleration and 
deceleration rates are only used to bring 
the vehicle to the cruising speed and the 
CO2 emissions and fuel consumption 
from these portions of the drive cycle 
are not included in the composite 
emissions and fuel consumption results. 
The agencies did not include the speed 
dithering, which is representative of 
actual driving and traffic conditions, in 
the proposed constant speed portion of 
the cycles because the dithering does 
not provide any additional distinction 
between technologies but only added 
complexity to the cycle. The agencies 
believe this approach is still appropriate 
for the final action. 

Allison referred the agencies to the 
Oak Ridge National Laboratory and 

SmartWay program to review the 
amount of time long-haul vehicles 
spend on the highway. They believe the 
steady state highway speeds are 
overestimated. Data provided by Allison 
indicates that day cabs spend only 14 
percent of miles traveling at speeds 
greater than 60 mph. NHTSA and EPA 
recognize that there is a variation in the 
amount of miles day cabs travel under 
different operations. As described 
above, the agencies are adopting an 
approach where tractors which operate 
like vocational vehicles may be 
regulated as such in the HD program. 
Thus, these day cabs will have a drive 
cycle weighting representative of 
vocational vehicles with more weighting 
on the transient operation and less on 
the highway speed operation. 

For proposal, EPA and NHTSA relied 
on the EPA MOVES analysis of Federal 
Highway Administration data to 
develop the mode weightings to 
characterize typical operations of heavy- 
duty trucks, per Table II–10 below.101 A 
detailed discussion of drive cycles is 
included in RIA Chapter 3.102 The 
agencies are adopting the proposed 
drive cycle weightings for combination 
tractors. 

TABLE II–10—DRIVE CYCLE MODE WEIGHTINGS 

Transient 55 mph 
cruise 

65 mph 
cruise 

Day Cabs ................................................................................................................................................. 19% 17% 64% 
Sleeper Cabs ........................................................................................................................................... 5% 9% 86% 

(ii) Standardized Trailers 

As proposed, NHTSA and EPA are 
adopting provisions so that the tractor 
performance in the GEM is judged 
assuming the tractor is pulling a 
standardized trailer. The agencies did 
not receive any adverse comments 
related to this approach. The agencies 
believe that an assessment of the tractor 
fuel consumption and CO2 emissions 
should be conducted using a tractor- 
trailer combination. We believe this 
approach best reflects the impact of the 
overall weight of the tractor-trailer and 
the aerodynamic technologies in actual 
use, where tractors are designed and 
used with a trailer. The GEM will 
continue to use a predefined typical 

trailer in assessing overall performance. 
The high roof sleeper cabs are paired 
with a standard box trailer; the mid roof 
tractors are paired with a tanker trailer; 
and the low roof tractors are paired with 
a flat bed trailer. 

(iii) Empty Weight and Payload 

The total weight of the tractor-trailer 
combination is the sum of the tractor 
curb weight, the trailer curb weight, and 
the payload. The total weight of a 
vehicle is important because it in part 
determines the impact of technologies, 
such as rolling resistance, on GHG 
emissions and fuel consumption. In this 
final action, the agencies are specifying 

each of these aspects of the vehicle, as 
proposed. 

In use, trucks operate at different 
weights at different times during their 
operations. The greatest freight transport 
efficiency (the amount of fuel required 
to move a ton of payload) would be 
achieved by operating trucks at the 
maximum load for which they are 
designed all of the time. However, 
logistics such as delivery demands 
which require that trucks travel without 
full loads, the density of payload, and 
the availability of full loads of freight 
limit the ability of trucks to operate at 
their highest efficiency all the time. M.J. 
Bradley analyzed the Truck Inventory 
and Use Survey and found that 
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103 M.J. Bradley & Associates. Setting the Stage for 
Regulation of Heavy-Duty Vehicle Fuel Economy 
and GHG Emissions: Issues and Opportunities. 
February 2009. Page 35. Analysis based on 1992 
Truck Inventory and Use Survey data, where the 
survey data allowed developing the distribution of 
loads instead of merely the average loads. 

104 The U.S. Federal Highway Administration. 
Development of Truck Payload Equivalent Factor. 
Table 11. Last viewed on March 9, 2010 at http:// 
ops.fhwa.dot.gov/freight/freight_analysis/faf/faf2_
reports/reports9/s510_11_12_tables.htm. 

105 ICF International. Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-road Vehicles. July 2010. Pages 4– 
15. Docket Number EPA–HQ–OAR–2010–0162– 
0044. 

approximately 9 percent of combination 
tractor miles travelled empty, 61 percent 
are ‘‘cubed-out’’ (the trailer is full before 
the weight limit is reached), and 30 
percent are ‘‘weighed out’’ (operating 
weight equal 80,000 pounds which is 
the gross vehicle weight limit on the 
Federal Interstate Highway System or 
greater than 80,000 pounds for vehicles 
traveling on roads outside of the 
interstate system).103 

As described above, the amount of 
payload that a tractor can carry depends 
on the category (or GVWR and GCWR) 
of the vehicle. For example, a typical 
Class 7 tractor can carry less payload 
than a Class 8 tractor. For proposal, the 
agencies used the Federal Highway 
Administration Truck Payload 
Equivalent Factors using Vehicle 
Inventory and Use Survey (VIUS) and 
Vehicle Travel Information System data 
to determine the proposed payloads. 
FHWA’s results found that the average 
payload of a Class 8 vehicle ranged from 
36,247 to 40,089 pounds, depending on 
the average distance travelled per 
day.104 The same results found that 
Class 7 vehicles carried between 18,674 
and 34,210 pounds of payload also 

depending on average distance travelled 
per day. Based on this data, the agencies 
proposed to prescribe a fixed payload of 
25,000 pounds for Class 7 tractors and 
38,000 pounds for Class 8 tractors for 
their respective test procedures. The 
agencies proposed a common payload 
for Class 8 day cabs and sleeper cabs as 
predefined GEM input because the data 
available do not distinguish based on 
type of Class 8 tractor. These payload 
values represent a heavily loaded trailer, 
but not maximum GVWR, since as 
described above the majority of tractors 
‘‘cube-out’’ rather than ‘‘weigh-out.’’ 

The agencies developed the proposed 
tractor curb weight inputs from actual 
tractor weights measured in two of 
EPA’s test programs and based on 
information from the manufacturers. 
The proposed trailer curb weight inputs 
were derived from actual trailer weight 
measurements conducted by EPA and 
weight data provided to ICF 
International by the trailer 
manufacturers.105 

The agencies received comments from 
UMTRI and ATA regarding the values 
assumed for the combination tractor 
weights. UMTRI recommended using 

80,000 pounds for the total weight for 
tractor-trailer combinations. ATA based 
on their analysis of the Federal Highway 
Administration’s Long Term Pavement 
Database, recommended 5,000 to 10,000 
pound payload for Class 7 tractors and 
25,000 to 30,000 pounds for Class 8 
tractors. ATA also determined from the 
same database that 20 percent of tractor 
miles are empty, 67 percent cube-out, 
and 13 percent weigh-out. The agencies 
are adopting the proposed tractor-trailer 
weights because we do not have strong 
evidence to select other values and 
because changing the assumed values 
would not change the impact on GHG 
emissions or fuel consumption of the 
technologies included in this phase of 
the HD program (the relative stringency 
of the standards and the projected 
emission reductions do not change with 
assumed payload). NHTSA and EPA 
intend to continue evaluating additional 
sources of weight information in future 
phases of the program. 

Details of the final individual weight 
inputs by regulatory category, as shown 
in Table II–11, are included in RIA 
Chapter 3. 

TABLE II–11—FINAL COMBINATION TRACTOR WEIGHTS 

Model type Regulatory subcategory Tractor tare 
weight (lbs) 

Trailer 
weight (lbs) 

Payload 
(lbs) 

Total weight 
(lbs) 

Class 8 ...................................................... Sleeper Cab High Roof ............................ 19,000 13,500 38,000 70,500 
Class 8 ...................................................... Sleeper Cab Mid Roof .............................. 18,750 10,000 38,000 66,750 
Class 8 ...................................................... Sleeper Cab Low Roof ............................. 18,500 10,500 38,000 67,000 
Class 8 ...................................................... Day Cab High Roof .................................. 17,500 13,500 38,000 69,000 
Class 8 ...................................................... Day Cab Mid Roof .................................... 17,100 10,000 38,000 65,100 
Class 8 ...................................................... Day Cab Low Roof ................................... 17,000 10,500 38,000 65,500 
Class 7 ...................................................... Day Cab High Roof .................................. 11,500 13,500 25,000 50,000 
Class 7 ...................................................... Day Cab Mid Roof .................................... 11,100 10,000 25,000 46,100 
Class 7 ...................................................... Day Cab Low Roof ................................... 11,000 10,500 25,000 46,500 

(iv) Standardized Drivetrain 
The agencies’ assessment at proposal 

of the current vehicle configuration 
process at the truck dealer’s level was 
that the truck companies provide tools 
to specify the proper drivetrain matched 
to the buyer’s specific circumstances. 
These dealer tools allow a significant 
amount of customization for drive cycle 
and payload to provide the best 
specification for each individual 
customer. The agencies are not seeking 
to disrupt this process. Optimal 
drivetrain selection is dependent on the 
engine, drive cycle (including vehicle 
speed and road grade), and payload. 

Each combination of engine, drive cycle, 
and payload has a single optimal 
transmission and final drive ratio. The 
agencies received comments from 
ArvinMeritor and ICCT which suggested 
that the agencies incorporate the actual 
drivetrain configuration (axle 
configuration, driveline efficiency, and 
transmission) into the GEM. The 
agencies continue to believe, and 
therefore are adopting as proposed, that 
it is appropriate to specify the engine’s 
fuel consumption map, drive cycle, and 
payload; therefore, it makes sense to 
also specify the drivetrain that matches. 

(v) Engine Input to the GEM for Tractors 
As proposed, the agencies are 

defining the engine characteristics used 
in the GEM, including the fuel 
consumption map which provides the 
fuel consumption at hundreds of engine 
speed and torque points. If the agencies 
did not standardize the fuel map, then 
a tractor that uses an engine with 
emissions and fuel consumption better 
than the standards would require fewer 
vehicle reductions than those 
technically feasible reductions reflected 
in the final standards. The agencies are 
finalizing two distinct fuel consumption 
maps for use in the GEM. The first fuel 
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106 As noted earlier, use of the 2017 model year 
fuel consumption map as a GEM input results in 
numerically more stringent final vehicle standards 
for MY 2017. 

107 See NAS Report, Note 21, at page 39. 

consumption map would be used in the 
GEM for the 2014 through 2016 model 
years and represents an average engine 
which meets EPA’s final 2014 model 
year engine CO2 emissions standards. 
The same fuel map would be used for 
NHTSA’s voluntary standards in the 
2014 and 2015 model years, as well as 
its mandatory program in the 2016 
model year. A second fuel consumption 
map will be used beginning in the 2017 
model year and represents an engine 
which meets the 2017 model year CO2 
emissions and fuel consumption 
standards and accounts for the 
increased stringency in the final MY 
2017 standard. The agencies have 
modified the 2017 MY fuel map used in 
the GEM for the final rulemaking to 
address comments received. Details 
regarding this change can be found in 
RIA Chapter 4.4.4. Effectively there is 
no change in stringency of the tractor 
vehicle (not including the engine 
standards over the full rulemaking 
period).106 These inputs are appropriate 
given the separate regulatory 
requirement that Class 7 and 8 
combination tractor manufacturers use 
only certified engines. 

(i) Heavy-Duty Engine Test Procedure 
for Engines Installed in Combination 
Tractors 

The HD engine test procedure consists 
of two primary aspects—a duty cycle 
and a metric to evaluate the emissions 
and fuel consumption. 

EPA proposed that the GHG emission 
standards for heavy-duty engines under 
the CAA would be expressed as g/bhp- 
hr while NHTSA’s proposed fuel 
consumption standards under EISA, in 
turn, be represented as gal/100 bhp-hr. 
The NAS panel did not specifically 
discuss or recommend a metric to 
evaluate the fuel consumption of heavy- 
duty engines. However, as noted above 
they did recommend the use of a load- 
specific fuel consumption metric for the 
evaluation of vehicles.107 An analogous 
metric for engines is the amount of fuel 
consumed per unit of work. The g/bhp- 
hr metric is also consistent with EPA’s 
current standards for non-GHG 
emissions for these engines. The 
agencies did not receive any adverse 
comments related to the metrics for HD 
engines; therefore, we are adopting the 
metrics as proposed. 

The agencies believe it is appropriate 
to set standards based on a single test 
procedure, either the Heavy-duty FTP or 
SET, depending on the primary 

expected use of the engine. This 
approach differs from EPA’s criteria 
pollutant standards for engines which 
currently require that manufacturers 
demonstrate compliance over the 
transient FTP cycle; over the steady- 
state SET procedure; and during not-to- 
exceed testing. EPA created this multi- 
layered approach to criteria emissions 
control in response to engine designs 
that optimized operation for lowest fuel 
consumption at the expense of very high 
criteria emissions when operated off the 
regulatory cycle. EPA’s use of multiple 
test procedures for criteria pollutants 
helps to ensure that manufacturers 
calibrate engine systems for compliance 
under all operating conditions. We are 
not concerned if manufacturers further 
calibrate engines off-cycle to give better 
in-use fuel consumption while 
maintaining compliance with the 
criteria emissions standards as such 
calibration is entirely consistent with 
the goals of our joint program. Further, 
we believe that setting GHG and fuel 
consumption standards based on both 
transient and steady-state operating 
conditions for all engines could lead to 
undesirable outcomes. 

It is critical to set standards based on 
the most representative test cycles in 
order for performance in-use to obtain 
the intended (and feasible) air quality 
and fuel consumption benefits. Tractors 
spend the majority of their operation at 
steady state conditions, and will obtain 
in-use benefit of technologies such as 
turbocompounding and other waste heat 
recovery technologies during this kind 
of typical engine operation. 
Turbocompounding is a very effective 
approach to lower fuel consumption 
under steady driving conditions typified 
by combination tractor trailer operation 
and is well reflected in testing over the 
SET test procedure. However, when 
used in driving typified by transient 
operation as we expect for vocational 
vehicles and as is represented by the 
Heavy-duty FTP, turbocompounding 
shows very little benefit. Setting an 
emission standard based on the Heavy- 
duty FTP for engines intended for use 
in combination tractor trailers could 
lead manufacturers to not apply 
turbocompounding even though it can 
be a highly cost effective means to 
reduce GHG emissions and lower fuel 
consumption. (It is for this reason that 
turbocompounding is not part of the 
technology basis for MHD or HHD 
engines installed in vocational 
vehicles.) 

The agencies proposed that engines 
installed in tractors demonstrate 
compliance with the CO2 emissions and 
fuel consumption standards over the 
SET cycle. Commenters such as 

Cummins, Bosch, Daimler, and 
Honeywell supported the proposed 
approach. ACEEE recommended 
adopting a new test cycle, such as the 
World Harmonized Duty Cycle which 
was developed using newer data, to 
evaluate HD engines. Daimler also 
supported the WHDC for future phases 
of the program. The agencies continue 
to believe the important issues and 
technical work related to setting new 
criteria pollutant emissions standards 
appropriate for the World Harmonized 
Duty Cycle are significant and beyond 
the scope of this rulemaking. The SET 
cycle remains representative of typical 
driving cycles for combination tractors 
(and engines installed in them). 
Therefore, the agencies are adopting the 
SET cycle to evaluate CO2 emissions 
and fuel consumption of HD engines 
installed in tractors, as proposed. 

The current non-GHG emissions 
engine test procedures also require the 
development of regeneration emission 
rates and frequency factors to account 
for the emission changes during a 
regeneration event (40 CFR 86.004–28). 
EPA and NHTSA proposed not to 
include these emissions from the 
calculation of the compliance levels 
over the defined test procedures. 
Cummins and Daimler supported this 
approach and stated that sufficient 
incentives already exist for 
manufacturers to limit regeneration 
frequency. Conversely, Volvo opposed 
the omission of IRAF requirements for 
CO2 emissions because emissions from 
regeneration can be a significant portion 
of the expected improvement and a 
significant variable between 
manufacturers 

At proposal, we considered including 
regeneration in the estimate of fuel 
consumption and GHG emissions and 
decided not to do so for two reasons. 
See 75 FR at 74188. First, EPA’s existing 
criteria emission regulations already 
provide a strong motivation to engine 
manufacturers to reduce the frequency 
and duration of infrequent regeneration 
events. The very stringent 2010 NOX 
emission standards cannot be met by 
engine designs that lead to frequent and 
extend regeneration events. Hence, we 
believe engine manufacturers are 
already reducing regeneration emissions 
to the greatest degree possible. In 
addition to believing that regenerations 
are already controlled to the extent 
technologically possible, we believe that 
attempting to include regeneration 
emissions in the standard setting could 
lead to an inadvertently lax emissions 
standard. In order to include 
regeneration and set appropriate 
standards, EPA and NHTSA would have 
needed to project the regeneration 
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108 For comparison, engine manufacturers 
typically own a large number of engine 
dynamometer test cells for engine development and 
durability (up to 100 engine dynamometers per 
manufacturer). 109 See § 1036.150 and § 1037.150. 

110 The agencies have identified Ottawa Truck, 
Inc. and Kalmar Industries USA as two potential 
small tractor manufacturers. 

111 M.J. Bradley. Heavy-duty Vehicle Market 
Analysis. May 2009. 

frequency and duration of future engine 
designs in the time frame of this 
program. Such a projection would be 
inherently difficult to make and quite 
likely would underestimate the progress 
engine manufacturers will make in 
reducing infrequent regenerations. If we 
underestimated that progress, we would 
effectively be setting a more lax set of 
standards than otherwise would be 
expected. Hence in setting a standard 
including regeneration emissions we 
faced the real possibility that we would 
achieve less effective CO2 emissions 
control and fuel consumption 
reductions than we will achieve by not 
including regeneration emissions. 
Therefore, the agencies are finalizing an 
approach as proposed which does not 
include the regenerative emissions. 

(j) Chassis-Based Test Procedure 
In the proposal, the agencies 

considered proposing a chassis-based 
vehicle test to evaluate Class 7 and 8 
tractors based on a laboratory test of the 
engine and vehicle together. A ‘‘chassis 
dynamometer test’’ for heavy-duty 
vehicles would be similar to the Federal 
Test Procedure used today for light-duty 
vehicles. 

However, the agencies decided not to 
propose the use of a chassis test 
procedure to demonstrate compliance 
for tractor standards due to the 
significant technical hurdles to 
implementing such a program by the 
2014 model year. The agencies 
recognize that such testing requires 
expensive, specialized equipment that is 
not yet widespread within the industry. 
The agencies have only identified 
approximately 11 heavy-duty chassis 
sites in the United States today and 
rapid installation of new facilities to 
comply with model year 2014 is not 
possible.108 

In addition, and of equal if not greater 
importance, because of the enormous 
numbers of vehicle configurations that 
have an impact on fuel consumption, 
we do not believe that it would be 
reasonable to require testing of many 
combinations of tractor model 
configurations on a chassis 
dynamometer. The agencies evaluated 
the options available for one tractor 
model (provided as confidential 
business information from a truck 
manufacturer) and found that the 
company offered three cab 
configurations, six axle configurations, 
five front axles, 12 rear axles, 19 axle 
ratios, eight engines, 17 transmissions, 

and six tire sizes—where each of these 
options could impact the fuel 
consumption and CO2 emissions of the 
tractor. Even using representative 
grouping of tractors for purposes of 
certification, this presents the potential 
for many different combinations that 
would need to be tested if a standard 
were adopted based on a chassis test 
procedure. 

The agencies received comments from 
ACEEE and UCS supporting a full 
vehicle testing approach, but these 
commenters recognized the difficulties 
in doing this in the first phase of the HD 
program. The agencies maintain that the 
full vehicle testing on chassis 
dynamometers is not feasible in the 
timeframe of this rulemaking, although 
we believe such an approach may be 
appropriate in the future, if more testing 
facilities become available and if the 
agencies are able to address the 
complexity of tractor configurations 
issue described above. 

(4) Summary of Flexibility and Credit 
Provisions for Tractors and Engine Used 
in These Tractors 

EPA and NHTSA are finalizing four 
flexibility provisions specifically for 
heavy-duty tractor and engine 
manufacturers, as discussed in Section 
IV below. These are an averaging, 
banking and trading program for 
emissions and fuel consumption credits, 
as well as provisions for early credits, 
advanced technology credits, and 
credits for innovative vehicle or engine 
technologies which are not included as 
inputs to the GEM or are not 
demonstrated on the engine SET test 
cycle. With the exception of the 
advanced technology credits, credits 
generated under these provisions can 
only be used within the same averaging 
set which generated the credit (for 
example, credits generated by HD 
engines installed in tractors can only be 
used by HD engines). EPA is also 
adopting a N2O emission credit 
program, as described in Section IV 
below. 

(5) Deferral of Standards for Tractor and 
Engine Manufacturing Companies That 
Are Small Businesses 

EPA and NHTSA are not adopting 
greenhouse gas emissions and fuel 
consumption standards for small tractor 
or engine manufacturers meeting the 
Small Business Administration (SBA) 
size criteria of a small business as 
described in 13 CFR 121.201.109 The 
agencies will instead consider 
appropriate GHG and fuel consumption 
standards for these entities as part of a 

future regulatory action. This includes 
both U.S.-based and foreign small 
volume heavy-duty tractor and engine 
manufacturers. 

The agencies have identified two 
entities that fit the SBA size criterion of 
a small business.110 The agencies 
estimate that these small entities 
comprise less than 0.5 percent of the 
total heavy-duty combination tractors in 
the United States based on Polk 
Registration Data from 2003 through 
2007,111 and therefore that the 
exemption will have a negligible impact 
on the GHG emissions and fuel 
consumption improvements from the 
final standards. 

To ensure that the agencies are aware 
of which companies would be exempt, 
we are requiring that such entities 
submit a declaration to EPA and 
NHTSA containing a detailed written 
description of how that manufacturer 
qualifies as a small entity under the 
provisions of 13 CFR 121.201. 

C. Heavy-Duty Pickup Trucks and Vans 

The primary elements of the EPA and 
NHTSA programs for complete HD 
pickups and vans are presented in this 
section. These provisions also cover 
optional chassis certification of 
incomplete HD vehicles and of Class 4 
and 5 vehicles, as discussed in detail in 
Section V.B(1)(e). Section II.C(1) 
explains the form of the CO2 and fuel 
consumption standards, the numerical 
levels for those standards, and the 
approach to phasing in the standards 
over time. The measurement procedure 
for determining compliance is discussed 
in Section II.C(2), and the EPA and 
NHTSA compliance programs are 
discussed in Section II.C(3). Section 
II.C(4) discusses implementation 
flexibility provisions. Section II.E 
discusses additional standards and 
provisions for N2O and CH4 emissions, 
for vehicle air conditioning leakage, and 
for ethanol-fueled and electric vehicles. 
HD pickup and van air conditioning 
efficiency is not being regulated, for 
reasons discussed in Section II.E. 

(1) What are the levels and timing of HD 
pickup and van standards? 

(a) Vehicle-Based Standards 

About 90 percent of Class 2b and 3 
vehicles are pickup trucks, passenger 
vans, and work vans that are sold by the 
original equipment manufacturers as 
complete vehicles, ready for use on the 
road. In addition, most of these 
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112 Section II.C(2) discusses our decision that 
GHGs and fuel consumption for HD pickups and 
vans be measured using the same test conditions as 
in the existing EPA program for criteria pollutants. 

complete HD pickups and vans are 
covered by CAA vehicle emissions 
standards for criteria pollutants today 
(i.e., they are chassis tested similar to 
light-duty), expressed in grams per mile. 
This distinguishes this category from 
other, larger heavy-duty vehicles that 
typically have only the engines covered 
by CAA engine emission standards, 
expressed in grams per brake 
horsepower-hour. As a result, Class 2b 
and 3 complete vehicles share much 
more in common with light-duty trucks 
than with other heavy-duty vehicles. 

Three of these commonalities are 
especially significant: (1) Over 95 
percent of the HD pickups and vans sold 
in the United States are produced by 
Ford, General Motors, and Chrysler— 
three companies with large light-duty 
vehicle and light-duty truck sales in the 
United States, (2) these companies 
typically base their HD pickup and van 
designs on higher sales volume light- 
duty truck platforms and technologies, 
often incorporating new light-duty truck 
design features into HD pickups and 
vans at their next design cycle, and (3) 
at this time most complete HD pickups 
and vans are certified to vehicle-based 
rather than engine-based EPA standards. 
There is also the potential for 
substantial GHG and fuel consumption 
reductions from vehicle design 
improvements beyond engine changes 
(such as through optimizing 
aerodynamics, weight, tires, and 
accessories), and the manufacturer is 
generally responsible for both engine 
and vehicle design. All of these factors 
together suggest that it is appropriate 
and reasonable to set standards for the 
vehicle as a whole, rather than to 
establish separate engine and vehicle 
GHG and fuel consumption standards, 
as is being done for the other heavy- 
duty categories. This approach for 
complete vehicles is consistent with 
Recommendation 8–1 of the NAS 
Report, which encourages the regulation 
of ‘‘the final stage vehicle manufacturers 
since they have the greatest control over 
the design of the vehicle and its major 
subsystems that affect fuel 
consumption.’’ There was consensus in 
the public comments supporting this 
approach. 

(b) Work-Based Attributes 
In setting heavy-duty vehicle 

standards it is important to take into 
account the great diversity of vehicle 
sizes, applications, and features. That 
diversity reflects the variety of functions 
performed by heavy-duty vehicles, and 
this in turn can affect the kind of 
technology that is available to control 
emissions and reduce fuel consumption, 
and its effectiveness. EPA has dealt with 

this diversity in the past by making 
weight-based distinctions where 
necessary, for example in setting HD 
vehicle standards that are different for 
vehicles above and below 10,000 lb 
GVWR, and in defining different 
standards and useful life requirements 
for light-, medium-, and heavy-heavy- 
duty engines. Where appropriate, 
distinctions based on fuel type have also 
been made, though with an overall goal 
of remaining fuel-neutral. 

The joint EPA GHG and NHTSA fuel 
economy rules for light-duty vehicles 
accounted for vehicle diversity in that 
segment by basing standards on vehicle 
footprint (the wheelbase times the 
average track width). Passenger cars and 
light trucks with larger footprints are 
assigned numerically higher target 
levels for GHGs and numerically lower 
target levels for fuel economy in 
acknowledgement of the differences in 
technology as footprint gets larger, such 
that vehicles with larger footprints have 
an inherent tendency to burn more fuel 
and emit more GHGs per mile of travel. 
Using a footprint-based attribute to 
assign targets also avoids interfering 
with the ability of the market to offer a 
variety of products to maintain 
consumer choice. 

In developing this rulemaking, the 
agencies emphasized creating a program 
structure that would achieve reductions 
in fuel consumption and GHGs based on 
how vehicles are used and on the work 
they perform in the real world, 
consistent with the NAS report 
recommendations to be mindful of HD 
vehicles’ unique purposes. Despite the 
HD pickup and van similarities to light- 
duty vehicles, we believe that the past 
practice in EPA’s heavy-duty program of 
using weight-based distinctions in 
dealing with the diversity of HD pickup 
and van products is more appropriate 
than using vehicle footprint. Work- 
based measures such as payload and 
towing capability are key among the 
things that characterize differences in 
the design of vehicles, as well as 
differences in how the vehicles will be 
used. Vehicles in this category have a 
wide range of payload and towing 
capacities. These work-based 
differences in design and in-use 
operation are the key factors in 
evaluating technological improvements 
for reducing CO2 emissions and fuel 
consumption. Payload has a particularly 
important impact on the test results for 
HD pickup and van emissions and fuel 
consumption, because testing under 
existing EPA procedures for criteria 
pollutants is conducted with the vehicle 
loaded to half of its payload capacity 
(rather than to a flat 300 lb as in the 
light-duty program), and the correlation 

between test weight and fuel use is 
strong.112 

Towing, on the other hand, does not 
directly factor into test weight as 
nothing is towed during the test. Hence 
only the higher curb weight caused by 
heavier truck components would play a 
role in affecting measured test results. 
However towing capacity can be a 
significant factor to consider because 
HD pickup truck towing capacities can 
be quite large, with a correspondingly 
large effect on design. 

We note too that, from a purchaser 
perspective, payload and towing 
capability typically play a greater role 
than physical dimensions in influencing 
purchaser decisions on which heavy- 
duty vehicle to buy. For passenger vans, 
seating capacity is of course a major 
consideration, but this correlates closely 
with payload weight. 

Although heavy-duty vehicles are 
traditionally classified by their GVWR, 
we do not believe that GVWR is the best 
weight-based attribute on which to base 
GHG and fuel consumption standards 
for this group of vehicles. GVWR is a 
function of not only payload capacity 
but of vehicle curb weight as well; in 
fact, it is the simple sum of the two. 
Allowing more GHG emissions from 
vehicles with higher curb weight tends 
to penalize lightweighted vehicles with 
comparable payload capabilities by 
making them meet more stringent 
standards than they would have had to 
meet without the weight reduction. The 
same would be true for another common 
weight-based measure, the gross vehicle 
combination weight, which adds the 
maximum combined towing and 
payload weight to the curb weight. 

Similar concerns about using weight- 
based attributes that include vehicle 
curb weight were raised in the EPA/ 
NHTSA proposal for light-duty GHG 
and fuel economy standards: ‘‘footprint- 
based standards provide an incentive to 
use advanced lightweight materials and 
structures that would be discouraged by 
weight-based standards’’, and ‘‘there is 
less risk of ‘gaming’ (artificial 
manipulation of the attribute(s) to 
achieve a more favorable target) by 
increasing footprint under footprint- 
based standards than by increasing 
vehicle mass under weight-based 
standards—it is relatively easy for a 
manufacturer to add enough weight to a 
vehicle to decrease its applicable fuel 
economy target a significant amount, as 
compared to increasing vehicle 
footprint’’ (74 FR 49685, September 28, 
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114 The NHTSA program provides voluntary 
standards for model years 2014 and 2015. Target 
line functions for 2016–2018 are for the second 
NHTSA alternative described in Section II.C(d)(ii). 

2009). The agencies believe that using 
payload and towing capacities as the 
work-based attributes avoids the above- 
mentioned disincentive for the use of 
lightweighting technology by taking 
vehicle curb weight out of the standards 
determination. 

After taking these considerations into 
account, EPA and NHTSA proposed to 
set standards for HD pickups and vans 
based on the proposed ‘‘work factor’’ 
attribute that combines vehicle payload 
capacity and vehicle towing capacity, in 
pounds, with an additional fixed 
adjustment for four-wheel drive (4wd) 
vehicles. This adjustment accounts for 
the fact that 4wd, critical to enabling the 
many off-road heavy-duty work 
applications, adds roughly 500 lb to the 
vehicle weight. There was consensus in 
the public comments supporting this 
attribute, and the agencies are adopting 
it as proposed. Target GHG and fuel 
consumption standards will be 
determined for each vehicle with a 
unique work factor (analogous to a 
target for each discrete vehicle footprint 
in the light-duty vehicle rules). These 
targets will then be production weighted 
and summed to derive a manufacturer’s 
annual fleet average standard for its 
heavy-duty pickups and vans. 
Widespread support for the proposed 
work factor-based approach to standards 
and fleet average approach to 
compliance was expressed in the 
comments we received. 

To ensure consistency and help 
preclude gaming, we are finalizing the 
proposed provision that payload 
capacity be defined as GVWR minus 
curb weight, and towing capacity as 
GCWR minus GVWR. For purposes of 
determining the work factor, GCWR is 
defined according to the Society of 
Automotive Engineers (SAE) 
Recommended Practice J2807 APR2008, 
GVWR is defined consistent with EPA’s 
criteria pollutants program, and curb 
weight is defined as in 40 CFR 86.1803– 
01. Based on analysis of how CO2 
emissions and fuel consumption 
correlate to work factor, we believe that 
a straight line correlation is appropriate 
across the spectrum of possible HD 
pickups and vans, and that vehicle 

distinctions such as Class 2b versus 
Class 3 need not be made in setting 
standards levels for these vehicles.113 
This approach was supported by 
commenters. 

We note that payload/towing- 
dependent gram per mile and gallon per 
100 mile standards for HD pickups and 
vans parallel the gram per ton-mile and 
gallon per 1,000 ton-mile standards 
being finalized for Class 7 and 8 
combination tractors and for vocational 
vehicles. Both approaches account for 
the fact that more work is done, more 
fuel is burned, and more CO2 is emitted 
in moving heavier loads than in moving 
lighter loads. Both of these load-based 
approaches avoid penalizing vehicle 
designers wishing to reduce GHG 
emissions and fuel consumption by 
reducing the weight of their trucks. 
However, the sizeable diversity in HD 
work truck and van applications, which 
go well beyond simply transporting 
freight, and the fact that the curb 
weights of these vehicles are on the 
order of their payload capacities, 
suggest that setting simple gram/ton- 
mile and gallon/ton-mile standards for 
them is not appropriate. Even so, we 
believe that our setting of payload-based 
standards for HD pickups and vans is 
consistent with the NAS Report’s 
recommendation in favor of load- 
specific fuel consumption standards. 
Again, commenters agreed with this 
approach to setting HD pickup and van 
standards. 

These attribute-based CO2 and fuel 
consumption standards are meant to be 
relatively consistent from a stringency 
perspective. Vehicles across the entire 
range of the HD pickup and van segment 
have their respective target values for 
CO2 emissions and fuel consumption, 
and therefore all HD pickups and vans 
will be affected by the standard. With 
this attribute-based standards approach, 
EPA and NHTSA believe there should 
be no significant effect on the relative 
distribution of vehicles with differing 
capabilities in the fleet, which means 

that buyers should still be able to 
purchase the vehicle that meets their 
needs. 

(c) Standards 

The agencies are finalizing standards 
based on a technology analysis 
performed by EPA to determine the 
appropriate HD pickup and van 
standards. This analysis, described in 
detail in RIA Chapter 2, considered: 

• The level of technology that is 
incorporated in current new HD pickups 
and vans, 

• The available data on 
corresponding CO2 emissions and fuel 
consumption for these vehicles, 

• Technologies that would reduce 
CO2 emissions and fuel consumption 
and that are judged to be feasible and 
appropriate for these vehicles through 
the 2018 model year, 

• The effectiveness and cost of these 
technologies for HD pickup and vans, 

• Projections of future U.S. sales for 
HD pickup and vans, and 

• Forecasts of manufacturers’ product 
redesign schedules. 

Based on this analysis, EPA is 
finalizing the proposed CO2 attribute- 
based target standards shown in Figure 
0–2 and II–3, and NHTSA is finalizing 
the equivalent attribute-based fuel 
consumption target standards, also 
shown in Figure 0–2 and II–3, 
applicable in model year 2018. These 
figures also shows phase-in standards 
for model years before 2018, and their 
derivation is explained below, along 
with alternative implementation 
schedules to ensure equivalency 
between the EPA and NHTSA programs 
while meeting respective statutory 
obligations. Also, for reasons discussed 
below, the agencies proposed and are 
establishing separate targets for 
gasoline-fueled (and any other Otto- 
cycle) vehicles and diesel-fueled (and 
any other Diesel-cycle) vehicles. The 
targets will be used to determine the 
production-weighted fleet average 
standards that apply to the combined 
diesel and gasoline fleet of HD pickups 
and vans produced by a manufacturer in 
each model year. 
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116 The NHTSA program provides voluntary 
standards for model years 2014 and 2015. Target 
line functions for 2016–2018 are for the second 
NHTSA alternative described in Section II.C(d)(ii). 

Described mathematically, EPA’s and 
NHTSA’s target standards are defined 
by the following formulae: 

EPA CO2 Target (g/mile) = [a × WF] + 
b 

NHTSA Fuel Consumption Target 
(gallons/100 miles) = [c × WF] + d 

Where: 

WF = Work Factor = [0.75 × (Payload 
Capacity + xwd)] + [0.25 × Towing 
Capacity] 

Payload Capacity = GVWR (lb) ¥ Curb 
Weight (lb) 

xwd = 500 lb if the vehicle is equipped with 
4wd, otherwise equals 0 lb 

Towing Capacity = GCWR (lb) ¥ GVWR (lb) 
Coefficients a, b, c, and d are taken from 

Table II–12 or Table II–13. 

TABLE II–12—COEFFICIENTS FOR HD PICKUP AND VAN TARGET STANDARDS 116 

Model year a b c d 

Diesel Vehicles 

2014 ......................................................................................................................................................... 0.0478 368 0.000470 3.61 
2015 ......................................................................................................................................................... 0.0474 366 0.000466 3.60 
2016 ......................................................................................................................................................... 0.0460 354 0.000452 3.48 
2017 ......................................................................................................................................................... 0.0445 343 0.000437 3.37 
2018 and later .......................................................................................................................................... 0.0416 320 0.000409 3.14 

Gasoline Vehicles 

2014 ......................................................................................................................................................... 0.0482 371 0.000542 4.17 
2015 ......................................................................................................................................................... 0.0479 369 0.000539 4.15 
2016 ......................................................................................................................................................... 0.0469 362 0.000528 4.07 
2017 ......................................................................................................................................................... 0.0460 354 0.000518 3.98 
2018 and later .......................................................................................................................................... 0.0440 339 0.000495 3.81 
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TABLE II–13—COEFFICIENTS FOR NHTSA’S FIRST ALTERNATIVE AND EPA’S ALTERNATIVE HD PICKUP AND VAN TARGET 
STANDARDS 

Model year a b c d 

Diesel Vehicles 

2014 a ....................................................................................................................................................... 0.0478 368 0.000470 3.61 
2015 a ....................................................................................................................................................... 0.0474 366 0.000466 3.60 
2016–2018 ............................................................................................................................................... 0.0440 339 0.000432 3.33 
2019 and later .......................................................................................................................................... 0.0416 320 0.000409 3.14 

Gasoline Vehicles 

2014 a ....................................................................................................................................................... 0.0482 371 0.000542 4.17 
2015 a ....................................................................................................................................................... 0.0479 369 0.000539 4.15 
2016–2018 ............................................................................................................................................... 0.0456 352 0.000513 3.96 
2019 and later .......................................................................................................................................... 0.0440 339 0.000495 3.81 

Notes: 
a NHTSA standards will be voluntary in 2014 and 2015. 

These targets are based on a set of 
vehicle, engine, and transmission 
technologies assessed by the agencies 
and determined to be feasible and 
appropriate for HD pickups and vans in 
the 2014–2018 timeframe. See Section 
III.B for a detailed analysis of these 
vehicle, engine and transmission 
technologies, including their feasibility, 
costs, and effectiveness in HD pickups 
and vans. 

To calculate a manufacturer’s HD 
pickup and van fleet average standard, 
the agencies are requiring that separate 
target curves be used for gasoline and 
diesel vehicles. The agencies estimate 
that in 2018 the target curves will 
achieve 15 and 10 percent reductions in 
CO2 and fuel consumption for diesel 
and gasoline vehicles, respectively, 
relative to a common baseline for 
current (model year 2010) HD pickup 
trucks and vans. An additional two 
percent reduction in GHGs will be 
achieved by the direct air conditioning 
leakage standard in the EPA standards. 
These reductions are based on the 
agencies’ assessment of the feasibility of 
incorporating technologies (which differ 
significantly for gasoline and diesel 
powertrains) in the 2014–2018 model 
years, and on the differences in relative 
efficiency in the current gasoline and 
diesel vehicles. The resulting reductions 
represent roughly equivalent stringency 
levels for gasoline and diesel vehicles, 
which is important in ensuring our 
program maintains product choices 
available to vehicle buyers. 

In written comments on the proposal, 
Cummins objected to setting separate 
diesel and gasoline vehicle standards, 
on the basis that it increases the burden 
for diesel engine manufacturers more 
than for gasoline engine manufacturers, 
and thereby could shift market share 
away from diesels. EMA argued for fuel- 
neutrality based on historical precedent 

and the fact that GHGs emitted by one 
type of engine are no different than 
those emitted by another type of engine. 
We believe that both engine types have 
roughly equivalent redesign burdens as 
evidenced by the feasibility and cost 
analysis in RIA Chapter 2. Also, even 
though the emissions and fuel 
consumption reductions are expressed 
from a common diesel/gasoline baseline 
in these final rules, the actual starting 
base for diesels is at a lower level than 
for gasoline vehicles. Other industry 
commenters, including those with 
sizeable diesel sales, expressed general 
support for the standards. The agencies 
agree that standards that do not 
distinguish between fuel types are 
generally preferable where technological 
or market-based reasons do not strongly 
argue otherwise. These technological 
differences exist presently between 
gasoline and diesel engines for GHGs, as 
described above. The agencies 
emphasize, however, that they are not 
committed to perpetuating separate 
GHG standards for gasoline and diesel 
heavy-duty vehicles and engines, and 
expect to reexamine the need for 
separate gasoline/diesel standards in the 
next rulemaking. 

Environmental groups and others 
commented that the proposed standards 
were not stringent enough, citing the 
heavy-duty vehicle NAS study finding 
that technologies such as hybridization 
are feasible. However, in the ambitious 
timeframe we are focusing on for these 
rules, targeting as it does technologies 
implementable in the HD pickup and 
van fleet starting in 2014 and phasing in 
with normal product redesign cycles 
through 2018, our assessment shows 
that the standards we are establishing 
are appropriate. More advanced 
technologies considered in the NAS 
report would be appropriate for 
consideration in future rulemaking 

activity. Additional conventional 
technologies identified by commenters 
as promising in light-duty applications 
and potentially useful for HD 
applications are discussed in RIA 
chapter 2. 

The NHTSA fuel consumption target 
curves and the EPA GHG target curves 
are equivalent. The agencies established 
the target curves using the direct 
relationship between fuel consumption 
and CO2 using conversion factors of 
8,887 g CO2/gallon for gasoline and 
10,180 g CO2/gallon for diesel fuel. 

It is expected that measured 
performance values for CO2 will 
generally be equivalent to fuel 
consumption. However, as explained 
below in Section 0, EPA is finalizing a 
provision for manufacturers to use CO2 
credits to help demonstrate compliance 
with N2O and CH4 emissions standards, 
by expressing any N2O and CH4 
undercompliance in terms of their CO2- 
equivalent and applying the needed CO2 
credits. For test families that do not use 
this compliance alternative, the 
measured performance values for CO2 
and fuel consumption will be equivalent 
because the same test runs and 
measurement data will be used to 
determine both values, and calculated 
fuel consumption will be based on the 
same conversion factors that are used to 
establish the relationship between the 
CO2 and fuel consumption target curves 
(8,887 g CO2/gallon for gasoline and 
10,180 g CO2/gallon for diesel fuel). For 
manufacturers that choose to use the 
EPA provision for CO2 credit use in 
demonstrating N2O and CH4 
compliance, compliance with the CO2 
standard will not be directly equivalent 
to compliance with the NHTSA fuel 
consumption standard. 
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(d) Implementation Plan 

(i) EPA Program Phase-In MY 2014– 
2018 

EPA is finalizing the proposed 
provision that the GHG standards be 
phased in gradually over the 2014–2018 
model years, with full implementation 
effective in the 2018 model year. 
Therefore, 100 percent of a 
manufacturer’s vehicle fleet will need to 
meet a fleet-average standard that will 
become increasingly more stringent 
each year of the phase-in period. For 
both gasoline and diesel vehicles, this 
phase-in will be 15–20–40–60–100 
percent of the model year 2018 
stringency in model years 2014–2015– 
2016–2017–2018, respectively. These 
percentages reflect stringency increases 
from a baseline performance level for 
model year 2010, determined by the 
agencies based on EPA and 
manufacturer data. Because these 
vehicles are not currently regulated for 
GHG emissions, this phase-in takes the 
form of target line functions for gasoline 
and diesel vehicles that become 
increasingly stringent over the phase-in 
model years. These year-by-year 
functions have been derived in the same 
way as the 2018 function, by taking a 
percent reduction in CO2 from a 
common unregulated baseline. For 
example, in 2014 the reduction for both 
diesel and gasoline vehicles will be 15 
percent of the fully-phased-in 
reductions. Figures II–2 and II–3, and 
Table 0–12, reflect this phase-in 
approach. 

EPA is also providing manufacturers 
with an optional alternative 
implementation schedule in model 
years 2016 through 2018, equivalent to 
NHTSA’s first alternative for standards 
that do not change over these model 
years, described below. Under this 
option the phase-in will be 15–20–67– 
67–67–100 percent of the model year 
2019 stringency in model years 2014– 
2015–2016–2017–2018–2019, 
respectively. Table 0–13, above, 
provides the coefficients ‘‘a’’ and ‘‘b’’ for 
this manufacturer’s alternative. As 
explained below, this alternative will 
provide roughly equivalent overall CO2 
reductions and fuel consumption 
improvements as the 15–20–40–60–100 
percent phase-in. In addition, as 
explained below, the stringency of this 
alternative was established by NHTSA 
such that a manufacturer with a stable 
production volume and mix over the 
model year 2016–2018 period could use 
Averaging, Banking and Trading to 
comply with either alternative and have 
a similar credit balance at the end of 
model year 2018. 

Under the above-described 
alternatives, each manufacturer will 
need to demonstrate compliance with 
the applicable fleet average standard 
using that year’s target function over all 
of its HD pickups and vans starting with 
its MY 2014 fleet of HD pickups and 
vans. No comments were received in 
support of an alternative approach that 
EPA requested comment on, involving 
phasing in an annually increasing 
percentage of each manufacturer’s sales 
volume. 

(ii) NHTSA Program Phase-In 2016 and 
Later 

NHTSA is finalizing the proposed 
provision to allow manufacturers to 
select one of two fuel consumption 
standard alternatives for model years 
2016 and later. Each manufacturer will 
select an alternative in its joint pre- 
model year report, discussed below, that 
is now required to be electronically 
submitted to the agencies; and, once 
selected, the alternative will apply for 
model years 2016 and later, and cannot 
be reversed. The first alternative will 
define a fuel consumption target line 
function for gasoline vehicles and a 
target line function for diesel vehicles 
that will not change for model years 
2016 to 2018. The target line function 
coefficients are provided in Table II–13. 

The second alternative will be 
equivalent to the EPA target line 
functions in each model year starting in 
2016 and continuing afterwards. 
Stringency of fuel consumption 
standards will increase gradually for the 
2016 and later model years. Relative to 
a model year 2010 unregulated baseline 
for both gasoline and diesel vehicles, 
stringency will be 40, 60, and 100 
percent of the 2018 target line function 
in model years 2016, 2017, and 2018, 
respectively. The stringency of the target 
line functions in the first alternative for 
model years 2016–2017–2018–2019 is 
67–67–67–100 percent, respectively, of 
the 2019 stringency in the second 
alternative. The stringency of the first 
alternative was established so that a 
manufacturer with a stable production 
volume and mix over the model year 
2016–2018 period could use Averaging, 
Banking and Trading to comply with 
either alternative and have a similar 
credit balance at the end of model year 
2018 under the EPA and NHTSA 
programs. 

(iii) NHTSA Voluntary Standards Period 
NHTSA is finalizing the proposed 

provision that manufacturers may 
voluntarily opt into the NHTSA HD 
pickup and van program in model years 
2014 or 2015. If a manufacturer elects to 
opt in to the program, it must stay in the 

program for all the optional model 
years. Manufacturers that opt in become 
subject to NHTSA standards for all 
regulatory categories. To opt into the 
program, a manufacturer must declare 
its intent to opt in to the program in its 
Pre-Model Year Report. The agencies 
have finalized new requirements for 
manufacturers to provide all early 
model declarations as a part of the pre- 
model year reports. See regulatory text 
for 49 CFR 535.8 for information related 
to the Pre-Model Year Report. A 
manufacturer would begin tracking 
credits and debits beginning in the 
model year in which they opt into the 
program. The handling of credits and 
debits would be the same as for the 
mandatory program. 

For manufacturers that opt into 
NHTSA’s HD pickup and van fuel 
consumption program in 2014 or 2015, 
the stringency would increase gradually 
each model year. Relative to a model 
year 2010 unregulated baseline, for both 
gasoline and diesel vehicles, stringency 
would be 15–20 percent of the model 
year 2019 target line function stringency 
(under the NHTSA first alternative) and 
15–20 percent of the model year 2018 
target line function stringency (under 
the NHTSA second alternative) in 
model years 2014–2015, respectively. 
The corresponding absolute standards 
target levels are provided in Figure II– 
2 and II–3, and the accompanying 
equations. 

(2) What are the HD pickup and van test 
cycles and procedures? 

EPA and NHTSA are finalizing the 
proposed provision that HD pickup and 
van testing be conducted using the same 
heavy-duty chassis test procedures 
currently used by EPA for measuring 
criteria pollutant emissions from these 
vehicles, but with the addition of the 
highway fuel economy test cycle (HFET) 
currently required only for light-duty 
vehicle GHG emissions and fuel 
economy testing. Although the highway 
cycle driving pattern is identical to that 
of the light-duty test, other test 
parameters for running the HFET, such 
as test vehicle loaded weight, are 
identical to those used in running the 
current EPA Federal Test Procedure for 
complete heavy-duty vehicles. 

The GHG and fuel consumption 
results from vehicle testing on the Light- 
duty FTP and the HFET will be 
weighted by 55 percent and 45 percent, 
respectively, and then averaged in 
calculating a combined cycle result. 
This result corresponds with the data 
used to develop the work factor-based 
CO2 and fuel consumption standards, 
since the data on the baseline and 
technology efficiency was also 
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developed in the context of these test 
procedures. The addition of the HFET 
and the 55/45 cycle weightings are the 
same as for the light-duty CO2 and 
CAFE programs, as we believe the real 
world driving patterns for HD pickups 
and vans are not too unlike those of 
light-duty trucks, and we are not aware 
of data specifically on these patterns 
that would lead to a different choice of 
cycles and weightings, nor did any 
commenters provide such data. More 
importantly, we believe that the 55/45 
weightings will provide for effective 
reductions of GHG emissions and fuel 
consumption from these vehicles, and 
that other weightings, even if they were 
to more precisely match real world 
patterns, are not likely to significantly 
improve the program results. 

Another important parameter in 
ensuring a robust test program is vehicle 
test weight. Current EPA testing for HD 
pickup and van criteria pollutants is 
conducted with the vehicle loaded to its 
Adjusted Loaded Vehicle Weight 
(ALVW), that is, its curb weight plus c 

of the payload capacity. This is 
substantially more challenging than 
loading to the light-duty vehicle test 
condition of curb weight plus 300 
pounds, but we believe that this loading 
for HD pickups and vans to c payload 
better fits their usage in the real world 
and will help ensure that technologies 
meeting the standards do in fact provide 
real world reductions. The choice is 
likewise consistent with use of an 
attribute based in considerable part on 
payload for the standard. We see no 
reason to set test load conditions 
differently for GHGs and fuel 
consumption than for criteria 
pollutants, and we are not aware of any 
new information (such as real world 
load patterns) since the ALVW was 
originally set this way that would 
support a change in test loading 
conditions, nor did any commenters 
provide such information. We are 
therefore using ALVW for test vehicle 
loading in GHG and fuel consumption 
testing. 

Additional provisions for our final 
testing and compliance program are 
provided in Section V.B. 

(3) How are the HD pickup and van 
standards structured? 

EPA and NHTSA are finalizing the 
proposed fleet average standards for 
new HD pickups and vans, based on a 
manufacturer’s new vehicle fleet 
makeup. In addition, EPA is finalizing 
proposed in-use standards that apply to 
the individual vehicles in this fleet over 
their useful lives. The compliance 
provisions for these fleet average and in- 
use standards for HD pickups and vans 

are largely based on the recently 
promulgated light-duty GHG and fuel 
economy program, as described in detail 
in the proposal. 

(a) Fleet Average Standards 
In the programs we are finalizing, 

each manufacturer will have a GHG 
standard and a fuel consumption 
standard unique to its new HD pickup 
and van fleet in each model year, 
depending on the load capacities of the 
vehicle models produced by that 
manufacturer, and on the U.S.-directed 
production volume of each of those 
models in that model year. Vehicle 
models with larger payload/towing 
capacities have individual targets at 
numerically higher CO2 and fuel 
consumption levels than lower payload/ 
towing vehicles, as discussed in Section 
II.C(1). The fleet average standard for a 
manufacturer is a production-weighted 
average of the work factor-based targets 
assigned to unique vehicle 
configurations within each model type 
produced by the manufacturer in a 
model year. 

The fleet average standard with which 
the manufacturer must comply is based 
on its final production figures for the 
model year, and thus a final assessment 
of compliance will occur after 
production for the model year ends. 
Because compliance with the fleet 
average standards depends on actual 
test group production volumes, it is not 
possible to determine compliance at the 
time the manufacturer applies for and 
receives an EPA certificate of 
conformity for a test group. Instead, at 
certification the manufacturer will 
demonstrate a level of performance for 
vehicles in the test group, and make a 
good faith demonstration that its fleet, 
regrouped by unique vehicle 
configurations within each model type, 
is expected to comply with its fleet 
average standard when the model year 
is over. EPA will issue a certificate for 
the vehicles covered by the test group 
based on this demonstration, and will 
include a condition in the certificate 
that if the manufacturer does not 
comply with the fleet average, then 
production vehicles from that test group 
will be treated as not covered by the 
certificate to the extent needed to bring 
the manufacturer’s fleet average into 
compliance. As in the light-duty 
program, additional ‘‘model type’’ 
testing will be conducted by the 
manufacturer over the course of the 
model year to supplement the initial test 
group data. The emissions and fuel 
consumption levels of the test vehicles 
will be used to calculate the production- 
weighted fleet averages for the 
manufacturer, after application of the 

appropriate deterioration factor to each 
result to obtain a full useful life value. 
See generally 75 FR 25470–25472. 

EPA and NHTSA do not currently 
anticipate notable deterioration of CO2 
emissions and fuel consumption 
performance, and are therefore requiring 
that an assigned deterioration factor be 
applied at the time of certification: an 
additive assigned deterioration factor of 
zero, or a multiplicative factor of one 
will be used. EPA and NHTSA 
anticipate that the deterioration factor 
may be updated from time to time, as 
new data regarding emissions 
deterioration for CO2 are obtained and 
analyzed. Additionally, EPA and 
NHTSA may consider technology- 
specific deterioration factors, should 
data indicate that certain control 
technologies deteriorate differently than 
others. See also 75 FR 25474. 

(b) In-Use Standards 
Section 202(a)(1) of the CAA specifies 

that EPA set emissions standards that 
are applicable for the useful life of the 
vehicle. The in-use standards that EPA 
is finalizing apply to individual 
vehicles. NHTSA is not adopting in-use 
standards because they are not required 
under EISA, and because it is not 
currently anticipated that there will be 
any notable deterioration of fuel 
consumption. For the EPA program, 
compliance with the in-use standard for 
individual vehicles and vehicle models 
will not impact compliance with the 
fleet average standard, which will be 
based on the production-weighted 
average of the new vehicles. 

EPA is finalizing the proposed 
provision that the in-use standards for 
HD pickups and vans be established by 
adding an adjustment factor to the full 
useful life emissions and fuel 
consumption results used to calculate 
the fleet average. EPA is also finalizing 
the proposed provision that the useful 
life for these vehicles with respect to 
GHG emissions be set equal to their 
useful life for criteria pollutants: 11 
years or 120,000 miles, whichever 
occurs first (40 CFR 86.1805–04(a)). 

As discussed above, we are finalizing 
the proposed provision that certification 
test results obtained before and during 
the model year be used directly to 
calculate the fleet average emissions for 
assessing compliance with the fleet 
average standard. Therefore, this 
assessment and the fleet average 
standard itself do not take into account 
test-to-test variability and production 
variability that can affect measured in- 
use levels. For this reason, EPA is 
finalizing the proposed adjustment 
factor for the in-use standard to provide 
some margin for production and test-to- 
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117 See above for discussion of applicability of 
NHTSA’s standards to non-commercial vehicles. 

test variability that could result in 
differences between the initial emission 
test results used to calculate the fleet 
average and emission results obtained 
during subsequent in-use testing. EPA is 
finalizing the proposed provision that 
each model’s in-use CO2 standard be the 
model-specific level used in calculating 
the fleet average, plus 10 percent. This 
is the same as the approach taken for 
light-duty vehicle GHG in-use standards 
(See 75 FR 25473–25474). No adverse 
comments were received on this 
proposed provision. 

As it does now for heavy-duty vehicle 
criteria pollutants, EPA will use a 
variety of mechanisms to conduct 
assessments of compliance with the in- 
use standards, including pre-production 
certification and in-use monitoring once 
vehicles enter customer service. The full 
useful life in-use standards apply to 
vehicles that have entered customer 
service. The same standards apply to 
vehicles used in pre-production and 
production line testing, except that 
deterioration factors are not applied. 

(4) What HD pickup and van flexibility 
provisions are being established? 

This program contains substantial 
flexibility in how manufacturers can 
choose to implement the EPA and 
NHTSA standards while preserving 
their timely benefits for the 
environment and energy security. 
Primary among these flexibilities are the 
gradual phase-in schedule, alternative 
compliance paths, and corporate fleet 
average approach which encompasses 
averaging, banking and trading 
described above. Additional flexibility 
provisions are described briefly here 
and in more detail in Section IV. 

As explained in Section II.C(3), we are 
finalizing the proposed provision that, 
at the end of each model year, when 
production for the model year is 
complete, a manufacturer calculate its 
production-weighted fleet average CO2 
and fuel consumption. Under this 
approach, a manufacturer’s HD pickup 
and van fleet that achieves a fleet 
average CO2 or fuel consumption level 
better than its standard will be allowed 
to generate credits. Conversely, if the 
fleet average CO2 or fuel consumption 
level does not meet its standard, the 
fleet would incur debits (also referred to 
as a shortfall). 

A manufacturer whose fleet generates 
credits in a given model year will have 
several options for using those credits to 
offset emissions from other HD pickups 
and vans. These options include credit 
carry-back, credit carry-forward, and 
credit trading. These provisions exist in 
the light-duty 2012–2016 MY vehicle 
rule, and similar provisions are part of 

EPA’s Tier 2 program for light-duty 
vehicle criteria pollutant emissions, as 
well as many other mobile source 
standards issued by EPA under the 
CAA. The manufacturer will be able to 
carry back credits to offset a deficit that 
had accrued in a prior model year and 
was subsequently carried over to the 
current model year, with a limitation on 
the carry-back of credits to three model 
years, consistent with the light-duty 
program. We are finalizing the proposed 
provision that, after satisfying any need 
to offset pre-existing deficits, a 
manufacturer may bank remaining 
credits for use in future years, with a 
limitation on the carry-forward of 
credits to five model years. We are also 
finalizing the proposed provision that 
manufacturers may certify their HD 
pickup and van fleet a year early, in MY 
2013, to generate credits against the MY 
2014 standards. This averaging, 
banking, and trading program for HD 
pickups and vans is discussed in more 
detail in Section IV.A. For reasons 
discussed in detail in that section, we 
are not finalizing any credit 
transferability to or from other credit 
programs or averaging sets. 

Consistent with the President’s May 
21, 2010, directive to promote advanced 
technology vehicles and with the 
agencies’ respective statutory 
authorities, we are adopting flexibility 
provisions that parallel similar 
provisions adopted in the light-duty 
program. These include credits for 
advance technology vehicles such as 
electric vehicles, and credits for 
innovative technologies that are shown 
by the manufacturer to provide GHG 
and fuel consumption reductions in real 
world driving, but not on the test cycle. 
See Section IV.B. 

D. Class 2b–8 Vocational Vehicles 
Heavy-duty vehicles serve a vast 

range of functions including service for 
urban delivery, refuse hauling, utility 
service, dump, concrete mixing, transit 
service, shuttle service, school bus, 
emergency, motor homes,117 and tow 
trucks to name only a small subset of 
the full range of vehicles. The vehicles 
designed to serve these functions are as 
unique as the jobs they do. They are 
vastly different—one from the other—in 
size, shape and function. The agencies 
were unable to develop a specific 
vehicle definition based on the 
characteristics of these vehicles. Instead 
at proposal, we proposed to define that 
Class 2b–8 vocational vehicles as all 
heavy-duty vehicles which are not 
included in the Heavy-duty Pickup 

Truck and Van or the Class 7 and 8 
Tractor categories. In effect, we said 
everything that is not a combination 
tractor or a pickup truck or van is a 
vocational vehicle. We are finalizing 
that definition as proposed reflecting 
the same challenges we faced at 
proposal regarding defining the full 
range of heavy-duty vehicles. As at 
proposal, recreational vehicles are 
included under EPA’s standards but are 
not included under NHTSA’s final 
standards. The agencies note that we are 
adding vocational tractors to the 
vocational vehicle category in the final 
rulemaking, as described above in 
Section II.B. 

The agencies proposed that Class 4 
pickup trucks although similar to Class 
2b and 3 vehicles be included in the 
vocational vehicle category. Comments 
from EMA, Cummins, NTEA and 
Navistar supported the premise that 
Class 4 vehicles belong as part of the 
vocational vehicle program because they 
are specifically designed and engineered 
to meet vocational requirements. They 
stated that components such as 
transmissions, axles, frames, and tires 
differ from the similar pickup trucks 
and vans in the Class 2b and 3 market. 
We agree with commenters’ arguments 
that there are a number of important 
differences between the Class 4 and 
Class 3 trucks it unreasonable to 
regulate Class 4 vehicles under the 
standards for heavy duty pickups and 
vans. As a result, we are keeping Class 
4 vehicles in the vocational vehicle 
category, but are allowing the optional 
chassis certification of Class 4 and 5 
vehicles. (See Section V.B(1)(e)). 

As mentioned in Section I, vocational 
vehicles undergo a complex build 
process. Often an incomplete chassis is 
built by a chassis manufacturer with an 
engine purchased from an engine 
manufacturer and a transmission 
purchased from another manufacturer. 
A body manufacturer purchases an 
incomplete chassis which is then 
completed by attaching the appropriate 
features to the chassis. 

The diversity in the vocational 
vehicle segment can be primarily 
attributed to the variety of vehicle 
bodies rather than to the chassis. For 
example, a body builder can build either 
a Class 6 bucket truck or a Class 6 
delivery truck from the same Class 6 
chassis. The aerodynamic difference 
between these two vehicles due to their 
bodies will lead to different baseline 
fuel consumption and GHG emissions. 
However, the baseline fuel consumption 
and emissions due to the components 
included in the common chassis (such 
as the engine, drivetrain, frame, and 
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118 See 75 FR at 74241. 
119 A recovery vehicle removes or recovers 

vehicles that are disabled (broken down). 
120 See 2010 NAS Report, Note 21, page 133. 121 See 2010 NAS Report, Note 21, page 110. 

tires) will be the same between these 
two types of complete vehicles. 

The agencies face difficulties in 
establishing the baseline CO2 and fuel 
consumption performance for the wide 
variety of complete vocational vehicles 
because of the very large number of 
vehicle types and the need to conduct 
testing on each of the vehicle types to 
establish the baseline. To establish 
standards for a complete vocational 
vehicle, it would be necessary to assess 
the potential for fuel consumption and 
GHG emissions improvement for each of 
these vehicle types and to establish 
standards for each vehicle type. Because 
of the size and complexity of this task, 
the agencies judged it was not practical 
to regulate complete vocational vehicles 
for this first fuel consumption and GHG 
emissions program. To overcome the 
lack of baseline information from the 
different vehicle types and to still 
achieve improvements to fuel 
consumption and GHG emissions, the 
agencies proposed to set standards for 
the chassis manufacturers of vocational 
vehicles (but not the body builders) and 
the engine manufacturers. Chassis 
manufacturers represent a limited 
number of companies as compared to 
body builders, which are made up of a 
diverse set of companies that are 
typically small businesses. These 
companies would need to be regulated 
if whole vehicle standards were 
established. 

Similar to combination tractors, the 
agencies proposed to set separate 
vehicle and engine standards for 
vocational vehicles. A number of 
comments were received on the 
proposal to regulate chassis and engine 
manufacturers. The agencies received 
comments from DTNA supporting the 
proposal to regulate the chassis 
manufacturer but not body 
manufacturers. While organizations like 
Cummins and ICCT expressed support 
for separate engine and vehicle 
standards, Navistar, Pew, and Volvo, in 
contrast, opposed separate engine and 
chassis standards, stating that separate 
engine standards disadvantages 
integrated truck/engine manufacturers 
and full vehicle standards should be 
required. Volvo asked that the standards 
include an alternative integrated 
standard as well as complete vehicle 
modeling and testing beginning in 2017. 
ACEEE and Sierra Club stated that the 
proposed standards and test procedures 
should move the agencies closer to full 
vehicle testing. 

Although the agencies understand 
that full vehicle standards would allow 
integrated truck/engine manufacturers— 
such as electrified accessories and 
weight reduction—the agencies are 

finalizing separate standards for 
vocational vehicles that apply to chassis 
manufacturers and engine standards for 
engines installed in these vehicles that 
apply to engine manufacturers. The 
agencies continue to believe that it is 
not practical to regulate complete 
vocational vehicles for this first fuel 
consumption and GHG emissions 
program because of the size and 
complexity of the task associated with 
assessing the potential for fuel 
consumption and GHG emissions 
improvement for each of the myriad 
types of vocational vehicles. This issue 
is discussed further in comment 
responses found in sections 5 and 6.1.4 
of the Response to Comment Document, 
as well as in the following section of the 
preamble. Thus, the agencies are 
finalizing a set of standards for the 
chassis manufacturers of vocational 
vehicles (but not the body builders) and 
for the manufacturers of HD engines 
used in vocational vehicles. 

(1) What are the vocational vehicle and 
engine CO2 and fuel consumption 
standards and their timing? 

In the NPRM, the agencies proposed 
vehicle standards based on the agencies’ 
assessment of the availability of low 
rolling resistance tires that could be 
applied generally to vocational vehicles 
across the entire category. The agencies 
considered the possibility of including 
other technologies in determining the 
proposed stringency of the vocational 
vehicle standards, such as aerodynamic 
improvements, but as discussed in the 
NPRM, tentatively concluded that such 
improvements would not be appropriate 
for basing vehicle standard stringency in 
this phase of the rulemaking.118 For 
example, the aerodynamics of a 
recovery vehicle are impacted 
significantly by the equipment such as 
the arm located on the exterior of the 
truck.119 The agencies found little 
opportunity to improve the 
aerodynamics of the equipment on the 
truck. The agencies also evaluated the 
aerodynamic opportunities discussed in 
the NAS report. The panel found that 
there was minimal fuel consumption 
reduction opportunity through 
aerodynamic technologies for bucket 
trucks, transit buses, and refuse 
trucks 120 primarily due to the low 
vehicle speed in normal operation. The 
panel did report that there are 
opportunities to reduce the fuel 
consumption of straight trucks by 
approximately 1 percent for trucks 

which operate at the average speed 
typical of a pickup and delivery truck 
(30 mph), although the opportunity is 
greater for vehicles that operate at 
higher speeds.121 

The agencies received comments from 
the Motor Equipment Manufacturers 
Association, Eaton, NRDC, NESCAUM, 
NACAA, ACEEE, ICCT, Navistar, Arvin 
Meritor, the Union of Concerned 
Scientists and others that technologies 
such as idle reduction, advanced 
transmissions, advanced drivetrains, 
weight reduction, hybrid powertrains, 
and improved auxiliaries provide 
opportunities to reduce fuel 
consumption from vocational vehicles. 
Commenters asked that the agencies 
establish regulations that would reflect 
performance of these technologies and 
essentially force their utilization. 

The agencies assessed these 
technologies and have concluded that 
they may have the potential to reduce 
fuel consumption and GHG emissions 
from at least certain vocational vehicles, 
but the agencies have not been able to 
estimate baseline fuel consumption and 
GHG emissions levels for each type of 
vocational vehicle and for each type of 
technology, given the wide variety of 
models and uses of vocational vehicles. 
For example, idle reduction 
technologies such as APUs and cabin 
heaters can reduce workday idling 
associated with vocational vehicles. 
However, characterizing idling activity 
for the vocational segment in order to 
quantify the benefits of idle reduction 
technology is complicated by the variety 
of duty cycles found in the sector. Idling 
in school buses, fire trucks, pickup 
trucks, delivery trucks, and other types 
of vocational vehicles varies 
significantly. Given the great variety of 
duty cycles and operating conditions of 
vocational vehicles and the timing of 
these rules, it is not feasible at this time 
to establish an accurate baseline for 
quantifying the expected improvements 
which could result from use of idle 
reduction technologies. Similarly, for 
advanced drivetrains and advanced 
transmissions determining a baseline 
configuration, or a set of baseline 
configurations, is extremely difficult 
given the variety of trucks in this 
segment. The agencies do not believe 
that we can legitimately base standard 
stringency on the use of technologies for 
which we cannot identify baseline 
configurations, because absent baseline 
emissions and baseline fuel 
consumption, the emissions reductions 
achieved from introduction of the 
technology cannot be quantified. For 
some technologies, such as weight 
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122 Bachman, Joseph. Memorandum to the Docket. 
Heavy-Duty Tire Evaluation. See Docket #EPA–HQ– 
OAR–2010–0162. Pages 2–3 and Appendix B. 

reduction and improved auxiliaries— 
such as electrically driven power 
steering pumps and the vehicle’s air 
conditioning system—the need to limit 
technologies to those under the control 
of the chassis manufacturer further 
restricted the agencies’ options for 
predicating standard stringency on use 
of these technologies. For example, 
lightweight components that are under 
the control of chassis manufacturers are 
limited to a very few components such 
as frame rails. Considering the fuel 
efficiency and GHG emissions reduction 
benefits that will be achieved by 
finalizing these rules in the time frame 
proposed, rather than delaying in order 
to gain enough information to include 
additional technologies, the agencies 
have decided to finalize standards that 
do not assume the use of these 
technologies and will consider 
incorporating them in a later action 
applicable to later model years. Cf. 
Sierra Club v. EPA, 325 F. 3d 374, 380 
(DC Cir. 2003) (in implementing a 
technology-forcing provision of the 
CAA, EPA reasonably adopted modest 
initial controls on an industry sector in 
order to better assess rules’ effects in 
preparation for follow-up rulemaking). 

As the program progresses and the 
agencies gather more information, we 
expect to reconsider whether vocational 
vehicle standards for MYs 2019 and 
beyond should be based on the use of 
additional technologies besides low 
rolling resistance tires. 

EPA is adopting CO2 standards and 
NHTSA is finalizing fuel consumption 
standards for manufacturers of chassis 
for new vocational vehicles and for 
manufacturers of heavy-duty engines 
installed in these vehicles. The final 
heavy-duty engine standards for CO2 
emissions and fuel consumption focus 
on potential technological 
improvements in fuel combustion and 
overall engine efficiency and those 
controls would achieve most of the 
emission reductions. Further reductions 
from the Class 2b–8 vocational vehicle 
itself are possible within the time frame 
of these final regulations. Therefore, the 
agencies are also finalizing separate 
standards for vocational vehicles that 
will focus on additional reductions that 
can be achieved through improvements 
in vehicle tires. The agencies’ analyses, 
as discussed briefly below and in more 
detail later in this preamble and in the 
RIA Chapter 2, show that these final 
standards appear appropriate under 
each agency’s respective statutory 
authorities. Together these standards are 
estimated to achieve reductions of up to 
10 percent from most vocational 
vehicles. 

EPA is also adopting standards to 
control N2O and CH4 emissions from 
Class 2b–8 vocational vehicles through 
controlling these GHG emissions from 
the HD engines. The final heavy-duty 
engine standards for both N2O and CH4 
and details of the standard are included 
in the discussion in Section II.E.1.b and 
II.E.2.b. EPA neither proposed nor is 
adopting air conditioning leakage 
standards applying to vocational vehicle 
chassis manufacturers. 

As discussed further below, the 
agencies are setting CO2 and fuel 
consumption standards for the chassis 
based on tire rolling resistance 
improvements and for the engines based 
on engine technologies. The fuel 
consumption and GHG emissions 
impact of tire rolling resistance is 
impacted by the mass of the vehicle. 
However, the impact of mass on rolling 
resistance is relatively small so the 
agencies proposed to aggregate several 
vehicle weight categories under a single 
category for setting the standards. The 
agencies proposed to divide the 
vocational vehicle segment into three 
broad regulatory subcategories—Light 
Heavy-Duty (Class 2b through 5), 
Medium Heavy-Duty (Class 6 and 7), 
and Heavy Heavy-Duty (Class 8) which 
is consistent with the nomenclature 
used in the diesel engine classification. 
The agencies received comments 
supporting the division of vocational 
vehicles into three regulatory categories 
from DTNA. The agencies also received 
comments from Bosch, Clean Air Task 
Force, and National Solid Waste 
Management Association supporting a 
finer resolution of vocational vehicle 
subcategories. Their concerns include 
that the agencies’ vehicle configuration 
in GEM is not representative of a 
particular vocational application, such 
as refuse trucks. Another 
recommendation was to divide the 
category by both GVWR and by 
operational characteristics. Upon further 
consideration, the agencies are 
finalizing as proposed three vocational 
vehicle subcategories because we 
believe this adequately balances 
simplicity while still obtaining 
reductions in this diverse segment. (As 
noted in section IV.A below, these three 
subcategories also denominate separate 
averaging sets for purposes of ABT.) 
Finer distinctions in regulatory 
subcategories would not change the 
technology basis for the standards or the 
reductions expected from the vocational 
vehicle category. As the agencies move 
towards future heavy-duty fuel 
consumption and GHG regulations for 
post-2017 model years, we intend to 
gather GHG and fuel consumption data 

for specific vocational applications 
which could be used to establish 
application-specific standards in the 
future. 

The agencies received comments 
supporting the exclusion of recreational 
vehicles, emergency vehicles, school 
buses from the vocational vehicle 
standards. The commenters argued that 
these individual vehicle types were 
small contributors to overall GHG 
emissions and that tires meeting their 
particular performance needs might not 
be available by 2014. The agencies 
considered these comments and the 
agencies have met with a number of tire 
manufacturers to better understand their 
expectations for product availability for 
the 2014 model year. Based on our 
review of the information shared, we are 
convinced that tires with rolling 
resistance consistent with our final 
vehicle standards and meeting the full 
range of other performance 
characteristics desired in the vehicle 
market, including for RVs, emergency 
vehicles, and school buses, will be 
broadly available by the 2014 model 
year.122 Absent regulations for the vast 
majority of vehicles in this segment, 
feasible cost-effective reductions 
available at reasonable cost in the 2014– 
2018 model years will be needlessly 
foregone. Therefore, the agencies have 
decided to finalize the vocational 
vehicle standards as proposed with 
recreational vehicles, emergency 
vehicles and school buses included in 
the vocational vehicle category. As RVs 
were not included by NHTSA for 
proposed regulation, they are not within 
the scope of the NPRM and are therefore 
excluded in NHTSA’s portion of the 
final program. NHTSA will revisit this 
issue in the next rulemaking. In 
developing the final standards, the 
agencies have evaluated the current 
levels of emissions and fuel 
consumption, the kinds of technologies 
that could be utilized by manufacturers 
to reduce emissions and fuel 
consumption and the associated lead 
time, the associated costs for the 
industry, fuel savings for the consumer, 
and the magnitude of the CO2 and fuel 
savings that may be achieved. After 
examining the possibility of vehicle 
improvements based on use of the 
technologies underlying the standards 
for Class 7 and 8 tractors, including 
improved aerodynamics, vehicle speed 
limiters, idle reduction technologies, 
tire rolling resistance, and weight 
reduction, as well as use of hybrid 
technologies, the agencies ultimately 
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123 A Class 6 pick up and delivery truck at 50% 
load has tires as the second largest contributor at 
speeds up to 35 mph, a typical average speed of 
urban delivery vehicles. See Argonne National 
Laboratory. ‘‘Evaluation of Fuel Consumption 
Potential of Medium and Heavy Duty Vehicles 
through Modeling and Simulation.’’ October 2009. 
Page 91. 124 See 75 FR at 74241. 

determined to base the final vehicle 
standards on performance of tires with 
superior rolling resistance. For 
standards for diesel engines installed in 
vocational vehicles, the agencies 
examined performance of engine 
friction reduction, aftertreatment 
optimization, air handling 
improvements, combustion 
optimization, turbocompounding, and 
waste heat recovery, ultimately deciding 
to base the final standards on the 
performance of all of the technologies 
except turbocompounding and waste 
heat recovery systems. The standards for 
gasoline engine installed in vocational 
vehicles are based on performance of 
technologies such as gasoline direct 
injection, friction reduction, and 
variable valve timing. The agencies’ 
evaluation indicates that these 
technologies, as described in Section 
III.C, are available today in the heavy- 
duty tractor and light-duty vehicle 
markets, but have very low application 
rates in the vocational vehicle market. 
The agencies have analyzed the 
technical feasibility of achieving the 
CO2 and fuel consumption standards, 
based on projections of what actions 
manufacturers would be expected to 
take to reduce emissions and fuel 
consumption to achieve the standards, 
and believe that the standards are cost- 
effective and technologically feasible 
and appropriate within the rulemaking 
time frame. EPA and NHTSA also 
present the estimated costs and benefits 
of the vocational vehicle standards in 
Section III. 

(a) Vocational Vehicle Chassis 
Standards 

In the NPRM, the agencies defined 
tire rolling resistance as a frictional loss 
of energy, associated mainly with the 
energy dissipated in the deformation of 
tires under load that influences fuel 
efficiency and CO2 emissions. Tires 
with higher rolling resistance lose more 
energy in response to this deformation, 
thus using more fuel and producing 
more CO2 emissions in operation, while 
tires with lower rolling resistance lose 
less energy, and save more fuel and CO2 
emissions in operation. Tire design 
characteristics (e.g., materials, 
construction, and tread design) 
influence durability, traction (both wet 
and dry grip), vehicle handling, ride 
comfort, and noise in addition to rolling 
resistance. 

The agencies explained that a typical 
Low Rolling Resistance (LRR) tire’s 
attributes, compared to a non-LRR tire, 
would include increased tire inflation 
pressure; material changes; and tire 
construction with less hysteresis, 
geometry changes (e.g., reduced height 

to width aspect ratios), and reduction in 
sidewall and tread deflection. When a 
manufacturer applies LRR tires to a 
vehicle, the manufacturer generally also 
makes changes to the vehicle’s 
suspension tuning and/or suspension 
design in order to maintain vehicle 
handling and ride comfort. 

The agencies also explained that 
while LRR tires can be applied to 
vehicles in all MD/HD classes, they may 
have special potential for improving 
fuel efficiency and reducing CO2 
emissions for vocational vehicles. 
According to an energy audit conducted 
by Argonne National Lab, tires are the 
second largest contributor to energy 
losses of vocational vehicles, after 
engines.123 Given this finding, the 
agencies considered the availability of 
LRR tires for vocational applications by 
examining the population of tires 
available, and concluded that there 
appeared to be few LRR tires for 
vocational applications. The agencies 
suggested in the NPRM that this low 
number of LRR tires for vocational 
vehicles could be due in part to the fact 
that the competitive pressure to improve 
rolling resistance of vocational vehicle 
tires has been less than in the line haul 
tire market, given that line haul vehicles 
generally drive significantly more miles 
and therefore have significantly higher 
operating costs for fuel than vocational 
vehicles, and much greater incentive to 
improve fuel consumption. The small 
number of LRR tires for vocational 
vehicles may perhaps also be due in 
part to the fact that vocational vehicles 
generally operate more frequently on 
secondary roads, gravel roads and roads 
that have less frequent winter 
maintenance, which leads vocational 
vehicle buyers to value tire traction and 
durability more than rolling resistance. 
The agencies recognized that this 
provided an opportunity to improve fuel 
consumption and GHG emissions by 
creating a regulatory program that 
encourages improvements in tire rolling 
resistance for both line haul and 
vocational vehicles. The agencies 
proposed to base standards for all 
segments of HD vehicles on the use of 
LRR tires. The agencies estimated that a 
10 percent reduction in average tire 
rolling resistance would be attainable 
between model years 2010 and 2014 
based on the tire development 
achievements over the last several years 

in the line haul truck market. This 
reduction in tire rolling resistance 
would correlate to a two percent 
reduction in fuel consumption as 
modeled by the GEM.124 

(i) Summary of Comments 
The agencies received many 

comments on the subject of tire rolling 
resistance as applied to vocational 
vehicles. Comments included 
suggestions for alternative test 
procedures; whether LRR tires should 
be applied to certain types of vocational 
vehicles and whether certain vehicles 
should be exempted from the vocational 
vehicle standards if the standards are 
based on the ability to use LRR tires; the 
appropriateness of the proposed 
standards; and compliance issues 
(discussed below in Section II.D.2.b. 

Regarding whether LRR tires should 
be applied to certain types of vocational 
vehicles, the agencies received many 
comments from stakeholders, such as 
Daimler Trucks North America, Fire 
Apparatus Manufacturers Association 
(FAMA), International Association of 
Fire Chiefs, National Ready Mix, 
National Solid Wastes Management 
Association (NSWMA), Spartan Motors, 
National Automobile Dealers 
Association, among others. There were 
comments regarding applicability of low 
rolling resistance tires to vocational 
vehicles based on LRR tire availability, 
suitability of the tires for the 
applications, fuel consumption and 
GHG emissions benefits and the 
appropriateness of standards. Many of 
these commenters focused particularly 
on the whether LRR tires would 
compromise the capability of emergency 
vehicles. 

Regarding whether LRR tires are 
available in the market for certain 
vocational vehicles and whether the 
vocational vehicle standards were 
therefore appropriate and feasible, both 
Ford and AAPC stated that the proposed 
model-based requirement for Class 2b– 
8 vocational chassis appeared to require 
tires with rolling resistance values of 
approximately 8.0–8.1 kg/metric ton or 
better, and that limited data available 
for smaller diameter tires, such as light- 
truck (LT) tires used on many light 
heavy-duty trucks and vans, suggested 
that there exist few if any choices for 
tires that would comply. Given this 
concern about the availability of 
compliant tires, particularly in the case 
of tires smaller than 22.5″, during the 
proposed regulatory time frame, AAPC 
and Ford requested revisions to the 
requirement, or the modeling method, to 
establish different standards for vehicles 
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125 Records of these communications, and 
additional information submitted by the supplier 
companies and not CBI, are available at Docket No. 
EPA–HQ–OAR–2010–0162. 

126 Bachman, Joseph. Memorandum to the Docket. 
Heavy-Duty Tire Evaluation. July 2011. Docket 
EPA–HQ–OAR–2010–0162, Pages 3–6. 

127 More tire types and sizes have been developed 
for vocational vehicle applications than for long- 
haul applications. In some cases, suppliers offer up 

to 17 different vocational tire designs, and for each 
design there may be 8–10 different tire sizes. In 
contrast, a line-haul application may have only 2– 
3 tire designs with a fewer range of sizes. 

128 After the agencies completed their analysis of 
these data, the agencies received raw data on 43 
additional tires. See Powell, Greg. Memorandum to 
the Docket. Additional Tire Testing Results. July 
2011. Docket NHTSA–2010–0079. The agencies 
have not analyzed these additional data, nor 
included them in the final report, and the data 
therefore played no role in the agencies’ 
determination of an appropriate standard for 
vocational vehicles. The agencies will analyze and 
consider these data, along with any future data 
received through continued testing, as appropriate, 
in the next rulemaking for the heavy duty sector. 

129 See 75 FR at 74244. 

that use different tire classes, with 
separate requirements for LT tires, 19.5″ 
tires, and 22.5″ tires. AAPC argued that 
standards should be set based on data 
collected on high volume in-use tires, 
and that they should be set at a level 
that ensures the availability of multiple 
compliant tires. CRR 

(ii) Summary of Research Done Since 
the Notice of Proposed Rulemaking 

Since the NPRM, the agencies have 
conducted additional research on tire 
rolling resistance for medium- and 
heavy-duty applications. This research 
involved direct discussions with tire 
suppliers,125 assessment of the 
comments received, additional review 
of tire products available, and a more 
thorough review of tire use in the field. 
In addition, EPA has conducted tire 
rolling resistance testing to help inform 
the final rulemaking.126 

The agencies discussed many aspects 
of low rolling resistance tire 
technologies and their application to 
vocational vehicles with tire suppliers 
since publication of the NPRM. Several 
tire suppliers indicated to the agencies 
that low rolling resistance tires are 
currently available for vocational 
applications that would enable 
compliance with the proposed 
vocational vehicle standards, such as 
delivery vehicles, refuse vehicles, and 
other vocations. However, these 
conversations also made the agencies 
aware that availability of low rolling 
resistance tires varies by supplier. Some 
suppliers stated they focused their 
company resources on areas of the 
medium- and heavy-duty vehicle 
spectrum where fleet operators would 
see the most fuel efficiency benefits for 
the application of low rolling resistance 
technologies; specifically the long-haul, 
on-highway applications that drive 
many miles and use large amounts of 
fuel. These suppliers stated that this 
choice was driven by the significant 
capital investment that would be 
needed to improve tire rolling resistance 
across the relatively large number of 
product offerings in the vocational 
vehicle segment, based on the wide 
range of tire sizes, load ratings, and 
speed ratings, compared to the much 
narrower range of offerings for long-haul 
applications.127 Other suppliers stated 

that they have made conscious efforts to 
reduce the rolling resistance of all of 
their medium- and heavy-duty vehicle 
tire offerings, including vocational 
applications, in an effort to become 
leaders in this technology. 

The agencies also discussed with tire 
suppliers the potential tire attribute 
tradeoffs that may be associated with 
incorporating designs that improve tire 
rolling resistance, given the driving 
patterns, environmental conditions, and 
on-road and off-road surface conditions 
that vocational vehicles are subjected to. 
Some vehicle manufacturer commenters 
had suggested that changes in tire tread 
block design that improve rolling 
resistance may adversely affect tire 
performance characteristics such as 
traction, resistance to tearing, and 
resistance to wear and damage from 
scrubbing on curbs and frequent tight 
radius turns that are important to 
customers for vocational vehicle 
performance. The suppliers agreed that 
providing tires unable to withstand 
these conditions or meet the vehicle 
application needs would adversely 
affect customer satisfaction and 
warranty expenses, and would have 
detrimental financial effects to their 
businesses. One supplier indicated that 
theoretically, tread-wear (tire life) could 
be compromised if suppliers choose to 
reduce the initial tire tread depth 
without any offsetting tire compound or 
design enhancements as the means to 
achieve rolling resistance reductions. 
That supplier argued that taking this 
approach could lead to more frequent 
tire replacements or re-treading of 
existing tire carcasses, and that the 
agencies should therefore take a total 
lifecycle view when evaluating the 
effects of driving rolling resistance 
reductions. That supplier also indicated 
that a correlation of a 20 percent 
reduction in rolling resistance achieved 
through tread depth reduction could 
lead to a 30 percent decrease in tread- 
life and 15 percent reduction in wet 
traction. The agencies note that when 
they inquired about potential ‘safety’ 
related tradeoffs, such as traction 
(braking and handling) and tread wear 
when applying low rolling resistance 
technologies, tire suppliers which 
remain subject to safety standards 
regardless of this program, consistently 
responded that they would not produce 
a tire that compromises safety when 
fitted in its proper application. 

In addition to the supplier 
discussions and evaluation of comments 

to the Notice of Proposed Rulemaking, 
EPA conducted a series of tire rolling 
resistance tests on medium- and heavy- 
duty vocational vehicle tires. The 
testing measured the CRR of tires 
representing 16 different vehicle 
applications for Class 4–8 vocational 
vehicles. The testing included 
approximately 5 samples each of both 
steer and drive tires for each 
application. The tests were conducted 
by two independent tire test labs, 
Standards Testing Lab (STL) and 
Smithers-Rapra (Smithers). 

Overall, a total of 156 medium- and 
heavy-duty tires128 were included in 
this testing, which was comprised of 88 
tires covering various commercial 
vocational vehicle types, such as bucket 
trucks, school buses, city delivery 
vehicles, city transit buses and refuse 
haulers among others; 47 tires intended 
for application to tractors; and 21 tires 
classified as light-truck (LT) tires 
intended for Class 4 vocational vehicles 
such as delivery vans. In addition, 
approximately 20 of the tires tested 
were exchanged between the labs to 
assess inter-laboratory variability. 

The test results for 88 commercial 
vocational vehicle tires (19.5″ and 22.5″ 
sizes) showed a test average CRR of 7.4 
kg/metric ton, with results ranging from 
5.1 to 9.8. To comply with the proposed 
vocational vehicle fuel consumption 
and GHG emissions standards using 
improved tire rolling resistance as the 
compliance strategy, a manufacturer 
would need to achieve an average tire 
CRR value of 8.1 kg/metric ton.129 The 
measured average CRR of 7.4kg/metric 
ton is thus better than the average value 
that would be needed to meet vocational 
vehicle standards. Of those 173 tires 
tested, twenty tires had CRR values 
exceeding 8.1 kg/metric ton, two were at 
8.1 kg/metric ton, and sixty-six tires 
were better than 8.1 kg/metric ton. 
Additional data analyses examining the 
tire data by tire size to determine the 
range and distribution of CRR values 
within each tire size showed each tire 
size generally had tires ranging from 
approximately 6.0 to 8.5 kg/metric ton, 
with a small number of tires in the 5.3– 
5.7 kg/metric ton range and a small 
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130 The CRR values for these applications ranged 
from 5.4 to 9.2 kg/metric ton. 

131 See comments to docket EPA–HQ–OAR– 
2010–0162–1761; Ford Motor Company 

132 The agency notes the highest CRR values 
recorded for LT tires, of 11.0 and 10.9, were for two 
tires of the same size and brand. The nearest 
recorded values to these two tires were 9.8; 
substantially beyond the differences between other 
tires tested. 

133 Bachman, Joseph. Memorandum to Docket. 
Heavy-Duty Tire Evaluation. Docket EPA–HQ– 
OAR–2010–0162. Pages 3–6. 

number of tires in a range as high as 
9.3–9.8 kg/ton. Review of the data 
showed that for each tire size and 
vehicle type, the majority of tires tested 
would enable compliance with 
vocational vehicle fuel consumption 
and GHG emission standards. 

The test results for the 47 tires 
intended for tractor application showed 
an overall average of 6.9 kg/ton, the 
lowest overall average rolling resistance 
of the different tire applications 
tested.130 This is consistent with what 
the agencies heard through comments 
and meetings with tire suppliers whose 
efforts have focused on tractor 
applications, particularly for long-haul 
applications, which yield the highest 
fuel efficiency benefits from LRR tire 
technology. 

Finally, the 21 LT tires intended for 
Class 4 vocational vehicles were 
comprised of two sizes; LT225/75R16 
and LT245/75R16 with 11 and 10 
samples tested, respectively. Some auto 
manufacturers have indicated that CRR 
values for tires fitted to these Class 4 
vehicles typically have a higher CRR 
values than tires found on commercial 
vocational vehicles because of the 
smaller diameter wheel size and the ISO 
testing protocol.131 The test data 
showed the average CRR for LT225/ 
75R16 tires was 9.1 kg/metric ton and 
the average for LT245/75R16 tires was 
8.6 kg/metric ton. The range for the 
LT225/75R16 tires spanned 7.4 to 
11.0 132 and the range for the LT245/ 
75R16 tires ranged from 6.6 to 9.8 kg/ 
metric ton. Overall, the average for the 
tested LT tires was 8.9 kg/metric ton. 

Analysis of the EPA test data for all 
vocational vehicles, including LT tires, 
shows the test average CRR is 7.7 kg/ 
metric ton with a standard deviation of 
1.2 kg/metric ton. Review of the data 
thus shows that for each tire size and 
vehicle type, there are many tires 
available that would enable compliance 
with the proposed standards for 
vocational vehicles and tractors except 
for LT tires for Class 4 vocational 
vehicles where test results show the 
majority of these tires have CRR worse 
than 8.1 kg/metric ton. 

The agencies also reviewed the CRR 
data from the tires that were tested at 
both the STL and Smithers laboratories 
to assess inter-laboratory and test 

machine variability. The agencies 
conducted statistical analysis of the data 
to gain better understanding of lab-to- 
lab correlation and developed an 
adjustment factor for data measured at 
each of the test labs. When applied, this 
correction factor showed that for 77 of 
the 80 tires tested, the difference 
between the original CRR and a value 
corrected CRR was 0.01 kg/metric ton. 
The values for the remaining three tires 
were 0.03 kg/metric ton, 0.05 kg/metric 
ton and 0.07 kg/metric ton. Based on 
these results, the agencies believe the 
lab-to-lab variation for the STL and 
Smithers laboratories would have very 
small effect on measured CRR values. 
Further, in analyzing the data, the 
agencies considered both measurement 
variability and the value of the 
measurements relative to proposed 
standards. The agencies concluded that 
although laboratory-to-laboratory and 
test machine-to-test machine 
measurement variability exists, the level 
observed is not excessive relative to the 
distribution of absolute measured CRR 
performance values and relative to the 
proposed standards. Based on this, the 
agencies concluded that the test 
protocol is reasonable for this program, 
but are making some revisions to the 
vehicle standards. 

The agencies also conducted a winter 
traction test of 28 tires to evaluate the 
impact of low rolling resistance designs 
on winter traction. The results of the 
study indicate that there was no 
statistical relationship between rolling 
resistance and snow traction.133 

(iii) Summary of Final Rules 
For vocational vehicles, the agencies 

intend to keep rolling resistance as an 
input to the GEM but with 
modifications to the proposed targets as 
a result of the testing completed by EPA 
since the NPRM and information from 
tire suppliers. The agencies continue to 
believe that LRR tires, which are an 
available, cost-effective, and appropriate 
technology with demonstrated fuel 
efficiency and GHG reduction benefits, 
are reasonable for all on-highway 
vehicles. 

The agencies acknowledge there can 
be tradeoffs when designing a tire for 
reduced rolling resistance. These 
tradeoffs can include characteristics 
such as wear resistance, cost and scuff 
resistance. However, the agencies have 
continued to review this issue and do 
not believe that LRR tires as specified in 
the rules present safety issues. The 
agencies continue to believe that LRR 

tires, which are an available, cost- 
effective, and appropriate technology 
with demonstrated fuel efficiency and 
GHG reduction benefits, are reasonable 
for all on-highway vehicles. The final 
program also provides exemptions for 
vehicles meeting ‘‘low-speed’’ or ‘‘off- 
road’’ criteria, including application of 
speed restricted tires. Vocational 
vehicles that have speed restricted tires 
in order to accommodate particular 
applications may be exempted from the 
program under the off-road or low-speed 
exemption, described in greater detail 
below in Section II.D.(1)(a)(iv). 

As just noted, the agencies conducted 
independent testing of current tires 
available to assist confirming the 
finalized rolling resistance standards. 
The tire test samples were selected from 
those currently available on the market 
and therefore have no known safety 
issues and meet all current requirements 
to allow availability in commerce; 
including wear, scuff resistance, 
braking, traction under wet or icy 
conditions, and other requirements. 
These tires included a wide array of 
sizes and designs intended for most all 
vocational applications, including those 
used for school buses, refuse haulers, 
emergency vehicles, concrete mixers, 
and recreational vehicles. As the test 
results revealed, there are a significant 
number of tires available that meet or do 
better than the rolling resistance targets 
for vocational vehicles; both light-truck 
(with an adjustment factor described 
later in this preamble section) and non- 
LT tire types, while meeting all 
applicable safety standards. 

The agencies also recognize the 
extreme conditions fire apparatus 
equipment must navigate to enable 
firefighters to perform their duties. As 
described below, the final rules contain 
provisions to allow for exemption of 
specific off-road capable vocational 
vehicles from the fuel efficiency and 
greenhouse gas standards. Included in 
the exemption criteria are provisions for 
vehicles equipped with specific tire 
types that would be fit to a vehicle to 
meet extreme demands, including those 
vehicles designed for off-road 
capability. 

As follow-up to the final rules and in 
support for development of a separate 
FMVSS rule, NHTSA plans to conduct 
additional performance-focused testing 
(beyond rolling resistance) for medium- 
and heavy-duty trucks. This testing is 
targeted for completion toward the end 
of this year. The agencies will review 
these performance data when available, 
in concert with any subsequent 
proposed rulemakings regarding fuel 
consumption and GHG emissions 
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standards for medium- and heavy-duty 
vehicles. 

For vocational vehicles, the rolling 
resistance of each tire will be measured 
using the ISO 28850 test method for 
drive tires and steer tires planned for 
fitment to the vehicle being certified. 
Once the test CRR values are obtained, 
a manufacturer will input the CRR 
values for the drive and steer tires 
separately into the GEM where, for 
vocational vehicles, the vehicle load is 
distributed equally over the steer and 
drive tires. Once entered, the amount of 
GHG reduction attributed to tire rolling 
resistance will be incorporated into the 
overall vehicle compliance value. The 
following table provides the revised 
target CRR values for vocational 
vehicles for 2014 and 2017 model years 
that are used to determine the vehicle 
standards. 

TABLE II–14—VOCATIONAL VEHICLE— 
TARGET CRR VALUES FOR GEM 
INPUT 

2014 MY 2017 MY 

Tire Rolling Resist-
ance (kg/metric 
ton).

7.7 kg/ 
metric 
ton.

7.7 kg/ 
metric 
ton 

These target values are being revised 
based on the significant availability of 
tires for vocational vehicles applications 
which have performance better than the 
originally proposed 8.1 kg/metric ton 
target. As just discussed, 63 of the 88 
tires tested for vocational applications 
had CRR values better than the 
proposed target. The tires tested covered 
fitment to a wide range of vocational 
vehicle types and classes; thus agencies 
believe the original target value of 8.1 
kg/metric ton was possibly too lenient 
after reviewing the testing data. 
Therefore, the agencies believe it is 
appropriate to reduce the proposed 
vehicle standard based on performance 

of a CRR target value of 7.7 kg/metric 
ton for non-LT tire type. As discussed 
previously, this value is the test average 
of all vocational tires tested (including 
LT) which takes a conservative 
approach over setting a target based on 
the average of only the non-LT 
vocational tires tested. For LT tires, 
based on both the test data and the 
comments from AAPC and Ford Motor 
Company, the agencies recognize the 
need to provide an adjustment. In lieu 
of having two sets of Light Heavy-Duty 
vocational vehicle standards, the 
agencies are finalizing an adjustment 
factor which applies to the CRR test 
results for LT tires. The agencies 
developed an adjustment factor dividing 
the overall vocational test average CRR 
of 7.7 by the LT vocational average of 
8.9. This yields an adjustment factor of 
0.87. For LT vocational vehicle tires, the 
measured CRR values will be multiplied 
by the 0.87 adjustment factor before 
entering the values in the GEM for 
compliance. 

Based on the tire rolling resistance 
inputs noted above, EPA is finalizing 
the following CO2 standards for the 
2014 model year for the Class 2b 
through Class 8 vocational vehicle 
chassis, as shown in Table II–15. 
Similarly, NHTSA is finalizing the 
following fuel consumption standards 
for the 2016 model year, with voluntary 
standards beginning in the 2014 model 
year. For the EPA GHG program, the 
standard applies throughout the useful 
life of the vehicle. The agencies note 
that both the baseline performance and 
standards derived for the final rules 
slightly differ from the values derived 
for the NPRM. The first difference is due 
to the change in the target rolling 
resistance from 8.1 to 7.7 kg/metric ton 
based on the agencies’ test results. 
Second, there are minor differences in 
the fuel consumption and CO2 
emissions due to the small 

modifications made to the GEM, as 
noted in RIA Chapter 4. Lastly, the final 
HHD vocational vehicle standard uses a 
revised payload assumption of 15,000 
pounds instead of the 38,000 pounds 
used in the NPRM, as described in 
Section II.D.3.c.iii. As a result, the 
emission standards shown in Table II– 
15 for vocational vehicles have changed 
from the standards published in the 
NPRM. The changes for light heavy and 
medium heavy-duty vehicles are 
modest. The change for heavy heavy- 
duty vocational vehicles is larger, due to 
the difference in assumed payload. 

As with the 2017 MY standards for 
Class 7 and 8 tractors, EPA and NHTSA 
are adopting more stringent vocational 
vehicle standards for the 2017 model 
year which reflect the CO2 emissions 
reductions required through the 2017 
model year engine standards. See also 
Section II.B.2 explaining the same 
approach for the standards for 
combination tractors. As explained in 
Section 0 below, engine performance is 
one of the inputs into the GEM 
compliance model that has a pre- 
defined (i.e. fixed) value established by 
the agencies, and that input will change 
in the 2017 MY to reflect the 2017 MY 
engine standards. The 2017 MY 
vocational vehicle standards are not 
premised on manufacturers installing 
additional vehicle technologies, and a 
vocational vehicle that complies with 
the standards in MY 2016 will also 
comply in MY 2017 with no vehicle 
(tire) changes. Thus, although chassis 
manufacturers will not be required to 
make further improvements in the 2017 
MY to meet the standards, the standards 
will be more stringent to reflect the 
engine improvements required in that 
year. This is because in 2017 MY GEM 
vehicle modeling outputs (in grams per 
ton mile and gallons per 1,000 ton mile) 
will automatically decrease since engine 
efficiency will improve in that year. 

TABLE II–15—FINAL CLASS 2b–8 VOCATIONAL VEHICLE CO2 AND FUEL CONSUMPTION STANDARDS 

EPA CO2 (gram/ton-mile) Standard Effective 2014 Model Year 

Light Heavy-Duty Class 2b–5 ....... Medium Heavy-Duty Class 6–7 .... Heavy Heavy-Duty Class 8 

CO2 Emissions ............................... 388 ................................................ 234 ................................................ 226 

NHTSA Fuel Consumption (gallon per 1,000 ton-mile) Standard Effective 2016 Model Year 134 

Light Heavy-DutyClass 2b–5 ........ Medium Heavy-Duty Class 6–7 .... Heavy Heavy-Duty Class 8 

Fuel Consumption .......................... 38.1 ............................................... 23.0 ............................................... 22.2 

EPA CO2 (gram/ton-mile) Standard Effective 2017 Model Year 

Light Heavy-Duty Class 2b–5 ....... Medium Heavy-Duty Class 6–7 .... Heavy Heavy-Duty Class 8 

CO2 Emissions ............................... 373 ................................................ 225 ................................................ 222 
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134 Manufacturers may voluntarily opt-in to the 
NHTSA fuel consumption program in 2014 or 2015. 
Once a manufacturer opts into the NHTSA program 
it must stay in the program for all the optional MYs. 

135 See 75 FR at 74199. 
136 Vehicles such as concrete mixers, off-road 

dump trucks, backhoes and wheel loaders. 

TABLE II–15—FINAL CLASS 2b–8 VOCATIONAL VEHICLE CO2 AND FUEL CONSUMPTION STANDARDS—Continued 

NHTSA Fuel Consumption (gallon per ton-mile) Standard Effective 2017 Model Year 

Light Heavy-Duty Class 2b–5 ....... Medium Heavy-Duty Class 6–7 .... Heavy Heavy-Duty Class 8 

Fuel Consumption .......................... 36.7 ............................................... 22.1 ............................................... 21.8 

(iv) Off-Road and Low-Speed Vocational 
Vehicle Standards 

Some vocational vehicles, because 
they are primarily designed for off-road 
use, may not be good candidates for low 
rolling resistance tires. These vehicles 
may travel on-road for very limited 
periods of time, such as in traveling on 
an urban road, or if they are off-loaded 
from another vehicle onto a road and 
then are driven off-road. The infrequent 
and limited exposure to on-road 
environments makes these vehicles 
suitable candidates for providing an 
exemption from the CO2 emissions and 
fuel consumption standards for 
vocational vehicles (although the 
standards for HD engines used in 
vocational vehicles would still 
apply).135 The agencies are also 
targeting other vehicles that travel at 
low speeds and that are meant to be 
used both on- and off-road. The 
application of certain technologies to 
these vehicles may not provide the same 
level of benefits as it would for pure on- 
road vehicles, and moreover, could even 
reduce the functionality of the vehicle. 
In this case, the agencies want to ensure 
that vehicle functionality is maintained 
to the maximum extent possible, while 
avoiding the possibility that achievable 
benefits are not realized because of the 
structure of the regulations. The 
sections below explain this issue in 
more detail as it applies to tractors and 
vocational vehicles. 

The agencies explained in the NPRM 
that certain vocational vehicles have 
very limited on-road usage, and that 
although they would be defined as 
‘‘motor vehicles’’ per 40 CFR 85.1703, 
the fact that they spend the most of their 
operations off-road might be reason for 
excluding them from the vocational 
vehicle standards. Vocational vehicles, 
such as those used on oil fields and 
construction sites,136 experience very 
little benefit from LRR tires or from any 
other technologies to reduce GHG 
emissions and fuel consumption. The 
agencies proposed to allow a narrow 
range of these de facto off-road vehicles 

to be excluded from the proposed 
vocational vehicle standards if equipped 
with special off-road tires having lug 
type treads. The agencies stated in the 
NPRM that on/off road traction is the 
only tire performance parameter which 
trades off with TRR so significantly that 
tire manufacturers could be unable to 
develop tires meeting both a TRR 
standard while maintaining or 
improving the characteristic allowing 
them to perform off-road. See generally 
75 FR at 74199–200. Therefore, the 
agencies proposed to exempt these 
vehicles from the standards while 
requiring them to use certified engines, 
which would provide fuel consumption 
and CO2 emission reductions in all 
vocational applications. To ensure that 
these vehicles were in fact used chiefly 
off-road, the agencies proposed 
requirements that would allow 
exemption of a vehicle provided the 
vehicle and the tires were speed 
restricted. As mentioned, the agencies 
were aware that the majority of off road 
trucks primarily use off-road tires and 
are low speed vehicles as well. Based 
upon this understanding, the agencies 
specifically proposed that a vehicle 
must meet the following requirements to 
qualify for an exemption from 
vocational vehicle standards: 

• Tires which are lug tires or contain 
a speed rating of less than or equal to 
60 mph; and 

• A vehicle speed limiter governed to 
55 mph. 

In response to the NPRM, EMA/TMA, 
Navistar and Volvo agreed with the 
proposal to exclude off-road vocational 
vehicles from the standards because 
these vehicles primarily operate off- 
road, but requested broadening the 
exclusion to cover other types of 
vocational vehicles. Several 
manufacturers (IAFC, FAMA, NTEA, 
NSWMA, AAPC, RMA, Navistar and 
DTNA) requested the exemption of 
specific vehicle types, such as on/off- 
road emergency vehicles, refuse 
vehicles, low speed transit buses or 
school buses, because their usage was 
viewed as being incompatible with LRR 
tires. Navistar opposed the application 
of the proposed regulations to school 
buses, arguing that LRR tires may 
impact the ride quality for children in 
school buses. However, Navistar also 
acknowledged that a significant portion 

of the national fleet of school buses 
already utilizes off-road tires designed 
with lug type tread patterns (e.g., 
Kentucky). IAFC, FAMA and NTEA 
commented that fire trucks and 
ambulances should also be exempted 
due to their part-time off-road use such 
as in responding to a wildland fire or 
hazardous materials incidents which 
would require operations on dirt and 
gravel roads, fields or other off-road 
environments. Commenters also 
contended that by requiring a 55-mph 
limitation, the proposed exemption 
would be impractical for emergency 
vehicles due to the need to respond 
quickly to life-threatening events. The 
refuse truck manufacturers and trade 
associations, NSWMA and AAPC, 
commented that the solid waste 
industry operates a variety of vocational 
vehicles that perform solely off-road at 
landfills. These comments also 
requested an exemption for certain 
refuse trucks (i.e., roll-off container 
trucks) that frequently go off-road at 
construction sites. Other commenters 
(FAMA, IAFC and Oshkosh) opposed 
compliance with the LRR standard for 
vocational vehicles for on/off road 
mixed service tires with aggressive or 
lug treads, stating that up to this point 
the industry has had very little interest 
in improving the LRR aspects of these 
tires or even to conducting testing to 
determine values for the coefficient of 
rolling resistance. 

For the final rules, the agencies have 
considered the issues raised by 
commenters and have decided to adopt 
different criteria than proposed for 
exempting vocational vehicles and 
vocational tractors that primarily travel 
off-road. The agencies believe that the 
reasons for proposing the exemption are 
equally applicable to a wider class of 
vocational vehicles operating mostly off- 
road so that the proposals were either 
unsuitable for the industry or too 
restrictive to capture all the vehicles 
intended for the exemption. For 
example, the NPRM proposal, by using 
tire tread patterns and VSLs as the basis 
for qualifying vehicles for the 
exemption, was too restrictive because 
other non-lug type tread patterns exist 
in the market as well as other 
technologies which are equally capable 
of limiting the speed of the vehicle, as 
mentioned by Volvo. Therefore, the 
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137 The heavy-duty off-road exemption is based in 
part on requirements existing in NHTSA’s Federal 
Motor Vehicle Safety Standards (FMVSS) Nos. 119 
and 121. In FMVSS No. 119, titled ‘‘New pneumatic 
tires for motor vehicles with a GVWR of more than 
4,538 kilograms (10,000 pounds) and motorcycles,’’ 
speed restricted tires rated at a speed of 55 mph or 
less are subjected to lower test drum speeds in the 
endurance test to account for their low design 
speeds (e.g., off-road tires). The off-road vehicle 
exemptions adopted for this heavy-duty program 
were based on the requirements used in FMVSS No. 
121, ‘‘Air brake systems,’’ to identify and exclude 
vocational vehicles based upon their inability to 
meet on-highway stopping distance requirements. 

138 See 40 CFR 1037.631. 
139 Particular tire use was identified during the 

FMVSS 119 rulemaking and confirmed through 
subsequent market research. See ‘‘2010 Year Book 
the Tire and RIM Association Inc.’’ 

140 Specifically, EPA is finalizing CO2, N2O, and 
CH4 emissions standards for new heavy-duty 
engines over an EPA specified useful life period 
(See Section 0 for the N2O and CH4 standards). 

proposed exemption for off-road 
vocational vehicles will be replaced 
with new criteria based on the vehicle 
application, whether it operates at low 
speed and whether the vehicle has 
speed restricted tires. The exemption is 
in part based on existing industry 
standards established by NHTSA.137 As 
such, any vocational vehicle including 
vocational tractors primarily used off- 
road or at low speeds must meet the 
following criteria to be exempt from 
GHG and fuel consumption vehicle 
standards: 

• Any vehicle primarily designed to 
perform work off-road such as in oil 
fields, forests, or construction sites and 
having permanently or temporarily 
affixed components designed to work in 
an off-road environment (i.e., hazardous 
material equipment or off-road drill 
equipment) or vehicles operating at low 
speeds making them unsuitable for 
normal highway operation; and meeting 
one or more of the following criteria: 

• Any vehicle equipped with an axle 
that has a gross axle weight rating 
(GAWR) of 29,000 pounds; or 

• Any truck or bus that has a speed 
attainable in 2 miles of not more than 
33 mph; or 

• Any truck that has a speed 
attainable in 2 miles of not more than 
45 mph, an unloaded vehicle weight 
that is not less than 95 percent of its 
gross vehicle weight rating (GVWR), and 
no capacity to carry occupants other 
than the driver and operating crew. 

The agencies are also adopting in the 
final rules provisions to exempt any 
vocational vehicle that can operate in 
both on and off-road environments and 
has speed restricted tires rated at 55 
mph or below.138 The agencies’ 
reasoning in adopting a speed restricted 
exemption for tires is that the majority 
of mixed service tires used for off-road 
use was identified as being restricted at 
55 mph or less.139 Also, as identified by 
FMVSS No. 119, speed restricted tires at 
a rating of 55 mph or less are incapable 

of meeting the same on-road 
performance standards as conventional 
tires. The agencies acknowledge that 
using a speed restriction criteria could 
allow certain vehicles to be exempted 
inappropriately (i.e., low speed city 
delivery tractors) but the agencies 
believe this is preferable to creating a 
situation where a segment of vehicles 
are precluded from performing their 
intended applications. Therefore, the 
final rules include an exemption for any 
mixed service (on and off-road) 
vocational vehicle equipped with off- 
road tires that are speed restricted at 55 
mph or less. 

Manufacturers choosing to exempt 
vehicles based on the above criteria will 
be required to provide a description of 
how they meet the qualifications for 
each vehicle family group in their end- 
of-the year and final year reports (see 
Section V). 

A manufacturer having an off-road 
vehicle failing to meet the criteria under 
the agencies’ off-road exemptions will 
be allowed to submit a petition 
describing how and why their vehicles 
should qualify for exclusion. The 
process of petitioning for an exemption 
is explained in § 1037.631 and § 535.8. 
For each request, the manufacturer will 
be required to describe why it believes 
an exemption is warranted and address 
the following factors which the agencies 
will consider in granting its petition: 

• The agencies provide an exemption 
based on off-road capability of the 
vehicle or if the vehicle is fitted with 
speed restricted tires. Which exemption 
does your vehicle qualify under; and 

• Are there any comparable tires that 
exist in the market to carry out the 
desired application both on and off road 
for the subject vehicle(s) of the petition 
which have LLR values that would 
enable compliance with the standard? 

(b) Heavy-Duty Engine Standards for 
Engines Installed in Vocational Vehicles 

EPA is finalizing GHG standards 140 
and NHTSA is finalizing fuel 
consumption standards for new heavy- 
duty engines installed in vocational 
vehicles. The standards will vary 
depending on whether the engines are 
diesel or gasoline powered since 
emissions and fuel consumption 
profiles differ significantly depending 
on whether the engine is gasoline or 
diesel powered. The agencies’ analyses, 
as discussed briefly below and in more 
detail later in this preamble and in the 
RIA Chapter 2, show that these 

standards are appropriate and feasible 
under each agency’s respective statutory 
authorities. 

The agencies have analyzed the 
feasibility of achieving the GHG and 
fuel consumption standards, based on 
projections of what actions 
manufacturers are expected to take to 
reduce emissions and fuel consumption. 
EPA and NHTSA also present the 
estimated costs and benefits of the 
heavy-duty engine standards in Section 
III below. In developing the final rules, 
the agencies have evaluated the kinds of 
technologies that could be utilized by 
engine manufacturers compared to a 
baseline engine, as well as the 
associated costs for the industry and 
fuel savings for the consumer and the 
magnitude of the GHG and fuel 
consumption savings that may be 
achieved. 

EPA’s existing criteria pollutant 
emissions regulations for heavy-duty 
highway engines establish four service 
classes (three for compression-ignition 
or diesel engines and one for spark 
ignition or gasoline engines) that 
represent the engine’s intended and 
primary vehicle application, as shown 
in Table II–16 (40 CFR 1036.140 and 
NHTSA’s 49 CFR 535.4). The agencies 
proposed to use the existing service 
classes to define the engine 
subcategories in this HD GHG emissions 
and fuel consumption program. The 
agencies did not receive any adverse 
comments to using this approach. Thus, 
the agencies are adopting the four 
engine subcategories for this final 
action. 

TABLE II–16—ENGINE REGULATORY 
SUBCATEGORIES 

Engine cat-
egory Intended application 

Light Heavy- 
duty (LHD) 
Diesel.

Class 2b through Class 5 
trucks (8,501 through 
19,500 pounds GVWR). 

Medium 
Heavy-duty 
(MHD) Die-
sel.

Class 6 and Class 7 trucks 
(19,501 through 33,000 
pounds GVWR). 

Heavy Heavy- 
duty (HHD) 
Diesel.

Class 8 trucks (33,001 
pounds and greater 
GVWR. 

Gasoline ......... Incomplete vehicles less 
than 14,000 pounds 
GVWR and all vehicles 
(complete or incomplete) 
greater than 14,000 
pounds GVWR. 

(i) Diesel Engine Standards for Engines 
Installed in Vocational Vehicles 

In the NPRM, the agencies proposed 
the following CO2 and fuel consumption 
standards for HD diesel engines to be 
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141 See generally 75 FR at 74200–201. 
142 Once a manufacturer opts into the NHTSA 

program it must stay in the program for all the 
optional MYs and remain standardized with the 
implementation approach being used to meet the 
EPA emission program. 

143 Calculated using the conversion 10,180 g CO2/ 
gallon for diesel fuel. 

installed in vocational vehicles, as 
shown in Table II–17. 

TABLE II–17—VOCATIONAL DIESEL ENGINE STANDARDS OVER THE HEAVY-DUTY FTP CYCLE 

Model year Standard Light heavy- 
duty diesel 

Medium 
heavy-duty 

diesel 

Heavy heavy- 
duty diesel 

2014–2016 ............................. CO2 Standard (g/bhp-hr) ......................................................... 600 600 567 
Voluntary Fuel Consumption Standard (gallon/100 bhp-hr) ... 5.89 5.89 5.57 

2017 and Later ....................... CO2 Standard (g/bhp-hr) ........................................................ 576 576 555 
Fuel Consumption (gallon/100 bhp-hr) ................................... 5.66 5.66 5.45 

The agencies explained in the NPRM 
that the standards were based on our 
assessment of the findings of the 2010 
NAS report and other literature sources 
that there are technologies available to 
reduce fuel consumption in all these 
engines by this level in the final time 
frame in a cost-effective manner. Similar 
to the technology basis for HD engines 
used in combination tractors, these 
technologies include improved 
turbochargers, aftertreatment 
optimization, low temperature exhaust 
gas recirculation, and engine friction 
reductions. 

The agencies proposed that the HD 
diesel engine CO2 standards for 
vocational vehicles would become 
effective in MY 2014 for EPA, with more 
stringent CO2 standards becoming 
effective in MY 2017, while NHTSA’s 
fuel consumption standards would 
become effective in MY 2017, which 
would be both consistent with the EISA 
four-year minimum lead-time 
requirements and harmonized with 
EPA’s timing for stringency increases. 
The agencies explained that the three- 
year timing, besides being required by 
EISA, made sense because EPA’s heavy- 
duty highway engine program for 
criteria pollutants had begun to provide 
new emissions standards for the 
industry in three year increments, 
which had caused the heavy-duty 
engine and vehicle manufacturer 
product plans to fall largely into three 
year cycles reflecting this regulatory 
environment.141 To further harmonize 
with EPA, NHTSA proposed voluntary 
fuel consumption standards for HD 
diesel engines for vocational vehicles in 
MYs 2014–2016, allowing 
manufacturers to opt into the voluntary 
standards in any of those model 
years.142 Manufacturers opting into the 
program must declare by statement their 
intent to comply prior to or at the same 

time they submit their first application 
for a certificate of conformity. A 
manufacturer opting into the program 
would begin tracking credits and debits 
beginning in the model year in which 
they opt in. Both agencies proposed to 
allow manufacturers to generate and use 
credits to achieve compliance with the 
HD diesel engine standards for 
vocational vehicles, including 
averaging, banking, and trading (ABT), 
and deficit carry-forward. 

The agencies proposed to require HD 
diesel engine manufacturers to achieve, 
on average, a three percent reduction in 
fuel consumption and CO2 emissions for 
the 2014 standards over the baseline MY 
2010 performance for the HHD diesel 
engines, and a five percent reduction for 
the LHD and MHD diesel engines. The 
standards for the LHD and MHD engine 
categories were proposed to be set at the 
same level because the agencies found 
that there is an overlap in the 
displacement of engines which are 
currently certified as LHDD or MHDD. 
The agencies developed the baseline 
2010 model year CO2 emissions from 
data provided to EPA by manufacturers 
during the non-GHG certification 
process. Analysis of CO2 emissions from 
2010 model year LHD and MHDD diesel 
engines showed little difference 
between LHD and MHD diesel engine 
baseline CO2 performance in the 2010 
model year, which overall averaged 630 
g CO2/bhp-hr (6.19 gal/100 bhp-hr).143 
Furthermore, the technologies available 
to reduce fuel consumption and CO2 
emissions from these two categories of 
engines are similar. The agencies 
considered combining these engine 
categories into a single category, but 
decided to maintain these two separate 
engine categories with the same 
standard level to respect the different 
useful life periods associated with each 
category. 

For vocational engines certified on the 
FTP cycle, the agencies proposed to 
require a five percent reduction for HHD 
engines and nine percent for LHD and 

MHD engines. For LHD and MHD 
engines in 2017 MY, the nine percent 
reduction is based on the assumption 
that valvetrain friction reduction can be 
achieved in LHD and MHD engines in 
addition to turbo efficiency and 
accessory (water, oil, and fuel pump) 
improvements, improved EGR cooler, 
and other approaches being used for 
HHD engines. 

Commenters who discussed the HD 
diesel engine standards generally did 
not differentiate between the standards 
for engines used in combination tractors 
and the engines used in vocational 
vehicles. As explained above in Section 
II.B.2.b, some commenters, such as 
EMA/TMA, Cummins, DTNA, and other 
manufacturers, supported the proposed 
standards, as long as the flexibilities 
proposed in the NPRM were finalized as 
proposed. Volvo argued that the 
standards are being phased in too 
quickly. Environmental groups and 
NGOs commented that the standards 
should be more stringent and reflect the 
potential for greater fuel consumption 
and CO2 emissions reductions through 
the use of additional technologies 
outlined in the 2010 NAS study. 

In response to those comments, the 
agencies refer back to our discussion in 
Section II.B.2.b. The agencies believe 
that the additional reductions may be 
achieved through the increased 
development of the technologies 
evaluated for the 2014 model year 
standard, but the agencies’ analysis 
indicates that this type of advanced 
engine development will require a 
longer development time than MY 2014. 
The agencies are therefore providing 
additional lead time to allow for the 
introduction of this additional 
technology, and waiting until 2017 to 
increase stringency to levels reflecting 
application of turbocompounding. See 
Chapter 2 of the RIA for more details. 

While it made sense to set standards 
at the same level for LHD and MHD 
diesel engines for vocational vehicles, 
the agencies found that it did not make 
sense to set HHD standards at the same 
level. Based on manufacturer-submitted 
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144 Calculated using the conversion 10,180 g CO2/ 
gallon for diesel fuel. 

145 See generally 75 FR at 74201. 146 See 75 FR at 25467–68. 

CO2 data for the non-GHG emissions 
certification process, the agencies found 
that the baseline for HHD diesel engines 
was much lower than for LHD/MHD 
diesel engines—584 g CO2/bhp-hr (5.74 
gal/100 bhp-hr) on average for HHD, 
compared to 630 g CO2/bhp-hr (6.19 gal/ 
100 bhp-hr) on average for LHD/ 
MHD.144 In addition to the differences 
in the baseline performance, the 
agencies believe that there may be some 
technologies available to reduce fuel 
consumption and CO2 emissions that 
may be appropriate for the HHD diesel 
engines but not for the LHD/MHD diesel 
engines, such as turbocompounding. 
Therefore, the agencies are setting a 
different standard level for HHD diesel 
engines to be used in vocational 
vehicles. Additional discussion on 
technical feasibility is included in 
Section III below and in Chapter 2 of the 
RIA. 

After consideration of the comments, 
EPA and NHTSA are adopting as 
proposed the CO2 emission standards 
and fuel consumption standards for 
heavy-duty diesel engines installed in 
vocational vehicles are presented in 
Table II–17. Consistent with proposal, 
the first set of standards take effect with 
MY 2014 (mandatory standards for EPA, 
voluntary standards for NHTSA), and 
the second set take effect with MY 2017 
(mandatory for both agencies). 

Compliance with the standards for 
engines installed in vocational vehicles 
will be evaluated based on the 
composite HD FTP cycle. In the NPRM, 
the agencies proposed standards based 
on the Heavy-duty FTP cycle for engines 
used in vocational vehicles reflecting 
their primary use in transient operating 
conditions (typified by both frequent 
accelerations and decelerations), as well 
as in some steady cruise conditions as 
represented on the Heavy-duty FTP. The 
primary reason the agencies proposed 
two separate certification cycles for HD 
diesel engines—one for HD diesel 
engines used in combination tractors 
and the other for HD diesel engines used 
in vocational vehicles—is to encourage 
engine manufacturers to install 
technologies appropriate to the intended 
use of the engine with the vehicle.145 

DTNA, Cummins, EMA/TMA, and 
Honeywell commented that certain 
vocational vehicle applications would 
achieve greater fuel consumption and 
CO2 emissions reductions in-use by 
using an engine designed to meet the 
SET-based standard. They stated that 
some vocational vehicles operate at 
steady-state more frequently than in 

transient operation, such as motor 
coaches, and thus should be able to 
have an engine certified on a steady- 
state cycle to better reflect the vehicle’s 
real use. 

In response, while the agencies 
recognize the value to manufacturers of 
having additional flexibility that allows 
them to meet the standards in a way 
most consistent with how their vehicles 
and engines will ultimately be used, we 
remain concerned about increasing 
flexibility in ways that might impair 
fuel consumption and CO2 emissions 
reductions. The agencies are therefore 
providing the option in these final rules 
for some vocational vehicles, but not 
others, to have SET certified engines. 
Heavy heavy-duty vocational engines 
will be allowed to be SET certified for 
vocational vehicles, since SET certified 
HHD engines must meet more stringent 
GHG and fuel consumption standards 
than FTP certified engines. We believe 
this will provide manufacturers 
additional flexibility while still 
achieving the expected fuel 
consumption and CO2 emissions 
reductions. However, medium heavy- 
duty vocational engines will not be 
allowed to be SET-certified, because 
medium heavy-duty engines certified on 
the FTP must meet a more stringent 
standard than engines certified on the 
SET, and the agencies are not confident 
that fuel consumption and CO2 
emissions reduction levels would 
necessarily be maintained. 

As discussed above in Section 
II.B.2.b, the agencies place important 
weight in making our decisions about 
the cost-effectiveness of the standards 
and the availability of lead time on the 
fact that engine manufacturers are 
expected to redesign and upgrade their 
products during MYs 2014–2017. The 
final two-step CO2 emission and fuel 
consumption standards recognize the 
opportunity for technology 
improvements over the rulemaking time 
frame, while reflecting the typical diesel 
truck manufacturers’ and diesel engine 
manufacturers’ product plan cycles. 
Over these four model years there will 
be an opportunity for manufacturers to 
evaluate almost every one of their 
engine models and add technology in a 
cost-effective way, consistent with 
existing redesign schedules, to control 
GHG emissions and reduce fuel 
consumption. The time-frame and levels 
for the standards, as well as the ability 
to average, bank and trade credits and 
carry a deficit forward for a limited 
time, are expected to provide 

manufacturers the time needed to 
incorporate technology that will achieve 
the final GHG and fuel consumption 
reductions, and to do this as part of the 
normal engine redesign process. This is 
an important aspect of the final rules, as 
it will avoid the much higher costs that 
would occur if manufacturers needed to 
add or change technology at times other 
than these scheduled redesigns.146 This 
time period will also provide 
manufacturers the opportunity to plan 
for compliance using a multi-year time 
frame, again in accord with their normal 
business practice. Further details on 
lead time, redesigns and technical 
feasibility can be found in Section III. 

The agencies recognize, however, that 
the schedule of changes for the final 
standards may not be the most cost- 
effective one for all manufacturers. For 
HD diesel engines for use in tractors, the 
agencies discussed above in Section 
II.B.2.b our decision in this final 
program to allow an ‘‘OBD phase-in’’ 
option for meeting the standards, based 
on comments received from several 
industry organizations indicating that 
aligning technology changes for 
multiple regulatory requirements would 
provide them with greater flexibility. In 
the context of HD diesel engines for use 
in vocational vehicles, Volvo, EMA/ 
TMA, and DDC specifically requested 
an ‘‘OBD phase-in’’ option in its 
comments to the NPRM. DDC argued 
that bundling design changes where 
possible can reduce the burden on 
industry for complying with regulations, 
so aligning the introduction of the OBD, 
GHG, and fuel consumption standards 
could help reduce the resources devoted 
to validation of new product designs 
and certification. 

The agencies have the same interest in 
providing this flexibility for 
manufacturers of HD diesel engines for 
use in vocational vehicles as in 
providing it for manufacturers of HD 
diesel engines for use in combination 
tractors, as long as equivalent emissions 
and fuel savings are maintained. Thus, 
in order to provide additional flexibility 
for manufacturers looking to align their 
technology changes with multiple 
regulatory requirements, the agencies 
are finalizing an alternate ‘‘OBD phase- 
in’’ option for meeting the HD diesel 
engine standards which delivers 
equivalent CO2 emissions and fuel 
consumption reductions as the primary 
standards for the engines built in the 
2013 through 2017 model years, as 
shown in Table II–18. 
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147 See 75 FR at 74202. 
148 To be codified at 40 CFR 1036.620. 

TABLE II–18—COMPARISON OF CO2 REDUCTIONS FOR THE ENGINE STANDARDS UNDER THE ALTERNATIVE OBD PHASE-IN 
AND PRIMARY PHASE-IN 

HHD FTP LHD/MHD FTP 

Primary 
phase-in 
standard 
(g/bhp-hr) 

Optional 
phase-in 
standard 
(g/bhp-hr) 

Difference 
in lifetime 

CO2 engine 
emissions 

(MMT) 

Primary 
phase-in 
standard 
(g/bhp-hr) 

Optional 
phase-in 
standard 
(g/bhp-hr) 

Difference 
in lifetime 

CO2 engine 
emissions 

(MMT) 

Baseline ........................................................................... 584 584 .................... 630 630 
2013 MY Engine .............................................................. 584 577 20 630 618 14 
2014 MY Engine .............................................................. 567 577 ¥28 600 618 ¥22 
2015 MY Engine .............................................................. 567 577 ¥28 600 618 ¥22 
2016 MY Engine .............................................................. 567 555 34 600 576 29 
2017 MY Engine .............................................................. 555 555 0 576 576 0 
Net Reductions (MMT) ..................................................... .................... .................... ¥3 .................... .................... 0 

Table II–19 presents the final HD 
diesel engine CO2 emission and fuel 

consumption standards under the 
optional ‘‘OBD phase-in’’ option. 

TABLE II–19—OPTIONAL HEAVY-DUTY ENGINE STANDARD PHASE-IN 

Model year Standard Light heavy- 
duty diesel 

Medium 
heavy-duty 

diesel 

Heavy heavy- 
duty diesel 

2013 ................................. CO2 Standard (g/bhp-hr) ............................................................... 618 618 577 
Voluntary Fuel Consumption Standard (gallon/100 bhp-hr) ......... 6.07 6.07 5.67 

2016 and Later ................. CO2 Standard (g/bhp-hr) ............................................................... 576 576 555 
Fuel Consumption (gallon/100 bhp-hr) ......................................... 5.66 5.66 5.45 

In order to ensure equivalent CO2 and 
fuel consumption reductions and 
orderly compliance, and to avoid 
gaming, the agencies are requiring that 
if a manufacturer selects the OBD phase- 
in option, it must certify its engines 
starting in the 2013 model year and 
continue using this phase-in through the 
2016 model year. Manufacturers may 
opt into the OBD phase-in option 
through the voluntary NHTSA program, 
but must opt in in the 2013 model year 
and continue using this phase-in 
through the 2016 model year. 
Manufacturers that opt in to the 
voluntary NHTSA program in 2014 and 
2015 will be required to meet the 
primary phase-in schedule and may not 
adopt the OBD phase-in option. 

As discussed above in Section 
II.B.2.b, while the agencies believe that 
the HD diesel engine standards are 
appropriate, cost-effective, and 
technologically feasible in the 
rulemaking time frame, we also 
recognize that when regulating a 
category of engines for the first time, 
there will be individual products that 
may deviate significantly from the 
baseline level of performance, whether 
because of a specific approach to criteria 
pollution control, or due to engine 
calibration for specific applications or 
duty cycles. That earlier discussion 
described HD diesel engines for use in 
combination tractors, but the same 

supporting information is relevant to the 
agencies’ consideration of an alternate 
standard for HD diesel engines installed 
in vocational vehicles. In the NPRM, the 
agencies proposed an optional engine 
standard for HD diesel engines installed 
in vocational vehicles based on a five 
percent reduction from the engine’s own 
2011 model year baseline level, but 
requested comment on whether a two 
percent reduction would be more 
appropriate.147 The comments received 
in response did not directly address 
engines for vocational vehicles, but the 
agencies believe that the information 
provided by Navistar and others is 
equally applicable to HD diesel engines 
for combination tractors and for 
vocational vehicles. Our assessment for 
the final standards is that a 2.5 percent 
reduction is appropriate for LHD and 
MHD engines installed in vocational 
vehicles and 3 percent is appropriate for 
HHD engines installed in vocational 
vehicles given the technologies 
available for application to legacy 
products by model year 2014.148 Unlike 
the majority of engine products in this 
segment, engine manufacturers have 
devoted few resources to developing 
technologies for these legacy products 
reasoning that the investment would 
have little value if the engines are to be 

substantially redesigned or replaced in 
the next five years. Hence, although the 
technologies we have identified to 
achieve the proposed five percent 
reduction would theoretically work for 
these legacy products, there is 
inadequate lead time for manufacturers 
to complete the pre-application 
development needed to add the 
technology to these engines by 2014. 
The mix of technologies available off the 
shelf for legacy engines varies between 
engine lines within OEMs and varies 
among OEMs as well. On average, based 
on our review of manufacturer 
development history and current plans, 
we project that for the legacy products 
approximately half of the defined 
technologies appropriate for the 2014 
standard will be available and ready for 
application by 2014 for older legacy 
engine designs. Hence, we have 
concluded that if we limit the 
reductions to those improvements 
which reflect further enhancements of 
already installed systems rather than the 
addition or replacement of technologies 
with fully developed new on the shelf 
components, the potential improvement 
for the 2014 model year will be 2.5 
percent for LHD and MHD engines and 
3 percent HHD engines. 

Just as for HD diesel engines used in 
combination tractors, the agencies stress 
that this option for HD engines used in 
vocational vehicles is temporary and 
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149 EPA’s heavy-duty engine certification database 
at http://www.epa.gov/otaq/certdata.htm#largeng. 

limited and is being adopted to address 
diverse manufacturer needs associated 
with complying with this first phase of 
the regulations. This optional, 
alternative standard will be available 
only for the 2014 through 2016 model 
years, because we believe that 
manufacturers will have had ample 
opportunity to make appropriate 
changes to bring their product 
performance into line with the rest of 
the industry after that time. This 
optional standard will not be available 
unless and until a manufacturer has 
exhausted all available credits and 
credit opportunities, and engines under 
the alternative standard could not 
generate credits. 

The agencies note that manufacturers 
choosing to utilize this option in MYs 
2014–2016 will have to make a greater 
relative improvement in MY 2017 than 
the rest of the industry, since they will 
be starting from a worse level. For 
compliance purposes, in MYs 2014– 
2016 emissions from engines certified 
and sold at the alternate level will be 
averaged with emissions from engines 
certified and sold at more stringent 
levels to arrive at a weighted average 
emissions level for all engines in the 
subcategory. Again, this option can only 
be taken if all other credit opportunities 
have been exhausted and the 
manufacturer still cannot meet the 
primary standards. If a manufacturer 
chooses this option to meet the EPA 
emission standards in MY 2014–2016, 
and wants to opt into the NHTSA fuel 
consumption program in these same 
MYs it must follow the exact path 
followed under the EPA program 
utilizing equivalent fuel consumption 
standards. 

As discussed above in Section 
II.B.2.b, Volvo argued that 
manufacturers could game the standard 
by establishing an artificially high 2011 
baseline emission level. This could be 
done, for example, by certifying an 
engine with high fuel consumption and 
GHG emissions that is either: (1) Not 
sold in significant quantities; or (2) later 
altered to emit fewer GHGs and 
consume less fuel through service 
changes. In order to mitigate this 
possibility, the agencies are requiring 
either that the 2011 model year baseline 
must be developed by averaging 
emissions over all engines in an engine 
averaging set certified and sold for that 
model year so as to prevent a 
manufacturer from developing a single 
high GHG output engine solely for the 
purpose of establishing a high baseline 
or meet additional criteria. The agencies 
are allowing manufacturers to combine 
light heavy-duty and medium heavy- 
duty diesel engines into a single 

averaging set for this provision because 
the engines have the same GHG 
emissions and fuel consumption 
standards. If a manufacturer does not 
certify all engine families in an 
averaging set to the alternate standards, 
then the tested configuration of the 
engine certified to the alternate standard 
must have the same engine 
displacement and its rated power within 
5 percent of the highest rated power as 
the baseline engine. In addition, the 
tested configurations must have a BSFC 
equivalent to or better than all other 
configurations within the engine family 
and represent a configuration that is 
sold to customers. 

(ii) Gasoline Engine Standard 
Heavy-duty gasoline engines are also 

used in vocational vehicle applications. 
The number of engines certified in the 
past for this segment of vehicles is very 
limited and has ranged between three 
and five engine models.149 Unlike the 
heavy-duty diesel engines typical of this 
segment which are built for vocational 
vehicles, these gasoline engines are 
developed for heavy-duty pickup trucks 
and vans primarily, but are also sold as 
loose engines to vocational vehicle 
manufacturers, for use in vocational 
vehicles such as some delivery trucks. 
Some fleets still prefer gasoline engines 
over diesel engines. In the past, this was 
the case since gasoline stations were 
more prevalent than stations that sold 
diesel fuel. Because they are developed 
for HD pickups and vans, the agencies 
evaluated these engines in parallel with 
the heavy-duty pickup truck and van 
standard development. As in the pickup 
truck and van segment, the agencies 
anticipated that the manufacturers will 
have only one engine re-design within 
the 2014–2018 model years under 
consideration within the proposal. The 
agencies therefore proposed fuel 
consumption and CO2 emissions 
standards for gasoline engines for use in 
vocational vehicles, which represent a 
five percent reduction in CO2 emissions 
and fuel consumption in the 2016 
model year over the 2010 MY baseline 
through use of technologies such as 
coupled cam phasing, engine friction 
reduction, and stoichiometric gasoline 
direct injection. 

In our meetings with all three of the 
major manufacturers in the HD pickup 
and van segment, confidential future 
product plans were shared with the 
agencies. Reflecting those plans and our 
estimates for when engine changes will 
be made in alignment with those 
product plans, we had concluded for 

proposal that the 2016 model year 
reflects the most logical model year start 
date for the heavy-duty gasoline engine 
standards. In order to meet the 
standards we are finalizing for heavy- 
duty pickups and vans, we project that 
all manufacturers will have redesigned 
their gasoline engine offerings by the 
start of the 2016 model year. Given the 
small volume of loose gasoline engine 
sales relative to complete heavy-duty 
pickup sales, we think it is appropriate 
to set the timing for the heavy-duty 
gasoline engine standard in line with 
our projections for engine redesigns to 
meet the heavy-duty pickup truck 
standards. Therefore, NHTSA’s final 
fuel consumption standard and EPA’s 
final CO2 standard for heavy-duty 
gasoline engines are first effective in the 
2016 model year. 

The baseline 2010 model year CO2 
performance of these heavy-duty 
gasoline engines over the Heavy-duty 
FTP cycle is 660 g CO2/bhp-hr (7.43 gal/ 
100 bhp-hr) in 2010 based on non-GHG 
certification data provided to EPA by 
the manufacturers. The agencies are 
finalizing 2016 model year standards 
that require manufacturers to achieve a 
five percent reduction in CO2 compared 
to the 2010 MY baseline through use of 
technologies such as coupled cam 
phasing, engine friction reduction, and 
stoichiometric gasoline direct injection. 
Additional detail on technology 
feasibility is included in Section III and 
in the RIA Chapter 2. As shown in Table 
II–20, NHTSA is finalizing as proposed 
a 7.06 gallon/100 bhp-hr standard for 
fuel consumption while EPA is adopting 
as proposed a 627 g CO2/bhp-hr 
standard tested over the Heavy-duty 
FTP, effective in the 2016 model year. 
Similar to EPA’s non-GHG standards 
approach, manufacturers may generate 
and use credits by the same engine 
averaging set to show compliance with 
both agencies’ standards. 

TABLE II–20—HEAVY-DUTY GASOLINE 
ENGINE STANDARDS 

Model 
year 

Gasoline 
engine 

standard 

2016 
and 
Later.

CO2 Standard (g/ 
bhp-hr).

627 

Fuel Consump-
tion (gallon/100 
bhp-hr).

7.06 

(c) In-Use Standards 

Section 202(a)(1) of the CAA specifies 
that emissions standards are to be 
applicable for the useful life of the 
vehicle. The in-use standards that EPA 
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is finalizing apply to individual vehicles 
and engines. NHTSA is not finalizing 
in-use standards that would apply to the 
vehicles and engines in a similar 
fashion. 

EPA proposed that the in-use 
standards for heavy-duty engines 
installed in vocational vehicles be 
established by adding an adjustment 
factor to the full useful life emissions 
results projected in the EPA certification 
process to account for measurement 
variability inherent in testing done at 
different laboratories with different 
engines. The agency proposed a two 
percent adjustment factor and requested 
comments and additional data during 
the proposal to assist in developing an 
appropriate factor level. The agency 
received additional data during the 
comment period which identified 
production variability which was not 
accounted for at proposal. Details on the 
development of the final adjustment 
factor are included in RIA Chapter 3. 
Based on the data received, EPA 
determined that the adjustment factor in 
the final rules should be higher than the 
proposed level of two percent. EPA is 
finalizing a three percent adjustment 
factor for the in-use standard to provide 

a reasonable margin for production and 
test-to-test variability that could result 
in differences between the initial 
emission test results and emission 
results obtained during subsequent in- 
use testing. 

We are finalizing regulatory text (in 
§ 1036.150) to allow engine 
manufacturers to used assigned 
deterioration factors (DFs) without 
performing their own durability 
emission tests or engineering analysis. 
However, the engines would still be 
required to meet the standards in actual 
use without regard to whether the 
manufacturer used the assigned DFs. 
This allowance is being adopted as an 
interim provision applicable only for 
this initial phase of standards. 

Manufacturers will be allowed to use 
an assigned additive DF of 0.0 g/bhp-hr 
for CO2 emissions from any 
conventional engine (i.e., an engine not 
including advance or innovative 
technologies). Upon request, we could 
allow the assigned DF for CO2 emissions 
from engines including advance or 
innovative technologies, but only if we 
determine that it would be consistent 
with good engineering judgment. We 
believe that we have enough 
information about in-use CO2 emissions 

from conventional engines to conclude 
that they will not increase as the 
engines age. However, we lack such 
information about the more advanced 
technologies. 

EPA proposed that the useful life for 
these engines and vehicles with respect 
to GHG emissions be set equal to the 
respective useful life periods for criteria 
pollutants. EPA proposed that the 
existing engine useful life periods, as 
included in Table II–21, be broadened to 
include CO2 emissions and fuel 
consumption for both engines and 
vocational vehicles. The agency did not 
receive any adverse comments with this 
approach and is finalizing the useful life 
periods as proposed (see 40 CFR 
1036.108(d) and 1037.105). While 
NHTSA will use useful life 
considerations for establishing fuel 
consumption performance for initial 
compliance and for ABT, NHTSA does 
not intend to implement an in-use 
compliance program for fuel 
consumption, because it is not required 
under EISA and because it is not 
currently anticipated there will be 
notable deterioration of fuel 
consumption over the engines’ useful 
life. 

TABLE II–21—USEFUL LIFE PERIODS 

Years Miles 

Class 2b–5 Vocational Vehicles, Spark Ignited, and Light Heavy-Duty Diesel Engines ........................................ 10 110,000 
Class 6–7 Vocational Vehicles and Medium Heavy-Duty Diesel Engines ............................................................. 10 185,000 
Class 8 Vocational Vehicles and Heavy Heavy-Duty Diesel Engines .................................................................... 10 435,000 

(2) Test Procedures and Related Issues 
The agencies are finalizing test 

procedures to evaluate fuel 
consumption and CO2 emissions of 
vocational vehicles in a manner very 
similar to Class 7 and Class 8 
combination tractors. This section 
describes the simulation model for 
demonstrating compliance, engine test 
procedures, and a test procedure for 
evaluating hybrid powertrains (a 
potential means of generating credits, 
although not part of the technology 
package on which the final standard for 
vocational vehicles is premised). 

(a) Computer Simulation Model 
As previously mentioned, to achieve 

the goal of reducing emissions and fuel 
consumption for both trucks and 
engines, we are finalizing separate 
engine and vehicle-based emission and 
fuel consumption standards for 
vocational vehicles and engines used in 
those vehicles. For the vocational 
vehicles, engine manufacturers are 
subject to the engine standards, and 

chassis manufacturers are required to 
install certified engines in their chassis. 
The chassis manufacturer is subject to a 
separate vehicle-based standard that 
uses the final vehicle simulation model, 
the GEM, to evaluate the impact of the 
tire design to determine compliance 
with the vehicle standard. 

A simulation model, in general, uses 
various inputs to characterize a 
vehicle’s properties (such as weight, 
aerodynamics, and rolling resistance) 
and predicts how the vehicle would 
behave on the road when it follows a 
driving cycle (vehicle speed versus 
time). On a second-by-second basis, the 
model determines how much engine 
power needs to be generated for the 
vehicle to follow the driving cycle as 
closely as possible. The engine power is 
then transmitted to the wheels through 
transmission, driveline, and axles to 
move the vehicle according to the 
driving cycle. The second-by-second 
fuel consumption of the vehicle, which 
corresponds to the engine power 
demand to move the vehicle, is then 

calculated according to the fuel 
consumption map embedded in the 
compliance model. Similar to a chassis 
dynamometer test, the second-by- 
second fuel consumption is aggregated 
over the complete drive cycle to 
determine the fuel consumption of the 
vehicle. 

NHTSA and EPA are finalizing an 
approach consistent with the proposal 
to evaluate fuel consumption and CO2 
emissions respectively through a 
simulation of whole-vehicle operation, 
consistent with the NAS 
recommendation to use a truck model to 
evaluate truck performance. The EPA 
developed the GEM for the specific 
purpose of this rulemaking to evaluate 
vehicle performance. The GEM is 
similar in concept to a number of 
vehicle simulation tools developed by 
commercial and government entities. 
The model developed by the EPA and 
finalized here was designed for the 
express purpose of vehicle compliance 
demonstration and is therefore simpler 
and less configurable than similar 
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150 See RIA Chapter 4, Table 4–8. 

151 See http://www.iso.org/iso/iso_catalogue/ 
catalogue_tc/ 
catalogue_detail.htm?csnumber=44770. 

152 75 FR 15893, March 30,2010. 
153 See http://www.energy.ca.gov/ 

2009publications/CEC–600–2009–010/CEC–600– 
2009–010–SD–REV.PDF (last accessed May 9, 2011). 

commercial products. This approach 
gives a compact and quicker tool for 
evaluating vehicle compliance without 
the overhead and costs of a more 

complicated model. Details of the 
model, including changes made to the 
model to address concerns of the peer 
reviewers and commenters are included 

in Chapter 4 of the RIA. An example of 
the GEM input screen is shown in 
Figure II–4. 

EPA and NHTSA have validated the 
GEM simulation of vocational vehicles 
against a commonly used simulation 
tool used in industry, GT-Drive, for each 
vocational vehicle subcategory. Prior to 
using GT-Drive as a comparison tool, 
the agencies first benchmarked a GT- 
Drive simulation of the combination 
tractor tested at Southwest Research 
against the experimental test results 
from the chassis dynamometer in the 
same manner as done for GEM. Then the 
EPA developed three vocational vehicle 
models (LHD, MHD, and HHD) and 
simulated them using both GEM and 
GT-Drive. Overall, the GEM and GT- 
Drive predicted the fuel consumption 
and CO2 emissions for all three 
vocational vehicle subcategories with 
differences of less than 2 percent for the 
three test cycles—the California ARB 
Transient cycle, 55 mph cruise, and 65 
mph cruise cycle.150 The final 
simulation model is described in greater 
detail in RIA Chapter 4 and is available 

for download by interested parties at 
(http://www.epa.gov/otaq/). 

The agencies are requiring that for 
demonstrating compliance, a chassis 
manufacturer would measure the 
performance of tires, input the values 
into GEM, and compare the model’s 
output to the standard. As explained 
earlier, low rolling resistance tires are 
the only technology on which the 
agencies’ own feasibility analysis for 
these vehicles is predicated. The input 
values for the simulation model will be 
derived by the manufacturer from the 
final tire test procedure described in 
this action. The remaining model inputs 
will be fixed values pre-defined by the 
agencies. These are detailed in the RIA 
Chapter 4, including the engine fuel 
consumption map to be used in the 
simulation. 

(b) Tire Rolling Resistance Assessment 
In terms of how tire rolling resistance 

would be measured, the agencies 
proposed to require that the tire rolling 
resistance input to the GEM be 

determined using ISO 28580:2009(E), 
Passenger car, truck and bus tyres— 
Methods of measuring rolling 
resistance—Single point test and 
correlation of measurement results.151 
The agencies stated that they believed 
the ISO test method was the most 
appropriate for this program because the 
method is the same one used by the 
NHTSA tire fuel efficiency consumer 
information program,152 by European 
regulations,153 and by the EPA 
SmartWay program. 

The NPRM also discussed the 
potential for tire-to-tire variability to 
confound rolling resistance 
measurement results for LRR tires—that 
is, different tires of the same tire model 
could turn out to have different rolling 
resistance measurements when run on 
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the same test. NHTSA’s research during 
the development of the light-duty 
vehicle tire fuel efficiency consumer 
information program identified several 
sources of variability including test 
procedures, test equipment and the tires 
themselves, but found that all of the 
existing test methods had similar levels 
of and sources of variability.154 The 
agencies proposed to address 
production tire-to-tire variability by 
specifying that three tire samples within 
each tire model be tested three times 
each, and that the average of the nine 
tests would be used as the Rolling 
Resistance Coefficient (CRR) for the tire, 
which would be the basis for the rolling 
resistance value for that tire that the 
manufacturer would enter into the GEM. 
The agencies requested comment on this 
proposed method.155 

The agencies received many 
comments on the subject of tire rolling 
resistance, including suggestions for 
alternative test procedures and 
compliance issues. Regarding whether 
the agencies should base tire CRR inputs 
for the GEM on the use of the ISO 28580 
test procedure, the American 
Automotive Policy Council (AAPC) 
argued that the agencies should instead 
require the SAE J2452 Coastdown test 
method for calculating tire rolling 
resistance, which the commenter stated 
was preferred by OEMs because it 
simulates the use of tires on actual 
vehicles rather than the ISO procedure 
which tests the tire by itself. The Rubber 
Manufacturers Association (RMA) 
argued, in contrast, that the agencies 
should use the SAE J1269 multi-point 
test, which is currently the basis for the 
EPA SmartWayTM CRR baseline values. 
RMA also argued that the SAE J1269 
multi-point test can be used to 
accurately predict truck/bus tire CRR at 
various loads and inflations, including 
at the ISO 28580 load and inflation 
conditions, and that therefore the 
agencies should use the SAE test, or if 
the agencies want to use ISO, they 
should accept results from the SAE test 
and just correlate them. Regarding 
compliance obligations, RMA further 
argued that it was not clear how or in 
what format testing information would 
need to be provided in order to be in 
compliance with the proposed 
requirement at § 1037.125(i). 

The agencies analyzed many 
comments on the subject of tire rolling 
resistance. One of the primary concerns 
raised in comments was that the 
proposed test protocol and 
measurement methodology would not 
adequately address production tire 

variability and measurement variability. 
Commenters stated that machine-to- 
machine differences are a significant 
source of variation, and this variation 
would make it difficult for 
manufacturers to be confident that the 
agency would assign the same CRR to a 
tire was tested for compliance purposes. 
Commenters argued that the ISO 28580 
test method is unique in that it specifies 
a procedure to correlate results between 
different test equipment (i.e., different 
rolling resistance test machines), but not 
all aspects of the ISO procedure have 
been completely defined. Commenters 
stated that under ISO 28580, the lab 
alignment procedure depends on the 
specification of a reference test machine 
to which all other labs will align their 
measurement results. RMA particularly 
emphasized the need for establishing a 
tire testing reference lab for use with 
ISO 28580, referencing the European 
Tyre and Rim Technical Organization 
(ETRTO) estimate that CRR values could 
vary as much as 20 percent absent an 
inter-laboratory alignment procedure. 
RMA stated the agencies should specify 
a reference laboratory with the 
designation proposed in a supplemental 
notice that provides public comment. In 
addition, RMA commented that the 
extra burden proposed by the agencies 
for testing three tires, three times each 
is nine times more burdensome than 
what is required through the ISO 
procedure. 

Based on the additional tire rolling 
resistance research conducted by the 
agencies, we have decided to use the 
ISO 28580 test procedure, as proposed, 
to measure tire performance for these 
final rules. 

The agencies believe this test 
procedure provides two advantages over 
other test methods. First, the ISO 28580 
test method is unique in that it specifies 
a procedure to correlate results between 
different test equipment (i.e., different 
tire rolling resistance test machines). 
This is important because NHTSA’s 
research conducted for the light-duty 
tire fuel efficiency program indicated 
that machine-to-machine differences are 
a source of variation.156 In addition, the 
ISO 28580 test procedure is either used, 
or proposed to be used, by several 
groups including the European Union 
through Regulation (EC) No 661/ 
2009 157and the California Air Resources 
Board (CARB) through a staff 
recommendation for a California 

regulation,158 and the EPA SmartWay 
program. Using the ISO 28580 may help 
reduce burden on manufacturers by 
allowing a single test protocol to be 
used for multiple regulations and 
programs. While we recognize that 
commenters recommended the use of 
other test procedures, like SAE J1269, 
the agencies have determined there is 
no established data conversion method 
from the SAE J1269 vehicle condition 
for vocational vehicle tires to the ISO 
28580 single point condition at this 
time, and that given our reasonable 
preference for the ISO procedure, it 
would not be practical to attempt to 
include the use of the SAE J1269 
procedure as an optional way of 
determining CRR values for the GEM 
inputs. 

The agencies received comments from 
the Rubber Manufacturers Association, 
Michelin, and Bridgestone which 
identified the need to develop a 
reference lab and alignment tires. 
Because the ISO has not yet specified a 
reference lab and machine for the ISO 
28580 test procedure, NHTSA 
announced in its March 2010 final rule 
concerning the light-duty tire fuel 
efficiency consumer information 
program that NHTSA would specify this 
laboratory for the purposes of 
implementing that rule so that tire 
manufacturers would know the identity 
of the machine against which they may 
correlate their test results. NHTSA has 
not yet announced the reference test 
machine(s) for the tire fuel efficiency 
consumer information program. 
Therefore, for the light-duty tire fuel 
efficiency rule, the agencies are 
postponing the specification of a 
procedure for machine-to-machine 
alignment until a tire reference lab is 
established. The agencies anticipate 
establishing this lab in the future with 
intentions for the lab to accommodate 
the light-duty tire fuel efficiency 
program. 

Under the ISO 28580 lab alignment 
procedure, machine alignment is 
conducted using batches of alignment 
tires of two models with defined 
differences in rolling resistance that are 
certified on a reference test machine. 
ISO 28580 specifies requirements for 
these alignment tires (‘‘Lab Alignment 
Tires’’ or LATs), but exact tire sizes or 
models of LATs are not specifically 
identified in ISO 28580. Because the test 
procedure has not been finalized and 
heavy-duty LATs are not currently 
defined, the agencies are postponing the 
use of these elements of ISO 28580 to 
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a future rulemaking. The agencies also 
note the lab-to-lab comparison 
conducted in the most recent EPA tire 
test program mentioned previously. The 
agencies reviewed the CRR data from 
the tires that were tested at both the STL 
and Smithers laboratories to assess 
inter-laboratory and machine variability. 
The agencies conducted statistical 
analysis of the data to gain better 
understanding of lab-to-lab correlation 
and developed an adjustment factor for 
data measured at each of the test labs. 
Based on these results, the agencies 
believe the lab-to-lab variation for the 
STL and Smithers laboratories would 
have very small effect on measured CRR 
values. Based on the test data, the 
agencies judge that it is reasonable to 
implement the HD program with current 
levels of variability, and to allow the use 
of either Smithers or STL laboratories 
for determining the CRR value in the HD 
program, or demonstrate that the test 
facilities will not bias results low 
relative to Smithers or STL laboratories. 

RMA also commented that the extra 
burden proposed by the agencies for 
testing three tires, three times each is 
nine times more burdensome than what 
is required through the ISO procedure. 
Since the proposal, EPA obtained 
replicate test data for a number of Class 
8 combination tractor tires from various 
manufacturers. Some of these were tires 
submitted to SmartWay for verification, 
while some were tires tested by 
manufacturers for other purposes. Three 
tire model samples for 11 tire models 
were tested using the ISO 28580 test.159 
A mean and a standard deviation were 
calculated for each set of three replicate 
measurements performed on each tire of 
the 3-tire sample. The coefficient of 
variability (COV) of the CRR was 
calculated by dividing the standard 
deviation by the mean. The values of 
COV ranged from 0 percent (no 
measurable variability) to six percent. In 
addition, during the period September 
2010 and June 2011, EPA contracted 
with Smithers-Rapra to select and test 
for rolling resistance using ISO 28580 
for a representative sample of Class 4– 
8 vocational vehicle tires. As part of the 
test, 10 tires were selected for replicate 
testing.160 Three replicate tests were 
conducted for each of the tires, to 
evaluate test variability only. The COV 
of the RRC results ranged from nearly 0 
to 2 percent, with a mean of less than 
1 percent. Based on the results of these 
two testing programs, the agencies 

determined that the impact of 
production variability is greater than the 
impact of measurement variability. 
Thus, the agencies concluded that the 
extra burden of testing a single tire three 
times was not necessary to obtain 
accurate results, but the variability of 
RRC results due to manufacturing of the 
tires is significant to continue to require 
testing of three tire samples for each tire 
model. In summary, we are allowing 
manufacturers to determine the rolling 
resistance coefficient of the heavy-duty 
tires by testing three tire samples one 
time each. 

For the final rules, the agencies are 
also including a warm up cycle as part 
of the procedure for bias ply tires to 
allow these tires to reach a steady 
temperature and volume state before 
ISO 28580 testing. This procedure is 
similar to a procedure that was 
developed for the light-duty tire fuel 
efficiency consumer information 
program, and was adopted from a 
procedure defined in Federal motor 
vehicle safety standard No. 109 (FMVSS 
No. 109).161 

Finally, the agencies are including 
testing and reporting for ‘single-wide’ or 
‘super-single’ type tires. These tires 
replace the traditional ‘dual’ wheel tire 
combination with a single wheel and 
tire that is nearly as wide as the dual 
combination with similar load 
capabilities. These tire types were 
developed as a fuel saving technology. 
The tires provide lower rolling 
resistance along with a reduction in 
weight when compared to a typical set 
of dual wheel tire combinations; and are 
one of the technologies included in the 
EPA SmartWayTM program. The 
agencies have learned that there is 
limited testing equipment available that 
is capable of testing single wide tires; 
single wide tires require a wider test 
machine drum than required for 
conventional tires. Although the 
number of machines available is 
limited, the agencies believe the 
equipment is adequate for the testing 
and reporting of CRR for this program. 

As discussed above, the agencies are 
taking the approach of using CRR for the 
HD fuel efficiency and greenhouse gas 
program to align with the measurement 
methodology already employed or 
proposed by the EPA SmartWay 
program, the European Union 
Regulation (EC) No 661/2009 162 and the 
California Air Resources Board (CARB) 
through a staff recommendation for a 
California regulation.163 In the NPRM, 
the agencies proposed to use CRR, but 

for purposes of developing these final 
rules, the agencies also evaluated 
whether to use CRR or Rolling 
Resistance Force (RRF) as the 
measurement for tire rolling resistance 
for the GEM input. The agencies 
considered RRF largely because in the 
NPRM for Passenger Car Tire Fuel 
Efficiency (TFE) program, NHTSA had 
proposed to use RRF. A key distinction 
between these two programs, and their 
associated metrics, are the differences in 
how the measurement data are used and 
who uses the data. In particular, the HD 
fuel efficiency and GHG emissions 
program is a compliance program using 
information developed by and for 
technical personnel at manufacturers 
and agencies to determine a vehicle’s 
compliance with regulations. The TFE 
program, in contrast, is a consumer 
education program intended to inform 
consumers making purchase decisions 
regarding the fuel saving benefits of 
replacement passenger car tires. The 
target audiences are much different for 
the two programs which in turn affect 
how the information will be used. The 
agencies believe that RRF may be more 
intuitive for non-technical people 
because tires that are larger and/or that 
carry higher loads will generally have 
numerically higher RRF values than 
smaller tires and/or tires that carry 
lower loads. CRR values generally 
follow an opposite trend, where tires 
that are larger and/or carry higher loads 
will generally have numerically lower 
CRR values than smaller tires and/or 
tires that carry lower loads. The 
agencies believe this key distinction 
helps define the type of metrics to be 
used and communicated in accordance 
with their respective purposes. 

Additionally, the CRR metric for use 
in the MD/HD program is not 
susceptible to the skew associated with 
tire diameter. Medium- and heavy-duty 
vehicle tires are available in a small 
fraction of the tire sizes of the passenger 
market and, for the most part, are larger 
tires than those found on passenger cars. 
When viewing CRR over a larger range 
of sizes, small diameter tires tend to 
appear as having a lower performance, 
which is not necessarily accurate, with 
the converse occurring as the diameter 
increases. 

Using the CRR value for determining 
the rolling resistance also takes into 
account the load carrying capability for 
the tire being tested, which, intuitively, 
can lead to some potentially confusing 
results. Several vocational vehicle 
manufacturers argued in their comments 
that LRR tires were not available for, 
e.g., vehicles like refuse trucks, which 
tend to use large diameter tires to carry 
very heavy loads. Based on the agencies’ 
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testing, in fact, the measured CRR (as 
opposed to the RRF) for refuse trucks 
were found to be among the best tested. 
This finding can be explained by 
considering that CRR is calculated by 
dividing the measured rolling resistance 
force by the tire’s load capacity rating. 
Although the tire may have a relatively 
high rolling resistance force, the tire 
load capacity rating is also very high, 
resulting in an overall lower (better) 
CRR value than many other types of 
tires. The amount of load tire can carry 
(test load) contributes to a very low 
reported CRR, thus confirming low 
rolling resistance tires meeting the 
standards, as measured by CRR, are 
available to the industry regardless of 
segment or application. 

Based on these considerations, the 
agencies have decided to use the CRR 
metric for the HD fuel efficiency and 
GHG emissions program. 

(c) Defined Vehicle Configurations in 
the GEM 

As discussed above, the agencies are 
finalizing a methodology that chassis 
manufacturers will use to quantify the 
tire rolling resistance values to be input 
into the GEM. Moreover, the agencies 
are defining the remaining GEM inputs 
(i.e., specifying them by rule), which 
differ by the regulatory subcategory (for 
reasons described in the RIA Chapter 4). 
The defined inputs, among others, 
include the drive cycle, aerodynamics, 
vehicle curb weight, payload, engine 
characteristics, and drivetrain for each 
vehicle type. 

(i) Metric 
Based on NAS’s recommendation and 

feedback from the heavy-duty truck 
industry, NHTSA and EPA proposed 
standards for vocational vehicles that 
would be expressed in terms of moving 
a ton of payload over one mile. Thus, 
NHTSA’s proposed fuel consumption 
standards for these vehicles would be 
represented as gallons of fuel used to 
move one ton of payload one thousand 
miles, or gal/1,000 ton-mile. EPA’s 
proposed CO2 vehicle standards would 
be represented as grams of CO2 per ton- 
mile. The agencies received comments 
that a payload-based metric is not 
appropriate for all types of vocational 
vehicles, specifically buses. The 
agencies recognize that a payload-based 
approach may not be the most 
representative of an individual 
vocational application; however, it best 
represents the broad vocational 
category. The metric which we 
proposed treats all vocational 
applications equally and requires the 
same technologies be applied to meet 
the standard. Thus, the agencies are 

adopting the proposed metric, but will 
revisit the issue of metrics in any future 
action, if required, depending on the 
breadth of each standard. 

(ii) Drive cycle 
The drive cycles proposed for the 

vocational vehicles consisted of the 
same three modes used for the Class 7 
and 8 combination tractors. The 
proposed cycle included the Transient 
mode, as defined by California ARB in 
the HHDDT cycle, a constant speed 
cycle at 65 mph and a 55 mph constant 
speed mode. The agencies proposed 
different weightings for each mode for 
vocational vehicles than those proposed 
for Class 7 and 8 combination tractors, 
given the known difference in driving 
patterns between these two categories of 
vehicles. The same reasoning underlies 
the agencies’ use of the Heavy-duty FTP 
cycle to evaluate compliance with the 
standards for diesel engines used in 
vocational vehicles. 

The variety of vocational vehicle 
applications makes it challenging to 
establish a single cycle which is 
representative of all such trucks. 
However, in aggregate, the vocational 
vehicles typically operate over shorter 
distances and spend less time cruising 
at highway speeds than combination 
tractors. The agencies evaluated for 
proposal two sources for mode 
weightings, as detailed in RIA Chapter 
3. The agencies proposed the mode 
weightings based on the vehicle speed 
characteristics of single unit trucks used 
in EPA’s MOVES model which were 
developed using Federal Highway 
Administration data to distribute 
vehicle miles traveled by road type.164 
The proposed weighted CO2 and fuel 
consumption value consisted of 37 
percent of 65 mph Cruise, 21 percent of 
55 mph Cruise, and 42 percent of 
Transient performance. 

The agencies received comments 
stating that the proposed drive cycles 
and weightings are not representative of 
individual vocational applications, such 
as buses and refuse haulers. A number 
of groups commented that the 
vocational vehicle cycle is not 
representative of real world driving and 
recommended changes to address that 
concern. Several organizations proposed 
the addition of new drive cycles to make 
the test more representative. 

Bendix suggested using the Composite 
International Truck Local and 
Commuter Cycle (CILCC) as the general 
purpose mixed urban/freeway cycles 

and to use four representative cycles: 
mixed urban, freeway, city bus, refuse, 
and utility. Bendix suggested using the 
Standardized On-Road Test (SORT) 
cycles for vocational vehicles operating 
in the urban environment in addition to 
SORT cycles for 3 different vocations— 
with separate weightings. They stated 
that SORT with an average speed of 11.2 
mph, lines up most closely with the 
average of transit bus duty cycles at 9.9 
mph as well as the overall U.S. National 
average of 12.6 mph. As alternative 
approaches they suggested adopting the 
Orange County duty cycle for the urban 
transit bus vocation, or creating an 
Urban Transit Bus cycle with several 
possible weighting factors—all with 
very high percentage transient (90% to 
100%), very low 55 mph (0% to 7%), 
very low 65 mph (0% to 3%), and an 
average speed of 15 to 17 mph. Bendix 
supported their assertions about urban 
bus vehicle speed with data from the 
2010 American Public Transportation 
Association (APTA) ‘Fact Book’ and 
other sources. In contrast, Bendix stated, 
the GEM cycle average speed is 
currently 32.6 mph. Such high speeds at 
steady state will penalize technologies 
such as hybridization. 

Clean Air Task Force said the 
agencies have not adequately addressed 
the diversity of the vocational vehicle 
fleet since they are not distinguished by 
different duty cycles. They urged the 
agencies to sub-divide vocational 
vehicles by expected use, with separate 
test cycles for each sub-group in order 
to capture the full potential benefits of 
hybridization and other advanced 
technologies in a meaningful and 
accurate way in future rulemakings for 
MY2019 and later trucks. 

Two groups cautioned that 
unintended consequences could result 
from the lack of diversity in duty cycles. 
DTNA said that the single drive cycle 
proposed for all vehicles by the agencies 
would likely lead to unintended 
consequences—such as customers being 
driven for regulatory reasons to 
purchase a transmission that does not 
suit their actual operation. Similarly, 
Volvo said medium- and heavy-duty 
vehicles are uniquely built for specific 
applications but it will not be feasible 
to develop regulatory protocols that can 
accurately predict efficiency in each 
application duty cycle. This trade-off 
could result in unintended or negative 
consequences in parts of the market. 

Several commenters suggested 
changing the weightings of the cycle to 
more accurately reflect real world 
driving. Allison stated that the 
vocational vehicle cycle includes too 
much steady state driving time. They 
suggested (with supporting data from 
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the Oakridge National Laboratory 
analysis) reducing steady state driving 
at 60 mph to minimal or no time on the 
cycle to address this problem. Allison 
commented that GEM contains lengthy 
accelerations to reach 55 and 65 miles 
per hour—much longer than is required 
in real world driving. They supported 
this statement with data from a testing 
program conducted at Oakridge 
National Laboratory showing medium- 
and heavy-duty vehicles accelerate more 
rapidly than in the GEM drive cycle. 
According to Allison, this long 
acceleration time in the GEM, coupled 
with too much steady state operation 
with very little variation, is not 
representative of vocational vehicle 
operation. In addition, Allison said that 
the GEM does not adequately account 
for shift time, clutch profile, turbo lag, 
and other impacts on both steady state 
and transient operation. The impact, 
they state, is that the cycle will hinder 
proper deployment of technologies to 
reduce fuel consumption and GHG 
emissions. 

BAE focused their comments on 
urban transit bus operation. They stated 
the weighting factors for steady state 
operation are inconsistent with urban 
transit bus cycles. 

Other commenters suggested the 
agencies develop chassis dynamometer 
tests based on the engine (FTP) test. 
Cummins said that chassis 
dynamometer testing should allow the 
use of average vehicle characteristics to 
determine road load and make use of 
the vehicle FTP and SET cycles. Others 
commented that the correlation between 
the FTP and the UDDS is poor. 

After careful consideration of the 
comments, the agencies are adopting the 
proposed drive cycles. The final drive 
cycles and weightings represent the 
straight truck operations which 
dominate the vehicle miles travelled by 
vocational vehicles. The agencies do not 
believe that application-specific drive 
cycles are required for this final action 
because the program is based on the 
generally-applicable use of low rolling 
resistance tires. The drive cycles that we 
are adopting treat all vocational 
applications equally predicate standard 
stringency on use of the same 
technology (LRR tires) to meet the 
standard. The drive cycles in the final 
rule accurately reflect the performance 
of this technology. The agencies are also 
finalizing, as proposed, the mode 
weightings based on the vehicle speed 
characteristics of single unit trucks used 
in EPA’s MOVES model which were 
developed using Federal Highway 
Administration data to distribute 

vehicle miles traveled by road type.165 
Similar to the issue of metrics discussed 
above, the agencies may revisit drive 
cycles and weightings in any future 
regulatory action to develop standards 
specific to applications. 

(iii) Empty Weight and Payload 
The total weight of the vehicle is the 

sum of the tractor curb weight and the 
payload. The agencies are proposed to 
specify each of these aspects of the 
vehicle. The agencies developed the 
proposed vehicle curb weight inputs 
based on industry information 
developed by ICF.166 The proposed curb 
weights were 10,300 pounds for the 
LHD trucks, 13,950 pounds for the MHD 
trucks, and 29,000 pounds for the HHD 
trucks. 

NHTSA and EPA proposed payload 
requirements for each regulatory 
category developed from Federal 
Highway statistics based on averaging 
the payloads for the weight categories 
represented within each vehicle 
subcategory.167 The proposed payloads 
were 5,700 pounds for the Light Heavy- 
Duty trucks, 11,200 pounds for Medium 
Heavy-Duty trucks, and 38,000 pounds 
for Heavy Heavy-Duty trucks. 

The agencies received comments from 
several stakeholders regarding the 
proposed curb weights and payloads for 
vocational vehicles. BAE said a Class 8 
transit bus has a typical curb weight of 
27,000 pounds and maximum payload 
of 15,000 pounds. Daimler commented 
that Class 8 buses have a GVWR of 
42,000 pounds. Autocar said that Class 
8 refuse trucks typically have a curb 
weight of 31,000 to 33,000 pounds, 
typical average payload of 10,000 
pounds, and typical maximum payload 
of 20,000 pounds. 

Upon further consideration, the 
agencies are reducing the assigned 
weight of heavy heavy-duty vocational 
vehicles. While we still believe the 
proposed values are appropriate for 
some vocational vehicles, we reduced 
the total weight to bring it closer to 
some of the lighter vocational vehicles. 
The agencies are adopting final curb 
weights of 10,300 pounds for the LHD 

trucks, 13,950 pounds for the MHD 
trucks, and 27,000 pounds for the HHD 
trucks. The agencies are also adopting 
payloads of 5,700 pounds for the Light 
Heavy-Duty trucks, 11,200 pounds for 
Medium Heavy-Duty trucks, and 15,000 
pounds for Heavy Heavy-Duty trucks. 
Additional information is available in 
RIA Chapter 3. 

(iv) Engine 

As the agencies are finalizing separate 
engine and vehicle standards, the GEM 
will be used to assess the compliance of 
the chassis with the vehicle standard. 
To maintain the separate assessments, 
the agencies are adopting the proposed 
approach of using fixed values that are 
predefined by the agencies for the 
engine characteristics used in GEM, 
including the fuel consumption map 
which provides the fuel consumption at 
hundreds of engine speed and torque 
points. If the agencies did not 
standardize the fuel map, then a vehicle 
that uses an engine with emissions and 
fuel consumption better than the 
standards would require fewer vehicle 
reductions than those being finalized. 
As proposed, the agencies are using 
diesel engine characteristics in the 
GEM, as most representative of the 
largest fraction of engines in this 
market. The agencies did not receive 
any adverse comments to using this 
approach. 

The agencies are finalizing two 
distinct sets of fuel consumption maps 
for use in GEM. The first fuel 
consumption map would be used in 
GEM for the 2014 through 2016 model 
years and represent a diesel engine 
which meets the 2014 model year 
engine CO2 emissions standards. A 
second fuel consumption map would be 
used beginning in the 2017 model year 
and represents a diesel engine which 
meets the 2017 model year CO2 
emissions and fuel consumption 
standards and accounts for the 
increased stringency in the final MY 
2017 standard). The agencies have 
modified the 2017 MY heavy heavy- 
duty diesel fuel map used in the GEM 
for the final rulemaking to address 
comments received. Details regarding 
this change can be found in RIA Chapter 
4.4.4. Effectively there is no change in 
stringency of the vocational vehicle 
standard (not including the engine) 
between the 2014 MY and 2017 MY 
standards for the full rulemaking period. 
These inputs are reasonable (indeed, 
seemingly necessitated) given the 
separate final regulatory requirement 
that vocational vehicle chassis 
manufacturers use only certified 
engines. 
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(v) Drivetrain 

The agencies’ assessment of the 
current vehicle configuration process at 
the truck dealer’s level is that the truck 
companies provide software tools to 
specify the proper drivetrain matched to 
the buyer’s specific circumstances. 
These dealer tools allow a significant 
amount of customization for drive cycle 
and payload to provide the best 
specification for the customer. The 
agencies are not seeking to disrupt this 
process. Optimal drivetrain selection is 
dependent on the engine, drive cycle 
(including vehicle speed and road 
grade), and payload. Each combination 
of engine, drive cycle, and payload has 
a single optimal transmission and final 
drive ratio. The agencies are specifying 
the engine’s fuel consumption map, 
drive cycle, and payload; therefore, it 
makes sense to specify the drivetrain 
that matches. 

(d) Engine Metrics and Test Procedures 

EPA proposed that the GHG emission 
standards for heavy-duty engines under 
the CAA would be expressed as g/bhp- 
hr while NHTSA’s proposed fuel 
consumption standards under EISA, in 
turn, be represented as gal/100 bhp-hr. 
The NAS panel did not specifically 
discuss or recommend a metric to 
evaluate the fuel consumption of heavy- 
duty engines. However, as noted above 
they did recommend the use of a load- 
specific fuel consumption metric for the 
evaluation of vehicles.168 An analogous 
metric for engines is the amount of fuel 
consumed per unit of work. The g/bhp- 
hr metric is also consistent with EPA’s 
current standards for non-GHG 
emissions for these engines. The 
agencies did not receive any adverse 
comments related to the metrics for HD 
engines; therefore, we are adopting the 
metrics as proposed. 

With regard to GHG and fuel 
consumption control, the agencies 
believe it is appropriate to set standards 
based on a single test procedure, either 
the Heavy-duty FTP or SET, depending 
on the primary expected use of the 
engine. EPA’s criteria pollutant 
standards for engines currently require 
that manufacturers demonstrate 
compliance over the transient Heavy- 
duty FTP cycle; over the steady-state 
SET procedure; and during not-to- 
exceed testing. EPA created this multi- 
layered approach to criteria emissions 
control in response to engine designs 
that optimized operation for lowest fuel 
consumption at the expense of very high 
criteria emissions when operated off the 
regulatory cycle. EPA’s use of multiple 

test procedures for criteria pollutants 
helps to ensure that manufacturers 
calibrate engine systems for compliance 
under all operating conditions. We are 
not concerned if manufacturers further 
calibrate these engines off cycle to give 
better in-use fuel consumption while 
maintaining compliance with the 
criteria emissions standards as such 
calibration is entirely consistent with 
the goals of our joint program. Further, 
we believe that setting standards based 
on both transient and steady-state 
operating conditions for all engines 
could lead to undesirable outcomes. 

It is critical to set standards based on 
the most representative test cycles in 
order for performance in-use to obtain 
the intended (and feasible) air quality 
and fuel consumption benefits. We are 
finalizing standards based on the 
composite Heavy-duty FTP cycle for 
engines used in vocational vehicles 
reflecting these vehicles’ primary use in 
transient operating conditions typified 
by frequent accelerations and 
decelerations as well as some steady 
cruise conditions as represented on the 
Heavy-duty FTP. The primary reason 
the agencies are finalizing two separate 
diesel engine standards—one for diesel 
engines used in tractors and the other 
for diesel engines used in vocational 
vehicles—is to encourage engine 
manufacturers to install engine 
technologies appropriate to the intended 
use of the engine with the vehicle. The 
current non-GHG emissions engine test 
procedures also require the 
development of regeneration emission 
rates and frequency factors to account 
for the emission changes during a 
regeneration event (40 CFR 86.004–28). 
EPA and NHTSA proposed not to 
include these emissions from the 
calculation of the compliance levels 
over the defined test procedures. 
Cummins and Daimler supported and 
stated sufficient incentives already exist 
for manufacturers to limit regeneration 
frequency. Conversely, Volvo opposed 
the omission of IRAF requirements for 
CO2 emissions because emissions from 
regeneration can be a significant portion 
of the expected improvement and a 
significant variable between 
manufacturers 

For the proposal, we considered 
including regeneration in the estimate of 
fuel consumption and GHG emissions 
and decided not to do so for two 
reasons. First, EPA’s existing criteria 
emission regulations already provide a 
strong motivation to engine 
manufacturers to reduce the frequency 
and duration of infrequent regeneration 
events. The very stringent 2010 NOX 
emission standards cannot be met by 
engine designs that lead to frequent and 

extend regeneration events. Hence, we 
believe engine manufacturers are 
already reducing regeneration emissions 
to the greatest degree possible. In 
addition to believing that regenerations 
are already controlled to the extent 
technologically possible, we believe that 
attempting to include regeneration 
emissions in the standard setting could 
lead to an inadvertently lax emissions 
standard. In order to include 
regeneration and set appropriate 
standards, EPA and NHTSA would have 
needed to project the regeneration 
frequency and duration of future engine 
designs in the time frame of this 
program. Such a projection would be 
inherently difficult to make and quite 
likely would underestimate the progress 
engine manufacturers will make in 
reducing infrequent regenerations. If we 
underestimated that progress, we would 
effectively be setting a more lax set of 
standards than otherwise would be 
expected. Hence in setting a standard 
including regeneration emissions we 
faced the real possibility that we would 
achieve less effective CO2 emissions 
control and fuel consumption 
reductions than we will achieve by not 
including regeneration emissions. 
Therefore, the agencies are finalizing an 
approach as proposed which does not 
include the regenerative emissions. 

(e) Hybrid Powertrain Technology 
Although the final vocational vehicle 

standards are not premised on use of 
hybrid powertrains, certain vocational 
vehicle applications may be suitable 
candidates for use of hybrids due to the 
greater frequency of stop-and-go urban 
operation and their use of power take- 
off (PTO) systems. Examples are 
vocational vehicles used predominantly 
in stop-start urban driving (e.g., delivery 
trucks). As an incentive, the agencies 
are finalizing to provide credits for the 
use of hybrid powertrain technology as 
described in Section IV. Under the 
advanced technology credit provisions, 
credits generated by use of hybrid 
powertrains could be used to meet any 
of the heavy-duty standards, and are not 
restricted to the averaging set generating 
the credit, unlike the other credit 
provisions in the final rules. The 
agencies are finalizing that any credits 
generated using such advanced 
technologies could be applied to any 
heavy-duty vehicle or engine, and not 
be limited to the averaging set 
generating the credit. Section IV below 
also details the final approach to 
account for the use of a hybrid 
powertrain when evaluating compliance 
with the vehicle standard. In general, 
manufacturers can derive the fuel 
consumption and CO2 emissions 
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169 The agencies have identified Lodal, Indiana 
Phoenix, Autocar LLC, HME, Giradin, Azure 
Dynamics, DesignLine International, Ebus, Krystal 
Koach, and Millenium Transit Services LLC as 
potential small business chassis manufacturers. 

170 M.J. Bradley. Heavy-duty Vehicle Market 
Analysis. May 2009. 

171 The agencies have identified Baytech 
Corporation, Clean Fuels USA, and BAF 
Technologies, Inc. as three potential small 
businesses. 

172 NHTSA’s statutory responsibilities relating to 
reducing fuel consumption are directly related to 
reducing CO2 emissions, but not to the control of 
other GHGs. 

173 The global warming potentials (GWP) used in 
this rule are consistent with the 2007 
Intergovernmental Panel on Climate Change (IPCC) 
Fourth Assessment Report (AR4). At this time, the 
1996 IPCC Second Assessment Report (SAR) GWP 
values are used in the official U.S. greenhouse gas 
inventory submission to the United Nations 
Framework Convention on Climate Change (per the 
reporting requirements under that international 
convention). N2O has a GWP of 298 and CH4 has 
a GWP of 25 according to the 2007 IPCC AR4. 

reductions based on comparative test 
results using the final chassis testing 
procedures. 

(3) Summary of Final Flexibility and 
Credit Provisions 

EPA and NHTSA are finalizing four 
flexibility provisions specifically for 
heavy-duty vocational vehicle and 
engine manufacturers, as discussed in 
Section IV below. These are an 
averaging, banking and trading program 
for emissions and fuel consumption 
credits, as well as provisions for early 
credits, advanced technology credits, 
and credits for innovative vehicle or 
engine technologies which are not 
included as inputs to the GEM or are not 
demonstrated on the engine FTP test 
cycle. With the exception of the 
advanced technology credits, credits 
generated under these provisions can 
only be used within the same averaging 
set which generated the credit (for 
example, credits generated by HHD 
vocational vehicles can only be used by 
HHD vehicles). EPA is also adopting a 
temporary provision whereby N2O 
emission credits can be used to comply 
with the CO2 emissions standard, as 
described in Section IV below. 

(3) Deferral of Standards for Small 
Chassis Manufacturing Business and 
Small Business Engine Companies 

EPA and NHTSA are finalizing an 
approach to defer greenhouse gas 
emissions and fuel consumption 
standards from small vocational vehicle 
chassis manufacturers meeting the SBA 
size criteria of a small business as 
described in 13 CFR 121.201 (see 40 
CFR 1036.150 and 1037.150). The 
agencies will instead consider 
appropriate GHG and fuel consumption 
standards for these entities as part of a 
future regulatory action. This includes 
both U.S.-based and foreign small 
volume heavy-duty truck and engine 
manufacturers. 

The agencies have identified ten 
chassis entities that appear to fit the 
SBA size criterion of a small 
business.169 The agencies estimate that 
these small entities comprise less than 
0.5 percent of the total heavy-duty 
vocational vehicle market in the United 
States based on Polk Registration Data 
from 2003 through 2007,170 and 
therefore that the exemption will have 
a negligible impact on the GHG 

emissions and fuel consumption 
improvements from the final standards. 

EPA and NHTSA have also identified 
three engine manufacturing entities that 
appear to fit the SBA size criteria of a 
small business based on company 
information included in Hoover’s.171 
Based on 2008 and 2009 model year 
engine certification data submitted to 
EPA for non-GHG emissions standards, 
the agencies estimate that these small 
entities comprise less than 0.1 percent 
of the total heavy-duty engine sales in 
the United States. The final exemption 
from the standards established under 
this rulemaking would have a negligible 
impact on the GHG emissions and fuel 
consumption reductions otherwise due 
to the standards. 

To ensure that the agencies are aware 
of which companies would be exempt, 
we are finalizing as proposed to require 
that such entities submit a declaration 
to EPA and NHTSA containing a 
detailed written description of how that 
manufacturer qualifies as a small entity 
under the provisions of 13 CFR 121.201, 
as described in Section V below. 

E. Other Standards 

In addition to finalizing CO2 emission 
standards for heavy-duty vehicles and 
engines, EPA is also finalizing separate 
standards for N2O and CH4 
emissions.172 NHTSA is not finalizing 
comparable separate standards for these 
GHGs because they are not directly 
related to fuel consumption in the same 
way that CO2 is, and NHTSA’s authority 
under EISA exclusively relates to fuel 
efficiency. N2O and CH4 are important 
GHGs that contribute to global warming, 
more so than CO2 for the same amount 
of emissions due to their high Global 
Warming Potential (GWP).173 EPA is 
finalizing N2O and CH4 standards which 
apply to HD pickup trucks and vans as 
well as to all heavy-duty engines. EPA 
is not finalizing N2O and CH4 standards 
for the Class 7 and 8 tractor or Class 2b- 
8 chassis manufacturers because these 

emissions would be controlled through 
the engine program. 

EPA requested comment on possible 
alternative CO2 equivalent approaches 
to provide near-term flexibility for 
2012–14 MY light-duty vehicles. As 
described below, EPA is finalizing 
alternative provisions allowing 
manufacturers to use CO2 credits, on a 
CO2-equivalent (CO2eq) basis, to meet 
the N2O and CH4 standards, which is 
consistent with many commenters’ 
preferred approach. 

Almost universally across current 
engine designs, both gasoline- and 
diesel-fueled, N2O and CH4 emissions 
are relatively low today and EPA does 
not believe it would be appropriate or 
feasible to require reductions from the 
levels of current gasoline and diesel 
engines. This is because for the most 
part, the same hardware and controls 
used by heavy-duty engines and 
vehicles that have been optimized for 
non-methane hydrocarbon (NMHC) and 
NOX control indirectly result in highly 
effective control of N2O and CH4. 
Additionally, unlike criteria pollutants, 
specific technologies beyond those 
presently implemented in heavy-duty 
vehicles to meet existing emission 
requirements have not surfaced that 
specifically target reductions in N2O or 
CH4. Because of this, reductions in N2O 
or CH4 beyond current levels in most 
heavy-duty applications would occur 
through the same mechanisms that 
result in NMHC and NOX reductions 
and would likely result in an increase 
in the overall stringency of the criteria 
pollutant emission standards. 
Nevertheless, it is important that future 
engine technologies or fuels not 
currently researched do not result in 
increases in these emissions, and this is 
the intent of the final ‘‘cap’’ standards. 
The final standards would primarily 
function to cap emissions at today’s 
levels to ensure that manufacturers 
maintain effective N2O and CH4 
emissions controls currently used 
should they choose a different 
technology path from what is currently 
used to control NMHC and NOX but also 
largely successful methods for 
controlling N2O and CH4. As discussed 
below, some technologies that 
manufacturers may adopt for reasons 
other than reducing fuel consumption or 
GHG emissions could increase N2O and 
CH4 emissions if manufacturers do not 
address these emissions in their overall 
engine and aftertreatment design and 
development plans. Manufacturers will 
be able to design and develop the 
engines and aftertreatment to avoid such 
emissions increases through appropriate 
emission control technology selections 
like those already used and available 
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174 Value adapted from ‘‘Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990–2007’’. 
April 2009. 

175 Memorandum ‘‘N2O Data from EPA Heavy- 
Duty Testing’’. 

today. Because EPA believes that these 
standards can be capped at the same 
level, regardless of type of HD engine 
involved, the following discussion 
relates to all types of HD engines 
regardless of the vehicles in which such 
engines are ultimately used. In addition, 
since these standards are designed to 
cap current emissions, EPA is finalizing 
the same standards for all of the model 
years to which the rules apply. 

EPA believes that the final N2O and 
CH4 cap standards will accomplish the 
primary goal of deterring increases in 
these emissions as engine and 
aftertreatment technologies evolve 
because manufacturers will continue to 
target current or lower N2O and CH4 
levels in order to maintain typical 
compliance margins. While the cap 
standards are set at levels that are higher 
than current average emission levels, 
the control technologies used today are 
highly effective and there is no reason 
to believe that emissions will slip to 
levels close to the cap, particularly 
considering compliance margin targets. 
The caps will protect against significant 
increases in emissions due to new or 
poorly implemented technologies. 
However, we also believe that an 
alternative compliance approach that 
allows manufacturers to convert these 
emissions to CO2eq emission values and 
combine them with CO2 into a single 
compliance value would also be 
appropriate, so long as it did not 
undermine the stringency of the CO2 
standard. As described below, EPA is 
finalizing that such an alternative 
compliance approach be available to 
manufacturers to provide certain 
flexibilities for different technologies. 

EPA requested comments in the 
NPRM on the approach to regulating 
N2O and CH4 emissions including the 
appropriateness of ‘‘cap’’ standards, the 
technical bases for the levels of the final 
N2O and CH4 standards, the final test 
procedures, and the final timing for the 
standards. In addition, EPA requested 
any additional emissions data on N2O 
and CH4 from current technology 
engines. We solicited additional data, 
and especially data for in-use vehicles 
and engines that would help to better 
characterize changes in emissions of 
these pollutants throughout their useful 
lives, for both gasoline and diesel 
applications. As is typical for EPA 
emissions standards, we are finalizing 
that manufacturers should establish 
deterioration factors to ensure 
compliance throughout the useful life. 
We are not at this time aware of 
deterioration mechanisms for N2O and 
CH4 that would result in large 
deterioration factors, but neither do we 
believe enough is known about these 

mechanisms to justify finalizing 
assigned factors corresponding to no 
deterioration, as we are finalizing for 
CO2, or for that matter to any 
predetermined level. In addition to N2O 
and CH4 standards, this section also 
discusses air conditioning-related 
provisions and EPA provisions to 
extend certification requirements to all- 
electric HD vehicles and vehicles and 
engines designed to run on ethanol fuel. 

(1) What is EPA’s Approach to 
Controlling N2O? 

N2O is a global warming gas with a 
GWP of 298. It accounts for about 0.3 
percent of the current greenhouse gas 
emissions from heavy-duty trucks.174 

N2O is emitted from gasoline and 
diesel vehicles mainly during specific 
catalyst temperature conditions 
conducive to N2O formation. 
Specifically, N2O can be generated 
during periods of emission hardware 
warm-up when rising catalyst 
temperatures pass through the 
temperature window when N2O 
formation potential is possible. For 
current heavy-duty gasoline engines 
with conventional three-way catalyst 
technology, N2O is not generally 
produced in significant amounts 
because the time the catalyst spends at 
the critical temperatures during warm- 
up is short. This is largely due to the 
need to quickly reach the higher 
temperatures necessary for high catalyst 
efficiency to achieve emission 
compliance of criteria pollutants. N2O 
formation is generally only a concern 
with diesel and potentially with future 
gasoline lean-burn engines with 
compromised NOX emissions control 
systems. If the risk for N2O formation is 
not factored into the design of the 
controls, these systems can but need not 
be designed in a way that emphasizes 
efficient NOX control while allowing the 
formation of significant quantities of 
N2O. However, these future advanced 
gasoline and diesel technologies do not 
inherently require N2O formation to 
properly control NOX. Pathways exist 
today that meet criteria emission 
standards that would not compromise 
N2O emissions in future systems as 
observed in current production engine 
and vehicle testing 175 which would also 
work for future diesel and gasoline 
technologies. Manufacturers would 
need to use appropriate technologies 
and temperature controls during future 
development programs with the 
objective to optimize for both NOX and 

N2O control. Therefore, future designs 
and controls at reducing criteria 
emissions would need to take into 
account the balance of reducing these 
emissions with the different control 
approaches while also preventing 
inadvertent N2O formation, much like 
the path taken in current heavy-duty 
compliant engines and vehicles. 
Alternatively, manufacturers who find 
technologies that reduce criteria or CO2 
emissions but see increases N2O 
emissions beyond the cap could choose 
to offset N2O emissions with reduction 
in CO2 as allowed in the CO2eq option 
discussed in Section II.E.3. 

EPA is finalizing an N2O emission 
standard that we believe would be met 
by most current-technology gasoline and 
diesel vehicles at essentially no cost to 
the vehicle, though the agency is 
accounting for additional N2O 
measurement equipment costs. EPA 
believes that heavy-duty emission 
standards since 2008 model year, 
specifically the very stringent NOX 
standards for both engine and chassis 
certified engines, directly result in 
stringent N2O control. It is believed that 
the current emission control 
technologies used to meet the stringent 
NOX standards achieve the maximum 
feasible reductions and that no 
additional technologies are recognized 
that would result in additional N2O 
reductions. As noted, N2O formation in 
current catalyst systems occurs, but 
their emission levels are inherently low, 
because the time the catalyst spends at 
the critical temperatures during warm- 
up when N2O can form is short. At the 
same time, we believe that the standard 
would ensure that the design of 
advanced NOX control systems for 
future diesel and lean-burn gasoline 
vehicles would control N2O emission 
levels. While current NOX control 
approaches used on current heavy-duty 
diesel vehicles do not compromise N2O 
emissions and actually result in N2O 
control, we believe that the standards 
would discourage any new emission 
control designs for diesels or lean-burn 
gasoline vehicles that achieve criteria 
emissions compliance at the cost of 
increased N2O emissions. Thus, the 
standard would cap N2O emission 
levels, with the expectation that current 
gasoline and diesel vehicle control 
approaches that comply with heavy- 
duty vehicle emission standards for 
NOX would not increase their emission 
levels, and that the cap would ensure 
that future diesel and lean-burn gasoline 
vehicles with advanced NOX controls 
would appropriately control their 
emissions of N2O. 
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176 Memorandum ‘‘N2O Data from EPA Heavy- 
Duty Testing.’’ 

177 Coordinating Research Council Report: ACES 
Phase 1 of the Advanced Collaborative Emissions 
Study, 2009. (This study included detailed 
chemical characterization of exhaust species 
emitted from four 2007 model year heavy heavy 
diesel engines). 

178 Engine Manufacturers Association. EMA N2O 
Email 03_22_2011. See Docket EPA–HQ–OAR– 
2010–0162. 

(a) Heavy-Duty Pickup Truck and Van 
N2O Exhaust Emission Standard 

EPA is finalizing the proposed per- 
vehicle N2O emission standard of 0.05 
g/mi, measured over the Light-duty FTP 
and HFET drive cycles. Similar to the 
CO2 standard approach, the N2O 
emission level of a vehicle would be a 
composite of the Light-duty FTP and 
HFET cycles with the same 55 percent 
city weighting and 45 percent highway 
weighting. The standard would become 
effective in model year 2014 for all HD 
pickups and vans that are subject to the 
CO2 emission requirements. Averaging 
between vehicles would not be allowed. 
The standard is designed to prevent 
increases in N2O emissions from current 
levels, i.e., a no-backsliding standard. 

The N2O standard level is 
approximately two times the average 
N2O level of current gasoline and diesel 
heavy-duty trucks that meet the NOX 
standards effective since 2008 model 
year.176 Manufacturers typically use 
design targets for NOX emission levels at 
approximately 50 percent of the 
standard, to account for in-use 
emissions deterioration and normal 
testing and production variability, and 
we expect manufacturers to utilize a 
similar approach for N2O emission 
compliance. We are not adopting a more 
stringent standard for current gasoline 
and diesel vehicles because the 
stringent heavy-duty NOX standards 
already result in significant N2O control, 
and we do not expect current N2O levels 
to rise for these vehicles particularly 
with expected manufacturer compliance 
margins. 

Diesel heavy-duty pickup trucks and 
vans with advanced emission control 
technology are in the early stages of 
development and commercialization. As 
this segment of the vehicle market 
develops, the final N2O standard would 
require manufacturers to incorporate 
control strategies that minimize N2O 
formation. Available approaches 
include using electronic controls to 
limit catalyst conditions that might 
favor N2O formation and considering 
different catalyst formulations. While 
some of these approaches may have 
associated costs, EPA believes that they 
will be small compared to the overall 
costs of the advanced NOX control 
technologies already required to meet 
heavy-duty standards. 

The light-duty GHG rule requires that 
manufacturers begin testing for N2O by 
2015 model year. The manufacturers of 
complete pickup trucks and vans (Ford, 
General Motors, and Chrysler) are 
already impacted by the light-duty GHG 
rule and will therefore have this 
equipment and capability in place for 
the timing of this rulemaking. 

Overall, we believe that 
manufacturers of HD pickups and vans 
(both gasoline and diesel) would meet 
the standard without implementing any 
significantly new technologies, only 
further refinement of their existing 
controls, and we do not expect there to 
be any significant costs associated with 
this standard. 

(b) Heavy-Duty Engine N2O Exhaust 
Emission Standard 

EPA proposed a per engine N2O 
emissions standard of 0.05 g/bhp-hr for 
heavy-duty engines, but is finalizing a 
standard of 0.10 g/bhp-hr based on 
additional data submitted to the agency 
which better represents the full range of 
current diesel and gasoline engine 
performance. The final N2O standard 
becomes effective in 2014 model year 
for diesel engines, as proposed. 
However, EPA is finalizing N2O 
standards for gasoline engines that 
become effective in 2016 model year to 
align with the first year of the CO2 
gasoline engine standards. Without this 
alignment, manufacturers would not 
have any flexibility, such as CO2eq 
credits, in meeting the N20 cap and 
therefore would not have any recourse 
to comply if an engine’s N2O emissions 
were above the standard. The standard 
remains the same over the useful life of 
the engine. The N2O emissions would 
be measured over the composite Heavy- 
duty FTP cycle because it is believed 
that this cycle poses the highest risk for 
N2O formation versus the additional 
heavy-duty compliance cycles. The 
agencies received comments from 
industry suggesting that the N2O and 
CH4 emissions be evaluated over the 
same test cycle required for CO2 
emissions compliance. In other words, 
the commenters wanted to have the N2O 
emissions measured over the SET for 
engines installed in tractors. The 
agencies are not adopting this approach 
for the final action because we do not 
have sufficient data to set the 
appropriate N2O level using the SET. 
The agencies are not requiring any 
additional burden by requiring the 

measurement to be conducted over the 
Heavy-Duty FTP cycle because it is 
already required for criteria emissions. 
Averaging of N2O emissions between 
HD engines will not be allowed. The 
standard is designed to prevent 
increases in N2O emissions from current 
levels, i.e., a no-backsliding standard. 

The proposed N2O level was twice the 
average N2O level of primarily pre-2010 
model year diesel engines as 
demonstrated in the ACES Study and in 
EPA’s testing of two additional engines 
with selective catalytic reduction 
aftertreatement systems.177 
Manufacturers typically use design 
targets for NOX emission levels of about 
50 percent of the standard, to account 
for in-use emissions deterioration and 
normal testing and production 
variability, and manufacturers are 
expected to utilize a similar approach 
for N2O emission compliance. 

EPA sought comment about 
deterioration factors for N2O emissions. 
See 75 FR 74208. Industry stakeholders 
recommended that the agency define a 
DF of zero. While we believe it is also 
possible that N2O emissions will not 
deteriorate in use, very little data exist 
for aged engines and vehicles. 
Therefore, the value we are assigning is 
conservative, specifically additive DF of 
0.02 g/bhp-hr. While the value is 
conservative, it is small enough to allow 
compliance for all engines except those 
very close to the standards. For engines 
too close to the standard to use the 
assigned DFs, the manufacturers would 
need to demonstrate via engineering 
analysis that deterioration is less than 
assigned DF. 

EPA sought additional data on the 
level of the proposed N2O level of 0.05 
g/bhp-hr. See 75 FR 74208. The agency 
received additional data of 2010 model 
year engines from the Engine 
Manufacturers Association.178 The 
agencies reanalyzed a new data set, as 
shown in Table II–22, to derive the final 
N2O standard of 0.10 g/bhp-hr with a 
defined deterioration factor of 0.02 g/ 
bhp-hr. 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00086 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57191 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

179 Value adapted from ‘‘Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990–2007. 
April 2009. 

180 But See Ford Motor Co. v. EPA, 604 F. 2d 685 
(DC Cir. 1979) (permissible for EPA to regulate CH4 
under CAA section 202(b)). 

TABLE II–22—N2O DATA ANALYSIS 

Engine family Rated power 
(HP) 

Composite 
FTP cycle N2O 

result 
(g/bhp-hr) 

EPA Data of 2007 Engine with SCR ....................................................................................................................... ........................ 0.042 
EPA Data of 2010 Production Intent Engine ........................................................................................................... ........................ 0.037 
A ............................................................................................................................................................................... 450 0.0181 
A ............................................................................................................................................................................... 600 0.0151 
B ............................................................................................................................................................................... 360 0.0326 
C .............................................................................................................................................................................. 380 0.0353 
D .............................................................................................................................................................................. 560 0.0433 
D .............................................................................................................................................................................. 455 0.0524 
E ............................................................................................................................................................................... 600 0.0437 
F ............................................................................................................................................................................... 500 0.0782 
G .............................................................................................................................................................................. 483 0.1127 
H .............................................................................................................................................................................. 385 0.0444 
H .............................................................................................................................................................................. 385 0.0301 
H .............................................................................................................................................................................. 385 0.0283 
J ............................................................................................................................................................................... 380 0.0317 

Mean 0.043 
2 * Mean 0.09 

Engine emissions regulations do not 
currently require testing for N2O. The 
Mandatory GHG Reporting final rule 
requires reporting of N2O and requires 
that manufacturers either measure N2O 
or use a compliance statement based on 
good engineering judgment in lieu of 
direct N2O measurement (74 FR 56260, 
October 30, 2009). The light-duty GHG 
final rule allows manufacturers to 
provide a compliance statement based 
on good engineering judgment through 
the 2014 model year, but requires 
measurement beginning in 2015 model 
year (75 FR 25324, May 7, 2010). EPA 
is finalizing a consistent approach for 
heavy-duty engine manufacturers which 
allows them to delay direct 
measurement of N2O until the 2015 
model year. 

Manufacturers without the capability 
to measure N2O by the 2015 model year 
would need to acquire and install 
appropriate measurement equipment in 
response to this final program. EPA has 
established four separate N2O 
measurement methods, all of which are 
commercially available today. EPA 
expects that most manufacturers would 
use either photo-acoustic measurement 
equipment for stand-alone, existing 
FTIR instrumentation at a cost of 
$50,000 per unit or upgrade existing 
emission measurement systems with 
NDIR analyzers for $25,000 per test cell. 

Overall, EPA believes that 
manufacturers of heavy-duty engines, 
both gasoline and diesel, would meet 
the final standard without 
implementing any new technologies, 
and beyond relatively small facilities 
costs for any company that still needs to 
acquire and install N2O measurement 
equipment, EPA does not project that 

manufacturers would incur significant 
costs associated with this final N2O 
standard. 

EPA is not adopting any vehicle-level 
N2O standards for heavy-duty 
vocational vehicles and combination 
tractors. The N2O emissions would be 
controlled through the heavy-duty 
engine portion of the program. The only 
requirement of those vehicle 
manufacturers to comply with the N2O 
requirements is to install a certified 
engine. 

(2) What is EPA’s approach to 
controlling CH4? 

CH4 is greenhouse gas with a GWP of 
25. It accounts for about 0.03 percent of 
the greenhouse gases from heavy-duty 
trucks.179 

EPA is finalizing a standard that 
would cap CH4 emission levels, with the 
expectation that current heavy-duty 
vehicles and engines meeting the heavy- 
duty emission standards would not 
increase their levels as explained earlier 
due to robust current controls and 
manufacturer compliance margin 
targets. It would ensure that emissions 
would be addressed if in the future 
there are increases in the use of natural 
gas or any other alternative fuel. EPA 
believes that current heavy-duty 
emission standards, specifically the 
NMHC standards for both engine and 
chassis certified engines directly result 
in stringent CH4 control. It is believed 
that the current emission control 
technologies used to meet the stringent 
NMHC standards achieve the maximum 

feasible reductions and that no 
additional technologies are recognized 
that would result in additional CH4 
reductions. The level of the standard 
would generally be achievable through 
normal emission control methods 
already required to meet heavy-duty 
emission standards for hydrocarbons 
and EPA is therefore not attributing any 
cost to this part of the final action. Since 
CH4 is produced in gasoline and diesel 
engines similar to other hydrocarbon 
components, controls targeted at 
reducing overall NMHC levels generally 
also work at reducing CH4 emissions. 
Therefore, for gasoline and diesel 
vehicles, the heavy-duty hydrocarbon 
standards will generally prevent 
increases in CH4 emissions levels. CH4 
from heavy-duty vehicles is relatively 
low compared to other GHGs largely 
due to the high effectiveness of the 
current heavy-duty standards in 
controlling overall HC emissions. 

EPA believes that this level for the 
standard would be met by current 
gasoline and diesel trucks and vans, and 
would prevent increases in future CH4 
emissions in the event that alternative 
fueled vehicles with high methane 
emissions, like some past dedicated 
compressed natural gas vehicles, 
become a significant part of the vehicle 
fleet. Currently EPA does not have 
separate CH4 standards because, unlike 
other hydrocarbons, CH4 does not 
contribute significantly to ozone 
formation.180 However, CH4 emissions 
levels in the gasoline and diesel heavy- 
duty truck fleet have nevertheless 
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181 Memorandum ‘‘CH4 Data from 2010 and 2011 
Heavy-Duty Vehicle Certification Tests’’. 

182 Coordinating Research Council Report: ACES 
Phase 1 of the Advanced Collaborative Emissions 
Study, 2009. 

183 N2O has a GWP of 298 and CH4 has a GWP 
of 25 according to the IPCC AR4. 

generally been controlled by the heavy- 
duty HC emission standards. Even so, 
without an emission standard for CH4, 
future emission levels of CH4 cannot be 
guaranteed to remain at current levels as 
vehicle technologies and fuels evolve. 

In recent model years, a small number 
of heavy-duty trucks and engines were 
sold that were designed for dedicated 
use of natural gas. While emission 
control designs on these recent 
dedicated natural gas-fueled vehicles 
demonstrate CH4 control can be as 
effective as on gasoline or diesel 
equivalent vehicles, natural gas-fueled 
vehicles have historically generated 
significantly higher CH4 emissions than 
gasoline or diesel vehicles. This is 
because the fuel is predominantly 
methane, and most of the unburned fuel 
that escapes combustion without being 
oxidized by the catalyst is emitted as 
methane. However, even if these 
vehicles meet the heavy-duty 
hydrocarbon standard and appear to 
have effective CH4 control by nature of 
the hydrocarbon controls, the heavy- 
duty standards do not require CH4 
control and therefore some natural gas 
vehicle manufacturers have invested 
very little effort into methane control. 
While the final CH4 cap standard should 
not require any different emission 
control designs beyond what is already 
required to meet heavy-duty 
hydrocarbon standards on a dedicated 
natural gas vehicle (i.e., feedback 
controlled 3-way catalyst), the cap will 
ensure that systems provide robust 
control of methane much like a 
gasoline-fueled engine. We are not 
finalizing more stringent CH4 standards 
because we believe that the controls 
used to meet current heavy-duty 
hydrocarbon standards should result in 
effective CH4 control when properly 
implemented. Since CH4 is already 
measured under the current heavy-duty 
emissions regulations (so that it may be 
subtracted to calculate NMHC), the final 
standard will not result in additional 
testing costs. 

(a) Heavy-Duty Pickup Truck and Van 
CH4 Standard 

EPA is finalizing the proposed CH4 
emission standard of 0.05 g/mi as 
measured on the Light-duty FTP and 
HFET drive cycles, to apply beginning 
with model year 2014 for HD pickups 
and vans subject to the CO2 standards. 
Similar to the CO2 standard approach, 
the CH4 emission level of a vehicle will 
be a composite of the Light-duty FTP 
and HFET cycles, with the same 55 
percent city weighting and 45 percent 
highway weighting. 

The level of the standard is 
approximately two times the average 

heavy-duty gasoline and diesel truck 
and van levels.181 As with N2O, this 
standard level recognizes that 
manufacturers typically set emissions 
design targets with a compliance margin 
of approximately 50 percent of the 
standard. Thus, we believe that the 
standard should be met by current 
gasoline vehicles with no increase from 
today’s CH4 levels. Similarly, since 
current diesel vehicles generally have 
even lower CH4 emissions than gasoline 
vehicles, we believe that diesels will 
also meet the standard with a larger 
compliance margin resulting in no 
change in today’s CH4 levels. 

(b) Heavy-Duty Engine CH4 Exhaust 
Emission Standard 

EPA is adopting a heavy-duty engine 
CH4 emission standard of 0.10 g/hp-hr 
with a defined deterioration factor of 
0.02 g/bhp-hr as measured on the 
composite Heavy-duty FTP, to apply 
beginning in model year 2014 for diesel 
engines and in 2016 model year for 
gasoline engines. EPA is adopting a 
different CH4 standard than proposed 
based on additional data submitted to 
the agency which better represents the 
full range of current diesel and gasoline 
engine performance. EPA is adopting 
CH4 standards for gasoline engines that 
become effective in 2016 model year to 
align with the first year of the gasoline 
engine CO2 standards. Without this 
alignment, manufacturers would not 
have any flexibility, such as CO2eq 
credits, in meeting the CH4 cap and 
therefore would not be able to sell any 
engine with a CH4 level above the 
standard. The final standard would cap 
CH4 emissions at a level currently 
achieved by diesel and gasoline heavy- 
duty engines. The level of the standard 
would generally be achievable through 
normal emission control methods 
already required to meet 2007 emission 
standards for NMHC and EPA is 
therefore not attributing any cost to this 
part of this program (see 40 CFR 86.007– 
11). 

The level of the final CH4 standard is 
twice the average CH4 emissions from 
gasoline engines from General Motors in 
addition to the four diesel engines in the 
ACES study.182 As with N2O, this final 
level recognizes that manufacturers 
typically set emission design targets at 
about 50 percent of the standard. Thus, 
EPA believes the final standard would 
be met by current diesel and gasoline 
engines with little if any technological 
improvements. The agency believes a 

more stringent CH4 standard is not 
necessary due to effective CH4 controls 
in current heavy-duty technologies, 
since, as discussed above for N2O, EPA 
believes that the challenge of complying 
with the CO2 standards should be the 
primary focus of the manufacturers. 

CH4 is measured under the current 
2007 regulations so that it may be 
subtracted to calculate NMHC. 
Therefore EPA expects that the final 
standard would not result in additional 
testing costs. 

EPA is not adopting any vehicle-level 
CH4 standards for heavy-duty 
combination tractors or vocational 
vehicles in this final action. The CH4 
emissions will be controlled through the 
heavy-duty engine portion of the 
program. The only requirement of these 
truck manufacturers to comply with the 
CH4 requirements is to install a certified 
engine. 

(3) Use of CO2 Credits 
As proposed, if a manufacturer is 

unable to meet the N2O or CH4 cap 
standards, the EPA program will allow 
the manufacturer to comply using CO2 
credits. In other words, a manufacturer 
could offset any N2O or CH4 emissions 
above the standard by taking steps to 
further reduce CO2. A manufacturer 
choosing this option would convert its 
measured N2O and CH4 test results that 
are in excess of the applicable standards 
into CO2eq to determine the amount of 
CO2 credits required. For example, a 
manufacturer would use 25 Mg of 
positive CO2 credits to offset 1 Mg of 
negative CH4 credits or use 298 Mg of 
positive CO2 credits to offset 1 Mg of 
negative N2O credits.183 By using the 
Global Warming Potential of N2O and 
CH4, the approach recognizes the inter- 
correlation of these compounds in 
impacting global warming and is 
environmentally neutral for 
demonstrating compliance with the 
individual emissions caps. Because fuel 
conversion manufacturers certifying 
under 40 CFR part 85, subpart F do not 
participate in ABT programs, EPA is 
finalizing a compliance option for fuel 
conversion manufacturers to comply 
with the N2O and CH4 standards that is 
similar to the credit program just 
described above. The compliance option 
will allow conversion manufacturers, on 
an individual engine family basis, to 
convert CO2 overcompliance into CO2 
equivalents of N20 and/or CH4 that can 
be subtracted from the CH4 and N20 
measured values to demonstrate 
compliance with CH4 and/or N20 
standards. Other than in the limited 
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184 0.030 g/mile CH4 multiplied by a GWP of 25 
plus 0.010 g/mile N2O multiplied by a GWP of 298 
results in a combined 3.7 g/mile CO2-equivalent 
value. Manufacturers using the default N2O value 
of 0.10 g/mile prior to MY 2015 in lieu of measuring 
N2O would fold in the entire 0.010 g/mile on a CO2- 
equivalent basis, or about 3 g/mile under the CO2- 
equivalent option. 

185 The Institute for Policy Integrity questioned 
whether EPA had provided adequate notice of the 
proposal, given that it appeared in the proposed 
GHG rules for heavy duty vehicles. EPA provided 
notice not only in the preamble, but in the summary 
of action appearing on the first page of the Federal 
Register notice (‘‘EPA is also requesting comment 
on possible alternative CO2-equivalent approaches 
for model year 2012–14 light-duty vehicles’’). 75 FR 
at 74152. This is ample notice (demonstrated as 
well by the comments received on the issue, 
including from the Institute). 

case of N2O for model years 2014–16, 
we have not finalized similar provisions 
allowing overcompliance with the N2O 
or CH4 standards to serve as a means to 
generate CO2 credits because the CH4 
and N2O standards are cap standards 
representing levels that all but the worst 
vehicles should already be well below. 
Allowing credit generation against such 
cap standard would provide a windfall 
credit without any true GHG reduction. 

The final NHTSA fuel consumption 
program will not use CO2eq, as 
suggested above. Measured performance 
to the NHTSA fuel consumption 
standards will be based on the 
measurement of CO2 with no adjustment 
for N2O and/or CH4. For manufacturers 
that use the EPA alternative CO2eq 
credit, compliance to the EPA CO2 
standard will not be directly equivalent 
to compliance with the NHTSA fuel 
consumption standard. 

(4) Amendment to Light-Duty Vehicle 
N2O and CH4 Standards 

EPA also requested comment on 
revising a portion of the light-duty 
vehicle standards for N2O and CH4. 75 
FR at 74211. Specifically, EPA 
requested comments on two additional 
options for manufacturers to comply 
with N2O and CH4 standards to provide 
additional near-term flexibility. EPA is 
finalizing one of those options, as 
discussed below. 

For light-duty vehicles, as part of the 
MY 2012–2016 rulemaking, EPA 
finalized standards for N2O and CH4 
which take effect with MY 2012. 75 FR 
at 25421–24. Similar to the heavy-duty 
standards discussed in Section II.E 
above, the light-duty vehicle standards 
for N2O and CH4 were established to cap 
emissions and to prevent future 
emissions increases, and were generally 
not expected to result in the application 
of new technologies or significant costs 
for the manufacturers for current vehicle 
designs. EPA also finalized an 
alternative CO2 equivalent standard 
option, which manufacturers may 
choose to use in lieu of complying with 
the N2O and CH4 cap standards. The 
CO2 equivalent standard option allows 
manufacturers to fold all N2O and CH4 
emissions, on a CO2eq basis, along with 
CO2 into their otherwise applicable CO2 
emissions standard level. For flexible 
fueled vehicles, the N2O and CH4 
standards must be met on both fuels 
(e.g., both gasoline and E–85). 

After the light-duty standards were 
finalized, manufacturers raised concerns 
that for a few of the vehicle models in 
their existing fleet they were having 
difficulty meeting the N2O and/or CH4 
standards, especially in the early years 
of the program for a few of the vehicle 

models in their existing fleet. These 
standards could be problematic in the 
near term because there is little lead 
time to implement unplanned redesigns 
of vehicles to meet the standards. In 
such cases, manufacturers may need to 
either drop vehicle models from their 
fleet or to comply using the CO2 
equivalent alternative. On a CO2eq 
basis, folding in all N2O and CH4 
emissions would add 3–4 g/mile or 
more to a manufacturer’s overall fleet- 
average CO2 emissions level because the 
alternative standard must be used for 
the entire fleet, not just for the problem 
vehicles.184 See 75 FR at 74211. This 
could be especially challenging in the 
early years of the program for 
manufacturers with little compliance 
margin because there is very limited 
lead time to develop strategies to 
address these additional emissions. As 
stated at proposal, EPA believed this 
posed a legitimate issue of sufficiency of 
lead time in the short term, as well as 
an issue of cost, since EPA assumed that 
the N2O and CH4 standards would not 
result in significant costs for existing 
vehicles. Id. However, EPA expected 
that manufacturers would be able to 
make technology changes (e.g., 
calibration or catalyst changes) to the 
few vehicle models not currently 
meeting the N2O and/or CH4 standards 
in the course of their planned vehicle 
redesign schedules in order to meet the 
standards. 

Because EPA intended for these 
standards to be caps with little 
anticipated near-term impact on 
manufacturer’s current product lines, 
EPA requested comment in the heavy- 
duty vehicle and engine proposal on 
two approaches to provide additional 
flexibilities in the light-duty vehicle 
program for meeting the N2O and CH4 
standards. 75 FR at 74211. EPA 
requested comments on the option of 
allowing manufacturers to use the CO2 
equivalent approach for one pollutant 
but not the other for their fleet—that is, 
allowing a manufacturer to fold in either 
CH4 or N2O as part of the CO2- 
equivalent standard. For example, if a 
manufacturer is having trouble 
complying with the CH4 standard but 
not the N2O standard, the manufacturer 
could use the CO2 equivalent option 
including CH4, but choose to comply 
separately with the applicable N2O cap 
standard. 

EPA also requested comments on an 
alternative approach of allowing 
manufacturers to use CO2 credits, on a 
CO2 equivalent basis, to offset N2O and 
CH4 emissions above the applicable 
standard. This is similar to the approach 
proposed and being finalized for heavy- 
duty vehicles as discussed above in 
Section II.E. EPA requested comments 
on allowing the additional flexibility in 
the light-duty program for MYs 2012– 
2014 to help manufacturers address any 
near-term issues that they may have 
with the N2O and CH4 standards. 

Commenters providing comment on 
this issue supported additional 
flexibility for manufacturers, and 
manufacturers specifically supported 
the heavy-duty vehicle approach of 
allowing CO2 credits on a CO2 
equivalent basis to be used to meet the 
CH4 and N2O standards. The Alliance of 
Automobile Manufacturers and the 
American Automotive Policy Council 
commented that the proposed heavy- 
duty approach represented a significant 
improvement over the approach 
adopted for light-duty vehicles. 
Manufacturers support de-linking N2O 
and CH4, and commented that the 
formation of the pollutants do not 
necessarily trend together. 
Manufacturers also commented that a 
deficit against the N2O or CH4 cap 
would be required to be covered with 
CO2 credits for that model, but the 
approach does not ‘‘punish’’ 
manufacturers for using a specific 
technology (which could provide CO2 
benefits, e.g., diesel, CNG, etc.) by 
requiring manufacturers to use the CO2- 
equivalent approach for their entire 
fleet. The Natural Gas Vehicle Interests 
also supported allowing the use of CO2 
credits on a CO2-equivalent basis for 
compliance with CH4 standards and 
urged providing this type of flexibility 
on a permanent basis. The Institute for 
Policy Integrity also submitted 
comments supportive of providing 
additional flexibility to manufacturers 
as long as it does not undermine 
standard stringency. This commenter 
was supportive of either approach 
discussed at proposal.185 

Manufacturers supported not only 
adopting the aspects of the heavy-duty 
approach noted above, but the entire 
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186 ‘‘Discussions with Vehicle Manufacturers 
Regarding the Light-duty Vehicle CH4 and N2O 
Standards,’’ Memorandum from Christopher Lieske 
to Docket EPA–HQ–OAR–2010–0162. 

187 The United States has submitted a proposal to 
the Montreal Protocol which, if adopted, would 
phasedown production and consumption of HFCs. 

188 The U.S. EPA has reclamation requirements 
for refrigerants in place under Title VI of the Clean 
Air Act. 

189 The global warming potentials used in this 
rule are consistent with the 2007 Intergovernmental 
Panel on Climate Change (IPCC) Fourth Assessment 
Report. At this time, the global warming potential 
values from the 1996 IPCC Second Assessment 
Report are used in the official U.S. greenhouse gas 
inventory submission to the United Nations 
Framework Convention on Climate Change (per the 
reporting requirements under that international 
convention, which were last updated in 2006). 

heavy-duty vehicle approach, including 
two aspects of the program not 
contemplated in EPA’s request for 
comments. First, manufacturers 
commented that EPA incorrectly 
characterizes the light-duty vehicle 
issues with CH4 and N2O as short-term 
or early lead time issues. For the reasons 
discussed above, manufacturers believe 
the changes should be made permanent, 
for the entire 2012–2016 light-duty 
rulemaking period and, indeed, in any 
subsequent rules for the light-duty 
vehicle sector. Second, manufacturers 
commented that N2O and CH4 should be 
measured on the combined 55/45 
weighting of the FTP and highway 
cycles, respectively, as these cycles are 
the yardstick for fuel economy and CO2 
measurement. Manufacturers 
commented that there should not be a 
disconnect between the light-duty and 
heavy-duty vehicle programs. 

EPA continues to believe that it is 
appropriate to provide additional 
flexibility to manufacturers to meet the 
N2O and CH4 standards. EPA is thus 
finalizing provisions allowing 
manufacturers to use CO2 credits, on a 
CO2-equivalent basis, to meet the N2O 
and CH4 standards, which is consistent 
with many commenters’ preferred 
approach. Manufacturers will have the 
option of using CO2 credits to meet N2O 
and CH4 standards on a test group basis 
as needed for MYs 2012–2016. Because 
fuel conversion manufacturers certifying 
under 40 CFR part 85, subpart F do not 
participate in ABT programs, EPA is 
finalizing a compliance option for fuel 
conversion manufacturers to comply 
with the N2O and CH4 standards similar 
to the credit option just described 
above. The compliance option will 
allow conversion manufacturers, on an 
individual test group basis, to convert 
CO2 overcompliance into CO2 
equivalents of N2O and/or CH4 that can 
be subtracted from the CH4 and N2O 
measured values to demonstrate 
compliance with CH4 and/or N2O 
standards. 

In EPA’s request for comments, EPA 
discussed the new flexibility as being 
needed to address lead time issues for 
MYs 2012–2014. EPA understands that 
manufacturers are now making 
technology decisions for beyond MY 
2014 and that some technologies such as 
FFVs may have difficulty meeting the 
CH4 and N2O standards, presenting 
manufacturers with difficult decisions 
of absorbing the 3–4 g/mile CO2- 
equivalent emissions fleet wide, making 
significant investments in existing 
vehicle technologies, or curtailing the 

use of certain technologies.186 The CH4 
standard, in particular, could prove 
challenging for FFVs because exhaust 
temperatures are lower on E–85 and CH4 
is more difficult to convert over the 
catalyst. EPA’s initial estimate that these 
issues could be resolved without 
disrupting product plans by MY 2015 
appears to be overly optimistic, and 
therefore EPA is extending the 
flexibility through model year 2016. 
This change helps ensure that the CH4 
and N2O standards will not be an 
obstacle for the use of FFVs or other 
technologies in this timeframe, and at 
the same time, assure that overall fleet 
average GHG emissions will remain at 
the same level as under the main 
standards. 

In response to comments from 
manufacturers and from the Natural Gas 
Vehicle Interests that the changes to the 
program make sense and should be 
made on a permanent basis (i.e. for 
model years after 2016), EPA is 
extending this flexibility through MY 
2016 as discussed above, but we believe 
it is premature to decide here whether 
or not these changes should be 
permanent. EPA may consider this issue 
further in the context of new standards 
for MYs 2017–2025 in the planned 
future light-duty vehicle rulemaking. 
With regard to comments on changing 
the test procedures over which N2O and 
CH4 emissions are measured to 
determine compliance with the 
standards, the level of the standards and 
the test procedures go hand-in-hand and 
must be considered together. Weighting 
the highway test result with the city test 
result in the emissions measurement 
would in most cases reduce the overall 
emissions levels for determining 
compliance with the standards, and 
would thereby, in effect make the 
standards less stringent. This appears to 
be inappropriate. In addition, EPA did 
not request comments on changing the 
level of the N2O and CH4 standards or 
the test procedures and it is 
inappropriate to amend the standards 
for that reason as well. 

(5) EPA’s Final Standards for Direct 
Emissions From Air Conditioning 

Air conditioning systems contribute 
to GHG emissions in two ways—direct 
emissions through refrigerant leakage 
and indirect exhaust emissions due to 
the extra load on the vehicle’s engine to 
provide power to the air conditioning 
system. HFC refrigerants, which are 
powerful GHG pollutants, can leak from 

the A/C system.187 This includes the 
direct leakage of refrigerant as well as 
the subsequent leakage associated with 
maintenance and servicing, and with 
disposal at the end of the vehicle’s 
life.188 The most commonly used 
refrigerant in automotive applications— 
R134a, has a high GWP of 1430.189 Due 
to the high GWP of R134a, a small 
leakage of the refrigerant has a much 
greater global warming impact than a 
similar amount of emissions of CO2 or 
other mobile source GHGs. 

Heavy-duty air conditioning systems 
today are similar to those used in light- 
duty applications. However, differences 
may exist in terms of cooling capacity 
(such that sleeper cabs have larger cabin 
volumes than day cabs), system layout 
(such as the number of evaporators), and 
the durability requirements due to 
longer vehicle life. However, the 
component technologies and costs to 
reduce direct HFC emissions are similar 
between the two types of vehicles. 

The quantity of GHG refrigerant 
emissions from heavy-duty trucks 
relative to the CO2 emissions from 
driving the vehicle and moving freight 
is very small. Therefore, a credit 
approach is not appropriate for this 
segment of vehicles because the value of 
the credit is too small to provide 
sufficient incentive to utilize feasible 
and cost-effective air conditioning 
leakage improvements. For the same 
reason, including air conditioning 
leakage improvements within the main 
standard would in many instances 
result in lost control opportunities. 
Therefore, EPA is finalizing the 
proposed requirement that vehicle 
manufacturers meet a low leakage 
requirement for all air conditioning 
systems installed in 2014 model year 
and later trucks, with one exception. 
The agency is not finalizing leakage 
standards for Class 2b-8 Vocational 
Vehicles at this time due to the 
complexity in the build process and the 
potential for different entities besides 
the chassis manufacturer to be involved 
in the air conditioning system 
production and installation, with 
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190 The Minnesota refrigerant leakage data can be 
found at http://www.pca.state.mn.us/ 
climatechange/mobileair.html#leakdata. 

191 Team 1-Refrigerant Leakage Reduction: Final 
Report to Sponsors, SAE, 2007. 

consequent difficulties in developing a 
regulatory system. 

For air conditioning systems with a 
refrigerant capacity greater than 733 
grams, EPA is finalizing a leakage 
standard which is a ‘‘percent refrigerant 
leakage per year’’ to assure that high- 
quality, low-leakage components are 
used in each air conditioning system 
design. The agency believes that a single 
‘‘gram of refrigerant leakage per year’’ 
would not fairly address the variety of 
air conditioning system designs and 
layouts found in the heavy-duty truck 
sector. EPA is finalizing a standard of 
1.50 percent leakage per year for heavy- 
duty pickup trucks and vans and Class 
7 and 8 tractors. The final standard was 
derived from the vehicles with the 
largest system refrigerant capacity based 
on the Minnesota GHG Reporting 
database.190 The average percent leakage 
per year of the 2010 model year vehicles 
is 2.7 percent. This final level of 
reduction is roughly comparable to that 
necessary to generate credits under the 
light-duty vehicle program. See 75 FR 
25426–25427. Since refrigerant leakage 
past the compressor shaft seal is the 
dominant source of leakage in belt- 
driven air conditioning systems, the 
agency recognizes that a single ‘‘percent 
refrigerant leakage per year’’ is not 
feasible for systems with a refrigerant 
capacity of 733 grams or lower, as the 
minimum feasible leakage rate does not 
continue to drop as the capacity or size 
of the air conditioning system is 
reduced. The fixed leakage from the 
compressor seal and other system 
devices results in a minimum feasible 
yearly leakage rate, and further 
reductions in refrigerant capacity (the 
‘denominator’ in the percent refrigerant 
leakage calculation) will result in a 
system which cannot meet the 1.50 
percent leakage per year standard. EPA 
does not believe that leakage reducing 
technologies are available at this time 
which would allow lower capacity 
systems to meet the percent per year 
standard, so we are finalizing a 
maximum gram per year leakage 
standard of 11.0 grams per year for air 
conditioning systems with a refrigerant 
capacity of 733 grams or lower. EPA 
defined the standard, as well as the 
refrigerant capacity threshold, by 
examining the State of Minnesota GHG 
Reporting Database for the yearly 
leakage rate from 2010 and 2011 model 
year pickup trucks. In the Minnesota 
data, the average leak rate for the pickup 
truck category (16 unique model and 
refrigerant capacity combinations) was 

13.3 grams per year, with an average 
capacity of 654 grams, resulting in an 
average percent refrigerant leakage per 
year of 2.0 percent. 4 of the 16 model/ 
capacity combinations in the reporting 
data achieved a leak rate 11.0 grams per 
year or lower, and this was chosen as 
the maximum yearly leak rate, as several 
manufacturers have demonstrated that 
this level of yearly leakage is feasible. 
To avoid a discontinuity between the 
‘‘percent leakage’’ and ‘‘leak rate’’ 
standards—where one approach would 
be more or less stringent, depending on 
the refrigerant capacity—a refrigerant 
capacity of 733 grams was chosen as a 
threshold capacity, below which, the 
leak rate approach can be used. EPA 
believes this approach of having a leak 
rate standard for lower capacity systems 
and a percent leakage per year standard 
for higher capacity systems will result 
in reduced refrigerant emissions from 
all air conditioning systems, while still 
allowing manufacturers the ability to 
produce low-leak, lower capacity 
systems in vehicles which require them. 

Manufacturers can choose to reduce 
A/C leakage emissions in two ways. 
First, they can utilize leak-tight 
components. Second, manufacturers can 
largely eliminate the global warming 
impact of leakage emissions by adopting 
systems that use an alternative, low- 
Global Warming Potential (GWP) 
refrigerant. One alternative refrigerant, 
HFO–1234yf, with a GWP of 4, has been 
approved for use in light-duty passenger 
vehicles under EPA’s Significant New 
Alternatives Program (SNAP). While the 
scope of this SNAP approval does not 
include heavy-duty highway vehicles, 
we expect that those interested in using 
this refrigerant in other sectors will 
petition EPA for broader approval of its 
use in all mobile air conditioning 
systems. In addition, the EPA is 
currently acting on a petition to de-list 
R–134a as an acceptable refrigerant for 
new, light-duty passenger vehicles. The 
time frame and scale of R–134a de- 
listing is yet to be determined, but any 
phase-down of R–134a use will likely 
take place after this rulemaking is in 
effect. Given that HFO–1234yf is yet to 
be approved for heavy-duty vehicles, 
and that the time frame for the de-listing 
of R–134a is not known, EPA believes 
that a leakage standard for heavy-duty 
vehicles is still appropriate. If future 
heavy-duty vehicles adopt refrigerants 
other than R–134a, the calculated 
refrigerant leak rate can be adjusted by 
multiplying the leak rate by the ratio of 
the GWP of the new refrigerant divided 
by the GWP of the old refrigerant (e.g. 
for HFO–1234yf replacing R–134a, the 

calculated leak rate would be multiplied 
by 0.0028, or 4 divided by 1430). 

EPA believes that reducing A/C 
system leakage is both highly cost- 
effective and technologically feasible. 
The availability of low leakage 
components is being driven by the air 
conditioning program in the light-duty 
GHG rule which apply to 2012 model 
year and later vehicles. The cooperative 
industry and government Improved 
Mobile Air Conditioning program has 
demonstrated that new-vehicle leakage 
emissions can be reduced by 50 percent 
by reducing the number and improving 
the quality of the components, fittings, 
seals, and hoses of the A/C system.191 
All of these technologies are already in 
commercial use and exist on some of 
today’s systems, and EPA does not 
anticipate any significant improvements 
in sealing technologies for model years 
beyond 2014. However, EPA has 
recognized some manufacturers utilize 
an improved manufacturing process for 
air conditioning systems, where a 
helium leak test is performed on 100 
percent of all o-ring fittings and 
connections after final assembly. By 
leak testing each fitting, the 
manufacturer or supplier is verifying the 
o-ring is not damaged during assembly 
(which is the primary source of leakage 
from o-ring fittings), and when 
calculating the yearly leak rate for a 
system, EPA will allow a relative 
emission value equivalent to a ‘seal 
washer’ can be used in place of the 
value normally used for an o-ring fitting, 
when 100 percent helium leak testing is 
performed on those fittings. While 
further updates to the SAE J2727 
standard may be forthcoming (to 
address new materials and measurement 
methods for permeation through hoses), 
EPA believes it is appropriate to include 
the helium leak test update to the 
leakage calculation method at this time. 

Consistent with the light-duty 2012– 
2016 MY vehicle rule, we are estimating 
costs for leakage control at $18 (2008$) 
in direct manufacturing costs. Including 
a low complexity indirect cost 
multiplier (ICM) of 1.14 results in costs 
of $21 in the 2014 model year. A/C 
control technology is considered to be 
on the flat portion of the learning curve, 
so costs in the 2017 model year will be 
$19. These costs are applied to all 
heavy-duty pickups and vans, and to all 
combination tractors. EPA views these 
costs as minimal and the reductions of 
potent GHGs to be easily feasible and 
reasonable in the lead times provided by 
the final rules. 
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EPA is requiring that manufacturers 
demonstrate improvements in their A/C 
system designs and components through 
a design-based method. The method for 
calculating A/C leakage is based closely 
on an industry-consensus leakage 
scoring method, described below. This 
leakage scoring method is correlated to 
experimentally-measured leakage rates 
from a number of vehicles using the 
different available A/C components. 
Under the final approach, 
manufacturers will choose from a menu 
of A/C equipment and components used 
in their vehicles in order to establish 
leakage scores, which will characterize 
their A/C system leakage performance 
and calculate the percent leakage per 
year as this score divided by the system 
refrigerant capacity. 

Consistent with the light-duty rule, 
EPA is finalizing a requirement that a 
manufacturer will compare the 
components of its A/C system with a set 
of leakage-reduction technologies and 
actions that is based closely on that 
being developed through the Improved 
Mobile Air Conditioning program and 
SAE International (as SAE Surface 
Vehicle Standard J2727, ‘‘HFC–134a, 
Mobile Air Conditioning System 
Refrigerant Emission Chart,’’ August 
2008 version). See generally 75 FR 
25426. The SAE J2727 approach was 
developed from laboratory testing of a 
variety of A/C related components, and 
EPA believes that the J2727 leakage 
scoring system generally represents a 
reasonable correlation with average real- 
world leakage in new vehicles. Like the 
cooperative industry-government 
program, our final approach will 
associate each component with a 
specific leakage rate in grams per year 
that is identical to the values in J2727 
and then sum together the component 
leakage values to develop the total A/C 
system leakage. However, in the heavy- 
duty vehicle program, the total A/C 
leakage score will then be divided by 
the value of the total refrigerant system 
capacity to develop a percent leakage 
per year. EPA believes that the design- 
based approach will result in estimates 
of likely leakage emissions reductions 
that will be comparable to those that 
would eventually result from 
performance-based testing. 

EPA is not specifying a specific in-use 
standard for leakage, as neither test 
procedures nor facilities exist to 
measure refrigerant leakage from a 
vehicle’s air conditioning system. 
However, consistent with the light-duty 
rule, where we require that 
manufacturers attest to the durability of 
components and systems used to meet 
the CO2 standards (see 75 FR 25689), we 
will require that manufacturers of 

heavy-duty vehicles attest to the 
durability of these systems, and provide 
an engineering analysis which 
demonstrates component and system 
durability. 

(6) Indirect Emissions From Air 
Conditioning 

In addition to direct emissions from 
refrigerant leakage, air conditioning 
systems also create indirect exhaust 
emissions due to the extra load on the 
vehicle’s engine to provide power to the 
air conditioning system. These indirect 
emissions are in the form of the 
additional CO2 emitted from the engine 
when A/C is being used due to the 
added loads. Unlike direct emissions 
which tend to be a set annual leak rate 
not directly tied to usage, indirect 
emissions are fully a function of A/C 
usage. 

These indirect CO2 emissions are 
associated with air conditioner 
efficiency, since air conditioners create 
load on the engine. See 74 FR 49529. 
However, the agencies are not setting air 
conditioning efficiency standards for 
vocational vehicles, combination 
tractors, or heavy-duty pickup trucks 
and vans. The CO2 emissions due to air 
conditioning systems in these heavy- 
duty vehicles are minimal compared to 
their overall emissions of CO2. For 
example, EPA conducted modeling of a 
Class 8 sleeper cab using the GEM to 
evaluate the impact of air conditioning 
and found that it leads to approximately 
1 gram of CO2/ton-mile. Therefore, a 
projected 24 percent improvement of 
the air conditioning system (the level 
projected in the light-duty GHG 
rulemaking), would only reduce CO2 
emissions by less than 0.3 g CO2/ton- 
mile, or approximately 0.3 percent of 
the baseline Class 8 sleeper cab CO2 
emissions. 

(7) Ethanol-Fueled and Electric Vehicles 
Current EPA emissions control 

regulations explicitly apply to heavy- 
duty engines and vehicles fueled by 
gasoline, methanol, natural gas and 
liquefied petroleum gas. For multi- 
fueled vehicles they call for compliance 
with requirements established for each 
consumed fuel. This contrasts with 
EPA’s light-duty vehicle regulations that 
apply to all vehicles generally, 
regardless of fuel type. As we proposed, 
we are revising the heavy-duty vehicle 
and engine regulations to make them 
consistent with the light-duty vehicle 
approach, applying standards for all 
regulated criteria pollutants and GHGs 
regardless of fuel type, including 
application to all-electric vehicles (EVs). 
This provision will take effect in the 
2014 model year, and be optional for 

manufacturers in earlier model years. 
However, to satisfy the CAA section 
202(a)(3) lead time constraints, the 
provision will remain optional for all 
criteria pollutants through the 2015 
model year. Commenters did not oppose 
this change in EPA regulations. 

This change primarily affects 
manufacturers of ethanol-fueled 
vehicles (designed to operate on fuels 
containing at least 50 percent ethanol) 
and EVs. Flex-fueled vehicles (FFVs) 
designed to run on both gasoline and 
fuel blends with high ethanol content 
will also be impacted, as they will need 
to comply with requirements for 
operation both on gasoline and ethanol. 

The regulatory requirements we are 
finalizing today for certification on 
ethanol follow those already established 
for methanol, such as certification to 
NMHC equivalent standards and waiver 
of certain requirements. We expect 
testing to be done using the same E85 
test fuel as is used today for light-duty 
vehicle testing, an 85/15 blend of 
commercially-available ethanol and 
gasoline vehicle test fuel. EV 
certification will also follow light-duty 
precedents, primarily calling on 
manufacturers to exercise good 
engineering judgment in applying the 
regulatory requirements, but will not be 
allowed to generate NOX or PM credits. 

This provision is not expected to 
result in any significant added burden 
or cost. It is already the practice of HD 
FFV manufacturers to voluntarily 
conduct emissions testing for these 
vehicles on E85 and submit the results 
as part of their certification application, 
along with gasoline test fuel results. No 
changes in certification fees are being 
set in connection with this provision. 
We expect that there will be strong 
incentives for any manufacturer seeking 
to market these vehicles to also want 
them to be certified: (1) Uncertified 
vehicles carry a disincentive to potential 
purchasers who typically have the 
benefit to the environment as one of 
their reasons for considering alternative 
fuels, (2) uncertified vehicles are not 
eligible for the substantial credits they 
could likely otherwise generate, (3) EVs 
have no tailpipe or evaporative 
emissions and thus need no added 
hardware to put them in a certifiable 
configuration, and (4) emissions 
controls for gasoline vehicles and FFVs 
are also effective on dedicated ethanol- 
fueled vehicles, and thus costly 
development programs and specialized 
components will not be needed; in fact 
the highly integrated nature of modern 
automotive products make the emission 
control systems essential to reliable 
vehicle performance. 
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192 See e-mail correspondence from Timothy A. 
French, EMA, to Donald Kopinski and Charles 
Moulis, U.S. EPA dated 12/8/10, ‘‘Switcher 
Locomotive Flexibility’’, docket # EPA–HQ–OAR– 
2010–0162. 

193 CBD cites the District Court’s opinion in Cent. 
Valley Chrysler-Jeep Inc. v. Goldstene, 529 F. Supp. 

Continued 

Regarding technological feasibility, as 
mentioned above, HD FFV 
manufacturers already test on E85 and 
the resulting data shows that they can 
meet emissions standards on this fuel. 
Furthermore, there is a substantial body 
of certification data on light-duty FFVs 
(for which testing on ethanol is already 
a requirement), showing existing 
emission control technology is capable 
of meeting even the more stringent Tier 
2 standards in place for light-duty 
vehicles. 

(8) Correction to 40 CFR 1033.625 
In a 2008 final rule that set new 

locomotive and marine engine 
standards, EPA adopted a provision 
allowing manufacturers to use a limited 
number of nonroad engines to power 
switch locomotives provided, among 
other things, that ‘‘the engines were 
certified to standards that are 
numerically lower than the applicable 
locomotive standards of this part 
(1033).’’ (40 CFR 1033.625(a)). The goal 
of this provision is to encourage the 
replacement of aging, high-emitting 
switch locomotives with new switch 
locomotives having very low emissions 
of PM, NOX, and hydrocarbons. 
However, this provision neglected to 
consider the fact that preexisting 
nonroad engine emission standards for 
CO were set at levels that were slightly 
numerically higher than those for 
locomotives. The applicable switch 
locomotive CO standard of part 1033 is 
3.2 g/kW-hr (2.4 g/hp-hr), while the 
applicable nonroad engine CO standard 
is 3.5 g/kW-hr (2.6 g/hp-hr). This is the 
case even for the cleanest final Tier 4 
nonroad engines that will phase in 
starting in 2014. Thus, nonroad engines 
cannot be certified to CO standards that 
are numerically lower than the 
applicable locomotive standards, and 
the nonroad engine provision is 
rendered practically unusable. This 
matter was brought to EPA’s attention 
by affected engine manufacturers.192 

As indicated above, EPA believes that 
allowing certification of new switch 
locomotive engines to nonroad engine 
standards will greatly reduce emissions 
from switch locomotives, and EPA does 
not believe the slight difference in CO 
standards should prevent this 
environmentally beneficial program. 
EPA is therefore adopting a corrective 
technical amendment in part 1033. The 
regulation is being amended at 
§ 1033.625(a)(2) to add the following 
italicized text: ‘‘The engines were 

certified to PM, NOX, and hydrocarbon 
standards that are numerically lower 
than the applicable locomotive 
standards of this part.’’ This change is 
a straightforward correction to restore 
the intended usability of the provision 
and is not expected to have adverse 
environmental impacts, as nonroad 
engines have CO emissions that are 
typically well below both the nonroad 
and locomotive emissions standards. 

(9) Corrections to 40 CFR Part 600 

EPA adopted changes to fuel economy 
labeling requirements on July 6, 2011 
(76 FR 39478). We are making the 
following corrections to these 
regulations in 40 CFR part 600: 

• We adopted a requirement to use 
the specifications of SAE J1711 for fuel 
economy testing related to hybrid- 
electric vehicles. In this final rule, we 
are extending that requirement to the 
calculation provisions in § 600.114–12. 
This change was inadvertently omitted 
from the earlier final rule. 

• We are correcting an equation in 
§ 600.116–12. 

• We are removing text describing 
label content that differs from the 
sample labels that were published with 
the final rule. The sample labels 
properly characterize the intended label 
content. 

(10) Definition of Urban Bus 

EPA is adding a new section 86.012– 
2 to revise the definition of ‘‘urban bus.’’ 
The new definition will treat engines 
used in urban buses the same as engines 
used in any other HD vehicle 
application, relying on the definitions of 
primary intended service class for 
defining which standards and useful life 
apply for bus engines. This change is 
necessary to allow for installation of 
engines other than HHDDE for hybrid 
bus applications. 

III. Feasibility Assessments and 
Conclusions 

In this section, NHTSA and EPA 
discuss several aspects of our joint 
technical analyses. These analyses are 
common to the development of each 
agency’s final standards. Specifically we 
discuss: the development of the baseline 
used by each agency for assessing costs, 
benefits, and other impacts of the 
standards, the technologies the agencies 
evaluated and their costs and 
effectiveness, and the development of 
the final standards based on application 
of technology in light of the attribute 
based distinctions and related 
compliance measurement procedures. 
We also discuss the agencies’ 
consideration of standards that are 

either more or less stringent than those 
adopted. 

This program is based on the need to 
obtain significant oil savings and GHG 
emissions reductions from the 
transportation sector, and the 
recognition that there are appropriate 
and cost-effective technologies to 
achieve such reductions feasibly in the 
model years of this program. The 
decision on what standard to set is 
guided by each agency’s statutory 
requirements, and is largely based on 
the need for reductions, the 
effectiveness of the emissions control 
technology, the cost and other impacts 
of implementing the technology, and the 
lead time needed for manufacturers to 
employ the control technology. The 
availability of technology to achieve 
reductions and the cost and other 
aspects of this technology are therefore 
a central focus of this final rulemaking. 

CBD submitted several comments on 
whether NHTSA had met EISA’s 
mandate to set standards ‘‘designed to 
achieve the maximum feasible 
improvement’’ and, to that end, 
appropriately considered feasible 
technologies in setting the stringency 
level. CBD stated that the proposed rule 
had been improperly limited to 
currently available technology, and that 
none of the alternatives contained all of 
the available technology, which it 
argued violated EISA and the CAA. CBD 
also stated that the phase-in schedule 
violated the technology-forcing 
intention of EISA, and that the agencies 
misperceived their statutory mandates, 
arguing that the agencies are required to 
force technological innovation through 
aggressive standards. 

As demonstrated in the standard- 
specific discussions later in this section 
of the preamble, the standards adopted 
in the final program are consistent with 
section 202(a) of the CAA and section 
32902(k)(2) of EISA. With respect to the 
EPA rules, we note at the outset, that 
CBD’s premise that EPA must adopt 
‘‘technology-forcing’’ standards for 
heavy-duty vehicles and engines is 
wrong. A technology-forcing standard is 
one that is to be based on standards 
which will be available, rather than 
technology which is presently available. 
NRDC v. Thomas, 805 F. 2d 410, 429 
(DC Cir. 1986). Clean Air Act provisions 
requiring ‘‘the greatest degree of 
emission reduction achievable through 
the application of technology which the 
Administrator determines will be 
available’’ are technology-forcing. See 
e.g., CAA sections 202(a)(3)(1);193 
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2d 1151, 1178 (E.D. Cal. 2007) for the proposition 
that standard-setting provisions of Title II of the 
CAA are technology forcing, but the court was 
citing to the technology-forcing provision section 
202(a)(3)(A)(i), which is not the applicable 
authority here. 

213(a)(3). Section 202(a)(1) standards 
are technology-based, but not 
technology-forcing, requiring EPA to 
issue standards for a vehicle’s useful life 
‘‘after providing such period as the 
Administrator finds necessary to permit 
the development and application of the 
requisite technology, giving appropriate 
consideration to the cost of compliance 
within such period.’’ See NACAA v. 
EPA, 489 F. 3d 1221, 1230 (DC Cir. 
2007) upholding EPA’s interpretation of 
similar language in CAA section 231(a) 
as providing even greater leeway to 
weigh the statutory factors than if the 
provision were technology-forcing. See 
generally 74 FR at 49464–465 (Sept. 28. 
2009); 75 FR at 74171. 

Section 202(a)(1) of course allows 
EPA to consider application of 
technologies which will be available as 
well as those presently available, id., 
and EPA exercised that discretion here. 
For example, as shown below, the 
agencies carefully considered 
application of hybrid technologies and 
bottoming cycle technologies for a 
number of the standards. Thus, the 
critical issue is whether EPA’s choice of 
technology penetration on which the 
standards are premised is reasonable 
considering the statutory factors, the key 
ones being technology feasibility, 
technology availability in the 2014– 
2018 model years (i.e., adequacy of lead 
time), and technology cost and cost- 
effectiveness. EPA has considerable 
discretion to weigh these factors in a 
reasonable manner (even for provisions 
which are explicitly technology-forcing, 
see Sierra Club v. EPA, 325 F. 3d 374, 
378 (DC Cir. 2003)), and has done so 
here. 

With respect to EISA, 49 U.S.C. 
section 32902(k)(2) directs NHTSA to 
‘‘determine in a rulemaking proceeding 
how to implement a commercial 
medium- and heavy-duty on-highway 
vehicle and work truck fuel efficiency 
improvement program designed to 
achieve the maximum feasible 
improvement,’’ and ‘‘adopt and 
implement appropriate test methods, 
measurement metrics, fuel economy 
standards, and compliance and 
enforcement protocols that are 
appropriate, cost-effective, and 
technologically feasible for commercial 
medium- and heavy-duty on-highway 
vehicles and work trucks’’ NHTSA 
recognizes that Congress intended EPCA 
(and by extension, EISA, which 
amended it) to be technology-forcing. 

See Center for Auto Safety v. National 
Highway Traffic Safety Admin., 793 
F.2d 1322, 1339 (DC Cir. 1986). 
However, NHTSA believes it is 
important to distinguish between setting 
‘‘maximum feasible’’ standards, as 
EPCA/EISA requires, and ‘‘maximum 
technologically feasible’’ standards, as 
CBD would have NHTSA do. The 
agency must weigh all of the statutory 
factors in setting fuel efficiency 
standards, and therefore may not weigh 
one statutory factor in isolation of 
others. 

Neither EPCA nor EISA define 
‘‘maximum feasible’’ in the context of 
setting fuel efficiency or fuel economy 
standards. Instead, NHTSA is directed 
to consider and meet three factors when 
determining what the maximum feasible 
standards are—‘‘appropriateness, cost- 
effectiveness, and technological 
feasibility.’’ 32902(k)(2). These factors 
modify ‘‘feasible’’ in the context of the 
MD/HD rules beyond a plain meaning of 
‘‘capable of being done.’’ See Center for 
Biological Diversity v. National Highway 
Traffic Safety Admin., 538 F.3d 1172, 
1194 (9th Cir. 2008). With respect to the 
setting of standards for light-duty 
vehicles, EPCA/EISA ‘‘gives NHTSA 
discretion to decide how to balance the 
statutory factors—as long as NHTSA’s 
balancing does not undermine the 
fundamental purpose of EPCA: energy 
conservation.’’ Id. at 1195. Where 
Congress has not directly spoken to a 
potential issue related to such a 
balancing, NHTSA’s interpretation must 
be a ‘‘reasonable accommodation of 
conflicting policies * * * committed to 
the agency’s care by the statute.’’ Id. 
(discussing consideration of consumer 
demand) (internal citations omitted). In 
the context of the agency’s light-duty 
vehicle authority, it was determined 
that Congress delegated the process for 
setting the maximum feasible standard 
to NHTSA with broad guidelines 
concerning the factors that the agency 
must consider. Id. (internal citations 
omitted) (emphasis in original). We 
believe that the same conclusion should 
be drawn about the statutory provisions 
governing the agency’s setting of 
standards for heavy-duty vehicles. 
Those provisions prescribe statutory 
factors commensurate to, and equally 
broad as, those prescribed for light-duty. 
Thus, NHTSA believes that it is firmly 
within our discretion to weigh and 
balance the factors laid out in 32902(k) 
in a way that is technology-forcing, as 
evidenced by these standards 
promulgated in this final action, but not 
in a way that requires the application of 
technology which will not be available 
in the lead time provided by the rules, 

or which is not cost-effective, or is cost- 
prohibitive, as CBD evidently deems 
mandated. 

As detailed below for each regulatory 
category, NHTSA has considered the 
appropriateness, cost-effectiveness, and 
technological feasibility of the standards 
in designing a program to achieve the 
maximum feasible fuel efficiency 
improvement. It believes that each of 
those criteria is met. 

As described in Section I. F. (2) above, 
the final standards will remain in effect 
indefinitely at their 2018 or 2019 levels, 
unless and until the standards are 
revised. CBD maintained that this is a 
per se violation of EISA, arguing that, by 
definition, standards which are not 
updated continually and regularly 
cannot be considered maximum 
feasible. NHTSA would like to clarify 
that the NPRM specified that the 
standards would remain indefinitely 
‘‘until amended by a future rulemaking 
action.’’ NPRM at 74172. Further, as 
noted above, NHTSA has broad 
discretion to determine the maximum 
feasible standards. Unlike 
§ 32902(b)(3)(B), which applies to 
automobiles regulated under light-duty 
CAFE, § 32902(k) does not specify a 
maximum number of years that fuel 
economy standards for heavy-duty 
vehicles will be in place. Consistent 
with its broad authority to define 
maximum feasible standards, NHTSA 
interprets its authority as including the 
discretion to define expiration periods 
where Congress has not otherwise 
specified. This is particularly 
appropriate for the heavy-duty sector, 
where fuel efficiency regulation is 
unprecedented. NHTSA believes that it 
would be unwise to set an expiration 
period for this first rulemaking absent 
both Congressional direction and a 
known compelling reason for setting a 
specific date. 

NHTSA believes that the phase-in 
schedules provide an appropriate 
balance between the technology-forcing 
purpose of the statute and EISA- 
mandated considerations of economic 
practicability. NHTSA recognizes, as 
noted in the case above, that balancing 
each statutory factor in order to set the 
maximum feasible standards means that 
the agency must engage in a ‘‘reasonable 
accommodation of conflicting policies.’’ 
See 538 F.3d at 1195, supra. Here, the 
agency has determined that the phase- 
in schedules are one such reasonable 
accommodation. 

Navistar commented generally that 
the proposed rule was not 
technologically feasible, stating that the 
proposed standards assume 
technologies which are not in 
production for all manufacturers. This is 
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not the test for technical feasibility. 
Under the Clean Air Act, EPA needs 
only to outline a technical path toward 
compliance with a standard, giving 
plausible reasons for its belief that 
technology will either be developed or 
applied in the requisite period. NRDC v. 
EPA, 655 F. 2d 318, 333–34 (DC Cir. 
1981). EPA has done so here with 
respect to the alternative engine 
standards of particular concern to 
Navistar.194 Similarly, NHTSA has 
previously interpreted ‘‘technological 
feasibility’’ to mean ‘‘whether a 
particular method of improving fuel 
economy can be available for 
commercial application in the model 
year for which a standard is being 
established.’’ 74 FR 14196, 14216. 
NHTSA has further clarified that the 
consideration of technological 
feasibility ‘‘does not mean that the 
technology must be available or in use 
when a standard is proposed or issued.’’ 
Center for Auto Safety v. National 
Highway Traffic Safety Admin., 793 
F.2d 1322, 1325 n12 (DC Cir. 1986), 
quoting 42 FR 63, 184, 63, 188 (1977). 

Consistent with these previous 
interpretations, NHTSA believes that a 
technology does not necessarily need to 
be currently available or in use for all 
regulated parties to be ‘‘technologically 
feasible’’ for this program, as long as it 
is reasonable to expect, based on the 
evidence before the agency, that the 
technology will be available in the 
model year in which the relevant 
standard takes effect. The agencies 
provide multiple technology pathways 
for compliance with a standard, 
allowing each manufacturer to develop 
technologies which fit their current 
production and research, and the 
standards are based on fleet penetration 
rates of those technologies. As discussed 
below, it is reasonable to assume that all 
the technologies on whose performance 
the standards are premised will be 
available over the period the standards 
are in effect. 

The Institute for Policy Integrity (IPI) 
commented that the agencies should 
increase the scope and stringency of the 
final rule to the point at which net 
benefits would be maximized, citing 
Executive Orders 12866 and 13563. EOs 
12866 and 13563 instruct agencies, to 
the extent permitted by law, to select, 
among other things, the regulatory 
approaches which maximize net 
benefits. NHTSA agrees with IPI about 
the applicability of these EOs and has 
made every effort to incorporate their 
guidance in drafting this rule. 

Though IPI agreed that the proposed 
rule was cost-benefit justified, IPI 

further stated that the agencies must 
implement an alternative that provides 
the maximum net benefits. The agencies 
believe that standards that maximized 
net benefits would be beyond the point 
of technological feasibility for this first 
phase of the HD National Program. The 
standards already require the maximum 
feasible fuel efficiency improvements 
for the HD fleet in the 2014–2018 time 
frame. Thus, even though, the final 
standards are highly cost-effective, and 
standards that maximized net benefits 
would likely be more stringent than 
those being promulgated in this final 
action, NHTSA believes that standards 
that maximized net benefits would not 
be appropriate or technologically 
feasible in the rulemaking time frame. 
The Executive Orders cited by IPI 
cannot and do not require an agency to 
select a regulatory alternative that is 
inconsistent with its statutory 
obligations. Thus, the standards adopted 
in the final rules are consistent with the 
agencies’ respective statutory 
authorities, and are not established at 
levels which are infeasible or cost- 
ineffective. 

Here, the focus of the standards is on 
applying fuel efficiency and emissions 
control technology to reduce fuel 
consumption, CO2 and other greenhouse 
gases. Vehicles combust fuel to generate 
power that is used to perform two basic 
functions: (1) Transport the truck and its 
payload, and (2) operate various 
accessories during the operation of the 
truck such as the PTO units. Engine- 
based technology can reduce fuel 
consumption and CO2 emissions by 
improving engine efficiency, which 
increases the amount of power 
produced per unit of fuel consumed. 
Vehicle-based technology can reduce 
fuel consumption and CO2 emissions by 
increasing the vehicle efficiency, which 
reduces the amount of power demanded 
from the engine to perform the truck’s 
primary functions. 

Our technical work has therefore 
focused on both engine efficiency 
improvements and vehicle efficiency 
improvements. In addition to fuel 
delivery, combustion, and 
aftertreatment technology, any aspect of 
the truck that affects the need for the 
engine to produce power must also be 
considered. For example, the drag due 
to aerodynamics and the resistance of 
the tires to rolling both have major 
impacts on the amount of power 
demanded of the engine while operating 
the vehicle. 

The large number of possible 
technologies to consider and the breadth 
of vehicle systems that are affected 
mean that consideration of the 
manufacturer’s design and production 

process plays a major role in developing 
the final standards. Engine and vehicle 
manufacturers typically develop many 
different models based on a limited 
number of platforms. The platform 
typically consists of a common engine 
or truck model architecture. For 
example, a common engine platform 
may contain the same configuration 
(such as inline), number of cylinders, 
valvetrain architecture (such as 
overhead valve), cylinder head design, 
piston design, among other attributes. 
An engine platform may have different 
calibrations, such as different power 
ratings, and different aftertreatment 
control strategies, such as exhaust gas 
recirculation (EGR) or selective catalytic 
reduction (SCR). On the other hand, a 
common vehicle platform has different 
meanings depending on the market. In 
the heavy-duty pickup truck market, 
each truck manufacturer usually has 
only a single pickup truck platform (for 
example the F series by Ford) with 
common chassis designs and shared 
body panels, but with variations on load 
capacity of the axles, the cab 
configuration, tire offerings, and 
powertrain options. Lastly, the 
combination tractor market has several 
different platforms and the trucks 
within each platform (such as LoneStar 
by Navistar) have less commonality. 
Tractor manufacturers will offer several 
different options for bumpers, mirrors, 
aerodynamic fairing, wheels, and tires, 
among others. However, some areas 
such as the overall basic aerodynamic 
design (such as the grill, hood, 
windshield, and doors) of the tractor are 
tied to tractor platform. 

The platform approach allows for 
efficient use of design and 
manufacturing resources. Given the very 
large investment put into designing and 
producing each truck model, 
manufacturers of heavy-duty pickup 
trucks and vans typically plan on a 
major redesign for the models every 5 
years or more (a key consideration in 
the choice of the five model year 
duration during which the vehicle 
standards are phased in). Recently, 
EPA’s non-GHG heavy-duty engine 
program provided new emissions 
standards every three model years. 
Heavy-duty engine and truck 
manufacturer product plans typically 
have fallen into three year cycles to 
reflect this regime. While the recent 
non-GHG emissions standards can be 
handled generally with redesigns of 
engines and trucks, a complete redesign 
of a new heavy-duty engine or truck 
typically occurs on a slower cycle and 
often does not align in time due to the 
fact that the manufacturer of engines 
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195 RTI International. Heavy-duty Truck Retail 
Price Equivalent and Indirect Cost Multipliers. July 
2010. 

differs from the truck manufacturer. At 
the redesign stage, the manufacturer 
will upgrade or add all of the 
technology and make most other 
changes supporting the manufacturer’s 
plans for the next several years, 
including plans related to emissions, 
fuel efficiency, and safety regulations. 

A redesign of either engine or truck 
platforms often involves a package of 
changes designed to work together to 
meet the various requirements and 
plans for the model for several model 
years after the redesign. This often 
involves significant engineering, 
development, manufacturing, and 
marketing resources to create a new 
product with multiple new features. In 
order to leverage this significant upfront 
investment, manufacturers plan vehicle 
redesigns with several model years of 
production in mind. Vehicle models are 
not completely static between redesigns 
as limited changes are often 
incorporated for each model year. This 
interim process is called a refresh of the 
vehicle and it generally does not allow 
for major technology changes although 
more minor ones can be done (e.g., 
small aerodynamic improvements, etc). 
More major technology upgrades that 
affect multiple systems of the vehicle 
thus occur at the vehicle redesign stage 
and not in the time period between 
redesigns. 

As discussed below, there are a wide 
variety of CO2 and fuel consumption 
reducing technologies involving several 
different systems in the engine and 
vehicle that are available for 
consideration. Many can involve major 
changes to the engine or vehicle, such 
as changes to the engine block and 
cylinder heads or changes in vehicle 
shape to improve aerodynamic 
efficiency. Incorporation of such 
technologies during the periodic engine, 
transmission or vehicle redesign process 
would allow manufacturers to develop 
appropriate packages of technology 
upgrades that combine technologies in 
ways that work together and fit with the 
overall goals of the redesign. By 
synchronizing with their multi-year 
planning process, manufacturers can 
avoid the large increase in resources and 
costs that would occur if technology had 
to be added outside of the redesign 
process. We considered redesign cycles 
both in our costing and in assessing 
needed the lead time required. 

As described below, the vast majority 
of technology on whose performance the 
final standards are predicated is 
commercially available and already 
being utilized to a limited extent across 
the heavy-duty fleet. Therefore the 
majority of the emission and fuel 
consumption reductions which would 

result from these final rules would 
result from the increased use of these 
technologies. EPA and NHTSA also 
believe that these final rules will 
encourage the development and limited 
use of more advanced technologies, 
such as advanced aerodynamics and 
hybrid powertrains in some vocational 
vehicle applications. 

In evaluating truck efficiency, NHTSA 
and EPA have excluded consideration of 
standards which could result in 
fundamental changes in the engine or 
vehicle’s performance. Put another way, 
none of the technology pathways 
underlying the final standards involve 
any alteration in vehicle utility. For 
example, the agencies did not consider 
approaches that would necessitate 
reductions in engine power or otherwise 
limit truck performance. The agencies 
have thus limited the assessment of 
technical feasibility and resultant 
vehicle cost to technologies which 
maintain freight utility. Similarly, the 
agencies’ choice of attributes on which 
to base the standards, and the metrics 
used to measure them, are consciously 
adopted to preserve the utility of heavy- 
duty vehicles and engines. 

The agencies worked together to 
determine component costs for each of 
the technologies and build up the costs 
accordingly. For costs, the agencies 
considered both the direct or ‘‘piece’’ 
costs and indirect costs of individual 
components of technologies. For the 
direct costs, the agencies followed a bill 
of materials approach utilized by the 
agencies in the light-duty 2012–16 MY 
vehicle rule. A bill of materials, in a 
general sense, is a list of components or 
sub-systems that make up a system—in 
this case, an item of technology which 
reduces GHG emissions and fuel 
consumption. In order to determine 
what a system costs, one of the first 
steps is to determine its components 
and what they cost. NHTSA and EPA 
estimated these components and their 
costs based on a number of sources for 
cost-related information. In general, the 
direct costs of fuel consumption- 
improving technologies for heavy-duty 
pickups and vans are consistent with 
those used in the light-duty 2012–2016 
MY vehicle rule, except that the 
agencies have scaled up certain costs 
where appropriate to accommodate the 
larger size and/or loads placed on parts 
and systems in the heavy-duty classes 
relative to the light-duty classes. For 
loose heavy-duty engines, the agencies 
have consulted various studies and have 
exercised engineering judgment when 
estimating direct costs. For technologies 
expected to be added to vocational 
vehicles and combination tractors, the 
agencies have again consulted various 

studies and have used engineering 
judgment to arrive at direct cost 
estimates. Once costs were determined, 
they were adjusted to ensure that they 
were all expressed in 2009 dollars using 
a ratio of gross domestic product 
deflators for the associated calendar 
years. 

Indirect costs were accounted for 
using the ICM approach explained in 
Chapter 2 of the RIA, rather than using 
the traditional Retail Price Equivalent 
(RPE) multiplier approach. For the 
heavy-duty pickup truck and van cost 
projections in this final action, the 
agencies have used ICMs developed for 
light-duty vehicles (with the exception 
that here return on capital has been 
incorporated into the ICMs, where it 
had not been in the light-duty rule) 
primarily because the manufacturers 
involved in this segment of the heavy- 
duty market are the same manufacturers 
that build light-duty trucks. For the 
Class 7 and 8 tractor, vocational vehicle, 
and heavy-duty engine cost projections 
in this final rulemaking, EPA contracted 
with RTI International to update EPA’s 
methodology for accounting for indirect 
costs associated with changes in direct 
manufacturing costs for heavy-duty 
engine and truck manufacturers.195 In 
addition to the indirect cost multipliers 
varying by complexity and time frame, 
there is no reason to expect that the 
multipliers would be the same for 
engine manufacturers as for truck 
manufacturers. The report from RTI 
provides a description of the 
methodology, as well as calculations of 
new indirect cost multipliers. The 
multipliers used here include a factor of 
5 percent of direct costs representing the 
return on capital for heavy-duty engines 
and truck manufacturers. These indirect 
cost multipliers are intended to be used, 
along with calculations of direct 
manufacturing costs, to provide 
improved estimates of the full 
additional costs associated with new 
technologies. The agencies did not 
receive any adverse comments related to 
this methodology. 

Details of the direct and indirect 
costs, and all applicable ICMs, are 
presented in Chapter 2 of the RIA. In 
addition, for details on the ICMs, please 
refer to the RTI report (See Docket ID 
EPA–HQ–OAR–2010–0162–0283). 
Importantly, the agencies have revised 
the ICM factors and the way that 
indirect costs are calculated using the 
ICMs. As a result, the ICM factors are 
now higher, the indirect costs are higher 
and, therefore, technology costs are 
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196 ‘‘Tractor’’ is defined in 49 CFR 571.3 to mean 
‘‘a truck designed primarily for drawing other motor 
vehicles and not so constructed as to carry a load 
other than a part of the weight of the vehicle and 
the load so drawn.’’ 

197 Committee to Assess Fuel Economy 
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Vehicles; National Research Council; 
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Technologies and Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy-Duty 
Vehicles. (‘‘The NAS Report’’) Washington, DC, The 
National Academies Press. Available electronically 
from the National Academy Press Web site at 
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Vehicles,’’ Final Report to National Academy of 
Sciences, November 19, 2009. 

199 U.S. EPA. Heavy-duty Lumped Parameter 
Model. 
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Institute, and TIAX. Reducing Heavy-Duty Long 
Haul Combination Truck Fuel Consumption and 
CO2 Emissions. October 2009. 

201 ICF International. ‘‘Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles.’’ July 2010. Docket 
Number EPA–HQ–OAR–2010–0162–0283. 

202 MJ Bradley. Heavy-duty Market Analysis. May 
2009. Page 10. 

203 U.S. Environmental Protection Agency. 
SmartWay Transport Partnership July 2010 e- 
update accessed July 16, 2010, from http:// 
www.epa.gov/smartwaylogistics/newsroom/ 
documents/e-update-july-10.pdf. 

higher. The changes made to the ICMs 
and the indirect cost calculations are 
discussed in Section VIII of this 
preamble and are detailed in Chapter 2 
of the RIA. 

EPA and NHTSA believe that the 
emissions reductions called for by the 
final standards are technologically 
feasible at reasonable costs within the 
lead time provided by the final 
standards, reflecting our projections of 
widespread use of commercially 
available technology. Manufacturers 
may also find additional means to 
reduce emissions and lower fuel 
consumption beyond the technical 
approaches we describe here. We 
encourage such innovation through 
provisions in our flexibility program as 
discussed in Section IV. 

The remainder of this section 
describes the technical feasibility and 
cost analysis in greater detail. Further 
detail on all of these issues can be found 
in the joint RIA Chapter 2. 

A. Class 7–8 Combination Tractor 

Class 7 and 8 tractors are used in 
combination with trailers to transport 
freight.196 The variation in the design of 
these tractors and their typical uses 
drive different technology solutions for 
each regulatory subcategory. The 
agencies are adopting provisions to treat 
vocational tractors as vocational 
vehicles instead of as combination 
tractors, as noted in Section II.B. The 
focus of this section is on the feasibility 
of the standards for combination 
tractors, not the vocational tractors. 

EPA and NHTSA collected 
information on the cost and 
effectiveness of fuel consumption and 
CO2 emission reducing technologies 
from several sources. The primary 
sources of information were the 2010 
National Academy of Sciences report of 
Technologies and Approaches to 
Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles,197 
TIAX’s assessment of technologies to 
support the NAS panel report,198 EPA’s 

Heavy-duty Lumped Parameter 
Model,199 the analysis conducted by the 
Northeast States Center for a Clean Air 
Future, International Council on Clean 
Transportation, Southwest Research 
Institute and TIAX for reducing fuel 
consumption of heavy-duty long haul 
combination tractors (the NESCCAF/ 
ICCT study),200 and the technology cost 
analysis conducted by ICF for EPA.201 
Following on the EISA of 2007, the 
National Research Council appointed a 
NAS committee to assess technologies 
for improving fuel efficiency of heavy- 
duty vehicles to support NHTSA’s 
rulemaking. The 2010 NAS report 
assessed current and future technologies 
for reducing fuel consumption, how the 
technologies could be implemented, and 
identified the potential cost of such 
technologies. The NAS panel contracted 
with TIAX to perform an assessment of 
technologies which provide potential 
fuel consumption reductions in heavy- 
duty trucks and engines and the 
technologies’ associated capital costs. 
Similar to the Lumped Parameter model 
which EPA developed to assess the 
impact and interactions of GHG and fuel 
consumption reducing technologies for 
light-duty vehicles, EPA developed a 
new version of that model to 
specifically address the effectiveness 
and interactions of the final pickup 
truck and light heavy-duty engine 
technologies. The NESCAFF/ICCT study 
assessed technologies available in 2012 
through 2017 to reduce CO2 emissions 
and fuel consumption of line haul 
combination tractors and trailers. Lastly, 
the ICF report focused on the capital, 
maintenance, and operating costs of 
technologies currently available to 
reduce CO2 emissions and fuel 
consumption in heavy-duty engines, 
combination tractors, and vocational 
vehicles. 

(1) What technologies did the agencies 
consider to reduce the CO2 emissions 
and fuel consumption of combination 
tractors? 

Manufacturers can reduce CO2 
emissions and fuel consumption of 
combination tractors through use of, 
among others, engine, aerodynamic, tire, 
extended idle, and weight reduction 
technologies. The standards in the final 
rules are premised on use of these 

technologies. The agencies note that 
SmartWay trucks are available today 
which incorporate the technologies on 
whose performance the final standards 
are based. We will also discuss other 
technologies that could potentially be 
used, such as vehicle speed limiters, 
although we are not basing the final 
standards on their use for the model 
years covered by this rulemaking, for 
various reasons discussed below. 

In this section we discuss the baseline 
tractor and engine technologies for the 
2010 model year, and then discuss the 
types of technologies that the agencies 
considered to improve performance 
relative to this baseline, while Section 
III.A.2 discusses the technology 
packages the agencies used to determine 
the final standard levels. 

(a) Baseline Tractor & Tractor 
Technologies 

Baseline tractor: The agencies 
developed the baseline tractor to 
represent the average 2010 model year 
tractor. Today there is a large spread in 
aerodynamics in the new tractor fleet. 
Trucks sold may reflect so-called classic 
styling (as described in Section II.B.3.c), 
or may be sold with aerodynamic 
packages. Based on our review of 
current truck model configurations and 
Polk data provided through MJ 
Bradley,202 we believe the aerodynamic 
configuration of the baseline new truck 
fleet is approximately 25 percent Bin I, 
70 percent Bin II, and 5 percent Bin III 
(as these bin configurations are 
explained above in Section II.B. (2)(c). 
The baseline Class 7 and 8 day cab 
tractor consists of an aerodynamic 
package which closely resembles the 
Bin I package described in Section II.B. 
(2)(c), baseline tire rolling resistance of 
7.8 kg/metric ton for the steer tire and 
8.2 kg/metric ton,203 dual tires with 
steel wheels on the drive axles, and no 
vehicle speed limiter. The baseline 
tractor for the Class 8 sleeper cabs 
contains the same aerodynamic and tire 
rolling resistance technologies as the 
baseline day cab, does not include 
vehicle speed limiters, and does not 
include an idle reduction technology. 
The agencies assume the baseline 
transmission is a 10 speed manual. The 
agencies received a comment from the 
ICCT stating that the 0.69 Cd baseline 
for high roof sleepers published in the 
NPRM is higher than existing studies 
show. ICCT cited three studies 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00097 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www.epa.gov/smartwaylogistics/newsroom/documents/e-update-july-10.pdf
http://www.epa.gov/smartwaylogistics/newsroom/documents/e-update-july-10.pdf
http://www.epa.gov/smartwaylogistics/newsroom/documents/e-update-july-10.pdf
http://www.nap.edu/catalog.php?record_id=12845


57202 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

204 See TIAX, Note 198, Page 4–50. 

205 See SmartWay, Note 203, above. 
206 Ibid. 
207 The agencies are using the approach of 

evaluating total vehicle mass for heavy-duty 
pickups and vans where we have more data on the 
current fleet vehicle mass. 

including a Society of Automotive 
Engineering paper showing a lower Cd 
for tractor trailers. The agencies based 
the average Cd for high roof sleepers on 
available in use fleet composition data, 
combined with an assessment of drag 
coefficient for different truck 
configurations. The agencies are 
finalizing the 0.69 baseline Cd for high 
roof sleeper based on our assessment for 
the NPRM. However, we will continue 
to gather information on the 
composition of the in-use fleet and may 
alter the baseline in a future action, 
should more data become available that 
demonstrates our estimate is incorrect. 

Performance from this baseline can be 
improved by the use of the following 
technologies: 

Aerodynamic technologies: There are 
opportunities to reduce aerodynamic 
drag from the tractor, but it is difficult 
to assess the benefit of individual 
aerodynamic features. Therefore, 
reducing aerodynamic drag requires 
optimizing of the entire system. The 
potential areas to reduce drag include 
all sides of the truck—front, sides, top, 
rear and bottom. The grill, bumper, and 
hood can be designed to minimize the 
pressure created by the front of the 
truck. Technologies such as 
aerodynamic mirrors and fuel tank 
fairings can reduce the surface area 
perpendicular to the wind and provide 
a smooth surface to minimize 
disruptions of the air flow. Roof fairings 
provide a transition to move the air 
smoothly over the tractor and trailer. 
Side extenders can minimize the air 
entrapped in the gap between the tractor 
and trailer. Lastly, underbelly 
treatments can manage the flow of air 
underneath the tractor. As discussed in 
the TIAX report, the coefficient of drag 
(Cd) of a SmartWay sleeper cab high 
roof tractor is approximately 0.60, 
which is a significant improvement over 
a truck with no aerodynamic features 
which has a Cd value of approximately 
0.80.204 The GEM demonstrates that an 
aerodynamic improvement of a Class 8 
high roof sleeper cab with a Cd value of 
0.60 (which represents a Bin III tractor) 
provides a 5 percent reduction in fuel 
consumption and CO2 emissions over a 
truck with a Cd of 0.68. 

Lower Rolling Resistance Tires: A 
tire’s rolling resistance results from the 
tread compound material, the 
architecture and materials of the casing, 
tread design, the tire manufacturing 
process, and its operating conditions 
(surface, inflation pressure, speed, 
temperature, etc.). Differences in rolling 
resistance of up to 50 percent have been 
identified for tires designed to equip the 

same vehicle. The baseline rolling 
resistance coefficient for today’s fleet is 
7.8 kg/metric ton for the steer tire and 
8.2 kg/metric ton for the drive tire, 
based on sales weighting of the top three 
manufacturers based on market share.205 
Since 2007, SmartWay trucks have had 
steer tires with rolling resistance 
coefficients of less than 6.6 kg/metric 
ton for the steer tire and less than 7.0 
kg/metric ton for the drive tire.206 Low 
rolling resistance (LRR) drive tires are 
currently offered in both dual assembly 
and single wide-base configurations. 
Single wide tires can offer rolling 
resistance reduction along with 
improved aerodynamics and weight 
reduction. The GEM demonstrates that 
replacing baseline tractor tires with tires 
which meet the Bin I level provides 
approximately a 4 percent reduction in 
fuel consumption and CO2 emissions 
over the prescribed test cycle, as shown 
in RIA Chapter 2, Figure 2–2. 

Weight Reduction: Reductions in 
vehicle mass reduce fuel consumption 
and GHGs by reducing the overall 
vehicle mass to be accelerated and also 
through increased vehicle payloads 
which can allow additional tons to be 
carried by fewer trucks consuming less 
fuel and producing lower emissions on 
a ton-mile basis. Initially for proposal, 
the agencies considered evaluating 
vehicle mass reductions on a total 
vehicle basis for combination 
tractors.207 The agencies considered 
defining a baseline vehicle curb weight 
and the GEM would have used the 
vehicle’s actual curb weight to calculate 
the increase or decrease in fuel 
consumption related to the overall 
vehicle mass relative to that baseline. 
After considerable evaluation of this 
issue, including discussions with the 
industry, we decided it would not be 
possible to define a single vehicle 
baseline mass for the tractors that would 
be appropriate and representative. 
Actual vehicle curb weights for these 
classes of vehicles vary by thousands of 
pounds dependent on customer features 
added to vehicles and critical to the 
function of the vehicle in the particular 
vocation in which it is used. This is true 
of vehicles such as Class 8 tractors 
considered in this section that may 
appear to be relatively homogenous but 
which in fact are quite heterogeneous. 

This reality led us to the solution we 
proposed. In the proposal, we reflected 
mass reductions for specific technology 
substitutions (e.g., installing aluminum 

wheels instead of steel wheels) where 
we could with confidence verify the 
mass reduction information provided by 
the manufacturer even though we 
cannot estimate the actual curb weight 
of the vehicle. In this way, we 
accounted for mass reductions where 
we can accurately account for its 
benefits. 

For the final rules, based on 
evaluation of the comments, the 
agencies developed an expanded list of 
weight reduction opportunities, from 
which the sum of the weight reduction 
from the technologies installed on a 
specific tractor can be input into the 
GEM as listed in Table II–9 in Section 
II. The list includes additional 
components, but not materials, from 
those proposed in the NPRM. For high 
strength steel, the weight reduction 
value is equal to 10 percent of the 
presumed baseline component weight, 
as the agencies used a conservative 
value based on the DOE report. We 
recognize that there may be additional 
potential for weight reduction in new 
high strength steel components which 
combine the reduction due to the 
material substitution along with 
improvements in redesign, as evidenced 
by the studies done for light-duty 
vehicles. In the development of the high 
strength steel component weights, we 
are only assuming a reduction from 
material substitution and no weight 
reduction from redesign, since we do 
not have any data specific to redesign of 
heavy-duty components nor do we have 
a regulatory mechanism to differentiate 
between material substitution and 
improved design. We are finalizing for 
wheels that both aluminum and light 
weight aluminum are eligible to be used 
as light-weight materials. Only 
aluminum and not light weight 
aluminum can be used as a light-weight 
material for other components. The 
reason for this is data was available for 
light weight aluminum for wheels but 
was not available for other components. 

As explained in Section II.B above, 
the agencies continue to believe that the 
400 pound weight target is appropriate 
for setting the final combination tractor 
CO2 emissions and fuel consumption 
standards. The agencies agree with the 
commenter that 400 pounds of weight 
reduction without the use of single wide 
tires may not be achievable for all 
tractor configurations. The agencies 
have expanded the list of weight 
reduction components which can be 
input into the GEM in order to provide 
the manufacturers with additional 
means to comply with the combination 
tractors and to further encourage 
reductions in vehicle weight. The 
agencies considered increasing the 
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target value beyond 400 pounds given 
the additional reduction potential 
identified in the expanded technology 
list; however, lacking information on 
the capacity for the industry to change 
to these light weight components across 
the board by the 2014 model year, we 
have decided to maintain the 400 pound 
target. The agencies intend to continue 
to study the potential for additional 
weight reductions in our future work 
considering a second phase of truck fuel 
efficiency and GHG regulations. 

A weight reduction of 400 pounds 
applied to a truck which travels at 
70,000 pounds will have a minimal 
impact on fuel consumption. However, 
for trucks which operate at the 
maximum GVWR which occurs 
approximately in one third of truck 
miles travelled, a reduced tare weight 
will allow for additional payload to be 
carried. The GEM demonstrates that a 
weight reduction of 400 pounds applied 
to the payload tons for one third of the 
trips provides a 0.3 percent reduction in 
fuel consumption and CO2 emissions 
over the prescribed test cycle, as shown 
in Figure 2–3 of RIA Chapter 2. 

Extended Idle Reduction: Auxiliary 
power units (APU)s, fuel operated 
heaters, battery supplied air 
conditioning, and thermal storage 
systems are among the technologies 
available today to reduce main engine 
extended idling from sleeper cabs. Each 
of these technologies reduces the 
baseline fuel consumption during idling 
from a truck without this equipment 
(the baseline) from approximately 0.8 
gallons per hour (main engine idling 
fuel consumption rate) to approximately 
0.2 gallons per hour for an APU.208 EPA 
and NHTSA agree with the TIAX 
assessment of a 6 percent reduction in 
overall fuel consumption reduction.209 

Vehicle Speed Limiters: Fuel 
consumption and GHG emissions 
increase proportional to the square of 
vehicle speed. Therefore, lowering 
vehicle speeds can significantly reduce 
fuel consumption and GHG emissions. 
A vehicle speed limiter (VSL), which 
limits the vehicle’s maximum speed, is 
a simple technology that is utilized 
today by some fleets (though the typical 
maximum speed setting is often higher 
than 65 mph). The GEM shows that 
using a vehicle speed limiter set at 62 
mph on a sleeper cab tractor will 
provide a 4 percent reduction in fuel 
consumption and CO2 emissions over 
the prescribed test cycles over a baseline 

vehicle without a VSL or one set above 
65 mph.210 

Transmission: As discussed in the 
2010 NAS report, automatic and 
automated manual transmissions may 
offer the ability to improve vehicle fuel 
consumption by optimizing gear 
selection compared to an average driver. 
However, as also noted in the report and 
in the supporting TIAX report, the 
improvement is very dependent on the 
driver of the truck, such that reductions 
ranged from 0 to 8 percent.211 Well- 
trained drivers would be expected to 
perform as well or even better than an 
automatic transmission since the driver 
can see the road ahead and anticipate a 
changing stoplight or other road 
condition that an automatic 
transmission can not anticipate. 
However, poorly-trained drivers that 
shift too frequently or not frequently 
enough to maintain optimum engine 
operating conditions could be expected 
to realize improved in-use fuel 
consumption by switching from a 
manual transmission to an automatic or 
automated manual transmission. 
Although we believe there may be real 
benefits in reduced fuel consumption 
and GHG emissions through the 
application of dual clutch, automatic or 
automated manual transmission 
technology, we are not reflecting this 
potential improvement in our standard 
setting or in our compliance model. We 
have taken this approach because we 
cannot say with confidence what level 
of performance improvement to expect. 

Low Friction Transmission, Axle, and 
Wheel Bearing Lubricants: The 2010 
NAS report assessed low friction 
lubricants for the drivetrain as a 1 
percent improvement in fuel 
consumption based on fleet testing.212 
The light-duty 2012–16 MY vehicle rule 
and the pickup truck portion of this 
program estimate that low friction 
lubricants can have an effectiveness 
value between 0 and 1 percent 
compared to traditional lubricants. 
However, it is not clear if in many 
heavy-duty applications these low 
friction lubricants could have 
competing requirements like component 
durability issues requiring specific 
lubricants with different properties than 
low friction. 

Hybrid: Hybrid powertrain 
development in Class 7 and 8 tractors 
has been limited to a few manufacturer 
demonstration vehicles to date. One of 
the key benefit opportunities for fuel 
consumption reduction with hybrids is 
less fuel consumption when a vehicle is 
idling, but the standard is already 
premised on use of extended idle 
reduction so use of hybrid technology 
would duplicate many of the same 
emission reductions attributable to 
extended idle reduction. NAS estimated 
that hybrid systems would cost 
approximately $25,000 per tractor in the 
2015 through the 2020 time frame and 
provide a potential fuel consumption 
reduction of 10 percent, of which 6 
percent is idle reduction which can be 
achieved (less expensively) through the 
use of other idle reduction 
technologies.213 The limited reduction 
potential outside of idle reduction for 
Class 8 sleeper cab tractors is due to the 
mostly highway operation and limited 
start-stop operation. Due to the high cost 
and limited benefit during the model 
years at issue in this action (as well as 
issues regarding sufficiency of lead time 
(see Section III.2 (a) below), the agencies 
are not including hybrids in assessing 
standard stringency (or as an input to 
GEM). However as discussed in Section 
IV, the agencies are providing incentives 
to encourage the introduction of 
advanced technologies including hybrid 
powertrains in appropriate applications. 

Management: The 2010 NAS report 
noted many operational opportunities to 
reduce fuel consumption, such as driver 
training and route optimization. The 
agencies have included discussion of 
several of these strategies in RIA 
Chapter 2, but are not using these 
approaches or technologies in the 
standard setting process. The agencies 
are looking to other resources, such as 
EPA’s SmartWay Transport Partnership 
and regulations that could potentially be 
promulgated by the Federal Highway 
Administration and the Federal Motor 
Carrier Safety Administration, to 
continue to encourage the development 
and utilization of these approaches. 

(b) Baseline Engine & Engine 
Technologies 

The baseline engine for the Class 8 
tractors is a Heavy Heavy-Duty Diesel 
engine with 15 liters of displacement 
which produces 455 horsepower. The 
agencies are using a smaller baseline 
engine for the Class 7 tractors because 
of the lower combined weights of this 
class of vehicles require less power, 
thus the baseline is an 11L engine with 
350 horsepower. The agencies 
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developed the baseline diesel engine as 
a 2010 model year engine with an 
aftertreatment system which meets 
EPA’s 0.20 grams of NOX/bhp-hr 
standard with an SCR system along with 
EGR and meets the PM emissions 
standard with a diesel particulate filter 
with active regeneration. The baseline 
engine is turbocharged with a variable 
geometry turbocharger. The following 
discussion of technologies describes 
improvements over the 2010 model year 
baseline engine performance, unless 
otherwise noted. Further discussion of 
the baseline engine and its performance 
can be found in Section III.A.2.6 below. 

With respect to stringency level, the 
agencies received comments from 
Cummins and Daimler stating that the 
proposed stringency levels were 
appropriate for the lead-times. 
Conversely, the agencies received 
comments from several environmental 
groups (UCS, CATF, ACEEE) supporting 
a greater reduction in engine CO2 
emissions and fuel consumption based 
on the NAS report. Navistar also stated 
that the agencies’ baseline engine is 
inappropriate since there is not 
currently a 0.20 NOX compliant engine 
in production. A discussion of how the 
baseline engine configuration can be 
found below in Section (2)(b)(i). 

Navistar also stated that the baseline 
engines proposed in the NPRM, MY 
2010 selective catalytic reduction (SCR)- 
equipped, could not meet the agencies’ 
statutory obligation to set feasible 
standards, and requested instead that 
MY 2010 engines currently in-use be 
used to meet the feasibility factor. The 
agencies thus disagree with the 
statement that SCR is infeasible and 
therefore, the agencies reaffirm that the 
engine used as the baseline engine in 
the agencies’ analysis does indeed exist. 
In fact, several engine families have 
been certified by EPA using SCR 
technology over the past two years, all 
of which have met the 0.20 g/bhp-hr 
NOX standard.214 EPA disagrees with 
Navistar that SCR engines currently 
certified do not meet this standard. 
Compliance with the 0.20 g/bhp-hr FTP 
NOX standard is measured based on an 
engine’s performance when tested over 
a specific duty cycle (see 40 CFR 
86.007–11(a)(2)). This is also true 
regarding the SET standard (see 40 CFR 
86.007–11(a)(3)). Further, the FTP and 
SET tests are average tests, so emissions 
could go over 0.20 even for some 
portion of the test itself. Manufacturers 
are also required to ensure that their 
engines meet the NTE standard under 

all conditions specified in the 
regulations (see 40 CFR 86.007– 
11(a)(4)). 

Several manufacturers have been able 
to show compliance with these 
standards in applications for 
certification provided to EPA for several 
engine families. Navistar has provided 
no information indicating that these 
tests were false or improper. Indeed, 
Navistar does not appear to suggest, or 
provide any evidence, that engines with 
working SCR systems do not meet the 
NOX standard. Thus, it is demonstrably 
false to conclude that the NOX standard 
cannot be met with SCR-equipped 
engines. 

A more detailed response to these 
comments appears in Section 6.2 of the 
Response to Comment document for this 
rule. 

Engine performance for CO2 
emissions and fuel consumption can be 
improved by use of the following 
technologies: 

Improved Combustion Process: Fuel 
consumption reductions in the range of 
1 to 3 percent over the baseline diesel 
engine are identified in the 2010 NAS 
report through improved combustion 
chamber design, higher fuel injection 
pressure, improved injection shaping 
and timing, and higher peak cylinder 
pressures.215 

Turbochargers: Improved efficiency of 
a turbocharger compressor or turbine 
could reduce fuel consumption by 
approximately 1 to 2 percent over 
variable geometry turbochargers in the 
market today.216 The 2010 NAS report 
identified technologies such as higher 
pressure ratio radial compressors, axial 
compressors, and dual stage 
turbochargers as design paths to 
improve turbocharger efficiency. 

Higher efficiency air handling 
processes: To maximize the efficiency of 
such processes, induction systems may 
be improved by manufacturing more 
efficiently designed flow paths 
(including those associated with air 
cleaners, chambers, conduit, mass air 
flow sensors and intake manifolds) and 
by designing such systems for improved 
thermal control. Improved 
turbocharging and air handling systems 
must include higher efficiency EGR 
systems and intercoolers that reduce 
frictional pressure loss while 
maximizing the ability to thermally 
control induction air and EGR. The 
agencies received comments from 
Honeywell confirming that 
turbochargers provide a role in reducing 
the CO2 emissions from engines. Other 
components that offer opportunities for 

improved flow efficiency include 
cylinder heads, ports and exhaust 
manifolds to further reduce pumping 
losses. Variable air breathing systems 
such as variable valve actuation may 
provide additional gains at different 
loads and speeds. The NESCCAF/ICCT 
study indicated up to 1.2 percent 
reduction could be achieved solely 
through improved EGR systems. 

Low Temperature Exhaust Gas 
Recirculation: Most medium- and 
heavy-duty vehicle diesel engines sold 
in the U.S. market today use cooled 
EGR, in which part of the exhaust gas 
is routed through a cooler (rejecting 
energy to the engine coolant) before 
being returned to the engine intake 
manifold. EGR is a technology 
employed to reduce peak combustion 
temperatures and thus NOX. Low- 
temperature EGR uses a larger or 
secondary EGR cooler to achieve lower 
intake charge temperatures, which tend 
to further reduce NOX formation. If the 
NOX requirement is unchanged, low- 
temperature EGR can allow changes 
such as more advanced injection timing 
that will increase engine efficiency 
slightly more than 1 percent.217 Because 
low-temperature EGR reduces the 
engine’s exhaust temperature, it may not 
be compatible with exhaust energy 
recovery systems such as 
turbocompounding or a bottoming 
cycle. 

Engine Friction Reduction: Reduced 
friction in bearings, valve trains, and the 
piston-to-liner interface will improve 
efficiency. Any friction reduction must 
be carefully developed to avoid issues 
with durability or performance 
capability. Estimates of fuel 
consumption improvements due to 
reduced friction range from 0 to 2 
percent.218 

Reduced Parasitic Loads: Accessories 
that are traditionally gear or belt driven 
by a vehicle’s engine can be optimized 
and/or converted to electric power. 
Examples include the engine water 
pump, oil pump, fuel injection pump, 
air compressor, power-steering pump, 
cooling fans, and the vehicle’s air- 
conditioning system. Optimization and 
improved pressure regulation may 
significantly reduce the parasitic load of 
the water, air and fuel pumps. 
Electrification may result in a reduction 
in power demand, because electrically 
powered accessories (such as the air 
compressor or power steering) operate 
only when needed if they are 
electrically powered, but they impose a 
parasitic demand all the time if they are 
engine driven. In other cases, such as 
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cooling fans or an engine’s water pump, 
electric power allows the accessory to 
run at speeds independent of engine 
speed, which can reduce power 
consumption. The TIAX study used 2 to 
4 percent fuel consumption 
improvement for accessory 
electrification, with the understanding 
that electrification of accessories will 
have more effect in short-haul/urban 
applications and less benefit in line- 
haul applications.219 Bendix, in their 
comments to the agencies, confirmed 
that there are engine accessories 
available that can improve an engine’s 
fuel efficiency. 

Selective catalytic reduction: This 
technology is common on 2010 the 
medium- and heavy-duty diesel engines 
used in Class 7 and 8 tractors (and the 
agencies therefore have included it as 
part of the baseline engine, as noted 
above). Because SCR is a highly 
effective NOX aftertreatment approach, 
it enables engines to be optimized to 
maximize fuel efficiency, rather than 
minimize engine-out NOX. 2010 SCR 
systems are estimated to result in 
improved engine efficiency of 
approximately 3 to 5 percent compared 
to a 2007 in-cylinder EGR-based 
emissions system and by an even greater 
percentage compared to 2010 in- 
cylinder approaches.220 As more 
effective low-temperature catalysts are 
developed, the NOX conversion 
efficiency of the SCR system will 
increase. Next-generation SCR systems 
could then enable additional efficiency 
improvements; alternatively, these 
advances could be used to maintain 
efficiency while down-sizing the 
aftertreatment. We estimate that 
continued optimization of the catalyst 
could offer 1 to 2 percent reduction in 
fuel use over 2010 model year systems 
in the 2014 model year.221 The agencies 
estimate an additional 1 to 2 percent 
reduction may be feasible in the 2017 
model year through additional 
refinement. 

Mechanical Turbocompounding: 
Mechanical turbocompounding adds a 
low pressure power turbine to the 
exhaust stream in order to extract 
additional energy, which is then 
delivered to the crankshaft. Published 
information on the fuel consumption 
reduction from mechanical 
turbocompounding varies between 2.5 

and 5 percent.222 Some of these 
differences may depend on the 
operating condition or duty cycle that 
was considered by the different 
researchers. The performance of a 
turbocompounding system tends to be 
highest at full load and much less or 
even zero at light load. 

Electric Turbocompounding: This 
approach is similar in concept to 
mechanical turbocompounding, except 
that the power turbine drives an 
electrical generator. The electricity 
produced can be used to power an 
electrical motor supplementing the 
engine output, to power electrified 
accessories, or to charge a hybrid system 
battery. None of these systems have 
been demonstrated commercially, but 
modeled results by industry and DOE 
have shown improvements of 3 to 5 
percent.223 

Bottoming Cycle: An engine with 
bottoming cycle uses exhaust or other 
heat energy from the engine to create 
power without the use of additional 
fuel. The sources of energy include the 
exhaust, EGR, charge air, and coolant. 
The estimates for fuel consumption 
reduction range up to 10 percent as 
documented in the 2010 NAS report.224 
However, none of the bottoming cycle or 
Rankine systems has been demonstrated 
commercially and are currently in only 
the research stage. See Section 2.4.2.7 of 
the RIA and Section II.B above. 

(2) Projected Technology Package 
Effectiveness and Cost 

(a) Class 7 and 8 Combination Tractors 
EPA and NHTSA project that CO2 

emissions and fuel consumption 
reductions can be feasibly and cost- 
effectively achieved in these rules’ time 
frames through the increased 
application of aerodynamic 
technologies, LRR tires, weight 
reduction, extended idle reduction 
technologies, vehicle speed limiters, 
and engine improvements. The agencies 
believe that hybrid powertrains systems 
for tractors will not be sufficiently 
developed and the necessary 
manufacturing capacity put in place to 
base a standard on any significant 
volume of hybrid tractors. The agencies 
are not aware of any full hybrid systems 
currently developed for long haul 
tractor applications. To date, hybrid 
systems for tractors have been primarily 
focused on idle shutdown technologies 
and not the broader energy storage and 

recovery systems necessary to achieve 
reductions over typical vehicle drive 
cycles. The final standards reflect the 
potential for idle shutdown technologies 
through the GEM model. Further as 
highlighted by the 2010 NAS report, the 
agencies do believe that full hybrid 
powertrains have the potential in the 
longer term to provide significant 
improvements in fuel efficiency and to 
reduce greenhouse gas emissions. 
However lacking any existing systems or 
manufacturing base, we cannot 
conclude such technology will be 
available in the 2014–2018 timeframe. 
Developing a full hybrid system itself 
would be a three to five project followed 
by several more years to put in place 
manufacturing capacity. The agencies 
are including incentives for the use of 
hybrid technologies to help encourage 
their development and to reward 
manufacturers that can produce hybrids 
through prototype and low volume 
production methods. The agencies also 
are not including drivetrain 
technologies in the standard setting 
process, as discussed in Section 
II.B.3.h.iv. 

The agencies evaluated each 
technology and estimated the most 
appropriate application rate of 
technology into each tractor 
subcategory. The next sections describe 
the effectiveness of the individual 
technologies, the costs of the 
technologies, the projected application 
rates of the technologies into the 
regulatory subcategories, and finally the 
derivation of the final standards. 

(i) Baseline Tractor Performance 

The agencies developed the baseline 
tractor for each subcategory to represent 
an average 2010 model year tractor 
configured as noted earlier. The 
approach taken by the agencies was to 
define the individual inputs to the GEM, 
as shown in Table III–1. For example, 
the agencies evaluated the industry’s 
tractor offerings and concluded that the 
average tractor contains a generally 
aerodynamic shape (such as roof 
fairings) and avoids classic features 
such as an exhaust stacks at the B-pillar, 
which increases drag. As noted earlier, 
our assessment of the baseline new high 
roof tractor fleet aerodynamics consists 
of approximately 25 percent Bin I, 70 
percent Bin II, and 5 percent Bin III 
tractors. The baseline rolling resistance 
coefficient for today’s fleet is 7.8 kg/ 
metric ton for the steer tire and 8.2 kg/ 
metric ton for the drive tire, based on 
sales weighting of the top three 
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manufacturers based on market share.225 
The agencies assumed no application of 
vehicle speed limiters, weight reduction 
technologies, or idle reduction 

technologies in the baseline tractor. The 
agencies use the inputs in the GEM to 
derive the baseline CO2 emissions and 
fuel consumption of Class 7 and 8 

tractors. The results are included in 
Table III–1. 

TABLE III–1—BASELINE TRACTOR DEFINITIONS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Aerodynamics (Cd) 

Baseline ... 0.77 0.87 0.73 0.77 0.87 0.73 0.77 0.87 0.70 

Steer Tires (CRR kg/metric ton) 

Baseline ... 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 

Drive Tires (CRR kg/metric ton) 

Baseline ... 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 

Weight Reduction (lb) 

Baseline ... 0 0 0 0 0 0 0 0 0 

Extended Idle Reduction (gram CO2/ton-mile reduction) 

Baseline ... N/A N/A N/A N/A N/A N/A 0 0 0 

Vehicle Speed Limiter 

Baseline ... .................... .................... .................... .................... .................... .................... .................... .................... ....................

Engine 

Baseline ... 2010 MY 
11L Engine 

2010 MY 
11L Engine 

2010 MY 
11L Engine 

2010 MY 
15L Engine 

2010 MY 
15L Engine 

2010 MY 
15L Engine 

2010 MY 
15L Engine 

2010 MY 
15L Engine 

2010 MY 
15L Engine 

TABLE III–2—CLASS 7 AND 8 TRACTOR BASELINE CO2 EMISSIONS AND FUEL CONSUMPTION 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

CO2 
(grams 
CO2/ton- 
mile) ...... 116 128 138 88 95 103 80 89 94 

Fuel Con-
sumption 
(gal/ 
1,000 
ton-mile) 11.4 12.6 13.6 8.7 9.4 10.1 7.8 8.7 9.3 

(ii) Tractor Technology Package 
Definitions 

The agencies’ assessment of the final 
technology effectiveness was developed 
through the use of the GEM in 
coordination with chassis testing of 
three SmartWay certified Class 8 sleeper 
cabs. The agencies developed the 

standards through a three-step process. 
First, the agencies developed technology 
performance characteristics for each 
technology, described below. Each 
technology is associated with an input 
parameter which is in turn modeled in 
the GEM. The performance levels for the 
range of Class 7 and 8 tractor 

aerodynamic packages and vehicle 
technologies are described in Table III– 
3. Second, the agencies combined the 
technology performance levels with a 
projected technology application rate to 
determine the GEM inputs used to set 
the stringency of the final standards. 
Third, the agencies input the parameters 
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into GEM and used the output to 
determine the final CO2 emissions and 
fuel consumption levels. 

Aerodynamics 
The aerodynamic packages are 

categorized as Bin I, Bin II, Bin III, Bin 
IV, or Bin V based on the aerodynamic 
performance determined through testing 
conducted by the manufacturer. A more 
complete description of these 
aerodynamic packages is included in 
Chapter 2 of the RIA. In general, the 
CdA values for each package and tractor 
subcategory were developed through 
EPA’s coastdown testing of tractor- 
trailer combinations, the 2010 NAS 
report, and SAE papers. 

Tire Rolling Resistance 
The rolling resistance coefficient for 

the tires was developed from 
SmartWay’s tire testing to develop the 
SmartWay certification, in addition to 
testing a selection of tractor tires as part 
of this program. The tire performance 
was evaluated in three levels—the 
baseline (average), 15 percent better 
than the average, and an additional 15 
percent improvement. The first 15 
percent improvement represents the 
threshold used to develop SmartWay 
certified tires for long haul tractors. The 
second 15 percent threshold represents 
an incremental step for improvements 
beyond today’s SmartWay level and 
represents the best in class rolling 
resistance of the tires we tested. 

Weight Reduction 
The weight reductions were 

developed from tire manufacturer 

information, the Aluminum 
Association, the Department of Energy, 
and TIAX, as discussed above in Section 
II.B.3.e. 

Idle Reduction 

The benefits for the extended idle 
reductions were developed from 
literature, SmartWay work, and the 2010 
NAS report. The agencies received 
comments from multiple stakeholders 
regarding idle reduction technologies 
(IRT). Two commenters asked us to 
revise the default value associated with 
the IRT technology, and two 
commenters want to use IRT in GEM 
even without automatic engine shut 
down (AES). The agencies proposed 
AES after 5 minutes with no exceptions 
to help ensure that the idle reductions 
are realized in-use. Use of an AES 
ensures the main engine will be shut 
down, whereas idle reduction 
technologies alone do not provide that 
level of certainty. Without an automatic 
shutdown of the main engine, actual 
savings would depend on operator 
behavior and thus be essentially 
unverifiable. The agencies are finalizing 
the calculation as proposed, along with 
the automotive engine shutdown 
requirement. Additional details 
regarding the comments and 
calculations are included in RIA Section 
2.5.4.2. 

Several commenters requested that 
the level of emissions reductions vary in 
GEM by different idle reduction 
technologies, and one commenter 
requested that the application of battery 
powered APUs be incentivized. The 

agencies recognize that the level of 
emission reductions provided by 
different IRT varies, but are adopting a 
conservative level to recognize that 
some vehicles may be sold with only an 
AES but may then install an IRT in-use. 
Or some vehicles may be sold with one 
IRT but then choose to install 
alternative ones in-use. The agencies 
cannot verify the savings which depend 
on operator behavior. 

One commenter requested that we 
provide manufacturers with an option to 
allow the AES feature to be 
reprogammable after a specified number 
of miles or time in service. The agencies 
recognize that AES may impact the 
resale value of tractors and, in response 
to comments, are adopting provisions 
for the optional expiration of an AES. 
Thus, the initial buyer could select AES 
only for the number of miles based on 
the expected time before resale. Similar 
to vehicle speed limiters, we would 
discount the impact based on the full 
life of the truck (e.g. 1,259,000 miles). 
Additional detail can be found in RIA 
Section 2.5.4.2. 

Vehicle Speed Limiter 

The agencies are not including 
vehicle speed limiters in the technology 
package for Class 7 and 8 tractors. 

Summary of Technology Performance 

Table III–3 describes the performance 
levels for the range of Class 7 and 8 
tractor aerodynamic packages and 
vehicle technologies. 

TABLE III–3—CLASS 7 AND 8 TRACTOR TECHNOLOGY VALUES 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid 
roof High roof Low/mid 

roof High roof Low roof Mid roof High roof 

Aerodynamics (Cd) 

Bin I .......................................................... 0.77/0.87 0.79 0.77/0.87 0.79 0.77 0.87 0.75 
Bin II ......................................................... 0.71/0.82 0.72 0.71/0.82 0.72 0.71 0.82 0.68 
Bin III ........................................................ .................... 0.63 .................... 0.63 .................... .................... 0.60 
Bin IV ....................................................... .................... 0.56 .................... 0.56 .................... .................... 0.52 
Bin V ........................................................ .................... 0.51 .................... 0.51 .................... .................... 0.47 

Steer Tires (CRR kg/metric ton) 

Baseline ................................................... 7.8 7.8 7.8 7.8 7.8 7.8 7.8 
Level I ...................................................... 6.6 6.6 6.6 6.6 6.6 6.6 6.6 
Level II ..................................................... 5.7 5.7 5.7 5.7 5.7 5.7 5.7 

Drive Tires (CRR kg/metric ton) 

Baseline ................................................... 8.2 8.2 8.2 8.2 8.2 8.2 8.2 
Level I ...................................................... 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
Level II ..................................................... 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
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226 See TIAX, Note 198, Page 4–40. 

TABLE III–3—CLASS 7 AND 8 TRACTOR TECHNOLOGY VALUES—Continued 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid 
roof High roof Low/mid 

roof High roof Low roof Mid roof High roof 

Weight Reduction (lb) 

Control ...................................................... 400 400 400 400 400 400 400 

Extended Idle Reduction (gram CO2/ton-mile reduction) a 

Control ...................................................... N/A N/A N/A N/A 5 5 5 

Vehicle Speed Limiter b 

Control ...................................................... N/A N/A N/A N/A N/A N/A N/A 

Notes: 
a While the standards are set based on this value, users would enter another value if AES is not applied or applied for less than the full useful 

life of the engine. 
b Vehicle speed limiters are an applicable technology for all Class 7 and 8 tractors, however the standards are not premised on the use of this 

technology. 

(iii) Tractor Technology Application 
Rates 

As explained above, vehicle 
manufacturers often introduce major 
product changes together, as a package. 
In this manner the manufacturers can 
optimize their available resources, 
including engineering, development, 
manufacturing and marketing activities 
to create a product with multiple new 
features. In addition, manufacturers 
recognize that a truck design will need 
to remain competitive over the intended 
life of the design and meet future 
regulatory requirements. In some 
limited cases, manufacturers may 
implement an individual technology 
outside of a vehicle’s redesign cycle. 

With respect to the levels of 
technology application used to develop 
the final standards, NHTSA and EPA 
established technology application 
constraints. The first type of constraint 
was established based on the 
application of fuel consumption and 
CO2 emission reduction technologies 
into the different types of tractors. For 
example, idle reduction technologies are 
limited to Class 8 sleeper cabs using the 
assumption that day cabs are not used 
for overnight hoteling. A second type of 
constraint was applied to most other 
technologies and limited their 
application based on factors reflecting 
the real world operating conditions that 
some combination tractors encounter. 
This second type of constraint was 
applied to the aerodynamic, tire, and 
vehicle speed limiter technologies. 
Table III–4 specifies the application 
rates that EPA and NHTSA used to 
develop the final standards. The 
agencies received a significant number 
of comments related to this second 

basis. In particular, commenters 
questioned the reasons for not requiring 
the maximum reduction technology in 
every case. The agencies have not done 
so because we have concluded that 
within each of these individual vehicle 
categories there are particular 
applications where the use of the 
identified technologies would be either 
ineffective or not technically feasible. 
The addition of ineffective technologies 
provides no environmental or fuel 
efficiency benefit, increases costs and is 
not a basis upon which to set a 
maximum feasible improvement. For 
example, the agencies have not required 
the use of full aerodynamic vehicle 
treatments on 100 percent of tractors 
because we know that in many 
applications (for example gravel truck 
engaged in local aggregate delivery) the 
added weight of the aerodynamic 
technologies will increase fuel 
consumption and hence CO2 emissions 
to a greater degree than the reduction 
that would be accomplished from the 
more aerodynamic nature of the tractor. 
To simply set the standard based on the 
largest reduction possible estimated 
narrowly over a single test procedure 
while ignoring the in-use effects of the 
technology would in this case result in 
a perverse outcome that is not in 
keeping with the agencies’ goals or the 
requirements of the CAA and EISA. 

Aerodynamics Application Rate 

The impact of aerodynamics on a 
truck’s efficiency increases with vehicle 
speed. Therefore, the usage pattern of 
the truck will determine the benefit of 
various aerodynamic technologies. 
Sleeper cabs are often used in line haul 
applications and drive the majority of 

their miles on the highway travelling at 
speeds greater than 55 mph. The 
industry has focused aerodynamic 
technology development, including 
SmartWay tractors, on these types of 
trucks. Therefore the agencies are 
adopting the most aggressive 
aerodynamic technology application to 
this regulatory subcategory. All of the 
major manufacturers today offer at least 
one SmartWay truck model. The 2010 
NAS Report on heavy-duty trucks found 
that manufacturers indicated that 
aerodynamic improvements which yield 
3 to 4 percent fuel consumption 
reduction or 6 to 8 percent reduction in 
Cd values, beyond technologies used in 
today’s SmartWay trucks are 
achievable.226 The aerodynamic 
application rate for Class 8 sleeper cab 
high roof cabs (i.e., the degree of 
technology application on which the 
stringency of the final standard is 
premised) consists of 20 percent of Bin 
IV, 70 percent Bin III, and 10 percent 
Bin II reflecting our assessment of the 
fraction of tractors in this segment that 
can successfully apply these 
aerodynamic packages. 

The 90 percent of tractors that we 
project can either be Bin II or Bin III 
equipped reflects the bulk of Class 8 
high roof sleeper cab applications. We 
are not projecting a higher fraction of 
Bin III aerodynamic systems because of 
the limited lead time for the program 
and the need for these more advanced 
technologies to be developed and 
demonstrated before being applied 
across a wider fraction of the fleet. 
Aerodynamic improvements through 
new tractor designs and the 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00104 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57209 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

227 U.S. Department of Energy. Transportation 
Energy Data Book, Edition 28–2009. Table 5.7. 

development of new aerodynamic 
components is an inherently slow and 
iterative process. Aerodynamic impacts 
are highly nonlinear and often reflect 
unexpected interactions between 
multiple components. Given the nature 
of aerodynamic improvements it is 
inherently difficult to estimate the 
degree to which improvements can be 
made beyond previously demonstrated 
levels. The changes required for Bins III 
and IV reflect the kinds of 
improvements projected in the 
Department of Energy’s Supertruck 
program. That program assumes that 
such systems can be demonstrated on 
vehicles by 2017. In this case, the 
agencies are projecting that truck OEMs 
will be able to begin implementing these 
aerodynamic technologies prior to 2017 
on a limited scale. Importantly, our 
averaging, banking and trading 
provisions provide manufacturers with 
the flexibility to implement these 
technologies over time even though the 
standard changes in a single step. 

The final aerodynamic application for 
the other tractor regulatory categories is 
less aggressive than for the Class 8 
sleeper cab high roof. The agencies 
recognize that there are truck 
applications which require on/off-road 
capability and other truck functions 
which restrict the type of aerodynamic 
equipment applicable. We also 
recognize that these types of trucks 
spend less time at highway speeds 
where aerodynamic technologies have 
the greatest benefit. The 2002 VIUS data 
ranks trucks by major use.227 The heavy 
trucks usage indicates that up to 35 
percent of the trucks may be used in 
on/off-road applications or heavier 
applications. The uses include 
construction (16 percent), agriculture 
(12 percent), waste management (5 
percent), and mining (2 percent). 
Therefore, the agencies analyzed the 
technologies to evaluate the potential 
restrictions that would prevent 100 
percent application of SmartWay 
technologies for all of the tractor 
regulatory subcategories. 

As discussed in Section II.B.2.c, in 
response to comments received from 
manufacturers making some of these 
same points, the agencies are finalizing 
only two aerodynamic bins for low and 
mid roof tractors. The agencies are 
reducing the number of bins for these 
tractors from the proposal to reflect the 
actual range of aerodynamic 
technologies effective in low and mid 
roof tractor applications. The 
aerodynamic improvements to the 
bumper, hood, windshield, mirrors, and 

doors are developed for the high roof 
tractor application and then carried over 
into the low and mid roof applications. 
As mentioned in Section II.B.2.c, the 
types of designs that would move high 
roof tractors from a Bin III to Bins IV 
and V include features such as gap 
reducers and integral roof fairings 
which would not be appropriate on low 
and mid roof tractors. Thus, the 
agencies are differentiating the 
aerodynamic performance for low- and 
mid-roof tractors into two bins—Bin I 
and Bin II. The application rates in the 
low and mid roof categories are the 
same as proposed, but aggregated into 
just two bins. Bin I for these tractors 
corresponds to the proposed ‘‘Classic’’ 
and ‘‘Conventional’’ bins and Bin II 
corresponds to the proposed 
‘‘SmartWay,’’ ‘‘Advanced SmartWay,’’ 
and ‘‘Advanced SmartWay II’’ bins. 

Low Rolling Resistance Tire Application 
Rate 

At proposal, the agencies stated that 
at least one LRR tire model is available 
today that meets the rolling resistance 
requirements of the Level I and Level II 
tire packages so the 2014 MY should 
afford manufacturers sufficient lead 
time to install these packages. EPA and 
NHTSA conducted additional 
evaluation testing on HD tires used for 
tractors. The agencies also received 
several comments on the suitability of 
low rolling resistance tires for various 
HD truck applications. The summary of 
the agencies findings and a response to 
issues raised by commenters is 
presented in Section II.D(1)(a). 

The agencies note that baseline rolling 
resistance level for tires installed on 
tractors is approximately equivalent to 
what the agencies consider to be low 
rolling resistance tires for vocational 
vehicles because of the tire 
manufacturer’s focus on improving the 
rolling resistance of tractor tires. For the 
tire manufacturers to further reduce tire 
rolling resistance, the manufacturers 
must consider several performance 
criteria that affect tire selection. The 
characteristics of a tire also influence 
durability, traction control, vehicle 
handling, comfort, and retreadability. A 
single performance parameter can easily 
be enhanced, but an optimal balance of 
all the criteria will require 
improvements in materials and tread 
design at a higher cost, as estimated by 
the agencies. Tire design requires 
balancing performance, since changes in 
design may change different 
performance characteristics in opposing 
directions. Similar to the discussion 
regarding lesser aerodynamic 
technology application in tractor 
segments other than sleeper cab high 

roof, the agencies believe that the final 
standards should not be premised on 
100 percent application of Level II tires 
in all tractor segments given the 
interference with vehicle utility that 
would result. The agencies are basing 
their analyses on application rates that 
vary by subcategory recognizing that 
some subcategories require a different 
balancing of performance versus rolling 
resistance. 

Weight Reduction Technology 
Application Rate 

The agencies proposed setting the 
2014 model year tractor standards using 
100 percent application of a 400 pound 
weight reduction package. Volvo and 
ATA stated in their comments that not 
all fleets can use single wide tires and 
if this is the case the 400 pound weight 
reduction cannot be met. The agencies 
also received comments from MEMA, 
Navistar, American Chemistry Council, 
the Auto Policy Center, Iron and Steel 
Institute, Arvin Meritor, Aluminum 
Association, and environmental groups 
and NGOs identifying other potential 
weight reduction opportunities for 
tractors. As described in Section II.B.3.e 
above, the agencies are adopting an 
expanded list of weight reduction 
options which can be input into the 
GEM for the final rulemaking. 

As also explained in that earlier 
discussion, the agencies, upon further 
analysis, continue to believe that a 400 
pound weight reduction package is 
appropriate for tractors in the time 
frame. As stated in Section II.B.2.e 
above, for tractors where single wide 
tires are not appropriate, the 
manufacturers have additional options 
available to achieve weight reduction, 
such as body panels and chassis 
components as documented in the 
earlier discussion. The agencies have 
extended the list of weight reduction 
components in order to provide the 
manufacturers with additional means to 
comply with the combination tractors 
and to further encourage reductions in 
vehicle weight. The agencies considered 
increasing the target value beyond 400 
pounds given the additional reduction 
potential components identified in the 
expanded list; however, lacking 
information on the capacity for the 
industry to change to these light weight 
components across the board by the 
2014 model year, we have decided to 
maintain the 400 pound target. The 
agencies intend to continue to study the 
potential for additional weight 
reductions in our future work 
considering a second phase of truck fuel 
efficiency and GHG regulations. 
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228 Gaines, L., A. Vyas, J. Anderson. Estimation of 
Fuel Use by Idling Commercial Trucks. January 
2006. 

229 Ibid. 
The agencies note that because a VSL value can 

be input into GEM, its benefits can be directly 
assessed with the model and off cycle credit 
applications therefore are not necessary even 
though the standard is not based on performance of 
VSLs (i.e. VSL is an on-cycle technology). 

Idle Reduction Technology Application 
Rate 

Idle reduction technologies provide 
significant reductions in fuel 
consumption and CO2 emissions for 
Class 8 sleeper cabs and are available on 
the market today, and therefore will be 
available in the 2014 model year. There 
are several different technologies 
available to reduce idling. These 
include APUs, diesel fired heaters, and 
battery powered units. Our discussions 
with manufacturers indicate that idle 
technologies are sometimes installed in 
the factory, but it is also a common 
practice to have the units installed after 
the sale of the truck. We would like to 
continue to incentivize this practice and 
to do so in a manner that the emission 
reductions associated with idle 
reduction technology occur in use. 
Therefore, as proposed, we are allowing 
only idle emission reduction 
technologies with include an automatic 
engine shutoff (AES). We are also 
adopting some override provisions in 
response to comments we received (as 
explained below). As proposed, we are 
adopting a 100 percent application rate 
for this technology for Class 8 sleeper 
cabs, even though the current fleet is 
estimated to have a 30 percent 
application rate. The agencies are 
unaware of reasons why AES with 
extended idle reduction technologies 
could not be applied to all tractors with 
a sleeper cab, except those deemed a 
vocational tractor, in the available lead 
time. 

One commenter stated the application 
rate of AES should be less than 100 
percent, but did not recommend an 
alternative application rate or provide 
justification for a change. The agencies 
re-evaluated the proposed 100 percent 
application rate and determined that a 
100 percent application rate for this 
technology for Class 8 sleeper cabs 
remains appropriate. The agencies have 
also considered the many comments 
which raised concerns about the 
proposed mandatory 5 minute 
automatic engine shut down without 
override capability (in terms of safety, 
extreme temperatures and low battery 
conditions). To avoid unintended 
adverse impacts, we are adopting 
limited override provisions. Three of the 
five exceptions are similar to those 
currently in effect under a California Air 
Resources Board (CARB) regulation. 
CARB provides AES exceptions (or 
overrides) within its existing heavy-duty 
vehicle anti-idling laws, which were 
developed to address these same types 
of concerns. The exceptions we are 
adopting include override capability 
during exhaust emissions control device 

regeneration, during engine servicing 
and maintenance, when battery state of 
charge is too low, in extreme ambient 
temperatures, when engine coolant 
temperature is too low, and during PTO 
operation. The RIA provides more detail 
about these final override provisions in 
Section 2.5.4.3. 

The agencies received comment that 
we should extend the idle reduction 
benefits beyond Class 8 sleepers, 
including Class 7 tractors and 
vocational vehicles. The agencies 
reviewed literature to quantify the 
amount of idling which is conducted 
outside of hoteling operations. One 
study, conducted by Argonne National 
Laboratory, identified several different 
types of trucks which might idle for 
extended amounts of time during the 
work day.228 Idling may occur during 
the delivery process, queuing at loading 
docks or border crossings, during power 
take off operations, or to provide 
comfort during the work day. However, 
the study provided only ‘‘rough 
estimates’’ of the idle time and energy 
use for these vehicles. The agencies are 
not able to appropriately develop a 
baseline of workday idling for the other 
types of vehicles and identify the 
percent of this idling which could be 
reduced through the use of AES. Absent 
such information, the agencies cannot 
justify adding substantial cost for AES 
systems with such uncertain benefits. 

Vehicle Speed Limiter Application Rate 
Vehicle speed limiters may be used as 

a technology to meet the standard, but 
in setting the standard we assumed a 
zero percent application rate of vehicle 
speed limiters. Although we believe 
vehicle speed limiters are a simple, easy 
to implement, and inexpensive 
technology, we want to leave the use of 
vehicles speed limiters to the truck 
purchaser. Since truck fleets purchase 
trucks today with owner set vehicle 
speed limiters, we considered not 
including VSLs in our compliance 
model. However, we have concluded 
that we should allow the use of VSLs 
that cannot be overridden by the 
operator as a means of compliance for 
vehicle manufacturers that wish to offer 
it and truck purchasers that wish to 
purchase the technology. In doing so, 
we are providing another means of 
meeting that standard that can lower 
compliance cost and provide a more 
optimal vehicle solution for some truck 
fleets. For example, a local beverage 
distributor may operate trucks in a 
distribution network of primarily local 

roads. Under those conditions, 
aerodynamic fairings used to reduce 
aerodynamic drag provide little benefit 
due to the low vehicle speed while 
adding additional mass to the vehicle. A 
vehicle manufacturer could choose to 
install a VSL set a 55 mph for this 
customer. The resulting truck modeled 
in GEM could meet our final emission 
standard without the use of any 
specialized aerodynamic fairings. The 
resulting truck would be optimized for 
its intended application and would be 
fully compliant with our program all at 
a lower cost to the ultimate truck 
purchaser.229 

As discussed in Section II.B.2.g above, 
we have chosen not to base the 
standards on performance of VSLs 
because of concerns about how to set a 
realistic application rate that avoids 
unintended adverse impacts. Although 
we expect there will be some use of 
VSL, currently it is used when the fleet 
involved decides it is feasible and 
practicable and increases the overall 
efficiency of the freight system for that 
fleet operator. However, at this point the 
agencies are not in a position to 
determine in how many additional 
situations use of a VSL would result in 
similar benefits to overall efficiency. 
Therefore, the agencies are not 
premising the final standards on use of 
VSL, and instead will rely on the 
industry to select VSL when 
circumstances are appropriate for its 
use. The agencies have not included 
either the cost or benefit due to VSLs in 
analysis of the program’s costs and 
benefits. Implementation of this 
program may provide greater 
information for using this technology in 
standard setting in the future. Many 
stakeholders including the American 
Trucking Association have advocated 
for more widespread use of vehicle 
speed limits to address fuel efficiency 
and greenhouse gas emissions. The 
Center for Biological Diversity (CBD) 
argued the agencies should reflect the 
use of VSLs in setting the standard for 
tractors rather than assuming no VSL 
use in determining the appropriate 
standard. The agencies have chosen not 
to do so because, as explained, we are 
not able at this time to quantify to 
potential loss in utility due to the use 
of VSLs. Absent this information, we 
cannot make a determination regarding 
the reasonableness of setting a standard 
based on a particular VSL level. In 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00106 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57211 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

230 See Section III.A.2.b below explaining the 
derivation of the engine standards. 

231 As explained further in Section V below, EPA 
would use these inputs in GEM even for engines 
electing to use the alternative engine standard. 

confirmation, a number of commenters 
most notably the Owner Operator 
Independent Drivers Association 
(OOIDA) suggest that VSLs could 
significantly impact the ability of a 
vehicle to deliver goods against a fixed 
schedule and hence would significantly 
impact its utility. ATA commented that 

limited flexibility must be built into 
speed limiters as not to interfere with 
NHTSA planned rulemaking in 
response to 2006 ATA petition and its 
2008 Sustainability Plan. Similar 
comments were received from DTNA 
requesting that the agencies consider 
any NHTSA safety regulations that may 

also be regulating VSLs. NHTSA plans 
to issue a rule in 2012 addressing the 
safety performance features of VSLs. 

Table III–4 provides the final 
application rates of each technology 
broken down by weight class, cab 
configuration, and roof height. 

TABLE III–4—FINAL TECHNOLOGY APPLICATION RATES FOR CLASS 7 AND 8 TRACTORS 
[In percent] 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid 
roof High roof Low/mid 

roof High roof Low roof Mid roof High roof 

Aerodynamics (Cd) 

Bin I .......................................................... 40 0 40 0 30 30 0 
Bin II ......................................................... 60 30 60 30 70 70 10 
Bin III ........................................................ .................... 60 .................... 60 .................... .................... 70 
Bin IV ....................................................... .................... 10 .................... 10 .................... .................... 20 
Bin V ........................................................ .................... 0 .................... 0 .................... .................... 0 

Steer Tires (CRR kg/metric ton) 

Baseline ................................................... 40 30 40 30 30 30 10 
Bin I .......................................................... 50 60 50 60 60 60 70 
Bin II ......................................................... 10 10 10 10 10 10 20 

Drive Tires (CRR kg/metric ton) 

Baseline ................................................... 40 30 40 30 30 30 10 
Bin I .......................................................... 50 60 50 60 60 60 70 
Bin II ......................................................... 10 10 10 10 10 10 20 

Weight Reduction (lb) 

400 lb. Weight Reduction ........................ 100 100 100 100 100 100 100 

Extended Idle Reduction (gram CO2/ton-mile reduction) 

AES .......................................................... N/A N/A N/A N/A 100 100 100 

Vehicle Speed Limiter 

VSL .......................................................... 0 0 0 0 0 0 0 

(iv) Derivation of the Final Tractor 
Standards 

The agencies used the technology 
inputs and final technology application 
rates in GEM to develop the final fuel 
consumption and CO2 emissions 
standards for each subcategory of Class 
7 and 8 combination tractors. The 
agencies derived a scenario tractor for 
each subcategory by weighting the 
individual GEM input parameters 

included in Table III–3 with the 
application rates in Table III–4. For 
example, the Cd value for a Class 8 
Sleeper Cab High Roof scenario case 
was derived as 10 percent times 0.68 
plus 70 percent times 0.60 plus 20 
percent times 0.55, which is equal to a 
Cd of 0.60. Similar calculations were 
done for tire rolling resistance, weight 
reduction, idle reduction, and vehicle 
speed limiters. To account for the two 
final engine standards, the agencies 

assumed a compliant engine in GEM.230 
In other words, EPA is finalizing the use 
of a 2014 model year fuel consumption 
map in GEM to derive the 2014 model 
year tractor standard and a 2017 model 
year fuel consumption map to derive the 
2017 model year tractor standard.231 
The agencies then ran GEM with a 
single set of vehicle inputs, as shown in 
Table III–5, to derive the final standards 
for each subcategory. Additional detail 
is provided in the RIA Chapter 2. 
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TABLE III–5—GEM INPUTS FOR THE CLASS 7 AND 8 TRACTOR STANDARD SETTING 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Aerodynamics (Cd) 

0.73 .................................. 0.84 0.65 0.73 0.84 0.65 0.73 0.84 0.59 

Steer Tires (CRR kg/metric ton) 

6.99 .................................. 6.99 6.87 6.99 6.99 6.87 6.87 6.87 6.54 

Drive Tires (CRR kg/metric ton) 

7.38 .................................. 7.38 7.26 7.38 7.38 7.26 7.26 7.26 6.92 

Weight Reduction (lb) 

400 ................................... 400 400 400 400 400 400 400 400 

Extended Idle Reduction (gram CO2/ton-mile reduction) 

N/A ................................... N/A N/A N/A N/A N/A 5 5 5 

Vehicle Speed Limiter 

— ...................................... .................... .................... .................... .................... .................... .................... .................... ....................

Engine 

2014/17 MY 11L Engine .. 2014/17 MY 
11L Engine 

2014/17 MY 
11L Engine 

2014/17 MY 
15L Engine 

2014/17 MY 
15L Engine 

2014/17 MY 
15L Engine 

2014/17 MY 
15L Engine 

2014/17 MY 
15L Engine 

2014/17 MY 
15L Engine 

The level of the 2014 and 2017 model 
year final standards and percent 

reduction from the baseline for each 
subcategory are included in Table III–6. 

TABLE III–6—FINAL 2014 AND 2017 MODEL YEAR TRACTOR REDUCTIONS 

2014 Model Year CO2 Grams per Ton-Mile 

Day cab Sleeper cab 

Class 7 Class 8 Class 8 

Low Roof ...................................................................................................................................... 107 81 68 
Mid Roof ...................................................................................................................................... 119 88 76 
High Roof ..................................................................................................................................... 124 92 75 

2014–2016 Model Year Gallons of Fuel per 1,000 Ton-Mile 232 

Day cab Sleeper 
cab 

Class 7 Class 8 Class 8 

Low Roof ...................................................................................................................................... 10.5 8.0 6.7 
Mid Roof ...................................................................................................................................... 11.7 8.7 7.4 
High Roof ..................................................................................................................................... 12.2 9.0 7.3 

2017 Model Year CO2 Grams per Ton-Mile 

Day cab Sleeper 
cab 

Class 7 Class 8 Class 8 

Low Roof ...................................................................................................................................... 104 80 66 
Mid Roof ...................................................................................................................................... 115 86 73 
High Roof ..................................................................................................................................... 120 89 72 

2017 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 
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232 Manufacturers may voluntarily opt-in to the 
NHTSA fuel consumption program in 2014 or 2015. 
If a manufacturer opts-in, the program becomes 
mandatory. 

233 See Section VIII.D below. 
234 The light-duty rule had an estimated cost per 

ton of $50 when considering the vehicle program 

costs only and a cost of ¥$210 per ton considering 
the vehicle program costs along with fuel savings 
in 2030. See 75 FR 25515, Table III.H.3–1. 

TABLE III–6—FINAL 2014 AND 2017 MODEL YEAR TRACTOR REDUCTIONS—Continued 

Day cab Sleeper 
cab 

Class 7 Class 8 Class 8 

Low Roof ...................................................................................................................................... 10.2 7.8 6.5 
Mid Roof ...................................................................................................................................... 11.3 8.4 7.2 
High Roof ..................................................................................................................................... 11.8 8.7 7.1 

A summary of the final technology 
package costs is included in Table III– 

7 with additional details available in the 
RIA Chapter 2. 

TABLE III–7—CLASS 7 AND 8 TRACTOR TECHNOLOGY COSTS INCLUSIVE OF INDIRECT COST MARKUPS IN THE 2014 
MODEL YEAR a (2009$) 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid 
roof High roof Low/mid 

roof High roof Low roof Mid roof High roof 

Aerodynamics .......................................... $675 $924 $675 $924 $962 $983 $1,627 
Steer Tires ............................................... 68 68 68 68 68 68 68 
Drive Tires ................................................ 63 63 126 126 126 126 126 
Weight Reduction ..................................... 1,536 1,536 1,980 1,980 3,275 3,275 1,980 
Idle Reduction with Auxiliary Power Unit .................... .................... .................... .................... 3,819 3,819 3,819 
Air Conditioningc ...................................... 22 22 22 22 22 22 22 

Total .................................................. 2,364 2,612 2,871 3,119 8,271 8,291 7,641 

Notes: 
a Costs shown are for the 2014 model year so do not reflect learning impacts which would result in lower costs for later model years. For a de-

scription of the learning impacts considered in this analysis and how it impacts technology costs for other years, refer to Chapter 2 of the RIA 
(see RIA 2.2.2). 

b Note that values in this table include penetration rates. Therefore, the technology costs shown reflect the average cost expected for each of 
the indicated classes. To see the actual estimated technology costs exclusive of penetration rates, refer to Chapter 2 of the RIA (see RIA 2.9 in 
particular). 

c EPA’s air conditioning standards are presented in Section II.E.5 above. 

(v) Reasonableness of the Final 
Standards 

The final standards are based on 
aggressive application rates for control 
technologies which the agencies regard 
as the maximum feasible for purposes of 
EISA section 32902 (k) and appropriate 
under CAA section 202 (a) for the 
reasons given in Section (iii) above; see 
also RIA Chapter 2.5.8.2. These 
technologies, at the estimated 
application rates, are available within 
the lead time provided, as discussed in 
RIA Chapter 2.5. Use of these 
technologies would add only a small 
amount to the cost of the vehicle, and 
the associated reductions are highly cost 
effective, an estimated $20 per ton of 
CO2eq per vehicle in 2030 without 
consideration of the substantial fuel 
savings.233 This is even more cost 
effective than the estimated cost 
effectiveness for CO2eq removal and fuel 
economy improvements under the light- 
duty vehicle rule, already considered by 

the agencies to be a highly cost effective 
reduction.234 Moreover, the cost of 
controls is rapidly recovered due to the 
associated fuel savings, as shown in the 
payback analysis included in Table 
VIII–11 located in Section VIII below. 
Thus, overall cost per ton of the 
program, considering fuel savings, is 
negative—fuel savings associated with 
the rules more than offset projected 
costs by a wide margin. See Table VIII– 
6 in Section VIII below. Given that the 
standards are technically feasible within 
the lead time afforded by the 2014 
model year, are inexpensive and highly 
cost effective even without accounting 
for the fuel savings, and have no 
apparent adverse potential impacts (e.g., 
there are no projected negative impacts 
on safety or vehicle utility), the final 
standards represent a reasonable choice 
under section 202(a) of the CAA and the 
maximum feasible under NHTSA’s EISA 
authority at 49 U.S.C. 32902(k)(2). 

(vi) Alternative Tractor Standards 
Considered 

The agencies are not adopting tractor 
standards less stringent than the 
proposed standards because the 
agencies believe these standards are 
appropriate, highly cost effective, and 
technologically feasible within the 
rulemaking time frame. 

The agencies considered adopting 
tractor standards which are more 
stringent than those proposed reflecting 
increased application rates of the 
technologies discussed. We also 
considered setting more stringent 
standards based on the inclusion of 
hybrid powertrains in tractors. We 
stopped short of finalizing more 
stringent standards based on higher 
application rates of improved 
aerodynamic controls and tire rolling 
resistance because we concluded that 
the technologies would not be 
compatible with the use profile of a 
subset of tractors which operate in off- 
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235 See 2010 NAS Report, Note 197, Page 146. 

road conditions. We have not adopted 
more stringent standards for tractors 
based on the use of hybrid vehicle 
technologies, believing that additional 
development and therefore lead-time is 
needed to develop hybrid systems and 
battery technology for tractors that 
operate primarily in highway cruise 
operations. We know, for example, that 
hybrid systems are being researched to 
capture and return energy for tractors 
that operate in gently rolling hills. 
However, as discussed above, it is not 
clear to us today that these systems will 
be generally applicable to tractors in the 
time frame of this regulation. In 
addition, even if hybrid technologies 
were generally available for these 
tractors during the MY 2014–2017 
period, their costs would be extremely 
high and benefits would be limited 
given that idle reduction controls 
already capture many of the same 

emissions. According to the 2010 NAS 
Report, hybrid powertrains in tractors 
have the potential to improve fuel 
consumption by 10 percent, but it 
displaces the 6 percent reduction for 
idle reduction technologies, for a net 
improvement of 4 percent at a cost of 
$25,000 per vehicle.235 

(b) Tractor Engines 

(i) Baseline Engine Performance 
As noted above, EPA and NHTSA 

developed the baseline medium- and 
heavy heavy-duty diesel engine to 
represent a 2010 model year engine 
compliant with the 0.20 g/bhp-hr NOX 
standard for on-highway heavy-duty 
engines. 

The agencies developed baseline SET 
values for medium- and heavy heavy- 
duty diesel engines based on 2009 
model year confidential manufacturer 
data and from testing conducted by 

EPA. The agencies adjusted the pre- 
2010 data to represent 2010 model year 
engine maps by using predefined 
technologies including SCR and other 
systems that are being used in current 
2010 model year production. If an 
engine utilized did not meet the 0.20 g/ 
bhp-hr NOX level, then the individual 
engine’s CO2 result was adjusted to 
accommodate aftertreatment strategies 
that would result in a 0.20 g/bhp-hr 
NOX emission level as described in RIA 
Chapter 2.4.2.1. The engine CO2 results 
were then sales weighted within each 
regulatory subcategory (i.e., medium 
heavy-duty diesel or heavy heavy-duty 
diesel) to develop an industry average 
2010 model year reference engine. 
Although, most of the engines fell 
within a few percent of this baseline at 
least one engine was more than six 
percent above this average baseline. 

TABLE III–8—2010 MODEL YEAR BASELINE DIESEL ENGINE PERFORMANCE 

CO2 
Emissions 
(g/bhp-hr) 

Fuel 
consumption 
(gallon/100 

bhp-hr) 

Medium Heavy-Duty Diesel—SET .......................................................................................................................... 518 5.09 
Heavy Heavy-Duty Diesel—SET ............................................................................................................................. 490 4.81 

(ii) Engine Technology Package 
Effectiveness 

The MHD and HHD diesel engine 
technology package for the 2014 model 
year includes engine friction reduction, 
improved aftertreatment effectiveness, 
improved combustion processes, and 
low temperature EGR system 
optimization. The agencies considered 
improvements in parasitic and friction 
losses through piston designs to reduce 
friction, improved lubrication, and 
improved water pump and oil pump 
designs to reduce parasitic losses. The 
aftertreatment improvements are 
available through lower backpressure of 
the systems and optimization of the 
engine-out NOX levels. Improvements to 
the EGR system and air flow through the 
intake and exhaust systems, along with 
turbochargers can also produce engine 
efficiency improvements. We note that 
individual technology improvements 
are not additive due to the interaction 
of technologies. The agencies assessed 
the impact of each technology over each 
of the 13 SET modes to project an 
overall weighted SET cycle 
improvement in the 2014 model year of 
3 percent, as detailed in RIA Chapter 
2.4.2.9 through 2.4.2.14. All of these 
technologies represent engine 

enhancements already developed 
beyond the research phase and are 
available as ‘‘off the shelf’’ technologies 
for manufacturers to add to their 
engines during the engine’s next design 
cycle. We have estimated that 
manufacturers will be able to implement 
these technologies on or before the 2014 
engine model year. The agencies 
adopted a standard that therefore 
reflects a 100 percent application rate of 
this technology package. The agencies 
gave consideration to finalizing a more 
stringent standard based on the 
application of mechanical 
turbocompounding by model year 2014, 
a mechanical means of waste heat 
recovery, but concluded that 
manufacturers would have insufficient 
lead-time to complete the necessary 
product development and validation 
work necessary to include this 
technology. Implementing 
turbocompounding into an engine 
design must be done through a 
significant redesign of the engine 
architecture a process that typically 
takes 4 to 5 years. Hence, we believe 
that turbocompounding is a more 
appropriate technology for the agencies 
to consider in the 2017 timeframe. 

As explained earlier, EPA’s heavy- 
duty highway engine standards for 
criteria pollutants apply in three year 
increments. The heavy-duty engine 
manufacturer product plans have fallen 
into three year cycles to reflect these 
requirements. The agencies are 
finalizing fuel consumption and CO2 
emission standards recognizing the 
opportunity for technology 
improvements over this time frame 
(specifically, the addition of 
turbocompounding to the engine 
technology package) while reflecting the 
typical heavy-duty engine manufacturer 
product plan redesign and refresh 
cycles. Thus, the agencies are finalizing 
a more stringent standard for heavy- 
duty engines beginning in the 2017 
model year. 

The MHDD and HHDD engine 
technology package for the 2017 model 
year includes the continued 
development of the 2014 model year 
technology package including 
refinement of the aftertreatment system 
plus turbocompounding. The agencies 
calculated overall reductions in the 
same manner as for the 2014 model year 
package. The weighted SET cycle 
improvements lead to a 6 percent 
reduction on the SET cycle, as detailed 
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236 National Research Council, ‘‘Technologies and 
Approaches to Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles’’ Figure S–1, 
page 4, National Acedemies Press, 2011. 

237 NAS 2010, page 53 cites Detroit Diesel 
Corporation, DD15 Brochure, DDC–EMC–BRO– 
0003–0408, April 2008. 238 See TIAX, Note 198, Page 4–29. 

in RIA Chapter 2.4.2.12. The agencies’ 
final standards are premised on a 100 
percent application rate of this 
technology package. 

Commenters noted that the National 
Academy of Sciences (NAS) study 
indicates that additional technology 
improvements can be made to heavy- 
duty engines in MY 2014 and 2017. For 
diesel engine standards, the agencies 
evaluated the following technologies: 
Combustion system optimization, 
turbocharging and air handling systems, 
engine parasitic and friction reduction, 
integrated aftertreatment systems, 
electrification, and waste heat recovery. 

The agencies carefully evaluated the 
research supporting the NAS report and 
its recommendations and incorporated 
them to the extent practicable in the 
development of the HD program. While 
the NAS report suggests that greater 
engine improvements could be achieved 
by the use of technologies such as 
improved emission control systems and 
turbocompounding than do the agencies 
in this final action, we believe the 
standards being finalized represent the 
most stringent technically feasible for 
diesel engines used in tractors and 
vocational vehicles in the 2014 to 2017 
model year time frame. The NAS study 
concluded that tractor engine fuel 
consumption can be reduced by 
approximately 15 percent in the 2015 to 
2020 time frame and vocational engine 
fuel consumption can be reduced by 
approximately 10 to 17 percent in the 
same time frame compared to a 2008 
engine baseline.236 Throughout this 
presentation, the agencies’ projections 
of performance improvements are 
measured relative to a 2010 engine 
performance baseline that itself reflects 
a four to five percent improvement over 
the 2008 engine baseline used by NAS. 
Based on a review of existing studies, 
NAS study authors found a range of 
reduction potential exists for 
improvements in combustion efficiency, 
electrification of accessories; improved 
emission control systems; and 
turbocompounding. The study found 
that improvements in combustion 
efficiency can provide reductions of 1 
percent to 4 percent; electrification of 
accessories can provide reductions of 2 
percent to 5 percent in a hybridized 
vehicle; improved emission control 
systems can provide a 1 percent to 4 
percent improvement (depending on 
whether the improvement is to the EGR 
or SCR system); and a 2.5 percent to 10 
percent reduction is possible with 

mechanical or electrical 
turbocompounding. While the 
reductions being finalized in this 
regulation are lower than those 
published in the NAS study, the 
agencies believe that the percent 
reductions being finalized in these rules 
are consistent with the findings of the 
NAS study. The reasons for this are as 
follows. 

First, some technologies cannot be 
used by all manufacturers. For example, 
improved SCR conversion efficiency 
was projected by NAS to provide a 3 
percent to 4 percent improvement in 
fuel consumption. Conversely, low 
temperature EGR was found to provide 
only a one percent improvement. While 
the majority of manufacturers do use 
SCR systems and will be able to realize 
the 3 percent to 4 percent improvement, 
not all manufacturers use SCR for NOX 
aftertreatment. Manufacturers that do 
not use SCR aftertreatment systems 
would only be able to realize the 1 
percent improvement from low 
temperature EGR. The agencies need to 
take into consideration the entire market 
in setting the stringency of the standards 
and, in assessing feasibility and cost, 
cannot assume that all manufacturers 
will be able to use all technologies. 

Second, significant technical 
advances may be needed in order to 
realize the upper end of estimates for 
some technologies. For example, studies 
evaluated by NAS on 
turbocompounding found that a 2.5 
percent to 10 percent reduction is 
feasible. However, only one system is 
available commercially and this system 
provides reductions on the low end of 
this range.237 Little technical 
information is available on the systems 
that achieve reductions in the upper 
range for turbocompounding. These 
systems are based on proprietary 
designs the improvement results for 
which have not yet been replicated by 
other companies or organizations. The 
agencies are assuming that all tractor 
engine manufacturers will use 
turbocompounding by 2017 model year. 
This will require a significant change in 
the design of heavy-duty tractor engines, 
one that represents the maximum 
technically feasible standard even at the 
low end of the assumed improvement 
spectrum. 

Finally, different duty cycles used in 
the evaluation of medium- and heavy- 
duty engine technologies can affect 
reported fuel consumption 
improvements. For example, some 
technologies are dependent on high load 

conditions to provide the greatest 
reductions. The duty cycles used to 
evaluate some of the technologies 
considered by NAS differed 
significantly from that used by the 
agencies in the modeling for this 
rulemaking. Maximum and average 
speed was higher in some of the cycles 
used in the studies, for example, and 
one result was demonstrated on a 
nonroad engine cycle. In another 
example, the effectiveness of 
turbocompounding when evaluated on a 
duty cycle with higher engine load can 
show a greater reduction potential than 
when evaluated with a lower engine 
load. In addition, technologies such as 
improvements to cooling fans, air 
compressors, and air conditioning 
systems will not be demonstrated using 
the engine dynamometer test procedures 
being adopted in this final action 
because those components are not 
installed on the engine during the 
testing. The agencies selected the duty 
cycles for analysis, and for the final 
standards, that we believed best suited 
tractor engines. 

The agencies selected engine 
technologies and the estimated fuel 
reduction percentages for setting the 
standards. For the reasons stated above, 
the agencies believe the technologies 
and required improvements in fuel 
consumption represent the maximum 
feasible improvement, and are 
appropriate, cost-effective, and 
technologically feasible. 

We gave consideration to finalizing an 
even more stringent standard based on 
the use of waste heat recovery via a 
Rankine cycle (also called bottoming 
cycle) but concluded that there is 
insufficient lead-time between now and 
2017 for this promising technology to be 
developed and applied generally to all 
heavy-duty engines. TIAX noted in their 
report to the NAS committee that the 
engine improvements beyond 2015 
model year included in their report are 
highly uncertain, though they include 
Rankine cycle type waste heat recovery 
as applicable sometime between 2016 
and 2020.238 The Department of Energy 
is working with industry to develop 
waste heat recovery systems for heavy- 
duty engines. At the Diesel Engine- 
Efficiency and Emissions Research 
(DEER) conference in 2010, Caterpillar 
presented details regarding their waste 
heat recovery systems development 
effort. In their presentation, Caterpillar 
clearly noted that the work is a research 
project and therefore does not imply 
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239 Kruiswyk, R. ‘‘An Engine System Approach to 
Exhaust Waste Heat Recovery.’’ Presented at DOE 
DEER Conference on September 29, 2010. Last 
viewed on May 11, 2011 at http://www1.eere.
energy.gov/vehiclesandfuels/pdfs/deer_2010/
wednesday/presentations/deer10_kruiswyk.pdf. 

240 Cooper, D, N. Baines, N. Sharp. ‘‘Organic 
Rankine Cycle Turbine for Exhaust Energy Recovery 
in a Heavy Truck Engine.’’ Presented at the 2010 
DEER Conference. Last viewed on May 11, 2011 at 
http://www1.eere.energy.gov/vehiclesandfuels/pdfs/
deer_2010/wednesday/presentations/deer10_
baines.pdf. 

241 Nelson, C. ‘‘Exhaust Energy Recovery.’’ 
Presented at the DOE DEER Conference on August 
5, 2009. Last viewed on May 11, 2011 at http://
www1.eere.energy.gov/vehiclesandfuels/pdfs/deer_
2009/session5/deer09_nelson_1.pdf. 

commercial viability.239 At the same 
conference, Concepts NREC presented a 
status of exhaust energy recovery in 
heavy-duty engines. The scope of 
Concepts NREC included the design and 
development of prototype parts.240 
Cummins, also in coordination with 
DOE, is also active in developing 
exhaust energy recovery systems. 
Cummins made a presentation to the 
DEER conference in 2009 providing an 
update on their progress which 
highlighted opportunities to achieve a 
10 percent engine efficiency 
improvement during their research, but 
indicated the need to focus their future 
development on areas with the highest 
recovery opportunities (such as EGR, 
exhaust, and charge air).241 Cummins 
also indicated that future development 

would focus on reducing the high 
additional costs and system complexity. 
Based upon the assessment of this 
information, the agencies did not 
include these technologies in 
determining the stringency of the final 
standards. However, we do believe the 
bottoming cycle approach represents a 
significant opportunity to reduce fuel 
consumption and GHG emissions in the 
future. EPA and NHTSA are therefore 
both finalizing provisions for advanced 
technology credits described in Section 
IV to create incentives for manufacturers 
to continue to invest to develop this 
technology. 

(iii) Derivation of Engine Standards 

EPA developed the final 2014 model 
year CO2 emissions standards (based on 

the SET cycle) for diesel engines by 
applying the three percent reduction 
from the technology package (just 
explained above) to the 2010 model year 
baseline values determined using the 
SET cycle. EPA developed the 2017 
model year CO2 emissions standards for 
diesel engines while NHTSA similarly 
developed the 2017 model year diesel 
engine fuel consumption standards by 
applying the 6 percent reduction from 
the 2017 model year technology package 
(reflecting performance of 
turbocompounding plus the 2014 MY 
technology package) to the 2010 model 
year baseline values. The final standards 
are included in Table III–9. 

TABLE III–9—FINAL DIESEL ENGINE STANDARDS OVER THE SET CYCLE 

Model year MHD diesel 
engine 

HHD diesel 
engine 

2014–2016 ........................................ CO2 Standard (g/bhp-hr) .......................................................................... 502 475 
Voluntary Fuel Consumption Standard (gallon/100 bhp-hr) .................... 4.93 4.67 

2017 and later ................................... CO2 Standard (g/bhp-hr) .......................................................................... 487 460 
Fuel Consumption (gallon/100 bhp-hr) .................................................... 4.78 4.52 

(iv) Engine Technology Package Costs 

EPA has historically used two 
different approaches to estimate the 
indirect costs (sometimes called fixed 
costs) of regulations including costs for 
product development, machine tooling, 
new capital investments and other 
general forms of overhead that do not 
change with incremental changes in 
manufacturing volumes. Where the 
Agency could reasonably make a 
specific estimate of individual 
components of these indirect costs, EPA 
has done so. Where EPA could not 
readily make such an estimate, EPA has 
instead relied on the use of markup 
factors referred to as indirect cost 
multipliers (ICMs) to estimate these 
indirect costs as a ratio of direct 
manufacturing costs. In general, EPA 
has used whichever approach it 
believed could provide the most 
accurate assessment of cost on a case- 
by-case basis. The agencies’ general 
approach used elsewhere in this action 
(for HD pickup trucks, gasoline engines, 
combination tractors, and vocational 
vehicles) estimates indirect costs based 
on the use of ICMs. See also 75 FR 
25376. We have used this approach 

generally because these standards are 
based on installing new parts and 
systems purchased from a supplier. In 
such a case, the supplier is conducting 
the bulk of the research and 
development on the new parts and 
systems and including those costs in the 
purchase price paid by the original 
equipment manufacturer. In this 
situation, we believe that the ICM 
approach provides an accurate and clear 
estimate of the additional indirect costs 
borne by the manufacturer. 

For the heavy-duty diesel engine 
segment, however, the agencies do not 
consider this model to be the most 
appropriate because the primary cost is 
not expected to be the purchase of parts 
or systems from suppliers or even the 
production of the parts and systems, but 
rather the development of the new 
technology by the original equipment 
manufacturer itself. Most of the 
technologies the agencies are projecting 
the heavy-duty engine manufacturers 
will use for compliance reflect 
modifications to existing engine systems 
rather than wholesale addition of 
technology (e.g., improved 
turbochargers rather than adding a 

turbocharger where it did not exist 
before as was done in our light-duty 
joint rulemaking in the case of turbo- 
downsizing). When the bulk of the costs 
come from refining an existing 
technology rather than a wholesale 
addition of technology, a specific 
estimate of indirect costs may be more 
appropriate. For example, combustion 
optimization may significantly reduce 
emissions and cost a manufacturer 
millions of dollars to develop but will 
lead to an engine that is no more 
expensive to produce. Using a bill of 
materials approach would suggest that 
the cost of the emissions control was 
zero reflecting no new hardware and 
ignoring the millions of dollars spent to 
develop the improved combustion 
system. Details of the cost analysis are 
included in the RIA Chapter 2. The 
agencies did not receive any comments 
regarding the cost approach used in the 
proposal. 

The agencies developed the 
engineering costs for the research and 
development of diesel engines with 
lower fuel consumption and CO2 
emissions. The aggregate costs for 
engineering hours, technician support, 
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242 Sample 2010 MY day cabs are priced at 
$89,000 while 2010 MY sleeper cabs are priced at 
$113,000. See page 3 of ICF’s ‘‘Investigation of Costs 
for Strategies to Reduce Greenhouse Gas Emissions 
for Heavy-Duty On-Road Vehicles.’’ July 2010. 

243 See Tractor CO2 savings and technology costs 
in Table 7–5 in RIA chapter 7. 

244 The light-duty rule had an estimated cost per 
ton of $50 when considering the vehicle program 
costs only and a cost of ¥$210 per ton considering 
the vehicle program costs along with fuel savings 
in 2030. See 75 FR 25515, Table III.H.3–1. 

dynamometer cell time, and fabrication 
of prototype parts are estimated at $6.8 
million (2009 dollars) per manufacturer 
per year over the five years covering 
2012 through 2016. In aggregate, this 
averages out to $284 per engine during 
2012 through 2016 using an annual 
sales volume of 600,000 light-, medium- 
and heavy-HD engines. The agencies 
received comments from Horriba 
regarding the assumption the agencies 
used in the proposal that said 
manufacturers would need to purchase 
new equipment for measuring N2O and 
the associated costs. Horriba provided 
information regarding the cost of stand- 
alone FTIR instrumentation (estimated 
at $50,000 per unit) and cost of 

upgrading existing emission 
measurement systems with NDIR 
analyzers (estimated at $25,000 per 
unit). The agencies further analyzed our 
assumptions along with Horriba’s 
comments. Thus, we have revised the 
equipment costs estimates and assumed 
that 75 percent of manufacturers would 
update existing equipment while the 
other 25 percent would require new 
equipment. The agencies are estimating 
costs of $63,087 (2009 dollars) per 
engine manufacturer per engine 
subcategory (light-, medium- and heavy- 
HD) to cover the cost of purchasing 
photo-acoustic measurement equipment 
for two engine test cells. This would be 
a one-time cost incurred in the year 

prior to implementation of the standard 
(i.e., the cost would be incurred in 
2013). In aggregate, this averages out to 
less than $1 per engine in 2013 using an 
annual sales volume of 600,000 light-, 
medium- and heavy-HD engines. 

Where we projected that additional 
new hardware was needed to the meet 
the final standards, we developed the 
incremental costs for those technologies 
and marked them up using the ICM 
approach. Table III–10 below 
summarizes those estimates of cost on a 
per item basis. All costs shown in Table 
III–18, below, include a low complexity 
ICM of 1.15 and flat-portion of the curve 
learning is considered applicable to 
each technology. 

TABLE III–10—HEAVY-DUTY DIESEL ENGINE COMPONENT COSTS FOR COMBINATION TRACTORSa (2009$) 

Technology 2014 2017 

Cylinder Head .......................................................................................................................................................... $6 $6 
Turbo efficiency ....................................................................................................................................................... 18 17 
EGR cooler .............................................................................................................................................................. 4 3 
Water pump ............................................................................................................................................................. 91 84 
Oil pump .................................................................................................................................................................. 5 4 
Fuel pump ................................................................................................................................................................ 5 4 
Fuel rail .................................................................................................................................................................... 10 9 
Fuel injector ............................................................................................................................................................. 11 10 
Piston ....................................................................................................................................................................... 3 3 
Engine Friction Reduction of Valvetrain .................................................................................................................. 82 76 
Turbo-compounding (engines placed in combination tractors only) ....................................................................... 0 875 
MHHD and HHDD Total (combination tractors) ...................................................................................................... 234 1,091 

Note: 
a Costs for aftertreatment improvements for MH and HH diesel engines are covered via the engineering costs (see text). For LH diesel en-

gines, we have included the cost of aftertreatment improvements as a technology cost. 

The overall diesel engine technology 
package cost for an engine being placed 
in a combination tractor is $234 in the 
2014 model year and $1,091 in the 2017 
model year. 

(v) Reasonableness of the Final 
Standards 

The final engine standards appear to 
be reasonable and consistent with the 
agencies’ respective statutory 
authorities. With respect to the 2014 
and 2017 MY standards, all of the 
technologies on which the standards are 
predicated have already been 
demonstrated in some capacity and 
their effectiveness is well documented. 
The final standards reflect a 100 percent 
application rate for these technologies. 
The costs of adding these technologies 
remain modest across the various engine 
classes as shown in Table III–10. Use of 
these technologies would add only a 
small amount to the cost of the 
vehicle,242 and the associated 

reductions are highly cost effective, an 
estimated $20 per ton of CO2eq per 
vehicle.243 This is even more cost 
effective than the estimated cost 
effectiveness for CO2eq removal under 
the light-duty vehicle rule, already 
considered by the agencies to be a 
highly cost effective reduction.244 Even 
the more expensive 2017 MY final 
standard still represents only a small 
fraction of the vehicle’s total cost and is 
even more cost effective than the light- 
duty vehicle rule. Moreover, costs are 
more than offset by fuel savings. 
Accordingly, EPA and NHTSA view 
these standards as reflecting an 
appropriate balance of the various 
statutory factors under section 202(a) of 
the CAA and under NHTSA’s EISA 
authority at 49 U.S.C. 32902(k)(2). 

(vi) Temporary Alternative Standard for 
Certain Engine Families 

As discussed above in Section 
II.B(2)(b), notwithstanding the general 
reasonableness of the final standards, 
the agencies recognize that heavy-duty 
engines have never been subject to GHG 
or fuel consumption (or fuel economy) 
standards and that such control has not 
necessarily been an independent 
priority for manufacturers. The result is 
that there are a group of legacy engines 
with emissions higher than the industry 
baseline for which compliance with the 
final 2014 MY standards may be more 
challenging and for which there may 
simply be inadequate lead time. The 
issue is not whether these engines’ GHG 
and fuel consumption performance 
cannot be improved by utilizing the 
technology packages on which the final 
standards are based. Those technologies 
can be utilized by all diesel engines 
installed in tractors and the same degree 
of reductions obtained. Rather the 
underlying base engine components of 
these engines reflect designs that are 
decades old and therefore have base 
performance levels below what is 
typical for the industry as a whole 
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245 http://www.epa.gov/otaq/certdata.htm. 
246 Memorandum from Cleophas Jackson, 

U.S.EPA, to docket EPA–HQ–OAR–2010–0162, 
‘‘Heavy-Duty Greenhouse Gas and Fuel 
Consumption Test Program Summary’’, September 
20, 2010. 

today. Manufacturers have been 
gradually replacing these legacy 
products with new engines. Engine 
manufacturers have indicated to the 
agencies they will have to align their 
planned replacement of these products 
with our final standards and at the same 
time add additional technologies 
beyond those identified by the agencies 
as the basis for the final standard. 
Because these changes will reflect a 
larger degree of overall engine redesign, 
manufacturers may not be able to 
complete this work for all of their legacy 
products prior to model year 2014. To 
pull ahead these already planned engine 
replacements would be impossible as a 
practical matter given the engineering 
structure and lead-times inherent in the 
companies’ existing product 
development processes. We have also 
concluded that the use of fleet averaging 
would not address the issue of legacy 
engines because each manufacturer 
typically produces only a limited line of 
MHDD and HHDD engines. Because 
there are ample fleetwide averaging 
opportunities for heavy-duty pickups 
and vans, the agencies do not perceive 
similar difficulties for these vehicles. 

Facing a similar issue in the light- 
duty vehicle rule, EPA adopted a 
Temporary Lead Time Allowance 
provision whereby a limited number of 
vehicles of a subset of manufacturers 
would meet an alternative standard in 
the early years of the program, affording 
them sufficient lead time to meet the 
more stringent standards applicable in 
later model years. See 75 FR 25414– 
25418. The agencies are finalizing a 
similar approach here. As explained 
above in Section II.B.(2)(b), the agencies 
are finalizing a regulatory alternative 
whereby a manufacturer, for a limited 
period, would have the option to 
comply with a unique standard 
requiring the same level of reduction of 
emissions (i.e., percent removal) and 
fuel consumption as otherwise required, 
but the reduction would be measured 
from its own 2011 model year baseline. 
We are thus finalizing an optional 
standard whereby manufacturers would 
elect to have designated engine families 
meet a standard of 3 percent reduction 
from their 2011 baseline emission and 
fuel consumption levels for that engine 
family or engine subcategory. Our 
assessment is that this three percent 
reduction is appropriate based on use of 
similar technology packages at similar 
cost as we have estimated for the 
primary program. In the NPRM, we 
solicited comment on extending this 
alternative (See 75 FR at 74202). As 
explained earlier, we have decided not 
to allow the alternative standard to 

continue past the 2016 MY. By this 
time, the engines should have gone 
through a redesign cycle which will 
allow manufacturers to replace those 
legacy engines which resulted in 
abnormally high baseline emission and 
fuel consumption levels and to achieve 
the MY 2017 standards which would be 
feasible using the technology package 
set out above (optimized NOX 
aftertreatment, improved EGR, 
reductions in parasitic losses, and 
turbocharging). Manufacturers would, of 
course, be free to adopt other technology 
paths which meet the final MY 2017 
standards. 

Since the alternative standard is 
premised on the need for additional 
lead time, manufacturers would first 
have to utilize all available flexibilities 
which could otherwise provide that lead 
time. Thus, as proposed, the alternative 
would not be available unless and until 
a manufacturer had exhausted all 
available credits and credit 
opportunities, and engines under the 
alternative standard could not generate 
credits. See also 75 FR 25417–25419 
(similar approach for vehicles which are 
part of Temporary Lead Time 
Allowance under the light-duty vehicle 
rule). We are finalizing that 
manufacturers can select engine families 
for this alternative standard without 
agency approval, but are requiring that 
manufacturers notify the agency of their 
choice and also requiring manufacturers 
to include in that notification a 
demonstration that it has exhausted all 
available credits and credit 
opportunities. Manufacturers would 
also have to demonstrate their 2011 
baseline calculations as part of the 
certification process for each engine 
family for which the manufacturer 
elects to use the alternative standard. 
See Section V.C.1(b)(i) below. 

(vii) ther Engine Standards Considered 
The agencies are not finalizing engine 

standards less stringent than the final 
standards because the agencies believe 
these final standards are appropriate, 
highly cost effective, and 
technologically feasible, as just 
described. 

The agencies considered finalizing 
engine standards which are more 
stringent. Since the final standards 
reflect 100 percent utilization of the 
various technology packages, some 
additional technology would have to be 
added. The agencies are finalizing 2017 
model year standards based on the use 
of turbocompounding. As discussed 
above in Section III.A.2.b.iii, the 
agencies considered the inclusion of 
more advanced heat recovery systems, 
such as Rankine or bottoming cycles, 

which would provide further 
reductions. However, the agencies are 
not finalizing this level of stringency 
because our assessment is that these 
technologies would not be available for 
production by the 2017 model year. 

B. Heavy-Duty Pickup Trucks and Vans 
This section describes the process the 

agencies used to develop the standards 
the agencies are finalizing for HD 
pickups and vans. We started by 
gathering available information about 
the fuel consumption and CO2 
emissions from recent model year 
vehicles. The core portion of this 
information comes primarily from EPA’s 
certification databases, CFEIS and 
Verify, which contain the publicly 
available data 245 regarding emission 
and fuel economy results. This 
information is not extensive because 
manufacturers have not been required to 
chassis test HD diesel vehicles for EPA’s 
criteria pollutant emissions standards, 
nor have they been required to conduct 
any testing of heavy-duty vehicles on 
the highway cycle. Nevertheless, 
enough certification activity has 
occurred for diesels under EPA’s 
optional chassis-based program, and, 
due to a California NOX requirement for 
the highway test cycle, enough test 
results have been voluntarily reported 
for both diesel and gasoline vehicles 
using the highway test cycle, to yield a 
reasonably robust data set. To 
supplement this data set, for purposes of 
this rulemaking EPA initiated its own 
testing program using in-use vehicles. 
This program and the results from it 
thus far are described in a memorandum 
to the docket for this rulemaking.246 

Heavy-duty pickup trucks and vans 
are sold in a variety of configurations to 
meet market demands. Among the 
differences in these configurations that 
affect CO2 emissions and fuel 
consumption are curb weight, GVWR, 
axle ratio, and drive wheels (two-wheel 
drive or four-wheel drive). Because the 
currently-available test data set does not 
capture all of these configurations, it is 
necessary to extend that data set across 
the product mix using adjustment 
factors. In this way a test result from, 
say a truck with two-wheel drive, 3.73:1 
axle ratio, and 8000 lb test weight, can 
be used to model emissions and fuel 
consumption from a truck of the same 
basic body design, but with four-wheel 
drive, a 4.10:1 axle ratio, and 8,500 lb 
test weight. The adjustment factors are 
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247 Memorandum from Anthony Neam and Jeff 
Cherry, U.S.EPA, to docket EPA–HQ–OAR–2010– 
0162, October 18, 2010. 

248 See Section III.B(2)(a) for our response to 
comments arguing for inclusion of this technology 
in the list of technologies needed to meet the 
standards. 

249 The NHTSA program provides voluntary 
standards for model years 2014 and 2015. NHTSA 
and EPA are also providing an alternative standards 
phase-in that meets EISA’s requirement for three 
years of regulatory stability. See Section II.C.d.ii for 
a more detailed discussion. 

based on data from testing in which 
only the parameters of interest are 
varied. These parameterized 
adjustments and their basis are also 
described in a memorandum to the 
docket for this rulemaking.247 

The agencies requested and received 
from each of the three major 
manufacturers confidential information 
for each model and configuration, 
indicating the values of each of these 
key parameters as well as the annual 
production (for the U.S. market). 
Production figures are useful because, 
under our final standards for HD 
pickups and vans, compliance is judged 
on the basis of production-weighted 
(corporate average) emissions or fuel 
consumption level, not individual 
vehicle levels. For consistency and to 
avoid confounding the analysis with 
data from unusual market conditions in 
2009, the production and vehicle 
specification data is from the 2008 
model year. We made the simplifying 
assumption that these sales figures 
reasonably approximate future sales for 
purposes of this analysis. 

One additional assessment was 
needed to make the data set useful as a 
baseline for the standards selection. 
Because the appropriate standards are 
determined by applying efficiency- 
improving technologies to the baseline 
fleet, it is necessary to know the level 
of penetration of these technologies in 
the latest model year (2010). This 
information was also provided 
confidentially by the manufacturers. 
Generally, the agencies found that the 
HD pickup and van fleet was at a 
roughly consistent level of technology 
application, with (1) the transition from 
4-speed to 5- or 6-speed automatic 
transmissions mostly accomplished, (2) 
coupled cam phasing to achieve variable 
valve control on gasoline engines 
likewise mostly in place,248 and (3) 
substantial remaining potential for 
optimizing catalytic diesel NOX 
aftertreatment to improve fuel economy 
(the new heavy-duty NOX standards 
having taken effect in the 2010 model 
year). 

Taking this 2010 baseline fleet, and 
applying the technologies determined to 
be feasible and appropriate by the 2018 
model year, along with their 
effectiveness levels, the agencies could 
then make a determination of 
appropriate final standards. The 
assessment of feasibility, described 

immediately below, takes into account 
the projected costs of these 
technologies. The derivation of these 
costs, largely based on analyses 
developed in the light-duty GHG and 
fuel economy rulemaking, are described 
in Section III.B(3). 

Our assessment concluded that the 
technologies that the agencies 
considered feasible and appropriate for 
HD pickups and vans could be 
consistently applied to essentially all 
vehicles across this sector by the 2018 
model year. Therefore we did not apply 
varying penetration rates across vehicle 
types and models in developing and 
evaluating the final standards. 

Since the manufacturers of HD 
pickups and vans generally only have 
one basic pickup truck and van with 
different versions (i.e., different wheel 
bases, cab sizes, two-wheel drive, four- 
wheel drive, etc.) and do not have the 
flexibility of the light-duty fleet to 
coordinate model improvements over 
several years, changes to the HD 
pickups and vans to meet new standards 
must be carefully planned with the 
redesign cycle taken into account. The 
opportunities for large-scale changes 
(e.g., new engines, transmission, vehicle 
body and mass) thus occur less 
frequently than in the light-duty fleet, 
typically at spans of 8 or more years. 
However, opportunities for gradual 
improvements not necessarily linked to 
large scale changes can occur between 
the redesign cycles. Examples of such 
improvements are upgrades to an 
existing vehicle model’s engine, 
transmission and aftertreatment 
systems. Given this long redesign cycle 
and our understanding with respect to 
where the different manufacturers are in 
that cycle, the agencies have initially 
determined that the full implementation 
of the final standards would be feasible 
and appropriate by the 2018 model year. 

Although we did not determine a 
technological need for less than full 
implementation of any technology, we 
did decide that a phased 
implementation schedule would be 
appropriate to accommodate 
manufacturers’ redesign workload and 
product schedules, especially in light of 
this sector’s relatively low sales 
volumes and long product cycles. We 
did not determine a specific cost of 
implementing the final standards 
immediately in 2014 without a phase-in, 
but we assessed it to be much higher 
than the cost of the phase-in we are 
finalizing, due to the workload and 
product cycle disruptions it would 
cause, and also due to manufacturers’ 
resulting need to develop some of these 
technologies for heavy-duty 
applications sooner than or 

simultaneously with light-duty 
development efforts. See generally 75 
FR 25467–25468 explaining why 
attempting major changes outside the 
redesign cycle period raises very 
significant issues of both feasibility and 
cost. On the other hand, waiting until 
2018 before applying any new standards 
could miss the opportunity to achieve 
meaningful and cost-effective early 
reductions not requiring a major 
product redesign. 

The final phase-in schedule, 15–20– 
40–60–100 percent in 2014–2015–2016– 
2017–2018, respectively, was chosen to 
strike a balance between meaningful 
reductions in the early years (reflecting 
the technologies’ penetration rates of 15 
and 20 percent) and providing 
manufacturers with needed lead time 
via a gradually accelerating ramp-up of 
technology penetration.249 By 
expressing the final phase-in in terms of 
increasing fleetwide stringency for each 
manufacturer, while also providing for 
credit generation and use (including 
averaging, carry-forward, and carry- 
back), we believe our program affords 
manufacturers substantial flexibility to 
satisfy the phase-in through a variety of 
pathways, among them, the gradual 
application of technologies across the 
fleet (averaging a fifth of total 
production in each year), greater 
application levels on only a portion of 
the fleet, or a mix of the two. 

We considered setting more stringent 
standards that would require the 
application of additional technologies 
by 2018. We expect, in fact, that some 
of these technologies may well prove 
feasible and cost-effective in this time 
frame, and may even become 
technologies of choice for individual 
manufacturers. This dynamic has 
played out in EPA programs before and 
highlights the value of setting 
performance-based standards that leave 
engineers the freedom to find the most 
cost-effective solutions. 

However, the agencies do believe that 
at this stage there is not enough 
information to conclude that the 
additional technologies provide an 
appropriate basis for standard-setting. 
For example, we believe that 42V stop- 
start systems can be applied to gasoline 
vehicles with significant GHG and fuel 
consumption benefits, but we recognize 
that there is uncertainty at this time 
over the cost-effectiveness of these 
systems in heavy-duty applications, and 
legitimate concern with customer 
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acceptance of vehicles with high GCWR 
towing large loads that would routinely 
stop running at idle. Hybrid electric 
technology likewise could be applied to 
heavy-duty vehicles, and in fact has 
already been so applied on a limited 
basis. However, the development, 
design, and tooling effort needed to 
apply this technology to a vehicle model 
is quite large, and seems less likely to 
prove cost-effective in this time frame, 
due to the small sales volumes relative 
to the light-duty sector. Here again, 
potential customer acceptance would 
need to be better understood because 
the smaller engines that facilitate much 
of a hybrid’s benefit are typically at 
odds with the importance pickup trucks 
buyers place on engine horsepower and 
torque, whatever the vehicle’s real 
performance. 

We also considered setting less 
stringent standards calling for a more 
limited set of applied technologies. 
However, our assessment concluded 
with a high degree of confidence that 
the technologies on which the final 
standards are premised are clearly 
available at reasonable cost in the 2014– 
2018 time frame, and that the phase-in 
and other flexibility provisions allow for 
their application in a very cost-effective 
manner, as discussed in this section 
below. 

More difficult to characterize is the 
degree to which more or less stringent 
standards might be appropriate because 
of under- or over-estimating 
effectiveness of the technologies whose 
performance is the basis of the final 
standards. Our basis for these estimates 
is described in the following Section 0. 
Because for the most part these 
technologies have not yet been applied 
to HD pickups and vans, even on a 
limited basis, we are relying to some 
degree on engineering judgment in 
predicting their effectiveness. Even so, 
we believe that we have applied this 
judgment using the best information 
available, primarily from our recent 
rulemaking on light-duty vehicle GHGs 
and fuel economy, and have generated 
a robust set of effectiveness values. 

(1) What technologies did the agencies 
consider? 

The agencies considered over 35 
vehicle technologies that manufacturers 
could use to improve the fuel 
consumption and reduce CO2 emissions 
of their vehicles during MYs 2014–2018. 
The majority of the technologies 
described in this section is readily 
available, well known, and could be 
incorporated into vehicles once 
production decisions are made. Several 
of the technologies have already been 
introduced into the heavy-duty pickup 

and van market (i.e., variable valve 
timing, improved accessories, etc.) in a 
limited number of applications. Other 
technologies considered may not 
currently be in production, but are 
beyond the research phase and under 
development, and are expected to be in 
production in highway vehicles over the 
next few years. These are technologies 
which are capable of achieving 
significant improvements in fuel 
economy and reductions in CO2 
emissions, at reasonable costs. The 
agencies did not consider technologies 
in the research stage because there is 
insufficient time for such technologies 
to move from research to production 
during the model years covered by this 
final action. 

The agencies received comments 
regarding applicability of certain 
advanced technologies described in the 
TIAX 2009 report submitted to NAS. 
Specifically mentioned were 
turbocharging and downsizing of 
gasoline vehicles and hydraulic hybrid 
systems. While turbocharging and 
downsizing of gasoline vehicles was a 
principal technology underlying the 
standards in the light-duty rule, the 
agencies determined that in the realm of 
heavy-duty vehicles, this approach 
provides much less benefit to vehicles 
which are required to regularly operate 
at high and sustained loads. In light- 
duty applications, downsizing of a 
typically oversized engine largely 
results in benefits mainly under partial 
and light load conditions. This 
approach is more applicable to light- 
duty vehicles because they infrequently 
require high or full power. Further, 
while turbo downsizing was already 
occurring in a portion of the light-duty 
fleet, it has not been demonstrated in 
the heavy-duty fleet, likely due to 
concerns with durability of this 
technology in the sustained high-load 
duty cycles frequently encountered. 
Similarly, other light-duty technologies 
(i.e., cylinder deactivation, engine start 
stop) were also determined to not be 
compatible with the duty cycle of 
heavy-duty vehicles for similar reasons. 
Due to the relatively aggressive 
implementation of this program and the 
lack of commercialization in the heavy- 
duty market, hydraulic hybrid systems 
were not considered a technology that 
could be implemented in the time frame 
of this program for the HD pickup and 
van sector. The fact that no HD pickup 
or van hydraulic hybrids have been, or 
are the verge of being marketed makes 
their widespread introduction before the 
MY 2018 final year of the phase-in very 
unlikely. 

The technologies considered in the 
agencies’ analysis are briefly described 

below. They fall into five broad 
categories: engine technologies, 
transmission technologies, vehicle 
technologies, electrification/accessory 
technologies, and hybrid technologies. 

In this class of trucks and vans, diesel 
engines are installed in about half of all 
vehicles. The ratio between gasoline and 
diesel engine purchases by consumers 
has tended to track changes in the 
overall cost of oil and the relative cost 
of gasoline and diesel fuels. When oil 
prices are higher, diesel sales tend to 
increase. This trend has reversed when 
oil prices fall or when diesel fuel prices 
are significantly higher than gasoline. In 
the context of our technology discussion 
for heavy-duty pickups and vans, we are 
treating gasoline and diesel engines 
separately so each has a set of baseline 
technologies. We discuss performance 
improvements in terms of changes to 
those baseline engines. Our cost and 
inventory estimates contained 
elsewhere reflect the current fleet 
baseline with an appropriate mix of 
gasoline and diesel engines. Note that 
we are not basing the final standards on 
a targeted switch in the mix of diesel 
and gasoline vehicles. We believe our 
final standards require similar levels of 
technology development and cost for 
both diesel and gasoline vehicles. Hence 
the final program does not force, nor 
does it discourage, changes in a 
manufacturer’s fleet mix between 
gasoline and diesel vehicles. Although 
we considered setting a single standard 
based on the performance level possible 
for diesel vehicles, we are not finalizing 
such an approach because the potential 
disruption in the HD pickup and van 
market from a forced shift would not be 
justified. Types of engine technologies 
that improve fuel efficiency and reduce 
CO2 emissions include the following: 

• Low-friction lubricants—low 
viscosity and advanced low friction 
lubricants oils are now available with 
improved performance and better 
lubrication. If manufacturers choose to 
make use of these lubricants, they 
would need to make engine changes and 
possibly conduct durability testing to 
accommodate the low-friction 
lubricants. 

• Reduction of engine friction 
losses—can be achieved through low- 
tension piston rings, roller cam 
followers, improved material coatings, 
more optimal thermal management, 
piston surface treatments, and other 
improvements in the design of engine 
components and subsystems that 
improve engine operation. 

• Cylinder deactivation—deactivates 
the intake and exhaust valves and 
prevents fuel injection into some 
cylinders during light-load operation. 
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250 See RIA Chapter 2.3 for more detailed 
technology descriptions. 

251 U.S. Environmental Protection Agency, ‘‘Draft 
Report—Light-Duty Technology Cost Analysis Pilot 

Study,’’ Contract No. EP–C–07–069, Work 
Assignment 1–3, September 3, 2009. 

252 NHTSA examined the use of the CPI 
multiplier instead of GDP for adjusting these dollar 
values, but found the difference to be exceedingly 
small—only $0.14 over $100. 

The engine runs temporarily as though 
it were a smaller engine which 
substantially reduces pumping losses. 

• Variable valve timing—alters the 
timing of the intake valve, exhaust 
valve, or both, primarily to reduce 
pumping losses, increase specific 
power, and control residual gases. 

• Stoichiometric gasoline direct- 
injection technology—injects fuel at 
high pressure directly into the 
combustion chamber to improve cooling 
of the air/fuel charge within the 
cylinder, which allows for higher 
compression ratios and increased 
thermodynamic efficiency. 

• Diesel engine improvements and 
diesel aftertreatment improvements— 
improved EGR systems and advanced 
timing can provide more efficient 
combustion and, hence, lower fuel 
consumption. Aftertreatment systems 
are a relatively new technology on 
diesel vehicles and, as such, 
improvements are expected in coming 
years that allow the effectiveness of 
these systems to improve while 
reducing the fuel and reductant 
demands of current systems. 

Types of transmission technologies 
considered include: 

• Improved automatic transmission 
controls —optimizes shift schedule to 
maximize fuel efficiency under wide 
ranging conditions, and minimizes 
losses associated with torque converter 
slip through lock-up or modulation. 

• Six-, seven-, and eight-speed 
automatic transmissions—the gear ratio 
spacing and transmission ratio are 
optimized for a broader range of engine 
operating conditions specific to the 
mating engine. 

Types of vehicle technologies 
considered include: 

• Low-rolling-resistance tires—have 
characteristics that reduce frictional 
losses associated with the energy 
dissipated in the deformation of the 
tires under load, therefore improving 
fuel efficiency and reducing CO2 
emissions. 

• Aerodynamic drag reduction—is 
achieved by changing vehicle shape or 
reducing frontal area, including skirts, 
air dams, underbody covers, and more 
aerodynamic side view mirrors. 

• Mass reduction and material 
substitution—Mass reduction 
encompasses a variety of techniques 
ranging from improved design and 
better component integration to 
application of lighter and higher- 
strength materials. Mass reduction is 
further compounded by reductions in 
engine power and ancillary systems 
(transmission, steering, brakes, 
suspension, etc.). The agencies 
recognize there is a range of diversity 

and complexity for mass reduction and 
material substitution technologies and 
there are many techniques that 
automotive suppliers and manufacturers 
are using to achieve the levels of this 
technology that the agencies have 
modeled in our analysis for this 
program. 

Types of electrification/accessory and 
hybrid technologies considered include: 

• Electric power steering and Electro- 
Hydraulic power steering—are 
electrically-assisted steering systems 
that have advantages over traditional 
hydraulic power steering because it 
replaces a continuously operated 
hydraulic pump, thereby reducing 
parasitic losses from the accessory 
drive. 

• Improved accessories—may include 
high efficiency alternators, electrically 
driven (i.e., on-demand) water pumps 
and cooling fans. This excludes other 
electrical accessories such as electric oil 
pumps and electrically driven air 
conditioner compressors. 

• Air Conditioner Systems—These 
technologies include improved hoses, 
connectors and seals for leakage control. 
They also include improved 
compressors, expansion valves, heat 
exchangers and the control of these 
components for the purposes of 
improving tailpipe CO2 emissions as a 
result of A/C use.250 

(2) How did the agencies determine the 
costs and effectiveness of each of these 
technologies? 

Building on the technical analysis 
underlying the light-duty 2012–2016 
MY vehicle rule, the agencies took a 
fresh look at technology cost and 
effectiveness values for purposes of this 
final action. For costs, the agencies 
reconsidered both the direct or ‘‘piece’’ 
costs and indirect costs of individual 
components of technologies. For the 
direct costs, the agencies followed a bill 
of materials (BOM) approach employed 
by NHTSA and EPA in the light-duty 
rule. 

For two technologies, stoichiometric 
gasoline direct injection (SGDI) and 
turbocharging with engine downsizing, 
the agencies relied to the extent possible 
on the available tear-down data and 
scaling methodologies used in EPA’s 
ongoing study with FEV, Incorporated. 
This study consists of complete system 
tear-down to evaluate technologies 
down to the nuts and bolts to arrive at 
very detailed estimates of the costs 
associated with manufacturing them.251 

For the other technologies, 
considering all sources of information 
and using the BOM approach, the 
agencies worked together intensively to 
determine component costs for each of 
the technologies and build up the costs 
accordingly. Where estimates differ 
between sources, we have used 
engineering judgment to arrive at what 
we believe to be the best cost estimate 
available today, and explained the basis 
for that exercise of judgment. 

Once costs were determined, they 
were adjusted to ensure that they were 
all expressed in 2009 dollars using a 
ratio of gross domestic product (GDP) 
values for the associated calendar 
years,252 and indirect costs were 
accounted for using the new approach 
developed by EPA and used in the light- 
duty 2012–2016 MY vehicle rule. 
NHTSA and EPA also reconsidered how 
costs should be adjusted by modifying 
or scaling content assumptions to 
account for differences across the range 
of vehicle sizes and functional 
requirements, and adjusted the 
associated material cost impacts to 
account for the revised content, 
although some of these adjustments may 
be different for each agency due to the 
different vehicle subclasses used in 
their respective models. 

Regarding estimates for technology 
effectiveness, NHTSA and EPA used the 
estimates from the light-duty rule as a 
baseline but adjusted them as 
appropriate, taking into account the 
unique requirement of the heavy-duty 
test cycles to test at curb weight plus 
half payload versus the light-duty 
requirement of curb plus 300 lb. The 
adjustments were made on an 
individual technology basis by assessing 
the specific impact of the added load on 
each technology when compared to the 
use of the technology on a light-duty 
vehicle. The agencies also considered 
other sources such as the 2010 NAS 
Report, recent CAFE compliance data, 
and confidential manufacturer estimates 
of technology effectiveness. NHTSA and 
EPA engineers reviewed effectiveness 
information from the multiple sources 
for each technology and ensured that 
such effectiveness estimates were based 
on technology hardware consistent with 
the BOM components used to estimate 
costs. Together, the agencies compared 
the multiple estimates and assessed 
their validity, taking care to ensure that 
common BOM definitions and other 
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253 Note that throughout the cost estimates for this 
HD analysis, the agencies have used slightly higher 
markups than those used in the 2012–2016 MY 
light-duty vehicle rule. The new, slightly higher 
ICMs include return on capital of roughly 6%, a 
factor that was not included in the light-duty 
analysis. The markups are also higher than those 
used the in proposal for this action. That change 
has to do with our decision to base the ICMs solely 
on EPA internal work rather than averaging that 
work with earlier work done under contract to EPA 
by RTI, International. That change is discussed in 
Section VIII.C of this preamble and is detailed in 
Chapter 2 of the RIA (See RIA 2.2.1) 

254 Note that the costs developed for low friction 
lubes for this analysis reflect the costs associated 
with any engine changes that would be required as 
well as any durability testing that may be required. 

255 ‘‘Impact of Friction Reduction Technologies 
on Fuel Economy,’’ Fenske, G. Presented at the 
March 2009 Chicago Chapter Meeting of the 
‘Society of Tribologists and Lubricated Engineers’ 
Meeting, March 18th, 2009. Available at: http://
www.chicagostle.org/program/2008–2009/
Impact%20of%20Friction%20Reduction%20
Technologies%20on%20Fuel%20Economy%20- 
%20with%20VGs%20removed.pdf (last accessed 
July 9, 2009). 

vehicle attributes such as performance 
and drivability were taken into account. 

The agencies note that the 
effectiveness values estimated for the 
technologies may represent average 
values applied to the baseline fleet 
described earlier, and do not reflect the 
potentially-limitless spectrum of 
possible values that could result from 
adding the technology to different 
vehicles. For example, while the 
agencies have estimated an effectiveness 
of 0.5 percent for low friction lubricants, 
each vehicle could have a unique 
effectiveness estimate depending on the 
baseline vehicle’s oil viscosity rating. 
Similarly, the reduction in rolling 
resistance (and thus the improvement in 
fuel efficiency and the reduction in CO2 
emissions) due to the application of LRR 
tires depends not only on the unique 
characteristics of the tires originally on 
the vehicle, but on the unique 
characteristics of the tires being applied, 
characteristics which must be balanced 
between fuel efficiency, safety, and 
performance. Aerodynamic drag 
reduction is much the same—it can 
improve fuel efficiency and reduce CO2 
emissions, but it is also highly 
dependent on vehicle-specific 
functional objectives. For purposes of 
this NPRM, NHTSA and EPA believe 
that employing average values for 
technology effectiveness estimates is an 
appropriate way of recognizing the 
potential variation in the specific 
benefits that individual manufacturers 
(and individual vehicles) might obtain 
from adding a fuel-saving technology. 

The following section contains a 
detailed description of our assessment 
of vehicle technology cost and 
effectiveness estimates. The agencies 
note that the technology costs included 
in this NPRM take into account only 
those associated with the initial build of 
the vehicle. 

(a) Engine Technologies 
NHTSA and EPA have reviewed the 

engine technology estimates used in the 
light-duty rule. In doing so NHTSA and 
EPA reconsidered all available sources 
and updated the estimates as 
appropriate. The section below 
describes both diesel and gasoline 
engine technologies considered for this 
program. 

(i) Low Friction Lubricants 
One of the most basic methods of 

reducing fuel consumption in both 
gasoline and diesel engines is the use of 
lower viscosity engine lubricants. More 
advanced multi-viscosity engine oils are 
available today with improved 
performance in a wider temperature 
band and with better lubricating 

properties. This can be accomplished by 
changes to the oil base stock (e.g., 
switching engine lubricants from a 
Group I base oils to lower-friction, lower 
viscosity Group III synthetic) and 
through changes to lubricant additive 
packages (e.g., friction modifiers and 
viscosity improvers). The use of 5W–30 
motor oil is now widespread and auto 
manufacturers are introducing the use of 
even lower viscosity oils, such as 5W– 
20 and 0W–20, to improve cold-flow 
properties and reduce cold start friction. 
However, in some cases, changes to the 
crankshaft, rod and main bearings and 
changes to the mechanical tolerances of 
engine components may be required. In 
all cases, durability testing would be 
required to ensure that durability is not 
compromised. The shift to lower 
viscosity and lower friction lubricants 
will also improve the effectiveness of 
valvetrain technologies such as cylinder 
deactivation, which rely on a minimum 
oil temperature (viscosity) for operation. 

Based on the light-duty 2012–2016 
MY vehicle rule, and previously- 
received confidential manufacturer data, 
NHTSA and EPA estimated the 
effectiveness of low friction lubricants 
to be between 0 to 1 percent. 

In the light-duty rule, the agencies 
estimated the cost of moving to low 
friction lubricants at $3 per vehicle 
(2007$). That estimate included a 
markup of 1.11 for a low complexity 
technology. For HD pickups and vans, 
we are using the same base estimate but 
have marked it up to 2009 dollars using 
the GDP price deflator and have used a 
markup of 1.24 for a low complexity 
technology to arrive at a value of $4 per 
vehicle. As in the light-duty rule, 
learning effects are not applied to costs 
for this technology and, as such, this 
estimate applies to all model years.253 254 

(ii) Engine Friction Reduction 
In addition to low friction lubricants, 

manufacturers can also reduce friction 
and improve fuel consumption by 
improving the design of both diesel and 
gasoline engine components and 

subsystems. Approximately 10 percent 
of the energy consumed by a vehicle is 
lost to friction, and just over half is due 
to frictional losses within the engine.255 
Examples include improvements in low- 
tension piston rings, piston skirt design, 
roller cam followers, improved 
crankshaft design and bearings, material 
coatings, material substitution, more 
optimal thermal management, and 
piston and cylinder surface treatments. 
Additionally, as computer-aided 
modeling software continues to 
improve, more opportunities for 
evolutionary friction reductions may 
become available. 

All reciprocating and rotating 
components in the engine are potential 
candidates for friction reduction, and 
minute improvements in several 
components can add up to a measurable 
fuel efficiency improvement. The light- 
duty 2012–2106 MY vehicle rule, the 
2010 NAS Report, and NESCCAF and 
Energy and Environmental Analysis 
reports, as well as confidential 
manufacturer data, indicate a range of 
effectiveness for engine friction 
reduction to be between 1 to 3 percent. 
NHTSA and EPA continue to believe 
that this range is accurate. 

Consistent with the light-duty rule, 
the agencies estimate the cost of this 
technology at $15 per cylinder 
compliance cost (2008$), including the 
low complexity ICM markup value of 
1.24. Learning impacts are not applied 
to the costs of this technology and, as 
such, this estimate applies to all model 
years. This cost is multiplied by the 
number of engine cylinders. 

(iii) Coupled Cam Phasing 
Valvetrains with coupled (or 

coordinated) cam phasing can modify 
the timing of both the inlet valves and 
the exhaust valves an equal amount by 
phasing the camshaft of an overhead 
valve engine. For overhead valve 
engines, which have only one camshaft 
to actuate both inlet and exhaust valves, 
couple cam phasing is the only variable 
valve timing implementation option 
available and requires only one cam 
phaser. Based on the light-duty rule, 
previously-received confidential 
manufacturer data, and the NESCCAF 
report, NHTSA and EPA estimated the 
effectiveness of couple cam phasing to 
be between 1 and 4 percent. NHTSA 
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256 Burning one gallon of diesel fuel produces 
about 15 percent more carbon dioxide than gasoline 
due to the higher density and carbon to hydrogen 
ratio. 

and EPA reviewed this estimate for 
purposes of the NPRM, and continue to 
find it accurate. 

The agencies received comments 
questioning the exclusion of cam 
phasing from the technology packages. 
During the rulemaking process, 
manufacturers introduced many new or 
updated gasoline engines resulting in 
the majority of the 2010 gasoline heavy- 
duty engines including cam phasing, 
and so we now consider this technology 
to be in the baseline fleet. Because of 
this, the baseline analysis of technology 
for the 2010 heavy-duty gasoline fleet 
already includes the benefits of cam 
phasing and therefore it is not 
appropriate for the agencies to include 
this as a technology that is available for 
most manufactures to add to their 
current gasoline engines. 

(iv) Cylinder Deactivation 

In conventional spark-ignited engines 
throttling the airflow controls engine 
torque output. At partial loads, 
efficiency can be improved by using 
cylinder deactivation instead of 
throttling. Cylinder deactivation can 
improve engine efficiency by disabling 
or deactivating (usually) half of the 
cylinders when the load is less than half 
of the engine’s total torque capability— 
the valves are kept closed, and no fuel 
is injected—as a result, the trapped air 
within the deactivated cylinders is 
simply compressed and expanded as an 
air spring, with reduced friction and 
heat losses. The active cylinders 
combust at almost double the load 
required if all of the cylinders were 
operating. Pumping losses are 
significantly reduced as long as the 
engine is operated in this ‘‘part- 
cylinder’’ mode. 

Cylinder deactivation control strategy 
relies on setting maximum manifold 
absolute pressures or predicted torque 
within a range in which it can 
deactivate the cylinders. Noise and 
vibration issues reduce the operating 
range to which cylinder deactivation is 
allowed, although manufacturers are 
exploring vehicle changes that enable 
increasing the amount of time that 
cylinder deactivation might be suitable. 
Some manufacturers may choose to 
adopt active engine mounts and/or 
active noise cancellations systems to 
address Noise Vibration and Harshness 
(NVH) concerns and to allow a greater 
operating range of activation. Cylinder 
deactivation is a technology keyed to 
more lightly loaded operation, and so 
may be a less likely technology choice 
for manufacturers designing for 
effectiveness in the loaded condition 
required for testing, and in the real 

world that involves frequent operation 
with heavy loads. 

Cylinder deactivation has seen a 
recent resurgence thanks to better 
valvetrain designs and engine controls. 
General Motors and Chrysler Group 
have incorporated cylinder deactivation 
across a substantial portion of their 
light-duty V8-powered lineups. 

Effectiveness improvements scale 
roughly with engine displacement-to- 
vehicle weight ratio: The higher 
displacement-to-weight vehicles, 
operating at lower relative loads for 
normal driving, have the potential to 
operate in part-cylinder mode more 
frequently. For heavy-duty vehicles 
tested and operated at loaded 
conditions, the power to weight ratio is 
considerably lower than the light-duty 
case greatly reducing the opportunity 
for ‘‘part-cylinder’’ mode and therefore 
was not considered in this rulemaking 
as an effective technology for heavy- 
duty pickup truck and van applications. 

(v) Stoichiometric Gasoline Direct 
Injection 

SGDI engines inject fuel at high 
pressure directly into the combustion 
chamber (rather than the intake port in 
port fuel injection). SGDI requires 
changes to the injector design, an 
additional high pressure fuel pump, 
new fuel rails to handle the higher fuel 
pressures and changes to the cylinder 
head and piston crown design. Direct 
injection of the fuel into the cylinder 
improves cooling of the air/fuel charge 
within the cylinder, which allows for 
higher compression ratios and increased 
thermodynamic efficiency without the 
onset of combustion knock. Recent 
injector design advances, improved 
electronic engine management systems 
and the introduction of multiple 
injection events per cylinder firing cycle 
promote better mixing of the air and 
fuel, enhance combustion rates, increase 
residual exhaust gas tolerance and 
improve cold start emissions. SGDI 
engines achieve higher power density 
and match well with other technologies, 
such as boosting and variable valvetrain 
designs. 

Several manufacturers have recently 
introduced vehicles with SGDI engines, 
including GM and Ford and have 
announced their plans to increase 
dramatically the number of SGDI 
engines in their portfolios. 

The light-duty 2012–2016 MY vehicle 
rule estimated the range of 1 to 2 
percent for SGDI. NHTSA and EPA 
reviewed this estimate for purposes of 
the NPRM, and continue to find it 
accurate. 

Consistent with the light-duty rule, 
NHTSA and EPA cost estimates for 

SGDI take into account the changes 
required to the engine hardware, engine 
electronic controls, ancillary and NVH 
mitigation systems. Through contacts 
with industry NVH suppliers, and 
manufacturer press releases, the 
agencies believe that the NVH 
treatments will be limited to the 
mitigation of fuel system noise, 
specifically from the injectors and the 
fuel lines. For this analysis, the agencies 
have estimated the costs at $481 (2009$) 
in the 2014 model year. Flat-portion of 
the curve learning is applied to this 
technology. This technology was 
considered for gasoline engines only, as 
diesel engines already employ direct 
injection. 

(b) Diesel Engine Technologies 
Diesel engines have several 

characteristics that give them superior 
fuel efficiency compared to 
conventional gasoline, spark-ignited 
engines. Pumping losses are much lower 
due to lack of (or greatly reduced) 
throttling. The diesel combustion cycle 
operates at a higher compression ratio, 
with a very lean air/fuel mixture, and 
turbocharged light-duty diesels typically 
achieve much higher torque levels at 
lower engine speeds than equivalent- 
displacement naturally-aspirated 
gasoline engines. Additionally, diesel 
fuel has a higher energy content per 
gallon.256 However, diesel fuel also has 
a higher carbon to hydrogen ratio, 
which increases the amount of CO2 
emitted per gallon of fuel used by 
approximately 15 percent over a gallon 
of gasoline. 

Based on confidential business 
information and the 2010 NAS Report, 
two major areas of diesel engine design 
will be improved during the 2014–2018 
time frame. These areas include 
aftertreatment improvements and a 
broad range of engine improvements. 

(i) Aftertreatment Improvements 
The HD diesel pickup and van 

segment has largely adopted the SCR 
type of aftertreatment system to comply 
with criteria pollutant emission 
standards. As the experience base for 
SCR expands over the next few years, 
many improvements in this 
aftertreatment system such as 
construction of the catalyst, thermal 
management, and reductant 
optimization will result in a significant 
reduction in the amount of fuel used in 
the process. This technology was not 
considered in the light-duty rule. Based 
on confidential business information, 
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257 General Motors, news release, ‘‘From Hybrids 
to Six-Speeds, Direct Injection And More, GM’s 
2008 Global Powertrain Lineup Provides More 
Miles with Less Fuel’’ (released Mar. 6, 2007). 
Available at http:// www.gm.com/ experience/ fuel_ 
economy/ news/ 2007/ adv_ engines/ 2008- 
powertrain- lineup- 082707.jsp (last accessed Sept. 
18, 2008). 

EPA and NHTSA estimate the reduction 
in CO2 as a result of these improvements 
at 3 to 5 percent. 

The agencies have estimated the cost 
of this technology at $25 for each 
percentage improvement in fuel 
consumption. This estimate is based on 
the agencies’ belief that this technology 
is, in fact, a very cost effective approach 
to improving fuel consumption. As 
such, $25 per percent improvement is 
considered a reasonable cost. This cost 
would cover the engineering and test 
cell related costs necessary to develop 
and implement the improved control 
strategies that would allow for the 
improvements in fuel consumption. 
Importantly, the engineering work 
involved would be expected to result in 
cost savings to the aftertreatment and 
control hardware (lower platinum group 
metal loadings, lower reductant dosing 
rates, etc.). Those savings are considered 
to be included in the $25 per percent 
estimate described here. Given the 4 
percent average expected improvement 
in fuel consumption results in an 
estimated cost of $119 (2009$) for a 
2014 model year truck or van. This 
estimate includes a low complexity ICM 
of 1.24 and flat-portion of the curve 
learning from 2012 forward. 

(ii) Engine Improvements 
Diesel engines in the HD pickup and 

van segment are expected to have 
several improvements in their base 
design in the 2014–2018 time frame. 
These improvements include items such 
as improved combustion management, 
optimal turbocharger design, and 
improved thermal management. This 
technology was not considered in the 
light-duty rule. Based on confidential 
business information, EPA and NHTSA 
estimate the reduction in CO2 as a result 
of these improvements at 4 to 6 percent. 

The cost for this technology includes 
costs associated with low temperature 
exhaust gas recirculation, improved 
turbochargers and improvements to 
other systems and components. These 
costs are considered collectively in our 
costing analysis and termed ‘‘diesel 
engine improvements.’’ The agencies 
have estimated the cost of diesel engine 
improvements at $148 based on the cost 
estimates for several individual 
technologies. Specifically, the direct 
manufacturing costs we have estimated 
are: improved cylinder head, $9; turbo 
efficiency improvements, $16; EGR 
cooler improvements, $3; higher 
pressure fuel rail, $10; improved fuel 
injectors, $13; improved pistons, $2; 
and reduced valve train friction, $95. 
All values are in 2009 dollars and are 
applicable in the 2014 MY. Applying a 
low complexity ICM of 1.24 results in a 

cost of $184 (2009$) applicable in the 
2014 MY. We consider flat-portion of 
the curve learning to be appropriate for 
these technologies. 

(c) Transmission Technologies 
NHTSA and EPA have also reviewed 

the transmission technology estimates 
used in the light-duty rule. In doing so, 
NHTSA and EPA considered or 
reconsidered all available sources and 
updated the estimates as appropriate. 
The section below describes each of the 
transmission technologies considered 
for the final standards. 

(i) Improved Automatic Transmission 
Control (Aggressive Shift Logic and 
Early Torque Converter Lockup) 

Calibrating the transmission shift 
schedule to upshift earlier and quicker, 
and to lock-up or partially lock-up the 
torque converter under a broader range 
of operating conditions can reduce fuel 
consumption and CO2 emissions. 
However, this operation can result in a 
perceptible degradation in NVH. The 
degree to which NVH can be degraded 
before it becomes noticeable to the 
driver is strongly influenced by 
characteristics of the vehicle, and 
although it is somewhat subjective, it 
always places a limit on how much fuel 
consumption can be improved by 
transmission control changes. Given 
that the Aggressive Shift Logic and Early 
Torque Converter Lockup are best 
optimized simultaneously due to the 
fact that adding both of them primarily 
requires only minor modifications to the 
transmission or calibration software, 
these two technologies are combined in 
the modeling. We consider these 
technologies to be present in the 
baseline, since 6-speed automatic 
transmissions are installed in the 
majority of Class 2b and 3 trucks in the 
2010 model year time frame. 

(ii) Automatic 6- and 8-Speed 
Transmissions 

Manufacturers can also choose to 
replace 4- 5- and 6-speed automatic 
transmissions with 8-speed automatic 
transmissions. Additional ratios allow 
for further optimization of engine 
operation over a wider range of 
conditions, but this is subject to 
diminishing returns as the number of 
speeds increases. As additional 
planetary gear sets are added (which 
may be necessary in some cases to 
achieve the higher number of ratios), 
additional weight and friction are 
introduced. Also, the additional shifting 
of such a transmission can be perceived 
as bothersome or busy to some 
consumers, so manufacturers need to 
develop strategies for smooth shifts. 

Some manufacturers are replacing 4- 
and 5-speed automatics with 6-speed 
automatics already, and 7- and 8-speed 
automatics have entered production in 
light-duty vehicles, albeit in lower- 
volume applications in luxury and 
performance oriented cars. 

As discussed in the light-duty rule, 
confidential manufacturer data 
projected that 6-speed transmissions 
could incrementally reduce fuel 
consumption by 0 to 5 percent from a 
4-speed automatic transmission, while 
an 8-speed transmission could 
incrementally reduce fuel consumption 
by up to 6 percent from a 4-speed 
automatic transmission. GM has 
publicly claimed a fuel economy 
improvement of up to 4 percent for its 
new 6-speed automatic 
transmissions.257 

NHTSA and EPA reviewed and 
revised these effectiveness estimates 
based on actual usage statistics and 
testing methods for these vehicles along 
with confidential business information. 
When combined with improved 
automatic transmission control, the 
agencies estimate the effectiveness for a 
conversion from a 4- to a 6-speed 
transmission to be 5.3 percent and a 
conversion from a 6- to 8-speed 
transmission to be 1.7 percent. While 8- 
speed transmissions were not 
considered in the light-duty 2012–2016 
MY vehicle rule, they are considered as 
a technology of choice for this analysis 
in that manufacturers are expected to 
upgrade the 6-speed automatic 
transmissions being implemented today 
with 8-speed automatic transmissions in 
the 2014–2018 time frame. We are 
estimating the cost of an 8-speed 
automatic transmission at $281 (2009$) 
relative to a 6-speed automatic 
transmission in the 2014 model year. 
This estimate is based from the 2010 
NAS Report and we have applied a low 
complexity ICM of 1.24 and flat-portion 
of the curve learning. This technology 
applies to both gasoline and diesel 
pickup trucks and vans. 

(d) Electrification/Accessory 
Technologies 

(i) Electrical Power Steering or 
Electrohydraulic Power Steering 

Electric power steering (EPS) or 
Electrohydraulic power steering (EHPS) 
provides a potential reduction in CO2 
emissions and fuel consumption over 
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258 In the CAFE model, improved accessories refer 
solely to improved engine cooling. However, EPA 
has included a high efficiency alternator in this 
category, as well as improvements to the cooling 
system. 

259 ‘‘Preliminary Vehicle Mass Estimation Using 
Empirical Subsystem Influence Coefficients,’’ 
Malen, D.E., Reddy, K. Auto-Steel Partnership 
Report, May 2007, Docket EPA–HQ–OAR–2009– 
0472–0169. Accessed on the Internet on May 30, 
2009 at: http://www.a-sp.org/database/custom/
Mass%20Compounding%20-%20Final%20Report.
pdf. 

260 ‘‘Benefit Analysis: Use of Aluminum 
Structures in Conjunction with Alternative 
Powertrain Technologies in Automobiles,’’ Bull, M. 
Chavali, R., Mascarin, A., Aluminum Association 
Research Report, May 2008, Docket EPA–HQ–OAR– 
2009–0472–0168. Accessed on the Internet on April 
30, 2009 at: http://www.autoaluminum.org/
downloads/IBIS-Powertrain-Study.pdf. 

hydraulic power steering because of 
reduced overall accessory loads. This 
eliminates the parasitic losses 
associated with belt-driven power 
steering pumps which consistently draw 
load from the engine to pump hydraulic 
fluid through the steering actuation 
systems even when the wheels are not 
being turned. EPS is an enabler for all 
vehicle hybridization technologies since 
it provides power steering when the 
engine is off. EPS may be implemented 
on most vehicles with a standard 12V 
system. Some heavier vehicles may 
require a higher voltage system which 
may add cost and complexity. 

The light-duty rule estimated a one to 
two percent effectiveness based on the 
2002 NAS report for light-duty vehicle 
technologies, a Sierra Research report, 
and confidential manufacturer data. 
NHTSA and EPA reviewed these 
effectiveness estimates and found them 
to be accurate, thus they have been 
retained for purposes of this NPRM. 

NHTSA and EPA adjusted the EPS 
cost for the current rulemaking based on 
a review of the specification of the 
system. Adjustments were made to 
include potentially higher voltage or 
heavier duty system operation for HD 
pickups and vans. Accordingly, higher 
costs were estimated for systems with 
higher capability. After accounting for 
the differences in system capability and 
applying the ICM markup of low 
complexity technology of 1.24, the 
estimated costs are $115 for a MY 2014 
truck or van (2009$). As EPS systems 
are in widespread usage today, flat- 
portion of the curve learning is deemed 
applicable. EHPS systems are 
considered to be of equal cost and both 
are considered applicable to gasoline 
and diesel engines. 

(ii) Improved Accessories 
The accessories on an engine, 

including the alternator, coolant and oil 
pumps are traditionally mechanically- 
driven. A reduction in CO2 emissions 
and fuel consumption can be realized by 
driving the pumping accessories 
electrically, and only when needed 
(‘‘on-demand’’). Alternator 
improvements include internal changes 
resulting in lower mechanical and 
electrical losses combined with control 
logic that charges the battery at more 
efficient voltage levels and during 
conditions of available kinetic energy 
from the vehicle which would normally 
be wasted energy such as braking during 
vehicle decelerations. 

Electric water pumps and electric fans 
can provide better control of engine 
cooling. For example, coolant flow from 
an electric water pump can be reduced 
and the radiator fan can be shut off 

during engine warm-up or cold ambient 
temperature conditions which will 
reduce warm-up time, reduce warm-up 
fuel enrichment, and reduce parasitic 
losses. 

Indirect benefit may be obtained by 
reducing the flow from the water pump 
electrically during the engine warm-up 
period, allowing the engine to heat more 
rapidly and thereby reducing the fuel 
enrichment needed during cold starting 
of the engine. Further benefit may be 
obtained when electrification is 
combined with an improved, higher 
efficiency engine alternator. Intelligent 
cooling can more easily be applied to 
vehicles that do not typically carry 
heavy payloads, so larger vehicles with 
towing capacity present a challenge, as 
these vehicles have high cooling fan 
loads.258 

The agencies considered whether to 
include electric oil pump technology for 
the rulemaking. Because it is necessary 
to operate the oil pump any time the 
engine is running, electric oil pump 
technology has insignificant effect on 
efficiency. Therefore, the agencies 
decided to not include electric oil pump 
technology. 

NHTSA and EPA jointly reviewed the 
estimates of 1 to 2 percent effectiveness 
estimates used in the light-duty rule and 
found them to be accurate for Improved 
Electrical Accessories. Consistent with 
the light-duty rule, the agencies have 
estimated the cost of this technology at 
$93 (2009$) including a low complexity 
ICM of 1.24. This cost is applicable in 
the 2014 model year. Improved 
accessory systems are in production 
currently and thus flat-portion of the 
curve learning is applied. This 
technology was considered for diesel 
pickup trucks and vans only. 

(e) Vehicle Technologies 

(i) Mass Reduction 

Reducing a vehicle’s mass, or down- 
weighting the vehicle, decreases fuel 
consumption by reducing the energy 
demand needed to overcome forces 
resisting motion, and rolling resistance. 
Manufacturers employ a systematic 
approach to mass reduction, where the 
net mass reduction is the addition of a 
direct component or system mass 
reduction plus the additional mass 
reduction taken from indirect ancillary 
systems and components, as a result of 
full vehicle optimization, effectively 
compounding or obtaining a secondary 
mass reduction from a primary mass 

reduction. For example, use of a 
smaller, lighter engine with lower 
torque-output subsequently allows the 
use of a smaller, lighter-weight 
transmission and drive line 
components. Likewise, the compounded 
weight reductions of the body, engine 
and drivetrain reduce stresses on the 
suspension components, steering 
components, wheels, tires and brakes, 
allowing further reductions in the mass 
of these subsystems. The reductions in 
unsprung masses such as brakes, control 
arms, wheels and tires further reduce 
stresses in the suspension mounting 
points. This produces a compounding 
effect of mass reductions. 

Estimates of the synergistic effects of 
mass reduction and the compounding 
effect that occurs along with it can vary 
significantly from one report to another. 
For example, in discussing its estimate, 
an Auto-Steel Partnership report states 
that ‘‘These secondary mass changes can 
be considerable—estimated at an 
additional 0.7 to 1.8 times the initial 
mass change.’’ 259 This means for each 
one pound reduction in a primary 
component, up to 1.8 pounds can be 
reduced from other structures in the 
vehicle (i.e., a 180 percent factor). The 
report also discusses that a primary 
variable in the realized secondary 
weight reduction is whether or not the 
powertrain components can be included 
in the mass reduction effort, with the 
lower end estimates being applicable 
when powertrain elements are 
unavailable for mass reduction. 
However, another report by the 
Aluminum Association, which 
primarily focuses on the use of 
aluminum as an alternative material for 
steel, estimated a factor of 64 percent for 
secondary mass reduction even though 
some powertrain elements were 
considered in the analysis.260 That 
report also notes that typical values for 
this factor vary from 50 to 100 percent. 
Although there is a wide variation in 
stated estimates, synergistic mass 
reductions do exist, and the effects 
result in tangible mass reductions. Mass 
reductions in a single vehicle 
component, for example a door side 
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261 ‘‘Future Generation Passenger Compartment- 
Validation (ASP 241)’’ Villano, P.J., Shaw, J.R., 
Polewarczyk, J., Morgans, S., Carpenter, J.A., 
Yocum, A.D., in ‘‘Lightweighting Materials—FY 
2008 Progress Report,’’ U.S. Department of Energy, 
Office of Energy Efficiency and Renewable Energy, 
Vehicle Technologies Program, May 2009, Docket 
EPA–HQ–OAR–2009–0472–0190. 

262 ‘‘Preliminary Vehicle Mass Estimation Using 
Empirical Subsystem Influence Coefficients,’’ 
Malen, D.E., Reddy, K. Auto-Steel Partnership 
Report, May 2007, Docket EPA–HQ–OAR–2009– 
0472–0169. Accessed on the Internet on May 30, 
2009 at: http://www.a-sp.org/database/custom/
Mass%20Compounding%20-%20Final%20
Report.pdf. 

263 ‘‘Lighten Up!,’’ Brooke, L., Evans, H. 
Automotive Engineering International, Vol. 117, No. 
3, March 2009. 

264 ‘‘2008/9 Blueprint for Sustainability,’’ Ford 
Motor Company. Available at: http:// 
www.ford.com/go/sustainability (last accessed 
February 8, 2010). 

265 ‘‘Mazda to cut vehicle fuel consumption 30 
percent by 2015,’’ Mazda press release, June 23, 
2009. Available at: http://www.mazda.com/ 
publicity/release/2008/200806/080623.html (last 
accessed February 8, 2010). 

266 ‘‘Mazda: Don’t believe hot air being emitted by 
hybrid hype,’’ Greimel, H. Automotive News, 
March 30, 2009. 

267 ‘‘Interim Joint Technical Assessment Report: 
Light-Duty Vehicle Greenhouse Gas Emission 
Standards and Corporate Average Fuel Economy 
Standards for Model Years 2017–2025;’’ September 
2010; available at http://epa.gov/otaq/climate/ 
regulations/ldv-ghg-tar.pdf and in the docket for 
this rule. 

impact/intrusion system, may actually 
result in a significantly higher weight 
savings in the total vehicle, depending 
on how well the manufacturer integrates 
the modification into the overall vehicle 
design. Accordingly, care must be taken 
when reviewing reports on weight 
reduction methods and practices to 
ascertain if compounding effects have 
been considered or not. 

Mass reduction is broadly applicable 
across all vehicle subsystems including 
the engine, exhaust system, 
transmission, chassis, suspension, 
brakes, body, closure panels, glazing, 
seats and other interior components, 
engine cooling systems and HVAC 
systems. It is estimated that up to 1.25 
kilograms of secondary weight savings 
can be achieved for every kilogram of 
weight saved on a light-duty vehicle 
when all subsystems are redesigned to 
take into account the initial primary 
weight savings.261 262 

Mass reduction can be accomplished 
by proven methods such as: 

• Smart Design: Computer aided 
engineering (CAE) tools can be used to 
better optimize load paths within 
structures by reducing stresses and 
bending moments applied to structures. 
This allows better optimization of the 
sectional thicknesses of structural 
components to reduce mass while 
maintaining or improving the function 
of the component. Smart designs also 
integrate separate parts in a manner that 
reduces mass by combining functions or 
the reduced use of separate fasteners. In 
addition, some ‘‘body on frame’’ 
vehicles are redesigned with a lighter 
‘‘unibody’’ construction. 

• Material Substitution: Substitution 
of lower density and/or higher strength 
materials into a design in a manner that 
preserves or improves the function of 
the component. This includes 
substitution of high-strength steels, 
aluminum, magnesium or composite 
materials for components currently 
fabricated from mild steel. 

• Reduced Powertrain Requirements: 
Reducing vehicle weight sufficiently 
allows for the use of a smaller, lighter 
and more efficient engine while 

maintaining or increasing performance. 
Approximately half of the reduction is 
due to these reduced powertrain output 
requirements from reduced engine 
power output and/or displacement, 
changes to transmission and final drive 
gear ratios. The subsequent reduced 
rotating mass (e.g., transmission, 
driveshafts/halfshafts, wheels and tires) 
via weight and/or size reduction of 
components are made possible by 
reduced torque output requirements. 

• Automotive companies have largely 
used weight savings in some vehicle 
subsystems to offset or mitigate weight 
gains in other subsystems from 
increased feature content (sound 
insulation, entertainment systems, 
improved climate control, panoramic 
roof, etc.). 

• Lightweight designs have also been 
used to improve vehicle performance 
parameters by increased acceleration 
performance or superior vehicle 
handling and braking. 

Many manufacturers have already 
announced final future products plans 
reducing the weight of a vehicle body 
through the use of high strength steel 
body-in-white, composite body panels, 
magnesium alloy front and rear energy 
absorbing structures reducing vehicle 
weight sufficiently to allow a smaller, 
lighter and more efficient engine. Nissan 
will be reducing average vehicle curb 
weight by 15 percent by 2015.263 Ford 
has identified weight reductions of 250 
to 750 lb per vehicle as part of its 
implementation of known technology 
within its sustainability strategy 
between 2011 and 2020.264 Mazda plans 
to reduce vehicle weight by 220 pounds 
per vehicle or more as models are 
redesigned.265 266 Ducker International 
estimates that the average curb weight of 
light-duty vehicle fleet will decrease 
approximately 2.8 percent from 2009 to 
2015 and approximately 6.5 percent 
from 2009 to 2020 via changes in 
automotive materials and increased 
change-over from previously used body- 
on-frame automobile and light-truck 
designs to newer unibody designs.263 
While the opportunity for mass 
reductions available to the light-duty 

fleet may not in all cases be applied 
directly to the heavy-duty fleet due to 
the different designs for the expected 
duty cycles of a ‘‘work’’ vehicle, mass 
reductions are still available particularly 
to areas unrelated to the components 
and systems necessary for the work 
vehicle aspects. 

Due to the payload and towing 
requirements of these heavy-duty 
vehicles, engine downsizing was not 
considered in the estimates for CO2 
reduction in the area of mass reduction 
and material substitution. NHTSA and 
EPA estimate that a 3 percent mass 
reduction with no engine downsizing 
results in a 1 percent reduction in fuel 
consumption. In addition, a 5 and 10 
percent mass reduction with no engine 
downsizing result in an estimated CO2 
reduction of 1.6 and 3.2 percent 
respectively. These effectiveness values 
are 50 percent of the light-duty rule 
values due to the elimination of engine 
downsizing for this class of vehicle. 

In the NPRM, EPA and NHTSA relied 
on three studies to estimate the cost of 
vehicle mass reduction. The agencies 
used a value of $1.32 per pound of mass 
reduction that was derived from a 2002 
National Academy of Sciences study, a 
2008 Sierra Research report, and a 2008 
MIT study. The cost was estimated to be 
constant, independent of the level of 
mass reduction. 

The agencies along with the California 
Air Resources Board (CARB) have 
recently completed work on an Interim 
Joint Technical Assessment Report 
(TAR) that considers light-duty GHG 
and fuel economy standards for model 
years 2017 through 2025 and have 
continued this work to support the 
light-duty vehicle NPRM, which is 
expected to be issued this fall. Based on 
new information from various industry 
and literature sources, the TAR 
modified the mass reduction/cost 
relationship used in the light-duty 
2012–2016 MY vehicle rule to begin at 
the origin (zero cost at zero percent 
mass reduction) and to have increasing 
cost with increasing mass reduction.267 
The resulting analysis showed costs for 
5 percent mass reduction on light-duty 
vehicles to be near zero or cost parity. 

In the proposal for heavy-duty 
vehicles, we estimated mass reduction 
costs based on the 2012–2016 light-duty 
analysis without accounting for the new 
work completed in the Interim Joint 
Technical Assessment and additional 
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268 ‘‘Tires and Passenger Vehicle Fuel Economy,’’ 
Transportation Research Board Special Report 286, 
National Research Council of the National 
Academies, 2006, Docket EPA–HQ–OAR–2009– 
0472–0146. 

work the agencies have considered for 
the upcoming light-duty vehicle NPRM. 
Since the heavy-duty vehicle proposal, 
the agencies have been able to consider 
updated cost estimates in the context of 
both light-duty and heavy-duty vehicle 
bodies of work. While the agencies 
intend to discuss the additional work 
for the light-duty NPRM in much more 
detail in the documents for that 
rulemaking, we think it appropriate to 
explain here that after having 
considered a number of additional and 
highly-varying sources, the agencies 
believe that the cost estimates used in 
the TAR may have been lower than 
would be reasonable for HD pickups 
and vans, given their different and 
work-related uses and thus different 
construction as compared to the light- 
duty vehicles evaluated in the TAR. We 
do not believe that all of the weight 
reduction opportunities for light-duty 
vehicles can be applied to heavy-duty 
trucks. However, we do believe 
reductions in the following components 
and systems can be found that do not 
affect the payload and towing 
requirements of these heavy-duty 
vehicles: Body, closure panels, glazing, 
seats and other interior components, 
engine cooling systems and HVAC 
systems. 

The agencies have reviewed and 
considered many different mass 
reduction studies during the technical 
assessment for the heavy-duty vehicle 
GHG and fuel efficiency rulemaking. 
The agencies found that many of the 
studies on this topic vary considerably 
in their rigor, transparency, and 
applicability to the regulatory 
assessment. Having considered a variety 
of options, the agencies for this heavy- 
duty analysis have been unable to come 
up with a way to quantitatively evaluate 
the available studies. Therefore, the 
agencies have chosen a value within the 
range of the available studies that the 
agencies believe is reasonable. The 
studies and manufacturers’ confidential 
business information relied upon in 
determining the final mass reduction 
costs are summarized in Figure 2.1, 
Section 2.3.6 of the RIA. Each study 
relied upon by the agencies in this 
determination has also been placed in 
the agencies’ respective dockets. See 
NHTSA–2010–0079; EPA–HQ–0AR– 
2010–0162. 

The agencies note that the NAS 2010 
study provided estimates of mass 
reduction costs, but the agencies did not 
consider using the NAS 2010 study as 
the single source of mass reduction cost 
estimates because the NAS 2010 
estimates were not based on literature 
reports that focused on trucks or were 
necessarily appropriate for MD/HD 

vehicles, and also because a variety of 
newer and more rigorous studies were 
available to the agencies than those 
relied upon by the NAS in developing 
its estimates. We note, however, that for 
a 5 percent reduction in mass, the NAS 
2010 report estimates a per pound cost 
of mass reduction of $1.65. 

Thus, we are estimating the direct 
manufacturing costs for a 5 percent 
mass reduction of a 6,000 lb vehicle at 
a range of $75–$90 per vehicle. With 
additional margin for uncertainty, we 
arrive at a direct manufacturing cost of 
$85–$100, which is roughly in the 
upper middle of the range of values that 
resulted from the additional and highly- 
varying studies mentioned above that 
were considered in the agencies’ review. 
We have broken this down for 
application to HD pickup trucks and 
vans as follows: Class 2b gasoline $85, 
Class 2b diesel $95, Class 3 gasoline 
$90, and Class 3 diesel trucks $100. 
Applying the low complexity ICM of 
1.24 results in estimated total costs for 
a 5 percent mass reduction applicable in 
the 2016 model year as follows: Class 2b 
gasoline $108, Class 2b diesel $121, 
Class 3 gasoline $115, and Class 3 diesel 
trucks $127. All mass reduction costs 
stated here are in 2009 dollars. 

(ii) Low Rolling Resistance Tires 

Tire rolling resistance is the frictional 
loss associated mainly with the energy 
dissipated in the deformation of the 
tires under load and thus influences fuel 
efficiency and CO2 emissions. Other tire 
design characteristics (e.g., materials, 
construction, and tread design) 
influence durability, traction (both wet 
and dry grip), vehicle handling, and ride 
comfort in addition to rolling resistance. 
A typical LRR tire’s attributes would 
include: increased tire inflation 
pressure, material changes, and tire 
construction with less hysteresis, 
geometry changes (e.g., reduced aspect 
ratios), and reduction in sidewall and 
tread deflection. These changes would 
generally be accompanied with 
additional changes to suspension tuning 
and/or suspension design. 

EPA and NHTSA estimated a 1 to 2 
percent increase in effectiveness with a 
10 percent reduction in rolling 
resistance, which was based on the 2010 
NAS Report findings and consistent 
with the light-duty rule. 

Based on the light-duty rule and the 
2010 NAS Report, the agencies have 
estimated the cost for LRR tires to be $7 
per Class 2b truck or van, and $10 per 
Class 3 truck or van (both values in 
2009$ and inclusive of a 1.24 low 

complexity markup).268 The higher cost 
for the Class 3 trucks and vans is due 
to the predominant use of dual rear tires 
and, thus, 6 tires per truck. Due to the 
commodity-based nature of this 
technology, cost reductions due to 
learning are not applied. This 
technology is considered applicable to 
both gasoline and diesel. 

(iii) Aerodynamic Drag Reduction 
Many factors affect a vehicle’s 

aerodynamic drag and the resulting 
power required to move it through the 
air. While these factors change with air 
density and the square and cube of 
vehicle speed, respectively, the overall 
drag effect is determined by the product 
of its frontal area and drag coefficient, 
Cd. Reductions in these quantities can 
therefore reduce fuel consumption and 
CO2 emissions. Although frontal areas 
tend to be relatively similar within a 
vehicle class (mostly due to market- 
competitive size requirements), 
significant variations in drag coefficient 
can be observed. Significant changes to 
a vehicle’s aerodynamic performance 
may need to be implemented during a 
redesign (e.g., changes in vehicle shape). 
However, shorter-term aerodynamic 
reductions, with a somewhat lower 
effectiveness, may be achieved through 
the use of revised exterior components 
(typically at a model refresh in mid- 
cycle) and add-on devices that currently 
are being applied. The latter list would 
include revised front and rear fascias, 
modified front air dams and rear 
valances, addition of rear deck lips and 
underbody panels, and lower 
aerodynamic drag exterior mirrors. 

The light-duty 2012–2016 MY vehicle 
rule estimated that a fleet average of 10 
to 20 percent total aerodynamic drag 
reduction is attainable which equates to 
incremental reductions in fuel 
consumption and CO2 emissions of 2 to 
3 percent for both cars and trucks. These 
numbers are generally supported by 
confidential manufacturer data and 
public technical literature. For the 
heavy-duty truck category, a 5 to 10 
percent total aerodynamic drag 
reduction was considered due to the 
different structure and use of these 
vehicles equating to incremental 
reductions in fuel consumption and CO2 
emissions of 1 to 2 percent. 

Consistent with the light-duty rule, 
the agencies have estimated the cost for 
this technology at $58 (2009$) including 
a low complexity ICM of 1.24. This cost 
is applicable in the 2014 model year to 
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both gasoline and diesel pickup trucks 
and vans. 

(3) What are the projected technology 
packages’ effectiveness and cost? 

The assessment of the final 
technology effectiveness was developed 
through the use of the EPA Lumped 
Parameter model developed for the 
light-duty rule. Many of the 
technologies were common with the 
light-duty assessment but the 
effectiveness of individual technologies 
was appropriately adjusted to match the 
expected effectiveness when 
implemented in a heavy-duty 
application. The model then uses the 

individual technology effectiveness 
levels but then takes into account 
technology synergies. The model is also 
designed to prevent double counting 
from technologies that may directly or 
indirectly impact the same physical 
attribute (e.g., pumping loss reductions). 

To achieve the levels of the final 
standards for gasoline and diesel 
powered heavy-duty vehicles, the 
technology packages were determined to 
generally require the technologies 
previously discussed respective to 
unique gasoline and diesel technologies. 
Although some of the technologies may 
already be implemented in a portion of 
heavy-duty vehicles, none of the 

technologies discussed are considered 
ubiquitous in the heavy-duty fleet. Also, 
as would be expected, the available test 
data shows that some vehicle models 
will not need the full complement of 
available technologies to achieve the 
final standards. Furthermore, many 
technologies can be further improved 
(e.g., aerodynamic improvements) from 
today’s best levels, and so allow for 
compliance without needing to apply a 
technology that a manufacturer might 
deem less desirable. 

Technology costs for HD pickup 
trucks and vans are shown in Table III– 
11. 

TABLE III–11—TECHNOLOGY COSTS FOR HD PICKUP TRUCKS & VANS INCLUSIVE OF INDIRECT COST MARKUPS FOR THE 
2014MY 

[2009$] 

Technology Class 2b 
gasoline 

Class 2b 
diesel 

Class 3 
gasoline 

Class 3 
diesel 

Low friction lubes ............................................................................................................. $4 $4 $4 $4 
Engine friction reduction .................................................................................................. 116 N/A 116 N/A 
Stoichiometric gasoline direct injection ........................................................................... 481 N/A 481 N/A 
Engine improvements ...................................................................................................... N/A 184 N/A 184 
8s automatic transmission (increment to 6s automatic transmission) ............................ 281 281 281 281 
Improved accessories ...................................................................................................... N/A 93 N/A 93 
Low rolling resistance tires .............................................................................................. 7 7 10 10 
Aerodynamic improvements ............................................................................................ 58 58 58 58 
Electric (or electro/hydraulic) power steering .................................................................. 115 115 115 115 
Aftertreatment improvements .......................................................................................... N/A 119 N/A 119 
Mass reduction (5%) ........................................................................................................ 108 121 115 127 
Air conditioning ................................................................................................................ 21 21 21 21 

Total .......................................................................................................................... 1,190 1,003 1,209 1,013 

At 15% phase-in in 2014 ................................................................................................. 179 150 180 152 

(4) Reasonableness of the Final 
Standards 

The final standards are based on the 
application of the control technologies 
described in this section. These 
technologies are available within the 
lead time provided, as discussed in RIA 
Chapter 2.3. These controls are 
estimated to add costs of approximately 
$1,048 for MY 2018 heavy-duty pickups 
and vans. Reductions associated with 
these costs and technologies are 
considerable, estimated at a 12 percent 
reduction of CO2eq emissions from the 
MY 2010 baseline for gasoline engine- 
equipped vehicles and 17 percent for 
diesel engine equipped vehicles, 
estimated to result in reductions of 18 
MMT of CO2eq emissions over the 
lifetimes of 2014 through 2018 MY 
vehicles.269 The reductions are cost 
effective, estimated at $90 per ton of 
CO2eq removed in 2030.270 This cost is 
consistent with the light-duty rule 
which was estimated at $100 per ton of 

CO2eq removed in 2020 excluding fuel 
savings. Moreover, taking into account 
the fuel savings associated with the 
program, the cost becomes ¥$230 per 
ton of CO2eq (i.e. a savings of $230 per 
ton) in 2030. The cost of controls is fully 
recovered due to the associated fuel 
savings, with a payback period in the 
second year of ownership, as shown in 
Table VIII–9 below in Section VIII. 
Given the large, cost effective emission 
reductions based on use of feasible 
technologies which are available in the 
lead time provided, plus the lack of 
adverse impacts on vehicle safety or 
utility, EPA and NHTSA regard these 
final standards as appropriate and 
consistent with our respective statutory 
authorities under CAA section 202(a) 
and NHTSA’s EISA authority under 49 
U.S.C. 32902(k)(2). Based on the 
discussion above, NHTSA believes these 
standards are the maximum feasible 
under EISA. 

(5) Alternative HD Pickup Truck and 
Van Standards Considered 

The agencies rejected consideration of 
any less stringent standards given that 
the standards adopted are feasible at 
reasonable cost and cost-effectiveness 
within the lead time of the program. 
Furthermore, as explained above, 
because the standards are premised on 
100 percent application of available 
technologies during this period, the 
agencies rejected adoption of more 
stringent standards. The agencies have 
also explained above why the phase-in 
period for the standards is reasonable 
and that attempting more aggressive 
phase-ins would start to force changes 
outside normal redesign cycles at likely 
exorbitant cost. 

C. Class 2b–8 Vocational Vehicles 
Vocational vehicles cover a wide 

variety of applications which influence 
both the body style and usage patterns. 
They also are built using a complex 
process, which includes additional 
entities such as body builders. These 
factors create special sensitivity to 
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271 Argonne National Lab. Evaluation of Fuel 
Consumption Potential of Medium and Heavy-duty 
Vehicles through Modeling and Simulation. 
October 2009. Page 89. 

272 See 2010 NAS Report, Note 197, page 146. 
273 See 2010 NAS Report, Note 197, pp 134 and 

137. 

concerns of needed lead time, as well as 
developing standards that do not 
interfere with vocational vehicles’ 
utility. The agencies are adopting a 
standard for vocational vehicles for the 
first phase of the program that relies on 
less extensive addition of technology 
than do the other regulatory categories 
as well as making the chassis 
manufacturer the manufacturer subject 
to the standard. We intend that future 
rulemakings will consider increased 
stringency and possibly more 
application-specific standards. The 
agencies are also finalizing standards for 
the diesel and gasoline engines installed 
in vocational vehicles, similar to those 
discussed above for HD engines 
installed in Class 7 and 8 tractors. 

(1) What technologies did the agencies 
consider to reduce the CO2 emissions 
and fuel consumption of vocational 
vehicles? 

Similar to the approach taken with 
tractors, the agencies evaluated 
aerodynamic, tire, idle reduction, 
weight reduction, hybrid powertrain, 
and engine technologies and their 
impact on reducing fuel consumption 
and GHG emissions. The engines used 
in vocational vehicles include both 
gasoline and diesel engines, thus, each 
type is discussed separately below. As 
explained in Section II.D.1.b, the final 
regulatory structure for heavy-duty 
engines separates the compression 
ignition (or ‘‘diesel’’) engines into three 
regulatory subcategories—light heavy, 
medium heavy, and heavy heavy diesel 
engines—while spark ignition (or 
‘‘gasoline’’) engines are a single 
regulatory subcategory (an approach for 
which there was consensus in the 
public comments). Therefore, the 
subsequent discussion will assess each 
type of engine separately. 

(a) Vehicle Technologies 
Vocational vehicles typically travel 

fewer miles than combination tractors. 
They also tend to be used in more urban 
locations (with consequent stop and 
start drive cycles). Therefore the average 
speed of vocational vehicles is 
significantly lower than combination 
tractors. This has a significant effect on 
the types of technologies that are 
appropriate to consider for reducing 
CO2 emissions and fuel consumption. 

The agencies considered the type of 
technologies for vocational vehicles 
based on the energy losses of a typical 
vocational vehicle. The technologies are 
similar to the ones considered for 
combination tractors. Argonne National 
Lab conducted an energy audit using 
simulation tools to evaluate the energy 
losses of vocational vehicles, such as a 

Class 6 pickup and delivery truck. 
Argonne found that 74 percent of the 
energy losses are attributed to the 
engine, 13 percent to tires, 9 percent to 
aerodynamics, two percent to 
transmission losses, and the remaining 
four percent of losses to axles and 
accessories for a medium-duty truck 
traveling at 30 mph.271 

Low Rolling Resistance Tires: Tires 
are the second largest contributor to 
energy losses of vocational vehicles, as 
found in the energy audit conducted by 
Argonne National Lab (as just 
mentioned). The range of rolling 
resistance of tires used on vocational 
vehicles today is large. This is in part 
due to the fact that the competitive 
pressure to improve rolling resistance of 
vocational vehicle tires has been less 
than that found in the line haul tire 
market. In addition, the drive cycles 
typical for these applications often lead 
truck buyers to value tire traction and 
durability more heavily than rolling 
resistance. Therefore, the agencies 
concluded that a regulatory program 
that seeks to optimize tire rolling 
resistance in addition to traction and 
durability can bring about fuel 
consumption and CO2 emission 
reductions from this segment. The 2010 
NAS report states that rolling resistance 
impact on fuel consumption reduces 
with mass of the vehicle and with drive 
cycles with more frequent starts and 
stops. The report found that the fuel 
consumption reduction opportunity for 
reduced rolling resistance ranged 
between one and three percent in the 
2010 through 2020 time frame.272 The 
agencies estimate that average rolling 
resistance from tires in 2010 model year 
can be reduced by 10 percent for 50 
percent of the vehicles by 2014 model 
year based on the tire development 
achievements over the last several years 
in the line haul truck market. 

Aerodynamics: The Argonne National 
lab work shows that aerodynamics has 
less of an impact on vocational vehicle 
energy losses than do engines or tires. 
In addition, the aerodynamic 
performance of a complete vehicle is 
significantly influenced by the body of 
the vehicle. The agencies are not 
regulating body builders in this phase of 
regulations for the reasons discussed in 
Section II. Therefore, we are not basing 
any of the final standards for vocational 
vehicles on aerodynamic improvements. 
Nor would aerodynamic performance be 

input into GEM to demonstrate 
compliance. 

Weight Reduction: NHTSA and EPA 
are also not basing any of the final 
vocational vehicle standards on use of 
vehicle weight reduction. Thus, vehicle 
mass reductions are not an input into 
GEM. The agencies are taking this 
approach despite comments suggesting 
that the agencies make use of weight 
reductions for this segment, because we 
are unable to quantify the potential 
impact of weight reduction on vehicle 
utility in this broad segment. Vocational 
vehicles serve an incredibly diverse 
range of functions. Each of these unique 
vehicle functions is likely to have its 
own unique tradeoff between vehicle 
utility and the potential for vehicle mass 
reduction. The agencies have not been 
able at this time to determine the degree 
to which such tradeoffs exist nor the 
specific level of the tradeoff for each 
unique vehicle vocation. No commenter 
provided data to inform this question. 
Absent this information, the agencies 
cannot at this time project the potential 
for worthwhile weight reductions from 
vocational vehicles. 

Drivetrain: Optimization of vehicle 
gearing to engine performance through 
selection of transmission gear ratios, 
final drive gear ratios and tire size can 
play a significant role in reducing fuel 
consumption and GHGs. Optimization 
of gear selection versus vehicle and 
engine speed accomplished through 
driver training or automated 
transmission gear selection can provide 
additional reductions. The 2010 NAS 
report found that the opportunities to 
reduce fuel consumption in heavy-duty 
vehicles due to transmission and 
driveline technologies in the 2015 time 
frame ranged between 2 and 8 
percent.273 Initially, the agencies 
considered reflecting transmission 
choices and technology in our standard 
setting process for both tractors and 
vocational vehicles (see previous 
discussion above on automated manual 
and automatic transmissions for 
tractors). We have however decided not 
to do so for the following reasons. 

The primary factors that determine 
optimum gear selection are vehicle 
weight, vehicle aerodynamics, vehicle 
speed, and engine performance typically 
considered on a two dimensional map 
of engine speed and torque. For a given 
power demand (determined by speed, 
aerodynamics and vehicle mass) an 
optimum transmission and gearing 
setup will keep the engine power 
delivery operating at the best speed and 
torque points for highest engine 
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efficiency. Since power delivery from 
the engine is the product of speed and 
torque a wide range of torque and speed 
points can be found that deliver 
adequate power, but only a smaller 
subset will provide power with peak 
efficiency. Said more generally, the 
design goal is for the transmission to 
deliver the needed power to the vehicle 
while maintaining engine operation 
within the engine’s ‘‘sweet spot’’ for 
most efficient operation. Absent 
information about vehicle mass and 
aerodynamics (which determines road 
load at highway speeds) it is not 
possible to optimize the selection of 
gear ratios for lowest fuel consumption. 
Truck and chassis manufacturers today 
offer a wide range of tire sizes, final gear 
ratios and transmission choices so that 
final bodybuilders can select an optimal 
combination given the finished vehicle 
weight, general aerodynamic 
characteristics and expected average 
speed. In order to set fuel efficiency and 
GHG standards that would reflect these 
optimizations, the agencies would need 
to regulate a wide range of small entities 
that are final bodybuilders, would need 
to set a large number of uniquely 
different standards to reflect the specific 
weight and aerodynamic differences and 
finally would need test procedures to 
evaluate these differences that would 
not themselves be excessively 
burdensome. Finally, the agencies 
would need the underlying data 
regarding effectively all of the 
vocational trucks produced today in 
order to determine the appropriate 
standards. Because the market is already 
motivated to reach these optimizations 
themselves today, because we have 
insufficient data to determine 
appropriate standards, and finally, 
because we believe the testing burden 
would be unjustifiably high, we are not 
finalizing to reflect transmission and 
gear ratio optimization in our GEM or in 
our standard setting. 

Some commenters suggested that the 
agencies predicate the vocational 
vehicle standard on the use of specific 
transmission technologies for example 
automated manual transmissions 
believing that these mechanically more 
efficient designs would inherently 
provide better fuel efficiency and lower 
greenhouse gas emissions than 
conventional torque convertor 
automatic transmission designs. 
However as discussed above the 
agencies believe that the small 
mechanical efficiency differences 
between these transmission designs are 
relatively insignificant in the context of 
the dominant impact of proper gear ratio 
selection in determining a vehicle’s 

overall performance. In many cases, the 
mechanically more efficient design may 
prove less effective in use if other 
aspects of vehicle performance (such a 
vehicle launch under load) compromise 
the selection of gear ratios. This 
somewhat surprising outcome can be 
seen most readily by looking at modern 
passenger cars where mechanically less 
efficient torque converter automatic 
models often produce equal or better 
fuel economy when compared to the 
more mechanically efficient manual 
transmission versions of the same 
vehicles. Given this reality, we do not 
believe it would be appropriate to base 
the vocational truck standard on the use 
of a particular transmission technology. 
In the future, if we develop a complete 
vehicle chassis test approach to 
regulating this segment, we would then 
be able to incorporate transmission 
performance as we already do for the 
heavy-duty pickup truck and van 
segment. 

Idle Reduction: Episodic idling by 
vocational vehicles occurs during the 
workday, unlike the overnight idling of 
combination tractors (see discussion in 
Section III.A.2.a). Vocational vehicle 
idling can be divided into two typical 
types. The first type is idling while 
waiting—such as during a pickup or 
delivery. This type of idling can be 
reduced through automatic engine shut- 
offs. The second type of idling is to 
accomplish PTO operation, such as 
compacting garbage or operating a 
bucket. The agencies have found only 
one study that quantifies the emissions 
due to idling conducted by Argonne 
National Lab based on 2002 VIUS 
data.274 EPA conducted a work 
assignment to assist in characterizing 
PTO operations. The study of a utility 
truck used in two different 
environments (rural and urban) and a 
refuse hauler found that the PTO 
operated on average 28 percent of time 
relative to the total time spent driving 
and idling.275 The use of hybrid 
powertrains to reduce idling is 
discussed below. 

Hybrid Powertrains: Several types of 
vocational vehicles are well suited for 
hybrid powertrains. Vehicles such as 
utility or bucket trucks, delivery 
vehicles, refuse haulers, and buses have 
operational usage patterns with either a 
significant amount of stop-and-go 
activity or spend a large portion of their 
operating hours idling the main engine 
to operate a PTO unit. The industry is 

currently developing many variations of 
hybrid powertrain systems. The hybrids 
developed to date have seen fuel 
consumption and CO2 emissions 
reductions between 20 and 50 percent 
in the field. However, there are still 
some key issues that are restricting the 
penetration of hybrids, including overall 
system cost, battery technology, and 
lack of cost-effective electrified 
accessories. We have not predicated the 
standards based on the use of hybrids 
reflecting the still nascent level of 
technology development and the very 
small fraction of vehicle sales they 
would be expected to account for in this 
time frame—on the order of only a 
percent or two. Were we to overestimate 
the number of hybrids that could be 
produced, we would set a standard that 
is not feasible. We believe that it is more 
appropriate given the status of 
technology development and our hopes 
for future advancements in hybrid 
technologies to encourage their 
production through incentives. Thus, to 
create an incentive for early 
introduction of hybrid powertrains into 
the vocational vehicle fleet, the agencies 
are adopting the proposed advanced 
technology credits if hybrid powertrains 
are used as a technology to meet the 
vocational vehicle standard (or any 
other vehicle standard), as described in 
Section IV. 

(b) Gasoline Engine Technologies 
The gasoline (or spark ignited) 

engines certified and sold as loose 
engines into the heavy-duty truck 
market are typically large V8 and V10 
engines produced by General Motors 
and Ford. The basic architecture of 
these engines is the same as the versions 
used in the heavy-duty pickup trucks 
and vans. Therefore, the technologies 
analyzed by the agencies mirror the 
gasoline engine technologies used in the 
heavy-duty pickup truck analysis in 
Section III.B above. 

Building on the technical analysis 
underlying the light-duty 2012–2016 
MY vehicle rule, the agencies took a 
fresh look at technology effectiveness 
values for purposes of this analysis 
using as a starting point the estimates 
from that rule. The agencies then 
considered the impact of test procedures 
(such as higher test weight of HD pickup 
trucks and vans) on the effectiveness 
estimates. The agencies also considered 
other sources such as the 2010 NAS 
Report, recent CAFE compliance data, 
and confidential manufacturer estimates 
of technology effectiveness. NHTSA and 
EPA engineers reviewed effectiveness 
information from the multiple sources 
for each technology and ensured that 
such effectiveness estimates were based 
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include coupled cam phasing for loose HD gasoline 
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278 Energy and Environmental Analysis, Inc. 
‘‘Technology to Improve the Fuel Economy of Light 
Duty Trucks to 2015.’’ May 2006. 

on technology hardware consistent with 
the BOM components used to estimate 
costs. 

The agencies note that the 
effectiveness values estimated for the 
technologies may represent average 
values, and do not reflect the 
potentially-limitless spectrum of 
possible values that could result from 
adding the technology to different 
vehicles. For example, while the 
agencies have estimated an effectiveness 
of 0.5 percent for low friction lubricants, 
each vehicle could have a unique 
effectiveness estimate depending on the 
baseline vehicle’s oil viscosity rating. 
For purposes of this final rulemaking, 
NHTSA and EPA believe that employing 
average values for technology 
effectiveness estimates is an appropriate 
way of recognizing the potential 
variation in the specific benefits that 
individual manufacturers (and 
individual engines) might obtain from 
adding a fuel-saving technology. 

Baseline Engine: Similar to the 
gasoline engine used as the baseline in 
the light-duty rule, the agencies 
assumed the baseline engine in this 
segment to be a naturally aspirated, 
overhead valve V8 engine.276 The 
agencies did not receive any comments 
regarding the baseline engine 
assumptions in the proposal. The 
following discussion of effectiveness is 
generally in comparison to 2010 
baseline engine performance. 

For the final rulemaking, the agencies 
considered the same set of technologies 
for loose gasoline engines at proposal. 
The agencies received comments which 
suggested that the agencies consider 
electrification of accessories to reduce 
the fuel consumption and CO2 
emissions from heavy-duty gasoline 
engines. Electrification may result in a 
reduction in power demand, because 
electrically powered accessories (such 
as the air compressor or power steering) 
operate only when needed if they are 
electrically powered, but they impose a 
parasitic demand all the time if they are 
engine driven. In other cases, such as 
cooling fans or an engine’s water pump, 
electric power allows the accessory to 
run at speeds independent of engine 
speed, which can reduce power 
consumption. However, technologies 
such as these improvements to 
accessories are not demonstrated using 
the engine dynamometer test procedures 
being adopted in this final rule because 
those systems are not installed on the 
engine during the testing. Thus, the 

technologies the agencies considered 
include the following: 

Engine Friction Reduction: In addition 
to low friction lubricants, manufacturers 
can also reduce friction and improve 
fuel consumption by improving the 
design of engine components and 
subsystems. Examples include 
improvements in low-tension piston 
rings, piston skirt design, roller cam 
followers, improved crankshaft design 
and bearings, material coatings, material 
substitution, more optimal thermal 
management, and piston and cylinder 
surface treatments. The 2010 NAS, 
NESCCAF 277 and EEA 278 reports as 
well as confidential manufacturer data 
used in the light-duty vehicle 
rulemaking suggested a range of 
effectiveness for engine friction 
reduction to be between 1 to 3 percent. 
NHTSA and EPA continue to believe 
that this range is accurate. 

Coupled Cam Phasing: Valvetrains 
with coupled (or coordinated) cam 
phasing can modify the timing of both 
the inlet valves and the exhaust valves 
an equal amount by phasing the 
camshaft of a single overhead cam 
engine or an overhead valve engine. 
Based on the light-duty 2012–2016 MY 
vehicle rule, previously-received 
confidential manufacturer data, and the 
NESCCAF report, NHTSA and EPA 
estimated the effectiveness of couple 
cam phasing CCP to be between 1 and 
4 percent. NHTSA and EPA reviewed 
this estimate for purposes of the NPRM, 
and continue to find it accurate. 

Cylinder Deactivation: In 
conventional spark-ignited engines 
throttling the airflow controls engine 
torque output. At partial loads, 
efficiency can be improved by using 
cylinder deactivation instead of 
throttling. Cylinder deactivation can 
improve engine efficiency by disabling 
or deactivating (usually) half of the 
cylinders when the load is less than half 
of the engine’s total torque capability— 
the valves are kept closed, and no fuel 
is injected—as a result, the trapped air 
within the deactivated cylinders is 
simply compressed and expanded as an 
air spring, with reduced friction and 
heat losses. The active cylinders 
combust at almost double the load 
required if all of the cylinders were 
operating. Pumping losses are 
significantly reduced as long as the 
engine is operated in this ‘‘part 
cylinder’’ mode. Effectiveness 
improvements scale roughly with 

engine displacement-to-vehicle weight 
ratio: The higher displacement-to- 
weight vehicles, operating at lower 
relative loads for normal driving, have 
the potential to operate in part-cylinder 
mode more frequently. Cylinder 
deactivation is less effective on heavily- 
loaded vehicles because they require 
more power and spend less time in 
areas of operation where only partial 
power is required. The technology also 
requires proper integration into the 
vehicles which is difficult in the 
vocational vehicle segment where often 
the engine is sold to a chassis 
manufacturer or body builder without 
knowing the type of transmission or 
axle used in the vehicle or the precise 
duty cycle of the vehicle. The cylinder 
deactivation requires fine tuning of the 
calibration as the engine moves into and 
out of deactivation mode to achieve 
acceptable NVH. Additionally, cylinder 
deactivation would be difficult to apply 
to vehicles with a manual transmission 
because it requires careful gear change 
control. NHTSA and EPA adjusted the 
2012–16 MY light-duty rule estimates 
using updated power to weight ratings 
of heavy-duty trucks and confidential 
business information and downwardly 
adjusted the effectiveness to 0 to 3 
percent for these vehicles to reflect the 
differences in drive cycle and 
operational opportunities compared to 
light-duty vehicles. Because of the 
complexities associated with integrating 
cylinder deactivation in a non- 
integrated vehicle assembly process and 
the low effectiveness of the technology, 
the agencies did not include cylinder 
deactivation in the final gasoline engine 
technology package. 

Stoichiometric gasoline direct 
injection: SGDI (also known as spark- 
ignition direct injection engines) inject 
fuel at high pressure directly into the 
combustion chamber (rather than the 
intake port in port fuel injection). Direct 
injection of the fuel into the cylinder 
improves cooling of the air/fuel charge 
within the cylinder, which allows for 
higher compression ratios and increased 
thermodynamic efficiency without the 
onset of combustion knock. Recent 
injector design advances, improved 
electronic engine management systems 
and the introduction of multiple 
injection events per cylinder firing cycle 
promote better mixing of the air and 
fuel, enhance combustion rates, increase 
residual exhaust gas tolerance and 
improve cold start emissions. SGDI 
engines achieve higher power density 
and match well with other technologies, 
such as boosting and variable valvetrain 
designs. The light-duty 2012–2016 MY 
vehicle rule estimated the effectiveness 
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279 U.S. EPA. Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for 
Medium- and Heavy-Duty Engines and Vehicles— 
EPA Response to Comments Document for Joint 
Rulemaking. EPA–420–R–11–004. Docket EPA– 
HQ–OAR–2010–0162. 280 See TIAX, Note 198, pg. 4–15. 

281 Stanton, D. ‘‘Advanced Diesel Engine 
Technology Development for High Efficiency, Clean 
Combustion.’’ Cummins, Inc. Annual Progress 
Report 2008 Vehicle Technologies Program: 
Advanced Combustion Engine Technologies, U.S. 
Department of Energy. Pp 113–116. December 2008. 

282 See TIAX, Note 198, pg. 4–9 
283 See 2010 NAS Report, Note 197, page 56. 
284 See TIAX. Note 198, Pages 3–5. 

of SGDI to be between 2 and 3 percent. 
NHTSA and EPA revised these 
estimated accounting for the use and 
testing methods for these vehicles along 
with confidential business information 
estimates received from manufacturers 
while developing the program. Based on 
these revisions, NHTSA and EPA 
estimate the range of 1 to 2 percent for 
SGDI. 

(c) Diesel Engine Technologies 
Different types of diesel engines are 

used in vocational vehicles, depending 
on the application. They fall into the 
categories of Light, Medium, and Heavy 
Heavy-duty Diesel engines. The Light 
Heavy-duty Diesel engines typically 
range between 4.7 and 6.7 liters 
displacement. The Medium Heavy-duty 
Diesel engines typically have some 
overlap in displacement with the Light 
Heavy-duty Diesel engines and range 
between 6.7 and 9.3 liters. The Heavy 
Heavy-duty Diesel engines typically are 
represented by engines between 10.8 
and 16 liters. 

Baseline Engine: There are three 
baseline diesel engines, a Light, 
Medium, and a Heavy Heavy-duty 
Diesel engine. The agencies developed 
the baseline diesel engine as a 2010 
model year engine with an 
aftertreatment system which meets 
EPA’s 0.2 grams of NOX/bhp-hr 
standard with an SCR system along with 
EGR and meets the PM emissions 
standard with a diesel particulate filter 
with active regeneration. The engine is 
turbocharged with a variable geometry 
turbocharger. As noted above in Section 
III.A.1.b, the agencies received 
comments from Navistar stating that the 
agencies used an artificially low 
baseline CO2 emissions level which was 
tilted toward the use of SCR 
aftertreatment system. As discussed in 
Section III.A.1.b, the agencies disagree 
with the statement that SCR is 
infeasible. Additional responses from 
the agencies are available in the 
Response to Comments document, 
Section 6.2.279 The following discussion 
of technologies describes improvements 
over the 2010 model year baseline 
engine performance, unless otherwise 
noted. Further discussion of the 
baseline engine and its performance can 
be found in Section III.C.2.(c)(i) below. 
The following discussion of 
effectiveness is generally in comparison 
to 2010 baseline engine performance, 
and is in reference to performance in 

terms of the Heavy-duty FTP that would 
be used for compliance for these engine 
standards. This is in comparison to the 
steady state SET procedure that would 
be used for compliance purposes for the 
engines used in Class 7 and 8 tractors. 
See Section II.B.2.(i) above. 

Turbochargers: Improved efficiency of 
a turbocharger compressor or turbine 
could reduce fuel consumption by 
approximately 1 to 2 percent over 
today’s variable geometry turbochargers 
in the market today. The 2010 NAS 
report identified technologies such as 
higher pressure ratio radial 
compressors, axial compressors, and 
dual stage turbochargers as design paths 
to improve turbocharger efficiency. 

Low Temperature Exhaust Gas 
Recirculation: Most LHDD, MHDD, and 
HHDD engines sold in the U.S. market 
today use cooled EGR, in which part of 
the exhaust gas is routed through a 
cooler (rejecting energy to the engine 
coolant) before being returned to the 
engine intake manifold. EGR is a 
technology employed to reduce peak 
combustion temperatures and thus NOX. 
Low-temperature EGR uses a larger or 
secondary EGR cooler to achieve lower 
intake charge temperatures, which tend 
to further reduce NOX formation. If the 
NOX requirement is unchanged, low- 
temperature EGR can allow changes 
such as more advanced injection timing 
that will increase engine efficiency 
slightly more than one percent. Because 
low-temperature EGR reduces the 
engine’s exhaust temperature, it may not 
be compatible with exhaust energy 
recovery systems such as 
turbocompounding or a bottoming 
cycle. 

Engine Friction Reduction: Reduced 
friction in bearings, valve trains, and the 
piston-to-liner interface will improve 
efficiency. Any friction reduction must 
be carefully developed to avoid issues 
with durability or performance 
capability. Estimates of fuel 
consumption improvements due to 
reduced friction range from 0.5 to 1.5 
percent.280 

Selective catalytic reduction: This 
technology is common on 2010 heavy- 
duty diesel engines. Because SCR is a 
highly effective NOX aftertreatment 
approach, it enables engines to be 
optimized to maximize fuel efficiency, 
rather than minimize engine-out NOX. 
2010 SCR systems are estimated to 
result in improved engine efficiency of 
approximately 4 to 5 percent compared 
to a 2007 in-cylinder EGR-based 
emissions system and by an even greater 
percentage compared to 2010 in- 

cylinder approaches.281 As more 
effective low-temperature catalysts are 
developed, the NOX conversion 
efficiency of the SCR system will 
increase. Next-generation SCR systems 
could then enable still further efficiency 
improvements; alternatively, these 
advances could be used to maintain 
efficiency while down-sizing the 
aftertreatment. We estimate that 
continued optimization of the catalyst 
could offer 1 to 2 percent reduction in 
fuel use over 2010 model year systems 
in the 2014 model year.282 The agencies 
also estimate that continued refinement 
and optimization of the SCR systems 
could provide an additional 2 percent 
reduction in the 2017 model year. 

Improved Combustion Process: Fuel 
consumption reductions in the range of 
1 to 4 percent are identified in the 2010 
NAS report through improved 
combustion chamber design, higher fuel 
injection pressure, improved injection 
shaping and timing, and higher peak 
cylinder pressures.283 

Reduced Parasitic Loads: Accessories 
that are traditionally gear or belt driven 
by a vehicle’s engine can be optimized 
and/or converted to electric power. 
Examples include the engine water 
pump, oil pump, fuel injection pump, 
air compressor, power-steering pump, 
cooling fans, and the vehicle’s air- 
conditioning system. Optimization and 
improved pressure regulation may 
significantly reduce the parasitic load of 
the water, air and fuel pumps. 
Electrification may result in a reduction 
in power demand, because electrically 
powered accessories (such as the air 
compressor or power steering) operate 
only when needed if they are 
electrically powered, but they impose a 
parasitic demand all the time if they are 
engine driven. In other cases, such as 
cooling fans or an engine’s water pump, 
electric power allows the accessory to 
run at speeds independent of engine 
speed, which can reduce power 
consumption. The TIAX study used 2 to 
4 percent fuel consumption 
improvement for accessory 
electrification, with the understanding 
that electrification of accessories will 
have more effect in short-haul/urban 
applications and less benefit in line- 
haul applications.284 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00128 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57233 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

285 The baseline tire rolling resistance for this 
segment of vehicles was derived for the proposal 
based on the current baseline tractor and passenger 
car tires. The baseline tractor drive tire has a rolling 
resistance of 8.2 kg/metric ton based on SmartWay 

testing. The average passenger car has a tire rolling 
resistance of 9.75 kg/metric ton based on a 
presentation made to CARB by the Rubber 
Manufacturer’s Association. As noted above, further 
analysis has resulted in an estimate of improved 

performance in the baseline fleet, which is based 
entirely on use of LRR tires on vocational vehicles 
(not cars). Additional details are available in the 
RIA chapter 2. 

(2) What is the projected technology 
package’s effectiveness and cost? 

(a) Vocational Vehicles 

(i) Baseline Vocational Vehicle 
Performance 

The baseline vocational vehicle model 
is defined in the GEM, as described in 
RIA Chapter 4.4.6. At proposal, the 
agencies used a baseline rolling 
resistance coefficient for today’s 
vocational vehicle fleet of 9.0 kg/metric 
ton.285 As discussed in Section II.D.1, 
the agencies conducted a tire rolling 
resistance evaluation of tires used in 
vocational vehicles. The agencies found 
that the average rolling resistance of the 
tires was lower than the agencies’ 
assessment at proposal. Based on this 
new information and our understanding 
of the potential to improve tire rolling 
resistance by 2014, the agencies are 
setting the vocational truck standard 
premised on the use of tires with a 

rolling resistance coefficient of 7.7 kg/ 
metric ton. This value is consistent with 
the average performance of the subset of 
tires the agencies tested. We are 
projecting this standard will drive a 5 
percent reduction in tire rolling 
resistance on average across the fleet. 
We are projecting this 5 percent 
reduction based on our expectation that 
manufacturers will desire to bring all of 
their tires below the standard (not just 
comply on average) and knowing 
manufacturers will need some degree of 
overcompliance to ensure despite 
manufacturing variability and test to test 
variability their products are compliant 
with the emission standards. In order to 
reflect both this tighter standard (based 
on 7.7) and the 5 percent reduction in 
rolling resistance we project it will 
accomplish, we are modeling the 
baseline performance of vocational 
truck tires as 8.1 kg/metric ton. 

Further vehicle technology is not 
included in this baseline, as discussed 

below in the discussion of the baseline 
vocational vehicle. The baseline engine 
fuel consumption represents a 2010 
model year diesel engine, as described 
in RIA Chapter 4. Using these values, 
the baseline performance of these 
vehicles is included in Table III–12. 

The agencies note that the baseline 
performance derived for the final rule 
slightly differs from the values derived 
for the NPRM. The first difference is due 
to the change in rolling resistance from 
9.0 to 8.1 kg/metric ton based on the 
agencies’ post-proposal test results. 
Second, there are minor differences in 
the fuel consumption and CO2 
emissions due to the small 
modifications made to the GEM, as 
noted in RIA Chapter 4. In addition, the 
HHD vocational vehicle baseline 
performance for the final rule uses a 
revised payload assumption from 38,000 
to 15,000 pounds, as described in 
Section II.D.3.c.iii. 

TABLE III–12—BASELINE VOCATIONAL VEHICLE PERFORMANCE 

Vocational vehicle 

Heavy-duty Medium 
heavy-duty 

Heavy 
heavy-duty 

Fuel Consumption Baseline (gallon/1,000 ton-mile) ......................................................................... 40 .0 24 .3 23 .2 
CO2 Baseline (grams CO2/ton-mile) .................................................................................................. 408 247 236 

(ii) Vocational Vehicle Technology 
Package 

The final program for vocational 
vehicles for this phase of regulatory 
standards is based on the performance 
of tire and engine technologies. 
Aerodynamics technology, weight 
reduction, drive train improvement, and 
hybrid power trains are not included for 
the reasons discussed above in Section 
III.C (1) and Section II.D. 

The assessment of the final 
technology effectiveness was developed 
through the use of the GEM. To account 
for the two final engine standards, EPA 
is finalizing the use of a 2014 model 
year fuel consumption map in the GEM 
to derive the 2014 model year truck 
standard and a 2017 model year fuel 
consumption map to derive the 2017 
model year truck standard. (These fuel 
consumption maps reflect the main 
standards for HD diesel engines, not the 
alternative engine standards.) The 

agencies estimate that the rolling 
resistance of 50 percent of the tires can 
be reduced by 10 percent in the 2014 
model year, for an overall reduction in 
rolling resistance of 5 percent. The 
vocational vehicle standards for all 
three regulatory categories were 
determined using a tire rolling 
resistance coefficient of 7.7 kg/metric 
ton in the 2014 model year. The set of 
input parameters which are modeled in 
GEM are shown in Table III–13. 

TABLE III–13—GEM INPUTS FOR FINAL VOCATIONAL VEHICLE STANDARDS 

2014 MY 2017 MY 

Engine ...................................................................................................................................... 2014 MY 7L for LHD/ 
MHD and 15L for HHD 

Trucks 

2017 MY 7L for LHD/ 
MHD and 15L for HHD 

Trucks. 
Tire Rolling Resistance (kg/metric ton) ................................................................................... 7.7 7.7 

The agencies developed the final 
standards by using the engine and tire 
rolling resistance inputs in the GEM, as 

shown in Table III–13. The percent 
reductions shown in Table III–14 reflect 
improvements over the 2010 model year 

baseline vehicle with a 2010 model year 
baseline engine. 
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286 See Section VIII.D. 
287 As noted above, the light-duty rule had an 

estimated cost per ton of $50 when considering the 
vehicle program costs only and a cost of ¥$210 per 
ton considering the vehicle program costs along 
with fuel savings in 2030. See 75 FR 25515, Table 
III.H.3–1. 

TABLE III–14—FINAL VOCATIONAL VEHICLE STANDARDS AND PERCENT REDUCTIONS 

Vocational vehicle 

Light heavy- 
duty 

Medium 
heavy-duty 

Heavy heavy- 
duty 

2016 MY Fuel Consumption Standard (gallon/1,000 ton-mile) ................................................... 38.1 23.0 22.2 
2017 MY Fuel Consumption Standard (gallon/1,000 ton-mile) ................................................... 36.7 22.1 21.8 
2014 MY CO2 Standard (grams CO2/ton-mile) ........................................................................... 388 234 226 
2017 MY CO2 Standard (grams CO2/ton-mile) ........................................................................... 373 225 222 
Percent Reduction from 2010 baseline in 2014 MY ................................................................... 5% 5% 4% 
Percent Reduction from 2010 baseline in 2017 MY ................................................................... 8% 9% 6% 

(iii) Technology Package Cost 

The agencies did not receive any 
substantial comments on the engine 
costs proposed. Thus the agencies are 
projecting the costs of the technologies 
used to develop the final standards 
based on the costs used in the proposal, 
but revised to reflect 2009$, new ICMs, 
and a 50 percent penetration rate of low 
rolling resistance tires (as explained 
above). EPA and NHTSA developed the 
costs of LRR tires based on the ICF 
report. The estimated cost per truck is 
$81 (2009$) for LHD and MHD trucks 
and $97 (2009$) for HHD trucks. These 
costs include a low complexity ICM of 
1.18 and are applicable in the 2014 
model year. 

(iv) Reasonableness of the Final 
Vocational Vehicle Standards 

The final standards would not only 
add only a small amount to the vehicle 
cost, but are highly cost effective, an 
estimated $20 ton of CO2eq per vehicle 
in 2030.286 This is even less than the 
estimated cost effectiveness for CO2eq 
removal under the light-duty vehicle 
rule, already considered by the agencies 
to be a highly cost effective 
reduction.287 Moreover, the modest cost 
of controls is recovered almost 
immediately due to the associated fuel 
savings, as shown in the payback 
analysis included in Table VIII–7. Given 
that the standards are technically 
feasible within the lead time afforded by 
the 2014 model year, are inexpensive 
and highly cost effective, and do not 
have other adverse potential impacts 
(e.g., there are no projected negative 
impacts on safety or vehicle utility), the 
final standards represent a reasonable 
choice under section 202(a) of the CAA 
and NHTSA’s EISA authority under 49 
U.S.C. 32902(k)(2), and the agencies 
believe that the standards are consistent 

with their respective authorities. Based 
on the discussion above, NHTSA 
believes these standards are the 
maximum feasible under EISA. 

(v) Alternative Vehicle Standards 
Considered 

The agencies are not finalizing vehicle 
standards less stringent than the final 
standards because the agencies believe 
these standards are highly cost effective, 
as just explained. 

The agencies considered finalizing 
truck standards which are more 
stringent reflecting the inclusion of 
hybrid powertrains in those vocational 
vehicles where use of hybrid 
powertrains is appropriate. The agencies 
estimate that a 25 percent utilization 
rate of hybrid powertrains in MY 2017 
vocational vehicles would add, on 
average, $30,000 to the cost of each 
vehicle and more than double the cost 
of the rule for this sector. See the RIA 
at chapter 6.1.8. The emission 
reductions associated with these very 
high costs appear to be modest. See the 
RIA Table 6–14. In addition, the 
agencies are finalizing flexibilities in the 
form of generally applicable credit 
opportunities for advanced 
technologies, to encourage use of hybrid 
powertrains. See Section IV.C. 2 below. 
Several commenters recommended that 
in addition to hybrid powertrains, the 
agencies consider setting more stringent 
standards based on the use of 
aerodynamic improvements, weight 
reduction, idle shutdown technologies, 
vehicle speed limiters, and specific 
transmission technologies. As described 
above, we are not finalizing standards 
based on these technologies for reasons 
that related to the unique nature of the 
very diverse vocational vehicle segment. 
At this time, the agencies have no 
means to determine the current baseline 
aerodynamic performance of all 
vocational vehicles (ranging from 
concrete mixers to school buses), nor a 
means to project to what degree the 
aerodynamic performance could be 
improved without compromising the 
utility of the vehicle. Absent this 
information, the agencies cannot set a 

standard based on improvements in 
aerodynamic performance. The agencies 
face similar obstacles regarding our 
ability to project the utility tradeoffs 
that may exist between limitations on 
vehicle speed or reductions in vehicle 
mass and utility and safety of vocational 
vehicles. We are confident the answer to 
those questions will differ for a school 
bus compared to a concrete mixer 
compared to a fire truck compared to an 
ambulance. Absent an approach to set 
distinct standards for each of the 
vocational vehicle types and the 
information necessary to determine the 
appropriate level of performance for 
those vehicles, the agencies cannot set 
standards for vocational vehicles based 
on the use of these technologies. For 
these reasons, the agencies are not 
adopting more comprehensive standards 
for vocational vehicles. The agencies do 
agree that at least some vocational 
vehicles can be made more efficient 
through the use of technologies, 
including those technologies mentioned 
in the comments, and the agencies fully 
intend to take on the challenge of 
developing the data, test procedures and 
regulatory structures necessary to set 
more comprehensive standards for 
vocational trucks in the future. 

(b) Gasoline Engines 

(i) Baseline Gasoline Engine 
Performance 

EPA and NHTSA developed the 
reference heavy-duty gasoline engines to 
represent a 2010 model year engine 
compliant with the 0.20 g/bhp-hr NOX 
standard for on-highway heavy-duty 
engines. 

NHTSA and EPA developed the 
baseline fuel consumption and CO2 
emissions for the gasoline engines from 
manufacturer reported CO2 values used 
in the certification of non-GHG 
pollutants. The baseline engine for the 
analysis was developed to represent a 
2011 model year engine, because this is 
the most current information available. 
The average CO2 performance of the 
heavy-duty gasoline engines was 660 g/ 
bhp-hour, which will be used as a 
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288 Sample 2010 MY vocational vehicles range in 
price between $40,000 for a Class 4 work truck to 
approximately $200,000 for a Class 8 refuse hauler. 
See pages 16–17 of ICF’s ‘‘Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles.’’ July 2010. 

289 See Vocational Vehicle CO2 savings and 
technology costs in Table 7–4 in RIA chapter 7. 

290 The light-duty rule had an estimated cost per 
ton of $50 when considering the vehicle program 
costs only and a cost of ¥$210 per ton considering 
the vehicle program costs along with fuel savings 
in 2030. See 75 FR 25515, Table III.H.3–1. 

baseline. The baseline gasoline engines 
are all stoichiometric port fuel injected 
V–8 engines without cam phasers or 
other variable valve timing technologies. 
While they may reflect some degree of 
static valve timing optimization for fuel 
efficiency they do not reflect the 
potential to adjust timing with engine 
speed. 

(ii) Gasoline Engine Technology Package 
Effectiveness 

The gasoline engine technology 
package includes engine friction 
reduction, coupled cam phasing, and 
SGDI to produce an overall five percent 
reduction from the reference engine 
based on the Heavy-duty Lumped 
Parameter model. The agencies are 
projecting a 100 percent application rate 
of this technology package to the heavy- 
duty gasoline engines, which results in 
a CO2 standard of 627 g/bhp-hr and a 
fuel consumption standard of 7.05 
gallon/100 bhp-hr. As discussed in 
Section II.D.b.ii, the agencies are 
adopting gasoline engine standards that 
begin in the 2016 model year based on 
the agencies’ projection of the engine 
redesign schedules for the small number 
of engines in this category. 

(iii) Gasoline Engine Technology 
Package Cost 

For the proposed costs, the agencies 
considered both the direct or ‘‘piece’’ 
costs and indirect costs of individual 
components of technologies. For the 
direct costs, the agencies followed a 
BOM approach employed by NHTSA 
and EPA in the light-duty 2012–2016 
MY vehicle rule. In this final action, the 
agencies are using marked up gasoline 
engine technology costs developed for 
the HD Pickup Truck and Van segment 
because these engines are made by the 
same manufacturers (primarily by Ford 
and GM) and are simply, sold as loose 
engines rather than as complete 
vehicles. Hence the engine cost 
estimates are fundamentally the same. 
The agencies did not receive any 
comments recommending adjustments 
to the proposed gasoline engine 
technology costs. The costs summarized 
in Table III–15 are consistent with the 
proposed values, but updated to reflect 
2009$ and new ICMs. The costs shown 
in Table III–15 include a low 
complexity ICM of 1.24 and are 
applicable in the 2016 model year. No 
learning effects are applied to engine 
friction reduction costs, while flat- 
portion of the curve learning is 
considered applicable to both coupled 
cam phasing and SGDI. 

TABLE III–15—HEAVY-DUTY GASOLINE 
ENGINE TECHNOLOGY COSTS INCLU-
SIVE OF INDIRECT COST MARKUPS 

[2009$] 

2016 MY 

Engine Friction Reduction ............ $95 
Coupled Cam Phasing ................. 46 
Stoichiometric Gas Direct Injec-

tion ............................................ 452 

Total ....................................... 594 

(iv) Reasonableness of the Final 
Standard 

The final engine standards are 
reasonable and consistent with the 
agencies’ respective authorities. With 
respect to the 2016 MY standard, all of 
the technologies on which the standards 
are predicated have been demonstrated 
and their effectiveness is well 
documented. The final standards reflect 
a 100 percent application rate for these 
technologies. The costs of adding these 
technologies remain modest across the 
various engine classes as shown in 
Table 0–15. Use of these technologies 
would add only a small amount to the 
cost of the vehicle,288 and the associated 
reductions are highly cost effective, an 
estimated $20 per ton of CO2eq per 
vehicle.289 This is even more cost 
effective than the estimated cost 
effectiveness for CO2eq removal and fuel 
economy improvement under the light- 
duty vehicle rule, already considered by 
the agencies to be a highly cost effective 
reduction.290 Accordingly, EPA and 
NHTSA view these standards as 
reflecting an appropriate balance of the 
various statutory factors under section 
202(a) of the CAA and under NHTSA’s 
EISA authority at 49 U.S.C. 32902(k)(2). 
Based on the discussion above, NHTSA 
believes these standards are the 
maximum feasible under EISA. 

Several commenters suggested that 
the lead time provided by the agencies 
for heavy-duty pickups and vans and by 
extension the 2016 gasoline engine 
standards were unnecessarily long. The 
agencies do not agree with this 
assessment. The technologies that we 
are considering here cannot simply be 
bolted on to an existing engine but can 

only be effectively applied through an 
integrated design and development 
process. The four years lead time 
provided here is short in the context of 
engine redesigns and is only possible in 
part because the standards align with 
engine manufacturers’ planned redesign 
processes that are either just starting or 
will be starting within the year. These 
standards set a clear metric of 
performance for those planned 
redesigns and we project will lead 
manufacturers to include a number of 
technologies that would not otherwise 
have been incorporated into those 
engines. 

(v) Alternative Gasoline Engine 
Standards Considered 

The agencies are not finalizing 
gasoline standards less stringent than 
the final standards because the agencies 
believe these standards are feasible in 
the lead time provided, inexpensive, 
and highly cost effective. 

The final rule reflects 100 percent 
penetration of the technology package 
on whose performance the standard is 
based, so some additional technology 
would need to be added to obtain 
further improvements. The agencies 
considered finalizing gasoline engine 
standards which are more stringent 
reflecting the inclusion of cylinder 
deactivation and other advanced 
technologies. However, the agencies are 
not finalizing this level of stringency 
because our assessment is that these 
technologies cannot be adapted to the 
higher average engine loads of heavy- 
duty vehicles for production by the 
2017 model year. We intend to continue 
to evaluate the potential for further 
gasoline engine improvements building 
on the work done for light-duty 
passenger cars and trucks as we begin 
work on the next phase of heavy-duty 
regulations. 

(c) Diesel Engines 

(i) Baseline Diesel Engine Performance 

EPA and NHTSA developed the 
baseline heavy-duty diesel engines to 
represent a 2010 model year engine 
compliant with the 0.20 g/bhp-hr NOX 
standard for on-highway heavy-duty 
engines. 

The agencies utilized 2007 through 
2011 model year CO2 certification levels 
from the Heavy-duty FTP cycle as the 
basis for the baseline engine CO2 
performance. The pre-2010 data are 
subsequently adjusted to represent 2010 
model year engine maps by using 
predefined technologies including SCR 
and other systems that are being used in 
current 2010 production. The engine 
CO2 results were then sales weighted 
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291 TIAX noted in their report to the NAS panel 
that the engine improvements beyond 2015 model 
year included in their report are highly uncertain, 
though they include waste heat recovery in the 
engine package for 2016 through 2020 (page 4–29). 

within each regulatory subcategory to 
develop an industry average 2010 model 
year reference engine, as shown in Table 
III–16. The level of CO2 emissions and 

fuel consumption of these engines 
varies significantly, where the engine 
with the highest CO2 emissions is 
estimated to be 20 percent greater than 

the sales weighted average. Details of 
this analysis are included in RIA 
Chapter 2. 

TABLE III–16—2010 MODEL YEAR REFERENCE DIESEL ENGINE PERFORMANCE OVER THE HEAVY-DUTY FTP CYCLE 

CO2 emissions 
(g/bhp-hr) 

Fuel consumption 
(gallon/100 bhp-hr) 

LHD Diesel ....................................................................................................................................... 630 6.19 
MHD Diesel ...................................................................................................................................... 630 6.19 
HHD Diesel ...................................................................................................................................... 584 5.74 

(ii) Diesel Engine Packages 
The diesel engine technology 

packages for the 2014 model year 
include engine friction reduction, 
improved aftertreatment effectiveness, 
improved combustion processes, and 
low temperature EGR system 
optimization. The improvements in 
parasitic and friction losses come 
through piston designs to reduce 
friction, improved lubrication, and 
improved water pump and oil pump 
designs to reduce parasitic losses. The 
aftertreatment improvements are 
available through lower backpressure of 
the systems and optimization of the 
engine-out NOX levels. Improvements to 
the EGR system and air flow through the 
intake and exhaust systems, along with 
turbochargers can also produce engine 
efficiency improvements. It should be 
pointed out that individual technology 
improvements are not additive to each 
other due to the interaction of 
technologies. The agencies assessed the 
impact of each technology over the 
Heavy-duty FTP and project an overall 
cycle improvement in the 2014 model 
year of 3 percent for HHD diesel engines 
and 5 percent for LHD and MHD diesel 
engines, as detailed in RIA Chapter 
2.4.2.9 and 2.4.2.10. EPA used a 100 
percent application rate of this 
technology package to determine the 
level of the final 2014 MY standards 

Recently, EPA’s heavy-duty highway 
engine program for criteria pollutants 
provided new emissions standards for 
the industry in three year increments. 
The heavy-duty engine manufacturer 
product plans have fallen into three year 
cycles to reflect this environment. EPA 
is finalizing CO2 emission standards 
recognizing the opportunity for 
technology improvements over this time 
frame while reflecting the typical heavy- 
duty engine manufacturer product plan 
redesign cycles. Thus, the agencies are 
establishing initial standards for the 
2014 model year and a more stringent 
standard for these heavy-duty engines 
beginning in the 2017 model year. 

The 2017 model year technology 
package for LHD and MHD diesel engine 

includes continued development and 
refinement of the 2014 model year 
technology package, in particular the 
additional improvement to 
aftertreatment systems. This package 
leads to a projected 9 percent reduction 
for LHD and MHD diesel engines in the 
2017 model year. The HHD diesel 
engine technology packages for the 2017 
model year include the continued 
development of the 2014 model year 
technology package. A similar approach 
to evaluating the impact of individual 
technologies as taken to develop the 
overall reduction of the 2014 model year 
package was taken with the 2017 model 
year package. The Heavy-duty FTP cycle 
improvements lead to a 5 percent 
reduction on the cycle for HHDD, as 
detailed in RIA Chapter 2.4.2.13. The 
agencies used a 100 percent application 
rate of the technology package to 
determine the final 2017 MY standards. 
The agencies believe that bottom cycling 
technologies are still in the 
development phase and will not be 
ready for production by the 2017 model 
year.291 Therefore, these technologies 
were not included in determining the 
stringency of the final standards. 
However, we do believe the bottoming 
cycle approach represents a significant 
opportunity to reduce fuel consumption 
and GHG emissions in the future for 
vehicles that operate under primarily 
steady-state conditions like line-haul 
tractors and some vocational vehicles. 
As discussed above, we also considered 
setting standards based on the use of 
hybrid powertrains that are a better 
match to many vocational vehicle duty 
cycles but have decided for the reasons 
articulated above to not base the 
vocational vehicle standard on the use 
of hybrid technologies in this first 
regulation. However, EPA and NHTSA 
are both finalizing provisions described 
in Section IV to create incentives for 
manufacturers to continue to invest to 

develop these technologies in the 
believe that with further development 
these technologies can form the basis of 
future standards. 

The overall projected improvements 
in CO2 emissions and fuel consumption 
over the baseline are included in 
Table III–17. 

TABLE III–17—PERCENT FUEL CON-
SUMPTION AND CO2 EMISSION RE-
DUCTIONS OVER THE HEAVY-DUTY 
FTP CYCLE 

2014 2017 

LHD Diesel ....................... 5% 9% 
MHD Diesel ...................... 5 9 
HHD Diesel ....................... 3 5 

(iii) Technology Package Costs 
NHTSA and EPA jointly developed 

costs associated with the engine 
technologies to assess an overall 
package cost for each regulatory 
category. Our engine cost estimates for 
diesel engines used in vocational 
vehicles include a separate analysis of 
the incremental part costs, research and 
development activities, and additional 
equipment, such as emissions 
equipment to measure N2O emissions. 
Our general approach used elsewhere in 
this action (for HD pickup trucks, 
gasoline engines, Class 7 and 8 tractors, 
and Class 2b–8 vocational vehicles) 
estimates a direct manufacturing cost for 
a part and marks it up based on a factor 
to account for indirect costs. See also 75 
FR 25376. We believe that approach is 
appropriate when compliance with final 
standards is achieved generally by 
installing new parts and systems 
purchased from a supplier. In such a 
case, the supplier is conducting the bulk 
of the research and development on the 
new parts and systems and including 
those costs in the purchase price paid 
by the original equipment manufacturer. 
The indirect costs incurred by the 
original equipment manufacturer need 
not include much cost to cover research 
and development since the bulk of that 
effort is already done. For the MHD and 
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HHD diesel engine segment, however, 
the agencies believe we can make a 
more accurate estimate of technology 
cost using this alternate approach 
because the primary cost is not expected 
to be the purchase of parts or systems 
from suppliers or even the production of 
the parts and systems, but rather the 
development of the new technology by 
the original equipment manufacturer 
itself. Therefore, the agencies believe it 
more accurate to directly estimate the 
indirect costs. EPA commonly uses this 
approach in cases where significant 
investments in research and 
development can lead to an emission 
control approach that requires no new 
hardware. For example, combustion 
optimization may significantly reduce 
emissions and cost a manufacturer 
millions of dollars to develop but will 
lead to an engine that is no more 
expensive to produce. Using a bill of 
materials approach would suggest that 
the cost of the emissions control was 
zero reflecting no new hardware and 
ignoring the millions of dollars spent to 
develop the improved combustion 
system. Details of the cost analysis are 
included in the RIA Chapter 2. To 
reiterate, we have used this different 
approach because the MHD and HHD 

diesel engines are expected to comply in 
large part via technology changes that 
are not reflected in new hardware but 
rather knowledge gained through 
laboratory and real world testing that 
allows for improvements in control 
system calibrations—changes that are 
more difficult to reflect through direct 
costs with indirect cost multipliers. 

The agencies developed the 
engineering costs for the research and 
development of diesel engines with 
lower fuel consumption and CO2 
emissions. The aggregate costs for 
engineering hours, technician support, 
dynamometer cell time, and fabrication 
of prototype parts are estimated at $6.8 
million (2009$) per manufacturer per 
year over the five years covering 2012 
through 2016. In aggregate, this averages 
out to $284 per engine during 2012 
through 2016 using an annual sales 
value of 600,000 light, medium, and 
heavy heavy-duty engines. The agencies 
received comments from Horriba 
regarding the assumption the agencies 
used in the proposal that said 
manufacturers would need to purchase 
new equipment for measuring N2O and 
the associated costs. Horriba provided 
information regarding the cost of stand- 
alone FTIR instrumentation (estimated 
at $50,000 per unit) and cost of 

upgrading existing emission 
measurement systems with NDIR 
analyzers (estimated at $25,000 per 
unit). The agencies further analyzed our 
assumptions along with Horriba’s 
comments. Thus, we have revised the 
equipment costs estimates and assumed 
that 75 percent of manufacturers would 
update existing equipment while the 
other 25 percent would require new 
equipment. The agencies are estimating 
costs of $63,087 (2009$) per engine 
manufacturer per engine subcategory 
(light, medium, and heavy HD) to cover 
the cost of purchasing photo-acoustic 
measurement equipment for two engine 
test cells. This would be a one-time cost 
incurred in the year prior to 
implementation of the standard (i.e., the 
cost would be incurred in 2013). In 
aggregate, this averages out to less than 
$1 per engine in 2013 using an annual 
sales value of 600,000 light, medium, 
and heavy HD engines. 

EPA also developed the incremental 
piece cost for the components to meet 
each the 2014 and 2017 standards. 
These costs shown in Table III–18 
which include a low complexity ICM of 
1.15; flat-portion of the curve learning is 
considered applicable to each 
technology. 

TABLE III–18—HEAVY-DUTY DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS a 
[2009$] 

2014 Model year 2017 Model year 

Cylinder Head (flow optimized, increased firing pressure, improved 
thermal management).

$6 (MHD & HH), $11 (LHD) .......... $6 (MHD & HHD), $10 (LHD). 

Exhaust Manifold (flow optimized, improved thermal management) ...... $0 ................................................... $0. 
Turbocharger (improved efficiency) ........................................................ $18 ................................................. $17. 
EGR Cooler (improved efficiency) .......................................................... $4 ................................................... $3. 
Water Pump (optimized, variable vane, variable speed) ........................ $91 ................................................. $84. 
Oil Pump (optimized) ............................................................................... $5 ................................................... $4. 
Fuel Pump (higher working pressure, increased efficiency, improved 

pressure regulation).
$5 ................................................... $4. 

Fuel Rail (higher working pressure) ........................................................ $10 (MHD & HHD), $12 (LHD) ..... $9 (MHD & HHD), $11 (LHD). 
Fuel Injector (optimized, improved multiple event control, higher work-

ing pressure).
$11 (MHD & HHD), $15 (LHD) ..... $10 (MHD & HHD), $13 (LHD). 

Piston (reduced friction skirt, ring and pin) ............................................. $3 ................................................... $3. 
Aftertreatment system (improved effectiveness SCR, dosing, dpf)a ....... $0 (MHD & HHD), $111 (LHD) ..... $0 (MHD & HHD), $101 (LHD). 
Valve Train (reduced friction, roller tappet) ............................................ $82 (MHD), $109 (LHD) ................ $76 (MHD), $101 (LHD). 

Note: 
a Note that costs for aftertreatment improvements for MHD and HHD diesel engines are covered via the engineering costs (see text). For LH 

diesel engines, we have included the cost of aftertreatment improvements as a technology cost. 

The overall costs for each diesel 
engine regulatory subcategory are 
included in Table III–19. 

TABLE III–19—DIESEL ENGINE 
TECHNOLOGY COSTS PER ENGINE 

[2009$] 

2014 2017 

LHD Diesel ....................... $388 $358 

TABLE III–19—DIESEL ENGINE TECH-
NOLOGY COSTS PER ENGINE—Con-
tinued 

[2009$] 

2014 2017 

MHD Diesel ...................... 234 216 
HHD Diesel ....................... 234 216 

Reasonableness of the Final Standards 

The final engine standards appear to 
be reasonable and consistent with the 
agencies’ respective authorities. With 
respect to the 2014 and 2017 MY 
standards, all of the technologies on 
which the standards are based have 
already been demonstrated and their 
effectiveness is well documented. The 
final standards reflect a 100 percent 
application rate for these technologies. 
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292 Sample 2010 MY vocational vehicles range in 
price between $40,000 for a Class 4 work truck to 
approximately $200,000 for a Class 8 refuse hauler. 
See pages 16–17 of ICF’s ‘‘Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles.’’ July 2010. 

293 See RIA chapter 7, Table 7–4. 
294 The light-duty rule had a cost per ton of $50 

when considering the vehicle program costs only 
and a cost of ¥$210 per ton considering the vehicle 
program costs along with fuel savings in 2030. See 
75 FR 25515, Table III.H.3–1. 

295 Section 4 of EO 13563 states that ‘‘Where 
relevant, feasible, and consistent with regulatory 
objectives, and to the extent permitted by law, each 
agency shall identify and consider regulatory 
approaches that reduce burdens and maintain 
flexibility and freedom of choice for the public.’’ 76 
FR 3821 (Jan. 21, 2011). 

The costs of adding these technologies 
remain modest across the various engine 
classes as shown in Table III–19. Use of 
these technologies would add only a 
small amount to the cost of the 
vehicle,292 and the associated 
reductions are highly cost effective, an 
estimated $20 per ton of CO2eq per 
vehicle.293 This is even more cost 
effective than the estimated cost 
effectiveness for CO2eq removal and fuel 
economy improvement under the light- 
duty vehicle rule, already considered by 
the agencies to be a highly cost effective 
reduction.294 Accordingly, EPA and 
NHTSA view these standards as 
reflecting an appropriate balance of the 
various statutory factors under section 
202(a) of the CAA and under NHTSA’s 
EISA authority at 49 U.S.C. 32902(k)(2). 
Based on the discussion above, NHTSA 
believes these standards are the 
maximum feasible under EISA. 

(v) Alternative Diesel Engine Standards 
Considered 

Other than the specific option related 
to legacy engine products, the agencies 
are not finalizing diesel engine 
standards less stringent than the final 
standards because the agencies believe 
these standards are highly cost effective. 

The agencies have not considered 
finalizing diesel engine standards which 
are more stringent because we have 
exhausted the list of engine technologies 
that we believe are directly applicable to 
medium- and heavy-duty diesel engines 
used in vocational applications. We are 
continuing to evaluate the potential for 
bottoming cycle technologies to be used 
in the future, however it is not clear 
today that this technology, although 
promising for more steady-state 
operation will provide any significant 
efficiency improvement under the more 
transient operating cycles typical of 
vocational vehicles. Moreover, as stated 
at II.D above, the agencies do not believe 
that this technology will be available in 
the time frame of this rule in any case. 

IV. Final Regulatory Flexibility 
Provisions 

This section describes flexibility 
provisions intended to advance the 
goals of the overall program while 
providing alternate pathways to achieve 

those goals, consistent with the 
agencies’ statutory authority, as well as 
with Executive Order 13563.295 The 
primary flexibility provisions for 
combination tractors and vocational 
vehicles and the engines installed in 
these vehicles are incorporated in a 
program of averaging, banking, and 
trading of credits. For HD pickups and 
vans, the primary flexibility provision is 
also an ABT program expressed in the 
fleet average form of the standards, 
along with provisions for credit and 
deficit carry-forward and for trading, 
patterned after the agencies’ light-duty 
vehicle GHG and CAFE programs. 
Furthermore, EPA will allow 
manufacturers to comply with the N2O 
and CH4 standards using CO2 credits 
and is providing an opportunity for 
engine manufacturers to earn N2O 
credits that can be used to comply with 
the CO2 standards. However, EPA is not 
adopting an emission credit program 
associated with the CH4 or HFC 
standards. This section also describes 
other flexibility provisions that apply, 
including advanced technology credits, 
innovative technology credits and early 
compliance credits. 

A. Averaging, Banking, and Trading 
Program 

Averaging, Banking, and Trading 
(ABT) of emissions credits have been an 
important part of many EPA mobile 
source programs under CAA Title II, 
including engine and vehicle programs. 
NHTSA has also long had an averaging 
and banking program for light-duty 
CAFE under EPCA, and recently gained 
authority to add a trading program for 
light-duty CAFE through EISA. ABT 
programs are useful because they can 
help to address many issues of 
technological feasibility and lead-time, 
as well as considerations of cost. They 
provide manufacturers flexibilities that 
assist the efficient development and 
implementation of new technologies 
and therefore enable new technologies 
to be implemented at a more aggressive 
pace than without ABT. ABT programs 
are more than just add-on provisions 
included to help reduce costs, and can 
be, as in EPA’s Title II programs an 
integral part of the standard setting 
itself. A well-designed ABT program 
can also provide important 
environmental and energy security 
benefits by increasing the speed at 
which new technologies can be 

implemented (which means that more 
benefits accrue over time than with 
slower-starting standards) and at the 
same time increase flexibility for, and 
reduce costs to, the regulated industry. 
American Council for an Energy- 
Efficient Economy (ACEEE) has 
commented that ABT and related 
flexibilities should not be offered for 
this program because the agencies are 
not promoting the use of new 
technologies but rather the use of 
existing technologies. However, without 
ABT provisions (and other related 
flexibilities), standards would typically 
have to be numerically less stringent 
since the numerical standard would 
have to be adjusted to accommodate 
issues of feasibility and available lead 
time. See 75 FR at 25412–13. By offering 
ABT credits and additional flexibilities 
the agencies can offer progressively 
more stringent standards that help meet 
our fuel consumption reduction and 
GHG emission goals at a faster pace. 

Section II above describes EPA’s GHG 
emission standards and NHTSA’s fuel 
consumption standards. For each of 
these respective sets of standards, the 
agencies also offer ABT provisions, 
consistent with each agency’s statutory 
authority. The agencies worked closely 
to design these provisions to be 
essentially identical to each other in 
form and function. Because of this 
fundamental similarity, the remainder 
of this section refers to these provisions 
collectively as ‘‘the ABT program’’ 
except where agency-specific 
distinctions are required. 

As discussed in detail below, the 
structure of the GHG and fuel 
consumption ABT program for HD 
engines was based closely on EPA’s 
earlier ABT programs for HD engines; 
the program for HD pickups and vans 
was built on the existing light-duty GHG 
program flexibility provisions; and the 
first-time ABT provisions for 
combination tractors and vocational 
vehicles are as consistent as possible 
with EPA’s other HD vehicle 
regulations. The flexibility provisions 
associated with this new regulatory 
category were intended to build 
systematically upon the structure of the 
existing programs. 

As an overview, ‘‘averaging’’ means 
the exchange of emission or fuel 
consumption credits between engine 
families or truck families within a given 
manufacturer’s regulatory subcategories 
and averaging sets. For example, 
specific ‘‘engine families,’’ which 
manufacturers create by dividing their 
product lines into groups expected to 
have similar emission characteristics 
throughout their useful life, would be 
contained within an averaging set. 
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296 The inclusion of engine power, useful life, and 
production volume in the averaging calculations 
allows the emissions or fuel consumption credits or 
debits to be expressed in total emissions or 
consumption over the useful life of the credit-using 
or generating engine sales. 

Averaging allows a manufacturer to 
certify one or more engine families (or 
vehicle families, as appropriate) within 
the same averaging set at levels worse 
than the applicable emission or fuel 
consumption standard. The increased 
emissions or fuel consumption over the 
standard would need to be offset by one 
or more engine (or vehicle) families 
within that manufacturer’s averaging set 
that are certified better than the same 
emission or fuel consumption standard, 
such that the average emissions or fuel 
consumption from all the 
manufacturer’s engine families, 
weighted by engine power, regulatory 
useful life, and production volume, are 
at or below the level of the emission or 
fuel consumption standard 296 Total 
credits for each averaging set within 
each model year are determined by 
summing together the credits calculated 
for every engine family within that 
specific averaging set. 

‘‘Banking’’ means the retention of 
emission credits by the manufacturer for 
use in future model year averaging or 
trading. ‘‘Trading’’ means the exchange 
of emission credits between 
manufacturers, which can then be used 
for averaging purposes, banked for 
future use, or traded to another 
manufacturer. 

In EPA’s current HD engine program 
for criteria pollutants, manufacturers are 
restricted to averaging, banking and 
trading only credits generated by the 
engine families within a regulatory 
subcategory, and EPA and NHTSA 
proposed to continue this restriction in 
the GHG and fuel consumption program 
for engines and vehicles. However, the 
agencies sought comment on potential 
alternative approaches in which fewer 
restrictions are placed on the use of 
credits for averaging, banking, and 
trading. Particularly, the agencies 
requested comment on removing 
prohibitions on averaging and trading 
between some or all regulatory 
categories in the proposal, and on 
removing restrictions between some or 
all regulatory subcategories that are 
within the same regulatory category 
(e.g., allowing trading of credits between 
Class 7 day cabs and Class 8 sleeper 
cabs). 

The agencies received many 
comments on the restrictions proposed 
for the ABT program, namely on the 
proposal that credits could only be 
averaged within the specified vehicle 
and engine subcategories and not 

averaged across subcategories or 
between vehicle and engine categories. 
Many commenters, including Union of 
Concerned Scientist (UCS), NY Dept of 
Transportation, Natural Resources 
Defense Council, Oshkosh, and Autocar, 
requested that the agencies maintain the 
restrictions as proposed in the NPRM. 
UCS argued that allowing credits to be 
used across categories could undermine 
further technology advancements, and 
that manufacturers that have broad 
portfolios would have advantages over 
those manufacturers that do not. The 
Center for Biological Diversity (CBD) 
argued that because of the various credit 
opportunities in the ABT program and 
the potential that manufacturers will 
pay penalties rather than comply with 
the standards, the program could 
actually cause an increase in emissions 
and a decrease in fuel efficiency. On the 
other hand, several commenters, 
including EMA/TMA, Cummins, Volvo, 
and ATA, requested that the agencies 
maintain the proposed restrictions of 
averaging credits between the engine 
and vehicle categories, but reduce the 
restrictions on credit averaging across 
vehicle subcategories or engine 
subcategories or averaging sets within 
similar vehicle and engine weight 
classes (LHD, MHD and HHD). 
Cummins requested that the agencies 
allow credit averaging between engine 
subcategories within the same weight 
classes (LHD, MHD and HHD). 
Cummins explained that tractor and 
vocational engines in the corresponding 
weight classes not only share the same 
useful life but also use the same 
emission and fuel consumption 
technologies and therefore should be 
placed into the same engine averaging 
set. EMA/TMA argued that the NPRM 
restrictions would inhibit a 
manufacturer’s ability to use credits to 
address market fluctuations, which 
would reduce the flexibility that the 
ABT program was intended to provide. 
As an example, EMA/TMA stated that if 
the line-haul market were depressed for 
a period of time a manufacturer could 
make up any deficit selling more low- 
roof tractors with regional hauling 
operations. The same market shift could 
eliminate a manufacturer’s ability to 
generate credits using its aerodynamic 
high-roof sleeper cab tractors and could 
create a credit deficit if there is a 
demand for more of the less 
aerodynamic low-roof tractors. EMA/ 
TMA argued that credit exchanges 
across vehicle categories within the 
same weight classes within the tractor 
subcategories and across vocational 
vehicle and tractor subcategories would 
allow a manufacturer more flexibility to 

deal with these types of market and 
customer demand situations. Finally, 
several commenters, including Ford, 
DTNA NADA, NTEA and Navistar, 
requested that the agencies reduce the 
proposed restrictions even further by 
allowing credit averaging between 
vehicle categories and engine categories. 
Navistar argued that more flexibility 
was necessary for manufacturers like 
itself to increase innovation at a 
reasonable cost, stating that more 
restrictions would increase costs within 
a shorter time frame. 

After considering these comments, the 
agencies continue to believe that the 
ABT program developed by the agencies 
increases and accelerates the 
technological feasibility of the GHG and 
fuel consumption standards by 
providing manufacturers flexibility in 
implementing new technologies in a 
way that may be more consistent with 
their business practices and cost 
considerations. In response to the 
comments submitted by CBD, the 
agencies disagree with CBD’s statements 
that the ABT program will adversely 
affect the fuel efficiency and GHG 
emission goals of this regulation. This 
joint final action requires vehicle and 
engine manufacturers to meet 
increasingly more stringent emission 
and fuel consumption standards which 
will result in emission reductions and 
fuel consumption savings. 
Manufacturers will not have the option 
of not meeting the standards. The ABT 
program simply provides each 
manufacturer the flexibility to meet 
these standards based upon their 
individual products and 
implementation plans. 

By assuming the use of credits for 
compliance, the agencies were able to 
set the fuel consumption/GHG 
standards at more stringent levels than 
would otherwise have been feasible. 
One reason is that use of ABT allows 
each manufacturer maximum flexibility 
to develop compliance strategies 
consistent with its redesign cycles and 
with its product plans generally, 
allowing the agencies, in turn, to adopt 
standards which are numerically more 
stringent in earlier model years than 
would be possible with a more rigid 
program since those rigidities would be 
associated with greater costs. Greater 
improvements in fuel efficiency will 
occur under more stringent standards; 
manufacturers will simply have greater 
flexibility to determine where and how 
to make those improvements than they 
would have without credit options. 
Further, this is consistent with the 
directive in EO 13563 to ‘‘seek to 
identify, as appropriate, means to 
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achieve regulatory goals that are 
designed to promote innovation.’’ 

The agencies further agree that certain 
restrictions on use of ABT which were 
proposed are unnecessary. The 
proposed ABT program for engines was 
somewhat more restrictive, in its 
definition of averaging sets, than EPA’s 
parallel ABT program for criteria 
pollutant emissions from the same 
engines. The final rules conform to the 
ABT provisions for GHG heavy-duty 
engine emissions to be consistent with 
the parallel ABT provisions for criteria 
pollutants with same weight engines 
treated as a single averaging set 
regardless of the vehicles in which they 
are installed. We have applied this same 
principle with respect to combination 
tractors and vocational vehicles: 
Treating like weight classes as an 
averaging set. The agencies have 
determined that these additional 
flexibilities will help to reduce 
manufacturing costs further and 
encourage technology implementation 
without creating an unfair advantage for 
manufactures with vertically integrated 
portfolios including engines and 
vehicles. EPA’s experience in 
administering the ABT program for 
heavy-duty diesel engine criteria 
pollutant emissions supports this 
conclusion. Therefore, the agencies have 
decided to allow credit averaging within 
and across vocational vehicle and 
tractor subcategories within the same 
weight class groups, as well as credit 
averaging across the same weight class 
vocational and tractor engine groups. 
This added flexibility beyond what was 
proposed in the NPRM will not be 
extended to the HD pickup truck and 
van category because this group of 
vehicles is comprised of only one 
subcategory and is not broken down like 
the other categories and corresponding 
subcategories into different weight 
classes, and the standard applies to the 
entire vehicle, so that there are no 
separate engine and vehicle standards. 
Put another way, the HD pickup truck 
and van category is one large averaging 
set that will remain as proposed. 

However, the agencies are 
maintaining the restrictions against 
averaging vehicle credits with engine 
credits or between vehicle weight 
classes or engine subcategories for this 
first phase of regulation. We believe 
averaging or trading credits between 
averaging sets would be problematic 
because of the diversity of applications 
involved. This diversity creates large 
differences in the real world conditions 
that impact lifetime emissions—such as 
actual operating life, load cycles, and 
maintenance practices. In lieu of 
conducting extensive and burdensome 

real world tracking of these parameters, 
along with corrective measures to 
provide some assurance of parity 
between credits earned and credits 
redeemed, averaging sets provide a 
reasonable amount of confidence that 
typical engines or vehicles within each 
set have comparable enough real world 
experience to make such follow-up 
activity unnecessary. The agencies 
believe this approach will ensure that 
CO2 emissions are reduced and fuel 
consumption is improved in each 
engine subcategory without interfering 
with the ability of manufacturers to 
engage in free trade and competition. 
Again, EPA’s experience in 
administering its ABT program for 
criteria pollutant emissions from heavy- 
duty diesel engines confirms these 
views. The agencies also note that no 
commenter offered an explanation of 
why the restrictions on this ABT 
program should differ from the parallel 
ABT program respecting criteria 
pollutants. As explained earlier in this 
preamble, the agencies intend to re- 
evaluate the appropriateness of the ABT 
averaging sets and credit use restrictions 
we are adopting here for the HD GHG 
and fuel consumption program in the 
future based on information we gain 
implementing this first phase of 
regulation. 

Under previous ABT programs for 
other rulemakings, EPA and NHTSA 
have allowed manufacturers to carry 
forward credit deficits for a set period 
of time—if a manufacturer cannot meet 
an applicable standard in a given model 
year, it may make up its shortfall by 
overcomplying in a subsequent year. In 
the NPRM the agencies proposed to 
allow manufacturers of engines, tractors, 
HD pickups and vans, and vocational 
vehicles to carry forward deficits for up 
to three years before reconciling the 
shortfall—the same period allowed in 
numerous other EPA rules—but sought 
comments on alternative approaches for 
reconciling deficits. DTNA supported 
the three year period and stated that it 
was sufficient for reconciling deficits. 
CBD did not support the use of the carry 
forward of deficits because it would 
delay investments and technological 
innovation. The agencies respectfully 
disagree with CBD and believe this 
provision has enabled the agencies to 
consider overall standards that are more 
stringent and that will become effective 
sooner than we could consider with a 
more rigid program, one in which all of 
a manufacturer’s similar vehicles or 
engines would be required to achieve 
the same emissions or fuel consumption 
levels, and at the same time. Therefore 
the agencies included in the final 

rulemaking the proposed 3 year 
reconciliation period. However, the 
agencies’ respective credit programs 
require manufacturers to use credits to 
offset a shortfall before credits may be 
banked or traded for additional model 
years. This restriction reduces the 
chance of manufacturers passing 
forward deficits before reconciling 
shortfalls and exhausting those credits 
before reconciling past deficits. 

For the heavy-duty pickup and van 
category, the agencies proposed a 5-year 
credit life provision, as adopted in the 
light-duty vehicle GHG/CAFE program. 
Navistar requested that the agencies 
drop the 5-year credit expiration date 
proposed for the heavy-duty pickup and 
van category and not specify an 
expiration date for earned credits. 
Navistar stated that such credits are 
necessary to further improve the 
flexibilities of this program in order to 
meet the new stringent standards within 
the limited lead time provided. The 
agencies disagree. The 5-year credit life 
is substantial, and allows credits earned 
early in the phase-in to be held and 
used without discounting throughout 
the phase-in period. 

For engines, vocational vehicles and 
tractors, EPA also proposed that CO2 
credits generated during this first phase 
of the HD National Program could not 
be used for later phases of standards, 
but NHTSA did not expressly specify 
the potential expiration of fuel 
consumption credits. DTNA and 
Cummins requested that the surplus 
credits from the first phase of the 
program not expire. DTNA suggested 
that the agencies drop any reference to 
credit expiration until the next 
rulemaking, at which time the agencies 
would have a better understanding of 
actual credit balances and what kind of 
lifespan for credits might be necessary 
or appropriate. DTNA argued that in 
some of EPA’s past programs, EPA had 
delayed a final decision about credit 
expiration until development of the 
subsequent rule when, EPA had a better 
understanding of associated credit 
balances, along with the stringency of 
the standards being proposed for future 
model years. EPA had proposed to limit 
the lifespan of credits earned to the first 
phase of standards in the interest of 
ensuring a level playing field before the 
next phase begins. Upon further 
consideration, the agencies recognize 
that this is a new program and it is 
unknown whether any manufacturers 
will have credit surpluses by the end of 
the first phase of standards, much less 
whether some manufacturers will have 
significantly larger credit surpluses that 
might create an unlevel playing field 
going into the next phase. The agencies 
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297 Note, however, that manufacturers have no 
property right in these credits, so no issues of 
deprivation of property arise if later rules choose 
not to recognize those credits. See 69 FR at 39001– 
002 (June 29, 2004). 

are adopting a 5-year credit life 
provision for all regulatory categories, as 
adopted in the light-duty vehicle 
program and proposed for the HD 
pickup trucks and vans.297 

The following sections provide 
further discussions of the flexibilities 
provided in this action under the ABT 
program and the agencies’ rationale for 
providing them. 

(1) Heavy-duty Engines 
For the heavy-duty engine ABT 

program, EPA and NHTSA proposed to 
use six averaging sets per 40 CFR 
1036.740 for EPA and 49 CFR 535.7(d) 
for NHTSA, which aligned with the 
proposed regulatory engine 
subcategories. As described above, the 
agencies have decided that these engine 
averaging sets should be the same as for 
criteria pollutants under the EPA heavy- 
duty diesel engine rules, and agree with 
commenters that increasing the size of 
averaging sets from within subcategories 
to across subcategories within the same 
engine weight class would provide 
important additional flexibilities for 
engine manufacturers without 
negatively impacting fuel savings or 
emissions reductions. The agencies are 
therefore adopting four engine averaging 
sets rather than the proposed six. The 
four engine averaging sets are light 
heavy-duty (LHD) diesel, medium 
heavy-duty (MHD) diesel, heavy heavy- 
duty (HHD) diesel, and gasoline or spark 
ignited engines without distinction for 
the type of vehicle in which the engine 
is installed. Thus, the final ABT 
program will allow for averaging, 
banking, and trading of credits between 
HHD diesel engines which are certified 
for use in vocational vehicles and HHD 
diesel engines which are certified for 
installation in tractors. Similarly, the 
MHD diesel engines certified for use in 
either vocational vehicles or tractors 
will be treated as a single averaging set. 
As noted in Section I.G above, the 
agencies intend to monitor this program 
and consider possibilities of more 
widespread trading based on experience 
in implementing the program as the first 
engines and vehicles certified to the 
new standards are introduced. Credits 
generated by engine manufacturers 
under this ABT program are restricted 
for use only within their engine 
averaging set, based on performance 
against the standard as defined in 
Section II.B and II.D. Thus, LHD diesel 
engine manufacturers can only use their 
LHD diesel engine credits for averaging, 

banking and trading with LHD diesel 
engines, not with MHD diesel or HHD 
diesel engines. As noted, this limitation 
is consistent with ABT provisions in 
EPA’s existing criteria pollutant 
program for engines and will help avoid 
problems created by the diversity of 
applications that the broad spectrum of 
HD engines goes into, as discussed 
above. 

The compliance program for the final 
rules adopts the proposed method for 
generating a manufacturer’s CO2 
emission and fuel consumption credit or 
deficit. The manufacturer’s certification 
test results would serve as the basis for 
the generation of the manufacturer’s 
Family Certification Level (FCL). The 
agencies did not receive comment on 
this, and continue to believe that it is 
the best approach. The FCL is a new 
term we proposed for this program to 
differentiate the purpose of this credit 
generation technique from the Family 
Emission Limit (FEL) previously used in 
a similar context in other EPA rules. A 
manufacturer may define its FCL at any 
level at or above the certification test 
results. Credits for the ABT program are 
generated when the FCL is compared to 
its CO2 and fuel consumption standard, 
as discussed in Section II. Credit 
calculation for the Engine ABT program, 
either positive or negative, is based on 
Equation IV–1 and Equation IV–2: 

Equation IV–1: Final HD Engine CO2 
credit (deficit) 

HD Engine CO2 credit (deficit)(metric 
tons) = (Std ¥ FCL) × (CF) × 
(Volume) × (UL) × (10-6) 

Where: 
Std = the standard associated with the 

specific engine regulatory subcategory 
(g/bhp-hr) 

FCL = Family Certification Level for the 
engine family 

CF = a transient cycle conversion factor in 
bhp-hr/mile which is the integrated total 
cycle brake horsepower-hour divided by 
the equivalent mileage of the Heavy-duty 
FTP cycle. For gasoline heavy-duty 
engines, the equivalent mileage is 6.3 
miles. For diesel heavy-duty engines, the 
equivalent mileage is 6.5 miles. The CF 
determined by the Heavy-duty FTP cycle 
is used for engines certifying to the SET 
standard. 

Volume = (projected or actual) production 
volume of the engine family 

UL = useful life of the engine (miles) 
10-6 converts the grams of CO2 to metric tons 

Equation IV–2: Final HD Engine Fuel 
Consumption credit (deficit) in gallons 

HD Engine Fuel Consumption credit 
(deficit)(gallons) = (Std ¥ FCL) × 
(CF) × (Volume) × (UL) × 102 

Where: 

Std = the standard associated with the 
specific engine regulatory subcategory 
(gallon/100 bhp-hr) 

FCL = Family Certification Level for the 
engine family (gallon/100 bhp-hr) 

CF = a transient cycle conversion factor in 
bhp-hr/mile which is the integrated total 
cycle brake horsepower-hour divided by 
the equivalent mileage of the Heavy-duty 
FTP cycle. For gasoline heavy-duty 
engines, the equivalent mileage is 6.3 
miles. For diesel heavy-duty engines, the 
equivalent mileage is 6.5 miles. The CF 
determined by the Heavy-duty FTP cycle 
is used for engines certifying to the SET 
standard. 

Volume = (projected or actual) production 
volume of the engine family 

UL = useful life of the engine (miles) 
102 = conversion to gallons 

To calculate credits or deficits, 
manufacturers will determine an FCL 
for each engine family they have 
designated for the ABT program. The 
agencies have defined engine families in 
40 CFR 1036.230 and 49 CFR 535.4 and 
manufacturers may designate how to 
group their engines for certification and 
compliance purposes. The FCL may be 
above or below its respective 
subcategory standard and is used to 
establish the CO2 credits earned in 
Equation IV–1 or the fuel consumption 
credits earned in Equation IV–2. The 
final CO2 and fuel consumption 
standards are associated with specific 
regulatory subcategories as described in 
Sections II.B and II.D (gasoline, light 
heavy-duty diesel, medium heavy-duty 
diesel, and heavy heavy-duty diesel). In 
the ABT program, engines certified with 
an FCL below the standard generate 
positive credits and an FCL above the 
standard generates negative credits. As 
discussed in Section II.B and II.D, 
engine averaging sets that include 
engine families for which a manufacture 
elects to use the alternative standard of 
a percent reduction from the engine 
family’s 2011 MY baseline are ineligible 
to either generate or use credits. Credit 
deficits accumulated in an averaging set 
where engine families have used the 
alternate standard can carry that deficit 
forward for three years following the 
model year for which that deficit was 
generated at which time the deficit must 
be reconciled with surplus credits. 

The volume used in Equations IV–1 
and IV–2 refers to the total number of 
eligible engines sold per family 
participating in the ABT program during 
that model year. The useful life values 
in Equation IV–1 and IV–2 are the same 
as the regulatory classifications 
previously used for the engine 
subcategories. Thus, for LHD diesel 
engines and gasoline engines, the useful 
life values are 110,000 miles; for MHD 
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298 This option does not apply to the NHTSA fuel 
consumption program, since NHTSA is not 
regulating N2O or CH4 emissions, since they are 
irrelevant to fuel consumption reductions. 

diesel engines, 185,000 miles; and for 
HHD diesel engines, 435,000 miles. 

As described in Section II.E above, for 
purposes of EPA’s standards, an engine 
manufacturer may choose to comply 
with the N2O or CH4 cap standards 
using CO2 credits.298 A manufacturer 
choosing this option would convert its 
N2O or CH4 test results into CO2eq to 
determine the amount of CO2 credits 
required. This approach recognizes the 
correlation of these elements in 
impacting global climate change. To 
account for the different global warming 
potential of these GHGs, manufacturers 
will determine the amount of CO2 
credits required by multiplying the 
shortfall by the GWP. For example, a 
manufacturer would use 25 kg of 
positive CO2 credits to offset 1 kg of 
negative CH4 credits. Or a manufacturer 
would use 298 kg of positive CO2 credits 
to offset 1 kg of negative N2O credits. In 
general the agencies do not expect 
manufacturers to use this provision, but 
are providing it as an alternative in the 
event an engine manufacturer has 
trouble meeting the CH4 and/or N2O 
emission caps. There are no ABT credits 
for performance that falls below the CH4 
cap. As described below, EPA is 
adopting a provision applicable in MYs 
2014 through 2016 to allow the creation 
of CO2 credits by demonstrating N2O 
below the current average baseline 
performance, a value that is well below 
the final N2O cap standard. 

Manufacturers of engines that 
generate a credit deficit at the end of the 
model year for any of its averaging sets 
can carry that deficit forward for three 
years following the model year for 
which that deficit was generated at 
which time the deficit must be 
reconciled with surplus credits. 
Manufacturers must use credits once 
those credits have been generated to 
offset a shortfall before those credits can 
be banked or traded for additional 
model years. This restriction reduces 
the chance of an engine manufacturer 
passing forward deficits before 
reconciling their shortfalls and 
exhausting those credits before 
reconciling past deficits. Deficits will 
need to be reconciled at the reporting 
dates for model year three. Surplus 
credits earned in the engine categories 
will expire after five model years. As 
noted above, the agencies may 
reconsider 5 year credit life during the 
next phase of rulemaking. 

Under the EPA and NHTSA programs, 
engine manufacturers are provided 

flexibilities in complying with 
compression ignition (CI) engine 
standards. These flexibilities are 
provided in order to: (1) Synchronize 
the implementation schedules for the 
upcoming EPA OBD regulatory changes 
with the GHG and fuel consumption 
regulatory requirements; (2) aid 
manufacturers that produce legacy 
engines in the early years of the HD 
program; and (3) provide an opportunity 
for manufacturers to earn early credits 
as mentioned in sections II.B.(2)(b), 
II.D.(1)(b)(i) and IV.B.(1) of this 
document. The flexibilities provide 
manufacturers of CI engines with four 
different and distinct paths that can be 
followed to meet the EPA and NHTSA 
emission and fuel consumption 
standards. Manufacturers do not have 
these flexibility mechanisms for 
gasoline engines, since the standards for 
gasoline engines go into effect after the 
flexibility mechanisms have expired. As 
a general guideline applicable for each 
of these four compliance paths, if a 
manufacturer chooses to opt into the 
NHTSA program prior to MY 2017, 
which is the year the NHTSA 
compression ignition engine standards 
become mandatory, the path chosen 
must be the same path chosen to meet 
the EPA emission standards. Each of the 
four paths is discussed below. 

The first path is for a manufacturer to 
meet the regular or ‘‘primary’’ standards 
that become mandatory in MY 2014 
under the EPA regulations. These 
standards are voluntary in 2014, 2015, 
and 2016 under the NHTSA program, 
and become mandatory in 2017 in the 
NHTSA program. The primary path 
standards become more stringent in 
model year 2017 in both the EPA and 
NHTSA regulations. For the NHTSA 
program, an engine manufacturer may 
choose to voluntarily opt into the 
program early, in any of the MYs 2014, 
2015 or 2016 allowing that 
manufacturer to earn credits for those 
model years. In the NHTSA program 
however, once the manufacturer has 
made the decision to opt into the 
program early it must remain in the 
program during the subsequent model 
years. 

Path two allows manufacturers to earn 
early credits as part of the ‘‘primary’’ 
MY 2014 emission standard path. Early 
credits can be earned in MY 2013, as 
discussed in section IV.B.(1). Under the 
NHTSA fuel consumption program, an 
engine manufacturer may also choose to 
opt into the primary standards program 
beginning in MY 2013 to obtain early 
credits, but once the decision has been 
made to opt into the program in MY 
2013 the manufacturer must remain in 
the program in the subsequent model 

years. If a manufacturer chooses to opt 
into the NHTSA program prior to the 
mandatory 2017 model year it must 
follow that same path chosen to meet 
the EPA emission standards. 

If a manufacturer produces ‘‘legacy’’ 
engines, which typically have 2011 
baseline emissions that are significantly 
higher than the 2010 baseline for this 
regulation, the manufacturer may 
choose path three. This path allows a 
manufacturer to meet alternate CI 
engine standards in MYs 2014 through 
2016 for specific engine families. More 
details about this path are provided in 
section II.B.(2)(b) and II.D.(1)(b)(i). This 
path can only be taken if all other credit 
opportunities have been exhausted and 
the manufacturer still cannot meet the 
primary standards under the first path. 
Again, if a manufacturer chooses this 
path to meet the EPA emission 
standards in MY 2014–2016, and wants 
to opt into the NHTSA fuel 
consumption program in these same 
MYs it must follow the exact path 
followed under the EPA program. 

The fourth path that a CI engine 
manufacturer can take is referred to as 
the alternative ‘‘OBD phase-in’’ path. 
Manufacturers that wish to ‘‘bundle’’ or 
combine design changes needed for the 
2013 and 2016 heavy-duty OBD 
requirements with design changes 
needed for the GHG and fuel 
consumption requirements may choose 
this path. The EPA standards in this 
path become mandatory in MY 2013 
instead of 2014. In addition, in this path 
emission and fuel consumption 
standards increase in stringency in 2016 
rather than in 2017. While the OBD 
phase-in schedule requires engines built 
in MYs 2013 and 2016 to achieve greater 
reductions than those engines built in 
the model years under the primary 
program (path one above), it requires 
lower reductions for engines built in 
2014 and 2015. Under the NHTSA 
program, an engine manufacturer may 
choose to opt into the ‘‘OBD phase-in’’ 
path only if this is the same path chosen 
under the EPA program and only if the 
manufacturer is opting into the program 
in MY 2013 and staying in the program 
through MY 2016. If a manufacturer 
chooses the OBD phase-in path to meet 
the EPA emission standards and decides 
to opt into the NHTSA program prior to 
the mandatory MY 2017 requirement, 
the manufacturer must follow the same 
path under both the EPA and NHTSA 
programs. Under this path the early 
credit MY 2013 flexibility as discussed 
in path two above is not available. 
While it does not involve credits, the 
agencies consider the alternative ‘‘OBD 
phase-in’’ path to be an additional 
flexibility. 
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Additional flexibilities for engines, 
discussed later in Section IV.B, provide 
manufacturers the opportunity to 
generate early, advanced and innovative 
technology credits. 

(2) Heavy-Duty Vocational Vehicles and 
Tractors 

In addition to the engine ABT 
program described above, the agencies 
also proposed a heavy-duty vehicle ABT 
program to facilitate reductions in GHG 
emissions and fuel consumption based 
on heavy-duty vocational vehicle and 
tractor design changes and 
improvements. EPA and NHTSA had 
proposed averaging sets which aligned 
with the proposed twelve regulatory 
subcategories; however in response to 
the comments described, which 
requested that averaging sets be 
expanded across subcategories within 
similar weight classes, (analogous to the 
principle on which ABT is structured 
under EPA’s heavy-duty diesel engine 
program for criteria pollutants), the 
agencies are finalizing only three 
averaging sets—LHD, MHD, and HHD 
based upon the three weight classes. In 
other words, all HHD (Class 8) tractors, 
HHD vocational tractors, and HHD 
vocational vehicles will be treated as a 
single averaging set. Similarly, all MHD 
(Class 7) tractors, MHD vocational 
tractors, and MHD (Class 6–7) 
vocational vehicles will be treated as a 
single averaging set, and LHD vocational 
vehicles (Class 2b–5) will be treated as 
a single averaging set. For this category, 
the structure of the final ABT program 
should create incentives for vehicle 
manufacturers to advance new, clean 
technologies, or existing technologies 
earlier than they otherwise would. ABT 
provides manufacturers the flexibility to 
deal with unforeseen shifts in the 
marketplace that affect sales volumes. 
At the same time, restricting trading to 
within these segments gives the 
agencies confidence that the reductions 
are truly offsetting given the similarity 
in products engaged in trading. This 
structure also allows for a 
straightforward compliance program for 
each sector, with aspects that are 
independently quantifiable and 
verifiable. 

Credit calculation for the final HD 
Vocational Vehicle and Tractor CO2 and 
fuel consumption credits, either positive 
or negative, will be generated according 
to Equation IV–3 and Equation IV–4: 

Equation IV–3: The Final HD 
Vocational Vehicle and Tractor CO2 
credit (deficit) 

HD Vocational Vehicle and Tractor CO2 
credit (deficit)(metric tons) = (Std 

¥ FEL) × (Payload Tons) × 
(Volume) × (UL) × (10-6) 

Where: 
Std = the standard associated with the 

specific regulatory subcategory (g/ton- 
mile) 

Payload tons = the prescribed payload for 
each class in tons (12.5 tons for Class 7 
tractors, 19 tons for Class 8 tractors, 2.85 
tons for LHD vocational, 5.6 tons for 
MHD vocational, and 7.5 tons for HHD 
vocational vehicles) 

FEL = Family Emission Limit for the vehicle 
family which is equal to the output from 
GEM (g/ton-mile) 

Volume = (projected or actual) production 
volume of the vehicle family 

UL = useful life of the vehicle (435,000 miles 
for HHD, 185,000 miles for MHD, and 
110,000 miles for LHD) 

10-6 converts the grams of CO2 to metric tons 

Equation IV–4: Final HD Vocational 
Vehicle and Tractor Fuel Consumption 
credit (deficit) in gallons 

HD Vocational Vehicle and Tractor Fuel 
Consumption Credit (deficit) 
(gallons) = (Std ¥ FEL) × (Payload 
Tons) × (Volume) × (UL) × 103 

Where: 
Std = the standard associated with the 

specific regulatory subcategory (gallons/ 
1,000 ton-mile) 

Payload tons = the prescribed payload for 
each class in tons (12.5 tons for Class 7 
tractors, 19 tons for Class 8 tractors, 2.85 
tons for LHD vocational, 5.6 tons for 
MHD vocational, and 7.5 tons for HHD 
vocational vehicles) 

FEL = Family Emission Limit for the vehicle 
family (gallons/1,000 ton-mile) 

Volume = (projected or actual) production 
volume of the vehicle family 

UL = useful life of the vehicle (435,000 miles 
for HHD, 185,000 miles for MHD, and 
110,000 miles for LHD) 

103 = conversion to gallons 

Manufacturers of vocational vehicles 
and tractors that generate a credit deficit 
at the end of the model year for any of 
its averaging sets can carry that deficit 
forward for three years following the 
model year for which that deficit was 
generated at which time the deficit must 
be reconciled with surplus credits. 
Manufacturers must use credits once 
those credits have been generated to 
offset a shortfall before those credits can 
be banked or traded for additional 
model years. This restriction reduces 
the chance of a vehicle manufacturer 
passing forward deficits before 
reconciling their shortfalls and 
exhausting those credits before 
reconciling past deficits. Deficits will 
need to be reconciled at the reporting 
dates for model year three. Surplus 
credits earned in the vehicle categories 
will have a five year expiration date. 
The agencies may reconsider the 5 year 

credit life during the next phase of the 
rulemaking. 

Additional flexibilities for HD 
vocational vehicles and tractors, 
discussed later in Section IV.B, provide 
manufacturers the opportunity to 
generate early, advanced, and 
innovative technology credits. 

(3) Heavy-Duty Pickup Truck and Van 
Flexibility Provisions 

The NPRM included specific 
flexibility provisions for manufacturers 
of HD pickups and vans, similar to 
provisions adopted in the recent 
rulemaking for light-duty car and truck 
GHGs and fuel economy. The agencies 
are finalizing the flexibilities as 
proposed. In the heavy-duty pickup and 
van category a manufacturer’s credit or 
debit balance will be determined by 
calculating their fleet average 
performance and comparing it to the 
manufacturer’s CO2 and fuel 
consumption standards, as determined 
by their fleet mix, for a given model 
year. A target standard is determined for 
each vehicle. These targets, weighted by 
their associated production volumes, are 
summed at the end of the model year to 
derive the production volume-weighted 
manufacturer annual fleet average 
standard. A manufacturer will generate 
credits if its fleet average CO2 or fuel 
consumption level is lower than its 
standard and will generate debits if its 
fleet average CO2 or fuel consumption 
level is above that standard. To receive 
the benefit of the advanced technology 
provisions, if the manufacturer’s fleet 
includes conventional and advanced 
technology vehicles, the manufacturer 
will divide this fleet of vehicles into two 
separate fleets for calculation of fleet 
average credits. The end-of-year reports 
will provide the appropriate data to 
reconcile pre-compliance estimates with 
final model year figures (see 40 CFR 
1037.730 and 49 CFR 535.8). 

The EPA credit calculation is 
expressed in metric tons and considers 
production volumes, the fleet standards 
and performance, and a factor for the 
vehicle useful life, as in the light-duty 
GHG program. The NHTSA credit 
calculation uses the fleet standard and 
performance levels in fuel consumption 
units (gallons per 100 miles), as 
opposed to fuel economy units (mpg) as 
done in the light-duty program, along 
with the vehicle useful life, in miles, 
allowing the expression of credits in 
gallons. The total model year fleet credit 
(debit) calculations will use the 
following equations: 

CO2 Credits (Mg) = [(CO2 Std ¥ CO2 
Act) × Volume × UL] ÷ 1,000,000 
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Fuel Consumption Credits (gallons) = 
(FC Std ¥ FC Act) × Volume × UL 
× 100 

Where: 
CO2 Std = Fleet average CO2 standard (g/mi) 
FC Std = Fleet average fuel consumption 

standard (gal/100 mile) 
CO2 Act = Fleet average actual CO2 value 

(g/mi) 
FC Act = Fleet average actual fuel 

consumption value (gal/100 mile) 
Volume = the total production of vehicles in 

the regulatory category 
UL = the useful life for the regulatory 

category (miles) 

As described above, HD pickup and 
van manufacturers will be able to carry 
forward deficits from their fleet-wide 
average for three years before 
reconciling the shortfall. Manufacturers 
will be required to provide a plan in 
their pre-model year reports showing 
how they will resolve projected credit 
deficits. However, just as in the engine 
category, manufacturers will need to use 
credits earned once those credits have 
been generated to offset a shortfall 
before those credits can be banked or 
traded for additional model years. This 
restriction reduces the chance of vehicle 
manufacturers passing forward deficits 
before reconciling their shortfalls and 
exhausting those credits before 
reconciling past deficits. Deficits will 
need to be reconciled at the reporting 
dates for model year three. Surplus 
credits earned in the HD pickup and van 
categories (like surplus credits for all 
the other subcategories) will have a five 
year expiration date. The agencies may 
reconsider the 5 year credit life during 
the next phase of the rulemaking. 

Additional flexibilities for heavy-duty 
pickup and van category are discussed 
below in Section IV.B which provides 
manufacturers the opportunity to 
generate early, advanced and innovative 
technology credits. 

B. Additional Flexibility Provisions 
The agencies proposed additional 

provisions to facilitate reductions in 
GHG emissions and fuel consumption 
beginning in the 2014 model year. 
While EPA and NHTSA believed the 
ABT and flexibility structure would be 
sufficient to encourage reduction efforts 
by heavy-duty highway engine and 
vehicle manufacturers, the agencies 
understood that other efforts could 
create additional opportunities for 
manufacturers to reduce their GHG 
emissions and fuel consumption. These 
provisions would provide additional 
incentives for manufacturers to innovate 
and to develop new strategies and 
cleaner technologies. The agencies 
requested comment on these provisions, 
as described below. 

(1) Early Credit Option 
The agencies proposed that 

manufacturers of HD engines, HD 
pickup trucks and vans, combination 
tractors, and vocational vehicles be 
eligible to generate early credits if they 
demonstrate improvements in excess of 
the standards prior to the model year 
the standards become effective. As an 
example, if a manufacturer’s MY 2013 
subcategory of tractors exceeds the EPA 
mandatory MY 2014 standard for those 
same vehicles, then that manufacturer 
could claim MY 2013 credits or ‘‘early 
credits’’ to utilize in its ABT program 
starting in the MY 2014. As noted in the 
NPRM, the start dates for EPA’s GHG 
standards and NHTSA’s fuel 
consumption standards vary by 
regulatory category (see Section II for 
the model years when the standards 
become effective), meaning that the 
early credits provision, if selected by a 
manufacturer, could begin during 
different model years. The NPRM stated 
that manufacturers would need to 
certify their engines or vehicles to the 
standards at least six months before the 
start of the first model year of the 
mandatory standards and that 
limitations on the use of credits in the 
ABT programs—i.e., limiting averaging 
to within each vehicle or engine 
averaging set—would apply for the early 
credits as well. In the NPRM, NHTSA 
and EPA requested comment on 
whether a credit multiplier, specifically 
a multiplier of 1.5, would be 
appropriate to apply to early credits 
from HD engines, combination tractors, 
and vocational vehicles (but not to early 
credits from HD pickups and vans), as 
a greater incentive for early compliance. 
See 75 FR at 74255. 

The agencies received comments from 
Cummins, DTNA, EMA/TMA, Navistar, 
Eaton, Bosch, CBD and CALSTART 
relating to these early credit provisions. 
All of these commenters supported the 
early credit provision for the most part, 
but many requested that the agencies 
eliminate some of the restrictions 
relating to this provision. EMA/TMA 
argued that MY 2012 should also be 
considered for early credits and that the 
requirement to certify six months before 
the start of the first model year would 
unnecessarily restrict manufacturers 
from earning credits for technology 
introduced within six months of the 
respective model year. In addition, 
EMA/TMA stated that requiring 
certification of the entire averaging set 
instead of individual vehicle 
configurations would not allow for early 
introduction of new technologies. 
Cummins stated that the six month lead 
time requirement should be removed 

and that manufacturers be allowed to 
earn early credits for individual engine 
families rather than only for the entire 
averaging set, stating that removal of 
these restrictions would further benefit 
the environment. CBD stated that early 
credits should only be granted if the 
emission and fuel consumption benefits 
are in addition to or above the existing 
performance levels and are quantifiable 
and verifiable. 

EPA and NHTSA have reviewed these 
comments and decided to clarify the 
proposed early credit provisions to 
account for the above concerns. Early 
credits are intended to be an incentive 
to manufacturers to introduce more 
efficient engines and vehicles earlier 
than they otherwise would be. However, 
the agencies do not want to provide a 
windfall of credits to manufacturers that 
may already have one or more products 
that meet the standards. Therefore, the 
final rules include the option for a 
manufacturer to obtain early credits for 
products if they certify their entire 
subcategory at GHG emissions and fuel 
consumption levels below the 
standards. See 75 FR at 74255. Thus, for 
example, early credits could be 
generated for all HHD engines installed 
in combination tractors. The agencies 
are making a clarification in this action 
that the manufacturers must certify their 
entire subcategory, not necessarily their 
entire averaging set, because the 
averaging sets are broadened under the 
final rulemaking from the categories 
proposed in the NPRM. In addition, the 
agencies are providing the flexibility for 
combination tractor manufacturers to 
obtain early credits for their additional 
sales, as compared to their 2012 model 
year sales, of SmartWay designated 
combination tractors (which includes 
high roof sleeper cabs only) in 2013 
model year. The agencies view this 
subcategory of vehicles as the only 
segment of vehicles or engines where 
the true additional reductions due to the 
early credits can be quantified outside 
of certifying an entire subcategory, 
because the benefit is tied directly to the 
increase in the SmartWay vehicles 
manufactured in MY 2013 in excess of 
those manufactured in MY 2012. 

A manufacturer may opt to apply for 
early credits from their 2013 model year 
SmartWay designated combination 
tractor sales by first calculating the 
difference between the number of 
SmartWay designated combination 
tractors sold in 2012 MY versus 2013 
model year. The increment in sales 
determines the number of 2013 model 
year SmartWay designated tractors 
which can be used to certify for early 
credits, at the manufacturer’s choice of 
which vehicles to consider. The 
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299 There is no multiplier for the early credit 
provisions in the light-duty vehicle rule. However, 
the situation there was more complicated, since 
early credits needed to be correlated with credit 
opportunities under the California GHG program for 
light-duty vehicle, and also needed to be integrated 
with statutory credits under EPCA/EISA for flexible 
fuel vehicles. See 75 FR at 25440–443. Thus, the 
light-duty vehicle rule early credit provisions are 
not analogous to those adopted in this rule for the 
heavy duty sector. 

300 Although as noted in Section III above and in 
Chapter 2 of the RIA, this technology is still under 
development and so is not presently available. 

manufacturer would then determine 
each tractor configuration’s performance 
by modeling in GEM, using each vehicle 
configuration’s appropriate inputs for 
coefficient of drag, tire rolling 
resistance, idle reduction, weight 
reduction, and vehicle speed limiter. 
Next, the difference between a specific 
tractor configuration’s performance and 
the 2014 MY standard for the 
appropriate regulatory subcategory (e.g., 
Class 8 sleeper cab high roof tractors) 
would be calculated. The CO2 and fuel 
consumption credits are calculated 
using Equation IV–4 and IV–5. 

As discussed above and in Section II, 
manufacturers may opt into the NHTSA 
voluntary program prior to when the 
program becomes mandatory. 
Manufacturers that opt in become 
subject to NHTSA standards for all 
regulatory categories. This provides 
manufacturers the option of complying 
with NHTSA fuel consumption 
standards equivalent to the EPA 
emission standards in order to 
accumulate credits in the ABT program. 
If a manufacturer opts into the EPA 
early credit program, it may also opt 
into an equivalent NHTSA early credit 
program. In this case, the manufacturer 
must enter the program concurrently 
with the EPA program and will be 
subject to the full MY 2014–2015/2016 
NHTSA voluntary program. NHTSA 
would like to clarify that for the early 
credit provision, implementation must 
occur in MY 2013 exactly as 
implemented under the EPA emission 
program, and not in the model year 
immediately before the NHTSA 
standards become mandatory (since 
otherwise manufacturers would 
generate credits under the fuel 
consumption program as a result of 
complying with mandatory GHG 
standards—a windfall). Further, once a 
manufacturer opts into the NHTSA 
program it must stay in the program for 
all the optional MYs and remain 
standardized with the implementation 
approach being used to meet the EPA 
emission program. EPA and NHTSA 
intend for manufacturers’ ABT credit 
balances to remain equivalent wherever 
possible. 

The agencies also received comments 
from EMA/TMA and Cummins 
opposing the requirement to certify six 
months prior to the first model year of 
the mandatory standards for early 
credits. The commenters argued and the 
agencies agree that this restriction could 
cause some delays in technology rollout 
and are therefore not adopting this 
provision. The agencies reviewed the 
restriction and evaluated the light-duty 
2012–2016 MY vehicle early credit 
program. No such restriction exists for 

LD vehicles. We therefore believe that 
this requirement is not necessary for our 
implementation of the program. In 
addition, we are adopting a provision 
which allows manufacturers to generate 
early credits for certifying less than a 
full model year early. 

Several commenters, including 
DTNA, Edison Electric Institute, Eaton, 
and Bosch, supported using a 1.5 
multiplier for early credits, stating that 
it would encourage early introduction of 
technology. Cummins and UCS opposed 
the multiplier stating that the 
opportunity to earn credits at their 
normal value should be sufficient 
incentive for early compliance. The 
agencies believe that this incentive will 
further encourage faster implementation 
of emission and fuel savings technology 
and help to reduce the costs 
manufacturers will incur in efforts to 
comply with these rules. The agencies 
have therefore decided to finalize a 1.5 
multiplier for early credits earned in 
MY 2013.299 However, the agencies note 
that manufacturers may not apply an 
additional 1.5 multiplier for advanced 
technology credits which are also 
certified as early credits. 

With respect to heavy-duty pickups 
and vans, the agencies proposed that 
early credits could be generated on a 
fleetwide basis by comparison of the 
manufacturer’s 2013 heavy-duty pickup 
and van fleet with the manufacturer’s 
fleetwide targets, using the target 
standards equations for the 2014 model 
year. 75 FR at 74255. The agencies are 
finalizing these provisions as proposed. 
Under the structure for the fleet average 
standards, this credit opportunity 
entails certifying a manufacturer’s entire 
HD pickup and van fleet in model year 
2013. Industry commenters argued that 
early credits should be calculated 
against a target curve that is less 
stringent than the 2014 curve. We 
disagree. Because it is the first year of 
a 5-year phase-in, the 2014 model year 
has quite modest emissions and fuel 
consumption reductions targets of only 
15 percent of the 2018 model year 
standards stringency. Targeting even 
less significant improvements over the 
baseline would unduly increase the 
prospect for windfall credits by 
individual manufacturers who may have 
better than average baseline fleets. On 

the other hand, we are confident that 
the early credit program, based as it is 
on full fleet compliance with the MY 
2014 targets, will not result in windfall 
credits as it represents, in effect, a 
complete bringing forward of the 
program start date by one model year for 
manufacturers who choose to pursue it. 
Again, the agencies consider the 
availability of early credits to be a 
valuable complement to the overall 
program to the extent that they 
encourage early implementation of 
effective technologies. 

(2) Advanced Technology Credits 

The NPRM proposed targeted 
provisions that were expected to 
promote the implementation of 
advanced technologies. Specifically, 
manufacturers that incorporate these 
technologies would be eligible for 
special credits that could be applied to 
other heavy-duty vehicles or engines, 
including those in other heavy-duty 
categories. The credits are thus ‘special’ 
in that they can be applied across the 
entire heavy-duty sector, unlike the 
ABT and early credits discussed above 
and the innovative technology credits 
discussed in the following subsection. 
The eligible technologies were: 

• Hybrid powertrain designs that 
include energy storage systems. 

• Rankine cycle engines.300 
• All-electric vehicles. 
• Fuel cell vehicles. 
NHTSA and EPA requested comment 

on the list of technologies identified as 
advanced technologies and whether 
additional technologies should be added 
to the list. In addition to the increased 
fungibility of advanced technology 
credits, NHTSA and EPA requested 
comment on whether a credit 
multiplier, specifically a multiplier of 
1.5, would be appropriate to apply to 
advanced technology credits, as a 
greater incentive for the technologies’ 
introduction. See 75 FR at 74255. 

MEMA asked that the agencies 
expand the list of technologies that are 
eligible for Advanced Technology 
Credits to include advanced 
transmission and drivetrain 
technologies, tire and wheel accessories, 
and advanced engine accessories 
technologies (such as electronic air 
control systems and clutched 
turbocharged air compressor). Bendix 
requested that weight reduction 
approaches, improved transmission and 
drivetrains, driver management and 
coaching, and tire and wheel 
improvements be allowed to receive 
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credit through the Advanced 
Technology Credit Program. 

The advanced technology credit 
program is intended to encourage 
development of technologies that are 
not yet commercially available. In order 
to provide incentives for the research 
and development needed to introduce 
these technologies, Advanced 
Technology Credits can be applied to 
any heavy-duty vehicle or engine and 
are not limited to the vehicle or engine 
categories generating the credit. Because 
of this flexibility in the application of 
these credits, it is important that the list 
of eligible technologies only include 
technologies that are not yet available in 
the market. In addition, the technologies 
must lend themselves to straight 
forward methodologies for quantifying 
emissions and fuel consumption 
reductions. For some of the technologies 
that MEMA and Bendix asked be 
included in the program, such as 
electrified accessories and improved 
tires, the agencies have already 
established a mechanism for quantifying 
reductions associated with these 
approaches. For example, the agencies 
assumed in the regulatory impact 
analysis that some electrified 
accessories will be used to comply with 
the regulations. Specifically, improved 
water and oil pumps are assumed to be 
used for 2014 LHD, MHD, and HHD FTP 
and SET diesel engines to comply with 
standards and if used, their performance 
would be assessed in the engine 
certification process. (See RIA Chapter 
2.4). Any reductions in engine load and 
resulting emissions and fuel 
consumption resulting from accessory 
electrification thus will be accounted for 
in engine dynamometer testing. 
However, other electrified accessories, 
such as air conditioning do not impact 
engine operation over the FTP and SET 
cycles. As such, we are allowing credit 
for tailpipe AC emissions (as opposed to 
AC leakage) to be established through 
the Innovative Technology Credit 
Program described in section IV.B(3) 
below. With regard to tire rolling 
resistance improvements, light weight 
wheels, and weight reduction associated 
with the use of super single tires, these 
are already part of the technology basis 
for the standard for combination tractors 
and are accounted for in the GEM, and 
are also part of the technology basis for 
the standards for heavy-duty pickups 
and vans (See RIA Chapter 2.3). Some 
improved transmissions—such as 
automatic manuals—have been 
available commercially for ten years and 
as such, does not meet the criteria to be 
included on the list of advanced 
technologies. However, as described in 

Section IV.B.(3), advanced 
transmissions and drivetrains could be 
eligible for credits in the Innovative 
Technology Credit Program, and the 
agencies acknowledge the importance of 
including advanced transmissions and 
drivetrains in the program. With regard 
to weight reduction, the agencies are 
allowing additional weight reduction 
approaches to be used for tractors 
through modeling using GEM and 
through the innovative technology 
program. And finally, for driver 
management and coaching—while we 
recognize that there could be significant 
benefits to this, the difficulty in 
establishing a baseline condition for 
driver behavior limits the agencies’ 
ability to establish a reduction for this 
approach at this time. 

The agencies have decided not to 
change the proposed list of technologies 
evaluated as advanced technologies, but 
are providing additional clarity in the 
advanced technology list. The agencies 
proposed that Rankine cycle engines be 
included, but the agencies are adopting 
the wording of Rankine cycle waste heat 
recovery system attached to an engine. 

The agencies received comments from 
Bendix, Bosch, MEMA, Navistar, 
Odyne, Green Truck Association, Eaton, 
ArvinMeritor and Calstart, which 
supported the 1.5 multiplier for 
advanced technology credits. MEMA 
argued that these added flexibilities are 
absolutely necessary to help advanced 
technologies penetrate the marketplace 
and are the primary impetus to integrate 
these technologies onto vehicles. The 
agencies also received comments from 
several stakeholders, including ACEEE 
and Cummins opposing the 1.5 
multiplier for advanced technology 
credits. ACEEE argued that multipliers 
should be avoided because they lessen 
the total emission reductions by 
allowing a greater increase in the 
emissions of other vehicles than they 
offset. After reviewing these comments, 
the agencies have determined that the 
relatively low volumes expected in this 
time frame are likely to mitigate any 
potential dilution of environmental 
benefits and be outweighed by the 
benefits of introduction of advanced 
technology into the heavy-duty sector. 
Further, the credit multiplier will 
provide enough added benefit to the 
nascent heavy-duty hybrid community 
to help reduce barriers to market entry 
for new technologies. Therefore, the 
final rules include a multiplier of 1.5 for 
advanced technology credits. However, 
the agencies are also capping the 
amount of advanced credits that can be 
brought into any averaging set into any 
model year at 60,000 Mg to prevent 
market distortions. 

(a) HD Pickup Truck and Van Hybrids 
and all Electric Vehicles 

For HD pickup and van hybrids, the 
agencies proposed that testing would be 
done using adjustments to the test 
procedures developed for light-duty 
hybrids. See 75 FR at 74255. NHTSA 
and EPA also proposed that all-electric 
and other zero tailpipe emission 
vehicles produced in model years before 
2014 be able to earn credits for use in 
the 2014 and later HD pickup and van 
compliance program, provided the 
vehicles are covered by an EPA 
certificate of conformity for criteria 
pollutants. These credits would be 
calculated based on the 2014 diesel 
standard targets corresponding to the 
vehicle’s work factor, and treated as 
though they were earned in 2014 for 
purposes of credit life. Manufacturers 
would not have to early-certify their 
entire HD pickup and van fleet in a 
model year as for other early-complying 
vehicles. 

NHTSA and EPA also proposed that 
model year 2014 and later EVs and other 
zero tailpipe emission vehicles be 
factored into the fleet average GHG and 
fuel consumption calculations based on 
the diesel standards targets for their 
model year and work factor. A 
manufacturer also has the option to 
subtract these vehicles out of its fleet 
and determine their performance as 
advanced technology credits that can be 
used for all other HD vehicle categories, 
but these credits would, of course, not 
then be reflected in the manufacturer’s 
pickup and van category credit balance. 
Commenters generally supported the 
introduction of hybrid and zero tailpipe 
emission vehicles, but did not comment 
on the specific provisions discussed 
above. The agencies also proposed in 
determining advanced technology 
credits for electric and zero emission 
vehicles that in the credits equation the 
actual emissions and fuel consumption 
performance be set to zero (i.e. that 
emissions be considered on a tailpipe 
basis exclusively). We are finalizing 
these provisions as proposed. 

The proposal also solicited comment 
on the accounting of upstream GHG 
emissions. Some commenters argued 
that EPA should maintain its traditional 
focus in mobile source rulemakings on 
vehicle tailpipe emissions and leave the 
consideration of GHG emissions from 
upstream fuel production and 
distribution-related sources such as 
refineries and power plants to EPA 
regulatory programs which could focus 
specifically on those sources. Others 
argued that, since EPA accounts for 
upstream GHG emissions in its benefits 
assessments, the agency should reflect 
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upstream GHG emissions impacts in 
vehicle compliance values as well. After 
considering these comments, the 
agencies have decided to base the credit 
accounting on tailpipe emissions only. 
The agencies believe that introduction 
of EV technology into the heavy-duty 
pickup and van sector in these model 
years will be limited and that incentives 
are important to encourage such 
introduction. Similarly, the agencies 
believe that use of EV technology for 
these vehicles in these model years will 
be infrequent so that there is no need to 
adopt a cap whereby upstream 
emissions would be counted after a 
certain volume of sales. See 75 FR at 
25434–438 (adopting such a cap for 
light-duty vehicles under the 2012–2016 
MY GHG standards). We also recognize 
that the ongoing EPA/NHTSA 
rulemaking to reduce GHGs and fuel 
consumption in MY 2017 and later 
light-duty vehicles is examining this 
issue, and may yield information and 
policy direction relevant to the planned 
follow-on rulemaking for the heavy-duty 
sector. 

(b) Vocational Vehicle and Tractor 
Hybrids 

For vocational vehicles or 
combination tractors incorporating 
hybrid powertrains, we proposed two 
methods for establishing the number of 
credits generated—chassis 
dynamometer and engine dynamometer 
testing—each of which is discussed 
next. As discussed in the NPRM the 
agencies are not aware of models that 
have been adequately peer reviewed 
with data that can assess this technology 

without the conclusion of a comparison 
test of the actual physical product. 

(i) Chassis Dynamometer Evaluation 
For hybrid certification to generate 

credits we proposed to use chassis 
testing as an effective way to compare 
the CO2 emissions and fuel 
consumption performance of 
conventional and hybrid vehicles. See 
75 FR at 74256. We proposed that 
heavy-duty hybrid vehicles be certified 
using ‘‘A to B’’ vehicle chassis 
dynamometer testing. This concept 
allows a hybrid vocational vehicle 
manufacturer to directly quantify the 
benefit associated with use of its hybrid 
system on an application-specific basis. 
The concept would entail testing the 
conventional vehicle, identified as ‘‘A’’, 
using the cycles as defined in Section V. 
The ‘‘B’’ vehicle would be the hybrid 
version of vehicle ‘‘A’’. The ‘‘B’’ vehicle 
would need to be the same exact vehicle 
model as the ‘‘A’’ vehicle. As an 
alternative, if no specific ‘‘A’’ vehicle 
exists for the hybrid vehicle that is the 
exact vehicle model, the most similar 
vehicle model would need to be used 
for testing. We proposed to define the 
‘‘most similar vehicle’’ as a vehicle with 
the same footprint, same payload, same 
testing capacity, the same engine power 
system, the same intended service class, 
and the same coefficient of drag. We did 
not receive any adverse comments to 
this approach and are therefore adopting 
the same criteria as proposed. 

To determine the benefit associated 
with the hybrid system for GHG 
performance, the weighted CO2 
emissions results from the chassis test of 
each vehicle would define the benefit as 
described below: 

1. (CO2_A ¥ CO2_B)/(CO2_A) = __ 
(Improvement Factor) 

2. Improvement Factor × GEM CO2 
Result_B = ___ (g/ton mile benefit) 

Similarly, the benefit associated with 
the hybrid system for fuel consumption 
would be determined from the weighted 
fuel consumption results from the 
chassis tests of each vehicle as 
described below: 

3. (Fuel Consumption_A—Fuel 
Consumption_B)/(Fuel Consumption_A) 
= ___ (Improvement Factor) 

4. Improvement Factor × GEM Fuel 
Consumption Result_B = ___ (gallon/ 
1,000 ton mile benefit) 

The credits for the hybrid vehicle 
would be calculated as described in the 
ABT program except that the result from 
Equation 2 and Equation 4 above 
replaces the (Std-FEL) value. 

The agencies proposed two sets of 
duty cycles to evaluate the benefit 
depending on the vehicle application to 
assess hybrid vehicle performance— 
without and with PTO systems. The key 
difference between these two sets of 
vehicles is that one set (e.g., delivery 
trucks) does not operate a PTO while 
the other set (e.g., bucket and refuse 
trucks) does. 

The first set of duty cycles would 
apply to the hybrid powertrains used to 
improve the motive performance of the 
vehicles without a PTO system (such as 
pickup and delivery trucks). The typical 
operation of these vehicles is very 
similar to the overall drive cycles final 
in Section II. Therefore, the agencies are 
finalizing to use the same vehicle drive 
cycle weightings for testing these 
vehicles, as shown in Table IV–1. 

TABLE IV–1—FINAL DRIVE CYCLE WEIGHTINGS FOR HYBRID VEHICLES WITHOUT PTO 

Transient 
(percent) 

55 mph 
(percent) 

65 mph 
(percent) 

Vocational Vehicles ......................................................................................................... 75% 9% 16% 
Day Cab Tractors ............................................................................................................ 19% 17% 64% 
Sleeper Cab Tractors ...................................................................................................... 5% 9% 86% 

The second set of duty cycles apply 
to testing hybrid vehicles used in 
applications such as utility and refuse 
trucks which tend to have additional 
benefits associated with use of stored 
energy, in terms of avoiding main 
engine operation and related CO2 
emissions and fuel consumption during 
PTO operation. To appropriately 
address benefits, exercising the 
conventional and hybrid vehicles using 
their PTO would help to quantify the 
benefit to GHG emissions and fuel 
consumption reductions. The duty cycle 

proposed to quantify the hybrid CO2 
and fuel consumption impact over this 
broader set of operation was the three 
primary drive cycles plus a PTO duty 
cycle. The PTO duty cycle as proposed 
took into account the sales impact and 
population of utility trucks and refuse 
haulers. As described in RIA Chapter 3, 
the agencies proposed to add an 
additional PTO cycle to measure the 
improvement achieved for this type of 
hybrid powertrain application. The 
agencies welcomed comments on the 

final drive cycle weightings and the 
final PTO cycle. 

The agencies received comments from 
Cummins stating that the proposed 
weighting of the PTO cycle used a time- 
based weighting instead of a VMT-based 
weighting. For the final rules, the 
agencies derived new PTO cycle 
weighting by calculating the average 
speed of a vehicle during the motive 
portion of its operation, as detailed in 
RIA Chapter 3.7.1.1. The average speed 
is used in a conversion factor to convert 
the emissions from the PTO operation 
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measured in grams per hour into grams 
per ton-mile. A number of comments 
were received on the proposed hybrid 
chassis testing approach. 

The agencies received comments from 
engine manufacturers, hybrid 
manufacturers, and industry 
associations, as well as non- 
governmental organizations related to 
proper characterization of hybrid 
performance. To address concerns 
raised by commenters regarding hybrid 
testing several updates have been made 
to clarify a hybrid engine and/or system 
for pre-transmission, post-transmission, 
and chassis dynamometer testing. As 
described in 40 CFR 1036.801, a hybrid 
engine or hybrid power train means an 
engine or powertrain that includes 
energy storage features other than a 
conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. A hybrid 
vehicle is defined in 40 CFR 1037.801 
and it means a vehicle that includes 
energy storage features (other than a 
conventional battery system or 
conventional flywheel) in addition to an 
internal combustion engine or other 
engine using consumable chemical fuel. 
The duty cycles used for testing hybrid 
systems as either the post-transmission 
or complete chassis configuration will 
be retained from the proposal, however 
the weighting factors have been adjusted 
so that the performance of applications 
expected to be hybridized in the near 
term is better reflected. The testing 
provisions for evaluating the 
performance including the driver model 
definition, vehicle model, and overall 
cycle performance have been enhanced 
as described in 40 CFR 1036.525 and 40 
CFR 1037.525. Additionally, provisions 
for evaluating power take-off 
performance improvement have been 
addressed for charge-sustaining testing. 
For those hybrid systems which utilize 
shore power (e.g. plug-in hybrids), an 
innovative technology approach in 
which the certifier characterizes the 
performance associated with the 
operation of the system in a charge- 
depleting and charge-sustaining mode is 
most appropriate given the potential for 
variability in performance between 
applications and system designs. To 
address the issue of parity between 
methods it should be clarified that the 
approach taken for hybrid testing is 
consistent for chassis cycle based 
testing. This method used for both post- 
transmission and complete vehicle 
chassis testing is the development of an 
improvement factor which is then 
related to the base system performance. 

The pre-transmission approach relies on 
work based assessment of performance 
as with the current engine standards. 

Comments were received from EMA/ 
TMA, ACEEE, stating that the hybrid 
definition and test methodology needs 
to be more clearly defined. Cummins 
and EMA/TMA asked that the control 
volumes for the chassis test procedure 
be specified. Allison stated that the 
baseline configuration in A to B testing 
needs clarification—as an example they 
said it is not clear if the baseline vehicle 
needs to be the same model year as the 
hybrid configuration. They added that it 
is unclear how to account for hotel or 
accessory loads. 

EMA/TMA, Allison, Odyne, and 
American Trucking Association said 
that the hybrid drive cycles do not 
match real world hybrid applications, 
and as such, will result in an 
underestimation of benefits resulting 
from hybrid use. Some or all of these 
commenters asked that a hybrid drive 
cycle be developed that consists mainly 
of transient cycle, increased idle time, 
low steady state operation, and high 
acceleration and deceleration rates. 
EMA/TMA said the proposed cycle—the 
CARB heavy-heavy duty truck transient 
mode cycle, was developed as a 
composite cycle based on a wide range 
of medium- and heavy-duty vehicles but 
does not reflect the high acceleration 
and deceleration of vehicles used in 
urban applications and which is typical 
for hybrid vehicles and does not reflect 
the level of acceleration and 
deceleration typical of hybrids. Eaton 
asked that the agencies establish four 
separate test cycles for hybrids rather 
than two that more closely match what 
actual hybrids do in use. Hino said that 
energy recapture from regenerative 
braking needs to be built into the test 
cycle and as currently designed it is not. 
Hino also urged the agencies to create 
test cycles that capture variations in 
different types of hybrids. Cummins 
said that more representative vehicle 
test cycles should be developed based 
on the FTP and SET to ensure that the 
test cycles are functionally equivalent 
between vehicles and engines to ensure 
fair evaluation of the technology. ICCT 
articulated the same point on the need 
for parity between engine and vehicle 
test cycles. 

EMA/TMA, DTNA, and Cummins 
asked that manufacturers not be 
required to conduct coastdown testing 
for hybrid vehicles to establish road 
loads for each type of vehicle. Instead, 
they asked that the agencies define 
default road load values for 
manufacturers to use for hybrids. EMA/ 
TMA said that conducting coastdown 
tests is expensive. They also argued that 

road load is irrelevant to determining 
hybrid performance since the chassis 
dynamometer method requires a 
comparison of a vehicle that is identical 
in all respects except those factors 
directly relating to the hybrid 
powertrain. 

Cummins, ICCT, and Center for Clean 
Air Policy expressed general support for 
chassis dynamometer testing. Allison 
said that the lack of dynamometer 
infrastructure could limit the ability of 
manufacturers to certify and get hybrids 
into the market place. BAE said that 
hybrids should not have to be tested on 
a chassis dynamometer. 

Given the options available for 
certification of hybrid systems, the 
constraints on available infrastructure 
for traditional chassis testing and 
coastdown testing has been mitigated. 
Should a manufacturer contemplate 
chassis testing or powerpack testing to 
assess hybrid vehicle performance, 
coastdown testing will still be needed 
for vocational applications to develop 
the road load values. To address 
concerns regarding the baseline vehicle 
definition, the following clarifications 
are provided. The baseline vehicle must 
be identical to the hybrid, with the 
exception being the presence of the 
hybrid vehicle. Should an identical 
vehicle not be available as a baseline, 
the baseline vehicle and hybrid vehicle 
must have equivalent power or the 
hybrid vehicle must have greater power. 
Additionally, the sales volume of the 
conventional vehicle from the previous 
model year (the vehicle being displaced 
by the hybrid), must be substantially 
such that there can be a reasonable basis 
to believe the hybrid certification and 
related improvement factor are 
authentic. Should no previous year 
baseline or otherwise existing baseline 
vehicle exist, the manufacturer shall 
produce or provide a prototype 
equivalent test vehicle. For pre- 
transmission hybrid certification, 
drivetrain components will not be 
included in the testing, as is the case for 
criteria pollutant engine certification 
today on a brake-specific basis. 
Manufacturers are expected to submit A 
to B test results for the hybrid vehicle 
certification being sought for each 
vehicle family. Manufacturers may 
choose the worst case performer as a 
basis for the entire family. The agencies 
continue to expect to use existing 
precedent regarding treatment of 
accessory loads for purposes of chassis 
testing. Accessory loads for A to B 
testing will not need to be accounted for 
differently for hybrid A to B chassis 
testing than for criteria pollutant chassis 
testing. Based on the description of the 
hybrid engines and vehicles as found in 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00144 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57249 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

40 CFR 1036 and 1037.801, the agencies 
will not restrict hybrid configuration 
certification. The expectation is that 
hybrid engines and vehicles certified 
under the provisions for GHG will use 
certified engines. As stated previously, 
based on data provided by commenters 
and industry associations, the agencies 
have revised the duty cycles for 
complete vehicle and post-transmission 
powerpack testing by revising the 
weighting factors such that the 
performance of the hybrid system is 
more appropriately characterized. The 
new weighting factors result in a 
performance assessment that more 
closely matches performance seen in- 
use by many of the applications most 
likely to be hybridized in the near-term. 
At this time the requirement to conduct 
coastdown testing remains in place for 
the vehicle to be chassis tested or for the 
simulated vehicle in powertrain testing. 
Absent appropriate coefficients that 
accurately reflect vehicle performance, 
making an assumption about vehicle 
performance could lead to erroneous 
results and/or errors in the performance 
assessment. The agencies have provided 
numerous flexibilities, so the options 
available to those manufacturers who 
choose to certify hybrid engines or 
vehicles are not constrained to a single 
test method for which limited 
infrastructure may exist. 

(ii) Engine Dynamometer Evaluation 
The engine test procedure proposed 

in the NPRM for hybrid evaluation 
involved exercising the conventional 
engine and hybrid-engine system based 
on an engine testing strategy. The basis 
for the system control volume, which 
serves to determine the valid test article, 
would need to be the most accurate 
representation of real world 
functionality. An engine test 
methodology would be considered valid 
to the extent the test is performed on a 
test article that does not mischaracterize 
criteria pollutant performance or actual 
system performance. Energy inputs 
should not be based on simulation data 
which is not an accurate reflection of 
actual real world operation. Pre- 
transmission test protocols will include 
both the engine and the hybrid system 
for assessing GHG performance, 
however EPA is not changing criteria 
pollutant certification at this time for 
engines. In effect, the engine will need 
to be certified for criteria pollutant 
performance, while the engine and 
hybrid system in combination may be 
certified for GHG performance. It is 
clearly important to be sure credits are 
generated based on known physical 
systems. This includes testing using the 
appropriate recovered vehicle kinetic 

energy. Additionally, the duty cycle 
over which this engine-hybrid system 
would be exercised would need to 
reflect the use of the application, while 
not promoting a proliferation of duty 
cycles which prevent a standardized 
basis for comparing hybrid system 
performance. The agencies proposed the 
use of the Heavy-duty FTP cycle for 
evaluation of hybrid vehicles, which is 
the same test cycle final for engines 
installed in vocational vehicles. For 
powerpack testing, which includes the 
engine and hybrid systems in a pre- 
transmission format, the engine based 
testing is applicable for determination of 
brake-specific emissions benefit versus 
the engine standard. For post- 
transmission powertrain systems and 
vehicles, the comparison evaluation 
based on the Improvement Factor and 
the GEM result based on a vehicle drive 
trace in a powertrain test cell or chassis 
dynamometer test cell seem to 
accurately reflect the performance 
improvements associated with these test 
configurations. It is important that 
introduction of clean technology be 
incentivized without compromising the 
program intent of real world 
improvements in GHG and fuel 
consumption performance. In the NPRM 
the agencies asked for comments on the 
most appropriate test procedures to 
accurately reflect the performance 
improvement associated with hybrid 
systems tested using these or other 
protocols. 75 FR at 74257. 

A number of comments were received 
on the proposed engine testing 
approaches. Comments were received 
from EMA/TMA, Cummins, Allison, 
Hino, and ICCT, stating that the hybrid 
test methodology needs to be more 
clearly defined. EMA/TMA, Cummins, 
and Allison stated that the agencies 
have not defined what they will accept 
as a ‘‘complete hybrid system’’ and a 
clearer definition for hybrids needs to 
be developed. For example, Allison 
stated that the DRIA says that a 
‘‘complete hybrid system’’ can exclude 
the transmission. They added that a 
hybrid system must include a 
transmission. EMA/TMA stated that 
simulated engine dynamometer testing 
should include hybrid components. 
EMA/TMA stated that the agencies’ 
proposal that part 1065 may be 
amended, but did not provide specifics 
on how it might be amended. They 
suggested the following changes to part 
1065: (1) All engine and hybrid 
components capable of providing or 
recovering traction power be included 
in the control volume; (2) use of hybrid 
system torque curves rather than engine 
torque curves; (3) reference to J2711 for 

management of energy storage devices; 
(4) adhere to conventional calculation of 
emissions with only positive work 
counted; and (5) provide an estimate of 
maximum available kinetic energy in 
1065 to ensure that energy capture is 
consistent with real world operation of 
hybrids. 

Hino said that energy recapture from 
regenerative braking needs to be built 
into the test cycle and as currently 
designed it is not. Regenerative braking 
provides fuel consumption and GHG 
reduction benefits. Eaton said that the 
proposed powerpack testing does not 
capture true performance of hybrid 
vehicles. As noted above, ICCT 
commented on the need for parity 
between engine and vehicle test cycles. 
They supported hardware-in-the-loop 
post-transmission testing, but only if an 
equivalent cycle is used as for chassis 
testing. 

Concerns were raised by hybrid 
system manufacturers that the potential 
for a competitive advantage could exist 
for hybrids using different methods for 
certification based solely on the test 
method chosen. For determination of 
the allowable brake energy that may be 
used for the test cycle with hybrid 
engines, it is important to provide 
consistency between test methods. For 
that reason EPA is setting a brake energy 
fraction limit based on the engine FTP 
duty cycle which would apply to the 
pre-transmission hybrid and defining 
that as the limit for the post- 
transmission maximum available brake 
energy as well. The brake energy 
fraction will need to be determined 
based on the engine performance and 
the brake energy fraction limit will 
apply for all powertrain test cell 
(powerpack) testing. This limit on the 
brake energy fraction will be ratio of 
negative work to positive work as a 
function of engine rated power. 

The agencies are also finalizing that 
the proposed duty cycles considered for 
the proposal will continue to be used 
with this final action. The agencies 
proposed a transient duty cycle, a 55- 
mile-per-hour steady state cruise and a 
65-mile-per-hour steady state cruise. 
The transient duty cycle, which has 
been corrected to address a concern 
related to shift events, is essentially the 
same transient cycle proposed in the 
NPRM with the exception that it 
minimizes inappropriate shift events. 
Additionally, the steady state cycles 
proposed by the Agencies remain 
essentially unchanged. The 
modification being adopted with today’s 
final action is to address the distribution 
of the emissions impact associated with 
each duty cycle. However, in response 
to the concerns detailed above and 
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raised by engine manufacturers, hybrid 
system manufacturers, environmental 
groups, and NGOs regarding the lack of 
transient operation in the hybrid cycles, 
the agencies are finalizing a change in 
the weighting of the hybrid vehicle 
cycles. The weighting factors will be 
changed such that a greater emphasis on 
the type of transient activity seen as 
more characteristic of hybrid 
applications will be evident. The new 
weighting factors between duty cycles 
for hybrid certification (without PTO) 
will be 75 percent for the transient, 9 
percent for the 55 mph cruise cycle, and 
16 percent for the 65 mph cruise cycle. 
The basis for this change may be seen 
in the memorandum to OAR Docket 
EPA–HQ–OAR–2010–0162 which 
describes the data set used to describe 
real world vehicle performance. 
Additionally, provisions for addressing 
brake energy fraction have been 
provided in 40 CFR 1036.525 for hybrid 
engine testing. The control volume for 
testing hybrid systems for GHG and fuel 
consumption assessment has included 
all hybrid power systems and for 
powertrain testing that is post- 
transmission, simulated components 
including tires and regenerative braking 
impacts. Additionally, provisions for 
accounting for the hybrid system and 
engine torque curve are available in the 
hybrid test procedures of 40 CFR 
1036.525. 

In addition, the final rules allow 
manufacturers that want to certify a 
hybrid on a different test cycle than the 
cycles described above for chassis and 
engine dynamometer testing instead 
make a demonstration using the 
procedures set out in the Innovative 
Technology Credit provisions. Likewise, 
a manufacturer seeking to certify a 
hybrid using an alternative approach, 
such as simulation modeling, would 
need to follow the procedure described 
in the Innovative Technology Credit 
section. However, manufacturers whose 
alternative hybrid testing procedure is 
approved through the Innovative 
Technology Credit Program would 
receive credits through the Advanced 
Technology Credit Program so such 
credits would be fungible across all 
vehicle and engine categories and 
would receive the 1.5 multiplier. 

EMA/TMA also asked that in addition 
to the above-described engine, chassis, 
and powerpack testing, other yet-to-be- 
defined methods should be allowed so 
that a novel application of hybrids can 
be evaluated for credit. They included 
hydraulic, kinetic, electro-mechanical, 
and genset hybrids as examples of 
additional configurations that should be 
accommodated by additional test cycles. 
Allison asked how emissions and fuel 

consumption changes associated with 
ageing of hybrid systems will be 
accounted for. ACEEE encouraged the 
agencies to finalize the three approaches 
outlined in the NPRM for hybrid testing 
in the final rules. 

Cummins supported three proposed 
options for evaluating hybrids. ICCT 
supported option 1 and 3, but not 2. 
ICCT stated that EPA and NHTSA need 
to ensure that: (1) Each hybrid test 
method/test cycle combination requires 
the same amount of total energy to run 
the cycle (for a specific vehicle weight), 
(2) each test method/test cycle 
combination has the same amount of 
total energy available for capture as 
regeneration by a hybrid system, and (3) 
that this available regeneration energy 
appears in similar increments in each 
test method/test cycle combination. 

In allowing for three options for 
certification of hybrids, two of those 
options require the use of a baseline 
vehicle. The post-transmission hybrid 
certification and the chassis 
dynamometer certification options are 
designed to allow for an assessment of 
the improvement offered by 
incorporating a hybrid system into the 
vehicle. Determination of an 
improvement factor for hybrid vehicle 
performance is significantly influenced 
by the selection of the baseline vehicle, 
test article ‘‘A’’. The Agencies received 
comments from engine and hybrid 
system manufacturers that the options 
for selection of the baseline should be 
carefully considered to avoid an 
unintended consequence of limited real 
world improvement due to selection of 
a baseline that was inappropriate. 
Several concerns regarding an 
inappropriate baseline were broached 
including selection of technology that is 
not actually available in the market, 
selection of baseline technology that is 
not representative of the application(s) 
either by sales volume or use, or 
selection of a baseline that in other ways 
provides an advantage to a manufacturer 
which creates an unfair competitive 
advantage. To address the concern of 
improvement factors that have a basis in 
reality and demonstrate real world 
improvements, as well as to continue to 
create incentives for the introduction of 
new technology the Agencies are 
addressing the issue of the baseline 
selection, as well as the determination 
of a ‘‘most similar’’ vehicle basis in the 
case where there may not be an existing 
production vehicle upon which the 
hybrid vehicle was based. 

In making the determination of an 
appropriate baseline, four options were 
considered by the agencies. These 
options included a fixed baseline weight 
and definition by vehicle class, a non- 

hybrid baseline intended for production 
vehicle and transmission system, a best 
in class conventional application, or 
vehicle based on highest sales volume. 
Each of these options has benefits and 
each raises potential concerns. The 
determination based solely on a single 
vehicle by class has the advantage of 
providing a fixed baseline the entire 
industry may easily target for assessing 
improvements. It raises concerns 
regarding the suitability of the vehicle 
selection for all applications in the 
weight class, as well as the 
appropriateness of the selection based 
on performance across the full range of 
vehicles and weights in the weight 
class. The ‘‘intended for production’’ 
conventional vehicle baseline ensures 
the baseline and hybrid vehicle pair will 
represent a real improvement for the 
specific application. The challenge 
exists when the conventional vehicle 
version of the hybrid may not exist. 
Another issue would exist if the 
conventional vehicle in the pair had 
performance characteristics such that 
the hybrid version does not represent 
significant improvements beyond other 
conventional vehicles. The best in class 
baseline vehicle approach provides 
some assurance that the improvement 
factor generated by the hybrid vehicle or 
system would in fact represent 
introduction of advanced technology 
with improvements beyond existing 
conventional technology. The 
opportunity for confusion that exists 
with a best in class determination 
includes matching all of the appropriate 
performance metrics with the 
appropriate applications in a way that is 
consistent with how the market values 
those improvements. This can become a 
moving target which could represent an 
ever evolving design target and 
eventually prove difficult for the 
Agencies to implement in a way that 
ensured a level playing field. The last 
option attempts to include the benefits 
of the previous options, while 
maintaining the clarity needed for 
manufacturers to design and build with 
a clear understanding of design targets. 
The highest sales volume application by 
weight class for the previous model year 
ensures benefits are measured based on 
how the market values performance. 
This has the potential to avoid 
ambiguity regarding which vehicle 
technology should serve as the baseline 
and it addresses a concern raised by 
some commenters regarding the use of 
a baseline vehicle that clearly is not a 
class leader. The presumption being that 
the market will value the conventional 
technology that provides the best value 
over the lifetime of the vehicle for its 
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intended service class and application. 
This approach is intended to be used in 
conjunction with the basic premise that 
the ‘‘A’’ vehicle will be the vehicle most 
similar to the hybrid ‘‘B’’ vehicle. 

Should no apparent baseline be 
available, the vehicle being displaced by 
the hybrid may be determined based on 
several characteristics including but not 
limited to vehicle class, vehicle 
application, and complete power system 
rated power (e.g. engine rated power for 
the base vehicle versus combined rated 
power for the engine-hybrid system). 
The agencies will continue to use the 
primary method of highest sales 
volume, by application and vehicle 
weight class in its assessment of the 
manufacturers selection of a baseline, 
however should there be a new 
application introduced with no 
apparent existing baseline, the closest 
baseline vehicle may be selected by the 
manufacturer and will be evaluated by 
the agencies. 

The commenters’ concerns will 
continue to be reviewed by the agencies 
as the program is implemented; 
however, the approach suggested may 
not be appropriate across every method. 
To the extent that the pre-transmission 
testing is a work based assessment 
consistent with today’s engine testing, 
we are remaining consistent with 
current practices in which the engine 
certification has applicability across 
applications. With that said we have 
defined a regenerative brake limit that 
will align the relative energy 
(regenerative to tractive) across all three 
methods. This can be found in 40 CFR 
1036.525. 

Given the use of the same duty cycles 
for both post-transmission and chassis 
dynamometer testing, we are capturing 
the performance of the powertrain by 
exercising it in the same manner for 
both methods, so the methods will be 
equivalent in all three aspects that were 
mentioned by the commenter. 

(3) Innovative Technology Credits 
The agencies proposed a credit 

opportunity intended to apply to new 
and innovative technologies that reduce 
fuel consumption and CO2 emissions, 
but for which the reduction benefits are 
not captured over the test procedure, 
including the GEM, used to determine 
compliance with the standards (i.e., the 
benefits are ‘‘off-cycle’’). See 75 FR at 
74257–58; see also 75 FR 25438–25440 
where EPA adopted a similar credit 
program for MY 2012–2016 light-duty 
vehicles. 

The agencies explained in the NPRM 
that EPA and NHTSA are aware of some 
emerging and innovative technologies 
and concepts in various stages of 

development with CO2 emissions and 
fuel consumption reduction potential 
that might not be adequately captured 
on the final certification test cycles or 
are not inputs to the GEM, and that 
some of these technologies might merit 
some additional CO2 and fuel 
consumption credit generating potential 
for the manufacturer. Eligible innovative 
technologies are those technologies that 
are newly introduced in one or more 
vehicle models or engines, but that are 
not yet widely implemented in the 
heavy-duty fleet—and more specifically, 
not yet widely implemented in the 
averaging set for which the credit is 
sought. Examples of such technologies 
mentioned in the NPRM include 
predictive cruise control, gear-down 
protection, active aerodynamic features, 
and adjustable ride height. Innovative 
technologies can include known, 
commercialized technologies if they are 
not yet widely utilized in a particular 
heavy-duty sector subcategory. Any 
credits for these technologies would 
need to be based on real-world fuel 
consumption and GHG reductions that 
can be measured with verifiable test 
methods using representative driving 
conditions typical of the engine or 
vehicle application. 

In the NPRM, the agencies stated that 
we would not consider technologies to 
be eligible for these credits if the 
technology has a significant impact on 
CO2 emissions and fuel consumption 
over the primary test cycles, or if it is 
one of the technologies on whose 
performance the various vehicle and 
engine standards are premised. The 
agencies believe it is appropriate to 
provide an incentive to encourage the 
introduction of these types of 
technologies and that a credit 
mechanism is an effective way to do so. 
Further, there needs to be a mechanism 
to account for the emission reductions 
and fuel efficiencies resulting when an 
innovative technology is used. The 
agencies proposed that this optional 
credit opportunity would be available 
through the 2018 model year reflecting 
that technologies which are now 
uncommon may be more widely utilized 
by then, but the agencies sought 
comment on the need to extend the 
ability to earn credits beyond the model 
year 2018. See generally 75 FR at 
74257–258. 

EPA and NHTSA also proposed that 
credits generated using innovative 
technologies be restricted within the 
subcategory averaging set where the 
credit was generated but requested 
comments on whether these innovative 
technology credits should be fungible 
across vehicle and engine categories. 

The agencies also proposed that 
manufacturers quantify CO2 and fuel 
consumption reductions associated with 
the use of the off-cycle technologies 
such that the credits could be applied 
based on the metrics (such as g/mile and 
gal/100 mile for pickup trucks, g/ton- 
mile and gal/1,000 ton-mile for tractors 
and vocational vehicles, and g/bhp-hr 
and gal/100 bhp-hr for engines). Credits 
would have to be based on real 
additional reductions of CO2 emissions 
and fuel consumption and would need 
to be quantifiable and verifiable with a 
repeatable methodology. Such data 
would be submitted to EPA and 
NHTSA, and would be subject to a 
public evaluation process in which the 
public would have opportunity for 
comment. See 75 FR at 74258. We 
proposed that the technologies upon 
which the credits are based would be 
subject to full useful life compliance 
provisions, as with other emissions 
controls. Unless the manufacturer can 
demonstrate that the technology would 
not be subject to in-use deterioration 
over the useful life of the vehicle, the 
manufacturer would have to account for 
deterioration in the estimation of the 
credits in order to ensure that the 
credits are based on real in-use 
emissions reductions over the life of the 
vehicle. 

In cases where the benefit of a 
technological approach to reducing CO2 
emissions and fuel consumption cannot 
be adequately represented using existing 
test cycles, it was proposed that EPA 
and NHTSA would review and approve 
as appropriate test procedures and 
analytical approaches to estimate the 
effectiveness of the technology for the 
purpose of generating credits. The 
demonstration program would have to 
be robust, verifiable, and capable of 
demonstrating the real-world emissions 
benefit of the technology with strong 
statistical significance. 

Finally, the agencies explained in the 
NPRM that the CO2 and fuel 
consumption benefit of some 
technologies may have to be 
demonstrated with a modeling 
approach. In other cases manufacturers 
might have to design on-road test 
programs that are statistically robust 
and based on real world driving 
conditions. As with the similar 
procedure for alternative off-cycle 
credits under the light-duty 2012–2016 
MY vehicle program, the agencies 
would include an opportunity for public 
comment as part of any approval 
process. 

The agencies requested comments on 
the proposed approach for off-cycle 
innovative technology emissions 
credits, including comments on how 
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301 See 75 FR 25440. 
302 Fuel consumption is derived from measured 

CO2 emissions using conversion factors of 8,887 g 
CO2/gallon for gasoline and 10,180 g CO2/gallon for 
diesel fuel. 

best to structure the program. EPA and 
NHTSA particularly requested 
comments on how the case-by-case 
approach to assessing off-cycle 
innovative technology credits could best 
be designed, including ways to ensure 
the verification of real-world emissions 
benefits and to ensure transparency in 
the process of reviewing manufacturer’s 
proposed test methods. 

The agencies received numerous 
comments relating to all aspects of the 
innovative technology credit flexibility 
provision. The vast majority of the 
commenters supported this provision as 
proposed, but requested that certain 
aspects be further clarified, so the 
agencies are adopting the full provision 
as proposed and providing further 
discussion that addresses and clarifies 
the provision in response to comments. 
We also note generally that many 
comments asserting that the GEM or 
certain of the engine standards failed to 
account for certain types of emission 
reductions associated with technology 
improvements did not consider the 
availability of innovative technologies 
for such technologies. These comments 
are addressed specifically in the 
Response to Comment Document or 
elsewhere in this preamble. 

A number of organizations, including 
DTNA, MEMA, Navistar, Green Truck 
Association, Eaton, ACEEE, and 
NESCAUM, commented that 
technologies such as advanced 
transmissions, engine cooling strategies, 
idle reduction, light-weight components 
(including light-weight engines), and 
advanced drivelines should be able to 
receive credit through the innovative 
technology program. The agencies agree 
with these commenters. The NPRM did 
not provide a specific list of 
technologies that the agencies would 
consider ‘‘innovative’’ because the 
agencies intended that an innovative 
technology could be any technology not 
in widespread use in the subcategory 
that can be proven to reduce CO2 
emissions and fuel consumption but for 
which the benefits are not captured 
utilizing the FTP procedures, SET 
procedures and GEM methodology used 
to determine compliance with the 
emission and fuel consumption 
standards. Any of the suggested 
technologies could be considered as an 
innovative technology if the associated 
emission and fuel consumption benefit 
has not already been considered to have 
widespread use in the subcategory, if 
the associated emission and fuel savings 
can be measured and validated, and if 
the technology and measurement 
methodology have been approved by the 
agencies. NHTSA and EPA will 
determine the impact of the technology 

and each agency in turn will accept the 
credits either jointly or independently 
depending upon whether the technology 
has a direct bearing upon GHG or fuel 
consumption performance. 

A number of commenters, including 
Bendix, Bosch, Cummins, EMA/TMA, 
Eaton, DTNA, Navistar, Volvo, 
ArvinMeritor and USC requested that 
the innovative technology process and 
procedures be more clearly structured 
and defined. Bendix requested that the 
agencies prescribe specific processes 
and procedures in the final rules by 
which innovative technologies can be 
submitted for review and approval. 
EMA/TMA requested that the agencies 
provide guidance on the certification 
process, and suggested that existing fuel 
consumption test procedures developed 
jointly by the Society of Automotive 
Engineers (SAE) and the Technology & 
Maintenance Council (TMC), 
specifically that the Type II and Type III 
procedures be used. Eaton requested 
that the agencies identify test methods 
that can be used for certification in 
order to provide transparency and 
certainty, and promote early technology 
introduction. In response to these 
comments, the agencies have further 
defined the process in the final action. 

In cases where the benefit of a 
technological approach to reducing CO2 
emissions and fuel consumption cannot 
be adequately represented using existing 
test cycles, EPA and NHTSA will review 
and approve test procedures and 
analytical approaches as appropriate to 
estimate the effectiveness of the 
technology for the purpose of generating 
credits. The innovative technologies 
will be evaluated in an A-to-B 
comparison. The baseline engine and/or 
vehicle configuration must represent a 
configuration which is equivalent to the 
engine and/or vehicle with the 
innovative technology in terms of the 
other aspects of the engine and/or 
vehicle to prevent double counting of 
emissions reductions or gaming. 

Since innovative credits will be 
available for use within the same 
averaging set as the engine or vehicle 
which employs the innovative 
technology (for reasons explained 
below), the agencies are defining 
innovative credit approaches by 
regulatory category. 

(a) Heavy-Duty Pickup Truck and Van 
Innovative Technology Credits 

For HD pickups and vans, EPA and 
NHTSA proposed that they would 
review and approve manufacturer- 
provided test procedures and analytical 
approaches to estimate the effectiveness 
of a technology for the purpose of 
generating credits. The proposal also 

expressed the view that the 5-cycle 
approach currently used in EPA’s fuel 
economy labeling program for light-duty 
vehicles may provide a suitable test 
regime, provided it can be reliably 
conducted on the dynamometer and can 
capture the impact of the off-cycle 
technology (see 71 FR 77872, December 
27, 2006). EPA established the 5-cycle 
test methods to better represent real- 
world factors impacting fuel economy, 
including higher speeds and more 
aggressive driving, colder temperature 
operation, and the use of air 
conditioning. Because we have not 
firmly established the suitability of the 
5-cycle approach for HD pickups and 
vans at this time, and we received no 
comments or data helping to establish it, 
we are not adopting provisions to 
specify its use. However, it remains a 
candidate approach that manufacturers 
may pursue in making their 
demonstrations for innovative 
technology credits, described below. 

Manufacturer data submitted to the 
agencies in pursuit of innovative 
technology credits would be subject to 
a public evaluation process in which the 
public would have opportunity for 
comment.301 Whether the approach 
involves on-road testing, modeling, or 
some other analytical approach, the 
manufacturer would be required to 
present a final methodology to EPA and 
NHTSA. EPA and NHTSA would 
approve the methodology and credits 
only if certain criteria were met. 
Baseline emissions and fuel 
consumption 302 and control emissions 
and fuel consumption would need to be 
clearly demonstrated over a wide range 
of real world driving conditions and 
over a sufficient number of vehicles to 
address issues of uncertainty with the 
data. Data would need to be on a vehicle 
model-specific basis unless a 
manufacturer demonstrated model- 
specific data was not necessary. The 
agencies would publish a notice of 
availability in the Federal Register 
notifying the public of a manufacturer’s 
proposed alternative off-cycle credit 
calculation methodology and provide 
opportunity for comment. The notice 
will include details regarding the 
methodology, but not include any 
Confidential Business Information. 

The agencies did not receive any 
adverse comments on using the 
proposed approach for HD pickup 
trucks and vans. Consistent with the 
proposal, the agencies are adopting the 
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303 See 75 FR 25440. 

304 The agencies would consider information such 
as the study conducted by Oak Ridge National Lab 
which found that 72 percent of their data records 
were driven on flat terrain of less than 1 percent 
grade to determine the representativeness of the 
route. See Capps, G., O. Franzes, B. Knee, M.B. 
Lascurain, and P. Otaduy. Class 8 Heavy Truck 
Duty Cycle Project Final Report. ORNL/TM–2008/ 
122, Oak Ridge National Laboratory. Last accessed 
on April 14, 2011 at page 5–14 of http:// 
cta.ornl.gov/data/tedb29/Edition29_Chapter05.pdf. 

proposed innovative technology credit 
provisions for HD pickup trucks and 
vans. 

(b) Heavy-Duty Engine, Combination 
Tractor, and Vocational Vehicle 
Innovative Technology Credits 

Innovative technology credits 
developed in the HD engine, 
combination tractor, and vocational 
vehicle categories will need to be 
applied to the subcategory in which 
they were generated. The agencies are 
adopting provisions in § 1037.610 to 
determine the separation of engine 
credits and vehicle credits based on the 
method which is selected by the 
manufacturer to determine the 
effectiveness of the innovative 
technology. For example, improvements 
to the engine that are demonstrated in 
either the engine dynamometer test or 
powerpack test will clearly be engine 
credits. Improvements that are 
demonstrated using chassis 
dynamometer or on-road test will be 
considered vehicle credits. However, 
the agencies recognize that there may be 
exceptions to this approach, and will 
allow for the manufacturer to request an 
alternate classification of credits. A 
change in credit allocation will require 
approval from the agencies and would 
be subject to a public evaluation 
process. 

Furthermore, to address the concerns 
of some commenters mentioned above, 
the agencies are adopting an approach 
for HD engines and vehicles that 
provides two paths for approval of the 
test procedure to measure the CO2 
emissions and fuel consumption 
reductions of an innovative off-cycle 
technology used in the HD engine or 
vehicle. These alternative approaches 
are similar to those adopted in the light- 
duty vehicle rule. The first path will not 
require a public approval process of the 
test method. The ‘‘pre-approved’’ test 
methods for HD engines and vehicles 
will include the A-to-B chassis testing, 
powerpack testing, and on-road testing. 
The agencies are also adopting as 
proposed a second test method approval 
path that provides a manufacturer the 
ability to submit an alternative 
evaluation approach to EPA and 
NHTSA, which must be approved by the 
agencies prior to the demonstration 
program. As with HD pickup trucks and 
vans, such submissions of data should 
be submitted to the agencies and would 
be subject to a public evaluation process 
in which the public would have 
opportunity for comment.303 Baseline 
emissions and control emissions would 
need to be clearly demonstrated over a 

wide range of real world driving 
conditions and over a sufficient number 
of vehicles to address issues of 
uncertainty with the data. The agencies 
will publish a notice of availability in 
the Federal Register notifying the 
public of a manufacturer’s proposed 
alternative off-cycle credit calculation 
methodology and provide opportunity 
for comment. The notice will include 
details regarding the methodology, but 
not include any Confidential Business 
Information. Approval of the approach 
to determining a CO2 and fuel 
consumption benefit would not imply 
approval of the results of the program or 
methodology; when the testing, 
modeling, or analyses are complete the 
results would likewise be subject to EPA 
and NHTSA review and approval. 

The pre-approved test procedures 
include engine dynamometer, 
powerpack, chassis dynamometer, and 
on-road testing. Each of the test 
procedures require the evaluation of a 
baseline and control engine or vehicle 
(A vs. B testing) to quantify the 
improvement. Manufacturers may use 
the engine dynamometer test procedures 
using the HD engine FTP or SET cycle. 
The chassis testing and powerpack 
testing would be conducted the same as 
described above for HD vocational 
vehicle and tractor hybrid testing in 
Section IV.B.2.b using the drive cycles 
and weightings finalized in this action 
for the primary program. If a 
manufacturer requires the use of an 
alternate duty cycle, then it will require 
prior approval from the agencies. 

The on-road testing would be tested 
according to SAE J1321 Joint TMC/SAE 
Fuel Consumption Test Procedure Type 
II Reaffirmed 1986–10 or SAE J1526 
Joint TMC/SAE Fuel Consumption In- 
Service Test Procedure Type III Issues 
1987–06, with additional constraints to 
improve the test repeatability. The first 
constraint requires that the minimum 
route distance be set at 100 miles. In 
addition, the route selected must be 
representative in terms of grade. The 
agencies will take into account 
published and relevant research in 
determining whether the grade is 
representative.304 Similarly, the speed 
of the route must be representative of 
the drive cycle weighting adopted for 
each regulatory subcategory. For 

example, if the route selected for an 
evaluation of a combination tractor with 
a sleeper cab contains only interstate 
driving, then the improvement factor 
would only apply to 86 percent of the 
weighted result. Lastly, the ambient air 
temperature must be between 5 and 
35 °C. The agencies also would allow 
the use of a Portable Emissions 
Measurement (PEMS) device for the 
measurement of CO2 emissions during 
the on-road testing. The agencies are not 
pre-approving any routes for the on-road 
testing. Manufacturers will be required 
to submit the proposed route prior to 
testing for approval. 

The agencies requested comments on 
whether credits generated using 
innovative technologies should be 
fungible across vehicle and engine 
categories and received comments both 
supporting and opposing the limited 
fungibility of these credits. Cummins 
did not support the fungibility of 
innovative technology credits across 
subcategories, arguing that it is not 
advisable given the large number and 
variability of different technology types 
and the uncertainty in this provision. 
DTNA stated that the credits should be 
fungible across engine and vehicle 
classes to be treated the same as 
advanced technology credits. EPA and 
NHTSA acknowledge that the HD 
program is a new program and, though 
the agencies continue to believe the 
credit provision is an important 
flexibility, the agencies are 
implementing innovative technology 
credits based on the ability to assign a 
value for future technologies and test 
methods that are as yet to be defined. 
Given the fact that the agencies cannot 
make a determination at this time of, 
what innovative technologies will be 
offered, and thus the impact of 
increased fungibility to sectors outside 
the original application of the 
innovative technology might be, it is 
premature to allow that credit to be 
traded without restriction and with 
additional credit. Until such uncertainty 
can be understood and quantified, the 
agencies believe the final rules should 
continue to include restrictions on the 
fungibility of innovative technology 
credits across service classes and 
categories. 

The agencies proposed that this credit 
opportunity be available through the 
2018 model year, reflecting that 
technologies may be common by then, 
but sought comment on the need to 
extend beyond model year 2018. The 
agencies received comments from 
DTNA, Navistar, Eaton, Cummins and 
Bosch supporting the extension of this 
provision beyond model year 2018. 
Eaton stated that though some 
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technologies will be more common in 
2018, new technologies will evolve 
facing the same difficulties concerning 
implementation and would benefit from 
this provision. Bosch explained that 
extension of the provision past 2018 is 
important because at the time of the 
final rule the GEM will not incorporate 
any newer technology until it is updated 
in phase two of the program, and 
manufacturers will therefore continue to 
need the innovative technology 
provision for receiving credits for 
technologies not accounted for in GEM. 
The agencies have reviewed these 
concerns and believe that they are valid. 
Therefore, the final rule does not state 
that this provision ends in model year 
2018. Any action taken on these credits 
in a subsequent rulemaking will be 
addressed by the agencies at that time 
in that future rulemaking. 

(4) N2O Credit 
EPA received a comment from an 

industry stakeholder requesting a 
provision to allow manufacturers of 
heavy-duty engines to gain credit for 
redesigning emission control systems to 
reduce N2O emissions. The commenter 
argued that unlike CH4, N2O emissions 
from some NOX control technologies 
can vary in inverse proportion to CO2 
emissions. Given such a tradeoff, it 
would be appropriate to allow 
manufacturers to exploit that tradeoff to 
achieve the lowest overall greenhouse 
gas emissions possible. Thus, EPA is 
adopting a provision which allows 
engine manufacturers to generate CO2 
credits for very low N2O emissions. 
Specifically, manufacturers that certify 
engines with full useful life N2O FEL 
emissions which are less than 0.04 g/hp- 
hr could generate 2.98 grams of CO2 
credit for 0.01 grams of N2O reduced 
(consistent with the relative global 
warming potentials of CO2 and N2O). 
For example, where a manufacturer 
certifies an engine family to have low 
per-brake horsepower hour N2O 
emissions of 0.01 g/hp-hr and applies 
the 0.02 g/hp-hr assigned deterioration 
factor, it could certify the engine family 
to a 0.03 g/hp-hr N2O FEL and generate 
enough CO2 credits to offset CO2 
emissions 2.98 g/hp-hr above the 
standard. The 0.04 g/hp-hr level is less 
than the cap standard of 0.10 g/bhp-hr 
(so credits generated would not be 
windfalls) and reflects EPA’s best 
estimate of average N2O performance for 
today’s engine technologies. See Table 
II–22 above. This value has been chosen 
to ensure the credit reflects 
improvements beyond today’s baseline 
performance level. EPA is limiting this 
provision to model years 2014 through 
2016, the same years that NHTSA’s 

program is voluntary, to maintain 
alignment between the CO2 emissions 
and fuel consumption standards. EPA 
considered allowing the provision to 
continue beyond 2016 but decided 
given its relatively small value (we 
expect this credit to be worth 
approximately 3 g/bhp-hr on a standard 
of 460 g/bhp-hr) and the ultimate 
desirability of alignment of the EPA and 
NHTSA programs to limit the period of 
this flexibility to the period of time 
when the NHTSA program will be 
voluntary. 

V. NHTSA and EPA Compliance, 
Certification, and Enforcement 
Provisions 

A. Overview 

(1) Compliance Approach 
This section describes EPA’s and 

NHTSA’s final program to ensure 
compliance with EPA’s final emission 
standards for CO2, N2O, and CH4 and 
NHTSA’s final fuel consumption 
standards, as described in Section II. To 
achieve the goals projected in the 
proposal, it is important for the agencies 
to have an effective and coordinated 
compliance program for our respective 
standards. As is the case with the light- 
duty vehicle rule, the final compliance 
program for heavy-duty vehicles and 
engines has two central priorities: (1) To 
address the agencies’ respective 
statutory requirements; and (2) to 
streamline the compliance process for 
both manufacturers and the agencies by 
building on existing practice wherever 
possible, and by structuring the program 
such that manufacturers can use a single 
data set to satisfy the requirements of 
both agencies. It is also important to 
consider the provisions of EPA’s 
existing criteria pollutant program and 
NHTSA’s existing LD program in the 
development of the approach used for 
heavy-duty certification and 
compliance. The existing EPA heavy- 
duty highway engine emissions program 
has an established infrastructure and 
methodology that will allow for an 
effective integration with this final GHG 
and fuel consumption program, without 
needing to create new unique processes 
in many instances. The HD compliance 
program will address the importance of 
the impact of new control methods for 
heavy-duty vehicles as well as other 
control systems and strategies that may 
extend beyond the traditional purview 
of the criteria pollutant program. 

Section 202(b)(3)(A) of the Clean Air 
Act (CAA) defines ‘‘model year’’ to 
mean ‘‘* * * the manufacturer’s annual 
production period (as determined by the 
Administrator) which includes January 
1 of such calendar year’’ or to mean 

calendar year if the manufacturer has no 
annual production period. Section 
32901(a)(16) of EISA defines ‘‘model 
year’’ with almost identical language. 
Section 202(b)(3)(A) of the CAA also 
allows the EPA Administrator to define 
model year differently to assure ‘‘ * * * 
that vehicles and engines manufactured 
before the beginning of a model year 
were not manufactured for purposes of 
circumventing the effective date of a 
standard * * *.’’ Consistent with this 
statutory language, the NPRM proposed 
regulatory text to define ‘‘model year,’’ 
in 40 CFR 1036.801, 40 CFR 1037.801 
and 49 CFR 535.4. All three codified the 
primary CAA and EISA definition, but 
differed with respect to language 
intended to prevent circumvention of 
the standards. The proposed definition 
for engines was in the proposed rule 
published November 30, 2010, 75 FR 
74377, which stated that ‘‘model year’’ 
means the manufacturer’s annual new 
model production period, except as 
restricted under this definition. It must 
include January 1 of the calendar year 
for which the model year is named, may 
not begin before January 2 of the 
previous calendar year, and it must end 
by December 31 of the named calendar 
year. Manufacturers may not adjust 
model years to circumvent or delay 
compliance with emission or standards 
or to avoid the obligation to certify 
annually. 

The proposed definition for vehicles 
was in the proposed rule published 
November 30, 2010, 75 FR 74401, which 
stated that ‘‘model year’’ means the 
manufacturer’s annual new model 
production period, except as restricted 
under this definition and 40 CFR part 
85, subpart X. It must include January 
1 of the calendar year for which the 
model year is named, may not begin 
before January 2 of the previous 
calendar year, and it must end by 
December 31 of the named calendar 
year. Use the date on which a vehicle is 
shipped from the factory in which you 
finish your assembly process as the date 
of manufacture for determining your 
model year. For example, where a 
certificate holder sells a cab-complete 
vehicle to a secondary vehicle 
manufacturer, the model year is based 
on the date the vehicle leaves the 
factory as a cab-complete vehicle. 

EPA’s and NHTSA’s vehicle model 
year definitions differed slightly in 
wording but were essentially the same 
for §§ 1037.801 and 535.4. In creating 
the model year definition for vehicles, 
the agencies were mindful of the 
confusion chassis manufacturers may 
face in determining their model years in 
a given period of production, for 
example, due to manufacturing and 
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shipping products at different levels of 
completion and involving multiple 
manufacturers. The agencies included 
the term ‘‘ship date’’ in order to provide 
chassis manufacturers a clear reference 
date (‘‘in which you finish your 
assembly process’’), as well as to 
decrease the risk of gaming that might 
occur if no reference date was specified 
and there were therefore no parameters 
on the choice of model year. The engine 
definition was chosen based on 
consistency with prior EPA definitions 
for other mobile source programs. 

The agencies received comments on 
the definitions from EMA/TMA and 
Navistar expressing concern over the 
potential for unintended consequences. 
The commenters argued that the use of 
‘‘ship date’’ for vehicles could create 
difficulty and uncertainty for 
manufacturers for whom the ship date 
can be delayed for reasons outside of 
their control, such as late-arriving 
components. They also argued that the 
differences between the vehicle and 
engine definitions would increase the 
likelihood that a single vehicle would 
be subject to different fuel efficiency 
requirements during certain years of 
transition in the standards, as it would 
not be unlikely that a vehicle would be 
a later model year than an engine. For 
example, during the 2016–2017 period, 
an engine may be model year 2016 
while the vehicle is model year 2017. 

NHTSA and EPA have considered 
further whether there are benefits to 
maintaining separate definitions for 
‘‘model year’’ for the engine and vehicle 
standards based on these comments. We 
continue to believe that differences in 
manufacturing practices for engines and 
vehicles support the use of separate 
definitions. However, for this final 
action, we have decided to modify the 
definitions to account for the above 
concerns, address circumstances of 
multiple manufacturers, and provide 
increased consistency and clarity. Thus, 
instead of ‘‘ship date,’’ the vehicle 
definition for model year will refer to 
the date when the certifying 
manufacturer’s ‘‘manufacturing 
operations were completed,’’ within the 
specified year. The final definition also 
specifies that each vehicle must be 
assigned a model year before 
introduction into U.S. commerce, but 
allow a manufacturer to redesignate a 
later model year if it does not complete 
its manufacturing operations for the 
vehicle within the initial model year. 

To further standardize with EPA 
definitions, NHTSA will add the EPA 
engine model year definition to its 
corresponding regulation 49 CFR 535.4. 
We believe that this will address the 
concerns raised by commenters because 

it will provide standardization, more 
specificity and account for current 
manufacturer practices. 

The agencies are aware that the 
designation of a model year on a chassis 
for the purposes of this heavy-duty 
truck emission and fuel consumption 
program may result in a complete 
vehicle that has one model year 
associated with its chassis for emission/ 
fuel consumption purposes and another 
model year designation in its vehicle 
identification number (VIN) for a motor 
vehicle’s certification to Federal motor 
vehicle safety standards. However, as 
the chassis model year designation 
would only be used on the certificate of 
conformity by the responsible 
manufacturer for the purpose of 
complying with these rules, it would 
not contradict other purposes for which 
a VIN model year may be used. 

EMA/TMA also argued that the 
proposed dates used to specify the 
model year would shorten the lead time 
provided for manufacturers, because 
production for HD vehicles often begins 
in the early months of the year 
preceding the model year. We are 
addressing these concerns by finalizing 
January 1, 2014 as the date certain when 
manufacturers are required to comply. 
Prior to this date, certification of the 
vehicle would be optional. Thus, a 
manufacturer could produce uncertified 
model year 2014 vehicles through 
December 31, 2013. The heavy-duty 
compliance program uses a variety of 
mechanisms to conduct compliance 
assessments, including preproduction 
certification and postproduction testing 
and in-use monitoring once vehicles 
enter customer service. Specifically, the 
agencies are establishing a compliance 
program that utilizes existing EPA 
testing protocols and certification 
procedures. Under the provisions of this 
program, manufacturers will have 
significant opportunity to exercise 
implementation flexibility, based on the 
program schedule and design, as well as 
the credit provisions in the program for 
advanced technologies. This program 
includes a process to foster the use of 
innovative technologies, not yet 
contemplated in the current certification 
process. EPA and NHTSA will conduct 
compliance preview meetings which 
provide the agencies an opportunity to 
review a manufacturer’s new product 
plans and ABT projections. Given the 
nature of the final compliance program 
that involves both engine and vehicle 
compliance for some categories, it is 
necessary for manufacturers to begin 
pre-certification meetings with the 
agencies early enough to address issues 
of certification and compliance for both 

integrated and non-integrated product 
offerings. 

Based on feedback EPA and NHTSA 
received during the light-duty GHG 
comment period, both agencies are 
seeking to ensure transparency in the 
compliance process of this program. In 
addition to providing information in 
published reports annually regarding 
the status of credit balances and 
compliance on an industry basis, EPA 
and NHTSA sought comments in the 
NPRM on additional strategies for 
providing information useful to the 
public regarding industry’s progress 
toward reducing GHG emissions and 
fuel consumption from this sector while 
protecting sensitive business 
information. In response, commenters 
(Sierra Club and UCS) also had strong 
interests for the agencies to ensure that 
any collected data is made available to 
the public with an interest especially for 
providing details on the credit balances 
for each manufacturer and for data on 
specific vehicle configuration 
information data to better understand 
the market and help with the 
development of future programs. 
Additional requests (ALA and EDF) 
were also made for the agencies to 
expand consumer education and 
outreach for medium- and heavy-duty 
vehicles thereby empowering fleet 
purchasers to make better informed 
choices. Another commenter (ACEEE) 
specifically requested that the agencies 
publish a heavy-duty truck trend report 
describing vehicles and engines sold, 
including fuel efficiency and GHG 
performance and the use of advanced 
technology. It was further recommended 
(by ALA and EDF) that the agencies 
should create consumer education and 
outreach programs for medium and 
heavy-duty vehicles such as fuel 
consumption and GHG emissions 
information for all vehicles and engines 
covered by the rules, in buyers guide 
similar to the fuel economy guides that 
EPA and NHTSA provide for the light- 
duty CAFE program. ICCT and UCS also 
requested having a consumer based 
label for heavy-duty pickup trucks and 
vans providing fuel economy and 
emission information like in the light- 
duty CAFE program. 

The agencies agree that there is a need 
for sharing heavy-duty emissions and 
fuel consumption information and 
therefore will make information 
publically available under this program. 

(a) Heavy-Duty Pickup Trucks and Vans 
The final compliance regulations (for 

certification, testing, reporting, and 
associated compliance activities) for 
heavy-duty pickup trucks and vans 
closely track both current practices and 
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305 Memorandum from Don Kopinski, U.S. EPA to 
docket EPA–HQ–OAR–2010–0162, July 7, 2011. 

the recently adopted greenhouse gas 
regulations for light-duty vehicles and 
trucks. Thus they are familiar to 
manufacturers. EPA already oversees 
testing, collects and processes test data, 
and performs calculations to determine 
compliance with both CAFE and CAA 
standards for Light-Duty. For Heavy- 
Duty products that closely parallel light- 
duty pickups and vans, under a 
coordinated approach, the compliance 
mechanisms for both programs for 
NHTSA and EPA would be consistent 
and non-duplicative for GHG pollutant 
standards and fuel consumption 
requirements. Vehicle emission 
standards established under the CAA 
apply throughout a vehicle’s full useful 
life. 

Under EPA’s existing criteria 
pollutant emission standard program for 
heavy-duty pickup trucks and vans, 
vehicle manufacturers certify a group of 
vehicles called a test group. A test group 
typically includes multiple vehicle lines 
and model types that share critical 
emissions-related features. The 
manufacturer generally selects and tests 
a single vehicle, typically considered 
‘‘worst case’’ for criteria pollutant 
emissions, which is allowed to 
represent the entire test group for 
certification purposes. The test vehicle 
is the one expected to be the worst case 
for the emission standard at issue. 
Emissions from the test vehicle are 
assigned as the value for the entire test 
group. However, the compliance 
program in the recent GHG regulations 
for light-duty vehicles, which is 
essentially the well-established CAFE 
compliance program, allows and may 
require manufacturers to perform 
additional testing at finer levels of 
vehicle models and configurations in 
order to get more precise model-level 
fuel economy and CO2 emission levels. 
The agencies are adopting this same 
approach for heavy-duty pickups and 
vans. Additionally, like the light-duty 
program’s use of analytically derived 
fuel economy (ADFE) data, we will 
allow manufacturers to predict CO2 
levels (and corresponding fuel 
consumption) of some vehicles in lieu 
of testing, using a methodology deemed 
appropriate by the agencies. Based on 
manufacturer input, a method for 
calculating analytically derived carbon 
dioxide (ADCO2) is specified in 
§ 1037.104 of this rule.305 At a 
manufacturer’s request, EPA may 
approve analytical methods alternate to 
the method described in this rule if said 
alternate methods are deemed to be 

more accurate than the analytical 
method described in this rule. 

(b) Heavy-Duty Engines 
Heavy-duty engine certification and 

compliance for traditional criteria 
pollutants has been established by EPA 
in its current general form since 1985. 
In developing a program to address GHG 
pollutants, it is important to build upon 
the infrastructure for certification and 
compliance that exists today. At the 
same time, it is necessary to develop 
additional tools to address compliance 
with GHG emissions requirements, 
since the final standard reflect control 
strategies that extend beyond those of 
traditional criteria pollutants. In so 
doing, the agencies are finalizing use of 
EPA’s current engine test based 
strategy—currently used for criteria 
pollutant compliance—to also measure 
compliance for GHG emissions. The 
agencies are also finalizing to add new 
strategies to address vehicle specific 
designs and hardware which impact 
GHG emissions. The traditional engine 
approach would largely match the 
existing criteria pollutant control 
strategy. This would allow the basic 
tools for certification and compliance, 
which have already been developed and 
implemented, to be expanded for carbon 
dioxide, methane, and nitrous oxide. 
Engines with similar emissions control 
technology may be certified in engine 
families, as with criteria pollutants. 

For EPA, the final approach for 
certification will follow the current 
process, which requires manufacturer 
submission of certification applications, 
approval of the application, and receipt 
of the certificate of conformity prior to 
introduction into commerce of any 
engines. EPA proposed the certificate of 
conformity be a single document that 
would be applicable for both criteria 
pollutants and greenhouse gas 
pollutants. For NHTSA, a manufacturer 
must submit certification applications 
with equivalent fuel consumption 
information. NHTSA will assess 
compliance with its fuel consumption 
standards based on the results of the 
EPA GHG emissions compliance process 
for each engine family. 

(c) Class 7 and 8 Combination Tractors 
and Class 2b–8 Vocational Vehicles 

Currently, except for HD pickups and 
vans, EPA does not directly regulate 
exhaust emissions from heavy-duty 
vehicles as a complete entity. Instead, a 
compliance assessment of the engine is 
undertaken as described above. Vehicle 
manufacturers installing certified 
engines are required to do so in a 
manner that maintains all functionality 
of the emission control system. While 

no process exists for certifying these 
heavy-duty vehicles, the agencies 
believe that a process similar to the one 
we proposed to use for heavy-duty 
engines can be applied to the vehicles. 

The agencies are finalizing related 
certification programs for heavy-duty 
vehicles. Manufacturers will divide 
their vehicles into families and submit 
applications to each agency for 
certification for each family. However, 
the demonstration of compliance will 
not require emission testing of the 
complete vehicle, but will instead 
involve a computer simulation model, 
GEM. This modeling tool uses a 
combination of manufacturer-specified 
and agency-defined vehicle parameters 
to estimate vehicle emissions and fuel 
consumption. This model is then 
exercised over certain drive cycles. EPA 
and NHTSA are finalizing the duty 
cycles over which Class 7 and 8 
combination tractors would be exercised 
to be: 65 mile per hour steady state 
cruise cycle, the 55 mile per hour steady 
state cruise cycle, and the California 
ARB transient cycle. Additional details 
regarding these duty cycles will be 
addressed in Section V.D(1)(b) below. 
Over each duty cycle, the simulation 
tool will return the expected CO2 
emissions, in g/ton-mile, and fuel 
consumption, gal/1,000 ton-mile, which 
would then be compared to the 
standards. 

B. Heavy-Duty Pickup Trucks and Vans 

(i) Compliance Approach 

EPA and NHTSA are finalizing, 
largely as proposed, new emission 
standards to control greenhouse gases 
(GHGs) and reduce fuel consumption 
from heavy-duty vehicles with gross 
vehicle weight rating between 8,500 and 
14,000 pounds that are not already 
covered under the MY 2012–2016 
medium-duty passenger vehicle 
standards. In this section ‘‘trucks’’ refers 
to heavy-duty pickup trucks and vans 
between 8,500 and 14,000 pounds not 
already covered under the light-duty 
rule. 

First, EPA is finalizing fleet average 
emission standards for CO2 on a gram 
per mile (g/mile) basis and NHTSA is 
finalizing fuel consumption standards 
on a gal/100 mile basis that would apply 
to a manufacturer’s fleet of heavy-duty 
trucks and vans with a GVWR from 
8,500 pounds to14,000 pounds (Class 2b 
and 3). CO2 is the primary pollutant 
resulting from the combustion of 
vehicular fuels, and the amount of CO2 
emitted is highly correlated to the 
amount of fuel consumed. In addition, 
the EPA is finalizing separate emissions 
standards for three other GHG 
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306 Diesel engines are engine-certified with the 
option to chassis certification Federally and for 
California. 

307 CAA Section 206(a)(1). 
308 The specific test group criteria are described 

in 40 CFR 86.1827–01, car lines and model types 
have the meaning given in 40 CFR 86.1803–01. 

309 EPA provides for other groupings in certain 
circumstances, and can establish its own test groups 
in cases where the criteria do not apply. See 40 CFR 
86.1827–01(b), (c) and (d). 

pollutants: CH4, N2O, and HFC. CH4 and 
N2O emissions relate closely to the 
design and efficient use of emission 
control hardware (i.e., catalytic 
converters). The standards for CH4 and 
N2O would be set as caps that would 
limit emissions increases and prevent 
backsliding from current emission 
levels. In lieu of meeting the caps, EPA 
is allowing manufacturers the option of 
offsetting any N2O emissions or any CH4 
emissions above the cap by taking steps 
to further reduce CO2. Separately, EPA 
is finalizing to set standards to control 
the leakage of HFCs from air 
conditioning systems. 

Previously, complete vehicles with a 
Gross Vehicle Weight Rating of 8,500– 
14,000 pounds could be certified 
according to 40 CFR part 86, subpart S. 
These heavy-duty chassis certified 
vehicles were required to pass 
emissions on both the Light-duty FTP 
and HFET (California requirement).306 
These rules will use the same testing 
procedures already required for heavy- 
duty chassis certification, namely the 
Light-duty FTP and the HFET. Using the 
data from these two tests, EPA and 
NHTSA will compare the CO2 emissions 
and fuel consumption results against the 
attribute-based target. The attribute 
upon which the CO2 standard is based 
is a function of vehicle payload, vehicle 
towing capacity and two-wheel versus 
four-wheel drive configuration. The 
attribute-based standard targets will be 
used to determine a manufacturer fleet 
standard. As discussed in section IV 
above, manufacturers may use the ABT 
program and other flexibilities in 
achieving and demonstrating 
compliance. 

These rules will generally require 
complete HD pickups and vans to have 
CO2, CH4 and N2O values assigned to 
them, either from actual chassis 
dynamometer testing or from the results 
of a representative vehicle in the test 
group with appropriate adjustments 
made for differences. Manufacturers 
will be allowed to exclude vehicles they 
sell to secondary manufacturers as 
incomplete vehicles, unless these 
vehicles are chassis-certified for criteria 
(non-GHG) pollutants. To the extent 
manufacturers are allowed to engine- or 
chassis-certify for criteria pollutant 
requirements today, they will be 
allowed to continue to do so under the 
final regulations. See subsection 
V.B(1)(e) for discussion of special 
provisions for chassis-certification to 
GHG and fuel consumption standards. 

Because this program for heavy-duty 
pickup trucks and vans is so similar to 
the program recently adopted for light- 
duty trucks and codified in 40 CFR part 
86, subpart S, EPA will apply most of 
those subpart S regulatory provisions to 
heavy-duty pickup trucks and vans and 
not recodify them in the new part 1037. 
Most of the new part 1037 thus would 
not apply for heavy-duty pickup trucks 
and vans. How 40 CFR part 86 applies, 
and which provisions of the new 40 
CFR part 1037 apply for heavy-duty 
pickup trucks and vans is described in 
§ 1037.104. Similarly NHTSA’s 
requirements for these vehicles in 
§ 535.6(a) are based on 40 CFR part 86. 

(a) Certification Process 

CAA section 203(a)(1) prohibits 
manufacturers from introducing a new 
motor vehicle into commerce unless the 
vehicle is covered by an EPA-issued 
certificate of conformity. Section 
206(a)(1) of the CAA describes the 
requirements for EPA issuance of a 
certificate of conformity, based on a 
demonstration of compliance with the 
emission standards established by EPA 
under section 202 of the Act. The 
certification demonstration requires 
emission testing, and certification is 
required for each model year.307 

Under existing heavy-duty chassis 
certification and other EPA emission 
standard programs, vehicle 
manufacturers certify a group of 
vehicles called a test group. A test group 
typically includes multiple vehicle car 
lines and model types that share critical 
emissions-related features.308 

EPA requires the manufacturer to 
make a good faith demonstration in the 
certification application that vehicles in 
the test group will both (1) comply 
throughout their useful life within the 
emissions bin assigned, and (2) 
contribute to fleetwide compliance with 
the applicable emissions standards 
when the year is over. EPA issues a 
certificate for the vehicles included in 
the test group based on this 
demonstration, and includes a condition 
in the certificate that if the manufacturer 
does not comply with the fleet average, 
then production vehicles from that test 
group will be treated as not covered by 
the certificate to the extent needed to 
bring the manufacturer’s fleet average 
into compliance with the applicable 
standards. 

The certification process often occurs 
several months prior to production and 
manufacturer testing may occur months 

before the certificate is issued. The 
certification process for the existing 
heavy-duty chassis program is an 
efficient way for manufacturers to 
conduct the needed testing well in 
advance of certification, and to receive 
certificates in a time frame which allows 
for the orderly production of vehicles. 
The use of conditions on the certificate 
has been an effective way to ensure that 
manufacturers comply throughout their 
useful life and meet fleet standards 
when the model year is complete and 
the accounting for the individual model 
sales is performed. EPA has also 
adopted this approach as part of its 
light-duty vehicle GHG compliance 
program. 

These rules will similarly condition 
each certificate of conformity for the 
GHG program upon a manufacturer’s 
good faith demonstration of compliance 
with the manufacturer’s fleetwide 
average CO2 standard. The following 
discussion explains how the agencies 
will integrate this new vehicle 
certification program into the existing 
certification program. 

An integrated approach with NHTSA 
has been undertaken to allow 
manufacturers a single point of entry to 
address certification and compliance. 
Vehicle manufacturers will initiate the 
formal certification process with their 
submission of application for a 
certificate of conformity to EPA, similar 
to the light-duty program. 

(b) Certification Test Groups and Test 
Vehicle Selection 

For heavy-duty chassis certification to 
the criteria emission standards, 
manufacturers currently, as mentioned 
above, divide their fleet into ‘‘test 
groups’’ for certification purposes. The 
test group is EPA’s unit of certification; 
one certificate is issued per test group/ 
evaporative family combination. These 
groupings cover vehicles with similar 
emission control system designs 
expected to have similar emissions 
performance (see 40 CFR 86.1827–01). 
The factors considered for determining 
test groups include Gross Vehicle 
Weight, combustion cycle, engine type, 
engine displacement, number of 
cylinders and cylinder arrangement, 
fuel type, fuel metering system, catalyst 
construction and precious metal 
composition, among others. Vehicles 
having these features in common are 
generally placed in the same test 
group.309 

This program will retain the current 
test group structure for heavy-duty 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00153 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57258 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

310 EPA noted this potential lack of connection 
between fuel economy testing and testing for 
emissions standard purposes when it first adopted 
fuel economy test procedures. See 41 FR 38677, 
Sept. 10, 1976. 

pickups and vans in the certification 
requirements for CO2 and fuel 
consumption. At the time of 
certification, manufacturers will use the 
CO2 emission level from the Emission 
Data Vehicle as a surrogate to represent 
all of the models in the test group. 
However, following certification further 
testing will generally be allowed for 
compliance with the fleet average CO2 
and fuel consumption standards as 
described below. EPA’s issuance of a 
certificate will be conditioned upon the 
manufacturer’s subsequent model level 
testing and attainment of the actual fleet 
average, much like light-duty CAFE and 
GHG compliance requires. Under the 
current program, complete heavy-duty 
Otto-cycle vehicles under 14,000 
pounds Gross Vehicle Weight Rating are 
required to chassis certify (see 40 CFR 
86.1801–01(a)). The current program 
allows complete heavy-duty diesel 
vehicles under 14,000 pounds GVWR to 
optionally chassis certify (see 40 CFR 
86.1863–07(a)). The new regulations we 
are adopting will not change these 
existing EPA certification options for 
complete (or incomplete) HD vehicles. 
EPA recognizes that the existing heavy- 
duty chassis test group criteria do not 
necessarily relate to CO2 emission 
levels. See 75 FR 25472 (addressing the 
same issue for light-duty vehicles). For 
instance, while some of the criteria, 
such as combustion cycle, engine type 
and displacement, and fuel metering, 
may have a relationship to CO2 
emissions, others, such as those 
pertaining to the some exhaust 
aftertreatment features, may not. In fact, 
there are many vehicle design factors 
that impact CO2 generation and 
emissions but are not major factors 
included in EPA’s test group criteria.310 
Most important among these may be 
vehicle weight, horsepower, 
aerodynamics, vehicle size, and 
performance features. To remedy this, 
EPA will allow manufacturers 
provisions that are similar to the light- 
duty vehicle rule that would yield more 
accurate CO2 estimates than only using 
the test group emission data vehicle CO2 
emissions. 

EPA believes that the current test 
group concept is appropriate for N2O 
and CH4 because the technologies that 
would be employed to control N2O and 
CH4 emissions may generally be the 
same as those used to control the 
criteria pollutants. However, 
manufacturers will determine if this 

approach is adequate method for N2O 
and CH4 emissions compliance or if 
testing on additional vehicles is 
required to ensure their entire fleet 
meets applicable standards. 

As just discussed, the ‘‘worst case’’ 
vehicle a manufacturer selects as the 
Emissions Data Vehicle to represent a 
test group under the existing regulations 
(40 CFR 86.1828–01) may not have the 
highest levels of CO2 in that group. For 
instance, there may be a heavier, more 
powerful configuration that would have 
higher CO2, but may, due to the way the 
catalytic converter has been matched to 
the engine, actually have lower NOX, 
CO, PM or HC emissions. Therefore, 
EPA is allowing the use of a single 
Emission Data Vehicle to represent the 
test group for both criteria pollutant and 
CO2 certification. The manufacturer will 
be allowed to initially apply the 
Emission Data Vehicle’s CO2 emissions 
value to all models in the test group, 
even if other models in the test group 
are expected to have higher CO2 
emissions. However, as a condition of 
the certificate, this surrogate CO2 
emissions value will generally be 
replaced with actual, model-level CO2 
values based on results from additional 
testing that occurs later in the model 
year much like the light-duty CAFE 
program, or through the use of approved 
methods for analytically derived fuel 
economy. This model level data will 
become the official certification test 
results (as per the conditioned 
certificate) and will be used to 
determine compliance with the fleet 
average. If the test vehicle is in fact the 
worst case CO2 vehicle for the test 
group, the manufacturer may elect to 
apply the Emission Data Vehicle 
emission levels to all models in the test 
group for purposes of calculating fleet 
average emissions. Manufacturers may 
be unlikely to make this choice, because 
doing so would ignore the emissions 
performance of vehicle models in their 
fleet with lower CO2 emissions and 
would unnecessarily inflate their CO2 
fleet average. Testing at the model level, 
in order to better represent the 
improved performance of vehicles 
within a test group other than the 
Emission Data Vehicle, will necessarily 
increase testing burden beyond the 
minimum EDV testing. 

As explained in earlier Sections, there 
are two standards that the manufacturer 
will be subject to, the fleet average 
standard and the in-use standard for the 
useful life of the vehicle. Compliance 
with the fleet average standard is based 
on production weighted averaging of the 
test data that applies for each model. To 
address commenter concerns regarding 
test variability due to facility and build 

variation for each model, the in-use and 
SEA standards are set at 10 percent 
higher than the level used for that 
model in calculating the fleet average. 
The certificate covers both of the fleet 
and in-use standards, and the 
manufacturer has to demonstrate 
compliance with both of these standards 
for purposes of receiving a certificate of 
conformity. The certification process for 
the in-use standard is discussed above. 

(c) Demonstrating Compliance 

(i) CO2 and Fuel Consumption Fleet 
Standards 

As noted, attribute-based CO2 and fuel 
consumption standards result in each 
manufacturer having fleet average CO2 
and fuel consumption standards unique 
to its heavy-duty truck fleet of GVWR 
between 8,500–14,000 pounds and that 
standard will be separate from the 
standard for passenger cars, light-trucks, 
and other heavy-duty trucks. The 
standards depend on those attributes 
corresponding to the relative capability, 
or ‘‘work factor’’, of the vehicle models 
produced by that manufacturer. The 
final attributes used to determine the 
stringency of the CO2 and fuel 
consumption standards are payload and 
towing capacity as described in Section 
II. Generally, fleets with a mix of 
vehicles with increased payloads or 
greater towing capacity (or utilizing four 
wheel drive configurations) will face 
numerically less stringent standards 
(i.e., higher CO2 grams/mile standards 
or fuel consumption gallons/100 miles 
standards) than fleets consisting of less 
powerful vehicles. (However, the 
standards will be expected to be equally 
challenging and achieve similar percent 
reductions.) Although a manufacturer’s 
fleet average standard could be 
estimated throughout the model year 
based on projected production volume 
of its vehicle fleet, the final compliance 
values will be based on the final model 
year production figures. A 
manufacturer’s calculation of fleet 
average emissions and fuel consumption 
at the end of the model year will be 
based on the production-weighted 
average emissions and fuel consumption 
of each model in its fleet. The payload 
and towing capacity inputs used to 
determine manufacturer compliance 
will be the advertised values. 

The agencies will use the same 
general vehicle category definitions that 
are used in the current EPA HD chassis 
certification (See 40 CFR 86.1816–05). 
The new vehicle category definitions 
differ slightly from the EPA definitions 
for Heavy-duty Vehicle definitions for 
the existing program, as well as other 
EPA vehicle programs. Mainly, 
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manufacturers will be able to test, and 
possibly model, more configurations of 
vehicles than were historically possible. 
The existing criteria pollutant program 
requires the worst case configuration be 
tested for emissions certification. For 
HD chassis certification, this usually 
meant only testing the vehicle with the 
highest ALVW, road-load, and engine 
displacement within a given test group. 
This worst case configuration may only 
represent a small fraction of the test 
group production volume. By testing the 
worst case, albeit possibly small 
volume, vehicle configuration, the EPA 
had a reasonable expectation that all 
represented vehicles would pass the 
given emissions standards. Since CO2 
standards are a fleet standard based on 
a combination of sales volume and work 
factor (i.e., payload and towing 
capability), it may be in a 
manufacturer’s best interest to test 
multiple configurations within a given 
test group to more accurately estimate 
the fleet average CO2 emission levels 
and not accept the worst case vehicle 
test results as representative of all 
models. Additionally, vehicle models 
for which a manufacturer desires to use 
analytically derived fuel economy 
(ADFE) to estimate CO2 emission levels 
may need additional actual test data for 
vehicle models of similar but not 
identical configurations. The agencies 
are allowing the use of ADFE similar to 
that allowed for light-duty vehicles in 
40 CFR 600.006–08(e). Some 
commenters, including the American 
Automotive Policy Council, were 
concerned that adopting the light-duty 
ADFE program with its current 
minimum test requirements would 
unduly increase testing burden. In 
addition to concerns over implementing 
the light-duty ADFE program for heavy- 
duty GHG compliance, commenters 
noted the need to develop a new HD 
ADFE methodology that addressed 
unique HD concerns. EPA and NHTSA 
have continued to work with 
stakeholders to address the above 
concerns with using a modified LD 
ADFE program. To address these 
concerns, the agencies will expand the 
allowed use of ADFE beyond that which 
is allowed in the LD program. Since 
ADFE equations are not final at the time 
of this action, updates to the HD ADFE 
program will be made through guidance 
or future rulemaking. The GHG and fuel 
economy rulemaking for light-duty 
vehicles adopted a carbon balance 
methodology used historically to 
determine fuel consumption for the 
light-duty labeling and CAFE programs, 
whereby the carbon-related combustion 
products HC and CO are included on an 

adjusted basis in the compliance 
calculations, along with CO2. The 
resulting carbon-related exhaust 
emissions (CREE) of each test vehicle 
are calculated and it is this value, rather 
than simply CO2 emissions, that is used 
in compliance determinations. The 
difference between the CREE and CO2 is 
typically very small. See generally 75 
FR at 25472. 

NHTSA and EPA are not adopting the 
CREE methodology for HD pickups and 
vans, and so will not adjust CO2 
emissions to further account for 
additional HC and CO. The basis of the 
CREE methodology in historical labeling 
and CAFE programs is not relevant to 
HD pickups and vans, because these 
historical programs do not exist for HD 
vehicles. Furthermore, test data used in 
this rulemaking for standards-setting 
has not been adjusted for this effect, and 
so it would create an inconsistency, 
albeit a small one, to apply it for 
compliance with the numerical 
standards we are finalizing. Finally, it 
would add complexity to the program 
with little real world benefit. 

(ii) CO2 In-Use Standards and Testing 
Section 202(a)(1) of the CAA requires 

emission standards to apply to vehicles 
throughout their statutory useful life. 
Section II discusses in-use standards. 

Currently, EPA regulations require 
manufacturers to conduct in-use testing 
as a condition of certification for heavy- 
duty trucks between 8,500 and 14,000 
gross vehicle weight that are chassis 
certified. The vehicles are tested to 
determine the in-use levels of criteria 
pollutants when they are in their first 
and third years of service. This testing 
is referred to as the In-Use Verification 
Program, which was first implemented 
as part of EPA’s CAP 2000 certification 
program (see 64 FR 23906, May 4, 1999). 

An in-use program was already set 
forth in the light-duty 2012–2016 MY 
vehicle rule similar to the heavy-duty 
pickups and vans. The In-Use 
Verification Program for heavy-duty 
pickups and vans will follow the same 
general provisions of the light-duty 
program in regard to testing, vehicle 
selection, and reporting. See 75 FR 
25474–25476. 

(d) Special Provisions for Chassis 
Certification 

We proposed to include most cab- 
chassis Class 2b and 3 vehicles (vehicles 
sold as incomplete vehicles with the cab 
substantially in place but without the 
primary load-carrying enclosure) in the 
complete HD pickup and van program. 
Because their numbers are relatively 
small, and to reduce the testing and 
compliance tracking burden to 

manufacturers, we proposed to treat 
these vehicles as equivalent to the 
complete van or truck product from 
which they are derived. The 
manufacturer would determine which 
complete vehicle configuration it 
produces most closely matches the cab- 
chassis product leaving its facility, and 
would include each of these cab-chassis 
vehicles in the fleet averaging 
calculations as though it were identical 
to the corresponding complete ‘‘sister’’ 
vehicle. See 75 FR at 74263. 

Commenters opposed this proposed 
requirement for a number of reasons: (1) 
It would have the unintended 
consequence of dual certification for 
some of these vehicles—engine 
certification for criteria pollutants and 
vehicle certification for GHGs, and vice- 
versa for some other vehicles, (2) it 
would be of modest benefit because 
most of these cab-chassis vehicles 
would receive the desired aerodynamic 
and other non-engine improvements 
even without chassis certification, in 
virtue of their derivation from complete 
vehicles, and (3) a readily-identifiable 
sister vehicle may not exist in every 
case. Based on the comments, the 
agencies have re-evaluated the proposed 
approach for cab-chassis certification 
and are restructuring our compliance 
approach to provide significantly more 
flexibility while still ensuring 
comparable or better GHG and fuel 
consumption performance overall. 

We are not requiring that cab-chassis 
vehicles be chassis-certified, but are 
retaining chassis-certification for them 
as an option using the proposed sister 
vehicle concept. We are instead 
requiring that vehicles that are chassis- 
certified for criteria pollutants be 
chassis-certified for GHGs and fuel 
consumption, and likewise that vehicles 
with engines certified for criteria 
pollutants (which in this case would be 
engines installed in vocational vehicles 
exclusively) be certified to the 
vocational vehicle standards for GHGs 
and fuel consumption, with minor 
exceptions detailed below. We believe 
that this approach involving consistent 
chassis- and engine-certification for 
criteria pollutants and GHGs is the most 
sensible way to structure a program to 
minimize both the testing burden and 
the potential for gaming. 

We are allowing use of the sister 
vehicle concept for incomplete vehicle 
certification to include the selection of 
sister vehicles not actually produced for 
sale by the certifying manufacturer. For 
the great majority of vehicles this will 
not be an issue because the sister 
vehicle will obviously be the complete 
pickup truck or van from which the cab- 
chassis vehicle is derived. However if 
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the complete sister vehicle ceases 
production but the corresponding 
incomplete vehicle does not, a 
manufacturer may continue to use the 
sister vehicle emissions data through 
the carryover process that is already 
practiced today. If carryover is not 
appropriate because of, for example, an 
emissions-impacting recalibration of the 
engine, the manufacturer may conduct 
new emissions testing using the 
coastdown data collected on the original 
sister vehicle. This would still save 
substantial effort without sacrificing 
data quality because coastdowns are 
rather resource-intensive but are not 
much affected by engine changes. 
Another potentially inappropriate 
situation would exist where no sister 
vehicle exists because the manufacturer 
does not sell a related complete vehicle. 
In this case, the manufacturer may 
coastdown a mocked-up vehicle made 
from its incomplete vehicle and an 
added open or closed cargo box that 
simulates a complete van or pickup 
truck, or may coastdown one of its 
customers’ completed vehicles. 

EPA and NHTSA requested comment 
on whether Class 4 vehicles that are 
very similar to complete Class 3 pickup 
truck models should be chassis-certified 
and regulated as part of the HD pickup 
and van category, instead of as 
vocational vehicles. Commenters argued 
convincingly that there are a number of 
important differences between the Class 
4 and Class 3 trucks that make such 
regulation inappropriate as a general 
matter. As a result, we are keeping Class 
4 trucks in the vocational vehicle 
category. However, we are adding an 
optional provision that allows 
manufacturers to certify Class 4 or 5 
(14,001 to 19,500 lb GVWR) complete or 
incomplete vehicles to GHG and fuel 
consumption standards, in the same 
way as Class 2b and 3 vehicles, and thus 
be included within the Class 2b/3 fleet 
average. The engines in these vehicles 
will continue to be engine-certified for 
criteria pollutants, but the 
manufacturers could include the 
vehicles in their fleet average standard 
and annual compliance calculations, 
using the same certification and 
compliance provisions as for the smaller 
vehicles, including the equations for 
determining work factors and target 
standards, in-use requirements, 
reporting requirements, credit 
generation and use, and sister vehicle 
provisions for incomplete vehicles. 
Such vehicles would not be required to 
meet the vocational vehicle standards. 
Because sales volumes of Class 4 and 5 
trucks are relatively small, and because 
we expect these Class 4 and 5 and Class 

2b and 3 trucks to generally use the 
same technologies and face roughly the 
same technology challenge in meeting 
their standards targets, we do not 
believe that this provision will dilute 
the stringency of the fleet average 
standards. 

Any in-use testing of vehicles that are 
chassis-certified using the sister vehicle 
provisions would involve loading of the 
tested vehicle to a total weight equal to 
the ALVW of the corresponding 
complete vehicle configuration. If the 
secondary manufacturer had altered or 
replaced any vehicle components in a 
way that would substantially affect CO2 
emissions from the tested vehicle (e.g., 
axle ratio has been changed for a special 
purpose vehicle), the vehicle 
manufacturer could request that EPA 
not test the vehicle or invalidate a test 
result. Secondary (finisher) 
manufacturers who finish incomplete 
vehicles certified using the sister 
vehicle provisions would not be subject 
to requirements under these regulations, 
other than to comply with anti- 
tampering regulations. However, if they 
modify vehicle components in such a 
way that GHG emissions and fuel 
consumption are substantially affected, 
they become manufacturers subject to 
the standards we are establishing in 
these rules. 

Finally, we are adopting a related 
special provision involving chassis- 
certification aimed at simplifying 
compliance for manufacturers of 
complete HD pickups and vans that also 
sell a relatively small number of engines 
that are designed for other 
manufacturers’ heavy-duty vehicles— 
normally referred to as ‘loose’ engines. 
Today these loose engines must be 
engine-certified for criteria pollutants, 
even though most of the vehicles that 
use the engines are chassis-certified. 
Our new provision does not change this, 
but it does provide manufacturers with 
an option to focus their energy on 
improving the GHG and fuel 
consumption performance of their 
complete vehicle products (including, 
most likely, significant engine 
improvements), rather than on 
concurrently calibrating for both vehicle 
and engine test compliance. 

These loose engines would not be 
certified to engine-based GHG and fuel 
consumption standards, but instead 
would be treated as though they were 
additional sales of the manufacturer’s 
complete pickup and van products, on 
a one-for-one basis. The pickup/van 
vehicle so chosen must be the vehicle 
with the highest ETW that uses the 
engine (as this vehicle is likely to have 
the highest GHG emissions and fuel 
consumption). However, if this vehicle 

is a credit-generator under the HD 
pickup and van fleet averaging program, 
no credits would be generated by these 
engine-as-vehicle contributors to the 
fleet average; they would be treated as 
just achieving the target standard. If, on 
the other hand, the vehicle is a credit- 
user, the appropriate number of 
additional credits would be needed to 
offset the engine-as-vehicle contributors. 
The purchaser of the engine would treat 
it as any other certified engine, and 
would still need to meet applicable 
vocational vehicle standards for the 
vehicles in which the engine is 
installed. 

Because it is our intent that this loose 
engine provision simplifies compliance 
for HD pickup/van manufacturers who 
sell a relatively small number of engines 
for other manufacturers’ applications, 
we are limiting its use to 10 percent of 
the total engines (15,000 maximum) of 
the same design that a manufacturer 
produces in each model year for U.S.- 
directed heavy-duty application— 
including complete vehicles, 
incomplete vehicles, and the loose 
engines themselves. We are further 
limiting both this provision and the 
above-described provision for chassis 
certification of Class 4/5 vehicles to 
spark-ignition (gasoline) engines, 
because we believe that the HD diesel 
engine business is more focused on 
designing for and marketing into a wide 
variety of vehicles products, instead of 
into the engine manufacturer’s own 
chassis-certified vehicle products with a 
small loose engine business on the side, 
as is common for HD gasoline engines. 
This dynamic is also reflected in the 
existing provision for criteria pollutants 
allowing complete HD vehicles to use 
certified diesel engines but not certified 
gasoline engines. 

Together these provisions provide a 
robust approach to regulating these 
vehicles and engines. Although these 
certification options are not as 
straightforward as the certification 
provisions for complete Class 2b/3 
pickups and vans, they are technically 
appropriate (for the reasons explained 
above) and should accomplish more 
improvement in GHG and fuel 
consumption performance than simply 
applying the vocational vehicle and 
engine standards. 

(2) Labeling Provisions 

HD pickups and vans currently have 
vehicle emission control information 
labels showing compliance with criteria 
pollutant standards, similar to emission 
control information labels for engines. 
As with engines, we believe this label is 
sufficient. 
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(3) Other Certification Issues 

(a) Carryover Certification Test Data 
EPA’s final certification program for 

vehicles allows manufacturers to carry 
certification test data over from one 
model year to the next, when no 
significant changes to models are made. 
EPA will also apply this policy to CO2, 
N2O and CH4 certification test data. 

(b) Compliance Fees 
The CAA allows EPA to collect fees 

to cover the costs of issuing certificates 
of conformity for the classes of vehicles 
and engines covered by this rulemaking. 
On May 11, 2004, EPA updated its fees 
regulation based on a study of the costs 
associated with its motor vehicle and 
engine compliance program (69 FR 
51402). At the time that cost study was 
conducted the current rulemaking was 
not considered. 

At this time the extent of any added 
costs to EPA as a result of this 
rulemaking is not known. EPA will 
assess its compliance testing and other 
activities associated with the program 
and may amend its fees regulations in 
the future to include any justifiable new 
costs. 

(4) Compliance Reports 

(a) Pre-Model Year Report 
In the NPRM, EPA and NHTSA 

proposed that manufacturers must 
submit early model year compliance 
reports demonstrating how their entire 
fleets of heavy-duty pickup trucks and 
vans would comply with GHG 
emissions and fuel consumption 
standards. The agencies understood that 
early model year reports would contain 
estimates that may change over the 
course of a model year and that 
compliance information manufactures 
submit prior to the beginning of a new 
model year may not represent the final 
compliance outcome. The agencies 
viewed the necessity for requiring early 
model reports as a manufacturer’s good 
faith projection for demonstrating 
compliance with emission and fuel 
consumption standards. The preamble 
language indicated that the compliance 
reports would be submitted prior to the 
beginning of the model year and prior 
to the certification of any test group. 
Preferably, a manufacturer would 
submit its reports during its annual 
certification preview meeting. 
Precertification preview meetings are 
typically held with a manufacturer 
before the earliest date that the model 
year can begin which is January 2nd of 
the calendar year prior to the model 
year. Manufacturers voluntarily choose 
to participate in precertification 
compliance meetings but meetings are 

not required by EPA and NHTSA 
regulations. Manufacturers opt to 
participate in precertification meetings 
because of the advantage it gives to 
exploring with the agencies any possible 
compliance problems that may arise 
prior to seeking approval for certificates 
of conformity. The NPRM preamble text 
did not specify an exact date for 
manufacturers to submit early 
compliance reports to the agency. 
NHTSA attempted to adopt 
requirements in its regulatory text for 
manufactures to submit their early 
compliance reports no later than the end 
of December two years prior to the 
model year. NHTSA also proposed for 
manufacturers to provide compliance 
information for the current model year 
and to the extent possible two years into 
the future. NHTSA chose its submission 
deadline and model years for reporting 
based upon the same dates required by 
EPA in its CAFE provisions for light- 
duty pickups and vans beginning in 
model year 2012. 

The NPRM included requirements for 
manufacturers to submit early model 
year compliance reports separately to 
each agency based upon limitations 
existing in the statutory authorities 
prescribed under EISA and CAA and the 
long-standing precedent set in the LD 
CAFE programs for receiving reports. 
The EPA report, called the pre-model 
year report, and NHTSA report, called 
the pre-certification compliance report, 
were proposed to include an estimate of 
the manufacturer’s attribute-based 
standards, along with a demonstration 
of compliance with the standards based 
on projected model-level and fleet CO2 
emissions and fuel consumption results, 
and were to include an estimate of the 
manufacturer’s production volumes. 
The NPRM also included a proposal for 
submitting a credit plan for 
manufacturers seeking to take advantage 
of credit flexibilities and a credit deficit 
plan for manufacturers planning to 
accrue deficits during the model years. 
Additionally, NHTSA attempted to 
reduce the burden on manufacturers by 
allowing them to submit copies of EPA’s 
proposed pre-model year reports or 
applications for certifications of 
conformity, as a substitute to its own 
compliance report, so long as EPA’s 
reports were submitted with equivalent 
fuel consumption information. In either 
case, NHTSA reserved the right to ask 
manufacturers to provide additional 
information if necessary to verify its fuel 
consumption requirements under this 
program. EPA and NHTSA also 
proposed to review the compliance 
reports for technical viability and to 
conduct a certification preview 

discussion with the manufacturer. It 
was further proposed that the EPA 
Administrator would have to approve a 
manufacturer’s pre-model year report 
before it would consider issuing any 
certificate of compliance for the 
manufacturer. 

Comments were received to the 
NPRM from EMA and TMA strongly 
opposing providing separate reports to 
EPA and NHTSA and requested that the 
agencies implement a single uniform 
reporting template that could be 
submitted to both agencies 
simultaneously. DTNA requested that 
NHTSA eliminate its pre-certification 
compliance report, arguing that report 
was overly burdensome. 

For the final rules, the agencies have 
decided to require manufacturers to 
submit a single report, hereafter 
referenced as the pre-model year report, 
to satisfy both agencies requirements for 
receiving compliance reports in advance 
of the model year. The agencies 
considered the commenters’ requests 
and determined that the benefit gained 
by receiving separate or distinct 
compliance reports would not outweigh 
the burden placed on manufacturers in 
reporting. Therefore, the final rules 
establish a harmonized approach by 
which manufacturers will submit a 
single report through the EPA database 
system as the single point of entry for 
all information required for this national 
program and both agencies will have 
access to the information. If by model 
year 2012, the agencies are not prepared 
to receive information through the EPA 
database system, manufacturers are 
expected to submit written reports to 
the agencies. EPA and NHTSA have 
determined that requiring 
manufacturers to submit a joint pre- 
model year report for their combined 
fleet of heavy-duty pickup trucks 
containing both emissions and 
equivalent fuel consumption 
information falls within each agencies’ 
statutory authority. The final rules 
require a manufacturer to submit the 
joint pre-model year report as early as 
the date of the manufacturer’s annual 
certification preview meeting, or prior 
to the manufacturer submitting its first 
application for a certificate for the given 
model year. Consequently, a 
manufacturer choosing to comply in 
model year 2014 could submit its pre- 
model year report during its 
precertification meeting, which could 
occur before January 2, 2013. 
Alternately, the manufacturer could 
provide its pre-model year report any 
time prior to submitting its first 
application. In either case, a 
manufacturer would not be able to 
certify any of its test groups until the 
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311 Corresponding to the compliance model year 

EPA Administrator approves its pre- 
model year report. NHTSA will use the 
pre-model year report as preliminary 
model year data. 

The agencies are adopting similar 
requirements for the pre-model year 
reports as proposed. As mentioned, the 
agencies proposed that reports would 
include an estimate of the 
manufacturer’s attribute-based 
standards, expected testing results and 
estimated production volumes. The 
agencies agree that this information is 
essential for tracking compliance of 
manufacturers and is therefore adopted 
for the final rules. The final rules 
require manufacturers to identify any 
vehicle exclusions and other flexibilities 
afforded for heavy-duty pickups and 
vans. The summary of the required 
information for each pre-model year 
report is as follows: 

• A list of each unique vehicle 
configuration included in the 
manufacturer’s fleet describing the make 
and model designations, attribute based- 
values (GVWR, GCWR, Curb Weight and 
drive configurations) and standards. 

• The emission and fuel consumption 
fleet average standard derived from the 
unique vehicle configurations; 

• The estimated vehicle 
configuration, test group and fleet 
production volumes; 

• The expected emissions and fuel 
consumption test group results and fleet 
average performance; 

• A statement declaring whether the 
manufacturer chooses to comply early 
in MY 2013 for EPA and NHTSA. The 
manufacturers must acknowledge that 
once selected, the decision cannot be 
reversed and the manufacturer will 
continue to comply with the fuel 
consumption standards for subsequent 
model years; 

• A statement declaring whether the 
manufacturer will use fixed or 
increasing standards; acknowledging 
that once selected, the decision cannot 
be reversed and the manufacturer must 
continue to comply with the same 
alternative for subsequent model years; 

• A statement declaring whether the 
manufacturer chooses to comply 
voluntarily with NHTSA’s fuel 
consumption standards for model years 
2014 through 2015. The manufacturers 
must acknowledge that once selected, 
the decision cannot be reversed and the 
manufacturer will continue to comply 
with the fuel consumption standards for 
subsequent model years; 

• The list of Class 2b–3 cab-complete 
vehicles and the method use to certify, 
as vocational vehicles and engines, or as 
complete pickups and vans identifying 
the most similar complete vehicles used 

to derive the target standards and 
performance test results; 

• The list of Class 2b–3 incomplete 
vehicles and the method use to certify, 
as vocational vehicles and engines, or as 
complete pickups and vans identifying 
the most similar complete vehicles used 
to derive the target standards and 
performance test results; 

• The list of Class 4 and 5 incomplete 
and complete vehicles and the method 
use to certify, as vocational vehicles and 
engines, or as complete pickups and 
vans identifying the most similar 
complete vehicles used to derive the 
target standards and performance test 
results; 

• List of loose engines included in the 
heavy-duty pickup and van category 
and the list of vehicles used to derive 
target standards. 

• Copy of any notices a vehicle 
manufacturer sends to the engine 
manufacturer to notify the engine 
manufacturers that their engines are 
subject to emissions and fuel 
consumption standards and that it 
intends to use their engines in excluded 
vehicles; and 

• A credit plan identifying the 
manufacturers estimated credit 
balances, planned credit flexibilities 
(i.e., credit balances, planned credit 
trading, innovative, advanced and early 
credits and etc.) and if needed a credit 
deficit plan demonstrating how it plans 
to resolve any credit deficits that might 
occur for a model year within a period 
of up to three model years after that 
deficit has occurred. 

(b) Final Reports 
The NPRM proposed for 

manufacturers participating in the ABT 
program to provide two types of year 
end reports; end-of-the-year (EOY) 
reports and final reports. The EOY 
reports for the ABT program were 
required to be submitted by 
manufacturers no later than 90 days 
after the calendar year and final report 
no later than 270 days after the calendar 
year.311 Manufacturers not participating 
in the ABT program were required to 
provide an EOY report within 45 days 
after the calendar year but no final 
reports were required. The submission 
deadline of the final ABT report was 
established to coincide with EPA’s 
existing criteria pollutant report for 
heavy-duty engines. The EOY report is 
used by the agencies to review a 
manufacturer’s preliminary final 
estimates and to identify manufacturers 
that might have a credit deficit for the 
given model year. Manufacturers with a 
credit surplus at the end of each model 

year could submit a request to the 
agencies to receive a waiver from 
providing EOY reports. As proposed, 
the remaining manufacturers were 
required to submit reports to EPA and 
send copies of those reports to NHTSA 
with equivalent fuel consumption 
values. Manufacturers requesting to 
exempt vehicles in accordance with the 
agencies’ off-road vehicle exemption 
were required to a submit EOY reports 
to the agencies identifying the vehicle 
applicable to each report within 90 days 
after the model year ended. 

Comments in response to the NPRM 
did not oppose providing EOY reports 
to the agencies but instead requested 
that they be allowed to consolidate the 
various EOY reports into one single 
submission to the agencies. 

Upon consideration of commenters’ 
requests, the agencies agree that only 
one consolidated EOY report should be 
submitted in place of the separate 
reports proposed in the NPRM. The 
consolidated EOY report should include 
the combination of all the required 
information that is applicable to a 
manufacturer’s fleet. The agencies also 
agree to allow manufacturers to no 
longer provide separate EOY reports to 
each agency independently but rather to 
submit the single report through the 
EPA database system as the single point 
of entry for all information required for 
this national program. The consolidated 
EOY report is required to contain both 
GHG emissions and fuel consumption 
information. EPA will provide access to 
the information for both agencies. 
Likewise, manufacturers will be 
required to electronically provide one 
single final report through the EPA 
database system. If by model year 2012, 
the agencies are not prepared to receive 
information through the EPA database 
system, manufacturers are expected to 
submit written reports to the agencies. 
The required information for EOY and 
final reports that manufacturers must 
submit is as follows: A finalized list of 
each unique vehicle configuration 
included in the manufacturers fleet 
describing the designations, attribute 
based-values (GVWR, GCWR, Curb 
Weight and drive configurations) and 
standards. 

• The final emission and fuel 
consumption fleet average standard 
derived from the unique vehicle 
configurations; 

• The final vehicle configuration, test 
group and fleet production volumes; 

• The final emissions and fuel 
consumption test group results and fleet 
average performance; 

• The final list of cab-complete 
vehicles and the method use to certify, 
as vocational vehicles and engine, or as 
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complete pickups and vans identifying 
the most similar complete vehicles used 
to derive the target standards and 
performance test results; 

• A final credit plan identifying the 
manufacturers estimated credit 
balances, planned credit flexibilities 
(i.e., credit balances, planned credit 
trading, innovative, advanced and early 
credits, and etc.) and if needed a credit 
deficit plan demonstrating how it plans 
to resolve any credit deficits that might 
occur for a model year within a period 
of up to three model years after that 
deficit has occurred; 

• A plan describing the vehicles that 
were exempted such as for off-road or 
small business purposes; and 

• A plan describing any alternative 
fueled vehicles that were produced for 
the model year identifying the 
approaches used to determine 
compliance and the production 
volumes. 

C. Heavy-Duty Engines 

(i) Compliance Approach 

Section 203 of the CAA requires that 
all motor vehicles and engines sold in 
the United States carry a certificate of 
conformity issued by the U.S. EPA. For 
heavy-duty engines, the certificate 
specifies that the engine meets all 
requirements as set forth in the 
regulations (40 CFR part 86, subpart N, 
for criteria pollutants) including the 
requirement that the engine be 
compliant with emission standards. 
This demonstration is completed 
through emission testing as well as 
durability testing to determine the level 
of emissions deterioration throughout 
the useful life of the engine. In addition 
to comply with emission standards, 
manufacturers are also required to 
warrant their products against emission 
defects, and demonstrate that a service 
network is in place to correct any such 
conditions. The engine manufacturer 
also bears responsibility in the event 
that an emission-related recall is 
necessary. Finally, the engine 
manufacturer is responsible for tracking 
and ensuring correct installation of any 
emission related components installed 
by a second party (i.e., vehicle 
manufacturer). EPA and NHTSA believe 
this compliance structure is also valid 
for administering the final GHG 
regulations for heavy-duty engines. 

(a) Certification Process 

In order to obtain a certificate of 
conformity, engine manufacturers must 
complete a compliance demonstration, 
normally consisting of test data from 
relatively new (low-hour) engines as 
well as supporting documentation, 

showing that their product meets 
emission standards and other regulatory 
requirements. To account for aging 
effects, low-hour test results are coupled 
with testing-based deterioration factors 
(DFs), which provide a ratio (or offset) 
of end-of-life emissions to low-hour 
emissions for each pollutant being 
measured. These factors are then 
applied to all subsequent low-hour test 
data points to predict the emissions 
behavior at the end of the useful life. 

For purposes of this compliance 
demonstration and certification, engines 
with similar engine hardware and 
emission characteristics throughout 
their useful life may be grouped together 
in engine families, consistent with 
current criteria-pollutant certification 
procedures. Examples of such engine 
characteristics that are normally used to 
combine emissions families include 
similar combustion cycle, aspiration 
methods, and aftertreatment systems. 
Under this system, the worst-case 
engine (‘‘parent rating’’) is selected 
based on having the highest fuel feed 
per engine stroke, and all emissions 
testing is completed on this model. All 
other models within the family (‘‘child 
ratings’’) are expected to have emissions 
at or below the parent model and 
therefore in compliance with emission 
standards. Any engine within the family 
can be subject to selective enforcement 
audits, in-use, confirmatory, or other 
compliance testing. 

We are continuing the use of this 
approach for the selection of the worst- 
case engine (‘‘parent rating’’) for fuel 
consumption and GHG emissions as 
well. As at proposal, we believe this is 
appropriate because this worst case 
engine configuration would be expected 
to have the highest in-use fuel 
consumption and GHG emissions 
within the family. See 75 FR at 72264 
for further information. We note that 
lower engine ratings contained within 
this family would be expected to have 
a higher fuel consumption rate when 
measured over the Federal Test 
Procedures as expressed in terms of fuel 
consumption per brake horsepower 
hour. However, this higher fuel 
consumption rate is misleading in the 
context of comparing engines within a 
single engine family. This apparent 
contradiction can be most easily 
understood in terms of an example. For 
a typical engine family a top rating 
could be 500 horsepower with a number 
of lower engine ratings down to 400 
horsepower or lower included within 
the family. When installed in identical 
trucks the 400 and 500 horsepower 
engines would be expected to operate 
identically when the demanded power 
from the engines is 400 horsepower or 

less. So in the case where in-use driving 
never included acceleration rates 
leading to horsepower demand greater 
than 400 horsepower, the two trucks 
with the 400 and 500 horsepower 
engines would give identical fuel 
consumption and GHG performance. 
When the desired vehicle acceleration 
rates were high enough to require more 
than 400 horsepower, the 500 
horsepower truck would accelerate 
faster than the 400 horsepower truck 
resulting in higher average speeds and 
higher fuel consumption and GHG 
emissions measured on a per mile or per 
ton-mile basis. Hence, the higher rated 
engine family would be expected to 
have the highest in-use fuel 
consumption and CO2 emissions 
consistent with our current approach 
requiring manufacturers to certify the 
worst case configuration. 

As explained at proposal, the reason 
that the lower engine ratings appear to 
have worse fuel consumption relates to 
our use of a brake specific work metric. 
The brake specific metric measures 
power produced from the engine and 
delivered to the vehicle ignoring the 
parasitic work internal to the engine to 
overcome friction and air pumping work 
within the engine. The fuel consumed 
and GHG emissions produced to 
overcome this internal work and to 
produce useful (brake) work are both 
measured in the test cycle but only the 
brake work is reflected in the 
calculation of the fuel consumption rate. 
This is desirable in the context of 
reducing fuel consumption as this 
approach rewards engine designs that 
minimize this internal work through 
better engine designs. The less work that 
is needed internal to the engine, the 
lower the fuel consumption will be. If 
we included the parasitic work in the 
calculation of the rate, we would 
provide no incentive to reduce internal 
friction and pumping losses. However, 
when comparing two engines within the 
very same family with identical internal 
work characteristics, this approach gives 
a misleading comparison between two 
engines as described above. This is the 
case because both engines have an 
identical fuel consumption rate to 
overcome internal work but different 
rates of brake work with the higher 
horsepower rating having more brake 
work because the test cycle is 
normalized to 100 percent of the 
engine’s rated power. The fuel 
consumed for internal work can be 
thought of as a fixed offset identical 
between both engines. When this fixed 
offset is added to the fuel consumed for 
useful (brake) work over the cycle, it 
increases the overall fuel consumption 
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(the numerator in the rate) without 
adding any work to the denominator. 
This fixed offset identical between the 
two engines has a bigger impact on the 
lower engine rating. In the extreme this 
can be seen easily. As the engine ratings 
decrease and approach zero, the brake 
work approaches zero and the 
calculated brake specific fuel 
consumption approaches infinity. For 
these reasons, we are finalizing that the 
same selection criteria, as outlined in 40 
CFR part 86, subpart N, be used to 
define a single engine family 
designation for both criteria pollutant 
and GHG emissions. Further, we are 
finalizing that for fuel consumption and 
CO2 emissions only any selective 
enforcement audits, in-use, 
confirmatory, or other compliance 
testing would be limited to the parent 
rating for the family. Consistent with the 
current regulations, manufacturers may 
electively subdivide a grouping of 
engines which would otherwise meet 
the criteria for a single family if they 
have evidence that the emissions are 
different over the useful life. The 
agencies received comments from 
engine and truck manufacturers which 
indicated the useful life provisions 
applicable to criteria pollutants seemed 
appropriate for GHG emissions. For that 
reason, the agencies are retaining many 
of the same provisions for GHG 
certification for family useful life 
provisions as developed for criteria 
pollutants. 

EPA utilizes a 12-digit naming 
convention for all mobile-source engine 
families (and test groups for light-duty 
vehicles). This convention is also shared 
by the California Air Resources Board 
which allows manufacturers to 
potentially use a single family name for 
both EPA and California ARB 
certification. Of the 12 digits, 9 are EPA- 
defined and provide identifying 
characteristics of the engine family. The 
first digit represents the model year, 
through use of a predefined code. For 
example, the code ‘‘A’’ corresponds to 
the 2010 model year and ‘‘B’’ 
corresponds to the 2011 model year. 
The 5th position corresponds to the 
industry sector code, which includes 
such examples as light-duty vehicle (V) 
and heavy-duty diesel engines (H). The 
next three digits are a unique 
alphanumeric code assigned to each 
manufacturer by EPA. The next four 
digits describe the displacement of the 
engine; the units of which are 
dependent on the industry segment and 
a decimal may be used when the 
displacement is in liters. For engine 
families with multiple displacements, 
the largest displacement is used for the 

family name. For on-highway vehicles 
and engines, the tenth character is 
reserved for use by California ARB. The 
final characters (including the 10th 
character in absence of California ARB 
guidance) left to the manufacturer to 
determine, such that the family name 
forms a unique identifying characteristic 
of the engine family. 

This convention is well understood 
by the regulated industries, provides 
sufficient detail, and is flexible enough 
to be used across a wide spectrum of 
vehicle and engine categories. In 
addition, the current harmonization 
with other regulatory bodies reduces 
complications for affected 
manufacturers. For these reasons, we are 
not finalizing any major changes to this 
naming convention for this rulemaking. 
There may be additional categories 
defined for the 5th character to address 
heavy-duty vehicle families, however 
that will be discussed later. 

As with criteria pollutant standards, 
the heavy-duty diesel regulatory 
category is subdivided into three 
regulatory subcategories, depending on 
the GVW of the vehicle in which the 
engine will be used. These regulatory 
subcategories are defined as light-heavy- 
duty (LHD) diesel, medium heavy-duty 
(MHD) diesel, and heavy heavy-duty 
(HHD) diesel engines. All heavy-duty 
gasoline engines are grouped into a 
single subcategory. Each of these 
regulatory subcategories are expected to 
be in service for varying amounts of 
time, so they each carry different 
regulatory useful lives. For this reason, 
expectations for demonstrating useful 
life compliance differ by subcategory, 
particularly as related to deterioration 
factors. 

Light heavy-duty diesel engines (and 
all gasoline heavy-duty engines) have 
the same regulatory useful life as a light- 
duty vehicle (110,000 miles), which is 
significantly shorter than the other 
heavy-duty regulatory subcategories. 
Therefore, we believe it is appropriate to 
maintain commonality with the light- 
duty vehicle rule. During the light-duty 
vehicle rulemaking, the conclusion was 
reached that no significant deterioration 
would occur over the useful life. 
Therefore, EPA is recommending that 
manufacturers use assigned DFs for CO2. 
For this final action, we believe 
appropriate values are zero (for additive 
DFs) and one (for multiplicative DFs). 
EPA will continue to collect data 
regarding deterioration of CO2 emissions 
and may revisit these assigned values if 
necessary. 

For the medium heavy-duty and 
heavy heavy-duty diesel engine 
segments, the regulatory useful lives are 
significantly longer (185,000 and 

435,000 miles, respectively). For this 
reason, the EPA cannot rule out the 
possibility that engine/aftertreatment 
wear will have a negative impact on 
GHG emissions. To address useful life 
compliance for MHD and HHD diesel 
engines certified to GHG standards, EPA 
therefore believes that the criteria 
pollutant approach for developing DFs 
is appropriate. Using CO2 as an 
example, many types of engine 
deterioration will affect CO2 emissions. 
Reduced compression, as a result of 
wear, will cause higher fuel 
consumption and increase CO2 
production. In addition, as 
aftertreatment devices age (primarily 
particulate traps), regeneration events 
may become more frequent and take 
longer to complete. Since regeneration 
commonly requires an increase in fuel 
rate, CO2 emissions would likely 
increase as well. Finally, any changes in 
EGR levels will affect heat release rates, 
peak combustion temperatures, and 
completeness of combustion. Since 
these factors could reasonably be 
expected to change fuel consumption, 
CO2 emissions would be expected to 
change accordingly. However, we 
expect engine manufacturers to consider 
performance degradation in the design 
of engine and aftertreatment systems 
given the market incentive to reduce 
fuel consumption and related CO2 
emissions. For these reasons, EPA is not 
eliminating the DF from this program, 
but will allow for an assigned DF of 
zero. 

HHD diesel engines may also require 
some degree of aftertreatment 
maintenance throughout their useful 
life. For example, one major heavy-duty 
engine manufacturer specifies that their 
diesel particulate filters be removed and 
cleaned at intervals between 200,000 
and 400,000 miles, depending on the 
severity of service. Another major 
engine manufacturer requires servicing 
diesel particulate filters at 300,000 
miles. This maintenance or lack thereof 
if service is neglected, could have 
serious negative implications to CO2 
emissions. In addition, there may be 
emissions-related warranty implications 
for manufacturers to ensure that if 
rebuilding or specific emissions related 
maintenance is necessary, it will occur 
at the prescribed intervals. Therefore, it 
is imperative that manufacturers 
provide detailed maintenance 
instructions. Lean-NOX aftertreatment 
devices may also facilitate GHG 
reductions by allowing engines to run 
with higher engine-out NOX levels in 
exchange for more efficient calibrations. 
In most cases, these aftertreatment 
devices require a consumable reductant, 
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312 See discussion in RIA 3.1.2.3. 

such as diesel exhaust fluid, which 
requires periodic maintenance by the 
vehicle operator. Without such 
maintenance, the emission control 
system may be compromised and 
compliance with emission standards 
may be jeopardized. Such maintenance 
is considered to be critical emission 
related maintenance and manufacturers 
must therefore demonstrate that it is 
likely to be completed at the required 
intervals. One example of such a 
demonstration is an engine power de- 
rating strategy that will limit engine 
power or vehicle speed in absence of 
this required maintenance. 

If the manufacturer determines that 
maintenance is necessary on critical 
emission-related components within the 
useful life period, it must have a 
reasonable basis for ensuring that this 
maintenance will be completed as 
scheduled. This includes any 
adjustment, cleaning, repair, or 
replacement of critical emission-related 
components. Typically, EPA has only 
allowed manufacturers to schedule such 
maintenance if the manufacturer can 
demonstrate that the maintenance is 
reasonably likely to be done at the 
recommended intervals. This 
demonstration may be in the form of 
survey data showing at least 80 percent 
of in-use engines get the prescribed 
maintenance at the correct intervals. 
Another possibility is to provide the 
maintenance free of charge. We see no 
reason to depart from this approach for 
GHG-related critical emission-related 
components. For reasons stated 
previously regarding the useful life 
provisions, EPA is retaining many of the 
same provisions for GHG certification 
for family useful life provisions as 
developed for criteria pollutants. 

(b) Demonstrating Compliance with the 
Standards 

(i) CO2 Standards 

The final test results (adjusted for 
deterioration, if applicable) form the 
basis for the Family Certification Limit 
(FCL), which the manufacturer must 
specify to be at or above the certification 
test results. This FCL becomes the 
emission standard for the family and 
any certification or confirmatory testing 
must show compliance with this limit. 
In addition, manufacturers may choose 
an FCL at any level above their certified 
emission level to provide a larger 
compliance margin. If subsequent 
certification or confirmatory testing 
reveals emissions above the FCL, the 
new, higher result becomes the FCL. 

As proposed, the FCL is also used to 
determine the Family Emission Limit 
(FEL), which serves as the emission 

limit for any subsequent field testing 
conducted after the time of certification. 
This would primarily include selective 
enforcement audits, but also may 
include in-use testing for GHGs. The 
FEL differs from the FCL in that it 
includes an EPA-defined compliance 
margin; which has been defined at 3 
percent for the final rule. Our proposal 
included a two percent margin based on 
round-robin testing of the same engine 
at several laboratories. Since that time, 
additional confidential data provided by 
manufacturers has indicated that it may 
be more appropriate to use a three 
percent margin to also account for 
production variability between 
engines.312 Under this final action, the 
FEL will always be three percent higher 
than the FCL. 

Engine Emission Testing 
Under current non-GHG engine 

emissions regulations, manufacturers 
are required to demonstrate compliance 
using two test methods: the heavy-duty 
transient cycle and the heavy-duty 
steady state test. Each test is an engine 
speed versus engine torque schedule 
intended to be run on an engine 
dynamometer. Over each test, emissions 
are sampled using the equipment and 
procedures outlined in 40 CFR part 
1065, which includes provisions for 
measuring CO2, N2O, and CH4. 
Emissions may be sampled 
continuously or in a batch configuration 
(commonly known as ‘‘bag sampling’’) 
and the total mass of emissions over 
each cycle are normalized by the engine 
power required to complete the cycle. 
Following each test, a validation check 
is made comparing actual engine speed 
and torque over the cycle to the 
commanded values. If these values do 
not align well, the test is deemed 
invalid. 

The transient Heavy-duty FTP cycle is 
characteristic of typical urban stop-and- 
go driving. Also included is a period of 
more steady state operation that would 
be typical of short cruise intervals at 45 
to 55 miles per hour. Each transient test 
consists of two 20 minute tests 
separated by a ‘‘soak’’ period of 20 
minutes. The first test is run with the 
engine in a ‘‘cold’’ state, which involves 
letting the engine cool to ambient 
conditions either by sitting overnight or 
by forced cooling provisions outlined in 
§ 86.1335–90 (or 40 CFR part 1036). 
This portion of the test is meant to 
assess the ability of the engine to control 
emissions during the period prior to 
reaching normal operating temperature. 
This is commonly a challenging area in 
criteria pollutant emission control, as 

cold combustion chamber surfaces tend 
to inhibit mixing and vaporization of 
fuel and aftertreatment devices do not 
tend to function well at low 
temperatures. 

Following the first test, the engine is 
shut off for a period of 20 minutes, 
during which emission analyzer checks 
are performed and preparations are 
made for the second test (also known as 
the ‘‘hot’’ test). After completion of the 
second test, the results from the cold 
and hot tests are weighted and a single 
composite result is calculated for each 
pollutant. Based on typical in-use duty 
cycles, the cold test results are given a 
1⁄7 weighting and the hot test results are 
given a 6⁄7 weighting. Deterioration 
factors are applied to the final weighted 
results and the results are then 
compared to the emission standards. 

Prior to 2007, compliance only 
needed to be demonstrated over the 
Heavy-duty FTP. However, a number of 
events brought to light the fact that this 
transient cycle may not be as well suited 
for engines which spend much of their 
duty cycle at steady cruise conditions, 
such as those used in line-haul semi- 
trucks. As a result, the steady-state SET 
procedure was added, consisting of 13 
steady-state modes. During each mode, 
emissions were sampled for a period of 
five minutes. Weighting factors were 
then applied to each mode and the final 
weighted results were compared to the 
emission standards (including 
deterioration factors). In addition, 
emissions at each mode could not 
exceed the NTE emission limits. 
Alternatively, manufacturers could run 
the test as a ramped-modal cycle. In this 
case, the cycle still consists of the same 
speed/torque modes, however linear 
progressions between points are added 
and instead of weighting factors, each 
mode is sampled for various amounts of 
time. The result is a continuous cycle 
lasting approximately 40 minutes. With 
the implementation of part 1065 test 
procedures in 2010, manufacturers are 
now required to run the modal test as 
a ramped-modal cycle. In addition, the 
order of the speed/torque modes in the 
ramped-modal cycle have changed for 
2010 and later engines. 

It is well known that fuel 
consumption, and therefore CO2 
emissions, are highly dependent on the 
drive cycle over which they are 
measured. Steady cruise conditions, 
such as highway driving, tend to be 
more efficient, having lower fuel 
consumption and CO2 emissions. In 
contrast, highly transient operation, 
such as city driving, tends to lead to 
lower efficiency and therefore higher 
fuel consumption and CO2 emissions. 
One example of this is the difference 
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between EPA-measured city and 
highway fuel economy ratings assigned 
to all new light-duty passenger vehicles. 

For this heavy-duty engine and 
vehicle rule, we believe it is important 
to assess CO2 emissions and fuel 
consumption over both transient and 
steady state test cycles, as all vehicles 
will operate in conditions typical of 
each cycle at some point in their useful 
life. However, due to the drive cycle 
dependence of CO2 emissions, we do 
not believe it is reasonable to have a 
single CO2 standard which must be met 
for both cycles. As we discussed at 
proposal, a single CO2 standard would 
likely prove to be too lax for steady-state 
conditions while being too strict for 
transient conditions. Therefore, the 
agencies are finalizing that all heavy- 
duty engines be tested over both 
transient and steady-state tests. 
However, only the results from either 
the transient or steady-state test cycles 
will be used to assess compliance with 
GHG standards, depending on the type 
of vehicle in which the engine will be 
used. Engines that will be used in Class 
7 and 8 combination tractors will use 
the ramped-modal cycle for GHG 
certification, and engines used in 
vocational vehicles will use the Heavy- 
duty FTP cycle. In both cases, results 
from the other test cycle will be 
reported but not used for a compliance 
decision. Engines will continue to be 
required to show criteria pollutant 
compliance over both cycles, in 
addition to NTE requirements. 

The agencies proposed that 
manufacturers submit both data sets 
from the transient test at the time of 
certification. This includes providing 
both cold start and hot start transient 
heavy-duty FTP emissions results, as 
well as the composite emissions at the 
time of certification. The proposed rules 
also required that manufacturers submit 
modal data from the ramped-modal 
cycle test. This was proposed in an 
effort to improve the accuracy of the 
simulation model being used for 
assessing CO2 and fuel consumption 
performance and overall engine 
emissions performance. 

However several commenters were 
concerned that modal data was non- 
discernable when batch sampling was 
used for certification testing. Thus, an 
additional certification test (or tests) 
would need to be done using either 
continuous analyzers or batch sampling 
at each mode; each option raising the 
cost and complexity of certification 
testing. The agencies agree that (at this 
time) this raises practical issues for 
certification testing, however we also 
believe that manufacturers have 
significant data from these modal points 

which could be used to satisfy our 
model refinement goals. 

The agencies also recognize that even 
minor variations in test fuel properties 
can have an impact on measured CO2 
emissions. Therefore, measured CO2 
results are to be corrected using a 
reference energy content, which is 
defined in the regulations. This 
correction must be performed for each 
test and each batch of test fuel. 
However, manufacturers may develop 
robust testing procedures that reduce 
the variation in test fuel properties to 
within the level of measurement 
uncertainty of the fuel properties 
themselves. If this is the case, an annual 
review is still necessary to confirm the 
validity of this constant value. 

As explained above in Section II, the 
agencies are finalizing an alternative 
standard whereby manufacturers may 
elect that certain of their engine families 
meet an alternative percent reduction 
standard, measured from the engine 
family’s 2011 baseline, instead of the 
main 2014 MY standard. As part of the 
certification process, manufacturers 
electing this standard would not only 
have to notify the agency of the election 
but also demonstrate the derivation of 
the 2011 baseline CO2 emission level for 
the engine family. Manufacturers would 
also have to demonstrate that they have 
exhausted all credit opportunities. 

Durability testing 
Another element of the current 

certification process is the requirement 
to complete durability testing to 
establish DFs. As previously mentioned, 
manufacturers are required to 
demonstrate that their engines comply 
with emission standards throughout the 
regulatory compliance period of the 
engine. This demonstration is 
commonly made through the 
combination of low-hour test results and 
testing based deterioration factors. 

For engines without aftertreatment 
devices, deterioration factors primarily 
account for engine wear as service is 
accumulated. This commonly includes 
wear of valves, valve seats, and piston 
rings, all of which reduce in-cylinder 
pressure. Oil control seals and gaskets 
also deteriorate with age, leading to 
higher lubricating oil consumption. 
Additionally, flow properties of EGR 
systems may change as deposits 
accumulate and therefore alter the mass 
of EGR inducted into the combustion 
chamber. These factors, amongst others, 
may serve to reduce power, increase 
fuel consumption, and change 
combustion properties; all of which 
affect pollutant emissions. 

For engines equipped with 
aftertreatment devices, DFs take into 

account engine deterioration, as 
described above, in addition to aging 
affects on the aftertreatment devices. 
Oxidation catalysts and other catalytic 
devices rely on active precious metals to 
effectively convert and reduce harmful 
pollutants. These metals may become 
less active with age and therefore 
pollutant conversion efficiencies may 
decrease. Particulate filters may also 
experience reduced trapping efficiency 
with age due to ash accumulation and/ 
or degradation of the filter substrate, 
which may lead to higher tailpipe PM 
measurements and/or increased 
regeneration frequency. If a pollutant is 
predominantly controlled by 
aftertreatment, deterioration of emission 
control depends on the continued 
operation of the aftertreatment device 
much more so than on consistent 
engine-out emissions. 

At this time, we anticipate that most 
engine component wear will not have a 
significant negative impact on CO2 
emissions. However, wear and aging of 
aftertreatment devices may or may not 
have a significant negative impact on 
CO2 emissions. In addition, future 
engine or aftertreatment technologies 
may experience significant deterioration 
in CO2 emissions performance over the 
useful life of the engine. For these 
reasons, we believe that the use of DFs 
for CO2 emissions is both appropriate 
and necessary. As with criteria pollutant 
emissions, these DFs are preferably 
developed through testing the engine 
over a representative duty cycle for an 
extended period of time. This is 
typically either half or full useful life, 
depending on the regulatory category. 
The DFs are then calculated by 
comparing the high-hour to low-hour 
emission levels, either by division or 
subtraction (for multiplicative & 
additive DFs, respectively). 

This testing process may be a 
significant cost to an engine 
manufacturer, mainly due to the amount 
of time and resources required to run 
the engine out to half or full useful life. 
For this reason, durability testing for the 
determination of DFs is not commonly 
repeated from model year to model year. 
In addition, some DFs may be allowed 
to carry over between families sharing a 
common architecture and aftertreatment 
system. EPA prefers to have 
manufacturers develop testing-based 
DFs for their products. However, we do 
understand that for the reasons stated 
above, it may be impractical to expect 
manufacturers to have testing-based 
deterioration factors available for these 
final rules. Therefore, we are allowing 
manufacturers to use EPA-assigned DFs 
for CO2. However, we also understand 
that CO2 is traditionally measured as 
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part of normal engine dynamometer 
testing. Therefore, we are requiring that 
manufacturers include CO2 data over 
their criteria pollutant durability 
demonstrations (if available), which will 
aid the agency in developing more 
accurate assigned DFs. This action is 
being taken in the context of engine 
manufacturers’ concerns regarding the 
impact of deterioration of emissions 
components relative to the GHG 
standards. Engine manufacturers 
commented that there would be no 
deterioration of components used to 
reduce GHG emissions in Phase 1. As 
part of the Clean Air Act responsibility 
to demonstrate compliance throughout 
the useful life, manufacturer will need 
to provide data already collected during 
traditional criteria pollutant testing for 
full useful life performance. 

IRAFs/Regeneration Impacts on CO2 

Heavy-duty engines may be equipped 
with exhaust aftertreatment devices 
which require periodic ‘‘regeneration’’ 
to return the device to a nominal state. 
A common example is a diesel 
particulate filter, which accumulates 
PM as the engine is operated. When the 
PM accumulation reaches a threshold 
such that exhaust backpressure is 
significantly increased, exhaust 
temperature is actively increased to 
oxidize the stored PM. The increase in 
exhaust temperature is commonly 
facilitated through late combustion 
phasing and/or raw fuel injection into 
the exhaust system upstream of the 
filter. Both methods impact emissions 
and therefore must be accounted for at 
the time of certification. In accordance 
with § 86.004–28(i), this type of event 
would be considered infrequent because 
in most cases they only occur once 
every 30 to 50 hours of engine operation 
(rather than once per transient test 
cycle), and therefore adjustment factors 
must be applied at certification to 
account for these effects. 

Similar to DFs, these adjustment 
factors are based off of manufacturer 
testing; however this testing is far less 
time consuming. Emission results are 
measured from two test cycles: With 
and without regeneration occurring. The 
differences in emission results are used, 
along with the frequency at which 
regeneration is expected to occur, to 
develop upward and downward 
adjustment factors. Upward adjustment 
factors are added to all emission results 
derived from a test cycle in which 
regeneration did not occur. Similarly, 
downward adjustment factors are 
subtracted from results based on a cycle 
which did experience a regeneration 
event. Each pollutant will have a unique 
set of adjustment factors and 

additionally, separate factors are 
commonly developed for transient and 
steady-state test cycles. 

The impact of regeneration events on 
criteria pollutants varies by pollutant 
and the aftertreatment device(s) used. In 
general, the adjustment factor can have 
a very significant impact on compliance 
with the NOX standard. For this reason, 
heavy-duty vehicle and engine 
manufacturers are already very well 
motivated to extend the regeneration 
frequency to as long an interval as 
possible and to reduce the duration of 
the regeneration as much as possible. 
Both of these actions significantly 
reduce the impact of regeneration on 
CO2 emissions and fuel consumption. 
We do not believe that adding an 
adjustment factor for infrequent 
regeneration to the CO2 or fuel 
efficiency standards would provide a 
significant additional motivation for 
manufacturers to reduce regenerations. 
Moreover, doing so would add 
significant and unnecessary uncertainty 
to our projections of CO2 and fuel 
consumption performance in 2014 and 
beyond. In addressing that uncertainty, 
the agencies would have to set less 
stringent fuel efficiency and CO2 
standards for heavy-duty trucks and 
engines. Therefore, we are not requiring 
the use of infrequent regeneration 
adjustment factors for CO2 or fuel 
efficiency in this program. This is 
consistent with comments received from 
engine manufacturers. 

Auxiliary Emission Control Devices 
As part of the engine control strategy, 

there may be devices or algorithms 
which reduce the effectiveness of 
emission control systems under certain 
limited circumstances. These strategies 
are referred to as Auxiliary Emission 
Control Devices (AECDs). One example 
would be the reduced use of EGR during 
cold engine operation. In this case, low 
coolant temperatures may cause the 
electronic control unit to reduce EGR 
flow to improve combustion stability. 
Once the engine warms up, normal EGR 
rates are resumed and full NOX control 
is achieved. 

At the time of certification, 
manufacturers are required to disclose 
all AECDs and provide a full 
explanation of when the AECD is active, 
which sensor inputs effect AECD 
activation, and what aspect of the 
emission control system is affected by 
the AECD. Manufacturers are further 
required to attest that their AECDs are 
not ‘‘defeat-devices,’’ which are 
intentionally targeted at reducing 
emission control effectiveness. 

Several common AECDs disclosed for 
criteria pollutant certification will have 

a similarly negative influence on GHG 
emissions as well. One such example is 
cold-start enrichment, which provides 
additional fueling to stabilize 
combustion shortly after initially 
starting the engine. From a criteria 
pollutant perspective, HC emissions can 
reasonably be expected to increase as a 
result. From a GHG perspective, the 
extra fuel does not result in a similar 
increase in power output and therefore 
the efficiency of the engine is reduced, 
which has a negative impact on CO2 
emissions. In addition, there may be 
AECDs that uniquely reduce GHG 
emission control effectiveness. 
Therefore, consistent with today’s 
certification procedures, we are 
finalizing that a comprehensive list of 
AECDs covering both criteria pollutant, 
as well as GHG emissions is required at 
the time of certification. 

(ii) EPA’s N2O and CH4 Standards 
In 2009, EPA issued rules requiring 

manufacturers of mobile-source engines 
to report the emissions of CO2, N2O, and 
CH4 (74 FR 56260, October 30, 2009). 
Although CO2 is commonly measured 
during certification testing, CH4 and 
N2O are not. CH4 has traditionally not 
been included in criteria pollutant 
regulations because it is a relatively 
stable molecule and does not contribute 
significantly to ground-level ozone 
formation. In addition, N2O is 
commonly a byproduct of lean-NOX 
aftertreatment systems. Until recently, 
these types of systems were not widely 
used on heavy-duty engines and 
therefore N2O emissions were 
insignificant. As noted in section II 
above, both species, while emitted in 
small quantities relative to CO2, have 
much higher global warming potential 
than CO2 and therefore must be 
considered as part of a comprehensive 
GHG regulation. 

EPA is requiring that CH4 and N2O be 
reported at the time of certification, 
however we will allow manufacturers to 
submit a compliance statement based on 
good engineering judgment for the first 
year of the program in lieu of direct 
measurement of N2O. However, 
beginning in the 2015 model year, the 
agency is requiring the direct 
measurement of N2O for certification. 
The intent of the CH4 and N2O 
standards are more focused on 
prevention of future increases in these 
compounds, rather than forcing 
technologies that reduce these 
pollutants. As one example, we envision 
manufacturers satisfying this 
requirement by continuing to use 
catalyst designs and formulations that 
appropriately control N2O emissions 
rather than pursuing a catalyst that may 
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increase N2O. In many ways this 
becomes a design-based criterion in that 
the decision of one catalyst over another 
will effectively determine compliance 
with N2O standards over the useful life 
of the engine. As discussed above, in 
cases where N2O emissions directly 
tradeoff with CO2 emissions, EPA is 
allowing manufacturers to exploit this 
relationship to produce engines with the 
lowest overall GHG emissions. Direct 
measurement of N2O emissions is 
required in the case of engines utilizing 
this temporary credit program. 

Since catalytic activity generally 
changes with age and service 
accumulation, it is not unreasonable to 
expect changes in N2O and CH4 
emissions over the useful life of the 
engine. We also believe that low-hour 
test results coupled with deterioration 
factors provides an adequate 
representation of end-of-life emission 
levels for these pollutants. However, the 
requirement to measure N2O and CH4 
during testing is relatively new and we 
do not expect that manufacturers have 
consistent durability data to formulate 
deterioration factors for today’s action. 
We also do not believe it is appropriate 
to require all new durability testing to 
satisfy this requirement, as this would 
result in a nontrivial burden to engine 
manufacturers. Instead we will be 
assigning deterioration factors for N2O 
and CH4 for this action. If the use of 
assigned deterioration factors 
jeopardizes compliance with the 
emission standards, we will also allow 
manufacturers to propose unique 
testing-based deterioration factors for 
these pollutants. In response to 
comments received from engine 
manufacturers regarding the timing 
needed to generate deterioration factors 
the agencies are taking this approach. 

Concerns had also been raised by 
engine manufacturers regarding 
measurement techniques for quantifying 
N2O emissions. In an effort to expand 
testing options, we are adding an 
allowance to use laser infrared analyzers 
for N2O measurement in 40 CFR part 
1065.275. This is to reflect the recent 
development of this technology for N2O 
measurement. We would also like to 
serve notice that in an upcoming 
rulemaking, we will be tightening the 
interference tolerance (both positive and 
negative) for engines and vehicles that 
are required to certify to an N2O 
standard. This will consist of an 
interference limit based on interference 
as a percentage of the flow weighted 
mean concentration of N2O expected at 
the standard. For example we may set 
the interference limit at ±10 percent of 
the flow weighted mean concentration 
of N2O expected at the standard and 

strongly recommend a lower 
interference that is within ±5 percent. 

(c) Additional Compliance Provisions 

(i) Warranty & Defect Reporting 
Under section 207 of the CAA, engine 

manufacturers are required to warrant 
that their product is free from defects 
that would cause the engine to not 
comply with emission standards. This 
warranty must be applicable from when 
the engine is introduced into commerce 
through a period generally defined as 
half of the regulatory useful life 
(specified in hours and years, whichever 
comes first). The exact time of this 
warranty is dependent on the regulatory 
category of the engine. In addition, 
components that are considered ‘‘high 
cost’’ are required to have an extended 
warranty. Examples of such components 
would be exhaust aftertreatment devices 
and electronic control units. 

Current warranty provisions in 40 
CFR part 86 define the warranty periods 
and covered components for heavy-duty 
engines. The current list of components 
is comprised of any device or system 
whose failure would result in an 
increase in criteria pollutant emissions. 
We remain convinced that this list is 
adequate for addressing GHG emissions 
as well, based on comments received 
from the proposed rules. The following 
list identifies items commonly defined 
as critical emission-related components: 
• Electronic control units. 
• Aftertreatment devices. 
• Fuel metering components. 
• EGR–System components. 
• Crankcase-ventilation valves. 
• All components related to charge-air 

compression and cooling. 
All sensors and actuators associated 

with any of these components. 
When a manufacturer experiences an 

elevated rate of failure of an emission 
control device, they are required to 
submit defect reports to the EPA. These 
reports will generally have an 
explanation of what is failing, the rate 
of failure, and any possible corrections 
taken by the manufacturer. Based on 
how successful EPA believes the 
manufacturer to be in addressing these 
failures, the manufacturer may need to 
conduct a product recall. In such an 
instance, the manufacturer is 
responsible for contacting all customers 
with affected units and repairing the 
defect at no cost to them. We believe 
this structure for the reporting of criteria 
pollutant defects, and recalls, is 
appropriate for components related to 
complying with GHG emissions as well. 

(ii) Maintenance 
Engine manufacturers are required to 

outline maintenance schedules that 

ensure their product will remain in 
compliance with emission standards 
throughout the useful life of the engine. 
This schedule is required to be 
submitted as part of the application for 
certification. Maintenance that is 
deemed to be critical to ensuring 
compliance with emission standards is 
classified as ‘‘critical emission-related 
maintenance.’’ Generally, manufacturers 
are discouraged from specifying that 
critical emission-related maintenance is 
needed within the regulatory useful life 
of the engine. However, if such 
maintenance is unavoidable, 
manufacturers must have a reasonable 
basis for ensuring it is performed at the 
correct time. This may be demonstrated 
through several methods including 
survey data indicating that at least 80 
percent of engines receive the required 
maintenance in-use or manufacturers 
may provide the maintenance at no 
charge to the user. During durability 
testing of the engine, manufacturers are 
required to follow their specified 
maintenance schedule. 

Maintenance relating to components 
relating to reduction of GHG emissions 
is not expected to present unique 
challenges. Therefore, we are not 
finalizing any changes to the provisions 
for the specification of emission-related 
maintenance as outlined in 40 CFR part 
86. 

(2) Enforcement Provisions 

(a) Emission Control Information Labels 

Current provisions for engine 
certification require manufacturers to 
equip their product with permanent 
emission control information labels. 
These labels list important 
characteristics, parameters, and 
specifications related to the emissions 
performance of the engine. These 
include, but are not limited to, the 
manufacturer, model, displacement, 
emission control systems, and tune-up 
specifications. In addition, this label 
also provides a means for identifying 
the engine family name, which can then 
be referenced back to certification 
documents. This label provides 
essential information for field inspectors 
to determine that an engine is in fact in 
the certified configuration. 

We do not anticipate any major 
changes needing to be made to emission 
control information labels as a result of 
new GHG standards and a single label 
is appropriate for both criteria pollutant 
and GHG emissions purposes. Perhaps 
the most significant addition will be the 
inclusion of Family Certification Levels 
or Family Emission Limits for GHG 
pollutants, if the manufacturer is 
participating in averaging, banking, and 
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313 U.S. EPA, ‘‘Control of Air Pollution from New 
Motor Vehicles and New Motor Vehicles Engines; 
Final Rule Regulations Requiring Onboard 
Diagnostic Systems on 2010 and Later Heavy-Duty 
Engines Used in Highway Applications Over 14,000 
Pounds; Revisions to Onboard Diagnostic 
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www.epa.gov/otaq/regs/im/obd/regtech/hd-obd- 
frm-02-24-09-notice-74-fr-8310.pdf. 

314 See the Light-Duty 2012–2016 Vehicle Rule, 
Note 5, above. 

trading. In addition, the label will need 
to indicate whether the engine is 
certified for use in vocational vehicles, 
tractors, or both. Finally, if an engine 
family is uniquely certified for use in 
hybrid powertrain applications, a 
compliance statement indicating this 
will need to be included on the 
emission control label. 

In response to comments from engine 
and truck manufacturers that tractors 
should be allowed to obtain engines 
certified for vocational use and likewise 
a limited number of engines certified for 
tractor use should be available for the 
appropriate vocational applications, the 
agencies are allowing limited use of 
engines certified in other categories. To 
address compliance needs and to 
discourage abuse of the provisions, 
proper labeling of the engines is 
essential. 

(b) In-Use Standards 
In-use testing of engines provides a 

number of benefits for ensuring useful 
life compliance. In addition to verifying 
compliance with emission standards at 
any given point in the useful life, it can 
be used along with manufacturer defect 
reporting, to indentify components 
failing at a higher than normal rate. In 
this case, a product recall or other 
service campaign can be initiated and 
the problem can be rectified. Another 
key benefit of in-use testing is the 
discouragement of control strategies 
catered to the certification test cycles. In 
the past, engine manufacturers were 
found to be producing engines that 
performed acceptably over the 
certification test cycle, while changing 
to alternate operating strategies ‘‘off- 
cycle’’ which caused increases in 
criteria pollutant emissions. While these 
strategies are clearly considered defeat 
devices, in-use testing provides a 
meaningful way of ensuring that such 
strategies are not active under normal 
engine operation. 

Currently, manufacturers of certified 
heavy-duty engines are required to 
conduct in-use testing programs. The 
intent of these programs is to ensure 
that their products are continuing to 
meet criteria pollutant emission 
standards at various points within the 
useful life of the engine. Since initial 
certification is based on engine 
dynamometer testing, and removing in- 
use engines from their respective 
vehicles is often impractical, a unique 
testing procedure was developed. This 
includes using portable emission 
measurement systems (PEMS) and 
testing the engine over typical in-situ 
drive routes rather than a prescribed test 
cycle. To assess compliance, emission 
results from a well defined area of the 

speed/torque map of the engine, known 
as the NTE zone, are compared to the 
emission standards. To account for 
potential increases in measurement and 
operational variability, certain 
allowances are applied to the standard 
which results in the standard for NTE 
measurements (NTE limit) to be at or 
above the duty cycle emission 
standards. 

In addition, EPA conducts an annual 
in-use testing program of heavy-duty 
engines. Testing procured vehicles with 
specific engines over well-defined drive 
routes using a constant trailer load 
allows for a consistent comparison of in- 
use emissions performance. If potential 
problems are identified in-situ, the 
engine may be removed from the vehicle 
and tested using an engine 
dynamometer over the certification test 
cycles. If deficiencies are confirmed the 
agency will either work with the 
manufacturer to take corrective action, 
possibly involving a product recall, or 
proceed with enforcement action against 
the manufacturer. 

The GHG reporting rule requires 
manufacturers to submit CO2 data from 
all engine testing (beginning in the 2011 
model year), which we believe is 
equally applicable to in-use 
measurements. Methods of CO2 in-situ 
measurement are well established and 
most, if not all, PEMS devices measure 
and record CO2 along with criteria 
pollutants. CH4 and N2O present in-situ 
measurement challenges that may be 
impractical to overcome for this testing, 
and therefore they are not included in 
in-use testing requirements at this time. 
While measurement of CO2 may be 
practical and important, implementing 
an NTE emission standard for CO2 is 
challenging. As previously discussed, 
CO2 emissions are highly dependent on 
the drive cycle of the vehicle, which 
does not lend itself well to the NTE- 
based test procedure. Therefore, we 
proposed and are adopting that 
manufacturers be required to submit 
CO2 data from in-situ testing, in both 
g/bhp-hr and g/ton-mile, but these data 
will be used for reference purposes only 
(there would be no NTE limit/standard 
for CO2). For the purposes of calculating 
the g/ton-mile metric, we prefer that 
manufacturers use the measured vehicle 
weight. However it has been brought to 
our attention that this may not always 
be available, in which case an estimated 
vehicle weight can be used along with 
a written justification for the basis of the 
estimation. For engine-based 
(dynamometer) in-use testing, 
compliance with CO2 emission 
standards will be judged off of the FCL 
of the engine family. 

(3) Other Certification Provisions 

(a) Carryover/Carry Across Certification 
Test Data 

EPA’s current certification program 
for heavy-duty engines allows 
manufacturers to carry certification test 
data over and across certification testing 
from one model year to the next, when 
no significant changes to models are 
made. EPA will also apply this policy to 
CO2, N2O and CH4 certification test data. 

(b) Certification Fees 
The CAA allows EPA to collect fees 

to cover the costs of issuing certificates 
of conformity for the classes of engines 
covered by this rulemaking. On May 11, 
2004, EPA updated its fees regulation 
based on a study of the costs associated 
with its motor vehicle and engine 
compliance program (69 FR 51402). At 
the time that cost study was conducted, 
the current rulemaking was not 
considered. At this time the extent of 
any added costs to EPA as a result of 
this program is not known. EPA will 
assess its compliance testing and other 
activities associated with the rules and 
may amend its fees regulations in the 
future to include any justifiable new 
costs. 

(c) Onboard Diagnostics 

(a) Onboard Diagnostics 
Beginning with the 2010 model year, 

manufacturers have been phasing in on- 
board diagnostic (OBD) systems on 
heavy-duty engines pursuant to the 
heavy-duty OBD rulemaking finalized 
by the EPA in 2009.313 These systems 
monitor the activity of the emission 
control system and issue alerts when 
faults are detected. These diagnostic 
systems are currently being developed 
based around components and systems 
that influence criteria pollutant 
emissions. Consistent with the light- 
duty 2012–2016 MY vehicle 
rulemaking, we believe that monitoring 
of these components and systems for 
criteria pollutant emissions will have an 
equally beneficial effect on CO2 
emissions.314 Therefore, we have not 
finalized any additional unique onboard 
diagnostic provisions for heavy-duty 
GHG emissions. In the NPRM, EPA did 
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315 See EPA Docket EPA–HQ–OAR–2010–0162 
for memos describing meetings held as a part of this 
outreach. 

not propose new or different diagnostic 
requirements from those finalized in the 
2009 heavy-duty OBD rule. 

The agencies received comments from 
engine manufacturers, hybrid system 
manufacturers, and related trade groups 
which broached concerns regarding the 
feasibility of applying on-board 
diagnostics to hybrid applications 
starting in 2013. The commenters stated 
that engine manufacturers would need 
several years to adapt their engine OBD 
systems to hybrids, and therefore 
requested a delay of OBD requirements 
for hybrid applications until 2020 with 
a phase-in of enforcement liability 
starting that same year. Details, which 
the agencies believe have merit, are set 
out below. In response, EPA is taking an 
approach that is consistent with certain 
provisions of the existing final action for 
heavy-duty OBD, finalized in 2009. To 
that end, manufacturers who certify 
hybrid systems will continue to have 
the responsibility of implementing 
compliant diagnostic systems, however, 
we are extending the OBD phase-in for 
engines with hybrid systems to allow 
time for manufacturers to be able to 
address communication protocol 
development concerns (e.g. SAE J1939, 
communication with diagnostic 
scantools), component development 
concerns (e.g. hardware and software), 
and to address the availability of heavy- 
duty OBD compliant engines with 
sufficient lead-time for additional 
hybrid diagnostic system development 
given resource constraints as engine 
manufacturers are focused on meeting 
the 2013 requirements for conventional 
products at this time. 

Since publication of the NPRM, the 
EPA has undertaken extensive outreach 
to hybrid manufacturers, engine 
manufacturers, and related industry 
groups to further understand the 
technical issues involved with the 
implementation of full OBD on engine- 
hybrid systems.315 Hybrid 
manufacturers have indicated that the 
interaction between hybrid systems and 
OBD compliant engines is not well 
understood at this time, for example, if 
the system shuts down the vehicle at 
idle (as is common), the OBD idle 
diagnostics cannot run. In addition, 
there are many different hybrid systems 
being developed which make much of 
this technology both immature and low 
volume, and engine manufacturers are 
concerned that this will result in high 
costs due to frequent design changes 
that could occur as this technology 
develops and have asked for flexibility 

for unique hybrid applications. 
Consistent with the goal to incentivize 
the development of hybrid designs 
(systems designed to capture wasted 
energy and reduce fuel consumption) 
the EPA is allowing hybrid 
manufacturers time to develop their 
systems while simultaneously 
developing the capability to meet HD 
OBD requirements. 

Communication protocol 
development is an integral part of 
developing hybrid OBD capability for 
the heavy-duty industry which is not 
vertically integrated. There are different 
protocols required to be used for OBD 
communication in a vehicle depending 
on the type of engine (gasoline or 
diesel). These protocols are developed 
in part to standardize the transmission 
of electronic signals and control 
information among vehicle components. 
The J1939 communication protocol is 
developed by committee through SAE 
and is required for use with diesel 
engines. J1939 defines communications 
messages, diagnostic messages for 
communications between a module and 
diagnostic scantool, and fault codes. 
Messages sent through a J1939 network 
contain a series of information (e.g. an 
identifier, message priority, data, etc.) 
and these parameters must be agreed 
upon through the SAE committee and 
tailored to work for all manufacturers. 
The development of this 
communication protocol includes 
developing criteria for the messages, 
and determining a single set of fault 
codes that can work for all 
manufacturers and all hybrid system 
configurations; this is expected to take 
a substantial amount of time and 
collaboration. OBD cannot exist without 
fault codes to report, therefore 
development of this protocol is critical. 
Hybrid manufacturers have stated that 
until such time as a ‘plug and play 
scheme’ is available, hybrid volumes 
will not be able to increase significantly. 
At this time, there are only a few such 
messages that have been developed for 
use in hybrid systems, and there is 
much additional development that 
needs to take place. The type of 
messages needed must first be identified 
once 2013 HD OBD compliant engines 
are available for use in HD hybrid OBD 
system development. After needed 
messages are identified, the content of 
each message must be developed and 
agreed upon through a ballot process. 
Manufacturers have stated that this will 
be an iterative process and will likely 
take at least two years to develop the 
protocol for use with different variations 
of hybrid systems and architectures, 
different types of energy storage 

systems, and for systems used in the 
wide variety of applications in the 
heavy-duty market, and we agree with 
this assessment. While a level of 
communication exists today between 
engines and transmissions for this 
industry, the level of control and impact 
on engine system operation becomes 
much more significant once hybrid 
technology is introduced. The purpose 
of the hybrid energy system is to 
supplement overall vehicle power 
demands. As such, the methods used for 
integrating the energy from the hybrid 
system into overall vehicle operation 
vary from allowing additional internal 
combustion engine lower power 
operation to potentially decreasing the 
amount of engine ‘‘on’’ time. This range 
of performance impacts will serve to 
reduce GHG emissions by reducing 
demands on the engine. Conventional 
transmission systems and other 
powertrain components do not exercise 
the level of control the hybrid will need 
to exercise to effectively reduce GHG 
emissions and improve fuel 
consumption performance for internal 
combustion engines; therefore, hybrid 
OBD systems can reasonably be 
expected to be more complicated as 
well. 

Component development concerns 
raised by hybrid manufacturers include 
both changes that may be required to 
software and/or hardware systems on 
both existing hybrid products and on 
hybrid systems currently under 
development. Software systems in 
existing products have been developed 
that provide proprietary diagnostic 
capability (as no standardized system 
such as J1939 had been developed for 
these systems), however, these software 
systems are not OBD compliant. These 
products will likely require entirely new 
software systems developed for them 
which may result in hardware changes 
as well. Manufacturers have stated that 
a complete software system can take up 
to 2 years to develop and validate. 
Hardware may also need to be changed 
to accommodate OBD on hybrid 
systems. In particular, hardware 
changes would affect current production 
systems which may not have controllers 
that can support full OBD. The low 
volume sales and high cost of a 
controller program (which can reach 
into the millions of dollars) means that 
most companies cannot justify the cost 
of a hardware change for hybrids alone, 
rather, existing hybrid systems will have 
to wait until such a hardware upgrade 
is planned for other reasons. In 
addition, new hardware programs, such 
as developing a new Electronic Control 
Unit, can take 3–4 years to complete. 
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316 California Air Resources Board, Final 
Regulation Order for EMD, Section 1971 of Title 13, 
California Code of Regulations, effective December 
30, 2004. Available here; http://www.arb.ca.gov/ 
regact/emd2004/fro.pdf. 

While it is possible for some of this 
work to be done concurrently, how 
much can be done this way is 
dependent on the configuration of each 
individual system. Finally, 
manufacturers may have contractual 
agreements with hardware and software 
suppliers that will have to be 
reconfigured to address a complete OBD 
program. 

Hybrid manufacturers have stated that 
they will be unable to produce hybrid 
systems that will be OBD compliant in 
2013. Given the concerns discussed 
above and the general lack of 
availability of OBD compliant engines 
until the completion of the HD OBD 
phase-in, to require manufacturers of 
systems that depend on the availability 
of those OBD complaint engines to then 
be able to immediately implement 
additional requirements may be 
impractical or infeasible in many 
instances. Given the phase-in of HD 
OBD requirements that already exists 
however, we do not believe a delay to 
2019 or 2020 is warranted. While not all 
of the engines that would potentially 
have hybrid systems incorporated into 
their design are available in their final 
OBD configuration at the time of this 
action, it is clear that some engine 
systems will be available. Additionally, 
there is an expectation that engine 
manufacturers, their suppliers and 
customers will have to continue to work 
cooperatively to deliver products for the 
market. This cooperation must include 
a level of concurrent engineering prior 
to products being brought to market. At 
this time we believe a delay to 2016 for 
the phase-in of OBD for heavy-duty 
engines equipped with hybrid systems 
should provide the requisite lead time 
from the date of this action to the date 
of implementation for development of 
components and protocols necessary for 
successful integration of complete OBD 
systems for engines equipped with 
hybrid systems. 

Manufacturers will be required to 
implement feasible controls for these 
hybrid systems that do not adversely 
impact emissions performance in 2013 
and by 2016–17, all systems must be 
fully compliant with OBD requirements. 
The phase in period takes into account 
that current production systems are 
likely to be smaller in terms of sales 
volumes than newly developed systems, 
and may require more hardware and 
software development as some of these 
systems have been in production for 
nearly a decade and have developed a 
proprietary system diagnostic capability 
that does not meet OBD requirements. 
Therefore, this extended phase-in 
provides them an additional year of 
time to comply with the heavy-duty 

OBD regulations. Hybrid systems put 
into production after January 1, 2013 
will be required to meet the 2009 heavy- 
duty OBD requirements in 2016 
consistent with the next phase-in date 
for heavy-duty OBD, while those hybrid 
systems released prior to January 1, 
2013 have until 2017 to be compliant 
with these OBD requirements. 

If a manufacturer certifies an engine- 
hybrid system with CARB OBD in 
California prior to the required phase-in 
date (2016 or 2017), and its diagnostics 
meet or exceed the requirements for full 
2013 OBD, the manufacturer must either 
use the CARB certified package for 
Federal release or phase in the package 
and certify it with full EPA OBD. 

In the interim, engine system 
diagnostics must show that they meet or 
exceed CARB’s Engine Manufacturer 
Diagnostic Systems Requirements 
(EMD) including system monitoring 
requirements for NOX aftertreatment, 
fuel systems, exhaust gas recirculation, 
particulate matter traps, and emission- 
related electronic components.316 
Specific EMD requirements will be 
considered met if they are redundant 
due to the installed engine’s fully 
functioning OBD content. Most 
manufacturers have already certified 
their engines with EMD for the 2011 
model year, and full OBD as required in 
2013 exceeds EMD requirements, 
therefore no new cost burden is 
expected as a result of this provision. In 
addition, new engines may be 
introduced in 2013 for hybrid-only use 
and, in lieu of meeting full OBD, 
meeting EMD would result in cost 
savings because of the flexibility in 
scan-tool reporting and diagnostic 
content. 

In addition, the engine-hybrid system 
must maintain existing OBD capability 
for engines where the same or 
equivalent engine (e.g. displacement) 
has been OBD certified. An equivalent 
engine is one produced by the same 
engine manufacturer with the same 
fundamental design, but that may have 
no more than minor hardware or 
calibration differences, such as slightly 
different displacement, rated power, or 
fuel system. Though the OBD capability 
must be maintained, it does not have to 
meet detection thresholds and in-use 
performance frequency requirements; 
for example, a manufacturer may 
modify detection thresholds to prevent 
false detection. 

As stated earlier, existing hybrid 
systems sold today have proprietary 

diagnostic capability that is non-OBD 
compliant, but nonetheless will notify 
the driver of potential problems with 
the system. Hybrid manufacturers must 
also continue to maintain this existing 
diagnostic capability to ensure proper 
function consistent with the 
performance for which the hybrid 
system is certified as well as, safe 
operation of the hybrid system. 

Finally, during the interim part of the 
phase-in, manufacturers that are not 
fully-OBD compliant must also submit 
an annual pre-compliance report to the 
EPA for model years 2013 and later. The 
engine manufacturers must submit this 
report with their engine certification 
information. Hybrid manufacturers that 
are not certifying the engine-hybrid 
systems must also submit an annual pre- 
compliance report to the EPA. The 
report must include a description of the 
engine-hybrid system being certified 
and related product plans, information 
as to activities undertaken and progress 
made by the manufacturer in achieving 
full OBD certification including 
monitoring, diagnostics, and 
standardization; and deviations from an 
originally certified full-OBD package 
with engineering justification. 

(d) Applicability of Current High 
Altitude Provisions to Greenhouse 
Gases 

EPA is requiring that engines covered 
by this program must meet CO2, N2O 
and CH4 standards at elevated altitudes. 
The CAA requires emission standards 
under section 202 for heavy-duty 
engines to apply at all altitudes. EPA 
does not expect engine CO2, CH4, or 
N2O emissions to be significantly 
different at high altitudes based on 
engine calibrations commonly used at 
all altitudes. Therefore, EPA will retain 
its current high altitude regulations so 
manufacturers will not normally be 
required to submit engine CO2 test data 
for high altitude. Instead, they will be 
required to submit an engineering 
evaluation indicating that common 
calibration approaches will be utilized 
at high altitude. Any deviation in 
emission control practices employed 
only at altitude will need to be included 
in the AECD descriptions submitted by 
manufacturers at certification. In 
addition, any AECD specific to high 
altitude will be required to include 
emissions data to allow EPA to evaluate 
and quantify any emission impact and 
validity of the AECD. 

(e) Emission-Related Installation 
Instructions 

Engine manufacturers are currently 
required to provide detailed installation 
instructions to vehicle manufacturers. 
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317 Corresponding to the compliance model year. 

These instructions outline how to 
properly install the engine, 
aftertreatment, and other supporting 
systems, such that the engine will 
operate in its certified configuration. At 
the time of certification, manufacturers 
may be required to submit these 
instructions to EPA to verify that 
sufficient detail has been provided to 
the vehicle manufacturer. 

We do not anticipate any major 
changes to this documentation as a 
result of regulating GHG emissions. The 
most significant impact will be the 
addition of language prohibiting vehicle 
manufacturers from installing engines 
into vehicle categories in which they are 
not certified for. An example would be 
a tractor manufacturer installing an 
engine certified for only vocational 
vehicle use. Explicit instructions on 
behalf of the engine manufacturer that 
such acts are prohibited will serve as 
sufficient notice to the vehicle 
manufacturers and failure to follow 
such instructions will result in the 
vehicle manufacturer being in non- 
compliance. 

(f) Alternate CO2 Emission and Fuel 
Consumption Standards 

Under the final rules, engine 
manufacturers have the option of 
certifying to alternate CO2 emission and 
fuel consumption standards for model 
years 2014 through 2016. These 
alternate standards are defined as a 
certain percentage below a baseline 
value established from their 
corresponding 2011 model-year 
products. For instance, the alternate 
emission standard for light and medium 
heavy duty FTP-certified (vocational) 
engines is equal to 0.975 times the 
baseline value. If a manufacturer elects 
to participate in this program it must 
indicate this on its certification 
application. In addition, sufficient 
details must be submitted regarding the 
baseline engine such that the agency can 
verify that the correct optional CO2 
emission and fuel consumption 
standards have been calculated. These 
data will need to include the engine 
family name of the baseline engine, so 
references to the original certification 
application can be made, as well as test 
data showing the CO2 emissions and 
fuel consumption of the baseline engine. 

(4) Compliance Reports 

(a) Early Model Year Data 

NHTSA’s regulatory text in the NPRM 
included specifications for 
manufacturers to submit pre- 
certification compliance reports for 
heavy-duty engines. The pre- 
certification reports included 

requirements for manufacturers to 
submit information to identify the types 
of engines, expected test results, 
production volumes and credits. The 
reporting requirements were general in 
nature despite there being an existing 
emissions program for heavy-duty 
engines. The existing ABT program for 
NOX and PM emissions for heavy-duty 
engines has existed since 2001 (see 66 
FR 5002 signed on January 18, 2001) but 
does not require reporting early model 
year compliance information. The 
agencies sought comments on the report 
provisions in the NPRM but 
commenters failed to offer 
recommendations on what content 
should be required. As a result, the 
agencies have decided to eliminate the 
pre-certification report because engine 
manufacturers have no experience in 
providing GHG information and the 
proposed information may not be 
available until subsequent model years. 
For the next phase of this GHG program, 
the agencies may adopt a pre-model 
year report for engines. 

As an alternative to receiving early 
compliance model year information in 
the precertification reports, the agencies 
have decided to use manufacturer’s 
application for certificates of conformity 
to obtain early model estimates. 
Currently, the applications for 
certificates are not required to include 
the fuel consumption information 
required by NHTSA. Therefore, the 
agencies are adopting provisions in the 
final rules for manufacturers to provide 
emission and equivalent fuel 
consumption estimates in the 
manufacturer’s applications for 
certification. The agencies will treat 
information submitted in the 
applications as a manufacturer’s 
demonstration of providing early 
compliance information, similar to the 
pre-model year report submitted for 
heavy-duty pick-up trucks and vans. 
The final rules establish a harmonized 
approach by which manufacturers will 
submit applications through the EPA 
Verify database system as the single 
point of entry for all information 
required for this national program and 
both agencies will have access to the 
information. If by model year 2012, the 
agencies are not prepared to receive 
information through the EPA Verify 
database system, manufacturers are 
expected to submit written applications 
to the agencies. This approach should 
streamline this process and reduce 
industry burden and provide sufficient 
information for the agencies to carry out 
their early compliance activities. 

(b) Final Reports 

For engines, the agencies proposed 
that manufacturers would submit EOY 
reports and final reports. An EOY report 
for manufacturers using the ABT 
program was required to be submitted 
no later than 90 days after the calendar 
year and final report no later than 270 
days after the calendar year.317 
Manufacturers not participating in the 
ABT program were required to provide 
an EOY report within 45 days after the 
calendar year but no final reports were 
required. The final ABT report due date 
was established coinciding with EPA’s 
existing criteria pollutant report for 
heavy-duty engines complying with 
NOX and PM standards. Similar to that 
program, the proposed EOY and final 
reports required receiving engine type 
designation, engine family and credit 
plans for engine manufacturers. 

There were no comments received on 
the final reports for engines. For the 
final rules, the agencies will retain the 
provisions as proposed for the EOY and 
final reports. However, the agencies will 
consolidate the reporting as done for 
other vehicle categories and will require 
emissions and equivalent fuel 
consumption information to be 
submitted to EPA. The final rules 
establish a harmonized approach by 
which manufacturers will submit 
applications to EPA as the single point 
of entry for all information required for 
this national program and both agencies 
will have access to the appropriate 
information. If by model year 2012, the 
agencies are not prepared to receive 
information through a database system, 
manufacturers are expected to submit 
written applications to the agencies. The 
agencies are also combining the EOY 
reports for manufacturers not using ABT 
to provide a product volume report due 
90 days after the end of the model year 
and the ABT report required 90 days 
after the model year. A summary of the 
required information in the final rules 
for EOY and final reports is as follows: 

• Engine family designation and 
averaging set. 

• Engine emissions and fuel 
consumption standards including any 
alternative standards used. 

• Engine family FCLs. 
• Final production volumes. 
• Certified test cycles. 
• Useful life values for engine 

families. 
• A credit plan identifying the 

manufacturers actual credit balances, 
credit flexibilities, credit trades and a 
credit deficit plan if needed 
demonstrating how it plans to resolve 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00168 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57273 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

any credit deficits that might occur for 
a model year within a period of up to 
three model years after that deficit has 
occurred. 

(c) Additional Required Information 

Throughout the model year, 
manufacturers may be required to 

submit various reports to the agencies to 
comply with various aspects of the 
program. These reports have differing 
criteria for submission and approval. 

Table V–1 below provides a summary 
of the types of submission, required 
submission dates and the EPA and 

NHTSA regulations that apply for 
engines and engine manufacturers. 

The agencies will review and grant 
any appropriate requests considering 
the timeliness of the submissions and 
the completeness of the requests. 

TABLE V–1—SUMMARY OF REQUIRED INFORMATION FOR HD ENGINE COMPLIANCE 

Submission Applies to Required submissions date EPA regulation 
reference 

NHTSA 
regulation 
reference 

Small business exemptions Engine manufacturers meeting the 
Small Business Administration (SBA) 
size criteria of a small business as 
described in 13 CFR 121.201.

Before introducing any excluded vehi-
cle into U.S. for commerce.

§ 1036.150 § 535.8 

Incentives for early intro-
duction.

The provisions apply with respect to 
tractors and vocational vehicles pro-
duced in model years before 2014.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1036.150 § 535.8 

Voluntary compliance for 
NHTSA standards.

Engine manufacturers seeking early 
compliance in model years 2014 to 
2016.

NHSAT must be notified before the 
manufacturer submits it applications 
for certificates of conformity.

NA § 535.8 

Model year 2014 N2O 
standards..

Manufacturers that choose to show 
compliance with the MY 2014 N2O 
standards requesting to use an engi-
neering analysis.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1036.150 NA 

Exemption from EOY re-
ports.

Manufacturers with surplus credits at 
the end of the model year.

90-days after the calendar year ends .. § 1036.730 § 535.8 

Alternative engine stand-
ards.

Engine manufacturers not able to com-
ply with 1036.104 and wanting to 
use the alternative engine standard.

EPA and NHTSA must be notified be-
fore the manufacturer submits it ap-
plications for certificates of con-
formity.

§ 1036.150 § 535.8 

Alternate phase-in ............. Engine manufacturers want to comply 
with alternate phase in standards.

EPA and NHTSA must be notified be-
fore the manufacturer submits it ap-
plications for certificates of con-
formity.

§ 1036.150 § 535.8 

D. Class 7 and 8 Combination Tractors 

(1) Compliance Approach 

In addition to requiring engine 
manufacturers to certify their engines, 
manufacturers of Class 7 and 8 
combination tractors must also certify 
that their vehicles meet the CO2 
emission and fuel consumption 
standards. This vehicle certification will 
ensure that efforts beyond just engine 
efficiency improvements are undertaken 
to reduce GHG emissions and fuel 
consumption. Some examples include 
aerodynamic improvements, rolling 
resistance reduction, idle reduction 
technologies, and vehicle speed limiting 
systems. 

Unlike engine certification however, 
this certification will be based on a 
load-specific basis (g/ton-mile or gal/ 
1,000 ton-mile as opposed to work- 
based, or g/bhp-hr). This would take 
into account the anticipated vehicle 
loading that would be experienced in 
use and the associated affects on fuel 
consumption and CO2 emissions. 
Vehicle manufacturers will also be 
required to warrant their products 
against emission control system defects, 

and demonstrate that a service network 
is in place to correct any such 
conditions. The vehicle manufacturer 
also bears responsibility in the event 
that an emission-related recall is 
necessary. 

(a) Certification Process 

In order to obtain a certificate of 
conformity for the tractor, the tractor 
manufacturer will complete a 
compliance demonstration, showing 
that their product meets emission 
standards as well as other regulatory 
requirements. For purposes of this 
demonstration, vehicles with similar 
emission characteristics throughout 
their useful life are grouped together in 
vehicle families, which are defined 
primarily by the regulatory subclass of 
the vehicle. Manufacturers may further 
classify vehicles together into sub- 
families within a given vehicle family 
for a given regulatory subcategory. 
Examples of characteristics that would 
define a vehicle sub-family for heavy- 
duty vehicles are wheel and tire 
package, aerodynamic profile, tire 
rolling resistance, and vehicle speed 
limiting system. Compliance with the 

emission standards (or FEL) will be 
determined at the sub-family level. 

Under this system, the worst-case 
vehicle configuration would be selected 
based on having the highest fuel 
consumption, and all other 
configurations within the family or sub- 
family are assumed to have emissions 
and fuel consumption at or below the 
parent model and therefore in 
compliance with CO2 emission and fuel 
consumption standards. Any vehicle 
within the family can be subject to 
selective enforcement auditing in 
addition to confirmatory or other 
administrator testing. 

Vehicle families for Class 7 and 8 
combination tractors will utilize the 
standardized 12-digit naming 
convention, as described along with the 
engine certification process in Section 
V.C.1.a, above. As with engines, each 
certifying vehicle manufacturer will 
have a unique three digit code assigned 
to them. Currently, there is no 5th digit 
(industry sector) code for this class of 
vehicles, for which we proposed to use 
the next available character, ‘‘2.’’ The 
agencies originally proposed that engine 
displacement be included in the vehicle 
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family name, however the wide range of 
engines available across most regulatory 
subcategories makes this requirement 
irrelevant and unnecessary at the time 
of this rulemaking. Therefore, we are 
reserving the remaining characters for 
California ARB and/or manufacturer 
use, such that the result is a unique 
vehicle family name. 

Class 7 and 8 tractors share several 
common traits, such as the trailer 
attachment provisions, number of 
wheels, and general construction. 
However, further inspection reveals key 
differences related to GHG emissions. 
Payloads hauled by Class 7 tractors are 
significantly less than Class 8 tractors. 
In addition, Class 8 vehicles may have 
provisions for hoteling (‘‘sleeper cabs’’), 
which results in an increase in size as 
well as the addition of comfort features 
like power and climate control for use 
while the truck is parked. Both 
segments may have various degrees of 
roof fairing to provide better 
aerodynamic matching to the trailer 
being pulled. This is a feature which 
can help reduce CO2 emissions 
significantly when properly matched to 
the trailer, but can also increase CO2 
emissions if improperly matched. Based 
on these differences, it is reasonable to 
expect differences in CO2 emissions, 
and therefore these properties form the 
basis for the final combination tractor 
regulatory subcategories. 

The various combinations of payload, 
cab size, and roof profile result in nine 
final regulatory subcategories for Class 7 
and 8 tractors. Class 7 tractors are 
divided into three regulatory 
subcategories: one for low, one for mid 
roof height profiles, and one for high 
roof profiles. The Class 7 tractors are 
subject to a 10 year, 185,000 regulatory 
useful life. Class 8 tractors are split into 
six regulatory subcategories reflecting 
two cab sizes (day and sleeper) and 
three roof height profiles (low, mid, and 
high). All Class 8 tractors are subject to 
a 10 year, 435,000 mile regulatory useful 
life. 

(b) Demonstrating Compliance With the 
Final Standards 

(i) CO2 and Fuel Consumption 
Standards 

As discussed at proposal, although 
whole-vehicle certification may be 
ultimately desirable for these vehicles, it 
is essentially infeasible to require it 
now. See 75 FR at 74270–71. Most 
commenters agreed, as did the NAS 
Report. Accordingly, again consistent 
with the NAS Report, the agencies have 
developed a predictive model for 
demonstrating compliance with these 
initial standards for combination 

tractors. The agencies will continue to 
work toward improved methods for 
whole vehicle performance 
characterization, as suggested by some 
commenters. 

Model 

Vehicle modeling will be conducted 
using the agencies’ simulation model, 
the GEM, which is described in detail in 
Chapter 4 of the RIA with responses to 
comments in the Summary and Analysis 
of Comments Document Section 7. 
Basically, this model functions by 
defining a vehicle configuration and 
then exercises the model over various 
drive cycles. Several initialization files 
are needed to define a vehicle, which 
include mechanical attributes, control 
algorithms, and driver inputs. The 
majority of these inputs will be 
predetermined by EPA and NHTSA for 
the purposes of vehicle certification. 
The net results from the GEM are 
weighted CO2 emissions and fuel 
consumption values over the drive 
cycles. The CO2 emission result will be 
used for demonstrating compliance with 
vehicle CO2 standards while the fuel 
consumption result will be used for 
demonstrating compliance with the fuel 
consumption standards. 

The vehicle manufacturer will be 
responsible for entering up to seven 
inputs relating to the GHG performance 
of a vehicle configuration although, 
depending on the regulatory category, 
fewer inputs may be required. These 
inputs include the regulatory category, 
coefficient of drag, steer tire rolling 
resistance, drive tire rolling resistance, 
vehicle speed limit, vehicle weight 
reduction, and idle reduction credit. For 
the GEM inputs relating to 
aerodynamics, the agencies have 
finalized lookup tables for frontal area 
and coefficient of drag based on typical 
performance levels across the industry. 
Manufacturers are responsible for 
assessing the aerodynamic performance 
of their vehicles through testing or a 
combination of testing and modeling. 
This test data is then used to select the 
most appropriate agency-defined bin for 
entry into the GEM. 

Tire rolling resistance is simply the 
measured rolling resistance of the tire in 
kg per metric ton as described in ISO 
28580:2009. This measured value is 
expected to be the result of three repeat 
measurements of three different tires of 
a given design, giving a total of nine 
data points. It is the average of these 
nine results that will be entered into the 
GEM. Tire rolling resistance may be 
determined by either the vehicle or tire 
manufacturer. In the latter case, a signed 
statement from the tire manufacturer 

confirming testing was conducted in 
accordance with this part is required. 

As previously described, limiting 
vehicle speed can have a significant 
effect on fuel consumption and we 
believe that manufacturers should be 
recognized for including technology that 
facilitates these limits. Also as 
described, these vehicle speed limiters 
are not likely to be a simple device with 
a fixed top speed. ‘‘Soft top’’ limits 
based on driver behavior and limit 
expiration dates (or mileage) are two of 
the most common scenarios. To 
properly assess the GHG and fuel 
consumption benefits in light of these 
features, we are defining the proper 
methodology for entering the vehicle 
speed limit into the GEM. This is based 
on an equation including terms for VSL 
expiration (expiration factor) and VSL 
soft-top (soft-top factor and soft-top 
VSL). The result will be an effective 
vehicle speed limit reflecting the 
expected mileage and time that the limit 
will be used for. Additional details 
regarding this equation and its 
derivation can be found in RIA Chapter 
2. 

For vehicle weight reduction, the 
agencies are primarily addressing the 
reduction of weight and perhaps 
number of wheels. This reduction is 
assessed relative to a standard 
combination tractor configuration with 
dual-wide rear tires with conventional 
steel wheels. Manufacturers may elect to 
use single-wide tires/wheels and/or 
aluminum (or light-weight aluminum) 
wheels or other components to reduce 
the weight of their vehicles. The 
agencies have defined standard weight 
reduction levels associated with each 
weight reduction technology for entry 
into the GEM. These reductions are 
listed in pounds per component, so 
manufacturers will need to multiply this 
reduction by the number of affected 
components for their total weight 
reduction entry into the GEM. 

Manufacturers of sleeper cabs electing 
to limit idle time to 300 seconds or less 
can claim a GHG benefit of 5 g/ton-mile 
and should be entered into the GEM as 
such. This benefit cannot be scaled to 
reflect shorter or longer allowed idle 
times, but can be scaled based upon 
expiration date. 

The agencies will utilize the 
appropriate engine map reflecting use of 
a certified engine in the truck (and will 
enter the same value even if an engine 
family is certified to the temporary 
percent reduction alternative standard, 
in order to evaluate vehicle performance 
independently of engine performance.) 
We believe this approach reduces the 
testing burden placed upon 
manufacturers, yet adequately assesses 
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improvements associated with select 
technologies. The model will be 
publicly available and will be found on 
EPA’s Web site. 

The agencies reserve the right to 
independently evaluate the inputs to the 
model by way of Administrator testing 
to validate those model inputs. The 
agencies also reserve the right to 
evaluate vehicle performance using the 
inputs to the model provided by the 
manufacturer to confirm the 
performance of the system using GEM. 
This could include generating emissions 
results using the GEM and the inputs as 
provided by the manufacturer based on 
the agency’s own runs. This could also 
include conducting comparable testing 
to verify the inputs provided by the 
manufacturer. In the event of such 
testing or evaluation, the 
Administrator’s results become the 
official certification results, the 
exception being that the manufacturer 
may continue to use their data as 
initially submitted, provided it 
represents a worst-case condition over 
the Administrator’s results. 

To better facilitate the entry of only 
the appropriate parameters, the agencies 
will provide a graphical user interface 
in the model for entering data specific 
to each vehicle. In addition, EPA will 
provide a template that facilitates batch 
processing of multiple vehicle 
configurations within a given family. It 
is expected that this template will be 
submitted to EPA as part of the 
certification process for each certified 
vehicle family or subfamily. 

For certification, the model will 
exercise the vehicle over three test 
cycles; one transient and two steady- 
state. For the transient test, we are using 
the heavy heavy-duty diesel truck 
(HHDDT) transient test cycle, which 
was developed by the California Air 
Resources Board and West Virginia 
University to evaluate heavy-duty 
vehicles. The transient mode simulates 
urban, start-stop driving, featuring 1.8 
stops per mile over the 2.9 mile 
duration. The two steady state test 
points are reflective of the tendency for 
some of these vehicles to operate for 
extended periods at highway speeds. 
Based on data from the EPA’s MOVES 
database, and common highway speed 
limits, we are finalizing these two 
points to be 55 and 65 mph. 

The model will predict the total 
emissions results from each 
configuration using the unique 
properties entered for each vehicle. 
These results are then normalized to the 
payload and distance covered, so as to 
yield a gram/ton-mile result, as well as 
a fuel consumption (gal/1,000 ton-mile) 
result for each test cycle. As with engine 

and vehicle testing, certification will be 
based on the worst-case configuration 
within a vehicle family. 

The results from all three tests are 
then combined using weighting factors, 
which reflect typical usage patterns. The 
typical usage characteristics of Class 7 
and 8 tractors with day cabs differ 
significantly from Class 8 tractors with 
sleeper cabs. The trucks with day cabs 
tend to operate in more urban areas, 
have a limited travel range, and tend to 
return to a common depot at the end of 
each shift. Class 8 sleeper cabs, 
however, are typically used for long 
distance trips which consist of mostly 
highway driving in an effort to cover the 
highest mileage in the shortest time. For 
these reasons, we proposed that the 
cycles are weighted differently for these 
two groups of vehicles. For Class 7 and 
8 trucks with day cabs, we propose 
weights of 64%, 17%, and 19% (65 
mph, 55 mph, and transient, resp.). For 
Class 8 with sleeper cabs, the high 
speed cruise tendency results in final 
weights of 86%, 9%, and 5% (65 mph, 
55 mph, and transient, respectively). 
These final, weighted emission results 
are compared to the emission standard 
to assess compliance. The agencies 
received comments regarding the duty 
cycles and the weighting factors used 
for assessing emissions compliance. In 
making final determination for the cycle 
weighting factors, the agencies 
considered those comments, as well as 
the agencies’ own data in determining 
the final weighting factors and duty 
cycles to be used for determining 
emissions compliance. Demonstration of 
compliance is also available through the 
use of credits generated as part of the 
Averaging, Banking, and Trading 
Program (ABT) as described earlier in 
this Preamble. Additionally, compliance 
may be demonstrated through the use of 
a Vehicle Speed Limiter (VSL) and the 
application of the VSL is accounted for 
as another input to the GEM for 
assessing GHG and fuel consumption 
emissions performance. 

Durability Testing 
As with engine certification, a 

manufacturer must provide evidence of 
compliance through the regulatory 
useful life of the vehicle. Factors 
influencing vehicle-level GHG 
performance over the life of the vehicle 
fall into two basic categories: vehicle 
attributes and maintenance items. Each 
category merits different treatment from 
the perspective of assessing useful life 
compliance, as each has varying degrees 
of manufacturer versus owner/operator 
responsibility. 

The category of vehicle attributes 
generally refers to aerodynamic features, 

such as fairings, side-skirts, air dams, air 
foils, etc., which are installed by the 
manufacturer to reduce aerodynamic 
drag on the vehicle. These features have 
a significant impact on GHG emissions 
and their emission reduction properties 
are assessed early in the useful life (at 
the time of certification). These features 
are expected to last the full life of the 
vehicle without becoming detached, 
cracked/broken, misaligned, or 
otherwise not in a state which provides 
the original GHG emissions reduction. 
In the absence of the aforementioned 
failure modes, the performance of these 
features is not expected to degrade over 
time and the benefit to reducing GHG 
emissions is expected to last for the life 
of the vehicle with no special 
maintenance requirements. To assess 
useful life compliance, we are following 
a design-based approach which will 
ensure that the manufacturer has 
robustly designed these features so they 
can reasonably be expected to last the 
useful life of the vehicle. 

The category of maintenance items 
refers to items that are replaced, 
renewed, cleaned, inspected, or 
otherwise addressed in the preventative 
maintenance schedule specified by the 
vehicle manufacturer. Replacement 
items that have a direct influence on 
GHG emissions are primarily tires and 
lubricants. Synthetic engine oil may be 
used by vehicle manufacturers to reduce 
the GHG emissions of their vehicles. 
Manufacturers may specify that these 
fluids be changed throughout the useful 
life of the vehicle. If this is the case, the 
manufacturer should have a reasonable 
basis that the owner/operator will use 
fluids having the same properties. This 
may be accomplished by requiring (in 
service documentation, labeling, etc.) 
that only these fluids can be used as 
replacements. 

If the vehicle remains in its original 
certified condition throughout its useful 
life, it is not believed that GHG 
emissions would increase as a result of 
service accumulation. This is based on 
the assumption that as components such 
as tires wear, the rolling resistance due 
to friction is likely to stay the same or 
decrease. With all other components 
remaining equal (tires, aerodynamics, 
etc), the overall drag force would stay 
the same or decrease, thus not 
significantly changing GHG emissions at 
the end of useful life. It is important to 
remember however, that this vehicle 
assessment does not take into account 
any engine-related wear affects, which 
may in fact increase GHG emissions 
over time. The agencies received 
comments from engine and tractor 
manufacturers requesting an assigned 
deterioration factor of zero for GHG 
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emissions. As discussed previously, the 
agencies will allow the use of an 
assigned deterioration factor of zero 
where appropriate in Phase 1, however 
this does not negate the responsibility of 
the manufacturer to ensure compliance 
with the emissions standards 
throughout the useful life. 

For the reasons explained above, we 
believe that for the first phase of this 
program, it is most important to ensure 
that the vehicle remain in its certified 
configuration throughout the useful life. 
This can most effectively be 
accomplished through engineering 
analysis and specific maintenance 
instructions provided by the vehicle 
manufacturer. The vehicle manufacturer 
would be primarily responsible for 
providing engineering analysis 
demonstrating that vehicle attributes 
will last for the full useful life of the 
vehicle. We anticipate this 
demonstration will show that 
components are constructed of 
sufficiently robust materials and design 
practices so as not to become 
dysfunctional under normal operating 
conditions. For instance, we expect 
aerodynamic fairings to be constructed 
of materials similar to that of the main 
body of the vehicle (fiberglass, steel, 
aluminum, etc) and have sufficient 
support and attachment mechanisms so 
as not to become detached or broken 
under normal, on-highway driving. 

(ii) EPA’s Air Conditioning Leakage 
Standards 

Heavy-duty vehicle air conditioning 
systems contribute to GHG emissions in 
two ways. First, operation of the air 
conditioning unit places an accessory 
load on the engine, which increases fuel 
consumption. Second, most modern 
refrigerants are HFC-based, which have 
significant global warming potential 
(GWP=1430). For heavy-duty vehicles, 
the load added by the air conditioning 
system is comparatively small compared 
to other power requirements of the 
vehicle. Therefore, we are not targeting 
any GHG reduction due to decreased air 
conditioning usage or higher efficiency 
A/C units for this final action. However, 
refrigerant leakage, even in very small 
quantities, can have significant adverse 
effects on GHG emissions. 

Refrigerant leakage is a concern for 
heavy-duty vehicles, similar to light- 
duty vehicles. To address this, EPA is 
finalizing a design-based standard for 
reducing refrigerant leakage from heavy- 
duty pickups and vans and combination 
tractors. This standard is based off using 
the best practices for material selection 
and interface sealing, as outlined in SAE 
publication J2727. Based on design 
criteria in this publication, a leakage 

‘‘score’’ can be assessed and an 
estimated annual leak rate can be made 
for the A/C system based on the 
refrigerant capacity. (There is no 
requirement for vocational vehicle AC 
leakage for reasons explained at 75 FR 
74211.) 

At the time of certification, 
manufacturers will be required to 
outline the design of their system, 
including the specification of materials 
and construction methods. They will 
also need to supply the leakage score 
developed using SAE J2727 and the 
refrigerant volume of their system to 
determine the leakage rate per year. If 
the certifying manufacturer does not 
complete installation of the air 
conditioning unit, detailed instructions 
must be provided to the final installer 
who ensures that the A/C system is 
assembled to meet the low-leakage 
standards. These instructions will also 
need to be provided at the time of 
certification, and manufacturers must 
retain all records relating to auditing of 
the final assembler. 

(c) In-Use Standards 
As previously addressed, the drive- 

cycle dependence of CO2 emissions 
makes NTE-based in-use testing 
impractical. In addition, we believe the 
reporting of CO2 data from the criteria 
pollutant in-use testing program will be 
helpful in future rulemaking efforts. For 
these reasons, we are not finalizing an 
NTE-based in-use testing program for 
Class 7 and 8 combination tractors for 
this program. 

In the absence of NTE-based in-use 
testing, provisions are necessary for 
verifying that production vehicles are in 
the certified configuration, and remain 
so throughout the useful life. Perhaps 
the easiest method for doing this is to 
verify the presence of installed 
emission-related components. This 
would basically consist of a vehicle 
audit against what is claimed in the 
certification application. This includes 
verifying the presence of aerodynamic 
components, such as fairings, side- 
skirts, and gap-reducers. In addition, the 
presence of idle-reduction and speed 
limiting devices would be verified. The 
presence of LRR tires could be verified 
at the point of initial sale; however 
verification at other points throughout 
the useful life would be non-enforceable 
for the reasons mentioned previously. 

The category of wear items primarily 
relates to tires. It is expected that 
vehicle manufacturers will equip their 
trucks with LRR tires, as they may 
provide a reduction in GHG emissions. 
The tire replacement intervals for this 
class of vehicle is normally in the range 
of 50,000 to 100,000 miles, which 

means the owner/operator will be 
replacing the tires at several points 
within the useful life of the vehicle. We 
believe that as LRR tires become more 
common on new equipment, the 
aftermarket prices of these tires will also 
decrease. The primary barrier to the 
introduction of more fuel efficient tire 
designs into the truck market is the 
upfront costs of tire development and 
upfront capital costs for new production 
machinery (e.g., new tire molds). Once 
manufacturers have sunk these costs 
into new tire designs and production 
facilities in order to meet our vehicle 
standards, there is little barrier for 
bringing these better products into the 
replacement tire market as well. Our 
regulations will effectively force OEMs 
to make these investments in tire 
designs and, having done so, should 
lead to better tires not only for new 
vehicles but in the replacement tire 
market as well. Along with decreasing 
tire prices, the fuel savings realized 
through use of LRR tires will ideally 
provide enough incentive for owner/ 
operators to continue purchasing these 
tires. Thus, the inventory modeling in 
this final action reflects the continued 
use of LRR tires through the life of the 
vehicle. 

(2) Enforcement Provisions 
As identified above, a significant 

amount of vehicle-level GHG reduction 
is anticipated to come from the use of 
components specifically designed to 
reduce GHG emissions. Examples of 
such components include LRR tires, 
aerodynamic fairings, idle reduction 
systems, and vehicle speed limiters. At 
the time of certification, vehicle 
manufacturers will specify which 
components will be on their vehicle 
when introduced into commerce. Based 
on this list of installed components, 
GHG emissions performance of the 
vehicle will be assessed using the GEM, 
and compliance with the family (or 
subfamily) emissions limit will need to 
be shown. Given the ability of 
manufacturers to demonstrate 
compliance through the use of 
flexibility provisions, as previously 
described, that will be taken into 
account when assessing the 
performance for purposes of 
enforcement. Additionally, should 
enforcement action be necessary against 
systems certified using the flexibility 
provisions, credit balances generated 
through the use of the provisions may 
be reduced as a consequence of 
enforcement activity. As described in 
the in-use testing section, it is important 
to have the ability to determine if the 
vehicle is in the certified configuration 
at the time of sale. 
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Perhaps the most practical and basic 
method of verifying that a vehicle is in 
its certified configuration is through a 
vehicle emissions control information 
label, similar to that used for engines 
and light-duty vehicles. We proposed 
that this label list identifying features of 
the vehicle, including model year, 
vehicle model, certified engine family, 
vehicle manufacturer, test group, and 
GHG emissions category. In addition, 
this label would list emission-related 
components that an inspector could 
reference in the event of a field 
inspection. Possible examples may 
include LRR (for LRR tires), ARF 
(aerodynamic roof fairing), and ARM 
(aerodynamic rearview mirrors). With 
this information, inspectors could verify 
the presence and condition of attributes 
listed as part of the certified 
configuration. 

Several comments were received 
voicing concern that the large number of 
vehicle permutations within a given 
vehicle family (and perhaps vehicle 
subfamily) would lead to a large number 
of unique labels, at significant cost and 
labor burden to the manufacturer. In 
addition, including generic emission 
control system (EC) identifiers for 
vehicles would add a significant burden 
while providing little usable 
information for inspectors. A common 
example given in the comments was 
that simply identifying ‘‘ARF’’ for a roof 
fairing would not be sufficiently 
detailed for an inspector to know 
whether the correct roof fairing is 
present. As a result of these concerns, 
commenters suggested that vehicle 
labels only include a minimal amount of 
information such as a compliance 
statement, vehicle family name, and 
date of manufacture. 

The agencies generally agree with the 
concerns raised by the commenters and 
do not wish to add burdensome and 
arbitrary labeling requirements. 
Concurrently, we also remain 
committed to giving agency inspectors 
adequate tools to ensure a vehicle is in 
its certification at least at the time of 
sale. Therefore, we are finalizing a 
vehicle label requirement that includes: 
—Compliance statement. 
—Vehicle manufacturer. 
—Vehicle family (and subfamily). 
—Date of manufacture. 
—Regulatory subcategory. 
—Emission control system identifiers. 

To address the concerns from vehicle 
manufacturers identified above, 
particularly related to emission control 
(EC) identifiers, we believe a 
combination of selectable information 
on the label as well as a set of EPA- 
defined EC identifiers will provide a 

useful, but not overly burdensome 
labeling scheme. Since the intent of 
these identifiers is to provide inspectors 
with a means for simply verifying the 
presence of a component, we do not 
believe overly detailed identifiers are 
necessary, particularly for tires and 
aerodynamic components. For instance, 
current engine regulations require that 
three-way catalysts be identified on 
engine labels as ‘‘TWC.’’ However, 
unique details such as catalyst size, 
loading, location, and even the number 
of catalysts are not on the label. In 
similar fashion, we believe that 
identifying tires and aerodynamic 
components in a general sense will 
prove similarly effective in determining 
if a vehicle has been built as intended 
or if it has been modified prior to being 
offered for sale. 

EPA is requiring that components for 
which vehicle certification is dependent 
upon be identified on the label. This 
includes limited aerodynamic 
components (roof fairings, side skirts, & 
gap reducers), vehicle speed limiters, 
LRR tires, and idle reduction 
components. If vehicle certification also 
depends on the use of innovative or 
advanced technologies, this too must be 
included on the label. The following 
identifiers must be used for the 
emission control label: 

Vehicle Speed Limiters 

—VSL—Vehicle speed limiter. 
—VSLS—‘‘Soft-top’’ vehicle speed 

limiter. 
—VSLE—Expiring vehicle speed 

limiter. 
—VSLD—Vehicle speed limiter with 

both ‘‘soft-top’’ and expiration. 

Idle Reduction Technology 

—IRT5—Engine shutoff after 5 minutes 
or less of idling. 

—IRTE—Expiring engine shutoff. 

Tires 

—LRRD—Low rolling resistance tires— 
Drive (CRR of 8.2 kg/metric ton or 
less). 

—LRRS—Low rolling resistance tires— 
Steer (CRR of 7.8 kg/metric ton or 
less). 

—LRRA—Low rolling resistance tires— 
All (meeting appropriate criteria for 
steer & drive). 

Aerodynamic Components 

—ATS—Aerodynamic side skirt and/or 
fuel tank fairing. 

—ARF—Aerodynamic roof fairing. 
—ARFR—Adjustable height 

aerodynamic roof fairing. 
—TGR—Gap reducing fairing (tractor to 

trailer gap). 

Other Components 
—ADV—Vehicle includes advanced 

technology components. 
—ADVH—Vehicle includes hybrid 

powertrain. 
—INV—Vehicle includes innovative 

technology components. 
On the vehicle label, several (if not 

all), available EC identifiers available in 
a given subfamily can be listed and the 
appropriate selections can be made at 
the time of assembly based on each 
unique vehicle configuration. This 
practice is common on engine ECI labels 
(normally for month/year of 
manufacture) and selections are made 
using a punch, stamp, check mark or 
other permanent method. This provides 
inspectors with the information they 
need while still affording flexibility to 
manufacturers with several unique 
vehicle configurations. 

At the time of certification, 
manufacturers will be required to 
submit an example of their vehicle 
emission control label such that EPA 
can verify that all critical elements 
mentioned above are present. In 
addition to the label, manufacturers will 
also need to describe where the unique 
vehicle identification number and date 
of production can be found on the 
vehicle (if the date is not present on the 
label). 

The agencies received several 
comments requesting the inclusion of 
consumer-focused labels for heavy-duty 
vehicles. These requests mainly 
involved labels similar to those found 
on passenger vehicles, allowing 
consumers to easily determine and 
compare fuel efficiency between 
vehicles. While we agree that such 
labels proven to be valuable to 
consumers in the light-duty market 
when shopping and comparing vehicles, 
the vast array of in-use drive cycles for 
heavy-duty vehicles and significant 
impact on GHG emissions reduce the 
intrinsic value of such fuel efficiency 
data to consumers. Additionally, many 
heavy-duty vehicles are unique and 
purpose-built which prevents direct 
comparison to other vehicles. The 
agencies may revisit this topic for future 
rulemaking activities, however there is 
no consumer label requirement in this 
final action. 

(3) Other Certification Provisions 

(a) Warranty 
Section 207 of the CAA requires 

manufacturers to warrant their products 
to be free from defects that would 
otherwise cause non-compliance with 
emission standards. For purposes of this 
regulation, vehicle manufacturers must 
warrant all components which form the 
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basis of the certification to the GHG 
emission standards. The emission- 
related warranty covers vehicle speed 
limiters, idle shutdown systems, 
fairings, hybrid system components, and 
other components to the extent such 
components are included in the 
certified emission controls. The 
emission-related warranty also covers 
tires and all components whose failure 
would increase a vehicle’s evaporative 
emissions (for vehicles subject to 
evaporative emission standards, which 
could include components which 
received innovative or advanced 
technology credits). In addition, the 
manufacturer must ensure these 
components and systems remain 
functional for the warranty period 
defined in 40 CFR part 86 for the engine 
used in the vehicle, generally defined as 
half of the regulatory useful life. As with 
heavy-duty engines, manufacturers may 
offer a more generous warranty, 
however the emissions related warranty 
may not be shorter than any other 
warranty offered without charge for the 
vehicle. If aftermarket components are 
installed (unrelated to emissions 
performance) which offer a longer 
warranty, this will not impact emission 
related warranty obligations of the 
vehicle manufacturer. NHTSA, for this 
phase of the program, is not finalizing 
any warranty requirements relating to 
its fuel consumption rule. 

Several comments were received from 
vehicle manufacturers voicing concern 
that tire warranties should be the 
responsibility of the tire manufacturer, 
not the vehicle manufacturer. It has 
been, and remains, EPA policy to hold 
the certifying entities responsible for 
warranty obligations. In this case, tire 
manufacturers are not certificate holders 
and therefore we do not believe it is 
appropriate for them to independently 
warrant their products. The agencies see 
this as no different than requiring 
turbocharger or fuel injector 
manufacturers to provide warranties 
related to heavy-duty engines. However, 
we do believe that vehicle 
manufacturers can and should hold tire 
manufacturers responsible for warranty 
of their products as part of their 
sourcing and purchasing agreements. As 
proposed, tires are only required to be 
warranted for the first life of the tires 
(vehicle manufacturers are not expected 
to cover replacement tires). For heavy- 
duty pickups and vans and combination 
tractors, the vehicle manufacturer is also 
required to warrant the A/C system 
against design or manufacturing defects 
causing refrigerant leakage in excess of 
the standard. The warranty period for 
the A/C system is identical to the 

vehicle warranty period as described 
above. 

At the time of certification, 
manufacturers must supply a copy of 
the warranty statement that will be 
supplied to the end customer. This 
document should outline what is 
covered under the GHG emissions 
related warranty as well as the length of 
coverage. Customers must also have 
clear access to the terms of the warranty, 
the repair network, and the process for 
obtaining warranty service. 

(b) Maintenance 
Vehicle manufacturers are required to 

outline maintenance schedules that 
ensure their product will remain in 
compliance with emission standards 
throughout the useful life of the vehicle. 
For heavy-duty vehicles, such 
maintenance may include fluid/ 
lubricant service, fairing adjustments, or 
service to the GHG emission control 
system. This schedule is required to be 
submitted as part of the application for 
certification. Maintenance that is 
deemed to be critical to ensuring 
compliance with emission standards is 
classified as ‘‘critical emission-related 
maintenance.’’ Generally, manufacturers 
are discouraged from specifying that 
critical emission-related maintenance is 
needed within the regulatory useful life 
of the engine. However, if such 
maintenance is unavoidable, 
manufacturers must have a reasonable 
basis for ensuring it is performed at the 
correct time. This may be demonstrated 
through several methods including 
survey data indicating that at least 80 
percent of engines receive the required 
maintenance in-use or manufacturers 
may provide the maintenance at no 
charge to the user. 

Manufacturers will be required to 
submit the recommended emission- 
related maintenance schedule (and 
other service related documentation) at 
the time of certification. This 
documentation should provide 
sufficient detail to allow the owner/ 
operator of the vehicle to maintain the 
emission control system in a way that 
will ensure functionality as intended. 
This would include items such as 
periodic inspection of aerodynamic 
components and maintenance unique to 
advanced or innovative technologies. In 
addition, these instructions should 
provide the owner/operator with 
adequate information to replace 
consumable components (such as tires) 
with comparable replacements. 

Since low rolling resistance tires are 
key emission control components under 
this program, and will likely require 
replacement at multiple points within 
the life of a vehicle, it is logical to 

clarify how this fits into the emission- 
related maintenance requirements. 
While the agencies encourage the 
exclusive use of LRR tires throughout 
the life of heavy-duty vehicles, we 
recognize that it is inappropriate at this 
time to hold vehicle manufacturers 
responsible for ensuring that this 
occurs. Additionally, we believe that 
owner/operators have a legitimate 
financial motivation for ensuring their 
vehicles are as fuel efficient as possible, 
which includes purchasing LRR 
replacement tires. However owner/ 
operators may not have a sound 
knowledge of which replacement tires 
to purchase to retain the as-certified fuel 
efficiency of their vehicle. To address 
this concern and in response to 
comments from vehicle manufacturers, 
we are requiring that vehicle 
manufacturers supply adequate 
information in the owner’s manual to 
allow the owner/operator of the vehicle 
to purchase tires meeting or exceeding 
the rolling resistance performance of the 
original equipment tires. We expect that 
these instructions will be submitted to 
EPA as part of the application for 
certification. 

(c) Certification Fees 
Similar to engine certification, the 

agency will assess certification fees for 
heavy-duty vehicles. The proceeds from 
these fees are used to fund the 
compliance and certification activities 
related to GHG regulation for this 
regulatory category. In addition to the 
certification process, other activities 
funded by certification fees include 
EPA-administered in-use testing, 
selective enforcement audits, and 
confirmatory testing. At this point, the 
exact costs associated with the heavy- 
duty vehicle GHG compliance are not 
well known. EPA will assess its 
compliance program cost associated 
with this program and assess the 
appropriate level of fees. We anticipate 
that fees will be applied based on 
vehicle families, following the light- 
duty vehicle approach. 

(d) Requirements for Conducting 
Aerodynamic Assessment Using the 
Modified Coastdown Reference Method 
and Alternative Aerodynamic Methods 

The requirements for conducting 
aerodynamic assessment using the 
modified coastdown reference method 
and alternative aerodynamic methods 
includes two key components: 
adherence to a minimum set of 
standardized criteria for each allowed 
method and submittal of aerodynamic 
values and supporting information on 
an annual basis for the purposes of 
certifying vehicles to a particular 
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aerodynamic bin as discussed in Section 
II. 

First, we are finalizing requirements 
for conducting the modified coastdown 
reference method and each of the 
alternative aerodynamic assessment 
methods. We will cite approved and 
published standards and practices, 
where feasible, but will define criteria 
where none exists or where more 
current research indicates otherwise. A 
description of the requirements for each 
method is discussed later in this 
section. The manufacturer will be 
required to provide performance data on 
its vehicles and attest to the accuracy of 
the information provided. 

Second, to ensure continued 
compliance, manufacturers will be 
required to provide a minimum set of 
information on an annual basis at 
certification time 1) to support 
continued use of an aerodynamic 
assessment method and 2) to assign an 

aerodynamic value based on the 
applicable aerodynamic bins. The 
information supplied to the agencies 
should be based on an approved 
aerodynamic assessment method and 
adhere to the requirements for 
conducting aerodynamic assessment 
mentioned above. 

The annual submission may be based 
on coastdown testing conducted 
consistent with the modified protocol 
detailed in this rulemaking or with an 
approved alternative method. The 
coastdown testing must be conducted 
using the Modified Protocol which uses 
SAE J1263 as a basis with some 
elements of SAE J2263 (e.g., post- 
processing and analysis techniques), in 
addition to the modifications developed 
in response to industry comments 
which raised concerns regarding test to 
test variability. 

In addition to 8 valid coastdown runs 
in each direction, manufacturers using 

in-house test methods should provide 
an adjustment factor for relating their 
drag coefficient based on their in-house 
method to the reference method, 
modified coastdown. The basis for the 
adjustment factor is: 

Adjustment Factor = Cd coastdown / 
Cd in-house 

For the test article used for 
certification that differs from the test 
article used for reference method 
testing, determine Cd to use for 
aerodynamics bin determination as 
described below. 

Cd certification BIN = Adjustment Factor × 
Cdin-house measured 

The specific requirements for the test 
article used in reference method testing 
using the coastdown procedures should 
meet the requirements listed in Table 
V–2 through Table V–5, below. 

TABLE V–2—REFERENCE METHOD TEST VEHICLE SPECIFICATIONS 

53′ air ride dry vans 

Length ...................................................... 53 feet (636 inches) +/¥ 1 inch. 
Width ........................................................ 102 inches +/¥ 0.5 inches. 
Height ...................................................... 102 inches (162 inches or 13 feet, 6 inches (+ 0.0 inch/ ¥1 inch) from the ground). 
Capacity ................................................... 3800 cubic feet. 
Assumed trailer load/capacity ................. 45,000 lbs. 
Suspension .............................................. Any (see ‘‘trailer ride height’’ below). 
Corners .................................................... Rounded with a radius of 5.5 inches +/¥ 0.5 inches. 
Bogie/Rear Axle Position ......................... Tandem axle (std), 146 inches +/¥ 3.0 inches from rear axle centerline to rear of trailer. Set to Cali-

fornia position. 
Skin .......................................................... Generally smooth with flush rivets. 
Scuff band ............................................... Generally smooth, flush with sides (protruding ≤ 1⁄8 inch). 
Wheels ..................................................... 22.5 inches. Duals. Std mudflaps. 
Doors ....................................................... Swing doors. 
Undercarriage/Landing Gear ................... Std landing gear, no storage boxes, no tire storage, 105 inches +/¥ 4.0 inches from centerline of 

king pin to centerline of landing gear. 
Underride Guard ...................................... Equipped in accordance with 49 CFR 393.86. 

Tires for the Standard Trailer and the Tractor: 
a. Size: 295/75R22.5 or 275/80R22.5. 
b. CRR <5.1 kg/metric ton (In addition, the CRR for trailer tires in GEM should be updated to 5.0 kg/metric ton.). 
c. Broken in per section 8.1 of SAE J1263. 
d. Pressure per section 8.5 of SAE J1263. 
e. No uneven wear. 
f. No re-treads. 
g. Should these tires or appropriate Smart Way tires not be available, the Administrator testing may include tires used by the manufacturer 

for certification. 

Test Conditions: 
1. Tractor-trailer gap: 45 inches +/¥ 2.0 inches. 
2. King pin setting: 36 inches +/¥ 0.5 inches from front of trailer to king pin center line. 
3. Trailer ride height: 115 inches +/¥ 1.0 inches from top of trailer to fifth wheel plate, measured at the front of the trailer, and set within 

trailer height boundary from ground as described above. 
4. Mudflaps: Positioned immediately following wheels of last axle. 

TABLE V–3—REFERENCE METHOD COASTDOWN TEST TRACK CONDITION SPECIFICATIONS 

Parameter Range 

Coastdown speed range .......................................................................... 70 mph to 15 mph. 
Average wind speed at the test site (for each run in each direction) ...... <10 mph. 
Maximum wind speed (for each run in each direction) ............................ <12.3 mph. 
Average cross wind speed (for each run in each direction at the site) ... <5 mph. 
All valid coastdown runs in one direction ................................................. Within 2 standard deviations of the other valid coastdown runs in that 

same direction. 
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TABLE V–3—REFERENCE METHOD COASTDOWN TEST TRACK CONDITION SPECIFICATIONS—Continued 

Parameter Range 

Grade of the test track ............................................................................. <0.02% or account for the impact of gravity as described in SAE J2263 
Equation 6. 

TABLE V–4—STANDARD TANKER TRAILER FOR SPECIAL TESTING 

Tanker 

Length ...................................................... 42 feet ± 1 foot, overall. 
40 feet ± 1 foot, tank. 

Width ........................................................ 96 inches ± 2. 
Height ...................................................... 140 inches (overall, from ground). 
Capacity ................................................... 7,000 gallons. 
Suspension .............................................. Any (see ‘‘trailer ride height’’ below). 
Tank ......................................................... Generally cylindrical with rounded ends. 
Bogie ........................................................ Tandem axle (std). Set to furthest rear position. 
Skin .......................................................... Generally smooth. 
Structures ................................................ (1) Centered, manhole (20 inch opening), (1) ladder generally centered on side, (1) walkway (extends 

lengthwise). 
Wheels ..................................................... 24.5 inches. Duals. 
Tanker Operation ..................................... Empty. 

TABLE V–5—STANDARD FLATBED REFERENCE TRAILER FOR SPECIAL TESTING 

Flatbed 

Length ...................................................... 53 feet. 
Width ........................................................ 102 inches. 
Flatbed Deck Heights .............................. Front: 60 inches ± 1⁄2 inch. 

Rear: 55 inches ± 1⁄2 inch. 
Wheels/Tires ............................................ 22.5 inch diameter tire with steel or aluminum wheels. 
Bogie ........................................................ Tandem axles, may be in ‘‘spread’’ configuration up to 10 feet ± 2 inches. 

Air suspension. 

Load Profile: 25 inches from the centerline to either side of the load; 
Mounted 4.5 inches above the deck. 
Load height 31.5 inches above the load support. 

Regardless of the method, all testing 
using high-roof sleepers should be 
performed with a tractor-trailer 
combination to mimic real world usage. 
Accordingly, it is important to match 
the type of tractor with the correct 
trailer. Although, as discussed 
elsewhere in this rulemaking, the 
correct tractor-trailer combination is not 
always present or tractor-only operation 
may occur, the majority of operation in 
the real world involves correctly 
matched tractor-trailer combinations 
and we will attempt to reflect that here. 
Therefore, when performing an 
aerodynamic assessment for a Class 7 
and 8 tractor with a high roof, a 
standard box trailer must be used. 

The definitions of the standard trailer 
are further detailed in § 1037.501(g). 
This ensures consistency and continuity 
in the aerodynamic assessments, and 
maintains the overlap with real world 
operation. As mid-roof and low-roof 
coastdown testing will be conducted 
without the trailer if the aerodynamic 
bin is not extrapolated from a high-roof 
version, then testing using other 

methods should also be conducted 
based on the tractor alone. 

(e) Standardized Criteria for 
Aerodynamic Assessment Methods 

(i) Coastdown Procedure Requirements 

For coastdown testing, the test runs 
should be conducted in a manner 
consistent with SAE J1263 with 
additional modifications as described in 
the 40 CFR part 1066, subpart C, and in 
Chapter 3 of the RIA using the mixed 
model analysis method. Since the 
coastdown procedure is the primary 
aerodynamic assessment method, the 
manufacturer would be required to 
conduct the coastdown procedure 
according to the requirements in this 
final action and supply the following 
information to the agency for approval: 

• Facility information: name and 
location, description and/or 
background/history, equipment and 
capability, track and facility elevation, 
track grade and track size/length; 

• Test conditions for each test result 
including date and time, wind speed 
and direction, ambient temperature and 
humidity, vehicle speed, driving 

distance, manufacturer name, test 
vehicle/model type, model year, 
applicable model engine family, tire 
type and rolling resistance, test weight 
and driver name(s) and/or ID(s); 

• Average Cd result as calculated in 
40 CFR 1037.520(b) from valid tests 
including, at a minimum, ten valid test 
results, with no maximum number, 
standard deviation, calculated error and 
error bands, and total number of tests, 
including number of voided or invalid 
tests. 

(ii) Wind Tunnel Testing Requirements 

Wind tunnel testing would conform to 
the following procedures and 
modifications, where applicable, 
including: 

• SAE J1252, ‘‘SAE WIND TUNNEL 
TEST PROCEDURE FOR TRUCKS AND 
BUSES’’ (July 1981) shall be followed 
with the following exceptions: section 
5.2 is modified to specify a minimum 
Reynold’s number (Remin) of 1.0×106 and 
your model frontal area at zero yaw 
angle may exceed the recommended 5 
percent of the active test section area, 
provided it does not exceed 25 percent; 
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section 6.0 is modified to add the 
requirement that, for reduced-scale 
wind tunnel testing, a one-eighth (1⁄8th) 
or larger scale model of a heavy-duty 
tractor and trailer must be used; for 
reduced-scale wind tunnel testing, 
section 6.1 is modified to add the 
requirement that the model be of 
sufficient design to simulate airflow 
through the radiator inlet grill and 
across an engine geometry 
representative of those commonly in 
your test vehicle.; 

• J1594, ‘‘VEHICLE 
AERODYNAMICS TERMINOLOGY’’ 
(December 1994); and 

• J2071, ‘‘AERODYNAMIC TESTING 
OF ROAD VEHICLES—OPEN THROAT 
WIND TUNNEL ADJUSTMENT’’ (June 
1994). 

In addition, the wind tunnel used for 
aerodynamic assessment would be a 
recognized facility by the Subsonic 
Aerodynamic Testing Association. If 
your wind tunnel is not capable of 
testing in accordance with these EPA 
modified SAE procedures, you may 
request EPA approval to use this wind 
tunnel and must demonstrate that your 
alternate test procedures produce data 
sufficiently accurate for compliance. 
This must be approved by EPA prior to 
method validation and correlation factor 
development. We are finalizing the 
provisions that manufacturers that 
perform wind tunnel testing do so based 
on the requirements detailed in this 
action. The wind tunnel tests should be 
conducted at a zero yaw angle and, if so 
equipped, utilizing the moving/rolling 
floor (i.e., the moving/rolling floor 
should be on during the test as opposed 
to static) for comparison to the 
coastdown procedure, which corrects to 
a zero yaw angle for the oncoming wind. 
However, manufacturers may be 
required to test at yaw angles other than 
zero (e.g., positive and negative six) if 
they voluntarily seek to improve their 
GHG emissions score for a given model 
using additional yaw sweep. 

The manufacturer is required to 
supply the following: 

• Facility information: Name and 
location, description and background/ 
history, layout, wind tunnel type, 
diagram of wind tunnel layout, 
structural and material construction; 

• Wind tunnel design details: Corner 
turning vane type and material, air 
settling, mesh screen specification, air 
straightening method, tunnel volume, 
surface area, average duct area, and 
circuit length; 

• Wind tunnel flow quality: 
Temperature control and uniformity, 
airflow quality, minimum airflow 
velocity, flow uniformity, angularity 
and stability, static pressure variation, 

turbulence intensity, airflow 
acceleration and deceleration times, test 
duration flow quality, and overall 
airflow quality achievement; 

• Test/Working section information: 
Test section type (e.g., open, closed, 
adaptive wall) and shape (e.g., circular, 
square, oval), length, contraction ratio, 
maximum air velocity, maximum 
dynamic pressure, nozzle width and 
height, plenum dimensions and net 
volume, maximum allowed model scale, 
maximum model height above road, 
strut movement rate (if applicable), 
model support, primary boundary layer 
slot, boundary layer elimination method 
and photos and diagrams of the test 
section; 

• Fan section description: Fan type, 
diameter, power, maximum rotational 
speed, maximum top speed, support 
type, mechanical drive, sectional total 
weight; 

• Data acquisition and control (where 
applicable): Acquisition type, motor 
control, tunnel control, model balance, 
model pressure measurement, wheel 
drag balances, wing/body panel 
balances, and model exhaust 
simulation; 

• Moving ground plane or Rolling 
Road (if applicable): Construction and 
material, yaw table and range, moving 
ground length and width, belt type, 
maximum belt speed, belt suction 
mechanism, platen instrumentation, 
temperature control, and steering; and 

• Facility correction factors and 
purpose. 

(iii) CFD Requirements 
Currently, there is no existing 

standard, protocol or methodology 
governing the use of CFD. Therefore, we 
are establishing a minimum set of 
criteria based on today’s practices and 
coupling the use of CFD with empirical 
measurements from coastdown and, for 
gaining innovative technology credits, 
wind tunnel procedures. Since there are 
primarily two-types of CFD software 
code, Navier-Stokes based and Lattice- 
Boltzman based, we are outlining two 
sets of criteria to address both types. 
Therefore, the agencies are requiring 
that manufacturers use commercially- 
available CFD software code with a 
turbulence model included or available. 
Further details and criteria for each type 
of commercially-available CFD software 
code follows immediately and general 
criteria for all CFD analysis are 
subsequently described. 

For Navier-Stokes based CFD code, 
manufacturers must perform an 
unstructured, time-accurate analysis 
using a mesh grid size with total volume 
element count of at least fifty million 
cells of hexahedral and/or polyhedral 

mesh cell shape, surface elements 
representing the geometry consisting of 
no less than six million elements and a 
near wall cell size corresponding to a y+ 
value of less than three hundred with 
the smallest cell sizes applied to local 
regions of the tractor and trailer in areas 
of high flow gradients and smaller 
geometry features. Navier-Stokes-based 
analysis should be performed with a 
turbulence model (e.g., k-epsilon (k-e), 
shear stress transport k-omega (SST k-w) 
or other commercially-accepted method) 
and mesh deformation (if applicable) 
enabled with boundary layer resolution 
of +/¥ 95 percent. Finally, Navier- 
Stokes based CFD analysis for the 
purposes of determining the Cd should 
be performed once result convergence is 
achieved. Manufacturers should 
demonstrate convergence by supplying 
multiple, successive convergence 
values. 

For Lattice-Boltzman based CFD code, 
manufacturers must perform an 
unstructured, time-accurate analysis 
using a mesh grid size with total 
number of volume elements of at least 
fifty million with a near wall cell size 
of no greater than six millimeters on 
local regions of the tractor and trailer in 
areas of high flow gradients and smaller 
geometry features, with cell sizes in 
other areas of the mesh grid starting at 
twelve millimeters and increasing in 
size from this value as the distance from 
the tractor-trailer model increases. 

In general for CFD, all analysis should 
be conducted using the following 
conditions: A tractor-trailer combination 
using the manufacturer’s tractor and the 
trailer according to the trailer 
specifications in this regulation, an 
environment with a blockage ratio of 
less than or equal to 0.2 percent to 
simulate open road conditions, a zero 
degree yaw angle between the oncoming 
wind and the tractor-trailer 
combination, ambient conditions 
consistent with the modified coastdown 
test procedures outlined in this 
regulation, open grill with 
representative back pressures based on 
data from the tractor model, turbulence 
model and mesh deformation enabled (if 
applicable), and tires and ground plane 
in motion consistent with and 
simulating a vehicle moving in the 
forward direction of travel. For any CFD 
analysis, the smallest cell size should be 
applied to local regions on the tractor 
and trailer in areas of high flow 
gradients and smaller geometry features 
(e.g., the a-pillar, mirror, visor, grille 
and accessories, trailer leading and 
trailing edges, rear bogey, tires, tractor- 
trailer gap). 

Finally, with administrator approval, 
a manufacturer may request and 
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perform CFD analysis using parameters 
and criteria other than stated above if 
the manufacturer can demonstrate that 
the conditions above are not feasible 
(e.g., insufficient computing power to 
conduct such analysis, inordinate length 
of time to conduct analysis, equivalent 
flow characteristics with more feasible 
criteria/parameters) or improved criteria 
may yield better results (e.g., different 
mesh cell shape and size). A 
manufacturer must provide data and 
information that demonstrates that their 
parameters/criteria will provide a 
sufficient level of detail to yield an 
accurate analysis including comparison 
of key characteristics between the 
manufacturer’s criteria/parameters and 
those stated above (e.g., pressure 
profiles, drag build-up, and/or 
turbulent/laminar flow at key points on 
the front of the tractor and/or over the 
length of the tractor-trailer 
combination). 

Alternative Aerodynamic Method 
Comparison to the Coastdown Test 
Procedure Reference Method 

If a manufacturer uses any alternative 
aerodynamic method, or any method 
other than the coastdown reference 
method, the manufacturer would have 
to provide a comparison to the 
coastdown test procedure reference 
method. The manufacturer would be 
required to perform the alternative 
aerodynamic method and the coastdown 
test procedure reference method on the 
same model and compare the Cd results. 
The alternative aerodynamic method, or 
any other method using good 
engineering judgment, and the 
coastdown test procedure reference 
method must be conducted under 
similar test conditions and adhere to the 
criteria discussed above for each 
aerodynamic assessment method. 

This demonstration would be 
performed in the initial year of rule 
implementation and would require 
agency review and approval prior to use 
of the alternative aerodynamic method 
in future years and for other models. 

The comparison would occur on one 
model of the manufacturer’s highest 
sales volume, Class 8, high roof, sleeper 
cab family with a full aerodynamics 
package, either equipped at the factory 
or sold through a dealer specifically for 
that model as an OEM part. If the 
manufacturer does not have such a 
model, the manufacturer may select a 
comparable model in that family or a 
model from another highest sales 
volume family in the manufacturer’s 
fleet. 

For the comparison, the manufacturer 
would be required to provide 
information on the test conditions for 

each test result including but not 
limited to: test date and time, wind 
speed (if applicable), temperature, 
humidity, manufacturer and model, 
model year, applicable model engine 
family, tire type and rolling resistance 
for actual model, model test weight, 
equivalent vehicle test weight, actual 
and simulated or equivalent vehicle 
speed, Reynolds number (if applicable), 
yaw angle (if applicable), blockage ratio, 
either calculated or measured (if 
applicable), model mounting (if 
applicable), model geometry, body axis 
force and moments (if applicable), total 
test duration, test vehicle and type and 
operator name(s) and/or ID(s). In 
addition, the manufacturer must 
provide the Cd results from valid tests. 

Once the comparison is performed in 
the initial year, the manufacturer is 
required to perform this comparison 
every three years on the highest sales 
volume, Class 8, high roof, sleeper cab 
family equipped with a full 
aerodynamics package unless any or all 
of the following occurs: the Class 8, high 
roof, sleeper cab family/model used for 
the original comparison is no longer 
commercially available, and/or 
significantly redesigned, with the 
meaning of ‘‘significantly’’ based on 
good engineering judgment, a 
fundamental change is made to the 
current alternative aerodynamic method 
(e.g., change from facility A to facility B 
as a source), and/or the alternative 
aerodynamic method is changed to 
something other than the coastdown test 
procedure reference method (e.g., 
switch to wind tunnel testing from 
coastdown, change wind tunnel testing 
facilities or CFD software code). 
However, the agency reserves the right 
and has the authority under the Clean 
Air Act (CAA) to request and have the 
manufacturer perform a comparison in 
any year and on any model that the 
manufacturer has certified. 

Finally, the data generated for the 
purpose of this comparison can be used 
in annual certification for that model, 
also called the base model, and for 
determining Cd for other models and/or 
sub-families in the base model family, 
or other families in the manufacturer’s 
fleet. 

Annual Certification Data Submittal for 
Aerodynamic Assessment 

For each model in the manufacturer’s 
fleet, the manufacturer is required to 
supply aerodynamic information on an 
annual basis to the agencies in their 
certification application. Once the 
manufacturer has performed the 
coastdown test procedure or the 
comparison for an alternative 
aerodynamic method, the aerodynamic 

assessment method can be used to 
generate Cd values for all models the 
manufacturer plans to certify and 
introduce into commerce. For each 
model, the manufacturer would 
determine a predicted aerodynamic drag 
(Cd times the frontal area, A). This 
reduces burden on the manufacturer to 
perform aerodynamic assessment but 
provides data for all the models in a 
manufacturer’s fleet. If a manufacturer 
has previously performed aerodynamic 
assessment on the other models, the 
manufacturer may submit an 
experimental Cd in lieu of a predicted 
Cd. 

The aerodynamic assessment data 
will be used in one of two ways: the 
manufacturer will use the Cd (times A) 
values to determine the correct GEM 
input according to agency-defined 
tables, or the agencies will use the 
manufacturer’s input data into the 
model and assign a GHG value/score. 

Since the agencies may input the data 
into the model, manufacturers are 
required to provide the information 
from the coastdown test procedure, 
alternative aerodynamic method or the 
method comparison described above for 
annual certification. In addition, the 
manufacturer would supply 
manufacturer fleet information to the 
agency for annual certification purposes 
along with the acceptance 
demonstration parameters: 
manufacturer name, model year, model 
line (if different than manufacturer 
name), model name, engine family, 
engine displacement, transmission 
name and type, number of axles, axle 
ratio, vehicle dimensions, including 
frontal area, predicted or measured 
coefficient of drag, assumptions used in 
developing the predicted or measured 
Cd, justification for carry-across of 
aerodynamic assessment data, photos of 
the model line-up, if available, and 
model applications and usage options. 

Finally, the agencies reserve the right 
to request that a manufacturer generate 
or provide additional data, prior to 
certification, to support and receive 
annual certification approval. 

(f) Aerodynamic Validation and 
Compliance Audit 

The agencies reserve the right to 
perform aerodynamic validation and 
compliance audit of the manufacturer’s 
aerodynamic results. The agencies may 
conduct a vehicle confirmatory 
evaluation using a vehicle recruited 
from the in-use fleet and performing the 
reference method, coastdown test 
procedures, either at the manufacturer’s 
facility or an independent facility using 
the agencies equipment and tools. If 
there is a discrepancy between the 
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manufacturer’s data submitted for 
certification and the agencies’ validation 
results, the agency may perform a full 
audit of the manufacturer’s source data 
and aerodynamic assessment methods 
and tools used by the manufacturer to 
produce the data. The manufacturer 
would be required to make all 
equipment and tools available to the 
agencies to conduct the full audit. 

Based on this audit, the agencies may 
require the manufacturer to make 
changes to their aerodynamic 
assessment methods ranging from minor 
adjustments to method criteria to 
switching allowed aerodynamic 
assessment methods. For the purposes 
of aerodynamic validation and 
compliance audit, manufacturers will be 
allowed an additional compliance 
margin of one bin from the certified bin 
for the model evaluated (e.g., if a 
manufacturer certifies a model to Bin 
IV, the results of the aerodynamic valid/ 
compliance audit must fall within the 

next highest bin, in this case Bin III). In 
addition, the agencies may select any 
model from the manufacturer’s fleet/ 
vehicle family to perform the 
aerodynamic validation and 
compliance. 

(g) Aerodynamic Bin Category 
Adjustment Using Yaw Sweep 
Information 

As discussed in Section II.B.2, the 
agencies are finalizing aerodynamic 
drag values which represent zero degree 
yaw (i.e., representing wind from 
directly in front of the vehicle, not from 
the side). We recognize that wind 
conditions, most notably wind 
direction, have a greater impact on real 
world CO2 emissions and fuel 
consumption of heavy-duty trucks than 
of light-duty vehicles. To provide 
additional incentive for manufacturers 
using aerodynamic techniques (i.e., 
techniques that use assessment at yaw 
angles more or less than zero degrees to 

capture the influence of side winds and 
calculate wind average drag coefficient), 
the agencies are defining an approach to 
allow manufacturers to account for 
improved aerodynamic performance in 
crosswind conditions similar to those 
experienced by vehicles in use. If a 
manufacturer can benefit from having a 
model that performs in regimes or 
conditions other than the scope of the 
test parameters in this rulemaking, this 
creates an incentive for the entire 
industry. As a result, we are allowing 
manufacturers to use the coefficient of 
drag values at positive six, negative six, 
and zero degrees yaw to improve their 
GHG score. 

The Yaw Sweep Adjustment would be 
determined using the following steps 
and equations: 

• Step 1: Determine your aero method 
adjustment factor as described above in 
paragraph (d) of this section and using 
the equation; 

• Step 2: Apply the aerodynamic 
method adjustment factor to the positive 
six, negative six and zero degrees yaw 
Cd values for that model using the 
equation; 
Cd Adjusted = Adjustment Factor × Cd(∂6 

degrees/¥6 degrees/0 degrees, model) 
• Step 3: Calculate your Adjusted 

zero yaw Cd*A 
Adjusted Zero Yaw Cd*A(model) = 

adjusted +/¥ Six Yaw 
Cd(average,model) *A(model) × Zero Yaw 
Cd*A(industry average) +/¥Six Yaw 
Cd(average)*A(industry average) 

• Step 4: Use the adjusted zero yaw 
Cd*A for the model to determine 
appropriate bin and the associated Cd 
input for the GEM to determine your 
Yaw Sweep Adjusted GHG score. 

Essentially, this equation becomes y = 
x * C where y is the adjusted zero yaw 
Cd, × is the corrected average of the +/ 
¥ six degree yaw Cds for the 
manufacturer’s model, and C is a 
constant value based on the ratio of the 
zero yaw Cd and WACd ratio for the 
industry. The current default value for 
this industry baseline ratio for this is 
rulemaking is 0.8065 based on the Cd 
values of current Class 8, high-roof, aero 
sleeper cab models in the fleet. The 
agencies may periodically review this 
industry baseline ratio and adjust it, if 
necessary, with notification to the 
industry. 

The yaw sweep adjustment described 
above only applies to Class 7, high-roof 
day cab and Class 8 high-roof day or 
sleeper cab tractors and a manufacturer 
seeking yaw sweep adjustment must use 
an approved, alternative aerodynamic 
method to generate the yaw sweep data. 
Manufacturers may use a more yaw 
sweep angles (e.g., zero, +/¥ 1, 3, 6, 9) 
for their yaw sweep adjustment and, in 
this case, must calculate the wind- 
average Cd (WACd) according to SAE 
J1252 and use this value in lieu of the 
average of the +/¥ six degree yaw Cds 
in the equations above. 

As stated elsewhere in this regulation, 
the Agencies reserve the right to review 
a manufacturer’s proposed adjustment 
and discuss the proposed adjustment 
with the manufacturer. The Agencies 
will notify the manufacturer of the need 
for a review and the manufacturer must 
provide all information requested by the 
Agencies to support the review and 
subsequent discussion(s). The agencies 
also reserve the right to deny 
aerodynamic bin category adjustment 
independent or as a result of the review/ 
discussions with the manufacturer. In 
such case, the Agencies will notify the 
manufacturer of denial prior to 
certification to ensure the proper inputs 
to the GEM are used. 

(4) Compliance Reports 

(a) Early Model Year Data 

The regulatory text of the NPRM 
included specifications for 
manufacturers to submit pre- 
certification compliance reports for each 
of a manufacturer’s fleet of heavy-duty 
tractors. Navistar and Volvo commented 
that the requirements specified in the 
NHTSA pre-certification reports are 
overbroad and should be eliminated. 
The pre-certification reports included 
requirements for manufactures to 
submit a wide variety of information on 
these vehicles. The variety of 
information was believed to be 
necessary given that these vehicles had 
no previous compliance information for 
meeting fuel efficiency and emission 
standards and the agencies wanted to 
ensure that enough information was 
obtain to ensure sufficient compliance 
with the program. The agencies have 
since reviewed the level of detail 
required in the precertification reports 
and are in agreement with commenters 
that the required information may be 
overly broad for compliance purposes 
and given that this is the first time these 
manufacturers have been regulated, the 
level of information required may not be 
available until subsequent model years. 
Therefore, as discussed previously for 
pickup trucks and vans, the agencies 
have removed the requirement for 
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318 Corresponding to the compliance model year. 

manufactures to submit pre-certification 
compliances reports for these classes of 
vehicles. 

As an alternative to receiving early 
compliance model year information in 
the precertification reports, the agencies 
have decided to use manufacturer’s 
application for certificates of conformity 
to obtain early model estimates. 
Currently, the applications for 
certificates are not required to include 
the fuel consumption information 
required by NHTSA. Therefore, the 
agencies are adopting provisions in the 
final rules for manufacturers to provide 
emission and equivalent fuel 
consumption estimates in the 
manufacturer’s applications for 
certification. The agencies will treat 
information submitted in the 
applications as a manufacturer’s 
demonstration of providing early 
compliance information, similar to the 
pre-model year report submitted for 
heavy-duty pickup trucks and vans. The 
final rule establishes a harmonized 
approach by which manufacturers will 
submit applications through an EPA- 
administered database, such as the 
Verify system, as the single point of 
entry for all information required for 
this national program and both agencies 
will have access to the information. If by 
model year 2012, the agencies are not 
prepared to receive information through 
the EPA Verify database system, 
manufacturers are expected to submit 
written applications to the agencies. 
This approach should streamline this 
process and reduce industry burden and 
provide sufficient information for the 
agencies to carry out their early 
compliance activities. 

(b) Final Reports 
The NPRM proposed for 

manufacturers participating in the ABT 
program to provide EOY and final 
reports. The EOY reports for the ABT 
program were required to be submitted 
by manufacturers no later than 90 days 
after the calendar year and final report 
no later than 270 days after the calendar 
year.318 Manufacturers not participating 
in the ABT program were required to 
provide an EOY report within 45 days 
after the calendar year but no final 
reports were required. The final ABT 
report due was established coinciding 
with EPA’s existing criteria pollutant 
report for heavy-duty engines. The EOY 
report was required in order to receive 
preliminary final estimates and 
identifies manufacturers that might have 
a credit deficit for the given model year. 
Manufacturers with a credit surplus at 
the end of each model could receive a 

waiver from providing EOY reports. As 
proposed, the remaining manufacturers 
were required to submit reports to EPA 
and send copies of those reports to 
NHTSA with equivalent fuel 
consumption values. 

In response to the NPRM, commenters 
recommended collecting additional 
data. One commenter requested 
collecting information to develop and 
refine test cycles that more accurately 
reflect actual driving cycles for medium- 
and heavy-duty trucks. Several other 
commenters (ACEE, Eaton, CALSTART, 
NRDC and UCS) recommended 
collecting advanced data on in-service 
vehicles and that the collected data be 
analyzed and characterized for each 
vocational application, especially for 
hybrid vehicles, in a cooperative 
government and industry effort. 
Commenters (ACEE, DTNA, NRGDC, 
UCS and Volvo) also requested that the 
agency’s data collection ensure to 
include information on actual vehicle 
configurations sold in the fleet. 

Many commenters argued against the 
burden placed upon the industry in 
meeting the agencies’ proposed required 
reporting provisions. One commenter 
argued against providing actual 
production information due to the 
variability that exists in building heavy- 
duty vehicles and in the influence of 
changing fleet interest each year 
indicating that only estimated 
information should have to be provided. 
Commenters (Volvo and Navistar) 
generally objected stating that the 
agency requirements in its reports are 
both unnecessary and overly 
burdensome. Comments in response to 
the NPRM requested that for 
manufacturers not using ABT 
provisions, the EOY report due 45 days 
after the end of the calendar year should 
be combined with the ABT report due 
90 days after the same model year. 
Commenters also requested that the 
exempted off-road vehicle report be 
consolidated with the EOY report. Other 
concerns raised by commenters were for 
the agencies to remove any differences 
in reporting provisions and implement 
a single uniform reporting template that 
manufacturers can submit to both 
agencies. 

One commenter (Volvo) requested 
that the agencies simplify the reporting 
requirements for vehicle configurations 
in both the EOY and final reports, 
commenting that the proposal as 
outlined was extremely burdensome to 
vehicle manufacturers. The NPRM 
regulation stated that the manufacturer 
must identify each distinguishable 
vehicle configuration in the vehicle 
family or sub-family and identification 
of FELs for each subfamily. The 

regulation calls for reporting of results 
and modeling inputs for each subfamily. 
The commenter believed that the 
burden of meeting these requirements 
for the vast number of families/ 
subfamilies is substantial and 
unjustified. For this commenter, there is 
a potential for almost 45 million sub- 
families in the vocational and tractor 
categories. This approach should reduce 
the number of vehicle families to an 
amount that is suitable for reporting. 
The BlueGreen Alliance and ACEEE 
also requested the agencies to 
implement a program as part of the final 
rule to collect data, actual vehicle 
configurations sold and their 
performance as estimated by simulation 
modeling, which will provide 
information required to develop a full- 
vehicle program in the future. 

For the final rules, the agencies are 
requiring EOY and final reports, as 
proposed. However, the agencies will 
consolidate the reporting as requested 
by comments and is requiring 
equivalent fuel consumption 
information for all reports submitted to 
EPA. The final rules establish a 
harmonized approach by which 
manufacturers will submit reports 
through an EPA-administered database, 
such as the Verify system, as the single 
point of entry for all information 
required for this national program and 
both agencies will have access to the 
information. If by model year 2012, the 
agencies are not prepared to receive 
information through the EPA Verify 
database system, manufacturers are 
expected to submit written reports to 
the agencies. The agencies are also 
combining the EOY reports for 
manufacturers not using ABT provisions 
with other EOY reports and are 
requiring a submission date 90 days 
after the calendar year. The agencies 
view the adopted requirements in the 
final rules for EOY and final reports will 
provide sufficient data requests to 
satisfy these requests. The agencies also 
agree with Volvo’s concerns and have 
adopted a new classification system for 
selecting vehicle families as described 
elsewhere in this section. A summary of 
the required information in the final 
rules for EOY and final reports is as 
follows: 

• Vehicle family designation and 
averaging set. 

• Vehicle emissions and fuel 
consumption standards including any 
alternative standards used. 

• Vehicle family FELs. 
• Final production volumes. 
• Certified test cycles. 
• Useful life values for vehicle 

families. 
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• A credit plan identifying the 
manufacturers actual credit balances, 
credit flexibilities, credit trades and a 
credit deficit plan if needed 
demonstrating how it plans to resolve 
any credit deficits that might occur for 
a model year within a period of up to 
three model years after that deficit has 
occurred. 

• A plan describing the vehicles that 
were exempted such as for off-road or 
small business purposes. 

• A plan describing any alternative 
fueled vehicles that were produced for 
the model year identifying the 
approaches used to determinate 
compliance and the production 
volumes. 

(c) Additional Required Information 

Throughout the model year, 
manufacturers may be required to report 
various submissions to the agencies to 
comply with various aspects of the 

rules. These requests have differing 
criteria for submission and approval. 
Table V–6 below provides a summary of 
the types of submission, required 
submission dates and the EPA and 
NHTSA regulations that apply. The 
agencies will review and grant requests 
considering the timeliness of the 
submissions and the completeness of 
the requests. 

TABLE V–6—SUMMARY OF REQUIRED INFORMATION FOR COMPLIANCE 

Submission Applies to Required submissions date EPA regulation 
reference 

NHTSA 
regulation 
reference 

Small business exemptions Vehicle manufacturers meeting the 
Small Business Administration (SBA) 
size criteria of a small business as 
described in 13 CFR 121.201.

Before introducing any excluded vehi-
cle into U.S. commerce.

§ 1037.150 § 535.8 

Incentives for early intro-
duction.

The provisions apply with respect to 
tractors and vocational vehicles pro-
duced in model years before 2014.

EPA must be notified before the manu-
facturer submits its applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Voluntary compliance for 
NHTSA standards.

Vehicle manufacturers seeking early 
compliance in model years 2014 to 
2016.

NHSAT must be notified before the 
manufacturer submits its applications 
for certificates of conformity.

NA § 535.8 

Approval of alternate meth-
ods to determine drag 
coefficients.

Tractors meeting § 1037.106 ................ EPA must be notified before the manu-
facturer submits its applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Off-road exemption ........... Manufacturers wanting to exclude trac-
tors from vehicle standards.

EPA must be notified before the manu-
facturer submits its applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Vocational Tractor ............. Manufacturers wanting to reclassify 
tractor as vocational tractors making 
them applicable to vocational vehicle 
standards.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Exemption from EOY re-
ports.

Manufactures with surplus credits at 
the end of the model year.

90-days after the calendar year ends .. § 1037.730 § 535.8 

E. Class 2b–8 Vocational Vehicles 

(1) Final Compliance Approach 

Like Class 7 and 8 combination 
tractors, heavy-duty vocational vehicles 
will be required to have both engine and 
chassis certificates of conformity. As 
discussed in the engine certification 
section, engines that will be used in 
vocational vehicles would need to be 
certified using the heavy-duty FTP cycle 
for GHG pollutants and show 
compliance through the useful life of 
the engine. This certification is in 
addition to the current requirements for 
obtaining a certificate of conformity for 
criteria pollutant emissions. 

For this final action, the majority of 
the GHG reduction for vocational 
vehicles is expected to come from the 
use of LRR tires as well as increased 
utilization of hybrid powertrain 
systems. Other technologies such as 
aerodynamic improvements and vehicle 
speed limiting systems are not as 
relevant for this class of vehicles, since 
the typical duty cycle is much more 
urban, consisting of lower speeds and 

frequent stopping. Idle reduction 
strategies are expected to be 
encompassed by hybrid technology, 
which we anticipate will ultimately 
handle PTO operation as well. 
Therefore, for this final action, 
certification of heavy-duty vocational 
vehicles with conventional powertrains 
will focus on quantifying GHG benefits 
due to the use of LRR tires through the 
GEM. 

(a) Certification Process 

Vehicles will be divided into vehicle 
families for purposes of certification. As 
with Class 7 and 8 combination tractors, 
these are groups of vehicles within a 
given regulatory subcategory that are 
expected to share common emission 
characteristics. Vocational vehicle 
regulatory subcategories share the same 
structure as those used for heavy-duty 
engine criteria pollutant certification 
and are based on GVWR. This includes 
light-heavy (LHD) with a GVWR at or 
below 19,500 pounds, medium-heavy 
(MHD) with a GVWR above 19,500 
pounds and at or below 33,000 pounds, 

and heavy-heavy (HHD) with a GVWR 
above 33,000 pounds. We anticipate 
manufacturers will have one vehicle 
family per regulatory subcategory, 
however hybrid vehicles will need to be 
separated into additional unique vehicle 
families. Manufacturers may also 
subdivide families into sub-families if 
GHG emissions performance is expected 
to change significantly within the 
vehicle family. As with Class 7 and 8 
combination tractors, we anticipate 
using the standardized 12-digit naming 
convention to identify vocational 
vehicle families. As with engines and 
Class 7 and 8 combination tractors, each 
certifying vehicle manufacturer would 
have a unique three digit code assigned 
to them. Currently, there is no 5th digit 
(industry sector) code for this class of 
vehicles and EPA will issue an update 
to the current guidance explaining 
which character(s) should be used for 
vocational vehicles. The agencies 
originally proposed that engine 
displacement be included in the vehicle 
family name, however the wide range of 
engines available across most regulatory 
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subcategories makes this requirement 
irrelevant and unnecessary at the time 
of this rulemaking. Therefore, we are 
reserving the remaining characters for 
California ARB and/or manufacturer 
use, such that the result is a unique 
vehicle family name. 

Each vehicle family must demonstrate 
compliance with emission standards 
using the GEM. GEM inputs for 
conventional (i.e. non-hybrid) 
vocational vehicles primarily involves 
entering tire rolling resistance 
information. Additional provisions are 
available for certification of hybrid 
vehicles or vehicles using other 
advanced or innovative technologies, as 
detailed in Section IV. If the vehicle 
family consists of multiple 
configurations, only results from the 
worst-case configuration are necessary 
for certification in addition to an 
engineering evaluation demonstrating 
that the modeled configuration indeed 
reflects the worst-case configuration. If 
the vehicle family is divided into 
subfamilies, unique GEM results are 
required for at least one configuration 
per subfamily. 

The agencies have received comments 
from engine manufacturers, truck 
manufacturers, and hybrid system 
manufacturers raising concerns 
regarding the duty cycles and the 
weighting factors proposed for 
evaluating transient applications. The 
agencies proposed three methods for 
evaluating hybrid system performance 
in an effort to generate credits. The 
proposed duty cycles considered for the 
proposal will continue to be used with 
this final action. The Agencies proposed 
a transient duty cycle, a 55 mile-per- 
hour steady state cruise and a 65 mile 
per hour steady state cruise. The 
transient duty cycle, is essentially the 
same transient cycle proposed in the 
NPRM with the exception that it 
minimizes inappropriate shift events. 
Additionally, the steady state cycles 
proposed by the Agencies remain 
essentially unchanged. In response to 
concerns raised by engine 
manufacturers and hybrid system 
manufacturers regarding the operation 
of vehicles most likely to be hybridized 
in the near term, we are modifying the 
weighting factors for each cycle to 
address the distribution of the emissions 
impact associated with each duty cycle. 
The weighting factors will be changed 
such that a greater emphasis on the type 
of transient activity seen as more 
characteristic of hybrid applications 
will be evident. The new weighting 
factors between duty cycles for hybrid 
certification will be 75 percent for the 
transient, 9 percent for the 55 mph 
cruise cycle, and 16 percent for the 65 

mph cruise cycle. The basis for this 
change may be seen in the 
memorandum to Docket EPA–HQ– 
OAR–2010–0162, which describes the 
data set used to describe real world 
vehicle performance. In addition to this 
modification, the Power-Take-Off (PTO) 
operation will be characterized for 
vehicles utilizing a PTO system for 
which there is a benefit for use of the 
hybrid technology. The testing 
provisions for the comparison in the A 
to B testing for complete vehicle or post- 
transmission powerpack testing may be 
seen in 40 CFR 1037.525. The testing 
provisions for work-specific pre- 
transmission evaluation using an engine 
based approach may be seen in 40 CFR 
1036.525. 

(b) Demonstrating Compliance With the 
Final Standards 

(i) CO2 and Fuel Consumption 
Standards 

Model 
As stated above, the technology basis 

for the final standards for vocational 
vehicles is use of LRR tires. Similar to 
Class 7 and 8 combination tractors, 
compliance with the standards will be 
demonstrated using the GEM predictive 
model. However, the input parameters 
entered by the vehicle manufacturer 
would be limited to the properties of the 
tires. The GEM will use the tire data, 
along with inputs reflecting a baseline 
truck and engine, to generate a complete 
vehicle model. The test weight used in 
the model will be based on the vehicle 
class, as identified above. Light-heavy- 
duty vehicles will have a test weight of 
16,000 pounds; 25,150 pounds for 
medium heavy-duty vehicles; and heavy 
heavy-duty vocational vehicles will use 
a test weight of 67,000 pounds. The 
model would then be exercised over the 
HHDDT transient cycle as well as 55 
and 65 mph steady-state cruise 
conditions. The results of each of the 
three tests would be weighted at 16%, 
9%, and 75% for 65 mph, 55 mph, and 
transient tests, respectively. Innovative 
technology credits may be used to 
demonstrate compliance, however 
because the technology would not be an 
input into GEM, alternative procedures 
would be needed to determine the value 
of the credit as described in Preamble 
Section IV. 

It may seem more expedient and just 
as accurate to require manufacturers use 
tires meeting certain industry standards 
for qualifying tires as having LRR. In 
addition, CO2 and fuel consumption 
benefits could be quantified for different 
ranges of coefficients of rolling 
resistance to provide a means for 
comparison to the standard. However, 

we believe that as technology advances, 
other aspects of vocational vehicles may 
warrant inclusion in future rulemakings. 
For this reason, we remain committed to 
having the certification framework in 
place to accommodate such additions. 
While the modeling approach may seem 
to be overly complicated for this phase 
of the rules, it also serves to create a 
certification pathway for future 
rulemakings and therefore we believe 
this is the best approach. Moreover, a 
design standard would discourage use 
of alternative technologies to meet the 
standard, and otherwise impede 
desirable flexibility. 

In-use Standards 
The category of wear items primarily 

relates to tires. It is expected that 
vehicle manufacturers will equip their 
trucks with LRR tires, since the final 
vehicle standard is predicated on LRR 
tire performance. The tire replacement 
intervals for this class of vehicle is 
normally in the range of 50,000 to 
100,000 miles, which means the owner/ 
operator will be replacing the tires at 
several points within the useful life of 
the vehicle. We believe that as LRR tires 
become more common on new 
equipment, the aftermarket prices of 
these tires will also decrease. Along 
with decreasing tire prices, the fuel 
savings realized through use of LRR 
tires will ideally provide enough 
incentive for owner/operators to 
continue purchasing these tires. The 
inventory modeling in this rulemaking 
package reflects the continued use of 
LRR tires through the life of the vehicle. 

(ii) Evaporative Emission Standards 
Evaporative and refueling emissions 

from heavy-duty highway engines and 
vehicles are currently regulated under 
40 CFR part 86. Even though these 
emission standards apply to the same 
engines and vehicles that must meet 
exhaust emission standards, we require 
a separate certificate for complying with 
evaporative and refueling emission 
standards. An important related point to 
note is that the evaporative and 
refueling emission standards always 
apply to the vehicle, while the exhaust 
emission standards may apply to either 
the engine or the vehicle. For vehicles 
other than pickups and vans, the 
standards in this program to address 
greenhouse gas emissions apply 
separately to engines and to vehicles. 
Since we will be applying both 
greenhouse gas standards and 
evaporative/refueling emission 
standards to vehicle manufacturers, we 
believe it will be advantageous to have 
the regulations related to their 
certification requirements written 
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together as much as possible. EPA 
regards these final changes as discrete, 
minimal, and for the most part 
clarifications to the existing standards. 
We have not finalized any changes to 
the evaporative or refueling emission 
standards, but we have come across 
several provisions that warrant 
clarification or correction: 
• When adopting the most recent 

evaporative emission change we did 
not carry through the changes to the 
regulatory text applying evaporative 
emission standards for methanol- 
fueled compression-ignition engine. 
The final regulations correct this by 
applying the new standards to all 
fuels that are subject to standards. 

• We are finalizing provisions to 
address which standards apply when 
an auxiliary (nonroad) engine is 
installed in a motor vehicle, which is 
currently not directly addressed in the 
highway regulation. The final 
approach requires testing complete 
vehicles with any auxiliary engines 
(and the corresponding fuel-system 
components). Incomplete vehicles 
must be tested without the auxiliary 
engines, but any such engines and the 
corresponding fuel system 
components will need to meet the 
standards that apply under our 
nonroad program as specified in 40 
CFR part 1060. 

• We have removed the option for 
secondary vehicle manufacturers to 
use a larger fuel tank capacity than is 
specified by the certifying 
manufacturer without re-certifying the 
vehicle. Secondary vehicle 
manufacturers needing a greater fuel 
tank capacity will need to either work 
with the certifying manufacturer to 
include the larger tank, or go through 
the effort to re-certify the vehicle 
itself. Our understanding is that this 
provision has not been used and 
would be better handled as part of 
certification rather than managing a 
separate process. We are also 
finalizing corresponding changes to 
the emission control information 
label. 

• Rewriting the regulations in a new 
part in conjunction with the 
greenhouse gas standards allows for 
some occasions of improved 
organization and clarity, as well as 
updating various provisions. For 
example, we have finalized a leaner 
description of evaporative emission 
families that does not reference 
sealing methods for carburetors or air 
cleaners. We have also clarified how 
evaporative emission standards affect 
engine manufacturers and are 
finalizing more descriptive provisions 
related to certifying vehicles above 

26,000 pounds GVWR using 
engineering analysis. 

• Since we adopted evaporative 
emission standards for gaseous-fuel 
vehicles, we have developed new 
approaches for design-based 
certification (see, for example, 40 CFR 
1060.240). We request comment on 
changing the requirements related to 
certifying gaseous-fuel vehicles to 
design-based certification. This would 
allow for a simpler assessment for 
certifying these vehicles without 
changing the standards that apply. 

(2) Final Labeling Provisions 

It is crucial that a means exist for 
allowing field inspectors to identify 
whether a vehicle is certified, and if so, 
whether it is in the certified 
configuration. As with engines and 
tractors, we believe an emission control 
information label is a logical first step 
in facilitating this identification. For 
vocational vehicles, the engine will 
have a label that is permanently affixed 
to the engine and identify the engine as 
certified for use in a certain regulatory 
subcategory of vehicle (i.e., MHD, etc). 

The vehicle will also have a label 
listing the manufacturer of the vehicle, 
vehicle family (and subfamily, if 
applicable), regulatory subcategory, date 
of manufacture, compliance statement, 
FEL, and emission control system 
identifiers. The required content of this 
label is consistent with the label 
description provided earlier for Class 7 
and 8 tractors. Since LRR tires are 
expected to be the primary means for 
vehicles to comply, it is expected that 
LRR tires will be the only component 
identified as part of the emission control 
system on the label. For tires to qualify 
as low rolling resistance (for purposes of 
this vocational vehicle label), they need 
to have a coefficient of rolling resistance 
at or below 7.7 kg/metric ton. In 
addition, if any other emission related 
components are present, such as hybrid 
powertrains, key components will also 
need to be specified on the label. Like 
the engine label, this will need to be 
permanently affixed to the vehicle in an 
area that is clearly visible to the owner/ 
operator. At the time of certification, 
manufacturers will be required to 
submit an example of their vehicle 
emission control label such that EPA 
can verify that all critical elements are 
present. In addition to the label, 
manufacturers will also need to describe 
where the unique vehicle identification 
number and date of production can be 
found on the vehicle. 

(3) Other Certification Issues 

Warranty 
As with other heavy-duty engine and 

vehicle regulatory categories, vocational 
vehicle chassis manufacturers would be 
required to warrant their product to be 
free from defects that would result in 
noncompliance with emission 
standards. This warranty also covers the 
failure of emission related components 
for the warranty period of the vehicle. 
For vocational vehicles, this primarily 
applies to tires. 

Manufacturers of chassis for 
vocational vehicles would be required 
to warrant tires to be free from defects 
at the time of initial sale. As with Class 
7 and 8 combination tractors, we expect 
the chassis manufacturer to only 
warrant the original tires against 
manufacturing or design-related defects. 
This tire warranty would not cover 
replacement tires or damage from road 
hazards or improper inflation. 

As with Class 7 and 8 combination 
tractors, all warranty documentation 
would be submitted to EPA at the time 
of certification. This should include the 
warranty statement provided to the 
owner/operator, description of the 
service repair network, list of covered 
components (both conventional and 
high-cost), and length of coverage. 

EPA Certification Fees 
Similar to engine and tractor-trailer 

vehicle certification, the agency will 
assess certification fees for vocational 
vehicles. The proceeds from these fees 
are used to fund the compliance and 
certification activities related to GHG 
regulation for this industry segment. In 
addition to the certification process, 
other activities funded by certification 
fees include EPA-administered in-use 
testing, selective enforcement audits, 
and confirmatory testing. At this point, 
the exact costs associated with the 
heavy-duty vehicle GHG compliance are 
not well known. EPA will assess its 
compliance program associated with 
this program and assess the appropriate 
level of fees. We anticipate that fees will 
be applied based on certification 
families, following the light-duty 
vehicle approach. 

Maintenance 
Vehicle manufacturers are required to 

outline a maintenance schedule that 
ensures the emission control system 
remains functional throughout the 
useful life of the vehicle. For vocational 
vehicles, this largely involves ensuring 
that customers have sufficient 
information to purchase replacement 
tires that meet or exceed original 
equipment specifications. As with Class 
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7 and 8 tractors, we believe that this 
information should be included in the 
owner’s manual to the vehicle. This 
statement must be submitted to EPA at 
the time of certification to verify that the 
customer indeed has enough 
information to purchase the correct 
replacement tires. 

F. General Regulatory Provisions 

(1) Statutory Prohibited Acts 

Section 203 of the CAA describes acts 
that are prohibited by law. This section 
and associated regulations apply equally 
to the greenhouse gas standards as to 
any other regulated emission. Acts that 
are prohibited by section 203 of the 
CAA include the introduction into 
commerce or the sale of an engine or 
vehicle without a certificate of 
conformity, removing or otherwise 
defeating emission control equipment, 
the sale or installation of devices 
designed to defeat emission controls, 
and other actions. In addition, vehicle 
manufacturers, or any other party, may 
not make changes to the certified engine 
that would result in it not being in the 
certified configuration. 

EPA will apply § 86.1854–12 to 
heavy-duty vehicles and engines; this 
codifies the prohibited acts spelled out 
in the statute. Although it is not legally 
necessary to repeat what is in the CAA, 
EPA believes that including this 
language in the regulations provides 
clarity and improves the ease of use and 
completeness of the regulations. Since 
this change merely codifies provisions 
that already apply, there is no burden 
associated with the change. 

(2) Regulatory Amendments Related to 
Heavy-Duty Engine Certification 

We are adopting the new engine- 
based greenhouse gas emissions 
standards in 40 CFR part 1036 and the 
new vehicle-based standards in 40 CFR 
part 1037. We are continuing to rely on 
40 CFR parts 85 and 86 for conventional 
certification and compliance provisions 
related to criteria pollutants, but the 
final regulations include a variety of 
amendments that will affect the 
provisions that apply with respect to 
criteria pollutants. We are not intending 
to change the stringency of, or otherwise 
substantively change any existing 
standards. 

The introduction of new parts in the 
CFR is part of a long-term plan to 
migrate all the regulatory provisions 
related to highway and nonroad engine 
and vehicle emissions to a portion of the 
CFR called Subchapter U, which 
consists of 40 CFR parts 1000 through 
1299. We have already adopted 
emission standards, test procedures, and 

compliance provisions for several types 
of engines in 40 CFR parts 1033 through 
1074. We intend eventually to capture 
all the regulatory requirements related 
to heavy-duty highway engines and 
vehicles in these new parts. Moving 
regulatory provisions to the new parts 
allows us to publish the regulations in 
a way that is better organized, reflects 
updates to various certification and 
compliance procedures, provides 
consistency with other engine programs, 
and is written in plain language. We 
have already taken steps in this 
direction for heavy-duty highway 
engines by adopting the engine-testing 
procedures in 40 CFR part 1065 and the 
provisions for selective enforcement 
audits in 40 CFR part 1068. 

EPA sought comment on drafting 
changes and additions. This solicitation 
related solely to the appropriate 
migration, translation, and enhancement 
of existing provisions. EPA did not 
solicit comment on the substance of 
these existing rules, and did not amend, 
reconsider, or otherwise re-examine 
these provisions’ substantive effect. 

The rest of this section describes the 
most significant of these final redrafting 
changes. The proposal includes several 
changes to the certification and 
compliance procedures, including the 
following: 

• We are requiring that engine 
manufacturers provide installation 
instructions to vehicle manufacturers 
(see § 1036.130). We expect this is 
already commonly done; however, the 
regulatory language spells out a 
complete list of information we believe 
is necessary to properly ensure that 
vehicle manufacturers install engines in 
a way that is consistent with the 
engine’s certificate of conformity. 

• § 1036.30, § 1036.250, and 
§ 1036.825 spell out several detailed 
provisions related to keeping records 
and submitting information to us. 

• We wrote the greenhouse gas 
regulations to divide heavy-duty 
engines into ‘‘spark-ignition’’ and 
‘‘compression-ignition’’ engines, rather 
than ‘‘Otto-cycle’’ and ‘‘diesel’’ engines, 
to align with our terminology in all our 
nonroad programs. This will likely 
involve no effective change in 
categorizing engines except for natural 
gas engines. To address this concern, we 
are including a provision in § 1036.150 
to allow manufacturers to meet 
standards for spark-ignition engines if 
they were regulated as Otto-cycle 
engines in 40 CFR part 86, and vice 
versa. 

• § 1036.205 describes a new 
requirement for imported engines to 
describe the general approach to 
importation (such as identifying 

authorized agents and ports of entry), 
and identifying a test lab in the United 
States where EPA can perform testing 
on certified engines. These steps are 
part of our ongoing effort to ensure that 
we have a compliance and enforcement 
program that is as effective for imported 
engines as for domestically produced 
engines. We have already adopted these 
same provisions for several types of 
nonroad engines. 

• § 1036.210 specifies a process by 
which manufacturers are able to get 
preliminary approval for EPA decisions 
for questions that require lead time for 
preparing an application for 
certification. This might involve, for 
example, preparing a plan for durability 
testing, establishing engine families, 
identifying adjustable parameters, and 
creating a list of scheduled maintenance 
items. 

• § 1036.225 describes how to amend 
an application for certification. 

• We are revising 40 CFR 85.1701 to 
apply the exemption provisions 
described in 40 CFR part 1068 to heavy- 
duty highway engines starting in 2014. 
Manufacturers may optionally use the 
exemption provisions from part 1068 
earlier. This involves only very minor 
changes in the terms and conditions 
associated with the various types of 
exemptions. This change will help us to 
implement a consistent compliance 
program for all engine and vehicle 
categories. We are similarly revising 40 
CFR 85.1511 to reference the 
importation-related exemptions in part 
1068 for all motor vehicles and motor 
vehicle engines. 

• We are finalizing a provision 
allowing manufacturers to use the defect 
reporting provisions of 40 CFR part 
1068 instead of those in 40 CFR part 85. 
This involves setting thresholds for 
investigating and reporting defects 
based on defect rates rather than 
absolute numbers of defects. Once we 
gain more experience with applying the 
defect-reporting provisions in 40 CFR 
part 1068 for motor vehicles, we will 
consider making those provisions 
mandatory, including any appropriate 
adjustments. 

In addition, we are revising 40 CFR 
1068.210 and 1068.325 to address a 
concern raised by engine manufacturers. 
The provisions for importing engines 
under a temporary exemption disallow 
selling exempted engines even though 
some of the situations addressed depend 
on engine sales (such as delegated 
assembly). We have added clarifying 
language to the individual exemptions 
to describe whether or how engines may 
be sold or leased. In the case of the 
testing exemption in § 1068.210, this 
involves a further change to specify how 
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a manufacturer must track the status 
and final disposition of exempted 
engines or equipment. We are also 
making a small change to the testing 
exemption to remove the administrative 
step of requiring an exchange of signed 
documents for the exemption to be 
effective. This will streamline the 
process for the testing exemption and 
make it more like that for other types of 
exemptions. 

(3) Test Procedures for Measuring 
Emissions From Heavy-Duty Vehicles 

We are finalizing a new part 1066 that 
contains general chassis-based test 
procedures for measuring emissions 
from a variety of vehicles, including 
vehicles over 14,000 pounds GVWR. 
However, we are not finalizing 
application of these procedures broadly 
at this time. The test procedures in 40 
CFR part 86 continue to apply for 
vehicles under 14,000 pounds GVWR. 
The final part 1066 procedures applies 
only for any testing that would be 
required for larger vehicles. This could 
include ‘‘A to B’’ hybrid vehicle testing, 
coastdown testing, and potentially 
limited innovative technology testing. 
Nevertheless, we will likely consider in 
the future applying these procedures 
also for other heavy-duty vehicle testing 
and for light-duty vehicles, highway 
motorcycles, and/or nonroad 
recreational vehicles that rely on 
chassis-based testing. 

As noted above, engine manufacturers 
are already using the test procedures in 
40 CFR part 1065 instead of those 
originally adopted in 40 CFR part 86. 
The new procedures are written to 
apply generically for any type of engine 
and include the current state of 
technology for measurement 
instruments, calibration procedures, and 
other practices. We are finalizing the 
chassis-based test procedures in part 
1066 to have a similar structure. 

The final procedures in part 1066 
reference large portions of part 1065 to 
align test specifications that apply 
equally to engine-based and vehicle- 
based testing, such as CVS and analyzer 
specifications and calibrations, test 
fuels, calculations, and definitions of 
many terms. Since several highway 
engine manufacturers were involved in 
developing the full range of specified 
procedures in part 1065, we are 
confident that many of these provisions 
are appropriate without modification for 
vehicle testing. 

The remaining test specifications 
needed in part 1066 are mostly related 

to setting up, calibrating, and operating 
a chassis dynamometer. This also 
includes the coastdown procedures that 
are required for establishing the 
dynamometer load settings to ensure 
that the dynamometer accurately 
simulates in-use driving. 

Current testing requirements related 
to dynamometer specifications rely on a 
combination of regulatory provisions, 
EPA guidance documents, and extensive 
know-how from industry experience 
that has led to a good understanding of 
best practices for operating a vehicle in 
the laboratory to measure emissions. We 
attempted in this rulemaking to capture 
this range of material, organizing these 
specifications and verification and 
calibration procedures to include a 
complete set of provisions to ensure that 
a dynamometer meeting these 
specifications would allow for carefully 
controlled vehicle operation such that 
emission measurements are accurate 
and repeatable. 

The procedures are written with the 
understanding that heavy-duty highway 
manufacturers have, and need to have, 
single-roll electric dynamometers for 
testing. We are aware that this is not the 
case for other applications, such as all- 
terrain vehicles. We are not adopting 
specific provisions for testing with 
hydrokinetic dynamometers, we are 
already including a provision 
acknowledging that we may approve the 
use of dynamometers meeting 
alternative specifications if that is 
appropriate for the type of vehicle being 
tested and for the level of stringency 
represented by the corresponding 
emission standards. 

Drafting a full set of test specifications 
highlights the mixed use of units for 
testing. Some chassis-based standards 
and procedures are written based largely 
on the International System of Units 
(SI), such as gram per kilometer (g/km) 
standards and kilometers per hour (kph) 
driving, while others are written based 
largely on English units (g/mile 
standards and miles per hour driving). 
The proposal includes a mix of SI and 
English units with instructions about 
converting units appropriately. 
However, most of the specifications and 
examples are written in English units. 
While this seems to be the prevailing 
practice for testing in the United States, 
we understand that vehicle testing 
outside the United States is almost 
universally done in SI units. In any 
case, dynamometers are produced with 
the capability of operating in either 

English or SI units. We believe there 
would be a substantial advantage 
toward the goal of achieving globally 
harmonized test procedures if we would 
write the test procedures based on SI 
units. This would also in several cases 
allow for more straightforward 
calculations, and reduced risk of 
rounding errors. For comparison, part 
1065 is written almost exclusively in SI 
units. We sought comment on the use of 
units throughout part 1066. At this time 
we are not finalizing changes from our 
current approach. 

A fundamental obstacle toward using 
SI units is the fact that some duty cycles 
are specified based on speeds in miles 
per hour. To address this, it would be 
appropriate to convert the applicable 
driving schedules to meter-per-second 
(m/s) values. Converting speeds to the 
nearest 0.01 m/s would ensure that the 
prescribed driving cycle does not 
change with respect to driving 
schedules that are specified to the 
nearest 0.1 mph. The regulations would 
include the appropriate mph (or kph) 
speeds to allow for a ready 
understanding of speed values (see 40 
CFR part 1037, Appendix I). This 
would, for example, allow for drivers to 
continue to follow a mph-based speed 
trace. The ±2 mph tolerance on driving 
speeds could be converted to ±1.0 m/s, 
which corresponds to an effective speed 
tolerance of ±2.2 mph. This may involve 
a tightening or loosening of the existing 
speed tolerance, depending on whether 
manufacturers used the full degree of 
flexibility allowed for a mph tolerance 
value that is specified without a decimal 
place. Similarly, the Cruise cycles for 
heavy-duty vehicles could be specified 
as 24.5±0.5 m/s (54.8±1.1 mph) and 
29.0±0.5 m/s (64.9±1.1 mph). 

(4) Compliance Reports 

(a) Early Model Year Data 

This information is the same as for 
tractors early model year data in Section 
V.D(4)(a). 

(b) Final Reports 

This information is the same as for 
tractors final reports in Section 
V.D(4)(b). 

(c) Additional Required Information 

Table V–7 below provides a summary 
of the types of requests, required 
application submission dates and the 
EPA and NHTSA regulations that apply. 
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319 A well-known example is the Department of 
Justice’s petite policy, an internal guide on whether 
to pursue federal prosecution after a state 
prosecution. The petite policy is considered 
‘‘merely a housekeeping provision,’’ and 
prosecution remains entirely within the 
Department’s discretion. U.S. v. Barrett, 496 F.3d 
1079, 1120 (10th Cir. 2007). 

TABLE V–7—SUMMARY OF REQUIRED INFORMATION FOR COMPLIANCE 

Submission Applies to Required submissions date EPA regulation 
reference 

NHTSA 
regulation 
reference 

Small business exemptions Vehicle or engine manufacturers meet-
ing the Small Business Administra-
tion (SBA) size criteria of a small 
business as described in 13 CFR 
121.201.

Before introducing any excluded vehi-
cle into U.S. commerce.

§ 1037.150 § 535.8 

Incentives for early intro-
duction.

The provisions apply with respect to 
tractors and vocational vehicles pro-
duced in model years before 2014.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Air condition leakage ex-
emption for vocational 
vehicles.

Vocational Vehicles excluded from 
§ 1037.115.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Model year 2014 N2O 
standards.

Manufacturers that choose to show 
compliance with the MY 2014 N2O 
standards requesting to use an engi-
neering analysis.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Exemption for electric vehi-
cles.

All electric vehicles are deemed to 
have zero exhaust emissions of 
CO2, CH4, and N2O.

End of December prior to model year .. § 1037.150 § 535.8 

Off-road exemption ........... Manufacturers wanting to exclude vo-
cational vehicles from vehicle stand-
ards.

EPA must be notified before the manu-
facturer submits it applications for 
certificates of conformity.

§ 1037.150 § 535.8 

Exemption from EOY re-
ports.

Manufactures with surplus credits at 
the end of the model year.

90-days after the calendar year ends .. § 1037.730 § 535.8 

G. Penalties 

(1) Overview 

In the NPRM, NHTSA proposed to 
assess civil penalties for non- 
compliance with fuel consumption 
standards. NHTSA’s authority under 
EISA, as codified at 49 U.S.C. 32902(k), 
requires the agency to determine 
appropriate measurement metrics, test 
procedures, standards, and compliance 
and enforcement protocols for HD 
vehicles. NHTSA interprets its authority 
to develop an enforcement program to 
include the authority to determine and 
assess civil penalties for noncompliance 
that would impose penalties based on 
the following discussions. 

In cases of noncompliance, the agency 
explained in the NPRM that it would 
establish civil penalties based on 
consideration of the following factors: 
• Gravity of the violation. 
• Size of the violator’s business. 
• Violator’s history of compliance with 

applicable fuel consumption 
standards. 

• Actual fuel consumption performance 
related to the applicable standard. 

• Estimated cost to comply with the 
regulation and applicable standard. 

• Quantity of vehicles or engines not 
complying. 

• Civil penalties paid under CAA 
section 205 (42 U.S.C. 7524) for non- 
compliance for the same vehicles or 
engines. 
NHTSA proposed to consider these 

factors in determining civil penalties in 
order to help ensure, given the agency’s 

wide discretion, that penalties would be 
fair and appropriate, and not 
duplicative of EPA penalties. The 
NPRM expressly stated that neither 
agency intended to impose duplicative 
civil penalties, and that both agencies 
would give consideration to civil 
penalties imposed by the other in the 
case of non-compliance with its own 
regulations. See NPRM at 74280. 

EMA, Volvo, the Truck Renting and 
Leasing Association (TRALA), and 
Navistar nevertheless commented that a 
dual enforcement scheme with separate 
NHTSA and EPA penalties could result 
in duplicative penalties, as 
manufacturers could be assessed 
penalties twice for the same violation. 

The possibility of more than one 
prosecution or enforcement action 
arising from the same overall body of 
facts does not present a novel issue. It 
commonly arises where there is 
overlapping jurisdiction, such as where 
the federal government and a state 
government have jurisdiction. The issue 
of multiple or sequential prosecutions 
may be addressed as a matter of 
administrative policy and discretion.319 

Both NHTSA and EPA are charged 
with regulating medium-duty and 
heavy-duty trucks; NHTSA regulates 
them under EISA and EPA regulates 

them under the CAA. Both agencies also 
have compliance review and 
enforcement responsibilities for their 
respective regulatory requirements. The 
same set of underlying facts may result 
in a violation of EISA and a violation of 
the CAA. The agencies recognize the 
above concerns, and intend to address 
them through appropriate consultation. 
The details of the consultation and 
coordination between the agencies 
regarding enforcement will be set forth 
in a memorandum of understanding to 
be developed by EPA and NHTSA. 

NHTSA believes that the above 
description adequately describes the 
process by which civil penalties may be 
assessed by both agencies. Therefore, for 
the final action, penalties for a violation 
of a fuel consumption standard will be 
based on the gravity of the violation, the 
size of the violator’s business, the 
violator’s history of compliance with 
applicable fuel consumption standards, 
the actual fuel consumption 
performance related to the applicable 
standard, the estimated cost to comply 
with the regulation and applicable 
standard, and the quantity of vehicles or 
engines not complying. The 
collaborative enforcement process will 
ensure that the total penalties assessed 
will not be duplicative or excessive. 

NHTSA would also like to clarify that 
the ‘‘estimated cost to comply with the 
regulation and applicable standard,’’ 
will be used to ensure that penalties for 
non-compliance will not be less than 
the cost of compliance. It would be 
contrary to the purpose of the regulation 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00186 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57291 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

for the penalty scheme to incentivize 
noncompliance. 

The final civil penalty amount 
NHTSA could impose would not exceed 
the limit that EPA is authorized to 
impose under the CAA. The potential 
maximum civil penalty for a 
manufacturer would be calculated as 
follows in Equation V–1: 

Equation V–1: Aggregate Maximum 
Civil Penalty 
Aggregate Maximum Civil Penalty for a 

Non-Compliant Regulatory Category 
= (CAA Limit) × (production 
volume within the regulatory 
category) 

EPA has occasionally in the past 
conducted rulemakings to provide for 
nonconformance penalties— monetary 
penalties that allow a manufacturer to 
sell engines or vehicles that do not meet 
an emissions standard. Nonconformance 
penalties are authorized for heavy-duty 
engines and vehicles under section 
206(g) of the CAA. Three basic criteria 
have been established by rulemaking for 
determining the eligibility of emissions 
standards for nonconformance penalties 
in any given model year: (1) The 
emissions standard in question must 
become more difficult to meet, (2) 
substantial work must be required in 
order to meet the standard, and (3) a 
technological laggard must be likely to 
develop (40 CFR 86.1103–87). A 
technological laggard is a manufacturer 
who cannot meet a particular emissions 
standard due to technological (not 
economic) difficulties and who, in the 
absence of nonconformance penalties, 
might be forced from the marketplace. 
The process to determine if these 
criteria are met and to establish penalty 
amounts and conditions is carried out 
via rulemaking, as required by the CAA. 
The CAA (in section 205) also lays out 
requirements for the assessment of civil 
penalties for noncompliance with 
emissions standards. 

As discussed in detail in Section III, 
the agencies have determined that the 
final GHG and fuel consumption 
standards are readily feasible, and we 
do not believe a technological laggard 
will emerge in any sector covered by 
these final standards. In addition to the 
standards being premised on use of 
already-existing, cost-effective 
technologies, there are a number of 
flexibilities and alternative standards 
built into the proposal. However, in the 
case of potential non-conformance, civil 
penalties will ensure that adequate 
deterrence for non-conformance exists. 

(2) NHTSA’s Penalty Process 
NHTSA proposed a detailed 

enforcement process in the NPRM. As 

proposed, enforcement would begin 
with a notice of violation, after which 
the respondent may either pay the 
penalty proposed in the notice of 
violation or dispute it by requesting an 
agency hearing. For a party that did not 
pay the proposed penalty or request a 
hearing within 30 days of the notice of 
violation, a finding of default would be 
entered and the penalty set forth in the 
notice of violation assessed. If a hearing 
is timely requested, the respondent 
would receive written notice of the 
time, date and location of the hearing. 
The respondent would have the right to 
counsel and to examine, respond to and 
rebut evidence presented by the Chief 
Counsel. If civil penalties greater than 
$250,000,000 were assessed in the 
Hearing Officer’s final order, that order 
would contain a statement advising the 
party of the right to appeal to the 
NHTSA Administrator. In the event of a 
timely appeal, the decision of the 
Administrator would be a final agency 
action. This structure was intended to 
ensure that a party was afforded ample 
opportunity to be heard. 

Several manufacturers commented 
that NHTSA’s penalty procedures 
should be more formal than was 
proposed in the NPRM. EMA, Volvo and 
Navistar commented that the penalty 
procedures should be subject to the 
Administrative Procedure Act (APA) 
review requirements. EMA, Volvo and 
Navistar, and TRALA commented that 
the penalty procedures violated due 
process requirements. EMA argued that 
NHTSA must expressly grant a right to 
judicial review, and EMA and Navistar 
argued that the absence of an 
administrative appeals process for 
penalties under $250,000,000 would 
violate due process. Volvo faulted 
NHTSA for not classifying the hearing 
officer’s decision as a final agency 
action, and stated that specifications 
regarding who could be a hearing officer 
should align with those specified for the 
light-duty program, which was laid out 
in 49 CFR 511.3. 

As noted in the NPRM, the APA 
administrative hearing requirements of 
Sections 554, 556, and 557 are not 
required where formal procedures are 
not required by statute (generally, the 
organic statute must provide that the 
administrative proceeding must be an 
adjudication, determined on the record 
after the opportunity for an agency 
hearing, sometimes referenced as an 
opportunity for hearing on the record). 
See e.g., 5 U.S.C. Section 554. Where a 
formal adjudication is not required by 
statute, in general, agencies adopt and 
apply informal processes. While the 
compliance, civil penalty and appeals 
provisions of 49 U.S.C. Sections 32911 

and 32914 require formal adjudication 
in accordance with APA requirements, 
those sections only apply to the light- 
duty fuel economy program. In contrast, 
for the heavy-duty program of Section 
32902(k), the Congress did not require 
formal adjudication in accordance with 
the APA. Therefore, informal 
adjudication procedures may be 
applied. NHTSA will not adopt the 
procedures of by 5 U.S.C. Sections 554, 
556, or 557 for the final rule. 

While the APA requirements for 
formal hearing procedures do not apply 
to NHTSA’s enforcement under Section 
32902(k), due process requirements do 
apply. NHTSA believes that formal 
procedures are neither required by 
statute nor necessary for this 
enforcement process to meet due 
process requirements. NHTSA expects 
that the cases will not be complex. In 
general, there will be one or two issues: 
(1) Compliance with the regulations 
and, if not, (2) the appropriate civil 
penalty. Compliance likely will involve 
narrow technical questions under the 
regulations being adopted today. Non- 
compliance with applicable fuel 
consumption standards will be 
determined by utilizing the certified and 
reported CO2 emissions and fuel 
consumption data provided by EPA as 
described in this part, and after 
considering all the flexibilities available 
under Section 535.7. Much of the 
evidence will be materials developed by 
the respondent. There likely will not be 
wide ranging issues. The parties will 
have ample opportunity to present their 
positions. A hearing officer can readily 
address the sorts of questions that are 
likely to arise. Second, if there is a 
noncompliance, there will be the 
question of the appropriate penalty. 
NHTSA’s regulations contain factors to 
be considered in assessing penalties. 
Again, the parties will have ample 
opportunity to present their positions. 
Ultimately, the agency’s final decision 
must be sufficiently reasoned to 
withstand judicial review, based on the 
arbitrary and capricious standard. 

To address commenters’ concerns 
about the process provided, NHTSA 
made several adjustments and 
clarifications in the final rule. The final 
rule provides that there will be a written 
decision of the Hearing Officer, and the 
assessment of a civil penalty by a 
hearing officer shall be set forth in an 
accompanying final order. Together, 
these constitute the final agency action. 
NHTSA has also revisited the minimum 
penalty level for an administrative 
appeal to the NHTSA Administrator and 
decided to lower the level significantly, 
to $1,000,000. This provides a second 
level of review. NHTSA believes this 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00187 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57292 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

320 MOVES homepage: http://www.epa.gov/otaq/
models/moves/index.htm. Version MOVES2010 
was used for emissions impacts analysis for this 
action. Current version as of September 14, 2010 is 
an updated version named MOVES2010a, available 

directly from the MOVES homepage. To replicate 
results from this action, MOVES2010 must be used. 

321 Section II of this preamble discusses an 
alternative engine standard for the HD diesel 
engines in the 2014, 2015, and 2016 model years. 

To the extent that engines using this alternative are 
expected to have baseline emissions greater than 
the industry average, the reduction from the 
industry average projected in this program would 
be reduced. 

will promote an efficient use of 
administrative remedies and a further 
opportunity to be heard at the 
administrative level. Of course, if a 
party files an appeal with the NHTSA 
Administrator, the Hearing Officer’s 
decision and order at that juncture shall 
no longer be final agency action. 

NHTSA has considered the 
specifications of the Hearing Officer and 
determined that they are adequate for 
informal agency hearings of this nature. 
However, the agency will add a 
clarification to the final rule that 
specifies that the Hearing Officer will be 
appointed by the Administrator. 
Further, in addition to having no prior 
connection with the case and no 
responsibility, direct or supervisory, for 
the investigation of cases referred for the 
assessment of civil penalties, the 
Hearing Officer will have no duties 
related to the light-duty fuel economy or 
medium- and heavy-duty fuel efficiency 
programs. 

NHTSA has also considered EMA’s 
comment that a right to judicial review 
must be specified in the regulatory text. 
The agency does not agree with this 
concern. Parties, of course, cannot 
confer jurisdiction; only Congress can 
do so. Whitman v. Department of 
Transportation, 547 U.S. 512, 514 
(2006); Weinberger v. Bentex 
Pharmaceuticals, Inc., 412 U.S. 645, 652 
(1973). Moreover, judicial review of a 
final agency action is presumed. United 
States v. Fausto, 484 U.S. 439, 452 
(1998), citing Abbot Laboratories v. 
Gardner, 387 U.S. 136, 140 (1967). See 
generally, 28 U.S.C. Section 1331. 
Therefore, NHTSA has determined that 
the right to judicial review does not 
need to be specified in the regulatory 
text. 

VI. How will this program impact fuel 
consumption, GHG emissions, and 
climate change? 

A. What methodologies did the agencies 
use to project GHG emissions and fuel 
consumption impacts? 

EPA and NHTSA used EPA’s official 
mobile source emissions inventory 
model named Motor Vehicle Emissions 
Simulator (MOVES2010),320 to estimate 
emission and fuel consumption impacts 
of these final rules. MOVES has the 
capability to take in user inputs to 
modify default data to better estimate 
emissions for different scenarios, such 
as different regulatory alternatives, state 
implementation plans (SIPs), geographic 
locations, vehicle activity, and 
microscale projects. 

The agencies performed multiple 
MOVES runs to establish reference case 
and control case emission inventories 
and fuel consumption values. The 
agencies ran MOVES with user input 
databases that reflected characteristics 
of the final rules, such as emissions 
improvements and recent sales 
projections. Some post-processing of the 
model output was required to ensure 
proper results. The agencies ran MOVES 
for non-GHGs, CO2, CH4, and N2O for 
calendar years 2005, 2018, 2030, and 
2050. Additional runs were performed 
for just the three greenhouse gases and 
for fuel consumption for every calendar 
year from 2014 to 2050, inclusive, 
which fed the economy-wide modeling, 
monetized greenhouse gas benefits 
estimation, and climate impacts 
analyses. 

The agencies also used MOVES to 
estimate emissions and fuel 
consumption impacts for the other 
alternatives considered and described in 
Section IX. 

B. MOVES Analysis 

(i) Inputs and Assumptions 
The analysis performed for the final 

action mirrors what was done for the 

proposal. The methods and models are 
the same, with differences lying 
primarily in the inputs, as a result of 
updates in the program, standards, and 
baseline data. 

(a) Reference Run Updates 

Since MOVES2010a vehicle sales and 
activity data were developed from 
AEO2009, EPA first updated these data 
using sales and activity estimates from 
AEO2011. MOVES2010a defaults were 
used for all other parameters to estimate 
the reference case emissions 
inventories. 

(b) Control Run Updates 

EPA developed additional user input 
data for MOVES runs to estimate control 
case inventories. To account for 
improvements of engine and vehicle 
efficiency, EPA developed several user 
inputs to run the control case in 
MOVES. As explained at proposal, since 
MOVES does not operate based on 
Heavy-duty FTP cycle results, EPA used 
the percent reduction in engine CO2 
emissions expected due to the final 
rules to develop energy inputs for the 
control case runs. 75 FR at 74280. Also, 
EPA used the percent reduction in 
aerodynamic drag and tire rolling 
resistance coefficients and reduction in 
average total running weight (gross 
combined weight) expected from the 
final rules to develop road load input 
for the control case. The sales and 
activity data updates used in the 
reference case were used in the control 
case. Details of all the MOVES runs, 
input data tables, and post-processing 
steps are available in the docket (EPA– 
HQ–OAR–2010–0162). 

Table VI–1 and Table VI–2 describe 
the estimated expected reductions from 
these final rules, which were input into 
MOVES for estimating control case 
emissions inventories. 

TABLE VI–1—ESTIMATED REDUCTIONS IN ENGINE CO2 EMISSION RATES 321 

GVWR class Fuel Model years CO2 reduction 
from 2010 MY 

HHD (Class 8a–8b) ...................................................... Diesel ............................................................................ 2014–2016 3% 
2017+ 6% 

MHD (Class 6–7) and LHD (Class 4–5) ...................... Diesel ............................................................................ 2014–2016 5% 
2017+ 9% 

Gasoline ........................................................................ 2016+ 5% 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00188 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www.epa.gov/otaq/models/moves/index.htm
http://www.epa.gov/otaq/models/moves/index.htm


57293 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

322 Renewable Fuels Standards assumptions of 
115,000 BTU/gallon gasoline (E0) and 76,330 BTU/ 

gallon ethanol (E100) weighted 90% and 10%, 
respectively, and converted to kJ at 1.055 kJ/BTU. 

323 MOVES2004 Energy and Emission Inputs. 
EPA420–P–05–003, March 2005. http:// 
www.epa.gov/otaq/models/ngm/420p05003.pdf. 

TABLE VI–2—ESTIMATED REDUCTIONS IN ROLLING RESISTANCE COEFFICIENT, AERODYNAMIC DRAG COEFFICIENT, AND 
GROSS COMBINED WEIGHT 

Truck type 

Reduction in tire 
CRR from 
baseline 
(percent) 

Reduction in Cd 
from baseline 

(percent) 

Weight reduction 
(lbs.) 

Combination long-haul ..................................................................................................... 9.6 12.1 400 
Combination short-haul .................................................................................................... 7.0 5.9 321 
Straight trucks, refuse trucks, motor homes, transit buses, and other vocational vehi-

cles ............................................................................................................................... 5.0 0 0 

Since nearly all HD pickup trucks and 
vans will be certified on a chassis 
dynamometer, the CO2 reductions for 

these vehicles will not be represented as 
engine and road load reduction 
components, but rather as total vehicle 

CO2 reductions. These estimated 
reductions are described in Table VI–3. 

TABLE VI–3—ESTIMATED TOTAL VEHICLE CO2 REDUCTIONS FOR HD PICKUP TRUCKS AND VANS 

GVWR Class Fuel Model year 
CO2 reduction 
from baseline 

(percent) 

HD Pickup Trucks and Vans .................................... Gasoline ................................................................... 2014 1.5 
2015 2 
2016 4 
2017 6 

2018+ 10 
Diesel ........................................................................ 2014 2.3 

2015 3 
2016 6 
2017 9 

2018+ 15 

C. What are the projected reductions in 
fuel consumption and GHG emissions? 

EPA and NHTSA expect significant 
reductions in GHG emissions and fuel 
consumption from these final rules— 
emission reductions from both 
downstream (tailpipe) and upstream 
(fuel production and distribution) 
sources, and fuel consumption 
reductions from more efficient vehicles. 
Increased vehicle efficiency and 
reduced vehicle fuel consumption will 
also reduce GHG emissions from 
upstream sources. The following 
subsections summarize the GHG 
emissions and fuel consumption 
reductions expected from these final 
rules. 

(1) Downstream (Tailpipe) 
Consistent with the proposal, EPA 

used MOVES to estimate downstream 
GHG inventories from these final rules. 
We expect reductions in CO2 from all 
heavy-duty vehicle categories. The 
reductions come from engine and 

vehicle improvements. EPA expects 
N2O emissions to increase very slightly 
because of a rebound in vehicle miles 
traveled (VMT) and because significant 
vehicle emissions reductions are not 
expected from these final rules. In the 
proposal, we did not account for 
differences in methane emissions from 
use of auxiliary power units (APUs) 
during extended idling from sleeper cab 
combination tractors. After accounting 
for these differences, EPA expects 
methane emissions to decrease 
primarily due to differences in 
hydrocarbon emission characteristics 
between on-road diesel engines and 
APUs. The amount of methane emitted 
as a fraction of total hydrocarbons is 
significantly less for APUs than for 
diesel engines equipped with diesel 
particulate filters. Overall, downstream 
GHG emissions will be reduced 
significantly and are described in the 
following subsections. 

For CO2 and fuel consumption, the 
total energy consumption ‘‘pollutant’’ 

was run in MOVES rather than CO2 
itself. The energy was converted to fuel 
consumption based on fuel heating 
values assumed in the Renewable Fuels 
Standard and used in the development 
of MOVES emission and energy rates. 
These values are 117,250 kJ/gallon for 
gasoline blended with ten percent 
ethanol (E10) 322 and 138,451 kJ/gallon 
for diesel.323 To calculate CO2, the 
agencies assumed a CO2 content of 
8,576 g/gallon for E10 and 10,180 g/ 
gallon for diesel. Table VI–4 shows the 
fleet-wide GHG reductions and fuel 
savings from reference case to control 
case through the lifetime of model year 
2014 through 2018 heavy-duty vehicles. 
Table VI–5 shows the downstream GHG 
emissions reductions and fuel savings in 
2018, 2030, and 2050. The analysis 
follows what was done for the proposal. 
We did not receive comments indicating 
that this analysis was inappropriate or 
insufficient for estimating downstream 
emissions impacts of this program. 
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324 U.S. EPA (2010) Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990–2007. EPA–430–R– 
10–006, Washington, DC. 

325 See Endangerment TSD, Note 10 above. 

TABLE VI–4—MODEL YEAR 2014 THROUGH 2018 LIFETIME GHG REDUCTIONS AND FUEL SAVINGS BY HEAVY-DUTY 
TRUCK CATEGORY 

Downstream GHG 
reductions 

(MMT CO2eq) 

Fuel Savings 
(billion gallons) 

HD pickups/vans .............................................................................................................................. 18 1.9 
Vocational ........................................................................................................................................ 24 2.4 
Combination short-haul (Day cabs) ................................................................................................. 50 4.9 
Combination long-haul (Sleeper cabs) ............................................................................................ 135 12.9 

TABLE VI–5—ANNUAL DOWNSTREAM GHG EMISSIONS REDUCTIONS AND FUEL SAVINGS IN 2018, 2030, AND 2050 

Downstream GHG 
reductions 

(MMT CO2eq) 

Diesel Savings 
(million gallons) 

Gasoline Savings 
(million gallons) 

2018 ......................................................................................................... 22 2,123 59 
2030 ......................................................................................................... 61 5,670 349 
2050 ......................................................................................................... 89 8,158 522 

(2) Upstream (Fuel Production and 
Distribution) 

Using the same approach as used in 
the NPRM, the upstream GHG emission 
reductions associated with the 
production and distribution of fuel were 
projected using emission factors from 
DOE’s ‘‘Greenhouse Gases, Regulated 
Emissions, and Energy Use in 
Transportation’’ (GREET1.8) model, 

with some modifications consistent 
with the Light-Duty 2012–2016 MY 
vehicle rule. More information 
regarding these modifications can be 
found in the RIA Chapter 5. These 
estimates include both international and 
domestic emission reductions, since 
reductions in foreign exports of finished 
gasoline and/or crude make up a 
significant share of the fuel savings 

resulting from the GHG standards. Thus, 
significant portions of the upstream 
GHG emission reductions will occur 
outside of the United States; a 
breakdown and discussion of projected 
international versus domestic 
reductions is included in the RIA 
Chapter 5. GHG emission reductions 
from upstream sources can be found in 
Table VI–6. 

TABLE VI–6—ANNUAL UPSTREAM GHG EMISSIONS REDUCTIONS IN 2018, 2030, AND 2050 

CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total GHG 
(MMT CO2eq) 

2018 ................................................................................................. 5.1 0.9 0.02 6.0 
2030 ................................................................................................. 12.2 1.9 0.06 14.2 
2050 ................................................................................................. 16.4 2.5 0.08 19.0 

(3) HFC Emissions 

Based on projected HFC emission 
reductions due to the final AC leakage 
standards, EPA estimates the HFC 
reductions to be 120,000 metric tons of 
CO2eq in 2018, 440,000 metric tons of 
CO2eq emissions in 2030 and 600,000 
metric tons CO2eq in 2050, as detailed 
in RIA Chapter 5.3.4. 

(4) Total (Upstream + Downstream + 
HFC) 

Table VI–7 combines downstream 
results from Table VI–5, upstream 
results Table VI–6, and HFC results to 
show total GHG reductions for calendar 
years 2018, 2030, and 2050. 

TABLE VI–7—ANNUAL TOTAL GHG 
EMISSIONS REDUCTIONS IN 2018, 
2030, AND 2050 

GHG reductions 
(MMT CO2eq) 

2018 .................................. 29 
2030 .................................. 76 
2050 .................................. 108 

D. Overview of Climate Change Impacts 
From GHG Emissions 

Once emitted, GHGs that are the 
subject of this regulation can remain in 
the atmosphere for decades to 
millennia, meaning that 1) their 
concentrations become well-mixed 
throughout the global atmosphere 
regardless of emission origin, and 2) 
their effects on climate are long lasting. 
GHG emissions come mainly from the 
combustion of fossil fuels (coal, oil, and 
gas), with additional contributions from 
the clearing of forests and agricultural 

activities. Transportation activities, in 
aggregate, are the second largest 
contributor to total U.S. GHG emissions 
(27 percent of total emissions) despite a 
decline in emissions from this sector 
during 2008.324 

This section provides a summary of 
observed and projected changes in GHG 
emissions and associated climate 
change impacts. The source document 
for the section below is the Technical 
Support Document (TSD) 325 for EPA’s 
Endangerment and Cause or Contribute 
Findings Under the Clean Air Act (74 
FR 66496, December 15, 2009). Below is 
the Executive Summary of the TSD 
which provides technical support for 
the endangerment and cause or 
contribute analyses concerning GHG 
emissions under section 202(a) of the 
CAA. The TSD reviews observed and 
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326 For a complete list of core references from 
IPCC, USGCRP/CCSP, NRC and others relied upon 
for development of the TSD for EPA’s 
Endangerment and Cause or Contribute Findings 
See section 1(b), specifically, Table 1.1 of the TSD 
Docket: EPA–HQ–OAR–2009–0171–11645. 

327 National Research Council (NRC) (2010). 
Advancing the Science of Climate Change. National 
Academy Press. Washington, DC. 

328 One teragram (Tg) = 1 million metric tons. 1 
metric ton = 1,000 kilograms = 1.102 short tons = 
2,205 pounds. 

329 Long-lived GHGs are compared and summed 
together on a CO2-equivalent basis by multiplying 
each gas by its global warming potential (GWP), as 
estimated by IPCC. In accordance with United 
Nations Framework Convention on Climate Change 
(UNFCCC) reporting procedures, the U.S. quantifies 
GHG emissions in the official U.S. greenhouse gas 
inventory submission to the UNFCCC using the 
100-year time frame values for GWPs established in 
the 1996 IPCC Second Assessment Report. 

330 Source categories under Section 202(a) of the 
CAA are a subset of source categories considered in 
the transportation sector and do not include 
emissions from non-highway sources such as boats, 
rail, aircraft, agricultural equipment, construction/ 
mining equipment, and other off-road equipment. 

331 More recent emission data are available for the 
United States and other individual countries, but 
2005 is the most recent year for which data for all 
countries and all gases are available. 

projected changes in climate based on 
current and projected atmospheric GHG 
concentrations and emissions, as well as 
the related impacts and risks from 
climate change that are projected in the 
absence of GHG mitigation actions, 
including this program and other U.S. 
and global actions. The TSD was 
updated and revised based on expert 
technical review and public comment as 
part of EPA’s rulemaking process for the 
final Endangerment Findings. The key 
findings synthesized here and the 
information throughout the TSD are 
primarily drawn from the assessment 
reports of the Intergovernmental Panel 
on Climate Change (IPCC), the U.S. 
Climate Change Science Program 
(CCSP), the U.S. Global Change 
Research Program (USGCRP), and 
NRC.326 

In May 2010, the NRC published its 
comprehensive assessment, ‘‘Advancing 
the Science of Climate Change.’’ 327 It 
concluded that ‘‘climate change is 
occurring, is caused largely by human 
activities, and poses significant risks 
for—and in many cases is already 
affecting—a broad range of human and 
natural systems.’’ Furthermore, the NRC 
stated that this conclusion is based on 
findings that are ‘‘consistent with the 
conclusions of recent assessments by 
the U.S. Global Change Research 
Program, the Intergovernmental Panel 
on Climate Change’s Fourth Assessment 
Report, and other assessments of the 
state of scientific knowledge on climate 
change.’’ These are the same 
assessments that served as the primary 
scientific references underlying the 
Administrator’s Endangerment Finding. 
Importantly, this recent NRC assessment 
represents another independent and 
critical inquiry of the state of climate 
change science, separate and apart from 
the previous IPCC and USGCRP 
assessments. 

(1) Observed Trends in Greenhouse Gas 
Emissions and Concentrations 

The primary long-lived GHGs directly 
emitted by human activities include 
CO2, CH4, N2O, HFCs, PFCs, and SF6. 
Greenhouse gases have a warming effect 
by trapping heat in the atmosphere that 
would otherwise escape to space. In 
2007, U.S. GHG emissions were 7,150 

teragrams 328 of CO2 equivalent 329 
(TgCO2eq). The dominant gas emitted is 
CO2, mostly from fossil fuel combustion. 
Methane is the second largest 
component of U.S. emissions, followed 
by N2O and the fluorinated gases (HFCs, 
PFCs, and SF6). Electricity generation is 
the largest emitting sector (34 percent of 
total U.S. GHG emissions), followed by 
transportation (27 percent) and industry 
(19 percent). 

Transportation sources under section 
202(a) 330 of the CAA (passenger cars, 
light-duty trucks, other trucks and 
buses, motorcycles, and passenger 
cooling) emitted 1,649 TgCO2eq in 2007, 
representing 23 percent of total U.S. 
GHG emissions. U.S. transportation 
sources under section 202(a) made up 
4.3 percent of total global GHG 
emissions in 2005,331 which, in addition 
to the United States as a whole, ranked 
only behind total GHG emissions from 
China, Russia, and India but ahead of 
Japan, Brazil, Germany, and the rest of 
the world’s countries. In 2005, total U.S. 
GHG emissions were responsible for 18 
percent of global emissions, ranking 
only behind China, which was 
responsible for 19 percent of global GHG 
emissions. The scope of this final action 
focuses on GHG emissions under 
section 202(a) from heavy-duty source 
categories (see Section II). 

The global atmospheric CO2 
concentration has increased about 38 
percent from pre-industrial levels to 
2009, and almost all of the increase is 
due to anthropogenic emissions. The 
global atmospheric concentration of CH4 
has increased by 149 percent since pre- 
industrial levels (through 2007); and the 
N2O concentration has increased by 23 
percent (through 2007). The observed 
concentration increase in these gases 
can also be attributed primarily to 
anthropogenic emissions. The industrial 
fluorinated gases, HFCs, PFCs, and SF6, 
have relatively low atmospheric 

concentrations but the total radiative 
forcing due to these gases is increasing 
rapidly; these gases are almost entirely 
anthropogenic in origin. 

Historic data show that current 
atmospheric concentrations of the two 
most important directly emitted, long- 
lived GHGs (CO2 and CH4) are well 
above the natural range of atmospheric 
concentrations compared to at least the 
last 650,000 years. Atmospheric GHG 
concentrations have been increasing 
because anthropogenic emissions have 
been outpacing the rate at which GHGs 
are removed from the atmosphere by 
natural processes over timescales of 
decades to centuries. 

(2) Observed Effects Associated With 
Global Elevated Concentrations of GHGs 

Greenhouse gases, at current (and 
projected) atmospheric concentrations, 
remain well below published exposure 
thresholds for any direct adverse health 
effects and are not expected to pose 
exposure risks (i.e., from breathing/ 
inhalation). 

The global average net effect of the 
increase in atmospheric GHG 
concentrations, plus other human 
activities (e.g., land-use change and 
aerosol emissions), on the global energy 
balance since 1750 has been one of 
warming. This total net heating effect, 
referred to as forcing, is estimated to be 
+1.6 (+0.6 to +2.4) watts per square 
meter (W/m2), with much of the range 
surrounding this estimate due to 
uncertainties about the cooling and 
warming effects of aerosols. However, as 
aerosol forcing has more regional 
variability than the well-mixed, long- 
lived GHGs, the global average might 
not capture some regional effects. The 
combined radiative forcing due to the 
cumulative (i.e., 1750 to 2005) increase 
in atmospheric concentrations of CO2, 
CH4, and N2O is estimated to be +2.30 
(+2.07 to +2.53) W/m2. The rate of 
increase in positive radiative forcing 
due to these three GHGs during the 
industrial era is very likely to have been 
unprecedented in more than 10,000 
years. 

Warming of the climate system is 
unequivocal, as is now evident from 
observations of increases in global 
average air and ocean temperatures, 
widespread melting of snow and ice, 
and rising global average sea level. 
Global mean surface temperatures have 
risen by 1.3 ± 0.32 °F (0.74 °C ± 0.18 °C) 
over the last 100 years. Nine of the 10 
warmest years on record have occurred 
since 2001. Global mean surface 
temperature was higher during the last 
few decades of the 20th century than 
during any comparable period during 
the preceding four centuries. 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00191 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57296 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

332 Hegerl, G.C. et al. (2007) Understanding and 
Attributing Climate Change. In: Climate Change 
2007: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. 
Marquis, K.B. Averyt, M. Tignor, and H.L. Miller 
(eds.)]. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA. 

333 CCSP (2008) Reanalysis of Historical Climate 
Data for Key Atmospheric Features: Implications for 
Attribution of Causes of Observed Change. A Report 
by the U.S. Climate Change Science Program and 
the Subcommittee on Global Change Research 
[Randall Dole, Martin Hoerling, and Siegfried 
Schubert (eds.)]. National Oceanic and Atmospheric 
Administration, National Climatic Data Center, 
Asheville, NC, 156 pp. 

334 Meehl, G.A. et al. (2007) Global Climate 
Projections. In: Climate Change 2007: The Physical 
Science Basis. Contribution of Working Group I to 
the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. 
Marquis, K.B. Averyt, M. Tignor and H.L. Miller 
(eds.)]. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA. 

335 IPCC (2007) Summary for Policymakers. In: 
Climate Change 2007: The Physical Science Basis. 
Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor and H.L. Miller (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and 
New York, NY, USA. 

Most of the observed increase in 
global average temperatures since the 
mid-20th century is very likely due to 
the observed increase in anthropogenic 
GHG concentrations. Climate model 
simulations suggest natural forcing 
alone (i.e., changes in solar irradiance) 
cannot explain the observed warming. 

U.S. temperatures also warmed during 
the 20th and into the 21st century; 
temperatures are now approximately 1.3 
°F (0.7 °C) warmer than at the start of 
the 20th century, with an increased rate 
of warming over the past 30 years. Both 
the IPCC 332 and the CCSP reports 
attributed recent North American 
warming to elevated GHG 
concentrations. In the CCSP (2008) 
report,333 the authors find that for North 
America, ‘‘more than half of this 
warming [for the period 1951–2006] is 
likely the result of human-caused 
greenhouse gas forcing of climate 
change.’’ 

Observations show that changes are 
occurring in the amount, intensity, 
frequency and type of precipitation. 
Over the contiguous United States, total 
annual precipitation increased by 6.1 
percent from 1901 to 2008. It is likely 
that there have been increases in the 
number of heavy precipitation events 
within many land regions, even in those 
where there has been a reduction in 
total precipitation amount, consistent 
with a warming climate. 

There is strong evidence that global 
sea level gradually rose in the 20th 
century and is currently rising at an 
increased rate. It is not clear whether 
the increasing rate of sea level rise is a 
reflection of short-term variability or an 
increase in the longer-term trend. Nearly 
all of the Atlantic Ocean shows sea level 
rise during the last 50 years with the 
rate of rise reaching a maximum (over 
2 millimeters [mm] per year) in a band 
along the U.S. east coast running east- 
northeast. 

Satellite data since 1979 show that 
annual average Arctic sea ice extent has 
shrunk by 4.1 percent per decade. The 
size and speed of recent Arctic summer 

sea ice loss is highly anomalous relative 
to the previous few thousands of years. 

Widespread changes in extreme 
temperatures have been observed in the 
last 50 years across all world regions, 
including the United States. Cold days, 
cold nights, and frost have become less 
frequent, while hot days, hot nights, and 
heat waves have become more frequent. 

Observational evidence from all 
continents and most oceans shows that 
many natural systems are being affected 
by regional climate changes, particularly 
temperature increases. However, 
directly attributing specific regional 
changes in climate to emissions of GHGs 
from human activities is difficult, 
especially for precipitation. 

Ocean CO2 uptake has lowered the 
average ocean pH (increased acidity) 
level by approximately 0.1 since 1750. 
Consequences for marine ecosystems 
can include reduced calcification by 
shell-forming organisms, and in the 
longer term, the dissolution of carbonate 
sediments. 

Observations show that climate 
change is currently affecting U.S. 
physical and biological systems in 
significant ways. The consistency of 
these observed changes in physical and 
biological systems and the observed 
significant warming likely cannot be 
explained entirely due to natural 
variability or other confounding non- 
climate factors. 

(3) Projections of Future Climate Change 
With Continued Increases in Elevated 
GHG Concentrations 

Most future scenarios that assume no 
explicit GHG mitigation actions (beyond 
those already enacted) project 
increasing global GHG emissions over 
the century, with climbing GHG 
concentrations. Carbon dioxide is 
expected to remain the dominant 
anthropogenic GHG over the course of 
the 21st century. The radiative forcing 
associated with the non-CO2 GHGs is 
still significant and increasing over 
time. 

Future warming over the course of the 
21st century, even under scenarios of 
low-emission growth, is very likely to be 
greater than observed warming over the 
past century. According to climate 
model simulations summarized by the 
IPCC,334 through about 2030, the global 
warming rate is affected little by the 

choice of different future emissions 
scenarios. By the end of the 21st 
century, projected average global 
warming (compared to average 
temperature around 1990) varies 
significantly depending on the emission 
scenario and climate sensitivity 
assumptions, ranging from 3.2 to 7.2 °F 
(1.8 to 4.0 °C), with an uncertainty range 
of 2.0 to 11.5 °F (1.1 to 6.4 °C). 

All of the United States is very likely 
to warm during this century, and most 
areas of the United States are expected 
to warm by more than the global 
average. The largest warming is 
projected to occur in winter over 
northern parts of Alaska. In western, 
central and eastern regions of North 
America, the projected warming has less 
seasonal variation and is not as large, 
especially near the coast, consistent 
with less warming over the oceans. 

It is very likely that heat waves will 
become more intense, more frequent, 
and longer lasting in a future warm 
climate, whereas cold episodes are 
projected to decrease significantly. 

Increases in the amount of 
precipitation are very likely in higher 
latitudes, while decreases are likely in 
most subtropical latitudes and the 
southwestern United States, continuing 
observed patterns. The mid-continental 
area is expected to experience drying 
during summer, indicating a greater risk 
of drought. 

Intensity of precipitation events is 
projected to increase in the United 
States and other regions of the world. 
More intense precipitation is expected 
to increase the risk of flooding and 
result in greater runoff and erosion that 
has the potential for adverse water 
quality effects. 

It is likely that hurricanes will 
become more intense, with stronger 
peak winds and more heavy 
precipitation associated with ongoing 
increases of tropical sea surface 
temperatures. Frequency changes in 
hurricanes are currently too uncertain 
for confident projections. 

By the end of the century, global 
average sea level is projected by IPCC 335 
to rise between 7.1 and 23 inches (18 
and 59 centimeter [cm]), relative to 
around 1990, in the absence of 
increased dynamic ice sheet loss. Recent 
rapid changes at the edges of the 
Greenland and West Antarctic ice sheets 
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336 Ebi, K.L., J. Balbus, P.L. Kinney, E. Lipp, D. 
Mills, M.S. O’Neill, and M. Wilson (2008) Effects of 
Global Change on Human Health. In: Analyses of 
the effects of global change on human health and 
welfare and human systems. A Report by the U.S. 
Climate Change Science Program and the 
Subcommittee on Global Change Research. 
[Gamble, J.L. (ed.), K.L. Ebi, F.G. Sussman, T.J. 
Wilbanks, (Authors)]. U.S. Environmental 
Protection Agency, Washington, DC, USA, pp. 2–1 
to 2–78. 

337 Field, C.B. et al. (2007) North America. In: 
Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to 
the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change [M.L. 
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden and C.E. Hanson (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and 
New York, NY, USA. 

338 Backlund, P., A. Janetos, D.S. Schimel, J. 
Hatfield, M.G. Ryan, S.R. Archer, and D. 
Lettenmaier (2008) Executive Summary. In: The 
Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity in the 
United States. A Report by the U.S. Climate Change 
Science Program and the Subcommittee on Global 
Change Research. Washington, DC., USA, 362 pp. 

show acceleration of flow and thinning. 
While an understanding of these ice 
sheet processes is incomplete, their 
inclusion in models would likely lead to 
increased sea level projections for the 
end of the 21st century. 

Sea ice extent is projected to shrink in 
the Arctic under all IPCC emissions 
scenarios. 

(4) Projected Risks and Impacts 
Associated With Future Climate Change 

Risk to society, ecosystems, and many 
natural Earth processes increases with 
increases in both the rate and magnitude 
of climate change. Climate warming 
may increase the possibility of large, 
abrupt regional or global climatic events 
(e.g., disintegration of the Greenland Ice 
Sheet or collapse of the West Antarctic 
Ice Sheet). The partial deglaciation of 
Greenland (and possibly West 
Antarctica) could be triggered by a 
sustained temperature increase of 2 to 7 
°F (1 to 4 °C) above 1990 levels. Such 
warming would cause a 13 to 20 feet (4 
to 6 meter) rise in sea level, which 
would occur over a time period of 
centuries to millennia. 

The CCSP 336 reports that climate 
change has the potential to accentuate 
the disparities already evident in the 
American health care system, as many 
of the expected health effects are likely 
to fall disproportionately on the poor, 
the elderly, the disabled, and the 
uninsured. The IPCC 337 states with very 
high confidence that climate change 
impacts on human health in U.S. cities 
will be compounded by population 
growth and an aging population. 

Severe heat waves are projected to 
intensify in magnitude and duration 
over the portions of the United States 
where these events already occur, with 
potential increases in mortality and 
morbidity, especially among the elderly, 
young, and frail. 

Some reduction in the risk of death 
related to extreme cold is expected. It is 
not clear whether reduced mortality 
from cold will be greater or less than 

increased heat-related mortality in the 
United States due to climate change. 

Increases in regional ozone pollution 
relative to ozone levels without climate 
change are expected due to higher 
temperatures and weaker circulation in 
the United States and other world cities 
relative to air quality levels without 
climate change. Climate change is 
expected to increase regional ozone 
pollution, with associated risks in 
respiratory illnesses and premature 
death. In addition to human health 
effects, tropospheric ozone has 
significant adverse effects on crop 
yields, pasture and forest growth, and 
species composition. The directional 
effect of climate change on ambient 
particulate matter levels remains 
uncertain. 

Within settlements experiencing 
climate change, certain parts of the 
population may be especially 
vulnerable; these include the poor, the 
elderly, those already in poor health, the 
disabled, those living alone, and/or 
indigenous populations dependent on 
one or a few resources. Thus, the 
potential impacts of climate change 
raise environmental justice issues. 

The CCSP 338 concludes that, with 
increased CO2 and temperature, the life 
cycle of grain and oilseed crops will 
likely progress more rapidly. But, as 
temperature rises, these crops will 
increasingly begin to experience failure, 
especially if climate variability 
increases and precipitation lessens or 
becomes more variable. Furthermore, 
the marketable yield of many 
horticultural crops (e.g., tomatoes, 
onions, fruits) is very likely to be more 
sensitive to climate change than grain 
and oilseed crops. 

Higher temperatures will very likely 
reduce livestock production during the 
summer season in some areas, but these 
losses will very likely be partially offset 
by warmer temperatures during the 
winter season. 

Cold-water fisheries will likely be 
negatively affected; warm-water 
fisheries will generally benefit; and the 
results for cool-water fisheries will be 
mixed, with gains in the northern and 
losses in the southern portions of 
ranges. 

Climate change has very likely 
increased the size and number of forest 
fires, insect outbreaks, and tree 
mortality in the interior West, the 

Southwest, and Alaska, and will 
continue to do so. Over North America, 
forest growth and productivity have 
been observed to increase since the 
middle of the 20th century, in part due 
to observed climate change. Rising CO2 
will very likely increase photosynthesis 
for forests, but the increased 
photosynthesis will likely only increase 
wood production in young forests on 
fertile soils. The combined effects of 
expected increased temperature, CO2, 
nitrogen deposition, ozone, and forest 
disturbance on soil processes and soil 
carbon storage remain unclear. 

Coastal communities and habitats will 
be increasingly stressed by climate 
change impacts interacting with 
development and pollution. Sea level is 
rising along much of the U.S. coast, and 
the rate of change will very likely 
increase in the future, exacerbating the 
impacts of progressive inundation, 
storm-surge flooding, and shoreline 
erosion. Storm impacts are likely to be 
more severe, especially along the Gulf 
and Atlantic coasts. Salt marshes, other 
coastal habitats, and dependent species 
are threatened by sea level rise, fixed 
structures blocking landward migration, 
and changes in vegetation. Population 
growth and rising value of infrastructure 
in coastal areas increases vulnerability 
to climate variability and future climate 
change. 

Climate change will likely further 
constrain already over-allocated water 
resources in some regions of the United 
States, increasing competition among 
agricultural, municipal, industrial, and 
ecological uses. Although water 
management practices in the United 
States are generally advanced, 
particularly in the West, the reliance on 
past conditions as the basis for current 
and future planning may no longer be 
appropriate, as climate change 
increasingly creates conditions well 
outside of historical observations. Rising 
temperatures will diminish snowpack 
and increase evaporation, affecting 
seasonal availability of water. In the 
Great Lakes and major river systems, 
lower water levels are likely to 
exacerbate challenges relating to water 
quality, navigation, recreation, 
hydropower generation, water transfers, 
and binational relationships. Decreased 
water supply and lower water levels are 
likely to exacerbate challenges relating 
to aquatic navigation in the United 
States. 

Higher water temperatures, increased 
precipitation intensity, and longer 
periods of low flows will exacerbate 
many forms of water pollution, 
potentially making attainment of water 
quality goals more difficult. As waters 
become warmer, the aquatic life they 
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339 Northeast includes West Virginia, Maryland, 
Delaware, Pennsylvania, New Jersey, New York, 
Connecticut, Rhode Island, Massachusetts, 
Vermont, New Hampshire, and Maine. 

340 Southeast includes Kentucky, Virginia, 
Arkansas, Tennessee, North Carolina, South 
Carolina, southeast Texas, Louisiana, Mississippi, 
Alabama, Georgia, and Florida. 

341 Southwest includes California, Nevada, Utah, 
western Colorado, Arizona, New Mexico (except the 
extreme eastern section), and southwest Texas. 

342 The Midwest includes Minnesota, Wisconsin, 
Michigan, Iowa, Illinois, Indiana, Ohio, and 
Missouri. 

343 The Northwest includes Washington, Idaho, 
western Montana, and Oregon. 

344 The Great Plains includes central and eastern 
Montana, North Dakota, South Dakota, Wyoming, 
Nebraska, eastern Colorado, Kansas, extreme 
eastern New Mexico, central Texas, and Oklahoma. 

345 Parry, M.L. et al. (2007) Technical Summary. 
In: Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to 
the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change [M.L. 
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden, and C.E. Hanson (eds.)], Cambridge 
University Press, Cambridge, United Kingdom, pp. 
23S78. 

346 Using the Model for the Assessment of 
Greenhouse Gas Induced Climate Change (MAGICC) 
5.3v2, http://www.cgd.ucar.edu/cas/wigley/magicc/ 
), EPA estimated the effects of this rulemaking’s 
greenhouse gas emissions reductions on global 
mean temperature and sea level. Please refer to 
Chapter 8.4 of the RIA for additional information. 

now support will be replaced by other 
species better adapted to warmer water. 
In the long term, warmer water and 
changing flow may result in 
deterioration of aquatic ecosystems. 

Ocean acidification is projected to 
continue, resulting in the reduced 
biological production of marine 
calcifiers, including corals. 

Climate change is likely to affect U.S. 
energy use and energy production and 
physical and institutional 
infrastructures. It will also likely 
interact with and possibly exacerbate 
ongoing environmental change and 
environmental pressures in settlements, 
particularly in Alaska where indigenous 
communities are facing major 
environmental and cultural impacts. 
The U.S. energy sector, which relies 
heavily on water for hydropower and 
cooling capacity, may be adversely 
impacted by changes to water supply 
and quality in reservoirs and other 
water bodies. Water infrastructure, 
including drinking water and 
wastewater treatment plants, and sewer 
and stormwater management systems, 
will be at greater risk of flooding, sea 
level rise and storm surge, low flows, 
and other factors that could impair 
performance. 

Disturbances such as wildfires and 
insect outbreaks are increasing in the 
United States and are likely to intensify 
in a warmer future with warmer 
winters, drier soils, and longer growing 
seasons. Although recent climate trends 
have increased vegetation growth, 
continuing increases in disturbances are 
likely to limit carbon storage, facilitate 
invasive species, and disrupt ecosystem 
services. 

Over the 21st century, changes in 
climate will cause species to shift north 
and to higher elevations and 
fundamentally rearrange U.S. 
ecosystems. Differential capacities for 
range shifts and constraints from 
development, habitat fragmentation, 
invasive species, and broken ecological 
connections will alter ecosystem 
structure, function, and services. 

(5) Present and Projected U.S. Regional 
Climate Change Impacts 

Climate change impacts will vary in 
nature and magnitude across different 
regions of the United States. 

Sustained high summer temperatures, 
heat waves, and declining air quality are 
projected in the Northeast,339 

Southeast,340 Southwest,341 and 
Midwest.342 Projected climate change 
would continue to cause loss of sea ice, 
glacier retreat, permafrost thawing, and 
coastal erosion in Alaska. 

Reduced snowpack, earlier spring 
snowmelt, and increased likelihood of 
seasonal summer droughts are projected 
in the Northeast, Northwest,343 and 
Alaska. More severe, sustained droughts 
and water scarcity are projected in the 
Southeast, Great Plains,344 and 
Southwest. 

The Southeast, Midwest, and 
Northwest in particular are expected to 
be impacted by an increased frequency 
of heavy downpours and greater flood 
risk. 

Ecosystems of the Southeast, 
Midwest, Great Plains, Southwest, 
Northwest, and Alaska are expected to 
experience altered distribution of native 
species (including local extinctions), 
more frequent and intense wildfires, 
and an increase in insect pest outbreaks 
and invasive species. 

Sea level rise is expected to increase 
storm surge height and strength, 
flooding, erosion, and wetland loss 
along the coasts, particularly in the 
Northeast, Southeast, and islands. 

Warmer water temperatures and 
ocean acidification are expected to 
degrade important aquatic resources of 
islands and coasts such as coral reefs 
and fisheries. 

A longer growing season, low levels of 
warming, and fertilization effects of 
carbon dioxide may benefit certain crop 
species and forests, particularly in the 
Northeast and Alaska. Projected summer 
rainfall increases in the Pacific islands 
may augment limited freshwater 
supplies. Cold-related mortality is 
projected to decrease, especially in the 
Southeast. In the Midwest in particular, 
heating oil demand and snow-related 
traffic accidents are expected to 
decrease. 

Climate change impacts in certain 
regions of the world may exacerbate 
problems that raise humanitarian, trade, 
and national security issues for the 

United States. The IPCC 345 identifies 
the most vulnerable world regions as the 
Arctic, because of the effects of high 
rates of projected warming on natural 
systems; Africa, especially the sub- 
Saharan region, because of current low 
adaptive capacity as well as climate 
change; small islands, due to high 
exposure of population and 
infrastructure to risk of sea level rise 
and increased storm surge; and Asian 
mega-deltas, such as the Ganges- 
Brahmaputra and the Zhujiang, due to 
large populations and high exposure to 
sea level rise, storm surge and river 
flooding. Climate change has been 
described as a potential threat 
multiplier with regard to national 
security issues. 

E. Changes in Atmospheric CO2 
Concentrations, Global Mean 
Temperature, Sea Level Rise, and Ocean 
pH Associated With the Program’s GHG 
Emissions Reductions 

EPA examined 346 the reductions in 
CO2 and other GHGs associated with 
this rulemaking and analyzed the 
projected effects on atmospheric CO2 
concentrations, global mean surface 
temperature, sea level rise, and ocean 
pH which are common variables used as 
indicators of climate change. The 
analysis projects that the preferred 
alternative of this program will reduce 
atmospheric concentrations of CO2, 
global climate warming and sea level 
rise relative to the reference case. 
Although the projected reductions and 
improvements are small in comparison 
to the total projected climate change, 
they are quantifiable, directionally 
consistent, and will contribute to 
reducing the risks associated with 
climate change. Climate change is a 
global phenomenon and EPA recognizes 
that this one national action alone will 
not prevent it: EPA notes this would be 
true for any given GHG mitigation 
action when taken alone. EPA also notes 
that a substantial portion of CO2 emitted 
into the atmosphere is not removed by 
natural processes for millennia, and 
therefore each unit of CO2 not emitted 
into the atmosphere due to this program 
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347 GCAM is a long-term, global integrated 
assessment model of energy, economy, agriculture 
and land use, that considers the sources of 
emissions of a suite of GHG’s, emitted in 14 globally 
disaggregated regions, the fate of emissions to the 
atmosphere, and the consequences of changing 
concentrations of greenhouse related gases for 
climate change. GCAM begins with a representation 
of demographic and economic developments in 
each region and combines these with assumptions 
about technology development to describe an 
internally consistent representation of energy, 
agriculture, land-use, and economic developments 
that in turn shape global emissions. 

Brenkert A, S. Smith, S. Kim, and H. Pitcher, 
2003: Model Documentation for the MiniCAM. 
PNNL–14337, Pacific Northwest National 
Laboratory, Richland, Washington. 

348 Wigley, T.M.L. 2008. MAGICC 5.3.v2 User 
Manual. UCAR—Climate and Global Dynamics 
Division, Boulder, Colorado. http:// 
www.cgd.ucar.edu/cas/wigley/magicc/. 

349 In IPCC reports, equilibrium climate 
sensitivity refers to the equilibrium change in the 
annual mean global surface temperature following 
a doubling of the atmospheric equivalent carbon 
dioxide concentration. The IPCC states that climate 

Continued 

avoids essentially permanent climate 
change on centennial time scales. The 
heavy-duty program makes a significant 
contribution towards addressing the 
challenge by producing substantial 
reductions in greenhouse gas emissions 
from a particularly large and important 
source of emissions. As the Supreme 
Court recognized in State of 
Massachusetts v. EPA, [A]agencies, like 
legislatures, do not generally resolve 
massive problems like climate change in 
one fell regulatory swoop. 549 U.S. 497, 
524 (2008). They instead whittle away at 
them over time. Id. 

EPA determines that the projected 
reductions in atmospheric CO2, global 
mean temperature and sea level rise are 
meaningful in the context of this final 
action. In addition, EPA has conducted 
an analysis to evaluate the projected 
changes in ocean pH in the context of 
the changes in emissions from this 
rulemaking. The results of the analysis 
demonstrate that relative to the 
reference case, projected atmospheric 
CO2 concentrations are estimated to be 
reduced by 0.691 to 0.787 part per 
million by volume (ppmv), global mean 
temperature is estimated to be reduced 
by 0.0017 to 0.0042°C, and sea-level rise 
is projected to be reduced by 
approximately 0.017–0.040 cm by 2100, 
based on a range of climate sensitivities. 
The analysis also demonstrates that 
ocean pH will increase by 0.0003 pH 
units by 2100 relative to the reference 
case. 

(1) Estimated Projected Reductions in 
Atmospheric CO2 Concentration, Global 
Mean Surface Temperatures, Sea Level 
Rise, and Ocean pH 

EPA estimated changes in the 
atmospheric CO2 concentration, global 
mean temperature, and sea level rise out 
to 2100 resulting from the emissions 
reductions in this rulemaking using the 
GCAM (Global Change Assessment 
Model, formerly MiniCAM), integrated 
assessment model 347 coupled with the 
Model for the Assessment of 
Greenhouse Gas Induced Climate 

Change (MAGICC, version 5.3v2).348 
GCAM was used to create the globally 
and temporally consistent set of climate 
relevant variables required for running 
MAGICC. MAGICC was then used to 
estimate the projected change in these 
variables over time. Given the 
magnitude of the estimated emissions 
reductions associated with this action, a 
simple climate model such as MAGICC 
is reasonable for estimating the 
atmospheric and climate response. This 
widely-used, peer reviewed modeling 
tool was also used to project 
temperature and sea level rise under 
different emissions scenarios in the 
Third and Fourth Assessments of the 
IPCC. 

The integrated impact of the following 
pollutant and greenhouse gas emissions 
changes are considered: CO2, CH4, N2O, 
HFC–134a, NOX, CO2 and SO2, and 
volatile organic compounds (VOC). For 
CO2, CH4, HFC–134a, and N2O an 
annual time-series of (upstream + 
downstream) emissions reductions 
estimated from the rulemaking were 
input directly. The GHG emissions 
reductions, from Section VI.C, were 
applied as net reductions to a global 
reference case (or baseline) emissions 
scenario in GCAM to generate an 
emissions scenario specific to this 
rulemaking. For CO, VOCs, SO2, and 
NOX, emissions reductions were 
estimated for 2018, 2030, and 2050 
(provided in Section VII.A). EPA then 
linearly scaled emissions reductions for 
these gases between a zero input value 
in 2013 and the value supplied for 2018 
to produce the reductions for 2014– 
2018. A similar scaling was used for 
2019–2029 and 2031–2050. The 
emissions reductions past 2050 for all 
gases were scaled with total U.S. road 
transportation fuel consumption from 
the GCAM reference scenario. Road 
transport fuel consumption past 2050 
does not change significantly and thus 
emissions reductions remain relatively 
constant from 2050 through 2100. 
Specific details about the GCAM 
reference case scenario can be found in 
Chapter 8.4 of the RIA that accompanies 
this preamble. 

MAGICC calculates the forcing 
response at the global scale from 
changes in atmospheric concentrations 
of CO2, CH4, N2O, HFCs, and 
tropospheric ozone. It also includes the 
effects of temperature changes on 
stratospheric ozone and the effects of 
CH4 emissions on stratospheric water 
vapor. Changes in CH4, NOX, VOC, and 

CO emissions affect both O3 
concentrations and CH4 concentrations. 
MAGICC includes the relative climate 
forcing effects of changes in sulfate 
concentrations due to changing SO2 
emissions, including both the direct 
effect of sulfate particles and the 
indirect effects related to cloud 
interactions. However, MAGICC does 
not calculate the effect of changes in 
concentrations of other aerosols such as 
nitrates, black carbon, or organic carbon, 
making the assumption that the sulfate 
cooling effect is a proxy for the sum of 
all the aerosol effects. Therefore, the 
climate effects of changes in PM2.5 
emissions and precursors (besides SO2) 
which are presented in the RIA Chapter 
5 were not included in the calculations 
in this section. MAGICC also calculates 
all climate effects at the global scale. 
This global scale captures the climate 
effects of the long-lived, well-mixed 
greenhouse gases, but does not address 
the fact that short-lived climate forcers 
such as aerosols and ozone can have 
effects that vary with location and 
timing of emissions. Black carbon in 
particular is known to cause a positive 
forcing or warming effect by absorbing 
incoming solar radiation, but there are 
uncertainties about the magnitude of 
that warming effect and the interaction 
of black carbon (and other co-emitted 
aerosol species) with clouds. While 
black carbon is likely to be an important 
contributor to climate change, it would 
be premature to include quantification 
of black carbon climate impacts in an 
analysis of the final standards at this 
time. 

Changes in atmospheric CO2 
concentration, global mean temperature, 
and sea level rise for both the reference 
case and the emissions scenarios 
associated with this action were 
computed using MAGICC. To calculate 
the reductions in the atmospheric CO2 
concentrations as well as in temperature 
and sea level resulting from this action, 
the output from the policy scenario 
associated with the preferred approach 
of this action was subtracted from an 
existing Global Change Assessment 
Model (GCAM, formerly MiniCAM) 
reference emission scenario. To capture 
some key uncertainties in the climate 
system with the MAGICC model, 
changes in atmospheric CO2, global 
mean temperature and sea level rise 
were projected across the most current 
IPCC range of climate sensitivities, from 
1.5 °C to 6.0 °C.349 This range reflects 
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sensitivity is ‘‘likely’’ to be in the range of 2 °C to 
4.5 °C, ‘‘very unlikely’’ to be less than 1.5 °C, and 
‘‘values substantially higher than 4.5 °C cannot be 
excluded.’’ IPCC WGI, 2007, Climate Change 
2007—The Physical Science Basis, Contribution of 
Working Group I to the Fourth Assessment Report 
of the IPCC, http://www.ipcc.ch/. 

350 Meehl, G.A. et al. (2007) Global Climate 
Projections. In: Climate Change 2007: The Physical 

Science Basis. Contribution of Working Group I to 
the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. 
Marquis, K.B. Averyt, M. Tignor and H.L. Miller 
(eds.)]. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA. 

351 National Research Council, 2011. Climate 
Stabilization Targets: Emissions, Concentrations, 

and Impacts over Decades to Millenia. Washington, 
DC: National Academies Press. 

352 Lewis, E., and D. W. R. Wallace. 1998. 
Program Developed for CO2 System Calculations. 
ORNL/CDIAC–105. Carbon Dioxide Information 
Analysis Center, Oak Ridge National Laboratory, 
U.S. Department of Energy, Oak Ridge, Tennessee. 

353 See NRC 2011, Note 351. 

the uncertainty for equilibrium climate 
sensitivity for how much global mean 
temperature would rise if the 
concentration of carbon dioxide in the 
atmosphere were to double. The 
information for this range come from 
constraints from past climate change on 
various time scales, and the spread of 
results for climate sensitivity from 
ensembles of models.350 Details about 
this modeling analysis can be found in 
the RIA Chapter 8.4. 

The results of this modeling, 
summarized in Table VI–8, show small, 

but quantifiable, reductions in 
atmospheric CO2 concentrations, 
projected global mean temperature and 
sea level resulting from this action, 
across all climate sensitivities. As a 
result of the emission reductions from 
the final standards for this action, 
relative to the reference case the 
atmospheric CO2 concentration is 
projected to be reduced by 0.691–0.787 
ppmv, the global mean temperature is 
projected to be reduced by 
approximately 0.0017–0.0042 °C by 
2100, and global mean sea level rise is 

projected to be reduced by 
approximately 0.017–0.040 cm by 2100. 
The range of reductions in global mean 
temperature and sea level rise is larger 
than that for CO2 concentrations 
because CO2 concentrations are only 
weakly coupled to climate sensitivity 
through the dependence on temperature 
of the rate of ocean absorption of CO2, 
whereas the magnitude of temperature 
change response to CO2 changes (and 
therefore sea level rise) is more tightly 
coupled to climate sensitivity in the 
MAGICC model. 

TABLE VI–8—IMPACT OF GHG EMISSIONS REDUCTIONS ON PROJECTED CHANGES IN GLOBAL CLIMATE ASSOCIATED WITH 
THE FINAL RULEMAKING (BASED ON A RANGE OF CLIMATE SENSITIVITIES FROM 1.5–6 °C) 

Variable Units Year Projected change 

Atmospheric CO2 Concentration ..................................................................................... ppmv 2100 ¥0.691 to ¥0.787. 
Global Mean Surface Temperature ................................................................................. °C 2100 ¥0.0017 to ¥0.0042. 
Sea Level Rise ................................................................................................................ cm 2100 ¥0.017 to ¥0.040. 
Ocean pH ......................................................................................................................... pH units 2100 0.0003 a. 

Note: 
a The value for projected change in ocean pH is based on a climate sensitivity of 3.0. 

The projected reductions are small 
relative to the change in temperature 
(1.8–4.8 °C), sea level rise (27—51 cm), 
and ocean acidity (¥0.30 pH units) 
from 1990 to 2100 from the MAGICC 
simulations for the GCAM reference 
case. However, this is to be expected 
given the magnitude of emissions 
reductions expected from the program 
in the context of global emissions. This 
uncertainty range does not include the 
effects of uncertainty in future 
emissions. It should also be noted that 
the calculations in MAGICC do not 
include the possible effects of 
accelerated ice flow in Greenland and/ 
or Antarctica: the recent NRC report 
estimated a likely sea level increase for 
the A1B SRES scenario of 0.5 to 1.0 
meters.351 Further discussion of EPA’s 
modeling analysis is found in the RIA, 
Chapter 8. 

EPA used the Program CO2SYS,352 
version 1.05 to estimate projected 
changes in ocean pH for tropical waters 
based on the atmospheric CO2 
concentration change (reduction) 
resulting from this action. The program 
performs calculations relating 
parameters of the CO2 system in 
seawater. EPA used the program to 
calculate ocean pH as a function of 

atmospheric CO2 concentrations, among 
other specified input conditions. Based 
on the projected atmospheric CO2 
concentration reductions resulting from 
this action, the program calculates an 
increase in ocean pH of 0.0003 pH units 
in 2100 relative to the reference case 
(compared to a decrease of 0.3 pH units 
from 1990 to 2100 in the reference case). 
Thus, this analysis indicates the 
projected decrease in atmospheric CO2 
concentrations from the program will 
result in an increase in ocean pH. For 
additional validation, results were 
generated using different known 
constants from the literature. A 
comprehensive discussion of the 
modeling analysis associated with ocean 
pH is provided in the RIA, Chapter 8. 

(2) Program’s Effect on Climate 
As a substantial portion of CO2 

emitted into the atmosphere is not 
removed by natural processes for 
millennia, each unit of CO2 not emitted 
into the atmosphere avoids essentially 
permanent climate change on centennial 
time scales. Reductions in emissions in 
the near-term are important in 
determining long-term climate 
stabilization and associated impacts 
experienced not just over the next 
decades but in the coming centuries and 

millennia.353 Though the magnitude of 
the avoided climate change projected 
here is small in comparison to the total 
projected changes, these reductions 
represent a reduction in the adverse 
risks associated with climate change 
(though these risks were not formally 
estimated for this action) across a range 
of equilibrium climate sensitivities. 

EPA’s analysis of the program’s 
impact on global climate conditions is 
intended to quantify these potential 
reductions using the best available 
science. EPA’s modeling results show 
repeatable, consistent reductions 
relative to the reference case in changes 
of CO2 concentration, temperature, sea- 
level rise, and ocean pH over the next 
century. 

VII. How will this final action impact 
non-GHG emissions and their 
associated effects? 

A. Emissions Inventory Impacts 

(1) Upstream Impacts of the Program 
Increasing efficiency in heavy-duty 

vehicles will result in reduced fuel 
demand and therefore reductions in the 
emissions associated with all processes 
involved in getting petroleum to the 
pump. These projected upstream 
emission impacts on criteria pollutants 
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are summarized in Table VII–1. Table 
VII–2 shows the corresponding 

projected impacts on upstream air toxic 
emissions in 2030. 

TABLE VII–1—OVERALL ESTIMATED UPSTREAM IMPACTS ON CRITERIA POLLUTANTS FOR CALENDAR YEARS 2018, 2030, 
AND 2050 
[Short tons] 

Calendar year NOX VOC CO PM2.5 

2018 ................................................................................................. ¥6,475 ¥1,765 ¥2,217 ¥971 
2030 ................................................................................................. ¥9,975 ¥4,367 ¥3,331 ¥1,379 
2050 ................................................................................................. ¥14,243 ¥6,379 ¥4,785 ¥1,998 

TABLE VII–2—OVERALL ESTIMATED UPSTREAM IMPACTS ON AIR TOXICS FOR CALENDAR YEARS 2018, 2030, AND 2050 
[Short tons] 

Calendar year Benzene 1,3-butadiene Formaldehyde Acetaldehyde Acrolein 

2018 ................................................................. ¥12 ¥0.6 ¥12 ¥1 ¥0.2 
2030 ................................................................. ¥19 ¥0.9 ¥26 ¥3 ¥0.5 
2050 ................................................................. ¥28 ¥1.2 ¥35 ¥5 ¥0.6 

To project these impacts, EPA 
estimated the impact of reduced 
petroleum volumes on the extraction 
and transportation of crude oil as well 
as the production and distribution of 
finished gasoline and diesel. For the 
purpose of assessing domestic-only 
emission reductions it was necessary to 
estimate the fraction of fuel savings 
attributable to domestic finished 
gasoline and diesel, and of this fuel 
what fraction is produced from 
domestic crude. For this analysis EPA 
estimated that 50 percent of fuel savings 
is attributable to domestic finished 
gasoline and diesel and that 90 percent 
of this gasoline and diesel originated 
from imported crude. Emission factors 
for most upstream emission sources are 
based on the GREET1.8 model, 
developed by DOE’s Argonne National 
Laboratory but in some cases the GREET 
values were modified or updated by 
EPA to be consistent with the National 
Emission Inventory. These updates are 

consistent with those used for the 
upstream analysis included in the Light- 
Duty GHG rulemaking. More 
information on the development of the 
emission factors used in this analysis 
can be found in RIA chapter 5. 

(2) Downstream Impacts of the Program 
While these final rules do not regulate 

non-GHG pollutants, EPA expects 
reductions in downstream emissions of 
most non-GHG pollutants. These 
pollutants include NOX, SO2, VOC, CO, 
and PM. The primary reasons for this 
are the improvements in road load 
(aerodynamics and tire rolling 
resistance) under the program and the 
agency’s anticipation of increased use of 
APUs in combination tractors for GHG 
reduction purposes during extended 
idling. APUs exhibit different non-GHG 
emissions characteristics compared to 
the on-road engines they would replace 
during extended idling. Another reason 
is that emissions from certain pollutants 

(e.g., SO2) are proportional to fuel 
consumption. For vehicle types not 
affected by road load improvements, 
non-GHG emissions may increase very 
slightly due to VMT rebound. EPA used 
MOVES to determine non-GHG 
emissions inventories for baseline and 
control cases. Further information about 
the MOVES analysis is available in 
Section VI and RIA chapter 5. The 
improvements in road load, use of 
APUs, and VMT rebound were included 
in the MOVES runs and post-processing. 
Table VII–3 summarizes the 
downstream criteria pollutant impacts 
of this program. Most of the impacts 
shown are through projected increased 
APU use. Because APUs are required to 
meet much less stringent PM standards 
than on-road engines, the projected 
widespread use of APUs leads to higher 
PM2.5. Table VII–4 summarizes the 
downstream air toxics impacts of this 
program. 

TABLE VII–3—OVERALL ESTIMATED DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS 
[Short tons] 

Calendar year Downstream 
NOX 

Downstream 
VOC Downstream SO2 Downstream CO Downstream 

PM2.5 a 

2018 ................................................................. ¥107,135 ¥12,951 ¥145 ¥25,614 803 
2030 ................................................................. ¥235,046 ¥25,502 ¥423 ¥52,212 1,751 
2050 ................................................................. ¥326,413 ¥35,126 ¥614 ¥72,049 2,441 

Note: 
a Positive number means emissions would increase from baseline to control case. PM2.5 from tire wear and brake wear is included. 

TABLE VII–4—OVERALL ESTIMATED DOWNSTREAM IMPACTS ON AIR TOXICS 
[Short tons] 

Calendar year Benzene 1,3-butadiene Formaldehyde Acetaldehyde Acrolein 

2018 ................................................................. ¥158 ¥0.3 ¥2,853 ¥871 ¥120 
2030 ................................................................. ¥341 0.4 ¥6,255 ¥1,908 ¥263 
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354 Although the net impact is small when 
aggregated to the national level, it is unlikely that 
the geographic location of increases in downstream 
PM2.5 emissions will coincide with the location of 
decreases in upstream PM2.5 emissions. Impacts of 

the emissions changes are included in the air 
quality modeling, discussed in Section VII.D of this 
preamble and in Chapter 8 of the RIA. 

355 U.S. EPA (2009) Integrated Science 
Assessment for Particulate Matter (Final Report). 

U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Docket EPA– 
HQ–OAR–2010–0162. 

TABLE VII–4—OVERALL ESTIMATED DOWNSTREAM IMPACTS ON AIR TOXICS—Continued 
[Short tons] 

Calendar year Benzene 1,3-butadiene Formaldehyde Acetaldehyde Acrolein 

2050 ................................................................. ¥472 0.8 ¥8,689 ¥2,650 ¥365 

(3) Total Impacts of the Program 

As shown in Table VII–5 and Table 
VII–6, the agencies estimate that this 
program would result in reductions of 
NOX, VOC, CO, PM, and air toxics. For 
NOX, VOC, and CO, much of the net 
reductions are realized through the use 
of APUs, which emit these pollutants at 

a lower rate than on-road engines during 
extended idle operation. Additional 
reductions are achieved in all pollutants 
through reduced road load (improved 
aerodynamics and tire rolling 
resistance), which reduces the amount 
of work required to travel a given 
distance. For SOX, downstream 
emissions are roughly proportional to 

fuel consumption; therefore a decrease 
is seen in both upstream and 
downstream sources. The downstream 
increase in PM2.5 due to APU use is 
mostly negated by upstream PM2.5 
reductions, though our calculations 
show a slight net increase in 2030 and 
2050.354 

TABLE VII–5—OVERALL ESTIMATED TOTAL IMPACTS (UPSTREAM PLUS DOWNSTREAM) ON CRITERIA POLLUTANTS 
[Results are shown in both short tons and percent change from baseline to control case.] 

CY 
NOX VOC SO2 CO PM2.5 

short tons % short tons % short tons % short tons % short tons % 

2018 ................. ¥113,610 ¥6.2 ¥14,715 ¥5.6 ¥4,566 ¥4.5 ¥27,832 ¥1.0 ¥167 ¥0.2 
2030 ................. ¥245,129 ¥21.0 ¥29,932 ¥16.0 ¥6,888 ¥10.1 ¥55,579 ¥2.1 356 10.1 
2050 ................. ¥340,656 ¥23.7 ¥41,506 ¥18.3 ¥9,857 ¥11.0 ¥76,834 ¥2.2 443 10.1 

TABLE VII–6—OVERALL ESTIMATED TOTAL IMPACTS ON AIR TOXICS (UPSTREAM PLUS DOWNSTREAM) 

CY 
Benzene 1,3-butadiene Formaldehyde Acetaldehyde Acrolein 

short tons % short tons % short tons % short tons % short tons % 

2018 ......................... ¥170 ¥4.8 ¥0.9 ¥0.1 ¥2,865 ¥18.3 ¥873 ¥13.9 ¥120.0 ¥12.4 
2030 ......................... ¥359 ¥15.0 ¥0.5 ¥0.1 ¥6,282 ¥46.2 ¥1,912 ¥40.2 ¥263.0 ¥40.0 
2050 ......................... ¥500 ¥17.4 ¥0.4 ¥0.1 ¥8,725 ¥49.5 ¥2,655 ¥44.2 ¥365.4 ¥44.5 

B. Health Effects of Non-GHG Pollutants 

In this section we discuss health 
effects associated with exposure to some 
of the criteria and air toxic pollutants 
impacted by the final heavy-duty 
vehicle standards. 

(1) Particulate Matter 

(a) Background 

Particulate matter is a generic term for 
a broad class of chemically and 
physically diverse substances. It can be 
principally characterized as discrete 
particles that exist in the condensed 
(liquid or solid) phase spanning several 
orders of magnitude in size. Since 1987, 
EPA has delineated that subset of 
inhalable particles small enough to 
penetrate to the thoracic region 
(including the tracheobronchial and 
alveolar regions) of the respiratory tract 
(referred to as thoracic particles). 
Current National Ambient Air Quality 

Standards (NAAQS) use PM2.5 as the 
indicator for fine particles (with PM2.5 
referring to particles with a nominal 
mean aerodynamic diameter less than or 
equal to 2.5 μm), and use PM10 as the 
indicator for purposes of regulating the 
coarse fraction of PM10 (referred to as 
thoracic coarse particles or coarse- 
fraction particles; generally including 
particles with a nominal mean 
aerodynamic diameter greater than 2.5 
μm and less than or equal to 10 μm, or 
PM10–2.5). Ultrafine particles are a subset 
of fine particles, generally less than 100 
nanometers (0.1 μm) in aerodynamic 
diameter. 

Fine particles are produced primarily 
by combustion processes and by 
transformations of gaseous emissions 
(e.g., SOX, NOX, and VOC) in the 
atmosphere. The chemical and physical 
properties of PM2.5 may vary greatly 
with time, region, meteorology, and 
source category. Thus, PM2.5 may 

include a complex mixture of different 
pollutants including sulfates, nitrates, 
organic compounds, elemental carbon 
and metal compounds. These particles 
can remain in the atmosphere for days 
to weeks and travel hundreds to 
thousands of kilometers. 

(b) Health Effects of PM 

Scientific studies show ambient PM is 
associated with a series of adverse 
health effects. These health effects are 
discussed in detail in EPA’s Integrated 
Science Assessment for Particulate 
Matter (ISA).355 Further discussion of 
health effects associated with PM can 
also be found in the RIA for this final 
action. The ISA summarizes evidence 
associated with PM2.5, PM10–2.5, and 
ultrafine particles. 

The ISA concludes that health effects 
associated with short-term exposures 
(hours to days) to ambient PM2.5 include 
mortality, cardiovascular effects, such as 
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356 See U.S. EPA, 2009 Final PM ISA, Note 355, 
at Section 2.3.1.1. 

357 See U.S. EPA 2009 Final PM ISA, Note 355, 
at page 2–12, Sections 7.3.1.1 and 7.3.2.1. 

358 See U.S. EPA 2009 Final PM ISA, Note 355, 
at Section 2.3.2. 

359 See U.S. EPA 2009 Final PM ISA, Note 355, 
at Section 2.3.4, Table 2–6. 

360 See U.S. EPA 2009 Final PM ISA, Note 355, 
at Section 2.3.5, Table 2–6. 

361 U.S. EPA. (2006). Air Quality Criteria for 
Ozone and Related Photochemical Oxidants (Final). 
EPA/600/R–05/004aF–cF. Washington, DC: U.S. 
EPA. Docket EPA–HQ–OAR–2010–0162. 

362 U.S. EPA. (2007). Review of the National 
Ambient Air Quality Standards for Ozone: Policy 
Assessment of Scientific and Technical 
Information, OAQPS Staff Paper. EPA–452/R–07– 
003. Washington, DC, U.S. EPA. Docket EPA–HQ– 
OAR–2010–0162. 

363 National Research Council (NRC), 2008. 
Estimating Mortality Risk Reduction and Economic 
Benefits from Controlling Ozone Air Pollution. The 
National Academies Press: Washington, DC Docket 
EPA–HQ–OAR–2010–0162. 

altered vasomotor function and hospital 
admissions and emergency department 
visits for ischemic heart disease and 
congestive heart failure, and respiratory 
effects, such as exacerbation of asthma 
symptoms in children and hospital 
admissions and emergency department 
visits for chronic obstructive pulmonary 
disease and respiratory infections.356 
The ISA notes that long-term exposure 
to PM2.5 (months to years) is associated 
with the development/progression of 
cardiovascular disease, premature 
mortality, and respiratory effects, 
including reduced lung function 
growth, increased respiratory 
symptoms, and asthma development.357 
The ISA concludes that the currently 
available scientific evidence from 
epidemiologic, controlled human 
exposure, and toxicological studies 
supports a causal association between 
short- and long-term exposures to PM2.5 
and cardiovascular effects and 
mortality. Furthermore, the ISA 
concludes that the collective evidence 
supports likely causal associations 
between short- and long-term PM2.5 
exposures and respiratory effects. The 
ISA also concludes that the scientific 
evidence is suggestive of a causal 
association for reproductive and 
developmental effects and cancer, 
mutagenicity, and genotoxicity and 
long-term exposure to PM2.5.358 

For PM10–2.5, the ISA concludes that 
the current evidence is suggestive of a 
causal relationship between short-term 
exposures and cardiovascular effects, 
such as hospitalization for ischemic 
heart disease. There is also suggestive 
evidence of a causal relationship 
between short-term PM10–2.5 exposure 
and mortality and respiratory effects. 
Data are inadequate to draw conclusions 
regarding the health effects associated 
with long-term exposure to PM10–2.5.359 

For ultrafine particles, the ISA 
concludes that there is suggestive 
evidence of a causal relationship 
between short-term exposures and 
cardiovascular effects, such as changes 
in heart rhythm and blood vessel 
function. It also concludes that there is 
suggestive evidence of association 
between short-term exposure to 
ultrafine particles and respiratory 
effects. Data are inadequate to draw 
conclusions regarding the health effects 

associated with long-term exposure to 
ultrafine particles.360 

(2) Ozone 

(a) Background 
Ground-level ozone pollution is 

typically formed by the reaction of VOC 
and NOX in the lower atmosphere in the 
presence of sunlight. These pollutants, 
often referred to as ozone precursors, are 
emitted by many types of pollution 
sources, such as highway and nonroad 
motor vehicles and engines, power 
plants, chemical plants, refineries, 
makers of consumer and commercial 
products, industrial facilities, and 
smaller area sources. 

The science of ozone formation, 
transport, and accumulation is complex. 
Ground-level ozone is produced and 
destroyed in a cyclical set of chemical 
reactions, many of which are sensitive 
to temperature and sunlight. When 
ambient temperatures and sunlight 
levels remain high for several days and 
the air is relatively stagnant, ozone and 
its precursors can build up and result in 
more ozone than typically occurs on a 
single high-temperature day. Ozone can 
be transported hundreds of miles 
downwind from precursor emissions, 
resulting in elevated ozone levels even 
in areas with low local VOC or NOX 
emissions. 

(b) Health Effects of Ozone 
The health and welfare effects of 

ozone are well documented and are 
assessed in EPA’s 2006 Air Quality 
Criteria Document and 2007 Staff 
Paper.361 362 People who are more 
susceptible to effects associated with 
exposure to ozone can include children, 
the elderly, and individuals with 
respiratory disease such as asthma. 
Those with greater exposures to ozone, 
for instance due to time spent outdoors 
(e.g., children and outdoor workers), are 
of particular concern. Ozone can irritate 
the respiratory system, causing 
coughing, throat irritation, and 
breathing discomfort. Ozone can reduce 
lung function and cause pulmonary 
inflammation in healthy individuals. 
Ozone can also aggravate asthma, 
leading to more asthma attacks that 
require medical attention and/or the use 
of additional medication. Thus, ambient 

ozone may cause both healthy and 
asthmatic individuals to limit their 
outdoor activities. In addition, there is 
suggestive evidence of a contribution of 
ozone to cardiovascular-related 
morbidity and highly suggestive 
evidence that short-term ozone exposure 
directly or indirectly contributes to non- 
accidental and cardiopulmonary-related 
mortality, but additional research is 
needed to clarify the underlying 
mechanisms causing these effects. In a 
recent report on the estimation of ozone- 
related premature mortality published 
by NRC, a panel of experts and 
reviewers concluded that short-term 
exposure to ambient ozone is likely to 
contribute to premature deaths and that 
ozone-related mortality should be 
included in estimates of the health 
benefits of reducing ozone exposure.363 
Animal toxicological evidence indicates 
that with repeated exposure, ozone can 
inflame and damage the lining of the 
lungs, which may lead to permanent 
changes in lung tissue and irreversible 
reductions in lung function. The 
respiratory effects observed in 
controlled human exposure studies and 
animal studies are coherent with the 
evidence from epidemiologic studies 
supporting a causal relationship 
between acute ambient ozone exposures 
and increased respiratory-related 
emergency room visits and 
hospitalizations in the warm season. In 
addition, there is suggestive evidence of 
a contribution of ozone to 
cardiovascular-related morbidity and 
non-accidental and cardiopulmonary 
mortality. 

(3) Nitrogen Oxides and Sulfur Oxides 

(a) Background 
Nitrogen dioxide (NO2) is a member of 

the NOX family of gases. Most NO2 is 
formed in the air through the oxidation 
of nitric oxide (NO) emitted when fuel 
is burned at a high temperature. SO2, a 
member of the sulfur oxide (SOX) family 
of gases, is formed from burning fuels 
containing sulfur (e.g., coal or oil 
derived), extracting gasoline from oil, or 
extracting metals from ore. 

SO2 and NO2 can dissolve in water 
droplets and further oxidize to form 
sulfuric and nitric acid which react with 
ammonia to form sulfates and nitrates, 
both of which are important 
components of ambient PM. The health 
effects of ambient PM are discussed in 
Section 0 of this preamble. NOX and 
NMHC are the two major precursors of 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00199 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57304 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

364 U.S. EPA (2008). Integrated Science 
Assessment for Oxides of Nitrogen—Health Criteria 
(Final Report). EPA/600/R–08/071. Washington, 
DC: U.S.EPA. Docket EPA–HQ–OAR–2010–0162. 

365 U.S. EPA. (2008). Integrated Science 
Assessment (ISA) for Sulfur Oxides—Health 
Criteria (Final Report). EPA/600/R–08/047F. 
Washington, DC: U.S. Environmental Protection 
Agency. Docket EPA–HQ–OAR–2010–0162. 

366 U.S. EPA, 2010. Integrated Science 
Assessment for Carbon Monoxide (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–09/019F, 2010. 
Available at http://cfpub.epa.gov/ncea/cfm/ 
recordisplay.cfm?deid=218686. Docket EPA–HQ– 
OAR–2010–0162 

367 The ISA evaluates the health evidence 
associated with different health effects, assigning 
one of five ‘‘weight of evidence’’ determinations: 
causal relationship, likely to be a causal 
relationship, suggestive of a causal relationship, 
inadequate to infer a causal relationship, and not 
likely to be a causal relationship. For definitions of 
these levels of evidence, please refer to Section 1.6 
of the ISA. 

368 Personal exposure includes contributions from 
many sources, and in many different environments. 
Total personal exposure to CO includes both 
ambient and nonambient components; and both 
components may contribute to adverse health 
effects. 

ozone. The health effects of ozone are 
covered in Section 0. 

(b) Health Effects of NO2 

Information on the health effects of 
NO2 can be found in the EPA Integrated 
Science Assessment (ISA) for Nitrogen 
Oxides.364 The EPA has concluded that 
the findings of epidemiologic, 
controlled human exposure, and animal 
toxicological studies provide evidence 
that is sufficient to infer a likely causal 
relationship between respiratory effects 
and short-term NO2 exposure. The ISA 
concludes that the strongest evidence 
for such a relationship comes from 
epidemiologic studies of respiratory 
effects including symptoms, emergency 
department visits, and hospital 
admissions. The ISA also draws two 
broad conclusions regarding airway 
responsiveness following NO2 exposure. 
First, the ISA concludes that NO2 
exposure may enhance the sensitivity to 
allergen-induced decrements in lung 
function and increase the allergen- 
induced airway inflammatory response 
following 30-minute exposures of 
asthmatics to NO2 concentrations as low 
as 0.26 ppm. In addition, small but 
significant increases in non-specific 
airway hyperresponsiveness were 
reported following 1-hour exposures of 
asthmatics to 0.1 ppm NO2. Second, 
exposure to NO2 has been found to 
enhance the inherent responsiveness of 
the airway to subsequent nonspecific 
challenges in controlled human 
exposure studies of asthmatic subjects. 
Enhanced airway responsiveness could 
have important clinical implications for 
asthmatics since transient increases in 
airway responsiveness following NO2 
exposure have the potential to increase 
symptoms and worsen asthma control. 
Together, the epidemiologic and 
experimental data sets form a plausible, 
consistent, and coherent description of 
a relationship between NO2 exposures 
and an array of adverse health effects 
that range from the onset of respiratory 
symptoms to hospital admission. 

Although the weight of evidence 
supporting a causal relationship is 
somewhat less certain than that 
associated with respiratory morbidity, 
NO2 has also been linked to other health 
endpoints. These include all-cause 
(nonaccidental) mortality, hospital 
admissions or emergency department 
visits for cardiovascular disease, and 
decrements in lung function growth 
associated with chronic exposure. 

(c) Health Effects of SO2 

Information on the health effects of 
SO2 can be found in the EPA Integrated 
Science Assessment for Sulfur 
Oxides.365 SO2 has long been known to 
cause adverse respiratory health effects, 
particularly among individuals with 
asthma. Other potentially sensitive 
groups include children and the elderly. 
During periods of elevated ventilation, 
asthmatics may experience symptomatic 
bronchoconstriction within minutes of 
exposure. Following an extensive 
evaluation of health evidence from 
epidemiologic and laboratory studies, 
the EPA has concluded that there is a 
causal relationship between respiratory 
health effects and short-term exposure 
to SO2. Separately, based on an 
evaluation of the epidemiologic 
evidence of associations between short- 
term exposure to SO2 and mortality, the 
EPA has concluded that the overall 
evidence is suggestive of a causal 
relationship between short-term 
exposure to SO2 and mortality. 

(4) Carbon Monoxide 

Information on the health effects of 
CO can be found in the EPA Integrated 
Science Assessment (ISA) for Carbon 
Monoxide.366 The ISA concludes that 
ambient concentrations of CO are 
associated with a number of adverse 
health effects.367 This section provides 
a summary of the health effects 
associated with exposure to ambient 
concentrations of CO.368 

Human clinical studies of subjects 
with coronary artery disease show a 
decrease in the time to onset of exercise- 
induced angina (chest pain) and 
electrocardiogram changes following CO 
exposure. In addition, epidemiologic 
studies show associations between 

short-term CO exposure and 
cardiovascular morbidity, particularly 
increased emergency room visits and 
hospital admissions for coronary heart 
disease (including ischemic heart 
disease, myocardial infarction, and 
angina). Some epidemiologic evidence 
is also available for increased hospital 
admissions and emergency room visits 
for congestive heart failure and 
cardiovascular disease as a whole. The 
ISA concludes that a causal relationship 
is likely to exist between short-term 
exposures to CO and cardiovascular 
morbidity. It also concludes that 
available data are inadequate to 
conclude that a causal relationship 
exists between long-term exposures to 
CO and cardiovascular morbidity. 

Animal studies show various 
neurological effects with in-utero CO 
exposure. Controlled human exposure 
studies report inconsistent neural and 
behavioral effects following low-level 
CO exposures. The ISA concludes the 
evidence is suggestive of a causal 
relationship with both short- and long- 
term exposure to CO and central 
nervous system effects. 

A number of epidemiologic and 
animal toxicological studies cited in the 
ISA have evaluated associations 
between CO exposure and birth 
outcomes such as preterm birth or 
cardiac birth defects. The epidemiologic 
studies provide limited evidence of a 
CO-induced effect on preterm births and 
birth defects, with weak evidence for a 
decrease in birth weight. Animal 
toxicological studies have found 
associations between perinatal CO 
exposure and decrements in birth 
weight, as well as other developmental 
outcomes. The ISA concludes these 
studies are suggestive of a causal 
relationship between long-term 
exposures to CO and developmental 
effects and birth outcomes. 

Epidemiologic studies provide 
evidence of effects on respiratory 
morbidity such as changes in 
pulmonary function, respiratory 
symptoms, and hospital admissions 
associated with ambient CO 
concentrations. A limited number of 
epidemiologic studies considered 
copollutants such as ozone, SO2, and 
PM in two-pollutant models and found 
that CO risk estimates were generally 
robust, although this limited evidence 
makes it difficult to disentangle effects 
attributed to CO itself from those of the 
larger complex air pollution mixture. 
Controlled human exposure studies 
have not extensively evaluated the effect 
of CO on respiratory morbidity. Animal 
studies at levels of 50–100 ppm CO 
show preliminary evidence of altered 
pulmonary vascular remodeling and 
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373 Bhatia, R., Lopipero, P., Smith, A. (1998). 
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9(1), 84–91. Docket EPA–HQ–OAR–2010–0162. 

374 Lipsett, M. Campleman, S. (1999). 
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cancer: a meta-analysis. Am J Public Health, 80(7), 
1009–1017. Docket EPA–HQ–OAR–2010–0162. 

oxidative injury. The ISA concludes that 
the evidence is suggestive of a causal 
relationship between short-term CO 
exposure and respiratory morbidity, and 
inadequate to conclude that a causal 
relationship exists between long-term 
exposure and respiratory morbidity. 

Finally, the ISA concludes that the 
epidemiologic evidence is suggestive of 
a causal relationship between short-term 
exposures to CO and mortality. 
Epidemiologic studies provide evidence 
of an association between short-term 
exposure to CO and mortality, but 
limited evidence is available to evaluate 
cause-specific mortality outcomes 
associated with CO exposure. In 
addition, the attenuation of CO risk 
estimates which was often observed in 
copollutant models contributes to the 
uncertainty as to whether CO is acting 
alone or as an indicator for other 
combustion-related pollutants. The ISA 
also concludes that there is not likely to 
be a causal relationship between 
relevant long-term exposures to CO and 
mortality. 

(5) Air Toxics 
Heavy-duty vehicle emissions 

contribute to ambient levels of air toxics 
known or suspected as human or animal 
carcinogens, or that have noncancer 
health effects. The population 
experiences an elevated risk of cancer 
and other noncancer health effects from 
exposure to the class of pollutants 
known collectively as ‘‘air toxics.’’ 369 
These compounds include, but are not 
limited to, benzene, 1,3-butadiene, 
formaldehyde, acetaldehyde, acrolein, 
diesel particulate matter and exhaust 
organic gases, polycyclic organic matter, 
and naphthalene. These compounds 
were identified as national or regional 
risk drivers or contributors in the 2005 
National-scale Air Toxics Assessment 
and have significant inventory 
contributions from mobile sources.370 

(a) Diesel Exhaust 
Heavy-duty diesel engines emit diesel 

exhaust, a complex mixture composed 
of carbon dioxide, oxygen, nitrogen, 
water vapor, carbon monoxide, nitrogen 
compounds, sulfur compounds and 
numerous low-molecular-weight 
hydrocarbons. A number of these 
gaseous hydrocarbon components are 
individually known to be toxic, 
including aldehydes, benzene and 1,3- 
butadiene. The diesel particulate matter 

present in diesel exhaust consists 
mostly of fine particles (< 2.5 μm), 
including a significant fraction of 
ultrafine particles (< 0.1 μm). These 
particles have a large surface area which 
makes them an excellent medium for 
adsorbing organics and their small size 
makes them highly respirable. Many of 
the organic compounds present in the 
gases and on the particles, such as 
polycyclic organic matter, are 
individually known to have mutagenic 
and carcinogenic properties. 

Diesel exhaust varies significantly in 
chemical composition and particle sizes 
between different engine types (heavy- 
duty, light-duty), engine operating 
conditions (idle, accelerate, decelerate), 
and fuel formulations (high/low sulfur 
fuel). Also, there are emissions 
differences between on-road and 
nonroad engines because the nonroad 
engines are generally of older 
technology. After being emitted in the 
engine exhaust, diesel exhaust 
undergoes dilution as well as chemical 
and physical changes in the atmosphere. 
The lifetime for some of the compounds 
present in diesel exhaust ranges from 
hours to days.371 

(i) Diesel Exhaust: Potential Cancer 
Effects 

In EPA’s 2002 Diesel Health 
Assessment Document (Diesel HAD),372 
exposure to diesel exhaust was 
classified as likely to be carcinogenic to 
humans by inhalation from 
environmental exposures, in accordance 
with the revised draft 1996/1999 EPA 
cancer guidelines. A number of other 
agencies (National Institute for 
Occupational Safety and Health, the 
International Agency for Research on 
Cancer, the World Health Organization, 
California EPA, and the U.S. 
Department of Health and Human 
Services) have made similar 
classifications. However, EPA also 
concluded in the Diesel HAD that it is 
not possible currently to calculate a 
cancer unit risk for diesel exhaust due 
to a variety of factors that limit the 
current studies, such as limited 
quantitative exposure histories in 
occupational groups investigated for 
lung cancer. 

For the Diesel HAD, EPA reviewed 22 
epidemiologic studies on the subject of 
the carcinogenicity of workers exposed 

to diesel exhaust in various 
occupations, finding increased lung 
cancer risk, although not always 
statistically significant, in 8 out of 10 
cohort studies and 10 out of 12 case- 
control studies within several 
industries. Relative risk for lung cancer 
associated with exposure ranged from 
1.2 to 1.5, although a few studies show 
relative risks as high as 2.6. 
Additionally, the Diesel HAD also relied 
on two independent meta-analyses, 
which examined 23 and 30 occupational 
studies respectively, which found 
statistically significant increases in 
smoking-adjusted relative lung cancer 
risk associated with exposure to diesel 
exhaust of 1.33 to 1.47. These meta- 
analyses demonstrate the effect of 
pooling many studies and in this case 
show the positive relationship between 
diesel exhaust exposure and lung cancer 
across a variety of diesel exhaust- 
exposed occupations.373 374 

In the absence of a cancer unit risk, 
the Diesel HAD sought to provide 
additional insight into the significance 
of the diesel exhaust-cancer hazard by 
estimating possible ranges of risk that 
might be present in the population. An 
exploratory analysis was used to 
characterize a possible risk range by 
comparing a typical environmental 
exposure level for highway diesel 
sources to a selected range of 
occupational exposure levels. The 
occupationally observed risks were then 
proportionally scaled according to the 
exposure ratios to obtain an estimate of 
the possible environmental risk. A 
number of calculations are needed to 
accomplish this, and these can be seen 
in the EPA Diesel HAD. The outcome 
was that environmental risks from 
diesel exhaust exposure could range 
from a low of 10-4 to 10-5 to as high as 
103, reflecting the range of occupational 
exposures that could be associated with 
the relative and absolute risk levels 
observed in the occupational studies. 
Because of uncertainties, the analysis 
acknowledged that the risks could be 
lower than 10-4 or 10-5, and a zero risk 
from diesel exhaust exposure was not 
ruled out. 

(ii) Diesel Exhaust: Other Health Effects 
Noncancer health effects of acute and 

chronic exposure to diesel exhaust 
emissions are also of concern to the 
EPA. EPA derived a diesel exhaust 
reference concentration (RfC) from 
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exhaust and carbon black in F344 rats. Fundam. 
Appl. Toxicol, 25, 80–94. Docket EPA–HQ–OAR– 
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truck traffic. Environ Health Perspect 110: 1009– 
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estimate real-world fine particulate matter emission 
factors: the Traffic Air Quality model. J Air & Waste 
Manage Assoc 56: 1540–1549. Docket EPA–HQ– 
OAR–2010–0162. 

383 Davis, M.E.; Smith, T.J.; Laden, F.; Hart, J.E.; 
Ryan, L.M.; Garshick, E. (2006) Modeling particle 
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Techol 40: 4226–4232. Docket EPA–HQ–OAR– 
2010–0162. 

384 Miller, T.L.; Fu, J.S.; Hromis, B.; Storey, J.M. 
(2007) Diesel truck idling emissions— 
measurements at a PM2.5 hot spot. Proceedings of 
the Annual Conference of the Transportation 
Research Board, paper no. 07–2609. Docket EPA– 
HQ–OAR–2010–0162. 
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Kittelson, D. (2005) Mass, surface area, and number 
metrics in diesel occupational exposure assessment. 
J Environ Monit 7: 728–735. Docket EPA–HQ– 
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System File for Benzene. This material is available 
electronically at http://www.epa.gov/iris/subst/
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387 International Agency for Research on Cancer. 
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consideration of four well-conducted 
chronic rat inhalation studies showing 
adverse pulmonary effects.375 376 377 378 
The RfC is 5 μg/m3 for diesel exhaust as 
measured by diesel particulate matter. 
This RfC does not consider allergenic 
effects such as those associated with 
asthma or immunologic effects. There is 
growing evidence, discussed in the 
Diesel HAD, that exposure to diesel 
exhaust can exacerbate these effects, but 
the exposure-response data are 
presently lacking to derive an RfC. The 
EPA Diesel HAD states, ‘‘With [diesel 
particulate matter] being a ubiquitous 
component of ambient PM, there is an 
uncertainty about the adequacy of the 
existing [diesel exhaust] noncancer 
database to identify all of the pertinent 
[diesel exhaust]-caused noncancer 
health hazards.’’ (p. 9–19). The Diesel 
HAD concludes ‘‘that acute exposure to 
[diesel exhaust] has been associated 
with irritation of the eye, nose, and 
throat, respiratory symptoms (cough and 
phlegm), and neurophysiological 
symptoms such as headache, 
lightheadedness, nausea, vomiting, and 
numbness or tingling of the 
extremities.’’ 379 

(iii) Ambient PM2.5 Levels and Exposure 
to Diesel Exhaust PM 

The Diesel HAD also briefly 
summarizes health effects associated 
with ambient PM and discusses the 
EPA’s annual PM2.5 NAAQS of 
15 μg/m3. There is a much more 
extensive body of human data showing 
a wide spectrum of adverse health 
effects associated with exposure to 
ambient PM, of which diesel exhaust is 
an important component. The PM2.5 
NAAQS is designed to provide 
protection from the noncancer and 
premature mortality effects of PM2.5 as 
a whole. 

(iv) Diesel Exhaust PM Exposures 
Exposure of people to diesel exhaust 

depends on their various activities, the 
time spent in those activities, the 
locations where these activities occur, 
and the levels of diesel exhaust 
pollutants in those locations. The major 
difference between ambient levels of 
diesel particulate and exposure levels 
for diesel particulate is that exposure 
accounts for a person moving from 
location to location, proximity to the 
emission source, and whether the 
exposure occurs in an enclosed 
environment. 

Occupational Exposures 
Occupational exposures to diesel 

exhaust from mobile sources can be 
several orders of magnitude greater than 
typical exposures in the non- 
occupationally exposed population. 

Over the years, diesel particulate 
exposures have been measured for a 
number of occupational groups. A wide 
range of exposures has been reported, 
from 2 μg/m3 to 1,280 μg/m3, for a 
variety of occupations. As discussed in 
the Diesel HAD, the National Institute of 
Occupational Safety and Health has 
estimated a total of 1,400,000 workers 
are occupationally exposed to diesel 
exhaust from on-road and nonroad 
vehicles. 

Elevated Concentrations and Ambient 
Exposures in Mobile Source-Impacted 
Areas 

Regions immediately downwind of 
highways or truck stops may experience 
elevated ambient concentrations of 
directly-emitted PM2.5 from diesel 
engines. Due to the unique nature of 
highways and truck stops, emissions 
from a large number of diesel engines 
are concentrated in a small area. Studies 
near roadways with high truck traffic 
indicate higher concentrations of 
components of diesel PM than other 
locations.380, 381, 382 High ambient 
particle concentrations have also been 
reported near trucking terminals, truck 
stops, and bus garages.383, 384, 385 

Additional discussion of exposure and 
health effects associated with traffic is 
included below in Section 0. 

(b) Benzene 

The EPA’s Integrated Risk Information 
System (IRIS) database lists benzene as 
a known human carcinogen (causing 
leukemia) by all routes of exposure, and 
concludes that exposure is associated 
with additional health effects, including 
genetic changes in both humans and 
animals and increased proliferation of 
bone marrow cells in mice.386, 387, 388 
EPA states in its IRIS database that data 
indicate a causal relationship between 
benzene exposure and acute 
lymphocytic leukemia and suggest a 
relationship between benzene exposure 
and chronic non-lymphocytic leukemia 
and chronic lymphocytic leukemia. The 
International Agency for Research on 
Carcinogens (IARC) has determined that 
benzene is a human carcinogen and the 
U.S. Department of Health and Human 
Services (DHHS) has characterized 
benzene as a known human 
carcinogen.389, 390 

A number of adverse noncancer 
health effects including blood disorders, 
such as preleukemia and aplastic 
anemia, have also been associated with 
long-term exposure to benzene.391, 392 
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The most sensitive noncancer effect 
observed in humans, based on current 
data, is the depression of the absolute 
lymphocyte count in blood.393, 394 In 
addition, recent work, including studies 
sponsored by the Health Effects Institute 
(HEI), provides evidence that 
biochemical responses are occurring at 
lower levels of benzene exposure than 
previously known.395, 396, 397, 398 EPA’s 
IRIS program has not yet evaluated 
these new data. 

(c) 1,3-Butadiene 
EPA has characterized 1,3-butadiene 

as carcinogenic to humans by 
inhalation.399 400 The IARC has 
determined that 1,3-butadiene is a 
human carcinogen and the U.S. DHHS 
has characterized 1,3-butadiene as a 
known human carcinogen.401 402 There 

are numerous studies consistently 
demonstrating that 1,3-butadiene is 
metabolized into genotoxic metabolites 
by experimental animals and humans. 
The specific mechanisms of 1,3- 
butadiene-induced carcinogenesis are 
unknown; however, the scientific 
evidence strongly suggests that the 
carcinogenic effects are mediated by 
genotoxic metabolites. Animal data 
suggest that females may be more 
sensitive than males for cancer effects 
associated with 1,3-butadiene exposure; 
there are insufficient data in humans 
from which to draw conclusions about 
sensitive subpopulations. 1,3-butadiene 
also causes a variety of reproductive and 
developmental effects in mice; no 
human data on these effects are 
available. The most sensitive effect was 
ovarian atrophy observed in a lifetime 
bioassay of female mice.403 

(d) Formaldehyde 
Since 1987, EPA has classified 

formaldehyde as a probable human 
carcinogen based on evidence in 
humans and in rats, mice, hamsters, and 
monkeys.404 EPA is currently reviewing 
recently published epidemiological 
data. For instance, research conducted 
by the National Cancer Institute found 
an increased risk of nasopharyngeal 
cancer and lymphohematopoietic 
malignancies such as leukemia among 
workers exposed to formaldehyde.405 406 
In an analysis of the 
lymphohematopoietic cancer mortality 
from an extended follow-up of these 
workers, the National Cancer Institute 
confirmed an association between 
lymphohematopoietic cancer risk and 

peak exposures.407 A recent National 
Institute of Occupational Safety and 
Health study of garment workers also 
found increased risk of death due to 
leukemia among workers exposed to 
formaldehyde.408 Extended follow-up of 
a cohort of British chemical workers did 
not find evidence of an increase in 
nasopharyngeal or 
lymphohematopoietic cancers, but a 
continuing statistically significant 
excess in lung cancers was reported.409 
Recently, the IARC re-classified 
formaldehyde as a human carcinogen 
(Group 1).410 

Formaldehyde exposure also causes a 
range of noncancer health effects, 
including irritation of the eyes (burning 
and watering of the eyes), nose and 
throat. Effects from repeated exposure in 
humans include respiratory tract 
irritation, chronic bronchitis and nasal 
epithelial lesions such as metaplasia 
and loss of cilia. Animal studies suggest 
that formaldehyde may also cause 
airway inflammation—including 
eosinophil infiltration into the airways. 
There are several studies that suggest 
that formaldehyde may increase the risk 
of asthma—particularly in the 
young.411 412 

(e) Acetaldehyde 

Acetaldehyde is classified in EPA’s 
IRIS database as a probable human 
carcinogen, based on nasal tumors in 
rats, and is considered toxic by the 
inhalation, oral, and intravenous 
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Washington, DC. This material is available at 
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424 See U.S. 2003 Toxicological review of 
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GA: U.S. Department of Health and Human 
Services, Public Health Service. Available 
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ToxProfiles/TP.asp?id=122&tid=25. 

429 U.S. EPA (2002). Health Assessment 
Document for Diesel Engine Exhaust. EPA/600/8– 
90/057F Office of Research and Development, 
Washington DC. http://cfpub.epa.gov/ncea/cfm/ 
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430 U.S. EPA (1997). Integrated Risk Information 
System File of indeno(1,2,3-cd)pyrene. Research 
and Development, National Center for 
Environmental Assessment, Washington, DC. This 
material is available electronically at http:// 
www.epa.gov/ncea/iris/subst/0457.htm. 

431 Perera, F.P.; Rauh, V.; Tsai, W–Y.; et al. (2002) 
Effect of transplacental exposure to environmental 
pollutants on birth outcomes in a multiethnic 
population. Environ Health Perspect. 111: 201–205. 

routes.413 Acetaldehyde is reasonably 
anticipated to be a human carcinogen by 
the U.S. DHHS in the 11th Report on 
Carcinogens and is classified as possibly 
carcinogenic to humans (Group 2B) by 
the IARC.414 415 EPA is currently 
conducting a reassessment of cancer risk 
from inhalation exposure to 
acetaldehyde. 

The primary noncancer effects of 
exposure to acetaldehyde vapors 
include irritation of the eyes, skin, and 
respiratory tract.416 In short-term (4 
week) rat studies, degeneration of 
olfactory epithelium was observed at 
various concentration levels of 
acetaldehyde exposure.417 418 Data from 
these studies were used by EPA to 
develop an inhalation reference 
concentration. Some asthmatics have 
been shown to be a sensitive 
subpopulation to decrements in 
functional expiratory volume (FEV1 
test) and bronchoconstriction upon 
acetaldehyde inhalation.419 The agency 
is currently conducting a reassessment 
of the health hazards from inhalation 
exposure to acetaldehyde. 

(f) Acrolein 
Acrolein is extremely acrid and 

irritating to humans when inhaled, with 
acute exposure resulting in upper 
respiratory tract irritation, mucus 
hypersecretion and congestion. The 
intense irritancy of this carbonyl has 
been demonstrated during controlled 
tests in human subjects, who suffer 
intolerable eye and nasal mucosal 
sensory reactions within minutes of 

exposure.420 These data and additional 
studies regarding acute effects of human 
exposure to acrolein are summarized in 
EPA’s 2003 IRIS Human Health 
Assessment for acrolein.421 Evidence 
available from studies in humans 
indicate that levels as low as 0.09 ppm 
(0.21 mg/m3) for five minutes may elicit 
subjective complaints of eye irritation 
with increasing concentrations leading 
to more extensive eye, nose and 
respiratory symptoms.422 Lesions to the 
lungs and upper respiratory tract of rats, 
rabbits, and hamsters have been 
observed after subchronic exposure to 
acrolein.423 Acute exposure effects in 
animal studies report bronchial hyper- 
responsiveness.424 In a recent study, the 
acute respiratory irritant effects of 
exposure to 1.1 ppm acrolein were more 
pronounced in mice with allergic 
airway disease by comparison to non- 
diseased mice which also showed 
decreases in respiratory rate.425 Based 
on these animal data and demonstration 
of similar effects in humans (e.g., 
reduction in respiratory rate), 
individuals with compromised 
respiratory function (e.g., emphysema, 
asthma) are expected to be at increased 
risk of developing adverse responses to 
strong respiratory irritants such as 
acrolein. 

EPA determined in 2003 that the 
human carcinogenic potential of 
acrolein could not be determined 
because the available data were 
inadequate. No information was 
available on the carcinogenic effects of 
acrolein in humans and the animal data 
provided inadequate evidence of 
carcinogenicity.426 The IARC 

determined in 1995 that acrolein was 
not classifiable as to its carcinogenicity 
in humans.427 

(g) Polycyclic Organic Matter 
The term polycyclic organic matter 

(POM) defines a broad class of 
compounds that includes the polycyclic 
aromatic hydrocarbon compounds 
(PAHs). One of these compounds, 
naphthalene, is discussed separately 
below. POM compounds are formed 
primarily from combustion and are 
present in the atmosphere in gas and 
particulate form. Cancer is the major 
concern from exposure to POM. 
Epidemiologic studies have reported an 
increase in lung cancer in humans 
exposed to diesel exhaust, coke oven 
emissions, roofing tar emissions, and 
cigarette smoke; all of these mixtures 
contain POM compounds.428,429 Animal 
studies have reported respiratory tract 
tumors from inhalation exposure to 
benzo[a]pyrene and alimentary tract and 
liver tumors from oral exposure to 
benzo[a]pyrene. EPA has classified 
seven PAHs (benzo[a]pyrene, 
benz[a]anthracene, chrysene, 
benzo[b]fluoranthene, 
benzo[k]fluoranthene, 
dibenz[a,h]anthracene, and 
indeno[1,2,3-cd]pyrene) as Group B2, 
probable human carcinogens.430 Recent 
studies have found that maternal 
exposures to PAHs in a population of 
pregnant women were associated with 
several adverse birth outcomes, 
including low birth weight and reduced 
length at birth, as well as impaired 
cognitive development in preschool 
children (3 years of age).431,432EPA has 
not yet evaluated these recent studies. 
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433 U. S. EPA. 2004. Toxicological Review of 
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Cancer Risk), Environmental Protection Agency, 
Integrated Risk Information System, Research and 
Development, National Center for Environmental 
Assessment, Washington, DC. This material is 
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434 Oak Ridge Institute for Science and Education. 
(2004). External Peer Review for the IRIS 
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ncea/cfm/recordisplay.cfm?deid=84403 Docket 
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435 National Toxicology Program (NTP). (2004). 
11th Report on Carcinogens. Public Health Service, 
U.S. Department of Health and Human Services, 
Research Triangle Park, NC. Available from: http:// 
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2010–0162. 

436 International Agency for Research on Cancer. 
(2002). Monographs on the Evaluation of the 
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437 U. S. EPA. 1998. Toxicological Review of 
Naphthalene, Environmental Protection Agency, 
Integrated Risk Information System, Research and 
Development, National Center for Environmental 
Assessment, Washington, DC. This material is 
available electronically at http://www.epa.gov/iris/ 
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438 U.S. EPA Integrated Risk Information System 
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441 Salam, M.T.; Islam, T.; Gilliland, F.D. (2008) 

Recent evidence for adverse effects of residential 
proximity to traffic sources on asthma. Current 
Opin Pulm Med 14: 3–8. Docket EPA–HQ–OAR– 
2010–0162. 

442 Holguin, F. (2008) Traffic, outdoor air 
pollution, and asthma. Immunol Allergy Clinics 
North Am 28: 577–588. Docket EPA–HQ–OAR– 
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443 Adar, S.D.; Kaufman, J.D. (2007) 
Cardiovascular disease and air pollutants: 
evaluating and improving epidemiological data 
implicating traffic exposure. Inhal Toxicol 19: 135– 
149. Docket EPA–HQ–OAR–2010–0162. 

(h) Naphthalene 
Naphthalene is found in small 

quantities in gasoline and diesel fuels. 
Naphthalene emissions have been 
measured in larger quantities in both 
gasoline and diesel exhaust compared 
with evaporative emissions from mobile 
sources, indicating it is primarily a 
product of combustion. EPA released an 
external review draft of a reassessment 
of the inhalation carcinogenicity of 
naphthalene based on a number of 
recent animal carcinogenicity 
studies.433 The draft reassessment 
completed external peer review.434 
Based on external peer review 
comments received, additional analyses 
are being undertaken. This external 
review draft does not represent official 
agency opinion and was released solely 
for the purposes of external peer review 
and public comment. The National 
Toxicology Program listed naphthalene 
as ‘‘reasonably anticipated to be a 
human carcinogen’’ in 2004 on the basis 
of bioassays reporting clear evidence of 
carcinogenicity in rats and some 
evidence of carcinogenicity in mice.435 
California EPA has released a new risk 
assessment for naphthalene, and the 
IARC has reevaluated naphthalene and 
re-classified it as Group 2B: possibly 
carcinogenic to humans.436 Naphthalene 
also causes a number of chronic non- 
cancer effects in animals, including 
abnormal cell changes and growth in 
respiratory and nasal tissues.437 

(i) Other Air Toxics 
In addition to the compounds 

described above, other compounds in 

gaseous hydrocarbon and PM emissions 
from heavy-duty vehicles will be 
affected by this final action. Mobile 
source air toxic compounds that would 
potentially be impacted include 
ethylbenzene, propionaldehyde, 
toluene, and xylene. Information 
regarding the health effects of these 
compounds can be found in EPA’s IRIS 
database.438 

(j) Exposure and Health Effects 
Associated with Traffic 

Populations who live, work, or attend 
school near major roads experience 
elevated exposure concentrations to a 
wide range of air pollutants, as well as 
higher risks for a number of adverse 
health effects. While the previous 
sections of this preamble have focused 
on the health effects associated with 
individual criteria pollutants or air 
toxics, this section discusses the 
mixture of different exposures near 
major roadways, rather than the effects 
of any single pollutant. As such, this 
section emphasizes traffic-related air 
pollution, in general, as the relevant 
indicator of exposure rather than any 
particular pollutant. 

Concentrations of many traffic- 
generated air pollutants are elevated for 
up to 300–500 meters downwind of 
roads with high traffic volumes.439 
Numerous sources on roads contribute 
to elevated roadside concentrations, 
including exhaust and evaporative 
emissions, and resuspension of road 
dust and tire and brake wear. 
Concentrations of several criteria and 
hazardous air pollutants are elevated 
near major roads. Furthermore, different 
semi-volatile organic compounds and 
chemical components of particulate 
matter, including elemental carbon, 
organic material, and trace metals, have 
been reported at higher concentrations 
near major roads. 

Populations near major roads 
experience greater risk of certain 
adverse health effects. The Health 
Effects Institute published a report on 
the health effects of traffic-related air 
pollution.440 It concluded that evidence 

is ‘‘sufficient to infer the presence of a 
causal association’’ between traffic 
exposure and exacerbation of childhood 
asthma symptoms. The HEI report also 
concludes that the evidence is either 
‘‘sufficient’’ or ‘‘suggestive but not 
sufficient’’ for a causal association 
between traffic exposure and new 
childhood asthma cases. A review of 
asthma studies by Salam et al. (2008) 
reaches similar conclusions.441 The HEI 
report also concludes that there is 
‘‘suggestive’’ evidence for pulmonary 
function deficits associated with traffic 
exposure, but concluded that there is 
‘‘inadequate and insufficient’’ evidence 
for causal associations with respiratory 
health care utilization, adult-onset 
asthma, chronic obstructive pulmonary 
disease symptoms, and allergy. A 
review by Holguin (2008) notes that the 
effects of traffic on asthma may be 
modified by nutrition status, medication 
use, and genetic factors.442 

The HEI report also concludes that 
evidence is ‘‘suggestive’’ of a causal 
association between traffic exposure and 
all-cause and cardiovascular mortality. 
There is also evidence of an association 
between traffic-related air pollutants 
and cardiovascular effects such as 
changes in heart rhythm, heart attack, 
and cardiovascular disease. The HEI 
report characterizes this evidence as 
‘‘suggestive’’ of a causal association, and 
an independent epidemiological 
literature review by Adar and Kaufman 
(2007) concludes that there is 
‘‘consistent evidence’’ linking traffic- 
related pollution and adverse 
cardiovascular health outcomes.443 

Some studies have reported 
associations between traffic exposure 
and other health effects, such as birth 
outcomes (e.g., low birth weight) and 
childhood cancer. The HEI report 
concludes that there is currently 
‘‘inadequate and insufficient’’ evidence 
for a causal association between these 
effects and traffic exposure. A review by 
Raaschou-Nielsen and Reynolds (2006) 
concluded that evidence of an 
association between childhood cancer 
and traffic-related air pollutants is weak, 
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but noted the inability to draw firm 
conclusions based on limited 
evidence.444 

There is a large population in the 
United States living in close proximity 
of major roads. According to the Census 
Bureau’s American Housing Survey for 
2007, approximately 20 million 
residences in the United States, 15.6 
percent of all homes, are located within 
300 feet (91 m) of a highway with 4+ 
lanes, a railroad, or an airport.445 
Therefore, at current population of 
approximately 309 million, assuming 
that population and housing are 
similarly distributed, there are over 48 
million people in the United States 
living near such sources. The HEI report 
also notes that in two North American 
cities, Los Angeles and Toronto, over 40 
percent of each city’s population live 
within 500 meters of a highway or 100 
meters of a major road. It also notes that 
about 33 percent of each city’s 
population resides within 50 meters of 
major roads. Together, the evidence 
suggests that a large U.S. population 
lives in areas with elevated traffic- 
related air pollution. 

People living near roads are often 
socioeconomically disadvantaged. 
According to the 2007 American 
Housing Survey, a renter-occupied 
property is over twice as likely as an 
owner-occupied property to be located 
near a highway with 4+ lanes, railroad 
or airport. In the same survey, the 
median household income of rental 
housing occupants was less than half 
that of owner-occupants ($28,921/ 
$59,886). Numerous studies in 
individual urban areas report higher 
levels of traffic-related air pollutants in 
areas with high minority or poor 
populations.446 447 448 

Students may also be exposed in 
situations where schools are located 

near major roads. In a study of nine 
metropolitan areas across the United 
States, Appatova et al. (2008) found that 
on average greater than 33 percent of 
schools were located within 400 m of an 
Interstate, U.S., or state highway, while 
12 percent were located within 100 
m.449 The study also found that among 
the metropolitan areas studied, schools 
in the Eastern United States were more 
often sited near major roadways than 
schools in the Western United States. 

Demographic studies of students in 
schools near major roadways suggest 
that this population is more likely than 
the general student population to be of 
non-white race or Hispanic ethnicity, 
and more often live in low 
socioeconomic status locations.450 451 452 
There is some inconsistency in the 
evidence, which may be due to different 
local development patterns and 
measures of traffic and geographic scale 
used in the studies.449 

C. Environmental Effects of Non-GHG 
Pollutants 

In this section we discuss some of the 
environmental effects of PM and its 
precursors such as visibility 
impairment, atmospheric deposition, 
and materials damage and soiling, as 
well as environmental effects associated 
with the presence of ozone in the 
ambient air, such as impacts on plants, 
including trees, agronomic crops and 
urban ornamentals, and environmental 
effects associated with air toxics. 

(1) Visibility 
Visibility can be defined as the degree 

to which the atmosphere is transparent 
to visible light.453 Visibility impairment 
is caused by light scattering and 
absorption by suspended particles and 
gases. Visibility is important because it 
has direct significance to people’s 

enjoyment of daily activities in all parts 
of the country. Individuals value good 
visibility for the well-being it provides 
them directly, where they live and 
work, and in places where they enjoy 
recreational opportunities. Visibility is 
also highly valued in significant natural 
areas, such as national parks and 
wilderness areas, and special emphasis 
is given to protecting visibility in these 
areas. For more information on visibility 
see the final 2009 PM ISA.454 

EPA is pursuing a two-part strategy to 
address visibility impairment. First, 
EPA developed the regional haze 
program (64 FR 35714) which was put 
in place in July 1999 to protect the 
visibility in Mandatory Class I Federal 
areas. There are 156 national parks, 
forests and wilderness areas categorized 
as Mandatory Class I Federal areas (62 
FR 38680–38681, July 18, 1997). These 
areas are defined in CAA section 162 as 
those national parks exceeding 6,000 
acres, wilderness areas and memorial 
parks exceeding 5,000 acres, and all 
international parks which were in 
existence on August 7, 1977. Second, 
EPA has concluded that PM2.5 causes 
adverse effects on visibility in other 
areas that are not protected by the 
Regional Haze Rule, depending on PM2.5 
concentrations and other factors that 
control their visibility impact 
effectiveness such as dry chemical 
composition and relative humidity (i.e., 
an indicator of the water composition of 
the particles), and has set secondary 
PM2.5 standards to address these areas. 
The existing annual primary and 
secondary PM2.5 standards have been 
remanded by the DC Circuit (see 
American Farm Bureau v. EPA, 559 F. 
3d 512 (DC Cir. 2009) and are being 
addressed in the currently ongoing PM 
NAAQS review. 

(2) Plant and Ecosystem Effects of 
Ozone 

Elevated ozone levels contribute to 
environmental effects, with impacts to 
plants and ecosystems being of most 
concern. Ozone can produce both acute 
and chronic injury in sensitive species 
depending on the concentration level 
and the duration of the exposure. Ozone 
effects also tend to accumulate over the 
growing season of the plant, so that even 
low concentrations experienced for a 
longer duration have the potential to 
create chronic stress on vegetation. 
Ozone damage to plants includes visible 
injury to leaves and impaired 
photosynthesis, both of which can lead 
to reduced plant growth and 
reproduction, resulting in reduced crop 
yields, forestry production, and use of 
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Sharpe. 2003. Effects of VOCs on herbaceous plants 
in an open-top chamber experiment. Environ. 
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sensitive ornamentals in landscaping. In 
addition, the impairment of 
photosynthesis, the process by which 
the plant makes carbohydrates (its 
source of energy and food), can lead to 
a subsequent reduction in root growth 
and carbohydrate storage below ground, 
resulting in other, more subtle plant and 
ecosystems impacts. 

These latter impacts include 
increased susceptibility of plants to 
insect attack, disease, harsh weather, 
interspecies competition and overall 
decreased plant vigor. The adverse 
effects of ozone on forest and other 
natural vegetation can potentially lead 
to species shifts and loss from the 
affected ecosystems, resulting in a loss 
or reduction in associated ecosystem 
goods and services. Lastly, visible ozone 
injury to leaves can result in a loss of 
aesthetic value in areas of special scenic 
significance like national parks and 
wilderness areas. The final 2006 Ozone 
Air Quality Criteria Document presents 
more detailed information on ozone 
effects on vegetation and ecosystems. 

(3) Atmospheric Deposition 

Wet and dry deposition of ambient 
particulate matter delivers a complex 
mixture of metals (e.g., mercury, zinc, 
lead, nickel, aluminum, cadmium), 
organic compounds (e.g., polycyclic 
organic matter, dioxins, furans) and 
inorganic compounds (e.g., nitrate, 
sulfate) to terrestrial and aquatic 
ecosystems. The chemical form of the 
compounds deposited depends on a 
variety of factors including ambient 
conditions (e.g., temperature, humidity, 
oxidant levels) and the sources of the 
material. Chemical and physical 
transformations of the compounds occur 
in the atmosphere as well as the media 
onto which they deposit. These 
transformations in turn influence the 
fate, bioavailability and potential 
toxicity of these compounds. 
Atmospheric deposition has been 
identified as a key component of the 
environmental and human health 
hazard posed by several pollutants 
including mercury, dioxin and PCBs.455 

Adverse impacts on water quality can 
occur when atmospheric contaminants 
deposit to the water surface or when 
material deposited on the land enters a 
waterbody through runoff. Potential 
impacts of atmospheric deposition to 
waterbodies include those related to 
both nutrient and toxic inputs. Adverse 
effects to human health and welfare can 
occur from the addition of excess 

nitrogen via atmospheric deposition. 
The nitrogen-nutrient enrichment 
contributes to toxic algae blooms and 
zones of depleted oxygen, which can 
lead to fish kills, frequently in coastal 
waters. Deposition of heavy metals or 
other toxics may lead to the human 
ingestion of contaminated fish, 
impairment of drinking water, damage 
to the marine ecology, and limits to 
recreational uses. Several studies have 
been conducted in U.S. coastal waters 
and in the Great Lakes Region in which 
the role of ambient PM deposition and 
runoff is investigated.456 457 458 459 460 

Atmospheric deposition of nitrogen 
and sulfur contributes to acidification, 
altering biogeochemistry and affecting 
animal and plant life in terrestrial and 
aquatic ecosystems across the United 
States. The sensitivity of terrestrial and 
aquatic ecosystems to acidification from 
nitrogen and sulfur deposition is 
predominantly governed by geology. 
Prolonged exposure to excess nitrogen 
and sulfur deposition in sensitive areas 
acidifies lakes, rivers and soils. 
Increased acidity in surface waters 
creates inhospitable conditions for biota 
and affects the abundance and 
nutritional value of preferred prey 
species, threatening biodiversity and 
ecosystem function. Over time, 
acidifying deposition also removes 
essential nutrients from forest soils, 
depleting the capacity of soils to 
neutralize future acid loadings and 
negatively affecting forest sustainability. 
Major effects include a decline in 
sensitive forest tree species, such as red 
spruce (Picea rubens) and sugar maple 
(Acer saccharum), and a loss of 
biodiversity of fishes, zooplankton, and 
macro invertebrates. 

In addition to the role nitrogen 
deposition plays in acidification, 
nitrogen deposition also leads to 
nutrient enrichment and altered 

biogeochemical cycling. In aquatic 
systems increased nitrogen can alter 
species assemblages and cause 
eutrophication. In terrestrial systems 
nitrogen loading can lead to loss of 
nitrogen sensitive lichen species, 
decreased biodiversity of grasslands, 
meadows and other sensitive habitats, 
and increased potential for invasive 
species. For a broader explanation of the 
topics treated here, refer to the 
description in Section 7.1.2 of the RIA. 

Adverse impacts on soil chemistry 
and plant life have been observed for 
areas heavily influenced by atmospheric 
deposition of nutrients, metals and acid 
species, resulting in species shifts, loss 
of biodiversity, forest decline and 
damage to forest productivity. Potential 
impacts also include adverse effects to 
human health through ingestion of 
contaminated vegetation or livestock (as 
in the case for dioxin deposition), 
reduction in crop yield, and limited use 
of land due to contamination. 

Atmospheric deposition of pollutants 
can reduce the aesthetic appeal of 
buildings and culturally important 
articles through soiling, and can 
contribute directly (or in conjunction 
with other pollutants) to structural 
damage by means of corrosion or 
erosion. Atmospheric deposition may 
affect materials principally by 
promoting and accelerating the 
corrosion of metals, by degrading paints, 
and by deteriorating building materials 
such as concrete and limestone. 
Particles contribute to these effects 
because of their electrolytic, 
hygroscopic, and acidic properties, and 
their ability to adsorb corrosive gases 
(principally sulfur dioxide). 

(4) Environmental Effects of Air Toxics 

Emissions from producing, 
transporting and combusting fuel 
contribute to ambient levels of 
pollutants that contribute to adverse 
effects on vegetation. Volatile organic 
compounds, some of which are 
considered air toxics, have long been 
suspected to play a role in vegetation 
damage.461 In laboratory experiments, a 
wide range of tolerance to VOCs has 
been observed.462 Decreases in 
harvested seed pod weight have been 
reported for the more sensitive plants, 
and some studies have reported effects 
on seed germination, flowering and fruit 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00207 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57312 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

463 Cape JN, ID Leith, J Binnie, J Content, M 
Donkin, M Skewes, DN Price AR Brown, AD 
Sharpe. 2003. Effects of VOCs on herbaceous plants 
in an open-top chamber experiment. Environ. 
Pollut. 124:341–343. Docket EPA–HQ–OAR–2010– 
0162. 

464 Viskari E–L. 2000. Epicuticular wax of Norway 
spruce needles as indicator of traffic pollutant 
deposition. Water, Air, and Soil Pollut. 121:327– 
337. Docket EPA–HQ–OAR–2010–0162. 

465 Ugrekhelidze D, F Korte, G Kvesitadze. 1997. 
Uptake and transformation of benzene and toluene 

by plant leaves. Ecotox. Environ. Safety 37:24–29. 
Docket EPA–HQ–OAR–2010–0162. 

466 Kammerbauer H, H Selinger, R Rommelt, A 
Ziegler-Jons, D Knoppik, B Hock. 1987. Toxic 
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ripening. Effects of individual VOCs or 
their role in conjunction with other 
stressors (e.g., acidification, drought, 
temperature extremes) have not been 
well studied. In a recent study of a 
mixture of VOCs including ethanol and 
toluene on herbaceous plants, 
significant effects on seed production, 
leaf water content and photosynthetic 
efficiency were reported for some plant 
species.463 

Research suggests an adverse impact 
of vehicle exhaust on plants, which has 
in some cases been attributed to 
aromatic compounds and in other cases 
to nitrogen oxides.464 465 466 The impacts 
of VOCs on plant reproduction may 
have long-term implications for 
biodiversity and survival of native 
species near major roadways. Most of 
the studies of the impacts of VOCs on 
vegetation have focused on short-term 
exposure and few studies have focused 
on long-term effects of VOCs on 
vegetation and the potential for 
metabolites of these compounds to 
affect herbivores or insects. 

D. Air Quality Impacts of Non-GHG 
Pollutants 

Air quality modeling was performed 
to assess the impact of the heavy-duty 

vehicle standards on criteria and air 
toxic pollutants. In this section, we 
present information on current modeled 
levels of pollution as well as projections 
for 2030, with respect to ambient PM2.5, 
ozone, selected air toxics, visibility 
levels and nitrogen and sulfur 
deposition. The results are discussed in 
more detail in Section 8.2 of the RIA. 

We used the Community Multi-scale 
Air Quality (CMAQ) photochemical 
model, version 4.7.1, for our analysis. 
This version of CMAQ includes a 
number of improvements to previous 
versions of the model. These 
improvements are discussed in Section 
8.2.2 of the RIA. 

(1) Ozone 

(a) Current Levels 
8-hour ozone concentrations 

exceeding the level of the ozone 
NAAQS occur in many parts of the 
country. In 2008, the EPA amended the 
ozone NAAQS (73 FR 16436, March 27, 
2008). The final 2008 ozone NAAQS 
rule set forth revisions to the previous 
1997 NAAQS for ozone to provide 
increased protection of public health 
and welfare. On January 6, 2010, EPA 
proposed to reconsider the 2008 ozone 
NAAQS to ensure that they are requisite 

to protect public health with an ample 
margin of safety, and requisite to protect 
public welfare (75 FR 2938, January 19, 
2010). EPA intends to complete the 
reconsideration by July 31, 2011. If, as 
a result of the reconsideration, EPA 
promulgates different ozone standards, 
the new 2011 ozone standards would 
replace the 2008 ozone standards and 
the requirement to designate areas for 
the replaced 2008 standards would no 
longer apply. 

As of April 21, 2011 there are 44 areas 
designated as nonattainment for the 
1997 8-hour ozone NAAQS, comprising 
242 full or partial counties with a total 
population of over 118 million people. 
These numbers do not include the 
people living in areas where there is a 
future risk of failing to maintain or 
attain the 1997 8-hour ozone NAAQS. 
The numbers above likely 
underestimate the number of counties 
that are not meeting the ozone NAAQS 
because the nonattainment areas 
associated with the more stringent 2008 
8-hour ozone NAAQS have not yet been 
designated. Table VII–7 provides an 
estimate, based on 2006–08 air quality 
data, of the counties with design values 
greater than the 2008 8-hour ozone 
NAAQS of 0.075 ppm. 

TABLE VII–7—COUNTIES WITH DESIGN VALUES GREATER THAN THE OZONE NAAQS 

Standard Number of 
counties Population a 

1997 Ozone Standard: counties within the 54 areas currently designated as nonattainment (as of 1/6/10) ........ 266 122,343,799 
2008 Ozone Standard: additional counties that would not meet the 2008 NAAQS (based on 2006–2008 air 

quality data) b ....................................................................................................................................................... 156 36,678,478 
Total .................................................................................................................................................................. 422 159,022,277 

Notes: 
a Population numbers are from 2000 census data. 
b Area designations for the 2008 ozone NAAQS have not yet been made. Nonattainment for the 2008 Ozone NAAQS would be based on three 

years of air quality data from later years. Also, the county numbers in this row include only the counties with monitors violating the 2008 Ozone 
NAAQS. The numbers in this table may be an underestimate of the number of counties and populations that will eventually be included in areas 
with multiple counties designated nonattainment. 

(b) Projected Levels Without This Final 
Action 

States with 8-hour ozone 
nonattainment areas are required to take 
action to bring those areas into 
compliance in the future. Based on the 
final rule designating and classifying 8- 
hour ozone nonattainment areas for the 
1997 standard (69 FR 23951, April 30, 
2004), most 8-hour ozone nonattainment 
areas will be required to attain the 
ozone NAAQS in the 2007 to 2013 time 

frame and then maintain the NAAQS 
thereafter. As noted, EPA is 
reconsidering the 2008 ozone NAAQS. 
If EPA promulgates different ozone 
NAAQS in 2011 as a result of the 
reconsideration, these standards would 
replace the 2008 ozone NAAQS and 
there would no longer be a requirement 
to designate areas for the 2008 NAAQS. 
Attainment dates for any 2011 ozone 
NAAQS would range from 3 to 20 years 
from designation, depending on the 
area’s classification. 

EPA has already adopted many 
emission control programs that are 
expected to reduce ambient ozone levels 
and assist in reducing the number of 
areas that fail to achieve the ozone 
NAAQS. Even so, our air quality 
modeling projects that in 2030, with all 
current controls but excluding the 
impacts of the heavy-duty standards, up 
to 10 counties with a population of over 
30 million may not attain the 2008 
ozone standard of 0.075 ppm (75 ppb). 
These numbers do not account for those 
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areas that are close to (e.g., within 10 
percent of) the 2008 ozone standard. 
These areas, although not violating the 
standards, will also be impacted by 
changes in ozone as they work to ensure 
long-term maintenance of the ozone 
NAAQS. 

(c) Projected Levels With This Final 
Action 

Our modeling indicates ozone design 
value concentrations will decrease in 
many areas of the country due to this 
action. The decreases in ozone design 
values are likely due to projected 
tailpipe reductions in NOX and 
projected upstream emissions decreases 
in NOX and VOCs from reduced 
gasoline production. The majority of the 
ozone design value decreases are less 
than 1 ppb. The maximum projected 
decrease in an 8-hour ozone design 
value is 1.57 ppb in Jefferson County, 
Tennessee. On a population-weighted 
basis, the average modeled 8-hour ozone 
design values are projected to decrease 
by 0.39 ppb in 2030 and the design 
values for those counties that are 
projected to be above the 2008 ozone 
standard in 2030 will see population- 
weighted decreases of 0.16 ppb due to 
the heavy-duty standards. 

(2) Particulate Matter 

(a) Current Levels 
PM2.5 concentrations exceeding the 

level of the PM2.5 NAAQS occur in 
many parts of the country. In 2005, EPA 
designated 39 nonattainment areas for 
the 1997 PM2.5 NAAQS (70 FR 943, 
January 5, 2005). These areas are 
composed of 208 full or partial counties 
with a total population exceeding 88 
million. The 1997 PM2.5 NAAQS was 
revised in 2006 and the 2006 24-hour 
PM2.5 NAAQS became effective on 
December 18, 2006. On October 8, 2009, 
the EPA issued final nonattainment area 
designations for the 2006 24-hour PM2.5 
NAAQS (74 FR 58688, November 13, 
2009). These designations include 32 
areas composed of 121 full or partial 
counties with a population of over 70 
million. In total, there are 54 PM2.5 
nonattainment areas composed of 243 
counties with a population of almost 
102 million people. 

(b) Projected Levels Without This Final 
Action 

States with PM2.5 nonattainment areas 
are required to take action to bring those 
areas into compliance in the future. 
Areas designated as not attaining the 
1997 PM2.5 NAAQS will need to attain 
the 1997 standards in the 2010 to 2015 
time frame, and then maintain them 
thereafter. The 2006 24-hour PM2.5 
nonattainment areas will be required to 

attain the 2006 24-hour PM2.5 NAAQS 
in the 2014 to 2019 time frame and then 
be required to maintain the 2006 24- 
hour PM2.5 NAAQS thereafter. The 
heavy-duty standards finalized in this 
action become effective in 2012 and 
therefore may be useful to states in 
attaining or maintaining the PM2.5 
NAAQS. 

EPA has already adopted many 
emission control programs that are 
expected to reduce ambient PM2.5 levels 
and which will assist in reducing the 
number of areas that fail to achieve the 
PM2.5 NAAQS. Even so, our air quality 
modeling projects that in 2030, with all 
current controls but excluding the 
impacts of the heavy-duty standards 
adopted here, at least 4 counties with a 
population of almost 7 million may not 
attain the 1997 annual PM2.5 standard of 
15 μg/m3 and 22 counties with a 
population of over 33 million may not 
attain the 2006 24-hour PM2.5 standard 
of 35 μg/m3. These numbers do not 
account for those areas that are close to 
(e.g., within 10 percent of) the PM2.5 
standards. These areas, although not 
violating the standards, will also benefit 
from any reductions in PM2.5 ensuring 
long-term maintenance of the PM2.5 
NAAQS. 

(c) Projected Levels With This Final 
Action 

Air quality modeling performed for 
this final action shows that in 2030 the 
majority of the modeled counties will 
see decreases of less than 0.01 μg/m3 in 
their annual PM2.5 design values. The 
decreases in annual PM2.5 design values 
that we see in some counties are likely 
due to emission reductions related to 
lower fuel production at existing oil 
refineries and/or reductions in PM2.5 
precursor emissions (NOX, SOX, and 
VOCs) due to improvements in road 
load. The maximum projected decrease 
in an annual PM2.5 design value is 0.03 
μg/m3 in Allen County, Indiana and 
Canyon County, Idaho. On a population- 
weighted basis, the average modeled 
2030 annual PM2.5 design value is 
projected to decrease by 0.01 μg/m3 due 
to this final action. 

In addition to looking at annual PM2.5 
design values, we also modeled the 
impact of the standards on 24-hour 
PM2.5 design values. Air quality 
modeling performed for this final action 
shows that in 2030 the majority of the 
modeled counties will see changes of 
between ¥0.05 μg/m3 and 0 μg/m3 in 
their 24-hour PM2.5 design values. The 
decreases in annual PM2.5 design values 
that we see in some counties are likely 
due to emission reductions related to 
lower fuel production at existing oil 
refineries and/or reductions in PM2.5 

precursor emissions (NOX, SOX, and 
VOCs) due to improvements in road 
load. The maximum projected decrease 
in a 24-hour PM2.5 design value is 0.27 
μg/m3 in Canyon County, ID. There are 
also some counties that are projected to 
see increases of less than 0.1 μg/m3 in 
their 24-hour PM2.5 design values. These 
small increases in 24-hour PM2.5 design 
values are likely related to downstream 
emission increases from APUs. On a 
population-weighted basis, the average 
modeled 2030 24-hour PM2.5 design 
value is projected to decrease by 0.03 
μg/m3 due to this final action. Those 
counties that are projected to be above 
the 24-hour PM2.5 standard in 2030 will 
see slightly smaller population- 
weighted decreases of 0.01 μg/m3 in 
their design values due to this final 
action. 

(3) Air Toxics 

(a) Current Levels 

The majority of Americans continue 
to be exposed to ambient concentrations 
of air toxics at levels which have the 
potential to cause adverse health 
effects.467 The levels of air toxics to 
which people are exposed vary 
depending on where people live and 
work and the kinds of activities in 
which they engage, as discussed in 
detail in U.S. EPA’s most recent Mobile 
Source Air Toxics Rule.468 According to 
the National Air Toxic Assessment 
(NATA) for 2005,469 mobile sources 
were responsible for 43 percent of 
outdoor toxic emissions and over 50 
percent of the cancer risk and noncancer 
hazard. Benzene is the largest 
contributor to cancer risk of all 124 
pollutants quantitatively assessed in the 
2002 NATA and mobile sources were 
responsible for 59 percent of benzene 
emissions in 2002. Over the years, EPA 
has implemented a number of mobile 
source and fuel controls resulting in 
VOC reductions, which also reduce 
benzene and other air toxic emissions. 

(b) Projected Levels 

Our modeling indicates that the 
heavy-duty standards have relatively 
little impact on national average 
ambient concentrations of the modeled 
air toxics. Additional detail on the air 
toxics results can be found in Section 
8.2.3.3 of the RIA. 
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472 The level of visibility impairment in an area 
is based on the light-extinction coefficient and a 
unitless visibility index, called a ‘‘deciview,’’ which 
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metric provides a scale for perceived visual changes 
over the entire range of conditions, from clear to 
hazy. Under many scenic conditions, the average 
person can generally perceive a change of one 
deciview. The higher the deciview value, the worse 
the visibility. Thus, an improvement in visibility is 
a decrease in deciview value. 

473 This approach describes the economic concept 
of compensating variation, a payment of money 
after a change that would make a consumer as well 
off after the change as before it. A related concept, 
equivalent variation, estimates the income change 

(4) Nitrogen and Sulfur Deposition 

(a) Current Levels 
Over the past two decades, the EPA 

has undertaken numerous efforts to 
reduce nitrogen and sulfur deposition 
across the U.S. Analyses of long-term 
monitoring data for the U.S. show that 
deposition of both nitrogen and sulfur 
compounds has decreased over the last 
17 years although many areas continue 
to be negatively impacted by deposition. 
Deposition of inorganic nitrogen and 
sulfur species routinely measured in the 
U.S. between 2005 and 2007 were as 
high as 9.6 kilograms of nitrogen per 
hectare (kg N/ha) averaged over three 
years and 20.8 kilograms of sulfur per 
hectare (kg S/ha) averaged over three 
years.470 The data show that reductions 
were more substantial for sulfur 
compounds than for nitrogen 
compounds. These numbers are 
generated by the U.S. national 
monitoring network and they likely 
underestimate nitrogen deposition 
because neither ammonia nor organic 
nitrogen is measured. In the eastern 
U.S., where data are most abundant, 
total sulfur deposition decreased by 
about 44 percent between 1990 and 
2007, while total nitrogen deposition 
decreased by 25 percent over the same 
timeframe.471 

(b) Projected Levels 
Our air quality modeling projects 

decreases in nitrogen deposition, 
especially in the Midwest, as a result of 
the heavy-duty standards required by 
this final action. The heavy-duty 
standards will result in annual percent 
decreases of 0.5 percent to more than 2 
percent in some cities in the Midwest, 
Phoenix, Albuquerque, and some areas 
in Texas. The remainder of the country 
will see only minimal changes in 
nitrogen deposition, ranging from 
decreases of less than 0.5 percent to 
increases of less than 0.5 percent. For a 
map of 2030 nitrogen deposition 
impacts and additional information on 
these impacts, see Section 8.2.3.4 of the 
RIA. The impacts of the heavy-duty 
standards on sulfur deposition are 

minimal, ranging from decreases of up 
to 0.5 percent to increases of up to 0.5 
percent. 

(5) Visibility 

(a) Current Levels 
As mentioned in Section VII.D(1)(a), 

millions of people live in nonattainment 
areas for the PM2.5 NAAQS. These 
populations, as well as large numbers of 
individuals who travel to these areas, 
are likely to experience visibility 
impairment. In addition, while visibility 
trends have improved in mandatory 
class I federal areas, the most recent 
data show that these areas continue to 
suffer from visibility impairment. In 
summary, visibility impairment is 
experienced throughout the U.S., in 
multi-state regions, urban areas, and 
remote mandatory class I federal areas. 

(b) Projected Levels 
Air quality modeling conducted for 

this final action was used to project 
visibility conditions in 138 mandatory 
class I federal areas across the U.S. in 
2030. The results show that all the 
modeled areas will continue to have 
annual average deciview levels above 
background in 2030.472 The results also 
indicate that the majority of the 
modeled mandatory class I federal areas 
will see very little change in their 
visibility, but some mandatory class I 
federal areas will see improvements in 
visibility due to the heavy-duty 
standards and a few mandatory class I 
federal areas will see visibility 
decreases. The average visibility at all 
modeled mandatory class I federal areas 
on the 20 percent worst days is 
projected to improve by 0.01 deciviews, 
or 0.06 percent, in 2030. Section 8.2.3.5 
of the RIA contains more detail on the 
visibility portion of the air quality 
modeling. 

VIII. What are the agencies’ estimated 
cost, economic, and other impacts of 
the final program? 

In this section, we present the costs 
and impacts of the final HD National 
Program. It is important to note that 
NHTSA’s final fuel consumption 
standards and EPA’s final GHG 
emissions standards will both be in 
effect, and each will lead to average fuel 
efficiency increases and GHG emission 

reductions. The two agencies’ final 
standards comprise the HD National 
Program. 

The net benefits of the final HD 
National Program consist of the effects 
of the program on: 
• The vehicle program costs (costs of 

complying with the vehicle CO2 
standards), 

• Fuel savings associated with reduced 
fuel usage resulting from the program, 

• Reductions in greenhouse gas 
emissions, 

• The reductions in other (non-GHG) 
pollutants, 

• Costs associated with increases in 
noise, congestion, and accidents 
resulting from increased vehicle use, 

• Improvements in U.S. energy security 
impacts, 

• Benefits associated with increased 
vehicle use due to the ‘‘rebound’’ 
effect. 

We also present the cost-effectiveness 
of the standards, or the cost per ton of 
emissions reduced. Where possible, we 
identify the uncertain aspects of these 
economic impacts and attempt to 
quantify them when and if possible 
(e.g., sensitivity ranges associated with 
quantified and monetized GHG impacts; 
probabilistic uncertainty associated 
with non-GHG health benefits). For 
some impacts, however, there is a lack 
of adequate information to inform a 
probabilistic assessment of uncertainty. 
EPA continues to work toward 
developing a comprehensive strategy for 
characterizing the aggregate impact of 
uncertainty in key elements of its 
analyses and we will continue to work 
to refine these uncertainty analyses in 
the future as time and resources permit. 

The program may have other effects 
that are not included here. The agencies 
sought comment on whether any costs 
or benefits were omitted from this 
analysis, so that they could be explicitly 
recognized in the final rules. In 
particular, as discussed in Section III 
and in Chapter 2 of the RIA, the 
technology cost estimates developed 
here take into account the costs to hold 
other vehicle attributes, such as size and 
performance, constant. In addition, the 
analysis assumes that the full 
technology costs are passed along to 
vehicle buyers. With these assumptions, 
because welfare losses are monetary 
estimates of how much buyers would 
have to be compensated to be made as 
well off as in the absence of the 
change,473 the price increase measures 
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that would be an alternative to the change taking 
place. The difference between them is whether the 
consumer’s point of reference is her welfare before 
the change (compensating variation) or after the 
change (equivalent variation). In practice, these two 
measures are typically very close together. 

474 Indeed, it is likely to be an overestimate of the 
loss to the buyer, because the buyer has choices 
other than buying the same vehicle with a higher 
price; she could choose a different vehicle, or 
decide not to buy a new vehicle. The buyer would 
choose one of those options only if the alternative 
involves less loss than paying the higher price. 
Thus, the increase in price that the buyer faces 
would be the upper bound of loss of consumer 
welfare, unless there are other changes to the 
vehicle due to the fuel economy improvements that 
make the vehicle less desirable to buyers. 

475 See Memorandum to Docket, ‘‘Economy-Wide 
Impacts of Heavy-Duty Truck Greenhouse Gas 
Emissions and Fuel Efficiency Standards’’, May 20, 
2011. Docket EPA–HQ–OAR–2010–0162. 

the loss to the buyer.474 Assuming that 
the full technology cost gets passed 
along to the buyer as an increase in 
price, the technology cost thus measures 
the welfare loss to the buyer. Increasing 
fuel efficiency would have to lead to 
other changes in the vehicles that 
buyers find undesirable for there to be 
additional losses not included in the 
technology costs. 

The agencies sought comments, 
including supporting data and 
quantitative analyses, of any additional 
impacts of the final standards on vehicle 
attributes and performance, and other 
potential aspects that could positively 
or negatively affect the welfare 
implications of this final rulemaking, 
not addressed in this analysis. 

The comments received by the 
agencies did not provide any clear 
insights into this question. Some 
comments noted the diversity of the 
trucking industry and expressed a 
request that the program continue the 
great variety of options for the industry, 
because of the variation in needs for 
different customers. Additional 
comments noted that the separate 
engine and vehicle programs support 
the maintenance of variety and current 
market structure. Though a few 
commenters raised concerns, no 
information was offered to indicate that 
choice will in fact be limited by the 
program, or that other vehicle attributes 
are adversely affected. 

The total monetized benefits 
(excluding fuel savings) under the 
program are projected to be $4.3 to 
$11.1 billion in 2030, depending on the 
value used for the social cost of carbon. 
These benefits are summarized below in 
Table 0–31. The costs of the program in 
2030, presented in Table 0–29 are 
estimated to be approximately $2.2 
billion for new engine and truck 
technology. The program is also 
estimated to provide $20.6 billion in 
savings realized by trucking operations 
through fewer fuel expenditures 
(calculated using pre-tax fuel prices), as 
shown in Table 0–30. The present value 

of the total monetized benefits 
(excluding fuel savings) under the 
program is expected to range from $48.7 
billion to $180.1 billion with a 3 percent 
discount rate; with a 7 percent discount 
rate, the total monetized benefits are 
expected to range from $24.3 billion to 
$155.7 billion. These values, 
summarized in Table 0–31, depend on 
the value used for the social cost of 
carbon. The present value of costs of the 
program for new engine and truck 
technology, in Table 0–32, are expected 
to be $47.4 billion using a 3 percent 
discount rate, and $24.7 billion with a 
7 percent discount rate. The present 
value of fuel savings (calculated using 
pre-tax fuel prices) is estimated at 
$375.3 billion with a 3 percent discount 
rate, and $166.5 billion with a 7 percent 
discount rate, as shown in Table 0–32. 
Total net present benefits (in Table 0– 
32) are thus expected to range from 
$376.6 billion to $508 billion with a 3 
percent discount rate, and $166.1 billion 
to $297.5 billion with a 7 percent 
discount rate. 

The estimates developed here are 
measured against a baseline fuel 
efficiency associated with MY 2010 
vehicles. The agencies also considered 
an alternate baseline associated with 
AEO 2011 projections, which is further 
discussed in Section IX. All calculations 
presented in Section VIII use the 
constant 2010 vehicle baseline. The 
extent to which fuel efficiency 
improvements may have occurred in the 
absence of the rules affects the net 
benefits associated with the program. If 
trucks were to install technologies to 
achieve the fuel savings and reduced 
GHG emissions in the absence of this 
program, then both the costs and 
benefits of these fuel savings could be 
attributed to market forces, not the 
rules. As a baseline for estimates of the 
extent of fuel-saving technologies that 
might have been adopted in the absence 
of the program, the proposal used the 
level of these technologies in MY 2010 
vehicles. We sought comment on 
whether the agencies should use an 
alternative baseline based on data 
provided by commenters to estimate the 
degree to which the technologies 
discussed in the proposal would have 
been adopted in the absence of these 
rules. No comments were received on 
this issue. One comment cites the EPA 
draft RIA as noting a historic 1 percent 
per year improvement in fuel efficiency, 
and argues that the rules are therefore 
not needed; the actual figure in the draft 
RIA, however, was a 0.09 percent per 
year improvement. 

EPA has undertaken an analysis of the 
economy-wide impacts of the final 
heavy-duty truck fuel efficiency and 

GHG standards as an exploratory 
exercise that EPA believes could 
provide additional insights into the 
potential impacts of the program.475 
These results were not a factor regarding 
the appropriateness of the final 
standards. It is important to note that 
the results of this modeling exercise are 
dependent on the assumptions 
associated with how manufacturers 
would make fuel efficiency 
improvements and how trucking 
operations would respond to increases 
in higher vehicle costs and improved 
vehicle fuel efficiency as a result of the 
final program. 

Further information on these and 
other aspects of the economic impacts of 
our rules are summarized in the 
following sections and are presented in 
more detail in the RIA for this final 
rulemaking. 

A. Conceptual Framework for 
Evaluating Impacts 

This regulation is motivated primarily 
by the goals of reducing emissions of 
greenhouse gases and promoting U.S. 
energy security by reducing 
consumption and imports of petroleum- 
based fuels. These motivations involve 
classic externalities, meaning that 
private decisions do not incorporate all 
of the costs associated with these 
problems; these costs are not borne 
completely by the households or 
businesses whose actions are 
responsible for them. In the absence of 
some mechanism to ‘‘internalize’’ these 
costs—that is, to transfer their burden to 
individuals or firms whose decisions 
impose them—individuals and firms 
will consume more petroleum-based 
fuels than is socially optimal. 
Externalities are a classic motivation for 
government intervention in markets. 
These externalities, as well as effects 
due to changes in emissions of other 
pollutants and other impacts, are 
discussed in Sections VIII.H—VIII.K. 

In some cases, these classic 
externalities are by themselves enough 
to justify the costs of imposing fuel 
efficiency standards. For some discount 
rates and some projected social costs of 
carbon, however, the reductions in these 
external costs are less than the costs of 
new fuel saving technologies needed to 
meet the standards. (See Tables 9–24 
and 9–25 in the RIA.) Nevertheless, this 
regulation reduces trucking companies’ 
fuel costs; according to our estimates, 
these savings in fuel costs are by 
themselves sufficient to pay for the 
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technologies over periods of time 
considerably shorter than vehicles’ 
expected lifetimes under the 
assumptions used for this analysis (e.g., 
AEO 2011 projected fuel prices). If these 
estimates are correct, then the entire 
value of the reductions in external costs 
represents additional net benefits of the 
program, beyond those resulting from 
the fact that the value of fuel savings 
exceeds the costs of technologies 
necessary to achieve them. 

It is often asserted that there are cost- 
effective fuel-saving technologies that 
markets do not take advantage of. This 
is commonly known as the ‘‘energy gap’’ 
or ‘‘energy paradox.’’ Standard 
economic theory suggests that in 
normally functioning competitive 
markets, interactions between vehicle 
buyers and producers would lead 
producers to incorporate all cost- 
effective technology into the vehicles 
that they offer, without government 
intervention. Unlike in the light-duty 
vehicle market, the vast majority of 
vehicles in the medium- and heavy-duty 
truck market are purchased and 
operated by businesses with narrow 
profit margins, and for which fuel costs 
represent a substantial operating 
expense. 

Even in the presence of uncertainty 
and imperfect information—conditions 
that hold to some degree in every 
market—we generally expect firms to 
attempt to minimize their costs in an 
effort to survive in a competitive 
marketplace, and therefore to make 
decisions that are in the best interest of 
the company and its owners and/or 
shareholders. In this case, the benefits of 
the rules would be due exclusively to 
reducing the economic costs of 
externalities resulting from fuel 
production and consumption. However, 
as discussed below in Section VIII.E, the 
agencies have estimated that the 
application of fuel-saving technologies 
in response to the final standards 
would, on average, yield significant 
private returns to truck owners (see 
Tables VIII–9 through VIII–11, below). 
The agencies have also estimated that 
the application of these technologies 
would be significantly lower in the 
absence of the final standards (i.e., 
under the ‘‘no action’’ regulatory 
alternative), meaning that truck buyers 
and operators ignore opportunities to 
make investments in higher fuel 
efficiency that appear to offer significant 
cost savings. 

As discussed in the NPRM, there are 
several possible explanations in the 
economics literature for why trucking 
companies do not adopt technologies 
that would be expected to increase their 
profits: there could be a classic market 

failure in the trucking industry—market 
power, externalities, or asymmetric or 
incomplete (i.e., missing market) 
information; there could be institutional 
or behavioral rigidities in the industry 
(union rules, standard operating 
procedures, statutory requirements, loss 
aversion, etc.), whereby participants 
collectively do not minimize costs; or 
the engineering estimates of fuel savings 
and costs for these technologies might 
overstate their benefits or understate 
their costs in real-world applications. 
See 75 FR at 74303–307. 

To try to understand why trucking 
companies have not adopted these 
seemingly cost-effective fuel-saving 
technologies, the agencies surveyed 
published literature about the energy 
paradox, and held discussions with 
numerous truck market participants. 
The proposal discussed five categories 
of possible explanations derived from 
these sources. Collectively, these five 
hypotheses may explain the apparent 
inconsistency between the engineering 
analysis, which finds a number of cost- 
effective methods of improving fuel 
efficiency, and the observation that 
many of these technologies are not 
widely adopted. 

These hypotheses include imperfect 
information in the original and resale 
markets, split incentives, uncertainty 
about future fuel prices, and adjustment 
and transactions costs. As the 
discussion indicated, some of these 
explanations suggest failures in the 
private market for fuel-saving 
technology in addition to the 
externalities caused by producing and 
consuming fuel that are the primary 
motivation for the rules. Other 
explanations suggest market-based 
behaviors that may imply additional 
costs of regulating truck fuel efficiency 
that are not accounted for in this 
analysis. As noted above, an additional 
explanation—adverse effects on other 
vehicle attributes—did not elicit 
supporting information in the public 
comments. Anecdotal evidence from 
various segments of the trucking 
industry suggests that many of the 
hypotheses discussed here may play a 
role in explaining the puzzle of why 
truck purchasers appear to under-invest 
in fuel efficiency, although different 
explanations may apply to different 
segments, or even different companies. 
The published literature does not 
appear to include empirical analysis or 
data related to this question. 

The agencies invited comment on 
these explanations, and on any data or 
information that could be used to 
investigate the role of any or all of these 
five hypotheses in explaining this 
energy paradox as it applies specifically 

to trucks. Some comments expressed 
dissatisfaction about the explanations 
presented; they argued that these 
arguments were not sufficient to explain 
the phenomenon. These comments 
argued that the truck owners and 
operators are better judges of the 
appropriate amount of fuel efficiency 
than are government agencies; they 
choose not to invest because of 
warranted skepticism about these 
technologies. The agencies also 
requested comment and information 
regarding any other hypotheses that 
could explain the appearance that cost- 
effective fuel-saving technologies have 
not been widely incorporated into 
trucks. The following discussion 
summarizes the fuller discussion 
provided in the NPRM and includes 
discussion of the comments received. 

(1) Information Issues in the Original 
Sale Markets 

One potential hypothesis for why the 
trucking industry does not adopt what 
appear to be inexpensive fuel saving 
technologies is that there is inadequate 
or unreliable information available 
about the effectiveness of many fuel- 
saving technologies for new vehicles. If 
reliable information on the effectiveness 
of many new technologies is absent, 
truck buyers will understandably be 
reluctant to spend additional money to 
purchase vehicles equipped with 
unproven technologies. 

This lack of information can manifest 
itself in multiple ways. For instance, the 
problem may arise purely because 
collecting reliable information on 
technologies is costly (also see Section 
VIII.A.5 below on transaction costs). 
Moreover, information has aspects of a 
public good, in that no single firm has 
the incentive to do the costly 
experimentation to determine whether 
or not particular technologies are cost- 
effective, while all firms benefit from 
the knowledge that would be gained 
from that experimentation. Similarly, if 
multiple firms must conduct the same 
tests to get the same information, costs 
could be reduced by some form of 
coordination of information gathering. 

While its effect on information is 
indirect, we expect the requirement for 
the use of new technologies included in 
this program will circumvent these 
information issues, resulting in their 
adoption, thus providing more readily 
available information about their 
benefits. The agencies appreciate, 
however, that the diversity of truck 
uses, driving situations, and driver 
behavior will lead to variation in the 
fuel savings that individual trucks or 
fleets experience from using specific 
technologies. 
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476 See NAS 2010, Note 197, at p. 188. 
477 Akerlof, George A. ‘‘The Market for ‘Lemons’ 

Quality Uncertainty and the Market Mechanism,’’ 
Quarterly Journal of Economics 84(3) (1970): 488– 
500 points out that asymmetric information—the 
seller has better information than the buyer—can 
potentially lead to complete failure of a market, 
even when both buyers and sellers would benefit 
from trade. 

One commenter noted that the 
SmartWay program targets combination 
tractor owners and thus should have the 
largest impact on that sector, rather than 
vocational or medium-duty trucks. 
However, the gap between actual 
investment in fuel efficiency and the 
agencies’ estimates of optimal 
investment is largest for combination 
tractors. Some of the difference in 
magnitude is likely to be due to the 
higher vehicle miles traveled for 
combination tractors compared to 
medium-duty and vocational vehicles: 
more driving means more fuel savings. 
Additionally, not even a majority of 
semi-trucks are owned by participants 
in SmartWay; non-participants are 
unlikely to get all the benefits of 
participants. Other explanations, noted 
below, are also likely to play a role. This 
observation may also suggest some 
limitations of improved information 
provision as a means of addressing the 
‘‘efficiency gap.’’ 

(2) Information Issues in the Resale 
Market 

In addition to issues in the new 
vehicle market, a second hypothesis for 
why trucking companies may not adopt 
what appear to be cost-effective 
technologies to save fuel is that the 
resale market may not adequately 
reward the addition of fuel-saving 
technology to vehicles to ensure their 
original purchase by new truck buyers. 
This inadequate payback for users 
beyond the original owner may 
contribute to the short payback period 
that new purchasers appear to expect.476 
The agencies requested data and 
information on the extent to which costs 
of fuel saving equipment can be 
recovered in the resale truck market. No 
data were received. One reviewer 
disputed this theory on the basis that 
people are willing to pay more for better 
vehicles, new or used. It is not clear, 
however, whether buyers of used 
vehicles can tell which are the better 
vehicles.477 

Some of this unwillingness to pay for 
fuel-saving technology may be due to 
the extension of the information 
problems in the new vehicle market into 
resale markets. Buyers in the resale 
market have no more reason to trust 
information on fuel-saving technologies 
than buyers in the original market. 

Because actual fuel efficiency of trucks 
on the road depends on many factors, 
including geography and driving styles 
or habits, even objective sources such as 
logs of truck performance for used 
vehicles may not provide reliable 
information about the fuel efficiency 
that potential purchasers of used trucks 
will experience. 

A related possibility is that vehicles 
will be used for different purposes by 
their second owners than those for 
which they were originally designed, 
and the fuel-saving technology is 
therefore of less value. 

It is possible, though, that the fuel 
savings experienced by the secondary 
purchasers may not match those 
experienced by their original owners if 
the optimal secondary new use of the 
vehicle does not earn as many benefits 
from the technologies. One commenter 
asks whether the fuel-saving technology 
is unvalued because it is unproven or 
overrated. In that case, the premium for 
fuel-saving technology in the secondary 
market should accurately reflect its 
value to potential buyers participating 
in that market, even if it is lower than 
its value in the original market, and the 
market has not failed. Because the 
information necessary to optimize use 
in the secondary market may not be 
readily available or reliable, however, 
buyers in the resale market may have 
less ability than purchasers of new 
vehicles to identify and gain the 
advantages of new fuel-saving 
technologies, and may thus be even less 
likely to pay a premium for them. 

For these reasons, purchasers’ 
willingness to pay for fuel efficiency 
technologies may be even lower in the 
resale market than in the original 
equipment market. Even when fuel- 
saving technologies will provide 
benefits in the resale markets, 
purchasers of used vehicles may not be 
willing to compensate their original 
owners fully for their remaining value. 
As a result, the purchasers of original 
equipment may expect the resale market 
to provide inadequate appropriate 
compensation for the new technologies, 
even when those technologies would 
reduce costs for the new buyers. This 
information issue may partially explain 
what appears to be the very short 
payback periods required for new 
technologies in the new vehicle market. 

(3) Split Incentives in the Medium- and 
Heavy-Duty Truck Industry 

A third hypothesis explaining the 
energy paradox as applied to trucking 
involves split incentives. When markets 
work effectively, signals provided by 
transactions in one market are quickly 
transmitted to related markets and 

influence the decisions of buyers and 
sellers in those related markets. For 
instance, in a well-functioning market 
system, changes in the expected future 
price of fuel should be transmitted 
rapidly to those who purchase trucks, 
who will then reevaluate the amount of 
fuel-saving technology to purchase for 
new vehicles. If for some reason a truck 
purchaser will not be directly 
responsible for future fuel costs, or the 
individual who will be responsible for 
fuel costs does not decide which truck 
characteristics to purchase, then those 
price signals may not be transmitted 
effectively, and incentives can be 
described as ‘‘split.’’ 

One place where such a split may 
occur is between the owners and 
operators of trucks. Because they are 
generally responsible for purchasing 
fuel, truck operators have strong 
incentives to economize on its use, and 
are thus likely to support the use of fuel- 
saving technology. However, the owners 
of trucks or trailers are often different 
from operators, and may be more 
concerned about their longevity or 
maintenance costs than about their fuel 
efficiency, when purchasing vehicles. 
As a result, capital investments by truck 
owners may be channeled into 
equipment that improves vehicles’ 
durability or reduces their maintenance 
costs, rather than into fuel-saving 
technology. If operators can choose 
freely among the trucks they drive, 
competition among truck owners to 
employ operators would encourage 
owners to invest in fuel-saving 
technology. However, if truck owners 
have more ability to choose among 
operators, then market signals for 
improved fuel savings that would 
normally be transmitted to truck owners 
may be muted. Truck fleets that rent 
their vehicles may provide an example: 
renters may observe the cost of renting 
the truck, but not its fuel efficiency; if 
so, then the purchasers will aim for 
vehicles with lower costs, to lower the 
cost of the rental. It might be possible 
to test this theory by comparing the fuel 
efficiency of trucks by owner-operators 
with those that are leased by operators. 
The agencies have not had the data to 
conduct such a test. 

One commenter noted that there are 
always tradeoffs in an investment 
decision: a purchaser may prefer to 
invest in other vehicle attributes than 
fuel efficiency. In an efficient market, 
however, a purchaser should invest in 
fuel-saving technology as long as the 
increase in fuel-saving technology costs 
less than the expected fuel savings. This 
result should hold regardless of the 
level of investment in other attributes, 
unless there are constraints on a 
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purchaser’s access to investment capital. 
The agencies believe that truck fleets do 
have an incentive to make investments 
in fuel efficiency, and that this 
assumption is reflected in the regulatory 
analysis. The agencies also believe, 
however, that sufficient evidence 
suggests that truck fleets are not availing 
themselves of all the opportunities for 
efficiency improvements. 

In addition, the NAS report notes that 
split incentives can arise between 
tractor and trailer operators.478 Trailers 
affect the fuel efficiency of shipping, but 
trailer owners do not face strong 
incentives to coordinate with truck 
owners. EPA and NHTSA are not 
regulating trailers in this action. 

By itself, information provision may 
be inadequate to address the potential 
underinvestment in fuel efficiency 
resulting from such split incentives. In 
this setting, regulation may contribute to 
fuel savings that otherwise may be 
difficult to achieve. 

(4) Uncertainty About Future Cost 
Savings 

Another hypothesis for the lack of 
adoption of seemingly fuel saving 
technologies may be uncertainty about 
future fuel prices or truck maintenance 
costs. When purchasers have less than 
perfect foresight about future operating 
expenses, they may implicitly discount 
future savings in those costs due to 
uncertainty about potential returns from 
investments that reduce future costs. In 
contrast, the immediate costs of the fuel- 
saving or maintenance-reducing 
technologies are certain and immediate, 
and thus not subject to discounting. In 
this situation, both the expected return 
on capital investments in higher fuel 
efficiency and potential variance about 
its expected rate may play a role in a 
firm’s calculation of its payback period 
on such investments. 

In the context of energy efficiency 
investments for the home, Metcalf and 
Rosenthal (1995) and Metcalf and 
Hassett (1995) observe that households 
weigh known, up-front costs that are 
essentially irreversible against an 
unknown stream of future fuel 
savings.479 Notably, in this situation, 

requiring households to adopt 
technologies more quickly may make 
them worse off by imposing additional 
risk on them. 

Greene et al (2009) also finds support 
for this explanation in the context of 
light-duty fuel economy decisions: a 
loss-averse consumer’s expected net 
present value of increasing the fuel 
economy of a passenger car can be very 
close to zero, even if a risk-neutral 
expected value calculation shows that 
its buyer can expect significant net 
benefits from purchasing a more fuel- 
efficient car.480 Supporting this 
hypothesis is a finding by Dasgupta et 
al. (2007) that consumers are more 
likely to lease than buy a vehicle with 
higher maintenance costs because it 
provides them with the option to return 
it before those costs become too high.481 
However, the agencies know of no 
studies that have estimated the impact 
of uncertainty on perceived future 
savings for medium- and heavy-duty 
vehicles. 

Purchasers’ uncertainty about future 
fuel prices implies that mandating 
improvements in fuel efficiency can 
reduce the expected utility associated 
with truck purchases. This is because 
adopting such regulation requires 
purchasers to assume a greater level of 
risk than they would in its absence, 
even if the future fuel savings predicted 
by a risk-neutral calculation actually 
materialize. One commenter expressed 
support for this argument. Thus the 
mere existence of uncertainty about 
future savings in fuel costs does not by 
itself assure that regulations requiring 
improved fuel efficiency will 
necessarily provide economic benefits 
for truck purchasers and operators. On 
the other hand, because risk aversion 
reduces expected returns for businesses, 
competitive pressures can reduce risk 
aversion: risk-neutral companies can 
make higher average profits over time. 
Thus, significant risk aversion is 
unlikely to survive competitive 
pressures. 

(5) Adjustment and Transactions Costs 
Another hypothesis is that 

transactions costs of changing to new 
technologies (how easily drivers will 
adapt to the changes, e.g.) may slow or 
prevent their adoption. Because of the 
diversity in the trucking industry, truck 

owners and fleets may like to see how 
a new technology works in the field, 
when applied to their specific 
operations, before they adopt it. One 
commenter expressed support for this 
argument. If a conservative approach to 
new technologies leads truck buyers to 
adopt new technologies slowly, then 
successful new technologies are likely 
to be adopted over time without market 
intervention, but with potentially 
significant delays in achieving fuel 
saving, environment, and energy 
security benefits. 

In addition, there may be costs 
associated with training drivers to 
realize the potential fuel savings 
enabled by new technologies, or with 
accelerating fleet operators’ scheduled 
fleet turnover and replacement to hasten 
their acquisition of vehicles equipped 
with new fuel-saving technologies. 
Here, again, there may be no market 
failure; requiring the widespread use of 
these technologies may impose 
adjustment and transactions costs not 
included in this analysis. As in the 
discussion of the role of risk, these 
adjustment and transactions costs are 
typically immediate and undiscounted, 
while their benefits are future and 
uncertain; risk or loss aversion may 
further discourage companies from 
adopting new technologies. 

To the extent that there may be 
transactions costs associated with the 
new technologies, then regulation gives 
all new truck purchasers a level playing 
field, because it will require all of them 
to adjust on approximately the same 
time schedule. If experience with the 
new technologies serves to reduce 
uncertainty and risk, the industry as a 
whole may become more accepting of 
new technologies. This could increase 
demand for future new technologies and 
induce additional benefits in the legacy 
fleet through complementary efforts 
such as SmartWay. 

(6) Additional Hypotheses 
In the public comments, two 

additional ideas were raised for the lack 
of adoption of what appears to be cost- 
effective fuel-saving technology. The 
first suggestion is that tighter diesel 
emissions standards caused engine 
manufacturers to invest heavily (both 
financially and with personnel) in 
emissions reduction technologies, and 
hence, were unable to invest in fuel 
efficiency technologies. A second 
suggestion is that a truck may be a 
‘‘positional good’’—that is, a good 
whose value depends on how it 
compares to the goods owned by others. 
If trucks confer status on their owners 
or operators, and if that status depends 
on easily observable characteristics, 
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then owners may invest 
disproportionately in status-granting 
characteristics rather than less visible 
characteristics, such as fuel efficiency. 
Because status depends on comparisons 
to others, an ‘‘arms race’’ may develop 
in which all parties spend additional 
money on visible characteristics but 
may not manage to make themselves 
better off. In this case, regulation may 
improve welfare: by increasing the 
requirements for non-positional fuel 
efficiency, regulation could reduce 
expenditures made purely for 
competition rather than actual increase 
in welfare. In a competitive business, 
cost reduction provides a major 
opportunity cost to investing in status 
rather than in fuel-saving technology; 
thus, this argument may play less of a 
role in the heavy-duty market than in 
the consumer market for vehicles. 

Both these hypotheses leave open the 
question, though, why additional 
investments were not made in fuel 
efficiency if they would provide rapid 
payback. Truck purchasers should, in 
principle, be willing to buy additional 
fuel-saving technology as long as it is 
cost-effective, regardless of other vehicle 
attributes. Limited access to capital, if it 
is a problem in this sector, might 
provide some reason for the ‘‘crowding 
out’’ of the purchase of fuel-saving 
technology. The agencies received no 
evidence indicating that constrained 
access to capital might explain the 
efficiency gap in this market. 

(7) Summary 
On the one hand, commercial vehicle 

operators are under competitive 
pressure to reduce operating costs, and 
thus their purchasers would be expected 
to pursue and rapidly adopt cost- 
effective fuel-saving technologies. On 
the other hand, the short payback period 
required by buyers of new trucks is a 
symptom that suggests some 
combination of uncertainty about future 
cost savings, transactions costs, and 
imperfectly functioning markets. In 
addition, widespread use of tractor- 
trailer combinations introduces the 
possibility that owners of trailers may 
have weaker incentives than truck 
owners or operators to adopt fuel-saving 
technology for their trailers. The market 
for medium- and heavy-duty trucks may 
face these problems, both in the new 
vehicle market and in the resale market. 

Provision of information about fuel- 
saving technologies through voluntary 
programs such as SmartWay will assist 
in the adoption of new cost-saving 
technologies, but diffusion of new 
technologies can still be obstructed. 
Those who are willing to experiment 
with new technologies expect to find 

cost savings, but those may be difficult 
to prove. As noted above, because 
individual results of new technologies 
vary, new truck purchasers may find it 
difficult to identify or verify the effects 
of fuel-saving technologies. Those who 
are risk-averse are likely to avoid new 
technologies out of concerns over the 
possibility of inadequate returns on the 
investment, or with other adverse 
impacts. Competitive pressures in the 
freight transport industry can provide a 
strong incentive to reduce fuel 
consumption and improve 
environmental performance. However, 
not every driver or trucking fleet 
operating today has the requisite ability 
or interest to access the technical 
information, some of which is already 
provided by SmartWay, nor the 
resources necessary to evaluate this 
information within the context of his or 
her own freight operation. 

It is unclear, as discussed above, 
whether some or many of the 
technologies would be adopted in the 
absence of the program. To the extent 
that they would have been adopted, the 
costs and the benefits attributed to those 
technologies may not in fact be due to 
the program and may therefore be 
overstated. Both baselines used project 
substantially less adoption than the 
agencies consider to be cost-effective. 
The agencies will continue to explore 
reasons for this slow adoption of cost- 
effective technologies. 

B. Costs Associated With the Final 
Program 

In this section, the agencies present 
the estimated costs associated with the 
final program. The presentation here 
summarizes the costs associated with 
new technology expected to be added to 
meet the new GHG and fuel 
consumption standards. The analysis 
summarized here provides the estimate 
of incremental costs on a per truck basis 
and on an annual total basis. 

The presentation here summarizes the 
best estimate by EPA and NHTSA staff 
as to the technology mix expected to be 
employed for compliance. For details 
behind the cost estimates associated 
with individual technologies, the reader 
is directed to Section III of this 
preamble and to Chapter 2 of the RIA. 

With respect to the cost estimates 
presented here, the agencies note that, 
because these estimates relate to 
technologies which are in most cases 
already available, these cost estimates 
are technically robust. 

(1) Costs per Truck 
For the heavy-duty pickup trucks and 

vans, the agencies have used a 
methodology consistent with that used 

for our recent light-duty joint 
rulemaking since most of the 
technologies expected for heavy-duty 
pickup trucks and vans is consistent 
with that expected for the larger light- 
duty trucks. The cost estimates 
presented in the recent light-duty joint 
rulemaking were then scaled upward to 
account for the larger weight, towing 
capacity, and work demands of the 
trucks in these heavier classes. For 
details on that scaling process and the 
resultant costs for individual 
technologies, the reader is directed to 
Section III of this preamble and to 
Chapter 2 of the RIA. Note also that all 
cost estimates have been updated to 
2009 dollars for this analysis while the 
heavy-duty GHG emissions and fuel 
efficiency proposal was presented in 
2008 dollars and the light-duty rule was 
presented in 2007 dollars. 

For the loose heavy-duty gasoline 
engines, we have generally used engine- 
related costs from the heavy-duty 
pickup truck and van estimates since 
the loose heavy-duty gasoline engines 
are essentially the same engines as those 
sold into the heavy-duty pickup truck 
and van market. 

For heavy-duty diesel engines, the 
agencies have estimated costs using a 
different methodology than that 
employed in the recent light-duty joint 
rulemaking. In the light-duty 2012–2016 
MY vehicle rule, the fixed costs were 
included in the hardware costs via an 
indirect cost multiplier. As such, the 
hardware costs presented in that 
analysis, and in the cost estimates for 
Class 2b and 3 trucks, included both the 
actual hardware and the associated 
fixed costs. For this analysis, some of 
the fixed costs are estimated separately 
for HD diesel engines and are presented 
separately from the hardware costs. For 
details, the reader is directed to Chapter 
2 of the RIA. Importantly, both 
methodologies after the figures are 
totaled account for all the costs 
associated with the program. As noted 
above, all costs are presented in 2009 
dollars. 

The estimates of vehicle compliance 
costs cover the years leading up to— 
2012 and 2013—and including 
implementation of the program—2014 
through 2018. Also presented are costs 
for the years following implementation 
to shed light on the long term (2022 and 
later) cost impacts of the program. The 
year 2022 was chosen here consistent 
with the light-duty 2012–2016 MY 
vehicle rule. That year was considered 
long term in that analysis because the 
short-term and long-term markup factors 
described shortly below are applied in 
five year increments with the 2012 
through 2016 implementation span and 
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482 RTI International. Heavy-duty Truck Retail 
Price Equivalent and Indirect Cost Multipliers. July 
2010. 

the 2017 through 2021 span both 
representing the short-term. Since many 
of the costs used in this analysis are 
based on costs in the light-duty rule 
analysis, consistency with that analysis 
seems appropriate. 

Some of the individual technology 
cost estimates are presented in brief in 
Section III, and account for both the 
direct and indirect costs incurred in the 
manufacturing and dealer industries (for 
a complete presentation of technology 
costs, please refer to Chapter 2 of the 
RIA). To account for the indirect costs 
on Class 2b and 3 pickup trucks and 
vans, the agencies have applied an ICM 
factor to all of the direct costs to arrive 
at the estimated technology cost. The 
ICM factor used was 1.24 in the short- 
term (2014 through 2021) to account for 
differences in the levels of R&D, tooling, 
and other indirect costs that will be 
incurred. Once the program has been 
fully implemented, some of the indirect 
costs will no longer be attributable to 
these standards and, as such, a lower 
ICM factor is applied to direct costs in 
2022 and later. The agencies have also 
applied ICM factors to Class 4 through 
8 trucks and to heavy-duty diesel engine 
technologies. Markup factors in these 
categories range from 1.15 to 1.30 in the 
short term (2014 through 2021) 
depending on the complexity of the 
given technology. We have modified the 
manner in which ICMs are applied in 
that they are no longer applied as a 
simple multiplicative factor on top of 
the direct manufacturing costs. Instead, 
we have broken out the warranty cost 
portion of the ICM and apply it in a 
multiplicative manner then add the 
non-warranty cost portion of the ICM to 
that. The latter portion, that for non- 
warranty costs, is determined for a given 
year and held constant rather than 
decreasing year-over-year. This new 
approach, which responds to criticisms 
from some that the multiplicative 
approach used in the past essentially 
double counts learning effects, is 
discussed in Section VIII.C and is 
detailed in chapter 2 of the RIA. Note 
that, for the HD diesel engines, the 
agencies have applied the ICMs to 
ensure that our estimates are 
conservative since we have estimated 
fixed costs separately for technologies 
applied to these categories—effectively 
making the use of markups a double 

counting of indirect costs. For the 
details on the background and the 
concept behind our use of ICMs to 
calculate indirect costs, please refer to 
the report that has been placed in the 
docket for this final action.482 

The agencies have also considered the 
impacts of manufacturer learning on the 
technology cost estimates by reflecting 
the phenomenon of volume-based 
learning curve cost reductions in our 
modeling using two algorithms 
depending on where in the learning 
cycle (i.e., on what portion of the 
learning curve) we consider a 
technology to be—‘‘steep’’ portion of the 
curve for newer technologies and ‘‘flat’’ 
portion of the curve for mature 
technologies. The observed 
phenomenon in the economic literature 
which supports manufacturer learning 
cost reductions are based on reductions 
in costs as production volumes increase, 
and the economic literature suggests 
these cost reductions occur indefinitely, 
though the absolute magnitude of the 
cost reductions decrease as production 
volumes increase (with the highest 
absolute cost reduction occurring with 
the first doubling of production). The 
agencies use the terminology ‘‘steep’’ 
and ‘‘flat’’ portion of the curve to 
distinguish among newer technologies 
and more mature technologies, 
respectively, and how learning cost 
reductions are applied in cost analyses. 
The steep learning algorithm applies for 
the early, steep portion of the learning 
curve and is estimated to result in 20 
percent lower costs after two full years 
of implementation (i.e., a 2016 MY cost 
would be 20 percent lower than the 
2014 and 2015 model year costs for a 
new technology being implemented in 
2014). The flat learning algorithm 
applies for the flatter portion of the 
learning curve and is estimated to result 
in 3 percent lower costs in each of the 
five years following first introduction of 
a mature technology added in response 
to this final action. Once two steep 
learning steps have occurred (for 
technologies having steep learning 
applied), flat learning would begin. For 
technologies to which flat learning is 
applied, learning would begin in year 2 
at 3 percent per year for 5 years. Beyond 
5 years of flat learning at 3 percent per 
year, 5 years of flat learning at 2 percent 

per year, then 5 at 1 percent per year 
become effective. 

Learning impacts have been 
considered on most but not all of the 
technologies expected to be used 
because some of the expected 
technologies are already used rather 
widely in the industry and, presumably, 
learning impacts have already occurred. 
The agencies have applied the steep 
learning algorithm for only a handful of 
technologies considered to be new or 
emerging technologies such as energy 
recovery systems and thermal storage 
units which might one day be used on 
big trucks. For most technologies, the 
agencies have considered them to be 
more established and, hence, the 
agencies have applied the lower flat 
learning algorithm. For more discussion 
of the learning approach and the 
technologies to which each type of 
learning has been applied the reader is 
directed to chapter 2 of the RIA. 

The technology cost estimates 
discussed in Section III and detailed in 
Chapter 2 of the RIA are used to build 
up technology package cost estimates. 
For each engine and truck class, a single 
package for each was developed capable 
of complying with the final standards 
and the costs for each package was 
generated. The technology packages and 
package costs are discussed in more 
detail in Chapter 2 of the RIA. The 
compliance cost estimates take into 
account all credits and trading programs 
and include costs associated with air 
conditioning controls. Table VIII–1 
presents the average incremental costs 
per truck for this final action. For HD 
pickup trucks and vans (Class 2b and 3), 
costs increase as the standards become 
more stringent in 2014 through 2018. 
Following 2018, costs then decrease 
going forward as learning effects result 
in decreased costs for individual 
technologies. By 2022, the long term 
ICMs take effect and costs decrease yet 
again. For vocational vehicles, cost 
trends are more difficult to discern as 
diesel engines begin adding technology 
in 2014, gasoline engines begin adding 
technology in 2016, and the trucks 
themselves begin adding technology in 
2014. With learning effects the costs, in 
general, decrease each year except for 
the heavy-duty gasoline engine changes 
in 2016. Long term ICMs take effect in 
2022 to provide more cost reductions. 
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483 ‘‘Draft Supporting Statement for Information 
Collection Request,’’ Control of Greenhouse Gas 

Emissions from New Motor Vehicles: Proposed Heavy-Duty Engine and Vehicle Standards, EPA 
ICR Tracking Number 2394.01. 

For combination tractors, costs generally 
decrease each year due to learning 
effects with the exception of 2017 when 
the engines placed in sleeper cab 
tractors add turbo compounding. 
Following that, learning impacts result 

in cost reductions and the long term 
ICMs take effect in 2022 for further cost 
reductions. By 2030 and later, cost–per- 
truck estimates remain constant for all 
classes. Regarding the long term ICMs 
taking effect in 2022, the agencies 

consider this the point at which some 
indirect costs decrease or are no longer 
considered attributable to the program 
(e.g., warranty costs go down). Costs per 
truck remain essentially constant 
thereafter. 

TABLE VIII–1—ESTIMATED COST PER TRUCK 
[2009 dollars] 

HD Pickups & 
vans Vocational Combination 

2014 ................................................................................................................................. $165 $329 $6,019 
2015 ................................................................................................................................. 215 320 5,871 
2016 ................................................................................................................................. 422 397 5,677 
2017 ................................................................................................................................. 631 387 6,413 
2018 ................................................................................................................................. 1,048 378 6,215 
2020 ................................................................................................................................. 985 366 6,004 
2030 ................................................................................................................................. 977 311 5,075 
2040 ................................................................................................................................. 977 305 5,075 
2050 ................................................................................................................................. 977 304 5,075 

These costs would, presumably, have 
some impact on new truck prices, 
although the agencies make no attempt 
at determining what the impact of 
increased costs would be on new truck 
prices. Nonetheless, on a percentage 
basis, the costs shown in Table VIII–1 
for 2018 MY trucks (when all final 
requirements are fully implemented) 
would be roughly three percent for a 
typical HD pickup truck or van, less 
than one percent for a typical vocational 
vehicle, and roughly six percent for a 
typical combination truck/tractor using 
new truck prices of $40,000, $100,000 
and $100,000, respectively. The costs 
would represent lower or higher 
percentages of new truck prices for new 
trucks with higher or lower prices, 
respectively. Given the wide range of 
new truck prices in these categories—a 
Class 4 vocational work truck might be 
$40,000 when new while a Class 8 
refuse truck (i.e., a large vocational 
vehicle) might be as much as $200,000 
when new—it is very difficult to reflect 
incremental costs as percentages of new 
truck prices for all trucks. What is 
presented here is the average cost (Table 
VIII–1) compared with typical new 
truck prices. 

As noted above, the fixed costs were 
estimated separately from the hardware 
costs for HD diesel engines that are 
placed in vocational vehicles and 
combination tractors. Those fixed costs 
are not included in Table VIII–1. The 
agencies have estimated the R&D costs 
at $6.8 million per manufacturer per 
year for five years and the new test cell 
costs (to accommodate measurement of 
N2O emissions) at $63,087 per 

manufacturer. The test cell costs of N2O 
emissions measurement has been 
adjusted for the final rulemaking to 
reflect comments which stated 
approximately 75 percent of 
manufacturers would be required to 
update existing equipment while the 
other 25 percent would require new 
equipment. These costs apply 
individually for LHD, MHD and HHD 
engines. Given the 14 manufacturers 
impacted by the final standards, 11 of 
which are estimated to sell both MHD 
and HHD engines and 3 of which are 
estimated to sell LHD engines, we have 
estimated a five year annual R&D cost of 
$170.3 million dollars (2 × 11 × $6.8 
million plus 3 × $7.75 million for each 
year 2012–2016) and a one-time test cell 
cost of $1.6 million dollars (2 × 11 × 
$63,087 plus 3 × $63,087 in 2013). 
Estimating annual sales of HD diesel 
engines at roughly 600,000 units results 
in roughly $284 per engine per year for 
five years beginning in 2012 and ending 
in 2016. Again, these costs are not 
reflected in Table VIII–1, but are 
included in Table VIII–2 as ‘‘Other 
Engineering Costs.’’ 

The certification and compliance 
program costs, for all engine and truck 
types, are estimated at $6.5 million in 
the first year dropping to $2.3 million in 
each year thereafter and continuing 
indefinitely. These costs are detailed in 
the ‘‘Draft Supporting Statement for 
Information Collection Request’’ which 
is contained in the docket for this final 
action.483 The costs are higher in the 
first year due to capital expenses 
required to comply with new reporting 
burdens (facility upgrade costs are 

included in engineering costs as 
described above). Estimating annual 
sales of heavy-duty trucks at roughly 1.5 
million units would result in just over 
$4 per engine/truck in the first year and 
less than $2 per engine/truck per year 
thereafter. These costs are not reflected 
in Table VIII–1, but are included in 
Table VIII–2 below as ‘‘Compliance 
Program’’ costs. 

(2) Annual Costs of the HD National 
Program 

The costs presented here represent the 
incremental costs for newly added 
technology to comply with the program. 
Together with the projected increases in 
truck sales, the increases in per-truck 
average costs shown in Table VIII–1, 
above result in the total annual costs 
presented in Table VIII–2 below. Note 
that the costs presented in Table VIII– 
2 do not include the savings that will 
occur as a result of the improvements to 
fuel consumption. Those impacts are 
presented in Section 0. Note also that 
the costs presented here represent costs 
estimated to occur presuming that the 
final standards will continue in 
perpetuity. Any changes to the final 
standards would be considered as part 
of a future rulemaking. In other words, 
the final standards do not apply only to 
2014–2018 model year trucks—they do, 
in fact, apply to all 2014 and later model 
year trucks. We present more detail 
regarding the 2014–2018 model year 
trucks in Sections VIII.L, where we 
summarize all monetized costs and 
benefits. 
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484 Helfand, Gloria, and Sherwood, Todd. 
‘‘Documentation of the Development of Indirect 
Cost Multipliers for Three Automotive 
Technologies.’’ Memorandum, Assessment and 
Standards Division, Office of Transportation and 
Air Quality, U.S. Environmental Protection Agency, 
August 2009. 

485 NHTSA staff participated in the development 
of the process for the second, modified Delphi 

panel, and reviewed the results as they were 
developed, but did not serve on the panel. 

486 The results of the RTI report were published 
in Alex Rogozhin, Michael Gallaher, Gloria 
Helfand, and Walter McManus, ‘‘Using Indirect 
Cost Multipliers to Estimate the Total Cost of 
Adding New Technology in the Automobile 
Industry.’’ International Journal of Production 
Economics 124 (2010): 360–368. 

TABLE VIII–2—ANNUAL COSTS ASSOCIATED WITH THE PROGRAM 
[$Millions, 2009$] 

Year HD Pickup 
and vans 

Vocational ve-
hicles 

Combination 
tractors 

Other engi-
neering costs 

Compliance 
program costs Annual costs 

2012 a ....................................................... $0 $0 $0 $170 $0 $170 
2013 ......................................................... 0 0 0 172 0 172 
2014 ......................................................... 130 185 1,078 170 6.5 1,569 
2015 ......................................................... 157 170 922 170 2.3 1,422 
2016 ......................................................... 300 202 820 170 2.3 1,495 
2017 ......................................................... 447 198 951 0 2.3 1,598 
2018 ......................................................... 751 201 1,000 0 2.3 1,955 
2020 ......................................................... 754 202 1,001 0 2.3 1,959 
2030 ......................................................... 918 216 1,076 0 2.3 2,212 
2040 ......................................................... 1,024 281 1,372 0 2.3 2,679 
2050 ......................................................... 1,156 354 1,777 0 2.3 3,290 
NPV, 3% .................................................. 17,070 4,950 24,487 793 52 47,352 
NPV, 7% .................................................. 8,467 2,588 12,855 724 30 24,665 

Note: 
a As explained in the text, ‘‘Other Engineering Costs’’ are estimated for years 2012 through 2016. These costs represent facility related costs 

and engineering development costs, much of which will have to begin prior to implementation of the new standards. 

C. Indirect Cost Multipliers 

(1) Markup Factors To Estimate Indirect 
Costs 

For all segments in this analysis, 
indirect costs are estimated by applying 
indirect cost multipliers (ICM) to direct 
cost estimates. ICMs were calculated by 
EPA as a basis for estimating the impact 
on indirect costs of individual vehicle 
technology changes that would result 
from regulatory actions. Separate ICMs 
were derived for low, medium, and high 
complexity technologies, thus enabling 
estimates of indirect costs that reflect 
the variation in research, overhead, and 
other indirect costs that can occur 
among different technologies. ICMs 
were also applied in the light-duty rule. 

Prior to developing the ICM 
methodology, EPA and NHTSA both 
applied a retail price equivalent (RPE) 
factor to estimate indirect costs. RPEs 
are estimated by dividing the total 
revenue of a manufacturer by the direct 
manufacturing costs. As such, it 
includes all forms of indirect costs for 
a manufacturer and assumes that the 
ratio applies equally for all 
technologies. ICMs are based on RPE 
estimates that are then modified to 
reflect only those elements of indirect 
costs that would be expected to change 
in response to a regulatory-induced 
technology change. For example, 
warranty costs would be reflected in 
both RPE and ICM estimates, while 
marketing costs might only be reflected 
in an RPE estimate but not an ICM 
estimate for a particular technology, if 
the new regulatory-induced technology 
change is not one expected to be 
marketed to consumers. Because ICMs 
calculated by EPA are for individual 
technologies, many of which are small 
in scale, they often reflect a subset of 

RPE costs; as a result, the RPE is 
typically higher than an ICM. This is not 
always the case, as ICM estimates for 
complex technologies may reflect higher 
than average indirect costs, with the 
resulting ICM larger than the averaged 
RPE for the industry. 

There is some level of uncertainty 
surrounding both the ICM and RPE 
markup factors. The ICM estimates used 
in this final action group all 
technologies into three broad categories 
and treat them as if individual 
technologies within each of the three 
categories (low, medium, and high 
complexity) will have the same ratio of 
indirect costs to direct costs. This 
simplification means it is likely that the 
direct cost for some technologies within 
a category will be higher and some 
lower than the estimate for the category 
in general. More importantly, the ICM 
estimates have not been validated 
through a direct accounting of actual 
indirect costs for individual 
technologies. Rather, the ICM estimates 
were developed using adjustment 
factors developed in two separate 
occasions: the first, a consensus process, 
was reported in the RTI report; the 
second, a modified Delphi method, was 
conducted separately and reported in an 
EPA memo.484 Both these panels were 
composed of EPA staff members with 
previous background in the automobile 
industry; the memberships of the two 
panels overlapped but were not the 
same.485 The panels evaluated each 

element of the industry’s RPE estimates 
and estimated the degree to which those 
elements would be expected to change 
in proportion to changes in direct 
manufacturing costs. The method and 
estimates in the RTI report were peer 
reviewed by three industry experts and 
subsequently by reviewers for the 
International Journal of Production 
Economics.486 RPEs themselves are 
inherently difficult to estimate because 
the accounting statements of 
manufacturers do not neatly categorize 
all cost elements as either direct or 
indirect costs. Hence, each researcher 
developing an RPE estimate must apply 
a certain amount of judgment to the 
allocation of the costs. Moreover, RPEs 
for heavy- and medium-duty trucks and 
for engine manufacturers are not as well 
studied as they are for the light-duty 
automobile industry. Since empirical 
estimates of ICMs are ultimately derived 
from the same data used to measure 
RPEs, this affects both measures. 
However, the value of RPE has not been 
measured for specific technologies, or 
for groups of specific technologies. Thus 
applying a single average RPE to any 
given technology by definition 
overstates costs for very simple 
technologies, or understates them for 
advanced technologies. 

In the proposal, we requested 
comment on our ICM factors and 
whether it was most appropriate to use 
ICMs or RPEs. We received no comment 
on the issue specifically, other than 
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487 Rogozhin, Alex, Michael Gallaher, and Walter 
McManus. ‘‘Automobile Industry Retail Price 
Equivalent and Indirect Cost Multipliers.’’ Report 
prepared for EPA by RTI International. EPA Report 
EPA–420–R–09–003, February 2009. 

488 Helfand, Gloria, and Sherwood, Todd. 
‘‘Documentation of the Development of Indirect 
Cost Multipliers for Three Automotive 
Technologies.’’ Memorandum, Assessment and 
Standards Division, Office of Transportation and 

Air Quality, U.S. Environmental Protection Agency, 
August 2009. 

basic comments that perhaps our ICM 
factors were low. In response, for this 
final action, we have adjusted our ICM 
factors such that they are slightly higher 
and, importantly, we have changed the 
way in which the factors are applied. 
The first change—increased ICM 
factors—has been done as a result of 
further thought among the EPA and 
NHTSA team that the ICM factors 
presented in the original RTI report 487 
for low and medium complexity 
technologies should no longer be used 
and that we should rely solely on the 
modified-Delphi values for these 
complexity levels.488 For that reason, 
we have eliminated the averaging of 
original RTI values with modified- 
Delphi values and instead are relying 
solely on the modified-Delphi values for 
low and medium complexity 
technologies. The second change—the 
way the factors are applied—results in 
the warranty portion of the indirect 
costs being applied as a multiplicative 
factor (thereby decreasing going forward 
as direct manufacturing costs decrease 
due to learning), and the remainder of 
the indirect costs being applied as an 
additive factor (thereby remaining 
constant year-over-year and not being 
reduced due to learning). This second 
change has a comparatively large impact 
on the resultant technology costs and, 

we believe, more appropriately 
estimates costs over time. In addition to 
these changes, a secondary-level change 
was also made as part of this ICM 
recalculation to the light-duty ICMs and, 
therefore, to the ICMs used in this 
analysis for heavy-duty pickups and 
vans. That change was to revise upward 
the RPE level reported in the original 
RTI report from an original value of 1.46 
to 1.5 to reflect the long term average 
RPE. The original RTI study was based 
on 2008 data. However, an analysis of 
historical RPE data indicates that, 
although there is year to year variation, 
the average RPE has remained constant 
at roughly 1.5. ICMs will be applied to 
future year’s data and therefore NHTSA 
and EPA staff believe that it would be 
appropriate to base ICMs on the 
historical average rather than a single 
year’s result. Therefore, ICMs were 
adjusted to reflect this average level 
since the original value excluded net 
income. As a result, even the High 1 and 
High 2 ICMs used for heavy-duty 
pickups and vans have also changed. 
These changes to our ICMs and the 
methodology are described in greater 
detail in Chapter 2 of the final RIA. 

D. Cost per Ton of Emissions Reductions 
The agencies have calculated the cost 

per ton of GHG reductions associated 

with this program on a CO2eq basis 
using the above costs and the emissions 
reductions described in Sections VI and 
VII. These values are presented in Table 
VIII–3 through Table VIII–5 for HD 
pickups & vans, vocational vehicles and 
combination trucks/tractors, 
respectively. The cost per metric ton of 
GHG emissions reductions has been 
calculated in the years 2020, 2030, 2040, 
and 2050 using the annual vehicle 
compliance costs and emission 
reductions for each of those years. The 
value in 2050 represents the long-term 
cost per ton of the emissions reduced. 
The agencies have also calculated the 
cost per metric ton of GHG emission 
reductions including the savings 
associated with reduced fuel 
consumption (presented below in 
Section 0). This latter calculation does 
not include the other benefits associated 
with this program such as those 
associated with energy security benefits 
as discussed later in Section VIII.I. By 
including the fuel savings, the cost per 
ton is generally less than $0 since the 
estimated value of fuel savings 
outweighs the program costs. The 
results for CO2eq costs per ton under the 
HD National Program across all 
regulated categories are shown in Table 
VIII–6. 

TABLE VIII–3—ANNUAL COST PER METRIC TON OF CO2EQ REDUCED—HD PICKUP TRUCKS & VANS 
[2009 dollars] 

Year Program cost Fuel savings 
(pre-tax) 

CO2eq 
Reduced 

Cost per ton 
(without fuel 

Savings) 

Cost per ton 
(with fuel 
savings) 

2020 ..................................................................................... $800 $900 3 $240 ¥$30 
2030 ..................................................................................... 900 3,000 10 90 ¥200 
2040 ..................................................................................... 1,000 4,300 14 70 ¥240 
2050 ..................................................................................... 1,200 5,500 16 80 ¥270 

TABLE VIII–4—ANNUAL COST PER METRIC TON OF CO2EQ REDUCED—VOCATIONAL VEHICLES a 
[2009 dollars] 

Year Program cost Fuel savings 
(pre-tax) 

CO2eq 
reduced 

Cost per ton 
(without fuel 

savings) 

Cost per ton 
(with fuel 
savings) 

2020 ..................................................................................... $200 $1,100 4 $50 ¥$210 
2030 ..................................................................................... 200 2,400 9 20 ¥250 
2040 ..................................................................................... 300 3,500 12 30 ¥270 
2050 ..................................................................................... 400 4,700 14 30 ¥310 

Note: 
a The program costs, fuel savings, and CO2eq reductions of the engines installed in vocational vehicles are embedded in the vehicle standards 

and analysis. 
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TABLE VIII–5—ANNUAL COST PER METRIC TON OF CO2EQ REDUCED—COMBINATION TRACTORS a 
[2009 dollars] 

Year Program cost Fuel savings 
(pre-tax) 

CO2eq 
reduced 

Cost per ton 
(without fuel 

savings) 

Cost per ton 
(with fuel 
savings) 

2020 ..................................................................................... $1,000 $7,700 32 $30 ¥$210 
2030 ..................................................................................... 1,100 15,300 57 20 ¥250 
2040 ..................................................................................... 1,400 20,200 68 20 ¥280 
2050 ..................................................................................... 1,800 26,400 78 20 ¥320 

Note: 
a The program costs, fuel savings, and CO2eq reductions of the engines installed in tractors are embedded in the tractor standards and 

analysis. 

TABLE VIII–6—ANNUAL COST PER METRIC TON OF CO2EQ REDUCED—FINAL 
[2009 dollars] 

Year Program cost Fuel savings 
(pre-tax) 

CO2eq 
reduced 

Cost per ton 
(without fuel 

savings) 

Cost per ton 
(with fuel 
savings) 

2020 ..................................................................................... $2,000 $9,600 39 $50 ¥$190 
2030 ..................................................................................... 2,200 20,600 76 30 ¥240 
2040 ..................................................................................... 2,700 28,000 94 30 ¥270 
2050 ..................................................................................... 3,300 36,500 108 30 ¥310 

E. Impacts of Reduction in Fuel 
Consumption 

(1) What are the projected changes in 
fuel consumption? 

The new CO2 standards will result in 
significant improvements in the fuel 
efficiency of affected trucks. Drivers of 
those trucks will see corresponding 
savings associated with reduced fuel 
expenditures. The agencies have 
estimated the impacts on fuel 
consumption for the tailpipe CO2 
standards. To do this, fuel consumption 
is calculated using both current CO2 
emission levels and the new CO2 
standards. The difference between these 
estimates represents the net savings 
from the CO2 standards. Note that the 
total number of miles that vehicles are 
driven each year is different under the 
control case scenario than in the 
reference case due to the ‘‘rebound 
effect,’’ which is discussed in Section 0. 
EPA also notes that drivers who drive 
more than our average estimates for 
vehicle miles traveled (VMT) will 
experience more fuel savings; drivers 
who drive less than our average VMT 
estimates will experience less fuel 
savings. 

The expected impacts on fuel 
consumption are shown in Table VIII– 
7. The gallons shown in the tables 
reflect impacts from the new fuel 
consumption and CO2 standards and 
include increased consumption 
resulting from the rebound effect. 

TABLE VIII–7—FUEL CONSUMPTION 
REDUCTIONS OF THE PROGRAM 

[Million gallons] 

Year Gasoline Diesel 

2014 .......................... 1 473 
2015 .......................... 3 846 
2016 .......................... 14 1,171 
2017 .......................... 31 1,643 
2018 .......................... 58 2,123 
2020 .......................... 114 2,986 
2030 .......................... 348 5,670 
2040 .......................... 453 7,046 
2050 .......................... 522 8,158 

(2) Potential Impacts on Global Fuel Use 
and Emissions 

EPA’s quantified reductions in fuel 
consumption focus on the gains from 
reducing fuel used by heavy-duty 
vehicles within the United States. 
However, as discussed in Section VIII.I, 
EPA also recognizes that this regulation 
will lower the world price of oil (the 
‘‘monopsony’’ effect). Lowering oil 
prices could lead to an uptick in oil 
consumption globally, leading to a 
corresponding increase in GHG 
emissions in other countries. This global 
increase in emissions could slightly 
offset some of the emission reductions 
achieved domestically as a result of the 
regulation. 

(3) What are the monetized fuel savings? 
Using the fuel consumption estimates 

presented in Table VIII–7, the agencies 
can calculate the monetized fuel savings 
associated with the final standards. To 
do this, reduced fuel consumption is 
multiplied in each year by the 

corresponding estimated average fuel 
price in that year, using the reference 
case taken from the AEO 2011. These 
estimates do not account for the 
significant uncertainty in future fuel 
prices; the monetized fuel savings will 
be understated if actual fuel prices are 
higher (or overstated if fuel prices are 
lower) than estimated. AEO is a 
standard reference used by NHTSA and 
EPA and many other government 
agencies to estimate the projected price 
of fuel. This has been done using both 
the pre-tax and post-tax fuel prices. 
Since the post-tax fuel prices are the 
prices paid at fuel pumps, the fuel 
savings calculated using these prices 
represent the savings consumers would 
see. The pre-tax fuel savings are those 
savings that society would see. 
Assuming no change in fuel tax rates, 
the difference between these two 
columns represents the reduction in fuel 
tax revenues that will be received by 
state and federal governments—about 
$200 million in 2014 and $3 billion by 
2050. These results are shown in Table 
VIII–8. Note that in Section VIII.L, the 
overall benefits and costs of the rules 
are presented and, for that reason, only 
the pre-tax fuel savings are presented 
there. 

TABLE VIII–8—ESTIMATED MONETIZED 
FUEL SAVINGS 
[Millions, 2009$] 

Year 
Fuel 

savings 
(pre-tax) 

Fuel 
savings 

(post-tax) 

2014 .................. $1,200 $1,400 
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TABLE VIII–8—ESTIMATED MONETIZED 
FUEL SAVINGS—Continued 

[Millions, 2009$] 

Year 
Fuel 

savings 
(pre-tax) 

Fuel 
savings 

(post-tax) 

2015 .................. 2,200 2,600 
2016 .................. 3,300 3,800 
2017 .................. 4,800 5,500 
2018 .................. 6,400 7,400 
2020 .................. 9,600 10,900 
2030 .................. 20,600 23,000 
2040 .................. 28,000 30,600 
2050 .................. 36,500 39,500 
NPV, 3% ........... 375,300 415,300 
NPV, 7% ........... 166,500 185,400 

As shown in Table VIII–8, the 
agencies are projecting that truck 
consumers would realize very large fuel 
savings as a result of the final standards. 
As discussed further in the introductory 
paragraphs of Section VIII, it is a 
conundrum from an economic 
perspective that these large fuel savings 
have not been provided by 
manufacturers and purchased by 
consumers of these products. Unlike in 
the light-duty vehicle market, the vast 
majority of vehicles in the medium- and 
heavy-duty truck market are purchased 
and operated by businesses; for them, 
fuel costs may represent substantial 
operating expenses. Even in the 
presence of uncertainty and imperfect 
information—conditions that hold to 
some degree in every market—we 
generally expect firms to be cost- 

minimizing to survive in a competitive 
marketplace and to make decisions that 
are therefore in the best interest of the 
company and its owners and/or 
shareholders. 

A number of behavioral and market 
phenomena may lead to a disconnect 
between how businesses account for 
fuel savings in their decisions and the 
way in which we account for the full 
stream of fuel savings for these rules, 
including imperfect information in the 
original and resale markets, split 
incentives, uncertainty in future fuel 
prices, and adjustment or transactions 
costs (see Section VIII.A for a more 
detailed discussion). As discussed 
below in the context of rebound in 
Section VIII.E.5, the nature of the 
explanation for this gap may influence 
the actual magnitude of the fuel savings. 

(4) Payback Period and Lifetime Savings 
on New Truck Purchases 

Another factor of interest is the 
payback period on the purchase of a 
new truck that complies with the new 
standards. In other words, how long 
would it take for the expected fuel 
savings to outweigh the increased cost 
of a new vehicle? For example, a new 
2018 MY HD pickup truck and van is 
estimated to cost $1,048 more, a 
vocational vehicle $378 more, and a 
combination tractor $6,215 more (all 
values are on average, and relative to the 
reference case vehicle) due to the 
addition of new GHG reducing 

technology. This new technology will 
result in lower fuel consumption and, 
therefore, savings in fuel expenditures. 
But how many months or years would 
pass before the fuel savings exceed the 
upfront costs? Table VIII–9 shows the 
payback period analysis for HD pickup 
trucks and vans. The table shows fuel 
consumed under the reference case and 
fuel consumed by a 2018 model year 
truck under the program, inclusive of 
fuel consumed due to rebound miles. 
The decrease in fuel consumed under 
the program is then monetized by 
multiplying by the fuel price reported 
by AEO (reference case) for 2018 and 
later. This value represents the fuel 
savings expected under the program for 
a HD pickup or van. These savings are 
then discounted each year since future 
savings are considered to be of less 
value than current savings. Shown next 
are estimated increased costs (costs do 
not necessarily reflect increased prices 
which may be higher or lower than 
costs) for the new truck (refer to Table 
VIII–1). The next columns of Table VIII– 
9 show the period required for the fuel 
savings to exceed the new truck costs. 
As seen in the table, in the second year 
of ownership, the discounted fuel 
savings (at both 3 and 7 percent 
discount rates) have begun to outweigh 
the increased cost of the truck. As 
shown in the table, the full life savings 
using 3 percent discounting would be 
$6,138 and at 7 percent discounting 
would be $4,459. 

TABLE VIII–9—PAYBACK PERIOD FOR A 2018 MODEL YEAR HD PICKUP OR VAN 
[2009$] 

Year of ownership 

Reduced fuel use 
(gallons) b 

Fuel savings a 
Increased 

cost 

Cumulative savings 

Gasoline Diesel 3% discount 7% discount 3% discount 7% discount 

1 ............................................................... 67 122 $627 $616 ¥$1,048 ¥$421 ¥$433 
2 ............................................................... 67 122 617 583 .................... 196 151 
3 ............................................................... 66 120 600 546 .................... 796 696 
4 ............................................................... 64 117 570 499 .................... 1,366 1,196 
5 ............................................................... 62 113 544 458 .................... 1,910 1,654 
6 ............................................................... 59 108 507 411 .................... 2,417 2,065 
7 ............................................................... 56 102 474 370 .................... 2,890 2,435 
Full Life .................................................... 894 1,617 7,187 5,507 ¥1,048 6,138 4,459 

Notes: 
a Fuel savings calculated using the AEO 2011 reference case fuel prices through 2035. Fuel prices beyond 2035 were extrapolated from an 

average growth rate for the years 2017 to 2035. Gasoline and diesel fuel prices have been weighted by gasoline and diesel fuel reductions esti-
mated for all 2018 MY heavy-duty trucks during their lifetimes. These estimates assume no changes in fuel tax rates. If fuel taxes are increased 
to offset lost revenues, the post-tax savings will increase. 

b Gallons under the control case include gallons consumed during rebound driving. 

The story is somewhat different for 
vocational vehicles and combination 
tractors. These cases are shown in Table 
VIII–10 and Table VIII–11, respectively. 
Since these trucks travel more miles in 
a given year, their payback periods are 

shorter and are expected to occur within 
the second year of ownership under 
both the 3 and 7 percent discounting 
cases. As can be seen in Table VIII–10 
and Table VIII–11, the lifetime fuel 
savings are estimated to be considerable 

with savings of $5,494 (3%) and $4,268 
(7%) for the vocational vehicles and 
$72,875 (3%) and $58,162 (7%) for the 
combination tractors. 
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489 See NAS Report, Note 197. 
490 American Transportation Research Institute, 

An Analysis of the Operational Costs of Trucking, 
December 2008 (Docket ID: EPA-HQ-OAR-2010- 
0162-0007). 

TABLE VIII–10—PAYBACK PERIOD FOR A 2018 MODEL YEAR VOCATIONAL VEHICLE 
[2009$] 

Year of ownership 

Reduced fuel use 
(gallons) b 

Fuel savings a 
Increased 

cost 

Cumulative savings 

Gasoline Diesel 3% discount 7% discount 3% discount 7% discount 

1 ............................................................... 51 161 $702 $690 ¥$378 $325 $312 
2 ............................................................... 47 146 637 602 .................... 962 914 
3 ............................................................... 44 134 576 524 .................... 1,538 1,438 
4 ............................................................... 41 122 516 452 .................... 2,054 1,889 
5 ............................................................... 38 110 463 390 .................... 2,516 2,279 
6 ............................................................... 34 98 404 328 .................... 2,921 2,607 
7 ............................................................... 31 87 359 280 .................... 3,279 2,887 
Full Life .................................................... 550 1,458 5,872 4,646 ¥378 5,494 4,268 

Notes: 
a Fuel savings calculated using the AEO 2011 reference case fuel prices through 2035. Fuel prices beyond 2035 were extrapolated from an 

average growth rate for the years 2017 to 2035. Gasoline and diesel fuel prices have been weighted by gasoline and diesel fuel reductions esti-
mated for all 2018 MY heavy-duty trucks during their lifetimes. These estimates assume no changes in fuel tax rates. If fuel taxes are increased 
to offset lost revenues, the post-tax savings will increase. 

b Gallons under the control case include gallons consumed during rebound driving. 

TABLE VIII–11—PAYBACK PERIOD FOR A 2018 MODEL YEAR COMBINATION TRACTOR 
[2009$] 

Year of ownership 

Reduced fuel use 
(gallons) b 

Fuel savings a 
Increased 

cost 

Cumulative savings 

Gasoline Diesel 3% discount 7% discount 3% discount 7% discount 

1 ............................................................... 0 3,223 $10,736 $10,539 ¥$6,215 $4,522 $4,324 
2 ............................................................... 0 2,897 9,619 9,089 .................... 14,141 13,413 
3 ............................................................... 0 2,619 8,564 7,790 .................... 22,705 21,203 
4 ............................................................... 0 2,359 7,532 6,595 .................... 30,237 27,797 
5 ............................................................... 0 2,096 6,626 5,585 .................... 36,863 33,382 
6 ............................................................... 0 1,842 5,684 4,611 .................... 42,546 37,993 
7 ............................................................... 0 1,617 4,951 3,867 .................... 47,497 41,860 
Full Life .................................................... 0 26,148 79,089 64,376 ¥6,215 72,875 58,162 

Notes: 
a Fuel savings calculated using the AEO 2011 reference case fuel prices through 2035. Fuel prices beyond 2035 were extrapolated from an 

average growth rate for the years 2017 to 2035. Gasoline and diesel fuel prices have been weighted by gasoline and diesel fuel reductions esti-
mated for all 2018 MY heavy-duty trucks during their lifetimes. These estimates assume no changes in fuel tax rates. If fuel taxes are increased 
to offset lost revenues, the post-tax savings will increase. 

b Gallons under the control case include gallons consumed during rebound driving. 

All of these payback analyses include 
fuel consumed during rebound VMT in 
the control case but not in the reference 
case, consistent with other parts of the 
analysis. Further, this analysis does not 
include other societal impacts such as 
reduced time spent refueling or noise, 
congestion and accidents since the focus 
is meant to be on those factors buyers 
think about most while considering a 
new truck purchase. Note also that 
operators that drive more miles per year 
than the average would realize greater 
fuel savings than estimated here, and 
those that drive fewer miles per year 
would realize lesser savings. The same 
holds true for operators that keep their 
vehicles longer (i.e., more years) than 
average in that they would realize 
greater lifetime fuel savings than 
operators that keep their vehicles for 
fewer years than average. Likewise, 
should fuel prices be higher than the 
AEO 2011 reference case, operators will 
realize greater fuel savings than 

estimated here while they would realize 
lesser fuel savings were fuel prices to be 
lower than the AEO 2011 reference case. 

(5) Rebound Effect 

The VMT rebound effect refers to the 
fraction of fuel savings expected to 
result from an increase in fuel efficiency 
that is offset by additional vehicle use. 
If truck shipping costs decrease as a 
result of lower fuel costs, an increase in 
truck VMT may occur. Unlike the light- 
duty rebound effect, the heavy-duty 
(HD) rebound effect has not been 
extensively studied. Because the factors 
influencing the HD rebound effect are 
generally different from those affecting 
the light-duty rebound effect, much of 
the research on the light-duty rebound 
effect is not likely to apply to the HD 
sectors. One of the major differences 
between the HD rebound effect and the 
light-duty rebound effect is that HD 
vehicles are used primarily for business 
purposes. Since these businesses are 

profit driven, decision makers are 
highly likely to be aware of the costs 
and benefits of different shipping 
decisions, both in the near term and 
long term. Therefore, shippers are much 
more likely to take into account changes 
in the overall operating costs per mile 
when making shipping decisions that 
affect VMT. 

Another difference from the light-duty 
case is that, as discussed in the recent 
NAS Report,489 when calculating the 
percentage change in trucking costs to 
determine the rebound effect, all 
changes in the operating costs should be 
considered. The cost of labor and fuel 
generally constitute the top two shares 
of truck operating costs, depending on 
the price of petroleum,490 distance 
traveled, type of truck, and 
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491 Transport Canada, Operating Cost of Trucks, 
2005. See http://www.tc.gc.ca/eng/policy/report- 
acg-operatingcost2005–2005-e-2–1727.htm, 
accessed on July 16, 2010 (Docket ID: EPA–HQ– 
OAR–2010–0162–0006). See also ATRI, 2008. 

492 Memo from Energy and Environmental 
Research Associates, LLC Regarding HDV Rebound 
Effect, dated June 8, 2011. 

493 Graham and Glaister, ‘‘Road Traffic Demand 
Elasticity Estimates: A Review,’’ Transport Reviews 
Volume 24, 3, pp. 261–274, 2004 (Docket ID: EPA– 
HQ–OAR–2010–0162–0005). 

494 Li, Z., D.A. Hensher, and J.M. Rose, Identifying 
sources of systematic variation in direct price 
elasticities from revealed preference studies of 
inter-city freight demand. Transport Policy, 2011. 

commodity.491 Finally, the equipment 
costs associated with the purchase or 
lease of the truck is also a significant 
component of total operating costs. Even 
though vehicle costs are lump-sum 
purchases, they can be considered 
operating costs for trucking firms, and 
these costs are, in many cases, expected 
to be passed onto the final consumers of 
shipping services on a variable basis. 
This shipping cost increase could help 
temper the rebound effect relative to the 
case of light-duty vehicles, in which 
vehicle costs are not considered an 
operating cost by vehicle owners. 

When calculating the net change in 
operating costs, both the increase in 
new vehicle costs and the decrease in 
fuel costs per mile should be taken into 
consideration. The higher the net cost 
savings, the higher the expected 
rebound effect. Conversely, if the 
upfront vehicle costs outweighed future 
cost savings and total costs increased, 
shipping costs would rise, which would 
likely result in a decrease in truck VMT. 
In theory, other changes such as 
maintenance costs and insurance rates 
would also be taken into account, 
although information on these potential 
cost changes is extremely limited. In the 
proposal, we invited comments on the 
most appropriate methodology for 
factoring new vehicle purchase or 
leasing costs into the per-mile operating 
costs. We also invited comment or data 
on how these regulations could affect 
maintenance, insurance, or other 
operating costs. We did not receive any 
comments on these assumptions. 

The following sections describe the 
factors affecting the rebound effect, 
different methodologies for estimating 
the rebound effect, and examples of 
different estimates of the rebound effect 
to date. According to the NAS study, it 
is ‘‘not possible to provide a confident 
measure of the rebound effect,’’ yet NAS 
concluded that a rebound effect likely 
exists and that ‘‘estimates of fuel savings 
from regulatory standards will be 
somewhat misestimated if the rebound 
effect is not considered.’’ While we 
believe the HD rebound effect needs to 
be studied in more detail, we have 
attempted to capture the potential 
impact of the rebound effect in our 
analysis. In the proposal, we solicited 
data on the rebound effect and input on 
the most appropriate estimates to use for 
the rebound effect. However, we did not 
receive any new data or substantive 
comments. Therefore, for this final 
action, we continue to use a rebound 

effect for vocational vehicles of 15 
percent, a rebound effect for HD pickup 
trucks and vans of 10 percent, and a 
rebound effect for combination tractors 
of 5 percent. These VMT impacts are 
reflected in the estimates of total GHG 
and other air pollution reductions 
presented in Chapter 5 of the RIA. 

(a) Factors Affecting the Magnitude of 
the Rebound Effect 

The HD vehicle rebound effect is 
driven by the interaction of several 
different factors. In the short-run, 
decreasing the fuel cost per mile of 
driving could lead to a decrease in end 
product prices. Lower prices could 
stimulate additional demand for those 
products, which would then result in an 
increase in VMT. In the long run, 
shippers could reorganize their logistics 
and distribution networks to take 
advantage of lower truck shipping costs. 
For example, shippers may shift away 
from other modes of shipping such as 
rail, barge, or air. In addition, shippers 
may also choose to reduce the number 
of warehouses, reduce load rates, and 
make smaller, more frequent shipments, 
all of which could also lead to an 
increase in HD VMT. Finally, the 
benefits of the fuel savings could ripple 
through the economy, which could in 
turn increase overall demand for goods 
and services shipped by trucks, and 
therefore increase HD VMT. 

Conversely, if a fuel efficiency 
regulation leads to net increases in the 
cost of trucking because fuel savings do 
not fully offset the increase in upfront 
vehicle costs, then the price of trucking 
services could rise, spurring a decrease 
in HD VMT and a shift to alternative 
shipping modes. These effects would 
also ripple through the economy. 

(b) Options for Quantifying the Rebound 
Effect 

As described in the previous section, 
the fuel efficiency rebound effect for HD 
vehicles has not been studied as 
extensively as the rebound effect for 
light-duty vehicles, and virtually no 
research has been conducted on the HD 
pickup truck and van rebound effect. In 
the proposal, we discussed four options 
for quantifying the rebound effect and 
requested comments. We did not receive 
any substantive comments on the 
described methodologies. 

(i) Aggregate Estimates 
The aggregate approximation 

approach quantifies the overall change 
in truck VMT as a result of a percentage 
change in freight rates. It is important to 
note that most of the aggregate estimates 
measure the change in freight demanded 
(tons or ton-miles), rather than a change 

in fuel consumption or VMT. The 
change in tons or ton-miles is more 
accurately characterized as a freight 
elasticity. Therefore, it may not be 
entirely appropriate to interpret these 
freight elasticities as measures of the 
rebound effect, although these terms are 
sometimes used interchangeably in the 
literature.492 Given these caveats, freight 
elasticity estimates rely on estimates of 
aggregate price elasticity of demand for 
trucking services, given a percentage 
change in trucking prices, which is 
generally referred to as an ‘‘own-price 
elasticity.’’ Estimates of trucking own- 
price elasticities vary widely from 
positive 1.72 to negative 7.92), and there 
is no general consensus on the most 
appropriate values to use, though a 2004 
literature survey found aggregate 
elasticity estimates generally fall in the 
range of ¥0.5 to ¥1.5.493 In other 
words, given an own-price elasticity of 
¥1.5, a 10 percent decrease in trucking 
prices leads to a 15 percent increase in 
truck shipping demand. 

Another challenge of estimating the 
rebound effect using freight elasticities 
is that these values appear to vary 
substantially based on the demand 
elasticity measure (e.g., ton or ton-mile), 
the model specification (e.g., linear 
functional form or log linear), the length 
of the trip, and the type of cargo. In 
general, elasticity estimates of longer 
trips tend to be larger than elasticity 
estimates for shorter trips. In addition, 
elasticities tend to be larger for lower- 
value commodities compared to higher- 
value commodities. Although these 
factors explain some of the differences 
in estimates, much of the observed 
variation cannot be explained 
quantitatively. For example, a recent 
study that controlled for these variables 
only accounted for about half of the 
observed variation.494 

Another important variable 
influencing freight elasticity estimates is 
whether potential mode shifting is taken 
into account. Although the total demand 
for freight transport is generally 
determined by economic activity, there 
is often the choice of shipping freight on 
modes other than truck. This is because 
the United States has extensive rail, 
waterway and air transport networks in 
addition to an extensive highway 
network; these networks closely parallel 
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495 See 2010 NAS Report, Note 197. See also 2009 
Cambridge Systematics, Inc., Draft Final Paper 
commissioned by the NAS in support of the 
medium-duty and heavy-duty report. Assessment of 
Fuel Economy Technologies for Medium and 
Heavy-duty Vehicles: Commissioned Paper on 
Indirect Costs and Alternative Approaches Docket 
ID: EPA–HQ–OAR–2010–0162–0009). 

496 Friedlaender, A. and Spady, R. (1980) A 
derived demand function for freight transportation, 
Review of Economics and Statistics, 62, pp. 432– 
441 (Docket ID: EPA–HQ–OAR–2010–0162–0004). 

497 Christidis and Leduc, ‘‘Longer and Heavier 
Vehicles for freight transport,’’ European 
Commission Joint Research Center’s Institute for 
Prospective Technology Studies, 2009 (Docket ID: 
EPA–HQ–OAR–2010–0162–0010). 

498 Christidis and Leduc, ‘‘Longer and Heavier 
Vehicles for freight transport,’’ European 
Commission Joint Research Center’s Institute for 
Prospective Technology Studies, 2009. 

499 Winebrake, James and Corbett, James J. (2010). 
‘‘Improving the Energy Efficiency and 
Environmental Performance of Goods Movement,’’ 
in Sperling, Daniel and James S. Cannon (2010) 
Climate and Transportation Solutions: Findings 
from the 2009 Asilomar Conference on 
Transportation and Energy Policy. See http:// 
www.its.ucdavis.edu/events/2009book/ 
Chapter13.pdf (Docket ID: EPA–HQ–OAR–2010– 
0162–0011) 

500 Winebrake, J. J.; Corbett, J. J.; Falzarano, A.; 
Hawker, J. S.; Korfmacher, K.; Ketha, S.; Zilora, S., 
Assessing Energy, Environmental, and Economic 
Tradeoffs in Intermodal Freight Transportation, 
Journal of the Air & Waste Management 
Association, 58(8), 2008 (Docket ID: EPA–HQ– 
OAR–2010–0162–0008). 

501 Cambridge Systematics, Inc., 2009. 

each other and are often both viable 
choices for freight transport for long- 
distance routes within the continent. If 
rates go down for one mode, there will 
be an increase in demand for that mode 
and some demand will be shifted from 
other modes. This ‘‘cross-price 
elasticity’’ is a measure of the 
percentage change in demand for 
shipping by another mode (e.g., rail) 
given a percentage change in the price 
of trucking. Aggregate estimates of 
cross-price elasticities also vary widely, 
and there is no general consensus on the 
most appropriate value to use for 
analytical purposes. The NAS report 
cites values ranging from 0.35 to 0.59.495 
Other reports provide significantly 
different cross-price elasticities, ranging 
from 0.1 496 to 2.0.497 

When considering intermodal shift, 
the most relevant kinds of shipments are 
those that are competitive between rail 
and truck modes. These trips generally 
include long-haul shipments greater 
than 500 miles, which weigh between 
50,000 and 80,000 pounds (the legal 
road limit in many states). Special kinds 
of cargo like coal and short-haul 
deliveries are of less interest because 
they are generally not economically 
transferable between truck and rail 
modes, and they would not be expected 
to shift modes except under an extreme 
price change. However, the total amount 
of freight that could potentially be 
subject to mode shifting has also not 
been studied extensively. 

(ii) Sector-Specific Estimates 
Given the limited data available 

regarding the HD rebound effect, the 
aggregate approach greatly simplifies 
many of the assumptions associated 
with calculations of the rebound effect. 
In reality, however, responses to 
changes in fuel efficiency and new 
vehicle costs will vary significantly 
based on the commodities affected. A 
detailed, sector-specific approach would 
be expected to more accurately reflect 
changes in the trucking market in 
response to the standards in this 
program. For example, input-output 

tables could be used to determine the 
trucking cost share of the total delivered 
price of a commodity. Using the change 
in trucking prices described in the 
aggregate approach, the product-specific 
demand elasticities could be used to 
calculate the change in sales and 
shipments for each product. The change 
in shipment increases could then be 
weighted by the share of the trucking 
industry total, and then summed to get 
the total increase in trucking output. A 
simplifying assumption could then be 
made that the increase in output results 
in an increase in VMT. To the best of 
our knowledge, this type of data has not 
yet been collected. We did not receive 
any new information in response to our 
request for comments in the proposal, 
therefore we were unable to use this 
methodology for estimating the rebound 
effect for this final action. 

(iii) Econometric Estimates 

Similar to the methodology used to 
estimate the light-duty rebound effect, 
the HD rebound effect could be modeled 
econometrically by estimating truck 
demand as a function of economic 
activity (e.g., GDP) and different input 
prices (e.g., vehicle prices, driver wages, 
and fuel costs per mile). This type of 
econometric model could be estimated 
for either truck VMT or ton-miles as a 
measure of demand. The resulting 
elasticity estimates could then be used 
to determine the change in trucking 
demand, given the change in fuel cost 
and truck prices per mile from these 
standards. One of the challenges 
associated with an econometric analysis 
is the potential for omitted variable bias, 
which could either overstate or 
understate the potential rebound effect 
if the omitted variable is correlated with 
the controlled variables. 

(iv) Other Modeling Approaches 

Regulation of the heavy-duty industry 
has been studied in more detail in 
Europe, as the European Commission 
(EC) has considered allowing longer and 
heavier trucks for freight transport. Part 
of the analysis considered by the EC 
relies on country-specific modeling of 
changes in the freight sector that would 
result from changes in regulations.498 
This approach attempts to explicitly 
calculate modal shift decisions and 
impacts on GHG emissions. Although 
similar types of analysis have not been 
conducted extensively in the United 
States, research is currently underway 
that explores the potential for 

intermodal shifting in the United States. 
For example, Winebrake and Corbett 
have developed the Geospatial 
Intermodal Freight Transportation 
model, which evaluates the potential for 
GHG emissions reductions based on 
mode shifting, given existing limitations 
of infrastructure and other route 
characteristics in the United States.499 
This model connects multiple road, rail, 
and waterway transportation networks 
and embeds activity-based calculations 
in the model. Within this intermodal 
network, the model assigns various 
economic, time-of-delivery, energy, and 
environmental attributes to real-world 
goods movement routes. The model can 
then calculate different network 
optimization scenarios, based on 
changes in prices and policies.500 
However, more work is needed in this 
area to determine whether this type of 
methodology is appropriate for the 
purposes of capturing the rebound 
effect. Therefore, we have not been able 
to use this methodology for estimating 
the rebound effect for this final action. 

(c) Estimates of the Rebound Effect 
The aggregate methodology was used 

by Cambridge Systematics, Inc. (CSI) to 
show several examples of the magnitude 
of the rebound effect.501 In their paper 
commissioned by the NAS in support of 
the recent HD report, CSI calculated an 
effective rebound effect for two different 
technology cost and fuel savings 
scenarios associated with an example 
Class 8 truck. Scenario 1 increased 
average fuel economy from 5.59 mpg to 
6.8 mpg, with an additional cost of 
$22,930. Scenario 2 increased the 
average fuel economy to 9.1 mpg, at an 
incremental cost of $71,630 per vehicle. 
The CSI examples provided estimates 
using a range of own-price elasticities 
(¥0.5 to ¥1.5) and cross-price 
elasticities (0.35 to 0.59) from the 
literature. Based on these two scenarios 
and a number of simplifying 
assumptions to aid the calculations, CSI 
found a rebound effect of 11–31 percent 
for Scenario 1 and 5–16 percent for 
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502 NHTSA’s estimates of the rebound effect are 
derived from econometric analysis of national and 
state VMT data reported in Federal Highway 
Administration, Highway Statistics, various 
editions, Tables VM–1 and VM–4. Specifically, the 
estimates of the rebound effect reported in Table 
VIII–10 are ranges of the estimated short-run and 
long-run elasticities of annual VMT by single-unit 

and combination trucks with respect to fuel cost per 
mile driven. (Fuel cost per mile driven during each 
year is equal to average fuel price per gallon during 
that year divided by average fuel economy of the 
truck fleet during that same year.) These estimates 
are derived from time-series regression of annual 
national aggregate VMT for the period 1970–2008 
on measures of nationwide economic activity, 

including aggregate GDP, the value of durable and 
nondurable goods production, and the volume of 
U.S. exports and imports of goods, and variables 
affecting the price of trucking services (driver wage 
rates, truck purchase prices, and fuel costs), and 
from regression of VMT for each individual state 
over the period 1994–2008 on similar variables 
measured at the state level. 

Scenario 2 when the fuel savings from 
reduced rail usage were not taken into 
account (‘‘First rebound effect’’). When 
the fuel savings from reduced rail usage 
were included in the calculations, the 
overall rebound effect was between 9– 
13 percent for Scenario 1 and 3–15 
percent for Scenario 2 (‘‘Second 
Rebound Effect’’). See Table VIII–12. 

CSI included a number of caveats 
associated with these calculations. 

Namely, the elasticity estimates derived 
from the literature are ‘‘heavily reliant 
on factors including the type of demand 
measures analyzed (vehicle-miles of 
travel, ton-miles, or tons), analysis 
geography, trip lengths, markets served, 
and commodities transported.’’ 
Furthermore, the CSI example only 
focused on Class 8 combination tractors 
and did not attempt to quantify the 
potential rebound effect for any other 

truck classes. Finally, these scenarios 
were characterized as ‘‘sketches’’ and 
were not included in the final NAS 
report. In fact, the NAS report asserted 
that it is ‘‘not possible to provide a 
confident measure of the rebound 
effect,’’ yet concluded that a rebound 
effect likely exists and that ‘‘estimates of 
fuel savings from regulatory standards 
will be somewhat misestimated if the 
rebound effect is not considered.’’ 

TABLE VIII–12—RANGE OF REBOUND EFFECT ESTIMATES FROM CAMBRIDGE SYSTEMATICS AGGREGATE ASSESSMENT 

Scenario 1 
(6.8 mpg, 
$22,930) 

Scenario 2 
(9.1 mpg, 
$71,630) 

‘‘First Rebound Effect’’ (increase in truck VMT resulting from decrease in operating costs) ................................. 11–31% 5–16% 
‘‘Second Rebound Effect’’ (net fuel savings when decreases from rail are taken into account) ........................... 9–13% 3–15% 

As an alternative, using the 
econometric approach, NHTSA has 
estimated the rebound effect in the short 
run and long run for single unit (Class 
4–7) and (Class 8) combination tractors. 
As shown in Table VIII–13, the 
estimates for the long-run rebound effect 
are larger than the estimates in the short 
run, which is consistent with the theory 
that shippers have more flexibility to 
change their behavior (e.g., restructure 

contracts or logistics) when they are 
given more time. In addition, the 
estimates derived from the national data 
also showed larger rebound effects 
compared to the state data.502 One 
possible explanation for the difference 
in the estimates is that the national 
rebound estimates are capturing some of 
the impacts of changes in economic 
activity. Historically, large increases in 
fuel prices are highly correlated with 

economic downturns, and there may not 
be enough variation in the national data 
to differentiate the impact of fuel price 
changes from changes in economic 
activity. In contrast, some states may see 
an increase in output when energy 
prices increase (e.g., large oil producing 
states such as Texas and Alaska); 
therefore, the state data may be more 
accurately isolating the individual 
impact of fuel price changes. 

TABLE VIII–13—RANGE OF REBOUND EFFECT ESTIMATES FROM NHTSA ECONOMETRIC ANALYSIS 

Truck type 
National data State data 

Short run Long run Short run Long run 

Single Unit 13–22% 28–45% 3–8% 12–21% 
Combination N/A 12–14% N/A 4–5% 

As discussed throughout this section, 
there are multiple methodologies for 
quantifying the rebound effect, and 
these different methodologies produce a 
large range of potential values of the 
rebound effect. However, for the 
purposes of quantifying the rebound 
effect for this program, we have used a 
rebound effect with respect to changes 
in fuel costs per mile on the lower range 
of the long-run estimates. Given the fact 
that the long-run state estimates are 
generally more consistent with the 
aggregate estimates, for this program we 
have chosen a rebound effect for 
vocational vehicles (single unit trucks) 
of 15 percent that is within the range of 
estimates from both methodologies. 

Similarly, we have chosen a rebound 
effect for combination tractors of 5 
percent. 

To date, no estimates of the HD 
pickup truck and van rebound effect 
have been cited in the literature. Since 
these vehicles are used for very different 
purposes than heavy-duty vehicles, it 
does not necessarily seem appropriate to 
apply one of the heavy-duty estimates to 
the HD pickup trucks and vans. These 
vehicles are more similar in use to large 
light-duty vehicles, so for the purposes 
of our analysis, we have chosen to apply 
the light-duty rebound effect of 10 
percent to this class of vehicles. 

For the purposes of this program, we 
have not taken into account any 

potential fuel savings or GHG emission 
reductions from the rail sector due to 
mode shifting. We requested comments 
on this assumption in the proposal, but 
we did not receive any new data or 
input. 

Furthermore, we have made a number 
of simplifying assumptions in our 
calculations, which are discussed in 
more detail in the RIA. Specifically, we 
have not attempted to capture how 
current market failures might impact the 
rebound effect. The direction and 
magnitude of the rebound effect in the 
HD market are expected to vary 
depending on the existence and types of 
market failures affecting the fuel 
efficiency of the trucking fleet. If firms 
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503 See 2010 NAS Report, Note 197, page 152. 

504 A baseline tractor price of a new day cab is 
$89,500 versus $113,000 for a new sleeper cab 
based on information gathered by ICF in the 
‘‘Investigation of Costs for Strategies to Reduce 
Greenhouse Gas Emissions for Heavy-Duty On-Road 
Vehicles’’, July 2010. Page 3. Docket Identification 
Number EPA–HQ–OAR–2010–0162–0044. 

are already accurately accounting for the 
costs and benefits of these technologies 
and fuel savings, then these regulations 
would increase their net costs, because 
trucks would already include all the 
cost-effective technologies. As a result, 
the rebound effect would actually be 
negative and truck VMT would decrease 
as a result of these final regulations. 
However, if firms are not optimizing 
their behavior today due to factors such 
as lack of reliable information (see 
Section VIII.A. for further discussion), it 
is more likely that truck VMT would 
increase. If firms recognize their lower 
net costs as a result of these regulations 
and pass those costs along to their 
customers, then the rebound effect 
would increase truck VMT. This 
response assumes that trucking rates 
include both truck purchase costs and 
fuel costs, and that the truck purchase 
costs included in the rates spread those 
costs over the full expected lifetime of 
the trucks. If those costs are spread over 
a shorter period, as the expected short 
payback period implies, then those 
purchase costs will inhibit reduction of 
freight rates, and the rebound effect will 
be smaller. 

As discussed in more detail in Section 
VIII.A, if there are market failures such 
as split incentives, estimating the 
rebound effect may depend on the 
nature of the failures. For example, if 
the original purchaser cannot fully 
recoup the higher upfront costs through 
fuel savings before selling the vehicle 
nor pass those costs onto the resale 
buyer, the firm would be expected to 
raise shipping rates. A firm purchasing 
the truck second-hand might lower 
shipping rates if the firm recognizes the 
cost savings after operating the vehicle, 
leading to an increase in VMT. 
Similarly, if there are split incentives 
and the vehicle buyer isn’t the same 
entity that purchases the fuel, than there 
would theoretically be a positive 
rebound effect. In this scenario, fuel 
savings would lower the net costs to the 
fuel purchaser, which would result in a 
larger increase in truck VMT. 

If all of these scenarios occur in the 
marketplace, the net effect will depend 
on the extent and magnitude of their 
relative effects, which are also likely to 
vary across truck classes (for instance, 
split incentives may be a much larger 
problem for Class 7 and 8 tractors than 
they are for HD pickup trucks). 
Additional details on the rebound effect 
are included in the RIA. 

F. Class Shifting and Fleet Turnover 
Impacts 

The agencies considered two 
additional potential indirect costs, 
benefits, effects, and externalities which 

may lead to unintended consequences 
of the program to improve the fuel 
efficiency and reduce GHG emissions 
from HD trucks. The next sections cover 
the agencies’ qualitative discussions on 
potential class shifting and fleet 
turnover effects. 

(1) Class Shifting 
Heavy-duty vehicles are typically 

configured and purchased to perform a 
function. For example, a concrete mixer 
truck is purchased to transport concrete, 
a combination tractor is purchased to 
move freight with the use of a trailer, 
and a Class 3 pickup truck could be 
purchased by a landscape company to 
pull a trailer carrying lawnmowers. The 
purchaser makes decisions based on 
many attributes of the vehicle, including 
the gross vehicle weight rating of the 
vehicle which in part determines the 
amount of freight or equipment that can 
be carried. If the final HD National 
Program impacts either the performance 
of the vehicle or the marginal cost of the 
vehicle relative to the other vehicle 
classes, then consumers may choose to 
purchase a different vehicle, resulting in 
the unintended consequence of 
increased fuel consumption and GHG 
emissions in-use. 

The agencies, along with the NAS 
panel, found that there is little or no 
literature which evaluates class shifting 
between trucks.503 NHTSA and EPA 
qualitatively evaluated the final rules in 
light of potential class shifting. The 
agencies looked at four potential cases 
of shifting:—from light-duty pickup 
trucks to heavy-duty pickup trucks; 
from sleeper cabs to day cabs; from 
combination tractors to vocational 
vehicles; and within vocational 
vehicles. 

Light-duty pickup trucks, those with 
a GVWR of less than 8,500 pounds, are 
currently regulated under the existing 
CAFE program and will meet GHG 
emissions standards beginning in 2012. 
The increased stringency of the light- 
duty 2012–2016 MY vehicle rule has led 
some to speculate that vehicle 
consumers may choose to purchase 
heavy-duty pickup trucks that are 
currently unregulated if the cost of the 
light-duty regulation is high relative to 
the cost to buy the larger heavy-duty 
pickup trucks. Since fuel consumption 
and GHG emissions rise significantly 
with vehicle mass, a shift from light- 
duty trucks to heavy-duty trucks would 
likely lead to higher fuel consumption 
and GHG emissions, an untended 
consequence of the regulations. Given 
the significant price premium of a 
heavy-duty truck (often five to ten 

thousand dollars more than a light-duty 
pickup), we believe that such a class 
shift would be unlikely even absent this 
program. With these final regulations, 
any incentive for such a class shift is 
significantly diminished. The final 
regulations for the HD pickup trucks, 
and similarly for vans, are based on 
similar technologies and therefore 
reflect a similar expected increase in 
cost when compared to the light-duty 
GHG regulation. Hence, the combination 
of the two regulations provides little 
incentive for a shift from light-duty 
trucks to HD trucks. To the extent that 
our final regulation of heavy-duty 
pickups and vans could conceivably 
encourage a class shift towards lighter 
pickups, this unintended consequence 
would in fact be expected to lead to 
lower fuel consumption and GHG 
emissions as the smaller light-duty 
pickups are significantly more efficient 
than heavy-duty pickup trucks. 

The projected cost increases for this 
final action differ significantly between 
Class 8 day cabs and Class 8 sleeper 
cabs, reflecting our expectation that 
compliance with the final standards will 
lead truck consumers to specify sleeper 
cabs equipped with APUs while day cab 
consumers will not. Since Class 8 day 
cab and sleeper cab trucks perform 
essentially the same function when 
hauling a trailer, this raises the 
possibility that the higher cost for an 
APU equipped sleeper cab could lead to 
a shift from sleeper cab to day cab 
trucks. We do not believe that such an 
intended consequence will occur for the 
following reasons. The addition of a 
sleeper berth to a tractor cab is not a 
consumer-selectable attribute in quite 
the same way as other vehicle features. 
The sleeper cab provides a utility that 
long-distance trucking fleets need to 
conduct their operations—an on-board 
sleeping berth that lets a driver comply 
with federally-mandated rest periods, as 
required by the Department of 
Transportation Federal Motor Carrier 
Safety Administration’s hours-of-service 
regulations. The cost of sleeper trucks is 
already higher than the cost of day cabs, 
yet the fleets that need this utility 
purchase them.504 A day cab simply 
cannot provide this utility. The need for 
this utility would not be changed even 
if the marginal costs to reduce 
greenhouse gas emissions from sleeper 
cabs exceed the marginal costs to reduce 
greenhouse gas emissions from day 
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505 The average marginal cost difference between 
sleeper cabs and day cabs in the proposal is nearly 
$6,000. 

506 The final rule projects the difference in costs 
between the HHD and MHD vocational vehicle 
technologies is approximately $30. 

507 See NAS Report, Note 197, pp. 150–151 508 See NAS Report, Note 197, page 151. 

cabs.505 A trucking fleet could decide to 
put its drivers in hotels in lieu of using 
sleeper berths, and switch to day cabs. 
However, this is unlikely to occur in 
any great number, since the added cost 
for the hotel stays would far overwhelm 
differences in the marginal cost between 
day and sleeper cabs. Even if some fleets 
do opt to buy hotel rooms and switch 
to day cabs, they would be highly 
unlikely to purchase a day cab that was 
aerodynamically worse than the sleeper 
cab they replaced, since the need for 
features optimized for long-distance 
hauling would not have changed. So in 
practice, there would likely be little 
difference to the environment for any 
switching that might occur. Further, 
while our projected costs assume the 
purchase of an APU for compliance, in 
fact our regulatory structure would 
allow compliance using a near zero cost 
software utility that eliminates tractor 
idling after five minutes. Using this 
compliance approach, the cost 
difference between a Class 8 sleeper cab 
and day cab due to our final regulations 
is small. We are providing this 
alternative compliance approach 
reflecting that some sleeper cabs are 
used in team driving situations where 
one driver sleeps while the other drives. 
In that situation, an APU is unnecessary 
since the tractor is continually being 
driven when occupied. When it is 
parked, it will automatically eliminate 
any additional idling through the 
shutdown software. If trucking 
companies choose this option, then 
costs based on purchase of APUs may 
overestimate the costs of this program to 
this sector. 

Class shifting from combination 
tractors to vocational vehicles may 
occur if a customer deems the 
additional marginal cost of tractors due 
to the regulation to be greater than the 
utility provided by the tractor. The 
agencies initially considered this issue 
when deciding whether to include Class 
7 tractors with the Class 8 tractors or 
regulate them as vocational vehicles. 
The agencies’ evaluation of the 
combined vehicle weight rating of the 
Class 7 shows that if these vehicles were 
treated significantly differently from the 
Class 8 tractors, then they could be 
easily substituted for Class 8 tractors. 
Therefore, the agencies are finalizing to 
include both classes in the tractor 
category. The agencies believe that a 
shift from tractors to vocational vehicles 
would be limited because of the ability 
of tractors to pick up and drop off 

trailers at locations which cannot be 
done by vocational vehicles. 

The agencies do not envision that the 
final regulatory program will cause class 
shifting within the vocational class. The 
marginal cost difference due to the 
regulation of vocational vehicles is 
minimal. The cost of LRR tires on a per 
tire basis is the same for all vocational 
vehicles so the only difference in 
marginal cost of the vehicles is due to 
the number of axles. The agencies 
believe that the utility gained from the 
additional load carrying capability of 
the additional axle will outweigh the 
additional cost for heavier vehicles.506 

In conclusion, NHTSA and EPA 
believe that the final regulatory 
structure for HD trucks does not 
significantly change the current 
competitive and market factors that 
determine purchaser preferences among 
truck types. Furthermore, even if a small 
amount of shifting does occur, any 
resulting GHG impacts are likely to be 
negligible because any vehicle class that 
sees an uptick in sales is also being 
regulated for fuel efficiency. Therefore, 
the agencies did not include an impact 
of class shifting on the vehicle 
populations used to assess the benefits 
of the program. 

(2) Fleet Turnover Effect 

A regulation that increases the cost to 
purchase and/or operate trucks could 
impact whether a consumer decides to 
purchase a new truck and the timing of 
that purchase. The term pre-buy refers 
to the idea that truck purchases may 
occur earlier than otherwise planned to 
avoid the additional costs associated 
with a new regulatory requirement. 
Slower fleet turnover, or low-buys, may 
occur when owners opt to keep their 
existing truck rather than purchase a 
new truck due to the incremental cost 
of the regulation. 

The NAS panel discusses the topics 
associated with HD truck fleet turnover. 
NAS noted that there is some empirical 
evidence of pre-buy behavior in 
response to the 2004 and 2007 heavy- 
duty engine emission standards, with 
larger impacts occurring in response to 
higher costs.507 However, those 
regulations increased upfront costs to 
firms without any offsetting future cost 
savings from reduced fuel purchases. In 
summary, NAS stated that 

* * * during periods of stable or growing 
demand in the freight sector, pre-buy 
behavior may have significant impact on 
purchase patterns, especially for larger fleets 

with better access to capital and financing. 
Under these same conditions, smaller 
operators may simply elect to keep their 
current equipment on the road longer, all the 
more likely given continued improvements 
in diesel engine durability over time. On the 
other hand, to the extent that fuel economy 
improvements can offset incremental 
purchase costs, these impacts will be 
lessened. Nevertheless, when it comes to 
efficiency investments, most heavy-duty fleet 
operators require relatively quick payback 
periods, on the order of two to three years.508 

The final regulations are projected to 
return fuel savings to the truck owners 
that offset the cost of the regulation 
within a few years for vocational 
vehicles and Class 7 and 8 tractors, the 
categories where the potential for 
prebuy and delayed fleet turnover are 
concerns. In the case of vocational 
vehicles, the added cost is small enough 
that it is unlikely to have a substantial 
effect on purchasing behavior. In the 
case of Class 7 and 8 trucks, the effects 
of the regulation on purchasing behavior 
will depend on the nature of the market 
failures and the extent to which firms 
consider the projected future fuel 
savings in their purchasing decisions. 

If trucking firms account for the rapid 
payback, they are unlikely to 
strategically accelerate or delay their 
purchase plans at additional cost in 
capital to avoid a regulation that will 
lower their overall operating costs. As 
discussed in Section VIII.A, this 
scenario may occur if this final program 
reduces uncertainty about fuel-saving 
technologies. More reliable information 
about ways to reduce fuel consumption 
allows truck purchasers to evaluate 
better the benefits and costs of 
additional fuel savings, primarily in the 
original vehicle market, but possibly in 
the resale market as well. 

Other market failures may leave open 
the possibility of some pre-buy or 
delayed purchasing behavior. Firms 
may not consider the full value of the 
future fuel savings for several reasons. 
For instance, truck purchasers may not 
want to invest in fuel efficiency because 
of uncertainty about fuel prices. 
Another explanation is that the resale 
market may not fully recognize the 
value of fuel savings, due to lack of trust 
of new technologies or changes in the 
uses of the vehicles. Lack of 
coordination (also called split 
incentives—see Section VIII.A) between 
truck purchasers (who emphasize the 
up-front costs of the trucks) and truck 
operators, who would like the fuel 
savings, can also lead to pre-buy or 
delayed purchasing behavior. If these 
market failures prevent firms from fully 
internalizing fuel savings when 
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509 See 2010 Light-Duty Final Rule, Note 5, docket 
ID EPA–HQ–OAR–2009–0472–11424. 

510 Docket ID EPA–HQ–OAR–2009–0472–114577, 
Technical Support Document: Social Cost of 
Carbon for Regulatory Impact Analysis Under 
Executive Order 12866, Interagency Working Group 
on Social Cost of Carbon, with participation by 
Council of Economic Advisers, Council on 
Environmental Quality, Department of Agriculture, 
Department of Commerce, Department of Energy, 
Department of Transportation, Environmental 
Protection Agency, National Economic Council, 
Office of Energy and Climate Change, Office of 
Management and Budget, Office of Science and 

Technology Policy, and Department of Treasury 
(February 2010). Also available at http://epa.gov/ 
otaq/climate/regulations.htm. 

511 The interagency group decided that these 
estimates apply only to CO2 emissions. Given that 
warming profiles and impacts other than 
temperature change (e.g., ocean acidification) vary 
across GHGs, the group concluded ‘‘transforming 
gases into CO2-equivalents using GWP, and then 
multiplying the carbon-equivalents by the SCC, 
would not result in accurate estimates of the social 
costs of non-CO2 gases’’ (SCC TSD, pg 13). 

512 The SCC estimates were converted from 2007 
dollars to 2008 dollars using a GDP price deflator 

(1.021) and again to 2009 dollars using a GDP price 
deflator (1.009) obtained from the Bureau of 
Economic Analysis, National Income and Product 
Accounts Table 1.1.4, Prices Indexes for Gross 
Domestic Product. 

513 National Research Council (2009). Hidden 
Costs of Energy: Unpriced Consequences of Energy 
Production and Use. National Academies Press. See 
docket ID EPA–HQ–OAR–2009–0472–11486. 

514 It is possible that other benefits or costs of 
final regulations unrelated to CO2 emissions will be 
discounted at rates that differ from those used to 
develop the SCC estimates. 

deciding on vehicle purchases, then pre- 
buy and delayed purchase could occur 
and could result in a slight decrease in 
the GHG benefits of the regulation. 

Thus, whether pre-buy or delayed 
purchase is likely to play a significant 
role in the truck market depends on the 
specific behaviors of purchasers in that 
market. Without additional information 
about which scenario is more likely to 
be prevalent, the Agencies are not 
projecting a change in fleet turnover 
characteristics due to this regulation. 

G. Benefits of Reducing CO2 Emissions 

(1) Social Cost of Carbon 
EPA has assigned a dollar value to 

reductions in CO2 emissions using 
recent estimates of the social cost of 
carbon (SCC). The SCC is an estimate of 
the monetized damages associated with 
an incremental increase in carbon 
emissions in a given year. It is intended 
to include (but is not limited to) changes 
in net agricultural productivity, human 
health, property damages from 
increased flood risk, and the value of 
ecosystem services due to climate 
change. The SCC estimates used in this 
analysis were developed through an 
interagency process that included EPA, 
DOT/NHTSA, and other executive 
branch entities, and concluded in 
February 2010. We first used these SCC 
estimates in the benefits analysis for the 
light-duty 2012–2016 MY vehicle rule; 
see that rule’s preamble for a discussion 
of application of the SCC.509 The SCC 
Technical Support Document (SCC 
TSD) provides a complete discussion of 
the methods used to develop these SCC 
estimates.510 

The interagency group selected four 
SCC values for use in regulatory 
analyses, which we have applied in this 
analysis: $5, $22, $36, and $67 per 
metric ton of CO2 emissions in 2010, in 
2009 dollars.511 512 The first three values 
are based on the average SCC from three 
integrated assessment models, at 
discount rates of 5, 3, and 2.5 percent, 
respectively. SCCs at several discount 
rates are included because the literature 
shows that the SCC is quite sensitive to 
assumptions about the discount rate, 
and because no consensus exists on the 

appropriate rate to use in an 
intergenerational context. The fourth 
value is the 95th percentile of the SCC 
from all three models at a 3 percent 
discount rate. It is included to represent 
higher-than-expected impacts from 
temperature change further out in the 
tails of the SCC distribution. Low 
probability, high impact events are 
incorporated into all of the SCC values 
through explicit consideration of their 
effects in two of the three models as 
well as the use of a probability density 
function for equilibrium climate 
sensitivity. Treating climate sensitivity 
probabilistically results in more high 
temperature outcomes, which in turn 
lead to higher projections of damages. 

The SCC increases over time because 
future emissions are expected to 
produce larger incremental damages as 
physical and economic systems become 
more stressed in response to greater 
climatic change. Note that the 
interagency group estimated the growth 
rate of the SCC directly using the three 
integrated assessment models rather 
than assuming a constant annual growth 
rate. This helps to ensure that the 
estimates are internally consistent with 
other modeling assumptions. Table 
VIII–14 presents the SCC estimates used 
in this analysis. 

When attempting to assess the 
incremental economic impacts of carbon 
dioxide emissions, the analyst faces a 
number of serious challenges. A recent 
report from the National Academies of 
Science points out that any assessment 
will suffer from uncertainty, 
speculation, and lack of information 
about (1) future emissions of greenhouse 
gases, (2) the effects of past and future 
emissions on the climate system, (3) the 
impact of changes in climate on the 
physical and biological environment, 
and (4) the translation of these 
environmental impacts into economic 
damages.513 As a result, any effort to 
quantify and monetize the harms 
associated with climate change will 
raise serious questions of science, 
economics, and ethics and should be 
viewed as provisional. 

The interagency group noted a 
number of limitations to the SCC 

analysis, including the incomplete way 
in which the integrated assessment 
models capture catastrophic and non- 
catastrophic impacts, their incomplete 
treatment of adaptation and 
technological change, uncertainty in the 
extrapolation of damages to high 
temperatures, and assumptions 
regarding risk aversion. The limited 
amount of research linking climate 
impacts to economic damages makes the 
interagency modeling exercise even 
more difficult. The interagency group 
hopes that over time researchers and 
modelers will work to fill these gaps 
and that the SCC estimates used for 
regulatory analysis by the Federal 
government will continue to evolve 
with improvements in modeling. 
Additional details on these limitations 
are discussed in the SCC TSD. 

We received several comments 
regarding the SCC estimates used to 
analyze the proposed standards. In 
particular, these commenters discussed 
the incomplete treatment of impacts as 
well as discount rate selection. EPA has 
reviewed these comments in detail and 
responded to them in the EPA Response 
to Comments Document for the Joint 
Rulemaking. As noted in that document, 
the U.S. government intends to revise 
these estimates, taking into account new 
research findings that were not included 
in the first round, and has set a 
preliminary goal of revisiting the SCC 
values in the next few years or at such 
time as substantially updated models 
become available, and to continue to 
support research in this area. The EPA 
Response to Comments Document for 
the Joint Rulemaking discusses ongoing 
research in greater detail. 

Applying the global SCC estimates, 
shown in Table VIII–14, to the estimated 
domestic reductions in CO2 emissions 
under this final program, we estimate 
the dollar value of the climate related 
benefits for each analysis year. For 
internal consistency, the annual benefits 
are discounted back to net present value 
terms using the same discount rate as 
each SCC estimate (i.e., 5%, 3%, and 
2.5%) rather than 3% and 7%.514 These 
estimates are provided in Table VIII–15. 
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515 EPA typically analyzes rule impacts 
(emissions, air quality, costs and benefits) in the 
year in which they occur; for this analysis, we 
selected 2030 as a representative future year. We 
refer to this analysis as the ‘‘Calendar Year’’ (CY) 
analysis. EPA also conducted a separate analysis of 
the impacts over the model year lifetimes of the 
2012 through 2016 model year vehicles. We refer 
to this analysis as the ‘‘Model Year’’ (MY) analysis. 

In contrast to the CY analysis, the MY lifetime 
analysis shows the lifetime impacts of the program 
on each of these MY fleets over the course of its 
lifetime. 

516 The future-year reference scenario to which 
the program impacts are compared in this section 
assumes no future gains in mpg (a ‘‘flat’’ scenario). 
For the final rulemaking, the agencies have also 
conducted a sensitivity analysis relative to the 
baseline assumptions. The alternative baseline 
assumes annual mpg projections, in the absence of 
the program, which were developed by the U.S. 
Energy Information Administration (EIA) for the 
Annual Energy Outlook (AEO). A description of the 
alternative baseline can be found in RIA Chapter 6. 
Due to time and resource constraints, EPA was 
unable to conduct full-scale photochemical air 
quality modeling to reflect the final rule impacts 
relative to this alternative baseline. 

TABLE VIII–14—SOCIAL COST OF CO2, 2012—2050 a 
[in 2009 dollars per metric ton] 

Year 

Discount rate and statistic 

5% 
Average 

3% 
Average 

2.5% 
Average 

3% 
95th 

percentile 

2012 ................................................................................................................................. $5.28 $23.06 $37.53 $70.14 
2015 ................................................................................................................................. 5.93 24.58 39.57 75.03 
2020 ................................................................................................................................. 7.01 27.10 42.98 83.17 
2025 ................................................................................................................................. 8.53 30.43 47.28 93.11 
2030 ................................................................................................................................. 10.05 33.75 51.58 103.06 
2035 ................................................................................................................................. 11.57 37.08 55.88 113.00 
2040 ................................................................................................................................. 13.09 40.40 60.19 122.95 
2045 ................................................................................................................................. 14.63 43.34 63.59 131.66 
2050 ................................................................................................................................. 16.18 46.27 66.99 140.37 

Note: 
a The SCC values are dollar-year and emissions-year specific. 

TABLE VIII–15—MONETIZED CO2 BENEFITS OF VEHICLE PROGRAM, CO2 EMISSIONS a 
[Millions, 2009$] 

Year 
CO2 Emis-

sions reduc-
tion (MMT) 

Benefits 

Avg SCC at 
5% 

($5¥$16) a 

Avg SCC at 
3% 

($23¥$46) a 

Avg SCC at 
2.5% 

($38¥$67) a 

95th per-
centile SCC 

at 3% 
($70¥$140) a 

2020 ....................................................................................................... 37.7 $264 $1,021 $1,619 $3,133 
2030 ....................................................................................................... 73.1 734 2,467 3,770 7,532 
2040 ....................................................................................................... 90.3 1,182 3,650 5,437 11,108 
2050 ....................................................................................................... 103.9 1,682 4,810 6,963 14,590 

Net Present Valueb ......................................................................... .................... 9,045 46,070 78,037 140,432 

Notes: 
a Except for the last row (net present value), the SCC values are dollar-year and emissions-year specific. 
b Net present value of reduced CO2 emissions is calculated differently from other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

H. Non-GHG Health and Environmental 
Impacts 

This section presents EPA’s analysis 
of the non-GHG health and 
environmental impacts that can be 
expected to occur as a result of the HD 
National Program. GHG emissions are 
predominantly the byproduct of fossil 
fuel combustion processes that also 
produce criteria and hazardous air 
pollutants. The vehicles that are subject 
to the standards are also significant 
sources of mobile source air pollution 
such as direct PM, NOX, VOCs and air 
toxics. The standards will affect exhaust 
emissions of these pollutants from 
vehicles. They will also affect emissions 
from upstream sources related to 
changes in fuel consumption. Changes 
in ambient ozone, PM2.5, and air toxics 
that will result from the standards are 
expected to affect human health in the 
form of premature deaths and other 
serious human health effects, as well as 
other important public health and 
welfare effects. 

As many commenters noted, it is 
important to quantify the health and 
environmental impacts associated with 
the final rules because a failure to 
adequately consider these ancillary co- 
pollutant impacts could lead to an 
incorrect assessment of their net costs 
and benefits. Moreover, co-pollutant 
impacts tend to accrue in the near term, 
while any effects from reduced climate 
change mostly accrue over a time frame 
of several decades or longer. 

This section is organized as follows: 
the first presents the PM- and ozone- 
related health and environmental 
impacts associated with the final 
program in calendar year (CY) 2030; the 
second discusses the related co-benefits 
associated with the model year (MY) 
analysis of the program.515 

(1) Quantified and Monetized Non-GHG 
Human Health Benefits of the 2030 
Calendar Year Analysis 

This analysis reflects the impact of 
the HD National Program in 2030 
compared to a future-year reference 
scenario without the program in 
place.516 Overall, we estimate that the 
final rules will lead to a net decrease in 
PM2.5-related health impacts. See 
Section VII.D of this preamble for more 
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517 U.S. Environmental Protection Agency. (2006). 
Final Regulatory Impact Analysis (RIA) for the 
Proposed National Ambient Air Quality Standards 
for Particulate Matter. Prepared by: Office of Air 
and Radiation. Retrieved March 26, 2009 at 
http://www.epa.gov/ttn/ecas/ria.html 

518 U.S. Environmental Protection Agency. (2008). 
Final Ozone NAAQS Regulatory Impact Analysis. 
Prepared by: Office of Air and Radiation, Office of 
Air Quality Planning and Standards. Retrieved 
March 26, 2009 at http://www.epa.gov/ttn/ecas/ 
ria.html. 

519 Final Federal Implementation Plans to Reduce 
Interstate Transport of Fine Particulate Matter and 
Ozone. Signed July 6, 2011. Available at http:// 
epa.gov/airtransport/. 

520 U.S. Environmental Protection Agency. (2010). 
Regulatory Impact Analysis: Final Rulemaking to 
Establish Light-Duty Vehicle Greenhouse Gas 
Emission Standards and Corporate Average Fuel 
Economy Standards, EPA–420–R–10–009, April 
2010. Available on the Internet: http:// 
www.epa.gov/otaq/climate/regulations/ 
420r10009.pdf. 

521 U.S. Environmental Protection Agency (U.S. 
EPA). 2010. Regulatory Impact Analysis: National 
Emission Standards for Hazardous Air Pollutants 
from the Portland Cement Manufacturing Industry. 
Office of Air Quality Planning and Standards, 
Research Triangle Park, NC. Augues. Available on 
the Internet at http://www.epa.gov/ttn/ecas/regdata/ 
RIAs/portlandcementfinalria.pdf. EPA–HQ–OAR– 
2009–0472–0241. 

522 Information on BenMAP, including 
downloads of the software, can be found at 
http://www.epa.gov/ttn/ecas/benmodels.html. 

information about the air quality 
modeling results. While the PM-related 
air quality impacts are relatively small, 
the decrease in population-weighted 
national average PM2.5 exposure results 
in a net decrease in adverse PM-related 
human health impacts (the decrease in 
national population-weighted annual 
average PM2.5 is 0.005 μg/m3). 

The air quality modeling also projects 
decreases in ozone concentrations in 
many areas. While the ozone-related 
impacts are relatively small, the 
decrease in population-weighted 
national average ozone exposure results 
in a net decrease in ozone-related health 
impacts (population-weighted 
maximum 8-hour average ozone 
decreases by 0.164 ppb). 

We base our analysis of the program’s 
impact on human health in 2030 on 
peer-reviewed studies of air quality and 
human health effects.517 518 These 
methods are described in more detail in 

the RIA that accompanies this action. 
Our benefits methods are also consistent 
with recent rulemaking analyses such as 
the final Transport Rule,519 the light- 
duty 2012–2016 MY vehicle rule,520 and 
the final Portland Cement National 
Emissions Standards for Hazardous Air 
Pollutants (NESHAP) RIA.521 To model 
the ozone and PM air quality impacts of 
this final action, we used the 
Community Multiscale Air Quality 
(CMAQ) model (see Chapter 8.2.2 of the 
RIA that accompanies this preamble). 
The modeled ambient air quality data 
serves as an input to the Environmental 
Benefits Mapping and Analysis Program 
version 4.0 (BenMAP).522 BenMAP is a 
computer program developed by the 
U.S. EPA that integrates a number of the 
modeling elements used in previous 
analyses (e.g., interpolation functions, 
population projections, health impact 
functions, valuation functions, analysis 
and pooling methods) to translate 

modeled air concentration estimates 
into health effects incidence estimates 
and monetized benefits estimates. 

The range of total monetized ozone- 
and PM-related health impacts is 
presented in Table VIII–16. We present 
total benefits based on the PM- and 
ozone-related premature mortality 
function used. The benefits ranges 
therefore reflect the addition of each 
estimate of ozone-related premature 
mortality (each with its own row in 
Table VIII–16) to estimates of PM- 
related premature mortality. These 
estimates represent EPA’s preferred 
approach to characterizing a best 
estimate of benefits. As is the nature of 
Regulatory Impact Analyses (RIAs), the 
assumptions and methods used to 
estimate air quality benefits evolve to 
reflect the agency’s most current 
interpretation of the scientific and 
economic literature. 

TABLE VIII–16—ESTIMATED 2030 MONETIZED PM- AND OZONE-RELATED HEALTH BENEFITS a 

2030 Total ozone and PM benefits—PM mortality derived from American Cancer Society analysis and Six-Cities Analysis a 

Premature ozone mortality 
function Reference Total benefits (billions, 2009$, 3% 

discount rate) b,c 
Total Benefits (billions, 2009$, 7% 

discount rate) b,c 

Multi-city analyses ........... Bell et al., 2004 ................................. Total: $1.3–$2.4 ................................
PM: $0.74–$1.8 .................................
Ozone: $0.55. ....................................

Total: $1.2–$2.2. 
PM: $0.67–$1.6. 
Ozone: $0.55. 

Huang et al., 2005 ............................. Total: $1.6–$2.7 ................................
PM: $0.74–$1.8 .................................
Ozone: $0.91. ....................................

Total: $1.6–$2.5. 
PM: $0.67–$1.6 
Ozone: $0.91. 

Schwartz, 2005 .................................. Total: $1.6–$2.6 ................................
PM: $0.74–$1.8 .................................
Ozone: $0.83. ....................................

Total: $1.5–$2.5. 
PM: $0.67–$1.6. 
Ozone: $0.83. 

Meta-analyses .................. Bell et al., 2005 ................................. Total: $2.4–$3.5 ................................
PM: $0.74–$1.8 .................................
Ozone: $1.7. ......................................

Total: $2.4–$3.3. 
PM: $0.67–$1.6. 
Ozone: $1.7. 

Ito et al., 2005 ................................... Total: $3.1–$4.2 ................................
PM: $0.74–$1.8 .................................
Ozone: $2.4. ......................................

Total: $3.0–$4.0. 
PM: $0.67–$1.6. 
Ozone: $2.4. 

Levy et al., 2005 ................................ Total: $3.1–$4.2 ................................
PM: $0.74–$1.8 .................................
Ozone: $2.4. ......................................

Total: $3.1–$4.0. 
PM: $0.67–$1.6. 
Ozone: $2.4. 

Notes: 
a Total includes premature mortality-related and morbidity-related ozone and PM2.5 benefits. Range was developed by adding the estimate from 

the ozone premature mortality function to the estimate of PM2.5-related premature mortality derived from either the ACS study (Pope et al., 2002) 
or the Six-Cities study (Laden et al., 2006). 

b Note that total benefits presented here do not include a number of unquantified benefits categories. A detailed listing of unquantified health 
and welfare effects is provided in Table VIII–17. 

c Results reflect the use of both a 3 and 7 percent discount rate, as recommended by EPA’s Guidelines for Preparing Economic Analyses and 
OMB Circular A–4. Results are rounded to two significant digits for ease of presentation and computation. 
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The benefits in Table VIII–16 include 
all of the human health impacts we are 
able to quantify and monetize at this 
time. However, the full complement of 
human health and welfare effects 
associated with PM and ozone remain 
unquantified because of current 
limitations in methods or available data. 
We have not quantified a number of 

known or suspected health effects 
linked with ozone and PM for which 
appropriate health impact functions are 
not available or which do not provide 
easily interpretable outcomes (e.g., 
changes in heart rate variability). 
Additionally, we are unable to quantify 
a number of known welfare effects, 
including reduced acid and particulate 

deposition damage to cultural 
monuments and other materials, and 
environmental benefits due to 
reductions of impacts of eutrophication 
in coastal areas. These are listed in 
Table VIII–17. As a result, the health 
benefits quantified in this section are 
likely underestimates of the total 
benefits attributable to this final action. 

TABLE VIII–17—UNQUANTIFIED AND NON-MONETIZED POTENTIAL EFFECTS 

Pollutant/effects Effects not included in analysis—Changes in: 

Ozone Health a ................................................... Chronic respiratory damage b. 
Premature aging of the lungs b. 
Non-asthma respiratory emergency room visits. 
Exposure to UVb (+/-) e. 

Ozone Welfare ................................................... Yields for: 
—commercial forests. 
—some fruits and vegetables. 
—non-commercial crops. 
Damage to urban ornamental plants. 
Impacts on recreational demand from damaged forest aesthetics. 
Ecosystem functions. 
Exposure to UVb (+/-) e. 

PM Health c ......................................................... Premature mortality—short term exposures.d 
Low birth weight. 
Pulmonary function. 
Chronic respiratory diseases other than chronic bronchitis. 
Non-asthma respiratory emergency room visits. 
Exposure to UVb (+/-) e. 

PM Welfare ......................................................... Residential and recreational visibility in non-Class I areas. 
Soiling and materials damage. 
Damage to ecosystem functions. 
Exposure to UVb (+/-) e. 

Nitrogen and Sulfate Deposition Welfare ........... Commercial forests due to acidic sulfate and nitrate deposition. 
Commercial freshwater fishing due to acidic deposition. 
Recreation in terrestrial ecosystems due to acidic deposition. 
Existence values for currently healthy ecosystems. 
Commercial fishing, agriculture, and forests due to nitrogen deposition. 
Recreation in estuarine ecosystems due to nitrogen deposition. 
Ecosystem functions. 
Passive fertilization. 

CO Health ........................................................... Behavioral effects. 
HC/Toxics Health f .............................................. Cancer (benzene, 1,3-butadiene, formaldehyde, acetaldehyde). 

Anemia (benzene). 
Disruption of production of blood components (benzene). 
Reduction in the number of blood platelets (benzene). 
Excessive bone marrow formation (benzene). 
Depression of lymphocyte counts (benzene). 
Reproductive and developmental effects (1,3-butadiene). 
Irritation of eyes and mucus membranes (formaldehyde). 
Respiratory irritation (formaldehyde). 
Asthma attacks in asthmatics (formaldehyde). 
Asthma-like symptoms in non-asthmatics (formaldehyde). 
Irritation of the eyes, skin, and respiratory tract (acetaldehyde). 
Upper respiratory tract irritation and congestion (acrolein). 

HC/Toxics Welfare .............................................. Direct toxic effects to animals. 
Bioaccumulation in the food chain. 
Damage to ecosystem function. 
Odor. 

Notes: 
a The public health impact of biological responses such as increased airway responsiveness to stimuli, inflammation in the lung, acute inflam-

mation and respiratory cell damage, and increased susceptibility to respiratory infection are likely partially represented by our quantified 
endpoints. 

b The public health impact of effects such as chronic respiratory damage and premature aging of the lungs may be partially represented by 
quantified endpoints such as hospital admissions or premature mortality, but a number of other related health impacts, such as doctor visits and 
decreased athletic performance, remain unquantified. 

c In addition to primary economic endpoints, there are a number of biological responses that have been associated with PM health effects in-
cluding morphological changes and altered host defense mechanisms. The public health impact of these biological responses may be partly rep-
resented by our quantified endpoints. 

d While some of the effects of short-term exposures are likely to be captured in the estimates, there may be premature mortality due to short- 
term exposure to PM not captured in the cohort studies used in this analysis. However, the PM mortality results derived from the expert 
elicitation do take into account premature mortality effects of short term exposures. 
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523 Science Advisory Board. 2001. NATA— 
Evaluating the National-Scale Air Toxics 
Assessment for 1996—an SAB Advisory. http:// 
www.epa.gov/ttn/atw/sab/sabrev.html. 

524 U.S. Environmental Protection Agency (U.S. 
EPA). 2011. The Benefits and Costs of the Clean Air 
Act from 1990 to 2020. Office of Air and Radiation, 
Washington, DC. March. Available on the Internet 
at http://www.epa.gov/air/sect812/feb11/ 
fullreport.pdf. 

525 U.S. Environmental Protection Agency— 
Science Advisory Board (U.S. EPA–SAB). 2008. 
Benefits of Reducing Benzene Emissions in 
Houston, 1990–2020. EPA–COUNCIL–08–001. July. 
Available at http://yosemite.epa.gov/sab/ 
sabproduct.nsf/ 
D4D7EC9DAEDA8A548525748600728A83/$File/ 
EPA–COUNCIL-08-001-unsigned.pdf. 

526 In April 2009, EPA hosted a workshop on 
estimating the benefits or reducing hazardous air 
pollutants. This workshop built upon the work 
accomplished in the June 2000 Science Advisory 
Board/EPA Workshop on the Benefits of Reductions 
in Exposure to Hazardous Air Pollutants, which 
generated thoughtful discussion on approaches to 
estimating human health benefits from reductions 
in air toxics exposure, but no consensus was 
reached on methods that could be implemented in 
the near term for a broad selection of air toxics. 
Please visit http://epa.gov/air/toxicair/ 
2009workshop.html for more information about the 
workshop and its associated materials. 

527 Woodruff, T.J., J. Grillo, and K.C. Schoendorf. 
1997. ‘‘The Relationship Between Selected Causes 

e May result in benefits or disbenefits. 
f Many of the key hydrocarbons related to this action are also hazardous air pollutants listed in the CAA. 

While there will be impacts 
associated with air toxic pollutant 
emission changes that result from this 
final action, we do not attempt to 
monetize those impacts. This is 
primarily because currently available 
tools and methods to assess air toxics 
risk from mobile sources at the national 
scale are not adequate for extrapolation 
to incidence estimations or benefits 
assessment. The best suite of tools and 
methods currently available for 
assessment at the national scale are 
those used in the National-Scale Air 
Toxics Assessment (NATA). The EPA 
Science Advisory Board specifically 
commented in their review of the 1996 
NATA that these tools were not yet 
ready for use in a national-scale benefits 
analysis, because they did not consider 
the full distribution of exposure and 
risk, or address sub-chronic health 
effects.523 While EPA has since 
improved these tools, there remain 
critical limitations for estimating 
incidence and assessing benefits of 
reducing mobile source air toxics. 

As part of the second prospective 
analysis of the benefits and costs of the 
Clean Air Act,524 EPA conducted a case 
study analysis of the health effects 
associated with reducing exposure to 
benzene in Houston from 
implementation of the Clean Air Act. 
While reviewing the draft report, EPA’s 
Advisory Council on Clean Air 
Compliance Analysis concluded that 
‘‘the challenges for assessing progress in 
health improvement as a result of 
reductions in emissions of hazardous air 
pollutants (HAPs) are daunting...due to 
a lack of exposure-response functions, 
uncertainties in emissions inventories 
and background levels, the difficulty of 
extrapolating risk estimates to low doses 
and the challenges of tracking health 
progress for diseases, such as cancer, 
that have long latency periods.’’ 525 EPA 
continues to work to address these 
limitations; however, we did not have 

the methods and tools available for 
national-scale application in time for 
the analysis of the final action.526 

EPA is also unaware of specific 
information identifying any effects on 
listed endangered species from the 
small fluctuations in pollutant 
concentrations associated with this 
program (see Section VII.D). 
Furthermore, our current modeling tools 
are not designed to trace fluctuations in 
ambient concentration levels to 
potential impacts on particular 
endangered species. 

(a) Quantified Human Health Impacts 

Table VIII–18 and Table VIII–19 
present the annual PM2.5 and ozone 
health impacts, respectively, in the 48 
contiguous U.S. states associated with 
the HD National Program for 2030. For 
each endpoint presented in Table VIII– 
18 and Table VIII–19, we provide both 
the mean estimate and the 90 percent 
confidence interval. 

Using EPA’s preferred estimates, 
based on the American Cancer Society 
(ACS) and Six-Cities studies and no 
threshold assumption in the model of 
mortality, we estimate that the final 
rules will result in between 78 and 200 
cases of avoided PM2.5-related 
premature mortalities annually in 2030. 
As a sensitivity analysis, when the range 
of expert opinion is used, we estimate 
between 26 and 260 fewer premature 
mortalities in 2030 (see Table 8–14 in 
the RIA that accompanies this action). 
For ozone-related premature mortality 
in 2030, we estimate a range of between 
54 to 240 fewer premature mortalities. 

TABLE VIII–18—ESTIMATED PM2.5- 
RELATED HEALTH IMPACTS a 

Health effect 

2030 Annual 
reduction in 
incidence 
(5th–95th 
percentile) 

Premature Mortality—De-
rived from epidemiology lit-
erature b 

TABLE VIII–18—ESTIMATED PM2.5-RE-
LATED HEALTH IMPACTS a—Contin-
ued 

Health effect 

2030 Annual 
reduction in 
incidence 
(5th–95th 
percentile) 

Adult, age 30+, ACS Co-
hort Study (Pope et 
al., 2002) .................... 78 (30–130) 

Adult, age 25+, Six-Cit-
ies Study (Laden et 
al., 2006) .................... 200 (110–290) 

Infant, age <1 year 
(Woodruff et al., 1997) 0 (0–1) 

Chronic bronchitis (adult, age 
26 and over) ...................... 53 (10–97) 

Non-fatal myocardial infarc-
tion (adult, age 18 and 
over) .................................. 150 (54–240) 

Hospital admissions–res-
piratory (all ages) c ............ 20 (10–30) 

Hospital admissions–cardio-
vascular (adults, age 
>18) d ................................. 45 (32–52) 

Emergency room visits for 
asthma (age 18 years and 
younger) ............................ 81 (48–120) 

Acute bronchitis, (children, 
age 8–12) .......................... 130 (0–270) 

Lower respiratory symptoms 
(children, age 7–14) .......... 1,600 (750– 

2,400) 
Upper respiratory symptoms 

(asthmatic children, age 9– 
18) ..................................... 1,200 (370– 

2,000) 
Asthma exacerbation (asth-

matic children, age 6–18) 1,400 (160– 
4,000) 

Work loss days ..................... 9,700 (8,500– 
11,000) 

Minor restricted activity days 
(adults age 18–65) ............ 57,000 

(48,000– 
66,000) 

Notes: 
a Incidence is rounded to two significant dig-

its. Estimates represent incidence within the 
48 contiguous United States. 

b PM-related adult mortality based upon the 
American Cancer Society (ACS) Cohort Study 
(Pope et al., 2002) and the Six-Cities Study 
(Laden et al., 2006). Note that these are two 
alternative estimates of adult mortality and 
should not be summed. PM-related infant mor-
tality based upon a study by Woodruff, Grillo, 
and Schoendorf, (1997).527 

c Respiratory hospital admissions for PM in-
clude admissions for chronic obstructive pul-
monary disease (COPD), pneumonia and 
asthma. 

d Cardiovascular hospital admissions for PM 
include total cardiovascular and subcategories 
for ischemic heart disease, dysrhythmias, and 
heart failure. 
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of Postneonatal Infant Mortality and Particulate Air Pollution in the United States.’’ Environmental 
Health Perspectives 105(6):608–612. 

TABLE VIII–19—ESTIMATED OZONE- 
RELATED HEALTH IMPACTS a 

Health effect 

2030 Annual 
reduction in 
incidence 
(5th–95th 
percentile) 

Premature Mortality, All 
ages b Multi-City Analyses: 

Bell et al. (2004)—Non- 
accidental ................... 54 (23–84) 

Huang et al. (2005)— 
Cardiopulmonary ........ 90 (43–140) 

Schwartz (2005)—Non- 
accidental ................... 82 (34–130) 

Meta-analyses: 
Bell et al. (2005)—All 

cause ......................... 170 (96–250) 
Ito et al. (2005)—Non- 

accidental ................... 240 (160–320) 
Levy et al. (2005)—All 

cause ......................... 240 (180–310) 
Hospital admissions—res-

piratory causes (adult, 65 
and older) c ........................ 510 (69–870) 

TABLE VIII–19—ESTIMATED OZONE- 
RELATED HEALTH IMPACTS a—Con-
tinued 

Health effect 

2030 Annual 
reduction in 
incidence 
(5th–95th 
percentile) 

Hospital admissions—res-
piratory causes (children, 
under 2) ............................. 320 (160–470) 

Emergency room visit for 
asthma (all ages) .............. 230 (0–630) 

Minor restricted activity days 
(adults, age 18–65) ........... 300,000 

(150,000– 
450,000) 

School absence days ........... 120,000 
(52,000– 
170,000 

Notes: 
a Incidence is rounded to two significant dig-

its. Estimates represent incidence within the 
48 contiguous U.S. 

b Estimates of ozone-related premature mor-
tality are based upon incidence estimates de-
rived from several alternative studies: Bell et 
al. (2004); Huang et al. (2005); Schwartz 
(2005); Bell et al. (2005); Ito et al. (2005); 
Levy et al. (2005). The estimates of ozone-re-
lated premature mortality should therefore not 
be summed. 

c Respiratory hospital admissions for ozone 
include admissions for all respiratory causes 
and subcategories for COPD and pneumonia. 

(b) Monetized Benefits 

Table VIII–20 presents the estimated 
monetary value of changes in the 
incidence of ozone and PM2.5-related 
health effects. All monetized estimates 
are stated in 2009$. These estimates 
account for growth in real gross 
domestic product (GDP) per capita 
between the present and 2030. Our 
estimate of total monetized benefits in 
2030 for the program, using the ACS 
and Six-Cities PM mortality studies and 
the range of ozone mortality 
assumptions, is between $1.3 and $4.2 
billion, assuming a 3 percent discount 
rate, or between $1.2 and $4.0 billion, 
assuming a 7 percent discount rate. 

TABLE VIII–20—ESTIMATED MONETARY VALUE OF CHANGES IN INCIDENCE OF HEALTH AND WELFARE EFFECTS IN 2030 
[Millions, 2009$] a b 

PM2.5-Related health effect (5th and 95th Percentile) 

Premature Mortality—Derived from Epidemiology Studies:c d 
Adult, age 30+—ACS study (Pope et al., 2002): 

3% discount rate .............................................................................................................................................. $680 ($87–$1,800) 
7% discount rate .............................................................................................................................................. $620 ($79–$1,600) 

Adult, age 25+—Six-Cities study (Laden et al., 2006): 
3% discount rate .............................................................................................................................................. $1,800 ($250–$4,300) 
7% discount rate .............................................................................................................................................. $1,600 ($220–$3,900) 

Infant Mortality, <1 year–(Woodruff et al. 1997) ..................................................................................................... $2.5 ($0–$9.4) 
Chronic bronchitis (adults, 26 and over) ........................................................................................................................ $29 ($2.4–$96) 
Non-fatal acute myocardial infarctions: 

3% discount rate ...................................................................................................................................................... $16 ($3.7–$38) 
7% discount rate ...................................................................................................................................................... $16 ($3.4–$38) 

Hospital admissions for respiratory causes .................................................................................................................... $0.31 ($0.15–$0.45) 
Hospital admissions for cardiovascular causes ............................................................................................................. $1.3 ($0.83–$1.8) 
Emergency room visits for asthma ................................................................................................................................. $0.03 ($0.02–$0.05) 
Acute bronchitis (children, age 8–12) ............................................................................................................................. $0.01 ($0–$0.03) 
Lower respiratory symptoms (children, 7–14) ................................................................................................................ $0.03 ($0.01–$0.06) 
Upper respiratory symptoms (asthma, 9–11) ................................................................................................................. $0.04 ($0.01–$0.08) 
Asthma exacerbations .................................................................................................................................................... $0.08 ($0.009–$0.23) 
Work loss days ............................................................................................................................................................... $1.6 ($1.4–$1.8) 
Minor restricted-activity days (MRADs) .......................................................................................................................... $3.6 ($2.1–$5.2) 

Ozone-related Health Effect 

Premature Mortality, All ages—Derived from Multi-city analyses: 
Bell et al., 2004 ....................................................................................................................................................... $520 ($69–$1,300) 
Huang et al., 2005 ................................................................................................................................................... $880 ($120–$2,200) 
Schwartz, 2005 ........................................................................................................................................................ $800 ($100–$2,000) 

Premature Mortality, All ages—Derived from Meta-analyses: 
Bell et al., 2005 ....................................................................................................................................................... $1,700 ($240–$4,100) 
Ito et al., 2005 ......................................................................................................................................................... $2,300 ($350–$5,500) 
Levy et al., 2005 ...................................................................................................................................................... $2,400 ($350–$5,500) 

Hospital admissions—respiratory causes (adult, 65 and older) ..................................................................................... $13 ($1.7–$22) 
Hospital admissions—respiratory causes (children, under 2) ........................................................................................ $3.4 ($1.8–$5.0) 
Emergency room visit for asthma (all ages) .................................................................................................................. $0.09 ($0–$0.23) 
Minor restricted activity days (adults, age 18–65) ......................................................................................................... $19 ($8.6–$32) 
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528 National Research Council (NRC), 2008. 
Estimating Mortality Risk Reduction and Economic 
Benefits from Controlling Ozone Air Pollution. The 
National Academies Press: Washington, DC. 

529 National Research Council (NRC). 2002. 
Estimating the Public Health Benefits of Proposed 
Air Pollution Regulations. The National Academies 
Press: Washington, DC. 

530 U.S. Environmental Protection Agency. 
October 2006. Final Regulatory Impact Analysis 
(RIA) for the Proposed National Ambient Air 
Quality Standards for Particulate Matter. Prepared 
by: Office of Air and Radiation. Available at http:// 
www.epa.gov/ttn/ecas/ria.html. 

TABLE VIII–20—ESTIMATED MONETARY VALUE OF CHANGES IN INCIDENCE OF HEALTH AND WELFARE EFFECTS IN 2030— 
Continued 

[Millions, 2009$] a b 

PM2.5-Related health effect (5th and 95th Percentile) 

School absence days ..................................................................................................................................................... $11 ($5.0–$16) 

Notes: 
a Monetary benefits are rounded to two significant digits for ease of presentation and computation. PM and ozone benefits are nationwide. 
b Monetary benefits adjusted to account for growth in real GDP per capita between 1990 and the analysis year (2030). 
c Valuation assumes discounting over the SAB recommended 20 year segmented lag structure. Results reflect the use of 3 percent and 7 per-

cent discount rates consistent with EPA and OMB guidelines for preparing economic analyses. 

(c) What are the limitations of the 
benefits analysis? 

Every benefit-cost analysis examining 
the potential effects of a change in 
environmental protection requirements 
is limited to some extent by data gaps, 
limitations in model capabilities (such 
as geographic coverage), and 
uncertainties in the underlying 
scientific and economic studies used to 
configure the benefit and cost models. 
Limitations of the scientific literature 
often result in the inability to estimate 
quantitative changes in health and 
environmental effects, such as potential 
decreases in premature mortality 
associated with decreased exposure to 
carbon monoxide. Deficiencies in the 
economics literature often result in the 
inability to assign economic values even 
to those health and environmental 
outcomes which can be quantified. 
These general uncertainties in the 
underlying scientific and economics 
literature, which can lead to valuations 
that are higher or lower, are discussed 
in detail in the RIA and its supporting 
references. Key uncertainties that have a 
bearing on the results of the benefit-cost 
analysis of the final rules include the 
following: 

• The exclusion of potentially 
significant and unquantified benefit 
categories (such as health, odor, and 
ecological benefits of reduction in air 
toxics, ozone, and PM); 

• Errors in measurement and 
projection for variables such as 
population growth; 

• Uncertainties in the estimation of 
future year emissions inventories and 
air quality; 

• Uncertainty in the estimated 
relationships of health and welfare 
effects to changes in pollutant 
concentrations including the shape of 
the C–R function, the size of the effect 
estimates, and the relative toxicity of the 
many components of the PM mixture; 

• Uncertainties in exposure 
estimation; and 

• Uncertainties associated with the 
effect of potential future actions to limit 
emissions. 

As Table VIII–20 indicates, total 
benefits are driven primarily by the 
reduction in premature mortalities each 
year. Some key assumptions underlying 
the premature mortality estimates 
include the following, which may also 
contribute to uncertainty: 

• Inhalation of fine particles is 
causally associated with premature 
death at concentrations near those 
experienced by most Americans on a 
daily basis. Although biological 
mechanisms for this effect have not yet 
been completely established, the weight 
of the available epidemiological, 
toxicological, and experimental 
evidence supports an assumption of 
causality. The impacts of including a 
probabilistic representation of causality 
were explored in the expert elicitation- 
based results of the PM NAAQS RIA. 

• All fine particles, regardless of their 
chemical composition, are equally 
potent in causing premature mortality. 
This is an important assumption, 
because PM produced via transported 
precursors emitted from heavy-duty 
engines may differ significantly from 
PM precursors released from electric 
generating units and other industrial 
sources. However, no clear scientific 
grounds exist for supporting differential 
effects estimates by particle type. 

• The C–R function for fine particles 
is approximately linear within the range 
of ambient concentrations under 
consideration. Thus, the estimates 
include health benefits from reducing 
fine particles in areas with varied 
concentrations of PM, including both 
regions that may be in attainment with 
PM2.5 standards and those that are at 
risk of not meeting the standards. 

• There is uncertainty in the 
magnitude of the association between 
ozone and premature mortality. The 
range of ozone benefits associated with 
the coordinated strategy is estimated 
based on the risk of several sources of 
ozone-related mortality effect estimates. 
In a report on the estimation of ozone- 
related premature mortality published 
by the National Research Council, a 
panel of experts and reviewers 
concluded that short-term exposure to 

ambient ozone is likely to contribute to 
premature deaths and that ozone-related 
mortality should be included in 
estimates of the health benefits of 
reducing ozone exposure.528 EPA has 
requested advice from the National 
Academy of Sciences on how best to 
quantify uncertainty in the relationship 
between ozone exposure and premature 
mortality in the context of quantifying 
benefits. 

Despite the uncertainties described 
above, we believe this analysis provides 
a conservative estimate of the estimated 
non-GHG health and environmental 
benefits of the standards in future years 
because of the exclusion of potentially 
significant benefit categories that are not 
quantifiable at this time. 
Acknowledging benefits omissions and 
uncertainties, we present a best estimate 
of the total benefits based on our 
interpretation of the best available 
scientific literature and methods 
supported by EPA’s technical peer 
review panel, the Science Advisory 
Board’s Health Effects Subcommittee 
(SAB–HES). The National Academies of 
Science (NRC, 2002) has also reviewed 
EPA’s methodology for analyzing the 
health benefits of measures taken to 
reduce air pollution. EPA addressed 
many of these comments in the analysis 
of the final PM NAAQS.529 530 This 
analysis incorporates this work to the 
extent possible. 

(2) Non-GHG Human Health Benefits of 
the Model Year (MY) Analysis 

As described in Section VII, the final 
standards will reduce emissions of 
several criteria and toxic pollutants and 
precursors. EPA typically analyzes rule 
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531 Source: U.S. Bureau of Economic Analysis, 
U.S. International Transactions Accounts Data, as 
shown on June 24, 2009. 

532 Source: U.S. Department of Energy, Annual 
Energy Review 2008, Report No. DOE/EIA– 
0384(2008), Tables 5.1 and 5.13c, June 26, 2009. 

533 This figure is calculated as 0.50 + 0.50*0.9 = 
0.50 + 0.45 = 0.95. 

534 Leiby, Paul N., ‘‘Estimating the Energy 
Security Benefits of Reduced U.S. Oil Imports’’ Oak 
Ridge National Laboratory, ORNL/TM–2007/028, 
Final Report, 2008. (Docket EPA–HQ–OAR–2010– 
0162). 

535 The ORNL study ‘‘The Energy Security 
Benefits of Reduced Oil Use, 2006–2015,’’ 
completed in March 2008, is an update version of 
the approach used for estimating the energy 
security benefits of U.S. oil import reductions 
developed in an ORNL 1997 Report by Leiby, Paul 
N., Donald W. Jones, T. Randall Curlee, and Russell 
Lee, entitled ‘‘Oil Imports: An Assessment of 
Benefits and Costs.’’ (Docket EPA–HQ–OAR–2010– 
0162). 

impacts (emissions, air quality, costs 
and benefits) in the year in which they 
occur; for the analysis of non-GHG 
ambient air quality and health impacts, 
we selected 2030 as a representative 
future year since resource and time 
constraints precluded EPA from 
considering multiple calendar years. We 
refer to this analysis as the ‘‘Calendar 
Year’’ (CY) analysis because the benefits 
of the program reflect impacts across all 
regulated vehicles in a calendar year. 

EPA also conducted a separate 
analysis of the impacts over the model 
year lifetimes of the 2014 through 2018 
model year vehicles. We refer to this 
analysis as the ‘‘Model Year’’ (MY) 
analysis (See Chapter 6 of the RIA that 
accompanies this preamble). In contrast 
to the CY analysis, the MY analysis 
estimates the impacts of the program on 
each MY fleet over the course of its 
lifetime. Due to analytical and resource 
limitations, however, MY non-GHG 
emissions (direct PM, VOCs, NO2 and 
SO2) were not estimated for this 
analysis. Because MY impacts are 
measured in relation to only the lifetime 
of a particular vehicle model year (2014, 
2015, 2016, 2017, and 2018), and 
assumes no additional controls to model 
year vehicles beyond 2018, the impacts 
are smaller than if the impacts of all 
regulated vehicles were considered. We 
therefore expect that the non-GHG 
health-related benefits associated with 
the MY analysis will be smaller than 
those estimated for the CY analysis, 
both in a given year (such as 2030) and 
in present value terms across a given 
time period (such as 2014–2050). 

I. Energy Security Impacts 

The HD National Program is designed 
to reduce fuel consumption and GHG 
emissions in medium and heavy-duty 
(HD) vehicles, which will result in 
improved fuel efficiency and, in turn, 
help to reduce U.S. petroleum imports. 
A reduction of U.S. petroleum imports 
reduces both financial and strategic 
risks caused by potential sudden 
disruptions in the supply of imported 
petroleum to the U.S. This reduction in 
risk is a measure of improved U.S. 
energy security. This section 
summarizes the agencies’ estimates of 
U.S. oil import reductions and energy 
security benefits of the final HD 
National Program. Additional 
discussion of this issue can be found in 
Chapter 9.7 of the RIA. 

(1) Implications of Reduced Petroleum 
Use on U.S. Imports 

In 2008, U.S. petroleum import 
expenditures represented 21 percent of 
total U.S. imports of all goods and 

services.531 In 2008, the United States 
imported 66 percent of the petroleum it 
consumed, and the transportation sector 
accounted for 70 percent of total U.S. 
petroleum consumption. This compares 
to approximately 37 percent of 
petroleum from imports and 55 percent 
of consumption from petroleum in the 
transportation sector in 1975.532 It is 
clear that petroleum imports have a 
significant impact on the U.S. economy. 

Requiring lower GHG vehicle 
technology and fuel efficient technology 
in HD vehicles in the U.S. is expected 
to lower U.S. oil imports. EPA used the 
MOVES model to estimate the fuel 
savings due to this program. A detailed 
explanation of the MOVES model can be 
found in Chapter 5 of the RIA. 

Based on a detailed analysis of 
differences in fuel consumption, 
petroleum imports, and imports of 
refined petroleum products and crude 
oil using the Reference Case presented 
in the Energy Information 
Administration’s Annual Energy 
Outlook (AEO) 2011 Early Release, EPA 
and NHTSA estimate that 
approximately 50 percent of the 
reduction in fuel consumption resulting 
from adopting improved GHG emissions 
standards and fuel efficiency standards 
is likely to be reflected in reduced U.S. 
imports of refined fuel, while the 
remaining 50 percent is expected to be 
reflected in reduced domestic fuel 
refining. Of this latter figure, 90 percent 
is anticipated to reduce U.S. imports of 
crude petroleum for use as a refinery 
feedstock, while the remaining 10 
percent is expected to reduce U.S. 
domestic production of crude 
petroleum. Thus, on balance, each 
gallon of fuel saved as a consequence of 
the HD GHG and fuel efficiency 
standards is anticipated to reduce total 
U.S. imports of petroleum by 0.95 
gallons.533 The agencies’ estimates of 
the reduction in U.S. oil imports from 
this program for selected years, in 
millions of barrels per day, are 
presented in Table VIII–21 below. These 
estimates assume that the fuel efficiency 
of HD vehicles remains constant in the 
baseline. 

TABLE VIII–21—U.S. OIL IMPORT RE-
DUCTIONS FROM THE HD NATIONAL 
PROGRAM FOR SELECTED YEARS 

[Millions of barrels per day, mmbd] 

Year mmbd 

2020 .............................................. 0.202 
2030 .............................................. 0.393 
2040 .............................................. 0.489 
2050 .............................................. 0.566 

(2) Energy Security Implications 

In order to understand the energy 
security implications of reducing U.S. 
petroleum imports, EPA worked with 
Oak Ridge National Laboratory (ORNL), 
which has developed approaches for 
evaluating the economic costs and 
energy security implications of oil use. 
The energy security estimates provided 
below are based upon a methodology 
developed in a peer-reviewed study 
entitled ‘‘The Energy Security Benefits 
of Reduced Oil Use, 2006–2015, ’’ 
completed in March 2008. This study is 
included as part of the docket for this 
final action.534 535 

When conducting this analysis, ORNL 
considered the full economic cost of 
importing petroleum into the United 
States. The economic cost of importing 
petroleum into the U.S. is defined to 
include two components in addition to 
the purchase price of petroleum itself. 
These are: (1) The higher costs for oil 
imports resulting from the effect of 
increasing U.S. import demand on the 
world oil price and on the market power 
of the Organization of the Petroleum 
Exporting Countries (i.e., the ‘‘demand’’ 
or ‘‘monopsony’’ costs); and (2) the risk 
of reductions in U.S. economic output 
and disruption of the U.S. economy 
caused by sudden disruptions in the 
supply of imported petroleum to the 
U.S. (i.e., macroeconomic disruption/ 
adjustment costs). Maintaining a U.S. 
military presence to help secure stable 
oil supply from potentially vulnerable 
regions of the world was not included 
in this analysis because its attribution to 
particular missions or activities is hard 
to quantify. 
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536 AEO 2011 forecasts energy market trends and 
values only to 2035. The energy security premium 
estimates post-2035 were assumed to be the 2035 
estimate. 

537 Based on data from the CIA, combining 
various recent years, https://www.cia.gov/library/
publications/the-world-factbook/rankorder/
2176rank.html. 

538 The other three are Norway, Canada, and the 
EU, an exporter of product. 

539 IEA 2011 ‘‘IEA Response System for Oil 
Supply Emergencies’’. 

540 U.S. Department of Defense. 2010. 
Quadrennial Defense Review Report. Secretary of 
Defense: Washington, DC 128 pages. 

541 The Department of the Navy’s Energy Goals 
(http://www.navy.mil/features/Navy_Energy
Security.pdf) (Last accessed May 31, 2011). 

542 U.S. Department of Defense, Speech: Remarks 
at the White House Energy Security Summit. 
Tuesday, April 26, 2011. (http://www.defense.gov/ 
speeches/speech.aspx?speechid=1556) (Last 
accessed May 31, 2011). 

For this action, ORNL estimated 
energy security premiums by 
incorporating the most recent available 
AEO 2011 Early Release oil price 
forecasts and market trends. Energy 

security premiums for the years 2020, 
2030, 2040, and 2050 are presented in 
Table VIII–22, as well as a breakdown 
of the components of the energy security 
premiums for each of these years.536 

The components of the energy security 
premiums and their values are 
discussed in detail in Chapter 9.7 of the 
RIA. 

TABLE VIII–22—ENERGY SECURITY PREMIUMS IN SELECTED YEARS 
[2009$/Barrel] 

Year (range) Monopsony 
Macroeconomic 

disruption/ 
adjustment costs 

Total mid-point 

2020 ............................................................................................. $11.29 $7.11 $18.41 
($3.86–$21.32) ($3.50–$11.40) ($9.70–$28.94) 

2030 ............................................................................................. $11.17 $8.32 $19.49 
($3.92–$20.58) ($4.04–$13.33) ($10.49–$29.63) 

2035 ............................................................................................. $10.56 $8.71 $19.27 
($3.69–$19.62) ($3.86–$14.35) ($10.32–$29.13) 

The literature on the energy security 
for the last two decades has routinely 
combined the monopsony and the 
macroeconomic disruption components 
when calculating the total value of the 
energy security premium. However, in 
the context of using a global SCC value, 
the question arises: how should the 
energy security premium be determined 
when a global perspective is taken? 
Monopsony benefits represent avoided 
payments by the United States to oil 
producers in foreign countries that 
result from a decrease in the world oil 
price as the U.S. decreases its 
consumption of imported oil. 

Several commenters commented on 
the agencies’ energy security analysis of 
this program. The Conservative Law 
Foundation, Interfaith Care for Creation, 
Environmental Defense Fund and 
American Lung Association (EDF/ALA) 
and R. Desjardin noted that the 
standards in this program will increase 
our national security by decreasing U.S. 
dependence on foreign oil imports. The 
Competitive Enterprise Institute (CEI) 
felt that there is no relationship between 
reduced U.S. oil imports and U.S. 
energy security; the commenter sees no 
relationship between reduced oil 
imports and, for example, the number of 
hijackings, bombings, and other 
terrorist-related activities that have 
occurred through time. CBD commented 
that the benefit of the reduction of 
military costs associated with 
maintaining a secure oil supply should 
be fully accounted for, and EDF 
recommended a more extensive analysis 

of the external security costs of oil 
dependence. 

The agencies recognize that potential 
national and energy security risks exist 
due to the possibility of tension over oil 
supplies. Much of the world’s oil and 
gas supplies are located in countries 
facing social, economic, and 
demographic challenges, thus making 
them even more vulnerable to potential 
local instability. For example, in 2010 
just over 40 percent of world oil supply 
came from OPEC nations, and this share 
is not expected to decline in the AEO 
2011 projections through 2030. 
Approximately 28 percent of global 
supply is from Persian Gulf countries 
alone. As another measure of 
concentration, of the 137 countries/ 
principalities that export either crude 
oil or refined petroleum product, the top 
12 have recently accounted for over 55 
percent of exports.537 Eight of these 
countries are members of OPEC, and a 
9th is Russia.538 In a market where even 
a 1–2 percent supply loss raises prices 
noticeably, and where a 10 percent 
supply loss could lead to a significant 
price shock, this regional concentration 
is of concern. Historically, the countries 
of the Middle East have been the source 
of eight of the ten major world oil 
disruptions 539 with the 9th originating 
in Venezuela, an OPEC member. 

Because of U.S. dependence on oil, 
the military could be called on to 
protect energy resources through such 
measures as securing shipping lanes 
from foreign oil fields. To maintain such 
military effectiveness and flexibility, the 
Department of Defense identified in the 

Quadrennial Defense Review that it is 
‘‘increasing its use of renewable energy 
supplies and reducing energy demand 
to improve operational effectiveness, 
reduce greenhouse gas emissions in 
support of U.S. climate change 
initiatives, and protect the Department 
from energy price fluctuations.’’ 540 The 
Department of the Navy has also stated 
that the Navy and Marine Corps rely far 
too much on petroleum, which 
‘‘degrades the strategic position of our 
country and the tactical performance of 
our forces. The global supply of oil is 
finite, it is becoming increasingly 
difficult to find and exploit, and over 
time cost continues to rise.’’ 541 

In remarks given to the White House 
Energy Security Summit on April 26, 
2011, Deputy Security of Defense 
William J. Lynn, III noted the direct 
impact of energy security on military 
readiness and flexibility. According to 
Deputy Security Lynn, ‘‘Today, energy 
technology remains a critical element of 
our military superiority. Addressing 
energy needs must be a fundamental 
part of our military planning.’’ 542 

Thus, to the degree to which the final 
rules reduce reliance upon imported 
energy supplies or promotes the 
development of technologies that can be 
deployed by either consumers or the 
nation’s defense forces, the United 
States could expect benefits related to 
national security, reduced energy costs, 
and increased energy supply. These 
benefits are why President Obama has 
identified this program as a key 
component for improving energy 
efficiency and putting America on a 
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543 The White House, Blueprint for a Secure 
Energy Future (March 30, 2011) (http://
www.whitehouse.gov/sites/default/files/blueprint

_secure_energy_future.pdf) (Last accessed May 27, 
2011). 

544 These estimates were developed by FHWA for 
use in its 1997 Federal Highway Cost Allocation 
Study; See http://www.fhwa.dot.gov/policy/hcas/
final/index.htm (last accessed July 21, 2010). 

path to reducing oil imports in the 
Blueprint for a Secure Energy Future.543 

Although the agencies recognize that 
there clearly is a benefit to the United 
States from reducing dependence on 
foreign oil, the agencies have been 
unable to calculate the monetary benefit 
that the United States will receive from 
the improvements in national security 
expected to result from this program. In 
contrast, the other portion of the energy 
security premium, the U.S. 
macroeconomic disruption and 
adjustment cost that arises from U.S. 
petroleum imports, is included in the 
energy security benefits estimated for 
this program. To summarize, the 
agencies have included only the 
macroeconomic disruption portion of 
the energy security benefits to estimate 
the monetary value of the total energy 
security benefits of this program. The 
agencies have calculated energy security 
in very specific terms, as the reduction 
of both financial and strategic risks 
caused by potential sudden disruptions 
in the supply of imported petroleum to 
the U.S. Reducing the amount of oil 
imported reduces those risks, and thus 
increases the nation’s energy security. 

Another commenter, citing 
Administration guidelines (OMB 
Circular A–4) for conducting economic 
analyses, felt that the agency should 
include the monopsony benefit as part 
of its overall costs and benefits analysis. 
After reviewing the guidelines cited by 
the commenter, the agencies have 
concluded that excluding the 
monopsony benefit from its overall costs 
and benefits analysis continues to be 
appropriate when a global perspective is 
taken. However, the agencies recognize 
that the monopsony benefit has 
distributional impacts for the U.S., and 
continue to describe and discuss the 
monopsony benefit in this section of the 
Preamble. 

The total annual energy security 
benefits for the final HD National 
Program are reported in Table VIII–23 
for the years 2020, 2030, 2040 and 2050. 

TABLE VIII–23—TOTAL ANNUAL EN-
ERGY SECURITY BENEFITS FROM 
THE HD NATIONAL PROGRAM IN 
2020, 2030, 2040 AND 2050 

[Millions, 2009$] 

Year Benefits 

2020 .................................. $499 
2030 .................................. 1,132 
2040 .................................. 1,477 
2050 .................................. 1,710 

J. Other Impacts 

(i) Noise, Congestion and Accidents 
Increased vehicle use associated with 

a positive rebound effect also 
contributes to increased traffic 
congestion, motor vehicle accidents, 
and highway noise. Depending on how 
the additional travel is distributed 
throughout the day and on where it 
takes place, additional vehicle use can 
contribute to traffic congestion and 
delays by increasing traffic volumes on 
facilities that are already heavily 
traveled during peak periods. These 
added delays impose higher costs on 
drivers and other vehicle occupants in 
the form of increased travel time and 
operating expenses, increased costs 
associated with traffic accidents, and 
increased traffic noise. Because drivers 
do not take these added costs into 
account in deciding when and where to 
travel, they must be accounted for 
separately as a cost of the added driving 
associated with the rebound effect. 

EPA and NHTSA rely on estimates of 
congestion, accident, and noise costs 
caused by pickup trucks and vans, 
single unit trucks, buses, and 
combination tractors developed by the 
Federal Highway Administration to 
estimate the increased external costs 
caused by added driving due to the 
rebound effect.544 The Federal Highway 
Administration (FHWA) estimates are 
intended to measure the increases in 
costs from added congestion, property 
damages and injuries in traffic 
accidents, and noise levels caused by 
various types of trucks that are borne by 
persons other than their drivers (or 
‘‘marginal’’ external costs). EPA and 

NHTSA employed estimates from this 
source previously in the analysis 
accompanying the light-Duty 2012–16 
MY vehicle rule. The agencies continue 
to find them appropriate for this 
analysis after reviewing the procedures 
used by FHWA to develop them and 
considering other available estimates of 
these values. 

FHWA’s congestion cost estimates for 
trucks, which are weighted averages 
based on the estimated fractions of peak 
and off-peak freeway travel for each 
class of trucks, already account for the 
fact that trucks make up a smaller 
fraction of peak period traffic on 
congested roads because they try to 
avoid peak periods when possible. 
FHWA’s congestion cost estimates focus 
on freeways because non-freeway effects 
are less serious due to lower traffic 
volumes and opportunities to re-route 
around the congestion. The agencies, 
however, applied the congestion cost to 
the overall VMT increase, though the 
fraction of VMT on each road type used 
in MOVES range from 27 to 29 percent 
of the vehicle miles on freeways for 
vocational vehicles and 53 percent for 
combination tractors. The results of this 
analysis potentially overestimate the 
costs and provide a conservative 
estimate. 

The agencies are using FHWA’s 
‘‘Middle’’ estimates for marginal 
congestion, accident, and noise costs 
caused by increased travel from trucks. 
This approach is consistent with the 
current methodology used in the Light- 
Duty GHG rulemaking analysis. These 
costs are multiplied by the annual 
increases in vehicle miles travelled from 
the positive rebound effect to yield the 
estimated cost increases resulting from 
increased congestion, accidents, and 
noise during each future year. The 
values the agencies used to calculate 
these increased costs are included in 
Table VIII–24. 

TABLE VIII–24—NOISE, ACCIDENT, AND CONGESTION COSTS PER MILE 
[2009$] 

External costs 
Pickup trucks 

and vans 
($/VMT) 

Vocational 
vehicles 
($/VMT) 

Combination 
tractors 
($/VMT) 

Congestion ....................................................................................................................... $0.049 $0.111 $0.108 
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545 U.S. Department of Transportation, ‘‘Revised 
Departmental Guidance for Valuation of Travel 
Time in Economic Analysis,’’ February 11, 2003, 

Table 4 (which shows a value of $18.10 in 2000 
dollars); available at http://ostpxweb.dot.gov/

policy/Data/VOTrevision1_2–11–03.pdf (last 
accessed September 9, 2010). 

TABLE VIII–24—NOISE, ACCIDENT, AND CONGESTION COSTS PER MILE—Continued 
[2009$] 

External costs 
Pickup trucks 

and vans 
($/VMT) 

Vocational 
vehicles 
($/VMT) 

Combination 
tractors 
($/VMT) 

Accidents ......................................................................................................................... 0.027 0.019 0.022 
Noise ................................................................................................................................ 0.001 0.009 0.020 

In aggregate, the increased costs due 
to noise, accidents, and congestion from 

the additional truck driving are 
presented in Table VIII–25. 

TABLE VIII–25: ACCIDENT, NOISE, AND CONGESTION COSTS 
[Millions, 2009$] 

Year Pickup trucks 
and vans 

Vocational 
vehicles 

Combination 
tractors Total costs 

2012 ................................................................................................. $0 $0 $0 $0 
2013 ................................................................................................. 0 0 0 0 
2014 ................................................................................................. 8 21 18 46 
2015 ................................................................................................. 15 38 31 84 
2016 ................................................................................................. 22 55 43 120 
2017 ................................................................................................. 29 71 54 153 
2018 ................................................................................................. 36 85 64 186 
2020 ................................................................................................. 51 112 83 246 
2030 ................................................................................................. 105 195 138 437 
2040 ................................................................................................. 130 256 166 551 
2050 ................................................................................................. 148 298 191 638 
NPV, 3% .......................................................................................... 1,818 3,620 2,492 7,929 
NPV, 7% .......................................................................................... 832 1,680 1,184 3,695 

(2) Savings Due to Reduced Refueling 
Time 

Reducing the fuel consumption of 
heavy-duty trucks may either increase 
their driving range before they require 
refueling, or motivate truck purchasers 
to buy, and manufacturers to offer, 
smaller fuel tanks. Keeping the fuel tank 
the same size allows truck operators to 
reduce the frequency with which 
drivers typically refuel their vehicles; it 
thus extends the upper limit of the 
range they can travel before requiring 
refueling. Alternatively, if purchasers 
and manufacturers respond to improved 
fuel efficiency by reducing the size of 
fuel tanks to maintain a constant driving 
range, the smaller tank will require less 
time in actual refueling. 

Because refueling time represents a 
time cost of truck operation, these time 
savings should be incorporated into 
truck purchasers’ decisions over how 
much fuel-saving technology they want 
in their vehicles. The savings calculated 
here thus raise the same questions 
discussed in Preamble VIII.A and RIA 
Section 9.1 does the apparent existence 

of these savings reflect failures in the 
market for fuel efficiency, or does it 
reflect costs not addressed in this 
analysis? The response to these 
questions could vary across truck 
segment. See those sections for further 
analysis of this question. 

This analysis estimates the reduction 
in the annual time spent filling the fuel 
tank; this reduced time could come 
either from fewer refueling events, if the 
fuel tank stays the same size, or less 
time spent during each refueling event, 
if the fuel tank is made proportionately 
smaller. The refueling savings are 
calculated as the savings in the amount 
of time that would have been necessary 
to pump the fuel. The calculation does 
not include time spent searching for a 
fuel station or other time spent at the 
station; it is assumed that the time 
savings occur only during refueling. The 
value of the time saved is estimated at 
the hourly rate recommended for truck 
operators ($22.36 in 2009 dollars) in 
DOT guidance for valuing time 
savings.545 

The refueling savings include the 
increased fuel consumption resulting 
from additional mileage associated with 
the rebound effect. However, the 
estimate of the rebound effect does not 
account for any reduction in net 
operating costs from lower refueling 
time. As discussed earlier, the rebound 
effect should be a measure of the change 
in VMT with respect to the net change 
in overall operating costs. Ideally, 
changes in refueling time would factor 
into this calculation, although the effect 
is expected to be minor because 
refueling time savings are small relative 
to the value of reduced fuel 
expenditures. 

The details of this calculation are 
discussed in the RIA Chapter 9.3.2. The 
savings associated with reduced 
refueling time for a truck of each type 
throughout its lifetime are shown in 
Table VIII–26. The aggregate savings 
associated with reduced refueling time 
are shown in Table VIII–27 for vehicles 
sold in 2014 through 2050. 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00238 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://ostpxweb.dot.gov/policy/Data/VOTrevision1_2-11-03.pdf
http://ostpxweb.dot.gov/policy/Data/VOTrevision1_2-11-03.pdf


57343 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

546 ‘‘Preliminary Regulatory Impact Analysis, 
FMVSS No. 119, New Pneumatic Tires for Motor 
Vehicles with a GVWR of More Than 4,536 kg 
(10,000 pounds), June 2010. 

TABLE VIII–26—LIFETIME REFUELING SAVINGS FOR A 2018 MY TRUCK OF EACH TYPE 
[2009$] 

Pickup trucks 
and vans 

Vocational 
vehicles 

Combination 
tractor 

3% Discount Rate ............................................................................................................ $31 $34 $341 
7% Discount Rate ............................................................................................................ 19 22 223 

TABLE VIII–27—ANNUAL REFUELING SAVINGS 
[Millions, 2009$] 

Year Pickup trucks 
and vans 

Vocational 
vehicles 

Combination 
tractor Total 

2012 ................................................................................................. $0 .0 $0 .0 $0 .0 $0 .0 
2013 ................................................................................................. 0 .0 0 .0 0 .0 0 .0 
2014 ................................................................................................. 0 .2 1 .4 8 .0 9 .6 
2015 ................................................................................................. 0 .5 2 .6 14 .3 17 .3 
2016 ................................................................................................. 1 .3 3 .8 19 .6 24 .6 
2017 ................................................................................................. 2 .7 6 .2 26 .7 35 .6 
2018 ................................................................................................. 5 .2 8 .5 33 .8 47 .5 
2020 ................................................................................................. 10 .5 12 .7 46 .2 69 .3 
2030 ................................................................................................. 32 .6 25 .8 82 .9 141 
2040 ................................................................................................. 43 .4 35 .1 100 .5 179 
2050 ................................................................................................. 50 .1 41 .3 116 .1 207 
NPV, 3% .......................................................................................... 541 468 1,467 2,476 
NPV, 7% .......................................................................................... 231 210 685 1,126 

K. The Effect of Safety Standards and 
Voluntary Safety Improvements on 
Vehicle Weight 

Safety standards developed by 
NHTSA in previous rulemakings may 
make compliance with the fuel 
efficiency and CO2 emissions standards 
more difficult or may reduce the 
projected benefits of the program. The 
primary way that safety regulations can 
impact fuel efficiency and CO2 
emissions is through increased vehicle 
weight, which reduces the fuel 
efficiency (and thus increases the CO2 
emissions) of the vehicle. Using MY 
2010 as a baseline, this section 
discusses the effects of other 
government regulations on MYs 2014– 
2016 medium and heavy-duty vehicle 
fuel efficiency and CO2 emissions. At 
this time, no known safety standards 
will affect new models in MY 2017 or 
2018. NHTSA’s estimates are based on 
cost and weight tear-down studies of a 
few vehicles and cannot possibly cover 
all the variations in the manufacturers’ 
fleets. NHTSA also requested, and 
various manufacturers provided, 
confidential estimates of increases in 
weight resulting from safety 
improvements. Those increases are 
shown in subsequent tables. 

We have broken down our analysis of 
the impact of safety standards that 
might affect the MYs 2014–2016 fleets 
into three parts: (1) Those NHTSA final 
rules with known effective dates, (2) 
proposed rules or soon-to-be proposed 
rules by NHTSA with or without final 

effective dates, and (3) currently 
voluntary safety improvements planned 
by the manufacturers. 

(1) Weight Impacts of Required Safety 
Standards 

NHTSA has undertaken several 
rulemakings in which several standards 
would become effective for medium- 
and heavy-duty (MD/HD) vehicles 
between MY 2014 and MY 2016. We 
will examine the potential impact on 
MD/HD vehicle weights for MYs 2014– 
2016 using MY 2010 as a baseline. 
• FMVSS 119, Heavy Truck Tires 

Endurance and High Speed Tests. 
• FMVSS 121, Air Brake Systems 

Stopping Distance. 
• FMVSS 214, Motor Coach Lap/ 

Shoulder Belts. 
• MD/HD Vehicle Electronic Stability 

Control Systems. 

(a) FMVSS 119, Heavy Truck Tires 
Endurance and High Speed Tests 

NHTSA tentatively determined that 
the FMVSS No. 119 performance tests 
developed in 1973 should be updated to 
reflect the increased operational speeds 
and duration of truck tires in 
commercial service. A Notice of 
Proposed Rulemaking (NPRM) was 
issued December 7, 2010 (75 FR 60036). 
It proposed to increase significantly the 
stringency of the endurance test and to 
add a new high speed test. The data in 
the large truck crash causation study 
(LTCCS) that preceded that NPRM 
found that J and L load range tires were 
having proportionately more problems 

than the other sizes and the agency’s 
test results indicate that H, J, and L load 
range tires are more likely to fail the 
proposed requirements among the 
targeted F, G, H, J and L load range 
tires.546 To address these problems, the 
H and J load range tires could 
potentially use improved rubber 
compounds, which would add no 
weight to the tires, to reduce heat 
retention and improve the durability of 
the tires. The L load range tires, in 
contrast, appear to need to use high 
tensile strength steel chords in the tire 
bead, carcass and belt areas, which 
would enable a weight reduction with 
no strength penalties. Thus, if the 
update to FMVSS No. 119 was finalized, 
we anticipate no change in weight for H 
and J load range tires and a small 
reduction in weight for L load range 
tires. This proposal could become a 
final rule with an effective date of MY 
2016. 

(b) FMVSS No. 121, Airbrake Systems 
Stopping Distance 

FMVSS No. 121 contains performance 
and equipment requirements for braking 
systems on vehicles with air brake 
systems. The most recent major final 
rule affecting FMVSS No. 121 was 
published on July 27, 2009, and became 
effective on November 24, 2009 (MY 
2009). The final rule requires the vast 
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547 Cost and Weight Analysis of Two Motorcoach 
Seating Systems: One With and One Without Three- 

Point Lap/Shoulder Belt Restraints, Ludtke and 
Associates, July 2010. 

majority of new heavy truck tractors 
(approximately 99 percent of the fleet) 
to achieve a 30 percent reduction in 
stopping distance compared to currently 
required levels. Three-axle tractors with 
a gross vehicle weight rating (GVWR) of 
59,600 pounds or less must meet the 
reduced stopping distance requirements 
by August 1, 2011 (MY 2011), while 
two-axle tractors and tractors with a 
GVWR above 59,600 pounds must meet 
the reduced stopping distance 
requirements by the later date of August 
1, 2013 (MY 2013). NHTSA determined 
that there are several brake systems that 
can meet the requirements established 
in the final rule, including installation 
of larger S-cam drum brakes or disc 
brake systems at all positions, or hybrid 
disc and larger rear S-cam drum brake 
systems. 

According to data provided by a 
manufacturer (Bendix) in response to 
the NPRM, the heaviest drum brakes 
weigh more than the lightest disc 
brakes, while the heaviest disc brakes 
weigh more than the lightest drum 
brakes. For a three-axle tractor equipped 
with all disc brakes, then, the total 
weight could increase by 212 pounds or 
could decrease by 134 pounds 
compared to an all-drum-braked tractor, 
depending on which disc or drum 
brakes are used for comparison. The 
improved brakes may add a small 
amount of weight to the affected 
vehicles for MYs 2014–2016, resulting 
in a slight increase in fuel consumption. 

(c) FMVSS No. 208, Motorcoach Lap/ 
Shoulder Belts 

NHTSA is proposing lap/shoulder 
belts for all motorcoach seats. About 

2,000 motorcoaches are sold per year in 
the United States. Based on preliminary 
results from the agency’s cost/weight 
teardown studies of motor coach 
seats,547 NHTSA estimates that the 
weight added by 3-point lap/shoulder 
belts ranges from 5.96 to 9.95 pounds 
per 2-person seat. This is the weight 
only of the seat belt assembly itself, and 
does not include changing the design of 
the seat, reinforcing the floor, walls or 
other areas of the motor coach. Few 
current production motor coaches have 
been installed with lap/shoulder belts 
on their seats, and the number of 
vehicles with these belts already 
installed could be negligible. Assuming 
a 54 passenger motor coach, the added 
weight for the 3-point lap/shoulder belt 
assembly would be in the range of 161 
to 269 pounds (27 * (5.96 to 9.95)) per 
vehicle. This proposal could become a 
final rule with an effective date of MY 
2016. 

(d) Electronic Stability Control Systems 
(ESC) for Medium- and Heavy-Duty 
(MD/HD) Vehicles 

The purpose of an ESC system for 
MD/HD vehicles is to reduce crashes 
caused by rollover or by directional 
loss-of-control. ESC monitors a vehicle’s 
rollover threshold and lateral stability 
using vehicle speed, wheel speed, 
steering wheel angle, lateral 
acceleration, side slip and yaw rate data 
and upon sensing an impending rollover 
or loss of directional control situation 
automatically reduces engine throttle 
and applies braking forces to individual 
wheels or sets of wheel to slow the 
vehicle down and regain directional 

control. ESC is not currently required in 
MD/HD vehicles, but could be proposed 
to be required in these vehicles by 
NHTSA. FMVSS No. 105, Hydraulic and 
electric brake systems, requires 
multipurpose passenger vehicles, trucks 
and buses with a GVWR greater than 
4,536 kg (10,000 pounds) to be equipped 
with an antilock brake system (ABS). 
All MD/HD vehicles having a GVWR of 
more than 10,000 pounds, are required 
to have ABS installed by that standard. 

In addition to the existing ABS 
functionality, ESC requires sensors 
including a yaw rate sensor, lateral 
acceleration sensor, steering angle 
sensor and brake pressure sensor along 
with a brake solenoid valve. According 
to data provided by Meritor WABCO, 
the weight of an ESC system for the 
model 4S4M tractor is estimated to be 
around 55.5 pounds, and the weight of 
the ABS only is estimated to be 45.5 
pounds. Thus, we estimate the added 
weight for the ESC for the vehicle to be 
10 (55.5–45.5) pounds. 

(2) Summary—Overview of Anticipated 
Weight Increases 

Table VIII–28 summarizes estimates 
made by NHTSA regarding the weight 
added by the above discussed standards 
or likely rulemakings. NHTSA estimates 
that weight additions required by final 
rules and likely NHTSA regulations 
effective in MY 2016 compared to the 
MY 2010 fleet will increase motor coach 
vehicle weight by 171 to 279 pounds 
and will increase other heavy-duty truck 
weights by 10 pounds. 

TABLE VIII–28—WEIGHT ADDITIONS DUE TO FINAL RULES OR LIKELY NHTSA REGULATIONS: COMPARING MY 2016 TO 
THE MY 2010 BASELINE FLEET 

Standard No. 
Added weight in 
pounds MD/HD 

vehicle 

Added weight in 
kilograms MD/ 

HD vehicle 

119 ................................................................................................................................................................... 0 0 
121 ................................................................................................................................................................... a 0 a 0 
208 Motor coaches only .................................................................................................................................. 161–269 73–122 
MD/HD Vehicle Electronic Stability Control Systems ...................................................................................... 10 4.5 
Total Motor coaches ........................................................................................................................................ 171–279 77.5–126.5 
Total All other MD/HD vehicles ....................................................................................................................... 10 4.5 

Note: 
a NHTSA’s final rule on Air Brakes, docket NHTSA–2009–0083, dated July 27, 2009, concluded that a small amount of weight would be added 

to the brake systems but a weight value was not provided. 
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548 ‘‘Final Regulatory Impact Analysis, Corporate 
Average Fuel Economy for MY 2012—MY 2016 
Passenger Cars and Light Trucks’’, NHTSA, March 
2010, (Docket No. NHTSA–2009–0059–0344.1). 

549 For the estimation of the stream of costs and 
benefits, we assume that after implementation of 
the final MY 2014–2017 standards, the 2017 
standards apply to each year out to 2050. 

(3) Effects of Vehicle Mass Reduction on 
Safety 

NHTSA and EPA have been 
considering the effect of vehicle weight 
on vehicle safety for the past several 
years in the context of our joint 
rulemaking for light-duty vehicle CAFE 
and GHG standards, consistent with 
NHTSA’s long-standing consideration of 
safety effects in setting CAFE standards. 
Combining all modes of impact, the 
latest analysis by NHTSA for the light- 
duty 2012–2016 MY vehicle rule 548 
found that reducing the weight of the 
heavier light trucks (LT > 3,870) had a 
positive overall effect on safety, 
reducing societal fatalities. 

In the context of the current 
rulemaking for HD fuel consumption 
and GHG standards, one would expect 
that reducing the weight of medium- 
duty trucks similarly would, if anything, 
have a positive impact on safety. 
However, given the large difference in 
weight between light-duty vehicles and 
medium-duty trucks, and even larger 
difference between light-duty vehicles 
and heavy-duty vehicles with loads, the 
agencies believe that the impact of 
weight reductions of medium- and 
heavy-duty trucks would not have a 
noticeable impact on safety for any of 
these classes of vehicles. 

However, the agencies recognize that 
it is important to conduct further study 
and research into the interaction of 
mass, size and safety to assist future 
rulemakings, and we expect that the 
collaborative interagency work currently 
on-going to address this issue for the 
light-duty vehicle context may also be 
able to inform our evaluation of safety 
effects for the final HD program. We 
intend to continue monitoring this issue 
going forward, and may take steps in a 
future rulemaking if it appears that the 
MD/HD fuel efficiency and GHG 
standards have unforeseen safety 
consequences. The American Chemistry 
Council stated in comments to the 
agencies that plastics and plastic 
composite materials provide a new way 
to lighten vehicles while maintaining 
passenger safety. They added that 
properties of plastics including strength 
to weight ratio, energy absorption, and 
flexible design make these materials 
well suited for the manufacture of 
medium- and heavy-duty vehicles. They 
submitted supporting analyses with 
their comments. The National School 
Transportation Association stated that 
added structural integrity requirements 
increase weight of school buses, and 
thus decrease fuel economy. They asked 
that if there are safety and fuel economy 
trade-offs, manufacturers should be able 
to receive a waiver from the regulation’s 

requirements. Since no weight 
reduction is required for school buses— 
or any other vocational vehicle—the 
agencies do not believe this is an issue 
with the current regulation. 

L. Summary of Costs and Benefits 

In this section, the agencies present a 
summary of costs, benefits, and net 
benefits of the HD National program. 

Table VIII–29 shows the estimated 
annual monetized costs of the final 
program for the indicated calendar 
years. The table also shows the net 
present values of those costs for the 
calendar years 2012–2050 using both 3 
percent and 7 percent discount rates.549 
Table VIII–30 shows the estimated 
annual monetized fuel savings of the 
final program. The table also shows the 
net present values of those fuel savings 
for the same calendar years using both 
3 percent and 7 percent discount rates. 
In this table, the aggregate value of fuel 
savings is calculated using pre-tax fuel 
prices since savings in fuel taxes do not 
represent a reduction in the value of 
economic resources utilized in 
producing and consuming fuel. Note 
that fuel savings shown here result from 
reductions in fleet-wide fuel use. Thus, 
they grow over time as an increasing 
fraction of the fleet meets the 2018 
standards. 

TABLE VIII–29—ESTIMATED MONETIZED COSTS OF THE FINAL PROGRAM 
[Millions, 2009$] a 

2020 2030 2040 2050 
NPV, Years 

2012–2050, 3% 
discount rate 

NPV, Years 
2012–2050, 7% 

discount rate 

Technology Costs ............................................................ $2,000 $2,200 $2,700 $3,300 $47,400 $24,700 

Note: 
a Technology costs for separate truck segments can be found in Section VIII.B.1. 

TABLE VIII–30—ESTIMATED FUEL SAVINGS OF THE FINAL PROGRAM 
[Millions, 2009$] a 

2020 2030 2040 2050 
NPV, Years 

2012–2050, 3% 
discount rate 

NPV, Years 
2012–2050, 7% 

discount rate 

Fuel Savings (pre-tax) ..................................................... $9,600 $20,600 $28,000 $36,500 $375,300 $166,500 

Note: 
a Fuel savings for separate truck segments can be found in Section VIII.B.1. 

Table VIII–31 presents estimated 
annual monetized benefits for the 
indicated calendar years. The table also 
shows the net present values of those 
benefits for the calendar years 2012– 
2050 using both 3 percent and 7 percent 

discount rates. The table shows the 
benefits of reduced CO2 emissions—and 
consequently the annual quantified 
benefits (i.e., total benefits)—for each of 
four SCC values estimated by the 
interagency working group. As 

discussed in the RIA Section 9.4, there 
are some limitations to the SCC 
analysis, including the incomplete way 
in which the integrated assessment 
models capture catastrophic and non- 
catastrophic impacts, their incomplete 
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treatment of adaptation and 
technological change, uncertainty in the 
extrapolation of damages to high 
temperatures, and assumptions 
regarding risk aversion. 

In addition, these monetized GHG 
benefits exclude the value of net 
reductions in non-CO2 GHG emissions 
(CH4, N2O, HFC) expected under this 
action. Although EPA has not 
monetized the benefits of reductions in 

non-CO2 GHGs, the value of these 
reductions should not be interpreted as 
zero. Rather, the net reductions in non- 
CO2 GHGs will contribute to this 
program’s climate benefits, as explained 
in Section VI.D. 

TABLE VIII–31—MONETIZED BENEFITS ASSOCIATED WITH THE FINAL PROGRAM 
[Millions, 2009$] 

2020 2030 2040 2050 
NPV, Years 

2012–2050, 3% 
discount rate a 

NPV, Years 
2012–2050, 7% 
discount rate a 

Reduced CO2 Emissions at each assumed SCC value b 

5% (avg SCC) .................................................................. $300 $700 $1,200 $1,700 $9,000 $9,000 
3% (avg SCC) .................................................................. 1,000 2,500 3,600 4,800 46,100 46,100 
2.5% (avg SCC) ............................................................... 1,600 3,800 5,400 7,000 78,000 78,000 
3% (95th percentile) ......................................................... 3,100 7,500 11,100 14,600 140,400 140,400 
Energy Security Impacts (price shock) ............................ 500 1,100 1,500 1,700 19,800 8,800 
Accidents, Congestion, Noise f ........................................ ¥200 ¥400 ¥600 ¥600 ¥7,900 ¥3,700 
Refueling Savings ............................................................ 100 100 200 200 2,500 1,100 
Non-GHG Impacts c d ........................................................ B 2,800 2,800 2,800 25,300 9,100 
Non-CO2 GHG Impacts e ................................................. n/a n/a n/a n/a n/a n/a 

Total Annual Benefits at each assumed SCC value b 

5% (avg SCC) .................................................................. 700 4,300 5,100 5,800 48,700 24,300 
3% (avg SCC) .................................................................. 1,400 6,100 7,500 8,900 85,800 61,400 
2.5% (avg SCC) ............................................................... 2,000 7,400 9,300 11,100 117,700 93,300 
3% (95th percentile) ......................................................... 3,500 11,100 15,000 18,700 180,100 155,700 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. See 
Section VIII.F. 

c Note that ‘‘B’’ indicates unquantified criteria pollutant benefits in the year 2020. For the analysis of the final program, we only modeled the 
rule’s PM2.5- and ozone-related impacts in the calendar year 2030. For the purposes of estimating a stream of future-year criteria pollutant bene-
fits, we assume that the benefits out to 2050 are equal to, and no less than, those modeled in 2030 as reflected by the stream of estimated fu-
ture emission reductions. The NPV of criteria pollutant-related benefits should therefore be considered a conservative estimate of the potential 
benefits associated with the final program. 

d Non-GHG-related health and welfare impacts (related to PM2.5 and ozone exposure) range between $1,300 and $4,200 million in 2030, 2040, 
and 2050. $2,800 was chosen as the mid-point of this range for the purposes of estimating total benefits across all monetized categories. 

e The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this pro-
gram (See RIA Chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be 
interpreted as zero. 

f Negative sign represents an increase in Accidents, Congestion, and Noise. 

Table VIII–32 presents estimated 
annual net benefits for the indicated 
calendar years. The table also shows the 
net present values of those net benefits 

for the calendar years 2012–2050 using 
both 3 percent and 7 percent discount 
rates. The table includes the benefits of 
reduced CO2 emissions (and 

consequently the annual net benefits) 
for each of four SCC values considered 
by EPA. 

TABLE VIII–32—MONETIZED NET BENEFITS ASSOCIATED WITH THE FINAL PROGRAM 
[Millions, 2009$] 

2020 2030 2040 2050 NPV, 3% a NPV, 7% a 

Technology Costs .................................... $2,000 $2,200 $2,700 $3,300 $47,400 $24,700 
Fuel Savings ............................................ 9,600 20,600 28,000 36,500 375,300 166,500 

Total Annual Benefits at each assumed SCC value b 

5% (avg SCC) .......................................... 700 4,300 5,100 5,800 48,700 24,300 
3% (avg SCC) .......................................... 1,400 6,100 7,500 8,900 85,800 61,400 
2.5% (avg SCC) ....................................... 2,000 7,400 9,300 11,100 117,700 93,300 
3% (95th percentile) ................................. 3,500 11,100 15,000 18,700 180,100 155,700 

Monetized Net Benefits at each assumed SCC value c 

5% (avg SCC) .......................................... 8,300 22,700 30,400 39,000 376,600 166,100 
3% (avg SCC) .......................................... 9,000 24,500 32,800 42,100 413,700 203,200 
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TABLE VIII–32—MONETIZED NET BENEFITS ASSOCIATED WITH THE FINAL PROGRAM—Continued 
[Millions, 2009$] 

2020 2030 2040 2050 NPV, 3% a NPV, 7% a 

2.5% (avg SCC) ....................................... 9,600 25,800 34,600 44,300 445,600 235,100 
3% (95th percentile) ................................. 11,100 29,500 40,300 51,900 508,000 297,500 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Net Benefits equal Fuel Savings minus Technology Costs plus Benefits. 

EPA also conducted a separate 
analysis of the total benefits over the 
model year lifetimes of the 2014 through 
2018 model year trucks. In contrast to 
the calendar year analysis presented 
above in Table VIII–29 through Table 

VIII–32, the model year lifetime analysis 
below shows the impacts of the final 
program on vehicles produced during 
each of the model years 2014 through 
2018 over the course of their expected 
lifetimes. The net societal benefits over 

the full lifetimes of vehicles produced 
during each of the five model years from 
2014 through 2018 are shown in Table 
VIII–33 and Table VIII–34 at both 3 
percent and 7 percent discount rates, 
respectively. 

TABLE VIII–33—MONETIZED TECHNOLOGY COSTS, FUEL SAVINGS, BENEFITS, AND NET BENEFITS ASSOCIATED WITH THE 
LIFETIMES OF 2014–2018 MODEL YEAR TRUCKS 

[Millions, 2009$; 3% Discount Rate] 

2014 MY 2015 MY 2016 MY 2017 MY 2018 MY Sum 

Technology Costs .................................... $1,600 $1,400 $1,500 $1,600 $2,000 $8,100 
Fuel Savings (pre-tax) ............................. 9,300 8,300 8,100 11,500 12,900 50,100 
Energy Security Impacts (price shock) .... 500 400 400 600 700 2,700 
Accidents, Congestion, Noise e ................ ¥300 ¥300 ¥300 ¥300 ¥300 ¥1,500 
Refueling Savings .................................... 60 60 60 80 100 400 
Non-CO2 GHG Impacts and Non-GHG 

Impactsc d .............................................. n/a n/a n/a n/a n/a n/a 

Reduced CO2 Emissions at each assumed SCC value a b 

5% (avg SCC) .......................................... 200 200 200 300 300 1,200 
3% (avg SCC) .......................................... 1,100 900 900 1,300 1,500 5,700 
2.5% (avg SCC) ....................................... 1,800 1,600 1,500 2,100 2,400 9,400 
3% (95th percentile) ................................. 3,300 2,900 2,800 4,000 4,500 17,000 

Monetized Net Benefits at each assumed SCC value a,b 

5% (avg SCC) .......................................... 8,200 7,300 7,000 10,600 11,700 44,800 
3% (avg SCC) .......................................... 9,100 8,000 7,700 11,600 12,900 49,300 
2.5% (avg SCC) ....................................... 9,800 8,700 8,300 12,400 13,800 53,000 
3% (95th percentile) ................................. 11,300 10,000 9,600 14,300 15,900 60,600 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this action 
(See RIA Chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be inter-
preted as zero. 

d Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE VIII–34—MONETIZED TECHNOLOGY COSTS, FUEL SAVINGS, BENEFITS, AND NET BENEFITS ASSOCIATED WITH THE 
LIFETIMES OF 2014–2018 MODEL YEAR TRUCKS 

[Millions, 2009$; 7% Discount Rate] 

2014 MY 2015 MY 2016 MY 2017 MY 2018 MY Sum 

Technology Costs .................................... $1,600 $1,400 $1,500 $1,600 $2,000 $8,100 
Fuel Savings (pre-tax) ............................. 6,900 5,900 5,600 7,600 8,300 34,400 
Energy Security Impacts (price shock) .... 400 300 300 400 400 1,800 
Accidents, Congestion, Noise e ................ ¥200 ¥200 ¥200 ¥200 ¥200 ¥1,000 
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TABLE VIII–34—MONETIZED TECHNOLOGY COSTS, FUEL SAVINGS, BENEFITS, AND NET BENEFITS ASSOCIATED WITH THE 
LIFETIMES OF 2014–2018 MODEL YEAR TRUCKS—Continued 

[Millions, 2009$; 7% Discount Rate] 

2014 MY 2015 MY 2016 MY 2017 MY 2018 MY Sum 

Refueling Savings .................................... 50 40 40 60 60 200 
Non-CO2 GHG Impacts and Non-GHG 

Impacts c d ............................................. n/a n/a n/a n/a n/a n/a 

Reduced CO2 Emissions at each assumed SCC value a b 

5% (avg SCC) .......................................... 200 200 200 300 300 1,200 
3% (avg SCC) .......................................... 1,100 900 900 1,300 1,500 5,700 
2.5% (avg SCC) ....................................... 1,800 1,600 1,500 2,100 2,400 9,400 
3% (95th percentile) ................................. 3,300 2,900 2,800 4,000 4,500 17,000 

Monetized Net Benefits at each assumed SCC valuea b 

5% (avg SCC) .......................................... 5,800 4,800 4,400 6,600 6,900 28,500 
3% (avg SCC) .......................................... 6,700 5,500 5,100 7,600 8,100 33,000 
2.5% (avg SCC) ....................................... 7,400 6,200 5,700 8,400 9,000 36,700 
3% (95th percentile) ................................. 8,900 7,500 7,000 10,300 11,100 44,300 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this action 
(See RIA chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be inter-
preted as zero. 

d Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

Table VIII–35 and Table VIII–36 show 
similar model year estimates to those 
provided above in Table VIII–33 and 
Table VIII–34, but reflect specific 
differences in the NHTSA HD program 
over the 3 mandatory model years of 

that program. These include no HD 
diesel engine impacts prior to MY 2017, 
assumption of the NHTSA phase-in 
schedule for HD pickup trucks and vans 
which achieves 3 year phase-in stability 
(67%-67%-67%-100% in MY 2016– 

2019 respectively), the inclusion of 
combination tractors from MY 2016 
forward, and the exclusion of RVs, 
which are not regulated by NHTSA. 

TABLE VIII–35—MONETIZED TECHNOLOGY COSTS, FUEL SAVINGS, BENEFITS, AND NET BENEFITS ASSOCIATED WITH THE 
LIFETIMES OF 2016–2018 MODEL YEAR TRUCKS 

[Millions, 2009$; 3% Discount Rate] 

2016 MY 2017 MY 2018 MY Sum 

Technology Costs ............................................................................................ $1,500 $1,600 $1,700 $5,200 
Fuel Savings (pre-tax) ..................................................................................... 5,500 10,900 11,500 27,900 
Energy Security Impacts (price shock) ............................................................ 300 600 600 1,500 
Accidents, Congestion, Noise e ........................................................................ ¥300 ¥300 ¥300 ¥900 
Refueling Savings ............................................................................................ 40 80 80 200 
Non-CO2 GHG Impacts and Non-GHG Impacts c d ......................................... n/a n/a n/a n/a 

Reduced CO2 Emissions at each assumed SCC value a b 

5% (avg SCC) .................................................................................................. 100 300 300 700 
3% (avg SCC) .................................................................................................. 600 1,200 1,300 3,100 
2.5% (avg SCC) ............................................................................................... 1,000 2,000 2,200 5,200 
3% (95th percentile) ........................................................................................ 1,900 3,800 4,000 9,700 

Monetized Net Benefits at each assumed SCC value a b 

5% (avg SCC) .................................................................................................. 4,100 10,000 10,500 24,200 
3% (avg SCC) .................................................................................................. 4,600 10,900 11,500 26,600 
2.5% (avg SCC) ............................................................................................... 5,000 11,700 12,400 28,700 
3% (95th percentile) ........................................................................................ 5,900 13,500 14,200 33,200 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 
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550 Morgenstern, Richard D., William A. Pizer, 
and Jhih-Shyang Shih. ‘‘Jobs Versus the 
Environment: An Industry-Level Perspective.’’ 
Journal of Environmental Economics and 
Management 43 (2002): 412–436. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this pro-
gram (See RIA Chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be 
interpreted as zero. 

d Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE VIII–36—MONETIZED TECHNOLOGY COSTS, FUEL SAVINGS, BENEFITS, AND NET BENEFITS ASSOCIATED WITH THE 
LIFETIMES OF 2016–2018 MODEL YEAR TRUCKS 

[Millions, 2009$; 7% Discount Rate] 

2016 MY 2017 MY 2018 MY Sum 

Technology Costs ............................................................................................ $1,500 $1,600 $1,700 $5,200 
Fuel Savings (pre-tax) ..................................................................................... 3,800 7,200 7,300 18,300 
Energy Security Impacts (price shock) ............................................................ 200 400 400 1,000 
Accidents, Congestion, Noise e ........................................................................ ¥200 ¥200 ¥200 ¥600 
Refueling Savings ............................................................................................ 30 50 50 130 
Non-CO2 GHG Impacts and Non-GHG Impacts c d ......................................... n/a n/a n/a n/a 

Reduced CO2 Emissions at each assumed SCC value a b 

5% (avg SCC) .................................................................................................. 100 300 300 700 
3% (avg SCC) .................................................................................................. 600 1,200 1,300 3,100 
2.5% (avg SCC) ............................................................................................... 1,000 2,000 2,200 5,200 
3% (95th percentile) ........................................................................................ 1,900 3,800 4,000 9,700 

Monetized Net Benefits at each assumed SCC value a b 

5% (avg SCC) .................................................................................................. 2,400 6,200 6,200 14,300 
3% (avg SCC) .................................................................................................. 2,900 7,100 7,200 16,700 
2.5% (avg SCC) ............................................................................................... 3,300 7,900 8,100 18,800 
3% (95th percentile) ........................................................................................ 4,200 9,700 9,900 23,300 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to the 
SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this pro-
gram (See RIA Chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be 
interpreted as zero. 

d Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

M. Employment Impacts 

(1) Introduction 

Although analysis of employment 
impacts is not part of a cost-benefit 
analysis (except to the extent that labor 
costs contribute to costs), employment 
impacts of federal rules are of particular 
concern in the current economic climate 
of sizeable unemployment. The recently 
issued Executive Order 13563, 
‘‘Improving Regulation and Regulatory 
Review’’ (January 18, 2011), states, ‘‘Our 
regulatory system must protect public 
health, welfare, safety, and our 
environment while promoting economic 
growth, innovation, competitiveness, 
and job creation’’ (emphasis added). 
Although EPA and NHTSA did not 
undertake an employment analysis of 
the proposed rules, several commenters 
suggested that we undertake an 
employment analysis for the final 
rulemaking. Consistent with Executive 
order 13563, we have provided a 

discussion of the potential employment 
impacts of the Heavy-Duty National 
Program. 

In recent rulemakings, EPA has 
generally focused its employment 
analysis on the regulated sector and the 
suppliers of pollution abatement 
equipment. However, in this action, the 
agencies are offering qualitative 
assessment for related industries of 
interest. For the regulated sector, the 
agencies rely on Morgenstern et al. for 
guidance.550 Our general conclusion is 
that employment impacts in the 
regulated sector (truck and engine 
manufacturing) and the parts sectors 
depend on a combination of factors, 
some of which are positive, and some of 
which can be positive or negative. In the 
related industries, the analysis 

concludes that effects on employment in 
the transport and shipping sectors are 
ambiguous; the fuel supplying sectors 
may face reduced employment; and 
there may be increased general 
employment due to reduction in costs 
that may be passed along to the 
transport industry and thus to the 
public. Because measuring employment 
effects depends on a variety of inputs 
and assumptions, some of which are 
known with more certainty than others, 
and because we did not include an 
employment analysis in the NPRM and 
provide opportunity for public comment 
on the methods, we here present a 
qualitative discussion. Because the 
discussion is qualitative, we do not sum 
the net effects on employment. We also 
note that the employment effects may be 
different in the immediate 
implementation phase than in the 
ongoing compliance phase; this analysis 
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551 Schmalensee, Richard, and Robert N. Stavins. 
‘‘A Guide to Economic and Policy Analysis of EPA’s 
Transport Rule.’’ White paper commissioned by 
Excelon Corporation, March 2011. 

552 Although the employment level would not 
change substantially, there would be costs to the 
workers associated with shifting from one activity 
to another. Jacobson, Louis S., Robert J. LaLonde, 
and Daniel G. Sullivan, ‘‘Earnings Losses of 
Displaced Workers.’’ American Economic Review 
83(4) (1993): 685–709. 

553 Ibid. 

554 U.S. Bureau of Labor Statistics seasonally- 
adjusted Current Employment Statistics Survey for 
the Truck Transportation Industry (NAICS 484) and 
the Motor Vehicle Parts Manufacturing Industry 
(NAICS 3363). 

555 U.S. Census Bureau, 2009 Annual Survey of 
Manufactures, Published December 3, 2010. 

556 Union of Concerned Scientists and CalStart, 
Delivering Jobs: The Economic Costs and Benefits 
of Improving Fuel Economy of Heavy Duty 
Vehicles, July, 2010. http://www.ucsusa.org/ 
deliveringjobs. 

557 Berck, Peter, and Sandra Hoffman. ‘‘Assessing 
the Employment Impacts of Environmental and 
Natural Resource Policy.’’ Environmental and 
Resource Economics 22 (2002): 133–156. 

558 See Morgenstern et al (2002), Note 550, above. 

focuses on the longer-term effects rather 
than the immediate effects. 

When the economy is at full 
employment, an environmental 
regulation is unlikely to have much 
impact on net overall U.S. employment; 
instead, labor would primarily be 
shifted from one sector to another. 
These shifts in employment impose an 
opportunity cost on society, 
approximated by the wages of the 
employees, as regulation diverts 
workers from other activities in the 
economy.551 In this situation, any 
effects on net employment are likely to 
be transitory as workers change jobs. 
(For example, some workers may need 
to be retrained or require time to search 
for new jobs, while shortages in some 
sectors or regions could bid up wages to 
attract workers).552 

It is also true that, if a regulation 
comes into effect during a period of high 
unemployment, a change in labor 
demand due to regulation may affect net 
overall U.S. employment because the 
labor market is not in equilibrium. 
Either negative or positive effects are 
possible. Schmalansee and Stavins 553 
point out that net positive employment 
effects are possible in the near term 
when the economy is at less than full 
employment due to the potential hiring 
of idle labor resources by the regulated 
sector to meet new requirements (e.g., to 
install new equipment) and new 
economic activity in sectors related to 
the regulated sector. In the longer run, 
the net effect on employment is more 
difficult to predict and will depend on 
the way in which the related industries 
respond to the regulatory requirements. 
As Schmalansee and Stavins note, it is 
possible that the magnitude of the effect 
on employment could vary over time, 
region, and sector, and positive effects 
on employment in some regions or 
sectors could be offset by negative 
effects in other regions or sectors. For 
this reason, they urge caution in 
reporting partial employment effects 
since it can ‘‘paint an inaccurate picture 
of net employment impacts if not placed 
in the broader economic context.’’ 

This rulemaking is expected to have 
a relatively small effect on net 
employment in the United States 
through the regulated sector—the truck 

and engine manufacturer industry—and 
several related sectors, specifically, 
industries that supply the truck and 
engine manufacturing industry (e.g., 
truck parts), the trucking industry itself, 
other industries involved in 
transporting goods (e.g., rail and 
shipping), the petroleum refining sector, 
and the retail sector. According to the 
U.S. Bureau of Labor Statistics, about 
1.25 million people were employed in 
the truck transportation industry and 
about 675,000 people were employed in 
the motor vehicle parts industry 
between 2010 and 2011.554 Although 
heavy-duty vehicles (HD) account for 
approximately 4 percent of the vehicles 
on the road, these vehicles consume 
more than 20 percent of on-road 
gasoline and diesel fuel use. As 
discussed in Chapter 5 of the RIA, this 
rulemaking is predicted to reduce the 
amount of fuel these vehicles use, and 
thus affect the petroleum refinery 
industry. The petroleum refinery 
industry employed about 65,000 people 
in the U.S. in 2009, the most recent year 
that employment estimates are available 
for this sector.555 Finally, since the net 
reduction in cost associated with these 
rules is expected to lead to lower 
transportation and shipping costs, in a 
competitive market a substantial portion 
of those cost savings will be passed 
along to consumers, who then will have 
additional discretionary income (how 
much of the cost is passed along to 
consumers depends on market structure 
and the relative price elasticities). 

Several commenters suggested that 
the HD vehicle rules would lead to an 
increase in employment in affected 
sectors by offering the potential for new 
employment opportunities in the design 
and production of new vehicle 
technologies. Also, these commenters 
suggested that since the U.S. 
manufacturers and suppliers are leaders 
in certain advanced truck technologies, 
this program has the potential to help 
them consolidate their leadership and 
thrive in a global market. In this context, 
several commenters referred to an 
assessment by the Union of Concerned 
Scientists (UCS) and CalStart of the 
economic and employment benefits of 
the improved efficiency in HD 
vehicles.556 The study predicts an 

increase in tens of thousands of jobs 
between 2020 and 2030, as result of 
higher fuel efficiency for HD vehicles. 

While the commenters find 
unambiguous employment increases as 
a result of this program, we find 
employment impacts to involve some 
complexity, as the discussion that 
follows shows. In addition, these 
quantitative estimates were derived 
using a standard input-output model, 
though the estimates themselves have 
not yet been peer reviewed. Input- 
output (I/O) models do not account for 
opportunity costs of labor—that is, all 
employment needs due to the regulatory 
change will be met by unemployed 
workers. In addition, I/O models assume 
no changes in the average use of labor 
per dollar of output in the affected 
sectors. For these and other reasons, 
these may at best be considered an 
imprecise upper bound on actual 
employment impacts.557 

Other commenters suggested that the 
rulemaking could have a negative 
impact on jobs if the rule was not 
appropriate, cost effective, and 
technologically feasible. These 
comments focused on the commenter’s 
concern that the desirability, and 
therefore sales, of certain vehicles could 
be diminished by a poorly designed 
rule, or that customers of RVs in 
particular would not value fuel savings 
technologies. The preceding discussion 
of the conceptual framework suggests 
some potential reasons why consumers 
may not value fuel savings technologies. 
If vehicle sales decrease as the 
comments suggest such an impact could 
lead to job losses. Such comments were 
submitted by the National RV Dealers 
Association (RVDA) and the National 
Automobile Dealers Association 
(NADA). 

Determining the direction of 
employment effects even in the 
regulated industry may be difficult due 
to the presence of competing effects that 
lead to an ambiguous adjustment in 
employment as a result of 
environmental regulation. Morgenstern, 
Pizer and Shih identify three separate 
ways that employment levels may 
change in the regulated industry in 
response to a new (or more stringent) 
regulation.558 

• Demand effect: Higher production 
costs due to the regulation will lead to 
higher market prices; higher prices in 
turn reduce demand for the good, 
reducing the demand for labor to make 
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559 Tom Linebarger (President and Chief 
Operating Officer of Cummins) and Fred Krupp 
(President of the Environmental Defense Fund), 
‘‘Clear rules can create better engines, clean air,’’ 
Indianapolis Star, October 28, 2010, p. 19; included 
as part of Cummins’ comments on the rule, Docket 
Number EPA–HQ–OAR–2010–0162–1765.1[1]. 

that good. In the authors’ words, the 
‘‘extent of this effect depends on the 
cost increase passed on to consumers as 
well as the demand elasticity of 
industry output’’. 

• Cost effect: As costs go up, plants 
add more capital and labor (holding 
other factors constant), with potentially 
positive effects on employment; in the 
authors’ words, as ‘‘production costs 
rise, more inputs, including labor, are 
used to produce the same amount of 
output’’. 

• Factor-shift effect: Post-regulation 
production technologies may be more or 
less labor-intensive (i.e., more/less labor 
is required per dollar of output) (‘‘factor- 
shift effect’’). In the authors’ words, 
‘‘environmental activities may be more 
labor intensive than conventional 
production,’’ meaning that ‘‘the amount 
of labor per dollar of output will rise,’’ 
though it is also possible that ‘‘cleaner 
operations could involve automation 
and less employment, for example’’. 
The ‘‘demand effect’’ is expected to 
have a negative effect on employment, 
the ‘‘cost effect’’ to have a positive effect 
on employment, and the ‘‘factor-shift 
effect’’ has an ambiguous effect on 
employment. Without more information 
with respect to the magnitudes of these 
competing effects, it is not possible to 
predict the total effect environmental 
regulation will have on employment 
levels in a regulated sector. 

Morgenstern et al. estimated the 
effects on employment of spending on 
pollution abatement for four highly 
polluting/regulated industries (pulp and 
paper, plastics, steel, and petroleum 
refining). They conclude that increased 
abatement expenditures generally have 
not caused a significant change in 
employment in those sectors. More 
specifically, their results show that, on 
average across the industries studied, 
each additional $1 million spent on 
pollution abatement results in a 
(statistically insignificant) net increase 
of 1.5 jobs. While the specific sectors 
Morgenstern et al. examined are 
different than the sectors considered 
here, the methodology that Morgenstern 
et al. developed is still useful in this 
context. 

(2) Overview of Affected Sectors 
The above discussion focuses on 

employment changes in the regulated 
sector, but the regulated sector is not the 
only source of changes in employment. 
In these rules, the regulated sectors are 
truck and engine manufacturers; they 
are responsible for meeting the 
standards set in these rules. The effects 
of these rules are also likely to have 
impacts beyond the directly regulated 
sector. Some of the related sectors 

which these rules are also likely to 
impact include: motor vehicle parts 
producers, to the extent that the truck 
and engine industries purchase 
components rather than manufacture 
them in-house; shipping and transport, 
because many companies in this sector 
purchase trucks and their operating 
costs will be affected by both higher 
truck prices and fuel savings; oil 
refineries due to reduced demand for 
petroleum-based fuels; and the final 
retail market, which is where any net 
cost reductions due to fuel savings are 
ultimately expected to be experienced. 
We acknowledge that there may be 
impacts in other sectors that are not 
discussed here, but we have sought to 
include the sectors where we think the 
impacts are most direct. The following 
discussion describes the direction of 
impacts on employment in these 
industries. The effects of the HD 
National Program on net U.S. 
employment depend, not only on their 
relative magnitudes, but also on 
employment levels in the overall 
economy. As previously discussed, in a 
full-employment economy these sector- 
specific impacts will be mostly offset by 
employment changes elsewhere in the 
economy and would not be expected to 
result in a net change in jobs. However, 
in an economy with significant 
unemployment these changes may affect 
net employment in the U.S. 

(a) Truck and Engine Manufacturers 
The regulated sector consists of truck 

and engine manufacturers. Employment 
associated with manufacturing trucks 
and engines may be affected by the 
demand, cost, and factor-shift effects. 

Demand Effect 
The demand effect depends on the 

effects of this rulemaking on HD vehicle 
sales. If vehicle sales increase, then 
more people will be required to 
assemble trucks and their components. 
If vehicle sales decrease, employment 
associated with these activities will 
unambiguously decrease. The effects of 
this rulemaking on HD vehicle sales 
depend on the perceived desirability of 
the new vehicles. Unlike in Morgenstern 
et al.’s study, where the demand effect 
decreased employment, there are 
countervailing possibilities in the HD 
market due to the fuel savings resulting 
from this program. On one hand, this 
rulemaking will increase vehicle costs; 
by itself, this effect would reduce 
vehicle sales. In addition, while 
decreases in vehicle performance would 
also decrease sales, this program is not 
expected to have any negative effect on 
vehicle performance. On the other hand, 
this rulemaking will reduce the fuel 

costs of operating the vehicle; by itself, 
this effect would increase vehicle sales, 
especially if potential buyers have an 
expectation of higher fuel prices. The 
agencies have not made an estimate of 
the potential change in vehicle sales. 
However as discussed in Preamble 
Section VIII.E.5 the agencies have 
estimated an increase in vehicle miles 
traveled (i.e., VMT rebound) due to the 
reduced operating costs of trucks 
meeting these new standards. Since 
increased VMT is most likely to be met 
with more drivers and more trucks, our 
projection of VMT rebound is suggestive 
of an increase in vehicle sales and truck 
driver employment (recognizing that 
these increases may be partially offset 
by a decrease in manufacturing and 
sales for equipment of other modes of 
transportation such as rail cars or 
barges). 

As discussed above in Section VIII.A, 
the agencies find that the reduction in 
fuel costs associated with this 
rulemaking outweigh the increase in 
vehicle cost. This finding is puzzling: 
market forces should lead truck 
manufacturers and buyers to install all 
cost-effective fuel-saving technology, 
but the agencies find that they have not. 
Section VIII.A discusses various 
hypotheses that have been suggested to 
explain this phenomenon. Some of the 
explanations suggest that vehicle 
manufacturers and buyers will benefit 
from the rulemaking, and vehicle sales 
will increase; others suggest that the 
opposite might occur. The agencies do 
not have strong evidence supporting one 
specific explanation over another. 
However, some in the heavy-duty 
industry indicate the potential for an 
increase in jobs. As stated by Tom 
Linebarger (President and Chief 
Operating Officer of Cummins) and Fred 
Krupp (President of the Environmental 
Defense Fund), ‘‘Finally, strong 
environmental standards play a crucial 
role in getting innovations to market 
that will create economic opportunity 
for American companies and jobs for 
American workers. * * * It helps that 
Cummins and other forward-thinking 
businesses view this as an opportunity 
to innovate and increase international 
market share.’’ 559 

One commenter raised the issue of 
whether there could be a loss of 
recreation vehicle (RV) industry jobs 
due to a reduction in the sales of motor 
homes and towable RVs. As mentioned 
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560 American Transportation Research Institute, 
‘‘An Analysis of the Operational Costs of Trucking: 
2011 Update.’’ See http://www.atri-online.org/ 
research/results/ 
Op_Costs_2011_Update_one_page_summary.pdf. 

561 Association of American Railroads, ‘‘All 
Inclusive Index and Rail Adjustment Factor.’’ June 
3, 2011. See http://www.aar.org/∼/media/aar/ 
RailCostIndexes/AAR-RCAF-2011-Q3.ashx. 

562 North American Industry Classification 
System (NAICS) Code 32411. 

563 EPA and NHTSA estimate that approximately 
50 percent of the reduction in fuel consumption 
resulting from adopting improved fuel GHG 
standards and fuel efficiency standards is likely to 
be reflected in reduced U.S. imports of refined fuel, 
while the remaining 50 percent is expected to be 
reflected in reduced domestic fuel refining. Of this 
latter figure, 90 percent is anticipated to reduce U.S. 
imports of crude petroleum for use as a refinery 
feedstock, while the remaining 10 percent is 
expected to reduce U.S. domestic production of 
crude petroleum. Because we do not expect to see 
a significant reduction in crude oil production in 
the U.S., we do not expect this rule to have a 
significant impact on the Oil and Gas Extraction 
industry sector in the U.S. (NAICS 211000). For 
more information, refer to Section VIII–I on the 
energy security impacts from the program. 

above, the effects of this rulemaking on 
HD vehicle sales depend on the 
desirability of the new vehicles. 

Cost Effect 
The truck and engine manufacturing 

sector has great flexibility in how to 
respond to the requirement for reduced 
greenhouse gases and increasing fuel 
efficiency, with a broad suite of 
technologies being available to achieve 
the standards. These technologies are 
described in detail in Chapter 2 of the 
RIA. Among these technologies, a 
distinction can be made between 
technologies that can be ‘‘added on’’ to 
conventional trucks versus those that 
replace features of a conventional truck. 
‘‘Added on’’ features, such as auxiliary 
power units, require additional labor to 
install the technologies on trucks, thus 
clearly increasing labor demand (the 
‘‘cost effect’’). The pure cost effect 
always increases employment, though 
the net effect on the regulated industry 
depends on its effects in combination 
with the demand and factor-shift effects. 

Factor-Shift Effect 
For ‘‘replacement’’ technologies, the 

predicted impact on labor demand from 
regulation depends on the change in the 
amount of labor used to build and 
install one type of technology compared 
to another. In some cases, the new 
technologies are predicted to be more 
complex than the existing technologies 
and may therefore require additional 
labor installation inputs. In other cases, 
the opposite may be true: labor intensity 
may be lower for some replacement 
technologies. 

Most of the technologies that are 
expected to be used to meet these 
standards are replacement technologies. 
For example, almost all of the engine 
improvements involve replacement 
technologies that are not expected to 
significantly change the labor 
requirements. Similarly, regulations of 
the chassis on vocational vehicles will 
only require the installation of a 
different type of tire, which is also not 
expected to have large labor intensity 
impacts. Therefore, the potential 
magnitude of the factor shift effect is 
expected to be relatively small, though 
slightly positive due to the additional 
labor needed to install more complex 
technologies. 

Summary for the Truck and Engine 
Manufacturing Sector 

For the truck and engine 
manufacturing sector, the demand effect 
may result in either increased or 
decreased employment; the cost effect is 
expected to increase employment; and 
the factor-shift effect is expected to have 

a small, possibly slightly positive effect 
on employment in this sector. The net 
effect on employment in this sector 
depends on the sum of these factors. 

(b) Motor Vehicle Parts Manufacturing 
Sector 

Some vehicle parts are made in-house 
and would be included directly in the 
regulated sector. Others are made by 
independent suppliers and are not 
directly regulated, but they will be 
affected by the rules as well. The parts 
manufacturing sector will be involved 
primarily in providing ‘‘add-on’’ parts, 
or components for replacement parts 
built internally. If demand for these 
parts increases due to the increased use 
of these parts, employment effects in 
this sector are expected to be positive. 
If the demand effect in the regulated 
sectors is significantly negative enough, 
it is possible that demand for other parts 
may decrease. As noted, the agencies do 
not predict a direction for the demand 
effect. 

(c) Transport and Shipping Sectors 

Although not directly regulated by 
these rules, employment effects in the 
transport and shipping sector are likely 
to result from these regulations. If the 
overall cost of shipping a ton of freight 
decreases because of increased fuel 
efficiency (taking into account the 
increase in upfront purchasing costs), in 
a perfectly competitive industry these 
costs savings will be passed along to 
customers. With lower prices, demand 
for shipping would lead to an increase 
in demand for truck shipping services 
(consistent with the VMT rebound effect 
analysis) and therefore an increase in 
employment in the truck shipping 
sector. In addition, if the relative cost of 
shipping freight via trucks becomes 
cheaper than shipping by other modes 
(e.g., rail or barge), then employment in 
the truck transport industry is likely to 
increase. If the trucking industry is more 
labor intensive than other modes, we 
would expect this effect to lead to an 
overall increase in employment in the 
transport and shipping sectors.560 561 
Such a shift would, however, be at the 
expense of employment in the sectors 
that are losing business to trucking. The 
first effect—a gain due to lower 
shipping costs—is likely to lead to a net 
increase in employment. The second 

effect, due to mode-shifting, may 
increase employment in trucking, but 
decreases in other shipping sectors. 

(d) Fuel Suppliers 
In addition to the effects on the 

trucking industry and related truck parts 
sector, these rules will result in 
reductions in fuel use that lower GHG 
emissions. Fuel saving, principally 
reductions in liquid fuels such as diesel 
and gasoline, will affect employment in 
the fuel suppliers industry sectors, 
principally the Petroleum Refinery 
sector.562 

Expected fuel consumption 
reductions by fuel type, and by heavy- 
duty vehicle type, can be found in Table 
VIII–7. These reductions reflect impacts 
from the new fuel efficiency and GHG 
standards and include increased 
consumption from the rebound effect. 
These fuel savings are monetized in 
Table VIII–8 by multiplying the reduced 
fuel consumption in each year by the 
corresponding estimated average fuel 
price in that year, using the Reference 
Case from the AEO 2011. In 2014, the 
pre-tax fuel savings is $1.2 billion 
(2009$). While these figures represent a 
level of fuel savings for purchasers of 
fuel, it also represents a loss in value of 
output for the petroleum refinery 
industry. Since 50 percent of the fuel 
would have been refined in the U.S., the 
loss in output to the U.S. Petroleum 
Refinery sector is $600 million (2009$), 
which will result in reduced sectoral 
employment.563 Because this sector is 
very capital-intensive, the employment 
effect is not expected to be large. 

(e) Fuel Savings 
As a result of this rulemaking, it is 

anticipated that trucking firms will 
experience fuel savings. Fuel savings 
lower the costs of transportation goods 
and services. In a competitive market, 
the fuel savings that initially accrue to 
trucking firms are likely to be passed 
along as lower transportation costs that, 
in turn, could result in lower prices for 
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564 NEPA requires agencies to consider a ‘‘no 
action’’ alternative in their NEPA analyses and to 
compare the effects of not taking action with the 
effects of the reasonable action alternatives to 
demonstrate the different environmental effects of 
the action alternatives. See 40 CFR 1502.2(e), 
1502.14(d).CEQ has explained that ‘‘[T]he 
regulations require the analysis of the no action 
alternative even if the agency is under a court order 
or legislative command to act. This analysis 
provides a benchmark, enabling decision makers to 
compare the magnitude of environmental effects of 
the action alternatives. [See 40 CFR 1502.14(c).] 
* * * Inclusion of such an analysis in the EIS is 
necessary to inform Congress, the public, and the 
President as intended by NEPA. [See 40 CFR 
1500.1(a).]’’ Forty Most Asked Questions 
Concerning CEQ’s National Environmental Policy 
Act Regulations, 46 FR 18026 (1981) (emphasis 
added). 

final goods and services. Alternatively, 
the savings could be kept internally in 
firms for investments or for returns to 
firm owners. In either case, the savings 
will accrue to some segment of 
consumers: either owners of trucking 
firms or the general public. In both 
cases, the effect will be increased 
spending by consumers in other sectors 
of the economy, creating jobs in a 
diverse set of sectors, including retail 
and service industries. 

As mentioned above, the value of fuel 
savings from this rulemaking is 
projected to be $1.2 billion (2009$) in 
2014, according to Table VIII–8. If all 
those savings are spent, the fuel savings 
will stimulate increased employment in 
the economy through those 
expenditures. If the fuel savings accrue 
primarily to firm owners, they may 
either reinvest the money or take it as 
profit. Reinvesting the money in firm 
operations would increase employment 
directly. If they take the money as profit, 
to the extent that these owners are 
wealthier than the general public, they 
may spend less of the savings, and the 
resulting employment impacts would be 
smaller than if the savings went to the 
public. Thus, while fuel savings are 
expected to decrease employment in the 
refinery sector, they are expected to 
increase employment through increased 
consumer expenditures. 

(3) Summary of Employment Impacts 
The net employment effects of this 

rulemaking are expected to be found 
throughout several key sectors: truck 
and engine manufacturers, the trucking 
industry, truck parts manufacturing, 
fuel production, and consumers. For the 
regulated sector, the demand effect may 
result in either increased or decreased 
employment, depending on the net 
effect on HD vehicle sales; the cost 
effect is expected to increase 
employment in the regulated sector; and 
the factor-shift effect is expected to have 
a small, possibly slightly positive effect 
on employment, though we cannot 
definitively say this is the case without 
quantification. The net effect depends 
on the combination of these effects. 
Increased expenditures by truck and 
engine parts manufacturers are expected 
to require increased labor to build parts, 
though this effect also depends on any 
changes in overall demand and on the 
labor intensity of production of new 
parts; increased complexity of 
technologies may imply increased labor 
inputs for some parts, though others 
might be less labor-intensive. It is 
possible, if access to capital markets is 
limited, that this rule might displace 
other HD sector investment, which 
would reduce employment associated 

with those activities. Lower prices for 
shipping are expected to lead to an 
increase in demand for truck shipping 
services and, therefore, an increase in 
employment in that sector, though this 
effect may be offset somewhat by 
changes in employment in other 
shipping sectors. Reduced fuel 
production implies less employment in 
the fuel provision sectors. Finally, any 
net cost savings would be expected to be 
passed along to some segment of 
consumers: either the general public or 
the owners of trucking firms, who are 
expected then to increase employment 
through their expenditures. Given the 
job creation as a result of the $1.2B 
(2009$) in fuel savings in 2014 and the 
possible employment increases in the 
manufacturing and parts sectors, we 
find it highly unlikely that there would 
be significant net job losses related to 
this policy. Given the current level of 
unemployment, net positive 
employment effects are possible, 
especially in the near term, due to the 
potential hiring of idle labor resources 
by the regulated sector to plan for and 
meet new requirements. In the future, 
when full employment is expected to 
return, any changes in employment 
levels in the regulated sector due to this 
program are mostly expected to be offset 
by changes in employment in other 
sectors. 

IX. Analysis of the Alternatives 
The heavy-duty truck segment is very 

complex. The sector consists of a 
diverse group of impacted parties, 
including engine manufacturers, chassis 
manufacturers, truck manufacturers, 
trailer manufacturers, truck fleet owners 
and the public. The final standards that 
the agencies have adopted today 
maximize the environmental and fuel 
savings benefits of the program while 
taking into consideration the unique 
and varied nature of the regulated 
industries. In developing this final 
rulemaking, we considered a number of 
alternatives that could have resulted in 
potentially fewer or greater GHG and 
fuel consumption reductions than the 
program we are finalizing. This section 
summarizes the alternatives we 
considered and presents assessments of 
technology costs, CO2 reductions, and 
fuel savings associated with each 
alternative. The agencies reduced the 
number of alternatives analyzed in this 
final rulemaking compared to the 
proposal because we did not receive any 
comments supporting standard setting 
for a smaller subset than HD pickup 
trucks, combination tractors, and 
vocational vehicles (as well as engines 
installed in vocational vehicles and 
combination tractors). As discussed 

below, the agencies have also refined 
some of the alternatives analyzed in 
response to the comments received. 

A. What are the alternatives that the 
agencies considered? 

In developing alternatives, NHTSA 
must consider EISA’s requirement for 
the MD/HD fuel efficiency program 
noted above. 49 U.S.C. 32902(k)(2) and 
(3) contain the following three 
requirements specific to the MD/HD 
vehicle fuel efficiency improvement 
program: (1) The program must be 
‘‘designed to achieve the maximum 
feasible improvement’’; (2) the various 
required aspects of the program must be 
appropriate, cost-effective, and 
technologically feasible for MD/HD 
vehicles; and (3) the standards adopted 
under the program must provide not 
less than four model years of lead time 
and three model years of regulatory 
stability. In considering these various 
requirements, NHTSA will also account 
for relevant environmental and safety 
considerations. 

The alternatives below represent a 
broad range of approaches for a HD 
vehicle fuel efficiency and GHG 
emissions program. Details regarding 
the modeling of each alternative are 
included in RIA Chapter 6. The 
alternatives in order of increasing fuel 
efficiency and GHG emissions 
reductions are: 

(1) Alternative 1: No Action 
A ‘‘no action’’ alternative assumes 

that the agencies would not issue rules 
regarding a MD/HD fuel efficiency 
improvement program. This alternative 
is presented in order for NHTSA to 
comply with the National 
Environmental Policy Act (NEPA) and 
to provide an analytical baseline against 
which to compare environmental 
impacts of the other regulatory 
alternatives.564 The agencies refer to this 
as the ‘‘No Action Alternative’’ or as a 
‘‘no increase’’ or ‘‘baseline’’ alternative. 
As described in RIA Chapter 5, this no- 
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565 U.S. Energy Information Administration. 
Annual Energy Outlook 2011 Early Release. Last 
viewed on March 29, 2011 at http:// 
www.eia.doe.gov/forecasts/aeo/. See Supplemental 
Tables 7, 63, and 68. 

action alternative is considered the 
reference case. 

The no action alternative first 
presented in this final action is based on 
the assumption that the new vehicle 
fleet continues to perform at the same 
level as new 2010 vehicles. In this way, 
it provides a comparison between 
today’s new trucks and the increased 
cost and reduced fuel consumption of 
future compliant vehicles. 

The agencies recognize that there is 
substantial uncertainty in determining 
an appropriate baseline against which to 
compare the effects of the proposed 
action. The lack of prior regulation of 
HD fuel efficiency means that there is a 
lack of historic data regarding trends in 
this sector. Therefore, in this final 
action, the agencies have also included 
an analysis using a baseline derived 
from annual projections developed by 
the U.S. Energy Information 
Administration (EIA) for the Annual 
Energy Outlook (AEO). For this 
alternative baseline, the agencies 
analyzed the new truck fuel economy 
projections for the Light Commercial 
Trucks, along with the Medium- and 
Heavy-Duty Freight Vehicles developed 
in AEO 2011.565 The agencies converted 
the fuel economy improvements into 
CO2 emissions reductions relative to a 
2010 model year (See RIA Chapter 6). 

The baseline derived from the AEO 
forecast provides a comparison between 
the impacts of the proposed standards 
and EIA’s projection of future new truck 
performance absent regulation. This 
alternative baseline is informative in 
showing one possible projection of 
future vehicle performance based on 
other factors beyond the regulation the 
agencies are finalizing today. The AEO 
forecast makes a number of assumptions 
that should be noted. AEO 2011 
assumes improved fuel efficiency for 
8,500–10,000 lb. GVWR heavy-duty 
pickups due to the light-duty 2012–2016 
MY regulations. We project a similar 
capability for fuel economy 
improvement as AEO does for this class 
of vehicles; however, the agencies 
recognize that absent regulation 
manufacturers may decline to add the 
necessary technologies to reach the level 
of our proposed standards. For medium- 
and heavy-duty vocational vehicles, 
AEO 2011 projects a small reduction in 
fuel efficiency over time (an increase in 
fuel consumption), similar to that 
achieved under the MY 2010 baseline. 
For Class 8 combination tractors, the 
AEO 2011 baseline projects an annual 

improvement of approximately 0.3 
percent. 

We are not able to make an estimate 
of the cost of the AEO 2011 alternative 
baseline because we are not able to 
accurately determine the technology 
mix used in the AEO 2011 analysis to 
achieve the projected improvements in 
fuel efficiency. We do know they differ 
significantly from our own analysis as 
the EIA projections do not include the 
full range of technologies considered by 
the agencies (e.g., EIA’s analysis does 
not consider the use of idle reduction 
technologies and diesel auxiliary power 
units to reduce fuel consumption 
associated with vehicle hoteling). If one 
were to assume that the cost of the 
AEO2011 baseline was proportional to 
projected improvement relative to our 
preferred alternative, the total AEO2011 
baseline cost estimate would be 
approximately equal to the total cost of 
the preferred case, but would vary by 
category. 

(2) Alternative 2: 12 Percent Less 
Stringent Than the Preferred Alternative 

Alternative 2 represents an alternative 
stringency level to the agencies’ 
preferred approach. Alternative 2 
represents a stringency level which is 
approximately 12 percent less stringent 
than the preferred approach. The 
agencies calculated the Alternative 2 
stringency level in order to meet two 
goals. First, we sought to create an 
alternative that regulated the same 
engine and vehicle categories as the 
preferred alternative, but at lower 
stringency (10–20 percent lower) than 
the preferred alternative. Second we 
wanted an alternative that reflected 
removal of the least cost effective 
technology that we believed 
manufacturers would add last in order 
to meet the preferred alternative. In 
other words, we wanted an alternative 
that as closely as possible reflected the 
last increment in stringency prior to 
reaching our preferred alternative. 
Please see Table 2–39 in RIA Chapter 2 
for a list of all of the technologies, as 
well as their cost and relative 
effectiveness. The resulting Alternative 
2 is based on the same technologies 
used in Alternative 3 except as follows 
for each of the three categories. 

The combination tractor standard 
would be based on the removal of the 
Advanced SmartWay aerodynamic 
package and weight reduction 
technologies, which decreases the 
average combination tractor GHG 
emissions and fuel consumption 
reduction by approximately 1 percent. 

The HD pickup truck and van 
standard would be based on removal of 
the 5 percent mass reduction 

technology, which decreases the average 
truck reduction of fuel consumption and 
GHG emissions by approximately 1.6 
percent. 

The vocational vehicle standard 
would be based on removal of low 
rolling resistance tires—in essence 
meaning that there would be no 
expected improvement in performance 
from vocational vehicles, only from 
engines used to power them. This 
alternative would also reduce the 
amount of technologies applied to diesel 
engines used in vocational vehicles 
such that the engines achieve a 3 
percent reduction in 2014 model year 
and a 5 percent reduction in 2017 model 
year, both compared to a 2010 model 
year baseline, 

The agencies have decided not to 
finalize Alternative 2, because as shown 
below, Alternative 3 is more stringent, 
is technically feasible, highly cost 
effective, and results in a greater net 
benefit to society. 

(3) Alternative 3: Preferred Alternative 
and Final Standards 

Alternative 3 represents the agencies’ 
preferred approach. This alternative 
consists of the finalized fuel efficiency 
and GHG standards for HD engines, HD 
pickup trucks and vans, Class 2b 
through Class 8 vocational vehicles, and 
Class 7 and 8 combination tractors. 
Details regarding modeling of this 
alternative are included in RIA Chapter 
5 as the control case. 

The agencies selected Alternative 3 
over Alternatives 4 and 5 described 
below because the agencies concluded 
that alternatives 4 and 5 were not 
technically feasible to achieve given the 
leadtime provided in these final rules. 
Hence, we have concluded that 
Alternative 3 represents the maximum 
feasible improvement. Section II of this 
preamble provides an explanation of the 
consideration that agencies gave to 
setting more stringent standards based 
on the application of additional 
technologies and our reasons for 
concluding that the identified 
technologies for each of the vehicle and 
engine standards that constitute 
Alternative 3 represented the maximum 
feasible improvement based on 
technological feasibility. In general, for 
advanced technologies, we reached this 
conclusion for one of two reasons. For 
some technologies such as Rankine 
Waste Heat Recovery engine 
technologies, the agencies have 
concluded that the technology is still in 
the research phase and will not be 
developed fully for new engine 
production in the time frame of this first 
regulatory action. In other cases, the 
agencies concluded that the 
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566 TIAX. 2009. Note 198, Page 4–20. 
567 See RIA chapter 2, Table 2.35. 
568 Committee to Assess Fuel Economy 

Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
‘‘Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles,’’ (‘‘NAS Report’’). Washington, DC The 
National Academies Press. Available electronically 
from the National Academies Press Web site at 
http://www.nap.edu/catalog.php?record_id=12845. 
Page 146. 

569 NAS Report. Page 146. 
570 NAS Report. Page 146. 
571 NAS Report. Page 146. 

manufacturing capacity for technologies 
such as advanced battery systems for 
heavy-duty hybrid drivetrains could not 
be expanded quickly enough to allow 
for significant vehicle production 
volume in the time frame of this 
program. Section III also details the 
agencies’ reasons for not basing 
standard stringencies on other 
technologies. 

(4) Alternative 4: 20 Percent More 
Stringent Than the Preferred Alternative 

Alternative 4 represents a modeled 
alternative which is 20 percent more 
stringent than the preferred approach. 
The agencies derived the stringency 
level based on similar goals as for 
Alternative 2. Specifically, we wanted 
an alternative that would reflect an 
incremental improvement over the 
preferred alternative based on adding 
the next most cost effective technology 
in each of the categories. We believed 
these were the technologies most likely 
to be attempted by manufacturers if a 
more stringent standard were 
established. As discussed above and in 
the feasibility discussion in Section III, 
we are not finalizing Alternative 4 
because we do not believe that the 
technologies used in this alternative can 
be developed and introduced in the 
time frame of this rulemaking. We note 
that the estimated costs for this 
alternative are denoted as ‘+c.’ The +c 
is intended to make clear that the cost 
estimates we are showing do not 
include additional costs related to 
pulling ahead the development and 
expanding manufacturing base for the 
additional technologies (for example, 
building new factories in the next few 
years). The resulting Alternative 4 is 
based on the same technologies used in 
Alternative 3 except as follows for each 
of the three categories. 

The combination tractor standard 
would be based on the addition of 
Rankine waste heat recovery systems 
and 100 percent application of 
advanced aerodynamic technologies, 
such as underbody airflow treatment, 
advanced gap reduction, rearview 
cameras to replace mirrors, and wheel 
system streamlining, to high roof sleeper 
cab combination tractors. The agencies 
do not believe that either advanced 
aerodynamic technologies or Rankine 
waste heat recovery systems should be 
used to set the standard for HD engines 
in 2017 MY because this technology is 
still in the research phase. The agencies 
assumed 59 percent of all combination 
tractors are sleeper cabs and of those, 80 
percent are high roof sleeper cabs. The 
agencies assumed a 12 kWh waste heat 
recovery system would reduce CO2 
emissions by 6 percent at a cost of 

$8,400 per truck.566 The estimated 
reduction in CO2 emissions from the 
engine for this alternative is included in 
RIA Chapter 6. The impact of 100 
percent application of the advanced 
aerodynamic technology package would 
lead to a total 20.7 percent reduction in 
Cd values for high roof sleeper cabs over 
a 2010 MY baseline tractor. The 
incremental cost of this technology over 
the preferred case is $1,027 per vehicle. 

The HD pickup truck and van 
standard would be based on the 
addition of the turbocharged, downsized 
technology to gasoline engines which 
would bring the total reduction for 
gasoline HD pickup trucks and vans to 
15 percent and match the level of 
reduction for the diesel pickup trucks. 
The agencies do not consider this to be 
a technology from which the 2017MY 
gasoline HD pickup truck standards 
should be premised on because we are 
not yet convinced that turbocharged 
downsized gasoline engines can be 
applied to heavy-duty truck 
applications in a durable manner. We 
are aware that manufacturers are testing 
such engines and that in pickup trucks 
with a duty cycle representing a mix of 
passenger vehicle and work applications 
the engines can be durable. However, 
we are unable to conclude today that 
such engines will be durable and hence 
technically feasible when applied in 
heavy-duty truck applications with an 
expected higher average load factor. The 
estimated incremental cost increase to 
HD pickup trucks and vans to replace a 
stoichiometric gasoline direct injected 
V8 engine with coupled cam phasing 
used in Alternative 3 with a V6 
stoichiometric gasoline direct injection 
DOHC with dual cam phasing, discrete 
valve lift, and twin turbochargers is 
estimated to be $1,743.567 

The vocational vehicle standard 
would be based on the addition hybrid 
powertrains to 6 percent of the vehicles. 
The agencies assumed a 32 percent per 
vehicle reduction in GHG emissions and 
fuel consumption due to the hybrid 
with a cost of $26,667 per vehicle based 
on the average effectiveness and costs 
developed in the NAS report for box 
trucks, bucket trucks, and refuse 
haulers.568 

(5) Alternative 5: Trailers Plus 
Accelerated Hybrid 

Alternative 5 builds on Alternative 4 
through additional hybrid powertrain 
application rates in the HD sector and 
by adding a performance standard for 
fuel efficiency and GHG emissions to 
commercial trailers. This alternative 
includes all elements of Alternative 4 
(some of which we already regard as 
infeasible in the model years covered by 
the final rules), plus the application of 
additional hybrid powertrains to the 
pickup trucks, vans, vocational vehicles, 
and tractors. In addition, the agencies 
applied aerodynamic technologies to 
commercial box trailers, along with tire 
technologies for all commercial trailers. 

The agencies set the hybrid 
penetration for each category such that 
it represents 50 percent of the HD 
pickup truck and van segment, 50 
percent of vocational vehicles, and 5 
percent of tractors in 2017 model year. 
The agencies have concluded that it is 
not feasible to achieve hybrid 
technology penetration rates at or even 
near these levels in the time frame of 
this rulemaking. As with Alternative 4, 
we include a +c in our cost estimates for 
this alternative to reflect additional 
costs not estimated by the agencies. The 
agencies assumed that a hybrid 
powertrain would provide a 32 percent 
reduction in CO2 emissions and fuel 
consumption of a vocational vehicle at 
a projected cost of $26,667 per vehicle, 
based on the average of the NAS report 
findings for box trucks, bucket trucks, 
and refuse vehicles.569 The agencies are 
projecting a cost of $9,000 per vehicle 
for the HD pickup trucks and vans with 
an effectiveness of 18 percent, again 
based on the NAS report.570 Lastly, the 
effectiveness of hybrid powertrains 
installed in tractors was assumed to be 
10 percent at a cost of $25,000 based on 
the NAS report.571 

The combination tractor technology 
package for Alternative 5 includes the 
preferred alternative technologies, waste 
heat recovery and Advanced SmartWay 
aerodynamic package used in 
Alternative 4, and application of hybrid 
powertrains discussed above, in 
addition to a regulation for commercial 
trailers pulled by combination tractors. 
The agencies assumed a box trailer 
program would mirror the SmartWay 
program and include tire and 
aerodynamic requirements. The 
agencies added low rolling resistance 
tires to all commercial trailers, which 
are assumed to have 15 percent lower 
rolling resistance than the baseline 
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572 The Cd improvement of 10 percent for trailer 
improvements was derived from the TIAX report, 
Table 4–26 on page 4–50. 

573 Assumed retail prices of $1,300 for side skirts 
and $850 for gap reducers based on the ICF Cost 
Report, page 90. 

trailer tire which is equivalent to the 
target value required by SmartWay. The 
aerodynamics of the box trailers were 
assumed to improve the coefficient of 
drag for the combination tractor-trailer 
by 10 percent through the application of 
technologies such as trailer skirts and 
gap reducers.572 These technologies 
would result in further reductions in 
drag coefficient and rolling resistance 
coefficient from the MY 2010 baseline. 
As stated above for hybrids, the agencies 
do not believe that it is possible to 
achieve technology penetration rates at 
or even near these levels in the time 
frame of this rulemaking. 

The combination tractor costs for this 
alternative are equal to the costs in 
Alternative 4, plus $25,000 for hybrid 
powertrains in ten percent of tractors, 
plus the costs of trailers. The costs for 
the trailer program of Alternative 5 were 

derived based on the assumption that 
trailer aerodynamic improvements 
would cost $2,150 per trailer. This cost 
assumes side fairings and gap reducers 
and is based on the ICF cost estimate.573 
The agencies applied the aerodynamic 
improvement to only box trailers, which 
represent approximately 60 percent of 
the trailer sales. The agencies used $528 
per trailer (2014 MY cost) for low rolling 
resistance based on the agencies’ 
estimate of $66 per tire in the tractor 
program. Lastly, the agencies assumed 
the trailer volume is equal to three times 
the tractor volume based on the 3:1 ratio 
of trailers to tractors in the market 
today. 

B. How Do These Alternatives Compare 
in Overall GHG Emissions Reductions 
and Fuel Efficiency and Cost? 

The agencies analyzed all five 
alternatives through the MOVES model 

to evaluate the impact of each 
alternative, as shown in Table IX–1. The 
table contains the annual CO2 and fuel 
savings in 2030 and 2050 for each 
alternative (relative to the reference 
scenario of Alternative 1), presenting 
both the total savings across all 
regulatory categories, and for each 
regulatory category. 

Table IX–2 presents the annual 
technology costs associated with each 
alternative (relative to the reference 
scenario of Alternative 1) in 2030 and 
2050 for each regulatory category. In 
addition, the total annual downstream 
impacts of NOX, CO, PM, and VOC 
emissions in 2030 for each of the 
alternatives are included in Table IX–3. 

Lastly, the agencies project the 
monetized net benefits associated with 
each alternative in 2030 and 2050 as 
shown in Table IX–4 and Table IX–5. 

TABLE IX–1—ANNUAL CO2 AND OIL REDUCTIONS RELATIVE TO ALTERNATIVE 1 IN 2030 AND 2050 

Downstream CO2 Reductions 
(MMT) 

Oil reductions 
(billion gallons) 

2030 2050 2030 2050 

Alt. 1 Baseline .................................................................................................. 0 0 0 0 
Alt. 1a AEO 2011 Baseline—Total .................................................................. 39 90 3.9 9.0 
Tractors ............................................................................................................ 29 73 2.9 7.1 
HD Pickup Trucks ............................................................................................ 9 16 0.9 1.7 
Vocational Vehicles ......................................................................................... 1 2 0.1 0.2 
Alt. 2 Less Stringent—Total ............................................................................. 54 78 5.4 7.7 
Tractors ............................................................................................................ 42 59 4.2 5.8 
HD Pickup Trucks ............................................................................................ 7 11 0.8 1.2 
Vocational Vehicles ......................................................................................... 5 7 0.4 0.7 
Alt. 3 Preferred—Total ..................................................................................... 61 88 6.0 8.7 
Tractors ............................................................................................................ 45 63 4.4 6.2 
HD Pickup Trucks ............................................................................................ 8 13 0.9 1.3 
Vocational Vehicles ......................................................................................... 7 11 0.7 1.1 
Alt. 4 More Stringent—Total ............................................................................ 74 107 7.4 10.7 
Tractors ............................................................................................................ 53 74 5.2 7.3 
HD Pickup Trucks ............................................................................................ 10 15 1.0 1.6 
Vocational Vehicles ......................................................................................... 11 18 1.1 1.8 
Alt. 5 Max Technology—Total ......................................................................... 99 146 9.8 14.5 
Tractors ............................................................................................................ 61 85 6.0 8.3 
HD Pickup Trucks ............................................................................................ 15 24 1.6 2.5 
Vocational Vehicles ......................................................................................... 23 37 2.2 3.6 

TABLE IX–2—TECHNOLOGY COST PROJECTIONS RELATIVE TO ALTERNATIVE 1 FOR EACH ALTERNATIVE 

Technology costs a 
(Millions, 2009$) 

2030 2050 

Alt. 1 Baseline .......................................................................................................................................................... $0 $0 
Alt. 1a AEO 2011 Baseline—Total b ........................................................................................................................ — — 
Tractors .................................................................................................................................................................... — — 
HD Pickup Trucks .................................................................................................................................................... — — 
Vocational Vehicles ................................................................................................................................................. — — 
Alt. 2 Less Stringent—Total ..................................................................................................................................... $1,676 $2,440 
Tractors .................................................................................................................................................................... 743 1,227 
HD Pickup Trucks .................................................................................................................................................... 817 1,029 
Vocational Vehicles ................................................................................................................................................. 117 185 
Alt. 3 Preferred—Total ............................................................................................................................................. 2,210 3,287 
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TABLE IX–2—TECHNOLOGY COST PROJECTIONS RELATIVE TO ALTERNATIVE 1 FOR EACH ALTERNATIVE—Continued 

Technology costs a 
(Millions, 2009$) 

2030 2050 

Tractors .................................................................................................................................................................... 1,076 1,777 
HD Pickup Trucks .................................................................................................................................................... 918 1,156 
Vocational Vehicles ................................................................................................................................................. 216 354 
Alt. 4 More Stringent—Total .................................................................................................................................... 5,211+c 6,996+c 
Tractors .................................................................................................................................................................... 1,953+c 3,225+c 
HD Pickup Trucks .................................................................................................................................................... 1,442+c 1,816+c 
Vocational Vehicles ................................................................................................................................................. 1,816+c 1,954+c 

17,909+c 27,306+c 
Alt. 5 Max Technology—Total ................................................................................................................................. 2,747+c 4,292+c 
Tractors .................................................................................................................................................................... 5,669+c 7,142+c 
HD Pickup Trucks .................................................................................................................................................... 9,493+c 15,873+c 
Vocational Vehicles ................................................................................................................................................. 5,211+c 6,996+c 

Notes: 
a The +c is intended to make clear that the cost estimates we are showing do not include additional costs related to pulling ahead the develop-

ment and expanding manufacturing base for these technologies. 
b The agencies did not conduct a cost analysis for the AEO2011 baseline. 

TABLE IX–3—DOWNSTREAM IMPACTS RELATIVE TO ALTERNATIVE 1 OF KEY NON-GHGS FOR EACH ALTERNATIVE IN 2030 
[In percent] 

NOX CO PM2.5 VOC 

Alt. 1 Baseline .................................................................................................. 0 0 0 0 
Alt. 1a AEO 2011 Baseline .............................................................................. 8.8 1.0 ¥3.8 7.2 
Alt. 2 Less Stringent ........................................................................................ ¥21.9 ¥2.0 8.4 ¥19.0 
Alt. 3 Preferred ................................................................................................ ¥22.0 ¥2.0 8.5 ¥19.1 
Alt. 4 More Stringent ........................................................................................ ¥22.5 ¥2.0 8.7 ¥19.5 
Alt. 5 Max Technology ..................................................................................... ¥22.9 ¥2.1 8.4 ¥20.0 

TABLE IX–4—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR VEHICLES 

[3% Discount rate, millions, 2009$] 

Alt. 1 
baseline 

Alt. 2 less 
stringent 

Alt. 3 
preferred 

Alt. 4 more 
stringent 

Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $5,900 $8,100 $20,700+c $37,200+c 
Fuel Savings (pre-tax) ......................................................... 0 45,000 50,100 63,900 79,100 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 1,100 1,200 1,600 1,900 
3% (avg SCC) ...................................................................... 0 5,100 5,700 7,200 9,000 
2.5% (avg SCC) ................................................................... 0 8,400 9,400 12,000 15,000 
3% (95th percentile) ............................................................. 0 16,000 17,000 22,000 27,000 
Energy Security Impacts (price shock) ................................ 0 2,400 2,700 3,400 4,200 
Accidents, Congestion, Noise e ............................................ 0 ¥1,300 ¥1,500 ¥1,600 ¥1,600 
Refueling Savings ................................................................ 0 300 400 500 600 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 41,600 44,800 47,100+c 47,000+c 
3% (avg SCC) ...................................................................... 0 45,600 49,300 52,700+c 54,100+c 
2.5% (avg SCC) ................................................................... 0 48,900 53,000 57,500+c 60,100+c 
3% (95th percentile) ............................................................. 0 56,500 60,600 67,500+c 72,100+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: 5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this rule-
making (See RIA Chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not 
be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 
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TABLE IX–5—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR VEHICLES 

[7% Discount rate, millions, 2009$] 

Alt. 1 
baseline 

Alt. 2 less 
stringent 

Alt. 3 
preferred 

Alt. 4 more 
stringent 

Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $5,900 $8,100 $20,700+c $37,200+c 
Fuel Savings (pre-tax) ......................................................... 0 30,900 34,400 43,800 53,900 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 1,100 1,200 1,600 1,900 
3% (avg SCC) ...................................................................... 0 5,100 5,700 7,200 9,000 
2.5% (avg SCC) ................................................................... 0 8,400 9,400 12,000 15,000 
3% (95th percentile) ............................................................. 0 16,000 17,000 22,000 27,000 
Energy Security Impacts (price shock) ................................ 0 1,600 1,800 2,300 2,900 
Accidents, Congestion, Noise e ............................................ 0 ¥900 ¥1,000 ¥1,100 ¥1,100 
Refueling Savings ................................................................ 0 200 200 300 400 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 27,000 28,500 26,200+c 20,800+c 
3% (avg SCC) ...................................................................... 0 31,000 33,000 31,800+c 27,900+c 
2.5% (avg SCC) ................................................................... 0 34,300 36,700 36,600+c 33,900+c 
3% (95th percentile) ............................................................. 0 41,900 44,300 46,600+c 45,900+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c The monetized GHG benefits presented in this analysis exclude the value of changes in non-CO2 GHG emissions expected under this rule-
making (See RIA chapter 5). Although EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not 
be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

The agencies also project the 
monetized net benefits associated with 
each alternative by vehicle class for the 
2014 through 2018 MY vehicles over 
their lifetimes as shown in Table IX–6 

through Table IX–8 at a three percent 
discount rate for HD pickup trucks & 
vans, vocational vehicles and 
combination tractors, respectively, and 
in Table IX–9 through Table IX–11 at a 

seven percent discount rate for HD 
pickup trucks and vans, vocational 
vehicles and combination tractors, 
respectively. 

TABLE IX–6—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR HD PICKUP TRUCKS & VANS 

[3% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $1,780 $1,970 $3,220+c $9,890+c 
Fuel Savings (pre-tax) ......................................................... 0 3,480 4,060 4,910 7,700 
Energy Security Impacts (price shock) ................................ 0 190 220 270 420 
Accidents, Congestion, Noise e ............................................ 0 ¥330 ¥350 ¥370 ¥350 
Refueling Savings ................................................................ 0 40 50 60 90 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 100 100 100 200 
3% (avg SCC) ...................................................................... 0 500 500 600 900 
2.5% (avg SCC) ................................................................... 0 800 900 1,100 1,500 
3% (95th percentile) ............................................................. 0 1,400 1,600 1,900 2,800 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 1,700 2,110 1,750+c ¥1,830+c 
3% (avg SCC) ...................................................................... 0 2,100 2,510 2,250+c ¥1,130+c 
2.5% (avg SCC) ................................................................... 0 2,400 2,910 2,750+c ¥530+c 
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TABLE IX–6—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR HD PICKUP TRUCKS & VANS—Continued 

[3% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

3% (95th percentile) ............................................................. 0 3,000 3,610 3,550+c 770+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE IX–7 MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR LIFETIME 
OF 2014 THROUGH 2018 MODEL YEAR VOCATIONAL VEHICLES 

[3% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $670 $1,140 $9,140+c $15,840+c 
Fuel Savings (pre-tax) ......................................................... 0 3,420 5,420 8,930 14,270 
Energy Security Impacts (price shock) ................................ 0 180 290 480 760 
Accidents, Congestion, Noise e ............................................ 0 ¥540 ¥650 ¥670 ¥500 
Refueling Savings ................................................................ 0 40 60 110 170 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 100 100 200 300 
3% (avg SCC) ...................................................................... 0 400 600 1,000 1,500 
2.5% (avg SCC) ................................................................... 0 700 1,100 1,700 2,600 
3% (95th percentile) ............................................................. 0 1,300 1,900 3,100 4,700 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 2,530 4,080 ¥90+c ¥840+c 
3% (avg SCC) ...................................................................... 0 2,830 4,580 710+c 360+c 
2.5% (avg SCC) ................................................................... 0 3,130 5,080 1,410+c 1,460+c 
3% (95th percentile) ............................................................. 0 3,730 5,880 2,810+c 3,560+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE IX–8—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR COMBINATION TRACTORS 

[3% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $3,300 $4,950 $8,430+c $11,540+c 
Fuel Savings (pre-tax) ......................................................... 0 38,140 40,650 50,030 57,190 
Energy Security Impacts (price shock) ................................ 0 2,030 2,160 2,660 3,040 
Accidents, Congestion, Noise e ............................................ 0 ¥450 ¥480 ¥590 ¥770 
Refueling Savings ................................................................ 0 230 250 300 350 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 
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TABLE IX–8—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR COMBINATION TRACTORS—Continued 

[3% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 900 1,000 1,200 1,400 
3% (avg SCC) ...................................................................... 0 4,200 4,500 5,600 6,500 
2.5% (avg SCC) ................................................................... 0 7,000 7,500 9,300 11,000 
3% (95th percentile) ............................................................. 0 13,000 14,000 17,000 20,000 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 37,550 38,630 45,170+c 49,670+c 
3% (avg SCC) ...................................................................... 0 40,850 42,130 49,570+c 54,770+c 
2.5% (avg SCC) ................................................................... 0 43,650 45,130 53,270+c 59,270+c 
3% (95th percentile) ............................................................. 0 49,650 51,630 60,970+c 68,270+c 

Notes:  
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66-$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE IX–9: MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR HD PICKUP TRUCKS & VANS 

[7% Discount rate, millions, 2009$] 

] Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $1,780 $1,970 $3,220+c $9,890+c 
Fuel Savings (pre-tax) ......................................................... 0 2,180 2,550 3,090 4,830 
Energy Security Impacts (price shock) ................................ 0 120 140 170 260 
Accidents, Congestion, Noise e ............................................ 0 ¥220 ¥230 ¥250 ¥230 
Refueling Savings ................................................................ 0 30 30 40 60 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 100 100 100 200 
3% (avg SCC) ...................................................................... 0 500 500 600 900 
2.5% (avg SCC) ................................................................... 0 800 900 1,100 1,500 
3% (95th percentile) ............................................................. 0 1,400 1,600 1,900 2,800 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 430 620 ¥70+c ¥4,770+c 
3% (avg SCC) ...................................................................... 0 830 1,020 430+c ¥4,070+c 
2.5% (avg SCC) ................................................................... 0 1,130 1,420 930+c ¥3,470+c 
3% (95th percentile) ............................................................. 0 1,730 2,120 1,730+c ¥2,170+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 
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TABLE 1X–10—MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR VOCATIONAL VEHICLES 

[7% Discount rate, millions, 2009$] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... $0 $670 $1,140 $9,140+c $15,840+c 
Fuel Savings (pre-tax) ......................................................... 0 2,280 3,630 5,970 9,410 
Energy Security Impacts (price shock) ................................ 0 120 190 320 500 
Accidents, Congestion, Noise e ............................................ 0 ¥380 ¥450 ¥460 ¥350 
Refueling Savings ................................................................ 0 30 40 70 110 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 100 100 200 300 
3% (avg SCC) ...................................................................... 0 400 600 1,000 1,500 
2.5% (avg SCC) ................................................................... 0 700 1,100 1,700 2,600 
3% (95th percentile) ............................................................. 0 1,300 1,900 3,100 4,700 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 1,480 2,370 ¥3,040+c ¥5,870+c 
3% (avg SCC) ...................................................................... 0 1,780 2,870 ¥2,240+c ¥4,670+c 
2.5% (avg SCC) ................................................................... 0 2,080 3,370 ¥1,540+c ¥3,570+c 
3% (95th percentile) ............................................................. 0 2,680 4,170 ¥140+c ¥1,470+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
e Negative sign represents an increase in Accidents, Congestion, and Noise. 

TABLE 1X–11 MONETIZED NET BENEFITS ASSOCIATED WITH EACH ALTERNATIVE RELATIVE TO ALTERNATIVE 1 FOR 
LIFETIME OF 2014 THROUGH 2018 MODEL YEAR COMBINATION TRACTORS 

[7% Discount rate, millions, 2009] 

Alt. 1 baseline Alt. 2 less 
stringent Alt. 3 preferred Alt. 4 more 

stringent 
Alt. 5 max 
technology 

Truck Program Costs d ......................................................... 0 3,300 4,950 8,430+c 11,540+c 
Fuel Savings (pre-tax) ......................................................... 0 26,420 28,170 34,710 39,680 
Energy Security Impacts (price shock) ................................ 0 1,410 1,500 1,850 2,110 
Accidents, Congestion, Noise e ............................................ 0 ¥320 ¥340 ¥420 ¥550 
Refueling Savings ................................................................ 0 160 170 210 240 
Non-CO2 GHG Impacts and Non-GHG Impacts c ............... N/A N/A N/A N/A N/A 

Reduced CO2 Emissions at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 900 1,000 1,200 1,400 
3% (avg SCC) ...................................................................... 0 4,200 4,500 5,600 6,500 
2.5% (avg SCC) ................................................................... 0 7,000 7,500 9,300 11,000 
3% (95th percentile) ............................................................. 0 13,000 14,000 17,000 20,000 

Monetized Net Benefits at Each Assumed SCC Value a b 

5% (avg SCC) ...................................................................... 0 25,270 25,550 29,120+c 31,340+c 
3% (avg SCC) ...................................................................... 0 28,570 29,050 33,520+c 36,440+c 
2.5% (avg SCC) ................................................................... 0 31,370 32,050 37,220+c 40,940+c 
3% (95th percentile) ............................................................. 0 37,370 38,550 44,920+c 49,940+c 

Notes: 
a Net present value of reduced CO2 emissions is calculated differently than other benefits. The same discount rate used to discount the value 

of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consistency. Refer to 
the SCC TSD for more detail. 

b Section VIII.G notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates range as follows: for Average 
SCC at 5%: $5–$16; for Average SCC at 3%: $22–$46; for Average SCC at 2.5%: $36–$66; and for 95th percentile SCC at 3%: $66–$139. Sec-
tion VIII.G also presents these SCC estimates. 

c Due to analytical and resource limitations, MY non-GHG emissions (direct PM, VOCs, NO2 and SO2) were not estimated for this analysis. Al-
though EPA has not monetized changes in non-CO2 GHGs, the value of any increases or reductions should not be interpreted as zero. 

d ‘‘+c’’ indicates additional costs not estimated in this rulemaking. 
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574 The White House, Office of the Press 
Secretary, Presidential Memorandum Regarding 
Fuel Efficiency Standards (May 21, 2010); The 
White House, Office of the Press Secretary, 
President Obama Directs Administration to Create 
First-Ever National Efficiency and Emissions 
Standards for Medium- and Heavy-Duty Trucks 
(May 21, 2010). 

e Negative sign represents an increase in Accidents, Congestion, and Noise. 

C. What is the agencies’ decision 
regarding trailer standards? 

A central theme throughout our HD 
Program is the recognition of the 
diversity and complexity of the heavy- 
duty vehicle segment. Trailers are an 
important part of this segment and are 
no less diverse in the range of functions 
and applications they serve. They are 
the primary vehicle for moving freight 
in the United States. The type of freight 
varies from retail products to be sold in 
stores, to bulk goods such as stones, to 
industrial liquids such as chemicals, to 
equipment such as bulldozers. Semi- 
trailers come in a large variety of 
styles—box, refrigerated box, flatbed, 
tankers, bulk, dump, grain, and many 
others. The most common type of trailer 
is the box trailer, but even box trailers 
come in many different lengths ranging 
from 28 feet to 53 feet or greater, and in 
different widths, heights, depths, 
materials (wood, composites, and/or 
aluminum), construction (curtain side 
or hard side), axle configuration (sliding 
tandem or fixed tandem), and multiple 
other distinct features. NHTSA and EPA 
believe trailers impact the fuel 
consumption and CO2 emissions from 
combination tractors and the agencies 
see opportunities for reductions. Unlike 
our experience with trucks and engines, 
the agencies have very limited 
experience related to regulating trailers 
for fuel efficiency or emissions. 
Likewise, the trailer manufacturing 
industry has only the most limited 
experience complying with regulations 
related to emissions and none with 
regard to EPA or NHTSA certification 
and compliance procedures. 

The agencies broadly solicited 
comments on controlling fuel efficiency 
and GHG emissions through eventual 
trailer regulations as we described in the 
notice of proposed rulemaking which 
could set the foundation of a future 
rulemaking for trailers. 75 FR at 74345– 
351 (although this was a solicitation for 
comment regarding future action 
outside the present rulemaking). 

The general theme of the comments 
received was that technologies exist 
today that can improve trailer 
efficiency. We received several 
comments from stakeholders which 
encouraged the agencies to set fuel 
efficiency and GHG emissions standards 
for trailers in this rulemaking. The 
agencies also received comments 
supporting a delay in trailer regulations. 
Specifically, IPI commented that the 
agencies should regulate trailers at least 
to some degree, arguing that the 
agencies’ reasoning for not doing so was 

insufficient and requesting a plan and 
schedule in the final rule for the future 
regulation of trailers. One commenter 
recognized that there are well over 100 
trailer manufacturers in the U.S., with 
almost all being small businesses. They 
stressed the need for the agencies to 
reach out to the trailer industry and 
associations prior to developing a 
regulatory program for this industry. In 
addition, they stated that time is needed 
to develop sufficient research into the 
area. None of the commenters that 
supported trailer regulation in this 
action addressed the complexities of the 
trailer industry, nor a method to 
measure trailer aerodynamic 
improvements. 

In the NPRM, the agencies discussed 
relatively conceptual approaches to how 
a future trailer regulation could be 
developed; however, we did not provide 
a proposed test procedure or proposed 
standard. The agencies proposed to 
delay the regulation of trailers, as the 
inclusion would not be feasible at this 
time due to the lack of a test procedure 
and the myriad of technical and policy 
issues not teed up in the NPRM or 
addressed in comments. Additionally, 
since a number of trailer manufacturing 
entities are small businesses, EPA and 
NHTSA need to allow sufficient time to 
convene a SBREFA panel to conduct the 
proper outreach to the potentially 
impacted stakeholders. As noted earlier, 
the agencies do not believe it warranted 
to delay the combination tractor and 
vocational vehicle standards for the 
years it will take to resolve these issues. 
NHTSA and EPA agree that the 
regulation of trailers, when appropriate, 
is likely to provide fuel efficiency 
benefits. We continue to believe that 
both agencies must perform a more 
comprehensive assessment of the trailer 
industry, and therefore that their 
inclusion at this time is not feasible. 
Until that time, the SmartWay Transport 
Partnership Program will continue to 
encourage the development and use of 
technologies to reduce fuel 
consumption and CO2 emissions from 
trailers. 

X. Public Participation 
The agencies proposed their 

respective rules on November 30, 2010 
(75 FR 74152). Two public hearings 
were held to provide interested parties 
the opportunity to present data, views, 
or arguments concerning the proposal; 
the first hearing was held in Chicago, IL 
on November 15, 2010, and the second 
in Cambridge, MA on November 18, 
2010. The public was invited to submit 

written comments on the proposal 
during the formal comment period, 
which ended on January 31, 2011. The 
agencies received over 41,000 
comments—over 3,000 of them 
unique—from industry, environmental 
organizations, states, and individuals. 

The vast majority of commenters 
supported the central tenets of the 
proposed HD National Program. That is, 
there was broad support for a national 
program which would reduce fuel 
consumption and GHG emissions from 
the three heavy-duty regulatory 
categories—heavy-duty pickup trucks 
and vans, vocational vehicles, and 
combination tractors. The agencies 
received specific comments on many 
aspects of the proposal. 

Throughout this notice, the agencies 
discuss many of the key issues arising 
from the public comments and the 
agencies’ responses. In addition, the 
agencies have addressed all of the 
public comments in the Response to 
Comments document associated with 
this final action and located in the 
docket (Docket ID EPA–HQ–OAR–2010– 
0162, or NHTSA–2010–0079). 

XI. NHTSA’s Record of Decision 
On May 21, 2010, President Obama 

issued a memorandum entitled 
‘‘Improving Energy Security, American 
Competitiveness and Job Creation, and 
Environmental Protection through a 
Transformation of our Nation’s Fleet of 
Cars and Trucks’’ to the Secretary of 
Transportation, the Administrator of 
NHTSA, the Administrator of EPA, and 
the Secretary of Energy.574 The 
memorandum requested that the 
Administrators of EPA and NHTSA 
begin work on a Joint Rulemaking under 
EISA and the Clean Air Act and 
establish fuel efficiency and GHG 
emission standards for commercial 
medium- and heavy-duty vehicles 
beginning with MY 2014. The President 
requested that NHTSA implement fuel 
efficiency standards and EPA 
implement GHG emission standards that 
take into account the market structure of 
the trucking industry and the unique 
demands of heavy-duty vehicle 
applications; seek harmonization with 
applicable State standards; consider the 
findings and recommendations 
published in the National Academy of 
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575 NEPA is codified at 42 U.S.C. 4321–47. CEQ 
NEPA implementing regulations are codified at 40 
Code of Federal Regulations (CFR) Parts 1500–08. 

576 The agencies’ analysis indicates that the 
change results in a decrease in total 2014–2050 fuel 
savings of about 1.05% percent compared to the 
Preferred Alternative modeled in the EIS and a 
corresponding increase in CO2 emissions. 

577 The environmental impacts of this decision 
fall within the spectrum of impacts analyzed in the 
DEIS and the FEIS. There are no ‘‘substantial 
changes to the proposed action’’ and there are no 
‘‘significant new circumstances or information 
relevant to environmental concerns and bearing on 
the proposed action or its impacts.’’ Therefore, 
consistent with 40 CFR 1502.9(c), no supplement to 
the EIS is required. 

578 In the DEIS, NHTSA analyzed several 
alternatives that applied only to specific 
components and/or segments of the HD vehicle 
fleet. Many commenters urged the agency to 
consider alternatives that applied to the entire HD 
vehicle fleet, reasoning that such an approach 
would be more consistent with EISA requirements. 
After careful consideration, NHTSA decided that 
those alternatives that would set standards for the 
whole fleet—that is, the engine as well as the entire 
vehicle for pickup trucks and vans, vocational 
vehicles, and tractors—best met the purpose and 
need for this action. It also allows for the 
achievement of the ‘‘maximum feasible 
improvement’’ in HD fuel efficiency. Therefore, the 
FEIS examined impacts associated with four of the 
action alternatives analyzed in the DEIS. 

579 See Section 2.3.2 of the FEIS. 

Sciences (NAS) report on medium- and 
heavy-duty truck regulation; strengthen 
the industry and enhance job creation in 
the United States; and seek input from 
all stakeholders, while recognizing the 
continued leadership role of California 
and other States. 

In accordance with this policy, this 
Final Rule promulgates fuel efficiency 
standards for HD vehicles built in MYs 
2014–2018. This Final Rule constitutes 
the Record of Decision (ROD) for 
NHTSA’s HD vehicle Fuel Efficiency 
Improvement Program, pursuant to the 
National Environmental Policy Act 
(NEPA) and the Council on 
Environmental Quality’s (CEQ) 
implementing regulations.575 See 40 
CFR1505.2. 

As required by CEQ regulations, this 
Final Rule and ROD sets forth the 
following: (1) the agency’s decision; (2) 
alternatives considered by NHTSA in 
reaching its decision, including the 
environmentally preferable alternative; 
(3) the factors balanced by NHTSA in 
making its decision, including 
considerations of national policy; (4) 
how these factors and considerations 
entered into its decision; and (5) the 
agency’s preferences among alternatives 
based on relevant factors, including 
economic and technical considerations 
and agency statutory missions. This 
Final Rule also briefly addresses 
mitigation. 

A. The Agency’s Decision 

In the Draft Environmental Impact 
Statement (DEIS) and the Final 
Environmental Impact Statement (FEIS), 
the agency identified a Preferred 
Alternative which would set overall fuel 
consumption standards for HD vehicles 
and engines. The Preferred Alternative, 
identified as Alternative 3 in the FEIS, 
would include standards for engines 
used in Classes 2b–8 vocational vehicles 
(except engines in HD pickups and 
vans, which are regulated as complete 
vehicles), fuel consumption standards 
for HD pickups and vans by work factor, 
overall vehicle fuel consumption 
standards for Classes 2b–8 vocational 
vehicles (in gal/1,000 ton-miles), and 
overall fuel consumption standards for 
Classes 7 and 8 tractors. 

The Preferred Alternative identified 
in the NPRM, DEIS, and FEIS assumed 
that the vocational vehicle standards 
would lead to a 10 percent reduction in 
the tire rolling resistance levels of the 
tires installed in vocational vehicles. 
After carefully reviewing and analyzing 
all of the information in the public 

record including technical support 
documents, the FEIS, and public and 
agency comments submitted on the 
DEIS, the FEIS, and the NPRM, NHTSA 
has decided to finalize a standard that 
includes slightly more stringent 
requirements for vocational vehicles 
than those included in the Preferred 
Alternative analyzed in the FEIS. 
Subsequent to issuing the proposed 
rule, NHTSA and EPA conducted a tire 
testing program to evaluate the tire 
rolling resistance of 156 different tires 
across a wide range of truck 
applications. The results of the study 
indicate that the baseline tire rolling 
resistance of this segment of vehicles 
was better than the level assumed 
during the proposal. In the final action, 
therefore, the agencies made the 
vocational truck standards slightly more 
stringent than those included as part of 
the Preferred Alternative for the FEIS, 
reflecting the better overall performance 
of tires in this segment. In addition, the 
agencies have reduced the projected 
improvement in average tire 
performance from 10 percent to 5 
percent, reflecting the better than 
expected baseline performance. 
NHTSA’s analysis indicates that the 
Agency’s Decision will result in slightly 
less fuel savings and CO2 emissions 
reductions than those noted in the 
EIS.576 For environmental impacts 
associated with the final rule, see 
Sections VI.C and VII of this Final 
Rule.577 

B. Alternatives Considered by NHTSA in 
Reaching Its Decision, Including the 
Environmentally Preferable Alternative 

When preparing an EIS, NEPA 
requires an agency to compare the 
potential environmental impacts of its 
proposed action and a reasonable range 
of alternatives. In the FEIS, NHTSA 
identified alternatives that represent the 
spectrum of potential actions the agency 
could take. The environmental impacts 
of these alternatives, in turn, represent 
the spectrum of potential environmental 
impacts that could result from NHTSA’s 
chosen action in setting fuel efficiency 
standards for HD vehicles. 

The FEIS analyzed the impacts of four 
‘‘action’’ alternatives, each of which 
would separately regulate segments of 
the HD vehicle fleet.578 Three of the 
action alternatives (Alternatives 2, 3 and 
4) would regulate the same vehicle 
categories, but at increasing levels of 
stringency, with Alternative 2 being the 
least stringent alternative and 
Alternative 4 being the most stringent. 
Alternatives 2 and 4 were constructed 
by starting with the Preferred 
Alternative (Alternative 3) and either 
removing the least cost effective 
technology in each of the vehicle 
categories or adding the next most cost 
effective technology in each of the 
vehicle categories.579 

Alternative 5 built on the Preferred 
Alternative by adding a performance 
standard for the commercial trailers 
pulled by tractors and by specifying 
more stringent standards based on 
accelerated adoption of hybrid 
powertrains for HD vehicles. The DEIS 
and FEIS also analyzed the impacts that 
would be expected if NHTSA adopted 
no HD vehicle standards (the No Action 
Alternative). For a discussion of the 
environmental impacts associated with 
each of the alternatives, see Chapters 3 
and 4 of the FEIS. 

Along with the FEIS, the agency 
conducted a national-scale 
photochemical air quality modeling and 
health risk assessment for a subset of the 
DEIS alternatives to support and 
confirm the health effects and health- 
related economic estimates of the EIS. 
The photochemical air quality study is 
included as Appendix F to the FEIS. 
The study used air quality modeling and 
health benefits analysis tools to quantify 
the air quality and health-related 
benefits associated with the alternative 
HD standards. 

NHTSA’s environmental analysis 
indicates that Alternative 5 (Trailers and 
Accelerated Hybrid) is the overall 
Environmentally Preferable Alternative 
because it would result in the largest 
reductions in fuel use and GHG 
emissions among the alternatives 
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580 Emissions of fine particulate matter (PM2.5) 
and diesel particulate matter (DPM) for Alternative 
5 are forecast to be lower than under other action 
alternatives under all analysis years, but slightly 

higher than under the No Action Alternative in 
analysis years 2030 and 2050. See FEIS Tables 
3.5.2–1 and 3.5.2–5. This anomaly results from the 
agencies’ assumptions regarding the percent of all 

long-haul tractors that use an APU rather than the 
truck’s engine as a power source during extended 
idling (discussed further in FEIS Section 3.2.4.1). 

considered. Under each action 
alternative the agency considered, the 
reduction in fuel consumption resulting 
from higher fuel efficiency causes 
emissions that occur during fuel 
refining and distribution to decline. For 
most pollutants, this decline is more 
than sufficient to offset the increase in 
tailpipe emissions that results from 
increased driving due to the fuel 
efficiency rebound effect, leading to a 
net reduction in total emissions from 
fuel production, distribution, and use. 
Because it leads to the largest reductions 
in fuel refining, distribution, and 
consumption among the alternatives 
considered, Alternative 5 would also 
lead to the lowest total emissions of CO2 
and other GHGs, as well as most criteria 
air pollutants and mobile source air 
toxics (MSATs).580 

NHTSA’s environmental analysis 
indicates that emissions of carbon 
monoxide (CO), acrolein, acetaldehyde, 
and formaldehyde are slightly (less than 
one percent) higher under Alternative 5 
than under some other action 
alternatives and analysis years. This 
occurs when increased tailpipe 
emissions are forecast to exceed the 
reductions in emissions due to reduced 
fuel refining and distribution. Thus, 
while Alternative 5 is the 
environmentally preferable alternative 
on the basis of CO2 and other GHGs, and 
on the basis of most criteria air 
pollutants and MSATs, other 
alternatives are environmentally 
preferable from the standpoint of some 
criteria air pollutants and MSATs in 
some years. Overall, NHTSA considers 
Alternative 5 to be the Environmentally 
Preferable Alternative. 

For additional discussion regarding 
the alternatives considered by the 
agency in reaching its decision, 
including the Environmentally 
Preferable Alternative, see Section IX of 
this Final Rule. For a discussion of the 
environmental impacts associated with 
each alternative, see Chapters 3 and 4 of 
the FEIS. 

C. Factors Balanced by NHTSA in 
Making Its Decision 

For discussion of the factors balanced 
by NHTSA in making its decision, see 
Sections III, VIII and IX of this Final 
Rule. 

D. How the Factors and Considerations 
Balanced by NHTSA Entered Into Its 
Decision 

For discussion of how the factors and 
considerations balanced by the agency 
entered into NHTSA’s Decision, see 
Sections III, VIII and IX of this Final 
Rule. 

E. The Agency’s Preferences among 
Alternatives Based on Relevant Factors, 
Including Economic and Technical 
Considerations and Agency Statutory 
Missions 

For discussion of the agency’s 
preferences among alternatives based on 
relevant factors, including economic 
and technical considerations, see 
Section VIII and IX of this Final Rule. 

F. Mitigation 
The CEQ regulations specify that a 

ROD must ‘‘state whether all practicable 
means to avoid or minimize 
environmental harm from the 
alternative selected have been adopted, 
and if not, why they were not.’’ 49 CFR 
1505.2(c). The majority of the 
environmental effects of NHTSA’s 
action are positive, i.e., beneficial 
environmental impacts, and would not 
raise issues of mitigation. Emissions of 
criteria and toxic air pollutants are 
generally projected to decrease under 
the final standards under all analysis 
years as compared to their levels under 
the No Action Alternative. Analysis of 
the environmental trends reported in 
the FEIS indicates that the only 
exceptions to this decline are emissions 
of PM2.5, DPM, and 1,3-butadiene in 
some analysis years. See Chapter 5 of 
the FEIS. The agency forecasts these 
emissions increases because, under all 
the alternatives analyzed in the EIS, 
increase in vehicle use due to improved 
fuel efficiency is projected to result in 
growth in total miles traveled by HD 
vehicles. The growth in travel outpaces 
emissions reductions for some 
pollutants, resulting in projected 
increases for these pollutants. In 
addition, NHTSA’s NEPA analysis 
predicted increases in emissions of air 
toxic and criteria pollutants to occur 
under certain alternatives based on 
assumptions about the use of Auxiliary 
Power Units (APUs). For example, 
NHTSA’s NEPA analysis assumes that 
some manufacturers will install anti- 
idling technologies (including APUs) on 
some vehicle classes to meet the 

requirements of the rule and that 
drivers’ subsequent use of those APUs 
will result in an increase in emissions 
of some criteria and toxic air pollutants. 

NHTSA’s authority to promulgate 
new fuel efficiency standards for HD 
vehicles is limited and does not allow 
regulation of vehicle emissions or of 
factors affecting vehicle emissions, 
including driving habits and APU usage. 
Consequently, under the HD Fuel 
Efficiency Improvement Program, 
NHTSA must set standards but is unable 
to take steps to mitigate the impacts of 
these standards. Chapter 5 of the FEIS 
outlines a number of other initiatives 
across government that could ameliorate 
the environmental impacts of motor 
vehicle use, including the use of HD 
vehicles. 

XII. Statutory and Executive Order 
Reviews 

(1) Executive Order 12866: Regulatory 
Planning and Review 

Under section 3(f)(1) of Executive 
Order 12866 (58 FR 51735, October 4, 
1993), this action is an ‘‘economically 
significant regulatory action’’ because it 
is likely to have an annual effect on the 
economy of $100 million or more. 
Accordingly, the agencies submitted 
this action to the Office of Management 
and Budget (OMB) for review under 
Executive Order 12866 and any changes 
made in response to OMB 
recommendations have been 
documented in the docket for this 
action. 

The agencies are also subject to 
Executive Order 13563 (76 FR 3821, 
January 21, 2011) and NHTSA is subject 
to the Department of Transportation’s 
Regulatory Policies and Procedures. 
These final rules are also significant 
within the meaning of the DOT 
Regulatory Policies and Procedures. 
Executive Order 12866 additionally 
requires NHTSA to submit this action to 
OMB for review and document any 
changes made in response to OMB 
recommendations. 

In addition, the agencies prepared an 
analysis of the potential costs, fuel 
savings, and benefits associated with 
this action. This analysis is contained in 
the Regulatory Impact Analysis, which 
is available in the docket for these rules 
and at the docket Internet address listed 
under ADDRESSES above and is briefly 
summarized in Table XII–1. 
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581 40 CFR 1501.6. 

582 See Notice of Intent to Prepare an 
Environmental Impact Statement for New Medium- 
and Heavy-Duty Fuel Efficiency Improvement 
Program, 75 FR 33565 (June 14, 2010). 

583 Environmental Impact Statements; Notice of 
Availability, 75 FR 66756 (Oct. 29, 2010); NHTSA 
also published a separate Notice of Availability 
describing the program in greater detail, 75 FR 
68312 (Nov. 5, 2010). 

TABLE XII–1—ESTIMATED LIFETIME DISCOUNTED COSTS, BENEFITS, AND NET BENEFITS FOR 2014–2018 MODEL YEAR 
HD VEHICLES a, b 

[Billion 2009$] 

Lifetime Present Value c—3% Discount Rate 

Program Costs ............................................................................................................................................................................... $8.1 
Fuel Savings .................................................................................................................................................................................. 50 
Benefits .......................................................................................................................................................................................... 7.3 
Net Benefits d ................................................................................................................................................................................. 49 

Annualized Value e—3% Discount Rate 

Annualized Costs ........................................................................................................................................................................... 0.4 
Fuel Savings .................................................................................................................................................................................. 2.2 
Annualized Benefits ....................................................................................................................................................................... 0.4 
Net Benefits d ................................................................................................................................................................................. 2.2 

Lifetime Present Value c—7% Discount Rate 

Program Costs ............................................................................................................................................................................... 8.1 
Fuel Savings .................................................................................................................................................................................. 34 
Benefits .......................................................................................................................................................................................... 6.7 
Net Benefits d ................................................................................................................................................................................. $33 

Annualized Value e—7% Discount Rate 

Annualized Costs ........................................................................................................................................................................... 0.6 
Fuel Savings .................................................................................................................................................................................. 2.6 
Annualized Benefits ....................................................................................................................................................................... 0.5 
Net Benefits d ................................................................................................................................................................................. 2.5 

Notes: 
a The agencies estimated the benefits associated with four different values of a one ton CO2 reduction (model average at 2.5% discount rate, 

3%, and 5%; 95th percentile at 3%), which each increase over time. For the purposes of this overview presentation of estimated costs and bene-
fits, however, we are showing the benefits associated with the marginal value deemed to be central by the interagency working group on this 
topic: the model average at 3% discount rate, in 2009 dollars. Section VIII.F provides a complete list of values for the 4 estimates. 

b Note that net present value of reduced GHG emissions is calculated differently than other benefits. The same discount rate used to discount 
the value of damages from future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of SCC for internal consist-
ency. Refer to Section VIII.F for more detail. 

c Present value is the total, aggregated amount that a series of monetized costs or benefits that occur over time is worth now (in year 2009 
dollar terms), discounting future values to the present. 

d Net benefits reflect the fuel savings plus benefits minus costs. 
e The annualized value is the constant annual value through a given time period (2012 through 2050 in this analysis) whose summed present 

value equals the present value from which it was derived. 

(2) National Environmental Policy Act 
Under NEPA, a Federal agency must 

prepare an Environmental Impact 
Statement (EIS) on proposed actions 
that could significantly impact the 
quality of the human environment. The 
requirement is designed to serve three 
major functions: (1) To provide the 
decisionmaker(s) with a detailed 
description of the potential 
environmental impacts of a proposed 
action prior to its adoption, (2) to 
rigorously explore and evaluate all 
reasonable alternatives, and (3) to 
inform the public of, and allow 
comment on, such efforts. 

In addition, the CEQ regulations 
emphasize agency cooperation early in 
the NEPA process and allow a lead 
agency (in this case, NHTSA) to request 
the assistance of other agencies that 
either have jurisdiction by law or have 
special expertise regarding issues 
considered in an EIS.581 At NHTSA’s 
request, both EPA and the Federal 

Motor Carrier Safety Administration 
(FMCSA) agreed to act as cooperating 
agencies in the preparation of the EIS. 
EPA has special expertise in climate 
change and air quality, and FMCSA has 
special expertise regarding HD vehicles. 

NHTSA, in cooperation with EPA and 
FMCSA, prepared a DEIS, solicited 
public comments in writing and in 
public hearings, and prepared an FEIS 
responding to those comments. 
Specifically, in June 2010, NHTSA 
published a Notice of Intent to prepare 
an EIS for proposed HD fuel efficiency 
standards.582 See 40 CFR 1501.7. On 
October 29, 2010, EPA issued its Notice 
of Availability of the DEIS,583 triggering 
a public comment period. See 40 CFR 
1506.10. The public was invited to 

submit written comments on the DEIS 
until January 3, 2011. NHTSA mailed 
(both electronically and through regular 
U.S. mail) copies of the DEIS to 
interested parties, including federal, 
state, and local officials and agencies; 
elected officials; environmental and 
public interest groups; Native American 
tribes; and other interested individuals. 
NHTSA and EPA held two hearings on 
the proposed rules and the EIS, the first 
on November 15, 2010 in Chicago, 
Illinois, and the second on November 
18, 2010 in Cambridge, Massachusetts. 

NHTSA received 3,048 written 
comments to the DEIS and the NPRM. 
The transcript from the public hearing 
and written comments submitted to 
NHTSA are part of the administrative 
record and are available on the Federal 
Docket, which can be found online at 
http://www.regulations.gov, Reference 
Docket No. NHTSA–2010–0079. NHTSA 
reviewed and analyzed all comments 
received during the public comment 
period and revised the FEIS in response 
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584 The agency also changed the FEIS as a result 
of updated information that became available after 
issuance of the DEIS. 

585 76 FR 37111 (June 24, 2011). 
586 NEPA is codified at 42 U.S.C. 4321–4347. CEQ 

NEPA implementing regulations are codified at 40 
Code of Federal Regulations (CFR) Parts 1500–1508. 
NHTSA NEPA implementing regulations are 
codified at 49 CFR part 520. 

to comments on the EIS where 
appropriate.584 

On June 20, 2011, NHTSA submitted 
the FEIS to EPA. NHTSA also mailed 
(both electronically and through regular 
U.S. mail) the FEIS to interested parties 
and posted the FEIS on its Web site, 
http://www.nhtsa.gov/fuel-economy. On 
June 24, 2011, EPA published a Notice 
of Availability of the FEIS in the 
Federal Register.585 

The FEIS analyzes and discloses the 
potential environmental impacts of the 
proposed HD fuel efficiency standards 
pursuant to the National Environmental 
Policy Act (NEPA), the CEQ regulations 
implementing NEPA, DOT Order 
5610.1C, and NHTSA regulations.586 
The FEIS compares the potential 
environmental impacts of alternative 
standards considered by NHTSA for the 
final rule. It also analyzes direct, 
indirect, and cumulative impacts and 
analyzes impacts in proportion to their 
significance. See the FEIS and the FEIS 
Summary for a discussion of the 
environmental impacts analyzed. 
Docket No. NHTSA–2011–0079. 

The standards adopted in this Final 
Rule have been informed by analyses 
contained in the Medium- and Heavy- 
Duty Fuel Efficiency Improvement 
Program, Final Environmental Impact 
Statement, Docket No. NHTSA–2010– 
0079 (FEIS). For purposes of this 
rulemaking, the agency referred to an 
extensive compilation of technical and 
policy documents available in NHTSA’s 
EIS/Rulemaking docket and EPA’s 
docket. NHTSA’s EIS and rulemaking 
docket and EPA’s rulemaking docket 
can be found online at http:// 
www.regulations.gov, Reference Docket 
Nos.: NHTSA–2010–0079 (EIS and 
Rulemaking) and EPA–HQ–OAR–2010– 
0162 (EPA Rulemaking). 

Based on the foregoing, the agency 
concludes that the environmental 
analysis and public involvement 
process complies with NEPA 
implementing regulations issued by 
CEQ, DOT Order 5610.1C, and NHTSA 
regulations. 

(a) Clean Air Act (CAA) 

The CAA (42 U.S.C. § 7401) is the 
primary Federal legislation that 
addresses air quality. Under the 
authority of the CAA and subsequent 
amendments, the EPA has established 

National Ambient Air Quality Standards 
(NAAQS) for six criteria pollutants, 
which are relatively commonplace 
pollutants that can accumulate in the 
atmosphere as a result of normal levels 
of human activity. The EPA is required 
to review each NAAQS every five years 
and to change the standards if 
warranted by new scientific 
information. 

The air quality of a geographic region 
is usually assessed by comparing the 
levels of criteria air pollutants found in 
the atmosphere to the applicable 
NAAQS. Concentrations of criteria 
pollutants within the air mass of a 
region are measured in parts of a 
pollutant per million parts of air (ppm) 
or in micrograms of a pollutant per 
cubic meter (μg/m3) of air present in 
repeated air samples taken at designated 
monitoring locations. These ambient 
concentrations of each criteria pollutant 
are compared to the permissible levels 
specified by the NAAQS in order to 
assess whether the region’s air quality 
attains the standard. 

When the measured concentrations of 
a criteria pollutant within a geographic 
region are below those permitted by the 
NAAQS, the region is designated by the 
EPA as an attainment area for that 
pollutant, while regions where 
concentrations of criteria pollutants 
exceed the NAAQS are called 
nonattainment areas (NAAs). Former 
NAAs that have attained the NAAQS are 
designated as maintenance areas. Each 
NAA is required to develop and 
implement a State Implementation Plan 
(SIP), which documents how the region 
will reach attainment levels within time 
periods specified in the CAA. In 
maintenance areas, the SIP documents 
how the State intends to maintain 
compliance with the NAAQS. When 
EPA changes a NAAQS, States must 
revise their SIPs to address how they 
will attain the new standard. 

Section 176(c) of the CAA prohibits 
Federal agencies from taking actions in 
nonattainment or maintenance areas 
that do not ‘‘conform’’ to the State 
Implementation Plan (SIP). The purpose 
of this conformity requirement is to 
ensure that Federal activities do not 
interfere with meeting the emissions 
targets in the SIPs, do not cause or 
contribute to new violations of the 
NAAQS, and do not impede the ability 
to attain or maintain the NAAQS. The 
EPA has issued two sets of regulations 
to implement CAA Section 176(c): 

• The Transportation Conformity 
Rules (40 CFR part 93, subpart A), 
which apply to transportation plans, 
programs, and projects funded or 
approved under U.S.C. Title 23 or the 
Federal Transit Laws (49 U.S.C. chapter 

53). Projects funded by the Federal 
Highway Administration (FHWA) or the 
Federal Transit Administration (FTA) 
usually are subject to transportation 
conformity. See 40 CFR 93.102. 

• The General Conformity Rules (40 
CFR part 93, subpart B) apply to all 
other federal actions not covered under 
transportation conformity. The General 
Conformity Rule established emissions 
thresholds, or de minimis levels, for use 
in evaluating the conformity of a 
project. If the net emissions increases 
attributable to the project are less than 
these thresholds, then the project is 
presumed to conform and no further 
conformity evaluation is required. If the 
emissions increases exceed any of these 
thresholds, then a conformity 
determination is required. The 
conformity determination can entail air 
quality modeling studies, consultation 
with EPA and state air quality agencies, 
and commitments to revise the SIP or to 
implement measures to mitigate air 
quality impacts. 

The final fuel consumption standards 
and associated program activities are 
not funded or approved under U.S.C. 
Title 23 or the Federal Transit Act. 
Further, NHTSA’s HD Fuel Efficiency 
Improvement Program is not a highway 
or transit project funded or approved by 
FHWA or FTA. Accordingly, the 
standards and associated rulemakings 
are not subject to transportation 
conformity. 

Under the General Conformity Rule, a 
conformity determination is required 
where a Federal action would result in 
total direct and indirect emissions of a 
criteria pollutant or precursor equaling 
or exceeding the rates specified in 40 
CFR 93.153(b)(1) and (2) for 
nonattainment and maintenance areas. 
As explained below, NHTSA’s action 
results in neither direct nor indirect 
emissions as defined in 40 CFR 93.152. 

The General Conformity Rule defines 
direct emissions as those of ‘‘a criteria 
pollutant or its precursors that are 
caused or initiated by the Federal action 
and originate in a nonattainment or 
maintenance area and occur at the same 
time and place as the action and are 
reasonably foreseeable.’’ 40 CFR 93.152. 
Because NHTSA’s action only sets fuel 
consumption standards for HD vehicles, 
it causes no direct emissions within the 
meaning of the General Conformity 
Rule. 

Indirect emissions under the General 
Conformity Rule include emissions or 
precursors: (1) That are caused or 
initiated by the Federal action and 
originate in the same nonattainment or 
maintenance area but occur at a 
different time or place than the action; 
(2) that are reasonably foreseeable; (3) 
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that the agency can practically control; 
and (4) for which the agency has 
continuing program responsibility. 40 
CFR 93.152. Each element of the 
definition must be met to qualify as an 
indirect emission. NHTSA has 
determined that, for the purposes of 
general conformity, emissions that occur 
as a result of the fuel consumption 
standards are not caused by NHTSA’s 
action, but rather occur due to 
subsequent activities that the agency 
cannot practically control. ‘‘[E]ven if a 
Federal licensing, rulemaking, or other 
approving action is a required initial 
step for a subsequent activity that 
causes emissions, such initial steps do 
not mean that a Federal agency can 
practically control any resulting 
emissions’’ (75 FR 17254, 17260; 40 CFR 
93.152). NHTSA cannot control vehicle 
manufacturers’ production of HD 
vehicles and consumer purchasing and 
driving behavior. For the purposes of 
analyzing the environmental impacts of 
this action under NEPA, NHTSA has 
made assumptions regarding the 
technologies manufacturers will install 
and how companies will react to 
increased fuel efficiency standards. 
Specifically, NHTSA’s NEPA analysis 
predicted increases in air toxic and 
criteria pollutants to occur in some 
nonattainment areas under certain 
alternatives based on assumptions about 
the use of APUs and the rebound effect. 
For example, NHTSA’s NEPA analysis 
assumes that some manufacturers will 
install anti-idling technologies 
(including APUs) on some vehicle 
classes to meet the requirements of the 
program and that drivers’ subsequent 
use of those APUs will result in an 
increase in some criteria pollutants. 
However, neither NHTSA’s nor EPA’s 
rules mandate this specific 
manufacturer decision or driver 
behavior—the program does not require 
that manufacturers install APUs to meet 
the requirements of the rule, and it does 
not require drivers to use anti-idling 
technologies instead of, for example, 
shutting off all power when parked. 
Similarly, NHTSA’s NEPA analysis 
assumes a rebound effect, wherein the 
standards could create an incentive for 
additional vehicle use by reducing the 
cost of fuel consumed per mile driven. 
This rebound effect is an estimate of 
how NHTSA assumes some drivers will 
react to the rule and is useful for 
estimating the costs and benefits of the 
rule, but the agency does not have the 
statutory authority, or the program 
responsibility, to control, among other 
items discussed above, the actual 
vehicle miles traveled by drivers. 
Accordingly, changes in any emissions 

that result from NHTSA’s HD vehicle 
Fuel Efficiency Improvement Program 
are not changes that the agency can 
practically control; therefore, this action 
causes no indirect emissions and a 
general conformity determination is not 
required. 

(b) National Historic Preservation Act 
(NHPA) 

The NHPA (16 U.S.C. 470) sets forth 
government policy and procedures 
regarding ‘‘historic properties’’—that is, 
districts, sites, buildings, structures, and 
objects included in or eligible for the 
National Register of Historic Places 
(NRHP). See also 36 CFR part 800. 
Section 106 of the NHPA requires 
federal agencies to ‘‘take into account’’ 
the effects of their actions on historic 
properties. The agency concludes that 
the NHPA is not applicable to NHTSA’s 
Decision because it does not directly 
involve historic properties. The agency 
has, however, conducted a qualitative 
review of the related direct, indirect, 
and cumulative impacts, positive or 
negative, of the alternatives on 
potentially affected resources, including 
historic and cultural resources. See 
Section 4.5 of the FEIS. 

(c) Executive Order 12898 
(Environmental Justice) 

Under Executive Order 12898, Federal 
agencies are required to identify and 
address any disproportionately high and 
adverse human health or environmental 
effects of its programs, policies, and 
activities on minority populations and 
low-income populations. NHTSA 
complied with this order by identifying 
and addressing the potential effects of 
the alternatives on minority and low- 
income populations in Sections 3.6 and 
4.6 of the FEIS, where the agency set 
forth a qualitative analysis of the 
cumulative effects of the alternatives on 
these populations. 

(d) Fish and Wildlife Conservation Act 
(FWCA) 

The FWCA (16 U.S.C. § 2900) 
provides financial and technical 
assistance to States for the development, 
revision, and implementation of 
conservation plans and programs for 
nongame fish and wildlife. In addition, 
the Act encourages all Federal agencies 
and departments to utilize their 
authority to conserve and to promote 
conservation of nongame fish and 
wildlife and their habitats. The agency 
concludes that the FWCA is not 
applicable to NHTSA’s Decision 
because it does not directly involve fish 
and wildlife. 

(e) Coastal Zone Management Act 
(CZMA) 

The Coastal Zone Management Act 
(16 U.S.C. 1450) provides for the 
preservation, protection, development, 
and (where possible) restoration and 
enhancement of the nation’s coastal 
zone resources. Under the statute, States 
are provided with funds and technical 
assistance in developing coastal zone 
management programs. Each 
participating State must submit its 
program to the Secretary of Commerce 
for approval. Once the program has been 
approved, any activity of a Federal 
agency, either within or outside of the 
coastal zone, that affects any land or 
water use or natural resource of the 
coastal zone must be carried out in a 
manner that is consistent, to the 
maximum extent practicable, with the 
enforceable policies of the State’s 
program. 

The agency concludes that the CZMA 
is not applicable to NHTSA’s Decision 
because it does not involve an activity 
within, or outside of, the nation’s 
coastal zones. The agency has, however, 
conducted a qualitative review of the 
related direct, indirect, and cumulative 
impacts, positive or negative, of the 
alternatives on potentially affected 
resources, including coastal zones. See 
Section 4.5 of the FEIS. 

(f) Endangered Species Act (ESA) 

Under Section 7(a)(2) of the 
Endangered Species Act (ESA) federal 
agencies must ensure that actions they 
authorize, fund, or carry out are ‘‘not 
likely to jeopardize’’ federally listed 
threatened or endangered species or 
result in the destruction or adverse 
modification of the designated critical 
habitat of these species. 16 U.S.C. 
1536(a)(2). If a federal agency 
determines that an agency action may 
affect a listed species or designated 
critical habitat, it must initiate 
consultation with the appropriate 
Service—the U.S. Fish and Wildlife 
Service (FWS) of the Department of the 
Interior and/or National Oceanic and 
Atmospheric Administration’s National 
Marine Fisheries Service (NOAA 
Fisheries Service) of the Department of 
Commerce, depending on the species 
involved—in order to ensure that the 
action is not likely to jeopardize the 
species or destroy or adversely modify 
designated critical habitat. See 50 CFR 
402.14. Under this standard, the federal 
agency taking action evaluates the 
possible effects of its action and 
determines whether to initiate 
consultation. See 51 FR 19926, 19949 
(Jun. 3, 1986). 
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NHTSA received one comment to the 
Scoping notice for the HD program 
indicating that the agency should 
engage in consultation under Section 7 
of the ESA when analyzing the overall 
impact of GHG emissions and other air 
pollutants. NHTSA has reviewed 
applicable ESA regulations, case law, 
guidance, and rulings in assessing the 
potential for impacts to threatened and 
endangered species from the HD fuel 
efficiency standards. Consistent with 
NHTSA’s determination under the 
agency’s most recent light-duty fuel 
economy rule, NHTSA believes that the 
agency’s action, which will result in 
nationwide fuel savings and, 
consequently, emissions reductions 
from what would otherwise occur in the 
absence of the agency’s action, does not 
require consultation with NOAA 
Fisheries Service or the FWS under 
Section 7(a)(2) of the ESA. For 
discussion of the agency’s rationale in 
the context of the CAFE program, see 
Appendix G of the FEIS for MYs 2012– 
2016, available at: http:// 
www.nhtsa.gov/fuel-economy. 
Accordingly, NHTSA has concluded its 
review of this action under Section 7 of 
the ESA. 

(g) Floodplain Management (Executive 
Order 11988 & DOT Order 5650.2) 

These Orders require Federal agencies 
to avoid the long- and short-term 
adverse impacts associated with the 
occupancy and modification of 
floodplains, and to restore and preserve 
the natural and beneficial values served 
by floodplains. Executive Order 11988 
also directs agencies to minimize the 
impact of floods on human safety, 
health and welfare, and to restore and 
preserve the natural and beneficial 
values served by floodplains through 
evaluating the potential effects of any 
actions the agency may take in a 
floodplain and ensuring that its program 
planning and budget requests reflect 
consideration of flood hazards and 
floodplain management. DOT Order 
5650.2 sets forth DOT policies and 
procedures for implementing Executive 
Order 11988. The DOT Order requires 
that the agency determine if a proposed 
action is within the limits of a base 
floodplain, meaning it is encroaching on 
the floodplain, and whether this 
encroachment is significant. If 
significant, the agency is required to 
conduct further analysis of the proposed 
action and any practicable alternatives. 
If a practicable alternative avoids 
floodplain encroachment, then the 
agency is required to implement it. 

In this rulemaking, the agency is not 
occupying, modifying and/or 
encroaching on floodplains. The agency, 

therefore, concludes that the Orders are 
not applicable to NHTSA’s Decision. 
The agency has, however, conducted a 
review of the alternatives on potentially 
affected resources, including 
floodplains. See Section 4.5 of the FEIS. 

(h) Preservation of the Nation’s 
Wetlands (Executive Order 11990 & 
DOT Order 5660.1a) 

These Orders require Federal agencies 
to avoid, to the extent possible, 
undertaking or providing assistance for 
new construction located in wetlands 
unless the agency head finds that there 
is no practicable alternative to such 
construction and that the proposed 
action includes all practicable measures 
to minimize harms to wetlands that may 
result from such use. Executive Order 
11990 also directs agencies to take 
action to minimize the destruction, loss 
or degradation of wetlands in 
‘‘conducting Federal activities and 
programs affecting land use, including 
but not limited to water and related land 
resources planning, regulating, and 
licensing activities.’’ DOT Order 5660.1a 
sets forth DOT policy for interpreting 
Executive Order 11990 and requires that 
transportation projects ‘‘located in or 
having an impact on wetlands’’ should 
be conducted to assure protection of the 
Nation’s wetlands. If a project does have 
a significant impact on wetlands, an EIS 
must be prepared. 

The agency is not undertaking or 
providing assistance for new 
construction located in wetlands. The 
agency, therefore, concludes that these 
Orders do not apply to NHTSA’s 
Decision. The agency has, however, 
conducted a review of the alternatives 
on potentially affected resources, 
including wetlands. See Section 4.5 of 
the FEIS. 

(i) Migratory Bird Treaty Act (MBTA), 
Bald and Golden Eagle Protection Act 
(BGEPA), Executive Order 13186 

The MBTA provides for the protection 
of migratory birds that are native to the 
United States by making it illegal for 
anyone to pursue, hunt, take, attempt to 
take, kill, capture, collect, possess, buy, 
sell, trade, ship, import, or export any 
migratory bird covered under the 
statute. The statute prohibits both 
intentional and unintentional acts. 
Therefore, the statute is violated if an 
agency acts in a manner that harms a 
migratory bird, whether it was intended 
or not. See, e.g., United States v. FMC 
Corp., 572 F.2d 902 (2nd Cir. 1978). 

The BGEPA (16 U.S.C. 668) prohibits 
any form of possession or taking of both 
bald and golden eagles. Under the 
BGEPA, violators are subject to criminal 
and civil sanctions as well as an 

enhanced penalty provision for 
subsequent offenses. 

Executive Order 13186, 
‘‘Responsibilities of Federal Agencies to 
Protect Migratory Birds,’’ helps to 
further the purposes of the MBTA by 
requiring a Federal agency to develop a 
Memorandum of Understanding (MOU) 
with the Fish and Wildlife Service when 
it is taking an action that has (or is likely 
to have) a measurable negative impact 
on migratory bird populations. 

The agency concludes that the MBTA, 
BGEPA, and Executive Order 13186 do 
not apply to NHTSA’s Decision because 
there is no disturbance and/or take 
involved in NHTSA’s Decision. 

(j) Department of Transportation Act 
(Section 4(f)) 

Section 4(f) of the Department of 
Transportation Act of 1966 (49 U.S.C. 
303), as amended by Public Law 109– 
59, is designed to preserve publicly 
owned parklands, waterfowl and 
wildlife refuges, and significant historic 
sites. Specifically, Section 4(f) of the 
Department of Transportation Act 
provides that DOT agencies cannot 
approve a transportation program or 
project that requires the use of any 
publicly owned land from a significant 
public park, recreation area, or wildlife 
and waterfowl refuge, or any land from 
a significant historic site, unless a 
determination is made that: 

• There is no feasible and prudent 
alternative to the use of land, and 

• The program or project includes all 
possible planning to minimize harm to 
the property resulting from use, or 

• A transportation use of Section 4(f) 
property results in a de minimis impact. 

The agency concludes that the Section 
4(f) is not applicable to NHTSA’s 
Decision because this rulemaking does 
not require the use of any publicly 
owned land. For a more detailed 
discussion, please see Section 3.1 of the 
FEIS. 

(3) Paperwork Reduction Act 

The information collection 
requirements in these rules have been 
submitted for approval to OMB under 
the Paperwork Reduction Act, 44 U.S.C. 
3501 et seq. The information collection 
requirements are not enforceable until 
OMB approves them. 

The agencies propose to collect 
information to ensure compliance with 
the provisions in these rules. This 
includes a variety of testing, reporting 
and recordkeeping requirements for 
vehicle manufacturers. Section 208(a) of 
the CAA requires that vehicle 
manufacturers provide information the 
Administrator may reasonably require to 
determine compliance with the 
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regulations; submission of the 
information is therefore mandatory. We 
will consider confidential all 
information meeting the requirements of 
section 208(c) of the CAA. 

It is estimated that this collection 
affects approximately 34 engine and 
vehicle manufacturers. The information 
that is subject to this collection is 

collected whenever a manufacturer 
applies for a certificate of conformity. 
Under section 206 of the CAA (42 U.S.C. 
7521), a manufacturer must have a 
certificate of conformity before a vehicle 
or engine can be introduced into 
commerce. 

The burden to the manufacturers 
affected by these rules has a range based 

on the number of engines and vehicles 
a manufacturer produces. The total 
estimated burden associated with these 
rules is 58,064 hours annually (See 
Table XII–2). This estimated burden for 
engine and vehicle manufacturers is a 
total estimate for new reporting 
requirements. Burden is defined at 
5 CFR 1320.3(b). 

TABLE XII–2—BURDEN FOR REPORTING AND RECORDKEEPING REQUIREMENTS 

Number of Affected Manufacturers ................................................................................................................................................. 34 
Annual Labor Hours for Each Manufacturer to Prepare and Submit Required Information ........................................................... Varies 
Total Annual Information Collection Burden .................................................................................................................................... 58,064 Hours 

An agency may not conduct or 
sponsor, and a person is not required to 
respond to a collection of information 
unless it displays a currently valid OMB 
control number. The OMB control 
numbers for EPA’s regulations are listed 
in 40 CFR part 9. When this ICR is 
approved by OMB, the agency will 
publish a technical amendment to 40 
CFR part 9 in the Federal Register to 
display the OMB control number for the 
approved information collection 
requirements contained in this final 
action. 

(4) Regulatory Flexibility Act 

(a) Overview 

The Regulatory Flexibility Act 
generally requires an agency to prepare 
a regulatory flexibility analysis of any 
rule subject to notice and comment 
rulemaking requirements under the 
Administrative Procedure Act or any 
other statute unless the agency certifies 
that the rule will not have a significant 
economic impact on a substantial 
number of small entities. Small entities 
include small businesses, small 
organizations, and small governmental 
jurisdictions. 

For purposes of assessing the impacts 
of these rules on small entities, small 
entity is defined as: (1) A small business 
as defined by SBA regulations at 13 CFR 
121.201; (2) a small governmental 
jurisdiction that is a government of a 
city, county, town, school district or 
special district with a population of less 
than 50,000; and (3) a small 
organization that is any not-for-profit 
enterprise which is independently 
owned and operated and is not 
dominant in its field. 

(b) Summary of Potentially Affected 
Small Entities 

The agencies have not conducted a 
Regulatory Flexibility Analysis for this 
action because the agencies are 
certifying that these rules would not 
have a significant economic impact on 

a substantial number of small entities. 
As proposed, the agencies are deferring 
standards for manufacturers meeting 
SBA’s definition of small business as 
described in 13 CFR 121.201 due to the 
extremely small fuel savings and 
emissions contribution of these entities, 
and the short lead time to develop these 
rules, especially with our expectation 
that the program would need to be 
structured differently for them (which 
would require more time). The agencies 
are instead envisioning fuel 
consumption and GHG emissions 
standards for these entities as part of a 
future regulatory action. This includes 
small entities in several distinct 
categories of businesses for heavy-duty 
engines and vehicles: chassis 
manufacturers, combination tractor 
manufacturers, and alternative fuel 
engine converters. 

Based on a preliminary assessment, 
the agencies have identified a total of 
about 17 engine manufacturers, 3 
complete pickup truck and van 
manufacturers, 11 combination tractor 
manufacturers and 43 heavy-duty 
chassis manufacturers. Notably, several 
of these manufacturers produce vehicles 
in more than just one regulatory 
category (HD pickup trucks/vans, 
combination tractors, or vocational 
vehicles (i.e. heavy-duty chassis 
manufacturers)). Based on the types of 
vehicles they manufacture, these 
companies, however, would be subject 
to slightly different testing and reporting 
requirements. Taking this feature of the 
heavy-duty trucking sector into account, 
the agencies estimate that although 
there are fewer than 30 manufacturers 
covered by the program, there are close 
to 60 divisions within these companies 
that will be subject to the final 
regulations. Of these, about 15 entities 
fit the SBA criteria of a small business. 
There are approximately three engine 
converters, two tractor manufacturers, 
and ten heavy-duty chassis 
manufacturers in the heavy-duty engine 

and vehicle market that are small 
businesses. (No major heavy-duty 
engine manufacturers, heavy-duty 
chassis manufacturers, or tractor 
manufacturers meet the small-entity 
criteria as defined by SBA). The 
agencies estimate that these small 
entities comprise less than 0.35 percent 
of the total heavy-duty vehicle sales in 
the United States, and therefore the 
deferment will have a negligible impact 
on the fuel consumption and GHG 
emissions reductions from the final 
standards. 

To ensure that the agencies are aware 
of which companies are being deferred, 
the agencies are requiring that such 
entities submit a declaration to the 
agencies containing a detailed written 
description of how that manufacturer 
qualifies as a small entity under the 
provisions of 13 CFR 121.201. Some 
small entities, such as heavy-duty 
tractor and chassis manufacturers, are 
not currently covered under criteria 
pollutant motor vehicle emissions 
regulations. Small engine entities are 
currently covered by a number of EPA 
motor vehicle emission regulations, and 
they routinely submit information and 
data on an annual basis as part of their 
compliance responsibilities. Because 
such entities are not automatically 
exempted from other EPA regulations 
for heavy-duty engines and vehicles, 
absent such a declaration, EPA would 
assume that the entity was subject to the 
greenhouse gas control requirements in 
this program. The declaration to the 
agencies will need to be submitted at 
the time of either engine or vehicle 
emissions certification under the HD 
highway engine program for criteria 
pollutants. The agencies expect that the 
additional paperwork burden associated 
with completing and submitting a small 
entity declaration to gain deferral from 
the final GHG and fuel consumption 
standards will be negligible and easily 
done in the context of other routine 
submittals to the agencies. However, the 
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agencies have accounted for this cost 
with a nominal estimate included in the 
Information Collection Request 
completed under the Paperwork 
Reduction Act. Additional information 
can be found in the Paperwork 
Reduction Act discussion in Section 
0Paperwork Reduction Act. Based on 
this, the agencies are certifying that the 
rules will not have a significant 
economic impact on a substantial 
number of small entities. 

(5) Unfunded Mandates Reform Act 
Title II of the Unfunded Mandates 

Reform Act of 1995 (UMRA), Public 
Law 104–4, establishes requirements for 
Federal agencies to assess the effects of 
their regulatory actions on State, local, 
and tribal governments and the private 
sector. Under section 202 of the UMRA, 
the agencies generally must prepare a 
written statement, including a cost- 
benefit analysis, for proposed and final 
rules with ‘‘Federal mandates’’ that may 
result in expenditures to State, local, 
and tribal governments, in the aggregate, 
or to the private sector, of $100 million 
or more in any one year. Before 
promulgating a rule for which a written 
statement is needed, section 205 of the 
UMRA generally requires the agencies 
to identify and consider a reasonable 
number of regulatory alternatives and 
adopt the least costly, most cost- 
effective or least burdensome alternative 
that achieves the objectives of the rule. 
The provisions of section 205 do not 
apply when they are inconsistent with 
applicable law. Moreover, section 205 
allows the agencies to adopt an 
alternative other than the least costly, 
most cost-effective or least burdensome 
alternative if the Administrator (of 
either agency) publishes with the final 
rule an explanation why that alternative 
was not adopted. 

Before the agencies establish any 
regulatory requirements that may 
significantly or uniquely affect small 
governments, including tribal 
governments, they must have developed 
under section 203 of the UMRA a small 
government agency plan. The plan must 
provide for notifying potentially 
affected small governments, enabling 
officials of affected small governments 
to have meaningful and timely input in 
the development of EPA and NHTSA 
regulations with significant Federal 
intergovernmental mandates, and 
informing, educating, and advising 
small governments on compliance with 
the regulatory requirements. 

These rules contain no Federal 
mandates (under the regulatory 
provisions of Title II of the UMRA) for 
State, local, or tribal governments. The 
rules impose no enforceable duty on any 

State, local or tribal governments. The 
agencies have determined that these 
rules contain no regulatory 
requirements that might significantly or 
uniquely affect small governments. The 
agencies have determined that these 
rules contain a Federal mandate that 
may result in expenditures of $134 
million or more for the private sector in 
any one year. The agencies believe that 
the program represents the least costly, 
most cost-effective approach to achieve 
the statutory requirements of the rules. 
Section VIII.L, above, explains why the 
agencies believe that the fuel savings 
that will result from these rules will 
lead to lower prices economy-wide, 
improving U.S. international 
competitiveness. The costs and benefits 
associated with the program are 
discussed in more detail above in 
Section VIII and in the Regulatory 
Impact Analysis, as required by the 
UMRA. 

Table XII–1, above, presents the rule- 
related benefits, fuel savings, costs and 
net benefits in both present value terms 
and in annualized terms. In both cases, 
the discounted values are based on an 
underlying time varying stream of cost 
and benefit values that extend into the 
future (2012 through 2050). The 
distribution of each monetized 
economic impact over time can be 
viewed in the RIA that accompanies 
these rules. 

Present values represent the total 
amount that a stream of monetized 
costs/benefits/net benefits that occur 
over time are worth now (in year 2009 
dollar terms for this analysis), 
accounting for the time value of money 
by discounting future values using 
either a 3 or 7 percent discount rate, per 
OMB Circular A–4 guidance. An 
annualized value takes the present value 
and converts it into a constant stream of 
annual values through a given time 
period (2012 through 2050 in this 
analysis) and thus averages (in present 
value terms) the annual values. The 
present value of the constant stream of 
annualized values equals the present 
value of the underlying time varying 
stream of values. The ratio of benefits to 
costs is identical whether it is measured 
with present values or annualized 
values. 

It is important to note that annualized 
values cannot simply be summed over 
time to reflect total costs/benefits/net 
benefits; they must be discounted and 
summed. Additionally, the annualized 
value can vary substantially from the 
time varying stream of cost/benefit/net 
benefit values that occur in any given 
year. 

(6) Executive Order 13132 (Federalism) 

This action does not have federalism 
implications. It will not have substantial 
direct effects on the States, on the 
relationship between the national 
government and the States, or on the 
distribution of power and 
responsibilities among the various 
levels of government, as specified in 
Executive Order 13132. These rules will 
apply to manufacturers of motor 
vehicles and not to state or local 
governments. Thus, Executive Order 
13132 does not apply to this action. 
Although section 6 of Executive Order 
13132 does not apply to this action, the 
agencies did consult with 
representatives of state governments in 
developing this action. 

NHTSA notes that EPCA contains a 
provision (49 U.S.C. 32919(a)) that 
expressly preempts any State or local 
government from adopting or enforcing 
a law or regulation related to fuel 
economy standards or average fuel 
economy standards for automobiles 
covered by an average fuel economy 
standard under 49 U.S.C. Chapter 329. 
However, commercial medium- and 
heavy-duty on-highway vehicles and 
work trucks are not ‘‘automobiles,’’ as 
defined in 49 U.S.C. 32901(a)(3). 
Accordingly, NHTSA has tentatively 
concluded that EPCA’s express 
preemption provision would not reach 
the fuel efficiency standards to be 
established in this rulemaking. 

NHTSA also considered the issue of 
implied or conflict preemption. The 
possibility of such preemption is 
dependent upon there being an actual 
conflict between a standard established 
by NHTSA in this rulemaking and a 
State or local law or regulation. See 
Spriestma v. Mercury Marine, 537 U.S. 
51, 64–65 (2002). At present, NHTSA 
has no knowledge of any State or local 
law or regulation that would actually 
conflict with one of the fuel efficiency 
standards being established in this 
rulemaking. 

(7) Executive Order 13175 (Consultation 
and Coordination With Indian Tribal 
Governments) 

These final rules do not have tribal 
implications, as specified in Executive 
Order 13175 (65 FR 67249, November 9, 
2000). These rules will be implemented 
at the Federal level and impose 
compliance costs only on vehicle 
manufacturers. Tribal governments 
would be affected only to the extent 
they purchase and use regulated 
vehicles. Thus, Executive Order 13175 
does not apply to these rules. 
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587 See Endangerment TSD, Note 10, above. 
588 ICCT. ICCT Evaluation of Vehicle Simulation 

Tools. 2009. 

(8) Executive Order 13045: ‘‘Protection 
of Children From Environmental Health 
Risks and Safety Risks’’ 

This action is subject to Executive 
Order 13045 (62 FR 19885, April 23, 
1997) because it is an economically 
significant regulatory action as defined 
by Executive Order 12866, and the 
agencies believe that the environmental 
health or safety risk addressed by this 
action may have a disproportionate 
effect on children. A synthesis of the 
science and research regarding how 
climate change may affect children and 
other vulnerable subpopulations is 
contained in the Technical Support 
Document for Endangerment or Cause or 
Contribute Findings for Greenhouse 
Gases under section 202(a) of the Clean 
Air Act, which can be found in the 
public docket for these rules.587 A 
summary of the analysis is presented 
below. 

With respect to GHG emissions, the 
effects of climate change observed to 
date and projected to occur in the future 
include the increased likelihood of more 
frequent and intense heat waves. 
Specifically, EPA’s analysis of the 
scientific assessment literature has 
determined that severe heat waves are 
projected to intensify in magnitude, 
frequency, and duration over the 
portions of the United States where 
these events already occur, with 
potential increases in mortality and 
morbidity, especially among the young, 
elderly, and frail. EPA has estimated 
reductions in projected global mean 
surface temperatures as a result of 
reductions in GHG emissions associated 
with the final standards in this action 
(Section II). Children may receive 
benefits from reductions in GHG 
emissions because they are included in 
the segment of the population that is 
most vulnerable to extreme 
temperatures. 

For non-GHG pollutants, EPA has 
determined that climate change is 
expected to increase regional ozone 
pollution, with associated risks in 
respiratory infection, aggravation of 
asthma, and premature death. The 
directional effect of climate change on 
ambient PM levels remains uncertain. 
However, disturbances such as wildfires 
are increasing in the United States and 
are likely to intensify in a warmer future 
with drier soils and longer growing 
seasons. PM emissions from forest fires 
can contribute to acute and chronic 
illnesses of the respiratory system, 
particularly in children, including 
pneumonia, upper respiratory diseases, 

asthma and chronic obstructive 
pulmonary diseases. 

(9) Executive Order 13211 (Energy 
Effects) 

This rulemaking is not a ‘‘significant 
energy action’’ as defined in Executive 
Order 13211, ‘‘Actions Concerning 
Regulations That Significantly Affect 
Energy Supply, Distribution, or Use’’ (66 
FR 28355, May 22, 2001) because it is 
not likely to have a significant adverse 
effect on the supply, distribution, or use 
of energy. In fact, these rules have a 
positive effect on energy supply and 
use. Because the final GHG emission 
and fuel consumption standards will 
result in significant fuel savings, these 
rules encourage more efficient use of 
fuels. Therefore, we have concluded 
that these rules are not likely to have 
any adverse energy effects. Our energy 
effects analysis is described above in 
Section VIII.I. 

(10) National Technology Transfer 
Advancement Act 

Section 12(d) of the National 
Technology Transfer and Advancement 
Act of 1995 (‘‘NTTAA’’), Public Law 
104–113, 12(d) (15 U.S.C. 272 note) 
directs the agencies to use voluntary 
consensus standards in its regulatory 
activities unless to do so would be 
inconsistent with applicable law or 
otherwise impractical. Voluntary 
consensus standards are technical 
standards (e.g., materials, specifications, 
test methods, sampling procedures, and 
business practices) that are developed or 
adopted by voluntary consensus 
standards bodies. NTTAA directs the 
agencies to provide Congress, through 
OMB, explanations when the agencies 
decide not to use available and 
applicable voluntary consensus 
standards. 

For CO2, N2O, and CH4 emissions and 
fuel consumption from heavy-duty 
engines, the agencies will collect data 
over the same tests that are used for the 
heavy-duty highway engine program for 
criteria pollutants. This will minimize 
the amount of testing done by 
manufacturers, since manufacturers are 
already required to run these tests. 

For CO2, N2O, and CH4 emissions and 
fuel consumption from complete pickup 
trucks and vans, the agencies will 
collect data over the same tests that are 
used for EPA’s heavy-duty highway 
engine program for criteria pollutants 
and for the California Air Resources 
Board. This will minimize the amount 
of testing done by manufacturers, since 
manufacturers are already required to 
run these tests. 

For CO2 emissions and fuel 
consumption from heavy-duty 

combination tractors and vocational 
vehicles, the agencies will collect data 
through the use of a simulation model 
instead of a full-vehicle chassis 
dynamometer testing. This will 
minimize the amount of testing done by 
manufacturers. EPA’s compliance 
assessment tool is based upon well- 
established engineering and physics 
principals that are the basis of general 
academic understanding in this area, 
and the foundation of any dynamic 
vehicle simulation model, including the 
models cited by ICCT in its study.588 
Therefore, the EPA’s compliance 
assessment tool satisfies the description 
of a consensus. For the evaluation of tire 
rolling resistance input to the model, 
EPA is finalizing to use the ISO 28580 
test, a voluntary consensus 
methodology. EPA is adopting several 
alternatives for the evaluation of 
aerodynamics which allows the 
industry to continue to use their own 
evaluation tools because EPA does not 
know of a single consensus standard 
available for heavy-duty truck 
aerodynamic evaluation. 

For air conditioning standards, EPA is 
finalizing a consensus methodology 
developed by the Society of Automotive 
Engineers (SAE). 

(11) Executive Order 12898: Federal 
Actions To Address Environmental 
Justice in Minority Populations and 
Low-Income Populations 

Executive Order 12898 (59 FR 7629, 
February 16, 1994) establishes federal 
executive policy on environmental 
justice. Its main provision directs 
federal agencies, to the greatest extent 
practicable and permitted by law, to 
make environmental justice part of their 
mission by identifying and addressing, 
as appropriate, disproportionately high 
and adverse human health or 
environmental effects of their programs, 
policies, and activities on minority 
populations and low-income 
populations in the United States. 

With respect to GHG emissions, EPA 
has determined that these final rules 
will not have disproportionately high 
and adverse human health or 
environmental effects on minority or 
low-income populations because they 
increase the level of environmental 
protection for all affected populations 
without having any disproportionately 
high and adverse human health or 
environmental effects on any 
population, including any minority or 
low-income population. The reductions 
in CO2 and other GHGs associated with 
the standards will affect climate change 
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589 See Endangerment TSD, Note 10, above. 
590 CCSP (2008) Analyses of the effects of global 

change on human health and welfare and human 
systems. A Report by the U.S. Climate Change 
Science Program and the Subcommittee on Global 
Change Research. [Gamble, J.L. (ed.), K.L. Ebi, F.G. 
Sussman, T.J. Wilbanks, (Authors)]. U.S. 
Environmental Protection Agency, Washington, DC, 
USA. 

projections, and EPA has estimated 
reductions in projected global mean 
surface temperatures (Section VI). 
Within communities experiencing 
climate change, certain parts of the 
population may be especially 
vulnerable; these include the poor, the 
elderly, those already in poor health, the 
disabled, those living alone, and/or 
indigenous populations dependent on 
one or a few resources.589 In addition, 
the U.S. Climate Change Science 
Program stated as one of its conclusions: 
‘‘The United States is certainly capable 
of adapting to the collective impacts of 
climate change. However, there will still 
be certain individuals and locations 
where the adaptive capacity is less and 
these individuals and their communities 
will be disproportionally impacted by 
climate change.’’ 590 Therefore, these 
specific sub-populations may receive 
benefits from reductions in GHGs. 

For non-GHG co-pollutants such as 
ozone, PM2.5, and toxics, EPA has 
concluded that it is not practicable to 
determine whether there would be 
disproportionately high and adverse 
human health or environmental effects 
on minority and/or low income 
populations from these rules. 

(12) Congressional Review Act 

The Congressional Review Act, 5 
U.S.C. 801 et seq., as added by the Small 
Business Regulatory Enforcement 
Fairness Act of 1996, generally provides 
that before a rule may take effect, the 
agency promulgating the rule must 
submit a rule report, which includes a 
copy of the rule, to each House of the 
Congress and to the Comptroller General 
of the United States. The agencies will 
submit a report containing these rules 
and other required information to the 
U.S. Senate, the U.S. House of 
Representatives, and the Comptroller 
General of the United States prior to 
publication of the rules in the Federal 
Register. A Major rule cannot take effect 
until 60 days after it is published in the 
Federal Register. This action is a ‘‘major 
rule’’ as defined by 5 U.S.C. 804(2). 
These rules will be effective November 
14, 2011, sixty days after date of 
publication in the Federal Register. 

(13) Privacy Act 

Anyone is able to search the 
electronic form of all comments 

received into any of our dockets by the 
name of the individual submitting the 
comment (or signing the comment, if 
submitted on behalf of an organization, 
business, labor union, etc.). You may 
review DOT’s complete Privacy Act 
statement in the Federal Register (65 FR 
19477–78, April 11, 2000) or you may 
visit http://www.dot.gov/privacy.html. 

XIII. Statutory Provisions and Legal 
Authority 

A. EPA 

Statutory authority for the vehicle 
controls in these rules is found in CAA 
section 202(a) (which requires EPA to 
establish standards for emissions of 
pollutants from new motor vehicles and 
engines which emissions cause or 
contribute to air pollution which may 
reasonably be anticipated to endanger 
public health or welfare), sections 
202(d), 203–209, 216, and 301 of the 
CAA, 42 U.S.C. 7521 (a), 7521 (d), 7522, 
7523, 7524, 7525, 7541, 7542, 7543, 
7550, and 7601. 

B. NHTSA 

Statutory authority for the fuel 
consumption standards in these rules is 
found in EISA section 103 (which 
authorizes a fuel efficiency 
improvement program, designed to 
achieve the maximum feasible 
improvement to be created for 
commercial medium- and heavy-duty 
on-highway vehicles and work trucks, to 
include appropriate test methods, 
measurement metrics, standards, and 
compliance and enforcement protocols 
that are appropriate, cost-effective and 
technologically feasible) of the Energy 
Independence and Security Act of 2007, 
49 U.S.C. 32902(k). 

List of Subjects 

40 CFR Part 85 

Confidential business information, 
Imports, Labeling, Motor vehicle 
pollution, Reporting and recordkeeping 
requirements, Research, Warranties. 

40 CFR Part 86 

Administrative practice and 
procedure, Confidential business 
information, Incorporation by reference, 
Labeling, Motor vehicle pollution, 
Reporting and recordkeeping 
requirements. 

40 CFR Part 600 

Administrative practice and 
procedure, Electric power, Fuel 
economy, Incorporation by reference, 
Labeling, Reporting and recordkeeping 
requirements. 

40 CFR Part 1033 

Administrative practice and 
procedure, Air pollution control. 

40 CFR Parts 1036 and 1037 

Administrative practice and 
procedure, Air pollution control, 
Confidential business information, 
Environmental protection, Incorporation 
by reference, Labeling, Motor vehicle 
pollution, Reporting and recordkeeping 
requirements, Warranties. 

40 CFR Part 1039 

Environmental protection, 
Administrative practice and procedure, 
Air pollution control, Confidential 
business information, Imports, Labeling, 
Penalties, Reporting and recordkeeping 
requirements, Warranties. 

40 CFR Parts 1065 and 1066 

Administrative practice and 
procedure, Air pollution control, 
Incorporation by reference, Reporting 
and recordkeeping requirements, 
Research. 

40 CFR Part 1068 

Environmental protection, 
Administrative practice and procedure, 
Confidential business information, 
Imports, Incorporation by reference, 
Motor vehicle pollution, Penalties, 
Reporting and recordkeeping 
requirements, Warranties. 

49 CFR Parts 523, 534, and 535 

Fuel economy. 

Environmental Protection Agency 

40 CFR Chapter I 
For the reasons set forth in the 

preamble, the Environmental Protection 
Agency is amending 40 CFR chapter I of 
the Code of Federal Regulations as 
follows: 

PART 85—CONTROL OF AIR 
POLLUTION FROM MOBILE SOURCES 

■ 1. The authority citation for part 85 
continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart F—[Amended] 

■ 2. Section 85.525 is revised to read as 
follows: 

§ 85.525 Applicable standards. 
To qualify for an exemption from the 

tampering prohibition, vehicles/engines 
that have been converted to operate on 
a different fuel must meet emission 
standards and related requirements as 
follows: 

(a) The modified vehicle/engine must 
meet the requirements that applied for 
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the OEM vehicle/engine, or the most 
stringent OEM vehicle/engine standards 
in any allowable grouping. Fleet average 
standards do not apply unless clean 
alternative fuel conversions are 
specifically listed as subject to the 
standards. 

(1) If the vehicle/engine was certified 
with a Family Emission Limit for NOX, 
NOX+HC, or particulate matter, as noted 
on the vehicle/engine emission control 
information label, the modified vehicle/ 
engine may not exceed this Family 
Emission Limit. 

(2) Compliance with greenhouse gas 
emission standards is demonstrated as 
follows: 

(i) Subject to the following exceptions 
and special provisions, compliance with 
light-duty vehicle greenhouse gas 
emission standards is demonstrated by 
complying with the N2O and CH4 
standards and provisions set forth in 40 
CFR 86.1818–12(f)(1) and the in-use CO2 
exhaust emission standard set forth in 
40 CFR 86.1818–12(d) as determined by 
the OEM for the subconfiguration that is 
identical to the fuel conversion 
emission data vehicle (EDV). 

(A) If the OEM complied with the 
light-duty greenhouse gas standards 
using the fleet averaging option for N2O 
and CH4, as allowed under 40 CFR 
86.1818–12(f)(2), the calculations of the 
carbon-related exhaust emissions 
require the input of grams/mile values 
for N2O and CH4, and you are not 
required to demonstrate compliance 
with the standalone CH4 and N2O 
standards. 

(B) If the OEM complied with 
alternate standards for N2O and/or CH4, 
as allowed under 40 CFR 86.1818– 
12(f)(3), you may demonstrate 
compliance with the same alternate 
standards. 

(C) If the OEM complied with the 
nitrous oxide (N2O) and methane (CH4) 
standards and provisions set forth in 40 
CFR 86.1818–12(f)(1) or 86.1818– 
12(f)(3), and the fuel conversion CO2 
measured value is lower than the in-use 
CO2 exhaust emission standard, you 
also have the option to convert the 
difference between the in-use CO2 
exhaust emission standard and the fuel 
conversion CO2 measured value into 
GHG equivalents of CH4 and/or N2O, 
using 298 g CO2 to represent 1 g N2O 
and 25 g CO2 to represent 1 g CH4. You 
may then subtract the applicable 
converted values from the fuel 
conversion measured values of CH4 and/ 
or N2O to demonstrate compliance with 
the CH4 and/or N2O standards. 

(ii) Compliance with heavy-duty 
engine greenhouse gas emission 
standards is demonstrated by complying 
with the CO2, N2O, and CH4 standards 

(or FELs, as applicable) and provisions 
set forth in 40 CFR 1036.108 for the 
engine family that is represented by the 
fuel conversion emission data engine 
(EDE). If the fuel conversion CO2 
measured value is lower than the CO2 
standard (or FEL, as applicable), you 
have the option to convert the difference 
between the CO2 standard (or FEL, as 
applicable) and the fuel conversion CO2 
measured value into GHG equivalents of 
CH4 and/or N2O, using 298 g/hp-hr CO2 
to represent 1 g/hp-hr N2O and 25 g/hp- 
hr CO2 to represent 1 g/hp-hr CH4. You 
may then subtract the applicable 
converted values from the fuel 
conversion measured values of CH4 and/ 
or N2O to demonstrate compliance with 
the CH4 and/or N2O standards (or FEL, 
as applicable). 

(3) Conversion systems for engines 
that would have qualified for chassis 
certification at the time of OEM 
certification may use those procedures, 
even if the OEM did not. Conversion 
manufacturers choosing this option 
must designate test groups using the 
appropriate criteria as described in this 
subpart and meet all vehicle chassis 
certification requirements set forth in 40 
CFR part 86, subpart S. 

(b) [Reserved] 

Subpart P—[Amended] 

■ 3. Section 85.1511 is revised to read 
as follows: 

§ 85.1511 Exemptions and exclusions. 
(a) Individuals, as well as certificate 

holders, shall be eligible for importing 
vehicles into the United States under 
the provisions of this section, unless 
otherwise specified. 

(b) Notwithstanding any other 
requirements of this subpart, a motor 
vehicle or motor vehicle engine entitled 
to a temporary exemption under this 
paragraph (b) may be conditionally 
admitted into the United States if prior 
written approval for such conditional 
admission is obtained from the 
Administrator. Conditional admission 
shall be under bond. A written request 
for approval from the Administrator 
shall contain the identification required 
in § 85.1504(a)(1) (except for 
§ 85.1504(a)(1)(v)) and information that 
indicates that the importer is entitled to 
the exemption. Noncompliance with 
provisions of this section may result in 
the forfeiture of the total amount of the 
bond or exportation of the vehicle or 
engine. The following temporary 
exemptions apply: 

(1) Exemption for repairs or 
alterations. Vehicles and engines may 
qualify for a temporary exemption 
under the provisions of 40 CFR 

1068.325(a). Such vehicles or engines 
may not be registered or licensed in the 
United States for use on public roads 
and highways. 

(2) Testing exemption. Vehicles and 
engines may qualify for a temporary 
exemption under the provisions of 40 
CFR 1068.325(b). Test vehicles or 
engines may be operated on and 
registered for use on public roads or 
highways provided that the operation is 
an integral part of the test. 

(3) Precertification exemption. 
Prototype vehicles for use in applying to 
EPA for certification may be imported 
by independent commercial importers 
subject to applicable provisions of 
§ 85.1706 and the following 
requirements: 

(i) No more than one prototype 
vehicle for each engine family for which 
an independent commercial importer is 
seeking certification shall be imported 
by each independent commercial 
importer. 

(ii) Unless a certificate of conformity 
is issued for the prototype vehicle, the 
total amount of the bond shall be 
forfeited or the vehicle must be exported 
within 180 days from the date of entry. 

(4) Display exemptions. Vehicles and 
engines may qualify for a temporary 
exemption under the provisions of 40 
CFR 1068.325(c). Display vehicles or 
engines may not be registered or 
licensed for use or operated on public 
roads or highways in the United States, 
unless an applicable certificate of 
conformity has been received. 

(c) Notwithstanding any other 
requirements of this subpart, a motor 
vehicle or motor vehicle engine may be 
finally admitted into the United States 
under this paragraph (c) if prior written 
approval for such final admission is 
obtained from the Administrator. 
Conditional admission of these vehicles 
is not permitted for the purpose of 
obtaining written approval from the 
Administrator. A request for approval 
shall contain the identification 
information required in § 85.1504(a)(1) 
(except for § 85.1504(a)(1)(v)) and 
information that indicates that the 
importer is entitled to the exemption or 
exclusion. The following exemptions or 
exclusions apply: 

(1) National security exemption. 
Vehicles may be imported under the 
national security exemption found at 40 
CFR 1068.315(a). Only persons who are 
manufacturers may import a vehicle 
under a national security exemption. 

(2) Hardship exemption. The 
Administrator may exempt on a case-by- 
case basis certain motor vehicles from 
Federal emission requirements to 
accommodate unforeseen cases of 
extreme hardship or extraordinary 
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circumstances. Some examples are as 
follows: 

(i) Handicapped individuals who 
need a special vehicle unavailable in a 
certified configuration; 

(ii) Individuals who purchase a 
vehicle in a foreign country where 
resale is prohibited upon the departure 
of such an individual; 

(iii) Individuals emigrating from a 
foreign country to the U.S. in 
circumstances of severe hardship. 

(d) Foreign diplomatic and military 
personnel may import nonconforming 
vehicles without bond. At the time of 
admission, the importer shall submit to 
the Administrator the written report 
required in § 85.1504(a)(1) (except for 
information required by 
§ 85.1504(a)(1)(v)). Such vehicles may 
not be sold in the United States. 

(e) Racing vehicles may be imported 
by any person provided the vehicles 
meet one or more of the exclusion 
criteria specified in § 85.1703. Racing 
vehicles may not be registered or 
licensed for use on or operated on 
public roads and highways in the 
United States. 

(f) The following exclusions and 
exemptions apply based on date of 
original manufacture: 

(1) Notwithstanding any other 
requirements of this subpart, the 
following motor vehicles or motor 
vehicle engines are excluded from the 
requirements of the Act in accordance 
with section 216(3) of the Act and may 
be imported by any person: 

(i) Gasoline-fueled light-duty vehicles 
and light-duty trucks originally 
manufactured prior to January 1, 1968. 

(ii) Diesel-fueled light-duty vehicles 
originally manufactured prior to January 
1, 1975. 

(iii) Diesel-fueled light-duty trucks 
originally manufactured prior to January 
1, 1976. 

(iv) Motorcycles originally 
manufactured prior to January 1, 1978. 

(v) Gasoline-fueled and diesel-fueled 
heavy-duty engines originally 
manufactured prior to January 1, 1970. 

(2) Notwithstanding any other 
requirements of this subpart, a motor 
vehicle or motor vehicle engine not 
subject to an exclusion under paragraph 
(f)(1) of this section but greater than 
twenty OP years old is entitled to an 
exemption from the requirements of the 
Act, provided that it is imported into 
the United States by a certificate holder. 
At the time of admission, the certificate 
holder shall submit to the Administrator 
the written report required in 
§ 85.1504(a)(1) (except for information 
required by § 85.1504(a)(1)(v)). 

(g) Applications for exemptions and 
exclusions provided for in paragraphs 

(b) and (c) of this section shall be mailed 
to the Designated Compliance Officer 
(see 40 CFR 1068.30). 

(h) Vehicles conditionally or finally 
admitted under this section must still 
comply with all applicable 
requirements, if any, of the Energy Tax 
Act of 1978, the Energy Policy and 
Conservation Act and any other Federal 
or state requirements. 

Subpart R—[Amended] 

■ 4. Section 85.1701 is revised to read 
as follows: 

§ 85.1701 General applicability. 
(a) The provisions of this subpart 

regarding exemptions are applicable to 
new and in-use motor vehicles and 
motor vehicle engines, except as 
follows: 

(1) Beginning January 1, 2014, the 
exemption provisions of 40 CFR part 
1068, subpart C, apply for heavy-duty 
motor vehicles and engines, except that 
the competition exemption of 40 CFR 
1068.235 and the hardship exemption 
provisions of 40 CFR 1068.245, 
1068.250, and 1068.255 do not apply for 
motor vehicle engines. 

(2) Prior to January 1, 2014, the 
provisions of §§ 85.1706 through 
85.1709 apply for heavy-duty motor 
vehicle engines. 

(b) The provisions of this subpart 
regarding exclusion are applicable after 
the effective date of these regulations. 

(c) References in this subpart to 
engine families and emission control 
systems shall be deemed to apply to 
durability groups and test groups as 
applicable for manufacturers certifying 
new light-duty vehicles, light-duty 
trucks, and Otto-cycle complete heavy- 
duty vehicles under the provisions of 40 
CFR part 86, subpart S. 

(d) In a given model year, 
manufacturers of motor vehicles and 
motor vehicle engines may ask us to 
approve the use of administrative or 
compliance procedures specified in 40 
CFR part 1068 instead of the comparable 
procedures that apply for vehicles or 
engines certified under this part or 40 
CFR part 86. 

Subpart T—[Amended] 

■ 5. Section 85.1901 is revised to read 
as follows: 

§ 85.1901 Applicability. 
Except as specified in this section, the 

requirements of this subpart shall be 
applicable to all 1972 and later model 
year vehicles and engines. The 
requirement to report emission-related 
defects affecting a given class or 

category of vehicles or engines shall 
remain applicable for five years from the 
end of the model year in which such 
vehicles or engines were manufactured. 
Manufacturers of heavy-duty motor 
vehicle engines may comply with the 
defect reporting requirements of 40 CFR 
1068.501 instead of the requirements of 
this subpart. 

PART 86—CONTROL OF EMISSIONS 
FROM NEW AND IN–USE HIGHWAY 
VEHICLES AND ENGINES 

■ 6. The authority citation for part 86 
continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

■ 7. Section 86.1 is amended by adding 
paragraphs (b)(2)(xli) and (b)(2)(xlii) and 
removing and reserving paragraph 
(b)(4)(i)(A) to read as follows: 

§ 86.1 Reference materials. 

* * * * * 
(b) * * * 
(2) * * * 
(xli) SAE J1711, Recommended 

Practice for Measuring the Exhaust 
Emissions and Fuel Economy of Hybrid- 
Electric Vehicles, Including Plug-In 
Hybrid Vehicles, June 2010, IBR 
approved for § 86.1811–04(n). 

(xlii) SAE J1634, Electric Vehicle 
Energy Consumption and Range Test 
Procedure, Cancelled October 2002, IBR 
approved for § 86.1811–04(n). 
* * * * * 

(4) * * * 
(i) * * * 
(A) [Reserved] 

* * * * * 

Subpart A—[Amended] 

■ 8. Section 86.010–18 is amended by 
adding paragraphs (j)(1)(ii)(E) and (q) to 
read as follows: 

§ 86.010–18 On-board Diagnostics for 
engines used in applications greater than 
14,000 pounds GVWR. 

* * * * * 
(j) * * * 
(1) * * * 
(ii) * * * 
(E) For hybrid engine families with 

projected U.S.-directed production 
volume of less than 5,000 engines, the 
manufacturers are only required to test 
one engine-hybrid combination per 
family. 
* * * * * 

(q) Optional phase-in for hybrid 
vehicles. This paragraph (q) applies for 
model year 2013 through 2015 engines 
when used with hybrid powertrain 
systems. It also applies for model year 
2016 engines used with hybrid 
powertrain systems that were offered for 
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sale prior to January 1, 2013, as 
specified in paragraph (q)(4) of this 
section. Manufacturers choosing to use 
the provisions of this paragraph (q) must 
submit an annual pre-compliance report 
to EPA for model years 2013 and later, 
as specified in paragraph (q)(5) of this 
section. Note that all hybrid powertrain 
systems must be fully compliant with 
the OBD requirements of this section no 
later than model year 2017. 

(1) If an engine-hybrid system has 
been certified by the California Air 
Resources Board with respect to its OBD 
requirements and it effectively meets 
the full OBD requirements of this 
section, all equivalent systems must 
meet those same requirements and may 
not be certified under this paragraph (q). 
For purposes of this paragraph (q)(1), an 
engine-hybrid system is considered to 
be equivalent to the certified system if 
it uses the same basic design (e.g. 
displacement) for the engine and 
primary hybrid components (see 
paragraph (q)(4) of this section). 
Equivalent systems may have minor 
hardware or calibration differences. 

(2) As of 2013, if an engine-hybrid 
system has not been certified to meet 
the full OBD requirements of this 
section, it must comply with the 
following requirements: 

(i) The engine in its installed 
configuration must meet the EMD and 
EMD+ requirements in 13 CCR 
§ 1971.1(d)(7.1.4) of the California Code 
of Regulations. For purposes of this 
paragraph (q), a given EMD requirement 
is deemed to be met if the engine’s OBD 
system addresses the same function. 
This allowance does not apply for OBD 
monitors or diagnostics that have been 
modified under paragraph (q)(2)(ii) of 
this section. 

(ii) The engine-hybrid system must 
maintain existing OBD capability for 
engines where the same or equivalent 
engine has been OBD certified. An 
equivalent engine is one produced by 
the same engine manufacturer with the 
same fundamental design, but that may 
have hardware or calibration differences 
that do not impact OBD functionality, 
such as slightly different displacement, 
rated power, or fuel system. (Note that 
engines with the same fundamental 
design will be presumed to be 
equivalent unless the manufacturer 
demonstrates that the differences 
effectively preclude applying equivalent 
OBD systems.) Though the OBD 
capability must be maintained, it does 
not have to meet detection thresholds 
(as described in Tables 1 and 2 of this 
section) and in-use performance 
frequency requirements (as described in 
paragraph (d) of this section). A 
manufacturer may modify detection 

thresholds to prevent false detection, 
and must indicate all deviations from 
the originally certified package with 
engineering justification in the 
certification documentation. 

(iii) This paragraph (q)(2)(iii) applies 
for derivatives of hybrid powertrain 
system designs that were offered for sale 
prior to January 1, 2013. Until these 
systems achieve full OBD certification, 
they must at a minimum maintain all 
fault-detection and diagnostic capability 
included on similar systems offered for 
sale prior to 2013. Manufacturers 
choosing to use the provisions of this 
paragraph (q)(2) must keep copies of the 
service manuals (and similar 
documents) for these previous model 
years to show the technical description 
of the system’s fault detection and 
diagnostic capabilities. 

(iv) You must submit an annual pre- 
compliance report to EPA for model 
years 2013 and later, as specified in 
paragraph (q)(5) of this section. 

(3) Engine-hybrid systems may be 
certified to the requirements of 
paragraph (q)(2) of this section by the 
engine manufacturer, the hybrid system 
manufacturer, or the vehicle 
manufacturer. If engine manufacturers 
certify the engine hybrid system, they 
must provide detailed installation 
instructions. Where the engine 
manufacturer does not specifically 
certify its engines for use in hybrid 
vehicles under this paragraph (q), the 
hybrid system manufacturer and vehicle 
manufacturer must install the engine to 
conform to the requirements of this 
section (i.e., full OBD) or recertify under 
paragraph (q)(2) of this section. 

(4) The provisions of this paragraph 
(q) apply for model year 2016 engines 
where you demonstrate that the hybrid 
powertrain system used is a derivative 
of a design that was offered for sale 
prior to January 1, 2013. In this case, 
you may ask us to consider the original 
system and the later system to be the 
same model for purposes of this 
paragraph (q), unless the systems are 
fundamentally different. In determining 
whether such systems are derivative or 
fundamentally different, we will 
consider factors such as the similarity of 
the following: 

(i) Transmissions. 
(ii) Hybrid machines (where ‘‘hybrid 

machine’’ means any system that is the 
part of a hybrid vehicle system that 
captures energy from and returns energy 
to the powertrain). 

(iii) Hybrid architecture (such as 
parallel or series). 

(iv) Motor/generator size, controller/ 
CPU (memory or inputs/outputs), 
control algorithm, and batteries. This 

paragraph (q)(4)(iv) applies only if all of 
these are modified simultaneously. 

(5) Manufacturers choosing to use the 
provisions of this paragraph (q) must 
submit an annual pre-compliance report 
to EPA for model years 2013 and later. 
Engine manufacturers must submit this 
report with their engine certification 
information. Hybrid manufacturers that 
are not certifying the engine-hybrid 
system must submit their report by June 
1 of the model year, or at the time of 
certification if they choose to certify. 
Include the following in the report: 

(i) A description of the manufacturer’s 
product plans and of the engine-hybrid 
systems being certified. 

(ii) A description of activities 
undertaken and progress made by the 
manufacturer towards achieving full 
OBD certification, including monitoring, 
diagnostics, and standardization. 

(iii) For model year 2016 engines, a 
description of your basis for applying 
the provision of this paragraph (q) to the 
engines. 

■ 9. A new § 86.012–2 is added to 
subpart A to read as follows: 

§ 86.012–2 Definitions. 
The definitions of § 86.010–2 

continue to apply to model year 2010 
and later model year vehicles. The 
definitions listed in this section apply 
beginning with model year 2012. Urban 
bus means a passenger-carrying vehicle 
with a load capacity of fifteen or more 
passengers and intended primarily for 
intracity operation, i.e., within the 
confines of a city or greater metropolitan 
area. Urban bus operation is 
characterized by short rides and 
frequent stops. To facilitate this type of 
operation, more than one set of quick- 
operating entrance and exit doors would 
normally be installed. Since fares are 
usually paid in cash or tokens, rather 
than purchased in advance in the form 
of tickets, urban buses would normally 
have equipment installed for collection 
of fares. Urban buses are also typically 
characterized by the absence of 
equipment and facilities for long 
distance travel, e.g., rest rooms, large 
luggage compartments, and facilities for 
stowing carry-on luggage. 

■ 10. A new § 86.016–1 is added to 
subpart A to read as follows: 

§ 86.016–1 General applicability. 
(a) Applicability. The provisions of 

this subpart generally apply to 2005 and 
later model year new Otto-cycle heavy- 
duty engines used in incomplete 
vehicles and vehicles above 14,000 
pounds GVWR and 2005 and later 
model year new diesel-cycle heavy-duty 
engines. In cases where a provision 
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applies only to a certain vehicle group 
based on its model year, vehicle class, 
motor fuel, engine type, or other 
distinguishing characteristics, the 
limited applicability is cited in the 
appropriate section or paragraph. The 
provisions of this subpart continue to 
generally apply to 2000 and earlier 
model year new Otto-cycle and diesel- 
cycle light-duty vehicles, 2000 and 
earlier model year new Otto-cycle and 
diesel-cycle light-duty trucks, and 2004 
and earlier model year new Otto-cycle 
complete heavy-duty vehicles at or 
below 14,000 pounds GVWR. Provisions 
generally applicable to 2001 and later 
model year new Otto-cycle and diesel- 
cycle light-duty vehicles, 2001 and later 
model year new Otto-cycle and diesel- 
cycle light-duty trucks, and 2005 and 
later model year Otto-cycle complete 
heavy-duty vehicles at or below 14,000 
pounds GVWR are located in subpart S 
of this part. 

(b) Optional applicability. A 
manufacturer may request to certify any 
incomplete Otto-cycle heavy-duty 
vehicle of 14,000 pounds Gross Vehicle 
Weight Rating or less in accordance 
with the provisions for Otto-cycle 
complete heavy-duty vehicles located in 
subpart S of this part. Heavy-duty 
engine or heavy-duty vehicle provisions 
of this subpart A do not apply to such 
a vehicle. 

(c) Otto-cycle heavy-duty engines and 
vehicles. The following requirements 
apply to Otto-cycle heavy-duty engines 
and vehicles: 

(1) Exhaust emission standards 
according to the provisions of § 86.008– 
10 or § 86.1816, as applicable. 

(2) On-board diagnostics requirements 
according to the provisions of § 86.007– 
17 or § 86.1806, as applicable. 

(3) Evaporative emission standards as 
follows: 

(i) Evaporative emission standards for 
complete vehicles according to the 
provisions of §§ 86.1810 and 86.1816. 

(ii) For 2013 and earlier model years, 
evaporative emission standards for 
incomplete vehicles according to the 
provisions of § 86.008–10, or §§ 86.1810 
and 86.1816, as applicable. 

(iii) For 2014 and later model years, 
evaporative emission standards for 
incomplete vehicles according to the 
provisions of §§ 86.1810 and 86.1816, or 
40 CFR part 1037, as applicable. 

(4) Refueling emission requirements 
for Otto-cycle complete vehicles 
according to the provisions of 
§§ 86.1810 and 86.1816. 

(d) Non-petroleum fueled vehicles. 
The standards and requirements of this 
part apply to model year 2016 and later 
non-petroleum fueled motor vehicles as 
follows: 

(1) The standards and requirements of 
this part apply as specified for vehicles 
fueled with methanol, natural gas, and 
LPG. 

(2) The standards and requirements of 
subpart S of this part apply as specified 
for light-duty vehicles and light-duty 
trucks. 

(3) The standards and requirements of 
this part applicable to methanol-fueled 
heavy-duty vehicles and engines 
(including flexible fuel vehicles and 
engines) apply to heavy-duty vehicles 
and engines fueled with any oxygenated 
fuel (including flexible fuel vehicles and 
engines). Most significantly, this means 
that the hydrocarbon standards apply as 
NMHCE and the vehicles and engines 
must be tested using the applicable 
oxygenated fuel according to the test 
procedures in 40 CFR part 1065 
applicable for oxygenated fuels. For 
purposes of this paragraph (d), 
oxygenated fuel means any fuel 
containing at least 50 volume percent 
oxygenated compounds. For example, a 
fuel mixture of 85 gallons of ethanol and 
15 gallons of gasoline is an oxygenated 
fuel, while a fuel mixture of 15 gallons 
of ethanol and 85 gallons of gasoline is 
not an oxygenated fuel. 

(4) The standards and requirements of 
subpart S of this part applicable to 
heavy-duty vehicles under 14,000 
pounds GVWR apply to all heavy-duty 
vehicles powered solely by electricity, 
including plug-in electric vehicles and 
solar-powered vehicles. Use good 
engineering judgment to apply these 
requirements to these vehicles, 
including applying these provisions to 
vehicles over 14,000 pounds GVWR. 
Electric heavy-duty vehicles may not 
generate NOX or PM emission credits. 
Heavy-duty vehicles powered solely by 
electricity are deemed to have zero 
emissions of regulated pollutants. 

(5) The standards and requirements of 
this part applicable to diesel-fueled 
heavy-duty vehicles and engines apply 
to all other heavy-duty vehicles and 
engines not otherwise addressed in this 
paragraph (d). 

(6) See 40 CFR parts 1036 and 1037 
for requirements related to greenhouse 
gas emissions. 

(7) Manufacturers may voluntarily 
certify to the standards of paragraphs 
(d)(3) through (5) of this section before 
model year 2016. Note that other 
provisions in this part require 
compliance with the standards 
described in paragraphs (d)(1) and (2) of 
this section for model years before 2016. 

(e) Small volume manufacturers. 
Special certification procedures are 
available for any manufacturer whose 
projected combined U.S. sales of light- 
duty vehicles, light-duty trucks, heavy- 

duty vehicles, and heavy-duty engines 
in its product line (including all 
vehicles and engines imported under 
the provisions of 40 CFR 85.1505 and 
85.1509) are fewer than 10,000 units for 
the model year in which the 
manufacturer seeks certification. To 
certify its product line under these 
optional procedures, the small-volume 
manufacturer must first obtain the 
Administrator’s approval. The 
manufacturer must meet the eligibility 
criteria specified in § 86.098–14(b) 
before the Administrator’s approval will 
be granted. The small-volume 
manufacturer’s certification procedures 
are described in § 86.098–14. 

(f) Optional procedures for 
determining exhaust opacity. (1) The 
provisions of subpart I of this part apply 
to tests which are performed by the 
Administrator, and optionally, by the 
manufacturer. 

(2) Measurement procedures, other 
than those described in subpart I of this 
part, may be used by the manufacturer 
provided the manufacturer satisfies the 
requirements of § 86.007–23(f). 

(3) When a manufacturer chooses to 
use an alternative measurement 
procedure, it has the responsibility to 
determine whether the results obtained 
by the procedure will correlate with the 
results which would be obtained from 
the measurement procedure in subpart I 
of this part. Consequently, the 
Administrator will not routinely 
approve or disapprove any alternative 
opacity measurement procedure or any 
associated correlation data which the 
manufacturer elects to use to satisfy the 
data requirements for subpart I of this 
part. 

(4) If a confirmatory test is performed 
and the results indicate there is a 
systematic problem suggesting that the 
data generated under an optional 
alternative measurement procedure do 
not adequately correlate with data 
obtained in accordance with the 
procedures described in subpart I of this 
part, EPA may require that all 
certificates of conformity not already 
issued be based on data obtained from 
procedures described in subpart I of this 
part. 

■ 11. Section 86.090–2 is amended by 
revising the definition of ‘‘primary 
intended service class’’ to read as 
follows: 

§ 86.090–2 Definitions. 

* * * * * 
Primary intended service class has the 

meaning given in 40 CFR 1036.140. 
* * * * * 
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Subpart B—[Amended] 

■ 12. Section 86.144–94 is amended by 
adding paragraphs (b)(11) and (c)(10) to 
read as follows: 

§ 86.144–94 Calculations; exhaust 
emissions. 

* * * * * 
(b) * * * 
(11) Nitrous Oxide Mass: Vmix × 

DensityN2O × (N2Oconc/1,000,000) 
(c) * * * 
(10)(i) N2Omass = Nitrous oxide 

emissions, in grams per test phase. 
(ii) DensityN2O = Density of nitrous 

oxide is 51.81 g/ft3 (1.83 kg/m3), at 68 
°F (20 °C) and 760 mm Hg (101.3kPa) 
pressure. 

(iii)(A) N2Oconc = Nitrous oxide 
concentration of the dilute exhaust 
sample corrected for background, in 
ppm. 

(B) N2Oconc = N2Oe ¥ N2Od(1 ¥ (1/ 
DF)). 
Where: 
N2Oe = Nitrous oxide concentration of the 

dilute exhaust sample as measured, in 
ppm. 

N2Od = Nitrous oxide concentration of the 
dilution air as measured, in ppm. 

* * * * * 

Subpart F—[Amended] 

■ 13. Section 86.544–90 is amended by 
adding paragraphs (b)(8) and (c)(8) to 
read as follows: 

§ 86.544–90 Calculations; exhaust 
emissions. 

* * * * * 
(b) * * * 
(8) Nitrous Oxide Mass: Vmix × 

DensityN2O × (N2Oconc/1,000,000) 
(c) * * * 
(8)(i) N2Omass = Nitrous oxide 

emissions, in grams per test phase. 
(ii) Density N2O = Density of nitrous 

oxide is 51.81 g/ft3 (1.83 kg/m3), at 68 
°F (20 °C) and 760 mm Hg (101.3kPa) 
pressure. 

(iii)(A) N2Oconc = Nitrous oxide 
concentration of the dilute exhaust 
sample corrected for background, in 
ppm. 

(B) N2Oconc = N2Oe-N2Od(1¥(1/DF)). 
Where: 
N2Oe = Nitrous oxide concentration of the 

dilute exhaust sample as measured, in 
ppm. 

N2Od = Nitrous oxide concentration of the 
dilution air as measured, in ppm. 

* * * * * 

Subpart N—[Amended] 

■ 14. Section 86.1305–2010 is amended 
by revising paragraph (b) to read as 
follows: 

§ 86.1305–2010 Introduction; structure of 
subpart. 

* * * * * 
(b) Use the applicable equipment and 

procedures for spark-ignition or 
compression-ignition engines in 40 CFR 
part 1065 to determine whether engines 
meet the duty-cycle emission standards 
in subpart A of this part. Measure the 
emissions of all regulated pollutants as 
specified in 40 CFR part 1065. Use the 
duty cycles and procedures specified in 
§§ 86.1333–2010, 86.1360–2007, and 
86.1362–2010. Adjust emission results 
from engines using aftertreatment 
technology with infrequent regeneration 
events as described in § 86.004–28. 
* * * * * 

Subpart S—[Amended] 

§ 86.1806–01—[Amended]  

■ 15. Section 86.1806–01 is amended by 
removing and reserving paragraph 
(b)(8)(ii). 

§ 86.1806–05—[Amended]  

■ 16. Section 86.1806–05 is amended by 
removing and reserving paragraph 
(b)(8)(ii). 
■ 17. Section 86.1811–04 is amended by 
revising paragraph (n) to read as 
follows: 

§ 86.1811–04 Emission standards for light- 
duty vehicles, light-duty trucks and 
medium-duty passenger vehicles. 

* * * * * 
(n) Hybrid electric vehicle (HEV) and 

Zero Emission Vehicle (ZEV) 
requirements. For FTP and SFTP 
exhaust emissions, manufacturers must 
measure emissions from all HEVs and 
ZEVs according to the procedures 
specified in SAE J1711 and SAE J1634, 
respectively (incorporated by reference 
in § 86.1). 
* * * * * 
■ 18. Section 86.1818–12 is amended by 
revising paragraph (f) to read as follows: 

§ 86.1818–12 Greenhouse gas emission 
standards for light-duty vehicles, light-duty 
trucks, and medium-duty passenger 
vehicles. 

* * * * * 
(f) Nitrous oxide (N2O) and methane 

(CH4) exhaust emission standards for 
passenger automobiles and light trucks. 
Each manufacturer’s fleet of combined 
passenger automobile and light trucks 
must comply with N2O and CH4 
standards using either the provisions of 
paragraph (f)(1), (f)(2), or (f)(3) of this 
section. Except with prior EPA 
approval, a manufacturer may not use 
the provisions of both paragraphs (f)(1) 
and (2) of this section in a model year. 
For example, a manufacturer may not 

use the provisions of paragraph (f)(1) of 
this section for their passenger 
automobile fleet and the provisions of 
paragraph (f)(2) of this section for their 
light truck fleet in the same model year. 
The manufacturer may use the 
provisions of both paragraphs (f)(1) and 
(3) of this section in a model year. For 
example, a manufacturer may meet the 
N2O standard in paragraph (f)(1)(i) of 
this section and an alternative CH4 
standard determined under paragraph 
(f)(3) of this section in the same model 
year. Use of the provisions in paragraph 
(f)(3) of this section is limited to the 
2012 through 2016 model years. 

(1) Standards applicable to each test 
group. (i) Exhaust emissions of nitrous 
oxide (N2O) shall not exceed 0.010 
grams per mile at full useful life, as 
measured according to the Federal Test 
Procedure (FTP) described in subpart B 
of this part. Manufacturers may 
optionally determine an alternative N2O 
standard under paragraph (f)(3) of this 
section. (ii) Exhaust emissions of 
methane (CH4) shall not exceed 0.030 
grams per mile at full useful life, as 
measured according to the Federal Test 
Procedure (FTP) described in subpart B 
of this part. Manufacturers may 
optionally determine an alternative CH4 
standard under paragraph (f)(3) of this 
section. 

(2) Include N 2O and CH4 in fleet 
averaging program. Manufacturers may 
elect to not meet the emission standards 
in paragraph (f)(1) of this section. 
Manufacturers making this election 
shall include N2O and CH4 emissions in 
the determination of their fleet average 
carbon-related exhaust emissions, as 
calculated in 40 CFR part 600, subpart 
F. Manufacturers using this option must 
include both N2O and CH4 full useful 
life values in the fleet average 
calculations for passenger automobiles 
and light trucks. Use of this option will 
account for N2O and CH4 emissions 
within the carbon-related exhaust 
emission value determined for each 
model type according to the provisions 
of 40 CFR part 600. This option requires 
the determination of full useful life 
emission values for both the Federal 
Test Procedure and the Highway Fuel 
Economy Test. Manufacturers selecting 
this option are not required to 
demonstrate compliance with the 
standards in paragraph (f)(1) of this 
section. 

(3) Optional use of alternative N2O 
and/or CH4 standards. Manufacturers 
may select an alternative standard 
applicable to a test group, for either 
N2O, CH4, or both. For example, a 
manufacturer may choose to meet the 
N2O standard in paragraph (f)(1)(i) of 
this section and an alternative CH4 
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standard in lieu of the standard in 
paragraph (f)(1)(ii) of this section. The 
alternative standard for each pollutant 
must be greater than the applicable 
exhaust emission standard specified in 
paragraph (f)(1) of this section. 
Alternative N2O and CH4 standards 
apply to emissions measured according 
to the Federal Test Procedure (FTP) 
described in Subpart B of this part for 
the full useful life, and become the 
applicable certification and in-use 
emission standard(s) for the test group. 
Manufacturers using an alternative 
standard for N2O and/or CH4 must 
calculate emission debits according to 
the provisions of paragraph (f)(4) of this 
section for each test group/alternative 
standard combination. Debits must be 
included in the calculation of total 
credits or debits generated in a model 
year as required under § 86.1865– 
12(k)(5). For flexible fuel vehicles (or 
other vehicles certified for multiple 
fuels) you must meet these alternative 
standards when tested on any 
applicable test fuel type. 

(4) CO2-equivalent debits. CO2- 
equivalent debits for test groups using 
an alternative N2Oand/or CH4 standard 
as determined under paragraph (f)(3) of 
this section shall be calculated 
according to the following equation and 
rounded to the nearest megagram: 

Debits = [GWP × (Production) × 
(AltStd—Std) × VLM]/1,000,000 
Where: 
Debits = N2O or CH4 CO2-equivalent debits 

for a test group using an alternative N2O 
or CH4 standard; 

GWP = 25 if calculating CH4 debits and 298 
if calculating N2O debits; 

Production = The number of vehicles of that 
test group domestically produced plus 
those imported as defined in § 600.511 of 
this chapter; 

AltStd = The alternative standard (N2O or 
CH4) selected by the manufacturer under 
paragraph (f)(3) of this section; 

Std = The exhaust emission standard for N2O 
or CH4 specified in paragraph (f)(1) of 
this section; and 

VLM = 195,264 for passenger automobiles 
and 225,865 for light trucks. 

■ 19. Section 86.1823–08 is amended by 
revising paragraph (m) to read as 
follows: 

§ 86.1823–08 Durability demonstration 
procedures for exhaust emissions. 

* * * * * 
(m) Durability demonstration 

procedures for vehicles subject to the 
greenhouse gas exhaust emission 
standards specified in § 86.1818. (1) 
CO2. (i) Unless otherwise specified 
under paragraph (m)(1)(ii) of this 
section, manufacturers may use a 
multiplicative CO2 deterioration factor 
of one or an additive deterioration factor 

of zero to determine full useful life 
emissions for the FTP and HFET tests. 

(ii) Based on an analysis of industry- 
wide data, EPA may periodically 
establish and/or update the 
deterioration factor for CO2 emissions, 
including air conditioning and other 
credit-related emissions. Deterioration 
factors established and/or updated 
under this paragraph (m)(1)(ii) will 
provide adequate lead time for 
manufacturers to plan for the change. 

(iii) Alternatively, manufacturers may 
use the whole-vehicle mileage 
accumulation procedures in § 86.1823– 
08 (c) or (d)(1) to determine CO2 
deterioration factors. In this case, each 
FTP test performed on the durability 
data vehicle selected under § 86.1822 
must also be accompanied by an HFET 
test, and combined FTP/HFET CO2 
results determined by averaging the city 
(FTP) and highway (HFET) CO2 values, 
weighted 0.55 and 0.45 respectively. 
The deterioration factor will be 
determined for this combined CO2 
value. Calculated multiplicative 
deterioration factors that are less than 
one shall be set to equal one, and 
calculated additive deterioration factors 
that are less than zero shall be set to 
zero. 

(iv) If, in the good engineering 
judgment of the manufacturer, the 
deterioration factors determined 
according to paragraphs (m)(1)(i), 
(m)(1)(ii), or (m)(1)(iii) of this section do 
not adequately account for the expected 
CO2 emission deterioration over the 
vehicle’s useful life, the manufacturer 
may petition EPA to request a more 
appropriate deterioration factor. 

(2) N2O and CH4. (i) For 
manufacturers complying with the FTP 
emission standards for N2O and CH4 
specified in § 86.1818–12(f)(1) or 
determined under § 86.1818–12(f)(3), 
FTP-based deterioration factors for N2O 
and CH4 shall be determined according 
to the provisions of paragraphs (a) 
through (l) of this section. 

(ii) For manufacturers complying with 
the fleet averaging option for N2O and 
CH4 as allowed under § 86.1818– 
12(f)(2), deterioration factors based on 
FTP testing shall be determined and 
may be used to determine full useful life 
emissions for the FTP and HFET tests. 
The manufacturer may at its option 
determine separate deterioration factors 
for the FTP and HFET test cycles, in 
which case each FTP test performed on 
the durability data vehicle selected 
under § 86.1822 of this part must also be 
accompanied by an HFET test. 

(iii) For the 2012 through 2014 model 
years only, manufacturers may use 
alternative deterioration factors. For 
N2O, the alternative deterioration factor 

to be used to adjust FTP and HFET 
emissions is the deterioration factor 
determined for NOX emissions 
according to the provisions of this 
section. For CH4, the alternative 
deterioration factor to be used to adjust 
FTP and HFET emissions is the 
deterioration factor determined for 
NMOG or NMHC emissions according to 
the provisions of this section. 

(3) Other carbon-related exhaust 
emissions. FTP-based deterioration 
factors shall be determined for carbon- 
related exhaust emissions (CREE), 
hydrocarbons, and CO according to the 
provisions of paragraphs (a) through (l) 
of this section. The FTP-based 
deterioration factor shall be used to 
determine full useful life emissions for 
both the FTP (city) and HFET (highway) 
test cycles. The manufacturer may at its 
option determine separate deterioration 
factors for the FTP and HFET test 
cycles, in which case each FTP test 
performed on the durability data vehicle 
selected under § 86.1822 must also be 
accompanied by an HFET test. In lieu of 
determining emission-specific 
deterioration factors for the specific 
hydrocarbons of CH3OH (methanol), 
HCHO (formaldehyde), C2H5OH 
(ethanol), and C2H4O (acetaldehyde) as 
may be required for some alternative 
fuel vehicles, manufacturers may use 
the additive or multiplicative 
deterioration factor determined for (or 
derived from, using good engineering 
judgment) NMOG or NMHC emissions 
according to the provisions of this 
section. 

(4) Air Conditioning leakage and 
efficiency or other emission credit 
requirements to comply with exhaust 
CO2 standards. Manufactures will attest 
to the durability of components and 
systems used to meet the CO2 standards. 
Manufacturers may submit engineering 
data to provide durability 
demonstration. Deterioration factors do 
not apply to emission-related 
components and systems used to 
generate air conditioning leakage and/or 
efficiency credits. 
■ 20. Section 86.1844–01 is amended by 
revising paragraph (d)(15) to read as 
follows: 

§ 86.1844–01 Information requirements: 
Application for certification and submittal of 
information upon request. 
* * * * * 

(d) * * * 
(15)(i) For HEVs and EVs, describe the 

recharging procedures and methods for 
determining battery performance, such 
as state of charge and charging capacity. 

(ii) For vehicles with fuel-fired 
heaters, include the information 
specified in this paragraph (d)(15)(ii). 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00274 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57379 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

Describe the control system logic of the 
fuel-fired heater, including an 
evaluation of the conditions under 
which it can be operated and an 
evaluation of the possible operational 
modes and conditions under which 
evaporative emissions can exist. Use 
good engineering judgment to establish 
an estimated exhaust emission rate from 
the fuel-fired heater in grams per mile. 
Describe the testing used to establish the 
exhaust emission rate. 
* * * * * 
■ 21. Section 86.1863–07 is revised to 
read as follows: 

§ 86.1863–07 Chassis certification for 
diesel vehicles. 

(a) A manufacturer may optionally 
certify heavy-duty diesel vehicles 
14,000 pounds GVWR or less to the 
standards specified in § 86.1816. Such 
vehicles must meet all the requirements 
of this subpart S that are applicable to 
Otto-cycle vehicles, except for 
evaporative, refueling, and OBD 
requirements where the diesel-specific 
OBD requirements would apply. 

(b) For OBD, diesel vehicles 
optionally certified under this section 
are subject to the OBD requirements of 
§ 86.1806. 

(c) Diesel vehicles certified under this 
section may be tested using the test 
fuels, sampling systems, or analytical 
systems specified for diesel engines in 
subpart N of this part or in 40 CFR part 
1065. 

(d) Diesel vehicles optionally certified 
under this section to the standards of 
this subpart may not be included in any 
averaging, banking, or trading program 
for criteria emissions under this part. 

(e) The provisions of § 86.004–40 
apply to the engines in vehicles certified 
under this section. 

(f) Diesel vehicles may be certified 
under this section to the standards 
applicable to model year 2008 in earlier 
model years. 

(g) Diesel vehicles optionally certified 
under this section in model years 2007, 
2008, or 2009 shall be included in 
phase-in calculations specified in 
§ 86.007–11(g). 

(h) Diesel vehicles subject to the 
standards of 40 CFR 1037.104 are 

subject to the provisions of this subpart 
as specified in 40 CFR 1037.104. 

(i) Non-petroleum fueled complete 
vehicles subject to the standards and 
requirements of this part under 
§ 86.016–01(d)(5) are subject to the 
provisions of this section applicable to 
diesel-fueled heavy-duty vehicles. 
■ 22. Section 86.1865–12 is amended by 
adding paragraph (k)(5)(iv) and by 
revising paragraphs (l)(1)(ii)(F) and 
(l)(2)(i) to read as follows: 

§ 86.1865–12 How to comply with the fleet 
average CO2 standards. 
* * * * * 

(k) * * * 
(5) * * * 
(iv) N2O and/or CH4 CO2-equivalent 

debits accumulated according to the 
provisions of § 86.1818–12(f)(4). 
* * * * * 

(l) * * * 
(1) * * * 
(ii) * * * 
(F) Carbon-related exhaust emission 

standard, N2O emission standard, and 
CH4 emission standard to which the 
passenger car or light truck is certified. 
* * * * * 

(2) * * * 
(i) Each manufacturer must submit an 

annual report. The annual report must 
contain for each applicable CO2 
standard, the calculated fleet average 
CO2 value, all values required to 
calculate the CO2 emissions value, the 
number of credits generated or debits 
incurred, all the values required to 
calculate the credits or debits, and the 
resulting balance of credits or debits. 
For each applicable alternative N2O 
and/or CH4 standard selected under the 
provisions of § 86.1818–12(f)(3), the 
report must contain the N2O and/or CH4 
CO2-equivalent debits calculated 
according to § 86.1818–12(f)(4) for each 
test group and all values required to 
calculate the number of debits incurred. 
* * * * * 

PART 600—FUEL ECONOMY AND 
GREENHOUSE GAS EXHAUST 
EMISSIONS OF MOTOR VEHICLES 

■ 23. The authority citation for part 600 
continues to read as follows: 

Authority: 49 U.S.C. 32901—23919q, Pub. 
L. 109–58. 

Subpart A—[Amended] 

■ 24. Section 600.011 is amended by 
revising paragraph (c)(3) to read as 
follows: 

§ 600.011 Incorporation by reference. 

* * * * * 
(c) * * * 
(3) SAE J1711, Recommended Practice 

for Measuring the Exhaust Emissions 
and Fuel Economy of Hybrid-Electric 
Vehicles, Including Plug-In Hybrid 
Vehicles, June 2010, IBR approved for 
§§ 600.114–12(c) and (f), 600.116–12(b), 
and 600.311–12(d), (j), and (k). 
* * * * * 

Subpart B—[Amended] 

■ 25. Section 600.114–12 is amended by 
revising the introductory text of 
paragraph (c), paragraph (e)(2)(ii), and 
the introductory text of paragraph (f), to 
read as follows: 

§ 600.114–12 Vehicle-specific 5-cycle fuel 
economy and carbon-related exhaust 
emission calculations. 

* * * * * 
(c) Fuel economy calculations for 

hybrid electric vehicles. Test hybrid 
electric vehicles as described in SAE 
J1711 (incorporated by reference in 
§ 600.011). For FTP testing, this 
generally involves emission sampling 
over four phases (bags) of the UDDS 
(cold-start, transient, warm-start, 
transient); however, these four phases 
may be combined into two phases 
(phases 1 + 2 and phases 3 + 4). 
Calculations for these sampling methods 
follow: 
* * * * * 

(e) * * * 
(2) * * * 
(ii) Determine the 5-cycle highway 

carbon-related exhaust emissions 
according to the following formula: 

Where: 
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Start CREE75 = 3.6 × (Bag 1CREE75 ¥ Bag 
3CREE75) 

Running CREE = 1.007 × [(0.79 × US06 
Highway CREE) + (0.21 × HFET CREE)] 
+ [0.377 × 0.133 × ((0.00540 × A) + 
(0.1357 × US06 CREE))] 

* * * * * 
(f) CO2 and carbon-related exhaust 

emissions calculations for hybrid 
electric vehicles. Test hybrid electric 
vehicles as described in SAE J1711 
(incorporated by reference in § 600.011). 
For FTP testing, this generally involves 
emission sampling over four phases 
(bags) of the UDDS (cold-start, transient, 
warm-start, transient); however, these 
four phases may be combined into two 
phases (phases 1 + 2 and phases 3 + 4). 
Calculations for these sampling methods 
follow: 
* * * * * 
■ 26. Section 600.115–11 is amended by 
revising the introductory text to read as 
follows: 

§ 600.115–11 Criteria for determining the 
fuel economy label calculation method. 

This section provides the criteria to 
determine if the derived 5-cycle method 
for determining fuel economy label 
values, as specified in § 600.210– 
08(a)(2) or (b)(2) or § 600.210–12(a)(2) or 
(b)(2), as applicable, may be used to 
determine label values. Separate criteria 
apply to city and highway fuel economy 
for each test group. The provisions of 
this section are optional. If this option 
is not chosen, or if the criteria provided 
in this section are not met, fuel 
economy label values must be 
determined according to the vehicle- 
specific 5-cycle method specified in 
§ 600.210–08(a)(1) or (b)(1) or 
§ 600.210–12(a)(1) or (b)(1), as 
applicable. However, dedicated 
alternative-fuel vehicles, dual fuel 
vehicles when operating on the 
alternative fuel, plug-in hybrid electric 
vehicles while operating in charge- 
depleting mode, MDPVs, and vehicles 
imported by Independent Commercial 

Importers may use the derived 5-cycle 
method for determining fuel economy 
label values whether or not the criteria 
provided in this section are met. 
Manufacturers may alternatively 
account for this effect by multiplying 2- 
cycle fuel economy values by 0.7 and 
dividing 2-cycle CO2 emission values by 
0.7. 
* * * * * 
■ 27. Section 600.116–12 is amended by 
adding paragraph (a)(6) and revising the 
equation for UFi in paragraph (b)(4) to 
read as follows: 

§ 600.116–12 Special procedures related to 
electric vehicles and plug-in hybrid electric 
vehicles. 

(a) * * * 
(6) All label values related to fuel 

economy, energy consumption, and 
range must be based on 5-cycle testing 
or on values adjusted to be equivalent 
to 5-cycle results. 

(b) * * * 
(4) * * * 

* * * * * 

Subpart C—[Amended] 

■ 28. Section 600.210–12 is amended by 
revising paragraph (d)(3)(ii) to read as 
follows: 

§ 600.210–12 Calculation of fuel economy 
and CO2 emission values for labeling. 

* * * * * 
(d) * * * 
(3) * * * 
(ii) Multiply 2-cycle fuel economy 

values by 0.7 and divide 2-cycle CO2 
emission values by 0.7. 
* * * * * 

Subpart D—[Amended] 

■ 29. Section 600.302–12 is amended by 
revising paragraph (e)(4) to read as 
follows: 

§ 600.302–12 Fuel economy label—general 
provisions. 

(e) * * * 
(4) Insert a slider bar in the right 

portion of the field to characterize the 
vehicle’s level of emission control for 
ozone-related air pollutants relative to 
that of all vehicles. Position a box with 
a downward-pointing wedge above the 
slider bar positioned to show where that 
vehicle’s emission rating falls relative to 
the total range. Include the vehicle’s 

emission rating (as described in 
§ 600.311) inside the box. Include the 
number 1 in the border at the left end 
of the slider bar; include the number 10 
in the border at the right end of the 
slider bar and add the term ‘‘Best’’ 
below the slider bar, directly under the 
number. EPA will periodically calculate 
and publish updated range values as 
described in § 600.311. Add color to the 
slider bar such that it is blue at the left 
end of the range, white at the right end 
of the range, and shaded continuously 
across the range. 
* * * * * 
■ 30. Section 600.311–12 is amended by 
revising paragraph (f) to read as follows: 

§ 600.311–12 Determination of values for 
fuel economy labels. 

* * * * * 
(f) Fuel savings. Calculate an 

estimated five-year cost increment 
relative to an average vehicle by 
multiplying the annual fuel cost from 
paragraph (e) of this section by 5 and 
subtracting this value from the average 
five-year fuel cost. We will calculate the 
average five-year fuel cost from the 
annual fuel cost equation in paragraph 
(e) of this section based on a gasoline- 
fueled vehicle with a mean fuel 
economy value, consistent with the 
value dividing the 5 and 6 ratings under 
paragraph (d) of this section. The 

average five-year fuel cost for model 
year 2012 is $12,600 for a 22-mpg 
vehicle that drives 15,000 miles per year 
with gasoline priced at $3.70 per gallon. 
We may periodically update this five 
year reference fuel cost for later model 
years to better characterize the fuel 
economy for an average vehicle. Round 
the calculated five-year cost increment 
to the nearest $50. Negative values 
represent a cost increase compared to 
the average vehicle. 

PART 1033—CONTROL OF EMISSIONS 
FROM LOCOMOTIVES 

■ 31. The authority citation for part 
1033 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart G—[Amended] 

■ 32. Section 1033.625 is amended by 
revising paragraph (a)(2) to read as 
follows: 

§ 1033.625 Special certification provisions 
for non-locomotive-specific engines. 
* * * * * 

(a) * * * 
(2) The engines were certified to PM, 

NOX, and hydrocarbon standards that 
are numerically lower than the 
applicable locomotive standards of this 
part. 
* * * * * 
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■ 33. A new part 1036 is added to 
subchapter U to read as follows: 

PART 1036—CONTROL OF EMISSIONS 
FROM NEW AND IN-USE HEAVY-DUTY 
HIGHWAY ENGINES 

Subpart A—Overview and Applicability 

Sec. 
1036.1 Does this part apply for my 

engines? 
1036.2 Who is responsible for compliance? 
1036.5 Which engines are excluded from 

this part’s requirements? 
1036.10 How is this part organized? 
1036.15 Do any other regulation parts apply 

to me? 
1036.30 Submission of information. 

Subpart B—Emission Standards and 
Related Requirements 

1036.100 Overview of exhaust emission 
standards. 

1036.108 Greenhouse gas emission 
standards. 

1036.115 Other requirements. 
1036.130 Installation instructions for 

vehicle manufacturers. 
1036.135 Labeling. 
1036.140 Primary intended service class. 
1036.150 Interim provisions. 

Subpart C—Certifying Engine Families 

1036.205 What must I include in my 
application? 

1036.210 Preliminary approval before 
certification. 

1036.225 Amending my application for 
certification. 

1036.230 Selecting engine families. 
1036.235 Testing requirements for 

certification. 
1036.241 Demonstrating compliance with 

greenhouse gas pollutant standards. 
1036.250 Reporting and recordkeeping for 

certification. 
1036.255 What decisions may EPA make 

regarding my certificate of conformity? 

Subpart D—[Reserved] 

Subpart E—In-use Testing 

1036.401 In-use testing. 

Subpart F—Test Procedures 

1036.501 How do I run a valid emission 
test? 

1036.525 Hybrid engines. 
1036.530 Calculating greenhouse gas 

emission rates. 

Subpart G—Special Compliance Provisions 

1036.601 What compliance provisions 
apply to these engines? 

1036.610 Innovative technology credits 
and adjustments for reducing greenhouse 
gas emissions. 

1036.615 Engines with Rankine cycle 
waste heat recovery and hybrid 
powertrains. 

1036.620 Alternate CO2 standards based on 
model year 2011 compression-ignition 
engines. 

1036.625 In-use compliance with family 
emission limits (FELs). 

Subpart H—Averaging, Banking, and 
Trading for Certification 

1036.701 General provisions. 
1036.705 Generating and calculating 

emission credits. 
1036.710 Averaging. 
1036.715 Banking. 
1036.720 Trading. 
1036.725 What must I include in my 

application for certification? 
1036.730 ABT reports. 
1036.735 Recordkeeping. 
1036.740 Restrictions for using emission 

credits. 
1036.745 End-of-year CO2 credit deficits. 
1036.750 What can happen if I do not 

comply with the provisions of this 
subpart? 

1036.755 Information provided to the 
Department of Transportation. 

Subpart I—Definitions and Other Reference 
Information 

1036.801 Definitions. 
1036.805 Symbols, acronyms, and 

abbreviations. 
1036.810 Incorporation by reference. 
1036.815 Confidential information. 
1036.820 Requesting a hearing. 
1036.825 Reporting and recordkeeping 

requirements. 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Overview and Applicability 

§ 1036.1 Does this part apply for my 
engines? 

(a) Except as specified in § 1036.5, the 
provisions of this part apply to all new 
2014 model year and later heavy-duty 
engines. This includes engines fueled by 
conventional and alternative fuels. 

(b) This part does not apply with 
respect to exhaust emission standards 
for HC, CO, NOX, or PM except that the 
provisions of § 1036.601 apply. 

§ 1036.2 Who is responsible for 
compliance? 

The regulations in this part 1036 
contain provisions that affect both 
engine manufacturers and others. 
However, the requirements of this part 
are generally addressed to the engine 
manufacturer. The term ‘‘you’’ generally 
means the engine manufacturer, 
especially for issues related to 
certification. 

§ 1036.5 Which engines are excluded from 
this part’s requirements? 

(a) The provisions of this part do not 
apply to engines used in medium-duty 
passenger vehicles that are subject to 
regulation under 40 CFR part 86, 
subpart S, except as specified in 40 CFR 
part 86, subpart S, and § 1036.108(a)(4). 
For example, this exclusion applies for 
engines used in vehicles certified to the 
standards of 40 CFR 1037.104. 

(b) Engines installed in heavy-duty 
vehicles that do not provide motive 

power are nonroad engines. The 
provisions of this part therefore do not 
apply to these engines. See 40 CFR parts 
1039, 1048, or 1054 for other 
requirements that apply for these 
auxiliary engines. See 40 CFR part 1037 
for requirements that may apply for 
vehicles using these engines, such as the 
evaporative emission requirements of 40 
CFR 1037.103. 

(c) The provisions of this part do not 
apply to aircraft or aircraft engines. 
Standards apply separately to certain 
aircraft engines, as described in 40 CFR 
part 87. 

(d) The provisions of this part do not 
apply to engines that are not internal 
combustion engines. For example, the 
provisions of this part do not apply to 
fuel cells. 

(e) The provisions of this part do not 
apply to engines used in heavy-duty 
vehicles that are subject to light-duty 
greenhouse gas standards under 40 CFR 
part 86, subpart S, except as specified in 
40 CFR part 86, subpart S, and 
§ 1036.108(a)(4). 

§ 1036.10 How is this part organized? 
This part 1036 is divided into the 

following subparts: 
(a) Subpart A of this part defines the 

applicability of this part 1036 and gives 
an overview of regulatory requirements. 

(b) Subpart B of this part describes the 
emission standards and other 
requirements that must be met to certify 
engines under this part. Note that 
§ 1036.150 describes certain interim 
requirements and compliance 
provisions that apply only for a limited 
time. 

(c) Subpart C of this part describes 
how to apply for a certificate of 
conformity. 

(d) [Reserved] 
(e) Subpart E of this part describes 

provisions for testing in-use engines. 
(f) Subpart F of this part describes 

how to test your engines (including 
references to other parts of the Code of 
Federal Regulations). 

(g) Subpart G of this part describes 
requirements, prohibitions, and other 
provisions that apply to engine 
manufacturers, vehicle manufacturers, 
owners, operators, rebuilders, and all 
others. 

(h) Subpart H of this part describes 
how you may generate and use emission 
credits to certify your engines. 

(i) Subpart I of this part contains 
definitions and other reference 
information. 

§ 1036.15 Do any other regulation parts 
apply to me? 

(a) Part 86 of this chapter describes 
additional requirements that apply to 
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engines that are subject to this part 
1036. This part extensively references 
portions of 40 CFR part 86. For example, 
the regulations of part 86 specify 
emission standards and certification 
procedures related to criteria pollutants. 

(b) Part 1037 of this chapter describes 
requirements for controlling evaporative 
emissions and greenhouse gas emissions 
from heavy-duty vehicles, whether or 
not they use engines certified under this 
part. It also includes standards and 
requirements that apply instead of the 
standards and requirements of this part 
in some cases. 

(c) Part 1065 of this chapter describes 
procedures and equipment 
specifications for testing engines to 
measure exhaust emissions. Subpart F 
of this part 1036 describes how to apply 
the provisions of part 1065 of this 
chapter to determine whether engines 
meet the exhaust emission standards in 
this part. 

(d) Certain provisions of part 1068 of 
this chapter apply as specified in 
§ 1036.601 to everyone, including 
anyone who manufactures, imports, 
installs, owns, operates, or rebuilds any 
of the engines subject to this part 1036, 
or vehicles containing these engines. 
Part 1068 of this chapter describes 
general provisions that apply broadly, 
but do not necessarily apply for all 
engines or all persons. The issues 
addressed by these provisions include 
these seven areas: 

(1) Prohibited acts and penalties for 
engine manufacturers, vehicle 
manufacturers, and others. 

(2) Rebuilding and other aftermarket 
changes. 

(3) Exclusions and exemptions for 
certain engines. 

(4) Importing engines. 
(5) Selective enforcement audits of 

your production. 

(6) Recall. 
(7) Procedures for hearings. 
(e) Other parts of this chapter apply 

if referenced in this part. 

§ 1036.30 Submission of information. 

Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1036.801). See § 1036.825 
for additional reporting and 
recordkeeping provisions. 

Subpart B—Emission Standards and 
Related Requirements 

§ 1036.100 Overview of exhaust emission 
standards. 

Engines used in vehicles certified to 
the applicable chassis standards for 
greenhouse gas pollutants described in 
40 CFR 1037.104 are not subject to the 
standards specified in this part. All 
other engines subject to this part must 
meet the greenhouse gas standards in 
§ 1036.108 in addition to the criteria 
pollutant standards of 40 CFR part 86. 

§ 1036.108 Greenhouse gas emission 
standards. 

This section contains standards and 
other regulations applicable to the 
emission of the air pollutant defined as 
the aggregate group of six greenhouse 
gases: carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, 
perflurocarbons, and sulfur 
hexafluoride. This section describes the 
applicable CO2, N2O, and CH4 standards 
for engines. Except as specified in 
paragraph (a)(4) of this section, these 
standards do not apply for engines used 
in vehicles subject to (or voluntarily 
certified to) the CO2, N2O, and CH4 
standards for vehicles specified in 40 
CFR 1037.104. 

(a) Emission standards. Emission 
standards apply for engines measured 

using the test procedures specified in 
subpart F of this part as follows: 

(1) CO2 emission standards apply as 
specified in this paragraph (a)(1). The 
applicable test cycle for measuring CO2 
emissions differs depending on the 
engine family’s primary intended 
service class and the extent to which the 
engines will be (or were designed to be) 
used in tractors. For medium and heavy 
heavy-duty engines certified as tractor 
engines, measure CO2 emissions using 
the steady-state duty cycle specified in 
40 CFR 86.1362 (referred to as the SET 
cycle). This is intended for engines 
designed to be used primarily in tractors 
and other line-haul applications. Note 
that the use of some SET-certified 
tractor engines in vocational 
applications does not affect your 
certification obligation under this 
paragraph (a)(1); see other provisions of 
this part and 40 CFR part 1037 for limits 
on using engines certified to only one 
cycle. For medium and heavy heavy- 
duty engines certified as both tractor 
and vocational engines, measure CO2 
emissions using the steady-state duty 
cycle and the transient duty cycle 
(sometimes referred to as the FTP 
engine cycle), both of which are 
specified in 40 CFR part 86, subpart N. 
This is intended for engines that are 
designed for use in both tractor and 
vocational applications. For all other 
engines (including all spark-ignition 
engines), measure CO2 emissions using 
the transient duty cycle specified in 40 
CFR part 86, subpart N. 

(i) The CO2 standard for model year 
2016 and later spark-ignition engines is 
627 g/hp-hr. 

(ii) The following CO2 standards 
apply for compression-ignition engines 
and all other engines (in g/hp-hr): 

Model years Light heavy- 
duty 

Medium 
heavy- 
duty— 

vocational 

Heavy 
heavy- 
duty— 

vocational 

Medium 
heavy- 
duty— 
tractor 

Heavy 
heavy- 
duty— 
tractor 

2014–2016 ............................................................................................... 600 600 567 502 475 
2017 and later .......................................................................................... 576 576 555 487 460 

(2) The CH4 emission standard is 0.10 
g/hp-hr when measured over the 
transient duty cycle specified in 40 CFR 
part 86, subpart N. This standard begins 
in model year 2014 for compression 
ignition engines and in model year 2016 
for spark-ignition engines. Note that this 
standard applies for all fuel types just as 
the other standards of this section do. 

(3) The N2O emission standard for all 
model year 2014 and later engines is 
0.10 g/hp-hr when measured over the 
transient duty cycle specified in 40 CFR 

part 86, subpart N. This standard begins 
in model year 2014 for compression 
ignition engines and in model year 2016 
for spark-ignition engines. 

(4) This paragraph (a)(4) describes 
alternate emission standards for engines 
certified under 40 CFR 1037.150(m). 
The standards of paragraphs (a)(1) 
through (3) of this section do not apply 
for these engines. The standards in this 
paragraph (a)(4) apply for emissions 
measured with the engine installed in a 
complete vehicle consistent with the 

provisions of 40 CFR 1037.150(m)(6). 
The CO2 standard for the engines equals 
the test result specified in 40 CFR 
1037.150(m)(6) multiplied by 1.10 and 
rounded to the nearest 0.1 g/mile. The 
N2O and CH4 standards are both 0.05 g/ 
mile (or any alternate standards that 
apply to the corresponding vehicle test 
group). The only requirements of this 
part that apply to these engines are 
those in this paragraph (a)(4) and those 
in §§ 1036.115 through 1036.135. 
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(b) Family certification levels. You 
must specify a CO2 Family Certification 
Level (FCL) for each engine family. The 
FCL may not be less than the certified 
emission level for the engine family. 
The CO2 Family Emission Limit (FEL) 
for the engine family is equal to the FCL 
multiplied by 1.03. 

(c) Averaging, banking, and trading. 
You may generate or use emission 
credits under the averaging, banking, 
and trading (ABT) program described in 
subpart H of this part for demonstrating 
compliance with CO2 emission 
standards. Credits (positive and 
negative) are calculated from the 
difference between the FCL and the 
applicable emission standard. As 
described in § 1036.705, you may use 
CO2 credits to certify your engine 
families to FELs for N2O and/or CH4, 
instead of the N2O/CH4 standards of this 
section that otherwise apply. Except as 
specified in §§ 1036.150 and 1036.705, 
you may not generate or use credits for 
N2O or CH4 emissions. 

(d) Useful life. Your engines must 
meet the exhaust emission standards of 
this section throughout their full useful 
life, expressed in service miles or 
calendar years, whichever comes first. 
The useful life values applicable to the 
criteria pollutant standards of 40 CFR 
part 86 apply for the standards of this 
section. 

(e) Applicability for testing. The 
emission standards in this subpart apply 
as specified in this paragraph (e) to all 
duty-cycle testing (according to the 
applicable test cycles) of testable 
configurations, including certification, 
selective enforcement audits, and in-use 
testing. The CO2 FCLs serve as the CO2 
emission standards for the engine family 
with respect to certification and 
confirmatory testing instead of the 
standards specified in paragraph (a)(1) 
of this section. The FELs serve as the 
emission standards for the engine family 
with respect to all other testing. See 
§§ 1036.235 and 1036.241 to determine 
which engine configurations within the 
engine family are subject to testing. 

(f) Multi-fuel engines. For dual-fuel, 
multi-fuel, and flexible-fuel engines, 
perform exhaust testing on each fuel 
type (for example, gasoline and E85). 

(1) This paragraph (f)(1) applies where 
you demonstrate the relative amount of 
each fuel type that your engines 
consume in actual use. Based on your 
demonstration, we will specify a 
weighting factor and allow you to 
submit the weighted average of your 
emission results. For example, if you 
certify an E85 flexible-fuel engine and 
we determine the engine will produce 
one-half of its work from E85 and one- 
half of its work from gasoline, you may 

average your E85 and gasoline emission 
results. 

(2) If you certify your engine family to 
N2O and/or CH4 FELs the FELs apply for 
testing on all fuel types for which your 
engine is designed, to the same extent 
as criteria emission standards apply. 

§ 1036.115 Other requirements. 
(a) The warranty and maintenance 

requirements, adjustable parameter 
provisions, and defeat device 
prohibition of 40 CFR part 86 apply 
with respect to the standards of this 
part. 

(b) [Reserved] 

§ 1036.130 Installation instructions for 
vehicle manufacturers. 

(a) If you sell an engine for someone 
else to install in a vehicle, give the 
engine installer instructions for 
installing it consistent with the 
requirements of this part. Include all 
information necessary to ensure that an 
engine will be installed in its certified 
configuration. 

(b) Make sure these instructions have 
the following information: 

(1) Include the heading: ‘‘Emission- 
related installation instructions’’. 

(2) State: ‘‘Failing to follow these 
instructions when installing a certified 
engine in a heavy-duty motor vehicle 
violates federal law, subject to fines or 
other penalties as described in the Clean 
Air Act.’’ 

(3) Provide all instructions needed to 
properly install the exhaust system and 
any other components. 

(4) Describe any necessary steps for 
installing any diagnostic system 
required under 40 CFR part 86. 

(5) Describe how your certification is 
limited for any type of application. For 
example, if you certify heavy heavy- 
duty engines to the CO2 standards using 
only steady-state testing, you must make 
clear that the engine may be installed 
only in tractors. 

(6) Describe any other instructions to 
make sure the installed engine will 
operate according to design 
specifications in your application for 
certification. This may include, for 
example, instructions for installing 
aftertreatment devices when installing 
the engines. 

(7) State: ‘‘If you install the engine in 
a way that makes the engine’s emission 
control information label hard to read 
during normal engine maintenance, you 
must place a duplicate label on the 
vehicle, as described in 40 CFR 
1068.105.’’ 

(c) You do not need installation 
instructions for engines that you install 
in your own vehicles. 

(d) Provide instructions in writing or 
in an equivalent format. For example, 

you may post instructions on a publicly 
available Web site for downloading or 
printing. If you do not provide the 
instructions in writing, explain in your 
application for certification how you 
will ensure that each installer is 
informed of the installation 
requirements. 

§ 1036.135 Labeling. 
Label your engines as described in 40 

CFR 86.007–35(a)(3), with the following 
additional information: 

(a) [Reserved] 
(b) Identify the emission control 

system. Use terms and abbreviations as 
described in 40 CFR 1068.45 or other 
applicable conventions. 

(c) Identify any limitations on your 
certification. For example, if you certify 
heavy heavy-duty engines to the CO2 
standards using only transient cycle 
testing, include the statement 
‘‘VOCATIONAL VEHICLES ONLY’’. 

(d) You may ask us to approve 
modified labeling requirements in this 
part 1036 if you show that it is 
necessary or appropriate. We will 
approve your request if your alternate 
label is consistent with the requirements 
of this part. We may also specify 
modified labeling requirement to be 
consistent with the intent of 40 CFR part 
1037. 

§ 1036.140 Primary intended service class. 
You must identify a single primary 

intended service class for each 
compression-ignition engine family. 
Select the class that best describes 
vehicles for which you design and 
market the engine. The three primary 
intended service classes are light heavy- 
duty, medium heavy-duty, and heavy 
heavy-duty. Note that provisions that 
apply based on primary intended 
service class often treat spark-ignition 
engines as if they were a separate 
service class. 

(a) Light heavy-duty engines usually 
are not designed for rebuild and do not 
have cylinder liners. Vehicle body types 
in this group might include any heavy- 
duty vehicle built for a light-duty truck 
chassis, van trucks, multi-stop vans, 
motor homes and other recreational 
vehicles, and some straight trucks with 
a single rear axle. Typical applications 
would include personal transportation, 
light-load commercial delivery, 
passenger service, agriculture, and 
construction. The GVWR of these 
vehicles is normally below 19,500 
pounds. 

(b) Medium heavy-duty engines may 
be designed for rebuild and may have 
cylinder liners. Vehicle body types in 
this group would typically include 
school buses, straight trucks with dual 
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rear axles, city tractors, and a variety of 
special purpose vehicles such as small 
dump trucks, and refuse trucks. Typical 
applications would include commercial 
short haul and intra-city delivery and 
pickup. Engines in this group are 
normally used in vehicles whose GVWR 
ranges from 19,500 to 33,000 pounds. 

(c) Heavy heavy-duty engines are 
designed for multiple rebuilds and have 
cylinder liners. Vehicles in this group 
are normally tractors, trucks, and buses 
used in inter-city, long-haul 
applications. These vehicles normally 
exceed 33,000 pounds GVWR. 

§ 1036.150 Interim provisions. 
The provisions in this section apply 

instead of other provisions in this part. 
(a) Early banking of greenhouse gas 

emissions. You may generate CO2 
emission credits for engines you certify 
in model year 2013 (2015 for spark- 
ignition engines) to the standards of 
§ 1036.108. 

(1) Except as specified in paragraph 
(a)(2) of this section, to generate early 
credits, you must certify your entire 
U.S.-directed production volume within 
that averaging set to these standards. 
This means that you may not generate 
early credits while you produce engines 
in the averaging set that are certified to 
the criteria pollutant standards but not 
to the greenhouse gas standards. 
Calculate emission credits as described 
in subpart H of this part relative to the 
standard that would apply for model 
year 2014 (2016 for spark-ignition 
engines). 

(2) You may generate early credits for 
an individual compression-ignition 
engine family where you demonstrate 
that you have improved a model year 
2013 engine model’s CO2 emissions 
relative to its 2012 baseline level and 
certify it to an FCL below the applicable 
standard. Calculate emission credits as 
described in subpart H of this part 
relative to the lesser of the standard that 
would apply for model year 2014 
engines or the baseline engine’s CO2 
emission rate. Use the smaller U.S.- 
directed production volume of the 2013 
engine family or the 2012 baseline 
engine family. We will not allow you to 
generate emission credits under this 
paragraph (a)(2) unless we determine 
that your 2013 engine is the same 
engine as the 2012 baseline or that it 
replaces it. 

(3) You may bank credits equal to the 
surplus credits you generate under this 
paragraph (a) multiplied by 1.50. For 
example, if you have 10 Mg of surplus 
credits for model year 2013, you may 
bank 15 Mg of credits. Credit deficits for 
an averaging set prior to model year 
2014 (2016 for spark-ignition engines) 

do not carry over to model year 2014 
(2016 for spark-ignition engines). We 
recommend that you notify us of your 
intent to use this provision before 
submitting your applications. 

(b) Model year 2014 N2O standards. In 
model year 2014 and earlier, 
manufacturers may show compliance 
with the N2O standards using an 
engineering analysis. This allowance 
also applies for later families certified 
using carryover CO2 data from model 
2014 consistent with § 1036.235(d). 

(c) Engine cycle classification. 
Engines meeting the definition of spark- 
ignition, but regulated as diesel engines 
under 40 CFR part 86, must be certified 
to the requirements applicable to 
compression-ignition engines under this 
part. Such engines are deemed to be 
compression-ignition engines for 
purposes of this part. Similarly, engines 
meeting the definition of compression- 
ignition, but regulated as Otto-cycle 
under 40 CFR part 86 must be certified 
to the requirements applicable to spark- 
ignition engines under this part. Such 
engines are deemed to be spark-ignition 
engines for purposes of this part. 

(d) Small manufacturers. 
Manufacturers meeting the small 
business criteria specified for ‘‘Gasoline 
Engine and Engine Parts 
Manufacturing’’ or ‘‘Other Engine 
Equipment Manufacturers’’ in 13 CFR 
121.201 are not subject to the 
greenhouse gas emission standards in 
§ 1036.108. Qualifying manufacturers 
must notify the Designated Compliance 
Officer before importing or introducing 
into U.S. commerce excluded engines. 
This notification must include a 
description of the manufacturer’s 
qualification as a small business under 
13 CFR 121.201. You must label your 
excluded vehicles with the statement: 
‘‘THIS ENGINE IS EXCLUDED UNDER 
40 CFR 1037.150(c).’’ 

(e) Alternate phase-in standards. 
Where a manufacturer certifies all of its 
model year 2013 compression-ignition 
engines within a given primary 
intended service class to the applicable 
alternate standards of this paragraph (e), 
its compression-ignition engines within 
that primary intended service class are 
subject to the standards of this 
paragraph (e) for model years 2013 
through 2016. This means that once a 
manufacturer chooses to certify a 
primary intended service class to the 
standards of this paragraph (e), it is not 
allowed to opt out of these standards. 
Engines certified to these standards are 
not eligible for early credits under 
paragraph (a) of this section. 

Tractors LHD 
Engines 

MHD 
Engines 

HHD 
Engines 

Model Years 
2013–2015.

NA ....... 512 g/ 
hp-hr.

485 g/ 
hp-hr. 

Model Years 
2016 and 
later a.

NA ....... 487 g/ 
hp-hr.

460 g/ 
hp-hr. 

Vocational LHD 
Engines 

MHD 
Engines 

HHD 
Engines 

Model Years 
2013–2015.

618 g/ 
hp-hr.

618 g/ 
hp-hr.

577 g/ 
hp-hr. 

Model Years 
2016 and 
later a.

576 g/ 
hp-hr.

576 g/ 
hp-hr.

555 g/ 
hp-hr. 

a Note: These alternate standards for 2016 
and later are the same as the otherwise appli-
cable standards for 2017 and later. 

(f) Separate OBD families. This 
paragraph (f) applies where you 
separately certify engines for the 
purpose of applying OBD requirements 
(for engines used in vehicles under 
14,000 pounds GVWR) from non-OBD 
engines that could be certified as a 
single engine family. You may treat the 
two engine families as a single engine 
family in certain respects for the 
purpose of this part, as follows: 

(1) This paragraph applies only where 
the two families are identical in all 
respects except for the engine ratings 
offered and the inclusion of OBD. 

(2) For purposes of this part and 40 
CFR part 86, the two families remain 
two separate families except for the 
following: 

(i) Specify the testable configurations 
of the non-OBD engine family as the 
testable configurations for the OBD 
family. 

(ii) Submit the same CO2, N2O, and 
CH4 emission data for both engine 
families. 

(g) Assigned deterioration factors. 
You may use assigned deterioration 
factors (DFs) without performing your 
own durability emission tests or 
engineering analysis as follows: 

(1) You may use an assigned additive 
DF of 0.0 g/hp-hr for CO2 emissions 
from engines that do not use advanced 
or innovative technologies. If we 
determine it to be consistent with good 
engineering judgment, we may allow 
you to use an assigned additive DF of 
0.0 g/hp-hr for CO2 emissions from your 
engines with advanced or innovative 
technologies. 

(2) You may use an assigned additive 
DF of 0.02 g/hp-hr for N2O emissions 
from any engine. 

(3) You may use an assigned additive 
DF of 0.02 g/hp-hr for CH4 emissions 
from any engine. 

(h) Advanced technology credits. If 
you generate credits from engines 
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certified for advanced technology you 
may multiply these credits by 1.5, 
except that you may not apply this 
multiplier and the early-credit 
multiplier of paragraph (a) of this 
section. 

(i) CO2 credits for low N2O emissions. 
If you certify your model year 2014, 
2015, or 2016 engines to an N2O FEL 
less than 0.04 g/hp-hr (provided you 
measure N2O emissions from your 
emission-data engines), you may 
generate additional CO2 credits under 
this paragraph (i). Calculate the 
additional CO2 credits from the 
following equation instead of the 
equation in § 1036.705: 
CO2 Credits (Mg) = (0.04 ¥ FELN2O) · 

(CF) · (Volume) · (UL) · (10¥6) · 
(298) 

Subpart C—Certifying Engine Families 

§ 1036.205 What must I include in my 
application? 

Submit an application for certification 
as described in 40 CFR 86.007–21, with 
the following additional information: 

(a) Describe the engine family’s 
specifications and other basic 
parameters of the engine’s design and 
emission controls with respect to 
compliance with the requirements of 
this part. Describe in detail all system 
components for controlling greenhouse 
gas emissions, including all auxiliary 
emission control devices (AECDs) and 
all fuel-system components you will 
install on any production or test engine. 
Identify the part number of each 
component you describe. For this 
paragraph (a), treat as separate AECDs 
any devices that modulate or activate 
differently from each other. 

(b) Describe any test equipment and 
procedures that you used if you 
performed any tests that did not also 
involve measurement of criteria 
pollutants. Describe any special or 
alternate test procedures you used (see 
40 CFR 1065.10(c)). 

(c) Include the emission-related 
installation instructions you will 
provide if someone else installs your 
engines in their vehicles (see 
§ 1036.130). 

(d) Describe the label information 
specified in § 1036.135. We may require 
you to include a copy of the label. 

(e) Identify the FCLs with which you 
are certifying engines in the engine 
family. The actual U.S.-directed 
production volume of configurations 
that have emission rates at or below the 
FCL must be at least one percent of your 
total actual (not projected) U.S.-directed 
production volume for the engine 
family. Identify configurations within 
the family that have emission rates at or 

below the FCL and meet the one percent 
requirement. For example, if your total 
U.S.-directed production volume for the 
engine family is 10,583, and the U.S.- 
directed production volume for the 
tested rating is 75 engines, then you can 
comply with this provision by setting 
your FCL so that one more rating with 
a U.S.-directed production volume of at 
least 31 engines meets the FCL. Where 
applicable, also identify other testable 
configurations required under 
§ 1036.230(b)(2). 

(f) Identify the engine family’s 
deterioration factors and describe how 
you developed them (see § 1036.241). 
Present any test data you used for this. 

(g) Present emission data to show that 
you meet emission standards, as 
follows: 

(1) Present exhaust emission data for 
CO2, CH4, and N2O on an emission-data 
engine to show that your engines meet 
the applicable emission standards we 
specify in § 1036.108. Show emission 
figures before and after applying 
deterioration factors for each engine. In 
addition to the composite results, show 
individual measurements for cold-start 
testing and hot-start testing over the 
transient test cycle. 

(2) Note that § 1036.235 allows you to 
submit an application in certain cases 
without new emission data. 

(h) State whether your certification is 
limited for certain engines. For example, 
if you certify heavy heavy-duty engines 
to the CO2 standards using only 
transient testing, the engines may be 
installed only in vocational vehicles. 

(i) Unconditionally certify that all the 
engines in the engine family comply 
with the requirements of this part, other 
referenced parts of the CFR, and the 
Clean Air Act. Note that § 1036.235 
specifies which engines to test to show 
that engines in the entire family comply 
with the requirements of this part. 

(j) Include the information required 
by other subparts of this part. For 
example, include the information 
required by § 1036.725 if you participate 
in the ABT program. 

(k) Include the warranty statement 
and maintenance instructions if we 
request them. 

(l) Include other applicable 
information, such as information 
specified in this part or 40 CFR part 
1068 related to requests for exemptions. 

(m) For imported engines or 
equipment, identify the following: 

(1) Describe your normal practice for 
importing engines. For example, this 
may include identifying the names and 
addresses of any agents you have 
authorized to import your engines. 
Engines imported by nonauthorized 

agents are not covered by your 
certificate. 

(2) The location of a test facility in the 
United States where you can test your 
engines if we select them for testing 
under a selective enforcement audit, as 
specified in 40 CFR part 1068, subpart 
E. 

§ 1036.210 Preliminary approval before 
certification. 

If you send us information before you 
finish the application, we may review it 
and make any appropriate 
determinations, especially for questions 
related to engine family definitions, 
auxiliary emission control devices, 
adjustable parameters, deterioration 
factors, testing for service accumulation, 
and maintenance. Decisions made under 
this section are considered to be 
preliminary approval, subject to final 
review and approval. We will generally 
not reverse a decision where we have 
given you preliminary approval, unless 
we find new information supporting a 
different decision. If you request 
preliminary approval related to the 
upcoming model year or the model year 
after that, we will make best-efforts to 
make the appropriate determinations as 
soon as practicable. We will generally 
not provide preliminary approval 
related to a future model year more than 
two years ahead of time. 

§ 1036.225 Amending my application for 
certification. 

Before we issue you a certificate of 
conformity, you may amend your 
application to include new or modified 
engine configurations, subject to the 
provisions of this section. After we have 
issued your certificate of conformity, 
but before the end of the model year, 
you may send us an amended 
application requesting that we include 
new or modified engine configurations 
within the scope of the certificate, 
subject to the provisions of this section. 
You must amend your application if any 
changes occur with respect to any 
information that is included or should 
be included in your application. 

(a) You must amend your application 
before you take any of the following 
actions: 

(1) Add an engine configuration to an 
engine family. In this case, the engine 
configuration added must be consistent 
with other engine configurations in the 
engine family with respect to the criteria 
listed in § 1036.230. 

(2) Change an engine configuration 
already included in an engine family in 
a way that may affect emissions, or 
change any of the components you 
described in your application for 
certification. This includes production 
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and design changes that may affect 
emissions any time during the engine’s 
lifetime. 

(3) Modify an FEL and FCL for an 
engine family as described in paragraph 
(f) of this section. 

(b) To amend your application for 
certification, send the relevant 
information to the Designated 
Compliance Officer. 

(1) Describe in detail the addition or 
change in the engine model or 
configuration you intend to make. 

(2) Include engineering evaluations or 
data showing that the amended engine 
family complies with all applicable 
requirements. You may do this by 
showing that the original emission-data 
engine is still appropriate for showing 
that the amended family complies with 
all applicable requirements. 

(3) If the original emission-data 
engine for the engine family is not 
appropriate to show compliance for the 
new or modified engine configuration, 
include new test data showing that the 
new or modified engine configuration 
meets the requirements of this part. 

(c) We may ask for more test data or 
engineering evaluations. You must give 
us these within 30 days after we request 
them. 

(d) For engine families already 
covered by a certificate of conformity, 
we will determine whether the existing 
certificate of conformity covers your 
newly added or modified engine. You 
may ask for a hearing if we deny your 
request (see § 1036.820). 

(e) For engine families already 
covered by a certificate of conformity, 
you may start producing the new or 
modified engine configuration anytime 
after you send us your amended 
application and before we make a 
decision under paragraph (d) of this 
section. However, if we determine that 
the affected engines do not meet 
applicable requirements, we will notify 
you to cease production of the engines 
and may require you to recall the 
engines at no expense to the owner. 
Choosing to produce engines under this 
paragraph (e) is deemed to be consent to 
recall all engines that we determine do 
not meet applicable emission standards 
or other requirements and to remedy the 
nonconformity at no expense to the 
owner. If you do not provide 
information required under paragraph 
(c) of this section within 30 days after 
we request it, you must stop producing 
the new or modified engines. 

(f) You may ask us to approve a 
change to your FEL in certain cases after 
the start of production, but before the 
end of the model year. If you change an 
FEL for CO2, your FCL for CO2 is 
automatically set to your new FEL 

divided by 1.03. The changed FEL may 
not apply to engines you have already 
introduced into U.S. commerce, except 
as described in this paragraph (f). If we 
approve a changed FEL after the start of 
production, you must include the new 
FEL on the emission control information 
label for all engines produced after the 
change. You may ask us to approve a 
change to your FEL in the following 
cases: 

(1) You may ask to raise your FEL for 
your engine family at any time. In your 
request, you must show that you will 
still be able to meet the emission 
standards as specified in subparts B and 
H of this part. Use the appropriate FELs/ 
FCLs with corresponding production 
volumes to calculate emission credits 
for the model year, as described in 
subpart H of this part. 

(2) You may ask to lower the FEL for 
your engine family only if you have test 
data from production engines showing 
that emissions are below the proposed 
lower FEL (or below the proposed FCL 
for CO2). The lower FEL/FCL applies 
only to engines you produce after we 
approve the new FEL/FCL. Use the 
appropriate FELs/FCLs with 
corresponding production volumes to 
calculate emission credits for the model 
year, as described in subpart H of this 
part. 

§ 1036.230 Selecting engine families. 
See 40 CFR 86.001–24 for instructions 

on how to divide your product line into 
families of engines that are expected to 
have similar emission characteristics 
throughout the useful life. You must 
certify your engines to the standards of 
§ 1036.108 using the same engine 
families you use for criteria pollutants 
under 40 CFR part 86. The following 
provisions also apply: 

(a) Engines certified as hybrid engines 
or power packs may not be included in 
an engine family with engines with 
conventional powertrains. Note that this 
does not prevent you from including 
engines in a conventional family if they 
are used in hybrid vehicles, as long as 
you certify them conventionally. 

(b) If you certify engines in the family 
for use as both vocational and tractor 
engines, you must split your family into 
two separate subfamilies. Indicate in the 
application for certification that the 
engine family is to be split. 

(1) Calculate emission credits relative 
to the vocational engine standard for the 
number of engines sold into vocational 
applications and relative to the tractor 
engine standard for the number of 
engines sold into non-vocational tractor 
applications. You may assign the 
numbers and configurations of engines 
within the respective subfamilies at any 

time before submitting the end-of-year 
report required by § 1036.730. If the 
family participates in averaging, 
banking, or trading, you must identify 
the type of vehicle in which each engine 
is installed; we may alternatively allow 
you to use statistical methods to 
determine this for a fraction of your 
engines. Keep records to document this 
determination. 

(2) If you restrict use of the test 
configuration for your split family to 
only tractors, or only vocational 
vehicles, you must identify a second 
testable configuration for the other type 
of vehicle (or an unrestricted 
configuration). Identify this 
configuration in your application for 
certification. The FCL for the engine 
family applies for this configuration as 
well as the primary test configuration. 

(c) If you certify in separate engine 
families engines that could have been 
certified in vocational and tractor 
engine subfamilies in the same engine 
family, count the two families as one 
family for purposes of determining your 
obligations with respect to the OBD 
requirements and in-use testing 
requirements of 40 CFR part 86. Indicate 
in the applications for certification that 
the two engine families are covered by 
this paragraph (c). 

(d) Engine configurations within an 
engine family must use equivalent 
greenhouse gas emission controls. 
Unless we approve it, you may not 
produce nontested configurations 
without the same emission control 
hardware included on the tested 
configuration. We will only approve it 
if you demonstrate that the exclusion of 
the hardware does not increase 
greenhouse gas emissions. 

§ 1036.235 Testing requirements for 
certification. 

This section describes the emission 
testing you must perform to show 
compliance with the greenhouse gas 
emission standards in § 1036.108. 

(a) Select a single emission-data 
engine from each engine family as 
specified in 40 CFR part 86. The 
standards of this part apply only with 
respect to emissions measured from this 
tested configuration and other 
configurations identified in 
§ 1036.205(e). Note that configurations 
identified in § 1036.205(e) are 
considered to be ‘‘tested configurations’’ 
whether or not you actually tested them 
for certification. However, you must 
apply the same (or equivalent) emission 
controls to all other engine 
configurations in the engine family. 

(b) Test your emission-data engines 
using the procedures and equipment 
specified in subpart F of this part. In the 
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case of dual-fuel and flexible-fuel 
engines, measure emissions when 
operating with each type of fuel for 
which you intend to certify the engine. 
Measure CO2, CH4, and N2O emissions 
using the specified duty cycle(s), 
including cold-start and hot-start testing 
as specified in 40 CFR part 86, subpart 
N. If you are certifying the engine for 
use in tractors, you must measure CO2 
emissions using the SET cycle and 
measure CH4, and N2O emissions using 
the transient cycle. If you are certifying 
the engine for use in vocational 
applications, you must measure CO2, 
CH4, and N2O emissions using the 
specified transient duty cycle, including 
cold-start and hot-start testing as 
specified in 40 CFR part 86, subpart N. 
Engines certified for use in tractors may 
also be used in vocational vehicles; 
however, you may not knowingly 
circumvent the intent of this part (to 
reduce in-use emissions of CO2) by 
certifying engines designed for 
vocational vehicles (and rarely used in 
tractors) to the SET and not the transient 
cycle. For example, we would generally 
not allow you to certify all your engines 
to the SET without certifying any to the 
transient cycle. You may certify your 
engine family for both tractor and 
vocational use by submitting CO2 
emission data from both SET and 
transient cycle testing and specifying 
FCLs for both. 

(c) We may measure emissions from 
any of your emission-data engines. 

(1) We may decide to do the testing 
at your plant or any other facility. If we 
do this, you must deliver the engine to 
a test facility we designate. The engine 
you provide must include appropriate 
manifolds, aftertreatment devices, 
electronic control units, and other 
emission-related components not 
normally attached directly to the engine 
block. If we do the testing at your plant, 
you must schedule it as soon as possible 
and make available the instruments, 
personnel, and equipment we need. 

(2) If we measure emissions on your 
engine, the results of that testing 
become the official emission results for 
the engine. Unless we later invalidate 
these data, we may decide not to 
consider your data in determining if 
your engine family meets applicable 
requirements. 

(3) Before we test one of your engines, 
we may set its adjustable parameters to 
any point within the physically 
adjustable ranges. 

(4) Before we test one of your engines, 
we may calibrate it within normal 
production tolerances for anything we 
do not consider an adjustable parameter. 
For example, this would apply for an 
engine parameter that is subject to 

production variability because it is 
adjustable during production, but is not 
considered an adjustable parameter (as 
defined in § 1036.801) because it is 
permanently sealed. 

(d) You may ask to use carryover 
emission data from a previous model 
year instead of doing new tests, but only 
if all the following are true: 

(1) The engine family from the 
previous model year differs from the 
current engine family only with respect 
to model year or other characteristics 
unrelated to emissions. 

(2) The emission-data engine from the 
previous model year remains the 
appropriate emission-data engine under 
paragraph (b) of this section. 

(3) The data show that the emission- 
data engine would meet all the 
requirements that apply to the engine 
family covered by the application for 
certification. 

(e) We may require you to test a 
second engine of the same configuration 
in addition to the engine tested under 
paragraph (a) of this section. 

(f) If you use an alternate test 
procedure under 40 CFR 1065.10 and 
later testing shows that such testing 
does not produce results that are 
equivalent to the procedures specified 
in subpart F of this part, we may reject 
data you generated using the alternate 
procedure. 

§ 1036.241 Demonstrating compliance with 
greenhouse gas pollutant standards. 

(a) For purposes of certification, your 
engine family is considered in 
compliance with the emission standards 
in § 1036.108 if all emission-data 
engines representing the tested 
configuration of that engine family have 
test results showing official emission 
results and deteriorated emission levels 
at or below the standards. Note that 
your FCLs are considered to be the 
applicable emission standards with 
which you must comply for 
certification. 

(b) Your engine family is deemed not 
to comply if any emission-data engine 
representing the tested configuration of 
that engine family has test results 
showing an official emission result or a 
deteriorated emission level for any 
pollutant that is above an applicable 
emission standard (generally the FCL). 
Note that you may increase your FCL if 
any certification test results exceed your 
initial FCL. 

(c) Apply deterioration factors to the 
measured emission levels for each 
pollutant to show compliance with the 
applicable emission standards. Your 
deterioration factors must take into 
account any available data from in-use 

testing with similar engines. Apply 
deterioration factors as follows: 

(1) Additive deterioration factor for 
greenhouse gas emissions. Except as 
specified in paragraph (c)(2) of this 
section, use an additive deterioration 
factor for exhaust emissions. An 
additive deterioration factor is the 
difference between exhaust emissions at 
the end of the useful life and exhaust 
emissions at the low-hour test point. In 
these cases, adjust the official emission 
results for each tested engine at the 
selected test point by adding the factor 
to the measured emissions. If the factor 
is less than zero, use zero. Additive 
deterioration factors must be specified 
to one more decimal place than the 
applicable standard. 

(2) Multiplicative deterioration factor 
for greenhouse gas emissions. Use a 
multiplicative deterioration factor for a 
pollutant if good engineering judgment 
calls for the deterioration factor for that 
pollutant to be the ratio of exhaust 
emissions at the end of the useful life to 
exhaust emissions at the low-hour test 
point. Adjust the official emission 
results for each tested engine at the 
selected test point by multiplying the 
measured emissions by the deterioration 
factor. If the factor is less than one, use 
one. A multiplicative deterioration 
factor may not be appropriate in cases 
where testing variability is significantly 
greater than engine-to-engine variability. 
Multiplicative deterioration factors must 
be specified to one more significant 
figure than the applicable standard. 

(3) Sawtooth deterioration patterns. 
The deterioration factors described in 
paragraphs (c)(1) and (2) of this section 
assume that the highest useful life 
emissions occur either at the end of 
useful life or at the low-hour test point. 
The provisions of this paragraph (c)(3) 
apply where good engineering judgment 
indicates that the highest useful life 
emissions will occur between these two 
points. For example, emissions may 
increase with service accumulation 
until a certain maintenance step is 
performed, then return to the low-hour 
emission levels and begin increasing 
again. Such a pattern may occur with 
battery-based electric hybrid engines. 
Base deterioration factors for engines 
with such emission patterns on the 
difference between (or ratio of) the point 
at which the highest emissions occur 
and the low-hour test point. Note that 
this applies for maintenance-related 
deterioration only where we allow such 
critical emission-related maintenance. 

(d) Collect emission data using 
measurements to one more decimal 
place than the applicable standard. 
Apply the deterioration factor to the 
official emission result, as described in 
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paragraph (c) of this section, then round 
the adjusted figure to the same number 
of decimal places as the emission 
standard. Compare the rounded 
emission levels to the emission standard 
for each emission-data engine. 

(e) If you identify more than one 
configuration in § 1036.205(e), we may 
test (or require you to test) any of the 
identified configurations. We may also 
require you to provide an engineering 
analysis that demonstrates that untested 
configurations listed in § 1036.205(e) 
comply with their FCL. 

§ 1036.250 Reporting and recordkeeping 
for certification. 

(a) Within 90 days after the end of the 
model year, send the Designated 
Compliance Officer a report including 
the total U.S.-directed production 
volume of engines you produced in each 
engine family during the model year 
(based on information available at the 
time of the report). Report the 
production by serial number and engine 
configuration. Small manufacturers may 
omit this requirement. You may 
combine this report with reports 
required under subpart H of this part. 

(b) Organize and maintain the 
following records: 

(1) A copy of all applications and any 
summary information you send us. 

(2) Any of the information we specify 
in § 1036.205 that you were not required 
to include in your application. 

(c) Keep routine data from emission 
tests required by this part (such as test 
cell temperatures and relative humidity 
readings) for one year after we issue the 
associated certificate of conformity. 
Keep all other information specified in 
this section for eight years after we issue 
your certificate. 

(d) Store these records in any format 
and on any media, as long as you can 
promptly send us organized, written 
records in English if we ask for them. 
You must keep these records readily 
available. We may review them at any 
time. 

§ 1036.255 What decisions may EPA make 
regarding my certificate of conformity? 

(a) If we determine your application is 
complete and shows that the engine 
family meets all the requirements of this 
part and the Act, we will issue a 
certificate of conformity for your engine 
family for that model year. We may 
make the approval subject to additional 
conditions. 

(b) We may deny your application for 
certification if we determine that your 
engine family fails to comply with 
emission standards or other 
requirements of this part or the Clean 
Air Act. We will base our decision on 

all available information. If we deny 
your application, we will explain why 
in writing. 

(c) In addition, we may deny your 
application or suspend or revoke your 
certificate if you do any of the 
following: 

(1) Refuse to comply with any testing 
or reporting requirements. 

(2) Submit false or incomplete 
information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
render any of the submitted information 
false or incomplete. 

(3) Render inaccurate any test data. 
(4) Deny us from completing 

authorized activities despite our 
presenting a warrant or court order (see 
40 CFR 1068.20). This includes a failure 
to provide reasonable assistance. 
However, you may ask us to reconsider 
our decision by showing that your 
failure under this paragraph (c)(4) did 
not involve engines related to the 
certificate or application in question to 
a degree that would justify our decision. 

(5) Produce engines for importation 
into the United States at a location 
where local law prohibits us from 
carrying out authorized activities. 

(6) Fail to supply requested 
information or amend your application 
to include all engines being produced. 

(7) Take any action that otherwise 
circumvents the intent of the Act or this 
part, with respect to your engine family. 

(d) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 

(f) If we deny your application or 
suspend, revoke, or void your 
certificate, you may ask for a hearing 
(see § 1036.820). 

Subpart D—[Reserved] 

Subpart E—In-use Testing 

§ 1036.401 In-use testing. 

We may perform in-use testing of any 
engine family subject to the standards of 
this part, consistent with the provisions 
of § 1036.235. Note that this provisions 
does not affect your obligation to test 
your in-use engines as described in 40 
CFR part 86, subpart T. 

Subpart F—Test Procedures 

§ 1036.501 How do I run a valid emission 
test? 

(a) Use the equipment and procedures 
specified in 40 CFR 86.1305 to 
determine whether engines meet the 
emission standards in § 1036.108. 

(b) You may use special or alternate 
procedures to the extent we allow them 
under 40 CFR 1065.10. 

(c) This subpart is addressed to you as 
a manufacturer, but it applies equally to 
anyone who does testing for you, and to 
us when we perform testing to 
determine if your engines meet emission 
standards. 

(d) For engines that use aftertreatment 
technology with infrequent regeneration 
events, invalidate any test interval in 
which such a regeneration event occurs 
with respect to CO2, N2O, and CH4 
measurements. 

(e) Test hybrid engines as described in 
40 CFR part 1065 and § 1036.525. 

(f) [Reserved] 
(g) If your engine requires special 

components for proper testing, you must 
provide any such components to us if 
we ask for them. 

§ 1036.525 Hybrid engines. 
(a) If your engine system includes 

features that recover and store energy 
during engine motoring operation test 
the engine as described in paragraph (d) 
of this section. See § 1036.615(a)(2) for 
engine systems intended to include 
features that recover and store energy 
from braking unrelated to engine 
motoring operation. For purposes of this 
section, features that recover energy 
between the engine and transmission 
are considered ‘‘related to engine 
motoring’’. 

(b) If you produce a hybrid engine 
designed with power take-off capability 
and sell the engine coupled with a 
transmission, you may calculate a 
reduction in CO2 emissions resulting 
from the power take-off operation as 
described in 40 CFR 1037.525. Use good 
engineering judgment to use the vehicle- 
based procedures to quantify the CO2 
reduction for your engines. 

(c) The hardware that must be 
included in these tests is the engine, the 
hybrid electric motor, the rechargeable 
energy storage system (RESS) and the 
power electronics between the hybrid 
electric motor and the RESS. You may 
ask us to modify the provisions of this 
section to allow testing non-electric 
hybrid vehicles, consistent with good 
engineering judgment. 

(d) Measure emissions using the same 
procedures that apply for testing non- 
hybrid engines under this part, except 
as specified otherwise in this part and/ 
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or 40 CFR part 1065. If you test hybrid 
engines using the SET, deactivate the 
hybrid features unless we have specified 
otherwise. The five differences that 
apply under this section are related to 
engine mapping, engine shutdown 
during the test cycle, calculating work, 
limits on braking energy, and state of 
charge constraints. 

(1) Map the engine as specified in 40 
CFR 1065.510. This requires separate 
torque maps for the engine with and 
without the hybrid features active. For 
transient testing, denormalize the test 
cycle using the map generated with the 
hybrid feature active. For steady-state 
testing, denormalize the test cycle using 
the map generated with the hybrid 
feature inactive. 

(2) If the engine will be configured in 
actual use to shut down automatically 
during idle operation, you may let the 
engine shut down during the idle 
portions of the test cycle. 

(3) Follow 40 CFR 1065.650(d) to 
calculate the work done over the cycle 
except as specified in this paragraph 
(d)(3). For the positive work over the 
cycle set negative power from hybrid to 
zero. For the negative work over the 
cycle set the positive power to zero and 
set the non-hybrid power to zero. 

(4)(i) Calculate brake energy fraction, 
xb, as the integrated negative work over 
the cycle divided by the integrated 
positive work over the cycle according 
to Equation 1036.525–1. Calculate the 
brake energy limit for the engine, xbl, 
according to Equation 1036.525–2. If xb 
is less than xbl, use the integrated 
positive work for your emission 
calculations. If the xb is greater than xbl 
use Equation 1036.525–3 to calculate 
the positive work done over the cycle. 
Use Wcycle as the integrated positive 
work when calculating brake-specific 
emissions. To avoid the need to delete 
extra brake work from positive work you 
may set an instantaneous brake target 
that will prevent xb from being larger 
than xbl. 

(ii) The following definitions of terms 
apply for this paragraph (d)(4): 

xb = the brake energy fraction. 
Wneg = the negative work over the 

cycle. 
Wpos = the positive work over the 

cycle. 
xbl = the brake energy fraction limit. 
Pmax = the maximum power of the 

engine with the hybrid system engaged 
(kW). 

Wcycle = the work over the cycle when 
xb is greater than xbl. 

(iii) Note that these calculations are 
specified with SI units (such as kW), 
consistent with 40 CFR part 1065. 
Emission results are converted to g/hp- 
hr at the end of the calculations. 

(5) Correct for the net energy change 
of the energy storage device as described 
in 40 CFR 1066.501. 

§ 1036.530 Calculating greenhouse gas 
emission rates. 

This section describes how to 
calculate official emission results for 
CO2, CH4, and N2O. 

(a) Calculate brake-specific emission 
rates for each applicable duty cycle as 
specified in 40 CFR 1065.650. Do not 
apply infrequent regeneration 
adjustment factors to your results. 

(b) Adjust CO2 emission rates 
calculated under paragraph (a) of this 
section for measured test fuel properties 
as specified in this paragraph (b) to 
obtain the official emission results. You 

are not required to apply this 
adjustment for fuels containing at least 
75 percent pure alcohol, such as E85. 
The purpose of this adjustment is to 
make official emission results 
independent of differences in test fuels 
within a fuel type. Use good engineering 
judgment to develop and apply testing 
protocols to minimize the impact of 
variations in test fuels. 

(1) For liquid fuels, determine the net 
energy content (Btu per pound of fuel) 
according to ASTM D4809 or ASTM 
D240 (both incorporated by reference in 
§ 1036.810) and carbon weight fraction 
(dimensionless) of your test fuel 
according to ASTM D5291 (incorporated 
by reference in § 1036.810). (Note that 
we recommend using ASTM D4809.) 
For gaseous fuels, use good engineering 
judgment to determine the fuel’s net 
energy content and carbon weight 
fraction. (Note: Net energy content is 
also sometimes known as lower heating 
value.) Calculate the test fuel’s carbon- 
specific net energy content (Btu/lbC) by 
dividing the net energy content by the 
carbon fraction, expressed to at least 
five significant figures. You may 
perform these calculations using SI 
units with the following conversion 
factors: one Btu equals 1055.06 Joules 
and one Btu/lb equals 0.0023260 MJ/kg. 

(2) If you control test fuel properties 
so that variations in the actual carbon- 
specific energy content are the same as 
or smaller than the repeatability of 
measuring carbon-specific energy 
content, you may use a constant value 
equal to the average carbon-specific 
energy content of your test fuel. 
Otherwise, use the measured value for 
the specific test fuel used for a given 
test. If you use a constant value, you 
must update or verify the value at least 
once per year, or after changes in test 
fuel suppliers or specifications. 

(3) Calculate the adjustment factor for 
carbon-specific net energy content by 
dividing the carbon-specific net energy 
content of your test fuel by the reference 
level in the following table, expressed to 
at least five decimal places. Note that as 
used in this section, the unit lbC means 
pound of carbon and kgC means 
kilogram of carbon. 

Fuel type 

Reference 
carbon- 

specific net 
energy content 

(Btu/lbC) 

Reference 
carbon- 

specific net 
energy content 

(MJ/kgC) 

Diesel fuel ................................................................................................................................................................ 21,200 49.3112 
Gasoline ................................................................................................................................................................... 21,700 50.4742 
Natural Gas .............................................................................................................................................................. 28,500 66.2910 
LPG .......................................................................................................................................................................... 24,300 56.5218 
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(4) Your official emission result 
equals your calculated brake-specific 
emission rate multiplied by the 
adjustment factor specified in paragraph 
(b)(2) of this section. For example, if the 
net energy content and carbon fraction 
of your diesel test fuel are 18,400 Btu/ 
lb and 0.870, the carbon-specific net 
energy content of the test fuel would be 
21,149 Btu/lbC. The adjustment factor 
in the example above would be 0.99759 
(21,149/21,200). If your brake-specific 
CO2 emission rate was 630.0 g/hp-hr, 
your official emission result would be 
628.5 g/hp-hr. 

Subpart G—Special Compliance 
Provisions 

§ 1036.601 What compliance provisions 
apply to these engines? 

(a) Engine and equipment 
manufacturers, as well as owners, 
operators, and rebuilders of engines 
subject to the requirements of this part, 
and all other persons, must observe the 
provisions of this part, the provisions of 
the Clean Air Act, and the following 
provisions of 40 CFR part 1068: 

(1) The exemption and importation 
provisions of 40 CFR part 1068, subparts 
C and D, apply for engines subject to 
this part 1036, except that the hardship 
exemption provisions of 40 CFR 
1068.245, 1068.250, and 1068.255 do 
not apply for motor vehicle engines. 

(2) Manufacturers may comply with 
the defect reporting requirements of 40 
CFR 1068.501 instead of the defect 
reporting requirements of 40 CFR part 
85. 

(b) Engines exempted from the 
applicable standards of 40 CFR part 86 
are exempt from the standards of this 
part without request. 

§ 1036.610 Innovative technology credits 
and adjustments for reducing greenhouse 
gas emissions. 

(a) You may ask us to apply the 
provisions of this section for CO2 
emission reductions resulting from 
powertrain technologies that were not in 
common use with heavy-duty vehicles 
before model year 2010 that are not 
reflected in the specified test procedure. 
We will apply these provisions only for 
technologies that will result in a 
measurable, demonstrable, and 
verifiable real-world CO2 reduction. 

(b) The provisions of this section may 
be applied as either an improvement 
factor (used to adjust emission results) 
or as a separate credit, consistent with 
good engineering judgment. We 
recommend that you base your credit/ 
adjustment on A to B testing of pairs of 
engines/vehicles differing only with 
respect to the technology in question. 

(1) Calculate improvement factors as 
the ratio of in-use emissions with the 
technology divided by the in-use 
emissions without the technology. 
Adjust the emission results by 
multiplying by the improvement factor. 
Use the improvement-factor approach 
where good engineering judgment 
indicates that the actual benefit will be 
proportional to emissions measured 
over the test procedures specified in this 
part. For example, the benefits from 
technologies that reduce engine 
operation would generally be 
proportional to the engine’s emission 
rate. 

(2) Calculate separate credits based on 
the difference between the in-use 
emission rate (g/ton-mile) with the 
technology and the in-use emission rate 
without the technology. Multiply this 
difference by the number of engines, 
standard payload, and useful life. We 
may also allow you to calculate the 
credits based on g/hp-hr emission rates. 
Use the separate-credit approach where 
good engineering judgment indicates 
that the actual benefit will not be 
proportional to emissions measured 
over the test procedures specified in this 
part. 

(3) We may require you to discount or 
otherwise adjust your improvement 
factor or credit to account for 
uncertainty or other relevant factors. 

(c) Send your request to the 
Designated Compliance Officer. Include 
a detailed description of the technology 
and a recommended test plan. Also state 
whether you recommend applying these 
provisions using the improvement- 
factor method or the separate-credit 
method. We recommend that you do not 
begin collecting test data (for 
submission to EPA) before contacting 
us. For technologies for which the 
vehicle manufacturer could also claim 
credits (such as transmissions in certain 
circumstances), we may require you to 
include a letter from the vehicle 
manufacturer stating that it will not seek 
credits for the same technology. 

(d) We may seek public comment on 
your request, consistent with the 
provisions of 40 CFR 86.1866–12(d)(3). 
However, we will generally not seek 
public comment on credits/adjustments 
based on A to B engine dynamometer 
testing, chassis testing, or in-use testing. 

§ 1036.615 Engines with Rankine cycle 
waste heat recovery and hybrid 
powertrains. 

This section specifies how to generate 
advanced technology-specific emission 
credits for hybrid powertrains that 
include energy storage systems and 
regenerative braking (including 
regenerative engine braking) and for 

engines that include Rankine-cycle (or 
other bottoming cycle) exhaust energy 
recovery systems. 

(a) Hybrid powertrains. The following 
provisions apply for pre-transmission 
and post-transmission hybrid 
powertrains: 

(1) Pre-transmission hybrid 
powertrains are those engine systems 
that include features that recover and 
store energy during engine motoring 
operation but not from the vehicle 
wheels. These powertrains are tested 
using the hybrid engine test procedures 
of 40 CFR part 1065 or using the post- 
transmission test procedures in 40 CFR 
1037.550. 

(2) Post-transmission hybrid 
powertrains are those powertrains that 
include features that recover and store 
energy from braking but that cannot 
function as hybrids without the 
transmission. These powertrains must 
have a single output shaft to the final 
drive and are tested by simulating the 
chassis test procedure applicable for 
hybrid vehicles under 40 CFR 1037.550. 
You need our approval before you begin 
testing. 

(b) Rankine engines. Test engines that 
include Rankine-cycle exhaust energy 
recovery systems according to the test 
procedures specified in subpart F of this 
part unless we approve alternate 
procedures. 

(c) Calculating credits. Calculate 
credits as specified in subpart H of this 
part. Credits generated from engines and 
powertrains certified under this section 
may be used in other averaging sets as 
described in § 1036.740(d). Credits may 
not be generated under this section and 
40 CFR 1037.615 for the same 
technology on the same vehicle. 

(d) Innovative technologies. You may 
certify using both provisions of this 
section and the innovative technology 
provisions of § 1036.610, provided you 
do not double count emission benefits. 

§ 1036.620 Alternate CO2 standards based 
on model year 2011 compression-ignition 
engines. 

For model years 2014 through 2016, 
you may certify your compression- 
ignition engines to the CO2 standards of 
this section instead of the CO2 standards 
in § 1036.108. However, you may not 
certify engines to these alternate 
standards if they are part of an averaging 
set in which you carry a balance of 
banked credits. You may submit 
applications for certifications before 
using up banked credits in the averaging 
set, but such certificates will not 
become effective until you have used up 
(or retired) your banked credits in the 
averaging set. For purposes of this 
section, you are deemed to carry credits 
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in an averaging set if you carry credits 
from advanced technology that are 
allowed to be used in that averaging set. 

(a) The standards of this section are 
determined from the measured emission 
rate of the test engine of the applicable 
baseline 2011 engine family(ies) as 
described in paragraphs (b) and (c) of 
this section. Calculate the CO2 emission 
rate of the baseline test engine using the 
same equations used for showing 
compliance with the otherwise 
applicable standard. The alternate CO2 
standard for light and medium heavy- 
duty vocational-certified engines 
(certified for CO2 using the transient 
cycle) is equal to the baseline emission 
rate multiplied by 0.975. The alternate 
CO2 standard for tractor-certified 
engines (certified for CO2 using the SET 
cycle) and all other heavy heavy-duty 
engines is equal to the baseline emission 
rate multiplied by 0.970. The in-use FEL 
for these engines is equal to the 
alternate standard multiplied by 1.03. 

(b) This paragraph (b) applies if you 
do not certify all your engine families in 
the averaging set to the alternate 
standards of this section. Identify 
separate baseline engine families for 
each engine family that you are 
certifying to the alternate standards of 
this section. For an engine family to be 
considered the baseline engine family, it 
must meet the following criteria: 

(1) It must have been certified to all 
applicable emission standards in model 
year 2011. If the baseline engine was 
certified to a NOX FEL above the 
standard and incorporated the same 
emission control technologies as the 
new engine family, you may adjust the 
baseline CO2 emission rate to be 
equivalent to an engine meeting the 0.20 
g/hp-hr NOX standard (or your higher 
FEL as specified in this paragraph 
(b)(1)), using certification results from 
model years 2009 through 2011, 
consistent with good engineering 
judgment. 

(i) Use the following equation to relate 
model year 2009–2011 NOX and CO2 
emission rates (g/hp-hr): CO2 = a × 
log(NOX)+b. 

(ii) For model year 2014–2016 engines 
certified to NOX FELs above 0.20 g/hp- 
hr, correct the baseline CO2 emissions to 
the actual NOX FELs of the 2014–2016 
engines. 

(iii) Calculate separate adjustments for 
transient and SET emissions. 

(2) The baseline configuration tested 
for certification must have the same 
engine displacement as the engines in 
the engine family being certified to the 
alternate standards, and its rated power 
must be within five percent of the 
highest rated power in the engine family 

being certified to the alternate 
standards. 

(3) The model year 2011 U.S.-directed 
production volume of the configuration 
tested must be at least one percent of the 
total 2011 U.S.-directed production 
volume for the engine family. 

(4) The tested configuration must 
have cycle-weighted BSFC equivalent to 
or better than all other configurations in 
the engine family. 

(c) This paragraph (c) applies if you 
certify all your engine families in the 
primary intended service class to the 
alternate standards of this section. For 
purposes of this section, you may 
combine light heavy-duty and medium 
heavy-duty engines into a single 
averaging set. Determine your baseline 
CO2 emission rate as the production- 
weighted emission rate of the certified 
engine families you produced in the 
2011 model year. If you produce engines 
for both tractors and vocational 
vehicles, treat them as separate 
averaging sets. Adjust the CO2 emission 
rates to be equivalent to an engine 
meeting the average NOX FEL of new 
engines (assuming engines certified to 
the 0.20 g/hp-hr NOX standard have a 
NOX FEL equal to 0.20 g/hp-hr), as 
described in paragraph (b)(1) of this 
section. 

(d) Include the following statement on 
the emission control information label: 
‘‘THIS ENGINE WAS CERTIFIED TO 
AN ALTERNATE CO2 STANDARD 
UNDER § 1036.620.’’ 

(e) You may not bank CO2 emission 
credits for any engine family in the 
same averaging set and model year in 
which you certify engines to the 
standards of this section. You may not 
bank any advanced technology credits 
in any averaging set for the model year 
you certify under this section (since 
such credits would be available for use 
in this averaging set). Note that the 
provisions of § 1036.745 apply for 
deficits generated with respect to the 
standards of this section. 

(f) You need our approval before you 
may certify engines under this section, 
especially with respect to the numerical 
value of the alternate standards. We will 
not approve your request if we 
determine that you manipulated your 
engine families or test engine 
configurations to certify to less stringent 
standards, or that you otherwise have 
not acted in good faith. You must keep 
and provide to us any information we 
need to determine that your engine 
families meet the requirements of this 
section. Keep these records for at least 
five years after you stop producing 
engines certified under this section. 

§ 1036.625 In-use compliance with family 
emission limits (FELs). 

You may ask us to apply a higher in- 
use FEL for certain in-use engines, 
subject to the provisions of this section. 
Note that § 1036.225 contains provisions 
related to changing FELs during a model 
year. 

(a) Purpose. This section is intended 
to address circumstances in which it is 
in the public interest to apply a higher 
in-use FEL based on forfeiting an 
appropriate number of emission credits. 

(b) FELs. When applying higher in-use 
FELs to your engines, we would intend 
to accurately reflect the actual in-use 
performance of your engines, consistent 
with the specified testing provisions of 
this part. 

(c) Equivalent families. We may apply 
the higher FELs to other families in 
other model years if they used 
equivalent emission controls. 

(d) Credit forfeiture. Where we specify 
higher in-use FELs under this section, 
you must forfeit CO2 emission credits 
based on the difference between the in- 
use FEL and the otherwise applicable 
FEL. Calculate the amount of credits to 
be forfeited using the applicable 
equation in § 1036.705, by substituting 
the otherwise applicable FEL for the 
standard and the in-use FEL for the 
otherwise applicable FEL. 

(e) Requests. Submit your request to 
the Designated Compliance Officer. 
Include the following in your request: 

(1) The engine family name and 
model year of the engines affected. 

(2) A list of other engine families/ 
model years that may be affected. 

(3) The otherwise applicable FEL for 
the engine families along with your 
recommendations for higher in-use 
FELs. 

(4) Your source of credits for 
forfeiture. 

(f) Relation to recall. You may not 
request higher in-use FELs for any 
engine families for which we have made 
a determination of nonconformance and 
ordered a recall. You may, however, 
make such requests for engine families 
for which you are performing a 
voluntary emission recall. 

(g) Approval. We may approve your 
request if we determine that you meet 
the requirements of this section and 
such approval is in the public interest. 
We may include appropriate conditions 
with our approval or we may approve 
your request with modifications. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

§ 1036.701 General provisions. 
(a) You may average, bank, and trade 

(ABT) emission credits for purposes of 
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certification as described in this subpart 
and in subpart B of this part to show 
compliance with the standards of 
§ 1036.108. Participation in this 
program is voluntary. (Note: As 
described in subpart B of this part, you 
must assign an FCL to all engine 
families, whether or not they participate 
in the ABT provisions of this subpart.) 

(b) [Reserved] 
(c) The definitions of subpart I of this 

part apply to this subpart. The following 
definitions also apply: 

(1) Actual emission credits means 
emission credits you have generated 
that we have verified by reviewing your 
final report. 

(2) Averaging set means a set of 
engines in which emission credits may 
be exchanged. Credits generated by one 
engine may only be used by other 
engines in the same averaging set. See 
§ 1036.740. 

(3) Broker means any entity that 
facilitates a trade of emission credits 
between a buyer and seller. 

(4) Buyer means the entity that 
receives emission credits as a result of 
a trade. 

(5) Reserved emission credits means 
emission credits you have generated 
that we have not yet verified by 
reviewing your final report. 

(6) Seller means the entity that 
provides emission credits during a 
trade. 

(7) Standard means the emission 
standard that applies under subpart B of 
this part for engines not participating in 
the ABT program of this subpart. 

(8) Trade means to exchange emission 
credits, either as a buyer or seller. 

(d) Emission credits may be 
exchanged only within an averaging set 
as specified in § 1036.740. 

(e) You may not use emission credits 
generated under this subpart to offset 
any emissions that exceed an FCL or 
standard. This applies for all testing, 
including certification testing, in-use 
testing, selective enforcement audits, 
and other production-line testing. 
However, if emissions from an engine 
exceed an FCL or standard (for example, 
during a selective enforcement audit), 
you may use emission credits to 
recertify the engine family with a higher 
FCL that applies only to future 
production. 

(f) Emission credits may be used in 
the model year they are generated. 
Surplus emission credits may be banked 
for future model years. Surplus 
emission credits may sometimes be used 
for past model years, as described in 
§ 1036.745. 

(g) You may increase or decrease an 
FCL during the model year by amending 
your application for certification under 

§ 1036.225. The new FCL may apply 
only to engines you have not already 
introduced into commerce. 

(h) You may trade emission credits 
generated from any number of your 
engines to the engine purchasers or 
other parties to retire the credits. 
Identify any such credits in the reports 
described in § 1036.730. Engines must 
comply with the applicable FELs even 
if you donate or sell the corresponding 
emission credits under this paragraph 
(h). Those credits may no longer be used 
by anyone to demonstrate compliance 
with any EPA emission standards. 

(i) See § 1036.740 for special credit 
provisions that apply for credits 
generated under § 1036.615 or 40 CFR 
1037.104(d)(7) or 1037.615. 

(j) Unless the regulations explicitly 
allow it, you may not calculate credits 
more than once for any emission 
reduction. For example, if you generate 
CO2 emission credits for a hybrid engine 
under this part for a given vehicle, no 
one may generate CO2 emission credits 
for that same hybrid engine and vehicle 
under 40 CFR part 1037. However, 
credits could be generated for identical 
vehicles using engines that did not 
generate credits under this part. 

§ 1036.705 Generating and calculating 
emission credits. 

(a) The provisions of this section 
apply separately for calculating 
emission credits for each pollutant. 

(b) For each participating family, 
calculate positive or negative emission 
credits relative to the otherwise 
applicable emission standard based on 
the engine family’s FCL for greenhouse 
gases. If your engine family is certified 
to both the vocational and tractor engine 
standards, calculate credits separately 
for the vocational engines and the 
tractor engines (as specified in 
paragraph (b)(3) of this section). 
Calculate positive emission credits for a 
family that has an FCL below the 
standard. Calculate negative emission 
credits for a family that has an FCL 
above the standard. 

Sum your positive and negative 
credits for the model year before 
rounding. Round the sum of emission 
credits to the nearest megagram (Mg), 
using consistent units throughout the 
following equations: 

(1) For vocational engines: 
Emission credits (Mg) = (Std¥FCL) · 

(CF) · (Volume) · (UL) · (10¥6) 
Where: 

Std = the emission standard, in g/hp-hr, 
that applies under subpart B of this part for 
engines not participating in the ABT program 
of this subpart (the ‘‘otherwise applicable 
standard’’). 

FCL = the Family Certification Level for 
the engine family, in g/hp-hr, measured over 

the transient duty cycle, rounded to the same 
number of decimal places as the emission 
standard. 

CF = a transient cycle conversion factor 
(hp-hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the duty 
cycle (average of vocational engine 
configurations weighted by their production 
volumes) by 6.3 miles for spark-ignition 
engines and 6.5 miles for compression- 
ignition engines. This represents the average 
work performed by vocational engines in the 
family over the mileage represented by 
operation over the duty cycle. 

Volume = the number of vocational 
engines eligible to participate in the 
averaging, banking, and trading program 
within the given engine family during the 
model year, as described in paragraph (c) of 
this section. 

UL = the useful life for the given engine 
family, in miles. 

(2) For tractor engines: 
Emission credits (Mg) = (Std¥FCL) · 

(CF) · (Volume) · (UL) · (10¥6) 
Where: 

Std = the emission standard, in g/hp-hr, 
that applies under subpart B of this part for 
engines not participating in the ABT program 
of this subpart (the ‘‘otherwise applicable 
standard’’). 

FCL = the Family Certification Level for 
the engine family, in g/hp-hr, measured over 
the SET duty cycle rounded to the same 
number of decimal places as the emission 
standard. 

CF = a transient cycle conversion factor 
(hp-hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the duty 
cycle (average of tractor-engine 
configurations weighted by their production 
volumes) by 6.3 miles for spark-ignition 
engines and 6.5 miles for compression- 
ignition engines. This represents the average 
work performed by tractor engines in the 
family over the mileage represented by 
operation over the duty cycle. Note that this 
calculation requires you to use the transient 
cycle conversion factor even for engines 
certified to SET-based standards. Volume = 
the number of tractor engines eligible to 
participate in the averaging, banking, and 
trading program within the given engine 
family during the model year, as described in 
paragraph (c) of this section. 

UL = the useful life for the given engine 
family, in miles. 

(3) For engine families certified to 
both the vocational and tractor engine 
standards, we may allow you to use 
statistical methods to estimate the total 
production volumes where a small 
fraction of the engines cannot be tracked 
precisely. 

(4) You may not generate emission 
credits for tractor engines (i.e., engines 
not certified to the transient cycle for 
CO2) installed in vocational vehicles 
(including vocational tractors certified 
pursuant to 40 CFR 1037.630 or 
exempted pursuant to 40 CFR 
1037.631). We will waive this 
requirement where you demonstrate 
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that less than five percent of the engines 
in your tractor family were installed in 
vocational vehicles. For example, if you 
know that 96 percent of your tractor 
engines were installed in non-vocational 
tractors, but cannot determine the 
vehicle type for the remaining four 
percent, you may generate credits for all 
the engines in the family. 

(c) As described in § 1036.730, 
compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
directed production volumes. Keep 
appropriate records to document these 
production volumes. Do not include any 
of the following engines to calculate 
emission credits: 

(1) Engines that you do not certify to 
the CO2 standards of this part because 
they are permanently exempted under 
subpart G of this part or under 40 CFR 
part 1068. 

(2) Exported engines. 
(3) Engines not subject to the 

requirements of this part, such as those 
excluded under § 1036.5. For example, 
do not include engines used in vehicles 
certified to the greenhouse gas standards 
of 40 CFR 1037.104. 

(4) [Reserved] 
(5) Any other engines if we indicate 

elsewhere in this part 1036 that they are 
not to be included in the calculations of 
this subpart. 

(d) You may use CO2 emission credits 
to show compliance with CH4 and/or 
N2O FELs instead of the otherwise 
applicable emission standards. To do 
this, calculate the CH4 and/or N2O 
emission credits needed (negative 
credits) using the equation in paragraph 
(b) of this section, using the FEL(s) you 
specify for your engines during 
certification instead of the FCL. You 
must use 25 Mg of positive CO2 credits 
to offset 1 Mg of negative CH4 credits. 
You must use 298 Mg of positive CO2 
credits to offset 1 Mg of negative N2O 
credits. 

§ 1036.710 Averaging. 

(a) Averaging is the exchange of 
emission credits among your engine 
families. You may average emission 
credits only within the same averaging 
set. 

(b) You may certify one or more 
engine families to an FCL above the 
applicable standard, subject to any 
applicable FEL caps and other the 
provisions in subpart B of this part, if 
you show in your application for 
certification that your projected balance 
of all emission-credit transactions in 
that model year is greater than or equal 
to zero, or that a negative balance is 
allowed under § 1036.745. 

(c) If you certify an engine family to 
an FCL that exceeds the otherwise 
applicable standard, you must obtain 
enough emission credits to offset the 
engine family’s deficit by the due date 
for the final report required in 
§ 1036.730. The emission credits used to 
address the deficit may come from your 
other engine families that generate 
emission credits in the same model year 
(or from later model years as specified 
in § 1036.745), from emission credits 
you have banked, or from emission 
credits you obtain through trading. 

§ 1036.715 Banking. 

(a) Banking is the retention of surplus 
emission credits by the manufacturer 
generating the emission credits for use 
in future model years for averaging or 
trading. 

(b) You may designate any emission 
credits you plan to bank in the reports 
you submit under § 1036.730 as 
reserved credits. During the model year 
and before the due date for the final 
report, you may designate your reserved 
emission credits for averaging or 
trading. 

(c) Reserved credits become actual 
emission credits when you submit your 
final report. However, we may revoke 
these emission credits if we are unable 
to verify them after reviewing your 
reports or auditing your records. 

(d) Banked credits retain the 
designation of the averaging set in 
which they were generated. 

§ 1036.720 Trading. 

(a) Trading is the exchange of 
emission credits between 
manufacturers, or the transfer of credits 
to another party to retire them. You may 
use traded emission credits for 
averaging, banking, or further trading 
transactions. Traded emission credits 
remain subject to the averaging-set 
restrictions based on the averaging set in 
which they were generated. 

(b) You may trade actual emission 
credits as described in this subpart. You 
may also trade reserved emission 
credits, but we may revoke these 
emission credits based on our review of 
your records or reports or those of the 
company with which you traded 
emission credits. You may trade banked 
credits within an averaging set to any 
certifying manufacturer. 

(c) If a negative emission credit 
balance results from a transaction, both 
the buyer and seller are liable, except in 
cases we deem to involve fraud. See 
§ 1036.255(e) for cases involving fraud. 
We may void the certificates of all 
engine families participating in a trade 
that results in a manufacturer having a 

negative balance of emission credits. 
See § 1036.745. 

§ 1036.725 What must I include in my 
application for certification? 

(a) You must declare in your 
application for certification your intent 
to use the provisions of this subpart for 
each engine family that will be certified 
using the ABT program. You must also 
declare the FELs/FCL you select for the 
engine family for each pollutant for 
which you are using the ABT program. 
Your FELs must comply with the 
specifications of subpart B of this part, 
including the FEL caps. FELs/FCL must 
be expressed to the same number of 
decimal places as the applicable 
standards. 

(b) Include the following in your 
application for certification: 

(1) A statement that, to the best of 
your belief, you will not have a negative 
balance of emission credits for any 
averaging set when all emission credits 
are calculated at the end of the year; or 
a statement that you will have a 
negative balance of emission credits for 
one or more averaging sets, but that it 
is allowed under § 1036.745. 

(2) Detailed calculations of projected 
emission credits (positive or negative) 
based on projected U.S.-directed 
production volumes. We may require 
you to include similar calculations from 
your other engine families to project 
your net credit balances for the model 
year. If you project negative emission 
credits for a family, state the source of 
positive emission credits you expect to 
use to offset the negative emission 
credits. 

§ 1036.730 ABT reports. 
(a) If any of your engine families are 

certified using the ABT provisions of 
this subpart, you must send an end-of- 
year report within 90 days after the end 
of the model year and a final report 
within 270 days after the end of the 
model year. 

(b) Your end-of-year and final reports 
must include the following information 
for each engine family participating in 
the ABT program: 

(1) Engine-family designation and 
averaging set. 

(2) The emission standards that would 
otherwise apply to the engine family. 

(3) The FCL for each pollutant. If you 
change the FCL after the start of 
production, identify the date that you 
started using the new FCL and/or give 
the engine identification number for the 
first engine covered by the new FCL. In 
this case, identify each applicable FCL 
and calculate the positive or negative 
emission credits as specified in 
§ 1036.225. 
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(4) The projected and actual U.S.- 
directed production volumes for the 
model year. If you changed an FCL 
during the model year, identify the 
actual production volume associated 
with each FCL. 

(5) The transient cycle conversion 
factor for each engine configuration as 
described in § 1036.705. 

(6) Useful life. 
(7) Calculated positive or negative 

emission credits for the whole engine 
family. Identify any emission credits 
that you traded, as described in 
paragraph (d)(1) of this section. 

(c) Your end-of-year and final reports 
must include the following additional 
information: 

(1) Show that your net balance of 
emission credits from all your 
participating engine families in each 
averaging set in the applicable model 
year is not negative, except as allowed 
under § 1036.745. 

(2) State whether you will reserve any 
emission credits for banking. 

(3) State that the report’s contents are 
accurate. 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The engine families that 
generated emission credits for the trade, 
including the number of emission 
credits from each family. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
to each engine family (if known). 

(e) Send your reports electronically to 
the Designated Compliance Officer 
using an approved information format. 
If you want to use a different format, 
send us a written request with 
justification for a waiver. 

(f) Correct errors in your end-of-year 
report or final report as follows: 

(1) You may correct any errors in your 
end-of-year report when you prepare the 
final report, as long as you send us the 
final report by the time it is due. 

(2) If you or we determine within 270 
days after the end of the model year that 
errors mistakenly decreased your 
balance of emission credits, you may 
correct the errors and recalculate the 
balance of emission credits. You may 

not make these corrections for errors 
that are determined more than 270 days 
after the end of the model year. If you 
report a negative balance of emission 
credits, we may disallow corrections 
under this paragraph (f)(2). 

(3) If you or we determine anytime 
that errors mistakenly increased your 
balance of emission credits, you must 
correct the errors and recalculate the 
balance of emission credits. 

§ 1036.735 Recordkeeping. 
(a) You must organize and maintain 

your records as described in this 
section. We may review your records at 
any time. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
engines if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. Store 
these records in any format and on any 
media, as long as you can promptly 
send us organized, written records in 
English if we ask for them. You must 
keep these records readily available. We 
may review them at any time. 

(c) Keep a copy of the reports we 
require in §§ 1036.725 and 1036.730. 

(d) Keep records of the engine 
identification number (usually the serial 
number) for each engine you produce 
that generates or uses emission credits 
under the ABT program. You may 
identify these numbers as a range. If you 
change the FEL after the start of 
production, identify the date you started 
using each FCL and the range of engine 
identification numbers associated with 
each FCL. You must also identify the 
purchaser and destination for each 
engine you produce to the extent this 
information is available. 

(e) We may require you to keep 
additional records or to send us relevant 
information not required by this section 
in accordance with the Clean Air Act. 

§ 1036.740 Restrictions for using emission 
credits. 

The following restrictions apply for 
using emission credits: 

(a) Averaging sets. Except as specified 
in paragraph (c) of this section, emission 
credits may be exchanged only within 
an following averaging sets There are 
four principal averaging sets for engines 
subject to this subpart: 

(1) Spark-ignition engines. 
(2) Compression-ignition light heavy- 

duty engines. 
(3) Compression-ignition medium 

heavy-duty engines. 
(4) Compression-ignition heavy 

heavy-duty engines. 

(b) Applying credits to prior year 
deficits. Where your credit balance for 
the previous year is negative, you may 
apply credits to that credit deficit only 
after meeting your credit obligations for 
the current year. 

(c) Credits from hybrid engines and 
other advanced technologies. The 
averaging set restrictions of paragraph 
(a) of this section do not apply for 
credits generated under § 1036.615 or 40 
CFR 1037.104(d)(7) or 1037.615 from 
hybrid power systems with regenerative 
braking, or from other advanced 
technologies. Such credits may also be 
used under 40 CFR part 1037. 

(1) The maximum amount of credits 
you may bring into the following service 
class groups is 60,000 Mg per model 
year: 

(i) Spark-ignition engines, light heavy- 
duty compression-ignition engines, and 
light heavy-duty vehicles. This group 
comprises the averaging sets listed in 
paragraphs (a)(1) and (2) of this section 
and the averaging set listed in 40 CFR 
1037.740(a)(1). 

(ii) Medium heavy-duty compression- 
ignition engines and medium heavy- 
duty vehicles. This group comprises the 
averaging sets listed in paragraph (a)(3) 
of this section and 40 CFR 
1037.740(a)(2). 

(iii) Heavy heavy-duty compression- 
ignition engines and heavy heavy-duty 
vehicles. This group comprises the 
averaging sets listed in paragraph (a)(4) 
of this section and 40 CFR 
1037.740(a)(3). 

(2) The limit specified in paragraph 
(c)(1) of this section does not limit the 
amount of advanced technology credits 
that can be used within a service class 
group if they were generated in that 
same service class group. 

(d) Credit life. Credits expire after five 
years. 

(e) Other restrictions. Other sections 
of this part specify additional 
restrictions for using emission credits 
under certain special provisions. 

§ 1036.745 End-of-year CO2 credit deficits. 

Except as allowed by this section, we 
may void the certificate of any engine 
family certified to an FCL above the 
applicable standard for which you do 
not have sufficient credits by the 
deadline for submitting the final report. 

(a) Your certificate for an engine 
family for which you do not have 
sufficient CO2 credits will not be void 
if you remedy the deficit with surplus 
credits within three model years. For 
example, if you have a credit deficit of 
500 Mg for an engine family at the end 
of model year 2015, you must generate 
(or otherwise obtain) a surplus of at 
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least 500 Mg in that same averaging set 
by the end of model year 2018. 

(b) You may not bank or trade away 
CO2 credits in the averaging set in any 
model year in which you have a deficit. 

(c) You may apply only surplus 
credits to your deficit. You may not 
apply credits to a deficit from an earlier 
model year if they were generated in a 
model year for which any of your engine 
families for that averaging set had an 
end-of-year credit deficit. 

(d) If you do not remedy the deficit 
with surplus credits within three model 
years, we may void your certificate for 
that engine family. We may void the 
certificate based on your end-of-year 
report. Note that voiding a certificate 
applies ab initio. Where the net deficit 
is less than the total amount of negative 
credits originally generated by the 
family, we will void the certificate only 
with respect to the number of engines 
needed to reach the amount of the net 
deficit. For example, if the original 
engine family generated 500 Mg of 
negative credits, and the manufacturer’s 
net deficit after three years was 250 Mg, 
we would void the certificate with 
respect to half of the engines in the 
family. 

§ 1036.750 What can happen if I do not 
comply with the provisions of this subpart? 

(a) For each engine family 
participating in the ABT program, the 
certificate of conformity is conditioned 
upon full compliance with the 
provisions of this subpart during and 
after the model year. You are 
responsible to establish to our 
satisfaction that you fully comply with 
applicable requirements. We may void 
the certificate of conformity for an 
engine family if you fail to comply with 
any provisions of this subpart. 

(b) You may certify your engine 
family to an FCL above an applicable 
standard based on a projection that you 
will have enough emission credits to 
offset the deficit for the engine family. 
See § 1036.745 for provisions specifying 
what happens if you cannot show in 
your final report that you have enough 
actual emission credits to offset a deficit 
for any pollutant in an engine family. 

(c) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information we request. Note that 
failing to keep records, send reports, or 
give us information we request is also a 
violation of 42 U.S.C. 7522(a)(2). 

(d) You may ask for a hearing if we 
void your certificate under this section 
(see § 1036.820). 

§ 1036.755 Information provided to the 
Department of Transportation. 

After receipt of each manufacturer’s 
final report as specified in § 1036.730 
and completion of any verification 
testing required to validate the 
manufacturer’s submitted final data, we 
will issue a report to the Department of 
Transportation with CO2 emission 
information and will verify the accuracy 
of each manufacturer’s equivalent fuel 
consumption data that required by 
NHTSA under 49 CFR 535.8. We will 
send a report to DOT for each engine 
manufacturer based on each regulatory 
category and subcategory, including 
sufficient information for NHTSA to 
determine fuel consumption and 
associated credit values. See 49 CFR 
535.8 to determine if NHTSA deems 
submission of this information to EPA 
to also be a submission to NHTSA. 

Subpart I—Definitions and Other 
Reference Information 

§ 1036.801 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Act gives to them. The definitions 
follow: 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401–7671q. 

Adjustable parameter has the 
meaning given in 40 CFR part 86. 

Advanced technology means 
technology certified under § 1036.615, 
40 CFR 1037.104(d)(7) or 1037.615. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, or 
any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to decrease emissions 
in the engine exhaust before it is 
exhausted to the environment. Exhaust- 
gas recirculation (EGR) and 
turbochargers are not aftertreatment. 

Aircraft means any vehicle capable of 
sustained air travel above treetop 
heights. 

Alcohol-fueled engine mean an engine 
that is designed to run using an alcohol 
fuel. For purposes of this definition, 
alcohol fuels do not include fuels with 
a nominal alcohol content below 25 
percent by volume. 

Auxiliary emission control device 
means any element of design that senses 
temperature, motive speed, engine RPM, 
transmission gear, or any other 
parameter for the purpose of activating, 
modulating, delaying, or deactivating 
the operation of any part of the emission 
control system. 

Averaging set has the meaning given 
in § 1036.740. 

Calibration means the set of 
specifications and tolerances specific to 
a particular design, version, or 
application of a component or assembly 
capable of functionally describing its 
operation over its working range. 

Carryover means relating to 
certification based on emission data 
generated from an earlier model year as 
described in § 1036.235(d). 

Certification means relating to the 
process of obtaining a certificate of 
conformity for an engine family that 
complies with the emission standards 
and requirements in this part. 

Certified emission level means the 
highest deteriorated emission level in an 
engine family for a given pollutant from 
the applicable transient and/or steady- 
state testing, rounded to the same 
number of decimal places as the 
applicable standard. Note that you may 
have two certified emission levels for 
CO2 if you certify a family for both 
vocational and tractor use. 

Complete vehicle means a vehicle 
meeting the definition of complete 
vehicle in 40 CFR 1037.801 when it is 
first sold as a vehicle. For example, 
where a vehicle manufacturer sells an 
incomplete vehicle to a secondary 
manufacturer, the vehicle is not a 
complete vehicle under this part, even 
after its final assembly. 

Compression-ignition means relating 
to a type of reciprocating, internal- 
combustion engine that is not a spark- 
ignition engine. 

Crankcase emissions means airborne 
substances emitted to the atmosphere 
from any part of the engine crankcase’s 
ventilation or lubrication systems. The 
crankcase is the housing for the 
crankshaft and other related internal 
parts. 

Criteria pollutants means emissions of 
NOX, HC, PM, and CO. Note that these 
pollutants are also sometimes described 
collectively as ‘‘non-greenhouse gas 
pollutants’’, although they do not 
necessarily have negligible global 
warming potentials. 

Designated Compliance Officer means 
the Manager, Heavy-Duty and Nonroad 
Engine Group (6405–J), U.S. 
Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460. 

Designated Enforcement Officer 
means the Director, Air Enforcement 
Division (2242A), U.S. Environmental 
Protection Agency, 1200 Pennsylvania 
Ave., NW., Washington, DC 20460. 

Deteriorated emission level means the 
emission level that results from 
applying the appropriate deterioration 
factor to the official emission result of 
the emission-data engine. Note that 
where no deterioration factor applies, 
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references in this part to the 
deteriorated emission level mean the 
official emission result. 

Deterioration factor means the 
relationship between emissions at the 
end of useful life (or point of highest 
emissions if it occurs before the end of 
useful life) and emissions at the low- 
hour/low-mileage test point, expressed 
in one of the following ways: 

(1) For multiplicative deterioration 
factors, the ratio of emissions at the end 
of useful life (or point of highest 
emissions) to emissions at the low-hour 
test point. 

(2) For additive deterioration factors, 
the difference between emissions at the 
end of useful life (or point of highest 
emissions) and emissions at the low- 
hour test point. 

Dual-fuel means relating to an engine 
designed for operation on two different 
types of fuel but not on a continuous 
mixture of those fuels. 

Emission control system means any 
device, system, or element of design that 
controls or reduces the emissions of 
regulated pollutants from an engine. 

Emission-data engine means an 
engine that is tested for certification. 
This includes engines tested to establish 
deterioration factors. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Engine configuration means a unique 
combination of engine hardware and 
calibration (related to the emission 
standards) within an engine family. 
Engines within a single engine 
configuration differ only with respect to 
normal production variability or factors 
unrelated to compliance with emission 
standards. 

Engine family has the meaning given 
in § 1036.230. 

Excluded means relating to engines 
that are not subject to some or all of the 
requirements of this part as follows: 

(1) An engine that has been 
determined not to be a heavy-duty 
engine is excluded from this part. 

(2) Certain heavy-duty engines are 
excluded from the requirements of this 
part under § 1036.5. 

(3) Specific regulatory provisions of 
this part may exclude a heavy-duty 
engine generally subject to this part 
from one or more specific standards or 
requirements of this part. 

Exempted has the meaning given in 
40 CFR 1068.30. 

Exhaust-gas recirculation means a 
technology that reduces emissions by 
routing exhaust gases that had been 
exhausted from the combustion 
chamber(s) back into the engine to be 
mixed with incoming air before or 

during combustion. The use of valve 
timing to increase the amount of 
residual exhaust gas in the combustion 
chamber(s) that is mixed with incoming 
air before or during combustion is not 
considered exhaust-gas recirculation for 
the purposes of this part. 

Family certification level (FCL) means 
a CO2 emission level declared by the 
manufacturer that is at or above 
emission test results for all emission- 
data engines. The FCL serves as the 
emission standard for the engine family 
with respect to certification testing if it 
is different than the otherwise 
applicable standard. The FCL must be 
expressed to the same number of 
decimal places as the emission standard 
it replaces. 

Family emission limit (FEL) means an 
emission level declared by the 
manufacturer to serve in place of an 
otherwise applicable emission standard 
(other than CO2 standards) under the 
ABT program in subpart H of this part. 
The FEL must be expressed to the same 
number of decimal places as the 
emission standard it replaces. The FEL 
serves as the emission standard for the 
engine family with respect to all 
required testing except certification 
testing for CO2. The CO2 FEL is equal to 
the CO2 FCL multiplied by 1.03 and 
rounded to the same number of decimal 
places as the standard (e.g., the nearest 
whole g/hp-hr for the 2016 CO2 
standards). 

Flexible-fuel means relating to an 
engine designed for operation on any 
mixture of two or more different types 
of fuels. 

Fuel type means a general category of 
fuels such as diesel fuel, gasoline, or 
natural gas. There can be multiple 
grades within a single fuel type, such as 
premium gasoline, regular gasoline, or 
gasoline with 10 percent ethanol. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process we use to evaluate good 
engineering judgment. 

Greenhouse gas pollutants and 
greenhouse gases means compounds 
regulated under this part based 
primarily on their impact on the 
climate. This includes CO2, CH4, and 
N2O. 

Gross vehicle weight rating (GVWR) 
means the value specified by the vehicle 
manufacturer as the maximum design 
loaded weight of a single vehicle, 
consistent with good engineering 
judgment. 

Heavy-duty engine means any engine 
which the engine manufacturer could 
reasonably expect to be used for motive 
power in a heavy-duty vehicle. For 
purposes of this definition in this part, 

the term ‘‘engine’’ includes internal 
combustion engines and other devices 
that convert chemical fuel into motive 
power. For example, a fuel cell used in 
a heavy-duty vehicle is a heavy-duty 
engine. 

Heavy-duty vehicle means any motor 
vehicle above 8,500 pounds GVWR or 
that has a vehicle curb weight above 
6,000 pounds or that has a basic vehicle 
frontal area greater than 45 square feet. 
Curb weight has the meaning given in 40 
CFR 86.1803, consistent with the 
provisions of 40 CFR 1037.140. Basic 
vehicle frontal area has the meaning 
given in 40 CFR 86.1803. 

Hybrid engine or hybrid powertrain 
means an engine or powertrain that 
includes energy storage features other 
than a conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. Note that certain 
provisions in this part treat hybrid 
engines and powertrains intended for 
vehicles that include regenerative 
braking differently than those intended 
for vehicles that do not include 
regenerative braking. 

Hydrocarbon (HC) means the 
hydrocarbon group on which the 
emission standards are based for each 
fuel type. For alcohol-fueled engines, 
HC means nonmethane hydrocarbon 
equivalent (NMHCE). For all other 
engines, HC means nonmethane 
hydrocarbon (NMHC). 

Identification number means a unique 
specification (for example, a model 
number/serial number combination) 
that allows someone to distinguish a 
particular engine from other similar 
engines. 

Incomplete vehicle means a vehicle 
meeting the definition of incomplete 
vehicle in 40 CFR 1037.801 when it is 
first sold as a vehicle. 

Innovative technology means 
technology certified under § 1036.610. 

Liquefied petroleum gas (LPG) means 
a liquid hydrocarbon fuel that is stored 
under pressure and is composed 
primarily of nonmethane compounds 
that are gases at atmospheric conditions. 

Low-hour means relating to an engine 
that has stabilized emissions and 
represents the undeteriorated emission 
level. This would generally involve less 
than 125 hours of operation. 

Manufacture means the physical and 
engineering process of designing, 
constructing, and/or assembling a 
heavy-duty engine or a heavy-duty 
vehicle. 

Manufacturer has the meaning given 
in section 216(1) of the Act. In general, 
this term includes any person who 
manufactures an engine, vehicle, or 
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piece of equipment for sale in the 
United States or otherwise introduces a 
new engine into commerce in the 
United States. This includes importers 
who import engines or vehicles for 
resale. 

Medium-duty passenger vehicle has 
the meaning given in 40 CFR 86.1803. 

Model year means the manufacturer’s 
annual new model production period, 
except as restricted under this 
definition. It must include January 1 of 
the calendar year for which the model 
year is named, may not begin before 
January 2 of the previous calendar year, 
and it must end by December 31 of the 
named calendar year. Manufacturers 
may not adjust model years to 
circumvent or delay compliance with 
emission standards or to avoid the 
obligation to certify annually. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

Natural gas means a fuel whose 
primary constituent is methane. 

New motor vehicle engine means a 
motor vehicle engine meeting the 
criteria of either paragraph (1) or (2) of 
this definition. 

(1) A motor vehicle engine for which 
the ultimate purchaser has never 
received the equitable or legal title is a 
new motor vehicle engine. This kind of 
engine might commonly be thought of 
as ‘‘brand new’’ although a new motor 
vehicle engine may include previously 
used parts. Under this definition, the 
engine is new from the time it is 
produced until the ultimate purchaser 
receives the title or places it into 
service, whichever comes first. 

(2) An imported motor vehicle engine 
is a new motor vehicle engine if it was 
originally built on or after January 1, 
1970. 

Noncompliant engine means an 
engine that was originally covered by a 
certificate of conformity, but is not in 
the certified configuration or otherwise 
does not comply with the conditions of 
the certificate. 

Nonconforming engine means an 
engine not covered by a certificate of 
conformity that would otherwise be 
subject to emission standards. 

Nonmethane hydrocarbons (NMHC) 
means the sum of all hydrocarbon 
species except methane, as measured 
according to 40 CFR part 1065. 

Official emission result means the 
measured emission rate for an emission- 
data engine on a given duty cycle before 
the application of any deterioration 
factor, but after the applicability of any 
required regeneration adjustment 
factors. 

Owner’s manual means a document or 
collection of documents prepared by the 
engine or vehicle manufacturer for the 

owner or operator to describe 
appropriate engine maintenance, 
applicable warranties, and any other 
information related to operating or 
keeping the engine. The owner’s manual 
is typically provided to the ultimate 
purchaser at the time of sale. 

Oxides of nitrogen has the meaning 
given in 40 CFR 1065.1001. 

Percent has the meaning given in 40 
CFR 1065.1001. Note that this means 
percentages identified in this part are 
assumed to be infinitely precise without 
regard to the number of significant 
figures. For example, one percent of 
1,493 is 14.93. 

Petroleum means gasoline or diesel 
fuel or other fuels normally derived 
from crude oil. This does not include 
methane or LPG. 

Placed into service means put into 
initial use for its intended purpose. 

Primary intended service class has the 
meaning given in § 1036.140. 

Rated power has the meaning given in 
40 CFR part 86. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 
recovered energy for later use, such as 
the battery system in an electric hybrid 
vehicle. 

Revoke has the meaning given in 40 
CFR 1068.30. 

Round has the meaning given in 40 
CFR 1065.1001. 

Scheduled maintenance means 
adjusting, repairing, removing, 
disassembling, cleaning, or replacing 
components or systems periodically to 
keep a part or system from failing, 
malfunctioning, or wearing prematurely. 
It also may mean actions you expect are 
necessary to correct an overt indication 
of failure or malfunction for which 
periodic maintenance is not 
appropriate. 

Small manufacturer means a 
manufacturer meeting the criteria 
specified in 13 CFR 121.201. For 
manufacturers owned by a parent 
company, the employee and revenue 
limits apply to the total number of 
employees and total revenue of the 
parent company and all its subsidiaries. 

Spark-ignition means relating to a 
gasoline-fueled engine or any other type 
of engine with a spark plug (or other 
sparking device) and with operating 
characteristics significantly similar to 
the theoretical Otto combustion cycle. 
Spark-ignition engines usually use a 
throttle to regulate intake air flow to 
control power during normal operation. 

Steady-state has the meaning given in 
40 CFR 1065.1001. 

Suspend has the meaning given in 40 
CFR 1068.30. 

Test engine means an engine in a test 
sample. 

Test sample means the collection of 
engines selected from the population of 
an engine family for emission testing. 
This may include testing for 
certification, production-line testing, or 
in-use testing. 

Tractor means a vehicle meeting the 
definition of ‘‘tractor’’ in 40 CFR 
1037.801, but not classified as a 
‘‘vocational tractor’’ under 40 CFR 
1037.630, or relating to such a vehicle. 

Tractor engine means an engine 
certified for use in tractors. Where an 
engine family is certified for use in both 
tractors and vocational vehicles, ‘‘tractor 
engine’’ means an engine that the engine 
manufacturer reasonably believes will 
be (or has been) installed in a tractor. 
Note that the provisions of this part may 
require a manufacturer to document 
how it determines that an engine is a 
tractor engine. 

Ultimate purchaser means, with 
respect to any new engine or vehicle, 
the first person who in good faith 
purchases such new engine or vehicle 
for purposes other than resale. 

United States has the meaning given 
in 40 CFR 1068.30. 

Upcoming model year means for an 
engine family the model year after the 
one currently in production. 

U.S.-directed production volume 
means the number of engines, subject to 
the requirements of this part, produced 
by a manufacturer for which the 
manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. This does not include engines 
certified to state emission standards that 
are different than the emission 
standards in this part. 

Vehicle has the meaning given in 40 
CFR 1037.801. 

Vocational engine means an engine 
certified for use in vocational vehicles. 
Where an engine family is certified for 
use in both tractors and vocational 
vehicles, ‘‘vocational engine’’ means an 
engine that the engine manufacturer 
reasonably believes will be (or has been) 
installed in a vocational vehicle. Note 
that the provisions of this part may 
require a manufacturer to document 
how it determines that an engine is a 
vocational engine. 

Vocational vehicle means a vehicle 
meeting the definition of ‘‘vocational’’ 
vehicle in 40 CFR 1037.801. 

Void has the meaning given in 40 CFR 
1068.30. 

We (us, our) means the Administrator 
of the Environmental Protection Agency 
and any authorized representatives. 
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§ 1036.805 Symbols, acronyms, and 
abbreviations. 

The following symbols, acronyms, 
and abbreviations apply to this part: 

ABT averaging, banking, and trading. 
AECD auxiliary emission control 

device. 
ASTM American Society for Testing 

and Materials. 
BTU British thermal units. 
CFR Code of Federal Regulations. 
CH4 methane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
DF deterioration factor. 
DOT Department of Transportation. 
E85 gasoline blend including 

nominally 85 percent ethanol. 
EPA Environmental Protection 

Agency. 
FCL Family Certification Level. 
FEL Family Emission Limit. 
g/hp–hr grams per brake horsepower- 

hour. 
GVWR gross vehicle weight rating. 
HC hydrocarbon. 
kg kilogram. 
kgC kilogram carbon. 
kW kilowatts. 
lb pound. 
lbC pound carbon. 
LPG liquefied petroleum gas. 
Mg megagrams (10 6 grams, or one 

metric ton). 
MJ megajoules. 
N2O nitrous oxide. 
NARA National Archives and 

Records Administration. 
NHTSA National Highway Traffic 

Safety Administration. 
NOx oxides of nitrogen (NO and 

NO2). 
NTE not-to-exceed. 
PM particulate matter. 
RESS rechargeable energy storage 

system. 
RPM revolutions per minute. 
SET Supplemental Emission Test (see 

40 CFR 86.1362). 
U.S. United States. 
U.S.C. United States Code. 

§ 1036.810 Incorporation by reference. 
(a) Certain material is incorporated by 

reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a notice of the change in 
the Federal Register and the material 
must be available to the public. All 
approved material is available for 
inspection at U.S. EPA, Air and 
Radiation Docket and Information 
Center, 1301 Constitution Ave., NW., 
Room B102, EPA West Building, 
Washington, DC 20460, (202) 202–1744, 

and is available from the sources listed 
below. It is also available for inspection 
at the National Archives and Records 
Administration (NARA). For 
information on the availability of this 
material at NARA, call 202–741–6030, 
or go to http://www.archives.gov/ 
federal_register/ 
code_of_federal_regulations/ 
ibr_locations.html. 

(b) American Society for Testing and 
Materials, 100 Barr Harbor Drive, P.O. 
Box C700, West Conshohocken, PA, 
19428–2959, (610) 832–9585, http:// 
www.astm.org/. 

(1) ASTM D 240–09 Standard Test 
Method for Heat of Combustion of 
Liquid Hydrocarbon Fuels by Bomb 
Calorimeter, approved July 1, 2009, IBR 
approved for § 1036.530(b). 

(2) ASTM D4809–09a Standard Test 
Method for Heat of Combustion of 
Liquid Hydrocarbon Fuels by Bomb 
Calorimeter (Precision Method), 
approved September 1, 2009, IBR 
approved for § 1036.530(b). 

(3) ASTM D5291–10 Standard Test 
Methods for Instrumental Determination 
of Carbon, Hydrogen, and Nitrogen in 
Petroleum Products and Lubricants, 
approved May 1, 2010, IBR approved for 
§ 1036.530(b). 

§ 1036.815 Confidential information. 
The provisions of 40 CFR 1068.10 

apply for information you consider 
confidential. 

§ 1036.820 Requesting a hearing. 
(a) You may request a hearing under 

certain circumstances, as described 
elsewhere in this part. To do this, you 
must file a written request, including a 
description of your objection and any 
supporting data, within 30 days after we 
make a decision. 

(b) For a hearing you request under 
the provisions of this part, we will 
approve your request if we find that 
your request raises a substantial factual 
issue. 

(c) If we agree to hold a hearing, we 
will use the procedures specified in 40 
CFR part 1068, subpart G. 

§ 1036.825 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You may 
not rely on anyone else to meet 
recordkeeping requirements on your 

behalf unless we specifically authorize 
it. We may review these records at any 
time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1036.255 and 
40 CFR 1068.25 and 1068.101 describe 
your obligation to report truthful and 
complete information. This includes 
information not related to certification. 
Failing to properly report information 
and keep the records we specify violates 
40 CFR 1068.101(a)(2), which may 
involve civil or criminal penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1036.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. Keep these records 
for eight years unless the regulations 
specify a different period. We may 
require you to send us these records 
whether or not you are a certificate 
holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq.), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 
require for engines and equipment 
regulated under this part: 

(1) We specify the following 
requirements related to engine 
certification in this part 1036: 

(i) In § 1036.135 we require engine 
manufacturers to keep certain records 
related to duplicate labels sent to 
equipment manufacturers. 

(ii) In subpart C of this part we 
identify a wide range of information 
required to certify engines. 

(iii) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(iv) In §§ 1036.725, 1036.730, and 
1036.735 we specify certain records 
related to averaging, banking, and 
trading. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1066: 

(i) In 40 CFR 1066.2 we give an 
overview of principles for reporting 
information. 

(ii) [Reserved] 
■ 34. A new part 1037 is added to 
subchapter U to read as follows: 
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PART 1037—CONTROL OF EMISSIONS 
FROM NEW HEAVY–DUTY MOTOR 
VEHICLES 

Subpart A—Overview and Applicability 
Sec. 
1037.1 Applicability 
1037.5 Excluded vehicles. 
1037.10 How is this part organized? 
1037.15 Do any other regulation parts apply 

to me? 
1037.30 Submission of information. 

Subpart B—Emission Standards and 
Related Requirements 
1037.101 Overview of emission standards 

for heavy-duty vehicles. 
1037.102 Exhaust emission standards for 

NOX, HC, PM, and CO. 
1037.104 Exhaust emission standards for 

CO2, CH4, and N2O for heavy-duty 
vehicles at or below 14,000 pounds 
GVWR. 

1037.105 Exhaust emission standards for 
CO2 for vocational vehicles. 

1037.106 Exhaust emission standards for 
CO2 for tractors above 26,000 pounds 
GVWR. 

1037.115 Other requirements. 
1037.120 Emission-related warranty 

requirements. 
1037.125 Maintenance instructions and 

allowable maintenance. 
1037.135 Labeling. 
1037.140 Curb weight and roof height. 
1037.150 Interim provisions. 

Subpart C—Certifying Vehicle families 
1037.201 General requirements for 

obtaining a certificate of conformity. 
1037.205 What must I include in my 

application? 
1037.210 Preliminary approval before 

certification. 
1037.220 Amending maintenance 

instructions. 
1037.225 Amending applications for 

certification. 
1037.230 Vehicle families, sub-families, 

and configurations. 
1037.241 Demonstrating compliance with 

exhaust emission standards for 
greenhouse gas pollutants. 

1037.250 Reporting and recordkeeping. 
1037.255 What decisions may EPA make 

regarding my certificate of conformity? 

Subpart D—[Reserved] 

Subpart E—In-Use Testing 
1037.401 General provisions. 

Subpart F—Test and Modeling Procedures 
1037.501 General testing and modeling 

provisions. 
1037.510 Duty-cycle exhaust testing. 
1037.520 Modeling CO2 emissions to show 

compliance. 
1037.521 Aerodynamic measurements. 
1037.525 Special procedures for testing 

hybrid vehicles with power take-off. 
1037.550 Special procedures for testing 

post-transmission hybrid systems. 

Subpart G—Special Compliance Provisions 
1037.601 What compliance provisions 

apply to these vehicles? 

1037.610 Vehicles with innovative 
technologies. 

1037.615 Hybrid vehicles and other 
advanced technologies. 

1037.620 Shipment of incomplete vehicles 
to secondary vehicle manufacturers. 

1037.630 Special purpose tractors. 
1037.631 Exemption for vocational vehicles 

intended for off-road use. 
1037.640 Variable vehicle speed limiters. 
1037.645 In-use compliance with family 

emission limits (FELs). 
1037.650 Tire manufacturers. 
1037.655 Post-useful life vehicle 

modifications. 
1037.660 Automatic engine shutdown 

systems. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

1037.701 General provisions. 
1037.705 Generating and calculating 

emission credits. 
1037.710 Averaging. 
1037.715 Banking. 
1037.720 Trading. 
1037.725 What must I include in my 

application for certification? 
1037.730 ABT reports. 
1037.735 Recordkeeping. 
1037.740 Restrictions for using emission 

credits. 
1037.745 End-of-year CO2 credit deficits. 
1037.750 What can happen if I do not 

comply with the provisions of this 
subpart? 

1037.755 Information provided to the 
Department of Transportation. 

Subpart I—Definitions and Other Reference 
Information 

1037.801 Definitions. 
1037.805 Symbols, acronyms, and 

abbreviations. 
1037.810 Incorporation by reference. 
1037.815 Confidential information. 
1037.820 Requesting a hearing. 
1037.825 Reporting and recordkeeping 

requirements. 
Appendix I to Part 1037—Heavy-duty 

Transient Chassis Test Cycle 
Appendix II to Part 1037—Power Take-Off 

Test Cycle 
Appendix III to Part 1037—Emission Control 

Identifiers 

Authority: 42 U.S.C. 7401—7671q. 

Subpart A—Overview and Applicability 

§ 1037.1 Applicability 

This part contains standards and 
other regulations applicable to the 
emission of the air pollutant defined as 
the aggregate group of six greenhouse 
gases: carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, 
perflurocarbons, and sulfur 
hexafluoride. The regulations in this 
part 1037 apply for all new heavy-duty 
vehicles, except as provided in § 1037.5. 
This includes electric vehicles and 
vehicles fueled by conventional and 
alternative fuels. 

§ 1037.5 Excluded vehicles. 
Except for the definitions specified in 

§ 1037.801, this part does not apply to 
the following vehicles: 

(a) Vehicles not meeting the definition 
of ‘‘motor vehicle’’. 

(b) Vehicles excluded from the 
definition of ‘‘heavy-duty vehicle’’ in 
§ 1037.801 because of vehicle weight, 
weight rating, and frontal area (such as 
light-duty vehicles and light-duty 
trucks). 

(c) Medium-duty passenger vehicles. 
(d) Vehicles produced in model years 

before 2014, unless they are certified 
under § 1037.150. 

(e) Vehicles subject to the light-duty 
greenhouse gas standards of 40 CFR part 
86. See 40 CFR 86.1818 for greenhouse 
gas standards that apply for these 
vehicles. An example of such a vehicle 
would be a vehicle meeting the 
definition of ‘‘heavy-duty vehicle’’ in 
§ 1037.801 and 40 CFR 86.1803, but also 
meeting the definition of ‘‘light truck’’ 
in 40 CFR 86.1818–12(b)(2). 

§ 1037.10 How is this part organized? 
This part 1037 is divided into 

subparts as described in this section. 
Note that only subparts A, B, and I of 
this part apply for vehicles subject to 
the standards of § 1037.104, as 
described in that section. 

(a) Subpart A of this part defines the 
applicability of part 1037 and gives an 
overview of regulatory requirements. 

(b) Subpart B of this part describes the 
emission standards and other 
requirements that must be met to certify 
vehicles under this part. Note that 
§ 1037.150 discusses certain interim 
requirements and compliance 
provisions that apply only for a limited 
time. 

(c) Subpart C of this part describes 
how to apply for a certificate of 
conformity for vehicles subject to the 
standards of § 1037.105 or § 1037.106. 

(d) [Reserved] 
(e) Subpart E of this part addresses 

testing of in-use vehicles. 
(f) Subpart F of this part describes 

how to test your vehicles and perform 
emission modeling (including 
references to other parts of the Code of 
Federal Regulations) for vehicles subject 
to the standards of § 1037.105 or 
§ 1037.106. 

(g) Subpart G of this part and 40 CFR 
part 1068 describe requirements, 
prohibitions, and other provisions that 
apply to manufacturers, owners, 
operators, rebuilders, and all others. 
Section 1037.601 describes how 40 CFR 
part 1068 applies for heavy-duty 
vehicles. 

(h) Subpart H of this part describes 
how you may generate and use emission 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00295 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57400 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

credits to certify vehicles that are 
subject to the standards of § 1037.105 or 
§ 1037.106. 

(i) Subpart I of this part contains 
definitions and other reference 
information. 

§ 1037.15 Do any other regulation parts 
apply to me? 

(a) Parts 1065 and 1066 of this chapter 
describe procedures and equipment 
specifications for testing engines and 
vehicles to measure exhaust emissions. 
Subpart F of this part 1037 describes 
how to apply the provisions of part 1065 
and part 1066 of this chapter to 
determine whether vehicles meet the 
exhaust emission standards in this part. 

(b) As described in § 1037.601, certain 
requirements and prohibitions of part 
1068 of this chapter apply to everyone, 
including anyone who manufactures, 
imports, installs, owns, operates, or 
rebuilds any of the vehicles subject to 
this part 1037. Part 1068 of this chapter 
describes general provisions that apply 
broadly, but do not necessarily apply for 
all vehicles or all persons. The issues 
addressed by these provisions include 
these seven areas: 

(1) Prohibited acts and penalties for 
manufacturers and others. 

(2) Rebuilding and other aftermarket 
changes. 

(3) Exclusions and exemptions for 
certain vehicles. 

(4) Importing vehicles. 
(5) Selective enforcement audits of 

your production. 
(6) Recall. 
(7) Procedures for hearings. 
(c) Part 86 of this chapter applies for 

certain vehicles as specified in this part. 
For example, the test procedures and 
most of part 86, subpart S, applies for 
vehicles subject to § 1037.104. 

(d) Other parts of this chapter apply 
if referenced in this part. 

§ 1037.30 Submission of information. 

Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1037.801). See § 1037.825 
for additional reporting and 
recordkeeping provisions. 

Subpart B—Emission Standards and 
Related Requirements 

§ 1037.101 Overview of emission 
standards for heavy-duty vehicles. 

(a) This part specifies emission 
standards for certain vehicles and for 
certain pollutants. It also summarizes 
other standards that apply under 40 CFR 
part 86. This part contains standards 
and other regulations applicable to the 

emission of the air pollutant defined as 
the aggregate group of six greenhouse 
gases: carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, 
perflurocarbons, and sulfur 
hexafluoride. 

(b) The regulated emissions are 
addressed in four groups: 

(1) Exhaust emissions of NOX, HC, 
PM, and CO. These pollutants are 
sometimes described collectively as 
‘‘criteria pollutants’’ because they are 
either criteria pollutants under the 
Clean Air Act or precursors to the 
criteria pollutant ozone. These 
pollutants are also sometimes described 
collectively as ‘‘non-greenhouse gas 
pollutants’’, although they do not 
necessarily have negligible global 
warming potential. As described in 
§ 1037.102, standards for these 
pollutants are provided in 40 CFR part 
86. 

(2) Exhaust emissions of CO2, CH4, 
and N2O. These pollutants are described 
collectively in this part as ‘‘greenhouse 
gas pollutants’’ because they are 
regulated primarily based on their 
impact on the climate. These standards 
are provided in §§ 1037.104 through 
1037.106. 

(3) Hydrofluorocarbons. These 
pollutants are also ‘‘greenhouse gas 
pollutants’’ but are treated separately 
from exhaust greenhouse gas pollutants 
listed in paragraph (b)(2) of this section. 
These standards are provided in 
§ 1037.115. 

(4) Fuel evaporative emissions. These 
requirements are described in 40 CFR 
part 86. 

(c) The regulated heavy-duty vehicles 
are addressed in different groups as 
follows: 

(1) For criteria pollutants, vehicles are 
regulated based on gross vehicle weight 
rating (GVWR), whether they are 
considered ‘‘spark-ignition’’ or 
‘‘compression-ignition,’’ and whether 
they are first sold as complete or 
incomplete vehicles. These groupings 
apply as described in 40 CFR part 86. 

(2) For greenhouse gas pollutants, 
vehicles are regulated in the following 
groups: 

(i) Complete and certain incomplete 
vehicles at or below 14,000 pounds 
GVWR (see § 1037.104 for further 
specification). Certain provisions of 40 
CFR part 86 apply for these vehicles; see 
§ 1037.104(h) for a list of provisions in 
this part 1037 that also apply for these 
vehicles. These provisions may also be 
optionally applied to certain other 
vehicles, as described in § 1037.104. 

(ii) Tractors above 26,000 pounds 
GVWR. 

(iii) All other vehicles subject to 
standards under this part. These other 
vehicles are referred to as ‘‘vocational’’ 
vehicles. 

§ 1037.102 Exhaust emission standards 
for NOX, HC, PM, and CO. 

See 40 CFR part 86 for the exhaust 
emission standards for NOX, HC, PM, 
and CO that apply for heavy-duty 
vehicles. 

§ 1037.104 Exhaust emission standards 
for CO2, CH4, and N2O for heavy-duty 
vehicles at or below 14,000 pounds GVWR. 

This section applies for heavy-duty 
vehicles at or below 14,000 pounds 
GVWR. See paragraph (f) of this section 
and § 1037.150 of this section for 
provisions excluding certain vehicles 
from this section, and allowing other 
vehicles to be certified under this 
section. 

(a) Fleet-average CO2 emission 
standards. Fleet-average CO2 emission 
standards apply for each manufacturer 
as follows: 

(1) Calculate a work factor, WF, for 
each vehicle subconfiguration (or group 
of subconfigurations allowed under 
paragraph (a)(4) of this section), 
rounded to the nearest pound, using the 
following equation: 
WF = 0.75 × (GVWR ¥ Curb Weight + 

xwd) + 0.25 × (GCWR ¥ GVWR) 
Where: 
xwd = 500 pounds if the vehicle has four- 

wheel drive or all-wheel drive; xwd = 0 
pounds for all other vehicles. 

(2) Using the appropriate work factor, 
calculate a target value for each vehicle 
subconfiguration (or group of 
subconfigurations allowed under 
paragraph (a)(4) of this section) you 
produce using one of the following 
equations, rounding to the nearest 0.1 g/ 
mile: 

(i) For spark-ignition vehicles: CO2 
Target (g/mile) = 0.0440 × WF + 339 

(ii) For compression-ignition vehicles 
and vehicles that operate without 
engines (such as electric vehicles and 
fuel cell vehicles): CO2 Target (g/mile) = 
0.0416 × WF + 320 

(3) Calculate a production-weighted 
average of the target values and round 
it to the nearest 0.1 g/mile. This is your 
fleet-average standard. All vehicles 
subject to the standards of this section 
form a single averaging set. Use the 
following equation to calculate your 
fleet-average standard from the target 
value for each vehicle subconfiguration 
(Targeti) and U.S.-directed production 
volume of each vehicle subconfiguration 
for the given model year (Volumei): 
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(4) You may group subconfigurations 
within a configuration together for 
purposes of calculating your fleet- 
average standard as follows: 

(i) You may group together 
subconfigurations that have the same 
equivalent test weight (ETW), GVWR, 
and GCWR. Calculate your work factor 
and target value assuming a curb weight 
equal to two times ETW minus GVWR. 

(ii) You may group together other 
subconfigurations if you use the lowest 
target value calculated for any of the 
subconfigurations. 

(b) Production and in-use CO2 
standards. Each vehicle you produce 
that is subject to the standards of this 
section has an ‘‘in-use’’ CO2 standard 
that is calculated from your test result 
and that applies for selective 
enforcement audits and in-use testing. 
This in-use CO2 standard for each 
vehicle is equal to the applicable 
deteriorated emission level multiplied 
by 1.10 and rounded to the nearest 0.1 
g/mile. 

(c) N2O and CH4 standards. Except as 
allowed under this paragraph (c), all 
vehicles subject to the standards of this 
section must comply with an N2O 
standard of 0.05 g/mile and a CH4 
standard of 0.05 g/mile. You may 
specify CH4 and/or N2O alternate 
standards using CO2 emission credits 
instead of these otherwise applicable 
emission standards for one or more test 
groups, consistent with the provisions 
of 40 CFR 86.1818. To do this, calculate 
the CH4 and/or N2O emission credits 
needed (negative credits) using the 
equation in this paragraph (c) based on 
the FEL(s) you specify for your vehicles 
during certification. You must adjust the 
calculated emissions by the global 
warming potential (GWP): GWP equals 
25 for CH4 and 298 for N2O. This means 
you must use 25 Mg of positive CO2 
credits to offset 1 Mg of negative CH4 
credits and 298 Mg of positive CO2 
credits to offset 1 Mg of negative N2O 
credits. Note that 40 CFR 86.1818–12(f) 
does not apply for vehicles subject to 
the standards of this section. Calculate 
credits using the following equation: 
CO2 Credits Needed (Mg) = [(FEL—Std) 

× (U.S.-directed production volume) 
× (Useful Life)] × (GWP) ÷ 1,000,000 

(d) Compliance provisions. Except as 
specified in this paragraph (d) or 
elsewhere in this section, the provisions 
of 40 CFR part 86, describing 
compliance with the greenhouse gas 
standards of 40 CFR part 86, subpart S, 

apply with respect to the standards of 
paragraphs (a) through (c) of this 
section. 

(1) The CO2 standards of this section 
apply with respect to CO2 emissions, 
not with respect to carbon-related 
exhaust emissions (CREE). 

(2) Vehicles subject to the standards 
of this section are included in a single 
greenhouse gas averaging set separate 
from any averaging sets otherwise 
included in 40 CFR part 86. 

(3) Special credit and incentive 
provisions related to flexible fuel 
vehicles and air conditioning in 40 CFR 
part 86 do not apply for vehicles subject 
to the standards of this section. 

(4) The CO2, N2O, and CH4 standards 
apply for a weighted average of the city 
(55%) and highway (45%) test cycle 
results as specified for light-duty 
vehicles in 40 CFR part 86, subpart S. 
Note that this differs from the way the 
criteria pollutant standards apply for 
heavy-duty vehicles. 

(5) Apply an additive deterioration 
factor of zero to measured CO2 
emissions unless good engineering 
judgment indicates that emissions are 
likely to deteriorate in use. Use good 
engineering judgment to develop 
separate deterioration factors for N2O 
and CH4. 

(6) Credits are calculated using the 
useful life value (in miles) in place of 
the ‘‘vehicle lifetime miles’’ specified in 
40 CFR part 86, subpart S. 

(7) Credits generated from hybrid 
vehicles with regenerative braking or 
from vehicles with other advanced 
technologies may be used to show 
compliance with any standards of this 
part or 40 CFR part 1036, subject to the 
service class restrictions in § 1037.740. 
Include these vehicles in a separate 
fleet-average calculation (and exclude 
them from your conventional fleet- 
average calculation). You must first 
apply these advanced technology 
vehicle credits to any deficits for other 
vehicles in the averaging set before 
applying them to other averaging sets. 

(8) The provisions of 40 CFR 86.1818 
do not apply. 

(9) Calculate your fleet-average 
emission rate consistent with good 
engineering judgment and the 
provisions of 40 CFR 86.1865. The 
following additional provisions apply: 

(i) Unless we approve a lower 
number, you must test at least ten 
subconfigurations. If you produce more 
than 100 subconfigurations in a given 

model year, you must test at least ten 
percent of your subconfigurations. For 
purposes of this paragraph (d)(9)(i), 
count carryover tests, but do not include 
analytically derived CO2 emission rates, 
data substitutions, or other untested 
allowances. We may approve a lower 
number of tests for manufacturers that 
have limited product offerings, or low 
sales volumes. Note that good 
engineering judgment and other 
provisions of this part may require you 
to test more subconfigurations than 
these minimum values. 

(ii) The provisions of paragraph (g) of 
this section specify how you may use 
analytically derived CO2 emission rates. 

(iii) At least 90 percent of final 
production volume at the configuration 
level must be represented by test data 
(real, data substituted, or analytical). 

(10) For dual fuel, multi-fuel, and 
flexible fuel vehicles, perform exhaust 
testing on each fuel type (for example, 
gasoline and E85). 

(i) For your fleet-average calculations, 
use either the conventional-fueled CO2 
emission rate or a weighted average of 
your emission results as specified in 40 
CFR 600.510–12(k) for light-duty trucks. 

(ii) If you certify to an alternate 
standard for N2O or CH4 emissions, you 
may not exceed the alternate standard 
when tested on either fuel. 

(11) Test your vehicles with an 
equivalent test weight based on its 
Adjusted Loaded Vehicle Weight 
(ALVW). Determine equivalent test 
weight from the ALVW as specified in 
40 CFR 86.129, except that you may 
round values to the nearest 500 pound 
increment for ALVW above 14,000 
pounds). 

(12) The following definitions apply 
for purposes of this section: 

(i) Configuration means a 
subclassification within a test group 
which is based on engine code, 
transmission type and gear ratios, final 
drive ratio, and other parameters which 
we designate. Note that this differs from 
the definition in 40 CFR 86.1803 
because it excludes inertia weight class 
as a criterion. 

(ii) Subconfiguration means a unique 
combination within a vehicle 
configuration (as defined in this 
paragraph (d)(12)) of equivalent test 
weight, road-load horsepower, and any 
other operational characteristics or 
parameters that we determine may 
significantly affect CO2 emissions 
within a vehicle configuration. 
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(iii) The terms ‘‘complete vehicle’’ 
and ‘‘incomplete vehicle’’ have the 
meanings given for ‘‘complete heavy- 
duty vehicle’’ and ‘‘incomplete heavy- 
duty vehicle’’ in 40 CFR 86.1803. 

(13) This paragraph (d)(13) applies for 
CO2 reductions resulting from 
technologies that were not in common 
use before 2010 that are not reflected in 
the specified test procedures. We may 
allow you to generate emission credits 
consistent with the provisions of 40 CFR 
86.1866–12(d). You do not need to 
provide justification for not using the 5- 
cycle methodology option. 

(14) You must submit pre-model year 
reports before you submit your 
applications for certification for a given 
model year. Unless we specify 
otherwise, include the information 
specified for pre-model year reports in 
49 CFR 535.8. 

(e) Useful life. Your vehicles must 
meet the exhaust emission standards of 
this section throughout their full useful 
life, expressed in service miles or 
calendar years, whichever comes first. 
The useful life values for the standards 
of this section are those that apply for 
criteria pollutants under 40 CFR part 86. 

(f) Exclusion of vehicles not certified 
as complete vehicles. The standards of 
this section apply for each vehicle that 
is chassis-certified with respect to 
criteria pollutants under 40 CFR part 86, 
subpart S. The standards of this section 
do not apply for other vehicles, except 
as noted in § 1037.150. Note that 
vehicles excluded under this paragraph 
(f) are not considered to be ‘‘subject to 
the standards of this section.’’ The 
vehicle standards and requirements of 
§ 1037.105 apply for the excluded 

vehicles. The GHG standards of 40 CFR 
part 1036 also apply for engines used in 
these excluded vehicles. If you are not 
the engine manufacturer, you must 
notify the engine manufacturer that its 
engines are subject to 40 CFR part 1036 
because you intend to use their engines 
in your excluded vehicles. 

(g) Analytically derived CO2 emission 
rates (ADCs). This paragraph (g) 
describes an allowance to use estimated 
(i.e., analytically derived) CO2 emission 
rates based on baseline test data instead 
of measured emission rates for 
calculating fleet-average emissions. Note 
that these ADCs are similar to ADFEs 
used for light-duty vehicles. Note also 
that F terms used in this paragraph (g) 
represent coefficients from the following 
road load equation: 

(1) Except as specified in paragraph 
(g)(2) of this section, use the following 
equation to calculate the ADC of a new 

vehicle from road load force coefficients 
(F0, F1, F2), axle ratio, and test weight: 

Where: 
ADC = Analytically derived combined city/ 

highway CO2 emission rate (g/mile) for a 
new vehicle. 

CO2base = Combined city/highway CO2 
emission rate (g/mile) of a baseline 
vehicle. 

DF0 = F0 of the new vehicle—F0 of the 
baseline vehicle. 

DF1 = F1 of the new vehicle—F1 of the 
baseline vehicle. 

DF2 = F2 of the new vehicle—F2 of the 
baseline vehicle. 

DAR = Axle ratio of the new vehicle—axle 
ratio of the baseline vehicle. 

DETW = ETW of the new vehicle—ETW of 
the baseline vehicle. 

(2) The purpose of this section is to 
accurately estimate CO2 emission rates. 
You must apply the provisions of this 
section consistent with good 
engineering judgment. For example, do 
not use the equation in paragraph (g)(1) 
of this section where good engineering 
judgment indicates that it will not 
accurately estimate emissions. You may 
ask us to approve alternate equations 
that allow you to estimate emissions 
more accurately. 

(3) You may select, without our prior 
approval, baseline test data that meet all 
the following criteria: 

(i) Vehicles considered for selection 
for the baseline test must comply with 

all applicable emission standards in the 
model year associated with the ADC. 

(ii) You must include in the pool of 
tests which will be considered for 
baseline selection all official tests of the 
same or equivalent basic engine, 
transmission class, engine code, 
transmission code, engine horsepower, 
dynamometer drive wheels, and 
compression ratio as the ADC 
subconfiguration. Do not include tests 
in which emissions exceed any 
applicable standards. 

(iii) Where necessary to minimize the 
CO2 adjustment, you may supplement 
the pool with tests associated with 
worst-case engine or transmission codes 
and carryover or carry-across engine 
families. If you do, all the data that 
qualify for inclusion using the elected 
worst-case substitution (or carryover or 
carry-across) must be included in the 
pool as supplemental data (i.e., 
individual test vehicles may not be 
selected for inclusion). You must also 
include the supplemental data in all 
subsequent pools, where applicable. 

(iv) Tests previously used during the 
subject model year as baseline tests in 
ten other ADC subconfigurations must 
be eliminated from the pool. (v) Select 
the tested subconfiguration with the 
smallest absolute difference between the 
ADC and the test CO2 emission rate for 

combined emissions. Use this as the 
baseline test for the target ADC 
subconfiguration. 

(4) You may ask us to allow you use 
baseline test data not fully meeting the 
provisions of paragraph (g)(3) of this 
section. 

(5) Calculate the ADC rounded to the 
nearest 0.1 g/mile. The downward 
adjustment of ADC from the baseline is 
limited to ADC values 20 percent below 
the baseline emission rate (i.e., baseline 
emission rate × 0.80). The upward 
adjustment is not limited. 

(6) You may not submit an ADC if an 
actual test has been run on the target 
subconfiguration during the certification 
process or on a development vehicle 
that is eligible to be declared as an 
emission-data vehicle. 

(7) No more than 40 percent of the 
subconfigurations tested in your final 
CO2 submission may be represented by 
ADCs. 

(8) You must retain for five years the 
pool of tests, the vehicle description and 
tests chosen as the baseline and the 
basis for its selection, the target ADC 
subconfiguration, and the calculated 
emission rates. We may ask to see these 
records at any time. 

(9) We may perform or order a 
confirmatory test of any 
subconfiguration covered by an ADC. 
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(10) Where we determine that you did 
not fully comply with the provisions of 
this paragraph (g), we may rescind the 
use of ADC data, require generation of 
actual test data, and require 
recalculation of your fleet-average 
emission rate. 

(h) Applicability of part 1037 
provisions. Except as specified in this 
section, the requirements of this part do 
not apply to vehicles certified to the 
standards of this section. The following 
provisions are the only provisions of 
this part that apply to vehicles certified 
under this section: 

(1) The provisions of this section. 

(2) [Reserved] 
(3) The air conditioning standards in 

§ 1037.115. 
(4) The interim provisions of 

§ 1037.150(a), (b), (c), (e)–(i), (l), and 
(m). 

(5) The definitions of § 1037.801, to 
the extent such terms are used relative 
to vehicles subject to standards under 
this section. 

§ 1037.105 Exhaust emission standards 
for CO2 for vocational vehicles. 

(a) The standards of this section apply 
for the following vehicles: 

(1) Vehicles above 14,000 pounds 
GVWR and at or below 26,000 pounds 
GVWR, but not certified to the vehicle 
standards § 1037.104. 

(2) Vehicles above 26,000 pounds 
GVWR that are not tractors. 

(3) Vocational tractors. 
(4) Vehicles at or below 14,000 

pounds GVWR that are excluded from 
the standards in § 1037.104 under 
§ 1037.104 (f) or use engines certified 
under § 1037.150(m). 

(b) The CO2 standards of this section 
are given in Table 1 to this section. The 
provisions of § 1037.241 specify how to 
comply with these standards. 

TABLE 1 TO § 1037.105—CO2 STANDARDS FOR VOCATIONAL VEHICLES 

GVWR 
(pounds) 

CO2 standard 
(g/ton-mile) for 
model years 
2014–2016 

CO2 standard 
(g/ton-mile) for 

model year 
2017 and later 

GVWR ≤ 19,500 ...................................................................................................................................................... 388 373 
19,500 < GVWR ≤ 33,000 ....................................................................................................................................... 234 225 
33,000 < GVWR ...................................................................................................................................................... 226 222 

(c) No CH4 or N2O standards apply 
under this section. See 40 CFR part 1036 
for CH4 or N2O standards that apply to 
engines used in these vehicles. 

(d) You may generate or use emission 
credits under the ABT program as 
described in subpart H of this part. This 
requires that you specify a Family 
Emission Limit (FEL) for CO2 for each 
vehicle subfamily. The FEL may not be 
less than the result of emission 
modeling from § 1037.520. These FELs 
serve as the emission standards for the 
vehicle subfamily instead of the 
standards specified in paragraph (b) of 
this section. 

(e) Your vehicles must meet the 
exhaust emission standards of this 
section throughout their full useful life, 
expressed in service miles or calendar 
years, whichever comes first. The 

following useful life values apply for the 
standards of this section: 

(1) 110,000 miles or 10 years, 
whichever comes first, for vehicles at or 
below 19,500 pounds GVWR. 

(2) 185,000 miles or 10 years, 
whichever comes first, for vehicles 
above 19,500 pounds GVWR and at or 
below 33,000 pounds GVWR. 

(3) 435,000 miles or 10 years, 
whichever comes first, for vehicles 
above 33,000 pounds GVWR. 

(f) See § 1037.631 for provisions that 
exempt certain vehicles used in off-road 
operation from the standards of this 
section. 

(g) You may optionally certify a 
vocational vehicle to the standards and 
useful life applicable to a higher vehicle 
service class (such as medium heavy- 
duty instead of light heavy-duty), 

provided you do not generate credits 
with the vehicle. If you include smaller 
vehicles in a credit-generating subfamily 
(with an FEL below the standard), 
exclude its production volume from the 
credit calculation. 

§ 1037.106 Exhaust emission standards 
for CO2 for tractors above 26,000 pounds 
GVWR. 

(a) The CO2 standards of this section 
apply for tractors above 26,000 pounds 
GVWR. Note that the standards of this 
section do not apply for vehicles 
classified as ‘‘vocational tractors’’ under 
§ 1037.630, 

(b) The CO2 standards for tractors 
above 26,000 pounds GVWR are given 
in Table 1 to this section. The 
provisions of § 1037.241 specify how to 
comply with these standards. 

TABLE 1 TO § 1037.106—CO2 STANDARDS FOR TRACTORS ABOVE 26,000 POUNDS GVWR 

GVWR 
(pounds) Sub-category 

CO2 standard 
(g/ton-mile) for 
model years 
2014–2016 

CO2 standard 
(g/ton-mile) for 

model year 
2017 and later 

26,000 < GVWR ≤ 33,000 ............................................ Low-Roof (all cab styles) ............................................. 107 104 
Mid-Roof (all cab styles) .............................................. 119 115 
High-Roof (all cab styles) ............................................. 124 120 

GVWR > 33,000 ........................................................... Low-Roof Day Cab ....................................................... 81 80 
Low-Roof Sleeper Cab ................................................. 68 66 
Mid-Roof Day Cab ....................................................... 88 86 
Mid-Roof Sleeper Cab ................................................. 76 73 
High-Roof Day Cab ...................................................... 92 89 
High-Roof Sleeper Cab ................................................ 75 72 

(c) No CH4 or N2O standards apply 
under this section. See 40 CFR part 1036 

for CH4 or N2O standards that apply to 
engines used in these vehicles. 

(d) You may generate or use emission 
credits under the ABT program, as 
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described in subpart H of this part. This 
requires that you specify a Family 
Emission Limit (FEL) for each pollutant 
you include in the ABT program for 
each vehicle subfamily. The FEL may 
not be less than the result of emission 
modeling from § 1037.520. These FELs 
serve as the emission standards for the 
specific vehicle subfamily instead of the 
standards specified in paragraph (a) of 
this section. 

(e) Your vehicles must meet the 
exhaust emission standards of this 
section throughout their full useful life, 
expressed in service miles or calendar 
years, whichever comes first. The 
following useful life values apply for the 
standards of this section: 

(1) 185,000 miles or 10 years, 
whichever comes first, for vehicles at or 
below 33,000 pounds GVWR. 

(2) 435,000 miles or 10 years, 
whichever comes first, for vehicles 
above 33,000 pounds GVWR. 

(f) You may optionally certify a tractor 
to the standards and useful life 
applicable to a higher vehicle service 
class (such as heavy heavy-duty instead 
of medium heavy-duty), provided you 
do not generate credits with the vehicle. 
If you include smaller vehicles in a 
credit-generating subfamily (with an 
FEL below the standard), exclude its 
production volume from the credit 
calculation. 

§ 1037.115 Other requirements. 
Vehicles required to meet the 

emission standards of this part must 
meet the following additional 
requirements, except as noted elsewhere 
in this part: 

(a) Adjustable parameters. Vehicles 
that have adjustable parameters must 
meet all the requirements of this part for 
any adjustment in the physically 
adjustable range. We may require that 
you set adjustable parameters to any 
specification within the adjustable range 
during any testing. See 40 CFR part 86 
for information related to determining 
whether or not an operating parameter 
is considered adjustable. You must 
ensure safe vehicle operation 
throughout the physically adjustable 
range of each adjustable parameter, 
including consideration of production 
tolerances. Note that adjustable roof 
fairings are deemed not to be adjustable 
parameters. 

(b) Prohibited controls. You may not 
design your vehicles with emission 
control devices, systems, or elements of 
design that cause or contribute to an 
unreasonable risk to public health, 
welfare, or safety while operating. For 
example, this would apply if the vehicle 
emits a noxious or toxic substance it 
would otherwise not emit that 

contributes to such an unreasonable 
risk. 

(c) Air conditioning leakage. Loss of 
refrigerant from your air conditioning 
systems may not exceed 1.50 percent 
per year, except as allowed by 
paragraphs (c)(2) and (3) of this section. 
Calculate the total leakage rate in g/year 
as specified in 40 CFR 86.166. Calculate 
the percent leakage rate as: [total leakage 
rate (g/yr)] ÷ [total refrigerant capacity 
(g)] × 100. Round your leakage rate to 
the nearest one-hundredth of a percent. 
See § 1037.150 for vocational vehicles. 

(1) For purpose of this requirement, 
‘‘refrigerant capacity’’ is the total mass 
of refrigerant recommended by the 
vehicle manufacturer as representing a 
full charge. Where full charge is 
specified as a pressure, use good 
engineering judgment to convert the 
pressure and system volume to a mass. 

(2) If your system uses a refrigerant 
other than HFC–134a, adjust your 
leakage rate by multiplying it by the 
global warming potential of your 
refrigerant and dividing the product by 
1430 (which is the global warming 
potential of HFC–134a). Apply this 
adjustment before comparing your 
leakage rate to the standard. Determine 
global warming potentials consistent 
with 40 CFR 86.1866. Note that global 
warming potentials represent the 
equivalent grams of CO2 that would 
have the same global warming impact 
(over 100 years) as one gram of the 
refrigerant. 

(3) If your total refrigerant capacity is 
less than 734 grams, your leakage rate 
may exceed 1.50 percent, as long as the 
total leakage rate does not exceed 11.0 
g/yr. If your system uses a refrigerant 
other than HFC–134a, you may adjust 
your leakage rate as specified in 
paragraph (c)(2) of this section. 

§ 1037.120 Emission-related warranty 
requirements. 

(a) General requirements. You must 
warrant to the ultimate purchaser and 
each subsequent purchaser that the new 
vehicle, including all parts of its 
emission control system, meets two 
conditions: 

(1) It is designed, built, and equipped 
so it conforms at the time of sale to the 
ultimate purchaser with the 
requirements of this part. 

(2) It is free from defects in materials 
and workmanship that cause the vehicle 
to fail to conform to the requirements of 
this part during the applicable warranty 
period. 

(b) Warranty period. (1) Your 
emission-related warranty must be valid 
for at least: 

(i) 5 years or 50,000 miles for spark- 
ignition vehicles and light heavy-duty 
vehicles. 

(ii) 5 years or 100,000 miles for 
medium and heavy heavy-duty vehicles. 

(iii) 2 years or 24,000 miles for tires. 
(2) You may offer an emission-related 

warranty more generous than we 
require. The emission-related warranty 
for the vehicle may not be shorter than 
any basic mechanical warranty you 
provide to that owner without charge for 
the vehicle. Similarly, the emission- 
related warranty for any component 
may not be shorter than any warranty 
you provide to that owner without 
charge for that component. This means 
that your warranty for a given vehicle 
may not treat emission-related and non- 
emission-related defects differently for 
any component. The warranty period 
begins when the vehicle is placed into 
service. 

(c) Components covered. The 
emission-related warranty covers 
vehicle speed limiters, idle shutdown 
systems, fairings, and hybrid system 
components, to the extent such 
emission-related components are 
included in the certified emission 
controls. The emission-related warranty 
covers all components whose failure 
would increase a vehicle’s emissions of 
air conditioning refrigerants for vehicles 
subject to air conditioning leakage 
standards. The emission-related 
warranty covers tires and all 
components whose failure would 
increase a vehicle’s evaporative 
emissions (for vehicles subject to 
evaporative emission standards). The 
emission-related warranty covers these 
components even if another company 
produces the component. Your 
emission-related warranty does not need 
to cover components whose failure 
would not increase a vehicle’s 
emissions of any regulated pollutant. 

(d) Limited applicability. You may 
deny warranty claims under this section 
if the operator caused the problem 
through improper maintenance or use, 
as described in 40 CFR 1068.115. 

(e) Owner’s manual. Describe in the 
owners manual the emission-related 
warranty provisions from this section 
that apply to the vehicle. 

§ 1037.125 Maintenance instructions and 
allowable maintenance. 

Give the ultimate purchaser of each 
new vehicle written instructions for 
properly maintaining and using the 
vehicle, including the emission control 
system. The maintenance instructions 
also apply to service accumulation on 
any of your emission-data vehicles. See 
paragraph (i) of this section for 
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requirements related to tire 
replacement. 

(a) Critical emission-related 
maintenance. Critical emission-related 
maintenance includes any adjustment, 
cleaning, repair, or replacement of 
critical emission-related components. 
This may also include additional 
emission-related maintenance that you 
determine is critical if we approve it in 
advance. You may schedule critical 
emission-related maintenance on these 
components if you demonstrate that the 
maintenance is reasonably likely to be 
done at the recommended intervals on 
in-use vehicles. We will accept 
scheduled maintenance as reasonably 
likely to occur if you satisfy any of the 
following conditions: 

(1) You present data showing that, if 
a lack of maintenance increases 
emissions, it also unacceptably degrades 
the vehicle’s performance. 

(2) You present survey data showing 
that at least 80 percent of vehicles in the 
field get the maintenance you specify at 
the recommended intervals. 

(3) You provide the maintenance free 
of charge and clearly say so in your 
maintenance instructions. 

(4) You otherwise show us that the 
maintenance is reasonably likely to be 
done at the recommended intervals. 

(b) Recommended additional 
maintenance. You may recommend any 
additional amount of maintenance on 
the components listed in paragraph (a) 
of this section, as long as you state 
clearly that these maintenance steps are 
not necessary to keep the emission- 
related warranty valid. If operators do 
the maintenance specified in paragraph 
(a) of this section, but not the 
recommended additional maintenance, 
this does not allow you to disqualify 
those vehicles from in-use testing or 
deny a warranty claim. Do not take 
these maintenance steps during service 
accumulation on your emission-data 
vehicles. 

(c) Special maintenance. You may 
specify more frequent maintenance to 
address problems related to special 
situations, such as atypical vehicle 
operation. You must clearly state that 
this additional maintenance is 
associated with the special situation you 
are addressing. We may disapprove your 
maintenance instructions if we 
determine that you have specified 
special maintenance steps to address 
vehicle operation that is not atypical, or 
that the maintenance is unlikely to 
occur in use. If we determine that 
certain maintenance items do not 
qualify as special maintenance under 
this paragraph (c), you may identify this 
as recommended additional 

maintenance under paragraph (b) of this 
section. 

(d) Noncritical emission-related 
maintenance. Subject to the provisions 
of this paragraph (d), you may schedule 
any amount of emission-related 
inspection or maintenance that is not 
covered by paragraph (a) of this section 
(that is, maintenance that is neither 
explicitly identified as critical emission- 
related maintenance, nor that we 
approve as critical emission-related 
maintenance). Noncritical emission- 
related maintenance generally includes 
maintenance on the components we 
specify in 40 CFR part 1068, Appendix 
I, that is not covered in paragraph (a) of 
this section. You must state in the 
owners manual that these steps are not 
necessary to keep the emission-related 
warranty valid. If operators fail to do 
this maintenance, this does not allow 
you to disqualify those vehicles from in- 
use testing or deny a warranty claim. Do 
not take these inspection or 
maintenance steps during service 
accumulation on your emission-data 
vehicles. 

(e) Maintenance that is not emission- 
related. For maintenance unrelated to 
emission controls, you may schedule 
any amount of inspection or 
maintenance. You may also take these 
inspection or maintenance steps during 
service accumulation on your emission- 
data vehicles, as long as they are 
reasonable and technologically 
necessary. You may perform this non- 
emission-related maintenance on 
emission-data vehicles at the least 
frequent intervals that you recommend 
to the ultimate purchaser (but not the 
intervals recommended for severe 
service). 

(f) Source of parts and repairs. State 
clearly on the first page of your written 
maintenance instructions that a repair 
shop or person of the owner’s choosing 
may maintain, replace, or repair 
emission control devices and systems. 
Your instructions may not require 
components or service identified by 
brand, trade, or corporate name. Also, 
do not directly or indirectly condition 
your warranty on a requirement that the 
vehicle be serviced by your franchised 
dealers or any other service 
establishments with which you have a 
commercial relationship. You may 
disregard the requirements in this 
paragraph (f) if you do one of two 
things: 

(1) Provide a component or service 
without charge under the purchase 
agreement. 

(2) Get us to waive this prohibition in 
the public’s interest by convincing us 
the vehicle will work properly only 

with the identified component or 
service. 

(g) [Reserved] 
(h) Owner’s manual. Explain the 

owner’s responsibility for proper 
maintenance in the owner’s manual. 

(i) Tire maintenance and 
replacement. Include instructions that 
will enable the owner to replace tires so 
that the vehicle conforms to the original 
certified vehicle configuration. 

§ 1037.135 Labeling. 
(a) Assign each vehicle a unique 

identification number and permanently 
affix, engrave, or stamp it on the vehicle 
in a legible way. The vehicle 
identification number (VIN) serves this 
purpose. 

(b) At the time of manufacture, affix 
a permanent and legible label 
identifying each vehicle. The label must 
be— 

(1) Attached in one piece so it is not 
removable without being destroyed or 
defaced. 

(2) Secured to a part of the vehicle 
needed for normal operation and not 
normally requiring replacement. 

(3) Durable and readable for the 
vehicle’s entire life. 

(4) Written in English. 
(c) The label must— 
(1) Include the heading ‘‘VEHICLE 

EMISSION CONTROL 
INFORMATION’’. 

(2) Include your full corporate name 
and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 

(3) Include EPA’s standardized 
designation for the vehicle family. 

(4) State the regulatory sub-category 
that determines the applicable emission 
standards for the vehicle family (see 
definition in § 1037.801). 

(5) State the date of manufacture 
[DAY (optional), MONTH, and YEAR]. 
You may omit this from the label if you 
stamp, engrave, or otherwise 
permanently identify it elsewhere on 
the engine, in which case you must also 
describe in your application for 
certification where you will identify the 
date on the engine. 

(6) Identify the emission control 
system. Use terms and abbreviations as 
described in Appendix III to this part or 
other applicable conventions. 

(7) Identify any requirements for fuel 
and lubricants that do not involve fuel- 
sulfur levels. 

(8) State: ‘‘THIS VEHICLE COMPLIES 
WITH U.S. EPA REGULATIONS FOR 
[MODEL YEAR] HEAVY–DUTY 
VEHICLES.’’ 

(9) Include the following statement, if 
applicable: ‘‘THIS VEHICLE IS 
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DESIGNED TO COMPLY WITH 
EVAPORATIVE EMISSION 
STANDARDS WITH UP TO x 
GALLONS OF FUEL TANK 
CAPACITY.’’ Complete this statement 
by identifying the maximum specified 
fuel tank capacity associated with your 
certification. 

(d) You may add information to the 
emission control information label to 
identify other emission standards that 
the vehicle meets or does not meet (such 
as European standards). You may also 
add other information to ensure that the 
vehicle will be properly maintained and 
used. 

(e) You may ask us to approve 
modified labeling requirements in this 
part 1037 if you show that it is 
necessary or appropriate. We will 
approve your request if your alternate 
label is consistent with the requirements 
of this part. 

§ 1037.140 Curb weight and roof height. 
(a) Where applicable, a vehicle’s curb 

weight and roof height are determined 
from nominal design specifications, as 
provided in this section. Round the 
weight to the nearest pound and height 
to the nearest inch. Base roof height on 
fully inflated tires having a static loaded 
radius equal to the arithmetic mean of 
the largest and smallest static loaded 
radius of tires you offer or a standard 
tire we approve. 

(b) The nominal design specifications 
must be within the range of the actual 
weights and roof heights of production 
vehicles considering normal production 
variability. If after production begins it 
is determined that your nominal design 
specifications do not represent 
production vehicles, we may require 
you to amend your application for 
certification under § 1037.225. 

(c) If your vehicle is equipped with an 
adjustable roof fairing, measure the roof 
height with the fairing in its lowest 
setting. 

§ 1037.150 Interim provisions. 
The provisions in this section apply 

instead of other provisions in this part. 
(a) Incentives for early introduction. 

The provisions of this paragraph (a) 
apply with respect to vehicles produced 
in model years before 2014. 
Manufacturers may voluntarily certify 
in model year 2013 (or earlier model 
years for electric vehicles) to the 
greenhouse gas standards of this part. 

(1) This paragraph (a)(1) applies for 
regulatory sub-categories subject to the 
standards of § 1037.105 or § 1037.106. 
Except as specified in paragraph (a)(3) 
of this section, to generate early credits 
under this paragraph for any vehicles 
other than electric vehicles, you must 
certify your entire U.S.-directed 
production volume within the 
regulatory sub-category to these 
standards. Except as specified in 
paragraph (a)(4) of this section, if some 
vehicle families within a regulatory sub- 
category are certified after the start of 
the model year, you may generate 
credits only for production that occurs 
after all families are certified. For 
example, if you produce three vehicle 
families in an averaging set and you 
receive your certificates for those 
families on January 4, 2013, March 15, 
2013, and April 24, 2013, you may not 
generate credits for model year 2013 
production in any of the families that 
occurs before April 24, 2013. Calculate 
credits relative to the standard that 
would apply in model year 2014 using 
the equations in subpart H of this part. 
You may bank credits equal to the 
surplus credits you generate under this 
paragraph (a) multiplied by 1.50. For 
example, if you have 1.0 Mg of surplus 
credits for model year 2013, you may 
bank 1.5 Mg of credits. Credit deficits 
for an averaging set prior to model year 
2014 do not carry over to model year 
2014. These credits may be used to 
show compliance with the standards of 
this part for 2014 and later model years. 
We recommend that you notify EPA of 
your intent to use this provision before 
submitting your applications. 

(2) This paragraph (a)(2) applies for 
regulatory sub-categories subject to the 
standards of § 1037.104. To generate 
early credits under this paragraph (a)(2) 
for any vehicles other than electric 
vehicles, you must certify your entire 
U.S.-directed production volume within 
the regulatory sub-category to these 
standards. If you calculate a separate 
fleet average for advanced-technology 
vehicles under § 1037.104(c)(7), you 
must certify your entire U.S.-directed 
production volume of both advanced 
and conventional vehicles within the 
regulatory sub-category. Except as 
specified in paragraph (a)(4) of this 
section, if some test groups are certified 
after the start of the model year, you 
may generate credits only for 

production that occurs after all test 
groups are certified. For example, if you 
produce three test groups in an 
averaging set and you receive your 
certificates for those test groups on 
January 4, 2013, March 15, 2013, and 
April 24, 2013, you may not generate 
credits for model year 2013 production 
in any of the test groups that occurs 
before April 24, 2013. Calculate credits 
relative to the standard that would 
apply in model year 2014 using the 
applicable equations in 40 CFR part 86 
and your model year 2013 U.S.-directed 
production volumes. These credits may 
be used to show compliance with the 
standards of this part for 2014 and later 
model years. We recommend that you 
notify EPA of your intent to use this 
provision before submitting your 
applications. 

(3) You may generate emission credits 
for the number of additional SmartWay 
designated tractors (relative to your 
2012 production), provided you do not 
generate credits for those vehicles under 
paragraph (a)(1) of this section. 
Calculate credits for each regulatory 
sub-category relative to the standard 
that would apply in model year 2014 
using the equations in subpart H of this 
part. Use a production volume equal to 
the number of designated model year 
2013 SmartWay tractors minus the 
number of designated model year 2012 
SmartWay tractors. You may bank 
credits equal to the surplus credits you 
generate under this paragraph (a)(3) 
multiplied by 1.50. Your 2012 and 2013 
model years must be equivalent in 
length. 

(4) This paragraph (a)(4) applies 
where you do not receive your final 
certificate in a regulatory sub-category 
within 30 days of submitting your final 
application for that sub-category. 
Calculate your credits for all production 
that occurs 30 days or more after you 
submit your final application for the 
sub-category. 

(b) Phase-in provisions. Each 
manufacturer must choose one of the 
following options for phasing in the 
standards of § 1037.104: 

(1) To implement the phase-in under 
this paragraph (b)(1), the standards in 
§ 1037.104 apply as specified for model 
year 2018, with compliance for vehicles 
in model years 2014 through 2017 based 
on the CO2 target values specified in the 
following table: 

TABLE 1 TO § 1037.150 

Model year and engine cycle Alternate CO2 target (g/mile) 

2014 Spark-Ignition ............................................................................................. [0.0482 × (WF)] + 371 
2015 Spark-Ignition ............................................................................................. [0.0479 × (WF)] + 369 
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TABLE 1 TO § 1037.150—Continued 

Model year and engine cycle Alternate CO2 target (g/mile) 

2016 Spark-Ignition ............................................................................................. [0.0469 × (WF)] + 362 
2017 Spark-Ignition ............................................................................................. [0.0460 × (WF)] + 354 
2014 Compression-Ignition ................................................................................. [0.0478 × (WF)] + 368 
2015 Compression-Ignition ................................................................................. [0.0474 × (WF)] + 366 
2016 Compression-Ignition ................................................................................. [0.0460 × (WF)] + 354 
2017 Compression-Ignition ................................................................................. [0.0445 × (WF)] + 343 

(2) To implement the phase-in under 
this paragraph (b)(2), the standards in 
§ 1037.104 apply as specified for model 

year 2019, with compliance for vehicles 
in model years 2014 through 2018 based 

on the CO2 target values specified in the 
following table: 

TABLE 2 TO § 1037.150 

Model year and engine cycle Alternate CO2 target (g/mile) 

2014 Spark-Ignition ............................................................................................. [0.0482 × (WF)] + 371 
2015 Spark-Ignition ............................................................................................. [0.0479 × (WF)] + 369 
2016–2018 Spark-Ignition ................................................................................... [0.0456 × (WF)] + 352 
2014 Compression-Ignition ................................................................................. [0.0478 × (WF)] + 368 
2015 Compression-Ignition ................................................................................. [0.0474 × (WF)] + 366 
2016–2018 Compression-Ignition ....................................................................... [0.0440 × (WF)] + 339 

(c) Provisions for small 
manufacturers. Manufacturers meeting 
the small business criteria specified in 
13 CFR 121.201 for ‘‘Heavy Duty Truck 
Manufacturing’’ are not subject to the 
greenhouse gas standards of §§ 1037.104 
through 1037.106, as specified in this 
paragraph (c). Qualifying manufacturers 
must notify the Designated Compliance 
Officer each model year before 
introducing these excluded vehicles 
into U.S. commerce. This notification 
must include a description of the 
manufacturer’s qualification as a small 
business under 13 CFR 121.201. You 
must label your excluded vehicles with 
the following statement: ‘‘THIS 
VEHICLE IS EXCLUDED UNDER 40 
CFR 1037.150(c).’’. 

(d) Air conditioning leakage for 
vocational vehicles. The air 
conditioning leakage standard of 
§ 1037.115 does not apply for vocational 
vehicles. 

(e) Model year 2014 N2O standards. In 
model year 2014 and earlier, 
manufacturers may show compliance 
with the N2O standards using an 
engineering analysis. This allowance 
also applies for later test groups families 
carried over from model 2014 consistent 
with the provisions of 40 CFR 86.1839. 
You may not certify to an N2O FEL 
different than the standard without 
measuring N2O emissions. 

(f) Electric vehicles. All electric 
vehicles are deemed to have zero 
emissions of CO2, CH4, and N2O. No 
emission testing is required for electric 
vehicles. 

(g) Compliance date. Compliance with 
the standards of this part is optional 

prior to January 1, 2014. This means 
that if your 2014 model year begins 
before January 1, 2014, you may certify 
for a partial model year that begins on 
January 1, 2014 and ends on the day 
your model year would normally end. 
You must label model year 2014 
vehicles excluded under this paragraph 
(g) with the following statement: ‘‘THIS 
VEHICLE IS EXCLUDED UNDER 40 
CFR 1037.150(g).’’ 

(h) Off-road vehicle exemption. In 
unusual circumstances, vehicle 
manufacturers may ask us to exempt 
vehicles under § 1037.631 based on 
other criteria that are equivalent to those 
specified in § 1037.631(a). For example, 
we would normally not grant relief in 
cases where the vehicle manufacturer 
had credits or other compliant tires 
were available. 

(i) Credit multiplier for advanced 
technology. If you generate credits from 
vehicles certified with advanced 
technology, you may multiply these 
credits by 1.50, except that you may not 
apply this multiplier in addition to the 
early-credit multiplier of paragraph (a) 
of this section. 

(j) Limited prohibition related to early 
model year engines. The prohibition in 
§ 1037.601 against introducing into U.S. 
commerce a vehicle containing an 
engine not certified to the standards of 
this part does not apply for vehicles 
using model year 2014 or 2015 spark- 
ignition engines, or any model year 
2013 or earlier engines. 

(k) Verifying drag areas from in-use 
vehicles. We may measure the drag area 
of your vehicles after they have been 
placed into service. Your vehicle 

conforms to the regulations of this part 
with respect to aerodynamic 
performance if we measure its drag area 
to be at or below the maximum drag 
area allowed for the bin to which that 
configuration was certified. To account 
for measurement variability, your 
vehicle is also deemed to conform to the 
regulations of this part with respect to 
aerodynamic performance if we measure 
its drag area to at or below the 
maximum drag area allowed for the bin 
above the bin to which you certified (for 
example, Bin II if you certified the 
vehicle to Bin III), unless we determine 
that you knowingly produced the 
vehicle to have a higher drag area than 
is allowed for the bin to which it was 
certified. 

(l) Optional certification under 
§ 1037.104. You may certify certain 
complete or cab-complete vehicles to 
the standards of § 1037.104. All vehicles 
optionally certified under this 
paragraph (l) are deemed to be subject 
to the standards of § 1037.104. Note that 
certification under this paragraph (l) 
does not affect how you may or may not 
certify with respect to criteria 
pollutants. For example, certifying a 
Class 4 vehicle under this paragraph 
does not allow you to chassis-certify 
these vehicles with respect to criteria 
emissions. 

(1) You may certify complete or cab- 
complete spark-ignition vehicles to the 
standards of § 1037.104. 

(2) You may apply the provisions of 
§ 1037.104 to cab-complete vehicles 
based on a complete sister vehicle. In 
unusual circumstances, you may ask us 
to apply these provisions to Class 2b or 
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3 incomplete vehicles that do not meet 
the definition of cab-complete. Except 
as specified in paragraph (l)(3) of this 
section, for purposes of § 1037.104, a 
complete sister vehicle is a complete 
vehicle of the same vehicle 
configuration (as defined in § 1037.104) 
as the cab-complete vehicle. Calculate 
the target value under § 1037.104(a) 
based on the same work factor value 
that applies for the complete sister 
vehicle. Test these cab-complete 
vehicles using the same equivalent test 
weight and other dynamometer settings 
that apply for the complete vehicle from 
which you used the work factor value. 
For certification, you may submit the 
test data from that complete sister 
vehicle instead of performing the test on 
the cab-complete vehicle. You are not 
required to produce the complete sister 
vehicle for sale to use the provisions of 
this paragraph (l)(2). This means the 
complete sister vehicle may be a 
carryover vehicle from a prior model 
year or a vehicle created solely for the 
purpose of testing. 

(3) You may use as complete sister 
vehicle a complete vehicle that is not of 
the same vehicle configuration as the 
cab-complete vehicle as specified in this 
paragraph (l)(3). This allowance applies 
where the complete vehicle is not of the 
same vehicle configuration as the cab- 
complete vehicle only because of factors 
unrelated to coastdown performance. If 
your complete sister vehicle is covered 
by this paragraph (l)(3), you may not 
submit the test data from that complete 
sister vehicle and must perform the test 
on the cab-complete vehicle. 

(m) Loose engine sales. This 
paragraph (m) applies for spark-ignition 
engines identical to engines used in 
vehicles certified to the standards of 
§ 1037.104, where you sell such engines 
as loose engines or as engines installed 
in incomplete vehicles that are not cab- 
complete vehicles. For purposes of this 
paragraph (m), engines would not be 
considered to be identical if they used 
different engine hardware. You may 
include such engines in a test group 
certified to the standards of § 1037.104, 
subject to the following provisions: 

(1) Engines certified under this 
paragraph (m) are deemed to be certified 
to the standards of 40 CFR 1036.108 as 
specified in 40 CFR 1036.108(a)(4). 

(2) The U.S.-directed production 
volume of engines you sell as loose 
engines or installed in incomplete 
heavy-duty vehicles that are not cab- 
complete vehicles in any given model 
year may not exceed ten percent of the 
total U.S.-directed production volume of 
engines of that design that you produce 
for heavy-duty applications for that 
model year, including engines you 

produce for complete vehicles, cab- 
complete vehicles, and other incomplete 
vehicles. The total number of engines 
you may certify under this paragraph 
(m), of all engine designs, may not 
exceed 15,000 in any model year. 
Engines produced in excess of either of 
these limits are not covered by your 
certificate. For example, if you produce 
80,000 complete model year 2017 Class 
2b pickup trucks with a certain engine 
and 10,000 incomplete model year 2017 
Class 3 vehicles with that same engine, 
and you do not apply the provisions of 
this paragraph (m) to any other engine 
designs, you may produce up to 10,000 
engines of that design for sale as loose 
engines under this paragraph (m). If you 
produced 11,000 engines of that design 
for sale as loose engines, the last 1,000 
of them that you produced in that model 
year 2017 would be considered 
uncertified. 

(3) This paragraph (m) does not apply 
for engines certified to the standards of 
40 CFR 1036.108(a)(1). 

(4) Label the engines as specified in 
40 CFR 1036.135 including the 
following compliance statement: ‘‘THIS 
ENGINE WAS CERTIFIED TO THE 
ALTERNATE GREENHOUSE GAS 
EMISSION STANDARDS OF 40 CFR 
1036.108(a)(4).’’ List the test group 
name instead of an engine family name. 

(5) Vehicles using engines certified 
under this paragraph (m) are subject to 
the emission standards of § 1037.105. 

(6) For certification purposes, your 
engines are deemed to have a CO2 target 
value and test result equal to the CO2 
target value and test result for the 
complete vehicle in the applicable test 
group with the highest equivalent test 
weight, except as specified in paragraph 
(m)(6)(ii) of this section. Use these 
values to calculate your target value, 
fleet-average emission rate, and in-use 
emission standard. Where there are 
multiple complete vehicles with the 
same highest equivalent test weight, 
select the CO2 target value and test 
result as specified in paragraphs 
(m)(6)(i) and (ii) of this section: 

(i) If one or more of the CO2 test 
results exceed the applicable target 
value, use the CO2 target value and test 
result of the vehicle that exceeds its 
target value by the greatest amount. 

(ii) If none of the CO2 test results 
exceed the applicable target value, 
select the highest target value and set 
the test result equal to it. This means 
that you may not generate emission 
credits from vehicles certified under 
this paragraph (m). 

(7) State in your applications for 
certification that your test group and 
engine family will include engines 
certified under this paragraph (m). This 

applies for your greenhouse gas vehicle 
test group and your criteria pollutant 
engine family. List in each application 
the name of the corresponding test 
group/engine family. 

Subpart C—Certifying Vehicle families 

§ 1037.201 General requirements for 
obtaining a certificate of conformity. 

(a) You must send us a separate 
application for a certificate of 
conformity for each vehicle family. A 
certificate of conformity is valid from 
the indicated effective date until the end 
of the model year for which it is issued, 
which may not extend beyond 
December 31 of that year. You must 
renew your certification annually for 
any vehicles you continue to produce. 

(b) The application must contain all 
the information required by this part 
and must not include false or 
incomplete statements or information 
(see § 1037.255). 

(c) We may ask you to include less 
information than we specify in this 
subpart, as long as you maintain all the 
information required by § 1037.250. 

(d) You must use good engineering 
judgment for all decisions related to 
your application (see 40 CFR 1068.5). 

(e) An authorized representative of 
your company must approve and sign 
the application. 

(f) See § 1037.255 for provisions 
describing how we will process your 
application. 

(g) We may perform confirmatory 
testing on your vehicles; for example, 
we may test vehicles to verify drag areas 
or other GEM inputs. We may require 
you to deliver your test vehicles to a 
facility we designate for our testing. 
Alternatively, you may choose to deliver 
another vehicle that is identical in all 
material respects to the test vehicle. 
Where certification is based on testing 
components such as tires, we may 
require you to deliver test components 
to a facility we designate for our testing. 

§ 1037.205 What must I include in my 
application? 

This section specifies the information 
that must be in your application, unless 
we ask you to include less information 
under § 1037.201(c). We may require 
you to provide additional information to 
evaluate your application. Note that 
references to testing and emission-data 
vehicles refer to testing vehicles to 
measure aerodynamic drag, assess 
hybrid vehicle performance, and/or 
measure evaporative emissions. 

(a) Describe the vehicle family’s 
specifications and other basic 
parameters of the vehicle’s design and 
emission controls. List the fuel type on 
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which your vehicles are designed to 
operate (for example, ultra low-sulfur 
diesel fuel). 

(b) Explain how the emission control 
system operates. As applicable, describe 
in detail all system components for 
controlling greenhouse gas and 
evaporative emissions, including all 
auxiliary emission control devices 
(AECDs) and all fuel-system 
components you will install on any 
production vehicle. Identify the part 
number of each component you 
describe. For this paragraph (b), treat as 
separate AECDs any devices that 
modulate or activate differently from 
each other. 

(c) For vehicles subject to air 
conditioning standards, include: 

(1) The refrigerant leakage rates (leak 
scores). 

(2) The refrigerant capacity of the air 
conditioning systems. 

(3) The corporate name of the final 
installer of the air conditioning system. 

(d) Describe any vehicles you selected 
for testing and the reasons for selecting 
them. 

(e) Describe any test equipment and 
procedures that you used, including any 
special or alternate test procedures you 
used (see § 1037.501). 

(f) Describe how you operated any 
emission-data vehicle before testing, 
including the duty cycle and the 
number of vehicle operating miles used 
to stabilize emission levels. Explain 
why you selected the method of service 
accumulation. Describe any scheduled 
maintenance you did. 

(g) List the specifications of any test 
fuel to show that it falls within the 
required ranges we specify in 40 CFR 
part 1065. 

(h) Identify the vehicle family’s useful 
life. 

(i) Include the maintenance 
instructions and warranty statement you 
will give to the ultimate purchaser of 
each new vehicle (see §§ 1037.120 and 
1037.125). 

(j) Describe your emission control 
information label (see § 1037.135). 

(k) Identify the emission standards or 
FELs to which you are certifying 
vehicles in the vehicle family. For 
families containing multiple 
subfamilies, this means that you must 
identify multiple CO2 FELs. For 
example, you may identify the highest 
and lowest FELs to which any of your 
subfamilies will be certified and also list 
all possible FELs in between (which 
will be in 1 g/ton-mile increments). 

(l) Where applicable, identify the 
vehicle family’s deterioration factors 
and describe how you developed them. 
Present any emission test data you used 
for this (see § 1037.241(c)). 

(m) Where applicable, state that you 
operated your emission-data vehicles as 
described in the application (including 
the test procedures, test parameters, and 
test fuels) to show you meet the 
requirements of this part. 

(n) Present evaporative test data to 
show your vehicles meet the 
evaporative emission standards we 
specify in subpart B of this part, if 
applicable. Report all valid test results 
from emission-data vehicles and 
indicate whether there are test results 
from invalid tests or from any other tests 
of the emission-data vehicle, whether or 
not they were conducted according to 
the test procedures of subpart F of this 
part. We may require you to report these 
additional test results. We may ask you 
to send other information to confirm 
that your tests were valid under the 
requirements of this part and 40 CFR 
part 86. 

(o) Report modeling results for ten 
configurations. Include modeling inputs 
and detailed descriptions of how they 
were derived. Unless we specify 
otherwise, include the configuration 
with the highest modeling result, the 
lowest modeling result, and the 
configurations with the highest 
projected sales. 

(p) Describe all adjustable operating 
parameters (see § 1037.115), including 
production tolerances. You do not need 
to include parameters that do not affect 
emissions covered by your application. 
Include the following in your 
description of each parameter: 

(1) The nominal or recommended 
setting. 

(2) The intended physically adjustable 
range. 

(3) The limits or stops used to 
establish adjustable ranges. 

(4) Information showing why the 
limits, stops, or other means of 
inhibiting adjustment are effective in 
preventing adjustment of parameters on 
in-use vehicles to settings outside your 
intended physically adjustable ranges. 

(q) [Reserved] 
(r) Unconditionally certify that all the 

vehicles in the vehicle family comply 
with the requirements of this part, other 
referenced parts of the CFR, and the 
Clean Air Act. 

(s) Include good-faith estimates of 
U.S.-directed production volumes by 
subfamily. We may require you to 
describe the basis of your estimates. 

(t) Include the information required 
by other subparts of this part. For 
example, include the information 
required by § 1037.725 if you participate 
in the ABT program. 

(u) Include other applicable 
information, such as information 

specified in this part or 40 CFR part 
1068 related to requests for exemptions. 

(v) Name an agent for service located 
in the United States. Service on this 
agent constitutes service on you or any 
of your officers or employees for any 
action by EPA or otherwise by the 
United States related to the 
requirements of this part. 

§ 1037.210 Preliminary approval before 
certification. 

If you send us information before you 
finish the application, we may review it 
and make any appropriate 
determinations. Decisions made under 
this section are considered to be 
preliminary approval, subject to final 
review and approval. We will generally 
not reverse a decision where we have 
given you preliminary approval, unless 
we find new information supporting a 
different decision. If you request 
preliminary approval related to the 
upcoming model year or the model year 
after that, we will make best-efforts to 
make the appropriate determinations as 
soon as practicable. We will generally 
not provide preliminary approval 
related to a future model year more than 
two years ahead of time. 

§ 1037.220 Amending maintenance 
instructions. 

You may amend your emission- 
related maintenance instructions after 
you submit your application for 
certification as long as the amended 
instructions remain consistent with the 
provisions of § 1037.125. You must send 
the Designated Compliance Officer a 
written request to amend your 
application for certification for a vehicle 
family if you want to change the 
emission-related maintenance 
instructions in a way that could affect 
emissions. In your request, describe the 
proposed changes to the maintenance 
instructions. If operators follow the 
original maintenance instructions rather 
than the newly specified maintenance, 
this does not allow you to disqualify 
those vehicles from in-use testing or 
deny a warranty claim. 

(a) If you are decreasing or 
eliminating any specified maintenance, 
you may distribute the new 
maintenance instructions to your 
customers 30 days after we receive your 
request, unless we disapprove your 
request. This would generally include 
replacing one maintenance step with 
another. We may approve a shorter time 
or waive this requirement. 

(b) If your requested change would 
not decrease the specified maintenance, 
you may distribute the new 
maintenance instructions anytime after 
you send your request. For example, 
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this paragraph (b) would cover adding 
instructions to increase the frequency of 
filter changes for vehicles in severe-duty 
applications. 

(c) You need not request approval if 
you are making only minor corrections 
(such as correcting typographical 
mistakes), clarifying your maintenance 
instructions, or changing instructions 
for maintenance unrelated to emission 
control. We may ask you to send us 
copies of maintenance instructions 
revised under this paragraph (c). 

§ 1037.225 Amending applications for 
certification. 

Before we issue you a certificate of 
conformity, you may amend your 
application to include new or modified 
vehicle configurations, subject to the 
provisions of this section. After we have 
issued your certificate of conformity, 
you may send us an amended 
application requesting that we include 
new or modified vehicle configurations 
within the scope of the certificate, 
subject to the provisions of this section. 
You must amend your application if any 
changes occur with respect to any 
information that is included or should 
be included in your application. 

(a) You must amend your application 
before you take any of the following 
actions: 

(1) Add a vehicle configuration to a 
vehicle family. In this case, the vehicle 
configuration added must be consistent 
with other vehicle configurations in the 
vehicle family with respect to the 
criteria listed in § 1037.230. 

(2) Change a vehicle configuration 
already included in a vehicle family in 
a way that may affect emissions, or 
change any of the components you 
described in your application for 
certification. This includes production 
and design changes that may affect 
emissions any time during the vehicle’s 
lifetime. 

(3) Modify an FEL for a vehicle family 
as described in paragraph (f) of this 
section. 

(b) To amend your application for 
certification, send the relevant 
information to the Designated 
Compliance Officer. 

(1) Describe in detail the addition or 
change in the vehicle model or 
configuration you intend to make. 

(2) Include engineering evaluations or 
data showing that the amended vehicle 
family complies with all applicable 
requirements. You may do this by 
showing that the original emission-data 
vehicle is still appropriate for showing 
that the amended family complies with 
all applicable requirements. 

(3) If the original emission-data 
vehicle or emission modeling for the 

vehicle family is not appropriate to 
show compliance for the new or 
modified vehicle configuration, include 
new test data or emission modeling 
showing that the new or modified 
vehicle configuration meets the 
requirements of this part. 

(c) We may ask for more test data or 
engineering evaluations. You must give 
us these within 30 days after we request 
them. 

(d) For vehicle families already 
covered by a certificate of conformity, 
we will determine whether the existing 
certificate of conformity covers your 
newly added or modified vehicle. You 
may ask for a hearing if we deny your 
request (see § 1037.820). 

(e) For vehicle families already 
covered by a certificate of conformity, 
you may start producing the new or 
modified vehicle configuration anytime 
after you send us your amended 
application and before we make a 
decision under paragraph (d) of this 
section. However, if we determine that 
the affected vehicles do not meet 
applicable requirements, we will notify 
you to cease production of the vehicles 
and may require you to recall the 
vehicles at no expense to the owner. 
Choosing to produce vehicles under this 
paragraph (e) is deemed to be consent to 
recall all vehicles that we determine do 
not meet applicable emission standards 
or other requirements and to remedy the 
nonconformity at no expense to the 
owner. If you do not provide 
information required under paragraph 
(c) of this section within 30 days after 
we request it, you must stop producing 
the new or modified vehicles. 

(f) You may ask us to approve a 
change to your FEL in certain cases after 
the start of production. The changed 
FEL may not apply to vehicles you have 
already introduced into U.S. commerce, 
except as described in this paragraph (f). 
You may ask us to approve a change to 
your FEL in the following cases: 

(1) You may ask to raise your FEL for 
your vehicle subfamily at any time. In 
your request, you must show that you 
will still be able to meet the emission 
standards as specified in subparts B and 
H of this part. Use the appropriate FELs 
with corresponding production volumes 
to calculate emission credits for the 
model year, as described in subpart H of 
this part. 

(2) Where testing applies, you may 
ask to lower the FEL for your vehicle 
subfamily only if you have test data 
from production vehicles showing that 
emissions are below the proposed lower 
FEL. Otherwise, you may ask to lower 
your FEL for your vehicle subfamily at 
any time. The lower FEL applies only to 
vehicles you produce after we approve 

the new FEL. Use the appropriate FELs 
with corresponding production volumes 
to calculate emission credits for the 
model year, as described in subpart H of 
this part. 

(3) You may ask to add an FEL for 
your vehicle family at any time. 

§ 1037.230 Vehicle families, sub-families, 
and configurations. 

(a) For purposes of certifying your 
vehicles to greenhouse gas standards, 
divide your product line into families of 
vehicles as specified in this section. 
Your vehicle family is limited to a 
single model year. Group vehicles in the 
same vehicle family if they are the same 
in all the following aspects: 

(1) The regulatory sub-category (or 
equivalent in the case of vocational 
tractors), as follows: 

(i) Vocational vehicles at or below 
19,500 pounds GVWR. 

(ii) Vocational vehicles (other than 
vocational tractors) above 19,500 
pounds GVWR and at or below 33,000 
pounds GVWR. 

(iii) Vocational vehicles (other than 
vocational tractors) above 33,000 
pounds GVWR. 

(iv) Low-roof tractors above 26,000 
pounds GVWR and at or below 33,000 
pounds GVWR. 

(v) Mid-roof tractors above 26,000 
pounds GVWR and at or below 33,000 
pounds GVWR. 

(vi) High-roof tractors above 26,000 
pounds GVWR and at or below 33,000 
pounds GVWR. 

(vii) Low-roof day cab tractors above 
33,000 pounds GVWR. 

(viii) Low-roof sleeper cab tractors 
above 33,000 pounds GVWR. 

(ix) Mid-roof day cab tractors above 
33,000 pounds GVWR. 

(x) Mid-roof sleeper cab tractors above 
33,000 pounds GVWR. 

(xi) High-roof day cab tractors above 
33,000 pounds GVWR. 

(xii) High-roof sleeper cab tractors 
above 33,000 pounds GVWR. 

(xiii) Vocational tractors. 
(2) Vehicle technology as follows: 
(i) Group together vehicles that do not 

contain advanced or innovative 
technologies. 

(ii) Group together vehicles that 
contain the same advanced/innovative 
technologies. 

(b) If the vehicles in your family are 
being certified to more than one FEL, 
subdivide your greenhouse gas vehicle 
families into subfamilies that include 
vehicles with identical FELs. Note that 
you may add subfamilies at any time 
during the model year. 

(c) Group vehicles into configurations 
consistent with the definition of 
‘‘vehicle configuration’’ in § 1037.801. 
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Note that vehicles with hardware or 
software differences that are related to 
measured or modeled emissions are 
considered to be different vehicle 
configurations even if they have the 
same GEM inputs and FEL. Note also, 
that you are not required to separately 
identify all configurations for 
certification. See paragraph (g) of this 
section for provisions allowing you to 
group certain hardware differences into 
the same configuration. Note that you 
are not required to identify all possible 
configurations for certification; also, you 
are required to include in your end-of 
year report only those configurations 
you produced. 

(d) For a vehicle model that straddles 
a roof-height, cab type, or GVWR 
division, you may include all the 
vehicles in the same vehicle family if 
you certify the vehicle family to the 
more stringent standards. For roof 
height, this means you must certify to 
the taller roof standards. For cab-type 
and GVWR, this means you must certify 
to the numerically lower standards. 

(e) [Reserved] 
(f) You may divide your families into 

more families than specified in this 
section. 

(g) You may ask us to allow you to 
group into the same configuration 
vehicles that have very small body 
hardware differences that do not 
significantly affect drag areas. Note that 
this allowance does not apply for 
substantial differences, even if the 
vehicles have the same measured drag 
areas. 

§ 1037.241 Demonstrating compliance with 
exhaust emission standards for greenhouse 
gas pollutants. 

(a) For purposes of certification, your 
vehicle family is considered in 
compliance with the emission standards 
in § 1037.105 or § 1037.106 if all vehicle 
configurations in that family have 
modeled CO2 emission rates (as 
specified in subpart F of this part) at or 
below the applicable standards. See 40 
CFR part 86, subpart S, for showing 
compliance with the standards of 
§ 1037.104. Note that your FELs are 
considered to be the applicable 
emission standards with which you 
must comply if you participate in the 
ABT program in subpart H of this part. 

(b) Your vehicle family is deemed not 
to comply if any vehicle configuration 
in that family has a modeled CO2 
emission rate that is above its FEL. 

(c) We may require you to provide an 
engineering analysis showing that the 
performance of your emission controls 
will not deteriorate during the useful 
life with proper maintenance. If we 
determine that your emission controls 

are likely to deteriorate during the 
useful life, we may require you to 
develop and apply deterioration factors 
consistent with good engineering 
judgment. For example, you may need 
to apply a deterioration factor to address 
deterioration of battery performance for 
an electric hybrid vehicle. Where the 
highest useful life emissions occur 
between the end of useful life and at the 
low-hour test point, base deterioration 
factors for the vehicles on the difference 
between (or ratio of) the point at which 
the highest emissions occur and the 
low-hour test point. 

§ 1037.250 Reporting and recordkeeping. 
(a) Within 90 days after the end of the 

model year, send the Designated 
Compliance Officer a report including 
the total U.S.-directed production 
volume of vehicles you produced in 
each vehicle family during the model 
year(based on information available at 
the time of the report). Report by vehicle 
identification number and vehicle 
configuration and identify the subfamily 
identifier. Report uncertified vehicles 
sold to secondary vehicle 
manufacturers. Small manufacturers 
may omit the reporting requirements of 
this paragraph (a). 

(b) Organize and maintain the 
following records: 

(1) A copy of all applications and any 
summary information you send us. 

(2) Any of the information we specify 
in § 1037.205 that you were not required 
to include in your application. 

(3) A detailed history of each 
emission-data vehicle, if applicable. 

(4) Production figures for each vehicle 
family divided by assembly plant. 

(5) Keep a list of vehicle identification 
numbers for all the vehicles you 
produce under each certificate of 
conformity. 

(c) Keep routine data from emission 
tests required by this part (such as test 
cell temperatures and relative humidity 
readings) for one year after we issue the 
associated certificate of conformity. 
Keep all other information specified in 
this section for eight years after we issue 
your certificate. 

(d) Store these records in any format 
and on any media, as long as you can 
promptly send us organized, written 
records in English if we ask for them. 
You must keep these records readily 
available. We may review them at any 
time. 

§ 1037.255 What decisions may EPA make 
regarding my certificate of conformity? 

(a) If we determine your application is 
complete and shows that the vehicle 
family meets all the requirements of this 
part and the Act, we will issue a 

certificate of conformity for your vehicle 
family for that model year. We may 
make the approval subject to additional 
conditions. 

(b) We may deny your application for 
certification if we determine that your 
vehicle family fails to comply with 
emission standards or other 
requirements of this part or the Clean 
Air Act. We will base our decision on 
all available information. If we deny 
your application, we will explain why 
in writing. 

(c) In addition, we may deny your 
application or suspend or revoke your 
certificate if you do any of the 
following: 

(1) Refuse to comply with any testing 
or reporting requirements. 

(2) Submit false or incomplete 
information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
render any of the submitted information 
false or incomplete. 

(3) Render any test data inaccurate. 
(4) Deny us from completing 

authorized activities despite our 
presenting a warrant or court order (see 
40 CFR 1068.20). This includes a failure 
to provide reasonable assistance. 

(5) Produce vehicles for importation 
into the United States at a location 
where local law prohibits us from 
carrying out authorized activities. 

(6) Fail to supply requested 
information or amend your application 
to include all vehicles being produced. 

(7) Take any action that otherwise 
circumvents the intent of the Act or this 
part, with respect to your engine family. 

(d) We may void the certificate of 
conformity for a vehicle family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 

(f) If we deny your application or 
suspend, revoke, or void your 
certificate, you may ask for a hearing 
(see § 1037.820). 

Subpart D—[Reserved] 

Subpart E—In-Use Testing 

§ 1037.401 General provisions. 

We may perform in-use testing of any 
vehicle subject to the standards of this 
part. For example, we may test vehicles 
to verify drag areas or other GEM inputs. 
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Subpart F—Test and Modeling 
Procedures 

§ 1037.501 General testing and modeling 
provisions. 

This subpart specifies how to perform 
emission testing and emission modeling 
required elsewhere in this part. 

(a) [Reserved] 
(b) Where exhaust emission testing is 

required, use the equipment and 
procedures in 40 CFR part 1066 to 
determine whether your vehicles meet 
the duty-cycle emission standards in 
subpart B of this part. Measure the 
emissions of all the exhaust constituents 
subject to emission standards as 
specified in 40 CFR part 1066. Use the 
applicable duty cycles specified in 
§ 1037.510. 

(c) [Reserved] 
(d) Use the applicable fuels specified 

40 CFR part 1065 to perform valid tests. 
(1) For service accumulation, use the 

test fuel or any commercially available 
fuel that is representative of the fuel that 
in-use vehicles will use. 

(2) For diesel-fueled vehicles, use the 
appropriate diesel fuel specified for 
emission testing. Unless we specify 
otherwise, the appropriate diesel test 
fuel is ultra low-sulfur diesel fuel. 

(3) For gasoline-fueled vehicles, use 
the gasoline specified for ‘‘General 
Testing’’. 

(e) You may use special or alternate 
procedures as specified in 40 CFR 
1065.10. 

(f) This subpart is addressed to you as 
a manufacturer, but it applies equally to 
anyone who does testing for you, and to 
us when we perform testing to 
determine if your vehicles meet 
emission standards. 

(g) Apply this paragraph (g) whenever 
we specify use of standard trailers. 
Unless otherwise specified, a tolerance 
of ±2 inches applies for all nominal 
trailer dimensions. 

(1) The standard trailer for high-roof 
tractors must meet the following 
criteria: 

(i) It is an unloaded two-axle dry van 
box trailer 53.0 feet long, 102 inches 
wide, and 162 inches high (measured 
from the ground with the trailer level). 

(ii) It has a king pin located with its 
center 36±0.5 inches from the front of 
the trailer and a minimized trailer gap 
(no greater than 45 inches). 

(iii) It has a smooth surface with 
nominally flush rivets and does not 
include any aerodynamic features such 
as side fairings, boat tails, or gap 
reducers. It may have a scuff band of no 
more than 0.13 inches in thickness. 

(iv) It includes dual 22.5 inch wheels, 
standard mudflaps, and standard 
landing gear. The centerline of the rear- 
most axle must be 146 inches from the 
rear of the trailer. 

(2) The standard trailer for mid-roof 
tractors is an empty two-axle tanker 
trailer 42±1 feet long by 140 inches 
high. 

(i) It has a 40±1 feet long cylindrical 
tank with a 7000±7 gallon capacity, 
smooth surface, and rounded ends. 

(ii) The standard tanker trailer does 
not include any aerodynamic features 
such as side fairings, but does include 
a centered 20 inch manhole, side- 
centered ladder, and lengthwise 
walkway. It includes dual 24.5 inch 
wheels. 

(3) The standard trailer for low-roof 
tractors is an unloaded two-axle flat bed 

trailer 53±1 feet long and 102 inches 
wide. 

(i) The deck height is 60.0±0.5 inches 
in the front and 55.0±0.5 inches in the 
rear. The standard trailer does not 
include any aerodynamic features such 
as side fairings. 

(ii) It includes an air suspension and 
dual 22.5 inch wheels on tandem axles 
spread up to 122 inches apart between 
axle centerlines, measured along the 
length of the trailer. 

§ 1037.510 Duty-cycle exhaust testing. 

This section applies where exhaust 
emission testing is required, such as 
when applying the provisions of 
§ 1037.615. Note that for most vehicles, 
testing under this section is not 
required. 

(a) Where applicable, measure 
emissions by testing the vehicle on a 
chassis dynamometer with the 
applicable test cycles. Each test cycle 
consists of a series of speed commands 
over time: variable speeds for the 
transient test and constant speeds for 
the cruise tests. None of these cycles 
include vehicle starting or warmup; 
each test cycle begins with a running, 
warmed-up vehicle. Start sampling 
emissions at the start of each cycle. The 
transient cycle is specified in Appendix 
I to this part. For the 55 mph and 65 
mph cruise cycles, sample emissions for 
300 second cycles with constant vehicle 
speeds of 55.0 mph and 65.0 mph, 
respectively. The tolerance around these 
speed setpoints is ±1.0 mph. 

(b) Calculate the official emission 
result from the following equation: 

Where: 
payload = the standard payload, in tons, as 

specified in § 1037.705. 
w = weighting factor for the appropriate test 

cycle, as described in paragraph (c) of 
this section. 

m = grams of CO2 emitted over the 
appropriate test cycle. 

D = miles driven over the appropriate test 
cycle. 

(c) Apply weighting factors specific to 
each type of vehicle and for each duty 
cycle as described in the following 
table: 

TABLE 1 TO § 1037.510—WEIGHTING FACTORS FOR DUTY CYCLES 

Transient 
(%) 

55 mph cruise 
(%) 

65 mph cruise 
(%) 

Vocational ........................................................................................................................ 42 21 37 
Vocational Hybrid Vehicles .............................................................................................. 75 9 16 
Day Cabs ......................................................................................................................... 19 17 64 
Sleeper Cabs ................................................................................................................... 5 9 86 
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(d) For transient testing, compare 
actual second-by-second vehicle speed 
with the speed specified in the test 
cycle and ensure any differences are 
consistent with the criteria as specified 
in 40 CFR part 1066. If the speeds do 
not conform to these criteria, the test is 
not valid and must be repeated. 

(e) Run test cycles as specified in 40 
CFR part 86. For cruise cycle testing of 
vehicles equipped with cruise control, 
use the vehicle’s cruise control to 
control the vehicle speed. For vehicles 
equipped with adjustable VSLs, test the 
vehicle with the VSL at its highest 
setting. 

(f) Test the vehicle using its adjusted 
loaded vehicle weight, unless we 
determine this would be 
unrepresentative of in-use operation as 
specified in 40 CFR 1065.10(c)(1). 

(g) For hybrid vehicles, correct for the 
net energy change of the energy storage 
device as described in 40 CFR 1066.501. 

§ 1037.520 Modeling CO2 emissions to 
show compliance. 

This section describes how to use the 
GEM simulation tool (incorporated by 

reference in § 1037.810) to show 
compliance with the CO2 standards of 
§§ 1037.105 and 1037.106. Use good 
engineering judgment when 
demonstrating compliance using the 
GEM. 

(a) General modeling provisions. To 
run the GEM, enter all applicable inputs 
as specified by the model. All seven of 
the following inputs apply for sleeper 
cab tractors, while some do not apply 
for other regulatory subcategories: 

(1) Regulatory subcategory (such as 
‘‘Class 8 Combination—Sleeper Cab— 
High Roof’’). 

(2) Coefficient of aerodynamic drag, as 
described in paragraph (b) of this 
section. Leave this field blank for 
vocational vehicles. 

(3) Steer tire rolling resistance, as 
described in paragraph (c) of this 
section. 

(4) Drive tire rolling resistance, as 
described in paragraph (c) of this 
section. 

(5) Vehicle speed limit, as described 
in paragraph (d) of this section. Leave 
this field blank for vocational vehicles. 

(6) Vehicle weight reduction, as 
described in paragraph (e) of this 
section. Leave this field blank for 
vocational vehicles. 

(7) Extended idle reduction credit, as 
described in paragraph (f) of this 
section. Leave this field blank for 
vehicles other than Class 8 sleeper cabs. 

(b) Coefficient of aerodynamic drag 
and drag area. Determine the 
appropriate drag area as follows: 

(1) Use the recommended method or 
an alternate method to establish a value 
for the vehicle’s drag area, expressed in 
m2 and rounded to two decimal places. 
Where we allow you to group multiple 
configurations together, measure the 
drag area of the worst-case 
configuration. Measure drag areas 
specified in § 1037.521. 

(2) Determine the bin level for your 
vehicle based on the drag area from 
paragraph (b)(1) of this section as shown 
in the following tables: 

TABLE 1 TO § 1037.520—HIGH-ROOF DAY AND SLEEPER CABS 

Bin level If your measured CDA (m2) 
is . . . Then your CD input is . . . 

High-Roof Day Cabs 

Bin I .................................................................................................................................. ≥ 8.0 0.79 
Bin II ................................................................................................................................. 7.1–7.9 0.72 
Bin III ................................................................................................................................ 6.2–7.0 0.63 
Bin IV ............................................................................................................................... 5.6–6.1 0.56 
Bin V ................................................................................................................................ ≤ 5.5 0.51 

High-Roof Sleeper Cabs 

Bin I .................................................................................................................................. ≥ 7.6 0.75 
Bin II ................................................................................................................................. 6.7–7.5 0.68 
Bin III ................................................................................................................................ 5.8–6.6 0.60 
Bin IV ............................................................................................................................... 5.2–5.7 0.52 
Bin V ................................................................................................................................ ≤ 5.1 0.47 

TABLE 2 TO § 1037.520— LOW-ROOF DAY AND SLEEPER CABS 

Bin level If your measured CDA (m2) 
is . . . Then your CD input is . . . 

Low-Roof Day and Sleeper Cabs 

Bin I .................................................................................................................................. ≥ 5.1 0.77 
Bin II ................................................................................................................................. ≤ 5.0 0.71 

Mid-Roof Day and Sleeper Cabs 

Bin I .................................................................................................................................. ≥ 5.6 0.87 
Bin II ................................................................................................................................. ≤ 5.5 0.82 

(3) For low- and mid-roof tractors, you 
may determine your drag area bin based 
on the drag area bin of an equivalent 
high-roof tractor. If the high-roof tractor 

is in Bin I or Bin II, then you may 
assume your equivalent low- and mid- 
roof tractors are in Bin I. If the high-roof 
tractor is in Bin III, Bin IV, or Bin V, 

then you may assume your equivalent 
low- and mid-roof tractors are in Bin II. 

(c) Steer and drive tire rolling 
resistance. You must have a tire rolling 
resistance level (TRRL) for each tire 
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configuration. For purposes of this 
section, you may consider tires with the 
same SKU number to be the same 
configuration. 

(1) Measure tire rolling resistance in 
kg per metric ton as specified in ISO 
28580 (incorporated by reference in 
§ 1037.810), except as specified in this 
paragraph (c). Use good engineering 
judgment to ensure that your test results 
are not biased low. You may ask us to 
identify a reference test laboratory to 
which you may correlate your test 
results. Prior to beginning the test 
procedure in Section 7 of ISO 28580 for 
a new bias-ply tire, perform a break-in 
procedure by running the tire at the 
specified test speed, load, and pressure 
for 60±2 minutes. 

(2) For each tire design tested, 
measure rolling resistance of at least 
three different tires of that specific 
design and size. Perform the test at least 
once for each tire. Use the arithmetic 
mean of these results as your test result. 
You may use this value as your GEM 
input or select a higher TRRL. You must 
test at least one tire size for each tire 
model, and may use engineering 
analysis to determine the rolling 
resistance of other tire sizes of that 
model. Note that for tire sizes that you 
do not test, we will treat your 
analytically derived rolling resistances 
the same as test results, and we may 

perform our own testing to verify your 
values. We may require you to test a 
small sub-sample of untested tire sizes 
that we select. 

(3) If you obtain your test results from 
the tire manufacturer or another third 
party, you must obtain a signed 
statement from them verifying the tests 
were conducted according to the 
requirements of this part. Such 
statements are deemed to be 
submissions to EPA. 

(4) For tires marketed as light truck 
tires and that have load ranges C, D, or 
E, use as the GEM input TRRL at or 
above the measured rolling resistance 
multiplied by 0.87. 

(d) Vehicle speed limit. If the vehicles 
will be equipped with a vehicle speed 
limiter, input the maximum vehicle 
speed to which the vehicle will be 
limited (in miles per hour rounded to 
the nearest 0.1 mile per hour) as 
specified in § 1037.640. Otherwise leave 
this field blank. Use good engineering 
judgment to ensure the limiter is tamper 
resistant. We may require you to obtain 
preliminary approval for your designs. 

(e) Vehicle weight reduction. For 
purposes of this paragraph (e), high- 
strength steel is steel with tensile 
strength at or above 350 MPa. 

(1) Vehicle weight reduction inputs 
for wheels are specified relative to dual- 
wide tires with conventional steel 

wheels. For purposes of this paragraph 
(e)(1), a light-weight aluminum wheel is 
one that weighs at least 21 lb less than 
a comparable conventional steel wheel. 
The inputs are listed in Table 4 to this 
section. For example, a tractor with 
aluminum steel wheels and eight (4×2) 
dual-wide aluminum drive wheels 
would have an input of 210 lb (2×21 + 
8×21). 

TABLE 3 TO § 1037.520—WHEEL- 
RELATED WEIGHT REDUCTIONS 

Weight reduction technology 

Weight 
reduction 

(lb per tire or 
wheel) 

Single-Wide Drive Tire with 
Steel Wheel ................... 84 
Aluminum Wheel ........... 139 
Light-Weight Aluminum 

Wheel ......................... 147 
Steer Tire or Dual-wide Drive 

Tire with . . . 
High-Strength Steel 

Wheel ......................... 8 
Aluminum Wheel ........... 21 
Light-Weight Aluminum 

Wheel ......................... 30 

(2) Vehicle weight reduction inputs 
for components other than wheels are 
specified relative to mild steel 
components as specified in the 
following table: 

TABLE 4 TO § 1037.520—NONWHEEL-RELATED WEIGHT REDUCTIONS 

Weight reduction technologies Aluminum weight 
reduction (lb) 

High-strength steel 
weight reduction 

(lb) 

Door ......................................................................................................................................................... 20 6 
Roof ......................................................................................................................................................... 60 18 
Cab rear wall ........................................................................................................................................... 49 16 
Cab floor .................................................................................................................................................. 56 18 
Hood Support Structure System .............................................................................................................. 15 3 
Fairing Support Structure System ........................................................................................................... 35 6 
Instrument Panel Support Structure ........................................................................................................ 5 1 
Brake Drums—Drive (4) .......................................................................................................................... 140 11 
Brake Drums—Non Drive (2) .................................................................................................................. 60 8 
Frame Rails ............................................................................................................................................. 440 87 
Crossmember—Cab ................................................................................................................................ 15 5 
Crossmember—Suspension .................................................................................................................... 25 6 
Crossmember—Non Suspension (3) ....................................................................................................... 15 5 
Fifth Wheel ............................................................................................................................................... 100 25 
Radiator Support ...................................................................................................................................... 20 6 
Fuel Tank Support Structure ................................................................................................................... 40 12 
Steps ........................................................................................................................................................ 35 6 
Bumper .................................................................................................................................................... 33 10 
Shackles .................................................................................................................................................. 10 3 
Front Axle ................................................................................................................................................ 60 15 
Suspension Brackets, Hangers ............................................................................................................... 100 30 
Transmission Case .................................................................................................................................. 50 12 
Clutch Housing ........................................................................................................................................ 40 10 
Drive Axle Hubs (8) ................................................................................................................................. 160 4 
Non Drive Front Hubs (2) ........................................................................................................................ 40 5 
Driveshaft ................................................................................................................................................. 20 5 
Transmission/Clutch Shift Levers ............................................................................................................ 20 4 
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(3) You may ask to apply the 
innovative technology provisions of 
§ 1037.610 for weight reductions not 
covered by this paragraph (e). 

(f) Extended idle reduction credit. If 
your tractor is equipped with idle 
reduction technology meeting the 
requirements of § 1037.660 that will 
automatically shut off the main engine 
after 300 seconds or less, use 5.0 g/ton- 
mile as the input (or a lesser value 
specified in § 1037.660). Otherwise 
leave this field blank. 

§ 1037.521 Aerodynamic measurements. 
This section describes how to 

determine the aerodynamic drag area 
(CDA) of your vehicle using the 
coastdown procedure in 40 CFR part 
1066 or an alternative method correlated 
to it. 

(a) General. The primary method for 
measuring the aerodynamic drag area of 
vehicles is specified in paragraph (b) of 
this section. You may determine the 
drag area using an alternate method, 
consistent with the provisions of this 
section and good engineering judgment, 
based on wind tunnel testing, 
computational fluid dynamic modeling, 
or constant-speed road load testing. See 
40 CFR 1068.5 for provisions describing 
how we may evaluate your engineering 
judgment. All drag areas measured 
using an alternative method (CDAalt) 
must be adjusted to be equivalent to the 
corresponding drag areas that would 
have been measured using the 
coastdown procedure as follows: 

(1) Unless good engineering judgment 
requires otherwise, assume that 
coastdown drag areas are proportional 
to drag areas measured using alternative 
methods. This means you may apply a 
single constant adjustment factor 
(Falt-aero) for a given alternate drag area 
method using the following equation: 
CDA = CDAalt × Falt-aero 

(2) Determine Falt-aero by performing 
coastdown testing and applying your 
alternate method on the same vehicle. 
Unless we approve another vehicle, the 
vehicle must be a Class 8, high-roof, 
sleeper cab with a full aerodynamics 
package, pulling a standards trailer. 
Where you have more than one model 
meeting these criteria, use the model 
with the highest projected sales. If you 
do not have such a model you may use 
your most comparable model with prior 
approval. If good engineering judgment 
allows the use of a single, constant 
value of Falt-aero, calculate it from this 
coastdown drag area (CDAcoast) divided 
by alternative drag area (CDAalt): 
Falt-aero = CDAcoast ÷ CDAalt 

(3) Calculate Falt-aero to at least three 
decimal places. For example, if your 

coastdown testing results in a drag area 
of 6.430, but your wind tunnel method 
results in a drag area of 6.200, Falt-aero 
would be 1.037. 

(b) Recommended method. Perform 
coastdown testing as described in 40 
CFR part 1066, subpart D, subject to the 
following additional provisions: 

(1) The specifications of this 
paragraph (b)(1) apply when measuring 
drag areas for tractors. Test high-roof 
tractors with a standard box trailer. Test 
low- and mid-roof tractors without a 
trailer (sometimes referred to as in a 
‘‘bobtail configuration’’). You may test 
low- and mid-roof tractors with a trailer 
to evaluate innovative technologies. 

(2) The specifications of this 
paragraph (b)(2) apply for tractors and 
standard trailers. Use tires mounted on 
steel rims in a dual configuration 
(except for steer tires). The tires must— 

(i) Be SmartWay-Verified tires or have 
a rolling resistance below 5.1 kg/ton. 

(ii) Have accumulated at least 2,175 
miles of prior use but have no less than 
50 percent of their original tread depth 
(as specified for truck cabs in SAE 
J1263). 

(iii) Not be retreads or have any 
apparent signs of chunking or uneven 
wear. 

(iv) Be size 295/75R22.5 or 275/ 
80R22.5. 

(3) Calculate the drag area (CDA) in 
m2 from the coastdown procedure 
specified in 40 CFR part 1066. 

(c) Approval. You must obtain 
preliminary approval before using any 
methods other than coastdown testing to 
determine drag coefficients. Send your 
request for approval to the Designated 
Compliance Officer. Keep records of the 
information specified in this paragraph 
(c). Unless we specify otherwise, 
include this information with your 
request. You must provide any 
information we require to evaluate 
whether you are apply the provisions of 
this section consistent with good 
engineering judgment. 

(1) Include all of the following for 
your coastdown results: 

(i) The name, location, and 
description of your test facilities, 
including background/history, 
equipment and capability, and track and 
facility elevation, along with the grade 
and size/length of the track. 

(ii) Test conditions for each test 
result, including date and time, wind 
speed and direction, ambient 
temperature and humidity, vehicle 
speed, driving distance, manufacturer 
name, test vehicle/model type, model 
year, applicable model engine family, 
tire type and rolling resistance, weight 
of tractor-trailer (as tested), and driver 
identifier(s). 

(iii) Average drag area result as 
calculated in 40 CFR 1066, subpart D) 
and all of the individual run results 
(including voided or invalid runs). 

(2) Identify the name and location of 
the test facilities for your wind tunnel 
method (if applicable). Also include the 
following things to describe the test 
facility: 

(i) Background/history. 
(ii) The layout (with diagram), type, 

and construction (structural and 
material) of the wind tunnel. 

(iii) Wind tunnel design details: 
corner turning vane type and material, 
air settling, mesh screen specification, 
air straightening method, tunnel 
volume, surface area, average duct area, 
and circuit length. 

(iv) Wind tunnel flow quality: 
temperature control and uniformity, 
airflow quality, minimum airflow 
velocity, flow uniformity, angularity 
and stability, static pressure variation, 
turbulence intensity, airflow 
acceleration and deceleration times, test 
duration flow quality, and overall 
airflow quality achievement. 

(v) Test/working section information: 
test section type (e.g., open, closed, 
adaptive wall) and shape (e.g., circular, 
square, oval), length, contraction ratio, 
maximum air velocity, maximum 
dynamic pressure, nozzle width and 
height, plenum dimensions and net 
volume, maximum allowed model scale, 
maximum model height above road, 
strut movement rate (if applicable), 
model support, primary boundary layer 
slot, boundary layer elimination 
method, and photos and diagrams of the 
test section. 

(vi) Fan section description: fan type, 
diameter, power, maximum rotational 
speed, maximum top speed, support 
type, mechanical drive, and sectional 
total weight. 

(vii) Data acquisition and control 
(where applicable): acquisition type, 
motor control, tunnel control, model 
balance, model pressure measurement, 
wheel drag balances, wing/body panel 
balances, and model exhaust 
simulation. 

(viii) Moving ground plane or rolling 
road (if applicable): construction and 
material, yaw table and range, moving 
ground length and width, belt type, 
maximum belt speed, belt suction 
mechanism, platen instrumentation, 
temperature control, and steering. 

(ix) Facility correction factors and 
purpose. 

(3) Include all of the following for 
your computational fluid dynamics 
(CFD) method (if applicable): 

(i) Official name/title of the software 
product. 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00311 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57416 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

(ii) Date and version number for the 
software product. 

(iii) Manufacturer/company name, 
address, phone number and Web 
address for software product. 

(iv) Identify if the software code is 
Navier-Stokes or Lattice-Boltzmann 
based. 

(4) Include all of the following for any 
other method (if applicable): 

(i) Official name/title of the 
procedure(s). 

(ii) Description of the procedure. 
(iii) Cited sources for any 

standardized procedures that the 
method is based on. 

(iv) Modifications/deviations from the 
standardized procedures for the method 
and rational for modifications/ 
deviations. 

(v) Data comparing this requested 
procedure to the coastdown reference 
procedure. 

(vi) Information above from the other 
methods as applicable to this method 
(e.g., source location/address, 
background/history). 

(d) Wind tunnel methods. (1) You may 
measure drag areas consistent with the 
modified SAE procedures described in 
this paragraph (d) using any wind 
tunnel recognized by the Subsonic 
Aerodynamic Testing Association. If 
your wind tunnel is not capable of 
testing in accordance with these 
modified SAE procedures, you may ask 
us to approve your alternate test 
procedures if you demonstrate that your 
procedures produce equivalent data. For 
purposes of this paragraph (d), data are 
equivalent if they are the same or better 
with respect to repeatability and 
unbiased correlation with coastdown 
testing. Note that, for wind tunnels not 
capable of these modified SAE 
procedures, good engineering judgment 
may require you to base your alternate 
method adjustment factor on more than 
one vehicle. You may not develop your 
correction factor until we have 
approved your alternate method. The 
applicable SAE procedures are SAE 
J1252, SAE J1594, and SAE J2071 
(incorporated by reference in 
§ 1037.810). The following 
modifications apply for SAE J1252: 

(i) The minimum Reynold’s number 
(Remin) is 1.0 × 106 instead of the value 
specified in section 5.2 of the SAE 
procedure. Your model frontal area at 
zero yaw angle may exceed the 
recommended 5 percent of the active 
test section area, provided it does not 
exceed 25 percent. 

(ii) For full-scale wind tunnel testing, 
use good engineering judgment to select 
a test article (tractor and trailer) that is 
a reasonable representation of the test 
article used for the reference method 

testing. For example, where your wind 
tunnel is not long enough to test the 
tractor with a standard 53 foot trailer, it 
may be appropriate to use shorter box 
trailer. In such a case, the correlation 
developed using the shorter trailer 
would only be valid for testing with the 
shorter trailer. 

(iii) For reduced-scale wind tunnel 
testing, a one-eighth (1/8th) or larger 
scale model of a heavy-duty tractor and 
trailer must be used, and the model 
must be of sufficient design to simulate 
airflow through the radiator inlet grill 
and across an engine geometry 
representative of those commonly used 
in your test vehicle. 

(2) You must perform wind tunnel 
testing and the coastdown procedure on 
the same tractor model and provide the 
results for both methods. Conduct the 
wind tunnel tests at a zero yaw angle 
and, if so equipped, utilizing the 
moving/rolling floor (i.e., the moving/ 
rolling floor should be on during the 
test, as opposed to static) for 
comparison to the coastdown 
procedure, which corrects to a zero yaw 
angle for the oncoming wind. 

(e) Computational fluid dynamics 
(CFD). You may determine drag areas 
using a CFD method, consistent with 
good engineering judgment and the 
requirements of this paragraph (e) using 
commercially available CFD software 
code. Conduct the analysis assuming 
zero yaw angle, and ambient conditions 
consistent with coastdown procedures. 
For simulating a wind tunnel test, the 
analysis should accurately model the 
particular wind tunnel and assume a 
wind tunnel blockage ratio consistent 
with SAE J1252 (incorporated by 
reference in § 1037.810) or one that 
matches the selected wind tunnel, 
whichever is lower. For simulation of 
open road conditions similar to that 
experienced during coastdown test 
procedures, the CFD analysis should 
assume a blockage ratio at or below 0.2 
percent. 

(1) Take the following steps for CFD 
code with a Navier-Stokes formula 
solver: 

(i) Perform an unstructured, time- 
accurate, analysis using a mesh grid size 
with total volume element count of at 
least 50 million cells of hexahedral and/ 
or polyhedral mesh cell shape, surface 
elements representing the geometry 
consisting of no less than 6 million 
elements, and a near-wall cell size 
corresponding to a y+ value of less than 
300, with the smallest cell sizes applied 
to local regions of the tractor and trailer 
in areas of high flow gradients and 
smaller geometry features. 

(ii) Perform the analysis with a 
turbulence model and mesh 

deformation enabled (if applicable) with 
boundary layer resolution of ±95 
percent. Once result convergence is 
achieved, demonstrate the convergence 
by supplying multiple, successive 
convergence values for the analysis. The 
turbulence model may use k-epsilon (k- 
e), shear stress transport k-omega (SST 
k-w), or other commercially accepted 
methods. 

(2) For Lattice-Boltzman based CFD 
code, perform an unstructured, time- 
accurate analysis using a mesh grid size 
with total surface elements of at least 50 
million cells using cubic volume 
elements and triangular and/or 
quadrilateral surface elements with a 
near wall cell size of no greater than 6 
mm on local regions of the tractor and 
trailer in areas of high flow gradients 
and smaller geometry features, with cell 
sizes in other areas of the mesh grid 
starting at twelve millimeters and 
increasing in size from this value as the 
distance from the tractor-trailer model 
increases. 

(3) All CFD analysis should be 
conducted using the following 
conditions: 

(i) A tractor-trailer combination using 
the manufacturer’s tractor and the 
standard trailer, as applicable. 

(ii) An environment with a blockage 
ratio at or below 0.2 percent to simulate 
open road conditions, a zero degree yaw 
angle between the oncoming wind and 
the tractor-trailer combination. 

(iii) Ambient conditions consistent 
with the coastdown test procedures 
specified in this part. 

(iv) Open grill with representative 
back pressures based on data from the 
tractor model, 

(v) Turbulence model and mesh 
deformation enabled (if applicable). 

(vi) Tires and ground plane in motion 
consistent with and simulating a vehicle 
moving in the forward direction of 
travel. 

(vii) The smallest cell size should be 
applied to local regions on the tractor 
and trailer in areas of high flow 
gradients and smaller geometry features 
(e.g., the a-pillar, mirror, visor, grille 
and accessories, trailer leading and 
trailing edges, rear bogey, tires, and 
tractor-trailer gap). 

(viii) Simulate a speed of 55 mph. 
(4) You may ask us to allow you to 

perform CFD analysis using parameters 
and criteria other than those specified in 
this paragraph (e), consistent with good 
engineering judgment, if you can 
demonstrate that the specified 
conditions are not feasible (e.g., 
insufficient computing power to 
conduct such analysis, inordinate length 
of time to conduct analysis, equivalent 
flow characteristics with more feasible 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00312 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57417 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

criteria/parameters) or improved criteria 
may yield better results (e.g., different 
mesh cell shape and size). To support 
this request, we may require that you 
supply data demonstrating that your 
selected parameters/criteria will provide 
a sufficient level of detail to yield an 
accurate analysis, including comparison 
of key characteristics between your 
criteria/parameters and the criteria 
specified in paragraphs (e)(1) and (2) of 
this section (e.g., pressure profiles, drag 
build-up, and/or turbulent/laminar flow 

at key points on the front of the tractor 
and/or over the length of the tractor- 
trailer combination). 

(f) Yaw sweep corrections. You may 
optionally apply this paragraph (f) for 
vehicles with aerodynamic features that 
are more effective at reducing wind- 
averaged drag than is predicted by zero- 
yaw drag. You may correct your zero- 
yaw drag area as follows if the ratio of 
the zero-yaw drag area divided by yaw 
sweep drag area for your vehicle is 
greater than 0.8065 (which represents 

the ratio expected for a typical 
aerodynamic Class 8 high-roof sleeper 
cab tractor): 

(1) Determine the zero-yaw drag area 
and the yaw sweep drag area for your 
vehicle using the same alternate method 
as specified in this subpart. Measure 
drag area for 0°, ¥6°, and +6°. Use the 
arithmetic mean of the ¥6° and +6° 
drag areas as the ±6° drag area. 

(2) Calculate your yaw sweep 
correction factor (CFys) using the 
following equation: 

(3) Calculate your corrected drag area 
for determining the aerodynamic bin by 
multiplying the measured zero-yaw drag 
area by CFys. The correction factor may 
be applied to drag areas measured using 
other procedures. For example, we 
would apply CFys to drag areas 
measured using the recommended 
coastdown method. If you use an 
alternative method, you would also 
need to apply an alternative correction 
(Falt-aero) and calculate the final drag area 
using the following equation: 

CDA = Falt-aero · CFys · (CDA)zero-alt 

(4) You may ask us to apply CFys to 
similar vehicles incorporating the same 
design features. 

(5) As an alternative, you may choose 
to calculate the wind-averaged drag area 
according to SAE J1252 (incorporated by 
reference in § 1037.810) and substitute 
this value into the equation in 
paragraph (f)(2) of this section for the 
±6° yaw-averaged drag area. 

§ 1037.525 Special procedures for testing 
hybrid vehicles with power take-off. 

This section describes the procedure 
for quantifying the reduction in 
greenhouse gas emissions as a result of 
running power take-off (PTO) devices 
with a hybrid powertrain. The 
procedures are written to test the PTO 
so that all the energy is produced with 
the engine. The full test for the hybrid 
vehicle is from a fully charged 
renewable energy storage system (RESS) 
to a depleted RESS and then back to a 

fully charged RESS. These procedures 
may be used for whole vehicles or with 
a post-transmission hybrid system. 
When testing just the post-transmission 
hybrid system, you must include all 
hardware for the PTO system. You may 
ask us to modify the provisions of this 
section to allow testing hybrid vehicles 
other than electric-battery hybrids, 
consistent with good engineering 
judgment. 

(a) Select two vehicles for testing as 
follows: 

(1) Select a vehicle with a hybrid 
powertrain to represent the vehicle 
family. If your vehicle family includes 
more than one vehicle model, use good 
engineering judgment to select the 
vehicle type with the maximum number 
of PTO circuits that has the smallest 
potential reduction in greenhouse gas 
emissions. 

(2) Select an equivalent conventional 
vehicle as specified in § 1037.615. 

(b) Measure PTO emissions from the 
fully warmed-up conventional vehicle 
as follows: 

(1) Without adding any additional 
restrictions, instrument the vehicle with 
pressure transducers at the outlet of the 
hydraulic pump for each circuit. 

(2) Operate the PTO system with no 
load for at least 15 seconds. Measure the 
pressure and record the average value 
over the last 10 seconds (pmin). Apply 
maximum operator demand to the PTO 
system until the pressure relief valve 
opens and pressure stabilizes; measure 

the pressure and record the average 
value over the last 10 seconds (pmax). 

(3) Denormalize the PTO duty cycle in 
Appendix II of this part using the 
following equation: 
prefi = NPi · (pmax¥min) + pmin 

Where: 
prefi = the reference pressure at each point 

i in the PTO cycle. 
NPi= the normalized pressure at each point 

i in the PTO cycle. 
pmax= the maximum pressure measured in 

paragraph (b)(2) of this section. 
pmin= the minimum pressure measured in 

paragraph (b)(2) of this section. 

(4) If the PTO system has two circuits, 
repeat paragraph (b)(2) and (3) of this 
section for the second PTO circuit. 

(5) Install a system to control 
pressures in the PTO system during the 
cycle. 

(6) Start the engine. 
(7) Operate the vehicle over one or 

both of the denormalized PTO duty 
cycles, as applicable. Collect CO2 
emissions during operation over each 
duty cycle. 

(8) Use the provisions of 40 CFR part 
1066 to collect and measure emissions. 
Calculate emission rates in grams per 
test without rounding. 

(9) For each test, validate the pressure 
in each circuit with the pressure 
specified from the cycle according to 40 
CFR 1065.514. Measured pressures must 
meet the specifications in the following 
table for a valid test: 

TABLE 1 OF § 1037.525—STATISTICAL CRITERIA FOR VALIDATING DUTY CYCLES 

Parameter Pressure 

Slope, |a1| ................................................................................................................................................. 0.950 ≤ a1 ≤ 1.030. 
Absolute value of intercept, |a0| ............................................................................................................... ≤ 2.0% of maximum mapped pressure. 
Standard error of estimate, SEE .............................................................................................................. ≤ 10% of maximum mapped pressure. 
Coefficient of determination, r2 ............................................................................................................... ≥ 0.970. 
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(10) Continue testing over the three 
vehicle drive cycles, as otherwise 
required by this part. 

(11) Calculate combined cycle- 
weighted emissions of the four cycles as 
specified in paragraph (d) of this 
section. 

(c) Measure PTO emissions from the 
fully warmed-up hybrid vehicle as 
follows: 

(1) Perform the steps in paragraphs 
(b)(1) through (5) of this section. 

(2) Prepare the vehicle for testing by 
operating it as needed to stabilize the 
battery at a full state of charge. For 
electric hybrid vehicles, we recommend 
running back-to-back PTO tests until 
engine operation is initiated to charge 
the battery. The battery should be fully 
charged once engine operation stops. 
The ignition should remain in the ‘‘on’’ 
position. 

(3) Turn the vehicle and PTO system 
off while the sampling system is being 
prepared. 

(4) Turn the vehicle and PTO system 
on such that the PTO system is 
functional, whether it draws power from 
the engine or a battery. 

(5) Operate the vehicle over the PTO 
cycle(s) without turning the vehicle off, 
until the engine starts and then shuts 
down. The test cycle is completed once 
the engine shuts down. Measure 
emissions as described in paragraphs 
(b)(2) and (3) of this section. Use good 
engineering judgment to minimize the 
variability in testing between the two 
types of vehicles. 

(6) Refer to paragraph (b)(9) of this 
section for cycle validation. 

(7) Continue testing over the three 
vehicle drive cycles, as otherwise 
required by this part. 

(8) Calculate combined cycle- 
weighted emissions of the four cycles as 

specified in paragraph (d) of this 
section. 

(d) Calculate combined cycle- 
weighted emissions of the four cycles 
for vocational vehicles as follows: 

(1) Calculate the g/ton-mile emission 
rate for the driving portion of the test 
specified in § 1037.510. 

(2) Calculate the g/hr emission rate for 
the PTO portion of the test by dividing 
the total mass emitted over the cycle 
(grams) by the time of the test (hours). 
For testing where fractions of a cycle 
were run (for example, where three 
cycles are completed and the halfway 
point of a fourth PTO cycle is reached 
before the engine starts and shuts down 
again), use the following procedures to 
calculate the time of the test: 

(i) Add up the time run for all 
complete tests. 

(ii) For fractions of a test, use the 
following equation to calculate the time: 

Where: 
ttest = time of the incomplete test. 
i = the number of each measurement interval. 
N = the total number of measurement 

intervals. 
NPcircuit_1 = Normalized pressure command 

from circuit 1 of the PTO cycle. 
NPcircuit_2 = Normalized pressure command 

from circuit 2 of the PTO cycle. Let 
NPcircuit_2 = 1 if there is only one circuit. 

tcycle = time of a complete cycle. 

(iii) Sum the time from complete 
cycles (paragraph (d)(2)(i) of this 
section) and from partial cycles 
(paragraph (d)(2)(ii) of this section). 

(3) Convert the g/hr PTO result to an 
equivalent g/mi value based on the 
assumed fraction of engine operating 
time during which the PTO is operating 
(28 percent) and an assumed average 
vehicle speed while driving (27.1 mph). 
The conversion factor is: Factor = 
(0.280)/(1.000¥0.280)/(27.1 mph) = 
0.0144 hr/mi. Multiply the g/hr 
emission rate by 0.0144 hr/mi. 

(4) Divide the g/mi PTO emission rate 
by the standard payload and add this 
value to the g/ton-mile emission rate for 
the driving portion of the test. 

(e) Follow the provisions of 
§ 1037.615 to calculate improvement 
factors and benefits for advanced 
technologies. 

§ 1037.550 Special procedures for testing 
post-transmission hybrid systems. 

This section describes the procedure 
for simulating a chassis test with a post- 
transmission hybrid system for A to B 
testing. The hardware that must be 
included in these tests is the engine, the 
transmission, the hybrid electric motor, 
the power electronics between the 
hybrid electric motor and the RESS, and 
the RESS. You may ask us to modify the 
provisions of this section to allow 
testing non-electric hybrid vehicles, 
consistent with good engineering 
judgment. 

(a) Set up the engine according to 40 
CFR 1065.110 to account for work 
inputs and outputs and accessory work. 

(b) Collect CO2 emissions while 
operating the system over the test cycles 
specified in § 1037.510. 

(c) Collect and measure emissions as 
described in 40 CFR part 1066. 
Calculate emission rates in grams per 
ton-mile without rounding. Determine 
values for A, B, C, and M for the vehicle 
being simulated as specified in 40 CFR 
part 1066. If you will apply an 
improvement factor or test results to 
multiple vehicle configurations, use 
values of A, B, C, M, kd, and r that 
represent the vehicle configuration with 
the smallest potential reduction in 
greenhouse gas emissions as a result of 
the hybrid capability. 

(d) Calculate the transmission output 
shaft’s angular speed target for the 
driver model, fnref,driver, from the linear 
speed associated with the vehicle cycle 
using the following equation: 

Where: 
Scyclei = vehicle speed of the test cycle for 

each point i. 
kd = final drive ratio (the angular speed of the 

transmission output shaft divided by the 
angular speed of the drive axle), as 
declared by the manufacturer. 

r = radius of the loaded tires, as declared by 
the manufacturer. 

(e) Use either speed control or torque 
control to program the dynamometer to 
follow the test cycle, as follows: 

(1) Speed control. Program 
dynamometers using speed control as 
described in this paragraph (e)(1). We 
recommend speed control for automated 
manual transmissions or other designs 
where there is a power interrupt during 
shifts. Calculate the transmission output 
shaft’s angular speed target for the 
dynamometer, fnref,dyno, from the 
measured linear speed at the 
dynamometer rolls using the following 
equation: 
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Where: 

t = elapsed time in the driving schedule as 
measured by the dynamometer, in 
seconds. 

Let ti-1 = 0. 

Where: 
Ti = instantaneous measured torque at the 

transmission output shaft. 
fn,i = instantaneous measured angular speed 

of the transmission output shaft. 

(2) Torque control. Program 
dynamometers using torque control as 
described in this paragraph (e)(2). 

(i) Calculate the transmission output 
shaft’s torque target, Trefi, using the 
following equation: 

Where: 
FRi = total road load force at the surface of 

the roll, calculated using the equation in 
40 CFR 1066.210(d)(4), as specified in 
paragraph (e)(2)(ii) of this section. 

(ii) Calculate the total road load force 
based on instantaneous speed values, Si, 

calculated from the equation in 
paragraph (e)(1) of this section. 

(3) For each test, validate the 
measured transmission output shaft’s 
speed or torque with the corresponding 
reference values according to 40 CFR 
1065.514(e). You may delete points 
when the vehicle is braking or stopped. 
Perform the validation based on speed 
and torque values at the transmission 
output shaft. For steady-state tests (55 
mph and 65 mph cruise), apply cycle- 
validation criteria by treating the 
sampling periods from the two tests as 
a continuous sampling period. Perform 
this validation based on the following 
parameters for either speed-control or 
torque-control, as applicable: 

TABLE 1 OF § 1037.550—STATISTICAL CRITERIA FOR VALIDATING DUTY CYCLES 

Parameter Speed control Torque control 

Slope, a1 ............................................................. 0.950 ≤ a1 ≤ 1.030 ........................................... 0.950 ≤ a1 ≤ 1.030. 
Absolute value of intercept, a0 ........................... ≤2.0% of maximum test speed ........................ ≤2.0% of maximum torque. 
Standard error of estimate, SEE ........................ ≤5% of maximum test speed ........................... ≤10% of maximum torque. 
Coefficient of determination, r 2 .......................... ≥0.970 .............................................................. ≥0.850. 

(f) Send a brake signal when throttle 
position is equal to zero and vehicle 
speed is greater than the reference 
vehicle speed from the test cycle. The 
brake signal should be turned off when 
the torque measured at the transmission 
output shaft is less than the reference 
torque. Set a delay before changing the 
brake state using good engineering 
judgment to prevent the brake signal 
from dithering. 

(g) The driver model should be 
designed to follow the cycle as closely 
as possible and must meet the 
requirements of 40 CFR 1066.430(e) for 
transient testing and § 1037.510 for 
steady-state testing. 

(h) Correct for the net energy change 
of the energy storage device as described 
in 40 CFR 1066.501. 

(i) Follow the provisions of § 1037.510 
to weight the cycle results and 
§ 1037.615 to calculate improvement 
factors and benefits for advanced 
technologies. 

Subpart G—Special Compliance 
Provisions 

§ 1037.601 What compliance provisions 
apply to these vehicles? 

(a) Engine and vehicle manufacturers, 
as well as owners and operators of 
vehicles subject to the requirements of 
this part, and all other persons, must 
observe the provisions of this part, the 
provisions of the Clean Air Act, and the 
following provisions of 40 CFR part 
1068: 

(1) The exemption and importation 
provisions of 40 CFR part 1068, subparts 
C and D, apply for vehicles subject to 
this part 1037, except that the hardship 
exemption provisions of 40 CFR 
1068.245, 1068.250, and 1068.255 do 
not apply for motor vehicles. 

(2) Manufacturers may comply with 
the defect reporting requirements of 40 
CFR 1068.501 instead of the defect 
reporting requirements of 40 CFR part 
85. 

(b) Vehicles exempted from the 
applicable standards of 40 CFR part 86 
are exempt from the standards of this 
part without request. Similarly, vehicles 
are exempt without request if the 

installed engine is exempted from the 
applicable standards in 40 CFR part 86. 

(c) The prohibitions of 40 CFR 
86.1854 apply for vehicles subject to the 
requirements of this part. The actions 
prohibited under this provision include 
the introduction into U.S. commerce of 
a complete or incomplete vehicle 
subject to the standards of this part 
where the vehicle is not covered by a 
valid certificate of conformity or 
exemption. 

(d) Except as specifically allowed by 
this part, it is a violation of section 
203(a)(1) of the Clean Air Act (42 U.S.C. 
7522(a)(1)) to introduce into U.S. 
commerce a tractor containing an engine 
not certified for use in tractors; or to 
introduce into U.S. commerce a 
vocational vehicle containing a light 
heavy-duty or medium heavy-duty 
engine not certified for use in vocational 
vehicles. This prohibition applies 
especially to the vehicle manufacturer. 

(e) A vehicle manufacturer that 
completes assembly of a vehicle at two 
or more facilities may ask to use as the 
date of manufacture for that vehicle the 
date on which manufacturing is 
completed at the place of main 
assembly, consistent with provisions of 
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49 CFR 567.4. Note that such staged 
assembly is subject to the provisions of 
40 CFR 1068.260(c). Include your 
request in your application for 
certification, along with a summary of 
your staged-assembly process. You may 
ask to apply this allowance to some or 
all of the vehicles in your vehicle 
family. Our approval is effective when 
we grant your certificate. We will not 
approve your request if we determine 
that you intend to use this allowance to 
circumvent the intent of this part. 

§ 1037.610 Vehicles with innovative 
technologies. 

(a) You may ask us to apply the 
provisions of this section for CO2 
emission reductions resulting from 
vehicle technologies that were not in 
common use with heavy-duty vehicles 
before model year 2010 that are not 
reflected in the GEM simulation tool. 
These provisions may be applied for 
CO2 emission reductions reflected using 
the specified test procedures, provided 
they are not reflected in the GEM. We 
will apply these provisions only for 
technologies that will result in 
measurable, demonstrable, and 
verifiable real-world CO2 emission 
reductions. 

(b) The provisions of this section may 
be applied as either an improvement 
factor or as a separate credit, consistent 
with good engineering judgment. We 
recommend that you base your credit/ 
adjustment on A to B testing of pairs of 
vehicles differing only with respect to 
the technology in question. 

(1) Calculate improvement factors as 
the ratio of in-use emissions with the 
technology divided by the in-use 
emissions without the technology. Use 
the improvement-factor approach where 
good engineering judgment indicates 
that the actual benefit will be 
proportional to emissions measured 
over the test procedures specified in this 
part. 

(2) Calculate separate credits (g/ton- 
mile) based on the difference between 
the in-use emission rate with the 
technology and the in-use emission rate 
without the technology. Multiply this 
difference by the number of vehicles, 
standard payload, and useful life. Use 
the separate-credit approach where good 
engineering judgment indicates that the 
actual benefit will be not be 
proportional to emissions measured 
over the test procedures specified in this 
part. 

(3) We may require you to discount or 
otherwise adjust your improvement 
factor or credit to account for 
uncertainty or other relevant factors. 

(c) You may perform A to B testing by 
measuring emissions from the vehicles 

during chassis testing or from in-use on- 
road testing. We recommend that you 
perform on-road testing according to 
SAE J1321 Joint TMC/SAE Fuel 
Consumption Test Procedure Type II 
Reaffirmed 1986–10 or SAE J1526 Joint 
TMC/SAE Fuel Consumption In-Service 
Test Procedure Type III Issued 1987–06 
(see § 1037.810 for information 
availability of SAE standards), subject to 
the following provisions: 

(1) The minimum route distance is 
100 miles. 

(2) The route selected must be 
representative in terms of grade. We will 
take into account published and 
relevant research in determining 
whether the grade is representative. 

(3) The vehicle speed over the route 
must be representative of the drive-cycle 
weighting adopted for each regulatory 
subcategory. For example, if the route 
selected for an evaluation of a 
combination tractor with a sleeper cab 
contains only interstate driving, the 
improvement factor would apply only to 
86 percent of the weighted result. 

(4) The ambient air temperature must 
be between 5 and 35°C, unless the 
technology requires other temperatures 
for demonstration. 

(5) We may allow you to use a 
Portable Emissions Measurement 
System (PEMS) device for measuring 
CO2 emissions during the on-road 
testing. 

(d) Send your request to the 
Designated Compliance Officer. Include 
a detailed description of the technology 
and a recommended test plan. Also state 
whether you recommend applying these 
provisions using the improvement- 
factor method or the separate-credit 
method. We recommend that you do not 
begin collecting test data (for 
submission to EPA) before contacting 
us. For technologies for which the 
engine manufacturer could also claim 
credits (such as transmissions in certain 
circumstances), we may require you to 
include a letter from the engine 
manufacturer stating that it will not seek 
credits for the same technology. 

(e) We may seek public comment on 
your request, consistent with the 
provisions of 40 CFR 86.1866. However, 
we will generally not seek public 
comment on credits or adjustments 
based on A to B chassis testing 
performed according to the duty-cycle 
testing requirements of this part or in- 
use testing performed according to 
paragraph (c) of this section. 

§ 1037.615 Hybrid vehicles and other 
advanced technologies. 

(a) This section applies for hybrid 
vehicles with regenerative braking, 
vehicles equipped with Rankine-cycle 

engines, electric vehicles, and fuel cell 
vehicles. You may not generate credits 
for engine features for which the 
engines generate credits under 40 CFR 
part 1036. 

(b) Generate advanced technology 
emission credits for hybrid vehicles that 
include regenerative braking (or the 
equivalent) and energy storage systems, 
fuel cell vehicles, and vehicles 
equipped with Rankine-cycle engines as 
follows: 

(1) Measure the effectiveness of the 
advanced system by chassis testing a 
vehicle equipped with the advanced 
system and an equivalent conventional 
vehicle. Test the vehicles as specified in 
subpart F of this part. For purposes of 
this paragraph (b), a conventional 
vehicle is considered to be equivalent if 
it has the same footprint (as defined in 
40 CFR 86.1803), vehicle service class, 
aerodynamic drag, and other relevant 
factors not directly related to the hybrid 
powertrain. If you use § 1037.525 to 
quantify the benefits of a hybrid system 
for PTO operation, the conventional 
vehicle must have same number of PTO 
circuits and have equivalent PTO 
power. If you do not produce an 
equivalent vehicle, you may create and 
test a prototype equivalent vehicle. The 
conventional vehicle is considered 
Vehicle A and the advanced vehicle is 
considered Vehicle B. We may specify 
an alternate cycle if your vehicle 
includes a power take-off. 

(2) Calculate an improvement factor 
and g/ton-mile benefit using the 
following equations and parameters: 

(i) Improvement Factor = [(Emission 
Rate A)—(Emission Rate B)]/(Emission 
Rate A) 

(ii) g/ton-mile benefit = Improvement 
Factor × (GEM Result B) 

(iii) Emission Rates A and B are the 
g/ton-mile CO2 emission rates of the 
conventional and advanced vehicles, 
respectively, as measured under the test 
procedures specified in this section. 
GEM Result B is the g/ton-mile CO2 
emission rate resulting from emission 
modeling of the advanced vehicle as 
specified in § 1037.520. 

(3) Use the equations of § 1037.705 to 
convert the g/ton-mile benefit to 
emission credits (in Mg). Use the g/ton- 
mile benefit in place of the (Std-FEL) 
term. 

(c) See § 1037.525 for special testing 
provisions related to hybrid vehicles 
equipped with power take-off units. 

(d) You may use an engineering 
analysis to calculate an improvement 
factor for fuel cell vehicles based on 
measured emissions from the fuel cell 
vehicle. 

(e) For electric vehicles, calculate CO2 
credits using an FEL of 0 g/ton-mile. 
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(f) As specified in subpart H of this 
part, credits generated under this 
section may be used under this part 
1037 outside of the averaging set in 
which they were generated or used 
under 40 CFR part 1036. 

(g) You may certify using both 
provisions of this section and the 
innovative technology provisions of 
§ 1037.610, provided you do not double 
count emission benefits. 

§ 1037.620 Shipment of incomplete 
vehicles to secondary vehicle 
manufacturers. 

This section specifies how 
manufacturers may introduce partially 
complete vehicles into U.S. commerce. 

(a) The provisions of this section 
allow manufacturers to ship partially 
complete vehicles to secondary vehicle 
manufacturers or otherwise introduce 
them into U.S. commerce in the 
following circumstances: 

(1) Tractors. Manufacturers may 
introduce partially complete tractors 
into U.S. commerce if they are covered 
by a certificate of conformity for tractors 
and will be in their certified tractor 
configuration before they reach the 
ultimate purchasers. For example, this 
would apply for sleepers initially 
shipped without the sleeper 
compartments attached. Note that 
delegated assembly provisions may 
apply (see 40 CFR 1068.261). 

(2) Vocational vehicles. 
Manufacturers may introduce partially 
complete vocational vehicles into U.S. 
commerce if they are covered by a 
certificate of conformity for vocational 
vehicles and will be in their certified 
vocational configuration before they 
reach the ultimate purchasers. Note that 
delegated assembly provisions may 
apply (see 40 CFR 1068.261). 

(3) Uncertified vehicles that will be 
certified by secondary vehicle 
manufacturers. Manufacturers may 
introduce into U.S. commerce partially 
complete vehicles for which they do not 
hold a certificate of conformity only as 
allowed by paragraph (b) of this section. 

(b) The provisions of this paragraph 
(b) generally apply where the secondary 
vehicle manufacturer has substantial 
control over the design and assembly of 
emission controls. In determining 
whether a manufacturer has substantial 
control over the design and assembly of 
emission controls, we would consider 
the degree to which the secondary 
manufacturer would be able to ensure 
that the engine and vehicle will conform 
to the regulations in their final 
configurations. 

(1) A secondary manufacturer may 
finish assembly of partially complete 
vehicles in the following cases: 

(i) It obtains a vehicle that is not fully 
assembled with the intent to 
manufacture a complete vehicle in a 
certified configuration. 

(ii) It obtains a vehicle with the intent 
to modify it to a certified configuration 
before it reaches the ultimate purchaser. 
For example, this may apply for 
converting a gasoline-fueled vehicle to 
operate on natural gas under the terms 
of a valid certificate. 

(2) Manufacturers may introduce 
partially complete vehicles into U.S. 
commerce as described in this 
paragraph (b) if they have a written 
request for such vehicles from a 
secondary vehicle manufacturer that 
will finish the vehicle assembly and has 
certified the vehicle (or the vehicle has 
been exempted or excluded from the 
requirements of this part). The written 
request must include a statement that 
the secondary manufacturer has a 
certificate of conformity (or exemption/ 
exclusion) for the vehicle and identify a 
valid vehicle family name associated 
with each vehicle model ordered (or the 
basis for an exemption/exclusion). The 
original vehicle manufacturer must 
apply a removable label meeting the 
requirements of 40 CFR 1068.45 that 
identifies the corporate name of the 
original manufacturer and states that the 
vehicle is exempt under the provisions 
of § 1037.620. The name of the 
certifying manufacturer must also be on 
the label or, alternatively, on the bill of 
lading that accompanies the vehicles 
during shipment. The original 
manufacturer may not apply a 
permanent emission control information 
label identifying the vehicle’s eventual 
status as a certified vehicle. 

(3) If you are the secondary 
manufacturer and you will hold the 
certificate, you must include the 
following information in your 
application for certification: 

(i) Identify the original manufacturer 
of the partially complete vehicle or of 
the complete vehicle you will modify. 

(ii) Describe briefly how and where 
final assembly will be completed. 
Specify how you have the ability to 
ensure that the vehicles will conform to 
the regulations in their final 
configuration. (Note: This section 
prohibits using the provisions of this 
paragraph (b) unless you have 
substantial control over the design and 
assembly of emission controls.) 

(iii) State unconditionally that you 
will not distribute the vehicles without 
conforming to all applicable regulations. 

(4) If you are a secondary 
manufacturer and you are already a 
certificate holder for other families, you 
may receive shipment of partially 
complete vehicles after you apply for a 

certificate of conformity but before the 
certificate’s effective date. This 
exemption allows the original 
manufacturer to ship vehicles after you 
have applied for a certificate of 
conformity. Manufacturers may 
introduce partially complete vehicles 
into U.S. commerce as described in this 
paragraph (b)(4) if they have a written 
request for such vehicles from a 
secondary manufacturer stating that the 
application for certification has been 
submitted (instead of the information 
we specify in paragraph (b)(2) of this 
section). We may set additional 
conditions under this paragraph (b)(4) to 
prevent circumvention of regulatory 
requirements. 

(5) Both original and secondary 
manufacturers must keep the records 
described in this section for at least five 
years, including the written request for 
exempted vehicles and the bill of lading 
for each shipment (if applicable). The 
written request is deemed to be a 
submission to EPA. 

(6) These provisions are intended 
only to allow secondary manufacturers 
to obtain or transport vehicles in the 
specific circumstances identified in this 
section so any exemption under this 
section expires when the vehicle 
reaches the point of final assembly 
identified in paragraph (b)(3)(ii) of this 
section. 

(7) For purposes of this section, an 
allowance to introduce partially 
complete vehicles into U.S. commerce 
includes a conditional allowance to sell, 
introduce, or deliver such vehicles into 
commerce in the United States or 
import them into the United States. It 
does not include a general allowance to 
offer such vehicles for sale because this 
exemption is intended to apply only for 
cases in which the certificate holder 
already has an arrangement to purchase 
the vehicles from the original 
manufacturer. This exemption does not 
allow the original manufacturer to 
subsequently offer the vehicles for sale 
to a different manufacturer who will 
hold the certificate unless that second 
manufacturer has also complied with 
the requirements of this part. The 
exemption does not apply for any 
individual vehicles that are not labeled 
as specified in this section or which are 
shipped to someone who is not a 
certificate holder. 

(8) We may suspend, revoke, or void 
an exemption under this section, as 
follows: 

(i) We may suspend or revoke your 
exemption if you fail to meet the 
requirements of this section. We may 
suspend or revoke an exemption related 
to a specific secondary manufacturer if 
that manufacturer sells vehicles that are 
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in not in a certified configuration in 
violation of the regulations. We may 
disallow this exemption for future 
shipments to the affected secondary 
manufacturer or set additional 
conditions to ensure that vehicles will 
be assembled in the certified 
configuration. 

(ii) We may void an exemption for all 
the affected vehicles if you intentionally 
submit false or incomplete information 
or fail to keep and provide to EPA the 
records required by this section. 

(iii) The exemption is void for a 
vehicle that is shipped to a company 
that is not a certificate holder or for a 
vehicle that is shipped to a secondary 
manufacturer that is not in compliance 
with the requirements of this section. 

(iv) The secondary manufacturer may 
be liable for penalties for causing a 
prohibited act where the exemption is 
voided due to actions on the part of the 
secondary manufacturer. 

(c) Provide instructions along with 
partially complete vehicles including all 
information necessary to ensure that an 
engine will be installed in its certified 
configuration. 

§ 1037.630 Special purpose tractors. 
(a) General provisions. This section 

allows a vehicle manufacturer to 
reclassify certain tractors as vocational 
tractors. Vocational tractors are treated 
as vocational vehicles and are exempt 
from the standards of § 1037.106. Note 
that references to ‘‘tractors’’ outside of 
this section mean non-vocational 
tractors. 

(1) This allowance is intended only 
for vehicles that do not typically operate 
at highway speeds, or would otherwise 
not benefit from efficiency 
improvements designed for line-haul 
tractors. This allowance is limited to the 
following vehicle and application types: 

(i) Low-roof tractors intended for 
intra-city pickup and delivery, such as 
those that deliver bottled beverages to 
retail stores. 

(ii) Tractors intended for off-road 
operation (including mixed service 
operation), such as those with 
reinforced frames and increased ground 
clearance. 

(iii) Tractors with a GCWR over 
120,000 pounds. 

(2) Where we determine that a 
manufacturer is not applying this 
allowance in good faith, we may require 
the manufacturer to obtain preliminary 
approval before using this allowance. 

(b) Requirements. The following 
requirements apply with respect to 
tractors reclassified under this section: 

(1) The vehicle must fully conform to 
all requirements applicable to 
vocational vehicles under this part. 

(2) Vehicles reclassified under this 
section must be certified as a separate 
vehicle family. However, they remain 
part of the vocational regulatory sub- 
category and averaging set that applies 
for their weight class. 

(3) You must include the following 
additional statement on the vehicle’s 
emission control information label 
under § 1037.135: ‘‘THIS VEHICLE WAS 
CERTIFIED AS A VOCATIONAL 
TRACTOR UNDER 40 CFR 1037.630.’’. 

(4) You must keep records for three 
years to document your basis for 
believing the vehicles will be used as 
described in paragraph (a)(1) of this 
section. Include in your application for 
certification a brief description of your 
basis. 

(c) Production limit. No manufacturer 
may produce more than 21,000 vehicles 
under this section in any consecutive 
three model year period. This means 
you may not exceed 6,000 in a given 
model year if the combined total for the 
previous two years was 15,000. The 
production limit applies with respect to 
all Class 7 and Class 8 tractors certified 
or exempted as vocational tractors. Note 
that in most cases, the provisions of 
paragraph (a) of this section will limit 
the allowable number of vehicles to be 
a number lower than the production 
limit of this paragraph (c). 

(d) Off-road exemption. All the 
provisions of this section apply for 
vocational tractors exempted under 
§ 1037.631, except as follows: 

(1) The vehicles are required to 
comply with the requirements of 
§ 1037.631 instead of the requirements 
that would otherwise apply to 
vocational vehicles. Vehicles complying 
with the requirements of § 1037.631 and 
using an engine certified to the 
standards of 40 CFR part 1036 are 
deemed to fully conform to all 
requirements applicable to vocational 
vehicles under this part. 

(2) The vehicles must be labeled as 
specified under § 1037.631 instead of as 
specified in paragraph (b)(3) of this 
section. 

§ 1037.631 Exemption for vocational 
vehicles intended for off-road use. 

This section provides an exemption 
from the greenhouse gas standards of 
this part for certain vocational vehicles 
intended to be used extensively in off- 
road environments such as forests, oil 
fields, and construction sites. This 
section does not exempt the engine used 
in the vehicle from the standards of 40 
CFR part 86 or part 1036. Note that you 
may not include these exempted 
vehicles in any credit calculations 
under this part. 

(a) Qualifying criteria. Vocational 
vehicles intended for off-road use 
meeting either the criteria of paragraph 
(a)(1) or (a)(2) of this section are exempt 
without request, subject to the 
provisions of this section. 

(1) Vehicles are exempt if the tires 
installed on the vehicle have a 
maximum speed rating at or below 55 
mph. 

(2) Vehicles are exempt if they were 
primarily designed to perform work off- 
road (such as in oil fields, forests, or 
construction sites), and they meet at 
least one of the criteria of paragraph 
(a)(2)(i) of this section and at least one 
of the criteria of paragraph (a)(2)(ii) of 
this section. 

(i) The vehicle must have affixed 
components designed to work in an off- 
road environment (i.e., hazardous 
material equipment or off-road drill 
equipment) or be designed to operate at 
low speeds such that it is unsuitable for 
normal highway operation. 

(ii) The vehicle must meet one of the 
following criteria: 

(A) Have an axle that has a gross axle 
weight rating (GAWR) of 29,000 pounds. 

(B) Have a speed attainable in 2 miles 
of not more than 33 mph. 

(C) Have a speed attainable in 2 miles 
of not more than 45 mph, an unloaded 
vehicle weight that is not less than 95 
percent of its gross vehicle weight rating 
(GVWR), and no capacity to carry 
occupants other than the driver and 
operating crew. 

(b) Tractors. The provisions of this 
section may apply for tractors only if 
each tractor qualifies as a vocational 
tractor under § 1037.630. 

(c) Recordkeeping and reporting. (1) 
You must keep records to document that 
your exempted vehicle configurations 
meet all applicable requirements of this 
section. Keep these records for at least 
eight years after you stop producing the 
exempted vehicle model. We may 
review these records at any time. 

(2) You must also keep records of the 
individual exempted vehicles you 
produce, including the vehicle 
identification number and a description 
of the vehicle configuration. 

(3) Within 90 days after the end of 
each model year, you must send to the 
Designated Compliance Officer a report 
with the following information: 

(i) A description of each exempted 
vehicle configuration, including an 
explanation of why it qualifies for this 
exemption. 

(ii) The number of vehicles exempted 
for each vehicle configuration. 

(d) Labeling. You must include the 
following additional statement on the 
vehicle’s emission control information 
label under § 1037.135: ‘‘THIS VEHICLE 
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WAS EXEMPTED UNDER 40 CFR 
1037.631.’’. 

§ 1037.640 Variable vehicle speed limiters. 
This section specifies provisions that 

apply for vehicle speed limiters (VSLs) 
that you model under § 1037.520. This 
does not apply for VSLs that you do not 
model under § 1037.520. 

(a) General. The regulations of this 
part do not constrain how you may 
design VSLs for your vehicles. For 
example, you may design your VSL to 
have a single fixed speed limit or a soft- 
top speed limit. You may also design 
your VSL to expire after accumulation 
of a predetermined number of miles. 
However, designs with soft tops or 
expiration features are subject to 
proration provisions under this section 
that do not apply to fixed VSLs that do 
not expire. 

(b) Definitions. The following 
definitions apply for purposes of this 
section: 

(1) Default speed limit means the 
speed limit that normally applies for the 
vehicle, except as follows: 

(i) The default speed limit for 
adjustable VSLs must represent the 
speed limit that applies when the VSL 
is adjusted to its highest setting under 
paragraph (c) of this section. 

(ii) For VSLs with soft tops, the 
default speed does not include speeds 
possible only during soft-top operation. 

(iii) For expiring VSLs, the default 
does not include speeds that are 
possible only after expiration. 

(2) Soft-top speed limit means the 
highest speed limit that applies during 
soft-top operation. 

(3) Maximum soft-top duration means 
the maximum amount of time that a 
vehicle could operate above the default 
speed limit. 

(4) Certified VSL means a VSL 
configuration that applies when a 
vehicle is new and until it expires. 

(5) Expiration point means the 
mileage at which a vehicle’s certified 
VSL expires (or the point at which 
tamper protections expire). 

(6) Effective speed limit has the 
meaning given in paragraph (d) of this 
section. 

(c) Adjustments. You may design your 
VSL to be adjustable; however, this may 
affect the value you use in the GEM. 

(1) Except as specified in paragraph 
(c)(2) of this section, any adjustments 
that can be made to the engine, vehicle, 
or their controls that change the VSL’s 
actual speed limit are considered to be 
adjustable operating parameters. 
Compliance is based on the vehicle 
being adjusted to the highest speed limit 
within this range. 

(2) The following adjustments are not 
adjustable parameters: 

(i) Adjustments made only to account 
for changing tire size or final drive ratio. 

(ii) Adjustments protected by 
encrypted controls or passwords. 

(iii) Adjustments possible only after 
the VSL’s expiration point. 

(d) Effective speed limit. (1) For VSLs 
without soft tops or expiration points 
that expire before 1,259,000 miles, the 
effective speed limit is the highest speed 
limit that results by adjusting the VSL 
or other vehicle parameters consistent 
with the provisions of paragraph (c) of 
this section. 

(2) For VSLs with soft tops and/or 
expiration points, the effective speed 
limit is calculated as specified in this 
paragraph (d)(2), which is based on 10 
hours of operation per day (394 miles 
per day for day cabs and 551 miles per 
day for sleeper cabs). Note that this 
calculation assumes that a fraction of 
this operation is speed limited (3.9 
hours and 252 miles for day cabs, and 
7.3 hours and 474 miles for sleeper 
cabs). Use the following equation to 
calculate the effective speed limit, 
rounded to the nearest 0.1 mph: 
Effective speed = ExF * [STF* STSL + 

(1–STF) * DSL] + (1–ExF)*65 mph 
Where: 
ExF = expiration point miles/1,259,000 miles 
STF = maximum number of allowable soft 

top operation hours per day/3.9 hours for 
day cabs (or maximum miles per day/ 
252) 

STF = maximum number of allowable soft 
top operation hours per day/7.3 hours for 
sleeper cabs (or maximum miles per day/ 
474) 

STSL = the soft top speed limit 
DSL = the default speed limit 

§ 1037.645 In-use compliance with family 
emission limits (FELs). 

You may ask us to apply a higher in- 
use FEL for certain in-use vehicles, 
subject to the provisions of this section. 
Note that § 1037.225 contains provisions 
related to changing FELs during a model 
year. 

(a) Purpose. This section is intended 
to address circumstances in which it is 
in the public interest to apply a higher 
in-use FEL based on forfeiting an 
appropriate number of emission credits. 

(b) FELs. We may apply higher in-use 
FELs to your vehicles as follows: 

(1) Where your vehicle family 
includes more than one sub-family with 
different FELs, we may apply a higher 
FEL within the family than was applied 
to the vehicle’s configuration in your 
final ABT report. For example, if your 
vehicle family included three sub- 
families with FELs of 200 g/ton-mile, 
210 g/ton-mile, and 220 g/ton-mile, we 
may apply a 220 g/ton-mile in-use FEL 
to vehicles that were originally 

designated as part of the 200 g/ton-mile 
or 210 g/ton-mile sub-families. 

(2) Without regard to the number of 
sub-families in your certified vehicle 
family, we may specify new sub- 
families with higher FELs than were 
included in your final ABT report. We 
may apply these higher FELs as in-use 
FELs for your vehicles. For example, if 
your vehicle family included three sub- 
families with FELs of 200 g/ton-mile, 
210 g/ton-mile, and 220 g/ton-mile, we 
may specify a new 230 g/ton-mile sub- 
family. 

(3) In specifying sub-families and in- 
use FELs, we would intend to accurately 
reflect the actual in-use performance of 
your vehicles, consistent with the 
specified testing and modeling 
provisions of this part. 

(c) Equivalent families. We may apply 
the higher FELs to other families in 
other model years if they used 
equivalent emission controls. 

(d) Credit forfeiture. Where we specify 
higher in-use FELs under this section, 
you must forfeit CO2 emission credits 
based on the difference between the in- 
use FEL and the otherwise applicable 
FEL. Calculate the amount of credits to 
be forfeited using the applicable 
equation in § 1037.705, by substituting 
the otherwise applicable FEL for the 
standard and the in-use FEL for the 
otherwise applicable FEL. 

(e) Requests. Submit your request to 
the Designated Compliance Officer. 
Include the following in your request: 

(1) The vehicle family name, model 
year, and name/description of the 
configuration(s) affected. 

(2) A list of other vehicle families/ 
configurations/model years that may be 
affected. 

(3) The otherwise applicable FEL for 
each configuration along with your 
recommendations for higher in-use 
FELs. 

(4) Your source of credits for 
forfeiture. 

(f) Relation to recall. You may not 
request higher in-use FELs for any 
vehicle families for which we have 
made a determination of 
nonconformance and ordered a recall. 
You may, however, make such requests 
for vehicle families for which you are 
performing a voluntary emission recall. 

(g) Approval. We may approve your 
request if we determine that you meet 
the requirements of this section and 
such approval is in the public interest. 
We may include appropriate conditions 
with our approval or we may approve 
your request with modifications. 

§ 1037.650 Tire manufacturers. 
This section describes how the 

requirements of this part apply with 
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respect to tire manufacturers that choose 
to provide test data or emission 
warranties for purposes of this part. 

(a) Testing. You are responsible as 
follows for test tires and emission test 
results that you provide to vehicle 
manufacturers for the purpose of the 
manufacturer submitting them to EPA 
for certification under this part: 

(1) Such test results are deemed under 
§ 1037.825 to be submissions to EPA. 
This means that you may be subject to 
criminal penalties under 18 U.S.C. 1001 
if you knowingly submit false test 
results to the manufacturer. 

(2) You may not cause a vehicle 
manufacturer to violate the regulations 
by rendering inaccurate emission test 
results you provide (or emission test 
results from testing of test tires you 
provide) to the vehicle manufacturer. 

(3) Your provision of test tires and 
emission test results to vehicle 
manufacturers for the purpose of 
certifying under this part is deemed to 
be an agreement to provide tires to EPA 
for confirmatory testing under 
§ 1037.201. 

(b) Warranty. You may contractually 
agree to process emission warranty 
claims on behalf of the manufacturer 
certifying the vehicle with respect to 
tires you produce. 

(1) Your fulfillment of the warranty 
requirements of this part is deemed to 
fulfill the vehicle manufacturer’s 
warranty obligations under this part 
with respect to tires you warrant. 

(2) You may not cause a vehicle 
manufacturer to violate the regulations 
by failing to fulfill the emission 
warranty requirements that you 
contractually agreed to fulfill. 

§ 1037.655 Post-useful life vehicle 
modifications. 

This section specifies vehicle 
modifications that may occur after a 
vehicle reaches the end of its regulatory 
useful life. It does not apply with 
respect to modifications that occur 
within the useful life period. It also does 
not apply with respect to engine 
modifications or recalibrations. Note 
that many such modifications to the 
vehicle during the useful life and to the 
engine at any time are presumed to 
violate 42 U.S.C. 7522(a)(3)(A). 

(a) General. Except as allowed by this 
section, it is prohibited for any person 
to remove or render inoperative any 
emission control device installed to 
comply with the requirements of this 
part 1037. 

(b) Allowable modifications. You may 
modify a vehicle for the purpose of 
reducing emissions, provided you have 
a reasonable technical basis for knowing 
that such modification will not increase 

emissions of any other pollutant. 
Reasonable technical basis has the 
meaning given in 40 CFR 1068.30. This 
generally requires you to have 
information that would lead an engineer 
or other person familiar with engine and 
vehicle design and function to 
reasonably believe that the 
modifications will not increase 
emissions of any regulated pollutant. 

(c) Examples of allowable 
modifications. The following are 
examples of allowable modifications: 

(1) It is generally allowable to remove 
tractor roof fairings after the end of the 
vehicle’s useful life if the vehicle will 
no longer be used primarily to pull box 
trailers. 

(2) Other fairings may be removed 
after the end of the vehicle’s useful life 
if the vehicle will no longer be used 
significantly on highways with vehicle 
speed of 55 miles per hour or higher. 

(d) Examples of prohibited 
modifications. The following are 
examples of modifications that are not 
allowable: 

(1) No person may disable a vehicle 
speed limiter prior to its expiration 
point. 

(2) No person may remove 
aerodynamic fairings from tractors that 
are used primarily to pull box trailers on 
highways. 

§ 1037.660 Automatic engine shutdown 
systems. 

This section specifies requirements 
that apply for certified automatic engine 
shutdown systems (AES) that are 
modeled under § 1037.520. It does not 
apply for AES systems that you do not 
model under § 1037.520. 

(a) Minimum requirements. Your AES 
system must meet all of the 
requirements of this paragraph (a) to be 
modeled under § 1037.520. The system 
must shut down the engine within 300 
seconds when all the following 
conditions are met: 

(1) The transmission is set in neutral 
with the parking brake engaged (or the 
transmission is set to park if so 
equipped). 

(2) The operator has not reset the 
system timer within the 300 seconds by 
changing the position of the accelerator, 
brake, or clutch pedal; or by some other 
mechanism we approve. 

(3) None of the override conditions of 
paragraph (b) of this section are met. 

(b) Override conditions. The system 
may delay shutting the engine down 
while any of the conditions of this 
paragraph (b) apply. Engines equipped 
with auto restart may restart during 
override conditions. Note that these 
conditions allow the system to delay 
shutdown or restart, but do not allow it 

to reset the timer. The system may delay 
shutdown— 

(1) While an exhaust emission control 
device is regenerating. The period 
considered to be regeneration for 
purposes of this allowance must be 
consistent with good engineering 
judgment and may differ in length from 
the period considered to be regeneration 
for other purposes. For example, in 
some cases it may be appropriate to 
include a cool down period for this 
purpose but not for infrequent 
regeneration adjustment factors. 

(2) If necessary while servicing the 
vehicle, provided the deactivation of the 
AES system is accomplished using a 
diagnostic scan tool. The system must 
be automatically reactivated when the 
engine is shutdown for more than 60 
minutes. 

(3) If the vehicle’s main battery state- 
of-charge is not sufficient to allow the 
main engine to be restarted. 

(4) If the external ambient 
temperature reaches a level below 
which or above which the cabin 
temperature cannot be maintained 
within reasonable heat or cold exposure 
threshold limit values for the health and 
safety of the operator (not merely 
comfort). 

(5) If the vehicle’s engine coolant 
temperature is too low according to the 
manufacturer’s engine protection 
guidance. This may also apply for fuel 
or oil temperatures. This allows the 
engine to continue operating until it 
reaches a predefined temperature at 
which the shutdown sequence of 
paragraph (a) of this section would 
resume. 

(6) The system may delay shutdown 
while the vehicle’s main engine is 
operating in power take-off (PTO) mode. 
For purposes of this paragraph (b)(6), an 
engine is considered to be in PTO mode 
when a switch or setting designating 
PTO mode is enabled. 

(c) Expiration of AES systems. The 
AES system may include an expiration 
point (in miles) after which the AES 
system may be disabled. If your vehicle 
is equipped with an expiring AES 
system that expires before 1,259,000 
miles adjust the model input as follows: 
Input = 5 g CO2/ton-mile × (miles at 

expiration/1,259,000 miles) 
(d) Adjustable parameters. Provisions 

that apply generally with respect to 
adjustable parameters also apply to the 
AES system operating parameters, 
except the following are not considered 
to be adjustable parameters: 

(1) Accelerator, brake, and clutch 
pedals, with respect to resetting the idle 
timer. Parameters associated with other 
timer reset mechanisms we approve are 
also not adjustable parameters. 
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(2) Bypass parameters allowed for 
vehicle service under paragraph (b)(2) of 
this section. 

(3) Parameters that are adjustable only 
after the expiration point. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

§ 1037.701 General provisions. 
(a) You may average, bank, and trade 

(ABT) emission credits for purposes of 
certification as described in this subpart 
and in subpart B of this part to show 
compliance with the standards of 
§§ 1037.105 and 1037.106. Participation 
in this program is voluntary. 

(b) The definitions of Subpart I of this 
part apply to this subpart. The following 
definitions also apply: 

(1) Actual emission credits means 
emission credits you have generated 
that we have verified by reviewing your 
final report. 

(2) Averaging set means a set of 
vehicles in which emission credits may 
be exchanged. Credits generated by one 
vehicle may only be used by other 
vehicles in the same averaging set. Note 
that an averaging set may comprise 
more than one regulatory subcategory. 
See § 1037.740. 

(3) Broker means any entity that 
facilitates a trade of emission credits 
between a buyer and seller. 

(4) Buyer means the entity that 
receives emission credits as a result of 
a trade. 

(5) Reserved emission credits means 
emission credits you have generated 
that we have not yet verified by 
reviewing your final report. 

(6) Seller means ‘the entity that 
provides emission credits during a 
trade. 

(7) Standard means the emission 
standard that applies under subpart B of 
this part for vehicles not participating in 
the ABT program of this subpart. 

(8) Trade means to exchange emission 
credits, either as a buyer or seller. 

(c) Emission credits may be 
exchanged only within an averaging set 
as specified in § 1037.740. 

(d) You may not use emission credits 
generated under this subpart to offset 
any emissions that exceed an FEL or 
standard, except as allowed by 
§ 1037.645. 

(e) You may trade emission credits 
generated from any number of your 
vehicles to the vehicle purchasers or 
other parties to retire the credits. 
Identify any such credits in the reports 
described in § 1037.730. Vehicles must 
comply with the applicable FELs even 
if you donate or sell the corresponding 
emission credits under this paragraph 
(e). Those credits may no longer be used 

by anyone to demonstrate compliance 
with any EPA emission standards. 

(f) Emission credits may be used in 
the model year they are generated. 
Surplus emission credits may be banked 
for future model years. Surplus 
emission credits may sometimes be used 
for past model years, as described in 
§ 1037.745. 

(g) You may increase or decrease an 
FEL during the model year by amending 
your application for certification under 
§ 1037.225. The new FEL may apply 
only to vehicles you have not already 
introduced into commerce. 

(h) See § 1037.740 for special credit 
provisions that apply for credits 
generated under § 1037.104(d)(7), 
§ 1037.615 or 40 CFR 1036.615. 

(i) Unless the regulations explicitly 
allow it, you may not calculate credits 
more than once for any emission 
reduction. For example, if you generate 
CO2 emission credits for a given hybrid 
vehicle under this part, no one may 
generate CO2 emission credits for the 
hybrid engine under 40 CFR part 1036. 
However, credits could be generated for 
identical engine used in vehicles that 
did not generate credits under this part. 

§ 1037.705 Generating and calculating 
emission credits. 

(a) The provisions of this section 
apply separately for calculating 
emission credits for each pollutant. 

(b) For each participating family or 
subfamily, calculate positive or negative 
emission credits relative to the 
otherwise applicable emission standard. 
Calculate positive emission credits for a 
family or subfamily that has an FEL 
below the standard. Calculate negative 
emission credits for a family or 
subfamily that has an FEL above the 
standard. Sum your positive and 
negative credits for the model year 
before rounding. Round the sum of 
emission credits to the nearest 
megagram (Mg), using consistent units 
throughout the following equations: 

(1) For vocational vehicles: 
Emission credits (Mg) = (Std-FEL) × 

(Payload Tons) × (Volume) × (UL) × 
(10-6) 

Where: 
Std = the emission standard associated with 

the specific tractor regulatory 
subcategory (g/ton-mile). 

FEL = the family emission limit for the 
vehicle subfamily (g/ton-mile). 

Payload tons = the prescribed payload for 
each class in tons (2.85 tons for light 
heavy-duty vehicles, 5.6 tons for 
medium heavy-duty vehicles, and 7.5 
tons for heavy heavy-duty vehicles). 

Volume = U.S.-directed production volume 
of the vehicle subfamily. For example, if 
you produce three configurations with 
the same FEL, the subfamily production 

volume would be the sum of the 
production volumes for these three 
configurations. 

UL = useful life of the vehicle (110,000 miles 
for light heavy-duty vehicles, 185,000 
miles for medium heavy-duty vehicles, 
and 435,000 miles for heavy heavy-duty 
vehicles). 

(2) For tractors: 
Emission credits (Mg) = (Std-FEL) × 

(Payload tons) × (Volume) × (UL) × 
(10-6) 

Where: 
Std = the emission standard associated with 

the specific tractor regulatory 
subcategory (g/ton-mile). 

FEL = the family emission limit for the 
vehicle subfamily (g/ton-mile). 

Payload tons = the prescribed payload for 
each class in tons (12.5 tons for Class 7 
and 19 tons for Class 8). 

Volume = U.S.-directed production volume 
of the vehicle subfamily. 

UL = useful life of the tractor (435,000 miles 
for Class 8 and 185,000 miles for Class 
7). 

(c) As described in § 1037.730, 
compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
directed production volumes. Keep 
appropriate records to document these 
production volumes. Do not include any 
of the following vehicles to calculate 
emission credits: 

(1) Vehicles that you do not certify to 
the CO2 standards of this part because 
they are permanently exempted under 
subpart G of this part or under 40 CFR 
part 1068. 

(2) Exported vehicles. 
(3) Vehicles not subject to the 

requirements of this part, such as those 
excluded under § 1037.5. 

(4) Any other vehicles, where we 
indicate elsewhere in this part 1037 that 
they are not to be included in the 
calculations of this subpart. 

§ 1037.710 Averaging. 

(a) Averaging is the exchange of 
emission credits among your vehicle 
families. You may average emission 
credits only within the same averaging 
set. 

(b) You may certify one or more 
vehicle families (or subfamilies) to an 
FEL above the applicable standard, 
subject to any applicable FEL caps and 
other provisions in subpart B of this 
part, if you show in your application for 
certification that your projected balance 
of all emission-credit transactions in 
that model year is greater than or equal 
to zero or that a negative balance is 
allowed under § 1037.745. 

(c) If you certify a vehicle family to an 
FEL that exceeds the otherwise 
applicable standard, you must obtain 
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enough emission credits to offset the 
vehicle family’s deficit by the due date 
for the final report required in 
§ 1037.730. The emission credits used to 
address the deficit may come from your 
other vehicle families that generate 
emission credits in the same model year 
(or from later model years as specified 
in § 1037.745), from emission credits 
you have banked, or from emission 
credits you obtain through trading. 

§ 1037.715 Banking. 

(a) Banking is the retention of surplus 
emission credits by the manufacturer 
generating the emission credits for use 
in future model years for averaging or 
trading. 

(b) You may designate any emission 
credits you plan to bank in the reports 
you submit under § 1037.730 as 
reserved credits. During the model year 
and before the due date for the final 
report, you may designate your reserved 
emission credits for averaging or 
trading. 

(c) Reserved credits become actual 
emission credits when you submit your 
final report. However, we may revoke 
these emission credits if we are unable 
to verify them after reviewing your 
reports or auditing your records. 

(d) Banked credits retain the 
designation of the averaging set in 
which they were generated. 

§ 1037.720 Trading. 

(a) Trading is the exchange of 
emission credits between 
manufacturers, or the transfer of credits 
to another party to retire them. You may 
use traded emission credits for 
averaging, banking, or further trading 
transactions. Traded emission credits 
remain subject to the averaging-set 
restrictions based on the averaging set in 
which they were generated. 

(b) You may trade actual emission 
credits as described in this subpart. You 
may also trade reserved emission 
credits, but we may revoke these 
emission credits based on our review of 
your records or reports or those of the 
company with which you traded 
emission credits. You may trade banked 
credits within an averaging set to any 
certifying manufacturer. 

(c) If a negative emission credit 
balance results from a transaction, both 
the buyer and seller are liable, except in 
cases we deem to involve fraud. See 
§ 1037.255(e) for cases involving fraud. 
We may void the certificates of all 
vehicle families participating in a trade 
that results in a manufacturer having a 
negative balance of emission credits. 
See § 1037.745. 

§ 1037.725 What must I include in my 
application for certification? 

(a) You must declare in your 
application for certification your intent 
to use the provisions of this subpart for 
each vehicle family that will be certified 
using the ABT program. You must also 
declare the FELs you select for the 
vehicle family or subfamily for each 
pollutant for which you are using the 
ABT program. Your FELs must comply 
with the specifications of subpart B of 
this part, including the FEL caps. FELs 
must be expressed to the same number 
of decimal places as the applicable 
standards. 

(b) Include the following in your 
application for certification: 

(1) A statement that, to the best of 
your belief, you will not have a negative 
balance of emission credits for any 
averaging set when all emission credits 
are calculated at the end of the year; or 
a statement that you will have a 
negative balance of emission credits for 
one or more averaging sets but that it is 
allowed under § 1037.745. 

(2) Calculations of projected emission 
credits (positive or negative) based on 
projected U.S.-directed production 
volumes. We may require you to include 
similar calculations from your other 
vehicle families to project your net 
credit balances for the model year. If 
you project negative emission credits for 
a family or subfamily, state the source 
of positive emission credits you expect 
to use to offset the negative emission 
credits. 

§ 1037.730 ABT reports. 
(a) If any of your vehicle families are 

certified using the ABT provisions of 
this subpart, you must send an end-of- 
year report within 90 days after the end 
of the model year and a final report 
within 270 days after the end of the 
model year. 

(b) Your end-of-year and final reports 
must include the following information 
for each vehicle family participating in 
the ABT program: 

(1) Vehicle-family and subfamily 
designations. 

(2) The regulatory subcategory and 
emission standards that would 
otherwise apply to the vehicle family. 

(3) The FEL for each pollutant. If you 
change the FEL after the start of 
production, identify the date that you 
started using the new FEL and/or give 
the vehicle identification number for the 
first vehicle covered by the new FEL. In 
this case, identify each applicable FEL 
and calculate the positive or negative 
emission credits as specified in 
§ 1037.225. 

(4) The projected and actual U.S.- 
directed production volumes for the 

model year. If you changed an FEL 
during the model year, identify the 
actual production volume associated 
with each FEL. 

(5) Useful life. 
(6) Calculated positive or negative 

emission credits for the whole vehicle 
family. Identify any emission credits 
that you traded, as described in 
paragraph (d)(1) of this section. 

(7) If you have a negative credit 
balance for the averaging set in the 
given model year, specify whether the 
vehicle family (or certain subfamilies 
with the vehicle family) have a credit 
deficit for the year. Consider for 
example, a manufacturer with three 
vehicle families (‘‘A’’, ‘‘B’’, and ‘‘C’’) in 
a given averaging set. If family A 
generates enough credits to offset the 
negative credits of family B but not 
enough to also offset the negative credits 
of family C (and the manufacturer has 
no banked credits in the averaging set), 
the manufacturer may designate families 
A and B as having no deficit for the 
model year, provided it designates 
family C as having a deficit for the 
model year. 

(c) Your end-of-year and final reports 
must include the following additional 
information: 

(1) Show that your net balance of 
emission credits from all your 
participating vehicle families in each 
averaging set in the applicable model 
year is not negative, except as allowed 
under § 1037.745. 

(2) State whether you will reserve any 
emission credits for banking. 

(3) State that the report’s contents are 
accurate. 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The vehicle families that 
generated emission credits for the trade, 
including the number of emission 
credits from each family. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
to each vehicle family (if known). 

(e) Send your reports electronically to 
the Designated Compliance Officer 
using an approved information format. 
If you want to use a different format, 
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send us a written request with 
justification for a waiver. 

(f) Correct errors in your end-of-year 
report or final report as follows: 

(1) You may correct any errors in your 
end-of-year report when you prepare the 
final report, as long as you send us the 
final report by the time it is due. 

(2) If you or we determine within 270 
days after the end of the model year that 
errors mistakenly decreased your 
balance of emission credits, you may 
correct the errors and recalculate the 
balance of emission credits. You may 
not make these corrections for errors 
that are determined more than 270 days 
after the end of the model year. If you 
report a negative balance of emission 
credits, we may disallow corrections 
under this paragraph (f)(2). 

(3) If you or we determine anytime 
that errors mistakenly increased your 
balance of emission credits, you must 
correct the errors and recalculate the 
balance of emission credits. 

§ 1037.735 Recordkeeping. 
(a) You must organize and maintain 

your records as described in this 
section. We may review your records at 
any time. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
vehicles if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. Store 
these records in any format and on any 
media, as long as you can promptly 
send us organized, written records in 
English if we ask for them. You must 
keep these records readily available. We 
may review them at any time. 

(c) Keep a copy of the reports we 
require in §§ 1037.725 and 1037.730. 

(d) Keep records of the vehicle 
identification number for each vehicle 
you produce that generates or uses 
emission credits under the ABT 
program. You may identify these 
numbers as a range. If you change the 
FEL after the start of production, 
identify the date you started using each 
FEL and the range of vehicle 
identification numbers associated with 
each FEL. You must also identify the 
purchaser and destination for each 
vehicle you produce to the extent this 
information is available. 

(e) We may require you to keep 
additional records or to send us relevant 
information not required by this section 
in accordance with the Clean Air Act. 

§ 1037.740 Restrictions for using emission 
credits. 

The following restrictions apply for 
using emission credits: 

(a) Averaging sets. Except as specified 
in paragraph (b) of this section, 
emission credits may be exchanged only 
within an averaging set. There are three 
principal averaging sets for vehicles 
subject to this subpart. 

(1) Vehicles at or below 19,500 
pounds GVWR that are subject to the 
standards of § 1037.105. 

(2) Vehicles above 19,500 pounds 
GVWR but at or below 33,000 pounds 
GVWR. 

(3) Vehicles over 33,000 pounds 
GVWR. 

(4) Note that other separate averaging 
sets also apply for emission credits not 
related to this subpart. For example, 
under § 1037.104, an additional 
averaging set comprises all vehicles 
subject to the standards of that section. 
Separate averaging sets also apply for 
engines under 40 CFR part 1036, 
including engines used in vehicles 
subject to this subpart. 

(b) Credits from hybrid vehicles and 
other advanced technologies. The 
averaging set restrictions of paragraph 
(a) of this section do not apply for 
credits generated under 
§ 1037.104(d)(7), § 1037.615 or 40 CFR 
1036.615 from hybrid vehicles with 
regenerative braking, or from other 
advanced technologies. 

(1) The maximum amount of credits 
you may bring into the following service 
class groups is 60,000 Mg per model 
year: 

(i) Spark-ignition engines, light heavy- 
duty compression-ignition engines, and 
light heavy-duty vehicles. This group 
comprises the averaging set listed in 
paragraphs (a)(1) of this section and the 
averaging set listed in 40 CFR 
1036.740(a)(1) and (2). 

(ii) Medium heavy-duty compression- 
ignition engines and medium heavy- 
duty vehicles. This group comprises the 
averaging sets listed in paragraph (a)(2) 
of this section and 40 CFR 
1036.740(a)(3). 

(iii) Heavy heavy-duty compression- 
ignition engines and heavy heavy-duty 
vehicles. This group comprises the 
averaging sets listed in paragraph (a)(3) 
of this section and 40 CFR 
1036.740(a)(4). 

(2) The limit specified in paragraph 
(b)(1) of this section does not limit the 
amount of advanced technology credits 
that can be used within a service class 
group if they were generated in that 
same service class group. 

(c) Credit life. Credits expire after five 
years. 

(d) Other restrictions. Other sections 
of this part specify additional 
restrictions for using emission credits 
under certain special provisions. 

§ 1037.745 End-of-year CO2 credit deficits. 

Except as allowed by this section, we 
may void the certificate of any vehicle 
family certified to an FEL above the 
applicable standard for which you do 
not have sufficient credits by the 
deadline for submitting the final report. 

(a) Your certificate for a vehicle 
family for which you do not have 
sufficient CO2 credits will not be void 
if you remedy the deficit with surplus 
credits within three model years. For 
example, if you have a credit deficit of 
500 Mg for a vehicle family at the end 
of model year 2015, you must generate 
(or otherwise obtain) a surplus of at 
least 500 Mg in that same averaging set 
by the end of model year 2018. 

(b) You may apply only surplus 
credits to your deficit. You may not 
apply credits to a deficit from an earlier 
model year if they were generated in a 
model year for which any of your 
vehicle families for that averaging set 
had an end-of-year credit deficit. 

(c) If you do not remedy the deficit 
with surplus credits within three model 
years, we may void your certificate for 
that vehicle family. Note that voiding a 
certificate applies ab initio. Where the 
net deficit is less than the total amount 
of negative credits originally generated 
by the family, we will void the 
certificate only with respect to the 
number of vehicles needed to reach the 
amount of the net deficit. For example, 
if the original vehicle family generated 
500 Mg of negative credits, and the 
manufacturer’s net deficit after three 
years was 250 Mg, we would void the 
certificate with respect to half of the 
vehicles in the family. 

§ 1037.750 What can happen if I do not 
comply with the provisions of this subpart? 

(a) For each vehicle family 
participating in the ABT program, the 
certificate of conformity is conditioned 
upon full compliance with the 
provisions of this subpart during and 
after the model year. You are 
responsible to establish to our 
satisfaction that you fully comply with 
applicable requirements. We may void 
the certificate of conformity for a 
vehicle family if you fail to comply with 
any provisions of this subpart. 

(b) You may certify your vehicle 
family or subfamily to an FEL above an 
applicable standard based on a 
projection that you will have enough 
emission credits to offset the deficit for 
the vehicle family. See § 1037.745 for 
provisions specifying what happens if 
you cannot show in your final report 
that you have enough actual emission 
credits to offset a deficit for any 
pollutant in a vehicle family. 
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(c) We may void the certificate of 
conformity for a vehicle family if you 
fail to keep records, send reports, or give 
us information we request. Note that 
failing to keep records, send reports, or 
give us information we request is also a 
violation of 42 U.S.C. 7522(a)(2). 

(d) You may ask for a hearing if we 
void your certificate under this section 
(see § 1037.820). 

§ 1037.755 Information provided to the 
Department of Transportation. 

After receipt of each manufacturer’s 
final report as specified in § 1037.730 
and completion of any verification 
testing required to validate the 
manufacturer’s submitted final data, we 
will issue a report to the Department of 
Transportation with CO2 emission 
information and will verify the accuracy 
of each manufacturer’s equivalent fuel 
consumption data required by NHTSA 
under 49 CFR 535.8. We will send a 
report to DOT for each vehicle 
manufacturer based on each regulatory 
category and subcategory, including 
sufficient information for NHTSA to 
determine fuel consumption and 
associated credit values. See 49 CFR 
535.8 to determine if NHTSA deems 
submission of this information to EPA 
to also be a submission to NHTSA. 

Subpart I—Definitions and Other 
Reference Information 

§ 1037.801 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Act gives to them. The definitions 
follow: 

A to B testing means testing 
performed in pairs to allow comparison 
of vehicle A to vehicle B. 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401–7671q. 

Adjustable parameter means any 
device, system, or element of design that 
someone can adjust (including those 
which are difficult to access) and that, 
if adjusted, may affect measured or 
modeled emissions (as applicable). You 
may ask us to exclude a parameter that 
is difficult to access if it cannot be 
adjusted to affect emissions without 
significantly degrading vehicle 
performance, or if you otherwise show 
us that it will not be adjusted in a way 
that affects emissions during in-use 
operation. 

Adjusted Loaded Vehicle Weight 
means the numerical average of vehicle 
curb weight and GVWR. 

Advanced technology means vehicle 
technology certified under § 1037.615, 
§ 1037.104(d)(7), or 40 CFR 1036.615. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, or 
any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to decrease emissions 
in the vehicle exhaust before it is 
exhausted to the environment. Exhaust- 
gas recirculation (EGR) and 
turbochargers are not aftertreatment. 

Alcohol-fueled vehicle means a 
vehicle that is designed to run using an 
alcohol fuel. For purposes of this 
definition, alcohol fuels do not include 
fuels with a nominal alcohol content 
below 25 percent by volume. 

Auxiliary emission control device 
means any element of design that senses 
temperature, motive speed, engine RPM, 
transmission gear, or any other 
parameter for the purpose of activating, 
modulating, delaying, or deactivating 
the operation of any part of the emission 
control system. 

Averaging set has the meaning given 
in § 1037.701. 

Cab-complete vehicle means a vehicle 
that is first sold as an incomplete 
vehicle that substantially includes its 
cab. Vehicles known commercially as 
chassis-cabs, cab-chassis, box-deletes, 
bed-deletes, cut-away vans are 
considered cab-complete vehicles. For 
purposes of this definition, a cab 
includes a steering column and 
passenger compartment. Note a vehicle 
lacking some components of the cab is 
a cab-complete vehicle if it substantially 
includes the cab. 

Calibration means the set of 
specifications and tolerances specific to 
a particular design, version, or 
application of a component or assembly 
capable of functionally describing its 
operation over its working range. 

Carbon-related exhaust emissions 
(CREE) has the meaning given in 40 CFR 
600.002. Note that CREE represents the 
combined mass of carbon emitted as HC, 
CO, and CO2, expressed as having a 
molecular weight equal to that of CO2. 

Carryover means relating to 
certification based on emission data 
generated from an earlier model year. 

Certification means relating to the 
process of obtaining a certificate of 
conformity for a vehicle family that 
complies with the emission standards 
and requirements in this part. 

Certified emission level means the 
highest deteriorated emission level in a 
vehicle family for a given pollutant from 
either transient or steady-state testing. 

Class means relating to GVWR 
classes, as follows: 

(1) Class 2b means heavy-duty motor 
vehicles at or below 10,000 pounds 
GVWR. 

(2) Class 3 means heavy-duty motor 
vehicles above 10,000 pounds GVWR 
but at or below 14,000 pounds GVWR. 

(3) Class 4 means heavy-duty motor 
vehicles above 14,000 pounds GVWR 
but at or below 16,000 pounds GVWR. 

(4) Class 5 means heavy-duty motor 
vehicles above 16,000 pounds GVWR 
but at or below 19,500 pounds GVWR. 

(5) Class 6 means heavy-duty motor 
vehicles above 19,500 pounds GVWR 
but at or below 26,000 pounds GVWR. 

(6) Class 7 means heavy-duty motor 
vehicles above 26,000 pounds GVWR 
but at or below 33,000 pounds GVWR. 

(7) Class 8 means heavy-duty motor 
vehicles above 33,000 pounds GVWR. 

Complete vehicle has the meaning 
given in the definition of vehicle in this 
section. 

Compression-ignition means relating 
to a type of reciprocating, internal- 
combustion engine that is not a spark- 
ignition engine. 

Curb weight has the meaning given in 
40 CFR 86.1803, consistent with the 
provisions of § 1037.140. 

Date of manufacture means the date 
on which the certifying vehicle 
manufacturer completes its 
manufacturing operations, except as 
follows: 

(1) Where the certificate holder is an 
engine manufacturer that does not 
manufacture the chassis, the date of 
manufacture of the vehicle is based on 
the date assembly of the vehicle is 
completed. 

(2) We may approve an alternate date 
of manufacture based on the date on 
which the certifying (or primary) 
manufacturer completes assembly at the 
place of main assembly, consistent with 
the provisions of § 1037.601 and 49 CFR 
567.4. 

Day cab means a type of tractor cab 
that is not a sleeper cab. 

Designated Compliance Officer means 
the Manager, Heavy-Duty and Nonroad 
Engine Group (6405–J), U.S. 
Environmental Protection Agency, 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460. 

Designated Enforcement Officer 
means the Director, Air Enforcement 
Division (2242A), U.S. Environmental 
Protection Agency, 1200 Pennsylvania 
Ave., NW., Washington, DC 20460. 

Deteriorated emission level means the 
emission level that results from 
applying the appropriate deterioration 
factor to the official emission result of 
the emission-data vehicle. Note that 
where no deterioration factor applies, 
references in this part to the 
deteriorated emission level mean the 
official emission result. 

Deterioration factor means the 
relationship between emissions at the 
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end of useful life and emissions at the 
low-hour test point, expressed in one of 
the following ways: 

(1) For multiplicative deterioration 
factors, the ratio of emissions at the end 
of useful life to emissions at the low- 
hour test point. 

(2) For additive deterioration factors, 
the difference between emissions at the 
end of useful life and emissions at the 
low-hour test point. 

Driver model means an automated 
controller that simulates a person 
driving a vehicle. 

Electric vehicle means a vehicle that 
does not include an engine, and is 
powered solely by an external source of 
electricity and/or solar power. Note that 
this does not include electric hybrid or 
fuel-cell vehicles that use a chemical 
fuel such as gasoline, diesel fuel, or 
hydrogen. Electric vehicles may also be 
referred to as all-electric vehicles to 
distinguish them from hybrid vehicles. 

Emission control system means any 
device, system, or element of design that 
controls or reduces the emissions of 
regulated pollutants from a vehicle. 

Emission-data vehicle means a 
vehicle that is tested for certification. 
This includes vehicle tested to establish 
deterioration factors. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Excluded means relating to vehicles 
that are not subject to some or all of the 
requirements of this part as follows: 

(1) A vehicle that has been 
determined not to be a motor vehicle is 
excluded from this part. 

(2) Certain vehicles are excluded from 
the requirements of this part under 
§ 1037.5. 

(3) Specific regulatory provisions of 
this part may exclude a vehicle 
generally subject to this part from one 
or more specific standards or 
requirements of this part. 

Exempted has the meaning given in 
40 CFR 1068.30. 

Family emission limit (FEL) means an 
emission level declared by the 
manufacturer to serve in place of an 
otherwise applicable emission standard 
under the ABT program in subpart H of 
this part. The family emission limit 
must be expressed to the same number 
of decimal places as the emission 
standard it replaces. Note that an FEL 
may apply as a ‘‘subfamily’’ emission 
limit. 

Fuel system means all components 
involved in transporting, metering, and 
mixing the fuel from the fuel tank to the 
combustion chamber(s), including the 
fuel tank, fuel pump, fuel filters, fuel 
lines, carburetor or fuel-injection 

components, and all fuel-system vents. 
It also includes components for 
controlling evaporative emissions, such 
as fuel caps, purge valves, and carbon 
canisters. 

Fuel type means a general category of 
fuels such as diesel fuel or natural gas. 
There can be multiple grades within a 
single fuel type, such as high-sulfur or 
low-sulfur diesel fuel. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process we use to evaluate good 
engineering judgment. 

Gross combination weight rating 
(GCWR) means the value specified by 
the vehicle manufacturer as the 
maximum weight of a loaded vehicle 
and trailer, consistent with good 
engineering judgment. For example, 
compliance with SAE J2807 is generally 
considered to be consistent with good 
engineering judgment, especially for 
Class 3 and smaller vehicles. 

Gross vehicle weight rating (GVWR) 
means the value specified by the vehicle 
manufacturer as the maximum design 
loaded weight of a single vehicle, 
consistent with good engineering 
judgment. 

Heavy-duty engine means any engine 
used for (or for which the engine 
manufacturer could reasonably expect 
to be used for) motive power in a heavy- 
duty vehicle. 

Heavy-duty vehicle means any motor 
vehicle above 8,500 pounds GVWR or 
that has a vehicle curb weight above 
6,000 pounds or that has a basic vehicle 
frontal area greater than 45 square feet. 

Hybrid engine or hybrid powertrain 
means an engine or powertrain that 
includes energy storage features other 
than a conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. Note that certain 
provisions in this part treat hybrid 
engines and powertrains intended for 
vehicles that include regenerative 
braking different than those intended for 
vehicles that do not include 
regenerative braking. 

Hybrid vehicle means a vehicle that 
includes energy storage features (other 
than a conventional battery system or 
conventional flywheel) in addition to an 
internal combustion engine or other 
engine using consumable chemical fuel. 
Supplemental electrical batteries and 
hydraulic accumulators are examples of 
hybrid energy storage systems. Note that 
certain provisions in this part treat 
hybrid vehicles that include 
regenerative braking different than those 
that do not include regenerative braking. 

Hydrocarbon (HC) means the 
hydrocarbon group on which the 
emission standards are based for each 
fuel type. For alcohol-fueled vehicles, 
HC means nonmethane hydrocarbon 
equivalent (NMHCE) for exhaust 
emissions and total hydrocarbon 
equivalent (THCE) for evaporative 
emissions. For all other vehicles, HC 
means nonmethane hydrocarbon 
(NMHC) for exhaust emissions and total 
hydrocarbon (THC) for evaporative 
emissions. 

Identification number means a unique 
specification (for example, a model 
number/serial number combination) 
that allows someone to distinguish a 
particular vehicle from other similar 
vehicles. 

Incomplete vehicle has the meaning 
given in the definition of vehicle in this 
section. 

Innovative technology means 
technology certified under § 1037.610. 

Light-duty truck means any motor 
vehicle rated at or below 8,500 pounds 
GVWR with a curb weight at or below 
6,000 pounds and basic vehicle frontal 
area at or below 45 square feet, which 
is: 

(1) Designed primarily for purposes of 
transportation of property or is a 
derivation of such a vehicle; or 

(2) Designed primarily for 
transportation of persons and has a 
capacity of more than 12 persons; or 

(3) Available with special features 
enabling off-street or off-highway 
operation and use. 

Light-duty vehicle means a passenger 
car or passenger car derivative capable 
of seating 12 or fewer passengers. 

Low-mileage means relating to a 
vehicle with stabilized emissions and 
represents the undeteriorated emission 
level. This would generally involve 
approximately 4000 miles of operation. 

Low rolling resistance tire means a tire 
on a vocational vehicle with a TRRL at 
or below of 7.7 kg/metric ton, a steer tire 
on a tractor with a TRRL at or below 7.7 
kg/metric ton, or a drive tire on a tractor 
with a TRRL at or below 8.1 kg/metric 
ton. 

Manufacture means the physical and 
engineering process of designing, 
constructing, and/or assembling a 
vehicle. 

Manufacturer has the meaning given 
in section 216(1) of the Act. In general, 
this term includes any person who 
manufactures a vehicle or vehicle for 
sale in the United States or otherwise 
introduces a new motor vehicle into 
commerce in the United States. This 
includes importers who import vehicles 
or vehicles for resale. 
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Medium-duty passenger vehicle 
(MDPV) has the meaning given in 40 
CFR 86.1803. 

Model year means the manufacturer’s 
annual new model production period, 
except as restricted under this definition 
and 40 CFR part 85, subpart X. It must 
include January 1 of the calendar year 
for which the model year is named, may 
not begin before January 2 of the 
previous calendar year, and it must end 
by December 31 of the named calendar 
year. 

(1) The manufacturer who holds the 
certificate of conformity for the vehicle 
must assign the model year based on the 
date when its manufacturing operations 
are completed relative to its annual 
model year period. In unusual 
circumstances where completion of 
your assembly is delayed, we may allow 
you to assign a model year one year 
earlier, provided it does not affect 
which regulatory requirements will 
apply. 

(2) Unless a vehicle is being shipped 
to a secondary manufacturer that will 
hold the certificate of conformity, the 
model year must be assigned prior to 
introduction of the vehicle into U.S. 
commerce. The certifying manufacturer 
must redesignate the model year if it 
does not complete its manufacturing 
operations within the originally 
identified model year. A vehicle 
introduced into U.S. commerce without 
a model year is deemed to have a model 
year equal to the calendar year of its 
introduction into U.S. commerce unless 
the certifying manufacturer assigns a 
later date. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

New motor vehicle means a motor 
vehicle meeting the criteria of either 
paragraph (1) or (2) of this definition. 
New motor vehicles may be complete or 
incomplete. 

(1) A motor vehicle for which the 
ultimate purchaser has never received 
the equitable or legal title is a new motor 
vehicle. This kind of vehicle might 
commonly be thought of as ‘‘brand 
new’’ although a new motor vehicle may 
include previously used parts. Under 
this definition, the vehicle is new from 
the time it is produced until the 
ultimate purchaser receives the title or 
places it into service, whichever comes 
first. 

(2) An imported heavy-duty motor 
vehicle originally produced after the 
1969 model year is a new motor vehicle. 

Noncompliant vehicle means a 
vehicle that was originally covered by a 
certificate of conformity, but is not in 
the certified configuration or otherwise 
does not comply with the conditions of 
the certificate. 

Nonconforming vehicle means a 
vehicle not covered by a certificate of 
conformity that would otherwise be 
subject to emission standards. 

Nonmethane hydrocarbons (NMHC) 
means the sum of all hydrocarbon 
species except methane, as measured 
according to 40 CFR part 1065. 

Official emission result means the 
measured emission rate for an emission- 
data vehicle on a given duty cycle 
before the application of any required 
deterioration factor, but after the 
applicability of regeneration adjustment 
factors. 

Owners manual means a document or 
collection of documents prepared by the 
vehicle manufacturer for the owners or 
operators to describe appropriate 
vehicle maintenance, applicable 
warranties, and any other information 
related to operating or keeping the 
vehicle. The owners manual is typically 
provided to the ultimate purchaser at 
the time of sale. 

Oxides of nitrogen has the meaning 
given in 40 CFR 1065.1001. 

Particulate trap means a filtering 
device that is designed to physically 
trap all particulate matter above a 
certain size. 

Percent has the meaning given in 40 
CFR 1065.1001. Note that this means 
percentages identified in this part are 
assumed to be infinitely precise without 
regard to the number of significant 
figures. For example, one percent of 
1,493 is 14.93. 

Placed into service means put into 
initial use for its intended purpose. 

Power take-off (PTO) means a 
secondary engine shaft (or equivalent) 
that provides substantial auxiliary 
power for purposes unrelated to vehicle 
propulsion or normal vehicle 
accessories such as air conditioning, 
power steering, and basic electrical 
accessories. A typical PTO uses a 
secondary shaft on the engine to 
transmit power to a hydraulic pump 
that powers auxiliary equipment, such 
as a boom on a bucket truck. You may 
ask us to consider other equivalent 
auxiliary power configurations (such as 
those with hybrid vehicles) as power 
take-off systems. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 
recovered energy for later use, such as 
the battery system in an electric hybrid 
vehicle. 

Regulatory sub-category means one of 
following groups: 

(1) Spark-ignition vehicles subject to 
the standards of § 1037.104. Note that 
this category includes most gasoline- 
fueled heavy-duty pickup trucks and 
vans. 

(2) All other vehicles subject to the 
standards of § 1037.104. Note that this 
category includes most diesel-fueled 
heavy-duty pickup trucks and van. 

(3) Vocational vehicles at or below 
19,500 pounds GVWR. 

(4) Vocational vehicles at or above 
19,500 pounds GVWR but below 33,000 
pounds GVWR. 

(5) Vocational vehicles over 33,000 
pounds GVWR. 

(6) Low-roof tractors at or above 
26,000 pounds GVWR but below 33,000 
pounds GVWR. 

(7) Mid-roof tractors at or above 
26,000 pounds GVWR but below 33,000 
pounds GVWR. 

(8) High-roof tractors at or above 
26,000 pounds GVWR but below 33,000 
pounds GVWR. 

(9) Low-roof day cab tractors at or 
above 33,000 pounds GVWR. 

(10) Low-roof sleeper cab tractors at or 
above 33,000 pounds GVWR. 

(11) Mid-roof day cab tractors at or 
above 33,000 pounds GVWR. 

(12) Mid-roof sleeper cab tractors at or 
above 33,000 pounds GVWR. 

(13) High-roof day cab tractors at or 
above 33,000 pounds GVWR. 

(14) High-roof sleeper cab tractors at 
or above 33,000 pounds GVWR. 

Relating to as used in this section 
means relating to something in a 
specific, direct manner. This expression 
is used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. 

Revoke has the meaning given in 40 
CFR 1068.30. 

Roof height means the maximum 
height of a vehicle (rounded to the 
nearest inch), excluding narrow 
accessories such as exhaust pipes and 
antennas, but including any wide 
accessories such as roof fairings. 
Measure roof height of the vehicle 
configured to have its maximum height 
that will occur during actual use, with 
properly inflated tires and no driver, 
passengers, or cargo onboard. Roof 
height may also refer to the following 
categories: 

(1) Low-roof means relating to a 
vehicle with a roof height of 120 inches 
or less. 

(2) Mid-roof means relating to a 
vehicle with a roof height of 121 to 147 
inches. 

(3) High-roof means relating to a 
vehicle with a roof height of 148 inches 
or more. 

Round has the meaning given in 40 
CFR 1065.1001. 

Scheduled maintenance means 
adjusting, repairing, removing, 
disassembling, cleaning, or replacing 
components or systems periodically to 
keep a part or system from failing, 
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malfunctioning, or wearing prematurely. 
It also may mean actions you expect are 
necessary to correct an overt indication 
of failure or malfunction for which 
periodic maintenance is not 
appropriate. 

Sleeper cab means a type of tractor 
cab that has a compartment behind the 
driver’s seat intended to be used by the 
driver for sleeping. This includes cabs 
accessible from the driver’s 
compartment and those accessible from 
outside the vehicle. 

Small manufacturer means a 
manufacturer meeting the criteria 
specified in 13 CFR 121.201. For 
manufacturers owned by a parent 
company, the employee and revenue 
limits apply to the total number 
employees and total revenue of the 
parent company and all its subsidiaries. 

Spark-ignition means relating to a 
gasoline-fueled engine or any other type 
of engine with a spark plug (or other 
sparking device) and with operating 
characteristics significantly similar to 
the theoretical Otto combustion cycle. 
Spark-ignition engines usually use a 
throttle to regulate intake air flow to 
control power during normal operation. 

Standard payload means the vehicle 
payload assumed for each class in tons 
for modeling and calculating emission 
credits. There are three standard 
payloads: 

(1) 2.85 tons for light heavy-duty 
vehicles. 

(2) 5.6 tons for medium heavy-duty 
vehicles. 

(3) 7.5 tons for heavy heavy-duty 
vehicles. 

Standard trailer has the meaning 
given in § 1037.501. 

Suspend has the meaning given in 40 
CFR 1068.30. 

Test sample means the collection of 
vehicles selected from the population of 
a vehicle family for emission testing. 
This may include testing for 
certification, production-line testing, or 
in-use testing. 

Test vehicle means a vehicle in a test 
sample. 

Test weight means the vehicle weight 
used or represented during testing. 

Tire rolling resistance level (TRRL) 
means a value with units of kg/metric 
ton that represents that rolling 
resistance of a tire configuration. TRRLs 
are used as inputs to the GEM model 
under § 1037.520. Note that a 
manufacturer may assign a value higher 
than the measured rolling resistance of 
a tire configuration. 

Total hydrocarbon has the meaning 
given in 40 CFR 1065.1001. This 
generally means the combined mass of 
organic compounds measured by the 
specified procedure for measuring total 

hydrocarbon, expressed as a 
hydrocarbon with an atomic hydrogen- 
to-carbon ratio of 1.85:1. 

Total hydrocarbon equivalent has the 
meaning given in 40 CFR 1065.1001. 
This generally means the sum of the 
carbon mass contributions of non- 
oxygenated hydrocarbons, alcohols and 
aldehydes, or other organic compounds 
that are measured separately as 
contained in a gas sample, expressed as 
exhaust hydrocarbon from petroleum- 
fueled vehicles. The atomic hydrogen- 
to-carbon ratio of the equivalent 
hydrocarbon is 1.85:1. 

Tractor has the meaning given for 
‘‘truck tractor’’ in 49 CFR 571.3. This 
includes most heavy-duty vehicles 
specifically designed for the primary 
purpose of pulling trailers, but does not 
include vehicles designed to carry other 
loads. For purposes of this definition 
‘‘other loads’’ would not include loads 
carried in the cab, sleeper compartment, 
or toolboxes. Examples of vehicles that 
are similar to tractors but that are not 
tractors under this part include 
dromedary tractors, automobile haulers, 
straight trucks with trailers hitches, and 
tow trucks. Note that the provisions of 
this part that apply for tractors do not 
apply for tractors that are classified as 
vocational tractors under § 1037.630. 

Ultimate purchaser means, with 
respect to any new vehicle, the first 
person who in good faith purchases 
such new vehicle for purposes other 
than resale. 

United States has the meaning given 
in 40 CFR 1068.30. 

Upcoming model year means for a 
vehicle family the model year after the 
one currently in production. 

U.S.-directed production volume 
means the number of vehicle units, 
subject to the requirements of this part, 
produced by a manufacturer for which 
the manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. This does not include vehicles 
certified to state emission standards that 
are different than the emission 
standards in this part. 

Useful life means the period during 
which a vehicle is required to comply 
with all applicable emission standards. 

Vehicle means equipment intended 
for use on highways that meets the 
criteria of paragraph (1)(i) or (1)(ii) of 
this definition, as follows: 

(1) The following equipment are 
vehicles: 

(i) A piece of equipment that is 
intended for self-propelled use on 
highways becomes a vehicle when it 
includes at least an engine, a 
transmission, and a frame. (Note: For 
purposes of this definition, any 

electrical, mechanical, and/or hydraulic 
devices attached to engines for the 
purpose of powering wheels are 
considered to be transmissions.) 

(ii) A piece of equipment that is 
intended for self-propelled use on 
highways becomes a vehicle when it 
includes a passenger compartment 
attached to a frame with axles. 

(2) Vehicles may be complete or 
incomplete vehicles as follows: 

(i) A complete vehicle is a functioning 
vehicle that has the primary load 
carrying device or container (or 
equivalent equipment) attached. 
Examples of equivalent equipment 
would include fifth wheel trailer 
hitches, firefighting equipment, and 
utility booms. 

(ii) An incomplete vehicle is a vehicle 
that is not a complete vehicle. 
Incomplete vehicles may also be cab- 
complete vehicles. This may include 
vehicles sold to secondary vehicle 
manufacturers. 

(iii) The primary use of the terms 
‘‘complete vehicle’’ and ‘‘incomplete 
vehicle’’ are to distinguish whether a 
vehicle is complete when it is first sold 
as a vehicle. 

(iv) You may ask us to allow you to 
certify a vehicle as incomplete if you 
manufacture the engines and sell the 
unassembled chassis components, as 
long as you do not produce and sell the 
body components necessary to complete 
the vehicle. 

(3) Equipment such as trailers that are 
not self-propelled are not ‘‘vehicles’’ 
under this part 1037. 

Vehicle configuration means a unique 
combination of vehicle hardware and 
calibration (related to measured or 
modeled emissions) within a vehicle 
family. Vehicles with hardware or 
software differences, but that have no 
hardware or software differences related 
to measured or modeled emissions may 
be included in the same vehicle 
configuration. Note that vehicles with 
hardware or software differences related 
to measured or modeled emissions are 
considered to be different configurations 
even if they have the same GEM inputs 
and FEL. Vehicles within a vehicle 
configuration differ only with respect to 
normal production variability or factors 
unrelated to measured or modeled 
emissions. 

Vehicle family has the meaning given 
in § 1037.230. 

Vehicle service class means a 
vehicle’s weight class as specified in 
this definition. Note that, while vehicle 
service class is similar to primary 
intended service class for engines, they 
are not necessarily the same. For 
example, a medium heavy-duty vehicle 
may include a light heavy-duty engine. 
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Note also that while spark-ignition 
engines do not have a primary intended 
service class, vehicles using spark- 
ignition engines have a vehicle service 
class. 

(1) Light heavy-duty vehicles are 
those vehicles with GVWR below 19,500 
pounds. 

Vehicles In this class include heavy- 
duty pickup trucks and vans, motor 
homes and other recreational vehicles, 
and some straight trucks with a single 
rear axle. Typical applications would 
include personal transportation, light- 
load commercial delivery, passenger 
service, agriculture, and construction. 

(2) Medium heavy-duty vehicles are 
those vehicles with GVWR from 19,500 
to 33,000 pounds. Vehicles in this class 
include school buses, straight trucks 
with a single rear axle, city tractors, and 
a variety of special purpose vehicles 
such as small dump trucks, and refuse 
trucks. Typical applications would 
include commercial short haul and 
intra-city delivery and pickup. 

(3) Heavy heavy-duty vehicles are 
those vehicles with GVWR above 33,000 
pounds. Vehicles in this class include 
tractors, urban buses, and other heavy 
trucks. 

Vehicle subfamily or subfamily means 
a subset of a vehicle family including 
vehicles subject to the same FEL(s). 

Vocational tractor means a vehicle 
classified as a vocational tractor under 
§ 1037.630. 

Vocational vehicle means relating to a 
vehicle subject to the standards of 
§ 1037.105 (including vocational 
tractors). 

Void has the meaning given in 40 CFR 
1068.30. 

Volatile liquid fuel means any fuel 
other than diesel or biodiesel that is a 
liquid at atmospheric pressure and has 
a Reid Vapor Pressure higher than 2.0 
pounds per square inch. 

We (us, our) means the Administrator 
of the Environmental Protection Agency 
and any authorized representatives. 

§ 1037.805 Symbols, acronyms, and 
abbreviations. 

The following symbols, acronyms, 
and abbreviations apply to this part: 
ABT Averaging, banking, and trading. 
AECD auxiliary emission control device. 
CD drag coefficient. 
CDA drag area. 
CFD computational fluid dynamics. 
CFR Code of Federal Regulations. 
CH4 methane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
CREE carbon-related exhaust emissions. 
DOT Department of Transportation. 
EPA Environmental Protection Agency. 
ETW equivalent test weight. 
FEL Family Emission Limit. 

g grams. 
GAWR gross axle weight rating. 
GCWR gross combination weight rating. 
GVWR gross vehicle weight rating. 
GWP global-warming potential. 
HC hydrocarbon. 
ISO International Organization for 

Standardization. 
kg kilograms. 
m meter. 
mm millimeter 
mph miles per hour. 
N2O nitrous oxide. 
NARA National Archives and Records 

Administration. 
NHTSA National Highway Transportation 

Safety Administration. 
NOX oxides of nitrogen (NO and NO2). 
PM particulate matter. 
PTO power take-off. 
RESS rechargeable energy storage system. 
RPM revolutions per minute. 
SAE Society of Automotive Engineers. 
SKU Stock-keeping unit. 
TRRL Tire rolling resistance level. 
U.S.C. United States Code. 
VSL vehicle speed limiter. 
WF work factor. 

§ 1037.810 Incorporation by reference. 
(a) Certain material is incorporated by 

reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a notice of the change in 
the Federal Register and the material 
must be available to the public. All 
approved material is available for 
inspection at U.S. EPA, Air and 
Radiation Docket and Information 
Center, 1301 Constitution Ave., NW., 
Room B102, EPA West Building, 
Washington, DC 20460, (202) 202–1744, 
and is available from the sources listed 
below. It is also available for inspection 
at the National Archives and Records 
Administration (NARA). For 
information on the availability of this 
material at NARA, call 202–741–6030, 
or go to http://www.archives.gov/ 
federal_register/ 
code_of_federal_regulations/ 
ibr_locations.html. 

(b) International Organization for 
Standardization, Case Postale 56, CH– 
1211 Geneva 20, Switzerland, (41) 
22749 0111, http://www.iso.org, or 
central@iso.org. 

(1) ISO 28580:2009(E) ‘‘Passenger car, 
truck and bus tyres—Methods of 
measuring rolling resistance—Single 
point test and correlation of 
measurement results’’, First Edition, 
July 1, 2009; IBR approved for 
§ 1037.520(c). 

(2) [Reserved] 
(c) U.S. EPA, Office of Air and 

Radiation, 2565 Plymouth Road, Ann 
Arbor, MI 48105, http://www.epa.gov: 

(1) GEM simulation tool, Version 2.0, 
August 2011; IBR approved for 
§ 1037.520. The computer code for this 
model is available as noted in paragraph 
(a) of this section. A working version of 
this software is also available for 
download at http://www.epa.gov/otaq/ 
climate/gem.htm. 

(2) [Reserved] 
(d) Society of Automotive Engineers, 

400 Commonwealth Dr., Warrendale, 
PA 15096–0001, (877) 606–7323 (U.S. 
and Canada) or (724) 776–4970 (outside 
the U.S. and Canada), http:// 
www.sae.org. 

(1) SAE J1252, SAE Wind Tunnel Test 
Procedure for Trucks and Buses, 
Revised July 1981, IBR approved for 
§ 1037.521(d), (e), and (f). 

(2) SAE J1594, Vehicle Aerodynamics 
Terminology, Revised July 2010, IBR 
approved for § 1037.521(d). 

(3) SAE J2071, Aerodynamic Testing 
of Road Vehicles—Open Throat Wind 
Tunnel Adjustment, Revised June 1994, 
IBR approved for § 1037.521(d). 

§ 1037.815 Confidential information. 
The provisions of 40 CFR 1068.10 

apply for information you consider 
confidential. 

§ 1037.820 Requesting a hearing. 
(a) You may request a hearing under 

certain circumstances, as described 
elsewhere in this part. To do this, you 
must file a written request, including a 
description of your objection and any 
supporting data, within 30 days after we 
make a decision. 

(b) For a hearing you request under 
the provisions of this part, we will 
approve your request if we find that 
your request raises a substantial factual 
issue. 

(c) If we agree to hold a hearing, we 
will use the procedures specified in 40 
CFR part 1068, subpart G. 

§ 1037.825 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You may 
not rely on anyone else to meet 
recordkeeping requirements on your 
behalf unless we specifically authorize 
it. We may review these records at any 
time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 
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(b) The regulations in § 1037.255 and 
40 CFR 1068.25 and 1068.101 describe 
your obligation to report truthful and 
complete information. This includes 
information not related to certification. 
Failing to properly report information 
and keep the records we specify violates 
40 CFR 1068.101(a)(2), which may 
involve civil or criminal penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1037.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. Keep these records 
for eight years unless the regulations 
specify a different period. We may 
require you to send us these records 
whether or not you are a certificate 
holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 
require for vehicles regulated under this 
part: 

(1) We specify the following 
requirements related to vehicle 
certification in this part 1037: 

(i) In subpart C of this part we identify 
a wide range of information required to 
certify vehicles. 

(ii) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(iii) In § 1037.725, 1037.730, and 
1037.735 we specify certain records 
related to averaging, banking, and 
trading. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1066: 

(i) In 40 CFR 1065.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1065.10 and 1065.12 we 
specify information needs for 
establishing various changes to 
published test procedures. 

(iii) In 40 CFR 1065.25 we establish 
basic guidelines for storing test 
information. 

(iv) In 40 CFR 1065.695 we identify 
data that may be appropriate for 
collecting during testing of in-use 
vehicles using portable analyzers. 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

1 ........................................... 0.00 0.00 
2 ........................................... 0.00 0.00 
3 ........................................... 0.00 0.00 
4 ........................................... 0.00 0.00 
5 ........................................... 0.00 0.00 
6 ........................................... 0.00 0.00 
7 ........................................... 0.41 0.18 
8 ........................................... 1.18 0.53 
9 ........................................... 2.26 1.01 
10 ......................................... 3.19 1.43 
11 ......................................... 3.97 1.77 
12 ......................................... 4.66 2.08 
13 ......................................... 5.32 2.38 
14 ......................................... 5.94 2.66 
15 ......................................... 6.48 2.90 
16 ......................................... 6.91 3.09 
17 ......................................... 7.28 3.25 
18 ......................................... 7.64 3.42 
19 ......................................... 8.02 3.59 
20 ......................................... 8.36 3.74 
21 ......................................... 8.60 3.84 
22 ......................................... 8.74 3.91 
23 ......................................... 8.82 3.94 
24 ......................................... 8.82 3.94 
25 ......................................... 8.76 3.92 
26 ......................................... 8.66 3.87 
27 ......................................... 8.58 3.84 
28 ......................................... 8.52 3.81 
29 ......................................... 8.46 3.78 
30 ......................................... 8.38 3.75 
31 ......................................... 8.31 3.71 
32 ......................................... 8.21 3.67 
33 ......................................... 8.11 3.63 
34 ......................................... 8.00 3.58 
35 ......................................... 7.94 3.55 
36 ......................................... 7.94 3.55 
37 ......................................... 7.80 3.49 
38 ......................................... 7.43 3.32 
39 ......................................... 6.79 3.04 
40 ......................................... 5.81 2.60 
41 ......................................... 4.65 2.08 
42 ......................................... 3.03 1.35 
43 ......................................... 1.88 0.84 
44 ......................................... 1.15 0.51 
45 ......................................... 1.14 0.51 
46 ......................................... 1.12 0.50 
47 ......................................... 1.11 0.50 
48 ......................................... 1.19 0.53 
49 ......................................... 1.57 0.70 
50 ......................................... 2.31 1.03 
51 ......................................... 3.37 1.51 
52 ......................................... 4.51 2.02 
53 ......................................... 5.56 2.49 
54 ......................................... 6.41 2.87 
55 ......................................... 7.09 3.17 
56 ......................................... 7.59 3.39 
57 ......................................... 7.99 3.57 
58 ......................................... 8.32 3.72 
59 ......................................... 8.64 3.86 
60 ......................................... 8.91 3.98 
61 ......................................... 9.13 4.08 
62 ......................................... 9.29 4.15 
63 ......................................... 9.40 4.20 
64 ......................................... 9.39 4.20 
65 ......................................... 9.20 4.11 
66 ......................................... 8.84 3.95 
67 ......................................... 8.35 3.73 
68 ......................................... 7.81 3.49 
69 ......................................... 7.22 3.23 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

70 ......................................... 6.65 2.97 
71 ......................................... 6.13 2.74 
72 ......................................... 5.75 2.57 
73 ......................................... 5.61 2.51 
74 ......................................... 5.65 2.53 
75 ......................................... 5.80 2.59 
76 ......................................... 5.95 2.66 
77 ......................................... 6.09 2.72 
78 ......................................... 6.21 2.78 
79 ......................................... 6.31 2.82 
80 ......................................... 6.34 2.83 
81 ......................................... 6.47 2.89 
82 ......................................... 6.65 2.97 
83 ......................................... 6.88 3.08 
84 ......................................... 7.04 3.15 
85 ......................................... 7.05 3.15 
86 ......................................... 7.01 3.13 
87 ......................................... 6.90 3.08 
88 ......................................... 6.88 3.08 
89 ......................................... 6.89 3.08 
90 ......................................... 6.96 3.11 
91 ......................................... 7.04 3.15 
92 ......................................... 7.17 3.21 
93 ......................................... 7.29 3.26 
94 ......................................... 7.39 3.30 
95 ......................................... 7.48 3.34 
96 ......................................... 7.57 3.38 
97 ......................................... 7.61 3.40 
98 ......................................... 7.59 3.39 
99 ......................................... 7.53 3.37 
100 ....................................... 7.46 3.33 
101 ....................................... 7.40 3.31 
102 ....................................... 7.39 3.30 
103 ....................................... 7.38 3.30 
104 ....................................... 7.37 3.29 
105 ....................................... 7.37 3.29 
106 ....................................... 7.39 3.30 
107 ....................................... 7.42 3.32 
108 ....................................... 7.43 3.32 
109 ....................................... 7.40 3.31 
110 ....................................... 7.39 3.30 
111 ....................................... 7.42 3.32 
112 ....................................... 7.50 3.35 
113 ....................................... 7.57 3.38 
114 ....................................... 7.60 3.40 
115 ....................................... 7.60 3.40 
116 ....................................... 7.61 3.40 
117 ....................................... 7.64 3.42 
118 ....................................... 7.68 3.43 
119 ....................................... 7.74 3.46 
120 ....................................... 7.82 3.50 
121 ....................................... 7.90 3.53 
122 ....................................... 7.96 3.56 
123 ....................................... 7.99 3.57 
124 ....................................... 8.02 3.59 
125 ....................................... 8.01 3.58 
126 ....................................... 7.87 3.52 
127 ....................................... 7.59 3.39 
128 ....................................... 7.20 3.22 
129 ....................................... 6.52 2.91 
130 ....................................... 5.53 2.47 
131 ....................................... 4.36 1.95 
132 ....................................... 3.30 1.48 
133 ....................................... 2.50 1.12 
134 ....................................... 1.94 0.87 
135 ....................................... 1.56 0.70 
136 ....................................... 0.95 0.42 
137 ....................................... 0.42 0.19 
138 ....................................... 0.00 0.00 
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APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

139 ....................................... 0.00 0.00 
140 ....................................... 0.00 0.00 
141 ....................................... 0.00 0.00 
142 ....................................... 0.00 0.00 
143 ....................................... 0.00 0.00 
144 ....................................... 0.00 0.00 
145 ....................................... 0.00 0.00 
146 ....................................... 0.00 0.00 
147 ....................................... 0.00 0.00 
148 ....................................... 0.00 0.00 
149 ....................................... 0.00 0.00 
150 ....................................... 0.00 0.00 
151 ....................................... 0.00 0.00 
152 ....................................... 0.00 0.00 
153 ....................................... 0.00 0.00 
154 ....................................... 0.00 0.00 
155 ....................................... 0.00 0.00 
156 ....................................... 0.00 0.00 
157 ....................................... 0.00 0.00 
158 ....................................... 0.00 0.00 
159 ....................................... 0.00 0.00 
160 ....................................... 0.00 0.00 
161 ....................................... 0.00 0.00 
162 ....................................... 0.00 0.00 
163 ....................................... 0.00 0.00 
164 ....................................... 0.00 0.00 
165 ....................................... 0.00 0.00 
166 ....................................... 0.00 0.00 
167 ....................................... 0.00 0.00 
168 ....................................... 0.00 0.00 
169 ....................................... 0.00 0.00 
170 ....................................... 0.00 0.00 
171 ....................................... 0.00 0.00 
172 ....................................... 1.11 0.50 
173 ....................................... 2.65 1.18 
174 ....................................... 4.45 1.99 
175 ....................................... 5.68 2.54 
176 ....................................... 6.75 3.02 
177 ....................................... 7.59 3.39 
178 ....................................... 7.75 3.46 
179 ....................................... 7.63 3.41 
180 ....................................... 7.67 3.43 
181 ....................................... 8.70 3.89 
182 ....................................... 10.20 4.56 
183 ....................................... 11.92 5.33 
184 ....................................... 12.84 5.74 
185 ....................................... 13.27 5.93 
186 ....................................... 13.38 5.98 
187 ....................................... 13.61 6.08 
188 ....................................... 14.15 6.33 
189 ....................................... 14.84 6.63 
190 ....................................... 16.49 7.37 
191 ....................................... 18.33 8.19 
192 ....................................... 20.36 9.10 
193 ....................................... 21.47 9.60 
194 ....................................... 22.35 9.99 
195 ....................................... 22.96 10.26 
196 ....................................... 23.46 10.49 
197 ....................................... 23.92 10.69 
198 ....................................... 24.42 10.92 
199 ....................................... 24.99 11.17 
200 ....................................... 25.91 11.58 
201 ....................................... 26.26 11.74 
202 ....................................... 26.38 11.79 
203 ....................................... 26.26 11.74 
204 ....................................... 26.49 11.84 
205 ....................................... 26.76 11.96 
206 ....................................... 27.07 12.10 
207 ....................................... 26.64 11.91 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

208 ....................................... 25.99 11.62 
209 ....................................... 24.77 11.07 
210 ....................................... 24.04 10.75 
211 ....................................... 23.39 10.46 
212 ....................................... 22.73 10.16 
213 ....................................... 22.16 9.91 
214 ....................................... 21.66 9.68 
215 ....................................... 21.39 9.56 
216 ....................................... 21.43 9.58 
217 ....................................... 20.67 9.24 
218 ....................................... 17.98 8.04 
219 ....................................... 13.15 5.88 
220 ....................................... 7.71 3.45 
221 ....................................... 3.30 1.48 
222 ....................................... 0.88 0.39 
223 ....................................... 0.00 0.00 
224 ....................................... 0.00 0.00 
225 ....................................... 0.00 0.00 
226 ....................................... 0.00 0.00 
227 ....................................... 0.00 0.00 
228 ....................................... 0.00 0.00 
229 ....................................... 0.00 0.00 
230 ....................................... 0.00 0.00 
231 ....................................... 0.00 0.00 
232 ....................................... 0.00 0.00 
233 ....................................... 0.00 0.00 
234 ....................................... 0.00 0.00 
235 ....................................... 0.00 0.00 
236 ....................................... 0.00 0.00 
237 ....................................... 0.00 0.00 
238 ....................................... 0.00 0.00 
239 ....................................... 0.00 0.00 
240 ....................................... 0.00 0.00 
241 ....................................... 0.00 0.00 
242 ....................................... 0.00 0.00 
243 ....................................... 0.00 0.00 
244 ....................................... 0.00 0.00 
245 ....................................... 0.00 0.00 
246 ....................................... 0.00 0.00 
247 ....................................... 0.00 0.00 
248 ....................................... 0.00 0.00 
249 ....................................... 0.00 0.00 
250 ....................................... 0.00 0.00 
251 ....................................... 0.00 0.00 
252 ....................................... 0.00 0.00 
253 ....................................... 0.00 0.00 
254 ....................................... 0.00 0.00 
255 ....................................... 0.00 0.00 
256 ....................................... 0.00 0.00 
257 ....................................... 0.00 0.00 
258 ....................................... 0.00 0.00 
259 ....................................... 0.50 0.22 
260 ....................................... 1.57 0.70 
261 ....................................... 3.07 1.37 
262 ....................................... 4.57 2.04 
263 ....................................... 5.65 2.53 
264 ....................................... 6.95 3.11 
265 ....................................... 8.05 3.60 
266 ....................................... 9.13 4.08 
267 ....................................... 10.05 4.49 
268 ....................................... 11.62 5.19 
269 ....................................... 12.92 5.78 
270 ....................................... 13.84 6.19 
271 ....................................... 14.38 6.43 
272 ....................................... 15.64 6.99 
273 ....................................... 17.14 7.66 
274 ....................................... 18.21 8.14 
275 ....................................... 18.90 8.45 
276 ....................................... 19.44 8.69 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

277 ....................................... 20.09 8.98 
278 ....................................... 21.89 9.79 
279 ....................................... 24.15 10.80 
280 ....................................... 26.26 11.74 
281 ....................................... 26.95 12.05 
282 ....................................... 27.03 12.08 
283 ....................................... 27.30 12.20 
284 ....................................... 28.10 12.56 
285 ....................................... 29.44 13.16 
286 ....................................... 30.78 13.76 
287 ....................................... 32.09 14.35 
288 ....................................... 33.24 14.86 
289 ....................................... 34.46 15.40 
290 ....................................... 35.42 15.83 
291 ....................................... 35.88 16.04 
292 ....................................... 36.03 16.11 
293 ....................................... 35.84 16.02 
294 ....................................... 35.65 15.94 
295 ....................................... 35.31 15.78 
296 ....................................... 35.19 15.73 
297 ....................................... 35.12 15.70 
298 ....................................... 35.12 15.70 
299 ....................................... 35.04 15.66 
300 ....................................... 35.08 15.68 
301 ....................................... 35.04 15.66 
302 ....................................... 35.34 15.80 
303 ....................................... 35.50 15.87 
304 ....................................... 35.77 15.99 
305 ....................................... 35.81 16.01 
306 ....................................... 35.92 16.06 
307 ....................................... 36.23 16.20 
308 ....................................... 36.42 16.28 
309 ....................................... 36.65 16.38 
310 ....................................... 36.26 16.21 
311 ....................................... 36.07 16.12 
312 ....................................... 35.84 16.02 
313 ....................................... 35.96 16.08 
314 ....................................... 36.00 16.09 
315 ....................................... 35.57 15.90 
316 ....................................... 35.00 15.65 
317 ....................................... 34.08 15.24 
318 ....................................... 33.39 14.93 
319 ....................................... 32.20 14.39 
320 ....................................... 30.32 13.55 
321 ....................................... 28.48 12.73 
322 ....................................... 26.95 12.05 
323 ....................................... 26.18 11.70 
324 ....................................... 25.38 11.35 
325 ....................................... 24.77 11.07 
326 ....................................... 23.46 10.49 
327 ....................................... 22.39 10.01 
328 ....................................... 20.97 9.37 
329 ....................................... 20.09 8.98 
330 ....................................... 18.90 8.45 
331 ....................................... 18.17 8.12 
332 ....................................... 16.48 7.37 
333 ....................................... 15.07 6.74 
334 ....................................... 12.23 5.47 
335 ....................................... 10.08 4.51 
336 ....................................... 7.71 3.45 
337 ....................................... 7.32 3.27 
338 ....................................... 8.63 3.86 
339 ....................................... 10.77 4.81 
340 ....................................... 12.65 5.66 
341 ....................................... 13.88 6.20 
342 ....................................... 15.03 6.72 
343 ....................................... 15.64 6.99 
344 ....................................... 16.99 7.60 
345 ....................................... 17.98 8.04 
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APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

346 ....................................... 19.13 8.55 
347 ....................................... 18.67 8.35 
348 ....................................... 18.25 8.16 
349 ....................................... 18.17 8.12 
350 ....................................... 18.40 8.23 
351 ....................................... 19.63 8.78 
352 ....................................... 20.32 9.08 
353 ....................................... 21.43 9.58 
354 ....................................... 21.47 9.60 
355 ....................................... 21.97 9.82 
356 ....................................... 22.27 9.96 
357 ....................................... 22.69 10.14 
358 ....................................... 23.15 10.35 
359 ....................................... 23.69 10.59 
360 ....................................... 23.96 10.71 
361 ....................................... 24.27 10.85 
362 ....................................... 24.34 10.88 
363 ....................................... 24.50 10.95 
364 ....................................... 24.42 10.92 
365 ....................................... 24.38 10.90 
366 ....................................... 24.31 10.87 
367 ....................................... 24.23 10.83 
368 ....................................... 24.69 11.04 
369 ....................................... 25.11 11.23 
370 ....................................... 25.53 11.41 
371 ....................................... 25.38 11.35 
372 ....................................... 24.58 10.99 
373 ....................................... 23.77 10.63 
374 ....................................... 23.54 10.52 
375 ....................................... 23.50 10.51 
376 ....................................... 24.15 10.80 
377 ....................................... 24.30 10.86 
378 ....................................... 24.15 10.80 
379 ....................................... 23.19 10.37 
380 ....................................... 22.50 10.06 
381 ....................................... 21.93 9.80 
382 ....................................... 21.85 9.77 
383 ....................................... 21.55 9.63 
384 ....................................... 21.89 9.79 
385 ....................................... 21.97 9.82 
386 ....................................... 21.97 9.82 
387 ....................................... 22.01 9.84 
388 ....................................... 21.85 9.77 
389 ....................................... 21.62 9.67 
390 ....................................... 21.62 9.67 
391 ....................................... 22.01 9.84 
392 ....................................... 22.81 10.20 
393 ....................................... 23.54 10.52 
394 ....................................... 24.38 10.90 
395 ....................................... 24.80 11.09 
396 ....................................... 24.61 11.00 
397 ....................................... 23.12 10.34 
398 ....................................... 21.62 9.67 
399 ....................................... 19.90 8.90 
400 ....................................... 18.86 8.43 
401 ....................................... 17.79 7.95 
402 ....................................... 17.25 7.71 
403 ....................................... 16.91 7.56 
404 ....................................... 16.75 7.49 
405 ....................................... 16.75 7.49 
406 ....................................... 16.87 7.54 
407 ....................................... 16.37 7.32 
408 ....................................... 16.37 7.32 
409 ....................................... 16.49 7.37 
410 ....................................... 17.21 7.69 
411 ....................................... 17.41 7.78 
412 ....................................... 17.37 7.77 
413 ....................................... 16.87 7.54 
414 ....................................... 16.72 7.47 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

415 ....................................... 16.22 7.25 
416 ....................................... 15.76 7.05 
417 ....................................... 14.72 6.58 
418 ....................................... 13.69 6.12 
419 ....................................... 12.00 5.36 
420 ....................................... 10.43 4.66 
421 ....................................... 8.71 3.89 
422 ....................................... 7.44 3.33 
423 ....................................... 5.71 2.55 
424 ....................................... 4.22 1.89 
425 ....................................... 2.30 1.03 
426 ....................................... 1.00 0.45 
427 ....................................... 0.00 0.00 
428 ....................................... 0.61 0.27 
429 ....................................... 1.19 0.53 
430 ....................................... 1.61 0.72 
431 ....................................... 1.53 0.68 
432 ....................................... 2.34 1.05 
433 ....................................... 4.29 1.92 
434 ....................................... 7.25 3.24 
435 ....................................... 10.20 4.56 
436 ....................................... 12.46 5.57 
437 ....................................... 14.53 6.50 
438 ....................................... 16.22 7.25 
439 ....................................... 17.87 7.99 
440 ....................................... 19.74 8.82 
441 ....................................... 21.01 9.39 
442 ....................................... 22.23 9.94 
443 ....................................... 22.62 10.11 
444 ....................................... 23.61 10.55 
445 ....................................... 24.88 11.12 
446 ....................................... 26.15 11.69 
447 ....................................... 26.99 12.07 
448 ....................................... 27.56 12.32 
449 ....................................... 28.18 12.60 
450 ....................................... 28.94 12.94 
451 ....................................... 29.83 13.34 
452 ....................................... 30.78 13.76 
453 ....................................... 31.82 14.22 
454 ....................................... 32.78 14.65 
455 ....................................... 33.24 14.86 
456 ....................................... 33.47 14.96 
457 ....................................... 33.31 14.89 
458 ....................................... 33.08 14.79 
459 ....................................... 32.78 14.65 
460 ....................................... 32.39 14.48 
461 ....................................... 32.13 14.36 
462 ....................................... 31.82 14.22 
463 ....................................... 31.55 14.10 
464 ....................................... 31.25 13.97 
465 ....................................... 30.94 13.83 
466 ....................................... 30.71 13.73 
467 ....................................... 30.56 13.66 
468 ....................................... 30.79 13.76 
469 ....................................... 31.13 13.92 
470 ....................................... 31.55 14.10 
471 ....................................... 31.51 14.09 
472 ....................................... 31.47 14.07 
473 ....................................... 31.44 14.05 
474 ....................................... 31.51 14.09 
475 ....................................... 31.59 14.12 
476 ....................................... 31.67 14.16 
477 ....................................... 32.01 14.31 
478 ....................................... 32.63 14.59 
479 ....................................... 33.39 14.93 
480 ....................................... 34.31 15.34 
481 ....................................... 34.81 15.56 
482 ....................................... 34.20 15.29 
483 ....................................... 32.39 14.48 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

484 ....................................... 30.29 13.54 
485 ....................................... 28.56 12.77 
486 ....................................... 26.45 11.82 
487 ....................................... 24.79 11.08 
488 ....................................... 23.12 10.34 
489 ....................................... 20.73 9.27 
490 ....................................... 18.33 8.19 
491 ....................................... 15.72 7.03 
492 ....................................... 13.11 5.86 
493 ....................................... 10.47 4.68 
494 ....................................... 7.82 3.50 
495 ....................................... 5.70 2.55 
496 ....................................... 3.57 1.60 
497 ....................................... 0.92 0.41 
498 ....................................... 0.00 0.00 
499 ....................................... 0.00 0.00 
500 ....................................... 0.00 0.00 
501 ....................................... 0.00 0.00 
502 ....................................... 0.00 0.00 
503 ....................................... 0.00 0.00 
504 ....................................... 0.00 0.00 
505 ....................................... 0.00 0.00 
506 ....................................... 0.00 0.00 
507 ....................................... 0.00 0.00 
508 ....................................... 0.00 0.00 
509 ....................................... 0.00 0.00 
510 ....................................... 0.00 0.00 
511 ....................................... 0.00 0.00 
512 ....................................... 0.00 0.00 
513 ....................................... 0.00 0.00 
514 ....................................... 0.00 0.00 
515 ....................................... 0.00 0.00 
516 ....................................... 0.00 0.00 
517 ....................................... 0.00 0.00 
518 ....................................... 0.00 0.00 
519 ....................................... 0.00 0.00 
520 ....................................... 0.00 0.00 
521 ....................................... 0.00 0.00 
522 ....................................... 0.50 0.22 
523 ....................................... 1.50 0.67 
524 ....................................... 3.00 1.34 
525 ....................................... 4.50 2.01 
526 ....................................... 5.80 2.59 
527 ....................................... 6.52 2.91 
528 ....................................... 6.75 3.02 
529 ....................................... 6.44 2.88 
530 ....................................... 6.17 2.76 
531 ....................................... 6.33 2.83 
532 ....................................... 6.71 3.00 
533 ....................................... 7.40 3.31 
534 ....................................... 7.67 3.43 
535 ....................................... 7.33 3.28 
536 ....................................... 6.71 3.00 
537 ....................................... 6.41 2.87 
538 ....................................... 6.60 2.95 
539 ....................................... 6.56 2.93 
540 ....................................... 5.94 2.66 
541 ....................................... 5.45 2.44 
542 ....................................... 5.87 2.62 
543 ....................................... 6.71 3.00 
544 ....................................... 7.56 3.38 
545 ....................................... 7.59 3.39 
546 ....................................... 7.63 3.41 
547 ....................................... 7.67 3.43 
548 ....................................... 7.67 3.43 
549 ....................................... 7.48 3.34 
550 ....................................... 7.29 3.26 
551 ....................................... 7.29 3.26 
552 ....................................... 7.40 3.31 
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APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

553 ....................................... 7.48 3.34 
554 ....................................... 7.52 3.36 
555 ....................................... 7.52 3.36 
556 ....................................... 7.48 3.34 
557 ....................................... 7.44 3.33 
558 ....................................... 7.28 3.25 
559 ....................................... 7.21 3.22 
560 ....................................... 7.09 3.17 
561 ....................................... 7.06 3.16 
562 ....................................... 7.29 3.26 
563 ....................................... 7.75 3.46 
564 ....................................... 8.55 3.82 
565 ....................................... 9.09 4.06 
566 ....................................... 10.04 4.49 
567 ....................................... 11.12 4.97 
568 ....................................... 12.46 5.57 
569 ....................................... 13.00 5.81 
570 ....................................... 14.26 6.37 
571 ....................................... 15.37 6.87 
572 ....................................... 17.02 7.61 
573 ....................................... 18.17 8.12 
574 ....................................... 19.21 8.59 
575 ....................................... 20.17 9.02 
576 ....................................... 20.66 9.24 
577 ....................................... 21.12 9.44 
578 ....................................... 21.43 9.58 
579 ....................................... 22.66 10.13 
580 ....................................... 23.92 10.69 
581 ....................................... 25.42 11.36 
582 ....................................... 25.53 11.41 
583 ....................................... 26.68 11.93 
584 ....................................... 28.14 12.58 
585 ....................................... 30.06 13.44 
586 ....................................... 30.94 13.83 
587 ....................................... 31.63 14.14 
588 ....................................... 32.36 14.47 
589 ....................................... 33.24 14.86 
590 ....................................... 33.66 15.05 
591 ....................................... 34.12 15.25 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

592 ....................................... 35.92 16.06 
593 ....................................... 37.72 16.86 
594 ....................................... 39.26 17.55 
595 ....................................... 39.45 17.64 
596 ....................................... 39.83 17.81 
597 ....................................... 40.18 17.96 
598 ....................................... 40.48 18.10 
599 ....................................... 40.75 18.22 
600 ....................................... 41.02 18.34 
601 ....................................... 41.36 18.49 
602 ....................................... 41.79 18.68 
603 ....................................... 42.40 18.95 
604 ....................................... 42.82 19.14 
605 ....................................... 43.05 19.25 
606 ....................................... 43.09 19.26 
607 ....................................... 43.24 19.33 
608 ....................................... 43.59 19.49 
609 ....................................... 44.01 19.67 
610 ....................................... 44.35 19.83 
611 ....................................... 44.55 19.92 
612 ....................................... 44.82 20.04 
613 ....................................... 45.05 20.14 
614 ....................................... 45.31 20.26 
615 ....................................... 45.58 20.38 
616 ....................................... 46.00 20.56 
617 ....................................... 46.31 20.70 
618 ....................................... 46.54 20.81 
619 ....................................... 46.61 20.84 
620 ....................................... 46.92 20.98 
621 ....................................... 47.19 21.10 
622 ....................................... 47.46 21.22 
623 ....................................... 47.54 21.25 
624 ....................................... 47.54 21.25 
625 ....................................... 47.54 21.25 
626 ....................................... 47.50 21.23 
627 ....................................... 47.50 21.23 
628 ....................................... 47.50 21.23 
629 ....................................... 47.31 21.15 
630 ....................................... 47.04 21.03 

APPENDIX I TO PART 1037—HEAVY- 
DUTY TRANSIENT CHASSIS TEST 
CYCLE—Continued 

Time 
sec. 

Speed 
mph 

Speed 
m/s 

631 ....................................... 46.77 20.91 
632 ....................................... 45.54 20.36 
633 ....................................... 43.24 19.33 
634 ....................................... 41.52 18.56 
635 ....................................... 39.79 17.79 
636 ....................................... 38.07 17.02 
637 ....................................... 36.34 16.25 
638 ....................................... 34.04 15.22 
639 ....................................... 32.45 14.51 
640 ....................................... 30.86 13.80 
641 ....................................... 28.83 12.89 
642 ....................................... 26.45 11.82 
643 ....................................... 24.27 10.85 
644 ....................................... 22.04 9.85 
645 ....................................... 19.82 8.86 
646 ....................................... 17.04 7.62 
647 ....................................... 14.26 6.37 
648 ....................................... 11.52 5.15 
649 ....................................... 8.78 3.93 
650 ....................................... 7.17 3.21 
651 ....................................... 5.56 2.49 
652 ....................................... 3.72 1.66 
653 ....................................... 3.38 1.51 
654 ....................................... 3.11 1.39 
655 ....................................... 2.58 1.15 
656 ....................................... 1.66 0.74 
657 ....................................... 0.67 0.30 
658 ....................................... 0.00 0.00 
659 ....................................... 0.00 0.00 
660 ....................................... 0.00 0.00 
661 ....................................... 0.00 0.00 
662 ....................................... 0.00 0.00 
663 ....................................... 0.00 0.00 
664 ....................................... 0.00 0.00 
665 ....................................... 0.00 0.00 
666 ....................................... 0.00 0.00 
667 ....................................... 0.00 0.00 
668 ....................................... 0.00 0.00 

APPENDIX II TO PART 1037—POWER TAKE-OFF TEST CYCLE 

Cycle simulation Mode 
Start 

time of 
mode 

Normalized 
pressure, 
circuit 1 

(%) 

Normalized 
pressure, 
circuit 2 

(%) 

Utility ........................................................................................................................................ 0 0 0.0 0.0 
Utility ........................................................................................................................................ 1 33 80.5 0.0 
Utility ........................................................................................................................................ 2 40 0.0 0.0 
Utility ........................................................................................................................................ 3 145 83.5 0.0 
Utility ........................................................................................................................................ 4 289 0.0 0.0 
Refuse ...................................................................................................................................... 5 361 0.0 13.0 
Refuse ...................................................................................................................................... 6 363 0.0 38.0 
Refuse ...................................................................................................................................... 7 373 0.0 53.0 
Refuse ...................................................................................................................................... 8 384 0.0 73.0 
Refuse ...................................................................................................................................... 9 388 0.0 0.0 
Refuse ...................................................................................................................................... 10 401 0.0 13.0 
Refuse ...................................................................................................................................... 11 403 0.0 38.0 
Refuse ...................................................................................................................................... 12 413 0.0 53.0 
Refuse ...................................................................................................................................... 13 424 0.0 73.0 
Refuse ...................................................................................................................................... 14 442 11.2 0.0 
Refuse ...................................................................................................................................... 15 468 29.3 0.0 
Refuse ...................................................................................................................................... 16 473 0.0 0.0 
Refuse ...................................................................................................................................... 17 486 11.2 0.0 
Refuse ...................................................................................................................................... 18 512 29.3 0.0 
Refuse ...................................................................................................................................... 19 517 0.0 0.0 
Refuse ...................................................................................................................................... 20 530 12.8 11.1 
Refuse ...................................................................................................................................... 21 532 12.8 38.2 
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APPENDIX II TO PART 1037—POWER TAKE-OFF TEST CYCLE—Continued 

Cycle simulation Mode 
Start 

time of 
mode 

Normalized 
pressure, 
circuit 1 

(%) 

Normalized 
pressure, 
circuit 2 

(%) 

Refuse ...................................................................................................................................... 22 541 12.8 53.4 
Refuse ...................................................................................................................................... 23 550 12.8 73.5 
Refuse ...................................................................................................................................... 24 553 0.0 0.0 
Refuse ...................................................................................................................................... 25 566 12.8 11.1 
Refuse ...................................................................................................................................... 26 568 12.8 38.2 
Refuse ...................................................................................................................................... 27 577 12.8 53.4 
Refuse ...................................................................................................................................... 28 586 12.8 73.5 
Refuse ...................................................................................................................................... 29 589 0.0 0.0 
Refuse ...................................................................................................................................... 30 600 0.0 0.0 

Appendix III to Part 1037—Emission 
Control Identifiers 

This appendix identifies abbreviations for 
emission control information labels, as 
required under § 1037.135. 

Vehicle Speed Limiters 
-VSL—Vehicle speed limiter 
-VSLS—‘‘Soft-top’’ vehicle speed limiter 
-VSLE—Expiring vehicle speed limiter 
-VSLD—Vehicle speed limiter with both 

‘‘soft-top’’ and expiration 

Idle Reduction Technology 

-IRT5—Engine shutoff after 5 minutes or less 
of idling 

-IRTE—Expiring engine shutoff 

Tires 

-LRRA—Low rolling resistance tires (all) 
-LRRD—Low rolling resistance tires (drive) 
-LRRS—Low rolling resistance tires (steer) 

Aerodynamic Components 

-ATS—Aerodynamic side skirt and/or fuel 
tank fairing 

-ARF—Aerodynamic roof fairing 
-ARFR—Adjustable height aerodynamic roof 

fairing 
-TGR—Gap reducing fairing (tractor to trailer 

gap) 

Other Components 

-ADVH—Vehicle includes advanced hybrid 
technology components 

-ADVO—Vehicle includes other advanced 
technology components (i.e., non-hybrid 
system) 

-INV—Vehicle includes innovative 
technology components 

PART 1039—CONTROL OF EMISSIONS 
FROM NEW AND IN–USE NONROAD 
COMPRESSION–IGNITION ENGINES 

■ 35. The authority citation for part 
1039 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart F—[Amended] 

■ 36. Section 1039.510 is amended by 
revising paragraph (b) introductory text 
to read as follows: 

§ 1039.510 Which duty cycles do I use for 
transient testing? 

* * * * * 
(b) The transient test sequence 

consists of an initial run through the 
transient duty cycle from a cold start, 20 
minutes with no engine operation, then 
a final run through the same transient 
duty cycle. Calculate the official 
transient emission result from the 
following equation: 
* * * * * 

PART 1065—ENGINE–TESTING 
PROCEDURES 

■ 37. The authority citation for part 
1065 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—[Amended] 

■ 38. Section 1065.1 is amended by 
adding paragraph (h) to read as follows: 

§ 1065.1 Applicability. 

* * * * * 
(h) 40 CFR part 1066 describes how to 

measure emissions from vehicles that 
are subject to standards in g/mile or g/ 
kilometer. Those vehicle testing 
provisions extensively reference 
portions of this part 1065. See 40 CFR 
part 1066 and the standard-setting part 
for additional information. 
■ 39. Section 1065.15 is amended by 
revising paragraph (e) to read as follows: 

§ 1065.15 Overview of procedures for 
laboratory and field testing. 

* * * * * 
(e) The following figure illustrates the 

allowed measurement configurations 
described in this part 1065: 
BILLING CODE 4910–59–P 
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BILLING CODE 4910–59–C 

* * * * * 
■ 40. Section 1065.20 is amended by 
revising paragraphs (a) introductory 
text, (a)(1), and (e) to read as follows: 

§ 1065.20 Units of measure and overview 
of calculations. 

(a) System of units. The procedures in 
this part generally follow the 
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International System of Units (SI), as 
detailed in NIST Special Publication 
811, which we incorporate by reference 
in § 1065.1010. The following 
exceptions apply: 

(1) We designate angular speed, fn, of 
an engine’s crankshaft in revolutions 
per minute (r/min), rather than the SI 
unit of radians per second (rad/s). This 
is based on the commonplace use of r/ 
min in many engine dynamometer 
laboratories. 
* * * * * 

(e) Rounding. You are required to 
round certain final values, such as final 
emission values. You may round 
intermediate values when transferring 
data as long as you maintain at least six 
significant digits (which requires more 
than six decimal places for values less 
than 0.1), or all significant digits if 
fewer than six digits are available. 
Unless the standard-setting part 
specifies otherwise, do not round other 
intermediate values. Round values to 
the number of significant digits 
necessary to match the number of 
decimal places of the applicable 
standard or specification as described in 
this paragraph (e). Note that 

specifications expressed as percentages 
have infinite precision (as described in 
paragraph (e)(7) of this section). Use the 
following rounding convention, which 
is consistent with ASTM E29 and NIST 
SP 811: 

(1) If the first (left-most) digit to be 
removed is less than five, remove all the 
appropriate digits without changing the 
digits that remain. For example, 
3.141593 rounded to the second decimal 
place is 3.14. 

(2) If the first digit to be removed is 
greater than five, remove all the 
appropriate digits and increase the 
lowest-value remaining digit by one. For 
example, 3.141593 rounded to the 
fourth decimal place is 3.1416. 

(3) If the first digit to be removed is 
five with at least one additional non- 
zero digit following the five, remove all 
the appropriate digits and increase the 
lowest-value remaining digit by one. For 
example, 3.141593 rounded to the third 
decimal place is 3.142. 

(4) If the first digit to be removed is 
five with no additional non-zero digits 
following the five, remove all the 
appropriate digits, increase the lowest- 
value remaining digit by one if it is odd 

and leave it unchanged if it is even. For 
example, 1.75 and 1.750 rounded to the 
first decimal place are 1.8; while 1.85 
and 1.850 rounded to the first decimal 
place are also 1.8. Note that this 
rounding procedure will always result 
in an even number for the lowest-value 
digit. 

(5) This paragraph (e)(5) applies if the 
regulation specifies rounding to an 
increment other than decimal places or 
powers of ten (to the nearest 0.01, 0.1, 
1, 10, 100, etc.). To round numbers for 
these special cases, divide the quantity 
by the specified rounding increment. 
Round the result to the nearest whole 
number as described in paragraphs 
(e)(1) through (4) of this section. 
Multiply the rounded number by the 
specified rounding increment. This 
value is the desired result. For example, 
to round 0.90 to the nearest 0.2, divide 
0.90 by 0.2 to get a result of 4.5, which 
rounds to 4. Multiplying 4 by 0.2 gives 
0.8, which is the result of rounding 0.90 
to the nearest 0.2. 

(6) The following tables further 
illustrate the rounding procedures 
specified in this paragraph (e): 

Quantity 
Rounding increment 

10 1 0.1 0.01 

3.141593 .......................................................................................................... 0 3 3.1 3.14 
123,456.789 ..................................................................................................... 123,460 123,457 123,456.8 123,456.79 
5.500 ................................................................................................................ 10 6 5.5 5.50 
4.500 ................................................................................................................ 0 4 4.5 4.50 

Quantity 
Rounding increment 

25 3 0.5 0.02 

229.267 ............................................................................................................ 225 228 229.5 229.26 
62.500 .............................................................................................................. 50 63 62.5 62.50 
87.500 .............................................................................................................. 100 87 87.5 87.50 
7.500 ................................................................................................................ 0 6 7.5 7.50 

(7) This paragraph (e)(7) applies 
where we specify a limit or tolerance as 
some percentage of another value (such 
as ±2% of a maximum concentration). 
You may show compliance with such 
specifications either by applying the 
percentage to the total value to calculate 
an absolute limit, or by converting the 
absolute value to a percentage by 
dividing it by the total value. 

(i) Do not round either value (the 
absolute limit or the calculated 
percentage), except as specified in 
paragraph (e)(7)(ii) of this section. For 
example, assume we specify that an 
analyzer must have a repeatability of 

±1% of the maximum concentration or 
better, the maximum concentration is 
1059 ppm, and you determine 
repeatability to be ±6.3 ppm. In this 
example, you could calculate an 
absolute limit of ±10.59 ppm (1059 ppm 
× 0.01) or calculate that the 6.3 ppm 
repeatability is equivalent to a 
repeatability of 0.5949008498584%. 

(ii) Prior to July 1, 2013, you may treat 
tolerances (and equivalent 
specifications) specified in percentages 
as having fixed rather than infinite 
precision. For example, 2% would be 
equivalent to 1.51% to 2.50% and 2.0% 
would be equivalent to 1.951% to 

2.050%. Note that this allowance 
applies whether or not the percentage is 
explicitly specified as a percentage of 
another value. 

(8) You may use measurement devices 
that incorporate internal rounding, 
consistent with the provisions of this 
paragraph (e)(8). You may use devices 
that use any rounding convention if 
they report six or more significant 
digits. You may use devices that report 
fewer than six digits, consistent with 
good engineering judgment and the 
accuracy, repeatability, and noise 
specifications of this part. Note that this 
provision does not necessarily require 
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you to perform engineering analysis or 
keep records. 
* * * * * 

Subpart B—[Amended] 

■ 41. Section 1065.125 is amended by 
revising paragraph (e)(1) introductory 
text to read as follows: 

§ 1065.125 Engine intake air. 

* * * * * 
(e) * * * 
(1) Use a charge-air cooling system 

with a total intake-air capacity that 
represents production engines’ in-use 
installation. Design any laboratory 
charge-air cooling system to minimize 
accumulation of condensate. Drain any 
accumulated condensate. Before starting 
a duty cycle (or preconditioning for a 
duty cycle), completely close all drains 
that would normally be closed during 
in-use operation. Keep those drains 
closed during the emission test. 
Maintain coolant conditions as follows: 
* * * * * 
■ 42. Section 1065.140 is amended by 
revising paragraphs (c)(6)(ii)(C) and (D) 
to read as follows: 

§ 1065.140 Dilution for gaseous and PM 
constituents. 

* * * * * 
(c) * * * 

(6) * * * 
(ii) * * * 
(C) Identify the maximum potential 

mole fraction of dilute exhaust lost on 
a continuous basis during the entire test 
interval. This value must be less than or 
equal to 0.02. Calculate on a continuous 
basis the mole fraction of water that 
would be in equilibrium with liquid 
water at the measured minimum surface 
temperature. Subtract this mole fraction 
from the mole fraction of water that 
would be in the exhaust without 
condensation (either measured or from 
the chemical balance), and set any 
negative values to zero. This difference 
is the potential mole fraction of the 
dilute exhaust that would be lost due to 
water condensation on a continuous 
basis. 

(D) Integrate the product of the molar 
flow rate of the dilute exhaust and the 
potential mole fraction of dilute exhaust 
lost, and divide by the totalized dilute 
exhaust molar flow over the test 
interval. This is the potential mole 
fraction of the dilute exhaust that would 
be lost due to water condensation over 
the entire test interval. Note that this 
assumes no re-evaporation. This value 
must be less than or equal to 0.005. 
* * * * * 
■ 43. Section 1065.170 is amended by 
revising paragraph (c)(1)(vi) to read as 
follows: 

§ 1065.170 Batch sampling for gaseous 
and PM constituents. 

* * * * * 
(c) * * * 
(1) * * * 
(vi) Maintain a filter face velocity near 

100 cm/s with less than 5% of the 
recorded flow values exceeding 
100 cm/s, unless you expect the net PM 
mass on the filter to exceed 400 μg, 
assuming a 38 mm diameter filter stain 
area. Measure face velocity as the 
volumetric flow rate of the sample at the 
pressure upstream of the filter and 
temperature of the filter face as 
measured in § 1065.140(e), divided by 
the filter’s exposed area. You may use 
the exhaust stack or CVS tunnel 
pressure for the upstream pressure if the 
pressure drop through the PM sampler 
up to the filter is less than 2 kPa. 
* * * * * 

■ 44. Section 1065.190 is amended by 
revising Table 1 in paragraph (d)(3) to 
read as follows: 

§ 1065.190 PM-stabilization and weighing 
environments for gravimetric analysis. 

* * * * * 
(d) * * * 
(3) * * * 

TABLE 1 OF § 1065.190—DEWPOINT TOLERANCE AS A FUNCTION OF % PM CHANGE AND % SULFURIC ACID PM 

Expected sulfuric acid fraction of PM ±0.5% PM 
mass change 

±1% PM 
mass change 

±2% PM 
mass change 

5% ....................................................................................................................................................... ±3 °C ........... ±6 °C ........... ±12 °C 
50% ..................................................................................................................................................... ±0.3 °C ........ ±0.6 °C ........ ±1.2 °C 
100% ................................................................................................................................................... ±0.15 °C ...... ±0.3 °C ........ ±0.6 °C 

* * * * * 

Subpart C—[Amended] 

■ 45. Section 1065.205 is revised to read 
as follows: 

§ 1065.205 Performance specifications for 
measurement instruments. 

Your test system as a whole must 
meet all the applicable calibrations, 
verifications, and test-validation criteria 
specified in subparts D and F of this 
part or subpart J of this part for using 
PEMS and for performing field testing. 
We recommend that your instruments 

meet the specifications in Table 1 of this 
section for all ranges you use for testing. 
We also recommend that you keep any 
documentation you receive from 
instrument manufacturers showing that 
your instruments meet the 
specifications in Table 1 of this section. 
BILLING CODE 4910–59–P 
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BILLING CODE 4910–59–C ■ 46. Section 1065.220 is amended by 
revising paragraph (a) introductory text 

and adding paragraph (a)(1)(iii) to read 
as follows: 
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§ 1065.220 Fuel flow meter. 
(a) Application. You may use fuel 

flow in combination with a chemical 
balance of fuel, inlet air, and raw 
exhaust to calculate raw exhaust flow as 
described in § 1065.655(e), as follows: 

(1) * * * 
(iii) For calculating the dilution air 

flow for background correction as 
described in § 1065.667. 
* * * * * 
■ 47. Section 1065.225 is amended by 
revising paragraph (a) introductory text 
and adding paragraphs (a)(1)(iii) and 
(a)(1)(iv) to read as follows: 

§ 1065.225 Intake-air flow meter. 

* * * * * 
(a) Application. You may use an 

intake-air flow meter in combination 
with a chemical balance of fuel, inlet 
air, and raw exhaust to calculate raw 
exhaust flow as described in 
§ 1065.655(e) and (f), as follows: 

(1) * * * 
(iii) For validating minimum dilution 

ratio for PM batch sampling as 
described in § 1065.546. 

(iv) For calculating the dilution air 
flow for background correction as 
described in § 1065.667. 
* * * * * 
■ 48. Section 1065.250 is revised to read 
as follows: 

§ 1065.250 Nondispersive infrared 
analyzer. 

(a) Application. Use a nondispersive 
infrared (NDIR) analyzer to measure CO 
and CO2 concentrations in raw or 
diluted exhaust for either batch or 
continuous sampling. 

(b) Component requirements. We 
recommend that you use an NDIR 
analyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
NDIR-based system must meet the 
calibration and verifications in 
§§ 1065.350 and 1065.355 and it must 
also meet the linearity verification in 
§ 1065.307. You may use an NDIR 
analyzer that has compensation 
algorithms that are functions of other 
gaseous measurements and the engine’s 
known or assumed fuel properties. The 
target value for any compensation 
algorithm is 0% (that is, no bias high 
and no bias low), regardless of the 
uncompensated signal’s bias. 
■ 49. Section 1065.260 is revised to read 
as follows: 

§ 1065.260 Flame-ionization detector. 

(a) Application. Use a flame- 
ionization detector (FID) analyzer to 
measure hydrocarbon concentrations in 
raw or diluted exhaust for either batch 
or continuous sampling. Determine 

hydrocarbon concentrations on a carbon 
number basis of one, C1. For measuring 
THC or THCE you must use a FID 
analyzer. For measuring CH4 you must 
meet the requirements of paragraph (f) 
of this section. See subpart I of this part 
for special provisions that apply to 
measuring hydrocarbons when testing 
with oxygenated fuels. 

(b) Component requirements. We 
recommend that you use a FID analyzer 
that meets the specifications in Table 1 
of § 1065.205. Note that your FID-based 
system for measuring THC, THCE, or 
CH4 must meet all the verifications for 
hydrocarbon measurement in subpart D 
of this part, and it must also meet the 
linearity verification in § 1065.307. You 
may use a FID analyzer that has 
compensation algorithms that are 
functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. 

(c) Heated FID analyzers. For 
measuring THC or THCE from 
compression-ignition engines, two- 
stroke spark-ignition engines, and four- 
stroke spark-ignition engines below 19 
kW, you must use heated FID analyzers 
that maintain all surfaces that are 
exposed to emissions at a temperature of 
(191 ±11) °C. 

(d) FID fuel and burner air. Use FID 
fuel and burner air that meet the 
specifications of § 1065.750. Do not 
allow the FID fuel and burner air to mix 
before entering the FID analyzer to 
ensure that the FID analyzer operates 
with a diffusion flame and not a 
premixed flame. 

(e) NMHC. For demonstrating 
compliance with NMHC standards, you 
may either measure THC and CH4 and 
determine NMHC as described in 
§ 1065.660(b)(2) or (3), or you may 
measure THC and determine NMHC as 
described in § 1065.660(b)(1). 

(f) CH4. For reporting CH4 or for 
demonstrating compliance with CH4 
standards, you may use a FID analyzer 
with a nonmethane cutter as described 
in § 1065.265 or you may use a GC–FID 
as described in § 1065.267. Determine 
CH4 as described in § 1065.660(c). 
■ 50. Section 1065.265 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.265 Nonmethane cutter. 
* * * * * 

(b) System performance. Determine 
nonmethane-cutter performance as 
described in § 1065.365 and use the 
results to calculate CH4 or NMHC 
emissions in § 1065.660. 
* * * * * 

■ 51. Section 1065.267 is revised to read 
as follows: 

§ 1065.267 Gas chromatograph with a 
flame ionization detector. 

(a) Application. You may use a gas 
chromatograph with a flame ionization 
detector (GC–FID) to measure CH4 
concentrations of diluted exhaust for 
batch sampling. While you may also use 
a nonmethane cutter to measure CH4, as 
described in § 1065.265, use a reference 
procedure based on a gas 
chromatograph for comparison with any 
proposed alternate measurement 
procedure under § 1065.10. 

(b) Component requirements. We 
recommend that you use a GC–FID that 
meets the specifications in Table 1 of 
§ 1065.205, and it must also meet the 
linearity verification in § 1065.307. 
■ 52. Section 1065.270 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.270 Chemiluminescent detector. 

* * * * * 
(b) Component requirements. We 

recommend that you use a CLD that 
meets the specifications in Table 1 of 
§ 1065.205. Note that your CLD-based 
system must meet the quench 
verification in § 1065.370 and it must 
also meet the linearity verification in 
§ 1065.307. You may use a heated or 
unheated CLD, and you may use a CLD 
that operates at atmospheric pressure or 
under a vacuum. You may use a CLD 
that has compensation algorithms that 
are functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. 
* * * * * 
■ 53. Section 1065.272 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.272 N2O measurement devices. 

* * * * * 
(b) Component requirements. We 

recommend that you use an NDUV 
analyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
NDUV-based system must meet the 
verifications in § 1065.372 and it must 
also meet the linearity verification in 
§ 1065.307. You may use a NDUV 
analyzer that has compensation 
algorithms that are functions of other 
gaseous measurements and the engine’s 
known or assumed fuel properties. The 
target value for any compensation 
algorithm is 0% (that is, no bias high 
and no bias low), regardless of the 
uncompensated signal’s bias. 
* * * * * 
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■ 54. Section 1065.275 is amended by 
revising paragraphs (b) and (c) to read 
as follows: 

§ 1065.275 N2O measurement devices. 
* * * * * 

(b) Instrument types. You may use any 
of the following analyzers to measure 
N2O: 

(1) Nondispersive infrared (NDIR) 
analyzer. You may use an NDIR 
analyzer that has compensation 
algorithms that are functions of other 
gaseous measurements and the engine’s 
known or assumed fuel properties. The 
target value for any compensation 
algorithm is 0% (that is, no bias high 
and no bias low), regardless of the 
uncompensated signal’s bias. 

(2) Fourier transform infrared (FTIR) 
analyzer. You may use an FTIR analyzer 
that has compensation algorithms that 
are functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. Use appropriate analytical 
procedures for interpretation of infrared 
spectra. For example, EPA Test Method 
320 is considered a valid method for 
spectral interpretation (see http:// 
www.epa.gov/ttn/emc/methods/ 
method320.html). 

(3) Laser infrared analyzer. You may 
use a laser infrared analyzer that has 
compensation algorithms that are 
functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. Examples of laser infrared 
analyzers are pulsed-mode high- 
resolution narrow band mid-infrared 
analyzers, and modulated continuous 
wave high-resolution narrow band mid- 
infrared analyzers. 

(4) Photoacoustic analyzer. You may 
use a photoacoustic analyzer that has 
compensation algorithms that are 
functions of other gaseous 
measurements. The target value for any 
compensation algorithm is 0% (that is, 
no bias high and no bias low), regardless 
of the uncompensated signal’s bias. Use 
an optical wheel configuration that 
gives analytical priority to measurement 
of the least stable components in the 
sample. Select a sample integration time 
of at least 5 seconds. Take into account 
sample chamber and sample line 
volumes when determining flush times 
for your instrument. 

(5) Gas chromatograph analyzer. You 
may use a gas chromatograph with an 
electron-capture detector (GC–ECD) to 

measure N2O concentrations of diluted 
exhaust for batch sampling. 

(i) You may use a packed or porous 
layer open tubular (PLOT) column 
phase of suitable polarity and length to 
achieve adequate resolution of the N2O 
peak for analysis. Examples of 
acceptable columns are a PLOT column 
consisting of bonded polystyrene- 
divinylbenzene or a Porapack Q packed 
column. Take the column temperature 
profile and carrier gas selection into 
consideration when setting up your 
method to achieve adequate N2O peak 
resolution. 

(ii) Use good engineering judgment to 
zero your instrument and correct for 
drift. You do not need to follow the 
specific procedures in §§ 1065.530 and 
1065.550(b) that would otherwise apply. 
For example, you may perform a span 
gas measurement before and after 
sample analysis without zeroing and use 
the average area counts of the pre-span 
and post-span measurements to generate 
a response factor (area counts/span gas 
concentration), which you then 
multiply by the area counts from your 
sample to generate the sample 
concentration. 

(c) Interference verification. Perform 
interference verification for NDIR, FTIR, 
laser infrared analyzers, and 
photoacoustic analyzers using the 
procedures of § 1065.375. Interference 
verification is not required for GC–ECD. 
Certain interference gases can positively 
interfere with NDIR, FTIR, and 
photoacoustic analyzers by causing a 
response similar to N2O. When running 
the interference verification for these 
analyzers, use interference gases as 
follows: 

(1) The interference gases for NDIR 
analyzers are CO, CO2, H2O, CH4, and 
SO2. Note that interference species, with 
the exception of H2O, are dependent on 
the N2O infrared absorption band 
chosen by the instrument manufacturer. 
For each analyzer determine the N2O 
infrared absorption band. For each N2O 
infrared absorption band, use good 
engineering judgment to determine 
which interference gases to use in the 
verification. 

(2) Use good engineering judgment to 
determine interference gases for FTIR, 
and laser infrared analyzers. Note that 
interference species, with the exception 
of H2O, are dependent on the N2O 
infrared absorption band chosen by the 
instrument manufacturer. For each 
analyzer determine the N2O infrared 
absorption band. For each N2O infrared 
absorption band, use good engineering 
judgment to determine interference 
gases to use in the verification. 

(3) The interference gases for 
photoacoustic analyzers are CO, CO2, 
and H2O. 
■ 55. Section 1065.280 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.280 Paramagnetic and 
magnetopneumatic O2 detection analyzers. 

* * * * * 
(b) Component requirements. We 

recommend that you use a PMD or MPD 
analyzer that meets the specifications in 
Table 1 of § 1065.205. Note that it must 
meet the linearity verification in 
§ 1065.307. You may use a PMD or MPD 
that has compensation algorithms that 
are functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. 
■ 56. Section 1065.284 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.284 Zirconia (ZrO2) analyzer. 

* * * * * 
(b) Component requirements. We 

recommend that you use a ZrO2 
analyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
ZrO2-based system must meet the 
linearity verification in § 1065.307. You 
may use a Zirconia analyzer that has 
compensation algorithms that are 
functions of other gaseous 
measurements and the engine’s known 
or assumed fuel properties. The target 
value for any compensation algorithm is 
0% (that is, no bias high and no bias 
low), regardless of the uncompensated 
signal’s bias. 
■ 57. Section 1065.295 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.295 PM inertial balance for field- 
testing analysis. 

* * * * * 
(b) Component requirements. We 

recommend that you use a balance that 
meets the specifications in Table 1 of 
§ 1065.205. Note that your balance- 
based system must meet the linearity 
verification in § 1065.307. If the balance 
uses an internal calibration process for 
routine spanning and linearity 
verifications, the process must be NIST- 
traceable. You may use an inertial PM 
balance that has compensation 
algorithms that are functions of other 
gaseous measurements and the engine’s 
known or assumed fuel properties. The 
target value for any compensation 
algorithm is 0% (that is, no bias high 
and no bias low), regardless of the 
uncompensated signal’s bias. 
* * * * * 
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Subpart D—[Amended] 

■ 58. Section 1065.303 is revised to read 
as follows: 

§ 1065.303 Summary of required 
calibration and verifications. 

The following table summarizes the 
required and recommended calibrations 

and verifications described in this 
subpart and indicates when these have 
to be performed: 

TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS 

Type of calibration or verification Minimum frequency a 

§ 1065.305: Accuracy, repeatability and noise ... Accuracy: Not required, but recommended for initial installation. 
Repeatability: Not required, but recommended for initial installation. 
Noise: Not required, but recommended for initial installation. 

§ 1065.307: Linearity verification ........................ Speed: Upon initial installation, within 370 days before testing and after major maintenance. 
Torque: Upon initial installation, within 370 days before testing and after major maintenance. 
Electrical power: Upon initial installation, within 370 days before testing and after major main-

tenance. 
Fuel flow rate: Upon initial installation, within 370 days before testing, and after major mainte-

nance. 
Intake-air, dilution air, diluted exhaust, and batch sampler flow rates: Upon initial installation, 

within 370 days before testing and after major maintenance, unless flow is verified by pro-
pane check or by carbon or oxygen balance. 

Raw exhaust flow rate: Upon initial installation, within 185 days before testing and after major 
maintenance, unless flow is verified by propane check or by carbon or oxygen balance. 

Gas dividers: Upon initial installation, within 370 days before testing, and after major mainte-
nance. 

Gas analyzers (unless otherwise noted): Upon initial installation, within 35 days before testing 
and after major maintenance. 

FTIR and photoacoustic analyzers: Upon initial installation, within 370 days before testing and 
after major maintenance. 

GC–ECD: Upon initial installation and after major maintenance. 
PM balance: Upon initial installation, within 370 days before testing and after major mainte-

nance. 
Pressure, temperature, and dewpoint: Upon initial installation, within 370 days before testing 

and after major maintenance. 
§ 1065.308: Continuous gas analyzer system 

response and updating-recording 
verification—for gas analyzers not continu-
ously compensated for other gas species.

Upon initial installation or after system modification that would affect response. 

§ 1065.309: Continuous gas analyzer system- 
response and updating-recording 
verification—for gas analyzers continuously 
compensated for other gas species.

Upon initial installation or after system modification that would affect response. 

§ 1065.310: Torque ............................................. Upon initial installation and after major maintenance. 
§ 1065.315: Pressure, temperature, dewpoint .... Upon initial installation and after major maintenance. 
§ 1065.320: Fuel flow .......................................... Upon initial installation and after major maintenance. 
§ 1065.325: Intake flow ....................................... Upon initial installation and after major maintenance. 
§ 1065.330: Exhaust flow .................................... Upon initial installation and after major maintenance. 
§ 1065.340: Diluted exhaust flow (CVS) ............. Upon initial installation and after major maintenance. 
§ 1065.341: CVS and batch sampler 

verification b.
Upon initial installation, within 35 days before testing, and after major maintenance. 

§ 1065.342 Sample dryer verification ................. For thermal chillers: upon installation and after major maintenance. 
For osmotic membranes; upon installation, within 35 days of testing, and after major mainte-

nance. 
§ 1065.345: Vacuum leak ................................... For laboratory testing: upon initial installation of the sampling system, within 8 hours before the 

start of the first test interval of each duty-cycle sequence, and after maintenance such as 
pre-filter changes. 

For field testing: after each installation of the sampling system on the vehicle, prior to the start 
of the field test, and after maintenance such as pre-filter changes. 

§ 1065.350: CO2 NDIR H2O interference ........... Upon initial installation and after major maintenance. 
§ 1065.355: CO NDIR CO2 and H2O inter-

ference.
Upon initial installation and after major maintenance. 

§ 1065.360: FID calibrationn ............................... Calibrate all FID analyzers: upon initial installation and after major maintenance. 
THC FID optimization, and THC FID verification Optimize and determine CH4 response for THC FID analyzers: upon initial installation and 

after major maintenance. 
Verify CH4 response for THC FID analyzers: upon initial installation, within 185 days before 

testing, and after major maintenance. 
§ 1065.362: Raw exhaust FID O2 interference ... For all FID analyzers: upon initial installation, and after major maintenance. 

For THC FID analyzers: upon initial installation, after major maintenance, and after FID optimi-
zation according to § 1065.360. 

§ 1065.365: Nonmethane cutter penetration ...... Upon initial installation, within 185 days before testing, and after major maintenance. 
§ 1065.370: CLD CO2 and H2O quench ............. Upon initial installation and after major maintenance. 
§ 1065.372: NDUV HC and H2O interference .... Upon initial installation and after major maintenance. 
§ 1065.375: N2O analyzer interference .............. Upon initial installation and after major maintenance. 
§ 1065.376: Chiller NO2 penetration ................... Upon initial installation and after major maintenance. 
§ 1065.378: NO2-to-NO converter conversion .... Upon initial installation, within 35 days before testing, and after major maintenance. 
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TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS—Continued 

Type of calibration or verification Minimum frequency a 

§ 1065.390: PM balance and weighing .............. Independent verification: upon initial installation, within 370 days before testing, and after 
major maintenance. 

Zero, span, and reference sample verifications: within 12 hours of weighing, and after major 
maintenance. 

§ 1065.395: Inertial PM balance and weighing .. Independent verification: upon initial installation, within 370 days before testing, and after 
major maintenance. 

Other verifications: upon initial installation and after major maintenance. 

a Perform calibrations and verifications more frequently, according to measurement system manufacturer instructions and good engineering 
judgment. 

b The CVS verification described in § 1065.341 is not required for systems that agree within ±2% based on a chemical balance of carbon or ox-
ygen of the intake air, fuel, and diluted exhaust. 

■ 59. Section 1065.307 is amended by 
revising paragraph (a) and Table 1 at the 
end of the section to read as follows: 

§ 1065.307 Linearity verification. 

(a) Scope and frequency. Perform a 
linearity verification on each 
measurement system listed in Table 1 of 
this section at least as frequently as 
indicated in Table 1 of § 1065.303, 

consistent with measurement system 
manufacturer recommendations and 
good engineering judgment. Note that 
this linearity verification may replace 
requirements we previously referred to 
as ‘‘calibrations’’. The intent of a 
linearity verification is to determine that 
a measurement system responds 
proportionally over the measurement 
range of interest. A linearity verification 

generally consists of introducing a series 
of at least 10 reference values to a 
measurement system. The measurement 
system quantifies each reference value. 
The measured values are then 
collectively compared to the reference 
values by using a least squares linear 
regression and the linearity criteria 
specified in Table 1 of this section. 
* * * * * 

TABLE 1 OF § 1065.307—MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATIONS 

Measurement system Quantity 
Linearity criteria 

⎢ xmin(a1-1)+a0 ⎢ a1 SEE r2 

Speed ................................................................. ƒn ≤ 0.05% · ƒnmax 0.98–1.02 ≤ 2% · ƒnmax ≥ 0.990 
Torque ................................................................ T ≤ 1% · Tmax ................... 0.98–1.02 ≤ 2% · Tmax .................. ≥ 0.990 
Electrical power .................................................. P ≤ 1% · Pmax ................... 0.98–1.02 ≤ 2% · Pmax .................. ≥ 0.990 
Fuel flow rate ...................................................... ṁ ≤ 1% · ṁmax .................. 0.98–1.02 ≤ 2% · ṁmax ≥ 0.990 
Intake-air flow rate .............................................. ṅ ≤ 1% · ṅmax ................... 0.98–1.02 ≤ 2% · ṅmax .................. ≥ 0.990 
Dilution air flow rate ........................................... ṅ ≤ 1% · ṅmax ................... 0.98–1.02 ≤ 2% · ṅmax .................. ≥ 0.990 
Diluted exhaust flow rate .................................... ṅ ≤ 1% · ṅmax ................... 0.98–1.02 ≤ 2% · ṅmax .................. ≥ 0.990 
Raw exhaust flow rate ........................................ ṅ ≤ 1% · ṅmax ................... 0.98–1.02 ≤ 2% · ṅmax .................. ≥ 0.990 
Batch sampler flow rates .................................... ṅ ≤ 1% · ṅmax ................... 0.98–1.02 ≤ 2% · ṅmax .................. ≥ 0.990 
Gas dividers ....................................................... x/xspan ≤ 0.5% · xmax/xspan 0.98–1.02 ≤ 2% · xmax/xspan ≥ 0.990 
Gas analyzers for laboratory testing .................. x ≤ 0.5% · ẋmax ................ 0.99–1.01 ≤ 1% · ẋmax ................... ≥ 0.998 
Gas analyzers for field testing ........................... x ≤ 1% · ẋmax ................... 0.99–1.01 ≤ 1% · ẋmax ................... ≥ 0.998 
PM balance ........................................................ m ≤ 1% · mmax .................. 0.99–1.01 ≤ 1% · ṁmax ................. ≥ 0.998 
Pressures ........................................................... p ≤ 1% · ṗmax ................... 0.99–1.01 ≤ 1% · ṗmax .................. ≥ 0.998 
Dewpoint for intake air, PM-stabilization and 

balance environments.
Tdew ≤ 0.5% · Tdewmax 0.99–1.01 ≤ 0.5% · Tdewmax ≥ 0.998 

Other dewpoint measurements .......................... Tdew ≤ 1% · Tdewmax 0.99–1.01 ≤ 1% · Tdewmax ≥ 0.998 
Analog-to-digital conversion of temperature sig-

nals.
T ≤ 1% · Ṫmax 0.99–1.01 ≤ 1% · Tmax ≥ 0.998 

■ 60. Section 1065.340 is amended by 
revising paragraphs (a) through (g), 
adding paragraph (h), and adding and 
reserving paragraph (i) before Figure 1 
to read as follows: 

§ 1065.340 Diluted exhaust flow (CVS) 
calibration. 

(a) Overview. This section describes 
how to calibrate flow meters for diluted 
exhaust constant-volume sampling 
(CVS) systems. 

(b) Scope and frequency. Perform this 
calibration while the flow meter is 
installed in its permanent position, 
except as allowed in paragraph (c) of 
this section. Perform this calibration 

after you change any part of the flow 
configuration upstream or downstream 
of the flow meter that may affect the 
flow-meter calibration. Perform this 
calibration upon initial CVS installation 
and whenever corrective action does not 
resolve a failure to meet the diluted 
exhaust flow verification (i.e., propane 
check) in § 1065.341. 

(c) Ex-situ CFV and SSV calibration. 
You may remove a CFV or SSV from its 
permanent position for calibration as 
long as it meets the following 
requirements when installed in the CVS: 

(1) Upon installation of the CFV or 
SSV into the CVS, use good engineering 
judgment to verify that you have not 

introduced any leaks between the CVS 
inlet and the venturi. 

(2) After ex-situ venturi calibration, 
you must verify all venturi flow 
combinations for CFVs or at minimum 
of 10 flow points for an SSV using the 
propane check as described in 
§ 1065.341. Your propane check result 
for each venturi flow point may not 
exceed the tolerance in § 1065.341(f)(5). 

(3) To verify your ex-situ calibration 
for a CVS with more than a single CFV, 
perform the following check to verify 
that there are no flow meter entrance 
effects that can prevent you from 
passing this verification. 
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(i) Use a constant flow device like a 
CFO kit to deliver a constant flow of 
propane to the dilution tunnel. 

(ii) Measure hydrocarbon 
concentrations at a minimum of 10 
separate flow rates for an SSV flow 
meter, or at all possible flow 
combinations for a CFV flow meter, 
while keeping the flow of propane 
constant. We recommend selecting CVS 
flow rates in a random order. 

(iii) Measure the concentration of 
hydrocarbon background in the dilution 
air at the beginning and end of this test. 
Subtract the average background 
concentration from each measurement 
at each flow point before performing the 
regression analysis in paragraph 
(c)(3)(iv) of this section. 

(iv) Perform a power regression using 
all the paired values of flow rate and 
corrected concentration to obtain a 
relationship in the form of y = a · x b. 
Use concentration as the independent 
variable and flow rate as the dependent 
variable. For each data point, calculate 
the difference between the measured 
flow rate and the value represented by 
the curve fit. The difference at each 
point must be less than ±1% of the 
appropriate regression value. The value 
of b must be between ¥1.005 and 
¥0.995. If your results do not meet 
these limits, take corrective action 
consistent with § 1065.341(a). 

(d) Reference flow meter. Calibrate a 
CVS flow meter using a reference flow 
meter such as a subsonic venturi flow 
meter, a long-radius ASME/NIST flow 
nozzle, a smooth approach orifice, a 
laminar flow element, a set of critical 
flow venturis, or an ultrasonic flow 
meter. Use a reference flow meter that 
reports quantities that are NIST- 
traceable within ±1% uncertainty. Use 
this reference flow meter’s response to 
flow as the reference value for CVS 
flow-meter calibration. 

(e) Configuration. Do not use an 
upstream screen or other restriction that 
could affect the flow ahead of the 
reference flow meter, unless the flow 
meter has been calibrated with such a 
restriction. 

(f) PDP calibration. Calibrate a 
positive-displacement pump (PDP) to 
determine a flow-versus-PDP speed 
equation that accounts for flow leakage 
across sealing surfaces in the PDP as a 
function of PDP inlet pressure. 
Determine unique equation coefficients 
for each speed at which you operate the 
PDP. Calibrate a PDP flow meter as 
follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Leaks between the calibration flow 
meter and the PDP must be less than 
0.3% of the total flow at the lowest 

calibrated flow point; for example, at 
the highest restriction and lowest PDP- 
speed point. 

(3) While the PDP operates, maintain 
a constant temperature at the PDP inlet 
within ±2% of the mean absolute inlet 
temperature, T̄in. 

(4) Set the PDP speed to the first 
speed point at which you intend to 
calibrate. 

(5) Set the variable restrictor to its 
wide-open position. 

(6) Operate the PDP for at least 3 min 
to stabilize the system. Continue 
operating the PDP and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quantities: 

(i) The mean flow rate of the reference 
flow meter, nÔref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating nÔref. 

(ii) The mean temperature at the PDP 
inlet, T̄in. 

(iii) The mean static absolute pressure 
at the PDP inlet, p̄in. 

(iv) The mean static absolute pressure 
at the PDP outlet, p̄out. 

HERE 
(v) The mean PDP speed, f̄nPDP. 
HERE 
(7) Incrementally close the restrictor 

valve to decrease the absolute pressure 
at the inlet to the PDP, p̄in. 

(8) Repeat the steps in paragraphs 
(e)(6) and (7) of this section to record 
data at a minimum of six restrictor 
positions ranging from the wide open 
restrictor position to the minimum 
expected pressure at the PDP inlet. 

(9) Calibrate the PDP by using the 
collected data and the equations in 
§ 1065.640. 

(10) Repeat the steps in paragraphs 
(e)(6) through (9) of this section for each 
speed at which you operate the PDP. 

(11) Use the equations in § 1065.642 
to determine the PDP flow equation for 
emission testing. 

(12) Verify the calibration by 
performing a CVS verification (i.e., 
propane check) as described in 
§ 1065.341. 

(13) Do not use the PDP below the 
lowest inlet pressure tested during 
calibration. 

(g) CFV calibration. Calibrate a 
critical-flow venturi (CFV) to verify its 
discharge coefficient, Cd, at the lowest 
expected static differential pressure 
between the CFV inlet and outlet. 
Calibrate a CFV flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the CFV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of the 
CFV. 

(4) While the CFV operates, maintain 
a constant temperature at the CFV inlet 
within ±2% of the mean absolute inlet 
temperature, T̄in. 

(5) Set the variable restrictor to its 
wide-open position. Instead of a 
variable restrictor, you may alternately 
vary the pressure downstream of the 
CFV by varying blower speed or by 
introducing a controlled leak. Note that 
some blowers have limitations on 
nonloaded conditions. 

(6) Operate the CFV for at least 3 min 
to stabilize the system. Continue 
operating the CFV and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quantities: 

(i) The mean flow rate of the reference 
flow meter, nÔref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating nÔref. 

(ii) The mean dewpoint of the 
calibration air, T̄dew. See § 1065.640 for 
permissible assumptions during 
emission measurements. 

(iii) The mean temperature at the 
venturi inlet, T̄in. 

(iv) The mean static absolute pressure 
at the venturi inlet, p̄in. 

(v) The mean static differential 
pressure between the CFV inlet and the 
CFV outlet, Dp̄CFV. 

(7) Incrementally close the restrictor 
valve or decrease the downstream 
pressure to decrease the differential 
pressure across the CFV, Dp̄CFV. 

(8) Repeat the steps in paragraphs 
(f)(6) and (7) of this section to record 
mean data at a minimum of ten 
restrictor positions, such that you test 
the fullest practical range of Dp̄CFV 
expected during testing. We do not 
require that you remove calibration 
components or CVS components to 
calibrate at the lowest possible 
restrictions. 

(9) Determine Cd and the lowest 
allowable pressure ratio, r, according to 
§ 1065.640. 

(10) Use Cd to determine CFV flow 
during an emission test. Do not use the 
CFV below the lowest allowed r, as 
determined in § 1065.640. 

(11) Verify the calibration by 
performing a CVS verification (i.e., 
propane check) as described in 
§ 1065.341. 

(12) If your CVS is configured to 
operate more than one CFV at a time in 
parallel, calibrate your CVS by one of 
the following: 

(i) Calibrate every combination of 
CFVs according to this section and 
§ 1065.640. Refer to § 1065.642 for 
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instructions on calculating flow rates for 
this option. 

(ii) Calibrate each CFV according to 
this section and § 1065.640. Refer to 
§ 1065.642 for instructions on 
calculating flow rates for this option. 

(h) SSV calibration. Calibrate a 
subsonic venturi (SSV) to determine its 
calibration coefficient, Cd, for the 
expected range of inlet pressures. 
Calibrate an SSV flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the SSV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of the 
SSV. 

(4) While the SSV operates, maintain 
a constant temperature at the SSV inlet 
within ±2% of the mean absolute inlet 
temperature, T̄in. 

(5) Set the variable restrictor or 
variable-speed blower to a flow rate 
greater than the greatest flow rate 
expected during testing. You may not 
extrapolate flow rates beyond calibrated 
values, so we recommend that you make 
sure the Reynolds number, Re#, at the 
SSV throat at the greatest calibrated 
flow rate is greater than the maximum 
Re# expected during testing. 

(6) Operate the SSV for at least 3 min 
to stabilize the system. Continue 
operating the SSV and record the mean 
of at least 30 seconds of sampled data 
of each of the following quantities: 

(i) The mean flow rate of the reference 
flow meter nÔref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating nÔref. 

(ii) Optionally, the mean dewpoint of 
the calibration air, T̄dew. See § 1065.640 
for permissible assumptions. 

(iii) The mean temperature at the 
venturi inlet, T̄in. 

(iv) The mean static absolute pressure 
at the venturi inlet, p̄in. 

(v) Static differential pressure 
between the static pressure at the 
venturi inlet and the static pressure at 
the venturi throat, Dp̄ssv. 

(7) Incrementally close the restrictor 
valve or decrease the blower speed to 
decrease the flow rate. 

(8) Repeat the steps in paragraphs 
(g)(6) and (7) of this section to record 
data at a minimum of ten flow rates. 

(9) Determine a functional form of Cd 
versus Re# by using the collected data 
and the equations in § 1065.640. 

(10) Verify the calibration by 
performing a CVS verification (i.e., 
propane check) as described in 
§ 1065.341 using the new Cd versus Re# 
equation. 

(11) Use the SSV only between the 
minimum and maximum calibrated flow 
rates. 

(12) Use the equations in § 1065.642 
to determine SSV flow during a test. 

(i) Ultrasonic flow meter calibration. 
[Reserved] 
* * * * * 
■ 61. Section 1065.341 is amended by 
revising paragraphs (a)(5), (a)(6), and 
(f)(5) and adding paragraph (a)(7) to read 
as follows: 

§ 1065.341 CVS and batch sampler 
verification (propane check). 

(a) * * * 
(5) Change in CVS calibration. 

Perform a calibration of the CVS flow 
meter as described in § 1065.340. 

(6) Flow meter entrance effects. 
Inspect the CVS tunnel to determine 
whether the entrance effects from the 
piping configuration upstream of the 
flow meter adversely affect the flow 
measurement. 

(7) Other problems with the CVS or 
sampling verification hardware or 
software. Inspect the CVS system, CVS 
verification hardware, and software for 
discrepancies. 
* * * * * 

(f) * * * 
(5) Subtract the reference C3H8 mass 

from the calculated mass. If this 
difference is within ±2% of the 
reference mass, the CVS passes this 
verification. If not, take corrective action 
as described in paragraph (a) of this 
section. 
* * * * * 
■ 62. Section 1065.350 is amended by 
revising paragraph (d)(7) to read as 
follows: 

§ 1065.350 H2O interference verification 
for CO2 NDIR analyzers. 

* * * * * 
(d) * * * 
(7) While the analyzer measures the 

sample’s concentration, record 30 
seconds of sampled data. Calculate the 
arithmetic mean of this data. The 
analyzer meets the interference 
verification if this value is within (0.0 
± 0.4) mmol/mol. 
* * * * * 
■ 63. Section 1065.360 is amended by 
revising paragraph (e) introductory text 
to read as follows: 

§ 1065.360 FID optimization and 
verification. 

* * * * * 
(e) THC FID methane (CH4) response 

verification. This procedure is only for 
FID analyzers that measure THC. If the 
value of RFCH4[THC–FID] from paragraph 
(d) of this section is within ±5% of its 

most recent previously determined 
value, the THC FID passes the methane 
response verification. For example, if 
the most recent previous value for 
RFCH4[THC–FID] was 1.05 and it changed 
by ±0.05 to become 1.10 or it changed 
by ¥0.05 to become 1.00, either case 
would be acceptable because ±4.8% is 
less than ±5%. Verify RFCH4[THC–FID] as 
follows: 
* * * * * 
■ 64. Section 1065.370 is amended by 
revising paragraph (g)(1) to read as 
follows: 

§ 1065.370 CLD CO2 and H2O quench 
verification. 
* * * * * 

(g) * * * 
(1) You may omit this verification if 

you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculation procedures, 
the combined CO2 and H2O interference 
for your NOX CLD analyzer always 
affects your brake-specific NOX 
emission results within no more than 
±1% of the applicable NOX standard. If 
you certify to a combined emission 
standard (such as a NOX + NMHC 
standard), scale your NOX results to the 
combined standard based on the 
measured results (after incorporating 
deterioration factors, if applicable). For 
example, if your final NOX + NMHC 
value is half of the emission standard, 
double the NOX result to estimate the 
level of NOX emissions corresponding to 
the applicable standard. 
* * * * * 
■ 65. Section 1065.372 is amended by 
revising paragraph (e)(1) to read as 
follows: 

§ 1065.372 NDUV analyzer HC and H2O 
interference verification. 
* * * * * 

(e) * * * 
(1) You may omit this verification if 

you can show by engineering analysis 
that for your NOX sampling system and 
your emission calculation procedures, 
the combined HC and H2O interference 
for your NOX NDUV analyzer always 
affects your brake-specific NOX 
emission results by less than 0.5% of 
the applicable NOX standard. 
* * * * * 
■ 66. Section 1065.378 is amended by 
revising paragraph (d)(3)(iv) to read as 
follows: 

§ 1065.378 NO2-to-NO converter 
conversion verification. 
* * * * * 

(d) * * * 
(3) * * * 
(iv) Switch the ozonator on and adjust 

the ozone generation rate so the NO 
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measured by the analyzer is 20 percent 
of xNOref or a value which would 
simulate the maximum concentration of 
NO2 expected during testing, while 
maintaining at least 10 percent 
unreacted NO. This ensures that the 
ozonator is generating NO2 at the 
maximum concentration expected 
during testing. Record the concentration 
of NO by calculating the mean of 30 
seconds of sampled data from the 
analyzer and record this value as 
xNOmeas. 
* * * * * 

Subpart F—[Amended] 

■ 67. Section 1065.510 is amended as 
follows: 
■ a. By revising paragraphs (a) 
introductory text, (b)(5)(i), and (b)(6). 
■ b. By adding paragraph (b)(7). 
■ c. By revising paragraphs (c)(2), (d)(5), 
(f)(3), (f)(5), and (g). 
■ d. By adding paragraphs (c)(4) and (h) 
to read as follows: 

§ 1065.510 Engine mapping. 
(a) Applicability, scope, and 

frequency. An engine map is a data set 
that consists of a series of paired data 
points that represent the maximum 
brake torque versus engine speed, 
measured at the engine’s primary output 
shaft. Map your engine if the standard- 
setting part requires engine mapping to 
generate a duty cycle for your engine 
configuration. Map your engine while it 
is connected to a dynamometer or other 
device that can absorb work output from 
the engine’s primary output shaft 
according to § 1065.110. To establish 
speed and torque values for mapping, 
we generally recommend that you 
stabilize an engine for at least 15 
seconds at each setpoint and record the 
mean feedback speed and torque of the 
last (4 to 6) seconds. Configure any 
auxiliary work inputs and outputs such 
as hybrid, turbo-compounding, or 
thermoelectric systems to represent 
their in-use configurations, and use the 
same configuration for emission testing. 
See Figure 1 of § 1065.210. This may 
involve configuring initial states of 
charge and rates and times of auxiliary- 
work inputs and outputs. We 
recommend that you contact the 
Designated Compliance Officer before 
testing to determine how you should 
configure any auxiliary-work inputs and 
outputs. Use the most recent engine 
map to transform a normalized duty 
cycle from the standard-setting part to a 
reference duty cycle specific to your 
engine. Normalized duty cycles are 
specified in the standard-setting part. 
You may update an engine map at any 
time by repeating the engine-mapping 

procedure. You must map or re-map an 
engine before a test if any of the 
following apply: 
* * * * * 

(b) * * * 
(5) * * * 
(i) For any engine subject only to 

steady-state duty cycles, you may 
perform an engine map by using 
discrete speeds. Select at least 20 evenly 
spaced setpoints from 95% of warm idle 
speed to the highest speed above 
maximum power at which 50% of 
maximum power occurs. We refer to 
this 50% speed as the check point speed 
as described in paragraph (b)(5)(iii) of 
this section. At each setpoint, stabilize 
speed and allow torque to stabilize. 
Record the mean speed and torque at 
each setpoint. Use linear interpolation 
to determine intermediate speeds and 
torques. Use this series of speeds and 
torques to generate the power map as 
described in paragraph (e) of this 
section. 
* * * * * 

(6) Use one of the following methods 
to determine warm high-idle speed for 
engines with a high-speed governor if 
they are subject to transient testing with 
a duty cycle that includes reference 
speed values above 100%: 

(i) You may use a manufacturer- 
declared warm high-idle speed if the 
engine is electronically governed. For 
engines with a high-speed governor that 
shuts off torque output at a 
manufacturer-specified speed and 
reactivates at a lower manufacturer- 
specified speed (such as engines that 
use ignition cut-off for governing), 
declare the middle of the specified 
speed range as the warm high-idle 
speed. 

(ii) Measure the warm high-idle speed 
using the following procedure: 

(A) Set operator demand to maximum 
and use the dynamometer to target zero 
torque on the engine’s primary output 
shaft. If the mean feedback torque is 
within ±1% of Tmax mapped, you may use 
the observed mean feedback speed at 
that point as the measured warm high- 
idle speed. 

(B) If the engine is unstable as a result 
of in-use production components (such 
as engines that use ignition cut-off for 
governing, as opposed to unstable 
dynamometer operation), you must use 
the mean feedback speed from 
paragraph (b)(6)(ii)(A) of this section as 
the measured warm high-idle speed. 
The engine is considered unstable if any 
of the 1 Hz speed feedback values are 
not within ±2% of the calculated mean 
feedback speed. We recommend that 
you determine the mean as the value 
representing the midpoint between the 

observed maximum and minimum 
recorded feedback speed. 

(C) If your dynamometer is not 
capable of achieving a mean feedback 
torque within ±1% of Tmax mapped, 
operate the engine at a second point 
with operator demand set to maximum 
with the dynamometer set to target a 
torque equal to the recorded mean 
feedback torque on the previous point 
plus 20% of Tmax mapped. Use this data 
point and the data point from paragraph 
(b)(6)(ii)(A) of this section to extrapolate 
the engine speed where torque is equal 
to zero. 

(D) You may use a manufacturer- 
declared Tmax instead of the measured 
Tmax mapped. If you do this, or if you are 
able to determine mean feedback speed 
as described in paragraphs (b)(6)(ii)(A) 
and (B) of this section, you may measure 
the warm high-idle speed before 
running the speed sweep specified in 
paragraph (b)(5) of this section. 

(7) For engines with a low-speed 
governor, if a nonzero idle torque is 
representative of in-use operation, 
operate the engine at warm idle with the 
manufacturer-declared idle torque. Set 
the operator demand to minimum, use 
the dynamometer to target the declared 
idle torque, and allow the engine to 
govern the speed. Measure this speed 
and use it as the warm idle speed for 
cycle generation in § 1065.512. We 
recommend recording at least 30 values 
of speed and using the mean of those 
values. If you identify multiple warm 
idle torques under paragraph (f)(4)(i) of 
this section, measure the warm idle 
speed at each torque. You may map the 
idle governor at multiple load levels and 
use this map to determine the measured 
warm idle speed at the declared idle 
torque(s). 

(c) * * * 
(2) Map the amount of negative torque 

required to motor the engine by 
repeating paragraph (b) of this section 
with minimum operator demand. You 
may start the negative torque map at 
either the minimum or maximum speed 
from paragraph (b) of this section. 
* * * * * 

(4) For engines with an electric hybrid 
system, you may create a negative 
torque map that would include the full 
negative torque of the electric hybrid 
system, so operator demand will be at 
a minimum when the reference duty 
cycle specifies negative torque values. 

(d) * * * 
(5) Perform one of the following: 
(i) For constant-speed engines subject 

only to steady-state testing, you may 
perform an engine map by using a series 
of discrete torques. Select at least five 
evenly spaced torque setpoints from no- 
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load to 80% of the manufacturer- 
declared test torque or to a torque 
derived from your published maximum 
power level if the declared test torque 
is unavailable. Starting at the 80% 
torque point, select setpoints in 2.5% 
intervals, stopping at the endpoint 
torque. The endpoint torque is defined 
as the first discrete mapped torque value 
greater than the torque at maximum 
observed power where the engine 
outputs 90% of the maximum observed 
power; or the torque when engine stall 
has been determined using good 
engineering judgment (i.e. sudden 
deceleration of engine speed while 
adding torque). You may continue 
mapping at higher torque setpoints. At 
each setpoint, allow torque and speed to 
stabilize. Record the mean feedback 
speed and torque at each setpoint. From 
this series of mean feedback speed and 
torque values, use linear interpolation to 
determine intermediate values. Use this 
series of mean feedback speeds and 
torques to generate the power map as 
described in paragraph (e) of this 
section. 

(ii) For any constant-speed engine, 
you may perform an engine map with a 
continuous torque sweep by continuing 
to record the mean feedback speed and 
torque at 1 Hz or more frequently. Use 
the dynamometer to increase torque. 
Increase the reference torque at a 
constant rate from no-load to the 
endpoint torque as defined in paragraph 
(d)(5)(i) of this section. You may 
continue mapping at higher torque 
setpoints. Unless the standard-setting 
part specifies otherwise, target a torque 
sweep rate equal to the manufacturer- 
declared test torque (or a torque derived 
from your published power level if the 
declared test torque is not known) 
divided by 180 s. Stop recording after 
you complete the sweep. Verify that the 
average torque sweep rate over the 
entire map is within ±7% of the target 
torque sweep rate. Use linear 
interpolation to determine intermediate 
values from this series of mean feedback 
speed and torque values. Use this series 
of mean feedback speeds and torques to 
generate the power map as described in 
paragraph (e) of this section. 

(iii) For electric power generation 
applications in which normal engine 
operation is limited to a specific speed 
range, map the engine with two points 
as described in this paragraph (d)(5)(iii). 
After stabilizing at the no-load governed 
speed in paragraph (d)(4) of this section, 
record the mean feedback speed and 
torque. Continue to operate the engine 
with the governor or simulated governor 
controlling engine speed using operator 
demand, and control the dynamometer 
to target a speed of 97.5% of the 

recorded mean no-load governed speed. 
If the in-use performance class of the 
electric power generation application is 
known, you may use those values in 
place of 97.5% (e.g., for ISO 8528–5 G3 
Performance Class, the steady-state 
frequency band is less than or equal to 
0.5%, so use 99.75% instead of 97.5%). 
Allow speed and torque to stabilize. 
Record the mean feedback speed and 
torque. Record the target speed. The 
absolute value of the speed error (the 
mean feedback speed minus the target 
speed) must be no greater than 20% of 
the difference between the recorded 
mean no-load governed speed and the 
target speed. From this series of two 
mean feedback speed and torque values, 
use linear interpolation to determine 
intermediate values. Use this series of 
two mean feedback speeds and torques 
to generate a power map as described in 
paragraph (e) of this section. Note that 
the measured maximum test torque 
determined in § 1065.610(b)(1), will be 
the mean feedback torque recorded on 
the second point. 
* * * * * 

(f) * * * 
(3) Optional declared speeds. You 

may use declared speeds instead of 
measured speeds as follows: 

(i) You may use a declared value for 
maximum test speed for variable-speed 
engines if it is within (97.5 to 102.5) % 
of the corresponding measured value. 
You may use a higher declared speed if 
the length of the ‘‘vector’’ at the 
declared speed is within 2% of the 
length of the ‘‘vector’’ at the measured 
value. The term vector refers to the 
square root of the sum of normalized 
engine speed squared and the 
normalized full-load power (at that 
speed) squared, consistent with the 
calculations in § 1065.610. 

(ii) You may use a declared value for 
intermediate, ‘‘A’’, ‘‘B’’, or ‘‘C’’ speeds 
for steady-state tests if the declared 
value is within (97.5 to 102.5)% of the 
corresponding measured value. 

(iii) For electronically governed 
engines, you may use a declared warm 
high-idle speed for calculating the 
alternate maximum test speed as 
specified in § 1065.610. 
* * * * * 

(5) Optional declared torques. (i) For 
variable-speed engines you may declare 
a maximum torque over the engine 
operating range. You may use the 
declared value for measuring warm 
high-idle speed as specified in this 
section. 

(ii) For constant-speed engines you 
may declare a maximum test torque. 
You may use the declared value for 

cycle generation if it is within (95 to 
100) % of the measured value. 

(g) Mapping variable-speed engines 
with an electric hybrid system. Map 
variable-speed engines that include 
electric hybrid systems as described in 
this paragraph (g). You may ask to apply 
these provisions to other types of hybrid 
engines, consistent with good 
engineering judgment. However, do not 
use this procedure for engines used in 
hybrid vehicles where the hybrid 
system is certified as part of the vehicle 
rather than the engine. Follow the steps 
for mapping a variable-speed engine as 
given in paragraph (b)(5) of this section 
except as noted in this paragraph (g). 
You must generate one engine map with 
the hybrid system inactive as described 
in paragraph (g)(1) of this section, and 
a separate map with the hybrid system 
active as described in paragraph (g)(2) of 
this section. See the standard-setting 
part to determine how to use these 
maps. The map with the system inactive 
is typically used to generate steady-state 
duty cycles, but may also be used to 
generate transient cycles, such as those 
that do not involve engine motoring. 
This hybrid-inactive map is also used 
for generating the hybrid-active map. 
The hybrid-active map is typically used 
to generate transient duty cycles that 
involve engine motoring. 

(1) Prepare the engine for mapping by 
either deactivating the hybrid system or 
by operating the engine as specified in 
paragraph (b)(4) of this section and 
remaining at this condition until the 
rechargeable energy storage system 
(RESS) is depleted. Once the hybrid has 
been disabled or the RESS is depleted, 
perform an engine map as specified in 
paragraph (b)(5) of this section. If the 
RESS was depleted instead of 
deactivated, ensure that instantaneous 
power from the RESS remains less than 
2% of the instantaneous measured 
power from the engine (or engine-hybrid 
system) at all engine speeds. 

(2) The purpose of the mapping 
procedure in this paragraph (g) is to 
determine the maximum torque 
available at each speed, such as what 
might occur during transient operation 
with a fully charged RESS. Use one of 
the following methods to generate a 
hybrid-active map: 

(i) Perform an engine map by using a 
series of continuous sweeps to cover the 
engine’s full range of operating speeds. 
Prepare the engine for hybrid-active 
mapping by ensuring that the RESS state 
of charge is representative of normal 
operation. Perform the sweep as 
specified in paragraph (b)(5)(ii) of this 
section, but stop the sweep to charge the 
RESS when the power measured from 
the RESS drops below the expected 
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maximum power from the RESS by 
more than 2% of total system power 
(including engine and RESS power). 
Unless good engineering judgment 
indicates otherwise, assume that the 
expected maximum power from the 
RESS is equal to the measured RESS 
power at the start of the sweep segment. 
For example, if the 3-second rolling 
average of total engine-RESS power is 
200 kW and the power from the RESS 
at the beginning of the sweep segment 
is 50 kW, once the power from the RESS 
reaches 46 kW, stop the sweep to charge 
the RESS. Note that this assumption is 
not valid where the hybrid motor is 
torque-limited. Calculate total system 
power as a 3-second rolling average of 
instantaneous total system power. After 
each charging event, stabilize the engine 
for 15 seconds at the speed at which you 
ended the previous segment with 
operator demand set to maximum before 
continuing the sweep from that speed. 
Repeat the cycle of charging, mapping, 
and recharging until you have 
completed the engine map. You may 
shut down the system or include other 
operation between segments to be 
consistent with the intent of this 
paragraph (g)(2)(i). For example, for 
systems in which continuous charging 
and discharging can overheat batteries 
to an extent that affects performance, 
you may operate the engine at zero 
power from the RESS for enough time 
after the system is recharged to allow 
the batteries to cool. Use good 
engineering judgment to smooth the 
torque curve to eliminate 
discontinuities between map intervals. 

(ii) Perform an engine map by using 
discrete speeds. Select map setpoints at 
intervals defined by the ranges of engine 
speed being mapped. From 95% of 
warm idle speed to 90% of the expected 
maximum test speed, select setpoints 
that result in a minimum of 13 equally 
spaced speed setpoints. From 90% to 
110% of expected maximum test speed, 
select setpoints in equally spaced 
intervals that are nominally 2% of 
expected maximum test speed. Above 
110% of expected maximum test speed, 
select setpoints based on the same speed 
intervals used for mapping from 95% 
warm idle speed to 90% maximum test 
speed. You may stop mapping at the 
highest speed above maximum power at 
which 50% of maximum power occurs. 
We refer to the speed at 50% power as 
the check point speed as described in 
paragraph (b)(5)(iii) of this section. 
Stabilize engine speed at each setpoint, 
targeting a torque value at 70% of peak 
torque at that speed without hybrid- 
assist. Make sure the engine is fully 
warmed up and the RESS state of charge 
is within the normal operating range. 
Snap the operator demand to maximum, 
operate the engine there for at least 10 
seconds, and record the 3-second rolling 
average feedback speed and torque at 1 
Hz or higher. Record the peak 3-second 
average torque and 3-second average 
speed at that point. Use linear 
interpolation to determine intermediate 
speeds and torques. Follow 
§ 1065.610(a) to calculate the maximum 
test speed. Verify that the measured 
maximum test speed falls in the range 
from 92 to 108% of the estimated 

maximum test speed. If the measured 
maximum test speed does not fall in this 
range, rerun the map using the 
measured value of maximum test speed. 

(h) Other mapping procedures. You 
may use other mapping procedures if 
you believe the procedures specified in 
this section are unsafe or 
unrepresentative for your engine. Any 
alternate techniques you use must 
satisfy the intent of the specified 
mapping procedures, which is to 
determine the maximum available 
torque at all engine speeds that occur 
during a duty cycle. Identify any 
deviations from this section’s mapping 
procedures when you submit data to us. 

■ 68. Section 1065.514 is amended by 
revising paragraph (f)(3) to read as 
follows: 

§ 1065.514 Cycle-validation criteria for 
operation over specified duty cycles. 

* * * * * 
(f) * * * 
(3) For discrete-mode steady-state 

testing, apply cycle-validation criteria 
by treating the sampling periods from 
the series of test modes as a continuous 
sampling period, analogous to ramped- 
modal testing and apply statistical 
criteria as described in paragraph (f)(1) 
or (f)(2) of this section. Note that if the 
gaseous and particulate test intervals are 
different periods of time, separate 
validations are required for the gaseous 
and particulate test intervals. Table 2 
follows: 

TABLE 2 OF § 1065.514—DEFAULT STATISTICAL CRITERIA FOR VALIDATING DUTY CYCLES 

Parameter Speed Torque Power 

Slope, a1 ........................................ 0.950 ≤ a1 ≤ 1.030 ........................ 0.830 ≤ a1 ≤ 1.030 ........................ 0.830 ≤ a1 ≤ 1.030. 
Absolute value of intercept, |a0| ..... ≤ 10% of warm idle ...................... ≤ 2% of maximum mapped torque ≤ 2% of maximum mapped power. 
Standard error of estimate, SEE ... ≤ 5% of maximum test speed ...... ≤ 10% of maximum mapped 

torque.
≤ 10% of maximum mapped 

power. 
Coefficient of determination, r2 ...... ≥ 0.970 .......................................... ≥ 0.850 .......................................... ≥ 0.910. 

■ 69. Section 1065.520 is amended by 
revising paragraph (g) introductory text, 
(g)(5)(i), (g)(7), and (g)(8) and adding 
paragraph (g)(9) to read as follows: 

§ 1065.520 Pre-test verification procedures 
and pre-test data collection. 

* * * * * 
(g) Verify the amount of nonmethane 

hydrocarbon contamination in the 
exhaust and background HC sampling 
systems within 8 hours before the start 
of the first test interval of each duty- 
cycle sequence for laboratory tests. You 
may verify the contamination of a 
background HC sampling system by 

reading the last bag fill and purge using 
zero gas. For any NMHC measurement 
system that involves separately 
measuring methane and subtracting it 
from a THC measurement or for any CH4 
measurement system that uses an NMC, 
verify the amount of THC contamination 
using only the THC analyzer response. 
There is no need to operate any separate 
methane analyzer for this verification; 
however, you may measure and correct 
for THC contamination in the CH4 
sample train for the cases where NMHC 
is determined by subtracting CH4 from 
THC or, where CH4 is determined, using 
an NMC as configured in § 1065.365(d), 

(e), and (f); and using the calculations in 
§ 1065.660(b)(2). Perform this 
verification as follows: 
* * * * * 

(5) * * * 
(i) For continuous sampling, record 

the mean THC concentration as 
overflow zero gas flows. 
* * * * * 

(7) You may correct the measured 
initial THC concentration for drift as 
follows: 

(i) For batch and continuous HC 
analyzers, after determining the initial 
THC concentration, flow zero gas to the 
analyzer zero or sample port. When the 
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analyzer reading is stable, record the 
mean analyzer value. 

(ii) Flow span gas to the analyzer span 
or sample port. When the analyzer 
reading is stable, record the mean 
analyzer value. 

(iii) Use mean analyzer values from 
paragraphs (g)(2), (g)(3), (g)(7)(i), and 
(g)(7)(ii) of this section to correct the 
initial THC concentration recorded in 
paragraph (g)(6) of this section for drift, 
as described in § 1065.550. 

(8) If any of the xTHC[THC–FID]init values 
exceed the greatest of the following 
values, determine the source of the 
contamination and take corrective 
action, such as purging the system 
during an additional preconditioning 
cycle or replacing contaminated 
portions: 

(i) 2% of the flow-weighted mean wet, 
net concentration expected at the HC 
(THC or NMHC) standard. 

(ii) 2% of the flow-weighted mean 
wet, net concentration of HC (THC or 
NMHC) measured during testing. 

(iii) 2 μmol/mol. 
(9) If corrective action does not 

resolve the deficiency, you may request 
to use the contaminated system as an 
alternate procedure under § 1065.10. 
* * * * * 
■ 70. Section 1065.525 is amended by 
removing paragraph (c)(4) and revising 
paragraph (a) to read as follows. 

§ 1065.525 Engine starting, restarting, and 
shutdown. 

(a) For test intervals that require 
emission sampling during engine 
starting, start the engine using one of the 
following methods: 

(1) Start the engine as recommended 
in the owners manual using a 
production starter motor or air-start 
system and either an adequately charged 
battery, a suitable power supply, or a 
suitable compressed air source. 

(2) Use the dynamometer to start the 
engine. To do this, motor the engine 
within ± 25% of its typical in-use 
cranking speed. Stop cranking within 1 
second of starting the engine. 

(3) In the case of hybrid engines, 
activate the system such that the engine 
will start when its control algorithms 
determine that the engine should 
provide power instead of or in addition 
to power from the RESS. Unless we 
specify otherwise, engine starting 
throughout this part generally refers to 
this step of activating the system on 
hybrid engines, whether or not that 
causes the engine to start running. 
* * * * * 
■ 71. Section 1065.530 is amended by 
revising paragraph (b)(13) to read as 
follows: 

§ 1065.530 Emission test sequence. 

* * * * * 
(b) * * * 
(13) Drain any accumulated 

condensate from the intake air system 
before starting a duty cycle, as described 
in § 1065.125(e)(1). If engine and 
aftertreatment preconditioning cycles 
are run before the duty cycle, treat the 
preconditioning cycles and any 
associated soak period as part of the 
duty cycle for the purpose of opening 
drains and draining condensate. Note 
that you must close any intake air 
condensate drains that are not 
representative of those normally open 
during in-use operation. 
* * * * * 
■ 72. Section 1065.546 is amended by 
revising paragraph (a) to read as follows: 

§ 1065.546 Validation of minimum dilution 
ratio for PM batch sampling, and drift 
correction. 

* * * * * 
(a) Determine minimum dilution ratio 

based on molar flow data. This involves 
determination of at least two of the 
following three quantities: Raw exhaust 
flow (or previously diluted flow), 
dilution air flow, and dilute exhaust 
flow. You may determine the raw 
exhaust flow rate based on the measured 
intake air or fuel flow rate and the raw 
exhaust chemical balance terms as given 
in § 1065.655(e). You may determine the 
raw exhaust flow rate based on the 
measured intake air and dilute exhaust 
molar flow rates and the dilute exhaust 
chemical balance terms as given in 
§ 1065.655(f). You may alternatively 
estimate the molar raw exhaust flow rate 
based on intake air, fuel rate 
measurements, and fuel properties, 
consistent with good engineering 
judgment. 
* * * * * 
■ 73. Section 1065.550 is amended by 
revising the section heading and 
paragraph (b) to read as follows: 

§ 1065.550 Gas analyzer range validation 
and drift validation. 

* * * * * 
(b) Drift validation and drift 

correction. Gas analyzer drift validation 
is required for all gaseous exhaust 
constituents for which an emission 
standard applies. It is also required for 
CO2 even if there is no CO2 emission 
standard. It is not required for other 
gaseous exhaust constituents for which 
only a reporting requirement applies 
(such as CH4 and N2O). 

(1) Validate drift using one of the 
following methods: 

(i) For regulated exhaust constituents 
determined from the mass of a single 

component, perform drift validation 
based on the regulated constituent. For 
example, when NOX mass is determined 
with a dry sample measured with a CLD 
and the removed water is corrected 
based on measured CO2, CO, THC, and 
NOX concentrations, you must validate 
the calculated NOX value. 

(ii) For regulated exhaust constituents 
determined from the masses of multiple 
subcomponents, perform the drift 
validation based on either the regulated 
constituent or all the mass 
subcomponents. For example, when 
NOX is measured with separate NO and 
NO2 analyzers, you must validate either 
the NOX value or both the NO and NO2 
values. 

(iii) For regulated exhaust 
constituents determined from the 
concentrations of multiple gaseous 
emission subcomponents prior to 
performing mass calculations, perform 
drift validation on the regulated 
constituent. You may not validate the 
concentration subcomponents (e.g., THC 
and CH4 for NMHC) separately. For 
example, for NMHC measurements, 
perform drift validation on NMHC; do 
not validate THC and CH4 separately. 

(2) Drift validation requires two sets 
of emission calculations. For each set of 
calculations, include all the constituents 
in the drift validation. Calculate one set 
using the data before drift correction 
and calculate the other set after 
correcting all the data for drift according 
to § 1065.672. Note that for purposes of 
drift validation, you must leave 
unaltered any negative emission results 
over a given test interval (i.e., do not set 
them to zero). These unaltered results 
are used when validating either test 
interval results or composite brake- 
specific emissions over the entire duty 
cycle for drift. For each constituent to be 
validated, both sets of calculations must 
include the following: 

(i) Calculated mass (or mass rate) 
emission values over each test interval. 

(ii) If you are validating each test 
interval based on brake-specific values, 
calculate brake-specific emission values 
over each test interval. 

(iii) If you are validating over the 
entire duty cycle, calculate composite 
brake-specific emission values. 

(3) The duty cycle is validated for 
drift if you satisfy the following criteria: 

(i) For each regulated gaseous exhaust 
constituent, you must satisfy one of the 
following: 

(A) For each test interval of the duty 
cycle, the difference between the 
uncorrected and the corrected brake- 
specific emission values of the regulated 
constituent must be within ± 4% of the 
uncorrected value or the applicable 
emissions standard, whichever is 
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greater. Alternatively, the difference 
between the uncorrected and the 
corrected emission mass (or mass rate) 
values of the regulated constituent must 
be within ± 4% of the uncorrected value 
or the composite work (or power) 
multiplied by the applicable emissions 
standard, whichever is greater. For 
purposes of validating each test interval, 
you may use either the reference or 
actual composite work (or power). 

(B) For each test interval of the duty 
cycle and for each subcomponent of the 
regulated constituent, the difference 
between the uncorrected and the 
corrected brake-specific emission values 
must be within ± 4% of the uncorrected 
value. Alternatively, the difference 
between the uncorrected and the 
corrected emissions mass (or mass rate) 
values must be within ± 4% of the 
uncorrected value. 

(C) For the entire duty cycle, the 
difference between the uncorrected and 
the corrected composite brake-specific 
emission values of the regulated 
constituent must be within ± 4% of the 
uncorrected value or applicable 
emission standard, whichever is greater. 

(D) For the entire duty cycle and for 
each subcomponent of the regulated 
constituent, the difference between the 
uncorrected and the corrected 
composite brake-specific emission 
values must be within ± 4% of the 
uncorrected value. 

(ii) Where no emission standard 
applies for CO2, you must satisfy one of 
the following: 

(A) For each test interval of the duty 
cycle, the difference between the 
uncorrected and the corrected brake- 
specific CO2 values must be within ± 4% 
of the uncorrected value; or the 
difference between the uncorrected and 
the corrected CO2 mass (or mass rate) 
values must be within ± 4% of the 
uncorrected value. 

(B) For the entire duty cycle, the 
difference between the uncorrected and 
the corrected composite brake-specific 
CO2 values must be within ± 4% of the 
uncorrected value. 

(4) If the test is not validated for drift 
as described in paragraph (b)(1) of this 
section, you may consider the test 
results for the duty cycle to be valid 
only if, using good engineering 
judgment, the observed drift does not 
affect your ability to demonstrate 

compliance with the applicable 
emission standards. For example, if the 
drift-corrected value is less than the 
standard by at least two times the 
absolute difference between the 
uncorrected and corrected values, you 
may consider the data to be valid for 
demonstrating compliance with the 
applicable standard. 

Subpart G—[Amended] 

■ 74. Section 1065.602 is amended by 
revising paragraph (f)(3) introductory 
text, (h), and (l)(1) to read as follows: 

§ 1065.602 Statistics. 

* * * * * 
(f) * * * 
(3) Use Table 1 of this section to 

compare t to the tcrit values tabulated 
versus the number of degrees of 
freedom. If t is less than tcrit, then t 
passes the t-test. The Microsoft Excel 
software has a TINV function that 
returns equivalent results and may be 
used in place of Table 1, which follows: 
* * * * * 

(h) Slope. Calculate a least-squares 
regression slope, a1y, as follows: 

Example: 
N = 6000 

y1 = 2045.8 
ȳ = 1050.1 

yref 1 = 2045.0 
ȳref = 1055.3 

a1y = 1.0110 

* * * * * 
(l) * * * 
(1) To estimate the flow-weighted 

mean raw exhaust NOX concentration 
from a turbocharged heavy-duty 
compression-ignition engine at a NOX 
standard of 2.5 g/(kW·hr), you may do 
the following: 

(i) Based on your engine design, 
approximate a map of maximum torque 
versus speed and use it with the 
applicable normalized duty cycle in the 

standard-setting part to generate a 
reference duty cycle as described in 
§ 1065.610. Calculate the total reference 
work, Wref, as described in § 1065.650. 
Divide the reference work by the duty 
cycle’s time interval, Dtdutycycle, to 
determine mean reference power, Pref. 

(ii) Based on your engine design, 
estimate maximum power, Pmax, the 
design speed at maximum power, fnmax, 
the design maximum intake manifold 
boost pressure, pinmax, and temperature, 
Tinmax. Also, estimate a mean fraction of 

power that is lost due to friction and 
pumping, P̄frict. Use this information 
along with the engine displacement 
volume, Vdisp, an approximate 
volumetric efficiency, hV, and the 
number of engine strokes per power 
stroke (2-stroke or 4-stroke), Nstroke, to 
estimate the maximum raw exhaust 
molar flow rate, ṅehmax. 

(iii) Use your estimated values as 
described in the following example 
calculation: 
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Example: 
eNOx = 2.5 g/(kW·hr) 
Wref = 11.883 kW·hr 
MNOx = 46.0055 g/mol = 46.0055·10¥6 g/μmol 
Dtdutycycle = 20 min = 1200 s 

P̄ref = 35.65 kW 
P̄frict = 15% 
Pmax = 125 kW 
pmax = 300 kPa = 300,000 Pa 
Vdisp = 3.0 l = 0.0030 m3/r 

fnmax = 2,800 r/min = 46.67 r/s 
Nstroke = 4 
hV = 0.9 
R = 8.314472 J/(mol·K) 
Tmax = 348.15 K 

ṅexhmax = 6.53 mol/s 

x̄exp = 189.4 μmol/mol 

* * * * * 
■ 75. Section 1065.610 is amended by 
revising paragraphs (a), (b)(1), and (c) to 
read as follows: 

§ 1065.610 Duty cycle generation. 

* * * * * 
(a) Maximum test speed, fntest. This 

section generally applies to duty cycles 
for variable-speed engines. For constant- 
speed engines subject to duty cycles that 

specify normalized speed commands, 
use the no-load governed speed as the 
measured fntest. This is the highest 
engine speed where an engine outputs 
zero torque. For variable-speed engines, 
determine the measured fntest from the 
power-versus-speed map, generated 
according to § 1065.510, as follows: 

(1) Based on the map, determine 
maximum power, Pmax, and the speed at 
which maximum power occurred, fnPmax. 
If maximum power occurs at multiple 

speeds, take fnPmax as the lowest of these 
speeds. Divide every recorded power by 
Pmax and divide every recorded speed by 
fnPmax. The result is a normalized power- 
versus-speed map. Your measured fntest 
is the speed at which the sum of the 
squares of normalized speed and power 
is maximum. Note that if multiple 
maximum values are found, fntest should 
be taken as the lowest speed of all 
points with the same maximum sum of 
squares. Determine fntest as follows: 

Where: 

fntest = maximum test speed. 
i = an indexing variable that represents one 

recorded value of an engine map. 
fnnormi = an engine speed normalized by 

dividing it by fnPmax. 
Pnormi = an engine power normalized by 

dividing it by Pmax. 

Example: 

(fnnorm1 = 1.002, Pnorm1 = 0.978, fn1 = 
2359.71) 

(fnnorm2 = 1.004, Pnorm2 = 0.977, fn2 = 
2364.42) 

(fnnorm3 = 1.006, Pnorm3 = 0.974, fn3 = 
2369.13) 

(fnnorm1
2 + Pnorm1

2) = (1.0022 + 0.9782) = 
1.960 

(fnnorm2
2 + Pnorm2

2) = (1.0042 + 0.9772) = 
1.963 

(fnnorm3
2 + Pnorm3

2) = (1.0062 + 0.9742) = 
1.961 

maximum = 1.963 at-i = 2 
fntest = 2,364.42 r/min 
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(2) For engines with a high-speed 
governor that will be subject to a 
reference duty cycle that specifies 
normalized speeds greater than 100%, 
calculate an alternate maximum test 
speed, fntest,alt, as specified in this 
paragraph (a)(2). If fntest,alt is less than the 

measured maximum test speed, fntest, 
determined in paragraph (a)(1) of this 
section, replace fntest with fntest,alt. In this 
case, fntest,alt becomes the ‘‘maximum test 
speed’’ for that engine. Note that 
§ 1065.510 allows you to apply an 
optional declared maximum test speed 

to the final measured maximum test 
speed determined as an outcome of the 
comparison between fntest, and fntest,alt in 
this paragraph (a)(2). Determine fntest,alt 
as follows: 

Where: 
fntest,alt = alternate maximum test speed 
fnhi,idle = warm high-idle speed 
fnidle = warm idle speed 
% speedmax = maximum normalized speed 

from duty cycle 

Example: 
fnhi,idle = 2,200 r/min 
fnidle = 800 r/min 
% speedmax = 105% (Nonroad CI 

Transient Cycle) 
fntest,alt = (2,200¥800)/105% + 800 
fntest,alt = 2,133 r/min 

(3) For variable-speed engines, 
transform normalized speeds to 
reference speeds according to paragraph 

(c) of this section by using the measured 
maximum test speed determined 
according to paragraphs (a)(1) and (2) of 
this section—or use your declared 
maximum test speed, as allowed in 
§ 1065.510. 

(4) For constant-speed engines, 
transform normalized speeds to 
reference speeds according to paragraph 
(c) of this section by using the measured 
no-load governed speed—or use your 
declared maximum test speed, as 
allowed in § 1065.510. 

(b) * * * 
(1) Based on the map, determine 

maximum power, Pmax, and the speed at 

which maximum power occurs, fnPmax. If 
maximum power occurs at multiple 
speeds, take fnPmax as the lowest of these 
speeds. Divide every recorded power by 
Pmax and divide every recorded speed by 
fnPmax. The result is a normalized power- 
versus-speed map. Your measured Ttest 
is the torque at which the sum of the 
squares of normalized speed and power 
is maximum. Note that that if multiple 
maximum values are found, Ttest should 
be taken as the highest torque of all 
points with the same maximum sum of 
squares. Determine Ttest as follows: 

Where: 
Ttest = maximum test torque. 

Example: 
(fnnorm1 = 1.002, Pnorm1 = 0.978, T1 = 

722.62 N·m) 
(fnnorm2 = 1.004, Pnorm2 = 0.977, T2 = 

720.44 N·m) 
(fnnorm3 = 1.006, Pnorm3 = 0.974, T3 = 

716.80 N·m) 

(fnnorm1
2 + Pnorm1

2) = (1.0022 + 0.9782) = 
1.960 

(fnnorm1
2 + Pnorm1

2) = (1.0042 + 0.9772) = 
1.963 

(fnnorm1
2 + Pnorm1

2) = (1.0062 + 0.9742) = 
1.961 

maximum = 1.963 at_i = 2 
Ttest_ = 720.44 N·m 
* * * * * 

(c) Generating reference speed values 
from normalized duty cycle speeds. 
Transform normalized speed values to 
reference values as follows: 

(1) % speed. If your normalized duty 
cycle specifies % speed values, use your 
warm idle speed and your maximum 
test speed to transform the duty cycle, 
as follows: 

Example: 
% speed = 85% 
fntest = 2,364 r/min 
fnidle = 650 r/min 
fnref = 85% · (2,364 ¥ 650) + 650 
fnref = 2,107 r/min 

(2) A, B, and C speeds. If your 
normalized duty cycle specifies speeds 
as A, B, or C values, use your power- 
versus-speed curve to determine the 

lowest speed below maximum power at 
which 50% of maximum power occurs. 
Denote this value as nlo. Take nlo to be 
warm idle speed if all power points at 
speeds below the maximum power 
speed are higher than 50% of maximum 
power. Also determine the highest 
speed above maximum power at which 
70% of maximum power occurs. Denote 

this value as nhi. If all power points at 
speeds above the maximum power 
speed are higher than 70% of maximum 
power, take nhi to be the declared 
maximum safe engine speed or the 
declared maximum representative 
engine speed, whichever is lower. Use 
nhi and nlo to calculate reference values 
for A, B, or C speeds as follows: 
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Example: 
nlo = 1005 r/min 
nhi = 2385 r/min 
fnrefA = 0.25 · (2385 ¥ 1005) + 1005 
fnrefB = 0.50 · (2385 ¥ 1005) + 1005 
fnrefC = 0.75 · (2385 ¥ 1005) + 1005 
fnrefA = 1350 r/min 
fnrefB = 1695 r/min 
fnrefC = 2040 r/min 

(3) Intermediate speed. If your 
normalized duty cycle specifies a speed 
as ‘‘intermediate speed,’’ use your 
torque-versus-speed curve to determine 
the speed at which maximum torque 

occurs. This is peak torque speed. If 
maximum torque occurs in a flat region 
of the torque-versus-speed curve, your 
peak torque speed is the midpoint 
between the lowest and highest speeds 
at which the trace reaches the flat 
region. For purposes of this paragraph 
(c)(3), a flat region is one in which 
measured torque values are within 2% 
of the maximum recorded value. 
Identify your reference intermediate 
speed as one of the following values: 
* * * * * 

■ 76. Section 1065.640 is amended by 
revising paragraphs (b)(1), (b)(2), (b)(5), 
(e)(3), (e)(4), and (e)(7) to read as 
follows: 

§ 1065.640 Flow meter calibration 
calculations. 

* * * * * 
(b) * * * 
(1) PDP volume pumped per 

revolution, Vrev (m3/r): 

Example: 
nÔ&ref = 25.096 mol/s 
R = 8.314472 J/(mol · K) 
T̄in = 299.5 K 

P̄in = 98290 Pa 
f̄nPDP = 1205.1 r/min = 20.085 r/s 

Vrev = 0.03166 m3/r 
(2) PDP slip correction factor, Ks (s/r): 

Example: 
f̄nPDP = 1205.1 r/min = 20.085 r/s 
P̄out = 100.103 kPa 
P̄in = 98.290 kPa 

Ks = 0.006700 s/r 
* * * * * 

(5) The following example illustrates 
these calculations: 

TABLE 1 OF § 1065.640—EXAMPLE OF 
PDP CALIBRATION DATA 

f̄nPDP (r/min) a1 (m3/ 
min) a0 (m3/r) 

755.0 ......................... 50.43 0.056 
987.6 ......................... 49.86 ¥0.013 
1254.5 ....................... 48.54 0.028 
1401.3 ....................... 47.30 ¥0.061 

* * * * * 

(e) * * * 
(3) If the standard deviation of all the 

Cd values is less than or equal to 0.3% 
of the mean Cd, use the mean Cd in Eq 
1065.642–6, and use the CFV only up to 
the highest r measured during 
calibration using the following equation: 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00351 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2 E
R

15
S

E
11

.0
30

<
/G

P
H

>
E

R
15

S
E

11
.0

31
<

/G
P

H
>

E
R

15
S

E
11

.0
32

<
/G

P
H

>
E

R
15

S
E

11
.0

33
<

/G
P

H
>

E
R

15
S

E
11

.0
34

<
/G

P
H

>

m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57456 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

Where: 

Dp_CFV = Differential static pressure; 
venturi inlet minus venturi outlet. 

(4) If the standard deviation of all the 
Cd values exceeds 0.3% of the mean Cd, 
omit the Cd values corresponding to the 
data point collected at the highest r 
measured during calibration. 
* * * * * 

(7) If the standard deviation of the 
remaining Cd values is less than or equal 
to 0.3% of the mean of the remaining Cd, 
use that mean Cd in Eq 1065.642–6, and 
use the CFV values only up to the 
highest r associated with the remaining 
Cd. 
* * * * * 
■ 77. Section 1065.642 is amended by 
revising paragraph (a) to read as follows: 

§ 1065.642 SSV, CFV, and PDP molar flow 
rate calculations. 

* * * * * 
(a) PDP molar flow rate. Based upon 

the speed at which you operate the PDP 
for a test interval, select the 
corresponding slope, a1, and intercept, 
a0, as calculated in § 1065.640, to 
calculate molar flow rate, ṅ as follows: 

Where: 

Example: 

a1 = 50.43 (m3/min) = 0.8405 (m3/s) 
f̄nPDP = 755.0 r/min = 12.58 r/s 

pout = 99950 Pa 
pin = 98575 Pa 
a0 = 0.056 (m3/r) 
R = 8.314472 J/(mol·K) 

Tin = 323.5 K 
Cp = 1000 (J/m3)/kPa 
Ct = 60 s/min 

Vrev = 0.06383 m3/r 

nÔ = 29.428 mol/s 
* * * * * 
■ 78. Section 1065.645 is amended by 
revising the introductory text and 
paragraph (a) to read as follows: 

§ 1065.645 Amount of water in an ideal 
gas. 

This section describes how to 
determine the amount of water in an 
ideal gas, which you need for various 
performance verifications and emission 
calculations. Use the equation for the 

vapor pressure of water in paragraph (a) 
of this section or another appropriate 
equation and, depending on whether 
you measure dewpoint or relative 
humidity, perform one of the 
calculations in paragraph (b) or (c) of 
this section. The equations for the vapor 
pressure of water as presented in this 
section are derived from equations in 
‘‘Saturation Pressure of Water on the 
New Kelvin Temperature Scale’’ (Goff, 
J.A., Transactions American Society of 
Heating and Air-Conditioning 
Engineers, Vol. 63, No. 1607, pages 347– 
354). Note that the equations were 
originally published to derive vapor 
pressure in units of atmospheres and 

have been modified to derive results in 
units of kPa by converting the last term 
in each equation. 

(a) Vapor pressure of water. Calculate 
the vapor pressure of water for a given 
saturation temperature condition, Tsat, as 
follows, or use good engineering 
judgment to use a different relationship 
of the vapor pressure of water to a given 
saturation temperature condition: 
(1) For humidity measurements made at 

ambient temperatures from (0 to 
100) °C, or for humidity 
measurements made over super- 
cooled water at ambient 
temperatures from (¥50 to 0) °C, 
use the following equation: 
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Where: 
pH20 = vapor pressure of water at saturation 

temperature condition, kPa. 

Tsat = saturation temperature of water at 
measured conditions, K. 

Example: 

Tsat = 9.5 °C 
Tsat = 9.5 + 273.15 = 282.65 K 

log10(pH20) = 0.074297 
pH20 = 100.074297 = 1.186581 kPa 

(2) For humidity measurements over 
ice at ambient temperatures from (–100 
to 0) °C, use the following equation: 

Example: 
Tice = ¥15.4 °C 

Tice = –15.4 + 273.15 = 257.75 K 

log10(pH20) = ¥0.798207 
pH20 = 10 ¥0.79821 = 0.159145 kPa 
* * * * * 
■ 79. Section 1065.650 is amended as 
follows: 
■ a. By revising paragraphs (c) 
introductory text, (c)(1), and (c)(4). 
■ b. By adding paragraph (c)(5). 
■ c. By revising paragraphs (d)(7), (e)(4), 
and (f)(4). 

§ 1065.650 Emission calculations. 

* * * * * 
(c) Total mass of emissions over a test 

interval. To calculate the total mass of 
an emission, multiply a concentration 

by its respective flow. For all systems, 
make preliminary calculations as 
described in paragraph (c)(1) of this 
section to correct concentrations. Next, 
use the method in paragraphs (c)(2) 
through (4) of this section that is 
appropriate for your system. Finally, if 
necessary, calculate the mass of NMHC 
as described in paragraph (c)(5) of this 
section for all systems. Calculate the 
total mass of emissions as follows: 

(1) Concentration corrections. Perform 
the following sequence of preliminary 
calculations on recorded concentrations: 

(i) Correct all gaseous emission 
analyzer concentration readings, 

including continuous readings, sample 
bag readings, and dilution air 
background readings, for drift as 
described in § 1065.672. Note that you 
must omit this step where brake-specific 
emissions are calculated without the 
drift correction for performing the drift 
validation according to § 1065.550(b). 
When applying the initial THC and CH4 
contamination readings according to 
§ 1065.520(g), use the same values for 
both sets of calculations. You may also 
use as-measured values in the initial set 
of calculations and corrected values in 
the drift-corrected set of calculations as 
described in § 1065.520(g)(7). 
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(ii) Correct all THC and CH4 
concentrations, including continuous 
readings, sample bags readings, and 
dilution air background readings, for 
initial contamination, as described in 
§ 1065.660(a). 

(iii) Correct all concentrations 
measured on a ‘‘dry’’ basis to a ‘‘wet’’ 
basis, including dilution air background 
concentrations, as described in 
§ 1065.659. 

(iv) Calculate all NMHC and CH4 
concentrations, including dilution air 
background concentrations, as described 
in § 1065.660. 

(v) For emission testing with an 
oxygenated fuel, calculate any HC 
concentrations, including dilution air 
background concentrations, as described 
in § 1065.665. See subpart I of this part 
for testing with oxygenated fuels. 

(vi) Correct all the NOX 
concentrations, including dilution air 
background concentrations, for intake- 
air humidity as described in § 1065.670. 
* * * * * 

(4) Additional provisions for diluted 
exhaust sampling; continuous or batch. 
The following additional provisions 
apply for sampling emissions from 
diluted exhaust: 

(i) For sampling with a constant 
dilution ratio, DR, of diluted exhaust 
versus exhaust flow (e.g., secondary 
dilution for PM sampling), calculate m 
using the following equation: 

Example: 
mPMdil = 6.853 g 
DR = 6:1 
mPM = 6.853 · 6 
mPM = 41.118 g 

(ii) For continuous or batch sampling, 
you may measure background emissions 
in the dilution air. You may then 
subtract the measured background 
emissions, as described in § 1065.667. 

(5) Mass of NMHC. Compare the 
corrected mass of NMHC to corrected 
mass of THC. If the corrected mass of 
NMHC is greater than 0.98 times the 
corrected mass of THC, take the 
corrected mass of NMHC to be 0.98 
times the corrected mass of THC. If you 
omit the NMHC calculations as 
described in § 1065.660(b)(1), take the 
corrected mass of NMHC to be 0.98 
times the corrected mass of THC. 

(d) * * * 
(7) Integrate the resulting values for 

power over the test interval. Calculate 
total work as follows: 

Where: 
W = total work from the primary output shaft. 
Pi = instantaneous power from the primary 

output shaft over an interval i. 

Example: 
N = 9000 
ƒn1 = 1800.2 r/min 
ƒn2 = 1805.8 r/min 
T1 = 177.23 N·m 
T2 = 175.00 N·m 
Crev = 2·π rad/r 
Ct1 = 60 s/min 
Cp = 1000 (N·m·rad/s)/kW 
ƒrecord = 5 Hz 
Ct2 = 3600 s/hr 

P1 = 33.41 kW 
P2 = 33.09 kW 
Using Eq. 1065.650–5, 
Dt = 1/5 = 0.2 s 

W = 16.875 kW · hr 
* * * * * 

(e) * * * 
(4) The following example shows how 

to calculate mass of emissions using 
mean mass rate and mean power: 
MCO = 28.0101 g/mol 
x̄CO = 12.00 mmol/mol = 0.01200 mol/ 

mol 
nÔ = 1.530 mol/s 
f̄n = 3584.5 r/min = 375.37 rad/s 
T̄ = 121.50 N · m 
mÔ = 28.0101 · 0.01200 · 1.530 
mÔ = 0.514 g/s = 1850.4 g/hr 
P̄ = 121.5·375.37 
P̄ = 45607 W 
P̄ = 45.607 kW 
eCO = 1850.4/45.61 
eCO = 40.57 g/(kW·hr) 

(f) * * * 
(4) Example. The following example 

shows how to calculate mass of 
emissions using proportional values: 
N = 3000 
ƒrecord = 5 Hz 
efuel = 285 g/(kW·hr) 
wfuel = 0.869 g/g 
Mc = 12.0107 g/mol 
nÕ1 = 3.922 mol/s = 14119.2 mol/hr 
xCcombdry1 = 91.634 mmol/mol = 

0.091634 mol/mol 
xH2Oexh1 = 27.21 mmol/mol = 0.02721 

mol/mol 
Using Eq. 1065.650–5, 
Dt = 0.2 s 

W̄ = 5.09 (kW·hr) 
* * * * * 

■ 80. Section 1065.655 is amended by 
revising paragraphs (b), (c)(5), (d), and 
(e)(3) and adding paragraph (f) to read 
as follows: 

§ 1065.655 Chemical balances of fuel, 
intake air, and exhaust. 

* * * * * 

(b) Procedures that require chemical 
balances. We require chemical balances 
when you determine the following: 

(1) A value proportional to total work, 
W̄ when you choose to determine brake- 
specific emissions as described in 
§ 1065.650(f). 

(2) The amount of water in a raw or 
diluted exhaust flow, xH2Oexh, when you 
do not measure the amount of water to 
correct for the amount of water removed 

by a sampling system. Correct for 
removed water according to § 1065.659. 

(3) The calculated dilution air flow 
when you do not measure dilution air 
flow to correct for background 
emissions as described in § 1065.667(c) 
and (d). 

(c) * * * 
(5) The following example is a 

solution for xdil/exh,x, xH2Oexh, and 
xCcombdry using the equations in 
paragraph (c)(4) of this section: 
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α = 1.8 
β = 0.05 
γ = 0.0003 
δ = 0.0001 

(d) Carbon mass fraction. Determine 
carbon mass fraction of fuel, wc, using 
one of the following methods: 

(1) You may calculate wc as described 
in this paragraph (d)(1) based on 
measured fuel properties. To do so, you 

must determine values for α and β in all 
cases, but you may set g and d to zero 
if the default value listed in Table 1 of 
this section is zero. Calculate wc using 
the following equation: 

Where: 

wc = carbon mass fraction of fuel. 
MC = molar mass of carbon. 

α = atomic hydrogen-to-carbon ratio of the 
mixture of fuel(s) being combusted, 
weighted by molar consumption. 

MH = molar mass of hydrogen. 
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β = atomic oxygen-to-carbon ratio of the 
mixture of fuel(s) being combusted, 
weighted by molar consumption. 

MO = molar mass of oxygen. 
γ = atomic sulfur-to-carbon ratio of the 

mixture of fuel(s) being combusted, 
weighted by molar consumption. 

MS = molar mass of sulfur. 

δ = atomic nitrogen-to-carbon ratio of the 
mixture of fuel(s) being combusted, 
weighted by molar consumption. 

MN = molar mass of nitrogen. 

Example: 
α = 1.8 
β = 0.05 

γ = 0.0003 
δ = 0.0001 
MC = 12.0107 
MH = 1.01 
MO = 15.9994 
MS = 32.065 
MN = 14.0067 

wc = 0.8205 (2) You may use the default values in 
the following table to determine wc for 
a given fuel: 

TABLE 1 OF § 1065.655—DEFAULT VALUES OF α, β, γ, δ, AND wc, FOR VARIOUS FUELS 

Fuel Atomic hydrogen, oxygen, sulfur, and nitrogen-to-carbon ratios 
CHaObSgNd 

Carbon 
mass frac-
tion, wc g/g 

Gasoline ........................................................................................ CH1.85O0S0N0 0.866 
E10 Gasoline ................................................................................ CH1.92O0.03S0N0 0.833 
E15 Gasoline ................................................................................ CH1.95O0.05S0N0 0.817 
E85 Gasoline ................................................................................ CH2.73O0.38S0N0 0.576 
#1 Diesel ....................................................................................... CH1.93O0S0N0 0.861 
#2 Diesel ....................................................................................... CH1.80O0S0N0 0.869 
Liquefied Petroleum Gas .............................................................. CH2.64O0S0N0 0.819 
Natural gas ................................................................................... CH3.78 O0.016S0N0 0.747 
E100 Ethanol ................................................................................ CH3O0.5S0N0 0.521 
M100 Methanol ............................................................................. CH4O1S0N0 0.375 

Residual fuel blends ..................................................................... Must be determined by measured fuel properties as described in paragraph 
(d)(1) of this section. 

(e) * * * (3) Fuel mass flow rate calculation. 
Based on ṁfuel, calculate ṅexh as follows: 

Where: 
ṅexh = raw exhaust molar flow rate from 

which you measured emissions. 
ṁfuel = fuel flow rate including humidity in 

intake air. 

Example: 
ṁfuel = 7.559 g/s 
wc = 0.869 g/g 
MC = 12.0107 g/mol 
xCcombdry = 99.87 mmol/mol = 0.09987 

mol/mol 
xH20exhdry = 107.64 mmol/mol = 0.10764 

mol/mol 

ṅexh = 6.066 mol/s 
(f) Calculated raw exhaust molar flow 

rate from measured intake air molar 
flow rate, dilute exhaust molar flow 
rate, and dilute chemical balance. You 
may calculate the raw exhaust molar 
flow rate, ṅexh, based on the measured 
intake air molar flow rate, ṅint, the 
measured dilute exhaust molar flow 
rate, ṅdexh, and the values calculated 
using the chemical balance in paragraph 
(c) of this section. Note that the 
chemical balance must be based on 
dilute exhaust gas concentrations. For 
continuous-flow calculations, solve for 
the chemical balance in paragraph (c) of 
this section at the same frequency that 

you update and record ṅint and ṅdexh. 
This calculated ṅexh may be used for the 
PM dilution ratio verification in 
§ 1065.546; the calculation of dilution 
air molar flow rate in the background 
correction in § 1065.667; and the 
calculation of mass of emissions in 
§ 1065.650(c) for species that are 
measured in the raw exhaust. 

(1) Crankcase flow rate. If engines are 
not subject to crankcase controls under 
the standard-setting part, calculate raw 
exhaust flow as described in paragraph 
(e)(1) of this section. 

(2) Dilute exhaust and intake air 
molar flow rate calculation. Calculate 
ṅexh as follows: 
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Example: 
ṅint = 7.930mol/s 
xraw/exhdry = 0.1544 mol/mol 
xint/exhdry = 0.1451 mol/mol 
xH2Oexh = 32.46 mmol/mol - 0.03246 

mol/mol 
ṅdexh = 49.02 mol/s 
ṅexh = (0.1544¥0.145( · (1¥0.03246) · 

49.02 + 7.930 = 0.4411 + 7.930 = 
8.371 mol/s 

■ 81. Section 1065.659 is amended by 
revising paragraphs (a), (b), and (c) to 
read as follows: 

§ 1065.659 Removed water correction. 
(a) If you remove water upstream of a 

concentration measurement, x, or 
upstream of a flow measurement, n, 
correct for the removed water. Perform 
this correction based on the amount of 
water at the concentration 
measurement, xH2O[emission]meas, and at 
the flow meter, xH2Oexh, whose flow is 
used to determine the mass emission 
rate or total mass over a test interval. 
For continuous analyzers downstream 
of a sample dryer for transient and 
ramped-modal cycles, you must apply 
this correction on a continuous basis 
over the test interval, even if you use 
one of the options in § 1065.145(e)(2) 
that results in a constant value for 
xH2O[emission]meas because xH2Oexh varies 

over the test interval. For batch 
analyzers, determine the flow-weighted 
average based on the continuous xH2Oexh 
values determined as described in 
paragraph (c) of this section. For batch 
analyzers, you may determine the flow- 
weighted average xH2Oexh based on a 
single value of xH2Oexh determined as 
described in paragraphs (c)(2) and (3) of 
this section, using flow-weighted 
average or batch concentration inputs. 

(b) Determine the amount of water 
remaining downstream of a sample 
dryer and at the concentration 
measurement using one of the methods 
described in § 1065.145(e)(2). If you use 
a sample dryer upstream of an analyzer 
and if the calculated amount of water 
remaining downstream of the sample 
dryer and at the concentration 
measurement, xH2O[emission]meas, is higher 
than the amount of water at the flow 
meter, xH2Oexh, set xH2O[emission]meas equal 
to xH2Oexh. If you use a sample dryer 
upstream of storage media, you must be 
able to demonstrate that the sample 
dryer is removing water continuously 
(i.e., xH2Oexh is higher than 
xH2O[emission]meas throughout the test 
interval). 

(c) For a concentration measurement 
where you did not remove water, you 
may set xH2O[emission]meas equal to xH2Oexh. 

You may determine the amount of water 
at the flow meter, xH2Oexh, using any of 
the following methods: 

(1) Measure the dewpoint and 
absolute pressure and calculate the 
amount of water as described in 
§ 1065.645. 

(2) If the measurement comes from 
raw exhaust, you may determine the 
amount of water based on intake-air 
humidity, plus a chemical balance of 
fuel, intake air, and exhaust as 
described in § 1065.655. 

(3) If the measurement comes from 
diluted exhaust, you may determine the 
amount of water based on intake-air 
humidity, dilution air humidity, and a 
chemical balance of fuel, intake air, and 
exhaust as described in § 1065.655. 
* * * * * 

■ 82. Section 1065.660 is revised to read 
as follows: 

§ 1065.660 THC, NMHC, and CH4 
determination. 

(a) THC determination and initial 
THC/CH4 contamination corrections. (1) 
If we require you to determine THC 
emissions, calculate xTHC[THC–FID]cor 
using the initial THC contamination 
concentration xTHC[THC–FID]init from 
§ 1065.520 as follows: 

Example: 
xTHCuncor = 150.3 μmol/mol 
xTHCinit = 1.1 μmol/mol 
xTHCcor = 150.3—1.1 
xTHCcor = 149.2 μmol/mol 

(2) For the NMHC determination 
described in paragraph (b) of this 
section, correct xTHC[THC–FID] for initial 
THC contamination using Equation 
1065.660–1. You may correct 
xTHC[NMC–FID] for initial contamination 
of the CH4 sample train using Equation 
1065.660–1, substituting in CH4 
concentrations for THC. 

(3) For the CH4 determination 
described in paragraph (c) of this 

section, you may correct xTHC[NMC–FID] 
for initial THC contamination of the CH4 
sample train using Equation 1065.660– 
1, substituting in CH4 concentrations for 
THC. 

(b) NMHC determination. Use one of 
the following to determine NMHC 
concentration, xNMHC: 

(1) If you do not measure CH4, you 
may omit the calculation of NMHC 
concentrations and calculate the mass of 
NMHC as described in § 1065.650(c)(5). 

(2) For nonmethane cutters, calculate 
xNMHC using the nonmethane cutter’s 
penetration fraction (PF) of CH4 and the 
response factor penetration fraction 

(RFPF) of C2H6 from § 1065.365, the 
response factor (RF) of the THC FID to 
CH4 from § 1065.360, the initial THC 
contamination and dry-to-wet corrected 
THC concentration xTHC[THC–FID]cor as 
determined in paragraph (a) of this 
section, and the dry-to-wet corrected 
CH4 concentration xTHC[NMC–FID]cor 
optionally corrected for initial THC 
contamination as determined in 
paragraph (a) of this section. 

(i) Use the following equation for 
penetration fractions determined using 
an NMC configuration as outlined in 
§ 1065.365(d): 
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Where: 

xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

xTHC[NMC–FID]cor = concentration of THC, 
initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

RFPFC2H6[NMC–FID] = nonmethane cutter 
combined ethane response factor and 

penetration fraction, according to 
§ 1065.365(d). 

Example: 
xTHC[THC–FID]cor = 150.3 μmol/mol 
xTHC[NMC–FID]cor = 20.5 μmol/mol 
RFPFC2H6[NMC–FID] = 0.019 
RFCH4[THC–FID] = 1.05 

xNMHC = 131.4 μmol/mol (ii) For penetration fractions 
determined using an NMC configuration 

as outlined in section § 1065.365(e), use 
the following equation: 

Where: 
xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(e). 

xTHC[NMC–FID]cor = concentration of THC, 
initial THC contamination (optional) and 

dry-to-wet corrected, as measured by the 
THC FID during sampling through the 
NMC. 

PFC2H6[NMC–FID] = nonmethane cutter ethane 
penetration fraction, according to 
§ 1065.365(e). 

Example: 
xTHC[THC–FID]cor = 150.3 μmol/mol 
PFCH4[NMC–FID] = 0.990 
xTHC[NMC–FID]cor = 20.5 μmol/mol 
PFC2H6[NMC–FID] = 0.020 

xNMHC = 132.3 μmol/mol 

(iii) For penetration fractions 
determined using an NMC configuration 
as outlined in section § 1065.365(f), use 
the following equation: 

Where: 

xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(f). 

xTHC[NMC–FID]cor = concentration of THC, 
initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 

THC FID during sampling through the 
NMC. 

RFPFC2H6[NMC–FID] = nonmethane cutter CH4 
combined ethane response factor and 
penetration fraction, according to 
§ 1065.365(f). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

Example: 
xTHC[THC–FID]cor = 150.3 μmol/mol 
PFCH4[NMC–FID] = 0.990 
xTHC[NMC–FID]cor = 20.5 μmol/mol 
RFPFC2H6[NMC–FID] = 0.019 

RFCH4[THC–FID] = 0.980 

xNMHC = 132.5 μmol/mol 
(3) For a GC–FID, calculate xNMHC 

using the THC analyzer’s response 
factor (RF) for CH4, from § 1065.360, and 
the initial THC contamination and dry- 
to-wet corrected THC concentration 
xTHC[THC–FID]cor as determined in 
paragraph (a) of this section as follows: 
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Where: 
xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID. 

xCH4= concentration of CH4, dry-to-wet 
corrected, as measured by the GC–FID. 

RFCH4[THC–FID] = response factor of THC–FID 
to CH4. 

Example: 
xTHC[THC–FID[cor = 145.6 μmol/mol 
RFCH4[THC–FID] = 0.970 

xCH4 = 18.9 μmol/mol 
xNMHC = 145.6¥0.970 · 18.9 
xNMHC = 127.3 μmol/mol 

(c) CH4 determination. Use one of the 
following methods to determine CH4 
concentration, xCH4: 

(1) For nonmethane cutters, calculate 
xCH4 using the nonmethane cutter’s 
penetration fraction (PF) of CH4 and the 
response factor penetration fraction 
(RFPF) of C2H6 from § 1065.365, the 
response factor (RF) of the THC FID to 
CH4 from § 1065.360, the initial THC 

contamination and dry-to-wet corrected 
THC concentration xTHC[THC–FID]cor as 
determined in paragraph (a) of this 
section, and the dry-to-wet corrected 
CH4 concentration xTHC[NMC–FID]cor 
optionally corrected for initial THC 
contamination as determined in 
paragraph (a) of this section. 

(i) Use the following equation for 
penetration fractions determined using 
an NMC configuration as outlined in 
§ 1065.365(d): 

Where: 
xCH4 = concentration of CH4. 
xTHC[NMC–FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC–FID]cor = concentration of THC, 
initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

RFPFC2H6[NMC–FID] = the combined ethane 
response factor and penetration fraction 
of the nonmethane cutter, according to 
§ 1065.365(d). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

Example: 
xTHC[NMC–FID]cor = 10.4 μmol/mol 
xTHC[THC–FID]cor = 150.3 μmol/mol 
RFPFC2H6[NMC–FID] = 0.019 
RFCH4[THC–FID] = 1.05 

xCH4 = 7.69 μmol/mol 

(ii) For penetration fractions 
determined using an NMC configuration 
as outlined in § 1065.365(e), use the 
following equation: 

Where: 
xCH4 = concentration of CH4. 
xTHC[NMC–FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC–FID]cor = concentration of THC, 
initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

PFC2H6[NMC–FID] = nonmethane cutter ethane 
penetration fraction, according to 
§ 1065.365(e). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(e). 

Example: 
xTHC[NMC–FID]cor = 10.4 μmol/mol 
xTHC[THC–FID]cor = 150.3 μmol/mol 
PFC2H6[NMC–FID] = 0.020 

RFCH4[THC–FID] = 1.05 
PFCH4[NMC–FID] = 0.990 

xCH4 = 7.25 μmol/mol 

(iii) For penetration fractions 
determined using an NMC configuration 
as outlined in § 1065.365(f), use the 
following equation: 
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Where: 
xCH4 = concentration of CH4. 
xTHC[NMC–FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC–FID]cor = concentration of THC, 
initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

RFPFC2H6[NMC–FID] = the combined ethane 
response factor and penetration fraction 
of the nonmethane cutter, according to 
§ 1065.365(f). 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(f). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

Example: 
xTHC[NMC–FID]cor = 10.4 μmol/mol 
xTHC[THC–FID]cor = 150.3 μmol/mol 
RFPFC2H6[NMC–FID] = 0.019 
PFCH4[NMC–FID] = 0.990 
RFCH4[THC–FID] = 1.05 

xCH4 = 7.78 μmol/mol 

(2) For a GC–FID, xCH4 is the actual 
dry-to-wet corrected CH4 concentration 
as measured by the analyzer. 
■ 83. Section 1065.667 is revised to read 
as follows: 

§ 1065.667 Dilution air background 
emission correction. 

(a) To determine the mass of 
background emissions to subtract from a 
diluted exhaust sample, first determine 
the total flow of dilution air, ndil, over 
the test interval. This may be a 
measured quantity or a calculated 
quantity. Multiply the total flow of 
dilution air by the mean mole fraction 
(i.e., concentration) of a background 
emission. This may be a time-weighted 
mean or a flow-weighted mean (e.g., a 
proportionally sampled background). 
Finally, multiply by the molar mass, M, 
of the associated gaseous emission 
constituent. The product of ndil and the 
mean molar concentration of a 
background emission and its molar 
mass, M, is the total background 
emission mass, m. In the case of PM, 
where the mean PM concentration is 
already in units of mass per mole of 
sample, M̄PM, multiply it by the total 

amount of dilution air flow, and the 
result is the total background mass of 
PM, mPM. Subtract total background 
mass from total mass to correct for 
background emissions. 

(b) You may determine the total flow 
of dilution air by a direct flow 
measurement. 

(c) You may determine the total flow 
of dilution air by subtracting the 
calculated raw exhaust molar flow as 
described in § 1065.655(f) from the 
measured dilute exhaust flow. This may 
be done by totaling continuous 
calculations or by using batch results. 

(d) You may determine the total flow 
of dilution air from the measured dilute 
exhaust flow and a chemical balance of 
the fuel, intake air, and dilute exhaust 
as described in § 1065.655. For this 
option, the molar flow of dilution air is 
calculated by multiplying the dilute 
exhaust flow by the mole fraction of 
dilution gas to dilute exhaust, xdil/exh, 
from the dilute chemical balance. This 
may be done by totaling continuous 
calculations or by using batch results. 
For example, to use batch results, the 
total flow of dilution air is calculated by 
multiplying the total flow of diluted 
exhaust, ndexh, by the flow-weighted 
mean mole fraction of dilution air in 
diluted exhaust, x̄dil/exh. Calculate x̄dil/exh 
using flow-weighted mean 
concentrations of emissions in the 
chemical balance, as described in 
§ 1065.655. The chemical balance in 
§ 1065.655 assumes that your engine 
operates stoichiometrically, even if it is 
a lean-burn engine, such as a 
compression-ignition engine. Note that 
for lean-burn engines this assumption 
could result in an error in emission 
calculations. This error could occur 
because the chemical balance in 
§ 1065.655 treats excess air passing 
through a lean-burn engine as if it was 
dilution air. If an emission 
concentration expected at the standard 
is about 100 times its dilution air 
background concentration, this error is 
negligible. However, if an emission 
concentration expected at the standard 
is similar to its background 
concentration, this error could be 
significant. If this error might affect your 
ability to show that your engines 
comply with applicable standards, we 
recommend that you either determine 
the total flow of dilution air using one 
of the more accurate methods in 

paragraph (b) or (c) of this section, or 
remove background emissions from 
dilution air by HEPA filtration, 
chemical adsorption, or catalytic 
scrubbing. You might also consider 
using a partial-flow dilution technique 
such as a bag mini-diluter, which uses 
purified air as the dilution air. 

(e) The following is an example of 
using the flow-weighted mean fraction 
of dilution air in diluted exhaust, x̄dil/exh, 
and the total mass of background 
emissions calculated using the total 
flow of diluted exhaust, ndexh, as 
described in § 1065.650(c): 

Example: 
MNOx = 46.0055 g/mol 
x̄bkgnd = 0.05 μmol/mol = 0.05·10-6 mol/ 

mol 
ndexh = 23280.5 mol 
x̄dil/exh = 0.843 mol/mol 
mbkgndNOxdexh = 

46.0055·0.05·10¥6·23280.5 
mbkgndNOxdexh = 0.0536 g 
mbkgndNOx = 0.843 · 0.0536 
mbkgndNOx = 0.0452 g 

(f) The following is an example of 
using the fraction of dilution air in 
diluted exhaust, xdil/exh, and the mass 
rate of background emissions calculated 
using the flow rate of diluted exhaust, 
ṅdexh, as described in § 1065.650(c): 

Example: 
MNOx = 46.0055 g/mol 
xbkgnd = 0.05 μmol/mol = 0.05·10¥6 mol/ 

mol 
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ṅdexh = 23280.5 mol/s 
xdil/exh = 0.843 mol/mol 
ṁbkgndNOxdexh = 

46.0055·0.05·10¥6·23280.5 
ṁbkgndNOxdexh = 0.0536 g/hr 
ṁbkgndNOx = 0.843 · 0.0536 
ṁbkgndNOx = 0.0452 g/hr 

■ 84. Section 1065.670 is amended by 
revising the introductory text to read as 
follows: 

§ 1065.670 NOX intake-air humidity and 
temperature corrections. 

See the standard-setting part to 
determine if you may correct NOX 
emissions for the effects of intake-air 

humidity or temperature. Use the NOX 
intake-air humidity and temperature 
corrections specified in the standard- 
setting part instead of the NOX intake- 
air humidity correction specified in this 
part 1065. If the standard-setting part 
does not prohibit correcting NOX 
emissions for intake-air humidity 
according to this part 1065, correct NOX 
concentrations for intake-air humidity 
as described in this section. See 
§ 1065.650(c)(1) for the proper sequence 
for applying the NOX intake-air 
humidity and temperature corrections. 
You may use a time-weighted mean 
combustion air humidity to calculate 

this correction if your combustion air 
humidity remains within a tolerance of 
±0.0025 mol/mol of the mean value over 
the test interval. For intake-air humidity 
correction, use one of the following 
approaches: 
* * * * * 

■ 85. Section 1065.675 is amended by 
revising paragraph (d) to read as 
follows: 

§ 1065.675 CLD quench verification 
calculations. 

* * * * * 
(d) Calculate quench as follows: 

Where: 
quench = amount of CLD quench. 
xNOdry = concentration of NO upstream of a 

bubbler, according to § 1065.370(e)(4). 
xNOwet = measured concentration of NO 

downstream of a bubbler, according to 
§ 1065.370(e)(9). 

xH2Oexp = maximum expected mole fraction of 
water during emission testing, according 
to paragraph (b) of this section. 

xH2Omeas = measured mole fraction of water 
during the quench verification, 
according to § 1065.370(e)(7). 

xNOmeas = measured concentration of NO 
when NO span gas is blended with CO2 
span gas, according to § 1065.370(d)(10). 

xNOact = actual concentration of NO when NO 
span gas is blended with CO2 span gas, 
according to § 1065.370(d)(11) and 

calculated according to Equation 
1065.675–2. 

xCO2exp = maximum expected concentration 
of CO2 during emission testing, 
according to paragraph (c) of this section. 

xCO2act = actual concentration of CO2 when 
NO span gas is blended with CO2 span 
gas, according to § 1065.370(d)(9). 

Where: 
xNOspan = the NO span gas concentration 

input to the gas divider, according to 
§ 1065.370(d)(5). 

xCO2span = the CO2 span gas concentration 
input to the gas divider, according to 
§ 1065.370(d)(4). 

Example: 
xNOdry = 1800.0 μmol/mol 
xNOwet = 1739.6 μmol/mol 
xH2Oexp = 0.030 mol/mol 
xH2Omeas = 0.030 mol/mol 
xNOmeas = 1515.2 μmol/mol 

xNOspan = 3001.6 μmol/mol 
xCO2exp = 3.2% 
xCO2span = 6.1% 
xCO2act = 2.98% 
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quench = (¥0.0036655¥0. 
014020171)·100% = ¥1.7685671% 

Subpart H—[Amended] 

■ 86. Section 1065.750 is amended by 
revising paragraphs (a)(3) introductory 
text and (a)(4) to read as follows: 

§ 1065.750 Analytical gases. 

* * * * * 
(a) * * * 
(3) Use the following gas mixtures, 

with gases traceable within ±1% of the 
NIST-accepted value or other gas 
standards we approve: 
* * * * * 

(4) You may use gases for species 
other than those listed in paragraph 
(a)(3) of this section (such as methanol 
in air, which you may use to determine 
response factors), as long as they are 
traceable to within ±3% of the NIST- 
accepted value or other similar 
standards we approve, and meet the 
stability requirements of paragraph (b) 
of this section. 
* * * * * 
■ 87. Section 1065.790 is amended by 
revising paragraph (a) to read as follows: 

§ 1065.790 Mass standards. 
(a) PM balance calibration weights. 

Use PM balance calibration weights that 

are certified as NIST-traceable within 
0.1% uncertainty. Calibration weights 
may be certified by any calibration lab 
that maintains NIST-traceability. Make 
sure your highest calibration weight has 
no greater than ten times the mass of an 
unused PM-sample medium. 
* * * * * 

Subpart J—[Amended] 

■ 88. Section 1065.915 is amended by 
revising Table 1 in paragraph (a) to read 
as follows: 

§ 1065.915 PEMS instruments. 

(a) * * * 

TABLE 1 OF § 1065.915—RECOMMENDED MINIMUM PEMS MEASUREMENT INSTRUMENT PERFORMANCE 

Measurement 
Measured 
quantity 
symbol 

Rise time, t10–90, 
and 

fall time, t90–10 

Recording update 
frequency Accuracy 1 Repeatability 1 Noise 1 

Engine speed trans-
ducer.

fn .......................... 1 s ....................... 1 Hz means ......... 5% of pt. or 1% of 
max.

2% of pt. or 1% of 
max.

0.5% of max. 

Engine torque esti-
mator, BSFC 
(This is a signal 
from an engine’s 
ECM) 

T or BSFC ........... 1 s ....................... 1 Hz means ......... 8% of pt. or 5% of 
max.

2% of pt. or 1% of 
max.

1% of max. 

General pressure 
transducer (not a 
part of another in-
strument) 

p .......................... 5 s ....................... 1 Hz ..................... 5% of pt. or 5% of 
max.

2% of pt. or 0.5% 
of max.

1% of max. 

Atmospheric pres-
sure meter 

patmos .................... 50 s ..................... 0.1 Hz .................. 250 Pa ................. 200 Pa ................. 100 Pa. 

General tempera-
ture sensor (not a 
part of another in-
strument) 

T .......................... 5 s ....................... 1 Hz ..................... 1% of pt. K or 5 K 0.5% of pt. K or 2 
K.

0.5% of max 0.5 
K. 

General dewpoint 
sensor.

Tdew ..................... 50 s ..................... 0.1 Hz .................. 3 K ....................... 1 K ....................... 1 K. 

Exhaust flow meter n .......................... 1 s ....................... 1 Hz means ......... 5% of pt. or 3% of 
max.

2% of pt ............... 2% of max. 

Dilution air, inlet air, 
exhaust, and 
sample flow me-
ters 

n .......................... 1 s ....................... 1 Hz means ......... 2.5% of pt. or 
1.5% of max.

1.25% of pt. or 
0.75% of max.

1% of max. 

Continuous gas an-
alyzer.

x .......................... 5 s ....................... 1 Hz ..................... 4% of pt. or 4% of 
meas.

2% of pt. or 2% of 
meas.

1% of max. 

Gravimetric PM bal-
ance.

mPM ..................... N/A ...................... N/A ...................... See § 1065.790 ... 0.5 μg .................. N/A. 

Inertial PM balance mPM ..................... N/A ...................... N/A ...................... 4% of pt. or 4% of 
meas.

2% of pt. or 2% of 
meas.

1% of max. 

1 Accuracy, repeatability, and noise are all determined with the same collected data, as described in § 1065.305, and based on absolute val-
ues. ‘‘pt.’’ refers to the overall flow-weighted mean value expected at the standard; ‘‘max.’’ refers to the peak value expected at the standard over 
any test interval, not the maximum of the instrument’s range; ‘‘meas’’ refers to the actual flow-weighted mean measured over any test interval. 

* * * * * 

■ 89. Section 1065.925 is amended by 
revising paragraphs (h)(1), (h)(2), and 
(h)(3) to read as follows: 

§ 1065.925 PEMS preparation for field 
testing. 

* * * * * 
(h) * * * 
(1) Select the HC analyzer range for 

measuring the maximum concentration 
expected at the HC standard. 

(2) Zero the HC analyzers using a zero 
gas or ambient air introduced at the 
analyzer port. When zeroing a FID, use 
the FID’s burner air that would be used 
for in-use measurements (generally 
either ambient air or a portable source 
of burner air). 

(3) Span the HC analyzer using span 
gas introduced at the analyzer port. 
* * * * * 

Subpart K—[Amended] 

■ 90. Section 1065.1001 is amended by 
revising the introductory text and the 
definitions for ‘‘Idle speed’’, ‘‘Percent 
(%)’’, and ‘‘Round’’ and adding 
definitions for ‘‘Electric power 
generation application’’, ‘‘High-idle 
speed’’, and ‘‘High-speed governor’’ in 
alphabetical order to read as follows: 
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§ 1065.1001 Definitions. 
* * * * * 

Electric power generation application 
means an application whose purpose is 
to generate a precise frequency of 
electricity, which is characterized by an 
engine that controls engine speed very 
precisely. This would generally not 
apply to welders or portable home 
generators. 
* * * * * 

High-idle speed means the engine 
speed at which an engine governor 
function controls engine speed with 
operator demand at maximum and with 
zero load applied. ‘‘Warm high-idle 
speed’’ is the high-idle speed of a 
warmed-up engine. 

High-speed governor means any 
device, system, or element of design that 
modulates the engine output torque for 
the purpose of limiting the maximum 
engine speed. 
* * * * * 

Idle speed means the engine speed at 
which an engine governor function 

controls engine speed with operator 
demand at minimum and with 
minimum load applied (greater than or 
equal to zero). For engines without a 
governor function that controls idle 
speed, idle speed means the 
manufacturer-declared value for lowest 
engine speed possible with minimum 
load. This definition does not apply for 
operation designated as ‘‘high-idle 
speed.’’ ‘‘Warm idle speed’’ is the idle 
speed of a warmed-up engine. 
* * * * * 

Percent (%) means a representation of 
exactly 0.01. Numbers expressed as 
percentages in this part (such as a 
tolerance of ±2%) have infinite 
precision, so 2% and 2.000000000% 
have the same meaning. This means that 
where we specify some percentage of a 
total value, the calculated value has the 
same number of significant digits as the 
total value. For example, 2% of a span 
value where the span value is 101.3302 
is 2.026604. 
* * * * * 

Round means to apply the rounding 
convention specified in § 1065.20(e), 
unless otherwise specified. 
* * * * * 

■ 91. Section 1065.1005 is amended by 
revising the introductory text and 
paragraphs (a), (e), (f)(2), and (g) to read 
as follows: 

§ 1065.1005 Symbols, abbreviations, 
acronyms, and units of measure. 

The procedures in this part generally 
follow the International System of Units 
(SI), as detailed in NIST Special 
Publication 811, which we incorporate 
by reference in § 1065.1010. See 
§ 1065.20 for specific provisions related 
to these conventions. This section 
summarizes the way we use symbols, 
units of measure, and other 
abbreviations. 

(a) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit symbol Units in terms of SI base units 

a ................. atomic hydrogen to carbon ratio .... mole per mole ................................ mol/mol 1 
A ................. area ................................................ square meter ................................. m 2 m 2 
A0 ................ intercept of least squares regres-

sion.
........................................................

A1 ................ slope of least squares regression ........................................................
β .................. ratio of diameters ........................... meter per meter ............................. m/m 1 
β .................. atomic oxygen to carbon ratio ....... mole per mole ................................ mol/mol 1 
C# ................ number of carbon atoms in a mol-

ecule.
........................................................

d .................. Diameter ........................................ meter .............................................. m m 
DR .............. dilution ratio ................................... mole per mol .................................. mol/mol 1 
e .................. error between a quantity and its 

reference.
........................................................

e .................. brake-specific emission or fuel 
consumption.

gram per kilowatt hour ................... g/(kW·hr) g·3.6-1·106·m-2·kg·s2 

F ................. F-test statistic ................................ ........................................................
f ................... frequency ....................................... hertz ............................................... Hz s-1 
fn ................. angular speed (shaft) .................... revolutions per minute ................... r/min 2·π·60-1· m·m-1x·s-1 
γ .................. ratio of specific heats .................... (joule per kilogram kelvin) per 

(joule per kilogram kelvin).
(J/(kg·K))/(J/(kg·K)) 1 

K ................. correction factor ............................. ........................................................ 1 
l ................... length ............................................. meter .............................................. m m 
μ ................. viscosity, dynamic .......................... pascal second ................................ Pa·s m-1·kg·s 
M ................. molar mass1 ................................... gram per mole ............................... g/mol 10-3·kg·mol-1 
m ................. mass .............................................. kilogram ......................................... kg kg 
ṁ ................. mass rate ....................................... kilogram per second ...................... kg/s kg·s-1 
n .................. viscosity, kinematic ........................ meter squared per second ............ m-2/s m-2·s-1 
N ................. total number in series .................... ........................................................
n .................. amount of substance ..................... mole ............................................... mol mol 
h« ................. amount of substance rate .............. mole per second ............................ mol/s mol·s-1 
P ................. power ............................................. kilowatt ........................................... kW 103·m2·kg·s-3 
PF ............... penetration fraction ........................ ........................................................
p .................. pressure ......................................... pascal ............................................ Pa m-1·kg·s-2 
r .................. mass density .................................. kilogram per cubic meter ............... kg/m3 kg·m-3 
r .................. ratio of pressures ........................... pascal per pascal .......................... Pa/Pa 1 
R2 ................ coefficient of determination ........... ........................................................
Ra ............... average surface roughness ........... micrometer ..................................... μm 10--6 m 
Re# .............. Reynolds number .......................... ........................................................
RF ............... response factor .............................. ........................................................
RH .............. relative humidity ............................. ........................................................
s ................. non¥biased standard deviation .... ........................................................
S ................. Sutherland constant ....................... kelvin .............................................. K K 
SEE ............ standard estimate of error ............. ........................................................
T ................. absolute temperature ..................... kelvin .............................................. K K 
T ................. Celsius temperature ...................... degree Celsius ............................... °C K¥273.15 
T ................. torque (moment of force) ............... newton meter ................................. N·m m-2·kg·s-2 
t ................... time ................................................ second ........................................... s s 
Δt ................ time interval, period, 1/frequency .. second ........................................... s s 
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Symbol Quantity Unit Unit symbol Units in terms of SI base units 

V ................. volume ........................................... cubic meter .................................... m3 m3 
V̇ ................. volume rate .................................... cubic meter per second ................. m3/s m3·s-1 
W ................ work ............................................... kilowatt hour .................................. kW·hr 3.6·10-6·m2·kg·s-2 
wc ................ carbon mass fraction ..................... gram per gram ............................... g/g 1 
x .................. amount of substance mole fraction 

2.
mole per mole ................................ mol/mol 1 

x̄ .................. flow-weighted mean concentration mole per mole ................................ mol/mol 1 
y .................. generic variable ............................. ........................................................

1 See paragraph (f)(2) of this section for the values to use for molar masses. Note that in the cases of NOX and HC, the regulations specify effective molar masses 
based on assumed speciation rather than actual speciation. 

2 Note that mole fractions for THC, THCE, NMHC, NMHCE, and NOTHC are expressed on a C1 equivalent basis. 

* * * * * 
(e) Subscripts. This part uses the 

following subscripts to define a 
quantity: 

Subscript Quantity 

abs ..................... absolute quantity. 
act ...................... actual condition. 
air ....................... air, dry. 
atmos ................. atmospheric. 
cal ....................... calibration quantity. 
CFV .................... critical flow venturi. 
cor ...................... corrected quantity. 
dil ........................ dilution air. 
dexh ................... diluted exhaust. 
exh ..................... raw exhaust. 
exp ..................... expected quantity. 

Subscript Quantity 

hi,idle .................. condition at high¥idle. 
i .......................... an individual of a series. 
idle ...................... condition at idle. 
in ........................ quantity in. 
init ....................... initial quantity, typically 

before an emission test. 
j .......................... an individual of a series. 
max .................... the maximum (i.e., peak) 

value expected at the 
standard over a test in-
terval; not the maximum 
of an instrument range. 

meas .................. measured quantity. 
out ...................... quantity out. 
part ..................... partial quantity. 
PDP .................... positive¥displacement 

pump. 

Subscript Quantity 

ref ....................... reference quantity. 
rev ...................... revolution. 
sat ...................... saturated condition. 
slip ...................... PDP slip. 
span ................... span quantity. 
SSV .................... subsonic venturi. 
std ...................... standard condition. 
test ..................... test quantity. 
test,alt ................. alternate test quantity. 
uncor .................. uncorrected quantity. 
zero .................... zero quantity. 

(f) * * * 
(2) This part uses the following molar 

masses or effective molar masses of 
chemical species: 

Symbol Quantity 
g/mol 
(10¥3. 

kg.mol¥1) 

Mair ............................................................................ molar mass of dry air 1 ..................................................................................... 28.96559 
MAr ............................................................................ molar mass of argon ......................................................................................... 39.948 
MC ............................................................................. molar mass of carbon ....................................................................................... 12.0107 
MC3H8 ........................................................................ molar mass of propane ..................................................................................... 44.09562 
MCH4 ......................................................................... molar mass of methane .................................................................................... 16.043 
MCO ........................................................................... molar mass of carbon monoxide ...................................................................... 28.0101 
MCO2 ......................................................................... molar mass of carbon dioxide .......................................................................... 44.0095 
MH ............................................................................. molar mass of atomic hydrogen ....................................................................... 1.00794 
MH2 ........................................................................... molar mass of molecular hydrogen .................................................................. 2.01588 
MH2O ......................................................................... molar mass of water ......................................................................................... 18.01528 
MHe ........................................................................... molar mass of helium ....................................................................................... 4.002602 
MN ............................................................................. molar mass of atomic nitrogen ......................................................................... 14.0067 
MN2 ........................................................................... molar mass of molecular nitrogen .................................................................... 28.0134 
MNMHC ...................................................................... effective molar mass of nonmethane hydrocarbon 2 ........................................ 13.875389 
MNMHCE .................................................................... effective molar mass of nonmethane equivalent hydrocarbon 2 ...................... 13.875389 
MNOx ......................................................................... effective molar mass of oxides of nitrogen 3 .................................................... 46.0055 
MN2O ......................................................................... molar mass of nitrous oxide ............................................................................. 44.0128 
MO ............................................................................. molar mass of atomic oxygen .......................................................................... 15.9994 
MO2 ........................................................................... molar mass of molecular oxygen ..................................................................... 31.9988 
MS ............................................................................. molar mass of sulfur ......................................................................................... 32.065 
MTHC ......................................................................... effective molar mass of total hydrocarbon 2 ..................................................... 13.875389 
MTHCE ....................................................................... effective molar mass of total hydrocarbon equivalent 2 ................................... 13.875389 

1 See paragraph (f)(1) of this section for the composition of dry air. 
2 The effective molar masses of THC, THCE, NMHC, and NMHCE are defined by an atomic hydrogen-to-carbon ratio, a, of 1.85. 
3 The effective molar mass of NOX is defined by the molar mass of nitrogen dioxide, NO2. 

* * * * * 
(g) Other acronyms and abbreviations. 

This part uses the following additional 
abbreviations and acronyms: 

ASTM American Society for Testing 
and Materials 

BMD bag mini-diluter 

BSFC brake-specific fuel consumption 
CARB California Air Resources Board 
CFR Code of Federal Regulations 
CFV critical-flow venturi 
CI compression-ignition 
CITT Curb Idle Transmission Torque 
CLD chemiluminescent detector 
CVS constant-volume sampler 

DF deterioration factor 
ECM electronic control module 
EFC electronic flow control 
EGR exhaust gas recirculation 
EPA Environmental Protection Agency 
FEL Family Emission Limit 
FID flame-ionization detector 
GC gas chromatograph 
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GC–ECD gas chromatograph with an 
electron-capture detector 

GC–FID gas chromatograph with a 
flame ionization detector 

IBP initial boiling point 
ISO International Organization for 

Standardization 
LPG liquefied petroleum gas 
NDIR nondispersive infrared 
NDUV nondispersive ultraviolet 
NIST National Institute for Standards 

and Technology 
NMC nonmethane cutter 
PDP positive-displacement pump 
PEMS portable emission measurement 

system 
PFD partial-flow dilution 
PMP Polymethylpentene 
pt. a single point at the mean value 

expected at the standard. 
PTFE polytetrafluoroethylene 

(commonly known as TeflonTM) 
RE rounding error 
RESS rechargeable energy storage 

system 
RMC ramped-modal cycle 
RMS root-mean square 
RTD resistive temperature detector 
SSV subsonic venturi 
SI spark-ignition 
UCL upper confidence limit 
UFM ultrasonic flow meter 
U.S.C. United States Code 
■ 92. Section 1065.1010 is amended by 
revising the introductory text and 
paragraph (c) to read as follows: 

§ 1065.1010 Reference materials. 

Certain material is incorporated by 
reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a notice of the change in 
the Federal Register and the material 
must be available to the public. All 
approved material is available for 
inspection at U.S. EPA, Air and 
Radiation Docket and Information 
Center, 1301 Constitution Ave., NW., 
Room B102, EPA West Building, 
Washington, DC 20460, (202) 202–1744, 
and is available from the sources listed 
below. It is also available for inspection 
at the National Archives and Records 
Administration (NARA). For 
information on the availability of this 
material at NARA, call 202–741–6030, 
or go to http://www.archives.gov/ 
federal_register/ 
code_of_federal_regulations/ 
ibr_locations.html. 
* * * * * 

(c) NIST material. Table 3 of this 
section lists material from the National 
Institute of Standards and Technology 

that we have incorporated by reference. 
The first column lists the number and 
name of the material. The second 
column lists the section of this part 
where we reference it. Anyone may 
purchase copies of these materials from 
the Government Printing Office, 
Washington, DC 20402 or download 
them free from the Internet at http:// 
www.nist.gov. Table 3 follows: 

TABLE 3 OF § 1065.1010—NIST 
MATERIALS 

Document number and name Part 1065 
reference 

NIST Special Publication 
811, 2008 Edition, Guide 
for the Use of the Inter-
national System of Units 
(SI), March 2008.

1065.20(a) 
and (e), 
1065.1005. 

NIST Technical Note 1297, 
1994 Edition, Guidelines 
for Evaluating and Ex-
pressing the Uncertainty of 
NIST Measurement Re-
sults, Barry N. Taylor and 
Chris E. Kuyatt.

1065.1001. 

* * * * * 

■ 93. A new part 1066 is added to 
subchapter U to read as follows: 

PART 1066—VEHICLE-TESTING 
PROCEDURES 

Subpart A—Applicability and General 
Provisions 

Sec. 
1066.1 Applicability. 
1066.2 Submitting information to EPA 

under this part. 
1066.5 Overview of this part 1066 and its 

relationship to the standard-setting part. 
1066.10 Other procedures. 
1066.15 Overview of test procedures. 
1066.20 Units of measure and overview of 

calculations. 
1066.25 Recordkeeping. 

Subpart B—Equipment, Fuel, and Gas 
Specifications 

1066.101 Overview. 

Subpart C—Dynamometer Specifications 

1066.201 Dynamometer overview. 
1066.210 Dynamometers. 
1066.215 Summary of verification and 

calibration procedures for chassis 
dynamometers. 

1066.220 Linearity verification. 
1066.225 Roll runout and diameter 

verification procedure. 
1066.230 Time verification procedure. 
1066.235 Speed verification procedure. 
1066.240 Torque transducer verification 

and calibration. 
1066.245 Response time verification. 
1066.250 Base inertia verification. 
1066.255 Parasitic loss verification. 
1066.260 Parasitic friction compensation 

evaluation. 

1066.265 Acceleration and deceleration 
verification. 

1066.270 Unloaded coastdown verification. 
1066.280 Driver’s aid. 

Subpart D—Coastdown 

1066.301 Overview of coastdown 
procedures. 

1066.310 Coastdown procedures for heavy- 
duty vehicles. 

Subpart E—Vehicle Preparation and 
Running a Test 

1066.401 Overview. 
1066.407 Vehicle preparation and 

preconditioning. 
1066.410 Dynamometer test procedure. 
1066.420 Pre-test verification procedures 

and pre-test data collection. 
1066.425 Engine starting and restarting. 
1066.430 Performing emission tests 

Subpart F—Hybrids 

1066.501 Overview. 

Subpart G—Calculations 

1066.601 Overview. 
1066.610 Mass-based and molar-based 

exhaust emission calculations. 

Subpart H—Definitions and Other 
Reference Material 

1066.701 Definitions. 
1066.705 Symbols, abbreviations, 

acronyms, and units of measure. 
1066.710 Reference materials. 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Applicability and General 
Provisions 

§ 1066.1 Applicability. 
(a) This part describes the procedures 

that apply to testing we require for the 
following vehicles: 

(1) Model year 2014 and later heavy- 
duty highway vehicles we regulate 
under 40 CFR part 1037 that are not 
subject to chassis testing for exhaust 
emissions under 40 CFR part 86. 

(2) [Reserved] 
(b) The procedures of this part may 

apply to other types of vehicles, as 
described in this part and in the 
standard-setting part. 

(c) The term ‘‘you’’ means anyone 
performing testing under this part other 
than EPA. 

(1) This part is addressed primarily to 
manufacturers of vehicles, but it applies 
equally to anyone who does testing 
under this part for such manufacturers. 

(2) This part applies to any 
manufacturer or supplier of test 
equipment, instruments, supplies, or 
any other goods or services related to 
the procedures, requirements, 
recommendations, or options in this 
part. 

(d) Paragraph (a) of this section 
identifies the parts of the CFR that 
define emission standards and other 
requirements for particular types of 
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vehicles. In this part, we refer to each 
of these other parts generically as the 
’’standard-setting part.’’ For example, 40 
CFR part 1037 is the standard-setting 
part for heavy-duty highway vehicles. 

(e) Unless we specify otherwise, the 
terms ‘‘procedures’’ and ‘‘test 
procedures’’ in this part include all 
aspects of vehicle testing, including the 
equipment specifications, calibrations, 
calculations, and other protocols and 
procedural specifications needed to 
measure emissions. 

(f) For additional information 
regarding these test procedures, visit our 
Web site at http://www.epa.gov, and in 
particular http://www.epa.gov/nvfel/ 
testing/regulations.htm. 

§ 1066.2 Submitting information to EPA 
under this part. 

(a) You are responsible for statements 
and information in your applications for 
certification, requests for approved 
procedures, selective enforcement 
audits, laboratory audits, production- 
line test reports, field test reports, or any 
other statements you make to us related 
to this part 1066. If you provide 
statements or information to someone 
for submission to EPA, you are 
responsible for these statements and 
information as if you had submitted 
them to EPA yourself. 

(b) In the standard-setting part and in 
40 CFR 1068.101, we describe your 
obligation to report truthful and 
complete information and the 
consequences of failing to meet this 
obligation. See also 18 U.S.C. 1001 and 
42 U.S.C. 7413(c)(2). This obligation 
applies whether you submit this 
information directly to EPA or through 
someone else. 

(c) We may void any certificates or 
approvals associated with a submission 
of information if we find that you 
intentionally submitted false, 
incomplete, or misleading information. 

For example, if we find that you 
intentionally submitted incomplete 
information to mislead EPA when 
requesting approval to use alternate test 
procedures, we may void the certificates 
for all engine families certified based on 
emission data collected using the 
alternate procedures. This would also 
apply if you ignore data from 
incomplete tests or from repeat tests 
with higher emission results. 

(d) We may require an authorized 
representative of your company to 
approve and sign the submission, and to 
certify that all the information 
submitted is accurate and complete. 
This includes everyone who submits 
information, including manufacturers 
and others. 

(e) See 40 CFR 1068.10 for provisions 
related to confidential information. Note 
however that under 40 CFR 2.301, 
emission data is generally not eligible 
for confidential treatment. 

(f) Nothing in this part should be 
interpreted to limit our ability under 
Clean Air Act section 208 (42 U.S.C. 
7542) to verify that vehicles conform to 
the regulations. 

§ 1066.5 Overview of this part 1066 and its 
relationship to the standard-setting part. 

(a) This part specifies procedures that 
can apply generally to testing various 
categories of vehicles. See the standard- 
setting part for directions in applying 
specific provisions in this part for a 
particular type of vehicle. Before using 
this part’s procedures, read the 
standard-setting part to answer at least 
the following questions: 

(1) What drive schedules must I use 
for testing? 

(2) Should I warm up the test vehicle 
before measuring emissions, or do I 
need to measure cold-start emissions 
during a warm-up segment of the duty 
cycle? 

(3) Which exhaust constituents do I 
need to measure? Measure all exhaust 

constituents that are subject to emission 
standards, any other exhaust 
constituents needed for calculating 
emission rates, and any additional 
exhaust constituents as specified in the 
standard-setting part. We may approve 
your request to omit measurement of 
N2O and CH4 for a vehicle, provided it 
is not subject to an N2O or CH4 emission 
standard and we determine that other 
information is available to give us a 
reasonable basis for estimating or 
approximating the vehicle’s emission 
rates. 

(4) Do any unique specifications 
apply for test fuels? 

(5) What maintenance steps may I 
take before or between tests on an 
emission-data vehicle? 

(6) Do any unique requirements apply 
to stabilizing emission levels on a new 
vehicle? 

(7) Do any unique requirements apply 
to test limits, such as ambient 
temperatures or pressures? 

(8) Is field testing required or allowed, 
and are there different emission 
standards or procedures that apply to 
field testing? 

(9) Are there any emission standards 
specified at particular operating 
conditions or ambient conditions? 

(10) Do any unique requirements 
apply for durability testing? 

(b) The testing specifications in the 
standard-setting part may differ from the 
specifications in this part. In cases 
where it is not possible to comply with 
both the standard-setting part and this 
part, you must comply with the 
specifications in the standard-setting 
part. The standard-setting part may also 
allow you to deviate from the 
procedures of this part for other reasons. 

(c) The following table shows how 
this part divides testing specifications 
into subparts: 

TABLE 1 OF § 1066.5—DESCRIPTION OF PART 1066 SUBPARTS 

This subpart Describes these specifications or procedures 

Subpart A ........................................................................................................................... Applicability and general provisions. 
Subpart B ........................................................................................................................... Equipment for testing. 
Subpart C ........................................................................................................................... Dynamometer specifications. 
Subpart D ........................................................................................................................... Coastdowns for testing. 
Subpart E ........................................................................................................................... How to prepare your vehicle and run an emission test. 
Subpart F ........................................................................................................................... How to test hybrid vehicles. 
Subpart G .......................................................................................................................... Test procedure calculations. 
Subpart H ........................................................................................................................... Definitions and reference material. 

§ 1066.10 Other procedures. 

(a) Your testing. The procedures in 
this part apply for all testing you do to 
show compliance with emission 
standards, with certain exceptions listed 

in this section. In some other sections in 
this part, we allow you to use other 
procedures (such as less precise or less 
accurate procedures) if they do not 
affect your ability to show that your 

vehicles comply with the applicable 
emission standards. This generally 
requires emission levels to be far 
enough below the applicable emission 
standards so that any errors caused by 
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greater imprecision or inaccuracy do not 
affect your ability to state 
unconditionally that the engines meet 
all applicable emission standards. 

(b) Our testing. These procedures 
generally apply for testing that we do to 
determine if your vehicles comply with 
applicable emission standards. We may 
perform other testing as allowed by the 
Act. 

(c) Exceptions. We may allow or 
require you to use procedures other than 
those specified in this part for 
laboratory testing, field testing, or both, 
as described in 40 CFR 1065.10(c). All 
the test procedures noted as exceptions 
to the specified procedures are 
considered generically as ‘‘other 
procedures.’’ Note that the terms 
‘‘special procedures’’ and ‘‘alternate 
procedures’’ have specific meanings; 
‘‘special procedures’’ are those allowed 
by 40 CFR 1065.10(c)(2) and ‘‘alternate 
procedures’’ are those allowed by 40 
CFR 1065.10(c)(7). If we require you to 
request approval to use other 
procedures under this paragraph (c), 
you may not use them until we approve 
your request. 

§ 1066.15 Overview of test procedures. 
This section outlines the procedures 

to test vehicles that are subject to 
emission standards. 

(a) In the standard-setting part, we set 
emission standards in g/mile (or g/km), 
for the following constituents: 

(1) Total oxides of nitrogen, NOX. 
(2) Hydrocarbons (HC), which may be 

expressed in the following ways: 
(i) Total hydrocarbons, THC. 
(ii) Nonmethane hydrocarbons, 

NMHC, which results from subtracting 
methane (CH4) from THC. 

(iii) Total hydrocarbon-equivalent, 
THCE, which results from adjusting 
THC mathematically to be equivalent on 
a carbon-mass basis. 

(iv) Nonmethane hydrocarbon- 
equivalent, NMHCE, which results from 
adjusting NMHC mathematically to be 
equivalent on a carbon-mass basis. 

(3) Particulate mass, PM. 
(4) Carbon monoxide, CO. 
(b) Note that some vehicles may not 

be subject to standards for all the 
emission constituents identified in 
paragraph (a) of this section. 

(c) We generally set emission 
standards over test intervals and/or 
drive schedules, as follows: 

(1) Vehicle operation. Testing may 
involve measuring emissions and miles 
travelled in a laboratory-type 
environment or in the field. The 
standard-setting part specifies how test 
intervals are defined for field testing. 
Refer to the definitions of ‘‘duty cycle’’ 
and ‘‘test interval’’ in § 1066.701. Note 

that a single drive schedule may have 
multiple test intervals and require 
weighting of results from multiple test 
phases to calculate a composite 
distance-based emission value to 
compare to the standard. 

(2) Constituent determination. 
Determine the total mass of each 
constituent over a test interval by 
selecting from the following methods: 

(i) Continuous sampling. In 
continuous sampling, measure the 
constituent’s concentration 
continuously from raw or dilute 
exhaust. Multiply this concentration by 
the continuous (raw or dilute) flow rate 
at the emission sampling location to 
determine the constituent’s flow rate. 
Sum the constituent’s flow rate 
continuously over the test interval. This 
sum is the total mass of the emitted 
constituent. 

(ii) Batch sampling. In batch 
sampling, continuously extract and 
store a sample of raw or dilute exhaust 
for later measurement. Extract a sample 
proportional to the raw or dilute 
exhaust flow rate, as applicable. You 
may extract and store a proportional 
sample of exhaust in an appropriate 
container, such as a bag, and then 
measure HC, CO, and NOX 
concentrations in the container after the 
test phase. You may deposit PM from 
proportionally extracted exhaust onto 
an appropriate substrate, such as a filter. 
In this case, divide the PM by the 
amount of filtered exhaust to calculate 
the PM concentration. Multiply batch 
sampled concentrations by the total 
(raw or dilute) flow from which it was 
extracted during the test interval. This 
product is the total mass of the emitted 
constituent. 

(iii) Combined sampling. You may use 
continuous and batch sampling 
simultaneously during a test interval, as 
follows: 

(A) You may use continuous sampling 
for some constituents and batch 
sampling for others. 

(B) You may use continuous and 
batch sampling for a single constituent, 
with one being a redundant 
measurement, subject to the provisions 
of 40 CFR 1065.201. 

(d) Refer to the standard-setting part 
for calculations to determine g/mile 
emission rates. 

(e) The regulation highlights several 
specific cases where good engineering 
judgment is especially relevant. You 
must use good engineering judgment for 
all aspects of testing under this part, not 
only for those provisions where we 
specifically re-state this requirement. 

§ 1066.20 Units of measure and overview 
of calculations. 

(a) System of units. The procedures in 
this part follows both conventional 
English Units and the International 
System of Units (SI), as detailed in NIST 
Special Publication 811, which we 
incorporate by reference in § 1066.710. 

(b) Units conversion. Use good 
engineering judgment to convert units 
between measurement systems as 
needed. The following conventions are 
used throughout this document and 
should be used to convert units as 
applicable: 

(1) 1 hp = 33,000 ft·lbf/min = 550 
ft·lbf/s = 0.7457 kW. 

(2) 1 lbf = 32.174 ft·lbm/s2 = 4.4482 
N. 

(3) 1 inch = 25.4 mm. 
(c) Rounding. The rounding 

provisions of 40 CFR 1065.20 apply for 
calculations in this part. This generally 
specifies that you round final values but 
not intermediate values. Use good 
engineering judgment to record the 
appropriate number of significant digits 
for all measurements. 

(d) Interpretation of ranges. Interpret 
a range as a tolerance unless we 
explicitly identify it as an accuracy, 
repeatability, linearity, or noise 
specification. See 40 CFR 1065.1001 for 
the definition of tolerance. In this part, 
we specify two types of ranges: 

(1) Whenever we specify a range by a 
single value and corresponding limit 
values above and below that value, 
target any associated control point to 
that single value. Examples of this type 
of range include ‘‘±10% of maximum 
pressure’’, or ‘‘(30 ±10) kPa’’. 

(2) Whenever we specify a range by 
the interval between two values, you 
may target any associated control point 
to any value within that range. An 
example of this type of range is ‘‘(40 to 
50) kPa’’. 

(e) Scaling of specifications with 
respect to an applicable standard. 
Because this part 1066 applies to a wide 
range of vehicles and emission 
standards, some of the specifications in 
this part are scaled with respect to a 
vehicle’s applicable standard or weight. 
This ensures that the specification will 
be adequate to determine compliance, 
but not overly burdensome by requiring 
unnecessarily high-precision 
equipment. Many of these specifications 
are given with respect to a ‘‘flow- 
weighted mean’’ that is expected at the 
standard or during testing. Flow- 
weighted mean is the mean of a quantity 
after it is weighted proportional to a 
corresponding flow rate. For example, if 
a gas concentration is measured 
continuously from the raw exhaust of an 
engine, its flow-weighted mean 
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concentration is the sum of the products 
of each recorded concentration times its 
respective exhaust flow rate, divided by 
the sum of the recorded flow rates. As 
another example, the bag concentration 
from a CVS system is the same as the 
flow-weighted mean concentration, 
because the CVS system itself flow- 
weights the bag concentration. Refer to 
40 CFR 1065.602 for information needed 
to estimate and calculate flow-weighted 
means. 

§ 1066.25 Recordkeeping. 
The procedures in this part include 

various requirements to record data or 
other information. Refer to the standard- 
setting part regarding recordkeeping 
requirements. If the standard-setting 
part does not specify recordkeeping 
requirements, store these records in any 
format and on any media and keep them 
readily available for one year after you 
send an associated application for 
certification, or one year after you 
generate the data if they do not support 
an application for certification. You 
must promptly send us organized, 
written records in English if we ask for 
them. We may review them at any time. 

Subpart B—Equipment, Fuel, and Gas 
Specifications 

§ 1066.101 Overview. 
(a) This subpart addresses equipment 

related to emission testing, as well as 
test fuels and analytical gases. This 
section addresses emission sampling 
and analytical equipment, test fuels, and 
analytical gases. 

(b) The provisions of 40 CFR part 
1065 specify engine-based procedures 
for measuring emissions. Except as 
specified otherwise in this part, the 
provisions of 40 CFR part 1065 apply for 
testing required by this part as follows: 

(1) The provisions of 40 CFR 1065.140 
through 1065.195 specify equipment for 
exhaust dilution and sampling systems. 

(2) The provisions of 40 CFR part 
1065, subparts C and D, specify 
measurement instruments and their 
calibrations. 

(3) The provisions of 40 CFR part 
1065, subpart H, specify fuels, engine 
fluids, and analytical gases. 

(4) The provisions of 40 CFR part 
1065, subpart J, describe how to 
measure emissions from vehicles 
operating outside of a laboratory, except 
that provisions related to measuring 
engine work do not apply. 

(c) The provisions of this subpart are 
intended to specify systems that can 
very accurately and precisely measure 
emissions from motor vehicles. We may 
waive or modify the specifications and 
requirements of this part for testing 
highway motorcycles or nonroad 
vehicles, consistent with good 
engineering judgment. For example, it 
may be appropriate to allow the use of 
a hydrokinetic dynamometer that is not 
able to meet all the performance 
specifications described in this subpart. 

Subpart C—Dynamometer 
Specifications 

§ 1066.201 Dynamometer overview. 

This subpart addresses chassis 
dynamometers and related equipment. 

§ 1066.210 Dynamometers. 

(a) General requirements. A chassis 
dynamometer typically uses electrically 
generated load forces combined with its 
rotational inertia to recreate the 
mechanical inertia and frictional forces 
that a vehicle exerts on road surfaces 
(known as ‘‘road load’’). Load forces are 
calculated using vehicle-specific 
coefficients and response 
characteristics. The load forces are 
applied to the vehicle tires by rolls 
connected to intermediate motor/ 
absorbers. The dynamometer uses a load 
cell to measure the forces the 
dynamometer rolls apply to the 
vehicle’s tires. 

(b) Accuracy and precision. The 
dynamometer’s output values for road 
load must be NIST-traceable. We may 
determine traceability to a specific 
international standards organization to 
be sufficient to demonstrate NIST- 
traceability. The force-measurement 
system must be capable of indicating 
force readings to a resolution of ±0.05% 
of the maximum forces simulated by the 
dynamometer or ±0.9 N (±0.2 lbf), 
whichever is greater, during a test. 

(c) Test cycles. The dynamometer 
must be capable of fully simulating 
applicable test cycles for the vehicles 
being tested as referenced in the 
corresponding standard-setting part. 

(1) For vehicles with a gross vehicle 
weight rating (GVWR) at or below 
14,000 lbs, the dynamometer must be 
able to fully simulate a driving schedule 
with a maximum speed of 36 m/s (80 
mph) and a maximum acceleration rate 
of 3.6 m/s2 (8 mph/s) in two-wheel 
drive and four-wheel drive 
configurations. 

(2) For vehicles with GVWR above 
14,000 lbs, the dynamometer must be 
able to fully simulate a driving schedule 
with a maximum speed of 29 m/s (65 
mph) and a maximum acceleration rate 
of 1.3 m/s2 (3 mph/s) in either two- 
wheel drive or four-wheel drive 
configurations. 

(d) Component requirements. The 
dynamometer must meet the following 
specifications: 

(1) For vehicles with GVWR at or 
below 14,000 lbs, the nominal roll 
diameter must be 1.20 to 1.25 meters. 
The dynamometer must have an 
independent drive roll for each axle 
being driven by the vehicle during an 
emission test. 

(2) For vehicles with GVWR above 
14,000 lbs, the nominal roll diameter 
must be at least 1.20 meters and no 
greater than 3.10 meters. The 
dynamometer must have an 
independent drive roll for each axle, 
except that two drive axles may share a 
single drive roll. Use good engineering 
judgment to ensure that the 
dynamometer roll diameter is large 
enough to provide sufficient tire-roll 
contact area to avoid tire overheating 
and power losses from tire-roll slippage. 

(3) If you measure force and speed at 
10 Hz or faster, you may use good 
engineering judgment to convert those 
measurements to 1-Hz, 2-Hz, or 5-Hz 
values. 

(4) The load applied by the 
dynamometer simulates forces acting on 
the vehicle during normal driving 
according to the following equation: 

Where: 

FR = total road-load force to be applied at the 
surface of the roll. The total force is the 

sum of the individual tractive forces 
applied at each roll surface. 

i = a counter to indicate a point in time over 
the driving schedule. For a dynamometer 
operating at 10-Hz intervals over a 600- 
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second driving schedule, the maximum 
value of i is 6,000. 

A = constant value representing the vehicle’s 
frictional load in lbf or newtons. See 
subpart C of this part. 

B = coefficient representing load from drag 
and rolling resistance, which are a 
function of vehicle speed, in lbf/mph or 
N·s/m. See subpart C of this part. 

S = linear speed at the roll surfaces as 
measured by the dynamometer, in mph 
or m/s. Let Si-1 = 0. 

C = coefficient representing aerodynamic 
effects, which are a function of vehicle 
speed squared, in lbf/mph2 or N·s2/m2. 
See subpart C of this part. 

M = mass of vehicle in lbm or kg. Determine 
the vehicle’s mass based on the test 
weight, taking into account the effect of 
rotating axles, as specified in 
§ 1066.310(b)(7) and dividing the weight 
by the acceleration due to gravity as 
specified in 40 CFR 1065.630, consistent 
with good engineering judgment. 

t = elapsed time in the driving schedule as 
measured by the dynamometer, in 
seconds. Let ti-1 = 0. 

(5) The dynamometer must be 
designed to generally apply an actual 
road-load force within ±1% or ±9.8 N 
(±2.2 lbf) of the reference value, 
whichever is greater. Dynamometers 
that do not fully meet this specification 
may be used consistent with good 
engineering judgment. For example, 
slightly higher errors may be 
permissible during highly transient 
operation. 

(e) Dynamometer manufacturer 
instructions. This part specifies that you 
follow the dynamometer manufacturer’s 
recommended procedures for things 
such as calibrations and general 
operation. If you perform testing with a 
dynamometer that you manufactured or 

if you otherwise do not have these 
recommended procedures, use good 
engineering judgment to establish the 
additional procedures and 
specifications we specify in this part, 
unless we specify otherwise. Keep 
records to describe these recommended 
procedures and how they are consistent 
with good engineering judgment. 

§ 1066.215 Summary of verification and 
calibration procedures for chassis 
dynamometers. 

(a) Overview. This section describes 
the overall process for verifying and 
calibrating the performance of chassis 
dynamometers. 

(b) Scope and frequency. The 
following table summarizes the required 
and recommended calibrations and 
verifications described in this subpart 
and indicates when they must occur: 

TABLE 1 OF § 1066.215—SUMMARY OF REQUIRED DYNAMOMETER CALIBRATIONS AND VERIFICATIONS 

Type of calibration or verification Minimum frequency a 

§ 1066.220: Linearity verification ........................ Speed: Upon initial installation, within 370 days before testing, and after major maintenance. 
Torque (load): Upon initial installation, within 370 days before testing, and after major mainte-

nance. 
§ 1066.225: Roll runout and diameter ................ Upon initial installation and after major maintenance. 
§ 1066.230: Time ................................................ Upon initial installation and after major maintenance. 
§ 1066.235: Speed measurement ....................... Upon initial installation, within 370 days before testing, and after major maintenance. 
§ 1066.240: Torque (load) transducer ................ Upon initial installation and after major maintenance. 
§ 1066.245: Response time ................................ Upon initial installation and after major maintenance. 
§ 1066.250: Base inertia ..................................... Upon initial installation and after major maintenance. 
§ 1066.255: Parasitic loss ................................... Upon initial installation, within 7 days before testing, and after major maintenance. 
§ 1066.260: Parasitic friction compensation 

evaluation.
Upon initial installation, within 7 days before testing, and after major maintenance. 

§ 1066.265: Acceleration and deceleration ........ Upon initial installation and after major maintenance. 
§ 1066.270: Unloaded coastdown ...................... Upon initial installation, within 7 days before testing, and after major maintenance. 

a Perform calibrations and verifications more frequently, according to measurement system manufacturer instructions and good engineering 
judgment. 

(c) Automated dynamometer 
verifications and calibrations. In some 
cases, dynamometers are designed with 
internal diagnostic and control features 
to accomplish the verifications and 
calibrations specified in this subpart. 
You may use these automated functions 
instead of following the procedures we 
specify in this subpart to demonstrate 
compliance with applicable 
requirements, consistent with good 
engineering judgment. 

(d) Sequence of verifications and 
calibrations. Upon initial installation 
and after major maintenance, perform 
the verifications and calibrations in the 
same sequence as noted in Table 1 of 
this section. At other times, you may 
need to perform specific verifications or 
calibration in a certain sequence, as 
noted in this subpart. 

(e) Corrections. Unless the regulation 
directs otherwise, if the dynamometer 
fails to meet any specified calibration or 
verification, make any necessary 

adjustments or repairs such that the 
dynamometer meets the specification 
before running a test. Repairs required 
to meet specifications are generally 
considered major maintenance under 
this part. 

§ 1066.220 Linearity verification. 

(a) Scope and frequency. Perform 
linearity verifications upon initial 
installation, within 370 days before 
testing, and after major maintenance. 
Note that these linearity verifications 
may replace requirements previously 
referred to as calibrations. The intent of 
linearity verification is to determine that 
a measurement system responds 
accurately and proportionally over the 
measurement range of interest. Linearity 
verification generally consists of 
introducing a series of at least 10 
reference values (or the manufacturer’s 
recommend number of reference values) 
to a measurement system. The 
measurement system quantifies each 

reference value. The measured values 
are then collectively compared to the 
reference values by using a least-squares 
linear regression and the linearity 
criteria specified in Table 1 of this 
section. 

(b) Performance requirements. If a 
measurement system does not meet the 
applicable linearity criteria in Table 1 of 
this section, correct the deficiency by re- 
calibrating, servicing, or replacing 
components as needed. Repeat the 
linearity verification after correcting the 
deficiency to ensure that the 
measurement system meets the linearity 
criteria. Before you may use a 
measurement system that does not meet 
linearity criteria, you must demonstrate 
to us that the deficiency does not 
adversely affect your ability to 
demonstrate compliance with the 
applicable standards. 

(c) Procedure. Use the following 
linearity verification protocol, or use 
good engineering judgment to develop a 
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different protocol that satisfies the 
intent of this section, as described in 
paragraph (a) of this section: 

(1) In this paragraph (c), the letter ‘‘y’’ 
denotes a generic measured quantity, 
the superscript over-bar denotes an 
arithmetic mean (such as ȳ), and the 
subscript ‘‘ref’’ denotes the known or 
reference quantity being measured. 

(2) Operate a dynamometer system at 
the specified temperatures and 
pressures. This may include any 
specified adjustment or periodic 
calibration of the dynamometer system. 

(3) Set dynamometer speed and 
torque to zero and apply the 
dynamometer brake to ensure a zero- 
speed condition. 

(4) Span the dynamometer speed or 
torque signal. 

(5) After spanning, check for zero 
speed and torque. Use good engineering 
judgment to determine whether or not to 
rezero or re-span before continuing. 

(6) For both speed and torque, use the 
dynamometer manufacturer’s 

recommendations and good engineering 
judgment to select reference values, yrefi, 
that cover a range of values that you 
expect would prevent extrapolation 
beyond these values during emission 
testing. We recommend selecting zero 
speed and zero torque as reference 
values for the linearity verification. 

(7) Use the dynamometer 
manufacturer’s recommendations and 
good engineering judgment to select the 
order in which you will introduce the 
series of reference values. For example, 
you may select the reference values 
randomly to avoid correlation with 
previous measurements or the influence 
of hysteresis; you may select reference 
values in ascending or descending order 
to avoid long settling times of reference 
signals; or you may select values to 
ascend and then descend to incorporate 
the effects of any instrument hysteresis 
into the linearity verification. 

(8) Set the dynamometer to operate at 
a reference condition. 

(9) Allow time for the dynamometer 
to stabilize while it measures the 
reference values. 

(10) At a recording frequency of at 
least 1 Hz, measure speed and torque 
values for 30 seconds and record the 
arithmetic mean of the recorded values, 
ȳi. Refer to 40 CFR 1065.602 for an 
example of calculating an arithmetic 
mean. 

(11) Repeat the steps in paragraphs 
(c)(8) though (10) of this section until 
you measure speeds and torques at each 
of the reference conditions. 

(12) Use the arithmetic means, ȳi, and 
reference values, yrefi, to calculate least- 
squares linear regression parameters and 
statistical values to compare to the 
minimum performance criteria specified 
in Table 1 of this section. Use the 
calculations described in 40 CFR 
1065.602. Using good engineering 
judgment, you may weight the results of 
individual data pairs (i.e., (yrefi,, ȳi)), in 
the linear regression calculations. 

TABLE 1 OF § 1066.220—DYNAMOMETER MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATIONS 

Measurement system Quantity 
Linearity criteria 

a1 SEE r2 
⎢ xmin(a1-1)+a0 ⎢ 

Speed ............................. S ≤0.05% · Smax ................................ 0.98–1.02 ≤2% · Smax ..................................... ≥0.990 
Torque (load) .................. T ≤1% · Tmax ...................................... 0.98–1.02 ≤2% · Tmax ...................................... ≥0.990 

§ 1066.225 Roll runout and diameter 
verification procedure. 

(a) Overview. This section describes 
the verification procedure for roll 
runout and roll diameter. Roll runout is 
a measure of the variation in roll radius 
around the circumference of the roll. 

(b) Scope and frequency. Perform 
these verifications upon initial 
installation and after major 
maintenance. 

(c) Roll runout procedure. Verify roll 
runout as follows: 

(1) Perform this verification with 
laboratory and dynamometer 
temperatures stable and at equilibrium. 
Release the roll brake and shut off 
power to the dynamometer. Remove any 
dirt, rubber, rust, and debris from the 
roll surface. Mark measurement 
locations on the roll surface using a 
permanent marker. Mark the roll at a 
minimum of four equally spaced 
locations across the roll width; we 
recommend taking measurements every 
150 mm across the roll. Secure the 
marker to the deck plate adjacent to the 
roll surface and slowly rotate the roll to 
mark a clear line around the roll 
circumference. Repeat this process for 
all measurement locations. 

(2) Measure roll runout using a dial 
indicator with a probe that allows for 

measuring the position of the roll 
surface relative to the roll centerline as 
it turns through a complete revolution. 
The dial indicator must have a magnetic 
base assembly or other means of being 
securely mounted adjacent to the roll. 
The dial indicator must have sufficient 
range to measure roll runout at all 
points, with a minimum accuracy and 
precision of ±0.025 mm. Calibrate the 
dial indicator according to the 
instrument manufacturer’s instructions. 

(3) Position the dial indicator adjacent 
to the roll surface at the desired 
measurement location. Position the 
shaft of the dial indicator perpendicular 
to the roll such that the point of the dial 
indicator is slightly touching the surface 
of the roll and can move freely through 
a full rotation of the roll. Zero the dial 
indicator according to the instrument 
manufacturer’s instructions. Avoid 
distortion of the runout measurement 
from the weight of a person standing on 
or near the mounted dial indicator. 

(4) Slowly turn the roll through a 
complete rotation and record the 
maximum and minimum values from 
the dial indicator. Calculate runout as 
the difference between these maximum 
and minimum values. 

(5) Repeat the steps in paragraphs 
(c)(3) and (4) of this section for all 
measurement locations. 

(6) The roll runout must be less than 
0.25 mm at all measurement locations. 

(d) Diameter procedure. Verify roll 
diameter based on the following 
procedure, or an equivalent procedure 
based on good engineering judgment: 

(1) Prepare the laboratory and the 
dynamometer as specified in paragraph 
(c)(1) of this section. 

(2) Measure roll diameter using a Pi 
Tape®. Orient the Pi Tape® to the 
marker line at the desired measurement 
location with the Pi Tape® hook pointed 
outward. Temporarily secure the Pi 
Tape® to the roll near the hook end with 
adhesive tape. Slowly turn the roll, 
wrapping the Pi Tape® around the roll 
surface. Ensure that the Pi Tape® is flat 
and adjacent to the marker line around 
the full circumference of the roll. Attach 
a 2.26-kg weight to the hook of the Pi 
Tape® and position the roll so that the 
weight dangles freely. Remove the 
adhesive tape without disturbing the 
orientation or alignment of the Pi 
Tape®. 

(3) Overlap the gage member and the 
vernier scale ends of the Pi Tape® to 
read the diameter measurement to the 
nearest 0.01 mm. Follow the 
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manufacturer’s recommendation to 
correct the measurement to 20 °C, if 
applicable. 

(4) Repeat the steps in paragraphs 
(d)(2) and (3) of this section for all 
measurement locations. 

(5) The measured roll diameter must 
be within ±0.25 mm of the specified 
nominal value at all measurement 
locations. You may revise the nominal 
value to meet this specification, as long 
as you use the corrected nominal value 
for all calculations in this subpart. 

§ 1066.230 Time verification procedure. 

(a) Overview. This section describes 
how to verify the accuracy of the 
dynamometer’s timing device. 

(b) Scope and frequency. Perform this 
verification upon initial installation and 
after major maintenance. 

(c) Procedure. Perform this 
verification using one of the following 
procedures: 

(1) WWV method. You may use the 
time and frequency signal broadcast by 
NIST from radio station WWV as the 
time standard if the trigger for the 
dynamometer timing circuit has a 
frequency decoder circuit, as follows: 

(i) Dial station WWV at (303) 499– 
7111 and listen for the time 
announcement. Verify that the trigger 
started the dynamometer timer. Use 
good engineering judgment to minimize 
error in receiving the time and 
frequency signal. 

(ii) After at least 1000 seconds, re-dial 
station WWV and listen for the time 
announcement. Verify that the trigger 
stopped the dynamometer timer. 

(iii) Compare the measured elapsed 
time, yact, to the corresponding time 
standard, yref, to determine the time 
error, yerror, using the following 
equation: 

(2) Ramping method. You may set up 
an operator-defined ramp function in 
the signal generator to serve as the time 
standard as follows: 

(i) Set up the signal generator to 
output a marker voltage at the peak of 
each ramp to trigger the dynamometer 
timing circuit. Output the designated 
marker voltage to start the verification 
period. 

(ii) After at least 1000 seconds, output 
the designated marker voltage to end the 
verification period. 

(iii) Compare the measured elapsed 
time between marker signals, yact, to the 
corresponding time standard, yref, to 

determine the time error, yerror, using 
Equation 1066.230–1. 

(3) Dynamometer coastdown method. 
You may use a signal generator to 
output a known speed ramp signal to 
the dynamometer controller to serve as 
the time standard as follows: 

(i) Generate upper and lower speed 
values to trigger the start and stop 
functions of the coastdown timer 
circuit. Use the signal generator to start 
the verification period. 

(ii) After at least 1000 seconds, use 
the signal generator to end the 
verification period. 

(iii) Compare the measured elapsed 
time between trigger signals, yact, to the 
corresponding time standard, yref, to 
determine the time error, yerror, using 
Equation 1066.230–1. 

(d) Performance evaluation. The time 
error determined in paragraph (c) of this 
section may not exceed ±0.001%. 

§ 1066.235 Speed verification procedure. 

(a) Overview. This section describes 
how to verify the accuracy and 
resolution of the dynamometer speed 
determination. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 370 days before testing, and after 
major maintenance. 

(c) Procedure. Use one of the 
following procedures to verify the 
accuracy and resolution of the 
dynamometer speed simulation: 

(1) Pulse method. Connect a universal 
frequency counter to the output of the 
dynamometer’s speed-sensing device in 
parallel with the signal to the 
dynamometer controller. The universal 
frequency counter must be calibrated 
according to the instrument 
manufacturer’s instructions and be 
capable of measuring with enough 
accuracy to perform the procedure as 
specified in this paragraph (c)(1). Make 
sure the instrumentation does not affect 
the signal to the dynamometer control 
circuits. Determine the speed error as 
follows: 

(i) Set the dynamometer to speed- 
control mode. Set the dynamometer 
speed to a value between 4.2 m/s and 
the maximum speed expected during 
testing; record the output of the 
frequency counter after 10 seconds. 
Determine the roll speed, Sact, using the 
following equation: 

Where: 

f = frequency of the dynamometer speed 
sensing device, in s¥1, accurate to at least 
four significant figures. 
droll = nominal roll diameter, in m, accurate 

to the nearest 0.01 mm, consistent with 
§ 1066.225(d). 

n = the number of pulses per revolution from 
the dynamometer roll speed sensor. 

Example: 
ƒ_ = 2.9231 Hz = 2.9231 s¥1 
droll = 904.40 mm = 0.90440 m 
n = 1 pulse/rev 

Sact = 8.3053 m/s 

(ii) Compare the calculated roll speed, 
Sact, to the corresponding speed set 
point, Sref, to determine a value for 
speed error, Serror, using the following 
equation: 

Example: 
Sact = 8.3053 m/s 
Sref = 8.3000 m/s 
Serror = 8.3053 ¥ 8.3000 = 0.0053 m/s 

(2) Frequency method. Use the 
method described in this paragraph 
(c)(2) only if the dynamometer does not 
have a readily available output signal 
for speed sensing. Install a single piece 
of tape in the shape of an arrowhead on 
the surface of the dynamometer roll near 
the outer edge. Put a reference mark on 
the deck plate in line with the arrow. 
Install a stroboscope or photo 
tachometer on the deck plate and direct 
the flash toward the tape on the roll. 
The stroboscope or photo tachometer 
must be calibrated according to the 
instrument manufacturer’s instructions 
and be capable of measuring with 
enough accuracy to perform the 
procedure as specified in this paragraph 
(c)(2). Determine the speed error as 
follows: 

(i) Set the dynamometer to speed 
control mode. Set the dynamometer 
speed to a value between 15 kph and the 
maximum speed expected during 
testing. Tune the stroboscope or photo 
tachometer until the signal matches the 
dynamometer roll speed. Record the 
frequency. Determine the roll speed, yact, 
using Equation 1066.235–1, using the 
stroboscope or photo tachometer’s 
frequency for ƒ. 

(ii) Compare the calculated roll speed, 
yact, to the corresponding speed set 
point, yref, to determine a value for 
speed error, yerror, using Equation 
1066.235–2. 

(d) Performance evaluation. The 
speed error determined in paragraph (c) 
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of this section may not exceed ±0.02 
m/s. 

§ 1066.240 Torque transducer verification 
and calibration. 

Calibrate torque-measurement 
systems as described in 40 CFR 
1065.310. 

§ 1066.245 Response time verification. 
(a) Overview. This section describes 

how to verify the dynamometer’s 
response time. 

(b) Scope and frequency. Perform this 
verification upon initial installation and 
after major maintenance. 

(c) Procedure. Use the dynamometer’s 
automated process to verify response 
time. Perform this test at two different 
inertia settings corresponding 
approximately to the minimum and 
maximum vehicle weights you expect to 
test. Use good engineering judgment to 
select road-load coefficients 
representing vehicles of the appropriate 

weight. Determine the dynamometer’s 
settling response time, ts, based on the 
point at which there are no measured 
results more than 10% above or below 
the final equilibrium value, as 
illustrated in Figure 1 of this section. 
The observed settling response time 
must be less than 100 milliseconds for 
each inertia setting. 

§ 1066.250 Base inertia verification. 
(a) Overview. This section describes 

how to verify the dynamometer’s base 
inertia. 

(b) Scope and frequency. Perform this 
verification upon initial installation and 
after major maintenance. 

(c) Procedure. Verify the base inertia 
using the following procedure: 

(1) Warm up the dynamometer 
according to the dynamometer 
manufacturer’s instructions. Set the 
dynamometer’s road-load inertia to zero 
and motor the rolls to 5 mph. Apply a 
constant force to accelerate the roll at a 
nominal rate of 1 mph/s. Measure the 
elapsed time to accelerate from 10 to 40 
mph, noting the corresponding speed 
and time points to the nearest 0.01 mph 

and 0.01 s. Also determine average force 
over the measurement interval. 

(2) Starting from a steady roll speed 
of 45 mph, apply a constant force to the 
roll to decelerate the roll at a nominal 
rate of 1 mph/s. Measure the elapsed 
time to decelerate from 40 to 10 mph, 
noting the corresponding speed and 
time points to the nearest 0.01 mph and 
0.01 s. Also determine average force 
over the measurement interval. 

(3) Repeat the steps in paragraphs 
(c)(1) and (2) of this section for a total 
of five sets of results at the nominal 
acceleration rate and the nominal 
deceleration rate. 

(4) Use good engineering judgment to 
select two additional acceleration and 
deceleration rates that cover the middle 

and upper rates expected during testing. 
Repeat the steps in paragraphs (c)(1) 
through (3) of this section at each of 
these additional acceleration and 
deceleration rates. 

(5) Determine the base inertia, Ib, for 
each measurement interval using the 
following equation: 

Where: 
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F = average dynamometer force over the 
measurement interval as measured by 
the dynamometer, in ft·lbm/s2. 

Sfinal = roll surface speed at the end of the 
measurement interval to the nearest 0.01 
mph. 

Sinitial = roll surface speed at the start of the 
measurement interval to the nearest 0.01 
mph. 

Δt = elapsed time during the measurement 
interval to the nearest 0.01 s. 

Example: 
F = 1.500 lbf = 48.26 ft·lbm/s2 
Sfinal = 40.00 mph = 58.67 ft/s 
Sinitial = 10.00 mph = 14.67 ft/s 
Δt = 30.00 s 

Ib = 32.90 lbm 

(6) Determine the arithmetic mean 
value of base inertia from the five 
measurements at each acceleration and 
deceleration rate. Calculate these six 
mean values as described in 40 CFR 
1065.602(b). 

(7) Calculate the base inertia error, 
Iberror, for each measured base inertia, Ib, 
by comparing it to the manufacturer’s 
stated base inertia, Ibref, using the 
following equation: 

Example: 
Ibref = 32.96 lbm 
Ībact = 33.01 lbm 

Iberror = ¥0.15% 

(8) Calculate the inertia error for each 
mean value of base inertia from 
paragraph (c)(6) of this section. Use 
Equation 1066.265–2, substituting the 
mean base inertias associated with each 
acceleration and deceleration rate for 
the individual base inertias. 

(d) Performance evaluation. The 
dynamometer must meet the following 
specifications to be used for testing 
under this part: 

(1) The base inertia error determined 
under paragraph (c)(7) of this section 
may not exceed ±0.50% relative to any 
individual value. 

(2) The base inertia error determined 
under paragraph (c)(8) of this section 
may not exceed ±0.20% relative to any 
mean value. 

§ 1066.255 Parasitic loss verification. 

(a) Overview. Verify and correct the 
dynamometer’s parasitic loss. This 
procedure determines the 
dynamometer’s internal losses that it 
must overcome to simulate road load. 
These losses are characterized in a 
parasitic loss curve that the 
dynamometer uses to apply 
compensating forces to maintain the 
desired road-load force at the roll 
surface. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 7 days of testing, and after major 
maintenance. 

(c) Procedure. Perform this 
verification by following the 
dynamometer manufacturer’s 
specifications to establish a parasitic 
loss curve, taking data at fixed speed 
intervals to cover the range of vehicle 
speeds that will occur during testing. 
You may zero the load cell at the 
selected speed if that improves your 
ability to determine the parasitic loss. 
Parasitic loss forces may never be 
negative. Note that the torque 
transducers must be zeroed and 
spanned prior to performing this 
procedure. 

(d) Performance evaluation. In some 
cases, the dynamometer automatically 
updates the parasitic loss curve for 
further testing. If this is not the case, 
compare the new parasitic loss curve to 
the original parasitic loss curve from the 
dynamometer manufacturer or the most 
recent parasitic loss curve you 
programmed into the dynamometer. 
You may reprogram the dynamometer to 
accept the new curve in all cases, and 
you must reprogram the dynamometer if 
any point on the new curve departs 
from the earlier curve by more than ±4.5 
N (±1.0 lbf). 

§ 1066.260 Parasitic friction compensation 
evaluation. 

(a) Overview. This section describes 
how to verify the accuracy of the 
dynamometer’s friction compensation. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 7 days before testing, and after 
major maintenance. Note that this 
procedure relies on proper verification 
or calibration of speed and torque, as 
described in §§ 1066.235 and1066.240. 
You must also first verify the 
dynamometer’s parasitic loss curve as 
specified in § 1066.255. 

(c) Procedure. Use the following 
procedure to verify the accuracy of the 
dynamometer’s friction compensation: 

(1) Warm up the dynamometer as 
specified by the dynamometer 
manufacturer. 

(2) Perform a torque verification as 
specified by the dynamometer 
manufacturer. For torque verifications 
relying on shunt procedures, if the 
results do not conform to specifications, 
recalibrate the dynamometer using 
NIST-traceable standards as appropriate 
until the dynamometer passes the 
torque verification. Do not change the 
dynamometer’s base inertia to pass the 
torque verification. 

(3) Set the dynamometer inertia to the 
base inertia with the road-load 
coefficients A, B, and C set to 0. Set the 
dynamometer to speed-control mode 
with a target speed of 10 mph or a 
higher speed recommended by the 
dynamometer manufacturer. Once the 
speed stabilizes at the target speed, 
switch the dynamometer from speed 
control to torque control and allow the 
roll to coast for 60 seconds. Record the 
initial and final speeds and the 
corresponding start and stop times. If 
friction compensation is executed 
perfectly, there will be no change in 
speed during the measurement interval. 

(4) Calculate the friction 
compensation error, FCerror, using the 
following equation: 

Where: 
I = dynamometer inertia setting, in lbf·s2/ft. 
t = duration of the measurement interval, 

accurate to at least 0.01 s. 
Sfinal = the roll speed corresponding to the 

end of the measurement interval, 
accurate to at least 0.1 mph. 

Sinit = the roll speed corresponding to the 
start of the measurement interval, 
accurate to at least 0.1 mph. 

Example: 
I = 2000 lbm = 62.16 lbf· s2/ft 
t = 60.0 s 
Sfinal = 9.2 mph = 13.5 ft/s 
Sinit = 10.0 mph = 14.7 ft/s 

FCerror = ¥16.5 ft·lbf/s = ¥0.031 hp 

(5) The friction compensation error 
may not exceed ±0.1 hp. 

§ 1066.265 Acceleration and deceleration 
verification. 

(a) Overview. This section describes 
how to verify the dynamometer’s ability 
to achieve targeted acceleration and 
deceleration rates. Paragraph (c) of this 
section describes how this verification 
applies when the dynamometer is 
programmed directly for a specific 
acceleration or deceleration rate. 
Paragraph (d) of this section describes 
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how this verification applies when the 
dynamometer is programmed with a 
calculated force to achieve a targeted 
acceleration or deceleration rate. 

(b) Scope and frequency. Perform this 
verification upon initial installation and 
after major maintenance. 

(c) Verification of acceleration and 
deceleration rates. Activate the 
dynamometer’s function generator for 
measuring roll revolution frequency. If 
the dynamometer has no such function 
generator, set up a properly calibrated 
external function generator consistent 
with the verification described in this 
paragraph (c). Use the function 
generator to determine actual 
acceleration and deceleration rates as 
the dynamometer traverses speeds 
between 10 and 40 mph at various 
nominal acceleration and deceleration 
rates. Verify the dynamometer’s 
acceleration and deceleration rates as 
follows: 

(1) Set up start and stop frequencies 
specific to your dynamometer by 
identifying the roll-revolution 
frequency, f, in revolutions per second 
(or Hz) corresponding to 10 mph and 40 
mph vehicle speeds, accurate to at least 
four significant figures, using the 
following equation: 

Where: 
S = the target roll speed, in inches per second 

(corresponding to drive speeds of 10 
mph or 40 mph). 

n = the number of pulses from the 
dynamometer’s roll-speed sensor per roll 
revolution. 

droll = roll diameter, in inches. 

(2) Program the dynamometer to 
accelerate the roll at a nominal rate of 
1 mph/s from 10 mph to 40 mph. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. 
Repeat this measurement for a total of 
five runs. Determine the actual 
acceleration rate for each run, aact, using 
the following equation: 

Where: 
aact = acceleration rate (decelerations have 

negative values). 
Sfinal = the target value for the final roll speed. 
Sinit = the setpoint value for the initial roll 

speed. 
t = time to accelerate from Sinit to Sfinal. 

Example: 
Sinal = 40 mph 
Sinit = 10 mph 
t = 30.003 s 

aact = 0.999 mph/s 

(3) Program the dynamometer to 
decelerate the roll at a nominal rate of 
1 mph/s from 40 mph to 10 mph. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. 
Repeat this measurement for a total of 
five runs. Determine the actual 
acceleration rate, aact, using Equation 
1066.265–2. 

(4) Repeat the steps in paragraphs 
(c)(2) and (3) of this section for 
additional acceleration and deceleration 
rates in 1 mph/s increments up to and 
including one increment above the 
maximum acceleration rate expected 
during testing. Average the five repeat 
runs to calculate a mean acceleration 
rate, āact, at each setting. 

(5) Compare each mean acceleration 
rate, āact, to the corresponding nominal 
acceleration rate, aref, to determine 
values for acceleration error, aerror, using 
the following equation: 

Example: 
āact = 0.999 mph/s 
aref = 1 mph/s 
aerror = ¥0.100% 

(d) Verification of forces for 
controlling acceleration and 
deceleration. Program the dynamometer 
with a calculated force value and 
determine actual acceleration and 
deceleration rates as the dynamometer 
traverses speeds between 10 and 40 
mph at various nominal acceleration 
and deceleration rates. Verify the 
dynamometer’s ability to achieve certain 
acceleration and deceleration rates with 
a given force as follows: 

(1) Calculate the force setting, F, using 
the following equation: 

Where: 
Ib = the dynamometer manufacturer’s stated 

base inertia, in lbf·s2/ft. 
a = nominal acceleration rate, in ft/s2. 

Example: 
Ib = 2967 lbm = 92.217 lbf·s2/ft 

a = 1 mph/s = 1.4667 ft/s2 
F = 135.25 lbf 

(2) Set the dynamometer to road-load 
mode and program it with a calculated 
force to accelerate the roll at a nominal 
rate of 1 mph/s from 10 mph to 40 mph. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. 
Repeat this measurement for a total of 
five runs. Determine the actual 
acceleration rate, aact, for each run using 
Equation 1066.265–2. Repeat this step to 
determine measured ‘‘negative 
acceleration’’ rates using a calculated 
force to decelerate the roll at a nominal 
rate of 1 mph/s from 40 mph to 10 mph. 
Average the five repeat runs to calculate 
a mean acceleration rate, āact, at each 
setting. 

(3) Repeat the steps in paragraph 
(d)(2) of this section for additional 
acceleration and deceleration rates as 
specified in paragraph (c)(4) of this 
section. 

(4) Compare each mean acceleration 
rate, āact, to the corresponding nominal 
acceleration rate, aref, to determine 
values for acceleration error, aerror, using 
Equation 1066.265–4. 

(e) Performance evaluation. The 
acceleration error from paragraphs (c)(5) 
and (d)(4) of this section may not exceed 
±1.0%. 

§ 1066.270 Unloaded coastdown 
verification. 

(a) Overview. Use force measurements 
to verify the dynamometer’s settings 
based on coastdown procedures. 

(b) Scope and frequency. Perform this 
verification upon initial installation, 
within 7 days of testing, and after major 
maintenance. 

(c) Procedure. This procedure verifies 
the dynamometer’s settings derived 
from coastdown testing. For 
dynamometers that have an automated 
process for this procedure, perform this 
evaluation by setting the initial speed 
and final speed and the inertial and 
road-load coefficients as required for 
each test, using good engineering 
judgment to ensure that these values 
properly represent in-use operation. Use 
the following procedure if your 
dynamometer does not perform this 
verification with an automated process: 

(1) Warm up the dynamometer as 
specified by the dynamometer 
manufacturer. 

(2) With the dynamometer in 
coastdown mode, set the dynamometer 
inertia for the smallest vehicle weight 
that you expect to test and set A, B, and 
C road-load coefficients to values 
typical of those used during testing. 
Program the dynamometer to operate at 
10 mph. Perform a coastdown two times 
at this speed setting. Repeat these 
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coastdown steps in 10 mph increments 
up to and including one increment 
above the maximum speed expected 
during testing. You may stop the 
verification before reaching 0 mph, with 
any appropriate adjustments in 
calculating the results. 

(3) Repeat the steps in paragraph 
(c)(2) of this section with the 
dynamometer inertia set for the largest 
vehicle weight that you expect to test. 

(4) Determine the average coastdown 
force, F, for each speed and inertia 
setting using the following equation: 

Where: 
F = the average force measured during the 

coastdown for each speed and inertia 
setting, expressed in lbf·s2/ft and 
rounded to four significant figures. 

I = the dynamometer’s inertia setting, in 
lbf·s2/ft. 

Ssi = the speed setting at the start of the 
coastdown, expressed in ft/s and 
rounded to four significant figures. 

t = coastdown time for each speed and inertia 
setting, accurate to at least 0.01 s. 

Example: 
I = 2000 lbm = 65.17 lbf·s2/ft 
Ssi = 10 mph = 14.66 ft/s 
t = 5.00 s 

F = 191 lbf 
(5) Calculate the target value of 

coastdown force, Fref, based on the 
applicable dynamometer parameters for 
each speed and inertia setting. 

(6) Compare the mean value of the 
coastdown force measured for each 
speed and inertia setting, F̄act, to the 
corresponding Fref to determine values 
for coastdown force error, Ferror, using 
the following equation: 

Example: 
Fref = 192 lbf 
F̄act = 191 lbf 

Ferror = ¥0.5% 

(7) The maximum allowable error, 
Ferrormax, for all speed and inertia settings 

is calculated from the following 
formula, except that Ferrormax for vehicles 
with GVWR above 14,000 lbs may be up 
to ±1.0%: 

Ferrormax (%) = (2.2 lbf/Fref)·100 

§ 1066.280 Driver’s aid. 
Use good engineering judgment to 

provide a driver’s aid that facilitates 
compliance with the requirements of 
§ 1066.430. 

Subpart D—Coastdown 

§ 1066.301 Overview of coastdown 
procedures. 

(a) The coastdown procedures 
described in this subpart are used to 
determine the load coefficients (A, B, 
and C) for the simulated road-load 
equation in § 1066.210(d)(3). 

(b) The general procedure for 
performing coastdown tests and 
calculating load coefficients is described 
in SAE J1263 and SAE J2263 
(incorporated by reference in 
§ 1066.710). This subpart specifies 
certain deviations from those 
procedures for certain applications. 

(c) Use good engineering judgment for 
all aspects of coastdown testing. For 
example, minimize the effects of grade 
by performing coastdown testing on 
reasonably level surfaces and 
determining coefficients based on 
average values from vehicle operation in 
opposite directions over the course. 

§ 1066.310 Coastdown procedures for 
heavy-duty vehicles. 

This section describes coastdown 
procedures that are unique to heavy- 
duty motor vehicles. Note as specified 
in the standard setting parts, this section 
does not apply for certain heavy-duty 
vehicles, such as those regulated under 
40 CFR part 86, subpart S. 

(a) Determine load coefficients by 
performing a minimum of 16 valid 
coastdown runs (8 in each direction). 

(b) Follow the provisions of Sections 
1 through 9 of SAE J1263, and SAE 
J2263 (incorporated by reference in 
§ 1066.710), except as described in this 
paragraph (b). The terms and variables 
identified in this paragraph (b) have the 
meaning given in SAE J1263 or J2263 
unless specified otherwise. 

(1) The test condition specifications of 
SAE J1263 apply except as follows for 
wind and road conditions: 

(i) We recommend that you do not 
perform coastdown testing on days for 
which winds are forecast to exceed 6.0 
mph. 

(ii) The grade of the test track or road 
must not be excessive (considering 
factors such as road safety standards 
and effects on the coastdown results). 
Road conditions should follow Section 

7.4 of SAE J1263, except that road grade 
may exceed 0.5%. If road grade is 
greater than 0.02% over the length of 
the test surface, then the road grade as 
a function of distance along the length 
of the test surface must be incorporated 
in the analysis. To calculate the force 
due to grade use Section 11.5 of SAE 
J2263. 

(2) You must reach a top speed of 
greater than 70 mph such that data 
collection of the coastdown can start at 
or above 70 mph. Data collection must 
occur through a minimum speed at or 
below 15 mph. Data analysis for valid 
coastdown runs must include a 
maximum speed of 70 mph and a 
minimum speed of 15 mph. 

(3) Gather data regarding wind speed 
and direction, in coordination with 
time-of-day data, using at least one 
stationary electro-mechanical 
anemometer and suitable data loggers 
meeting the specifications of SAE J1263, 
as well as the following additional 
specifications for the anemometer 
placed adjacent to the test surface: 

(i) Run the zero-wind and zero-angle 
calibration data collection. 

(ii) The anemometer must have had 
its outputs recorded at a wind speed of 
0.0 mph within 24 hours before each 
coastdown test in which it is used. 

(iii) Record the location of the 
anemometer using a GPS measurement 
device adjacent to the test surface 
(approximately) at the midway distance 
along the test surface used for 
coastdowns. 

(iv) Position the anemometer such 
that it will be at least 2.5 but not more 
than 3.0 vehicle widths from the test 
vehicle’s centerline as the test vehicle 
passes the location of that anemometer. 

(v) Mount the anemometer at a height 
that is within 6 inches of half the test 
vehicle’s maximum height. 

(vi) Place the anemometer at least 50 
feet from the nearest tree and at least 25 
feet from the nearest bush (or equivalent 
roadside features). 

(vii) The height of the grass 
surrounding the stationary anemometer 
may not exceed 10% of the 
anemometer’s mounted height, within a 
radius equal to the anemometer’s 
mounted height. 

(4) You may split runs as per Section 
9.3.1 of SAE J2263, but we recommend 
whole runs. If you split a run, analyze 
each portion separately, but count the 
split runs as one run with respect to the 
minimum number of runs required. 

(5) You may perform consecutive runs 
in a single direction, followed by 
consecutive runs in the opposite 
direction, consistent with good 
engineering judgment. Harmonize 
starting and stopping points to the 
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extent practicable to allow runs to be 
paired. 

(6) All valid coastdown run times in 
each direction must be within 2.0 
standard deviations of the mean of the 
valid coastdown run times (from 70 
mph down to 15 mph) in that direction. 
Eliminate runs outside this range. After 
eliminating these runs you must have at 
least eight valid runs each direction. 

(7) Determine drag area, CDA, as 
follows instead of using the procedure 
specified in SAE J1263, Section 10: 

(i) Measure vehicle speed at fixed 
intervals over the coastdown run 
(generally at 10 Hz), including speeds at 
or above 15 mph and at or below 70 
mph. Establish the height or altitude 
corresponding to each interval as 
described in SAE J2263 if you need to 
incorporate the effects of road grade. 

(ii) Calculate the vehicle’s effective 
mass, Me, in kg by adding 56.7 kg to the 
vehicle mass for each tire making road 
contact. This accounts for the rotational 
inertia of the wheels and tires. 

(iii) Calculate the road-load force for 
each measurement interval, Fi, using the 
following equation: 

Where: 
v = Vehicle speed at the beginning and end 

of the measurement interval. Let v0 = 0. 
Dt = Elapsed time over the measurement 

interval. 

(iv) Plot the data from all the 
coastdown runs on a single plot of Fi vs. 
vi

2 to determine the slope correlation, D, 
based on the following equation: 

Where: 
g = Gravitational acceleration = 9.81 m/s2. 
Dh = Change in height or altitude over the 

measurement interval, in m. Assume 
Dh = 0 if you are not correcting for grade. 

Ds = Distance the vehicle travels down the 
road during the measurement interval, in 
m. 

Am = the calculated value of the y-intercept 
based on the curve-fit. 

(v) Calculate drag area, CDA, in m2 
using the following equation: 

Where: 
r = Air density at reference conditions = 1.17 

kg/m3. 

T̄ = Average ambient temperature during 
testing, in K. 

P̄B = Average ambient pressuring during the 
test, in kPa. 

(8) Determine the A, B, and C 
coefficients identified in § 1066.210 as 
follows: 

A = Am 
B = 0 
C = Dadj 

Subpart E—Vehicle Preparation and 
Running a Test 

§ 1066.401 Overview. 
(a) Use the procedures detailed in this 

subpart to measure vehicle emissions 
over a specified drive schedule. This 
subpart describes how to: 

(1) Determine road-load power, test 
weight, and inertia class. 

(2) Prepare the vehicle, equipment, 
and measurement instruments for an 
emission test. 

(3) Perform pre-test procedures to 
verify proper operation of certain 
equipment and analyzers and to prepare 
them for testing. 

(4) Record pre-test data. 
(5) Sample emissions. 
(6) Record post-test data. 
(7) Perform post-test procedures to 

verify proper operation of certain 
equipment and analyzers. 

(8) Weigh PM samples. 
(b) An emission test generally consists 

of measuring emissions and other 
parameters while a vehicle follows the 
drive schedules specified in the 
standard-setting part. There are two 
general types of test cycles: 

(1) Transient cycles. Transient test 
cycles are typically specified in the 
standard-setting part as a second-by- 
second sequence of vehicle speed 
commands. Operate a vehicle over a 
transient cycle such that the speed 
follows the target values. Proportionally 
sample emissions and other parameters 
and use the calculations in 40 CFR part 
86, subpart B, or 40 CFR part 1065, 
subpart G, to calculate emissions. The 
standard-setting part may specify three 

types of transient testing based on the 
approach to starting the measurement, 
as follows: 

(i) A cold-start transient cycle where 
you start to measure emissions just 
before starting an engine that has not 
been warmed up. 

(ii) A hot-start transient cycle where 
you start to measure emissions just 
before starting a warmed-up engine. 

(iii) A hot running transient cycle 
where you start to measure emissions 
after an engine is started, warmed up, 
and running. 

(2) Cruise cycles. Cruise test cycles are 
typically specified in the standard- 
setting part as a discrete operating point 
that has a single speed command. 

(i) Start a cruise cycle as a hot running 
test, where you start to measure 
emissions after the engine is started and 
warmed up and the vehicle is running 
at the target test speed. 

(ii) Sample emissions and other 
parameters for the cruise cycle in the 
same manner as a transient cycle, with 
the exception that the reference speed 
value is constant. Record instantaneous 
and mean speed values over the cycle. 

§ 1066.407 Vehicle preparation and 
preconditioning. 

This section describes steps to take 
before measuring exhaust emissions for 
those vehicles that are subject to 
evaporative or refueling emission tests 
as specified in the standard setting part. 
Other preliminary procedures may 
apply as specified in the standard- 
setting part. 

(a) Prepare the vehicle for testing as 
described in 40 CFR 86.131. 

(b) If testing will include 
measurement of refueling emissions, 
perform the vehicle preconditioning 
steps as described in 40 CFR 86.153. 
Otherwise, perform the vehicle 
preconditioning steps as described in 40 
CFR 86.132. 

§ 1066.410 Dynamometer test procedure. 
(a) Dynamometer testing may consist 

of multiple drive cycles with both cold- 
start and hot-start portions, including 
prescribed soak times before each test 
phase. See the standard-setting part for 
test cycles and soak times for the 
appropriate vehicle category. A test 
phase consists of engine startup (with 
accessories operated according to the 
standard-setting part), operation over 
the drive cycle, and engine shutdown. 

(b) During dynamometer operation, 
position a cooling fan that appropriately 
directs cooling air to the vehicle. This 
generally requires squarely positioning 
the fan within 30 centimeters of the 
front of the vehicle and directing the 
airflow to the vehicle’s radiator. 
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(1) For vehicles with GVWR at or 
below 14,000 lbs, you may use either of 
the following cooling fan configurations: 

(i) Use a fixed-speed fan to 
appropriately direct cooling air to the 
vehicle with the engine compartment 
cover open. The fan capacity may not 
exceed 2.50 m3/s. If you determine that 
additional cooling is needed to properly 
represent in-use operation, use good 
engineering judgment to increase the 
fan’s capacity or use additional fans, 
subject to our approval. 

(ii) Use a road-speed modulated fan 
system that achieves a linear speed of 
cooling air at the blower outlet that is 
within ±3.0 mph (±1.3 m/s) of the 
corresponding roll speed when vehicle 
speeds are between 5 and 30 mph (2.2 
to 13.4 m/s), and within ±6.5 mph (±2.9 
m/s) of the corresponding roll speed at 
higher vehicle speeds. The fan must 
provide no cooling air for vehicle 
speeds below 5 mph, unless we approve 
your request to provide cooling during 
low-speed operation based on a 
demonstration that this is appropriate to 
simulate cooling for in-use vehicles. We 
recommend that the cooling fan have a 
minimum opening of 0.2 m2 and a 
minimum width of 0.8 m. 

(2) For vehicles with GVWR above 
14,000 lbs, use a road-speed modulated 
fan system that achieves a linear speed 
of cooling air at the blower outlet that 
is within ±3.0 mph (±1.3 m/s) of the 
corresponding roll speed when vehicle 
speeds are between 5 and 30 mph (2.2 
to 13.4 m/s), and within ±10 mph (±4.5 
m/s) of the corresponding roll speed at 
higher vehicle speeds. The fan must 
provide no cooling air for vehicle 
speeds below 5 mph, unless we approve 
your request to provide cooling during 
low-speed operation based on a 
demonstration that this is appropriate to 
simulate the cooling experienced by in- 
use vehicles. We recommend that the 
cooling fan have a minimum opening of 
2.75 m2, a minimum flow rate of 3,600 
m3/min at 50 mph, and that it maintain 
a minimum speed profile across the 
duct, in the free stream flow, of ±15% 
of the target flow rate. 

(3) If the cooling specifications in this 
paragraph (b) are impractical for special 
vehicle designs, such as vehicles with 
rear-mounted engines, you may arrange 
for an alternative fan configuration that 
allows for proper simulation of vehicle 
cooling during in-use operation, subject 
to our approval. 

(c) Record the vehicle’s speed trace 
based on the time and speed data from 
the dynamometer. Record speed to at 
least the nearest 0.01 m/s or 0.1 mph 
and time to at least the nearest 0.1 s. 

(d) You may perform practice runs for 
operating the vehicle and the 

dynamometer controls to meet the 
driving tolerances specified in 
§ 1066.430 or adjust the emission 
sampling equipment. Verify that the 
accelerator pedal allows for enough 
control to closely follow the prescribed 
driving schedule. You may not measure 
emissions during a practice run. 

(e) Inflate the drive wheel tires 
according to the vehicle manufacturer’s 
specifications. The drive wheels’ tire 
pressure must be the same for 
dynamometer operation and for 
coastdown procedures for determining 
road-load coefficients. Report these tire 
pressure values with the test results. 

(f) For vehicles with GVWR above 
14,000 lbs, you must use a vehicle pull 
down mechanism that allows 
simulation of the actual normal forces 
that the tire and dynamometer roll 
interface would see if a loaded vehicle 
were actually being tested. Use of this 
mechanism will ensure that wheel slip 
does not occur when trying to accelerate 
the loaded vehicle. 

(g) Use good engineering judgment 
when testing vehicles in four-wheel 
drive or all-wheel drive mode. This may 
involve testing on a dynamometer with 
a separate dynamometer roll for each 
drive axle. This may also involve 
operation on a single roll, which may 
require disengaging the second set of 
drive wheels, either with a switch 
available to the driver or by some other 
means; however, operating such a 
vehicle on a single roll may occur only 
if this does not decrease emissions or 
energy consumption relative to normal 
in-use operation. Alternatively, for 
heavy-duty motor vehicles, up to two 
drive axles may use a single drive roll, 
as described in § 1066.210(d)(2). 

(h) Warm up the dynamometer as 
recommended by the dynamometer 
manufacturer. 

(i) Following the test, determine the 
actual driving distance by counting the 
number of dynamometer roll or shaft 
revolutions, or by integrating speed over 
the course of testing from a high- 
resolution encoder system. 

§ 1066.420 Pre-test verification procedures 
and pre-test data collection. 

(a) Follow the procedures for PM 
sample preconditioning and tare 
weighing as described in 40 CFR 
1065.590 if your engine must comply 
with a PM standard. 

(b) Unless the standard-setting part 
specifies different tolerances, verify at 
some point before the test that ambient 
conditions are within the tolerances 
specified in this paragraph (b). For 
purposes of this paragraph (b), ‘‘before 
the test’’ means any time from a point 
just prior to engine starting (excluding 

engine restarts) to the point at which 
emission sampling begins. 

(1) Ambient temperature must be (20 
to 30) °C. See § 1066.430(m) for 
circumstances under which ambient 
temperatures must remain within this 
range during the test. 

(2) Atmospheric pressure must be 
(80.000 to 103.325) kPa. You are not 
required to verify atmospheric pressure 
prior to a hot-start test interval for 
testing that also includes a cold start. 

(3) Dilution air conditions must meet 
the specifications in 40 CFR 1065.140, 
except in cases where you preheat your 
CVS before a cold-start test. We 
recommend verifying dilution air 
conditions just before starting each test 
phase. 

(c) You may test vehicles at any 
intake-air humidity. 

(d) You may perform a final 
calibration of proportional-flow control 
systems, which may include performing 
practice runs. 

(e) You may perform the following 
procedure to precondition sampling 
systems: 

(1) Operate the vehicle over the test 
cycle. 

(2) Operate any dilution systems at 
their expected flow rates. Prevent 
aqueous condensation in the dilution 
systems. 

(3) Operate any PM sampling systems 
at their expected flow rates. 

(4) Sample PM for at least 10 min 
using any sample media. You may 
change sample media during 
preconditioning. You must discard 
preconditioning samples without 
weighing them. 

(5) You may purge any gaseous 
sampling systems during 
preconditioning. 

(6) You may conduct calibrations or 
verifications on any idle equipment or 
analyzers during preconditioning. 

(7) Proceed with the test sequence 
described in § 1066.430. 

(f) Verify the amount of nonmethane 
hydrocarbon (or equivalent) 
contamination in the exhaust and 
background HC sampling systems 
within 8 hours before the start of the 
first test drive cycle for each individual 
vehicle tested as described in 40 CFR 
1065.520(g). 

§ 1066.425 Engine starting and restarting. 
(a) Start the vehicle’s engine as 

follows: 
(1) At the beginning of the test cycle, 

start the engine according to the 
procedure you describe in your owners 
manual. In the case of hybrid vehicles, 
this would generally involve activating 
vehicle systems such that the engine 
will start when the vehicle’s control 
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algorithms determine that the engine 
should provide power instead of or in 
addition to power from the rechargeable 
energy storage system (RESS). Unless 
we specify otherwise, engine starting 
throughout this part generally refers to 
this step of activating the system on 
hybrid vehicles, whether or not that 
causes the engine to start running. 

(2) Place the transmission in gear as 
described by the test cycle in the 
standard-setting part. During idle 
operation, you may apply the brakes if 
necessary to keep the drive wheels from 
turning. 

(b) If the vehicle does not start after 
your recommended maximum cranking 
time, wait and restart cranking 
according to your recommended 
practice. If you don’t recommend such 
a cranking procedure, stop cranking 
after 10 seconds, wait for 10 seconds, 
then start cranking gain for up to 10 
seconds. You may repeat this for up to 
three start attempts. If the vehicle does 
not start after three attempts, you must 
determine and record the reason for 
failure to start. Shut off sampling 
systems and either turn the CVS off, or 
disconnect the exhaust tube from the 
tailpipe during the diagnostic period. 
Reschedule the vehicle for testing from 
a cold start. 

(c) Repeat the recommended starting 
procedure if the engine has a ‘‘false 
start.’’ 

(d) Take the following steps if the 
engine stalls: 

(1) If the engine stalls during an idle 
period, restart the engine immediately 
and continue the test. If you cannot 
restart the engine soon enough to allow 
the vehicle to follow the next 
acceleration, stop the driving schedule 
indicator and reactivate it when the 
vehicle restarts. 

(2) If the engine stalls during 
operation other than idle, stop the 
driving schedule indicator, restart the 
engine, accelerate to the speed required 
at that point in the driving schedule, 
reactivate the driving schedule 
indicator, and continue the test. 

(3) Void the test if the vehicle will not 
restart within one minute. If this 
happens, remove the vehicle from the 
dynamometer, take corrective action, 
and reschedule the vehicle for testing. 
Record the reason for the malfunction (if 
determined) and any corrective action. 
See the standard-setting part for 
instructions about reporting these 
malfunctions. 

§ 1066.430 Performing emission tests. 

The overall test consists of prescribed 
sequences of fueling, parking, and 
driving at specified test conditions. 

(a) Vehicles are tested for criteria 
pollutants and greenhouse gas 
emissions as described in the standard- 
setting part. 

(b) Take the following steps before 
emission sampling begins: 

(1) For batch sampling, connect clean 
storage media, such as evacuated bags or 
tare-weighed filters. 

(2) Start all measurement instruments 
according to the instrument 
manufacturer’s instructions and using 
good engineering judgment. 

(3) Start dilution systems, sample 
pumps, and the data-collection system. 

(4) Pre-heat or pre-cool heat 
exchangers in the sampling system to 
within their operating temperature 
tolerances for a test. 

(5) Allow heated or cooled 
components such as sample lines, 
filters, chillers, and pumps to stabilize 
at their operating temperatures. 

(6) Verify that there are no significant 
vacuum-side leaks according to 40 CFR 
1065.345. 

(7) Adjust the sample flow rates to 
desired levels using bypass flow, if 
desired. 

(8) Zero or re-zero any electronic 
integrating devices before the start of 
any test interval. 

(9) Select gas analyzer ranges. You 
may automatically or manually switch 
gas analyzer ranges during a test only if 
switching is performed by changing the 
span over which the digital resolution of 
the instrument is applied. During a test 
you may not switch the gains of an 
analyzer’s analog operational 
amplifier(s). 

(10) Zero and span all continuous gas 
analyzers using NIST-traceable gases 
that meet the specifications of 40 CFR 
1065.750. Span FID analyzers on a 
carbon number basis of one (C1). For 
example, if you use a C3H8 span gas of 
concentration 200 μmol/mol, span the 
FID to respond with a value of 600 
μmol/mol. Span FID analyzers 
consistent with the determination of 
their respective response factors, RF, 
and penetration fractions, PF, according 
to 40 CFR 1065.365. 

(11) We recommend that you verify 
gas analyzer responses after zeroing and 
spanning by sampling a calibration gas 
that has a concentration near one-half of 
the span gas concentration. Based on the 
results and good engineering judgment, 
you may decide whether or not to re- 
zero, re-span, or re-calibrate a gas 
analyzer before starting a test. 

(12) If you correct for dilution air 
background concentrations of associated 
engine exhaust constituents, start 
sampling and recording background 
concentrations. 

(13) Turn on cooling fans immediately 
before starting the test. 

(c) Operate vehicles during testing as 
follows: 

(1) Where we do not give specific 
instructions, operate the vehicle 
according to your recommendations in 
the owners manual, unless those 
recommendations are unrepresentative 
of what may reasonably be expected for 
in-use operation. 

(2) If vehicles have features that 
preclude dynamometer testing, modify 
these features as necessary to allow 
testing, consistent with good 
engineering judgment. 

(3) Operate vehicles during idle as 
follows: 

(i) For a vehicle with an automatic 
transmission, operate at idle with the 
transmission in ‘‘Drive’’ with the wheels 
braked, except that you may shift to 
‘‘Neutral’’ for the first idle period and 
for any idle period longer than one 
minute. If you put the vehicle in 
‘‘Neutral’’ during an idle, you must shift 
the vehicle into ‘‘Drive’’ with the wheels 
braked at least 5 seconds before the end 
of the idle period. 

(ii) For vehicles with manual 
transmission, operate at idle with the 
transmission in gear with the clutch 
disengaged, except that you may shift to 
‘‘Neutral’’ with the clutch disengaged 
for the first idle period and for any idle 
period longer than one minute. If you 
put the vehicle in ‘‘Neutral’’ during idle, 
you must shift to first gear with the 
clutch disengaged at least 5 seconds 
before the end of the idle period. 

(4) Operate the vehicle with the 
appropriate accelerator pedal movement 
necessary to achieve the speed versus 
time relationship prescribed by the 
driving schedule. Avoid smoothing 
speed variations and excessive 
accelerator pedal perturbations. 

(5) Operate the vehicle smoothly, 
following representative shift speeds 
and procedures. For manual 
transmissions, the operator shall release 
the accelerator pedal during each shift 
and accomplish the shift with minimum 
time. If the vehicle cannot accelerate at 
the specified rate, operate it at 
maximum available power until the 
vehicle speed reaches the value 
prescribed for that time in the driving 
schedule. 

(6) Decelerate without changing gears, 
using the brakes or accelerator pedal as 
necessary to maintain the desired speed. 
Keep the clutch engaged on manual 
transmission vehicles and do not change 
gears after the end of the acceleration 
event. Depress manual transmission 
clutches when the speed drops below 
6.7 m/s (15 mph), when engine 
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roughness is evident, or when engine 
stalling is imminent. 

(7) For test vehicles equipped with 
manual transmissions, shift gears in a 
way that represents reasonable shift 
patterns for in-use operation, 
considering vehicle speed, engine 
speed, and any other relevant variables. 
You may recommend a shift schedule in 
your owners manual that differs from 
your shift schedule during testing as 
long as you include both shift schedules 
in your application for certification. In 
this case, we may use the shift schedule 
you describe in your owners manual. 

(d) See the standard-setting part for 
drive schedules. These are defined by a 
smooth trace drawn through the 
specified speed vs. time sequence. 

(e) The driver must attempt to follow 
the target schedule as closely as 
possible, consistent with the 

specifications in paragraph (b) of this 
section. Instantaneous speeds must stay 
within the following tolerances: 

(1) The upper limit is 1.0 m/s (2 mph) 
higher than the highest point on the 
trace within 1.0 s of the given point in 
time. 

(2) The lower limit is 1.0 m/s (2 mph) 
lower than the lowest point on the trace 
within 1.0 s of the given time. 

(3) The same limits apply for vehicle 
preconditioning, except that the upper 
and lower limits for speed values are 
±2.0 m/s (±4 mph). 

(4) Void the test if you do not 
maintain speed values as specified in 
this paragraph (e)(4). Speed variations 
(such as may occur during gear changes 
or braking spikes) may occur as follows, 
provided that such variations are clearly 
documented, including the time and 

speed values and the reason for the 
deviation: 

(i) Speed variations greater than the 
specified limits are acceptable for up to 
2.0 seconds on any occasion. 

(ii) For vehicles that are not able to 
maintain acceleration as specified in 
paragraph (c)(5) of this section, do not 
count the insufficient acceleration as 
being outside the specified limits. 

(f) Figure 1 and Figure 2 of this 
section show the range of acceptable 
speed tolerances for typical points 
during testing. Figure 1 of this section 
is typical of portions of the speed curve 
that are increasing or decreasing 
throughout the 2-second time interval. 
Figure 2 of this section is typical of 
portions of the speed curve that include 
a maximum or minimum value. 
BILLING CODE 4910–59–P 
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BILLING CODE 4910–59–c 

(g) Start testing as follows: 
(1) If a vehicle is already running and 

warmed up, and starting is not part of 
the test cycle, operate the vehicle as 
follows: 
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(i) For transient test cycles, control 
vehicle speeds to follow a drive 
schedule consisting of a series of idles, 
accelerations, cruises, and 
decelerations. 

(ii) For cruise test cycles, control the 
vehicle operation to match the speed of 
the first phase of the test cycle. Follow 
the instructions in the standard-setting 
part to determine how long to stabilize 
the vehicle during each phase, how long 
to sample emissions at each phase, and 
how to transition between phases. 

(2) If engine starting is part of the test 
cycle, initiate data logging, sampling of 
exhaust gases, and integrating measured 
values before starting the engine. Initiate 
the driver’s trace when the engine starts. 

(h) At the end of each test interval, 
continue to operate all sampling and 
dilution systems to allow the response 
times to elapse. Then stop all sampling 
and recording, including the recording 
of background samples. Finally, stop 
any integrating devices and indicate the 
end of the duty cycle in the recorded 
data. 

(i) Shut down the vehicle if it is part 
of the test cycle or if testing is complete. 

(j) If testing involves engine shutdown 
followed by another test phase, start a 
timer for the vehicle soak when the 
engine shuts down. 

(k) Take the following steps after 
emission sampling is complete: 

(1) For any proportional batch sample, 
such as a bag sample or PM sample, 
verify that proportional sampling was 
maintained according to 40 CFR 
1065.545. Void any samples that did not 
maintain proportional sampling 
according to specifications. 

(2) Place any used PM samples into 
covered or sealed containers and return 
them to the PM-stabilization 
environment. Follow the PM sample 
post-conditioning and total weighing 
procedures in 40 CFR 1065.595. 

(3) As soon as practical after the test 
cycle is complete, or optionally during 
the soak period if practical, perform the 
following: 

(i) Drift check all continuous gas 
analyzers and zero and span all batch 
gas analyzers no later than 30 minutes 
after the test cycle is complete, or 
during the soak period if practical. 

(ii) Analyze any conventional gaseous 
batch samples no later than 30 minutes 
after a test phase is complete, or during 
the soak period if practical. Analyze 
nonconventional gaseous batch samples, 
such as NMHCE sampling with ethanol, 
as soon as practicable using good 
engineering judgment. 

(iii) Analyze background samples no 
later than 60 minutes after the test cycle 
is complete. 

(4) After quantifying exhaust gases, 
verify drift as follows: 

(i) For batch and continuous gas 
analyzers, record the mean analyzer 
value after stabilizing a zero gas to the 
analyzer. Stabilization may include time 
to purge the analyzer of any sample gas, 
plus any additional time to account for 
analyzer response. 

(ii) Record the mean analyzer value 
after stabilizing the span gas to the 
analyzer. Stabilization may include time 
to purge the analyzer of any sample gas, 
plus any additional time to account for 
analyzer response. 

(iii) Use these data to validate and 
correct for drift as described in 40 CFR 
1065.550. 

(l) [Reserved] 
(m) Measure and record ambient 

temperature and pressure. Also measure 
humidity, as required, such as for 
correcting NOX emissions. For testing 
vehicles with the following engines, you 
must record ambient temperature 
continuously to verify that it remains 
within the temperature range specified 
in § 1066.420(b)(1) throughout the test: 

(1) Air-cooled engines. 
(2) Engines equipped with emission 

control devices that sense and respond 
to ambient temperature. 

(3) Any other engine for which good 
engineering judgment indicates that this 
is necessary to remain consistent with 
40 CFR 1065.10(c)(1). 

Subpart F—Hybrids 

§ 1066.501 Overview. 

To correct fuel economy or emission 
results for Net Energy Change of the 
RESS, use the procedures specified for 
charge-sustaining operation in SAE 
J2711 (incorporated by reference in 
§ 1066.710). 

Subpart G—Calculations 

§ 1066.601 Overview. 

(a) This subpart describes how to— 
(1) Use the signals recorded before, 

during, and after an emission test to 
calculate distance-specific emissions of 
each regulated pollutant. 

(2) Perform calculations for 
calibrations and performance checks. 

(3) Determine statistical values. 
(b) You may use data from multiple 

systems to calculate test results for a 
single emission test, consistent with 
good engineering judgment. You may 
also make multiple measurements from 
a single batch sample, such as multiple 
weighing of a PM filter or multiple 
readings from a bag sample. You may 
not use test results from multiple 
emission tests to report emissions. We 
allow weighted means where 

appropriate. You may discard statistical 
outliers, but you must report all results. 

§ 1066.610 Mass-based and molar-based 
exhaust emission calculations. 

(a) Calculate your total mass of 
emissions over a test cycle as specified 
in 40 CFR 86.144 or 40 CFR part 1065, 
subpart G. 

(b) For composite emission 
calculations over multiple test phases 
and corresponding weighting factors, 
see the standard-setting part. 

Subpart H—Definitions and Other 
Reference Material 

§ 1066.701 Definitions. 
The definitions in this section apply 

to this part. The definitions apply to all 
subparts unless we note otherwise. 
Other terms have the meaning given in 
40 CFR part 1065. The definitions 
follow: 

Base inertia means a value expressed 
in mass units to represent the rotational 
inertia of the rotating dynamometer 
components between the vehicle driving 
tires and the dynamometer torque- 
measuring device, as specified in 
§ 1066.250. 

Driving schedule means a series of 
vehicle speeds that a vehicle must 
follow during a test. Driving schedules 
are specified in the standard-setting 
part. A driving schedule may consist of 
multiple test phases. 

Duty cycle means a set of weighting 
factors and the corresponding test 
cycles, where the weighting factors are 
used to combine the results of multiple 
test phases into a composite result. 

Road-load coefficients means sets of 
A, B, and C road-load force coefficients 
that are used in the dynamometer road- 
load simulation, where road-load force 
at speed S equals A + B·S + C·S2. 

Test phase means a duration over 
which a vehicle’s emission rates are 
determined for comparison to an 
emission standard. For example, the 
standard-setting part may specify a 
complete duty cycle as a cold-start test 
phase and a hot-start test phase. In cases 
where multiple test phases occur over a 
duty cycle, the standard-setting part 
may specify additional calculations that 
weight and combine results to arrive at 
composite values for comparison against 
the applicable standards. 

Test weight has the meaning given in 
the standard-setting part. 

Unloaded coastdown means a 
dynamometer coastdown run with the 
vehicle wheels off the roll surface. 

§ 1066.705 Symbols, abbreviations, 
acronyms, and units of measure. 

The procedures in this part generally 
follow either the International System of 
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Units (SI) or the United States 
customary units, as detailed in NIST 
Special Publication 811, which we 
incorporate by reference in § 1066.710. 
See 40 CFR 1065.20 for specific 

provisions related to these conventions. 
This section summarizes the way we 
use symbols, units of measure, and 
other abbreviations. 

(a) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit symbol Unit in terms of SI base 
units 

a .......... acceleration ..................................... feet per second squared or meters 
per second squared.

ft/s2 or m/s2 m·s¥2 

d .......... diameter .......................................... meters ............................................. m m 
F .......... force ................................................ pound force or newton .................... lbf or N kg·s¥2 
f ........... frequency ........................................ hertz ................................................ Hz s¥1 
I ........... inertia .............................................. pound mass or kilogram ................. lbm or kg kg 
i ........... indexing variable ............................. .........................................................
M ......... mass ............................................... pound mass or kilogram ................. lbm or kg kg 
N ......... total number in series ..................... .........................................................
n .......... total number of pulses in a series .. .........................................................
R ......... dynamometer roll revolutions ......... revolutions per minute .................... rpm 2·π·60¥1· m·m¥1·s¥1 
RL ....... road-load coefficient ....................... horsepower or kilowatt .................... hp or kW 103·m2·kg·s¥3 
S .......... speed .............................................. miles per hour or meters per sec-

ond.
mph or m/s m·s¥1 

T .......... Celsius temperature ........................ degree Celsius ................................ °C K–273.15 
T .......... torque (moment of force) ................ newton meter .................................. N·m m2·kg·s¥2 
t ........... time ................................................. second ............................................ s s 
Δt ......... time interval, period, 1/frequency ... second ............................................ s s 
y .......... generic variable .............................. .........................................................

(b) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust 
constituents: 

Symbol Species 

CH4 ................ methane 
CO .................. carbon monoxide 
CO2 ................ carbon dioxide 
NMHC ............ nonmethane hydrocarbon 
NMHCE .......... nonmethane hydrocarbon 

equivalent 
NO .................. nitric oxide 
NO2 ................ nitrogen dioxide 
NOX ................ oxides of nitrogen 
N2O ................ nitrous oxide 
O2 ................... molecular oxygen 
PM .................. particulate mass 
THC ................ total hydrocarbon 
THCE ............. total hydrocarbon equivalent 

(c) Superscripts. This part uses the 
following superscripts to define a 
quantity: 

Superscript Quantity 

overbar (such as) ȳ ...... arithmetic mean 

(d) Subscripts. This part uses the 
following subscripts to define a 
quantity: 

Subscript Quantity 

int ................... speed interval 
abs ................. absolute quantity 
act .................. actual or measured condition 
actint .............. actual or measured condition 

over the speed interval 
atmos ............. atmospheric 
b ..................... base 
c ..................... coastdown 

Subscript Quantity 

e ..................... effective 
error ............... error 
exp ................. expected quantity 
i ...................... an individual of a series 
final ................ final 
init .................. initial quantity, typically be-

fore an emission test 
max ................ the maximum (i.e., peak) 

value expected at the 
standard over a test inter-
val; not the maximum of 
an instrument range 

meas .............. measured quantity 
ref ................... reference quantity 
rev .................. revolution 
roll .................. dynamometer roll 
s ..................... settling 
sat .................. saturated condition 
si .................... speed interval 
span ............... span quantity 
test ................. test quantity 
uncor .............. uncorrected quantity 
zero ................ zero quantity 

(e) Other acronyms and abbreviations. 
This part uses the following additional 
abbreviations and acronyms: 

CFR ...... Code of Federal Regulations 
EPA ...... Environmental Protection Agency 
FID ....... flame-ionization detector 
GVWR .. gross vehicle weight rating 
NIST ..... National Institute for Standards 

and Technology 
RESS ... rechargeable energy storage sys-

tem 
SAE ...... Society of Automotive Engineers 
U.S.C. .. United States Code 

§ 1066.710 Reference materials. 

(a) Certain material is incorporated by 
reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a notice of the change in 
the Federal Register and the material 
must be available to the public. All 
approved material is available for 
inspection at U.S. EPA, Air and 
Radiation Docket and Information 
Center, 1301 Constitution Ave., NW., 
Room B102, EPA West Building, 
Washington, DC 20460, (202) 202–1744, 
and is available from the sources listed 
below. It is also available for inspection 
at the National Archives and Records 
Administration (NARA). For 
information on the availability of this 
material at NARA, call 202–741–6030, 
or go to http://www.archives.gov/
federal_register/code_of_federal_
regulations/ibr_locations.html. 

(b) Society of Automotive Engineers, 
400 Commonwealth Dr., Warrendale, 
PA 15096–0001, (877) 606–7323 (U.S. 
and Canada) or (724) 776–4970 (outside 
the U.S. and Canada), http:// 
www.sae.org. 

(1) SAE J1263, Road Load 
Measurement and Dynamometer 
Simulation Using Coastdown 
Techniques, Revised March 2010, IBR 
approved for §§ 1066.301(b) and 
1066.310(b). 

(2) SAE J2263, Road Load 
Measurement Using Onboard 
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Anemometry and Coastdown 
Techniques, Revised December 2008, 
IBR approved for §§ 1066.301(b), and 
1066.310(b). 

(3) SAE J2711, Recommended Practice 
for Measuring Fuel Economy and 
Emissions of Hybrid-Electric and 
Conventional Heavy-Duty Vehicles, 
Issued September 2002, IBR approved 
for § 1066.501. 

(c) National Institute of Standards and 
Technology, 100 Bureau Drive, Stop 
1070, Gaithersburg, MD 20899–1070, 
(301) 975–6478, http://www.nist.gov, or 
inquiries@nist.gov. 

(1) NIST Special Publication 811, 
2008 Edition, Guide for the Use of the 
International System of Units (SI), 
March 2008, IBR approved for 
§§ 1066.20(a) and 1066.705. 

(2) [Reserved] 

PART 1068—GENERAL COMPLIANCE 
PROVISIONS FOR HIGHWAY, 
STATIONARY, AND NONROAD 
PROGRAMS 

■ 94. The authority citation for part 
1068 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

■ 95. The heading for part 1068 is 
revised to read as set forth above. 

Subpart A—[Amended] 

■ 96. Section 1068.1 is revised to read 
as follows: 

§ 1068.1 Does this part apply to me? 
(a) The provisions of this part apply 

to everyone with respect to the 
following engines and to equipment 
using the following engines (including 
owners, operators, parts manufacturers, 
and persons performing maintenance): 

(1) Locomotives we regulate under 40 
CFR part 1033. 

(2) Heavy-duty motor vehicles and 
motor vehicle engines to the extent and 
in the manner specified in 40 CFR parts 
85, 86, 1036 and 1037. 

(3) Land-based nonroad compression- 
ignition engines we regulate under 40 
CFR part 1039. 

(4) Stationary compression-ignition 
engines certified using the provisions of 
40 CFR part 1039, as indicated in 40 
CFR part 60, subpart IIII. 

(5) Marine compression-ignition 
engines we regulate under 40 CFR part 
1042. 

(6) Marine spark-ignition engines we 
regulate under 40 CFR part 1045. 

(7) Large nonroad spark-ignition 
engines we regulate under 40 CFR part 
1048. 

(8) Stationary spark-ignition engines 
certified using the provisions of 40 CFR 

part 1048 or part 1054, as indicated in 
40 CFR part 60, subpart JJJJ. 

(9) Recreational engines and vehicles 
we regulate under 40 CFR part 1051 
(such as snowmobiles and off-highway 
motorcycles). 

(10) Small nonroad spark-ignition 
engines we regulate under 40 CFR part 
1054. 

(b) This part does not apply to any of 
the following engine or vehicle 
categories, except as specified in 
paragraph (d) of this section or as 
specified in other parts: 

(1) Light-duty motor vehicles (see 40 
CFR part 86). 

(2) Highway motorcycles (see 40 CFR 
part 86). 

(3) Aircraft engines (see 40 CFR part 
87). 

(4) Land-based nonroad compression- 
ignition engines we regulate under 40 
CFR part 89. 

(5) Small nonroad spark-ignition 
engines we regulate under 40 CFR part 
90. 

(c) Paragraph (a) of this section 
identifies the parts of the CFR that 
define emission standards and other 
requirements for particular types of 
engines and equipment. This part 1068 
refers to each of these other parts 
generically as the ‘‘standard-setting 
part.’’ For example, 40 CFR part 1051 is 
always the standard-setting part for 
snowmobiles. Follow the provisions of 
the standard-setting part if they are 
different than any of the provisions in 
this part. 

(d) Specific provisions in this part 
1068 start to apply separate from the 
schedule for certifying engines to new 
emission standards, as follows: 

(1) The provisions of §§ 1068.30 and 
1068.310 apply for stationary spark- 
ignition engines built on or after January 
1, 2004, and for stationary compression- 
ignition engines built on or after January 
1, 2006. 

(2) The provisions of §§ 1068.30 and 
1068.235 apply for the types of engines/ 
equipment listed in paragraph (a) of this 
section beginning January 1, 2004, if 
they are used solely for competition. 

Subpart C—[Amended] 

■ 97. Section 1068.210 is revised to read 
as follows: 

§ 1068.210 What are the provisions for 
exempting test engines/equipment? 

(a) We may exempt engines/ 
equipment that you will use for 
research, investigations, studies, 
demonstrations, or training. Note that 
you are not required to get an exemption 
under this section for engines that are 
exempted under other provisions of this 

part, such as the manufacturer-owned 
exemption in § 1068.215. 

(b) Anyone may ask for a testing 
exemption. 

(c) If you are a certificate holder, you 
may request an exemption for engines/ 
equipment you intend to include in test 
programs over a two-year period. 

(1) In your request, tell us the 
maximum number of engines/ 
equipment involved and describe how 
you will make sure exempted engines/ 
equipment are used only for this testing. 
For example, if the exemption will 
involve other companies using your 
engines/equipment, describe your plans 
to track individual units so you can 
properly report on their final 
disposition. 

(2) Give us the information described 
in paragraph (d) of this section if we ask 
for it. 

(d) If you are not a certificate holder, 
do all the following things: 

(1) Show that the proposed test 
program has a valid purpose under 
paragraph (a) of this section. 

(2) Show you need an exemption to 
achieve the purpose of the test program 
(time constraints may be a basis for 
needing an exemption, but the cost of 
certification alone is not). 

(3) Estimate the duration of the 
proposed test program and the number 
of engines/equipment involved. 

(4) Allow us to monitor the testing. 
(5) Describe how you will ensure that 

you stay within this exemption’s 
purposes. Address at least the following 
things: 

(i) The technical nature of the test. 
(ii) The test site. 
(iii) The duration and accumulated 

engine/equipment operation associated 
with the test. 

(iv) Ownership and control of the 
engines/equipment involved in the test. 

(v) The intended final disposition of 
the engines/equipment. 

(vi) How you will identify, record, 
and make available the engine/ 
equipment identification numbers. 

(vii) The means or procedure for 
recording test results. 

(e) If we approve your request for a 
testing exemption, we will send you a 
letter or a memorandum describing the 
basis and scope of the exemption. It will 
also include any necessary terms and 
conditions, which normally require you 
to do the following: 

(1) Stay within the scope of the 
exemption. 

(2) Create and maintain adequate 
records that we may inspect. 

(3) Add a permanent label to all 
engines/equipment exempted under this 
section, consistent with § 1068.45, with 
at least the following items: 
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(i) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(ii) Your corporate name and 
trademark. 

(iii) Engine displacement, family 
identification, and model year of the 
engine/equipment (as applicable), or 
whom to contact for further information. 

(iv) One of these statements (as 
applicable): 

(A) ‘‘THIS ENGINE IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(B) ‘‘THIS EQUIPMENT IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(4) Tell us when the test program is 
finished. 

(5) Tell us the final disposition of the 
engines/equipment. 

(6) Send us a written confirmation 
that you meet the terms and conditions 
of this exemption. 

■ 98. Section 1068.235 is revised to read 
as follows: 

§ 1068.235 What are the provisions for 
exempting engines/equipment used solely 
for competition? 

(a) New engines/equipment you 
produce that are used solely for 
competition are generally excluded from 
emission standards. See the standard- 
setting parts for specific provisions 
where applicable. 

(b) If you modify any nonroad 
engines/equipment after they have been 
placed into service in the United States 
so they will be used solely for 
competition, they are exempt without 
request. This exemption applies only to 
the prohibition in § 1068.101(b)(1) and 
is valid only as long as the engine/ 
equipment is used solely for 
competition. You may not use the 
provisions of this paragraph (b) to 
circumvent the requirements that apply 
to the sale of new competition engines 
under the standard-setting part. 

(c) If you modify any nonroad 
engines/equipment under paragraph (b) 
of this section, you must destroy the 
original emission labels. If you loan, 
lease, sell, or give any of these engines/ 
equipment to someone else, you must 
tell the new owner (or operator, if 
applicable) in writing that they may be 
used only for competition. 

Subpart D—[Amended] 

■ 99. Section 1068.325 is revised to read 
as follows: 

§ 1068.325 What are the temporary 
exemptions for imported engines/ 
equipment? 

You may import engines/equipment 
under certain temporary exemptions, 
subject to the conditions in this section. 
We may ask U.S. Customs and Border 
Protection to require a specific bond 
amount to make sure you comply with 
the requirements of this subpart. You 
may not sell or lease one of these 
engines/equipment while it is in the 
United States except as specified in this 
section or § 1068.201(i). You must 
eventually export the engine/equipment 
as we describe in this section unless it 
conforms to a certificate of conformity 
or it qualifies for one of the permanent 
exemptions in § 1068.315. 

(a) Exemption for repairs or 
alterations. You may temporarily import 
nonconforming engines/equipment 
under bond solely for repair or 
alteration, subject to our advance 
approval as described in paragraph (j) of 
this section. You may operate the 
engine/equipment in the United States 
only as necessary to repair it, alter it, or 
ship it to or from the service location. 
Export the engine/equipment directly 
after servicing is complete. 

(b) Testing exemption. You may 
temporarily import nonconforming 
engines/equipment under bond for 
testing if you follow the requirements of 
§ 1068.210, subject to our advance 
approval as described in paragraph (j) of 
this section. You may operate the 
engines/equipment in the United States 
only as needed to perform tests. This 
exemption expires one year after you 
import the engine/equipment unless we 
approve an extension. The engine/ 
equipment must be exported before the 
exemption expires. You may sell or 
lease the engines/equipment consistent 
with the provisions of § 1068.210. 

(c) Display exemption. You may 
temporarily import nonconforming 
engines/equipment under bond for 
display if you follow the requirements 
of § 1068.220, subject to our advance 
approval as described in paragraph (j) of 
this section. This exemption expires one 
year after you import the engine/ 
equipment, unless we approve your 
request for an extension. We may 
approve an extension of up to one more 
year for each request, but no more than 
three years total. The engine/equipment 
must be exported by the time the 
exemption expires or directly after the 
display concludes, whichever comes 
first. 

(d) Export exemption. You may 
temporarily import nonconforming 
engines/equipment to export them, as 
described in § 1068.230. You may 
operate the engine/equipment in the 

United States only as needed to prepare 
it for export. Label the engine/ 
equipment as described in § 1068.230. 
You may sell or lease the engines/ 
equipment for operation outside the 
United States consistent with the 
provisions of § 1068.230. 

(e) Diplomatic or military exemption. 
You may temporarily import 
nonconforming engines/equipment 
without bond if you represent a foreign 
government in a diplomatic or military 
capacity. In your request to the 
Designated Compliance Officer (see 
§ 1068.305), include either written 
confirmation from the U.S. State 
Department that you qualify for this 
exemption or a copy of your orders for 
military duty in the United States. We 
will rely on the State Department or 
your military orders to determine when 
your diplomatic or military status 
expires, at which time you must export 
your exempt engines/equipment. 

(f) Delegated-assembly exemption. 
You may import a nonconforming 
engine for final assembly under the 
provisions of § 1068.261. You may sell 
or lease the engines/equipment 
consistent with the provisions of 
§ 1068.261. 

(g) Exemption for partially complete 
engines. You may import an engine if 
another company already has a 
certificate of conformity and will be 
modifying the engine to be in its final 
certified configuration or a final exempt 
configuration under the provisions of 
§ 1068.262. You may also import a 
partially complete engine by shipping it 
from one of your facilities to another 
under the provisions of § 1068.260(c). If 
you are importing a used engine that 
becomes new as a result of importation, 
you must meet all the requirements that 
apply to original engine manufacturers 
under § 1068.262. You may sell or lease 
the engines consistent with the 
provisions of § 1068.262. 

(h) [Reserved] 
(i) [Reserved] 
(j) Approvals. For the exemptions in 

this section requiring our approval, you 
must send a request to the Designated 
Compliance Officer before importing the 
engines/equipment. We will approve 
your request if you meet all the 
applicable requirements and conditions. 
If another section separately requires 
that you request approval for the 
exemption, you may combine the 
information requirements in a single 
request. Include the following 
information in your request: 

(1) Identify the importer of the 
engine/equipment and the applicable 
postal address, e-mail address, and 
telephone number. 
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(2) Identify the engine/equipment 
owner and the applicable postal 
address, e-mail address, and telephone 
number. 

(3) Identify the engine/equipment by 
model number (or name), serial number, 
and original production year. 

(4) Identify the specific regulatory 
provision under which you are seeking 
an exemption. 

(5) Authorize EPA enforcement 
officers to conduct inspections or testing 
as allowed under the Clean Air Act. 

(6) Include any additional information 
we specify for demonstrating that you 
qualify for the exemption. 

Department of Transportation 

National Highway Traffic Safety 
Administration 

49 CFR Chapter V 
In consideration of the foregoing, 

under the authority of 49 U.S.C. 32901 
and 32902 and delegation of authority at 
49 CFR 1.50, NHTSA amends 49 CFR 
chapter V as follows: 

PART 523—VEHICLE CLASSIFICATION 

■ 100. The authority citation for part 
523 continues to read as follows: 

Authority: 49 U.S.C. 32901; delegation of 
authority at 49 CFR 1.50. 

■ 101. Revise § 523.2 to read as follows: 

§ 523.2 Definitions. 
As used in this part: 
Approach angle means the smallest 

angle, in a plane side view of an 
automobile, formed by the level surface 
on which the automobile is standing 
and a line tangent to the front tire static 
loaded radius arc and touching the 
underside of the automobile forward of 
the front tire. 

Axle clearance means the vertical 
distance from the level surface on which 
an automobile is standing to the lowest 
point on the axle differential of the 
automobile. 

Base tire means the tire specified as 
standard equipment by a manufacturer 
on each subconfiguration of a model 
type. 

Basic vehicle frontal area is used as 
defined in 40 CFR 86.1803. 

Breakover angle means the 
supplement of the largest angle, in the 
plan side view of an automobile that can 
be formed by two lines tangent to the 
front and rear static loaded radii arcs 
and intersecting at a point on the 
underside of the automobile. 

Cab-complete vehicle means a vehicle 
that is first sold as an incomplete 
vehicle that substantially includes the 
vehicle cab section as defined in 40 CFR 
1037.801. For example, vehicles known 

commercially as chassis-cabs, cab- 
chassis, box-deletes, bed-deletes, cut- 
away vans are considered cab-complete 
vehicles. A cab includes a steering 
column and passenger compartment. 
Note a vehicle lacking some 
components of the cab is a cab-complete 
vehicle if it substantially includes the 
cab. 

Cargo-carrying volume means the 
luggage capacity or cargo volume index, 
as appropriate, and as those terms are 
defined in 40 CFR 600.315, in the case 
of automobiles to which either of those 
terms apply. With respect to 
automobiles to which neither of those 
terms apply ‘‘cargo-carrying volume’’ 
means the total volume in cubic feet 
rounded to the nearest 0.1 cubic feet of 
either an automobile’s enclosed 
nonseating space that is intended 
primarily for carrying cargo and is not 
accessible from the passenger 
compartment, or the space intended 
primarily for carrying cargo bounded in 
the front by a vertical plane that is 
perpendicular to the longitudinal 
centerline of the automobile and passes 
through the rearmost point on the 
rearmost seat and elsewhere by the 
automobile’s interior surfaces. 

Class 2b vehicles are vehicles with a 
gross vehicle weight rating (GVWR) 
ranging from 8,501 to 10,000 pounds. 

Class 3 through Class 8 vehicles are 
vehicles with a gross vehicle weight 
rating (GVWR) of 10,001 pounds or 
more as defined in 49 CFR 565.15. 

Commercial medium- and heavy-duty 
on-highway vehicle means an on- 
highway vehicle with a gross vehicle 
weight rating of 10,000 pounds or more 
as defined in 49 U.S.C. 32901(a)(7). 

Complete vehicle means a vehicle that 
requires no further manufacturing 
operations to perform its intended 
function and is a functioning vehicle 
that has the primary load carrying 
device or container (or equivalent 
equipment) attached or that is designed 
to pull a trailer. Examples of equivalent 
equipment would include fifth wheel 
trailer hitches, firefighting equipment, 
and utility booms. 

Curb weight is defined the same as 
vehicle curb weight in 40 CFR 86.1803– 
01. 

Departure angle means the smallest 
angle, in a plane side view of an 
automobile, formed by the level surface 
on which the automobile is standing 
and a line tangent to the rear tire static 
loaded radius arc and touching the 
underside of the automobile rearward of 
the rear tire. 

Final stage manufacturer has the 
meaning given in 49 CFR 567.3. 

Footprint is defined as the product of 
track width (measured in inches, 

calculated as the average of front and 
rear track widths, and rounded to the 
nearest tenth of an inch) times 
wheelbase (measured in inches and 
rounded to the nearest tenth of an inch), 
divided by 144 and then rounded to the 
nearest tenth of a square foot. For 
purposes of this definition, track width 
is the lateral distance between the 
centerlines of the base tires at ground, 
including the camber angle. For 
purposes of this definition, wheelbase is 
the longitudinal distance between front 
and rear wheel centerlines. 

Gross combination weight rating or 
GCWR means the value specified by the 
manufacturer as the maximum 
allowable loaded weight of a 
combination vehicle (e.g. tractor plus 
trailer). 

Gross vehicle weight rating or GVWR 
means the value specified by the vehicle 
manufacturer as the maximum design 
loaded weight of a single vehicle (e.g. 
vocational vehicle). 

Heavy-duty engine means any engine 
used for (or for which the engine 
manufacturer could reasonably expect 
to be used for) motive power in a heavy- 
duty vehicle. For purposes of this 
definition in this part, the term 
‘‘engine’’ includes internal combustion 
engines and other devices that convert 
chemical fuel into motive power. For 
example, a fuel cell and motor used in 
a heavy-duty vehicle is a heavy-duty 
engine. 

Heavy-duty off-road vehicle means a 
heavy-duty vocational vehicle or 
vocational tractor that is intended for 
off-road use meeting either of the 
following criteria: 

(1) Vehicles with tires installed 
having a maximum speed rating at or 
below 55 mph. 

(2) Vehicles primarily designed to 
perform work off-road (such as in oil 
fields, forests, or construction sites), and 
meeting at least one of the criteria of 
paragraph (2)(i) of this definition and at 
least one of the criteria of paragraph 
(2)(ii) of this definition. 

(i) Vehicle must have affixed 
components designed to work in an off- 
road environment (for example, 
hazardous material equipment or 
drilling equipment) or was designed to 
operate at low speeds making them 
unsuitable for normal highway 
operation. 

(ii) Vehicles must: 
(A) Have an axle that has a gross axle 

weight rating (GAWR) of 29,000 pounds 
or more; 

(B) Have a speed attainable in 2 miles 
of not more than 33 mph; or 

(C) Have a speed attainable in 2 miles 
of not more than 45 mph, an unloaded 
vehicle weight that is not less than 95 
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percent of its gross vehicle weight rating 
(GVWR), and no capacity to carry 
occupants other than the driver and 
operating crew. 

Heavy-duty vehicle means a vehicle as 
defined in § 523.6. 

Incomplete vehicle means a vehicle 
which does not have the primary load 
carrying device or container attached 
when it is first sold as a vehicle or any 
vehicle that does not meet the definition 
of a complete vehicle. This may include 
vehicles sold to secondary vehicle 
manufacturers. Incomplete vehicles 
include cab-complete vehicles. 

Innovative technology means 
technology certified under 40 CFR 
1037.610. 

Light truck means a non-passenger 
automobile meeting the criteria in 
§ 523.5. 

Medium duty passenger vehicle 
means a vehicle which would satisfy the 
criteria in § 523.5 (relating to light 
trucks) but for its gross vehicle weight 
rating or its curb weight, which is rated 
at more than 8,500 lbs GVWR or has a 
vehicle curb weight of more than 6,000 
pounds or has a basic vehicle frontal 
area in excess of 45 square feet, and 
which is designed primarily to transport 
passengers, but does not include a 
vehicle that: 

(1) Is an ‘‘incomplete vehicle’’’ as 
defined in this subpart; or 

(2) Has a seating capacity of more 
than 12 persons; or 

(3) Is designed for more than 9 
persons in seating rearward of the 
driver’s seat; or 

(4) Is equipped with an open cargo 
area (for example, a pick-up truck box 
or bed) of 72.0 inches in interior length 
or more. A covered box not readily 
accessible from the passenger 
compartment will be considered an 
open cargo area for purposes of this 
definition. 

Motor home has the meaning given in 
49 CFR 571.3. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

Passenger-carrying volume means the 
sum of the front seat volume and, if any, 
rear seat volume, as defined in 40 CFR 
600.315, in the case of automobiles to 
which that term applies. With respect to 
automobiles to which that term does not 
apply, ‘‘passenger-carrying volume’’ 
means the sum in cubic feet, rounded to 
the nearest 0.1 cubic feet, of the volume 
of a vehicle’s front seat and seats to the 
rear of the front seat, as applicable, 
calculated as follows with the head 
room, shoulder room, and leg room 
dimensions determined in accordance 
with the procedures outlined in Society 
of Automotive Engineers Recommended 
Practice J1100a, Motor Vehicle 

Dimensions (Report of Human Factors 
Engineering Committee, Society of 
Automotive Engineers, approved 
September 1973 and last revised 
September 1975). 

(1) For front seat volume, divide 1,728 
into the product of the following SAE 
dimensions, measured in inches to the 
nearest 0.1 inches, and round the 
quotient to the nearest 0.001 cubic feet. 

(i) H61–Effective head room—front. 
(ii) W3–Shoulder room—front. 
(iii) L34–Maximum effective leg 

room-accelerator. 
(2) For the volume of seats to the rear 

of the front seat, divide 1,728 into the 
product of the following SAE 
dimensions, measured in inches to the 
nearest 0.1 inches, and rounded the 
quotient to the nearest 0.001 cubic feet. 

(i) H63–Effective head room—second. 
(ii) W4–Shoulder room—second. 
(iii) L51–Minimum effective leg 

room—second. 
Pickup truck means a non-passenger 

automobile which has a passenger 
compartment and an open cargo area 
(bed). 

Recreational vehicle or RV means a 
motor vehicle equipped with living 
space and amenities found in a motor 
home. 

Running clearance means the distance 
from the surface on which an 
automobile is standing to the lowest 
point on the automobile, excluding 
unsprung weight. 

Static loaded radius arc means a 
portion of a circle whose center is the 
center of a standard tire-rim 
combination of an automobile and 
whose radius is the distance from that 
center to the level surface on which the 
automobile is standing, measured with 
the automobile at curb weight, the 
wheel parallel to the vehicle’s 
longitudinal centerline, and the tire 
inflated to the manufacturer’s 
recommended pressure. 

Temporary living quarters means a 
space in the interior of an automobile in 
which people may temporarily live and 
which includes sleeping surfaces, such 
as beds, and household conveniences, 
such as a sink, stove, refrigerator, or 
toilet. 

Van means a vehicle with a body that 
fully encloses the driver and a cargo 
carrying or work performing 
compartment. The distance from the 
leading edge of the windshield to the 
foremost body section of vans is 
typically shorter than that of pickup 
trucks and sport utility vehicles. 

Vocational tractor means a tractor that 
is classified as a vocational vehicle 
according to 40 CFR 1037.630. 

Vocational vehicle means a vehicle 
that is equipped for a particular 

industry, trade or occupation such as 
construction, heavy hauling, mining, 
logging, oil fields, refuse and includes 
vehicles such as school buses, 
motorcoaches and RVs. 

Work truck means a vehicle that is 
rated at more than 8,500 pounds and 
less than or equal to 10,000 pounds 
gross vehicle weight, and is not a 
medium-duty passenger vehicle as 
defined in 40 CFR 86.1803 effective as 
of December 20, 2007. 
■ 102. Add a new § 523.6 to read as 
follows: 

§ 523.6 Heavy-duty vehicle. 
(a) A heavy-duty vehicle is any 

commercial medium- and heavy-duty 
on highway vehicle or a work truck, as 
defined in 49 U.S.C. 32901(a)(7) and 
(19). For the purpose of this part, heavy- 
duty vehicles are divided into three 
regulatory categories as follows: 

(1) Heavy-duty pickup trucks and 
vans; 

(2) Heavy-duty vocational vehicles; 
and 

(3) Truck tractors with a GVWR above 
26,000 pounds. 

(b) The heavy-duty vehicle 
classification does not include: 

(1) Vehicles defined as medium duty 
passenger vehicles. 

(2) Vehicles excluded from the 
definition of ‘‘heavy-duty vehicle’’ 
because of vehicle weight or weight 
rating (such as light duty vehicles as 
defined in § 523.5). 

(3) Vehicles excluded from the 
definition of motor vehicle in 40 CFR 
85.1703. 
■ 103. Add a new § 523.7 to read as 
follows: 

§ 523.7 Heavy-duty pickup trucks and 
vans. 

Heavy-duty pickup trucks and vans 
are pickup trucks and vans with a gross 
vehicle weight rating between 8,501 
pounds and 14,000 pounds (Class 2b 
through 3 vehicles) manufactured as 
complete vehicles by a single or final 
stage manufacturer or manufactured as 
incomplete vehicles as designated by a 
manufacturer. A manufacturer may also 
optionally designate incomplete or 
complete Class 4 or 5 vehicles as heavy- 
duty pickup trucks or vans or spark- 
ignition (or gasoline) engines certified 
and sold as loose engines manufactured 
for use in heavy-duty pickup trucks or 
vans. See references in 40 CFR 1037.104 
and 40 CFR 1037.150. 
■ 104. Add a new § 523.8 to read as 
follows: 

§ 523.8 Heavy-duty vocational vehicle. 
Heavy-duty vocational vehicles are 

vehicles with a gross vehicle weight 
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rating (GVWR) above 8,500 pounds 
excluding: 

(a) Heavy-duty pickup trucks and 
vans defined in § 523.7; 

(b) Medium duty passenger vehicles; 
and 

(c) Truck tractors, except vocational 
tractors, with a GVWR above 26,000 
pounds; 
■ 105. Add a new § 523.9 to read as 
follows: 

§ 523.9 Truck tractors. 

Truck tractors for the purpose of this 
part are considered as any truck tractor 
as defined in 49 CFR part 571 having a 
GVWR above 26,000 pounds. 

PART 534—RIGHTS AND 
RESPONSIBILITIES OF 
MANUFACTURERS IN THE CONTEXT 
OF CHANGES IN CORPORATE 
RELATIONSHIPS 

■ 106. The authority citation for part 
534 continues to read as follows: 

Authority: 49 U.S.C. 32901; delegation of 
authority at 49 CFR 1.50. 

■ 107. Revise § 534.1 to read as follows: 

§ 534.1 Scope. 

This part defines the rights and 
responsibilities of manufacturers in the 
context of changes in corporate 
relationships for purposes of the fuel 
economy and fuel consumption 
programs established by 49 U.S.C. 
chapter 329. 
■ 108. Revise § 534.2 to read as follows: 

§ 534.2 Applicability. 

This part applies to manufacturers of 
passenger automobiles, light trucks, 
heavy-duty vehicles and the engines 
manufactured for use in heavy-duty 
vehicles as defined in 49 CFR part 523. 
■ 109. Revise § 534.4 to read as follows. 

§ 534.4 Successors and predecessors. 

For purposes of the fuel economy and 
fuel consumption programs, 
‘‘manufacturer’’ includes 
‘‘predecessors’’ and ‘‘successors’’ to the 
extent specified in this section. 

(a) Successors are responsible for any 
civil penalties that arise out of fuel 
economy and fuel consumption 
shortfalls incurred and not satisfied by 
predecessors. 

(b) If one manufacturer has become 
the successor of another manufacturer 
during a model year, all of the vehicles 
or engines produced by those 
manufacturers during the model year 
are treated as though they were 
manufactured by the same 
manufacturer. A manufacturer is 
considered to have become the 

successor of another manufacturer 
during a model year if it is the successor 
on September 30 of the corresponding 
calendar year and was not the successor 
for the preceding model year. 

(c)(1) For passenger automobiles and 
light trucks, fuel economy credits 
earned by a predecessor before or during 
model year 2007 may be used by a 
successor, subject to the availability of 
credits and the general three-year 
restriction on carrying credits forward 
and the general three-year restriction on 
carrying credits backward. Fuel 
economy credits earned by a 
predecessor after model year 2007 may 
be used by a successor, subject to the 
availability of credits and the general 
five-year restriction on carrying credits 
forward and the general three-year 
restriction on carrying credits backward. 

(2) For heavy-duty vehicles and 
heavy-duty vehicle engines, available 
fuel consumption credits earned by a 
predecessor after model year 2015, and 
in model years 2013, 2014 and 2015 if 
a manufacturer voluntarily complies in 
those model years, may be used by a 
successor, subject to the availability of 
credits and the general five-year 
restriction on carrying credits forward 
and the general three year restriction on 
carrying credits backward. 

(d)(1) For passenger automobiles and 
light trucks, fuel economy credits 
earned by a successor before or during 
model year 2007 may be used to offset 
a predecessor’s shortfall, subject to the 
availability of credits and the general 
three-year restriction on carrying credits 
forward and the general three-year 
restriction on carrying credits backward. 
Credits earned by a successor after 
model year 2007 may be used to offset 
a predecessor’s shortfall, subject to the 
availability of credits and the general 
five-year restriction on carrying credits 
forward and the general three-year 
restriction on carrying credits backward. 

(2) For heavy-duty vehicles and 
heavy-duty vehicle engines, available 
credits earned by a successor after 
model year 2015, and in model years 
2013, 2014 and 2015, if a manufacturer 
voluntarily complies in those model 
years, may be used by a predecessor 
subject to the availability of credits and 
the general five-year restriction on 
carrying credits forward and the general 
three year restriction on carrying credits 
backward. 
■ 110. Amend § 534.5 by revising 
paragraphs (a), (c), and (d) to read as 
follows: 

§ 534.5 Manufacturers within control 
relationships. 

(a) If a civil penalty arises out of a fuel 
economy or fuel consumption shortfall 

incurred by a group of manufacturers 
within a control relationship, each 
manufacturer within that group is 
jointly and severally liable for the civil 
penalty. 
* * * * * 

(c)(1) For passenger automobiles and 
light trucks, fuel economy credits of a 
manufacturer within a control 
relationship may be used by the group 
of manufacturers within the control 
relationship to offset shortfalls, subject 
to the agreement of the other 
manufacturers, the availability of the 
credits, and the general three year 
restriction on carrying credits forward 
or backward prior to or during model 
year 2007, or the general five year 
restriction on carrying credits forward 
and the general three-year restriction on 
carrying credits backward after model 
year 2007. 

(2) For heavy-duty vehicles and 
heavy-duty engines, credits of a 
manufacturer within a control 
relationship may be used by the group 
of manufacturers within the control 
relationship to offset shortfalls, subject 
to the agreement of the other 
manufacturers, the availability of the 
credits, the general 5-year restriction on 
carrying credits forward, and the general 
three year restriction on offsetting past 
credit shortfalls as specified in the 
requirements of 49 CFR 535.7. 

(d)(1) For passenger automobiles and 
light trucks, if a manufacturer within a 
group of manufacturers is sold or 
otherwise spun off so that it is no longer 
within that control relationship, the 
manufacturer may use credits that were 
earned by the group of manufacturers 
within the control relationship while 
the manufacturer was within that 
relationship, subject to the agreement of 
the other manufacturers, the availability 
of the credits, and the general three-year 
restriction on carrying credits forward 
or backward prior to or during model 
year 2007, or the general five-year 
restriction on carrying credits forward 
and the general three-year restriction on 
carrying credits backward after model 
year 2007. 

(2) For heavy-duty vehicles and 
heavy-duty vehicle engines, if a 
manufacturer within a group of 
manufacturers is sold or otherwise spun 
off so that it is no longer within that 
control relationship, the manufacturer 
may use credits that were earned by the 
group of manufacturers within the 
control relationship while the 
manufacturer was within that 
relationship, subject to the agreement of 
the other manufacturers, the availability 
of the credits, the general 5-year 
restriction on carrying credits forward, 
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and the general three year restriction on 
offsetting past credit shortfalls as 
specified in the requirements of 49 CFR 
535.7. 
* * * * * 
■ 111. Revise § 534.6 to read as follows. 

§ 534.6 Reporting corporate transactions. 

Manufacturers who have entered into 
written contracts transferring rights and 
responsibilities such that a different 
manufacturer owns the controlling stock 
or exerts control over the design, 
production or sale of automobiles or 
heavy-duty vehicles to which Corporate 
Average Fuel Economy or Fuel 
Consumption standards apply shall 
report the contract to the agency as 
follows: 

(a) The manufacturers must file a 
certified report with the agency 
affirmatively stating that the contract 
transfers rights and responsibilities 
between them such that one 
manufacturer has assumed a controlling 
stock ownership or control over the 
design, production or sale of vehicles. 
The report must also specify the first 
full model year to which the transaction 
will apply. 

(b) Each report shall— 
(1) Identify each manufacturer; 
(2) State the full name, title, and 

address of the official responsible for 
preparing the report; 

(3) Identify the production year being 
reported on; 

(4) Be written in the English language; 
and 

(5) Be submitted to: Administrator, 
National Highway Traffic Safety 
Administration, 1200 New Jersey 
Avenue, SE., Washington, DC 20590. 

(c) The manufacturers may seek 
confidential treatment for information 
provided in the certified report in 
accordance with 49 CFR part 512. 
■ 112. A new part 535 is added to 
chapter V to read as follows: 

PART 535 MEDIUM- AND HEAVY-DUTY 
VEHICLE FUEL EFFICIENCY 
PROGRAM 

Sec. 
535.1 Scope. 
535.2 Purpose. 
535.3 Applicability. 
535.4 Definitions. 
535.5 Standards. 
535.6 Measurement and calculation 

procedures. 
535.7 Averaging, banking, and trading 

(ABT) program. 
535.8 Reporting requirements. 
535.9 Enforcement approach. 

Authority: 49 U.S.C. 32902; delegation of 
authority at 49 CFR 1.50. 

§ 535.1 Scope. 

This part establishes fuel 
consumption standards pursuant to 49 
U.S.C. 32902(k) for work trucks and 
commercial medium-duty and heavy- 
duty on-highway vehicles (hereafter 
referenced as heavy-duty vehicles) and 
engines manufactured for sale in the 
United States and establishes a credit 
program manufacturers may use to 
comply with standards and 
requirements for manufacturers to 
provide reports to the National Highway 
Traffic Safety Administration regarding 
their efforts to reduce the fuel 
consumption of these vehicles. 

§ 535.2 Purpose. 

The purpose of this part is to reduce 
the fuel consumption of new heavy-duty 
vehicles by establishing maximum 
levels for fuel consumption standards 
while providing a flexible credit 
program to assist manufacturers in 
complying with standards. 

§ 535.3 Applicability. 

(a) This part applies to complete 
vehicle and chassis manufacturers of all 
new heavy-duty vehicles, as defined in 
49 CFR part 523, and to the 
manufacturers of all heavy-duty engines 
manufactured for use in the applicable 
vehicles for each given model year. 

(b) Complete vehicle manufacturers, 
for the purpose of this part, include 
manufacturers that produce heavy-duty 
pickup trucks and vans or truck tractors 
as complete vehicles and that hold the 
EPA certificate of conformity. 

(c) Chassis manufacturers, for the 
purpose of this part, include 
manufacturers that produce incomplete 
vehicles constructed for use as heavy- 
duty pickup trucks or vans or heavy- 
duty vocational vehicles and that hold 
the EPA certificate of conformity. Some 
vocational vehicle manufacturers are 
both chassis and complete vehicle 
manufacturers. These manufacturers 
will be regulated as chassis 
manufacturers under this program. 

(d) Engine manufacturer, for the 
purpose of this part, means a 
manufacturer that manufactures engines 
for heavy-duty vehicles and holds the 
EPA certificate of conformity. 

(e) The heavy-duty vehicles, chassis 
and engines excluded from the 
requirements of this part include: 

(1) Recreational vehicles, including 
motor homes. 

(2) Vehicles and engines exempted by 
EPA in accordance with 40 CFR parts 
1036 and 1037. 

(f) Vehicles and engines produced by 
small business manufacturers as defined 
by the Small Business Administration at 

13 CFR 121.201 are exempted as 
specified in § 535.8(h). 

(g) Heavy-duty off-road vehicles 
meeting the criteria in 49 CFR part 523 
are exempt without request from vehicle 
standards of § 535.5(b). Manufacturers 
of vehicles not meeting the criteria for 
the heavy-duty off-road vehicle 
exclusion may submit a petition as 
specified in § 535.8(h) to EPA and 
NHTSA for an exclusion from the 
vehicle standards of § 535.5(b). 

(h) A vehicle manufacturer that 
completes assembly of a vehicle at two 
or more facilities may ask to use as the 
date of manufacture for that vehicle the 
date on which manufacturing is 
completed at the place of main 
assembly, consistent with provisions of 
49 CFR 567.4, as the model year. Note 
that such staged assembly is subject to 
the provisions of 40 CFR 1068.260(c). 
NHTSA’s allowance of this provision is 
effective when EPA approves the 
manufacturer’s certificates of conformity 
for these vehicles. 

§ 535.4 Definitions. 

The terms manufacture and 
manufacturer are used as defined in 
section 501 of the Act and the terms 
commercial medium-duty and heavy- 
duty on highway vehicle, fuel and work 
truck are used as defined in 49 U.S.C. 
32901. 

A to B testing means testing 
performed in pairs to allow comparison 
of vehicle A to vehicle B. 

Act means the Motor Vehicle 
Information and Cost Savings Act, as 
amended by Pub. L. 94–163 and 96–425. 

Administrator means the 
Administrator of the National Highway 
Traffic Safety Administration (NHTSA) 
or the Administrator’s delegate. 

Advanced technology means vehicle 
technology certified under 40 CFR 
1036.615 and 1037.615. 

Averaging set means, a set of engines 
or vehicles in which fuel consumption 
credits may be exchanged. Credits 
generated by one engine or vehicle 
family may only be used by other 
respective engine or vehicle families in 
the same averaging set. Note that an 
averaging set may comprise more than 
one regulatory subcategory. The 
averaging sets for this HD program are 
defined as follows: 

(1) Heavy-duty pickup trucks and 
vans. 

(2) Vocational light-heavy vehicles at 
or below 19,500 pounds GVWR. 

(3) Vocational and tractor medium- 
heavy vehicles above 19,500 pounds 
GVWR but at or below 33,000 pounds 
GVWR. 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00389 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57494 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

(4) Vocational and tractor heavy- 
heavy vehicles above 33,000 pounds 
GVWR. 

(5) Compression-ignition light heavy- 
duty engines for Class 2b to 5 vehicles 
with a GVWR above 8,500 pounds but 
at or below 19,500 pounds. 

(6) Compression-ignition medium 
heavy-duty engines for Class 6 and 7 
vehicles with a GVWR above 19,500 but 
at or below 33,000 pounds. 

(7) Compression-ignition heavy 
heavy-duty engines for Class 8 vehicles 
with a GVWR above 33,000 pounds. 

(8) Spark-ignition engines in Class 2b 
to 8 vehicles with a GVWR above 8,500 
pounds. 

Cab-complete vehicle has the meaning 
given in 49 CFR part 523. 

Carryover means relating to 
certification based on emission data 
generated from an earlier model year. 

Certificate holder means the 
manufacturer who holds the certificate 
of conformity for the vehicle or engine 
and that assigns the model year based 
on the date when its manufacturing 
operations are completed relative to its 
annual model year period. 

Certificate of Conformity means an 
approval document granted by the EPA 
to a manufacturer that submits an 
application for a vehicle or engine 
emissions family in 40 CFR 1036.205 
and 1037.205. A certificate of 
conformity is valid from the indicated 
effective date until December 31 of the 
model year for which it is issued. The 
certificate must be renewed annually for 
any vehicle a manufacturer continues to 
produce. 

Certification means process of 
obtaining a certificate of conformity for 
a vehicle family that complies with the 
emission standards and requirements in 
this part. 

Certified emission level means the 
highest deteriorated emission level in an 
engine family for a given pollutant from 
the applicable transient and/or steady- 
state testing rounded to the same 
number of decimal places as the 
applicable standard. Note that you may 
have two certified emission levels for 
CO2 if you certify a family for both 
vocational and tractor use. 

Chassis-cab means the incomplete 
part of a vehicle that includes a frame, 
a completed occupant compartment and 
that requires only the addition of cargo- 
carrying, work-performing, or load- 
bearing components to perform its 
intended functions. 

Chief Counsel means the NHTSA 
Chief Counsel, or his or her designee. 

Complete sister vehicle is a complete 
vehicle of the same configuration as a 
cab-complete vehicle. 

Complete vehicle has the meaning 
given in 49 CFR part 523. 

Compression-ignition means relating 
to a type of reciprocating, internal- 
combustion engine, such as a diesel 
engine, that is not a spark-ignition 
engine. 

Configuration means a 
subclassification within a test group 
which is based on engine code, 
transmission type and gear ratios, final 
drive ratio, and other parameters which 
the EPA designates. 

Credits (or fuel consumption credits) 
in this part means an earned allowance 
recognizing the fuel consumption of a 
particular manufacturer’s vehicles or 
engines within a particular averaging set 
exceeds (credit surplus or positive 
credits) or falls below (credit shortfall, 
deficit or negative credits) that 
manufacturer’s fuel consumption 
standard(s) for the regulatory 
subcategory(s) that make-up the 
averaging set for a given model year, or 
purchased allowance. The value of an 
earned credit is calculated according to 
§ 535.7. 

Curb weight has the meaning given in 
40 CFR 86.1803. 

Date of manufacture means the date 
on which the certifying vehicle 
manufacturer completes its 
manufacturing operations, except as 
follows: 

(1) Where the certificate holder is an 
engine manufacturer that does not 
manufacture the chassis, the date of 
manufacture of the vehicle is based on 
the date assembly of the vehicle is 
completed. 

(2) EPA and NHTSA may approve an 
alternate date of manufacture based on 
the date on which the certifying (or 
primary) vehicle manufacturer 
completes assembly at the place of main 
assembly, consistent with the provisions 
of 40 CFR 1037.601 and 49 CFR 567.4. 

Day cab means a type of truck tractor 
cab that is not a ‘‘sleeper cab’’, as 
defined in this section. 

Dedicated vehicle has the same 
meaning as dedicated automobile as 
defined in 49 U.S.C. 32901(a)(8). A 
dedicated automobile means an 
automobile that operates only on 
alternative fuels like E85 or natural gas, 
etc. 

Dual fueled (multi-fuel or flexible-fuel 
vehicle) has the same meaning as dual 
fueled automobile as defined in 49 
U.S.C. 32901(a)(9). For example, a 
vehicle that operates on gasoline and 
E85 or a plug-in hybrid electric vehicle 
is considered a dual fueled vehicle. 

Electric vehicle means a vehicle that 
does not include an engine, and is 
powered solely by an external source of 
electricity and/or solar power. Note that 

this does not include electric hybrid or 
fuel-cell vehicles that use a chemical 
fuel such as gasoline, diesel fuel, or 
hydrogen. Electric vehicles may also be 
referred to as all-electric vehicles to 
distinguish them from hybrid vehicles. 

Engine family has the meaning given 
in 40 CFR 1036.230. 

Family certification level (FCL) means 
the family certification limit for an 
engine family as defined in 40 CFR 
1036.801. 

Family emission limit (FEL) means the 
family emission limit for a vehicle 
family as defined in 40 CFR 1037.801. 

Final-stage manufacturer has the 
meaning given in 49 CFR 567.3. 

Fleet in this part means all the heavy- 
duty vehicles or engines within each of 
the regulatory sub-categories that are 
manufactured by a manufacturer in a 
particular model year and that are 
subject to fuel consumption standards 
under § 535.5. 

Fleet average fuel consumption is the 
calculated average fuel consumption 
performance value for a manufacturer’s 
fleet derived from the production 
weighted fuel consumption values of 
the unique vehicle configurations 
within each vehicle model type that 
makes up that manufacturer’s vehicle 
fleet in a given model year. In this part, 
the fleet average fuel consumption value 
is determined for each manufacturer’s 
fleet of heavy-duty pickup trucks and 
vans. 

Fleet average fuel consumption 
standard is the actual average fuel 
consumption standard for a 
manufacturer’s fleet derived from the 
production weighted fuel consumption 
standards of each unique vehicle 
configuration, based on payload, tow 
capacity and drive configuration (2, 4 or 
all-wheel drive), of the model types that 
makes up that manufacturer’s vehicle 
fleet in a given model year. In this part, 
the fleet average fuel consumption 
standard is determined for each 
manufacturer’s fleet of heavy-duty 
pickup trucks and vans. 

Fuel cell means an electrochemical 
cell that produces electricity via the 
non-combustion reaction of a 
consumable fuel, typically hydrogen. 

Fuel cell electric vehicle means a 
motor vehicle propelled solely by an 
electric motor where energy for the 
motor is supplied by a fuel cell. 

Fuel efficiency means the amount of 
work performed for each gallon of fuel 
consumed. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process used to evaluate good 
engineering judgment. 
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Gross combination weight rating 
(GCWR) has the meaning given in 49 
CFR part 523. 

Gross vehicle weight rating (GVWR) 
has the meaning given in 49 CFR part 
523. 

Heavy-duty vehicle has the meaning 
given in 49 CFR part 523. 

Hybrid engine or hybrid powertrain 
means an engine or powertrain that 
includes energy storage features other 
than a conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. Note that certain 
provisions in this part treat hybrid 
engines and powertrains intended for 
vehicles that include regenerative 
braking different than those intended for 
vehicles that do not include 
regenerative braking. 

Hybrid vehicle means a vehicle that 
includes energy storage features (other 
than a conventional battery system or 
conventional flywheel) in addition to an 
internal combustion engine or other 
engine using consumable chemical fuel. 
Supplemental electrical batteries and 
hydraulic accumulators are examples of 
hybrid energy storage systems. Note that 
certain provisions in this part treat 
hybrid vehicles that include 
regenerative braking different than those 
that do not include regenerative braking. 

Incomplete vehicle has the meaning 
given in 49 CFR part 523. For the 
purpose of this regulation, a 
manufacturer may request EPA and 
NHTSA to allow the certification of a 
vehicle as an incomplete vehicle if it 
manufactures the engine and sells the 
unassembled chassis components, 
provided it does not produce and sell 
the body components necessary to 
complete the vehicle. 

Innovative technology means 
technology certified under 40 CFR 
1037.610. 

Liquefied petroleum gas (LPG) has the 
meaning given in 40 CFR 1036.801. 

Low rolling resistance tire means a tire 
on a vocational vehicle with a tire 
rolling resistance level (TRRL) of 7.7 kg/ 
metric ton or lower, a steer tire on a 
tractor with a TRRL of 7.7 kg/metric ton 
or lower, or a drive tire on a tractor with 
a TRRL of 8.1 kg/metric ton or lower. 

Model type has the meaning given in 
40 CFR 600.002. 

Model year as it applies to engines 
means the manufacturer’s annual new 
model production period, except as 
restricted under this definition. It must 
include January 1 of the calendar year 
for which the model year is named, may 
not begin before January 2 of the 
previous calendar year, and it must end 
by December 31 of the named calendar 

year. Manufacturers may not adjust 
model years to circumvent or delay 
compliance with standards. 

Model year as it applies to vehicles 
means the manufacturer’s annual new 
model production period, except as 
restricted under this definition and 40 
CFR part 85, subpart X. It must include 
January 1 of the calendar year for which 
the model year is named, may not begin 
before January 2 of the previous 
calendar year, and it must end by 
December 31 of the named calendar 
year. 

(1) The manufacturer who holds the 
certificate of conformity for the vehicle 
must assign the model year based on the 
date when its manufacturing operations 
are completed relative to its annual 
model year period. 

(2) Unless a vehicle is being shipped 
to a secondary manufacturer that will 
hold the certificate of conformity, the 
model year must be assigned prior to 
introduction of the vehicle into U.S. 
commerce. The certifying manufacturer 
must redesignate the model year if it 
does not complete its manufacturing 
operations within the originally 
identified model year. A vehicle 
introduced into U.S. commerce without 
a model year is deemed to have a model 
year equal to the calendar year of its 
introduction into U.S. commerce unless 
the certifying manufacturer assigns a 
later date. 

Natural gas has the meaning given in 
40 CFR 1036.801. Vehicles that use a 
pilot-ignited natural gas engine (which 
uses a small diesel fuel ignition system), 
are still considered natural gas vehicles. 

NHTSA Enforcement means the 
NHTSA Associate Administrator for 
Enforcement, or his or her designee. 

Party means the person alleged to 
have committed a violation of § 535.9, 
and includes manufacturers of vehicles 
and manufacturers of engines. 

Payload means in this part the 
resultant of subtracting the curb weight 
from the gross vehicle weight rating. 

Petroleum has the meaning given in 
40 CFR 1036.801. 

Pickup truck has the meaning given in 
49 CFR part 523. 

Plug-in hybrid electric vehicle (PHEV) 
means a hybrid electric vehicle that has 
the capability to charge the battery or 
batteries used for vehicle propulsion 
from an off-vehicle electric source, such 
that the off-vehicle source cannot be 
connected to the vehicle while the 
vehicle is in motion. 

Power take-off (PTO) means a 
secondary engine shaft or other system 
on a vehicle that provides substantial 
auxiliary power for purposes unrelated 
to vehicle propulsion or normal vehicle 
accessories such as air conditioning, 

power steering, and basic electrical 
accessories. A typical PTO uses a 
secondary shaft on the engine to 
transmit power to a hydraulic pump 
that powers auxiliary equipment such as 
a boom on a bucket truck. 

Primary intended service class has the 
meaning for engines as specified in 40 
CFR 1036.140. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 
recovered energy for later use, such as 
the battery system in a electric hybrid 
vehicle. 

Regulatory category means each of the 
three types of heavy-duty vehicles 
defined in 49 CFR 523.6 and the heavy- 
duty engines used in these heavy-duty 
vehicles. 

Regulatory subcategory means the 
sub-groups in each regulatory category 
to which fuel consumption 
requirements apply, and are defined as 
follows: 

(1) Heavy-duty pick-up trucks and 
vans. 

(2) Vocational light-heavy vehicles at 
or below 19,500 pounds GVWR. 

(3) Vocational medium-heavy vehicles 
above 19,500 pounds GVWR but at or 
below 33,000 pounds GVWR. 

(4) Vocational heavy-heavy vehicles 
above 33,000 pounds GVWR. 

(5) Low roof day cab tractors with a 
GVWR above 26,000 pounds but at or 
below 33,000 pounds. 

(6) Mid roof day cab tractors with a 
GVWR above 26,000 pounds but at or 
below 33,000 pounds. 

(7) High roof day cab tractors with a 
GVWR above 26,000 pounds but at or 
below 33,000 pounds. 

(8) Low roof day cab tractors above 
33,000 pounds GVWR. 

(9) Mid roof day cab tractors above 
33,000 pounds GVWR. 

(10) High roof day cab tractors above 
33,000 pounds GVWR. 

(11) Low roof sleeper cab tractors 
above 33,000 pounds GVWR. 

(12) Mid roof sleeper cab tractors 
above 33,000 pounds GVWR. 

(13) High roof sleeper cab tractors 
above 33,000 pounds GVWR. 

(14) Compression-ignition light 
heavy-duty engines in Class 2b to 5 
vehicles with a GVWR above 8,500 
pounds but at or below 19,500 pounds. 

(15) Compression-ignition medium 
heavy-duty engines in Class 6 and 7 
vocational vehicles with a GVWR above 
19,500 but at or below 33,000 pounds. 

(16) Compression-ignition heavy 
heavy-duty engines in Class 8 
vocational vehicles with a GVWR above 
33,000 pounds. 

(17) Compression-ignition medium 
heavy-duty engines in Class 7 tractors 
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with a GVWR above 26,000 pounds but 
at or below 33,000 pounds. 

(18) Compression-ignition heavy 
heavy-duty engines in Class 8 tractors 
with a GVWR above 33,000 pounds. 

(19) Spark-ignition engines in Class 
2b to 8 vehicles with a GVWR above 
8,500 pounds. 

Roof height means the maximum 
height of a vehicle (rounded to the 
nearest inch), excluding narrow 
accessories such as exhaust pipes and 
antennas, but including any wide 
accessories such as roof fairings. 
Measure roof height of the vehicle 
configured to have its maximum height 
that will occur during actual use, with 
properly inflated tires and no driver, 
passengers, or cargo onboard. Determine 
the base roof height on fully inflated 
tires having a static loaded radius equal 
to the arithmetic mean of the largest and 
smallest static loaded radius of tires a 
manufacturer offers or a standard tire 
EPA approves. If a vehicle is equipped 
with an adjustable roof fairing, measure 
the roof height with the fairing in its 
lowest setting. Once the maximum 
height is determined, roof heights are 
divided into the following categories: 

(1) Low-roof means a vehicle with a 
roof height of 120 inches or less. 

(2) Mid-roof means a vehicle with a 
roof height between 121 and 147 inches. 

(3) High-roof means a vehicle with a 
roof height of 148 inches or more. 

Service class group means a group of 
engine and vehicle averaging sets 
defined as follows: 

(1) Spark-ignition engines, light 
heavy-duty compression-ignition 
engines, light heavy-duty vocational 
vehicles and heavy-duty pickup trucks 
and vans. 

(2) Medium heavy-duty compression- 
ignition engines and medium heavy- 
duty vocational vehicles and tractors. 

(3) Heavy heavy-duty compression- 
ignition engines and heavy heavy-duty 
vocational vehicles and tractors. 

Sleeper cab means a type of truck cab 
that has a compartment behind the 
driver’s seat intended to be used by the 
driver for sleeping. This includes both 
cabs accessible from the driver’s 
compartment and those accessible from 
outside the vehicle. 

Spark-ignition engines means relating 
to a gasoline-fueled engine or any other 
type of engine with a spark plug (or 
other sparking device) and with 
operating characteristics significantly 
similar to the theoretical Otto 
combustion cycle. Spark-ignition 
engines usually use a throttle to regulate 
intake air flow to control power during 
normal operation. 

Subconfiguration means a unique 
combination within a vehicle 

configuration of equivalent test weight, 
road-load horsepower, and any other 
operational characteristics or parameters 
that EPA determines may significantly 
affect CO2 emissions within a vehicle 
configuration. 

Test group means the multiple vehicle 
lines and model types that share critical 
emissions and fuel consumption related 
features and that are certified as a group 
by a common certificate of conformity 
issued by EPA and is used collectively 
with other test groups within an 
averaging set or regulatory subcategory 
and is used by NHTSA for determining 
the fleet average fuel consumption. 

Tire rolling resistance level (TRRL) 
means a value with units of kg/metric 
ton that represents that rolling 
resistance of a tire configuration. TRRLs 
are used as inputs to the GEM model 
under 40 CFR 1037.520. Note that a 
manufacturer may assign a value higher 
than a measured rolling resistance of a 
tire configuration. 

Towing capacity in this part is equal 
to the resultant of subtracting the gross 
vehicle weight rating from the gross 
combined weight rating. 

Trade means to exchange fuel 
consumption credits, either as a buyer 
or a seller. 

Truck tractor has the meaning given 
in 49 CFR 571.3. This includes most 
heavy-duty vehicles specifically 
designed for the primary purpose of 
pulling trailers, but does not include 
vehicles designed to carry other loads. 
For purposes of this definition ‘‘other 
loads’’ would not include loads carried 
in the cab, sleeper compartment, or 
toolboxes. Examples of vehicles that are 
similar to tractors but that are not 
tractors under this part include 
dromedary tractors, automobile haulers, 
straight trucks with trailers hitches, and 
tow trucks. 

U.S.-directed production volume 
means the number of vehicle units, 
subject to the requirements of this part, 
produced by a manufacturer for which 
the manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. 

Useful life has the meaning given in 
40 CFR 1037.801. 

Vehicle configuration means a unique 
combination of vehicle hardware and 
calibration (related to measured or 
modeled emissions) within a vehicle 
family. Vehicles with hardware or 
software differences, but that have no 
hardware or software differences related 
to measured or modeled emissions or 
fuel consumption can be included in the 
same vehicle configuration. Note that 
vehicles with hardware or software 
differences related to measured or 

modeled emissions or fuel consumption 
are considered to be different 
configurations even if they have the 
same GEM inputs and FEL. Vehicles 
within a vehicle configuration differ 
only with respect to normal production 
variability or factors unrelated to 
measured or modeled emissions and 
fuel consumption for EPA and NHTSA. 

Vehicle family has the meaning given 
in 40 CFR 1037.230. 

Vehicle service class has the meaning 
for vehicles as specified in the 40 CFR 
1037.801. 

Vocational tractor has the meaning 
given in 40 CFR 1037.630. 

Zero emissions vehicle means an 
electric vehicle or a fuel cell vehicle. 

§ 535.5 Standards. 

(a) Heavy-duty pickup trucks and 
vans. Each manufacturer of a fleet of 
heavy-duty pickup trucks and vans shall 
comply with the fuel consumption 
standards in this paragraph (a) 
expressed in gallons per 100 miles. If 
the manufacturer’s fleet includes 
conventional vehicles (gasoline, diesel 
and alternative fueled vehicles) and 
advanced technology vehicles (hybrids 
with regenerative braking, vehicles 
equipped with Rankine-cycle engines, 
electric and fuel cell vehicles), it should 
divide its fleet into two separate fleets 
each with its own separate fleet average 
fuel consumption standard which a 
manufacturer must comply with the 
requirements of this paragraph (a). 

(1) Mandatory standards. For model 
years 2016 and later, each manufacturer 
must comply with the fleet average 
standard derived from the unique 
subconfiguration target standards (or 
groups of subconfigurations approved 
by EPA in accordance with 40 CFR 
1037.104) of the model types that make 
up the manufacturer’s fleet in a given 
model year. Each subconfiguration has a 
unique attribute-based target standard, 
defined by each group of vehicles 
having the same payload, towing 
capacity and whether the vehicles are 
equipped with a 2-wheel or 4-wheel 
drive configuration. 

(2) Subconfiguration target standards. 
(i) Two alternatives exist for 
determining the subconfiguration target 
standards for model years 2016 and 
later. For each alternative, separate 
standards exist for compression-ignition 
and spark-ignition vehicles: 

(A) The first alternative allows 
manufacturers to determine a fixed fuel 
consumption standard that is constant 
over the model years; and 

(B) The second alternative allows 
manufacturers to determine standards 
that are phased-in gradually each year. 
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(ii) Calculate the subconfiguration 
target standards as specified in this 
paragraph (a)(2)(ii), using the 
appropriate coefficients from Table 1 
choosing between the alternatives in 
paragraphs (a)(2)(i)(A) and (B) of this 
section. For electric or fuel cell heavy- 
duty vehicles, use compression-ignition 
vehicle coefficients ‘‘c’’ and ‘‘d’’ and for 
hybrid (including plug-in hybrid), 
dedicated and dual-fueled vehicles, use 
coefficients ‘‘c’’ and ‘‘d’’ appropriate for 
the engine type used. Round each 
standard to the nearest 0.01 gallons per 
100 miles and specify all weights in 
pounds rounded to the nearest pound. 
Calculate the subconfiguration target 
standards using the following equation: 

Subconfiguration Target Standard 
(gallons per 100 miles) = [c × (WF)] + 
d 
Where: 
WF = Work Factor = [0.75 × (Payload 

Capacity + Xwd)] + [0.25 × Towing 
Capacity] 

Xwd = 4wd Adjustment = 500 lbs if the 
vehicle group is equipped with 4wd and 
all-wheel drive, otherwise equals 0 lbs 
for 2wd. 

Payload Capacity = GVWR (lbs)¥Curb 
Weight (lbs) (for each vehicle group) 

Towing Capacity = GCWR (lbs)¥GVWR (lbs) 
(for each vehicle group) 

TABLE 1—EQUATION COEFFICIENTS 
FOR SUBCONFIGURATION TARGET 
STANDARDS 

Model year c d 

Alternative 1—Fixed Target Standards 

Compression-ignition Vehicle Coefficients for 
Model Years 2016 and later 

2016–2018 ........ 0.000432 3.33 
2019 and later .. 0.000409 3.14 

Spark-ignition Vehicle Coefficients for Model 
Years 2016 and later 

2016–2018 ........ 0.000513 3.96 
2019 and later .. 0.000495 3.81 

Alternative 2—Phased-in Target Standards 

Compression-ignition Vehicle Coefficients for 
Model Years 2016 and later 

2016 .................. 0.000452 3.48 
2017 .................. 0.000437 3.37 
2018 and later .. 0.000409 3.14 

TABLE 1—EQUATION COEFFICIENTS 
FOR SUBCONFIGURATION TARGET 
STANDARDS—Continued 

Model year c d 

-Spark-ignition Vehicle Coefficients for Model 
Years 2016 and later 

2016 .................. 0.000528 4.07 
2017 .................. 0.000518 3.98 
2018 and later .. 0.000495 3.81 

(3) Fleet average fuel consumption 
standard. (i) Calculate each 
manufacturer’s fleet average fuel 
consumption standard for conventional 
and advanced technology fleets 
separately based on the 
subconfiguration target standards 
specified in paragraph (a)(2) of this 
section, weighted to production 
volumes and averaged using the 
following equation combining all the 
applicable vehicles in a manufacturer’s 
U.S. directed fleet (compression- 
ignition, spark-ignition and advanced 
technology vehicles) for a given model 
year, rounded to the nearest 0.01 gallons 
per 100 miles: 

Where: 
Subconfiguration Target Standardi = fuel 

consumption standard for each group of 
vehicles with same payload, towing 
capacity and drive configuration (gallons 
per 100 miles). 

Volumei = production volume of each unique 
subconfiguration of a model type based 
upon payload, towing capacity and drive 
configuration. 

(A) A manufacturer may group 
together subconfigurations that have the 
same test weight (ETW), GVWR, and 
GCWR. Calculate work factor and target 
value assuming a curb weight equal to 
two times ETW minus GVWR. 

(B) A manufacturer may group 
together other subconfigurations if it 
uses the lowest target value calculated 
for any of the subconfigurations. 

(C) The fleet average shall also be 
derived in accordance with 40 CFR 
86.1865 and 40 CFR 1037.104(d). 

(ii) A manufacturer complies with the 
requirements of this part if it provides 
reports, as specified in § 535.8, by the 
required deadlines and meets one of the 
following conditions: 

(A) The manufacturer’s fleet average 
performance, as determined in § 535.6, 
is less than the fleet average standard; 
or 

(B) The manufacturer uses one or 
more of the credit flexibilities provided 
under NHTSA’s Averaging, Banking and 
Trading Program, as specified in § 535.7, 
to comply with standards. 

(iii) Manufacturers must select an 
alternative for subconfiguration target 
standards at the same time they submit 
the model year 2016 Pre-Model year 
Report, specified in § 535.8. Once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply with the same 
alternative for subsequent model years. 

(iv) A manufacturer failing to comply 
with the provisions specified in 
paragraph (a)(3)(ii) of this section is 
liable to pay civil penalties in 
accordance with § 535.9. 

(4) Voluntary standards. (i) 
Manufacturers may choose voluntarily 
to comply early with fuel consumption 
standards for model years 2013 through 
2015, as determined in paragraphs 
(a)(4)(iii) and (iv) of this section, for 
example, in order to begin accumulating 
credits through over-compliance with 
the applicable standard. A manufacturer 
choosing early compliance must comply 
with all the vehicles and engines it 

manufactures in each regulatory 
category for a given model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards at the same time 
it submits a Pre-Model Report, prior to 
the compliance model year beginning as 
specified in § 535.8; and, once selected, 
the decision cannot be reversed and the 
manufacturer must continue to comply 
for each subsequent model year for all 
the vehicles and engines it 
manufactures in each regulatory 
category for a given model year. 

(iii) Calculate separate 
subconfiguration target standards for 
compression-ignition and spark-ignition 
vehicles for model years 2013 through 
2015 using the equation in paragraph 
(a)(2)(ii) of this section, substituting the 
appropriate values for the coefficients in 
Table 2 of this section as appropriate. 
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TABLE 2—VOLUNTARY COMPLIANCE 
EQUATION COEFFICIENTS FOR VEHI-
CLE FUEL CONSUMPTION STAND-
ARDS 

Model Year c d 

Compression-ignition Vehicle Coefficients for 
Voluntary Compliance in Model Years 
2013 through 2015 

2013 and 14 ..... 0.000470 3.61 
2015 .................. 0.000466 3.60 

Spark-ignition Vehicle Coefficients for Vol-
untary Compliance in Model Years 2013 
through 2015 

2013 and 14 ..... 0.000542 4.17 
2015 .................. 0.000539 4.15 

(iv) Calculate the fleet average fuel 
consumption standards for model years 
2013 through 2015 using the equation in 
paragraph (a)(3) of this section. 

(5) Exclusion of vehicles not certified 
as complete vehicles. The vehicle 
standards § 535.5(a) do not apply for 
vehicles that are chassis-certified with 
respect to EPA’s criteria pollutant test 
procedure in 40 CFR part 86, subpart S. 
Any chassis-certified vehicles must 
comply with the vehicle standards and 
requirements of § 535.5(b) and the 
engine standards of § 535.5(d) for 
engines used in these vehicles. A 
vehicle manufacturer choosing to 
comply with this paragraph and that is 
not the engine manufacturer is required 
to notify the engine manufacturers that 
their engines are subject to § 535.5(d) 
and that it intends to use their engines 
in excluded vehicles. 

(6) Optional certification under this 
section. Manufacturers may certify any 
complete or cab-complete Class 2b 
through 5 vehicles weighing at or below 
19,500 pounds GVWR and any 
incomplete vehicles approved by EPA 
for inclusion under this paragraph to the 
same testing and standard that applies 
to a comparable complete sister vehicles 
as determined in accordance in 40 CFR 
1037.150(l). Calculate the target 
standard value under paragraph (a)(2) of 
this section based on the same work 
factor value that applies for the 
complete sister vehicle. 

(7) Loose engines. This paragraph 
applies for spark-ignition engines 
identical to engines used in vehicles 
certified to the standards of this section 

§ 535.5(a), where manufacturers sell 
such engines as loose engines or 
installed in incomplete vehicles that are 
not cab-complete vehicles in accordance 
with 40 CFR 1037.150(m). A 
manufacturer’s engines are deemed to 
have fuel consumption target values and 
test results based upon the complete 
vehicle in the applicable test group with 
the highest equivalent test weight in 
accordance with 40 CFR 1037.150(m). 
The fuel consumption subconfiguration 
standard for a loose engines equals the 
test group result of the complete vehicle 
as specified in 40 CFR 1037.150(m)(6) 
multiplied by 1.10 and rounded to the 
nearest 0.01 gallon per 100 miles. The 
U.S.-directed production volume of 
engines manufactured for sale as loose 
engines or installed in incomplete 
heavy-duty vehicles that are not cab- 
complete vehicles in any given model 
year may not exceed ten percent of the 
total U.S-directed production volume of 
engines of that design that the 
manufacturer produces for heavy-duty 
applications for that model year, 
including engines the manufacturer 
produces for complete vehicles, cab- 
complete vehicles, and other incomplete 
vehicles. The total number of engines a 
manufacturer may certify under this 
paragraph (a)(7), of all engine designs, 
may not exceed 15,000 in any model 
year as specified in 40 CFR 
1037.150(m). Engines produced in 
excess of the number cannot be certified 
to the standard in this paragraph (a)(7). 

(b) Heavy-duty vocational vehicles. 
Each chassis manufacturer of heavy- 
duty vocational vehicles shall comply 
with the fuel consumption standards in 
this paragraph (b) expressed in gallons 
per 1,000 ton-miles. Manufacturers of 
engines used in heavy-duty vocational 
vehicles shall comply with the 
standards in paragraph (d) of this 
section. 

(1) Mandatory standards. For model 
years 2016 and later, each chassis 
manufacturer of heavy-duty vocational 
vehicles must comply with the fuel 
consumption standards in paragraph 
(b)(3) of this section. 

(i) The heavy-duty vocational vehicle 
chassis category is subdivided by GVWR 
into three regulatory subcategories as 
defined in § 535.4, each with its own 
assigned standard. 

(ii) For purposes of certifying vehicles 
to fuel consumption standards, 

manufacturers must divide their 
product lines into vehicle families that 
have similar emissions and fuel 
consumption features, as specified by 
EPA in 40 CFR part 1037, subpart C, and 
these families will be subject to the 
applicable standards. Each vehicle 
family is limited to a single model year. 

(iii) A manufacturer complies with 
the requirements of this part, if it 
provides information as specified in 
§ 535.8, by the required deadlines and 
meets one of the following conditions: 

(A) The manufacturer’s fuel 
consumption performance for each 
vehicle family, as determined in § 535.6, 
is lower than the applicable standard; or 

(B) The manufacturer uses one or 
more of the credit flexibilities provided 
under NHTSA’s Averaging, Banking and 
Trading Program, specified in § 535.7, to 
comply with standards. 

(iv) A manufacturer failing to comply 
with the provisions specified in 
paragraph (b)(1)(iii) of this section is 
liable to pay civil penalties in 
accordance with § 535.9. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2015, a 
manufacturer may choose voluntarily to 
comply early with the fuel consumption 
standards provided in paragraph (b)(3) 
of this section. For example, a 
manufacturer may choose to comply 
early in order to begin accumulating 
credits through over-compliance with 
the applicable standards. A 
manufacturer choosing early 
compliance must comply with all the 
vehicles and engines it manufacturers in 
each regulatory category for a given 
model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards. 
The fuel consumption standards for 
heavy-duty vocational vehicles are 
given in the following table: 
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TABLE 3—HEAVY-DUTY VOCATIONAL VEHICLE FUEL CONSUMPTION STANDARDS 

Regulatory subcategories Light Heavy vehicles 
Class 2b–5 

Medium heavy vehicles 
Class 6—7 

Heavy heavy vehicles 
Class 8 

Fuel Consumption Mandatory Standards (gallons per 1,000 ton-miles) Effective for Model Years 2017 and later 

Fuel Consumption Standard ........................................................ 36.7 22.1 21.8 

Effective for Model Years 2016 

Fuel Consumption Standard ........................................................ 38.1 23.0 22.2 

Fuel Consumption Voluntary Standards (gallons per 1,000 ton-miles) Effective for Model Years 2013 to 2015 

Fuel Consumption Standard ........................................................ 38.1 23.0 22.2 

(4) Certifying across service classes. A 
manufacturer may optionally certify a 
vocational vehicle to the standards and 
useful life applicable to a higher vehicle 
service class (or regulatory subcategory 
changes such as complying with the 
heavy heavy-duty standard instead of 
medium heavy-duty standard), provided 
the manufacturer does not generate 
credits with the vehicle. If a 
manufacturer includes smaller vehicles 
in a credit-generating subfamily (with 
an FEL below the standard), exclude 
their production volume from the credit 
calculation. 

(5) Off-road operation. Heavy-duty 
vocational vehicles including vocational 
tractors meeting the off-road criteria in 
49 CFR 523.2 are exempted from the 
requirements in this paragraph (b), but 
the engines in these vehicles must meet 
the requirements of paragraph (d) of this 
section. 

(c) Truck tractors. Each manufacturer 
of truck tractors, except vocational 
tractors, with a GVWR above 26,000 
pounds shall comply with the fuel 
consumption standards in this 
paragraph (c) expressed in gallons per 
1,000 ton-miles. 

(1) Mandatory standards. For model 
years 2016 and later, each manufacturer 
of truck tractors must comply with the 
fuel consumption standards in 
paragraph (c)(3) of this section. 

(i) The truck tractor category is 
subdivided by roof height and cab 
design into nine regulatory 
subcategories as shown in Table 4 of 
this section, each with its own assigned 
standard. 

(ii) For purposes of certifying vehicles 
to fuel consumption standards, 
manufacturers must divide their 
product lines into vehicles families that 
have similar emissions and fuel 
consumption features, as specified by 
EPA in 40 CFR part 1037, subpart C, and 
these families will be subject to the 
applicable standards. Each vehicle 
family is limited to a single model year. 

(iii) Standards for truck tractor 
engines are given in paragraph (d) of 
this section. 

(iv) A manufacturer complies with the 
requirements of this part, if at the end 
of the model year, it provides reports, as 
specified in § 535.8, by the required 
deadlines and meets one of the 
following conditions: 

(A) The manufacturer’s fuel 
consumption performance for each 
vehicle family, as determined in § 535.6, 
is lower than the applicable standard; or 

(B) The manufacturer uses one or 
more of the credit flexibilities provided 
under NHTSA’s Averaging, Banking and 
Trading Program, specified in § 535.7, to 
comply with standards. 

(v) A manufacturer failing to comply 
with the provisions specified in 

paragraph (c)(1)(iv) of this section is 
liable to pay civil penalties in 
accordance with § 535.9. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2015, a 
manufacturer may choose voluntarily to 
comply early with the fuel consumption 
standards provided in paragraph (c)(3) 
of this section. For example, a 
manufacturer may choose to comply 
early in order to begin accumulating 
credits through over-compliance with 
the applicable standards. A 
manufacturer choosing early 
compliance must comply with all the 
vehicles and engines it manufacturers in 
each regulatory category for a given 
model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards. 
The fuel consumption standards for 
truck tractors, except for vocational 
tractors, are given in the following table: 

TABLE 4—TRUCK TRACTOR FUEL CONSUMPTION STANDARDS 

Regulatory subcategories 
Day cab Sleeper cab 

Class 7 Class 8 Class 8 

Fuel Consumption Mandatory Standards (gallons per 1,000 ton-miles) Effective for Model Years 2017 and later 

Low Roof ...................................................................................... 10.2 7.8 6.5 
Mid Roof ...................................................................................... 11.3 8.4 7.2 
High Roof ..................................................................................... 11.8 8.7 7.1 

Effective for Model Years 2016 

Low Roof ...................................................................................... 10.5 8.0 6.7 
Mid Roof ...................................................................................... 11.7 8.7 7.4 
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TABLE 4—TRUCK TRACTOR FUEL CONSUMPTION STANDARDS—Continued 

Regulatory subcategories 
Day cab Sleeper cab 

Class 7 Class 8 Class 8 

High Roof ..................................................................................... 12.2 9.0 7.3 

Fuel Consumption Voluntary Standards (gallons per 1,000 ton-miles) Effective for Model Years 2013 to 2015 

Low Roof ...................................................................................... 10.5 8.0 6.7 
Mid Roof ...................................................................................... 11.7 8.7 7.4 
High Roof ..................................................................................... 12.2 9.0 7.3 

(4) Certifying across service classes. A 
manufacturer may optionally certify a 
tractor to the standards and useful life 
applicable to a higher vehicle service 
class (or regulatory subcategory changes 
such as complying with the Class 8 day- 
cab tractor standard instead of Class 7 
day-cab tractor), provided the 
manufacturer does not generate credits 
with the vehicle. If a manufacturer 
includes smaller vehicles in a credit- 
generating subfamily (with an FEL 
below the standard), exclude their 
production volume from the credit 
calculation. 

(5) Vocational tractors. Tractors 
meeting the definition of vocational 
tractors in 49 CFR 523.2 must comply 
with requirements for heavy-duty 
vocational vehicles specified in 
paragraphs (b) and (d) of this section. 
Class 7 and Class 8 tractors certified or 
exempted as vocational tractors are 
limited in production to no more than 
21,000 vehicles in any three consecutive 
model years. If a manufacturer is 
determined as not applying this 
allowance in good faith by the EPA in 
its applications for certification in 
accordance with 40 CFR 1037.205 and 
1037.610, a manufacturer must comply 
with the tractor fuel consumption 
standards in paragraph (c)(3) of this 
section. 

(d) Heavy-duty engines. Each 
manufacturer of heavy-duty engines 
shall comply with the fuel consumption 
standards in this paragraph (d) 
expressed in gallons per 100 brake- 
horsepower-hours. Each engine must be 
certified to the primary intended service 
class that it is designed for in 
accordance with 40 CFR 1036.108; 

(1) Mandatory standards. Each 
manufacturer must comply with the fuel 
consumption standard in paragraph 
(d)(3) of this section for model years 
2017 and later compression-ignition 
engines and for model years 2016 and 
later spark-ignition engines. 

(i) The heavy-duty engine regulatory 
category is divided into six regulatory 
subcategories, five compression-ignition 
subcategories and one spark-ignition 
subcategory, as shown in Table 5 of this 
section. 

(ii) Separate standards exist for 
engines manufactured for use in heavy- 
duty vocational vehicles and in truck 
tractors. 

(iii) For purposes of certifying engines 
to fuel consumption standards, 
manufacturers must divide their 
product lines into engine families that 
have similar fuel consumption features, 
as specified by EPA in 40 CFR part 
1036, subpart C, and these families will 
be subject to the same standards. Each 
engine family is limited to a single 
model year. 

(iv) A manufacturer complies with the 
requirements of this part, if at the end 
of the model year, it provides reports, as 
specified in § 535.8, by the required 
deadlines and meets one of the 
following conditions: 

(A) The manufacturer’s fuel 
consumption performance of each 
engine family as determined in § 535.6 
is less than the applicable standard; or 

(B) The manufacturer uses one or 
more of the flexibilities provided under 
NHTSA’s Averaging, Banking and 
Trading Program, specified in § 535.7, to 
comply with standards. 

(v) A manufacturer failing to comply 
with the provisions specified in 

paragraph (d)(1)(iv) of this section is 
liable to pay civil penalties in 
accordance with § 535.9. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2016 for 
compression-ignition engines, and for 
model year 2015 for spark-ignition 
engines, a manufacturer may choose 
voluntarily to comply with the fuel 
consumption standards provided in 
paragraph (d)(3) through (5) of this 
section. For example, a manufacturer 
may choose to comply early in order to 
begin accumulating credits through 
over-compliance with the applicable 
standards. A manufacturer choosing 
early compliance must comply with all 
the vehicles and engines it 
manufacturers in each regulatory 
category for a given model year except 
in model year 2013 the manufacturer 
may comply with individual engine 
families as specified in 40 CFR 
1036.150(a)(2). 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards. 
The fuel consumption standards for 
heavy-duty engines are given in the 
following: 

TABLE 5—PRIMARY HEAVY-DUTY ENGINE STANDARDS 

Fuel Consumption Mandatory Standards (gallons per 100 bhp-hr) 

Regulatory 
Subcategory 

Light Heavy-Duty Com-
pression-Ignition Engine 

Medium Heavy-Duty Compression- 
Ignition Engine 

Heavy Heavy-Duty Compression-Ig-
nition Engine 

Spark-Ignition 
Engines 

Truck Application ...... Vocational Vocational Tractor Vocational Tractor All 

Effective Model Years 2017 and later 2016 and later 
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TABLE 5—PRIMARY HEAVY-DUTY ENGINE STANDARDS—Continued 

Fuel Consumption 
Standard.

5.66 5.66 4.78 5.45 4.52 7.06 

Fuel Consumption Standards for Voluntary Compliance (gallons per100 bhp-hr) 

Regulatory Sub-
category.

Light Heavy-Duty Com-
pression-Ignition Engine 

Medium Heavy-Duty Compression- 
Ignition Engine 

Heavy Heavy-Duty Compression-Ig-
nition Engine 

Spark-ignition 
Engine 

Truck Application ...... Vocational Vocational Tractor Vocational Tractor All 

Effective Model Years 2013 through 2016 2015 

Voluntary Fuel Con-
sumption Standard.

5.89 5.89 4.93 5.57 4.67 7.06 

(4) Alternate subcategory standards. 
The alternative fuel consumption 
standards for heavy-duty compression- 
ignition engines are as follows: 

(i) Manufacturers entering the 
voluntary program in model years 2014 
through 2016, may choose to certify 
compression-ignition engine families 
unable to meet standards provided in 
paragraph (d)(3) of this section to the 
alternative fuel consumption standards 
of this paragraph (d)(4). 

(ii) Manufacturers may not certify 
engines to these alternate standards if 
they are part of an averaging set in 
which they carry a balance of banked 
credits. For purposes of this section, 

manufacturers are deemed to carry 
credits in an averaging set if they carry 
credits from advance technology that are 
allowed to be used in that averaging set 
in accordance with § 535.7(d)(12). 

(iii) The emission standards of this 
section are determined as specified in 
EPA 40 CFR 1036.620(a) through (c) and 
should be converted to equivalent fuel 
consumption values. 

(5) Alternate Phase-In Standards. 
Manufacturers have the option to 
comply with EPA emissions standards 
for compression-ignition engines using 
an alternative phase-in schedule that 
correlates with the EPA OBD standards. 
If a manufacturer chooses to use the 

alternative phase-in schedule for 
meeting EPA standards and optionally 
chooses to comply early with the 
NHTSA fuel consumption program, it 
must use the same phase-in schedule 
beginning in model year 2013 for fuel 
consumption standards and must 
remain in the program for each model 
year thereafter. The fuel consumption 
standard for each model year of the 
alternative phase-in schedule is 
provided in Table 6 of this section. Note 
that engines certified to these standards 
are not eligible for early credits under 
§ 535.7. 

TABLE 6—ALTERNATIVE PHASE-IN COMPRESSION IGNITION ENGINE STANDARDS 

Tractors LHD Engines MHD Engines HHD Engines 

Model Years 2013–2015 ............... NA ................................................. 5.03 gals/100 hp-hr ...................... 4.76 gals./100 hp-hr 
Model Years 2016 and later† ......... NA ................................................. 4.78 gals./100 hp-hr ..................... 4.52 gals/100 hp-hr 
Vocational ...................................... LHD Engines ................................ MHD Engines ............................... HHD Engines 
Model Years 2013–2015 ............... 6.07 gals/100 hp-hr ...................... 6.07 gals/100 hp-hr ...................... 5.67 gals/100 hp-hr 
Model Years 2016 and later† ......... 5.66 gals/100 hp-hr ...................... 5.66 gals/100 hp-hr ...................... 5.45 gals/100 hp-hr 

†Note: these alternate standards for 2016 and later are the same as the otherwise applicable standards for 2017 and later. 

§ 535.6 Measurement and calculation 
procedures. 

(a) Heavy-duty pickup trucks and 
vans. This section describes the testing 
a manufacturer must perform for each 
model year and the method for 
determining the fleet fuel consumption 
performance to show compliance with 
the fleet average fuel consumption 
standard for heavy-duty pickup trucks 
and vans in § 535.5(a). 

(1) For each model year, the heavy- 
duty pickup trucks and vans selected by 
a manufacturer to comply with fuel 
consumption standards in § 535.5(a) 
must be used to determine the 
manufacturer’s fleet average fuel 
consumption performance. If the 
manufacturer’s fleet includes 
conventional and advanced technology 
heavy-duty pickup trucks and vans, the 
fleet should be sub-divided into two 
separate vehicle fleets, with all of the 

conventional vehicles in one fleet and 
all of the advanced technology vehicles 
in the other fleet. 

(2) Vehicles in each fleet should be 
divided into test groups or 
subconfigurations according to EPA in 
40 CFR part 86, subpart S, and 40 CFR 
1037.104. 

(3) Test and measure the CO2 
emissions test results for the selected 
vehicles and determine the CO2 
emissions test group result, in grams per 
mile in accordance with 40 CFR part 86, 
subpart S. 

(i) Perform exhaust testing on vehicles 
fueled by conventional and alternative 
fuels, including dedicated and dual 
fueled (multi-fueled and flexible fueled) 
vehicles and measure the CO2 emissions 
test result. 

(ii) Adjust the CO2 emissions test 
result of dual fueled vehicles using a 
weighted average of your emission 

results as specified in 40 CFR 600.510– 
12(k) for light-duty trucks. 

(iii) All electric vehicles are deemed 
to have zero emissions of CO2, CH4, and 
N2O. No emission testing is required for 
such electric vehicles. Assign the fuel 
consumption test group result to a value 
of zero gallons per 100 miles in 
paragraph (a)(4) of this section. 

(iv) Test cab-complete and incomplete 
vehicles using the applicable complete 
sister vehicles as determined in 40 CFR 
1037.104(g). 

(v) Test loose engines using 
applicable complete vehicles as 
determined in 40 CFR 1037.104(h). 

(vi) Manufacturers can choose to 
analytically derive CO2 emission rates 
(ADCs) for test groups or 
subconfigurations. Calculate the ADCs 
for test groups or subconfigurations in 
accordance with 40 CFR 1037.104(g). 
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(4) Calculate equivalent fuel 
consumption test group results, in 
gallons per 100 miles, from CO2 
emissions test group results, in grams 
per miles, and round to the nearest 0.01 
gallon per 100 miles. 

(i) Calculate the equivalent fuel 
consumption test group results as 
follows for compression-ignition 
vehicles and alternative fuel 
compression-ignition vehicles. CO2 

emissions test group result (grams per 
mile)/10,180 grams per gallon of diesel 
fuel) × (102) = Fuel consumption test 
group result (gallons per 100 mile). 

(ii) Calculate the equivalent fuel 
consumption test group results as 
follows for spark-ignition vehicles and 
alternative fuel spark-ignition vehicles. 
CO2 emissions test group result (grams 
per mile)/8,877 grams per gallon of 
gasoline fuel) × (102) = Fuel 

consumption test group result (gallons 
per 100 mile). 

(5) Calculate the fleet average fuel 
consumption result, in gallons per 100 
miles, from the equivalent fuel 
consumption test group results and 
round the fuel consumption result to the 
nearest 0.01 gallon per 100 miles. 
Calculate the fleet average fuel 
consumption result using the following 
equation. 

Where: 
Fuel Consumption Test Group Resulti = fuel 

consumption performance for each test 
group as defined in 49 CFR 523.4. 

Volumei = production volume of each test 
group. 

(6) Compare the fleet average fuel 
consumption standard to the fleet 
average fuel consumption performance. 
The fleet average fuel consumption 
performance must be less than or equal 
to the fleet fuel consumption standard 
to comply with standards in § 535.5(a). 

(b) Heavy-duty vocational vehicles 
and tractors. This section describes the 
testing a manufacturer must perform 
and the method for determining fuel 
consumption performance to show 
compliance with the fuel consumption 
standards for vocational vehicles and 
tractors in § 535.5(b) and (c). 

(1) Select vehicles and vehicle family 
configurations to test as specified in 40 
CFR 1037.230 for vehicles that make up 
each of the manufacture’s regulatory 
subcategories of vocational vehicles and 
tractors. 

(2) Determine the CO2 emissions and 
fuel consumption results for all vehicle 
chassis (conventional, alternative fueled 
and advanced technology vehicles) 
using the Greenhouse Emissions Model 
(GEM) in accordance with 40 CFR part 
1037, subpart F. Vocational vehicles and 
tractor chassis are modeled using the 
following inputs in the GEM model. All 
seven of the following inputs apply for 
sleeper cab tractors, while some do not 
apply for vocational vehicles and other 
tractor regulatory subcategories: 

(i) Identification of vehicles using 
regulatory subcategories (such as ‘‘Class 
8 Combination—Sleeper Cab—High 
Roof’’). 

(ii) Coefficient of aerodynamic drag in 
accordance with 40 CFR 1037.520 and 
1037.521. Do not use for vocational 
vehicles. 

(iii) Steer tire rolling resistance for 
low rolling resistance tires in 

accordance with 40 CFR 1037.520 and 
1037.650. 

(iv) Drive tire rolling resistance for 
low rolling resistance tires in 
accordance with 40 CFR 1037.520 and 
1037.650. 

(v) Vehicle speed limit as governed by 
vehicles speed limiters in accordance 
with 40 CFR 1037.520 and 1037.640. Do 
not use for vocational vehicles. 

(vi) Vehicle weight reduction as 
provided in accordance with 40 CFR 
1037.520. Do not use for vocational 
vehicles. 

(vii) Extended idle reduction credit 
using automatic engine shutdown 
systems in accordance with 40 CFR 
1037.520 and 1037.660. Do not use for 
vehicles other than Class 8 sleeper cabs. 

(3) From the GEM results, select the 
CO2 family emissions level (FEL) and 
equivalent fuel consumption values for 
vocational vehicle and tractor families 
in each regulatory subcategories for each 
model year. Equivalent fuel 
consumption FELs are derived in GEM 
and expressed to the nearest 0.1 gallons 
per 1000 ton-mile. For families 
containing multiple subfamilies, 
identify the FELs for each subfamily. 

(4) Paragraphs (b)(1) through (3) of 
this section address vocational vehicle 
and tractor chassis testing only. Engine 
performance and the advanced 
technologies equipped on vocational 
vehicles and tractors are tested 
separately as follows: 

(i) Vocational vehicle and tractor 
engine test results for conventional and 
alternative fueled vehicles are 
determined in accordance with 
§ 535.6(c). 

(ii) Improvements for advanced 
technologies are determined as follows: 

(A) Test hybrid vehicles with power 
take-off in accordance with 40 CFR 
1037.525 and vehicles with post- 
transmission hybrid systems in 
accordance with 40 CFR 1037.550. 

(B) All electric vehicles are deemed to 
have zero CO2 emissions and fuel 

consumption. No emission testing is 
required for such electric vehicles. 
Assign the vehicle family with a fuel 
consumption FEL result to a value of 
zero gallons per 1000-ton miles in 
paragraph (3) of this section. 

(c) Heavy-duty engines. This section 
describes the testing a manufacturer 
must perform and the method for 
determining fuel consumption 
performance to show compliance with 
the fuel consumption standards for 
engines in § 535.5(d). Each engine must 
be tested to the primary intended 
service class that it is designed for in 
accordance with 40 CFR 1036.108 

(1) Select emission-data engines and 
engine family configurations to test as 
specified in 40 CFR part 86 and part 
1036, subpart C for engines installed in 
vehicles that make up each of the 
manufacture’s regulatory subcategory. 

(2) Test the CO2 emissions for each 
emissions-data engine subject to the 
standards in § 535.5(d) using the 
procedures and equipment specified in 
40 CFR part 1036, subpart F. Measure 
the CO2 emissions in grams per bhp-hr 
as specified in 40 CFR part 86, subpart 
N, and part 1036, subpart C. 

(i) Perform exhaust testing on each 
fuel type for conventional, dedicated, 
dual fuel (multi-fuel, and flexible fuel) 
vehicles and measure the CO2 emissions 
level. 

(ii) Adjust the CO2 emissions result of 
dual fueled vehicles using a weighted 
average of the demonstrated emission 
results as specified in 40 CFR 1036.225. 
If EPA disapproves a manufacturer’s 
dual fuel vehicle demonstrated use 
submission, NHTSA will require the 
manufacturer to only use the test results 
with 100 percent conventional fuel to 
determine the fuel consumption of the 
engine. 

(iii) All electric vehicles are deemed 
to have zero emissions of CO2 and zero 
fuel consumption. No emission or fuel 
consumption testing is required for such 
electric vehicles. 
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(3) Determine the CO2 emissions for 
the family certification level (FCL) from 
the emissions test results in paragraph 
(c)(2) of this section for engine families 
within the heavy-duty engine regulatory 
subcategories for each model year. 

(i) If a manufacturer certifies an 
engine family for use both as a 
vocational engine and as a tractor 
engine, the manufacturer must split the 
family into two separate subfamilies in 
accordance with 40 CFR 1036.230. The 
manufacturer may assign the numbers 
and configurations of engines within the 
respective subfamilies at any time prior 
to the submission of the end-of-year 
report required by 40 CFR 1036.730 and 
§ 535.8. The manufacturer must track 
into which type of vehicle each engine 
is installed, although EPA may allow 
the manufacturer to use statistical 
methods to determine this for a fraction 
of its engines. 

(ii) The following engines are 
excluded from the engine families used 
to determined FCL values and the 
benefit for these engines is determined 
as an advanced technology credits 
under the ABT provisions provided in 
§ 535.7(e): 

(A) Engines certified as hybrid 
engines or power packs. 

(B) Engines certified as hybrid engines 
designed with PTO capability and that 
are sold with the engine coupled to a 
transmission. 

(C) Engines with Rankine cycle waste 
heat recovery. 

(4) Calculate equivalent fuel 
consumption values for emissions FCLs 
and the CO2 levels for certified engines, 
in gallons per 100 bhp-hr and round 
each fuel consumption value to the 
nearest 0.01 gallon per 100 bhp-hr. 

(i) Calculate equivalent fuel 
consumption FCL values for 
compression-ignition engines and 
alternative fuel compression-ignition 
engines. CO2 FCL value (grams per bhp- 
hr)/10,180 grams per gallon of diesel 
fuel) × (10 2) = Fuel consumption FCL 
value (gallons per 100 bhp-hr). 

(ii) Calculate equivalent fuel 
consumption FCL values for spark- 
ignition engines and alternative fuel 
spark-ignition engines. CO2 FCL value 
(grams per bhp-hr)/8,877 grams per 
gallon of gasoline fuel) × (10 2) = Fuel 
consumption FCL value (gallons per 100 
bhp-hr). 

(iii) Manufacturers may carryover fuel 
consumption data from a previous 
model year if allowed to carry over 
emissions data for EPA in accordance 
with 40 CFR 1036.235. 

(iv) If a manufacturer uses an alternate 
test procedure under 40 CFR 1065.10 
and subsequently the data is rejected by 

the EPA, NHTSA will also reject the 
data. 

§ 535.7 Averaging, banking, and trading 
(ABT) program. 

(a) Fuel consumption credits (FCC). At 
the end of each model year, 
manufacturers may earn credits for 
heavy-duty vehicles and engines 
exceeding the fuel consumption 
standards in § 535.5 or by using one or 
more of the flexibilities in this 
paragraph (a) to gain credits. 
Manufacturers may average, bank, and 
trade fuel consumption credits for 
purposes of complying with fuel 
consumption standards. The following 
criteria and restrictions apply to 
averaging, banking and trading FCC 
(hereafter reference as the NHTSA ABT 
program). 

(1) Averaging. Averaging is the 
exchange of FCC among a 
manufacturer’s engines or vehicle 
families or test groups within an 
averaging set. With the exception of FCC 
earned for advance technologies as 
further clarified below, a manufacturer 
may average FCC only within the same 
averaging set. The principle averaging 
sets are defined in § 535.4. 

(2) Banking. Banking is the retention 
of surplus FCC by the manufacturer 
generating the credits for use in future 
model years for averaging or trading. 
Banked FCC retain the designation from 
the averaging set and model year in 
which they were generated and expire 
after five model years. 

(3) Trading. Trading is a transaction 
that transfers FCC between 
manufacturers or other entities. A 
manufacturer may use traded FCC for 
averaging, banking, or further trading 
transactions. Traded FCC, other than 
advanced technology credits, may be 
used only within the averaging set in 
which they were generated. 

(b) ABT provisions for heavy-duty 
pickup trucks and vans. (1) This 
regulatory category consists of one 
regulatory subcategory, heavy-duty 
pickup trucks and vans. This one 
regulatory subcategory makes up one 
averaging set. 

(2) Manufacturers that manufacture 
vehicles within this regulatory 
subcategory shall calculate credits at the 
end of each model year based upon the 
final average fleet fuel consumption 
standard and final average fleet fuel 
consumption performance value within 
this one regulatory subcategory as 
identified in paragraph (b)(8) of this 
section. If the manufacturer’s fleet 
includes conventional vehicles 
(gasoline, diesel and alternative fuel) 
and advanced technology vehicles 
(hybrids with regenerative braking, 

vehicles equipped with Rankine-cycle 
engines, electric and fuel cell vehicles) 
it should be divided into two separate 
fleets each with its own final average 
fleet fuel consumption standard and 
final average fleet fuel consumption 
performance value. Credits shall be 
calculated for each of the two fleets. 

(3) Fuel consumption levels below the 
standard create a ‘‘credit surplus,’’ 
while fuel consumption levels above the 
standard create a ‘‘credit shortfall.’’ 

(4) Surplus credits, other than 
advanced technology credits, generated 
and calculated within this averaging set 
may only be used to offset a credit 
shortfall in this same averaging set. 

(5) Advanced technology credits can 
be used to offset a credit shortfall in this 
same averaging set or other averaging 
sets. However, a manufacturer must first 
apply advanced technology credits to 
any deficits in the same averaging set 
before applying them to other averaging 
sets. 

(6) Surplus credits, other than 
advanced technology credits, may be 
traded among credit holders but must 
stay within the same averaging set. 
Advanced technology credits can be 
traded across averaging sets. 

(7) Surplus credits, if not used to 
offset a credit shortfall may be banked 
by the manufacturer for use in future 
model years, or traded, given the 
restriction that the credits have an 
expiration date of five model years after 
the year in which the credits are earned. 
For example, credits earned in model 
year 2014 may be utilized through 
model year 2019. 

(8) Credit shortfalls must be offset by 
an available credit surplus within three 
model years after the shortfall was 
incurred. If the shortfall cannot be 
offset, the manufacturer is liable for 
civil penalties as discussed in § 535.9. 

(9) Calculate the value of credits 
generated in a model year for this 
regulatory subcategory or averaging set 
using the following equation: 
Total MY Fleet FCC (gallons) = (Std ¥ 

Act) × (Volume) × (UL) × (10 2) 
Where: 
Std = Fleet average fuel consumption 

standard (gal/100 mile). 
Act = Fleet average actual fuel consumption 

value (gal/100 mile). 
Volume = the total U.S.-directed production 

of vehicles in the regulatory subcategory. 
UL = the useful life for the regulatory 

subcategory (120,000 miles). 

(10) If a manufacturer generates 
credits from its fleet of advanced 
technology vehicles in accordance with 
535.7(e)(1) a multiplier of 1.5 can be 
used. Advanced technology credits can 
be used in other averaging sets different 

VerDate Mar<15>2010 20:47 Sep 14, 2011 Jkt 223001 PO 00000 Frm 00399 Fmt 4701 Sfmt 4700 E:\FR\FM\15SER2.SGM 15SER2m
st

oc
ks

til
l o

n 
D

S
K

4V
P

T
V

N
1P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



57504 Federal Register / Vol. 76, No. 179 / Thursday, September 15, 2011 / Rules and Regulations 

from the one they are generated within 
with the following restrictions. 

(i) The maximum amount of credits a 
manufacturer may bring into the service 
class group that contains the heavy-duty 
pickup and van averaging set is 5.89 
Mgallons (for advanced technology 
credits based upon compression ignition 
engines) or 6.76 Mgallons (for advanced 
technology credits based upon spark- 
ignition engines) per model year as 
specified in 40 CFR 1037.104. 

(ii) The limit specified in paragraph 
(b)(10)(i) of this section does not limit 
the amount of advanced technology 
credits that can be used across averaging 
sets within the same service class group. 

(11) If a manufacturer chooses to 
generate CO2 emission credits under 
EPA provisions of 40 CFR 1037.150(a), 
it may also voluntarily generate early 
credits under the NHTSA fuel 
consumption program. Fuel 
consumption credits may be generated 
for vehicles certified in model year 2013 
to the model year 2014 standards in 
§ 535.5(a). To do so a manufacturer must 
certify its entire U.S. directed 
production volume of vehicles in its 
fleet. The same production volume 
restrictions specified in 40 CFR 
1037.150(a)(2) relating to when test 
groups are certified apply to the NHTSA 
early credit provisions. Credits are 
calculated as specified in paragraph 
(b)(9) of this section relative to the fleet 
standard that would apply for model 
year 2014 using the model year 2013 
production volumes. Surplus credits 
generated under this paragraph are 
available credits for banking or trading. 
Credit deficits for an averaging set prior 
to model year 2014 do not carry over to 
model year 2014. These credits may be 
used to show compliance with the 
standards of this part for 2014 and later 
model years. Once a manufacturer opts 
into the NHTSA program they must stay 
in the program for all of the optional 
model years and remain standardized 
with the same implementation approach 
being followed to meet the EPA CO2 
emission program. 

(c) ABT provisions for vocational 
vehicles and tractors. (1) The two 
regulatory categories for vocational 
vehicles and tractors consist of 12 
regulatory subcategory as follows: 

(i) Vocational vehicles with a GVWR 
up to and including 19,500 pounds 
(Light Heavy-Duty (LHD)); 

(ii) Vocational vehicles with a GVWR 
above 19,500 pounds and no greater 
than 33,000 pounds (Medium Heavy- 
Duty (MHD)); 

(iii) Vocational vehicles with a GVWR 
over 33,000 pounds (Heavy Heavy-Duty 
(HHD)); 

(iv) Low roof day cab tractors with a 
GVWR above 26,000 pounds and no 
greater than 33,000 pounds; 

(v) Mid roof day cab tractors with a 
GVWR above 26,000 pounds and no 
greater than 33,000 pounds; 

(vi) High roof day cab tractors with a 
GVWR above 26,000 pounds and no 
greater than 33,000 pounds; 

(vii) Low roof day cab tractors with a 
GVWR above 33,000 pounds; 

(viii) Mid roof day cab tractors with 
a GVWR above 33,000 pounds; 

(ix) High roof day cab tractors with a 
GVWR above 33,000 pounds; 

(x) Low roof sleeper cab tractors with 
a GVWR above 33,000 pounds; 

(xi) Mid roof sleeper cab tractors with 
a GVWR above 33,000 pounds; and 

(xii) High roof sleeper cab tractors 
with a GVWR above 33,000 pounds. 

(2) The 12 regulatory subcategories 
consist of three averaging sets as 
follows: 

(i) Vocational light-heavy vehicles at 
or below 19,500 pounds GVWR. 

(ii) Vocational and tractor medium- 
heavy vehicles above 19,500 pounds 
GVWR but at or below 33,000 pounds 
GVWR. 

(iii) Vocational and tractor heavy- 
heavy vehicles above 33,000 pounds 
GVWR. 

(3) Manufacturers that manufacture 
vehicles within either of these two 
vehicle categories, in one or more of the 
regulatory subcategories, shall calculate 
a total credit balance within each 
applicable averaging set at the end of 
each model year based upon final 
production volumes and the sum of the 
credit balances derived for each of the 
vehicle family groups within each 
averaging set. 

(4) Each designated vehicle family 
group has a ‘‘family emissions limit’’ 
(FEL) which is compared to the 
associated regulatory subcategory 
standard. A FEL that falls below the 
regulatory subcategory standard creates 
‘‘positive credits,’’ while fuel 
consumption level of a family group 
above the standard creates a ‘‘credit 
shortfall.’’ 

(5) Manufacturers shall sum all 
shortfalls and surplus credits for each 
vehicle family within each applicable 
averaging set to obtain the total credit 
balance for the model year before 
rounding. The sum of fuel 
consumptions credits must be rounded 
to the nearest gallon. 

(6) Surplus credits, other than 
advanced technology credits, generated 
and calculated within this averaging set 
may only be used to offset a credit 
shortfall in this same averaging set. 

(7) Advanced technology credits can 
be used to offset a credit shortfall in this 

same averaging set or other averaging 
sets. However, a manufacturer must first 
apply advanced technology credits to 
any deficits in the same averaging set 
before applying them to other averaging 
sets. 

(8) Surplus credits, other than 
advanced technology credits, may be 
traded among credit holders but must 
stay within the same averaging set. 
Advanced technology credits can be 
traded across averaging sets. 

(9) Surplus credits, if not used to 
offset a credit shortfall may be banked 
by the manufacturer for use in future 
model years, or traded, given the 
restriction that the credits have an 
expiration date of five model years after 
the year in which the credits are earned. 
For example, credits earned in model 
year 2014 may be utilized through 
model year 2019. 

(10) Credit shortfalls must be offset by 
an available credit surplus within three 
model years after the shortfall was 
incurred. If the shortfall cannot be 
offset, the manufacturer is liable for 
civil penalties as discussed in § 535.9. 

(11) The value of credits generated in 
a model year is calculated as follows: 

(i) Calculate the value of credits 
generated in a model year for each 
vehicle family within an averaging set 
using the following equation: 
Vehicle Family FCC (gallons) = (Std ¥ 

FEL) × (Payload) × (Volume) × (UL) 
× (10 3) 

Where: 
Std = the standard for the respective vehicle 

family regulatory subcategory (gal/1000 
ton-mile). 

FEL = family emissions limit for the vehicle 
family (gal/1000 ton-mile). 

Payload = the prescribed payload in tons for 
each regulatory subcategory as shown in 
the following table: 

Regulatory subcategory Payload 
(Tons) 

LHD Vocational Vehicles ............ 2 .85 
MHD Vocational Vehicles ........... 5 .60 
HHD Vocational Vehicles ........... 7 .5 
Class 7 Tractor ........................... 12 .50 
Class 8 Tractor ........................... 19 .00 

Volume = the number of U.S.-directed 
production volume of vehicles in the 
corresponding vehicle family. 

UL = the useful life for the regulatory 
subcategory (miles) as shown in the 
following table: 

Regulatory subcategory UL 
(miles) 

LHD Vocational Vehicles .............. 110,000 
MHD Vocational Vehicles ............. 185,000 
HHD Vocational Vehicles ............. 435,000 
Class 7 Tractor ............................. 185,000 
Class 8 Tractor ............................. 435,000 
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(ii) Calculate the value of credits 
generated in a model year for each 
vehicle family for advanced technology 
vehicles within an averaging set using 
the equation above, the guidelines 
provided in paragraph (e)(1)(i) of this 
section, and the 1.5 credit multiplier. 

(iii) Calculate the total credits 
generated in a model year for each 
averaging set using the following 
equation: 
Total averaging set MY credits 

= S Vehicle family credits within 
each average set 

(12) If a manufacturer chooses to 
generate CO2 emission credits under 
EPA provisions of 40 CFR 1037.150(a), 
it may also voluntarily generate early 
credits under the NHTSA fuel 
consumption program as follows: 

(i) Fuel consumption credits may be 
generated for vehicles certified in model 
year 2013 to the model year 2014 
standards in § 535.5(b) and (c). To do so 
a manufacturer must certify its entire 
U.S. directed production volume of 
vehicles. The same production volume 
restrictions specified in 40 CFR 
1037.150(a)(1) relating to when test 
groups are certified apply to the NHTSA 
early credit provisions. Credits are 
calculated as specified in paragraph 
(c)(11) of this section relative to the 
standards that would apply for model 
year 2014. Surplus credits generated 
under this paragraph (c)(12) may be 
increased by a factor of 1.5 for 
determining total available credits for 
banking or trading. For example, if you 
have 10 gallons of surplus credits for 
model year 2013, you may bank 15 
gallons of credits. Credit deficits for an 
averaging set prior to model year 2014 
do not carry over to model year 2014. 
These credits may be used to show 
compliance with the standards of this 
part for 2014 and later model years. 
Once a manufacturer opts into the 
NHTSA program they must stay in the 
program for all of the optional model 
years and remain standardized with the 
same implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(ii) A tractor manufacturer may 
generate fuel consumption credits for 
the number of additional SmartWay 
designated tractors (relative to its MY 
2012 production), provided that credits 
are not generated for those vehicles 
under paragraph (c)(12)(i) of this 
section. Calculate credits for each 
regulatory sub-category relative to the 
standard that would apply in model 
year 2014 using the equations in 
paragraph (c)(11) of this section. Use a 
production volume equal to the number 
of verified model year 2013 SmartWay 

tractors minus the number of verified 
model year 2012 SmartWay tractors. A 
manufacturer may bank credits equal to 
the surplus credits generated under this 
paragraph multiplied by 1.50. A 
manufacturer’s 2012 and 2013 model 
years must be equivalent in length. 
Once a manufacturer opts into the 
NHTSA program they must stay in the 
program for all of the optional model 
years and remain standardized with the 
same implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(13) If a manufacturer generates 
credits from vehicles certified for 
advanced technology in accordance 
with § 535.7(e)(1), a multiplier of 1.5 
can be used, but this multiplier cannot 
be used on the same credits for which 
the early credit multiplier is used. 
Advanced technology credits can be 
used in other averaging sets different 
from the one they are generated, but the 
maximum amount of credits a 
manufacturer may bring into a service 
class group that contains the vocational 
vehicle and tractor averaging sets is 5.89 
Mgallons (for advanced technology 
credits based upon compression ignition 
engines) or 6.76 Mgallons (for advanced 
technology credits based upon spark- 
ignition engines) per model year as 
specified in 40 CFR 1037.740. However, 
this does not limit the amount of 
advanced technology credits that can be 
used across averaging sets within the 
same service class group. 

(d) ABT provisions for heavy-duty 
engines. (1) Heavy-duty engines consist 
of six regulatory subcategories as 
follows: 

(i) Spark-ignition engines. 
(ii) Light heavy-duty compression- 

ignition engines. 
(iii) Medium heavy-duty vocational 

compression-ignition engines. 
(iv) Medium heavy-duty tractor 

compression-ignition engines. 
(v) Heavy heavy-duty vocational 

compression-ignition engines. 
(vi) Heavy heavy-duty tractor 

compression-ignition engines. 
(2) The six regulatory subcategories 

consist of four averaging sets as follows: 
(i) Compression-ignition light heavy- 

duty engines. 
(ii) Compression-ignition medium 

heavy-duty engines. 
(iii) Compression-ignition heavy 

heavy-duty engines. 
(iv) Spark-ignition engines. 
(3) Manufacturers that manufacture 

engines within one or more of the 
regulatory subcategories, shall calculate 
a total credit balance within each 
applicable averaging set at the end of 
each model year based upon final 
production volumes and the sum of the 

credit balances derived for each of the 
engine families within each averaging 
set. 

(4) Each designated engine family has 
a ‘‘family certification level’’ (FCL) 
which is compared to the associated 
regulatory subcategory standard. A FCL 
that falls below the regulatory 
subcategory standard creates ‘‘positive 
credits,’’ while fuel consumption level 
of a family group above the standard 
creates a ‘‘credit shortfall.’’ 

(5) Manufacturers shall sum all 
surplus and shortfall credits for each 
engine family within the applicable 
averaging set to obtain the total credit 
balance for the model year before 
rounding. Round the sum of fuel 
consumptions credits to the nearest 
gallon. 

(6) Surplus credits, other than 
advanced technology credits, generated 
and calculated within this averaging set 
may only be used to offset a credit 
shortfall in this same averaging set. 

(7) Advanced technology credits can 
be used to offset a credit shortfall in this 
same averaging set or other averaging 
sets. However, a manufacturer must first 
apply advanced technology credits to 
any deficits in the same averaging set 
before applying them to other averaging 
sets. 

(8) Surplus credits, other than 
advanced technology credits, may be 
traded among credit holders but must 
stay within the same averaging set. 
Advanced technology credits can be 
traded across averaging sets. 

(9) Surplus credits, if not used to 
offset a credit shortfall may be banked 
by the manufacturer for use in future 
model years, or traded, given the 
restriction that the credits have an 
expiration date of five model years after 
the year in which the credits are earned. 
For example, credits earned in model 
year 2014 may be utilized through 
model year 2019. 

(10) Credit shortfalls must be offset by 
available surplus credits within three 
model years after shortfall was incurred. 
If the shortfall cannot be offset, the 
manufacturer is liable for civil penalties 
as discussed in § 535.9. 

(11) The value of credits generated in 
a model year is calculated as follows: 

(i) The value of credits generated in a 
model year for each engine family 
within a regulatory subcategory equals 
Engine Family FCC (gallons) = (Std ¥ 

FCL) × (CF) × (Volume) × (UL) × 
(10 2) 

Where: 
Std = the standard for the respective engine 

regulatory subcategory (gal/100 bhp-hr). 
FCL = family certification level for the engine 

family (gal/100 bhp-hr). 
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CF = a transient cycle conversion factor in 
bhp-hr/mile which is the integrated total 
cycle brake horsepower-hour divided by 
the equivalent mileage of the applicable 
test cycle. For spark-ignition heavy-duty 
engines, the equivalent mileage is 6.3 
miles. For compression-ignition heavy- 
duty engines, the equivalent mileage is 
6.5 miles. 

Volume = the number of engines in the 
corresponding engine family. 

UL = the useful life of the given engine 
family (miles) as shown in the following 
table: 

Regulatory subcategory UL 
(miles) 

Class 2b–5 Vocational Vehicles, 
Spark Ignited (SI), and Light 
Heavy-Duty Diesel Engines ...... 110,000 

Class 6–7 Vocational Vehicles 
and Medium Heavy-Duty Diesel 
Engines ..................................... 185,000 

Class 8 Vocational Vehicles and 
Heavy Heavy-Duty Diesel En-
gines .......................................... 435,000 

Class 7 Tractors and Medium 
Heavy-Duty Diesel Engines ...... 185,000 

Class 8 Tractors and Heavy 
Heavy-Duty Diesel Engines ...... 435,000 

(ii) Calculate the total credits 
generated in a model year for each 
averaging set using the following 
equation: 
Total averaging set MY credits = S 

Engine family credits within each 
averaging set 

(12) The provisions of this section 
apply to manufacturers utilizing the 
compression-ignition engine voluntary 
alternate standard provisions specified 
in § 535.5(d)(4) as follows. 

(i) Manufacturers may not certify 
engines to the alternate standards if they 
are part of an averaging set in which 
they carry a balance of banked credits. 
For purposes of this section, 
manufacturers are deemed to carry 
credits in an averaging set if they carry 
credits from advance technology that are 
allowed to be used in that averaging set. 

(ii) Manufacturers may not bank fuel 
consumption credits for any engine 
family in the same averaging set and 
model year in which it certifies engines 
to the alternate standards. This means a 
manufacturer may not bank advanced 
technology credits in a model year it 
certifies any engines to the alternate 
standards. 

(iii) Note that the provisions of 
paragraph (d)(10) of this section apply 
with respect to credit deficits generated 
while utilizing alternate standards. 

(13) Where a manufacturer has chosen 
to comply with the EPA alternative 
compression ignition engine phase-in 
standard provisions in 40 CFR 
1036.150(e), and has optionally decided 

to follow the same path under the 
NHTSA fuel consumption program, it 
must certify all of its model year 2013 
compression-ignition engines within a 
given averaging set to the applicable 
alternative standards in § 535.5(d)(5). 
Engines certified to these standards are 
not eligible for early credits under 
paragraph (d)(14) of this section. Credits 
are calculated using the same equation 
provided in paragraph (d)(11) of this 
section. 

(14) If a manufacturer chooses to 
generate early CO2 emission credits 
under EPA provisions of 40 CFR 
1036.150, it may also voluntarily 
generate early credits under the NHTSA 
fuel consumption program. Fuel 
consumption credits may be generated 
for engines certified in model year 2013 
(2015 for spark-ignition engines) to the 
standards in § 535.5(d). To do so a 
manufacturer must certify its entire U. 
S.-directed production volume of 
engines except as specified in 40 CFR 
1036.150(a)(2). Credits are calculated as 
specified in paragraph (d)(11) of this 
section relative to the standards that 
would apply for model year 2014 (2016 
for spark-ignition engines). Surplus 
credits generated under this paragraph 
may be increased by a factor of 1.5 for 
determining total available credits for 
banking or trading. For example, if you 
have 10 gallons of surplus credits for 
model year 2013, you may bank 15 
gallons of credits. Credit deficits for an 
averaging set prior to model year 2014 
(2016 for spark-ignition engines) do not 
carry over to model year 2014 (2016 for 
spark-ignition engines). These credits 
may be used to show compliance with 
the standards of this part for 2014 and 
later model years. Once a manufacturer 
opts into the NHTSA program they must 
stay in the program for all of the 
optional model years and remain 
standardized with the same 
implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(15) If a manufacturer generates 
credits from engines certified for 
advanced technology in accordance 
with § 535.7(e)(1), a multiplier of 1.5 
can be used, but this multiplier cannot 
be used on the same credits for which 
the early credit multiplier is used. 
Advanced technology credits can be 
used in other averaging sets different 
from the one they are generated, but the 
maximum amount of credits a 
manufacturer may bring into a service 
class group that contains the heavy-duty 
engine averaging sets is 5.89 Mgallons 
(for advanced technology credits based 
upon compression ignition engines) or 
6.76 Mgallons (for advanced technology 
credits based upon spark-ignition 

engines) per model year as specified in 
40 CFR 1036.740. However, this does 
not limit the amount of advanced 
technology credits that can be used 
across averaging sets within the same 
service class group. 

(e) Additional credit provisions. (1) 
Advanced technology credits. 
Manufacturers of heavy-duty pickup 
trucks and vans, vocational vehicles, 
tractors and associated engines showing 
improvements in CO2 emissions and 
fuel consumption using hybrid vehicles 
with regenerative braking, vehicles 
equipped with Rankine-cycle engines, 
electric vehicles and fuel cell vehicles 
are eligible for advanced technology 
credits. Advanced technology credits 
may be increased by a 1.5 multiplier 
and applied to any heavy-duty vehicle 
or engine subcategory consistent with 
sound engineering judgment. 

(i) Heavy-duty vehicles. (A) For 
advanced technology system (hybrid 
vehicles with regenerative braking, 
vehicles equipped with Rankine-cycle 
engines and fuel cell vehicles), calculate 
the advanced technology credits as 
follows: 

(1) Measure the effectiveness of the 
advanced system by chassis testing a 
vehicle equipped with the advanced 
system and an equivalent conventional 
system in accordance with 40 CFR 
1037.615. 

(2) For purposes of this paragraph (e), 
a conventional vehicle is considered to 
be equivalent if it has the same 
footprint, intended vehicle service class, 
aerodynamic drag, and other relevant 
factors not directly related to the 
advanced system powertrain. If there is 
no equivalent vehicle, the manufacturer 
may create and test a prototype 
equivalent vehicle. The conventional 
vehicle is considered Vehicle A, and the 
advanced technology vehicle is 
considered Vehicle B. 

(3) The benefit associated with the 
advanced system for fuel consumption 
is determined from the weighted fuel 
consumption results from the chassis 
tests of each vehicle using the following 
equation: 
Benefit (gallon/1,000 ton mile) = 

Improvement Factor × GEM Fuel 
Consumption Result_B 

Where: 
Improvement Factor = (Fuel 

Consumption_A—Fuel Consumption_B)/ 
(Fuel Consumption_A) 

Fuel Consumption Rates A and B are the 
gallons per 1,000 ton-mile of the 
conventional and advanced vehicles, 
respectively, as measured under the test 
procedures specified by EPA. 

GEM Fuel Consumption Result B is the 
estimated gallons per 1,000 ton-mile rate 
resulting from emission modeling of the 
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advanced vehicle as specified in 40 CFR 
1037.520 and § 535.6(b). 

(4) Calculate the benefit in credits 
using the equation in paragraph (c)(11) 
of this section and replacing the term 
(Std-FEL) with the benefit. 

(B) For electric vehicles calculate the 
fuel consumption credits using an FEL 
of 0 g/1000ton-mile. 

(ii) Heavy-duty engines. (A) This 
section specifies how to generate 
advanced technology-specific fuel 
consumption credits for hybrid 
powertrains that include energy storage 
systems and regenerative braking 
(including regenerative engine braking) 
and for engines that include Rankine- 
cycle (or other bottoming cycle) exhaust 
energy recovery systems. 

(1) Pre-transmission hybrid 
powertrains are those engine systems 
that include features that recover and 
store energy during engine motoring 
operation but not from the vehicle 
wheels. These powertrains are tested 
using the hybrid engine test procedures 
of 40 CFR part 1065 or using the post- 
transmission test procedures. 

(2) Post-transmission hybrid 
powertrains are those powertrains that 
include features that recover and store 
energy from braking at the vehicle 
wheels. These powertrains are tested by 
simulating the chassis test procedure 
applicable for hybrid vehicles under 40 
CFR 1037.550. 

(3) Test engines that include Rankine- 
cycle exhaust energy recovery systems 
according to the test procedures 
specified in 40 CFR part 1036, subpart 
F, unless EPA approves the 
manufacturer’s alternate procedures. 

(B) Calculate credits as specified in 
paragraph (c) of this section. Credits 
generated from engines and powertrains 
certified under this section may be used 
in other averaging sets as described in 
40 CFR 1036.740(d). 

(2) Innovative technology credits. This 
provision allows engine and vehicle 
manufacturers to generate CO2 emission 
credits consistent with the provisions of 
40 CFR 1036.610 (for engines), 40 CFR 
1037.104(d)(13) (for heavy-duty pickup 
trucks and vans) and 40 CFR 1037.610 
(for vocational vehicles and tractors) for 
introducing innovative technology in 
heavy-duty engines and vehicles for 
reducing greenhouse gas emissions and 
fuel consumption. Upon identification 
and approval from EPA of a 
manufacturer seeking to obtain 
innovative technology credits in a given 
model year, NHTSA may adopt an 
equivalent amount of fuel consumption 
credits into its program. Such credits 
must remain within the same regulatory 
subcategory in which the credits were 

generated. NHTSA will adopt these fuel 
consumption credits depending upon 
whether: 

(i) The technology has a direct impact 
upon reducing fuel consumption 
performance; 

(ii) The manufacturer has provided 
sufficient information to make sound 
engineering judgments on the impact of 
the technology in reducing fuel 
consumption performance; and 

(iii) Credits will be accepted on a one- 
for-one basis expressed in terms of 
gallons. 

§ 535.8 Reporting requirements. 

(a) General requirements. 
Manufacturers producing heavy-duty 
vehicles and engines applicable to fuel 
consumption standards in § 535.5, for 
each given model year, must submit the 
required information as specified in 
paragraphs (b) through (h) of this 
section. 

(1) The information required by this 
part must be submitted by the deadlines 
specified in this section and must be 
based upon all the information and data 
available to the manufacturer 30 days 
before submitting information. 

(2) Manufacturers must submit 
information electronically through the 
EPA database system as the single point 
of entry for all information required for 
this national program and both agencies 
will have access to the information. The 
format for the required information is 
specified by EPA. 

(3) If by model year 2012 the agencies 
are not prepared to receive information 
through the EPA database system, 
manufacturers are required to submit 
information to EPA using an approved 
information format. A manufacturer can 
use a different format, if it sends EPA a 
written request with justification for a 
waiver. 

(b) Pre-model year reports. 
Manufacturers producing heavy-duty 
pickup trucks and vans must submit 
reports in advance of the model year 
providing early estimates demonstrating 
how their fleet(s) would comply with 
GHG emissions and fuel consumption 
standards. Note, the agencies 
understand that early model year 
reports contain estimates that may 
change over the course of a model year 
and that compliance information 
manufactures submit prior to the 
beginning of a new model year may not 
represent the final compliance outcome. 
The agencies view the necessity for 
requiring early model reports as a 
manufacturer’s good faith projection for 
demonstrating compliance with 
emission and fuel consumption 
standards. 

(1) Report deadlines. For model years 
2013 and later, manufacturer of heavy- 
duty pickup trucks and vans complying 
with voluntary and mandatory 
standards must submit a pre-model year 
report for the given model year as early 
as the date of the manufacturer’s annual 
certification preview meeting with EPA 
and NHTSA, or prior to submitting its 
first application for a certificate of 
conformity to EPA in accordance with 
40 CFR 1037.104(d). For example, a 
manufacturer choosing to comply in 
model year 2014 could submit its pre- 
model year report during its 
precertification meeting which could 
occur before January 2, 2013, or could 
provide its pre-model year report any 
time prior to submitting its first 
application for certification for the given 
model year. 

(2) Contents. Each pre-model year 
report must be submitted including the 
following information for each model 
year. 

(i) A list of each unique 
subconfiguration in the manufacturer’s 
fleet describing the make and model 
designations, attribute based-values (i.e., 
GVWR, GCWR, Curb Weight and drive 
configurations) and standards; 

(ii) The emission and fuel 
consumption fleet average standard 
derived from the unique vehicle 
configurations; 

(iii) The estimated vehicle 
configuration, test group and fleet 
production volumes; 

(iv) The expected emissions and fuel 
consumption test group results and fleet 
average performance; 

(v) If complying with MY 2013 fuel 
consumption standards, a statement 
must be provided declaring that the 
manufacturer is voluntarily choosing to 
comply early with the EPA and NHTSA 
programs. The manufacturers must also 
acknowledge that once selected, the 
decision cannot be reversed and the 
manufacturer will continue to comply 
with the fuel consumption standards for 
subsequent model years for all the 
vehicles it manufacturers in each 
regulatory category for a given model 
year; 

(vi) If complying with MYs 2014, 
2015 or 2016 fuel consumption 
standards, a statement must be provided 
declaring whether the manufacturer will 
use fixed or increasing standards in 
accordance with § 535.5(a). The 
manufacturer must also acknowledge 
that once selected, the decision cannot 
be reversed and the manufacturer must 
continue to comply with the same 
alternative for subsequent model years 
for all the vehicles it manufacturers in 
each regulatory category for a given 
model year; 
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(vii) If complying with MYs 2014 or 
2015 fuel consumption standards, a 
statement must be provided declaring 
that the manufacturer is voluntarily 
choosing to comply with NHTSA’s 
voluntary fuel consumption standards 
in accordance with § 535.5(a)(4). The 
manufacturers must also acknowledge 
that once selected, the decision cannot 
be reversed and the manufacturer will 
continue to comply with the fuel 
consumption standards for subsequent 
model years for all the vehicles it 
manufacturers in each regulatory 
category for a given model year; 

(viii) The list of Class 2b and 3 
incomplete vehicles (cab-complete or 
chassis complete vehicles) and the 
method used to certify these vehicles as 
complete pickups and vans identifying 
the most similar complete sister- or 
other complete vehicles used to derive 
the target standards and performance 
test results; 

(ix) The list of Class 4 and 5 
incomplete and complete vehicles and 
the method use to certify these vehicles 
as complete pickups and vans 
identifying the most similar complete or 
sister vehicles used to derive the target 
standards and performance test results; 

(x) List of loose engines included in 
the heavy-duty pickup and van category 
and the list of vehicles used to derive 
target standards and performance test 
results; 

(xi) Copy of any notices a vehicle 
manufacturer sends to the engine 
manufacturer to notify the engine 
manufacturers that their engines are 
subject to emissions and fuel 
consumption standards and that it 
intends to use their engines in excluded 
vehicles; 

(xii) A credit plan identifying the 
manufacturers estimated credit 
balances, planned credit flexibilities 
(i.e., credit balances, planned credit 
trading, innovative, advanced and early 
credits and etc.) and if needed a credit 
deficit plan demonstrating how it plans 
to resolve any credit deficits that might 
occur for a model year within a period 
of up to three model years after that 
deficit has occurred; and 

(xiii) The supplemental information 
specified in paragraph (h) of this 
section. [Note: NHTSA may also ask a 
manufacturer to provide additional 
information if necessary to verify 
compliance with the fuel consumption 
requirements of this regulation.] 

(c) Applications for certificate of 
conformity. Manufacturers producing 
vocational vehicles, tractors and heavy- 
duty engines are required to submit 
applications for certificates of 
conformity to EPA in accordance with 
40 CFR 1036.205 and 1037.205 in 

advance of introducing vehicles for 
commercial sale. Applications contain 
early model year information 
demonstrating how manufacturers plan 
to comply with GHG emissions. For 
model years 2013 and later, 
manufacturers of vocational vehicles, 
tractors and engine complying with 
NHTSA’s voluntary and mandatory 
standards must submit applications for 
certificates of conformity in accordance 
through the EPA database including 
both GHG emissions and fuel 
consumption information for each given 
model year. 

(1) Submission deadlines. 
Applications are primarily submitted in 
advance of the given model year to EPA 
but cannot be submitted any later than 
December 31 of the given model year. 

(2) Contents. Each application for 
certificates of conformity submitted to 
EPA must include the following 
equivalent fuel consumption. 

(i) Equivalent fuel consumption 
values for emissions CO2 FCLs values 
used to certify each engine family in 
accordance with 40 CFR 1036.205(e). 
This provision applies only to 
manufacturers producing heavy-duty 
engines. 

(ii) Equivalent fuel consumption 
values for emission CO2 data engines 
used to comply with emission standards 
in 40 CFR 1036.108. This provision 
applies only to manufacturers 
producing heavy-duty engines. 

(iii) Equivalent fuel consumption 
values for emissions CO2 FELs values 
used to certify each vehicle families or 
subfamilies in accordance with 40 CFR 
1037.205(k). This provision applies only 
to manufacturers producing vocational 
vehicles and tractors. 

(iv) Report modeling results for ten 
configurations in terms of CO2 
emissions and equivalent fuel 
consumption results in accordance with 
40 CFR 1037.205(o). Include modeling 
inputs and detailed descriptions of how 
they were derived. This provision 
applies only to manufacturers 
producing vocational vehicles and 
tractors. 

(3) Additional supplemental 
information. Manufacturers are required 
to submit additional information as 
specified in paragraph (h) of this section 
for the NHTSA program before or at the 
same time it submits its first application 
for a certificate of conformity to EPA. 
Under limited conditions, NHTSA may 
also ask a manufacturer to provide 
additional information directly to the 
Administrator if necessary to verify the 
fuel consumption requirements of this 
regulation. 

(d) End-of-the-year-report. Both 
manufacturers participating and not 

participating in the ABT program are 
required to submit year end reports; 
end-of-the-year (EOY) reports in 
accordance with 40 CFR 1036.730 and 
1037.730. The EOY reports are used to 
review a manufacturer’s preliminary 
final estimates and to identify 
manufacturers that might have a credit 
deficit for the given model year. For 
model years 2013 and later, heavy-duty 
vehicle and engine manufacturers 
complying with NHTSA’s voluntary and 
mandatory standards must submit EOY 
reports through the EPA database 
including both GHG emissions and fuel 
consumption information for each given 
model year. 

(1) Report deadlines. For model year 
2013 and later, heavy-duty vehicle and 
engine manufacturers complying with 
NHTSA voluntary and mandatory 
standards must submit EOY reports 
through the EPA database including 
both GHG emissions and fuel 
consumption information within 90 
days after the end of the given model 
year and no later than April 1 of the 
next calendar year. For example, the 
EOY report for model year 2014 must be 
submitted no later than April 1, 2015. 

(i) If a manufacturer expects 
differences in the information reported 
between the EOY and the final year 
report specified in 40 CFR 1036.730 and 
1037.730, it must provide the most up- 
to-date fuel consumption projections in 
its EOY report and indentify the 
information as preliminary. 

(ii) If the manufacturer cannot provide 
any of the required fuel consumption 
information, it must state the specific 
reason for the insufficiency and identify 
the additional testing needed or explain 
what analytical methods are believed by 
the manufacturer will be necessary to 
eliminate the insufficiency and certify 
that the results will be available for the 
final report. 

(2) Contents. Each EOY report must be 
submitted including the following fuel 
consumption information for each 
model year. 

(i) Engine and vehicle family 
designations and averaging sets. 

(ii) Engine and vehicle regulatory 
subcategory and fuel consumption 
standards including any alternative 
standards used. 

(iii) Engine and vehicle family FCLs 
and FELs in terms of fuel consumption. 

(iv) Production volumes for engines 
and vehicles. 

(v) A credit plan (for manufacturers 
participating in the ABT program) 
identifying the manufacturers actual 
fuel consumption credit balances, credit 
flexibilities, credit trades and a credit 
deficit plan if needed demonstrating 
how it plans to resolve any credit 
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deficits that might occur for a model 
year within a period of up to three 
model years after that deficit has 
occurred 

(vi) A plan describing the vocational 
vehicles and vocational tractors that 
were exempted as heavy-duty off-road 
vehicles. 

(vii) A final plan describing any 
advanced technology engines or 
vehicles including alternative fueled 
vehicles that were produced for the 
model year identifying the approaches 
used to determinate compliance and the 
production volumes. 

(viii) A final list of each unique 
subconfiguration included in a 
manufacturers fleet of heavy-duty 
pickup trucks and vans describing the 
designations, attribute based-values 
(GVWR, GCWR, Curb Weight and drive 
configurations) and standards. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(ix) The final fuel consumption fleet 
average standard derived from the 
unique vehicle configurations. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(x) The preliminary final 
subconfiguration and test group 
production volumes. This provision 
applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(xi) The preliminary final fuel 
consumption test group results and fleet 
average performance. This provision 
applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(xii) Under limited conditions, 
NHTSA may also ask a manufacturer to 
provide additional information directly 
to the Administrator if necessary to 
verify the fuel consumption 
requirements of this part. 

(e) Final reports. Both manufacturers 
participating and not participating in 
the ABT program are required to submit 
year end final reports in accordance 
with 40 CFR 1036.730 and 1037.730. 
The final reports are used to review a 
manufacturer’s final data and to identify 
manufacturers that might have a credit 
deficit for the given model year. For 
model years 2013 and later, heavy-duty 
vehicle and engine manufacturers 
complying with NHTSA’s voluntary and 
mandatory standards must submit final 
reports through the EPA database 
including both GHG emissions and fuel 
consumption information for each given 
model year. 

(1) Report deadlines. For model year 
2013 and later, heavy-duty vehicle and 
engine manufacturers complying with 

NHTSA voluntary and mandatory 
standards must submit final reports 
through the EPA database including 
both GHG emissions and fuel 
consumption information within 270 
days after the end of the given model 
year and no later than October 1 of the 
next calendar year. For example, the 
final reports for model year 2014 must 
be submitted no later than October 1, 
2015. 

(2) Contents. Each final report must be 
submitted including the following fuel 
consumption information for each 
model year. 

(i) Final engine and vehicle family 
designations and averaging sets. 

(ii) Final engine and vehicle fuel 
consumption standards including any 
alternative standards used. 

(iii) Final engine and vehicle family 
FCLs and FELs in terms of fuel 
consumption. 

(iv) Final production volumes for 
engines and vehicles. 

(v) A final credit plan identifying the 
manufacturers actual fuel consumption 
credit balances, credit flexibilities, 
credit trades and a credit deficit plan if 
needed demonstrating how it plans to 
resolve any credit deficits that might 
occur for a model year within a period 
of up to three model years after that 
deficit has occurred 

(vi) A final plan describing the 
vocational vehicles and vocational 
tractors that were exempted as heavy- 
duty off-road vehicles. 

(vii) A final plan describing any 
advanced technology engines or 
vehicles including alternative fueled 
vehicles that were produced for the 
model year identifying the approaches 
used to determinate compliance and the 
production volumes. 

(viii) A final list of each unique 
subconfiguration included in a 
manufacturers fleet of heavy-duty 
pickup trucks and vans describing the 
designations, attribute based-values 
(GVWR, GCWR, Curb Weight and drive 
configurations) and standards. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(ix) The final fuel consumption fleet 
average standard derived from the 
unique vehicle configurations. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(x) The final subconfiguration and test 
group production volumes. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(xi) The final fuel consumption test 
group results and fleet average 
performance. This provision applies 

only to manufacturers producing heavy- 
duty pickup trucks and vans. 

(xii) Under limited conditions, 
NHTSA may also ask a manufacturer to 
provide additional information directly 
to the Administrator if necessary to 
verify the fuel consumption 
requirements of this regulation. 

(f) Amendments to applications for 
certification. At any time, a 
manufacturer modifies an application 
for certification in accordance with 40 
CFR 1036.225 and 1037.225, it must 
submit GHG emissions changes with 
equivalent fuel consumption values for 
the information required in paragraphs 
(b) through (e) and (h) of this section. 

(g) Confidential information. 
Manufacturers must submit a request for 
confidentiality with each electronic 
submission specifying any part of the 
for information or data in a report that 
it believes should be withheld from 
public disclosure as trade secret or other 
confidential business information. 
Information submitted to EPA should 
follow EPA guidelines for treatment of 
confidentiality. Confidential 
information submitted to NHTSA shall 
be treated according to paragraph (g)(1) 
of this section. For any information or 
data requested by the manufacturer to 
be withheld under 5 U.S.C. 552(b)(4) 
and 15 U.S.C. 2005(d)(1), the 
manufacturer shall provide evidence in 
its request for confidentiality to justify 
that: 

(1) The item is within the scope of 5 
U.S.C. 552(b)(4) and 15 U.S.C. 
2005(d)(1); 

(2) The disclosure of such an item 
would result in significant competitive 
damage; 

(3) The period during which the item 
must be withheld to avoid that damage; 
and 

(4) How earlier disclosure would 
result in that damage. 

(h) Additional required information. 
The following additional information is 
required to be submitted through the 
EPA database. NHTSA reserves the right 
to ask a manufacturer to provide 
additional information if necessary to 
verify the fuel consumption 
requirements of this regulation. 

(1) Small business exemptions. 
Vehicles and engines produced by small 
business manufacturers meeting the 
criteria in 13 CFR 121.201 are exempted 
from the requirements of this part. 
Qualifying small business 
manufacturers must notify the EPA and 
NHTSA Administrators before 
importing or introducing into U.S. 
commerce exempted vehicles or 
engines. This notification must include 
a description of the manufacturer’s 
qualification as a small business under 
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13 CFR 121.201 and must be submitted 
to EPA. The agencies may review a 
manufacturer’s qualification as a small 
business manufacturer under 13 CFR 
121.201. 

(2) Early introduction. The provision 
applies to manufacturers seeking to 
comply early with the NHTSA’s fuel 
consumption program prior to model 
year 2014. The manufacturer must send 
the request to EPA before submitting its 
first application for a certificate of 
conformity. 

(3) NHTSA voluntary compliance 
model years. Manufacturers must 
submit a statement declaring whether 
the manufacturer chooses to comply 
voluntarily with NHTSA’s fuel 
consumption standards for model years 
2014 through 2015. The manufacturers 
must acknowledge that once selected, 
the decision cannot be reversed and the 
manufacturer will continue to comply 
with the fuel consumption standards for 
subsequent model years. The 
manufacturer must send the statement 
to EPA before submitting its first 
application for a certificate of 
conformity. 

(4) Alternative engine standards. 
Manufacturers choosing to comply with 
the alternative engine standards must 
notify EPA and NHTSA of their choice 
and include in that notification a 
demonstration that it has exhausted all 
available credits and credit 
opportunities. The manufacturer must 
send the statement to EPA before 
submitting its EOY report. 

(5) Alternate phase-in. Manufacturers 
choosing to comply with the alternative 
engine phase-in must notify EPA and 
NHTSA of their choice. The 
manufacturer must send the statement 
to EPA before submitting its first 
application for a certificate of 
conformity. 

(6) Off-road exclusion (tractors and 
vocational vehicles only). (i) Vehicles 
intended to be used extensively in off- 
road environments such as forests, oil 
fields, and construction sites may be 
exempted without request from the 
requirements of this regulation as 
specified in 49 CFR 523.2 and 
§ 535.5(b). Within 90 days after the end 
of each model year, manufacturers must 
send EPA and NHTSA through the EPA 
database a report with the following 
information: 

(A) A description of each excluded 
vehicle configuration, including an 
explanation of why it qualifies for this 
exclusion. 

(B) The number of vehicles excluded 
for each vehicle configuration. 

(ii) A manufacturer having an off-road 
vehicle failing to meet the criteria under 
the agencies’ off-road exclusions will be 

allowed to submit a petition describing 
how and why their vehicles should 
qualify for exclusion. The process of 
petitioning for an exclusion is explained 
below. For each request, the 
manufacturer will be required to 
describe why it believes an exclusion is 
warranted and address the following 
factors which the agencies will consider 
in granting its petition: 

(A) The agencies will provide an 
exclusion based on off road capability of 
the vehicle or if the vehicle is fitted 
with speed restricted tires. A 
manufacturer should explain which 
exclusion does its vehicle qualify under; 
and 

(B) A manufacturer should verify if 
there are any comparable tires that exist 
in the market to carry out the desired 
application both on and off road for the 
subject vehicle(s) of the petition which 
have LLR values that would enable 
compliance with the standard. 

(7) Vocational tractor. Tractors 
intended to be used as vocational 
tractors may comply with vocational 
vehicle standards in § 535.5(b) of this 
regulation. Manufacturers classifying 
tractor as vocational tractors must 
provide a description of how they meet 
the qualifications in their applications 
for certificates of conformity as 
specified in 40 CFR 1037.205. 

(8) Approval of alternate methods to 
determine drag coefficients (tractors 
only). Manufacturers seeking to use 
alternative methods to determine 
aerodynamic drag coefficients must 
provide a request and gain approval by 
EPA. The manufacturer must send the 
request to EPA before submitting its first 
application for a certificate of 
conformity. 

(9) Innovative technology credits. 
Manufacturers pursuing innovative 
technology credits must submit 
information to the agencies and may be 
subject to a public evaluation process in 
which the public would have 
opportunity for comment if not using a 
test procedure in accordance with 40 
CFR 1037.610(c). Whether the approach 
involves on-road testing, modeling, or 
some other analytical approach, the 
manufacturer would be required to 
present a final methodology to EPA and 
NHTSA. EPA and NHTSA would 
approve the methodology and credits 
only if certain criteria were met. 
Baseline emissions and fuel 
consumption and control emissions and 
fuel consumption would need to be 
clearly demonstrated over a wide range 
of real world driving conditions and 
over a sufficient number of vehicles to 
address issues of uncertainty with the 
data. Data would need to be on a vehicle 
model-specific basis unless a 

manufacturer demonstrated model- 
specific data was not necessary. The 
agencies may publish a notice of 
availability in the Federal Register 
notifying the public of a manufacturer’s 
proposed alternative off-cycle credit 
calculation methodology and provide 
opportunity for comment. Any notice 
will include details regarding the 
methodology, but not include any 
Confidential Business Information. 

(10) Credit trades. If a manufacturer 
trades fuel consumption credits, it must 
send EPA a report within 90 days after 
the transaction, as follows: 

(i) As the seller, the manufacturer 
must include the following information 
in its report: 

(A) The corporate names of the buyer 
and any brokers. 

(B) A copy of any contracts related to 
the trade. 

(C) The fleet, vehicle or engine 
families that generated fuel 
consumption credits for the trade, 
including the number of fuel 
consumption credits from each family. 

(ii) As the buyer, the manufacturer or 
entity must include the following 
information in its report: 

(A) The corporate names of the seller 
and any brokers. 

(B) A copy of any contracts related to 
the trade. 

(C) How the manufacturer or entity 
intends to use the fuel consumption 
credits, including the number of fuel 
consumption credits it intends to apply 
to each vehicle family (if known). 

(i) Public information. Based upon 
information submitted by manufacturers 
and EPA, NHTSA will publish fuel 
consumption standards and 
performance results. 

(j) Information received from EPA. 
NHTSA will receive information from 
EPA as specified in 40 CFR 1036.755 
and 1037.755. 

§ 535.9 Enforcement approach. 
(a) Compliance. (1) NHTSA will 

assess compliance with fuel 
consumption standards each year, based 
upon EPA final verified data submitted 
to NHTSA for its heavy-duty vehicle 
fuel efficiency program established 
pursuant to 49 U.S.C. 32902(k). NHTSA 
may conduct verification testing 
throughout a given model year in order 
to validate data received from 
manufacturers and will discuss any 
potential issues with EPA and the 
manufacturer. 

(2) Credit values in gallons are 
calculated based on the final CO2 
emissions and fuel consumption data 
submitted by manufacturers and 
verified/validated by EPA. 

(3) NHTSA will verify a 
manufacturer’s credit balance in each 
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averaging set for each given model year. 
The average set balance is based upon 
the engines or vehicles performance 
above or below the applicable regulatory 
subcategory standards in each 
respective averaging set and any credits 
that are traded into or out of an 
averaging set during the model year. 

(i) If the balance is positive, the 
manufacturer is designated as having a 
credit surplus. 

(ii) If the balance is negative, the 
manufacturer is designated as having a 
credit deficit. 

(4) NHTSA will provide written 
notification to the manufacturer that has 
a negative balance for any averaging set 
for each model year. The manufacturer 
will be required to confirm the negative 
balance and submit a plan indicating 
how it will allocate existing credits or 
earn, and/or acquire by trade credits, or 
else be liable for a civil penalty as 
determined in paragraph (b) of this 
section. The manufacturer must submit 
a plan within 60 days of receiving 
agency notification. 

(5) Credit shortfall within an 
averaging set may be carried forward 
only three years, and if not offset by 
earned or traded credits, the 
manufacturer may be liable for a civil 
penalty as described in paragraph (b) of 
this section. 

(6) Credit allocation plans received 
from a manufacturer will be reviewed 
and approved by NHTSA. NHTSA will 
approve a credit allocation plan unless 
it determines that the proposed credits 
are unavailable or that it is unlikely that 
the plan will result in the manufacturer 
earning sufficient credits to offset the 
subject credit shortfall. If a plan is 
approved, NHTSA will revise the 
respective manufacturer’s credit account 
accordingly by identifying which 
existing or traded credits are being used 
to address the credit shortfall, or by 
identifying the manufacturer’s plan to 
earn future credits for addressing the 
respective credit shortfall. If a plan is 
rejected, NHTSA will notify the 
respective manufacturer and request a 
revised plan. The manufacturer must 
submit a revised plan within 14 days of 
receiving agency notification. The 
agency will provide a manufacturer one 
opportunity to submit a revised credit 
allocation plan before it initiates civil 
penalty proceedings. 

(7) For purposes of this regulation, 
NHTSA will treat the use of future 
credits for compliance, as through a 
credit allocation plan, as a deferral of 
civil penalties for non-compliance with 
an applicable fuel consumption 
standard. 

(8) If NHTSA receives and approves a 
manufacturer’s credit allocation plan to 

earn future credits within the following 
three model years in order to comply 
with regulatory obligations, NHTSA will 
defer levying civil penalties for non- 
compliance until the date(s) when the 
manufacturer’s approved plan indicates 
that credits will be earned or acquired 
to achieve compliance, and upon 
receiving confirmed CO2 emissions and 
fuel consumption data from EPA. If the 
manufacturer fails to acquire or earn 
sufficient credits by the plan dates, 
NHTSA will initiate civil penalty 
proceedings. 

(9) In the event that NHTSA fails to 
receive or is unable to approve a plan 
for a non-compliant manufacturer due 
to insufficiency or untimeliness, 
NHTSA may initiate civil penalty 
proceedings. 

(10) In the event that a manufacturer 
fails to report accurate fuel consumption 
data for vehicles or engines covered 
under this rule, noncompliance will be 
assumed until corrected by submission 
of the required data, and NHTSA may 
initiate civil penalty proceedings. 

(b) Civil penalties. (1) Generally. 
NHTSA may assess a civil penalty for 
any violation of this part under 49 
U.S.C. 32902(k). This section states the 
procedures for assessing civil penalties 
for violations of § 535.5. The provisions 
of 5 U.S.C. 554, 556, and 557 do not 
apply to any proceedings conducted 
pursuant to this section. 

(2) Initial determination of 
noncompliance. An action for civil 
penalties is commenced by the 
execution of a Notice of Violation. A 
determination by NHTSA’s Office of 
Enforcement of noncompliance with 
applicable fuel consumption standards 
utilizing the certified and reported CO2 
emissions and fuel consumption data 
provided by the Environmental 
Protection Agency as described in this 
part, and after considering all the 
flexibilities available under § 535.7, 
underlies a Notice of Violation. If 
NHTSA Enforcement determines that a 
manufacturer’s averaging set of vehicles 
or engines fails to comply with the 
applicable fuel consumption standard(s) 
by generating a credit shortfall, the 
chassis, vehicle or engine manufacturer, 
as relevant, shall be subject to a civil 
penalty. 

(3) Numbers of violations and 
maximum civil penalties. Any violation 
shall constitute a separate violation with 
respect to each vehicle or engine within 
the applicable regulatory averaging set. 
The maximum civil penalty is not more 
than $37,500.00 per vehicle or engine. 
The maximum civil penalty under this 
section for a related series of violations 
shall be determined by multiplying 
$37,500.00 times the vehicle or engine 

production volume for the model year 
in question within the regulatory 
averaging set. NHTSA may adjust this 
civil penalty amount to account for 
inflation. 

(4) Factors for determining penalty 
amount. In determining the amount of 
any civil penalty proposed to be 
assessed or assessed under this section, 
NHTSA shall take into account the 
gravity of the violation, the size of the 
violator’s business, the violator’s history 
of compliance with applicable fuel 
consumption standards, the actual fuel 
consumption performance related to the 
applicable standards, the estimated cost 
to comply with the regulation and 
applicable standards, the quantity of 
vehicles or engines not complying, and 
the effect of the penalty on the violator’s 
ability to continue in business. The 
‘‘estimated cost to comply with the 
regulation and applicable standards,’’ 
will be used to ensure that penalties for 
non-compliance will not be less than 
the cost of compliance. 

(5) NHTSA enforcement report of 
determination of non-compliance. (i) If 
NHTSA Enforcement determines that a 
violation has occurred, NHTSA 
Enforcement may prepare a report and 
send the report to the NHTSA Chief 
Counsel. 

(ii) The NHTSA Chief Counsel will 
review the report prepared by NHTSA 
Enforcement to determine if there is 
sufficient information to establish a 
likely violation. 

(iii) If the Chief Counsel determines 
that a violation has likely occurred, the 
Chief Counsel may issue a Notice of 
Violation to the party. 

(iv) If the Chief Counsel issues a 
Notice of Violation, he or she will 
prepare a case file with recommended 
actions. A record of any prior violations 
by the same party shall be forwarded 
with the case file. 

(6) Notice of violation. (i) The Notice 
of Violation will contain the following 
information: 

(A) The name and address of the 
party; 

(B) The alleged violation(s) and the 
applicable fuel consumption standard(s) 
violated; 

(C) The amount of the proposed 
penalty and basis for that amount; 

(D) The place to which, and the 
manner in which, payment is to be 
made; 

(E) A statement that the party may 
decline the Notice of Violation and that 
if the Notice of Violation is declined 
within 30 days of the date shown on the 
Notice of Violation, the party has the 
right to a hearing, if requested within 30 
days of the date shown on the Notice of 
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Violation, prior to a final assessment of 
a penalty by a Hearing Officer; and 

(F) A statement that failure to either 
pay the proposed penalty or to decline 
the Notice of Violation and request a 
hearing within 30 days of the date 
shown on the Notice of Violation will 
result in a finding of violation by default 
and that NHTSA will proceed with the 
civil penalty in the amount proposed on 
the Notice of Violation without 
processing the violation under the 
hearing procedures set forth in this 
subpart. 

(ii) The Notice of Violation may be 
delivered to the party by: 

(A) Mailing to the party (certified mail 
is not required); 

(B) Use of an overnight or express 
courier service; or 

(C) Facsimile transmission or 
electronic mail (with or without 
attachments) to the party or an 
employee of the party. 

(iii) At any time after the Notice of 
Violation is issued, NHTSA and the 
party may agree to reach a compromise 
on the payment amount. 

(iv) Once a penalty amount is paid in 
full, a finding of ‘‘resolved with 
payment’’ will be entered into the case 
file. 

(v) If the party agrees to pay the 
proposed penalty, but has not made 
payment within 30 days of the date 
shown on the Notice of Violation, 
NHTSA will enter a finding of violation 
by default in the matter and NHTSA 
will proceed with the civil penalty in 
the amount proposed on the Notice of 
Violation without processing the 
violation under the hearing procedures 
set forth in this subpart. 

(vi) If within 30 days of the date 
shown on the Notice of Violation a party 
fails to pay the proposed penalty on the 
Notice of Violation, and fails to request 
a hearing, then NHTSA will enter a 
finding of violation by default in the 
case file, and will assess the civil 
penalty in the amount set forth on the 
Notice of Violation without processing 
the violation under the hearing 
procedures set forth in this subpart. 

(vii) NHTSA’s order assessing the 
civil penalty following a party’s default 
is a final agency action. 

(7) Hearing Officer. (i) If a party 
timely requests a hearing after receiving 
a Notice of Violation, a Hearing Officer 
shall hear the case. 

(ii) The Hearing Officer will be 
appointed by the NHTSA 
Administrator, and is solely responsible 
for the case referred to him or her. The 
Hearing Officer shall have no other 
responsibility, direct or supervisory, for 
the investigation of cases referred for the 
assessment of civil penalties. The 

Hearing Officer shall have no duties 
related to the light-duty fuel economy or 
medium- and heavy-duty fuel efficiency 
programs. 

(iii) The Hearing Officer decides each 
case on the basis of the information 
before him or her. 

(8) Initiation of action before the 
Hearing Officer. (i) After the Hearing 
Officer receives the case file from the 
Chief Counsel, the Hearing Officer 
notifies the party in writing of: 

(A) The date, time, and location of the 
hearing and whether the hearing will be 
conducted telephonically or at the DOT 
Headquarters building in Washington, 
DC; 

(B) The right to be represented at all 
stages of the proceeding by counsel as 
set forth in paragraph (b)(9) of this 
section; 

(C) The right to a free copy of all 
written evidence in the case file. 

(ii) On the request of a party, or at the 
Hearing Officer’s direction, multiple 
proceedings may be consolidated if at 
any time it appears that such 
consolidation is necessary or desirable. 

(9) Counsel. A party has the right to 
be represented at all stages of the 
proceeding by counsel. A party electing 
to be represented by counsel must notify 
the Hearing Officer of this election in 
writing, after which point the Hearing 
Officer will direct all further 
communications to that counsel. A 
party represented by counsel bears all of 
its own attorneys’ fees and costs. 

(10) Hearing location and costs. (i) 
Unless the party requests a hearing at 
which the party appears before the 
Hearing Officer in Washington, DC, the 
hearing may be held telephonically. In 
Washington, DC, the hearing is held at 
the headquarters of the U.S. Department 
of Transportation. 

(ii) The Hearing Officer may transfer 
a case to another Hearing Officer at a 
party’s request or at the Hearing 
Officer’s direction. 

(iii) A party is responsible for all fees 
and costs (including attorneys’ fees and 
costs, and costs that may be associated 
with travel or accommodations) 
associated with attending a hearing. 

(11) Hearing procedures. (i) There is 
no right to discovery in any proceedings 
conducted pursuant to this subpart. 

(ii) The material in the case file 
pertinent to the issues to be determined 
by the Hearing Officer is presented by 
the Chief Counsel or his or her designee. 

(iii) The Chief Counsel may 
supplement the case file with 
information prior to the hearing. A copy 
of such information will be provided to 
the party no later than 3 business days 
before the hearing. 

(iv) At the close of the Chief Counsel’s 
presentation of evidence, the party has 
the right to examine respond to and 
rebut material in the case file and other 
information presented by the Chief 
Counsel. In the case of witness 
testimony, both parties have the right of 
cross-examination. 

(v) In receiving evidence, the Hearing 
Officer is not bound by strict rules of 
evidence. In evaluating the evidence 
presented, the Hearing Officer must give 
due consideration to the reliability and 
relevance of each item of evidence. 

(vi) At the close of the party’s 
presentation of evidence, the Hearing 
Officer may allow the introduction of 
rebuttal evidence that may be presented 
by the Chief Counsel. 

(vii) The Hearing Officer may allow 
the party to respond to any rebuttal 
evidence submitted. 

(viii) After the evidence in the case 
has been presented, the Chief Counsel 
and the party may present arguments on 
the issues in the case. The party may 
also request an opportunity to submit a 
written statement for consideration by 
the Hearing Officer and for further 
review. If granted, the Hearing Officer 
shall allow a reasonable time for 
submission of the statement and shall 
specify the date by which it must be 
received. If the statement is not received 
within the time prescribed, or within 
the limits of any extension of time 
granted by the Hearing Officer, it need 
not be considered by the Hearing 
Officer. 

(ix) A verbatim transcript of the 
hearing will not normally be prepared. 
A party may, solely at its own expense, 
cause a verbatim transcript to be made. 
If a verbatim transcript is made, the 
party shall submit two copies to the 
Hearing Officer not later than 15 days 
after the hearing. The Hearing Officer 
shall include such transcript in the 
record. 

(12) Determination of violations and 
assessment of civil penalties. (i) Not 
later than 30 days following the close of 
the hearing, the Hearing Officer shall 
issue a written decision on the Notice of 
Violation, based on the hearing record. 
This may be extended by the Hearing 
officer if the submissions by the Chief 
Counsel or the party are voluminous. 
The decision shall address each alleged 
violation, and may do so collectively. 
For each alleged violation, the decision 
shall find a violation or no violation and 
provide a basis for the finding. The 
decision shall set forth the basis for the 
Hearing Officer’s assessment of a civil 
penalty, or decision not to assess a civil 
penalty. In determining the amount of 
the civil penalty, the gravity of the 
violation, the size of the violator’s 
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business, the violator’s history of 
compliance with applicable fuel 
consumption standards, the actual fuel 
consumption performance related to the 
applicable standard, the estimated cost 
to comply with the regulation and 
applicable standard, the quantity of 
vehicles or engines not complying, and 
the effect of the penalty on the violator’s 
ability to continue in business. The 
assessment of a civil penalty by the 
Hearing Officer shall be set forth in an 
accompanying final order. The Hearing 
Officer’s written final order is a final 
agency action. 

(ii) If the Hearing Officer assesses civil 
penalties in excess of $1,000,000, the 
Hearing Officer’s decision shall contain 
a statement advising the party of the 
right to an administrative appeal to the 
Administrator within a specified period 
of time. The party is advised that failure 
to submit an appeal within the 
prescribed time will bar its 
consideration and that failure to appeal 
on the basis of a particular issue will 
constitute a waiver of that issue in its 
appeal before the Administrator. 

(iii) The filing of a timely and 
complete appeal to the Administrator of 
a Hearing Officer’s order assessing a 
civil penalty shall suspend the 
operation of the Hearing Officer’s 
penalty, which shall no longer be a final 
agency action. 

(iv) There shall be no administrative 
appeals of civil penalties assessed by a 
Hearing Officer of less than $1,000,000. 

(13) Appeals of civil penalties in 
excess of $1,000,000. (i) A party may 
appeal the Hearing Officer’s order 
assessing civil penalties over $1,000,000 
to the Administrator within 21 days of 

the date of the issuance of the Hearing 
Officer’s order. 

(ii) The Administrator will review the 
decision of the Hearing Officer de novo, 
and may affirm the decision of the 
hearing officer and assess a civil 
penalty, or 

(iii) The Administrator may: 
(A) Modify a civil penalty; 
(B) Rescind the Notice of Violation; or 
(C) Remand the case back to the 

Hearing Officer for new or additional 
proceedings. 

(iv) In the absence of a remand, the 
decision of the Administrator in an 
appeal is a final agency action. 

(14) Collection of assessed or 
compromised civil penalties. (i) 
Payment of a civil penalty, whether 
assessed or compromised, shall be made 
by check, postal money order, or 
electronic transfer of funds, as provided 
in instructions by the agency. A 
payment of civil penalties shall not be 
considered a request for a hearing. 

(ii) The party must remit payment of 
any assessed civil penalty to NHTSA 
within 30 days after receipt of the 
Hearing Officer’s order assessing civil 
penalties, or, in the case of an appeal to 
the Administrator, within 30 days after 
receipt of the Administrator’s decision 
on the appeal. 

(iii) The party must remit payment of 
any compromised civil penalty to 
NHTSA on the date and under such 
terms and conditions as agreed to by the 
party and NHTSA. Failure to pay may 
result in NHTSA entering a finding of 
violation by default and assessing a civil 
penalty in the amount proposed in the 
Notice of Violation without processing 

the violation under the hearing 
procedures set forth in this part. 

(c) Changes in corporate ownership 
and control. Manufacturers must inform 
NHTSA of corporate relationship 
changes to ensure that credit accounts 
are identified correctly and credits are 
assigned and allocated properly. 

(1) In general, if two manufacturers 
merge in any way, they must inform 
NHTSA how they plan to merge their 
credit accounts. NHTSA will 
subsequently assess corporate fuel 
consumption and compliance status of 
the merged fleet instead of the original 
separate fleets. 

(2) If a manufacturer divides or 
divests itself of a portion of its 
automobile manufacturing business, it 
must inform NHTSA how it plans to 
divide the manufacturer’s credit 
holdings into two or more accounts. 
NHTSA will subsequently distribute 
holdings as directed by the 
manufacturer, subject to provision for 
reasonably anticipated compliance 
obligations. 

(3) If a manufacturer is a successor to 
another manufacturer’s business, it must 
inform NHTSA how it plans to allocate 
credits and resolve liabilities per 49 CFR 
part 534. 

Dated: August 9, 2011. 
Ray LaHood, 
Secretary, Department of Transportation. 

Dated: August 9, 2011. 
Lisa P. Jackson, 
Administrator, Environmental Protection 
Agency. 
[FR Doc. 2011–20740 Filed 9–14–11; 8:45 am] 

BILLING CODE 4910–59–P 
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1 As discussed in Section I.A, the term heavy- 
duty is generally used in this rulemaking to refer 

to all vehicles with a gross vehicle weight rating 
above 8,500 lbs, including vehicles that are 

sometimes otherwise known as medium-duty 
vehicles. 

ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Parts 9, 22, 85, 86, 600, 1033, 
1036, 1037, 1039, 1042, 1043, 1065, 
1066, and 1068 

DEPARTMENT OF TRANSPORTATION 

National Highway Traffic Safety 
Administration 

49 CFR Parts 523, 534, 535, and 538 

[EPA–HQ–OAR–2014–0827; NHTSA–2014– 
0132; FRL–9950–25–OAR] 

RIN 2060–AS16; RIN 2127–AL52 

Greenhouse Gas Emissions and Fuel 
Efficiency Standards for Medium- and 
Heavy-Duty Engines and Vehicles— 
Phase 2 

AGENCY: Environmental Protection 
Agency (EPA) and National Highway 
Traffic Safety Administration (NHTSA), 
Department of Transportation (DOT). 
ACTION: Final rule. 

SUMMARY: EPA and NHTSA, on behalf of 
the Department of Transportation, are 
establishing rules for a comprehensive 
Phase 2 Heavy-Duty (HD) National 
Program that will reduce greenhouse gas 
(GHG) emissions and fuel consumption 
from new on-road medium- and heavy- 
duty vehicles and engines. NHTSA’s 
fuel consumption standards and EPA’s 
carbon dioxide (CO2) emission 
standards are tailored to each of four 
regulatory categories of heavy-duty 
vehicles: Combination tractors; trailers 
used in combination with those tractors; 
heavy-duty pickup trucks and vans; and 
vocational vehicles. The rule also 
includes separate standards for the 
engines that power combination tractors 
and vocational vehicles. Certain 
requirements for control of GHG 
emissions are exclusive to the EPA 
program. These include EPA’s 
hydrofluorocarbon standards to control 
leakage from air conditioning systems in 
vocational vehicles and EPA’s nitrous 
oxide (N2O) and methane (CH4) 
standards for heavy-duty engines. 
Additionally, NHTSA is addressing 
misalignment between the Phase 1 EPA 

GHG standards and the NHTSA fuel 
efficiency standards to virtually 
eliminate the differences. This action 
also includes certain EPA-specific 
provisions relating to control of 
emissions of pollutants other than 
GHGs. EPA is finalizing non-GHG 
emission standards relating to the use of 
diesel auxiliary power units installed in 
new tractors. In addition, EPA is 
clarifying the classification of natural 
gas engines and other gaseous-fueled 
heavy-duty engines. EPA is also 
finalizing technical amendments to EPA 
rules that apply to emissions of non- 
GHG pollutants from light-duty motor 
vehicles, marine diesel engines, and 
other nonroad engines and equipment. 
Finally, EPA is requiring that engines 
from donor vehicles installed in new 
glider vehicles meet the emission 
standards applicable in the year of 
assembly of the new glider vehicle, 
including all applicable standards for 
criteria pollutants, with limited 
exceptions for small businesses and for 
other special circumstances. 
DATES: This final rule is effective on 
December 27, 2016. The incorporation 
by reference of certain publications 
listed in this regulation is approved by 
the Director of the Federal Register as of 
December 27, 2016. 
ADDRESSES: EPA and NHTSA have 
established dockets for this action under 
Docket ID No. EPA–HQ–OAR–2014– 
0827 (for EPA’s docket) and NHTSA– 
2014–0132 (for NHTSA’s docket). All 
documents in the docket are listed on 
the https://www.regulations.gov Web 
site. Although listed in the index, some 
information is not publicly available, 
e.g., CBI or other information whose 
disclosure is restricted by statute. 
Certain other material, such as 
copyrighted material, is not placed on 
the Internet and will be publicly 
available only in hard copy form. 
Publicly available docket materials are 
available either electronically in https:// 
www.regulations.gov or in hard copy at 
the following locations: 

EPA: Air and Radiation Docket and 
Information Center, EPA Docket Center, 
EPA/DC, EPA WJC West Building, 1301 
Constitution Ave. NW., Room 3334, 
Washington, DC. The Public Reading 

Room is open from 8:30 a.m. to 4:30 
p.m., Monday through Friday, excluding 
legal holidays. The telephone number 
for the Public Reading Room is (202) 
566–1744, and the telephone number for 
the Air Docket is (202) 566–1742. 

NHTSA: Docket Management Facility, 
M–30, U.S. Department of 
Transportation, West Building, Ground 
Floor, Rm. W12–140, 1200 New Jersey 
Avenue SE., Washington, DC 20590. 
The telephone number for the docket 
management facility is (202) 366–9324. 
The docket management facility is open 
between 9 a.m. and 5 p.m. Eastern Time, 
Monday through Friday, except Federal 
Holidays. 
FOR FURTHER INFORMATION CONTACT: 

EPA: Tad Wysor, Office of 
Transportation and Air Quality, 
Assessment and Standards Division 
(ASD), Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; telephone number: 
(734) 214–4332; email address: 
wysor.tad@epa.gov. 

NHTSA: Ryan Hagen, Office of Chief 
Counsel, National Highway Traffic 
Safety Administration, 1200 New Jersey 
Avenue SE., Washington, DC 20590. 
Telephone: (202) 366–2992; 
ryan.hagen@dot.gov. 
SUPPLEMENTARY INFORMATION: 

A. Does this action apply to me? 

This action will affect companies that 
manufacture, sell, or import into the 
United States new heavy-duty engines 
and new Class 2b through 8 trucks, 
including combination tractors, all types 
of buses, vocational vehicles including 
municipal, commercial, recreational 
vehicles, and commercial trailers as 
well as 3⁄4-ton and 1-ton pickup trucks 
and vans. The heavy-duty category 
incorporates all motor vehicles with a 
gross vehicle weight rating of 8,500 lbs. 
or greater, and the engines that power 
them, except for medium-duty 
passenger vehicles already covered by 
the greenhouse gas standards and 
corporate average fuel economy 
standards issued for light-duty model 
year 2017–2025 vehicles.1 Regulated 
categories and entities include the 
following: 

Category NAICS code a Examples of potentially affected entities 

Industry ............. 336111 Motor Vehicle Manufacturers, Engine Manufacturers, Truck Manufacturers, Truck Trailer Manufacturers. 
336112 
333618 
336120 
336212 

Industry ............. 541514 Commercial Importers of Vehicles and Vehicle Components. 
811112 
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2 The White House, The President’s Climate 
Action Plan (June, 2013). http://
www.whitehouse.gov/share/climate-action-plan. 

3 United States of America, Intended Nationally 
Determined Contribution, March 31, 2015, http://
www4.unfccc.int/submissions/INDC/Published%20
Documents/United%20States%20of%20America/1/ 
U.S.%20Cover%20Note%20INDC%20and%20
Accompanying%20Information.pdf. 

4 EPA’s HD Phase 2 GHG emission standards are 
authorized under the Clean Air Act, and NHTSA’s 
HD Phase 2 fuel consumption standards are 
authorized under the Energy Independence and 
Security Act of 2007. 

5 The White House, Improving the Fuel Efficiency 
of American Trucks—Bolstering Energy Security, 
Cutting Carbon Pollution, Saving Money and 
Supporting Manufacturing Innovation (Feb. 2014), 
2. 

6 U.S. Environmental Protection Agency. April 
2016. Inventory of U.S. Greenhouse Gas Emissions 
and Sinks: 1990–2012. EPA 430–R–16–002. Mobile 
sources emitted 28 percent of all U.S. GHG 
emissions in 2012. Available at https://www3.epa.
gov/climatechange/Downloads/ghgemissions/US–
GHG-Inventory-2016-Main-Text.pdf. 

Category NAICS code a Examples of potentially affected entities 

811198 
Industry ............. 336111 Alternative Fuel Vehicle Converters. 

336112 
422720 
454312 
541514 
541690 
811198 

Note: 
a North American Industry Classification System (NAICS). 

This table is not intended to be 
exhaustive, but rather provides a guide 
for readers regarding entities likely 
covered by these rules. This table lists 
the types of entities that the agencies are 
aware may be regulated by this action. 
Other types of entities not listed in the 
table could also be regulated. To 
determine whether your activities are 
regulated by this action, you should 
carefully examine the applicability 
criteria in the referenced regulations. 
You may direct questions regarding the 
applicability of this action to the 
persons listed in the preceding FOR 
FURTHER INFORMATION CONTACT section. 

B. Did EPA conduct a peer review 
before issuing this document? 

This regulatory action is supported by 
influential scientific information. 
Therefore, EPA conducted a peer review 
consistent with OMB’s Final 
Information Quality Bulletin for Peer 
Review. As described in Section II.C, a 
peer review of updates to the vehicle 
simulation model (GEM) for the Phase 2 
standards has been completed. This 
version of GEM is based on the model 
used for the Phase 1 rule, which was 
peer reviewed by a panel of four 
independent subject matter experts. The 
peer review report and EPA’s response 
to the peer review comments are 
available in Docket ID No. EPA–HQ– 
OAR–2014–0827. We note that this 
rulemaking is based on a vast body of 
existing peer-reviewed work, i.e., work 
that was peer-reviewed outside of this 
action, as noted in the references 
throughout this Preamble, the 
Regulatory Impacts Analysis, and the 
rulemaking docket. EPA also notified 
the SAB of its plans for this rulemaking 
and on June 11, 2014, the chartered SAB 
discussed the recommendations of its 
work group on the planned action and 
agreed that no further SAB 
consideration of the supporting science 
was merited. 

C. Executive Summary 

(1) Commitment to Greenhouse Gas 
Emission Reductions and Vehicle Fuel 
Efficiency 

In June 2013, the President 
announced a comprehensive Climate 
Action Plan for the United States to 
reduce carbon pollution, prepare for the 
impacts of climate change, and lead 
international efforts to address global 
climate change.2 In this plan, President 
Obama reaffirmed his commitment to 
reduce U.S. greenhouse gas emissions in 
the range of 17 percent below 2005 
levels by 2020. More recently, in 
December 2015, the U.S. was one of 
over 190 signatories to the Paris Climate 
Agreement, widely regarded as the most 
ambitious climate change agreement in 
history. The Paris agreement reaffirms 
the goal of limiting global temperature 
increase to well below 2 degrees 
Celsius, and for the first time urged 
efforts to limit the temperature increase 
to 1.5 degrees Celsius. The U.S. 
submitted a non-binding intended 
nationally determined contribution 
(NDC) target of reducing economy-wide 
GHG emissions by 26–28 percent below 
its 2005 level in 2025 and to make best 
efforts to reduce emissions by 28 
percent.3 This pace would keep the U.S. 
on a trajectory to achieve deep 
economy-wide reductions on the order 
of 80 percent by 2050. 

As part of his Climate Action plan, 
the President specifically directed the 
Environmental Protection Agency (EPA) 
and the Department of Transportation’s 
(DOT) National Highway Traffic Safety 
Administration (NHTSA) to set the next 
round of standards to reduce 
greenhouse gas (GHG) emissions and 
improve fuel efficiency for heavy-duty 
vehicles pursuant to and consistent with 
the agencies’ existing statutory 

authorities.4 More than 70 percent of the 
oil used in the United States and 26 
percent of GHG emissions come from 
the transportation sector, and since 2009 
EPA and NHTSA have worked with 
industry, states, and other stakeholders 
to develop ambitious, flexible standards 
for both the fuel economy and GHG 
emissions of light-duty vehicles and the 
fuel efficiency and GHG emissions of 
heavy-duty vehicles.5 6 The standards 
here (referred to as Phase 2) will build 
on the light-duty vehicle standards 
spanning model years 2012 to 2025 and 
on the initial phase of standards 
(referred to as Phase 1) for new medium 
and heavy-duty vehicles (MDVs and 
HDVs) and engines in model years 2014 
to 2018. Throughout every stage of 
development for these programs, EPA 
and NHTSA (collectively, the agencies, 
or ‘‘we’’) have worked in close 
partnership not only with one another, 
but also with the vehicle manufacturing 
industry, environmental community 
leaders, and the State of California 
among other entities to create a single, 
effective set of national standards. 

Through two previous rulemakings, 
EPA and NHTSA have worked with the 
auto industry to develop new fuel 
economy and GHG emission standards 
for light-duty vehicles. Taken together 
with NHTSA’s 2011 CAFE standards, 
the light-duty vehicle standards span 
model years 2011 to 2025 and are the 
first significant improvement in fuel 
economy in approximately two decades. 
Under the final program, average new 
car and light truck fuel economy is 
expected to nearly double by 2025 
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7 The White House, Improving the Fuel Efficiency 
of American Trucks—Bolstering Energy Security, 
Cutting Carbon Pollution, Saving Money and 
Supporting Manufacturing Innovation (Feb. 2014), 
2. 

8 Id. 
9 Id. at 3. 
10 Id. 
11 Id. 
12 Id. at 4. 

13 The President’s Climate Action Plan calls for 
GHG-cutting actions including, for example, 
reducing carbon emissions from power plants and 
curbing hydrofluorocarbon and methane emissions. 

14 ‘‘Heavy-Duty Phase 2 Stakeholder Meeting 
Log’’, August 2016. 

15 The Phase 2 program will also include NHTSA 
recreational vehicle fuel efficiency standards. 

16 The White House, Improving the Fuel 
Efficiency of American Trucks—Bolstering Energy 

compared to 2010 vehicles.7 In the 2012 
rule, the agencies projected the 
standards would save consumers $1.7 
trillion at the pump—roughly $8,200 
per vehicle for a MY 2025 vehicle— 
reducing oil consumption by 2.2 million 
barrels a day in 2025 and slashing GHG 
emissions by 6 billion metric tons over 
the lifetime of the vehicles sold during 
this period.8 These fuel economy 
standards are already delivering savings 
for American drivers. Between model 
years 2008 and 2013, the unadjusted 
average test fuel economy of new 
passenger cars and light trucks sold in 
the United States has increased by about 
four miles per gallon. Altogether, light- 
duty vehicle fuel economy standards 
finalized after 2008 have already saved 
nearly one billion gallons of fuel and 
avoided more than 10 million tons of 
carbon dioxide emissions.9 

Similarly, EPA and NHTSA have 
previously developed joint GHG 
emission and fuel efficiency standards 
for MDVs and HDVs. Prior to these 
Phase 1 standards, heavy-duty trucks 
and buses—from delivery vans to the 
largest tractor-trailers—were required to 
meet pollution standards for soot and 
smog-causing air pollutants, but no 
requirements existed for the fuel 
efficiency or carbon pollution from 
these vehicles.10 By 2010, total fuel 
consumption and GHG emissions from 
MDVs and HDVs had been growing, and 
these vehicles accounted for 23 percent 
of total U.S. transportation-related GHG 
emissions 11 and about 20 percent of 
U.S. transportation-related energy use. 
In August 2011, the agencies finalized 
the groundbreaking Phase 1 standards 
for new MDVs and HDVs in model years 
2014 through 2018. This program, 
developed with support from the 
trucking and engine industries, the State 
of California, Environment and Climate 
Change Canada, and leaders from the 
environmental community, set 
standards based on the use of off-the- 
shelf technologies. These standards are 
expected to save a projected 530 million 
barrels of oil and reduce carbon 
emissions by about 270 million metric 
tons, representing one of the most 
significant programs available to reduce 
domestic fuel consumption and 
emissions of GHGs.12 The Phase 1 
program, as well as the many additional 

actions called for in the President’s 2013 
Climate Action Plan 13 including this 
Phase 2 rulemaking, not only result in 
meaningful decreases in GHG emissions 
and fuel consumption, but also 
support—indeed are critical for—United 
States leadership to encourage other 
countries to also achieve meaningful 
GHG reductions and fuel conservation. 

This rule builds on our commitment 
to robust collaboration with 
stakeholders and the public. It follows 
an expansive and thorough outreach 
effort in which the agencies gathered 
input, data and views from many 
interested stakeholders, involving over 
400 meetings with heavy-duty vehicle 
and engine manufacturers, technology 
suppliers, trucking fleets, truck drivers, 
dealerships, environmental 
organizations, and state agencies.14 As 
with the previous light-duty rules and 
the heavy-duty Phase 1 rule, the 
agencies have consulted frequently with 
the California Air Resources Board 
(CARB) staff during the development of 
this rule, given California’s unique 
ability among the states to adopt their 
own GHG standards for on-highway 
engines and vehicles. Through this close 
coordination, the agencies are finalizing 
a Phase 2 program that will be fully 
aligned between EPA and NHTSA, 
while providing CARB with the 
opportunity to adopt a Phase 2 program 
that will allow manufacturers to 
continue to build a single fleet of 
vehicles and engines. 

(2) Overview of Phase 1 Medium- and 
Heavy-Duty Vehicle Standards 

The Phase 1 program covers new 
trucks and heavy vehicles in model 
years 2014 and later. That program 
includes specific standards for 
combination tractors, heavy-duty 
pickup trucks and vans, and vocational 
vehicles and includes separate 
standards for both vehicles and engines. 
The program offers extensive flexibility, 
allowing manufacturers to reach 
standards through average fleet 
calculations, a mix of technologies, and 
the use of various credit and banking 
programs. 

The Phase 1 program was developed 
by the agencies through close 
consultation with industry and other 
stakeholders, resulting in standards 
tailored to the specifics of each different 
class of vehicles and engines. 

• Heavy-duty combination tractors. 
Combination tractors—semi trucks that 

typically pull trailers—are regulated 
under nine subcategories based on 
weight class, cab type, and roof height. 
These vehicles represent approximately 
60 percent of the fuel consumption and 
GHG emissions from MDVs and HDVs. 

• Heavy-duty pickup trucks and vans. 
Heavy-duty pickup and van standards 
are based on a ‘‘work factor’’ attribute 
that combines a vehicle’s payload, 
towing capabilities, and the presence of 
4-wheel drive. These vehicles represent 
about 23 percent of the fuel 
consumption and GHG emissions from 
MDVs and HDVs. 

• Vocational vehicles. Specialized 
vocational vehicles, which consist of a 
very wide variety of truck and bus types 
(e.g., delivery, refuse, utility, dump, 
cement, transit bus, shuttle bus, school 
bus, emergency vehicles, and 
recreational vehicles) are regulated in 
three subcategories based on engine 
classification. These vehicles represent 
approximately 17 percent of the fuel 
consumption and GHG emissions from 
MDVs and HDVs. The Phase 1 program 
includes EPA GHG standards for 
recreational vehicles, but not NHTSA 
fuel efficiency standards.15 

• Heavy-duty engines. The Phase 1 
rule has independent standards for 
heavy-duty engines to assure they 
contribute to reducing GHG emissions 
and fuel consumption because the Phase 
1 tractor and vocational vehicle 
standards do not account for the 
contributions of engine improvements 
to reducing fuel consumption and GHG 
emissions. 

The Phase 1 standards were premised 
on utilization of technologies that were 
already in production on some vehicles 
at the time of the Phase 1 FRM and are 
adaptable to the broader fleet. The Phase 
1 program provides flexibilities that 
facilitate compliance. These flexibilities 
help provide sufficient lead time for 
manufacturers to make necessary 
technological improvements and reduce 
the overall cost of the program, without 
compromising overall environmental 
and fuel consumption objectives. The 
primary flexibility provisions are an 
engine averaging, banking, and trading 
(ABT) program and a vehicle ABT 
program. These ABT programs allow for 
emission and/or fuel consumption 
credits to be averaged, banked, or traded 
within each of the averaging sets. 

The Phase 1 program was projected to 
save 530 million barrels of oil and avoid 
270 million metric tons of GHG 
emissions.16 At the same time, the 
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Security, Cutting Carbon Pollution, Saving Money and Supporting Manufacturing Innovation (Feb. 
2014), 4. 

program was projected to produce $50 
billion in fuel savings and $49 billion of 
net societal benefits. Today, the Phase 1 
fuel efficiency and GHG reduction 
standards are already reducing GHG 
emissions and U.S. oil consumption, 
and producing fuel savings for 
America’s trucking industry. The market 
appears to be very accepting of the 
Phase 1 technologies. 

(3) Overview of Phase 2 Medium- and 
Heavy-Duty Vehicle Standards 

The Phase 2 GHG and fuel efficiency 
standards for MDVs and HDVs are a 
critical next step in improving fuel 
efficiency and reducing GHG emissions. 
The Phase 2 national program carries 
forward our commitment to meaningful 
collaboration with stakeholders and the 
public, as they build on more than 400 
meetings with manufacturers, suppliers, 
trucking fleets, dealerships, state air 
quality agencies, non-governmental 
organizations (NGOs), and other 
stakeholders; over 200,000 public 
comments; and two public hearings to 
identify and understand the 
opportunities and challenges involved 
with this next level of fuel-saving 
technology. These meetings and public 
feedback, in addition to close 
coordination with CARB, have been 
invaluable to the agencies, enabling the 
development of a program that 
appropriately balances all potential 
impacts, effectively minimizes the 
possibility of unintended consequences, 
and allows manufacturers to continue to 
build a single fleet of vehicles and 
engines. 

Phase 2 will include technology- 
advancing standards that will phase in 
over the long-term (through model year 
2027) to result in an ambitious, yet 
achievable program that will allow 
manufacturers to meet standards 
through a mix of different technologies 
at reasonable cost. The terminal 
requirements go into effect in 2027, and 
would apply to MY 2027 and 
subsequent model year vehicles, unless 
modified by future rulemaking. The 
Phase 2 standards will maintain the 
underlying regulatory structure 
developed in the Phase 1 program, such 
as the general categorization of MDVs 
and HDVs and the separate standards 
for vehicles and engines. However, the 
Phase 2 program will build on and 
advance Phase 1 in a number of 
important ways including the following: 
basing standards not only on currently 
available technologies but also on 
utilization of technologies now under 

development or not yet widely deployed 
while providing significant lead time to 
assure adequate time to develop, test, 
and phase in these controls; developing 
first-time GHG and fuel efficiency 
standards for trailers; further 
encouraging innovation and providing 
flexibility; including vehicles produced 
by small business manufacturers with 
appropriate flexibilities for these 
companies; incorporating enhanced test 
procedures that (among other things) 
allow individual drivetrain and 
powertrain performance to be reflected 
in the vehicle certification process; and 
using an expanded and improved 
compliance simulation model. 

The Phase 2 program will provide 
significant GHG reductions and save 
fuel by: 

• Strengthening standards to account 
for ongoing technological 
advancements. Relative to the baseline 
as of the end of Phase 1, these final 
standards are projected to achieve 
vehicle fuel savings as high as 25 
percent, depending on the vehicle 
category. While costs are higher than for 
Phase 1, benefits greatly exceed costs, 
and payback periods are short, meaning 
that consumers will see substantial net 
savings over the vehicle lifetime. 
Payback is estimated at about two years 
for tractors and trailers, about four years 
for vocational vehicles, and about three 
years for heavy-duty pickups and vans. 
The agencies are finalizing a program 
that phases in the MY 2027 standards 
with interim standards for model years 
2021 and 2024 (and for certain types of 
trailers, EPA is finalizing model year 
2018 phase-in standards as well). The 
final program includes both significant 
strengthening of certain standards from 
the NPRM as well as adjustments to 
better align other standards with new 
data, analysis, and stakeholder and 
public feedback received since the time 
of the proposal. 

• Setting standards for trailers for the 
first time. In addition to retaining the 
vehicle and engine categories covered in 
the Phase 1 program, the Phase 2 
standards include fuel efficiency and 
GHG emission standards for trailers 
used in combination with tractors. 
Although the agencies are not finalizing 
standards for all trailer types, the 
majority of new trailers will be covered. 

• Encouraging technological 
innovation while providing flexibility 
and options for manufacturers. For each 
category of HDVs, the standards will set 
performance targets that allow 
manufacturers to achieve reductions 

through a mix of different technologies 
and generally leave manufacturers free 
to choose any means of compliance. For 
tractor standards, for example, different 
combinations of improvements like 
advanced aerodynamics, engine 
improvements and waste-heat recovery, 
automated transmission, lower rolling 
resistance tires, and automatic tire 
inflation can be used to meet standards. 
For tractors and vocational vehicles, 
enhanced test procedures and an 
expanded and improved compliance 
simulation model enable the vehicle 
standards to encompass more of the 
complete vehicle than the Phase 1 
program and to account for engine, 
transmission and driveline 
improvements. With the addition of the 
powertrain and driveline to the 
compliance model, representative drive 
cycles and vehicle baseline 
configurations become critically 
important to assure the standards 
promote technologies that improve real 
world fuel efficiency and GHG 
emissions. This rule updates drive 
cycles and vehicle configurations to 
better reflect real world operation. The 
final program includes adjustments to 
technical elements of the proposed 
compliance program, e.g., test 
procedures, reflecting the significant 
amount of stakeholder and public 
comment the agencies received on the 
program. Additionally, the agencies’ 
analyses indicate that this rule should 
have no adverse impact on vehicle or 
engine safety. 

• Providing flexibilities to help 
minimize effect on small businesses. All 
small businesses are exempt from the 
Phase 1 standards. The agencies are 
regulating small business entities under 
Phase 2 (notably certain trailer 
manufacturers), but we have conducted 
extensive proceedings pursuant to 
section 609 of the Regulatory Flexibility 
Act, and engaged in extensive 
consultation with stakeholders, and 
developed an approach to provide 
targeted flexibilities geared toward 
helping small businesses comply with 
the Phase 2 standards. Specifically, the 
agencies are delaying the initial 
implementation of the Phase 2 
standards by one year and simplifying 
certification requirements for small 
businesses. We are also adopting 
additional flexibilities and exemptions 
adapted to particular vehicle categories. 

The following tables summarize the 
impacts of the Heavy-Duty Phase 2 rule. 
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SUMMARY OF THE PHASE 2 MEDIUM- AND HEAVY-DUTY VEHICLE RULE IMPACTS TO FUEL CONSUMPTION, GHG 
EMISSIONS, BENEFITS AND COSTS OVER THE LIFETIME OF MODEL YEARS 2018–2029 a b 

3% 7% 

Fuel Reductions (billion gallons) ............................................................................................................................. 71–82 

GHG Reductions (MMT, CO2eq) ............................................................................................................................. 959–1098 

Pre-Tax Fuel Savings ($billion) ............................................................................................................................... 149–169 80–87 
Discounted Technology Costs ($billion) .................................................................................................................. 24–27 16–18 
Value of reduced emissions ($billion) ..................................................................................................................... 60–69 48–52 
Total Costs ($billion) ................................................................................................................................................ 29–31 19–20 
Total Benefits ($billion) ............................................................................................................................................ 225–260 136–151 
Net Benefits ($billion) .............................................................................................................................................. 197–229 117–131 

Notes: 
a Ranges reflect two analysis methods: Method A with the 1b baseline and Method B with the la baseline. For an explanation of analytical 

Methods A and B, please see Section I.D; for an explanation of the ‘‘flat’’ baseline, 1a, and the ‘‘dynamic’’ baseline, 1b, please see Section 
X.A.1. 

b Benefits and net benefits (including those in the 7% discount rate column) use the 3 percent average Social Cost of CO2, the Social Cost of 
CH4, and the Social Cost of N2O. 

SUMMARY OF THE PHASE 2 MEDIUM- AND HEAVY-DUTY VEHICLE ANNUAL FUEL AND GHG REDUCTIONS, PROGRAM 
COSTS, BENEFITS AND NET BENEFITS IN CALENDAR YEARS 2040 AND 2050 a 

2040 2050 

Fuel Reductions (Billion Gallons) ............................................................................................................................ 10.8 13.0 
GHG Reduction (MMT, CO2eq) .............................................................................................................................. 166.8 199.3 
Vehicle Program Costs (including Maintenance; Billions of 2013$) ....................................................................... ¥$6.5 ¥$7.5 
Fuel Savings (Pre-Tax; Billions of 2013$) ............................................................................................................... $53.1 $63.4 
Benefits (Billions of 2013$) ...................................................................................................................................... $24.8 $31.7 
Net Benefits (Billions of 2013$) ............................................................................................................................... $71.4 $87.6 

Note: 
a Benefits and net benefits (including those in the 7% discount rate column) use the 3 percent average Social Cost of CO2, the Social Cost of 

CH4, and the Social Cost of N2O. Values reflect the final program using Method B relative to the flat baseline (a reference case that projects very 
little improvement in new vehicle fuel economy absent new standards). 

SUMMARY OF THE PHASE 2 MEDIUM- AND HEAVY-DUTY VEHICLE PROGRAM EXPECTED PER-VEHICLE FUEL SAVINGS, 
GHG EMISSION REDUCTIONS, AND COST FOR KEY VEHICLE CATEGORIES 

MY 2021 MY 2024 MY 2027 

Maximum Vehicle Fuel Savings and Tailpipe GHG Reduction (%): 
Tractors b ............................................................................................................ 13 20 25 
Trailers a .............................................................................................................. 5 7 9 
Vocational Vehicles b .......................................................................................... 12 20 24 
Pickups/Vans ...................................................................................................... 2.5 10 16 

Per Vehicle Cost ($)c d (% Increase in Typical Vehicle Price): 
Tractors ............................................................................................................... $6,400–$6,480 

(6%) 
$9,920–$10,100 

(10%) 
$12,160–$12,440 

(12%) 
Trailers ................................................................................................................ $850–$870 

(3%) 
$1,000–$1,030 

(4%) 
$1,070–$1,110 

(4%) 
Vocational Vehicles ............................................................................................ $1,110–$1,160 

(1%) 
$1,980–$2,020 

(2%) 
$2,660–$2,700 

(3%) 
Pickups/Vans ...................................................................................................... $520–$750 

(1%) 
$760–$960 

(2%) 
$1,340–$1,360 

(3%) 

Notes: 
a Note that the EPA standards for trailers begin in model year 2018 
b All engine costs are included 
c Please refer to Preamble Chapters 6 and 10 for additional information on the reference fleet used to analyze costs and benefits of the rule. 

Please also refer to these chapters for impacts of the rule under more dynamic baseline assumptions for pickups and vans. 
d Ranges reflect two analysis methods: Method A with the 1b baseline and Method B with the la baseline. For an explanation of analytical 

Methods A and B, please see Section I.D; for an explanation of the ‘‘flat’’ baseline, 1a, and the ‘‘dynamic’’ baseline, 1b, please see Section 
X.A.1. 

e For this table, we use an approximate minimum vehicle price today of $100,000 for tractors, $25,000 for trailers, $100,000 for vocational vehi-
cles and $40,000 for HD pickups/vans. 
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17 Available on EPA and NHTSA’s Web sites and 
in the public docket for this rulemaking. 

18 Available on EPA’s Web site and in the public 
docket for this rulemaking. 

PAYBACK PERIODS FOR MY 2027 VE-
HICLES UNDER THE FINAL STAND-
ARDS, BASED ON BOTH ANALYSIS 
METHODS A AND B 

[Payback occurs in the year shown; using 7% 
discounting] 

Final 
standards 

Tractors/Trailers ........................... 2nd. 
Vocational Vehicles ...................... 4th. 
Pickups/Vans a .............................. 3rd. 

Note: 
a Please refer to Preamble Chapters 6 and 

10 for additional information on the reference 
fleet used to analyze costs and benefits of the 
rule. Please also refer to these chapters for 
impacts of the rule under more dynamic base-
line assumptions for pickups and vans. 

(4) Issues Addressed in This Final Rule 

This Preamble contains extensive 
discussion of the background, elements, 
and implications of the Phase 2 
program, as well as updates made to the 
final program from the proposal based 
on new data, analysis, stakeholder 
feedback and public comments. Section 
I includes information on the MDV and 
HDV industry, related regulatory and 
non-regulatory programs, summaries of 
Phase 1 and Phase 2 programs, costs and 
benefits of the final standards, and 
relevant statutory authority for EPA and 
NHTSA. Section II discusses vehicle 
simulation, engine standards, and test 
procedures. Sections III, IV, V, and VI 
detail the final standards for 
combination tractors, trailers, vocational 
vehicles, and heavy-duty pickup trucks 
and vans. Sections VII and VIII discuss 
aggregate GHG impacts, fuel 
consumption impacts, climate impacts, 
and impacts on non-GHG emissions. 
Section IX evaluates the economic 
impacts of the final program. Sections X 
and XI present the alternatives analyses 
and consideration of natural gas 
vehicles. Finally, Sections XII and XIII 
discuss the changes that the Phase 2 
rules will have on Phase 1 standards 
and other regulatory provisions. In 
addition to this Preamble, the 
Regulatory Impact Analysis (RIA),17 
provides additional data, analysis and 
discussion of the standards, and the 
Response to Comments Document for 
Joint Rulemaking (RTC) provides 
responses to comments received on the 
Phase 2 rulemaking through the public 
comment process.18 
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19 80 FR 40137. 
20 81 FR 10824. 

21 2017 and Later Model Year Light-Duty Vehicle 
Greenhouse Gas Emissions and Corporate Average 
Fuel Economy Standards; Final Rule, 77 FR 62623, 
October 15, 2012. 

22 The CAA defines heavy-duty as a truck, bus or 
other motor vehicles with a gross vehicle weight 
rating exceeding 6,000 lbs (CAA section 202(b)(3)). 
The term HD as used in this action refers to a subset 
of these vehicles and engines. 

23 The Energy Independence and Security Act of 
2007 requires NHTSA to set standards for 
commercial medium- and heavy-duty on-highway 
vehicles, defined as on-highway vehicles with a 
GVWR of 10,000 lbs or more, and work trucks, 
defined as vehicles with a GVWR between 8,500 
and 10,000 lbs and excluding medium duty 
passenger vehicles. 

24 The term ‘‘medium-duty’’ is sometimes used to 
refer to the lighter end of this range of vehicles. 
This is typically in the context of statutes or reports 
that use the term ‘‘medium-duty.’’ For example, 
because the term medium-duty is used in EISA, the 
term is also used in much of the discussion of 
NHTSA’s statutory authority. 

25 Vehicle chassis manufacturers are known in 
this industry as original equipment manufacturers 
or OEMs. 

Order 13563: Improving Regulation and 
Regulatory Review 

B. National Environmental Policy Act 
C. Paperwork Reduction Act 
D. Regulatory Flexibility Act 
E. Unfunded Mandates Reform Act 
F. Executive Order 13132: Federalism 
G. Executive Order 13175: Consultation 

and Coordination With Indian Tribal 
Governments 

H. Executive Order 13045: Protection of 
Children From Environmental Health 
Risks and Safety Risks 

I. Executive Order 13211: Actions 
Concerning Regulations That 
Significantly Affect Energy Supply, 
Distribution, or Use 

J. National Technology Transfer and 
Advancement Act and 1 CFR Part 51 

K. Executive Order 12898: Federal Actions 
To Address Environmental Justice in 
Minority Populations and Low-Income 
Populations 

L. Endangered Species Act (ESA) 
M. Congressional Review Act (CRA) 

XV. EPA and NHTSA Statutory Authorities 
A. EPA 
B. NHTSA 

List of Subjects 

I. Overview 

The agencies issued a Notice of 
Proposed Rulemaking (NPRM) on July 
13, 2015, that proposed Phase 2 GHG 
and fuel efficiency standards for heavy- 
duty engines and vehicles.19 The 
agencies also issued a Notice of Data 
Availability (NODA) on March 2, 2016, 
to solicit comment on new material not 
available at the time of the NPRM.20 The 
agencies have revised the proposed 
standards and related requirements to 
address issues raised in public 
comments. Nevertheless, the final rules 
being adopted today remain 
fundamentally similar to the proposed 
rules. 

Although the agencies describe the 
final requirements in this document, 
readers are encouraged to also read 
supporting materials that have been 
place into the public dockets for these 
rules. In particular, the agencies note: 
• The Final Regulatory Impact Analysis 

(RIA), provides additional technical 
information and analysis 

• The Response to Comments 
Document for Joint Rulemaking 
(RTC), provides a detailed summary 
and analysis of public comments, 
including comments received in 
response to the NODA 

• The NHTSA Final Environmental 
Impact Statement (FEIS) 
This overview of the final Phase 2 

GHG emissions and fuel efficiency 
standards includes a description of the 
heavy-duty truck industry and related 

regulatory and non-regulatory programs, 
a summary of the Phase 1 GHG 
emissions and fuel efficiency program, a 
summary of the Phase 2 standards and 
requirements being finalized, a 
summary of the costs and benefits of the 
Phase 2 standards, discussion of EPA 
and NHTSA statutory authorities, and 
other issues. 

A. Background 
For purposes of this Preamble (and 

consistent with all terminology used at 
proposal), the terms ‘‘heavy-duty’’ or 
‘‘HD’’ are used to apply to all highway 
vehicles and engines that are not within 
the range of light-duty passenger cars, 
light-duty trucks, and medium-duty 
passenger vehicles (MDPV) covered by 
separate GHG and Corporate Average 
Fuel Economy (CAFE) standards.21 (The 
terms also do not include motorcycles). 
Thus, in this rulemaking, unless 
specified otherwise, the heavy-duty 
category incorporates all vehicles with a 
gross vehicle weight rating above 8,500 
lbs, and the engines that power them, 
except for MDPVs.22 23 24 Note also that 
the terms heavy-duty truck and heavy- 
duty vehicle are sometimes used 
interchangeably, even though 
commercially the term heavy-duty truck 
can have a narrower meaning. 

Consistent with the President’s 
direction, over the past three years as 
we have developed this rulemaking, the 
agencies have met on an on-going basis 
with a very large number of diverse 
stakeholders. This includes meetings, 
and in many cases site visits, with truck, 
trailer, and engine manufacturers; 
technology supplier companies and 
their trade associations (e.g., 
transmissions, drivelines, fuel systems, 
turbochargers, tires, catalysts, and many 
others); line haul and vocational 
trucking firms and trucking 
associations; the trucking industries 

owner-operator association; truck 
dealerships and dealers associations; 
trailer manufacturers and their trade 
association; non-governmental 
organizations (NGOs, including 
environmental NGOs, national security 
NGOs, and consumer advocacy NGOs); 
state air quality agencies; manufacturing 
labor unions; and many other 
stakeholders. In addition, EPA and 
NHTSA have consulted on an on-going 
basis with the California Air Resources 
Board (CARB) over the past three years 
as we developed the Phase 2 rule. CARB 
staff and managers have also 
participated with EPA and NHTSA in 
meetings with many external 
stakeholders, including those with 
vehicle OEMs and technology 
suppliers.25 

EPA and NHTSA staff also 
participated in a large number of 
technical and policy conferences over 
the past three years related to the 
technological, economic, and 
environmental aspects of the heavy-duty 
trucking industry. The agencies also met 
with regulatory counterparts from 
several other nations who either have 
already or are considering establishing 
fuel consumption or GHG requirements, 
including outreach with representatives 
from the governments of Canada, the 
European Commission, Japan, and 
China. 

These comprehensive outreach 
actions by the agencies provided us 
with information to assist in our 
identification of potential technologies 
that can be used to reduce heavy-duty 
GHG emissions and improve fuel 
efficiency. The outreach has also helped 
the agencies to identify and understand 
the opportunities and challenges 
involved with these standards for the 
heavy-duty trucks, trailers, and engines 
detailed in this Preamble, including 
time needed for implementation of 
various technologies and potential costs 
and fuel savings. The scope of this 
outreach effort to gather input for the 
proposal and final rulemaking included 
well over 400 meetings with 
stakeholders. These meetings and 
conferences have been invaluable to the 
agencies. We believe they enabled us to 
refine the proposal in such a way as to 
appropriately consider all of the 
potential impacts and to minimize the 
possibility of unintended consequences 
in the final rules. 
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26 GVWR describes the maximum load that can be 
carried by a vehicle, including the weight of the 
vehicle itself. Heavy-duty vehicles (including those 
designed for primary purposes other than towing) 
also have a gross combined weight rating (GCWR), 

which describes the maximum load that the vehicle 
can haul, including the weight of a loaded trailer 
and the vehicle itself. 

27 Class 2b vehicles manufactured as passenger 
vehicles (Medium Duty Passenger Vehicles, 

MDPVs) are covered by the light-duty GHG and fuel 
economy standards and therefore are not addressed 
in this rulemaking. 

(1) Brief Overview of the Heavy-Duty 
Truck Industry 

The heavy-duty sector is diverse in 
several respects, including the types of 
manufacturing companies involved, the 
range of sizes of trucks and engines they 
produce, the types of work for which 
the trucks are designed, and the 
regulatory history of different 
subcategories of vehicles and engines. 
The current heavy-duty fleet 
encompasses vehicles from the ‘‘18- 

wheeler’’ combination tractor-trailers 
one sees on the highway to the largest 
pickup trucks and vans, as well as 
vocational vehicles covering the range 
between these extremes. Together, the 
HD sector spans a wide range of 
vehicles with often specialized form and 
function. A primary indicator of the 
diversity among heavy-duty trucks is 
the range of load-carrying capability 
across the industry. The heavy-duty 
truck sector is often subdivided by 
vehicle weight classifications, as 

defined by the vehicle’s gross vehicle 
weight rating (GVWR), which is a 
measure of the combined curb (empty) 
weight and cargo carrying capacity of 
the truck.26 Table I–1 below outlines the 
vehicle weight classifications commonly 
used for many years for a variety of 
purposes by businesses and by several 
Federal agencies, including the 
Department of Transportation, the 
Environmental Protection Agency, the 
Department of Commerce, and the 
Internal Revenue Service. 

TABLE I–1—VEHICLE WEIGHT CLASSIFICATION 

Class 2b 3 4 5 6 7 8 

GVWR (lb.) ........................... 8,501–10,000 10,001–14,000 14,001–16,000 16,001–19,500 19,501–26,000 26,001–33,000 >33,000 

In the framework of these vehicle 
weight classifications, the heavy-duty 
truck sector refers to ‘‘Class 2b’’ through 
‘‘Class 8’’ vehicles and the engines that 
power those vehicles.27 

Unlike light-duty vehicles, which are 
primarily used for transporting 
passengers for personal travel, heavy- 
duty vehicles fill much more diverse 
operator needs. Heavy-duty pickup 
trucks and vans (Classes 2b and 3) are 
used chiefly as work trucks and vans, 
and as shuttle vans, as well as for 
personal transportation, with an average 
annual mileage in the range of 15,000 
miles. The rest of the heavy-duty sector 
is used for carrying cargo and/or 
performing specialized tasks. 
‘‘Vocational’’ vehicles, which span 
Classes 2b through 8, vary widely in 
size, including smaller and larger van 
trucks, utility ‘‘bucket’’ trucks, tank 
trucks, refuse trucks, urban and over- 
the-road buses, fire trucks, flat-bed 
trucks, and dump trucks, among others. 
The annual mileage of these vehicles is 
as varied as their uses, but for the most 
part tends to fall in between heavy-duty 
pickups/vans and the large combination 
tractors, typically from 15,000 to 
150,000 miles per year. 

Class 7 and 8 combination tractor- 
trailers—some equipped with sleeper 
cabs and some not—are primarily used 
for freight transportation. They are sold 
as tractors and operate with one or more 
trailers that can carry up to 50,000 lbs 
or more of payload, consuming 
significant quantities of fuel and 
producing significant amounts of GHG 
emissions. Together, Class 7 and 8 
tractors and trailers account for 

approximately 60 percent of the heavy- 
duty sector’s total CO2 emissions and 
fuel consumption. Trailer designs vary 
significantly, reflecting the wide variety 
of cargo types. However, the most 
common types of trailers are box vans 
(dry and refrigerated), which are a focus 
of this Phase 2 rulemaking. The tractor- 
trailers used in combination 
applications can and frequently do 
travel more than 150,000 miles per year 
and can operate for 20–30 years. 

Heavy-duty vehicles differ 
significantly from light-duty vehicles in 
other ways. In particular, we note that 
heavy-duty engines are much more 
likely to be rebuilt. In fact, it is common 
for Class 8 engines to be rebuilt multiple 
times. Commercial heavy-duty vehicles 
are often resold after a few years and 
may be repurposed by the second or 
third owner. Thus issues of resale value 
and adaptability have historically been 
key concerns for purchasers. 

EPA and NHTSA have designed our 
respective standards in careful 
consideration of the diversity and 
complexity of the heavy-duty truck 
industry, as discussed in Section I.C. 

(2) Related Regulatory and Non- 
Regulatory Programs 

(a) History of EPA’s Heavy-Duty 
Regulatory Program and Assessments of 
the Impacts of Greenhouse Gases on 
Climate Change 

To provide a context for EPA’s 
program to reduce greenhouse gas 
emissions from motor vehicles, this 
subsection provides an overview of two 
important related areas. First, we 
summarize the history of EPA’s heavy- 

duty regulatory program, which 
provides a basis for the compliance 
structure of this rulemaking. Next we 
summarize EPA prior assessments of the 
impacts of greenhouse gases on climate 
change, which provides a basis for 
much of the analysis of the 
environmental benefits of this 
rulemaking. 

(i) History of EPA’s Heavy-Duty 
Regulatory Program 

Since the 1980s, EPA has acted 
several times to address tailpipe 
emissions of criteria pollutants and air 
toxics from heavy-duty vehicles and 
engines. During the last two decades 
these programs have primarily 
addressed emissions of particulate 
matter (PM) and the primary ozone 
precursors, hydrocarbons (HC) and 
oxides of nitrogen (NOX). These 
programs, which have successfully 
achieved significant and cost-effective 
reductions in emissions and associated 
health and welfare benefits to the 
nation, were an important basis of the 
Phase 1 program. See e.g. 66 FR 5002, 
5008, and 5011–5012 (January 18, 2001) 
(detailing substantial public health 
benefits of controls of criteria pollutants 
from heavy-duty diesel engines, 
including bringing areas into attainment 
with primary (public health) PM 
NAAQS, or contributing substantially to 
such attainment); National 
Petrochemical Refiners Association v. 
EPA, 287 F. 3d 1130, 1134 (D.C. Cir. 
2002) (referring to the ‘‘dramatic 
reductions’’ in criteria pollutant 
emissions resulting from the EPA on- 
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28 ‘‘Endangerment and Cause or Contribute 
Findings for Greenhouse Gases Under section 
202(a) of the Clean Air Act,’’ 74 FR 66496 
(December 15, 2009) (‘‘Endangerment Finding’’). 

highway heavy-duty engine standards, 
and upholding all of the standards). 

As required by the Clean Air Act 
(CAA), the emission standards 
implemented by these programs include 
standards that apply at the time that the 
vehicle or engine is sold and continue 
to apply in actual use. EPA’s overall 
program goal has always been to achieve 
emissions reductions from the complete 
vehicles that operate on our roads. The 
agency has often accomplished this goal 
for many heavy-duty truck categories by 
regulating heavy-duty engine emissions. 
A key part of this success has been the 
development over many years of a well- 
established, representative, and robust 
set of engine test procedures that 
industry and EPA now use routinely to 
measure emissions and determine 
compliance with emission standards. 
These test procedures in turn serve the 
overall compliance program that EPA 
implements to help ensure that 
emissions reductions are being 
achieved. By isolating the engine from 
the many variables involved when the 
engine is installed and operated in a HD 
vehicle, EPA has been able to accurately 
address the contribution of the engine 
alone to overall emissions. 

(ii) EPA Assessment of the Impacts of 
Greenhouse Gases on Climate Change 

In 2009, the EPA Administrator 
issued the document known as the 
Endangerment Finding under CAA 
section 202(a)(1).28 In the Endangerment 
Finding, which focused on public 
health and public welfare impacts 
within the United States, the 
Administrator found that elevated 
concentrations of GHG emissions in the 
atmosphere may reasonably be 
anticipated to endanger public health 
and welfare of current and future 
generations. See also Coalition for 
Responsible Regulation v. EPA, 684 F. 
3d 102, 117–123 (D.C. Cir. 2012) 
(upholding the endangerment finding in 
all respects). The following sections 
summarize the key information 
included in the Endangerment Finding. 

Climate change caused by human 
emissions of GHGs threatens public 
health in multiple ways. By raising 
average temperatures, climate change 
increases the likelihood of heat waves, 
which are associated with increased 
deaths and illnesses. While climate 
change also decreases the likelihood of 
cold-related mortality, evidence 
indicates that the increases in heat 
mortality will be larger than the 

decreases in cold mortality in the 
United States. Compared to a future 
without climate change, climate change 
is expected to increase ozone pollution 
over broad areas of the U.S., including 
in the largest metropolitan areas with 
the worst ozone problems, and thereby 
increase the risk of morbidity and 
mortality. Other public health threats 
also stem from projected increases in 
intensity or frequency of extreme 
weather associated with climate change, 
such as increased hurricane intensity, 
increased frequency of intense storms 
and heavy precipitation. Increased 
coastal storms and storm surges due to 
rising sea levels are expected to cause 
increased drownings and other adverse 
health impacts. Children, the elderly, 
and the poor are among the most 
vulnerable to these climate-related 
health effects. See also 79 FR 75242 
(December 17, 2014) (climate change, 
and temperature increases in particular, 
likely to increase O3 (ozone) pollution 
‘‘over broad areas of the U.S., including 
the largest metropolitan areas with the 
worst O3 problems, increas[ing] the risk 
of morbidity and mortality’’). 

Climate change caused by human 
emissions of GHGs also threatens public 
welfare in multiple ways. Climate 
changes are expected to place large 
areas of the country at serious risk of 
reduced water supplies, increased water 
pollution, and increased occurrence of 
extreme events such as floods and 
droughts. Coastal areas are expected to 
face increased risks from storm and 
flooding damage to property, as well as 
adverse impacts from rising sea level, 
such as land loss due to inundation, 
erosion, wetland submergence and 
habitat loss. Climate change is expected 
to result in an increase in peak 
electricity demand, and extreme 
weather from climate change threatens 
energy, transportation, and water 
resource infrastructure. Climate change 
may exacerbate ongoing environmental 
pressures in certain settlements, 
particularly in Alaskan indigenous 
communities. Climate change also is 
very likely to fundamentally rearrange 
U.S. ecosystems over the 21st century. 
Though some benefits may balance 
adverse effects on agriculture and 
forestry in the next few decades, the 
body of evidence points towards 
increasing risks of net adverse impacts 
on U.S. food production, agriculture and 
forest productivity as temperature 
continues to rise. These impacts are 
global and may exacerbate problems 
outside the U.S. that raise humanitarian, 
trade, and national security issues for 
the U.S. See also 79 FR 75382 
(December 17, 2014) (welfare effects of 

O3 increases due to climate change, with 
emphasis on increased wildfires). 

As outlined in Section VIII.A of the 
2009 Endangerment Finding, EPA’s 
approach to providing the technical and 
scientific information to inform the 
Administrator’s judgment regarding the 
question of whether GHGs endanger 
public health and welfare was to rely 
primarily upon the recent, major 
assessments by the U.S. Global Change 
Research Program (USGCRP), the 
Intergovernmental Panel on Climate 
Change (IPCC), and the National 
Research Council (NRC) of the National 
Academies. These assessments 
addressed the scientific issues that EPA 
was required to examine, were 
comprehensive in their coverage of the 
GHG and climate change issues, and 
underwent rigorous and exacting peer 
review by the expert community, as 
well as rigorous levels of U.S. 
government review. Since the 
administrative record concerning the 
Endangerment Finding closed following 
EPA’s 2010 Reconsideration Denial, a 
number of new major, peer-reviewed 
scientific assessments have been 
released. These include the IPCC’s 2012 
‘‘Special Report on Managing the Risks 
of Extreme Events and Disasters to 
Advance Climate Change Adaptation’’ 
(SREX) and the 2013–2014 Fifth 
Assessment Report (AR5), the 
USGCRP’s 2014 ‘‘Climate Change 
Impacts in the United States’’ (Climate 
Change Impacts), and the NRC’s 2010 
‘‘Ocean Acidification: A National 
Strategy to Meet the Challenges of a 
Changing Ocean’’ (Ocean Acidification), 
2011 ‘‘Report on Climate Stabilization 
Targets: Emissions, Concentrations, and 
Impacts over Decades to Millennia’’ 
(Climate Stabilization Targets), 2011 
‘‘National Security Implications for U.S. 
Naval Forces’’ (National Security 
Implications), 2011 ‘‘Understanding 
Earth’s Deep Past: Lessons for Our 
Climate Future’’ (Understanding Earth’s 
Deep Past), 2012 ‘‘Sea Level Rise for the 
Coasts of California, Oregon, and 
Washington: Past, Present, and Future,’’ 
2012 ‘‘Climate and Social Stress: 
Implications for Security Analysis’’ 
(Climate and Social Stress), and 2013 
‘‘Abrupt Impacts of Climate Change’’ 
(Abrupt Impacts) assessments. 

EPA has reviewed these new 
assessments and finds that the improved 
understanding of the climate system 
they present further strengthens the case 
that GHG emissions endanger public 
health and welfare. 

In addition, these assessments 
highlight the urgency of the situation as 
the concentration of CO2 in the 
atmosphere continues to rise. Absent a 
reduction in emissions, a recent 
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29 National Research Council, Understanding 
Earth’s Deep Past, p. 1. 

30 Id., p.138. 
31 National Research Council, Climate 

Stabilization Targets, p. 3. 
32 U.S. Global Change Research Program, Climate 

Change Impacts in the United States: The Third 
National Climate Assessment, May 2014 Available 
at http://nca2014.globalchange.gov/. 

33 ftp://aftp.cmdl.noaa.gov/products/trends/co2/
co2_annmean_mlo.txt. 

34 http://www.esrl.noaa.gov/gmd/ccgg/trends/. 
35 http://www.ncdc.noaa.gov/sotc/global/201513. 
36 This is more broadly true for heavy-duty 

pickup trucks than vans because every 
manufacturer of heavy-duty pickup trucks also 
makes light-duty pickup trucks, while only some 
heavy-duty van manufacturers also make light-duty 
vans. 

National Research Council assessment 
projected that concentrations by the end 
of the century would increase to levels 
that the Earth has not experienced for 
millions of years.29 In fact, that 
assessment stated that ‘‘the magnitude 
and rate of the present greenhouse gas 
increase place the climate system in 
what could be one of the most severe 
increases in radiative forcing of the 
global climate system in Earth 
history.’’ 30 What this means, as stated 
in another NRC assessment, is that: 

Emissions of carbon dioxide from the 
burning of fossil fuels have ushered in a new 
epoch where human activities will largely 
determine the evolution of Earth’s climate. 
Because carbon dioxide in the atmosphere is 
long lived, it can effectively lock Earth and 
future generations into a range of impacts, 
some of which could become very severe. 
Therefore, emission reductions choices made 
today matter in determining impacts 
experienced not just over the next few 
decades, but in the coming centuries and 
millennia.31 

Moreover, due to the time-lags 
inherent in the Earth’s climate, the 
Climate Stabilization Targets assessment 
notes that the full warming from any 
given concentration of CO2 reached will 
not be realized for several centuries. 

The most recent USGCRP ‘‘National 
Climate Assessment’’ 32 emphasizes that 
climate change is already happening 
now and is happening in the United 
States. The assessment documents the 
increases in some extreme weather and 
climate events in recent decades, as well 
as the resulting damage and disruption 
to infrastructure and agriculture, and 
projects continued increases in impacts 
across a wide range of peoples, sectors, 
and ecosystems. 

These assessments underscore the 
urgency of reducing emissions now. 
Today’s emissions will otherwise lead 
to raised atmospheric concentrations for 
thousands of years, and raised Earth 
system temperatures for even longer. 
Emission reductions today will benefit 
the public health and public welfare of 
current and future generations. 

Finally, it should be noted that the 
concentration of carbon dioxide in the 
atmosphere continues to rise 
dramatically. In 2009, the year of the 
Endangerment Finding, the average 
concentration of carbon dioxide as 
measured on top of Mauna Loa was 387 

parts per million.33 The average 
concentration in 2015 was 401 parts per 
million, the first time an annual average 
has exceeded 400 parts per million 
since record keeping began at Mauna 
Loa in 1958, and for at least the past 
800,000 years according to ice core 
records.34 Moreover, 2015 was the 
warmest year globally in the modern 
global surface temperature record, going 
back to 1880, breaking the record 
previously held by 2014; this now 
means that the last 15 years have been 
15 of the 16 warmest years on record.35 

(b) The EPA and NHTSA Light-Duty 
National GHG and Fuel Economy 
Program 

On May 7, 2010, EPA and NHTSA 
finalized the first-ever National Program 
for light-duty cars and trucks, which set 
GHG emissions and fuel economy 
standards for model years 2012–2016 
(see 75 FR 25324). More recently, the 
agencies adopted even stricter standards 
for model years 2017 and later (77 FR 
62624, October 15, 2012). The agencies 
have used the light-duty National 
Program as a model for the HD National 
Program in several respects. This is 
most apparent in the case of heavy-duty 
pickups and vans, which are similar to 
the light-duty trucks addressed in the 
light-duty National Program both 
technologically as well as in terms of 
how they are manufactured (i.e., the 
same company often makes both the 
vehicle and the engine, and several 
light-duty manufacturers also 
manufacture HD pickups and vans).36 
For HD pickups and vans, there are 
close parallels to the light-duty program 
in how the agencies have developed our 
respective heavy-duty standards and 
compliance structures. However, HD 
pickups and vans are true work vehicles 
that are designed for much higher 
towing and payload capabilities than are 
light-duty pickups and vans. The 
technologies applied to light-duty trucks 
are not all applicable to heavy-duty 
pickups and vans at the same adoption 
rates, and the technologies often 
produce a lower percent reduction in 
CO2 emissions and fuel consumption 
when used in heavy-duty vehicles. 
Another difference between the light- 
duty and the heavy-duty standards is 
that each agency adopts heavy-duty 

standards based on attributes other than 
vehicle footprint, as discussed below. 

Due to the diversity of the remaining 
HD vehicles, there are fewer parallels 
with the structure of the light-duty 
program. However, the agencies have 
maintained the same collaboration and 
coordination that characterized the 
development of the light-duty program 
throughout the Phase 1 rulemaking and 
the continued efforts for Phase 2. Most 
notably, as with the light-duty program, 
manufacturers will continue to be able 
to design and build vehicles to meet a 
closely coordinated, harmonized 
national program, and to avoid 
unnecessarily duplicative testing and 
compliance burdens. In addition, the 
averaging, banking, and trading 
provisions in the HD program, although 
structurally different from those of the 
light-duty program, serve the same 
purpose, which is to allow 
manufacturers to achieve large 
reductions in fuel consumption and 
emissions while providing a broad mix 
of products to their customers. The 
agencies have also worked closely with 
CARB to provide harmonized national 
standards. 

(c) EPA’s SmartWay Program 
EPA’s voluntary SmartWay Transport 

Partnership program encourages 
businesses to take actions that reduce 
fuel consumption and CO2 emissions 
while cutting costs by working with the 
shipping, logistics, and carrier 
communities to identify low carbon 
strategies and technologies across their 
transportation supply chains. SmartWay 
provides technical information, 
benchmarking and tracking tools, 
market incentives, and partner 
recognition to facilitate and accelerate 
the adoption of these strategies. 
Through the SmartWay program and its 
related technology assessment center, 
EPA has worked closely with truck and 
trailer manufacturers and truck fleets 
over the past 12 years to develop test 
procedures to evaluate vehicle and 
component performance in reducing 
fuel consumption and has conducted 
testing and has established test 
programs to verify technologies that can 
achieve these reductions. SmartWay 
partners have demonstrated these new 
and emerging technologies in their 
business operations, adding to the body 
of technical data and information that 
EPA can disseminate to industry, 
researchers and other stakeholders. Over 
the last several years, EPA has 
developed hands-on experience testing 
the largest heavy-duty trucks and 
trailers and evaluating improvements in 
tire and vehicle aerodynamic 
performance. In developing the Phase 1 
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37 See http://www.arb.ca.gov/cc/cc.htm for details 
on the California Air Resources Board climate 
change actions, including a discussion of Assembly 
Bill 32, and the Climate Change Scoping Plan 
developed by CARB, which includes details 
regarding CARB’s future goals for reducing GHG 
emissions from heavy-duty vehicles. 

38 See http://www.arb.ca.gov/msprog/truckstop/
trailers/trailers.htm for a summary of CARB’s 
‘‘Tractor-Trailer Greenhouse Gas Regulation.’’ 

39 See http://www.arb.ca.gov/regact/2013/
hdghg2013/hdghg2013.htm for details regarding 
CARB’s adoption of the Phase 1 standards. 

40 See http://www.arb.ca.gov/ba/fininfo.htm for 
detailed descriptions of CARB’s mobile source 
incentive programs. Note that EPA works to support 
CARB’s heavy-duty incentive programs through the 
West Coast Collaborative (http://westcoast
collaborative.org/) and the Clean Air Technology 
Initiative (https://www.epa.gov/cati). 

41 See EPA’s waiver of CARB’s heavy-duty tractor- 
trailer greenhouse gas regulation applicable to new 
2011 through 2013 model year Class 8 tractors 
equipped with integrated sleeper berths (sleeper- 
cab tractors) and 2011 and subsequent model year 
dry-can and refrigerated-van trailers that are pulled 
by such tractors on California highways at 79 FR 
46256 (August 7, 2014). 

program, the agencies drew from this 
testing and from the SmartWay 
experience. In the same way, the 
agencies benefitted from SmartWay in 
developing the Phase 2 trailer program. 

(d) DOE’s SuperTruck Initiative 
The U.S. Department of Energy 

launched its SuperTruck I initiative in 
2009. SuperTruck I was a DOE 
partnership with four industry teams, 
who at this point have either met the 
SuperTruck I 50 percent fuel efficiency 
improvement goal (relative to a 2009 
best-in-class truck) or have laid the 
groundwork to succeed. Teams from 
Cummins/Peterbilt, Daimler, and Volvo 
exceeded the 50 percent efficiency 
improvement goal, with Navistar on 
track to exceed this target later this year. 
Research vehicles developed under 
SuperTruck I are Class 8 combination 
tractor-trailers that have dramatically 
increased fuel and freight efficiency 
through the use of advanced 
technologies. These technologies 
include tractor and trailer aerodynamic 
devices, engine waste heat recovery 
systems, hybrids, automated 
transmissions and lightweight materials. 
In March 2016 DOE announced 
SuperTruck II, which is an $80M 
follow-on to SuperTruck I, where DOE 
will continue to partner with industry 
teams to collaboratively fund new 
projects to research, develop, and 
demonstrate technologies to further 
improve heavy-truck freight efficiency— 
by more than 100 percent, relative to a 
manufacturer’s best-in-class 2009 truck. 
Achieving these kinds of Class 8 truck 
efficiency increases will require an 
integrated systems approach to ensure 
that the various components of the 
vehicle work well together. SuperTruck 
II projects will utilize a wide variety of 
truck and trailer technology approaches 
to achieve performance targets, such as 
further improvements in engine 
efficiency, drivetrain efficiency, 
aerodynamic drag, tire rolling 
resistance, and vehicle weight. 

The agencies leveraged the outcomes 
of SuperTruck I by projecting how these 
tractor and trailer technologies could 
continue to advance from this early 
developmental stage toward the 
prototype and production stages. For a 
number of the SuperTruck technologies, 
the agencies are projecting advancement 
into production, given appropriate lead 
time. For example, a number of the 
aerodynamic and transmission 
technologies are projected to be in 
widespread production by 2021, and the 
agencies are finalizing 2021 standards 
based in part on performance of these 
SuperTruck technologies. For other 
more advanced SuperTruck 

technologies, such as organic Rankine 
cycle waste heat recovery systems, the 
agencies are projecting that additional 
lead time is needed to ensure that these 
technologies will be effective and 
reliable in production. For these 
technologies, the agencies are finalizing 
2027 standards whose stringency 
reflects a significant market adoption 
rate of advanced technologies, including 
waste heat recovery systems. 
Furthermore, the agencies are 
encouraged by DOE’s announcement of 
SuperTruck II. We believe that the 
combination of HD Phase 2 and 
SuperTruck II will provide both a strong 
motivation and a proven means for 
manufacturers to fully develop these 
technologies within the lead times we 
have projected. 

(e) The State of California 
California has established ambitious 

goals for reducing GHG emissions from 
heavy-duty vehicles and engines as part 
of an overall plan to reduce GHG 
emissions from the transportation sector 
in California.37 Heavy-duty vehicles are 
responsible for one-fifth of the total 
GHG emissions from transportation 
sources in California. In the past several 
years, the California Air Resources 
Board (CARB) has taken a number of 
actions to reduce GHG emissions from 
heavy-duty vehicles and engines. For 
example, in 2008, CARB adopted 
regulations to reduce GHG emissions 
from heavy-duty tractors that pull box- 
type trailers through improvements in 
tractor and trailer aerodynamics and the 
use of low rolling resistance tires.38 The 
tractor–trailer operators subject to the 
CARB regulation are required to use 
SmartWay-certified tractors and trailers, 
or retrofit their existing fleet with 
SmartWay-verified technologies, 
consistent with California’s state 
authority to regulate both new and in- 
use vehicles. In December 2013, CARB 
adopted regulations that establish its 
own parallel Phase 1 program with 
standards consistent with EPA Phase 1 
standards. On December 5, 2014, 
California’s Office of Administrative 
Law approved CARB’s adoption of the 
Phase 1 standards, with an effective date 
of December 5, 2014.39 Complementary 

to its regulatory efforts, CARB and other 
California agencies are investing 
significant public capital through 
various incentive programs to accelerate 
fleet turnover and stimulate technology 
innovation within the heavy-duty 
vehicle market (e.g., Air Quality 
Improvement, Carl Moyer, Loan 
Incentives, Lower-Emission School Bus 
and Goods Movement Emission 
Reduction Programs).40 Recently, 
California Governor Jerry Brown 
established a target of up to 50 percent 
petroleum reduction by 2030. 

California has long had the unique 
ability among states to adopt its own 
separate new motor vehicle standards 
per section 209 of the Clean Air Act 
(CAA). Although section 209(a) of the 
CAA expressly preempts states from 
adopting and enforcing standards 
relating to the control of emissions from 
new motor vehicles or new motor 
vehicle engines (such as state controls 
for new heavy-duty engines and 
vehicles), CAA section 209(b) directs 
EPA to waive this preemption under 
certain conditions. Under the waiver 
process set out in CAA section 209(b), 
EPA has granted CARB a waiver for its 
initial heavy-duty vehicle GHG 
regulation.41 Even with California’s 
ability under the CAA to establish its 
own emission standards, EPA and 
CARB have worked closely together 
over the past several decades to largely 
harmonize new vehicle criteria 
pollutant standard programs for heavy- 
duty engines and heavy-duty vehicles. 
In the past several years EPA and 
NHTSA also consulted with CARB in 
the development of the Federal light- 
duty vehicle GHG and CAFE 
rulemakings for the 2012–2016 and 
2017–2025 model years. 

As discussed above, California 
operates under state authority to 
establish its own new heavy-duty 
vehicle and engine emission standards, 
including standards for CO2, methane, 
N2O, and hydrofluorocarbons. EPA 
recognizes this independent authority, 
and we also recognize the potential 
benefits for the regulated industry if the 
Federal Phase 2 standards could result 
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42 http://www.ijc.org/en_/Air_Quality__
Agreement. 

43 ‘‘Phase 2 of the Heavy-duty Vehicle and Engine 
Greenhouse Gas Emission Regulations; Pre- 
Consultation Session,’’ March 3, 2016. 

44 National Research Council ‘‘Reducing the Fuel 
Consumption and Greenhouse Gas Emissions of 
Medium- and Heavy-Duty Vehicles, Phase Two.’’ 
Washington, DC, The National Academies Press. 
Cooperative Agreement DTNH22–12–00389. 
Available electronically from the National Academy 
Press Web site at http://www.nap.edu/catalog/
18736/reducing-the-fuel-consumption-and-
greenhouse-gas-emissions-of-medium-and-heavy- 
duty-vehicles-phase-two (last accessed May 18, 
2016). On September 24, 2016, NAS will release an 

update report, consistent with Congress’ 
quinquennial update requirement. 

in a single, National Program that would 
meet the EPA and NHTSA’s statutory 
requirements to set appropriate and 
maximum feasible standards, and also 
be equivalent to potential future new 
heavy-duty vehicle and engine GHG 
standards established by CARB 
(addressing the same model years as 
addressed by the final Federal Phase 2 
program and requiring the same 
technologies). In order to further the 
opportunity for maintaining coordinated 
Federal and California standards in the 
Phase 2 timeframe (as well as to benefit 
from different technical expertise and 
perspective), EPA and NHTSA 
consulted frequently with CARB while 
developing the Phase 2 rule. Prior to the 
proposal, the agencies’ technical staff 
shared information on technology cost, 
technology effectiveness, and feasibility 
with the CARB staff. We also received 
information from CARB on these same 
topics. In addition, CARB staff and 
managers participated with EPA and 
NHTSA in meetings with many external 
stakeholders, in particular with vehicle 
OEMs and technology suppliers. The 
agencies continued significant 
consultation during the development of 
the final rules. 

EPA and NHTSA believe that through 
this information sharing and dialog we 
have enhanced the potential for the 
Phase 2 program to result in a National 
Program that can be adopted not only by 
the Federal agencies, but also by the 
State of California, given the strong 
interest from the regulated industry for 
a harmonized State and Federal 
program. In its public comments, 
California reiterated its support for a 
harmonized State and Federal program, 
although it identified several areas in 
which it believed the proposed program 
needed to be strengthened. 

(f) Environment and Climate Change 
Canada 

On March 13, 2013, Environment and 
Climate Change Canada (ECCC), which 
is EPA’s Canadian counterpart, 
published its own regulations to control 
GHG emissions from heavy-duty 
vehicles and engines, beginning with 
MY 2014. These regulations are closely 
aligned with EPA’s Phase 1 program to 
achieve a common set of North 
American standards. ECCC has 
expressed its intention to amend these 
regulations to further limit emissions of 
greenhouse gases from new on-road 
heavy-duty vehicles and their engines 
for post-2018 MYs. As with the 
development of the current regulations, 
ECCC is committed to continuing to 
work closely with EPA to maintain a 
common Canada–United States 
approach to regulating GHG emissions 

for post-2018 MY vehicles and engines. 
This approach will build on the long 
history of regulatory alignment between 
the two countries on vehicle emissions 
pursuant to the Canada–United States 
Air Quality Agreement.42 In furtherance 
of this coordination, EPA participated in 
a workshop hosted by ECCC on March 
3, 2016 to discuss Canada’s Phase 2 
program.43 

The Government of Canada, including 
ECCC and Transport Canada, has also 
been of great assistance during the 
development of this Phase 2 rule. In 
particular, the Government of Canada 
supported aerodynamic testing, and 
conducted chassis dynamometer 
emissions testing. 

(g) Recommendations of the National 
Academy of Sciences 

In April 2010, as mandated by 
Congress in the EISA, the National 
Research Council (NRC) under the 
National Academy of Sciences (NAS) 
issued a report to NHTSA and to 
Congress evaluating medium- and 
heavy-duty truck fuel efficiency 
improvement opportunities, titled 
‘‘Technologies and Approaches to 
Reducing the Fuel Consumption of 
Medium- and Heavy-duty Vehicles.’’ 
That NAS report was far reaching in its 
review of the technologies that were 
available and that might become 
available in the future to reduce fuel 
consumption from medium- and heavy- 
duty vehicles. In presenting the full 
range of technical opportunities, the 
report included technologies that may 
not be available until 2020 or even 
further into the future. The report 
provided not only a valuable list of off- 
the-shelf technologies from which the 
agencies drew in developing the Phase 
1 program, but also provided useful 
information the agencies have 
considered when developing this 
second phase of regulations. 

In April 2014, the NAS issued another 
report: ‘‘Reducing the Fuel 
Consumption and Greenhouse Gas 
Emissions of Medium- and Heavy-Duty 
Vehicles, Phase Two, First Report.’’ 44 

This study outlines a number of 
recommendations to the U.S. 
Department of Transportation and 
NHTSA on technical and policy matters 
to consider when addressing the fuel 
efficiency of our nation’s medium- and 
heavy-duty vehicles. In particular, this 
report provided recommendations with 
respect to: 
• The Greenhouse Gas Emission Model 

(GEM) simulation tool used by the 
agencies to assess compliance with 
vehicle standards 

• Regulation of trailers 
• Natural gas-fueled engines and 

vehicles 
• Data collection on in-use operation 

The agencies are adopting many of 
these recommendations into the Phase 2 
program, including recommendations 
relating to the GEM simulation tool and 
to trailers. 

B. Summary of Phase 1 Program 

(1) EPA Phase 1 GHG Emission 
Standards and NHTSA Phase 1 Fuel 
Consumption Standards 

The EPA Phase 1 mandatory GHG 
emission standards commenced in MY 
2014 and include increased stringency 
for standards applicable to MY 2017 and 
later MY vehicles and engines. 
NHTSA’s fuel consumption standards 
were voluntary for MYs 2014 and 2015, 
due to lead time requirements in EISA, 
and apply on a mandatory basis 
thereafter. They also increase in 
stringency for MY 2017. Both agencies 
allowed voluntary early compliance 
starting in MY 2013 and encouraged 
manufacturers’ participation through 
credit incentives. 

Given the complexity of the heavy- 
duty industry, the agencies divided the 
industry into three discrete categories 
for purposes of setting our respective 
Phase 1 standards—combination 
tractors, heavy-duty pickups and vans, 
and vocational vehicles—based on the 
relative degree of homogeneity among 
trucks within each category. The Phase 
1 rules also include separate standards 
for the engines that power combination 
tractors and vocational vehicles. For 
each regulatory category, the agencies 
adopted related but distinct program 
approaches reflecting the specific 
challenges in these segments. In the 
following paragraphs, we briefly 
summarize EPA’s Phase 1 GHG 
emission standards and NHTSA’s Phase 
1 fuel consumption standards for the 
three regulatory categories of heavy- 
duty vehicles and for the engines 
powering vocational vehicles and 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00013 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www.ijc.org/en_/Air_Quality__Agreement
http://www.ijc.org/en_/Air_Quality__Agreement
http://www.nap.edu/catalog/18736/reducing-the-fuel-consumption-and-greenhouse-gas-emissions-of-medium-and-heavy-duty-vehicles-phase-two
http://www.nap.edu/catalog/18736/reducing-the-fuel-consumption-and-greenhouse-gas-emissions-of-medium-and-heavy-duty-vehicles-phase-two
http://www.nap.edu/catalog/18736/reducing-the-fuel-consumption-and-greenhouse-gas-emissions-of-medium-and-heavy-duty-vehicles-phase-two
http://www.nap.edu/catalog/18736/reducing-the-fuel-consumption-and-greenhouse-gas-emissions-of-medium-and-heavy-duty-vehicles-phase-two


73490 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

45 For further discussion of the input the agencies 
received from NAS, see Section XII of the Phase 2 
NPRM at 80 FR 40512, July 13, 2015. 

46 We note although the standards’ stringency is 
predicated on use of certain technologies, and the 
agencies’ assessed the cost of the rule based on the 
cost of use of those technologies, the standards can 
be met by any means. Put another way, the rules 
create a performance standard, and do not mandate 
any particular means of achieving that level of 
performance. 

47 EPA MOVES Model, http://www3.epa.gov/
otaq/models/moves/index.htm. 

48 Note that 12-passenger vans are subject to the 
light-duty standards as medium-duty passenger 
vehicles (MDPVs) and are not subject to this 
proposal. 

tractors. See Sections II, III, V, and VI 
for additional details on the Phase 1 
standards. To respect differences in 
design and typical uses that drive 
different technology solutions, the 
agencies segmented each regulatory 
class into subcategories. The category- 
specific structure enabled the agencies 
to set standards that appropriately 
reflect the technology available for each 
regulatory subcategory of vehicles and 
the engines for use in each type of 
vehicle. The Phase 1 program also 
provided several flexibilities, as 
summarized in Section I.B.(3). 

The agencies proposed and are 
adopting Phase 2 standards based on 
test procedures that differ from those 
used for Phase 1, including the revised 
GEM simulation tool. Significant 
revisions to GEM are discussed in 
Section II and in the RIA Chapter 4, and 
other test procedures are discussed 
further in the RIA Chapter 3. The pre- 
proposal revisions from Phase 1 GEM 
reflected input from both the NAS and 
from industry.45 Changes since the 
proposal generally reflect comments 
received from industry and other key 
stakeholders. It is important to note that 
due to these test procedure changes, the 
Phase 1 and Phase 2 standards are not 
directly comparable in an absolute 
sense. In particular, the revisions being 
made to the 55 mph and 65 mph 
highway cruise cycles for tractors and 
vocational vehicles have the effect of 
making the cycles more challenging 
(albeit more representative of actual 
driving conditions). We are not applying 
these revisions to the Phase 1 program 
because doing so would significantly 
change the stringency of the Phase 1 
standards, for which manufacturers 
have already developed engineering 
plans and are now producing products 
to meet. Moreover, the changes to GEM 
address a broader range of technologies 
not part of the projected compliance 
path for use in Phase 1. 

Because the numeric values of the 
Phase 2 tractor and vocational standards 
are not directly comparable to their 
respective Phase 1 standards, the Phase 
1 numeric standards were not 
appropriate baseline values to use to 
determine Phase 2’s improvements. To 
address this situation, the agencies 
applied all of the new Phase 2 test 
procedures and GEM software to 
tractors and vocational vehicles 
equipped with Phase 1 compliant levels 
of technology. The agencies used the 
results of this approach to establish 
appropriate Phase 1 baseline values, 

which are directly comparable to the 
Phase 2 standards. For example, in this 
rulemaking we present Phase 2 per 
vehicle percent reductions versus Phase 
1, and for tractors and vocational 
vehicles these percent reductions were 
all calculated versus Phase 1 compliant 
vehicles, where we applied the Phase 2 
test procedures and GEM software to 
determine these Phase 1 vehicles’ 
results. 

(a) Class 7 and 8 Combination Tractors 
Class 7 and 8 combination tractors 

and their engines contribute the largest 
portion of the total GHG emissions and 
fuel consumption of the heavy-duty 
sector, approximately 60 percent, due to 
their large payloads, their high annual 
miles traveled, and their major role in 
national freight transport. These 
vehicles consist of a cab and engine 
(tractor or combination tractor) and a 
detachable trailer. The primary 
manufacturers of combination tractors 
in the United States are Daimler Trucks 
North America, Navistar, Volvo/Mack, 
and PACCAR. Each of the tractor 
manufacturers and Cummins (an 
independent engine manufacturer) also 
produce heavy-duty engines used in 
tractors. The Phase 1 standards require 
manufacturers to reduce GHG emissions 
and fuel consumption for these tractors 
and engines, which we expect them to 
do through improvements in 
aerodynamics and tires, reductions in 
tractor weight, reduction in idle 
operation, as well as engine-based 
efficiency improvements.46 

The Phase 1 tractor standards differ 
depending on gross vehicle weight 
rating (GVWR) (i.e., whether the truck is 
Class 7 or Class 8), the height of the roof 
of the cab, and whether it is a ‘‘day cab’’ 
or a ‘‘sleeper cab.’’ The agencies created 
nine subcategories within the Class 7 
and 8 combination tractor category 
reflecting combinations of these 
attributes. The agencies set Phase 1 
standards for each of these subcategories 
beginning in MY 2014, with more 
stringent standards following in MY 
2017. The standards represent an overall 
fuel consumption and CO2 emissions 
reduction up to 23 percent from the 
tractors and the engines installed in 
them when compared to a baseline MY 
2010 tractor and engine. 

For Phase 1, tractor manufacturers 
demonstrate compliance with the tractor 

CO2 and fuel consumption standards 
using a vehicle simulation tool 
described in Section II. The tractor 
inputs to the simulation tool in Phase 1 
are the aerodynamic performance, tire 
rolling resistance, vehicle speed limiter, 
automatic engine shutdown, and weight 
reduction. 

In addition to the Phase 1 tractor- 
based standards for CO2, EPA adopted a 
separate standard to reduce leakage of 
hydrofluorocarbon (HFC) refrigerant 
from cabin air conditioning (A/C) 
systems from combination tractors, to 
apply to the tractor manufacturer. This 
HFC leakage standard is independent of 
the CO2 tractor standard. Manufacturers 
can choose technologies from a menu of 
leak-reducing technologies sufficient to 
comply with the standard, as opposed to 
using a test to measure performance. 
Given that HFC leakage does not relate 
to fuel efficiency, NHTSA did not adopt 
corresponding HFC standards. 

(b) Heavy-Duty Pickup Trucks and Vans 
(Class 2b and 3) 

Heavy-duty vehicles with a GVWR 
between 8,501 and 10,000 lb. are 
classified as Class 2b motor vehicles. 
Heavy-duty vehicles with a GVWR 
between 10,001 and 14,000 lb. are 
classified as Class 3 motor vehicles. 
Class 2b and Class 3 heavy-duty 
vehicles (referred to in these rules as 
‘‘HD pickups and vans’’) together emit 
about 23 percent of today’s GHG 
emissions from the heavy-duty vehicle 
sector.47 

The majority of HD pickups and vans 
are 3⁄4-ton and 1-ton pickup trucks, 12- 
and 15-passenger vans,48 and large work 
vans that are sold by vehicle 
manufacturers as complete vehicles, 
with no secondary manufacturer making 
substantial modifications prior to 
registration and use. These vehicles can 
also be sold as cab-complete vehicles 
(i.e., incomplete vehicles that include 
complete or nearly complete cabs that 
are sold to secondary manufacturers). 
The majority of heavy-duty pickups and 
vans are produced by companies with 
major light-duty markets in the United 
States. Furthermore, the technologies 
available to reduce fuel consumption 
and GHG emissions from this segment 
are similar to the technologies used on 
light-duty pickup trucks, including both 
engine efficiency improvements (for 
gasoline and diesel engines) and vehicle 
efficiency improvements. For these 
reasons, EPA and NHTSA concluded 
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49 As explained in Section XI, as part of this 
rulemaking, EPA moved the Phase 1 requirements 
for pickups and vans from 40 CFR 1037.104 into 40 
CFR part 86, which is also the regulatory part that 
applies for light-duty vehicles. 

50 EPA MOVES model, http://www3.epa.gov/
otaq/models/moves/index.htm. 

51 See 76 FR 57114 explaining why NHTSA’s 
authority under the Energy Independence and 
Safety Act includes authority to establish separate 
engine standards. 

that it was appropriate to adopt GHG 
standards, expressed as grams per mile, 
and fuel consumption standards, 
expressed as gallons per 100 miles, for 
HD pickups and vans based on the 
whole vehicle (including the engine), 
consistent with the way these vehicles 
have been regulated by EPA for criteria 
pollutants and also consistent with the 
way their light-duty counterpart 
vehicles are regulated by EPA and 
NHTSA. This complete vehicle 
approach adopted by both agencies for 
HD pickups and vans was consistent 
with the recommendations of the NAS 
Committee in its 2010 Report. 

For the light-duty GHG and fuel 
economy standards, the agencies based 
the emissions and fuel economy targets 
on vehicle footprint (the wheelbase 
times the average track width). For those 
standards, passenger cars and light 
trucks with larger footprints are 
assigned higher GHG and lower fuel 
economy target levels reflecting their 
inherent tendency to consume more fuel 
and emit more GHGs per mile. For HD 
pickups and vans, the agencies believe 
that setting standards based on vehicle 
attributes is appropriate, but have found 
that a work-based metric is a more 
appropriate attribute than the footprint 
attribute utilized in the light-duty 
vehicle rulemaking, given that work- 
based measures such as towing and 
payload capacities are critical elements 
of these vehicles’ functionality. EPA and 
NHTSA therefore adopted standards for 
HD pickups and vans based on a ‘‘work 
factor’’ attribute that combines their 
payload and towing capabilities, with 
an added adjustment for 4-wheel drive 
vehicles. 

Each manufacturer’s fleet average 
Phase 1 standard is based on production 
volume-weighting of target standards for 
all vehicles, which in turn are based on 
each vehicle’s work factor. These target 
standards are taken from a set of curves 
(mathematical functions), with separate 
curves for gasoline and diesel 
vehicles.49 However, both gasoline and 
diesel vehicles in this category are 
included in a single averaging set. EPA 
phased in the CO2 standards gradually 
starting in the 2014 MY, at 15–20–40– 
60–100 percent of the MY 2018 
standards stringency level in MYs 2014– 
2015–2016–2017–2018, respectively 
(i.e., the 2014 standards requires only 15 
percent of the reduction required in 
2018, etc.). The phase-in takes the form 

of a set of target curves, with increasing 
stringency in each MY. 

NHTSA allowed manufacturers to 
select one of two fuel consumption 
standard alternatives for MYs 2016 and 
later. The first alternative defined 
individual gasoline vehicle and diesel 
vehicle fuel consumption target curves 
that will not change for MYs 2016–2018, 
and are equivalent to EPA’s 67–67–67– 
100 percent target curves in MYs 2016– 
2017–2018–2019, respectively. The 
second alternative defined target curves 
that are equivalent to EPA’s 40–60–100 
percent target curves in MYs 2016– 
2017–2018, respectively. NHTSA 
allowed manufacturers to opt 
voluntarily into the NHTSA HD pickup 
and van program in MYs 2014 or 2015 
at target curves equivalent to EPA’s 
target curves. If a manufacturer chose to 
opt in for one category, they would be 
required to opt in for all categories. In 
other words, a manufacturer would be 
unable to opt in for Class 2b vehicles, 
but opt out for Class 3 vehicles. 

EPA also adopted an alternative 
phase-in schedule for manufacturers 
wanting to have stable standards for 
model years 2016–2018. The standards 
for heavy-duty pickups and vans, like 
those for light-duty vehicles, are 
expressed as set of target standard 
curves, with increasing stringency in 
each model year. The Phase 1 EPA 
standards for 2018 (including a separate 
standard to control air conditioning 
system leakage) are estimated to 
represent an average per-vehicle 
reduction in GHG emissions of 17 
percent for diesel vehicles and 12 
percent for gasoline vehicles (relative to 
pre-control baseline vehicles). The 
NHTSA standard will require these 
vehicles to achieve up to about 15 
percent reduction in fuel consumption 
by MY 2018 (relative to pre-control 
baseline vehicles). Manufacturers 
demonstrate compliance based on entire 
vehicle chassis certification using the 
same duty cycles used to demonstrate 
compliance with criteria pollutant 
standards. 

(c) Class 2b–8 Vocational Vehicles 
Class 2b–8 vocational vehicles 

include a wide variety of vehicle types, 
and serve a vast range of functions. 
Some examples include service for 
parcel delivery, refuse hauling, utility 
service, dump, concrete mixing, transit 
service, shuttle service, school bus, 
emergency, motor homes, and tow 
trucks. In Phase 1, we defined Class 2b– 
8 vocational vehicles as all heavy-duty 
vehicles that are not included in either 
the heavy-duty pickup and van category 
or the Class 7 and 8 tractor category. 
EPA’s and NHTSA’s Phase 1 standards 

for this vocational vehicle category 
generally apply at the chassis 
manufacturer level. Class 2b–8 
vocational vehicles and their engines 
emit approximately 17 percent of the 
GHG emissions and burn approximately 
17 percent of the fuel consumed by 
today’s heavy-duty truck sector.50 

The Phase 1 program for vocational 
vehicles has vehicle standards and 
separate engine standards, both of 
which differ based on the weight class 
of the vehicle into which the engine will 
be installed. The vehicle weight class 
groups mirror those used for the engine 
standards—Classes 2b–5 (light heavy- 
duty or LHD in EPA regulations), 
Classes 6 and 7 (medium heavy-duty or 
MHD in EPA regulations) and Class 8 
(heavy heavy-duty or HHD in EPA 
regulations). Manufacturers demonstrate 
compliance with the Phase 1 vocational 
vehicle CO2 and fuel consumption 
standards using a vehicle simulation 
tool described in Section II. The Phase 
1 program for vocational vehicles 
limited the simulation tool inputs to tire 
rolling resistance. The model assumes 
the use of a typical representative, 
compliant engine in the simulation, 
resulting in one overall value for CO2 
emissions and one for fuel 
consumption. 

(d) Engine Standards 
The agencies established separate 

Phase 1 performance standards for the 
engines manufactured for use in 
vocational vehicles and Class 7 and 8 
tractors.51 These engine standards vary 
depending on engine size linked to 
intended vehicle service class. EPA’s 
engine-based CO2 standards and 
NHTSA’s engine-based fuel 
consumption standards are being 
implemented using EPA’s existing test 
procedures and regulatory structure for 
criteria pollutant emissions from heavy- 
duty engines. EPA also established 
engine-based N2O and CH4 emission 
standards in Phase 1. 

(e) Manufacturers Excluded From the 
Phase 1 Standards 

Phase 1 deferred greenhouse gas 
emissions and fuel consumption 
standards for any manufacturers of 
heavy-duty engines, manufacturers of 
combination tractors, and chassis 
manufacturers for vocational vehicles 
that meet the ‘‘small business’’ size 
criteria set by the Small Business 
Administration (SBA). 13 CFR 121.201 
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52 These thresholds were revised in early 2016. 
See http://www.regulations.gov/#!document
Detail;D=SBA-2014-0011-0031. 

53 Note: These calendar year benefits do not 
represent the same time frame as the model year 
lifetime benefits described above, so they are not 
additive. 

54 NHTSA explained that it has greater flexibility 
in the HD program to include consideration of 
credits and other flexibilities in determining 
appropriate and feasible levels of stringency than it 
does in the light-duty CAFE program. Cf. 49 U.S.C. 
32902(h), which applies to light-duty CAFE but not 
heavy-duty fuel efficiency under 49 U.S.C. 
32902(k). 

55 Early credits are for engines and vehicles 
certified before EPA standards became mandatory, 
advanced technology credits are for hybrids and/or 
Rankine cycle engines, and innovative technology 
credits are for other technologies not in the 2010 
fleet whose benefits are not reflected using the 
Phase 1 test procedures. 

defines a small business by the 
maximum number of employees; for 
example, this is currently 1,500 for 
heavy-duty truck manufacturing and 
1,000 for engine manufacturing.52 In 
order to utilize this exemption, 
qualifying small businesses must submit 
a declaration to the agencies. See 
Section I.F.(1)(b) for a summary of how 
Phase 2 applies for small businesses. 

The agencies stated that they would 
consider appropriate GHG and fuel 
consumption standards for these entities 
as part of a future regulatory action. 
This includes both U.S.-based and 
foreign small-volume heavy-duty 
manufacturers that introduce new 
products into the U.S. 

(2) Costs and Benefits of the Phase 1 
Program 

Overall, EPA and NHTSA estimated 
that the Phase 1 HD National Program 
will cost the affected industry about $8 
billion, while saving vehicle owners 
fuel costs of nearly $50 billion over the 
lifetimes of MY 2014–2018 vehicles. 
The agencies also estimated that the 
combined standards will reduce CO2 
emissions by about 270 million metric 
tons and save about 530 million barrels 
of oil over the life of MY 2014 to 2018 
vehicles. The agencies estimated 
additional monetized benefits from CO2 
reductions, improved energy security, 
reduced time spent refueling, as well as 
possible dis-benefits from increased 
driving crashes, traffic congestion, and 
noise. When considering all these 
factors, we estimated that Phase 1 of the 
HD National Program will yield $49 
billion in net benefits to society over the 
lifetimes of MY 2014–2018 vehicles. 

EPA estimated the benefits of reduced 
ambient concentrations of particulate 
matter and ozone resulting from the 
Phase 1 program to range from $1.3 to 
$4.2 billion in 2030.53 

In total, we estimated the combined 
Phase 1 standards will reduce GHG 
emissions from the U.S. heavy-duty fleet 
by approximately 76 million metric tons 
of CO2-equivalent annually by 2030. In 
its Environmental Impact Statement for 
the Phase 1 rule, NHTSA also quantified 
and/or discussed other potential 
impacts of the program, such as the 
health and environmental impacts 
associated with changes in ambient 
exposures to toxic air pollutants and the 
benefits associated with avoided non- 

CO2 GHGs (methane, nitrous oxide, and 
HFCs). 

(3) Phase 1 Program Flexibilities 
As noted above, the agencies adopted 

numerous provisions designed to give 
manufacturers a degree of flexibility in 
complying with the Phase 1 standards. 
These provisions, which are essentially 
identical in structure and function in 
EPA’s and NHTSA’s regulations, 
enabled the agencies to consider overall 
standards that are more stringent and 
that will become effective sooner than 
we could consider with a more rigid 
program, one in which all of a 
manufacturer’s similar vehicles or 
engines would be required to achieve 
the same emissions or fuel consumption 
levels, and at the same time.54 

Phase 1 included four primary types 
of flexibility: Averaging, banking, and 
trading (ABT) provisions; early credits; 
advanced technology credits (including 
hybrid powertrains); and innovative 
technology credit provisions. The ABT 
provisions were patterned on existing 
EPA and NHTSA ABT programs 
(including the light-duty GHG and fuel 
economy standards) and will allow a 
vehicle manufacturer to reduce CO2 
emission and fuel consumption levels 
further than the level of the standard for 
one or more vehicles to generate ABT 
credits. The manufacturer can use those 
credits to offset higher emission or fuel 
consumption levels in the same 
averaging set, ‘‘bank’’ the credits for 
later use, or ‘‘trade’’ the credits to 
another manufacturer. As also noted 
above, for HD pickups and vans, we 
adopted a fleet averaging system very 
similar to the light-duty GHG and CAFE 
fleet averaging system. In both 
programs, manufacturers are allowed to 
carry-forward deficits for up to three 
years without penalty. The agencies 
provided in the ABT programs 
flexibility for situations in which a 
manufacturer is unable to avoid a 
negative credit balance at the end of the 
year. In such cases, manufacturers are 
not considered to be out of compliance 
unless they are unable to make up the 
difference in credits by the end of the 
third subsequent model year. 

In total, the Phase 1 program divides 
the heavy-duty sector into 14 
subcategories of vehicles and 4 
subcategories of engines. These 
subcategories are grouped into 4 vehicle 

averaging sets and 4 engine averaging 
sets in the ABT program. For tractors 
and vocational vehicles, the fleet 
averaging sets are: Light heavy-duty 
(Classes 2b–5); medium heavy-duty 
(Class 6–7); and heavy heavy-duty 
(Class 8). Complete HD pickups and 
vans (both spark-ignition and 
compression-ignition) are the final 
vehicle averaging set. For engines, the 
fleet averaging sets are spark-ignition 
engines, compression-ignition light 
heavy-duty engines, compression- 
ignition medium heavy-duty engines, 
and compression-ignition heavy heavy- 
duty engines. ABT allows the exchange 
of credits within an averaging set. This 
means that a Class 8 day cab tractor can 
exchange credits with a Class 8 sleeper 
tractor but not with a smaller Class 7 
tractor. Also, a Class 8 vocational 
vehicle can exchange credits with a 
Class 8 tractor. However, we did not 
allow trading between engines and 
chassis (i.e. vehicles). 

In addition to ABT, the other primary 
flexibility provisions in the Phase 1 
program involve opportunities to 
generate early credits, advanced 
technology credits (including for use of 
hybrid powertrains), and innovative 
technology credits.55 For the early 
credits and advanced technology 
credits, the agencies adopted a 1.5x 
multiplier, meaning that manufacturers 
would get 1.5 credits for each early 
credit and each advanced technology 
credit. In addition, advanced technology 
credits for Phase 1 can be used 
anywhere within the heavy-duty sector 
(including both vehicles and engines). 
Put another way, as a means of 
promoting these promising 
technologies, the Phase 1 rule does not 
restrict averaging or trading by 
averaging set in this instance. 

For other vehicle or engine 
technologies that can reduce CO2 and 
fuel consumption, but whose benefits 
are not reflected if measured using the 
Phase 1 test procedures, the agencies 
wanted to encourage the development of 
such innovative technologies, and 
therefore adopted special ‘‘innovative 
technology’’ credits. These innovative 
technology credits apply to technologies 
that are shown to produce emission and 
fuel consumption reductions that are 
not adequately recognized on the Phase 
1 test procedures and that were not yet 
in widespread use in the heavy-duty 
sector before MY 2010. Manufacturers 
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56 In this context, the term ‘‘technology-forcing’’ 
has a specific legal meaning and is used to 
distinguish standards that will effectively require 
manufacturers to develop new technologies (or to 
significantly improve technologies) from standards 
that can be met using off-the-shelf technology alone. 
See, e.g., NRDC v. EPA, 655 F. 2d 318, 328 (D.C. 
Cir. 1981). Technology-forcing standards do not 
require manufacturers to use any specific 
technologies. See also 76 FR 57130 (explaing that 
section 202(a)(2) allows EPA to adopt such 
technology-forcing standards, although it does not 
compell such standards). 

57 ‘‘Prototype’’ as it is used here refers to 
technologies that have a potentially production- 
feasible design that is expected to meet all 
performance, functional, reliability, safety, 
manufacturing, cost and other requirements and 
objectives that is being tested in laboratories and on 
highways under a full range of operating 
conditions, but is not yet available in production 
vehicles already for sale in the market. 

need to quantify the reductions in fuel 
consumption and CO2 emissions that 
the technology is expected to achieve, 
above and beyond those achieved on the 
Phase 1 test procedures. As with ABT, 
the use of innovative technology credits 
is allowed only among vehicles and 
engines of the same defined averaging 
set generating the credit, as described 
above. The credit multiplier likewise 
does not apply for innovative 
technology credits. 

(4) Implementation of Phase 1 
Manufacturers have already begun 

complying with the Phase 1 standards. 
In some cases manufacturers voluntarily 
chose to comply early, before 
compliance was mandatory. The Phase 
1 rule allowed manufacturers to 
generate credits for such early 
compliance. The market appears to be 
very accepting of the new technologies, 
and the agencies have seen no evidence 
of ‘‘pre-buy’’ effects in response to the 
standards. In fact sales have been higher 
in recent years than they were before 
Phase 1. Moreover, manufacturers’ 
compliance plans indicate intention to 
utilize the Phase 1 flexibilities, and we 
have yet to see significant non- 
compliance with the standards. 

(5) Litigation on Phase 1 Rule 
The D.C. Circuit rejected all 

challenges to the agencies’ Phase 1 
regulations. The court did not reach the 
merits of the challenges, holding that 
none of the petitioners had standing to 
bring their actions, and that a challenge 
to NHTSA’s denial of a rulemaking 
petition could only be brought in 
District Court. See Delta Construction v. 
EPA, 783 F. 3d 1291 (D.C. Cir. 2015). 

C. Summary of the Phase 2 Standards 
and Requirements 

The agencies are adopting new 
standards that build on and enhance 
existing Phase 1 standards, and are 
adopting as well the first-ever standards 
for certain trailers used in combination 
with heavy-duty tractors. Taken 
together, the Phase 2 program comprises 
a set of largely technology-advancing 
standards that will achieve greater GHG 
and fuel consumption savings than the 
Phase 1 program. As described in more 
detail in the following sections, the 
agencies are adopting these standards 
because, based on the information 
available at this time and careful 
consideration of all comments, we 
believe they best fulfill our respective 
statutory authorities when considered in 
the context of available technology, 
feasible reductions of emissions and 
fuel consumption, costs, lead time, 
safety, and other relevant factors. 

The Phase 2 standards represent a 
more technology-forcing 56 approach 
than the Phase 1 approach, predicated 
on use of both off-the-shelf technologies 
and emerging technologies that are not 
yet in widespread use. The agencies are 
adopting standards for MY 2027 that we 
project will require manufacturers to 
make extensive use of these 
technologies. The standards increase in 
stringency incrementally beginning in 
MY 2018 for trailers and in MY 2021 for 
other segments, ensuring steady 
improvement to the MY 2027 stringency 
levels. For existing technologies and 
technologies in the final stages of 
development, we project that 
manufacturers will likely apply them to 
nearly all vehicles, excluding those 
specific vehicles with applications or 
uses that prevent the technology from 
functioning properly. We also project as 
one possible compliance pathway that 
manufacturers could apply other more 
advanced technologies such as hybrids 
and waste engine heat recovery systems, 
although at lower application rates than 
the more conventional technologies. 
Comments on the overall stringency of 
the proposed Phase 2 program were 
mixed. Many commenters, including 
most non-governmental organizations, 
supported more stringent standards 
with less lead time. Many technology 
and component suppliers supported 
more stringent standards but with the 
proposed lead time. Vehicle 
manufacturers did not support more 
stringent standards and emphasized the 
importance of lead time. To the extent 
these commenters provided technical 
information to support their comments 
on stringency and lead time, it is 
discussed in Sections II through VI. 

The standards being adopted provide 
approximately ten years of lead time for 
manufacturers to meet these 2027 
standards, which the agencies believe is 
appropriate to implement the 
technologies industry could use to meet 
these standards. For some of the more 
advanced technologies production 
prototype parts are not yet available, 
though they are in the research stage 
with some demonstrations in actual 

vehicles.57 In the respective sections of 
Chapter 2 of the RIA, the agencies 
explain what further steps are needed to 
successfully and reliably commercialize 
these prototypes in the lead time 
afforded by the Phase 2 standards. 
Additionally, even for the more 
developed technologies, phasing in 
more stringent standards over a longer 
timeframe will help manufacturers to 
ensure better reliability of the 
technology and to develop packages to 
work in a wide range of applications. 

As discussed later, the agencies are 
also adopting new standards in MYs 
2018 (trailers only), 2021, and 2024 to 
ensure that manufacturers make steady 
progress toward the 2027 standards, 
thereby achieving steady and feasible 
reductions in GHG emissions and fuel 
consumption in the years leading up to 
the MY 2027 standards. 

Providing additional lead time can 
often enable manufacturers to resolve 
technological challenges or to find 
lower cost means of meeting new 
regulatory standards, effectively making 
them more feasible in either case. See 
generally NRDC v. EPA, 655 F. 2d 318, 
329 (D.C. Cir. 1981). On the other hand, 
manufacturers and/or operators may 
incur additional costs if regulations 
require them to make changes to their 
products with less lead time than 
manufacturers would normally have 
when bringing a new technology to the 
market or expanding the application of 
existing technologies. After developing 
a new technology, manufacturers 
typically conduct extensive field tests to 
ensure its durability and reliability in 
actual use. Standards that accelerate 
technology deployment can lead to 
manufacturers incurring additional 
costs to accelerate this development 
work, or can lead to manufacturers 
beginning production before such 
testing can be completed. Some industry 
stakeholders have informed EPA that 
when manufacturers introduced new 
emission control technologies (primarily 
diesel particulate filters) in response to 
the 2007 heavy-duty engine standards 
they did not perform sufficient product 
development validation, which led to 
additional costs for operators when the 
technologies required repairs or resulted 
in other operational issues in use. Thus, 
the issues of costs, lead time, and 
reliability are intertwined for the 
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58 For example, see the public comments of The 
International Union, Volvo Trucks North America, 
United Automobile, Aerospace and Agricultural 
Implement Workers of America (UAW). 

59 75 FR 57198. 
60 49 U.S.C. 32902(k). 
61 Id. 
62 Center for Biological Diversity v. National 

Highway Traffic Safety Admin., 538 F.3d 1172, 
1195 (9th Cir. 2008). 

63 As described in Section IV, although the trailer 
standards were developed using the simulation 
tool, the agencies are adopting a compliance 
structure that does not require trailer manufacturers 
to use it. 

agencies’ determination of whether 
standards are reasonable and maximum 
feasible, respectively. 

Another important consideration was 
the possibility of disrupting the market, 
which would be a risk if compliance 
required application of new 
technologies too suddenly. Several of 
the heavy-duty vehicle manufacturers, 
fleets, and commercial truck dealerships 
informed the agencies that for fleet 
purchases that are planned more than a 
year in advance, expectations of 
reduced reliability, increased operating 
costs, reduced residual value, or of large 
increases in purchase prices can lead 
the fleets to pull-ahead by several 
months planned future vehicle 
purchases by pre-buying vehicles 
without the newer technology. In the 
context of the Class 8 tractor market, 
where a relatively small number of large 
fleets typically purchase very large 
volumes of tractors, such actions by a 
small number of firms can result in large 
swings in sales volumes. Such market 
impacts would be followed by some 
period of reduced purchases that can 
lead to temporary layoffs at the factories 
producing the engines and vehicles, as 
well as at supplier factories, and 
disruptions at dealerships. Such market 
impacts also can reduce the overall 
environmental and fuel consumption 
benefits of the standards by delaying the 
rate at which the fleet turns over. See 
International Harvester v. EPA, 478 F. 
2d 615, 634 (D.C. Cir. 1973). A number 
of commenters stated that the 2007 EPA 
heavy-duty engine criteria pollutant 
standard precipitated pre-buy for the 
Class 8 tractor market.58 The agencies 
understand the potential impact that 
fleets pulling ahead purchases can have 
on American manufacturing and labor, 
dealerships, truck purchasers, and on 
the program’s environmental and fuel 
savings goals, and have taken steps in 
the design of the program to avoid such 
disruption (see also our discussion in 
RTC Section 11.7). These steps include 
the following: 
• Providing considerable lead time 
• Adopting standards that will result in 

significantly lower operating costs for 
vehicle owners (unlike the 2007 
standard, which increased operating 
costs) 

• Phasing in the standards 
• Structuring the program so the 

industry will have a significant range 
of technology choices to be 
considered for compliance, rather 
than the one or two new technologies 

the OEMs pursued to comply with 
EPA’s 2007 criteria pollutant standard 

• Allowing manufacturers to use 
emissions averaging, banking and 
trading to phase in the technology 
even further 

As discussed in the Phase 1 final rule, 
NHTSA has certain statutory 
considerations to take into account 
when determining feasibility of the 
preferred alternative.59 EISA states that 
NHTSA (in consultation with EPA and 
the Secretary of Energy) will develop a 
commercial medium- and heavy-duty 
fuel efficiency program designed ‘‘to 
achieve the maximum feasible 
improvement.’’ 60 Although there is no 
definition of maximum feasible 
standards in EISA, NHTSA is directed 
to consider three factors when 
determining what the maximum feasible 
standards are. Those factors are, 
appropriateness, cost-effectiveness, and 
technological feasibility,61 which 
modify ‘‘feasible’’ beyond its plain 
meaning. 

NHTSA has the broad discretion to 
weigh and balance the aforementioned 
factors in order to accomplish EISA’s 
mandate of determining maximum 
feasible standards. The fact that the 
factors may often be at odds gives 
NHTSA significant discretion to decide 
what weight to give each of the 
competing factors, policies and 
concerns and then determine how to 
balance them—as long as NHTSA’s 
balancing does not undermine the 
fundamental purpose of the EISA: 
Energy conservation, and as long as that 
balancing reasonably accommodates 
‘‘conflicting policies that were 
committed to the agency’s care by the 
statute.’’ 62 

EPA also has significant discretion in 
assessing, weighing, and balancing the 
relevant statutory criteria. Section 
202(a)(2) of the Clean Air Act (42 U.S.C. 
7521(a)(2)) requires that the standards 
‘‘take effect after such period as the 
Administrator finds necessary to permit 
the development and application of the 
requisite technology, giving appropriate 
consideration to the cost of compliance 
within such period.’’ This language 
affords EPA considerable discretion in 
how to weight the critical statutory 
factors of emission reductions, cost, and 
lead time (76 FR 57129–57130). Section 
202(a)(2) also allows (although it does 
not compel) EPA to adopt technology- 
forcing standards. Id. at 57130. 

Sections II through VI of this 
Preamble explain the consideration that 
the agencies took into account based on 
careful assessment and balancing of the 
statutory factors under Clean Air Act 
section 202(a)(1) and (2), and under 49 
U.S.C. 32902(k). 

(1) Carryover From Phase 1 Program and 
Compliance Changes 

Phase 2 is carrying over many of the 
compliance approaches developed for 
Phase 1, with certain changes as 
described below. Readers are referred to 
the regulatory text for much more detail. 
Note that the agencies have adapted 
some of these Phase 1 provisions in 
order to address new features of the 
Phase 2 program, notably provisions 
related to trailer compliance. The 
agencies have also reevaluated all of the 
compliance provisions to ensure that 
they will be effective in achieving the 
projected reductions without placing an 
undue burden on manufacturers. 

The agencies received significant 
comments from vehicle manufacturers 
emphasizing the potential for the 
structure of the compliance program to 
impact stringency. Although the 
agencies do not agree with all of these 
comments (which are discussed in more 
detail in later sections), we do agree that 
it is important to structure the 
compliance program so that the effective 
stringency of standards is consistent 
with levels established by regulation. 
The agencies have made appropriate 
improvements to the compliance 
structure in response to these 
comments. 

(a) Certification 

EPA and NHTSA are applying the 
same general certification procedures 
for Phase 2 as are currently being used 
for certifying to the Phase 1 standards. 
Tractors and vocational vehicles will 
continue to be certified using the 
vehicle simulation tool (GEM). The 
agencies, however, revised the Phase 1 
GEM simulation tool to develop a new 
version, Phase 2 GEM, that more 
specifically reflects improvements to 
engines, transmissions, and 
drivetrains.63 Rather than the GEM 
simulation tool using default values for 
engines, transmissions and drivetrains, 
most manufacturers will enter measured 
or tested values as inputs reflecting 
performance of the actual engine, 
transmission and drivetrain 
technologies. 
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64 See NRDC v. Thomas, 805 F. 2d 410, 425 (D.C. 
Cir. 1986) (upholding averaging as a reasonable and 
permissible means of implementing a statutory 
provision requiring technology-forcing standards). 

The Phase 1 certification process for 
engines used in tractors and vocational 
vehicles was based on EPA’s process for 
showing compliance with the heavy- 
duty engine criteria pollutant standards 
using engine dynamometer testing, and 
the agencies are continuing it for Phase 
2. We also will continue certifying HD 
pickups and vans using the Phase 1 
chassis dynamometer testing results and 
vehicle certification process, which is 
very similar to the light-duty vehicle 
certification process. The Phase 2 trailer 
certification process will resemble the 
Phase 2 tractor certification approach, 
but with a simplified version of Phase 
2 GEM. The trailer certification process 
allows trailer manufacturers to use a 
simple equation to determine GEM- 
equivalent g/ton-mile emission rates 
without actually running GEM. 

EPA and NHTSA are also clarifying 
provisions related to confirming a 
manufacturer’s test data during 
certification (i.e., confirmatory testing) 
and verifying a manufacturer’s vehicles 
are being produced to perform as 
described in the application for 
certification (i.e., selective enforcement 
audits or SEAs). The EPA confirmatory 
testing provisions for engines, vehicles, 
and components are in 40 CFR 1036.235 
and 1037.235. The SEA provisions are 
in 40 CFR 1036.301 and 1037.301– 
1037.320. The NHTSA provisions are in 
49 CFR 535.9(a). As we proposed, these 
clarifications will also apply for Phase 
1 engines and vehicles. 

In response to comments, we are 
making several changes to the proposed 
EPA confirmatory testing provisions. 
First, the regulations being adopted 
specify that EPA will conduct triplicate 
tests for engine fuel maps to minimize 
the impact of test-to-test variability. The 
final regulations also state that we will 
consider entire fuel maps rather than 
individual points. Engine manufacturers 
objected to EPA’s proposal that 
individual points could be replaced 
based on a single test, arguing that it 
effectively made the vehicle standards 
more stringent due to point-to-point and 
test-to-test variability. We believe that 
the changes being adopted largely 
address these concerns. We are also 
applying this approach for axle and 
transmission maps for similar reasons. 

As described in Sections III and IV, 
EPA has also modified the SEA 
regulations for verifying aerodynamic 
performance. These revised regulations 
differ somewhat from the standard SEA 
regulations to address the unique 
challenges of measuring aerodynamic 
drag. In particular EPA recognizes that 
for coastdown testing, test-to-test 
variability is expected to be large 
relative to production variability. This 

differs fundamentally from traditional 
compliance testing, in which test-to-test 
variability is expected to be small 
relative to production variability. To 
address this difference, the modified 
regulations call for more repeat testing 
of the same vehicle, but fewer test 
samples. These revisions were generally 
supported by commenters. See Section 
III and IV for additional discussion. 

Some commenters suggested that the 
agencies should apply a compliance 
margin to confirmatory and SEA test 
results to account for test variability. 
However, other commenters supported 
following EPA’s past practice, which 
has been to base the standards on 
technology projections that assume 
manufacturers will apply compliance 
margins to their test results for 
certification. In other words, they design 
their products to have emissions below 
the standards by some small margin so 
that test-to-test or lab-to-lab variability 
would not cause them to exceed any 
applicable standards. Consequently, 
EPA has typically not set standards 
precisely at the lowest levels achievable, 
but rather at slightly higher levels— 
expecting manufacturers to target the 
lower levels to provide compliance 
margins for themselves. As discussed in 
Sections II through VI, the agencies have 
applied this approach to the Phase 2 
standards. 

(b) Averaging, Banking and Trading 
(ABT) 

The Phase 1 ABT provisions were 
patterned on established EPA ABT 
programs that have proven to work well. 
In Phase 1, the agencies determined this 
flexibility would provide an 
opportunity for manufacturers to make 
necessary technological improvements 
and reduce the overall cost of the 
program without compromising overall 
environmental and fuel economy 
objectives. Commenters generally 
supported this approach for engines, 
pickups/vans, tractors, and vocational 
vehicles. Thus, we are generally 
continuing this Phase 1 approach with 
few revisions to the engine and vehicle 
segments. However, as described in 
Section IV, in response to comments, we 
are finalizing a much more limited 
averaging program for trailers that will 
not go into effect until 2027. We are 
adopting some other provisions for 
certain vocational vehicles, which are 
discussed in Section V. 

The agencies see the overall ABT 
program as playing an important role in 
making the technology-advancing 
standards feasible, by helping to address 
many issues of technological challenges 
in the context of lead time and costs. It 
provides manufacturers flexibilities that 

assist the efficient development and 
implementation of new technologies 
and therefore enable new technologies 
to be implemented at a more aggressive 
pace than without ABT. 

ABT programs are more than just add- 
on provisions included to help reduce 
costs. They can be, as in EPA’s Title II 
programs generally, an integral part of 
the standard setting itself. A well- 
designed ABT program can also provide 
important environmental and energy 
security benefits by increasing the speed 
at which new technologies can be 
implemented (which means that more 
benefits accrue over time than with 
later-commencing standards) and at the 
same time increase flexibility for, and 
reduce costs to, the regulated industry 
and ultimately consumers. Without ABT 
provisions (and other related 
flexibilities), standards would typically 
have to be numerically less stringent 
since the numerical standard would 
have to be adjusted to accommodate 
issues of feasibility and available lead 
time. See 75 FR 25412–25413. By 
offering ABT credits and additional 
flexibilities the agencies can offer 
progressively more stringent standards 
that help meet our fuel consumption 
reduction and GHG emission goals at a 
faster and more cost-effective pace.64 

(i) Carryover of Phase 1 Credits and 
Credit Life 

The agencies proposed to continue 
the five-year credit life provisions from 
Phase 1, and not to adopt any general 
restriction on the use of banked Phase 
1 credits in Phase 2. In other words, 
Phase 1 credits in MY 2019 could be 
used in Phase 1 or in Phase 2 in MYs 
2021–2024. CARB commented in 
support of a more restrictive approach 
for Phase 1 credits, based on the 
potential for manufacturers to delay 
implementation of technology in Phase 
2 by using credits generated under 
Phase 1. We also received comments 
asking the agencies to provide a path for 
manufacturers to generate credits for 
applying technologies not explicitly 
included in the Phase 1 program. In 
response to these comments, the 
agencies have analyzed the potential 
impacts of Phase 1 credits on the Phase 
2 program for each sector and made 
appropriate adjustments in the program. 
For example, as described in Section 
II.D.(5), the agencies are adopting some 
restrictions on the carryover of windfall 
Phase 1 engine credits that result from 
the Phase 1 vocational engine standards. 
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65 79 FR 23492, April 28, 2014 and 40 CFR 
86.1805–17. 

66 NHTSA’s useful life is based on mileage and 
years of duration. 

Also, as described in Section III, the 
agencies are projecting that Phase 1 
credit balances for tractor manufacturers 
will enable them to meet more stringent 
standards for MY 2021–2023, so the 
agencies have increased the stringency 
of these standards accordingly. 

In contrast to the Phase 1 tractor 
program, the Phase 1 vocational chassis 
program currently offers fewer 
opportunities to generate credits for 
potential carryover into Phase 2. To 
address comments related to this 
particular situation and also to provide 
a new Phase 1 incentive to voluntarily 
apply certain Phase 2 technologies, 
which are available today but currently 
not being adopted, the agencies are 
finalizing a streamlined Phase 1 off- 
cycle credit approval process for these 
Phase 2 technologies. For vocational 
chassis, these technologies include 
workday idle reduction technologies 
such as engine stop-start systems, 
automatic engine shutdown systems, 
shift-to-neutral at idle automatic 
transmissions, automated manual 
transmissions, and dual-clutch 
transmissions. The agencies are also 
finalizing a streamlined Phase 1 off- 
cycle credit approval process for Phase 
2 automatic tire inflation systems 
(ATIS), for both tractors and vocational 
chassis. The purpose for offering these 
streamlined off-cycle approval processes 
for Phase 1 is to encourage more early 
adoption of these Phase 2 technologies 
during the remaining portion of the 
Phase 1 program (e.g., model years 2018, 
2019, 2020). Earlier adoption of these 
technologies would help demonstrate 
that these newer, but not advanced, 
technologies are effective, reliable and 
well-accepted into the marketplace by 
the time the agencies project that they 
would be needed for compliance with 
the Phase 2 standards. 

The agencies are also including a 
provision allowing exempt small 
business manufacturers of vocational 
chassis to opt into the Phase 1 program 
for the purpose of generating credits 
which can be used throughout the Phase 
2 program, as just described. 

In conjunction with this provision 
allowing manufacturers to receive credit 
in Phase 1 for pulling ahead certain 
Phase 2 technologies, the agencies are 
providing an extended credit life for the 
Light and Medium heavy-duty 
vocational vehicle averaging sets (see 
next subsection) to provide additional 
Phase 2 transition flexibility for these 
vehicles. Unlike the HD Phase 1 pickup/ 
van and tractor programs, where the 
averaging sets are broad; where 
manufacturers have many technology 
choices from which to earn credits (e.g., 
tractor aerodynamic and idle reduction 

technologies, pickup/van engine and 
transmission technologies); and where 
we project manufacturers to have 
sufficient pickup/van and tractor credits 
to manage the transition to the Phase 2 
standards, transitioning to the new Light 
and Medium vocational vehicle 
standards may be more challenging. 
Manufacturers selling lower volumes of 
these lighter vehicles may find 
themselves with fewer overall credits to 
manage the transition to the new 
standards, especially the 2027 
standards. To facilitate this transition 
and better assure adequate lead time, 
the agencies are extending the credit life 
for the Light and Medium heavy-duty 
vehicle averaging sets (typically 
vehicles in Classes 2b through 7) so that 
all credits generated in 2018 and later 
will last at least until 2027. We are not 
doing this for the Heavy heavy-duty 
vocational vehicle category (typically 
Class 8) because tractor credits may be 
used within this averaging set. Because 
we project that manufacturers will have 
sufficient tractor credits, we believe that 
they will be able to manage the Heavy 
vocational transition to each set of new 
standards, without the extended credit 
life that we are finalizing for Light and 
Medium vocational averaging sets. 
Nevertheless, we will continue to 
monitor the manufacturers’ progress in 
transitioning to the Phase 2 standards 
for each category, and we may 
reconsider the need for additional 
transitional flexibilities, such as 
extending other categories’ credit lives. 

Although, as we have already noted, 
the numerical values of Phase 2 
standards are not directly comparable in 
an absolute sense to the existing Phase 
1 standards (in other words, a given 
vehicle would have a different g/ton- 
mile emission rate when evaluated 
using Phase 1 GEM than it would when 
evaluated using Phase 2 GEM), we 
believe that the Phase 1 and Phase 2 
credits are largely equivalent. Because 
the standards and emission levels are 
included in a relative sense (as a 
difference), it is not necessary for the 
Phase 1 and Phase 2 standards to be 
directly equivalent in an absolute sense 
in order for the credits to be equivalent. 

This is best understood by examining 
the way in which credits are calculated. 
For example, the credit equations in 40 
CFR 1037.705 and 49 CFR 535.7 
calculate credits as the product of the 
difference between the standard and the 
vehicle’s emission level (g/ton-mile or 
gallon/1,000 ton-mile), the regulatory 
payload (tons), production volume, and 
regulatory useful life (miles). The Phase 
2 payloads, production volumes, and 
useful lives for tractors, medium and 
heavy heavy-duty engines, or medium 

and heavy heavy-duty vocational 
vehicles are equivalent to those of Phase 
1. However, EPA is changing the 
regulatory useful lives of HD pickups 
and vans, light heavy-duty vocational 
vehicles, spark-ignited engines, and 
light heavy-duty compression-ignition 
engines. Because useful life is a factor 
in determining the value of a credit, the 
agencies proposed to apply interim 
adjustment factors to ensure banked 
credits maintain their value in the 
transition from Phase 1 to Phase 2. 

For Phase 1, EPA aligned the useful 
life for GHG emissions with the useful 
life already in place for criteria 
pollutants. After the Phase 1 rules were 
finalized, EPA updated the useful life 
for criteria pollutants as part of the Tier 
3 rulemaking.65 The new useful life 
implemented for Tier 3 is 150,000 miles 
or 15 years, whichever occurs first. This 
same useful life is being adopted in 
Phase 2 for HD pickups and vans, light 
heavy-duty vocational vehicles, spark- 
ignited engines, and light heavy-duty 
compression-ignition engines.66 The 
numeric value of the adjustment factor 
for each of these regulatory categories 
depends on the Phase 1 useful life. 
These are described in detail below in 
this Preamble in Sections II, V, and VI. 
Without these adjustment factors the 
changes in useful life would effectively 
result in a discount of banked credits 
that are carried forward from Phase 1 to 
Phase 2, which is not the intent of the 
changes in the useful life. With the 
relatively flat deterioration generally 
associated with CO2, EPA does not 
believe the changes in useful life will 
significantly affect the feasibility of the 
Phase 2 standards. 

We note that the primary purpose of 
allowing manufacturers to bank credits 
is to provide flexibility in managing 
transitions to new standards. The five- 
year credit life is substantial, and allows 
credits generated in either Phase 1 or 
early in Phase 2 to be used for the 
intended purpose. The agencies believe 
a credit life longer than five years is 
unnecessary to accomplish this 
transition. Restrictions on credit life 
serve to reduce the likelihood that any 
manufacturer will be able to use banked 
credits to disrupt the heavy-duty vehicle 
market in any given year by effectively 
limiting the amount of credits that can 
be held. Without this limit, one 
manufacturer that saved enough credits 
over many years could achieve a 
significant cost advantage by using all 
the credits in a single year. The agencies 
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67 Averaging for trailers does not begin until 2027. 

believe that allowing a five-year credit 
life for all credits, and as a consequence 
allowing use of Phase 1 credits in Phase 
2, creates appropriate flexibility and 
appropriately facilitates a smooth 
transition to each new level of 
standards. 

(ii) Averaging Sets 

EPA has historically restricted 
averaging to some extent for its HD 
emission standards to avoid creating 
unfair competitive advantages or 
environmental risks due to credits being 
inconsistent. It also helps to ensure a 
robust and manageable compliance 
program. Under Phase 1, averaging, 
banking and trading can only occur 
within and between specified 
‘‘averaging sets’’ (with the exception of 
credits generated through use of 
specified advanced technologies). As 
proposed, we will continue this regime 
in Phase 2, retaining the existing vehicle 
and engine averaging sets, and creating 
new trailer averaging sets. We are also 
continuing the averaging set restrictions 
from Phase 1 in Phase 2. (See Section V 
for certain other provisions applicable 
to vehicles certified to special 
standards.) These general averaging sets 
for vehicles are: 
• Complete pickups and vans 
• Other light heavy-duty vehicles 

(Classes 2b–5) 
• Medium heavy-duty vehicles (Class 

6–7) 
• Heavy heavy-duty vehicles (Class 8) 
• Long dry and refrigerated van 

trailers 67 
• Short dry and refrigerated van trailers 
We are not allowing trading between 
engines and chassis, even within the 
same vehicle class. Such trading would 
essentially result in double counting of 
emission credits, because the same 
engine technology would likely generate 
credits relative to both standards (and 
indeed, certain engine improvements 
are reflected exclusively in the vehicle 
standards the agencies are adopting). 
We similarly limit trading among engine 
categories to trades within the 
designated averaging sets: 
• Spark-ignition engines 
• Compression-ignition light heavy- 

duty engines 
• Compression-ignition medium heavy- 

duty engines 
• Compression-ignition heavy heavy- 

duty engines 
The agencies continue to believe that 
maintaining trading to be only within 
the classes listed above will provide 
adequate opportunities for 
manufacturers to make necessary 

technological improvements and to 
reduce the overall cost of the program 
without compromising overall 
environmental and fuel efficiency 
objectives, and it is therefore 
appropriate and reasonable under EPA’s 
authority and maximum feasible under 
NHTSA’s authority, respectively. We do 
not expect emissions from engines and 
vehicles—when restricted by weight 
class—to be dissimilar. We therefore 
expect that the lifetime vehicle 
performance and emissions levels will 
be very similar across these defined 
categories, and the credit calculations 
will fairly ensure the expected fuel 
consumption and GHG emission 
reductions. 

These restrictions have generally 
worked well for Phase 1, and we 
continue to believe that these averaging 
sets create flexibility without creating 
an unfair advantage for manufacturers 
with integrated portfolios, including 
engines and vehicles. See 76 FR 57240. 

(iii) Credit Deficits 
The Phase 1 regulations allow 

manufacturers to carry-forward deficits 
for up to three years. This is an 
important flexibility because the 
program is designed to address the 
diversity of the heavy-duty industry by 
allowing manufacturers to sell a mix of 
engines or vehicles that have very 
different emission levels and fuel 
efficiencies. Under this construct, 
manufacturers can offset sales of 
engines or vehicles not meeting the 
standards by selling others (within the 
same averaging set) that perform better 
than the standards require. However, in 
any given year it is possible that the 
actual sales mix will not balance out, 
and the manufacturer may be short of 
credits for that model year. The three- 
year provision allows for this possibility 
and creates additional compliance 
flexibility to accommodate it. 

(iv) Advanced Technology Credits 
At the time of the proposal, the 

agencies believed it was no longer 
appropriate to provide extra credit for 
any of the technologies identified as 
advanced technologies for Phase 1, 
although we requested comment on this 
issue. The Phase 1 advanced technology 
credits were adopted to promote the 
implementation of advanced 
technologies that were not included in 
our basis of the feasibility of the Phase 
1 standards. Such technologies included 
hybrid powertrains, Rankine cycle 
waste heat recovery systems on engines, 
all-electric vehicles, and fuel cell 
vehicles (see 40 CFR 86.1819–14(k)(7), 
1036.150(h), and 1037.150(p)). The 
Phase 2 heavy-duty engine and vehicle 

standards are premised on the use of 
some of these technologies, making 
them equivalent to other fuel-saving 
technologies in this context. We believe 
the Phase 2 standards themselves will 
provide sufficient incentive to develop 
those specific technologies. 

Although the agencies proposed to 
eliminate all advanced technology 
incentives, we remained open to 
targeted incentives that would address 
truly advanced technology. We 
specifically requested comment on this 
issue with respect to electric vehicle, 
plug-in hybrid, and fuel cell 
technologies. Although the Phase 2 
standards are premised on some use of 
Rankine cycle waste heat recovery 
systems on engines and hybrid 
powertrains, none of these standards are 
based on projected utilization of these 
other even more-advanced technologies 
(e.g., all-electric vehicles, fuel cell 
vehicles). 80 FR 40158. Commenters 
generally supported providing credit 
multipliers for these advanced 
technologies. However, Allison 
supported ending the incentives for 
hybrids, fuel cells, and electric vehicles 
in Phase 2. ATA, on the other hand, 
commented that the agencies should 
preserve the advanced technology 
credits which provide a credit 
multiplier of 1.5 in order to promote the 
use of hybrid and electric vehicles in 
larger vocational vehicles and tractors. 
ARB supported the use of credit 
multipliers even more strongly and 
provided suggestions for values larger 
than 1.5 that could be used to 
incentivize plug-in hybrids, electric 
vehicles, and fuel cell vehicles. Eaton 
recommended the continuation of 
advanced technology credits for hybrid 
powertrains until a sufficient number 
are in the market. Overall, the 
comments indicated that there is 
support for such incentives among 
operators, suppliers, and states. Upon 
further consideration, the agencies are 
adopting advanced technology credits 
for these three types of advanced 
technologies, as shown in Table I–2 
below. 

TABLE I–2—ADVANCED TECHNOLOGY 
MULTIPLIERS 

Technology Multiplier 

Plug-in hybrid electric vehicles 3.5 
All-electric vehicles ................... 4.5 
Fuel cell vehicles ...................... 5.5 

Our intention in adopting these 
multipliers is to create a meaningful 
incentive to those considering adopting 
these qualifying advanced technologies 
into their vehicles. The values being 
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68 Letter from Michael Carter, ARB, to Gina 
McCarthy, Administrator, EPA and Mark Rosekind, 
Administrator, NHTSA, June 16, 2016. 

69 Credits can be generated against these 
standards as well, but the life of credits generated 
for 2025 and 2026 would be five years. The pull 
ahead of the MY 2021 standards should more than 

balance out any slight decreases in benefits 
attributable to such credits. 

70 The final rule (40 CFR 1036.150(p)) provides 
that for engine manufacturers choosing this 
alternative option, credits generated with MY 2018– 
2024 engines can be used until MY 2030. Credits 
from later model years can be used for five years 
from generation under 40 CFR 1037.740(c). 

71 Compliance with this requirement would be 
evaluated at the time of certification and when end 
of year ABT reports are submitted. Manufacturers 
that show a net credit deficit for the averaging set 
at the end of the year would not meet this 
requirement. 

adopted are consistent with values 
recommended by CARB in their 
supplemental comments.68 CARB’s 
values were based on a cost analysis 
that compared the costs of these 
technologies to costs of other 
conventional technologies. Their costs 
analysis showed that adopting 
multipliers in this range would make 
these technologies much more 
competitive with the conventional 
technologies and could allow 
manufacturers to more easily generate a 
viable business case to develop these 
technologies for heavy-duty and bring 
them to market at a competitive price. 

Another important consideration in 
the adoption of these larger multipliers 
is the tendency of the heavy-duty sector 
to significantly lag the light-duty sector 
in the adoption of advanced 
technologies. There are many possible 
reasons for this, such as: 

• Heavy-duty vehicles are more 
expensive than light-duty vehicles, 
which makes it a greater monetary risk 
for purchasers to invest in unproven 
technologies. 

• These vehicles are work vehicles, 
which makes predictable reliability 
even more important than for light-duty 
vehicles. 

• Sales volumes are much lower for 
heavy-duty vehicles, especially for 
specialized vehicles. 

As a result of factors such as these, 
adoption rates for these advanced 
technologies in heavy-duty vehicles are 
essentially non-existent today and seem 
unlikely to grow significantly within the 
next decade without additional 
incentives. 

The agencies believe it is appropriate 
to provide such large multipliers for 
these very advanced technologies at 
least in the short term, because they 
have the potential to provide very large 
reductions in GHG emissions and fuel 
consumption and advance technology 
development substantially in the long 
term. However, because they are so 
large, we also believe that we should not 
necessarily allow them to continue 
indefinitely. Therefore, the agencies are 
adopting them as an interim program 
that will continue through MY 2027. If 
the agencies determine that these credit 
multipliers should be continued beyond 
MY 2027, we could do so in a future 
rulemaking. 

As discussed in Section I.C.(1)(d), the 
agencies are not specifically accounting 
for upstream emissions that might occur 
from production of electricity to power 
these advanced vehicles. This approach 
is largely consistent with the incentives 
offered for electric vehicles in the light- 
duty National Program. 77 FR 62810. 
For light-duty vehicles, the agencies 
also did not require manufacturers to 
account for upstream emissions during 
the initial years, as the technologies are 
being developed. While we proactively 
sunset this allowance for light-duty due 
to concerns about potential impacts 
from very high sales volumes, we do not 
have similar concerns for heavy-duty. 
Nevertheless, in this program we are 
only adopting these credit multipliers 
through MY 2027, and should we not 
promulgate a future rulemaking to 
extend them beyond MY 2027, these 
multipliers would essentially sunset in 
MY 2027. 

One feature of the Phase 1 advanced 
technology program that is not being 
continued in Phase 2 is the allowance 
to use advanced technology credits 
across averaging sets. We believe that 
combined with the very large 
multipliers being adopted, there could 
be too large a risk of market distortions 
if we allowed the use of these credits 
across averaging sets. 

(v) Transition Flexibility for Meeting the 
Engine Standards 

Some manufacturers commented that 
the proposed engine regulations did not 
offer sufficient flexibility. Although 
these commenters acknowledge that the 
tractor and vocational vehicle standards 
will separately drive engine 
improvements, they nonetheless 
maintain that the MY 2024 engine 
standards may constrain potential 
compliance paths too much. Some 
commented that advanced technologies 
(such as waste heat recovery) may need 
to be deployed before the technologies 
are fully reliable for every engine 
manufacturer, and may lead to the 
development and implementation of 
additional engine technologies outside 
of scheduled engine redesign cycles, 
which could cause manufacturers to 
incur costs which were not accounted 
for in the agencies’ analyses. These costs 
could include both product 
development and equipment costs for 
the engine manufacturer, and potential 

increased costs for vehicle owners 
associated with potential reliability 
issues in-the-field. 

The agencies have considered these 
comments carefully. See, e.g., RIA 
Section 2.3.9 and RTC Section 3.4. The 
agencies recognize the importance of 
ensuring that there is adequate lead time 
to develop, test, and otherwise assure 
reliability of the technologies projected 
to be needed to meet the standards and 
for the advanced engine technologies in 
particular. See Section I.C above; see 
also responses regarding waste heat 
recovery technology in RTC Section 3.4, 
and Response 3.4.1. The agencies are 
therefore adopting an alternative, 
optional ABT flexibility for heavy-heavy 
and medium-heavy engines in partial 
response to these comments. This 
optional provision would affect only the 
MYs 2021 and 2024 standards for these 
engines, not the final MY 2027 engine 
standards, and to the extent 
manufacturers elect the provision would 
increase fuel consumption and GHG 
reduction benefits, as explained below. 

This optional provision has three 
aspects: 
• A pull ahead of the engine standards 

to MY 2020 
• Extended credit life for engine credits 

generated against MYs 2018–2019 
Phase 1 standards, the MY 2020 pull- 
ahead Phase 2 engine standards, and 
the MYs 2021–2024 Phase 2 engine 
standards 

• Slightly relaxed engine standards for 
MYs 2024–2026 tractor engine 
standards 69 
Thus, the final rule provides the 

option of an extended credit life for the 
medium heavy-duty and heavy heavy- 
duty engines so that all credits 
generated in MY 2018 and later will last 
at least until MY 2030.70 To be eligible 
for this allowance, manufacturers would 
need to voluntarily certify all of their 
HHD and/or MHD MY 2020 engines 
(tractor and vocational) to MY 2021 
standards.71 Manufacturers could elect 
to apply this provision separately to 
medium heavy-duty and heavy heavy- 
duty engines, since these remain 
separate averaging sets. Credits banked 
by the manufacturer in Phase 1 for 
model year 2018 and 2019 engines 
would be eligible for the extended credit 
life for manufacturers satisfying the pull 
ahead requirement. Such credits could 
be used in any model year 2021 through 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00022 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73499 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

72 The agencies view this alternative as of 
reasonable cost with respect to the vehicle 
standards. First, where engine manufacturers and 
vehicle manufacturers are vertically integrated, that 
manufacturer would choose the alternative which is 
most cost advantageous. Second, where engine 
manufacturers and vehicle manufacturers are not 

vertically integrated, the agencies anticipate that 
engines certified to the alternative and the main 
standards will both be available for the vehicle 
manufacturer to purchase, so that the vehicle 
manufacturer would not need to incur any costs 
attributable to the alternative engine standard. 

2030. Manufacturers that voluntarily 
certify their engines to MY 2021 

standards early would then also be 
eligible for slightly less stringent engine 

tractor standards in MYs 2024–2026, as 
shown in the following table. 

TABLE I–3—OPTIONAL ABT FLEXIBILITY STANDARDS FOR HEAVY-HEAVY AND MEDIUM-HEAVY ENGINES 

Model years 

Medium heavy-duty—tractor Heavy heavy-duty—tractor 

EPA CO2 
standard 
(g/bhp-hr) 

NHTSA fuel 
consumption 

standard 
(gal/100bhp-hr) 

EPA CO2 
standard 
(g/bhp-hr) 

NHTSA fuel 
consumption 

standard 
(gal/100bhp-hr) 

2020–2023 ................................................................................................... 473 4.6464 447 4.3910 
2024–2026 ................................................................................................... 467 4.5874 442 4.3418 

Once having opted into this 
alternative compliance path, engine 
manufacturers would have to adhere to 
that path for the remainder of the Phase 
2 program. The choice would be made 
when certifying MY 2020 engines. 
Instead of certifying engines to the final 
year of the Phase 1 engine standards, 
manufacturers electing the alternative 
would indicate that they are instead 
certifying to the MY 2021 Phase 2 
engine standard. 

Because these engine manufacturers 
would be reducing emissions of engines 
otherwise subject to the MY 2020 Phase 
1 engine standards (and because engine 
reductions were not reflected in the 
Phase 1 vehicle program), there would 
be a net benefit to the environment. 
These engines would not generate 
credits relative to the Phase 1 standards 
(that is, MY 2020 engines would only 
use or generate credits relative to the 
pulled ahead MY 2021 Phase 2 engines 
standards) which would result in net 
reductions of CO2 and fuel consumption 
of about 2 percent for each engine. 
Thus, if every engine manufacturer 
chooses to use this flexibility, there 
could be resulting reductions of an 
additional 12MMT of CO2 and saving of 
nearly one billion gallons of diesel fuel. 

This alternative also does not have 
adverse implications for the vehicle 
standards. As just noted, the vehicle 
standards themselves are unaffected. 
Thus, these voluntary standards would 
not reduce the GHG reductions or fuel 
savings of the program. Vehicle 
manufacturers using the alternative MYs 
2024–2026 engines would need to adopt 
additional vehicle technology (i.e. 
technology beyond that projected to be 
needed to meet the standard) to meet 
the vehicle standards. This means the 
vehicles would still achieve the same 
fuel efficiency in use.72 

In sum, the agencies view this 
alternative as being positive from the 
environmental and energy conservation 
perspectives, and believe it will provide 
significant flexibility for manufacturers 
that may reduce their compliance costs. 
It also provides a hedge against 
potential premature introduction of 
advanced engine technologies, 
providing more lead time to assure in- 
use reliability. 

(c) Innovative Technology and Off-Cycle 
Credits 

The agencies are continuing the Phase 
1 innovative technology program 
(reflecting certain streamlining features 
as just discussed), but re-designating it 
as an off-cycle program for Phase 2. In 
other words, beginning in MY 2021 
technologies that are not accounted for 
in the GEM simulation tool, or by 
compliance dynamometer testing (for 
engines or chassis certified vehicles) 
will be considered ‘‘off-cycle,’’ 
including those technologies that may 
no longer be considered innovative 
technologies. 

The final rules provide that in order 
for a manufacturer to receive these 
credits for Phase 2, the off-cycle 
technology will still need to meet the 
requirement that it was not in common 
use prior to MY 2010. Although we have 
not identified specific off-cycle 
technologies at this time that should be 
excluded, we believe it is prudent to 
continue this requirement to avoid the 
potential for manufacturers to receive 
windfall credits for technologies that 
they were already using before MY 
2010, and that are therefore reflected in 
the Phase 2 (and possibly Phase 1) 
baselines. However, because the Phase 2 
program will be implemented in MY 
2021 and extend at least through MY 
2027, the agencies and manufacturers 
may have difficulty in the future 

determining whether an off-cycle 
technology was in common use prior to 
MY 2010. In order to avoid this 
approach becoming an unnecessary 
hindrance to the off-cycle program, the 
agencies will presume that off-cycle 
technologies were not in common use in 
2010 unless we have clear evidence to 
the contrary. Neither the agencies nor 
manufacturers will be required to 
demonstrate that the technology meets 
this 2010 criteria. Rather, the agencies 
will simply retain the authority to deny 
a request for off-cycle credits if it is 
clear that the technology was in 
common use in 2010 and thus part of 
the baseline. 

Manufacturers will be able to carry 
over innovative technology credits from 
Phase 1 into Phase 2, subject to the same 
restrictions as other credits. 
Manufacturers will also be able to carry 
over the improvement factor (not the 
credit value) of a technology, if certain 
criteria are met. The agencies will 
require documentation for all off-cycle 
requests similar to those required by 
EPA for its light-duty GHG program. 

Additionally, the agencies will not 
grant any off-cycle credits for crash 
avoidance technologies. The agencies 
will also require manufacturers to 
consider the safety of off-cycle 
technologies and will request a safety 
assessment from the manufacturer for 
all off-cycle technologies. 

Similar principles apply to off-cycle 
credits in this heavy-duty Phase 2 
program as under the light-duty vehicle 
rules. Thus, technologies which are part 
of the basis of a Phase 2 standard would 
not be eligible for off-cycle credits. 
Their benefits have been accounted for 
in developing the stringency of the 
Phase 2 standard, as have their costs. 
See 77 FR 62835 (October 15, 2012). In 
addition, technologies which are 
integral or inherent to the basic vehicle 
design and are recognized in GEM or 
under the FTP (for pickups and vans), 
including engine, transmission, mass 
reduction, passive aerodynamic design, 
and base tires, will not be eligible for 
off-cycle credits. 77 FR 62836. 
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73 See Section XI for additional discussion of 
natural gas engines and vehicles. 

Technologies integral or inherent to 
basic vehicle design are fully 
functioning and are thus recognized in 
GEM, or operate over the entirety of the 
FTP/HFET and therefore are adequately 
captured by the test procedure. 

Just as some technologies that were 
considered off-cycle for Phase 1 are 
being adopted as primary technologies 
in Phase 2 on whose performance 
standard stringency is calculated, the 
agencies may revise the regulation in a 
future rulemaking to create a more 
direct path to recognize technologies 
currently considered off-cycle. For 
example, although we are including 
specific provisions to recognize certain 
electrified accessories, recognizing 
others would require the manufacturer 
to go through the off-cycle process. 
However, it is quite possible that the 
agencies could gather sufficient data to 
allow us to adopt specific provisions in 
a future rulemaking to recognize other 
accessories in a simpler manner. 
Because such a change would merely 
represent a simpler way to receive the 
same credit as could be obtained under 
the regulations being adopted today 
(rather than a change in stringency), it 
would not require us to reconsider the 
standards. 

(d) Alternative Fuels and Electric 
Vehicles 

The agencies will largely continue the 
Phase 1 approach for engines and 
vehicles fueled by fuels other than 
gasoline and diesel.73 Phase 1 engine 
emission standards applied uniquely for 
gasoline-fueled and diesel-fueled 
engines. The regulations in 40 CFR part 
86 implement these distinctions for 
alternative fuels by dividing engines 
into Otto-cycle and Diesel-cycle 
technologies based on the combustion 
cycle of the engine. However, as 
proposed, the agencies are making a 
small change that is described in 
Section II. Under this change, we will 
require manufacturers to divide their 
natural gas engines into primary 
intended service classes, like the current 
requirement for compression-ignition 
engines. Any alternative fuel-engine 
qualifying as a heavy heavy-duty engine 
will be subject to all the emission 
standards and other requirements that 
apply to compression-ignition engines. 
Note that this small change in approach 
will also apply with respect to EPA’s 
criteria pollutant program. 

We are also applying the Phase 2 
standards at the vehicle tailpipe. That 
is, compliance is based on vehicle fuel 
consumption and GHG emission 

reductions, and does not reflect any so- 
called lifecycle emission properties. The 
agencies have explained why it is 
reasonable that the heavy-duty 
standards be fuel neutral in this manner 
and adhere to this reasoning here. See 
76 FR 57123; see also 77 FR 51705 
(August 24, 2012) and 77 FR 51500 
(August 27, 2012). In particular, EPA 
notes that there is a separate, statutorily- 
mandated program under the Clean Air 
Act which encourages use of renewable 
fuels in transportation fuels, including 
renewable fuel used in heavy-duty 
diesel engines. This program considers 
lifecycle greenhouse gas emissions 
compared to petroleum fuel. NHTSA 
notes that the fuel efficiency standards 
are necessarily tailpipe-based, and that 
a lifecycle approach would likely render 
it impossible to harmonize the fuel 
efficiency and GHG emission standards, 
to the great detriment of our goal of 
achieving a coordinated program. 77 FR 
51500–51501; see also 77 FR 51705 
(similar finding by EPA); see also 
Section I.F.(1)(a) below, Section 1.8 of 
the RTC, and Section XI.B. 

The agencies received mixed 
comments on this issue. Many 
commenters supported the proposed 
approach, generally agreeing with the 
agencies’ arguments. However, some 
other commenters opposed this 
approach. Opposing commenters 
generally fell into two categories: 

• Commenters concerned that 
upstream emissions of methane 
occurring during the production and 
distribution of natural gas would offset 
some or all of the GHG emission 
reductions observed at the tailpipe. 

• Commenters concerned that 
tailpipe-only standards ignore the GHG 
benefits of using renewable fuels. 

The agencies are not issuing rules that 
effectively would turn these rules into a 
fuel program, rather than an emissions 
reduction and fuel efficiency program. 
Nor will the agencies disharmonize the 
program by having GHG standards 
reflect upstream emissions having no 
relation to fuel efficiency. See e.g. 77 FR 
51500–51501; see also 77 FR 51705. We 
thus will continue to measure 
compliance at the tailpipe. Issues 
relating to whether to consider in the 
emission standards upstream emissions 
related to natural gas exploration and 
production are addressed in detail in 
Section XI below. It is sufficient to state 
here that the agencies carefully 
investigated the potential use of natural 
gas in the heavy-duty sector and the 
impacts of such use. We do not believe 
that the use of natural gas is likely to 
become a major fuel source for heavy- 
duty vehicles during the Phase 2 time 
frame. Thus, since we project natural 

gas vehicles to have little impact on 
both overall GHG emissions and fuel 
consumption during the Phase 2 time 
frame, the agencies see no need to make 
fundamental changes to the Phase 1 
approach for natural gas engines and 
vehicles. 

The agencies note further that a 
consequence of the tailpipe-based 
approach is that the agencies will treat 
vehicles powered by electricity the same 
as in Phase 1. In Phase 1, EPA treated 
all electric vehicles as having zero 
tailpipe emissions of CO2, CH4, and N2O 
(see 40 CFR 1037.150(f)). Similarly, 
NHTSA adopted regulations in Phase 1 
that set the fuel consumption standards 
based on the fuel consumed by the 
vehicle. The agencies also did not 
require emission testing for electric 
vehicles in Phase 1. The agencies 
considered the potential unintended 
consequence of not accounting for 
upstream emissions from the charging of 
heavy-duty electric vehicles. In our 
reassessment for Phase 2, we have found 
only one all-electric heavy-duty vehicle 
manufacturer that has certified through 
2016. As we look to the future, we 
project limited adoption of all-electric 
vehicles into the market. Therefore, we 
believe that this provision is still 
appropriate. Unlike the 2017–2025 
light-duty rule, which included a cap 
whereby upstream emissions would be 
counted after a certain volume of sales 
(see 77 FR 62816–62822), we believe 
there is no need to establish a cap for 
heavy-duty vehicles because of the 
small likelihood of significant 
production of EV technologies in the 
Phase 2 timeframe. Commenters 
specifically addressing electric vehicles 
generally supported the agencies’ 
proposal. However, some commenters 
did support accounting for emissions 
from the generation of electricity in the 
broader context of supporting full life- 
cycle analysis. As noted above, and in 
more detail in Section I.F.(2)(f) as well 
as Section 1.8 of the RTC, the agencies 
are not predicating the standards on a 
full life-cycle approach. 

(e) Phase 1 Interim Provisions 
EPA adopted several flexibilities for 

the Phase 1 program (40 CFR 86.1819– 
14(k), 1036.150 and 1037.150) as 
interim provisions. Because the existing 
regulations do not have an end date for 
Phase 1, most of these provisions did 
not have an explicit end date. NHTSA 
adopted similar provisions. With few 
exceptions, the agencies are not 
continuing these provisions for Phase 2. 
These will generally remain in effect for 
the Phase 1 program. In particular, the 
agencies note that we are not continuing 
the blanket exemption for small 
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manufacturers. Instead, in Phase 2 the 
agencies are providing more targeted 
relief for these entities. 

(f) In-Use Standards and Recall 
Section 202(a)(1) of the CAA specifies 

that EPA is to adopt emissions 
standards that are applicable for the 
useful life of the vehicle and for the 
engine. EPA finalized in-use standards 
for the Phase 1 program, whereas 
NHTSA’s rules do not include these 
standards. For the Phase 2 program, 
EPA will carry-over its in-use 
provisions, and NHTSA is adopting 
EPA’s useful life requirements for its 
vehicle and engine fuel consumption 
standards to ensure manufacturers 
consider in the design process the need 
for fuel efficiency standards to apply for 
the same duration and mileage as EPA 
standards. If EPA determines a 
manufacturer fails to meet its in-use 
standards, civil penalties may be 
assessed. 

CAA section 207(c)(1) requires ‘‘the 
manufacturer’’ to remedy certain in-use 
problems. The remedy process is to 
recall the nonconforming vehicles and 
bring them into conformity with the 
standards and the certificate. The 
regulations for this process are in 40 
CFR part 1068, subpart F. EPA is also 
adopting regulatory text addressing 
recall obligations for component 
manufacturers and other non-certifying 
manufacturers. We note that the CAA 
does not limit this responsibility to 
certificate holders, consistent with the 
definition of a ‘‘manufacturer’’ as ‘‘any 
person engaged in the manufacturing or 
assembling of new motor vehicles, new 
motor vehicle engines, new nonroad 
vehicles or new nonroad engines, or 
importing such vehicles or engines for 
resale, or who acts for and is under the 
control of any such person in 
connection with the distribution of new 
motor vehicles, new motor vehicle 
engines, new nonroad vehicles or new 
nonroad engines, but shall not include 
any dealer with respect to new motor 
vehicles, new motor vehicle engines, 
new nonroad vehicles or new nonroad 
engines received by him in commerce.’’ 

As discussed in Section I.E.(1) below, 
this definition was not intended to 
restrict the definition of ‘‘manufacturer’’ 
to a single person per vehicle. Under 
EPA regulations, we can require any 
person meeting the definition of 
manufacturer for a nonconforming 
vehicle to participate in a recall. 
However, we would normally presume 
the certificate holder to have the 
primary responsibility. 

EPA requested comment on adding 
regulatory text that would explicitly 
apply these provisions to tire 

manufacturers. Comments from the tire 
industry generally opposed this noting 
that they are not the manufacturer of the 
vehicle. These comments are correct 
that tires are not incomplete vehicles 
and hence that the recall authority does 
not apply for companies that only 
manufacture the tires. However, EPA 
remains of the view that in the event 
that vehicles (e.g. trailers) do not 
conform to the standards in-use due to 
nonconforming tires, tire manufacturers 
would have a role to play in remedying 
the problem. In this (hypothetical) 
situation, a tire manufacturer would not 
only have produced the part in 
question, but in the case of a trailer 
manufacturer or other small vehicle 
manufacturer, would have significantly 
more resources and knowledge 
regarding how to address (and redress) 
the problem. Accordingly, EPA would 
likely require that a component 
manufacturer responsible for the 
nonconformity assist in the recall to an 
extent and in a manner consistent with 
the provisions of CAA section 208(a). 
This section specifies that component 
and part manufacturers ‘‘shall establish 
and maintain records, perform tests 
where such testing is not otherwise 
reasonably available under this part and 
part C of this subchapter (including fees 
for testing), make reports and provide 
information the Administrator may 
reasonably require to determine whether 
the manufacturer or other person has 
acted or is acting in compliance with 
this part and part C of this subchapter 
and regulations thereunder, or to 
otherwise carry out the provision of this 
part and part C of this subchapter. . .’’. 
Any such action would be considered 
on a case-by-case basis, adapted to the 
particular circumstances at the time. 

(g) Vehicle Labeling 

EPA proposed to largely continue the 
Phase 1 engine and vehicle labeling 
requirements, but to eliminate the 
requirement for tractor and vocational 
vehicle manufacturers to list emission 
control on the label. The agencies 
consider it crucial that authorized 
compliance inspectors are able to 
identify whether a vehicle is certified, 
and if so whether it is in its certified 
condition. To facilitate this 
identification in Phase 1, EPA adopted 
labeling provisions for tractors that 
included several items. The Phase 1 
tractor label must include the 
manufacturer, vehicle identifier such as 
the Vehicle Identification Number 
(VIN), vehicle family, regulatory 
subcategory, date of manufacture, 
compliance statements, and emission 
control system identifiers (see 40 CFR 

1037.135). EPA proposed to apply 
parallel requirements for trailers. 

In Phase 1, the emission control 
system identifiers are limited to vehicle 
speed limiters, idle reduction 
technology, tire rolling resistance, some 
aerodynamic components, and other 
innovative and advanced technologies. 
However, the number of emission 
control systems for greenhouse gas 
emissions in Phase 2 has increased 
significantly for tractors and vocational 
vehicles. For example, all aspects of the 
engine transmission and drive axle; 
accessories; tire radius and rolling 
resistance; wind averaged drag; 
predictive cruise control; idle reduction 
technologies; and automatic tire 
inflation systems are controls which can 
be evaluated on-cycle in Phase 2 (i.e. 
these technologies’ performance can 
now be input to GEM), but could not be 
in Phase 1. Due to the complexity in 
determining greenhouse gas emissions 
in Phase 2, the agencies do not believe 
that we can unambiguously determine 
whether or not a vehicle is in a certified 
condition through simply comparing 
information that could be made 
available on an emission control label 
with the components installed on a 
vehicle. Therefore, EPA proposed to 
remove the requirement to include the 
emission control system identifiers 
required in 40 CFR 1037.135(c)(6) and 
in Appendix III to 40 CFR part 1037 
from the emission control labels for 
vehicles certified to the Phase 2 
standards. The agencies received 
comments on the emission control 
labels from Navistar, which supported 
the elimination of the emission control 
information from the vehicle GHG label. 

Although we are largely finalizing the 
proposed labeling requirements, we 
remain interested in finding a better 
approach for labeling. Under the 
agencies’ existing authorities, 
manufacturers must provide detailed 
build information for a specific vehicle 
upon our request. Our expectation is 
that this information should be available 
to us via email or other similar 
electronic communication on a same- 
day basis, or within 24 hours of a 
request at the latest. The agencies have 
started to explore ideas that would 
provide inspectors with an electronic 
method to identify vehicles and access 
on-line databases that would list all of 
the engine-specific and vehicle-specific 
emissions control system information. 
We believe that electronic and Internet 
technology exists today for using scan 
tools to read a bar code or radio 
frequency identification tag affixed to a 
vehicle that could then lead to secure 
on-line access to a database of 
manufacturers’ detailed vehicle and 
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74 Anti-stockpiling provisions will generally 
prevent vehicle manufacturers from using new 
engines older than the prior model year. See 
Section XIII.B for a discussion of EPA requirements 
for installing older used engines into new vehicles. 

75 For the flat baseline referenec case, the agencies 
project that tractors engines will meet the Phase 1 
engine standards with a small compliancee margin. 
The Phase 1 standards for diesel engines will be 
fully phased-in by MY 2017, so we use MY 2017 
as the baseline engine for tractors. Note that we 
project that vocational engines will achieve 
additioanl overcompliance with the Phase 1 
vocational engine standards. 

76 As noted in Section II, the numerical levels of 
the vocational engine standards also reflect an 
updated baseline in which Phase 1 vocational 
engines are more efficient than assumed for the 
proposal. In addition, the numerical levels of the 
tractor engine standards reflect an updated baseline 
to reflect the changes to the test cycle. 

engine build information. Our 
exploratory work on these ideas has 
raised questions about the level of effort 
that would be required to develop, 
implement and maintain an information 
technology system to provide inspectors 
real-time access to this information. We 
have also considered questions about 
privacy and data security. We requested 
comment on the concept of electronic 
labels and database access, including 
any available information on similar 
systems that exist today and on burden 
estimates and approaches that could 
address concerns about privacy and data 
security. 

Although we are not finalizing such a 
program in this rulemaking, we remain 
very interested in the use of electronic 
labels that could be used by the agencies 
to access vehicle information and may 
pursue these in a future rulemaking. 
Such a rulemaking would likely 
consider the feasibility of accessing 
dynamic link libraries in real-time to 
view each manufacturer’s build records 
(and perhaps pending orders). The 
agencies envision that this could be very 
useful for our inspectors by providing 
them access to the build information by 
VIN to confirm that each vehicle has the 
proper emission control features. 

(h) Model Year Definition 
The agencies proposed to continue 

the Phase definitions of ‘‘model year’’ 
for compliance with GHG emissions and 
fuel efficiency standards. However, in 
response to comments, the agencies are 
revising the definition slightly for Phase 
2 tractors and vocational vehicles to 
match the model years of the engines 
installed in them. The revised definition 
generally sets the vehicle model year to 
be the calendar year of manufacture, but 
allows the vehicle manufacturer the 
option to select the prior year if the 
vehicle uses an engine manufactured in 
the prior model year.74 Because Phase 2 
vehicle standards are based in part on 
engine performance, some commenters 
stated that the engine model year should 
dictate the vehicle’s GHG and fuel 
efficiency compliance model year, and 
that the emissions and fuel efficiency 
compliance model year should be 
presented on the vehicle emissions 
label. This would allow manufacturers 
to market a vehicle and certify it to 
NHTSA’s safety standards based on the 
standards applicable on the date of 
manufacture, but certify the vehicle for 
GHG emissions and fuel efficiency 
purposes based on the engine model 

compliance year. For example, a 2023 
model year tractor might have a 2022 
model year engine in it. The tractor 
would be marketed as a model year 
2023 tractor, certified as complying with 
NHTSA’s safety standards applicable at 
the time when certifying the vehicle, but 
would have an ‘‘emissions and fuel 
efficiency compliance model year’’ of 
2022 for purposes of emissions and fuel 
efficiency standards. In today’s action, 
NHTSA and EPA are finalizing 
standards that allow for the use of an 
‘‘emissions and fuel efficiency 
compliance model year.’’ This is 
consistent with past program practice, 
in which certain manufacturers have 
been able to reclassify tractors to the 
previous model year for emissions 
purposes when the tractors use engines 
from the previous model year. 

(2) Phase 2 Standards 
This section briefly summarizes the 

Phase 2 standards for each category and 
identifies the technologies that the 
agencies project will be needed to meet 
the standards. Given the large number of 
different regulatory categories and 
model years for these standards, the 
actual numerical standards are not 
listed. Readers are referred to Sections 
II through IV for the tables of standards. 

(a) Summary of the Engine Standards 
The agencies are continuing the basic 

Phase 1 structure for the Phase 2 engine 
standards. There will be separate 
standards and test cycles for tractor 
engines, vocational diesel engines, and 
vocational gasoline engines. However, 
as described in Section II, we are 
adopting a revised test cycle for tractor 
engines to better reflect actual in-use 
operation. After consideration of 
comments, including those specifically 
addressing whether the agencies should 
adopt an alternative with accelerated 
stringency targets, the agencies are 
adopting engine standards that can 
generally be characterized as more 
stringent than the proposed alternative. 

Specifically, for diesel tractor engines, 
the agencies are adopting standards for 
MY 2027 that are more stringent than 
the preferred alternative from the 
proposal, and require reductions in CO2 
emissions and fuel consumption that are 
5.1 percent better than the 2017 baseline 
for tractor engines.75 We are also 
adopting standards for MY 2021 and 

MY 2024, requiring reductions in CO2 
emissions and fuel consumption of 1.8 
to 4.2 percent better than the 2017 
baseline tractor engines. For vocational 
diesel engines, the new standards will 
require reductions of 2.3, 3.6, and 4.2 
percent in MYs 2021, 2024, and 2027, 
respectively. These levels are more 
stringent than the proposed standards 
for these same MYs, and approximately 
as stringent in MY 2021 and MY 2024 
as the Alternative 4 standards discussed 
at proposal.76 

The agencies project that these 
reductions will be maximum feasible 
and reasonable for diesel engines based 
on technological changes that will 
improve combustion and reduce energy 
losses. For most of these improvements, 
the agencies project (i.e., the agencies 
have set out a potential, but by no 
means mandatory, compliance path) 
that manufacturers will begin applying 
improvements to about 45 percent of 
their heavy-duty engines by 2021, and 
ultimately apply them to about 95 
percent of their heavy-duty engines by 
2024. However, for some of these 
improvements we project more limited 
application rates. In particular, we 
project a more limited use of waste 
exhaust heat recovery systems in 2027, 
projecting that about 10 percent of 
tractor engines will have turbo- 
compounding systems, and an 
additional 25 percent of tractor engines 
will employ Rankine-cycle waste heat 
recovery. We do not project that turbo- 
compounding or Rankine-cycle waste 
heat recovery technology will be 
utilized in vocational engines due to 
vocational vehicle drive cycles under 
which these technologies would not 
show significant benefit, and also due to 
low sales volumes, limiting the ability 
to invest in newer technologies for these 
vehicles. 

As described in Section III.D.(1)(b)(i), 
the agencies project that some engine 
manufacturers will be able to achieve 
larger reductions for at least some of 
their tractor engines. So in developing 
the tractor vehicle standards, we 
projected slightly better fuel efficiency 
for the average tractor engine than is 
required by the engine standards. We 
are projecting that similar over- 
compliance will occur for heavy heavy- 
duty vocational engines. 

For gasoline vocational engines, we 
are not adopting more stringent engine 
standards. Gasoline engines used in 
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77 Although the agencies are adopting new engine 
standards with separate engine certification, engine 
improvements will also be reflected in the vehicle 
certification process. Thus, it is appropriate to also 
consider engine improvements in the context of the 
vehicle standards. 

vocational vehicles are generally the 
same engines as are used in the 
complete HD pickups and vans in the 
Class 2b and 3 weight categories, 
although the operational demands of 
vocational vehicles often require use of 
the largest, most powerful SI engines, so 
that some engines fitted in complete 
pickups and vans are not appropriate for 
use in vocational vehicles. Given the 
relatively small sales volumes for 
gasoline-fueled vocational vehicles, 
manufacturers typically cannot afford to 
invest significantly in developing 
separate technology for these vocational 
vehicle engines. Thus, we project that in 
general, vocational gasoline engines will 
incorporate much of the technology that 
will be used to meet the pickup and van 
chassis standards, and this will result in 
some real world reductions in CO2 

emissions and fuel consumption. The 
agencies received many comments 
suggesting that technologies be applied 
to increase the stringency of the SI 
engine standard, which technologies in 
fact are already presumed to be adopted 
at 100 percent to meet the MY 2016 
engine standard. The commenters did 
not identify any additional engine 
technologies that are not already fully 
considered by the agencies in setting the 
MY 2016 engine standard, that could be 
recognized over the HD SI Engine FTP 
test cycle. We did, however, consider 
some additional technologies 
recommended by commenters, which 
can be recognized over the GEM vehicle 
cycles. As a result, the Phase 2 vehicle 
standards for gasoline-fueled vocational 
vehicles are predicated on adoption of 
engine technologies beyond what is 

required to meet the separate engine 
standard, those additional technologies 
being advanced engine friction 
reduction and cylinder deactivation. As 
described in Section V, we are 
projecting these technologies to improve 
fuel consumption over the GEM cycles 
by nearly one percent in MY 2021, MY 
2024, and MY 2027. In other words, this 
improvement is reflected in the vehicle 
standards rather than in the engine 
standards. To the extent any SI engines 
do not incorporate the projected engine 
technologies, manufacturers of gasoline- 
fueled vocational vehicles would need 
to achieve equivalent reductions from 
some other technology to meet the GEM- 
based vehicle standards. The engine 
standards are summarized in Table I–4. 

TABLE I–4—SUMMARY OF PHASE 1 AND PHASE 2 REQUIREMENTS FOR ENGINES IN COMBINATION TRACTORS AND 
VOCATIONAL VEHICLES 

Phase 1 program Final 2027 standards 

Covered in this category ...... Engines installed in tractors and vocational chassis. 

Share of HDV fuel consump-
tion and GHG emissions.

Combination tractors and vocational vehicles account for approximately 85 percent of fuel use and GHG emis-
sions in the heavy duty truck sector. 

Per vehicle fuel consumption 
and CO2 improvement.

5%–9% improvement over MY 2010 baseline, depend-
ing vehicle application. Improvements are in addition 
to improvements from tractor and vocational vehicle 
standards.

4%–5% improvement over MY 2017 for diesel engines. 
Note that improvements are captured in complete ve-
hicle tractor and vocational vehicle standards, so that 
engine improvements and the vehicle improvement 
shown below are not additive. 

Form of the standard ........... EPA: CO2 grams/horsepower-hour and NHTSA: Gallons of fuel/horsepower-hour. 

Example technology options 
available to help manufac-
turers meet standards.

Combustion, air handling, friction and emissions after- 
treatment technology improvements.

Further technology improvements and increased use of 
all Phase 1 technologies, plus waste heat recovery 
systems for tractor engines (e.g., turbo-compound 
and Rankine-cycle). 

Flexibilities ............................ ABT program which allows emissions and fuel con-
sumption credits to be averaged, banked, or traded 
(five year credit life). Manufacturers allowed to carry- 
forward credit deficits for up to three model years. In-
terim incentives for advanced technologies, recogni-
tion of innovative (off-cycle) technologies not ac-
counted for by the HD Phase 1 test procedures, and 
credits for certifying early.

Same ABT and off-cycle program as Phase 1. 
Adjustment factor of 1.36 for credits carried forward 

from Phase 1 to Phase 2 for SI and LHD CI engines 
due to change in useful life. 

Revised multipliers for Phase 2 advanced technologies. 
No Phase 2 early credit multipliers. 

(b) Summary of the Tractor Standards 

As explained in Section III, the 
agencies will largely continue the 
structure of the Phase 1 tractor program, 
but adopt new standards and update test 
procedures, as summarized in Table I– 
6. The tractor standards for MY 2027 
will achieve up to 25 percent lower CO2 
emissions and fuel consumption than a 
2017 model year Phase 1 tractor. The 
agencies project that the 2027 tractor 
standards could be met through 
improvements in the: 

• Engine 77 (including some use of 
waste heat recovery systems) 

• Transmission 
• Driveline 
• Aerodynamic design 
• Tire rolling resistance 
• Idle performance 
• Other accessories of the tractor. 

The agencies have enhanced the 
Phase 2 GEM vehicle simulation tool to 
recognize these technologies, as 

described in Section II.C. The agencies’ 
evaluation shows that some of these 
technologies are available today, but 
have very low adoption rates on current 
vehicles, while others will require some 
lead time for development and 
deployment. In addition to the proposed 
alternative for tractors, the agencies 
solicited comment on an alternative that 
reached similar ultimate stringencies, 
but at an accelerated pace. 

We have also determined that there is 
sufficient lead time to introduce many 
of these tractor and engine technologies 
into the fleet at a reasonable cost 
starting in the 2021 model year. The 
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2021 model year standards for 
combination tractors and engines will 
achieve up to 14 percent lower CO2 
emissions and fuel consumption than a 
2017 model year Phase 1 tractor, the 
2024 model year standards will achieve 
up to 20 percent lower CO2 emissions 

and fuel consumption, and as already 
noted, the 2027 model year standards 
will achieve up to 25 percent lower CO2 
emissions and fuel consumption. 

In addition to the CO2 emission 
standards for tractors, EPA is adopting 
new particulate matter (PM) standards 

which effectively limit which diesel 
fueled auxiliary power units (APUs) can 
be used as emission control devices to 
reduce main engine idling in tractors, as 
shown in Table I–5. Additional details 
are discussed in Section III.C.3. 

TABLE I–5—PM STANDARDS RELATED TO DIESEL APUS 

Tractor MY 
PM emission 

standard 
(g/kW-hr) 

Expected control technology 

2018–2023 ................................................................................ 0.15 In-cylinder PM control. 
2024 .......................................................................................... 0.02 DPF. 

TABLE I–6—SUMMARY OF PHASE 1 AND PHASE 2 REQUIREMENTS FOR CLASS 7 AND CLASS 8 COMBINATION TRACTORS 

Phase 1 program Final 2027 standards 

Covered in this category ...... Tractors that are designed to pull trailers and move freight. 

Share of HDV fuel consump-
tion and GHG emissions.

Combination tractors and their engines account for approximately sixty percent of fuel use and GHG emissions in 
the heavy duty vehicle sector. 

Per vehicle fuel consumption 
and CO2 improvement.

10%–23% improvement over MY 2010 baseline, de-
pending on tractor category. Improvements are in ad-
dition to improvements from engine standards.

19%–25% improvement over tractors meeting the MY 
2017 standards. 

Form of the standard ........... EPA: CO2 grams/ton payload mile and NHTSA: Gallons of fuel/1,000 ton payload mile. 

Example technology options 
available to help manufac-
turers meet standards.

Aerodynamic drag improvements; low rolling resistance 
tires; high strength steel and aluminum weight reduc-
tion; extended idle reduction; and speed limiters.

Further technology improvements and increased use of 
all Phase 1 technologies, plus engine improvements, 
improved transmissions and axles, tire pressure sys-
tems, and predictive cruise control (depending on 
tractor type). 

Flexibilities ............................ ABT program which allows emissions and fuel con-
sumption credits to be averaged, banked, or traded 
(five year credit life). Manufacturers allowed to carry- 
forward credit deficits for up to three model years. In-
terim incentives for advanced technologies, recogni-
tion of innovative (off-cycle) technologies not ac-
counted for by the HD Phase 1 test procedures, and 
credits for certifying early.

Same ABT and off-cycle program as Phase 1. 
Revised multipliers for Phase 2 advanced technologies. 

(c) Summary of the Trailer Standards 

The final rules contain a set of GHG 
emission and fuel consumption 
standards for manufacturers of new 
trailers that are used in combination 
with tractors. These standards will 
significantly reduce CO2 and fuel 
consumption from combination tractor- 
trailers nationwide over a period of 
several years. As described in Section 
IV, there are numerous aerodynamic 
and tire technologies available to 
manufacturers to achieve these 
standards. Many of these technologies 
have already been introduced into the 
market through EPA’s voluntary 
SmartWay program and California’s 
tractor-trailer greenhouse gas 
requirements. 

The agencies are adopting Phase 2 
standards that will phase-in beginning 
in MY 2018 and be fully phased-in by 
2027. These standards are predicated on 
use of aerodynamic and tire 
improvements, with trailer OEMs 
making incrementally greater 
improvements in MYs 2021 and 2024 as 
standard stringency increases in each of 
those model years. EPA’s GHG emission 
standards will be mandatory beginning 
in MY 2018, while NHTSA’s fuel 
consumption standards will be 
voluntary beginning in MY 2018, and be 
mandatory beginning in MY 2021. In 
general, the trailer standards being 
finalized apply only for box vans, 
flatbeds, tankers, and container chassis. 

As described in Section XIV.D and 
Chapter 12 of the RIA, the agencies are 

adopting special provisions to minimize 
the impacts on small business trailer 
manufacturers. These provisions have 
been informed by and are largely 
consistent with recommendations from 
the SBAR Panel that EPA conducted 
pursuant to section 609(b) of the 
Regulatory Flexibility Act (RFA). 
Broadly, these provisions provide 
additional lead time for small business 
manufacturers, as well as simplified 
testing and compliance requirements. 
The agencies also are not finalizing 
standards for various trailer types, 
including most specialty types of non- 
box trailers. Excluding these specialty 
trailers also reduces the impacts on 
small businesses. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00028 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73505 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

TABLE I–7—SUMMARY OF PHASE 2 REQUIREMENTS FOR TRAILERS 

Phase 1 program Final 2027 standards 

Covered in this category ......................... All lengths of dry vans, refrigerated vans, tanks, flatbeds, and container chassis hauled by low, mid, 
and high roof day and sleeper cab tractors. 

Share of HDV fuel consumption and 
GHG emissions.

Trailers are modeled together with combination tractors and their engines. Together, they account for 
approximately sixty percent of fuel use and GHG emissions in the heavy duty truck sector. 

Per vehicle fuel consumption and CO2 
improvement.

N/A ......................... Between 3% and 9% improvement over MY 2018 baseline, depending on the 
trailer type. 

Form of the standard .............................. N/A ......................... EPA: CO2 grams/ton payload mile and NHTSA: Gallons/1,000 ton payload mile. 

Example technology options available to 
help manufacturers meet standards.

N/A ......................... Low rolling resistance tires and tire pressure systems for most trailers, plus 
weight reduction and aerodynamic improvements such as side and rear fair-
ings, gap closing devices, and undercarriage treatment for box vans (e.g., 
dry and refrigerated). 

Flexibilities ............................................... N/A ......................... One year delay in implementation for small businesses, trailer manufacturers 
may use pre-approved aerodynamic data in lieu of additional testing, aver-
aging program available in MY 2027 for manufacturers of dry and refrig-
erated box vans. 

(d) Summary of the Vocational Vehicle 
Standards 

As explained in Section V, the 
agencies are adopting new vocational 
vehicle standards that expand upon the 
Phase 1 Program. These new standards 
reflect further subcategorization from 
Phase 1, with separate standards based 
on mode of operation: Urban, regional, 
and multi-purpose. The agencies are 
also adopting optional separate 
standards for emergency vehicles and 
other custom chassis vehicles. 

The agencies project that the 
vocational vehicle standards could be 
met through improvements in the 
engine, transmission, driveline, lower 
rolling resistance tires, workday idle 
reduction technologies, weight 
reduction, and some application of 

hybrid technology. These are described 
in Section V of this Preamble and in 
Chapter 2.9 of the RIA. These MY 2027 
standards will achieve up to 24 percent 
lower CO2 emissions and fuel 
consumption than MY 2017 Phase 1 
standards. The agencies are also making 
revisions to the compliance program for 
vocational vehicles. These include: The 
addition of two idle cycles that will be 
weighted along with the other drive 
cycles for each vocational vehicle; and 
revisions to Phase 2 GEM to recognize 
improvements to the engine, 
transmission, and driveline. 

Similar to the tractor program, we 
have determined that there is sufficient 
lead time to introduce many of these 
new technologies into the fleet starting 
in MY 2021. Therefore, we are adopting 
new standards for MY 2021 and 2024. 

Based on our analysis, the MY 2021 
standards for vocational vehicles will 
achieve up to 12 percent lower CO2 
emissions and fuel consumption than a 
MY 2017 Phase 1 vehicle, on average, 
and the MY 2024 standards will achieve 
up to 20 percent lower CO2 emissions 
and fuel consumption. 

In Phase 1, EPA adopted air 
conditioning (A/C) refrigerant leakage 
standards for tractors, as well as for 
heavy-duty pickups and vans, but not 
for vocational vehicles. For Phase 2, 
EPA believes that it will be feasible to 
apply similar A/C refrigerant leakage 
standards for vocational vehicles, 
beginning with the 2021 model year. 
The certification process for vocational 
vehicles to certify low-leakage A/C 
components is identical to that already 
required for tractors. 

TABLE I–8—SUMMARY OF PHASE 1 AND PHASE 2 REQUIREMENTS FOR VOCATIONAL VEHICLE CHASSIS 

Phase 1 program Final 2027 standard 

Covered in this category ...... Class 2b—8 chassis that are intended for vocational services such as delivery vehicles, emergency vehicles, 
dump truck, tow trucks, cement mixer, refuse trucks, etc., except those qualified as off-highway vehicles. 
Because of sector diversity, vocational vehicle chassis are segmented into Light, Medium and Heavy Heavy-Duty 
vehicle categories and for Phase 2 each of these segments are further subdivided using three duty cycles: Re-
gional, Multi-purpose, and Urban. 

Share of HDV fuel consump-
tion and GHG emissions.

Vocational vehicles account for approximately 17 percent of fuel use and GHG emissions in the heavy duty truck 
sector categories. 

Per vehicle fuel consumption 
and CO2 improvement.

2% improvement over MY 2010 baseline. Improve-
ments are in addition to improvements from engine 
standards.

Up to 24% improvement over MY 2017 standards. 

Form of the standard ........... EPA: CO2 grams/ton payload mile and NHTSA: Gallons of fuel/1,000 ton payload mile. 

Example technology options 
available to help manufac-
turers meet standards.

Low rolling resistance tires ............................................. Further technology improvements and increased use of 
Phase 1 technologies, plus improved engines, trans-
missions and axles, weight reduction, hybrids, and 
workday idle reduction systems. 
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TABLE I–8—SUMMARY OF PHASE 1 AND PHASE 2 REQUIREMENTS FOR VOCATIONAL VEHICLE CHASSIS—Continued 

Phase 1 program Final 2027 standard 

Flexibilities ............................ ABT program which allows emissions and fuel con-
sumption credits to be averaged, banked, or traded 
(five year credit life). Manufacturers allowed to carry- 
forward credit deficits for up to three model years. In-
terim incentives for advanced technologies, recogni-
tion of innovative (off-cycle) technologies not ac-
counted for by the HD Phase 1 test procedures, and 
credits for certifying early.

Same ABT and off-cycle program as Phase 1. Adjust-
ment factor of 1.36 for credits carried forward from 
Phase 1 to Phase 2 due to change in useful life. 

Revised multipliers for Phase 2 advanced technologies. 
No Phase 2 early credit multipliers. 
Chassis intended for emergency vehicles, cement mix-

ers, coach buses, school buses, transit buses, refuse 
trucks, and motor homes may optionally use applica-
tion-specific Phase 2 standards using a simplified 
version of GEM. 

(e) Summary of the Heavy-Duty Pickup 
and Van Standards 

The agencies are adopting new Phase 
2 GHG emission and fuel consumption 
standards for heavy-duty pickups and 

vans that will be applied in largely the 
same manner as the Phase 1 standards. 
These standards are based on the 
extensive use of most known and 
proven technologies, and could result in 
some use of mild or strong hybrid 

powertrain technology. These standards 
will commence in MY 2021. By 2027, 
these standards are projected to be 16 
percent more stringent than the 2018– 
2019 standards. 

TABLE I–9—SUMMARY OF PHASE 1 AND PHASE 2 REQUIREMENTS FOR HD PICKUPS AND VANS 

Phase 1 program Final 2027 standard 

Covered in this category ...... Class 2b and 3 complete pickup trucks and vans, including all work vans and 15-passenger vans but excluding 
12-passenger vans which are subject to light-duty standards. 

Share of HDV fuel consump-
tion and GHG emissions.

HD pickups and vans account for approximately 23% of fuel use and GHG emissions in the heavy duty truck sec-
tor. 

Per vehicle fuel consumption 
and CO2 improvement.

15% improvement over MY 2010 baseline for diesel ve-
hicles, and 10% improvement for gasoline vehicles.

16% improvement over MY 2018–2019 standards. 

Form of the standard ........... Phase 1 standards are based upon a ‘‘work factor’’ attribute that combines truck payload and towing capabilities, 
with an added adjustment for 4-wheel drive vehicles. There are separate target curves for diesel-powered and 
gasoline-powered vehicles. The Phase 2 standards are based on the same approach. 

Example technology options 
available to help manufac-
turers meet standards.

Engine improvements, transmission improvements, aer-
odynamic drag improvements, low rolling resistance 
tires, weight reduction, and improved accessories.

Further technology improvements and increased use of 
all Phase 1 technologies, plus engine stop-start, and 
powertrain hybridization (mild and strong). 

Flexibilities ............................ Two optional phase-in schedules; ABT program which 
allows emissions and fuel consumption credits to be 
averaged, banked, or traded (five year credit life). 
Manufacturers allowed to carry-forward credit deficits 
for up to three model years. Interim incentives for ad-
vanced technologies, recognition of innovative (off- 
cycle) technologies not accounted for by the HD 
Phase 1 test procedures, and credits for certifying 
early.

Same as Phase 1, with phase-in schedule based on 
year-over-year increase in stringency. Same ABT 
and off-cycle program as Phase 1. Adjustment factor 
of 1.25 for credits carried forward from Phase 1 to 
Phase 2 due to change in useful life. 

Revised multipliers for Phase 2 advanced technologies. 
No Phase 2 early credit multipliers. 

Similar to Phase 1, the agencies are 
adopting for Phase 2 a set of continuous 
equation-based standards for HD 
pickups and vans. Please refer to 
Section VI for a description of these 
standards, including associated tables 
and figures. 

D. Summary of the Costs and Benefits of 
the Final Rules 

This section summarizes the projected 
costs and benefits of the NHTSA fuel 
consumption and EPA GHG emission 
standards. See Sections VII through IX 
and the RIA for additional details about 
these projections. 

For these rules, the agencies used two 
analytical methods for the heavy-duty 
pickup and van segment by employing 
both DOT’s CAFE model and EPA’s 
MOVES model. The agencies used 
EPA’s MOVES model to estimate fuel 
consumption and emissions impacts for 
tractor-trailers (including the engine 
that powers the tractor), and vocational 
vehicles (including the engine that 
powers the vehicle). Additional 
calculations were performed to 
determine corresponding monetized 
program costs and benefits. For heavy- 
duty pickups and vans, the agencies 
performed separate analyses, which we 
refer to as ‘‘Method A’’ and ‘‘Method B.’’ 

In Method A, a new version of the CAFE 
model was used to project a pathway 
the industry could use to comply with 
each regulatory alternative and the 
estimated effects on fuel consumption, 
emissions, benefits and costs. In Method 
B, the CAFE model from the NPRM was 
used to project a pathway the industry 
could use to comply with each 
regulatory alternative, along with 
resultant impacts on per-vehicle costs. 
However, the MOVES model was used 
to calculate corresponding changes in 
total fuel consumption and annual 
emissions for pickups and vans in 
Method B. Additional calculations were 
performed to determine corresponding 
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monetized program costs and benefits. 
NHTSA considered Method A as its 
central analysis and Method B as a 
supplemental analysis. EPA considered 
the results of Method B. The agencies 
concluded that these methods led the 
agencies to the same conclusions and 
the same selection of these standards. 
See Section VII for additional 
discussion of these two methods. 

(1) Reference Case Against Which Costs 
and Benefits Are Calculated 

The No Action Alternatives for 
today’s analysis, alternatively referred to 
as the ‘‘baselines’’ or ‘‘reference cases,’’ 
assume that the agencies did not issue 
new rules regarding MD/HD fuel 
efficiency and GHG emissions. These 
are the baselines against which costs 
and benefits for these standards are 
calculated. The reference cases assume 
that model year 2018 engine, tractor, 
vocational vehicle, and HD pickup and 
van standards will be extended 
indefinitely and without change. They 
also assume that no new standards 
would be adopted for trailers. 

The agencies recognize that if these 
Phase 2 standards had not been 
adopted, manufacturers would 
nevertheless continue to introduce new 
heavy-duty vehicles in a competitive 
market that responds to a range of 
factors, and manufacturers might have 
continued to improve technologies to 
reduce heavy-duty vehicle fuel 
consumption. Thus, as described in 
Section VII, both agencies fully 
analyzed these standards and the 
regulatory alternatives against two 
reference cases. The first case uses a 
baseline that projects no improvement 
in new vehicles in the absence of new 
Phase 2 standards, and the second uses 
a more dynamic baseline that projects 
some significant improvements in 
vehicle fuel efficiency. NHTSA 
considered its primary analysis to be 
based on the dynamic baseline, where 
certain cost-effective technologies are 
assumed to be applied by manufacturers 
to improve fuel efficiency beyond the 
Phase 1 requirements in the absence of 
new Phase 2 standards. EPA considered 
both reference cases. The results for all 
of the regulatory alternatives relative to 
both reference cases, derived via the 
same methodologies discussed in this 
section, are presented in Section X of 
the Preamble. 

The agencies received limited 
comments on these reference cases. 
Some commenters expressed support for 
a flat baseline in the context of the need 
for the regulations, arguing that little 
improvement would occur without the 
regulations. Others supported the less 
dynamic baseline because they believe 

it more fully captures the costs. A 
number of commenters expressed that 
purchasers are willing to and do pay for 
fuel efficiency improving technologies, 
provided the cost for the technology is 
paid back through fuel savings within a 
certain period of time; this is the 
premise for a dynamic baseline. Some 
commenters thought it reasonable that 
the agencies consider both baselines 
given the uncertainty in this area. No 
commenters opposed the consideration 
of both baselines. 

The agencies have continued to 
analyze two different baselines for the 
final rules because we recognize that 
there are a number of factors that create 
uncertainty in projecting a baseline 
against which to compare the future 
effects of this action and the remaining 
alternatives. The composition of the 
future fleet—such as the relative 
position of individual manufacturers 
and the mix of products they each 
offer—cannot be predicted with 
certainty at this time. Additionally, the 
heavy-duty vehicle market is diverse, as 
is the range of vehicle purchasers. 
Heavy-duty vehicle manufacturers have 
reported that their customers’ 
purchasing decisions are influenced by 
their customers’ own determinations of 
minimum total cost of ownership, 
which can be unique to a particular 
customer’s circumstances. For example, 
some customers (e.g., less-than- 
truckload or package delivery operators) 
operate their vehicles within a limited 
geographic region and typically own 
their own vehicle maintenance and 
repair centers within that region. These 
operators tend to own their vehicles for 
long time periods, sometimes for the 
entire service life of the vehicle. Their 
total cost of ownership is influenced by 
their ability to better control their own 
maintenance costs, and thus they can 
afford to consider fuel efficiency 
technologies that have longer payback 
periods, outside of the vehicle 
manufacturer’s warranty period. Other 
customers (e.g., truckload or long-haul 
operators) tend to operate cross-country, 
and thus must depend upon truck 
dealer service centers for repair and 
maintenance. Some of these customers 
tend to own their vehicles for about four 
to seven years, so that they typically do 
not have to pay for repair and 
maintenance costs outside of either the 
manufacturer’s warranty period or some 
other extended warranty period. Many 
of these customers tend to require 
seeing evidence of fuel efficiency 
technology payback periods on the 
order of 18 to 24 months before 
seriously considering evaluating a new 
technology for potential adoption 

within their fleet (NAS 2010, Roeth et 
al. 2013, and Klemick et al. 2014). 
Purchasers of HD pickups and vans 
wanting better fuel efficiency tend to 
demand that fuel consumption 
improvements pay back within 
approximately one to three years, but 
some HD pickup and van owners accrue 
relatively few vehicle miles traveled per 
year, such that they may be less likely 
to adopt new fuel efficiency 
technologies, while other owners who 
use their vehicle(s) with greater 
intensity may be even more willing to 
pay for fuel efficiency improvements. 
Regardless of the type of customer, their 
determination of minimum total cost of 
ownership involves the customer 
balancing their own unique 
circumstances with a heavy-duty 
vehicle’s initial purchase price, 
availability of credit and lease options, 
expectations of vehicle reliability, resale 
value and fuel efficiency technology 
payback periods. The degree of the 
incentive to adopt additional fuel 
efficiency technologies also depends on 
customer expectations of future fuel 
prices, which directly impacts customer 
payback periods. Purchasing decisions 
are not based exclusively on payback 
period, but also include the 
considerations discussed above and in 
Section X.A.1. For the baseline analysis, 
the agencies use payback period as a 
proxy for all of these considerations, 
and therefore the payback period for the 
baseline analysis is shorter than the 
payback period industry uses as a 
threshold for the further consideration 
of a technology. See Section X.A.1 of 
this Preamble and Chapter 11 of the RIA 
for a more detailed discussion of 
baselines. As part of a sensitivity 
analysis, additional baseline scenarios 
were also evaluated for HD pickups and 
vans, including baseline payback 
periods of 12, 18 and 24 months. See 
Section VI of this Preamble and Chapter 
10 of the RIA for a detailed discussion 
of these additional scenarios. 

(2) Costs and Benefits Projected for the 
Phase 2 Standards 

The tables below summarize the 
benefits and costs for the program in 
two ways: First, from the perspective of 
a program designed to improve the 
Nation’s energy security and to conserve 
energy by improving fuel efficiency and 
then from the perspective of a program 
designed to reduce GHG emissions. The 
individual categories of benefits and 
costs presented in the tables below are 
defined more fully and presented in 
more detail in Chapter 8 of the RIA. 

Lifetime fuel savings, GHG 
reductions, benefits, costs and net 
benefits for model years 2018 through 
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2029 vehicles as presented below. This 
is consistent with the NPRM analysis 
and allows readers to compare the costs 
and benefits of the final program with 
those projected for the NPRM. It also 
includes for modeling purposes at least 
three model years for each standard. 

Table I–10 shows benefits and costs 
for these standards from the perspective 
of a program designed to improve the 
Nation’s energy security and conserve 
energy by improving fuel efficiency. 
From this viewpoint, technology costs 
occur when the vehicle is purchased. 

Fuel savings are counted as benefits that 
occur over the lifetimes of the vehicles 
produced during the model years 
subject to the Phase 2 standards as they 
consume less fuel. 

TABLE I–10—LIFETIME FUEL SAVINGS, GHG REDUCTIONS, BENEFITS, COSTS, AND NET BENEFITS FOR MODEL YEARS 
2018–2029 VEHICLES USING ANALYSIS METHOD A 

[Billions of 2013$] a b 

Category 3% discount rate 7% discount rate 

Fuel Reductions (Billion Gallons) ............................................................................................................ 71.1–77.7 

GHG reductions (MMT CO2 eq) .............................................................................................................. 959–1049 

Vehicle Program: Technology and Indirect Costs, Normal Profit on Additional Investments ................. 23.7 to 24.4 16.1 to 16.6 
Additional Routine Maintenance .............................................................................................................. 1.7 to 1.7 0.9 to 0.9 
Congestion, Crashes, Fatalities and Noise from Increased Vehicle Use d ............................................. 3.1 to 3.2 1.8 to 1.9 

Total Costs ....................................................................................................................................... 28.5 to 29.3 18.8 to 19.4 

Fuel Savings (valued at pre-tax prices) .................................................................................................. 149.1 to 163.0 79.7 to 87.0 
Savings from Less Frequent Refueling ................................................................................................... 3.0 to 3.2 1.6 to 1.7 
Economic Benefits from Additional Vehicle Use ..................................................................................... 5.4 to 5.5 3.4 to 3.5 

Reduced Climate Damages from GHG Emissions c ............................................................................... 33.0 to 36.0 

Reduced Health Damages from Non-GHG Emissions ........................................................................... 27.1 to 30.0 14.6 to 16.1 
Increased U.S. Energy Security .............................................................................................................. 7.3 to 7.9 3.9 to 4.2 

Total Benefits .................................................................................................................................... 225 to 246 136 to 149 

Net Benefits ...................................................................................................................................... 197 to 216 117 to 129 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b Range reflects two reference case assumptions 1a and 1b. 
c Benefits and net benefits use the 3 percent global average SCC value applied only to CO2 emissions; GHG reductions include CO2, CH4, 

N2O and HFC reductions, and include benefits to other nations as well as the U.S. See Draft RIA Chapter 8.5 and Preamble Section IX.G for fur-
ther discussion. 

d ‘‘Congestion, Crashes, Fatalities and Noise from Increased Vehicle Use’’ includes NHTSA’s monetized value of estimated reductions in the 
incidence of highway fatalities associated with mass reduction in HD pickup and vans, but this does not include these reductions from tractor- 
trailers or vocational vehicles. This likely results in a conservative overestimate of these costs. 

Table I–11 shows benefits and cost 
from the perspective of reducing GHG. 
As shown below in terms of MY lifetime 
GHG reductions, and in RIA Chapter 5 
in terms of year-by-year GHG 
reductions, the final program is 

expected to reduce more GHGs over the 
long run than the proposed program. In 
general, the greater reductions can be 
attributed to increased market 
penetration and effectiveness of key 
technologies, based on new data and 

comments, leading to increases in 
stringency such as with the diesel 
engine standards (Section I.C.(2)(a) 
above). 

TABLE I–11—LIFETIME FUEL SAVINGS, GHG REDUCTIONS, BENEFITS, COSTS AND NET BENEFITS FOR MODEL YEARS 
2018–2029 VEHICLES USING ANALYSIS METHOD B 

[Billions of 2012$] a b 

Category 3% discount rate 7% discount rate 

Fuel Reductions (Billion Gallons) ............................................................................................................ 73–82 

GHG reductions (MMT CO2eq) ............................................................................................................... 976–1,098 

Vehicle Program (e.g., technology and indirect costs, normal profit on additional investments) ........... ¥$26.5 to ¥$26.2 ¥$17.6 to ¥$17.4 
Additional Routine Maintenance .............................................................................................................. ¥$1.9 to ¥$1.9 ¥$1.0 to ¥$1.0 
Fuel Savings (valued at pre-tax prices) .................................................................................................. $149.3 to $169.1 $76.8 to $87.2 
Energy Security ....................................................................................................................................... $6.9 to $7.8 $3.5 to $4.0 
Congestion, Crashes, and Noise from Increased Vehicle Use ............................................................... ¥$3.2 to ¥$3.2 ¥$1.8 to ¥$1.8 
Savings from Less Frequent Refueling ................................................................................................... $3.4 to $4.0 $1.8 to $2.1 
Economic Benefits from Additional Vehicle Use ..................................................................................... $10.4 to $10.5 $5.7 to $5.7 
Benefits from Reduced Non-GHG Emissions c ....................................................................................... $28.3 to $31.9 $13.4 to $15.0 
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TABLE I–11—LIFETIME FUEL SAVINGS, GHG REDUCTIONS, BENEFITS, COSTS AND NET BENEFITS FOR MODEL YEARS 
2018–2029 VEHICLES USING ANALYSIS METHOD B—Continued 

[Billions of 2012$] a b 

Category 3% discount rate 7% discount rate 

Reduced Climate Damages from GHG Emissions d ............................................................................... $33.0 to $37.2 

Net Benefits ...................................................................................................................................... $200 to $229 $114 to $131 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b Range reflects two baseline assumptions 1a and 1b. 
c Range reflects both the two baseline assumptions 1a and 1b using the mid-point of the low and high $/ton estimates for calculating benefits. 
d Benefits and net benefits use the 3 percent average directly modeled SC–GHG values applied to direct reductions of CO2, CH4 and N2O 

emissions; GHG reductions include CO2, CH4 and N2O reductions. 

Table I–12 breaks down by vehicle 
category the benefits and costs for these 

standards using the Method A analytical 
approach. For additional detail on per- 

vehicle break-downs of costs and 
benefits, please see RIA Chapter 10. 

TABLE I–12—PER VEHICLE CATEGORY LIFETIME FUEL SAVINGS, GHG REDUCTIONS, BENEFITS, COSTS AND NET BENE-
FITS FOR MODEL YEARS 2018–2029 VEHICLES USING ANALYSIS METHOD A (BILLIONS OF 2013$), RELATIVE TO 
BASELINE 1b a 

Key costs and benefits by vehicle category 3% discount rate 7% discount rate 

Tractors, Including Engines, and Trailers 

Fuel Reductions (Billion Gallons) ............................................................................................................ 50 

GHG Reductions (MMT CO2 eq) ............................................................................................................ 685 

Total Costs ............................................................................................................................................... 13.8 9.0 
Total Benefits ........................................................................................................................................... 161.0 96.8 
Net Benefits ............................................................................................................................................. 147.2 85.5 

Vocational Vehicles, Including Engines 

Fuel Reductions (Billion Gallons) ............................................................................................................ 12 

GHG Reductions (MMT CO2 eq) ............................................................................................................ 162 

Total Costs ............................................................................................................................................... 7.3 4.8 
Total Benefits ........................................................................................................................................... 37.8 22.7 
Net Benefits ............................................................................................................................................. 30.5 15.3 

HD Pickups and Vans 

Fuel Reductions (Billion Gallons) ............................................................................................................ 10 

GHG Reductions (MMT CO2 eq) ............................................................................................................ 111 

Total Costs ............................................................................................................................................... 7.4 5.1 
Total Benefits ........................................................................................................................................... 26.0 16.7 
Net Benefits ............................................................................................................................................. 18.6 11.6 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE I–13—PER VEHICLE COSTS, USING METHOD A (2013$), RELATIVE TO BASELINE 1b 

MY 2021 MY 2024 MY 2027 

Per Vehicle Cost ($): a 
Tractors ................................................................................................................................. $6,400 $9,920 $12,160 
Trailers .................................................................................................................................. 850 1,000 1,070 
Vocational Vehicles .............................................................................................................. 1,110 2,020 2,660 
Pickups/Vans ........................................................................................................................ 750 760 1,340 

Note: 
a Per vehicle costs include new engine and vehicle technology only; costs associated with increased insurance, taxes and maintenance are in-

cluded in the payback period values. 
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78 This EISA requirement applies to regulation of 
medium- and heavy-duty vehicles. For many years, 
and as reaffirmed by Congress in 2007, ‘‘economic 
practicability’’ has been among the factors EPCA 
requires NHTSA to consider when setting light-duty 
fuel economy standards at the (required) maximum 
feasible levels. NHTSA interprets ‘‘economic 
practicability’’ as a factor involving considerations 
broader than those likely to be involved in ‘‘cost 
effectiveness.’’ 

79 As described in Section IX.G, the social cost of 
carbon is a metric that estimates the monetary value 
of impacts associated with marginal changes in CO2 
emissions in a given year. 

TABLE I–14—PER VEHICLE COSTS USING METHOD B RELATIVE TO BASELINE 1a 

MY 2021 MY 2024 MY 2027 

Per Vehicle Cost ($): a 
Tractors ................................................................................................................................. $6,484 $10,101 $12,442 
Trailers .................................................................................................................................. 868 1,033 1,108 
Vocational Vehicles .............................................................................................................. 1,110 2,022 2,662 
Pickups/Vans ........................................................................................................................ 524 963 1,364 

Note: 
a Per vehicle costs include new engine and vehicle technology only; costs associated with increased insurance, taxes and maintenance are in-

cluded in the payback period values. 

An important metric to vehicle 
purchasers is the payback period that 
can be expected on any new purchase. 
In other words, there is greater 
willingness to pay for new technology if 
that new technology ‘‘pays back’’ within 
an acceptable period of time. The 
agencies make no effort to define the 
acceptable period of time, but seek to 
estimate the payback period for others 
to make the decision themselves. The 
payback period is the point at which 
reduced fuel expenditures outpace 
increased vehicle costs, including 
increased maintenance, insurance 
premiums and taxes. The payback 
periods for vehicles meeting the 
standards considered for the final year 
of implementation are shown in Table 
I–15, and are similar for both Method A 
and Method B. 

TABLE I–15—PAYBACK PERIODS FOR 
MY 2027 VEHICLES RELATIVE TO 
BASELINE 1a 

[Payback cccurs in the year shown; using 7% 
discounting] 

Tractors/Trailers .................... 2nd. 
Vocational Vehicles ............... 4th. 
Pickups/Vans ........................ 3rd. 

TABLE I–16—PAYBACK PERIODS FOR 
MY 2027 VEHICLES RELATIVE TO 
BASELINE 1b 

[Payback occurs in the year shown; using 7% 
discounting] 

Tractors/Trailers .................... 2nd. 
Vocational Vehicles ............... 4th. 
Pickups/Vans ........................ 3rd. 

(3) Cost Effectiveness 
These regulations implement section 

32902(k) of EISA and section 202(a)(1) 
and (2) of the Clean Air Act. Through 
the 2007 EISA, Congress directed 
NHTSA to create a medium- and heavy- 

duty vehicle fuel efficiency program 
designed to achieve the maximum 
feasible improvement by considering 
appropriateness, cost effectiveness, and 
technological feasibility to determine 
maximum feasible standards.78 The 
Clean Air Act requires that any air 
pollutant emission standards for heavy- 
duty vehicles and engines take into 
account the costs of any requisite 
technology and the lead time necessary 
to implement such technology. Both 
agencies considered overall costs, 
overall benefits and cost effectiveness in 
developing the Phase 2 standards. 
Although there are different ways to 
evaluate cost effectiveness, the essence 
is to consider some measure of costs 
relative to some measure of impacts. 

Considering that Congress enacted 
EPCA and EISA to, among other things, 
address the need to conserve energy, the 
agencies have evaluated these standards 
in terms of costs per gallon of fuel 
conserved. We also considered the 
similar metric of cost of technology per 
ton of CO2e removed, consistent with 
the objective of CAA section 202(a)(1) 
and (2) to reduce emissions of air 
pollutants which contribute to air 
pollution which endangers public 
health and welfare. As described in the 
RIA, the agencies also evaluated these 
standards using the same approaches 
employed in HD Phase 1. Together, the 
agencies have considered the following 
three ratios of cost effectiveness: 
1. Total social costs per gallon of fuel 

conserved 

2. Technology costs per ton of GHG 
emissions reduced (CO2eq) 

3. Technology costs minus fuel savings 
per ton of GHG emissions reduced 

By all three of these measures, the total 
heavy-duty program will be highly cost 
effective. 

As discussed below, the agencies 
estimate that over the lifetime of heavy- 
duty vehicles produced for sale in the 
U.S. during model years 2018–2029, 
these standards will cost about $30 
billion and conserve about 75 billion 
gallons of fuel, such that the first 
measure of cost effectiveness will be 
about 40 cents per gallon. Relative to 
fuel prices underlying the agencies’ 
analysis, the agencies have concluded 
that today’s standards will be cost 
effective. 

With respect to the second measure, 
which is useful for comparisons to other 
GHG rules, these standards will have 
overall $/ton costs similar to the HD 
Phase 1 rule. As Chapter 7 of the RIA 
shows, social costs will amount to about 
$30 per metric ton of GHG (CO2eq) for 
the entire HD Phase 2 program. This 
compares well to both the HD Phase 1 
rule, which was also estimated to cost 
about $30 per metric ton of GHG 
(without fuel savings), and to the 
agencies’ estimates of the social cost of 
carbon.79 Thus, even without 
accounting for fuel savings, these 
standards will be cost-effective. 

The following table include the 
overall per-unit costs of both gallons of 
fuel conserved and metric tons of GHG 
emissions abated using both a 3 percent 
and a 7 percent discount rate. Table I– 
16 gives these values under the Method 
A analysis. 
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TABLE I–17—METHOD A COST PER-UNIT OF FUEL SAVINGS AND GHG EMISSION REDUCTIONS BY VEHICLE CLASS 
[Relative to the dynamic baseline] 

Per-unit costs (2013$/Unit) by vehicle category 3% Discount rate 7% Discount rate 

Tractors, Including Engines, and Trailers 

Cost per Gallon of Fuel Saved ................................................................................................................ $0.28 $0.18 
Cost per Ton of GHG Emissions Saved ................................................................................................. 20 13 

Vocational Vehicles, Including Engines 

Cost per Gallon of Fuel Saved ................................................................................................................ 0.61 0.40 
Cost per Ton of GHG Emissions Saved ................................................................................................. 45 30 

HD Pickups and Vans 

Cost per Gallon of Fuel Saved ................................................................................................................ 0.76 0.52 
Cost per Ton of GHG Emissions Saved ................................................................................................. 67 46 

Total Program 

Cost per Gallon of Fuel Saved ................................................................................................................ 0.40 0.26 
Cost per Ton of GHG Emissions Saved ................................................................................................. 30 20 

When considering these values, it is 
important to emphasize two points: 

1. As is shown throughout this 
rulemaking, the Phase 2 standards 
represent the most stringent standards 
that are technologically feasible and 
reliably implementable within the lead 
time provided. 

2. These are not the marginal cost- 
effectiveness values. 

Without understanding these two 
points, some readers might assume that 
because the tractor-trailer standards are 
more cost-effective overall than the 
other standards that manufacturers 
would choose to over-comply with the 
more cost-effective tractor or trailer 
standards and do less for other vehicles. 

However, the agencies believe this is not 
a technologically feasible option. 
Because the tractor and trailer standards 
represent maximum feasible standards, 
they will effectively require 
manufacturers to deploy all available 
technology to meet the standards. The 
agencies do not project that 
manufacturers would be able to over- 
comply with the 2027 standards by a 
significant margin. 

The third measure deducts fuel 
savings from costs, which also is useful 
for comparisons to other GHG rules. As 
shown in Table I–18, the agencies have 
also calculated the cost per metric ton 
of CO2e emission reductions including 
the savings associated with reduced fuel 

consumption. The calculations 
presented here include all engine- 
related costs but do not include benefits 
associated with the final program such 
as those associated with criteria 
pollutant reductions or energy security 
benefits (discussed in Chapter 8 of this 
RIA). On this basis, net costs per ton of 
GHG emissions reduced will be negative 
under these standards. This means that 
the value of the fuel savings will be 
greater than the technology costs, and 
there will be a net cost saving for 
vehicle owners. In other words, the 
technologies will pay for themselves 
(indeed, more than pay for themselves) 
in fuel savings. 

TABLE I–18—ANNUAL NET COST PER METRIC TON OF CO2eq EMISSIONS REDUCED IN THE FINAL PROGRAM VS. THE 
FLAT BASELINE AND USING METHOD B FOR CALENDAR YEAR 2030 

[Dollar values are 2013$] a 

Calendar year 

Vehicle & 
maintenance 

costs 
($billions) 

Fuel savings 
($billions) 

GHG reduced 
(MMT) 

Net cost 
($/metric ton) b 

HDE Pickups and Vans ................................................................................... 1.6 3.9 15 0 
Vocational Vehicles ......................................................................................... 1.5 3.5 14 0 
Tractor-Trailers ................................................................................................ 2.3 16 64 0 
All Vehicles ...................................................................................................... 5.5 23 94 0 

Notes: 
a For an explanation of analytical Methods A and B, please see the beginning of this Section I.D; for an explanation of the flat baseline, 1a, 

and dynamic baseline, 1b, please see Section X.A.1. GHG reductions include CO2 and CO2 equivalents of CH4, and N2O. 
b For each category, fuel savings exceed cost so there is no net cost per ton of GHG reduced. 

In addition, while the net economic 
benefits (i.e., total benefits minus total 
costs) of these standards is not a 
traditional measure of their cost 
effectiveness, the agencies have 
concluded that the total costs of these 
standards are justified in part by their 
significant economic benefits. As 

discussed in the previous subsection 
and in Section IX, this rule will provide 
benefits beyond the fuel conserved and 
GHG emissions avoided. The rule’s net 
benefits is a measure that quantifies 
each of its various benefits in economic 
terms, including the economic value of 
the fuel it saves and the climate-related 

damages it avoids, and compares their 
sum to the rule’s estimated costs. The 
agencies estimate that these standards 
will result in net economic benefits 
exceeding $100 billion, making this a 
highly beneficial program. 

EPA and NHTSA received many 
comments suggesting that more 
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80 76 FR 57106–57129, September 15, 2011. 

stringent standards were feasible 
because many cost effective 
technologies exist for future vehicle 
designs. While the agencies agree that 
many cost effective technologies exist, 
and indeed, we reflect the potential for 
many of those technologies to be 
applied in our analysis for today’s final 
rule, commenters who focused on the 
cost-effectiveness of technologies did 
not consistently recognize certain real- 
world constraints on technology 
implementation. Manufacturers and 
suppliers have limited research and 
development capacities, and although 
they have some ability to expand (by 
adding staff or building new facilities), 
the process of developing and applying 
new technologies is inherently 
constrained by time. Adequate lead time 
is also necessary to complete durability, 
reliability, and safety testing and ramp 
up production to levels that might be 
necessary to meet future standards. If 
the agencies fail to account for lead time 
needs in determining the stringency of 
the standards, we could create 
unintended consequences, such as 
technologies that are applied before they 
are ready and lead to maintenance and 
repair problems. In addition to cost- 
effectiveness, then, lead time constraints 
can also be highly relevant to feasibility 
of more stringent standards. 

E. EPA and NHTSA Statutory 
Authorities 

This section briefly summarizes the 
respective statutory authority for EPA 
and NHTSA to promulgate the Phase 1 
and Phase 2 programs. For additional 
details of the agencies’ authority, see 
Section XV of this document as well as 
the Phase 1 rule.80 

(1) EPA Authority 
Statutory authority for the emission 

standards in this rule is found in CAA 
section 202(a)(1) and (2) (which requires 
EPA to establish standards for emissions 
of pollutants from new motor vehicles 
and engines which emissions cause or 

contribute to air pollution which may 
reasonably be anticipated to endanger 
public health or welfare), and in CAA 
sections 202(a)(3), 202(d), 203–209, 216, 
and 301 (42 U.S.C. 7521 (a)(1) and (2), 
7521(d), 7522–7543, 7550, and 7601). 

Title II of the CAA provides for 
comprehensive regulation of mobile 
sources, authorizing EPA to regulate 
emissions of air pollutants from all 
mobile source categories. When acting 
under Title II of the CAA, EPA 
considers such issues as technology 
effectiveness, its cost (both per vehicle, 
per manufacturer, and per consumer), 
the lead time necessary to implement 
the technology, and based on this the 
feasibility and practicability of potential 
standards; the impacts of potential 
standards on emissions reductions of 
both GHGs and non-GHG emissions; the 
impacts of standards on oil conservation 
and energy security; the impacts of 
standards on fuel savings by customers; 
the impacts of standards on the truck 
industry; other energy impacts; as well 
as other relevant factors such as impacts 
on safety. 

This action implements a specific 
provision from Title II, section 202(a). 
Section 202(a)(1) of the CAA states that 
‘‘the Administrator shall by regulation 
prescribe (and from time to time revise) 
. . . standards applicable to the 
emission of any air pollutant from any 
class or classes of new motor vehicles 
. . ., which in his judgment cause, or 
contribute to, air pollution which may 
reasonably be anticipated to endanger 
public health or welfare.’’ With EPA’s 
December 2009 final findings that 
certain greenhouse gases may 
reasonably be anticipated to endanger 
public health and welfare and that 
emissions of GHGs from section 202(a) 
sources cause or contribute to that 
endangerment, section 202(a) requires 
EPA to issue standards applicable to 
emissions of those pollutants from new 
motor vehicles. See Coalition for 
Responsible Regulation v. EPA, 684 F. 
3d at 116–125, 126–27 cert. granted by, 
in part Util. Air Regulatory Group v. 
EPA, 134 S. Ct. 418 (2013), affirmed in 

part and reversed in part on unrelated 
grounds by Util. Air Regulatory Group v. 
EPA, 134 S. Ct. 2427 (2014) (upholding 
EPA’s endangerment and cause and 
contribute findings, and further 
affirming EPA’s conclusion that it is 
legally compelled to issue standards 
under section 202(a) to address 
emission of the pollutant which 
endangers after making the 
endangerment and cause or contribute 
findings); see also id. at 127–29 
(upholding EPA’s light-duty GHG 
emission standards for MYs 2012–2016 
in their entirety). 

Other aspects of EPA’s legal authority, 
including its authority under section 
202(a), its testing authority under 
section 203 of the Act, and its 
enforcement authorities under sections 
205 and 207 of the Act are discussed 
fully in the Phase 1 rule, and need not 
be repeated here. See 76 FR 57129– 
57130. 

In this final rule, EPA is establishing 
first-time CO2 emission standards for 
trailers hauled by tractors. 80 FR 40170. 
Certain commenters, notably the Truck 
Trailer Manufacturers Association 
(TTMA), maintained that EPA lacks 
authority to adopt requirements for 
trailer manufacturers, and that emission 
standards for trailers could be 
implemented, if at all, by requirements 
applicable to the entity assembling a 
tractor-trailer combination. The 
argument is that trailers by themselves 
are not ‘‘motor vehicles’’ as defined in 
section 216(2) of the Act, that trailer 
manufacturers therefore do not 
manufacture motor vehicles, and that 
standards for trailers can be imposed, if 
at all, only on ‘‘the party that joined the 
trailer to the tractor.’’ Comments of 
TTMA, p. 4; Comments of TTMA 
(March 31, 2016) p. 2. 

EPA also proposed a number of 
changes and clarifications for rules 
respecting glider kits and glider 
vehicles. 80 FR 40527–40530. As shown 
in Figure I.1, a glider kit is a tractor 
chassis with frame, front axle, interior 
and exterior cab, and brakes. 
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81 As discussed in sections (c) and (d) below, 
however, manufacturers of glider kits can, and 
typically are, responsible for obtaining a certificate 
of conformity before shipping a glider kit. This is 
because they are manufacturers of motor vehicles, 
in this case, an incomplete vehicle. 

It is intended for self-propelled 
highway use, and becomes a glider 
vehicle when an engine, transmission, 
and rear axle are added. Engines are 
often salvaged from earlier model year 
vehicles, remanufactured, and installed 
in the glider kit. The final manufacturer 
of the glider vehicle, i.e. the entity that 
installs an engine, is typically a 
different manufacturer than the original 
manufacturer of the glider kit. The final 
rule contains emission standards for 
glider vehicles, but does not contain 
separate standards for glider kits.81 

Many commenters to both the 
proposed rule and the NODA supported 
EPA’s interpretation. However, a 
number of commenters, including 
Daimler, argued that glider kits are not 
motor vehicles and so EPA lacks the 
authority to impose any rules respecting 
their sale or configuration. Comments of 
Daimler, pp. 122–23; Comments of 
Daimler Trucks (April 1, 2016) pp. 2–3. 
We respond to these comments below, 
with a more detailed response appearing 
in RTC Section 1.3.1 and 14.2. 

Under the Act, ‘‘motor vehicle’’ is 
defined as ‘‘any self-propelled vehicle 
designed for transporting persons or 
property on a street or highway.’’ CAA 

section 216(2). At proposal, EPA 
maintained that tractor-trailers are 
motor vehicles and that EPA therefore 
has the authority to promulgate 
emission standards for complete and 
incomplete vehicles—both the tractor 
and the trailer. 80 FR 40170. The same 
proposition holds for glider kits and 
glider vehicles. Id. at 80 FR 40528. The 
argument that a trailer, or a glider kit, 
standing alone, is not self-propelled, 
and therefore is not a motor vehicle, 
misses the key issues of authority under 
the Clean Air Act to promulgate 
emission standards for motor vehicles 
produced in discrete segments, and the 
further issue of the entities—namely 
‘‘manufacturers’’—to which standards 
and certification requirements apply. 
Simply put, EPA is authorized to set 
emission standards for complete and 
incomplete motor vehicles, 
manufacturers of complete and 
incomplete motor vehicles can be 
required to certify to those emission 
standards, and there can be multiple 
manufacturers of a motor vehicle, each 
of which can be required to certify. 

(a) Standards for Complete Vehicles— 
Tractor-Trailers and Glider Vehicles 

Section 202(a)(1) authorizes EPA to 
set standards ‘‘applicable to the 
emission of any air pollutant from any 
. . . new motor vehicles.’’ There is no 
question that EPA is authorized to 
establish emission standards under this 

provision for complete new motor 
vehicles, and thus can promulgate 
emission standards for air pollutants 
emitted by tractor-trailers and by glider 
vehicles. 

Daimler maintained in its comments 
that although a glider vehicle is a motor 
vehicle, it is not a ‘‘new’’ motor vehicle 
because ‘‘glider vehicles, when 
constructed retain the identity of the 
donor vehicle, such that the title has 
already been exchanged, making the 
vehicles not ‘new’ under the CAA.’’ 
Daimler Comments p. 121; see also the 
similar argument in Daimler Truck 
Comments (April 1, 2016), p. 4. Daimler 
maintains that because title to the 
powertrain from the donor vehicle has 
already been transferred, the glider 
vehicle to which the powertrain is 
added cannot be ‘‘new.’’ Comments of 
April 1, 2016 p. 4. Daimler also notes 
that NHTSA considers a truck to be 
‘‘newly manufactured’’ and subject to 
Federal Motor Vehicle Safety Standards 
when a new cab is used in its assembly, 
‘‘unless the engine, transmission, and 
drive axle(s) (as a minimum) of the 
assembled vehicle are not new, and at 
least two of these components were 
taken from the same vehicle.’’ 49 CFR 
571.7(e). Daimler urges EPA to adopt a 
parallel provision here. 

First, this argument appears to be 
untimely. In Phase 1, EPA already 
indicated that glider vehicles are new 
motor vehicles, at least implicitly, by 
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82 Advertisement for Fitzgerald Glider kits in 
Overdrive magazine (December 2015) (emphasis 
added). 

83 Fitzgerald states ‘‘All Fitzgerald glider kits will 
be titled in the state of Tennessee and you will 
receive a title to transfer to your state.’’ https://
www.fitzgeraldgliderkits.com/frequently-asked- 
questions. Last accessed July 9, 2016. 

84 ‘‘Non-road vehicles’’ are defined differently 
than ‘‘motor vehicles’’ under the Act, but the 
difference does not appear relevant here. Non-road 
vehicles, like motor vehicles, must be propelled by 
an engine. See CAA section 216(11) (‘‘ ‘nonroad 
vehicle’ means a vehicle that is powered by a 
nonroad engine’’). Pursuant to this authority, EPA 
has promulgated many emission standards 
applicable to components of engineless non-road 
equipment, for which the equipment manufacturer 
must certify. 

adopting an interim exemption for 
them. See 76 FR 57407 (adopting 40 
CFR 1037.150(j) indicating that the 
general prohibition against introducing 
a vehicle not subject to current model 
year standards does not apply to MY 
2013 or earlier engines). Assuming the 
argument that glider vehicles are not 
new can be raised in this rulemaking, 
EPA notes that the Clean Air Act defines 
‘‘new motor vehicle’’ as ‘‘a motor 
vehicle the equitable or legal title to 
which has never been transferred to an 
ultimate purchaser’’ (section 216(3)). 
Glider vehicles are typically marketed 
and sold as ‘‘brand new’’ trucks. Indeed, 
one prominent assembler of glider kits 
and glider vehicles advertises that 
‘‘Fitzgerald Glider Kits offers customers 
the option to purchase a brand new 
2016 tractor, in any configuration 
offered by the manufacturer . . . 
Fitzgerald Glider Kits has mastered the 
process of taking the ‘Glider Kit’ and 
installing the components to work 
seamlessly with the new truck.’’ 82 The 
purchaser of a ‘‘new truck’’ necessarily 
takes initial title to that truck.83 Daimler 
would have it that this ‘new truck’ 
terminology is a mere marketing ploy, 
but it obviously reflects reality. As 
shown in Figure I.1 above, the glider kit 
constitutes the major parts of the 
vehicle, lacking only the engine, 
transmission, and rear axle. The EPA 
sees nothing in the Act that compels the 
result that adding a used component to 
an otherwise new motor vehicle 
necessarily vitiates classification of the 
motor vehicle as ‘‘new.’’ See 80 FR 
40528. Rather, reasonable judgments 
must be made, and in this case, the 
agency believes it reasonable that the 
tail need not wag the dog: Adding the 
engine and transmission to the 
otherwise-complete vehicle does not 
prevent the glider vehicle from being 
‘‘new’’—as marketed. The fact that this 
approach is reasonable, if not mandated, 
is confirmed by the language of the 
Act’s definition of ‘‘new motor vehicle 
engine,’’ which includes any ‘‘engine in 
a new motor vehicle’’ without regard to 
whether or not the engine was 
previously used. EPA has also 
previously addressed the issue of used 
components in new engines and 
vehicles explicitly in regulations in the 
context of locomotives and locomotive 
engines in 40 CFR part 1033. There we 
defined remanufactured locomotives 

and locomotive engines to be ‘‘new’’ 
locomotives and locomotive engines. 
See 63 FR 18980; see also Summary and 
Analysis of Comments on Notice of 
Proposed Rulemaking for Emission 
Standards for Locomotives and 
Locomotive Engines (EPA–420–R–97– 
101 (December 1997)) at pp. 10–14. This 
is a further reason that the model year 
of the engine is not determinative of 
whether a glider vehicle is ‘‘new.’’ As to 
the suggestion to adopt a provision 
parallel to the NHTSA definition, EPA 
notes that the NHTSA definition was 
developed for different purposes using 
statutory authority which differs from 
the Clean Air Act in language and 
intent. There consequently is no basis 
for requiring EPA to adopt such a 
definition, and doing so would impede 
meaningful control of both GHG 
emissions and criteria pollutant 
emissions from glider vehicles. 

(b) Standards for Incomplete Vehicles 
Section 202(a)(1) not only authorizes 

EPA to set standards ‘‘applicable to the 
emission of any air pollutant from any 
. . . new motor vehicles,’’ but states 
further that these standards are 
applicable ‘‘whether such vehicles . . . 
are designed as complete systems or 
incorporate devices to prevent or 
control such pollution.’’ The Act in fact 
thus not only contemplates, but in some 
instances, directly commands that EPA 
establish standards for incomplete 
vehicles and vehicle components. See 
CAA section 202(a)(6) (standards for 
onboard vapor recovery systems on 
‘‘new light-duty vehicles,’’ and 
requiring installation of such systems); 
section 202(a)(5)(A) (standards to 
control emissions from refueling motor 
vehicles, and requiring consideration of, 
and possible design standards for, 
fueling system components); 202(k) 
(standards to control evaporative 
emissions from gasoline-fueled motor 
vehicles). Both TTMA and Daimler 
argued, in effect, that these provisions 
are the exceptions that prove the rule 
and that without this type of 
enumerated exception, only entire, 
complete vehicles can be considered to 
be ‘‘motor vehicles.’’ This argument is 
not persuasive. Congress did not 
indicate that these incomplete vehicle 
provisions were exceptions to the 
definition of motor vehicle. Just the 
opposite. Without amending the new 
motor vehicle definition, or otherwise 
indicating that these provisions were 
not already encompassed within Title II 
authority over ‘‘new motor vehicles’’, 
Congress required EPA to set standards 
for evaporative emissions from a portion 
of a motor vehicle. Congress thus 
indicated in these provisions: (1) That 

standards should apply to ‘‘vehicles’’ 
whether or not the ‘‘vehicles’’ were 
designed as complete systems; (2) that 
some standards should explicitly apply 
only to certain components of a vehicle 
that are plainly not self-propelled. 
Congress thus necessarily was of the 
view that incomplete vehicles can be 
motor vehicles. 

Emission standards EPA sets pursuant 
to this authority thus can be, and often 
are focused on emissions from the new 
motor vehicle, and from portions, 
systems, parts, or components of the 
vehicle. Standards thus apply not just to 
exhaust emissions, but to emissions 
from non-exhaust portions of a vehicle, 
or from specific vehicle components or 
parts. See the various evaporative 
emission standards for light duty 
vehicles in 40 CFR part 86, subpart B 
(e.g., 40 CFR 86.146–96 and 86.150–98 
(refueling spitback and refueling test 
procedures); 40 CFR 1060.101–103 and 
73 FR 59114–59115 (various evaporative 
emission standards for small spark 
ignition equipment); 40 CFR 86.1813– 
17(a)(2)(iii) (canister bleed evaporative 
emission test procedure, where testing 
is solely of fuel tank and evaporative 
canister); see also 79 FR 23507 (April 
28, 2014) (incomplete heavy duty 
gasoline vehicles could be subject to, 
and required to certify compliance with, 
evaporative emission standards)). These 
standards are implemented by testing 
the particular vehicle component, not 
by whole vehicle testing, 
notwithstanding that the component 
may not be self-propelled until it is 
installed in the vehicle or (in the case 
of non-road equipment), propelled by an 
engine.84 

EPA thus can set standards for all or 
just a portion of the motor vehicle 
notwithstanding that an incomplete 
motor vehicle may not yet be self- 
propelled. This is not to say that the Act 
authorizes emission standards for any 
part of a motor vehicle, however 
insignificant. Under the Act it is 
reasonable to consider both the 
significance of the components in 
comparison to the entire vehicle and the 
significance of the components for 
achieving emissions reductions. A 
vehicle that is complete except for an 
ignition switch can be subject to 
standards even though it is not self- 
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85 Cf. Marine Shale Processors v. EPA, 81 F. 3d 
1371, 1383 (5th Cir. 1996) (‘‘[w]e make no comment 
on this argument: This is simply not a thimbleful 
case’’). 

86 See discussion of standards applicable to small 
SI equipment fuel systems, implemented by 
standards for the manufacturers of that equipment 
at 73 FR 59115 (‘‘In most cases, nonroad standards 
apply to the manufacturer of the engine or the 
manufacturer of the nonroad equipment. Here, the 
products subject to the standards (fuel lines and 
fuel tanks) are typically manufactured by a different 
manufacturer. In most cases the engine 
manufacturers do not produce complete fuel 
systems and therefore are not in a position to do 
all the testing and certification work necessary to 
cover the whole range of products that will be used. 
We are therefore providing an arrangement in 
which manufacturers of fuel-system components 
are in most cases subject to the standards and are 
subject to certification and other compliance 
requirements associated with the applicable 
standards’’). 

propelled. Likewise, as just noted, 
vehicle components that are significant 
for controlling evaporative emissions 
can be subject to standards even though 
in isolation the components are not self- 
propelled. However, not every 
individual component of a complete 
vehicle can be subjected to standards as 
an incomplete vehicle. To reflect these 
considerations, EPA is adopting 
provisions stating that a trailer is a 
vehicle ‘‘when it has a frame with one 
or more axles attached,’’ and a glider kit 
becomes a vehicle when ‘‘it includes a 
passenger compartment attached to a 
frame with one or more axles.’’ Section 
1037.801 definition of ‘‘vehicle,’’ 
paragraphs (1)(ii) and (iii); see also 
Section XIII.B below. 

TTMA and Daimler each maintained 
that this claim of authority is open- 
ended, and can be extended to the least 
significant vehicle part. As noted above, 
EPA acknowledges that lines need to be 
drawn, but whether looking at the 
relation between the incomplete vehicle 
and the complete vehicle, or looking at 
the relation between the incomplete 
vehicle and the emissions control 
requirements, it is evident that trailers 
and glider kits should properly be 
treated as vehicles, albeit incomplete 
ones.85 They properly fall on the vehicle 
side of the line. When one finishes 
assembling a whole aggregation of parts 
to make a finished section of the vehicle 
(e.g. the trailer), that is sufficient. You 
have an entire, complete section made 
up of assembled parts. Everything 
needed to be a trailer is complete. This 
is not an engine block, a wheel, or a 
headlight. Similarly, glider kits 
comprise the largely assembled tractor 
chassis with front axles, frame, interior 
and exterior cab, and brakes. This is not 
a few assembled components; rather, it 
is an assembled truck with a few 
components missing. See CAA section 
216(9) of the Act, which defines ‘‘motor 
vehicle or engine part manufacturer’’ as 
‘‘any person engaged in the 
manufacturing, assembling or rebuilding 
of any device, system, part, component 
or element of design which is installed 
in or on motor vehicles or motor vehicle 
engines.’’ Trailers and glider kits are not 
‘‘installed in or on’’ a motor vehicle. A 
trailer is half of the tractor-trailer, not 
some component installed on the 
tractor. And one would more naturally 
refer to the donor drivetrain being 
installed on the glider kit than vice 
versa. See Figure I.1 above. 
Furthermore, as discussed below, the 

trailer and the glider kit are significant 
for purposes of controlling emissions 
from the completed vehicle. 

Incomplete vehicle standards must, of 
course, be reasonably designed to 
control emissions caused by that 
particular vehicle segment. The 
standards for trailers would do so and 
account for the tractor-trailer 
combination by using a reference tractor 
in the trailer test procedure (and, 
conversely, by use of a reference trailer 
in the tractor test procedure). The Phase 
2 rule contains no emission standards 
for glider kits in isolation, but the 
standards for glider vehicles necessarily 
reflect the contribution of the glider kit. 

(c) Application of Emission Standards to 
Manufacturers 

In some ways, the critical issue is to 
whom these emission standards apply. 
As explained in this section, the 
emission standards apply to 
manufacturers of motor vehicles, and 
manufacturers thus are required to test 
and to certify compliance to those 
standards. Moreover, the Act 
contemplates that a motor vehicle can 
have multiple manufacturers. With 
respect to the further question of which 
manufacturer certifies and tests in 
multiple manufacturer situations, EPA 
rules have long contained provisions 
establishing responsibilities where a 
vehicle has multiple manufacturers. We 
are applying those principles in the 
Phase 2 rules. The overarching principle 
is that the entity with most control over 
the particular vehicle segment due to 
producing it is usually the most 
appropriate entity to test and certify.86 
EPA is implementing the trailer and 
glider vehicle emission standards in 
accord with this principle, so that the 
entities required to test and certify are 
the trailer manufacturer and, for glider 
kits and glider vehicles, either the 
manufacturer of the glider kit or glider 
vehicle, depending on which is more 
appropriate in individual 
circumstances. 

(i) Definition of Manufacturer 

Emission standards are implemented 
through regulation of the manufacturer 
of the new motor vehicle. See, e.g. 
section 206(a)(1) (certification testing of 
motor vehicle submitted by ‘‘a 
manufacturer’’); 203(a)(1) (manufacturer 
of new motor vehicle prohibited from 
introducing uncertified motor vehicles 
into commerce); 207(a)(1) (manufacturer 
of motor vehicle to provide warranty to 
ultimate purchaser of compliance with 
applicable emission standards); 207(c) 
(recall authority); 208(a) (recordkeeping 
and testing can be required of every 
manufacturer of new motor vehicle). 

The Act further distinguishes between 
manufacturers of motor vehicles and 
manufacturers of motor vehicle parts. 
See, e.g. section 206(a)(2) (voluntary 
emission control system verification 
testing); 203(a)(3)(B) (prohibition on 
parts manufacturers and other persons 
relating to defeat devices); 207(a)(2) 
(parts manufacturer may provide 
warranty certification regarding use of 
parts); 208(a) (recordkeeping and testing 
requirements for manufacturers of 
vehicle and engine ‘‘parts or 
components’’). 

Thus, the question here is whether a 
trailer manufacturer or glider kit 
manufacturer can be a manufacturer of 
a new motor vehicle and thereby 
become subject to the certification and 
related requirements for manufacturers, 
or must necessarily be classified as a 
manufacturer of a motor vehicle part or 
component. EPA may reasonably 
classify trailer manufacturers and glider 
kit manufacturers as motor vehicle 
manufacturers. 

Section 216(1) defines a 
‘‘manufacturer’’ as ‘‘any person engaged 
in the manufacturing or assembling of 
new motor vehicles, new motor vehicle 
engines, new nonroad vehicles or new 
nonroad engines, or importing such 
vehicles or engines for resale, or who 
acts for and is under the control of any 
such person in connection with the 
distribution of new motor vehicles, new 
motor vehicle engines, new nonroad 
vehicles or new nonroad engines, but 
shall not include any dealer with 
respect to new motor vehicles, new 
motor vehicle engines, new nonroad 
vehicles or new nonroad engines 
received by him in commerce.’’ 

It appears plain that this definition 
was not intended to restrict the 
definition of ‘‘manufacturer’’ to a single 
person per vehicle. The use of the 
conjunctive, specifying that a 
manufacturer is ‘‘any person engaged in 
the manufacturing or assembling of new 
motor vehicles . . . or who acts for and 
is under the control of any such person 
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87 See United States v. Gonzales, 520 U.S. 1, 5, 
(1997) (‘‘Read naturally the word ‘any’ has an 
expansive meaning, that is, ‘one or some 
indiscriminately of whatever kind’); New York v. 
EPA, 443 F.3d 880, 884–87 (D.C. Cir. 2006). 

88 ‘‘The EPA should understand that vehicle 
manufacturing is a multi-stage process (regardless 
of the technologies on the vehicles) and that each 
stage of manufacturer has the incentive to properly 
complete manufacturing . . . [T]he EPA should 
continue the longstanding industry practice of 
allowing primary manufacturers to pass incomplete 
vehicles with incomplete vehicle documents to 
secondary manufacturers who complete the 
installation.’’ 

89 The relative contribution of trailer controls 
depends on the types of tractors and trailers, as well 
as the tier of standards applicable; however, it can 
be approximately one-third of the total reduction 
achievable for the tractor-trailer. 

90 Consequently, the essential issue here is not 
whether EPA can issue and implement emission 
standards for trailers, but at what point in the 
implementation process those standards apply. 

. . .’’ (emphasis added) indicates that 
Congress anticipated that motor vehicles 
could have more than one manufacturer, 
since in at least some cases those will 
plainly be different people. The 
capacious reference to ‘‘any person 
engaged in the manufacturing of motor 
vehicles’’ likewise allows the natural 
inference that it could apply to multiple 
entities engaged in manufacturing.87 

The provision also applies both to 
entities that manufacture and entities 
that assemble, and does so in such a 
way as to encompass multiple parties: 
Manufacturers ‘‘or’’ (rather than ‘and’) 
assemblers are included. Nor is there 
any obvious reason that only one person 
can be engaged in vehicle manufacture 
or vehicle assembling. 

Reading the Act to provide for 
multiple motor vehicle manufacturers 
reasonably reflects industry realities, 
and achieves important goals of the 
CAA. Since title II requirements are 
generally imposed on ‘‘manufacturers’’ 
it is important that the appropriate 
parties be included within the 
definition of manufacturer—‘‘any 
person engaged in the manufacturing or 
assembling of new motor vehicles.’’ 
Indeed, as set out in Chapter 1 of the 
RIA, most heavy duty vehicles are 
manufactured or assembled by multiple 
entities; see also Comments of Daimler 
(October 1, 2015) p. 103.88 One entity 
produces a chassis; a different entity 
manufactures the engine; specialized 
components (e.g. garbage compactors, 
cement mixers) are produced by still 
different entities. For tractor-trailers, 
one person manufactures the tractor, 
another the trailer, a third the engine, 
and another typically assembles the 
trailer to the tractor. Installation of 
various vehicle components occurs at 
different and varied points and by 
different entities, depending on ultimate 
desired configurations. See, e.g. 
Comments of Navistar (October 1, 2015), 
pp. 12–13. The heavy duty sector thus 
differs markedly from the light duty 
sector (and from manufacturing of light 
duty pickups and vans), where a single 
company designs the vehicle and engine 
(and many of the parts), and does all 

assembling of components into the 
finished motor vehicle. 

(ii) Controls on Manufacturers of 
Trailers 

It is reasonable to view the trailer 
manufacturer as ‘‘engaged in’’ (section 
216(1)) the manufacturing or assembling 
of the tractor-trailer. The trailer 
manufacturer designs, builds, and 
assembles a complete and finished 
portion of the tractor-trailer. All 
components of the trailer—the tires, 
axles, flat bed, outsider cover, 
aerodynamics—are within its control 
and are part of its assembling process. 
The trailer manufacturer sets the design 
specifications that affect the GHG 
emissions attributable to pulling the 
trailer. It commences all work on the 
trailer, and when that work is complete, 
nothing more is to be done. The trailer 
is a finished product. With respect to 
the trailer, the trailer manufacturer is 
analogous to the manufacturer of the 
light duty vehicle, specifying, 
controlling, and assembling all aspects 
of the product from inception to 
completion. GHG emissions attributable 
to the trailer are a substantial portion of 
the total GHG emissions from the 
tractor-trailer.89 Moreover, the trailer 
manufacturer is not analogous to the 
manufacturer of a vehicle part or 
component, like a tire manufacturer, or 
to the manufacturer of a side skirt. The 
trailer is a significant, integral part of 
the finished motor vehicle, and is 
essential for the tractor-trailer to carry 
out its commercial purpose. See 80 FR 
40170. Although it is true that another 
person may ultimately hitch the trailer 
to a tractor (which might be viewed as 
completing assembly of the tractor- 
trailer), as noted above, EPA does not 
believe that the fact that one person 
might qualify as a manufacturer, due to 
‘‘assembling’’ the motor vehicle, 
precludes another person from 
qualifying as a manufacturer, due to 
‘‘manufacturing’’ the motor vehicle. 
Given that section 216(1) does not 
restrict motor vehicle manufacturers to 
a single entity, it appears to be 
consistent with the facts and the Act to 
consider trailer manufacturers as 
persons engaged in the manufacture of 
a motor vehicle. 

This interpretation of section 216(1) is 
also reasonable in light of the various 
provisions noted above relating to 
implementation of the emissions 
standards—certification under section 
206, prohibitions on entry into 

commerce under section 203, warranty 
and recall under section 207, and 
recordkeeping/reporting under section 
208. All of these provisions are 
naturally applied to the entity 
responsible for manufacturing the 
trailer, which manufacturer is likewise 
responsible for its GHG emissions. 

TTMA maintains that if a tractor- 
trailer is a motor vehicle, then only the 
entity connecting the trailer to the 
tractor could be subject to regulation.90 
This is not a necessary interpretation of 
section 216(1), as explained above. 
TTMA does not discuss that provision, 
but notes that other provisions refer to 
‘‘a’’ manufacturer (or, in one instance, 
‘‘the’’ manufacturer), and maintains that 
this shows that only a single entity can 
be a manufacturer. See TTMA Comment 
pp. 4–5, citing to sections 206(a)(1), 
206(b), 207, and 203(a). This reading is 
not compelled by the statutory text. 
First, the term ‘‘manufacturer’’ in all of 
these provisions necessarily reflects the 
underlying definition in section 216(1), 
and therefore is not limited to a single 
entity, as just discussed. Second, the 
interpretation makes no practical sense. 
An end assembler of a tractor-trailer is 
not in a position to certify and warrant 
performance of the trailer, given that the 
end-assembler has no control over how 
trailers are designed, constructed, or 
even which trailers are attached to the 
tractor. It makes little sense for the 
entity least able to control the outcome 
to be responsible for that outcome. The 
EPA doubts that Congress compelled 
such an ungainly implementation 
mechanism, especially given that it is 
well known that vehicle manufacture 
responsibility in the heavy duty vehicle 
sector is divided, and given further that 
title II includes requirements for EPA to 
promulgate emission standards for 
portions of vehicles. 

(iii) Controls on Manufacturers of Glider 
Kits 

Application of these same principles 
indicate that a glider kit manufacturer is 
a manufacturer of a motor vehicle and, 
as an entity responsible for assuring that 
glider vehicles meet the Phase 2 vehicle 
emission standards, can be a party in 
the certification process as either the 
certificate holder or the entity which 
provides essential test information to 
the glider vehicle manufacturer. As 
noted above, glider kits include the 
entire tractor chassis, cab, tires, body, 
and brakes. Glider kit manufacturers 
thus control critical elements of the 
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91 PACCAR indicated in its comments that 
manufacturers of glider kits may not know all 
details of final assembly. Provisions on delegated 
assembly, shipment of incomplete vehicles to 
secondary manufacturers, and assembly 
instructions for secondary vehicle manufacturers 
allow manufacturers of glider kits and glider 
vehicles to apportion responsibilities, as 
appropriate, including responsibility as to which 
entity shall be the certificate holder. See 40 CFR 
1037.130, 1037.621, and 1037.622. Our point here 
is that both of these entities are manufacturers of 
the glider motor vehicle and therefore that both are 
within the Act’s requirements for certification and 
testing. 

92 Under this provision in the Phase 2 regulations, 
the glider kit manufacturer would still have some 
responsibility to ensure that products they 
introduce into U.S. commerce will conform with 
the regulations when delivered to the ultimate 
purchasers. 

ultimate vehicle’s greenhouse gas 
emissions, in particular, all 
aerodynamic features and all emissions 
related to steer tire type. Glider kit 
manufacturers would therefore be the 
entity generating critical GEM inputs— 
at the least, those for aerodynamics and 
tires. Glider kit manufacturers also often 
know the final configuration of the 
glider vehicle, i.e. the type of engine and 
transmission which the final assembler 
will add to the glider kit.91 This is 
because the typical glider kit contains 
all necessary wiring, and it is necessary, 
in turn, for the glider kit manufacturer 
to know the end configuration in order 
to wire the kit properly. Thus, a 
manufacturer of a glider kit can 
reasonably be viewed as a manufacturer 
of a motor vehicle under the same logic 
as above: There can be multiple 
manufacturers of a motor vehicle; the 
glider kit manufacturer designs, builds, 
and assembles a substantial, complete 
and finished portion of the motor 
vehicle; and that portion contributes 
substantially to the GHG emissions from 
the ultimate glider vehicle. A glider kit 
is not a vehicle part; rather, it is an 
assembled truck with a few components 
missing. 

EPA rules have long provided 
provisions establishing responsibilities 
where there are multiple manufacturers 
of motor vehicles. See 40 CFR 1037.620 
(responsibilities for multiple 
manufacturers), 40 CFR 1037.621 
(delegated assembly), and 40 CFR 
1037.622 (shipment of incomplete 
vehicles to secondary vehicle 
manufacturers). These provisions, in 
essence, allow manufacturers to 
determine among themselves as to 
which should be the certificate holder, 
and then assign respective 
responsibilities depending on that 
decision. The end result is that 
incomplete vehicles cannot be 
introduced into commerce without one 
of the manufacturers being the 
certificate holder. 

Under the Phase 1 rules, glider kits 
are considered to be incomplete 
vehicles which may be introduced into 
commerce to a secondary manufacturer 
for final assembly. See 40 CFR 

1037.622(b)(1)(i) and 1037.801 
(definition of ‘‘vehicle’’ and 
‘‘incomplete vehicle’’) of the Phase 1 
regulations (76 FR 57421). Note that 40 
CFR 1037.622(b)(1)(i) was originally 
codified as 40 CFR 1037.620(b)(1)(i). 
EPA is expanding somewhat on these 
provisions, but in essence, as under 
Phase 1, glider kit and glider vehicle 
manufacturers could operate under 
delegated assembly provisions whereby 
the glider kit manufacturer would be the 
certificate holder. See 40 CFR 1037.621 
of the final regulations. Glider kit 
manufacturers would also continue to 
be able to ship uncertified kits to 
secondary manufacturers, and the 
secondary manufacturer must assemble 
the vehicle into certifiable condition. 40 
CFR 1037.622.92 

(d) Additional Authorities Supporting 
EPA’s Actions 

Even if, against our view, trailers and 
glider kits are not considered to be 
‘‘motor vehicles,’’ and the entities 
engaged in assembling trailers and 
glider kits are not considered to be 
manufacturers of motor vehicles, the 
Clean Air Act still provides authority for 
the testing requirements adopted here. 
Section 208 (a) of the Act authorizes 
EPA to require ‘‘every manufacturer of 
new motor vehicle or engine parts or 
components’’ to ‘‘perform tests where 
such testing is not otherwise reasonably 
available.’’ This testing can be required 
to ‘‘provide information the 
Administrator may reasonably require to 
determine whether the manufacturer 
. . . has acted or is acting in compliance 
with this part,’’ which includes showing 
whether or not the parts manufacturer is 
engaged in conduct which can cause a 
prohibited act. Testing would be 
required to show that the trailer will 
conform to the vehicle emission 
standards. In addition, testing for trailer 
manufacturers would be necessary here 
to show that the trailer manufacturer is 
not causing a violation of the combined 
tractor-trailer GHG emission standard 
either by manufacturing a trailer which 
fails to comply with the trailer emission 
standards, or by furnishing a trailer to 
the entity assembling tractor-trailers 
inconsistent with tractor-trailer certified 
condition. Testing for glider kit 
manufacturers is necessary to prevent a 
glider kit manufacturer furnishing a 
glider kit inconsistent with the tractor’s 
certified condition. In this regard, we 
note that section 203 (a)(1) of the Act 

not only prohibits certain acts, but also 
prohibits ‘‘the causing’’ of those acts. 
Furnishing a trailer not meeting the 
trailer standard would cause a violation 
of that standard, and the trailer 
manufacturer would be liable under 
section 203 (a)(1) for causing the 
prohibited act to occur. Similarly, a 
glider kit supplied in a condition 
inconsistent with the tractor standard 
would cause the manufacturer of the 
glider vehicle to violate the GHG 
emission standard, so the glider kit 
manufacturer would be similarly liable 
under section 203 (a)(1) for causing that 
prohibited act to occur. 

In addition, section 203 (a)(3)(B) 
prohibits use of ‘defeat devices’—which 
include ‘‘any part or component 
intended for use with, or as part of, any 
motor vehicle . . . where a principal 
effect of the part or component is to . . . 
defeat . . . any . . . element of design 
installed . . . in a motor vehicle’’ 
otherwise in compliance with emission 
standards. Manufacturing or installing a 
trailer not meeting the trailer emission 
standard could thus be a defeat device 
causing a violation of the emission 
standard. Similarly, a glider kit 
manufacturer furnishing a glider kit in 
a configuration that would not meet the 
tractor standard when the specified 
engine, transmission, and axle are 
installed would likewise cause a 
violation of the tractor emission 
standard. For example, providing a 
tractor with a coefficient of drag or tire 
rolling resistance level inconsistent with 
tractor certified condition would be a 
violation of the Act because it would 
cause the glider vehicle assembler to 
introduce into commerce a new tractor 
that is not covered by a valid certificate 
of conformity. Daimler argued in its 
comments that a glider kit would not be 
a defeat device because glider vehicles 
use older engines which are more fuel 
efficient since they are not meeting the 
more rigorous standards for criteria 
pollutant emissions. (Daimler Truck 
Comment, April 1, 2016, p. 5). However, 
the glider kit would be a defeat device 
with respect to the tractor vehicle 
standard, not the separate engine 
standard. A non-conforming glider kit 
would adversely affect compliance with 
the vehicle standard, as just explained. 
Furthermore, as explained in RTC 
Section 14.2, Daimler is incorrect that 
glider vehicles are more fuel efficient 
than Phase 1 2017 and later vehicles, 
much less Phase 2 vehicles. 

In the memorandum accompanying 
the Notice of Data Availability, EPA 
solicited comment on adopting 
additional regulations based on these 
principles. EPA has decided not to 
adopt those provisions, but again notes 
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93 Comments from, e.g. Mondial and MEMA made 
clear that all of the donor engines installed in glider 
vehicles are rebuilt. See also http://www.trucking
info.com/article/story/2013/04/the-return-of-the- 
glider.aspx (‘‘1999 to 2002-model diesels were 
known for reliability, longevity and good fuel 
mileage. Fitzgerald favors Detroit’s 12.7-liter Series 
60 from that era, but also installs pre-EGR 14-liter 

Cummins and 15-liter Caterpillar diesels. All are 
rebuilt. . . .’’). 

94 The engine rebuilding authority of section 
202(a)(3)(D) includes removal of an engine from the 
donor vehicle. See 40 CFR 86.004–40 and 62 FR 
54702 (Oct. 21, 1997). EPA interprets this language 
as including installation of the removed engine into 
a glider kit, thereby assembling a glider vehicle. 

that the authorities in CAA sections 208 
and 203 support the actions EPA is 
taking here with respect to trailer and 
glider kit testing. 

(e) Standards for Glider Vehicles and 
Lead Time for Those Standards 

At proposal, EPA indicated that 
engines used in glider vehicles are to be 
certified to standards for the model year 
in which these vehicles are assembled. 
80 FR 40528. This action is well within 
the agency’s legal authority. As noted 
above, the Act’s definition of ‘‘new 
motor vehicle engine,’’ includes any 
‘‘engine in a new motor vehicle’’ 
without regard to whether or not the 
engine was previously used. Given the 
Act’s purpose of controlling emissions 
of air pollutants from motor vehicle 
engines, with special concern for 
pollutant emissions from heavy-duty 
engines (see, e.g., section 202(a)(3)(A) 
and (B)), it is reasonable to require 
engines placed in newly-assembled 
vehicles to meet the same standards as 
all other engines in new motor vehicles. 
Put another way, it is both consistent 
with the plain language of the Act and 
reasonable and equitable for the engines 
in ‘‘new trucks’’ (see Section I.E.(1)(a) 
above) to meet the emission standards 
for all other engines installed in new 
trucks. 

Daimler challenged this aspect of 
EPA’s proposal, maintaining that it 
amounted to regulation of vehicle 
rebuilding, which (according to the 
commenter) is beyond EPA’s authority. 
Comments of Daimler, p. 123; 
Comments of Daimler Trucks (April 1, 
2016) p. 3. This comment is misplaced. 
The EPA has authority to regulate 
emissions of pollutants from engines 
installed in new motor vehicles. As 
explained in subsection (a) above, glider 
vehicles are new motor vehicles. As also 
explained above, the Act’s definition of 
‘‘new motor vehicle engine’’ includes 
any ‘‘engine in a new motor vehicle’’ 
without regard to whether or not the 
engine was previously used. CAA 
section 216(3). Consequently, a 
previously used engine installed in a 
glider vehicle is within EPA’s multiple 
authorities. See CAA sections 202(a)(1) 
(GHGs), 202(a)(3)(A) and (B)(ii) 
(hydrocarbon, CO, PM and NOX from 
heavy-duty vehicles or engines), and 
202(a)(3)(D) (pollutants from rebuilt 
heavy duty engines).93 

As explained in more detail in 
Section XIII.B, the final rule requires 
that as of January 1, 2017, glider kit and 
glider vehicle production involving 
engines not meeting criteria pollutant 
standards corresponding to the year of 
glider vehicle assembly be allowed at 
the highest annual production for any 
year from 2010 to 2014. See section 
1037.150(t)(3). (Certain exceptions to 
this are explained in Section XIII.B.) 
The rule further requires that as of 
January 1, 2018, engines in glider 
vehicles meet criteria pollutant 
standards and GHG standards 
corresponding to the year of the glider 
vehicle assembly, but allowing certain 
small businesses to introduce into 
commerce vehicles with engines 
meeting criteria pollutant standards 
corresponding to the year of the engine 
for up to 300 vehicles per year, or up to 
the highest annual production volume 
for calendar years 2010 to 2014, 
whichever is less. Section 
1037.150(t)(1)(ii) (again subject to 
various exceptions explained in Section 
XIII.B). Glider vehicles using these 
exempted engines will not be subject to 
the Phase 1 GHG vehicle standards, but 
will be subject to the Phase 2 vehicle 
standards beginning with MY 2021. As 
explained in Section XIII.B, there are 
compelling environmental reasons for 
taking these actions in this time frame. 

With regard to the issue of lead time, 
EPA indicated at proposal that the 
agency has long since justified the 
criteria pollutant standards for engines 
installed in glider kits. 80 FR 40528. 
EPA further proposed that engines 
installed in glider vehicles meet the 
emission standard for the year of glider 
vehicle assembly, as of January 1, 2018 
and solicited comment on an earlier 
effective date. Id. at 40529. The agency 
noted that CAA section 202(a)(3)(D) 94 
requires that standards for rebuilt 
heavy-duty engines take effect ‘‘after a 
period . . . necessary to permit the 
development and application of the 
requisite control measures.’’ Here, no 
time is needed to develop and apply 
requisite control measures for criteria 
pollutants because compliant engines 
are immediately available. In fact, 
manufacturers of compliant engines, 
and dealers of trucks containing those 
compliant engines, commented that 
they are disadvantaged by 
manufacturing more costly compliant 

engines while glider vehicles avoid 
using those engines. Not only are 
compliant engines immediately 
available, but (as commenters warned) 
there can be risk of massive pre-buys. 
Moreover, EPA does not envision that 
glider manufacturers will actually 
modify the older engines to meet the 
applicable standards. Rather, they will 
either choose from the many compliant 
engines available today, or they will 
seek to qualify under other flexibilities 
provided in the final rule. See Section 
XIII.B. Given that compliant engines are 
immediately available, the flexibilities 
provided in the final rule for continued 
use of donor engines for traditional 
glider vehicle functions and by small 
businesses, and the need to 
expeditiously prevent further 
perpetuation of use of heavily polluting 
engines, EPA sees a need to begin 
constraining this practice on January 1, 
2017. However, the final rule is merely 
capping glider production using higher- 
polluting engines in 2017 at 2010–2014 
production levels, which would allow 
for the production of thousands of glider 
vehicles using these higher polluting 
engines, and unlimited production of 
glider vehicles using less polluting 
engines. 

Various commenters, however, argued 
that the EPA must provide four years 
lead-time and three-year stability 
pursuant to section 202(a)(3)(C) of the 
Act, which applies to regulations for 
criteria pollutant emissions from heavy 
duty vehicles or engines. For criteria 
pollutant standards, CAA section 
202(a)(3)(C) establishes lead time and 
stability requirements for ‘‘[a]ny 
standard promulgated or revised under 
this paragraph and applicable to classes 
or categories of heavy duty vehicles or 
engines.’’ In this rule, EPA is generally 
requiring large manufacturers of glider 
vehicles to use engines that meet the 
standards for the model year in which 
a vehicle is manufactured. EPA is not 
promulgating new criteria pollutant 
standards. The NOX and PM standards 
that apply to heavy duty engines were 
promulgated in 2001. 

We are not amending these provisions 
or promulgating new criteria pollutant 
standards for heavy duty engines here. 
EPA interprets the phrase ‘‘classes or 
categories of heavy duty vehicles or 
engines’’ in CAA section 202(a)(3)(C) to 
refer to categories of vehicles 
established according to features such as 
their weight, functional type, (e.g. 
tractor, vocational vehicle, or pickup 
truck) or engine cycle (spark-ignition or 
compression-ignition), or weight class of 
the vehicle into which an engine is 
installed (LHD, MHD, or HHD). EPA has 
established several different categories 
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95 Note, however, the Phase 2 GHG standards for 
tractors and vocational vehicles do not apply until 
MY 2021. 

96 Public Law 110–140, 121 Stat. 1492. (December 
19, 2007). 

97 By delegation at 49 CFR 1.95(a). For purposes 
of this NPRM, grants of authority from EISA to the 
Secretary of Transportation regarding fuel efficiency 
will be referred to as grants of authority to NHTSA, 
as NHTSA has been delegated the authority to 
implement these programs. 

of heavy duty vehicles (distinguished by 
gross vehicle weight, engine-cycle, and 
other criteria related to the vehicles’ 
intended purpose) and is establishing in 
this rule GHG standards applicable to 
each category.95 By contrast, a ‘‘glider 
vehicle’’ is defined not by its weight or 
function but by its method of 
manufacture. A Class 8 tractor glider 
vehicle serves exactly the same function 
and market as a Class 8 tractor 
manufactured by another manufacturer. 
Similarly, rebuilt engines installed in 
glider vehicles (i.e. donor engines) are 
not distinguished by engine cycle, but 
rather serve the same function and 
market as any other HHD or MHD 
engine. Thus, EPA considers ‘‘glider 
vehicles’’ to be a description of a 
method of manufacturing new motor 
vehicles, not a description of a separate 
‘‘class or category’’ of heavy duty 
vehicles or engines. Consequently, EPA 
is not adopting new standards for a class 
or category of heavy duty engines 
within the meaning of section 
202(a)(3)(C) of the Act. 

EPA believes this approach is most 
consistent with the statutory language 
and the goals of the Clean Air Act. The 
date of promulgation of the criteria 
pollutant standards was 2001. There has 
been plenty of lead time for the criteria 
pollutant standards and as a result, 
manufacturers of glider vehicles have 
many options for compliant engines that 
are available on the market today—just 
as manufacturers of other new heavy- 
duty vehicles do. We are even providing 
additional compliance flexibilities to 
glider manufacturers in recognition of 
the historic practice of salvaging a small 
number of engines from vehicles 
involved in crashes. See Section XIII.B. 
We do not believe that Congress 
intended to allow changes in how motor 
vehicles are manufactured to be a means 
of avoiding existing, applicable engine 
standards. Obviously, any industry 
attempts to avoid or circumvent 
standards will not become apparent 
until the standards begin to apply. The 
commenters’ interpretation would 
effectively preclude EPA from curbing 
many types of avoidance, however 
dangerous, until at least four years from 
detection. 

As to Daimler’s further argument that 
the lead time provisions in section 
202(3)(C) not only apply but also must 
trump those specifically applicable to 
heavy duty engine rebuilding, the usual 
rule of construction is that the more 
specific provision controls. See, e.g. 
HCSC-Laundry v. U.S., 450 U.S.1, 6 

(1981). Daimler’s further argument that 
section 202(a)(3)(C) lead time provisions 
also apply to engine rebuilding because 
those provisions fall within the same 
paragraph would render the separate 
lead time provisions for engine 
rebuilding a virtual nullity. The sense of 
the provision is that Congress intended 
there to be independent lead time 
consideration for the distinct practice of 
engine rebuilding. In any case, as just 
explained, it is EPA’s view that section 
202(a)(3)(C) does not apply here. 

(2) NHTSA Authority 
The Energy Policy and Conservation 

Act (EPCA) of 1975 mandates a 
regulatory program for motor vehicle 
fuel economy to meet the various facets 
of the need to conserve energy. In 
December 2007, Congress enacted the 
Energy Independence and Security Act 
(EISA), amending EPCA to require, 
among other things, the creation of a 
medium- and heavy-duty fuel efficiency 
program for the first time. 

Statutory authority for the fuel 
consumption standards in this final rule 
is found in EISA section 103, 49 U.S.C. 
32902(k). This section authorizes a fuel 
efficiency improvement program, 
designed to achieve the maximum 
feasible improvement to be created for 
commercial medium- and heavy-duty 
on-highway vehicles and work trucks, to 
include appropriate test methods, 
measurement metrics, standards, and 
compliance and enforcement protocols 
that are appropriate, cost-effective and 
technologically feasible. 

NHTSA has responsibility for fuel 
economy and consumption standards, 
and assures compliance with EISA 
through rulemaking, including 
standard-setting; technical reviews, 
audits and studies; investigations; and 
enforcement of implementing 
regulations including penalty actions. 
This rule continues to fulfill the 
requirements of section 103 of EISA, 
which instructs NHTSA to create a fuel 
efficiency improvement program for 
‘‘commercial medium- and heavy-duty 
on-highway vehicles and work trucks’’ 
by rulemaking, which is to include 
standards, test methods, measurement 
metrics, and enforcement protocols. See 
49 U.S.C. 32902(k)(2). 

Congress directed that the standards, 
test methods, measurement metrics, and 
compliance and enforcement protocols 
be ‘‘appropriate, cost-effective, and 
technologically feasible’’ for the 
vehicles to be regulated, while 
achieving the ‘‘maximum feasible 
improvement’’ in fuel efficiency. 
NHTSA has broad discretion to balance 
the statutory factors in section 103 in 
developing fuel consumption standards 

to achieve the maximum feasible 
improvement. 

As discussed in the Phase 1 final rule, 
NHTSA has determined that the five 
year statutory limit on average fuel 
economy standards that applies to 
passengers and light trucks is not 
applicable to the HD vehicle and engine 
standards. As a result, the Phase 1 HD 
engine and vehicle standards remain in 
effect indefinitely at their 2018 or 2019 
MY levels until amended by a future 
rulemaking action. As was 
contemplated in that rule, NHTSA is 
finalizing a Phase 2 rulemaking action. 
Therefore, the Phase 1 standards will 
not remain in effect at their 2018 or 
2019 MY levels indefinitely; they will 
remain in effect until the MY Phase 2 
standards begin. In accordance with 
section 103 of EISA, NHTSA will ensure 
that not less than four full MYs of 
regulatory lead-time and three full MYs 
of regulatory stability are provided for 
in the Phase 2 standards. 

With respect to the proposal, many 
stakeholders opined in their comments 
as to NHTSA’s legal authority to issue 
the Phase 2 medium- and heavy-duty 
standards (Phase 2 standards), in whole 
or in part. NHTSA addresses these 
comments in the following discussion. 

Allison Transmission, Inc. (Allison) 
questioned NHTSA’s authority to issue 
the Phase 2 Standards. Allison stated 
that the Energy Independence and 
Security Act of 2007 (EISA) 96 directs 
NHTSA to undertake ‘‘a rulemaking 
proceeding,’’ (emphasis added) 
predicated on a study by the National 
Academy of Sciences (NAS). Allison 
and the Truck Trailer Manufacturers 
Association (TTMA) asserted that 
because NAS has published a study on 
medium- and heavy duty vehicles and 
NHTSA promulgated the Phase 1 
medium- and heavy-duty vehicle 
standards (Phase 1 standards), NAS and 
NHTSA have fulfilled their statutory 
duties under EISA. Thus, Allison stated, 
NHTSA has no authority to issue 
standards beyond the Phase 1 standards. 

NHTSA maintains that EISA allows 
the agency to promulgate medium- and 
heavy duty fuel efficiency standards 
beyond the Phase 1 standards. EISA 
states that NHTSA: 97 
by regulation, shall determine in a 
rulemaking proceeding how to implement a 
commercial medium- and heavy-duty on- 
highway vehicle and work truck fuel 
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98 Public Law 110–140, 121 Stat. 1492, Section 
108. Codified at 49 U.S.C. 32902(k)(2). 

99 80 FR 40512 (July 13, 2015). 
100 ‘‘. . . the Secretary . . . shall determine in a 

rulemaking proceeding how to implement a 
commercial medium- and heavy-duty on-highway 
vehicle and work truck fuel efficiency program 
designed to achieve the maximum feasible 
improvement . . .’’ 49 U.S.C. 42902(k)(2). 

101 49 U.S.C. 32902(k)(3) states that, ‘‘The 
commercial medium- and heavy-duty on-highway 
vehicle and work truck fuel economy standard 
adopted pursuant to this subsection shall provide 
not less than—(A) 4 full model years of regulatory 
lead-time; and (B) 3 full model years of regulatory 
stability.’’ 

102 ‘‘Program.’’ Merriam-Webster (2016 http://
www.merriam-webster.com/dictionary/program 
(last accessed July 19, 2016). 

103 76 FR 57016 (September 15, 2011). 104 See: 75 FR 74180 (November 30, 2010). 

efficiency program designed to achieve the 
maximum feasible improvement, and shall 
adopt and implement appropriate test 
methods, measurement metrics, fuel 
economy standards, and compliance and 
enforcement protocols . . . for commercial 
medium- and heavy-duty on-highway 
vehicles and work trucks.98 

Allison equates the process by which 
Congress specified NHTSA promulgate 
standards—a rulemaking proceeding— 
to mean a limitation or constraint on 
NHTSA’s ability to create, amend, or 
update the medium- and heavy duty 
fuel efficiency program. NHTSA 
believes the charge in 49 U.S.C. 
32902(k)(2) discusses ‘‘a rulemaking 
proceeding’’ only insofar as the statute 
specifies the process by which NHTSA 
would create a medium- and heavy-duty 
on-highway vehicle and work truck fuel 
efficiency improvement program and its 
associated standards. 

Allison and TTMA commented that 
EISA only refers to an initial NAS study, 
meaning EISA only specified that 
NHTSA issue one set of standards based 
on that study. As NHTSA stated in the 
NPRM, EISA requires NAS to issue 
updates to the initial report every five 
years through 2025.99 With that in 
mind, NAS issued an interim version of 
its first update to inform the Phase 2 
NPRM. EISA’s requirement that NAS 
update its initial report, which 
examines existing and potential fuel 
efficiency technologies that can 
practically be integrated into medium- 
and heavy-duty vehicles, is consistent 
with the conclusion that EISA intended 
the medium- and heavy-duty standards 
to function as part of an ongoing 
program 100 and not a single rulemaking. 

Allison also noted that the language 
in EISA discussing lead time and 
stability refers to a single medium- and 
heavy-duty on-highway vehicle and 
work truck fuel economy standard.101 
NHTSA believes the language 
highlighted by Allison serves the 
purpose of noting that each medium- 
and heavy-duty segment standard 
included in its program shall have the 
requisite amount of lead-time and 
stability. As discussed in 49 U.S.C. 

32902(k)(2), ‘‘[t]he Secretary may 
prescribe separate standards for 
different classes of vehicles . . .’’ Since 
NHTSA has elected to set standards for 
particular classes of vehicles, this 
language ensures each particular 
standard shall have the appropriate 
lead-time and stability required by 
EISA. 

TTMA asserted that NHTSA has no 
more than 24 months from the 
completion of the NAS study to issue 
regulations related to the medium- and 
heavy-duty program and therefore 
regulations issued after 2013 ‘‘lack 
congressional authorization.’’ This 
argument significantly misinterprets the 
Congressional purpose of this provision. 
Section 32902(k)(2) requires that, 24 
months after the completion of the NAS 
study, NHTSA begin implementing 
through a rulemaking proceeding a 
commercial medium- and heavy-duty 
on-highway vehicle and work truck fuel 
efficiency improvement program. 
Congress therefore authorized NHTSA 
to implement through rulemaking a 
‘‘program,’’ which the dictionary 
defines as ‘‘a plan of things that are 
done in order to achieve a specific 
result.’’ 102 Contrary to TTMA’s 
assertion, Congress did not limit 
NHTSA to the establishment of one set 
of regulations, nor did it in any way 
limit NHTSA’s ability to update and 
revise this program. The purpose of the 
24 month period was simply to ensure 
that NHTSA exercised this authority 
expeditiously after the NAS study, 
which NHTSA accomplished by 
implementing the first phase of its fuel 
efficiency program in 2011.103 Today’s 
rulemaking merely continues this 
program and clearly comports with the 
statutory language in 49 U.S.C. 
32902(k). Further, the specific result 
sought by Congress in establishing the 
medium- and heavy-duty fuel efficiency 
program was a program focused on 
continuing fuel efficiency 
improvements. Specifically, Congress 
emphasized that the fuel efficiency 
program created by NHTSA be 
‘‘designed to achieve the maximum 
feasible improvement,’’ allowing 
NHTSA to ensure the regulations 
implemented throughout the program 
encourage regulated entities to achieve 
the maximum feasible improvements. 
Congress did not limit, restrict, or 
otherwise suggest that the phrase 
‘‘designed to achieve the maximum 
feasible improvement’’ be confined to 
the issuance of one set of standards. 

NHTSA actions are, therefore, clearly 
consistent with the authority conferred 
upon it in 49 U.S.C. 32902(k). 

POP Diesel stated that the word 
‘‘fuel’’ has not been defined by 
Congress, and therefore NHTSA should 
use its authority to define the term 
‘‘fuel’’ as ‘‘fossil fuel,’’ allowing the 
agencies to assess fuel efficiency based 
on the carbon content of the fuels used 
in an engine or vehicle. Congress has 
already defined the term ‘‘fuel’’ in 49 
U.S.C. 32901(a)(10) as gasoline, diesel 
oil, or other liquid or gaseous fuel that 
the Secretary decides to include. As 
Congress has already spoken to the 
definition of fuel, it would be 
inappropriate for the agency to redefine 
‘‘fuel’’ as ‘‘fossil fuel.’’ 

Additionally, POP Diesel asserted that 
NHTSA’s metric for measuring fuel 
efficiency is contrary to the mandate in 
EISA. Specifically, POP Diesel stated 
that many dictionaries define 
‘‘efficiency’’ as a ratio of work 
performed to the amount of energy used, 
and NHTSA’s load specific fuel 
consumption metric runs afoul of the 
plain meaning of statute the Phase 2 
program implements. POP Diesel noted 
that Congressional debate surrounding 
what is now codified at 49 U.S.C. 
32902(k)(2) included a discussion that 
envisioned NHTSA and EPA having 
separate regulations, despite having 
overlapping jurisdiction. 

NHTSA continues to believe its use of 
load specific fuel consumption is an 
appropriate metric for assessing fuel 
efficiency as mandated by Congress. 49 
U.S.C. 32902(k)(2) states, as POP Diesel 
noted, that NHTSA shall develop a 
medium- and heavy-duty fuel efficiency 
program. The section further states that 
NHTSA ‘‘. . . shall adopt and 
implement appropriate test methods 
[and] measurement metrics . . . for 
commercial medium- and heavy-duty 
on-highway vehicles and work trucks.’’ 
In the Phase 1 rulemaking, NHTSA, 
aided by the National Academies of 
Sciences (NAS) report, assessed 
potential metrics for evaluating fuel 
efficiency. NHTSA found that fuel 
economy would not be an appropriate 
metric for medium- and heavy-duty 
vehicles. Instead, NHTSA chose a 
metric that considers the amount of fuel 
consumed when moving a ton of freight 
(i.e., performing work).104 This metric, 
delegated by Congress to NHTSA to 
formulate, is not precluded by the text 
of the statute. It is a reasonable way by 
which to measure fuel efficiency for a 
program designed to reduce fuel 
consumption. 
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105 49 U.S.C. 42902(k)(2). 
106 49 U.S.C. 30102(a)(6). 

107 See, e.g., 49 CFR 571.106 (Standard No. 106; 
Brake hoses); 49 CFR 571.108 (Standard No. 108; 
Lamps, reflective devices, and associated 
equipment); 49 CFR 571.121 (Standard No. 121; Air 
brake systems); 49 CFR 571.223 (Standard No. 223; 
Rear impact guards). 

108 ‘‘Vehicle.’’ Merriam-Webster (2016). http://
www.merriam-webster.com/dictionary/vehicle (last 
accessed May 20, 2016). 

(a) NHTSA’s Authority To Regulate 
Trailers 

As contemplated in the Phase 1 
proposed and final rules, the agencies 
proposed standards for trailers in the 
Phase 2 rulemaking. Because Phase 1 
did not include standards for trailers, 
NHTSA did not discuss its authority for 
regulating them in the proposed or final 
rules; that authority is described here. 

NHTSA is finalizing fuel efficiency 
standards applicable to heavy-duty 
trailers as part of the Phase 2 program. 
NHTSA received several comments on 
the proposal relating to the agency’s 
statutory authority to issue standards for 
trailers as part of the Phase 2 program. 
In particular, TTMA commented that 
NHTSA does not have the authority to 
regulate trailers as part of the medium- 
and heavy-duty standards. TTMA took 
issue with NHTSA’s use of the National 
Traffic and Motor Vehicle Safety Act as 
an aid in defining an undefined term in 
EISA. Additionally, TTMA stated that 
EISA’s use of GVWR instead of gross 
combination weight rating (GCWR) to 
define the vehicles subject to these 
regulations was intended to exclude 
trailers from the regulation. 

As stated in the proposal, EISA 
directs NHTSA to ‘‘determine in a 
rulemaking proceeding how to 
implement a commercial medium- and 
heavy-duty on-highway vehicle and 
work truck fuel efficiency improvement 
program designed to achieve the 
maximum feasible improvement 
. . . .’’ 105 EISA defines a commercial 
medium- and heavy-duty on-highway 
vehicle to mean ‘‘an on-highway vehicle 
with a GVWR of 10,000 lbs or more.’’ A 
‘‘work truck’’ is defined as a vehicle 
between 8,500 and 10,000 lbs GVWR 
that is not an MDPV. These definitions 
do not explicitly exclude trailers, in 
contrast to MDPVs. Because Congress 
did not act to exclude trailers when 
defining these terms by GVWRs, despite 
demonstrating the ability to exclude 
MDPVs, it is reasonable to interpret the 
provision to include them. 

Both the tractor and the trailer are 
vehicles subject to regulation by NHTSA 
in the Phase 2 program. Although EISA 
does not define the term ‘‘vehicle,’’ 
NHTSA’s authority to regulate motor 
vehicles under its organic statute, the 
Motor Vehicle Safety Act (‘‘Safety Act’’), 
does. The Safety Act defines a motor 
vehicle as ‘‘a vehicle driven or drawn by 
mechanical power and manufactured 
primarily for use on public streets, 
roads, and highways. . . .’’ 106 NHTSA 
clearly has authority to regulate trailers 

under this Act as they are vehicles that 
are drawn by mechanical power—in this 
instance, a tractor engine—and NHTSA 
has exercised that authority numerous 
times.107 Given the absence of any 
apparent contrary intent on the part of 
Congress in EISA, NHTSA believes it is 
reasonable to interpret the term 
‘‘vehicle’’ as used in the EISA 
definitions to have a similar meaning 
that includes trailers. 

Additionally, it is worth noting that 
the dictionary definition of ‘‘vehicle’’ is 
‘‘a machine used to transport goods or 
persons from one location to 
another.’’ 108 A trailer is a machine 
designed for the purpose of transporting 
goods. With these foregoing 
considerations in mind, NHTSA 
interprets its authority to regulate 
commercial medium- and heavy-duty 
on-highway vehicles, including trailers. 

TTMA pointed to language in the 
Phase 1 NPRM where the agencies 
stated that GCWR included the weight 
of a loaded trailer and the vehicle itself. 
TTMA interprets this language to mean 
that standards applicable to vehicles 
defined by GVWR must inherently 
exclude trailers. The language TTMA 
cited is a clarification from a footnote in 
an introductory section describing the 
heavy-duty trucking industry. This 
statement was not a statement of 
NHTSA’s legal authority over medium- 
and heavy-duty vehicles. NHTSA 
continues to believe a trailer is a vehicle 
under EISA if its GVWR fits within the 
definitions in 49 U.S.C. 32901(a), and is 
therefore subject to NHTSA’s applicable 
fuel efficiency regulations. 

Finally, in a comment on the Notice 
of Data Availability, TTMA stated that 
because NHTSA’s statutory authority 
instructs the agency to develop a fuel 
efficiency program for medium- and 
heavy-duty on-highway vehicles, and 
trailers themselves do not consume fuel, 
trailers cannot be regulated for fuel 
efficiency. The agency disagrees with 
this assertion. A tractor-trailer is 
designed for the purpose of holding and 
transporting goods. While heavy-duty 
trailers themselves do not consume fuel, 
they are immobile and inoperative 
without a tractor providing motive 
power. Inherently, trailers are designed 
to be pulled by a tractor, which in turn 
affects the fuel efficiency of the tractor- 
trailer as a whole. As previously 

discussed, both a tractor and trailer are 
motor vehicles under NHTSA’s 
authority. Therefore it is reasonable to 
consider all of a tractor-trailer’s parts— 
the engine, the cab-chassis, and the 
trailer—as parts of a whole. As such 
they are all parts of a vehicle, and are 
captured within the scope of NHTSA’s 
statutory authority. As EPA describes 
above, the tractor and trailer are both 
incomplete without the other. Neither 
can fulfill the function of the vehicle 
without the other. For this reason, and 
the other reasons stated above, NHTSA 
interprets its authority to regulate 
commercial medium- and heavy-duty 
on-highway vehicles, including tractor- 
trailers, as encompassing both tractors 
and trailers. 

(b) NHTSA’s Authority To Regulate 
Recreational Vehicles 

NHTSA did not regulate recreational 
vehicles as part of the Phase 1 medium- 
and heavy-duty fuel efficiency 
standards, although EPA did regulate 
them as vocational vehicles for GHG 
emissions. In the Phase 1 NPRM, 
NHTSA interpreted ‘‘commercial 
medium- and heavy duty on-road 
vehicle’’ to mean that recreational 
vehicles, such as motor homes, were not 
to be included within the program 
because recreational vehicles are not 
commercial. Following comments to the 
Phase 1 proposal, NHTSA reevaluated 
its statutory authority and proposed that 
recreational vehicles be included in the 
Phase 2 standards, and that early 
compliance be allowed for 
manufacturers who want to certify 
during the Phase 1 period. 

The Recreational Vehicle Industry 
Association (RVIA) and Newell Coach 
Corporation (Newell) asserted that 
NHTSA does not have the authority to 
regulate recreational vehicles (RVs). 
RVIA and Newell stated that NHTSA’s 
authority under EISA is limited to 
commercial medium- and heavy-duty 
vehicles and that RVs are not 
commercial. RVIA pointed to the fact 
that EISA gives NHTSA fuel efficiency 
authority over ‘‘commercial medium- 
and heavy-duty vehicles’’ and ‘‘work 
trucks,’’ the latter of which is not 
prefaced with the word ‘‘commercial.’’ 
Because of this difference, RVIA argued 
that NHTSA is ignoring a limitation on 
its authority—that is, that NHTSA only 
has authority over medium- and heavy- 
duty vehicles that are commercial in 
nature. RVIA stated that RVs are not 
used for commercial purposes, and are 
therefore not subject to Phase 2. 

NHTSA’s authority to regulate 
medium- and heavy-duty vehicles under 
EISA extends to ‘‘commercial medium- 
and heavy-duty on-highway vehicles’’ 
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109 49 U.S.C. 42902(k)(2). 
110 49 U.S.C. 42901(a)(19). 
111 49 U.S.C. 42901(a)(7). 

112 See ‘‘Mobile Source Strategy,’’ May 16, 2016 
from CARB. Available at: http://www.arb.ca.gov/
planning/sip/2016sip/2016mobsrc.htm and 
‘‘Proposed 2016 State Strategy for the State 
Implementation Plan,’’ May 17, 2016 from CARB. 
Available at http://www.arb.ca.gov/planning/sip/
2016sip/2016sip.htm. 

113 EPA received a Petition for Rulemaking to 
adopt new NOX emission standards for on-road 
heavy-duty trucks and engines on June 3, 2016 from 
the South Coast Air Quality Management District, 
the Arizona Pima County Department of 
Environmental Quality, the Bay Area Air Quality 
Management District, the Connecticut Department 
of Energy and Environmental Protection Agency, 
the Delaware Department of Energy and 
Environmental Protection, the Nevada Washoe 
County Health District, the New Hampshire 
Department of Environmental Services, the New 
York City Department of Environmental Protection, 
the Akron Regional Air Quality Management 
District of Akron, Ohio, the Washington State 
Department of Ecology, and the Puget Sound Clean 
Air Agency. 

114 US Energy Information Administration. 
Annual Energy Outlook 2015. April 2015. Page E– 
8. http://www.eia.gov/forecasts/aeo/pdf/ 
0383(2015).pdf. 

115 80 FR 65292 (Oct. 26, 2015). 

and ‘‘work truck[s].’’ 109 If terms in the 
statute are defined, NHTSA must apply 
those definitions. Both terms 
highlighted by RVIA have been defined 
in EISA, therefore, NHTSA will use 
their defined meanings. ‘‘Work truck’’ 
means a vehicle that is rated between 
8,500 and 10,000 pounds GVWR and is 
not an MDPV.110 ‘‘Commercial medium- 
and heavy-duty on-road highway 
vehicle’’ means an on-highway vehicle 
with a gross vehicle weight rating 
(GVWR) of 10,000 pounds or more.111 
Based on the definitions in EISA, 
recreational vehicles would be regulated 
as class 2b–8 vocational vehicles. 
Neither statutory definition requires that 
those vehicles encompassed be 
commercial in nature, instead dividing 
the medium- and heavy-duty segments 
based on weight. The definitions of 
‘‘work truck’’ and ‘‘commercial 
medium- and heavy-duty on-highway 
vehicles’’ collectively encompass the 
on-highway motor vehicles not covered 
in the light duty CAFE standards. 

RVIA further stated that NHTSA’s 
current fuel efficiency regulations are 
not consistent with EISA and do not 
purport to grant NHTSA authority to 
regulate vehicles simply based on 
weight. NHTSA’s regulations at 49 CFR 
523.6 define, by cross-reference the 
language in 49 U.S.C. 32901(a)(7) and 
(19), and consistent with the discussion 
above, include recreational vehicles. 

Finally, NHTSA notes that excluding 
recreational vehicles in Phase 2 could 
create illogical results, including 
treating similar vehicles differently, as 
determinations over whether a given 
vehicle would be covered by the 
program would be based upon either its 
intended or actual use, rather than the 
actual characteristics of the vehicle. 
Moreover, including recreational 
vehicles under NHTSA regulations 
furthers the agencies’ goal of one 
national program, as EPA regulations 
will continue to regulate recreational 
vehicles. NHTSA will allow early 
compliance for manufacturers that want 
to certify during the Phase 1 period. 

F. Other Issues 

In addition to establishing new Phase 
2 standards, this document addresses 
several other issues related to those 
standards. The agencies are adopting 
some regulatory provisions related to 
the Phase 1 program, as well as 
amendments related to other EPA and 
NHTSA regulations. These other issues 
are summarized briefly here and 

discussed in greater detail in later 
sections. 

(1) Opportunities for Further Oxides of 
Nitrogen (NOX) Reductions From 
Heavy-Duty On-Highway Engines and 
Vehicles 

The EPA has the authority under 
section 202 of the Clean Air Act to 
establish, and from time to time revise, 
emission standards for certain air 
pollutants emitted from heavy-duty on- 
highway engines and vehicles. The 
emission standards that EPA has 
developed for heavy-duty on-highway 
engines have become progressively 
more stringent over the past 40 years, 
with the most recent NOX standards for 
new heavy-duty on-highway engines 
fully phased in with the 2010 model 
year. NOX emissions standards for 
heavy-duty on-highway engines have 
contributed significantly to the overall 
reduction in the national NOX emissions 
inventory. Nevertheless, a need for 
additional NOX reductions remains, 
particularly in areas of the country with 
elevated levels of air pollution. As 
discussed further below, in response to 
EPA’s responsibilities under the Clean 
Air Act, the significant comments we 
received on this topic during the public 
comment period, the recent publication 
by the California Air Resources Board 
(CARB) of its May 2016 Mobile Source 
Strategy report and Proposed 2016 
Strategy for the State implementation 
Plan 112 and a recent Petition for 
Rulemaking,113 EPA plans to further 
engage with stakeholders after the 
publication of this Final Rule to discuss 
the opportunities for developing more 
stringent federal standards to further 
reduce the level of NOX emissions from 
heavy-duty on-highway engines through 
a coordinated effort with CARB. 

NOX is one of the major precursors of 
tropospheric ozone (ozone), exposure to 

which is associated with a number of 
adverse respiratory and cardiovascular 
effects, as described in Section VIII.A.2 
below. These effects are particularly 
pronounced among children, the 
elderly, and among people with lung 
disease such as asthma. NOX is also a 
major contributor to secondary PM2.5 
formation, and exposure to PM2.5 itself 
has been linked to a number of adverse 
health effects (see Section VIII.A.1), 
such as heart attacks and premature 
mortality. In addition, NO2 exposure is 
linked to asthma exacerbation and 
possibly to asthma development in 
children (see Section VIII.A.3). EPA has 
already adopted many emission control 
programs that are expected to reduce 
ambient ozone levels. However, the U.S. 
Energy Information Administration’s 
AEO 2015 predicts that vehicles miles 
travelled (VMT) for heavy-duty trucks 
will increase in the coming years,114 
and even with the implementation of all 
current state and federal regulations, 
some of the most populous counties in 
the United States are expected to have 
ozone air quality that exceeds the 
National Ambient Air Quality Standards 
(NAAQS) into the future. As of April 22, 
2016, there were 44 ozone 
nonattainment areas for the 2008 ozone 
NAAQS composed of 216 full or partial 
counties, with a population of more 
than 120 million. These nonattainment 
areas are dispersed across the country, 
with counties in the west, northeastern 
United States, Texas, and several Great 
Lakes states. The geographic diversity of 
this problem necessitates action at the 
national level. In California, the San 
Joaquin Valley and the South Coast Air 
Basin are highly-populated areas 
classified as ‘‘extreme nonattainment’’ 
for the 2008 8-hour ozone standard, 
with an attainment demonstration 
deadline of 2031 (one year in advance 
of the actual 2032 attainment date). In 
addition, EPA lowered the level of the 
primary and secondary NAAQS for the 
8-hour standards from 75 ppb to 70 ppb 
in 2015 (2015 ozone NAAQS),115 with 
plans to finalize nonattainment 
designations for the 2015 ozone NAAQS 
in October 2017. Further NOX 
reductions would provide reductions in 
ambient ozone levels, helping to prevent 
adverse health impacts associated with 
ozone exposure and assisting states and 
local areas in attaining and maintaining 
the applicable ozone NAAQS. 
Reductions in NOX emissions would 
also improve air quality and provide 
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116 To foster the development of the next 
generation of lower NOX engines, in 2013, CARB 
adopted optional low-NOX heavy-duty engine 
standards ranging from 0.10 down to 0.02 grams per 
brake horsepower-hour (g/bhp-hr). CARB also 
funded over $1 million to a low-NOX engine 
research and demonstration project at Southwest 
Research Institute (SwRI). 

117 See ‘‘Mobile Source Strategy,’’ May 16, 2016 
from CARB. Available at: http://www.arb.ca.gov/
planning/sip/2016sip/2016mobsrc.htm. 

118 See ‘‘Proposed 2016 State Strategy for the 
State Implementation Plan,’’ May 17, 2016 from 
CARB. Available at http://www.arb.ca.gov/
planning/sip/2016sip/2016sip.htm. 

public health and welfare benefits 
throughout the country by (1) reducing 
PM formed by reactions of NOX in the 
atmosphere; (2) reducing concentrations 
of the criteria pollutant NO2; (3) 
reducing nitrogen deposition to 
sensitive environments; and (4) 
improving visibility. 

In the past year, EPA has received 
requests from several state and local air 
quality districts and other organizations 
asking that EPA establish more stringent 
NOX standards for heavy-duty on- 
highway engines to help reduce the 
public’s exposure to air pollution. In its 
comments, CARB estimated that heavy- 
duty on-highway vehicles currently 
contribute about one-third of all NOX 
emissions in California. In order to 
achieve the 2008 ozone NAAQS, 
California has estimated that the state’s 
South Coast Air Basin will need an 80 
percent reduction in NOX emissions by 
2031. California has the unique ability 
among states to adopt its own separate 
new motor engine and vehicle emission 
standards under section 209 of the CAA; 
however, CARB commented that EPA 
action to establish a new federal low- 
NOX standard for heavy-duty trucks is 
critical, since California standards alone 
are not sufficient to demonstrate 
compliance with either the 2008 ozone 
NAAQS or the 2015, even more 
stringent ozone NAAQS. CARB has 
developed a comprehensive mobile 
source strategy which for heavy-duty 
on-highway vehicles includes: Lowering 
the emissions from the in-use fleet; 
establishing more stringent NOX 
standards for new engines; and 
accelerating the deployment of zero and 
near-zero emissions technology.116 In 
September of 2015, CARB published a 
draft of this strategy, Mobile Source 
Strategy Discussion Draft, after which 
CARB held a public workshop and 
provided opportunity for public 
comment. On May 16, 2016, CARB 
issued a final Mobile Source Strategy 
report.117 In this report, CARB provides 
a comprehensive strategy plan for the 
future of mobile sources and goods 
movement in the State of California for 
how mobile sources in California can 
meet air quality and climate goals over 
the next fifteen years. Among the many 
programs discussed are plans for a 
future on-highway heavy-duty engine 

and vehicle NOX control regulatory 
program for new products with 
implementation beginning in 2024. 
CARB states ‘‘The need for timely action 
by U.S. EPA to establish more stringent 
engine performance standards in 
collaboration with California efforts is 
essential. About 60 percent of total 
heavy-duty truck VMT in the South 
Coast on any given day is accrued by 
trucks purchased outside of California, 
and are exempt from California 
standards. U.S. EPA action to establish 
a federal low-NOX standard for trucks is 
critical.’’ CARB lays out a time line for 
a California specific action for new 
highway heavy-duty NOX standards 
with CARB action in 2017–2019 that 
would lead to new standards that could 
begin with the model year 2023. CARB 
also requests that the U.S. EPA work on 
a Federal rulemaking action in the 
2017–2019 time frame which could 
result in standards that could begin with 
the model year 2024. The CARB Mobile 
Source Strategy document also states 
‘‘Due to the preponderance of interstate 
trucking’s contribution to in-state VMT, 
federal action would be far more 
effective at reducing in-state emissions 
than a California-only standard. 
However, California is prepared to 
develop a California-only standard, if 
needed, to meet federal attainment 
targets.’’ CARB goes on to state ‘‘[C]ARB 
will begin development of new heavy- 
duty low NOX emission standard in 
2017 with Board action expected in 
2019. ARB may also petition U.S. EPA 
in 2016 to establish new federal heavy- 
duty engine emission standards . . . . If 
U.S. EPA begins the regulatory 
development process for a new federal 
heavy-duty emission standard by 2017, 
ARB will coordinate its regulatory 
development efforts with the federal 
regulation.’’ On May 17, 2016, CARB 
published its ‘‘Proposed 2016 State 
Strategy for the State Implementation 
Plan.’’ 118 This document contains 
CARB staff’s proposed strategy to attain 
the health-based federal air quality 
standards over the next fifteen years. 
With respect to future on-highway 
heavy-duty NOX standards, the 
proposed State Implementation Plan is 
fully consistent with the information 
published by CARB in the Mobile 
Source Strategy report. EPA intends to 
work with CARB to consider the 
development of a new harmonized 
Federal and California program that 
would apply lower NOX emissions 

standards at the national level to heavy- 
duty on-highway engines and vehicles. 

In addition to CARB, EPA received 
compelling letters and comments from 
the National Association of Clean Air 
Agencies, the Northeast States for 
Coordinated Air Use Management, the 
Ozone Transport Commission, and the 
South Coast Air Quality Management 
District explaining the critical and 
urgent need to reduce NOX emissions 
that significantly contribute to ozone 
and fine particulate air quality problems 
in their represented areas. The 
comments describe the challenges many 
areas face in meeting both the 2008 and 
recently strengthened 2015 ozone 
NAAQS. These organizations point to 
the significant contribution of heavy- 
duty vehicles to NOX emissions in their 
areas, and call upon EPA to begin a 
rulemaking to require further NOX 
controls for the heavy-duty sector as 
soon as possible. Commenters such as 
the American Lung Association, 
Environmental Defense Fund, Union of 
Concerned Scientists, the California 
Interfaith Power and Light, Coalition for 
Clean Air/California Cleaner Freight 
Coalition, and the Moving Forward 
Network similarly describe the air 
quality and public health need for NOX 
reductions and request EPA to lower 
NOX emissions standards for heavy-duty 
vehicles. Taken as a whole, the 
numerous comments, the expected 
increase in heavy-duty truck VMT, and 
the fact that ozone challenges will 
remain across the country demonstrate 
the critical need for more stringent 
nationwide NOX emissions standards. 
Such standards are vital to improving 
air quality nationwide and reducing 
public health effects associated with 
exposure to ozone and secondary PM2.5, 
especially for vulnerable populations 
and in highly impacted regions. 

On June 3, 2016, the EPA received a 
Petition for Rulemaking from the South 
Coast Air Quality Management District 
(California), the Pima County 
Department of Environmental Quality 
(Arizona), the Bay Area Air Quality 
Management District (California), the 
Connecticut Department of Energy and 
Environmental Protection Agency, the 
Delaware Department of Energy and 
Environmental Protection, the Washoe 
County Health District (Nevada), the 
New Hampshire Department of 
Environmental Services, the New York 
City Department of Environmental 
Protection, the Akron Regional Air 
Quality Management District (Ohio), the 
Washington State Department of 
Ecology, and the Puget Sound Clean Air 
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119 http://4cleanair.org/sites/default/files/
resources/HD_Ultra-Low-NOX_Petition_to_EPA- 
060316.pdf. 

120 http://4cleanair.org/sites/default/files/
resources/Petition_Attachments-Ultra-Low-NOX_
Petition_to_EPA-060316_0.pdf. 

121 http://www.valleyair.org/recent_news/Media_
releases/2016/PR-District-Petitions-Federal- 
Government-06-22-16.pdf. 

122 66 FR 5002 (January 18, 2001). 
123 See CARB’s September 2015 Draft Technology 

Assessment: Lower NOX Heavy-Duty Diesel Engines, 
and Draft Technology Assessment: Low Emission 
Natural Gas and Other Alternative Fuel Heavy-Duty 
Engines. 

124 http://www.arb.ca.gov/research/veh- 
emissions/low-nox/low-nox.htm, 4/26/16. This low 
NOX study is in the process of selecting the 
emission reduction systems for final testing and it 
is expected that this demonstration program will be 
complete by the end of 2016. 

Agency (Washington).119 120 In a June 15, 
2016 letter to EPA, the Commonwealth 
of Massachusetts also joined this 
petition. On June 22, 2016, the San 
Joaquin Valley Air Pollution Control 
District (California) also submitted a 
petition for rulemaking to EPA.121 In 
these Petitions, the Petitioners request 
that EPA establish a new, lower NOX 
emission standard for on-road heavy- 
duty engines. The Petitioners request 
that EPA implement a new standard by 
January 1, 2022, and that EPA establish 
this new standard through a Final 
Rulemaking issued by December 31, 
2017. EPA is not formally responding to 
this Petition in this Final Rule, but we 
will do so in a future action. In the 
petitions, the Petitioners include a 
detailed discussion of their views and 
underlying data regarding the need for 
large scale reduction in NOX emissions 
from heavy-duty engines, why they 
believe new standards can be achieved, 
and their legal views on EPA’s 
responsibilities under the Clean Air Act. 

Since the establishment of the current 
heavy-duty on-highway standards in 
January of 2001,122 there has been 
continued progress in emissions control 
technology. EPA and CARB are 
currently investing in research to 
evaluate opportunities for further NOX 
reductions from heavy-duty on-highway 
vehicles and engines. Programs and 
research underway at CARB, as well as 
a significant body of work in the 
technical literature, indicate that 
reducing NOX emissions significantly 
below the current on-highway standard 
of 0.20 grams per brake horsepower- 
hour (g/bhp-hr) is potentially 
feasible.123 124 Opportunities for 
additional NOX reductions include 
reducing emissions over cold start 
operation as well as low-speed, low- 
load off-cycle operation. Reductions are 
being accomplished through the use of 
improved engine management, 
advanced aftertreatment technologies 

(improvements in SCR catalyst design/ 
formulation), catalyst positioning, 
aftertreatment thermal management, and 
heated diesel exhaust fluid dosing. At 
the same time, the effect of these new 
technologies on cost and GHG emissions 
is being carefully evaluated,124 since it 
is important that any future NOX control 
technologies be considered in the 
context of the final Phase 2 GHG 
standards. During the Phase 2 program 
public comment period, EPA received 
some comments stressing the need for 
careful evaluation of emerging NOX 
control technologies and urging EPA to 
consider the relationship between CO2 
and NOX before setting lower NOX 
standards (commenters include 
American Trucking Association, 
Caterpillar, Daimler Trucks North 
America, Navistar Inc., PACCAR Inc., 
Volvo Group, Truck and Engine 
Manufacturers Association, Diesel 
Technology Forum, National 
Association of Manufacturers, and 
National Automobile Dealers 
Association). EPA also received 
comments pointing to advances in NOX 
emission control technologies that 
would lower NOX without reducing 
engine efficiency (commenters include 
Advanced Engine Systems Institute, 
Clean Energy, Manufacturers of 
Emission Controls Association, and 
Union of Concerned Scientists). EPA 
will continue to evaluate both 
opportunities and challenges associated 
with lowering NOX emissions from the 
current standards, and over the coming 
months we intend to engage with many 
stakeholders as we develop our 
response to the June 2016 Petitions for 
Rulemaking discussed above. 

EPA believes the opportunity exists to 
develop, in close coordination with 
CARB and other stakeholders, a new, 
harmonized national NOX reduction 
strategy for heavy-duty on-highway 
engines which could include the 
following: 

• Substantially lower NOX emission 
standards; 

• Improvements to emissions 
warranties; 

• Consideration of longer useful life, 
reflecting actual in-use activity; 

• Consideration of rebuilding/ 
remanufacturing practices; 

• Updated certification and in-use 
testing protocols; 

• Incentives to encourage the 
transition to next-generation cleaner 
technologies as soon as possible; 

• Improvements to test procedures 
and test cycles to ensure emission 
reductions occur in the real-world, not 
only over the applicable certification 
test cycles. 

Based on the air quality need, the 
requests described above, the continued 
progress in emissions control 
technology, and the June 2016 petitions 
for rulemaking, EPA plans to engage 
with a range of stakeholders to discuss 
the opportunities for developing more 
stringent federal standards to further 
reduce the level of NOX emissions from 
heavy-duty on-highway engines, after 
the publication of this Final Rule. 
Recognizing the benefits of a nationally 
harmonized program and given 
California’s unique ability under CAA 
section 209 to be allowed to regulate 
new motor vehicle and engine emission 
standards if certain criteria are met, EPA 
intends to work closely with CARB on 
this effort. EPA also intends to engage 
with truck and engine manufacturers, 
suppliers, state air quality agencies, 
NGOs, labor, the trucking industry, and 
the Petitioners over the next several 
months as we develop our formal 
response to the June 2016 Petitions for 
Rulemaking. 

(2) Issues Related to Phase 2 

(a) Natural Gas Engines and Vehicles 
This combined rulemaking by EPA 

and NHTSA is designed to regulate two 
separate characteristics of heavy duty 
vehicles and engines: GHGs and fuel 
consumption. In the case of diesel or 
gasoline powered vehicles, there is a 
one-to-one relationship between these 
two characteristics. For alternatively 
fueled vehicles, which use no 
petroleum, the situation is different. For 
example, a natural gas vehicle that 
achieves approximately the same fuel 
efficiency as a diesel powered vehicle 
will emit 20 percent less CO2; and a 
natural gas vehicle with the same fuel 
efficiency as a gasoline vehicle will emit 
30 percent less CO2. Yet natural gas 
vehicles consume no petroleum. The 
agencies are continuing Phase 1 
approach, which the agencies have 
previously concluded balances these 
facts by applying the gasoline and diesel 
CO2 standards to natural gas engines 
based on the engine type of the natural 
gas engine. Fuel consumption for these 
vehicles is then calculated according to 
their tailpipe CO2 emissions. In essence, 
this applies a one-to-one relationship 
between fuel efficiency and tailpipe CO2 
emissions for all vehicles, including 
natural gas vehicles. The agencies 
determined that this approach will 
likely create a small balanced incentive 
for natural gas use. In other words, it 
created a small incentive for the use of 
natural gas engines that appropriately 
balanced concerns about the climate 
impact methane emissions against other 
factors such as the energy security 
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125 Section 612(c) of the Clean Air Act requires 
EPA to review substitutes for class I and class II 
ozone-depleting substances and to determine 
whether such substitutes pose lower risk than other 
available alternatives. EPA is also required to 
publish lists of substitutes that it determines are 
acceptable and those it determines are 
unacceptable. See http://www3.epa.gov/ozone/
snap/refrigerants/lists/index.html, last accessed on 
March 5, 2015. 

126 Listed at 40 CFR part 82, subpart G. 
127 GWP values cited in this final action are from 

the IPCC Fourth Assessment Report (AR4) unless 
stated otherwise. Where no GWP is listed in AR4, 
GWP values are determined consistent with the 
calculations and analysis presented in AR4 and 
referenced materials. 

128 To the extent that some manufacturers 
produce HD pickups and vans on the same 
production lines or in the same facilities as LD 
vehicles, some A/C system technology commonality 
between the two vehicle classes may be developing. 

benefits of using domestic natural gas. 
See 76 FR 57123. 

(b) Alternative Refrigerants 
In addition to use of low-leak 

components in air conditioning system 
design, manufacturers can also decrease 
the global warming impact of any 
refrigerant leakage emissions by 
adopting systems that use alternative, 
lower global warming potential (GWP) 
refrigerants, to replace the refrigerant 
most commonly used today, HFC–134a 
(R–134a). HFC–134a is a potent 
greenhouse gas with a GWP 1,430 times 
greater than that of CO2. 

Under EPA’s Significant New 
Alternatives Policy (SNAP) Program,125 
EPA has found acceptable, subject to 
use conditions, three alternative 
refrigerants that have significantly lower 
GWPs than HFC–134a for use in A/C 
systems in newly manufactured light- 
duty vehicles: HFC–152a, CO2 (R–744), 
and HFO–1234yf.126 HFC–152a has a 
GWP of 124, HFO–1234yf has a GWP of 
4, and CO2 (by definition) has a GWP of 
1, as compared to HFC–134a which has 
a GWP of 1,430.127 CO2 is 
nonflammable, while HFO–1234yf and 
HFC–152a are flammable. All three are 
subject to use conditions requiring 
labeling and the use of unique fittings, 
and where appropriate, mitigating 
flammability and toxicity. Currently, the 
SNAP listing for HFO–1234yf is limited 
to newly manufactured A/C systems in 
light-duty vehicles, whereas HFC–152a 
and CO2 have been found acceptable for 
all motor vehicle air conditioning 
applications, including heavy-duty 
vehicles. 

None of these alternative refrigerants 
can simply be ‘‘dropped’’ into existing 
HFC–134a air conditioning systems. In 
order to account for the unique 
properties of each refrigerant and 
address use conditions required under 
SNAP, changes to the systems will be 
necessary. Typically these changes will 
need to occur during a vehicle redesign 
cycle but can also occur during a 
refresh. For example, because CO2, 
when used as a refrigerant, is physically 

and thermodynamically very different 
from HFC–134a and operates at much 
higher pressures, a transition to this 
refrigerant would require significant 
hardware changes. A transition to A/C 
systems designed for HFO–1234yf, 
which is more thermodynamically 
similar to HFC–134a than is CO2, 
requires less significant hardware 
changes that typically include 
installation of a thermal expansion 
valve and can potentially require 
resized condensers and evaporators, as 
well as changes in other components. In 
addition, vehicle assembly plants 
require re-tooling in order to handle 
new refrigerants safely. Thus a change 
in A/C refrigerants requires significant 
engineering, planning, and 
manufacturing investments. 

EPA is not aware of any significant 
development of A/C systems designed 
to use alternative refrigerants in heavy- 
duty vehicles.128 However, all three 
lower GWP alternatives are in use or 
under various stages of development for 
use in LD vehicles. Of these three 
refrigerants, most manufacturers of LD 
vehicles have identified HFO–1234yf as 
the most likely refrigerant to be used in 
that application. For that reason, EPA 
anticipates that HFO–1234yf will be a 
primary candidate for refrigerant 
substitution in the HD market in the 
future if it is listed as an acceptable 
substitute under SNAP for HD A/C 
applications. 

As mentioned above, EPA has listed 
as acceptable, subject to use conditions, 
two lower-GWP refrigerants, R–744 
(CO2) and HFC–152a, for use in HD 
vehicles. On April 18, 2016, EPA also 
proposed to list HFO–1234yf as 
acceptable, subject to use conditions, in 
A/C systems for newly manufactured 
MDPVs, HD pickup trucks, and 
complete HD vans (81 FR 22810). In that 
action, EPA proposed to list HFO– 
1234yf as acceptable, subject to use 
conditions, for those vehicle types for 
which human health and environmental 
risk could be assessed using the 
currently available risk assessments and 
analysis on LD vehicles. Also in that 
action, EPA requested ‘‘information on 
development of HFO–1234yf MVAC 
systems for other HD vehicle types or 
off-road vehicles, or plans to develop 
these systems in the future.’’ EPA also 
stated ‘‘This information may be used to 
inform a future listing’’ (81 FR 22868). 

In another rulemaking action under 
the SNAP program, on July 20, 2015, 
EPA published a final rule (80 FR 

42870) that will change the listing status 
of HFC–134a to unacceptable for use in 
newly manufactured LD motor vehicles 
beginning in MY 2021 (except as 
allowed under a narrowed use limit for 
use in newly manufactured LD vehicles 
destined for use in countries that do not 
have infrastructure in place for servicing 
with other acceptable refrigerants 
through MY 2025). In that same rule, 
EPA listed the refrigerant blends SP34E, 
R–426A, R–416A, R–406A, R–414A, R– 
414B, HCFC Blend Delta, Freeze 12, 
GHG–X5, and HCFC Blend Lambda as 
unacceptable for use in newly 
manufactured light-duty vehicles 
beginning in MY 2017. EPA’s decisions 
were based on the availability of other 
substitutes that pose less overall risk to 
human health and the environment, 
when used in accordance with required 
use conditions. Neither the April 2016 
proposed rule nor the July 2015 final 
rule consider a change of listing status 
for HFC–134a in HD vehicles. 

LD vehicle manufacturers are 
currently making investments in 
systems designed for lower-GWP 
refrigerants, both domestically and on a 
global basis. In support of the LD GHG 
rule, EPA projected a full transition of 
LD vehicles to lower-GWP alternatives 
in the United States by MY 2021. We 
expect the costs of transitioning to 
decrease over time as alternative 
refrigerants are adopted across all LD 
vehicles and trucks, in part due to 
increased availability of components 
and the continuing increases in 
refrigerant production capacity, as well 
as knowledge gained through 
experience. As lower-GWP alternatives 
become widely used in LD vehicles, 
some HD vehicle manufacturers may 
wish to also transition their vehicles. 
Transitioning could be advantageous for 
a variety of reasons, including platform 
standardization and company 
environmental stewardship policies. 

In the proposal for this Phase 2 HD 
rule, EPA proposed another action 
related to alternative refrigerants. EPA 
proposed to allow a manufacturer to be 
‘‘deemed to comply’’ with the leakage 
standard if its A/C system used a 
refrigerant other than HFC–134a that 
was both listed as an acceptable 
substitute refrigerant for heavy-duty A/ 
C systems under SNAP, and was 
identified in the LD GHG regulations at 
40 CFR 86.1867–12(e). 80 FR 40172. By 
slightly reducing the regulatory burden 
of compliance with the leakage standard 
for a manufacturer that used an 
alternative refrigerant, the ‘‘deemed to 
comply’’ provision was intended to 
provide a modest incentive for the use 
of such refrigerants. There were 
comments in support of this approach, 
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129 Vehicles produced by installing a used engine 
into a new chassis are commonly referred to as 
‘‘gliders,’’ ‘‘glider kits,’’ or ‘‘glider vehicles.’’ See 
Section I.E.i and XIII.B. 

130 EPA is amending its rules applicable to 
engines installed in glider kits, which will affect 
emission standards not only for GHGs but for 
criteria pollutants as well. EPA is also clarifying its 
requirements for certification and revising its 
definitions for glider kit and glider vehicle 
manufacturers. NHTSA is not including glider 
vehicles under its Phase 2 fuel consumption 
standards. See Section XIII.B. 

including from Honeywell and 
Chemours, both of which manufacture 
HFO–1234yf. 

For several reasons, EPA has 
reconsidered the proposed ‘‘deemed to 
comply’’ provision for this rule, and 
instead, the Phase 2 program retains the 
Phase 1 requirement that manufacturers 
attest that they are using low-leak 
components, regardless of the 
refrigerant they use. CARB and several 
NGO commenters expressed concerns 
about the proposed ‘‘deemed to 
comply’’ provision, primarily citing the 
potential for manufacturers to revert to 
less leak-tight components if they were 
no longer required to attest to the use of 
low-leak A/C system components 
because they used a lower-GWP 
refrigerant. In general, we expect that 
the progress LD vehicle manufacturers 
are making toward more leak-tight A/C 
systems will continue and that this 
progress will transfer to HD A/C 
systems. Still, we agree that continued 
improvements in low-leak performance 
HD vehicles is an important goal, and 
that continuing the Phase 1 leakage 
requirements in the Phase 2 program 
should discourage manufacturers from 
reverting to higher-leak and potentially 
less expensive components. It is also 
important to note that there is no 
‘‘deemed to comply’’ option in the 
parallel LD–GHG program— 
manufacturers must attest to meeting 
the leakage standard. There is no 
compelling reason to have a different 
regime for heavy duty applications. 

Although leakage of lower-GWP 
refrigerants is of less concern from a 
climate perspective than leakage of 
higher GWP refrigerants, we also agree 
with several commenters that expressed 
a concern related to the servicing of 
lower-GWP systems with higher-GWP 
refrigerants in the aftermarket. We agree 
that this could result due to factors such 
as price differentials between 
aftermarket refrigerants. However, as is 
the case for Phase 1, as a part of 
certification, HD manufacturers will 
attest both to the use of low-leak 
components as well as to the specific 
refrigerant used. Thus, in the future, a 
manufacturer wishing to certify a 
vehicle with an A/C system designed for 
an alternative refrigerant will attest to 
the use of that specific refrigerant. In 
that situation, any end-user servicing 
and recharging that A/C system with 
any other refrigerant would be 
considered tampering with an emission- 
related component under Title II of the 
CAA. For example, recharging an A/C 
system certified to use a lower-GWP 
refrigerant, such as HFO–1234yf, with 
any other refrigerant, including but not 
limited to HFC–134a, would be 

considered a violation of Title II 
tampering provisions. 

At the same time, EPA does not 
believe that finalizing the ‘‘deemed to 
comply’’ provision would have had an 
impact on any future transition of the 
HD industry to alternative refrigerants. 
As discussed above, two lower-GWP 
refrigerants are already acceptable for 
use in HD vehicles, and EPA has 
proposed to list HFO–1234yf as 
acceptable, subject to use conditions, for 
limited HD vehicle types. As also 
discussed above, and especially in light 
of the rapid expansion of alternative 
refrigerants that has been occurring in 
the LD vehicle market, similar trends 
may develop in the HD vehicle market, 
regardless of EPA’s action regarding 
leakage of alternative refrigerants in this 
final rule. 

(c) Small Business Issues 

The Regulatory Flexibility Act (RFA) 
generally requires an agency to prepare 
a regulatory flexibility analysis of any 
rule subject to notice and comment 
rulemaking requirements under the 
Administrative Procedure Act or any 
other statute unless the agency certifies 
that the rule will not have a significant 
economic impact on a substantial 
number of small entities. See generally 
5 U.S.C. 601–612. The RFA analysis is 
discussed in Section XIV. 

Pursuant to section 609(b) of the RFA, 
as amended by the Small Business 
Regulatory Enforcement Fairness Act 
(SBREFA), EPA also conducted outreach 
to small entities and convened a Small 
Business Advocacy Review Panel to 
obtain advice and recommendations of 
representatives of the small entities that 
potentially will be subject to the rule’s 
requirements. Consistent with the RFA/ 
SBREFA requirements, the Panel 
evaluated the assembled materials and 
small-entity comments on issues related 
to elements of the Initial Regulatory 
Flexibility Analysis (IRFA). A copy of 
the Panel Report was included in the 
docket for this rule. 

The agencies previously determined 
that the Phase 2 regulations could 
potentially have a significant economic 
impact on small entities. Specifically, 
the agencies identified four categories of 
directly regulated small businesses that 
could be impacted: 
• Trailer Manufacturers 
• Alternative Fuel Converters 
• Vocational Chassis Manufacturers 
• Glider Vehicle 129 Assemblers 

To minimize these impacts the 
agencies are adopting certain regulatory 
flexibilities—both general and category- 
specific. In general, we are delaying new 
requirements for EPA GHG emission 
standards by one initial year and 
simplifying certification requirements 
for small businesses. Even with this one 
year delay, small businesses will be 
required to comply with EPA’s 
standards before NHTSA’s fuel 
efficiency standards are mandatory. 
Because of this timing, compliance with 
NHTSA’s regulations will not be 
delayed, as small business 
manufacturers will be accommodated 
through EPA’s initial one year delay. 
The agencies are also providing the 
following specific relief: 

• Trailers: Adopting simpler 
requirements for non-box trailers, which 
are more likely to be manufactured by 
small businesses; reduced reliance on 
emission averaging; and making third- 
party testing easier for certification. 

• Alternative Fuel Converters: 
Omitting recertification of a converted 
vehicle when the engine is converted 
and certified; reduced N2O testing; and 
simplified onboard diagnostics and 
delaying required compliance with each 
new standard by one model year. 

• Vocational Chassis: Less stringent 
standards for certain vehicle categories; 
opportunity to generate credits under 
the Phase 1 program. 

• Glider Vehicle Assemblers: 130 
Exempting existing small businesses, 
but limiting the small business 
exemption to a capped level of annual 
production (production in excess of the 
capped amount will be allowed, but 
subject to all otherwise applicable 
requirements including the Phase 2 
standards). Providing additional 
flexibility for newer engines. 

These flexibilities are described in 
more detail in Section XIV, in RIA 
Section 12 and in the Panel Report. 
Flexibilities specific to glider vehicle 
assemblers are described in Section XIII. 

(d) Confidentiality of Test Results and 
GEM Inputs 

The agencies received mixed 
comments regarding the question of 
whether GEM inputs should be made 
available to public. Some commenters 
supported making this information 
available, while others thought it should 
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be protected as confidential business 
information (CBI). In accordance with 
Federal statutes, EPA does not release 
information from certification 
applications (or other compliance 
reports) that we determine to be CBI 
under 40 CFR part 2. Consistent with 
section 114(c) of the CAA, EPA does not 
consider emission test results to be CBI 
after introduction into commerce of the 
certified engine or vehicle. (However, 
we have generally treated test results as 
protected before the introduction into 
commerce date). EPA has not yet made 
a final determination for Phase 1 or 
Phase 2 certification test results. 
Nevertheless, at this time we expect to 
continue this policy and consider it 
likely that we would not treat any test 
results or other GEM inputs as CBI after 
the introduction into commerce date as 
identified by the manufacturer. 

With regard to NHTSA’s treatment of 
confidential business information, 
manufacturers must submit a request for 
confidentiality with each electronic 
submission specifying any part of the 
information or data in a report that it 
believes should be withheld from public 
disclosure as trade secret or other 
confidential business information. A 
form is available through the NHTSA 
Web site to request confidentiality. 
NHTSA does not consider 
manufacturers to continue to have a 
business case for protecting pre-model 
report data after the vehicles contained 
within that report have been introduced 
into commerce. 

(e) Delegated Assembly and Secondary 
Manufacturers 

In EPA’s existing regulations (40 CFR 
1068.261), we allow engine 
manufacturers to sell or ship engines 
that are missing certain emission-related 
components if those components will be 
installed by the vehicle manufacturer. 
These provisions already apply to Phase 
1 vehicles as well, providing a similar 
allowance for vehicle manufacturers to 
sell or ship vehicles that are missing 
certain emission-related components if 
those components will be installed by a 
secondary vehicle manufacturer. See 
section 1037.620. EPA has found this 
provision to work well and is finalizing 
certain amendments in this rule. See 40 
CFR 1037.621. Under the amended rule, 
as conditions of this allowance, 
manufacturers will be required to: 
• Have a contractual obligation with the 

secondary manufacturer to complete 
the assembly properly and provide 
instructions about how to do so 

• Keep records to demonstrate 
compliance 

• Apply a temporary label to the 
incomplete vehicles 

• Take other reasonable steps to ensure 
the assembly is completed properly 

• Describe in its application for 
certification how it will use this 
allowance 

Under delegated assembly, it is the 
upstream manufacturer that holds the 
certificate and assumes primary 
responsibility for all compliance 
requirements. Our experience applying 
this approach has shown that holding 
the upstream manufacturer responsible 
ensures that they will exercise due 
diligence throughout the process. 

EPA proposed to apply this new 
section broadly. However, commenters 
raised valid questions about whether it 
is necessary to apply this formal process 
as broadly as proposed. In response, we 
have reconsidered the proposed 
approach and have determined that it 
would be appropriate to allow a less 
formal process with components for 
which market forces will make it 
unlikely that a secondary manufacturer 
would not complete assembly properly. 
In those cases, the certifying 
manufacturers will be required to 
provide sufficiently detailed installation 
instructions to the secondary 
manufacturers, who would then be 
obligated to complete assembly properly 
before the vehicles are delivered to the 
ultimate purchasers. 

One example of a case for which 
market forces could ensure that 
assembly is completed properly would 
be air conditioning leakage 
requirements. Purchasers will have the 
expectation that the systems will not 
leak, and a secondary manufacturer 
should have no incentive to not follow 
the certifying manufacturer’s 
instructions. 

As revised, § 1037.621 will require the 
formal delegated assembly process for 
the following technologies if they are 
part of the OEM’s certified configuration 
but not shipped with the vehicle: 
• Auxiliary power units 
• Aerodynamic devices 
• Hybrid components 
• Natural gas fuel tanks 

Certificate holders will remain 
responsible for other certified 
components, but will not automatically 
be required to comply with the formal 
delegated assembly requirements. That 
determination will be made case-by-case 
as part of the certification process. We 
are also explicitly making the flexibility 
in 40 CFR 1037.621 available for HD 
pickups and vans certified to the 
standards in 40 CFR part 86. As is 
currently specified in 40 CFR 1068.261, 
EPA will retain the authority to apply 
additional necessary conditions (at the 
time of certification) to the allowance to 

delegate assembly of emission to 
secondary manufacturers (when 
emission control equipment is not 
shipped with the vehicle to the 
secondary manufacturer, as just noted). 
In particular, we would likely apply 
such additional conditions for 
manufacturers that we determine to 
have previously not completed 
assembly properly. Issues of delegated 
assembly are addressed in more detail 
in Section 1.4.4 of the RTC. 

(f) Engine/Vehicle Useful Life 
We received comment on what 

policies we should adopt to address the 
situation where the engine and the 
vehicle are subject to emission 
standards over different useful-life 
periods. For example, a medium heavy- 
duty engine may power vehicles in 
weight classes ranging from 2b to 8, 
with correspondingly different 
regulatory useful lives for those 
vehicles. As provided in 40 CFR 
1037.140 of the final regulations, we 
have structured the vehicle regulations 
to generally apply the same useful life 
for the vehicle that applies for the 
engines. However, these regulations also 
allow vehicle manufacturers to certify 
their vehicles to longer useful lives. The 
agencies see no problem with allowing 
vehicles to have longer useful lives than 
the engines. 

(g) Compliance Reports 
The agencies received comment on 

the NPRM from two environmental 
organizations requesting that the 
agencies make available to the public 
data and information that would enable 
the public to track trends in technology 
sales over time, as well as track 
company-specific compliance data. The 
commenters suggested that this should 
include an agency publication of an 
annual compliance report for the Heavy- 
duty Phase 2 program. The commenters 
requested this information to allow all 
stakeholders to see how individual 
companies, as well as the industry 
overall, were performing relative to their 
compliance obligations (see comments 
from ACEEE and NRDC). 

The agencies agree with this 
comment. In the context of the light- 
duty vehicle GHG standards, EPA has 
already published four annual 
compliance reports which has made 
available to the public detailed 
information regarding both how 
individual light-duty vehicle companies 
have been meeting their compliance 
obligations, as well as summary 
information at the light-duty fleet level. 
NHTSA makes the up-to-date 
information on the light-duty fuel 
economy program available through its 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00051 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73528 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

CAFE Public Information Center (http:// 
www.nhtsa.gov/CAFE_PIC/CAFE_
PIC_Home.htm). Information includes 
manufacturer and overall fleet standards 
and CAFE performance, credit status, 
and civil penalty status. This 
information has been helpful to increase 
transparency to all stakeholders and to 
allow the public to see how companies 
are progressing from one year to the 
next with respect to their compliance 
requirements. It is EPA’s intention to 
publish a similar annual compliance 
report for the heavy duty GHG program, 
covering both the existing Phase 1 
program, as well as the Phase 2 
standards contained in this final rule. It 
is NHTSA’s intention to expand the 
Public Information Center to include the 
medium- and heavy-duty fuel efficiency 
program and to make up-to-date 
information collected in the heavy-duty 
fuel efficiency compliance process 
available publicly. Both the EPA and 
NHTSA compliance reports will provide 
available information at the vehicle 
subclass level for each of the four 
vehicle categories (i.e. Tractors, Trailers, 
Vocational, and Heavy-Duty Pickups 
and Vans), and EPA will provide 
available information for the other GHG 
standards, such as N2O and refrigerant 
leak detection standards. Prior to 
issuing the compliance reports, EPA and 
NHTSA will work with regulated 
manufacturers to reconcile concerns 
over the release of claimed confidential 
business information, consistent with 40 
CFR part 2 and 49 CFR 512. 

(3) Life Cycle Emissions 

The agencies received many 
comments expressing concerns about 
establishing the GHG and fuel 
consumption standards as tailpipe 
standards that do not account for 
upstream emissions or other life cycle 
impacts. However, many other 
commenters supported this approach. 
Comments specifically related to 
alternative fuels or electric vehicles are 
addressed in Section I.C.(1)(d) and in 
Section XI.B. This section addresses the 
issue more broadly. 

As discussed below, the agencies do 
not see how we could accurately 
account for life cycle emissions in our 
vehicle standards, nor have commenters 
shown that such an accounting is 
needed. In addition, NHTSA has already 
noted that the fuel efficiency standards 
are necessarily tailpipe-based, and that 
a lifecycle approach would likely render 
it impossible to harmonize the fuel 
efficiency and GHG emission standards, 
to the great detriment of our goal of 
achieving a national, harmonized 
program. See 76 FR 57125. 

It is also worth noting that EPA’s 
engine and vehicle emission standards 
and NHTSA’s vehicle fuel consumption 
standards (including those for light-duty 
vehicles) have been in place for decades 
as tailpipe standards. The agencies find 
no reasonable basis in the comments or 
elsewhere to change fundamentally 
from this longstanding approach. 

Although the final standards do not 
account for life cycle emissions, the 
agencies have estimated the upstream 
emission impact of reducing fuel 
consumption for heavy-duty vehicles. 
As shown in Section VII and VIII, these 
upstream emission reductions are 
significant and worth estimating, even 
with some uncertainty. However, this 
analysis would not be a sufficient basis 
for inclusion in the standards 
themselves. 

(a) Challenges for Addressing Life Cycle 
Emissions With Vehicle Standards 

Commenters supporting accounting 
for life cycle emissions generally did so 
in the context of one or more specific 
technologies. However, the agencies 
cannot accurately address life-cycle 
emissions on a technology specific basis 
at this time for two reasons: 

• We lack data to address each 
technology, and see no path to 
selectively apply a life cycle analysis to 
some technologies, but not to others. 

• Actual life cycle emissions are 
dependent on factors outside the scope 
of the rulemaking that may change in 
the future. 

With respect to the first reason, even 
if we were able to accurately and fully 
account for life cycle impacts of one 
technology (such as weight reduction), 
this would not allow us to address life 
cycle emissions for other technologies. 
For example, how would the agencies 
address potential differences in life 
cycle emissions for shifting from a 
manual transmission to and AMT, or the 
life cycle emissions of aerodynamic 
fairings? If we cannot factor in life cycle 
impacts for all technologies, how would 
we do it for weight reductions? Given 
the complexity of these rules and the 
number of different technologies 
involved, we see no way to treat the 
technologies equitably. Commenters do 
not provide the information necessary to 
address this challenge, nor are the 
agencies aware of such information. 

The second reason is just as 
problematic. This rulemaking is setting 
standards for vehicles under specific 
statutory provisions. It is not regulating 
manufacturing processes, distribution 
practices, or the locations of 
manufacturing facilities. And yet each 
of these factors could impact life cycle 
emissions. So while we could take a 

snapshot of life cycle emissions at this 
point in time for specific manufacturers, 
it may or may not have any relation to 
life cycle emissions in 2027, or for other 
manufacturers. Consider, for example, 
two component manufacturers: One that 
produces its components near the 
vehicle assembly plant, and relies on 
natural gas to power its factory; and a 
second that is located overseas and 
relies on coal-fired power. How would 
the agencies equitably (or even non- 
arbitrarily) factor in these differences 
without regulating these processes? To 
the extent commenters provided any 
information on life cycle impacts, they 
did not address this challenge. 

(b) Need for Life Cycle Consideration in 
the Standards 

The agencies acknowledge that a full 
and accurate accounting of life cycle 
emissions (if it were possible) could 
potentially make the Phase 2 program 
marginally better. However, we do not 
agree that this is an issue of 
fundamental importance. While some 
commenters submitted estimates of the 
importance of life cycle emissions for 
light-duty vehicles, life cycle emissions 
are less important for heavy-duty 
vehicles. Consider, for example, the 
difference between a passenger car and 
a heavy-duty tractor. If the passenger car 
achieves 40 mile per gallon and travels 
150,000 miles in its life, it would 
consume less than 4,000 gallons of fuel 
in its life. On the other hand, a tractor 
that achieves 8 miles per gallon and 
travels 1,000,000 miles would consume 
125,000 gallons of fuel in its life, or 
more than 30 times the fuel of the 
passenger car. Commenters provide no 
basis to assume the energy consumption 
associated with tractor production 
would be 30 times that of the 
production of a passenger car. 

(4) Amendments to the Phase 1 Program 
The agencies are revising some test 

procedures and compliance provisions 
used for Phase 1. These changes are 
described in Section XII. This includes 
both amendments specific to Phase 1, as 
well as amendments that apply more 
broadly than Phase 1, such as the 
revisions to the delegated assembly 
provisions. As a drafting matter, EPA 
notes that we are moving the GHG 
standards for Class 2b and 3 pickups 
and vans from 40 CFR 1037.104 to 40 
CFR 86.1819–14. 

NHTSA is also amending 49 CFR part 
535 to make technical corrections to its 
Phase 1 program to better align with 
EPA’s compliance approach, standards 
and CO2 performance results. In general, 
these changes are intended to improve 
the regulatory experience for regulated 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00052 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www.nhtsa.gov/CAFE_PIC/CAFE_PIC_Home.htm
http://www.nhtsa.gov/CAFE_PIC/CAFE_PIC_Home.htm
http://www.nhtsa.gov/CAFE_PIC/CAFE_PIC_Home.htm


73529 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

parties and also reduce agency 
administrative burden. More 
specifically, NHTSA is changing the 
rounding of its standards and 
performance values to have more 
significant digits. Increasing the number 
of significant digits for values used for 
compliance with NHTSA standards 
reduces differences in credits generated 
and overall credit balances for the EPA 
and NHTSA programs. NHTSA is also 
removing the petitioning process for off- 
road vehicles, clarifying requirements 
for the documentation needed for 
submitting innovative technology 
requests in accordance with 40 CFR 
1037.610 and 49 CFR 535.7, and adding 
further detail to requirements for 
submitting credit allocation plans as 
specified in 49 CFR 535.9. Finally, 
NHTSA is adding the same 
recordkeeping requirements that EPA 
currently requires to facilitate in-use 
compliance inspections. These changes 
are intended to improve the regulatory 
experience for regulated parties and also 
reduce agency administrative burden. 

The agencies received few comments 
on these changes, with most supporting 
the proposed changes or suggesting 
improvements. These comments as well 
as the few comments opposing any of 
these changes are discussed in Section 
XII and in the RTC. 

(5) Other Amendments to EPA 
Regulations 

EPA is finalizing certain other 
changes to regulations that we 
proposed, which are not directly related 
to the HD Phase 1 or Phase 2 programs, 
as detailed in Section XIII. For these 
amendments, there are no 
corresponding changes in NHTSA 
regulations. Some of these amendments 
relate directly to heavy-duty highway 
engines, but not to the GHG programs. 
Others relate to nonroad engines. This 
latter category reflects the regulatory 
structure EPA uses for its mobile source 
regulations, in which regulatory 
provisions applying broadly to different 
types of mobile sources are codified in 
common regulatory parts such as 40 
CFR part 1068. This approach creates a 
broad regulatory structure that regulates 
highway and nonroad engines, vehicles, 
and equipment collectively in a 
common program. Thus, it is 
appropriate to include some 
amendments to nonroad regulations in 
addition to the changes applicable only 
for highway engines and vehicles. 

Except as noted below, the agencies 
received relatively few significant 
comments on these issues. All 
comments are discussed in more detail 
in Section XIII and in the RTC. One 
area, for which we did receive 

significant comment was the issue of 
competition vehicles. As described in 
Section XIII, EPA is not finalizing the 
proposed clarification related to 
highway vehicles used for competition. 

(a) Standards for Engines Installed In 
Glider Kits 

EPA regulations currently allow used 
pre-2013 engines to be installed into 
new glider kits without meeting 
currently applicable standards. As 
described in Section XIII.B, EPA is 
amending its regulations to allow only 
engines that have been certified to meet 
standards for the model year in which 
the glider vehicle is assembled (i.e. 
current model year engine standards) to 
be installed in new glider kits, with 
certain exceptions. First, engines 
certified to earlier MY standards that are 
identical to the current model year 
standards may be used. Second, engines 
still within their useful life (and certain 
similar engines) may be used. Note that 
this would not allow use of the pre-2002 
engines that are currently being used in 
most glider vehicles because they all 
would be outside of the 10-year useful 
life period. Finally, the interim small 
manufacturer allowance for glider 
vehicles will also apply for the engines 
used in the exempted glider kits. 
Comments on this issue are summarized 
and addressed in Section XIII.B and in 
RTC Section 14.2. 

(b) Nonconformance Penalty Process 
Changes 

Nonconformance penalties (NCPs) are 
monetary penalties established by 
regulation that allow a vehicle or engine 
manufacturer to sell engines that do not 
meet the emission standards. 
Manufacturers unable to comply with 
the applicable standard pay penalties, 
which are assessed on a per-engine 
basis. 

On September 5, 2012, EPA adopted 
final NCPs for heavy heavy-duty diesel 
engines that could be used by 
manufacturers of heavy-duty diesel 
engines unable to meet the current 
oxides of nitrogen (NOX) emission 
standard. On December 11, 2013 the 
U.S. Court of Appeals for the District of 
Columbia Circuit issued an opinion 
vacating that Final Rule. It issued its 
mandate for this decision on April 16, 
2014, ending the availability of the 
NCPs for the current NOX standard, as 
well as vacating certain amendments to 
the NCP regulations due to concerns 
about inadequate notice. In particular, 
the amendments revise the text 
explaining how EPA determines when 
NCP should be made available. In the 
Phase 2 NPRM, EPA re-proposed most 
of these amendments to provide fuller 

notice and additional opportunity for 
public comment. As discussed in 
Section XIII, although EPA received one 
comment opposing these amendments, 
they are being finalized as proposed. 

(c) Updates to Heavy-Duty Engine 
Manufacturer In-Use Testing 
Requirements 

EPA and manufacturers have gained 
substantial experience with in-use 
testing over the last four or five years. 
This has led to important insights in 
ways that the test protocol can be 
adjusted to be more effective. We are 
accordingly making changes to the 
regulations in 40 CFR part 86, subparts 
N and T. 

(d) Extension of Certain 40 CFR Part 
1068 Provisions to Highway Vehicles 
and Engines 

As part of the Phase 1 GHG standards, 
we applied the exemption and 
importation provisions from 40 CFR 
part 1068, subparts C and D, to heavy- 
duty highway engines and vehicles. We 
also specified that the defect reporting 
provisions of 40 CFR 1068.501 were 
optional. In an earlier rulemaking, we 
applied the selective enforcement 
auditing under 40 CFR part 1068, 
subpart E (75 FR 22896, April 30, 2010). 
We are adopting the rest of 40 CFR part 
1068 for heavy-duty highway engines 
and vehicles, with certain exceptions 
and special provisions. 

As described above, we are applying 
all the general compliance provisions of 
40 CFR part 1068 to heavy-duty engines 
and vehicles subject to 40 CFR parts 
1036 and 1037. We are also applying the 
recall provisions and the hearing 
procedures from 40 CFR part 1068 for 
highway motorcycles and for all 
vehicles subject to standards under 40 
CFR part 86, subpart S. 

EPA is updating and consolidating the 
regulations related to formal and 
informal hearings in 40 CFR part 1068, 
subpart G. This will allow us to rely on 
a single set of regulations for all the 
different categories of vehicles, engines, 
and equipment that are subject to 
emission standards. We also made an 
effort to write these regulations for 
improved readability. 

We are also making a number of 
changes to part 1068 to correct errors, to 
add clarification, and to make 
adjustments based on lessons learned 
from implementing these regulatory 
provisions. 

(e) Amendments to Engine and Vehicle 
Test Procedures in 40 CFR Parts 1065 
and 1066 

EPA is making several changes to our 
engine testing procedures specified in 
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40 CFR part 1065. None of these 
changes will significantly impact the 
stringency of any standards. 

(f) Amendments Related to Marine 
Diesel Engines in 40 CFR Parts 1042 and 
1043 

EPA’s emission standards and 
certification requirements for marine 
diesel engines under the Clean Air Act 
and the act to Prevent Pollution from 
Ships are identified in 40 CFR parts 
1042 and 1043, respectively. EPA is 
amending these regulations with respect 
to continuous NOX monitoring and 
auxiliary engines, as well as making 
several other minor revisions. 

(g) Amendments Related to Locomotives 
in 40 CFR Part 1033 

EPA’s emission standards and 
certification requirements for 
locomotives under the Clean Air Act are 
identified in 40 CFR part 1033. EPA is 
making several minor revisions to these 
regulations. 

(6) Other Amendments to NHTSA 
Regulations 

NHTSA proposed to amend 49 CFR 
parts 512 and 537 to allow 
manufacturers to submit required 
compliance data for the Corporate 
Average Fuel Economy (CAFE) program 
electronically, rather than submitting 
some reports to NHTSA via paper and 
CDs and some reports to EPA through 
its VERIFY database system. NHTSA is 
not finalizing this proposal in this 
rulemaking and will consider electronic 
submission for CAFE reports in a future 
action. 

II. Vehicle Simulation and Separate 
Engine Standards for Tractors and 
Vocational Chassis 

A. Introduction 
This Section II. describes two 

regulatory program elements that are 
common among tractors and vocational 
chassis. In contrast, Sections III and V 
respectively describe the regulatory 
program elements that are unique to 
tractors and to vocational chassis. The 
common elements described here are 
the vehicle simulation approach to 
vehicle certification and the separate 
standards for engines. Section II.B 
discusses the reasons for this Phase 2 
regulatory approach; namely, requiring 
vehicle simulation for tractor and 
vocational chassis certification, 
maintaining separate engine standards, 
and expanding and updating their 
related mandatory and optional test 
procedures. Section II.C discusses in 
detail the evolution and final version of 
the vehicle simulation computer 
program, which is called the 

Greenhouse gas Emissions Model or 
‘‘GEM.’’ Section II.C also discusses the 
evolution and final versions of the test 
procedures for determining the GEM 
inputs that are common for tractors and 
vocational chassis. Section II.D 
discusses in detail the separate engine 
standards for GHGs and fuel efficiency 
and their requisite test procedures. 

In this final action, the agencies have 
built on the success of the Phase 1 GEM- 
based approach for the certification of 
tractors and vocational chassis. To 
better recognize the real-world impact of 
vehicle technologies, we have expanded 
the number of required and optional 
vehicle inputs into GEM. Inputting 
these additional details into GEM 
results in more accurate representations 
of vehicle performance and greater 
opportunities to demonstrate reductions 
in CO2 emissions and fuel consumption. 
We are also finalizing revisions to the 
vehicle driving patterns that are 
programmed into GEM to better reflect 
real-world vehicle operation and the 
emissions reductions that result from 
applying GHG and fuel efficiency 
technologies to vehicles. As a result of 
these revisions, the final GEM-based 
vehicle certification approach 
necessitates new testing of engines and 
testing of some other vehicle 
components to generate the additional 
GEM inputs for Phase 2. More detail is 
provided in Section II.C. 

Based on our assessments of the 
technological feasibility; cost 
effectiveness; requisite lead times for 
implementing new and additional 
tractor and vocational vehicle 
technologies; and based on comments 
we received in response to our notice of 
proposed rulemaking and in response to 
our more recent notice of additional 
data availability, the agencies are 
finalizing steadily increasing 
stringencies of the CO2 and fuel 
consumption standards for tractors and 
vocational chassis for vehicle model 
years 2021, 2024 and 2027. See Section 
I or Sections III and V respectively for 
these numerical standards for tractors 
and vocational chassis. As part of our 
analytical process for determining the 
numerical values of these standards, the 
agencies utilized GEM. Using GEM as an 
integral part of our own standard-setting 
process helps ensure consistency 
between our technology assessments 
and the GEM-based certification process 
that we require for compliance with the 
Phase 2 standards. Our utilization of 
GEM in our standard-setting process is 
described further in Section II.C. 

For Phase 2 we are finalizing, as 
proposed, the same Phase 1 certification 
approach for all of the GHG and fuel 
efficiency separate engine standards for 

those engines installed in tractors and 
vocational chassis. For the separate 
engine standards, we will continue to 
require the Phase 1 engine 
dynamometer certification test 
procedures, which were adopted 
substantially from EPA’s existing heavy- 
duty engine emissions test procedures. 
In this action we are finalizing, as 
proposed, revisions to the weighting 
factors of the tractor engine 13-mode 
steady-state test cycle (i.e., the 
Supplemental Engine Test cycle or 
‘‘SET’’). The SET is required for 
determining tractor engine CO2 
emissions and fuel consumption. 
Consistent with the rationale we 
presented in our proposal and 
consistent with comments we received, 
these revised SET weighting factors 
better reflect the lower engine speed 
operation of modern engines, which 
frequently occurs at tractor cruise 
speeds. We used these revised 
weighting factors as part of our engine 
technology assessments of both current 
engine technology (i.e., our ‘‘baseline 
engine’’ technology) and future engine 
technology. 

Based on our assessments of the 
technological feasibility; cost 
effectiveness; requisite lead times for 
implementing new and additional 
engine technologies; and based on 
comments we received in response to 
our notice of proposed rulemaking and 
in response to our more recent notice of 
additional data availability, the agencies 
are finalizing steadily increasing 
stringencies of the CO2 and fuel 
consumption separate engine standards 
for engine model years 2021, 2024 and 
2027. In addition, for each of these 
model years, EPA is maintaining the 
Phase 1 separate engine standards for 
CH4 and N2O emissions—both at their 
Phase 1 numeric values. While EPA is 
not finalizing at this time more stringent 
N2O emissions standards, as originally 
proposed, EPA may soon revisit these 
separate engine N2O standards in a 
future rulemaking. All of the final Phase 
2 separate engine standards are 
presented in Section II.D, along with our 
related assessments. 

B. Phase 2 Regulatory Structure 

As proposed, in this final action the 
agencies have built on the success of the 
Phase 1 GEM-based approach for the 
certification of tractors and vocational 
chassis, while also maintaining the 
Phase 1 separate engine standards 
approach to engine certification. While 
the regulatory structures of both Phase 
1 and Phase 2 are quite similar, there are 
a number of new elements for Phase 2. 
Note that we are not applying these new 
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131 Oak Ridge National Laboratory results 
docketed for the NODA: EPA–HQ–OAR–2014– 
0827–1622 and NHTSA–2014–0132–0183. 
Southwest Research Institute results docketed for 
the NODA: EPA–HQ–OAR–2014–0827–1619 and 
NHTSA–2014–0132–0184. 

132 Ibid. 

Phase 2 elements for compliance with 
the Phase 1 standards. 

These modifications for Phase 2 are 
consistent with the agencies’ Phase 1 
commitments to consider a range of 
regulatory approaches during the 
development of future regulatory efforts 
(76 FR 57133), especially for vehicles 
not already subject to full vehicle 
chassis dynamometer testing. For 
example, we committed to consider a 
more sophisticated approach to vehicle 
testing to more completely capture the 
complex interactions within the total 
vehicle, including the engine and 
powertrain performance. We also 
committed to consider the potential for 
full vehicle certification of complete 
tractors and vocational chassis using a 
chassis dynamometer test procedure. 
We also considered chassis 
dynamometer testing of complete 
tractors and vocational chassis as a 
complementary approach for validating 
a more complex vehicle simulation 
approach. We committed to consider the 
potential for a regulatory program for 
some of the trailers hauled by tractors. 
After considering these various 
approaches, the agencies proposed a 
structure in which regulated tractor and 
vocational chassis manufacturers would 
additionally enter engine and 
powertrain-related inputs into GEM, 
which was not part of in Phase 1. 

The basic structure in the proposal 
was widely supported by commenters, 
although some commenters supported 
changing certain aspects. Some 
commenters suggested revising GEM to 
recognize additional technologies, such 
as tire pressure monitoring systems and 
electronic controls that decrease fuel 
consumption while a vehicle is 
coasting. To the extent that the agencies 
were able to collect and receive 
sufficient data to support such revisions 
in GEM, these changes were made. See 
Section II.C. for details. For determining 
certain GEM inputs, some commenters 
suggested more cost-effective test 
procedures for separate engine and 
transmission testing, compared to the 
engine-plus-transmission powertrain 
test procedure that the agencies 
proposed. In collaboration with 
researchers at engine manufacturer test 

laboratories, at Oak Ridge National 
Laboratory and at Southwest Research 
Institute, the agencies completed a 
number of laboratory evaluations of 
these suggested test procedures.131 
Based on these results, which were 
made available to the public for a 30- 
day comment period in the NODA, the 
agencies are finalizing these more cost- 
effective test procedures as options, in 
addition to the powertrain test 
procedure we proposed. We note that 
we are also finalizing some of these 
more cost-effective test procedures, the 
cycle average approach for all vehicle 
cycles, as optional for the testing of 
‘‘pre-transmission’’ hybrids. In response 
to our request for comment, some 
commenters expressed support for a so- 
called, ‘‘cycle-average’’ approach for 
generating engine map data for input 
into GEM. This approach facilitates an 
accurate recognition of an engine’s 
transient performance. The agencies 
further refined this approach, and we 
made detailed information on this 
approach available in the NODA.132 
Based on comments, we are finalizing 
this approach as mandatory for mapping 
engines over GEM’s transient cycle, and 
we are allowing this approach as 
optional for GEM’s 55 mph and 65 mph 
cycles. 

Some commenters expressed concern 
about GEM and our proposed tractor 
standards appropriately accounting for 
the performance of powertrain 
technologies installed in some of the 
largest specialty tractors. We have 
addressed this concern by finalizing a 
new ‘‘heavy-haul’’ tractor sub-category, 
with a unique payload and vehicle 
masses in GEM, which result in a 
unique set of numeric standards for 
these vehicles. This is explained in 
detail in Section III.D. Other 
commenters expressed concern about 
the greater complexity of GEM’s 
additional inputs and the 
appropriateness of our proposed 

vocational chassis standards, as applied 
to certain custom-built vocational 
chassis. We have addressed these 
concerns by finalizing a limited number 
of optional custom chassis standards, 
tailored according to a vocational 
chassis’ final application (e.g., school 
bus, refuse truck, cement mixer, etc.). 
To address the concerns about GEM’s 
complexity for these specialty vehicles, 
these optional custom chassis standards 
require a smaller number of GEM 
inputs. This is explained in detail in 
Section V.D. 

Some vehicle manufacturers did not 
support the agencies finalizing separate 
engine standards. However, as described 
below, the agencies continue to believe 
that separate engine standards are 
necessary and appropriate. Thus, the 
agencies are finalizing the basic rule 
structure that was proposed, but with a 
number of refinements. 

For trailer manufacturers, which will 
be subject to first-time standards under 
Phase 2, we will apply the standards 
using a GEM-based certification, but to 
do so without actually running GEM. 
More specifically, based on the 
agencies’ analysis of the results of 
running GEM many times and varying 
GEM’s trailer configurations, the 
agencies have developed a simple 
equation that replicates GEM results, 
based on inputting certain trailer values 
into the equation. Use of the equation, 
rather than full GEM, should 
significantly facilitate trailer 
certification. As described in Chapter 
2.10.5 of the RIA, the equation has a 
nearly perfect correlation with GEM, so 
that they can be used instead of GEM, 
without impacting stringency. This is a 
result of the relative simplicity of the 
trailer inputs as compared to the tractor 
and vocational vehicle inputs. 

(1) Other Structures Considered 

To follow-up on the commitment to 
consider other approaches, the agencies 
spent significant time and resources 
before the proposal in evaluating six 
different options for demonstrating 
compliance with the proposed Phase 2 
standards as shown in Figure II.1 
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As shown in Figure II.1 these six 
options include: 

1. Full vehicle simulation, where 
vehicle inputs are entered into 
simulation software. 

2. Vehicle simulation, supplemented 
with separate engine standards. 

3. Controllers-in-the-loop simulation, 
where an actual electronic transmission 
controller module (TCM) and an actual 
engine controller module (ECM) are 
tested in hardware. 

4. Engine-in-the-loop simulation, with 
or without a TCM, where at least the 
engine is tested in hardware. 

5. Vehicle simulation with 
powertrain-in-the-loop, where the 
engine and transmission are tested in 
hardware. One variation involves an 
engine standard. 

6. Full vehicle chassis dynamometer 
testing. 

The agencies evaluated these options 
in terms of the capital investment 
required of regulated manufacturers to 
conduct the testing and/or simulation, 
the cost per test, the accuracy of the 
simulation, and the challenges of 
validating the results. Other 
considerations included the 
representativeness compared to the real 
world behavior, maintaining existing 
Phase 1 certification approaches that are 
known to work well, enhancing the 
Phase 1 approaches that could use 
improvements, the alignment of test 
procedures for determining GHG and 

non-GHG emissions compliance, and 
the potential to circumvent the intent of 
the test procedures. The agencies 
presented our evaluations in the 
proposal, and we received comments on 
some of these approaches, and these 
comments were considered carefully in 
our evaluations for this final action. 
Notably, in this final action we are 
adopting a combination of these 
options, where some are mandatory and 
others are optional for certification via 
GEM. We have concluded that this 
combination of these options strikes an 
optimal balance between their costs, 
accuracy with respect to real-world 
performance, and robustness for 
ensuring compliance. In this section we 
present our evaluation and rationale for 
finalizing these Phase 2 certification 
approaches. 

Chassis dynamometer testing (Option 
6) is used extensively in the 
development and certification of light- 
duty vehicles. It also is used in Phase 1 
to certify complete Class 2b/3 pickups 
and vans, as well as to certify certain 
incomplete vehicles (at the 
manufacturer’s option). The agencies 
considered chassis dynamometer testing 
more broadly as a heavy-duty fuel 
efficiency and GHG certification option 
because chassis dynamometer testing 
has the ability to evaluate a vehicle’s 
performance in a manner that most 
closely resembles the vehicle’s in-use 
performance. Nearly all of the fuel 

efficiency technologies can be evaluated 
simultaneously on a chassis 
dynamometer, including the vehicle 
systems’ interactions that depend on the 
behavior of the engine, transmission, 
and other vehicle electronic controllers. 
One challenge associated with the 
application of wide-spread heavy-duty 
chassis testing is the small number of 
heavy-duty chassis test sites that are 
available in North America. As 
discussed in RIA Chapter 3, the agencies 
were only able to locate 11 heavy-duty 
chassis test sites. However, more 
recently we have seen an increased 
interest in building new sites since 
issuing the Phase 1 Final Rule. For 
example, EPA is currently building a 
heavy-duty chassis dynamometer with 
the ability to test up to 80,000 pound 
vehicles at the National Vehicle and 
Fuel Emissions Laboratory in Ann 
Arbor, Michigan. 

Nevertheless, the agencies continue to 
be concerned about requiring a chassis 
test procedure for certifying tractors or 
vocational chassis due to the initial cost 
of a new test facility and the large 
number of heavy duty tractor and 
vocational chassis variants that could 
require testing. We have also concluded 
that for heavy-duty tractors and 
vocational chassis, there can be 
increased test-to-test variability under 
chassis dynamometer test conditions, 
versus other approaches. First, the 
agencies recognize that such testing 
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133 03–19034 TASK 2 Report-Paper 03-Class8_hil_
DRAFT, September 30, 2013. 

134 GEM Validation, Technical Research 
Workshop, San Antonio, December 10–11, 2014. 

135 Oak Ridge National Laboratory results 
docketed for the NODA: EPA–HQ–OAR–2014– 

0827–1622 and NHTSA–2014–0132–0183. 
Southwest Research Institute results docketed for 
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136 Eaton, Greenhouse gas emissions and fuel 
efficiency standards for medium- and heavy-duty 
engines and vehicles—Phase 2, 80 FED. REG. 
40,137—Docket ID NOS. EPA–HQ–OAR–2014– 
0827, October 1, 2015. 

137 https://engines.paccar.com/technology/
research-development/. 

138 03–19034 TASK 2 Report-Paper 03-Class8_hil_
DRAFT, September 30, 2013. 

requires expensive, specialized 
equipment that is not widely available. 
The agencies estimate that it would vary 
from about $1.3 to $4.0 million per new 
test site depending on existing 
facilities.133 In addition, the large 
number of heavy-duty vehicle 
configurations would require significant 
amounts of testing to cover the sector. 
For example, for Phase 1 tractor 
manufacturers typically certified several 
thousand variants of one single tractor 
model. Finally, EPA’s evaluation of 
heavy-duty chassis dynamometer testing 
has shown that the variation of chassis 
test results is greater than light-duty 
testing, up to 3 percent worse, based on 
our sponsored testing at Southwest 
Research Institute.134 The agencies’ 
research identified a number of unique 
sources of test-to-test variability in HD 
chassis dynamometer testing versus 
other types of testing (described next). 
These unique sources include variations 
in HD tire performance and tire 
temperature and pressure stability; 
variations in human driver performance; 
and variations in the test facilities’ 
heating, ventilation and air conditioning 
system affecting emissions after- 
treatment performance (e.g., increased 
fuel consumption to maintain after- 
treatment temperature) and engine 
accessory power (e.g., engine fan 
clutching). Although the agencies are 
not requiring chassis dynamometer 
certification of tractors and vocational 
chassis, we believe such an approach 
could potentially be appropriate in the 
future for some heavy duty vehicles if 
more test facilities become available and 
if the agencies are able to address the 
large number of vehicle variants that 
might require testing and the unique 
sources of test-to-test variability. Note, 
as discussed in Section II.C.(4) we are 
finalizing a manufacturer-run complete 
tractor heavy-duty chassis dynamometer 
test program for monitoring relative 
trends fuel efficiency and for comparing 
those trends to the trends indicated via 
GEM simulation. While the agencies did 
not receive significant comment on the 
appropriateness of full vehicle heavy- 
duty chassis dynamometer testing for 
certification, the agencies did receive 
significant, mostly negative, comment 
on the costs versus benefits of a 
manufacturer-run complete tractor 
heavy-duty chassis dynamometer test 
program for data collection. These 
comments and our responses are 
detailed in Section II.C.(4). 

Another option considered for 
certification involves testing a vehicle’s 
powertrain in a modified engine 
dynamometer test facility, which is part 
of option 5 shown in Figure II.1. In this 
case the engine and transmission are 
installed together in a laboratory test 
facility, and a dynamometer is 
connected to the output shaft of the 
transmission. GEM or an equivalent 
vehicle simulation computer program is 
then used to control the dynamometer 
to simulate vehicle speeds and loads. 
The step-by-step test procedure 
considered for this option was initially 
developed as an option for hybrid 
powertrain testing for Phase 1. We are 
not finalizing this approach as 
mandatory, but we are allowing this as 
an option for manufacturers to generate 
powertrain inputs for use in GEM. For 
Phase 2 we generally require this test 
procedure for evaluating hybrid 
powertrains for inputs into GEM, but 
there are certain exceptions where 
engine-only test procedures may be 
used to certify hybrids via GEM (e.g., 
pre-transmission hybrids). 

A key advantage of the powertrain test 
approach is that it directly measures the 
effectiveness of the engine, the 
transmission, and the integration of 
these two components. Engines and 
transmissions are particularly 
challenging to simulate within a 
computer program like GEM because the 
engines and transmissions installed in 
vehicles today are actively and 
interactively controlled by their own 
sophisticated electronic controls; 
namely the ECM and TCM. 

We believe that the capital investment 
impact on manufacturers for powertrain 
testing is reasonable; especially for 
those who already have heavy-duty 
engine dynamometer test facilities. We 
have found that, in general, medium- 
duty powertrains can be tested in heavy- 
duty engine test cells. EPA has 
successfully completed such a test 
facility conversion at the National 
Vehicle and Fuel Emissions Laboratory 
in Ann Arbor, Michigan. Southwest 
Research Institute (SwRI) in San 
Antonio, Texas has completed a similar 
test cell conversion. Oak Ridge National 
Laboratory in Oak Ridge, Tennessee has 
been operating a recently constructed 
heavy heavy-duty powertrain 
dynamometer facility, and EPA 
currently has an interagency agreement 
with DOE to fund EPA powertrain 
testing at ORNL. The results from this 
testing were published for a 30-day 
comment period, as part of the 
NODA.135 Eaton Corporation has been 

operating a heavy-duty powertrain test 
cell and has provided the agencies with 
valuable test results and other 
comments.136 PACCAR recently 
constructed and began operation of a 
powertrain test cell that includes 
engine, transmission and axle test 
capabilities.137 EPA also contracted 
SwRI to evaluate North America’s 
capabilities (as of 2014) for powertrain 
testing in the heavy-duty sector and the 
cost of installing a new powertrain cell 
that meets agency requirements.138 
Results from this 2014 survey indicated 
that one supplier (Eaton) already had 
this capability. We estimate that the 
upgrade costs to an existing engine test 
facility are on the order of $1.2 million, 
and a new test facility in an existing 
building are on the order of $1.9 
million. We also estimate that current 
powertrain test cells that could be 
upgraded to measure CO2 emissions 
would cost approximately $600,000. For 
manufacturers or suppliers wishing to 
contract out such testing, SwRI 
estimated that a cost of $150,000 would 
provide about one month of powertrain 
testing services. Once a powertrain test 
cell is fully operational, we estimate 
that for a nominal powertrain family 
(i.e. one engine family tested with one 
transmission family), the cost for 
powertrain installation, testing, and data 
analysis would be about $70,000 in 
calendar year 2016, in 2016 dollars. 
Since the NPRM in July 2015, the 
agencies and other stakeholders have 
completed significant new work toward 
refining the powertrain test procedure 
itself, and these results confirm the 
robustness of this approach. The 
agencies regulations provide details of 
the final powertrain test procedure. See 
40 CFR 1037.550. 

Furthermore, the agencies have 
worked with key transmission suppliers 
to develop an approach to define 
transmission families. Coupled with the 
agencies’ existing definitions of engine 
families (40 CFR 1036.230 and 
1037.230), we are finalizing powertrain 
family definitions in 40 CFR 1037.231 
and axle and transmission families in 40 
CFR 1037.232. 

Even though there is conclusive 
evidence that powertrain testing is a 
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141 Cummins, Inc., Comments in Response to 
Greenhouse Gas Emissions and Fuel Efficiency 
Standards for Medium- and Heavy-Duty Engines 

and Vehicles—Phase 2 (Docket ID No. EPA–HQ– 
OAR–2014–0827 and Docket ID No. NHTSA–2014– 
0132). 

142 Paccar, Inc., Greenhouse Gas Emissions and 
Fuel Efficiency Standards for Medium- and Heavy- 
Duty Engines and Vehicles; Phase 2; Proposed Rule, 
80 FR 40138 (July 13, 2015); Docket I.D. No.: EPA– 
HQ–OAR–2014–0827 and NHTSA–2014–0132. 

143 Daimler Trucks North America LLC, Detroit 
Diesel Corporation, And Mercedes-Benz USA, 
Greenhouse Gas Emissions and Fuel Efficiency 
Standards for Medium- and Heavy-Duty Engines 
and Vehicles, Phase 2, Proposed Rule, Docket ID 
No: EPA–HQ–OAR–2014–0827 and NHTSA–2014– 
0132; 80 FR 40137 (July 13, 2015). 

144 Volvo Group, Greenhouse Gas Emissions and 
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technically robust and cost-effective 
approach to evaluating the CO2 and fuel 
consumption performance of 
powertrains, and even though there has 
been a clear trend toward manufacturers 
and other test laboratories recognizing 
the benefits and investing in new 
powertrain testing facilities, the 
agencies also received significant 
negative comment regarding the sheer 
amount of powertrain testing that could 
be required to certify the large number 
of unique configurations (i.e., unique 
combinations of engines and 
transmissions). While the agencies 
proposed to allow manufacturers to 
group powertrains in powertrain 
families, as defined by the EPA in 40 
CFR 1037.231, requiring powertrain 
testing broadly would still likely require 
a large number of tests. To address these 
concerns, while at the same time 
achieving most of the advantages of 
powertrain testing, the agencies are also 
finalizing some mandatory and optional 
test procedures to separately evaluate 
engine transient performance (via the 
mandatory ‘‘cycle-average’’ approach for 
the transient cycle) and transmission 
efficiency performance. While neither of 
these test procedures capture the 
optimized shift logic and other benefits 
of deep integration of the engine and 
transmission controllers, which only 
powertrain testing can capture, these 
separate test procedures do capture the 
remaining benefits of powertrain testing. 
The advantage of these separate tests is 
that their results can be mixed and 
matched within GEM to represent many 
more combinations of engines and 
transmissions than a comparable 
number of powertrain tests. For 
example, separately testing three parent 
engines that each have two child ratings 
and separately efficiency testing three 
transmissions that each have three 
major calibrations requires the 
equivalent test time of testing 6 
powertrains, but without requiring the 
use of a powertrain test facility. More 
importantly, the results of these 6 tests 
can be combined within GEM to certify 
at least 27 different powertrain families, 
which would otherwise have required 
27 powertrain tests—more than a four- 
fold increase in costs. This example 
clearly shows how cost-effective a 
vehicle simulation approach to vehicle 
certification can be. 

Another regulatory structure option 
considered by the agencies was engine- 
only testing over the GEM duty cycles 
over a range of simulated vehicle 
configurations, which is part of Option 
4 in Figure II.1. This is essentially a 
‘‘cycle-average approach,’’ which would 
use GEM to generate engine duty cycles 

by simulating a range of transmissions 
and other vehicle variations. These 
engine-level duty cycles would then be 
programmed into a separate controller 
of a dynamometer connected to an 
engine’s output shaft. The agencies 
requested comment on this approach, 
and based on continued research that 
has been conducted since the proposal, 
and based on comments we received in 
response to the NODA, we are finalizing 
this approach as mandatory for 
determining the GEM inputs that 
characterize an engine’s transient engine 
performance within GEM over the ARB 
Transient duty cycle. We are also 
finalizing this approach as optional for 
characterizing the more steady-state 
engine operation in GEM over the 55 
mph and 65 mph duty cycles with road 
grade, in lieu of steady-state engine 
mapping for these two cycles. We are 
also finalizing this approach as an 
option for certifying pre-transmission 
hybrids, in lieu of powertrain testing. 
We are calling this approach the ‘‘cycle- 
average’’ approach, which generates a 
cycle-average engine fuel map that is 
input into GEM. This map simulates an 
engine family’s performance over a 
given vehicle drive cycle, for the full 
range of vehicles into which that engine 
could be installed. Unlike the chassis 
dynamometer or powertrain 
dynamometer approaches, which could 
have significant test facility 
construction or modification costs, this 
engine-only approach necessitates little 
capital investment because engine 
manufacturers already have engine test 
facilities to both develop engines and to 
certify engines to meet both EPA’s non- 
GHG standards and the agencies’ Phase 
1 fuel efficiency and GHG separate 
engine standards. This option has 
received significant attention since our 
notice of proposed rulemaking. EPA and 
others have published peer reviewed 
journal articles demonstrating the 
efficacy of this approach,139 140 and the 
agencies have received significant 
comments on both the information we 
presented in the proposal and in the 
NODA. Comments have been 
predominantly supportive, and the 
comments we received tended to focus 
on ideas for further minor refinements 
of this test procedure.136 141 142 143 144 145 

At this time the agencies believe that the 
wealth of experimental data supporting 
the robustness and cost-effectiveness of 
the cycle-average approach, supports 
the agencies’ decision to finalize this 
test procedure as mandatory for the 
determination of the transient 
performance of engines for use in GEM 
(i.e., over the ARB Transient Cycle). 

The agencies also considered 
simulating the engine, transmission, and 
vehicle using a computer program; 
while having the actual transmission 
electronic controller connected to the 
computer running the vehicle 
simulation program, which is part of 
Option 3 in Figure II.1. The output of 
the simulation would be an engine cycle 
that would be used to test the engine in 
an engine test facility. Just as in the 
cycle-average approach, this procedure 
would not require significant capital 
investment in new test facilities. An 
additional benefit of this approach 
would be that the actual transmission 
controller would be determining the 
transmission gear shift points during the 
test, without a transmission 
manufacturer having to reveal their 
proprietary transmission control logic. 
This approach comes with some 
significant technical challenges, 
however. The computer model would 
have to become more complex and 
tailored to each new transmission and 
controller to make sure that the 
controller would operate properly when 
it is connected to a computer instead of 
an actual transmission. Some examples 
of the transmission specific 
requirements would be simulating all 
the Controller Area Network (CAN) 
communication to and from the 
transmission controller and the specific 
sensor responses both through 
simulation and hardware. Each vehicle 
manufacturer would have to be 
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responsible for connecting the 
transmission controller to the computer, 
which would require a detailed 
verification process to ensure it is 
operating properly while it is in fact 
disconnected from a real transmission. 
Determining full compliance with this 
test procedure would be a significant 
challenge for the regulatory agencies 
because the agencies would have to be 
able to replicate each of the 
manufacturer’s unique interfaces 
between the transmission controller and 
computer running GEM. The agencies 
did not receive any significant 
comments on this approach, presumably 
because commenters focused on the 
more viable options of powertrain 
testing and the cycle-average engine 
mapping approach. And because of the 
significant challenges noted above, the 
agencies did not pursue this option 
further between the time of proposal 
and this final action. However, should 
this approach receive more research 
attention in the future, such that the 
concerns noted above are sufficiently 
addressed, the agencies could consider 
allowing this certification approach as 
an option, within the context of a 
separate future rulemaking. 

Finally, the agencies considered full 
vehicle simulation plus separate engine 
standards (Option 2 in Figure II.1), 
which is the required approach being 
finalized for Phase 2. This approach is 
discussed in more detail in the 
following sections. It should be noted 
before concluding this subsection that 
the agencies do provide a regulatory 
path for manufacturers to apply for 
approval of alternative test methods that 
are different than those the agencies 
specify. See 40 CFR part 1065, subpart 
A. Therefore, even though we have not 
finalized some of the certification 
approaches and test procedures that we 
investigated, our conclusions about 
these procedures do not prevent a 
manufacturer from seeking agency 
approval of any of these procedures or 
any other alternative procedures. 

(2) Final Phase 2 Regulatory Structure 
Under the final Phase 2 structure, 

tractor and vocational chassis 
manufacturers will be required to 
provide engine, transmission, drive 
axle(s) and tire inputs into GEM (as well 
as the inputs already required under 
Phase 1). For Phase 1, GEM used fixed 
default values for all of these, which 
limited the types of technologies that 
could be recognized by GEM to show 
compliance with the standards. We are 
expanding GEM to account for a wider 
range of technological improvements 
that would otherwise need to be 
recognized through the more 

cumbersome off-cycle crediting 
approach in Phase 1. Additional 
technologies that will now be 
recognized in GEM also include 
lightweight thermoplastic materials, 
automatic tire inflation systems, tire 
pressure monitoring systems, advanced 
cruise control systems, electronic 
vehicle coasting controls, engine stop- 
start idle reduction systems, automatic 
engine shutdown systems, hybrids, and 
axle configurations that decrease the 
number of drive axles. The agencies are 
also continuing separate engine 
standards. As described below, we see 
advantages to having both engine-based 
and vehicle-based standards. Moreover, 
the advantages described here for full 
vehicle simulation do not necessarily 
correspond to disadvantages for engine 
testing or vice versa. 

(a) Advantages of Vehicle Simulation 
The agencies’ primary purpose in 

developing fuel efficiency and GHG 
emissions standards is to increase the 
use of vehicle technologies that improve 
fuel efficiency and decrease GHG 
emissions. Under the Phase 1 tractor 
and vocational chassis standards, there 
is no regulatory incentive for vehicle 
manufacturers to consider adopting new 
engine, transmission or axle 
technologies because GEM was not 
configured to recognize these 
technologies uniquely, leaving off-cycle 
credits as the only regulatory 
mechanism to recognize these 
technologies’ benefits. By recognizing 
such technologies in GEM under Phase 
2, the agencies will be creating a direct 
regulatory incentive to improve engine, 
transmission, and axle technologies to 
improve fuel efficiency and decrease 
GHG emissions. In its 2014 report, NAS 
also recognized the benefits of full 
vehicle simulation and recommended 
that the Phase 2 rules incorporate such 
an approach.160 

The new Phase 2 approach will create 
three new specific regulatory incentives. 
First, vehicle manufacturers will have 
an incentive to use the most efficient 
engines. Since GEM will no longer use 
the agency default engine in simulation, 
manufacturers will have their own 
engines recognized in GEM. Under 
Phase 1, engine manufacturers have a 
regulatory incentive to design efficient 
engines, but vehicle manufacturers do 
not have a similar regulatory incentive 
to use the most efficient engines in their 
vehicles. Second, the new Phase 2 
approach will create incentives for both 
engine and vehicle manufacturers to 
design engines and vehicles to work 
together to ensure that engines actually 
operate as much as possible near their 
most efficient points. This is because 

Phase 2 GEM will require the vehicle 
manufacturers to input specific 
transmission, axle, and tire 
characteristics, thus recognizing 
powertrain optimization, such as engine 
down-speeding, and different 
transmission architectures and 
technologies, such as automated manual 
transmissions, automatic transmissions, 
and different numbers of transmission 
gears, transmission gear ratios, axle 
ratios and tire revolutions per mile. No 
matter how well designed, all engines 
have speed and load operation points 
with differing fuel efficiency and GHG 
emissions. The speed and load point 
with the best fuel efficiency (i.e., peak 
thermal efficiency) is commonly known 
as the engine’s ‘‘sweet spot.’’ The more 
frequently an engine operates near its 
sweet spot, the better the vehicle’s fuel 
efficiency will be. In Phase 1, a vehicle 
manufacturer receives no regulatory 
credit under GEM for designing its 
vehicle to operate closer to its engine’s 
sweet spot because Phase 1 GEM does 
not model the specific engine, 
transmission, axle, or tire revolutions 
per mile of the vehicle. Third, this 
approach will recognize improvements 
to the overall efficiency of the 
drivetrain, including the axle. The new 
version of GEM will recognize the 
benefits of different integrated axle 
technologies including axle lubricants 
(via an optional axle efficiency test), and 
technologies that reduce axle losses 
such as by enabling three-axle vehicles 
to deliver power to only one rear axle. 
This is accomplished through the 
simulation of axle disconnect 
technology (see Chapter 4.5 of the RIA). 
The new version of GEM also will be 
able to recognize the benefits of 
reducing energy losses within a 
transmission, via an optional 
transmission efficiency test. 

In addition to providing regulatory 
incentives to use more fuel efficient 
technologies, expanding GEM to 
recognize engine and other powertrain 
component improvements will provide 
important flexibility to vehicle 
manufacturers. Providing flexibility to 
effectively trade engine and other 
powertrain component improvements 
against the other vehicle improvements 
that are recognized in GEM will allow 
vehicle manufacturers to better optimize 
their vehicles to achieve the lowest cost 
for specific customers. Because of the 
improvements in GEM, GEM will 
recognize this deeper level of vehicle 
optimization. Vehicle manufacturers 
could use this flexibility to reduce 
overall compliance costs and/or address 
special applications where certain 
vehicle technologies are not preferred or 
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practical. The agencies considered in 
Phase 1 allowing the exchange of 
emission certification credits generated 
relative to the separate brake-specific 
engine standards and credits generated 
relative to the vehicle standards. 
However, we did not allow this in Phase 
1 due in part to concerns about the 
equivalency of credits generated relative 
to different standards, with different 
units of measure and different test 
procedures. The Phase 2 approach 
eliminates these concerns because 
engine and other vehicle component 
improvements will be evaluated relative 
to the same vehicle standard in GEM. 
This also means that under the Phase 2 
approach there is no need to consider 
allowing emissions credit trading 
between engine-generated and vehicle- 
generated credits because vehicle 
manufacturers are directly credited by 
the combination of engine and vehicle 
technologies they choose to install in 
each vehicle. Therefore, this approach 
eliminates one of the concerns about 
continuing separate engine standards, 
which was that a separate engine 
standard and a full vehicle standard 
were somehow mutually exclusive. That 
is not the case. In fact, in the next 
section we describe how we are 
continuing the separate engine standard 
along with recognizing engine 
performance at the vehicle level. The 
agencies acknowledge that maintaining 
a separate engine standard will limit 
flexibility in cases where a vehicle 
manufacturer wanted to use less 
efficient engines and make up for them 
using more efficient vehicle 
technologies. However, as described 
below, we see important advantages to 
maintaining a separate engine standard, 
and we believe they more than justify 
the reduced flexibility. Furthermore, in 
response to comments about some 
specialized vocational custom chassis, 
the agencies are finalizing a limited 
number of optional standards that 
would be met using a somewhat 
simplified version of GEM. Specifically, 
in this simplified version of GEM, 
which is only applicable as an option 
for certain custom chassis applications, 
the GEM inputs for the engine, 
transmission gears, gear ratios, gear 
efficiency; axle ratio, axle efficiency; 
and tire revolutions per mile are all 
fixed to default values. This 
simplification allows the option of 
certifying these custom chassis without 
penalty for utilizing less efficient 
engines, transmissions, or axles. This 
flexibility also addresses a comment the 
agencies received from Cummins that 
the inclusion of the specific engine in 
GEM limits the flexibility provided by 

the separate engine standards’ emissions 
averaging, banking and trading program. 
Cummins explained that certain 
applications like emergency vehicles, 
cement mixers and recreational vehicles 
oftentimes require higher-performance, 
less-efficient, engines, which are credit 
using engines under the ABT program of 
the separate engine standards. Because 
these particular vehicle applications 
have few other cost-effective and 
practical vehicle-level technologies with 
which to offset their use of less efficient 
engines, the main Phase 2 vocational 
chassis standards that require engine 
and other powertrain inputs into GEM 
(i.e., the standards for other than custom 
chassis vocational vehicles) could be 
particularly challenging for these 
applications. However, the optional 
custom chassis standards solves this 
issue for custom chassis applications. 
This approach solves two issues. First, 
it provides a means toward certification 
for these custom chassis applications, 
without penalty for using the engines 
they need. Second, this approach 
maintains the flexibility intended by the 
separate engine standards’ averaging, 
banking and trading program since these 
custom chassis applications would still 
be using certified engines. 

One disadvantage of recognizing 
engines and transmission in GEM is that 
it will increase complexity for the 
vehicle standards. For example, vehicle 
manufacturers will be required to 
conduct additional engine tests and to 
generate additional GEM inputs for 
compliance purposes. However, we 
believe that most of the burden 
associated with this increased 
complexity will be an infrequent burden 
of engine testing and updating 
information systems to track these 
inputs. Furthermore, the agencies are 
requiring that engine manufacturers 
certify their respective GEM inputs; 
namely, their own engine maps. 
Because there are a relatively small 
number of heavy-duty engine 
manufacturers who will be responsible 
for generating and complying with their 
declared engine maps for GEM, the 
overall engine testing burden to the 
heavy-duty vehicle industry is small. 
With this approach, the large number of 
vocational chassis manufacturers will 
not have to conduct any engine testing. 

Another potential disadvantage to 
GEM-based vehicle certification is that 
because GEM measures performance 
over specific duty cycles intended to 
represent average operation of vehicles 
in-use, this approach might also create 
an incentive to optimize powertrains 
and drivetrains for the best GEM 
performance rather than the best in-use 
performance for a particular application. 

This is always a concern when selecting 
duty cycles for certification, and so is 
not an issue unique to GEM. There will 
always be instances, however 
infrequent, where specific vehicle 
applications will operate differently 
than the duty cycles used for 
certification. The question is would 
these differences force manufacturers to 
optimize vehicles to the certification 
duty cycles in a way that decreases fuel 
efficiency and increases GHG emissions 
in-use? We believe that the certification 
duty cycles will not create a 
disincentive for manufacturers to 
properly optimize vehicles for customer 
fuel efficiency. First, the impact of the 
certification duty cycles versus any 
other real-world cycle will be relatively 
small because they affect only a small 
fraction of all vehicle technologies. 
Second, the emission averaging and 
fleet average provisions mean that the 
regulations will not require all vehicles 
to meet the standards. Vehicles 
exceeding a standard over the duty 
cycles because they are optimized for 
different in-use operation can be offset 
by other vehicles that perform better 
over the certification duty cycles. Third, 
vehicle manufacturers also have the 
ability to lower such a vehicle’s 
measured GHG emissions by adding 
technology that would improve fuel 
efficiency both over the certification 
duty cycles and in-use (and to be 
potentially eligible to generate off-cycle 
credits in doing so). These standards are 
not intended to be at a stringency where 
manufacturers will be expected to apply 
all technologies to all vehicles. Thus, 
there should be technologies available 
to add to vehicle configurations that 
initially fail to meet the Phase 2 
standards. Fourth, we are further sub- 
categorizing the vocational vehicle 
segment compared to Phase 1, tripling 
the number of subcategories within this 
segment from three to nine. These nine 
subcategories will divide each of the 
three Phase 1 weight categories into 
three additional vehicle speed 
categories. Each of the three speed 
categories will have unique duty cycle 
weighting factors to recognize that 
different vocational chassis are 
configured for different vehicle speed 
applications. This further subdivision 
better recognizes technologies’ 
performance under the conditions for 
which the vocational chassis was 
configured to operate. This also 
decreases the potential of the 
certification duty cycles to encourage 
manufacturers to configure vocational 
chassis differently than the optimum 
configuration for specific customers’ 
applications. Similarly, for the tractor 
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category we are finalizing a new ‘‘heavy- 
haul’’ category to recognize the greater 
payload and vehicle mass of these 
tractors, as well as their limitations to 
effectively utilize some technologies 
like aerodynamic technologies. These 
new categories help minimize 
differences between GEM simulation 
and real-world operation. Finally, we 
are also recognizing seven specific 
vocational vehicle applications under 
the optional custom chassis vocational 
vehicle standards. 

Another disadvantage of our full 
vehicle simulation approach is the 
potential requirement for engine 
manufacturers to disclose information to 
vehicle manufacturers who install their 
engines that engine manufacturers 
might consider to be proprietary. Under 
this approach, vehicle manufacturers 
may need to know some additional 
details about engine performance long 
before production, both for compliance 
planning purposes, as well as for the 
actual submission of applications for 
certification. Moreover, vehicle 
manufacturers will need to know details 
about the engine’s performance that are 
generally not publicly available— 
specifically the detailed steady-state 
fuel consumption map of an engine. 
Some commenters expressed significant 
concern about the Phase 2 program 
forcing the disclosure of proprietary 
steady-state engine performance 
information to business competitors; 
especially prior to an engine being 
introduced into commerce. It can be 
argued that a sufficiently detailed 
steady-state engine map, such as the one 
required for input into GEM, can reveal 
proprietary engine design elements such 
as intake air, turbo-charger, and exhaust 
system design; exhaust gas recirculation 
strategies; fuel injection strategies; and 
exhaust after-treatment thermal 
management strategies. Conversely, the 
agencies also received comments 
requesting that all GEM inputs be made 
public, as a matter of transparency and 
public interest. 

It is unclear at this point whether 
such information is truly proprietary. In 
accordance with Federal statutes, EPA 
does not release information from 
certification applications (or other 
compliance reports) that we determine 
to be Confidential Business Information 
(CBI) under 40 CFR part 2. Consistent 
with section 114(c) of the CAA, EPA 
does not consider emission test results 
to be CBI after introduction into 
commerce of the certified engine or 
vehicle. However, we have generally 
treated test results as protected before a 
product’s introduction into commerce 
date. EPA has not yet made a final CBI 
determination for Phase 1 or Phase 2 

GEM inputs. Nevertheless, at this time 
we expect to continue our current 
policy of non-disclosure prior to 
introduction into commerce, but we 
consider it likely that we would 
ultimately not treat any test results or 
other GEM inputs as CBI after the 
introduction into commerce date, as 
identified by the manufacturer. 

To further address the specific 
concern about the Phase 2 program 
forcing the disclosure of proprietary 
steady-state engine maps to business 
competitors, especially prior to an 
engine being introduced into commerce, 
the agencies are finalizing an option for 
engine manufacturers to certify only 
‘‘cycle average’’ engine maps over the 
55-mph and 65-mph GEM cycles and 
separately mandating the cycle average 
approach for use over the ARB 
Transient cycle. See Section II.B. above. 
The advantage to this approach is that 
each data point of a cycle average map 
represents the average emissions over an 
entire cycle. Therefore, the cycle 
average engine map approach does not 
reveal any potentially proprietary 
information about an engine’s 
performance at a particular steady-state 
point of operation. 

(b) Advantages of Separate Engine 
Standards 

For engines installed in tractors and 
vocational vehicle chassis, we are 
maintaining separate engine standards 
for fuel consumption and GHG 
emissions in Phase 2 for both spark- 
ignition (SI, generally but not 
exclusively gasoline-fueled) and 
compression-ignition (CI, generally but 
not exclusively diesel-fueled) engines. 
Moreover, we are adopting a sequence 
of new more stringent engine standards 
for CI engines for engine model years 
2021, 2024 and 2027. While the vehicle 
standards alone are intended to provide 
sufficient incentive for improvements in 
engine efficiency, we continue to see 
important advantages to maintaining 
separate engine standards for both SI 
and CI engines. The agencies believe the 
advantages described below are critical 
to fully achieve the goals of the EPA and 
NHTSA standards. 

First, EPA has a robust compliance 
program based on separate engine 
testing. For the Phase 1 standards, we 
applied the existing criteria pollutant 
compliance program to ensure that 
engine efficiency in actual use reflected 
the improvements manufacturers 
claimed during certification. With 
engine-based standards, it is 
straightforward to hold engine 
manufacturers accountable by testing in- 
use engines in an engine dynamometer 
laboratory. If the engines exceed the 

standards, manufacturers can be 
required to correct the problem or 
perform other remedial actions. Without 
separate engine standards in Phase 2, 
addressing in-use compliance would be 
more subjective. Having clearly defined 
compliance responsibilities is important 
to both the agencies and to the 
manufacturers. 

Second, engine standards for CO2 and 
fuel efficiency force engine 
manufacturers to optimize engines for 
both fuel efficiency and control of non- 
CO2 emissions at the same engine 
operating points. This is of special 
concern for NOX emissions, given the 
strong counter-dependency between 
engine-out NOX emissions and fuel 
consumption. By requiring engine 
manufacturers to comply with both NOX 
and CO2 standards using the same test 
procedures, the agencies ensure that 
manufacturers include technologies that 
can be optimized for both, rather than 
alternate, calibrations that would trade 
NOX emissions against fuel 
consumption, depending how the 
engine or vehicle is tested. In the past, 
when there was no CO2 engine standard 
and no steady-state NOX standard, some 
manufacturers chose this dual 
calibration approach instead of 
investing in technology that would 
allow them to simultaneously reduce 
both CO2 and NOX. 

It is worth noting that these first two 
advantages foster fair competition 
within the marketplace. In this respect, 
the separate engine standards help 
assure manufacturers that their 
competitors are not taking advantage of 
regulatory ambiguity. The agencies 
believe that the absence of separate 
engine standards would leave open the 
opportunity for a manufacturer to 
choose a high-risk compliance strategy 
by gaming the NOX-CO2 tradeoff. 
Manufacturer concerns that competitors 
might take advantage of this can create 
a dilemma for those who wish to fully 
comply, but also perceive shareholder 
pressure to choose a high-risk 
compliance strategy to maintain market 
share. 

Finally, the existence of meaningful 
separate engine standards allows the 
agencies to exempt certain vehicles from 
some or all of the vehicle standards and 
requirements without forgoing the 
engine improvements. A good example 
of this is the off-road vehicle exemption 
in 40 CFR 1037.631 and 49 CFR 535.3, 
which exempts vehicles ‘‘intended to be 
used extensively in off-road 
environments’’ from the vehicle 
requirements. The engines used in such 
vehicles must still meet the engine 
standards of 40 CFR 1036.108 and 49 
CFR 535.5(d). The agencies see no 
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146 The specific version of GEM used to develop 
these standards, and which we propose to use for 
compliance purposes is also known as GEM 3.0. 

147 These attributes are recognized in Phase 1 
innovative technology provisions at 40 CFR 
1037.610. 

reason why efficient engines cannot be 
used in such vehicles. However, 
without separate engine standards, there 
would be no way to require the engines 
to be efficient. The engine standards 
provide a similar benefit with respect to 
the custom chassis program discussed 
in Section V. 

In the past there has been some 
confusion about the Phase 1 separate 
engine standards somehow preventing 
the recognition of engine-vehicle 
optimization that vehicle manufacturers 
perform to minimize a vehicle’s overall 
fuel consumption. It was not the 
existence of separate engine standards 
that prevented recognition of this 
optimization. Rather it was that the 
agencies did not allow manufacturers to 
enter inputs into GEM that 
characterized unique engine 
performance. For Phase 2 we are 
requiring that manufacturers input such 
data because we intend for GEM to 
recognize this engine-vehicle 
optimization. The continuation of 
separate engine standards in Phase 2 
does not undermine in any way the 
recognition of this optimization in GEM. 

C. Phase 2 GEM and Vehicle Component 
Test Procedures 146 

GEM was originally created for the 
certification of tractors and vocational 
vehicle chassis to the agencies’ Phase 1 
CO2 and fuel efficiency standards. See 
76 FR 57116, 57146, and 57156–57157. 
For Phase 2 the agencies proposed a 
number of modifications to GEM, and 
based on public comments in response 
to the agencies’ proposed modifications, 
the agencies have further refined these 
modifications for this final action. 

In Phase 1 the agencies adopted a 
regulatory structure where regulated 
entities are required to use GEM to 
simulate and certify tractors and 
vocational vehicle chassis. This 
computer program is provided free of 
charge for unlimited use, and the 
program may be downloaded by anyone 
from EPA’s Web site: http://
www3.epa.gov/otaq/climate/gem.htm. 
GEM mathematically combines the 
results of a number of performance tests 
of certain vehicle components, along 
with other pre-determined vehicle 
attributes and driving patterns to 
determine a vehicle’s characteristic 
levels of fuel consumption and CO2 
emissions, for certification purposes. 
For Phase 1, the required inputs to GEM 
for tractors include vehicle 
aerodynamics information, tire rolling 
resistance, and whether or not a vehicle 

is equipped with certain lightweight 
high-strength steel or aluminum 
components, a tamper-proof speed 
limiter, or tamper-proof idle reduction 
technologies. For Phase 1, the sole input 
for vocational vehicles is tire rolling 
resistance. For Phase 1, the computer 
program’s inputs did not include engine 
test results or attributes related to a 
vehicle’s powertrain; namely, its 
transmission, drive axle(s), or tire 
revolutions per mile. Instead, for Phase 
1 the agencies specified generic engine 
and powertrain attributes within GEM. 
For Phase 1 these are fixed and cannot 
be changed in GEM.147 

Similar to other vehicle simulation 
computer programs, GEM combines 
various vehicle inputs with known 
physical laws and justified assumptions 
to predict vehicle performance for a 
given period of vehicle operation. GEM 
represents this information numerically, 
and this information is integrated as a 
function of time to calculate CO2 
emissions and fuel consumption. Some 
of the justified assumptions in GEM 
include average energy losses due to 
friction between moving parts of a 
vehicle’s powertrain; the logical 
behavior of an average driver shifting 
from one transmission gear to the next; 
and speed limit assumptions such as 55 
miles per hour for urban highway 
driving and 65 miles per hour for rural 
interstate highway driving. The 
sequence of the GEM vehicle simulation 
can be visualized by imagining a human 
driver initially sitting in a parked 
running tractor or vocational vehicle. 
The driver then proceeds to drive the 
vehicle over a prescribed route that 
includes three distinct patterns of 
driving: Stop-and-go city driving, urban 
highway driving, and rural interstate 
highway driving. The driver then exits 
the highway and brings the vehicle to a 
stop, with the engine still running at 
idle. This concludes the vehicle 
simulation sequence. 

Over each of the three driving 
patterns or ‘‘duty cycles,’’ GEM 
simulates the driver’s behavior of 
pressing the accelerator, coasting, or 
applying the brakes. GEM also simulates 
how the engine operates as the gears in 
the vehicle’s transmission are shifted 
and how the vehicle’s weight, 
aerodynamics, and tires resist the 
forward motion of the vehicle. GEM 
combines the driver behavior over the 
duty cycles with the various vehicle 
inputs and other assumptions to 
determine how much fuel must be 
consumed to move the vehicle forward 

at each point during the simulation. For 
Phase 2 the agencies added the effect of 
road grade. In GEM the effect of road 
grade on fuel consumption is simulated 
by increasing fuel consumption uphill, 
by the amount of fuel consumed by the 
engine to provide the power needed to 
raise the mass of the vehicle and its 
payload against the force of Earth’s 
gravity—while at the same time 
maintaining the duty cycle’s vehicle 
speed. Downhill road grades are 
simulated by decreasing the engine’s 
fuel consumption, by the amount of 
power returned to the vehicle by it 
moving in the same direction as Earth’s 
gravity. To maintain vehicle speed 
downhill, simulated brakes are 
sometimes applied, and the energy lost 
due to braking results in a certain 
amount of fuel consumption as well. For 
each of the three duty cycles, GEM 
totals the amount of fuel consumed and 
then divides that amount by the product 
of the miles travelled and tons of 
payload carried. The tons of payload 
carried are specified by the agencies for 
each vehicle type and weight class, and 
these cannot be changed in GEM. 

In addition to determining fuel 
consumption over these duty cycles, for 
Phase 2, GEM calculates a vehicle’s fuel 
consumption rate when it is stopped in 
traffic with the driver still operating the 
vehicle (i.e., ‘‘drive idle’’) and when the 
vehicle is stopped and parked with the 
engine still running (i.e., ‘‘parked idle’’). 
For each regulatory subcategory of 
tractor and vocational vehicle (e.g., 
sleeper cab tractor, day cab tractor, light 
heavy-duty urban vocational vehicle, 
heavy heavy-duty regional vocational 
vehicle, etc.), GEM applies the agencies’ 
prescribed weighting factors to each of 
the three duty cycles and to each of the 
two idle fuel consumption rates to 
represent the fraction of city driving, 
urban highway driving, rural highway 
driving, drive idle, and parked idle that 
is typical of each subcategory. After 
combining the weighted results of all 
the cycles and idle fuel rates, GEM then 
outputs a single composite result for the 
vehicle, expressed as both fuel 
consumed in gallon per 1,000 ton-miles 
(for NHTSA standards) and an 
equivalent amount of CO2 emitted in 
grams per ton-mile (for EPA standards). 
These are the vehicle’s GEM results that 
are used along with other information to 
demonstrate that a vehicle certificate 
holder (e.g., a vehicle manufacturer) 
complies with the applicable standards. 
This other information includes the 
annual sales volume of the vehicle 
family, plus information on emissions 
credits that may be generated or used as 
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148 See 76 FR 57146–57147. 
149 U.S. Environmental Protection Agency. ‘‘Peer 

Review of the Greenhouse Gas Emissions Model 
(GEM) and EPA’s Response to Comments.’’ EPA– 
420–R–11–007. Last access on November 24, 2014 
at http://www3.epa.gov/otaq/climate/documents/
420r11007.pdf. 

150 See EPA’s Web site at http://www3.epa.gov/
otaq/climate/gem.htm for the Phase 1 GEM revision 
dated May 2013, made to accommodate a revision 
to 49 CFR 535.6(b)(3). 

151 U.S. Environmental Protection Agency, GEM 
new release (GEM P2v1.1) and known issues and 
workarounds for GEM P2v1.0), Greenhouse Gas 
Emissions Standards and Fuel Efficiency Standards 
for Medium- and Heavy-Duty Engines and 
Vehicles—Phase 2—EPA–HQ–OAR–2014–0827, 
August 19, 2015. 

152 U.S. Environmental Protection Agency, GEM 
Power User Release for Debugging, Greenhouse Gas 
Emissions Standards and Fuel Efficiency Standards 
for Medium- and Heavy-Duty Engines and 
Vehicles—Phase 2—EPA–HQ–OAR–2014–0827, 
January 27, 2016. 

153 U.S. Environmental Protection Agency, GEM 
NODA Release, Greenhouse Gas Emissions 
Standards and Fuel Efficiency Standards for 
Medium- and Heavy-Duty Engines and Vehicles— 
Phase 2—EPA–HQ–OAR–2014–0827, February 16, 
2016. 

154 U.S. Environmental Protection Agency, GEM 
Power User Release for Debugging, Greenhouse Gas 
Emissions Standards and Fuel Efficiency Standards 
for Medium- and Heavy-Duty Engines and 
Vehicles—Phase 2—EPA–HQ–OAR–2014–0827, 
May 19, 2016. 

part of that vehicle family’s 
certification. 

For Phase 1 GEM’s tractor inputs 
include vehicle aerodynamics 
information, tire rolling resistance, and 
whether or not a vehicle is equipped 
with lightweight materials, a tamper- 
proof speed limiter, or tamper-proof idle 
reduction technologies. Other vehicle 
and engine characteristics in GEM were 
fixed as defaults that cannot be altered 
by the user. These defaults included 
tabulated data of engine fuel rate as a 
function of engine speed and torque 
(i.e., ‘‘engine fuel maps’’), 
transmissions, axle ratios, and vehicle 
payloads. For tractors, Phase 1 GEM 
simulates a tractor pulling a standard 
trailer. For vocational vehicles, Phase 1 
GEM includes a fixed aerodynamic drag 
coefficient and vehicle frontal area. 

For Phase 2 new inputs are required 
and other new inputs are allowed as 
options. These include the outputs of 
new test procedures to ‘‘map’’ an engine 
to generate steady-state and transient, 
cycle-average, engine fuel rate inputs to 
represent the actual engine in a vehicle. 
As described in detail in RIA Chapter 4, 
certification to the Phase 2 standards 
will require entering new inputs into 
GEM to describe the vehicle’s 
transmission type and its number of 
gears and gear ratios. Manufacturers 
must also enter attributes that describe 
the vehicle’s drive axle(s) type, axle 
ratio and tire revolutions per mile. We 
are also finalizing a number of options 
to conduct additional component testing 
for the purpose of replacing some of the 
agencies’ ‘‘default values’’ in GEM with 
inputs that are based on component 
testing. These include optional axle and 
transmission power loss test procedures. 
We are also finalizing an optional 
powertrain test procedure that would 
replace both the required engine 
mapping and the agencies’ default 
values for a transmission and its 
automated shift strategy. We are also 
finalizing an option to generate cycle- 
average maps for the 55 mph and 65 
mph cycles in GEM. In addition, we 
have made a number of improvements 
to the aerodynamic coast-down test 
procedures and associated aerodynamic 
data analysis techniques. While these 
aerodynamic test and data analysis 
improvements are primarily intended 
for tractors, for Phase 2 we are providing 
a streamlined off-cycle credit pathway 
for vocational vehicle aerodynamic 
performance to be recognized in GEM. 

As proposed, we are finalizing a 
significantly expanded number of 
technologies that are recognized in 
GEM. These include recognizing 
lightweight thermoplastic materials, 
automatic tire inflation systems, 

advanced cruise control systems, 
workday idle reduction systems, and 
axle configurations that decrease the 
number of drive axles. In response to 
comments and data submitted to the 
agencies on the Phase 2 proposal we are 
also finalizing inputs related to tire 
pressure monitoring systems and 
advanced electronically controlled 
vehicle coast systems. 

Although GEM is similar in concept 
to a number of other commercially 
available vehicle simulation computer 
programs, the applicability of GEM is 
unique. First, GEM was designed 
exclusively for manufacturers and 
regulated entities to certify tractor and 
vocational vehicle chassis to the 
agencies’ fuel consumption and CO2 
emissions standards. For GEM to be 
effective for this purpose, the inputs to 
GEM include only information related 
to certain vehicle components and 
attributes that significantly impact 
vehicle fuel efficiency and CO2 
emissions. For example, these include 
vehicle aerodynamics, tire rolling 
resistance, and powertrain component 
information. On the other hand, other 
attributes such as those related to a 
vehicle’s suspension, frame strength, or 
interior features are not included, where 
these otherwise might be included in 
other commercially available vehicle 
simulation programs that are used for 
other purposes. Furthermore, the 
simulated payload, driver behavior and 
duty cycles in GEM cannot be changed. 
Keeping these values constant helps to 
ensure that all vehicles are simulated 
and certified in the same way. However, 
these fixed attributes in GEM largely 
preclude GEM from being of much use 
as a research tool for exploring the 
effects of payload, driver behavior and 
different duty cycles. 

Similar to Phase 1, GEM for Phase 2 
is available free of charge for unlimited 
use, and the GEM source code is open 
source. That is, the programming source 
code of GEM is freely available upon 
request for anyone to examine, 
manipulate, and generally use without 
restriction. In contrast, commercially 
available vehicle simulation programs 
are generally not free and open source. 
Additional details of GEM are included 
in Chapter 4 of the RIA. 

GEM is a computer software program, 
and like all other software development 
processes the agencies periodically 
released a number of developmental 
versions of the GEM software for others 
to review and test during the Phase 2 
rulemaking process. This type of user 
testing significantly helps the agencies 
detect and fix any problems or ‘‘bugs’’ 
in the GEM software. 

As part of Phase 1, the agencies 
conducted a peer review of GEM version 
1.0, which was the version released for 
the Phase 1 proposal.148 149 In response 
to this peer review and to comments 
from stakeholders, EPA made changes to 
the version of GEM released with the 
Phase 1 final rule. Updates to the Phase 
1 GEM were also made via Technical 
Amendments.150 The current version of 
Phase 1 GEM is v2.0.1, which is the 
version applicable for the Phase 1 
standards.150 As part of the 
development of GEM for Phase 2, both 
a formal peer review 149 and a series of 
expert reviews were 
conducted.151 152 153 154 

The agencies have provided 
numerous opportunities for comment on 
GEM, and its iterative development. 
Shortly after the Phase 2 proposal’s 
publication in July 2015 (and before the 
end of the public comment period), the 
agencies received comments on GEM. 
Based on these early comments, the 
agencies made minor revisions to fix a 
few bugs in GEM and in August 2015 
released an updated version of GEM to 
the public for additional comment, 
which also included new information 
on GEM road grade profiles. The 
agencies also extended the public 
comment period on the proposal, which 
provided at least 30 days for public 
comment on this slightly updated 
version of GEM.153 Then, in response to 
comments submitted at the close of the 
comment period, in early January 2016 
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155 EPA–HQ–OAR–2014–0827–1621 and 
NHTSA–2014–0132–0187. 

156 Memo to Docket, ‘‘Summary of Meetings and 
Conference Calls with the Truck and Engine 
Manufacturers Association to Discuss the Phase 2 
Heavy-Duty GHG Rulemaking’’, August 2016. 

157 Memo to Docket, ‘‘Summary of Meetings and 
Conference Calls with the Truck and Engine 
Manufacturers Association to Discuss the Phase 2 
Heavy-Duty GHG Rulemaking’’, August 2016. 

158 Memo to Docket, ‘‘Summary of Meetings and 
Conference Calls with Allison Transmission to 
Discuss the Phase 2 Heavy-Duty GHG Rulemaking’’, 
August 2016. 

159 ‘‘Heavy-Duty Phase 2 Stakeholder Meeting 
Log’’, August 2016. 

the agencies released a ‘‘debugging’’ 
version of GEM to a wide range of 
expert reviewers.152 The agencies 
provided one month for expert 
reviewers to provide informal feedback 
for debugging purposes.152 Because the 
changes for this debugging version 
mostly added new features to make 
GEM easier to use for certifying via 
optional test procedures, like the 
powertrain test, there were only minor 
changes to the way that GEM performed. 
In the March 2016 NODA, the agencies 
included another developmental version 
of GEM 153 for public comment and 
provided 30 days for public comment. 
Based on the NREL report, which was 
also released as part of the NODA for 
public comment, the NODA version of 
GEM contained updated weighting 
factors of the duty cycles and idle 
cycles.155 Therefore, the outputs of GEM 
for a given vehicle configuration 
changed because these duty cycle 
weighting factors changed, but there 
were only minor updates to how the 
individual technologies were simulated 
in GEM. Based on comments received 
on the NODA, the agencies made minor 
changes to GEM and released another 
debugging version in May 2016 to 
manufacturers, NGOs, suppliers, and 
CARB staff.154 The most significant 
change to GEM for the May 2016 version 
was that 0.5 miles of flat road was 
added to the beginning and end of the 
55 mph and 65 mph drive cycles in 
response to concerns raised by 
manufacturers.156 This change did not 
change the way that GEM worked, but 
it did change GEM results because of the 
change in the duty cycles. This change 
was made to better align GEM 
simulation with real-world engine 
operation. The agencies provided the 
expert reviewers with at least a 3-week 
period in which to review GEM and 
provide feedback. Details on the history 
of the comments the agencies received 
and the history of the agencies 
responses leading to these multiple 
releases of GEM can be found in Section 
II.C.(1). The following list summarizes 
the changes in GEM in response to those 
comments and data submitted to the 
agencies in response to the Phase 2 
proposal, NODA and other GEM 
releases: 

• Revised road grade profiles for 55- 
and 65-mph cruise cycles, only minor 
changes since August 2015. 

• Revised idle cycles for vocational 
vehicles with new vocational cycle 

weightings, weightings released for 
public comment in NODA. 

• Made changes to the input file 
structures. Examples includes additions 
of columns for axle configuration 
(‘‘6×2,’’ ‘‘6×4,’’ ‘‘6×4D,’’ ‘‘4×2’’), and 
additions of a few more technology 
improvement inputs, such as ‘‘Neutral 
Idle,’’ ‘‘Start/Stop,’’ and ‘‘Automatic 
Engine Shutdown.’’ These were minor 
changes, all were in NODA version of 
GEM. 

• Made changes to the output file 
structures. Examples include an option 
to allow the user to select an output of 
detailed results on average speed, 
average work at the input and output of 
the transmission, and the numbers of 
shifts for each cycle (e.g., 55 mph cycle, 
65 mph cycle and the ARB Transient 
cycle). These were minor changes, all 
were in NODA version of GEM. 

• Added an input file for optional 
axle power losses (function of axle 
output speed and torque) and replaced 
a single axle efficiency value with 
lookup table of power loss. These were 
minor changes to streamline the use of 
GEM, all were in NODA version of 
GEM. 

• Modified engine torque response to 
be more realistic, with a fast response 
region scaled by engine displacement, 
and a slower torque response in the 
turbo-charger’s highly boosted region. 
These were minor changes, all were in 
NODA version of GEM. 

• Added least-squares regression 
models to interpret cycle-average fuel 
maps for all cycles. These were minor 
changes to streamline the use of GEM, 
all were in NODA version of GEM. 

• Added different fuel properties 
according to 40 CFR 1036.530. This was 
a fix to align GEM with regulations. 

• Improved shift strategy based on 
testing data and comments received. 
These were minor changes, all were in 
NODA version of GEM. 

• Added scaling factors for 
transmission loss and inertia, per 
regulatory subcategory. These were 
minor changes, all were in NODA 
version of GEM. 

• Added optional input table for 
transmission power loss data. These 
were minor changes to streamline the 
use of GEM, all were in NODA version 
of GEM. 

• Added minimum torque converter 
lock-up gear user input for automatic 
transmissions. This was a minor change 
to streamline the use of GEM, this 
change was in the NODA version of 
GEM. 

• Revised the default transmission 
power loss tables, based on test data. 
This was a minor change to streamline 

the use of GEM, this change was in the 
NODA version of GEM. 

• Added neutral idle and start/stop 
effects idle portions of the ARB 
Transient cycle. These were minor 
changes, all were in NODA version of 
GEM 

• Adjusted shift and torque converter 
lockup strategy. This was a minor 
change to streamline the use of GEM, 
this change was in the NODA version of 
GEM. 

Notwithstanding these numerous 
opportunities for public comment (as 
well as many informal opportunities via 
individual meetings), some commenters 
maintained that they still had not 
received sufficient notice to provide 
informed comment because each 
proposal represented too much of a 
‘‘moving target.’’ 157 158 159 The agencies 
disagree. Even at proposal, Phase 2 GEM 
provided nearly all of the essential 
features of the version we are 
promulgating in final form. These 
include: (1) The reconfiguration of the 
engine, transmission, and axle sub- 
models to reflect additional designs and 
to receive manufacturer inputs; and (2) 
the addition of road grade and idle 
cycles for vocational vehicles, along 
with revised weighting factors. 
Moreover, the changes the agencies have 
made to GEM in response to public 
comment indicates that those comments 
were highly informed by the proposal. 
The agencies thus do not accept the 
contention that commenters were not 
afforded sufficient information to 
provide meaningful comment on GEM. 

(1) Description of Modifications to GEM 
From Phase 1 to Phase 2 

As explained above, GEM is a 
computer program that was originally 
developed by EPA specifically for 
manufacturers to use to certify to the 
Phase 1 tractor and vocational chassis 
standards. GEM mathematically 
combines the results of vehicle 
component test procedures with other 
vehicle attributes to determine a 
vehicle’s certified levels of fuel 
consumption and CO2 emissions. Again 
as explained above, for Phase 1 the 
required inputs to GEM include vehicle 
aerodynamics information, tire rolling 
resistance, and whether or not a vehicle 
is equipped with certain lightweight 
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160 National Academy of Science. ‘‘Reducing the 
Fuel Consumption and GHG Emissions of Medium- 
and Heavy-Duty Vehicles, Phase Two, First 
Report.’’ 2014. Recommendation 3.8. 

high-strength steel or aluminum 
components, a tamper-proof speed 
limiter, or tamper-proof idle reduction 
technologies for tractors. The vocational 
vehicle inputs to GEM for Phase 1 only 
included tire rolling resistance. For 
Phase 1 GEM’s inputs did not include 
engine test results or attributes related 
to a vehicle’s powertrain; namely, its 
transmission, drive axle(s), or loaded 
tire radius. Instead, for Phase 1 the 
agencies specified a generic engine and 
powertrain within GEM, and for Phase 
1 these cannot be changed in GEM. 

For this rulemaking, GEM has been 
modified as proposed and validated 
against a set of experimental data that 
represent over 130 unique vehicle 
variants conducted at powertrain and 
chassis dynamometers with the 
manufacturers’ provided transmission 
shifting tables. In addition, GEM has 
been validated against different types of 
tests when the EPA transmission default 
auto-shift strategy is used, which 
includes powertrain dynamometer tests 
and two truck tests running in a real- 
world driving route. Detailed 
comparisons can be seen in Chapter 4 of 
the RIA. As noted above, the agencies 
believe that this new version of GEM is 
an accurate and cost-effective 
alternative to measuring fuel 
consumption and CO2 over a chassis 
dynamometer test procedure. Again as 
noted earlier, some of the key 
modifications will require additional 
vehicle component test procedures 
(both mandatory and optional) to 
generate additional GEM inputs. The 
results of which will provide additional 
inputs into GEM. These include a new 
required engine test procedure to 
provide engine fuel consumption inputs 
into GEM. We proposed to measure fuel 
consumption as a matrix of steady-state 
points, but also sought comment on a 
newly developed engine test procedure 
that captures transient engine 
performance for use in GEM. We are 
specifying a combination of these 
procedures for the final rule—steady- 
state fuel maps for the highway cruise 
simulations, and cycle-average maps for 
transient simulations. As an option, 
cycle average maps could be also used 
for the highway cruise simulation as 
well. See Chapter 3 of the RIA for 
additional discussion of the fuel 
mapping procedures. We are also 
requiring inputs that describe the 
vehicle’s transmission type, and its 
number of gears and gear ratios. We are 
allowing an optional powertrain test 
procedure that would provide inputs to 
override the agencies’ simulated engine 
and transmission in GEM. In addition, 
in response to comments, we will also 

allow manufacturers to measure 
transmission efficiency in the form of 
the power loss tables to replace the 
default values in GEM. We are finalizing 
the proposed requirement to input a 
description of the vehicle’s drive axle(s), 
including its type (e.g., 6×4 or 6×2) and 
axle ratio. We are also finalizing the 
optional axle efficiency test procedure 
for which we sought comment. This 
would allow manufacturers to override 
the agencies’ simulated axle in GEM. 
Chapter 4 of the RIA details all of these 
GEM related input changes. 

As noted above, we are significantly 
expanding the number of technologies 
that are recognized in GEM. These 
include recognizing lightweight 
thermoplastic materials, automatic tire 
inflation systems, advanced cruise 
control systems, engine stop-start idle 
reduction systems, and axle 
configurations that decrease the number 
of drive axles. To better reflect real- 
world operation, we are also revising 
the vehicle simulation computer 
program’s urban and rural highway duty 
cycles to include changes in road grade, 
and including a new duty cycle to 
capture the performance of technologies 
that reduce the amount of time a 
vehicle’s engine is at idle during a 
workday. Finally, to better recognize 
that vocational vehicle powertrains are 
configured for particular applications, 
we are further subdividing the 
vocational chassis category into three 
different vehicle speed categories, 
where GEM weights the individual duty 
cycles’ results of each of the speed 
categories differently. Section 4.2 of the 
RIA details all these modifications. The 
following sub-sections provide further 
details on some of these key 
modifications to GEM. 

(a) Simulating Engines for Vehicle 
Certification 

Before describing the Phase 2 
approach, this section first reviews how 
engines are simulated for vehicle 
certification in Phase 1. As noted 
earlier, GEM for Phase 1 simulates the 
same generic engine for any vehicle in 
a given regulatory subcategory with a 
data table of steady-state engine fuel 
consumption mass rates (g/s) versus a 
series of steady-state engine output shaft 
speeds (revolutions per minute, rpm) 
and loads (torque, N·m). This data table 
is also sometimes called a ‘‘fuel map’’ or 
an ‘‘engine map,’’ although the term 
‘‘engine map’’ can mean other kinds of 
data in different contexts. The engine 
speeds in this map range from idle to 
maximum governed speed and the loads 
range from engine motoring (negative 
load) to the maximum load of an engine. 
When GEM executes a simulation over 

a vehicle duty cycle, this data table is 
linearly interpolated to find a 
corresponding fuel consumption mass 
rate at each engine speed and load that 
is demanded by the simulated vehicle 
operating over the duty cycle. The fuel 
consumption mass rate of the engine is 
then integrated over each duty cycle in 
GEM to arrive at the total mass of fuel 
consumed for the specific vehicle and 
duty cycle. Under Phase 1, 
manufacturers were not allowed to 
input their own engine fuel maps to 
represent their specific engines in the 
vehicle being simulated in GEM. 
Because GEM was programmed with 
fixed engine fuel maps for Phase 1 that 
all manufacturers had to use, the tables 
themselves did not have to exactly 
represent how an actual engine might 
operate over these three different duty 
cycles. 

In contrast, for Phase 2 we are 
requiring manufacturers to generate 
their own engine fuel maps to represent 
each of their engine families in GEM. 
This Phase 2 approach is consistent 
with the 2014 NAS Phase 2 First Report 
recommendation.160 To investigate this 
approach, before proposal we examined 
the results from 28 individual engine 
dynamometer tests. Three different 
engines were used to generate this data, 
and these engines were produced by 
two different engine manufacturers. One 
engine was tested at three different 
power ratings (13 liters at 410, 450 & 
475 bhp) and one engine was tested at 
two ratings (6.7 liters at 240 and 300 
bhp), and other engine with one rating 
(15 liters 455 bhp) service classes. For 
each engine and rating the steady-state 
engine dynamometer test procedure was 
conducted to generate an engine fuel 
map to represent that particular engine 
in GEM. Next, with GEM, we simulated 
various vehicles in which the engine 
could be installed. For each of the GEM 
duty cycles we are using, namely the 
urban local (ARB Transient), urban 
highway with road grade (55 mph), and 
rural highway with road grade (65 mph) 
duty cycles, we determined the GEM 
result for each vehicle configuration, 
and we saved the engine output shaft 
speed and torque information that GEM 
created to interpolate the steady-state 
engine map for each vehicle 
configuration We then had this same 
engine output shaft speed and torque 
information programmed into an engine 
dynamometer controller, and we had 
each engine perform the same duty 
cycles that GEM demanded of the 
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161 Memos to Docket, ‘‘Test Procedure Review 
with Cummins, Volvo, Navistar, Paccar, Daimler 
Eaton and Allison.’’ 

162 Michael Ross, Validation Testing for Phase 2 
Greenhouse Gas Test Procedures and the 
Greenhouse Gas Emission Model (GEM) for Medium 
and Heavy-Duty Engines and Powertrains, Final 
Report to EPA, Southwest Research Institute, June 
2016, found in docket of this rulemaking, EPA–HQ– 
QAR–2014–0827. 

163 Cummins NODA Comments, found in Phase 2 
Docket: ID No. EPA–HQ–OAR–2014–0817, April 1, 
2016. 

164 Volvo Group NODA Comments, found in 
Phase 2 Docket: ID No. EPA–HQ–OAR–2014–0817, 
April 1, 2016. 

simulated version of the engine. We 
then compared the GEM results based 
on GEM’s linear interpolation of the 
engine maps to the measured engine 
dynamometer results. We concluded 
that for the 55 mph and 65 mph duty 
cycles, GEM’s interpolation of the 
steady-state data tables was sufficiently 
accurate versus the measured results. 
This is an outcome one would 
reasonably expect because even with 
changes in road grade, the 55 mph and 
65 mph duty cycles do not demand 
rapid changes in engine speed or load. 
The 55 mph and 65 mph duty cycles are 
nearly steady-state, as far as engine 
operation is concerned, just like the 
engine maps themselves. However, for 
the ARB Transient cycle, we observed a 
consistent bias when using the steady- 
state maps, where GEM consistently 
under-predicted fuel consumption and 
CO2 emissions. This low bias over the 
28 engine tests ranged from 4.2 percent 
low to 7.8 percent low. The mean was 
5.9 percent low and the 90th percentile 
value was 7.1 percent low. These 
observations are consistent with the fact 
that engines generally operate less 
efficiently under transient conditions 
than under steady-state conditions. 

A number of reasons explain this 
consistent trend. For example, under 
rapidly changing (i.e. transient) engine 
conditions, it is generally more 
challenging to program an engine 
electronic controller to respond with 
optimum fuel injection rate and timing, 
exhaust gas recirculation valve position, 
variable nozzle turbocharger vane 
position and other set points than under 
steady-state conditions. Transient heat 
and mass transfer within the intake, 
exhaust, and combustion chambers also 
tend to increase turbulence and enhance 
energy loss to engine coolant during 
transient operation. In many cases 
during cold transient operation, the 
thermal management is triggered in 
order to maintain optimal performance 
of selective catalytic reduction devices 
for a diesel engine. Furthermore, 
because exhaust emissions control is 
more challenging under transient engine 
operation, engineering tradeoffs 
sometimes need to be made between 
fuel efficiency and transient criteria 
pollutant emissions control. Special 
calibrations are typically also required 
to control smoke and manage exhaust 
temperatures during transient operation 
for a transient cycle. 

To account for these effects in GEM, 
the agencies have developed and are 
finalizing a test procedure called ‘‘cycle 
average’’ mapping to account for this 
transient behavior (40 CFR 1036.540). 
Detailed analyses and presentation of 
the test procedure was published in two 

peer-reviewed journal articles.139,140 A 
number of commenters likewise 
suggested this approach. Additionally, 
progress has been made on further 
improving this test procedure since 
publication, based on a large number of 
engine dynamometer tests conducted by 
a variety of laboratory test facilities.161 
Since the proposal, further refinement 
of the numerical schemes used for 
interpreting cycle average engine fuel 
map was also completed. The engine 
dynamometer tests include a Cummins 
medium duty ISB engine, a Navistar 
heavy duty N13 engine, a Volvo heavy 
duty D13 engine, and a Cummins heavy 
duty ISX engine. All testing results 
indicated that the new test procedure 
works well for the transient ARB 
cycle.162 In addition, Cummins in their 
NODA comments (see the following 
paragraph) provided additional data 
supporting this approach with their ISL 
450 bhp rating engine. This data 
corroborated earlier data showing good 
agreement between engine 
dynamometer tests and the cycle 
average engine mapping approach.163 

EPA solicited comment on the cycle 
average approach at proposal. 80 FR 
40193. EPA also specifically provided 
notice and a 30-day opportunity for 
public comment on the possibility of 
requiring use of the cycle average 
mapping approach for the ARB 
Transient cycle. This was included in 
the version of GEM that was made 
available for public comment as part of 
the NODA 153. In response, many 
comments were received on the cycle 
average approach. These include 
comments from Cummins 163 and 
Volvo.164 Cummins was very supportive 
of the cycle average approach and also 
supported applying this approach to the 
55 mph and 65 mph cruise cycles in 
GEM. Volvo expressed some concern 
over having enough time to fully 
evaluate this approach. The agencies 
believe that one of the reasons that 
Volvo expressed concern over having 
enough time to evaluate this approach is 
because Volvo initially declined 
working with the agencies to 

collaboratively refine this approach. At 
the same time, a number of Volvo’s 
competitors chose to actively coordinate 
laboratory testing and technical analysis 
to contribute to the development of this 
approach. We believe these other 
manufacturers gained a deeper 
understanding of the approach earlier 
than Volvo because they invested time 
and resources to make technical 
contributions at earlier point in time. 
Nevertheless, the agencies fully 
welcome and appreciate Volvo’s more 
recent active involvement in reviewing 
the cycle average approach and for 
making a number of productive 
suggestions for further refinement. 

While the agencies are finalizing the 
cycle average engine mapping test 
procedure as mandatory for the ARB 
Transient cycle, for the 55 mph and 65 
mph GEM drive cycles, the agencies are 
finalizing the same steady-state 
mapping procedure that the agencies 
originally proposed. The only difference 
is that we are finalizing about 85 unique 
steady-state map points, versus the 
about 143 points that were proposed. 
See 40 CFR 1036.535 for details. We are 
adopting a lower number of points 
because many of the originally proposed 
points were specified for use with the 
ARB Transient cycle.139 Again, as an 
option, the cycle average mapping test 
procedure also may be used for these 
two cruise speed cycles, in lieu of the 
steady-state mapping procedure. 

(b) Simulating Human Driver Behavior 
and Transmissions for Vehicle 
Certification 

GEM for Phase 1 simulates the same 
generic human driver behavior and 
manual transmission shifting patterns 
for all vehicles. The simulated driver 
responds to changes in the target vehicle 
speed of the duty cycles by changing the 
simulated positions of the vehicle’s 
accelerator pedal, brake pedal, clutch 
pedal, and gear shift lever. For 
simplicity, in Phase 1 the GEM driver 
shifted at pre-specified vehicle speeds 
and the manual transmission was 
simulated as an ideal transmission that 
did not have any delay time (i.e., torque 
interruption) between gear shifts and 
did not have any energy losses 
associated with clutch slip during gear 
shifts. 

In GEM for Phase 2 we are allowing 
manufacturers to select one of four types 
of transmissions to represent the 
transmission in the vehicle they are 
certifying: Manual transmission (MT), 
automated manual transmission (AMT), 
automatic transmission (AT) and dual 
clutch transmission (DCT). For Phase 2 
the agencies proposed unique 
transmission shifting patters to 
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165 Transportation Research Board 2014. 
‘‘Reducing the Fuel Consumption and Greenhouse 
Gas Emissions of Medium- and Heavy-Duty 
Vehicles, Phase Two.’’ (‘‘Phase 2 First Report’’) 
Washington, DC, The National Academies Press. 
Cooperative Agreement DTNH22–12–00389. 
Available electronically from the National Academy 
Press Web site at http://www.nap.edu/
catalog.php?record_id=12845 (last accessed 
December 2, 2014). Recommendation 3.7. 

represent the different types of 
automated transmissions. These shifting 
patterns over the steady state cruise 
cycles has been further modified from 
the proposed version to be more 
realistic with respect to slight variations 
in vehicle speed due to road grade. In 
particular, when going downhill, the 
simulated vehicle is now allowed to 
exceed the speed target by 3 mph before 
the brakes are applied. In the proposed 
version, the driver model applied the 
brakes much sooner to prevent the 
vehicle from exceeding the speed target. 
This change allows the vehicle to carry 
additional momentum into the next hill, 
much the same as real drivers would. 

In the final version of GEM, the driver 
behavior and the different transmission 
types are simulated in the same basic 
manner as in Phase 1, but each 
transmission type features unique 
transmission responses that match the 
transmission responses we measured 
during vehicle testing of these three 
transmission types. In general the 
transmission gear shifting strategy for all 
of the transmissions is designed to shift 
the transmission so that it is in the most 
efficient gear for the current vehicle 
demand, while staying within certain 
limits to prevent unrealistically high 
frequency shifting (i.e., to prevent 
‘‘short-shifting’’). Some examples of 
these limits are torque reserve limits 
(which vary as function of engine 
speed), minimum time-in-gear and 
minimum fuel efficiency benefit to shift 
to the next gear. Some of the differences 
between the transmission types include 
a driver ‘‘double-clutching’’ during gear 
shifts of the manual transmission only, 
and ‘‘power shifts’’ and torque converter 
torque multiplication, slip, and lock-up 
in automatic transmissions only. Refer 
to Chapter 4 of the RIA for a more 
detailed description of these different 
simulated driver behaviors and 
transmission types. 

Prior to the proposal, we considered 
an alternative approach where 
transmission manufacturers would 
provide vehicle manufacturers with 
detailed information about their 
automated transmissions’ proprietary 
shift strategies for representation in 
GEM. NAS also recommended this 
approach.165 The advantages of this 
approach would include a more realistic 
representation of a transmission in GEM 

and potentially the recognition of 
additional fuel efficiency improving 
strategies to achieve additional fuel 
consumption and CO2 emissions 
reductions. However, there are a 
number of technical and compliance 
disadvantages of this approach. One 
disadvantage is that it would require the 
disclosure of proprietary information 
because some vehicle manufacturers 
produce their own transmissions and 
also use other suppliers’ transmissions. 
There are technical challenges too. For 
example, some transmission 
manufacturers have upwards of 40 
different shift strategies programmed 
into their transmission controllers. 
Depending on in-use driving conditions, 
some of which are not simulated in 
GEM (e.g., changing payloads, changing 
tire traction) a transmission controller 
can change its shift strategy. 
Representing dynamic switching 
between multiple proprietary shift 
strategies would be extremely complex 
to simulate in GEM. Furthermore, if the 
agencies were to require transmission 
manufacturers to provide shift strategy 
inputs for use in GEM, then the agencies 
would have to devise a compliance 
strategy to monitor in-use shift 
strategies, including a driver behavior 
model that could be implemented as 
part of an in-use shift strategy 
confirmatory test. This too would be 
very complex. If manufacturers were 
subject to in-use compliance 
requirements of their transmission shift 
strategies, this could lead to restricting 
the use of certain shift strategies in the 
heavy-duty sector, which would in turn 
potentially lead to sub-optimal vehicle 
configurations that do not improve fuel 
efficiency or adequately serve the wide 
range of customer needs; especially in 
the vocational vehicle segment. For 
example, if the agencies were to restrict 
the use of more aggressive and less fuel 
efficient in-use shift strategies that are 
used only under heavy loads and steep 
grades, then certain vehicle applications 
would need to compensate for this loss 
of capability through the installation of 
over-sized and over-powered engines 
that are subsequently poorly matched 
and less efficient under lighter load 
conditions. Therefore, as a policy 
consideration to preserve vehicle 
configuration choice and to preserve the 
full capability of heavy-duty vehicles 
today, the agencies are intentionally not 
allowing transmission manufacturers to 
submit detailed proprietary shift 
strategy information to vehicle 
manufacturers to input into GEM. The 
agencies are finalizing as proposed that 
vehicle manufacturers can choose from 
among several transmission types that 

the agencies have already developed, 
validated, and programmed into GEM. 
The vehicle manufacturers will then 
enter into GEM their particular 
transmission’s number of gears and gear 
ratios, optionally together with power 
loss tables representing their 
transmission’s gear friction, pumping 
and spin losses. If a manufacturer 
chooses to use the optional powertrain 
test procedure, however, then the 
agencies’ transmission types in GEM 
would be overridden by the actual data 
collected during the powertrain test, 
which would recognize the 
transmission’s unique shift strategy. 
(Presumably, vehicle manufacturers will 
choose to use the optional powertrain 
test procedure only if their actual 
transmission shift strategy is more 
efficient compared to its respective 
default shift strategy simulated by 
GEM.) 

(c) Simulating Axles for Vehicle 
Certification 

In GEM for Phase 1 the axle ratio of 
the primary drive axle and the energy 
losses assumed in the simulated axle 
itself were the same for all vehicles. For 
Phase 2 the vehicle manufacturer will 
be required to input into GEM the axle 
ratio of the primary drive axle. This 
input will recognize the design to 
operate the engine at a particular engine 
speed when the transmission is 
operating in its highest transmission 
gear; especially for the 55 mph and 65 
mph duty cycles in GEM. This input 
facilitates GEM’s recognition of vehicle 
designs that take advantage of operating 
the engine at the lowest possible engine 
speeds. This is commonly known as 
‘‘engine down-speeding,’’ and the 
general rule-of-thumb for heavy-duty 
engines is that for every 100 rpm 
decrease in engine speed, there can be 
about a 1 percent decrease in fuel 
consumption and CO2 emissions. 
Therefore, it is important that GEM 
allow this value to be input by the 
vehicle manufacturer. Axle ratio is also 
straightforward to verify during any in- 
use compliance audit. UCS and ACEEE 
commented that engine down-speeding 
should be recognized in the agencies’ 
separate engine standards, rather than in 
the vehicle standard. The agencies 
disagree with this because recognizing 
down-speeding at the vehicle level 
ensures that the powertrain 
configuration in-use, in the real world, 
will lead to the engine operating at 
lower speeds. In contrast, the engine 
speeds specified in the separate engine 
standards’ test procedures are based on 
the engine’s maximum torque versus 
speed curve (i.e., lug curve) and not on 
the configuration of the powertrain to 
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166 NACFE. Executive Report—6×2 (Dead Axle) 
Tractors. November 2010. See Docket EPA–HQ– 
OAR–2014–0827. 

which the engine is attached in a 
vehicle. This means that even if a 
manufacturer manipulated the engine’s 
lug curve such that the separate engine 
standards’ test procedure led to the 
engine operating at lower speeds during 
certification, that same engine could be 
installed in a vehicle with a powertrain 
configured for the engine to operate at 
higher engine speeds. Therefore, 
recognizing down-speeding within 
GEM, at the vehicle level, best ensures 
that the agencies’ test procedures and 
standards lead to real-world engine 
down-speeding in-use. 

We proposed to use a fixed axle ratio 
energy efficiency of 95.5 percent at all 
speeds and loads, but requested 
comment on whether this pre-specified 
efficiency is reasonable. 80 FR 40185. In 
general, commenters stated that the 
efficiency of the axle actually varies as 
a function of axle ratio, axle speed, and 
axle input torque. Therefore, we have 
modified GEM to accept an input data 
table of power loss as a function of axle 
speed and axle torque. The modified 
version of GEM subsequently 
interpolates this table over each of the 
duty cycles to represent a more realistic 
axle efficiency at each point of each 
duty cycle. The agencies specify a 
default axle efficiency table in GEM for 
any manufacturer to use. We are also 
finalizing an optional axle power loss 
test procedure that requires the use of a 
dynamometer test facility (40 CFR 
1037.560). With this optional test 
procedure, a manufacturer can create an 
axle efficiency table for use in lieu of 
the EPA default table. We requested 
comment on this test procedure in the 
proposal, and we received supportive 
comments. Refer to 40 CFR 1037.560 of 
the Phase 2 regulations, which contain 
this test procedure. 

Moreover, the final regulations allow 
the manufacturers to develop analytical 
methods to derive axle efficiency tables 
for untested axle configurations, based 
on testing of similar axles. This would 
be similar to the analytically derived 
CO2 emission calculations allowed for 
pickups and vans. However, 
manufacturers would be required to 
obtain prior approval from the agencies 
before using analytically derived values. 
In addition, the agencies could conduct 
confirmatory testing or require a 
selective enforcement audit for any axle 
configuration. See 40 CFR 1037.235. 

In addition to requiring the primary 
drive axle ratio input into GEM (and an 
option to input an actual axle power 
loss data table), we are requiring that the 
vehicle manufacturer input into GEM 
whether one or two drive axles are 
driven by the engine. When a heavy- 
duty vehicle is equipped with two rear 

axles where both are driven by the 
engine, this is called a ‘‘6×4’’ 
configuration. ‘‘6’’ refers to the total 
number of wheel hubs on the vehicle. In 
the 6×4 configuration there are two front 
wheel hubs for the two steer wheels and 
tires plus four rear wheel hubs for the 
four rear wheels and tires (or more 
commonly four sets of rear dual wheels 
and tires). ‘‘4’’ refers to the number of 
wheel hubs driven by the engine. These 
are the two rear axles that have two 
wheel hubs each. Compared to a 6×4 
configuration, a 6×2 configuration 
decreases axle energy loss due to 
friction and oil churning in two driven 
axles, by driving only one axle. The 
decrease in fuel consumption and CO2 
emissions associated with a 6×2 versus 
6×4 axle configuration can be in the 
range of 2.5 percent depending on 
specific axles, which is modeled by the 
power loss table.166 Therefore, in the 
Phase 2 version of GEM, if a 
manufacturer simulates a 6×2 axle 
configuration using the default axle 
efficiencies, GEM decreases the overall 
GEM result roughly by 2.5 percent on 
average through the power loss table. 
Note that GEM will similarly decrease 
the overall GEM result by 2.5 percent for 
a 4×2 tractor or Class 8 vocational 
chassis configuration if it has only two 
wheel hubs driven. If a manufacturer 
does not use the default efficiencies, the 
benefit of 6×2 and 4×2 configurations 
will be reflected directly in its input 
tables. Note that the Phase 2 version of 
GEM does not have an option to 
simulate more than two drive axles or 
configurations where the front axle(s) 
are driven or where there are more than 
two rear axles. The regulations specify 
that such vehicles are to be simulated as 
6×4 vehicles in GEM. This is consistent 
with how the standards were developed 
and the agencies believe this approach 
will provide the appropriate incentive 
for manufacturers to apply the same fuel 
saving technologies to these vehicles, as 
they would to their conventional 6×4 
vehicles. Moreover, because these 
configurations are manufactured for 
specialized vehicles that require extra 
traction for off-road applications, they 
have very low sales volume and any 
increased fuel consumption and CO2 
emissions from them are not significant 
in comparison to the overall reductions 
of the Phase 2 program. Note that 40 
CFR 1037.631 (for off-road vocational 
vehicles), which is being continued 
from the Phase 1 program, exempts 
many of these vehicles from the vehicle 

standards because they are limited 
mechanically to low-speed operation. 

(d) Simulating Accessories for Vehicle 
Certification 

The agencies proposed to continue 
the approach from Phase 1 whereby 
GEM uses a fixed power consumption 
value to simulate the fuel consumed for 
powering accessories such as steering 
pumps and alternators. 80 FR 40186. 
The final rule continues the Phase 1 
approach, as proposed. However, Phase 
2 GEM provides an option to provide a 
GEM input reflecting technology 
improvement inputs for the accessory 
loads. This allows the manufacturers to 
receive credit for those technologies that 
are not modeled in GEM. Manufacturers 
seeking credit for those technologies 
that are not modeled in GEM would 
generally follow the off-cycle credit 
program procedures in 40 CFR 
1037.610. 

(e) Aerodynamics in GEM for Tractor, 
Vocational Vehicle, and Trailer 
Certification 

Phase 2 GEM simulates aerodynamic 
drag in using CdA (the product of the 
drag coefficient and frontal area of the 
vehicle) rather than a drag coefficient 
(Cd). For tractors and trailers we will 
continue to use an aerodynamic bin 
approach similar to the one that exists 
in Phase 1 today, although the actual 
Phase 2 bins are being revised to reflect 
new test procedures and our projections 
for more aerodynamic tractors and 
trailers in the future. This approach 
allows manufacturers to determine CdA 
(or delta-CdA in the case of trailers) from 
coastdown testing, scale wind tunnel 
testing and/or computational fluid 
dynamics modeling. It requires tractor 
manufacturers (but not trailer 
manufacturers) to conduct a certain 
minimum amount of coast-down vehicle 
testing to validate their methods. The 
regulations also provide an alternate 
path for trailer manufacturers to rely on 
testing performed by component 
suppliers. See 40 CFR 1037. 

The results of these tests determine 
into which bin a tractor or trailer is 
assigned. GEM uses the aerodynamic 
drag coefficient applicable to the bin, 
which is the same for all tractors (or 
trailers) within a given bin. This 
approach helps to account for limits in 
the repeatability of aerodynamic testing 
and it creates a compliance margin since 
any test result which keeps the vehicle 
in the same aerodynamic bin is 
considered compliant. For Phase 2 we 
are establishing new boundary values 
for the bins themselves and we are 
adding two additional tractor bins in 
order to recognize further advances in 
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167 See Section III. for a discussion of how GEM 
will model a more advanced trailer beginning with 
the 2027 model year. 

168 The agencies project that more than enough 
aerodynamic component vendors will take 
advantage of proposed optional pre-approval 
process to make testing optional for trailer 
manufacturer. 

aerodynamic drag reduction beyond 
what was recognized in Phase 1. 
Furthermore, while Phase 1 GEM used 
predefined frontal areas for tractors 
where the manufacturers input only a Cd 
value, manufacturers will use a 
measured drag area (CdA) value for each 
tractor configuration for Phase 2. See 40 
CFR 1037.525. The agencies do not 
project that vocational vehicles will 
need to improve their aerodynamic 
performance to comply with the Phase 
2 vocational chassis standards. 
However, the agencies are providing 
features in GEM for vocational vehicles 
to receive credit for improving the 
aerodynamics of vocational vehicles 
(see 40 CFR 1037.520(m)). 

In addition to these changes, we are 
making a number of aerodynamic drag 
test procedure improvements. One 
improvement is to update the ‘‘standard 
trailer’’ that is prescribed for use during 
aerodynamic drag testing of a tractor. 
Using the CdA from such testing means 
the standard trailer would also be the 
hypothetical trailer modeled in GEM to 
represent a trailer paired with the 
tractor in actual use.167 In Phase 1, a 
non-aerodynamic 53-foot long box- 
shaped dry van trailer was specified as 
the standard trailer for tractor 
aerodynamic testing (see 40 CFR 
1037.501(g)). For Phase 2 we are 
modifying this standard trailer for 
tractor testing to make it more similar to 
the trailers we expect to be produced 
during the Phase 2 timeframe. More 
specifically, we are prescribing the 
installation of aerodynamic trailer skirts 
(and low rolling resistance tires as 
applied in Phase 1) on the standard 
trailer, as discussed in further in Section 
III.E.2. As explained more fully in 
Sections III and IV, the agencies believe 
that tractor-trailer pairings will be 
optimized aerodynamically to a 
significant extent in-use (such as using 
high-roof cabs when pulling box 
trailers), and that this real-world 
optimization should be reflected in the 
certification testing. We are also revising 
the test procedures to better account for 
average wind yaw angle to reflect the 
true impact of aerodynamic features on 
the in-use fuel consumption and CO2 
emissions of tractors, again as discussed 
in more detail in Section III below. Refer 
to the test procedures in 40 CFR 
1037.525 through 1037.527 for further 
details of these aerodynamic test 
procedures. 

For trailer certification, the agencies 
use GEM in a different way than it is 
used for tractor certification. As 

described in Section IV, the agencies 
developed a simple equation to replicate 
GEM performance. The trailer standards 
are based on this equation, and trailer 
manufacturers use this GEM-based 
equation for certification. The only 
technologies recognized by this GEM- 
based equation for trailer certification 
are aerodynamic technologies, tire 
technologies (including tire rolling 
resistance and tire pressure systems), 
and weight reduction. Note that since 
the purpose of this equation is to 
replicate GEM performance, it can be 
considered as simply another form of 
the model using a different input 
interface. Thus, for simplicity, the 
remainder of this Section II.C. 
sometimes discusses GEM as being used 
for trailers, without regard to how 
manufacturers will actually input GEM 
variables. As with all of the standards in 
Phase 2, compliance is measured 
consistent with the same test methods 
used by the agencies to establish the 
standard. 

Similar to tractor certification, trailer 
manufacturers will use data from 
aerodynamic testing (e.g., coastdown 
testing, scale wind tunnel testing, 
computational fluid dynamics 
modeling, or possibly aerodynamic 
component testing) with the 
equation.168 As part of the protocol for 
generating these inputs, the agencies are 
specifying the configuration of a 
reference tractor for conducting trailer 
testing. Refer to Section IV of this 
Preamble and to 40 CFR 1037.501 of the 
regulations for details on the reference 
tractor configuration for trailer test 
procedures. 

Finally, GEM has been modified to 
accept an optional delta CdA value for 
vocational chassis, to simulate 
aerodynamic improvements relative to 
pre-specified baseline defined in 
Chapter 4 of RIA. For example, a 
manufacturer that demonstrates that 
adding side skirts to a box truck reduces 
its CdA by 0.2 m2 could input that value 
into GEM for box trucks that include 
those skirts. See 40 CFR 1037.520(m). 

(f) Tires and Tire Inflation Systems for 
Truck and Trailer Certification 

For GEM in Phase 1 tractor and 
vocational chassis manufacturers input 
the tire rolling resistance of steer and 
drive tires directly into GEM. The 
agencies prescribed an internationally 
recognized tire rolling resistance test 
procedure, ISO 28580, for determining 
the tire rolling resistance value that is 

input into GEM, as described in 40 CFR 
1037.520(c). For Phase 2 we will 
continue this same approach and the 
use of ISO 28580, and we are expanding 
these requirements to trailer tires as 
well. 

In addition to tire rolling resistance, 
Phase 2 vehicle manufacturers will 
enter into GEM the tire manufacturer’s 
specified revolutions per distance 
directly (revs/mile) for the vehicle’s 
drive tires. This value is commonly 
reported by tire manufacturers already 
so that vehicle speedometers can be 
adjusted appropriately. This input value 
is needed so that GEM can accurately 
convert simulated vehicle speed into 
axle speed, transmission speed, and 
ultimately engine speed. 

For tractors and trailers, we proposed 
to allow manufacturers to specify 
whether or not an automatic tire 
inflation system (ATIS) is installed. 80 
FR 40187. Based on comments and as 
discussed further in Sections III, IV, and 
V, in the Phase 2 final rule we are 
adopting provisions that allow 
manufacturers of tractors, trailers, and 
vocational vehicle chassis to input a 
percent decrease in overall fuel 
consumption and CO2 emissions into 
GEM if the vehicle includes either an 
ATIS or a tire pressure monitoring 
system (TPMS). The value that can be 
input depends on whether a TPMS or 
ATIS is deployed. See 40 CFR 1037.520. 

(g) Weight Reduction for Tractor, 
Vocational Chassis and Trailer 
Certification 

Phase 2 GEM continues the weight 
reduction recognition approach in Phase 
1, where the agencies prescribe fixed 
weight reductions, or ‘‘deltas,’’ for using 
certain lightweight materials for certain 
vehicle components. In Phase 1 the 
agencies published a list of weight 
reductions for using high-strength steel 
and aluminum materials on a part by 
part basis. For Phase 2 we use updated 
values for high-strength steel and 
aluminum parts for tractors and for 
trailers and we have scaled these values 
for use in certifying the different weight 
classes of vocational chassis. In addition 
we use a similar part by part weight 
reduction list for tractor parts made 
from thermoplastic material. We 
proposed to assign a fixed weight 
increase to natural gas fueled vehicles to 
reflect the weight increase of natural gas 
fuel tanks versus gasoline or diesel 
tanks, but we are not finalizing that 
provision based on comments. 80 FR 
40187. Commenters opposing this 
provision generally noted that the 
proposed provision was not consistent 
with how the agencies were treating 
other technologies. We agree that 
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169 See National Renewable Energy Laboratory 
report ‘‘EPA GHG Certification of Medium- and 
Heavy-Duty Vehicles: Development of Road Grade 
Profiles Representative of US Controlled Access 
Highways’’ dated May 2015 and EPA memorandum 
‘‘Development of an Alternative, Nationally 
Representative, Activity Weighted Road Grade 
Profile for Use in EPA GHG Certification of 
Medium- and Heavy-Duty Vehicles’’ dated May 13, 
2015, both available in Docket EPA–HQ–OAR– 
2014–0827. This docket also includes file NREL_
SyntheticAndLocalGradeProfiles.xlsx which 
contains numerical representations of all road grade 
profiles described in the NREL report. 

170 NAS 2010 Report. Page 189. ‘‘A fundamental 
concern raised by the committee and those who 
testified during our public sessions was the tension 
between the need to set a uniform test cycle for 
regulatory purposes, and existing industry practices 
of seeking to minimize the fuel consumption of 
medium and heavy-duty vehicles designed for 
specific routes that may include grades, loads, work 
tasks or speeds inconsistent with the regulatory test 
cycle. This highlights the critical importance of 
achieving fidelity between certification values and 
real-world results to avoid decisions that hurt rather 
than help real-world fuel consumption.’’ 

natural gas vehicles should be treated 
consistently with other technologies and 
so are not adopting the proposed 
provision. 

For tractors, we will continue the 
same mathematical approach in GEM to 
assign 1⁄3 of a total weight decrease to 
a payload increase and 2⁄3 of the total 
weight decrease to a vehicle mass 
decrease. For Phase 1, these ratios were 
based on the average frequency that a 
tractor operates at its gross combined 
weight rating. We will also use these 
ratios for trailers in Phase 2. For 
vocational chassis, for which Phase 1 
did not address weight reduction, we 
will assign 1⁄2 of a total weight decrease 
to a payload increase and 1⁄2 of the total 
weight decrease to a vehicle mass 
decrease. 

(h) GEM Duty Cycles for Tractor, 
Vocational Chassis and Trailer 
Certification 

In Phase 1, there are three GEM 
vehicle duty cycles that represent stop- 
and-go city driving (ARB Transient), 
urban highway driving (55 mph), and 
rural interstate highway driving (65 
mph). In Phase 1 these cycles were time- 
based. That is, they were specified as a 
function of simulated time and the duty 
cycles ended once the specified time 
elapsed in simulation. The agencies 
proposed to continue to use these three 
drive cycles in Phase 2, but with some 
revisions. 80 FR 40187. We are 
finalizing revisions similar but not 
identical to those that were proposed. 
First, GEM will simulate these cycles on 
a distance-based specification, rather 
than on a time-based specification. A 
distance-based specification ensures 
that even if a vehicle in simulation does 
not always achieve the target vehicle 
speed, the vehicle will have to continue 
in simulation for a longer period to 
complete the duty cycle. This ensures 
that vehicles are evaluated over the 
complete distance of the duty cycle and 
not just the portion of the duty cycle 
that a vehicle completes in a given time 
period. A distance-based duty cycle 
specification also facilitates a 
straightforward specification of road 
grade as a function of distance along the 
duty cycle. As noted in above, for Phase 
2, the agencies have enhanced the 55 
mph and 65 mph duty cycles by adding 
representative road grade to exercise the 
simulated vehicle’s engine, 
transmission, axle, and tires in a more 
realistic way. A flat road grade profile 
over a constant speed test does not 
properly simulate a transmission with 
respect to shifting gears, and may have 
the unintended consequence of enabling 
underpowered vehicles or excessively 
down-sped drivetrains to generate 

credits, when in actuality the engine 
does not remain down-sped in-use 
when the vehicle encounters road 
grades. The road grade profile being 
finalized is the same hill and valley 
profile for both the 55 mph and 65 mph 
duty cycles, and is based on statistical 
analysis of the United States’ national 
distribution of road grades. Although 
the final profile is different than that 
proposed, the agencies provided notice 
of the analysis that was used to generate 
the final profile.169 In written 
comments, we received in-use engine 
data from some manufacturers, and 
based on this information we made 
minor adjustments to the road grade to 
ensure that engines simulated in GEM 
operated similarly to that reported in 
the in-use engine data submitted to us. 
See Section III.E.(2)(b) of this document 
and Chapter 3.4.2.1 of the RIA for more 
details on development of the road 
grade profile. We believe that the 
enhancement of the 55 mph and 65 mph 
duty cycles with road grade is 
consistent with the NAS 
recommendation regarding road 
grade.170 

(i) Workday Idle Operation for 
Vocational Chassis Certification 

In the Phase 1 program, reduction in 
idle emissions was recognized only for 
sleeper cab tractors, and only with 
respect to hoteling idle, where a driver 
needs power to operate heating, 
ventilation, air conditioning and other 
electrical equipment in order to use the 
sleeper cab to eat, rest, or conduct other 
business. As described in Section V, 
GEM for Phase 2 will recognize 
technologies that reduce workday idle 
emissions, such as automatic stop-start 
systems, daytime parked idle automatic 
engine shutdown systems, and 

transmissions that either automatically 
or inherently shift to neutral at idle 
while in drive. Many vocational vehicle 
applications operate on patterns 
implicating workday idle cycles, and 
the agencies use test procedures in GEM 
to account specifically for these cycles 
and potential idle controls. GEM will 
recognize these idle controls in two 
ways. For technologies like neutral-idle 
transmissions and stop-start systems 
that address idle that occurs during 
vehicle operation when the vehicle is 
stopped at a stop light, GEM will 
interpolate lower fuel rates from the 
engine map during the idle portions of 
the ARB Transient and during a separate 
GEM ‘‘drive idle cycle.’’ For 
technologies like start-stop and auto- 
shutdown that eliminate some of the 
idle that occurs when a vehicle is 
stopped or parked, GEM will assign a 
value of zero fuel rate during a separate 
GEM ‘‘parked idle cycle.’’ The idle 
cycles will be weighted along with the 
65 mph, 55 mph, and ARB Transient 
duty cycles, according to the new 
vocational chassis duty cycle weighting 
factors. These weighting factors are 
different for each of the three vocational 
chassis speed categories for Phase 2. For 
tractors, only neutral idle and hotel idle 
will be addressed in GEM. 

(2) Experimental Validation of GEM 
The core simulation algorithms in 

GEM have not changed significantly 
since the proposal. Most of the changes 
since proposal focused on streamlining 
how manufacturers input data into 
GEM; revising to the drive cycles in 
GEM; and updating how GEM weights 
these different drive cycles to determine 
a composite fuel consumption value. 
These changes did not alter the 
fundamental way that GEM simulates 
varying vehicle ‘‘road load’’ and how 
GEM converts vehicle speed to engine 
speed and then interpolates engine 
maps to determine vehicle fuel 
consumption and CO2 emissions. 

Refinements to GEM since the time of 
proposal that did alter GEM’s 
simulation performance include 
modifying the default transmissions’ 
shift strategies and their power losses. 
Another key refinement was cycle 
average mapping engines for simulation 
of the ARB Transient cycle. Each time 
the agencies made such modifications to 
GEM, GEM’s correlation to the agencies 
collection of laboratory-generated 
engine and vehicle data was checked. 
Potential refinements to GEM were 
accepted if GEM’s correlation was 
improved versus this set of 
experimental data. If potential 
refinements resulted in GEM’s 
correlation to the experimental data 
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171 K. Newman, J. Kargul, and D. Barba, 
‘‘Development and Testing of an Automatic 
Transmission Shift Schedule Algorithm for Vehicle 

Simulation, ‘‘SAE Int. J. Engines 8(3):2015, 
doi:10.4271/2015–01–1142. 

172 National Academy of Science. ‘‘Reducing the 
Fuel Consumption and GHG Emissions of Medium- 
and Heavy-Duty Vehicles, Phase Two, First 
Report.’’ 2014. Recommendation1.2. 

becoming worse, those potential 
changes were rejected. Chapter 4.3.2 of 
the RIA details the GEM validation that 
was performed to determine if potential 
changes to GEM should be accepted or 
rejected. The first step of the validation 
process involves simulating vehicles in 
GEM using engine fuel maps and 
transmission shifting strategies obtained 
from manufacturers and comparing 
GEM results to experiments conducted 
with the same engines and 
transmissions. This first step re- 
validates all of the non-powertrain 
elements of GEM, which were already 
validated in Phase 1. The second step is 
to use GEM’s default transmissions’ 
shift strategies in simulation 171 and 
then compare GEM results to powertrain 
tests of several transmissions. The only 
difference between the first and second 
step is the shifting strategy and 
powertrain energy loss assumptions. 
This step facilitates tuning of GEM’s 
default transmission models so that they 
correlate well to a variety of real 
transmissions. The third step is to 
compare GEM simulations to real-world 
in-use recorded data from actual 
vehicles. This is the most challenging 
step because the experimental data 

includes real-world effects of wind, road 
grade, and driver behavior in traffic. The 
most important element of this third 
step is not absolute correlation, but 
rather, relative correlation, which 
demonstrates that when a technology is 
added to a real vehicle, the relative 
improvement in the real world is 
simulated in GEM with a high degree of 
correlation. 

In the first validation step, the 
agencies compared GEM to over 130 
vehicle variants, consistent with the 
recommendation made by the NAS in 
their Phase 2-First Report.172 As 
described in Chapter 4 of the RIA, good 
agreement was observed between GEM 
simulations and test data over a wide 
range of vehicles. In general, the model 
simulations agreed with experimental 
test results within ±5 percent on an 
absolute basis. As pointed out in 
Chapter 4.3.2 of the RIA, relative 
accuracy is more relevant to the intent 
of this rulemaking, which is to 
accelerate the adoption of additional 
fuel efficiency improving technologies. 
Consistent with the intent of this 
rulemaking, all of the numeric standards 
for tractors, trailers and vocational 
chassis are derived from running GEM 

first with Phase 1 ‘‘baseline’’ technology 
packages and then with various Phase 2 
technology packages. The differences 
between these GEM results are 
examined to determine final 
stringencies. In other words, the 
agencies used the same final version of 
GEM to establish the numeric standards 
as will be used by manufacturers to 
demonstrate compliance. Therefore, it is 
most important that GEM accurately 
reflects relative changes in emissions for 
each added technology. In other words, 
for vehicle certification purposes it is 
less important that GEM’s absolute 
value of the fuel consumption or CO2 
emissions be accurate compared to 
laboratory testing of the same vehicle. 
The ultimate purpose of GEM is to 
evaluate changes or additions in 
technology, and compliance is 
demonstrated on a relative basis to the 
numeric standards that were also 
derived from GEM. Nevertheless, the 
agencies concluded that the absolute 
accuracy of GEM is generally within ±5 
percent, as shown in Figure II.2 2. 
Chapter 4.3.2 of the RIA shows that 
relative accuracy is even better, ±2–3 
percent. 
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173 40 CFR 1036.610, 1036.615, 1037.610, and 
1037.615. 

In addition to this successful 
validation against experimental results, 
the agencies have also conducted a peer 
review of the GEM source code. This 
peer review has been submitted to 
Docket number EPA–HQ–OAR–2014– 
0827. 

The second validation step was to 
repeat the first step’s GEM simulations 
with the agencies’ default transmission 
shift strategies.171 It was expected that 
GEM’s absolute accuracy would 
decrease because these shift strategies 
were tuned for best average performance 
and for a particular transmission. 
Nevertheless, it was shown that relative 
accuracy did not suffer; therefore, the 
agencies deemed the GEM default shift 
strategies acceptable for GEM 
certification purposes. Further details of 
this validation step are presented in 
Chapter 4.3.2.3 of the RIA and in a SwRI 
final report.162 

As explained above and in Chapter 
4.3.2.3 of the RIA, it is challenging to 
achieve absolute correlation between 
any computer simulation and real-world 
vehicle operation. Therefore, the 
agencies focused on relative 
comparisons. Following the SAE 
standard procedure SAE J1321 ‘‘Type 
II,’’ two trucks have been tested and 
these real-world results were compared 
to GEM simulations. In summary, the 
relative comparisons between GEM 
simulations and the real-world testing of 
trucks showed a 2.4 percent difference. 
The details of this testing and 
correlation analysis is presented in 
Chapter 4.3.2.3 of the RIA. 

In conclusion, the agencies completed 
a number of validation steps to ensure 
that GEM demonstrates a reasonable 
degree of absolute accuracy, but more 
importantly a high degree of relative 
accuracy, versus both laboratory and 
real-world experimental data. 

(3) Supplements to GEM Simulation 

As in Phase 1, for most tractors and 
vocational vehicles, compliance with 
the Phase 2 g/ton-mile vehicle standards 
could be evaluated by directly 
comparing the GEM result to the 
standard. However, in Phase 1, 
manufacturers incorporating innovative 
or advanced technologies could apply 
improvement factors to lower the GEM 
result before comparing to the 
standard.173 For example, a 
manufacturer incorporating a launch- 
assist mild hybrid that was pre- 
approved for a 5 percent benefit would 
apply a 0.95 improvement factor to its 
GEM results for such vehicles. In this 

example, a GEM result of 300 g/ton-mile 
will be reduced to 285 g/ton-mile. 

For Phase 2, the agencies largely 
continue the existing Phase 1 innovative 
technology approach, but we name it 
‘‘off-cycle’’ to better reflect its purpose. 

(a) Off-Cycle Technology Procedures 
In Phase 1 the agencies adopted an 

emissions credit generating opportunity 
that applied to new and innovative 
technologies that reduce fuel 
consumption and CO2 emissions, which 
were not in common use with heavy- 
duty vehicles before model year 2010 
and are not reflected over the test 
procedures or GEM (i.e., the benefits are 
‘‘off-cycle’’). See 76 FR 57253. As was 
the case in the development of Phase 1, 
the agencies continue this approach for 
technologies and concepts with CO2 
emissions and fuel consumption 
reduction potential that might not be 
adequately captured over the Phase 2 
duty cycles or are not inputs to GEM. 
Note, however, that the agencies now 
refer to these technologies as off-cycle 
rather than innovative. Comments were 
generally supportive of continuing this 
provision. See Section I.C(1)(c) of this 
document and Section 1 of the RTC for 
more discussion of innovative and off- 
cycle technologies. 

We recognize that the Phase 1 testing 
burden associated with the innovative 
technology credit provisions 
discouraged some manufacturers from 
applying. To streamline recognition of 
many technologies, default values have 
been integrated directly into GEM. For 
example, automatic tire inflation 
systems have fixed default values, and 
such technologies are now recognized 
through a post-simulation adjustment 
approach, discussed in Chapter 4 of the 
RIA. This is similar to the technology 
‘‘pick list’’ from our light-duty 
programs. See 77 FR 62833–62835 
(October 15, 2012). If manufacturers 
wish to receive additional credit beyond 
these fixed values, then the off-cycle 
technology credit provisions provide a 
regulatory path toward that additional 
recognition. 

Beyond the additional technologies 
that the agencies have added to GEM, 
the agencies also believe there are 
several emerging technologies that are 
being developed today, but will not be 
accounted for in GEM because we do 
not have enough information about 
these technologies to assign fixed values 
to them in GEM. Any credits for these 
technologies will need to be based on 
the off-cycle technology credit 
generation provisions. These require the 
assessment of real-world fuel 
consumption and GHG reductions that 
can be measured with verifiable test 

methods using representative operating 
conditions typical of the engine or 
vehicle application. 

As in Phase 1, the agencies continue 
to provide two paths for approval of the 
test procedure to measure the CO2 
emissions and fuel consumption 
reductions of an off-cycle technology 
used in the HD tractor. See 40 CFR 
1037.610 and 49 CFR 535.7. The first 
path does not require a public approval 
process of the test method. A 
manufacturer can use ‘‘pre-approved’’ 
test methods for HD vehicles including 
the A-to-B chassis testing, powertrain 
testing or on-road testing. A 
manufacturer may also use any 
developed test procedure which has 
known quantifiable benefits. A test plan 
detailing the testing methodology is 
required to be approved by the agencies 
prior to collecting any test data. The 
agencies will also continue the second 
path which includes a public approval 
process of any testing method which 
could have uncertain benefits (i.e., an 
unknown usage rate for a technology). 
Furthermore, the agencies are modifying 
our provisions to better clarify the 
documentation required to be submitted 
for approval aligning them with 
provisions in 40 CFR 86.1869–12, and 
NHTSA separately prohibits credits 
from technologies addressed by any of 
its crash avoidance safety rulemakings 
(i.e., congestion management systems). 

Sections III and V separately describe 
tractor and vocational vehicle 
technologies, respectively, that the 
agencies anticipate may qualify for these 
off-cycle credit provisions. 

(4) Production Vehicle Testing for 
Comparison to GEM 

As described in Section III.E.(2)(j), 
The agencies are requiring tractor 
manufacturers to annually chassis test 
five production vehicles over the GEM 
cycles to verify that relative reductions 
simulated in GEM are being achieved in 
production. See 40 CFR 1037.665. We 
do not expect absolute correlation 
between GEM results and chassis 
testing. GEM makes many simplifying 
assumptions that do not compromise its 
usefulness for certification, but do cause 
it to produce emission rates different 
from what would be measured during a 
chassis dynamometer test. Given the 
limits of correlation possible between 
GEM and chassis testing, we would not 
expect such testing to accurately reflect 
whether a vehicle was compliant with 
the GEM standards. Therefore, we are 
not applying GHG compliance liability 
to such testing. Rather, this testing will 
be for data collection and informational 
purposes only. The agencies will 
continue to evaluate in-use compliance 
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174 The sole exception being the design-based 
standards for non-aero and partial aero trailers. 

by verifying GEM inputs and testing in- 
use engines. (Note that NTE standards 
for criteria pollutants may apply for 
some portion of the test cycles.) 

(5) Use of GEM in Establishing the 
Phase 2 Numerical Standards 

As in Phase 1, the agencies are setting 
specific numerical standards against 
which tractors and vocational vehicles 
will be certified using GEM (box trailers 
will use a GEM-based equation, and 
some trailers and custom chassis 
vocational vehicles may optionally use 
a non-GEM certification path). Although 
these standards are performance-based 
standards, which do not specifically 
require the use of any particular 
technologies,174 the agencies established 
these standards by evaluating specific 
vehicle technology packages using the 
final version of Phase 2 GEM. We note 
that that this means the final numerical 
standards are not directly comparable to 
the proposed standards, which were 
based on an intermediate version of 
GEM, rather than on the final version. 

(a) Relation to In-Use Emissions 
The purpose of this rulemaking is to 

achieve in-use emission and fuel 
consumption reductions by requiring 
manufacturers to demonstrate that they 
meet the promulgated emission 
standards. Thus, it is important that 
GEM simulations be reasonably 
representative of in-use operation. 
Testing that is unrepresentative of 
actual in-use operation does not 
necessarily tell us anything about 
whether any emission reductions occur. 
However, we recognize that certain 
simplifications are necessary for 
practical simulations. In the past, EPA 
has addressed this issue by including in 
our testing regulations a process by 
which EPA can work with 
manufacturers to adjust test procedures 
to make them more representative of in- 
use operation. For engine testing, this 
provision is in 40 CFR 1065.10(c)(1), 
where EPA requires manufacturers to 
notify us in cases in which they 
determine that the specified test 
procedures would result in 
measurements that do not represent in- 
use operation. 

Although we are not adopting an 
equivalent provision for GEM at this 
time, we expect similar principles to 
apply. To the extent that GEM fails to 
represent in-use emission, we would 
expect to work with manufacturers to 
address the issue—under the existing 
regulations where possible, or by 
promulgating a new rulemaking. 

We recognize that many compromises 
must be made between the practicality 
of testing/simulation and the matching 
of in-use operation. We have considered 
many aspects of the test procedures in 
this respect for the engines, vehicles, 
and emission controls of which we are 
currently aware. We have concluded 
that the procedures will generally result 
in emission simulations that are 
sufficiently representative of in-use 
emissions, even though not all in-use 
operation will occur during simulation. 
Nevertheless, we have identified several 
areas that deserve some additional 
discussion. 

GEM is structured to simulate a single 
vehicle weight (curb weight plus 
payload) per regulatory subcategory. 
However, we know that actual in-use 
weights will rarely be exactly the same 
as the simulated weights. Nevertheless, 
since the representativeness of the 
simulated weights (or lack thereof) is 
being fully considered in the setting of 
the standards, there would be no need 
to modify the procedures to account for 
different curb weights or payloads. 

GEM simulates vehicle emissions over 
three drive cycles plus two idle cycles, 
and weights the cycle results based on 
the type of vehicle being certified. These 
cycles and weightings reflect fleet 
average driving patterns and the 
agencies do not expect them to fully 
match driving patterns for individual 
vehicles. Thus, we would generally not 
consider GEM’s cycles as 
unrepresentative for vehicles with 
different in-use driving patterns. 
However, if new information became 
available that demonstrated that GEM’s 
cycles somehow did not reflect fleet 
average driving patterns, the agencies 
would consider such information in the 
context of the principles of 
representative testing, described above. 

Finally, GEM includes default values 
for axle and transmission efficiency 
derived from baseline technologies. 
However, we generally expect 
manufacturers to use more efficient 
axles and transmissions for Phase 2 
vehicles. As noted above, based on 
comments, the agencies are allowing 
manufacturers to optionally input 
measured efficiencies to better represent 
these more efficient technologies. We 
would not consider GEM 
unrepresentative if manufacturers chose 
to use the default values rather than 
measure these efficiencies directly. 

(b) Relation to Powertrain Testing 
As already noted, GEM correlates very 

well with powertrain testing. To the 
extent they differ, it would be expected 
to be primarily related to how 
transmission performance is modeled in 

GEM. Although GEM includes a 
sophisticated model of transmissions, it 
cannot represent a transmission better 
than a powertrain test of the same 
transmission. Thus, the agencies 
consider powertrain testing to be as 
good as or better than GEM run using 
engine-only fuel maps; hence the 
provision in the final rules allowing 
results from powertrain testing to be 
used as a GEM input. 

In some respects, powertrain testing 
can be considered to be a reference 
method for this rulemaking. Because 
manufacturers have the option to 
perform powertrain testing instead of 
engine-only fuel mapping, the 
stringency of the final standards can be 
traced to powertrain testing. In other 
words, methods that can be shown to be 
equivalent to powertrain testing can be 
considered to be consistent with the 
testing that was used as the basis of the 
final Phase 2 standards. 

In a related context, it may be useful 
in the future to consider equivalency to 
powertrain testing as an appropriate 
criterion for evaluating changes to GEM 
to address new technologies. Consider, 
for example, a new technology that is 
not represented in GEM, but that is 
reflected in powertrain testing. The 
agencies could determine that it would 
be appropriate to modify GEM to reflect 
the technology rather than to require 
manufacturers to perform powertrain 
testing. In such a case, the agencies 
would not consider the modification to 
GEM to impact the effective stringency 
of the Phase 2 standards because the 
new version of GEM would be 
equivalent to performing powertrain 
testing. 

D. Engine Test Procedures and Engine 
Standards 

In addition to the Phase 1 GEM-based 
vehicle certification of tractors and 
vocational chassis, the agencies also set 
Phase 1 separate CO2 and fuel efficiency 
standards for the engines installed in 
tractors and vocational chassis. EPA 
also set Phase 1 separate engine 
standards for capping methane (CH4) 
and nitrous oxide (N2O) emissions 
(essentially capping emissions at 
current emission levels). Compliance 
with all of these Phase 1 separate engine 
standards is demonstrated by measuring 
these emissions during an engine 
dynamometer test procedure. For Phase 
1 the agencies use the same test 
procedure specified for EPA’s existing 
heavy-duty engine emissions standards 
(e.g., NOX and PM standards). These 
Phase 1 engine standards are specified 
in terms of brake-specific (g/bhp-hr) 
fuel, CO2, CH4 and N2O emissions 
limits. Since the test procedure already 
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175 The SET cycle is also referred to as the 
‘‘ramped-modal cycle’’ because, for criteria 
pollutants, it is performed as a continuous cycle 
with ramped transitions between the individual 
modes of the SET. 

176 ‘‘OEM perspective—Meeting EPA/NHTSA 
GHG/Efficiency Standards’’, 7th Integer Emissions 
Summit USA 2014, Volvo Group North America. 

specified how to measure fuel 
consumption, CO2 and CH4, few 
changes were needed to utilize the test 
procedure for Phase 1, the most notable 
change being a modification specifying 
how to measure N2O. 

There are some differences in how 
these non-GHG test procedures are 
applied in Phase 1 and Phase 2. In 
EPA’s non-GHG engine emissions 
standards, heavy-duty engines must 
meet brake-specific standards for 
emissions of total oxides of nitrogen 
(NOX), particulate mass (PM), non- 
methane hydrocarbon (NMHC), and 
carbon monoxide (CO). These standards 
must be met by all engines both over a 
13-mode steady-state duty cycle called 
the ‘‘Supplemental Emissions Test’’ 
(SET) 175 and over a composite of a cold- 
start and a hot-start transient duty cycle 
called the ‘‘Federal Test Procedure’’ 
(FTP). In contrast, for Phase 1 the 
agencies require that engines 
specifically installed in tractors meet 
fuel efficiency and CO2 standards over 
only the SET but not the composite FTP. 
This requirement was intended to 
reflect that tractor engines typically 
operate near steady-state conditions 
versus transient conditions. See 76 FR 
57159. For Phase 2 the agencies are 
finalizing, as proposed, slight changes to 
the 13-modes’ weighting factors to better 
reflect in-use engine operation. These 
weighting factors apply only for 
determining SET fuel consumption and 
CO2 emissions. No changes are being 
made to the weighting factors for EPA’s 
non-GHG emission standards. The 
agencies adopted the converse for 
engines installed in vocational vehicles. 
That is, these engines must meet fuel 
efficiency and CO2 standards over the 
composite FTP but not the SET. This 
requirement was intended to reflect that 
vocational vehicle engines typically 
operate under transient conditions 
versus steady-state conditions (76 FR 
57178). For both tractor and vocational 
vehicle engines in Phase 1, EPA set CH4 
and N2O emissions cap standards over 
the composite FTP only and not over 
the SET duty cycle. See Section II.D. for 
details on this final action’s engine test 
procedures for Phase 2. 

In response to the agencies’ proposed 
engine standards, we received a number 
of public comments. The agencies 
considered those comments, and the 
following list summarizes key changes 
we’ve made in response, and more 
detailed descriptions of these changes 
are presented in Chapter 2.7 of the RIA: 

• Recalculated the SET baseline using 
the new Phase 2 SET weighting factors. 

• Recalculated the FTP baseline, 
based on MY 2016 FTP certification 
data from Cummins, DTNA, Volvo, 
Navistar, Hino, Isuzu, Ford, GM and 
FCA. These included HHD, MHD, and 
LHD engines. 

• Projected how manufacturers would 
modify maximum fuel rates as a 
function of speed to strategically 
relocate SET mode points to achieve 
lowest SET results. 

• Projected a higher market 
penetration of WHR in 2027, versus 
what we proposed. 

• Decreased our projected impact of 
engine technology dis-synergies by 
increasing the magnitude of our so- 
called ‘‘dis-synergy factors;’’ accounting 
for these changes by increasing the 
research and development costs needed 
for this additional optimization. 

The following section first describes 
the engine test procedures used to 
certify engines to the Phase 2 separate 
engine standards. Sections that follow 
describe the Phase 2 CO2, N2O and CH4 
separate engine standards and their 
feasibility. 

(1) Engine Test Procedures 

(a) SET Cycle Weighting 
The SET cycle was adopted by EPA in 

2000 and modified in 2005 from a 
discrete-mode test to a ramped-modal 
cycle to broadly cover the most 
significant part of the speed and torque 
map for heavy-duty engines, defined by 
three non-idle speeds and three relative 
torques. The low speed is called the ‘‘A 
speed,’’ the intermediate speed is called 
the ‘‘B speed,’’ and the high speed is 
called the ‘‘C speed.’’ As is shown in 
Table II–1, the SET cumulatively 
weights these three speeds at 23 
percent, 39 percent, and 23 percent. 

TABLE II–1—SET MODES WEIGHTING 
FACTOR IN PHASE 1 

Speed, % Load 

Weighting 
factor in 
Phase 1 

(%) 

Idle ............................................ 15 
A, 100 ....................................... 8 
B, 50 ......................................... 10 
B, 75 ......................................... 10 
A, 50 ......................................... 5 
A, 75 ......................................... 5 
A, 25 ......................................... 5 
B, 100 ....................................... 9 
B, 25 ......................................... 10 
C, 100 ....................................... 8 
C, 25 ......................................... 5 
C, 75 ......................................... 5 
C, 50 ......................................... 5 

Total ...................................... 100 

TABLE II–1—SET MODES WEIGHTING 
FACTOR IN PHASE 1—Continued 

Speed, % Load 

Weighting 
factor in 
Phase 1 

(%) 

Cumulative A Speed ................. 23 
Cumulative B Speed ................. 39 
Cumulative C Speed ................ 23 

The C speed is typically in the range 
of 1800 rpm for current heavy heavy- 
duty engine designs. However, it is 
becoming much less common for 
engines to operate at such a high speeds 
in real-world driving conditions, and 
especially not during cruise vehicle 
speeds in the 55 to 65 mph vehicle 
speed range. This trend has been 
corroborated by engine manufacturers’ 
in-use data that has been submitted to 
the agencies in comments and presented 
at technical conferences.176 Thus, 
although the current SET represents 
highway operation better than the FTP 
cycle, it could be improved by adjusting 
its weighting factors to better reflect 
modern trends in in-use engine 
operation. Furthermore, the most recent 
trends indicate that manufacturers are 
configuring drivetrains to operate 
engines at speeds down to a range of 
1050–1200 rpm at a vehicle speed of 65 
mph. 

To address this trend toward in-use 
engine down-speeding, the agencies are 
finalizing as proposed refined SET 
weighting factors for the Phase 2 CO2 
emission and fuel consumption 
standards. The new SET mode 
weightings move most of the C 
weighting to ‘‘A’’ speed, as shown in 
Table II–2. To better align with in-use 
data, these changes also include a 
reduction of the idle speed weighting 
factor. These new mode weightings do 
not apply to criteria pollutants or to the 
Phase 1 CO2 emission and fuel 
consumption standards. 

TABLE II–2—NEW SET MODES 
WEIGHTING FACTOR IN PHASE 2 

Speed/% load 

Weighting 
factor in 
Phase 2 

(%) 

Idle ............................................ 12 
A, 100 ....................................... 9 
B, 50 ......................................... 10 
B, 75 ......................................... 10 
A, 50 ......................................... 12 
A, 75 ......................................... 12 
A, 25 ......................................... 12 
B, 100 ....................................... 9 
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TABLE II–2—NEW SET MODES 
WEIGHTING FACTOR IN PHASE 2— 
Continued 

Speed/% load 

Weighting 
factor in 
Phase 2 

(%) 

B, 25 ......................................... 9 
C, 100 ....................................... 2 
C, 25 ......................................... 1 
C, 75 ......................................... 1 
C, 50 ......................................... 1 

Total ...................................... 100 
Total A Speed ........................... 45 
Total B Speed ........................... 38 
Total C Speed .......................... 5 

(b) Engine Test Provisions for SET, FTP, 
and Engine Mapping for GEM Inputs 

Although GEM does not apply 
directly to engine certification, Phase 2 
will require engine manufacturers to 
generate and certify full load and 
motoring torque curves and engine fuel 
rate maps for input into GEM for tractor 
and vocational chassis manufacturers to 
demonstrate compliance to their 
respective standards. The full load and 
motoring torque curve procedures were 
previously defined in 40 CFR part 1065, 
and these are already required for non- 
GHG emissions certification. The Phase 
2 final default test procedure for 
generating an engine map for GEM’s 55 
mph and 65 mph drive cycles is the 
‘‘steady-state’’ mapping procedure. 
However, the agencies are finalizing an 
option for manufacturers to use the 
‘‘cycle average’’ mapping procedure for 
GEM’s 55 mph and 65 mph drive cycles. 
The test procedure for generating an 
engine map for GEM’s ARB Transient 
drive cycle is the ‘‘cycle-average’’ 
mapping procedure, and the agencies 
are not finalizing any other mapping 
options for the ARB Transient drive 
cycle. Note that if an engine 
manufacturer elects to conduct 
powertrain testing to generate inputs for 
GEM, then steady-state and cycle- 
average engine maps would not be 
required for those GEM vehicle 
configurations to which the powertrain 
test inputs would apply. The steady- 
state and cycle-average test procedures 
are specified in 40 CFR parts 1036 and 
1065. The technical and confidential 
business information motivations for 
finalizing these test procedures are 
explained in II. B. (2), along with a 
summary of comments we received. 

One important consideration is the 
need to correct measured fuel 
consumption rates for the carbon and 
energy content of the test fuel. As 
proposed, we will continue the Phase 1 
approach, which is specified in 40 CFR 

1036.530. We are specifying a similar 
approach to GEM fuel maps in Phase 2. 

As proposed, the agencies are 
requiring that engine manufacturers 
certify fuel maps for GEM, as part of 
their certification to the engine 
standards. However, there were a 
number of manufacturer comments 
strongly questioning the particular 
proposed requirement that engine 
manufacturers provide these maps to 
vehicle manufacturers starting in MY 
2020 for the certification of vehicles 
commercially marketed as MY 2021 
vehicles in calendar year 2020. This is 
a normal engine and vehicle 
manufacturing process, where many 
vehicles may be produced with engines 
having an earlier model year than the 
commercial model year of the vehicle. 
For example, we expect that some MY 
2021 vehicles will be produced with 
MY 2020 engines. Thus, we proposed to 
require engine manufacturers to begin 
providing GEM fuel maps for MY 2020 
engines so that vehicle manufacturers 
could run GEM to certify MY 2021 
vehicles with MY 2020 engines. EMA 
and some of its members commented 
that MY 2020 engines should not be 
subject to Phase 2 requirements, based 
on NHTSA’s statutory 4-year lead-time 
requirement and because the potential 
higher fuel consumption of MY 2020 
(i.e., Phase 1) engine maps could force 
vehicle manufacturers to install 
additional technologies that were not 
projected by the agencies for 
compliance. The agencies considered 
these comments along with the potential 
cost savings for manufacturers to align 
the timing of both their engines’ and 
vehicle’s Phase 2 product plans and 
certification paths. The agencies also 
considered how this situation would 
repeat in MY 2024 and MY 2027 and 
possibly with future standards as well. 
Based on these considerations, we have 
decided that it would be more 
appropriate to harmonize the engine 
and vehicle standards, starting in MY 
2021 so that vehicle manufacturers will 
not need fuel maps for 2020 engines. 
Thus, we are not finalizing the 
requirement to provide fuel maps for 
MY 2020 engines. However, we are 
requiring fuel maps for all MY 2021 
engines, even those (e.g., small 
businesses) for which the Phase 2 
engine and vehicle standards have been 
delayed. See 40 CFR 1036.150. 

The current engine test procedures 
also require the development of 
regeneration emission rate and 
frequency factors to determine 
infrequent regeneration adjustment 
factors (IRAFs) that account for the 
emission changes for criteria pollutants 
during an exhaust emissions control 

system regeneration event. In Phase 1 
the agencies adopted provisions to 
exclude CO2 emissions and fuel 
consumption due to regeneration. 
However, for Phase 2, we are requiring 
the inclusion of CO2 emissions and fuel 
consumption due to regeneration over 
the FTP and SET (RMC) cycles, as 
determined using the IRAF provisions 
in 40 CFR 1065.680. While some 
commenters opposed this because of its 
potential impact on stringency, we do 
not believe this will significantly impact 
the stringency of these standards 
because manufacturers have already 
made great progress in reducing the 
frequency and impact of regeneration 
emissions since 2007. Rather, the 
agencies are including IRAF CO2 
emissions for Phase 2 to prevent these 
emissions from increasing in the future 
to the point where they would 
otherwise become significant. 
Manufacturers qualitatively 
acknowledged the likely already small 
and decreasing magnitude of IRAF CO2 
emissions in their comments. For 
example, EMA stated, ‘‘the rates of 
infrequent regenerations have been 
going down since the adoption of the 
Phase 1 standards’’ and that IRAF 
‘‘contributions are minor.’’ 
Nevertheless, we believe it is prudent to 
begin accounting for regeneration 
emissions to discourage manufacturers 
from adopting criteria emissions 
compliance strategies that could reverse 
this trend. Manufacturers expressed 
concern about the additional test 
burden, but the only additional 
requirement would be to measure and 
report CO2 emissions for the same tests 
they are already performing to 
determine IRAFs for other pollutants. 

At the time of the proposal, we did 
not specifically adjust baseline levels to 
include additional IRAF emissions 
because we believed them to be 
negligible and decreasing. Commenters 
opposing this proposed provision 
provided no data to dispute this belief. 
We continue to believe that regeneration 
strategies can be engineered to maintain 
these negligible rates. Thus, we do not 
believe they are of fundamental 
significance for our baselines in the 
FRM. Highway operation includes 
enough high temperature operation to 
make active regenerations unnecessary. 
Furthermore, recent improvements in 
exhaust after-treatment catalyst 
formulations and exhaust temperature 
thermal management strategies, such as 
intake air throttling, minimize CO2 IRAF 
impacts during non-highway operation, 
where active regeneration might be 
required. Finally, as is discussed in 
Section II.D.(2), recent significant 
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efficiency improvements over the FTP 
cycle suggest that FTP emissions may 
actually be even lower than we have 
estimated in our updated FTP baselines, 
which would provide additional margin 
for manufacturers to manage any minor 
CO2 IRAF impacts that may occur. 

We are not including fuel 
consumption due to after-treatment 
regeneration in the creation of fuel maps 
used in GEM for vehicle compliance. 
We believe that the IRAF requirements 
for the separate SET and FTP engine 
standards, along with market forces that 
already exist to minimize regeneration 
events, will create sufficient incentives 
to reduce fuel consumption during 
regeneration over the entire fuel map. 

(c) Powertrain Testing 
The agencies are finalizing a 

powertrain test option to afford a robust 
mechanism to quantify the benefits of 
CO2 reducing technologies that are a 
part of the powertrain (conventional or 
hybrid), that are not captured in the 
GEM simulation. Among these 
technologies are integrated engine and 
transmission control and hybrid 
systems. We are finalizing a number of 
improvements to the test procedure in 
40 CFR 1037.550. As proposed we are 
finalizing the requirement for Phase 2 
hybrid powertrains to mapped using 
this powertrain test method. The 
agencies are also finalizing 
modifications to 40 CFR 1037.550 to 
separate out the hybrid specific testing 
protocols. 

To limit the amount of testing under 
this rule, powertrains can be divided 
into families and are tested in a limited 
number of simulated vehicles that will 
cover the range of vehicles in which the 
powertrain will be used. A matrix of 8 
to 9 tests will be needed per vehicle 
cycle, to enable the use of the 
powertrain results broadly across all the 
vehicles in which the powertrain will be 
installed. The individual tests differ by 
the vehicle that is being simulated 
during the test. These are discussed in 
detail in Chapter 3.6 of the RIA. 

(i) Powertrain Test Procedure 
The agencies are expanding upon the 

test procedures defined 40 CFR 
1037.550 for Phase 1 hybrid vehicles. 
The Phase 2 expansion will migrate the 
current Phase 1 test procedure to a new 
40 CFR 1037.555 and will modify the 
current test procedure in 40 CFR 
1037.550, allowing its use for Phase 2 
only. The Phase 2 modifications relative 
to 40 CFR 1037.550 include the addition 
of the rotating inertia of the driveline 
and tires, and the axle efficiency. This 
revised procedure also requires that 
each of the powertrain components be 

cooled so that the temperature of each 
of the components is kept in the normal 
operation range. We are extending the 
powertrain procedure to PHEV 
powertrains. 

Powertrain testing contains many of 
the same requirements as engine 
dynamometer testing. The main 
differences are where the test article 
connects to the dynamometer and the 
software that is used to command the 
dynamometer and operator demand 
setpoints. The powertrain procedure 
finalized in Phase 2 allows for the 
dynamometer(s) to be connected to the 
powertrain either upstream of the drive 
axle or at the wheel hubs. The output 
of the transmission is upstream of the 
drive axle for conventional powertrains. 
In addition to the transmission, a 
hydraulic pump or an electric motor in 
the case of a series hybrid may be 
located upstream of the drive axle for 
hybrid powertrains. If optional testing 
with the wheel hub is used, two 
dynamometers will be needed, one at 
each hub. Beyond these points, the only 
other difference between powertrain 
testing and engine testing is that for 
powertrains, the dynamometer and 
throttle setpoints are not set by fixed 
speed and torque targets prescribed by 
the cycle, but are calculated in real time 
by the vehicle model. The powertrain 
test procedure requires a forward 
calculating vehicle model, thus the 
output of the model is the dynamometer 
speed setpoints. The vehicle model 
calculates the speed target using the 
measured torque at the previous time 
step, the simulated brake force from the 
driver model, and the vehicle 
parameters (tire rolling resistance, drag 
area, vehicle mass, rotating mass, and 
axle efficiency). The operator demand 
that is used to change the torque from 
the engine is controlled such that the 
powertrain follows the vehicle speed 
target for the cycle instead of being 
controlled to match the torque or speed 
setpoints of the cycle. The emission 
measurement procedures and 
calculations are identical to engine 
testing. 

(ii) Engine Test Procedures for 
Replicating Powertrain Tests 

As described in Section II.B.(2)(b), the 
agencies are finalizing the proposed 
powertrain test option to quantify the 
benefits of CO2-reducing powertrain 
technologies. This option is very similar 
to the cycle average mapping approach, 
although these powertrain test results 
would be used to override both the 
engine and transmission (and possibly 
axle) simulation portions of GEM, not 
just the engine fuel map. The agencies 
are requiring that any manufacturer 

choosing to use this option also measure 
engine speed and engine torque during 
the powertrain test so that the engine’s 
performance during the powertrain test 
could be replicated in a non-powertrain 
engine test cell. Manufacturers would be 
required to measure or calculate, using 
good engineering judgment, the engine 
shaft output torque, which would be 
close-coupled to the transmission input 
shaft during a powertrain test. 
Subsequent engine testing then could be 
conducted using the normal part 1065 
engine test procedures as specified in 40 
CFR 1037.551, and g/bhp-hr CO2 results 
could be compared to the levels the 
manufacturer reported during 
certification. Such testing could apply 
for both confirmatory and selective 
enforcement audit (SEA) testing. This 
would simplify both the certification 
and SEA testing. 

As proposed, engine manufacturers 
certifying powertrain performance 
(instead of or in addition to the multi- 
point fuel maps) will be held 
responsible for powertrain test results. If 
the engine manufacturer does not certify 
powertrain performance and instead 
certifies only the steady-state and/or 
cycle-average fuel maps, it will held 
responsible for fuel map performance 
rather than the powertrain test results. 
Engine manufacturers certifying both 
will be responsible for both. 

Some commenters objected to the 
potential liability for such engine-only 
tests. However, it appears they do not 
understand our intent. This provision 
states clearly that this approach could 
be used only where ‘‘the test engine’s 
operation represents the engine 
operation observed in the powertrain 
test.’’ Also, since the manufacturers 
perform all SEA testing themselves, this 
would be an option for the manufacturer 
rather than something imposed by EPA. 
Thus, this concern should be limited to 
the narrow circumstance in which EPA 
performs confirmatory engine testing of 
an engine that was certified using 
powertrain testing, follows the 
manufacturer’s specified engine test 
cycle, and ensures that the test 
accurately represents the engine’s 
performance during the powertrain test. 
However, it is not clear why this would 
be problematic. It is entirely reasonable 
to assume that testing the engine in this 
way would result in equivalent 
emission results. To the extent 
manufacturer concerns remain, each 
manufacturer would be free to certify 
their engines based on engine-only fuel 
maps rather than powertrain testing. 

(d) CO2 From Urea SCR Systems 
For diesel engines utilizing urea SCR 

emission control systems for NOX 
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177 https://www3.epa.gov/otaq/certdata.htm#oh. 
178 http://www.arb.ca.gov/msprog/onroad/cert/

mdehdehdv/2016/2016.php. 

reduction, the agencies will allow, but 
not require, correction of the final 
engine (and powertrain) fuel maps to 
account for the contribution of CO2 from 
the urea injected into the exhaust. This 
urea typically contributes 0.2 to 0.5 
percent of the total CO2 emissions 
measured from the engine, and up to 1 
percent at certain map points. Since 
current urea production methods use 
gaseous CO2 captured from the 
atmosphere (along with NH3), CO2 
emissions from urea consumption does 
not represent a net carbon emission. 
This adjustment is necessary so that fuel 
maps developed from CO2 
measurements will be consistent with 
fuel maps from direct measurements of 
fuel flow rates. This adjustment is also 
necessary to fully align EPA’s CO2 
standards with NHTSA’s fuel 
consumption standards. Failing to 
account for urea CO2 tailpipe emissions 
would result in reporting higher fuel 
consumption than what was actually 

consumed. Thus, we are only allowing 
this correction for emission tests where 
CO2 emissions are determined from 
direct measurement of CO2 and not from 
fuel flow measurement, which would 
not be impacted by CO2 from urea. 

We note that this correction will be 
voluntary for manufacturers, and we 
expect that some manufacturers may 
determine that the correction is too 
small to be of concern. The agencies 
will use this correction for CO2 
measurements with any engines for 
which the engine manufacturer applied 
the correction for its fuel maps during 
certification. 

We are not allowing this correction 
for engine test results with respect to the 
engine CO2 standards. Both the Phase 1 
standards and the new standards for 
CO2 from diesel engines are based on 
test results that included CO2 from urea. 
In other words, these standards are 
consistent with using a test procedure 
that does not correct for CO2 from urea. 

(2) Engine Standards for CO2 and Fuel 
Consumption 

We are largely maintaining the 
existing Phase 1 regulatory structure for 
engine standards, which had separate 
standards for spark-ignition engines 
(such as gasoline engines) and 
compression-ignition engines (such as 
diesel engines), and for HHD, MHD and 
LHD engines, but we are changing how 
these standards will apply to alternative 
fuel engines as described in Section 
XII.A.2. 

Phase 1 applied different test cycles 
depending on whether the engine is 
used for tractors, vocational vehicles, or 
both, and we are continuing this 
approach. Tractor engines are subject to 
standards over the SET, while 
vocational engines are subject to 
standards over the FTP. Table II–3 
shows the Phase 1 standards for diesel 
engines. 

TABLE II–3—PHASE 1 MY 2017 DIESEL ENGINE CO2 AND FUEL CONSUMPTION STANDARDS 

Units HHD SET MHD SET HHD FTP MHD FTP LHD FTP 

g/bhp-hr .................................................. 460 487 555 576 576 
gal/100 bhp-hr ........................................ 4.5187 4.7839 5.4519 5.6582 5.6582 

In the Phase 2 proposal we assumed 
that these numeric values of the Phase 
1 standards were the baselines for Phase 
2. We applied our technology 
assessments to these baselines to arrive 
at the Phase 2 standards for MY 2021, 
MY 2024 and MY 2027. In other words, 
for the Phase 2 proposal we projected 
that starting in MY 2017 engines would, 
on average, just meet the Phase 1 
standards and not over-comply. 
However, based on comments we 
received on how to consistently apply 
our new SET weighting factors in our 
analysis and based on recent MY 2016 
engine certification data, we are 
updating our Phase 2 baseline 
assumptions for both the SET and FTP. 

First, with respect to the SET, in the 
proposal we compared our proposed 
Phase 2 standards, which are based on 
these new Phase 2 weighting factors, to 
the Phase 1 numeric standards, which 
are based on the current Phase 1 
weighting factors. Because we continue 
to use the same 13-mode brake specific 
CO2 and fuel consumption numeric 
values we used for the proposal to 
represent the performance of a MY 2017 
baseline engine, we are not projecting a 
different technology level in the 
baseline. Rather, this is simply 
correcting an ‘‘apples-to-oranges’’ 
comparison from the proposal by 
applying the Phase 2 weighting factors 

to the MY 2017 baseline engine. This 
was pointed out to us by UCS, ICCT and 
EDF in their public comments. While 
this did not impact our technology 
effectiveness or cost analyses, it did 
impact the numeric value of our 
baseline to which we reference the 
effectiveness of applying technologies to 
the 13 individual modes of the SET. 
Because the revised SET weighting 
factors result in somewhat lower brake 
specific CO2 and fuel consumption 
numeric results for the composite 
baseline SET value, this correction, in 
turn, lowers the numerical values of the 
final Phase 2 SET standards. Making 
this particular update did not result in 
a change to the relative stringency of the 
final Phase 2 numeric engine standards 
(relative to MY 2017 baseline 
performance), but our updated 
feasibility analysis did; see Section 
II.D.(2)(a) below). 

Second, the agencies made 
adjustments to the FTP baselines, but 
these adjustments were not made 
because of a calculation error. Rather, 
MY 2016 FTP certification data showed 
an unexpected step-change 
improvement in engine fuel 
consumption and CO2 emissions. These 
data were not available at the time of 
proposal, so the agencies relied upon 
the MY 2017 Phase 1 standard as a 
baseline. EDF publicly commented in 

response to the NODA that the more 
recent certification data revealed this 
new step-change. MY 2016 certification 
data submitted to the agencies 177 as 
well as to ARB 178 show that many 
engines from many manufacturers 
already not only achieve the Phase 1 
FTP standards, but some were also 
below the MY 2027 standards proposed 
for Phase 2. This was not the case for 
the SET, where most manufacturers are 
still not yet complying with the MY 
2017 Phase 1 SET standards. In view of 
this situation for the FTP, the agencies 
are adjusting the Phase 2 FTP baseline 
to reflect this shift. The underlying 
reasons for this shift are mostly related 
to manufacturers optimizing their SCR 
thermal management strategy over the 
FTP in ways that we (mistakenly) 
thought they already had in MY 2010 
(i.e., the Phase 1 baseline). As 
background, the FTP includes a cold- 
start, a hot-start and significant time 
spent at engine idle. During these 
portions of the FTP, the NOX SCR 
system can cool down and lose NOX 
reducing efficiency. One simplistic 
strategy to maintain SCR temperature is 
to inefficiently consume additional fuel, 
such that the fuel energy is lost to the 
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179 The agencies note that the CO2 and fuel 
consumption standards for Class 7 and 8 
combination tractors do not cover gasoline or LHDD 

engines, as those are not used in Class 7 and 8 
combination tractors. 

180 Tractor engine standards apply to all tractor 
engines, without regard to the actual fuel (e.g., 

diesel or natural gas) or engine-cycle classification 
(e.g., compression-ignition or spark-ignition). 

exhaust system in the form of heat. 
There are more sophisticated strategies 
to maintain SCR temperature, however, 
but these apparently required additional 
time from MY 2010 for research, 
development and refinement. In 
updating these baseline values, the 
agencies did consider the concerns 
raised by manufacturers about the 
potential impact of IRAFs on baseline 
emissions. 

As just noted, at the time of Phase 1 
we had not realized that these 
improvements were not already in the 
Phase 1 baseline. These include 
optimizing the use of an intake throttle 
to decrease excess intake air at idle and 
SCR catalyst reformulation to maintain 
SCR efficiency at lower temperatures. 

Based on this information, which was 
provided to the agencies by engine 
manufacturers, but only after we 
specifically requested this information, 
the agencies concluded that in Phase 1 
we did not account for how much 
further these kinds of improvements 
could still impact FTP fuel 
consumption. Conversely, only by 
reviewing the new MY 2016 
certification data did we realize how 
little SCR thermal management 
optimization actually occurred for the 
engine model years that we used to 
establish the Phase 1 baseline—namely 
MY 2009 and MY 2010 engines. Because 
we never accounted for this kind of 
improvement in our Phase 2 proposal’s 
stringency analysis for meeting the 

Phase 2 proposed FTP standards, this 
baseline shift does not alter our 
projected effectiveness and market 
adoption rates from the proposal. 
Therefore, we continue to apply the 
same improvements that we proposed, 
but we apply them to the updated FTP 
baseline. See Section II.D.(5) for a 
discussion on how this impacts carry- 
over of Phase 1 emission credits. 

Table II–4 shows the Phase 2 diesel 
engine final CO2 baseline emissions. 
Note that the gasoline engine CO2 
baseline for Phase 2 is the same as the 
Phase 1 HD gasoline FTP standard, 627 
g/bhp-hr. More detailed analyses on 
these Phase 2 baseline values of tractor 
and vocational vehicles can be found in 
Chapter 2.7.4 of RIA. 

TABLE II–4—PHASE 2 DIESEL ENGINE FINAL CO2 AND FUEL CONSUMPTION BASELINE EMISSIONS 

Units HHD SET MHD SET HHD FTP MHD FTP LHD FTP 

g/bhp-hr .................................................. 455 481 525 558 576 
gal/100 bhp-hr ........................................ 4.4695 4.7250 5.1572 5.4813 5.6582 

As described below, the agencies are 
adopting standards for new 
compression-ignition engines for Phase 
2, commencing in MY 2021, that will 
require additional reductions in CO2 
emissions and fuel consumption beyond 
the Phase 2 baselines. The agencies are 
not adopting new CO2 or fuel 
consumption engine standards for new 
heavy-duty gasoline engines. Note, 
however, that we are projecting some 
small improvement in gasoline engine 

performance that will be recognized 
over the vehicle cycles (that is, reflected 
in the stringency of certain of the 
vocational vehicle standards). See 
Section V.B.2.a below. 

For diesel engines to be installed in 
Class 7 and 8 combination tractors, the 
agencies are adopting the SET standards 
shown in Table II–5.179 The MY 2027 
SET standards for engines installed in 
tractors will require engine 
manufacturers to achieve, on average, a 

5.1 percent reduction in fuel 
consumption and CO2 emissions beyond 
the Phase 2 baselines. We are also 
adopting SET standards in MY 2021 and 
MY 2024 that will require tractor engine 
manufacturers to achieve, on average, 
1.8 percent and 4.2 percent reductions 
in fuel consumption and CO2 emissions, 
respectively, beyond the Phase 2 
baselines. 

TABLE II–5—PHASE 2 HEAVY-DUTY TRACTOR ENGINE STANDARDS FOR ENGINES 180 OVER THE SET CYCLE 

Model year Standard Heavy 
heavy-duty 

Medium 
heavy-duty 

2021–2023 ....................................... CO2 (g/bhp-hr) ...........................................................................................
Fuel Consumption (gallon/100 bhp-hr) .....................................................

447 
4.3910 

473 
4.6464 

2024–2026 ....................................... CO2 (g/bhp-hr) ...........................................................................................
Fuel Consumption (gallon/100 bhp-hr) .....................................................

436 
4.2829 

461 
4.5285 

2027 and Later ................................ CO2 (g/bhp-hr) ...........................................................................................
Fuel Consumption (gallon/100 bhp-hr) .....................................................

432 
4.2436 

457 
4.4892 

For diesel engines to be installed in 
vocational chassis, the agencies are 
adopting the FTP standards shown in 
Table II–6. The MY 2027 FTP standards 
for engines installed in vocational 
chassis will require engine 

manufacturers to achieve, on average, a 
4.2 percent reduction in fuel 
consumption and CO2 emissions beyond 
the Phase 2 baselines. We are also 
adopting FTP standards in MY 2021 and 
MY 2024 that will require vocational 

chassis engine manufacturers to 
achieve, on average, 2.3 percent and 3.6 
percent reductions in fuel consumption 
and CO2 emissions, respectively, 
beyond the Phase 2 baselines. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00078 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73555 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

181 Heavy heavy-duty engine standards apply to 
all heavy heavy-duty engines, without regard to the 
actual fuel (e.g., diesel or natural gas) or engine- 
cycle classification (e.g., compression-ignition or 
spark-ignition). 

182 The agencies are not adopting new CO2 or fuel 
consumption engine standards for new heavy-duty 
gasoline engines. Therefore, the Phase 2 HD 
gasoline FTP standard is the same as the Phase 1 
HD gasoline FTP standard, 627 g/bhp-hr, 7.0552 
gallon/100 bhp-hr. 

183 See Section IX.M for additional information 
about payback periods. 

TABLE II–6—VOCATIONAL DIESEL (CI) ENGINE STANDARDS OVER THE HEAVY-DUTY FTP CYCLE 

Model year Standard Heavy 
heavy-duty 181 

Medium 
heavy-duty 
diesel 181 

Light 
heavy-duty 
diesel 182 

2021–2023 ................. CO2 (g/bhp-hr) .....................................................................................
Fuel Consumption (gallon/100 bhp-hr) ................................................

513 
5.0393 

545 
5.3536 

563 
5.5305 

2024–2026 ................. CO2 (g/bhp-hr) .....................................................................................
Fuel Consumption (gallon/100 bhp-hr) ................................................

506 
4.9705 

538 
5.2849 

555 
5.4519 

2027 and Later .......... CO2 (g/bhp-hr) .....................................................................................
Fuel Consumption (gallon/100 bhp-hr) ................................................

503 
4.9411 

535 
5.2554 

552 
5.4224 

(a) Feasibility of the Diesel 
(Compression-Ignition) Engine 
Standards 

In this section, the agencies discuss 
our assessment of the feasibility of the 
engine standards and the extent to 
which they conform to our respective 
statutory authorities and 
responsibilities. More details on the 
technologies discussed here can be 
found in RIA Chapter 2.3. The 
feasibility of these standards is further 
discussed in RIA Chapter 2.7 for tractor 
and vocational vehicle engines. While 
the projected technologies are discussed 
here separately, as is discussed at the 
beginning of this Section II.D, the 
agencies also accounted for dis- 
synergies between technologies. Note 
that Section II.D.(2)(e) discusses the 
potential for some manufacturers to 
achieve greater emission reductions by 
introducing new engine platforms, and 
how and why these reductions are 
reflected in the tractor and vocational 
vehicle standards. 

Based on the technology analysis 
described below, the agencies project 
that a technology path exists that will 
allow engine manufacturers to meet the 
final Phase 2 standards by 2027, and to 
meet the MY 2021 and 2024 standards. 
The agencies also project that these 
manufacturers will be able to meet these 
standards at a reasonable cost and 
without adverse impacts on in-use 
reliability. 

In general, engine performance for 
CO2 emissions and fuel consumption 
can be improved by improving the 
internal combustion process and by 
reducing energy losses. More 
specifically, the agencies have identified 
the following key means by which fuel 
efficiency can be improved: 

• Combustion optimization 
• Turbocharger design and 

optimization 
• Engine friction and other parasitic 

loss reduction 
• Exhaust after-treatment pressure 

drop reduction 
• Intake air and exhaust system 

pressure drop reduction (including EGR 
system) 

• Engine down-sizing to improve core 
engine efficiency 

• Engine down-speeding over the 
SET, and in-use, by lug curve shape 
optimization 

• Waste heat recovery system 
installation and optimization 

• Physics model based electronic 
controls for transient performance 
optimization 

The agencies are gradually phasing in 
the separate engine standards from 2021 
through 2027 so that manufacturers can 
gradually introduce these technology 
improvements. For most of these, the 
agencies project manufacturers could 
begin applying these technologies to 
about 45–50 percent of their heavy-duty 
engines by 2021, 90–95 percent by 2024, 
and ultimately apply them to 100 
percent of their heavy-duty engines by 
2027. However, for some of these 
improvements (such as waste heat 
recovery and engine downsizing) we 
project lower application rates in the 
Phase 2 time frame. This phase-in 
structure is consistent with the normal 
manner in which manufacturers 
introduce new technology to manage 
limited R&D budgets as well as to allow 
them to work with fleets to fully 
evaluate in-use reliability before a 
technology is applied fleet-wide. The 
agencies believe the phase-in schedule 
will allow manufacturers to complete 
these normal processes. See RIA 2.3.9. 

Based on our technology assessment 
described below, the engine standards 
appear to be consistent with the 
agencies’ respective statutory 
authorities. All of the technologies with 
high penetration rates above 50 percent 
have already been demonstrated to some 
extent in the field or in research 
laboratories, although some 
development work remains to be 

completed. We note that our feasibility 
analysis for these engine standards is 
not based on projecting 100 percent 
application for any technology until 
2027. We believe that projecting less 
than 100 percent application is 
appropriate and gives us additional 
confidence that the 2021 and 2024 MY 
standards are feasible. 

Because this analysis considers 
reductions from engines meeting the 
Phase 1 standards, it assumes 
manufacturers will continue to include 
the same compliance margins as in 
Phase 1. In other words, a manufacturer 
currently declaring FCLs 10 g/bhp-hr 
above its measured emission rates (in 
order to account for production and test- 
to-test variability) will continue to do 
the same in Phase 2. Both the costs and 
benefits are determined relative to these 
baselines, and so are reflective of these 
compliance margins. 

The agencies have carefully 
considered the costs of applying these 
technologies, which are summarized in 
Section II.D.(2)(d). These costs appear to 
be reasonable on both a per engine 
basis, and when considering payback 
periods.183 The engine technologies are 
discussed in more detail below. Readers 
are encouraged to see the RIA Chapter 
2.7 for additional details (and 
underlying references) about our 
feasibility analysis. 

(i) Combustion Optimization 
Although manufacturers are making 

significant improvements in combustion 
to meet the Phase 1 engine standards, 
the agencies project that even more 
improvement is possible after 2018. For 
example, improvements to fuel injection 
systems will allow more flexible fuel 
injection capability with higher 
injection pressure, which can provide 
more opportunities to improve engine 
fuel efficiency. Further optimization of 
piston bowls and injector tips will also 
improve engine performance and fuel 
efficiency. We project that a reduction 
of up to 1.0 percent is feasible in the 
2024 model year through the use of 
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184 http://www.volvotrucks.us/powertrain/d13/. 

these technologies, although it will 
likely apply to only 95 percent of 
engines until 2027. 

Another important area of potential 
improvement is advanced engine 
control incorporating model based 
calibration to reduce losses of control 
during transient operation. 
Improvements in computing power and 
speed will make it possible to use much 
more sophisticated algorithms that are 
more predictive than today’s controls. 
Because such controls are only 
beneficial during transient operation, 
they will reduce emissions over the FTP 
cycle, over the ARB Transient cycle’s 
cycle-average mapping procedure, and 
during in-use operation, but this 
technology will not reduce emissions 
over the SET cycle or over the steady- 
state engine mapping procedure. Thus, 
the agencies are projecting model based 
control reductions only for vocational 
engines’ FTP standards and for 
projecting improvements captured by 
the cycle-average mapping over the ARB 
Transient cycle. Although this control 
concept is not currently available and is 
still under development, we project 
model based controls achieving a 2 
percent improvement in transient 
emissions. Based on model based 
controls already in widespread use in 
engine laboratories for the calibration of 
simpler controllers and based on recent 
model based control development under 
the DOE SuperTruck partnership (e.g., 
DTNA’s SuperTruck engine’s model 
based controls), we project that such 
controls could be in limited production 
for some engine models by 2021. We 
believe that some vocational chassis 
applications would particularly benefit 
from these controls in-use (e.g., urban 
applications with significant in-use 
transient operation). Therefore, we 
project that a modest amount of engine 
models will have these controls by MY 
2021. We also project that 
manufacturers will learn more from the 
in-use operation of these technology 
leading engines, and manufacturers will 
be able to improve these controls even 
further, such that they would 
additionally benefit other vocational 
applications, such as multi-purpose and 
regional applications. By 2027, we 
project that 40 percent of all vocational 
diesel engines will incorporate model- 
based controls at a 2 percent level of 
effectiveness. 

(ii) Turbocharging System 
Many advanced turbocharger 

technologies can be brought into 
production in the time frame between 
2021 and 2027, and some of them are 
already in production, such as 
mechanical or electric turbo- 

compounding, more efficient variable 
geometry turbines, and Detroit Diesel’s 
patented asymmetric turbocharger. A 
turbo-compound system, like those 
installed on some of Volvo’s EURO VI 
compliant diesels and on some of 
DTNA’s current U.S. offerings (supplied 
to DTNA by a division of Cummins), 
extracts energy from the exhaust to 
provide additional power. Mechanical 
turbo-compounding includes a power 
turbine located downstream of the 
turbine which in turn is connected to 
the crankshaft to supply additional 
power. On-highway demonstrations of 
this technology began in the early 
1980s. It was used first in heavy duty 
production in the U.S. by Detroit Diesel 
for their DD15 and DD16 engines and 
reportedly provided a 3 to 5 percent fuel 
consumption reduction. Results are 
duty cycle dependent, and require 
significant time at high load to realize 
an in-use fuel efficiency improvement. 
Lightly loaded vehicles on flat roads or 
at low vehicle speeds can expect little 
or no benefit. Volvo reports two to four 
percent fuel consumption improvement 
in line haul applications.184 Because of 
turbo-compound technology’s drive 
cycle dependent effectiveness, the 
agencies are only projecting a market 
penetration of 10 percent for all tractor 
engines, at slightly less than 2 percent 
effectiveness over the SET. The agencies 
are considering turbo-compound to be 
mutually exclusive with WHR because 
both technologies seek to extract 
additional usable work from the same 
waste heat and are unlikely to be used 
together. 

(iii) Engine Friction and Parasitic Losses 
The friction associated with each 

moving part in an engine results in a 
small loss of engine power. For 
example, frictional losses occur at 
bearings, in the valve train, and at the 
piston ring-cylinder interface. Taken 
together such losses represent a 
measurable fraction of all energy lost in 
an engine. For Phase 1, the agencies 
projected a 1–2 percent reduction in 
fuel consumption due to friction 
reduction. However, new information 
leads us to project that an additional 1.4 
percent reduction is possible for some 
engines by 2021 and all engines by 
2027. These reductions are possible due 
to improvements in bearing materials, 
lubricants, and new accessory designs 
such as variable-speed pumps. 

(iv) After-Treatment Optimization 
All heavy duty diesel engine 

manufacturers are already using diesel 
particulate filters (DPFs) to reduce 

particulate matter (PM) and selective 
catalytic reduction (SCR) to reduce NOX 
emissions. The agencies see two areas in 
which improved after-treatment systems 
can also result in lower fuel 
consumption. First, increased SCR 
efficiency could allow re-optimization 
of combustion for better fuel 
consumption because the SCR would be 
capable of reducing higher engine-out 
NOX emissions. We don’t expect this to 
be significant, however. Manufacturers 
already optimize the DEF (urea) 
consumption and fuel consumption to 
achieve the lowest cost of operation; 
taking into account fuel consumption, 
DEF consumption and the prices of fuel 
and DEF. Therefore, if manufacturers re- 
optimized significantly for fuel 
consumption, it is possible that this 
would lead to higher net operating 
costs. This scenario is highly dependent 
upon fuel and DEF prices, so projecting 
this technology path is uncertain. 
Second, improved designs could reduce 
backpressure on the engine to lower 
pumping losses. If manufacturers have 
opportunities to lower backpressure 
within the size constraints of the 
vehicle, the agencies project that 
manufacturers will opt to lower after- 
treatment back pressure. The agencies 
project the combined impact of these 
improvements would be 0.6 percent 
over the SET. 

Note that this improvement is 
independent of cold-start improvements 
made recently by some manufacturers 
with respect to vocational engines. 
Thus, the changes being made to the 
FTP baseline engines do not reduce the 
likelihood of the benefits of re- 
optimizing after-treatment projected 
here. 

(v) Engine Intake and Exhaust Systems 
Various high efficiency air handling 

for both intake air and exhaust systems 
could be produced in the 2020 and 2024 
time frame. To maximize the efficiency 
of such processes, induction systems 
may be improved by manufacturing 
more efficiently designed flow paths 
(including those associated with air 
cleaners, chambers, conduit, mass air 
flow sensors and intake manifolds) and 
by designing such systems for improved 
thermal control. Improved 
turbocharging and air handling systems 
will likely include higher efficiency 
EGR systems and intercoolers that 
reduce frictional pressure losses while 
maximizing the ability to thermally 
control induction air and EGR. EGR 
systems that often rely upon an adverse 
pressure gradient (exhaust manifold 
pressures greater than intake manifold 
pressures) must be reconsidered and 
their adverse pressure gradients 
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185 See 2010 NAS Report, page 57. 

minimized. Other components that offer 
opportunities for improved flow 
efficiency include cylinder heads, ports 
and exhaust manifolds to further reduce 
pumping losses by about 1 percent over 
the SET. 

(vi) Engine Downsizing and Down 
Speeding 

Proper sizing of an engine is an 
important component of optimizing a 
vehicle for best fuel consumption. This 
Phase 2 rule will require reductions in 
road load due to aerodynamic 
resistance, tire rolling resistance and 
weight, which will result in a drop in 
the vehicle power demand for most 
operation. This drop moves the engine 
operating points down to a lower load 
zone, which can move the engine away 
from operating near its peak thermal 
efficiency (a.k.a. the ‘‘sweet spot’’). 
Engine downsizing combined with 
engine down speeding can allow the 
engine to move back to higher loads and 
a lower speed zone, thus achieving 
better fuel efficiency in the real world. 
However, because of the way engines 
are tested, little of the benefit of engine 
downsizing would be detected during 
engine testing (if power density remains 
the same) because the engine test cycles 
are de-normalized based on the full 
torque curve. Thus, the separate engine 
standards are not the appropriate 
standards for recognizing the benefits of 
engine downsizing. Nevertheless, we 
project that some small benefit can be 
measured over the engine test cycles 
depending on the characteristics of the 
engine fuel map and how the SET 
points are determined as a function of 
the engine’s lug curve. 

After the proposal we received 
comments recommending that we 
should recognize some level of engine 
down speeding within the separate 
engine standards. Based on this 
comment and some additional 
confidential business information that 
we received, we believe that engine lug 
curve reshaping to optimize the 
locations of the 13-mode points is a way 
that manufacturers can demonstrate 
some degree of engine down-speeding 
over the engine test. As pointed out in 
Chapter 2.3.8 and 2.7.5 of the RIA, 
down speeding via lug curve reshaping 
alone can provide SET reductions in the 
range of 0.4 percent depending on the 
engine map characteristics. 

(vii) Waste Heat Recovery 
More than 40 percent of all energy 

loss in an engine is lost as heat to the 
exhaust and engine coolant. For many 
years, manufacturers have been using 
turbochargers to convert some of this 
waste heat in the exhaust into usable 

mechanical power that is then used to 
compress the intake air. Manufacturers 
have also been developing a Rankine 
cycle-based system to extract additional 
heat energy from the engine. Such 
systems are often called waste heat 
recovery (WHR) systems. The possible 
sources of waste heat energy include the 
exhaust, recirculated exhaust gases, 
compressed charge air, and engine 
coolant. The basic approach with WHR 
is to use waste heat from one or more 
of these sources to evaporate a working 
fluid, which is passed through a turbine 
or equivalent expander to create 
mechanical or electrical power, then re- 
condensed. 

For the proposal, the agencies 
projected that by 2027, 15 percent of 
tractor engines would employ WHR 
systems with an effectiveness of better 
than three percent. We received many 
comments on this projection, which are 
discussed briefly below and in more 
detail in the RTC. In particular, we note 
that some of the comments included 
confidential data related to systems not 
yet on the market. After carefully 
considering all of these comments, we 
have revised our projections to increase 
the effectiveness, decrease costs, and 
project higher adoption rates than we 
proposed. 

Prior to the Phase 1 Final Rule, the 
NAS estimated the potential for WHR to 
reduce fuel consumption by up to 10 
percent.185 However, the agencies do 
not believe such levels will be 
achievable within the Phase 2 time 
frame. There currently are no 
commercially available WHR systems 
for diesel engines, although research 
prototype systems are being tested by 
some manufacturers. American 
Trucking Association, Navistar, DTNA, 
OOIDA, Volvo, and UPS commented 
that because WHR is still in the 
prototype stage, it should not be 
assumed for setting the stringency of the 
tractor engine standards. Many of these 
commenters pointed to the additional 
design and development efforts that will 
be needed to reduce cost, improve 
packaging, reduce weight, develop 
controls, select an appropriate working 
fluid, implement expected OBD 
diagnostics, and achieve the necessary 
reliability and durability. Some stated 
that the technology has not been 
thoroughly tested or asked that more 
real-world data be collected before 
setting standards based on WHR. Some 
of these commenters provided 
confidential business information 
pertaining to their analysis of WHR 
system component costs, failure modes, 

and projected warranty cost 
information. 

Alternatively, a number of 
commenters including Cummins, ICCT, 
CARB, ACEEE, EDF, Honeywell, ARB 
and others stated that the agencies 
should increase the assumed 
application rate of WHR in the final rule 
and the overall stringency of the engine 
standards. They argued the agencies’ 
WHR technology assessment was 
outdated and too conservative, the fuel 
savings and GHG reduction estimation 
for WHR were too low, and the agencies’ 
cost estimates were based on older WHR 
systems where costs were confounded 
with hybrid component costs and that 
these have since been improved upon. 
In addition, the agencies received CBI 
information supporting the arguments of 
some of these commenters. 

Cummins stated the agencies 
underestimated the commercial viability 
of WHR and that we overstated the 
development challenges and timing in 
the NPRM. They said WHR can provide 
a 4 to 5 percent improvement in fuel 
consumption on tractor drive cycles and 
that WHR would be commercially viable 
and available in production as early as 
2020 and will exceed the agencies’ 
estimates for market penetration over 
the period of the rule. According to 
Cummins, the reliability of their WHR 
system has improved with each 
generation of the technology and they 
have developed a smaller system 
footprint, improved integration with the 
engine and vehicle and a low-GWP 
working fluid, resulting in a much more 
compact and integrated system. They 
added that their system would be 
evaluated in extended customer testing 
by the end of 2015, and that results of 
that experience will inform further 
technology development and product 
engineering leading to expected 
commercial product availability in the 
2020 timeframe. Furthermore, they said 
multiple product development cycles 
over the implementation timeframe of 
the rule would provide opportunities for 
further development for reduced cost 
and improved performance and 
reliability. 

Some commenters, including EDF, 
said the agencies’ assumed design had 
little in common with the latest designs 
planned for production. They cited 
several publications, including the NAS 
21st Century Truck Program report #3 
and stated WHR effectiveness is much 
higher than the agencies estimated. 
Gentham cited an ICCT study saying 
that up to a 12 percent fuel 
consumption reduction from a 2010 
baseline engine is possible with the 
application of advanced engine 
technologies and WHR. 
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186 NACFE 2015 Annual Fleet Fuel Study. 

The agencies recognize that much 
work remains to be done, but we are 
providing significant lead time to bring 
WHR to market. Based on our 
assessment of each manufacturer’s work 
to date, we are confident that a 
commercially-viable WHR capable of 
reducing fuel consumption by over 
three percent will be available in the 
2021 to 2024 time frame. Concerns 
about the system’s cost and complexity 
may remain high enough to limit the use 
of such systems in this time frame. 
Moreover, packaging constraints and 
lower effectiveness under transient 
conditions will likely limit the 
application of WHR systems to line-haul 
tractors. Refer to RIA Chapter 2.3.9 for 
a detailed description of these systems 
and their applicability. For our analysis 
of the engine standards, the agencies 
project that WHR with the Rankine 
technology could be used on 1 percent 
of tractor engines by 2021, on 5 percent 
by 2024, and 25 percent by 2027, with 
nearly all being used on sleeper cabs. 
We project this sharper increase in 
market adoption in the 2027 timeframe 
because we have noted that most 
technology adoption rate curves follow 
an S-shape: Slow initial adoption, then 
more rapid adoption, and then a 
leveling off as the market saturates (not 
always at 100 percent).186 We assumed 
an S-shape curve for WHR adoption, 
where we project a steeper rise in 
market adoption in and around the 2027 
timeframe. Given our averaging, banking 
and trading program flexibilities and 
that manufacturers may choose from a 
range of other technologies, we believe 
that manufacturers will be able to meet 
the 2027 standards, which we based on 
a 25 percent WHR adoption in tractor 
engines. Although we project these as 
steps, it is more likely that 
manufacturers will try to gradually 
increase the WHR adoption in MY 2025 
and MY 2026 from the 5 percent in 2024 
to generate emission credits to smooth 
the transition to the 2027 standards. 

Commenters opposing the agencies’ 
WHR projections argued that the real- 
world GHG and fuel consumption 
savings will be less than in prototype 
systems. DTNA said a heat rejection 
increase of 30 percent to 40 percent 
with WHR systems will require larger 
radiators, resulting in more 
aerodynamic drag and lower fuel 
savings from WHR systems. DTNA cited 
a Volvo study showing a 2 percent loss 
of efficiency with the larger frontal areas 
needed to accommodate heat rejection 
from WHR systems. Daimler stated 
effectiveness may be lower than 
expected since there is large drop off in 

fuel savings when the tractor is not 
operating on a steady state cycle and the 
real world performance of WHR systems 
will be hurt by transient response 
issues. Daimler and ACEEE said the 
energy available from exhaust and other 
waste heat sources could diminish as 
tractor aerodynamics improve, thus 
lowering the expected fuel savings from 
WHR. Daimler said because of this, 
WHR estimated fuel savings was 
overestimated by the agencies. Navistar 
said WHR working fluids will have a 
significant GHG impact based on their 
high global warming potential. They 
commented that fuel and GHG 
reductions will be lower in the real 
world with the re-weighting of the RMC 
which results in lower engine load, and 
thus lower available waste heat. 
However, none of these commenters 
have access to the full range of data 
available to the agencies, which 
includes CBI. 

It is important to note that the net cost 
and effectiveness of future WHR 
systems depends on the sources of 
waste heat. Systems that extract heat 
from EGR gases may provide the side 
benefit of reducing the size of EGR 
coolers or eliminating them altogether. 
To the extent that WHR systems use 
exhaust heat, they increase the overall 
cooling system heat rejection 
requirement and likely require larger 
radiators. This could have negative 
impacts on cooling fan power needs and 
vehicle aerodynamics. Limited engine 
compartment space under the hood 
could leave insufficient room for 
additional radiator size increasing. 
Many of these issues disappear if 
exhaust waste heat is not recovered 
from the tailpipe and brought under the 
hood for conversion to mechanical 
work. In fact, it is projected that if a 
WHR system only utilizes heat that was 
originally within the engine 
compartment (e.g., EGR cooler heat, 
coolant heat, oil heat, etc.), then any 
conversion of that heat to mechanical 
heat actually reduces the heat rejection 
demand under the hood; potentially 
leading to smaller radiators and lower 
frontal area, which would actually lead 
toward improved aerodynamic 
performance. Refer to RIA Chapter 2.3.9 
for more discussion. 

Several commenters stated that costs 
are highly uncertain for WHR 
technology, but argued that the 
agencies’ assumption of a $10,523 cost 
in 2027 are likely significantly lower 
than reality. Volvo estimated a cost of 
$21,700 for WHR systems. Volvo said 
that in addition to hardware cost being 
underestimated, the agencies had not 
properly accounted for other costs such 
as the R&D needed to bring the 

technology into production within a 
vehicle. Volvo said they would lose 
$17,920 per unit R&D alone, excluding 
other costs such as materials and 
administrative expenses. Daimler said 
that costs almost always inflate as the 
complexity of real world requirements 
drive up need for more robust designs, 
sensors, controls, control hardware, and 
complete vehicle integration. They 
added that development costs will be 
large and must be amortized over 
limited volumes. Furthermore, OOIDA 
said the industry experience with such 
complex systems is that maintenance, 
repair, and down-time cost can be much 
greater than the initial purchase cost. 
ATA and OOIDA said that potential 
downtime associated with an unproven 
technology is a significant concern for 
the industry. 

On the other hand, some commenters 
argued that the agencies had actually 
overestimated WHR costs in the 
proposal. These commenters generally 
argued that engineering improvements 
to the WHR systems that will go into 
production in the Phase 2 time frame 
would lower costs, in particular by 
reducing components. The agencies 
largely agree with these commenters 
and we have revised our analysis to 
reflect these cost savings. See RIA 
2.11.2.15 for additional discussion. 

(viii) Technology Packages for Diesel 
Engines Installed in Tractors 

This Section (a)(viii) describes 
technology packages that the agencies 
project could be applied to Phase 1 
tractor engines to meet the Phase 2 SET 
separate engine standards. Section 
II.D.(2)(e) also describes additional 
improvements that the agencies project 
some engine manufacturers will be able 
to apply to their engines. 

We received comments on the tractor 
engine standards in response to the 
proposal and in response to the NODA. 
These comments can be grouped into 
two general themes. One theme 
expressed by ARB, non-governmental 
environmentally focused organizations, 
Cummins and some technology 
suppliers like Honeywell, recommended 
higher engine stringencies, up to 10–15 
percent in some comments. Another 
theme, generally expressed by vertically 
integrated engine and vehicle 
manufacturers supported either no 
Phase 2 engine standards at all, or they 
supported the proposal’s standards, but 
none of these commenters supported 
standards that were more stringent than 
what we proposed. An example of the 
contrast between these two themes can 
be shown in one report submitted to the 
docket and another submission 
rebutting the statements made in the 
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187 Environmental Defense Fund, Greenhouse Gas 
Emission and Fuel Efficiency Standards for 
Medium-Duty and Heavy-Duty Engines and 
Vehicles—Phase 2—Notice of Data Availability,’’ 
Docket: ID No. EPA–HQ–OAR–2014–0817, October 
1, 2015. 

188 Daimler Trucks North America, Navistar, Inc, 
Paccar Inc, and Volvo Group,’’ Greenhouse Gas 
Emission and Fuel Efficiency Standards for 
Medium-Duty and Heavy-Duty Engines and 
Vehicles—Phase 2—Notice of Data Availability,’’ 
Docket: ID No. EPA–HQ–OAR–2014–0817, April 1, 
2016. 

189 Navistar, Inc., Greenhouse Gas Emission and 
Fuel Efficiency Standards for Medium-Duty and 
Heavy-Duty Engines and Vehicles—Phase 2— 
Notice of Data Availability,’’ Docket: ID No. EPA– 
HQ–OAR–2014–0817, April 1, 2016. 

190 Daimler Trucks North America LLC, Detroit 
Diesel Corporation, Greenhouse Gas Emission and 
Fuel Efficiency Standards for Medium-Duty and 
Heavy-Duty Engines and Vehicles—Phase 2— 
Notice of Data Availability,’’ Docket: ID No. EPA– 
HQ–OAR–2014–0817, April 1, 2016. 

191 California Air Resources Board (CARB), 
Greenhouse Gas Emissions and Fuel Efficiency 
Standards for Medium- and Heavy-Duty Engines 
and Vehicles—Phase 2 (Docket ID No. EPA–HQ– 
OAR–2014–0827 and Docket ID No. NHTSA–2014– 
0132). 

192 As used in the agencies’ analyses, dis-synergy 
factors less than one reflect dis-synergy between 
technologies that reduce the overall effectiveness, 
while dis-synergy factors greater than one would 
indicate synergy that improves the overall 
effectiveness. 

report. The report was submitted to the 
agencies by the Environmental Defense 
Fund (EDF).187 On the other hand, four 
vertically integrated engine and vehicle 
manufacturers, DTNA, Navistar, Paccar, 
and Volvo, submitted a rebuttal to EDF’s 
findings.188 Some of these individual 
vehicle manufacturers also provided 
their own comments on EDF’s 
report.189 190 Cummins also provided 
comments and recommended 
stringencies somewhere between EDF’s 
recommendations and the integrated 

manufacturers’ rebuttal. Cummins 
recommended achieving reductions by 
2030 in the range of 9–15 percent. 
CARB’s recommendation from their 
comments 191 is 7.1 percent in 2024. 

The agencies carefully considered this 
wide range of views, and based on the 
best data available, the agencies 
modified some of our technology 
projections between the proposal and 
the final rule. 

Table II–5 lists our projected 
technologies together with our projected 

effectiveness and market adoption rates 
for tractor engines. The reduction values 
shown as ’’SET reduction’’ are relative 
to our Phase 2 baseline values, as shown 
in Table II–7. It should be pointed out 
that the reductions in Table II–7 are 
based on the Phase 2 final SET 
weighting factors, shown in Table II–2. 
RIA Chapter 2.7.5 details the reasoning 
supporting our projection of 
improvements attributable to this fleet 
average technology package. 

TABLE II–7—PROJECTED TRACTOR ENGINE TECHNOLOGIES AND REDUCTION 

SET mode 
SET weighted 
reduction (%) 
2020–2027 

Market 
penetration 

(2021) 
(%) 

Market 
penetration 

(2024) 
(%) 

Market 
penetration 

(2027) 
(%) 

Turbo compound with clutch ........................................................................... 1.9 5 10 10 
WHR (Rankine cycle) ...................................................................................... 3.6 1 5 25 
Parasitic/Friction (Cyl Kits, pumps, FIE), lubrication ....................................... 1.5 45 95 100 
After-treatment (lower dP) ............................................................................... 0.6 30 95 100 
EGR/Intake & exhaust manifolds/Turbo/VVT/Ports ......................................... 1.1 45 95 100 
Combustion/FI/Control ..................................................................................... 1.1 45 95 100 
Downsizing ....................................................................................................... 0.3 10 20 30 

Overall reductions (%) 

Weighted reduction (%) ................................................................................... ........................ 1.7 4.0 4.8 
Down speeding optimization on SET .............................................................. ........................ 0.1 0.2 0.3 

Total % reduction ..................................................................................... ........................ 1.8 4.2 5.1 

The weighted reductions shown in 
this table have been combined using the 
‘‘P-formula,’’ which has been 
augmented to account for technology 
dis-synergies that occur when 
combining multiple technologies. A 
0.85 dis-synergy factor was used for 
2021, and a 0.90 dis-synergy factor was 
used for 2024 and 2027.192 RIA Chapter 
2.7.4 provides details on the ‘‘P- 
formula’’ and an explanation for how 
the dis-synergy factors were determined. 
Some commenters argued that use of a 
single dis-synergy factor for all 
technologies is inappropriate. While we 

agree that it would be preferable to have 
a more detailed analysis of the dis- 
synergy between each pair or group of 
technologies, we do not have the 
information necessary to conduct such 
an analysis. In the absence of such 
information, the simple single value 
approach is a reasonable approximation. 
Moreover, we note that the degree of 
dis-synergy is sufficiently small to make 
the impact of any errors on the resulting 
standards negligible. 

Figure II.3 2018 HHD Figure II.4 are 
the samples of the HHD engine fuel 
maps used for the agencies’ MY 2018 

baseline engine and MY 2027 sleeper 
cab engine for tractors. As can be seen 
from these two figures, the torque curve 
shapes are different. This is because 
engine down speeding optimization for 
the SET is taken into consideration, 
where the engine peak torque is 
increased and the engine speed is 
shifted to lower speed. All maps used 
by GEM for all vehicles are shown in 
Chapter 2.7 of the RIA. 
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(ix) Technology Packages for Diesel 
Engines Installed in Vocational Vehicles 

For diesel engines (and other 
compression-ignition engines) used in 
vocational vehicles, the MY 2021 
standards will require engine 
manufacturers to achieve, on average, a 
2.3 percent reduction in fuel 

consumption and CO2 emissions beyond 
the Phase 2 FTP baselines. Beginning in 
MY 2024, the agencies are requiring a 
3.6 percent reduction in fuel 
consumption and CO2 emissions beyond 
the Phase 2 FTP baselines for all diesel 
engines including LHD, MHD, and 
HHD, and beginning in MY 2027 this 
increases to 4.2 percent, on average. The 

agencies have based these FTP 
standards on the performance of 
reduced parasitic and friction losses, 
improved after-treatment, combustion 
optimization, superchargers and 
variable geometry turbochargers, 
physics model-based controls, improved 
EGR pressure drop, and variable valve 
timing (only in LHD and MHD engines). 
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Figure 11.4 2027 HHD Engine Fuel Map for a Sleeper Cab Tractor Vehicle. 
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The percent reduction for the MY 2021, 
MY 2024, and MY 2027 standards is 
based on the combination of technology 
effectiveness and the respective market 
adoption rates projected. 

Most of the potential engine 
technologies discussed previously for 
tractor engines can also be applied to 
vocational engines. However, neither of 
the waste heat technologies, Rankine 
cycle nor turbo-compound, are likely to 
be applied to vocational engines 
because they are less effective under 
transient operation, which is weighted 
more heavily for all of the vocational 
sub-categories. Given the projected cost 
and complexity of such systems, we 
believe that for the Phase 2 time frame 
manufacturers will focus their WHR 
development work on tractor 
applications (which will have better 
payback for operators), rather than on 
vocational applications. In addition, the 

benefits due to engine downsizing, 
which can be realized in some tractor 
engines, may not be realized at all in in 
the vocational sector, again because this 
control technology produces few 
benefits under transient operation. 

One of the most effective technologies 
for vocational engines is the 
optimization of transient controls with 
physics model based control, which 
would replace current look-up table 
based controls. These are described 
more in detail in Chapter 2.3 of the RIA. 
We project that more advanced transient 
controls, including different levels of 
model based control, discussed in 
Chapter 2.3 of the RIA, would continue 
to progress and become more broadly 
applicable throughout the Phase 2 
timeframe. 

Other effective technologies include 
parasitic load/friction reduction, as well 
as improvements to combustion, air 

handling systems, turbochargers, and 
after-treatment systems. Table II–8 
below lists those potential technologies 
together with the agencies’ projected 
market penetration rates for vocational 
engines. Again, similar to tractor 
engines, the technology reduction and 
market penetration rates are estimated 
by combining manufacturer-submitted 
confidential business information, 
together with estimates reflecting the 
agencies’ judgment, which is informed 
by historical trends in the market 
adoption of other fuel efficiency 
improving technologies. The reduction 
values shown as ‘‘percent reduction’’ 
are relative to the Phase 2 FTP 
baselines, which are shown in Table II– 
3. The overall reductions combine the 
technology reduction values with their 
market adoption rates. The same set of 
the dis-synergy factors as the tractor are 
used for MY 2021, 2024, and 2027. 

TABLE II–8—PROJECTED VOCATIONAL ENGINE TECHNOLOGIES AND REDUCTION 

Technology 
Percent 

reduction 
2020–2027 

Market 
penetration 

2021 
(%) 

Market 
penetration 

2024 
(%) 

Market 
penetration 

2027 
(%) 

Model based control ........................................................................................ 2.0 25 30 40 
Parasitic/Friction .............................................................................................. 1.5 60 90 100 
EGR/Air/VVT/Turbo ......................................................................................... 1.0 60 90 100 
Improved AT .................................................................................................... 0.5 30 60 100 
Combustion Optimization ................................................................................. 1.0 60 90 100 
Weighted reduction (%)-L/M/HHD ................................................................... ........................ 2.3 3.6 4.2 

Figure II.5 is a sample of a 2018 
baseline engine fuel map for a MHD 
vocational engine. 
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(x) Summary of the Agencies’ Analysis 
of the Feasibility of the Diesel Engine 
Standards 

The HD Phase 2 standards are based 
on projected adoption rates for 
technologies that the agencies regard as 
the maximum feasible for purposes of 
EISA section 32902 (k) and appropriate 
under CAA section 202(a) based on the 
technologies discussed above and in 
RIA Chapter 2. The agencies believe 
these technologies can be adopted at the 
estimated rates for these standards 
within the lead time provided, as 
discussed in RIA Chapter 2.7. The 2021 
and 2024 MY standards are phase-in 
standards on the path to the 2027 MY 
standards, and these earlier standards 
were developed using less aggressive 
application rates and therefore have 
lower technology package costs than the 
2027 MY standards. 

As described in Section II.D.(2)(d) 
below, the costs to comply with these 
standards are estimated to range from 
$275 to $1,579 per engine. This is 
slightly higher than the costs for Phase 
1, which were estimated to be $234 to 
$1,091 per engine. Although the 
agencies did not separately determine 
fuel savings or emission reductions due 
to the engine standards apart from the 
vehicle program, it is expected that the 
fuel savings will be significantly larger 
than these costs, and the emission 
reductions will be roughly proportional 
to the technology costs when compared 
to the corresponding vehicle program 
reductions and costs. Thus, we regard 
these standards as cost-effective. This is 
true even without considering payback 
period. The phase-in 2021 and 2024 MY 
standards are less stringent and less 
costly than the 2027 MY standards. 
Given that the agencies believe these 
standards are technologically feasible, 
are highly cost effective, and highly cost 
effective when accounting for the fuel 
savings, and have no apparent adverse 
potential impacts (e.g., there are no 
projected negative impacts on safety or 
vehicle utility), they appear to represent 
a reasonable choice under section 202(a) 
of the CAA and the maximum feasible 
under NHTSA’s EISA authority at 49 
U.S.C. 32902(k)(2). 

(b) Basis for Continuing the Phase 1 
Spark-Ignited Engine Standard 

For gasoline vocational engines, we 
are not adopting more stringent engine 
standards. Today most SI-powered 
vocational vehicles are sold as 
incomplete vehicles by a vertically 
integrated chassis manufacturer, where 
the incomplete chassis shares most of 
the same technology as equivalent 
complete pickups or vans, including the 

powertrain. Another, even less common 
way that SI-powered vocational vehicles 
are built is by a non-integrated chassis 
manufacturer purchasing an engine 
from a company that also produces 
complete and/or incomplete HD pickup 
trucks and vans. Gasoline engines used 
in vocational vehicles are generally the 
same engines as are used in the 
complete HD pickups and vans in the 
Class 2b and 3 weight categories, 
although the operational demands of 
vocational vehicles often require use of 
the largest, most powerful SI engines, so 
that some engines fitted in complete 
pickups and vans are not appropriate for 
use in vocational vehicles. Given the 
relatively small sales volumes for 
gasoline-fueled vocational vehicles, 
manufacturers typically cannot afford to 
invest significantly in developing 
separate technology for these engines. 

The agencies received many 
comments suggesting that technologies 
be applied to increase the stringency of 
the SI engine standard. These comments 
were essentially misplaced, since the 
agencies already had premised the 
Phase 1 SI MY 2016 FTP engine 
standards on 100 percent adoption of 
these technologies. The commenters 
thus did not identify any additional 
engine technologies that the agencies 
did not already consider and account for 
in setting the MY 2016 FTP engine 
standard. Therefore, the Phase 1 SI 
engine FTP standard for these engines 
will remain in place. However, as noted 
above, projected engine improvements 
are being reflected in the stringency of 
the vehicle standard for the vehicle in 
which the engine will be installed. In 
part this is because the GEM cycles 
result in very different engine operation 
than what occurs when an engine is run 
over the engine FTP cycle. We believe 
that certain technologies will show a 
fuel consumption and CO2 emissions 
reduction during GEM cycles that do 
not occur over the engine FTP. We 
received comments on engine 
technologies that can be recognized over 
the GEM vehicle cycles. As a result, the 
Phase 2 gasoline-fueled vocational 
vehicle standards are predicated on 
adoption of advanced engine friction 
reduction and cylinder deactivation. To 
the extent any SI engines do not 
incorporate the projected engine 
technologies, manufacturers of SI- 
powered vocational vehicles would 
need to achieve equivalent reductions 
from some other vehicle technology to 
meet the vehicle standards. See Section 
V.C of this Preamble for a description of 
how we applied these technologies to 
develop the vocational vehicle 
standards. See Section VI.C of this 

Preamble for a description of the SI 
engine technologies that have been 
considered in developing the HD pickup 
truck and van standards. 

(c) Engine Improvements Projected for 
Vehicles Over the GEM Duty Cycles 

As part of the certification process for 
the Phase 2 vehicle standards, tractor 
and vocational vehicle manufacturers 
will need to represent their vehicles’ 
actual engines in GEM. Although the 
vehicle standards recognize the same 
engine technologies as the separate 
engine standards, each have different 
test procedures for demonstrating 
compliance. As explained earlier in 
Section II.D.(1), compliance with the 
tractor separate engine standards is 
determined from a composite of the 
Supplemental Engine Test (SET) 
procedure’s 13 steady-state operating 
points. Compliance with the vocational 
vehicle separate engine standards is 
determined over the Federal Test 
Procedure’s (FTP) transient engine duty 
cycle. In contrast, compliance with the 
vehicle standards is determined using 
GEM, which calculates composite 
results over a combination of 55 mph, 
65 mph, ARB Transient and idle vehicle 
cycles. Each of these duty cycles 
emphasize different engine operating 
points; therefore, they can each 
recognize certain technologies 
differently. Hence, these engine 
improvements can be readily recognized 
in GEM and appropriately reflected in 
the stringency of the vehicle standards. 
It is important to note, however, that the 
tractor vehicle standards presented in 
Section III project that some (but not all) 
tractor engines will achieve greater 
reductions than required by the engine 
standards. This was reflected in the 
agencies’ feasibility analysis using 
projected engine fuel maps that 
represent engines having fuel efficiency 
better than what is required by the 
engine standards. Similarly, the 
vocational vehicle standards in 
presented in Section V project that the 
average vocational engine will achieve 
greater reductions than required by the 
engine standards. These additional 
reductions are recognized by GEM and 
are reflected in the stringency of the 
respective vehicle standards. 

Our first step in aligning our engine 
technology assessment at both the 
engine and vehicle levels was to 
separately identify how each technology 
impacts performance at each of the 13 
individual test points of the SET steady- 
state engine duty cycle. For example, 
engine friction reduction technology is 
expected to have the greatest impact at 
the highest engine speeds, where 
frictional energy losses are the greatest. 
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As another example, turbocharger 
technology is generally optimized for 
best efficiency at steady-state cruise 
vehicle speed. For an engine, this is 
near its lower peak-torque speed and at 
a moderately high load that still offers 
sufficient torque reserve to climb 
modest road grades without frequent 
transmission gear shifting. The agencies 
also considered the combination of 
certain technologies causing dis- 
synergies with respect to engine 
efficiency at each of these test points. 
See RIA Chapter 2.3 and 2.7 for further 
details. Chapter 2.8 and 2.9 of the RIA 
details how the engine fuel maps are 
created for both tractor and vocational 
vehicles used for GEM as the default 
engine fuel maps. 

(d) Engine Technology Package Costs for 
Tractor and Vocational Engines (and 
Vehicles) 

As described in Chapters 2 and 7 of 
the RIA, the agencies estimated costs for 
each of the engine technologies 
discussed here. All costs are presented 
relative to engines projected to at least 
comply with the model year 2017 
standards—i.e., relative to our Phase 2 
baseline engines. Note that we are not 
presenting any costs for gasoline 
engines (SI engines) in this section 
because we are not changing the SI 
engine standards. However, we are 
including a cost for additional engine 
technology as part of the vocational 
vehicle analysis in Section V.C.2.(e) 
(and appropriately so, since those 
engine improvements are reflected in 
the stringency of the vocational vehicle 
standard). 

Our engine cost estimates include a 
separate analysis of the incremental part 
costs, research and development 
activities, and additional equipment. 
Our general approach used elsewhere in 
this action (for HD pickup trucks, 
gasoline engines, Class 7 and 8 tractors, 
and Class 2b–8 vocational vehicles) 
estimates a direct manufacturing cost for 
a part and marks it up based on a factor 
to account for indirect costs. See also 75 
FR 25376. We believe that approach is 
appropriate when compliance with the 
standards is achieved generally by 
installing new parts and systems 
purchased from a supplier. In such a 
case, the supplier is conducting the bulk 
of the research and development on the 
new parts and systems and including 
those costs in the purchase price paid 
by the original equipment manufacturer. 
Consequently, the indirect costs 
incurred by the original equipment 
manufacturer need not reflect 
significant cost to cover research and 
development since the bulk of that effort 
is already completed. For the MHD and 
HHD diesel engine segment, however, 
the agencies believe that OEMs will 
incur costs not associated with the 
purchase of parts or systems from 
suppliers or even the production of the 
parts and systems, but rather the 
development of the new technology by 
the original equipment manufacturer 
itself. Therefore, the agencies have 
directly estimated additional indirect 
costs to account for these development 
costs. The agencies used the same 
approach in the Phase 1 HD rule. EPA 
commonly uses this approach in cases 

where significant investments in 
research and development can lead to 
an emission control approach that 
requires no new hardware. For example, 
combustion optimization may 
significantly reduce emissions and cost 
a manufacturer millions of dollars to 
develop but would lead to an engine 
that is no more expensive to produce. 
Using a bill of materials approach 
would suggest that the cost of the 
emissions control was zero reflecting no 
new hardware and ignoring the millions 
of dollars spent to develop the improved 
combustion system. Details of the cost 
analysis are included in the RIA Chapter 
2.7. To reiterate, we have used this 
different approach because the MHD 
and HHD diesel engines are expected to 
comply in part via technology changes 
that are not reflected in new hardware 
but rather reflect knowledge gained 
through laboratory and real world 
testing that allows for improvements in 
control system calibrations—changes 
that are more difficult to reflect through 
direct costs with indirect cost 
multipliers. Note that these engines are 
also expected to incur new hardware 
costs as shown in Table II–9 through 
Table II–12. EPA also developed the 
incremental piece cost for the 
components to meet each of the 2021 
and 2024 standards. The costs shown in 
Table II–13 include a low complexity 
ICM of 1.15 and assume the flat-portion 
of the learning curve is applicable to 
each technology. 

(i) Tractor Engine Package Costs 

TABLE II–9—MY 2021 TRACTOR DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ..................................................................... $7 $7 
Valve Actuation ........................................................................................................................................................ 84 84 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ................................. 3 3 
Turbocharger (improved efficiency) ......................................................................................................................... 9 9 
Turbo Compounding ................................................................................................................................................ 51 51 
EGR Cooler (improved efficiency) ........................................................................................................................... 2 2 
Water Pump (optimized, variable vane, variable speed) ........................................................................................ 44 44 
Oil Pump (optimized) ............................................................................................................................................... 2 2 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) .................................. 2 2 
Fuel Rail (higher working pressure) ........................................................................................................................ 5 5 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ............................................ 5 5 
Piston (reduced friction skirt, ring and pin) ............................................................................................................. 1 1 
Valve train (reduced friction, roller tappet) .............................................................................................................. 39 39 
Waste Heat Recovery .............................................................................................................................................. 71 71 
‘‘Right sized’’ engine ................................................................................................................................................ ¥41 ¥41 

Total .................................................................................................................................................................. 284 284 

Note: ‘‘Right sized’’ diesel engine is a smaller, less costly engine than the engine it replaces. 
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TABLE II–10—MY 2024 TRACTOR DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ..................................................................... $14 $14 
Valve Actuation ........................................................................................................................................................ 169 169 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ................................. 6 6 
Turbocharger (improved efficiency) ......................................................................................................................... 17 17 
Turbo Compounding ................................................................................................................................................ 93 93 
EGR Cooler (improved efficiency) ........................................................................................................................... 3 3 
Water Pump (optimized, variable vane, variable speed) ........................................................................................ 85 85 
Oil Pump (optimized) ............................................................................................................................................... 4 4 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) .................................. 4 4 
Fuel Rail (higher working pressure) ........................................................................................................................ 9 9 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ............................................ 10 10 
Piston (reduced friction skirt, ring and pin) ............................................................................................................. 3 3 
Valve train (reduced friction, roller tappet) .............................................................................................................. 77 77 
Waste Heat Recovery .............................................................................................................................................. 298 298 
‘‘Right sized’’ engine ................................................................................................................................................ ¥82 ¥82 

Total .................................................................................................................................................................. 712 712 

Note: ‘‘Right sized’’ diesel engine is a smaller, less costly engine than the engine it replaces. 

TABLE II–11—MY 2027 TRACTOR DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ..................................................................... $15 $15 
Valve Actuation ........................................................................................................................................................ 172 172 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ................................. 6 6 
Turbocharger (improved efficiency) ......................................................................................................................... 17 17 
Turbo Compounding ................................................................................................................................................ 89 89 
EGR Cooler (improved efficiency) ........................................................................................................................... 3 3 
Water Pump (optimized, variable vane, variable speed) ........................................................................................ 85 85 
Oil Pump (optimized) ............................................................................................................................................... 4 4 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) .................................. 4 4 
Fuel Rail (higher working pressure) ........................................................................................................................ 9 9 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ............................................ 10 10 
Piston (reduced friction skirt, ring and pin) ............................................................................................................. 3 3 
Valve train (reduced friction, roller tappet) .............................................................................................................. 77 77 
Waste Heat Recovery .............................................................................................................................................. 1,208 1,208 
‘‘Right sized’’ engine ................................................................................................................................................ ¥123 ¥123 

Total .................................................................................................................................................................. 1,579 1,579 

Note: ‘‘Right sized’’ diesel engine is a smaller, less costly engine than the engine it replaces. 

(ii) Vocational Diesel Engine Package 
Costs 

TABLE II–12—MY 2021 VOCATIONAL DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Light HD Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ......................................... $8 $8 $8 
Valve Actuation ............................................................................................................................ 93 93 93 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ..... 6 3 3 
Turbocharger (improved efficiency) ............................................................................................. 10 10 10 
EGR Cooler (improved efficiency) ............................................................................................... 2 2 2 
Water Pump (optimized, variable vane, variable speed) ............................................................ 58 58 58 
Oil Pump (optimized) ................................................................................................................... 3 3 3 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) ...... 3 3 3 
Fuel Rail (higher working pressure) ............................................................................................ 8 6 6 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ................ 8 6 6 
Piston (reduced friction skirt, ring and pin) ................................................................................. 1 1 1 
Valve train (reduced friction, roller tappet) .................................................................................. 70 52 52 
Model Based Controls ................................................................................................................. 29 29 29 

Total ...................................................................................................................................... 298 275 275 
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TABLE II–13—MY 2024 VOCATIONAL DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Light HD Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ......................................... $14 $14 $14 
Valve Actuation ............................................................................................................................ 160 160 160 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ..... 10 6 6 
Turbocharger (improved efficiency) ............................................................................................. 16 16 16 
EGR Cooler (improved efficiency) ............................................................................................... 3 3 3 
Water Pump (optimized, variable vane, variable speed) ............................................................ 81 81 81 
Oil Pump (optimized) ................................................................................................................... 4 4 4 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) ...... 4 4 4 
Fuel Rail (higher working pressure) ............................................................................................ 11 9 9 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ................ 13 10 10 
Piston (reduced friction skirt, ring and pin) ................................................................................. 2 2 2 
Valve train (reduced friction, roller tappet) .................................................................................. 97 73 73 
Model Based Controls ................................................................................................................. 32 32 32 

Total ...................................................................................................................................... 446 413 413 

TABLE II–14—MY 2027 VOCATIONAL DIESEL ENGINE COMPONENT COSTS INCLUSIVE OF INDIRECT COST MARKUPS AND 
ADOPTION RATES 

[2013$] 

Light HD Medium HD Heavy HD 

After-treatment system (improved effectiveness SCR, dosing, DPF) ......................................... $15 $15 $15 
Valve Actuation ............................................................................................................................ 172 172 172 
Cylinder Head (flow optimized, increased firing pressure, improved thermal management) ..... 10 6 6 
Turbocharger (improved efficiency) ............................................................................................. 17 17 17 
EGR Cooler (improved efficiency) ............................................................................................... 3 3 3 
Water Pump (optimized, variable vane, variable speed) ............................................................ 85 85 85 
Oil Pump (optimized) ................................................................................................................... 4 4 4 
Fuel Pump (higher working pressure, increased efficiency, improved pressure regulation) ...... 4 4 4 
Fuel Rail (higher working pressure) ............................................................................................ 11 9 9 
Fuel Injector (optimized, improved multiple event control, higher working pressure) ................ 14 10 10 
Piston (reduced friction skirt, ring and pin) ................................................................................. 3 3 3 
Valve train (reduced friction, roller tappet) .................................................................................. 102 77 77 
Model Based Controls ................................................................................................................. 41 41 41 

Total ...................................................................................................................................... 481 446 446 

(e) Feasibility of Additional Engine 
Improvements 

While the agencies’ technological 
feasibility analysis for the engine 
standards focuses on what is achievable 
for existing engine platforms, we 
recognize that it could be possible to 
achieve greater reductions by designing 
entirely new engine platforms. Unlike 
existing platforms, which are limited 
with respect to peak cylinder pressures 
(precluding certain efficiency 
improvements), new platforms can be 
designed to have higher cylinder 
pressure than today’s engines. New 
designs are also better able to 
incorporate recent improvements in 
materials and manufacturing, as well as 
other technological developments. 
Considered together, it is likely that a 
new engine platform could be about 2 
percent better than engines using older 
platforms. Moreover, the agencies have 
seen CBI data that suggests 
improvement of more than 3 percent are 

possible. However, because designing 
and producing a new engine platform 
requires hundreds of millions of dollars 
in capital investment and significant 
lead time for research and development, 
it would not be appropriate to project 
that each engine manufacturer could 
complete a complete redesign of all of 
its engines within the Phase 2 time 
frame. Unlike light-duty, heavy-duty 
sales volumes are not large enough to 
support short redesign cycles. As a 
result, it can take 20 years for a 
manufacturer to generate the necessary 
return on the investment associated 
with an engine redesign. Forcing a 
manufacturer to redesign its engines 
prematurely could easily result in 
significant financial strain on a 
company. 

On the other hand, how far the 
various manufacturers are into their 
design cycles suggests that one or more 
manufacturers will probably introduce a 
new engine platform during the Phase 2 

time frame. This would not enable other 
engine manufacturers to meet more 
stringent standards, and thus it would 
not be an appropriate basis to justify 
more stringent engine standards (and 
certainly not engine standards reflecting 
100 percent use of technologies 
premised on existence of new 
platforms). However, the availability of 
some more efficient engines on the 
market will provide the opportunity for 
vehicle manufacturers to lower their 
average fuel consumption as measured 
by GEM. Vehicle manufacturers can use 
a mix of newer and older engine designs 
to achieve an average engine 
performance significantly better than 
what is required by the engine 
standards. Thus, the vehicle standards 
can reflect engine platform 
improvements (which are amenable to 
measurement in GEM), without 
necessarily forcing each manufacturer to 
achieve these additional reductions, 
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which may be achievable only for new 
engine platforms. 

As discussed in Section III.D.(1)(b)(i), 
the agencies project that at least one 
engine manufacturer (and possibly 
more) will have completed a redesign 
for tractor engines by 2027. 
Accordingly, we project that 50 percent 
of tractor engines in 2027 will be 
redesigned engines and be 1.6 percent 
more efficient than required by the 
engine standards, so the average engine 
would be 0.8 percent better. However, 
we could have projected the same 
overall improvement by projecting 25 
percent of engine getting 3.2 percent 
better. Based on the CBI information 
available to us, we believe projecting a 
0.8 percent improvement is reasonable, 
but may be somewhat conservative. 

Adding this 0.8 percent improvement 
to the 5.1 percent reduction required by 
the standards means we project the 
average 2027 tractor engine would be 
5.9 percent better than Phase 1. Because 
engine improvements for tractors are 
applied separately for day cabs and 
sleeper cabs in the vehicle program, we 
estimated separate improvements for 
them here. Specifically, we project a 5.4 
percent reduction for day cabs and a 6.4 
percent reduction in fuel consumption 
in sleeper cabs beyond Phase 1. It is 
important to also note that 
manufacturers that do not achieve this 
level would be able to make up for the 
difference by applying one of the many 
other tractor vehicle technologies to a 
greater extent than we project, or to 
achieve greater reductions by 

optimizing technology efficiency 
further. We are not including the cost of 
developing these new engines in our 
cost analysis because we believe these 
engines are going to be developed due 
to market forces (i.e., the new platform, 
already contemplated) rather than due 
to this rulemaking. 

We are making a similar new engine 
platform projection for vocational 
vehicles. This is because many of tractor 
and vocational engines, such as HHD, 
would likely share the same engine 
hardware with the exception of WHR. In 
addition, the model based control 
discussed in Chapter 2.3 of the RIA 
could integrate engines better with 
transmissions on the vehicle side. We 
believe manufacturers will first focus 
their efforts on improving tractor 
engines but still believe that the 2027 
vocational engine will be significantly 
better than required by the engine 
standards. 

(3) EPA Engine Standards for N2O 
EPA will continue to apply the Phase 

1 N2O engine standard of 0.10 g/bhp-hr 
and a 0.02 g/bhp-hr default 
deterioration factor to the Phase 2 
program. EPA adopted the cap standard 
for N2O as an engine-based standard 
because the agency believes that 
emissions of this GHG are 
technologically related solely to the 
engine, fuel, and emissions after- 
treatment systems, and the agency is not 
aware of any influence of vehicle-based 
technologies on these emissions. Note 
that NHTSA did not adopt standards for 
N2O because these emissions do not 

impact fuel consumption in a significant 
way. 

In the proposal we considered 
reducing both the standard and 
deterioration factor to 0.05 and 0.01 g/ 
bhp-hr respectively because engines 
certified in model year 2014 were 
generally meeting the proposed 
standard. We also explained the process 
behind N2O formation in urea SCR after- 
treatment systems and how that process 
could be optimized to elicit additional 
N2O reductions. 80 FR 40203. While we 
have seen some reductions and a few 
increases in engine family certified N2O 
levels across the 2014, 2015, and 2016 
model years, the majority have 
remained unchanged. 

While we still believe that further 
optimization of SCR systems is possible 
to reduce N2O emissions, as 
demonstrated for some engine families, 
we do not know to what extent further 
optimization can be achieved given the 
tradeoffs required to meet the Phase 2 
CO2 standards. These tradeoffs 
potentially include advancing fuel 
injection timing to reduce CO2 
emissions resulting in an increase in 
NOX emissions at the engine outlet 
before the after-treatment, increasing the 
needed NOX reduction efficiency of the 
SCR system. We will continue to assess 
N2O emissions as SCR technology 
evolves and CO2 emission reductions 
phase in, and we will revisit the 
standard at a later date to further control 
N2O emission. This will likely be 
included in the upcoming rule to 
consider more stringent NOX standards. 
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(4) EPA Engine Standards for Methane 

EPA will continue to apply the Phase 
1 methane engine standards to the Phase 
2 program. EPA adopted the cap 
standards for CH4 (along with N2O 
standards) as engine-based standards 
because the agency believes that 
emissions of this GHG are 
technologically related solely to the 
engine, fuel, and emissions after- 
treatment systems, and the agency is not 
aware of any influence of vehicle-based 
technologies on these emissions. We are 
applying these cap standards against the 
FTP duty-cycle because the FTP cycle is 
the most stringent with respect to 
emissions of these pollutants and we do 
not believe that a reduction is 
stringency from the current Phase 1 
standards is warranted. Note that 
NHTSA did not adopt standards for CH4 
(or N2O) because these emissions do not 
impact fuel consumption in a significant 
way. 

EPA continues to believe that 
manufacturers of most engine 
technologies will be able to comply with 
the Phase 1 CH4 standard with no 
technological improvements. We note 
that we are not aware of any new 
technologies that would have allowed 

us to adopt more stringent standards at 
this time. 

(5) Compliance Provisions and 
Flexibilities for Engine Standards 

The agencies are continuing most of 
the Phase 1 compliance provisions and 
flexibilities for the Phase 2 engine 
standards. 

(a) Averaging, Banking, and Trading 
The agencies’ general approach to 

averaging is discussed in Section I. We 
did not propose to offer any new or 
special credits to engine manufacturers 
to comply with any of the separate 
engine standards. Except for early 
credits, the agencies are retaining all 
Phase 1 credit flexibilities and 
limitations to continue for use in the 
Phase 2 engine program. 

As discussed below and as proposed, 
EPA is changing the useful life for LHD 
engines for GHG emissions from the 
current 10 years/110,000 miles to 15 
years/150,000 miles to be consistent 
with the useful life of criteria pollutants 
recently updated in EPA’s Tier 3 rule. 
In order to ensure that banked credits 
maintain their value in the transition 
from Phase 1 to Phase 2, EPA and 
NHTSA are adopting the proposed 
adjustment factor of 1.36 (i.e., 150,000 

mile ÷ 110,000 miles) for credits that are 
carried forward from Phase 1 to the MY 
2021 and later Phase 2 standards. 
Without this adjustment factor the 
change in useful life would have 
effectively resulted in a discount of 
banked credits that are carried forward 
from Phase 1 to Phase 2, which is not 
the intent of the change in the useful 
life. See Sections V and VI for 
additional discussion of similar 
adjustments of vehicle-based credits. 

Finally, the agencies are limiting the 
carryover of certain Phase 1 engine 
credits into the Phase 2 program. As 
described in Section II.D.(2) the 
agencies made adjustments to the FTP 
baselines, to address the unexpected 
step-change improvement in engine fuel 
consumption and CO2 emissions. The 
underlying reasons for this shift are 
mostly related to manufacturers 
optimizing their SCR thermal 
management strategy over the FTP in 
ways that we (mistakenly) thought they 
already had in MY 2010 (i.e., the Phase 
1 baseline). At the time of Phase 1 we 
had not realized that these 
improvements were not already in the 
Phase 1 baseline. This issue does not 
apply for SET emissions, and thus only 
significantly impacts engines certified 
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193 See 40 CFR 1036.108. 

exclusively to the FTP standards (rather 
than both FTP and SET standards). To 
prevent manufacturers from diluting the 
Phase 2 engine program with credits 
generated relative to this incorrect 
baseline, we are not allowing engine 
credits generated against the Phase 1 
FTP standards to be carried over into 
the Phase 2 program. 

(b) Changing Global Warming Potential 
(GWP) Values in the Credit Program for 
CH4 and N2O 

The Phase 1 rule included a 
compliance flexibility that allowed 
heavy-duty manufacturers and 
conversion companies to comply with 
the respective methane or nitrous oxide 
standards by means of over-complying 
with CO2 standards (40 CFR 
1036.705(d)). The heavy-duty rules 
allow averaging only between vehicles 
or engines of the same designated type 
(referred to as an ‘‘averaging set’’ in the 
rules). Specifically, the Phase 1 heavy- 
duty rulemaking added a CO2 credits 
program which allowed heavy-duty 
engine manufacturers to average and 
bank emission credits to comply with 
the methane and nitrous oxide 
requirements after adjusting the CO2 
emission credits based on the relative 
GWP equivalents. To establish the GWP 
equivalents used by the CO2 credits 
program, the Phase 1 rule incorporated 
the IPCC Fourth Assessment Report 
GWP values of 25 for CH4 and 298 for 
N2O, which are assessed over a 100 year 
lifetime. 

EPA will continue this provision for 
Phase 2. However, since the Phase 1 
rule was finalized, a new IPCC report 
has been released (the Fifth Assessment 
Report), with new GWP estimates. This 
caused us to look again at the relative 
GWP equivalency of methane and 
nitrous oxide and to seek comment on 
whether the methane and nitrous oxide 
GWPs used to establish the equivalency 
value for the CO2 Credit program should 
be updated to those established by IPCC 
in its Fifth Assessment Report. 80 FR 
40206. The Fifth Assessment Report 
provides four 100 year GWP values for 
methane ranging from 28 to 36 and two 
100 year GWP values for nitrous oxide, 
either 265 or 298. 

EPA is updating the GWP value to 
convert CO2 credits for use against the 
methane standard. We are using a GWP 
of 34 for the value of methane 
reductions relative to CO2 reductions. 
(The GWP remains 298 for N2O). The 
use of this new methane GWP will not 
begin until MY 2021, when the Phase 2 
engine standards begin. This provides 
sufficient lead time for both the agencies 
and manufacturers to update systems, 
and also ensures that manufacturers 

would be able make any necessary 
design changes. The choice of when to 
commence use of this GWP value for 
our engines standards does not 
prejudice the choice of other GWP 
values for use in regulations and other 
purposes in the near term. Further 
discussion is found in Section XI.D.2.a. 

(c) In-Use Compliance and Useful Life 
Consistent with section 202(a)(1) and 

202(d) of the CAA, for Phase 1, EPA 
established in-use standards for heavy- 
duty engines. Based on our assessment 
of testing variability and other relevant 
factors, we established in-use standards 
by adding a 3 percent adjustment factor 
to the full useful life CO2 emissions and 
fuel consumption results measured in 
the EPA certification process to address 
measurement variability inherent in 
comparing results among different 
laboratories and different engines. See 
40 CFR part 1036. The agencies are not 
changing this for Phase 2 SET and FTP 
engine standard compliance. 

In Phase 1, EPA set the useful life for 
engines and vehicles with respect to 
GHG emissions equal to the respective 
useful life periods for criteria pollutants. 
In April 2014, as part of the Tier 3 light- 
duty vehicle final rule, EPA extended 
the regulatory useful life period for 
criteria pollutants to 150,000 miles or 15 
years, whichever comes first, for Class 
2b and 3 pickup trucks and vans and 
some light-duty trucks (79 FR 23414, 
April 28, 2014). As proposed, EPA is 
applying the same useful life of 150,000 
miles or 15 years for the Phase 2 GHG 
standards for engines primarily 
intended for use in vocational vehicles 
with a GVWR at or below 19,500 lbs. 
NHTSA will use the same useful life 
values as EPA for all heavy-duty 
vehicles. 

As proposed, we will continue the 
regulatory allowance in 40 CFR 
1036.150(g) that allows engine 
manufacturers to use assigned 
deterioration factors (DFs) for most 
engines without performing their own 
durability emission tests or engineering 
analysis. However, the engines will still 
be required to meet the standards in 
actual use without regard to whether the 
manufacturer used the assigned DFs. 
This allowance is being continued as an 
interim provision and may be 
discontinued for later phases of 
standards as more information becomes 
known. Manufacturers are allowed to 
use an assigned additive DF of 0.0 g/ 
bhp-hr for CO2 emissions from any 
conventional engine (i.e., an engine not 
including advanced or off-cycle 
technologies). Upon request, we could 
allow the assigned DF for CO2 emissions 
from engines including advanced or off- 

cycle technologies, but only if we 
determine that it would be consistent 
with good engineering judgment. We 
believe that we have enough 
information about in-use CO2 emissions 
from conventional engines to conclude 
that they will not increase as the 
engines age. However, we lack such 
information about the more advanced 
technologies. For technologies such as 
WHR that are considered advanced in 
the context of Phase 1, but would be 
treated as a more ordinary technology 
by the end of Phase 2, we plan to work 
with manufacturers to determine if 
using the assigned zero DF would be 
appropriate. 

(d) Alternate CO2 Standards 
In the Phase 1 rulemaking, the 

agencies allowed certification to 
alternate CO2 engine standards in model 
years 2014 through 2016. This flexibility 
was intended to address the special case 
of needed lead time to implement new 
standards for a previously unregulated 
pollutant. Since that special case does 
not apply for Phase 2, we are not 
adopting a similar flexibility in this 
rulemaking. 

(e) Approach to Standards and 
Compliance Provisions for Natural Gas 
Engines 

EPA is also making certain clarifying 
changes to its rules regarding 
classification of natural gas engines. 
This relates to standards for all 
emissions, both greenhouse gases and 
criteria pollutants. These clarifying 
changes are intended to reflect the 
status quo, and therefore should not 
have any associated costs. 

EPA emission standards have always 
applied differently for gasoline-fueled 
and diesel-fueled engines. The 
regulations in 40 CFR part 86 
implement these distinctions by 
dividing engines into Otto-cycle and 
Diesel-cycle technologies. This 
approach led EPA to categorize natural 
gas engines according to their design 
history. A diesel engine converted to 
run on natural gas was classified as a 
diesel-cycle engine; a gasoline engine 
converted to run on natural gas was 
classified as an Otto-cycle engine. 

The Phase 1 rule described our plan 
to transition to a different approach, 
consistent with EPA’s non-road 
programs, in which we divide engines 
into compression-ignition and spark- 
ignition technologies based only on the 
thermodynamic operating 
characteristics of the engines.193 
However, the Phase 1 rule included a 
provision allowing us to continue with 
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194 Section 202(a)(2), applicable to emissions of 
greenhouse gases, does not mandate a specific 
period of lead time, but EPA sees no reason for a 

different compliance date here for GHGs and 
criteria pollutants. This is also true with respect to 
the closed crankcase emissions discussed in the 
following subsection. Also, as explained in section 
I.E.i.e, EPA interprets the phrase ‘‘classes or 
categories of heavy duty vehicles or engines’’ in 
CAA section 202(a)(3)(C) to refer to categories of 
vehicles established according to features such as 
their engine cycle (spark-ignition or compression- 
ignition).l. 

the historic approach on an interim 
basis. 

Under the existing EPA regulatory 
definitions of ‘‘compression-ignition’’ 
and ‘‘spark-ignition,’’ a natural gas 
engine would generally be considered 
compression-ignition if it operates with 
lean air-fuel mixtures and uses a pilot 
injection of diesel fuel to initiate 
combustion, and would generally be 
considered spark-ignition if it operates 
with stoichiometric air-fuel mixtures 
and uses a spark plug to initiate 
combustion. 

EPA’s basic premise here is that 
natural gas engines performing similar 
in-use functions as diesel engines 
should be subject to similar regulatory 
requirements. The compression-ignition 
emission standards and testing 
requirements reflect the operating 
characteristics for the full range of 
heavy-duty vehicles, including 
substantial operation in long-haul 
service characteristic of tractors. The 

spark-ignition emission standards and 
testing requirements do not include 
some of those provisions related to use 
in long-haul service or other 
applications where diesel engines 
predominate, such as steady-state 
testing, Not-to-Exceed standards, and 
extended useful life. We believe it 
would be inappropriate to apply the 
spark-ignition standards and 
requirements to natural gas engines that 
are being used in applications mostly 
served by diesel engines today. We 
therefore proposed to replace the 
interim provision described above with 
a differentiated approach to certification 
of natural gas engines across all of the 
EPA standards—for both GHGs and 
criteria pollutants. 80 FR 40207. Under 
the proposed amendment, we would 
require manufacturers to divide all their 
natural gas engines into primary 
intended service classes, as we already 
require for compression-ignition 
engines, whether or not the engine has 

features that otherwise could (in theory) 
result in classification as SI under the 
current rules. We proposed that any 
natural gas engine qualifying as a 
medium heavy-duty engine (19,500 to 
33,000 lbs. GVWR) or a heavy heavy- 
duty engine (over 33,000 lbs. GVWR) 
would be subject to all the emission 
standards and other requirements that 
apply to compression-ignition engines. 
However, based on comments, we are 
finalizing this change only for heavy 
heavy-duty engines. Commenters 
identified medium heavy-duty 
applications in which SI alternative fuel 
engines compete significantly with 
gasoline engines, which is not 
consistent with the premise of the 
proposal. Thus, we are not finalizing the 
proposed change for medium heavy- 
duty engines. 

Table II–15 describes the provisions 
that apply differently for compression- 
ignition and spark-ignition engines: 

TABLE II–15—REGULATORY PROVISIONS THAT ARE DIFFERENT FOR COMPRESSION-IGNITION AND SPARK-IGNITION 
ENGINES 

Provision Compression-ignition Spark-ignition 

Transient duty cycle ....................... 40 CFR part 86, Appendix I, paragraph (f)(2) cycle; divide by 
1.12 to de-normalize.

40 CFR part 86, Appendix I, paragraph 
(f)(1) cycle. 

Ramped-modal test (SET) ............. yes ............................................................................................ no. 
NTE standards ............................... yes ............................................................................................ no. 
Smoke standard ............................. yes ............................................................................................ no. 
Manufacturer-run in-use testing ..... yes ............................................................................................ no. 
ABT—pollutants ............................. NOX, PM .................................................................................. NOX, NMHC. 
ABT—transient conversion factor .. 6.5 ............................................................................................ 6.3. 
ABT—averaging set ....................... Separate averaging sets for light, medium, and heavy HDDE One averaging set for all SI engines. 
Useful life ....................................... 110,000 miles for light HDDE, a 185,000 miles for medium 

HDDE, 435,000 miles for heavy HDDE.
110,000 miles. a 

Warranty ........................................ 50,000 miles for light HDDE, 100,000 miles for medium 
HDDE, 100,000 miles for heavy HDDE.

50,000 miles. 

Detailed AECD description ............ yes ............................................................................................ no. 
Test engine selection ..................... highest injected fuel volume .................................................... most likely to exceed emission standards. 

Note: 
a As proposed, useful life for light heavy-duty diesel and spark ignition engines is being increased to 150,000 miles for GHG emissions, but re-

mains at 110,000 for criteria pollutant emissions. 

The onboard diagnostic requirements 
already differentiate requirements by 
fuel type, so there is no need for those 
provisions to change based on the 
considerations of this section. 

We are not aware of any currently 
certified engines that will change from 
compression-ignition to spark-ignition 
under this approach. Nonetheless, 
because these proposed changes could 
result in a change in standards for 
engines currently under development, 
we believe it is appropriate to provide 
additional lead time. We will therefore 
continue to apply the existing interim 
provision through model year 2020.194 

Starting in model year 2021, all the 
provisions will apply as described 
above for heavy heavy-duty engines. 
Manufacturers will not be permitted to 
certify any engine families using 
carryover emission data if a particular 
engine model switched from 
compression-ignition to spark-ignition, 
or vice versa. However, as noted above, 
in practice these vehicles are already 

being certified as CI engines, so we view 
these changes as clarifications ratifying 
the current status quo. 

These provisions will apply equally to 
engines fueled by any fuel other than 
gasoline or ethanol, should such engines 
be produced in the future. Given the 
current and historic market for vehicles 
above 33,000 lbs. GVWR, the agencies 
believe any alternative-fueled vehicles 
in this weight range will be competing 
primarily with diesel vehicles and 
should be subject to the same 
requirements as them. See Sections XI 
and XII for additional discussion of 
natural gas fueled engines. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00094 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73571 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

195 See 40 CFR 86.008–10(c). 

196 The statistical formula for standard error, 
which is a well-accepted measure of uncertainty, is 
the standard deviation times the reciprocal of the 
square root of the sample size. For a sample size 
of three, the reciprocal of the square root of three 
is approximately 0.58, which results in a 42% 
reduction in uncertainty, versus a sample size of 
one. 

197 Note that this +1.0 percent compliance margin 
built into the standards, or any other future 
determination of test procedure uncertainty, does 
not impact the agencies’ technology feasibility or 
cost-benefit analyses for this rulemaking. 

198 The on-highway Class 7 and 8 combination 
tractor-trailers constitute the vast majority of this 
regulatory category. A small fraction of combination 
tractors are used in off-road applications and are 
regulated differently, as described in Section III.C. 

(f) Crankcase Emissions From Natural 
Gas Engines 

EPA proposed to require that all 
natural gas-fueled engines have closed 
crankcases, rather than continuing the 
provision that allows venting to the 
atmosphere all crankcase emissions 
from all compression-ignition engines. 
80 FR 40208. However, EPA is not 
finalizing the proposed requirement at 
this time. 

Open crankcases have been allowed 
as long as these vented crankcase 
emissions are measured and accounted 
for as part of an engine’s tailpipe 
emissions. This allowance has 
historically been in place to address the 
technical limitations related to 
recirculating diesel-fueled engines’ 
crankcase emissions, which have high 
PM emissions, back into the engine’s air 
intake. High PM emissions vented into 
the intake of an engine can foul 
turbocharger compressors and after 
cooler heat exchangers. In contrast, 
historically EPA has mandated closed 
crankcase technology on all gasoline 
fueled engines and all natural gas spark- 
ignition engines.195 The inherently low 
PM emissions from these engines posed 
no technical barrier to a closed 
crankcase mandate. However, after 
considering the comments on this issue, 
we now believe that there are practical 
reasons why we should not close 
natural gas crankcases without also 
requiring closed crankcases for other 
compression-ignition engines. Because 
current natural gas engines are generally 
produced from diesel engine designs 
that are not designed to operate with 
closed crankcases, we have concerns 
that sealing the crankcase on the natural 
gas versions will require substantial 
development effort, and the seals may 
not function properly. Thus, we expect 
to update our regulations for crankcase 
emissions from all compression ignition 
engines at the same time in a future 
rulemaking. 

(g) Compliance Margins 

Some commenters suggested that the 
agencies should apply a compliance 
margin to confirmatory and SEA test 
results to account for variability of 
engine maps and emission tests. 
However, EPA’s past practice has been 
to base the standards on technology 
projections that assume manufacturers 
will apply compliance margins to their 
test results for certification. In other 
words, they design their products to 
have emissions below the standards by 
some small margin so that test-to-test or 
lab-to-lab variability would not cause 

them to exceed any applicable 
standards. Consequently, EPA has 
typically not set standards precisely at 
the lowest levels achievable, but rather 
at slightly higher levels—expecting 
manufacturers to target the lower levels 
to provide compliance margins for 
themselves. The agencies have applied 
this approach to the Phase 2 standards. 
Thus, the feasibility and cost analyses 
reflect the expectation that 
manufacturers will target lower values 
to provide compliance margins. 

The agencies have also improved the 
engine test procedures and compliance 
provisions to reduce the agencies’ and 
the manufacturers’ uncertainty of engine 
test results. For example, in the 
agencies’ confirmatory test procedures 
we are requiring that the agencies use 
the average of at least three tests (i.e., 
the arithmetic mean of a sample size of 
at least three test results) for 
determining the values of confirmatory 
test results for any GEM engine fuel 
maps. We are only doing this for GEM 
engine fuel maps because these are 
relatively new tests, compared to Phase 
1 testing or EPA’s other emissions 
standards. Therefore, this provision 
does not apply to any other emissions 
testing. For all other emissions testing 
besides GEM engine fuel maps the 
agencies’ maintain our usual convention 
of utilizing a sample size of one for 
confirmatory testing. For GEM engine 
fuel mapping this at least triples the test 
burden for the agencies to conduct 
confirmatory testing, but it also 
decreases confirmatory test result 
uncertainty by at least 42 percent.196 
Based on improvements like this one, 
and others described in Section 1.4 of 
the RTC, we believe that SET, FTP and 
GEM’s steady-state, cycle-average and 
powertrain test results will have an 
overall uncertainty of +/¥1.0 percent. 
To further protect against falsely high 
emissions results or false failures due to 
this remaining level of test procedure 
uncertainty, we have included a +1 
percent compliance margin into our 
stringency analyses of the engine 
standards and the GEM fuel map inputs 
used to determine the tractor and 
vocational vehicle standards. In other 
words we set Phase 2 engine and 
vehicle standards 1 percent less 
stringent than if we had not considered 
this test procedure uncertainty. 

In addition to the test procedure 
improvements and the +1 percent 
margin we incorporated into our 
standards, the agencies are also 
committed to a process of continuous 
improvement of test procedures to 
further reduce test result uncertainty. To 
contribute to this effort, in mid-2016 
EPA committed $250,000 to fund 
research to further evaluate individual 
sources of engine mapping test 
procedure uncertainty. This work will 
occur at SwRI. Should the results of this 
work or other similar future work 
indicate test procedure improvements 
that would further reduce test result 
uncertainty, the agencies will 
incorporate these improvements 
through appropriate guidance or 
through technical amendments to the 
regulations via a notice and comment 
rulemaking. If we determine in the 
future through the SwRI work or other 
work that such improvements eliminate 
the need to require the agencies to 
conduct triplicate confirmatory testing 
of GEM engine fuel maps, we will 
promulgate technical amendments to 
the regulations to remove this 
requirement. If we determine in the 
future through the SwRI work or other 
work that the +1.0 percent we factored 
into our stringency analysis was 
inappropriately low or high, we will 
promulgate technical amendments to 
the regulations to address any 
inappropriate impact this +1.0 percent 
had on the stringency of the engine and 
vehicle standards.197 In addition, 
whenever the agencies determine 
whether or not confirmatory test results 
are statistically significantly different 
from manufacturers’ declared values, 
the agencies will use good engineering 
judgment to appropriately factor into 
such determinations the results of this 
SwRI work and/or any other future work 
that quantifies our test procedures’ 
uncertainty. 

III. Class 7 and 8 Combination Tractors 

Class 7 and 8 combination tractors- 
trailers contribute the largest portion of 
the total GHG emissions and fuel 
consumption of the heavy-duty sector, 
approximately 60 percent, due to their 
large payloads, their high annual miles 
traveled, and their major role in national 
freight transport.198 These vehicles 
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199 ‘‘Tractor’’ is defined in 49 CFR 571.3 to mean 
‘‘a truck designed primarily for drawing other motor 
vehicles and not so constructed as to carry a load 

other than a part of the weight of the vehicle and 
the load so drawn.’’ 

200 Adapted from Figure 4.1. Class 8 Truck Energy 
Audit, Technology Roadmap for the 21st Century 

Truck Program: A Government-Industry Research 
Partnership, 21CT–001, December 2000. 

consist of a cab and engine (tractor or 
combination tractor) and a trailer.199 In 
general, reducing GHG emissions and 
fuel consumption for these vehicles will 
involve improvements to all aspects of 
the vehicle. 

As we found during the development 
in Phase 1 and as continues to be true 
in the industry today, the heavy-duty 
combination tractor-trailer industry 
consists of separate tractor 
manufacturers and trailer 
manufacturers. We are not aware of any 
manufacturer that typically assembles 
both the finished truck and the trailer 
and introduces the combination into 
commerce for sale to a buyer. There are 
also large differences in the kinds of 
manufacturers involved with producing 
tractors and trailers. For HD highway 
tractors and their engines, a relatively 
limited number of manufacturers 
produce the vast majority of these 

products. The trailer manufacturing 
industry is quite different, and includes 
a large number of companies, many of 
which are relatively small in size and 
production volume. Setting standards 
for the products involved—tractors and 
trailers—requires recognition of the 
large differences between these 
manufacturing industries, which can 
then warrant consideration of different 
regulatory approaches. Thus, although 
tractor-trailers operate essentially as a 
unit from both a commercial standpoint 
and for purposes of fuel efficiency and 
CO2 emissions, the agencies have 
developed separate standards for each. 

Based on these industry 
characteristics, EPA and NHTSA believe 
that the most appropriate regulatory 
approach for combination tractors and 
trailers is to establish standards for 
tractors separately from trailers. As 
discussed below in Section IV, the 

agencies are also adopting standards for 
certain types of trailers. 

A. Summary of the Phase 1 Tractor 
Program 

The design of each tractor’s cab and 
drivetrain determines the amount of 
power that the engine must produce in 
moving the truck and its payload down 
the road. As illustrated in Figure III–1, 
the loads that require additional power 
from the engine include air resistance 
(aerodynamics), tire rolling resistance, 
and parasitic losses (including accessory 
loads and friction in the drivetrain). The 
importance of the engine design is that 
it determines the basic GHG emissions 
and fuel consumption performance for 
the variety of demands placed on the 
vehicle, regardless of the characteristics 
of the cab in which it is installed. 

Accordingly, for Class 7 and 8 
combination tractors, the agencies 
adopted two sets of Phase 1 tractor 
standards for fuel consumption and CO2 
emissions. The CO2 emission and fuel 
consumption reductions related to 
engine technologies are recognized in 
the engine standards. For vehicle- 
related emissions and fuel consumption, 
tractor manufacturers are required to 
meet vehicle-based standards. 
Compliance with the vehicle standard 
must be determined using the GEM 
vehicle simulation tool. 

The Phase 1 tractor standards were 
based on several key attributes related to 
GHG emissions and fuel consumption 
that reasonably represent the many 
differences in utility and performance 
among these vehicles. Attribute-based 
standards in general recognize the 
variety of functions performed by 
vehicles and engines, which in turn can 
affect the kind of technology that is 
available to control emissions and 
reduce fuel consumption, or its 
effectiveness. Attributes that 
characterize differences in the design of 
vehicles, as well as differences in how 

the vehicles will be employed in-use, 
can be key factors in evaluating 
technological improvements for 
reducing CO2 emissions and fuel 
consumption. Developing an 
appropriate attribute-based standard can 
also avoid interfering with the ability of 
the market to offer a variety of products 
to meet the customer’s demand. The 
Phase 1 tractor standards differ 
depending on GVWR (i.e., whether the 
truck is Class 7 or Class 8), the height 
of the roof of the cab, and whether it is 
a ‘‘day cab’’ or a ‘‘sleeper cab.’’ These 
later two attributes are important 
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201 Manufacturers may have voluntarily opted-in 
to the NHTSA fuel consumption standards in model 
years 2014 or 2015. Once a manufacturer opts into 
the NHTSA program it must stay in the program for 
all optional MYs. 

202 National Academy of Science. ‘‘Technologies 
and Approaches to Reducing the Fuel Consumption 
of Medium- and Heavy-Duty Vehicles.’’ 2010. 
Recommendation 8–4 stated ‘‘Simulation modeling 
should be used with component test data and 
additional tested inputs from powertrain tests, 
which could lower the cost and administrative 
burden yet achieve the needed accuracy of results.’’ 

203 See 76 FR 57138 for Phase 1 discussion. See 
40 CFR 1037.801 for Phase 2 heavy-haul tractor 
regulatory definition. 

because the height of the roof, designed 
to correspond to the height of the trailer, 
significantly affects air resistance, and a 
sleeper cab generally corresponds to the 
opportunity for extended duration idle 
emission and fuel consumption 
improvements. Based on these 
attributes, the agencies created nine 
subcategories within the Class 7 and 8 
combination tractor category. The Phase 
1 rules set standards for each of them. 
Phase 1 standards began with the 2014 
model year and were followed with 
more stringent standards following in 
model year 2017.201 The standards 
represent an overall fuel consumption 
and CO2 emissions reduction up to 23 
percent from the tractors and the 
engines installed in them when 
compared to a baseline 2010 model year 
tractor and engine without idle 
shutdown technology. Although the 
EPA and NHTSA standards are 
expressed differently (grams of CO2 per 
ton-mile and gallons per 1,000 ton-mile 
respectively), the standards are 
equivalent. 

In Phase 1, the agencies allowed 
manufacturers to certify certain types of 
combination tractors as vocational 
vehicles. These are tractors that do not 
typically operate at highway speeds, or 
would otherwise not benefit from 
efficiency improvements designed for 
line-haul tractors (although standards 
still apply to the engines installed in 
these vehicles). The agencies created a 
subcategory of ‘‘vocational tractors,’’ or 
referred to as ‘‘special purpose tractors’’ 
in 40 CFR part 1037, because real world 
operation of these tractors is better 
represented by our Phase 1 vocational 
vehicle duty cycle than the tractor duty 
cycles. Vocational tractors are subject to 
the standards for vocational vehicles 
rather than the combination tractor 
standards. In addition, specific 
vocational tractors and heavy-duty 
vocational vehicles primarily designed 
to perform work off-road or having tires 
installed with a maximum speed rating 
at or below 55 mph are exempted from 
the Phase 1 standards. 

In Phase 1, the agencies also 
established separate performance 
standards for the engines manufactured 
for use in these tractors. EPA’s engine- 
based CO2 standards and NHTSA’s 
engine-based fuel consumption 
standards are being implemented using 
EPA’s existing test procedures and 
regulatory structure for criteria pollutant 
emissions from medium- and heavy- 
duty engines. These engine standards 

vary depending on engine size linked to 
intended vehicle service class (which 
are the same service classes used for 
many years for EPA’s criteria pollutant 
standards). 

Manufacturers demonstrate 
compliance with the Phase 1 tractor 
standards using the GEM simulation 
tool. As explained in Section II above, 
GEM is a customized vehicle simulation 
model which is the preferred approach 
to demonstrating compliance testing for 
combination tractors rather than chassis 
dynamometer testing used in light-duty 
vehicle compliance. As discussed in the 
development of HD Phase 1 and 
recommended by the NAS 2010 study, 
a simulation tool is the preferred 
approach for HD tractor compliance 
because of the extremely large number 
of vehicle configurations.202 The GEM 
compliance tool was developed by EPA 
and is an accurate and cost-effective 
alternative to measuring emissions and 
fuel consumption while operating the 
vehicle on a chassis dynamometer. 
Instead of using a chassis dynamometer 
as an indirect way to evaluate real world 
operation and performance, various 
characteristics of the vehicle are 
measured and these measurements are 
used as inputs to the model. For HD 
Phase 1, these characteristics relate to 
key technologies appropriate for this 
category of truck including aerodynamic 
features, weight reductions, tire rolling 
resistance, the presence of idle-reducing 
technology, and vehicle speed limiters. 
The model also assumes the use of a 
representative typical engine in 
compliance with the separate, 
applicable Phase 1 engine standard. 
Using these inputs, the model is used to 
quantify the overall performance of the 
vehicle in terms of CO2 emissions and 
fuel consumption. CO2 emission 
reduction and fuel consumption 
technologies not measured by the model 
must be evaluated separately, and the 
HD Phase 1 rules establish mechanisms 
allowing credit for such ‘‘off-cycle’’ 
technologies. 

In addition to the final Phase 1 
tractor-based standards for CO2, EPA 
adopted a separate standard to reduce 
leakage of HFC refrigerant from cabin air 
conditioning (A/C) systems from 
combination tractors that apply to the 
tractor manufacturer. This HFC leakage 
standard is independent of the CO2 
tractor standard. Manufacturers can 

choose technologies from a menu of 
leak-reducing technologies sufficient to 
comply with the standard, as opposed to 
using a test to measure performance. 

The Phase 1 program also provided 
several flexibilities to advance the goals 
of the overall program while providing 
alternative pathways to achieve 
compliance. The primary flexibility is 
the averaging, banking, and trading 
program which allows emissions and 
fuel consumption credits to be averaged 
within an averaging set, banked for up 
to five years, or traded among 
manufacturers. Manufacturers with 
credit deficits were allowed to carry- 
forward credit deficits for up to three 
model years, similar to the LD GHG and 
CAFE carry-back credits. Phase 1 also 
included several interim provisions, 
such as incentives for advanced 
technologies and provisions to obtain 
credits for innovative technologies 
(called off-cycle in the Phase 2 program) 
not accounted for by the HD Phase 1 
version of GEM or for certifying early. 

B. Overview of the Phase 2 Tractor 
Program and Key Changes From the 
Proposal 

The HD Phase 2 program is similar in 
many respects to the Phase 1 approach. 
The agencies are keeping the Phase 1 
attribute-based regulatory structure in 
terms of dividing the tractor category 
into the same nine subcategories based 
on the tractor’s GVWR, cab 
configuration, and roof height. This 
structure is working well in the 
implementation of Phase 1. EMA and 
Daimler supported this approach again 
in their comments to the Phase 2 NPRM. 
The one area where the agencies are 
changing the regulatory structure is 
related to heavy-haul tractors. As noted 
above, the Phase 1 regulations include 
a set of provisions that allow vocational 
tractors to be treated as vocational 
vehicles. However, because the agencies 
are including the powertrain as part of 
the technology basis for the tractor and 
vocational vehicle standards in Phase 2, 
we are classifying a certain set of these 
vocational tractors as heavy-haul 
tractors and subjecting them to a 
separate tractor standard that reflects 
their unique powertrain requirements 
and limitations in application of 
technologies to reduce fuel 
consumption and CO2 emissions.203 The 
agencies are adopting some revisions to 
the proposed Phase 2 criteria used to 
define heavy-haul tractors in response 
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204 Fuel consumption is calculated from CO2 
using the conversion factor of 10,180 grams of CO2 
per gallon for diesel fuel. 

205 This is necessarily an EPA-only provision 
since it relates to control of criteria pollutant 
emissions from a type of non-road engine, not to 
fuel efficiency. 

206 U.S. EPA. Development of Emission Rates for 
Heavy-Duty Vehicles in the Motor Vehicle 
Emissions Simulator MOVES 2010. EPA–420–B– 
12–049. August 2012. 

to comments, as discussed below in 
Section III.C.4. 

The agencies will retain much of the 
certification and compliance structure 
developed in Phase 1. The Phase 2 
tractor CO2 emissions and fuel 
consumption standards, as in Phase 1, 
will be aligned.204 The agencies will 
also continue to have separate engine 
and vehicle standards to drive 
technology improvements in both areas. 
The reasoning behind maintaining 
separate standards is discussed above in 
Section II.B.2. As in Phase 1, the 
manufacturers will certify tractors using 
the GEM simulation tool and evaluate 
the performance of subsystems through 
testing (the results of this testing to be 
used as inputs to the GEM simulation 
tool). Other aspects of the HD Phase 2 
certification and compliance program 
also mirror the Phase 1 program, such 
as maintaining a single reporting 
structure to satisfy both agencies, 
requiring limited data at the beginning 
of the model year for certification, and 
determining compliance based on end 
of year reports. In the Phase 1 program, 
manufacturers participating in the ABT 
program provided 90 day and 270 day 
reports after the end of the model year. 
For the Phase 2 program, the agencies 
proposed that manufacturers would 
only be required to submit one end of 
the year report, which would have 
simplified reporting. Manufacturers 
provided comments opposing this 
approach. After further consideration, 
the agencies are adopting an approach 
in Phase 2 that mirrors the Phase 1 
approach with a 90 day preliminary 
report and a 270 day final report, with 
the manufacturer having the option to 
request a waiver of the 90 day report 
based on positive credit balances. 

Even though many aspects of the HD 
Phase 2 program are similar to Phase 1, 
there are some key differences. While 
Phase 1 focused on reducing CO2 
emissions and fuel consumption in 
tractors through the application of 
existing (‘‘off-the-shelf’’) technologies, 
the HD Phase 2 standards seek 
additional reductions through increased 
use of existing technologies and the 
development and deployment of more 
advanced technologies. The agencies 
received numerous comments on the 
proposed Phase 2 technology 
assessments in terms of the baseline, the 
technology effectiveness, the market 
adoption rate projections, and the 
technology costs. The agencies have 
made changes reflecting our assessment 

of these comments, as described in 
Section III.D. 

To evaluate the effectiveness of a 
more comprehensive set of technologies 
in Phase 2, the agencies are including 
several additional inputs to the Phase 2 
GEM. The set of inputs includes the 
Phase 1 inputs plus parameters to assess 
the performance of the engine, 
transmission, and driveline. Specific 
inputs for, among others, predictive 
cruise control, automatic tire inflation 
systems, and 6x2 axles will now be 
required. The final Phase 2 program 
includes some changes to the proposed 
Phase 2 technology inputs to GEM. 
These changes from proposal include 
the use of cycle-averaged fuel maps for 
use when evaluating a vehicle over the 
transient cycle, optional transmission 
efficiency inputs, optional axle 
efficiency inputs, an increase in the 
types of idle reduction technologies 
recognized in GEM, and the ability to 
recognize the effectiveness of tire 
pressure monitoring systems, neutral 
coast, and neutral idle. As in Phase 1, 
in Phase 2 manufacturers will conduct 
component testing to obtain the values 
for these technologies (should they 
choose to use them), then the testing 
values will be input into the GEM 
simulation tool. See Section III.D.1 
below. To effectively assess 
performance of the technologies, the 
agencies are adopting a revised version 
of the road grade profiles proposed for 
Phase 2. Finally, the agencies are 
adopting Phase 2 regulations with 
clarified selective enforcement and 
confirmatory testing requirements for 
the GEM inputs that differ from the 
Phase 2 NPRM based on the comments 
received. 

The key aerodynamic assessment 
areas that the agencies proposed to 
change in Phase 2 relative to Phase 1 
were the use of a more aerodynamic 
reference trailer, the inclusion of the 
impact of wind on the tractor, and 
changes to the aerodynamic test 
procedures. We are adopting these 
changes in Phase 2 with some further 
revisions from those proposed for Phase 
2 based on comments. To reflect the 
evolving trailer market, the agencies are 
adopting as proposed the addition of 
trailer skirts (an aerodynamic improving 
device) to the reference trailer (i.e. the 
trailer used during testing to determine 
the relative aerodynamic performance of 
the tractor). The agencies are also 
adopting the proposed aerodynamic 
certification test procedure that captures 
the impact of wind average drag on 
tractor aerodynamic performance. 
However, the agencies are specifying in 
the final rule the use of a single 
surrogate yaw angle instead of a full 

yaw sweep to reduce the aerodynamic 
testing burden based on further 
assessment of the EPA aerodynamic 
data and comments received on the 
NPRM. Finally, the agencies are 
adopting aerodynamic test procedure 
and data analysis changes from the 
Phase 2 proposal to further reduce the 
variability of aerodynamic test results. 
Detailed discussion of the aerodynamic 
test procedures is included in Section 
III.E.2. 

Another key change to the final rule 
is the adoption of more stringent 
particulate matter (PM) standards for 
auxiliary power units (APU) installed in 
new tractors.205 In the Phase 2 NPRM, 
EPA sought comment on the need for 
and feasibility of new PM standards for 
these engines because APUs can be used 
in lieu of operating the main engine 
during extended idle operations to 
provide climate control and power to 
the driver. See 80 FR 40213. APUs can 
reduce fuel consumption, NOX, HC, 
CH4, and CO2 emissions when 
compared to main engine idling.206 
However, a potential unintended 
consequence of reducing CO2 emissions 
from combination tractors through the 
use of APUs during extended idle 
operation is an increase in PM 
emissions. EPA is adopting 
requirements for APUs installed in new 
tractors to meet lower PM standards 
starting in 2018, with a more stringent 
PM standard starting in 2024. Please see 
Section III.C.3 for more details. 

The agencies are also ending some of 
the interim provisions developed in 
Phase 1 to reflect the maturity of the 
program and the reduced need and 
justification for some of the Phase 1 
flexibilities. Further discussions on all 
of these matters are covered in the 
following sections. 

C. Phase 2 Tractor Standards 
EPA is adopting CO2 standards and 

NHTSA is adopting fuel consumption 
standards for new Class 7 and 8 
combination tractors in Phase 2 that are 
more stringent than Phase 1. In 
addition, EPA is continuing the HFC 
standards for the air conditioning 
systems that were adopted in Phase 1. 
EPA is also adopting new standards to 
further control emissions of particulate 
matter (PM) from auxiliary power units 
(APU) installed in new tractors that will 
prevent an unintended consequence of 
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207 Since the HD Phase 1 tractor standards fully 
phase-in by the MY 2017, this is the logical baseline 
year. 

increasing PM emissions during long 
duration idling. 

This section describes these standards 
in detail. 

(1) Final Fuel Consumption and CO2 
Standards 

The Phase 2 fuel consumption and 
CO2 standards for the tractor cab are 
shown below in Table III–1. These 
standards will achieve reductions of up 

to 25 percent compared to the 2017 
model year baseline level when fully 
phased in for the 2027 MY.207 The 
standards for Class 7 are described as 
‘‘Day Cabs’’ because we are not aware of 
any Class 7 sleeper cabs in the market 
today; however, the agencies require 
any Class 7 tractor, regardless of cab 
configuration, meet the standards 
described as ‘‘Class 7 Day Cab.’’ 

The agencies’ analyses, as discussed 
briefly below and in more detail later in 
this Preamble and in the RIA Chapter 
2.4 and 2.8, indicate that these 
standards are the maximum feasible 
(within the meaning of 49 U.S.C. 
32902(k)) and are appropriate under 
each agency’s respective statutory 
authorities. 

TABLE III–1—PHASE 2 HEAVY-DUTY COMBINATION TRACTOR EPA EMISSIONS STANDARDS (g CO2/TON-MILE) AND 
NHTSA FUEL CONSUMPTION STANDARDS (GAL/1,000 TON-MILE) 

Day cab Sleeper cab Heavy-haul 

Class 7 Class 8 Class 8 Class 8 

2021 Model Year CO2 Grams per Ton-Mile 

Low Roof .......................................................................................................... 105.5 80.5 72.3 52.4 
Mid Roof .......................................................................................................... 113.2 85.4 78.0 ........................
High Roof ......................................................................................................... 113.5 85.6 75.7 ........................

2021 Model Year Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 10.36346 7.90766 7.10216 5.14735 
Mid Roof .......................................................................................................... 11.11984 8.38900 7.66208 ........................
High Roof ......................................................................................................... 11.14931 8.40864 7.43615 ........................

2024 Model Year CO2 Grams per Ton-Mile 

Low Roof .......................................................................................................... 99.8 76.2 68.0 50.2 
Mid Roof .......................................................................................................... 107.1 80.9 73.5 ........................
High Roof ......................................................................................................... 106.6 80.4 70.7 ........................

2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 9.80354 7.48527 6.67976 4.93124 
Mid Roof .......................................................................................................... 10.52063 7.94695 7.22004 ........................
High Roof ......................................................................................................... 10.47151 7.89784 6.94499 ........................

2027 Model Year CO2 Grams per Ton-Mile a 

Low Roof .......................................................................................................... 96.2 73.4 64.1 48.3 
Mid Roof .......................................................................................................... 103.4 78.0 69.6 ........................
High Roof ......................................................................................................... 100.0 75.7 64.3 ........................

2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 9.44990 7.21022 6.29666 4.74460 
Mid Roof .......................................................................................................... 10.15717 7.66208 6.83694 ........................
High Roof ......................................................................................................... 9.82318 7.43615 6.31631 ........................

Note: 
a The 2027 MY high roof tractor standards include a 0.3 m2 reduction in CdA as described in Section III.E.2.a.vii. 

As the agencies noted in the Preamble 
to the proposed standards, the HD Phase 
2 CO2 and fuel consumption standards 
are not directly comparable to the Phase 
1 standards. 80 FR 40212. This is 
because the agencies are adopting 
several test procedure changes to more 
accurately reflect real world operation. 
With respect to tractors, these changes 
will result in the following differences. 
First, the same vehicle evaluated using 

the HD Phase 2 version of GEM will 
obtain higher (i.e. less favorable) CO2 
and fuel consumption values because 
the Phase 2 drive cycles include road 
grade. Road grade, which (of course) 
exists in the real-world, requires the 
engine to operate at higher horsepower 
levels to maintain speed while climbing 
a hill. Even though the engine saves fuel 
on a downhill section, the overall 
impact increases CO2 emissions and fuel 

consumption. The second of the key 
differences between the CO2 and fuel 
consumption values in Phase 1 and 
Phase 2 is due to changes in the 
evaluation of aerodynamics. Vehicles 
are exposed to wind when in use which 
increases the drag of the vehicle and in 
turn increases the power required to 
move the vehicle down the road. To 
more appropriately reflect the in-use 
aerodynamic performance of tractor- 
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208 U.S. EPA. Development of Emission Rates for 
Heavy-Duty Vehicles in the Motor Vehicle 
Emissions Simulator MOVES 2010. EPA–420–B– 
12–049. August 2012. 

trailers, the agencies are adopting a 
wind averaged coefficient of drag 
instead of the no-wind (zero yaw) value 
used in Phase 1. The final key difference 
between Phase 1 and the Phase 2 
program includes a more realistic and 
improved simulation of the 
transmission in GEM, which could 
increase CO2 and fuel consumption 
relative to Phase 1. 

The agencies are adopting Phase 2 
CO2 emissions and fuel consumption 
standards for the combination tractors 
that reflect reductions that can be 
achieved through improvements in the 
tractor’s powertrain, aerodynamics, 
tires, and other vehicle systems. The 
agencies have analyzed the feasibility of 
achieving the CO2 and fuel consumption 
standards, and have identified means of 
achieving these standards that are 
technically feasible in the lead time 
afforded, economically practicable and 
cost-effective. EPA and NHTSA present 
the estimated costs and benefits of these 
standards in Section III.D.1. In 
developing these standards for Class 7 
and 8 tractors, the agencies have 
evaluated the following: 
• The current levels of emissions and 

fuel consumption 
• the types of technologies that could be 

utilized by tractor and engine 
manufacturers to reduce emissions 
and fuel consumption from tractors 
and associated engines 

• the necessary lead time 
• the associated costs for the industry 
• fuel savings for the consumer 
• the magnitude of the CO2 and fuel 

savings that may be achieved 
The technologies on whose 

performance the final tractor standards 
are predicated include: improvements 
in the engine, transmission, driveline, 
aerodynamic design, tire rolling 
resistance, other accessories of the 
tractor, and extended idle reduction 
technologies. These technologies, and 
other accessories of the tractor, are 
described in RIA Chapter 2.4 and 2.8. 
The agencies’ evaluation shows that 
some of these technologies are available 
today, but have very low adoption rates 
on current vehicles, while others will 
require some lead time for development. 
EPA and NHTSA also present the 
estimated costs and benefits of the Class 
7 and 8 combination tractor standards in 
RIA Chapter 2.8 and 2.12, explaining as 
well the basis for the agencies’ 
stringency level. 

As explained below in Section III.D, 
EPA and NHTSA have determined that 
there will be sufficient lead time to 
introduce various tractor and engine 
technologies into the fleet starting in the 
2021 model year and fully phasing in by 

the 2027 model year. This is consistent 
with NHTSA’s statutory requirement to 
provide four full model years of 
regulatory lead time for standards. As 
was adopted in Phase 1, the agencies are 
adopting provisions for Phase 2 that 
allow manufacturers to generate and use 
credits from Class 7 and 8 combination 
tractors to show compliance with the 
standards. This is discussed further in 
Section III.F. 

Based on our analysis, the 2027 model 
year standards for combination tractors 
and engines represent up to a 25 percent 
reduction in CO2 emissions and fuel 
consumption over a 2017 model year 
baseline tractor, as detailed in Section 
III.D.1. In considering the feasibility of 
vehicles to comply with these standards 
over their useful lives, EPA also 
considered the potential for CO2 
emissions to increase during the 
regulatory useful life of the product. As 
we discuss in Phase 1 and separately in 
the context of deterioration factor (DF) 
testing, we have concluded that CO2 
emissions are likely to stay the same or 
actually decrease in-use compared to 
new certified configurations for the 
projected technologies. In general, 
engine and vehicle friction decreases as 
products wear, leading to reduced 
parasitic losses and consequent lower 
CO2 emissions. Similarly, tire rolling 
resistance falls as tires wear due to the 
reduction in tread depth. In the case of 
aerodynamic components, we project no 
change in performance through the 
regulatory life of the vehicle since there 
is essentially no change in their 
physical form as vehicles age. Similarly, 
weight reduction elements such as 
aluminum wheels are not projected to 
increase in mass through time, and 
hence, we can conclude will not 
deteriorate with regard to CO2 emissions 
performance in-use. Given all of these 
considerations, the agencies are 
confident in projecting that the tractor 
standards today will be technically 
feasible throughout the regulatory useful 
life of the program. 

(2) Non-CO2 GHG Emission Standards 
for Tractors 

EPA is also continuing the Phase 1 
standards to control non-CO2 GHG 
emissions from Class 7 and 8 
combination tractors. 

(a) N2O and CH4 Emissions 
The final Phase 2 heavy-duty engine 

standards for both N2O and CH4 as well 
as details of these standards are 
included in the discussion in Section 
II.D.3 and II.D.4. EPA requested 
comment, but did not receive any 
comments (or otherwise obtain any new 
information) indicating that there were 

appropriate controls for these non-CO2 
GHG emissions for the tractors 
manufacturers. Nor does EPA believe 
there are any technologies available to 
set vehicle standards. Therefore, EPA is 
not adopting any additional controls for 
N2O or CH4 emissions beyond those in 
the HD Phase 2 engine standards for the 
tractor category. 

(b) HFC Emissions 

Manufacturers can reduce 
hydrofluorocarbon (HFC) emissions 
from air conditioning (A/C) leakage 
emissions in two ways. First, they can 
utilize leak-tight A/C system 
components. Second, manufacturers can 
largely eliminate the global warming 
impact of leakage emissions by adopting 
systems that use an alternative, low- 
Global Warming Potential (GWP) 
refrigerant, to replace the commonly 
used R–134a refrigerant. EPA is 
maintaining the A/C leakage standards 
adopted in HD Phase 1 (see 40 CFR 
1037.115). EPA believes the Phase 1 use 
of leak-tight components is at an 
appropriate level of stringency while 
maintaining the flexibility to produce 
the wide variety of A/C system 
configurations required in the tractor 
category. Please see Section I.F.(1)(b) for 
a discussion related to alternative 
refrigerants. 

(3) EPA’s PM Emission Standards for 
APUs Installed in New Tractors 

Auxiliary power units (APUs) can be 
used in lieu of operating the main 
engine during extended idle operations 
to provide climate control and 
additional hotel power for the driver. As 
noted above, APUs can reduce fuel 
consumption, NOX, HC, CH4, and CO2 
emissions by a meaningful amount 
when compared to main engine 
idling.208 However, a potential 
unintended consequence of reducing 
CO2 emissions from combination 
tractors through the use of APUs during 
extended idle operation is an increase in 
diesel PM emissions. Engines currently 
being used to power APUs have been 
subject to the Nonroad Tier 4 p.m. 
standards (40 CFR 1039.101), which are 
less stringent in this power category 
than the heavy-duty on-highway 
standards (40 CFR 86.007–11) on a 
brake-specific basis. In the NPRM, EPA 
sought comment on the need for and 
appropriateness of further reducing PM 
emissions from APUs used as part of a 
compliance strategy for Phase 2, and 
suggested the basis for possible new PM 
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standards to avoid these unintended 
consequence. 80 FR 40213. 

After considering the numerous 
comments submitted on this issue and 
our consideration of feasibility of PM 
controls, EPA is adopting a new PM 
standard of 0.02 g/kW–hr that applies 
exclusively to APUs installed in MY 
2024 and later new tractors. EPA is also 
amending the Phase 1 GHG standards to 
provide that as of January 1, 2018 and 
through MY 2020, a tractor can receive 
credit for use of an AESS with an APU 
installed at the factory only if the APU 
engine is certified under 40 CFR part 
1039 with a deteriorated emission level 
for PM that is at or below 0.15 g/kW– 
hr. For MY 2021 through 2023, this 
same emission level applies as a 
standard for all new tractors with an 
APU installed. Starting in MY 2024, any 

APU installed in a new tractor must be 
certified to a PM emission standard of 
0.02 g/kW–hr over the full useful life as 
specified in 40 CFR 1039.699. Engine 
manufacturers may alternatively meet 
the APU standard by certifying their 
engines under 40 CFR part 1039 with a 
Family Emission Limit for PM at or 
below 0.02 g/kW–hr. APUs installed on 
MY 2024 and later tractors must have a 
label stating that the APU meets the PM 
requirements of 40 CFR 1039.699. 
Tractor manufacturers will be subject to 
a prohibition against selling new MY 
2024 and later tractors with APUs that 
are not certified to the specified 
standards, and manufacturers will 
similarly be subject to a prohibition 
against selling new MY 2021 through 
2023 tractors with APUs that do not 
meet the specified emission levels. This 

applies for both new and used APUs 
installed in such new tractors. 
Manufacturers of new nonroad engines 
and new APUs may continue to produce 
and sell their products for uses other 
than installation in new tractors without 
violating these prohibitions. However, 
nonroad engine manufacturers and APU 
manufacturers would be liable if they 
are found to have caused a tractor 
manufacturer to violate this prohibition, 
such as by mislabeling an APU as 
compliant with this standard. Note also 
that the PM standard for APUs applies 
for new tractors, whether or not the 
engine and APU are new; conversely, 
the PM standard does not apply for APU 
retrofits on tractors that are no longer 
new, even if the engine and APU are 
new. 

TABLE III–2—PM STANDARDS FOR TRACTORS USING APUS 

Tractor MY 
PM emission 

standard 
(g/kW–hr) 

Expected control technology 

MY 2021–2023 a ......................................................................... 0.15 In-cylinder PM control. 
MY 2024 and later ...................................................................... 0.02 Diesel Particulate Filter. 

Note: 
a APUs installed on new tractors built January 1, 2018 and later, through model year 2020, must have engines that meet the same 0.15 g/kW– 

hr emission level if they rely on AESS for demonstrating compliance with emission standards. 

We discuss below the principal 
comments we received on whether to 
adopt a standard to control PM 
emissions from APUs used for tractor 
idle emission control, the basis for the 
amended standards, and how EPA 
envisions the standards operating in 
practice. 

Among the comments we received 
were those from the American Lung 
Association, National Association of 
Clean Air Agencies, Northeast States for 
Coordinated Air Use Management, 
Environmental Defense Fund, Natural 
Resources Defense Council, 
Environmental Law and Policy Center, 
Coalition for Clean Air/California 
Cleaner Freight Coalition, Moving 
Forward Network, Ozone Transport 
Commission, and the Center for 
Biological Diversity that urged EPA to 
amend the standards for PM emissions 
from these engines in order to reduce 
PM emission increases resulting from 
increased APU use. Bendix commented 
that EPA should consider the full 
vehicle emissions and fuel 
consumption, including the APU, to 
create a more accurate comparison 
when considering alternatives to diesel 
powered APUs. California’s ARB 
supported the development of a federal 
rule that requires DPFs on APUs, similar 
to the requirements already in place in 

California because diesel PM poses a 
large public health risk. 

In contrast, EMA commented that 
EPA should not impose any new 
emission requirements on APU engines 
because they already meet the Tier 4 
nonroad standards and argued further 
that this rulemaking is not the proper 
forum for amending nonroad engine 
emission standards. Ingersoll Rand 
commented that they have significant 
concerns with regard to a nationwide 
requirement for use of DPFs in diesel- 
powered APUs, and strongly urged EPA 
not to impose such a perceived burden 
on the trucking industry. Ingersoll 
Rand’s concerns are that the additional 
cost would push owners away from 
diesel-powered APUs to battery- 
powered APUs that, according to 
Ingersoll Rand, are not yet mature 
enough to serve as a replacement for 
diesel-powered APUs. Ingersoll Rand 
believes that high-capacity battery- 
powered APUs will eventually become 
a commercially available and cost- 
effective alternative to diesel-powered 
APUs. Ingersoll Rand stated that, 
although Thermo King has been 
dedicating resources to research and 
development in this area for some time, 
mandating this technology today would 
significantly decrease consumer choice, 
competitiveness in the APU 
marketplace, and driver comfort and 

safety. ATA is concerned that efforts to 
place additional emissions controls, and 
therefore additional costs, on APUs by 
making PM standards more stringent 
will discourage the use of this fuel 
efficient technology. EPA considered 
Ingersoll Rand’s comments in 
developing a phased-in approach to the 
new PM standards for new tractors 
using APUs to, having the principal 
standard apply commencing with MY 
2024 tractors in order to provide 
sufficient lead time. 

Following is discussion of our 
analysis of this issue in light of the 
information we received and of our 
decision to establish a new PM standard 
for these units. 

(a) PM Emissions Impact Without 
Additional Controls 

EPA conducted an analysis using 
MOVES, which evaluates the potential 
impact on PM emissions due to an 
increase in APU adoption rates. In this 
analysis, EPA assumed that PM 
emission rates from current technology 
APUs would be unchanged in the 
future. We estimated an average in-use 
APU emission rate of 0.96 grams PM per 
hour from three in-use APUs (model 
years 2006 and 2011), measured in 
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209 U.S. EPA. Updates to MOVES for Emissions 
Analysis of Greenhouse Gas Emissions and Fuel 
Efficiency Standards for Medium- and Heavy-Duty 
Engines and Vehicles—Phase 2 FRM. Docket 
Number EPA–HQ–OAR–2014–0827. July 2016. 

210 California Air Resources Board. Idle Reduction 
Technologies for Sleeper Berth Trucks. Last viewed 
on September 19, 2014 at http://www.arb.ca.gov/ 
msprog/cabcomfort/cabcomfort.htm. 

211 California Air Resources Board. 
§ 2485(c)(3)(A)(1). 

212 California Air Resources Board. Executive 
Order DE–12–006. Last viewed on June 21, 2016 at 
http://www.arb.ca.gov/diesel/verdev/pdf/executive_
orders/de-12-006.pdf. 

different load conditions.209 We 
determined that a typical 2010 model 
year or newer tractor that uses its main 
engine to idle emits 0.32 grams PM per 
hour, based on a similar analysis of in- 
use idling of emissions from 2010 model 
year and newer tractors.12 Thus, the use 
of an APU would lead to a potential 
increase in PM of as much as 0.64 grams 
per hour. 

The results from these MOVES runs 
are shown below in Table III–3. These 
results show that an increase in use of 
APUs could lead to an overall increase 
in PM emissions if no additional PM 
emission standards were put in place. 
Column three labeled ‘‘Final Phase 2 
GHG Program PM2.5 Emission Impact 
without Further PM Control (tons)’’ 
shows the incremental increase in PM2.5 
without further regulation of APU PM2.5 

emissions, assuming the rate of APU use 
on which the final CO2 standard is 
premised. These PM emission impacts 
represent an increase of approximately 
three percent of the HD sector PM 
emissions. We note further that the 
pollutant at issue is diesel PM, which is 
associated with myriad serious health 
effects, including premature mortality. 
See Section VIII.A.6 below. 

TABLE III–3—PROJECTED IMPACT OF INCREASED ADOPTION OF APUS IN PHASE 2 

CY 

Baseline HD 
vehicle PM2.5 

emissions 
(tons) 

Final phase 2 
GHG program 

PM2.5
a emission 

impact without 
further PM 

control 
(tons) b 

2040 ............................................................................................................................................................. 20,939 464 
2050 ............................................................................................................................................................. 22,995 534 

Note: 
a Positive numbers mean emissions would increase from baseline to control case. 
b The impacts shown include all PM2.5 impacts from the rule including impacts from increased tire wear and brake wear that results from the 

slight increase in VMT projected as a result of this rule. 

(b) Feasibility of PM Emission 
Reductions 

As EPA discussed in the NPRM, there 
are DPFs in the marketplace today that 
can reduce PM emissions from APUs. 80 
FR 40213. Since January 1, 2008, 
California ARB has restricted the idling 
of sleeper cab tractors during periods of 
sleep and rest.210 The regulations apply 
additional requirements to diesel-fueled 
APUs on tractors equipped with 2007 
model year or newer main engines. 
Truck owners in California must either: 
(1) Fit the APU with an ARB verified 
Level 3 particulate control device that 
achieves 85 percent reduction in 
particulate matter; or (2) have the APU 
exhaust plumbed into the vehicle’s 
exhaust system upstream of the 
particulate matter aftertreatment 
device.211 Currently ARB has identified 
four control devices that have been 
verified to meet the Level 3 p.m. 
requirements. These devices include 
HUSS Umwelttechnik GmbH’s FS–MK 
Series Diesel Particulate filters, Impco 
Ecotrans Technologies’ ClearSky Diesel 
Particulate Filter, Thermo King’s 
Electric Regenerative Diesel Particulate 
Filter, and Proventia’s Electronically 
Heated Diesel Particulate Filter. In 
addition, ARB has approved a Cummins 
integrated diesel-fueled APU and 

several fuel-fired heaters produced by 
Espar and Webasto. 

EPA received comments from 
Daimler, Idle Smart, MECA, and 
Proventia addressing the feasibility of 
PM reductions from APU engines. 
Daimler stated that they supply APUs 
that currently meet ARB’s PM emission 
requirements and encouraged EPA to 
simply adopt ARB’s regulations. 
Proventia commented that they have 
produced an ARB-approved actively 
regenerating DPF to fit the Thermo King 
Tripac APU since 2012 and that it is 
proven, reliable, and commercially 
available. Idle Smart commented that 
their start-stop idle reduction solution 
emits less PM emissions than a diesel 
APU without a DPF. MECA commented 
that a particulate filter in this 
application would be a wall flow device 
and, due to the relatively cold exhaust 
temperature of these small engines, the 
filters would need to use either all 
active or a combination of passive and 
active regeneration to periodically clean 
the soot from the filter. MECA stated 
that active regeneration could be 
achieved through the use of a fuel 
burner or electric heather upstream of 
the filter. MECA also stated that ARB’s 
regulations demonstrate that it is 
feasible to control PM from small APU 
engines and that the technology has 
been available since 2008. 

California’s Clean Idle program 
requires that diesel-powered APUs be 
fitted with a verified DPF. In some 
cases, limits are put on the PM emission 
level at the engine outlet (upstream of 
the DPF). For example, the ThermoKing 
APU approval utilizing a Yanmar engine 
requires that engine is certified to a PM 
level of 0.2 g/kW-hr or less (upstream of 
the DPF).212 Implementation of the 
California program and the subsequent 
approval of Level 3 verified devices has 
led to the certification of engines 
utilized in APUs whose PM emissions at 
the engine outlet are well below the 0.4 
g/kW-hr nonroad Tier 4 final standard 
for this size engine in 40 CFR part 1039. 
For example, the Yanmar TK270M 
engine that is used in combination with 
ThermoKing’s electronic regenerative 
diesel particulate filter, which is 
certified under the EPA designated 
engine family GYDXL0.57NUA, is 
certified with a PM level of 0.09 g/kW- 
hr. The addition of a DPF affords at least 
an additional 85 percent reduction from 
the engine outlet certified value, or less 
than 0.014 g/kW-hr. 

EPA believes that these comments 
confirm our discussion at proposal that 
PM standards reflecting performance of 
a diesel particulate filter are technically 
feasible. 
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213 As discussed below, a DPF could be installed 
by the APU manufacturer, the engine manufacturer, 
the tractor manufacturer, or a fourth entity, with 
certification and labelling responsibilities differing 
depending on which entity does the installation. 

214 California Air Resources Board. Staff Report: 
Initial Statement of Reasons; Notice of Public 
Hearing to Consider Requirements to Reduce Idling 
Emissions From New and In-Use Trucks, Beginning 
in 2008. September 1, 2005. Page 38. Last viewed 
on October 20, 2014 at http://www.arb.ca.gov/
regact/hdvidle/isor.pdf. 

215 Proventia. Tripac Filter Kits. Last accessed on 
October 21, 2014 at http://
www.proventiafilters.com/purchase.html. 

216 U.S. DOT/NHTSA. Commercial Medium- and 
Heavy-Duty Truck Fuel Efficiency Technology Cost 
Study. May 2015. Page 71. 

(c) Benefits of Further PM Controls 

Using MOVES, EPA evaluated the 
impact of requiring further PM control 
from APUs nationwide. As shown in 
Table III–3 and Table III–4, EPA projects 
that the HD Phase 2 program without 
additional PM controls would increase 
PM2.5 emissions by 464 tons in 2040 and 
534 tons in 2050. The annual impact of 

the final program to further control PM 
is projected to lead to a reduction of 
PM2.5 emissions nationwide by 927 tons 
in 2040 and by 1,114 tons in 2050, as 
shown in Table III–4 the column labeled 
‘‘Net Impact on National PM2.5 Emission 
with Further PM Control of APUs 
(tons).’’ Note that these requirements 
will reduce PM emissions from APUs 
assumed in the baseline for MY 2018 

and later, as well as the additional APUs 
that are projected to be used as a result 
of the Phase 2 standards. This results in 
projected reductions that exceed the 
projected increase in PM emissions that 
would have occurred with the new 
Phase 2 GHG standards but without 
these newly promulgated APU 
standards. 

TABLE III–4—PROJECTED IMPACT OF FURTHER CONTROL ON PM2.5 EMISSIONS a 

CY 

Baseline national 
heavy-duty 

vehicle PM2.5 
emissions 

(tons) 

HD Phase 2 
program national 
PM2.5 emissions 
without further 

PM control 
(tons) 

HD Phase 2 
program national 
PM2.5 emissions 

with further 
PM control 

(tons) 

Net impact on 
national PM2.5 
emission with 

further PM 
control of APUs 

(tons) 

2040 ......................................................................................... 20,939 21,403 20,476 ¥927 
2050 ......................................................................................... 22,995 23,529 22,416 ¥1,114 

Note: 
a The impacts shown include all PM2.5 impacts from the rule including impacts from increased tire wear and brake wear that results from the 

slight increase in VMT projected as a result of this rule. 

(d) PM Emission Reduction Technology 
Costs 

EPA does not project any cost for 
meeting the requirement, commencing 
on January 1, 2018, that tractor 
manufacturers using APUs as part of a 
compliance path to meeting the Phase 1 
GHG standards only receive credit in 
GEM for use of the APU if they use an 
APU with an engine with deteriorated 
PM emissions at or below 0.15 g/kW-hr. 
The same conclusion applies for MY 
2021, when we adopt the PM emission 
level of 0.15 g/kW-hr as an emission 
standard, not only as a qualifying 
condition for using AESS for 
demonstrating compliance with the CO2 
standard. First, EPA projects that the 
2018–2023 requirements can be 
achieved at zero cost because several 
engines are already meeting them today 
with in-cylinder controls. Second, this 
is only one of many potential 
compliance pathways for tractors 
meeting the Phase 1 standards. We 
nonetheless are providing extra lead 
time by tying this provision to calendar 
year 2018, rather than model year 2018, 
to allow manufacturers time for 
confirming emission levels and 
otherwise complying with 
administrative requirements. 

PM emission reductions from APU 
engines beginning in MY 2024 would 
most likely be achieved through 
installation of a diesel particulate filter 
(DPF).213 In the NPRM, EPA discussed 
several sources for DPF cost estimates. 

The three sources included the federal 
Nonroad Diesel Tier 4 rule, ARB, and 
Proventia. EPA developed long-term 
cost projections for catalyzed diesel 
particulate filters (DPF) as part of the 
Nonroad Diesel Tier 4 rulemaking. In 
that rulemaking, EPA estimated the DPF 
costs would add $580 to the cost of 150 
horsepower engines (69 FR 39126, June 
29, 2004). On the other hand, ARB 
estimated the cost of retrofitting a diesel 
powered APU with a PM trap to be 
$2,000 in 2005.214 Proventia is charging 
customers $2,240 for electronically 
heated DPF for retrofitting existing 
APUs.215 

EPA requested comment on DPF costs 
in the NPRM and received comments 
from MECA, Proventia, and Ingersoll 
Rand. MECA agreed with EPA’s range of 
DPF costs discussed in the NPRM. 
Proventia stated that the $2,240 end 
user price cited in the NPRM is for an 
aftermarket retrofit device. Proventia 
estimated that the direct manufacturing 
cost of materials and manufacturing 
(which is less than the retail price 
equivalent) for quantities exceeding 
10,000 annually would be $975 for an 
actively regenerating device. The basis 
for this estimate is Proventia’s current 
production cost in the quantity of 50 
units of $1069. Proventia stated that 
EPA’s estimate of $580 for a 150hp 

engine is likely to be for a catalyzed 
passively regenerating DPF because 
those engines have higher exhaust 
temperatures. Proventia also stated that 
a cost of an actively regenerating DPF is 
significantly higher than for passively 
regenerating devices. Ingersoll Rand 
commented that Thermo King currently 
offers a DPF option on its line of diesel- 
powered APUs and the incremental 
price of the DPF option can be as high 
as $3,500. ATA commented that adding 
a DPF to an APU increases the cost of 
the device by up to 20 percent. Daimler 
provided DPF costs as CBI. 

EPA considered the comments and 
more closely evaluated NHTSA’s 
contracted TetraTech cost report which 
found the total retail price of a diesel- 
powered APU that includes a DPF to be 
$10,000.216 Based on all of this 
information, EPA is projecting the retail 
price increment of an actively 
regenerating DPF installed in an APU to 
be $2,000. This cost is incremental to 
the diesel-powered APU technology 
costs beginning in 2024 MY. 

EPA regards these costs as reasonable. 
First, the PM standard is necessary to 
avoid an unintended consequence of 
GHG idle control. The standard adopted 
is also appropriate for APUs used in on- 
highway applications, since it is 
comparable to the heavy-duty on- 
highway standard after considering 
rounding conventions (the PM standard 
for a tractor’s main engine is 0.01 g/hp- 
hr as specified in 40 CFR 86.007– 
11(a)(1)(iv))). The standard is also 
voluntary in the sense that tractor 
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217 This valuation is undoubtedly conservative 
because it reflects exposure to PM2.5 generally, 
rather than to the form of PM here: Diesel exhaust 
particulate, a likely human carcinogen. See section 
VIII.A.6.b. Due to underlying analytical limitations, 
PM2.5-related benefit per ton values are only 
estimated out to the year 2030. For the criteria 
pollutant benefits analysis in this rulemaking, we 
make a conservative assumption that 2030 values 
apply to all emission reductions in years that 
extend beyond 2030. We assume benefit-per-ton 
values grow larger in the future due to income 
growth and a larger future population. 

218 As noted above, the 2018 provision is a 
compliance constraint, not a standard. 

manufacturers can use other types of 
idle reducing technologies, or choose a 
Phase 2 compliance path not involving 
idle control. The agencies have 
developed technology packages for 
determining the final Phase 2 tractor 
GHG and fuel consumption standards 
that are predicated on lower penetration 
rates of diesel APUs than in the NPRM 
and have included several additional 
idle reducing technologies, making it 
more likely that alternative compliance 
paths are readily available. APU 
manufacturers (and manufacturers of 
APU engines) also can market their 
product to any entities other than MY 
2024 and later new tractors without 
meeting the DPF-based PM standard. 
Our review of the costs of these 
standards thus indicates that they will 
be reasonable. 

It is also worth noting that the 
reductions also have monetized benefits 
far greater than the costs of the standard. 
Section IX.H.1 of this Preamble 
discusses the economic value of 
reductions in criteria pollutants. In this 
analysis, EPA estimates the economic 
value of the human health benefits 
associated with the resulting reductions 
in PM2.5 exposure using what are known 
as ‘‘benefit per ton’’ values. The benefit 
per ton values estimate the benefits of 
reducing incidence of specific PM2.5- 
related health impacts, including 
reduction in both premature mortality 
and premature morbidity from on-road 
mobile sources. The estimate of benefits 
from reducing one ton of direct PM2.5 
from on-road mobile sources in 2030 
using a three percent discount rate range 
is between $490,000 and $1,100,000 
(2013$) and is between $440,000 and 
$990,000 (2013$) using a seven percent 
discount rate.217 The estimated cost per 
ton for the new APU standards in 2040 
is $101,717. 

(e) Other Considerations 
EPA considered the lead time of the 

new PM standards for APUs installed in 
new tractors. The 2018 provision 
restricting GEM credit for use of APUs 
is not a new standard, but rather a 
compliance constraint. There should be 
ample time for tractor manufacturers to 
consider how to obtain APUs certified 

to the designated deteriorated PM 
emissions level should they wish to 
receive GEM credit for use of APUs. As 
noted in (d) above, we concluded that 
the reasonable feasible lead time is to 
implement these provisions on January 
1, 2018 because the manufacturer’s 
contemplating use of APUs in 
conjunction with a Phase 1 compliance 
strategy using AESS would need time to 
adapt their certification systems, which 
we believe requires lead time of at least 
several months. 

In MY 2021, tractor manufacturers 
will be subject to a prohibition against 
selling new MY 2021 through 2023 
tractors with APUs that do not meet 
those specified PM emission levels. For 
the reasons just given, there is ample 
time to meet this requirement. 

The diesel particulate filter-based 
standard for APUs installed in new 
tractors begins in MY 2024. This allows 
several years for the development and 
application of diesel particulate filters 
to these APUs. We have concluded that, 
given the timing of the PM emission 
standards finalized in this document 
and the availability of the technologies, 
APUs can be designed to meet the new 
standards with the lead time provided 
(and, again, noting that tractor 
manufacturers have available 
compliance pathways available not 
involving APUs). 

In terms of safety, EPA considered the 
fact that diesel particulate filters are a 
known technology. DPFs have been 
installed on a subset of diesel powered 
APUs since the beginning of the 
California requirements and have been 
used with on-highway diesel engines 
since the sale of MY 2007 engines. We 
are unaware of any safety issues with 
this technology. We are adopting these 
APU requirements because they allow 
for reduced fuel consumption; this also 
leads to a positive impact with respect 
to energy. 

(f) Implementation of the Standard 
EPA has a choice as to whether to 

adopt these provisions as a tractor 
vehicle standard or as a standard for the 
non-road engine in the APU. Under 
either approach, EPA is required to 
consider issues of technical feasibility, 
cost, safety, energy, and lead time. EPA 
has addressed all of these factors above, 
and finds the 2018, 2021, and 2024 
provisions, and associated lead time, to 
be justified.218 

The final rule applies most directly to 
tractor manufacturers. However, other 
entities potentially affected are the 
manufacturer of the APU, the 

manufacturer of the engine installed in 
the APU, and a different entity (if any) 
separately installing a DPF on the APU 
engine. At present, all engines used in 
APUs must certify to the PM standard 
in 40 CFR 1039.101, and must label the 
engine accordingly (see 40 CFR 
1039.135). The provisions we are 
adopting for MY 2024 require that any 
APU engine being certified to the 0.02 
g/kW-hr PM standard have a label 
indicating that the APU or engine is so 
certified. This puts any entity receiving 
that engine on notice that the APU (and 
its engine) can be used in a new tractor. 
Conversely, the absence of such a label 
indicates that the engine cannot be so 
used. Consequently, if a tractor 
manufacturer receives an APU without 
the supplemental label, it can only use 
the APU in a new tractor if it installs a 
DPF or otherwise retrofits the APU 
engine to meet the PM standard. 

The APU certification provisions in 
40 CFR 1039.699 are simplified to 
account for the fact that the APU 
manufacturer would generally be adding 
emission control hardware without 
modifying the engine from its certified 
configuration. Note that engine 
manufacturers, tractor manufacturers or 
others installing the emission control 
hardware may also certify to the 0.02 g/ 
kW-hr standard. Since the prohibition 
applies to the tractor manufacturer, we 
would not expect the delegated 
assembly provisions of 40 CFR 1037.621 
or the secondary vehicle manufacturer 
provisions of 40 CFR 1037.622 to apply 
for APU manufacturers. 

As described above, we are aware that 
the PM standards as adopted would not 
prevent a situation in which tractors are 
retrofitted with diesel APUs after they 
are no longer new, without meeting the 
PM standards described above. We 
believe that vehicle manufacturers will 
strongly desire to apply the benefit of 
AESS with low-PM diesel APUs to help 
them meet CO2 standards for any 
installations where a diesel APU is a 
viable or likely option for in-use 
tractors. We will consider addressing 
this possible gap in the program with a 
standard for new APUs installed on new 
or used tractors. Such a standard would 
be issued exclusively under our 
authority to regulate nonroad engines as 
described in Clean Air Act section 213 
(a)(4). If we adopt such a standard, we 
will also consider whether to adopt that 
same requirement for new APUs 
installed in other motor vehicles, and 
for other nonroad installations 
generally. 
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219 See 40 CFR 1037.630. 

(4) Special Purpose Tractors and Heavy- 
Haul Tractors 

The agencies proposed and are 
adopting provisions in Phase 2 to set 
standards for a new subcategory of 
heavy-haul tractors. In addition and as 
noted above, in Phase 1 the agencies 
adopted provisions to allow tractor 
manufacturers to reclassify certain 
tractors as vocational vehicles, also 
called Special Purpose Tractors.219 The 
agencies proposed and are adopting 
provisions in Phase 2 to continue to 
allow manufacturers to exclude certain 
vocational-types of tractors (Special 
Purpose Tractors) from the combination 
tractor standards and instead be subject 
to the vocational vehicle standards. 
However, the agencies are making 
changes to the proposed Phase 2 Special 
Purpose Tractors and heavy-haul 
tractors in response to comments, as 
discussed below. 

(a) Heavy-Haul Tractors 

For Phase 2, the agencies proposed 
and are adopting an additional 
subcategory to the tractor category for 
heavy-haul tractors that are designed to 
haul much heavier loads than 
conventional tractors. The agencies 
recognize the need for manufacturers to 
build these types of vehicles for specific 
applications and also recognize that 
such heavy-haul tractors are not fully 
represented by the way GEM simulates 
conventional tractors. We believe the 
appropriate way to prevent effectively 
penalizing these vehicles is to set 
separate standards recognizing a heavy- 
haul vehicle’s unique needs, which 
include the need for a higher 
horsepower engine and different 
transmissions. In addition drivetrain 
technologies such as 6x2 axles, may not 
be capable of handling the heavier 
loads. The agencies are adopting this 
change in Phase 2 because, unlike in 
Phase 1, the engine, transmission, and 
drivetrain technologies are included in 
the technology packages used to 
determine the stringency of the tractor 
standards and are included as 
manufacturer inputs in GEM. The 
agencies also recognize that certain 
technologies used to determine the 
stringency of the Phase 2 tractor 
standards are less applicable to the 
heavy-haul tractors designed for the 
U.S. market. For example, heavy-haul 
tractors in the U.S. are not typically 
used in the same manner as long-haul 
tractors with extended highway driving, 
and therefore will experience less 
benefit from aerodynamics. This means 
that the agencies are adopting a 

standard that reflects individualized 
performance of these technologies in 
particular applications, in this case, 
heavy-haul tractors, and further, have a 
means of reliably assessing 
individualized performance of these 
technologies at certification. 

The typical tractor is designed in the 
U.S. with a Gross Combined Weight 
Rating (GCWR) of approximately 80,000 
pounds due to the effective weight limit 
on the federal highway system, except 
in states with preexisting higher weight 
limits. The agencies proposed in Phase 
2 to consider tractors with a GCWR over 
120,000 pounds as heavy-haul tractors. 
Based on comments received during the 
development of HD Phase 1 (76 FR 
57136–57138) and because we did not 
propose in Phase 2 a sales limit for 
heavy-haul as we have for the 
vocational tractors in Phase 1, the 
agencies also believed it would be 
appropriate to further define the heavy- 
haul vehicle characteristics to 
differentiate these vehicles from the 
vehicles in the other nine tractor 
subcategories. The two additional 
requirements in the Phase 2 proposal 
included a total gear reduction greater 
than or equal to 57:1 and a frame 
Resisting Bending Moment (RBM) 
greater than or equal to 2,000,000 in-lbs 
per rail or rail and liner combination. 
Heavy-haul tractors typically require the 
large gear reduction to provide the 
torque necessary to start the vehicle 
moving. These vehicles also typically 
require frame rails with extra strength to 
ensure the ability to haul heavy loads. 
We requested comment on the proposed 
heavy-haul tractor specifications, 
including whether Gross Vehicle Weight 
Rating (GVWR) or Gross Axle Weight 
Rating (GAWR) would be a more 
appropriate metric to differentiate 
between a heavy-haul tractor and a 
typical tractor. 

We received comments from several 
manufacturers about the proposed 
heavy-haul subcategory. None of the 
commenters were averse to creating 
such a subcategory, and many 
manufacturers directly supported such 
an action. Navistar supported creating a 
new heavy-haul subcategory 
maintaining that this type of vehicle is 
specified uniquely and is not designed 
for standard trailers. Volvo supported 
this addition since heavy-haul tractors 
require large engines and increased 
cooling capacity and most heavy-haul 
rigs have some requirement for off-road 
access to pick up machinery, bulk 
goods, and unusual loads. 

We received comments from several 
manufacturers about the criteria 
proposed to define the heavy-haul 
tractor subcategory. Allison commented 

that for heavy-haul tractors equipped 
with an automatic transmission, the gear 
reduction ratio should be greater than or 
equal to 24.9:1 because an automatic 
transmission with a torque converter 
provides a torque multiplying effect and 
better launch capability. EMA and other 
manufacturers commented that the 
proposed specifications for heavy-haul 
tractors do not allow the relevant 
vehicles to meet the proposed total gear 
reduction ratio of 57:1 or greater. EMA 
commented that the Allison 7-speed 
4700 transmission and the Eaton 9LL 
products both are specifically designed 
for heavy-haul operations, could meet a 
53:1 specification, but not a 57:1 ratio. 
PACCAR also commented that an 
automatic transmission torque converter 
ratio should be included in the Total 
Reduction ratio calculation to properly 
incorporate the slip and first gear ratio 
combination that is inherent in an 
automatic transmission. EMA, PACCAR, 
and Volvo recommended that the 
agencies should change the rear axle 
ratio for the baseline vehicle to attain 
the 53:1 total reduction ratio because 
the proposed baseline heavy-haul 
vehicle did not meet the proposed total 
reduction ratio. Daimler commented 
that the agencies should remove both 
the frame resistance bending moment 
requirement and the gear reduction 
requirement. 

EMA and some of the manufacturers 
commented that the agencies should 
revise the definition of heavy-haul 
tractor to be ‘‘equal to or greater than 
120,000 pounds GCWR’’ rather than 
‘‘greater than 120,000 pounds GCWR.’’ 
They stated that the specifications for 
the heavy-haul market start with and 
include 120,000 pounds GCWR. Daimler 
suggested that the minimum GCWR be 
set at 105,000 pounds to better catch the 
large number of Canadian vehicles that 
are heavy-haul. Daimler stated that this 
broader weight definition catches a very 
small number of US vehicles (0.1 to 0.9 
percent of the vehicles, depending on 
other factors) but catches the large 
number of Canadian vehicles that 
Daimler considers to be heavy-haul. 

Volvo commented that there are 
multiple types of heavy-haul tractors, 
each with their own specific 
characteristics based on operational 
considerations: High-roof highway 
sleeper tractors pulling box vans at or 
above 120,000 pounds GCWR (e.g. long 
combination vehicles) that run regional 
and long-haul operations and can 
benefit from the same technologies as 
high-roof sleepers with 80,000 pound 
GCWR and should be credited for the 
higher payload; low- and mid-roof 
sleepers that primarily run long-haul 
routes (e.g. pulling low-boy trailers and 
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220 Memo to Docket. Heavy Class 8 Discussion 
with Environment and Climate Change Canada. July 
2016. Docket EPA–HQ–OAR–2014–0827. 

221 As a part of the end of the year compliance 
process, EPA and NHTSA verify manufacturer’s 
production reports to avoid any abuse of the 
vocational tractor allowance. 

222 See existing 40 CFR 1037.630 (a)(1)(i) through 
(iii). 

heavy equipment); low-roof day cab 
tractors running regional and shorter 
routes (e.g. bulk haul); and then what 
the industry typically refers to as heavy- 
haul that are extremely high GCWR and 
can haul above 300 metric tons and 
sometimes run in multiple tractor 
configurations that provide for one or 
more tractor(s) pulling and one or more 
tractor(s) pushing. 

In part to follow up on the comments 
made by manufacturers, EPA held 
discussions with Environment and 
Climate Change Canada (ECCC) after the 
NPRM was released regarding the 
Special Purpose tractors and heavy-haul 
tractors.220 In our discussions, ECCC 
emphasized that the highway weight 
limitations in Canada are much greater 
than those in the U.S. Where the U.S. 
federal highways have limits of 80,000 
pounds GCW, Canadian provinces have 
weight limits up to 140,000 pounds. 
This difference could potentially limit 
emission reductions that could be 
achieved if ECCC were to fully 
harmonize with the U.S.’s HD Phase 2 
standards because a significant portion 
of the tractors sold in Canada have 
GCWR greater than 120,000 pounds, the 
proposed limit for heavy-haul tractors. 

For the FRM, EPA and NHTSA are 
revising the heavy-haul tractor 
provisions to balance the certainty that 
vehicles are regulated in an appropriate 
subcategory along with the potential to 
better harmonize the U.S. and Canadian 
regulations. Based on our assessment, 
the tractors with GCWR greater than or 
equal to 120,000 pounds truly represent 
heavy-haul applications in the U.S. 
Therefore, we are adopting criteria only 
based on GCWR, not the proposed RBM 
or total gear reduction ratios. The 
agencies are adopting Phase 2 heavy- 
haul standards for this subset of 
vehicles, similar to the standards 
proposed for Phase 2 and detailed below 
in Section III.D.1. 

In Canada, due to their differences in 
weight and dimension requirements, it 
is primarily tractors with a GCWR of 
equal to or greater than 140,000 pounds 
that are truly heavy-haul vehicles. This 
leaves a set of tractors sold in Canada 
with a GCWR between 120,000 and 
140,000 pounds that are used in ways 
that are similar to the way tractors with 
a GCWR less than 120,000 pounds (the 
typical Class 8 tractor) are used in the 
U.S. These tractors sold in Canada could 
benefit from the deployment of 
additional GHG-reducing technologies 
beyond what is being required for 
heavy-haul tractors in the U.S., such as 

aerodynamic and idle reduction 
improvements. Most manufacturers tend 
to rely on U.S. certificates as their 
evidence of conformity for products 
sold into Canada to reduce compliance 
burden. Therefore, in Phase 2 the 
agencies are adopting provisions that 
allow the manufacturers the option to 
meet standards that reflect the 
appropriate technology improvements, 
along with the powertrain requirements 
that go along with higher GCWR. While 
these heavy Class 8 tractor standards 
will be optional for tractors sold into the 
U.S. market, we expect that Canada will 
consider adopting these as mandatory 
requirements as part of their regulatory 
development and consultation process. 
Given the unique circumstances in the 
Canadian fleet, we believe that there is 
a reasonable basis for considering such 
an approach for Canadian tractors. As 
such, the agencies have coordinated 
these requirements with ECCC. The 
agencies are only adopting optional 
heavy Class 8 standards for MY 2021 at 
this time. The expectation is that ECCC 
will develop their own heavy-duty GHG 
regulations to harmonize with this 
Phase 2 rulemaking through its own 
domestic regulatory process. We expect 
that ECCC will include a mandate that 
heavy Class 8 tractors be certified to the 
MY 2021 heavy Class 8 tractor 
standards, but could also specify more 
stringent standards for later years for 
these vehicles. We plan to coordinate 
with ECCC to incorporate any needed 
future changes in a timely manner. 
Details of these optional standards are 
included in Section III.D.1. 

(b) Special Purpose Tractors 

During the development of Phase 1, 
the agencies received comments from 
several stakeholders supporting an 
approach for an alternative treatment of 
a subset of tractors because they were 
designed to operate at lower speeds, in 
stop and go traffic, and sometimes 
operate off-road or at higher weights 
than the typical line-haul tractor. These 
types of applications have limited 
potential for improvements in 
aerodynamic performance to reduce CO2 
emissions and fuel consumption. 
Therefore, we adopted provisions to 
allow these special purpose tractors to 
certify as vocational vehicles (or 
vocational tractors). Consistent with our 
approach in Phase 1, the agencies still 
believe that these vocational tractors are 
operated differently than line-haul 
tractors and therefore fit more 
appropriately into the vocational 
vehicle category. However, we need to 
continue to ensure that only tractors 
that are truly vocational tractors are 

classified as such.221 As adopted in 
Phase 1, a Phase 2 vehicle determined 
by the manufacturer to be a HHD 
vocational tractor will fall into one of 
the HHD vocational vehicle 
subcategories and be regulated as a 
vocational vehicle. Similarly, MHD 
tractors which the manufacturer chooses 
to reclassify as vocational tractors will 
be regulated as MHD vocational 
vehicles. Specifically, the agencies 
adopted in Phase 1 provisions in EPA’s 
40 CFR 1037.630 and NHTSA’s 
regulation at 49 CFR 523.2 to only allow 
the following three types of vocational 
tractors to be eligible for reclassification 
by the manufacturer: Low-roof tractors 
intended for intra-city pickup and 
delivery, such as those that deliver 
bottled beverages to retail stores; 
tractors intended for off-road operation 
(including mixed service operation), 
such as those with reinforced frames 
and increased ground clearance; and 
tractors with a GCWR over 120,000 
pounds.222 

In the Phase 2 proposal, the agencies 
proposed to remove the third type of 
vocational tractors, heavy-haul tractors 
with a GCWR over 120,000 pounds, 
from the Phase 2 Special Purpose 
Tractor category and set unique 
standard for heavy-haul tractors. 80 FR 
40214. The agencies requested comment 
on the Special Purpose Tractor criteria 
and received comments from the 
manufacturers. EMA and PACCAR 
commented there is a group of special 
purpose tractors with a gross 
combination weight rating over 120,000 
pounds that fall in between the 
proposed regulatory categories for 
heavy-haul tractors and Class 8 tractors 
that need to be accounted for in a 
separate and distinct manner. They 
stated that such vehicles are still 
appropriately categorized as Special 
Purpose Tractors and should be 
included at the manufacturer’s option in 
the vocational tractor family, even 
though they may not meet the proposed 
total gear reduction requirement or the 
frame rail requirements. PACCAR and 
Volvo also requested a modification to 
the definition to include ‘‘equal to 
120,000 GCWR.’’ 

Volvo provided a list of recommended 
Special Purpose Tractor criteria. Volvo 
stated that these characteristics 
differentiate these vehicles from line 
haul operation, especially in terms of 
fuel economy as well as the significant 
added costs for these features. Volvo’s 
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223 U.S. EPA. Memo to Docket: Special Purpose 
Tractor Production Volumes. Docket EPA–HQ– 
OAR–2014–0827. 

recommended criteria included GCWR 
greater than 120,000 pounds or any 
three of the following vehicles 
specifications: Configuration other than 
4x2, 6x2, or 6x4; greater than 14,600 
pounds front axle load rating; greater 
than 46,000 pounds rear axle load 
rating; greater than or equal to 3.00:1 
overall axle reduction in transmission 
high range; greater than 57.00:1 overall 
axle reduction in transmission low 
range; frame rails with a resistance 
bending moment greater than or equal to 
2,000,000 in-lbs., greater than or equal 
to 20 degree approach angle; or greater 
than or equal to 14 inch ground 
clearance. 

The heavy-haul tractor standards that 
the agencies are adopting in Phase 2 
apply to tractors with a GCWR greater 
than or equal to 120,000 pounds. As 
stated above, the agencies are adopting 
heavy-haul tractor criteria based only on 
GCWR, and are not adopting the 
proposed criteria of RBM or total gear 
reduction. With these Phase 2 changes 
to the proposed heavy-haul tractor 
definition, all tractors that would have 
been considered as Special Purpose 
Tractors in Phase 1 due to the GCWR 
criteria listed in EPA’s 40 CFR 1037.630 
and NHTSA’s regulation at 49 CFR 
523.2 will now qualify as heavy-haul 
tractors in Phase 2. Therefore, we no 
longer believe that it is necessary for 
heavy-haul tractors to be treated as 
Special Purpose Tractors. The agencies 
also reviewed Volvo’s suggested criteria 
and concluded that the Phase 1 
approach and Special Purpose Tractor 
criteria are working well; therefore, we 
do not see the need to adopt more 
restrictive criteria. Consequently, the 
agencies are adopting in Phase 2 
provisions in EPA’s 40 CFR 1037.630 
and NHTSA’s regulation at 49 CFR 
523.2 to only allow the following two 
types of vocational tractors to be eligible 
for reclassification to Special Purpose 
Tractors by the manufacturer: 

(1) Low-roof tractors intended for 
intra-city pickup and delivery, such as 
those that deliver bottled beverages to 
retail stores. 

(2) Tractors intended for off-road 
operation (including mixed service 
operation), such as those with 
reinforced frames and increased ground 
clearance. 

These provisions apply only for 
purposes of Phase 2. The agencies are 
not amending the Phase 1 provisions for 
special purposes tractors. 

Volvo also requested that the agencies 
add a Vocational Heavy-Haul Tractor 
subcategory that allows for a heavy-haul 
tractor which benefits from the 
utilization of a powertrain optimized to 
meet the vocational operational 

requirements of this segment, a 
technology package corresponding to 
those operational characteristics, and 
with a corresponding duty cycle and, 
most importantly, a payload 
representative of heavy-haul operation. 
The agencies considered this request 
and analyzed the expected technology 
package differences between the 
vocational and tractor program. As 
described in Section III.D.1, the agencies 
are only adopting technologies in the 
heavy-haul tractor category that would 
be applicable to the operation of these 
vehicles. For example, we are not 
adopting standards that are premised on 
any improvements to aerodynamics or 
extended idle reduction. Therefore, we 
concluded that there is no need to 
develop another vocational subcategory 
to account for heavy-haul tractors. 

Because the difference between some 
vocational tractors and line-haul tractors 
is potentially somewhat subjective, and 
because of concerns about relative 
stringency, we also adopted in Phase 1 
and proposed to continue in Phase 2 a 
rolling three year sales limit of 21,000 
vocational tractors per manufacturer 
consistent with past production 
volumes of such vehicles to limit the 
use of this provision. We proposed in 
Phase 2 to carry-over the existing three 
year sales limit with the recognition that 
heavy-haul tractors would no longer be 
permitted to be treated as vocational 
vehicles (suggesting a lower volume cap 
could be appropriate) but that the 
heavy-duty market has improved since 
the development of the HD Phase 1 rule 
(suggesting the need for a higher sales 
cap). The agencies requested comment 
on whether the proposed sales volume 
limit is set at an appropriate level 
looking into the future. 80 FR 40214. 

Several of the manufacturers 
commented that it would be reasonable 
to remove the sales cap limit. Allison 
stated that this limitation may have 
been reasonable in the initial years of 
the program as a precaution against 
unreasonably assigning too many 
tractors to the vocational vehicle 
category. However in Phase 2, Allison 
recommended that the agencies should 
remove the cap for three reasons: (1) 
Vehicle configurations change over 
time; (2) the Phase 2 vocational program 
drives technology improvements of 
powertrains; and (3) Phase 2 better 
represents the diversity of vocational 
vehicle uses that would allow for better 
alignment of vehicles with duty cycles 
that most represent their real world 
operation. Daimler stated that they think 
that with the addition of heavy-haul 
tractor standards, there will be less need 
for a sales volume limit on special 
purpose tractors. In Volvo Group’s 

opinion, the proposed volume limit is 
overly constraining and burdensome 
and should be removed. Volvo stated 
that given the recent product lineup 
overhauls across the industry they do 
not believe that there are many models 
still on the market that are sold in large 
numbers into both highway tractor and 
vocational tractor segments, nor is there 
sufficient reason that any OEM cannot 
identify specific vehicle attributes in 
order to classify a tractor as suitable 
solely for highway use, or for on/off- 
road use. Volvo Group suggested that 
the agencies remove the vocational 
tractor volume restrictions and employ 
a guideline based on specific vehicle 
characteristics. 

The agencies evaluated the sales cap 
limit proposed for special purpose 
tractors and the comments addressing 
the issue of a sales cap. EPA calculated 
the number of vocational tractors 
certified in MY 2014 and MY 2015. The 
number of tractors ranged between 
approximately 2,600 and 6,200 per year 
per manufacturer that certified special 
purpose tractors, but one manufacturer 
did not use this provision at all.223 It is 
apparent that none of the manufacturers 
are utilizing this provision near the 
maximum allowable level in Phase 1 (a 
rolling three year sales limit of 21,000). 
We also believe that there is more 
incentive for manufacturers to use the 
special purpose tractor provisions in 
Phase 1 because the relative difference 
in stringency between the tractor and 
vocational programs is much greater in 
Phase 1 than it will be in Phase 2. Upon 
further consideration, we concluded 
that there is significantly less incentive 
for the manufacturers to reclassify 
tractors that are not truly special 
purpose tractors as vocational vehicles 
as a pathway to a less stringent standard 
in Phase 2 primarily since the Phase 2 
vocational vehicle program stringency is 
similar to the stringency of the tractor 
program. In addition, the Phase 2 
vocational vehicle compliance program 
and standards better represent the duty 
cycles expected of these vehicles and 
are predicated on performance of 
similar sets of vehicle technologies, 
except for aerodynamic technologies, as 
the primary tractor program. Therefore, 
we are adopting Phase 2 special purpose 
tractor provisions without a sales cap, 
but will continue to monitor during the 
Phase 2 implementation. 
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224 See 40 CFR 1037.150(c). 
225 A dromedary is a box, deck, or plate mounted 

behind the tractor cab and forward of the fifth 
wheel on the frame of the power unit of a tractor- 
trailer combination to carry freight. 

226 See section I.E. 1 for descriptions of glider 
vehicles and glider kits. 

(5) Small Tractor Manufacturer 
Provisions 

In Phase 1, EPA determined that 
manufacturers that met the small 
business criteria specified in 13 CFR 
121.201 for ‘‘Heavy Duty Truck 
Manufacturing’’ should not be subject to 
the initial phase of greenhouse gas 
emissions standards in 40 CFR 
1037.106.224 The regulations required 
that qualifying manufacturers notify the 
Designated Compliance Officer each 
model year before introducing the 
exempted vehicles into commerce. The 
manufacturers are also required to label 
the vehicles to identify them as 
excluded vehicles. EPA and NHTSA 
proposed to eliminate this small 
business provision for tractor 
manufacturers in the Phase 2 program. 
As stated in the NPRM, the agencies are 
aware of two second stage 
manufacturers building custom sleeper 
cab tractors. In the proposal we stated 
that we could treat these vehicles in one 
of two ways. First, the vehicles may be 
considered as dromedary vehicles and 
therefore treated as vocational 
vehicles.225 Or the agencies could 
provide provisions that stated if a 
manufacturer changed the cab, but not 
the frontal area of the vehicle, then it 
could retain the aerodynamic bin of the 
original tractor. 80 FR 40214. 

The agencies received comments on 
the second stage manufacturer options 
for small manufacturers discussed in the 
proposal. American Reliance Industries 
(ARI) raised concerns related to the 
proposed alternative methods for 
excluding or exempting second stage 
manufacturers performing cab sleeper 
modifications. ARI is concerned that 
treating these vehicles as vocational 
vehicles may mean that other 
regulations related to vocational 
vehicles would become applicable and 
have unanticipated adverse results and 
that the vehicles would not be certified 
as vocational vehicles when originally 
certified by an OEM. ARI commented 
that if EPA and NHTSA adopt a frontal 
area approach for second stage 
manufacturers making cab sleeper 
modifications, that the section be 
revised to ensure greater clarity as to the 
intention and effect of this section. In 
building a custom sleeper cab, ARI 
stated that they may use wind fairings, 
fuel tank fairings, roof fairings, and side 
extenders that can modify the frontal 
area of the tractor in height and width 
as compared to the frontal area of the 

vehicle used to obtain the original 
certification. ARI also commented that 
depending on the custom cab sleeper 
modification, ARI may replace an 
aerodynamic fairing from the tractor in 
order to provide better aerodynamic 
results in light of the cab sleeper 
modification. ARI does not want to be 
precluded from continuing to provide 
these benefits to clients. ARI encourages 
the agencies to take a similar approach 
to small business exemption under the 
Phase 1 regulation in the Phase 2 
regulation. 

Daimler commented on the agencies’ 
two proposed approaches for second 
stage manufacturers that build custom 
sleepers. Daimler’s main concern is to 
clarify that where the primary 
manufacturer has certified a vehicle as 
a day cab, the second stage 
manufacturer’s actions do not draw the 
primary manufacturer into 
noncompliance. Daimler stated that in 
many cases, they do not know that a 
vehicle will be altered by a second stage 
manufacturer. Daimler did not have a 
preference on the way that the agencies 
proposed to regulate these secondary 
vehicle manufacturers, as long as the 
primary vehicle manufacturers could 
continue to sell vehicles with the 
expectation that anyone changing them 
from the compliant state in which it was 
built would certify those changes. 

In response to these comments, EPA 
is clarifying in 40 CFR 1037.622 that 
small businesses may modify tractors as 
long as they do not modify the front of 
the vehicle and so long as the sleeper 
compartment is no more than 102 
inches wide or 162 inches in height. As 
an interim provision, to allow for a 
better transition to Phase 2, EPA is 
finalizing a more flexible compliance 
path in 40 CFR 1037.150(r). This option 
allows small manufacturers to convert a 
low or mid roof tractor to a high roof 
configuration without recertification, 
provided it is for the purpose of 
building a custom sleeper tractor or for 
conversion to a natural gas tractor. 
Although this more flexible allowance 
to convert low and mid roof tractors to 
high roof tractors is being adopted as an 
interim provision, we have not 
established an end date at this time. We 
expect to reevaluate as manufacturers 
begin to make use of and may decide to 
revise it in the future, potentially 
deciding to make it a permanent 
allowance. To be eligible for this option, 
the secondary manufacturer must be a 
small manufacturer and the original low 
or mid roof tractor must be covered by 
a valid certificate of conformity. The 
modifications may not increase the 
frontal area of the tractor beyond the 
frontal area of the equivalent high roof 

tractor paired with a standard box van. 
With respect to Daimler’s comment, 40 
CFR 1037.130 only applies to vehicles 
sold in an uncertified condition and 
does not apply to vehicles sold in a 
certified condition. 

(6) Glider Vehicles 
As described in Section XIII.B, EPA is 

adopting new provisions related to 
glider vehicles, including glider 
tractors.226 NHTSA did not propose 
such changes. Glider vehicles and glider 
kits were also treated differently under 
NHTSA and EPA regulations prior to 
this rulemaking. They are exempt from 
NHTSA’s Phase 1 fuel consumption 
standards. For EPA purposes, the CO2 
provisions of Phase 1 exempted glider 
vehicles and glider kits produced by 
small businesses but did not include 
such a blanket exemption for other 
glider kits. Thus, some gliders and 
glider kits are already subject to the 
Phase 1 requirement to obtain a vehicle 
certificate prior to introduction into 
commerce as a new vehicle. 80 FR 
40528. 

In the NPRM, EPA proposed to revise 
the provisions applicable to glider 
vehicles so that the engines used in 
these vehicles would need to meet the 
standards for the year of the new glider 
vehicle. EPA’s resolution of issues 
relating to glider vehicles, including 
glider tractors, and glider kits, is 
discussed fully in Section XIII.B and 
RTC Section 14.2. 

Similarly, NHTSA considered 
including glider vehicles under its 
Phase 2 program. After assessing the 
impact glider vehicles have on the 
tractor segment, NHTSA has elected not 
to include glider vehicles in its Phase 2 
program. NHTSA may reconsider fuel 
efficiency regulations for glider vehicles 
in a future rulemaking. 

As discussed in the NPRM, NHTSA 
would like to reiterate its safety 
authority over gliders—notably, that it 
has become increasingly aware of 
potential noncompliance with its 
regulations applicable to gliders. While 
there are instances in which NHTSA 
regulations allow gliders to use a ‘‘donor 
VIN’’ from a ‘‘donor tractor,’’ NHTSA 
has learned of manufacturers that are 
creating glider vehicles that are new 
vehicles under 49 CFR 571.7(e); 
however, the manufacturers are not 
certifying them and obtaining a new 
VIN as required. NHTSA plans to 
pursue enforcement actions as 
applicable against noncompliant 
manufacturers. In addition to 
enforcement actions, NHTSA may 
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227 Reinhart, T.E. (June 2015). Commercial 
Medium- and Heavy-Duty Truck Fuel Efficiency 
Technology Study—Report #1. (Report No. DOT HS 
812 146). Washington, DC: National Highway 
Traffic Safety Administration. 

228 U.S. Department of Energy. SuperTruck 
Initiative. Information available at http://
energy.gov/eere/vehicles/vehicle-technologies- 
office. 

229 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
Technologies and Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy-Duty 
Vehicles. (‘‘The 2010 NAS Report’’) Washington, 
DC, The National Academies Press. 

230 TIAX, LLC. ‘‘Assessment of Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles,’’ Final Report to National Academy of 
Sciences, November 19, 2009. 

231 NESCCAF, ICCT, Southwest Research 
Institute, and TIAX. Reducing Heavy-Duty Long 
Haul Combination Truck Fuel Consumption and 
CO2 Emissions. October 2009. 

232 ICF International. ‘‘Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles.’’ July 2010. Docket 
Number EPA–HQ–OAR–2010–0162–0283. 

consider amending 49 CFR 571.7(e) and 
related regulations as necessary. NHTSA 
believes manufacturers may not be 
using this regulation as originally 
intended. 

We believe that the agencies having 
different policies for glider kits and 
glider vehicles under the Phase 2 
program will not result in problematic 
disharmony between the NHTSA and 
EPA programs, because of the small 
number of vehicles that will be 
involved. EPA believes that its changes 
will result in the glider market returning 
to the pre-2007 levels, in which fewer 
than 1,000 glider vehicles will be 
produced in most years. Only non- 
exempt glider vehicles will be subject to 
different requirements under the 
NHTSA and EPA regulations. However, 
we believe that this is unlikely to 
exceed a few hundred vehicles in any 
year, which will be few enough not to 
result in any meaningful disharmony 
between the two agencies. 

(7) Useful Life and Deterioration Factors 
Section 202(a)(1) of the CAA specifies 

that EPA is to adopt emissions 
standards that are applicable for the 
useful life of the vehicle. The in-use 
Phase 2 standards that EPA is adopting 
will apply to individual vehicles and 
engines, just as EPA adopted for Phase 
1. NHTSA is also adopting the same 
useful life mileage and years as EPA for 
Phase 2. 

EPA is also not adopting any changes 
to the existing provisions that require 
that the useful life for tractors with 
respect to CO2 emissions be equal to the 
respective useful life periods for criteria 
pollutants, as shown below in Table III– 
5. See 40 CFR 1037.106(e). EPA does not 
expect degradation of the technologies 
evaluated for Phase 2 in terms of CO2 
emissions, therefore we did not adopt 
any changes to the regulations 
describing compliance with GHG 
pollutants with regards to deterioration. 
See 40 CFR 1037.241. 

TABLE III–5—TRACTOR USEFUL LIFE 
PERIODS 

Years Miles 

Class 7 Tractors ........... 10 185,000 
Class 8 Tractors ........... 10 435,000 

D. Feasibility of the Final Phase 2 
Tractor Standards 

This section describes the agencies’ 
technical feasibility and cost analysis. 
Further detail on all of these 
technologies can be found in the RIA 
Chapter 2. 

Class 7 and 8 tractors are used in 
combination with trailers to transport 

freight. The variation in the design of 
these tractors and their typical uses 
drive different technology solutions for 
each regulatory subcategory. As noted 
above, the agencies are continuing the 
Phase 1 provisions that treat vocational 
tractors as vocational vehicles instead of 
as combination tractors, as noted in 
Section III.C.4. The focus of this section 
is on the feasibility of final standards for 
combination tractors including the 
heavy-haul tractors, but not the 
vocational tractors. 

EPA and NHTSA collected 
information on the cost and 
effectiveness of fuel consumption and 
CO2 emission reducing technologies 
from several sources, including new 
information collected since the NPRM 
was promulgated. The primary sources 
of pre-proposal information were the 
Southwest Research Institute evaluation 
of heavy-duty vehicle fuel efficiency 
and costs for NHTSA,227 the Department 
of Energy’s SuperTruck Program,228 
2010 National Academy of Sciences 
report of Technologies and Approaches 
to Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles,229 
TIAX’s assessment of technologies to 
support the NAS panel report,230 the 
analysis conducted by the Northeast 
States Center for a Clean Air Future, 
International Council on Clean 
Transportation, Southwest Research 
Institute and TIAX for reducing fuel 
consumption of heavy-duty long haul 
combination tractors (the NESCCAF/ 
ICCT study),231 and the technology cost 
analysis conducted by ICF for EPA.232 
Some additional information and data 
were also provided in comments. 

Commenters generally supported the 
agencies’ projection that manufacturers 

can reduce CO2 emissions and fuel 
consumption of combination tractors 
through use of many technologies, 
including engine, drivetrain, 
aerodynamic, tire, extended idle, and 
weight reduction technologies. The 
agencies’ determination of the feasibility 
of the final HD Phase 2 standards is 
based on our updated projection of the 
use of these technologies and an 
updated assessment of their 
effectiveness. We will also discuss other 
technologies that could potentially be 
used, such as vehicle speed limiters, 
although we are not basing the final 
standards on their use for the model 
years covered by this rule, for various 
reasons discussed below. 

(1) Projected Technology Effectiveness 
and Cost 

EPA and NHTSA project that CO2 
emissions and fuel consumption 
reductions can be feasibly and cost- 
effectively met through technological 
improvements in several areas. The 
agencies evaluated each technology and 
estimated the most appropriate adoption 
rate of technology into each tractor 
subcategory. The next sections describe 
the baseline vehicle configuration, the 
effectiveness of the individual 
technologies, the costs of the 
technologies, the projected adoption 
rates of the technologies into the 
regulatory subcategories, and finally the 
derivation of these standards. 

Based on information available at the 
time of the NPRM, the agencies 
proposed Phase 2 standards that 
projected by 2027, all high-roof tractors 
would have aerodynamic performance 
equal to or better today’s SmartWay 
performance—which represents the best 
of today’s technology. This would 
equate to having 40 percent of new high 
roof sleeper cabs in 2027 complying 
with the current best practices and 60 
percent of the new high-roof sleeper cab 
tractors sold in 2027 having better 
aerodynamic performance than the best 
tractors available today. For tire rolling 
resistance, we premised the proposed 
standards on the assumption that nearly 
all tires in 2027 would have rolling 
resistance equal to or superior to tires 
meeting today’s SmartWay designation. 
At proposal, the agencies assumed the 
2027 MY engines would achieve an 
additional 4 percent improvement over 
Phase 1 engines and we projected 15 
percent adoption of waste heat recovery 
(WHR) and many other advanced engine 
technologies. In addition, we proposed 
standards that projected improvements 
to nearly all of today’s transmissions, 
incorporation of extended idle 
reduction technologies on 90 percent of 
sleeper cabs, and significant adoption of 
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233 CBD is mistaken that section 202(a)(2) 
mandates technology-forcing standards, although it 
allows them. See generally 74 FR 49464–465 (Sept. 
28, 2009). 

other types of technologies such as 
predictive cruise control and automatic 
tire inflation systems. 

The agencies also discussed several 
other alternatives in the proposal. When 
considering alternatives, it is necessary 
to evaluate the impact of a regulation in 
terms of CO2 emission reductions, fuel 
consumption reductions, and 
technology costs. However, it is also 
necessary to consider other aspects, 
such as manufacturers’ research and 
development resources, the impact on 
purchase price, and the impact on 
purchasers. Manufacturers are limited 
in their ability to develop and 
implement new technologies due to 
their human resources and budget 
constraints. This has a direct impact on 
the amount of lead time that is required 
to meet any new standards. From the 
owner/operator perspective, heavy-duty 
vehicles are a capital investment for 
firms and individuals so large increases 
in the upfront cost could impact buying 
patterns. Though the dollar value of the 
lifetime fuel savings will far exceed the 
upfront technology costs, purchasers 
often discount future fuel savings for a 
number of reasons, as discussed in more 
detail in Section IX.A. Tractor 
purchasers are often uncertain regarding 
the amount of fuel savings that can be 
expected for their specific operation due 
to the diversity of the heavy-duty tractor 
market. Although a nationwide 
perspective that averages out this 
uncertainty is appropriate for 
rulemaking analysis, individual 
operators must consider their 
potentially narrow operation. In 
addition, purchasers often put a 
premium on reliability (because 
downtime is costly in terms of towing, 
repair, late deliveries, and lost revenue) 
and may perceive any new technology 
as a potential risk with respect to 
reliability. Another factor that 
purchasers consider is the impact of a 
new technology on the resale market, 
which can also be impacted by 
uncertainty. 

The agencies solicited comment on all 
of these issues and again noted the 
possibility of adopting, in a final action, 
standards that are more accelerated than 
those in Alternative 3, notably what we 
termed at proposal, Alternative 4 which 
would have involved a three year pull 
ahead of the proposed 2027 standards. 
80 FR 40211. The agencies also assumed 
in the NPRM that both the proposed 
standards and Alternative 4 could be 
accomplished with all changes being 
made during manufacturers’ normal 
product design cycles. However, we 
noted that doing so would be more 
challenging for Alternative 4 and may 
require accelerated research and 

development outside of design cycles 
with attendant increased costs. 
Commenters were encouraged in the 
NPRM to address all aspects of 
feasibility analysis, including costs, the 
likelihood of developing the technology 
to achieve sufficient relaibility within 
the lead time, and the extent to which 
the market could utilize the technology. 

The agencies received several general 
comments on the overall stringency of 
the proposed Phase 2 standards. Several 
entities encouraged the agencies to 
adopt more stringent tractor standards, 
including adoption of Alternative 4. 
They pointed out that DOE’s 
SuperTruck program demonstrated over 
40 percent improvement over 2010 
levels, including 10.7 mpg by Cummins- 
Peterbuilt and 12.2 mpg by Daimler. 
CBD stated that the technology forcing 
nature of Clean Air Act section 
202(a)(2) 233 and EPCA/EISA requires 
more aggressive assumptions regarding 
technology adoption. UCS commented 
that the tractor standards could be 
strengthened by another six percent in 
2024 and seven percent in 2027 to 
reflect the full range of improvements to 
the powertrain and engine. ICCT stated 
that its analysis indicates that the 
technology potential is higher and costs 
are lower than the agencies’ assessments 
in the NPRM. CARB stated that 
Alternative 4 is technologically feasible 
and will result in more emission and 
fuel consumption reductions. CARB 
continued to state that the increased 
cost due to accelerated implementation 
is minimal, about $1,000 per vehicle 
purportedly according to the NPRM. 

In contrast to the commenters that 
called for more stringent standards than 
those proposed, several other 
commenters cautioned the agencies 
from adopting final standards that are 
more stringent than those proposed. 
Diesel Technology Forum commented 
that the agencies should proceed with 
caution on technologies that are not in 
wide use that have not demonstrated 
reliability or commercial availability. 
The International Foodservice 
Distributors Association is concerned 
about Alternative 4 in terms of 
reliability, commenting that it would 
require their members to purchase 
unproven and unreliable equipment in 
order for OEMs to meet the 
requirements. OOIDA commented if 
owners fear a reduction in reliability, 
increased operating costs, reduced 
residual value, or large increases in 

purchase prices, they will adjust their 
purchase plans. 

PACCAR commented about the 
importance of lead time because their 
customers need time to determine if a 
technology meets their specific needs in 
their specific application and need 
assurance that a technology will be 
reliable in use. PACCAR also stated that 
the timing provided in the NPRM 
Alternative 3 provides the ‘‘greatest 
likelihood for a successful program.’’ 
Volvo commented that SuperTruck 
demonstration vehicles serve only the 
purpose of demonstration but are not 
proven with respect to cost, reliability, 
and durability. Volvo stated that the 
purpose of SuperTruck was narrow in 
applicability of matched tractor-trailers 
and that it did not result in a cost 
effective tractor because each project 
cost between $40 and $80 million to 
produce a single vehicle. Volvo also 
commented that not all SuperTruck 
technologies should be forced into all 
applications and duty cycles and if they 
are a pre-buy (or no-buy) could result. 

The agencies considered all of the 
general comments associated with the 
proposed Alternative 3 and Alternative 
4 tractor standards. We believe there is 
merit in many of the detailed comments 
received regarding technologies. These 
are discussed in detail in the following 
sections. Instead of merely choosing 
from among the proposed alternatives, 
the agencies have developed a set of 
final tractor standards that reflect our 
reevaluation of the ability to pull ahead 
certain technologies, the limitations in 
adoption rates and/or effectiveness of 
other technologies, and consideration of 
additional technologies. In general, the 
final Phase 2 tractor standards are 
similar in overall stringency as the 
levels proposed in Alternative 3, but 
have been determined using new 
technology packages that reflect 
consideration of all of the technology 
comments, and in some respects reflect 
greater stringency than the proposed 
Alternative 3. 

As can be seen from the comments, 
there is uncertainty and a wide range of 
opinions regarding the extent to which 
these technologies can be applied to 
heavy-duty tractors. Vehicle 
manufacturers tended to take the 
conservative position for each 
technology and argue that the agencies 
should not project effectiveness or 
adoption rates beyond that which is 
certain. Many other commenters took a 
more optimistic view and argued for the 
agencies to assume that each potential 
technology will be highly effective in 
most applications. However the 
agencies believe the most likely 
outcome will be that some technologies 
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234 North American Council for Freight 
Efficiency. Confidence Report:Idle Reduction 
Solutions. 2014. Page 13. 

235 NACFE. Confidence Report: Programmable 
Engine Parameters. February 2015. Page 23. 

will work out better than expected 
while others will be slightly more 
challenging than projected. Thus, the 
agencies have tended to make balanced 
projections for the various technologies, 
although some may be slightly 
optimistic while others are somewhat 
conservative. We believe the overall 
effect of this approach will be standards 
that achieve large reductions with 
minimal risks to the industry. 

(a) Tractor Baselines for Costs and 
Effectiveness 

The fuel efficiency and CO2 emissions 
of combination tractors vary depending 
on the configuration of the tractor. Many 
aspects of the tractor impact its 
performance, including the engine, 
transmission, drive axle, aerodynamics, 
and rolling resistance. For each 
subcategory, the agencies selected a 
theoretical tractor to represent the 
average 2017 model year tractor that 
meets the Phase 1 standards (see 76 FR 
57212, September 15, 2011). These 
tractors are used as baselines from 
which to evaluate costs and 
effectiveness of additional technologies 
and standards. 

As noted earlier, the Phase 1 2017 
model year tractor standards (based on 
Phase 1 GEM and test procedures) and 
the baseline 2017 model year tractor 
results (using Phase 2 GEM and test 
procedures) are not directly comparable. 
The same set of aerodynamic and tire 
rolling resistance technologies were 
used in both setting the Phase 1 
standards and determining the baseline 
of the Phase 2 tractors. However, there 
are several aspects that differ. First, a 
new version of GEM was developed and 
validated to provide additional 
capabilities, including more refined 
modeling of transmissions and engines. 
Second, the determination of the HD 
Phase 2 CdA value takes into account a 
revised test procedure, a new standard 
reference trailer, and wind averaged 
drag as discussed below in Section III.E. 
In addition, the HD Phase 2 version of 
GEM includes road grade in the 55 mph 
and 65 mph highway cycles, as 
discussed below in Section III.E. 

The agencies used the same adoption 
rates of tire rolling resistance for the 
Phase 2 baseline as we used to set the 
Phase 1 2017 MY standards. See 76 FR 
57211. The tire rolling resistance level 
assumed to meet the 2017 MY Phase 1 
standard high roof sleeper cab is 
considered to be a weighted average of 
10 percent pre-Phase 1 baseline rolling 
resistance, 70 percent Level 1, and 20 
percent Level 2. The tire rolling 
resistance to meet the 2017MY Phase 1 
standards for the high roof day cab, low 
roof sleeper cab, and mid roof sleeper 

cab includes 30 percent pre-Phase 1 
baseline level, 60 percent Level 1 and 10 
percent Level 2. Finally, the low and 
mid roof day cab 2017 MY standards 
were premised on a weighted average 
rolling resistance consisting of 40 
percent baseline, 50 percent Level 1, 
and 10 percent Level 2. The agencies 
did not receive comments on the tire 
packages used to develop the Phase 2 
baseline in the NPRM. 

The agencies sought comment on the 
baseline vehicle attributes described in 
the NPRM. The agencies received 
comments related to the baseline 
adoption rate of automatic engine 
shutdown systems (AESS) and the 
baseline aerodynamics assessment. In 
the proposal, the agencies noted that the 
manufacturers were not using tamper- 
proof AESS to comply with the Phase 1 
standards so the agencies reverted back 
to the baseline APU adoption rate of 30 
percent used in the Phase 1 baseline. 
EMA and TRALA commented that the 
agencies confused the use of an APU 
with the use of tamper-proof idle 
technologies in assessing the baseline 
for the proposed Phase 2 standards. 
They stated that a 30 percent 
penetration rate of APUs is not the same 
as a 30 percent penetration rate of 
tamper-proof idle systems. ATA and 
Volvo also commented that the 
assumption that 30 percent of 2017 
sleeper tractors will utilize the tamper- 
proof automatic engine shutdown is too 
high. EMA and PACCAR commented 
that virtually all tractors in the field 
have an automatic shutdown 
programmed in their engine; however, 
less than one percent of vehicles sold in 
recent years have tamper-proof AESS 
that are triggered in less than five 
minutes and cannot be reprogrammed 
for 1.259 million miles. In response to 
these comments, the agencies reassessed 
the baseline idle reduction adoption 
rates. The latest NACFE confidence 
report found that 9 percent of tractors 
had auxiliary power units and 96 
percent of vehicles are equipped with 
adjustable automatic engine shutdown 
systems.234 Therefore, the agencies are 
projecting that 9 percent of sleeper cabs 
will contain an adjustable AESS and 
APU, while the other 87 percent will 
only have an adjustable AESS. 
Additional discussion on adjustable 
AESS is included in Section III.D.1.b. 

The Phase 2 baseline in the NPRM 
was determined based on the 
aerodynamic bin adoption rates used to 
determine the Phase 1 MY 2017 tractor 
standards. Volvo, EMA, and other 

manufacturers also commented that the 
aerodynamic drag baseline for 2017 
tractors included in the NPRM was too 
aerodynamically efficient. EMA 
commented that some of the best 
aerodynamic tractors available were 
tested by the agencies and then declared 
to be the baseline. According to the 
manufacturers, the average tractor—the 
true baseline—is a full bin worse than 
these best tractors. While the agencies 
agree with the commenters that it is 
important to develop an accurate 
baseline so that the appropriate 
aerodynamic technology package 
effectiveness and costs can be evaluated 
in determining the final Phase 2 
standards, there appears to be some 
confusion regarding the NPRM baseline 
aerodynamic assessment. The Phase 2 
baseline in the NPRM was determined 
based on the aerodynamic bin adoption 
rates used to determine the Phase 1 MY 
2017 tractor standards (see 76 FR 
57211). The baseline was not 
determined by or declared to be the 
average results of the vehicles tested, as 
some commenters maintained. The 
vehicles that were tested prior to the 
NPRM were used to develop the 
proposed aerodynamic bin structure for 
Phase 2. In both the NPRM and this 
final rulemaking, we developed the 
Phase 2 bins such that there is an 
alignment between the Phase 1 and 
Phase 2 aerodynamic bins after taking 
into consideration the changes in 
aerodynamic test procedures and 
reference trailers required in Phase 2. 
The Phase 2 bins were developed so that 
tractors that performed as a Bin III in 
Phase 1 would also perform as Bin III 
tractors in Phase 2. Additional details 
regarding how the agencies refined the 
aerodynamic bin values for Phase 2 for 
the final rule can be found in Section 
III.E.2.a. The baseline aerodynamic 
value for the Phase 2 final rulemaking 
was determined in the same manner as 
the NPRM, using the adoption rates of 
the bins used to determine the Phase 1 
standards, but reflect the final Phase 2 
bin CdA values. 

In the NPRM, we used a transmission 
top gear ratio of 0.73 and drive axle ratio 
of 3.70 in the baseline 2017 MY tractor. 
UCS commented that the baseline axle 
ratio is too high. The agencies 
determined the rear axle ratio and final 
drive ratio in the baseline tractor based 
on axle market information shared by 
Meritor,235 one of the primary suppliers 
of heavy-duty axles, and confidential 
business information provided by 
Daimler. Our assessment of this 
information found that a rear axle ratio 
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236 Ostrander, Robert, et.al. (Meritor). 
Understanding the Effects of Engine Downspeeding 
on Drivetrain Components. 2014. Page 2. 

of 3.70 and a top gear ratio of 0.73 
(equivalent to a final drive ratio of 2.70) 
is a commonly spec’d tractor. Meritor’s 
white paper on downspeeding stated 
that final drive ratios of less than 2.64 
are considered to be ‘‘downsped.’’ 236 
The agencies recognize that there is a 
significant range in final drive ratios 
that will be utilized by tractors built in 

2017 MY, we do not believe that the 
average (i.e., baseline) tractor in 2017 
MY will downsped (i.e., have a final 
drive ratio of less than 2.64). Therefore, 
the agencies are maintaining the 
proposed top gear ratio and drive axle 
ratio for the assessment of the baseline 
tractor performance. 

The agencies are using the specific 
attributes of each tractor subcategory as 
are listed below in Table III–6 for the 
Phase 2 baselines. Using these values, 
the agencies assessed the CO2 emissions 
and fuel consumption performance of 
the baseline tractors using the Phase 2 
GEM. The results of these simulations 
are shown below in Table III–7. 

TABLE III–6—GEM INPUTS FOR THE BASELINE CLASS 7 AND 8 TRACTOR 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2017 MY 11L 
Engine 350 

HP 

2017 MY 11L 
Engine 350 

HP 

2017 MY 11L 
Engine 350 

HP 

2017 MY 15L 
Engine 455 

HP 

2017 MY 15L 
Engine 455 

HP 

2017 MY 15L 
Engine 455 

HP 

2017 MY 15L 
Engine 455 

HP 

2017 MY 15L 
Engine 455 

HP 

2017 MY 15L 
Engine 455 

HP 

Aerodynamics (CdA in m2) 

5.41 6.48 6.38 5.41 6.48 6.38 5.41 6.48 5.90 

Steer Tires (CRR in kg/metric ton) 

6.99 6.99 6.87 6.99 6.99 6.87 6.87 6.87 6.54 

Drive Tires (CRR in kg/metric ton) 

7.38 7.38 7.26 7.38 7.38 7.26 7.26 7.26 6.92 

Extended Idle Reduction—Adjustable AESS with no Idle Red Tech Adoption Rate @1% Effectiveness 

N/A N/A N/A N/A N/A N/A 87% 87% 87% 

Extended Idle Reduction—Adjustable AESS with Diesel APU Adoption Rate @3% Effectiveness 

N/A N/A N/A N/A N/A N/A 9% 9% 9% 

Transmission = 10 Speed Manual Transmission 
Gear Ratios = 12.8, 9.25, 6.76, 4.90, 3.58, 2.61, 1.89, 1.38, 1.00, 0.73 

Drive Axle Configuration = 4 × 2 Drive Axle Configuration = 6 × 4 

Tire Revs/Mile = 512 

Drive Axle Ratio = 3.70 

TABLE III–7—CLASS 7 AND 8 TRACTOR BASELINE CO2 EMISSIONS AND FUEL CONSUMPTION 

Class 7 Class 8 

Day Cab Day Cab Sleeper Cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

CO2 (grams CO2/ton-mile) ........... 119.1 127.2 129.7 91.3 96.6 98.2 84.0 90.2 87.8 
Fuel Consumption (gal/1,000 ton- 

mile) .......................................... 11.69941 12.49509 12.74067 8.96857 9.48919 9.64637 8.25147 8.86051 8.62475 

The agencies also received comments 
related to the baseline heavy-haul 
tractor parameters. Volvo did not agree 
that certain segments of the heavy-haul 

population are appropriately 
represented by the baseline in the 
NPRM. Volvo stated that these types of 
vehicles typically utilize an 18-speed 

transmission, since they require the very 
close gear ratios and nearly all heavy- 
haul tractors have deeper drive axle 
ratios than the agencies have assumed 
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237 U.S. Department of Energy. See SuperTruck 
Report to Congress. http://energy.gov/eere/vehicles/ 
downloads/vehicle-technologies-office-report-
adoption-new-fuel-efficient-technologies. 

238 These GEM default values could be 
superseded on a case-by-case basis based on an 
appropriate off-cycle credit demonstration. 

(3.55). PACCAR commented the 14.4 
first gear of the 18-speed transmission 
coupled with the 3.73 rear axle ratio is 
an example of a significant sales volume 
combination that meets their 
recommended 53:1 Total Reduction 
ratio. Upon further consideration, the 
agencies find the suggestion that the 
baseline heavy-haul tractor is better 
represented by an 18-speed manual 
transmission to be persuasive. We 
therefore revised the baseline heavy- 
haul tractor configuration, as shown in 
Table III–8. 

The baseline 2017 MY heavy-haul 
tractor will emit 56.9 grams of CO2 per 
ton-mile and consume 5.59 gallons of 
fuel per 1,000 ton-mile. 

TABLE III–8—HEAVY-HAUL TRACTOR 
BASELINE CONFIGURATION 

Baseline heavy-haul tractor configuration 

Engine = 2017 MY 15L Engine with 600 HP. 

Aerodynamics (CdA in m2) = 5.00. 

Steer Tires (CRR in kg/metric ton) = 7.0. 

Drive Tires (CRR in kg/metric ton) = 7.4. 

Transmission = 18 speed Manual Trans-
mission 

Gear ratio = 14.4, 12.29, 8.51, 7.26, 6.05, 
5.16, 4.38, 3.74, 3.2, 2.73, 2.28, 1.94, 
1.62, 1.38, 1.17, 1.00, 0.86, 0.73. 

Drive axle Ratio = 3.73. 

All Technology Improvement Factors = 0%. 

The fuel consumption and CO2 
emissions in this ‘‘flat’’ baseline 
described above remains the same over 
time with no assumed improvements 
after 2017, absent a Phase 2 regulation. 
An alternative baseline was also 
evaluated by the agencies in which 
there is a continuing uptake of 
technologies in the tractor market that 
reduce fuel consumption and CO2 
emissions absent a Phase 2 regulation. 
This alternative baseline, referred to as 
the ‘‘dynamic’’ baseline, was developed 
to estimate the potential effect of market 
pressures and non-regulatory 
government initiatives to improve 
tractor fuel consumption. The dynamic 
baseline assumes that the significant 
level of research funded and conducted 
by the Federal government, industry, 
academia and other organizations will, 
in the future, result in the adoption of 
some technologies beyond the levels 
required to comply with Phase 1 
standards. One example of such 
research is the Department of Energy 

Super Truck program 237 which has a 
goal of demonstrating cost-effective 
measures to improve the efficiency of 
Class 8 long-haul freight trucks by 50 
percent by 2015. The dynamic baseline 
also assumes that manufacturers will 
not cease offering fuel efficiency 
improving technologies that currently 
have significant market penetration, 
such as automated manual 
transmissions. The baselines (one for 
each of the nine tractor types) are 
characterized by fuel consumption and 
CO2 emissions that gradually decrease 
between 2019 and 2028. In 2028, the 
fuel consumption for the alternative 
tractor baselines is approximately 4.0 
percent lower than those shown in 
Table III–7. This results from the 
assumed introduction of aerodynamic 
technologies such as down exhaust, 
underbody airflow treatment in addition 
to tires with lower rolling resistance. 
The assumed introduction of these 
technologies reduces the CdA of the 
baseline tractors and CRR of the tractor 
tires. To take one example, the CdA for 
baseline high roof sleeper cabs in Table 
III–6 is 5.90 m2 in 2017. In 2028, the 
CdA of a high roof sleeper cab would be 
assumed to still be 5.90 m2 in the flat 
baseline case outlined above. 
Alternatively, in the dynamic baseline, 
the CdA for high roof sleeper cabs is 5.61 
m2 in 2028 due to assumed market 
penetration of technologies absent the 
Phase 2 regulation. The dynamic 
baseline analysis is discussed in more 
detail in RIA Chapter 11. 

(b) Tractor Technology Effectiveness 

The agencies’ assessment of the 
technology effectiveness was developed 
through the use of the GEM in 
coordination with modeling conducted 
by Southwest Research Institute. The 
agencies developed these standards 
through a three-step process, similar to 
the approach used in Phase 1. First, the 
agencies developed estimates of 
technology performance characteristics 
and effectiveness in terms of reducing 
CO2 emissions and fuel consumption for 
each technology, as described below. 
Each technology is associated with an 
input parameter which in turn is used 
as an input to the Phase 2 GEM 
simulation tool. There are two types of 
GEM input parameters. The first type 
requires a manufacturer to measure 
aspects of the technology. These aspects 
are used as inputs to GEM which then 
models the technology’s effectiveness 
(i.e. the effectiveness for that technology 

is the GEM output). Aerodynamics, tire 
rolling resistance, engine fuel maps, 
axle ratio, the optional axle efficiency, 
and optional transmission efficiencies 
are examples of this first type of GEM 
input. The second type of GEM input 
only requires a manufacturer to install 
the technology onto the vehicle and 
does not require any testing to 
determine the GEM input. The agencies 
determined and specify in the 
regulations (see 40 CFR 1037.520) the 
effectiveness of this second type of GEM 
input. The agencies also define the 
technologies that qualify to be eligible 
for these GEM technology inputs in the 
regulations (see 40 CFR 1037.660 and 
1037.801). Examples of these technology 
inputs include transmission type, idle 
reduction technologies, tire pressure 
systems, vehicle speed limiters, weight 
reduction, intelligent controls, and other 
accessories. The performance levels for 
the range of Class 7 and 8 tractor 
aerodynamic packages and vehicle 
technologies are described below in 
Table III–10.238 All percentage 
improvements noted below are relative 
to the 2017 MY baseline tractor. 

As discussed in Section I.C.1.a, we 
assume manufacturers will incorporate 
appropriate compliance margins for all 
measured GEM inputs. In other words, 
they will declare values slightly higher 
than their measured values. As 
discussed in Section II.D.5, compliance 
margins associated with fuel maps are 
likely to be approximately one percent. 
For aerodynamic inputs, we believe the 
bin structure will eliminate the need for 
CdA compliance margins for most 
vehicles. However, for vehicles with 
measured CdA values very near the 
upper bin boundary, manufacturers will 
likely choose to certify some of them to 
the next higher bin values (as a number 
of commenters noted). For tire rolling 
resistance, our feasibility rests on the 
Phase 1 standards, consistent with our 
expectation that manufacturers will to 
continue to incorporate the compliance 
margins they considered necessary for 
Phase 1. With respect to optional axle 
and/or transmission power loss maps, 
we believe manufacturers will need very 
small compliance margins. These power 
loss procedures require high precision 
so measurement uncertainty will likely 
be on the order of 0.1 percent of the 
transmitted power. All of these margins 
are reflected in our projections of the 
emission levels that will be 
technologically feasible. 

The agencies then determined the 
adoption rates feasible for each 
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239 See RIA Chapter 2.8.4.1 for the analysis of the 
engine technologies and the associated fuel maps. 

240 Daimler Truck North America. SuperTruck 
Program Vehicle Project Review. June 19, 2014. 

technology in each model year, as 
described in Section III.D.1.c. Then as 
described in Section III.D.1.f, the 
agencies combined the technology 
performance levels with a projected 
technology adoption rate to determine 
the GEM inputs used to set the 
stringency of these standards. The 
agencies input these parameters into 
Phase 2 GEM and used the output to 
determine the final CO2 emissions and 
fuel consumption levels. 

(i) Engine Improvements 

There are several technologies that 
could be used to improve the efficiency 
of diesel engines used in tractors. These 
technologies include friction reduction, 
combustion system optimization, and 
waste heat recovery using the Rankine 
cycle. Details of the engine technologies, 
adoption rates, and overall fuel 
consumption and CO2 emission 
reductions are included in Section II.D. 
The Phase 2 engine standards will lead 
each manufacturer to achieve reductions 
of 1.8 percent in 2021 MY, 4.2 percent 
in 2024 MY, and 5.1 percent in 2027 
MY. For the final Phase 2 rule, we 
recognize that it could be possible to 
achieve greater reductions than those 
included in the engine standard by 
designing entirely new engine 
platforms. See Section II.D.2.e. Unlike 
existing platforms, which are limited 
with respect to peak cylinder pressures 
(precluding certain efficiency 
improvements), new platforms can be 
designed to have higher cylinder 
pressure than today’s engines. New 
designs are also better able to 
incorporate recent improvements in 
materials and manufacturing, as well as 
other technological developments. 
Considered together, it is likely that a 
new engine platform could be about 2 
percent better than engines using older 
platforms. Moreover, the agencies have 
seen CBI data that suggests 
improvement of more than 3 percent are 
possible. As discussed in Section 
II.D.2.e above, how far the various 
manufacturers are into their design 
cycles suggests that one or more 
manufacturers will probably introduce a 
new engine platform during the Phase 2 
time frame. Thus, we project that 50 
percent of tractor engines produced in 
2027 MY will be redesigned engines (i.e. 
engines reflecting redesigned engine 
platforms, again based on existing 
engine platform redesign schedules 
within the industry). This means the 
average 2027 MY tractor engine would 
be 5.4 and 6.4 percent better than Phase 
1 for day and sleeper cabs 

respectively.239 This reflects an average 
0.8 percent improvement beyond what 
is required to meet the engine standards. 

As noted in Section II.D.2.e, it is 
import to note that these new platforms 
will be developed based on normal 
market forces rather than as a result of 
this rulemaking. Some engine 
manufacturers have developed new 
platforms with the last ten years, and we 
do not expect these engines to be 
replaced within the Phase 2 time frame. 
However, other engines have not been 
fundamentally redesigned recently and 
will be due for replacement by 2027. 
Because these new platforms will occur 
because of market forces rather than this 
rulemaking, these reductions are in 
some ways windfalls for vehicle 
manufacturers. Thus, we have not 
included the cost of these new platforms 
as part of our rulemaking analysis. 

We have factored these levels into our 
analysis of the vehicle efficiency levels 
that will be achievable in MY 2027. 
These additional engine improvements 
will result in vehicles having lower 
GEM results. Thus, they make more 
stringent vehicle standards feasible, and 
the final standards are structured so that 
these improved engines are not able to 
generate windfall credits against the 
engine standards, but rather that their 
projected performance is reflected in the 
stringency of the final tractor vehicle 
standard. It is important to also note 
that manufacturers that do not achieve 
this level of engine reduction would be 
able to make up the difference by 
applying one of the many other 
available and cost-effective tractor 
technologies to a greater extent or more 
effectively, so that there are multiple 
technology paths for meeting the final 
standards. In other words, a 
manufacturer that does not invest in 
updating engine platforms in the Phase 
2 time frame is likely to be able to invest 
in improving other vehicle technologies. 
(Note that these same reductions cannot 
be assumed as part of the engine 
standards because engine manufacturers 
will not have this same flexibility). 
These reductions from the engine will 
show up in the fuel maps used in GEM 
to set the Phase 2 tractor stringencies. 

(ii) Aerodynamics 
There are opportunities to reduce 

aerodynamic drag from the tractor by 
further optimization of body 
components, but it is sometimes 
difficult to assess the benefit of 
individual aerodynamic features. 
Therefore, reducing aerodynamic drag 
requires optimizing of the entire system. 

The potential areas to reduce drag 
include all sides of the truck—front, 
sides, top, rear and bottom. The grill, 
bumper, and hood can be designed to 
minimize the pressure created by the 
front of the truck. Technologies such as 
aerodynamic mirrors and fuel tank 
fairings can reduce the surface area 
perpendicular to the wind and provide 
a smooth surface to minimize 
disruptions of the air flow. Roof fairings 
provide a transition to move the air 
smoothly over the tractor and trailer. 
Side extenders can minimize the air 
entrapped in the gap between the tractor 
and trailer. Lastly, underbelly 
treatments can manage the flow of air 
underneath the tractor. DOE has 
partnered with the heavy-duty industry 
to demonstrate high roof sleeper cab 
tractor and box trailer combinations that 
achieve a 50 percent improvement in 
freight efficiency evaluated as a 65,000 
pound vehicle operating on the highway 
under somewhat controlled 
circumstances. However, these 
demonstration vehicles developed in 
SuperTruck are not necessarily designed 
to handle the rigors of daily use over 
actual in-use roads. For example, they 
generally have very limited ground 
clearance that would likely preclude 
operation in snow, and would be very 
susceptible to damage from potholes or 
other road hazards. Nevertheless, this 
SuperTruck program has led to 
significant advancements in the 
aerodynamics of combination tractor- 
trailers. While the agencies cannot 
simply apply the SuperTruck program 
achievements directly into the Phase 2 
program because of the significant 
differences in the limited purpose of 
SuperTruck and the plenary 
applicability of a regulation to all 
operating conditions and duty cycles, it 
is helpful to assess the achievements 
and evaluate how the technologies 
could be applied into mass production 
into a variety of real world applications 
while maintaining performance 
throughout the full useful life of the 
vehicle. A manufacturer’s SuperTruck 
demonstration vehicle achieved 
approximately a seven percent freight 
efficiency improvement over a 2009 MY 
baseline vehicle due to improvements in 
tractor aerodynamics and approximately 
16 percent overall for the tractor-trailer 
combination.240 The seven percent 
freight efficiency improvement due to 
tractor aerodynamics equates to roughly 
a 14 percent reduction in CdA from a 
2010 MY baseline vehicle. The 2010 
NAS Report on heavy-duty trucks found 
that there are achievable aerodynamic 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00114 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73591 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

241 See TIAX, Note 230, Page 4–40. 
242 Delgado, Oscar. N. Lutsey. Advanced Tractor- 

Trailer Efficiency Technology Potential in the 
2020–2030 Timeframe. April 2015. Docket EPA– 
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Tire Testing Activities’’ presentation to SAE 
Government-Industry Meeting. January 22, 2016. 
Values represent the ISO 28580 2 meter drum 
results because these align with the test method 
used to certify tractors to the GHG and fuel 
consumption standards. 

244 Delgado, Oscar. N. Lutsey. Advanced Tractor- 
Trailer Efficiency Technology Potential in the 
2020–2030 Timeframe. April 2015. Docket EPA– 
HQ–OAR–2014–0827. 

improvements which yield 3 to 4 
percent fuel consumption reduction or 
six to eight percent reduction in Cd 
values, beyond a baseline reflecting 
performance of technologies used in 
today’s SmartWay trucks.241 

The Phase 2 aerodynamic packages 
are categorized as Bin I, Bin II, Bin III, 
Bin IV, Bin V, Bin VI, or Bin VII based 
on the wind averaged drag aerodynamic 
performance determined through testing 
conducted by the manufacturer. Bin I 
represents the least aerodynamic 
tractors, while Bins V–VII would be 
more aerodynamic than any tractor on 
the road today. A more complete 
description of these aerodynamic 
packages is included in Chapter 2.8.2.2 
of the RIA. In general, the CdA values for 
each package and tractor subcategory 
were developed through EPA’s 
coastdown testing of tractor-trailer 
combinations, the 2010 NAS report, and 
SAE papers. 

The agencies received comments on 
our aerodynamic technology 
assessment. A de F Limited commented 
that wheel covers improve the 
aerodynamics of tractors and trailers, 
though the results may be lost in the 
noise when evaluated on tractors and 
trailers separately. Daimler commented 
that they found in their SuperTruck 
work that there are diminishing 
opportunities for tractor aerodynamics 
improvements and there may be 
impediments to some due to the need to 
access the back of cab and reliability 
concerns. AIR CTI commented that they 
have built a truck with aerodynamic 
technologies such as a front spoiler that 
automatically deploys at vehicle speeds 
over 30 mph, aerodynamic mirrors, and 
wheel covers over the rear wheels. ICCT 
found in their workshop that 
opportunities exist for high roof line 
haul tractor aerodynamic improvements 
that could lead to a three to nine percent 
improvement in fuel consumption over 
a 2010 baseline.242 The HD 
manufacturers and EMA raised 
significant concerns with regard to the 
proposed aerodynamic assessment for 
Phase 2. They stated that even the best 
anticipated future-technology 
SuperTruck tractor configurations with 
a Phase 2 reference trailer likely would 
only qualify for the proposed Phase 2 
Bin IV or possibly Bin V, leaving Bins 
V, VI and VII largely infeasible and 
unachievable. 

The agencies’ assessment is that the 
most aerodynamic tractor tested by EPA 

in 2015 achieved Bin IV performance. 
See RIA Chapter 3.2.1.2. This vehicle 
did not include all of the possible 
aerodynamic technologies, such as 
wheel covers or active aerodynamics 
like a grill shutter or front air dam. 
Upon further analysis of simulation 
modeling of a SuperTruck tractor with 
a Phase 2 reference trailer with skirts, 
we agree with the manufacturers that a 
SuperTruck tractor technology package 
would only achieve the Bin V level of 
CdA, as discussed above and in RIA 
Chapter 2.8.2.2. Therefore, the agencies’ 
assessment is that Bin V is achievable 
with known aerodynamic technologies, 
as discussed in RIA Chapter 2.4.2.1 and 
2.8.2.2, but agree with the 
manufacturers that Bins VI and VII have 
less known technology paths. The 
agencies are including definitions of 
Bins VI and VII performance in the 
Phase 2 regulations with the 
understanding that aerodynamics will 
continue to improve over the next ten 
years until the full phase-in of the Phase 
2 program and to provide a value to be 
input to GEM should they do so. 
However, we considered the comments 
and discuss the adoption rates of the 
more aerodynamic bins in Section 
III.D.1.c.i, which ultimately concludes 
that the standards should be predicated 
only on performance of aerodynamic 
technologies reflecting up to Bin V. 

As discussed in Section III.E.2, the 
agencies are increasing the number of 
aerodynamic bins for low and mid roof 
tractors from the two levels adopted in 
Phase 1 to seven levels in Phase 2. The 
agencies adopted an increase in the 
number of bins for these tractors to 
reflect the actual range of aerodynamic 
technologies effective in low and mid 
roof tractor applications. The 
aerodynamic improvements to the 
bumper, hood, windshield, mirrors, and 
doors are developed for the high roof 
tractor application and then carried over 
into the low and mid roof applications. 

(iii) Tire Rolling Resistance 

A tire’s rolling resistance is a function 
of the tread compound material, the 
architecture and materials of the casing, 
tread design, the tire manufacturing 
process, and its operating conditions 
(surface, inflation pressure, speed, 
temperature, etc.). Differences in rolling 
resistance of up to 50 percent have been 
identified for tires designed to equip the 
same vehicle. Since 2007, SmartWay 
designated tractors have had steer tires 
with rolling resistance coefficients of 
less than 6.5 kg/metric ton for the steer 
tire and less than 6.6 kg/metric ton for 

the drive tire.243 Low rolling resistance 
(LRR) drive tires are currently offered in 
both dual assembly and wide-based 
single configurations. Wide based single 
tires can offer rolling resistance 
reduction along with improved 
aerodynamics and weight reduction. 
The rolling resistance coefficient target 
for the Phase 2 NPRM was developed 
from SmartWay’s tire testing to develop 
the SmartWay certification and testing a 
selection of tractor tires as part of the 
Phase 1 and Phase 2 programs. Even 
though the coefficient of tire rolling 
resistance comes in a range of values, to 
analyze this range, the tire performance 
was evaluated at four levels for both 
steer and drive tires, as determined by 
the agencies. The four levels in the 
Phase 2 proposal included the baseline 
(average) from 2010, Level I and Level 
2 from Phase 1, and Level 3 that 
achieves an additional 25 percent 
improvement over Level 2. The Level 1 
rolling resistance performance 
represents the threshold used to develop 
SmartWay designated tires for long haul 
tractors. The Level 2 threshold 
represents an incremental step for 
improvements beyond today’s 
SmartWay level and represents the best 
in class rolling resistance of the tires we 
tested for Phase 1. The Level 3 values 
in the NPRM represented the long-term 
rolling resistance value that the agencies 
predicts could be achieved in the 2025 
timeframe. Given the multiple year 
phase-in of the standards, the agencies 
expect that tire manufacturers will 
continue to respond to demand for more 
efficient tires and will offer increasing 
numbers of tire models with rolling 
resistance values significantly better 
than today’s typical low rolling 
resistance tires. 

ICCT found in their workshop that 
opportunities exist for improvements in 
rolling resistance for tractor tires that 
could lead to a two to six percent 
improvement in fuel consumption when 
compared to a 2010 baseline tractor.244 
A fuel consumption improvement in 
this range would require a six to 18 
percent improvement in the tractor tire 
rolling resistance levels. Michelin 
commented that the proposed values for 
the drive tires seem reasonable, though 
the 4.5 kg/ton level would require 
significantly higher adoption rate of 
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new generation wide base single tires. 
Michelin also stated that the value of 4.3 
kg/ton target for steer tires is highly 
unlikely based on current evolution and 
that research shows that 5.0 kg/ton 
would be more likely. 

The agencies have evaluated this 
comment and find it persuasive. The 
agencies analyzed the 2014MY 
certification data for tractors between 
the NPRM and final rulemaking. We 
found that the lowest rolling resistance 
value submitted for 2014 MY GHG and 
fuel efficiency certification for tractors 
was 4.9 and 5.1 kg/metric ton for the 
steer and drive tires respectively, while 
the highest rolling resistance tire had a 
CRR of 9.8 kg/metric ton.245 We have 
accordingly increased the coefficient of 
rolling resistance for Level 3 tires in the 
final rule based on the comments and 
the certification data. 

(iv) Tire Pressure Monitoring and 
Automatic Tire Inflation Systems 

Proper tire inflation is critical to 
maintaining proper stress distribution in 
the tire, which reduces heat loss and 
rolling resistance. Tires with low 
inflation pressure exhibit a larger 
footprint on the road, more sidewall 
flexing and tread shearing, and 
therefore, have greater rolling resistance 
than a tire operating at its optimal 
inflation pressure. Bridgestone tested 
the effect of inflation pressure and 
found a 2 percent variation in fuel 
consumption over a 40 psi range.246 
Generally, a 10 psi reduction in overall 
tire inflation results in about a one 
percent reduction in fuel economy.247 
To achieve the intended fuel efficiency 
benefits of low rolling resistance tires, it 
is critical that tires are maintained at the 
proper inflation pressure. 

Proper tire inflation pressure can be 
maintained with a rigorous tire 
inspection and maintenance program or 
with the use of tire pressure and 
inflation systems. According to a study 
conducted by FMCSA in 2003, about 1 
in 5 tractors/trucks is operating with 1 
or more tires underinflated by at least 20 
psi.248 A 2011 FMCSA study estimated 

under inflation accounts for one service 
call per year and increases tire 
procurement costs 10 to 13 percent. The 
study found that total operating costs 
can increase by $600 to $800 per year 
due to under inflation.249 A recent study 
by The North American Council on 
Freight Efficiency, found that openness 
to the use of tire pressure monitoring 
systems is increasing. It also found that 
reliability and durability of 
commercially available tire pressure 
systems are good and early issues with 
the systems have been addressed.250 
These automatic tire inflation systems 
(ATIS) monitor tire pressure and also 
automatically keep tires inflated to a 
specific level. The agencies proposed to 
provide a one percent CO2 and fuel 
consumption reduction value for 
tractors with automatic tire inflation 
systems installed. 

Tire pressure monitoring systems 
(TPMS) notify the operator of tire 
pressure, but require the operator to 
manually inflate the tires to the 
optimum pressure. Because of the 
dependence on the operator’s action, the 
agencies did not propose an emission 
reduction value for tire pressure 
monitoring systems. Instead, we 
requested comment on this approach 
and sought data from those that support 
a reduction value be assigned to tire 
pressure monitoring systems. 80 FR 
40218. 

Many commenters including OOIDA, 
ATA, the truck manufacturers, RMA, 
UPS, Bendix, Doran, First Industries, 
NADA, and others suggested that the 
agencies should recognize TPMS as a 
technology in GEM, with the 
effectiveness value set at an equal level 
as ATIS. On the other hand, ARB 
generally supported the use of ATIS but 
not TPMS because it requires action 
from the driver. Many stakeholders 
stated that TPMS offers similar benefit, 
but at a lower cost, so is more 
acceptable in the market. UPS 
commented that they prefer TPMS 
because TPMS gives the truck owner an 
affirmative indication that there is a tire 
pressure problem, so it can be fixed, 
whereas the ATIS does not and they are 
concerned that ATIS simply keeps 
adding tire pressure automatically, 
wasting energy, and the truck owner 
may never know it. Bendix believes that 

both ATIS and TPMS should be 
available in the market in the Phase 2 
timeframe for tractors. RMA cited a 
NHTSA study of LD vehicles of model 
years 2004–2007 and found that the 
presence of a TPMS system led to a 55.6 
percent reduction in the likelihood that 
a vehicle would have one tire that is 
significantly underinflated (25 percent 
or greater).251 RMA also stated that 
NHTSA found TPMS to be effective in 
reducing moderate under inflation (at 
least 10 percent, but under 25 percent), 
which was reduced by 35.3 percent.252 
RMA’s comments also stated for light 
trucks and vans, the effectiveness rates 
were even higher, with TPMS reducing 
severe under inflation by 61.2 percent 
and moderate under inflation by 37.7 
percent. RMA commented that NHTSA 
found that in 2011, the TPMS systems 
save $511 million in fuel costs across 
the vehicle fleet.253 Navistar said the 
driver alert with TPMS is simpler and 
sufficient to ensure tire inflation in 
commercial applications. Navistar also 
commented that in heavy duty, a 
professional driver has both the 
incentive and the knowledge to keep 
tires adequately inflated, neither of 
which may necessarily be the case with 
light duty. Doran Manufacturing cited 
FMCSA studies on TPMS in 2006 that 
found TPMS were accurate at assessing 
tire pressure, in 2007 found acceptable 
durability of TPMS, and in 2011 found 
that TPMS or ATIS in fleet studies 
showed a 1.4 percent improvement in 
fuel economy. ARB’s technology 
assessment found ATIS benefit at one 
percent.254 ICCT found in their 
workshop that opportunities exist for 
ATIS that could lead to a 0.5 to two 
percent improvement in fuel 
consumption.255 AIR CTI discussed the 
consequences of improper inflation 
pressures on tire life, safety, stopping 
distance, vehicle vibration, and damage 
to the roads. AIR CTI commented that 
their Central Tire Inflation system 
controls tire pressure from controls on 
the dash and is commonly used in 
logging and other off-road 
transportation. 

After consideration of the comments, 
the agencies found them persuasive and 
are adopting provisions in Phase 2 GEM 
that allow manufacturers flexibility to 
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show compliance with the CO2 and fuel 
consumption standards using various 
technologies, including the flexibility to 
adopt ATIS or TPMS (see 40 CFR 
1037.520). This reflects a change from 
the Phase 2 NPRM, where only ATIS 
(not TPMS) was a GEM input. The 
agencies believe that sufficient incentive 
exists for truck operators to address low 
tire pressure conditions if they are 
notified that they exist through a TPMS. 

The agencies also considered the 
comments to determine the 
effectiveness of TPMS and ATIS. The 
agencies conducted a further review of 
the FCMSA study cited by commenters 
and we interpret the results of the study 
to indicate that overall a combination of 
TPMS and ATIS in the field achieved 
1.4 percent reduction. However, it did 
not separate the results from each 
technology, and therefore did not 
indicate that TPMS and ATIS achieved 
the same levels of reduction. Therefore, 
we set the effectiveness of TPMS 
slightly lower than ATIS to reflect that 
operators will be required to take some 
action to insure that the proper inflation 
pressure is maintained. The input 
values to the Phase 2 GEM are set to 1.2 
percent reduction in CO2 emissions and 
fuel consumption for ATIS and 1.0 
percent reduction for TPMS. In other 
words, if a manufacturer installs an 
ATIS onto a vehicle, then they will 
enter 1.2 percent into the Tire Pressure 
System value in their GEM input file. If 
a manufacturer installs a TPMS, then 
they will input 1.0 percent into the Tire 
Pressure System value in GEM. 

EPA proposed a definition of ATIS in 
40 CFR 1037.801 to qualify it as a 
technology input to GEM. The proposed 
definition stated that ‘‘Automatic tire 
inflation system means a system 
installed on a vehicle to keep each tire 
inflated to within 10 percent of the 
target value with no operator input.’’ 
The agencies received comment about 
this definition. Meritor suggested 
adopting the historical industry 
definition of ATIS as ‘‘Automatic Tire 
Inflation Systems maintain tire pressure 
at a single preset level and are 
pneumatically or electronically 
activated. These systems eliminate the 
need to manually inflate tires.’’ Meritor 
is concerned with the proposed 
definition of ATIS that required the 
system must ‘‘keep each tire inflated to 
within 10 percent’’ to qualify as a 
technology input to GEM. Meritor 
commented that the proposed definition 
is not consistent with the manner in 
which these systems are used in 
practice. Meritor stated that an ATIS 
assures that tires will always be running 
at the recommended cold tire inflation 
pressure. The agencies are adopting 

changes to reflect the appropriate 
definition of ATIS in the final rule (see 
40 CFR 1037.801). 

(v) Idle Reduction 
Auxiliary power units (APU), fuel 

operated heaters (FOH), battery 
supplied air conditioning, and thermal 
storage systems are among the 
technologies available today to reduce 
fuel consumption and CO2 emissions 
from extended idling (or hoteling). Each 
of these technologies reduces fuel 
consumption during idling relative to a 
truck without this equipment. In Phase 
1 and in the Phase 2 NPRM, the 
agencies took an approach whereby 
tractor manufacturers could input an 
idle reduction value into GEM only if a 
vehicle included a tamper-proof 
automatic engine shutdown system 
(AESS) programmed to shut down the 
engine after five minutes or less. This 
approach allows the manufacturers to 
use AESS as one of the technologies (in 
combination with other technologies 
such as aerodynamics or low rolling 
resistance tires) to demonstrate 
compliance with the CO2 emission and 
fuel consumption standards. The 
agencies also included several override 
provisions for the AESS and a 
discounted GEM input value for an 
expiring AESS or a system that allowed 
a specified number of hours of idling 
per year (see 40 CFR 1037.660). 

The agencies did not differentiate 
between the various idle reduction 
technologies in terms of effectiveness 
because we adopted in Phase 1 and 
proposed in Phase 2 a conservative 
effectiveness level to recognize that 
some vehicles may be sold with only an 
AESS but may then install an idle 
reduction technology after it leaves the 
factory (76 FR 57207). The effectiveness 
for AESS in Phase 1 and proposed in 
Phase 2 was determined by comparing 
the idle fuel consumption of the main 
engine at approximately 0.8 gallons per 
hour to the fuel consumption of a diesel 
powered APU that consumes 
approximately 0.2 gallons per hour. 
This difference equates to a five percent 
reduction in overall CO2 emissions and 
fuel consumption of a Class 8 sleeper 
cab. A diesel powered APU was selected 
for determining the effectiveness and 
cost because it was a conservative 
estimate. Diesel powered APUs have the 
highest fuel consumption and cost of 
the idle reduction technologies 
considered.256 The agencies proposed 
that a tamper-proof AESS would receive 
a five percent CO2 emissions and fuel 
consumption reduction in GEM for 
vehicles that included this technology. 

This value is in line with the TIAX 
assessment which found a five percent 
reduction in overall fuel consumption to 
be achievable.257 The agencies 
requested comments on the proposed 
approach. 

The agencies received a number of 
comments regarding ‘‘mandating APU’’ 
or ‘‘mandating AESS.’’ There is a 
misconception of the proposed Phase 2 
program where stakeholders thought 
that the agencies were mandating use of 
APUs. This is incorrect. The tractor 
standards are performance standards. 
The agencies merely projected an 
adoption rate of up to 90 percent for 
tamper-proof AESS in our analysis for 
determining the stringency level of the 
proposed standard. As stated above, we 
did not propose to differentiate between 
the various idle reduction technologies 
in terms of effectiveness and only used 
the diesel powered APU in terms of 
determining the cost and effectiveness 
of a potential standard. Also, because 
the standards are performance 
standards, the agencies are not 
mandating any specific fuel 
consumption or GHG emission reducing 
technology. For each standard, we 
developed one potential technology 
pathway to demonstrate the feasibility 
of the standards, but manufacturers will 
be free to choose other paths.258 

The agencies received a significant 
number of comments about idle 
reduction for sleeper cabs, including 
recommendations to the agencies to 
assess the emission reduction for a 
variety of idle reduction technologies 
instead of just a tamper-proof AESS. 
ATA, NADA, and others commented 
that fleets have a variety of choices 
available in providing the driver power 
and comfort in-lieu of idling including 
use of APUs, FOHs, stop-start (main 
engine turns on only to recharge the 
battery after several hours), shore 
power, battery stand-by, stand-alone 
anti-idling infrastructure 
establishments, slip-seat operations, and 
hotel accommodations. Convoy 
Solutions stated that IdleAir’s electrified 
parking spaces are an important bridge 
technology to more electrified solutions. 
IdleAir commented it may be possible to 
recognize off board behavior at the OEM 
level as a buyer of a new truck could 
enter into a contract with an EPS 
provider prior to accepting delivery. 
ATA and First Industries support 
efficiency credits for idling reduction 
options installed by fleets either at the 
OEM point-of-sale or installed in the 
after-market. 
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259 Delgado, Oscar. N. Lutsey. Advanced Tractor- 
Trailer Efficiency Technology Potential in the 
2020–2030 Timeframe. April 2015. Docket EPA– 
HQ–OAR–2014–0827. 

260 North American Council for Freight 
Efficiency. Confidence Report: Programmable 
Engine Parameters. February 2015. Page 48. 

261 Gaines, L., A. Vyas, J. Anderson. Estimation of 
Fuel Use by Idling Commercial Trucks. January 
2006. 

The agencies also received comments 
regarding the level of effectiveness of 
idle reduction technologies. ICCT found 
in their workshop that opportunities 
exist for line haul tractor idle reduction 
improvements that could lead to a four 
to seven percent improvement in fuel 
consumption.259 MEMA recommended 
that the agencies modify the projected 
effectiveness level based on the merit of 
the individual idle control technology. 
MEMA’s recommendation for 
effectiveness levels based on the fuel 
consumption and GHG emissions of 
each technology ranged from 7.7 g/ton- 
mile for fuel cell APU, 6 g/ton-mile for 
diesel APU, and 9 g/ton-mile for batter 
air conditioning systems, fuel operated 
heater, and combinations of 
technologies. MEMA supports the 
agencies’ proposal that, in order to 
qualify for the use of an idle reduction 
technology in GEM, it is mandatory that 
the truck be equipped with an AESS. 
MEMA also commented that in the 
Phase 1 RIA, the agencies assumed a 
Class 8 sleeper cab spends 1,800 hours 
in extended idle per year and travels 
about 250 days per year. MEMA 
recommends that the agencies use 2,500 
annual hours for APUs and 1,250 
annual hours for FOHs to better reflect 
real-world application and experiences. 
Additionally, MEMA recommends that 
0.87 gallon/hour fuel consumed by the 
main engine during idle be used in the 
calculations for credit. 

The agencies also received a 
significant number of comments about 
idle reduction encouraging the agencies 
to consider recognizing adjustable AESS 
instead of only a tamper-proof AESS. 
ATA commented that most fleets 
already purchase ‘‘programmable’’ idle 
shutdown timers to limit idling due to 
the national patchwork of anti-idling 
laws currently in place. ATA continued 
to say that these timers are typically set 
for a given period of time throughout 
the initial fleet’s ownership period. 
ATA also stated as witnessed under 
Phase I, fleets are unwilling to purchase 
hard-programmed, tamper-proof AESS 
given their need for flexibility regarding 
their resale of used equipment on the 
secondary market. Caterpillar also noted 
that fleets do not purchase tamper- 
resistant automatic engine shutdown 
systems; therefore, AESS should not be 
part of the stringency setting, unless the 
agencies also consider programmable 
versions of AESS. PACCAR, Volvo and 
EMA request the agencies to consider 
partial credit for AESS that are 

programmed to a 5-minute or sooner 
shutdown but are not tamper-resistant 
to changes by an owner. Daimler and 
Navistar also commented that the 
agencies should consider adjustable 
AESS as a technology input to GEM. 
Daimler found that less than one 
percent of the adjustable AESS systems 
set at or below 5 minutes that were 
installed in customer tractors were 
deactivated or reprogrammed to a value 
longer than 5 minutes. PACCAR viewed 
the proposed tamper-proof AESS for 
1.259 million miles as unrealistic and 
not reflecting current market conditions. 

While the agencies do not necessarily 
believe that customer reluctance in the 
initial years of Phase 1 should be 
considered insurmountable, we do agree 
with commenters that the agencies 
should allow adjustable AESS to be a 
technology input to GEM and should 
differentiate effectiveness based on the 
idle reduction technology installed by 
the tractor manufacturer. We will still 
apply the Phase 1 requirement that the 
AESS be programmed to 5 minutes or 
less at the factory to qualify as a 
technology input in GEM (see 40 CFR 
1037.660), but for Phase 2 will allow a 
variety of both tamper-proof and 
adjustable systems to qualify for some 
reduction (i.e. to be recognized by 
GEM). Any changes made subsequent to 
the factory but prior to delivery to the 
purchaser, must be accounted for in the 
manufacturer’s end of year reports. 

The agencies developed effectiveness 
levels for the extended idle technologies 
from literature, SmartWay work, and the 
2010 NAS report. The agencies also 
reviewed the NACFE report on 
programmable engine parameters which 
included a fleet survey on how often the 
fleets change programmable parameters, 
such as automatic engine shutdown 
timers.260 The survey found that 
approximately 70 percent of these fleets 
never changed the setting. The agencies 
developed the effectiveness levels to 
reflect that there is some greater 
uncertainty of adjustable AESS systems, 
therefore the effectiveness values are 
discounted from the values determined 
for tamper-proof AESS. A detailed 
discussion regarding the comments and 
the associated calculations to determine 
the effectiveness of each of the idle 
reduction technologies are included in 
RIA Chapter 2.4.8.1.1. In summary, the 
effectiveness for each type of idle 
reduction technology is included in 
Table III–9. 

TABLE III–9—IDLE REDUCTION 
TECHNOLOGY EFFECTIVENESS 

Idle Reduction Technology 
Idle reduction 
value in GEM 

(%) 

Tamper-Proof AESS ............. 4 
Tamper-Proof AESS w/Die-

sel APU ............................. 4 
Tamper-Proof AESS w/Bat-

tery APU ............................ 6 
Tamper-Proof AESS w/Auto-

matic Stop-Start ................ 3 
Tamper-Proof AESS w/FOH 

Cold, Main Engine Warm .. 3 
Adjustable AESS w/Diesel 

APU ................................... 3 
Adjustable AESS w/Battery 

APU ................................... 5 
Adjustable AESS w/Auto-

matic Stop-Start ................ 3 
Adjustable AESS w/FOH 

Cold, Main Engine Warm .. 2 
Adjustable AESS pro-

grammed to 5 minutes ...... 1 

In addition to extended idling (or 
hoteling) by sleeper cabs, the agencies 
discussed work day idle by day cabs in 
the Phase 2 NPRM. 80 FR 40217. Day 
cab tractors often idle while cargo is 
loaded or unloaded, as well as during 
the frequent stops that are inherent with 
driving in urban traffic conditions near 
cargo destinations. Prior to issuing the 
Phase 2 NPRM, the agencies reviewed 
literature to quantify the amount of 
idling which is conducted outside of 
hoteling operations. One study, 
conducted by Argonne National 
Laboratory, identified several different 
types of trucks which might idle for 
extended amounts of time during the 
work day.261 Idling may occur during 
the delivery process, queuing at loading 
docks or border crossings, during power 
take off operations, or to provide 
comfort during the work day. However, 
the study provided only ‘‘rough 
estimates’’ of the idle time and energy 
use for these vehicles. At the time of the 
Phase 2 NPRM, the agencies were not 
able to appropriately develop a baseline 
of workday idling for day cabs and 
identify the percent of this idling which 
could be reduced through the use of 
AESS. We welcomed comment and data 
on quantifying the effectiveness of AESS 
on day cabs. We further requested 
comment on the possibility of adapting 
the idle-only duty cycle for vocational 
vehicles to certain day cab tractors, and 
also considered the possibility of 
neutral idle technology for tractors 
using torque-converter automatic 
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262 Manual transmissions require the driver to 
shift the gears and manually engage and disengage 
the clutch. Automatic transmissions shift gears 
through computer controls and typically include a 
torque converter. An AMT operates similar to a 
manual transmission, except that an automated 
clutch actuator disengages and engages the 
drivetrain instead of a human driver. An AMT does 
not include a clutch pedal controllable by the driver 
or a torque converter. 263 See TIAX, Note 230, above at 4–70. 

transmissions and stop-start for any 
tractor. Id. 

The agencies received a significant 
number of comments regarding day cab 
idle reduction. CARB commented that 
the agencies should include idle 
reduction technologies for day cabs, 
similar to the proposed vocational 
vehicle approach. CARB stated that 
even if the first owners do not see 
significant emission reductions, many of 
the day cab tractors are used in port and 
drayage applications in their second life 
where they would see significant 
reductions. CARB suggested that the 
GEM composite weighting factor for idle 
should be between 5 and 10 percent. 
Bendix would like to see the vocational 
vehicle idle reduction approach 
extended to day cab tractors based on 
their data which found that there are 
many applications of day cab tractors 
that spend a significant portion of their 
day’s drive time at idle, especially pick- 
up and delivery type applications and a 
growing number of fleets that run hub 
and spoke type operations. MEMA 
supported extending neutral idle and 
stop-start technologies to day cab 
tractors. MEMA recommends that the 
agencies set the effectiveness of day 
cabs idle reduction technologies at a 
value equal to 35 percent of the 
effectiveness associated with a 
comparable technology in a Class 8 
sleeper cab. Allison stated that agencies 
should include automatic neutral in all 
tractors. Allison stated that automatic 
neutral is standard with the Allison 
TC10 and is available with the Allison 
3000 and 4000 Series transmissions. 

Daimler commented that they have 
not validated that stop-start strategies 
are viable for Class 7 and 8 applications 
and considers it premature for the 
agencies to project that stop-start 
strategies are viable for this class of 
engines. Daimler stated that lubrication 
of critical bearing surfaces is lacking or 
severely compromised during engine 
start up due to the lack of lubricating oil 
pressure and this lack of lubrication 
leads to metal to metal contact, wear, 
and ultimately failure. In addition, 
Daimler commented that firing 
pressures inherent to compression 
ignition engines further exacerbate wear 
as compared to, for example, spark 
ignition engines where stop-start 
technology is being increasingly 
applied. Daimler also stated that these 
known problems, coupled with the 
extremely long million mile plus service 
life expectations for this heavier class of 
heavy-duty engines, together pose a 
development challenge that is 
significantly more challenging than that 
posed to spark ignition engines in 
passenger cars. Daimler further stated 

that heat soak of temperature critical 
parts and temporary disruption of their 
lubrication/cooling systems will have to 
be understood and possible 
degradations handled through 
modifications at either component or 
system basis, the extent of which is not 
yet fully quantified. Daimler also stated 
that similarly, on the turbocharger side, 
the larger speed swings will shorten 
turbocharger wheel life, which is 
increasingly challenged in vocational 
applications that are characteristically 
more transient as compared to the 
relatively steady operation nature of line 
haul. 

The agencies considered the 
comments, both supporting and raising 
concerns over idle reduction in day 
cabs. The agencies determined that 
neutral idle for automatic transmissions 
is an appropriate technology for use in 
tractors. Therefore, the agencies are 
adopting provisions in Phase 2 to 
recognize neutral-idle in automatic 
transmissions as an input to GEM. Our 
analysis shows that neutral idle 
effectiveness is approximately 0.8 to one 
percent over the composite day cab 
tractor cycles, as shown in RIA Chapter 
2.8.2.6.2. The agencies will also include 
neutral idle as a GEM input for sleeper 
cabs, though the effectiveness is very 
low. The agencies are predicating the 
standards for day cabs based on a 
technology package that includes 
neutral idle. 

In terms of stop-start technologies in 
tractors, the agencies are not including 
it as a technology input to GEM because 
we believe the technology, as applied to 
tractors, needs further development. If 
this technology is developed in the 
future for tractors, then manufacturers 
may consider applying for off-cycle 
technology credits. Since the agencies 
are not predicating the Phase 2 
standards on adoption of start-stop 
technologies, the agencies are also not 
including this technology as a GEM 
input. 

(vi) Transmissions 
As discussed in the 2010 NAS report, 

automatic (AT) and automated manual 
transmissions (AMT) may offer the 
ability to improve vehicle fuel 
consumption by optimizing gear 
selection compared to an average 
driver.262 However, as also noted in the 

report and in the supporting TIAX 
report, the improvement is very 
dependent on the driver of the truck, 
such that reductions ranged from zero to 
eight percent.263 Well-trained drivers 
would be expected to perform as well or 
even better than an automated 
transmission since the driver can see the 
road ahead and anticipate a changing 
stoplight or other road condition that 
neither an automatic nor automated 
manual transmission can anticipate. 
However, less well-trained drivers that 
shift too frequently or not frequently 
enough to maintain optimum engine 
operating conditions could be expected 
to realize improved in-use fuel 
consumption by switching from a 
manual transmission to an automatic or 
automated manual transmission. As 
transmissions continue to evolve, dual 
clutch transmissions (DCTs) are now 
being used in the European heavy-duty 
vehicle market. DCTs operate similar to 
AMTs, but with two clutches so that the 
transmission can maintain engine speed 
during a shift which improves fuel 
efficiency. 

The benefits for automated manual, 
automatic, and dual clutch 
transmissions were developed from 
literature, from simulation modeling 
conducted by Southwest Research 
Institute, and powertrain testing 
conducted at Oak Ridge National 
Laboratory. The proposed Phase 2 
benefit of these transmissions in GEM 
was set at a two percent improvement 
over a manual transmission due to the 
automation of the gear shifting. 80 FR 
40217. 

Allison Transmission commented that 
their real world studies indicate that 
automatic transmissions perform as well 
or better than AMTs or DCTs in terms 
of GHG and fuel efficiency impact. 
Allison commented that their ATs can 
exceed the 2 percent level estimated at 
proposal, but believe it is a reasonable 
level to apply this level of effectiveness 
for ATs and AMTs. Allison stated that 
automatic transmissions in tractors have 
neutral at stop capability, first gear 
lockup operation, load-based and grade- 
based shift algorithms and acceleration 
rate management that contribute to the 
overall fuel efficiency of ATs in tractors. 
Allison also commented that although 
DCTs should logically perform better 
than the MT baseline, there was no 
record information to support that 
assumption. Volvo commented that fuel 
consumption with their I-Shift DCT is 
the same as the I-Shift AMT. PACCAR 
recommends that the agencies take a 
more detailed approach to assessing 
transmission advances and revise the 
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264 Lutsey, Nic. T. Langer, S. Khan. Stakeholder 
Workshop on Tractor-Trailer Efficiency Technology 
in the 2015–2030 Timeframe. August 2014. Docket 
EPA–HQ–OAR–2014–0827. 

265 Delgado, Oscar. N. Lutsey. Advanced Tractor- 
Trailer Efficiency Technology Potential in the 
2020–2030 Timeframe. April 2015. Docket EPA– 
HQ–OAR–2014–0827. 

266 Stoltz, T. and Dorobantu, M. Transmission 
Potential to Contribute to CO2 Reduction: 2020 and 
Beyond Line Haul Perspective. ACEEE/ICCT 
Workshop on Emerging Technologies for Heavy- 
Duty Fuel Efficiency. July 2014. 

267 North American Council for Freight 
Efficiency. Confidence Report: Electronically 
Controlled Transmissions. December 2014. 

268 Memorandum to the Docket ‘‘Effectiveness of 
Technology to Increase Transmission Efficiency.’’ 
July 2016. 

agencies’ estimate to reflect technologies 
that are already under true 
consideration for use in production 
powertrains. 

UCS commented that as much as 1.3 
to 2.0 percent savings from tractor- 
trailers could be added to the proposed 
stringency to reflect the true potential 
from tractor-trailers from powertrain 
optimization, particularly since every 
major manufacturer already offers at 
least one ‘‘integrated powertrain’’ option 
in its long-haul fleet. ICCT referred to 
two studies related to tractor-trailer 
technologies in their comments.264 265 In 
their stakeholder workshop, they found 
that the effectiveness of automated 
manual transmissions ranged between 
two and three percent. They also cited 
another finding that highlighted 
opportunities to improve transmission 
efficiency, including direct drive, which 
would provide about two percent fuel 
consumption reduction.266 

The agencies’ assessment of the 
comments is that Allison, ICCT, and 
Volvo support the proposed two percent 
effectiveness for AT and AMT 
transmission types. In addition, the 
agencies reviewed the NACFE report on 
electronically controlled transmissions 
(AT, AMT, and DCT).267 This report had 
similar findings as those noted above in 
the NAS 2010 report. Electronically 
controlled transmissions were found to 
be more fuel efficient than manual 
transmissions, though the amount 
varied significantly. The report also 
stated that fleets found that 
electronically controlled transmissions 
also reduced the fuel efficiency 
variability between drivers. Therefore 
after considering the comments related 
to effectiveness and additional reports, 
the agencies are adopting as proposed a 
two percent effectiveness for AMT. As 
discussed in RIA 2.8.2.5, the agencies 
conducted powertrain testing at Oak 
Ridge National Laboratory to compare 
the fuel efficiency of an AMT to an AT. 
Based on the results, the agencies expect 
that automatic transmissions designed 
for long haul operation and automated 
manual transmissions will perform 

similarly and have similar effectiveness 
when compared to a manual 
transmission. 

The benefit of the AMT’s automatic 
shifting compared to a manual 
transmission is recognized in Phase 2 
GEM by simulating the MT as an AMT 
and increasing the emission results from 
the simulation by two percent. For ATs, 
the agencies developed the default 
automatic transmission inputs to GEM 
to represent a typical heavy-duty 
automatic transmission, which is less 
efficient than the TC10 (the 
transmission tested at Oak Ridge 
National Lab). The agencies selected 
more conservative default transmission 
losses in GEM so that we would not 
provide a false efficiency improvement 
for the less efficient automatic 
transmissions that exist in the market 
today. Under the regulations in this 
rulemaking, manufacturers that certify 
using the TC10 transmission would 
need to either conduct the optional 
transmission gear efficiency testing or 
powertrain testing to recognize the 
effectiveness of this type of automatic 
transmission in GEM. In our technology 
packages developed to set the Phase 2 
standard stringencies, the agencies used 
a two percent effectiveness for 
automatic transmissions with neutral 
idle under the assumption that either 
powertrain or transmission gear 
efficiency tests would be conducted. 
The compliance costs for this type of 
testing (which crosses over both the 
vocational and tractor programs) are 
included as noted in RIA Chapter 
7.2.1.2. 

The agencies agree with PACCAR that 
we should consider future transmission 
advances. There are three certification 
pathways for manufacturers to assess 
benefits of future transmissions; that is, 
to generate a value reflecting greater 
improvement than the two percent GEM 
input. The first is an optional 
powertrain test (40 CFR 1037.550), the 
second is an optional transmission 
efficiency test (40 CFR 1037.565), and 
the third is off-cycle credits (40 CFR 
1037.610). 

The agencies acknowledge UCS’s 
comment about increasing the 
stringency of the tractor program due to 
the opportunity to further improve 
powertrain optimization through 
powertrain testing. For the Phase 2 final 
rule, we have made several changes that 
capture much of the improvement 
potential highlighted by UCS. First, the 
required use of a cycle average fuel map 
in lieu of a steady state fuel map for 
evaluating the transient cycle in GEM 
will recognize improvements to 
transient fuel control of the engine. The 
agencies are including the impact of 

improved transient fuel control in the 
engine fuel maps used to derive the 
final standards. Second, the optional 
transmission efficiency test will 
recognize the benefits of improved gear 
efficiencies. The agencies have built 
some improvements in transmission 
gear efficiency into the technology 
package used to derive the final 
standards. This leaves only the 
optimization of the transmission shift 
strategy, which would need to be 
captured on a powertrain test. The 
agencies believe that the opportunity of 
shift strategy optimization is less for 
tractors than for other types of 
vocational vehicles because a significant 
portion of the tractor drive cycles are at 
highway speeds with limited 
transmission shifting. Therefore, we 
have not included the powertrain 
optimization portion only recognized 
through powertrain testing into the 
standard setting for the final rule. 

The agencies also proposed standards 
that considered the efficiency benefit of 
transmissions that operate with top gear 
direct drive instead of overdrive. In the 
proposal, we estimated that direct drive 
had two percent higher gear efficiency 
than an overdrive gear. 80 FR 40229. 
The benefit of direct drive was 
recognized through the transmission 
gear ratio inputs to GEM. Direct drive 
leads to greater reductions of CO2 
emissions and fuel consumption during 
highway operation, but virtually none in 
transient operation. The agencies did 
not receive any negative comments 
regarding the efficiency difference 
between direct drive and overdrive; 
therefore, we continued to include the 
default transmission gear efficiency 
advantage of two percent for a gear with 
a direct drive ratio in the version of 
GEM adopted for the final Phase 2 rules. 

The agencies are also adopting in 
Phase 2 an optional transmission 
efficiency test (40 CFR 1037.565) for 
generating an input to GEM that 
overrides the default efficiency of each 
gear based on the results of the test. 
Although optional, the transmission 
efficiency test will allow manufacturers 
to reduce the CO2 emissions and fuel 
consumption by designing better 
transmissions with lower friction due to 
better gear design and/or mandatory use 
of better lubricants. The agencies project 
that transmission efficiency could 
improve one percent over the 2017 
baseline transmission in Phase 2. Our 
assessment was based on comments 
received and discussions with 
transmission manufacturers.268 
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269 See the 2010 NAS Report, Note 229, page 67. 
270 Green, D.A., et. al. ‘‘The Effect of Engine, Axle, 
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International Journal of Fuels and Lubricants. 
January 2012. 
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272 North American Council for Freight 
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6x2 Axles.’’ 2014. Page 16. 
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Technology Study—Report #1. (Report No. DOT HS 
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Traffic Safety Administration. 
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Workshop on Tractor-Trailer Efficiency Technology 
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EPA–HQ–OAR–2014–0827. 
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2020–2030 Timeframe. April 2015. Docket EPA– 
HQ–OAR–2014–0827. 

(vii) Drivetrain and Engine 
Downspeeding 

Downspeeding: As tractor 
manufacturers continue to reduce the 
losses due to vehicle loads, such as 
aerodynamic drag and rolling resistance, 
the amount of power required to move 
the vehicle decreases. In addition, 
engine manufacturers continue to 
improve the power density of heavy- 
duty engines through means such as 
reducing the engine friction due to 
smaller surface area. These two changes 
lead to the ability for truck purchasers 
to select lower displacement engines 
while maintaining the previous level of 
performance. Engine downsizing could 
be more effective if it is combined with 
the downspeeding assuming increased 
brake mean effective pressure does not 
affect durability. The increased 
efficiency of the vehicle moves the 
operating points down to a lower load 
zone on a fuel map, which often moves 
the engine away from its sweet spot to 
a less efficient zone. In order to 
compensate for this loss, downspeeding 
allows the engine to run at a lower 
engine speed and move back to higher 
load zones, and thus can slightly 
improve fuel efficiency. Reducing the 
engine size allows the vehicle operating 
points to move back to the sweet spot, 
thus further improving fuel efficiency. 
Engine downsizing can be accounted for 
as a vehicle technology through the use 
of the engine’s fuel map in GEM in 
combination with the vehicle’s 
transmission gear ratios, drive axle ratio, 
and tire diameter. The agencies 
evaluated the impact of downspeeding 
in setting the stringencies by modeling 
different rear axle ratios in GEM. As 
shown in RIA Chapter 2.8.2.7, a 
decrease in final drive ratio from 2.6 to 
2.3 will lead to a 2.5 percent reduction 
in tractor CO2 emissions and fuel 
consumption. The reshaping of the 
torque curve of an engine to increase the 
low speed torque and reduce the speed 
at which maximum torque occurs, will 
impact the CO2 emissions and fuel 
consumption on the engine test cycles, 
but will also have a small impact on the 
vehicle fuel consumption. Higher torque 
at lower engine speeds will allow the 
transmission to operate in top gear for 
a longer period of the time which will 
reduce the number of downshifts over a 
cycle and in turn means that the engine 
speed is lower on average. This benefit 
will show up in GEM. Additional 
information on engine downspeeding 
can be found in RIA Chapter 2.3.8. 

Low Friction Axle and Wheel Bearing 
Lubricants: The 2010 NAS report 
assessed low friction lubricants for the 
drivetrain as providing a one percent 

improvement in fuel consumption based 
on fleet testing.269 A field trial of 
European medium-duty trucks found an 
average fuel consumption improvement 
of 1.8 percent using SAE 5W–30 engine 
oil, SAE 75W90 axle oil and SAE 
75W80 transmission oil when compared 
to SAE 15W40 engine oil and SAE 90W 
axle oil, and SAE 80W transmission 
oil.270 The light-duty 2012–16 MY 
vehicle rule and the pickup truck 
portion of this program estimate that 
low friction lubricants can have an 
effectiveness value between zero and 
one percent compared to traditional 
lubricants. In the Phase 2 proposal, the 
agencies proposed the reduction in 
friction due to low viscosity axle 
lubricants of 0.5 percent. 80 FR 40217. 

Lubrizol commented that high 
performing lubricants should play a role 
in Phase 2. Lubrizol also supports the 
axle test procedures to further recognize 
axle efficiency improvements. PACCAR 
recommended eliminating the rear axle 
efficiency test and provide credits based 
on calculated values. 

The agencies’ assessment of axle 
improvements found that axles built in 
the Phase 2 timeline could be 2 percent 
more efficient than a 2017 baseline 
axle.271 In lieu of a fixed value for low 
friction axle lubricants (i.e. in lieu of a 
specified GEM input), the agencies are 
adopting an axle efficiency test 
procedure (40 CFR 1037.560), as 
discussed in the NPRM. 80 FR 40185. 
The axle efficiency test will be optional, 
but will allow manufacturers to 
recognize in GEM reductions in CO2 
emissions and fuel consumption 
through improved axle gear designs 
and/or mandatory use of low friction 
lubricants. The agencies are not 
providing an alternate path to recognize 
better lubricants without axle testing. 

Axle Configuration: Most tractors 
today have three axles—a steer axle and 
two rear drive axles, and are commonly 
referred to as 6x4 tractors. 
Manufacturers offer 6x2 tractors that 
include one rear drive axle and one rear 
non-driving axle. The 6x2 tractors offer 
three distinct benefits. First, the non- 
driving rear axle does not have internal 
friction and therefore reduces the 
overall parasitic losses in the drivetrain. 
In addition, the 6x2 configuration 
typically weighs approximately 300 to 

400 lbs less than a 6x4 configuration.272 
Finally, the 6x2 typically costs less or is 
cost neutral when compared to a 6x4 
tractor. Sources cite the effectiveness of 
6x2 axles at between one and three 
percent.273 274 The NACFE report found 
in OEM evaluations of 6x2 axles that the 
effectiveness ranged between 1.6 and 
2.2 percent. NACFE also evaluated 6x2 
axle tests conducted by several fleets 
and found the effectiveness in the range 
of 2.2 to 4.6 percent. Similarly, with the 
increased use of double and triple 
trailers, which reduce the weight on the 
tractor axles when compared to a single 
trailer, manufacturers offer 4x2 axle 
configurations. The 4x2 axle 
configuration would have as good as or 
better fuel efficiency performance than 
a 6x2. The agencies proposed to apply 
a 2.5 percent improvement in vehicle 
efficiency to 6x4 and 4x2 axle 
configurations. 80 FR 40217–218. 

Meritor stated in their comments that 
their internal testing and real world 
testing supported the 2.5 percent 
efficiency proposed by the agencies for 
6x2 axles. Meritor suggested the need to 
better define a ‘‘disengageable tandem’’ 
when the agencies discussed what we 
called axle disconnect in the NPRM. 
Meritor recommends that a fuel 
efficiency benefit of 2.0 percent be 
assigned to the disengageable tandem 
for the 55 mph and 65 mph drive cycles 
to account for the more limited use. 

ICCT referred to two studies related to 
tractor-trailer technologies in their 
comments.275 276 In their stakeholder 
workshop, they found that the 
effectiveness of 6x2 axles ranged 
between one and 2.5 percent. 

The agencies’ assessments of these 
technologies show that the reductions 
are in the range of two to three percent. 
For the final rule, the agencies are 
simulating 6x2, 4x2, and disengageable 
axles within GEM based on the 
manufacturer input of the axle 
configuration instead of providing a 
fixed value for the reduction. This 
approach is more technically sound 
because it will take into account future 
changes in axle efficiency. See RIA 
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277 See the RIA Chapter 2.4 for details. 

278 Delgado, Oscar. N. Lutsey. Advanced Tractor- 
Trailer Efficiency Technology Potential in the 
2020–2030 Timeframe. April 2015. Docket EPA– 
HQ–OAR–2014–0827. 

279 California Air Resources Board. Letter from 
Michael Carter to Matthew Spears dated December 
3, 2014. Solar Control: Heavy-Duty Vehicles White 
Paper. Docket EPA–HA–OAR–2014–0827. 

Chapter 4 for additional details 
regarding GEM. 

(viii) Accessories and Other 
Technologies 

Accessory Improvements: Parasitic 
losses from the engine come from many 
systems, including the water pump, oil 
pump, and power steering pump. 
Reductions in parasitic losses are one of 
the areas being developed under the 
DOE SuperTruck program. As presented 
in the DOE Merit reviews, Navistar 
stated that they demonstrated a 0.45 
percent reduction in fuel consumption 
through water pump improvements and 
0.3 percent through oil pump 
improvements compared to a current 
engine. In addition, Navistar showed a 
0.9 percent benefit for a variable speed 
water pump and variable displacement 
oil pump. Detroit Diesel reports a 0.5 
percent benefit coming from improved 
water pump efficiency.277 It should be 
noted that water pump improvements 
include both pump efficiency 
improvement and variable speed or on/ 
off controls. Lube pump improvements 
are primarily achieved using variable 
displacement pumps and may also 
include efficiency improvement. All of 
these results shown in this paragraph 
are demonstrated through the DOE 
SuperTruck program at a single 
operating point on the engine map, and 
therefore the overall expected reduction 
of these technologies is less than the 
single point result. The agencies 
proposed that compared to 2017 MY air 
conditioners, air conditioners with 
improved efficiency compressors will 
reduce CO2 emissions by 0.5 percent. 
Improvements in accessories, such as 
power steering, can lead to an efficiency 
improvement of one percent over the 
2017 MY baseline. 80 FR 40218. 

Navistar commented that the 
proposed ‘‘electrically powered pumps 
for engine cooling’’ be revised to 
include ‘‘electronically controlled 
variable speed coolant pumps’’ to align 
with the Preamble descriptions and 
technology under development as part 
of the SuperTruck program. Navistar 
commented that shifting to fully 
electronic pump creates reliability 
concerns and adds additional 
complexity due to the size of the 
necessary pumps (2+ horsepower) and 
that the increased power load will 
require a larger alternator and upgraded 
wiring. Navistar suggested that in 
addition to a fully electric pump, Dual 
Displacement power steering should 
also be included as an accessory 
improvement because this technology 
reduces parasitic loads by applying 

power proportional to steering demand. 
ZF TRW Commercial Steering 
commented that they are developing a 
power steering pump that uses a 
secondary chamber deactivation during 
highway cruise operations that reduce 
the pump drive torque by 30 to 40 
percent. Navistar also commented that 
the effectiveness for an electrified air 
conditioning compressor is understated 
in the NPRM. Navistar’s estimates are 
closer to 1.5 percent when in use which 
will be during the use of air 
conditioning and during defrost; 
therefore, the effective benefit should be 
one percent. Daimler commented that 
the proposed high efficiency air 
conditioning effectiveness should be 
refined and that other opportunities to 
reduce losses, such as blend air systems, 
should be considered. In response to the 
comments, the agencies evaluated a set 
of accessories that can be designed to 
reduce accessory losses. Due to the 
complexity in determining what 
qualifies as an efficient accessory, we 
are maintaining the proposed language 
for accessories for tractors which 
provides defined effectiveness values 
for only electric air conditioning 
compressors and electric power steering 
pumps and coolant pumps. 
Manufacturers have the option to apply 
for off-cycle credits for the other types 
and designs of high efficiency 
accessories. 

Intelligent Controls: Skilled drivers 
know how to control a vehicle to obtain 
maximum fuel efficiency by, among 
other things, considering road terrain. 
For example, the driver may allow the 
vehicle to slow down below the target 
speed on an uphill and allow it to go 
over the target speed when going 
downhill, to essentially smooth out the 
engine demand. Electronic controls can 
be developed to essentially mimic this 
activity. The agencies proposed to 
provide a two percent reduction in fuel 
consumption and CO2 emissions for 
vehicles configured with intelligent 
controls, such as predictive cruise 
control. 80 FR 40218. ICCT found in 
their workshop that opportunities exist 
for road load optimization through 
predictive cruise, GPS, and driver 
feedback that could lead to a zero to five 
percent improvement in fuel 
consumption.278 Daimler commented 
that eCoast should also be recognized as 
an intelligent control within GEM. 
Eaton offers similar technology, known 
as Neutral Coast Mode. Neutral coast is 
an electronic feature that places an 

automated transmission in neutral on 
downhill grades which allows the 
engine speed to go idle speed. A fuel 
savings is recognized due to the 
difference in engine operating 
conditions due to the reduced load on 
the engine due to the transmission. 

Based on literature information, 
intelligent controls such as predictive 
cruise control will reduce CO2 
emissions by two percent, and the 
agencies are assuming this level of 
improvement in considering the level of 
the tractor standard. In addition, the 
agencies’ review of literature and 
confidential business information 
provided based on the SuperTruck 
demonstration vehicles indicates that 
neutral coasting will reduce fuel 
consumption and CO2 emissions by 1.5 
percent. 

Solar Load Management: The 
agencies received a letter from the 
California Air Resources Board prior to 
the proposal requesting consideration of 
including technologies that reduce solar 
heating of the cab (to reduce air 
conditioning loads) in setting the Phase 
2 tractor standards. Solar reflective 
paints and solar control glazing 
technologies are discussed in RIA 
Chapter 2.4.9.3. The agencies requested 
comment on the Air Resources Board’s 
letter and recommendations.279 The 
agencies received some clarifications 
from ARB on our evaluation of solar 
technologies and some CBI from 
Daimler, but not a sufficient amount of 
information to evaluate the baseline 
level of solar control that exists in the 
heavy-duty market today, determine the 
effectiveness of each of the solar 
technologies, or to develop a definition 
of what qualifies as a solar control 
technology that could be used in the 
regulations. Therefore, the agencies 
would consider solar control to be a 
technology that manufacturers may 
consider pursuing through the off-cycle 
credit program. As such, the agencies 
did not include solar load management 
technologies in the technology packages 
used in setting the final Phase 2 tractor 
standard stringencies. 

(ix) Weight Reduction 

Reductions in vehicle mass lower fuel 
consumption and GHG emissions by 
decreasing the overall vehicle mass that 
is moved down the road. Weight 
reductions also increase vehicle payload 
capability which can allow additional 
tons to be carried by fewer trucks 
consuming less fuel and producing 
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280 American Iron and Steel Institute. ‘‘A Cost 
Benefit Analysis Report to the North American 
Steel Industry on Improved Material and 
Powertrain Architectures for 21st Century 
‘‘Trucks.’’ 281 See the 2010 NAS Report, Note 229, page 128. 

lower emissions on a ton-mile basis. We 
treated such weight reduction in two 
ways in Phase 1 to account for the fact 
that combination tractor-trailers weigh- 
out approximately one-third of the time 
and cube-out approximately two-thirds 
of the time. Therefore in Phase 1 and 
also as finalized for Phase 2, one-third 
of the weight reduction will be added 
payload in the denominator while two- 
thirds of the weight reduction is 
subtracted from the overall weight of the 
vehicle in GEM. See 76 FR 57153. 

In Phase 1, we reflected mass 
reductions for specific technology 
substitutions (e.g., installing aluminum 
wheels instead of steel wheels). These 
substitutions were included where we 
could with confidence verify the mass 
reduction information provided by the 
manufacturer. The weight reductions 
were developed from tire manufacturer 
information, the Aluminum 
Association, the Department of Energy, 
SABIC and TIAX. The agencies 
proposed to expand the list of weight 
reduction components which can be 
input into GEM in order to provide the 
manufacturers with additional means to 
comply via GEM with the combination 
tractor standards and to further 
encourage reductions in vehicle weight. 
As in Phase 1, we recognize that there 
may be additional potential for weight 
reduction in new high strength steel 
components which combine the 
reduction due to the material 
substitution along with improvements 
in redesign, as evidenced by the studies 
done for light-duty vehicles.280 The 
agencies however do not agree with all 
of the recommendations in this report. 
See Section I.C.1 and RTC Section 1 for 
a discussion on lifecycle emissions. In 
the development of the high strength 
steel component weights, we are only 
assuming a reduction from material 
substitution and no weight reduction 
from redesign, since we do not have any 
data specific to redesign of heavy-duty 
components nor do we have a regulatory 
mechanism to differentiate between 
material substitution and improved 
design. Additional weight reduction 
would be evaluated as a potential off- 
cycle credit. As described in Section 
III.E.2 below, the agencies discuss the 
weight reduction component comments 
received and are adopting an expanded 
list of weight reduction options which 
could be input into the GEM by the 
manufacturers to reduce their certified 

CO2 emission and fuel consumption 
levels. 

(x) Vehicle Speed Limiter 
Fuel consumption and GHG 

emissions increase proportional to the 
square of vehicle speed. Therefore, 
lowering vehicle speeds can 
significantly reduce fuel consumption 
and GHG emissions. A vehicle speed 
limiter (VSL), which limits the vehicle’s 
maximum speed, is another technology 
option for compliance that is already 
utilized today by some fleets (though 
the typical maximum speed setting is 
often higher than 65 mph). 

CARB recommended not giving any 
credit for VSLs because the available 
data do not fully support whether VSLs 
result in real-world fuel consumption 
and GHG reductions. CARB referenced 
Oakridge National Laboratory’s 
Transportation Energy Data Book, Table 
5.11 that shows CO2 emissions decrease 
with increased speed. CARB also stated 
that the draft GEM model appears to 
offer up to 22 percent credit for use of 
VSL set to 45 mph, which they consider 
to be unreasonably high. Before 
including VSLs as a technology, CARB 
staff suggests that EPA and NHTSA 
should thoroughly evaluate whether 
they would result in real-world CO2 and 
fuel consumption benefits. 

The agencies conducted in-use tractor 
testing at different speeds and in turn 
used this data to validate the GEM 
simulations of VSL, as discussed in 
more detail in RIA Chapter 4. The 
agencies are confident that GEM 
appropriately recognizes the impact of 
VSL on CO2 emissions and fuel 
consumption. The agencies have limited 
the range of inputs to the VSL in Phase 
2 GEM to a minimum of 55 mph to align 
with the regulations in 40 CFR 1037.631 
that provide exemptions for vocational 
vehicles intended for off-road use. A 55 
mph VSL installed on a typical day cab 
tractor would reduce the composite 
grams of CO2 emitted per ton-mile by 
seven percent. Similarly, a 55 mph VSL 
on a sleeper cab would reduce the 
composite grams of CO2 per ton-mile 
emitted by 10 percent. Please see RIA 
Chapter 2.8 for additional detail of 
technology impacts. 

(xi) Hybrid Powertrains 
In Phase 2, hybrid powertrains are 

generally considered a conventional 
rather than innovative technology, 
especially for vocational vehicles. 
However, hybrid powertrain 
development in Class 7 and 8 tractors 
has been limited to a few manufacturer 
demonstration vehicles to date. One of 
the key benefit opportunities for fuel 
consumption reduction with hybrids is 

less fuel consumption when a vehicle is 
idling, but the standard is already 
premised on use of extended idle 
reduction so use of hybrid technology 
will duplicate many of the same 
emission reductions attributable to 
extended idle reduction. NAS estimated 
that hybrid systems would cost 
approximately $25,000 per tractor in the 
2015 through the 2020 time frame and 
provide a potential fuel consumption 
reduction of ten percent, of which six 
percent is idle reduction that can be 
achieved (less expensively) through the 
use of other idle reduction 
technologies.281 The limited reduction 
potential outside of idle reduction for 
Class 8 sleeper cab tractors is due to the 
mostly highway operation and limited 
start-stop operation. Due to the high cost 
and limited benefit during the model 
years at issue in this action, the agencies 
did not include hybrids in assessing 
stringency of the proposed tractor 
standard. 

In addition to the high cost and 
limited utility of hybrids for many 
tractor drive cycles noted above, the 
agencies believe that hybrid powertrains 
systems for tractors may not be 
sufficiently developed and the 
necessary manufacturing capacity put in 
place to base a standard on any 
significant volume of hybrid tractors. 
Unlike hybrids for vocational vehicles 
and light-duty vehicles, the agencies are 
not aware of any full hybrid systems 
currently developed for long haul 
tractor applications. To date, hybrid 
systems for tractors have been primarily 
focused on extended idle shutdown 
technologies and not on the broader 
energy storage and recovery systems 
necessary to achieve reductions over 
typical tractor drive cycles. The Phase 2 
sleeper cab tractor standards instead 
reflect the potential for extended idle 
shutdown technologies. Further, as 
highlighted by the 2010 NAS report, the 
agencies do believe that full hybrid 
powertrains may have the potential in 
the longer term to provide significant 
improvements in long haul tractor fuel 
efficiency and to greenhouse gas 
emission reductions. With respect to 
day cab tractors, the types of tractors 
that would receive the benefit from 
hybrid powertrains would be those such 
as beverage delivery tractors which 
could be treated as vocational vehicles 
through the Special Purpose Tractor 
provisions (40 CFR 1037.630). 

Several stakeholders commented on 
hybrid powertrain development for 
tractor applications. Allison agreed with 
the agencies’ overall assessment of 
hybrids in tractors, as discussed in the 
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NPRM. Bendix agreed that hybrid 
systems for tractors have not been 
focused on. Bendix believed that mild 
hybrid systems should be included in 
GEM for credit, including stop-start and 
electrification of accessories. Daimler 
commented that in SuperTruck, a 
tractor that was tested on line haul-type 
highway routes, the hybrid system 
provided little benefit beyond what 
eCoast achieved because it competes 
with hybrids for energy that might be 
lost on hills. Overall, Daimler’s view 
was that hybrid systems proved too 
costly relative to their benefit. Eaton 
stated that hybrids have not penetrated 
the commercial trucking landscape, 
primarily due to the costs but that there 
may be potential in the future for 
hybrids in tractor applications driven by 
improved aerodynamics and lower 
rolling resistance tires because it would 
lead to longer coasting times and higher 
braking loads, therefore greater 
regeneration opportunities. PACCAR 
commented that their history with 
hybrid technology was a niche market 
application appealing to ‘‘green’’ 
companies as long as incentives offset 
the cost of the technology. PACCAR 
stated that the low sales volumes were 
not based on performance, but rather on 
the combination of the payback of the 
high initial cost based on the limited 
number of gallons saved in low mileage 
pick up-and-delivery applications and 
on the concern over resale value, since 
at some point in the vehicle’s life the 
battery must be replaced at a significant 
cost to the owner. 

After considering the comments, the 
agencies are continuing the Phase 1 
approach of not including hybrid 
powertrains in our feasibility analysis 
for Phase 2. Because the technology for 
tractor applications is still under 
development we cannot confidently 

assess the effectiveness of this 
technology at this point in time. In 
addition, due to the high cost, limited 
benefit during highway driving, and 
lacking any existing systems or 
manufacturing base, we cannot 
conclude that such technology will be 
available for tractors in the 2021–2027 
timeframe. However, manufacturers will 
be able to use powertrain testing to 
capture the performance of a hybrid 
system in GEM if systems are developed 
in the Phase 2 timeframe, so this 
technology remains a potential 
compliance option (without requiring 
an off-cycle demonstration). 

(xii) Operational Management 

The 2010 NAS report noted many 
operational opportunities to reduce fuel 
consumption, such as driver training 
and route optimization. The agencies 
have included discussion of several of 
these strategies in RIA Chapter 2, but are 
not using these approaches or 
technologies in the Phase 2 standard 
setting process. The agencies are looking 
to other resources, such as EPA’s 
SmartWay Transport Partnership and 
regulations that could potentially be 
promulgated by the Federal Highway 
Administration and the Federal Motor 
Carrier Safety Administration, to 
continue to encourage the development 
and utilization of these approaches. In 
addition, the agencies have also 
declined to base standard stringencies 
on technologies which are largely to 
chiefly driver-dependent, and evaluate 
such potential improvements through 
the off-cycle credit mechanism. See, 
e.g., 77 FR 62838/3 (Oct. 12, 2012). 

(xiii) Consideration of Phase 1 Credits in 
Phase 2 Stringency Setting 

The agencies requested comment 
regarding the treatment of Phase 1 

credits, as discussed in Section I.C.1.b. 
See 80 FR 40251. As examples, the 
agencies discussed limiting the use of 
Phase 1 credits in Phase 2 and factoring 
credit balances into the 2021 standards. 
Daimler commented that allowing Phase 
1 credits in Phase 2 is necessary to 
smooth the transition into a new 
program that is very complex and that 
HD manufacturers cannot change over 
an entire product portfolio at one time. 
The agencies evaluated the status of 
Phase 1 credit balances in 2015 by 
sector. For tractors, we found that 
manufacturers are generating significant 
credits, and that it appears that many of 
the credits result from their use of an 
optional provision for calculating 
aerodynamic drag. However, we also 
believe that manufacturers will generate 
fewer credits in MY 2017 and later 
when the final Phase 1 standards begin. 
Still, the agencies believe that 
manufacturers will have significant 
credit balances available to them for 
MYs 2021–2023, and that much of these 
balances would be the result of the test 
procedure provisions rather than pull 
ahead of any technology. Based on 
confidential product plans for MYs 2017 
and later, we expect this total windfall 
amount to be three percent of the MY 
2021 standards or more. Therefore, the 
agencies are factoring in a total credit 
amount equivalent to this three percent 
credit (i.e. three years times 1 percent 
per year). Thus, we are increasing the 
stringency of the CO2 and fuel 
consumption tractor standards for MYs 
2021–2023 by 1 percent to reflect these 
credits. 

(xiv) Summary of Technology 
Performance 

Table III–10 describes the 
performance levels for the range of Class 
7 and 8 tractor vehicle technologies. 

TABLE III–10—PHASE 2 TECHNOLOGY INPUTS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2021MY 
11L Engine 

350 HP 

2021MY 
11L Engine 

350 HP 

2021MY 
11L Engine 

350 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

Aerodynamics (CdA in m2) 

Bin I ........................................... 6.00 7.00 7.45 6.00 7.00 7.45 6.00 7.00 7.15 
Bin II .......................................... 5.60 6.65 6.85 5.60 6.65 6.85 5.60 6.65 6.55 
Bin III ......................................... 5.15 6.25 6.25 5.15 6.25 6.25 5.15 6.25 5.95 
Bin IV ......................................... 4.75 5.85 5.70 4.75 5.85 5.70 4.75 5.85 5.40 
Bin V .......................................... 4.40 5.50 5.20 4.40 5.50 5.20 4.40 5.50 4.90 
Bin VI ......................................... 4.10 5.20 4.70 4.10 5.20 4.70 4.10 5.20 4.40 
Bin VII ........................................ 3.80 4.90 4.20 3.80 4.90 4.20 3.80 4.90 3.90 
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TABLE III–10—PHASE 2 TECHNOLOGY INPUTS—Continued 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

2021MY 
11L Engine 

350 HP 

2021MY 
11L Engine 

350 HP 

2021MY 
11L Engine 

350 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

2021MY 
15L Engine 

455 HP 

Steer Tires (CRR in kg/metric ton) 

Base .......................................... 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 
Level 1 ....................................... 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 
Level 2 ....................................... 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 
Level 3 ....................................... 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 

Drive Tires (CRR in kg/metric ton) 

Base .......................................... 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 
Level 1 ....................................... 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 
Level 2 ....................................... 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Level 3 ....................................... 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Idle Reduction (% reduction) 

Tamper Proof AESS ................. N/A N/A N/A N/A N/A N/A 4 4 4 
Tamper Proof AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 4 4 4 
Tamper Proof AESS with Bat-

tery APU ................................ N/A N/A N/A N/A N/A N/A 6 6 6 
Tamper Proof AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 3 3 3 
Tamper Proof AESS with FOH N/A N/A N/A N/A N/A N/A 3 3 3 
Adjustable AESS ....................... N/A N/A N/A N/A N/A N/A 1 1 1 
Adjustable AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 3 3 3 
Adjustable AESS with Battery 

APU ....................................... N/A N/A N/A N/A N/A N/A 5 5 5 
Adjustable AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 5 5 5 
Adjustable AESS with FOH ...... N/A N/A N/A N/A N/A N/A 2 2 2 

Transmission (% reduction) 

Manual ....................................... 0 0 0 0 0 0 0 0 0 
AMT ........................................... 2 2 2 2 2 2 2 2 2 
Auto ........................................... 2 2 2 2 2 2 2 2 2 
Dual Clutch ................................ 2 2 2 2 2 2 2 2 2 
Top Gear Direct Drive ............... 2 2 2 2 2 2 2 2 2 
Trans Efficiency ......................... 1 1 1 1 1 1 1 1 1 
Neutral Idle ................................ Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 
Modeled in 

GEM 

Driveline (% reduction) 

Axle Efficiency ........................... 2 2 2 2 2 2 2 2 2 
6x2, 6x4 Axle Disconnect or 

4x2 Axle ................................. N/A N/A N/A Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Downspeed ............................... Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Modeled in 
GEM 

Accessory Improvements (% reduction) 

A/C Efficiency ............................ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Electric Access .......................... 1 1 1 1 1 1 1 1 1 

Other Technologies (% reduction) 

Predictive Cruise Control .......... 2 2 2 2 2 2 2 2 2 
Automated Tire Inflation System 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
Tire Pressure Monitoring Sys-

tem ......................................... 1 1 1 1 1 1 1 1 1 
Neutral Coast ............................ 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Note: 
‘‘Modeled in GEM’’ means that a manufacturer will input information into GEM, such as ‘‘Yes or No’’ for neutral idle, and GEM will simulate that condition. The val-

ues listed in the table above as percentages reflect a post-processing done within GEM after the simulation runs the drive cycles. 
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(c) Tractor Technology Adoption Rates 

As explained above, tractor 
manufacturers often introduce major 
product changes together, as a package. 
In this manner the manufacturers can 
optimize their available resources, 
including engineering, development, 
manufacturing and marketing activities 
to create a product with multiple new 
features. Since Phase 1 began, this 
approach also has allowed 
manufacturers to consolidate testing and 
certification requirements. In addition, 
manufacturers recognize that a truck 
design will need to remain competitive 
over the intended life of the design and 
meet future regulatory requirements. In 
some limited cases, manufacturers may 
implement an individual technology 
outside of a vehicle’s redesign cycle. 

With respect to the levels of 
technology adoption used to develop 
the HD Phase 2 standards, NHTSA and 
EPA established technology adoption 
constraints. The first type of constraint 
was established based on the 
application of fuel consumption and 
CO2 emission reduction technologies 
into the different types of tractors. For 
example, extended idle reduction 
technologies are limited to Class 8 
sleeper cabs using the reasonable 
assumption that day cabs are not used 
for overnight hoteling. Day cabs 
typically idle for shorter durations 
throughout the day. 

A second type of constraint was 
applied to most other technologies and 
limited their adoption based on factors 
reflecting the real world operating 
conditions that some combination 
tractors encounter (so that the standards 
are not based on use of technologies 
which do not provide in-use benefit). 
This second type of constraint was 
applied to the aerodynamic, tire, 
powertrain, vehicle speed limiter 
technologies, and other technologies. 
NHTSA and EPA believe that within 
each of these individual vehicle 
categories there are particular 
applications where the use of the 
identified technologies will be either 
ineffective or not technically feasible. 
For example, the agencies are not 
predicating these standards on the use 
of full aerodynamic vehicle treatments 
on 100 percent of tractors because we 
know that in some applications (for 
example, gravel trucks engaged in local 
delivery) the added weight of the 
aerodynamic technologies will increase 
fuel consumption and hence CO2 
emissions to a greater degree than the 
reduction that will be accomplished 
from the more aerodynamic nature of 
the tractor. General considerations of 
needed lead time also play a significant 

role in the agencies’ determination of 
technology adoption rates. 

In the development of the standards, 
we generally focused initially on what 
technology could be adopted in 2027 
MY after ten years of lead time, 
consistent with the general principles 
discussed above. Based on our detailed 
discussions with manufacturers and 
technology suppliers, we can project 
that the vast majority of technologies 
will be fully developed and in 
widespread use by 2027 MY. (One 
notable exception to this is Rankine 
cycle waste heat recovery, which we 
project to be less widespread in 2027). 
Having identified what could be 
achieved in 2027 MY, we projected 
technology steps for 2021 MY and 2024 
MY to reflect the gradual development 
and deployment of these technologies. 

This is also consistent with how 
manufacturers will likely approach 
complying with these standards. In 
general, we would expect a 
manufacturer to first identify technology 
packages that would allow them to meet 
the 2027 MY standards, then to 
structure a development plan to make 
steady progress toward the 2027 MY 
standards. To some extent, it was easier 
to project the technology for 2027 MY, 
because it represents a maximum 
feasible adoption of most technologies. 
The agencies’ projections for MYs 2021 
and 2024 are less certain because they 
reflect choices manufacturers would 
likely make to reach the 2027 levels. As 
such, we have more confidence that the 
levels of our MYs 2021 and 2024 
standards are appropriate than we do 
that each manufacturer will follow our 
specific technology development path 
in 2021 MY or 2024 MY. 

Table III–13, Table III–14, and Table 
III–15 specify the adoption rates that 
EPA and NHTSA used to develop these 
standards. 

(i) Aerodynamics Adoption Rate 
The impact of aerodynamics on a 

tractor-trailer’s efficiency increases with 
vehicle speed. Therefore, the usage 
pattern of the vehicle will determine the 
benefit of various aerodynamic 
technologies. Sleeper cabs are often 
used in line haul applications and drive 
the majority of their miles on the 
highway travelling at speeds greater 
than 55 mph. The industry has focused 
aerodynamic technology development, 
including SmartWay tractors, on these 
types of trucks. Therefore the agencies 
proposed standards that reflect the most 
aggressive aerodynamic technology 
application rates to this regulatory 
subcategory, along with the high roof 
day cabs. 80 FR 40227. All of the major 
manufacturers today offer at least one 

SmartWay sleeper cab tractor model, 
which is represented as Bin III 
aerodynamic performance. The agencies 
requested comment on the proposed 
aerodynamic assessment. 

The agencies received significant 
comment from the manufacturers 
regarding our assessment of 
aerodynamics in the most aerodynamic 
bins for high roof sleeper cabs. EMA 
commented that the assumptions that 
Class 7 and Class 8 high-roof vehicles 
will achieve a 35 percent penetration 
rate into Bin V, a 20 percent penetration 
rate into Bin VI, and a 5 percent 
penetration rate into Bin VII by 2027 are 
over-stated and unreasonable. Volvo 
and EMA commented that it is 
impossible to achieve the targeted 
aerodynamic drag reductions that 
ultimately are predicated on 60 percent 
of tractors achieving aero bins V, VI, and 
VII. According to their analysis, the 
manufacturers stated that it is not 
possible to achieve these low drag levels 
with any tractor design coupled to the 
non-aerodynamic test trailer prescribed 
in this proposal. Caterpillar commented 
that given the proposed aerodynamic 
testing procedures, the Phase 2 test 
trailer, and the lack of any audit margin 
for these highly variable test processes, 
it is infeasible to design tractors that can 
achieve bin V, and so would not be able 
to achieve bins VI and VII. Caterpillar 
also stated that none of the vehicles 
developed within the Department of 
Energy’s SuperTruck program are 
capable of meeting the proposed 
aerodynamic targets. 

In Phase 1, the agencies determined 
the stringency of the tractor standards 
through the use of a mix of aerodynamic 
bins in the technology packages. For 
example, we included 10 percent Bin II, 
70 percent Bin III, and 20 percent Bin 
IV in the high roof sleeper cab tractor 
standard. The weighted average 
aerodynamic performance of this 
technology package is equivalent to Bin 
III. 76 FR 57211. In consideration of the 
comments, the agencies have adjusted 
the aerodynamic adoption rate for Class 
8 high roof sleeper cabs used to set the 
final standards in 2021, 2024, and 2027 
MYs (i.e., the degree of technology 
adoption on which the stringency of the 
standard is premised). Upon further 
analysis of simulation modeling of a 
SuperTruck tractor with a Phase 2 
reference trailer with skirts, we agree 
with the manufacturers that a 
SuperTruck tractor technology package 
would only achieve the Bin V level of 
CdA, as discussed above and in RIA 
Chapter 2.8.2.2. Consequently, as noted 
above, the final standards are not 
premised on any adoption of Bin VI and 
VII technologies. Accordingly, we 
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282 U.S. Department of Energy. Transportation 
Energy Data Book, Edition 28–2009. Table 5.7. 

283 U.S. EPA. Memo to Docket. Coefficient of 
Rolling Resistance and Coefficient of Drag 
Certification Data for Tractors. See Docket EPA– 
HQ–OAR–2014–0827. 

determined the adoption rates in the 
technology packages developed for the 
final rule using a similar approach as 
Phase 1—spanning three aerodynamic 
bins and not setting adoption rates in 
the most aerodynamic bin(s)—to reflect 
that there are some vehicles whose 
operation limits the applicability of 
some aerodynamic technologies. We set 
the MY 2027 high roof sleeper cab 
tractor standards using a technology 
package that included 20 percent of Bin 
III, 30 percent Bin IV, and 50 percent 
Bin V reflecting our assessment of the 
fraction of high roof sleeper cab tractors 
that we project could successfully apply 
these aerodynamic packages with this 
amount of lead time. The weighted 
average of this set of adoption rates is 
equivalent to a tractor aerodynamic 
performance near the border between 
Bin IV and Bin V. We believe that there 
is sufficient lead time to develop 
aerodynamic tractors that can move the 
entire high roof sleeper cab 
aerodynamic performance to be as good 
as or better than today’s SmartWay 
designated tractors. 

The agencies phased-in the 
aerodynamic technology adoption rates 
within the technology packages used to 
determine the MY 2021 and 2024 
standards so that manufacturers can 
gradually introduce these technologies. 
The changes required for Bin V 
performance reflect the kinds of 
improvements projected in the 
Department of Energy’s SuperTruck 
program. That program has 
demonstrated tractor-trailers in 2015 
with significant aerodynamic 
technologies. For the final rule, the 
agencies are projecting that truck 
manufacturers will be able to begin 
implementing some of these 
aerodynamic technologies on high roof 
tractors as early as 2021 MY on a 
limited scale. For example, in the 2021 
MY technology package, the agencies 
have assumed that 10 percent of high 
roof sleeper cabs will have 
aerodynamics better than today’s best 
tractors. This phase-in structure is 
consistent with the normal manner in 
which manufacturers introduce new 
technology to manage limited research 
and development budgets as well as to 
allow them to work with fleets to fully 
evaluate in-use reliability before a 
technology is applied fleet-wide. The 
agencies believe the phase-in schedule 
will allow manufacturers to complete 
these normal processes. Overall, while 
the agencies are now projecting slightly 
less benefit from aerodynamic 
improvements than we did in the 
NPRM, the actual aerodynamic 
technologies being projected are very 

similar to what was projected at the 
time of NPRM (however, these vehicles 
fall into Bin V in the final rule, instead 
of Bin VI and VII in the NPRM). 
Importantly, our averaging, banking and 
trading provisions provide 
manufacturers with the flexibility (and 
incentive) to implement these 
technologies over time even though the 
standard changes in a single step. 

The agencies also received comment 
regarding our aerodynamic assessment 
of the other tractor subcategories. 
Daimler commented that due to their 
shorter length, day cabs are more 
difficult to make aerodynamic than 
sleeper cabs, and that the bin 
boundaries and adoption rates should 
reflect this. EMA commented that the 
assumed aerodynamic performance 
improvements to be achieved by day cab 
and mid and low-roof vehicles are over- 
estimated by at least one bin. Daimler 
commented that the agencies should 
adjust the average bin down in 
recognition of the fact that mid/low-roof 
vehicles should have lower penetration 
rates of aerodynamic vehicles to reflect 
market needs, reflecting these vehicles’ 
use in rough environments or in hauling 
non-aerodynamic trailers. 

Aerodynamic improvements through 
new tractor designs and the 
development of new aerodynamic 
components is an inherently slow and 
iterative process. The agencies recognize 
that there are tractor applications that 
require on/off-road capability and other 
truck functions which restrict the type 
of aerodynamic equipment applicable. 
We also recognize that these types of 
trucks spend less time at highway 
speeds where aerodynamic technologies 
have the greatest benefit. The 2002 VIUS 
data ranks trucks by major use.282 The 
heavy trucks usage indicates that up to 
35 percent of the trucks may be used in 
on/off-road applications or heavier 
applications. The uses include 
construction (16 percent), agriculture 
(12 percent), waste management (5 
percent), and mining (2 percent). 
Therefore, the agencies analyzed the 
technologies to evaluate the potential 
restrictions that will prevent 100 
percent adoption of more advanced 
aerodynamic technologies for all of the 
tractor regulatory subcategories and 
developed standards with new 
penetration rates reflecting that these 
vehicles spend less time at highway 
speeds. For the final rule, the agencies 
evaluated the certification data to assess 
how the aerodynamic performance of 
high roof day cabs compare to high roof 
sleeper cabs. In 2014, the high roof day 

cabs on average are certified to one bin 
lower than the high roof sleeper cabs.283 
Consistent with the public comments, 
and the certification data, the 
aerodynamic adoption rates used to 
develop the final Phase 2 standards for 
the high roof day cab regulatory 
subcategories are less aggressive than for 
the Class 8 sleeper cab high roof 
tractors. In addition, the agencies are 
also accordingly reducing the adoption 
rates in the highest bins for low and mid 
roof tractors to follow the changes made 
to the high roof subcategories because 
we neither proposed nor expect the 
aerodynamics of a low or mid roof 
tractor to be better than a high roof 
tractor. 

(ii) Low Rolling Resistance Tire 
Adoption Rate 

For the tire manufacturers to further 
reduce tire rolling resistance, the 
manufacturers must consider several 
performance criteria that affect tire 
selection. The characteristics of a tire 
also influence durability, traction 
control, vehicle handling, comfort, and 
retreadability. A single performance 
parameter can easily be enhanced, but 
an optimal balance of all the criteria 
will require improvements in materials 
and tread design at a higher cost, as 
estimated by the agencies. Tire design 
requires balancing performance, since 
changes in design may change different 
performance characteristics in opposing 
directions. Similar to the discussion 
regarding lesser aerodynamic 
technology application in tractor 
segments other than sleeper cab high 
roof, the agencies believe that the 
proposed standards should not be 
premised on 100 percent application of 
Level 3 tires in all tractor segments 
given the potential interference with 
vehicle utility that could result. 80 FR 
40223. 

Several stakeholders commented 
about the level of rolling resistance used 
in setting the proposed level of tractor 
stringencies because the agencies used a 
single level for all tractor subcategories. 
ATA, First Industries, National 
Association of Manufacturers, PACCAR, 
Navistar and Daimler commented that 
the agencies erred by using the same 
rolling resistance for all types of day 
and sleeper cab tractors. They stated 
that the tire stringency levels should 
account for fleet and class variations 
and different duty-cycle needs. 
Caterpillar stated that tires need to meet 
demands of all conditions, including 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00127 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73604 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

284 Memo to Docket. Coefficient of Rolling 
Resistance and Coefficient of Drag Certification Data 
for Tractors. Docket EPA–HQ–OAR–2014–0827. 

unpaved roads, sloped loading docks 
which are frequently not treated in 
winter conditions. Caterpillar also 
stated that tire casings must have 
adequate durability to allow for as many 
as five retreads. NADA commented 
current LRRT tractor adoption rates are 
low and are not expected to increase 
significantly any time soon unless 
significant improvements in design are 
forthcoming and that there is no 
realistic means of ensuring that 
customers (or subsequent owners) will 
continue to use LRR tires. OOIDA 
commented that the LRR tire may be 
beneficial on flat terrain, but may pose 
a safety concern in many geographical 
regions. OOIDA also stated that a LRR 
tire achieves much of its potential fuel 
savings benefit by reducing the very 
component of friction or resistance that 
a truck driver may rely upon. PACCAR 
commented that customers with low- 
and mid-roof configurations typically 
operate more in urban areas where tires 
must withstand the abuse of curbs and 
other obstacles or in more on/off road 
conditions that are typical for flatbed, 
tanker, and low-boy operations, which 
use the low and mid-roof configuration 
vehicles. PACCAR stated that the tires 
for low and mid roof tractors vehicles 
are designed with additional side wall 
protection and generally have a higher 
coefficient of rolling resistance. Volvo 
commented with respect to tractor 
penetration and stringency setting the 
agencies show penetration of Level 3 
tires starting in MY 2021. Volvo stated 
that they continue to hear customer 
feedback that low rolling resistance tires 
often lack adequate traction under many 
of the demanding conditions that trucks 
and tractors experience, such as snow 
and off-road. Schneider commented that 
fleet uses low rolling resistance tires on 
dual wheels for the majority of the 
standard fleet while using wide-based 
single tires for weight sensitive portions 
of the fleet. Schneider commented that 
regulations should not force the use of 
wide based single tires based solely on 
rolling resistance advantages without 
considering the overall performance 
because it may increase waste, the 
number of scrapped tire casings and 
landfill requirements. The commenter’s 
view is that LRR dual tires are very 
comparable to wide based single tires 
(WBS) tires in fuel efficiency while 
providing better overall operating and 
economic efficiency. 

For the final rulemaking, the agencies 
evaluated the tire rolling resistance 
levels in the Phase 1 certification 

data.284 We found that high roof sleeper 
cabs are certified today with steer tire 
rolling resistance levels that ranged 
between 4.9 and 7.6 kg/ton and with 
drive tires ranging between 5.1 and 9.8 
kg/ton. In the same analysis, we found 
that high roof day cabs are certified with 
rolling resistance levels ranging between 
4.9 and 9.0 kg/ton for steer tires and 
between 5.1 and 9.8 kg/ton for drive 
tires. This range spans the baseline 
through Level 3 rolling resistance 
performance levels. Therefore, for the 
final rule we took an approach similar 
to the one taken in Phase 1 and 
proposed in Phase 2 that considers 
adoption rates across a wide range of 
tire rolling resistance levels to recognize 
that operators may have different needs. 
76 FR 57211 and 80 FR 40227. The 
adoption rates for the technology 
packages used to determine the MY 
2027 standards for each high roof tractor 
subcategory are shown in Table III–15. 

In our analysis of the Phase 1 
certification data, we found that the 
drive tires on low and mid roof sleeper 
cab tractors on average had 10 to 17 
percent higher rolling resistance than 
the high roof sleeper cabs. But we found 
only a minor difference in rolling 
resistance of the steer tires between the 
tractor subcategories. Based on 
comments received and further 
consideration of our own analysis of the 
difference in tire rolling resistance 
levels that exist today in the 
certification data, the agencies are 
adopting Phase 2 standards using a 
technology pathway that utilizes higher 
rolling resistance levels for low and mid 
roof tractors than the levels used to set 
the high roof tractor standards. This is 
also consistent with the approach that 
we took in setting the Phase 1 tractor 
standards. 76 FR 57211. In addition, the 
final rule reflects a reduction in Level 3 
adoption rates for low and mid roof 
tractors from 25 percent in MY 2027 
used at proposal (80 FR 40227) to zero 
percent adoption rate. The technology 
packages developed for the low and mid 
roof tractors used to determine the 
stringency of the MY 2027 standards in 
the final rule do not include any 
adoption rate of Level 3 drive tires to 
recognize the special needs of these 
applications, consistent with the 
comments noted above raising concerns 
about applications that limit the use of 
low rolling resistance tires. 

The agencies phased-in the low 
rolling resistance tire adoption rates 
within the technology packages used to 
determine the MY 2021 and 2024 

standards so that manufacturers can 
gradually introduce these technologies. 
In addition, the levels of rolling 
resistance used in all of the technology 
packages are achievable with either dual 
or wide based single tires, so the 
agencies are not forcing one technology 
over another. The adoption rates for the 
technology packages used to determine 
the MY 2021, 2024, and 2027 standards 
for each tractor subcategory are shown 
in Table III–13, Table III–14, and Table 
III–15. 

(iii) Tire Pressure Monitoring and 
Automatic Tire Inflation System (ATIS) 
Adoption Rate 

The agencies used a 20 percent 
adoption rate of ATIS in MY 2021 and 
a 40 percent adoption rate in setting the 
proposed Phase 2 MY 2024 and 2027 
tractor standards. 80 FR 40227. 

ATA commented that as of 2012, 
roughly one percent of tractors used 
ATIS. Caterpillar and First Industries 
stated that the agencies should not force 
ATIS into the market by assuming any 
penetration rate. EMA commented that 
the assumption that 40 percent of all 
Class 7 and 8 vehicles will utilize 
automated tire inflation systems lacked 
support and failed to account for the 
prevalence of tire inflation monitoring 
systems. NADA stated that they can 
support a 40 percent tractor adoption 
rate for MY 2027 if TPMS are 
considered. Volvo commented that 
given the poor reliability of past ATIS 
systems, they are skeptical of supplier’s 
claims of current or future reliability 
improvements to these systems. Volvo 
stated that fleets are even more skeptical 
than truck OEMs, as an ATIS air leak 
results in increased fuel consumption 
due to a compressor cycling more 
frequently and also in potentially 
significant downtime of the vehicle. 
Volvo also commented that to 
incentivize truck operators to maintain 
tire pressure on vehicles equipped with 
a TPMS system, fleets have the ability 
to monitor fuel consumption remotely, 
including the ability to identify causes 
for increased fuel consumption which 
would be expected to motivate drivers 
to properly maintain tire pressure on 
TPMS equipped vehicles. 

The agencies find the comments 
related to a greater acceptance of TPMS 
in the tractor market to be persuasive. 
However, available information 
indicates that it is feasible to utilize 
either TPMS or ATIS to reduce the 
prevalence on underinflated tires in-use 
on all tractors. As a result, we are 
finalizing tractor standards that are 
predicated on the performance of a mix 
of TPMS and ATIS adoption rates in all 
tractor subcategories. The agencies are 
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285 The agencies are retaining the HD Phase 1 
AESS override provisions included in 40 CFR 
1037.660(b) for driver safety. 

286 North American Council for Freight 
Efficiency. Confidence Report: Idle-Reduction 
Solutions. 2014. Page 13. 

using adoption rates of 30 percent of 
ATIS and 70 percent of TPMS in the 
technology packages used in setting the 
final Phase 2 MY 2027 tractor standards. 
This represents a lower adoption rate of 
ATIS than used in the NPRM, but the 
agencies have added additional 
adoption rate of TPMS because none of 
the comments or available information 
disputed the ability to use it on all 
tractors. The agencies have developed 
technology packages for setting the 2021 
and 2024 MY standards which reflect a 
phase in of adoption rates of each of 
these technologies. In 2021 MY, the 
adoption rates consist of 20 percent 
TPMS and 20 percent ATIS. In 2024 
MY, the adoption rates are 50 percent 
TPMS and 25 percent ATIS. 

(iv) Idle Reduction Technology 
Adoption Rate 

Idle reduction technologies provide 
significant reductions in fuel 
consumption and CO2 emissions for 
Class 8 sleeper cabs and are available on 
the market today. There are several 
different technologies available to 
reduce idling. These include APUs, 
diesel fired heaters, and battery 
powered units. Our discussions with 
manufacturers prior to the Phase 2 
NPRM indicated that idle technologies 
are sometimes installed in the factory, 
but that it is also a common practice to 
have the units installed after the sale of 
the truck. We want to continue to 
incentivize this practice and to do so in 
a manner that the emission reductions 
associated with idle reduction 
technology occur in use. We proposed 
to continue the Phase 1 approach into 
Phase 2 where we recognize only idle 
emission reduction technologies that 
include a tamper-proof automatic 
engine shutoff system (AESS) with some 
override provisions.285 However, we 
welcomed comment on other 
approaches that will appropriately 
quantify the reductions that will be 
experienced in the real world. 80 FR 
40224. 

We used an overall 90 percent 
adoption rate of tamper-proof AESS for 
Class 8 sleeper cabs in setting the 
proposed MY 2024 and 2027 standards. 
Id. The agencies stated in the Phase 2 
NPRM that we were unaware of reasons 
why AESS with extended idle reduction 
technologies could not be applied to 
this high fraction of tractors with a 
sleeper cab, except those deemed a 
vocational tractor, in the available lead 
time. 

EMA, Volvo, Daimler, and Navistar 
commented that the agencies should 
consider that customers are not 
accepting the tamper-proof AESS in 
Phase 1, therefore the adoption rates 
included in the proposal were too high 
and that resale concerns remain a 
significant issue for customers. PACCAR 
and EMA commented that the proposed 
90 percent penetration rate of tamper- 
proof AESS is unachievable. Many 
comments also focused on the need for 
adjustable AESS. OOIDA commented 
that 90 percent APU adoption is 
unreasonable and that the 400 pound 
weight exemption for APUs is not 
provided in California, Washington DC, 
Hawaii, Kentucky, Massachusetts, North 
Carolina, and Rhode Island. OOIDA also 
raised concerns about situations where 
an AESS could have negative 
consequences—such as team drivers 
where the co-driver was left asleep in 
the berth while the truck was shut off, 
or drivers with certain medical 
conditions, or pets. 

The agencies find the comments 
regarding the concerns for using 90 
percent adoption rates of tamper-proof 
AESS to be persuasive. For the final 
rule, the agencies developed a menu of 
idle reduction technologies that include 
both tamper-proof and adjustable AESS 
(as discussed in Section III.D.1.b) that 
are recognized at different levels of 
effectiveness in GEM. As discussed in 
the discussion of tractor baselines 
(Section III.D.1.a), the latest NACFE 
confidence report found that 96 percent 
of HD vehicles are equipped with 
adjustable automatic engine shutdown 
systems.286 Therefore, the agencies built 
this level of idle reduction into the 
baseline for sleeper cab tractors. Due to 
the high percentage acceptance of 
adjustable AESS today, the agencies 
project that by 2027 MY it is feasible for 
100 percent of sleeper cabs to contain 
some type of AESS and idle reduction 
technology to meet the hoteling needs of 
the driver. However, we recognize that 
there are a variety of idle reduction 
technologies that meet the various needs 
of specific customers and not all 
customers will select diesel powered 
APUs due to the cost or weight concerns 
highlighted in the comments. Therefore, 
we developed an idle reduction 
technology package for each MY that 
reflects this variety. The idle reduction 
packages developed for the final rule 
contain lower AESS adoption rates than 
used at proposal. The AESS used during 
the NPRM assumed that it also included 
a diesel powered APU in terms of 

determining the effectiveness and costs. 
In the final rule, the idle reduction 
technology mix actually has an overall 
lower cost (even after increasing the 
diesel APU technology cost estimate for 
the final rule) than would have been 
developed for the final rule. In addition, 
the stringency of the tractor standards 
are not affected because the higher 
penetration rate of other idle reduction 
technologies, which are not quite as 
effective, but will be deployed more. We 
developed the technology package to set 
the 2027 MY sleeper cab tractor 
standards that includes 15 percent 
adoption rate of adjustable AESS only, 
40 percent of adjustable AESS with a 
diesel powered APU, 15 percent 
adjustable AESS with a battery APU, 15 
percent adjustable AESS with automatic 
stop/start, and 15 percent adjustable 
AESS with a fuel operated heater. We 
continued the same approach of phasing 
in different technology packages for the 
2021 and 2024 MY standards, though 
we included some type of idle reduction 
on 100 percent of the sleeper cab 
tractors. The 2021 MY technology 
package had a higher adoption rate of 
adjustable AESS with no other idle 
reduction technology and lower 
adoption rates of adjustable AESS with 
other idle reduction technologies. 
Details on the idle reduction technology 
adoption rates for the MY 2021 and 
2024 standards are included in Table 
III–13 and Table III–14. 

(v) Transmission Adoption Rates 
The agencies’ proposed standards 

included a 55, 80, and 90 percent 
adoption rate of automatic, automated 
manual, and dual clutch transmissions 
in MYs 2021, 2024, and 2027 
respectively. 80 FR 40225–7. The 
agencies did not receive any comments 
regarding these proposed transmission 
adoption rates, and have not found any 
other information suggesting a change in 
approach. Therefore, we are including 
the same level of adoption rates in 
setting the final rule standards. The MY 
2021 and 2024 standards are likewise 
premised on the same adoption rates of 
these transmission technologies as at 
proposal. 

The agencies have added neutral idle 
as a technology input to GEM for Phase 
2 in the final rulemaking. The TC10 that 
was tested by the agencies for the final 
rule included this technology. 
Therefore, we projected that neutral idle 
would be included in all of the 
automatic transmissions and therefore 
the adoption rates of neutral idle match 
the adoption rates of the automatic 
transmission in each of the MYs. 

Transmissions with direct drive as the 
top gear and numerically lower axles are 
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better suited for applications with 
primarily highway driving with flat or 
low rolling hills. Therefore, this 
technology is not appropriate for use in 
100 percent of tractors. The agencies 
proposed standards reflected the 
projection that 50 percent of the tractors 
would have direct drive in top gear in 
MYs 2024 and 2027. 80 FR 40226–7. 
The agencies did not receive any 
comments regarding the adoption rates 
of transmissions with direct drive in 
those MYs. We therefore are including 
the same level of adoption rates in 
setting the final rule standards for MYs 
2024 and 2027. Transmissions with 
direct drive top gears exist in the market 
today, therefore, the agencies 
determined it is feasible to also include 
this technology in the package for 
setting the 2021 MY standards. For the 
final rule, the agencies included a 20 
percent adoption rate of direct drive in 
the 2021 MY technology package. 

The agencies received comments 
supporting establishing a transmission 

efficiency test that measures the 
efficiency of each transmission gear and 
could be input into GEM. In the final 
rule, the agencies are adopting Phase 2 
standards that project that 20, 40, and 
70 percent of the AMT and DCT 
transmissions will be tested and achieve 
a fuel consumption and CO2 emissions 
reduction of one percent in MYs 2021, 
2024, and 2027, respectively. 

The adoption rates for the technology 
packages used to determine the MY 
2021, 2024, and 2027 standards for each 
tractor subcategory are shown in Table 
III–13, Table III–14, and Table III–15. 

(vi) Engine Downspeeding Adoption 
Rates 

The agencies proposed to include 
lower final drive ratios in setting the 
Phase 2 standards to account for engine 
downspeeding. In the NPRM, we used a 
transmission top gear ratio of 0.73 and 
baseline drive axle ratio of 3.70 in 2017 
going down to a rear axle ratio of 3.55 

in 2021 MY, 3.36 in 2024 MY, and 3.20 
in 2027 MY. 80 FR 40228–30. 

UCS commented that downspeeding 
was only partially captured as proposed. 
The agencies also received additional 
information from vehicle manufacturers 
and axle manufacturers that we believe 
supports using lower numerical drive 
axle ratios in setting the final Phase 2 
standards for sleeper cabs that spend 
more time on the highway than day 
cabs, directionally consistent with the 
UCS comment. For the final rules, the 
agencies have used 3.70 in the baseline 
and 3.16 for sleeper cabs and 3.21 for 
day cabs in MY 2027 to account for 
continued downspeeding opportunities. 
The final drive ratios used for setting 
the other model years are shown in 
Table III–11. These values represent the 
‘‘average’’ tractor in each of the MYs, 
but there will be a range of final drive 
ratios that contain more aggressive 
engine downspeeding on some tractors 
and less aggressive on others. 

TABLE III–11—FINAL DRIVE RATIO FOR TRACTOR TECHNOLOGY PACKAGES 

Model year Rear axle 
ratio 

Transmission 
top gear 

ratio 

Final drive 
ratio 

Sleeper Cabs 

2018 ............................................................................................................................................. 3.70 0.73 2.70 
2021 ............................................................................................................................................. 3.31 0.73 2.42 
2024 ............................................................................................................................................. 3.26 0.73 2.38 
2027 ............................................................................................................................................. 3.16 0.73 2.31 

Day Cabs 

2018 ............................................................................................................................................. 3.70 0.73 2.70 
2021 ............................................................................................................................................. 3.36 0.73 2.45 
2024 ............................................................................................................................................. 3.31 0.73 2.42 
2027 ............................................................................................................................................. 3.21 0.73 2.34 

(vii) Drivetrain Adoption Rates 

The agencies’ proposed standards 
included 6x2 axle adoption rates in high 
roof tractors of 20 percent in 2021 MY 
and 60 percent in MYs 2024 and 2027. 
Because 6x2 axle configurations could 
raise concerns of traction, the agencies 
proposed standards that reflected lower 
adoption rates of 6x2 axles in low and 
mid roof tractors recognizing that these 
tractors may require some unique 
capabilities. The agencies proposed 
standards for low and mid roof tractors 
that included 6x2 axle adoption rates of 
10 percent in MY 2021 and 20 percent 
in MYs 2024 and 2027. 80 FR 40225– 
7. 

ATA and others commented that 
limitations to a high penetration rate of 
6x2 axles include curb cuts, other 
uneven terrain features that could 
expose the truck to traction issues, 

lower residual values, traction issues, 
driver dissatisfaction, tire wear, and the 
legality of their use. The commenters 
stated that recent surveys indicate 
current market penetration rates of new 
line-haul 6x2 tractor sales are only in 
the range of two percent, according to a 
NACFE confidence report. The 
commenters also stated that while 
recent improvements in traction control 
systems can automatically shift weight 
for short periods of time from the non- 
driving axle to the driving axle during 
low-traction events, concerns remain 
over the impacts to highways caused by 
such shifting of weight between axles. 
EMA, ATA, OOIDA, Volvo, Daimler, 
PACCAR, First Industries, National 
Association of Manufacturers, 
Caterpillar, and others discussed that 
6x2 axles are not legal in all U.S. states 
and Canadian provinces. Caterpillar and 

Daimler also stated the agencies should 
not assume more than 5 percent 
penetration rates of 6x2 through 2027. 
EMA forecasts a 6x2 penetration rate of 
less than 5 percent. 

Upon further consideration, the 
agencies have reduced the adoption rate 
of 6x2 axles and projected a 30 percent 
adoption rate in the technology package 
used to determine the Phase 2 2027 MY 
standards. The 2021 MY standards 
include an adoption rate of 15 percent 
and the 2024 MY standards include an 
adoption rate of 25 percent 6x2 axles. 
This adoption rate represents a 
combination of liftable 6x2 axles (which 
as noted in ATA’s comments are 
allowed in all states but Utah, and Utah 
is expected to revise their law) and 4x2 
axles. In addition, it is worth 
recognizing that state regulations related 
to 6x2 axles could change significantly 
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287 North American Council for Freight 
Efficiency. ‘‘Confidence Findings on the Potential of 
6x2 Axles.’’ 2014. Page 16. 

288 Ibid. 
288 The agencies note that because a VSL value 

can be input into GEM, its benefits can be directly 

assessed with the model and off cycle credit 
applications therefore are not necessary even 
though the standard is not based on performance of 
VSLs (i.e. VSL is an on-cycle technology). 

over the next ten years. It is also worth 
noting that the issue related to the 
legality of 6x2 axles was not mentioned 
as a barrier to adoption by fleets in the 
NACFE Confidence Report on 6x2 
axles.287 

In the NPRM, the agencies projected 
that 20 percent of 2021 MY and 40 
percent of the 2024 and 2027 MY axles 
would use low friction axle lubricants. 
80 FR 40225–7. In the final rule, we are 
requiring that manufacturers conduct an 
axle efficiency test if they want to 
include the benefit of low friction 
lubricant or other axle design 
improvements when certifying in GEM. 

The axle efficiency test will be optional, 
but will allow manufacturers to reduce 
CO2 emissions and fuel consumption if 
the manufacturers have improved axle 
gear designs and/or mandatory use of 
low friction lubricants. The agencies’ 
assessment of axle improvements found 
that 80 percent of the axles built in MY 
2027 could be two percent more 
efficient than a 2017 baseline axle. 
Because it will take time for axle 
manufacturers to make improvements 
across the majority of their product 
offerings, the agencies phased in the 
amount of axle efficiency improvements 
in the technology packages in setting the 

2021 and 2024 MY standards to include 
30 and 65 percent adoption rates, 
respectively. 

(viii) Accessories and Other Technology 
Adoption Rates 

In the NPRM, the agencies projected 
adoption rates as show in Table III–12. 
80 FR 40227. The agencies are adopting 
the same level of adoption rates for 
setting the final Phase 2 standards 
because we did not receive any 
comments or new data to support a 
change in the adoption rates used in the 
proposal. 

TABLE III–12—ADOPTION RATES USED IN THE TRACTOR TECHNOLOGY PACKAGES IN THE NPRM 

Model year 
Predictive 

cruise control 
(%) 

Electrified 
accessories 

(%) 

Higher efficiency 
air conditioning 

(%) 

2021 ......................................................................................................... 20 10 10 
2024 ......................................................................................................... 40 20 20 
2027 ......................................................................................................... 40 30 30 

(ix) Weight Reduction Technology 
Adoption Rates 

In the NPRM, the agencies proposed 
to allow manufacturers to use tractor 
weight reduction to comply with the 
standards. 80 FR 40223. A number of 
organizations commented generally in 
favor of the inclusion of light weight 
components for compliance, including 
the Aluminum Association, Meritor, 
American Die Casting Association, and 
the American Chemistry Council saying 
light-weight materials are durable and 
their use in heavy-duty vehicles can 
reduce weight and fuel consumption. 

Unlike in HD Phase 1, the agencies 
proposed the 2021 through 2027 model 
year tractor standards without using 
weight reduction as a technology to 
demonstrate the feasibility of the 
standards. The ICCT stated that the 
agencies should include light weight 
components in setting the stringency of 
the standards, citing an ICCT tractor and 
trailer study showing specific light 
weight benefits for tractor components. 
Meritor argued that weight reduction 
should not be included in setting 
stringency, given the high cost to benefit 
ratio for weight reduction. 

The agencies view weight reduction 
as a technology with a high cost that 
offers a small benefit in the tractor 
sector. For example, our estimate of a 
400 pound weight reduction will cost 
$2,050 (2012$) in 2021 MY, but offers a 
0.3 percent reduction in fuel 

consumption and CO2 emissions. The 
agencies are excluding the use of weight 
reduction components for the tractor 
stringency calculation due to the high 
cost associated with this technology. As 
noted above, Meritor in their comments 
expressed agreement with this 
approach. 

(x) Vehicle Speed Limiter Adoption 
Rate 

Consistent with Phase 1, we proposed 
to continue the approach where vehicle 
speed limiters may be used as a 
technology to meet the Phase 2 
standard. See 80 FR 40224. In setting 
the Phase 2 proposed standard, 
however, we assumed a zero percent 
adoption rate of vehicle speed limiters. 
Although we expect there will be some 
use of VSL, currently it is used when 
the fleet involved decides it is feasible 
and practicable and increases the 
overall efficiency of the freight system 
for that fleet operator. To date, the 
compliance data provided by 
manufacturers indicate that none of the 
tractor configurations include a tamper- 
proof VSL setting less than 65 mph. 

At this point the agencies are not in 
a position to determine in how many 
additional situations use of a VSL will 
result in similar benefits to overall 
efficiency or how many customers will 
be willing to accept a tamper-proof VSL 
setting. Although we believe vehicle 
speed limiters are a simple, easy to 

implement, and inexpensive 
technology, we want to leave the use of 
vehicle speed limiters to the truck 
purchaser. In doing so, we are providing 
another means of meeting the standard 
that can lower compliance costs and 
provide a more optimal vehicle solution 
for some truck fleets or owners. For 
example, a local beverage distributor 
may operate trucks in a distribution 
network of primarily local roads. Under 
those conditions, aerodynamic fairings 
used to reduce aerodynamic drag 
provide little benefit due to the low 
vehicle speed while adding additional 
mass to the vehicle. A vehicle 
manufacturer could choose to install a 
VSL set at an optimized speed for its 
intended application and use this 
technology to assist in complying with 
our program all at a lower cost to the 
ultimate tractor purchaser.288 

We welcomed comment on whether 
the use of a VSL would require a fleet 
to deploy additional tractors, but did 
not receive responsive comment. ARB 
stated that if EPA and NHTSA decide to 
give credit in Phase 2 GEMs for VSLs, 
VSL benefit should also be reflected in 
the standard’s stringency. Daimler 
supported the approach of not including 
VSLs in setting the stringency because 
of the resistance in the market to accept 
tamperproof VSLs. OOIDA commented 
that the agencies must consider the 
significant negative consequences of 
VSLs, such as safety impact from 
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differential speeds between light duty 
vehicles and trucks. 

After considering the comments, we 
still could not make a determination 
regarding the reasonableness of setting a 
standard based on a particular VSL 
adoption rate, for the same reasons 
articulated at proposal. Therefore, the 

agencies are not premising these final 
Phase 2 standards on use of VSL, and 
instead will continue to rely on the 
industry to select VSL when 
circumstances are appropriate for its use 
(in which case there is an input in GEM 
reflecting VSL efficiency). 

(d) Summary of the Adoption Rates 
Used To Determine the Final Phase 2 
Tractor Standards 

Table III–13 through Table III–16 
provide the adoption rates of each 
technology broken down by weight 
class, cab configuration, and roof height. 

TABLE III–13—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2021 MY 
STANDARDS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2021 MY 
11L engine 

350 HP 

2021 MY 
11L engine 

350 HP 

2021 MY 
11L engine 

350 HP 

2021 MY 
15L engine 

455 HP 

2021 MY 
15L engine 

455 HP 

2021 MY 
15L engine 

455 HP 

2021 MY 
15L engine 

455 HP 

2021 MY 
15L engine 

455 HP 

2021 MY 
15L engine 

455 HP 

Aerodynamics 

Bin I ........................................... 10% 10% 0% 10% 10% 0% 0% 10% 0% 
Bin II .......................................... 10% 10% 0% 10% 10% 0% 20% 10% 0% 
Bin III ......................................... 70% 70% 60% 70% 70% 60% 60% 70% 60% 
Bin IV ......................................... 10% 10% 35% 10% 10% 35% 20% 10% 30% 
Bin V .......................................... 0% 0% 5% 0% 0% 5% 0% 0% 10% 
Bin VI ......................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Bin VII ........................................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Steer Tires 

Base .......................................... 5% 5% 5% 5% 5% 5% 5% 5% 5% 
Level 1 ....................................... 35% 35% 35% 35% 35% 35% 35% 35% 35% 
Level 2 ....................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Level 3 ....................................... 10% 10% 10% 10% 10% 10% 10% 10% 10% 

Drive Tires 

Base .......................................... 15% 15% 5% 15% 15% 5% 15% 15% 5% 
Level 1 ....................................... 35% 35% 35% 35% 35% 35% 35% 35% 35% 
Level 2 ....................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Level 3 ....................................... 0% 0% 10% 0% 0% 10% 0% 0% 10% 

Idle Reduction 

Tamper Proof AESS ................. N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Bat-

tery APU ................................ N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with FOH N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Adjustable AESS ....................... N/A N/A N/A N/A N/A N/A 40% 40% 40% 
Adjustable AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 30% 30% 30% 
Adjustable AESS with Battery 

APU ....................................... N/A N/A N/A N/A N/A N/A 10% 10% 10% 
Adjustable AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 10% 10% 10% 
Adjustable AESS with FOH ...... N/A N/A N/A N/A N/A N/A 10% 10% 10% 

Transmission 

Manual ....................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
AMT ........................................... 40% 40% 40% 40% 40% 40% 40% 40% 40% 
Auto ........................................... 10% 10% 10% 10% 10% 10% 10% 10% 10% 
Dual Clutch ................................ 5% 5% 5% 5% 5% 5% 5% 5% 5% 
Top Gear Direct Drive ............... 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Trans. Efficiency ........................ 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Neutral Idle ................................ 10% 10% 10% 10% 10% 10% 10% 10% 10% 

Driveline 

Axle Efficiency ........................... 30% 30% 30% 30% 30% 30% 30% 30% 30% 
6x2, 6x4 Axle Disconnect or 

4x2 Axle ................................. N/A N/A N/A 15% 15% 15% 15% 15% 15% 
Downspeed (Rear Axle Ratio) .. 3.36 3.36 3.36 3.36 3.36 3.36 3.31 3.31 3.31 
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TABLE III–13—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2021 MY 
STANDARDS—Continued 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Accessory Improvements 

A/C Efficiency ............................ 10% 10% 10% 10% 10% 10% 10% 10% 10% 
Electric Access .......................... 10% 10% 10% 10% 10% 10% 10% 10% 10% 

Other Technologies 

Predictive Cruise Control .......... 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Automated Tire Inflation System 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Tire Pressure Monitoring Sys-

tem ......................................... 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Neutral Coast ............................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TABLE III–14—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2024 MY 
STANDARDS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2024 MY 
11L engine 

350 HP 

2024 MY 
11L engine 

350 HP 

2024 MY 
11L engine 

350 HP 

2024 MY 
15L engine 

455 HP 

2024 MY 
15L engine 

455 HP 

2024 MY 
15L engine 

455 HP 

2024 MY 
15L engine 

455 HP 

2024 MY 
15L engine 

455 HP 

2024 MY 
15L engine 

455 HP 

Aerodynamics 

Bin I ........................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Bin II .......................................... 20% 20% 0% 20% 20% 0% 20% 20% 0% 
Bin III ......................................... 60% 60% 40% 60% 60% 40% 60% 60% 40% 
Bin IV ......................................... 20% 20% 40% 20% 20% 40% 20% 20% 40% 
Bin V .......................................... 0% 0% 20% 0% 0% 20% 0% 0% 20% 
Bin VI ......................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Bin VII ........................................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Steer Tires 

Base .......................................... 5% 5% 5% 5% 5% 5% 5% 5% 5% 
Level 1 ....................................... 25% 25% 15% 25% 25% 15% 25% 25% 15% 
Level 2 ....................................... 55% 55% 60% 55% 55% 60% 55% 55% 60% 
Level 3 ....................................... 15% 15% 20% 15% 15% 20% 15% 15% 20% 

Drive Tires 

Base .......................................... 10% 10% 5% 10% 10% 5% 10% 10% 5% 
Level 1 ....................................... 25% 25% 15% 25% 25% 15% 25% 25% 15% 
Level 2 ....................................... 65% 65% 60% 65% 65% 60% 65% 65% 60% 
Level 3 ....................................... 0% 0% 20% 0% 0% 20% 0% 0% 20% 

Idle Reduction 

Tamper Proof AESS ................. N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Bat-

tery APU ................................ N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with FOH N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Adjustable AESS ....................... N/A N/A N/A N/A N/A N/A 30% 30% 30% 
Adjustable AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 40% 40% 40% 
Adjustable AESS with Battery 

APU ....................................... N/A N/A N/A N/A N/A N/A 10% 10% 10% 
Adjustable AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 10% 10% 10% 
Adjustable AESS with FOH ...... N/A N/A N/A N/A N/A N/A 10% 10% 10% 

Transmission 

Manual ....................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
AMT ........................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Auto ........................................... 20% 20% 20% 20% 20% 20% 20% 20% 20% 
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TABLE III–14—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2024 MY 
STANDARDS—Continued 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Dual Clutch ................................ 10% 10% 10% 10% 10% 10% 10% 10% 10% 
Top Gear Direct Drive ............... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Trans. Efficiency ........................ 40% 40% 40% 40% 40% 40% 40% 40% 40% 
Neutral Idle ................................ 20% 20% 20% 20% 20% 20% 20% 20% 20% 

Driveline 

Axle Efficiency ........................... 65% 65% 65% 65% 65% 65% 65% 65% 65% 
6x2, 6x4 Axle Disconnect or 

4x2 Axle ................................. N/A N/A N/A 25% 25% 25% 25% 25% 25% 
Downspeed (Rear Axle Ratio) .. 3.31 3.31 3.31 3.31 3.31 3.31 3.26 3.26 3.26 

Accessory Improvements 

A/C Efficiency ............................ 20% 20% 20% 20% 20% 20% 20% 20% 20% 
Electric Access. ......................... 20% 20% 20% 20% 20% 20% 20% 20% 20% 

Other Technologies 

Predictive Cruise Control .......... 40% 40% 40% 40% 40% 40% 40% 40% 40% 
Automated Tire Inflation System 25% 25% 25% 25% 25% 25% 25% 25% 25% 
Tire Pressure Monitoring Sys-

tem ......................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Neutral Coast ............................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

TABLE III–15—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2027 MY 
STANDARDS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2027 MY 
11L Engine 

350 HP 

2027 MY 
11L Engine 

350 HP 

2027 MY 
11L Engine 

350 HP 

2027 MY 
15L Engine 

455 HP 

2027 MY 
15L Engine 

455 HP 

2027 MY 
15L Engine 

455 HP 

2027 MY 
15L Engine 

455 HP 

2027 MY 
15L Engine 

455 HP 

2027 MY 
15L Engine 

455 HP 

Aerodynamics 

Bin I ........................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Bin II .......................................... 20% 20% 0% 20% 20% 0% 20% 20% 0% 
Bin III ......................................... 50% 50% 30% 50% 60% 30% 40% 50% 20% 
Bin IV ......................................... 30% 30% 30% 30% 20% 30% 40% 30% 30% 
Bin V .......................................... 0% 0% 40% 0% 0% 40% 0% 0% 50% 
Bin VI ......................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Bin VII ........................................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Steer Tires 

Base .......................................... 5% 5% 5% 5% 5% 5% 5% 5% 5% 
Level 1 ....................................... 20% 20% 10% 20% 20% 10% 20% 20% 10% 
Level 2 ....................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Level 3 ....................................... 25% 25% 35% 25% 25% 35% 25% 25% 35% 

Drive Tires 

Base .......................................... 5% 5% 5% 5% 5% 5% 5% 5% 5% 
Level 1 ....................................... 10% 10% 10% 10% 10% 10% 10% 10% 10% 
Level 2 ....................................... 85% 85% 50% 85% 85% 50% 85% 85% 50% 
Level 3 ....................................... 0% 0% 35% 0% 0% 35% 0% 0% 35% 

Idle Reduction 

Tamper Proof AESS ................. N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Bat-

tery APU ................................ N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with Auto-

matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Tamper Proof AESS with FOH N/A N/A N/A N/A N/A N/A 0% 0% 0% 
Adjustable AESS ....................... N/A N/A N/A N/A N/A N/A 15% 15% 15% 
Adjustable AESS with Diesel 

APU ....................................... N/A N/A N/A N/A N/A N/A 40% 40% 40% 
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289 Since aerodynamic improvements are not part 
of the technology package, the agencies likewise are 
not adopting any aero bin structure for the heavy- 
haul tractor subcategory. 

TABLE III–15—TECHNOLOGY ADOPTION RATES FOR CLASS 7 AND 8 TRACTORS FOR DETERMINING THE 2027 MY 
STANDARDS—Continued 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

Adjustable AESS with Battery 
APU ....................................... N/A N/A N/A N/A N/A N/A 15% 15% 15% 

Adjustable AESS with Auto-
matic Stop-Start ..................... N/A N/A N/A N/A N/A N/A 15% 15% 15% 

Adjustable AESS with FOH ...... N/A N/A N/A N/A N/A N/A 15% 15% 15% 

Transmission 

Manual ....................................... 0% 0% 0% 0% 0% 0% 0% 0% 0% 
AMT ........................................... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Auto ........................................... 30% 30% 30% 30% 30% 30% 30% 30% 30% 
Dual Clutch ................................ 10% 10% 10% 10% 10% 10% 10% 10% 10% 
Top Gear Direct Drive ............... 50% 50% 50% 50% 50% 50% 50% 50% 50% 
Trans. Efficiency ........................ 70% 70% 70% 70% 70% 70% 70% 70% 70% 
Neutral Idle ................................ 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Driveline 

Axle Efficiency ........................... 80% 80% 80% 80% 80% 80% 80% 80% 80% 
6×2, 6×4 Axle Disconnect or 

4×2 Axle ................................. N/A N/A N/A 30% 30% 30% 30% 30% 30% 
Downspeed (Rear Axle Ratio) .. 3.21 3.21 3.21 3.21 3.21 3.21 3.16 3.16 3.16 

Accessory Improvements 

A/C Efficiency ............................ 30% 30% 30% 30% 30% 30% 30% 30% 30% 
Electric Access .......................... 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Other Technologies 

Predictive Cruise Control .......... 40% 40% 40% 40% 40% 40% 40% 40% 40% 
Automated Tire Inflation System 30% 30% 30% 30% 30% 30% 30% 30% 30% 
Tire Pressure Monitoring Sys-

tem ......................................... 70% 70% 70% 70% 70% 70% 70% 70% 70% 
Neutral Coast ............................ 0% 0% 0% 0% 0% 0% 0% 0% 0% 

(e) Adoption Rates Used To Set the 
Heavy-Haul Tractor Standards 

The agencies recognize that certain 
technologies used to determine the 
stringency of the Phase 2 tractor 
standards are less applicable to heavy- 
haul tractors. Heavy-haul tractors are 
not typically used in the same manner 
as long-haul tractors with extended 
highway driving, and therefore will 
experience less benefit from 
aerodynamics. Aerodynamic 
technologies are very effective at 
reducing the fuel consumption and GHG 
emissions of tractors, but only when 
traveling at highway speeds. At lower 
speeds, the aerodynamic technologies 
may have a detrimental impact due to 
the potential of added weight. The 
agencies therefore proposed not 
considering the use of aerodynamic 
technologies in the development of the 
Phase 2 heavy-haul tractor standards. 
Moreover, because aerodynamics will 
not play a role in the heavy-haul 
standards, the agencies proposed to 
combine all of the heavy-haul tractor 
cab configurations (day and sleeper) and 
roof heights (low, mid, and high) into a 

single heavy-haul tractor subcategory. 
We welcomed comment on this 
approach. 80 FR 40233. 

The agencies received comments 
regarding the applicability of 
aerodynamic technologies on heavy- 
haul vehicles. Daimler commented that 
heavy-haul vehicles are designed to 
meet high cooling needs, therefore have 
large radiators and grilles, and are not 
designed primarily for hauling standard 
trailers on the highway. Daimler also 
stated that these vehicles are designed 
to operate off-road or on difficult 
terrain, which also limits the 
application of aerodynamic fairings, and 
that requiring aerodynamic 
improvements on these vehicles, may 
compromise the vehicles’ work. EMA 
supported the agencies’ proposed 
approach of not requiring the use of 
aerodynamic technologies as a 
component of the proposed Phase 2 
heavy-haul tractor standards. EMA 
stated that those vehicles are already 
quite heavy (by virtue of need), are 
designed to meet high-cooling needs 
(thus having, for example, large grilles), 
and generally are not designed for 

hauling standard trailers on highways. 
EMA also stated that those vehicles are 
often designed to be capable of 
operation off-road or on difficult terrain. 
Volvo supported the addition of a 
heavy-haul subcategory since heavy- 
haul tractors require large engines and 
increased cooling capacity that limits 
aerodynamic improvements. Volvo also 
stated the most heavy-haul rigs have 
some requirement for off-road access to 
pick up machinery, bulk goods, and 
unusual loads that also inhibit 
aerodynamic improvements. These 
comments largely echo the agencies’ 
own concerns voiced at proposal. After 
considering these comments, the 
agencies are using a technology package 
that does not use aerodynamic 
improvements in setting the Phase 2 
heavy-haul tractor standards, as we 
proposed.289 

Certain powertrain and drivetrain 
components are also impacted during 
the design of a heavy-haul tractor, 
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including the transmission, axles, and 
the engine. Heavy-haul tractors typically 
require transmissions with 13 or 18 
speeds to provide the ratio spread to 
ensure that the tractor is able to start 
pulling the load from a stop. 
Downspeed powertrains are typically 
not an option for heavy-haul operations 
because these vehicles require more 
torque to move the vehicle because of 
the heavier load. Finally, due to the 
loading requirements of the vehicle, it is 
not likely that a 6x2 axle configuration 
can be used in heavy-haul applications. 
We requested comments on all aspects 
of our heavy-haul tractor technology 
packages. 80 FR 40233. 

We received comments from 
stakeholders about the application of 
technologies other than aerodynamics 
for heavy-haul tractors. Daimler 
commented that the low rolling 
resistance levels in the NPRM are overly 

aggressive because heavy-haul tractors 
require unusually high traction and 
stopping power. Daimler agreed with 
the agencies’ assessment in the NPRM 
that did not include weight reduction 
because these vehicles require strong 
frames and axles to carry heavy loads. 
Volvo commented that heavy-haul 
tractors would not likely be able to 
utilize current SmartWay tires; would 
see no benefit from predictive cruise; 
sometimes utilize an auxiliary 
transmission for further reduction or 
closer ratios; and nearly all heavy-haul 
tractors have deeper drive axle ratios 
than the agencies assumed in the 
NPRM. After considering these 
comments and the information 
regarding the tire rolling resistance 
improvement opportunities, discussed 
in Section III.D.1.b.iii, the agencies have 
adjusted the adoption rate of low rolling 
resistance tires. Consistent with the 

changes made in the final rule for the 
adoption of low rolling resistance tires 
in low and mid roof tractors, the 
agencies did not project any adoption of 
Level 3 tires for heavy-haul tractors in 
the final rule. 

Allison commented that AMTs in the 
NPRM receive a 1.8 percent credit in 
GEM for heavy-haul tractors, yet there is 
no similar credit for ATs. Allison 
commented that since ATs offer similar, 
if not greater, benefits, they should also 
receive credit and that neutral-idle 
recognition should be available. The 
final version of Phase 2 GEM treats ATs 
and AMTs the same for heavy-haul 
tractors as for the other tractors. 

The agencies used the following 
heavy-haul tractor adoption rates for 
developing the final Phase 2 2021, 2024, 
and 2027 MY standards, as shown in 
Table III–16. 

TABLE III–16—APPLICATION RATES FOR HEAVY-HAUL TRACTOR STANDARDS 
[Heavy-haul tractor application rates] 

Engine 

2021 MY 2024 MY 2027 MY 

2021 MY 15L engine 
with 600 HP with 2% 

reduction over 2018 MY 

2024 MY 15L engine 
with 600 HP with 4.2% 

reduction over 2018 MY 

2027 MY 15L engine 
with 600 HP with 5.4% 

reduction over 2018 MY 

Aerodynamics—0% 

Steer Tires 

Phase 1 Baseline: 15% 10% 5% 
Level I ................................................................................... 35% 30% 10% 
Level 2 .................................................................................. 50% 60% 85% 
Level 3 .................................................................................. 0% 0% 0% 

Drive Tires 

Phase 1 Baseline: 15% 10% 5% 
Level I ................................................................................... 35% 30% 10% 
Level 2 .................................................................................. 50% 60% 85% 
Level 3 .................................................................................. 0% 0% 0% 

Transmission 

AMT ............................................................................................. 40% 50% 50% 
Automatic with Neutral Idle .......................................................... 10% 20% 20% 
DCT .............................................................................................. 5% 10% 10% 

Other Technologies 

6×2 Axle ....................................................................................... 0% 0% 0% 
Transmission Efficiency ............................................................... 20% 40% 70% 
Axle Efficiency ............................................................................. 30% 65% 80% 
Predictive Cruise Control ............................................................. 20% 40% 40% 
Accessory Improvements ............................................................ 10% 20% 20% 
Air Conditioner Efficiency Improvements .................................... 10% 20% 20% 
Automatic Tire Inflation Systems ................................................. 20% 25% 30% 
Tire Pressure Monitoring System ................................................ 20% 50% 70% 

The agencies are also adopting in 
Phase 2 provisions that allow the 
manufacturers to meet an optional 
heavy Class 8 tractor standard that 
reflects both aerodynamic 

improvements, along with the 
powertrain requirements that go along 
with higher GCWR. Table III–17 reflects 
the adoption rates for each of the 
technologies for each of the 

subcategories in MY 2021. The 
technology packages closely reflect 
those in the primary Class 8 tractor 
program. The exceptions include less 
aggressive targets for low rolling 
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resistance tires, no 6x2 axle adoption rates, and no downspeeding due to the 
heavier loads of these vehicles. 

TABLE III–17—ADOPTION RATES USED TO DEVELOP THE 2021 MY OPTIONAL HEAVY CLASS 8 TRACTOR STANDARDS 
[Optional heavy class 8 tractor application rates—2021 MY] 

Engine 

Low/mid roof 
day cab 

High roof day 
cab 

Low/mid roof 
sleeper cab 

High roof 
sleeper cab 

2021 MY 
15L Engine 
with 600 HP 

2021 MY 
15L Engine 
with 600 HP 

2021 MY 
15L Engine 
with 600 HP 

2021 MY 
15L Engine 
with 600 HP 

Aerodynamics 

Bin I .................................................................................................................. 10% 0% 10% 0% 
Bin II ................................................................................................................. 10% 0% 10% 0% 
Bin III ................................................................................................................ 70% 60% 70% 60% 
Bin IV ............................................................................................................... 10% 35% 10% 30% 
Bin V ................................................................................................................ 0% 5% 0% 10% 
Bin VI ............................................................................................................... 0% 0% 0% 0% 
Bin VII .............................................................................................................. 0% 0% 0% 0% 

Steer Tires 

Phase 1 Baseline 10% 5% 10% 5% 
Level I .............................................................................................................. 25% 35% 25% 35% 
Level 2 ............................................................................................................. 65% 60% 65% 60% 
Level 3 ............................................................................................................. 0% 0% 0% 0% 

Drive Tires 

Phase 1 Baseline 20% 10% 20% 10% 
Level I .............................................................................................................. 40% 30% 40% 30% 
Level 2 ............................................................................................................. 40% 60% 40% 60% 
Level 3 ............................................................................................................. 0% 0% 0% 0% 

Transmission 

AMT ................................................................................................................. 40% 40% 40% 40% 
Automatic with Neutral Idle .............................................................................. 10% 10% 10% 10% 
DCT .................................................................................................................. 5% 5% 5% 5% 

Other Technologies 

Adjustable AESS w/Diesel APU ...................................................................... N/A N/A 30% 30% 
Adjustable AESS w/Battery APU ..................................................................... N/A N/A 10% 10% 
Adjustable AESS w/Automatic Stop-Start ....................................................... N/A N/A 10% 10% 
Adjustable AESS w/FOH Cold, Main Engine Warm ....................................... N/A N/A 10% 10% 
Adjustable AESS programmed to 5 minutes ................................................... N/A N/A 40% 40% 
Transmission Efficiency ................................................................................... 20% 20% 20% 20% 
Axle Efficiency ................................................................................................. 30% 30% 30% 30% 
Predictive Cruise Control ................................................................................. 20% 20% 20% 20% 
Accessory Improvements ................................................................................ 10% 10% 10% 10% 
Air Conditioner Efficiency Improvements ......................................................... 10% 10% 10% 10% 
Automatic Tire Inflation Systems ..................................................................... 20% 20% 20% 20% 
Tire Pressure Monitoring System .................................................................... 20% 20% 20% 20% 

(f) Derivation of the Final Phase 2 
Tractor Standards 

The agencies used the technology 
effectiveness inputs and technology 
adoption rates to develop GEM inputs to 
derive the HD Phase 2 fuel consumption 
and CO2 emissions standards for each 
subcategory of Class 7 and 8 
combination tractors. Note that we have 
analyzed one technology pathway for 
each level of stringency, but 
manufacturers will be free to use any 
combination of technology to meet the 

standards, as well as the flexibility of 
averaging, banking and trading, to meet 
the standard on average. The agencies 
derived a scenario tractor for each 
subcategory by weighting the individual 
GEM input parameters included in 
Table III–7 with the adoption rates in 
Table III–8 through Table III–10. For 
example, the CdA value for a 2021 MY 
Class 8 Sleeper Cab High Roof scenario 
case was derived as 60 percent times 
5.95 plus 30 percent times 5.40 plus 10 
percent times 4.90, which is equal to a 

CdA of 5.68 m2. Similar calculations 
were made for tire rolling resistance, 
transmission types, idle reduction, and 
other technologies. The agencies 
developed fuel maps that achieved the 
CO2 emissions and fuel consumption 
reductions described in Section 
III.D.1.b. The agencies then ran GEM 
with a single set of vehicle inputs, as 
shown in Table III–18 through Table III– 
21, to derive the final standards for each 
subcategory. Additional detail is 
provided in the RIA Chapter 2.8.4. 
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TABLE III–18—GEM INPUTS FOR THE 2021 MY CLASS 7 AND 8 TRACTOR STANDARD SETTING 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2021 MY 11L 
Engine 350 

HP 

2021 MY 11L 
Engine 350 

HP 

2021 MY 11L 
Engine 350 

HP 

2021 MY 15L 
Engine 455 

HP 

2021 MY 15L 
Engine 455 

HP 

2021 MY 15L 
Engine 455 

HP 

2021 MY 15L 
Engine 455 

HP 

2021 MY 15L 
Engine 455 

HP 

2021 MY 15L 
Engine 455 

HP 

Aerodynamics (CdA in m2) 

5.24 6.33 6.01 5.24 6.33 6.01 5.24 6.33 5.68 

Steer Tires (CRR in kg/metric ton) 

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 

Drive Tires (CRR in kg/metric ton) 

6.6 6.6 6.3 6.6 6.6 6.3 6.6 6.6 6.3 

Extended Idle Reduction Weighted Effectiveness 

N/A N/A N/A N/A N/A N/A 2.3% 2.3% 2.3% 

Transmission = 10 speed Manual Transmission 
Gear Ratios = 12.8, 9.25, 6.76, 4.90, 3.58, 2.61, 1.89, 1.38, 1.00, 0.73 

Drive Axle Ratio = 3.36 for day cabs, 3.31 for sleeper cabs 

6x2 Axle Weighted Effectiveness 

N/A N/A N/A 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 

Transmission Type Weighted Effectiveness = 1.1% 

Neutral Idle Weighted Effectiveness 

0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.02% 0.02% 0.02% 

Direct Drive Weighted Effectiveness = 0.4% 

Transmission Efficiency Weighted Effectiveness = 0.2% 

Axle Efficiency Improvement = 0.6% 

Air Conditioner Efficiency Improvements = 0.1% 

Accessory Improvements = 0.1% 

Predictive Cruise Control = 0.4% 

Automatic Tire Inflation Systems = 0.3% 

Tire Pressure Monitoring System = 0.2% 

Phase 1 Credit Carry-over = 1% 
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TABLE III–19—GEM INPUTS FOR THE 2024 MY CLASS 7 AND 8 TRACTOR STANDARD SETTING 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2024 MY 11L 
Engine 350 

HP 

2024 MY 11L 
Engine 350 

HP 

2024 MY 11L 
Engine 350 

HP 

2024 MY 15L 
Engine 455 

HP 

2024 MY 15L 
Engine 455 

HP 

2024 MY 15L 
Engine 455 

HP 

2024 MY 15L 
Engine 455 

HP 

2024 MY 15L 
Engine 455 

HP 

2024 MY 15L 
Engine 455 

HP 

Aerodynamics (CdA in m2) 

5.16 6.25 5.82 5.16 6.25 5.82 5.16 6.25 5.52 

Steer Tires (CRR in kg/metric ton) 

5.9 5.9 5.8 5.9 5.9 5.8 5.9 5.9 5.8 

Drive Tires (CRR in kg/metric ton) 

6.4 6.4 6.0 6.4 6.4 6.0 6.4 6.4 6.0 

Extended Idle Reduction Weighted Effectiveness 

N/A N/A N/A N/A N/A N/A 2.5% 2.5% 2.5% 

Transmission = 10 speed Manual Transmission 
Gear Ratios = 12.8, 9.25, 6.76, 4.90, 3.58, 2.61, 1.89, 1.38, 1.00, 0.73 

Drive Axle Ratio = 3.31 for day cabs, 3.26 for sleeper cabs 

6x2 Axle Weighted Effectiveness 

N/A N/A N/A 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

Transmission Type Weighted Effectiveness = 1.6% 

Neutral Idle Weighted Effectiveness 

0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.03% 0.03% 0.03% 

Direct Drive Weighted Effectiveness = 1.0% 

Transmission Efficiency Weighted Effectiveness = 0.4% 

Axle Efficiency Improvement = 1.3% 

Air Conditioner Efficiency Improvements = 0.1% 

Accessory Improvements = 0.2% 

Predictive Cruise Control = 0.8% 

Automatic Tire Inflation 

Tire Pressure Monitoring System = 0.5% 
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TABLE III–20—GEM INPUTS FOR THE 2027 MY CLASS 7 AND 8 TRACTOR STANDARD SETTING 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof Low roof Mid roof High roof 

Engine 

2027 MY 11L 
Engine 350 

HP 

2027 MY 11L 
Engine 350 

HP 

2027 MY 11L 
Engine 350 

HP 

2027 MY 15L 
Engine 455 

HP 

2027 MY 15L 
Engine 455 

HP 

2027 MY 15L 
Engine 455 

HP 

2027 MY 15L 
Engine 455 

HP 

2027 MY 15L 
Engine 455 

HP 

2027 MY 15L 
Engine 455 

HP 

Aerodynamics (CdA in m2) 

5.12 6.21 5.67 5.12 6.21 5.67 5.08 6.21 5.26 

Steer Tires (CRR in kg/metric ton) 

5.8 5.8 5.6 5.8 5.8 5.6 5.8 5.8 5.6 

Drive Tires (CRR in kg/metric ton) 

6.2 6.2 5.8 6.2 6.2 5.8 6.2 6.2 5.8 

Extended Idle Reduction Weighted Effectiveness 

N/A N/A N/A N/A N/A N/A 3% 3% 3% 

Transmission = 10 speed Manual Transmission 

Gear Ratios = 12.8, 9.25, 6.76, 4.90, 3.58, 2.61, 1.89, 1.38, 1.00, 0.73 

Drive Axle Ratio = 3.21 for day cabs, 3.16 for sleeper cabs 

6x2 Axle Weighted Effectiveness 

N/A N/A N/A 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 

Transmission Type Weighted Effectiveness = 1.6% 

Neutral Idle Weighted Effectiveness 

0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.03% 0.03% 0.03% 

Direct Drive Weighted Effectiveness = 1.0% 

Transmission Efficiency Weighted Effectiveness = 0.7% 

Axle Efficiency Improvement = 1.6% 

Air Conditioner Efficiency Improvements = 0.3% 

Accessory Improvements = 0.2% 

Predictive Cruise Control = 0.8% 

Automatic Tire Inflation Systems = 0.4% 

Tire Pressure Monitoring System = 0.7% 

TABLE III–21—GEM INPUTS FOR 2021, 2024 AND 2027 MY HEAVY-HAUL TRACTOR STANDARDS 

2021 MY 2024 MY 2027 MY 

Engine = 2021 MY 15L Engine with 600 HP ..... Engine = 2024 MY 15L Engine with 600 HP .. Engine = 2027 MY 15L Engine with 600 HP. 

Aerodynamics (CdA in m2) = 5.00 

Steer Tires (CRR in kg/metric ton) = 6.2 ........... Steer Tires (CRR in kg/metric ton) = 6.0 ......... Steer Tires (CRR in kg/metric ton) = 5.8. 
Drive Tires (CRR in kg/metric ton) = 6.6 ........... Drive Tires (CRR in kg/metric ton) = 6.4 ......... Drive Tires (CRR in kg/metric ton) = 6.2. 
Transmission = 18 speed Manual Transmission Transmission = 18 speed Manual Trans-

mission.
Transmission = 18 speed Manual Trans-

mission. 
Drive axle Ratio = 3.70 ...................................... Drive axle Ratio = 3.70 .................................... Drive axle Ratio = 3.70. 
6x2 Axle Weighted Effectiveness = 0% ............. 6x2 Axle Weighted Effectiveness = 0% .......... 6x2 Axle Weighted Effectiveness = 0%. 
Transmission benefit = 1.1% .............................. Transmission benefit = 1.8% ........................... Transmission benefit = 1.8%. 
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TABLE III–21—GEM INPUTS FOR 2021, 2024 AND 2027 MY HEAVY-HAUL TRACTOR STANDARDS—Continued 

2021 MY 2024 MY 2027 MY 

Transmission Efficiency = 0.2% ......................... Transmission Efficiency = 0.4% ...................... Transmission Efficiency = 0.7%. 
Axle Efficiency = 0.3% ....................................... Axle Efficiency = 0.7% ..................................... Axle Efficiency = 1.6%. 
Predictive Cruise Control = 0.4% ....................... Predictive Cruise Control = 0.8% .................... Predictive Cruise Control = 0.8%. 
Accessory Improvements = 0.1% ...................... Accessory Improvements = 0.2% .................... Accessory Improvements = 0.3%. 
Air Conditioner Efficiency Improvements = 0.1% Air Conditioner Efficiency Improvements = 

0.1%.
Air Conditioner Efficiency Improvements = 

0.2%. 
Automatic Tire Inflation Systems = 0.3% ........... Automatic Tire Inflation Systems = 0.3% ........ Automatic Tire Inflation Systems = 0.4%. 
Tire Pressure Monitoring System = 0.2% .......... Tire Pressure Monitoring System = 0.5% ....... Tire Pressure Monitoring System = 0.7%. 

The agencies ran GEM with a single 
set of vehicle inputs, as shown in Table 
III–22, to derive the optional standards 

for each subcategory of the Heavy Class 
8 tractors (see Section III.C.(4)(a)). 

TABLE III–22—GEM INPUTS FOR 2021 MY OPTIONAL HEAVY CLASS 8 TRACTOR STANDARDS 
[Heavy Class 8 GEM inputs for 2021 MY] 

Day cab Sleeper cab 

Low roof Mid roof High roof Low roof Mid roof High roof 

2021 MY 15L Engine 600 HP 

Aerodynamics (CdA in m 2) 

5.2 6.3 6.0 5.2 6.3 5.7 

Steer Tires (CRR in kg/metric ton) 

6.1 6.1 6.1 6.1 6.1 6.1 

Drive Tires (CRR in kg/metric ton) 

6.8 6.8 6.5 6.8 6.8 6.5 

Extended Idle Reduction Weighted Effectiveness 

N/A N/A N/A 2.3% 2.3% 2.3% 

Transmission = 18 speed Manual Transmission 

Drive Axle Ratio = 3.73 

Transmission Type Weighted Effectiveness = 1.1% 

Neutral Idle Weighted Effectiveness 

0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 

Direct Drive Weighted Effectiveness = 0.4% 

Transmission Efficiency Weighted Effectiveness = 0.2% 

Axle Efficiency Improvement = 0.6% 

Air Conditioner Efficiency Improvements = 0.1% 

Accessory Improvements = 0.1% 

Predictive Cruise Control = 0.4% 

Automatic Tire Inflation Systems = 0.3% 

Tire Pressure Monitoring System = 0.2% 

The level of the final Phase 2 2027 
model year standards, and the phase-in 
standards in model years 2021 and 2024 

for each subcategory, is shown in Table 
III–23. 
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TABLE III–23—FINAL PHASE 2 2021, 2024, AND 2027 MODEL YEAR TRACTOR STANDARDS 

Day cab Sleeper cab Heavy-haul 

Class 7 Class 8 Class 8 Class 8 

2021 Model Year CO2 Grams per Ton-Mile 

Low Roof .......................................................................................................... 105.5 80.5 72.3 52.4 
Mid Roof .......................................................................................................... 113.2 85.4 78.0 
High Roof ......................................................................................................... 113.5 85.6 75.7 

2021 Model Year Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 10.36346 7.90766 7.10216 5.14735 
Mid Roof .......................................................................................................... 11.11984 8.38900 7.66208 
High Roof ......................................................................................................... 11.14931 8.40864 7.43615 

2024 Model Year CO2 Grams per Ton-Mile 

Low Roof .......................................................................................................... 99.8 76.2 68.0 50.2 
Mid Roof .......................................................................................................... 107.1 80.9 73.5 
High Roof ......................................................................................................... 106.6 80.4 70.7 

2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 9.80354 7.48527 6.67976 4.93124 
Mid Roof .......................................................................................................... 10.52063 7.94695 7.22004 
High Roof ......................................................................................................... 10.47151 7.89784 6.94499 

2027 Model Year CO2 Grams per Ton-Mile a 

Low Roof .......................................................................................................... 96.2 73.4 64.1 48.3 
Mid Roof .......................................................................................................... 103.4 78.0 69.6 
High Roof ......................................................................................................... 100.0 75.7 64.3 

2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile 

Low Roof .......................................................................................................... 9.44990 7.21022 6.29666 4.74460 
Mid Roof .......................................................................................................... 10.15717 7.66208 6.83694 
High Roof ......................................................................................................... 9.82318 7.43615 6.31631 

Note: 
a The 2027 MY high roof tractor standards include a 0.3 m2 reduction in CdA as described in Section III.E.2.a.vii. 

The level of the Phase 2 2027 model 
year optional Heavy Class 8 standards is 
shown in Table III–24. 

TABLE III–24—PHASE 2 OPTIONAL HEAVY CLASS 8 STANDARDS 
[Optional heavy Class 8 tractor standards] 

Low roof day cab Mid roof day cab High roof day cab Low roof sleeper cab Mid roof sleeper cab High roof sleeper cab 

2021 Model Year CO2 Standards (Grams per Ton-Mile) 

51.8 54.1 54.1 45.3 47.9 46.9 

2021 MY and Later Fuel Consumption (Gallons of Fuel per 1,000 Ton-Mile) 

5.08841 5.31434 5.31434 4.44990 4.70530 4.60707 

(g) Technology Costs of the Final Phase 
2 Tractor Standards 

A summary of the technology package 
costs is included in Table III–15 through 
Table III–17 for MYs 2021, 2024, and 
2027, respectively, with additional 
details available in the RIA Chapter 
2.12. 

The agencies received several 
comments related to the APU, tire, and 

aerodynamic technology costs used by 
the agencies at proposal. As noted in 
Section III.C.3 above, ATA, First 
Industries, and Daimler commented that 
APU costs are substantially higher than 
the figures in the proposal. PACCAR 
commented that the cost of a diesel or 
battery-based APU is $8,570 to $11,263. 
EMA commented that the direct per- 
chassis cost of a diesel APU is 

approximately $8,500–$10,100 and 
approximately $11,300 for battery/ 
electric APUs. Volvo commented that 
APU prices can vary between $9,500 
and $11,000 depending on the type. 
Schneider commented that an electronic 
APU will have an initial cost of at least 
$5,000 and engine powered APUs are 2 
to 3 times the electric costs. 
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290 U.S. DOT/NHTSA. Commercial Medium- and 
Heavy-Duty Truck Fuel Efficiency Technology Cost 
Study. May 2015. Page 71. 

291 Truckinginfo. TMC Survey Reveals 
Misinformed View of Fuel-Efficient Tires. March 
2015. 

292 North American Council for Freight 
Efficiency. Confidence Findings on the Potential of 
6x2 Axles. 2014. 

EPA considered the comments and 
more closely evaluated NHTSA’s 
contracted TetraTech cost report found 
the retail price of a diesel-powered APU 
with a DPF to be $10,000.290 The 
agencies used a retail price of a diesel- 
powered APU to be $8,000 without a 
DPF and $10,000 with a DPF in the cost 
analysis for this final rulemaking. 

ATA and First Industries commented 
that the LRR tire costs calculations 
appear to be based on calculations on 
1999 data indexed for inflation. 
Michelin’s comments stated that they 
estimate the cost of low rolling 
resistance tires to be about $25 per tire. 
ATA commented that the industry 
commonly sees a 40 percent reduction 
in useful life and a 20 percent reduction 
in casing life resulting from low rolling 
resistance tires. ATA and First 
Industries commented that the LRR tire 
costs do not account for reduced tire life 
resulting in fewer retreads. Schneider 
commented that WBS tire costs must 
include additional service costs, cost of 
reduced tire life, and increased 
replacement tire costs due to recaps not 
available, and reduced resale value. 
Volvo also commented that heavy-duty 
fleets expect to retread tires as many as 
five times and have concerns that tire 
casing durability may be compromised 
with low rolling resistance tires. Volvo 
stressed that retreading saves cost and 
about two thirds of the oil required to 
produce a new tire. 

We have estimated the cost of lower 
rolling resistance tires based on an 
estimate from TetraTech of $30 (retail, 
2013$). We also have applied a 
‘‘medium’’ complexity markup value for 
the more advanced low rolling 
resistance tires. We expect that, when 
replaced, the lower rolling resistance 
tires would be replaced by equivalent 
performing tires throughout the vehicle 
lifetime. As such, the incremental 
increases in costs for lower rolling 
resistance tires would be incurred 
throughout the vehicle lifetime at 
intervals consistent with current tire 
replacement intervals. A recent study 
conducted by ATA’s Technology and 
Maintenance Council found through 
surveys of 51 fleets that low rolling 

resistance tires and wide base single 
tires lasted longer than standard tractor 
tires.291 Due to the uncertainty 
regarding the life expectancy of the LRR 
tires, we maintained the current tire 
replacement intervals in our cost 
analysis. 

ATA and First Industries commented 
that the estimated costs of future 
aerodynamic devices appear low given 
the historical nature of the proposed 
changes. ATA and First Industries also 
commented that the agencies should 
describe in detail the component 
packages they expect to satisfy each bin 
level, cost breakdowns of these 
individual components, and how this 
technology will be modified over time 
to maintain compliance with 
increasingly stringency levels. The 
agencies included the technology cost of 
aerodynamic improvements, such as 
wheel covers and active grill shutters, in 
RIA Chapter 2.11. 

The agencies also received comments 
associated with other costs that should 
be considered related to the 
technologies, specifically 6x2 axle 
configurations, tire pressure monitoring 
and inflation system, and APUs. ATA 
and First Industries commented that the 
agencies should include additional tire 
wear and negative residual values 
associated with 6x2 axles. Schneider 
commented that 6x2 axle configurations 
cost should include loss on resale value, 
increased tire wear, and cost for 
electronic technology to improve 
traction. ATA and First Industries 
commented that the cost estimates for 
tire inflation systems and TPMS must 
include warranty limitations, useful life, 
maintenance and replacement costs, as 
well as costs of false warnings and 
increased operation of the air 
compressor. Doran cited a FMCSA study 
that found TPMS and ATIS reduce road 
calls for damaged tires and reduced 
number of tire replacements and did not 
introduce unscheduled maintenance. 
Schneider commented that an electronic 
APU will have maintenance of $500 per 
year and engine powered APUs must 
also include maintenance costs. 
Caterpillar requested that the agencies 
take a total cost of ownership approach 

when considering the technology 
feasibility and adoption rates. 

With respect to costs, all of the 
agencies’ technology cost analyses 
include both direct and indirect costs. 
Indirect costs include items such as 
warranty. In terms of maintenance, the 
presence of tire inflation management 
systems, should serve to improve tire 
maintenance intervals and perhaps 
reduce vehicle downtime due to tire 
issues; they may also carry with them 
some increased maintenance costs to 
ensure that the tire inflation systems 
themselves remain in proper operation. 
For the analysis, we have considered 
these two competing factors to cancel 
each other out. The agencies also 
considered the maintenance impact of 
6x2 axles. As noted in the NACFE 
Confidence Report on 6x2 axles, the 
industry expects an overall reduction in 
maintenance costs and labor for vehicles 
with a 6x2 configuration as compared to 
a 6x4 configuration.292 Among other 
savings, the reduction in number of 
parts, such as the interaxle drive shaft, 
will reduce the number of lubrication 
procedures needed and reduce the 
overall quantity of differential fluid 
needed at change intervals. The 
agencies have taken an approach to the 
maintenance costs for the 6x2 
technology where we believe that the 
overall impact will be zero. The 
agencies added maintenance costs for 
diesel powered APUs, battery powered 
APUs, and diesel fired heaters into the 
cost analysis for the final rulemaking, as 
described in RIA Chapter 7.2.3. In 
response to Caterpillar’s comment, the 
agencies considered the total cost of 
ownership during the payback 
calculations, included in RIA Chapter 7 
of the final rule. The payback 
calculations include the hardware costs 
of the new technologies and their 
associated fixed costs, increased 
insurance, taxes, and maintenance. The 
agencies found that for each category of 
vehicle—tractor/trailers, vocational 
vehicles, and HD pickups and vans— 
included in the Phase 2 rule that the 
fuel savings significantly exceed the 
costs associated with the technologies 
over the lifetime of the vehicles. 
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TABLE III–25—CLASS 7 AND 8 TRACTOR TECHNOLOGY INCREMENTAL COSTS IN THE 2021 MODEL YEAR a b FINAL 
STANDARD VS. THE FLAT BASELINE 

[2013$ per vehicle] 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid roof High roof Low/mid roof High roof Low roof Mid roof High roof 

Engine c ........................ $284 $284 $284 $284 $284 $284 $284 
Aerodynamics .............. 164 299 164 299 119 119 349 
Tires ............................. 39 9 61 16 61 56 16 
Tire inflation system ..... 259 259 300 300 300 300 300 
Transmission ................ 4,096 4,096 4,096 4,096 4,096 4,096 4,096 
Axle Efficiency .............. 71 71 101 101 101 101 101 
Idle reduction ............... 0 0 0 0 1,998 1,998 1,909 
Air conditioning ............ 17 17 17 17 17 17 17 
Other vehicle tech-

nologies .................... 204 204 204 204 204 204 204 

Total ...................... 5,134 5,240 5,228 5,317 7,181 7,175 7,276 

Notes: 
a Costs shown are for the 2021 model year and are incremental to the costs of a baseline tractor meeting the Phase 1 standards. These costs 

include indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis 
and how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.12). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated tractor classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.12 
in particular). 

c Engine costs are for a heavy HD diesel engine meant for a combination tractor. The engine costs in this table are equal to the engine costs 
associated with the separate engine standard because both include the same set of engine technologies (see Section II.D.2.d.i). 

TABLE III–26—CLASS 7 AND 8 TRACTOR TECHNOLOGY INCREMENTAL COSTS IN THE 2024 MODEL YEAR a b PREFERRED 
ALTERNATIVE VS. THE FLAT BASELINE 

[2013$ per vehicle] 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid roof High roof Low/mid roof High roof Low roof Mid roof High roof 

Engine c ........................ $712 $712 $712 $712 $712 $712 $712 
Aerodynamics .............. 264 465 264 465 217 217 467 
Tires ............................. 40 12 65 20 65 65 20 
Tire inflation system ..... 383 383 477 477 477 477 477 
Transmission ................ 6,092 6,092 6,092 6,092 6,092 6,092 6,092 
Axle Efficiency .............. 139 139 185 185 185 185 185 
Idle reduction ............... 0 0 0 0 2,946 2,946 2,946 
Air conditioning ............ 32 32 32 32 32 32 32 
Other vehicle tech-

nologies .................... 374 374 374 374 374 374 374 

Total ...................... 8,037 8,210 8,201 8,358 11,100 11,100 11,306 

Notes: 
a Costs shown are for the 2024 model year and are incremental to the costs of a baseline tractor meeting the Phase 1 standards. These costs 

include indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis 
and how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.12). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated tractor classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.12). 

c Engine costs are for a heavy HD diesel engine meant for a combination tractor. The engine costs in this table are equal to the engine costs 
associated with the separate engine standard because both include the same set of engine technologies (see Section II.D.2.d.i). 

TABLE III–27—CLASS 7 AND 8 TRACTOR TECHNOLOGY INCREMENTAL COSTS IN THE 2027 MODEL YEAR a b PREFERRED 
ALTERNATIVE VS. THE FLAT BASELINE 

[2013$ per vehicle] 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid roof High roof Low/mid roof High roof Low roof Mid roof High roof 

Engine c ........................ $1,579 $1,579 $1,579 $1,579 $1,579 $1,579 $1,579 
Aerodynamics .............. 453 547 453 547 415 415 639 
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TABLE III–27—CLASS 7 AND 8 TRACTOR TECHNOLOGY INCREMENTAL COSTS IN THE 2027 MODEL YEAR a b PREFERRED 
ALTERNATIVE VS. THE FLAT BASELINE—Continued 

[2013$ per vehicle] 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

Low/mid roof High roof Low/mid roof High roof Low roof Mid roof High roof 

Tires ............................. 43 12 70 20 70 70 20 
Tire inflation system ..... 469 469 594 594 594 594 594 
Transmission ................ 7,098 7,098 7,098 7,098 7,098 7,098 7,098 
Axle Efficiency .............. 168 168 220 220 220 220 220 
Idle reduction ............... 0 0 0 0 3,134 3,173 3,173 
Air conditioning ............ 45 45 45 45 45 45 45 
Other vehicle tech-

nologies .................... 380 380 380 380 380 380 380 

Total ...................... 10,235 10,298 10,439 10,483 13,535 13,574 13,749 

Notes: 
a Costs shown are for the 2027 model year and are incremental to the costs of a baseline tractor meeting the Phase 1 standards. These costs 

include indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis 
and how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.12). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated tractor classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.12 
in particular). 

c Engine costs are for a heavy HD diesel engine meant for a combination tractor. The engine costs in this table are equal to the engine costs 
associated with the separate engine standard because both include the same set of engine technologies (see Section II.D.2.d.i). 

The technology costs associated with 
the heavy-haul tractor standards are 
shown below in Table III–28. 

TABLE III–28—HEAVY-HAUL TRACTOR TECHNOLOGY INCREMENTAL COSTS IN THE 2021, 2024, AND 2027 MODEL YEAR a b 
PREFERRED ALTERNATIVE VS. THE FLAT BASELINE 

[2013$ per vehicle] 

2021 MY 2024 MY 2027 MY 

Engine c ........................................................................................................................................ $284 $712 $1,579 
Tires ............................................................................................................................................. 61 65 70 
Tire inflation system ..................................................................................................................... 300 477 594 
Transmission ................................................................................................................................ 4,096 6,092 7,098 
Axle Efficiency ............................................................................................................................. 101 185 220 
Air conditioning ............................................................................................................................ 17 32 45 
Other vehicle technologies .......................................................................................................... 204 374 380 

Total ...................................................................................................................................... 5,063 7,937 9,986 

Notes: 
a Costs shown are for the specified model year and are incremental to the costs of a baseline tractor meeting the Phase 1 standards. These 

costs include indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this 
analysis and how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.12). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated tractor classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.12 
in particular). 

c Engine costs are for a heavy HD diesel engine meant for a combination tractor. 

(2) Consistency of the Tractor Standards 
With the Agencies’ Legal Authority 

The HD Phase 2 standards are based 
on adoption rates for technologies that 
the agencies regard as the maximum 
feasible for purposes of EISA Section 
32902(k) and appropriate under CAA 
section 202(a) for the reasons given in 
Section III.D.1(b) through (d) above; see 
also RIA Chapter 2.8. The agencies 
believe these technologies can be 
adopted at the estimated rates for these 
standards within the lead time 

provided, as discussed above and in RIA 
Chapter 2.8. The 2021 and 2024 MY 
standards are phase-in standards on the 
path to the 2027 MY standards and were 
developed using less aggressive 
application rates and therefore have 
lower technology package costs than the 
2027 MY standards. Moreover, we 
project the cost of these technologies 
will be rapidly recovered by operators 
due to the associated fuel savings, as 
shown in the payback analysis included 
in Section IX below. The cost per tractor 

to meet the 2027 MY standards is 
projected to range between $10,200 and 
$13,700 (which includes the cost of the 
engine standards). See Table III–25 
above. Much or all of this will be 
recovered in the form of fuel savings 
during the first two years of ownership. 
The agencies note that while the 
projected costs per vehicle are 
significantly greater than the costs 
projected for Phase 1, we still consider 
that cost to be reasonable, especially 
given the relatively short payback 
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293 See RIA Chapter 7.2.4. 
294 Auto Remarketing. Length of Ownership 

Returning to More Normal Levels; New 
Registrations Continue Slow Climb. April 1, 2013. 
Last accessed on February 26, 2015 at http://
www.autoremarketing.com/trends/length- 
ownership-returning-more-normal-levels-new- 
registrations-continue-slow-climb. 

295 North American Council for Freight 
Efficiency. Barriers to Increased Adoption of Fuel 
Efficiency Technologies in Freight Trucking. July 
2013. Page 24. 

296 See RIA Chapter 7.2.5 and Memo to Docket 
‘‘Tractor-Trailer Cost per Ton Values.’’ July 2016. 
EPA–HQ–OAR–2014–0827. 

297 If using a cost effectiveness metric that treats 
fuel savings as a negative cost, net costs per ton of 
GHG emissions reduced or per gallon of avoided 
fuel consumption will be negative under these 
standards. 

period. In this regard the agencies note 
that the estimated payback period for 
tractors of less than two years,293 is 
itself shorter than the estimated payback 
period for light duty trucks in the 2017– 
2025 light duty greenhouse gas 
standards. That period was slightly over 
three years, see 77 FR 62926–62927, 
which EPA found to be a highly 
reasonable given the usual period of 
ownership of light trucks is typically 
five years.294 The same is true here. 
Ownership of new tractors is 
customarily four to six years, meaning 
that the greenhouse gas and fuel 
consumption technologies pay for 
themselves early on and the purchaser 
sees overall savings in succeeding 
years—while still owning the vehicle.295 
The agencies note further that the costs 
for each subcategory are relatively 
proportionate; that is, costs of any single 
tractor subcategory are not 
disproportionately higher (or lower) 
than any other. Although the rule is 
technology-forcing (especially with 
respect to aerodynamic and drivetrain 
efficiency improvements), the agencies 
believe that manufacturers retain leeway 
to develop alternative compliance paths, 
increasing the likelihood of the 
standards’ successful implementation. 
The agencies also regard these 
reductions as cost-effective, even 

without considering payback period. 
The agencies estimate the cost per 
metric ton of CO2eq reduction without 
considering fuel savings to be $36 for 
tractor-trailers in 2030 which compares 
favorably with the levels of cost 
effectiveness the agencies found to be 
reasonable for light duty trucks.296 297 
See 77 FR 62922. The phase-in 2021 and 
2024 MY standards are less stringent 
and less costly than the 2027 MY 
standards and hence likewise 
reasonable. For these reasons, and 
because the agencies have carefully 
considered lead time and shown that 
lead time is adequate, EPA believes they 
are also reasonable under Section 202(a) 
of the CAA. Given that the agencies 
believe these standards are technically 
feasible, are highly cost effective, and 
even more highly cost effective when 
accounting for the fuel savings, and 
have no apparent adverse potential 
impacts (e.g., there are no projected 
negative impacts on safety or vehicle 
utility, and EPA has taken steps to avoid 
adverse collateral consequences from 
use of APUs without filter-based 
particulate controls), these standards 
represent a reasonable choice under 
Section 202(a)(2) of the CAA and the 
maximum feasible under NHTSA’s EISA 
authority at 49 U.S.C. 32902(k)(2). 

(3) Alternative Tractor Standards 
Considered 

The agencies developed and 
considered other alternative levels of 
stringency for the Phase 2 program. The 
results of the analysis of these 
alternatives are discussed below in 
Section X of the Preamble. For tractors, 
the agencies developed the following 
alternatives as shown in Table III–29. 
The agencies are not adopting standards 
reflecting Alternative 2, because as 
already described, technically feasible 
standards are available that provide for 
greater emission reductions and reduced 
fuel consumption than provided under 
Alternative 2. The agencies are not 
adopting standards reflecting 
Alternative 4 or Alternative 5 in their 
entirety because we do not believe to be 
feasible considering lead time and other 
relevant factors. However, we note that 
the tractor standards are predicated on 
the adoption of engine technology 
beyond what was projected in 
Alternative 4 of the NPRM. In addition, 
the final rule stringency includes 
additional technologies for tractors that 
were not considered in any of the 
alternatives analyzed in the NPRM— 
axle efficiency, transmission efficiency, 
adjustable automatic engine shutdown 
systems, and tire pressure monitoring 
systems. 

TABLE III–29—SUMMARY OF ALTERNATIVES CONSIDERED FOR THE FINAL RULEMAKING 

Alternatives 1a and 1b No action alternatives 

Alternative 2 .................................... Less Stringent than the Preferred Alternative applying off-the-shelf technologies. 
Preferred Alternative ....................... Final Phase 2 standards, fully phased-in by 2027 MY. 
Alternative 4 .................................... Alternative presented in the NPRM that pulls ahead the proposed 2027 MY standards to 2024 MY. 
Alternative 5 .................................... Alternative based on very high market adoption of advanced technologies. 

E. Phase 2 Compliance Provisions for 
Tractors 

In HD Phase 1, the agencies 
developed an entirely new program to 
assess the CO2 emissions and fuel 
consumption of tractors. The agencies 
are carrying over many aspects of the 
Phase 1 compliance approach, but we 
are also adopting changes to enhance 
several aspects of the compliance 
program. The sections below highlight 
the key areas that are the same and 
those that are different. 

(1) HD Phase 2 Compliance Provisions 
That Remain the Same 

The overall Phase 2 regulatory 
structure is discussed in more detail 
above in Section II. This section 
discusses tractor-specific compliance 
provisions. 

(a) Application and Certification Process 

For the Phase 2 final rule, the 
agencies are keeping many aspects of 
the HD Phase 1 tractor compliance 
program. For example, the agencies will 
continue to use GEM (as revised for 
Phase 2), in coordination with 

additional component testing by 
manufacturers to determine the inputs, 
to determine compliance with the fuel 
efficiency and CO2 standards. Another 
aspect that we are carrying over is the 
overall compliance approach. EMA’s 
and the HD manufacturers’ comments 
supported the continued use of GEM 
and did not support chassis-based 
certification. 

In Phase 1 and as finalized in Phase 
2, the general compliance process in 
terms of the pre-model year, during the 
model year, and post model year 
activities remains unchanged. The 
manufacturers will be required to apply 
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for certification through a single source, 
EPA, with limited sets of data and GEM 
results (see 40 CFR 1037.205). EPA will 
issue certificates upon approval based 
on information submitted through the 
VERIFY database (see 40 CFR 1037.255). 
In Phase 1, EPA and NHTSA jointly 
review and approve innovative 
technology requests, i.e. performance of 
any technology whose performance is 
not measured by the GEM simulation 
tool and is not in widespread use in the 
2010 MY. For Phase 2, the agencies are 
adopting a similar process for allowing 
credits for off-cycle technologies that are 
not measured by the GEM simulation 
tool, although the revised GEM now 
recognizes many more technologies than 
the Phase 1 version of GEM, notably 
drivetrain and transmission 
improvements, so fewer technologies 
would be candidates for off-cycle credits 
(see Section I.B.v. for a more detailed 
discussion of off-cycle requests). During 
the model year, the manufacturers will 
continue to generate certification data 
and conduct GEM runs on each of the 
vehicle configurations it builds. After 
the model year ends, the manufacturers 
will submit end of year reports to EPA 
that include the GEM results for all of 
the configurations it builds, along with 
credit/deficit balances if applicable (see 
40 CFR 1037.250 and 1037.730). EPA 
and NHTSA will jointly coordinate on 
any enforcement action required. 

(b) Compliance Requirements 
As proposed in Phase 2, the agencies 

did not adopt any provisions in the final 
Phase 2 rules that significantly change 
the following Phase 1 provisions: 
• Useful life of tractors (40 CFR 

1037.105(e) and 1037.106(e)) although 
added for NHTSA in Phase 2 (49 CFR 
535.5) 

• Emission-related warranty 
requirements (40 CFR 1037.120) 

• Maintenance instructions, allowable 
maintenance, and amending 
maintenance instructions (40 CFR 
1037.125 and 137.220) 

• Deterioration factors (40 CFR 
1037.205(l) and 1037.241(c)) 

• Vehicle family, subfamily, and 
configurations (40 CFR 1037.230), 
except for the addition of a heavy- 
haul family in Phase 2 

(c) Drive Cycle Speed Targets and 
Weightings 

In Phase 1, the agencies adopted three 
drive cycles used in GEM to evaluate 
the fuel consumption and CO2 
emissions from various vehicle 
configurations. One of the cycles is the 
Transient mode of the California ARB 
Heavy Heavy-Duty Truck 5 Mode cycle. 
It is intended to broadly cover urban 

driving. The other two cycles represent 
highway driving at 55 mph and 65 mph. 

The agencies proposed to maintain 
the existing Phase 1 drive cycle speed 
traces and weightings in Phase 2. In the 
Phase 2 proposal sleeper cab weightings 
would remain 5 percent of the Transient 
cycle, 9 percent of the 55 mph cycle, 
and 86 percent of the 65 mph cycle. The 
day cabs would be weighted based on 
19 percent of the transient cycle, 17 
percent of the 55 mph cycle, and 64 
percent of the 65 mph cycle (see 
proposed 40 CFR 1037.510(c) and 80 FR 
40242). In response to the Phase 2 
NPRM, the American Trucking 
Associations (ATA) submitted 
comments based on spot speed records 
throughout the month of May 2015. This 
study found that Class 8 trucks operated 
at speeds of 55 mph or less 57 percent 
of the time. United Parcel Service (UPS) 
stated that their Class 8 tractor-trailers 
average 54 miles per hour in part 
because they use vehicle speed limiters 
in their fleet. UPS also shared ATA’s 
comments on the spot speed records. 
Daimler stated that they did not see a 
benefit of increasing the amount of low 
speed operation for tractors, unless the 
EPA–NREL work supported the need for 
a change. 

The agencies considered these 
comments along with the information 
that was used to derive the drive cycle 
weightings in Phase 1. The agencies did 
not receive any new drive cycle 
weighting data for tractors from the 
EPA–NREL work. The agencies believe 
that the study cited by ATA includes 
weightings of speed records, which 
represent the fraction of time spent at a 
given speed. However, our drive cycle 
weightings represent the fraction of 
vehicle miles traveled (VMT). The 
agencies used the vehicle speed 
information provided in the ATA 
comments and translated the weightings 
to VMT. Based on our assessment 
shown in RIA Chapter 3.4.3, their 
findings produce weightings that are 
approximately 74 percent of the vehicle 
miles traveled are at speeds greater than 
55 mph and 26 percent less than 55 
mph. In addition, the study cited by 
ATA represents ‘‘Class 8 trucks’’ which 
would include day cab tractors, sleeper 
cab tractors, and heavy heavy-duty 
vocational trucks. Based on this 
assessment, the agencies do not believe 
this new information is significantly 
different than the drive cycle weightings 
that were proposed. Therefore, we are 
adopting the drive cycle weightings for 
tractors that we adopted for Phase 1 and 
proposed for Phase 2. 

Both in the Phase 1 program and as 
proposed in the Phase 2 program, the 55 
mph and 65 mph drive cycles used in 

GEM assume a constant target speed 
with downshifting occurring if road 
incline causes a predetermined drop in 
vehicle speed. In real-world vehicle 
operation, traffic conditions and other 
factors may cause periodic operation at 
lower (e.g. creep) or variable vehicle 
speeds. In the Phase 2 NPRM, the 
agencies requested comment on the 
need to include segments of lower or 
variable speed operation in the 
nominally 55 mph and 65 mph drive 
cycles used in GEM and how this may 
or may not impact the strategies 
manufacturers would develop. 80 FR 
80242. 

In response, ACEEE commented that 
NREL found that constant speeds on 
positive and negative grades 
misrepresent the real world operation of 
HD trucks because there is a strong 
correlation between road grade and 
average speed. Daimler commented that 
for regulatory purposes using a constant 
speed cycle with representative road 
grade is appropriate, noting as well that 
some manufacturers use a constant 
speed cycle in their internal 
development processes and have found 
it correlates well to real world 
operation. They also highlight the 
concern that it would be extremely 
difficult to develop traffic patterns that 
represent a national average. However, 
Daimler also stated in their comments 
that they do see a benefit of allowing 
increased variability in the vehicle 
speeds in the 55 and 65 mph cycles, for 
evaluating the effectiveness of 
technologies such as predictive cruise 
control. 

After considering these comments and 
evaluating the final Phase 2 version of 
GEM, the agencies are adopting in the 
Phase 2 final rules constant target speed 
for the 55 mph and 65 mph cycles, as 
adopted in Phase 1. One key difference 
in Phase 2 is the addition of road grade 
in these cruise cycles, as discussed 
below in Section III.E.2. The addition of 
road grade to the cruise cycles brings 
the GEM simulation of vehicles over the 
drive cycles closer to the real world 
operation described by ACEEE and 
Daimler. Even though the cruise cycles 
will continue to have constant target 
speeds (55 mph or 65 mph), the vehicle 
may slow down from the target speed of 
the cycle on an uphill stretch of road 
due to the addition of road grade in the 
Phase 2 cycles. If the vehicle does slow 
down, the transmission shift logic built 
into GEM will downshift the 
transmission to limit the amount of 
further vehicle deceleration. Similarly, 
on the downhill portions of the cycles, 
the driver control logic built into GEM 
will allow the vehicle to exceed the 
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298 ICF International. Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-road Vehicles. July 2010. Pages 
4–15. Docket Number EPA–HQ–OAR–2010–0162– 
0044. 

299 M.J. Bradley & Associates. Setting the Stage for 
Regulation of Heavy-Duty Vehicle Fuel Economy 
and GHG Emissions: Issues and Opportunities. 
February 2009. Page 35. Analysis based on 1992 
Truck Inventory and Use Survey data, where the 
survey data allowed developing the distribution of 
loads instead of merely the average loads. 

300 The U.S. Federal Highway Administration. 
Development of Truck Payload Equivalent Factor. 
Table 11. Last viewed on March 9, 2010 at http:// 
ops.fhwa.dot.gov/freight/freight_analysis/faf/faf2_
reports/reports9/s510_11_12_tables.htm. 

target speed by 3 mph prior to braking 
the vehicle. 

(d) Empty Weight and Payload 
The total weight of the tractor-trailer 

combination is the sum of the tractor 
curb weight, the trailer curb weight, and 
the payload. The total weight of a 
vehicle is important because it in part 
determines the impact of technologies, 
such as rolling resistance, on GHG 
emissions and fuel consumption. In 
Phase 2, we proposed to carry over the 
total weight of the tractor-trailer 
combination used in GEM for Phase 1. 
The agencies developed the tractor curb 
weight inputs for Phase 2 from actual 
tractor weights measured in two of 
EPA’s Phase 1 test programs. The trailer 
curb weight inputs were derived from 
actual trailer weight measurements 
conducted by EPA and from weight data 
provided to ICF International by the 
trailer manufacturers.298 We welcomed 
comment on the tractor weights we 
proposed. 

Daimler commented that there is a 
large spread of weights within a 
subcategory given the variety of 
different features that a vehicle might 
incorporate in order to perform its task. 
The agencies’ proposed curb weights for 
tractors may be higher than Daimler’s 
vehicles but in Daimler’s opinion align 
with some of their competitors’ 
vehicles, and therefore are reasonable. 
Based on no negative comment or newer 
data, the agencies are adopting the 
Phase 1 tractor curb weights, as 
proposed. 

There is a further issue of what 
payload weight to assign during 
compliance testing. In use, trucks 

operate at different weights at different 
times during their operations. The 
greatest freight transport efficiency (the 
amount of fuel required to move a ton 
of payload)—would be achieved by 
operating trucks at the maximum load 
for which they are designed all of the 
time. However, this may not always be 
practicable. Delivery logistics may 
dictate partial loading. Some payloads, 
such as potato chips, may fill the trailer 
before it reaches the vehicle’s maximum 
weight limit. Or full loads simply may 
not be available commercially. M.J. 
Bradley analyzed the Truck Inventory 
and Use Survey and found that 
approximately 9 percent of combination 
tractor miles travelled empty, 61 percent 
are ‘‘cubed-out’’ (the trailer volume is 
full before the weight limit is reached), 
and 30 percent are ‘‘weighed out’’ 
(operating weight equals 80,000 lbs 
which is the gross vehicle weight limit 
on the Federal Interstate Highway 
System or greater than 80,000 lbs for 
vehicles traveling on roads outside of 
the interstate system).299 

The amount of payload that a tractor 
can carry depends on the category (or 
GVWR and GCWR) of the vehicle. For 
example, a typical Class 7 tractor can 
carry less payload than a Class 8 tractor. 
For Phase 1, the agencies used the 
Federal Highway Administration Truck 
Payload Equivalent Factors using 
Vehicle Inventory and Use Survey 
(VIUS) and Vehicle Travel Information 
System data to determine the payloads. 
FHWA’s results indicated that the 
average payload of a Class 8 vehicle 
ranged from 36,247 to 40,089 lbs, 
depending on the average distance 
travelled per day.300 The same study 

shows that Class 7 vehicles carried 
between 18,674 and 34,210 lbs of 
payload also depending on average 
distance travelled per day. Based on 
these data, the agencies proposed to 
continue to prescribe a fixed payload of 
25,000 lbs for Class 7 tractors and 
38,000 lbs for Class 8 tractors for 
certification testing for Phase 2. The 
agencies also proposed to continue to 
use a common payload for Class 8 day 
cabs and sleeper cabs as a predefined 
GEM input because the data available 
do not distinguish among Class 8 tractor 
types. These payload values represent a 
heavily loaded trailer, but not maximum 
GVWR, since as described above the 
majority of tractors ‘‘cube-out’’ rather 
than ‘‘weigh-out.’’ 

The agencies requested comments and 
data to support changes to our proposed 
payloads for Phase 2. 80 FR 40242. 
Daimler commented that the payload 
weight is even more difficult to 
determine because weights change 
based on economic conditions, such as 
when carriers continue to try to reduce 
their dead volume and increase their 
weight per load. Daimler suggested that 
the agencies might consider increasing 
the proposed payloads, but did not 
provide data. In the absence of newer 
data or other compelling comments, the 
agencies continue to believe that it is 
appropriate to continue using the Phase 
1 tractor payloads for all of the Class 7 
and 8 tractors, as proposed, except for 
heavy-haul. 

Details of the predefined weights by 
regulatory subcategory, as shown in 
Table III–30, are included in RIA 
Chapter 3. 

TABLE III–30—FINAL COMBINATION TRACTOR WEIGHT INPUTS 

Model type Regulatory subcategory 
Tractor tare 

weight 
(lbs) 

Trailer 
weight 
(lbs) 

Payload 
(lbs) 

Total 
weight 
(lbs) 

Class 8 .............................................. Sleeper Cab High Roof .................... 19,000 13,500 38,000 70,500 
Class 8 .............................................. Sleeper Cab Mid Roof ..................... 18,750 10,000 38,000 66,750 
Class 8 .............................................. Sleeper Cab Low Roof ..................... 18,500 10,500 38,000 67,000 
Class 8 .............................................. Day Cab High Roof .......................... 17,500 13,500 38,000 69,000 
Class 8 .............................................. Day Cab Mid Roof ........................... 17,100 10,000 38,000 65,100 
Class 8 .............................................. Day Cab Low Roof ........................... 17,000 10,500 38,000 65,500 
Class 7 .............................................. Day Cab High Roof .......................... 11,500 13,500 25,000 50,000 
Class 7 .............................................. Day Cab Mid Roof ........................... 11,100 10,000 25,000 46,100 
Class 7 .............................................. Day Cab Low Roof ........................... 11,000 10,500 25,000 46,500 
Class 8 .............................................. Heavy-Haul ....................................... 19,000 13,500 86,000 118,500 
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301 Southwest Research Institute. ‘‘Heavy Duty 
Class 8 Truck Coastdown and Constant Speed 
Testing.’’ April 2015. 

(e) Tire Testing 

In Phase 1, manufacturers are 
required to input their tire rolling 
resistance coefficient into GEM. Also in 
Phase 1, the agencies adopted the 
provisions in ISO 28580 to determine 
the rolling resistance of tires. As 
described in 40 CFR 1037.520(c), the 
agencies require that at least three tires 
for each tire design are to be tested at 
least one time. Our assessment of the 
Phase 1 program to date indicates that 
these requirements reasonably balance 
the need for precision, repeatability, and 
testing burden. Therefore we proposed 
to carry over the Phase 1 testing 
provisions for tire rolling resistance into 
Phase 2. 80 FR 40243. We welcomed 
comments regarding the tire testing 
provisions, but did not receive any. 
Therefore, based on the same reasoning 
presented at proposal, we are adopting 
the Phase 1 tire testing provisions in 
Phase 2. 

In Phase 1, the agencies received 
comments from stakeholders 
highlighting a need to develop a 
reference lab and alignment tires for the 
HD sector. The agencies discussed the 
lab-to-lab comparison conducted in the 
Phase 1 EPA tire test program (80 FR 
40243, citing to 76 FR 57184). The 
agencies reviewed the rolling resistance 
data from the tires that were tested at 
both the STL and Smithers laboratories 
to assess inter-laboratory and test 
machine variability. The agencies 
conducted statistical analysis of the data 
to gain better understanding of lab-to- 
lab correlation and developed an 
adjustment factor for data measured at 
each of the test labs. Based on these 
results, the agencies believe the lab-to- 
lab variation for the STL and Smithers 
laboratories will have very small effect 
on measured rolling resistance values. 
Based on the test data, the agencies 
judge for the HD Phase 2 program to 
continue to use the current levels of 
variability, and the agencies therefore 
proposed to allow the use of either 
Smithers or STL laboratories for 
determining the tire rolling resistance 
value. The agencies requested comment 
on the need to establish a reference 
machine for the HD sector and whether 
tire testing facilities are interested in 
and willing to commit to developing a 
reference machine. The agencies did not 
receive any comments on the issue. 
Therefore, again based on the reasoning 
presented at proposal, we are adopting 
the Phase 1 testing approach for 
Phase 2. 

(2) Key Differences in HD Phase 2 
Compliance Provisions 

The agencies are adopting certain 
provisions in Phase 2 that are 
significantly different from Phase 1. 
Details regarding some of these key 
changes such as aerodynamic 
assessments, road grade in the drive 
cycles, weight reduction, GEM inputs, 
emission control labels, and chassis 
dynamometer testing are provided in 
this subsection. 

(a) Aerodynamic Assessment 

In Phase 1, the manufacturers conduct 
aerodynamic testing to establish the 
appropriate bin and GEM input for 
determining compliance with the CO2 
and fuel consumption standards. The 
agencies proposed to continue this 
general approach in HD Phase 2, but to 
make several enhancements to the 
aerodynamic assessment of tractors. As 
discussed below, we proposed some 
modifications to the aerodynamic test 
procedures—the addition of wind 
averaged drag in the aerodynamic 
assessment, the addition of trailer skirts 
to the standard trailer used to determine 
aerodynamic performance of tractors 
and revisions to the aerodynamic bins. 
As discussed in more detail in the 
following subsections, we are adopting 
many of the proposed Phase 2 
aerodynamic test procedures, but with 
some additional revisions to the test 
procedures. These procedures are then 
appropriately reflected in the final 
Phase 2 aerodynamic bins. 

(i) Phase 1 Aerodynamic Test 
Procedures 

The aerodynamic drag of a vehicle is 
determined by the vehicle’s coefficient 
of drag (Cd), frontal area, air density and 
speed. Quantifying tractor aerodynamics 
as an input to the GEM presents 
technical challenges because of the 
proliferation of tractor configurations 
and subtle variations in measured 
aerodynamic values among various test 
procedures. In Phase 1, Class 7 and 8 
tractor aerodynamic results are 
developed by manufacturers using a 
range of techniques, including wind 
tunnel testing, computational fluid 
dynamics, and constant speed tests. 

We continue to believe a broad 
approach allowing manufacturers to use 
these multiple test procedures to 
demonstrate aerodynamic performance 
of its tractor fleet is appropriate given 
that no single test procedure is superior 
in all aspects to other approaches. 
However, we also recognize the need for 
consistency and a level playing field in 
evaluating aerodynamic performance. 
To address the consistency and level 

playing field concerns, NHTSA and EPA 
adopted in Phase 1, while working with 
industry, an approach that identified a 
reference aerodynamic test method 
(coastdown) and a procedure to align 
results from other aerodynamic test 
procedures with the reference method 
by applying a correction factor (Falt-aero) 
to results from alternative methods. The 
Phase 1 regulations require 
manufacturers to use good engineering 
judgment in developing their 
corrections and specify some minimum 
testing requirements. 

(ii) Reference Aerodynamic Method in 
Phase 2 

Based on feedback received during 
the development of Phase 1, we 
understood even before the Phase 2 
NPRM was issued that there was 
interest from some manufacturers to 
change the reference method in Phase 2 
from coastdown to constant speed 
testing. EPA conducted an aerodynamic 
test program at Southwest Research 
Institute to evaluate both methods in 
terms of cost of testing, testing time, 
testing facility requirements, and 
repeatability of results. Details of the 
analysis and results are included in RIA 
Chapter 3.2. The results showed that the 
enhanced coastdown test procedures 
and analysis produced results with 
acceptable repeatability and at a lower 
cost than the constant speed testing. 
Based on the results of this testing, the 
agencies proposed to continue to use the 
enhanced coastdown procedure for the 
reference method in Phase 2.301 80 FR 
40244. However, we welcomed 
comment on the need to change the 
reference method for the Phase 2 final 
rule to constant speed testing, including 
comparisons of aerodynamic test results 
using both the coastdown and constant 
speed test procedures. In addition, we 
welcomed comments on and suggested 
revisions to the constant speed test 
procedure specifications set forth in the 
proposal in Chapter 3.2.2.2 of the draft 
RIA and 40 CFR 1037.533 in the 
proposed regulations (40 CFR 1037.534 
in the final regulations). 

Several stakeholders provided 
comments both in favor and against the 
use of coastdown as the reference aero 
method for Phase 2 for tractors. CARB 
does not support the constant speed test 
as the reference method until it can be 
demonstrated to be superior to the 
coastdown methods. Their concerns 
included the cost associated with 
vehicle modifications required in test 
preparation (such as the torque meters 
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302 Memo to Docket. Aerodynamic Subteam 
Meetings with EMA. July 2016. Docket EPA–HQ– 
OAR–2014–0827. 

on the wheel hubs). Daimler did not 
support a change to constant speed 
testing for the reference method and 
stated that more time is needed to 
determine if constant speed testing 
would be a better alternative. Navistar 
supports the coastdown as the reference 
method and does not believe constant 
speed testing should be adopted even as 
an alternative, unless significant further 
work is conducted. EMA stated that 
they could not support the adoption of 
constant speed testing as the reference 
method in Phase 2 because there is 
insufficient time in the process to 
properly study whether constant speed 
is equivalent to or better than 
coastdown testing. Further, EMA 
recommended that constant speed 
testing be included only as a potential 
alternative to be phased in at a future 
date if appropriate. Volvo opposed a 
change in the aerodynamic reference 
test method to constant speed at this 
time due to insufficient time to fully 
evaluate the new test method. 

Exa supported the use of constant 
speed testing as a reference method 
because it is a real-world measurement 
with the ability to evaluate wind- 
averaged drag. Exa also cited some 
concerns that coastdown is limited to 
near zero wind yaw angle and does not 
accurately represent the aerodynamics 
experienced on the road. MEMA 
supported including the constant speed 
test based on research that has 
demonstrated that it is reliable relative 
to coastdown tests and is required in 
European aerodynamic test protocols. 
SABIC commented that constant speed 
testing may help isolate the 
aerodynamic drag from vibration, 
mechanical, and friction encountered at 
low speeds. SABIC also cited research 
that suggested constant speed testing 
may provide better repeatability than 
coastdown tests, and suggested that the 
U.S. may be able to promote 
harmonization with the required 
European constant speed testing. 

After consideration of the comments, 
the agencies are continuing to use the 
Phase 1 approach of setting coastdown 
testing as the reference method for 
tractor aerodynamic assessment in 
Phase 2. After developing revised 
coastdown test procedures and data 
analysis methods for the final rule, we 
have concluded that coastdown testing 
continues to produce acceptable 
repeatability and can be conducted at a 
lower cost than constant speed testing. 
However, we are finalizing some 
revisions to the Phase 2 coastdown test 
procedures in response to comments 
and discussed below. The agencies are 
also continuing to allow alternative test 
methods to be used to determine the 

aerodynamic performance of tractors in 
Phase 2, as long as the results are 
correlated back to the reference method 
using a correlation factor (Falt-aero). 
Additional details are included in the 
Falt-aero discussion below. 

(iii) Coastdown Test Procedure Changes 
for Phase 2 

The agencies worked closely with the 
tractor manufacturers between the Phase 
2 NPRM and final rulemaking to 
develop robust coastdown test 
procedures that are technically 
sound.302 EPA also continued to test 
additional tractors after the proposal to 
better inform the test procedure 
development. Based on this work, the 
agencies are adopting aerodynamic test 
procedures that have been improved 
from those proposed for Phase 2. The 
details of these procedures and their 
development are included in RIA 
Chapter 3.2. Below is a summary of the 
changes to the coastdown test 
procedures and data analysis method for 
the final rule. 

The coastdown test procedure 
changes include the tested speed range, 
the calibration of the equipment, and 
specification of yaw and air speed 
measurements. The agencies proposed 
two test speed ranges for coastdown 
testing—70 to 60 mph and 25 to 15 
mph. EPA’s evaluation of the CdA 
values in relation to yaw angle showed 
that the 25 to 15 mph low-speed range 
specified in the NPRM test procedures 
produced yaw curves that were flatter 
than expected and flatter than 
demonstrated using other test methods, 
such as wind tunnels and CFD. Upon 
further analysis, EPA found that by 
reducing the low-speed range to even 
lower speeds, the yaw curve results 
were more representative. The best 
speed range to alleviate this concern is 
a 15 to 5 mph low speed range; 
however, requiring this would 
significantly reduce the number of 
available days for testing in a given year 
because it would lead to a wind speed 
limit of 3 mph. Therefore, the agencies 
are adopting a low speed range of 20 to 
10 mph to balance the yaw curve 
representativeness with the real world 
testing implications. Along with this 
test speed change, the component of the 
wind speed parallel to the road or track 
will be limited to less than or equal to 
6 mph. The agencies are adopting Phase 
2 coastdown test procedures that specify 
the yaw measurement method 
resolution and accuracy requirements 
similar to those proposed for constant 

speed testing. The calibration of the yaw 
and air speed equipment will be 
conducted in a point-by-point manner 
for each run. 

The coastdown data analysis changes 
include the analysis of low speed pairs 
and filtering methods, adjustments for 
rear axle losses and rolling resistance, 
and determination of the final CdA value 
for coastdown. EPA found that the 
method proposed to analyze the 
coastdown results of paired runs leads 
to an unexpected yaw curve asymmetry. 
Upon further evaluation, EPA found 
that the yaw curve asymmetry is 
mitigated by averaging the road load 
force and air speed from every two 
opposite direction low-speed segments 
and using the average with each of the 
high speed segments in the data 
analysis. Therefore, the agencies are 
adopting this method for the Phase 2 
final rules. The filtering of the air speed, 
yaw, vehicle speed, and track wind 
speed is necessary to remove outliers 
and replace the data with the moving 
median value to reduce the variability of 
coastdown test results. The agencies are 
specifying this filtering method in the 
final rules. Coastdown testing measures 
all of the losses associated with the 
vehicle, including aerodynamics, rolling 
resistance, and axle spin losses. To 
isolate the aerodynamic CdA, it is 
important to remove the losses 
associated with drive axle and tire 
rolling resistance. For the final Phase 2 
rules, the agencies are adopting the SAE 
J2452 test procedures that require 
manufacturers to measure the speed 
dependence of the tire rolling resistance 
for each of the steer, drive, and trailer 
tire models used on the article 
undergoing a coastdown test. The 
agencies are also requiring that 
manufacturers measure the speed 
dependence of the drive axle spin losses 
for the drive axle model used in the 
article undergoing a coastdown test 
using a subset of the rear axle efficiency 
test procedure being adopted in Phase 2. 

The agencies have also developed a 
process of identifying and removing 
coastdown test result outliers for the 
final rules. First, the median yaw angle 
of the data is determined. All results 
outside of a range of plus or minus 1 
yaw degree are removed. Then the mean 
CdA value of the remaining data points 
is determined. CdA values that lie 
outside of plus or minus two standard 
deviations from the CdA mean are 
removed. At least 24 data points are 
needed after removal of outliers for the 
results to be valid. Finally, the mean 
CdA and mean effective yaw angle are 
calculated from the remaining points. 
These values are then used to adjust to 
reflect a 4.5 degree yaw angle result 
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303 Falt-aero is an experimentally determined factor 
that represents the ratio of coastdown results to 
results from the alternative method. The agencies 
allow other functional forms of the relationship 
consistent with good engineering judgment. 

304 See Section III.E.(2)(a)(ix) for details on the 
SEA requirements. 

305 40 CFR 1037.532 ‘‘Using computational fluid 
dynamics to calculate drag area (CdA).’’ 

based on an alternate method yaw curve 
results. 

(iv) Improving Correlation of 
Coastdowns With Alternative Methods 
(Falt-aero) 

As already noted, the agencies 
adopted in Phase 1 a coastdown 
procedure as the reference method (see 
40 CFR 1066.310) and defined a process 
for manufacturers to align drag results 
from each of their own alternative test 
methods to the reference method results 
using Falt-aero (see 40 CFR 1037.525).303 
Manufacturers are able to use any 
aerodynamic evaluation method in 
demonstrating a vehicle’s aerodynamic 
performance as long as they obtain our 
prior approval and the method is 
aligned to the reference method. The 
agencies proposed to continue to use 
this alignment method approach in 
Phase 2 to maintain the testing 
flexibility that manufacturers have 
today. However, the agencies proposed 
to increase the rigor in determining the 
Falt-aero for Phase 2, including enhancing 
the minimum testing requirements. 
Beginning in MY 2021, we proposed 
that the manufacturers would be 
required to determine a new Falt-aero for 
each of their tractor models for each 
aerodynamic test method. In Phase 1, 
manufacturers are required to determine 
their Falt-aero using only a high roof 
sleeper cab with a full aerodynamics 
package (see 40 CFR 1037.521(a)(2) and 
proposed 40 CFR 1037.525(b)(2)). In 
Phase 2, we proposed that 
manufacturers would be required to 
determine a unique Falt-aero value for 
each major model of their high roof day 
cabs and high roof sleeper cabs. In 
Phase 2, we proposed that 
manufacturers may carry over the 
Falt-aero value until a model changeover 
or based on the agencies’ discretion to 
require up to six new Falt-aero 
determinations each year. We requested 
comment on the amount of testing 
required to accurately develop a Falt-aero 
value and the burden associated with it. 
See 80 FR 40244. 

The agencies received comments with 
regard to the need of Falt-aero and the 
burden of determining it. Exa 
Corporation (a supplier of CFD software) 
commented that it is not clear that the 
Falt-aero factor would alleviate challenges 
associated with their expectation that 
the absolute drag values will differ 
substantially between different test 
methods and different facilities. Exa 
suggested that the agencies require a 

certification procedure for an alternate 
tool that includes a broad validation 
suite including different types of 
vehicles from aerodynamic sleeper to 
less aerodynamic day cabs. The HD 
vehicle manufacturers strongly 
recommended that the agencies reduce 
the number of coastdown tests that must 
be conducted each year. Navistar 
commented that only one Falt-aero should 
be required for Phase 2. Navistar’s 
testing of their ProStar sleeper and day 
cabs found that the Falt-aero only differed 
within less than one percent using the 
same test facility. Navistar also 
commented that the data in the Phase 2 
NPRM draft RIA show that three 
different sleepers show Falt-aero values 
within 0.4 percent. EMA commented 
that only one Falt-aero value should be 
required, as supported by the values 
shown in the Phase 2 Draft RIA where 
the Falt-aero values were 1.09 +/¥0.02 for 
three tested vehicles. EMA also 
commented that the proposed 
requirements would be time-consuming, 
costly, and an unreasonable burden. 
Daimler supported EMA’s comments. 
The HD vehicle manufacturers also 
submitted data to the agencies that show 
the Falt-aero values were within a range of 
one percent. Volvo shared data with the 
agencies that support that Falt-aero is 
highly consistent for varying truck 
models when correcting the test data 
under the conditions and methods that 
the industry has recommended. Volvo 
therefore concluded that multiple 
Falt-aero values are not necessary for 
Phase 2. PACCAR provided results from 
three tractor models showing the spread 
of Falt-aero is less than 0.3 percent. 

The agencies determined the Falt-aero 
values for all of the tractors tested using 
different aerodynamic methods for 
Phase 2 using the aerodynamic test 
procedures and data analysis finalized 
for Phase 2. As shown in further detail 
in RIA Chapter 3.2.1, the Falt-aero values 
ranged between 1.13 and 1.20 for a 
single CFD software. Therefore, the 
agencies concluded that a single Falt-aero 
value is not sufficient for determining 
the correlation of test methods for all 
tractors. Furthermore, based on the 
comments and further refinement of our 
selective enforcement audit (SEA) 
provisions in the Phase 2 final rule, we 
are adopting provisions that require 
manufacturers to determine Falt-aero for a 
minimum of one day cab and one 
sleeper cab in MYs 2021, 2024, and 
2027.304 While this significantly reduces 
the test burden from the levels 
proposed, it also only represents a 
minimum requirement. The agencies 

believe that the improvements to the 
SEA requirements for aerodynamics will 
further encourage the manufacturers to 
ensure that they are accurately reflecting 
the Falt-aero for their entire tractor fleet 
and that they may do additional Falt-aero 
determinations beyond the minimum 
requirement in Phase 2. Without 
confidence in their Falt-aero values, 
manufacturers would risk SEA failures 
that could halt vehicle production. Even 
without failing the SEA overall, failing 
individual vehicles would lead to 
increased SEA testing. Thus, the SEA 
requirements will create a stronger 
incentive for manufacturers to use good 
engineering judgment for Falt-aero values. 

The agencies also received comments 
from HD manufacturers stressing that 
coastdown testing does not produce CdA 
values at zero yaw as assumed. Even at 
calm test conditions, the resulting yaw 
angle is something greater than zero 
degrees. The agencies evaluated our 
aerodynamic test data and agree with 
the manufacturers. Therefore, we are 
adopting Phase 2 provisions that use the 
effective yaw angle from coastdown 
testing to determine the Falt-aero value 
(see 40 CFR 1037.525). See RIA Chapter 
3.2.2 for additional detail. 

(v) Computational Fluid Dynamics 
The agencies considered refinements 

to the computational fluid dynamics 
(CFD) modeling method to determine 
the aerodynamic performance of tractors 
in the NPRM. Specifically, we are 
considering whether the conditions for 
performing the analysis require greater 
specificity (e.g., wind speed and 
direction inclusion, turbulence intensity 
criteria value) or if turbulence model 
and mesh deformation should be 
required, rather than ‘‘if applicable,’’ for 
all CFD analysis.305 The agencies 
welcomed comment on the proposed 
revisions. 

Daimler and EMA recommended that 
the agencies should raise the test speed 
for CFD from the proposed 55 mph to 
65 mph to be consistent with GEM and 
the sleeper cab tractor weighting of 86 
percent. Daimler supported the 
agencies’ other proposed revisions to 
CFD test procedures. 

The agencies agree with the suggested 
comment to include consistency 
between the test methods and are 
adopting CFD provisions that include a 
test speed of 65 mph, along with the 
other proposed revisions. The agencies 
finalized these changes through 
incorporation of the SAE J2966 CFD 
guidelines with exceptions and 
clarifications to keep other aspects of 
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306 See 2010 NAS Report, page 95. 
307 See 2010 NAS Report, Finding 2–4 on page 39. 

Also see 2014 NAS Report, Recommendation 3.5. 
308 See 2010 NAS Report. Page 95. 

309 See 40 CFR 1037.501(g). 
310 See Memo to Docket, Amy Kopin. ‘‘Truck and 

Trailer Roof Match Analysis.’’ August 2010. 
311 California Air Resources Board. Tractor-Trailer 

Greenhouse Gas regulation. Last viewed on 

the CFD simulations consistent with 
Phase 1. 

(vi) Wind Averaged Drag Determination 
In Phase 1, EPA and NHTSA 

recognized that wind conditions, most 
notably wind direction, have a greater 
impact on real world CO2 emissions and 
fuel consumption of heavy-duty trucks 
than of light-duty vehicles.306 As noted 
in the NAS report, the wind average 
drag coefficient is about 15 percent 
higher than the zero degree coefficient 
of drag.307 In addition, the agencies 
received comments in Phase 1 that 
supported the use of wind averaged drag 
results for the aerodynamic 
determination. The agencies considered 
adopting the use of a wind averaged 
drag coefficient in the Phase 1 
regulatory program, but ultimately 
decided to finalize drag values which 
represent zero yaw (i.e., representing 
wind from directly in front of the 
vehicle, not from the side) instead. We 
took this approach recognizing that the 
reference method is coastdown testing 
and it is not capable of determining 
wind averaged yaw.308 Wind tunnels 
and CFD are currently the only tools to 
accurately assess the influence of wind 
speed and direction on a truck’s 
aerodynamic performance. The agencies 
recognized, as NAS did, that the results 
of using the zero yaw approach may 
result in fuel consumption predictions 
that are offset slightly from real world 
performance levels, not unlike the offset 
we see today between fuel economy test 
results in the CAFE program and actual 
fuel economy performance observed in- 
use. 

As the tractor manufacturers continue 
to refine the aerodynamics of tractors, 
we believe that continuing the zero yaw 
approach into Phase 2 would potentially 
impact the overall technology 
effectiveness or change the kinds of 
technology decisions made by the 
tractor manufacturers in developing 
equipment to meet our HD Phase 2 
standards. Therefore, we proposed and 
are adopting aerodynamic test 
procedures that take into account the 
wind averaged drag performance of 
tractors. The agencies proposed to 
account for this change in aerodynamic 
test procedure by appropriately 
adjusting the aerodynamic bins to 
reflect a wind averaged drag result 
instead of a zero yaw result. 

The agencies proposed and are 
adopting provisions that require 
manufacturers to adjust their CdA values 

to represent a zero yaw value from 
coastdown and add the CdA impact of 
the wind averaged drag. The impact of 
wind averaged drag relative to a zero 
yaw condition can only be measured in 
a wind tunnel or with CFD. This 
requirement commences in MY 2021. 

All stakeholders that commented on 
wind averaged drag supported its use 
over zero yaw. ACEEE supports the shift 
to the use of wind averaged drag in 
Phase 2. Exa supported the use of wind 
averaged drag because it is a better 
predictor of real world fuel economy. 
Michelin supported wind average drag 
assessments for a realistic and complete 
assessment of aerodynamic performance 
and would prevent the unintended 
consequence of incentivizing 
improvements that are better at zero 
wind conditions but sacrifice cross- 
wind performance. SABIC Innovative 
Plastics commented that it is imperative 
that wind effects be part of the standard 
due to the real-world impact of wind. 
Plastics Industry Trade Association 
supported wind average drag to better 
simulate real life conditions. 

PACCAR and Daimler recommended 
the use of a surrogate angle of 4.5° in 
lieu of the nine angles required for a full 
wind averaged draft evaluation for CFD 
evaluated at 65 mph. PACCAR and 
Daimler provided data to support the 
use of a single angle. PACCAR also 
stated that there is significant CFD 
burden associated with the use of a nine 
angle yaw sweep. According to 
PACCAR in a given year, this would add 
approximately 4,000 additional 
simulations to their certification burden. 
EMA and other tractor manufacturers 
supported the single surrogate angle of 
4.5° as being equivalent to the full yaw 
sweep result generated with SAE J1252. 

As discussed in further detail in RIA 
Chapter 3.2.1.1.3, our data support that 
4.5° results are a good surrogate for full 
wind averaged drag results for wind 
tunnel and CFD assessments. Therefore, 
we are adopting the 4.5° surrogate angle 
in Phase 2. 

The agencies require that 
manufacturers use the following 
equation to make the necessary 
adjustments to a coastdown result to 
obtain the CdAwa value: 
CdAwa = CdAeffective yaw angle, coastdown * 

(CdA4.5°/CdAeffective yaw angle) 

If the manufacturer has a CdA value 
from either a wind tunnel or CFD, then 
they will use the following equation to 
obtain the CdA wad value: 
CdAwa = CdA4.5° * Falt-aero 

Because the agencies are adopting a 
4.5° surrogate angle, the agencies are not 
adopting the proposed provisions that 

manufacturers have the option of 
determining the offset between zero yaw 
and wind averaged yaw either through 
testing or by using the EPA-defined 
default offset. 

(vii) Standard Trailer Definition 

Similar to the approach the agencies 
adopted in Phase 1, NHTSA and EPA 
are adopting provisions such that the 
tractor performance in GEM is judged 
assuming the tractor is pulling a 
standardized trailer.309 The agencies 
believe that an assessment of the tractor 
fuel consumption and CO2 emissions 
should be conducted using a tractor- 
trailer combination, as tractors are 
invariably used in combination with 
trailers and this is their essential 
commercial purpose. Trailers, of course, 
also influence the extent of carbon 
emissions from the tractor (and vice- 
versa). We believe that using a 
standardized trailer best reflects the 
impact of the overall weight of the 
tractor-trailer and the aerodynamic 
technologies in actual use, and 
consequent real-world performance, 
where tractors are designed and used 
with a trailer. EPA research confirms 
what one intuits: Tractor-trailer pairings 
are almost always optimized, but this 
does not indicate that a tractor always 
uses the same trailer. EPA conducted an 
evaluation of over 4,000 tractor-trailer 
combinations using live traffic cameras 
in 2010.310 The results showed that 
approximately 95 percent of the tractors 
were matched with the standard trailer 
specified (high roof tractor with dry van 
trailer, mid roof tractor with tanker 
trailer, and low roof with flatbed trailer). 
Therefore, the agencies are continuing 
the Phase 1 approach into Phase 2 GEM 
to use a predefined typical trailer in 
assessing overall performance for test 
purposes. As such, the high roof tractors 
will be paired with a standard dry van 
trailer; the mid roof tractors will be 
paired with a tanker trailer; and the low 
roof tractors will be paired with a 
flatbed trailer. 

However, the agencies proposed a 
change to the definition of the standard 
dry van reference trailer used by tractor 
manufacturers to determine the 
aerodynamic performance of high roof 
tractors in Phase 2. We believe this is 
necessary to reflect the aerodynamic 
improvements experienced by the trailer 
fleet over the last several years due to 
influences from the California Air 
Resources Board mandate 311 and EPA’s 
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September 4, 2014 at http://www.arb.ca.gov/
msprog/truckstop/trailers/trailers.htm. 

312 Ben Sharpe (ICCT) and Mike Roeth (North 
American Council for Freight Efficiency), ‘‘Costs 
and Adoption Rates of Fuel-Saving Technologies for 
Trailer in the North American On-Road Freight 
Sector,’’ Feb 2014. 

313 Frost & Sullivan, ‘‘Strategic Analysis of North 
American Semi-trailer Advanced Technology 
Market,’’ Feb 2013. 314 See RIA Chapter 2.10.2.1.3. 

SmartWay Transport Partnership. The 
standard dry van trailer used in Phase 
1 to assess the aerodynamic 
performance of high roof tractors is a 53 
foot box trailer without any 
aerodynamic devices. In the 
development of Phase 2, the agencies 
evaluated the increase in adoption rates 
of trailer side skirts and boat tails in the 
market over the last several years and 
have seen a marked increase. We 
estimate that approximately 50 percent 
of the new trailers sold in 2018 will 
have trailer side skirts.312 313 As the 
agencies look towards these tractor 
standards in the 2021 and beyond 
timeframe, we believe that it is 
appropriate to update the standard box 
trailer definition. In 2021–2027, we 
believe the trailer fleet will be a mix of 
trailers with no aerodynamics, trailers 
with skirts, and trailers with advanced 
aero; with the advanced aero being a 
very limited subset of the new trailers 
sold each year. Consequently, overall, 
we believe a trailer with a skirt will be 
the most representative of the trailer 
fleet for the duration of the regulation 
timeframe, and plausibly beyond. EPA 
has conducted extensive aerodynamic 
testing to quantify the impact on the 
coefficient of drag of a high roof tractor 
due to the addition of a trailer skirt. 
Details of the test program and the 
results can be found in RIA Chapter 3.2. 
The results of the test program indicate 
that on average, the impact of a trailer 
skirt matching the definition of the skirt 
specified in 40 CFR 1037.501(g)(1) is 
approximately eight percent reduction 
in drag area. 

We proposed a definition of the 
standard dry van trailer in Phase 2—the 
trailer assumed during the certification 
process to be paired with a high roof 
tractor—that includes a trailer skirt 
starting in 2021 model year. 80 FR 
40245. Even though the agencies 
proposed that new dry van trailer 
standards begin in 2018 MY, we did not 
propose to update the standard trailer in 
the tractor certification process until 
2021 MY, to align with the new tractor 
standards. If we were to revise the 
standardized trailer definition for Phase 
1, then we would have needed to revise 
the Phase 1 tractor standards. The 
details of the trailer skirt definition are 
included in 40 CFR 1037.501(g)(1). We 

requested comment on our HD Phase 2 
standard trailer configuration. We also 
welcomed comments on suggestions for 
alternative ways to define the standard 
trailer, such as developing a certified 
computer aided drawing (CAD) model. 

The agencies received support in 
comments for adopting a reference 
trailer with skirts. Daimler supported 
the addition of side skirts to the Phase 
2 reference trailer and stated that it 
aligns with their internal development 
process. Daimler also suggested that if 
the agencies believe there will be 
significant adoption of trailers with boat 
tails, then the agencies could update the 
CdA bin value input to GEM and reduce 
it by 0.5 m2 to reflect the actual on-road 
aerodynamics load without changing 
the standard trailer. The Plastics 
Industry Trade Association stated that 
the proposed reference trailer is 
representative of trailer aerodynamic 
improvements likely to emerge during 
Phase 2. Navistar suggested that the 
standard trailer should be more 
aerodynamic to reflect trailers that will 
be used during the life of Phase 2 
tractors. ACEEE supports the use of a 
more aerodynamic reference trailer in 
Phase 2, however, they suggest an even 
more aerodynamic reference trailer be 
required that is closer to the 
aerodynamic packages projected to be 
installed on new trailers in 2027. 
ACEEE and UCS suggested that Phase 2 
should facilitate the transition of 
promoting more tractor-trailer 
integration. ACEEE recommended 
providing manufacturers the option to 
test tractors with advanced trailers; 
correct the test result appropriately to 
account for the benefit provided by the 
trailer alone to promote integration of 
aerodynamically advanced tractors and 
trailers. UCS raised concerns that 
because tractors and trailers are 
interchangeable and that there is no 
guarantee that the Phase 2 tractors will 
pull the newest trailers, therefore, the 
agencies should not revise the standard 
trailer over the course of the rule. 

The agencies re-evaluated the 
proposal to include trailer skirts on the 
Phase 2 reference trailer with 
consideration of the comments. Based 
on testing conducted to support the 
trailer portion of Phase 2, we found that 
on average a boat tail added to a dry van 
trailer with skirts reduces wind 
averaged CdA by 0.6 m2.314 We still 
project that the bulk of trailers that will 
be in operation during the life of tractors 
produced early in Phase 2 will be 
represented by the aerodynamic 
performance of a trailer with skirts. 
Therefore, we are adopting the reference 

trailer as proposed. However, we also 
want to recognize that the trailer fleet 
will continue to evolve over the lifetime 
of tractors built and certified to Phase 2, 
especially from MY 2027 and later. We 
recognize that if we do not account for 
reduced aerodynamic loads in the real 
world, then we may not be 
appropriately evaluating the tractor 
powertrain. We considered changing the 
standard trailer in MY 2027; however, 
this would lead to significant testing 
burden for the manufacturers because 
they would have to determine new CdA 
values for their entire fleet of tractors. 
Instead, we are adopting Phase 2 GEM 
that beginning in MY 2027 will take the 
CdA input for each vehicle and reduce 
it by 0.3 m2 to reflect the lower 
aerodynamic loads that are a mix of 
trailers with skirts and trailers with 
skirts and boat tails. This change has 
been accounted for in both the baseline 
and standard setting of the CO2 
emissions and fuel consumption values. 

With respect to ACEEE’s 
recommendation for the agencies to 
facilitate the transition to more 
integrated tractor-trailers, such as those 
demonstrated with SuperTruck, the 
agencies believe this would require a 
significant change in tractor-trailer 
logistics to encourage more matching of 
specific tractors to specific trailers in 
operation. We believe that this would be 
most appropriately handled through the 
Off-Cycle Credit program. 

(viii) Aerodynamic Bins 
The agencies proposed to continue 

the approach where the manufacturer 
would determine a tractor’s 
aerodynamic drag force through testing, 
determine the appropriate predefined 
aerodynamic bin, and then input the 
predefined CdA value for that bin into 
the GEM. 80 FR 40245. The agencies’ 
Phase 2 aerodynamic bins reflect three 
changes to the Phase 1 bins—the 
incorporation of wind averaged drag, 
the addition of trailer skirts to the 
standard box trailer used to determine 
the aerodynamic performance of high 
roof tractors (as just explained above), 
and the addition of bins to reflect the 
continued improvement of tractor 
aerodynamics in the future. Because of 
each of these changes, the aerodynamic 
bins for Phase 2 are not directly 
comparable to the Phase 1 bins. 

HD Phase 1 included five 
aerodynamic bins to cover the spectrum 
of aerodynamic performance of high 
roof tractors. Since the development of 
the Phase 1 rules, the manufacturers 
have continued to invest in 
aerodynamic improvements for tractors. 
This continued evolution of 
aerodynamic performance, both in 
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Meetings with EMA. July 2016. Docket EPA–HQ– 
OAR–2014–0827. 

production and in the research stage as 
part of the SuperTruck program, has 
consequently led the agencies to 
propose two additional aerodynamic 
technology bins (Bins VI and VII) for 
high roof tractors. 

In both HD Phase 1 and Phase 2, 
aerodynamic Bin I through Bin V 
represent tractors sharing similar levels 
of technology. The first high roof 
aerodynamic category, Bin I, is designed 
to represent tractor bodies which 
prioritize appearance or special duty 
capabilities over aerodynamics. These 
Bin I tractors incorporate few, if any, 
aerodynamic features and may have 
several features that detract from 
aerodynamics, such as bug deflectors, 
custom sunshades, B-pillar exhaust 
stacks, and others. The second high roof 
aerodynamics category is Bin II, which 
roughly represents the aerodynamic 
performance of the average new tractor 
sold in 2010. The agencies developed 
this bin to incorporate conventional 
tractors that capitalize on a generally 
aerodynamic shape and avoid classic 
features that increase drag. High roof 
tractors within Bin III build on the basic 
aerodynamics of Bin II tractors with 
added components to reduce drag in the 
most significant areas on the tractor, 
such as integral roof fairings, side 
extending gap reducers, fuel tank 
fairings, and streamlined grill/hood/ 
mirrors/bumpers, similar to 2013 model 
year SmartWay tractors. The Bin IV 
aerodynamic category for high roof 
tractors builds upon the Bin III tractor 
body with additional aerodynamic 
treatments such as underbody airflow 
treatment, down exhaust, and lowered 
ride height, among other technologies. 
HD Phase 1 Bin V tractors incorporate 
advanced technologies which are 
currently in the prototype stage of 
development, such as advanced gap 
reduction, rearview cameras to replace 
mirrors, wheel system streamlining, and 
advanced body designs. For HD Phase 2, 
the agencies proposed to segment the 
aerodynamic performance of these 
advanced technologies into Bins V 
through VII. 

In Phase 1, the agencies adopted only 
two aerodynamic bins for low and mid 
roof tractors. The agencies limited the 
number of bins to reflect the actual 
range of aerodynamic technologies 

effective in low and mid roof tractor 
applications. High roof tractors are 
consistently paired with box trailer 
designs, and therefore manufacturers 
can design the tractor aerodynamics as 
a tractor-trailer unit and target specific 
areas like the gap between the tractor 
and trailer. In addition, the high roof 
tractors tend to spend more time at high 
speed operation which increases the 
impact of aerodynamics on fuel 
consumption and GHG emissions. On 
the other hand, low and mid roof 
tractors are designed to pull variable 
trailer loads and shapes. They may pull 
trailers such as flat bed, low boy, 
tankers, or bulk carriers. The loads on 
flat bed trailers can range from 
rectangular cartons with tarps, to a 
single roll of steel, to a front loader. Due 
to these variables, manufacturers do not 
design unique low and mid roof tractor 
aerodynamics but instead use 
derivatives from their high roof tractor 
designs. The aerodynamic 
improvements to the bumper, hood, 
windshield, mirrors, and doors are 
developed for the high roof tractor 
application and then carried over into 
the low and mid roof applications. As 
mentioned above, the types of designs 
that will move high roof tractors from a 
Bin III to Bins IV through V include 
features such as gap reducers and 
integral roof fairings which will not be 
appropriate on low and mid roof 
tractors. 

As Phase 2 looks to further improve 
the aerodynamics for high roof sleeper 
cabs, we believe it is also appropriate to 
expand the number of bins for low and 
mid roof tractors too. For Phase 2, the 
agencies proposed to differentiate the 
aerodynamic performance for low and 
mid roof applications with four bins, 
instead of two, in response to feedback 
received from manufacturers of low and 
mid roof tractors related to the limited 
opportunity to incorporate certain 
aerodynamic technologies in their 
compliance plan. However, upon 
further discussions with EMA, it 
became evident to the agencies that the 
most straightforward approach would be 
to include the same number of low and 
mid roof aero bins as we have for high 

roof tractors.315 Therefore, we are 
adopting seven aero bins for low and 
mid roof tractors in Phase 2. In addition, 
we proposed and are adopting 
provisions that allow low and mid roof 
tractor aerodynamic bins to be 
determined based on the aerodynamic 
bin of an equivalent high roof tractor, as 
shown below in Table III–31. 

TABLE III–31—PHASE 2 REVISIONS TO 
40 CFR 1037.520(b)(3) 

High roof bin Low and mid 
roof bin 

Bin I ........................... Bin I. 
Bin II .......................... Bin II. 
Bin III ......................... Bin III. 
Bin IV ........................ Bin IV. 
Bin V ......................... Bin V. 
Bin VI ........................ Bin VI. 
Bin VII ....................... Bin VII. 

The agencies developed new high roof 
tractor aerodynamic bins for Phase 2 
that reflect the change from zero yaw to 
wind averaged drag, the more 
aerodynamic reference trailer, and the 
addition of two bins. Details regarding 
the derivation of the high roof bins are 
included in RIA Chapter 3.2.1.2. The 
high roof bin values being adopted in 
the HD Phase 2 final rulemaking differ 
from those proposed due to the 
coastdown and other aerodynamic test 
procedures changes discussed above in 
Section III.E.2.a. However, as explained 
above in Section III.D.1, in both the 
NPRM and this final rulemaking, we 
developed the Phase 2 bins such that 
there is an alignment between the Phase 
1 and Phase 2 aerodynamic bins after 
taking into consideration the changes in 
aerodynamic test procedures and 
reference trailers required in Phase 2. 
The Phase 2 bins were developed so that 
a tractor that performed as a Bin III in 
Phase 1 would also perform as a Bin III 
tractor in Phase 2. The high roof tractor 
bins are defined in Table III–32. The 
final revisions to the low and mid roof 
tractor bins reflect the addition of five 
new aerodynamic bins and are listed in 
Table III–33. 
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316 Southwest Research Institute. ‘‘Heavy Duty 
Class 8 Truck Coastdown and Constant Speed 
Testing.’’ April 2015. 

TABLE III–32—PHASE 2 AERODYNAMIC INPUT DEFINITIONS TO GEM FOR HIGH ROOF TRACTORS 

Class 7 Class 8 

Day cab Day cab Sleeper cab 

High roof High roof High roof 

Aerodynamic Test Results (CdAwad in m2) 

Bin I .............................................................................................................................................. ≥7.2 ≥7.2 ≥6.9 
Bin II ............................................................................................................................................. 6.6–7.1 6.6–7.1 6.3–6.8 
Bin III ............................................................................................................................................ 6.0–6.5 6.0–6.5 5.7–6.2 
Bin IV ........................................................................................................................................... 5.5–5.9 5.5–5.9 5.2–5.6 
Bin V ............................................................................................................................................ 5.0–5.4 5.0–5.4 4.7–5.1 
Bin VI ........................................................................................................................................... 4.5–4.9 4.5–4.9 4.2–4.6 
Bin VII .......................................................................................................................................... ≤4.4 ≤4.4 ≤4.1 

Aerodynamic Input to GEM (CdAwad in m2) 

Bin I .............................................................................................................................................. 7.45 7.45 7.15 
Bin II ............................................................................................................................................. 6.85 6.85 6.55 
Bin III ............................................................................................................................................ 6.25 6.25 5.95 
Bin IV ........................................................................................................................................... 5.70 5.70 5.40 
Bin V ............................................................................................................................................ 5.20 5.20 4.90 
Bin VI ........................................................................................................................................... 4.70 4.70 4.40 
Bin VII .......................................................................................................................................... 4.20 4.20 3.90 

TABLE III–33—PHASE 2 AERODYNAMIC INPUT DEFINITIONS TO GEM FOR LOW AND MID ROOF TRACTORS 

Class 7 Class 8 

Day cab Day cab Sleeper Cab 

Low roof Mid roof Low roof Mid roof Low roof Mid roof 

Aerodynamic Test Results (CdA in m2) 

Bin I .......................................................... ≥5.4 ≥5.9 ≥5.4 ≥5.9 ≥5.4 ≥5.9 
Bin II ......................................................... 4.9–5.3 5.5–5.8 4.9–5.3 5.5–5.8 4.9–5.3 5.5–5.8 
Bin III ........................................................ 4.5–4.8 5.1–5.4 4.5–4.8 5.1–5.4 4.5–4.8 5.1–5.4 
Bin IV ....................................................... 4.1–4.4 4.7–5.0 4.1–4.4 4.7–5.0 4.1–4.4 4.7–5.0 
Bin V ........................................................ 3.8–4.0 4.4–4.6 3.8–4.0 4.4–4.6 3.8–4.0 4.4–4.6 
Bin VI ....................................................... 3.5–3.7 4.1–4.3 3.5–3.7 4.1–4.3 3.5–3.7 4.1–4.3 
Bin VII ...................................................... ≤3.4 ≤4.0 ≤3.4 ≤4.0 ≤3.4 ≤4.0 

Aerodynamic Input to GEM (CdA in m2) 

Bin I .......................................................... 6.00 7.00 6.00 7.00 6.00 7.00 
Bin II ......................................................... 5.60 6.65 5.60 6.65 5.60 6.65 
Bin III ........................................................ 5.15 6.25 5.15 6.25 5.15 6.25 
Bin IV ....................................................... 4.75 5.85 4.75 5.85 4.75 5.85 
Bin V ........................................................ 4.40 5.50 4.40 5.50 4.40 5.50 
Bin VI ....................................................... 4.10 5.20 4.10 5.20 4.10 5.20 
Bin VII ...................................................... 3.80 4.90 3.80 4.90 3.80 4.90 

(ix) Selective Enforcement Audits (SEA) 
and Confirmatory Testing for 
Aerodynamics 

EPA has long required manufacturers 
to perform SEAs to verify that actual 
production engines and vehicles 
conform to their certificates. Before this 
rulemaking, the regulations in 40 CFR 
1037.301 provided generally for SEAs 
for Phase 1 vehicles, but did not provide 
specific descriptions of how such 
testing would be conducted for 
coastdowns. In Phase 1, we adopted 
interim provisions in 40 CFR 
1037.150(k) that accounted for 
coastdown measurement variability by 

allowing a compliance demonstration 
based on in-use test results if the drag 
area was at or below the maximum drag 
area allowed for the bin above the bin 
to which the vehicle was certified. Since 
adoption of Phase 1, EPA has conducted 
in-use aerodynamic testing and found 
that uncertainty associated with 
coastdown testing is less than 
anticipated.316 In addition, as noted 
earlier in this Section III.E.(2)(a), we 
proposed and are adopting additional 
enhancements in the Phase 2 coastdown 

procedures to continue to reduce the 
variability of coastdown results, 
including the impact of environmental 
conditions. Therefore, we are sunsetting 
the provision in 40 CFR 1037.150(k) at 
the end of the Phase 1 program (after the 
2020 model year). In the NPRM, we 
proposed a conventional approach to 
conducting SEAs with respect to 
aerodynamics. See 80 FR at 40156 and 
proposed section 1037.301. We 
requested comment on whether or not 
we should factor in a test variability 
compliance margin into the 
aerodynamic test procedure, and 
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317 As specified in 40 CFR 1037.305, bin 
boundaries for this determination are expressed to 
two decimal places and adjusted for rounding 
effects. 

therefore requested data on 
aerodynamic test variability. 

The agencies received comments from 
manufacturers arguing for the agencies 
to establish compliance margins that 
would allow actual production vehicles 
to exceed the standards by some fixed 
amount. These comments included 
specific requests for an aerodynamic 
compliance margin. We also received 
comments from UCS supporting the 
elimination of the aerodynamic 
compliance margin. As explained in 
Section I.C.1, although EPA sometimes 
provides interim compliance margins to 
facilitate the initial implementation of 
new programs, we generally do not 
consider such an approach to be an 
appropriate long-term policy. 
Nevertheless, EPA recognizes that 
compliance testing relying on 
coastdowns to evaluate aerodynamic 
parameters differs fundamentally from 
traditional compliance testing, in which 
test-to-test variability is normally 
expected to be small relative to 
production variability. With coastdown 
testing, however, test-to-test variability 
is expected to be larger relative to 
production variability. In response to 
comments addressing this difference, 
EPA developed a different structure for 
conducting SEAs to evaluate tractor CdA 

s and solicited supplemental comments 
on it. See 81 FR 10825. This new 
structure reflects an approach that 
would be consistent with the following 
principles: 

• Test-to-test variability for 
individual coastdown runs can be high, 
so compliance determinations should be 
based on average values from multiple 
runs. 

• Coastdown testing of a single 
vehicle is expensive and time 
consuming, so testing should focus 
more on repeat tests for the same 
vehicle than on tests for multiple 
vehicles. However, manufacturers 
should not be required to conduct more 
than 100 valid coastdown runs on any 
single vehicle. 

• Compliance determinations should 
be based on whether or not the true 
value for the CdA falls within the bin to 
which the vehicle was certified, rather 
than on whether or not the true value 
for the CdA exceeds the value measured 
for certification. 

• Given the limited ability to 
eliminate uncertainty, compliance 
determinations should consider the 
statistical confidence that a true value 
lies outside a bin. 

Commenters were generally very 
supportive of these principles and the 
proposed structure. 

We believe the structure being 
finalized appropriately balances EPA’s 
need to provide strong incentives for 
manufacturers to act in good faith with 
manufacturers’ need to avoid 
compliance actions based on inaccurate 
testing. Our current assessment is that, 
where a manufacturer acts in good faith 
when certifying and uses good 
engineering judgment throughout the 
process, false failures for individual 
vehicles would be rare and false failures 
for a family would not occur. 

Under this approach, EPA would 
select a production vehicle for 
coastdown testing, and the 
manufacturer would be required to 
perform up to 100 valid coastdown runs 
to demonstrate whether or not the 
vehicle was certified to the correct bin. 
The coastdown results must be adjusted 
to a yaw angle of 4.5° using an alternate 
aerodynamic method. EPA will address 
uncertainty in the measurement using a 
confidence interval around the mean 
CdA value, where the confidence 
interval will be calculated from the 
standard deviation of the CdA values (s) 
and the number of runs (n) according to 
the following equation: 

For example, the result of the testing 
could be a CdA value of 5.90 ± 0.09, 
which would fall entirely within Bin III 
for high roof sleeper cabs.317 If the 
vehicle had been certified to Bin III or 
lower, this would be considered a 
passing test. If it had been certified to 
Bin IV or higher, this would be 
considered a failing test. For each 
vehicle that fails, the manufacturer 
would be required to test two additional 
vehicles up to a maximum of 11 
vehicles. Manufacturers would have the 
option to select the same vehicle 
configuration, or they could choose to 
have EPA select another configuration 
within the family. It is appropriate to 
allow manufacturers the opportunity to 
retest the same failed configurations 
because they would only do so where 
there had reasonable confidence that the 
failure did not accurately reflect the true 
value. 

The regulations require that 
manufacturers continue testing until the 
results are clearly either above or below 
the applicable bin boundary (i.e., the 
confidence interval does not cross the 
boundary), or until 100 runs are 
completed. By making the confidence 
interval a function of the number of 
runs, it will generally become smaller as 
additional runs are completed, so that it 
would be increasingly likely to have a 
clear result as additional runs are 
completed. Nevertheless, there may be 
some cases where the results are close 
enough to the bin boundary that the 
confidence interval still crosses the 
boundary after 100 runs, meaning the 
true CdA value could be slightly above 
or slightly below the bin boundary. The 
regulations will treat these results as 
passing. 

It is important to note that, although 
SEAs are directed by EPA, the actual 
testing is conducted by the 
manufacturer at their chosen facilities. 
This minimizes many potential causes 
of test variability, such as differences in 
test trailers, test tracks, or 

instrumentation. Thus confidence 
intervals need only reflect true test-to- 
test variability. Also, manufacturers 
generally rent facilities for coastdown 
testing as needed, which means EPA 
will need to provide some advance 
notice to allow the manufacturer to 
reserve the appropriate facility. 

In selecting the original configuration 
and subsequent selections, EPA would 
likely consider vehicles with measured 
CdA values near the top of the bin since 
they could be most the likely to be mis- 
certified based on inaccurate results. 
However, EPA could select any 
configuration. For subsequent testing if 
the first vehicle fails, manufacturers 
would be allowed to retest the same 
configuration (but not the same exact 
vehicle). EPA believes this would not 
decrease the risk of failure for 
subsequent vehicles, but could allow a 
manufacturer the opportunity to show 
its design was actually compliant. 

With respect to confirmatory testing, 
which is testing EPA conducts during 
certification rather than during 
production, EPA has generally 
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318 Oakridge National Laboratory. Transportation 
Energy Book, Edition 33. Table 5.10 Effect of 
Terrain on Class 8 Truck Fuel Economy. 2014. Last 
accessed on September 19, 2014 at http://
cta.ornl.gov/data/Chapter5.shtml. 

319 Ibid. 
320 Reinhart, T. (February 2016). Commercial 

Medium- and Heavy-Duty (MD/HD) Truck Fuel 
Efficiency Technology Study—Report #2. 
Washington, DC: National Highway Traffic Safety 
Administration. EPA–HQ–OAR–2014–0827–1623. 

321 National Academy of Science. ‘‘Reducing the 
Fuel Consumption and GHG Emissions of Medium- 
and Heavy-Duty Vehicles, Phase Two, First 
Report.’’ 2014. Recommendation S.3 (3.6). 

322 See NREL Report ‘‘EPA Road Grade profiles’’ 
for DOE–EPA Interagency Agreement to Refine 
Drive Cycles for GHG Certification of Medium- and 
Heavy-Duty Vehicles, IA Number DW–89– 
92402501. 

323 Southwest Research Institute. ‘‘GEM 
Validation,’’ Technical Research Workshop 
supporting EPA and NHTSA Phase 2 Standards for 
MD/HD Greenhouse Gas and Fuel Efficiency— 
December 10 and 11, 2014. Can be accessed at 
http://www3.epa.gov/otaq/climate/regs-heavy- 
duty.htm. 

considered its test results to be the 
official test results. However, we 
recognize that we need to treat 
confirmation of a manufacturer’s Falt-aero 
differently because small changes in its 
value would be spread over an entire 
family. Therefore, EPA is adopting an 
interim provision that would apply the 
SEA confidence interval approach for 
confirmatory testing with respect to 
Falt-aero. EPA would also attempt to use 
the same test trailers, test locations, and 
instrumentation that the manufacturer. 
Nevertheless, we expect to revisit this 
issue in the future. 

(b) Road Grade in the Drive Cycles 

Road grade can have a significant 
impact on the overall fuel economy of 
a heavy-duty vehicle. Table III–34 
shows the results from a real world 
evaluation of heavy-duty tractor-trailers 
conducted by Oak Ridge National 
Lab.318 The study found that the impact 
of a mild upslope of one to four percent 
led to a decrease in average fuel 
economy from 7.33 mpg to 4.35 mpg. 
These results are as expected because 
vehicles consume more fuel while 
driving on an upslope than driving on 
a flat road because the vehicle needs to 
exert additional power to overcome the 
grade resistance force.319 The amount of 
extra fuel increases with increases in 
road gradient. On downgrades, vehicles 
consume less fuel than on a flat road. 
However, as shown in the fuel 
consumption results in Table III–34, the 
amount of increase in fuel consumption 
on an upslope is greater than the 
amount of decrease in fuel consumption 
on a downslope which leads to a net 
increase in fuel consumption. As an 
example, the data show that a vehicle 
would use 0.3 gallons per mile more 
fuel in a severe upslope than on flat 
terrain, but only save 0.1 gallons of fuel 
per mile on a severe downslope. In 
another study, Southwest Research 
Institute modeling found that the 
addition of road grade to a drive cycle 
has an 8 to 10 percent negative impact 
on fuel economy.320 

TABLE III–34—FUEL CONSUMPTION 
RELATIVE TO ROAD GRADE 

Type of terrain 

Average 
fuel 

economy 
(miles per 

gallon) 

Average 
fuel 

consumption 
(gallons per 

mile) 

Severe upslope (>4%) .. 2.90 0.34 
Mild upslope (1% to 4%) 4.35 0.23 
Flat terrain (1% to 1%) .. 7.33 0.14 
Mild downslope (¥4% 

to ¥1%) ..................... 15.11 0.07 
Severe downslope 

(≤4%) ......................... 23.50 0.04 

In Phase 1, the agencies did not 
include road grade. However, we 
believe it is important to include road 
grade in Phase 2 to properly assess the 
value of technologies, such as 
downspeeding and the integration of the 
engine and transmission, which were 
not technologies included in the 
technology basis for Phase 1 and are not 
directly assessed by GEM in its Phase 1 
iteration. The addition of road grade to 
the drive cycles is consistent with the 
NAS recommendation in the 2014 Phase 
2 First Report.321 

The U.S. Department of Energy and 
EPA partnered to support a project to 
develop the appropriate road grade 
profiles for the 55 mph and 65 mph 
highway cruise duty cycles that will be 
used in the certification of heavy-duty 
vehicles to the Phase 2 final GHG 
emission and fuel efficiency standards. 
The National Renewable Energy 
Laboratory (NREL) was contracted to do 
this work and has developed a database 
of activity-weighted percent road grades 
representative of U.S. limited-access 
highways. To this end, NREL used high- 
accuracy road grade data and county- 
specific vehicle miles traveled data. A 
report documenting this NREL work is 
in the public docket for these final 
rules.322 

In the Phase 2 proposal, the agencies 
developed an interim road grade profile 
and provided information in the docket 
on two NREL-derived road grade 
profiles. The agencies proposed the 
inclusion of an interim road grade 
profile, in both the 55 mph and 65 mph 
cycles. The grade profile was developed 
by Southwest Research Institute on a 
12.5 mile stretch of restricted-access 
highway during on-road tests conducted 
for EPA’s validation of the Phase 2 

version of GEM.323 The agencies also 
included an additional road grade 
profile as part of the Notice of Data 
Availability (81 FR at 10825). The 
agencies sought comment on all of the 
road grade profiles. 

Cummins supported the development 
of road grade and stated that the 
proposed road grade with ±2 percent 
did not reflect their assessment of the 
distribution of North American roads 
with a distribution of road grades of ±6 
percent. ACEEE supported inclusion of 
road grade. Daimler, Navistar, EMA, 
Volvo, and Eaton commented that the 
road grade profile presented in the 
NODA were too steep and did not 
represent real world driving. Their 
primary concern was related to the 
fraction of time the engine spent at full 
load for various vehicle configurations. 
According to the manufacturers, the 
road grade cycle presented in GEM in 
the NODA spent too high of a fraction 
of time at full load. 

After considering the road grade 
profile comments and using the NREL 
database, the agencies have 
independently developed a road grade 
profile for the final rules for use in the 
55 mph and 65 mph highway cruise 
duty cycles for the Phase 2 final 
rulemaking. While based on the same 
road grade database generated by NREL 
for U.S. restricted-access highways, its 
design is predicated on a different 
approach. The development of this 
profile is documented in the RIA 
Chapter 3.4.2.1. The road grade in the 
final rules includes a stretch with zero 
percent grade and lower peak grades 
than the profile presented in the NODA. 
The minimum grade in the final cycle 
is –5 percent and the maximum grade is 
5 percent. The cycle spends 46 percent 
of the distance in grades of ± 0.5 
percent. Overall, the cycle spends 
approximately 66 percent of the time in 
relatively flat terrain with road gradients 
of ± 1 percent. A detailed discussion of 
the road grade profile is included in RIA 
Chapter 3.4.2.1. 

(c) Heavy-Haul Provisions 
The agencies proposed that heavy- 

haul tractors demonstrate compliance 
with the standards using the day cab 
drive cycle weightings of 19 percent 
transient cycle, 17 percent 55 mph 
cycle, and 64 percent 65 mph cycle. We 
also proposed that GEM simulates the 
heavy-haul tractors with a payload of 43 
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324 North American Council for Freight 
Efficiency. ‘‘Confidence Findings on the Potential of 
6x2 Axles.’’ 2014. Page 16. 

tons and a total tractor, trailer, and 
payload weight of 118,500 lbs. In 
addition, we proposed that the engines 
installed in heavy-haul tractors meet the 
tractor engine standards included in 40 
CFR 1036.108. We welcomed comments 
on these specifications. 

Volvo does not agree with the 
proposal that the engine installed in a 
heavy-haul tractor must meet the tractor 
engine standard defined in 40 CFR 
1036.108. As discussed below in 
Section III.E.2.i, we have modified 40 
CFR 1037.601(a)(1) in this final 
rulemaking to remove the prohibition of 
using vocational engines in tractors. 

(d) Weight Reduction 

In Phase 1, the agencies adopted 
regulations that provided manufacturers 
with the ability to use GEM to measure 
emission reduction and reductions in 
fuel consumption resulting from use of 
high strength steel and aluminum 
components for weight reduction, and 
to do so without the burden of entering 
the curb weight of every tractor 
produced. We treated such weight 
reduction in two ways in Phase 1 to 
account for the fact that combination 
tractor-trailers weigh-out approximately 
one-third of the time and cube-out 
approximately two-thirds of the time. 
Therefore, one-third of the weight 
reduction is added payload in the 
denominator while two-thirds of the 
weight reduction is subtracted from the 
overall weight of the vehicle in GEM. 
See 76 FR 57153. The agencies also 
allowed manufacturers to petition for 
off-cycle credits for components not 
measured in GEM. 

NHTSA and EPA proposed to carry 
the Phase 1 treatment of weight 
reduction into Phase 2. That is, these 
types of weight reduction, although not 
part of the agencies’ technology 
packages for the final standards, can 
still be recognized in GEM up to a point. 
In addition, the agencies proposed to 
add additional thermoplastic 
components to the weight reduction 
table. The thermoplastic component 
weight reduction values were developed 
in coordination with SABIC, a 
thermoplastic component supplier. 
Also, in Phase 2, we proposed to 

recognize the potential weight reduction 
opportunities in the powertrain and 
drivetrain systems as part of the vehicle 
inputs into GEM. Therefore, we believe 
it is appropriate to also recognize the 
weight reduction associated with both 
smaller engines and 6x2 axles.324 We 
welcomed comments on all aspects of 
weight reduction. 80 FR 40249. 

Several organizations suggested 
changes to specific weights proposed in 
the NPRM. The Aluminum Association 
cited several additional advancements 
in the aluminum industry and stated 
that the proposed table is appropriate 
when these components are considered 
for substitution on an individual basis. 
Aluminum Association also asked the 
agencies to add a 500 pound weight 
reduction for switching from steel to 
aluminum tractor cabs, among other 
components. Meritor supported the 
inclusion and expansion of the weight 
reduction technologies in the NPRM. 
Meritor suggested the aluminum carriers 
illustrate consistent weight reductions 
of 60 pounds for the rear-front-drive 
axle, 35 pounds for the rear-rear-drive 
axle and therefore 95 pounds for the 
tandem. Based on their data, Meritor 
recommends that a 42 pound weight 
savings be credited per tractor for using 
High-Strength steel drums on the steer 
(non-drive) axle and 74 pound per 
vehicle for 6x4 drive axle applications. 
Meritor anticipates the availability of an 
aluminum version of a brake bracket in 
the timeframe of the regulation which 
will provide a calculated per vehicle 
weight savings of 36 pounds for a 6x4 
configuration. Meritor believes that 
weight savings should be credited for 
the use of single-piece drivelines in 
excess of 86″ because today, most 
drivelines in excess of 86″ are two piece. 
American Iron and Steel Institute 
commented that light weight values for 
high strength steel should be adjusted 
upward in the FRM, citing light duty 
vehicle weight reduction approaches 
using high strength steel and saying 
these improvements should apply to the 
heavy-duty sector as well. Daimler 
commented that increased credit should 
be given to hoods and fairings for the 
difference between steel and 
thermoplastic, but no specific values 

were provided. PACCAR recommends 
that the agencies broaden the definition 
of ‘‘composite’’ to include materials 
other than thermoplastics, including 
thermoplastics, thermosets, and fiber 
reinforced plastics. 

Some organizations commented 
against including some or all light- 
weight components for compliance with 
the tractor standards. American Iron and 
Steel Institute commented against the 
inclusion of any light-weight 
components as a compliance 
mechanism for tractors unless improved 
technical data to support the weight 
saving values are used. Daimler 
commented that the weight reduction 
values for engines less than 15 liters are 
arbitrary. Allison commented that the 
agencies should establish weight 
penalties for components that increase 
weight, and they used the example of 
MT/AMT with countershaft 
architectures. 

We have expanded the list of weight 
reduction technologies for some steel 
and aluminum components for the final 
rule based on information provided in 
the comments. We did not adopt weight 
reduction values for some components, 
such as an axle carrier, because we are 
not confident that this is not double 
counting the weight reduction of the 
axles already provided in the 
regulations. We also did not adopt 
weight reduction values for technologies 
still in development, such as aluminum 
brake brackets. The agencies are not 
finalizing a weight penalty for any 
components since this would require 
detailed information on conventional 
and light-weight tractor components to 
establish a baseline and the weight 
reduction potential for each component. 
In addition, we are not broadening the 
definition of composite at this time to 
include materials other than 
thermoplastics because the specific 
weight reduction values in the table are 
specific to thermoplastics. We are 
adopting the values listed in Table III– 
35 and Table III–36 and making them 
available upon promulgation of the final 
Phase 2 rules (i.e., available even under 
Phase 1). Additional weight reduction 
would be evaluated as a potential off- 
cycle credit. 

TABLE III–35—PHASE 2 WEIGHT REDUCTION TECHNOLOGIES FOR TRACTORS 

Weight reduction technology Weight reduction 

Wide-Based Single Drive Tire with: 
Steel Wheel ............................................................................................................................................................. 84 lbs. per wheel/tire set. 
Aluminum Wheel/Aluminum Alloy Wheel ................................................................................................................ 147 lbs. per wheel/tire set. 
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325 Kenworth. ‘‘Kenworth T680 with PACCAR 
MX–13 Engine Lowers Costs for Oregon Open-Deck 
Carrier.’’ Last viewed on December 16, 2014 at 
http://www.kenworth.com/news/news-releases/
2013/december/t680-cotc.aspx. 

TABLE III–35—PHASE 2 WEIGHT REDUCTION TECHNOLOGIES FOR TRACTORS—Continued 

Weight reduction technology Weight reduction 

Wide-Based Single Trailer Tire with: 
Steel Wheel ............................................................................................................................................................. 84 lbs. per wheel/tire set. 
Aluminum Wheel/Aluminum Alloy Wheel ................................................................................................................ 131 lbs. per wheel/tire set. 

Steer Tire or Dual Wide Drive Tire with: 
High Strength Steel Wheel ...................................................................................................................................... 8 lbs. per wheel. 
Aluminum Wheel/Aluminum Alloy Wheel ................................................................................................................ 25 lbs. per wheel. 

Weight reduction technologies Steel 
(lb.) 

Aluminum 
weight 

reduction 
(lb.) 

High 
strength 

steel weight 
reduction 

(lb.) 

Thermoplastic 
weight 

reduction 
(lb.) 

Door (per door) ................................................................................................ ........................ 20 6 ........................
Roof (per vehicle) ............................................................................................ ........................ 60 18 ........................
Cab rear wall (per vehicle) .............................................................................. ........................ 49 16 ........................
Cab floor (per vehicle) ..................................................................................... ........................ 56 18 ........................
Hood (per vehicle) ........................................................................................... ........................ 55 17 ........................
Hood Support Structure (per vehicle) .............................................................. ........................ 15 3 ........................
Hood and Front Fender (per vehicle) .............................................................. ........................ ........................ ........................ 65 
Day Cab Roof Fairing (per vehicle) ................................................................. ........................ ........................ ........................ 18 
Sleeper Cab Roof Fairing (per vehicle) ........................................................... ........................ 75 20 40 
Aerodynamic Side Extender (per vehicle) ....................................................... ........................ ........................ ........................ 10 
Fairing Support Structure (per vehicle) ........................................................... ........................ 35 6 ........................
Instrument Panel Support Structure (per vehicle) ........................................... ........................ 5 1 ........................
Brake Drums—Drive (per 4) ............................................................................ ........................ 140 74 ........................
Brake Drums—Non Drive (per 2) .................................................................... ........................ 60 42 ........................
Frame Rails (per vehicle) ................................................................................ ........................ 440 87 ........................
Crossmember—Cab (per vehicle) ................................................................... ........................ 15 5 ........................
Crossmember—Suspension (per vehicle) ....................................................... ........................ 25 6 ........................
Crossmember—Non Suspension ( per 3) ....................................................... ........................ 15 5 ........................
Fifth Wheel (per vehicle) ................................................................................. ........................ 100 25 ........................
Radiator Support (per vehicle) ........................................................................ ........................ 20 6 ........................
Fuel Tank Support Structure (per vehicle) ...................................................... ........................ 40 12 ........................
Steps (per vehicle) ........................................................................................... ........................ 35 6 ........................
Bumper (per vehicle) ....................................................................................... ........................ 33 10 ........................
Shackles (per vehicle) ..................................................................................... ........................ 10 3 ........................
Front Axle (per vehicle) ................................................................................... ........................ 60 15 ........................
Suspension Brackets, Hangers (per vehicle) .................................................. ........................ 100 30 ........................
Transmission Case (per vehicle) ..................................................................... ........................ 50 12 ........................
Clutch Housing (per vehicle) ........................................................................... ........................ 40 10 ........................
Drive Axle Hubs (per 4) ................................................................................... ........................ 80 20 ........................
Non Drive Front Hubs (per 2) .......................................................................... ........................ 40 5 ........................
Single Piece Driveline (for drivelines longer than 86″) ................................... 43 63 43 ........................
Driveshaft (per vehicle) .................................................................................... ........................ 20 5 ........................
Transmission/Clutch Shift Levers (per vehicle) ............................................... ........................ 20 4 ........................

TABLE III–36—PHASE 2 WEIGHT RE-
DUCTION VALUES FOR OTHER COM-
PONENTS 

Weight reduction technology 
Weight 

reduction 
(lb) 

6x2 axle configuration in tractors 300 
4x2 axle configuration in Class 8 

tractors .................................... 300 
Tractor engine with displacement 

less than 14.0L ....................... 325 300 

(e) GEM Inputs 
The agencies proposed to continue to 

require the Phase 1 GEM inputs for 

tractors in Phase 2. These inputs 
include the following: 

• Steer tire rolling resistance, 
• Drive tire rolling resistance, 
• Coefficient of Drag Area, 
• Idle reduction, 
• Weight reduction, and 
• Vehicle Speed Limiter. 
As discussed above in Section II.C 

and III.D, there are several additional 
inputs that we are adopting for Phase 2. 
The majority of these new inputs are the 
same as proposed, with the addition of 
two new optional inputs to account for 
transmission and axle efficiency 
improvements in response to comments. 
The new GEM inputs for Phase 2 
include the following: 

• Engine information including 
manufacturer, model, combustion type, 
fuel type, family name, and calibration 
identification, 

• Engine steady state and cycle 
average fuel maps, 

• Engine full-load torque curve, 
• Engine motoring curve, 
• Transmission information including 

manufacturer and model, 
• Transmission type, 
• Transmission gear ratios, 
• Transmission loss map (optional), 
• Drive axle(s) ratio, 
• Axle power loss map (optional), 
• Tire size (revolutions per mile) for 

drive tires, and 
• Other technology inputs. 

(f) Vehicle Speed Limiter Provisions 

The agencies received comments 
during the development of Phase 1 that 
the Clean Air Act provisions to prevent 
tampering (CAA section 203(a)(3)(A)) of 
vehicle speed limiters and extended idle 
reduction technologies would prohibit 
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their use for demonstrating compliance 
with the Phase 1 standards. In Phase 1, 
the agencies adopted provisions to 
allow for discounted credits for idle 
reduction technologies that allowed for 
override conditions and expiring engine 
shutdown systems (see 40 CFR 
1037.660). Similarly, the agencies 
adopted provisions to allow for ‘‘soft 
top’’ speeds and expiring vehicle speed 
limiters, and we did not propose to 
change those provisions (see 40 CFR 
1037.640). However, as we developed 
Phase 2, we understood that the 
concerns still exist that the ability for a 
tractor manufacturer to reflect the use of 
a VSL in its compliance determination 
may be constrained by the demand for 
flexibility in the use of VSLs by the 
customers. The agencies welcomed 
suggestions on how to close the gap 
between the provisions that would be 
acceptable to the industry while 
maintaining our need to ensure that 
modifications do not violate section 
203(a)(3)(A). We requested comment on 
potential approaches which would 
enable a feedback mechanism between 
the vehicle owner/fleet that would 
provide the agencies the assurance that 
the benefits of the VSLs will be seen in 
use but would also provide the vehicle 
owner/fleet the flexibility they may 
need during in-use operation. More 
generally, in our discussions with 
several trucking fleets and with the 
American Trucking Associations, an 
interest was expressed by the fleets if 
there was a means by which they could 
participate in the emissions credit 
transactions that are currently limited to 
the directly regulated truck 
manufacturers. VSLs were an example 
technology that fleets and individual 
owners can order for a new build truck, 
and for which, from the fleets’ 
perspective, the truck manufacturers 
receive emission credits. The agencies 
did not have a specific suggestion in the 
Phase 2 NPRM or a position on the 
request from the American Trucking 
Association and its members, but we 
requested comment on whether or not it 
is appropriate to allow owners to 
participate in the overall compliance 
process for the directly regulated 
parties, if such a thing is allowed under 
the two agencies’ respective statutes, 
and what regulatory provisions would 
be needed to incorporate such an 
approach. 80 FR 40250. 

The agencies received comments 
regarding VSLs. ATA commented that 
the agencies should recognize in GEM 
VSLs set at speeds less than the speed 
limit mandated if a rule is adopted by 
NHTSA and FMCSA. ATA also 
suggested that the agencies should 

explore ways of incorporating the in-use 
benefits being derived from VSLs, such 
as allowing manufacturers to accept a 
purchaser’s commitment to establish a 
maximum limited speed, as opposed to 
the tamper-proof option, when 
acknowledged and affirmed on a 
vehicle’s purchase agreement. ATA also 
suggested that the agencies allow 
manufacturers to adjust VSLs at the end 
of a vehicle’s lease or trade-in and allow 
the creation of deficits or credits if such 
adjustments affect the initial VSL 
effectiveness that was generated and 
allow trucking companies to adjust 
maximum speeds if company policies 
change during the ownership cycle with 
corresponding adjustment to 
manufacturer credits. CARB stated it is 
not clear what fleet owners would do 
with Phase 2 credits and allowing fleet 
owners to garner such credits would 
unnecessarily complicate 
implementation and enforcement of the 
Phase 2 program. As a result, CARB staff 
recommends not including owners in 
emission credit transactions for VSL 
installation. Daimler suggested that they 
report in their 270 day end of year 
report the number of VSLs that remain 
active. Daimler recommends that the 
agencies provide in GEM reduced 
effectiveness for non-regulatory VSLs in 
proportion to the fraction of non- 
regulatory ones that remained unaltered, 
based upon their study of their database. 
Volvo commented that approximately 
15 percent of tractors built over 2013– 
2015 were shipped with their 
programmable road speed limiters set at 
less than 65 mph from the factory and 
47 percent were reported in use with the 
same setting, even during a period of 
very low fuel prices. Volvo Group 
requests that the agencies consider 
providing an effectiveness value in GEM 
for reprogrammable speed limiters set at 
the factory at, or below 65 mph. UPS 
commented that instead of tamperproof 
VSLs, they would support a regulatory 
approach in which the fleet owner can 
adjust speed settings, but only if 
certified personnel make these changes 
and their activities within the ECIVIs 
are trackable and fully accountable to 
proper authorities. 

The agencies considered the 
comments and the compliance burden 
associated with the suggestions. The 
agencies also considered DOT’s 
upcoming actions with respect to 
mandatory vehicle speed limiters for 
heavy-duty trucks. The existing Phase 1 
VSL flexibilities provide opportunities 
for manufacturers to use VSL as a 
technology in GEM while still allowing 
the settings to change after an 
‘‘expiration’’ time determined by the 

manufacturer. At this time, we believe 
that the Phase 1 flexibilities sufficiently 
balance the desire to encourage 
technologies that reduce GHG emissions 
and fuel consumption while minimizing 
the compliance burden of trying to 
accommodate changes throughout the 
useful life of the vehicle. Therefore, the 
agencies are not adopting any new VSL 
provisions for Phase 2 and the Phase 1 
provisions will continue (see 40 CFR 
1037.640). 

(g) Emission Control Labels 
The agencies consider it crucial that 

authorized compliance inspectors are 
able to identify whether a vehicle is 
certified, and if so whether it is in its 
certified condition. To facilitate this 
identification in Phase 1, EPA adopted 
labeling provisions for tractors that 
included several items. The Phase 1 
tractor label must include the 
manufacturer, vehicle identifier such as 
the Vehicle Identification Number 
(VIN), vehicle family, regulatory 
subcategory, date of manufacture, 
compliance statements, and emission 
control system identifiers (see 40 CFR 
1037.135). In Phase 1, the emission 
control system identifiers are limited to 
vehicle speed limiters, idle reduction 
technology, tire rolling resistance, some 
aerodynamic components, and other 
innovative and advanced technologies. 

The number of emission control 
systems for greenhouse gas emissions in 
Phase 2 has increased significantly. For 
example, all aspects of the engine 
transmission and drive axle; accessories; 
tire radius and rolling resistance; wind 
averaged drag; predictive cruise control; 
idle reduction technologies; and 
automatic tire inflation systems are 
controls that can be evaluated on-cycle 
in Phase 2 (i.e. these technologies’ 
performance can now be input to GEM), 
but could not be in Phase 1. Due to the 
complexity in determining greenhouse 
gas emissions as in Phase 2, the agencies 
do not believe that we can 
unambiguously determine whether or 
not a vehicle is in a certified condition 
through simply comparing information 
that could be made available on an 
emission control label with the 
components installed on a vehicle. 
Therefore, EPA proposed to remove the 
requirement to include the emission 
control system identifiers required in 40 
CFR 1037.135(c)(6) and in Appendix III 
to 40 CFR part 1037 from the emission 
control labels for vehicles certified to 
the Phase 2 standards. However, the 
agencies requested comment on the 
appropriate content that would properly 
balance the need to limit label content 
with the interest in providing the most 
useful information for inspectors to 
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confirm that vehicles have been 
properly built. The agencies received 
comments on the emission control 
labels. Navistar supported the 
elimination of the emission control 
information from the vehicle GHG label. 
After considering the comments, EPA is 
finalizing the proposed tractor labeling 
requirements. Nevertheless, as 
described below we remain interested in 
finding a better approach for labeling. 

Under the agencies’ existing 
authorities, manufacturers must provide 
detailed build information for a specific 
vehicle upon our request. Our 
expectation is that this information 
should be available to us via email or 
other similar electronic communication 
on a same-day basis, or within 24 hours 
of a request at most. The agencies have 
started to explore ideas that would 
provide inspectors with an electronic 
method to identify vehicles and access 
on-line databases that would list all of 
the engine-specific and vehicle-specific 
emissions control system information. 
We believe that electronic and Internet 
technology exists today for using scan 
tools to read a bar code or radio 
frequency identification tag affixed to a 
vehicle that could then lead to secure 
on-line access to a database of 
manufacturers’ detailed vehicle and 
engine build information. Our 
exploratory work on these ideas has 
raised questions about the level of effort 
that would be required to develop, 
implement and maintain an information 
technology system to provide inspectors 
real-time access to this information. We 
have also considered questions about 
privacy and data security. We requested 
comment on the concept of electronic 
labels and database access, including 
any available information on similar 
systems that exist today and on burden 
estimates and approaches that could 
address concerns about privacy and data 
security. Based on new information that 
we receive, we stated in the NPRM that 
we may consider initiating a separate 
rulemaking effort to propose and request 
comment on implementing such an 
approach. 

(h) End of Year Reports 
In the Phase 1 program, 

manufacturers participating in the ABT 
program provided 90 day and 270 day 
reports to EPA and NHTSA after the end 
of the model year. The agencies adopted 
two reports for the initial program to 
help manufacturers become familiar 
with the reporting process. For the HD 
Phase 2 program, the agencies proposed 
to simplify reporting such that 
manufacturers would only be required 
to submit the final report 90 days after 
the end of the model year with the 

potential to obtain approval for a delay 
up to 30 days. We requested comments 
on this approach. EMA, PACCAR, 
Navistar, Daimler, and Cummins 
recommended keeping the 270 day 
report to allow sufficient time after the 
production period is completed. We are 
accordingly keeping both the 90 day and 
270 day reports, with the ability of the 
agencies to waive the 90 day report. 

(i) Other Compliance Provisions 
In Phase 2, the agencies are adopting 

provisions to evaluate the performance 
of the engine, transmission, and 
drivetrain in determining compliance 
with the Phase 2 tractor standards. With 
the inclusion of the engine’s 
performance in the vehicle compliance, 
EPA proposed to modify the prohibition 
to introducing into U.S. commerce a 
tractor containing an engine not 
certified for use in tractor (see proposed 
40 CFR 1037.601(a)(1)). During 
development of the Phase 2 NPRM, we 
no longer saw the need to prohibit the 
use of vocational engines in tractors 
because the performance of the engine 
would be appropriately reflected in 
GEM. We welcomed comments on 
removing this prohibition. 

The agencies received comments 
supporting the proposed approach. 
PACCAR supports removing the 
prohibition on the installation of 
vocational engines into tractors where 
these engines are appropriate for the 
customer’s application. Daimler agreed 
with the proposal that with the engine 
properly represented in GEM, there is 
less need for the prohibition on 
vocational-only certified engines in 
tractors and that the true in-vehicle 
emissions are represented by the full- 
vehicle standard. Accordingly, we are 
modifying 40 CFR 1037.601(a)(1) in this 
final rulemaking to remove the 
prohibition of using vocational engines 
in tractors. 

The agencies also proposed to change 
the compliance process for 
manufacturers seeking to use the off- 
road exclusion. During the Phase 1 
program, manufacturers realized that 
contacting the agencies in advance of 
the model year was necessary to 
determine whether vehicles would 
qualify for exemption and need 
approved certificates of conformity. The 
agencies found that the petition process 
allowed at the end of the model year 
was not necessary and that an informal 
approval during the precertification 
period was more effective. Therefore, 
NHTSA proposed to remove its off-road 
petitioning process in 49 CFR 535.8 and 
EPA proposed to add requirements for 
informal approvals in 40 CFR 1037.610. 
The agencies did not receive any 

comments regarding the petition 
process. We are adopting the Phase 2 
provisions as proposed. 

In Phase 1 and as proposed in Phase 
2, the agencies allow manufacturers to 
certify vehicles into a higher service 
class. No credits can be generated from 
vehicles certified to the higher service 
class, but any deficit produced must be 
offset by credits generated from other 
vehicles within the higher service class. 
Though the agencies did not propose 
any changes, we received comments on 
the treatment of 4x2 tractors. EMA and 
the manufacturers suggest that tractors 
with a 4x2 axle configuration and a 
heavy heavy-duty engine should be 
classified as a Class 8 tractor regardless 
of GVWR and be included in the Class 
8 averaging set. Navistar and EMA 
stated that these vehicles are typically 
purchased to pull multiple trailers, even 
though the GVWR is less than 33,000 
pounds. In the agencies’ assessment, we 
agree with the manufacturers that these 
vehicles resemble Class 8 work and due 
to the higher useful life requirements, 
we are adopting provisions into the 
Phase 2 regulations that gives all 
manufacturers the option to classify 
Class 7 tractors with 4x2 axle 
configurations as Class 8 tractors. 

(j) Chassis Dynamometer Testing 
Requirement 

The agencies foresee the need to 
continue to track the progress of the 
Phase 2 program throughout its 
implementation. As discussed in 
Section II, the agencies expect to 
evaluate the overall performance of 
tractors with the GEM results provided 
by manufacturers through the end of 
year reports. However, we also need to 
continue to have confidence in our 
simulation tool, GEM, as the vehicle 
technologies continue to evolve. 
Therefore, EPA proposed that the 
manufacturers conduct annual chassis 
dynamometer testing of three sleeper 
cab tractors and two day cab tractors 
and provide the data and the GEM result 
from each of these tractor configurations 
to EPA (see 40 CFR 1037.665). 80 FR 
40251. We requested comment on the 
costs and efficacy of this data 
submission requirement. 

In response, the agencies received 
mixed comments supporting and raising 
concerns about the proposed chassis test 
requirements. ACEEE and ICCT 
supported the proposal to conduct 
annual chassis testing to verify the 
relative reductions simulated in GEM 
and suggested that the results be 
provided to the public. UCS supported 
the proposal, similar to ACEEE and 
ICCT, with the additional suggestion to 
conduct an over the road testing of 
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select vehicles under real world 
conditions. EMA, Daimler, Volvo, 
PACCAR, and Navistar commented that 
they support auditing, but the proposed 
chassis testing is burdensome with few 
facilities available and will not achieve 
the agencies’ stated goal of validating 
GEM’s measure trends in the real world. 
Daimler and Navistar also stated that 
chassis dyno testing cannot replicate the 
real-world conditions for many 
technologies, such as tire pressure 
monitoring systems, intelligent coasting 
on grades, predictively adjusting vehicle 
speed on hills, adapting ride height at 
speed, using advanced cooling system 
controls, etc. Volvo raised concerns 
about the chassis test results due to 
driver variability, accessory loads, and 
the need to simulate road loads that 
comprise around 90 percent of the 
vehicle load in tractor cycles. Volvo and 
Daimler noted that without separate 
tests to quantify the aerodynamics and 
rolling resistance, which accounts for a 
significant majority of the vehicle 
losses, the chassis test essentially only 
evaluates the powertrain and therefore 
recommended powertrain testing for 
this purpose over a chassis test. The 
manufacturer’s suggested that EPA 
conduct the testing or work 
collaboratively to develop an in-use 
research program. Navistar commented 
that if the provision remains for the 
final rule, then it be limited to one 
vehicle in 2021, 2024, and 2027 model 
year. Navistar also suggested that the 
final requirements do not include the 
proposed measurement of gaseous 
emissions due to the additional cost 
burden. 

After consideration of the comments, 
the agencies are requiring tractor 
manufacturers to annually chassis test 
five production vehicles over the GEM 
cycles to verify that relative reductions 
simulated in GEM are being achieved in 
actual production. See 40 CFR 1037.665. 
We do not expect absolute correlation 
between GEM results and chassis 
testing. GEM makes many simplifying 
assumptions that do not compromise its 
usefulness for certification, but do cause 
it to produce emission rates different 
from what would be measured during a 
chassis dynamometer test. Given the 
limits of correlation possible between 
GEM and chassis testing, we would not 
expect such testing to accurately reflect 
whether a vehicle was compliant with 
the GEM standards. Therefore, we are 
not applying compliance liability to 
such testing. Rather, this testing will be 
for informational purposes only. 
However, we do expect there to be 
correlation in a relative sense. Vehicle 
to vehicle differences showing a 10 

percent improvement in GEM should 
show a similar percent improvement 
with chassis dynamometer testing. 
Nevertheless, manufacturers will not be 
subject to recall or other compliance 
actions if chassis testing did not agree 
with the GEM results on a relative basis. 
Rather, the agencies will continue to 
evaluate in-use compliance by verifying 
GEM inputs and testing in-use engines. 
(Note that NTE standards for criteria 
pollutants may apply for some portion 
of the test cycles.) 

EPA believes this chassis test program 
is necessary because of our experience 
implementing regulations for heavy- 
duty engines. In the past, manufacturers 
have designed engines that have much 
lower emissions on the duty cycles than 
occur during actual use. The recent 
experience with Volkswagen is an 
unfortunate instance. By using this 
simple test program, we hope to be able 
to identify such issues earlier and to 
dissuade any attempts to design solely 
to the certification test. We also expect 
the results of this testing to help inform 
the need for any further changes to 
GEM. 

As already noted in Section II.B.(1), it 
can be expensive to build chassis test 
cells for certification. However, EPA has 
structured this pilot-scale program to 
minimize the costs. First, this chassis 
testing will not need to comply with the 
same requirements as will apply for 
official certification testing. This will 
allow testing to be performed in 
developmental test cells with simple 
portable analyzers. Second, since the 
program will require only five tests per 
year, manufacturers without their own 
chassis testing facility will be able to 
contract with a third party to perform 
the testing. Finally, EPA is applying this 
testing to only those manufacturers with 
annual production in excess of 20,000 
vehicles. 

F. Flexibility Provisions 

EPA and NHTSA are adopting two 
flexibility provisions specifically for 
heavy-duty tractor manufacturers in 
Phase 2. These are an averaging, 
banking and trading program for CO2 
emissions and fuel consumption credits, 
as well as provisions for credits for off- 
cycle technologies which are not 
included as inputs to the GEM. Credits 
generated under these provisions can 
only be used within the same averaging 
set that generated the credit. 

The agencies are also modifying 
several Phase 1 interim provisions, as 
described below. 

(1) Averaging, Banking, and Trading 
(ABT) Program 

Averaging, banking, and trading of 
emission credits have been an important 
part of many EPA mobile source 
programs under CAA Title II, and the 
NHTSA light-duty CAFE program. The 
agencies also included this flexibility in 
the HD Phase 1 program. ABT 
provisions are useful because they can 
help to address many potential issues of 
technological feasibility and lead-time, 
as well as considerations of cost. They 
provide manufacturers flexibilities that 
assist in the efficient development and 
implementation of new technologies 
and therefore enable new technologies 
to be implemented at a more aggressive 
pace than without ABT. A well- 
designed ABT program can also provide 
important environmental and energy 
security benefits by increasing the speed 
at which new technologies can be 
implemented. Between MYs 2013 and 
2014 all four tractor manufacturers are 
taking advantage of the ABT provisions 
in the Phase 1 program. NHTSA and 
EPA proposed to carry-over the Phase 1 
ABT provisions for tractors into Phase 2, 
and are adopting these provisions. 

The agencies proposed and are 
adopting for Phase 2 the five year credit 
life and three year deficit carry-over 
provisions from Phase 1 (40 CFR 
1037.740(c) and 1037.745). Please see 
additional discussion in Section 
I.C.1.b.i. Although we did not propose 
any additional restrictions on the use of 
Phase 1 credits, we requested comment 
on this issue. In the NPRM, we stated 
that early indications suggest that 
positive market reception to the Phase 1 
technologies could lead to 
manufacturers accumulating credits 
surpluses that could be quite large at the 
beginning of the Phase 2 program. 80 FR 
40251. For the final rule, the agencies 
assessed the level of credits that the 
tractor manufacturers are accruing. As 
discussed above in Section III.D, the 
agencies adjusted the 2021 MY 
standards to reflect the accumulation of 
credits. 

(2) Off-Cycle Technology Credits 

In Phase 1, the agencies adopted an 
emissions and fuel consumption credit 
generating opportunity that applied to 
innovative technologies that reduce fuel 
consumption and CO2 emissions. These 
technologies were required to not be in 
common use with heavy-duty vehicles 
before the 2010MY and not reflected in 
the GEM simulation tool (i.e., the 
benefits are ‘‘off-cycle’’). See 76 FR 
57253. The agencies proposed to 
essentially continue this program in 
Phase 2. However, we are calling the 
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program an off-cycle credit program 
rather than an innovative technology 
program (although there is little, if any, 
difference in practice). In other words, 
beginning in 2021 MY all technologies 
that are not accounted for in the GEM 
test procedure (including powertrain 
testing) could be considered off-cycle, 
including those technologies that may 
have been considered innovative 
technologies in Phase 1 of the program. 
The agencies proposed to maintain the 
requirement that, in order for a 
manufacturer to receive credits for 
Phase 2, the off-cycle technology would 
still need to meet the requirement that 
it was not in common use prior to MY 
2010. However, the final provisions will 
not require manufacturers to make such 
a demonstration. Rather, the agencies 
will merely retain the authority to deny 
a request if we determine that a 
technology was in common use in 2010 
and was thus part of the Phase 1 
baseline (and thus also the Phase 2 
baseline). For additional information on 
the treatment of off-cycle technologies 
see Section I.C.1.c. as well as the 
discussion of off-cycle credits in each of 
the Phase 2 standard chapters. 

(3) Post Useful Life Modifications 
Under 40 CFR part 1037, it is 

generally prohibited for any person to 
remove or render inoperative any 
emission control device installed to 
comply with the requirements of part 
1037. However, in 40 CFR 1037.655 
EPA clarifies that certain vehicle 
modifications are allowed after a vehicle 
reaches the end of its regulatory useful 
life. This section applies for all vehicles 
subject to 40 CFR part 1037 and will 
thus apply for trailers regulated in Phase 
2. EPA proposed to continue this 
provision and requested comment on it. 
80 FR 40252. 

This section states (as examples) that 
it is generally allowable to remove 
tractor roof fairings after the end of the 
vehicle’s useful life if the vehicle will 
no longer be used primarily to pull box 
trailers, or to remove other fairings if the 
vehicle will no longer be used 
significantly on highways with vehicle 
speed of 55 miles per hour or higher. 
More generally, this section clarifies 
that owners may modify a vehicle for 
the purpose of reducing emissions, 
provided they have a reasonable 
technical basis for knowing that such 
modification will not increase emissions 
of any other pollutant. This essentially 
requires the owner to have information 
that will lead an engineer or other 
person familiar with engine and vehicle 
design and function to reasonably 
believe that the modifications will not 
increase emissions of any regulated 

pollutant. Thus, this provision does not 
provide a blanket allowance for 
modifications after the useful life. 

This section also makes clear that no 
person may ever disable a vehicle speed 
limiter prior to its expiration point, or 
remove aerodynamic fairings from 
tractors that are used primarily to pull 
box trailers on highways. It is also clear 
that this allowance does not apply with 
respect to engine modifications or 
recalibrations. 

This section does not apply with 
respect to modifications that occur 
within the useful life period, other than 
to note that many such modifications to 
the vehicle during the useful life and to 
the engine at any time are presumed to 
violate section 202(a)(3)(A) of the Act. 
EPA notes, however, that this is merely 
a presumption, and it does not prohibit 
modifications during the useful life 
where the owner clearly has a 
reasonable technical basis for knowing 
that the modifications would not cause 
the vehicle to exceed any applicable 
standard. 

The agencies did not receive 
comments opposing the proposed 
regulation, and is adopting it as 
proposed. 

(4) Other Interim Provisions 
In HD Phase 1, EPA adopted 

provisions to delay the full onboard 
diagnostics (OBD) requirements for 
heavy-duty hybrid powertrains until the 
2016 and 2017 model years (see 40 CFR 
86.010–18(q)). In discussions with 
manufacturers during the development 
of Phase 2, the agencies have learned 
that meeting the on-board diagnostic 
requirements for criteria pollutant 
engine certification continues to be a 
potential impediment to adoption of 
hybrid systems. See Section XIII.A.1 for 
a discussion of regulatory changes to 
reduce the non-GHG certification 
burden for engines paired with hybrid 
powertrain systems. 

The Phase 1 advanced technology 
credits were adopted to promote the 
implementation of advanced 
technologies, such as hybrid 
powertrains, Rankine cycle engines, all- 
electric vehicles, and fuel cell vehicles 
(see 40 CFR 1037.150(p)). As the 
agencies stated in the Phase 1 final rule, 
the Phase 1 standards were not 
premised on the use of advanced 
technologies but we expected these 
advanced technologies to be an 
important part of the Phase 2 
rulemaking (76 FR 57133, September 15, 
2011). The HD Phase 2 heavy-duty 
engine and tractor standards are 
premised on the use of Rankine-cycle 
engines; therefore, the agencies believe 
it is no longer appropriate to provide 

extra credit for this technology. While 
the agencies have not premised the HD 
Phase 2 tractor standards on hybrid 
powertrains, fuel cells, or electric 
vehicles, we also foresee some limited 
use of these technologies in 2021 and 
beyond. We proposed in Phase 2 to not 
provide advanced technology credits in 
Phase 2 for any technology, but received 
many comments supporting the need for 
such incentive. As described in Section 
I.C.1.b, the agencies are finalizing credit 
multipliers for plug-in battery electric 
hybrids, all-electric, and fuel cell 
vehicles. 

(5) Phase 1 Flexibilities Not Adopted for 
Phase 2 

In Phase 1, the agencies adopted an 
early credit mechanism to create 
incentives for manufacturers to 
introduce more efficient engines and 
vehicles earlier than they otherwise 
would have planned to do (see 40 CFR 
1037.150(a)). The agencies did not 
propose to extend this flexibility to 
Phase 2 because the ABT program from 
Phase 1 will be available to 
manufacturers in 2020 model year and 
this will displace the need for early 
credits. However, the agencies are 
adopting provisions in the final Phase 2 
rule that provide early credit 
opportunities for a limited set of 
technologies (see 40 CFR 1037.150(y)(2); 
see also 40 CFR 1037.150(y)(1) and (3) 
providing early credit flexibilities to 
certain vocational vehicles). 

IV. Trailers 
As mentioned in Section III, trailers 

pulled by Class 7 and 8 tractors 
(together considered ‘‘tractor-trailers’’) 
account for approximately 60 percent of 
the heavy-duty sector’s total CO2 
emissions and fuel consumption. 
Because neither trailers nor the tractors 
that pull them are useful by themselves, 
it is the combination of the tractor and 
the trailer that forms the useful vehicle. 
Although trailers do not directly 
generate exhaust emissions or consume 
fuels (except for the refrigeration units 
on refrigerated trailers), their designs 
and operation nevertheless contribute 
substantially to the CO2 emissions and 
diesel fuel consumption of the tractors 
pulling them. See also Section I.E above. 

The agencies are finalizing standards 
for trailers specifically designed to be 
drawn by Class 7 and 8 tractors when 
coupled to the tractor’s fifth wheel. 
Although many other vehicles are 
known commercially as trailers, this 
trailer program does not apply to those 
that are pulled by vehicles other than 
tractors, and those that are coupled to 
vehicles exclusively by pintle hooks or 
hitches instead of a fifth wheel. These 
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standards are expressed in terms of CO2 
emissions and fuel consumption, and as 
described in more detail in Section 
IV.C.(2), apply to specific trailer 
subcategories. In general, the final 
standards are based on the same 
technology as the proposed standards— 
primarily better tires (including tire 
pressure management) for all regulated 
trailers and aerodynamic improvements 
for box vans (dry and refrigerated). Most 
of the changes from the proposal are 
intended to simplify and clarify the 
implementation of these standards. See 
Section IV.B. for an overview of the 
final program, and the rest of this 
Section IV for more detailed 
discussions. 

This rulemaking establishes the first 
EPA regulations covering trailer 
manufacturers for CO2 emissions (or any 
other emissions), and the first fuel 
consumption regulations by NHTSA for 
these manufacturers. The agencies have 
designed this program to be a unified 
national program, so that when a trailer 
model complies with EPA’s standards it 
will also comply with NHTSA’s 
standards, and vice versa. 

A. The Trailer Industry 

(1) Industry Characterization 

The trailer industry encompasses a 
wide variety of trailer applications and 
designs. Among these are box vans (dry 
and refrigerated vans of various sizes) 
and ‘‘non-box’’ trailers, including 
platform (e.g., lowboys, flatbeds), tanks, 
container chassis, bulk, dump, grain, 
and many specialized types of trailers, 
such as car carriers, pole trailers, and 
logging trailers. Most trailers are 
designed for predominant use on paved 
streets, roads, and highways. A 
relatively small number of trailers are 
designed with unique capabilities and 
features for dedicated use in off-road 
applications. 

The trailer manufacturing industry is 
very competitive, and manufacturers are 
highly responsive to their customers’ 
diverse demands. The wide range of 
trailer designs and features reflects the 
broad variety of customer needs, chief 
among them typically being the ability 
to maximize the amount of freight the 
trailer can transport. Other design goals 
reflect the numerous, more specialized 
customer needs. 

Box vans (i.e., dry and refrigerated) 
are the most common type of trailer and 
are made in many different lengths, 
generally ranging from 28 feet to 53 feet. 
While all have a rectangular shape, they 
can vary widely in basic construction 
design (internal volume and weight), 
materials (steel, fiberglass composites, 
aluminum, and wood) and the number 

and configuration of axles (usually two 
axles closely spaced, but number and 
spacing of axles can be greater). Box van 
designs may also include additional 
features, such as one or more side doors, 
out-swinging or roll-up rear doors, side 
or rear lift gates, and numerous types of 
undercarriage accessories (such as 
access ramps, dolly storage, spare tire 
storage, or mechanical lifts). 

Non-box trailers are often uniquely 
designed to transport a specific type of 
freight. Platform trailers carry cargo that 
may not be easily contained within or 
loaded into/unloaded from a box van, 
such as large, non-uniform equipment 
or machine components. Tank trailers 
are often sealed or pressurized 
enclosures designed to carry liquids, 
gases or bulk, dry solids and semi- 
solids. There are also a number of other 
specialized trailers such as grain, dump, 
livestock trailers, or logging. 

Chapter 1 of the RIA includes a more 
thorough characterization of the trailer 
industry. The agencies have considered 
the variety of trailer designs and 
applications in developing the CO2 
emissions and fuel consumption 
standards for trailers. As is described 
later in this Section IV, the agencies 
have excluded most types of specialized 
trailers from the Phase 2 regulations. 

(2) Context for the Trailer Provisions 

(a) Summary of Trailer Consideration in 
Phase 1 

In the Phase 1 program, the agencies 
did not regulate trailers, but discussed 
how we might do so in the future (see 
76 FR 57362). In proposing the Phase 1 
program, the agencies solicited general 
comments on controlling CO2 emissions 
and fuel consumption through future 
trailer regulations (see 75 FR 74345– 
74351). The agencies considered those 
comments in developing today’s rules. 

(b) SmartWay Program 

For several years, EPA’s voluntary 
SmartWay Transport Partnership 
program has been encouraging 
businesses to take actions that reduce 
fuel consumption and CO2 emissions 
while cutting costs. The SmartWay 
program works with the shipping, 
logistics, and carrier communities to 
identify cleaner strategies and 
technologies for moving goods across 
their transportation supply chains. It is 
a voluntary, market-based program that 
provides carbon footprint and other air 
emissions performance information to 
partners who submit annual partner 
reports. SmartWay Partners commit to 
assessing, tracking, and improving 
environmental performance over time, 
by adopting fuel-saving practices and 

technologies. SmartWay also provides 
technical assistance, provides 
recognition incentives and encourages 
the use of best practices that enable 
companies to readily incorporate fuel 
and emission reduction strategies into 
their freight supply chains. 

Annually, SmartWay trucking fleet 
partners report type and amount of fuel 
consumption, tons of goods moved, type 
and model year of equipment used, 
miles driven, speed profiles and other 
data. Using EPA MOVES model 
emission factors and other EPA 
resources, SmartWay’s assessment and 
tracking tools convert this information 
to an objective ranking of a company’s 
environmental efficiency, enabling each 
participating company to benchmark 
performance relative to its competitors. 
Logistics companies, multimodal firms 
and shippers use this information to 
calculate their corporate emissions from 
goods movement, which can be 
included in annual carbon reporting 
protocols and sustainability reports. 

EPA’s SmartWay program has 
accelerated the availability and market 
penetration of advanced, fuel efficient 
technologies and operational practices. 
In conjunction with the SmartWay 
Partnership Program, EPA established a 
testing, verification, and designation 
program, the SmartWay Technology 
Program, to help freight companies 
identify the equipment, technologies, 
and strategies that save fuel and lower 
emissions. SmartWay verifies the 
performance of aerodynamic equipment, 
low rolling resistance tires and other 
technologies and maintains lists of 
verified technologies on its Web site. 
Trailer aerodynamic technologies are 
grouped in performance bins that 
represent one percent, four percent, five 
percent or nine percent fuel savings 
relative to a typical long-haul tractor- 
trailer at 65-mph cruise conditions. As 
a shorthand description and to 
encourage saving fuel with multiple 
available technologies, EPA established 
criteria to describe tractors and trailers 
as SmartWay designated if they are 
equipped with specific technologies. 
Historically, a 53-foot dry van trailer 
equipped with verified aerodynamic 
devices totaling at least five percent fuel 
savings, and SmartWay verified tires, 
qualifies as a ‘‘SmartWay Designated 
Trailer.’’ In 2014, EPA expanded the 
program to include the aerodynamic bin 
for nine percent or more fuel savings 
and these trailers when also equipped 
with verified tires qualify as ‘‘SmartWay 
Designated Elite Trailer.’’ The 2014 
updates also expanded the use of 
aerodynamic technologies and 
SmartWay-designated trailer eligibility 
to include 53-foot refrigerated van 
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326 SAE International, Fuel Consumption Test 
Procedure—Type II. SAE Standard J1321. Revised 
2012–02–06. Available at: http://standards.sae.org/ 
j1321_201202/. 

327 SAE International. Wind Tunnel Test 
Procedure for Trucks and Buses. SAE Standard 
J1252. Revised 2012–07–16. Available at: http://
standards.sae.org/j1252_201207/. 

328 SAE International, Guidelines for 
Aerodynamic Assessment of Medium and Heavy 
Commercial Ground Vehicles Using Computational 
Fluid Dynamics. SAE Standard J2966. Issued 2013– 
09–17. Available at: http://standards.sae.org/j2966_
201309/. 

329 McCallen, R., et al. Progress in Reducing 
Aerodynamic Drag for Higher Efficiency of Heavy 
Duty Trucks (Class 7–8). SAE Technical Paper. 
1999–01–2238. 

330 In December 2013, ARB adopted regulations 
that establish its own parallel Phase 1 program with 
standards consistent with the EPA Phase 1 tractor 
standards. On December 5, 2014 California’s Office 
of Administrative Law approved ARB’s adoption of 
the Phase 1 standards, with an effective date of 
December 5, 2014. 

331 See EPA’s waiver of CARB’s heavy-duty 
tractor-trailer greenhouse gas regulation applicable 
to new 2011 through 2013 model year Class 8 
tractors equipped with integrated sleeper berths 
(sleeper-cab tractors) and 2011 and subsequent 
model year dry-can and refrigerated-van trailers that 
are pulled by such tractors on California highways 
at 79 FR 46256 (August 7, 2014). 

332 49 CFR 571.223 and 571.224. 

trailers in addition to 53-foot dry van 
trailers. 

The SmartWay Technology Program 
continues to improve the industry 
understanding of technologies, test 
methods and quality of data fleet 
stakeholders need to achieve fuel 
savings and environmental goals. EPA 
bases its SmartWay verification 
protocols on common industry test 
methods with additional criteria to 
achieve performance objectives and cost 
effective industry acceptance. 
Historically, SmartWay’s aerodynamic 
equipment verification protocol was 
based on the TMC type II and SAE J1321 
test procedures, which measures fuel 
consumption as test vehicles drive laps 
around a test track. Under SmartWay’s 
2014 updates, EPA expanded the 
aerodynamic technology verification 
program to allow additional testing 
options. The updates included a new, 
more stringent 2014 track test protocol 
based on industry updates to the TMC 
RP 1102 (2014) and SAE’s 2012 update 
to its SAE J1321 test method 326 as well 
as protocols for wind tunnel and 
coastdown methods. The SmartWay 
program is also reviewing 
computational fluid dynamics (CFD) 
approaches for verification. These new 
protocols are based on stakeholder 
input, the latest industry standards (i.e., 
2012 versions of the SAE fuel 
consumption and wind tunnel test 327 
methods and 2013 CFD guidance 328), 
EPA’s own testing and research, and 
lessons learned from years of 
communications with manufacturers, 
testing organizations and trucking 
companies. Wind tunnel, coastdown, 
and CFD testing produce values for 
aerodynamic drag improvements in 
terms of coefficient of drag (CD), which 
is then related to projected fuel savings 
using a mathematical curve.329 

The SmartWay Technology Program 
verifies tires based on test data 
submitted by tire manufacturers 
demonstrating the coefficient of rolling 
resistance (CRR) of their tires using 
either the SAE J1269 or ISO 28580 test 

methods. These verified tires have 
rolling resistance targets for each axle 
position on the tractor and trailer. 
SmartWay-verified trailer tires achieve a 
CRR of 5.1 kg/metric ton or less on the 
ISO28580 test method. Compared to 
popular tires used in 2007, an operator 
who replaces the trailer tires with 
SmartWay-verified tires can expect fuel 
consumption savings of one percent or 
more at a 65-mph cruise. Operators who 
apply SmartWay-verified tires on both 
the trailer and tractor can achieve three 
percent fuel consumption savings at 65- 
mph. As most van trailers and many 
other trailer types are manufactured 
with SmartWay verified tires, fleets 
have confidence in maintaining their 
fuel performance thru the use of and 
flexibility to choose other SmartWay 
verified tires. 

Over the last decade, the trucking 
industry has achieved measureable fuel 
consumption benefits by adding 
aerodynamic features and low rolling 
resistance tires to their trailers. To date, 
SmartWay has verified over 70 
aerodynamic technologies, including 
ten packages from five manufacturers 
that have received the Elite performance 
level. The SmartWay Transport 
Partnership program has worked with 
over 3,000 partners, the majority of 
which are trucking fleets, and broadly 
throughout the supply-chain industry, 
since 2004. These relationships, 
combined with the Technology 
Program’s extensive involvement testing 
and technology development has 
provided EPA with significant 
experience in freight fuel efficiency. 
Furthermore, the more than 10-year 
duration of the voluntary SmartWay 
Transport Partnership has resulted in 
significant fleet and manufacturer 
experience with innovating and 
deploying technologies that reduce CO2 
emissions and fuel consumption. 

(c) California Tractor-Trailer 
Greenhouse Gas Regulation 

The state of California passed the 
Global Warming Solutions Act of 2006 
(Assembly Bill 32, or AB32), enacting 
the state’s 2020 greenhouse gas 
emissions reduction goal into law. 
Pursuant to this Act, the California Air 
Resource Board (CARB) was required to 
begin developing early actions to reduce 
GHG emissions. As a part of a larger 
effort to comply with AB32, the 
California Air Resource Board issued a 
regulation entitled ‘‘Heavy-Duty 
Greenhouse Gas Emission Reduction 
Regulation’’ in December 2008. 

This regulation reduces GHG 
emissions by requiring improvement in 
the efficiency of heavy-duty tractors and 
53 feet or longer dry and refrigerated 

box trailers that operate in California.330 
The program is being phased in between 
2010 and 2020. Small fleets have been 
allowed special compliance 
opportunities to phase in the retrofits of 
their existing trailer fleets through 2017. 
The regulation requires affected trailer 
fleet owners to either use SmartWay- 
verified aerodynamic technologies and 
SmartWay-verified tires or retread tires. 
The efficiency improvements are 
achieved through the use of 
aerodynamic equipment and low rolling 
resistance tires on both the tractor and 
trailer. EPA has granted a waiver for this 
California program.331 

(d) NHTSA Safety-Related Regulations 
for Trailers and Tires 

NHTSA regulates new trailer safety 
through regulations. Table IV–1 lists the 
current regulations in place related to 
trailers. Trailer manufacturers continue 
to be required to meet current safety 
regulations for the trailers they produce. 
FMVSS Nos. 223 and 224 332 require 
installation of rear guard protection on 
trailers. The definition of rear extremity 
of the trailer in 223 limits installation of 
rear fairings to a specified zone behind 
the trailer. 

TABLE IV–1—CURRENT NHTSA STAT-
UTES AND REGULATIONS RELATED 
TO TRAILERS 

Reference Title 

49 CFR part 565 Vehicle Identification 
Number (VIN) Require-
ments. 

49 CFR part 566 Manufacturer Identifica-
tion. 

49 CFR part 567 Certification. 
49 CFR part 568 Vehicles Manufactured in 

Two or More Stages. 
49 CFR part 569 Regrooved Tires. 
49 CFR part 571 Federal Motor Vehicle 

Safety Standards. 
49 CFR part 573 Defect and Noncompli-

ance Responsibility and 
Reports. 

49 CFR part 574 Tire Identification and 
Recordkeeping. 

49 CFR part 575 Consumer Information. 
49 CFR part 576 Record Retention. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00165 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://standards.sae.org/j1321_201202/
http://standards.sae.org/j1321_201202/
http://standards.sae.org/j1252_201207/
http://standards.sae.org/j1252_201207/
http://standards.sae.org/j2966_201309/
http://standards.sae.org/j2966_201309/


73642 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

333 23 CFR 658.9. 
334 23 CFR part 658. 

335 80 FR 43663 (footnote 3) (July 23, 2015). 
336 80 FR 78417 (December 16, 2015). 

NHTSA recognizes that regulatory 
and market factors that result in changes 
in trailer weight can potentially have 
safety ramifications, both positive and 
negative. NHTSA believes that the 
appropriate perspective is to evaluate 
the regulation and market factors in 
their entirety. One such factor is that 
incentives in the Phase 2 regulation 
could result in an average decrease in 
trailer weight. Since removing weight 
from trailers allows more cargo to be 
carried, fewer trips are needed to move 
the same amount of cargo, and fewer 
crashes—including fatal crashes—could 
occur. Fleets and other customers have 
a natural incentive to request lighter- 
weight trailers. From the trailer owners’ 
perspective, reducing trailer weight not 
only allows them to increase cargo 
when they are near capacity, but also 
reduces fuel consumption whether the 
trailer is fully loaded or not. In pre- 
proposal meetings with trailer 
manufacturers, companies said that 
customers are requesting lighter-weight 
components when possible and 
manufacturers are installing them. 

To further incentivize a shift to lighter 
weight materials, the Phase 2 program 
provides two compliance mechanisms, 
both of which are discussed later in this 
Preamble (Section IV.D.(1)(d) and 
Section IV.E.(5)(d), respectively). The 
first is a list of weight reductions from 
which manufacturers can select. The list 
identifies specific lighter-weight 
components, such as side posts, roof 
bows, and flooring. Manufacturers using 
these lighter-weight components 
achieve fuel consumption and GHG 
reductions that count toward their 
compliance calculations. The NPRM 
identified twelve components, ranging 
from lighter-weight landing gear (which 
receives credit for 50 pounds of weight 
reduction) to aluminum upper coupler 
assemblies (which receive credit for 430 
pounds). See proposed section 1037.515 
at 80 FR 40627. In addition, for a 
lighter-weight component or technology 
that is not on the list of specific 
components, the program provides for 
manufacturers to use the ‘‘off-cycle’’ 
process to recognize the weight 
reduction (Section IV.E.(5)(d)). Through 
these mechanisms, the program 
provides significant flexibility and 
incentives for trailer light-weighting. 

NHTSA also recognizes that the 
aerodynamic devices that we expect 
may be adopted to meet the Phase 2 
trailer standards inherently add weight 
to trailers. In comments on the NPRM, 
TTMA stated that they believe that this 
weight increase will result in added 
trips and increased numbers of fatal 
crashes. By its analysis, this additional 
weight—which TTMA estimates to be 

250 pounds per trailer, will cause some 
trucks to exceed the trailer weight 
limits, necessitating additional truck 
trips to transport freight that could not 
be moved by the ‘‘weighed-out’’ trucks. 
By TTMA’s analysis, these added trips 
would cause an additional 184 million 
truck miles per year and would result in 
246 crashes and 7 extra fatal crashes, 
using an assumed crash rate of 134 
collisions per 100 million VMT and a 3 
percent fatality rate per crash. The 
agencies evaluated TTMA’s estimate of 
additional fatalities and disagree with 
some of the assumptions made in the 
analysis. For example, the fatality rate 
used was developed in a study 
conducted for Idaho and is higher than 
the national average. According to 
FMCSA’s 2014 annual report for ‘‘Large 
Truck and Bus Crash Facts’’ indicates 
there are less than 1.67 fatalities per 100 
million vehicle miles traveled (VMT) by 
combination trucks in the U.S. for 2014. 
When multiplied by an estimated 184 
million additional truck miles due to 
weighed-out trucks, the result is an 
increase of about 3 fatalities, or 2.7 fatal 
crashes. 

Overall, the potential positive safety 
implications of weight reduction efforts 
could partially or fully offset safety 
concerns from added weight of 
aerodynamic devices. In fact, for this 
reason, we believe that the Phase 2 
trailer program could produce a net 
safety benefit in the long run due to the 
potentially greater amount of cargo that 
could be carried on each truck as a 
result of trailer weight reduction. 

(e) Additional DOT Regulations Related 
to Trailers 

In addition to NHTSA’s regulations, 
DOT’s Federal Highway Administration 
(FHWA) regulates the weight and 
dimensions of motor vehicles on the 
National Network.333 FHWA’s 
regulations limit states from setting 
truck size and weight limits beyond 
certain ranges for vehicles used on the 
National Network. Specifically, vehicle 
weight and truck tractor-semitrailer 
length and width are limited by 
FHWA.334 EPA and NHTSA do not 
anticipate any conflicts between 
FHWA’s regulations and those 
established in this rulemaking. 

Utility Trailer Manufacturing Co. 
(Utility) commented that reducing 
existing restrictions on trailer size and 
weight could help encourage the 
transition to new technologies and 
trailer designs. However, these size and 
weight restrictions are under the 
jurisdiction of FHWA, and are largely 

controlled by the weight limits 
established by Congress in 1956 and 
1974, the size limits established in the 
Surface Transportation Assistance Act 
of 1982, and the size and weight limits 
established in the Intermodal Surface 
Transportation Efficiency Act of 1991. 
Changes to these restrictions would 
require a broader process involving 
Congress and federal and state agencies, 
and is beyond the scope of the Phase 2 
trailer program. 

Wabash National Corporation 
(Wabash) stated that the agencies should 
seek to ensure that today’s action 
harmonizes with safety regulations 
applicable to trailers. Specifically, 
Wabash highlighted NHTSA’s work on 
rear impact guard standards and 
ongoing examination of side impact 
guards. Wabash stated new or revised 
requirements for impact guards could 
increase trailer weight. The agencies 
have analyzed the issues in the present 
rulemaking while fully considering 
NHTSA’s safety regulations and 
rulemakings pertaining to trailers. The 
subject of a possible side guard 
requirement is in a research stage. As 
discussed in a July 2015 document, 
NHTSA is in the process of evaluating 
issues relating to side guards and will 
issue a decision on them at a later 
date.335 In December 2015, NHTSA 
issued a notice of proposed rulemaking 
proposing to adopt requirements of 
Transport Canada’s standard for 
underride guards.336 NHTSA is 
currently assessing next steps on that 
proposal, and includes as part of its 
analysis consideration of impacts of any 
decisions on the fuel efficiency of the 
vehicles. With respect to Wabash’s 
comment regarding the additional 
weight from aerodynamic devices, as 
discussed in the previous subsection, 
the agencies believe potential 
compliance paths incorporating 
lightweighting could offset the 
additional weight of aerodynamic 
devices in whole or in part. 

B. Overview of the Phase 2 Trailer 
Program and Key Changes From the 
Proposal 

The HD Phase 2 program represents 
the first time CO2 emission and fuel 
consumption standards have been 
established for manufacturers of new 
trailers. As was proposed (80 FR 40257), 
the final standards will phase in 
gradually, beginning in MY 2018. New 
regulated trailers built on or after 
January 1, 2018 need to be certified to 
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337 For an explanation of how EPA defines 
‘‘model year’’ for purposes of the trailer program, 
see Section IV.E.(1)(a). 

the new CO2 emissions standards.337 
NHTSA fuel consumption standards are 
voluntary until MY 2021. 

EPA and NHTSA proposed a trailer 
program, using appropriate aspects of 
the Phase 1 tractor program as a guide, 
including optional averaging provisions 
(i.e. optional averaging across a 
manufacturer’s trailer fleet) as a 
flexibility for trailer manufacturers to 
meet the proposed standards. The 
comments from the trailer industry were 
nearly unanimous in opposing 
averaging. Commenters cited the highly 
competitive nature of the industry, 
combined with a wide range of product 
diversity among companies. 
Commenters believe that these two 
factors could result in a program that 
unfairly benefits the few larger 
companies with diverse offerings and 
would be impossible to implement for 
the many companies with limited 
product diversity. Additionally, 
compared to other industry sectors, 
trailer manufacturers noted that they 
often have little control over what kinds 
of trailer models their customers 
demand and thus limited ability to 
manage the mix and volume of different 
products. Specifically, Wabash and 
Utility stated that the dynamic and 
customer-driven nature of the industry, 
with many customer-specific 
requirements for each trailer order, 
makes it impossible for a manufacturer 
to predict what products they will 
produce in a given year. Utility stated 
that an averaging program will put 
manufacturers in the position of having 
to decide which customers receive 
trailers with aerodynamic devices and 
which receive trailers without devices. 
Utility added that averaging may force 
manufacturers to absorb the cost of 
aerodynamic devices, or it could cause 
customers to go to another manufacturer 
with sufficient credits to fill an order 
without using aerodynamic devices. 
Truck Trailer Manufacturers 
Association (TTMA) also submitted 
comments asking the agencies not to 
adopt averaging provisions. In contrast, 
Great Dane stated that averaging is an 
option manufacturers may need and 
recommended its inclusion in the final 
rule. The International Council on Clean 
Transportation (ICCT) said that they 
generally favor averaging since it gives 
manufacturers maximum flexibility in 
meeting standards while allowing for 
the technology deployment path that 
best matches a company’s business 
strategy. 

In order to balance the advantage of 
an averaging program in allowing for 
introduction of the most reasonably 
stringent standards for trailers with the 
concerns articulated by manufacturers, 
the final program accordingly limits the 
option for trailer manufacturers to apply 
averaging exclusively to MYs 2027 and 
later for full-aero box vans only. We 
believe this delay provides box van 
manufacturers sufficient time to 
develop, evaluate and market new 
technologies and to become familiar 
with the compliance process and 
possible benefits of averaging. This will 
also allow customers to become more 
familiar with the technologies and to 
recognize their benefits. See Section 
IV.E.(5)(b) for more details on the trailer 
averaging program. In the earlier years 
of the program, when the program does 
not provide for averaging, the program 
does provide each manufacturer with a 
limited ‘‘allowance’’ of trailers that do 
not need to meet the standards. See 
Section IV.E.(5)(a) below. 

The agencies proposed standards for 
dry and refrigerated box vans that were 
performance-based, and that were 
predicated on a high adoption of 
aerodynamic technologies, lower rolling 
resistance (LRR) tires and automatic tire 
inflation systems (ATIS). We designed 
the compliance approach for these 
performance-based standards so that 
manufacturers would have a degree of 
choice among aerodynamic, tire, tire 
pressure, and weight-reduction 
technologies and could combine them 
as they wished to achieve the standards. 
See 80 FR 40257. This final program 
maintains this flexible approach, adding 
provisions that include options for 
using tire pressure monitoring systems 
(TPMS) and innovative weight- 
reduction technologies as part of 
manufacturer compliance strategies. 
Section IV.E.(2) below discusses the 
trailer compliance provisions. 

We proposed ‘‘partial-aero’’ criteria 
for box vans with work-performing 
equipment that impeded use of 
aerodynamic technologies and we 
proposed that those ‘‘partial-aero’’ box 
vans would not have to adopt the most 
stringent standards in MY 2027; instead, 
they would maintain the MY 2024 
standards. We also proposed design- 
based tire standards for non-box trailers 
that required adoption of LRR tires and 
ATIS. Finally, in recognition that some 
specialized box van designs are not very 
compatible with the aerodynamic 
technologies, the agencies established 
‘‘non-aero’’ criteria for box vans. Box 
vans meeting the ‘‘non-aero’’ criteria 
will be subject to the same requirements 
as the non-box trailers. 80 FR 40259. 

The proposed program was designed 
to include nearly all trailer types, with 
a limited number of exemptions or 
exclusions that we believed indicated 
off-road, heavy-haul or non-freight 
transporting operation. TTMA and the 
American Trucking Associations (ATA) 
provided comments suggesting that 
additional trailer types should be 
excluded from the program based on 
these trailers’ typical operational 
characteristics. The agencies considered 
the suggestions of these commenters 
and of several individual trailer 
manufacturers, and we recognize that 
many trailers in the proposed non-box 
subcategory have unique physical 
characteristics for specialized 
operations that may make use of lower 
rolling resistance (LRR) tires and/or tire 
pressure systems difficult or infeasible. 
Instead of focusing on trailer 
characteristics that indicated off- 
highway or specialty use, the agencies 
have identified three specific types of 
non-box trailers that represent the 
majority of non-box trailers that are 
designed for and mostly used in on-road 
applications: Tank trailers, flatbed 
trailers, and container chassis. Because 
of their predominant on-road usage, the 
tire technologies adopted in this trailer 
program will be consistently effective 
for these non-box trailer types. 
Consequently, the final program as it 
applies to non-box trailers is limited to 
tanks, flatbeds, and container chassis. 
All other non-box trailers, about half of 
the non-box trailers produced, are 
excluded from the Phase 2 trailer 
program, with no regulatory 
requirements. See Section IV.C.(1) for 
the regulatory definitions of the trailers 
included in this program. 

Wabash commented that partial-aero 
vans should be exempt in MY 2021 
rather than MY 2027 as proposed, citing 
the need for multiple devices to meet 
the later standards. The agencies 
reconsidered the proposed partial-aero 
standards in light of this comment and 
recognize that it would likely be 
difficult for most manufacturers to meet 
the proposed MY 2024 standards 
without the use of multiple devices, and 
yet partial-aero trailers, by definition, 
are restricted from using multiple 
devices. For these reasons, the agencies 
redesigned the partial-aero standards 
such that trailers with qualifying work- 
performing equipment can meet 
standards that would be achievable with 
the use of a single aerodynamic device 
throughout the program, similar to the 
MY 2018 standards. The partial-aero 
standards do, however, increase in 
stringency slightly in MY 2021 to reflect 
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the broader use of improved lower 
rolling resistance tires. 

The agencies also considered 
comments from manufacturers that were 
concerned about the cost and, 
availability of ATIS for the trailer 
industry. Wabash, Owner Operator 
Independent Drivers Association 
(OOIDA), the Rubber Manufacturers 
Association (RMA), American Trucking 
Associations (ATA), and Bendix asked 
that TPMS be allowed for trailer tire 
compliance in addition to ATIS. OOIDA 
said that operators prefer less expensive 
and easier to operate TPMS to ATIS. 
Wabash expressed concern that ATIS 
suppliers would not be able to meet 
demand should ATIS be required as a 
compliance mechanism for all trailers, 
especially in the early years of the 
program. Great Dane stated that their 
customers are not seeing consistent 
benefit of ATIS. ATA commented that 
trailer manufacturers should be allowed 
to use TPMS for compliance because 
they are increasingly effective, and some 
trailers used in heavy-haul applications 
would need an additional ATIS air 
compressor, which adds cost and weight 
that can be avoided by the use of TPMS. 
The California Air Resources Board 
supported the agencies’ proposal to 
allow only ATIS for compliance since 
TPMS require action on the part of the 
driver to re-inflate affected tires and 
thus the benefit of the systems is 
dependent on driver behavior. 

The agencies agree that TPMS 
generally promote proper tire inflation 
and that including these lower-cost 
systems as a compliance option will 
increase acceptance of the technologies. 
The final trailer program provides for 
manufacturers to install either TPMS or 
ATIS as a part of compliance. For full- 
and partial-aero trailers, the standards 
are performance standards, and the 
GEM-based compliance equation 
(described below) provides ATIS a 
slightly greater credit than it does for 
TPMS, to account for the greater 
uncertainty about TPM system 
effectiveness due to the inherent user- 
interaction required with systems that 
simply monitor tire pressure. These 
performance standards are based on the 
use of ATIS and the numerical values of 
these standards reflect the 0.2 percent 
increase in stringency. See Section 
IV.D.(1)(c) for additional information. 

For non-aero box vans and non-box 
trailers, the standards are design 
standards, met directly by installation of 
specified technologies, not by using the 
compliance equation. As long as a 
manufacturer of these trailers installs 
either a TPMS or an ATIS (as well as 
lower rolling resistance tires meeting 
the specified threshold), the trailer will 

comply, and either technology applies 
equally. We project that most design- 
based tire standards will be met with 
the less expensive TPMS, but trailers 
with ATIS will also comply. The 
effectiveness values adopted for ATI 
and TPMS in the trailer program are 
consistent with those in the tractor and 
vocational vehicle programs. 

The agencies generated the proposed 
standards with use of EPA’s Greenhouse 
gas Emissions Model (GEM) vehicle 
simulation tool, but for compliance we 
created a GEM-based equation that 
trailer manufacturers would use for 
compliance. See Section IV.E.(2)(a). We 
made several improvements to GEM 
based on public comment, and these 
improvements impacted the results of 
the model. We have re-created a 
compliance equation for trailers based 
on the updated model and are adopting 
the new equation as the means for 
trailer manufacturers to certify their 
trailers in Phase 2. 

The agencies also proposed an 
aerodynamic device testing compliance 
path that would allow device 
manufacturers to submit performance 
test data directly to EPA for pre- 
approval. 80 FR 40280. We designed 
this alternative to reduce the test burden 
of trailer manufacturers by allowing 
them to install devices with pre- 
approved data and to eliminate the need 
to perform their own testing of the 
devices. Based on public comment, the 
agencies are adopting the aerodynamic 
device testing alternative in the final 
trailer program and are updating several 
of the provisions related to submission 
and verification of test data on those 
devices. See Section IV.E.(3)(b)(v). 

The agencies considered five 
alternative programs in the proposal and 
extensively evaluated what were termed 
Alternative 3 and Alternative 4 in our 
feasibility analysis. 80 FR 40273. The 
final stringency of both alternatives was 
identical and each included three-year 
stages of increasing stringency. 
However, Alternative 4 represented an 
accelerated timeline that reached its 
final stringency in MY 2024. Alternative 
3 included an additional three years to 
meet its final stringency in MY 2027. 
Alternative 5 was proposed in four 
stages, but would have a required much 
greater application rate of the most 
advanced aerodynamic devices, 
including aerodynamic technologies on 
non-box trailers. The agencies believed 
this alternative was infeasible for this 
newly-regulated industry and did not 
extensively evaluate it. 

Public comment from the trailer 
industry unanimously opposed the 
accelerated timeline of the proposed 
Alternative 4. TTMA recommended that 

the agencies adopt no mandatory 
requirements, and instead rely on a 
voluntary program for trailers. OOIDA 
supported standards less stringent than 
either Alternatives 3 or 4. Great Dane 
said that adoption of standards more 
stringent than Alternative 3 would 
considerably increase the probability of 
negative effects on stakeholders. 
Wabash questioned whether, under the 
accelerated timeline of Alternative 4, 
current technologies could be produced 
for all applications for which they 
would be needed, and with sufficient 
reliability. The International Food 
Service Delivery Association, the Truck 
Trade Association, and Schneider also 
opposed Alternative 4 for similar 
reasons. STEMCO, California Air 
Resources Board (CARB), ICCT, and 
American Council for an Energy- 
Efficient Economy (ACEEE) supported 
Alternative 4. The Environmental 
Defense Fund (EDF) supported 
Alterative 5, but with an accelerated 
schedule, saying technologies will be 
available to meet the Alternative 5 
standards by 2024. 

The final standards adopted for the 
Phase 2 trailer program have the same 
four-stage implementation schedule as 
the proposed Alternative 3, with 
standards phasing in for MYs 2018, 
2021, 2024, and 2027 (NHTSA 
standards apply beginning in MY 2021). 
We received comments regarding 
adjustments to technology adoption 
rates in our baseline reference cases 
which the agencies found to be 
persuasive, and the resulting 
adjustments are described in Section 
IV.D.(2)(c). Additionally, the technology 
effectiveness values and projected 
adoption rates for each of the four stages 
of the program were updated in 
response to comments, to reflect new 
test data, and to account for a program 
without averaging. 

C. Phase 2 Trailer Standards 
These final rules establish, for the first 

time, a set of CO2 emission and fuel 
consumption standards for 
manufacturers of new trailers that phase 
in over a period of nine years and 
continue to reduce CO2 emissions and 
fuel consumption in the years to follow. 
These standards are expressed as overall 
CO2 emissions and fuel consumption 
performance standards, considering the 
trailer as an integral part of the tractor- 
trailer vehicle. 

The agencies believe that the trailer 
standards finalized here will implement 
our respective statutory obligations. 
That is, we believe that this set of 
standards represents the maximum 
feasible alternative within the meaning 
of section 32902(k) of EISA, and are 
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338 Most long trailers are 53 feet in length; we are 
adopting a cut-point of 50 feet to avoid an 
unintended incentive for an OEM to slightly 
shorten a trailer design in order to avoid the new 
regulatory requirements. 

339 Memorandum to Docket EPA–HQ–OAR– 
2014–0827: Evaluation of 50-Foot Trailer Length 
Demarcation to Distinguish between Long and Short 
Box Vans. July 18, 2016. 

appropriate under EPA’s CAA authority 
(sections 202(a)(1) and (2)). 

These standards have the same 
implementation schedule as the 
proposed Alternative 3, with standards 
phasing in for MYs 2018, 2021, 2024, 
and 2027. In our consideration of the 
full range of comments, the agencies 
have adjusted elements of the proposed 
Alternative 3 in ways that address some 
of these comments, as discussed in 
Section 0 below. As discussed in 
Section IV.E.(5)(b), the option to apply 
averaging to meet these standards will 
be available starting with MY 2027, but 
will not be available in earlier model 
years. 

The agencies did not propose and are 
not establishing standards for CO2 
emissions and fuel consumption from 
the transport refrigeration units (TRUs) 
used on refrigerated box trailers. Also, 
EPA is not establishing standards for 
hydrofluorocarbon (HFC) emissions 
from TRUs. See Section IV.C.(3) below. 

(1) Trailer Designs Covered by the 
Trailer Program 

As described previously, the trailer 
industry produces many different trailer 
designs for many different applications. 
The agencies are introducing standards 
for a majority of these trailers that phase 
in from MY 2018 through MY 2027; the 
NHTSA fuel consumption standards are 
voluntary until MY 2021. The regulatory 
definitions of the trailers covered by this 
program are summarized below and are 
found in 40 CFR 1037.801 and 49 CFR 
571.3. 

(a) Box Vans 
Box vans are trailers with enclosed 

cargo space that is permanently attached 
to the chassis, with fixed sides, nose 
and roof. Trailers with sides or roofs 
consisting of curtains or other 
removable panels are not considered 
box vans in this program. Box vans with 
self-contained HVAC systems are 
considered ‘‘refrigerated vans.’’ This 
definition includes systems that provide 
cooling, heating or both. Box vans 
without HVAC systems are considered 
‘‘dry vans.’’ 

This rulemaking establishes separate 
standards for box vans based on length. 
Box vans of length greater than 50 feet 
are considered ‘‘long box vans.’’ 338 All 
vans 50 feet and shorter are considered 
‘‘short box vans.’’ The agencies 
requested comment on the proposed 50- 
foot demarcation between ‘‘long’’ and 
‘‘short’’ box vans (80 FR 40258). CARB 

and the Union of Concerned Scientists 
(UCS) commented on this issue, 
requesting that the demarcation be 
changed to 47 feet, such that 48-foot 
vans would be covered under the long 
box subcategory. CARB suggested that 
the performance of aerodynamic 
technologies such as skirts and boat tails 
on a 48-foot van would be more similar 
to the performance of the same 
technologies on a 53-foot van than on 
the 28-foot van used to evaluate short 
box performance. CARB also stated that 
48-foot trailers are not pulled in tandem 
and thus have the potential to adopt rear 
devices for additional reductions. 

The agencies agree that 48-foot vans 
are aerodynamically similar to longer 
vans and that 28-foot trailers are often 
used in tandem, reducing the 
opportunity for rear aerodynamic 
features. However, the agencies believe 
that the use of 48-foot vans is more 
similar to that of shorter trailers than to 
that of the long-haul vans that make up 
most the long box subcategory. Trailer 
manufacturers have indicated that 48- 
foot vans are mostly used in short-haul 
operations (e.g., local food service 
delivery) and consequently they travel 
less frequently at speeds at which 
aerodynamic technologies can be most 
beneficial. Also, 48-foot vans make up a 
relatively small fraction of long box 
vans.339 The agencies thus do not 
believe that standards predicated on the 
use of more effective aerodynamic 
technologies on 48-foot vans will 
provide a substantial enough additional 
reduction in CO2 emissions and fuel 
consumption to justify more stringent 
standards for those trailers. For these 
reasons, the agencies are maintaining 
the proposed 50-foot demarcation 
between long and short box vans and 
are basing the standards for each van 
size category accordingly. 

The trailer program identifies certain 
types of work-performing equipment 
manufacturers may install on box vans 
that may inhibit the use of aerodynamic 
technologies and thus impede the 
trailers’ ability to meet standards 
predicated on adoption of aerodynamic 
technologies. For this program, we 
consider such trailer equipment to 
consist of a rear lift gate or rear hinged 
ramp and any of the following side 
features: A side lift gate, a side-mounted 
pull-out platform, steps for side-door 
access, a drop-deck design, or a belly 
box or boxes that occupy at least half 
the length of both sides of the trailer 
between the centerline of the landing 

gear and the leading edge of the front 
wheels. See 40 CFR 1037.107(a)(1) and 
49 CFR 571.3. 

The agencies have also considered 
how ‘‘roll-up’’ or ‘‘overhead’’ rear trailer 
doors might inhibit the use of rear 
aerodynamic devices. TTMA, ATA, 
Great Dane, and Utility stated that roll- 
up doors are work-performing devices 
that can inhibit rear aerodynamic 
technologies. However, the agencies are 
aware of several existing aerodynamic 
devices designed to be installed near the 
rear of a trailer that can function 
regardless of the type of rear door. Also, 
in their comments, STEMCO indicated 
that additional rear aerodynamic 
technologies would be less likely to 
enter the market if the trailer program 
were to include roll-up doors on the list 
of work-performing devices above and 
the industry didn’t demand an 
aerodynamic product to work with roll- 
up doors. The agencies recognize there 
may currently be limited availability of 
rear aerodynamic technologies for roll- 
up door trailers, yet we also understand 
that innovations and improvements 
continue for all trailer aerodynamic 
technologies. For this reason, the final 
trailer program includes an interim 
provision—through MY 2023—for box 
vans with roll-up doors to qualify for 
non-aero and partial-aero standards (as 
defined immediately below), by treating 
such doors as work-performing devices 
equivalent to rear lift gates. For MY 
2024 and later, roll-up doors will not 
qualify as a work-performing device in 
this way; however, we expect that 
manufacturers of trailers with roll-up 
doors will comply using combinations 
of new rear aerodynamic technologies, 
in conjunction with improved trailer 
side and gap-reducing technologies as 
appropriate. See 40 CFR 1037.150. 

As presented in Section IV.C.(2) 
below, the agencies are adopting 
separate standards for each of the same 
nine box van subcategories introduced 
in the proposal (80 FR 40256) and for 
the non-box category discussed below. 
Full-aero long box dry vans and full- 
aero long box refrigerated vans are those 
that are over 50 feet in length and that 
do not have any of the work-performing 
equipment discussed immediately 
above. Similarly, full-aero short box dry 
vans and full-aero short box refrigerated 
vans are 50 feet and shorter without any 
work-performing equipment. We expect 
these trailers to be capable of meeting 
the most stringent standards in the 
trailer program. 

Long box dry vans and long box 
refrigerated vans that have work- 
performing equipment either on the 
underside or on the rear of the trailer 
that would limit a manufacturer’s ability 
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to install aerodynamic technologies may 
be designated as partial-aero vans for 
their given subcategory. The partial-aero 
standards are based on adoption of tire 
technologies and a single aerodynamic 
device throughout the program. Long 
box dry and refrigerated vans that have 
work-performing equipment on the 
underside and rear of the trailer may be 
designated non-aero box vans. Non-aero 
box vans are a single subcategory that 
have design-based tire standards. 

For short vans, the standards are 
never predicated on the use of rear 
devices, since many 28-foot trailers are 
often pulled in tandem. However, we 
are not aware of any current legislative 
or regulatory initiatives that would 
allow tandem trailers longer than 33 feet 
in length, and therefore we believe that 
short vans of length 35 feet and longer 
are unlikely to be pulled in tandem in 
the timeframe of these rules. We are 
adopting separate criteria for partial- 
and non-aero designation for short vans 
based on a length threshold of 35 feet. 
If vans 35 feet or longer have work- 
performing equipment on the underside 
of the trailer, we expect manufacturers 
can install rear devices to meet the full- 
aero standards, but they have the option 
to designate these trailers as partial-aero 
dry or refrigerated short vans with 
reduced standards that can be met with 
tire technologies and a single 
aerodynamic device. If vans 35 feet and 
longer have work performing equipment 
on the underside and rear, 
manufacturers may designate them as 
non-aero box vans. 

Short vans that are less than 35 feet 
in length are more likely to be pulled in 
tandem, making most rear aerodynamic 
devices infeasible. Since gap reducers 
alone are not sufficiently effective to 
replace a skirt and the shortest trailers 
are not expected to install rear devices, 
both dry and refrigerated vans that are 
shorter than 35 feet with work- 
performing equipment on the underside 
of the trailer may be designated non- 
aero box vans that can comply with tire 
technologies only. In addition, 
refrigerated vans that are shorter than 35 
feet cannot install gap reducers because 
of the TRU. Consequently, all 
refrigerated vans shorter than 35 feet, 
irrespective of work-performing 
equipment, can be designated partial- 
aero short refrigerated vans whose 
standards can be met with skirts and tire 
technologies. See 40 CFR 1037.107(a)(1) 
and 49 CFR 571.3. Because the types of 
work-performing equipment identified 
here generally add significant cost and 
weight to a trailer, we believe that the 
reduced standards available for trailers 
using this equipment are unlikely to 
provide an incentive for manufacturers 

to install them simply as a way to avoid 
the full aero standards. 

(b) Non-Box Trailers 
All trailers that do not meet the 

definition of box vans are considered 
non-box trailers in the trailer program. 
Several commenters requested a clearer 
distinction of the trailers that are 
included in the program. In response, 
the agencies are limiting the non-box 
trailer standards to three trailer types 
that have distinct physical 
characteristics and are most often driven 
on-highway: Tank trailers, flatbed 
trailers, and container chassis. Non-box 
trailers that do not meet the definitions 
below are excluded from the trailer 
program, as discussed in the following 
section. 

Tank trailers are defined for the trailer 
program as enclosed trailers designed to 
transport liquids or gases. For example, 
DOT 406, DOT 407, and DOT 412 tanks 
would fit this definition. These non-box 
trailers can be pressurized or designed 
for atmospheric pressure. Tanks that are 
infrequently used in transport and 
primarily function as storage vessels for 
liquids or gases (e.g., frac tanks) are not 
included in our definition of tank 
trailers and are excluded from the 
program. 

Flatbed trailers for purposes of the 
trailer program are platform trailers with 
a single, continuous load-bearing 
surface that runs from the rear of the 
trailer to at least the trailer’s kingpin. 
Flatbed trailers are designed to 
accommodate side-loading cargo, and 
this definition includes trailers that use 
bulkheads, one or more walls, curtains, 
straps or other devices to restrain or 
protect cargo while underway. Note that 
drop deck and lowboy platform trailers 
are not considered continuous load- 
bearing surfaces. 

Finally, in the trailer program, 
container chassis are trailers designed to 
transport temporary containers. The 
standards apply to all lengths of 
container chassis, including expandable 
versions. The regulations do not apply 
to the containers being transported, 
unless they are permanently mounted 
on the chassis. 

(c) Excluded Trailers 
As in the proposal (80 FR 40259), the 

final trailer program completely 
excludes certain trailer types. However, 
in response to comments and an 
improved understanding of the 
industry, the agencies have changed our 
approach to excluding some trailer 
types. 

In the proposal, we focused on 
excluding trailers based on 
characteristics that tended to indicate 

predominant operation in off-highway 
applications. The American Trucking 
Associations (ATA) and the Truck 
Trailer Manufacturers Association 
(TTMA) provided comments suggesting 
that additional trailer types should be 
excluded from the program based on the 
trailers’ typical operational 
characteristics, generally because of 
these trailers’ limited on-highway 
operation. Also, Wabash requested that 
the program specify clearer criteria for 
excluding or exempting trailers. 

The agencies considered all of the 
suggestions of the commenters, and we 
now believe that a different approach to 
excluding some trailer types is more 
appropriate. We recognize that many 
trailer types in the proposed non-box 
subcategory have many unique physical 
characteristics and are designed for 
specialized operations and it would be 
difficult to create a comprehensive list 
of traits that indicated off-road use. This 
wide array of trailer types would have 
made the proposed approach difficult to 
implement for both trailer 
manufacturers and for the agencies, 
since the usage patterns of many 
specialty trailer types can vary greatly. 
Some of these uses, especially off- 
highway applications, may make use of 
the proposed tire technologies for 
compliance difficult or infeasible and 
may limit their effectiveness. 
Additionally, the agencies are aware 
that many manufacturers that build 
these specialty non-box trailers are 
small businesses (fewer than 1000 
employees), and they would incur a 
disproportionately large financial 
burden compared to larger 
manufacturers if they were subject to 
the standards. 

For these reasons, instead of focusing 
our approach to excluding trailer types 
on trailer characteristics that indicated 
predominant off-highway use, the final 
program excludes all non-box trailer 
types except for three specific types that 
we believe are designed for and mostly 
used in on-road applications. These 
types are tanks, flatbeds, and container 
chassis, as defined in the previous sub- 
section. We now consider this approach 
to be much clearer and more 
straightforward to implement than the 
proposed approach. Manufacturers of 
these types of trailers can easily obtain 
and install LRR tires and tire pressure 
systems, and achieve the most 
consistent benefit from use of these 
technologies. The trailer program 
excludes all trailers that do not meet the 
criteria outlined in Section IV.C.(1)(b) 
above, and specified in 40 CFR 1037.5 
and in 49 CFR 535.3(e). 

The final rule also excludes certain 
types of trailers based on design 
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340 Secondary manufacturers who purchase 
incomplete trailers and complete their construction 

to serve as trailers are subject to the requirements 
of 40 CFR 1037.620 and 49 CFR 535.5(e). 

341 These stages are consistent with NHTSA’s 
stability requirements under EISA. 

characteristics, consistent with the 
proposed rule. More precisely, these 
excluded trailer types are sub-types of 
otherwise regulated trailer types, such 
as certain types of box vans. First, the 
rule excludes trailers intended to haul 
very heavy loads, as indicated by the 
number of axles. Specifically, the rules 
exclude all trailers with four or more 
axles, and trailers less than 35 feet long 
with three axles. For example, a 53-foot 
box van with four axles would be 
excluded. Also, we agree with Utility 
that spread-axle trailers may be more 
susceptible to tire scrubbing, and the 
program accordingly excludes trailers 
with an axle spread of at least 120 
inches between adjacent axle 
centerlines. The axle spread exclusion 
does not apply to trailers with 
adjustable axles that have the ability to 
be spaced less than 120 inches apart. 
Finally, the rules exclude trailers 
intended for temporary or permanent 
residence, office space, or other work 
space, such as campers, mobile homes, 
and carnival trailers.340 

Manufacturers of excluded trailers 
have no reporting or other regulatory 
requirements under the trailer program. 
See 40 CFR 1037.5 and 49 CFR 535.3 for 
complete definitions of the trailer types 
that the program excludes. However, 
where the criteria for exclusion 
identified above may be unclear for 
specific trailer models, manufacturers 
are encouraged to ask the agencies to 
make a determination before production 
begins. 

(2) Fuel Consumption and CO2 
Standards 

As described previously in Section I, 
it is the combination of the tractor and 

the trailer that form the useful vehicle, 
and trailer designs substantially affect 
the CO2 emissions and fuel 
consumption of the tractors pulling 
them. Note that although the agencies 
are adopting new CO2 and fuel 
consumption standards for trailers 
separately from tractors, we set the 
numerical level of the trailer standards 
(see Section IV.D. below) based on 
operation with ‘‘standard’’ reference 
tractors in recognition of their 
interrelatedness. In other words, the 
regulatory standards refer to the 
simulated emissions and fuel 
consumption of a standard tractor 
pulling the trailer being certified. 

Unlike the other sectors covered by 
this Phase 2 rulemaking, trailer 
manufacturers do not have experience 
certifying under the Phase 1 program (or 
under EPA’s criteria pollutant program). 
Moreover, a large fraction of the trailer 
industry is composed of small 
businesses and even the largest trailer 
manufacturers do not have the same 
resources available to them as do 
manufacturers in some of the other 
heavy-duty sectors. The standards and 
compliance regime for trailers have been 
developed with this in mind, and we are 
confident these standards can be 
achieved and demonstrated by 
manufacturers who lack prior 
experience implementing such 
standards. 

The agencies designed this trailer 
program to ensure a gradual progression 
of both stringency and compliance 
requirements in order to limit the 
impact on this newly-regulated 
industry. The agencies are adopting 
progressively more stringent standards 
in three-year stages leading up to the 

MY 2027,341 and are including several 
options to reduce compliance burden in 
the early years as the industry gains 
experience with the program (see 
Section IV.E.). EPA will initiate its 
program in MY 2018 with standards for 
long box dry and refrigerated vans, 
which standards can be met with 
common tire technologies and 
SmartWay-verified aerodynamic devices 
and standards for the other regulated 
trailers based on tire technologies only. 
In this early stage, we expect that 
manufacturers of trailers in the other 
trailer subcategories will meet their 
standards by using tire technologies 
only. NHTSA’s regulations will be 
voluntary until MY 2021 as described in 
Section IV.C.(2). 

Standards for the next stages, which 
begin in MY 2021, gradually increase in 
stringency for each subcategory, 
including the introduction of standards 
for short box vans that we expect will 
be met by applying both aerodynamic 
and tire technologies. The standards for 
partial-aero box vans are less stringent 
than those for full-aero box vans, 
reflecting that the standards for partial- 
aero vans are based on adoption of a 
single aerodynamic device throughout 
the program. This is in contrast to the 
proposed standards for partial-aero vans 
that were identical to the standards for 
full-aero vans through MY 2026. 

Table IV–2 and Table IV–3 below 
present the CO2 and fuel consumption 
standards, beginning in MY 2018 that 
the agencies are adopting for full- and 
partial-aero box vans, respectively. The 
standards are expressed in grams of CO2 
per ton-mile and gallons of fuel per 
1,000 ton-miles to reflect the load- 
carrying capacity of the trailers. 

TABLE IV–2—TRAILER CO2 AND FUEL CONSUMPTION STANDARDS FOR FULL-AERO BOX VANS 

Model year 
Subcategory Dry van Refrigerated van 

Length Long Short Long Short 

2018–2020 ............................ EPA Standard .............................................. 81.3 125.4 83.0 129.1 
(CO2 Grams per Ton-Mile) 
Voluntary NHTSA Standard ......................... 7.98625 12.31827 8.15324 12.68173 
(Gallons per 1,000 Ton-Mile) 

2021–2023 ............................ EPA Standard .............................................. 78.9 123.7 80.6 127.5 
(CO2 Grams per Ton-Mile) 
NHTSA Standard ......................................... 7.75049 12.15128 7.91749 12.52456 
(Gallons per 1,000 Ton-Mile) 

2024–2026 ............................ EPA Standard .............................................. 77.2 120.9 78.9 124.7 
(CO2 Grams per Ton-Mile) 
NHTSA Standard ......................................... 7.58350 11.87623 7.75049 12.24951 
(Gallons per 1,000 Ton-Mile) 

2027+ .................................... EPA Standard .............................................. 75.7 119.4 77.4 123.2 
(CO2 Grams per Ton-Mile) 
NHTSA Standard ......................................... 7.43615 11.72888 7.60314 12.10216 
(Gallons per 1,000 Ton-Mile) 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00171 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73648 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

342 Under the proposal, the regulations would not 
be extended to equipment using a substitute 
refrigerant when that use of the refrigerant has been 
exempted from the venting prohibition, as listed in 
40 CFR 82.154(a). 

TABLE IV–3—TRAILER CO2 AND FUEL CONSUMPTION STANDARDS FOR PARTIAL-AERO BOX VANS 

Model year 
Subcategory Dry van Refrigerated van 

Length Long Short Long Short 

2018–2020 ............................ EPA Standard .............................................. 81.3 125.4 83.0 129.1 
(CO2 Grams per Ton-Mile) 
Voluntary NHTSA Standard ......................... 7.98625 12.31827 8.15324 12.68173 
(Gallons per 1,000 Ton-Mile) 

2021+ .................................... EPA Standard .............................................. 80.6 123.7 82.3 127.5 
(CO2 Grams per Ton-Mile) 
NHTSA Standard ......................................... 7.91749 12.15128 8.08448 12.52456 
(Gallons per 1,000 Ton-Mile) 

The agencies are not adopting CO2 or 
fuel consumption standards predicated 
on aerodynamic improvements for non- 
box trailers or non-aero box vans at any 
stage of this program. Instead, we are 
adopting design standards that require 
manufacturers of these trailers to adopt 
specific tire technologies and thus to 
comply without aerodynamic devices. 
This approach significantly limits the 
compliance burden for these 
manufacturers, especially if they do not 
also manufacture box vans subject to the 

aerodynamic requirements. The 
agencies are adopting these design 
standards in two stages. In MY 2018, the 
non-box trailer standards require 
manufacturers to use tires meeting a 
rolling resistance of 6.0 kg/ton or better 
and to install tire pressure systems. In 
MY 2021, non-box trailers will also 
need tire pressure systems and LRR tires 
at 5.1 kg/ton (the current SmartWay- 
verification threshold) or better. The 
standards require non-aero box vans, 
which we believe are largely at a 

baseline rolling resistance 6.0 kg/ton 
today, to install tire pressure monitoring 
systems and tires at a rolling resistance 
of 5.1 kg/ton in MY 2018 and 4.7 kg/ton 
in MY 2021 and later (there are no 
further increases in standard stringency 
for these trailers after MY 2021). For 
non-box trailers and non-aero box vans, 
manufacturers may install either TPMS 
or ATIS for compliance. 

Table IV–4 summarizes the two stages 
of these design standards. 

TABLE IV–4—DESIGN-BASED TIRE STANDARDS FOR NON-BOX TRAILERS AND NON-AERO BOX VANS 

Model year Tire technology Non-box trailers Non-aero box 
vans 

2018–2020 .................................... Tire Rolling Resistance Level (kg/ton) ................................................. 6.0 5.1 
Tire Pressure System .......................................................................... TPMS or ATIS TPMS or ATIS 

2021+ ............................................ Tire Rolling Resistance Level (kg/ton) ................................................. 5.1 4.7 
Tire Pressure System .......................................................................... TPMS or ATIS TPMS or ATIS 

The agencies project that the 
standards for the entire class of 
regulated trailers, when fully 
implemented in MY 2027, will achieve 
fuel consumption and CO2 emissions 
reductions of two to nine percent 
relative to mostly market-driven 
adoption absent a national regulatory 
program (see Section IV.D.(2)). Because 
of the rapid pace of technological 
improvement in recent years and the 
lead time of nearly a decade, the 
agencies expect that both trailer designs 
and bolt-on CO2- and fuel consumption- 
reducing technologies will advance well 
beyond the performance of their 
present-day counterparts. Regardless, 
we expect that the MY 2027 standards 
for full-aero box vans could be met with 
high-performing aerodynamic and tire 
technologies largely available in the 
marketplace today. A description of 
technologies that the agencies 
considered in developing these rules is 
provided in Section IV.D., with 
additional details in RIA Chapter 2.10. 

(3) Non-CO2 GHG Emissions From 
Trailers 

In addition to the impact of trailer 
design on the CO2 emissions of tractor- 
trailer vehicles, EPA recognizes that 
refrigerated trailers can also be a source 
of emissions of HFCs. Specifically, HFC 
refrigerants that are used in transport 
refrigeration units (TRUs) have the 
potential to leak into the atmosphere. 

In their comments, CARB said they 
believed that EPA underestimated the 
potential for TRU refrigerant leakage, 
and requested that EPA (1) initiate a 
TRU refrigerant ‘‘usage monitoring 
program’’ to support future evaluations 
of leakage; (2) create incentives for low- 
and zero-emission (e.g., cryogenic) 
TRUs; and (3) for EPA’s SNAP program 
to phase out the main TRU refrigerant 
(R404a) when viable alternatives are 
available. EPA did not propose any 
action related to TRUs in this rule, and 
CARB did not provide sufficient 
information for EPA to introduce new 
regulatory requirements for TRUs at this 
time. In general, however, EPA will 
continue to monitor the state of TRU 
technology and operation, and may 

pursue appropriate action if warranted 
in the future. 

We also note that EPA has separately 
proposed a regulation under Title VI of 
the CAA, specifically section 608. See 
80 FR 69457 (November 9, 2015). This 
proposal would extend existing 
regulations on ozone depleting 
refrigerants to many alternative 
refrigerants, such as HFCs, which are 
the most common refrigerants used in 
TRUs.342 If finalized as proposed, EPA 
would require that appliances like TRUs 
be subject to the applicable 
requirements of 40 CFR subpart F, 
including requirements for servicing by 
a certified technician using certified 
recovery equipment and for 
recordkeeping by technicians disposing 
of such appliances with a charge size 
between five and fifty pounds, which 
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343 The Clean Air Act (42 U.S.C. 7671) uses the 
term ‘‘appliance’’ to refer to TRUs and other similar 
equipment. 

344 NHTSA adopted a similar voluntary approach 
in the first years of Phase 1 (see 76 FR 57106). 

345 Reinhart, T.E. (June 2015). Commercial 
Medium- and Heavy-Duty Truck Fuel Efficiency 
Technology Study—Report #1. (Report No. DOT HS 
812 146). Washington, DC: National Highway 
Traffic Safety Administration. 

346 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
Technologies and Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy-Duty 
Vehicles. (‘‘The NAS Report’’) Washington, DC, The 
National Academies Press. Available electronically 
from the National Academy Press Web site at http:// 
www.nap.edu/catalog.php?record_id=12845. 

347 TIAX, LLC. ‘‘Assessment of Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles,’’ Final Report to National Academy of 
Sciences, November 19, 2009. 

would include TRUs, to help ensure 
that the refrigerant is not vented.343 

(4) Lead-Time Considerations 
As mentioned earlier, although the 

agencies did not include standards for 
trailers in Phase 1, box van 
manufacturers have been gaining 
experience with CO2- and fuel 
consumption-reducing technologies 
over the past several years, and the 
agencies expect that trend to continue, 
due in part to EPA’s SmartWay program 
and California’s Tractor-Trailer 
Greenhouse Gas Regulation. Most 
manufacturers of 53-foot box vans have 
some experience installing these 
aerodynamic and tire technologies for 
customers. Manufacturers of trailers 
other than 53-foot box vans do not have 
the benefit of programs such as 
SmartWay to provide a reliable 
evaluation and promotion of 
aerodynamic technologies for those 
trailers and therefore have less 
experience with those technologies. 
However, all trailer manufacturers have 
experience installing tires and the 
installation process does not change 
with the use of lower rolling resistance 
tires. Some manufacturers may not have 
direct experience with tire pressure 
systems, but we observe that they are 
mechanically fairly simple and can be 
incorporated into trailer production 
lines without significant process 
changes. 

EPA is adopting CO2 emission 
standards for long box vans for MY 2018 
that represent stringency levels similar 
to the current performance level needed 
for SmartWay’s verification and those 
required for the current California 
regulation. These standards can be met 
by adopting off-the-shelf aerodynamic 
and tire technologies available today. 
The agencies are adopting less stringent 
requirements for manufacturers of other 
highway trailer subcategories beginning 
in MY 2018 that can be met without use 
of aerodynamic technologies. Given that 
these technologies are readily available 
and are already familiar to the industry, 
the agencies believe, for both cases, that 
manufacturers have sufficient lead time 
to adopt these technologies and to 
implement the simplified compliance 
provisions introduced below and 
described fully in Section IV.E. 

NHTSA’s direction under EISA is to 
allow four model years of lead-time for 
new fuel consumption standards, 
regardless of the stringency level or 
availability of flexibilities. Therefore, 
NHTSA’s fuel consumption 

requirements are not mandatory until 
MY 2021. Prior to MY 2021, trailer 
manufacturers could voluntarily 
participate in NHTSA’s program, noting 
that once they made such a choice, they 
will need to stay in the program for all 
succeeding model years.344 

We believe there are technology 
pathways available today that 
manufacturers could use to comply with 
the standards when they are fully 
implemented in MY 2027. The agencies 
designed each three-year stage of the 
program as a gradual progression of 
stringency that provides sufficient lead- 
time for all affected trailer 
manufacturers to evaluate and adopt 
CO2- and fuel consumption-reducing 
technologies or design trailers to meet 
these standards while meeting their 
customers’ needs. The agencies believe 
that the burdens of installing and 
marketing these CO2- and fuel 
consumption-reducing technologies at 
the stringency levels of this program are 
not limiting factors in determining 
necessary lead-time for manufacturers of 
these trailers. Instead, we expect that 
the first-time compliance and, in some 
cases, performance testing, will be more 
challenging obstacles for this newly 
regulated industry. For these reasons, 
the standards phase in over a period of 
nine years, with flexibilities to 
minimize the compliance and testing 
burdens especially in the early years of 
the program (see Section IV.E.). We are 
adopting provisions for manufacturers 
to use a GEM-based compliance 
equation in lieu of the GEM vehicle 
simulation tool, which will reduce the 
number of resources required to learn 
and implement the model. We are also 
finalizing compliance provisions that 
allow trailer manufacturers to use pre- 
approved aerodynamic test data from 
aerodynamic device manufacturers, 
which could eliminate a trailer 
manufacturer’s test burden for 
compliance. As explained above, non- 
aero box vans and non-box trailers, 
which make up almost 20 percent of the 
regulated trailers, are subject to 
straightforward design-based tire 
standards throughout the program that 
require that they install qualified LRR 
tires and tire pressure systems with 
simplified compliance requirements. 
See Section IV.E. for a full description 
of the trailer compliance program. 

The Rubber Manufacturers 
Association (RMA) expressed concern 
that the proposed program would not 
provide sufficient lead time for the 
development and production of LRR tire 
designs for some off-road applications. 

As discussed above, the final program 
now excludes all trailer types that 
would generally be used in off-road 
applications, including all non-box 
trailers except tanks, flatbeds, and 
container chassis. Therefore, trailer 
types designed for off-road use do not 
have LRR tire requirements, and the 
final program should significantly 
reduce RMA’s concerns about available 
lead time for special tire development. 
Additionally, we have adjusted the tire 
performance requirements for the LRR 
tires of the non-box trailer design 
standards. 

D. Feasibility of the Trailer Standards 

As discussed below, the agencies’ 
determination is that the standards 
presented in Section IV.C.(2), are the 
maximum feasible and appropriate 
under the agencies’ respective 
authorities, considering lead time, cost, 
and other factors. We summarize our 
analyses in this section, and describe 
them in more detail in RIA Chapter 
2.10. 

Our analysis of the feasibility of the 
CO2 and fuel consumption standards is 
based on technology cost and 
effectiveness values collected from 
several sources. Our assessment of the 
trailer program is based on information 
from: 

—Southwest Research Institute 
evaluation of heavy-duty vehicle fuel 
efficiency and costs for NHTSA,345 

—2010 National Academy of Sciences 
report of Technologies and 
Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy- 
Duty Vehicles,346 

—TIAX’s assessment of technologies to 
support the NAS panel report,347 

—The analysis conducted by the 
Northeast States Center for a Clean 
Air Future, International Council on 
Clean Transportation, Southwest 
Research Institute and TIAX for 
reducing fuel consumption of heavy- 
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348 NESCCAF, ICCT, Southwest Research 
Institute, and TIAX. Reducing Heavy-Duty Long 
Haul Combination Truck Fuel Consumption and 
CO2 Emissions. October 2009. 

349 ICF International. ‘‘Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles.’’ July 2010. Docket 
Number EPA–HQ–OAR–2010–0162–0283. 

350 For example, aerodynamic devices on a 48 
foot box van will perform somewhat better than on 
a 28 foot box van, so our analysis likely 
underestimates the benefits of these technologies. 
See Chapter 2.10.2.1.2.6 of the RIA and 
Memorandum to Docket EPA–HQ–OAR–2014– 
0827. ’’ 

duty long haul combination tractors 
(the NESCCAF/ICCT study),348 

—The technology cost analysis 
conducted by ICF for EPA,349 and 

—Testing conducted by EPA. 
As an initial step in our analysis, we 

identified the extent to which fuel 
consumption- and CO2-reducing 
technologies are in use today. The 
technologies include those that reduce 
aerodynamic drag at the front, back, and 
underside of trailers, tires with lower 
rolling resistance, tire pressure 
technologies, and weight reduction 
through component substitution. For 
our feasibility analysis, we identified a 
set of technologies to represent the 
range of those likely to be used in the 
time frame of the rule. The agencies 
developed the CO2 and fuel 
consumption standards for each stage of 
the program by combining the projected 
effectiveness of trailer technologies and 
the projected adoption rates for each 
trailer type. It should be noted that the 
agencies need not and did not attempt 
to predict the exact future pathway of 
the industry’s response to the new 
performance standards for box vans. 
Rather, we demonstrated one example 
compliance pathway that could 
reasonably occur, taking into account 
cost of the standards (including costs of 
compliance testing and certification), 
and needed lead time. More details 
regarding our analysis can be found in 
Chapter 2.10 of the RIA. 

(1) Technological Basis of the Standards 
Trailer manufacturers can design a 

trailer to reduce fuel consumption and 
CO2 emissions by addressing the 
trailer’s aerodynamic drag, tire rolling 
resistance, and weight. Accordingly, the 
agencies investigated aerodynamic 
technologies (e.g., skirts and tails), low 
rolling resistance tires, tire pressure 
systems, and materials that could be 
used to reduce trailer weight. A 
description of these technologies, 
including their expected performance, 
can be found in Chapter 2.10.2 of the 
RIA. For box vans, the analysis below 
presents one possible set of technology 
designs by which trailer manufacturers 
could reasonably achieve the standards. 
However, in practice, trailer 
manufacturers could choose different 
technologies, versions of technologies, 
and combinations of technologies that 
meet the business needs of their 

customers while complying with this 
program. 

To minimize complexity, a single van 
is used to represent each box van trailer 
subcategory in compliance and in our 
feasibility analysis. Within the short box 
dry and refrigerated van subcategories 
(50-foot and shorter), the largest fraction 
of those trailers are 28 feet in length. 
Similarly, 53-foot vans make up the 
majority of the long box dry and 
refrigerated vans. Consequently, a 28- 
foot dry van is used to represent all 
lengths of short dry vans and a 53-foot 
dry van represents all lengths of long 
dry vans in this analysis and for 
compliance. Similar lengths represent 
the short and long refrigerated van 
subcategories. This means that 
manufacturers do not need to analyze 
the performance of devices for each 
trailer length in each subcategory. This 
approach provides a conservative 
estimate of CO2 emissions and fuel 
consumption reductions for the longer 
vans within a given length 
subcategory,350 but the agencies believe 
that the need to avoid an overly 
complex compliance program, 
reinforced by most of the industry 
comments, justifies this approach. 

(a) Aerodynamic Technologies 
For box vans under these rules, 

aerodynamic performance of tractor- 
trailers is evaluated using a vehicle’s 
aerodynamic drag area, CdA. However, 
unlike the tractor program, the 
performance of trailer technologies is 
quantified using changes in CdA (or 
‘‘delta CdA’’) rather than absolute 
values. This delta CdA classification 
methodology, which measures 
improvement in performance relative to 
a baseline, is similar to the SmartWay 
technology verification program with 
which most long box van manufacturers 
are already familiar. The one difference 
is that, although EPA’s SmartWay 
aerodynamic verification program uses a 
relative improvement, the metric is a 
percent fuel savings, whereas the 
compliance program for Phase 2 uses 
change in drag area, delta CdA. Chapter 
2.10.2.1.1 of the RIA provides a 
comparison of the SmartWay and Phase 
2 metrics. 

The agencies proposed to use a delta 
CdA measured at zero-yaw (head-on 
wind) in the trailer aerodynamic test 
procedures (80 FR 40277). However, 
comments from several stakeholders 

including ACEEE, CARB, ICCT, RMA, 
STEMCO, and Utility suggested that 
measurements that account for cross- 
wind provide a more appropriate 
measure of the benefits these 
technologies would experience in the 
real world, especially for technologies 
that are effective when the wind is at an 
angle. The agencies evaluated our own 
aerodynamic test data, including data 
collected to justify use of wind-average 
results in the proposed tractor program, 
and we recognize that the drag 
coefficient increases under cross-wind 
conditions likely seen in real-world 
operation. Since wind-averaging will 
account for this, and more appropriately 
capture aerodynamic benefits from 
many devices, including several small- 
scale devices, we are adopting a wind- 
averaged approach for aerodynamic 
testing in the trailer program. See 
Section IV.E.(3)(b)(ii) below and Chapter 
2.10.2.1.2 of the RIA for a summary of 
yaw-angle effect as observed in our 
aerodynamic testing. The feasibility 
analysis that follows was performed 
using wind-averaged delta CdA values. 

(i) Aerodynamic Technologies for Non- 
Box Trailers 

The agencies are aware that some side 
skirts have been adapted for the non-box 
trailers considered in this rule (e.g., tank 
trailers, flatbeds, and container chassis). 
CARB submitted comments noting that 
some of these technologies have shown 
potential for large reductions in drag. At 
this time, however, we are unable to 
sufficiently assess the degree of CO2 and 
fuel consumption improvement that 
could generally be achieved across this 
segment of the industry and the 
associated costs of these technologies. In 
the case of each of the general non-box 
trailer types included in the trailer 
program, the range of physical trailer 
designs, including the areas where 
aerodynamic devices would be 
installed, is great, and technologies to 
date tend to be designed for narrow 
applications. This lack of basic 
information about the applicability of 
future technologies for these trailer 
types also inhibits our ability to 
estimate costs, either of the specific 
future designs themselves or of the size 
of the market for any particular product. 
As a result, we expect that standards 
predicated on aerodynamic technologies 
for these trailer types could result in 
relatively little emission and fuel 
consumption improvement at relatively 
high costs. We will continue to monitor 
this segment of the trailer industry in 
this regard and may consider further 
action in the future. 

The agencies proposed to adopt 
design-based tire standards (i.e. 
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351 Although, as noted above, compliance testing 
(where required) uses either a 28 foot van or 53 foot 
van to simplify the compliance process. 

352 This is in contrast to the tractor program 
where manufacturers obtain absolute CdA values in 
tractor aerodynamic testing. The tractor results are 
corrected to coastdown values before applying them 
to bins and obtaining a bin-average value as a 
compliance input. Trailers measure a delta CdA and 
do not have a correction to a reference method (see 
Section IV.E.(3)(b)). The lower threshold approach 
adopted for the trailer compliance inputs limits the 
chance of over-predicting performance when a 
reference method correction is not applied. 

standards not predicated on any 
aerodynamic technology, and for which 
neither GEM nor the GEM-based 
equation is required) for these trailers to 
eliminate the need for performance 
testing and to reduce the overall 
compliance burden for these 
manufacturers. 80 FR 40257. The data 
submitted and adoption rates suggested 
by CARB would not provide a large 
enough reduction in CO2 and fuel 
consumption from non-box trailer 
aerodynamics to justify the increased 
burden on these manufacturers. In 
addition, we believe that there is not 
currently sufficient information to 
develop aerodynamic performance 
standards on these relatively new and 
untried technologies. Consequently, we 
are adopting design-based tire 
technology standards for non-box 
trailers, as proposed. Non-box trailer 
manufacturers may include 
aerodynamic improvements in their 
future trailer designs, but non-box 
trailer aerodynamic devices cannot be 
used for compliance at any point in the 
Phase 2 program. 

(ii) Aerodynamic Technologies for Box 
Vans 

EPA collected aerodynamic test data 
for several tractor-trailer configurations 
equipped with technologies similar to 
common SmartWay-verified 
technologies. As mentioned previously, 
SmartWay-verified technologies are 
evaluated on 53-foot dry vans. However, 
the CO2- and fuel consumption-reducing 
potential of some aerodynamic 
technologies demonstrated on 53-foot 
dry vans can be translated to 
refrigerated vans and box trailers of 
other lengths. Some fleets have opted to 
add trailer skirts to their refrigerated 
vans and 28-foot trailers and our testing 
included dry vans of length 53-foot, 48- 
foot, 33-foot, and 28-foot.351 

In order to evaluate performance and 
cost of the aerodynamic technologies, 
the agencies identified ‘‘packages’’ of 
individual or combined technologies 
that are being sold today on box trailers. 
The agencies also identified distinct 
performance levels (i.e., bins) for these 
technology packages based on EPA’s 
aerodynamic testing. All technology 
packages that produce similar 
improvements in drag would be 
categorized as meeting the same bin 
level of performance. The agencies 
recognize that there are other 
technology options that have similar 
performance to those that we analyzed. 
We chose the technologies presented 

here based on their current adoption 
rates and availability of test data. 

The agencies are adopting a regulatory 
structure for box trailers with seven bins 
to evaluate aerodynamic performance. 
Note that these bins are slightly 
different than those proposed. We 
adjusted the aerodynamic bins to reflect 
additional data and the use of wind- 
averaged results. The most notable 
difference is that we expanded the 
width of the lower bins. The NPRM Bins 
III, IV and V were reduced to two bins. 
Bins V, VI, and VII are identical to the 
highest bins from the NPRM (NPRM 
bins VI, VII, and VIII). See Chapter 
2.10.2.1.3 of the RIA for a complete 
description of the development of these 
bins. 

In the final trailer program, Bin I 
represents a base trailer with no 
aerodynamic technologies added and a 
delta CdA of zero. Bin II is intended to 
capture aerodynamic devices that 
achieve small reductions in CO2 and 
fuel consumption. Some gap reducers 
may achieve Bin II on long dry vans, 
and most individual devices (e.g., skirts 
or tails) will achieve this bin for short 
box vans. We expect a majority of single 
aerodynamic devices to perform in the 
range of Bins III through IV for long box 
vans. Combinations of devices are 
expected to meet Bin III for short vans 
and Bin V or Bin VI levels of 
performance for long vans. Bin VI 
represents the more optimized 
combinations of technologies on long 
vans. The agencies observed one device 
combination that met Bin VI in our 
aerodynamic testing and did not observe 
any combinations that meet Bin VII. 
This final level is designed to represent 
aerodynamic improvements that may 
become available in the future, 
including aerodynamic devices yet to be 
designed or approaches that incorporate 
changes to the design of trailer bodies. 
The agencies believe there is ample lead 
time to optimize additional existing Bin 
V combinations such that they can also 
meet Bin VI by MY 2027. However, 
none of the standards are predicated on 
the performance of Bin VII aerodynamic 
improvements. See Table IV–14 and 
accompanying text. 

Table IV–5 illustrates the bin 
structure that the agencies are adopting 
as the basis for box vans to demonstrate 
compliance. The agencies believe these 
bins apply to all box vans (dry and 
refrigerated vans of various lengths). 
Although the underlying test data from 
EPA’s aerodynamic testing program 
reflect some variation due to differences 
in test methods, as well as differences 
in trailer and aerodynamic device 
models, the agencies believe that each of 
these bins covers a wide enough range 

of delta CdAs to account for the 
uncertainty. See RIA Chapter 2.10 for 
more information. 

When manufacturers obtain test 
results, they would check the range 
shown in Table IV–5 for the measured 
CdA value and use the corresponding 
input value for compliance. Note that 
these are wind-averaged results, as 
described in Chapter 2.10 of the RIA 
and below in Section IV.E.(3)(b)(ii). 
Also, the input is a threshold and not an 
average of the bin range. Consequently, 
the compliance results will be a 
conservative estimate of the 
performance of most technologies that 
achieve a given bin.352 

TABLE IV–5—TECHNOLOGY BINS 
USED TO EVALUATE TRAILER BENE-
FITS AND COSTS 

Bin 

Delta CdA 

Measured 
value 

Input value for 
compliance 

Bin I .......... <0.10 .............. 0.0 
Bin II ......... 0.10–0.39 ....... 0.1 
Bin III ........ 0.40–0.69 ....... 0.4 
Bin IV ........ 0.70–0.99 ....... 0.7 
Bin V ......... 1.00–1.39 ....... 1.0 
Bin VI ........ 1.4–1.79 ......... 1.4 
Bin VII ....... ≥1.80 .............. 1.8 

To develop the standards for box 
trailers, the agencies assessed the CO2 
emissions and fuel consumption 
impacts of the aerodynamic bins using 
an equation based on the GEM vehicle 
simulation tool. See Section II and 
Section IV.E. (1) for more information 
about GEM and Chapter 2.10.5 of the 
RIA for our development of the GEM- 
based equation. Within GEM, and 
reflected in the results of the equation, 
the aerodynamic performance of each 
box van subcategory is evaluated by 
subtracting the delta CdA shown in 
Table IV–5 from the CdA value 
representing a specific standard tractor 
pulling a trailer with no CO2- or fuel 
consumption-reducing technologies 
(i.e., a ‘‘no-control’’ trailer). In other 
words, the tractor-trailer is simulated 
with improvements to the baseline 
trailer. The agencies chose to model the 
no-control long box dry van using a CdA 
value of 6.0 m2 (the mean wind- 
averaged CdA from EPA’s wind tunnel 
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353 Letter, Truck Trailer Manufacturers 
Association to EPA. Received on October 16, 2014. 
Docket EPA–HQ–OAR–2014–0827–0146. 

testing). The single, short box dry vans 
showed lower CdA values compared to 
its 53-foot counterpart in EPA’s wind 
tunnel testing with an average of 5.6 m2. 
The agencies did not test any 
refrigerated vans, but we assumed a 
refrigerated van’s TRU would behave 
similar to a gap reducer. Our test results 
in Chapter 2.10.2.1.3 did not show gap 
reducer technologies to have a 
significant effect on CdA and the 
agencies accordingly assigned the same 
default CdA to refrigerated and dry box 
vans in GEM. Note that the trailer 
subcategories that have design standards 
(i.e., non-box and non-aero box trailers) 
do not have numerical standards to 
meet, and do not have defaults in GEM. 
Table IV–6 illustrates the no-control 
drag areas (CdA) associated with each 
trailer subcategory. 

TABLE IV–6—DEFAULT AERODYNAMIC 
DRAG AREA (CdA) VALUES ASSOCI-
ATED WITH EACH (NO-CONTROL) 
TRAILER MODELED IN GEM 

Trailer subcategory CdA (M2) 

Long Dry Van ....................... 6.0 
Short Dry Van ....................... 5.6 
Long Ref. Van ...................... 6.0 
Short Ref. Van ...................... 5.6 

Current ‘‘boat tail’’ devices, applied to 
the rear of a trailer with rear swing 
doors, are typically designed to collapse 
flat as the trailer rear doors are opened. 
If the tail structure can remain in the 
collapsed configuration when the doors 
are closed, the benefit of the device is 
lost. We requested comment on whether 
we should require that trailer 
manufacturers using such devices for 
compliance with these standards only 
use designs that automatically deploy 
when the vehicle is in motion. STEMCO 
commented that automatic deployment 
should not be required, since those 
systems are more expensive, and in 
their view, not necessary for the Phase 
2 program. STEMCO believes that, since 
there is a strong economic incentive for 
operators to ensure that the devices are 
correctly deployed in order to achieve 
the greatest fuel cost payback, a 
regulatory requirement related to 
deployment is not needed. We generally 
agree, and have not included such a 
requirement in the final trailer program. 
For this analysis, we consider all boat 
tails to be properly deployed. 

The agencies are aware that physical 
characteristics of some box trailers 
influence the technologies that can be 
applied. For instance, the TRUs on 
refrigerated vans are located at the front 
of the trailer, which prevents the use of 
current gap-reducers, either by 

occupying the space that a front-end 
fairing would use, or by blocking air 
flow that the TRU needs for cooling 
purposes. Similarly, drop deck dry vans 
have lowered floors between the landing 
gear and the trailer axles that limit the 
ability to use side skirts. We discuss 
another example, roll-up rear doors, in 
Section IV.C.(1)(a) above. The agencies 
considered the availability and 
limitations of aerodynamic technologies 
for each trailer type evaluated in our 
feasibility analysis of the standards. 

(b) Tire Rolling Resistance 
Similar to the Phase 2 tractor and 

vocational vehicle programs, the 
agencies are adopting standards based 
on adoption of lower rolling resistance 
tires. While some box vans continue to 
be sold with tires of higher rolling 
resistances, the agencies believe most 
box van tires currently achieve a tire 
CRR of 6.0 kg/ton or better. Feedback 
from several box trailer manufacturers 
indicates that the standard tires offered 
on their new trailers are SmartWay- 
verified tires (i.e., CRR of 5.1 kg/ton or 
better). An informal survey of members 
from the Truck Trailer Manufacturers 
Association (TTMA) in 2014 indicates 
about 85 percent of box vans sold at that 
time had SmartWay tires.353 

The agencies evaluated two levels of 
tire performance for box vans beyond 
the baseline trailer tire rolling resistance 
level (TRRL) of 6.0 kg/ton. The first 
performance level was set at the criteria 
for SmartWay-verification for trailer 
tires, 5.1 kg/ton, which is a 15 percent 
reduction in CRR from the baseline. As 
mentioned previously, several tire 
models available today achieve rolling 
resistance values well below the present 
SmartWay threshold. Given the multiple 
year phase-in of the standards, the 
agencies expect that tire manufacturers 
will continue to respond to demand for 
more efficient tires and will offer 
increasing numbers of tire models with 
rolling resistance values significantly 
better than today’s typical LRR tires. In 
this context, we believe it is reasonable 
to expect a large fraction of the trailer 
industry could adopt tires with rolling 
resistances at a second performance 
level that will achieve an additional 
reduction in rolling resistance, 
especially in the later stages of the 
program. The agencies project the CRR 
for this second level of performance to 
be a value of 4.7 kg/ton (a 22 percent 
reduction from the baseline tire). 

The vast majority of box van miles 
occur on-road, and current LRR tire 

designs are appropriate and effective for 
those applications. We note that current 
designs of LRR tires may not be 
appropriate for some non-box trailer 
types, including those that operate 
significantly in off-road conditions. We 
expect that the tire manufacturing 
industry will continue to expand their 
offerings of tire designs to additional 
applications. Regardless, by limiting the 
non-box trailer types covered by the 
final trailer program to those generally 
used in on-highway applications (tanks, 
flatbeds, and container chassis), the 
program avoids most of these potential 
situations. 

We received comment from Michelin 
supporting the use of 6.0 kg/ton as the 
box trailer tire rolling resistance 
baseline, but they expressed concern 
that the SmartWay threshold of 5.1 kg/ 
ton does not apply for non-box trailers, 
and could compromise their operation. 
Similarly, the Rubber Manufacturers 
Association indicated that a baseline of 
6.0 kg/ton does not apply to non-box 
trailers. The agencies agree that the 
baseline tires for non-box trailers should 
have a higher rolling resistance, but we 
did not receive any comments that 
included CRR data. For the analysis for 
the final rules, the agencies revised the 
baseline CRR to a value of 6.5 kg/ton for 
non-box trailer manufacturers. The 
updated non-box trailer designs 
standards require LRR tires of 6.0 kg/ton 
in the first stage of the program and 5.1 
kg/ton in the later years. Nowhere in the 
final program do we require Level 4 
tires for non-box trailers. 

The agencies evaluated four tire 
rolling resistance levels, summarized in 
Table IV–7, in the feasibility analysis of 
the following sections. It should be 
noted that these levels are targets for 
setting the stringency of the box van 
performance standards and rolling 
resistance thresholds for the non-box 
design standards. For compliance, box 
van manufacturers have the option to 
use tires with any rolling resistance and 
are not be limited to these TRRLs. 

TABLE IV–7—SUMMARY OF TRAILER 
TIRE ROLLING RESISTANCE LEVELS 
EVALUATED 

Tire rolling resistance level CRR (kg/ton) 

Level 1 (Non-Box Baseline) 6.5 
Level 2 (Box Van Baseline ) 6.0 
Level 3 .................................. 5.1 
Level 4 .................................. 4.7 

(c) Tire Pressure Systems 
Tire pressure monitoring systems 

(TPMS) and automatic tire inflation 
systems (ATIS) are designed to address 
under-inflated tires. Both systems alert 
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354 See Chapter 2.10.2.3 of the RIA. 

355 Scarcelli, Jamie. ‘‘Fuel Efficiency for Trailers’’ 
Presented at ACEEE/ICCT Workshop: Emerging 
Technologies for Heavy-Duty Vehicle Fuel 
Efficiency, Wabash National Corporation. July 22, 
2014. 

356 ‘‘Weight Reduction: A Glance at Clean Freight 
Strategies,’’ EPA SmartWay. EPA420F09–043. 
Available at: http://permanent.access.gpo.gov/
gpo38937/EPA420F09-043.pdf. 

357 Memorandum dated June 2015 regarding 
confidential weight reduction information obtained 
during SBREFA Panel. Docket EPA–HQ–OAR– 
2014–0827. 

358 Randall Scheps, Aluminum Association, ‘‘The 
Aluminum Advantage: Exploring Commercial 
Vehicles Applications,’’ presented in Ann Arbor, 
Michigan, June 18, 2009. 

drivers if a tire’s pressure drops below 
its set point. TPMS are simpler and 
merely monitor tire pressure. Thus, they 
require user-interaction to reinflate to 
the appropriate pressure. Today’s ATIS, 
on the other hand, typically take 
advantage of trailers’ air brake systems 
to supply air back into the tires 
(continuously or on demand) until a 
selected pressure is achieved. In the 
event of a slow leak, ATIS have the 
added benefit of maintaining enough 
pressure to allow the driver to get to a 
safe stopping area. See Chapter 2.10.2.3 
of the RIA for more on tire pressure 
systems. 

The agencies proposed that ATIS be 
the only tire pressure system allowed to 
be used to meet the standards, since 
TPMS require action on the part of the 
operator. Our position at the time of the 
proposal was that TPMS could not 
sufficiently guarantee proper inflation. 
80 FR 40262. However, some 
commenters stated that TPMS are 
effective in encouraging proper tire 
pressure maintenance, and should also 
be eligible as a compliance option. 
Commenters did not provide specific 
data about the overall effectiveness of 
TPMS. However, we are aware of the 
emergence of TPMS that use telematics 
to automatically report tire pressure 
data to a central contact. It is also our 
understanding that there is a growing 
recognition among fleet and individual 
operators of the potential value that 
these systems can provide to operators, 
so long as the operator and/or a central 
fleet contact take action to address cases 
of low tire pressures indicated by the 
systems. These factors have led the 
agencies to reconsider our approach to 
TPMS. As described in Section IV.B. 
above, we now believe that TPMS 
provides overall fuel consumption and 
CO2 reductions, and the final program 
recognizes the option of TPMS as part 
of the compliance path for all covered 
trailers. 

NHTSA and EPA recognize the role of 
proper tire inflation in maintaining 
optimum tire rolling resistance during 
normal trailer operation. Rather than 
require performance testing of tire 
pressure systems, the agencies recognize 
the benefits of these systems, and the 
program applies default reduction 
values for manufacturers that 
incorporate ATIS or TPMS into their 
trailer designs. Based on information 
available today, we believe that most 
tire pressure technologies and systems 
in typical use perform similarly. 

We proposed to assign a 1.5 percent 
reduction in CO2 and fuel consumption 
for all trailers that implement ATIS, 
based on information available at that 

time.354 We did not receive any 
comments directly addressing the 
proposed reduction value. However, the 
agencies believed it was appropriate to 
align the effectiveness of tire pressure 
systems for tractors, trailers and 
vocational vehicles, and the agencies are 
adopting a 1.2 percent reduction for 
ATIS for each of these vehicle 
categories. As just noted, we are also 
adopting provisions that recognize a 
CO2 and fuel consumption reduction for 
TPMS. The agencies believe that 
sufficient incentive exists for truck 
operators to address low tire pressure 
conditions if they are notified that they 
exist through a TPMS (for example, for 
reasons of personal safety as well as fuel 
savings). However, we recognize the 
dependence on operator action for 
TPMS, and we are adopting a reduction 
of 1.0 percent for these systems. We 
have concluded that the use of these 
systems can consistently ensure that tire 
pressure and tire rolling resistance are 
maintained. Sections III.D.(1)(b) and 
V.C.(1)(a) also discuss the overall Phase 
2 program’s treatment of both types of 
tire pressure systems for tractors and 
vocational vehicles, respectively. 

We selected the standards for most 
box vans with the expectation that a 
high rate of adoption of ATIS will occur 
during all years of the phase-in of the 
program, and that manufacturers of non- 
aero vans, and non-box trailers will 
install either TPMS or ATIS, as well as 
LRR tires, to comply with the design- 
based tire standards. 

In the performance-based compliance 
approach to full- and partial-aero box 
vans, the program incorporates a small 
discount in the value of TPMS in the 
compliance equation as compared to 
ATIS, to reflect the inherent user 
interaction required for TPMS to be 
effective. In the design-based 
compliance approach for non-aero vans 
and non-box trailers, manufacturers may 
comply by using either TPMS or ATIS, 
which in that case are valued equally. 
See Section IV.D.(2)(d) below for 
discussion of our estimates of the degree 
of adoption of tire pressure systems 
prior to and at various points in the 
phase-in of the proposed program. 

(d) Weight Reduction 
As proposed, the trailer program 

provides manufacturers the option of 
complying through the substitution of 
specified lighter-weight components 
that can be clearly isolated from the 
trailer as a whole. In the proposal, the 
agencies identified several conventional 
components with lighter-weight 
substitutes that are currently available 

(e.g., substituting conventional dual 
tires mounted on steel wheels with 
wide-based single tires mounted on 
aluminum wheels). 80 FR 40262. 
Several commenters provided 
additional component suggestions, with 
information about their typical 
associated weight reductions. The 
component substitutions we have 
included in the final program, and the 
weight savings that we are associating 
with each component, are presented in 
the RIA Chapter 2.10.2.4 and 40 CFR 
1037.515. The agencies have identified 
12 common trailer components for 
which lighter weight options are 
currently available (see 40 CFR 
1037.515).355 356 357 358 Manufacturers 
that adopt these technologies and 
choose to use them as part of their 
compliance strategy sum the associated 
weight reductions and apply those 
values in the GEM-based compliance 
equation (see Section IV.E.(2)(a)). We 
believe that the initial cost of these 
component substitutions is currently 
substantial enough that only a relatively 
small segment of the industry has 
adopted these technologies today. 

There is no clear ‘‘baseline’’ for 
current trailer weight against which 
lower-weight designs could be 
compared for regulatory purposes. For 
this reason, the agencies do not believe 
it is appropriate or fair across the 
industry to apply overall weight 
reductions toward compliance using a 
universal baseline trailer. However, the 
agencies do believe it is appropriate to 
give a manufacturer credit for overall 
weight reduction achieved in their own 
product line. In the final program, we 
are clarifying that manufacturers of box 
trailers with significant weight 
reductions have the option of using our 
off-cycle credit process to compare 
overall weight reduction of future 
trailers using an appropriate baseline 
from their own production. This process 
allows manufacturers to do a 
comparison of their new trailer to a 
previous model to quantify the weight 
reduction improvements. Manufacturers 
wishing to go this route should contact 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00177 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://permanent.access.gpo.gov/gpo38937/EPA420F09-043.pdf
http://permanent.access.gpo.gov/gpo38937/EPA420F09-043.pdf


73654 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

359 Memorandum to Docket EPA–HQ–OAR– 
2014–0827, ‘‘Evaluation of Weight Reduction 

Distribution in Response to Public Comments from 
Wabash National Corporation,’’ June 18, 2016. 

EPA in advance to discuss appropriate 
test procedures. More information about 
the off-cycle process can be found in 
Section IV.E.(5)(d) and in 40 CFR 
1037.610 or 49 CFR 535.7. Note that 
non-box trailers and non-aero box vans 
have design standards that are limited to 
adoption of lower rolling resistance tires 
and tire pressure systems, and do not 
include weight reduction as part of their 
simplified compliance demonstration. 

The agencies recognize that when 
weight reduction is applied to a trailer, 
some operators will replace that saved 
weight with additional payload. To 
account for this in the average vehicle 
represented by EPA’s GEM vehicle 
simulation tool, it is assumed that one- 
third of any weight reduction will be 
applied to the payload. Wabash 
suggested that the agencies reconsider 
the distribution of weight between 
payload and trailer weight when 
modeling weight reduction, expressing 
concern that the reduction was not 
receiving appropriate credit in the 
program. Although the simulated 
vehicle in GEM only receives 2⁄3 of the 
weight reduction applied, the model 
calculates CO2 emissions and fuel 
consumption on a per-ton-mile basis by 
dividing by the payload, which now 
includes the extra one-third from weight 
reduction. Dividing by a larger payload 
results in lower CO2 and fuel 
consumption values.359 

For 53-foot vans simulated in GEM 
(and thus, for the GEM-based equation), 
it takes a weight reduction of nearly 
1,000 pounds before a one percent fuel 
savings is achieved. The impact of the 
same 1000 pounds is slightly greater for 
shorter vans, due to their lower overall 

weight, but the effectiveness of weight 
reduction is still relatively low 
compared to the effectiveness of many 
aerodynamic technologies. In addition, 
large material substitutions can be 
costly. The agencies thus believe that 
few trailer manufacturers will apply 
weight reduction solely as a means of 
achieving reduced fuel consumption 
and CO2 emissions. Therefore, we are 
adopting standards that could be met 
without reducing weight—that is, the 
feasible compliance path set out by the 
agencies for this program does not 
assume weight reduction as a 
compliance avenue. However, as 
discussed here, the final program 
includes the option for box trailer 
manufacturers to apply weight 
reduction to some of their trailers as 
part of their compliance strategy. 

(2) Effectiveness, Adoption Rates, and 
Costs of Technologies for the Trailer 
Standards 

The agencies evaluated the 
technologies above as they apply to each 
of the trailer subcategories. The next 
sections describe the effectiveness, 
adoption rates and costs associated with 
these technologies. The effectiveness 
and adoption rate projections were used 
to derive these standards. 

(a) No-Control Default Tractor-Trailer 
Vehicles in GEM (Box Van Standards 
Only) 

The regulatory purpose of EPA’s 
heavy-duty vehicle compliance tool, 
GEM, is to combine the effects of trailer 
technologies through simulation so that 
they can be expressed as g/ton-mile and 
gal/1000 ton-mile and thus avoid the 

need for direct testing of each trailer 
being certified. All of the standards for 
box vans (with the exception of non- 
aero box vans, which have design 
standards) use an equation derived from 
GEM to demonstrate compliance. The 
trailer program has separate 
performance standards for each box van 
subcategory (again, with the exception 
of non-aero box vans) and each of these 
subcategories is modeled as a tractor- 
trailer combination that we believe 
reflects the average physical 
characteristics and use pattern of vans 
in that subcategory. Long vans are 
pulled by sleeper cab tractors and use 
the long-haul drive cycle weightings. 
Short vans are pulled by day cabs and 
have the short-haul drive cycle 
weightings. Short vans also have a 
lighter payload and overall vehicle 
weight compared to their longer 
counterparts. 

Table IV–8 highlights the relevant 
vehicle characteristics for the no-control 
default of each subcategory (i.e., zero 
CO2- or fuel consumption reducing 
technologies installed). Baseline trailer 
tires are used, and the drag area, which 
is a function of the aerodynamic 
characteristics of both the tractor and 
trailer, is set to the values shown 
previously in Table IV–6. Weight 
reduction and tire pressure systems are 
not applied in these default vehicles. 
Chapter 2.10 of the RIA provides a 
detailed description of the development 
of these default tractor-trailers. Note that 
the agencies proposed to use Class 8 
tractors for all default tractor-trailer 
vehicles. However, we are adopting the 
final standards based on 4x2 Class 7 
tractors for short box vans. 

TABLE IV–8—CHARACTERISTICS OF THE NO-CONTROL DEFAULT TRACTOR-TRAILER VEHICLES IN GEM 

Dry van Refrigerated van 

Trailer length Long Short Long Short 

Standard Tractor: 
Class ........................................... Class 8 .......................... Class 7 .......................... Class 8 .......................... Class 7. 
Cab Type .................................... Sleeper .......................... Day ................................ Sleeper .......................... Day. 
Roof Height ................................ High ............................... High ............................... High ............................... High. 
Axle Configuration ...................... 6 x 4 .............................. 4 x 2 .............................. 6 x 4 .............................. 4 x 2. 
Engine ........................................ 2018 MY 15L, 455 HP .. 2018 MY 11L, 350 HP .. 2018 MY 15L, 455 HP .. 2018 MY 11L, 350 HP. 
Steer Tire RR (kg/ton) ................ 6.54 ............................... 6.54 ............................... 6.54 ............................... 6.54. 
Drive Tire RR (kg/ton) ................ 6.92 ............................... 6.92 ............................... 6.92 ............................... 6.92. 
Drag Area, CdA (m2) .................. 6.0 ................................. 5.6 ................................. 6.0 ................................. 5.6. 
Number of Trailer Axles ............. 2 .................................... 1 .................................... 2 .................................... 1. 
Trailer Tire RR (kg/ton) .............. 6.00 ............................... 6.00 ............................... 6.00 ............................... 6.00. 
Total Weight (kg) ........................ 31978 ............................ 18306 ............................ 33778 ............................ 20106. 
Payload (tons) ............................ 19 .................................. 10 .................................. 19 .................................. 10. 
Tire Pressure System Use ......... 0 .................................... 0 .................................... 0 .................................... 0. 
Weight Reduction (lb) ................. 0 .................................... 0 .................................... 0 .................................... 0. 

Drive Cycle Weightings: 
65-MPH Cruise ........................... 86% ............................... 64% ............................... 86% ............................... 64%. 
55-MPH Cruise ........................... 9% ................................. 17% ............................... 9% ................................. 17%. 
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TABLE IV–8—CHARACTERISTICS OF THE NO-CONTROL DEFAULT TRACTOR-TRAILER VEHICLES IN GEM—Continued 

Dry van Refrigerated van 

Trailer length Long Short Long Short 

Transient Driving ........................ 5% ................................. 19% ............................... 5% ................................. 19%. 

(b) Effectiveness of Technologies 
As already noted, the agencies 

recognize trailer improvements via four 
performance parameters: Aerodynamic 

drag reduction, tire rolling resistance 
reduction, the adoption of tire pressure 
systems, and weight-reducing strategies. 
Table IV–9 summarizes the performance 

levels the agencies evaluated for each of 
these parameters based on the 
technology characteristics outlined in 
Section IV.D.(1). 

TABLE IV–9—PERFORMANCE PARAMETERS FOR THE TRAILER PROGRAM 

Aerodynamics (Delta CdA, m2): 
Bin I ................................................................................................... 0.0. 
Bin II .................................................................................................. 0.1. 
Bin III ................................................................................................. 0.4. 
Bin IV ................................................................................................. 0.7. 
Bin V .................................................................................................. 1.0. 
Bin VI ................................................................................................. 1.4. 
Bin VII ................................................................................................ 1.8. 

Tire Rolling Resistance (CRR, kg/ton): 
Tire Level 1 ....................................................................................... 6.5. 
Tire Level 2 ....................................................................................... 6.0. 
Tire Level 3 ....................................................................................... 5.1. 
Tire Level 4 ....................................................................................... 4.7. 

Tire Inflation System (% reduction): 
ATIS ................................................................................................... 1.2. 
TPMS ................................................................................................. 1.0. 

Weight Reduction (lb): 
Weight ............................................................................................... 1/3 added to payload, remaining reduces overall vehicle weight. 

These performance parameters have 
different effects on each trailer 
subcategory due to differences in the 
simulated trailer characteristics. Table 
IV–10 shows the agencies’ estimates of 
the effectiveness of each parameter for 

the four box van types. Each technology 
was evaluated using the baseline 
parameter values for the other 
technology categories. For example, 
each aerodynamic bin was evaluated 
using the baseline tire (6.0 kg/ton) and 

the baseline weight reduction option 
(zero pounds). The table shows that 
aerodynamic improvements offer the 
largest potential for CO2 emissions and 
fuel consumption reductions, making 
them relatively effective technologies. 

TABLE IV–10—EFFECTIVENESS (PERCENT CO2 EMISSIONS AND FUEL CONSUMPTION) OF TECHNOLOGIES FOR BOX VANS 
IN THE TRAILER PROGRAM 

Aerodynamics Delta CdA (m2) 

Dry van Refrigerated van 

Long 
(%) 

Short 
(%) 

Long 
(%) 

Short 
(%) 

Bin I ............................................................ 0.0 0 0 0 0 
Bin II ........................................................... 0.1 1 1 1 1 
Bin III .......................................................... 0.4 3 3 3 3 
Bin IV ......................................................... 0.7 5 5 5 5 
Bin V .......................................................... 1.0 7 7 7 7 
Bin VI ......................................................... 1.4 9 10 9 10 
Bin VII ........................................................ 1.8 12 13 12 13 

Tire Rolling Resistance CRR (kg/ton) Dry van Refrigerated van 

Long Short Long Short 

Level 1 ....................................................... 6.5 ........................ ........................ ........................ ........................
Level 2 ....................................................... 6.0 0 0 0 0 
Level 3 ....................................................... 5.1 ¥2 ¥1 ¥2 ¥1 
Level 4 ....................................................... 4.7 ¥3 ¥2 ¥3 ¥2 

Weight Reduction Weight (lb) Dry van Refrigerated van 

Long Short Long Short 

Baseline ..................................................... 0 0 0 0 0 
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360 Letter, Truck Trailer Manufacturers 
Association to EPA. Received on October 16, 2014. 
Docket EPA–HQ–OAR–2014–0827–0146. 

TABLE IV–10—EFFECTIVENESS (PERCENT CO2 EMISSIONS AND FUEL CONSUMPTION) OF TECHNOLOGIES FOR BOX VANS 
IN THE TRAILER PROGRAM—Continued 

Aerodynamics Delta CdA (m2) 

Dry van Refrigerated van 

Long 
(%) 

Short 
(%) 

Long 
(%) 

Short 
(%) 

Option 1 ..................................................... 100 0 0 0 0 
Option 2 ..................................................... 500 1 1 1 1 
Option 3 ..................................................... 1000 1 2 1 2 
Option 4 ..................................................... 2000 2 4 2 4 

(c) Baseline Tractor-Trailer To Evaluate 
Benefits and Costs 

In order to evaluate the benefits and 
costs of the final standards for each of 
the ten subcategories, it is necessary to 
establish a reference point for 
comparison. As mentioned previously, 
the technologies described in Section 
IV.D.(1) exist in the market today, and 
their adoption is driven by available 
fuel savings as well as by the voluntary 
SmartWay Partnership and California’s 
tractor-trailer requirements. For these 
rules, the agencies identified baseline 
tractor-trailers for each trailer 
subcategory based on the technology 
adoption rates we project would exist in 
MY 2018 if this trailer program was not 
implemented. 

CARB’s comments noted the informal 
survey of TTMA members provided in 
letter from TTMA to EPA in 2014 
regarding current adoption rates of 
several technologies. CARB suggested 
that our proposed baseline adoption 
rates did not reflect the data in that 
letter.360 We have reassessed available 

data and we believe that higher baseline 
rates are more appropriate, and have 
made corresponding changes in our 
analysis. First, we created a separate 
baseline for box vans that qualify as full- 
aero, box vans that qualify as partial- 
aero, and box vans that qualify as non- 
aero. Because of the challenges of 
installing effective aerodynamic 
devices, market forces are not likely to 
significantly drive adoption of CO2- and 
fuel-consumption reducing technologies 
for trailers with work performing 
equipment (e.g., lift gates), and we are 
projecting zero adoption of the 
technologies in the baselines for partial- 
and non-aero box vans before the start 
of this program. Similarly, we assume 
that there will be zero adoption of these 
technologies for non-box trailers in the 
baseline. We updated the baseline tire 
rolling resistance level for non-box 
trailers to reflect the lower 6.5 kg/ton 
value in response to RMA’s comment 
that these trailers have different 
operational characteristics and should 

not have the same baseline tires as box 
vans (see Section IV.D.(1)(b) above). 

TTMA’s survey indicated that 35 
percent of long vans and less than 2 
percent of vans under 53-foot in length 
include aerodynamic devices, and over 
80 percent have adopted lower rolling 
resistance tires. The agencies believe the 
trailers for which manufacturers have 
adopted these technologies are likely to 
be trailers that would qualify as ‘‘full- 
aero’’ vans, and we adjusted our 
baselines to reflect these values. Our 
baseline assumes that aerodynamics 
would increase to 40 percent adoption 
for full-aero long vans (dry and 
refrigerated) and 5 percent for full-aero 
short vans by 2018 without the Phase 2 
standards. We also assume adoption of 
lower rolling resistance tires (Level 1) 
will increase to 90 percent and ATIS to 
45 percent in the baseline. We held 
these adoption rates constant 
throughout the timeframe of the rules. 
Table IV–11 summarizes the updated 
baseline trailers for each trailer 
subcategory. 

TABLE IV–11—ESTIMATED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR THE FLAT BASELINE 
TRAILERS FOR MY 2018 AND LATER 

Technology Long vans Short vans All partial-aero, 
non-aero vans All non-box trailers 

Aerodynamics: 
Bin I .......................................................................... 55% 95% 100% 100% 
Bin II ......................................................................... ................................ 5% 
Bin III ........................................................................ 40% 
Bin IV ........................................................................ 5% 
Bin V.
Bin VI.
Bin VII.

Average Delta CdA (m2) a .................................. 0.2 0.0 0.0 0.0 
Tire Rolling Resistance: 

Level 1 ...................................................................... ................................ ................................ ................................ 100% 
Level 2 ...................................................................... 10% 10% 100% 
Level 3 ...................................................................... 90% 90% 
Level 4.

Average CRR (kg/ton) a ....................................... 5.2 5.2 6.0 6.5 
Tire Pressure Systems: 

ATIS .......................................................................... 45% 30% 
TPMS.

Average Pressure System Reduction (%) a ...... 0.5% 0.3% 0.0% 0.0% 
Weight Reduction: 
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361 Daimler Truck North America. SuperTruck 
Program Vehicle Project Review. June 19, 2014. 
Docket EPA–HQ–OAR–2014–0827. 

TABLE IV–11—ESTIMATED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR THE FLAT BASELINE 
TRAILERS FOR MY 2018 AND LATER—Continued 

Technology Long vans Short vans All partial-aero, 
non-aero vans All non-box trailers 

Weight (lb) b.

Notes: 
A blank cell indicates a zero value. 
a Combines adoption rates with performance levels shown in Table IV–9. 
b Weight reduction was not projected for the baseline trailers. 

Also shown in Table IV–11 are 
average aerodynamic performance (delta 
CdA), average tire rolling resistance 
(CRR), and average reductions due to use 
of tire pressure systems and weight 
reduction for each reference trailer. 
These values indicate the performance 
of theoretical average tractor-trailers that 
the agencies project would be in use in 
2018 if no federal regulations were in 
place for trailer CO2 and fuel 
consumption. The average tractor-trailer 
vehicles serve as baselines for each 
trailer subcategory. 

Because the agencies cannot be 
certain about future trends, we also 

considered a second baseline. This 
dynamic baseline reflects the possibility 
that, absent a Phase 2 regulation, there 
would be continuing adoption of 
aerodynamic technologies in the long 
box trailer market after 2018 that reduce 
fuel consumption and CO2 emissions. 
This case assumes the research funded 
and conducted by the federal 
government, industry, academia and 
other organizations would, after 2018, 
result in the adoption of additional 
aerodynamic technologies beyond the 
levels required to comply with existing 
regulatory and voluntary programs. One 
example of such research is the 

Department of Energy SuperTruck 
program which has a goal of 
demonstrating cost-effective measures to 
improve the efficiency of Class 8 long- 
haul freight trucks by 50 percent by 
2015.361 This baseline assumes that by 
2040, 75 percent of new full-aero long 
vans would be equipped with 
SmartWay-verified aerodynamic 
devices. The agencies project that the 
lower rolling resistance tires and ATIS 
adoption would remain constant. Table 
IV–12 shows the agencies’ projected 
adoption rates of technologies in the 
dynamic baseline. 

TABLE IV–12—PROJECTED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR THE DYNAMIC BASELINE 
FOR LONG DRY AND REFRIGERATED VANS 

[All other trailers are the same as Table IV–11] 

Technology Long dry and refrigerated 

Model year 2018 2021 2024 2027 2040 

Aerodynamics: 
Bin I ............................................................................... 55% 50% 45% 40% 20% 
Bin II.
Bin III ............................................................................. 40% 45% 50% 55% 75% 
Bin IV ............................................................................ 5% 5% 5% 5% 5% 
Bin V.
Bin VI.
Bin VII.

Average Delta CdA (m2) a ...................................... 0.2 0.3 0.3 0.3 0.4 
Tire Rolling Resistance: 

Level 1.
Level 2 .......................................................................... 10% 10% 10% 10% 10% 
Level 3 .......................................................................... 90% 90% 90% 90% 90% 
Level 4.

Average CRR (kg/ton) a ........................................... 5.2 5.2 5.2 5.2 5.2 
Tire Pressure Systems: 

ATIS .............................................................................. 45% 45% 45% 45% 45% 
TPMS.

Average Pressure System Reduction (%) a .......... 0.5% 0.5% 0.5% 0.5% 0.5% 
Weight Reduction (lbs): 

Weight b.

Notes: 
A blank cell indicates a zero value. 
a Combines adoption rates with performance levels shown in Table IV–9. 
b Weight reduction was not projected for the baseline trailers. 

The agencies applied the vehicle 
attributes from Table IV–8 and the 
average performance values from Table 

IV–11 in the Phase 2 GEM vehicle 
simulation to calculate the CO2 
emissions and fuel consumption 

performance of the baseline tractor- 
trailers. The results of these simulations 
are shown in Table IV–13. We used 
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362 No averaging is allowed for partial-aero box 
van reduced standards, or the design-based 
standards for non-aero box vans and non-box 
trailers. 

these CO2 and fuel consumption values 
to calculate the relative improvements 
that will occur over time with a 
regulatory program. Note that the large 
difference between the per ton-mile 
values for long and short trailers is due 
primarily to the large difference in 

assumed payload (19 tons compared to 
10 tons) and the small difference 
between dry and refrigerated vans of the 
same length are due to differences in 
vehicle weight because of the 1800 
pounds added to the simulated 
refrigerated vans to account for the TRU 

(see the vehicle characteristics of the 
simulated tractor-trailers Table IV–8). 
The alternative baseline shown in Table 
IV–12 mainly impacts the long-term 
projections of benefits beyond 2027, 
which are analyzed in Chapters 5–7 of 
the RIA. 

TABLE IV–13—CO2 EMISSIONS AND FUEL CONSUMPTION RESULTS FOR THE BASELINE TRACTOR-TRAILERS 

Full-aero 
dry van 

Full-aero 
refrigerated van 

Partial-aero 
dry van 

Partial-aero 
refrigerated van 

Length Long Short Long Short Long Short Long Short 

CO2 Emissions (g/ton-mile) ............................. 83.2 126.5 84.9 130.3 86.1 128.5 87.9 132.4 
Fuel Consumption (gal/1000 ton-miles) ........... 8.17289 12.42633 8.33988 12.79961 8.45776 12.62279 8.63458 13.00589 

(d) Projected Technology Adoption 
Rates for the Trailer Standards 

The agencies developed their 
performance and design standards based 
on projected adoption rates of certain 
technologies. This section describes 
how these adoption rates were applied 
for each of the trailer subcategories. 

(i) Aerodynamic and Tire Technologies 
for Full- and Partial-Aero Box Vans 

As described in Section 0, the 
agencies evaluated several alternatives 
for the trailer program. Based on our 
analysis and comments received, the 
agencies are adopting standards 
consistent with the agencies’ respective 
statutory authorities. The agencies 
proposed alternatives that were based 
on the use of averaging and the 
technology adoption rates for those 
alternatives at proposal reflected the use 
of averaging. As noted in Section IV.B., 
we received nearly unanimous, 
persuasive comments from the trailer 
industry opposing averaging and the 
agencies reconsidered the use of 
averaging in the early years of the 
program. The agencies designed the 
trailer program to have no averaging in 
MY 2018 through MY 2026. In those 
years, all box vans sold must meet the 
standards using any combination of 
available technologies. In MY 2027, 
when the trailer manufacturers are more 
comfortable with compliance and the 
industry is more familiar with the 
technologies, trailer manufacturers will 
have the option to use averaging to meet 
the standards. See Section IV.E.(5)(b) 
below for additional information about 
averaging. 

Table IV–14 and Table IV–15 present 
sets of assumed adoption rates for 
aerodynamic, tire, and tire pressure 
technologies that a manufacturer could 
apply to meet the box van standards. 
Since averaging would not be allowed 
for MY 2018–MY 2026, the adoption 
rates consist of the combination of a 

single aerodynamic bin (not reflecting 
any averaging of aerodynamic controls), 
tire rolling resistance level, and tire 
pressure system. As mentioned 
previously, manufacturers can choose 
other combinations to meet the 
standards. Chapter 2.10 of the RIA 
shows several examples of alternative 
compliance pathways. 

The adoption rates in Table IV–14 
begin with all full-aero long box vans 
achieving current SmartWay-level 
aerodynamics (Bin III) in MY 2018 with 
a stepwise progression to achieving Bin 
V in 2024. The adoption rates for full- 
aero short box vans in Table IV–15 
assume no adoption of aerodynamic 
devices in MY 2018, adoption of single 
aero devices in MY 2021, and 
combinations of devices by MY 2024. 
Although the shorter lengths of these 
trailers can restrict the design of 
aerodynamic technologies that fully 
match the SmartWay-like performance 
levels of long boxes, we nevertheless 
expect that trailer and device 
manufacturers will continue to innovate 
skirt, under-body, rear, and gap- 
reducing devices and combinations to 
achieve improved aerodynamic 
performance on these shorter trailers. 

The adoption rates in MY 2018–MY 
2026 are projected to be 100 percent for 
each technology, instead of an industry 
average seen in other vehicle sectors in 
the Phase 2 program. Since we are not 
considering averaging during those 
years, each set of adoption rates is one 
example of how an individual trailer in 
each subcategory could comply. 
Through MY 2026, the standards are 
based on technologies that exist today. 
We evaluated one technology in our 
aerodynamic test programs that met Bin 
VI levels of performance for long vans, 
suggesting that this bin can be met with 
combinations of existing aerodynamic 
technologies, but none of our tested 
technologies that met Bin IV levels of 
performance for short vans. We could 

not justify standards based on 100 
percent adoption of those levels of 
performance as a final step in our 
progression of stringency. However, the 
industry has made great progress toward 
improving trailer aerodynamics in 
recent years and are continuing to 
optimize these technologies. Although 
we are not projecting fundamentally 
new technologies for trailers, we do 
believe aerodynamic performance will 
evolve in the trailer industry as a result 
of this rulemaking. Based on the recent 
rate of improvement, the agencies 
believe that there is ample lead time to 
optimize additional existing Bin V and 
Bin III combinations such that they can 
also meet Bins VI and IV by MY 2027 
and it is reasonable to project that more 
than half of these full-aero capable 
trailers will have aerodynamic 
improvements greater than what is 
possible with today’s technologies. Our 
projected aerodynamic improvements in 
MYs 2027 and later reflect this 
performance potential. 

The MY 2027 full-aero box van 
standards are based on an averaging 
program.362 We cannot predict what 
technologies or trailer designs may be 
adapted to meet this level of 
aerodynamic performance, but an 
averaging program incentivizes 
manufacturers to develop advanced 
designs with the benefit that not all 
trailers in their production have to meet 
the same level of performance. The 
gradual increase in assumed adoption of 
aerodynamic technologies throughout 
the phase-in to the MY 2027 standards 
recognizes that even though many of the 
technologies are available today and 
technologically feasible throughout the 
phase-in period, adoption of more 
advanced technologies will likely take 
time. The adoption rates we are 
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projecting in the interim years and the 
standards that we developed from these 
rates represent steady and reasonable 
improvement in aerodynamic 
performance. 

We expect manufacturers of all box 
vans will adopt tires such as SmartWay- 
verified trailer tires (Level 3) to meet the 
standards in MY 2018 and will adopt 
tires with even lower rolling resistance 

tires (represented as Level 4) as they 
become available by MY 2021 and later 
years and as fleet experience with these 
tires develops. 

In establishing standard stringency, 
the agencies are also assuming that all 
box vans will adopt ATIS throughout 
the program, though manufacturers have 
the option to install TPMS if they would 
prefer to make up the difference in 

effectiveness using other technologies. 
As mentioned previously, the agencies 
did not include weight reduction in 
their technology adoption projections, 
but certain types of weight reduction 
could be used as part of a compliance 
pathway, as discussed in Section 
IV.D.(1)(d) IV.D.(1)(d) above. 

TABLE IV–14—PROJECTED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR FULL-AERO LONG BOX 
VANS 

Technology Long box dry & refrigerated vans 

Model year 2018 2021 2024 2027 

Aerodynamic Technologies: 
Bin I.
Bin II.
Bin III ........................................................................................................ 100% 
Bin IV ........................................................................................................ ........................ 100% 
Bin V ......................................................................................................... ........................ ........................ 100% 30% 
Bin VI ........................................................................................................ ........................ ........................ ........................ 70% 
Bin VII.

Average Delta CdA (m2) a .................................................................. 0.5 0.7 1.0 1.3 
Trailer Tire Rolling Resistance: 

Level 1.
Level 2 ...................................................................................................... ........................ ........................ ........................ 5% 
Level 3 ...................................................................................................... 100% 
Level 4 ...................................................................................................... ........................ 100% 100% 95% 

Average CRR (kg/ton) a ....................................................................... 5.1 4.7 4.7 4.8 
Tire Pressure Systems: 

ATIS .......................................................................................................... 100% 100% 100% 100% 
TPMS.

Average Pressure System Reduction (%) a ...................................... 1.2% 1.2% 1.2% 1.2% 
Weight Reduction: 

Weight (lb) b.

Notes: 
A blank cell indicates a zero value. 
a Combines projected adoption rates with performance levels shown in Table IV–9. 
b This set of adoption rates did not apply any assumed weight reduction to meet these standards for these trailers. 

TABLE IV–15—PROJECTED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR FULL-AERO SHORT BOX 
VANS 

Technology Short box dry & refrigerated vans 

Model year 2018 2021 2024 2027 

Aerodynamic Technologies: 
Bin I.
Bin II ......................................................................................................... ........................ 100% 
Bin III ........................................................................................................ ........................ ........................ 100% 40% 
Bin IV ........................................................................................................ ........................ ........................ ........................ 60% 
Bin V.
Bin VI.
Bin VII.

Average Delta CdA (m2) b .................................................................. 0.0 0.1 0.4 0.6 
Trailer Tire Rolling Resistance: 

Level 1.
Level 2 ...................................................................................................... ........................ ........................ ........................ 5% 
Level 3 ...................................................................................................... 100% 
Level 4 ...................................................................................................... ........................ 100% 100% 95% 

Average CRR (kg/ton) b ....................................................................... 5.1 4.7 4.7 4.8 
Tire Pressure Systems: 

ATIS .......................................................................................................... 100% 100% 100% 100% 
TPMS.

Average Tire Pressure Reduction (%) c ............................................ 1.2% 1.2% 1.2% 1.2% 
Weight Reduction: 

Weight (lb) b.

Notes: 
A blank cell indicates a zero value. 
a The majority of short box trailers are 28 feet in length. We recognize that they are often operated in tandem, which limits the technologies 

that can be applied (for example, boat tails). 
b Combines projected adoption rates with performance levels shown in Table IV–9. 
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c This set of adoption rates did not apply any assumed weight reduction to meet these standards for these trailers. 

The agencies proposed that the 
partial-aero box vans would track with 
the full-aero van standards until MY 
2024. 80 FR 40257. Wabash commented 
that partial-aero box vans should be 
exempt starting in MY 2021 since 
partial-aero vans cannot use multiple 
devices. The agencies reconsidered the 
proposed partial-aero standards and 

recognize that it would likely be 
difficult to meet the proposed MY 2024 
standards without the use of multiple 
devices and yet partial-aero trailers, by 
definition, are restricted from using 
multiple devices. For these reasons, the 
agencies redesigned the partial-aero 
standards, such that trailers with 
qualifying work-performing equipment 

can meet standards that would be 
achievable with the use of a single 
aerodynamic device throughout the 
program, similar to the MY 2018 
standards. The partial-aero standards 
do, however, increase in stringency 
slightly in MY 2021, to reflect the 
broader use of improved lower rolling 
resistance tires. 

TABLE IV–16—PROJECTED ADOPTION RATES AND AVERAGE PERFORMANCE PARAMETERS FOR PARTIAL-AERO BOX VANS 

Technology Partial-aero long box vans Partial-aero short box vans 

Model year 2018 2021+ 2018 2021+ 

Aerodynamic Technologies: 
Bin I.
Bin II ......................................................................................................... ........................ ........................ ........................ 100% 
Bin III ........................................................................................................ 100% 100% 
Bin IV.
Bin V.
Bin VI.
Bin VII.

Average Delta CdA (m2) b .................................................................. 0.5 0.5 0.0 0.1 
Trailer Tire Rolling Resistance: 

Level 1.
Level 2.
Level 3 ...................................................................................................... 100% ........................ 100% 
Level 4 ...................................................................................................... ........................ 100% ........................ 100% 

Average CRR (kg/ton) b ....................................................................... 5.1 4.7 5.1 4.7 
Tire Pressure Systems: 

ATIS .......................................................................................................... 100% 100% 100% 100% 
TPMS.

Average Pressure System Reduction (%) a ...................................... 1.2% 1.2% 1.2% 1.2% 
Weight Reduction: 

Weight (lb) b.

Notes: 
A blank cell indicates a zero value. 
a Combines projected adoption rates with performance levels shown in Table IV–9. 
b This set of adoption rates did not apply weight reduction to meet these standards for these trailers. 

The adoption rates shown in these 
tables are one set of many possible 
combinations that box trailer 
manufacturers could apply to achieve 
the same average stringency. If a 
manufacturer chose these adoption 
rates, a variety of technology options 
exist within the aerodynamic bins, and 
several models of LRR tires exist for the 
levels shown. Alternatively, 
technologies from other aero bins and 
tire levels could be used to comply. It 
should be noted that since the standards 
for box vans are all performance-based, 
box van manufacturers are not limited 
to specific aerodynamic and tire 
technologies in their compliance 
choices. Certain types of weight 
reduction, for example, may be used as 
part of a compliance pathway. See RIA 
Chapter 2.10.2.4.1 for other example 
compliance pathways that include 
weight reduction. 

Similar to our analyses of the baseline 
cases, the agencies derived a single set 
of performance parameters for each 
subcategory by weighting the 
performance levels included in Table 

IV–9 by the corresponding adoption 
rates. These performance parameters 
represent a compliant vehicle for each 
trailer subcategory and are presented as 
average values in the Table IV–14 
through Table IV–16. 

(ii) Tire Technologies for Non-Aero Box 
Vans and Non-Box Trailers 

Neither non-aero vans (i.e., those with 
two or more work-related special 
components), nor non-box trailers are 
shown in the tables above. This is 
because we are adopting design-based 
(i.e., technology-based) standards for 
these trailers, not performance-based 
standards. Manufacturers of these 
trailers do not need to use aerodynamic 
technologies, but they need to install the 
lower rolling resistance tires and tire 
pressure systems established by this 
program (see Section IV.C.(2)). 
Compared to manufacturers that needed 
aerodynamic technologies to comply, 
the approach for non-aero box trailers 
and non-box trailers results in a 
significantly lower compliance burden 
for manufacturers by reducing the 

amount of tracking and eliminating the 
need to calculate a compliance value 
(see Section IV.E.). The agencies are 
adopting these design standards, which 
can be assumed to be 100 percent 
adoption, in two stages. In MY 2018, the 
non-box trailer standards require 
manufacturers to use tires meeting a 
rolling resistance of Level 2 or better 
and to install tire pressure systems. In 
MY 2021, non-box trailers standards 
require tire pressure systems and LRR 
tires at Level 3 or better. Non-aero box 
vans, which we believe are largely at a 
baseline rolling resistance Level 2 today, 
require tire pressure monitoring systems 
with Level 3 tires in MY 2018 and Level 
4 tires in MY 2021 and later. 

We received comment that 
manufacturers were concerned about 
the cost and availability of ATIS for the 
trailer industry. Still, based on 
comments about TPMS and further 
evaluations by the agencies, we are 
including TPMS as an additional option 
for tire pressure systems in the trailer 
program, as discussed in Section 
IV.D.(1)(c) above. Non-aero vans and 
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non-box trailers are compliant if they 
have appropriate lower rolling 
resistance tires and either TPMS or 
ATIS. 

(e) Derivation of the Trailer Standards 
The agencies applied the average 

performance parameters from Table IV– 
14 and Table IV–15 as input values to 
the GEM vehicle simulation to derive 
the HD Phase 2 fuel consumption and 
CO2 emissions standards for each long 
and short full-aero box van subcategory. 
These full-aero van standards are shown 

in Table IV–17. Similarly, the average 
performance parameters from Table IV– 
16 were used to calculate the partial- 
aero van standards shown in Table IV– 
18. The design standards for non-box 
trailer and non-aero box van are 
summarized in Table IV–19. 

Over the four stages of the trailer 
program, the full-aero box vans longer 
than 50 feet are projected to reduce their 
CO2 emissions and fuel consumption by 
two percent, five percent, seven percent 
and nine percent compared to their 
average baseline cases in Table IV–13. 

Full-aero box vans 50-feet and shorter 
will achieve reductions of one percent, 
two percent, four percent and six 
percent compared to their average 
baseline cases. The partial-aero long and 
short box van standards will reduce CO2 
and fuel consumption by six percent 
and four percent, respectively, by MY 
2021. The tire technologies used on 
non-box and non-aero box trailers are 
projected to provide reductions of two 
percent in the first stage and three 
percent in MY 2021 and later. 

TABLE IV–17—STANDARDS FOR FULL-AERO BOX VANS 

Model year 
Subcategory Dry van Refrigerated van 

Length Long Short Long Short 

2018–2020 ............... EPA Standard (CO2 Grams per Ton-Mile) ................................ 81.3 125.4 83.0 129.1 
Voluntary NHTSA Standard (Gallons per 1,000 Ton-Mile) ....... 7.98625 12.31827 8.15324 12.68173 

2021–2023 ............... EPA Standard (CO2 Grams per Ton-Mile) ................................ 78.9 123.7 80.6 127.5 
NHTSA Standard (Gallons per 1,000 Ton-Mile) ....................... 7.75049 12.15128 7.91749 12.52456 

2024–2026 ............... EPA Standard (CO2 Grams per Ton-Mile) ................................ 77.2 120.9 78.9 124.7 
NHTSA Standard (Gallons per 1,000 Ton-Mile) ....................... 7.58350 11.87623 7.75049 12.24951 

2027+ ...................... EPA Standard (CO2 Grams per Ton-Mile) ................................ 75.7 119.4 77.4 123.2 
NHTSA Standard (Gallons per 1,000 Ton-Mile) ....................... 7.43615 11.7288 7.60314 12.10216 

TABLE IV–18—STANDARDS FOR PARTIAL-AERO BOX VANS 

Model year 
Subcategory Dry van Refrigerated van 

Length Long Short Long Short 

2018–2020 ............... EPA Standard (CO2 Grams per Ton-Mile) ................................ 81.3 125.4 83.0 129.1 
Voluntary NHTSA Standard (Gallons per 1,000 Ton-Mile) ....... 7.98625 12.31827 8.15324 12.68173 

2021+ ...................... EPA Standard (CO2 Grams per Ton-Mile) ................................ 80.6 123.7 82.3 127.5 
NHTSA Standard (Gallons per 1,000 Ton-Mile) ....................... 7.91749 12.15128 8.08448 12.52456 

TABLE IV–19—DESIGN-BASED TIRE STANDARDS FOR NON-BOX TRAILERS AND NON-AERO BOX VANS 

Model year Tire technology Non-box trailers Non-aero box vans 

2018–2020 .................... Tire Rolling Resistance Level (kg/ton) ......................................................... ≤6.0 ≤5.1 
Tire Pressure System .................................................................................. TPMS or ATIS TPMS or ATIS 

2021+ ............................ Tire Rolling Resistance Level (kg/ton) ......................................................... ≤5.1 ≤4.7 
Tire Pressure System .................................................................................. TPMS or ATIS TPMS or ATIS 

(f) Technology Costs for the Trailer 
Standards 

The agencies evaluated the 
incremental technology costs for 53-foot 
dry and refrigerated vans and 28-foot 
dry vans. (As explained above, we 
believe these length trailers are 
representative of the majority of trailers 
in the long and short box van 
subcategories, respectively.) We 
identified costs for each technology 
package and projected the costs for each 
year of the program. A summary of the 
technology costs is included in Table 

IV–20 through Table IV–23 for MYs 
2018 through 2027, with additional 
details available in the RIA Chapter 
2.12. Costs shown in the following 
tables are for the specific model year 
indicated and are incremental to the 
average baseline costs, which includes 
some level of adoption of these 
technologies as shown in Table IV–13. 
Therefore, the technology costs in the 
following tables reflect the average cost 
expected for each of the indicated trailer 
classes across the fleet. Note that these 
costs do not represent actual costs for 
the individual components because they 

are relative to the costs of the MY 2018 
baselines which are expected due to 
market-driven adoption of the 
technologies. For more on the estimated 
technology costs exclusive of adoption 
rates, refer to Chapter 2.12 of the RIA. 
These costs include indirect costs via 
markups and reflect lower costs over 
time due to learning impacts. For a 
description of the markups and learning 
impacts considered in this analysis and 
how technology costs for other years are 
thereby affected, refer to Chapter 7 of 
the RIA. 
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TABLE IV–20—TRAILER TECHNOLOGY INCREMENTAL COSTS IN THE 2018 MODEL YEAR 
[2013$] 

Long vans, 
full aero 

Long vans, 
partial aero 

Short vans, 
full aero 

Short vans, 
partial aero 

Long vans, 
no aero 

Short vans, 
no aero Non-box 

Aerodynamics .......................................... $367 $742 $0 $0 $0 $0 $0 
Tires ......................................................... 2 40 1 20 40 20 28 
Tire inflation system ................................. 347 659 338 494 421 210 421 

Total .................................................. 716 1,441 339 514 461 231 448 

TABLE IV–21—TRAILER TECHNOLOGY INCREMENTAL COSTS IN THE 2021 MODEL YEAR 
[2013$] 

Long vans, 
full aero 

Long vans, 
partial aero 

Short vans, 
full aero 

Short vans, 
partial aero 

Long vans, 
no aero 

Short vans, 
no aero Non-box 

Aerodynamics .......................................... $743 $679 $450 $475 $0 $0 $0 
Tires ......................................................... 17 49 9 25 49 25 23 
Tire inflation system ................................. 321 609 313 457 389 195 389 

Total .................................................. 1,081 1,337 772 957 438 219 412 

TABLE IV–22—TRAILER TECHNOLOGY INCREMENTAL COSTS IN THE 2024 MODEL YEAR 
[2013$] 

Long vans, 
full aero 

Long vans, 
partial aero 

Short vans, 
full aero 

Short vans, 
partial aero 

Long vans, 
no aero 

Short vans, 
no aero Non-box 

Aerodynamics .......................................... $899 $645 $879 $451 $0 $0 $0 
Tires ......................................................... 11 48 6 24 48 24 27 
Tire inflation system ................................. 294 558 286 418 357 178 357 

Total .................................................. 1,204 1,251 1,171 894 405 202 383 

TABLE IV–23—TRAILER TECHNOLOGY INCREMENTAL COSTS IN THE 2027 MODEL YEAR 
[2013$] 

Long vans, 
full aero 

Long vans, 
partial aero 

Short vans, 
full aero 

Short vans, 
partial aero 

Long vans, 
no aero 

Short vans, 
no aero Non-box 

Aerodynamics .......................................... $1,069 $623 $921 $436 $0 $0 $0 
Tires ......................................................... 22 44 11 22 44 22 16 
Tire inflation system ................................. 279 529 272 397 338 169 338 

Total .................................................. 1,370 1,196 1,204 855 382 191 354 

(3) Consistency of the Trailer Standards 
With the Agencies’ Statutory 
Obligations 

The agencies have determined that 
the standards presented in the Section 
IV.C.(2), are the maximum feasible and 
appropriate under the agencies’ 
respective authorities, considering lead 
time, cost, and other factors. The 
agencies’ decisions on the stringency 
and timing of the trailer standards 
focused on available technology and the 
consequent emission reductions and 
fuel efficiency improvements associated 
with use of the technology, while taking 
into account the circumstances of the 
trailer manufacturing sector. Trailer 
manufacturers are subject to first-time 
emission control and fuel consumption 
regulation under the trailer standards. 

These manufacturers are in many cases 
small businesses, with limited resources 
to master the mechanics of regulatory 
compliance. Thus, the agencies are 
providing ample and reasonable time for 
trailer manufacturers to become familiar 
with the requirements and the new 
compliance regime. 

The stringency of the standard is 
predicated on more widespread 
deployment of tire technologies that are 
already in commercial use and existing 
aerodynamic devices combinations that 
we believe will be further optimized in 
the near-term. The availability, 
feasibility, and level of effectiveness of 
these technologies are well- 
documented. In developing the 
standards, we also took into account not 
just the capabilities of the technologies, 

but also how the use of these 
technologies is likely to expand under 
the trailer program, considering factors 
like degree of market penetration over 
time and the effect of different 
operational patterns for different trailer 
types (Section IV.D.(2) above). For 
example, some commenters point out 
that trailers operating at lower speeds 
will achieve smaller CO2 and fuel 
consumption reductions than they will 
at highway speeds. The agencies 
acknowledge this fact, and account for 
a fraction of trailer operation at slower 
speeds. All long box vans are evaluated 
with 5 percent of their miles at low 
speed operation and all short vans are 
evaluated with 17 percent low speed 
miles. While we cannot predict 
individual trailer use, we believe these 
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363 Memorandum to Docket EPA–HQ–OAR– 
2014–0827, ‘‘Comparison of GEM Drive Cycle 
Weightings and Fleet Data Provided by Utility 
Trailer Manufacturing Co. in Public Comments’’, 
July 2016. 

364 Roeth, Mike, et al. ‘‘Barriers to Increased 
Adoption of Fuel Efficiency Technologies in Freight 
Trucking,’’ July 2013. International Council for 
Clean Transportation. Available here: http://
www.theicct.org/sites/default/files/publications/ 
ICCT–NACFE–CSS_Barriers_Report_Final_
20130722.pdf. 

365 See RIA Chapter 7.2.5 and Memo to Docket 
‘‘Tractor-Trailer Cost per Ton Values.’’ July 2016. 
EPA–HQ–OAR–2014–0827. 

values are a reasonable estimate of an 
industry average.363 Our analysis in RIA 
Chapter 2.10.2.1.1 shows that skirts will 
provide short trailers with at least 1 
percent improvement and long trailers 
with at least 4 percent improvement at 
55 mph. We expect most trailers spend 
at least some of their miles at 55 mph 
or faster in use and will gain similar 
benefits during those speeds. We also 
show that even trailers operating under 
fully transient conditions (combining 
slower and faster operation) will 
experience a small improvement from 
use of trailer skirts. 

The agencies do not believe that there 
is any issue of technological feasibility 
of the levels of the standards and the 
time line for implementing them in the 
final trailer program. The agencies 
considered cost and the sufficiency of 
lead-time, including lead-time not only 
to deploy technological improvements, 
but, as just noted, also for this industry 
sector to assimilate for the first time the 
compliance mechanisms of the trailer 
program. 

The highest cost shown in Table IV– 
23 is associated with the standard for 
long dry vans. We project that the 
average cost per trailer to meet the MY 
2027 standards for these trailers will be 
about $1,400, which is less than 10 
percent of the cost of a new dry van 
trailer (estimated to be about $20,000). 
Other trailer types have lower projected 
technology costs, and many have higher 
purchase prices. As a result, we project 
that the per-trailer costs for all trailers 
covered in this regulation will be less 
than 10 percent of the cost of a new 
trailer. 

The agencies regard these costs as 
reasonable. We project that most 
customers will rapidly recover the 
initial cost of these technologies due to 
the associated fuel savings, usually in 
two years. As discussed in Section IX.M 
and RIA Chapter 7.2.4, this payback is 
for tractors and trailers together, and 
includes both long and short-haul. This 
payback period is generally considered 
reasonable in the trailer industry for 
investments that reduce fuel 
consumption.364 Although longer 
paybacks will occur for some trailers, 
we do not project that any trailers will 
achieve lifetime fuel savings less than 

the cost of the technologies. In addition, 
the agencies estimate the cost per metric 
ton of CO2eq reduction without 
considering fuel savings to be $36 for 
tractor-trailers in 2030 which compares 
favorably with the levels of cost 
effectiveness the agencies found to be 
reasonable for light duty trucks.365 

The agencies believe these 
technologies can be adopted at the 
projected rates within the lead time 
provided in the trailer program, as 
discussed above in Section IV.C.(4) 
above. 

(4) Alternative Standards and Feasibility 
That the Agencies Considered 

As discussed in Section X of the 
NPRM, the agencies evaluated five 
regulatory alternatives representing 
different levels of stringency for the 
Phase 2 program. See 80 FR 40273. A 
wide range of stakeholders commented 
on the proposed (Alternative 3) 
standards and the other alternatives that 
we discussed, and our final standards 
reflect our consideration of all of those 
comments. 

Comments on our proposed standards 
(Alternative 3) and the alternatives we 
presented generally fell into three 
categories: (1) Commenters supporting 
Alternative 1; i.e., generally advocating 
no mandatory standards and a 
continuation of today’s voluntary 
SmartWay regime and; (2) Commenters 
preferring the proposed Alternative 3 
standards and timeline to the standards 
of Alternative 4; and (3) Commenters 
supporting the more stringent standards 
and timeline of Alternative 4, 
Alternative 5, or of other more stringent 
potential programs. 

Commenters including the TTMA, 
Utility, and Stoughton stated their belief 
that no mandatory standards are 
necessary; however, they did not 
provide information to show that market 
forces at work today will achieve the 
clear potential for the industry to reduce 
CO2 and fuel consumption in the near- 
and longer-term future. The agencies 
have concluded that a program 
involving no or minimal mandatory 
requirements would not be appropriate 
or meet our statutory requirements. 

As discussed previously, the agencies 
believe that our final trailer standards 
are appropriate under the Clean Air Act 
and are the maximum feasible standards 
under the EISA. In developing the 
proposal and the final rule, we 
considered standards that would be 
more stringent or would become 
effective in an earlier model year than 

the proposed Alternative 3 standards 
and timeline. Several commenters stated 
that a still more stringent program 
should be finalized, including 
information about current and potential 
future trailer aerodynamic technologies. 
Commenters including CARB, NACAA, 
NRDC, ICCT, UCS, and STEMCO 
supported the standards we presented 
for Alternative 4 in the proposal 
(essentially the pull ahead of the MY 
2027 standards) in the proposal. In 
addition, some of the commenters made 
the additional suggestion that the 
agencies should anticipate that 
manufacturers will incorporate a modest 
degree of Bin VIII technologies—i.e., 
two bins higher than any performance 
demonstrated in our aerodynamic 
testing—in the later stages of the 
program. EDF supported a program of 
even greater stringency, supporting 
Alternative 5 standards (advanced 
aerodynamic technologies on all box 
vans, aerodynamic technologies on 
some non-box trailers, and tire 
technologies on all non-box trailers) on 
the Alternative 4 timeline. The Center 
for Biological Diversity (CBD) did not 
specifically comment on the alternatives 
presented in the proposal, but 
supported a program that would result 
in significantly more stringent standards 
(based, for example, on integrated 
tractor and trailer technologies, such as 
in the SuperTruck demonstration 
program). Great Dane, Wabash, ATA, 
and the International Foodservice 
Distributors Association expressed 
concerns that a program of the 
stringency and timeline of Alternative 4 
would have negative consequences, 
including requiring trailer 
manufacturers to adopt less-tested 
technology. 

Where commenters provided relevant 
data and information, the agencies made 
adjustments to the final program 
accordingly. For example, as noted in 
Section IV.C.(1) and Section IV.D.(2) 
previously, information from the 
industry was helpful in the decision to 
limit the non-box trailer program to 
tanks, flatbeds, and container chassis. 
Also, partially in response to 
information we received in comments, 
we slightly reduced the proposed 
stringency for partial-aero vans to better 
reflect their aerodynamic limitations. 
Also, while not a direct change to the 
stringency of the standards, the program 
limits averaging to the final stage of the 
program to allow van manufacturers 
more time to become familiar with the 
compliance processes and the industry 
to gain confidence in the technologies. 
Overall, the final standards are slightly 
more stringent than proposed, based on 
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366 As with the other Phase 2 vehicle programs, 
manufacturers submit their applications to EPA, 
which then shares them with NHTSA. Obtaining an 
approved certificate of conformity from EPA is the 
first step in complying with the NHTSA program. 

367 Trailers that meet the qualifications for 
exclusion do not require a certificate of conformity 
and manufacturers do not have to submit an 
application to EPA for these trailers. 

an expectation of earlier adoption of 
more efficient lower rolling resistance 
tires for all subcategories, and a 
strengthened the full-aero van program 
that includes greater adoption of 
advanced aerodynamics in the final 
stage. 

Based on this analysis and as 
informed by the comments, we believe 
that the final standards in the program, 
slightly revised from the proposed 
Alternative 3 standards, are appropriate 
and represent the maximum feasible 
standards. In contrast, we believe that 
the accelerated timeline of Alternative 4 
may cause technologies to prematurely 
enter the market, leading to unnecessary 
costs and compliance burdens that 
would not be appropriate for this newly 
regulated industry. Standards similar to 
or more stringent than those we 
evaluated for Alternative 5 would 
require CO2 and fuel consumption 
reductions that may well not be 
technologically achievable, even with 
fundamental changes to the industry. 
Nor did the commenters present any 
information as to how advanced 
aerodynamic technologies (Bins VII and 
VIII) could be developed and reliably 
brought to market at reasonable cost 
within the lead time of the Phase 2 
program. On the basis of what we know 
today, the agencies are unable to show 
a pathway for the industry to achieve 
such additional improvements, at least 
without the potential for major 
disruptions to the industry due to 
requiring, for example, fundamental 
changes to trailer design and 
construction, or impractical levels of 
tractor-trailer integration. 

E. Trailer Standards: Compliance and 
Flexibilities 

As with other EPA motor vehicle 
programs, trailer manufacturers must 
annually obtain a certificate of 
conformity from EPA before introducing 
into commerce new trailers subject to 
the new trailer CO2 and fuel 
consumption standards. See CAA 
section 206(a). The EPA certification 
provisions align with provisions that 
apply to the NHTSA trailer program 
such that this single certification 
program meets the requirements of both 
agencies. 

The certification process for trailer 
manufacturers is very similar in its basic 
structure to the process for the other 
Phase 2 vehicle programs, although it 
has been simplified for trailers. This 
structure involves pre-certification 
activities, the certification application 
and its approval, and end-of-year 
reporting. 

In this section, the agencies first 
describe the general certification 

process and how we developed 
compliance equations based on the GEM 
vehicle simulation tool, followed by a 
discussion of the specified test 
procedures for measuring the 
performance of tires and aerodynamic 
technologies and how manufacturers 
will apply test results toward 
compliance and certification. The 
section closes with discussions of 
several other certification and 
compliance provisions as well as 
provisions to provide manufacturers 
with compliance flexibility. 

(1) General Certification Process 
Under the process for certification, 

manufacturers of all covered trailers are 
required to apply to EPA for 
certification.366 In addition, 
manufacturers of box vans subject to the 
performance-based standards are 
required to provide aerodynamic 
performance test data (see 40 CFR 
1037.205) in their applications. EPA 
expects to provide additional guidance 
to the regulated industry as the program 
begins to be implemented, including an 
overview of the regulations, how to 
prepare for compliance, and 
instructions for registering with the 
EPA. Once a trailer manufacturer is 
registered with EPA, EPA’s Compliance 
Division in the Office of Transportation 
and Air Quality will assign a staff 
certification representative to the 
company to help them through the 
compliance process. After this point, 
manufacturers can arrange to meet with 
the agencies to discuss compliance 
plans and obtain any preliminary 
approvals (e.g., appropriate test 
methods) before applying for 
certification. 

Trailer manufacturers submit their 
applications through the EPA ‘‘Verify’’ 
electronic database, and EPA issues 
certificates based on the information 
provided. At the end of the model year, 
trailer manufacturers submit an end-of- 
year report to the agencies to complete 
their annual obligations. 

(a) Definition of Model Year 
As mentioned previously, consistent 

with Clean Air Act specifications, EPA’s 
vehicle certification is an annual 
process. EPA CO2 emissions standards 
start to apply for trailers built on or after 
January 1, 2018, with later standards 
being introduced by model year. Under 
the Clean Air Act, the term ‘‘model 
year’’ refers to a manufacturer’s annual 
production period. Manufacturers may 

use the calendar year as the model year, 
or may choose a different period of 
production that includes January 1 of 
that year. Thus, manufacturers have the 
option to choose any year-long period of 
production that begins on or before 
January 1 of the named model year, but 
no sooner than January 2 of the previous 
calendar year. For example, at 
certification, a manufacturer could 
specify the 2021 model year production 
period to be July 1, 2020 through June 
30, 2021. 

(b) Preliminary Considerations for 
Compliance 

Before submitting an application for a 
certificate, a manufacturer chooses the 
technologies they plan to offer their 
customers, and identifies any trailers in 
their production line that qualify for 
exclusion from the program.367 Non-box 
trailers, which are subject to design 
standards, the manufacturer will need to 
select which tires and tire pressure 
systems to include and confirm that 
their tires meet the LRR performance 
standards. For box vans subject to 
performance standards, manufacturers 
also obtain performance information for 
these technologies at this time, either 
from supplier data or their own testing. 
Manufacturers that choose to perform 
aerodynamic or tire testing themselves 
may also need to obtain approval of test 
methods and perform preliminary 
testing. Trailer manufacturers relying on 
data from a third-party aerodynamic 
device manufacturer would need to 
verify that these data are approved. 

During this time, the manufacturers 
also decide the strategy they intend to 
use for compliance by identifying 
‘‘families’’ for the trailers they produce. 
A family is a grouping of similar 
products that are all subject to the same 
standard and covered by a single 
certificate. All products in each trailer 
subcategory are generally certified as the 
same family. That is, long box dry vans, 
short box dry vans, long refrigerated 
vans, short refrigerated vans, non-box 
trailers, partial-aero vans (long and short 
box, dry and refrigerated vans), and 
non-aero box vans, are each certified as 
separate trailer families. Manufacturers 
may combine dissimilar trailers into a 
single vehicle family to reduce the 
compliance burden as described in 40 
CFR 1037.230(d)(3) and 49 CFR 
535.5(e). In general, manufacturers can 
combine trailers that have less stringent 
standards with more stringent standards 
as long as the combined set of trailers 
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368 The program essentially requires that 
manufacturers equip 100 percent of their non-box 
and special purpose box trailers with tire pressure 
systems and tires meeting the specified rolling 
resistance levels. Partial-aero box vans meet a 
reduced performance standard. As a result, 
averaging provisions do not apply to these trailer 
subcategories. 

meet the more stringent standards. 
Refrigerated and dry vans of the same 
length can be combined to meet the dry 
van standards. Short vans can combine 
with long vans, meeting the 
corresponding long van standard. 
Additionally, non-box trailers can be 
combined with the non-aero box vans if 
the manufacturer would like to meet the 
more stringent non-aero box van design 
standards with higher-performing tires. 

When no averaging is available (i.e., 
MY 2018 through MY 2026 for full-aero 
box vans, and all years for remaining 
trailers), all products within a family 
need to meet or exceed the standards for 
that trailer subcategory (except for any 
trailers included in the manufacturer’s 
allowance for non-complying vehicles 
(See Section IV.E.(5)(a) below)). This is 
not to say that, for example, every long 
box dry van model needs to have 
identical technologies like skirts, tires, 
and tire inflation systems, but that every 
model in that family need to meet the 
standard for that family. 

In MY 2027 and later, full-aero box 
van manufacturers will still generally 
have one family per subcategory. 
However, if a full-aero box van 
manufacturer subject to performance 
standards wishes to utilize the averaging 
provisions, it would need to divide the 
trailer models in each of the van 
subcategories/families into 
subfamilies.368 Each subfamily can be a 
grouping of box vans that have similar 
performance levels, even if they use 
different technologies. We refer to the 
performance levels for each subfamily 
as ‘‘Family Emission Limits’’ (FELs). A 
long box dry van manufacturer could 
choose, for example, to create two 
subfamilies in its long box dry van 
family. Trailers in one of these 
subfamilies could be allowed to under- 
comply with the standard (e.g., not 
apply a tire pressure system) as long as 
the performance of the other subfamily 
over-complies with the standard (e.g., 
installs additional aerodynamic 
technologies), such that the average of 
all of the subfamilies’ FELs met or 
exceeded the standard for that family on 
a production-weighted basis. Section 
IV.E.(5)(b) below further discusses how 
the averaging program would function 
for any such trailer subfamilies. 

(c) Submitting a Certification 
Application and Request for a 
Certificate to EPA 

Once the preliminary steps are 
completed, the manufacturer can 
prepare and submit applications to EPA 
for certificate of conformity for each of 
its trailer families. The contents of the 
application are specified in 40 CFR 
1037.205, though not all items listed in 
the regulation are applicable to each 
trailer manufacturer. 

For the early years of the program 
(i.e., MY 2018 through MY 2020), the 
application must specify whether the 
trailer manufacturer is opting into the 
NHTSA voluntary program to ensure the 
information is transferred between the 
agencies. Throughout the program, the 
application must include a description 
of the emission and fuel consumption 
reduction technologies that a 
manufacturer intends to offer. These 
technologies could include aerodynamic 
features, LRR tire models, tire pressure 
systems, or components that qualify for 
weight reduction. Basic information 
about labeling, warranty, and 
recommended maintenance should also 
be included the application (see Section 
IV.E.(4) for more information on these 
additional compliance provisions). 

The manufacturer also provides a 
summary of the plans to comply with 
the standard. This information includes 
a description of the trailer family and 
subfamilies (if applicable) covered by 
the certificate, the technologies that are 
used for compliance, and projected sales 
of its products. For trailers subject to 
performance-based standards (and not 
those subject to the design-based 
standards), in the earlier stages of the 
program when averaging is not available 
(or for manufacturers of full-aero vans 
that do not participate in averaging after 
MY 2026), additional provisions apply. 
These manufacturers will include 
information on the configuration with 
the worst performance level in terms of 
CO2 and fuel consumption offered in the 
trailer family. Any of these 
manufacturers that choose to average 
within their full-aero van families after 
MY 2026 will include performance 
information for the projected highest 
production trailer configuration, as well 
as the lowest and the highest performing 
configurations within those families. 
For all covered trailers, once the 
certification application is accepted, a 
certificate is issued and manufacturers 
can begin selling their trailers. 

(d) End-of-Year Obligations 

After the end of each year, all 
manufacturers, including those with 
design-based standards, need to submit 

a report to the agencies presenting 
production-related data for that year 
(see 40 CFR 1037.250 and 49 CFR 
535.8). In addition, the year’s final 
compliance data (as calculated using the 
compliance equation) for box van 
manufacturers subject to performance- 
based standards will include both CO2 
emissions and fuel consumption 
information and actual production 
volumes in order to demonstrate that 
the trailers met the standards for that 
year. 

In MY 2027 and later, full-aero box 
van manufacturers that opt to 
participate in the averaging program 
will submit a second report that 
describes their subfamily FELs and a 
final calculation of their production- 
weighted average CO2 and fuel 
consumption. See 40 CFR 1037.730, 40 
CFR 1037.745, and 49 CFR 535.7. All 
certifying manufacturers need to 
maintain records of all the data and 
information that is required to be 
supplied to EPA and NHTSA for eight 
years. 

(2) Evaluating Trailer Performance for 
Compliance 

The agencies believe that this final 
compliance program for trailer 
manufacturers is straightforward, 
technically robust, transparent, and 
minimizes administrative burdens on 
the industry. As described earlier in this 
section and in Chapter 4 of the RIA, 
GEM is a customized vehicle simulation 
model that EPA developed for the Phase 
1 program to relate measured 
aerodynamic and tire performance 
values, as well as other parameters, to 
CO2 and fuel consumption without 
performing full-vehicle testing. As with 
the Phase 1 and Phase 2 tractor and 
vocational vehicle programs, the trailer 
program uses GEM in evaluating 
emissions and fuel consumption in 
developing the trailer standards. 
However, unlike the tractor and 
vocational vehicle programs, trailer 
manufacturers will not use GEM 
directly to demonstrate compliance with 
the trailer standards. Instead, we have 
developed an equation based on GEM 
that calculates CO2 and fuel 
consumption from performance inputs 
without running the model. 

(a) Development of the GEM-Based 
Trailer Compliance Equation 

For compliance with the performance- 
based standards in the trailer program 
(i.e. the standards for full- and partial- 
aero long and short box vans), the trailer 
characteristics that a manufacturer 
supplies to the equation are 
aerodynamic improvements (i.e., the 
change in the aerodynamic drag area, 
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delta CdA, from the appropriate bin in 
m2), tire rolling resistance (i.e., 
coefficient of rolling resistance, CRR, in 
kg/metric ton), the presence of a tire 
pressure system, and any weight 
reduction applied in pounds. The use of 
the equation quantifies the overall 
performance of the trailer in terms of 
CO2 emissions on a grams per ton-mile 
basis, which can be converted to fuel 
consumption on a gallons per 1000 ton- 
mile basis. 

Chapter 2.10.5 of the RIA provides a 
full a description of the development 
and evaluation of the equation for trailer 
compliance where the standards are 

performance-based. Equation IV–1 is a 
single linear regression curve that can 
be used for all box vans in these rules 
to calculate CO2 emissions, eCO2. Unique 
constant values, C1 through C4, are 
applied for each of the van types as 
shown in Table IV–24. Constant C5 is 
equal to 0.988 for any trailer that installs 
an ATIS (accounting for the 1.2 percent 
reduction given for use of ATI), 0.990 
for any trailer that installs a TPMS, or 
1.0 for trailers without tire pressure 
systems. We found that this equation 
accurately reproduces the results of 
GEM for each of the box van 
subcategories, and the program requires 

these trailer manufacturers use Equation 
IV–1 to calculate CO2 for compliance. 
Manufacturers insert their tire rolling 
resistance level (TRRL), wind-averaged 
change in drag area (DCdA), weight 
reduction value (WR) (if applicable), 
and the appropriate C5 value if a tire 
pressure system is installed into the 
equation and submit the result to EPA. 
The program provides for manufacturers 
to use a conversion of 10.180 grams of 
CO2 per gallon of diesel to calculate the 
corresponding fuel consumption values 
for compliance with NHTSA’s 
regulations. See 40 CFR 1037.515 and 
49 CFR 535.6. 

TABLE IV–24—CONSTANTS FOR GEM-BASED TRAILER COMPLIANCE EQUATION 

Trailer 
subcategory C1 C2 C3 C4 

C5 (tire pressure) 

None TPMS ATIS 

Long Dry Van ........................... 76.1 1.67 ¥5.82 ¥0.00103 1.000 0.990 0.988 
Long Refrigerated Van ............. 77.4 1.75 ¥5.78 ¥0.00103 
Short Dry Van .......................... 117.8 1.78 ¥9.48 ¥0.00258 
Short Refrigerated Van ............ 121.1 1.88 ¥9.36 ¥0.00264 

These long and short van constants 
are based on GEM-simulated tractors 
pulling 53-foot and solo 28-foot trailers, 
respectively. As a result, aerodynamic 
testing to obtain a trailer’s performance 
parameters for Equation IV–1 must be 
performed using consistent trailer sizes 
(i.e., aerodynamic performance for all 
lengths of short vans would be tested as 
a solo 28-foot van, and performance for 
all lengths of long vans would be tested 
as a 53-foot van). More information 
about aerodynamic testing is provided 
in Section IV.E.(3)(b) below. 

The constants for long vans apply for 
all dry or refrigerated vans longer than 
50-feet and the constants for short vans 
apply for all dry or refrigerated vans 50- 
feet and shorter. The vans with work- 
performing devices that may be 
designated as partial-aero vans would 
use the same equation constants as their 
full-aero counterparts for compliance. 
The partial-aero designation simply 
allows a van to input different values 
(i.e., lower delta CdA) and meet a 
different standard. Note that compliance 
with the design-based standards (non- 
box trailers and non-aero vans) does not 
require use of the GEM-based equation. 
Manufacturers supply the TRRL values 
for their trailer tires and attest that they 
installed one of the tire pressure 
systems (TPMS or ATIS) to EPA for 
compliance. 

(b) Use of the Compliance Equation for 
Box Van Compliance 

Box van manufacturers subject to the 
performance-based standards meet the 
standards using the GEM-based 
compliance equation to combine the 
effects of technologies and quantify the 
overall performance of the vehicle to 
demonstrate compliance. Trailer 
manufacturers obtain delta CdA and tire 
rolling resistance values from testing 
(either from their own testing or from 
testing performed by another entity as 
described in Section IV.E.(3)(b)) and 
attest that they installed a qualifying tire 
pressure system and/or adopted weight 
reduction strategies. Manufacturers 
adopting aerodynamic improvements 
will compare their measured delta CdA 
value to the values shown in Table 2 of 
40 CFR 1037.515 (and Table IV–5 
previously) and use the appropriate 
aerodynamic bin value as the 
aerodynamic input into the equation. 
The TRRL can be directly applied from 
measurements. Weight reduction is 
obtained by summing applicable values 
in our list of light weight components 
(Table 3 of 40 CFR 1037.515) or from 
measurements using the off-cycle 
provisions. Manufacturers indicate use 
of TPMS or ATIS with a specified 
percent reduction in CO2 and fuel 
consumption. 

Qualifying components for weight 
reduction can be found in 40 CFR 

1037.515(d). Manufacturers that 
substitute one or more of these 
components on their box vans sum the 
weight reductions assigned to each 
component and enter that total into the 
equation. As noted in Section 
IV.D.(1)(d), the equation accounts for 
weight reduction by assigning one-third 
of that reduced weight to increase the 
payload and the remaining weight 
reduction to reduce the overall weight 
of the assumed vehicle. 

Manufacturers of box vans subject to 
the performance standards apply the 
compliance equation separately to each 
configuration to ensure that all of the 
trailer configurations they offer need to 
meet the standard for the given model 
year. The certification application 
submitted to EPA includes equation 
results from the worst performing trailer 
configuration for each subcategory and 
the manufacturer attests that no 
regulated trailer will be sold in a lower 
performing configuration. If the 
manufacturer offers a new technology 
package during the model year, the 
performance can be evaluated using the 
equation. If the performance of the new 
package is lower than the value 
submitted in the application, the 
manufacturer would submit a ‘‘running 
change’’ to EPA to reflect the change. 
Box van manufacturers will submit a 
single end-of-year report that will 
include their production volumes and 
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369 See http://www.iso.org/iso/iso_catalogue/
catalogue_tc/catalogue_
detail.htm?csnumber=44770. 

confirmation that all of their trailers 
applied the technology packages 
outlined in their application. 

Any full-aero box van manufacturers 
that wish to take advantage of the 
agencies’ averaging provision in MY 
2027 and later will make greater use of 
the compliance equation. Before 
submitting a certificate application, 
these manufacturers would decide 
which technologies to make available 
for their customers and use the equation 
to determine the range of performance 
of the packages they planned to offer. 
The manufacturers would supply these 
results from the equation in their 
certificate application and those 
manufacturers that wish to perform 
averaging would continue to calculate 
emissions (and fuel consumption) with 
the equation throughout the model year 
and keep records of the results for each 
trailer package produced. As described 
in Section IV.E.(1)(d) above, at the end 
of the year, these manufacturers would 
submit two reports. One report would 
include their production volumes for 
each configuration. The second report 
would summarize the families and 
subfamilies, and CO2 emissions and fuel 
consumption results from the equation 
for all of the trailer configurations they 
build in that model year, including a 
production-weighted average to show 
compliance. 

For non-box trailers and non-aero box 
vans, compliance is design-based, not 
performance-based, and the compliance 
equation is not needed. As described 
earlier, the standards for these trailers 
require the use of tires with rolling 
resistance levels at or below a threshold, 
and tire pressure systems (either TPMS 
or ATIS). Instead of aerodynamic testing 
data in their certification applications, 
manufacturers of these trailers submit 
their tire rolling resistance levels and a 
description of their tire pressure 
system(s) to EPA. 

(3) Trailer Certification Test Protocols 

The Clean Air Act specifies that 
compliance with emission standards for 
motor vehicles be demonstrated by the 
manufacturer using emission test data 
(see CAA section 206(a) and (b)). As 
discussed earlier, for the design-based 
standards (non-box trailers and non-aero 
vans), the trailer program considers the 
use of specified LRR tires and tire 
pressure systems an appropriate 
surrogate for emission testing, and there 
are no testing requirements associated 
with these standards beyond the testing 
required to show the tires qualify as 
LRR tires. We expect that tire testing 
will be performed by the tire 
manufacturers. 

All full- and partial-aero vans covered 
by the program are subject to 
performance standards, and compliance 
is based on measured emission 
performance. For these trailers, the 
program uses the GEM-based 
compliance equation discussed in 
Section IV.E.(2)(a) above as the official 
‘‘test procedure’’ for quantifying CO2 
and fuel consumption performance for 
trailer compliance and certification (as 
opposed to use of GEM, which serves 
this function in the tractor and 
vocational vehicle programs). 
Manufacturers input performance 
information from the applicable trailer 
technologies into the equation in order 
to calculate their impact on overall 
trailer performance. Manufacturers 
needing aerodynamic and tire rolling 
resistance performance data obtain it 
either through their own testing or 
through a device or tire manufacturer 
that performed the testing. The program 
specifies pre-determined values for tire 
pressure systems and many weight 
reduction components for 
manufacturers to apply. 

The following subsections describe 
the approved performance tests for tire 
rolling resistance and aerodynamic drag 
in this trailer program. See 40 CFR part 
1037, subpart F, for a full description of 
the performance tests, in particular 
section 40 CFR 1037.515. 

(a) Trailer Tire Performance Testing 
Under Phase 1, tractor and vocational 

chassis manufacturers are required to 
input the tire rolling resistance level 
(TRRL) into GEM, and the agencies 
adopted the provisions in ISO 
28580:2009(E) 369 to determine the 
rolling resistance of tires. The tire 
rolling resistance level (TRRL) is a 
declared value that is based on a 
measured value. As described in 40 CFR 
1037.520(c), this measured value, 
expressed as CRR, is required to be the 
result of measurements of three different 
tires of a given design, giving a total of 
at least three data points. Manufacturers 
specify a CRR value for GEM that is less 
than or equal to the average of these 
three results. Tire rolling resistance may 
be determined by either the vehicle or 
tire manufacturer. In the latter case, the 
tire manufacturer provides a signed 
statement confirming that it conducted 
testing in accordance with this part. 

The Phase 1 tire testing provisions for 
rolling resistance apply to all of the 
regulated trailers in the Phase 2 
program. In the Phase 2 program, full- 
and partial-aero box van manufacturers, 

subject to the trailer performance-based 
standards, apply their declared TRRL in 
the compliance equation. Non-box 
trailer and non-aero box vans, subject to 
the design-based standards, simply 
report the TRRL as part of their 
certification application. Based on the 
current practice for Phase 1, we expect 
the trailer manufacturers to obtain these 
data from tire manufacturers, but trailer 
manufacturers have the option to 
perform tire testing themselves. 

The agencies requested comment on 
adopting a program for tire 
manufacturers similar to the provision 
described in Section IV.E.(3)(b)(v) for 
aerodynamic device manufacturers, 
through which tire manufacturers 
would seek preliminary approval of the 
performance of their trailer tires. 80 FR 
40278. CARB supported this option and 
further requested that EPA create a 
public database of the tire rolling 
resistance data submitted to the agency 
in such preliminary approvals. RMA’s 
comments opposed making tire data 
available to the public without first 
developing a rating system for medium 
and heavy truck tires. The agencies have 
chosen not to pursue provisions for pre- 
approved trailer tire rolling resistance 
data or a public database of this 
information in this rulemaking, 
recognizing the overall unresolved 
issues relating to standard HD truck and 
trailer testing within the tire industry 
(as discussed in the Tractor section of 
this Preamble, Section III.E(1)(e)). 
Instead, trailer tire manufacturers 
provide tire rolling resistance values 
directly to the trailer manufacturers and 
that information is shared with EPA and 
NHTSA for certification. 

(b) Trailer Aerodynamic Performance 
Testing 

As discussed earlier, manufacturers of 
trailers subject to performance standards 
(i.e., most box vans), need to provide 
EPA with aerodynamic performance 
data at the time of certification. The 
purpose of our trailer aerodynamic test 
procedures is to establish an estimate of 
the aerodynamic drag experienced by a 
tractor-trailer vehicle in real-world 
operation. We based these procedures 
on the current tractor aerodynamic 
procedures, including coastdown, wind 
tunnel, and computational fluid 
dynamics (CFD) modeling. More 
specifically, the tests are conducted 
according to the same test procedures 
for tractors and trailers, but different 
provisions apply for the test articles and 
the data analysis. In the tractor program, 
the resulting CdA value represents the 
absolute aerodynamic drag of a tested 
tractor assumed to be pulling a specified 
standard trailer. In the trailer program, 
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370 ‘‘Additional Discussion of Selective 
Enforcement Audit and Confirmatory Testing for 
Aerodynamic Parameters for Combination Tractors 
and for Trailers,’’ February 19, 2015. Docket EPA– 
HQ–OAR–2014–0827–1625. 

the tests measure the difference in CdA 
value between the tested trailer as 
pulled by a standard tractor and a 
reference trailer pulled by the same 
standard tractor. In other words, the 
trailer test procedure is intended to 
measure the aerodynamic improvements 
rather than the absolute aerodynamic 
performance. The agencies chose to base 
the standards on measurements of 
aerodynamic improvements in part to 
reflect the market reality that many 
trailer manufacturers rely on 
manufacturers of bolt-on aerodynamic 
devices for the improvements rather 
than redesigning their trailer or 
developing their own components. 

To minimize the testing burden, the 
program specifies that all aerodynamic 
devices for long box vans (i.e., those 
greater than 50-feet in length) be 
evaluated based on 53-foot box vans, 
and that devices for all trailers 50-feet 
and shorter be evaluated based on 28- 
foot box vans. In other words, a 
manufacturer can use test data from a 
single trailer to certify all trailers in the 
same subcategory. As noted previously 
in Section IV.D.(1) and demonstrated in 
Chapter 2.10.2.1.2.6 of the RIA, the 
performance of aerodynamic devices on 
these two trailer lengths is expected to 
provide a conservative estimate of the 
performance on the longer trailers 
within the same length category. We 
believe that this compliance approach 
effectively represents the performance 
of such devices on the majority of box 
vans, yet limits the number of such vans 
that a manufacturer needs to track and 
evaluate. 

The program provides for 
manufacturers to have flexibility in the 
devices (or packages of devices) they 
install on box vans with lengths that 
differ from 53-feet or 28-feet. In such 
situations, a manufacturer could use 
devices that they believe would be more 
appropriate for the length of the trailer 
they are producing, consistent with 
good engineering judgement. For 
example, they could test skirts on a 28- 
foot trailer and use longer skirts on 40- 
foot trailers that they make. No 
additional testing would be required in 
order to validate the appropriateness of 
using the alternate devices on these 
trailers. 

The agencies have structured the final 
regulations to make wind tunnel testing 
the primary method for measuring 
trailer aerodynamic performance. While 
coastdown testing measures 
performance of full-scale vehicles, 
which is generally the agencies’ 
preference for performance testing, 
wind tunnel testing achieves similar 
results in terms of delta CdA, with the 
added benefit of measuring wind- 

averaged values in the same test. In 
addition, wind tunnel testing is 
inexpensive relative to other aero test 
methods and does not require as much 
time to complete. Thus, it has generally 
been the preferred method for the trailer 
industry. Nevertheless, the program 
provides for manufacturers to use 
coastdown or CFD methods as described 
below and fully in 40 CFR 1037.526(b) 
and 1037.150(x). 

The agencies considered making 
coastdown testing the primary test 
method for trailers, as it is for the tractor 
program. However, the delta CdA 
approach for the trailer aerodynamic 
program would require multiple tests to 
evaluate most configurations. 
Coastdown testing is a full-scale test 
method that requires the vehicle, which 
includes the trailer and an appropriately 
aerodynamic tractor, be driven on a road 
or track that meets specified conditions. 
An important challenge with coastdown 
testing is that wind and weather 
restrictions can limit the days in which 
testing can be performed. Additionally, 
coastdown testing has higher natural 
variability due to environmental 
variability in an uncontrolled system. 
We have placed an additional restriction 
on the allowable difference in yaw 
angles for delta CdA measurements to 
reduce this variability (see 40 CFR 
1037.526(a)(2)). However, the 
combination of our test constraints (e.g., 
restrictions on the wind, temperature, 
and road conditions), can make it 
challenging to measure a drag difference 
from two valid coastdown tests. These 
factors would make accurate coastdown 
testing for the trailer program even more 
time-consuming and expensive relative 
to the tractor program. Accordingly, we 
decided that wind tunnel testing is more 
appropriate for this newly regulated 
industry. 

Coastdown testing has two significant 
advantages over wind tunnel testing. 
First, as a full-scale method, it can be 
directly applied to actual products. 
Second, full-scale methods may be the 
only way to reliably test small-scale 
devices that cannot be appropriately 
scaled or recreated in wind tunnel or 
CFD. Although these advantages justify 
allowing coastdown testing as an 
alternate method, they do not justify the 
additional costs that would occur if it 
were specified as the primary test 
method for trailers. 

In making this determination, the 
agencies were cognizant of the limited 
financial ability of trailer manufacturers 
(and device manufacturers) to absorb 
testing costs. Unlike the tractor 
industry, most of the manufacturers in 
the trailer industry are small- to 
medium-sized companies. Even the 

largest trailer manufacturers are much 
smaller than the companies that 
manufacture tractors. Had we 
established coastdown as the primary 
method, trailer manufacturers would 
have needed to not only perform 
extensive coastdown testing to show 
equivalency with their preferred 
methods, but would have also needed to 
maintain the ability to perform 
coastdowns on a regular basis like 
tractor manufacturers are required to 
under Phase 1 and Phase 2, including 
owning or maintaining access to an 
appropriate test tractor or tractors. 
While this is a manageable burden for 
the large tractor manufacturers, it would 
have been a substantial burden for 
trailer manufacturers, especially the 
smaller ones. TTMA commented that 
any of the larger manufacturers in its 
membership that may do testing would 
prefer wind tunnel or CFD testing to 
‘‘contain costs.’’ In conjunction with the 
NODA, EPA laid out principles related 
to aerodynamic testing that we intended 
to follow when applying our 
compliance oversight to trailers.370 In 
particular, we indicated that we 
intended to rely more on our own 
confirmatory testing, recognizing that 
both trailer manufacturers and device 
manufacturers have less financial ability 
to perform Selective Enforcement Audit 
(SEA) testing than do tractor 
manufacturers (see Section IV.E.(4)(f) for 
more information on SEAs). Under the 
final regulations, the agencies can 
perform wind tunnel testing, but would 
also retain the right to perform 
coastdown testing, provided we 
adjusted any coastdown results to 
account for yaw differences. If we 
conducted confirmatory testing using 
coastdowns, we would also need to 
perform enough runs to minimize 
variability between the test conditions. 
Should we measure worse aerodynamic 
performance (after fully adjusting for 
methodological differences and 
accounting for test-to-test variability), 
we would require the manufacturer to 
use our test results as the official test 
results. It is important to emphasize 
that, because confirmatory testing 
generally occurs before we have issued 
a certificate of conformity and before the 
manufacturer has begun production, 
there are no penalties or other 
compliance actions that would result 
from EPA confirmatory testing. Thus, 
we do not expect manufacturers using 
wind tunnels to have any need to 
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separately verify their results using 
coastdown procedures. 

Details of the test procedures can be 
found in 40 CFR 1037.526 and a 
discussion of EPA’s aerodynamic testing 
program as it relates to the trailer 
program is provided in the RIA Chapter 
3.2. The following subsections outline 
the testing requirements for the long 
term trailer program, as well as simpler 
testing provisions that apply in the 
nearer term. 

(i) A to B Testing for Trailer 
Aerodynamic Performance 

The agencies expect a majority of the 
aerodynamic improvements for trailers 
will be accomplished by adding bolt-on 
technologies. As just explained above, a 
key difference between the tractor 
program and the trailer program is that 
while the tractor test procedures 
provide a direct measurement of an 
absolute CdA value for each tractor 
model, aerodynamic improvements for 
trailers are evaluated by measuring a 
change in CdA (delta CdA) relative to a 
baseline without aerodynamic 
improvements. Specifically, trailer tests 
are performed as ‘‘A to B’’ tests, 
comparing the aerodynamic 
performance of a tractor-trailer without 
a trailer aerodynamic device (or package 
of devices) to one with the device (or 
package) installed. As noted below, this 
approach can be applied if changes are 
made to the aerodynamic design of a 
trailer as well. See RIA Chapter 
2.10.2.1.2 for more justification for this 
A to B approach. 

In essence, an A to B test is a pair of 
tests: one test of a baseline tractor-trailer 
in a ‘‘no-control’’ configuration with 
zero trailer aerodynamic improvements 
(A), and one test that includes the 
aerodynamic improvements to be tested 
(B). However, because an A test relates 
to a B test only with respect to the test 
method and the basic tractor-trailer 
vehicle, one A test could be used for 
many different B test configurations. 
This type of testing results in a delta 
CdA value instead of an absolute CdA 
value. For the trailer program, the 
vehicle configuration in the A test 
includes a standard tractor that meets 
specified characteristics (40 CFR 
1037.501(h)), and a baseline trailer with 
no aerodynamic improvements. The 
entity conducting the testing (e.g., the 
trailer manufacturer, a contractor, or an 
aerodynamic device manufacturer, as 
discussed below) performs the test for 
this configuration according to the 
procedures in 40 CFR 1037.526 and 
repeats the test for the B configuration, 
which includes the trailer aerodynamic 
package/device(s) being tested. The 
delta CdA value for that trailer with that 

aerodynamic improvement is the 
difference between the CdA values 
obtained in the A and B tests. 

The agencies note that it was 
relatively straightforward in Phase 1 to 
establish a standard trailer with enough 
specificity to ensure consistent testing 
of tractors, since there are relatively 
small differences in aerodynamic 
performance of base-model dry box 
vans. However, as discussed in Chapter 
2.10 of the RIA, small differences in 
tractor design can have a significant 
impact on overall tractor-trailer 
aerodynamic performance. An 
advantage of an A to B test approach for 
trailers is that many of the effects due 
to differences in tractor design are 
minimized, which allows different 
models of tractors to be used as standard 
tractors in testing without 
compromising the evaluation of the 
trailer aerodynamic technology. Thus, 
the relative approach does not require 
the agencies to precisely specify a 
standard tractor, nor does it require 
trailer manufacturers to purchase, 
modify or retain a specific tractor model 
in order to evaluate their trailers. 

In the event that a trailer 
manufacturer makes major changes to 
the aerodynamic design of its trailer in 
lieu of installing add-on devices, it 
could use the same baseline trailer for 
the A configuration as could be used for 
bolt-on features. In both cases, the 
baseline trailer would be a 
manufacturer’s standard box van. Thus, 
the manufacturer of a redesigned trailer 
would get full credit for any 
aerodynamic improvements it made. 

As discussed in Chapter 2.10 of the 
RIA, measured drag coefficients and 
drag areas can vary slightly depending 
on the test method used. In general, 
absolute wind-averaged CdA values 
measured using wind tunnels and CFD 
tend to be higher than values measured 
using the near-zero yaw coastdown 
method. The Phase 1 and Phase 2 tractor 
program use coastdown testing as the 
reference test method, and the agencies 
require tractor manufacturers to perform 
at least one test using that method to 
establish a correction factor to apply to 
each of the alternative test methods. The 
proposed trailer regulations referred to 
coastdown as our reference method, 
although we noted that the size of the 
bins and the use of delta CdA (as 
opposed to absolute values) minimized 
the significance of variability between 
test methods. 80 FR 40280. CARB 
recommended that we require a 
reference method in our aerodynamic 
testing, but provided no data to support 
their recommendation. 

As noted already, the agencies have 
established the wind tunnel method as 

the primary method. Like the tractor 
program, the allowance to use alternate 
aerodynamic test procedures provides 
for adjustments to make the 
measurements equivalent to the primary 
method. This is done to ensure that the 
manufacturer is neither advantaged nor 
disadvantaged by using the alternate 
method, relative to results they would 
have obtained using the primary 
method. However, because determining 
equivalency between methods can be 
burdensome, the agencies are adopting 
in 40 CFR 1037.150(x) an interim 
allowance to use certain specific 
approximations based on data currently 
available to us. Manufacturers would 
not be required to justify using these 
approximations or to seek prior 
approval for them. Nevertheless, in the 
unlikely event that we determine that 
these approximations overstate actual 
aerodynamic performance for a 
particular trailer or device, we would 
not allow the manufacturer to use the 
approximated values for certification 
and they would be required to use other 
more reasonable adjustments. 

Our test results shown in Chapter 2.10 
of the RIA, show that wind tunnel and 
CFD produce wind-averaged delta CdA 
values within the same bin for the 
devices tested. Thus, this interim 
provision allows CFD results to be used 
without adjustment. Coastdown delta 
CdA results, which are not wind- 
averaged, may be in the same bin, but 
we note that the tails showed more yaw 
dependence and coastdown tests under- 
predicted the performance of tails 
relative to wind-averaged methods. We 
anticipate some additional current and 
future devices may be sensitive to yaw 
angle, and our interim provision 
accounts for this. Manufacturers that 
choose to use coastdown testing can use 
their results without adjustment, or, if 
they suspect their device is affected by 
yaw angle, they can use other testing or 
analytical methods to demonstrate a 
means of adjusting their near-zero yaw 
results to a wind-averaged equivalent 
4.5-degree value. The bin values in 
Section IV.E.(3)(b)(iv), which were 
updated based on additional 
aerodynamic test data collected between 
the NPRM and final rules, are based on 
our wind tunnel testing results, though 
our results suggest that most CFD and 
coastdown results will fit into the same 
bins. See RIA Chapter 2.10.2.1.3. 

(ii) Standard Tractor for Aerodynamic 
Testing in the Trailer Program 

The agencies are adopting a set of 
characteristics that qualify a tractor to 
be use in trailer aerodynamic 
compliance testing. EPA’s trailer testing 
program investigated the impact of 
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371 CFD test contracts are often priced for 
individual yaw angles. Wind tunnel test contracts 
are often priced for an entire yaw sweep. Limiting 
our measurement requirement to one or two yaw 
angles is expected to reduce the cost of generating 
a wind-averaged value from CFD, but will only 
reduce the cost from wind tunnel tests if the 
manufacturer choses to do individual yaw angles in 
lieu of the customary sweep. 

tractor aerodynamics on the 
performance of trailer aerodynamic 
technologies, as mentioned in Chapter 
2.10.2.1.2.2 of the RIA. We found the A 
to B test strategy reduces the degree of 
precision with which the standard 
tractor needs to be specified. Instead of 
identifying a specific make and model 
of a tractor to be used over the entire 
duration of the program, the agencies 
identified an appropriate aerodynamic 
performance threshold that maintains a 
relatively consistent level of 
performance between trailers. Tractors 
used in trailer aerodynamic tests must 
meet Phase 2 aerodynamic Bin III or 
better tractor requirements. We believe 
the majority of tractors in the U.S. 
trucking fleet will be Bin III or better in 
the timeframe of this rulemaking, and 
trailer manufacturers have the option to 
choose higher-performing tractors in 
later years as tractor technology 
improves. See Section III.D.2.c.i. The 
standard tractor for long-box vans is a 
Class 8 high-roof sleeper cab. The 
standard tractor for short box vans is a 
Class 7 or 8 high roof day cab with a 
single drive axle (i.e., 4x2 axle 
configuration). Trailer or device 
manufacturers are free to choose any 
standard tractor that meets these criteria 
in their aerodynamic performance 
testing. See 40 CFR 1037.501. 

The compliance equation used to 
determine compliance with the trailer 
standards is based on GEM, so our 
discussion of the feasibility of our 
standards (Section IV.D.(2)) includes a 
description of the tractor-trailer vehicle 
used in GEM. The agencies proposed to 
require use of a 6x4 Class 8 sleeper cab 
for long box van aerodynamic testing, 
and a 6x4 Class 8 day cab for short box 
van testing. 80 FR 40279. We believe 
Class 8 tractors are more widely 
available, which will make it easier for 
the trailer industry to obtain a qualified 
tractor if they choose to perform trailer 
testing. In order to align with the test 
procedures, we also proposed to 
consistently model a Class 8 tractor 
across all trailer subcategories in GEM. 
CARB supported the use of Class 8 
tractors in their comments. However, 
EPA encountered difficulty in meeting 
the test procedure-specified tractor- 
trailer gap width when using a dual 
drive axle day cab in one of our short 
box van wind tunnel tests due to the 
location of the landing gear relative to 
the kingpin. As a result, we are 
changing the standard tractor 
specifications for aerodynamic testing to 
require the use of a 4x2 tractor for short 
trailers. While we expect most 
manufacturers will use tractor-trailer 
models in wind tunnel or CFD testing, 

we recognize that there are fewer 4x2 
tractors available for full-scale testing, 
and we are adopting provisions that 
testers can use either a Class 8 or Class 
7 day cab tractor to address availability 
concerns. We believe the external 
aerodynamic characteristics of Class 7 
and Class 8 day cabs are very similar 
and the engine performance differences 
between the two tractor classes would 
not impact the aerodynamic 
performance in terms of delta CdA. Note 
that a Class 7 4x2 day cab tractor is used 
for all short van default tractor-trailer 
vehicles within GEM and represented in 
the GEM-based equation (see Table IV– 
8). 

Daimler requested that we choose a 
single tractor for all trailer testing to 
ensure consistency over time. As stated 
above, the agencies agree that the tractor 
does have the potential to influence the 
aerodynamic performance of trailers. As 
discussed above, however, we believe 
that influence is reduced with use of a 
delta CdA. Additionally, we believe it 
would be a significant burden on the 
trailer industry to require manufacturers 
and suppliers to acquire a specific 
tractor make and model over the 
timeframe of the rules. Thus, the final 
trailer program does not require the use 
of a specific tractor make for the Phase 
2 trailer program. 

(iii) Accounting for Wind Impacts When 
Measuring Aerodynamic Performance 

The agencies proposed to determine 
the delta CdA for trailer aerodynamic 
performance using the zero-yaw (or 
head-on wind) values from any of the 
approved test procedures. However, 
based on comments received, we are 
revising the final program to be based 
on wind-averaged results, similar to the 
tractor program. The agencies recognize 
the value of wind-averaging to better 
reflect the performance expected in real- 
world operation, but at the time of 
proposal, we believed the use of a zero- 
yaw delta CdA would reduce the 
number of tests compared to generating 
a wind-averaged value from a sweep of 
yaw angles. Additionally, it is relatively 
straightforward to generate wind- 
averaged CdA values from wind tunnel 
and CFD, but there is a significant 
increase in test burden to obtain wind- 
averaged results from coastdown tests. 
Our intent was to ensure parity between 
test procedures, such that manufacturers 
would have the several options to test 
aerodynamic performance. 

The agencies received comment on 
this issue, in the context of the proposed 
tractor standards, suggesting that the 
CdA measured at a yaw angle of 4.5 
degrees is very similar to the wind- 
averaged CdA calculated at 7 degrees/65 

MPH. The agencies evaluated our own 
test data using an average of +4.5 
degrees and ¥4.5 degrees to minimize 
the effect of potential facility 
asymmetry, and found that the results 
were within two percent of the 
corresponding wind-averaged values 
(See Section III.E.2.a and Chapter 3.2 of 
the RIA). Adoption of this surrogate 
angle approach reduces the cost of 
generating a wind-averaged value from 
wind tunnel and CFD procedures.371 
Consequently, the tractor program uses 
an average CdA measured at +4.5 and 
¥4.5 degree yaw angles as a surrogate 
wind-averaged value (see RIA Chapter 
3.2 for more information). However, it 
does not address the increased burden 
for conducting coastdown tests. 

The agencies received comment from 
TTMA that ‘‘repetitive’’ coastdown 
testing would rarely be used by its 
trailer manufacturer members. Instead, 
manufacturers that do choose to perform 
their own testing will likely rely on CFD 
and wind tunnel tests. Because we are 
establishing the wind tunnel method as 
the primary method, and because we 
expect it to also be the most commonly 
used method, we no longer have test 
burden concerns about requiring wind- 
averaging. Therefore, the agencies 
believe we can adopt aerodynamic test 
procedures for trailers that require 
wind-averaged delta CdA values, as 
represented by an average of results 
from +4.5 and ¥4.5 degree yaw angles, 
for compliance. We believe that 
coastdown testing will be chosen by a 
small number of manufacturers and the 
burden of performing this optional test 
on the overall industry will be relatively 
small. EPA may rely on coastdown 
testing in its own confirmatory testing, 
and the agency will accept the 
additional burden of correcting to a 
wind-averaged value. 

(iv) Bins for Aerodynamic Performance 

As mentioned in Section IV.D., the 
trailer program uses aerodynamic bins 
to account for testing variability and to 
provide consistency in the performance 
values used for compliance. We 
developed these bins in terms of delta 
CdA ranges, and we designed them to be 
broad enough to cover the range of 
uncertainty seen in our aerodynamic 
testing program in terms of test-to-test 
variability as well as variability due to 
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372 Note that in the event a device manufacturer 
submits false or inaccurate data to EPA, it could 
incur liability for causing a regulated entity to 
commit a prohibited act. See 40 CFR 1068.101(c). 
This same potential liability exists with respect to 
information provided by a device manufacturer 
directly to a trailer manufacturer. 

373 A trailer manufacturer needs to use good 
engineering judgement (as defined in 40 CFR 
1068.5) in combining devices for compliance in 
order to avoid combinations that are not intended 
to work together (e.g., both a side skirt and an 
under-body device). 

differences in test method, tractor 
models, trailer models and device 
models. The bins are somewhat 
different than in the proposal, as 
discussed in Section IV.D.(1)(a)(ii) 
above RIA Chapter 2.10.2.1.3. 

TABLE IV–25—AERODYNAMIC BINS 
USED TO DETERMINE INPUTS FOR 
TRAILER CERTIFICATION 

Delta CdA measured 
in testing Bin 

Delta CdA 
input for 

compliance 

<0.1 ......................... Bin I ..... 0.0 
0.10–0.39 ................ Bin II .... 0.1 
0.40–0.69 ................ Bin III ... 0.4 
0.70–0.99 ................ Bin IV .. 0.7 
1.00–1.39 ................ Bin V ... 1.0 
1.40–1.79 ................ Bin VI .. 1.4 
≥1.8 ......................... Bin VII 1.8 

A manufacturer that wishes to 
perform testing first identifies a 
standard tractor according to 40 CFR 
1037.501(h) and a representative 
baseline trailer with no aerodynamic 
features (or models of these vehicles), 
then performs the A to B tests with and 
without aerodynamic improvements to 
obtain a delta CdA value. The 
manufacturer uses Table IV–25 to 
determine the appropriate bin based on 
their measured delta CdA. Each bin has 
a corresponding delta CdA threshold 
value that is the value manufacturers 
insert into the compliance equation. 

(v) Aerodynamic Device Testing 
Compliance Path 

The agencies recognize that much of 
the trailer manufacturing industry may 
have little experience with aerodynamic 
performance testing. For this reason, the 
program includes a compliance option 
that we believe minimizes the testing 
burden for trailer manufacturers, and at 
the same time meets the requirements of 
the Clean Air Act and of EISA by 
providing reasonable assurance that the 
anticipated CO2 and fuel consumption 
benefits of the program will be realized 
in real-world operation. This approach 
provides an opportunity for trailer 
manufacturers to choose technologies 
with pre-approved test data for 
installation on their new trailers 
without performing their own 
aerodynamic testing. We note that this 
testing option is consistent with 
recommendations of the Small Business 
Advocacy Review (SBAR) Panel, which 
is summarized in Section XIV.D and 
Chapter 12 of the RIA. 

The trailer program provides for 
trailer aerodynamic device 
manufacturers to seek preliminary 
approval of the performance of their 
devices (or combinations of devices) 

based on the same performance tests 
described previously. Trailer 
manufacturers could then choose to use 
these devices and apply the approved 
performance levels in the certification 
application for their trailer families. A 
device manufacturer would need to 
perform the required A to B testing 
using a tractor-trailer that meets the 
requirements specified in 40 CFR 
1037.211 and 1037.526 and submit the 
performance results, in terms of delta 
CdA, directly to EPA.372 EPA would 
require much of the same information 
from the device manufacturers as it 
would normally require during 
certification, including the technology 
name, a description of its proper 
installation procedure, and its 
corresponding delta CdA derived from 
the approved test procedures. See 40 
CFR 1037.211. 

Once a device manufacturer has 
obtained this preliminary approval, it 
could supply the same information to 
any trailer manufacturers that wish to 
install its devices. When the trailer 
manufacturer certifies, the agencies 
would merely verify that the values in 
the trailer manufacturer’s certification 
application are those already approved 
for the device manufacturer. To ease the 
transition for MYs 2018 through 2020, 
we proposed and are adopting a 
flexibility to allow pre-approval of 
certain data accepted by the EPA 
SmartWay aerodynamic verification 
program. Section IV.E.(5)(c) below 
describes how a device manufacturer 
can use certain test data generated for 
SmartWay verification as a part of its 
pre-approval in the early years of the 
program. 

The program also allows trailer 
manufacturers to use multiple devices 
with individually pre-approved test data 
on a single trailer configuration, 
provided each device does not impair 
the effectiveness of the other(s), 
consistent with good engineering 
judgment.373 40 CFR 1037.211 outlines 
a process for combining the effects of 
multiple devices to determine an 
appropriate delta CdA value for 
compliance. More specifically, 
manufacturers would fully count the 
technology with largest delta CdA value, 

discount the second by 10 percent, and 
discount each of the remaining 
additional technologies by 20 percent. 
This discounting acknowledges the 
complex interactions that can occur 
among individual aerodynamic devices 
and provides a conservative value for 
the impact of the combined devices (see 
the analysis of device combinations in 
RIA Chapter 2.10). For example, a 
manufacturer applying three separately 
tested devices with delta CdA values of 
0.40, 0.30, and 0.10 would calculate the 
combined delta CdA as: 
Delta CdA = 0.40 + 0.90*0.30 + 

0.80*0.10 = 0.75 m2 
The agencies believe that discounting 

the delta CdA values of individually- 
tested devices used as a combination 
provides a modest incentive for trailer 
or device manufacturers to test and get 
EPA pre-approval of the combination as 
an aerodynamic system for compliance. 
To avoid this discounting, device 
manufacturers can test a trailer 
incorporating a combination of devices 
and receive EPA pre-approval for data 
from that combination. Trailer 
manufacturers could then use the test 
results from that specific combination 
for certification. 

Note that the aerodynamic bins of 
Table IV–25 do not apply to 
aerodynamic data that device 
manufacturers submit to EPA for pre- 
approval. The pre-approved data will 
have greater precision than the bin- 
averaged values shown in Table IV–25. 
Therefore, trailer manufacturers 
calculating a delta CdA value based on 
combinations of pre-approved data use 
the exact numbers submitted by the 
device manufacturers to calculate the 
discounted delta CdA, and thus select an 
appropriate bin value for compliance 
based on that result. The process to 
obtain approval is outlined in 40 CFR 
1037.211. 

The agencies note that many of the 
largest van manufacturers are already 
performing aerodynamic test procedures 
to some extent, and the agencies expect 
other van manufacturers will 
increasingly be capable of and 
interested in performing these tests as 
the program progresses. The device 
testing approach is intended to allow 
trailer manufacturers to focus on and 
become familiar with the certification 
process in the early years of the program 
and, if they wish, begin to perform 
testing in the later years, when it may 
be more appropriate for their individual 
companies. This approach does not 
preclude trailer manufacturers from 
performing their own testing at any 
time, even if the technologies they wish 
to install are already pre-approved. For 
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example, a manufacturer that believed a 
specific trailer actually performed in a 
more synergistic manner with a given 
device than the device’s pre-approved 
delta CdA value suggested could 
perform its own testing and submit the 
results to EPA for certification. 

STEMCO, an aerodynamic device 
manufacturer, commented in support of 
the proposed pre-approval option, but 
also supported the agencies publishing 
information about the testing performed 
by device manufacturers for their 
devices to be pre-approved. The 
agencies are not committing to publish 
the pre-approved aerodynamic data at 
this time. We do note that once data are 
submitted to EPA and the device is 
introduced into commerce, the data are 
available to the public at their request 
and the information gathered may be 
published by outside stakeholders. 

(4) Additional Certification and 
Compliance Provisions 

(a) Trailer Useful Life 

Section 202(a)(1) of the CAA specifies 
that EPA is to propose emission 
standards that are applicable for the 
‘‘useful life’’ of the vehicle. NHTSA is 
adopting EPA’s proposed useful life 
requirements for trailers, to ensure that 
manufacturers consider in their design 
process the need for fuel efficiency 
standards to apply for the same duration 
as the EPA standards. Based on our own 
research and discussions with trailer 
manufacturers, EPA and NHTSA are 
adopting a regulatory useful life value 
for trailers of 10 years, as proposed. This 
useful life value represents the average 
duration of the initial use of trailers, 
before they are moved into less rigorous 
duty (e.g., limited use or storage). We 
note that the useful life value is 10 years 
or a mileage threshold for other heavy- 
duty vehicles. However, unlike for the 
other vehicles, the program does not 
include a parallel mileage value for 
trailers. This would require odometers 
on trailers, and we do not believe that 
mandating odometers would be 
appropriate for this purpose. 

With this useful life provision, trailer 
manufacturers are responsible for 
designing and building their trailers so 
that they will be able to meet the CO2 
emissions and fuel consumption 
standards for 10 years after the trailer is 
produced, provided that they are 
properly maintained. For technologies 
at issue here, we believe that this 
requirement is essentially the same as 
customers’ existing durability 
expectations. The useful life 
requirements do not include liability for 
damage to or removal of devices by 
users. Instead, trailer manufacturers 

must ensure at the time of sale that 
devices are properly installed and able 
to maintain functionality throughout the 
useful life. We believe that 
manufacturers will be able to 
demonstrate at certification that their 
trailers, including all bolt-on 
technologies used as emissions controls, 
will comply with the CO2 and fuel 
consumption standards for the useful 
life of the trailers without separate 
durability testing. The aerodynamic 
technologies that we expect 
manufacturers to use to comply with the 
trailer standards, including side skirts 
and boat tails, are designed to continue 
to provide their full potential benefit 
indefinitely as long as no serious 
damage occurs. 

Regarding a useful life value for trailer 
tires, we recognize that the original 
lower rolling resistance tires will wear 
over time and will be replaced several 
times during the useful life of a trailer, 
either with new or retreaded tires. As 
with the Phase 1 tractor program, to 
help ensure that trailer owners have 
sufficient knowledge of which 
replacement tires to purchase in order to 
retain the as-certified emission and fuel 
consumption performance of their 
trailer for its useful life, the trailer 
program requires that trailer 
manufacturers supply adequate 
information in the owners manual to 
allow the trailer owner to purchase 
replacement tires meeting or exceeding 
the rolling resistance performance of the 
original equipment tires. (Note that the 
‘‘owners manual’’ need not be a 
physical document, but could be made 
available on line). We believe that the 
favorable fuel consumption benefit of 
continued use of LRR tires generally 
results in proper replacements 
throughout the 10-year useful life. 
Finally, the program requires that tire 
pressure systems remain effective for at 
least the 10-year useful life, although 
some servicing may be necessary by the 
customer. See also the related 
discussions below in Section IV.E.(4)(c) 
(Emission-Related Warranty) and 
Section IV.E.(4)(d) (Maintenance). 

(b) Emission Control Labels 
Historically, EPA-certified vehicles 

are required to have a permanent 
emission control label affixed to the 
vehicle. The label facilitates 
identification of the vehicle as a 
certified vehicle. For the trailer 
program, EPA requires that the labels 
include the same basic information as 
we require for tractor labels in Phase 1. 
For trailers, this information includes 
the manufacturer, a trailer identifier 
such as the Vehicle Identification 
Number, the trailer family and 

regulatory subcategory, the date of 
manufacture, and compliance 
statements. Although the Phase 2 label 
for tractors does not include emission 
control system identifiers (as previously 
required for tractors in the Phase 1 
program in 40 CFR 1037.135(c)(6)), the 
trailer program requires that these 
identifiers be included in the trailer 
labels. See 40 CFR 1037.135 for a list of 
general requirements for emissions 
labels, which includes a reference to 
Appendix III for appropriate 
abbreviations for trailer technologies. 

(c) Emission-Related Warranty 
Section 207 (a) of the CAA requires 

manufacturers to warrant their products 
to be free from defects that could 
otherwise cause non-compliance with 
emission standards. For purposes of the 
trailer program, EPA requires trailer 
manufacturers to warrant all 
components that form the basis of the 
certification to the CO2 emission 
standards. The emission-related 
warranty covers all aerodynamic 
devices, lower rolling resistance tires, 
tire pressure systems, and other 
components that may be included in the 
certification application. Note that the 
emission-related warranty is completely 
separate from any other warranties a 
manufacturer might offer. 

The trailer manufacturer needs to 
warrant that these emission-related 
components and systems are designed 
to remain functional for the warranty 
period. We note that this emission- 
related warranty, and the trailer 
manufacturer’s financial responsibility 
for repairs, does not apply to 
components that are damaged in 
collisions or through abuse; nor does it 
cover components that experience wear 
with normal use. This warranty is meant 
to apply to defects in the product or 
improper installation by the 
manufacturer. Based on the historical 
practice of requiring emissions 
warranties to apply for half of the useful 
life, we are adopting a warranty period 
for trailers of five years for everything 
except tires. For trailer tires, we apply 
a warranty period of one year. 

Utility and Great Dane noted in their 
comments that the warranty of current 
ATIS that they are aware of is limited 
to three years. However, we view this as 
a business decision by the ATIS 
manufacturers, rather than as a 
reflection of the actual durability of the 
systems. With proper maintenance, we 
are aware of no reason that these 
systems would be unable to meet the 
durability requirements of the trailer 
program or to be designed to last the full 
useful life of the trailer if properly 
maintained. See the Maintenance 
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discussion at IV.E.(4)(d) below. We 
believe a five year emission-related 
warranty is justified, but we note that 
trailer manufacturers can specify that 
their warranty depends on the proper 
maintenance of components. 
Manufacturers can offer a more 
generous warranty if they choose; 
however, the emission-related warranty 
may not be shorter than any other 
warranty they offer without charge for 
the trailer. NHTSA is not adopting any 
warranty requirements relating to its 
trailer fuel consumption program. 

At the time of certification, 
manufacturers need to supply a copy of 
the warranty statement that they supply 
to the end customer. This document 
outlines what is covered under the GHG 
emissions related warranty as well as 
the duration of coverage. Customers also 
need to have clear access to the terms 
of the warranty, the repair network, and 
the process for obtaining warranty 
service. 

(d) Maintenance 
In general, EPA requires that vehicle 

manufacturers specify schedules for any 
maintenance needed to keep their 
product in compliance with emission 
standards throughout the useful life of 
the vehicle (CAA section 207(a)). For 
trailers, such maintenance could 
include adjustments to fairings or 
service to tire pressure systems. EPA 
believes that any such maintenance is 
likely to be performed by operators to 
maintain the fuel savings of the 
components. If manufacturers believe 
that the durability of their trailer’s 
performance is contingent on proper 
maintenance of these systems, they 
must include a corresponding 
maintenance schedule in their 
certification applications. 

Since lower rolling resistance tires are 
key emission control components under 
this program, and they will likely 
require replacement at multiple points 
within the life of a vehicle, it is 
important to clarify how tires fit into the 
emission-related maintenance 
requirements. Although the agencies 
encourage the exclusive use of LRR tires 
throughout the life of trailers vehicles, 
we do not hold trailer manufacturers 
responsible for the actions of end users. 
We do not see this as problematic 
because, as noted above, we believe that 
trailer end users have a genuine 
financial motivation for ensuring their 
vehicles are as fuel efficient as possible, 
which includes purchasing LRR 
replacement tires and that they will 
continue to use them once they are 
accustomed to their use. Therefore, as 
mentioned in Section IV.E.(4) above, to 
help ensure that trailer owners have 

sufficient knowledge of which 
replacement tires to purchase in order to 
retain the as-certified emission and fuel 
consumption performance of their 
trailer, the program requires that trailer 
manufacturers supply adequate 
information in the owners manual to 
allow the trailer owner to purchase tires 
meeting or exceeding the rolling 
resistance performance of the original 
equipment tires. (As discussed above, 
note that the ‘‘owners manual’’ need not 
be a physical document, but could be 
made available on line). Manufacturers 
submit these instructions to EPA as part 
of the application for certification. 

(e) Post-Useful Life Modifications 

The Clean Air Act generally prohibits 
any person from removing or rendering 
inoperative any emission control device 
installed for compliance, such as those 
needed to comply with the requirements 
of 40 CFR part 1037. However, in 40 
CFR 1037.655 EPA clarifies that certain 
vehicle modifications are allowed after 
a vehicle reaches the end of its 
regulatory useful life. This section 
applies to trailers, since it applies to all 
vehicles subject to 40 CFR part 1037. 

The provisions of 40 CFR 1037.655 
clarify that owners may modify a 
vehicle for the purpose of reducing 
emissions, provided they have a 
reasonable technical basis for knowing 
that such modification will not increase 
emissions of any other pollutant, but 
emphasizes that EPA presumes such 
modifications to be more appropriate for 
second owners. In the case of trailers, an 
owner would need to have information 
that would lead an engineer or other 
person familiar with trailer design and 
function to reasonably believe that the 
modifications will not increase 
emissions of any regulated pollutant. In 
the absence of such information, 
modifications during or after the 
trailer’s useful life would constitute 
tampering with an emission control 
system. Thus, this provision does not 
provide a blanket allowance for 
modifications after the useful life. 

This section does not specifically 
apply with respect to modifications that 
occur within the useful life period, 
other than to note that many such 
modifications to the vehicle during the 
useful life are presumed to violate CAA 
section 203(a)(3)(A). EPA notes, 
however, that this is merely a 
presumption, and would not prohibit 
modifications during the useful life 
where the owner clearly has a 
reasonable technical basis for knowing 
the modifications will not cause the 
vehicle to exceed any applicable 
standard. 

(f) Confirmatory Testing and Selective 
Enforcement Audits (SEA) for GEM 
Inputs 

In Phase 2, vehicle performance for 
box vans (except non-aero box vans) is 
measured using a GEM-based equation, 
which accepts input parameters related 
to aerodynamics, tire rolling resistance, 
and trailer weight. Trailer 
manufacturers are responsible for 
obtaining performance measures for 
these parameters through valid testing 
according to the specified test 
procedures. The Clean Air Act 
authorizes EPA to perform its own 
testing to confirm the manufacturer’s 
data. This testing, which is called 
confirmatory testing, is conducted prior 
to issuing a certificate. The Act also 
authorizes EPA to require manufacturers 
to conduct Selective Enforcement 
Audits (SEA), which would involve 
testing performed on production 
vehicles before they enter into 
commerce. 

The agencies are finalizing a list of 
lightweight trailer components that can 
be installed by trailer manufacturers and 
used in certification. Additionally, we 
are assigning a set percent reduction 
value to qualifying tire pressure systems 
(i.e., ATIS and TPMS) that 
manufacturers can apply if they install 
these systems. Thus, because these are 
agency-default values rather than the 
manufacturers’ measured or declared 
values, we will not hold trailer 
manufacturers responsible for the 
accuracy of these values. Additionally, 
we expect most trailer manufacturers 
will obtain LRR tire information directly 
from the tire manufacturers and many 
trailer manufacturers will install 
aerodynamic devices with data that was 
pre-approved by EPA. Information 
provided by a third party (such as a tire 
or device manufacturer) to a regulated 
entity for compliance is treated as 
though it was submitted directly to EPA. 
EPA has the authority to verify such 
data and hold the third party 
responsible for any falsified data, since 
submission of such data could incur 
liability for causing a regulated entity to 
commit a prohibited act. See 40 CFR 
1068.101(c). 

Of all of the performance measures for 
trailers, we believe aerodynamic testing 
has the greatest potential for variability 
and these results are likely to receive 
the most scrutiny. In the NPRM, we 
proposed to generally apply the same 
SEA and confirmatory testing structures 
to tractors and trailer with respect to 
aerodynamics. However, we also 
proposed to retain the authority to 
require component manufacturers to 
perform SEAs where certification relies 
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374 2015 Trailer Production Figures Table. 
Schenk, Paul. March 4, 2016. Accessed January 4, 
2016. Available at: http://trailer-bodybuilders.com/ 
trailer-output/2015-trailer-production-figures-table. 

on their test data. See, e.g. section 
1037.301(d)(4) of the proposed 
regulations. 

We are revising the SEA and 
confirmatory testing structures for 
trailers based on further consideration 
and comments received from the trailer 
manufacturing industry (TTMA). In 
general, the final regulations reflect the 
following principles: 

• Due to the smaller number of 
possible trailer configurations 
(compared to tractor configurations), it 
would be more possible for EPA to rely 
on confirmatory testing for trailer 
aerodynamics. 

• Since test-to-test variability for 
individual coastdown runs can be high, 
confirmatory test determinations should 
be based on average values from 
multiple runs. 

• Trailer manufacturers and trailer 
component manufacturers have less 
financial ability to perform SEAs than 
do tractor manufacturers. Nevertheless, 
EPA should retain the authority to 
require trailer and trailer component 
manufacturers to perform SEAs, 
especially where EPA has reason to 
believe the trailers are non-compliant. 

• Given the limited ability to 
eliminate uncertainty, compliance 
determinations should consider the 
statistical confidence that a true value 
lies outside a bin. 

EPA will generally try to duplicate a 
manufacturer’s test setup in any 
confirmatory testing (which would 
include the standard tractor) unless we 
have reason to believe an inappropriate 
setup was used. While our test results 
presented in Chapter 2.10 of the RIA 
show that the trailer program’s delta 
CdA approach reduces the tractor’s 
impact on trailer results, to the extent 
practical, EPA will use the same 
standard tractors that manufacturers 
used in their testing. 

We believe that, although the final 
compliance structure for trailers is 
simpler than for tractors, it will still 
provide a strong incentive for 
manufacturers to act in good faith. In 
particular, the regulations emphasize 
the final value of EPA’s auditing records 
and inspecting production components, 
rather than requiring manufacturers to 
perform expensive testing. Thus, EPA 
expects to require manufacturers to 
perform SEA testing only when we have 
reasonable evidence leading us to 
believe a manufacturer have not 
provided accurate test data. See Section 
III.E.(2)(a)(ix) for a discussion of how 
EPA would conduct an aerodynamic 
SEA. 

(g) Importation of New Trailers 

Manufacturers have raised concerns 
about enforcement of emission 
standards for new trailers that are 
imported into the United States. This 
poses unique challenges at the point of 
entry, because new trailers may be 
carrying cargo and are therefore nearly 
indistinguishable from trailers that have 
already been imported or otherwise 
placed into service. We are not adopting 
any new or different compliance 
provisions in this rulemaking to address 
this; however, we intend to work 
cooperatively with Customs and Border 
Protection and other agencies to ensure 
that first-time state registration of new 
trailers includes verification that the 
trailer manufacturers have certified 
them to meet U.S. emission and fuel 
consumption standards. We expect this 
to be similar to the current system for 
ensuring that new, imported trailers 
meet NHTSA safety standards. 

A related concern applies for foreign- 
based trailers traveling in the United 
States for importing or exporting cargo. 
Such trailers are not subject to emission 
and fuel consumption standards unless 
they are considered imported into the 
United States. U.S. cabotage law 
prohibits foreign truck drivers from 
carrying product from one point to 
another within the United States. 
Effective enforcement of this cabotage 
law will help prevent manufacturers of 
noncompliant foreign-produced trailers 
from gaining a competitive advantage 
over manufacturers of compliant 
domestic trailers. 

(5) Flexibilities 

The trailer program that the agencies 
are adopting incorporates a number of 
provisions that have the effect of 
providing flexibility and easing the 
compliance burden on trailer 
manufacturers while maintaining the 
expected CO2 and fuel consumption 
benefits of the program. Among these is 
the basic approach we used in setting 
the trailer standards, including the 
staged phase-in of the standards, which 
gradually increase the CO2 and fuel 
consumption reductions that 
manufacturers need to achieve over time 
as they also increase their experience 
with the program. As described in 
Section IV.E.(3)(b)(v), another of these is 
the process for device manufacturers to 
submit test data directly to EPA for 
review by the agencies in advance of 
formal certification, allowing a trailer 
manufacturer to reduce the amount of 
testing needed to demonstrate 
compliance or avoid it altogether. 

In addition to these provisions 
inherent to the trailer program, this 

section describes additional options the 
agencies are adopting that we believe 
will be valuable to many trailer 
manufacturers. 

(a) Limited Allowance of Non- 
Complying Trailers 

As described in Section IV.B. above 
the agencies are not finalizing the 
proposed provisions that would have 
allowed manufacturers to comply with 
the trailer standards using averaging 
before MY 2027. As a result, in the 
absence of mitigating provisions, 
manufacturers would need to comply 
with the applicable standards for all of 
their trailers. The agencies received 
comment, primarily from trailer 
manufacturers, that, without the 
flexibility of averaging, trailer 
manufacturers should be allowed to 
‘‘carve-out’’ a set percentage of their 
sales that would not be required to meet 
the standards. Stoughton Trailers 
suggested a 20 percent carve-out. 

The agencies considered this concept 
and this final program provides each 
manufacturer with a limited 
‘‘allowance’’ of trailers that do not need 
to meet the standards. In determining an 
appropriate value for this allowance, the 
agencies sought to balance the need for 
some degree of flexibility in the absence 
of averaging while minimizing changes 
in the competitive relationships among 
larger and smaller trailer manufacturers. 
An allowance of 20 percent, as 
suggested by Stoughton, is problematic, 
since the annual production for 
individual trailer manufacturers varies 
so widely. An allowance of 20 percent 
for a very large manufacturer could very 
well represent the same volume of 
trailers as an entire year’s sales for a 
small manufacturer. This in turn could 
result in a situation where a large 
number of non-complying trailers 
would be on the market, potentially 
attracting customers away from smaller 
manufacturers that needed to market 
complying trailers. 

Because of this, the agencies 
estimated a representative volume of 
trailers based on the 2015 Trailer 
Production Figures published by 
Trailer-BodyBuilders.com.374 The 
smallest box van manufacturer in the 
list produced 1800 dry freight vans in 
2015. Twenty percent of that production 
is 360 trailers. The agencies are 
adopting an interim provision providing 
box van manufacturers an allowance of 
20 percent of their production (up to a 
maximum of 350 units) that are not 
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required to meet the standards for 
model years 2018 through 2026 when 
we do not include averaging. All lengths 
of box vans, including both dry and 
refrigerated, produced by a given 
manufacturer count toward the 
allowance. 

While averaging does not apply for 
partial- and non-aero box trailers at any 
point in the program, the agencies 
believe manufacturers can also benefit 
from the ability to exempt some trailers 
from these subcategories in the early 
years as they transition into the full 
program. For MY 2018 through 2026, 
manufacturers can include partial- and 
non-aero box trailers in their 350 box 
van allowance. In MY 2027, we believe 
all partial- and non-aero box vans can 
meet the reduced standards for their 
given subcategories. 

Non-box trailers have design-based 
tire standards and averaging thus does 
not apply for this subcategory. Similar 
to the partial- and non-aero box vans, 
we also believe non-box manufacturers 
can benefit from a transitional 
exemption allowance. The agencies are 
adopting a separate allowance for non- 
box trailers, because their production 
volumes differ and many non-box trailer 
manufacturers do not build box vans. 
Using the same trailer production 
figures, we found that the smallest non- 
box trailer manufacturer in the list 
produced 1325 trailers in 2015 and 
twenty percent of that production is 265 
trailers. From MY 2018 through 2026, 
non-box trailer manufacturers can 
exempt 20 percent or 250 trailers from 
the applicable tire standards. By MY 
2027, we believe all non-box trailers can 
incorporate the tire technologies 
required by the design standards. 

The agencies estimate that the box 
van and non-box trailer allowances 
translate on average to less than two 
percent of production across the trailer 
industry, and the agencies believe that 
this minor degree of loss of emission 
and fuel consumption reduction 
benefits is more than offset by the 
flexibility which, as pointed out earlier, 
may be needed by this newly regulated 
industry segment. These allowances are 
specified in 40 CFR 1037.150 and 49 
CFR 535.3. 

(b) Averaging Provisions for the Late 
Years of the Trailer Program 

The agencies proposed to allow trailer 
manufacturers to use averaging 
throughout the phase-in of the program 
as one option for complying with the 
trailer standards. As noted, we received 
nearly unanimous comments, in 
response to the pre-proposal SBREFA 
panel and to the NPRM, from trailer 
manufacturers opposing averaging. 

Specifically, the commenters cited their 
concern that the unique aspects of the 
trailer market tend to mean that the 
value of averaging as a tool is less than 
it has been for manufacturers in other 
industries, and the potential for negative 
consequences to some manufacturers is 
substantial. The trailer manufacturing 
industry is very competitive, and 
manufacturers must be highly 
responsive to their customers’ diverse 
demands. Compared to other industry 
sectors, they can have little control over 
what kinds of trailer models their 
customers demand and thus limited 
ability to manage the mix and volume 
of different products. Additionally, one 
of the larger, more diverse 
manufacturers could potentially supply 
a customer with trailers that had few if 
any aerodynamic features, while 
offsetting this part of their business with 
over-complying trailers that they were 
able to sell to another customer; many 
smaller companies with limited product 
offerings might not be able to compete 
for those customers. 

As a result of the many comments 
opposing averaging from trailer 
manufacturers—the very stakeholders 
meant to benefit from an averaging 
program—the agencies have 
reconsidered how averaging is 
incorporated into the program. The final 
program does not allow averaging as a 
compliance option in the early years of 
the program, in MY 2018 through MY 
2026. In those years, all box vans sold 
(beyond a manufacturer’s allowance of 
non-complying trailers) must meet the 
standards using any combination of 
available technologies. 

However, the agencies have 
concluded that by late in the program, 
the value of an averaging option to 
many trailer manufacturers may well 
outweigh the concerns they have 
expressed. In addition, the final stage of 
the phase-in of the standards for MY 
2027 represents the most stringent 
standards in the program, and 
additional flexibility may be welcome 
by trailer manufacturers. Therefore, the 
final program will provide a limited 
optional averaging program for MY 2027 
and later full-aero box vans. By that 
time, we believe that the trailer 
manufacturers will be experienced and 
comfortable with the program, and the 
industry will be more familiar with the 
technologies. 

The MY 2027 and later averaging 
provisions are identical in most respects 
to those we proposed for the other Phase 
2 vehicle programs. One notable 
difference involves use of credits. As in 
the proposed trailer program, the 
averaging provisions for trailers focus 
on each individual model year’s 

production. A manufacturer choosing to 
use the averaging provisions could not 
‘‘bank’’ compliance credits for a future 
model year or ‘‘trade’’ (sell) credits to 
another manufacturer, since these 
provisions would disproportionately 
benefit the few large trailer 
manufacturers. Under these averaging 
provisions, a full-aero box van 
manufacturer that produces some MY 
2027 or later box vans that perform 
better than required by the applicable 
standard could produce a number of 
vans in the same family that do not meet 
the standards, provided that the average 
compliance levels of the trailers it 
produces in any given model year is at 
or below the applicable standards for 
that family. 

As in the proposed program, 
averaging is only available for full-aero 
box vans. The program is already 
designed to offer reduced standards for 
box vans designated as partial-aero, and 
the additional flexibility of averaging is 
not available. Also, averaging is 
inherently incompatible with design 
standards for non-aero box vans and 
non-box trailers, since those 
manufacturers cannot choose among 
compliance paths. 

The agencies are adopting averaging 
sets for full-aero box vans based on 
trailer length. Trailers in a family are 
certified to a single standard, but 
individual trailers within the family 
may be grouped to certify to a family 
emissions limit (FEL) that is higher or 
lower than the standard, provided the 
production-weighted average of all FELs 
in a family can be averaged to the 
standard or better. By allowing 
averaging sets to include both 
refrigerated and dry vans similar length 
categories, a manufacturer that over- 
complies, on average, in one family, can 
use the credits generated toward 
compliance in the other family. For 
example, if a manufacturer has two 
subfamilies in each of its long dry and 
long refrigerated van families, and the 
over-compliance of one dry van 
subfamily exceeds the under- 
compliance of the other dry van 
subfamily, the additional over- 
compliance beyond the dry van family’s 
standard become credits that can be 
used to offset any under-compliance in 
the refrigerated van family. 

In order to avoid backsliding with the 
use of averaging, the agencies are 
adopting a provision to require a 
minimum level of technology adoption 
in MY 2027 and later. No FEL can 
exceed the MY 2018 standard for the 
given trailer subcategory. For example, 
a manufacturer could not over-comply 
on some trailers and expect to produce 
a fraction of their trailers with zero 
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375 Section IV.E.(1)(b) describes the process of 
identifying trailer families and sub-families based 
on basic trailer characteristics. 40 CFR 1037.710 
describes the provisions for establishing subfamilies 
within a trailer family and the Family Emission 
Limits that are averaged among the subfamilies. 

376 Additional information regarding the findings 
and recommendations of the Panel are available in 
Section XIV, Chapter 12 of the RIA, and in the 
Panel’s final report titled ‘‘Final Report of the Small 
Business Advocacy Review Panel on EPA’s Planned 
Proposed Rule: Greenhouse Gas Emissions and Fuel 
Efficiency Standards for Medium- and Heavy-Duty 
Engines and Vehicles: Phase 2’’ (See Docket EPA– 
HQ–OAR–2014–0827). 

technologies installed; every trailer 
must, at minimum, include enough 
technologies to meet the corresponding 
MY 2018 standard. See 40 CFR 
1037.107(a)(5) and 49 CFR 535.5(e). 

As mentioned previously, 
manufacturers with a trailer family that 
performed better than the standard at 
the end of the year would not be 
allowed to bank credits for a future 
model year. However, the agencies 
understand that it is possible for a 
manufacturer to misjudge production 
and come up short at the end of the 
model year. In such a case, the program 
provides for a manufacturer to generate 
a credit deficit, if necessary, as a 
temporary recourse for unexpected 
challenges in a given model year.375 The 
agencies would closely monitor the 
certification applications for the 
following model year, to ensure the 
manufacturer can make progress in 
reducing the deficit. Any such credit 
deficits would need to be resolved 
within the following three model years, 
and the manufacturer would need to 
generate credits from over-compliance 
in subsequent years to address deficits 
from prior model years. See 40 CFR 
1037.745. 

The agencies believe that limiting the 
availability of averaging provisions to 
the final stage of the program will ease 
a number of the competitive concerns 
that trailer manufacturers have raised, 
since the trailer program will be familiar 
and the value of averaging may be 
greater as the most stringent standards 
phase in. Small business manufacturers 
raised concerns in our pre-proposal 
small business outreach that averaging 
would disproportionately benefit larger 
manufacturers with larger production 
volumes and greater product diversity. 
We are limiting our averaging program 
to single model year averaging (i.e., no 
banking or trading) to help address this 
concern. Similarly, we are adopting a 
maximum FEL based on the MY 2018 
standard to ensure that larger 
manufacturers will not be able to 
produce large volumes of trailers with 
little or no technologies at the expense 
of manufacturers that cannot 
accumulate sufficient over-compliance 
within their annual production. To the 
extent that concerns about the MY 2027 
and later averaging provisions remain as 
that model year approaches, the 
agencies look forward to working with 
manufacturers as they consider using 
averaging. 

(c) Aerodynamic Device Testing Using 
SmartWay-Verified Data 

The agencies expect some trailer 
manufacturers and aerodynamic device 
manufacturers to continue to submit test 
data to the SmartWay program for 
verification. Since many manufacturers 
have some experience with EPA’s 
SmartWay program, the agencies have 
designed the trailer program and 
aerodynamic testing to recognize the 
significant synergy with the SmartWay 
Technology Program. Section 
IV.E.(3)(b)(v) describes the compliance 
path available to trailer manufacturers 
to use pre-approved performance data 
for aerodynamic devices. As an 
additional interim option, any device 
manufacturer that attains SmartWay 
verification for a device prior to January 
1, 2018 is eligible to submit its previous 
SmartWay-verified data to EPA’s 
Compliance Division for pre-approval, 
provided their test results come from 
one of SmartWay’s 2014 test protocols 
that measure a delta CdA. The protocols 
for coastdown, wind tunnel, and 
computational fluid dynamics analyses 
result in a CdA value. Note that 
SmartWay’s 2014 protocols allow SAE 
J1321 Type 2 track testing, which 
generates fuel consumption results, not 
CdA values. Two commenters (a device 
manufacturer and an NGO) requested 
that we allow SAE J1321 track test 
results, but did not suggest a means of 
converting from the fuel consumption 
results to an appropriate delta CdA value 
for use in compliance. As a result, the 
agencies will not accept J1321 data for 
pre-approval. 

Beginning on January 1, 2018, EPA 
will require that device and trailer 
manufacturers that seek approval of new 
aerodynamic technologies for trailer 
certification use one of the approved 
test methods for Phase 2 (i.e., 
coastdown, wind tunnel or CFD) and 
the test procedures found in 40 CFR 
1037.526. Aerodynamic technologies 
that were pre-approved using 
performance data from SmartWay’s 
2014 Protocols will maintain their 
approved status through December 31, 
2020. Beginning January 1, 2021, all pre- 
approval of device performance will 
need to be based on testing using the 
Phase 2 test procedures. 

(d) Off-Cycle Technologies 

The Phase 1 and Phase 2 programs 
include provisions for manufacturers to 
request the use of off-cycle technologies 
that are not recognized in GEM and 
were not in common use before MY 
2010. During the development of the 
trailer proposal, the agencies were not 
aware of any technologies that could 

improve CO2 and fuel consumption 
performance that would not be captured 
in the trailer test protocols, and we did 
not propose a process to evaluate off- 
cycle trailer technologies. We continue 
to believe that effective trailer 
aerodynamic technologies that would 
not be captured by the test protocols are 
unlikely to emerge. However, Wabash 
provided comments requesting a 
process for evaluating future trailer 
weight reduction options. They 
suggested that these options could 
include lightweight components that are 
not listed in our regulations as approved 
material substitution components, or 
overall trailer weight reduction 
strategies that are not limited to 
individual components. 

In light of these comments and further 
consideration of the issue, the agencies 
believe that the off-cycle technology 
process is an appropriate way for certain 
box van manufacturers—that is, those 
using the compliance equation and not 
subject to the design standards—to 
receive credit for future lightweighting 
or other technologies that are not 
recognized in the compliance equation. 
For this reason, we have incorporated 
box vans into the existing off-cycle 
provisions. In the case of lightweighting, 
a measured difference in trailer weight 
could substitute for the weight 
component of the compliance equation. 
For other such technologies (should any 
exist), the general off-cycle provisions 
apply. See 40 CFR 1037.515(e). 

(e) Small Business Regulatory 
Flexibility Provisions 

As a part of our small business 
obligations under the Regulatory 
Flexibility Act, EPA and NHTSA have 
considered additional flexibility 
provisions aimed at this segment of the 
trailer manufacturing industry. EPA 
convened a Small Business Advocacy 
Review (SBAR) Panel as required by the 
Small Business Regulatory Enforcement 
Fairness Act (SBREFA), and much of the 
information gained and 
recommendations provided by this 
process form the basis of the proposed 
flexibilities.376 As in previous 
rulemakings, our justification for 
including provisions specific to small 
businesses is that these entities 
generally have a greater degree of 
difficulty in complying with the 
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377 In the period between the SBAR Panel and 
Initial Regulatory Flexibility Analysis and issuing 
of the final rule, the Small Business Administration 
(SBA) finalized new size standards for small 
business classification. For trailers, the threshold to 
qualify as small changed from 500 employees to 
1000 employees. We have updated our analysis to 
reflect the new size standards. 

378 See Figure 1–3 of Chapter 1 in the RIA 
comparing the 2015 trailer output from the top 28 
trailer manufacturers. 

379 Memorandum to the Docket ‘‘Runspecs, Model 
Inputs, MOVES Code and Database for HD GHG 
Phase 2 FRM Emissions Modeling.’’. July 2016. See 
also EPA’s MOVES Web page at https://
www3.epa.gov/otaq/models/moves/index.htm. 

standards compared to other entities. 
Thus, as discussed below, we are 
adopting several regulatory flexibility 
provisions for small trailer 
manufacturers that we believe will 
reduce the burden on them while 
achieving the goals of the program. 

The agencies identified 178 trailer 
and tank manufacturers for our analysis 
and we believe 147 qualify as small 
business (i.e., less than 1000 
employees).377 The agencies designed 
many of the program elements and 
flexibility provisions available to all 
trailer manufacturers with the large 
fraction of small business trailer 
manufacturers in mind. For the small 
van manufacturers, we believe the 
option to choose pre-approved 
aerodynamic data will significantly 
reduce the compliance burden and 
eliminate the requirement for all 
manufacturers to perform testing. We 
are also limiting the final non-box trailer 
program to tanks, flatbeds, and 
container chassis. All other non-box 
trailers are exempt from the Phase 2 
trailer program, with no regulatory 
requirements. This exemption reduces 
the number of small businesses in the 
trailer program from 147 to 74 
companies at the time of the 
development of this rulemaking. With 
no regulatory requirements, these 
companies have zero burden under the 
trailer program. We are also adopting 
the proposed design standards for the 
remaining non-box trailers, such that 
they can certify by installing tire 
technologies only, with no testing 
requirements. The agencies are also 
adopting provisions that would increase 
the number of eligible tire pressure 
systems that can be installed for 
compliance. In addition to ATIS, TPMS 
is a recognized technology in the final 
rulemaking. Furthermore, the non-box 
trailers, which have design-based tire 
standards, comply if they have either a 
TPMS or an ATIS, and appropriate 
lower rolling resistance tires. The 
inclusion of the less expensive TPMS as 
a tire pressure system option will 
improve the availability of technologies 
and reduce the technology cost for many 
small businesses. 

As noted above, the small trailer 
manufacturers raised concerns that their 
businesses could be harmed by 
provisions allowing averaging, banking, 
and trading of emissions and fuel 

consumption performance, since they 
will not be able to generate the same 
volume of credits as large 
manufacturers. The agencies are not 
adopting banking and trading provisions 
in any part of the program, and are 
limiting the option to average to 
manufacturers of full-aero dry and 
refrigerated box trailers and delaying the 
averaging until MY 2027. Similarly, we 
are adopting a maximum FEL based on 
the MY 2018 standard to ensure that 
larger manufacturers will not be able to 
produce large volumes of trailers with 
little or no technologies at the expense 
of manufacturers that cannot 
accumulate sufficient over-compliance 
within their annual production. We 
expect that the familiarity of the 
industry, including small business 
manufacturers, with the trailer program 
by this stage of the program, and the 
requirement that all trailers meet at least 
the MY 2018 level of control, will 
reduce the concerns of small 
manufacturer compared to an earlier or 
broader averaging program. 

For all small business trailer 
manufacturers, the agencies are 
adopting a one-year delay in the 
beginning of implementation of the 
program, until MY 2019. We believe 
that this allows small businesses 
additional needed lead time to make the 
necessary staffing adjustments and 
process changes, and possibly add new 
infrastructure to meet the requirements 
of the program. TTMA commented that 
all trailer manufacturers are ‘‘small 
businesses’’ relative to other heavy-duty 
industries and that the one-year delay 
would divert sales to small businesses 
for that model year. Wabash argued that 
providing a flexibility is not required by 
the RFA and not authorized by the 
Clean Air Act. The agencies believe that 
small businesses do not have the same 
resources available to become familiar 
with the regulations, make process and 
staffing changings, or evaluate and 
market new technologies as their larger 
counterparts. We believe a one-year 
delay provides additional time for small 
businesses to address these issues, 
without a large CO2 and fuel 
consumption impact or substantial 
negative competitive effects. The 
cumulative annual production of all of 
the small business box trailer 
manufacturers is estimated to be less 
than 15 percent of the industry’s total 
production, which is significantly less 
than the annual production of the four 
largest manufacturers.378 We expect any 
diverted sales for this one year will be 

a small fraction of the large 
manufacturers’ production and we are 
finalizing the one-year delay for all 
small business trailer manufacturers. 

Chapter 12 of the RIA presents the 
agencies’ Final Regulatory Flexibility 
Analysis. In this chapter, we discuss the 
recommendations of the Panel, what we 
proposed, and what we finalized for the 
small businesses regulated in Phase 2. 
We also estimate the economic effect of 
the rulemaking on these businesses 
based on their annual revenue. 
Considering the flexibilities adopted in 
this rulemaking, our estimate of 
compliance burden indicates that only 
15 of the 147 small trailer manufacturers 
(about 10 percent) will have an 
economic impact greater than one 
percent of their annual revenue. 
Therefore, we believe the trailer 
provisions in this rulemaking do not 
have a significant impact on small 
businesses. 

V. Class 2b–8 Vocational Vehicles 

A. Summary of Phase 1 Vocational 
Vehicle Standards 

Class 2b–8 vocational vehicles 
include a wide variety of vehicle types, 
and serve a wide range of functions. 
Some examples include service for 
urban delivery, refuse hauling, utility 
service, dump, concrete mixing, transit 
service, shuttle service, school bus, 
emergency, motor homes, and tow 
trucks. In the HD Phase 1 Program, the 
agencies defined Class 2b–8 vocational 
vehicles as all heavy-duty vehicles that 
are not included in the Heavy-duty 
Pickup Truck and Van or the Class 7 
and 8 Tractor categories. In effect, the 
rules classify heavy-duty vehicles that 
are not a combination tractor or a 
pickup truck or van as vocational 
vehicles. Class 2b–8 vocational vehicles 
and their engines emit approximately 17 
percent of the GHG emissions and burn 
approximately 17 percent of the fuel 
consumed by today’s heavy-duty truck 
sector.379 

Most vocational vehicles are 
produced in a two-stage build process, 
though some are built from the ‘‘ground 
up’’ by a single entity. In the two-stage 
process, the first stage sometimes is 
completed by a chassis manufacturer 
that also builds its own proprietary 
components such as engines or 
transmissions. This is known as a 
vertically integrated manufacturer. The 
first stage can also be completed by a 
chassis manufacturer who procures all 
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380 Specialty Transportation.net, 2012. Truck 
Body Manufacturing in North America. 

381 See 2013 ICCT Barriers Report, Note 364 
above. 

382 See 76 FR 57120. 

383 See EPA’s regulation at 40 CFR 1037.630 and 
NHTSA’s regulation at 49 CFR 523.2. 

384 As noted earlier, NHTSA notes that it has 
greater flexibility in the HD program to include 
consideration of credits and other flexibilities in 
determining appropriate and feasible levels of 
stringency than it does in the light-duty CAFE 
program. Cf. 49 U.S.C. 32902(h), which applies to 
light-duty CAFE but not to heavy-duty fuel 
efficiency under 49 U.S.C. 32902(k). 

components, including the engine and 
transmission, from separate suppliers. 
The product completed at the first stage 
is generally either a stripped chassis, a 
cowled chassis, or a cab chassis. A 
stripped chassis may include a steering 
column, a cowled chassis may include 
a hood and dashboard, and a cab chassis 
may include an enclosed driver 
compartment. Many of the same 
companies that build Class 7 and 8 
tractors also sell vocational chassis in 
the medium heavy- and heavy heavy- 
duty weight classes. Similarly, some of 
the companies that build Class 2b and 
3 pickups and vans also sell vocational 
chassis in the light heavy-duty weight 
classes. 

The second stage is typically 
completed by a final stage manufacturer 
or body builder, which installs the 
primary load carrying device or other 
work-related equipment, such as a 
dump bed, delivery box, or utility boom. 
There are over 200 final stage 
manufacturers in the U.S., most of 
which are small businesses. Even the 
large final stage manufacturers are 
specialized, producing a narrow range 
of vehicle body types. These businesses 
also tend to be small volume producers. 
In 2011, the top four producers of truck 
bodies sold a total of 64,000 units, 
which is about 31 percent of sales in 
that year.380 In that same year, 74 
percent of final stage manufacturers 
produced less than 500 units. 

The businesses that act both as the 
chassis manufacturer and the final stage 
manufacturer are those that build the 
vehicles from the ‘‘ground up.’’ These 
entities generally produce custom 
products that are sold in lower volumes 
than those produced in large 
commercial processes. Examples of 
vehicles produced with this build 
process include fire apparatus and 
transit buses. 

The diversity in the vocational 
vehicle segment can be primarily 
attributed to the variety of customer 
needs for specialized vehicle bodies and 
added equipment, rather than to the 
chassis. For example, a body builder can 
build either a Class 6 bucket truck or a 
Class 6 delivery truck from the same 
Class 6 chassis. The aerodynamic 
difference between these two vehicles 
due to their bodies leads to different in- 
use fuel consumption and GHG 
emissions. However, the baseline fuel 
consumption and emissions due to the 
components included in the common 
chassis (such as the engine, drivetrain, 
frame, and tires) may be the same 
between these two types of vehicles. 

Owners of vocational vehicles that are 
upfitted with high-priced bodies that are 
purpose-built for particular applications 
tend to keep them longer, on average, 
than owners of vehicles such as 
pickups, vans, and tractors, which are 
traded in broad markets that include 
many potential secondary markets. The 
fact that vocational vehicles also 
generally accumulate far fewer annual 
miles than tractors further contributes to 
lengthy trade cycles among owners of 
these vehicles. To the extent vocational 
vehicle owners may be similar to 
owners of tractors in terms of business 
profiles, they are more likely to 
resemble private fleets or owner- 
operators than for-hire fleets. A 2013 
survey conducted by NACFE found that 
the trade cycle of private tractor fleets 
ranged from seven to 12 years.381 

The Phase 1 standards for this 
vocational vehicle category generally 
apply at the chassis manufacturer level. 
For the same reasons given in Phase 1, 
the agencies are applying the Phase 2 
vocational vehicle standards at the 
chassis manufacturer level.382 

The Phase 1 regulations prohibit the 
introduction into commerce of any 
heavy-duty vehicle without a valid 
certificate or exemption. 40 CFR 
1037.622, originally codified as 40 CFR 
1037.620, allows for a temporary 
exemption for the chassis manufacturer 
if it produces the chassis for a secondary 
manufacturer that holds a certificate. 
The agencies received several comments 
on the requirements for secondary 
manufacturers. A discussion of 
temporary exemptions and obligations 
of secondary manufacturers can be 
found in Section V.D.(2). 

In Phase 1, the agencies adopted two 
equivalent sets of standards for Class 
2b–8 vocational vehicles. For vehicle- 
level (chassis) emissions, EPA adopted 
CO2 standards expressed in grams per 
ton-mile. For fuel efficiency, NHTSA 
adopted fuel consumption standards 
expressed in gallons per 1,000 ton- 
miles. The Phase 1 engine-based 
standards vary based on the expected 
weight class and usage of the vehicle 
into which the engine will be installed. 
We adopted Phase 1 vehicle-based 
standards that vary according to one key 
attribute, GVWR, based on the same 
groupings of vehicle weight classes used 
for the engine standards—light heavy- 
duty (LHD, Class 2b–5), medium heavy- 
duty (MHD, Class 6–7), and heavy 
heavy-duty (HHD, Class 8). 

In Phase 1, the agencies defined a 
special regulatory category called 

vocational tractor, which generally 
operate more like vocational vehicles 
than line haul tractors.383 As described 
above in Section III.C.4, under the Phase 
1 rules, a vocational tractor is certified 
under standards for vocational vehicles, 
not those for tractors. In Phase 2, the 
agencies are revising the vocational 
tractor definition to remove heavy-haul 
tractors, as we are adopting tractor 
standards for these. The agencies 
received many comments pertaining to 
vocational tractors, which are described 
in Section III.C.4 and Section V.B. 

Manufacturers are required to use 
GEM to determine compliance with the 
Phase 1 vocational vehicle standards, 
where the primary vocational vehicle 
manufacturer-generated input is the 
measure of tire rolling resistance. The 
GEM assumes the use of a typical 
representative, compliant engine in the 
simulation, resulting in one overall 
value for CO2 emissions and one for fuel 
consumption. The manufacturers of 
engines intended for use in vocational 
vehicles are subject to separate Phase 1 
engine-based standards. Manufacturers 
also may demonstrate compliance with 
the CO2 standards in whole or in part 
using credits reflecting CO2 reductions 
resulting from technologies not reflected 
in the GEM testing regime. See 40 CFR 
1037.610. 

In Phase 1, EPA and NHTSA also 
adopted provisions designed to give 
manufacturers a degree of flexibility in 
complying with the standards. Most 
significantly, we adopted an ABT 
program to allow manufacturers to 
comply on average within a given 
averaging set. See 40 CFR part 1037, 
subpart H. These provisions enabled the 
agencies to adopt overall standards that 
are more stringent than we could have 
considered with a less flexible 
program.384 

B. Phase 2 Standards for Vocational 
Vehicles 

Since proposal, in addition to 
considering substantive written public 
comments, the agencies have held 
dozens of meetings with manufacturers, 
suppliers, non-governmental 
organizations (NGOs), and other 
stakeholders to better understand the 
opportunities and challenges involved 
with regulating vocational vehicles. 
These meetings have helped us to better 
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385 See Chapter 1 of the RIA. 
386 See Dana Spicer Drive Axle Application 

Guidelines, available at http://www.dana.com/wps/ 
wcm/connect/133007004bd8422b9ea8be14e7
b6dae0/DEXT-daag2012_0712_DriveAxles
AppGuide_LR.pdf?MOD=AJPERES&CONVERT_
TO=url&CACHEID=133007004bd8422b9
ea8be14e7b6dae0. See also ZF Driveline and 
Chassis Technology brochure, available at http://
www.zf.com/media/media/en/document/corporate_
2/downloads_1/flyer_and_brochures/bus_driveline_
technology_flyer/Busbroschuere_12_DE_final.pdf. 

387 National Renewable Energy Laboratory July 
2016, ‘‘The Development of Vocational Vehicle 
Drive Cycles and Segmentation,’’ NREL/TP–5400– 
65921. 

388 While drive idle can generally be thought of 
as in-gear and parked idle can generally be thought 
of as out-of-gear, NREL has data on driving patterns 
for trucks with manual transmissions and has 
considered the fact that these are always out of gear 
when the vehicle has zero speed. See Section 5.5 
of the final NREL report for more details. 

389 See memorandum dated July 2016 titled, 
‘‘NREL Bi-Modal Vocational Vehicle Cluster 
Information.’’ 

390 See memorandum dated July 2016 titled, 
‘‘Summary of Late Comments on Vocational 
Transmissions and N/V.’’ 

develop final Phase 2 standards. As an 
example, we have updated our industry 
characterization to better describe the 
vocational vehicle market, including the 
custom chassis manufacturers.385 We 
believe these information exchanges 
have enabled us to develop these rules 
with an appropriate balance of 
achievable reductions at reasonable cost 
with a reasonably small risk of 
unintended consequences. 

(1) Final Subcategories and Test Cycles 
The Phase 2 vocational vehicle 

standards are based on the performance 
of a wider array of control technologies 
than the Phase 1 rules. In particular, as 
proposed, the Phase 2 vocational 
vehicle standards recognize detailed 
characteristics of powertrains and 
drivelines. As described below, 
driveline improvements present a 
significant opportunity for reducing fuel 
consumption and CO2 emissions from 
vocational vehicles. However, there is 
no single package of driveline 
technologies that will be equally 
suitable for the majority of vocational 
vehicles, because there is an extremely 
broad range of driveline configurations 
available in the market. This is due in 
part to the variety of build processes, 
ranging from a purpose built custom 
chassis to a commercial chassis that 
may be intended as a multi-purpose 
stock vehicle. Further, the wide range of 
applications and driving patterns of 
these vehicles leads manufacturers to 
offer a variety of drivelines, as each 
performs differently in use. For 
example, depending on whether the 
transmission has an overdrive gear, 
drive axle ratios for Class 7 and 8 
tractors can generally be found in the 
range of 2.5:1 to 4.1:1. By contrast, 
across all types of vocational vehicles, 
drive axle ratios can range from 3.1:1 
(delivery vehicle) to 9.8:1 (transit 
bus).386 Other components of the 
driveline also have a broader range of 
product in vocational vehicles than in 
tractors, including transmission gears, 
tire sizes, and engine speeds. Each of 
these design features affects the GHG 
emission rate and fuel consumption of 
the vehicle. It therefore is reasonable to 
define more than one baseline 
configuration of vocational vehicle, to 

encompass a range of drivelines. A 
detailed list of the technologies the 
agencies project could be adopted to 
meet the vocational vehicle standards is 
described in Section V.C, and in the RIA 
Chapter 2.9, along with a description of 
the differences in technology 
effectiveness that are projected to be 
demonstrated through GEM under 
different test cycles. The agencies have 
found that the ranges of effectiveness of 
a majority of the technologies are 
significant enough to merit creation of 
subcategories with different test cycles. 

(a) Basis for Duty Cycles and 
Subcategories 

The agencies are relying on work 
conducted by the U.S. Department of 
Energy at the National Renewable 
Energy Laboratory (NREL), as well as 
duty cycle information provided in 
public comments, in establishing the 
weighting factors for the test cycles to be 
used in the certification of heavy-duty 
vocational vehicles to the final Phase 2 
standards. NREL’s methodology and 
findings are described in a report in the 
docket for this rulemaking.387 The data 
from NREL have also informed our 
segmentation process, and to some 
extent the technology assessment. For 
example, without data regarding the 
amount of parked idle observed by 
vocational vehicles in the NREL 
database, we would not have been able 
to sufficiently identify and recognize 
technologies that separately reduce 
either drive idle or parked idle 
emissions.388 Based on available fleet 
data, NREL identified three general 
clusters of vehicle behavior: one cluster 
of vehicles most often driving with 
slower speeds and frequent stops; one 
with higher average speeds and fewer 
stops; and one multi-modal cluster with 
vehicles that may operate similarly to 
either of the other clusters on any given 
day. In Chapter 2.2 of the NREL report, 
an alternate bi-modal clustering analysis 
is also presented, where instead of 
having a distinct middle cluster, 
vehicles with highly variable driving 
patterns are grouped as either high 
speed or low speed. A preliminary 
update provided by NREL includes 
cycle weightings that correspond with 
this two cluster depiction of vehicle 

behavior.389 Based on the NREL report 
and other information, the agencies 
believe it is appropriate to finalize a 
regulatory subcategory structure that 
includes a drive cycle appropriate for 
mixed use vehicles; especially 
considering that the ultimate 
application of incomplete chassis is 
unknown at the time of certification. In 
other words, we are adopting a program 
structure that follows NREL’s three 
cluster depiction of vehicle behavior. 
The final rules’ primary vocational 
standards thus have subcategories for 
Regional, Multi-purpose, and Urban 
drive cycles in each of the three weight 
classes (LHD, MHD and HHD), which 
results in nine unique subcategories. 

In the final weeks before 
promulgation, the agencies received 
significant new comments from a 
number of vehicle manufacturers, along 
with new data characterizing in detail 
the distribution of powertrain 
configurations of their vehicles.390 
These recent comments suggested some 
uncertainty with respect to the three 
drive cycle structure, and the 
manufacturers expressed related 
concerns regarding assumptions about 
transmissions in our baseline vehicle 
configurations, which they believe 
could result in some OEMs being put at 
competitive disadvantage. The agencies 
appreciate these new comments and 
data; however, we determined that it 
would not be appropriate to alter this 
regulatory action so late in the 
rulemaking process based solely upon 
this newly submitted information, 
which was not made available for 
broader public comment. Instead, the 
agencies will continue to analyze this 
new information and any other new 
information we receive. We will also 
continue to actively engage with 
manufacturers and other stakeholders to 
determine if future revisions to the 
vocational vehicle program structure are 
warranted, based on this and any other 
new information. For example, it is 
possible that further analysis of new 
data could lead us to consider proposing 
amendments to adopt the two cluster 
approach for one or more of the vehicle 
weight classes, or to consider amending 
the regulatory constraints limiting the 
choice of drive cycle subcategory that 
we are adopting to prevent potential 
adverse impacts of vehicle 
misclassification. However, at this time 
the final program structure, including 
these constraints, will remain in place 
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http://www.zf.com/media/media/en/document/corporate_2/downloads_1/flyer_and_brochures/bus_driveline_technology_flyer/Busbroschuere_12_DE_final.pdf
http://www.zf.com/media/media/en/document/corporate_2/downloads_1/flyer_and_brochures/bus_driveline_technology_flyer/Busbroschuere_12_DE_final.pdf
http://www.zf.com/media/media/en/document/corporate_2/downloads_1/flyer_and_brochures/bus_driveline_technology_flyer/Busbroschuere_12_DE_final.pdf
http://www.zf.com/media/media/en/document/corporate_2/downloads_1/flyer_and_brochures/bus_driveline_technology_flyer/Busbroschuere_12_DE_final.pdf
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391 MOVES 2014. See Note 379 above. 392 National Renewable Energy Laboratory July 
2016, ‘‘The Development of Vocational Vehicle 

Drive Cycles and Segmentation,’’ NREL/TP–5400– 
65921. 

unless and until the agencies determine 
that revisions to the vocational vehicle 
program structure are warranted, in 
which case the agencies would 
undertake a notice and comment 
rulemaking proposing to amend the 
programmatic structure, consistent with 
such a determination. In considering 
whether to undertake further action, the 
agencies will necessarily be mindful of 
statutory lead time requirements and 
other practical considerations. 

NREL also synthesized a new 
transient test cycle using statistical 
targets and the DRIVE tool. Eaton 
commented that the new transient cycle 
developed by NREL is similar to cycles 
they use to calibrate shift controls, and 
is more representative of how trucks are 
driven than the current ARB Transient 
certification test cycle. Although there is 
some reason to believe this new cycle 
may actually be more representative of 
nationwide operation than the ARB 
transient cycle, the agencies recognize 
that sufficient uncertainty remains that 
we are not prepared to adopt this new 
NREL transient cycle for Phase 2 
certification at this time. The agencies 
also note that, although GEM has been 
extensively validated for the ARB 
transient cycle, we have not conducted 
a similar validation for the NREL cycle. 
Nevertheless, we will continue to 
evaluate this cycle and may reconsider 
it as part of a future rulemaking. The 
most significant shortfall identified by 
NREL in their comparison of real world 
vocational vehicle operation and the 
ARB transient cycle is a gap in 
measurement points between speeds of 
48 and 55 mph. We have remedied this 
shortfall by adjusting the composite 
weighting factor of the 55 mph cruise 
cycle. Because vehicles tested in GEM 
over our final road grade profile have 
been observed to decrease speed well 
below 55 mph during this cycle, those 
measurement points that are absent 
from the ARB transient cycle are 
captured in the nominally 55 mph test 
cycle. 

Other commenters questioned 
whether the vehicles from which NREL 
collected data for the cycle were 

sufficiently representative, or whether 
sufficient data existed to justify the 
NREL weightings, while other 
commenters supported use of the data. 
Daimler supported making changes to 
reflect the NREL-recommended 
weightings to align with real-world data. 
ACEEE supported using the more 
realistic NREL cycle weightings to 
revisit stringency where certain 
technologies may be more effective over 
the new cycles. Both Volvo and Navistar 
expressed concerns that the NREL study 
fleet doesn’t appear to be representative. 
Navistar believes that the NREL data has 
too few refuse trucks, and Volvo 
believes that the NREL data has too few 
class 8 vehicles. In fact, 35 percent of 
the vehicles in the NREL database that 
were evaluated for the drive cycle 
analysis are class 8, which we believe is 
(if anything) over-representative of the 
percent of new HHD vehicles 
manufactured each year. Because the 
full NREL database also contains over 
five percent refuse trucks and our 
MOVES model estimates that refuse 
trucks comprise only three percent of 
newly manufactured vocational vehicles 
each year, we directed NREL to remove 
excess refuse trucks from their final 
analysis, to avoid skewing the data by 
over-representing refuse trucks.391 A 
similar process was followed for 
removing excess school buses and 
transit buses. More details are available 
in the NREL report.392 While some 
discrepancies may remain between the 
NREL vehicle distribution and the 
national fleet, we are confident they are 
sufficiently small to allow us to use this 
report to establish weighting factors for 
different types of operation. Moreover, 
the agencies believe the more relevant 
question to be whether or not the cycles 
exercise the technologies over enough of 
the range of in-use operation to effect in- 
use reductions, and to reasonably 
estimate the extent of those reductions. 
In this context, the weighting factors 
and duty-cycles are fully adequate. 

After considering all the comments, 
the agencies are establishing nine 
subcategories of vocational vehicles in 
Phase 2, based on the three weight class 

groups of vocational vehicles described 
above that are continuing from the 
Phase 1 program, plus Regional, 
Multipurpose and Urban duty cycle 
groups, as shown in Table V–1 below. 
For reasons described below in Section 
V.C.(2)(a) we are not establishing 
distinct subcategories for SI-powered 
vocational vehicles in the HHD weight 
class. Thus, with nine diesel 
subcategories and six gasoline 
subcategories, we are essentially setting 
15 separate numerical performance 
standards. As described in Section 
V.B.2, we are also adopting optional 
standards for seven subcategories of 
custom vocational chassis. 

This structure enables the 
technologies that perform best at 
highway speeds and those that perform 
best in urban driving to each be 
properly recognized over appropriate 
drive cycles, while avoiding unintended 
results of forcing vocational vehicles 
that are designed to serve in different 
applications to be measured against a 
single drive cycle. The agencies intend 
for these three drive cycles to balance 
the competing pressures to recognize 
the varying performance of 
technologies, serve the wide range of 
customer needs, and maintain 
reasonable regulatory simplicity. In light 
of the very recent comments noted 
above, if the agencies were to determine 
in the future that revisions to the 
vocational vehicle program structure are 
warranted, we would intend to propose 
any revisions in a way that would be 
consistent with the technology 
feasibility and cost-benefit analyses of 
this final rulemaking. In other words, 
the agencies do not anticipate any 
changes to the technology basis for, or 
the effective stringency of, the final 
standards. Rather, potential changes in 
program structure would only be to 
better assure that the projected 
reductions are achieved in use, 
consistent with the projected technology 
packages on whose performance the 
stringency of the final standards are 
based, and consistent with the costs we 
projected for that compliance pathway. 

TABLE V–1—REGULATORY SUBCATEGORIES FOR VOCATIONAL VEHICLES 

Weight class Light heavy-duty 
class 2b–5 Medium heavy-duty class 6–7 Heavy heavy-duty 

class 8 (CI only) 

Duty Cycle ..................................... Regional ........................................ Regional ........................................ Regional. 
Multi-Purpose ................................ Multi-Purpose ................................ Multi-Purpose. 
Urban ............................................ Urban ............................................ Urban. 
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In the NREL Fleet DNA clustering 
analysis, the medioid of each cluster 
was characterized using eight drive 
cycle metrics, and distance histograms 
were created for each statistically 
representative vehicle. By summing the 
miles accumulated at different driving 
speeds (including zero speed idle), 
NREL was able to recommend 
composite cycle weightings. 
Commenters suggested that the 
proposed weightings of both highway 
cruise and idle were too low for some 
vehicles. When the agencies released 
additional data for comment in February 
2016, an early draft of NREL’s duty 
cycle report was included. Most 
commenters supported the draft NREL 
duty cycles. Volvo commented that 
NREL’s cycle weightings didn’t match 
their extensive telematics database for 
their class 8 vocational vehicles, and 
recommended specific changes to 
increase the weighting of 65 mph for 
Urban and Multipurpose HHD vehicles. 

A description of the drive cycle data 
submitted to the agencies by Volvo in 
support of the final test cycles is found 
in the RIA Chapter 3.4.3.1. In response, 
we have adjusted our composite test 
weightings for Urban and Multipurpose 
HHD vehicles in consideration of 
Volvo’s data. Although Volvo also 
suggested specific cycle weightings for 
coach buses, we have established 
optional coach bus standards (one 
example of the custom chassis standards 
the agencies are adopting) with the same 
weightings as for other Regional 
vehicles for reasons described below in 
V.B.2.b. The final cycle weightings 
shown in Table V–2 reflect NREL’s 
recommendations along with 
consideration of public comments. 
Although both NREL and Volvo data 
showed vehicles whose behavior would 
logically be classified as Urban 
accumulating some miles (from one to 
seven percent) in the 65 mph range, the 
agencies are applying a zero weighting 

factor to the 65 mph cycle for all Urban 
vehicles for certification purposes. 
Instead, those miles are assigned to the 
55 mph cycle. We believe it is important 
to have a test cycle available in the 
primary program for vehicles that may 
regularly drive on urban or local 
highways, but are not expected (or 
designed) to drive on rural highways. 
Further, the final rules include the 
refinement of a split idle cycle (parked 
idle and drive idle), since NREL’s final 
report includes analysis of data 
characterizing the percent of time in a 
work day that vocational vehicles idle 
when parked as distinct from idling 
time when stopped in traffic. More 
details on the characterization of parked 
and drive idle are found in the RIA 
Chapter 2.9.3.4. More details of the 
NREL clustering analysis are found in 
the RIA Chapter 2.9.2, and more details 
on the data behind the final composite 
cycle weightings are found in the RIA 
Chapter 3.4.3. 

TABLE V–2—COMPOSITE TEST CYCLE WEIGHTINGS (IN PERCENT) FOR VOCATIONAL VEHICLES 

ARB transient 
55 mph 

Cruise with 
road grade a 

65 mph 
Cruise with 
road grade a 

Parked idle Drive idle 

Regional ............................................................................... 0.20 0.24 0.56 0.25 0.00 
Multi-Purpose (2b–7) ........................................................... 0.54 0.29 0.17 0.25 0.17 
Multi-Purpose (class 8) ........................................................ 0.54 0.23 0.23 0.25 0.17 
Urban (2b–7) ........................................................................ 0.92 0.08 0.00 0.25 0.15 
Urban (class 8) .................................................................... 0.90 0.10 0.00 0.25 0.15 

Note: 
a As described in Section II, the agencies have adopted highway cruise test cycles with revised road grade profiles. 

We recognize that by adopting a few 
meaningful duty cycles that ‘‘bound’’ 
how vocational vehicles are generally 
used, we cannot perfectly match how 
every vocational vehicle is actually 
used. There are a few vehicle 
applications we have identified, for 
which these general cycles are likely to 
be poorly representative. We received 
several comments that our proposed 
duty cycles are particularly 
unrepresentative of real world behavior 
of transit buses and refuse trucks, for 
example. These vehicles also generally 
have chassis characteristics unlike those 
in the reference GEM vehicles used to 
establish the subcategory baselines. The 
agencies have determined that it is 
impractical, from a regulatory 
perspective, to establish separate, 
unique test cycles for transit buses or 
refuse trucks. In considering the 
challenges of such an undertaking, as 
well as the market structure of 
manufacturers who produce such 
vehicles, the agencies are instead 
adopting separate standards for transit 
buses and refuse trucks as part of the 

final Phase 2 program for custom 
vocational chassis, as described in 
Section V.B.(2)(b). 

Vocational vehicles neither qualifying 
under the optional custom chassis 
program nor meeting eligibility for 
exemption as low speed/off road 
vehicles will need to be certified in one 
of the primary subcategories established 
in this rulemaking. Below in Section 
V.C, the agencies explain the technology 
basis supporting the standards for each 
vehicle weight class. 

The agencies received extensive 
comment on how to define attributes of 
vehicles in each subcategory to provide 
regulatory certainty to manufacturers. 
The proposed approach was to set 
criteria by which a vehicle manufacturer 
would know in which vocational 
subcategory—Regional, Urban, or 
Multipurpose—the vehicle should be 
certified, by use of cut-points defined 
using calculations relating engine speed 
to vehicle speed. Two commenters 
suggested we reinstate the Phase 1 
approach with a one-size-fits-all drive 
cycle. Six commenters agreed with the 

proposed approach on 
subcategorization, though some 
recommended slight adjustments. The 
final rules allow manufacturers to 
generally choose the subcategory of each 
vocational chassis, with a revised set of 
constraints essentially reflecting types 
of equipment on the vehicle (especially 
transmission type). In Section V.C.(2)(a) 
and the RIA Chapter 2.9, we describe 
changes since proposal with respect to 
the baseline vehicle configurations. In 
Section V.C.(2)(d), we describe the 
changes since proposal reflecting use of 
fleet average sales mixes in the 
standard-setting process. In Section 
V.D.(1)(e), we describe the constraints 
we are adopting regarding selection of 
subcategories by manufacturers. Taken 
together, these analyses demonstrate 
why we are confident that even if 
(generally against its own interests) a 
manufacturer chooses to certify a 
vehicle over a less appropriate test 
cycle, that choice would not result in a 
loss of environmental benefit. 
Continuing the averaging scheme from 
Phase 1, each manufacturer will 
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393 Comparing the vocational Regional duty cycle 
to the day cab tractor duty cycle, vocational 
Regionals have one percent greater weighting of the 
ARB Transient, 6 percent more weighting of the 55 
cycle, 8 percent less weighting of the 65 cycle, plus 
25 percent parked idle. 

394 See call log for L. Steele, conversation with M. 
Miller, dated January 18, 2016. 

generally be able to average within each 
vehicle weight class (i.e. averaging sets 
are not further limited by the Regional, 
Multi-purpose, Urban 
subcategorization). 

(b) Vocational Tractors 
As discussed in Section V.A., the 

Phase 1 program includes a special 
regulatory category called vocational 
tractors, which covers vehicles that are 
technically tractors but generally 
operate more like vocational vehicles 
than line haul tractors. Heavy-haul, off- 
road, and certain intra-city delivery 
tractors are eligible for this category in 
the Phase 1 program, but manufacturers 
may also choose to certify them as 
conventional tractors. The agencies 
proposed to keep this program in Phase 
2, but to exclude heavy-haul tractors. 
With the removal of heavy-haul tractors 
from the vocational tractor definition 
(see 40 CFR 1037.630 and 49 CFR 
523.2), the agencies have re-assessed the 
vehicles remaining in this group, and 
the most appropriate way for them to be 
certified. One typically thinks of 
beverage tractors in this group, though 
it may also include drayage tractors, 
vehicle carriers, construction vehicles, 
and many vehicles with unusual axle 
configurations. NREL observed drayage 
tractors with operational patterns 
consistent with the Regional duty 
cycle.393 Volvo also commented that 
their vocational tractors would logically 
fall in the Regional duty cycle. The 
agencies have therefore concluded that 
these vehicles may reasonably be 
represented by our final regulatory duty 
cycles, and are requiring that vocational 
tractors not meeting other exemption 
criteria must use one of the vocational 
vehicle duty cycles. 

There is a separate question of 
whether vocational tractors may have 
their performance fairly measured 
against the agencies’ defined baseline 
vocational configurations. The agencies 
requested comment on whether 
vocational tractors would be deficit- 
generating vehicles if certified in the 
proposed vocational vehicle 
subcategories. When a vehicle is 
designed with a higher power engine or 
higher number of axles to carry a 
heavier payload than presumed in the 
GEM baseline for that subcategory, GEM 
may return a value that poorly 
represents the real world performance of 
that vehicle. We received comments 
from the chassis manufacturers who 

certify vocational tractors, plus two 
other comments. These comments 
consistently asked the agencies to allow 
some tractors with GVWR over 120,000 
lbs but not qualifying as heavy-haul 
tractors to remain as vocational vehicles 
rather than be forced to certify to the 
primary tractor standards. Volvo 
submitted written comments stating that 
a separate regulatory subcategory with 
unique performance standard is 
warranted for vocational tractors. 
However, during a subsequent 
telephone conversation, Volvo stated 
that their vocational tractors would be 
adequately represented by the other 
defined subcategories, and a unique 
subcategory was not necessary.394 See 
Section III.C.(4). for a discussion of the 
attributes adopted by the agencies as 
distinguishing vocational tractors from 
regular or heavy-haul tractors. 

Based on comments and our technical 
analysis, the agencies have concluded 
that the technologies determined to be 
feasible for regular vocational vehicles 
are also feasible for vocational tractors, 
with similar adoption rates and package 
costs. Further, we are not aware of any 
non-diversified chassis manufacturers 
producing vocational tractors. One 
implication is that we believe that all 
manufacturers certifying vocational 
tractors will be able to take advantage of 
our ABT program flexibilities. 
According to MY 2014 certification 
data, less than 14,000 vocational tractors 
were certified between the three 
manufacturers, including an 
unidentifiable number that would likely 
qualify as heavy-haul tractors, if that 
definition existed in Phase 1. Thus, 
possible deficits (if any) generated by 
the small sales volume of vocational 
tractors in Phase 2 could likely be 
accommodated within each company’s 
overall compliance plan. 

(2) GHG and Fuel Consumption 
Standards for Vocational Vehicles 

EPA is adopting CO2 standards and 
NHTSA is adopting fuel consumption 
standards for manufacturers of chassis 
for new vocational vehicles. As 
described in Sections II.C.(1) and II.D.(1) 
above, the agencies are adopting test 
procedures so that engine performance 
will be evaluated within the GEM 
simulation tool. These test procedures 
include corrections for the test fuel, 
enabling vocational vehicles to be 
certified with many different types of CI 
and SI engines. In addition, EPA is 
establishing HFC leakage standards for 
air conditioning systems in vocational 
vehicles, as described in Section 

V.B.(2)(c), with more details available in 
the RIA Chapter 2.9.3.8 and Chapter 
5.3.4. 

This section describes the standards 
and implementation dates that the 
agencies are adopting for the 15 
regulatory subcategories of vocational 
vehicles, plus the optional standards for 
the seven custom vocational chassis 
categories. The agencies have performed 
a technology analysis to determine the 
level of standards that we believe will 
be available at reasonable cost, cost- 
effective, technologically feasible, and 
appropriate in the lead time provided. 
More details of this analysis are 
described in the RIA Chapter 2.9. This 
analysis considered the following for 
each of the regulatory subcategories: 

• The level of technology that is 
incorporated in current new vehicles, 

• forecasts of manufacturers’ product 
redesign schedules, 

• the available data on CO2 emissions 
and fuel consumption for these vehicles, 

• technologies that will reduce CO2 
emissions and fuel consumption and 
that are judged to be feasible and 
appropriate for these vehicles through 
the 2027 model year, 

• the effectiveness and cost of these 
technologies, 

• a projection of the technologically 
feasible application rates of these 
technologies, in this time frame, and 

• projections of future U.S. sales for 
different types of vehicles and engines. 

The final Phase 2 program described 
here and throughout the rulemaking 
documents is derived from the preferred 
alternative, referred to as Alternative 3 
in the NPRM. 

(a) Primary Fuel Consumption and CO2 
Standards 

The agencies’ final standards will 
phase in over a period of seven years, 
beginning in the 2021 model year, 
consistent with the requirement in EISA 
that NHTSA’s standards provide four 
full model years of regulatory lead time 
and three full model years of regulatory 
stability, and provide sufficient time ‘‘to 
permit the development and application 
of the requisite technology’’ for 
purposes of CAA section 202(a)(2). The 
Phase 2 program will progress in three- 
year stages with an intermediate set of 
standards in MY 2024 and will continue 
to reduce fuel consumption and CO2 
emissions well beyond the full 
implementation year of MY 2027. The 
agencies have identified a technology 
path for each of these levels of 
improvement, as described below. 

Combining engine and vehicle 
technologies, vocational vehicles 
powered by CI engines are projected to 
achieve improvements as much as 24 
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395 NHTSA is unable to adopt mandatory 
amended standards in those model years since there 
will be less than the statutorily-prescribed amount 
of lead time available. 49 U.S.C. 32902(k)(3)(A). 

percent in MY 2027 over the MY 2017 
baseline, as described below and in the 
RIA Chapter 2.9. The agencies project 
up to 18 percent improvement in fuel 
consumption and CO2 emissions in MY 
2027 from SI-powered vocational 
vehicles, as shown in Table V–3. The 

incremental Phase 2 vocational vehicle 
standards will ensure steady progress 
toward the MY 2027 standards, with 
improvements for CI-powered vehicles 
in MY 2021 of up to 12 percent and 
improvements for CI-powered vehicles 
in MY 2024 of up to 20 percent over the 

MY 2017 baseline vehicles, as shown in 
Table V–3. 

The agencies’ analyses, as discussed 
in this Preamble and in the RIA Chapter 
2, show that these standards are 
appropriate under each agency’s 
respective statutory authority. 

TABLE V–3—PROJECTED VOCATIONAL VEHICLE CO2 AND FUEL USE REDUCTIONS (IN PERCENT) FROM 2017 BASELINE 

Model year Engine type 
Heavy 

heavy-duty 
Class 8 

Medium 
heavy-duty 
Class 6–7 

Light 
heavy-duty 
Class 2b–5 

2021 ....................................... CI Engine ................................................................................ 7–9 6–11 7–12 
SI Engine ................................................................................ ........................ 5–7 6–8 

2024 ....................................... CI Engine ................................................................................ 12–16 11–18 11–20 
SI Engine ................................................................................ ........................ 9–12 9–14 

2027 ....................................... CI Engine ................................................................................ 14–20 12–22 13–24 
SI Engine ................................................................................ ........................ 10–16 11–18 

Based on our analysis and research, 
and our consideration of the public 
comments, the agencies conclude that 
the improvements in vocational vehicle 
fuel consumption and CO2 emissions 
can be achieved through deployment 
and utilization of a greater set of 
technologies than formed the 
technology basis for the Phase 1 
standards. Further, since proposal, our 
assessment of technology effectiveness 
has changed primarily due to revisions 
in duty cycles and in some cases, the 
technologies themselves. The agencies 
received comments addressing the 
vocational vehicle standards broadly, 
including baselines, structure, and 
technologies. In response, in developing 
the final standards, the agencies have 
reevaluated the current levels of fuel 
consumption and emissions, the kinds 
of technologies that could be utilized by 
manufacturers to reduce fuel 
consumption and emissions, the 
associated lead time, the associated 
costs for the industry, fuel savings for 
the owner/operator, and the magnitude 
of the CO2 reductions and fuel savings 
that may be achieved. After reexamining 
the possibilities of vehicle 
improvements, the agencies are basing 
the final standards on the performance 
of workday idle reduction technologies, 
improved transmissions including mild 
hybrid powertrains, axle technologies, 
weight reduction, electrified 
accessories, tire pressure systems, and 
further tire rolling resistance 
improvements. The EPA-only air 
conditioning standard is based on 
leakage improvements. These are largely 
the same technologies as we considered 
for the proposal, although some 
technologies that had been available 
only to tractors at proposal are now 
recognized for vocational vehicles. Our 
updated analysis shows that more 

stringent standards than proposed are 
feasible, based in large part on our new 
assessment of the effectiveness of 
workday idle controls. 

The agencies’ evaluation indicates 
that some of the above vehicle 
technologies are commercially available 
today, though often in limited volumes. 
Other technologies will need additional 
time for development. Those that we 
believe are available today and may be 
adopted to a limited extent in some 
vehicles include improved tire rolling 
resistance, weight reduction, some types 
of conventional transmission 
improvements, neutral idle, and air 
conditioning leakage improvements. 
However, the first model year for the 
final Phase 2 standards will not be until 
MY 2021.395 As at proposal, the EPA 
continues to believe that any potential 
benefits that could be achieved by 
implementing rules requiring some 
technologies on vocational vehicles 
earlier than MY 2021 to be outweighed 
by several disadvantages. For one, 
manufacturers will need lead time to 
develop compliance tracking tools. 
Also, if the Phase 2 vocational vehicle 
standards began in a different year than 
the tractor standards, this could create 
unnecessary added complexity, and 
could strongly detract from the fuel 
savings and GHG emission reductions 
that could otherwise be achieved. 
Therefore the Phase 1 standards will 
continue to apply in model years 2018 
to 2020. No commenter suggested 
otherwise. 

Vehicle technologies that we expect 
will be available in the near term 
include neutral idle, low rolling 
resistance tires, improved axle 

efficiency, and part-time 6x2 axles. 
Vehicle technologies that we have 
determined will benefit from even more 
development time to integrate engine 
and vehicle systems include stop-start 
idle reduction and hybrid powertrains. 
The agencies have analyzed the 
technological feasibility of achieving the 
fuel consumption and CO2 standards, 
based on projections of what actions 
manufacturers may be expected to take 
to reduce fuel consumption and 
emissions to achieve the standards, and 
believe that the standards are 
technologically feasible throughout the 
regulatory useful life of the program. 
The basis for this finding is discussed 
below in Section V.C.3. EPA and 
NHTSA estimated vehicle package costs 
are found in Section V.C.(2). 

Table V–4 and Table V–5 present 
EPA’s CO2 standards and NHTSA’s fuel 
consumption standards, respectively, 
for chassis manufacturers of Class 2b 
through Class 8 vocational vehicles for 
the beginning model year of the 
program, MY 2021. As in Phase 1, the 
standards are in the form of the mass of 
emissions, or gallons of fuel, associated 
with carrying a ton of cargo over a fixed 
distance. The EPA standards are 
measured in units of grams CO2 per ton- 
mile and the NHTSA standards are in 
gallons of fuel per 1,000 ton-miles. With 
the mass of freight in the denominator 
of this term, the program is designed to 
measure improved efficiency in terms of 
freight efficiency. As in Phase 1, the 
Phase 2 program assigns a fixed default 
payload in GEM for each vehicle weight 
class group (heavy heavy-duty, medium 
heavy-duty, and light heavy-duty). Even 
though this simplification does not 
allow individual vehicle freight 
efficiencies to be recognized, the general 
capacity for larger vehicles to carry 
more payload is represented in the 
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numerical values of these standards for 
each weight class group. 

For each model year of the standards 
described below, the standards for 
vehicles powered by CI engines reflect 
improvements that correspond with 
performance of technologies projected 
to meet the separate CI engine standard 
in that year, as modeled over the GEM 
vehicle cycles. In other words, the CI 
vehicle standard directly reflects, and 
keeps pace with, the increasing 
stringency of the CI engine standard. As 
described above in Section II.D, the SI 
engine standard is remaining unchanged 
from Phase 1. However, the standards in 
each model year for vocational vehicles 
powered by SI engines are based in part 
on the performance of some additional 
engine technologies beyond what is 
required to meet the SI engine 
standards. In other words, certain SI 
engine improvements are reflected in 
the stringency of the SI vehicle 
standard. 

EPA’s vocational vehicle CO2 
standards and NHTSA’s fuel 

consumption standards for the MY 2024 
stage of the program are presented in 
Table V–6 and Table V–7, respectively. 
These reflect broader adoption rates of 
vehicle technologies already considered 
in the technology basis for the MY 2021 
standards. EPA’s vocational vehicle CO2 
standards and NHTSA’s fuel 
consumption standards for the full 
implementation year of MY 2027 are 
presented in Table V–8 and Table V–9, 
respectively. These reflect even greater 
adoption rates of the same vehicle 
technologies considered as the basis for 
the previous stages of the Phase 2 
standards. 

These standards are based on highway 
cruise cycles that include a final road 
grade profile that has been refined as a 
result of comment. This enables the 
standard and the GEM certification 
results to better reflect real world 
driving and to help recognize engine 
and driveline technologies while 
seeking to assure that technologies 
result in real world benefit. See the RIA 
Chapter 3.4.2.1. 

As described in Section I, the agencies 
are continuing the Phase 1 approach to 
averaging, banking and trading (ABT), 
allowing ABT within vehicle weight 
classes. For Phase 2, continuing this 
approach means allowing averaging 
between CI-powered vehicles and SI- 
powered vehicles of any subcategory 
belonging to the same weight class 
group, which have the same regulatory 
useful life. However these averaging sets 
exclude vehicles certified to the 
separate custom chassis standards. 
Although we are further subdividing 
each vocational weight class group into 
Urban, Multi-Purpose, and Regional 
subcategories, we are not restricting 
credit exchanges between them. This is 
similar to the allowance to trade 
between vocational vehicles and tractors 
within a weight class. It is also 
consistent with the Phase 1 program, 
where the different types of vehicles 
within a weight class were included in 
a single averaging set. 

TABLE V–4—EPA CO2 STANDARDS FOR MY 2021 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

EPA Standard for Vehicle with CI Engine Effective MY 2021 (gram CO2/ton-mile) 

Urban ..................................................................................................................................... 424 296 308 
Multi-Purpose ......................................................................................................................... 373 265 261 
Regional ................................................................................................................................. 311 234 205 

EPA Standard for Vehicle with SI Engine Effective MY 2021 (gram CO2/ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 461 328 
Multi-Purpose ......................................................................................................................... 407 293 
Regional ................................................................................................................................. 335 261 

TABLE V–5—NHTSA FUEL CONSUMPTION STANDARDS FOR MY 2021 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

NHTSA Standard for Vehicle with CI Engine Effective MY 2021 (Fuel Consumption gallon per 1,000 ton-mile) 

Urban ..................................................................................................................................... 41.6503 29.0766 30.2554 
Multi-Purpose ......................................................................................................................... 36.6405 26.0314 25.6385 
Regional ................................................................................................................................. 30.5501 22.9862 20.1375 

NHTSA Standard for Vehicle with SI Engine Effective MY 2021 (Fuel Consumption gallon per 1,000 ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 51.8735 36.9078 
Multi-Purpose ......................................................................................................................... 45.7972 32.9695 
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TABLE V–5—NHTSA FUEL CONSUMPTION STANDARDS FOR MY 2021 CLASS 2b–8 VOCATIONAL VEHICLES—Continued 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Regional ................................................................................................................................. 37.6955 29.3687 

TABLE V–6—EPA CO2 STANDARDS FOR MY 2024 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

EPA Standard for Vehicle with CI Engine Effective MY 2024 (gram CO2/ton-mile) 

Urban ..................................................................................................................................... 385 271 283 
Multi-Purpose ......................................................................................................................... 344 246 242 
Regional ................................................................................................................................. 296 221 194 

EPA Standard for Vehicle with SI Engine Effective MY 2024 (gram CO2/ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 432 310 
Multi-Purpose ......................................................................................................................... 385 279 
Regional ................................................................................................................................. 324 251 

TABLE V–7—NHTSA FUEL CONSUMPTION STANDARDS FOR MY 2024 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

NHTSA Standard for Vehicle with CI Engine Effective MY 2024 (Fuel Consumption gallon per 1,000 ton-mile) 

Urban ..................................................................................................................................... 37.8193 26.6208 27.7996 
Multi-Purpose ......................................................................................................................... 33.7917 24.1650 23.7721 
Regional ................................................................................................................................. 29.0766 21.7092 19.0570 

NHTSA Standard for Vehicle with SI Engine Effective MY 2024 (Fuel Consumption gallon per 1,000 ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 48.6103 34.8824 
Multi-Purpose ......................................................................................................................... 43.3217 31.3942 
Regional ................................................................................................................................. 36.4577 28.2435 

TABLE V–8—EPA CO2 STANDARDS FOR MY 2027 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

EPA Standard for Vehicle with CI Engine Effective MY 2027 (gram CO2/ton-mile) 

Urban ..................................................................................................................................... 367 258 269 
Multi-Purpose ......................................................................................................................... 330 235 230 
Regional ................................................................................................................................. 291 218 189 
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TABLE V–8—EPA CO2 STANDARDS FOR MY 2027 CLASS 2b–8 VOCATIONAL VEHICLES—Continued 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

EPA Standard for Vehicle with SI Engine Effective MY 2027 (gram CO2/ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 413 297 
Multi-Purpose ......................................................................................................................... 372 268 
Regional ................................................................................................................................. 319 247 

TABLE V–9—NHTSA FUEL CONSUMPTION STANDARDS FOR MY 2027 CLASS 2b–8 VOCATIONAL VEHICLES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

NHTSA Standard for Vehicle with CI Engine Effective MY 2027 (Fuel Consumption gallon per 1,000 ton-mile) 

Urban ..................................................................................................................................... 36.0511 25.3438 26.4244 
Multi-Purpose ......................................................................................................................... 32.4165 23.0845 22.5933 
Regional ................................................................................................................................. 28.5855 21.4145 18.5658 

NHTSA Standard for Vehicle with SI Engine Effective MY 2027 (Fuel Consumption gallon per 1,000 ton-mile) 

Duty cycle Light 
heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 
(and C8 
gasoline) 

Urban ..................................................................................................................................... 46.4724 33.4196 
Multi-Purpose ......................................................................................................................... 41.8589 30.1564 
Regional ................................................................................................................................. 35.8951 27.7934 

As with the other regulatory 
categories of heavy-duty vehicles, 
NHTSA and EPA are adopting standards 
that apply to Class 2b–8 vocational 
vehicles at the time of production, and 
EPA is adopting standards for a 
specified period of time in use (e.g., 
throughout the regulatory useful life of 
the vehicle). The derivation of the 
standards for these vehicles, as well as 
details about the provisions for 
certification and implementation of 
these standards, are discussed in more 
detail in Sections V.C. and V.D and in 
the RIA Chapter 2.9. 

(b) Custom Chassis Fuel Consumption 
and CO2 Standards 

The agencies proposed a simplified 
compliance procedure and less stringent 
standards for emergency vehicles, while 
requesting comment on extending these 
flexibilities to other custom chassis such 
as recreational vehicles and buses. 80 
FR 40292–40293. As described below, 
the agencies are finalizing a broader 
allowance that will also apply for 
vehicles other than emergency vehicles. 

In response to the proposed 
provisions for emergency vehicles, we 

received comments in support of 
adopting separate, less stringent 
standards for emergency vehicles 
through a simplified GEM process. 
Based on the reasoning set forth at 
proposal, and supported in the public 
comments, these final rules include 
optional emergency vehicle standards 
based on the same technologies as 
described in the proposal, and using a 
simplified version of GEM available 
through the custom chassis program. 
The use of a default engine in GEM 
avoids penalizing emergency vehicle 
manufacturers from installing engines 
that are likely to be credit-using engines 
against the separate engine standard, 
and avoids forcing emergency vehicles 
to be measured against an un- 
representative baseline over an un- 
representative drive cycle. 

(i) Justification for an Expanded Custom 
Chassis Program 

In the proposal, we requested 
comment on other manufacturers who 
could benefit from a similar regulatory 
approach, such as those offering such a 
narrow range of products that averaging 
is not of practical value as a compliance 

flexibility, and for whom there are not 
large sales volumes over which to 
distribute technology development 
costs, as well as having drive cycles and 
functions that may make the primary 
standards either unrepresentative or 
unsuitable. Although this issue has 
some implications for our consideration 
of small business concerns, the custom 
chassis provisions discussed in the 
proposal were not intended to be 
limited to small businesses, and the 
final custom chassis standards are 
generally applicable (albeit optional). It 
is important to consider that for some 
vocational applications the custom- 
chassis manufacturers can have 
substantial market share. For example, 
Blue Bird is a manufacturer of school 
buses and school bus chassis with a 
substantial market share of its narrow 
product line. 

We received comments in support of 
separate standards based on a different 
technology mix than the primary 
program for seven vocational vehicle 
applications. Gillig, New Flyer and 
Allison commented in support of 
separate standards for transit buses. 
RVIA, Newell Coach, Allison and Tiffin 
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396 See record of Webinar on Vocational Custom 
Chassis, March 2016, Docket ID EPA–HQ–OAR– 
2014–0827–1944. 

Motor Homes commented in support of 
separate standards for motor homes. 
OshKosh commented in support of 
separate standards for cement mixers. 
Autocar and Volvo commented in 
support of separate standards for refuse 
trucks. Volvo and ABC Bus Companies 
commented in support of separate 
standards for motor coaches. Daimler 
and the School Bus Manufacturers 
Technical Council commented in 
support of separate standards for school 
buses. 

The agencies received favorable 
comment on using a simplified 
compliance procedure for custom 
chassis from most commenters, but 
some expressed concerns. Autocar 
claimed that the simplified GEM 
interface would not sufficiently reduce 
the administrative compliance burden 
of small businesses, and recommended 
an engine-only certification method. 

Custom chassis manufacturers that are 
not small businesses must comply with 
the Phase 1 standards and are generally 
doing so, by installing a mix of tires 
that, on average, meet the target 
coefficient of rolling resistance. Large 
manufacturers were not enthusiastic 
about offering a different approach for 
some vehicles, and urged that custom 
chassis standards, if adopted, be 
generally available as a compliance 
option. Based on public comment and 
extensive stakeholder outreach, the 
agencies have identified over a dozen 
chassis manufacturers serving the U.S. 
vocational market who produce a 
narrow spectrum of vehicles for which 
many technologies underlying the 
primary standards will either be less 
effective than projected, or are 
infeasible. Innovus commented that 
regulatory flexibility should only be 
offered to small volume producers who 
are also small entities. However, we do 
not believe it is warranted to force any 
of these specialized manufacturers to 
certify their narrow product line of 
vehicles to the primary standards, 
where stringency is premised on 
performance of some technologies 
unsuited for their specialized type of 
vehicle. Thus, the agencies have 
developed optional standards tailored 
for these vehicle types, and are not 
limiting eligibility to small entities. 

Any manufacturer may certify their 
vehicles that we have identified as 
custom chassis vehicles under the 
primary standards. We expect that 
diversified chassis manufacturers 
selling a small number of their products 
into these defined custom applications 
could likely meet the primary Phase 2 
standards on average, using internal 
credits. However, because the baseline 
configurations and duty cycles for these 

custom applications would be less 
representative and some technologies 
would either be less effective or 
infeasible for them, these custom 
applications would likely be credit- 
using vehicles in the averaging set. Even 
so, we believe the primary Phase 2 
standards are both feasible and 
appropriate for diversified 
manufacturers, as their broad mix of 
products allows them to average across 
their fleets, and some vehicles are likely 
to over-comply because their in-use 
applications are more compatible with 
the full range of available technologies. 
This is a feature of setting performance- 
based average standards with less than 
100 percent adoption rates of 
technologies. Because we agree with 
commenters, including OshKosh who 
noted this is an expected market 
practice, we believe it is essential to not 
only set feasible targets for chassis 
manufacturers offering a narrow range 
of products and for whom fleet 
averaging will provide a smaller degree 
of compliance flexibility, but to also 
make this option available to diversified 
manufacturers. To address stakeholder 
concerns about large, diversified 
manufacturers having greater ability to 
produce credit-using vehicles than 
smaller, less diversified manufacturers, 
we are adopting additional flexibilities 
for manufacturers certifying to the 
custom chassis standards, including 
some flexibilities that will be available 
only for small businesses. 

We do not view these standards as 
achieving less improvement than the 
primary program for these vehicles, and 
thus, we are not adopting any sales 
limits. Nevertheless, we requested 
comments on an appropriate sales 
volume that might be considered as a 
criterion to qualify for the numerically 
less stringent standards, where vehicle 
quantities above such sales threshold 
would need to be certified to the 
primary standards. We received 
comments from Allison, Autocar, 
Innovus, the School Bus Manufacturers 
Technical Council, and RVIA suggesting 
appropriate low-volume thresholds 
ranging from 200 to 26,000 vehicles per 
year. We received adverse comment 
from Daimler stating it would be unfair 
to make less stringent standards 
available solely on the basis of sales 
volume, because if a technology exists 
for one manufacturer, it is available to 
all manufacturers. We received adverse 
comment from OshKosh that less 
stringent regulations on a limited 
production volume stifles a custom 
chassis manufacturers’ opportunity to 
grow their business. For each of the 
applications listed below in Table V–10, 

the agencies have identified at least one 
manufacturer who produces chassis 
regulated under the Phase 2 program 
that are generally finished as a single 
vehicle type, as well as at least one 
competitor who is more diversified. 
After considering these comments, we 
continue to believe that no sales limits 
are needed. 

After considering the comments on 
possible separate standards for custom 
chassis, the agencies have evaluated the 
feasibility of technologies for these 
vehicles on an application-specific 
basis. We shared draft custom chassis 
technology packages with affected 
stakeholders and received feedback.396 
See Section V.C.1.a below discussing 
the feasibility of each technology as it 
applies for custom chassis vehicles. 
Section V.C.(2)(b) discusses the 
technology adoption rates from which 
the stringency of the optional custom 
chassis standards are derived. 

Navistar commented with concerns 
that separate standards for custom 
chassis could create an unleveled 
playing field for manufacturers. ACEEE 
commented that the agencies should 
strengthen the primary vocational 
vehicle standard by one percent to offset 
the weaker standards for the custom 
chassis. ACEEE also commented that if 
chassis manufacturers can identify the 
vehicle application with enough 
specificity to take advantage of the 
custom chassis program, then they 
should also be able to take advantage of 
the most appropriate fuel-saving 
technologies, resulting in target 
stringencies that are not weaker than the 
main program. Although we agree that 
the custom chassis program should not 
result in a weakening of the overall 
vocational program, we disagree with 
ACEEE’s recommendation to arbitrarily 
add back stringency. The agencies did 
not remove custom chassis in the final 
stage of a feasibility analysis of the 
primary program; rather, we separately 
considered the custom chassis vehicles 
as an integral part of developing the 
feasibility analysis in support of the 
final standards. The optional final 
standards are technology-advancing, 
appropriate, and maximum feasible for 
these applications. No arbitrary offset is 
needed or justified. 

We disagree with claims made by 
commenters expressing concerns with 
respect to a shortfall or gap in emissions 
reductions between the primary 
vocational vehicle program and the 
custom chassis program. Some 
commenters have attempted to quantify 
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397 See memorandum dated February 2016 on 
Vocational Vehicle Technology Packages for 
Custom Chassis, Docket ID EPA–HQ–OAR–2014– 
0827–1719. 

398 Vehicle populations are estimated using 
MOVES2014. More information on projecting 
populations in MOVES is available in the following 
report: USEPA (2015). ‘‘Population and Activity of 

On-road Vehicles in MOVES2014—Draft Report’’ 
Docket No. EPA–HQ–OAR–2014–0827. 

399 National Ready Mixed Association Fleet 
Benchmarking and Costs Survey, http://
www.nxtbook.com/naylor/NRCQ/NRCQ0315/
index.php#/22, from UCS Custom Chassis 
Recommendations, May 2016. 

400 ICCT, May 2009, ‘‘Heavy-Duty Vehicle Market 
Analysis: Vehicle Characteristics & Fuel Use, 
Manufacturer Market Shares.’’ 

401 Fire Apparatus Manufacturer’s Association, 
Fire Apparatus Duty Cycle White Paper, August 
2004, available at http://www.deepriverct.us/
firehousestudy/reports/Apparatus-Duty-Cycle.pdf. 

a difference in stringency by comparing 
select technology packages for custom 
chassis described in a February 2016 
memorandum with the proposed 
technology packages for comparable 
subcategories.397 Because most of the 
baseline configurations for the custom 
chassis are tailored for each vocational 
vehicle, the only vehicle types where 
this comparison is straightforward is 
school buses and motor homes. In 
comparing the MY 2027 stringency of 
the medium heavy-duty Urban 
subcategory with the optional MY 2027 
standard for school buses, for example, 
it can be seen that diesel vehicles in the 
primary program are projected to 
achieve 22 percent improvement on 
average, while school buses are 
expected to achieve 18 percent 
improvement on average. This is 
nowhere near the gap posited by certain 
commenters. Moreover, the difference in 
stringency reflects the reasonable 
conclusion that certain transmission 
technologies are not feasible for school 
buses. 

This comparison is not 
straightforward for motor coaches and 
other custom chassis types, however, 
because the baselines are different and 
the vehicle attributes are not similar. 

For example, our baseline configuration 
for coach buses includes a 350 hp 11- 
liter engine with a 6-speed automatic 
transmission. However, the primary 
program includes a baseline for heavy 
heavy-duty Regional vehicles that is a 
weighted average of 95 percent with 455 
hp 15-liter engine with 10-speed manual 
transmission and 5 percent with a 350 
hp 11-liter engine with a 6-speed 
automatic transmission. Due to the 
difference in performance of these 
configurations in GEM, a non- 
diversified coach bus manufacturer may 
find its fleet significantly ‘‘in the hole’’ 
in the first year of this program due 
solely to baseline differences. As an 
example of a technology difference, we 
have determined that regular HHD 
Regional chassis may reasonably apply 
AES on average at a rate of 90 percent 
by MY 2027, whereas we find that AES 
is not feasible at all for a conventional 
coach bus. A diversified manufacturer 
choosing to certify a coach bus in the 
HHD–R subcategory to the primary 
standards is likely to need to apply 
other technologies or use credits from 
other types of vehicles to meet the 
standard on average. A non-diversified 
coach bus manufacturer would be 
unlikely to achieve the HHD–R primary 

program standard unless some very 
advanced technology is applied (at costs 
necessarily very different from those 
analyzed to be reasonable here). 
Therefore, we do not believe it is 
accurate to draw a comparison, as 
certain commenters maintained, 
between the HHD–R primary program 
stringency of 14 percent and the coach 
bus MY 2027 stringency of 11 percent. 

Nonetheless, because these optional 
custom chassis standards are 
numerically less stringent than the 
primary Phase 2 vocational vehicle 
standards, the agencies are adopting a 
more restrictive approach to averaging, 
banking and trading (ABT), allowing 
averaging only within each subcategory 
for vehicles certified to these optional 
standards. Trading and banking will not 
be permitted except that small 
businesses certifying vehicles to these 
optional standards may use traded 
credits to comply. We are adopting 
these provisions to prevent generation 
of windfall credits against the less 
numerically stringent custom chassis 
standard. If a manufacturer wishes to 
generate tradeable credits from 
production of these vehicles, one or 
more families may be certified to the 
primary vocational vehicle standards. 

TABLE V–10—CUSTOM CHASSIS POPULATION ESTIMATES 

Application type 

Percent of new 
MY 2018 
vocational 
population 

Average VMT 
in first year a 

Coach (Intercity) Bus ................................................................................................................................... 1 85,000 
Motor Home ................................................................................................................................................. 13 2,000 
School Bus ................................................................................................................................................... 10 14,000 
Transit Bus ................................................................................................................................................... 1 64,000 
Refuse Truck ............................................................................................................................................... 3 34,000 
Cement Mixer b ............................................................................................................................................ 1 16,000 
Emergency Vehicle c .................................................................................................................................... 1 6,000 

Notes: 
a Source: MOVES 2014 for all except mixer and emergency.398 
b Source for cement mixer is UCS.399 
c Source for emergency is ICCT (2009) 400 and FAMA (2004).401 

As shown in Table V–10, some of 
these vehicle types are produced in 
moderate volumes, and some are driven 
moderate distances annually. However, 
those that are produced in slightly 
higher volumes (motor homes and 
school buses) are among those driven 
the fewest miles. Similarly, those driven 
the most miles (coach and transit buses) 

are among those produced in the 
smallest volumes. Collectively, the 
agencies estimate that the vehicles 
defined as custom vocational chassis in 
Phase 2 comprise less than 30 percent 
of the projected new vocational vehicle 
sales in MY 2018. Even so, because of 
the collectively small number of miles 
driven, the agencies believe that setting 

less numerically stringent GHG and fuel 
consumptions standards for these 
vehicles will not detract from the greater 
benefits of this rulemaking, and that 
such separate standards are warranted 
in any case. 

As proposed and discussed in the RIA 
Chapter 12, the agencies are adopting a 
provision for chassis manufacturers 
qualifying as small businesses to have 
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402 See SBA regulations at 13 CFR 121.201. 
Thresholds effective February 2016 are available at 
http://www.regulations.gov/#!documentDetail;D=
SBA-2014-0011-0031, 81 FR 4469. 

one extra year of lead time to comply 
with the initial Phase 2 standards.402 
Daimler stated it only supported 
additional lead time if it was provided 
equally to all custom chassis 
manufacturers. Because the SBA 
threshold in this sector is generally 
1,500 employees, we believe that small 
entities have fewer in-house resources 
to collect and analyze compliance data 
than do manufacturers with more 
employees. Due to these resource 
constraints, the agencies believe it is 
appropriate to offer this only to small 
businesses—the entities that need 
further lead time. However, many 
custom chassis manufacturers do not 
qualify as small entities under the SBA 
regulations. We received comment from 
OshKosh that additional time to meet an 
impossible stringency target is not 
helpful, a comment addressed by 
adopting the separate custom chassis 
standards. The final program offers both 
a feasible standard, as described below, 
and additional lead time for small 
businesses. 

Vehicles certifying to the optional 
custom chassis standards will be 
simulated in GEM using a default EPA 
engine map as well as many other EPA 
default parameters that are required 
inputs for vehicles in the primary 
program. While this is very similar to 
the Phase 1 GEM, more inputs are 
available in the Phase 2 custom chassis 
program than in Phase 1. Section V.D.(1) 
below describes the regulatory 
subcategory identifiers that must be 
input to GEM to call default vehicle 
specifications as part of obtaining valid 
simulation results for custom chassis in 
GEM. 

The optional custom chassis 
standards will phase in over the same 
period as the primary vocational vehicle 
standards, beginning in the 2021 model 
year. However, there are no 
intermediate standards in MY 2024, so 
the optional MY 2021 custom chassis 
standards will continue until the full 
implementation year of MY 2027. The 
agencies have identified a technology 
path for each of these levels of 
improvement, as described below. 

Combining engine and vehicle 
technologies, custom chassis are 
projected to achieve improvements from 
6 to 18 percent in MY 2027 over the MY 
2017 baseline, as summarized in Table 
V–11. The incremental standard in MY 
2021 will achieve improvements of up 
to 10 percent over the MY 2017 baseline 
vehicles when including improvements 

from MY 2021 diesel engines, as shown 
in Table V–11. 

The agencies’ analyses, summarized 
immediately below and discussed in 
detail in the RIA Chapter 2.9, show that 
these optional standards are justified 
under each agency’s respective statutory 
authority. We note that for each model 
year of the Phase 2 custom chassis 
standards, the numerical value of the 
vehicle-level standard represents the 
performance of a diesel engine meeting 
that year’s separate CI engine standard. 
Put another way, although the agencies 
are adopting distinct standards for 
custom chassis vocational vehicles, 
those vehicles must still use engines 
certified to the applicable Phase 2 
engine standard. As in Phase 1, the 
chassis manufacturer is free to install 
any certified engine, and because GEM 
will run using a default map, the choice 
of engine will not affect the GEM result. 

TABLE V–11—CUSTOM CHASSIS CO2 
AND FUEL USE REDUCTIONS (IN 
PERCENT) FROM 2017 BASELINE 

Vehicle type 
Model year 

2021 2027 

Coach Bus ........................ 7 11 
Motor Home ...................... 6 9 
School Bus ....................... 10 18 
Transit ............................... 7 14 
Refuse .............................. 4 12 
Mixer ................................. 3 7 
Emergency ........................ 1 6 

It is worth noting that because the 
custom chassis version of GEM will not 
recognize certain technology 
improvements that some of these 
manufacturers will include based on 
market forces (after they have been 
introduced into the market as a result of 
the primary program), we expect actual 
in-use improvements for some of these 
vehicles to be slightly greater than is 
required by the standards. For example, 
we project that transmission 
manufacturers will improve the overall 
efficiency of their transmissions to 
enable vehicle manufacturers to comply 
with the primary standards. Once these 
transmissions have been developed and 
made available, we would not expect 
custom chassis manufacturers (or 
customers) to resist using them simply 
because they would not impact 
compliance with the standards. 

(ii) GEM-Based Custom Chassis 
Standards 

Table V–12 and Table V–13 present 
EPA’s CO2 standards and NHTSA’s fuel 
consumption standards, respectively, 
for custom vocational chassis. The 
agencies have analyzed the 

technological feasibility of achieving the 
fuel consumption and CO2 standards, 
based on projections of actions 
manufacturers may take to reduce fuel 
consumption and emissions to achieve 
the standards, and believe that the 
standards are technologically feasible 
throughout the regulatory useful life of 
the program. EPA and NHTSA describe 
costs of the custom chassis standards in 
Section V.C.(2). In all cases we expect 
the technology package costs to be less 
than those of the primary Phase 2 
standards, reflecting that the full set of 
technologies on which the stringency of 
the primary standards are based is not 
suitable for custom chassis applications. 
The costs of these standards are 
reasonable in the context of the 
reductions achieved, should be offset by 
fuel savings over the life of the vehicles. 

These custom vehicle-level standards 
are predicated on a simpler set of 
vehicle technologies than the primary 
Phase 2 standard for vocational 
vehicles. (As already noted, these 
custom chassis vehicles will be required 
to use engines meeting the Phase 2 
engine standards, and thus, should 
generally incorporate the same engine 
improvements as other vocational 
vehicles). In developing these optional 
standards, the agencies have evaluated 
the current levels of fuel consumption 
and emissions, the kinds of technologies 
that could be utilized by custom chassis 
manufacturers to reduce fuel 
consumption and emissions, the 
associated lead time, the associated 
costs for the industry, fuel savings for 
the owner/operator, and the magnitude 
of the CO2 reductions and fuel savings 
that may be achieved. After examining 
the possibilities of vehicle 
improvements, the agencies are basing 
the optional vehicle-level standards for 
motor homes on adoption of TPMS and 
low rolling resistance tires. We are 
basing the optional standards for transit 
buses and refuse trucks on the 
performance of workday idle reduction 
technologies, tire pressure systems, 
simplified transmission improvements, 
and further tire rolling resistance 
improvements. The agencies are basing 
the standards for coach buses and 
school buses on all of the above 
technologies as well as simplified 
transmission improvements. The 
agencies are basing the standards for 
concrete mixers and emergency vehicles 
on use of tires with current average 
levels of rolling resistance. The EPA- 
only air conditioning standard is based 
on leakage improvements. Of these 
technologies, we believe that improved 
tire rolling resistance, neutral idle, and 
air conditioning leakage improvements 
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are available today and may be adopted 
as early as MY 2021. As described in the 
RIA 2.9.3.4 and 2.9.5, the vehicle 
technology that we believe will benefit 
from more development time for engine 
and vehicle integration is stop-start idle 
reduction. 

EPA’s custom chassis CO2 standards 
and NHTSA’s fuel consumption 
standards for the full implementation 
year of MY 2027 reflect even greater 
adoption rates of the same vehicle 
technologies considered as the basis for 
the MY 2021 standards, described in 
more detail in Section V.C below. 

As with the other regulatory 
categories of heavy-duty vehicles, 
NHTSA and EPA are adopting standards 
that apply to custom chassis vocational 
vehicles at the time of production, and 
EPA is adopting standards for a 
specified period of time in use (e.g., 
throughout the regulatory useful life of 
the vehicle). The derivation of the 
standards for these vehicles, as well as 
details about the provisions for 
certification and implementation of 
these standards, are discussed in more 
detail later in this document and in the 
RIA 2.9.3 to 2.9.6. 

The optional standards shown below 
were derived using baseline vehicle 
models with many attributes similar to 
those developed for the primary 
program, with adjustments that are 
described below in Section V.C.(2)(a). 
Details of these configurations are 
provided in the RIA Chapter 2.9.2. For 
better transparency with respect to the 
incremental difference between the MY 
2021 and MY 2027 vehicle standards, 
we have modeled a certified MY 2027 
engine for both vehicle model years of 
optional custom chassis standards. 
Thus, chassis manufacturers who do not 
make their own engines may compare 
the two model years of standards 
presented in Table V–12 and Table V– 
13 and know that any differences are 
due solely to vehicle-level technologies. 

TABLE V–12—EPA EMISSION 
STANDARDS FOR CUSTOM CHASSIS 

[Gram CO2/ton-mile] 

MY 
2021 

MY 
2027 

Coach Bus .................... 210 205 
Motor Home .................. 228 226 
School Bus ................... 291 271 
Transit ........................... 300 286 
Refuse .......................... 313 298 
Mixer ............................. 319 316 
Emergency .................... 324 319 

TABLE V–13—NHTSA FUEL CON-
SUMPTION STANDARDS FOR CUSTOM 
CHASSIS 

[Gallon per 1,000 ton-mile] 

MY 
2021 

MY 
2027 

Coach Bus .................... 20.6287 20.1375 
Motor Home .................. 22.3969 22.2004 
School Bus ................... 28.5855 26.6208 
Transit ........................... 29.4695 28.0943 
Refuse .......................... 30.7466 29.2731 
Mixer ............................. 31.3360 31.0413 
Emergency .................... 31.8271 31.3360 

The agencies are adopting definitional 
provisions for each of the custom 
chassis subcategories to ensure that only 
eligible chassis will be able to certify to 
these numerically less stringent 
standards. The category with the most 
diversity and the greatest need for 
regulatory clarification is refuse. We 
received comments from OshKosh that 
there are seven distinct types of refuse 
trucks, including roll-on-roll-off 
vehicles, type T container haulers 
(hauling trailers containing waste), as 
well as residential front loaders, side 
loaders, and rear loaders. After 
considering these comments and other 
available information, we have 
determined that refuse trucks that do 
not compact waste are ineligible to 
certify to the custom chassis standards. 
For example, roll-off trucks do not 
engage in neighborhood waste 
collection and typically transfer full 
containers to and from regional landfills 
and construction sites. Furthermore, 
their driving patterns are more likely to 
resemble our Regional cycle than the 
Urban cycle. These trucks do engage in 
some PTO operation while parked when 
loading or unloading waste containers 
using hydraulically operated beds and 
possibly a winch or other onboard lift 
system; however, they do not use the 
PTO while driving. The relevant 
definitions and certification provisions 
for refuse and other vehicle types are 
discussed below in Section V.D. 

As discussed above, we are not 
restricting the optional custom chassis 
program to small businesses, nor is 
there a production cap. Because we are 
allowing diversified manufacturers to 
certify some vehicles to the optional 
custom chassis standards, but some 
large manufacturers may not have a 
system for tracking what the final build 
of a vehicle is, we are adopting 
compliance procedures to assure that 
the final intended build will be one of 
the defined vehicle types. This 
approach is intended to level the 
playing field by allowing large 
manufacturers to choose this option 

where their tracking (and/or controls 
imposed on the vehicle) is sufficient to 
know at the time of certification what 
the final build will be. This avoids 
restricting this path to a small subset of 
manufacturers. 

(iii) Design Standards for Select Custom 
Chassis 

The agencies are adopting an 
additional set of optional standards 
where manufacturers of motor home, 
cement mixer, and emergency vehicle 
chassis may elect to certify one or more 
families of vehicles to an equivalent 
standard. Certification would not 
require use of GEM if a manufacturer 
selects this option. Instead, certification 
using this option requires installation of 
specific technologies on every vehicle. 
This option does not allow any 
averaging, banking, or trading. These 
standards are equivalent in stringency to 
the GEM-based option for these three 
types of chassis. As mentioned above, 
the agencies received compelling public 
comment from Autocar suggesting that 
use of even the simplified GEM was 
unreasonably burdensome, and that 
further simplification was warranted in 
some cases. For small businesses 
especially, the certification burden of 
collecting data and running even a 
simplified version of GEM can present 
a disproportionally high burden, 
especially where there are very limited 
GEM inputs. Thus, the agencies sought 
to offer an option that minimizes the 
certification burden, recognizing the 
lesser complexity of the technology 
package associated with the standards 
for these chassis. 

These equivalent technology-based 
standards are not available for 
manufacturers of coach bus, school bus, 
transit bus, and refuse truck chassis, as 
the technology packages for these 
chassis are more complex and cannot be 
projected to be installed at 100 percent 
adoption rates. 

Table V–14 lists the technologies 
required to be applied to every vehicle 
sold by a manufacturer as part of a 
family certified to the optional non- 
GEM vocational vehicle standards. In 
addition, the vehicle must have a 
certified Phase 2 engine and comply 
with the separate standard to prevent 
leakage of HFC from the mobile air 
conditioning system. The combined tire 
CRR values shown in the table are 
obtained using Equation V–1. 
Equation V–1 Vocational Tire CRR Level 

Formula 
Steer tire CRR × 0.3 + Drive tire CRR × 

0.7 
Although manufacturers choosing this 

option will not have access to the 
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403 See proposed rules at 80 FR 40295, July 13, 
2015. 

heavy-duty ABT program, this formula 
provides a small degree of freedom to 

allow for some product variability while 
meeting the target for every vehicle. 

TABLE V–14—OPTIONAL DESIGN (NON-GEM) STANDARDS 

Vehicle type 
Required technology 

MY 2021 MY 2027 

Motor Home ......................... Combined CRR 6.7 kg/ton or less, and either TPMS or 
ATIS.

Combined CRR 6.0 kg/ton or less, and either TPMS or 
ATIS. 

Emergency ........................... Combined tire CRR 8.7 kg/ton or less ............................ Combined tire CRR 8.4 kg/ton or less. 
Mixer .................................... Combined tire CRR 7.6 kg/ton or less ............................ Combined tire CRR 7.1 kg/ton or less. 

(c) HFC Leakage Standards 

The Phase 1 GHG standards do not 
include standards to control direct HFC 
emissions from air conditioning systems 
on vocational vehicles. EPA deferred 
such standards due to ‘‘the complexity 
in the build process and the potential 
for different entities besides the chassis 
manufacturer to be involved in the air 
conditioning system production and 
installation,’’ See 76 FR 57194. During 
our stakeholder outreach conducted for 
Phase 2, we learned that the majority of 
vocational vehicles are sold as cab- 
completes with the dashboard-mounted 
air conditioning systems installed by the 
chassis manufacturer. For those vehicles 
that have A/C systems installed by a 
second stage manufacturer, EPA is 
adopting revisions to our regulations 
that resolve the issues identified in 
Phase 1, in what we believe is a 
practical and feasible manner, as 
described below in Section V.D.2. 

EPA received comments generally 
supportive of adoption of A/C 
refrigerant leakage standards for Class 
2b–8 vocational vehicles, beginning 
with the 2021 model year. Chassis sold 
as cab-completes typically have air 
conditioning systems installed by the 
chassis manufacturer. For these 
configurations, the process for certifying 
that low leakage components are used 
will follow the system in place currently 
for comparable systems in tractors. In 
the case where a chassis manufacturer 
will rely on a second stage manufacturer 
to install a compliant air conditioning 
system, the chassis manufacturer must 
follow the certifying manufacturer’s 
installation instructions to ensure that 
the final vehicle assembly is in a 
certified configuration. 

(3) Exemptions and Exclusions 

This section describes exemptions 
and exclusions related to vocational 
vehicles, including some that are 
available only in Phase 1 and some on 
which we asked for comment but did 
not adopt in the final program. 

(a) Small Business Flexibilities 

Although the Phase 1 program 
deferred the requirements for small 
businesses, the Phase 2 program will 
require small businesses to certify their 
affected vehicles. The RIA Chapter 12 
presents a complete discussion of the 
outreach process that EPA conducted to 
solicit input from small businesses on 
the Phase 2 program. The RIA Chapter 
12 explains why the agencies are 
adopting one year of additional lead 
time for all small businesses in Phase 2. 
Thus, the first compliance year for small 
entities is MY 2022 rather than MY 
2021. The Small Business Advocacy 
Review Panel included representatives 
who produce vocational vehicle chassis, 
including emergency vehicles and 
concrete mixers. Discussions specific to 
vocational vehicle chassis during that 
process included exploration of a low 
volume production threshold below 
which some manufacturers may avoid 
some obligations of this regulation. 
Consistent with the recommendations of 
the Panel, the agencies requested 
comments on how to design a small 
business vocational vehicle program, 
including comments on a possible small 
volume threshold below which some 
small business exemption may be 
available.403 Innovus commented in 
support of a small volume threshold for 
vocational small businesses of either 
200 vehicles per year or a different 
threshold set based on the market share 
of the entity. We received comments 
from Allison, Autocar, the School Bus 
Manufacturers Technical Council, and 
RVIA each suggesting different low- 
volume vocational chassis thresholds 
ranging as high as 26,000 vehicles per 
year. We received adverse comment 
from Daimler stating it would be unfair 
to make less stringent standards 
available solely on the basis of sales 
volume, because if a technology exists 
for one manufacturer, it is available to 
all manufacturers. We received adverse 
comment from OshKosh that less 

stringent regulations on a limited 
production volume stifles a custom 
chassis manufacturers’ opportunity to 
grow their business. Upon consideration 
of these comments, the agencies are not 
finalizing a broad sales volume 
threshold below which a vocational 
chassis manufacturer may reduce their 
compliance burden. Instead we are 
adopting the custom chassis program, 
and we are revising some of the 
exemptions that are carrying forward 
from Phase 1. 

Autocar requested further 
consideration of the small business 
concerns of manufacturers of specialty 
vehicle applications, specifically 
recommending a low volume threshold 
if the agencies are not inclined to use a 
manufacturer’s business size as grounds 
for an exemption. Examples of specialty 
vehicles listed by Autocar include street 
sweepers, asphalt blasters, aircraft 
deicers, sewer cleaners, and concrete 
pumpers. Innovus also requested 
additional flexibility for meeting OBD 
requirements. Capacity Trucks 
commented that the terminal tractor 
industry is primarily comprised of small 
businesses who produce a total of less 
than 6,000 terminal tractors per year, 70 
percent of which are fully off-road 
vehicles. See Section V.B.(3)(c) for a 
discussion of how we are addressing 
Innovus’ comment. See the discussion 
in Section V.B.(3)(b) for a discussion of 
how we are addressing the comments on 
vehicles that are off-road and low-speed. 

(b) Off-Road and Low-Speed Vocational 
Vehicle Exemptions 

In considering the above comments 
regarding additional vehicles that have 
significant operation at low speeds or 
off-road, the agencies are revising the 
exemptions adopted in Phase 1 for off- 
road and low-speed vocational vehicles 
at 40 CFR 1037.631 and 49 CFR 523.2. 
See generally 76 FR 57175. 

These provisions already apply in 
Phase 1 for vehicles that are defined as 
‘‘motor vehicles’’ per 40 CFR 85.1703, 
but may conduct most of their 
operations off-road, such as drill rigs, 
mobile cranes and yard hostlers. 
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404 See memorandum dated July 2016 with data 
on exempted off-road vocational vehicles. 

405 See memorandum dated July 2016 titled, 
‘‘Summary of SmartWay Port Dray 2014 Data’’. 406 See Note 403, above. 

Vehicles qualifying under these 
provisions must be built with engines 
certified to meet the applicable engine 
standard, but need not comply with a 
vehicle-level GHG or fuel consumption 
standard. To date, according to EPA 
records, vehicles exempted under this 
provision using the axle rating criterion 
included airport fire apparatus, airport 
service, fire service, oil field service, 
utility repair, refuse, and truck crane. 
Only two vehicles were exempted using 
the 45 mph speed criterion, however 
those also had rear axles with GAWR of 
29,000 lbs. No vehicles were exempted 
under this provision using the 33 mph 
criterion. Two manufacturers exempted 
several vehicles under this provision 
using the 55-mph speed-limited tire 
criterion, including oil field, mining, 
construction, rock body, and fertilizer 
spreader applications.404 RMA 
commented that the agencies should not 
discontinue the speed-limited tire 
exemption criterion, as was proposed. 
However, their argument that it would 
be detrimental for a vehicle to drive 
above 55 mph with speed-limited tires 
is not compelling. It is too easy for a 
vehicle to be sold with speed-limited 
tires and subsequently have 
replacement tires fitted that are 
appropriate for higher speed operation. 
Although we are discontinuing the 
criterion for exemption based solely on 
use of tires with maximum speed rating 
at or below 55 mph, we are adding a 
new criterion whereby a vehicle 
qualifies to be exempted under this 
provision if it would exceed 95 percent 
of maximum engine test speed when 
traveling at 54 mph or with tamper- 
proof equivalent electronic controls. We 
are retaining the qualifying criteria 
related to design and use of the vehicle. 

In considering the long list of 
specialty vehicle types raised by 
Capacity, Autocar and others, the 
agencies note that many of these may be 
primarily off-road vehicles in many 
respects, although some may not qualify 
as either off-road or low-speed under 
our regulations. In considering the drive 
cycle of those whose primary purpose is 
to transport an affixed device to an off- 
road work site for extended PTO 
operation, the agencies have concluded 
that the technologies we have 
determined to be feasible for concrete 
mixers are also feasible for this type of 
vehicle, and thus we are adopting a 
flexibility where vocational chassis that 
meet one of the two sets of criteria at 40 
CFR 1037.631(a) (but not both) may be 
optionally certified under the custom 
chassis program to the standards 

established for concrete mixers. These 
technologies include certified engines, 
low-leakage air conditioning 
components, and by MY 2027, steer 
tires with level 3V rolling resistance and 
drive tires with level 2v rolling 
resistance. We have similarly 
determined these technologies are 
feasible and reasonable to apply for 
vehicles whose primary purpose is to 
conduct work at slow speeds, but do not 
have affixed devices designed to be used 
at off-road work sites. This may include 
street sweepers and some terminal 
tractors. 

We interpret the comments from 
Capacity to mean that many terminal 
tractors are produced in very small 
volumes by a large number of non- 
diversified small businesses. This is 
corroborated by comments from 
Autocar. Based on data from EPA’s 
Smartway program, the drive cycles of 
some port drayage tractors can include 
a significant amount of highway time as 
well as idle time. According to available 
records, the average fraction of highway 
operation of 1,740 participating port 
dray tractors was 59 percent, and the 
average annual idle time was 762 
hours.405 In considering this drive cycle 
information along with vehicle 
attributes, the agencies have determined 
that workday idle reduction 
technologies, transmission technologies, 
low rolling resistance tires, and other 
technologies factored into the primary 
vocational vehicle standards are feasible 
for drayage tractors that are not speed- 
limited. Therefore, the agencies believe 
that a standard reflecting performance of 
this type of technology package has 
potential applicability for this subset of 
drayage tractors. There is a competing 
consideration, however. As discussed 
above regarding our justifications for an 
expanded custom chassis program, we 
believe it is essential to set feasible 
targets for those chassis manufacturers 
who offer a narrow range of products. 
This is because fleet averaging provides 
a smaller degree of compliance 
flexibility for such manufacturers. 
Therefore we have determined that 
some type of alternative standard is 
warranted for non-diversified 
manufacturers who produce non-speed- 
limited drayage tractors. The transit bus 
custom chassis subcategory has a 
baseline with characteristics reasonably 
similar to drayage tractors, and is 
predicated on use of some but not all of 
the technologies that are feasible for 
drayage tractors. The agencies are 
adopting this as an alternative standard 
for non-speed-limited drayage tractors, 

with one caveat. We are concerned that 
offering an optional standard based on 
adoption of fewer technologies than are 
actually feasible for drayage tractors 
could result in a loss of emission 
reductions that are technically feasible. 
To address this concern, the agencies 
are limiting the number of non-speed- 
limited drayage tractors that may be 
certified under the alternative 
standard.406 As stated above in Section 
V.B.(3)(a), Innovus commented that 200 
vehicles per year would be an 
appropriate small volume threshold. 
Further, Autocar’s written comments as 
well as information provided during 
follow-up meetings indicate that this 
threshold would accommodate their 
production of non-speed-limited 
drayage tractors. Therefore the agencies 
are adopting a flexibility exclusively for 
small businesses to optionally certify up 
to 200 drayage tractors annually under 
the custom chassis program to the 
standards established for transit buses. 
Otherwise manufacturers may elect to 
either certify their drayage tractors to 
the primary standards or design them to 
satisfy the eligibility criteria of 40 CFR 
1037.631 (i.e., to be speed-limited). We 
are adopting this as an interim provision 
(although there is no automatic sunset) 
to allow small businesses time to 
develop experience in the certification 
process as well as to develop future 
product plans. 

(c) Specialty Vehicle Exemption 

As described in Section XIII of this 
Preamble, the agencies are adopting 
alternate engine standards for specialty 
vehicles as part of the final Phase 2 
program. Because some vocational 
vehicles may have engines certified 
under these specialty vehicle provisions 
found at 40 CFR 1037.605, we are 
clarifying here how these provisions 
interact. According to the regulations at 
40 CFR 1037.605, a manufacturer may 
produce no more than 1,000 hybrid 
vehicles in a single model year under 
this option, and no more than 200 
amphibious vehicles, speed-limited 
vehicles, or all-terrain vehicles. Under 
this provision, speed-limited vehicles 
are those that cannot exceed 45 mi/hr by 
tamper-proof calibration. Only vehicles 
with hybrid drivetrains that certify 
engines under this provision must also 
have a vehicle-level Phase 2 certificate, 
as required under 40 CFR 1037.105. The 
three other types would be exempt from 
the vehicle standards. Depending on the 
manufacturer and vehicle type, this may 
mean that such hybrid vehicles may 
need to meet the primary vocational 
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407 Reinhart, T. (February 2016). Commercial 
Medium- and Heavy-Duty (MD/HD) Truck Fuel 
Efficiency Technology Study—Report #2. 
Washington, DC: National Highway Traffic Safety 
Administration. EPA–HQ–OAR–2014–0827–1623.; 
and Schubert, R., Chan, M., Law, K. 2015, 
Commercial Medium- and Heavy-Duty (MD/HD) 
Truck Fuel Efficiency Cost Study. Washington, DC: 
National Highway Traffic Safety Administration. 

408 See NAS Report, Note 229 above. 
409 See TIAX 2009, Note 230 above. 
410 See ICF 2010, Note 232 above. 
411 Argonne National Laboratory, ‘‘Evaluation of 

Fuel Consumption Potential of Medium and Heavy 
Duty Vehicles through Modeling and Simulation.’’ 
October 2009. 

vehicle standards or one of the custom 
chassis standards. 

C. Feasibility of the Vocational Vehicle 
Standards 

This section describes the agencies’ 
technological feasibility and cost 
analysis. Further detail on all of these 
technologies can be found in the RIA 
Chapter 2.4 and Chapter 2.9. The 
variation in the design and use of 
vocational vehicles has led the agencies 
to project different technology solutions 
for each regulatory subcategory. 
Manufacturers may also find additional 
means to reduce emissions and lower 
fuel consumption than the technologies 
identified by the agencies, and of course 
may adopt any compliance path they 
deem most advantageous. This section 
includes discussion of the feasibility of 
the final standards for non-custom 
vocational vehicles using the full Phase 
2 certification path, as well as the final 
optional standards for custom chassis 
standards. 

NHTSA and EPA collected 
information on the cost and 
effectiveness of fuel consumption and 
CO2 emission reducing technologies 
from several sources. The primary 
sources of information were the 
Southwest Research Institute evaluation 
of heavy-duty vehicle fuel efficiency 
and costs for NHTSA,407 the 2010 
National Academy of Sciences report of 
Technologies and Approaches to 
Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles,408 
TIAX’s assessment of technologies to 
support the NAS panel report,409 the 
technology cost analysis conducted by 
ICF for EPA,410 and the 2009 report 
from Argonne National Laboratory on 
Evaluation of Fuel Consumption 
Potential of Medium and Heavy Duty 
Vehicles through Modeling and 
Simulation.411 

(1) What technologies are the Agencies 
considering to reduce the CO2 emissions 
and fuel consumption of vocational 
vehicles? 

In assessing the feasibility of the final 
Phase 2 vocational vehicle standards, 

the agencies evaluated a suite of 
technologies, including workday idle 
reduction, improved tire rolling 
resistance, tire pressure monitoring or 
inflation systems, improved 
transmissions including hybrids, 
improved axles, improved accessories, 
and weight reduction, as well as their 
impact on reducing fuel consumption 
and GHG emissions. The agencies also 
evaluated aerodynamic technologies 
and full electric vehicles. 

As discussed above, vocational 
vehicles may be powered by either SI or 
CI engines. The technologies and 
feasibility of the engine standards are 
discussed in Section II. At the vehicle 
level, the agencies have considered the 
same suite of technologies and have 
applied the same reasoning for 
including or rejecting these vehicle- 
level technologies as part of the basis for 
the final standards, regardless of 
whether the vehicle is powered by a CI 
or SI engine, since the vehicle level 
technologies are not a function of engine 
type. Generally, the analysis below does 
not distinguish between vehicles with 
different types of engines. The resulting 
vehicle standards do reflect the 
differences arising from the performance 
of CI (primarily diesel) or SI (primarily 
gasoline) engines over the GEM cycles. 
Note that vehicles powered by engines 
using fuels other than diesel or gasoline 
are subject to either the SI or CI vehicle 
standards, as specified in 40 CFR 
1037.101. 

(a) Vehicle Technologies Considered in 
Standard-Setting 

The agencies note that the 
effectiveness values estimated for the 
technologies have been obtained using a 
variety of methods, including average 
literature values, engineering 
calculation, and GEM simulation. They 
do not reflect the potentially-limitless 
combination of possible values that 
could result from adding the technology 
to different vehicles. For example, while 
the agencies have estimated an 
effectiveness of one percent for e- 
accessories, each vehicle could 
experience a unique effectiveness 
depending on the actual accessory load 
for that vehicle. On-balance the agencies 
believe this is the most practicable 
approach for determining effectiveness 
for the technologies in the Phase 2 
vocational vehicle program. This section 
is organized to first present the agencies’ 
analyses of technology feasibility and 
effectiveness in Section V.C.(1), and 
below in Section V.C.(2) we present our 
projected technology adoption rates and 
estimated costs. Where other details are 
not given, the feasibility sections set 
forth our rationale for the projected 

adoption rates. Average vehicle 
technology package costs by regulatory 
subcategory are presented below in 
Section V.C.(2)(e). Individual 
technology costs are summarized in the 
RIA Chapter 2.9.3, and full details 
behind all these costs are presented in 
RIA Chapter 2.11, including the 
markups and learning effects applied for 
each of the technologies. 

(i) Transmissions 
Transmission improvements present a 

significant opportunity for reducing fuel 
consumption and CO2 emissions from 
vocational vehicles. Transmission 
efficiency is important for all vocational 
vehicles as their duty cycles involve 
significant amounts of driving under 
transient operation. Even Regional 
vocational vehicles have 20 percent of 
their composite score based on the 
transient test cycle. The three categories 
of transmission improvements the 
agencies proposed to consider as part of 
a compliance path used to determine 
standard stringency were driveline 
optimization, architectural 
improvements, and hybrid powertrain 
systems. As a result of comments and 
enhanced capabilities of GEM, we are 
adopting standards based on 
performance of a revised set of 
transmission technologies. For each 
technology, we have adjusted our 
projected penetration rates where we 
found that comments provided a 
persuasive reason to do so, and the 
effectiveness values are all updated 
according to the current GEM over the 
new drive cycle weightings. 

The technology we described at 
proposal as driveline integration, 80 FR 
40296, is now defined as use of an 
advanced shift strategy. At proposal the 
agencies included shift strategy, 
aggressive torque converter lockup, and 
a high efficiency gearbox among the 
technologies defined as driveline 
integration that would only be 
recognized by use of powertrain testing. 
We also proposed a 70 percent adoption 
rate in MY 2027 on the basis that this 
approach to improving fuel efficiency is 
highly cost-effective and technically 
feasible in a wide range of applications, 
and that the additional lead time would 
enable manufacturers to overcome 
barriers related to the non-integrated 
nature of businesses serving this sector. 
We received persuasive comments from 
manufacturers emphasizing the 
diversity of their product lines and the 
extent of testing that would be needed 
to apply this technology to 70 percent 
of their sales, and as a result we have 
reduced our projected adoption rates for 
this technology. The agencies continue 
to believe that an effective way to derive 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00217 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73694 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

412 See Cummins-Eaton partnership at http://
smartadvantagepowertrain.com/. 

413 See http://www.truckinginfo.com/channel/
equipment/article/story/2014/10/2015-medium- 
duty-trucks-the-vehicles-and-trends-to-look-for/ 
page/3.aspx (downloaded November 2014). 414 See TIAX 2009, Table 4–48. 

efficiency improvements from a 
transmission is by optimizing it with the 
engine and other driveline components 
to balance both performance needs and 
fuel savings. One example of an engine 
manufacturer partnering with a 
transmission manufacturer to achieve an 
optimized driveline is the 
SmartAdvantage powertrain.412 The 
agencies project transmission shift 
strategies, including those that make use 
of enhanced communication between 
engine and driveline, can yield 
efficiency improvements ranging from 
three percent for Regional vehicles to 
nearly six percent for Urban vehicles, 
using engineering calculations (see RIA 
2.9.3.1) to estimate the benefits that can 
be demonstrated over the powertrain 
test. We received comment that we had 
poorly defined the technology that can 
bring about improvements related to 
drive line integration. In considering the 
comments and available information, 
we believe it is reasonable to project 
that transmissions may feature 
advanced shift strategies where they 
make use of an additional sensor to 
improve fuel efficiency such as by 
detecting payload or road grade. See 
Section V.D.(1) and the RIA Chapter 3.6 
for a discussion of the powertrain test 
procedure. 

The agencies have revised the GEM 
simulation tool to recognize additional 
transmission technologies beyond what 
was possible at the time of proposal. We 
are adopting a transmission efficiency 
test to recognize improved mechanical 
gear efficiency and reduced 
transmission friction, where the test 
results can be submitted as GEM inputs 
to override the default efficiency values. 
Because this test can be conducted with 
a bare transmission without needing to 
be paired with an engine, each test will 
be valid for a much broader range of 
vehicle configurations than for a 
powertrain test. The agencies project 
vehicle fuel efficiency can be improved 
by up to one percent from improved 
transmission gear efficiency, which we 
are projecting to be the same during 
each of the driving cycles and zero 
while idling. RIA 2.9.3.1.1. Actual test 
results are likely to show that some 
gears have more room for improvement 
than others, especially where a direct 
drive gear is already highly efficient. 
Commenters requested that the 
minimum torque converter lockup gear 
be enabled as a GEM input without 
requiring powertrain testing. In 
response, final GEM also requires an 
input field for torque converter lockup 
gear. The baseline configurations with 

automatic transmissions were run in 
GEM using lockup in third gear. The 
agencies project vehicle fuel efficiency 
can be improved up to three percent on 
a cycle average for torque converter 
lockup in first gear. RIA 2.9.3.1.1. Using 
the library of agency transmission files, 
GEM gives a different effectiveness 
value in every subcategory, because this 
is influenced by the gear ratios, drive 
cycle, and torque converter 
specifications. Manufacturers will 
obtain slightly different results with 
their own driveline specifications. The 
RIA at Chapter 2.9.3.1 includes a table 
that summarizes the various 
effectiveness values for different types 
of transmission improvements. 

Although not factored into our 
stringency calculations, other non- 
hybrid transmission technologies that 
can also be recognized by powertrain 
testing include use of architectures not 
recognized by GEM such as dual clutch 
systems, and designs with reduced 
parasitic losses. 

Most vocational vehicles currently 
use torque converter automatic 
transmissions (AT), especially in 
Classes 2b–6. Automatic transmissions 
offer acceleration benefits over drive 
cycles with frequent stops, which can 
enhance productivity. With the 
diversity of vocational vehicles and 
drive cycles, other kinds of transmission 
architectures can meet customer needs, 
including automated manual 
transmissions (AMT), dual clutch 
transmissions (DCT), as well as manual 
transmissions (MT).413 As at proposal, 
dual clutch transmissions are simulated 
as AMT’s in GEM. A manufacturer may 
elect to conduct powertrain testing to 
obtain specific improvements for use of 
a DCT. The RIA Chapter 4 explains the 
EPA default shift strategy and the losses 
associated with each transmission type, 
and discusses changes that have been 
made since proposal. Although the 
representation of transmissions has 
improved since proposal, the 
differences between AT and AMT are 
too difficult to isolate for purposes of 
figuring this into our stringency 
calculations. Although we expect 
manufacturers to have a reasonable 
model of transmission behavior for 
certification purposes, we could not 
estimate relative improvement values 
between AT and AMT for vocational 
vehicles using any defensible estimation 
method. The agencies have not been 
able to obtain conclusive data that could 
support a final vocational vehicle 

standard, in any subcategory, predicated 
on adoption of an AMT or DCT with a 
predictable level of improvement over 
an AT. As a result, the only 
architectural changes on which the final 
vocational vehicle standards are based 
are increasing the number of gears and 
automation compared with a manual 
transmission. 

The benefit of adding more gears 
varies depending on whether the gears 
are added in the range where most 
operation occurs. The TIAX 2009 report 
projected that 8-speed transmissions 
could incrementally reduce fuel 
consumption by 2 to 3 percent over a 6- 
speed automatic transmission, for Class 
3–6 box and bucket trucks, refuse 
haulers, and transit buses.414 We have 
run GEM simulations comparing 5- 
speed, 6-speed, 7-speed, and 8-speed 
automatic transmissions where some 
cases hold the total spread constant, 
some hold the high end ratio constant, 
and some hold the low-end ratio 
constant, where all cases use a third 
gear lockup and axle ratios are held 
constant. We have observed mixed 
results, with some improvements over 
the highway cruise cycles as high as six 
percent, and some cases where 
additional gears increased fuel 
consumption. As proposed, we are 
allowing GEM to determine the 
improvement, where manufacturers will 
enter the number of gears and gear ratios 
and the model will simulate the 
efficiency over the applicable test cycle. 
The agencies have revised GEM based 
on comment, and we are confident that 
it fairly represents the fuel efficiency of 
transmissions with different gear ratios. 
Consistent with literature values, we are 
using engineering calculations to 
estimate that two extra gears has an 
effectiveness of one percent 
improvement during transient driving 
and two percent improvement during 
highway driving. Weighting these 
improvements using our final composite 
duty cycles (zero improvement at idle), 
for purposes of setting stringency, we 
are conservatively estimating that 
adding two gears will improve 
vocational vehicle efficiency between 
0.9 and 1.7 percent. 

The final Phase 2 GEM has been 
calibrated to reflect a fixed two percent 
difference between manual 
transmissions and automated 
transmissions during the driving cycles 
(zero at idle). As in the HHD Regional 
subcategory baseline, manual 
transmissions simulated in GEM 
perform two percent worse than 
similarly-geared AMT. This fixed 
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415 For example, see XL Hybrids at http://www.
xlhybrids.com/content/assets/Uploads/XL- 
BoxTruck-US-FLY-8.5x11-0519-LR.pdf, and 

Crosspoint Kinetics at http://crosspointkinetics.
com/members/kinetics-hybrid-partners/. 

416 See test procedures at 40 CFR 1037.555. In 
Phase 1, evaluation of hybrid powertrain systems is 

Continued 

improvement is discussed further in the 
RIA Chapter 2.4. 

Hybrid powertrain systems are 
included under transmission 
technologies because, depending on the 
design and degree of hybridization, they 
may either replace a conventional 
transmission or be deeply integrated 
with a conventional transmission. 
Further, these systems are often 
manufactured by companies that also 
manufacture conventional 
transmissions. 

The agencies are including hybrid 
powertrains as a technology on which 
some of the vocational vehicle standards 
are predicated. We proposed ten percent 
overall adoption of strong hybrids by 
MY 2027, which meant approximately 
18 percent adoption in the 
Multipurpose and Urban subcategories 
in that model year. 80 FR 40297. We 
received extensive comments on the 
ability of the vocational vehicle market 
to adopt hybrid drivetrains. EDF and 
Parker both highlighted the successful 
demonstrations of Parker hydraulic 
hybrids for refuse applications with 
effectiveness near 40 percent over refuse 
duty cycles. Autocar commented that a 
significant portion of their refuse truck 
sales have hydrostatic hybrid drives. 
Fleets such as Pepsico and the City of 
Bloomington highlighted that they are 
actively purchasing hybrids. ATA and 
UPS commented that hybrid technology 
applications continue to be of interest to 
the trucking industry, but expressed 
concern over the high costs that can 
deter uptake in the market. Eaton 
commented that a combination of 
factors is needed to re-ignite the hybrid 
business: lower battery costs and 
increased efficiency of the hybrid 
systems for Class 6–8, lower cost mild 
hybrid powertrains in Class 3–5, and 
continued regulatory pull. Eaton says 
the hybrid market is still very fragile 
and they do not see market conditions 
improving for hybrid commercial 
vehicles except for a few mild hybrids. 
Securing America’s Future Energy and 
ACEEE also commented in favor of 
including mild hybrids as part of the 
vocational vehicle compliance package. 

After considering all these comments, 
we agree with commenters that mild 
hybrids are more likely than strong 
hybrids to succeed initially in the 
vocational sector, especially outside of 
the bus market. We are projecting 
adoption of two types of mild hybrids, 
defined using system parameters based 
on actual systems commercially 
available in the market today.415 NTEA 

and the Green Truck Association both 
commented that a common way that 
today’s hybrids are installed is by 
secondary or intermediate 
manufacturers. We have taken this into 
consideration by assuming that some 
mild hybrid systems will be integrated 
with an engine sufficient to enable use 
of an engine stop-start feature, while 
some mild hybrids will not be 
integrated and these ‘‘bolt-on’’ systems 
will only provide transient benefits 
related to regenerative braking. 

Allison believes that hybrid vehicles 
should be certified on a duty cycle on 
the same basis as non-hybrid vehicles 
because the vehicles must perform the 
same work regardless of the powertrain 
technology. We agree and the Phase 2 
test cycles are the same for conventional 
and hybrid drivelines. The Sierra Club 
asked the agencies to consider real 
world duty cycle data to account for the 
effectiveness of hybrids for vocational 
vehicles. Allison says investments for 
heavy-duty hybrids will be made by 
component suppliers, not by the vehicle 
manufacturers. The battery, inverter, 
and motor suppliers must make 
investments in addition to the system 
supplier. In this regard—for a small 
market like the heavy-duty hybrids—a 
significant investment, under current 
conditions, are seen as risky and 
unlikely to occur according to Allison. 
Allison commented that even though 
the transit bus industry has had 
commercially available hybrids for over 
a decade, the adoption rate of hybrids in 
the U.S. transit bus market is only 13.2 
percent and that to achieve an overall 5 
percent adoption rate of hybrid 
technology, the economics of the hybrid 
ownership would have to substantially 
change over the period of time covered 
by this rulemaking. In light of these 
concerns, we have adjusted our 
projected adoption rates of hybrid 
technology as described below in 
Section V.C.(2)(b)(i). 

We also have reconsidered our 
effectiveness estimation method as a 
result of comments. Instead of relying 
on previously published road tests over 
varying drive cycles, we are applying 
engineering calculations to account for 
defined hybrid system capacities and 
inefficiencies over our certification test 
cycle. We are using a spreadsheet model 
that calculates the recovered energy of 
a hybrid system using road loads of the 
default baseline GEM vehicles over the 
ARB Transient test cycle. See RIA 
Chapter 2.9.3.1.3 to read more about the 
assumed motor and battery capacity, 
swing in the state of charge, and system 

inefficiencies. The effectiveness is 
assumed (conservatively) to be zero for 
the highway cruise cycles to obtain the 
projected cycle-weighted effectiveness. 
For the non-integrated models, the same 
system was assessed for all weight 
classes (not scaled up for heavier 
vehicles); however, for the integrated 
models with stop-start we have scaled 
up the system specifications to account 
for the larger road loads, to ensure the 
projected effectiveness is not decreased 
for systems on heavier vehicles relative 
to that projected for lighter vehicles. 

For the non-integrated mild hybrids, 
we are estimating an eight to 13 percent 
fuel efficiency improvement as 
measured over the powertrain test, 
depending on the duty cycle (i.e. Multi- 
purpose or Urban) in GEM for the 
applicable subcategory. See RIA 2.9.3.1. 
For the integrated mild hybrids, we 
have combined the effectiveness 
calculated for the scaled-up mild hybrid 
system with the effectiveness of stop- 
start, described below. Id. 2.9.3.1. These 
combined effectiveness values range 
from 18 to 21 percent efficiency 
improvement, depending on the duty 
cycle (i.e. Multi-purpose or Urban). 
Even though the actual improvement 
from hybrids in Phase 2 will be 
evaluated using the powertrain test, 
because the model uses the same 
vehicle test cycle and conservative 
estimates of realistic configurations, the 
agencies have concluded it is reasonable 
to use these spreadsheet-based estimates 
as a basis for setting stringency in the 
final rules. 

Based on the public comments from 
hybrid suppliers and other innovators 
providing evidence of hybrid systems in 
the market today ranging from 
prototypes to commercialized, the 
agencies believe the Phase 2 rulemaking 
timeframes will offer sufficient lead 
time to develop, demonstrate, and 
conduct reliability testing for hybrid 
technologies to enable market adoptions 
in the range that we are projecting for 
the final rules. 

The agencies are working to reduce 
barriers related to hybrid vehicle 
certification. In Phase 1, there is a 
significant burden associated with the 
optional test for demonstrating the GHG 
and fuel efficiency performance of 
vehicles with hybrid powertrain 
systems. If manufacturers wish to earn 
Phase 1 credit for a hybrid, they must 
obtain a conventional vehicle that is 
identical to the hybrid vehicle in every 
way except the transmission, test both, 
and compare the results.416 In Phase 2, 
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an option for which advanced technology credits 
are available. 

417 California Air Resources Board. Letter from 
Michael Carter to Matthew Spears dated December 
29, 2014. CARB Request for Supplemental NOX 
Emission Check for Hybrid Vehicles. Docket EPA– 
HA–OAR–2014–0827. 

418 See Argonne National Laboratory 2009 report, 
Note 411, page 91. 

manufacturers will conduct powertrain 
testing on the hybrid system itself, and 
the results of that testing will become 
inputs to GEM for simulation of the 
non-powertrain features of the hybrid 
vehicle, removing a significant test 
burden. We will continue to work with 
hybrid suppliers and manufacturers to 
address other test burden issues, 
including test procedures to determine 
a balanced state of charge and number 
of default configurations needed for the 
cycle average map. 

Hybrid manufacturers commented 
that meeting the on-board diagnostic 
requirements for criteria pollutant 
engine certification continues to be a 
potential impediment to adoption of 
hybrid systems. See Section XIII.A.1 for 
a discussion of regulatory changes to 
reduce the non-GHG certification 
burden for engines paired with hybrid 
powertrain systems. The agencies have 
also received comments on a letter from 
the California Air Resources Board 
requesting consideration of 
supplemental NOX testing of hybrids.417 
Allison provided comment on CARB’s 
recommendations, noting that it is not 
possible to draw conclusions about 
hybrid vehicles compared with 
conventional vehicles using the method 
recommended by CARB. Allison 
suggests that EPA gather additional data 
and conduct a future analysis based on 
data from both low-kinetic intensity and 
high kinetic intensity vehicles. In the 
final Phase 2 program, NOX emissions 
will be measured and reported as a part 
of powertrain testing. This will allow 
EPA to monitor NOX performance and 
identify potential problems long before 
sales increase to a point at which 
significant in-use impacts could occur. 
The information collected will also be 
used to inform EPA as to the merits of 
future rulemaking. However, EPA 
believes that finalizing the approach 
recommended at this time could 
represent an undue burden for this 
emerging technology. 

Based on comments received and 
stakeholder outreach, we have reason to 
believe that some custom chassis 
manufacturers are better positioned than 
others to adopt transmission technology 
to improve fuel efficiency. Most have 
little or no in-house research capacity, 
and purchase off-the-shelf 
transmissions. Some, such as Gillig and 
Autocar, have partnered with suppliers 
to successfully implement hybrids on 

their vehicles. Some bus chassis 
manufacturers are exploring the benefits 
of applying transmissions with 
additional gears. In real world driving, 
vehicles with a lot of transient 
operation, including custom chassis, 
can see real fuel savings from adoption 
of improved transmissions, including 
those with more efficient gears and 
advanced shift strategies. We expect that 
suppliers will continue to develop 
improved transmissions for vocational 
vehicles including some custom chassis, 
and that manufacturers will continue to 
select transmissions that deliver reliable 
products to fuel-conscious customers. 
Specifically, we believe that bus 
manufacturers will continue to have 
choices of competing products that offer 
performance characteristics that 
improve over time. Below in V.C.(2)(b) 
we discuss the reasons why we believe 
that a final Phase 2 program that is 
largely blind to these transmission- 
based improvements for custom chassis 
will avoid adverse unintended 
consequences. 

(ii) Axles 
The agencies are predicating part of 

the stringency of the final vocational 
vehicle standards on performance of 
two types of axle technologies. The first 
is advanced low friction axle lubricants 
and efficiency as demonstrated using 
the separate axle test procedure 
described in the RIA Chapter 3.8 and 40 
CFR 1037.560. The agencies received 
adverse comment on the proposal to 
assign a fixed 0.5 percent improvement 
for this technology. In consideration of 
comments, the agencies are instead 
assigning default axle efficiencies to all 
vocational vehicles. Manufacturers may 
submit test data to over-ride axle 
efficiency values in GEM. Our cost 
analysis for the final rulemaking 
includes maintenance costs of replacing 
axle lubricants on a periodic basis. See 
the RIA Chapter 7.1.3. Based on 
supplier information, some advanced 
lubricants have a longer drain interval 
than traditional lubricants. We are 
estimating the axle lubricating costs for 
HHD to be the same as for tractors since 
those vehicles likewise typically have 
three axles. However, for LHD and MHD 
vocational vehicles, we scaled down the 
cost of this technology to reflect the 
presence of a single rear axle. We expect 
that improved axle efficiency is 
technically feasible on all vocational 
vehicles including custom chassis. 
However, it’s likely that axle suppliers 
may be more likely to invest in design 
and lubrication improvements for high 
sales volume products, such as axles 
that can serve both tractor and 
vocational markets. Further, to the 

extent that extreme duty cycles require 
lubricants with special performance 
features, it’s likely that the most 
advanced low-friction lubricants may 
not be feasible for some custom chassis 
such as refuse trucks. 

The second axle technology applies 
only for HHD vocational vehicles, 
which typically are built with two rear 
axles. Part time 6x2 configuration or 
axle disconnect is a design that enables 
one of the rear axles to temporarily 
disconnect or otherwise behave as if it’s 
a non-driven axle. The agencies 
proposed to base the HHD vocational 
vehicle standard on some use of both 
part time and full time 6x2 axles. The 
agencies received adverse comment on 
the application of the permanent 6x2 
configuration for vocational vehicles. 
The disconnect configuration is one that 
keeps both drive axles engaged only 
during some types of vehicle operation, 
such as when operating at construction 
sites or in transient driving where 
traction especially for acceleration is 
vital. Instead of calculating a fixed 
improvement as at proposal, the 
agencies have refined GEM to recognize 
this configuration as an input, and the 
benefit will be actively simulated over 
the applicable drive cycle. Effectiveness 
based on simulations with EPA axle 
files is projected to be as much as one 
percent for HHD Regional vehicles. 
Further information about this 
technology is provided in RIA Chapter 
2.4.5. The feasibility of this technology 
depends on whether the baseline axle 
configuration is a 6x4 and whether the 
vehicle is likely to spend significant 
amounts of time on the highway. For 
vocational vehicles, this is largely 
limited to Regional and Multipurpose 
HHD vehicles. To the extent that any 
motor homes and coach buses with 
GVWR over 33,000 lbs are built with 
two rear axles, this technology could be 
technically feasible. However, because 
these vehicles generally operate on 
paved roads and may not need the 
traction of a 6x4, a popular axle 
configuration for these vehicles is a 
permanent 6x2. 

(iii) Lower Rolling Resistance Tires 
Tires are the second largest 

contributor to energy losses of 
vocational vehicles, as found in the 
energy audit conducted by Argonne 
National Lab.418 The two most helpful 
sources of data in establishing the 
projected vocational vehicle tire rolling 
resistance levels for the final Phase 2 
standards are the comments from RMA 
and actual certification data for model 
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419 See memorandum dated May 2016 titled, 
Vocational Vehicle Tire Rolling Resistance 
Certification Data. 

year 2014. At proposal, we projected 
that all vocational vehicle subcategories 
could achieve average steer tire 
coefficient of rolling resistance (CRR) of 
6.4 kg/ton and drive tire CRR of 7.0 kg/ 
ton by MY 2027. These new data have 
informed our analysis to enable us to 
differentiate the technology projections 
by subcategory. The RMA comments 
included CRR values for a wide range of 
vocational vehicle tires, for rim sizes 
from 17.5 inches to 24.5 inches, for 
steer/all position tires as well as drive 
tires. The RMA data, while illustrating 
a range of available tires, are not sales 
weighted. The 2014 certification data 
include actual production volumes for 
each vehicle type, thus both steer and 
drive tire population-weighted data are 
available for emergency vehicles, 
cement mixers, school buses, motor 
homes, coach buses, transit buses, and 
other chassis cabs. The certification data 
are consistent with the RMA assessment 
of the range of tire CRR currently 
available. We also agree with RMA’s 
suggestion to set a future CRR level 
where a certain percent of current 
products can meet future GEM targets. 
We disagree with RMA that the MY 
2027 target should be a level that 50 
percent of today’s product can meet. 
With programmatic averaging, such a 
level would mean essentially no 
improvements overall from tire rolling 
resistance, because today when 
manufacturers comply on average, half 
their tires are above the target and half 
are below. Further, with Phase 2 GEM 
requiring many more vehicle inputs 
than tire CRR, manufacturers have many 
more degrees of freedom to meet the 
performance standard than they do in 
Phase 1. In these final rules, the 
agencies are generally projecting 
adoption of LRR tires in MY 2027 at 
levels currently met by 25 to 40 percent 
of today’s vocational products, on a 
sales-weighted basis.419 We are 
differentiating the improvement level by 
weight class and duty cycle, recognizing 
that heavier vehicles designed for 
highway use can generally apply tires 
with lower rolling resistance than other 
vehicle types, and will see a greater 
benefit during use. None of the rolling 
resistance levels projected for adoption 
in MY 2027 are lower than the 25th 
percentile of tire CRR on actual 
vocational vehicles sold in MY 2014. 
Thus, we believe the improvements will 
be achievable without need to develop 
new tires not yet available. Further 

details are presented in the RIA Chapter 
2.9. 

In simulation, the benefit of LRR tires 
is reflected in GEM differently for 
vehicles of different weight classes and 
duty cycles. Based on simulations using 
the projected tire CRR, the agencies 
project fuel efficiency improvements by 
MY 2027 for LRR tires on Regional 
vocational vehicles between two and 
three percent, for Multipurpose vehicles 
between one and three percent, and for 
Urban vehicles up to one percent. This 
technology is also feasible on all custom 
chassis, with similarly larger 
improvements feasible for coach buses 
and motor homes with typically 
regional drive cycles, and similarly 
smaller improvements feasible for 
school and transit buses, refuse trucks, 
and concrete mixers with typically 
urban drive cycles. 

As proposed, the agencies will 
continue the light truck (LT) tire CRR 
adjustment factor that was adopted in 
Phase 1. 80 FR 40299; see generally 76 
FR 57172–57174. In Phase 1, the 
agencies developed this adjustment 
factor by dividing the overall vocational 
test average CRR of 7.7 by the LT 
vocational average CRR of 8.9. This 
yielded an adjustment factor of 0.87. 
Because the MY 2014 certification data 
for LHD vocational vehicles may have 
included some CRR levels to which this 
adjustment factor may have already 
been applied, and because we did not 
receive adverse comment on our 
proposal to continue this, the agencies 
have concluded that we do not have a 
basis to discontinue allowing the 
measured CRR values for LT tires to be 
multiplied by a 0.87 adjustment factor 
before entering the values in the GEM 
for compliance. 

In Table V–15, the descriptors 1v 
through 5v refer to levels of rolling 
resistance that have been identified 
among the population of tires installed 
on vocational vehicles certified for MY 
2014. Each of these levels is in 
production today and represents tires 
that have been fitted on a certified 
vehicle. The agencies have defined 
these levels for purposes of estimating 
the manufacturing costs associated with 
applying improved tire rolling 
resistance to vocational vehicles. These 
levels are not applicable for estimating 
degrees of improvement or costs of LRR 
tires on tractors, trailers, or HD pickups 
and vans as part of this rulemaking. 
Furthermore, these levels do not 
represent the full range of tire CRR 
available for vocational vehicles. There 
are both steer and drive tires on certified 
vocational vehicles today with CRR 
ranging from 5 kg/ton to 15 kg/ton. We 
expect this full range of tires will 

continue to be available in the market 
well into the future. 

TABLE V–15—DEFINED LEVELS OF 
VOCATIONAL TIRE CRR 

Rolling resistance level 
descriptor 

Range 
min. 

Range 
max. 

LRR level 1v ........................ 7.5 8.1 
LRR level 2v ........................ 7.0 7.49 
LRR level 3v ........................ 6.6 6.99 
LRR level 4v ........................ 6.3 6.59 
LRR level 5v ........................ 5.8 6.29 

(iv) Workday Idle Reduction 
The Phase 2 idle reduction 

technologies considered for vocational 
vehicles are those that reduce workday 
idling, unlike the overnight or driver 
rest period idling of sleeper cab tractors. 
Idle reduction technology is one type of 
technology that is particularly duty- 
cycle dependent. In light of new 
information, the agencies have learned 
that our proposal had mischaracterized 
the idling operation of vocational 
vehicles, significantly underestimating 
the extent of this mode of operation, and 
incorrectly calculating it using a drive 
idle cycle when significant idling also 
occurs while parked. As described 
above in Section V.B.(1), in these final 
rules we have revised our test cycles to 
better reflect real world idle operation, 
including both parked idle and drive 
idle test conditions. At proposal, we 
identified two types of idle reduction 
technologies to reduce workday idle 
emissions and fuel consumption for 
vocational vehicles: neutral idle and 
stop-start. After considering the new 
duty cycle information and the many 
comments received, we are basing our 
final vocational vehicle standards in 
part on the performance of three types 
of workday idle reduction technologies: 
neutral idle, stop-start, and automatic 
engine shutdown; which we believe are 
effective, feasible, and cost-effective, as 
discussed further in this section. 

Neutral idle is essentially a 
transmission technology, but it also 
requires a compatible engine 
calibration. Torque converter automatic 
transmissions traditionally place a load 
on engines when a vehicle applies the 
brake while in drive, which we call curb 
idle transmission torque (CITT). When 
an engine is paired with a manual or 
automated manual transmission, the 
CITT is naturally lower than when 
paired with an automatic, as a clutch 
disengagement must occur for the 
vehicle to stop without stalling the 
engine. We did not receive adverse 
comment on our proposal to include 
this technology in our standard-setting 
for vocational vehicles. The engineering 
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420 See spreadsheet file dated July 2016 titled, 
‘‘FRM_Vocational-Standards_GEMpostprocess.xls’’. 
See EPA–HQ–OAR–2014–0827. 

421 See Reinhart 2015, Note 345 above. 

422 See Ford powerstroke guide at https://
www.fleet.ford.com/truckbbas/non-html/ 
DeiselTips/DLSIDLETIMESS.pdf (accessed March 
2016); see also Cummins maintenance schedule, 
available at http://www.cumminsbridgeway.com/
pdf/parts/Recommended_Maintenance_
Schedule.pdf (accessed March 2016). 

423 NTEA, 2015 Work Truck Electrification and 
Idle Management Study. 

424 We will consider non-tamper-proof AES as off- 
cycle technologies for a lesser credit. 

required to program sensors to detect 
the brake position and vehicle speed, 
and enable a smooth re-engagement 
when the brake pedal is released makes 
this a relatively low complexity 
technology that can be deployed 
broadly. Navistar commented that idle 
reduction strategies must have sufficient 
engine, aftertreatment and occupant 
protections in place such that any fuel 
cost savings are a net benefit for the 
owner/operator without compromising 
safety. We agree, and for neutral idle we 
believe an example of an allowable 
override is if a vehicle is stopped on a 
hill. Skilled drivers operating manual 
transmissions can safely engage a 
forward gear from neutral when stopped 
on upslopes with minimal roll-back. 
With an AT, the vehicle’s computer 
would need to handle such situations 
automatically. In addition, engagement 
of the PTO while driving will be an 
allowable over-ride condition. In the 
Phase 2 certification process, 
transmission suppliers will attest 
whether the transmission has this 
feature present and active, and 
certifying entities will be able to enter 
Yes or No as a GEM input for the 
applicable field. The effectiveness of 
this technology will be calculated using 
data points collected during the engine 
test, and the appropriate fueling over 
the drive idle cycle and the transient 
cycle will be used. Based on GEM 
simulations using the final vocational 
vehicle test cycles, the agencies project 
neutral idle to provide fuel efficiency 
improvements up to seven percent for 
diesel vehicles, and up to two percent 
for gasoline vehicles, depending on the 
regulatory subcategory.420 The lesser 
effectiveness for gasoline vehicles is due 
to lower curb idle transmission torque 
present in the baseline configurations 
for gasoline than the diesel vehicles, as 
documented in the SwRI report.421 

Neutral idle may be programmed on 
any automatic transmission, and can 
reasonably be applied for vocational 
vehicles where this feature would not 
frequently encounter an over-ride 
condition. Vehicles with high PTO 
operation can apply this technology, 
although they would see reduced 
effectiveness in use. 

Automatic engine shutdown (AES) is 
an engine technology that is widely 
available in the market today, but has 
seen more adoption in the tractor 
market than for vocational vehicles. 
Although we did not propose to include 
this technology, we received many 

comments suggesting this would be 
appropriate. Some commenters may 
have conflated the concept of stop-start 
with AES, such as a comment we 
received asking us to consider the on- 
board need to power accessories while 
the vehicle is in stationary mode. We 
believe that automatic engine shutdown 
is effective and feasible for many 
different types of vehicles, depending 
on how significant a portion of the work 
day is spent while parked. Most truck 
operators are aware of the cost of fuel 
consumed while idling, and 
importantly, the wear on the engine due 
to idling. Engine manufacturers caution 
owners to monitor the extent of idling 
that occurs for each work truck and to 
reduce the oil change interval if the idle 
time exceeds ten percent of the work 
day.422 Accordingly, many utility truck 
operators track their oil change intervals 
in engine hours rather than in miles. 

NTEA provided the agencies with a 
report with survey results on which 
work truck fleets are adopting AES with 
backup power, and their reasons for 
doing so.423 The most common reason 
given in the survey is to allow an engine 
to shut down and still have vehicle 
power available to run flashing safety 
lights. Some vocational vehicles also 
need to conduct work using a power 
take-off (PTO) while stationary for 
hours, such as on a boom truck. The 
agencies are adopting an allowable AES 
over-ride for PTO use. Technologies that 
can reduce fuel consumption during 
this type of high-load idle are discussed 
below in V.C.(1)(c)(iii). We are also 
adopting an allowable AES over-ride if 
the battery state of charge drops below 
a safe threshold. This would ensure 
there is sufficient power to operate any 
engine-off accessories up to a point 
where the battery capacity has reached 
a critical point. Where a vocational 
vehicle has such extensive stationary 
accessory demands that an auxiliary 
power source is impractical or that an 
over-ride condition would be 
experienced frequently, we would not 
consider AES to be feasible. In the Phase 
2 certification process, engine suppliers 
will attest whether this feature is 
present and tamper-proof, and certifying 
entities will be able to enter Yes or No 
as a GEM input for the applicable 
field.424 As with neutral idle described 

above, the effectiveness of AES will be 
calculated in GEM using data obtained 
through engine testing. The appropriate 
data points over the parked idle cycle 
will be used for calculating the fueling. 
Based on GEM simulations using the 
final vocational vehicle test cycles, the 
agencies project AES to provide fuel 
efficiency improvements ranging from 
one to seven percent, depending on the 
regulatory subcategory. 

The agencies proposed to predicate 
the vocational vehicle standards in part 
on 70 percent adoption of stop-start in 
MY 2027. We received numerous 
comments from manufacturers and 
suppliers with concerns about all 
aspects of this technology, including its 
feasibility, its effectiveness, and the lead 
time to make it commercially available. 
As discussed above, our assessment of 
workday idle reduction technologies has 
been refined since proposal, and part of 
this refinement includes less reliance on 
adoption of stop-start than at proposal. 

Stop-start is a technology that requires 
an integration between engine and 
vehicle systems, and is seeing 
increasing acceptance in today’s 
passenger vehicle market. The agencies 
are aware that for a vocational vehicle’s 
engine to turn off during workday 
driving conditions, there must be a 
minimal reserve source of energy to 
maintain engine-protection and safety 
functions such as power steering, 
transmission pressure, engine 
lubrication and cooling, among others. 
As such, stop-start systems can be 
viewed as having a place on the low- 
cost end of the hybridization 
continuum. Effenco commented that a 
minimum of additional hardware is 
required to deliver enough power to 
frequently and seamlessly restart a large 
engine as well as to keep accessories 
and equipment operational with the 
engine turned off. Navistar commented 
persuasively that coking can occur if the 
cooling and lubricating oil is removed. 
The agencies therefore would consider 
electrified water and oil pumps to be 
part of the stop-start technology 
package. However, we must be clear to 
distinguish this technology from the 
AES described above. Stop-start 
technologies will be recognized only 
over the drive idle cycle and the 
transient cycle in GEM, not the parked 
idle cycle (whereas AES is recognized 
only over the parked idle cycle). 
Accordingly, the purpose of the 
additional hardware is to protect the 
engine for short duration stops such as 
at traffic lights, not to power accessories 
while the vehicle is parked. 

Volvo commented that stop-start is 
not feasible for HHD engines (generally 
11L and larger), and claims engine 
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425 Maxwell Technologies, How Ultracapacitors 
Improve Starting Reliability for Truck Fleets, 2016. 

426 See comment submitted by Effenco describing 
such a system designed for a refuse packer. 

427 See phone log for L. Steele, conversation with 
B. Van Amburg, May 2016. 

development costs will be very high 
since stop-start cycling tests can only be 
accelerated by a limited amount before 
the failure mechanisms are altered. 
However, their objections relate more to 
the challenges of stop-start for HHD 
engines and do not actually show the 
technology to be infeasible. Although 
we disagree with Volvo that stop-start is 
infeasible for HHD engines, we 
understand it may require more 
development time and cost than for 
engines in lighter vehicles. It’s possible 
that some time may be needed for 
development work where manufacturers 
elect to shift away from reliance on 
batteries for starting the engine and 
begin to rely instead on ultracapacitors, 
which do not have the same problems 
with cold weather operation and long 
term fatigue as do batteries.425 Volvo 
and EMA commented that main and rod 
bearings as well as other bearing 
surfaces would need to be strengthened 
and improvements may be needed for 
starters and lubrication systems. We 
agree with commenters that this type of 
development work would likely be part 
of bringing this technology to the 
vocational vehicle market, and thus we 
have included costs for upgrades similar 
to those described for all sizes of 
engines, not just those over 11L. In the 
event that an engine manufacturer needs 
to delay adoption of stop start to roll 
these changes in to a planned platform 
redesign, we believe our relatively 
modest adoption rate of 30 percent in 
MY 2027 will accommodate this. 
Descriptions of costs for stop-start may 
be found in the RIA Chapter 2.11.6.6. 

We are not aware of stop-start systems 
that are commercially available for 
conventional vocational vehicles today, 
but this feature is available as part of 
some current hybrid systems. We are 
aware of one supplier who is 
demonstrating today a capacitor-based 
stop-start system with on-board 
electronics sufficient to protect a HHD 
engine and even power a PTO.426 
Furthermore, other manufacturers and 
suppliers are researching this.427 
Therefore we are confident heavy-duty 
stop-start systems for conventional 
vehicles will be feasible in the time 
frame of Phase 2. Where stop-start is 
relied upon as part of a certified 
configuration with components 
installed by a secondary manufacturer, 
these will be subject to specifications 

and installation instructions of the 
certifying manufacturer. 

In response to comments, we are 
adopting some permissible over-ride 
conditions under which a stop-start 
system may either restart sooner than 
otherwise or not shut down an engine. 
Navistar, Waste Management and others 
commented that vehicles with a 
significant power take-off (PTO) load 
will not be able to accommodate start/ 
stop technology. As with neutral idle, 
we agree that engagement of the PTO 
while driving should be an allowable 
over-ride condition, as there are some 
vehicles that must conduct PTO work 
while underway. For example, cement 
mixers must continually rotate the drum 
and refuse trucks routinely compact 
their load throughout their 
neighborhood collection activity. 
Additional over-rides are discussed in 
the RIA Chapter 2.9.3.4. If a 
manufacturer designs a system that does 
not need as many over-rides due to 
additional electrification or other on- 
board systems, then an application for 
off-cycle credit may be submitted, to 
recognize a greater effectiveness. The 
regulations at 40 CFR 1037.660 specify 
the allowable over-rides. 

The effectiveness of stop-start as 
recognized in GEM will be engine- 
dependent. Engines with high 
emissions/fuel consumption at idle will 
see greater reductions. Also, vehicles 
that idle frequently will see greater 
reductions. Based on GEM simulations 
using the final vocational vehicle test 
cycles, the agencies project stop-start to 
provide fuel efficiency improvements 
up to 14 percent for diesel vehicles, and 
up to 11 percent for gasoline vehicles, 
depending on the regulatory 
subcategory. See RIA 2.9.3.4. The data 
points for calculating the fueling over 
the transient and drive idle cycles are 
obtained from the engine map, and 
vehicle certifiers may input Yes or No 
when running GEM, to indicate whether 
the engine shuts off within five seconds 
of zero vehicle speed with the service 
brake applied. Allison commented that 
GEM should calculate fueling only for a 
couple seconds before assuming the 
engine shuts down in a stop-start 
system. Navistar suggested that we 
recognize that some fleets—e.g. heavy 
haul, refuse, mixer trucks and tow 
trucks—may elect to have this feature 
set as a programmable parameter to 
ensure maximum safety is maintained. 
We believe that five seconds is 
appropriate because we expect a wide 
variety of stop-start solutions to be 
deployed in the vocational vehicle 
market, and we anticipate modest use of 
over-ride conditions. Setting a shorter 
duration before shutdown could over- 

estimate the reductions achieved by this 
technology in use. We believe this is a 
fair way to represent that the system 
may not have the designed effectiveness 
under all conditions. 

As with the other idle reduction 
technologies described above, stop-start 
can reasonably be applied for vocational 
vehicles where this feature would not 
frequently encounter an over-ride 
condition. Vehicles with very little 
driving in transient conditions or with 
high PTO operation can apply this 
technology, although they would see 
reduced effectiveness in use. Chassis 
manufacturers certifying refuse trucks to 
the optional custom chassis standards 
may enter Yes in the input field in GEM 
for stop-start and the effectiveness will 
be computed based on the default 350 
hp engine with 5-speed HHD automatic 
transmission.. Manufacturers opting to 
certify refuse trucks to the primary 
standards will have an option to be 
recognized for enhanced stop-start 
systems through the powertrain test See 
RIA 2.9.3.4 and 2.9.5.1.4. 

The agencies received comments from 
Allison Transmission where they 
observed a seven percent NOX co- 
benefit of stop-start idle reduction 
technology on transit buses. Daimler 
also commented that it is investigating 
the potential for improving heat 
retention in the SCR system via stop- 
start, but because of early stages of 
development it cannot verify or quantify 
actual benefits. The agencies also 
conducted independent NOX testing of 
engines at idle; however, the data are 
not conclusive enough for the agencies 
to quantify the NOX co-benefits of 
vocational workday idle reduction as 
part of this rulemaking. 

(v) Weight Reduction 
The agencies are predicating the final 

vocational vehicle standards in part on 
use of material substitution for weight 
reduction. The method of recognizing 
this technology is similar to the method 
used for tractors. The agencies have 
created a menu of vocational chassis 
components with fixed reductions in 
pounds that may be entered in GEM 
when substituting a component made of 
a more lightweight material than the 
base component made of mild steel. 
According to the 2009 TIAX report, 
there are freight-efficiency benefits to 
reducing weight on vocational vehicles 
that carry heavy cargo, and tax savings 
potentially available to vocational 
vehicles that remain below excise tax 
weight thresholds. This report also 
estimates that the cost effectiveness of 
weight reduction over urban drive 
cycles is potentially greater than the 
cost effectiveness of weight reduction 
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428 See email to L. Steele from D. Richman dated 
March 19, 2015 with attachments. 

429 See phone log for L. Steele, conversation with 
Terex (Aug 2015) and meeting with Autocar (April 
2016). 

for long haul tractors and trailers. We 
are adopting as proposed a GEM 
allocation of half the weight reduction 
to payload and half to reduced chassis 
weight. We did not receive comment 
suggesting a different weight allocation. 
The menu of components available for 
a vocational vehicle weight reduction in 
GEM is presented in Section V.D.1 and 
in the RIA Chapter 2.9, and is in the 
regulations at 40 CFR 1037.520. It 
includes fewer options than proposed, 
due to persuasive comments from 
Allison that aluminum transmission 
cases and clutch housings are standard 
for automatic transmissions. The 
American Iron and Steel Institute (AISI) 
commented that light weight values for 
high strength steel should be adjusted 
upward, citing light-duty vehicle weight 
reduction approaches using high 
strength steel and saying these 
improvements should apply to the 
heavy-duty sector as well. AISI also 
commented against the inclusion of any 
light-weight components as a 
compliance mechanism for vocational 
vehicles without technical data to 
support the weight saving values. At 
proposal, we based our weight 
reduction values for class 8 vocational 
vehicles on the values adopted for use 
in certifying tractors in Phase 1. We 
proposed to scale these values down for 
lighter weight vehicles based either on 
number of axles or other attributes 
based on engineering judgment. We also 
considered information supplied by 
expert members of the Aluminum 
Transportation Group.428 The final rules 
reflect revised weight reduction values 
in response to the comments from AISI, 
and in further consideration of 
information provided by the Aluminum 
Transportation Group. We were unable 
to make use of the additional references 
submitted by AISI as part of this 
standard-setting process, either because 
the technology requires redesign rather 
than material substitution, or because 
we did not see a way to apply the light- 
duty information to heavy-duty 
vehicles. For setting stringency, 
however, we do not rely on any values 
in the lookup table except those for 
aluminum wheels (although these 
performance-based standards may be 
achieved in the manner deemed most 
cost-effective by manufacturers). The 
stringency of the final vocational 
vehicle standards for custom chassis 
transit buses and vehicles in the 
primary program is based in part on use 
of aluminum wheels in 10 positions on 
3-axle vocational vehicles (250 lbs) and 
in 6 wheel positions on 2-axle 

vocational vehicles (150 lbs). Based on 
the TIAX report and experience with the 
tractor program, the agencies are 
confident that manufacturers who 
choose to incorporate weight reduction 
on vocational vehicles will have a 
number of feasible material substitution 
choices at the chassis level, which could 
add up to weight savings of hundreds of 
pounds. The agencies do not have 
information about any subset of 
vocational vehicles that would be 
unable to adopt aluminum wheels, thus 
our projected adoption rates are much 
higher than at proposal. Our projected 
adoption rate is revised upward based 
on the determination that the 
technology package is smaller (fewer 
pounds removed than at proposal) and 
that aluminum wheels are widely 
available and feasible. We have learned 
through stakeholder outreach that 
weight-sensitive applications such as 
ready-mix concrete and refuse have 
already extensively applied weight 
reduction technologies, for freight 
efficiency reasons.429 Therefore the 
agencies have not predicated the 
standards for these custom chassis on 
further weight reduction. 

Based on the default payloads in 
GEM, and depending on the vocational 
vehicle subcategory, the agencies 
estimate a reduction of 250 lbs would 
offer a fuel efficiency improvement of 
up to one percent for HHD vehicles, and 
a reduction of 150 pounds would offer 
a fuel efficiency improvement up to 0.8 
percent for MHD vehicles, and up to 1.5 
percent for LHD vehicles. See RIA 
2.9.3.5. 

The agencies received comment that 
the HD Phase 2 program should 
recognize the enhanced benefit of 
weight reduction of rotating 
components, but the agencies lack 
sufficient data to incorporate the 
necessary programming in GEM to 
enable this feature. Manufacturers 
wishing to obtain credit for lightweight 
components beyond those on the menu 
in the regulations or for use of 
lightweighting technologies that are 
more effective than we have projected, 
may apply for off-cycle credits. 

(vi) Electrified Accessories 
Although we did not propose to allow 

pre-defined credit for electrified 
accessories as was proposed for tractors, 
we received comment requesting that 
this be allowed for vocational vehicles. 
As discussed above, the agencies are 
projecting that some electrified 
accessories will be necessary as part of 

the development of stop-start idle 
reduction systems for vocational 
vehicles. The technology package for 
vocational stop-start includes costs for 
high-efficiency alternator, electric water 
pump, electric cooling fan, and electric 
oil pump. However, because the GEM 
algorithm for determining the fuel 
benefit of stop-start does not account for 
any e-accessories, vehicles certified 
with stop-start are also eligible to be 
certified using an improvement value in 
the e-accessories column. 

Daimler, ICCT, Bendix, Gentherm, 
Navistar, Odyne, and CARB asked the 
agencies to consider electric cooling 
fans, variable speed water pumps, 
clutched air compressors, electric air 
compressors, electric power steering, 
electric alternators, and electric A/C 
compressors. ICCT cautioned that 
certain accessories would be recognized 
over an engine test and credit should 
not be duplicated at the vehicle level. 
Bosch suggested that high-efficiency 
alternators be considered, and suggested 
use of a standard component-level test 
for alternators to determine their 
efficiency, and establishment of a 
minimum efficiency level that must be 
attained. Although there are industry- 
accepted test procedures for measuring 
the performance of alternators, we do 
not have sufficient information about 
the baseline level performance of 
alternators to define an improved level 
that would qualify for a benefit at 
certification. We are not able to set a 
fixed improvement for electric cooling 
fans or clutched accessories due to 
similar challenges related to baselines 
and defining the qualifying technology. 
In consideration of ICCT’s comment, we 
are not including water pumps and oil 
pumps among the components eligible 
for a fixed improvement because we 
believe that our engine test procedure 
will recognize improvements that would 
be seen in the real world from 
electrifying these. Thus, we believe it is 
appropriate to offer a fixed technology 
improvement for use of electric power 
steering and an electric A/C compressor 
as an input to GEM. 

The agencies have conducted 
modeling in GEM to compare 
configurations with different default 
accessory loads, and have demonstrated 
there is a measurable effect of reducing 
1 kW of accessory load for each 
vocational subcategory (see RIA 2.9.3.6). 
The agencies have incorporated 
information from this GEM modeling 
with information from comments 
provided by ICCT, the TIAX 2009 
technology report, CARB’s Driveline 
Optimization report, and the 2010 NAS 
report to assign fixed improvement 
values for the defined technologies as 
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430 TIAX 2009, pp. 3–5. 

shown in Table V–16. These values are 
consistent with the TIAX study that 
used 2 to 4 percent fuel consumption 
improvement for accessory 

electrification, with the understanding 
that electrification of accessories will 
have more effect in short haul/urban 
applications and less benefit in line- 

haul applications.430 The RIA Chapter 
2.9 explains how these effectiveness 
values were obtained. 

TABLE V–16—EFFECTIVENESS OF VOCATIONAL E-ACCESSORIES 

Technology Effectiveness 
% Subcategories 

Electric A/C Compressor ............................................................ 0.5 HHD. 
1.0 MHD & LHD. 

Electric Power Steering .............................................................. 0.5 Regional. 
1.0 Multipurpose & Urban. 

Optimization and improved pressure 
regulation may significantly reduce the 
parasitic load of the water, air and fuel 
pumps. Electrification may result in a 
reduction in power demand, because 
electrically-powered accessories (such 
as the air compressor or power steering) 
operate only when needed if they are 
electrically powered, but they impose a 
parasitic demand all the time if they are 
engine-driven. In other cases, such as 
cooling fans or an engine’s water pump, 
electric power allows the accessory to 
run at speeds independent of engine 
speed, which can reduce power 
consumption. Electrification of 
accessories can individually improve 
fuel consumption, regardless of whether 
the drivetrain is a strong hybrid. Some 
vocational vehicle applications have 
much higher accessory loads than is 
assumed in the default GEM 
configurations. In the real world, there 
may be some vehicles for which there is 
a much larger potential improvement 
available than those listed above, as 
well as some for which electrification is 
not cost-effective. To date, accessory 
electrification has been associated only 
with hybrids, although CalStart 
commented they are optimistic that 
accessory electrification will become 
more widespread among conventional 
vehicles in the time frame of Phase 2. 

Electric power steering (EPS) or 
Electrohydraulic power steering (EHPS) 
provides a potential reduction in CO2 
emissions and fuel consumption over 
hydraulic power steering because of 
reduced overall accessory loads. This 
eliminates the parasitic losses 
associated with belt-driven power 
steering pumps which consistently draw 
load from the engine to pump hydraulic 
fluid through the steering actuation 
systems even when the wheels are not 
being turned. EPS is an enabler for all 
vehicle hybridization technologies since 
it provides power steering when the 
engine is off. EPS is feasible for most 
vehicles with a standard 12V system. 

Some heavier vehicles may require a 
higher voltage system which may add 
cost and complexity. 

Manufacturers wishing to obtain 
credit for technologies that are more 
effective than we have projected, or 
technologies beyond the scope of this 
defined technology improvement, may 
apply for off-cycle credits. 

(vii) Tire Pressure Systems 

TPMS 
The agencies did not propose to base 

the vocational vehicle standards on the 
performance of tire pressure monitoring 
systems (TPMS). However, we received 
comment that we should consider this 
technology. See discussion in Section 
III.D.1.b. In addition to comments 
related to tractors and trailers, RMA 
commented that TPMS can also apply to 
the class 2b–6 vehicles, and if the 
agencies add TPMS to the list of 
recognized technologies, that this choice 
should also be made available to class 
2b–6 vehicles. Bendix commented that 
TPMS is a proven product, readily 
available from a number of truck, bus, 
and motor coach OEMs. Autocar 
commented that TPMS is useful for 
refuse truck applications. Tirestamp 
said that TPMS is ideal for trucks and 
buses that are unable to apply ATIS due 
to difficulties plumbing air lines 
externally of the axles. The agencies 
find these comments to be persuasive. 
As a result, we are finalizing vocational 
vehicle standards that are predicated on 
the performance of TPMS in all 
subcategories, including all custom 
chassis except emergency vehicles and 
concrete mixers. Available information 
indicates that it is feasible to utilize 
TPMS on all vocational vehicles, though 
systems for heavy vehicles in duty 
cycles where the air in the tires becomes 
very hot must be ruggedized so that the 
sensors are protected from this heat. 
Such devices are commercially 
available, though they cost more. To 
account for this in our analysis, we have 

projected a lower adoption rate for 
TPMS in Urban vehicles than for 
Regional or Multipurpose vehicles, 
rather than by increasing the cost and 
applying an equal adoption rate. We are 
assigning a fixed improvement in GEM 
for use of this technology in vocational 
vehicles of one percent for Regional 
vehicles including motor coaches and 
RV’s (the same as for tractors and 
trailers) and 0.9 percent for 
Multipurpose, Urban, and other custom 
chassis vocational vehicles, recognizing 
that the higher amount of idle is likely 
to reduce the effectiveness for these 
vehicles. These values will be specified 
as GEM inputs in the column designated 
for tire pressure systems. 

ATIS 

The agencies did not propose to base 
the vocational vehicle standards on the 
performance of automatic tire inflation 
systems (ATIS), otherwise known as 
central tire inflation (CTI). However, we 
did receive comment indicating that it 
is feasible on some vocational vehicles. 
Air CTI commented that central tire 
inflation is not only feasible but 
enhances safety on vehicles such as 
dump trucks and heavy haul vehicles 
that need higher tire pressures under 
certain driving conditions, such as 
when loaded, but need lower tire 
pressures when running empty or 
operating off-road. Tirestamp 
commented that ATIS can be plumbed 
externally for trucks and buses, but such 
systems have a propensity for damage 
and Autocar has provided information 
about how much extra weight this 
plumbing adds to the chassis. ATA 
commented that some onboard air 
pressure systems may not be able to 
pressurize tires sufficiently for very 
heavy vehicles. The primary vocational 
vehicle standards are not predicated on 
any adoption of this because the 
agencies do not have sufficient 
information about which chassis will 
have an onboard air supply for purposes 
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431 Team 1-Refrigerant Leakage Reduction: Final 
Report to Sponsors, SAE, 2007. 

432 Specifically, EPA is adopting CO2, N2O, and 
CH4 emission standards for new heavy-duty engines 
over an EPA specified useful life period (See 
Section II). 

of an air suspension or air brakes. ATIS 
would logically only be adopted for 
vehicles that already need an onboard 
air supply for other reasons. Comments 
received for custom chassis were 
supportive of standards predicated on 
ATIS for buses with air suspensions. 
These comments are again persuasive. 
As a result, we are basing the optional 
standards for refuse trucks, school 
buses, coach buses, and transit buses in 
part on the adoption of ATIS. Although 
many motor homes have onboard air 
supply for other reasons making ATIS 
technically feasible, it is sufficiently 
costly that it is not practically feasible. 
Furthermore, for the same reasons stated 
above about the disadvantages of 
installing external plumbing for ATIS 
on some trucks and buses, we have 
determined it is not feasible for 
emergency vehicles or concrete mixers. 
Nonetheless, we are allowing vocational 
vehicles including all custom chassis to 
obtain credit for the performance of 
ATIS through a GEM input with a fixed 
improvement of 1.2 percent for Regional 
vehicles including motor coaches and 
RV’s (the same as for tractors and 
trailers) and 1.1 percent for 
Multipurpose, Urban, and other custom 
chassis vocational vehicles, recognizing 
that the higher amount of idle is likely 
to reduce the effectiveness for these 
vehicles. These values will be specified 
as GEM inputs in the column designated 
for tire pressure systems. See discussion 
in Section III.D.1.b for our reasoning 
behind this effectiveness value. 

(viii) HFC Refrigerant From Cabin Air 
Conditioning (A/C) Systems 

Manufacturers can reduce direct A/C 
leakage emissions by utilizing leak-tight 
components. EPA’s HFC direct emission 
leakage standard is independent of the 
CO2 vehicle standard. Manufacturers 
may choose components from a menu of 
leak-reducing technologies sufficient to 
comply with the standard, as opposed to 
using a test to measure performance. See 
76 FR 57194. A discussion of comments 
regarding use of low global warming 
potential refrigerants and EPA’s 
responses to those comments can be 
found in Section I.F of this Preamble. 

In Phase 1, EPA adopted a HFC 
leakage standard to assure that high- 
quality, low-leakage components are 
used in each air conditioning system 
installed in HD pickup trucks, vans, and 
combination tractors (see 40 CFR 
1037.115). We did not adopt a HFC 
leakage standard in Phase 1 for systems 
installed in vocational vehicles. In the 
final Phase 2 program, as proposed, EPA 
is extending the HFC leakage standard 
to all vocational vehicles. Beginning in 
the 2021 model year, vocational vehicle 

air conditioning systems with a 
refrigerant capacity of greater than 733 
grams must meet a leakage rate of 1.50 
percent leakage per year and systems 
with a refrigerant capacity of 733 grams 
or lower meet a leakage standard of 11.0 
grams per year. EPA has determined 
that an approach of having a leak rate 
standard for lower capacity systems and 
a percent leakage per year standard for 
higher capacity systems will result in 
reduced refrigerant emissions from all 
air conditioning systems, while still 
allowing manufacturers the ability to 
produce low-leak, lower capacity 
systems in vehicles which require them. 

Research has demonstrated that 
reducing A/C system leakage is both 
highly cost-effective and technologically 
feasible. The availability of low leakage 
components is being driven by the air 
conditioning program in the light-duty 
GHG rule which began in the 2012 
model year and the HD Phase 1 rule that 
began in the 2014 model year. The 
cooperative industry and government 
Improved Mobile Air Conditioning 
program has demonstrated that new- 
vehicle leakage emissions can be 
reduced by 50 percent by reducing the 
number and improving the quality of 
the components, fittings, seals, and 
hoses of the A/C system.431 All of these 
technologies are already in commercial 
use and exist on some of today’s 
systems, and EPA does not anticipate 
any significant improvements in sealing 
technologies for model years beyond 
2021. However, EPA has recognized 
some manufacturers utilize an improved 
manufacturing process for air 
conditioning systems, where a helium 
leak test is performed on 100 percent of 
all o-ring fittings and connections after 
final assembly. By leak testing each 
fitting, the manufacturer or supplier is 
verifying the o-ring is not damaged 
during assembly (which is the primary 
source of leakage from o-ring fittings), 
and when calculating the yearly leak 
rate for a system, EPA will allow a 
relative emission value equivalent to a 
‘seal washer’ to be used in place of the 
value normally used for an o-ring fitting, 
when 100 percent helium leak testing is 
performed on those fittings. 

We received comments from CARB 
and Daimler in support of applying 
these leakage standards to vocational 
vehicles. Daimler specifically expressed 
support for excluding A/C systems used 
to cool the cargo area of trucks, as well 
as for allowing helium testing as a 
compliance option. Thus, we are 
adopting these provisions as proposed. 
EMA commented with concerns about 

the burden of certifying A/C systems 
that are installed by secondary 
manufacturers. Section V.D.2 discusses 
how we have addressed the concerns 
related to secondary manufacturers. We 
also received comments from RVIA 
asking for clarification whether the 
cargo area exclusion also applied to A/ 
C units that cool the living space of 
recreational vehicles. In response, we 
are adding clarifying language to the 
regulations at 40 CFR 1037.115 
excluding A/C systems that are not 
powered by the vehicle’s propulsion 
engine. 

The A/C system leakage control costs 
presented in the RIA Chapter 2.9 and 
2.11 are applied to all heavy-duty 
vocational vehicles. EPA views these 
costs as minimal and the reductions of 
potent GHGs to be easily feasible and 
reasonable in the lead times provided by 
the final rules. 

(b) Engine Technologies Considered in 
Vehicle Standard-Setting 

Section II explains the technical basis 
for the agencies’ proposed separate 
engine standards. The agencies are not 
predicating the vocational vehicle 
standards on different diesel engine 
technology packages than those 
presumed for compliance with the 
separate diesel engine standards. 
However, for each model year of the 
Phase 2 standards, the agencies are 
predicating the SI-powered vocational 
vehicle standards on a gasoline engine 
technology package that includes 
additional technologies beyond those 
presumed for compliance with the MY 
2016 gasoline engine standard. Put 
another way, the stringency of certain of 
the vocational vehicle standards, and 
those for vehicles using SI engines in 
particular, reflect in part improvements 
in engine efficiency which are not 
measured in the engine standard or in 
engine certification. 

The primary vocational vehicle 
standards vary depending on whether 
the engines powering those vehicles are 
compression-ignition or spark- 
ignition.432 As in Phase 1, this is not the 
case for the custom chassis standards, 
because GEM uses a default engine that 
is the same for every regulated custom 
chassis type, regardless of the actual 
engine being installed. As described 
above in Section II, the Phase 2 vehicle 
certification tool, GEM, requires 
manufacturers certifying to the primary 
standards to enter specific engine 
performance data, where emissions and 
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433 See Section II.D.5 for an explanation of which 
engine architecture will need to meet which 
standard. 

434 As noted in Section II.B.2 above, 
manufacturers also have greater flexibility to meet 
a vehicle standard if engine improvements can be 
evaluated as part of compliance testing. 

fuel consumption profiles will differ 
significantly depending on the engine’s 
architecture.433 

As explained in Section II.A.2, 
engines will continue to be certified 
over the FTP test cycle via direct testing, 
not GEM simulation. The FTP test cycle 
that is applicable for bare vocational 
engines is very different than the test 
cycles for vocational vehicles in GEM. 
The FTP is a very demanding transient 
cycle that exercises the engine over its 
full range of capabilities. In contrast, the 
cycles evaluated by GEM measure 
emissions over more frequently used 
engine operating ranges. The ARB 
Transient vehicle cycle represents city 
driving, and the highway cruise cycles 
measure engine operation that is closer 
to steady state. Each of these cycles is 
described in the RIA Chapter 3.4.2. A 
consequence of recognizing engine 
performance at the vehicle level is that 
further engine improvements (i.e. 
improvements measureable by duty 
cycles that more precisely represent 
driving patterns for specific 
subcategories of vocational vehicles) can 
be evaluated as components of a 
technical basis for a vocational vehicle 
standard.434 For this reason, the 
agencies considered whether any 
different engine technologies should be 
included in the feasibility analysis for 
the vehicle standards (and potentially, 
in the standard stringency). 

We did not propose to predicate any 
diesel vocational vehicle standard on 
additional engine technology, including 
engine waste heat recovery (WHR). We 
do not believe this technology would 
show significant benefit in vocational 
vehicle applications due to their driving 
cycles, which have fewer highway miles 
than tractors. Thus, the final vocational 
vehicle standards assume that diesel 
engines perform at the level of the 
certified engine configuration. 

The agencies received extensive 
comment on our assessment of SI engine 
technologies, and how these could be 
included in the vocational vehicle 
technology packages. We predicated the 
proposed MY 2027 SI-powered 
vocational vehicle standards on 
additional friction reduction, for a 0.6 
percent fuel efficiency improvement. 
UCS, EDF, NRDC, and ICCT ask the 
agencies to rely on the 2015 SwRI study 
suggesting 8 percent improvement is 
possible. UCS highlights packages #16 
and #22 of the SwRI report for the 

agencies’ further consideration. These 
packages were assembled by SwRI to 
simulate the combined performance of 
engine technologies over some well- 
known vehicle drive cycles. Because 
none of the technical data referenced by 
these commenters provides information 
on how these technologies perform over 
the HD gasoline engine FTP test 
procedure, the agencies are considering 
these to be comments on the GEM-based 
vocational vehicle standards, not 
comments on the separate FTP-based SI 
engine standard. Please see Section 
II.D.2(b) of this Preamble for the 
agencies’ response to comments on the 
stringency of the separate SI engine 
standard. 

SwRI package #16 applies variable 
valve actuation and exhaust gas 
recirculation to a 3.5 liter V6 engine. 
SwRI package #22 applies 
stoichiometric direct gas injection, 
exhaust gas recirculation, dual cam 
phasers, and advanced friction 
reduction to a 6.2 liter V8 engine. All of 
the SwRI packages compare the future 
vehicle performance to a pre-Phase 1 
baseline, thus counting all the 
improvements already presumed in the 
MY 2016 engine standard, so the delta 
between what the commenter seeks and 
what the agencies proposed is 
considerably less than initially appears 
(and than the commenter appeared to 
believe). The agencies’ default SI engine 
map for setting the SI-powered 
vocational vehicle standards is a MY 
2016 6.8 liter V8 engine. The RIA 
Chapter 2.9.1 presents the EPA default 
map that meets the MY 2016 engine 
standard. We are adhering to the 
proposed approach of recognizing SI 
engine improvements only in the 
vocational vehicle standard. In response 
to comments, the agencies are adopting 
final vehicle-level standards for SI- 
powered vocational vehicles that are 
predicated in part on adoption of 
cylinder deactivation in addition to the 
advanced friction reduction reflected in 
the proposal, both of which have 
incremental costs beyond those needed 
to meet the separate FTP-based engine 
standard, and both of which will be 
recognized over the GEM vehicle cycles. 
Indeed, cylinder deactivation would not 
be expected to be recognized at all over 
the engine FTP cycle (another reason 
the improvement is reflected in the final 
vehicle standard). As proposed, the 
effectiveness and adoption rate of Level 
2 engine friction reduction yields a fuel 
efficiency improvement of 0.6 percent. 
By adding 30 percent adoption of 
cylinder deactivation with a vehicle- 
cycle average effectiveness of 1 percent, 
and accounting for a dis-synergy factor 

of 0.9, this yields an overall package 
effectiveness of 0.8 percent. Upon 
consideration of comments and the data 
in the SwRI reports, we are not 
including EGR as a technology for 
stringency purposes. EGR is potentially 
feasible, is not already presumed to be 
adopted in the 2016 engine standard, 
and may possibly be recognized over the 
GEM vehicle cycles to some extent. 
However, we did not have sufficient 
data to confidently project an 
effectiveness or adoption rate for this 
technology on vocational SI engines. 
Further, the Phase 2 HD pickup truck 
and van standards are not predicated on 
any adoption of EGR technologies for SI 
vehicles. The RIA Chapter 2.9.1 
describes how each of the SI engine 
technologies are expected to perform 
over the GEM vehicle cycles, as well as 
the method for projecting that the fuel 
efficiency improvement will be 0.8 
percent compared to the baseline SI 
vehicle performance. 

With respect to standards for engines 
used in custom chassis, we understand 
that engines designed for heavy-duty 
emergency vehicles are generally 
higher-emitting than other engines. 
However, because we are maintaining a 
separate engine standard and regulatory 
flexibility such as ABT, fire apparatus 
manufacturers will be able to obtain 
engines that, on average, meet the Phase 
2 engine standards. The agencies further 
recognize that the engine map inputs to 
GEM in the primary program could pose 
a difficulty for emergency vehicle 
manufacturers. If we required engine- 
specific inputs then these manufacturers 
will have to apply extra vehicle 
technologies to compensate for the 
necessary but higher-emitting engine. 
The agencies are therefore not 
recognizing vehicle-specific engine 
performance as part of the vehicle 
standard for emergency vehicles 
(although the standards for emergency 
vehicles and custom chassis do presume 
use of a certified Phase 2 engine). 
Manufacturers of these vehicles must 
install an engine that is certified to the 
applicable separate Phase 2 engine 
standard. However, under the custom 
chassis program emergency vehicle 
manufacturers need not follow the 
otherwise applicable Phase 2 approach 
of entering an engine map in GEM. 
Instead, use of a custom chassis 
subcategory identifier will instruct GEM 
to simulate the vehicle using an EPA 
default engine. 
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(c) Technologies the Agencies Assessed 
But Did Not Use In Standard-Setting 

(i) Aerodynamics 
The agencies did not propose to 

include aerodynamic improvements as a 
basis for the Phase 2 vocational vehicle 
standards. However, we did request 
comment on an option to allow credits 
for use of aerodynamic devices such as 
fairings on a very limited basis. We 
received public comments from AAPC 
in support of offering this as an optional 
credit, with a suggestion to allow this 
option for a wide range of vehicle sizes, 
and suggesting that the grams per ton- 
mile benefit could be scaled down for 
larger vehicles. CARB commented in 
support of a Phase 2 program that would 
include use of aerodynamic 
improvements as a basis for the 
stringency, suggesting that a large 
fraction of the vocational vehicle fleet 
could see real world benefits from use 
of aerodynamic devices. Because we do 
not have sufficient fleet information to 
establish a projected application rate for 
this technology, we are not basing any 
of the final standards for vocational 
vehicles on use of aerodynamic 
improvements. See 80 FR 40303. In 
consideration of comments, however, 
we are adopting provisions for 
vocational vehicles to optionally receive 
an improved GEM result by certifying 
use of a pre-approved aerodynamic 
device, and are expanding eligibility 
criteria from the relatively narrow 
criteria proposed. 

Based on testing supported by CARB, 
the agencies have developed a list of 
specific aerodynamic devices with pre- 
defined improvement values (in delta 
CDA units), as well as criteria regarding 
which vehicles are eligible to earn credit 
in this manner. See Chapter 2.9.4.1 of 
the RIA. In response to comments, we 
are allowing a wide range of vehicles to 
be eligible to use this option. Regional 
vocational vehicles in any weight class 
may use this option, subject to 
restrictions on the size of the chassis 
(see 40 CFR 1037.520). The degree of 
change in CDA for each pre-approved 
device has been set at conservative 
values due to the small number of 
configurations tested and the 
uncertainty inherent in those results. 
Manufacturers wishing to receive credit 
for other aerodynamic technologies or 
on other vehicle configurations may 
seek credit using the test procedures 
described in 40 CFR 1037.527. 
Manufacturers using this credit 
provision may enter the pre-defined 
delta CDA as an input to GEM, and the 
simulation will determine the 
effectiveness over the duty cycle. Using 
this approach, we do not need to set a 

scaled benefit for different sizes of 
vehicles. When the vehicle weight class 
and duty cycle is specified, a default 
chassis mass and payload are simulated 
in GEM. When the pre-defined delta 
CDA is entered, the simulation returns a 
resulting improved performance with 
respect to the specified chassis 
configuration. GEM will logically return 
a smaller improvement for heavier 
vehicles. 

The final Regional composite duty 
cycle in GEM for vocational vehicles has 
a weighted average speed of 38 mph, 
increased from the average speed at 
proposal due to a heftier 56 percent 
composite weighting of the 65 mph 
drive cycle. The agencies have learned 
from the NREL duty cycle analysis that 
vocational vehicles with operational 
behavior of a regional nature 
accumulate more miles at highway 
speeds than previously assumed. 

Using GEM simulation results, the 
agencies estimate the fuel efficiency 
benefit of improving the CDA of a Class 
6 box truck by 11 percent (0.6 m2 delta 
CDA off of a default of 5.4 m2) at 
approximately five percent over the 
Regional composite test cycle. This 
same delta CDA simulated in GEM on a 
class 8 Regional vocational vehicle 
results in an overall improvement of 
less than four percent because the 
default CDA in GEM for class 8 
vocational vehicles is 6.86 m2 so the 
change in CDA is only nine percent. 
Although in actual operation the added 
weight of aerodynamic fairings may 
reduce the operational benefits of these 
technologies when driving at low 
speeds, the agencies are not applying 
any weight penalty as part of the 
certification process for vocational 
aerodynamic devices. 

As described in the NPRM, we are 
requiring chassis manufacturers 
employing this option to provide 
assurances to the agencies that these 
devices will be installed as part of the 
certified configuration, even if the 
installation is completed by another 
entity. We received many comments on 
the requirements for secondary 
manufacturers as they apply for 
vocational aerodynamics as well as 
other technologies that may be specified 
by a chassis manufacturer but installed 
later. See Section I.F.2 and Section 
V.D.2 for further discussion of delegated 
assembly issues. 

(ii) Full Electric Trucks 
Given the high up-front costs and the 

developing nature of this technology, 
the agencies do not project fully electric 
vocational vehicles to be widely 
commercially available in the time 
frame of the final rules. For this reason, 

the agencies have not based the Phase 
2 standards on adoption of full-electric 
vocational vehicles. We received many 
comments on electric trucks and buses. 
Specifically, EEI provided information 
on the total cost of ownership for 
electric trucks, and some applications 
may see attractive long term cost 
scenarios for electric trucks or buses, 
when considering maintenance savings. 
While we are not predicating the final 
vocational vehicle standards on 
adoption of full electric trucks or buses, 
we have reinstated an advanced 
technology credit multiplier, in 
response to comment. See Section 
I.C.1.(b) for a discussion of credit 
multipliers. 

To the extent this technology is able 
to be brought to market in the time 
frame of the Phase 2 program, there is 
currently a certification path for these 
chassis from Phase 1, as described in 
EPA’s regulations at 40 CFR 1037.150 
and NHTSA’s regulations at 49 CFR 
535.8. 

(iii) E-PTO 
Although the primary program does 

not simulate vocational vehicles over a 
test cycle that includes PTO operation, 
the agencies are adopting a revised 
hybrid-PTO test procedure. See 76 FR 
57247 and 40 CFR 1037.540. Recall that 
we regulate vocational vehicles at the 
incomplete stage when a chassis 
manufacturer may not know at the time 
of certification whether a PTO will be 
installed or how the vehicle will be 
used. Chassis manufacturers may rarely 
know whether the PTO-enabled vehicle 
will use this capability to maneuver a 
lift gate on a delivery vehicle, to operate 
a utility boom, or merely to keep it as 
a reserve item to add value in the 
secondary market. For these reasons, it 
would not be fair to require every 
vocational vehicle to certify to a 
standard test procedure with a PTO 
cycle in it. Thus, we are not basing the 
final standards on use of technology that 
reduces emissions in PTO mode. 

There are products available today 
that can provide auxiliary power, 
usually electric, to a vehicle that needs 
to work in PTO mode for an extended 
time, to avoid idling the main engine. 
There are different designs of electrified 
PTO systems on the market today. Some 
designs have auxiliary power sources, 
typically batteries, with sufficient 
energy storage to power an onboard tool 
or device for a short period of time, and 
are intended to be recharged during the 
workday by operating the main engine, 
either while driving between work sites, 
or by idling the engine until a sufficient 
state of charge is reached that the engine 
may shut off. Other designs have 
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435 National Renewable Energy Laboratory July 
2016, ‘‘Characterization of PTO and Idle Behavior 
for Utility Vehicles,’’ NREL/TP–5400–66747. 

sufficient energy storage to power an 
onboard tool or device for many hours, 
and are intended to be recharged as a 
plug-in hybrid at a home garage. In 
cases where a manufacturer can certify 
that a PTO with an idle-reduction 
technology will be installed either by 
the chassis manufacturer or by a second 
stage manufacturer, the hybrid-PTO test 
cycle may be utilized by the certifying 
manufacturer to measure an 
improvement factor over the GEM duty 
cycle that otherwise applies to that 
vehicle. In addition, the delegated 
assembly provisions will apply (see 
Section V.D). See RIA Chapter 3.7.4 for 
a discussion of the revisions to the PTO 
test cycle. 

The agencies will continue the 
hybrid-PTO test option that was 
available in Phase 1, with a few 
revisions. See the regulations at 40 CFR 
1037.540. The calculations recognize 
fuel savings over a portion of the test 
that is determined to be charge- 
sustaining as well as a portion that is 
determined to be charge-depleting for 
systems that are designed to power a 
work truck during the day and return to 
the garage where recharging from an 
external source occurs during off-hours. 
The agencies requested comment on this 
idea, and received comment from 
Odyne relating to the population and 
energy storage capacity of plug-in e-PTO 
systems, for which a charge-depleting 
test cycle may be more appropriate. We 
also partnered with DOE–NREL to 
characterize the PTO operation of over 
80 trucks with over 1,500 total operating 
days, and our final regulations include 
a utility factor table based on these data 
for use in determining the effectiveness 
of a hybrid PTO system.435 
Manufacturers wishing to conduct 
testing as specified may apply for off- 
cycle credits derived from e-PTO or 
hybrid PTO technologies. 

(2) Projected Vehicle Technology 
Package Effectiveness and Cost 

(a) Baseline Vocational Engine and 
Vehicle Performance 

The baseline vocational vehicle 
configurations for each of the nine 
regulatory subcategories for CI-powered 
and six SI-powered vehicles are 
described in RIA Chapter 2.9.1, as well 
as the seven baseline custom chassis 
configurations. The agencies set the 
baseline rolling resistance coefficient for 
the 2017 vocational vehicle fleet at 7.7 
kg/metric ton, which assumes that 100 
percent of tires meet the Phase 1 
standard. 

In the agencies’ Phase 2 baseline 
configurations, we need to specify 
transmission type, gear number, and 
gear ratios, as well as axle ratios and tire 
sizes because these were all defaults in 
Phase 1. Phase 1 GEM modeled all 
vehicles with a manual transmission, 
but as explained elsewhere, the majority 
of vocational vehicles in today’s U.S. 
fleet have automatic transmissions. By 
specifying a mix of manual and 
automatic transmissions with different 
sets of gears in the baseline, we are not 
applying technology beyond what is 
needed to comply with Phase 1, we are 
merely defining an appropriate set of 
baselines. We do not consider these 
specifications to represent technology 
that improves fuel efficiency beyond 
Phase 1, it is merely a better 
representation of today’s fleet than the 
Phase 1 GEM that had 100 percent 
default manual transmissions. In the 
Regional HHD diesel subcategory, the 
baseline is a weighted average of two 
vehicle specs: 95 percent being a 455 hp 
engine paired with a manual 
transmission with ten forward gears, 
and five percent being a 350 hp engine 
paired with a 6-speed automatic 
transmission. The HHD Multipurpose 
subcategory is a weighted average of 
three vehicle specs: 80 percent being a 
350 hp engine paired with a 6-speed 
automatic transmission, 10 percent 
being a 455 hp engine paired with a 10- 
speed manual transmission, and 10 
percent being a 350 hp engine paired 
with a 10-speed manual. The automatic 
transmissions specified in the LHD, 
MHD, and HHD Regional and 
Multipurpose subcategories have six 
forward gears in the baseline, while 
automatic transmissions in the Urban 
subcategories have five forward gears in 
the baseline. This is based on market 
research, stakeholder outreach, and 
comments received on the NODA. No 
vehicle-level efficiency-improving 
technology is included in the baseline 
vehicles, nor in the agencies’ analyses 
for the no-action reference case. 
Specifically, we have assumed zero 
adoption rates for other types of 
transmissions, other numbers of gears, 
idle reduction, and technologies other 
than Phase 1 compliant LRR tires in 
both the nominally flat baseline and the 
dynamic baseline reference cases. 
Technology adoption rates for 
Alternative 1a (nominally flat baseline) 
can be found in the RIA Chapter 2.11. 
Chapter 2.11.8 presents the adoption 
rates for tires on vocational vehicles 
with different levels of rolling 
resistance, including the 100 percent 

adoption rate of tires with Level 1 CRR 
in the reference case and in model years 
preceding Phase 2. In this manner, we 
have defined a reference vocational 
vehicle fleet that meets the Phase 1 
standards and includes reasonable 
representations of vocational vehicle 
technology and configurations. 

The agencies note that the baseline 
performance derived for the final rules 
varies between regulatory 
subcategories—as noted above, this is 
one of the reasons the agencies are 
adopting multiple subcategories with 
discrete standards. The range of 
performance at baseline is due to the 
range of attributes and modeling 
parameters, such as transmission 
characteristics, final drive ratio, and 
vehicle weight, which were selected to 
represent a range of performance across 
this diverse segment. The agencies 
received persuasive comment regarding 
the appropriateness of the baseline 
configurations, and have made revisions 
accordingly. For example, we have 
reduced the LHD default aerodynamic 
drag area from 5.4 to 3.4 square meters. 
We are confident these adequately 
represent a reasonable range of 
vocational chassis configurations 
currently manufactured in the US. 
Details of the vehicle configurations, 
including reasons why they are 
reasonably included as baseline 
technologies, are discussed in the RIA 
Chapter 2.9.2. 

At proposal the agencies adjusted the 
vocational vehicle GEM numerical 
baselines using assumptions about the 
sales mix in the vocational fleet before 
applying the reductions from 
technologies. 80 FR 40308. In this 
process, we developed proposed 
baseline values that we believed would 
minimize inappropriate incentives for 
manufacturers to certify chassis in an 
inappropriate subcategory. The 
proposed approach included testing 
each baseline vehicle over all three duty 
cycles and applying weighted average 
adjustments to each GEM output to 
create normalized baselines, 80 FR 
40308. We received adverse comment 
on this approach from many 
commenters—indeed, no commenter 
supported this ‘‘normalization’’ 
approach. The proposed normalization 
approach was an attempt to adjust for 
instances where the agencies’ 
information on baseline configurations 
was not fully complete. Most 
commenters either opposed or were 
confused by the proposed normalization 
process. As explained in this Section V., 
the agencies are adopting final 
standards for vocational vehicles using 
the same methodology as for all the 
other standards in this rulemaking, and 
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436 See memorandum dated July 2016 titled, 
‘‘Summary of Comments on Vocational Vehicle 
Baselines,’’ see Docket EPA–HQ–OAR–2014–0827. 

437 Michael Ross, Validation Testing for Phase 2 
Greenhouse Gas Test Procedures and the 
Greenhouse Gas Emission Model (GEM) for Medium 

and Heavy-Duty Engines and Powertrains, Final 
Report to EPA, Southwest Research Institute, June 
2016. 

so are neither normalizing nor 
equalizing any of the data relating to 
either the baseline or the standard. 
(Equalization is discussed separately in 
Section V.C.(2)(d) below.) The agencies 
have received a great deal of 
information from manufacturers since 
proposal which rectify weaknesses in 
our baselines, and make any 
normalization unnecessary.436 In the 
final rules we have applied other 
methods (chiefly certain equipment- 
based constraints) to avoid creating 
inappropriate incentives for 
manufacturers to certify chassis in 
inappropriate subcategories. The final 
standards are calculated by applying 
improvements as described below in 

Section V.C.(2)(c) to the GEM results 
presented in Table V–17 and Table V– 
18—the same methodology as used to 
develop the other Phase 2 standards. 

Diesel engines used in vocational 
vehicles can be either Light, Medium, or 
Heavy Heavy-duty Diesel engines. The 
Light Heavy-duty Diesel engines 
typically range between 4.7 and 6.7 
liters displacement. The Medium 
Heavy-duty Diesel engines typically 
have some overlap in displacement with 
the Light Heavy-duty Diesel engines and 
range between 6.7 and 9.3 liters. The 
Heavy Heavy-duty Diesel engines 
typically are represented by engines 
between 10.8 and 16 liters. Because of 
these differences, the GEM simulation of 

baseline vocational CI engines includes 
four engines—one for LHD, one for 
MHD, and two for HHD. Detailed 
descriptions can be seen in Chapter 4 of 
the RIA. These four engine models have 
been employed in setting the vocational 
vehicle baselines, as described in the 
RIA Chapter 2.9.1. 

The four baseline diesel engines 
represent fuel consumption 
improvements beyond currently 
available engines to achieve the 
performance level of a 2017 model year 
diesel engine, as described in the RIA 
Chapter 2.9.1. Using the values for 
compression-ignition engines, the 
baseline performance of vocational 
vehicles is shown in Table V–17. 

TABLE V–17—BASELINE VOCATIONAL VEHICLE PERFORMANCE WITH CI ENGINES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 
Class 6–7 

Heavy 
heavy-duty 

Class 8 

Baseline Emissions Performance in CO2 gram/ton-mile 

Urban ........................................................................................................................................... 482 332 338 
Multi-Purpose ............................................................................................................................... 420 294 287 
Regional ....................................................................................................................................... 334 249 220 

Baseline Fuel Efficiency Performance in gallon per 1,000 ton-mile 

Urban ........................................................................................................................................... 47.3477 32.6130 33.2024 
Multi-Purpose ............................................................................................................................... 41.2574 28.8802 28.1925 
Regional ....................................................................................................................................... 32.8094 24.4597 21.6110 

The agencies have developed a model 
in GEM of a MY 2016-compliant 
gasoline engine. The agencies received 
comments on the process for mapping 
gasoline engines for simulation 
purposes, as well as information about 
the power rating and displacement that 
should be considered as a baseline SI 
engine for vocational vehicle standard- 
setting purposes. Upon consideration of 
comments, and based on information 
obtained through testing at Southwest 
Research (see Chapter 5.5 of the SwRI 
report), we are adopting revised test 
procedures as described in the RIA 
Chapter 3.1 that apply for mapping of 
both SI and CI engines.437 

The baseline performance levels for 
vocational vehicles powered by SI 
engines were derived using the EPA 
default fuel map described in the RIA 
Chapter 2.9.1, for a 6.8 liter, V–8, 300 
hp engine. We have used the same 

engine rating and map for all weight 
classes of SI vocational vehicles. This is 
because SI engines are not certified with 
a regulatory structure that calls for 
declaring an intended service class that 
is associated with a vehicle weight 
class. The agencies requested comments 
on the merits of setting distinct 
numerical standards for HHD vocational 
vehicles powered by SI engines, as well 
as comments on an alternative approach 
that would have required any class 8 SI 
vocational vehicles to certify to the 
standards for CI powered HHD 
vocational vehicles, or to the MHD 
standards for SI vocational vehicles. In 
response to comments expressing 
concern about orphaned vehicles as 
well as concerns about mismatched 
engine and vehicle useful life, the 
agencies are not finalizing distinct HHD 
SI vocational vehicle standards. We are 
finalizing six subcategories for SI 

vocational vehicles: Three LHD and 
three MHD. Where a manufacturer 
wishes to certify a gasoline SI vocational 
vehicle with a GVWR over 33,000 lbs, 
the final regulations allow that vehicle 
to be certified in one of the MHD 
vehicle subcategories. Where a 
manufacturer wishes to certify an 
alternative-fueled vocational vehicle 
with a GVWR over 33,000 lbs, the 
regulations at 40 CFR 1036.108 specify 
whether that vehicle should be treated 
as SI or CI for purposes of certification 
to the final Phase 2 standards. See 
Section II.D.5 of this Preamble for a 
discussion of these provisions. 

Table V–18 presents the baseline 
performance level for each weight class 
computed by GEM by calculating the 
work done by the default engine to 
move the GEM reference vehicles over 
the test cycles. 
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TABLE V–18—BASELINE VOCATIONAL VEHICLE PERFORMANCE WITH SI ENGINES 

Duty cycle 
Light 

heavy-duty 
Class 2b–5 

Medium 
heavy-duty 

Class 6–7 (and 
Gasoline c8) a 

Baseline Emissions Performance in CO2 gram/ton-mile 

Urban ........................................................................................................................................................... 502 354 
Multi-Purpose ............................................................................................................................................... 441 314 
Regional ....................................................................................................................................................... 357 275 

Baseline Fuel Efficiency Performance in gallon per 1,000 ton-mile 

Urban ........................................................................................................................................................... 56.4870 39.8335 
Multi-Purpose ............................................................................................................................................... 49.6230 35.3325 
Regional ....................................................................................................................................................... 40.1710 30.9441 

Note: 
a Vocational vehicles with GVWR over 33,000 lbs powered by alternate fueled engines must certify to the vehicle standard corresponding with 

the applicable engine standard. 

(b) Technology Packages for Derivation 
of Final Standards 

Prior to developing the numerical 
values for the final standards, the 
agencies projected the mix of new 
technologies and technology 
improvements that will be feasible 
within the available lead time. We note 
that for some technologies, the adoption 
rates and effectiveness may be very 
similar across subcategories. However, 
for other technologies, either the 
adoption rate, effectiveness, or both 
differ across subcategories. Where a 
technology performs differently over 
different test cycles, these differences 
are reflected in the derivation of the 
stringency of the standard. As discussed 
in Section I.C.1, we assume 
manufacturers will incorporate 
appropriate compliance margins for all 
measured GEM inputs. In other words, 
they will declare values slightly higher 
than their measured values. As 
discussed in Section II.D.5, compliance 
margins associated with fuel maps are 
likely to be approximately one percent. 
For tire rolling resistance, our feasibility 
rests on the Phase 1 standards, 
consistent with our expectation that 
manufacturers will continue to 
incorporate the compliance margins 
they considered necessary for Phase 1. 
With respect to optional axle and/or 
transmission power loss maps, we 
believe manufacturers will need very 
small compliance margins. These power 
loss procedures require high precision 
so measurement uncertainty will likely 
be on the order of 0.1 percent of the 
transmitted power. All of these margins 
are reflected in our projections of the 
emission levels that will be 
technologically feasible, as well as the 
associated costs. 

In the package descriptions that 
follow, individual technology costs are 

not presented, rather these can be found 
in the RIA Chapter 2.9 and 2.11. Section 
V.C.(2)(d) includes the costs estimated 
for packages of technologies the 
agencies project can be applied to 
vocational vehicles to meet the final 
Phase 2 standards. 

(i) Transmission Packages 
The agencies project an adoption rate 

of 50 percent in MY 2021, 60 percent in 
MY 2024, and nearly 70 percent in MY 
2027 of transmissions with improved 
gear efficiencies, with inputs over-riding 
the GEM defaults obtained over the 
separate transmission efficiency test. We 
are projecting an adoption rate of 10 
percent in MY 2021, 20 percent in MY 
2024, and nearly 30 percent in MY 2027 
of advanced shift strategies, with 
demonstration of improvements 
recognized over the separate powertrain 
test. 

We are predicating the Phase 2 
standards on zero adoption of added 
gears in the HHD Regional subcategory, 
because it is modeled with a 10-speed 
transmission, and vehicles already using 
that number of gears are not expected to 
see any real world improvement by 
increasing the number of available 
gears. For the Multipurpose and Urban 
HHD subcategories, the MY 2021 
projected adoption of adding gears is 5 
percent, increasing to 10 percent for MY 
2024 and MY 2027. We are projecting 10 
percent of adding two gears in each of 
the other six subcategories for MY 2021, 
increasing to 20 percent for MY 2024 
and MY 2027. Commenters supported 
the inclusion of this technology as part 
of the basis for the standards. Allison 
commented that they have configured 
an 8-speed vocational transmission. 
Eaton’s new MHD dual clutch 
transmission has seven forward gears. 
There is also a likelihood that suppliers 
of 8-speed transmissions for HD pickups 

and vans may sell some into the LHD 
vocational vehicle market. 

We are also predicating the optional 
custom chassis standards for school and 
coach buses in part on adoption of 
transmissions with additional gears. In 
MY 2021, this adoption rate is five 
percent, increasing to 10 percent in MY 
2024 and 15 percent in MY 2027. 
Manufacturers who certify these 
vehicles to the primary standards will 
use GEM to model the actual gears and 
gear ratios; however, manufacturers 
using custom chassis regulatory 
subcategory identifiers will not have 
this flexibility. The agencies have 
estimated the cycle-average benefit of 
adding an extra gear for school buses 
(modeled as MHD Urban vehicles) at 0.9 
percent and coach buses (with 6 gears 
in the baseline) at 1.7 percent; therefore, 
manufacturers using custom chassis 
regulatory subcategory identifiers for 
these vehicles will be permitted to enter 
these pre-defined improvement values 
at the time of certification. 

Based on comment regarding our 
regulatory baselines, both the HHD 
Regional and HHD Multipurpose 
subcategories now have manual 
transmissions in the baseline 
configuration. For these vehicles, the 
agencies project upgrades to automated 
transmissions such as either AMT, DCT, 
or automatic, at an adoption rate of 30 
percent in MY 2021, 50 percent in MY 
2024, and 80 percent in MY 2027 for 
Regional vehicles. For Multipurpose, 
beginning with 20 percent manuals in 
the baseline, the adoption rate of 
automated transmissions is five percent 
in MY 2021 and 20 percent in MY 2024. 
Consistent with our projections of 
technology adoption, the regulations 
require that any vocational vehicles 
with manual transmissions must be 
certified as Regional in MY 2024 and 
beyond. This progression of 
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438 See meeting log for proposed rule, specifically 
the April 2014 meeting with Dana. https://
www.regulations.gov/document?D=EPA-HQ-OAR- 
2014–0827–0702 

transmission automation is consistent 
with the agencies’ projection of 10 
percent manuals and 90 percent 
automated transmissions in the day cab 
tractor subcategories in MY 2027. See 
Table III–13. HHD vocational vehicles in 
regional service have many things in 
common with day cab tractors, 
including the same assumed engine size 
and typical transmission type, and a 
similar duty cycle. Thus, it is reasonable 
for the agencies to make similar 
projections about the fraction of 
automated vs manual transmissions 
adopted over the next decade among 
these sectors. Also consistent with 
tractors, GEM simulates each of these 
with a two percent fixed effectiveness 
improvement over the performance of 
the MT in the baseline. To the extent 
any of these transmissions provide 
additional effectiveness over the GEM 
cycles with actual OEM data entered, it 
is not considered in the stringency of 
the vocational vehicle HHD Regional 
standard (but would be recognized at 
certification). The agencies have been 
unable to characterize the relative 
effectiveness of DCT compared with AT 
sufficiently to apply it as a technology 
on which stringency is predicated. This 
is consistent with the public comment 
on this issue: Daimler did not support 
inclusion of DCT as a technology with 
different effectiveness than AMT, and 
Allison did not support treatment of 
either DCT or AMT as different as AT. 

In the seven subcategories (i.e. all of 
the remaining subcategories) in which 
automatic transmissions are the base 
technology, the agencies project that ten 
percent of the HHD vehicles will apply 
an aggressive torque converter lockup 
strategy in MY 2021, and 30 percent in 
the LHD and MHD subcategories. These 
adoption rates are projected to increase 
to 20 percent for HHD and 40 percent 
for LHD and MHD in MY 2024. We 
project adoption of aggressive torque 
converter lockup for HHD automatics of 
30 percent in MY 2027, and 50 percent 
for LHD and MHD. 

In setting the standard stringency, we 
have projected that non-integrated (bolt- 
on) mild hybrids will not have the 
function to turn off the engine at stop, 
while the integrated mild hybrids will 
have this function. The agencies have 
estimated the effectiveness for vehicles 
certified in the Urban subcategories will 
achieve as much as 13 percent 
improvement, and integrated systems 
that turn off at stop will see up to 21 
percent improvement depending on the 
subcategory. We have also projected 
zero hybrid adoption rate (mild or 
otherwise) by vehicles in the Regional 
subcategories, expecting that the benefit 
of hybrids for those vehicles will be too 

low to merit use of that type of 
technology. However, there is no fixed 
hybrid value assigned in GEM and, for 
any vehicles utilizing hybrid 
technology, the actual improvement 
over the applicable test cycle will be 
determined by powertrain testing, 
which would likely reflect some benefit 
of hybrids on Regional vehicles. By the 
full implementation year of MY 2027, 
the agencies are projecting an overall 
vocational vehicle adoption rate of 12 
percent mild hybrids, which we 
estimate will be 14 percent of vehicles 
certified in the Multi-Purpose and 
Urban subcategories (six percent 
integrated and eight percent non- 
integrated). We are projecting a low 
adoption rate in the early years of the 
Phase 2 program, zero integrated hybrid 
systems and two percent of the bolt-on 
systems in these subcategories in MY 
2021, and three percent integrated mild 
hybrids in MY 2024 for vehicles 
certified in the Multi-Purpose and 
Urban subcategories, plus 5 percent 
non-integrated mild hybrids in MY 
2024. Based on our assumptions about 
the populations of vehicles in different 
subcategories, these hybrid adoption 
rates are about two percent overall in 
MY 2021 and six percent overall in MY 
2024. 

Navistar commented with concerns 
that the agencies may be double 
counting some of the improvements of 
deep integration. For example, the 
addition of a gear to a transmission may 
reduce the added benefit of deep 
integration, as the transmission may 
already achieve a more optimal 
operation state more often due to the 
greater number of gears. The agencies 
have been careful to project adoption 
rates and effectiveness of transmission 
technologies in a way that that avoids 
over-estimating the achievable 
reductions. For example, as we 
developed the packages, we reduced the 
adoption rate of advanced shift strategy 
by the adoption rate of integrated 
hybrids, and we reduced the adoption 
rate of transmission gear efficiency by 
the amount of non-integrated hybrids. 
This is because we do not project that 
any driveline will undergo testing over 
both the powertrain test and the 
separate transmission efficiency test. 
Because we have projected adoption of 
combinations of transmission 
technologies in some subcategories, the 
sum of adoption rates of individual 
transmission technologies may exceed 
100 percent in some cases. However, the 
effectiveness values have not been 
summed because we agree with the 
commenter that we should not double 
count benefits. Instead of summing the 

combined efficiencies, we combine 
multiplicatively as described in 
Equation V–1, below. Thus, we have 
fairly accounted for dis-synergies of 
effectiveness where multiple 
technologies are applied to a similar 
vehicle system. 

Custom chassis manufacturers have 
provided compelling comment that the 
absence of recognition in the 
certification process of improved 
transmission technology will not deter 
them from its adoption. Therefore, 
although some types of improved 
transmissions are feasible for some 
custom chassis, these vehicles are 
typically assembled from off-the-shelf 
parts in low production volumes. For 
most components, this is not a 
significant obstacle. However, this 
dynamic can limit their access to the 
most advanced transmission 
technologies. Transmission 
manufacturers would generally be 
willing to supply advanced 
transmissions they developed for a 
larger customer, but would be less likely 
to invest in developing a special low 
volume transmission for the custom 
chassis. Similar circumstances would 
apply for hybrids. Further, for the 
reasons described above about non- 
representative drivelines in the baseline 
configurations, we believe that allowing 
these to be certified with a default 
driveline is a reasonable program 
structure. For school buses and others, 
if a manufacturer wishes to be 
recognized beyond the levels described 
for adopting improved transmissions, it 
has the option of certifying to the 
primary standards. Nevertheless, 
technology improvements that some of 
these manufacturers will include based 
on market forces (after they have been 
introduced into the market as a result of 
the primary program) will likely result 
in actual in-use improvements for many 
these vehicles beyond what is projected 
by the standards. 

(ii) Axle Packages 

The agencies project that 10 percent 
of vocational vehicles in all 
subcategories will adopt high efficiency 
axles in MY 2021, 20 percent in MY 
2024, and 30 percent in MY 2027. Fuel 
efficient lubricant formulations are 
widespread across the heavy-duty 
market, though advanced synthetic 
formulations are currently less 
popular.438 Axle lubricants with 
improved viscosity and efficiency- 
enhancing performance are projected to 
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439 See Vehicle Valuation Services Quick 
Reference Guide, available at. http://www.vvsi.com/ 
training/TrainingGuide.pdf, (accessed June 2014), 

the draft RIA at Chapter 2.9.2, and Docket ID EPA– 
HQ–OAR–2014–0827–0434. 

440 See memorandum on tire data, Note 419, 
above. 

be widely adopted by manufacturers in 
the time frame of Phase 2. Such 
formulations are commercially available 
and the agencies see no reason why they 
could not be feasible for most vehicles. 
Nonetheless, we have refrained from 
projecting full adoption of this 
technology. The agencies do not have 
specific information regarding reasons 
why axle manufacturers may specify a 
specific type of lubricant over another, 
and whether advanced lubricant 
formulations may not be recommended 
in all cases. The agencies received 
adverse comment on allowing fixed 
credit for use of high efficiency axles, 
whether from lubrication or other 
mechanical designs. In response, we are 
adopting a separate axle efficiency test, 
which can be used as an input to GEM 
to over-ride default axle efficiency 
values. The low overall adoption rate 
indicates that we expect axle suppliers 
to only offer high-efficiency axles for 
their most high production volume 
products, especially those that can serve 
both the tractor and vocational market. 
Therefore, we believe it is unlikely that 
high-efficiency axles will be adopted in 
custom chassis applications. Because 
we are no longer offering a fixed 
improvement for this technology as at 
proposal, this is only available for 
vocational vehicles that are certified to 
the primary program. 

The agencies estimate that 10 percent 
of HHD Regional vocational vehicles 
and five percent of HHD Multipurpose 
vehicles will adopt part time 6x2 axle 

technology in MY 2021. This technology 
is most likely to be applied to Class 8 
vocational vehicles (with 2 rear axles) 
that are designed for frequent highway 
trips. The agencies project a 20 percent 
adoption rate for HHD Regional and 15 
percent adoption rate for HHD 
Multipurpose for part time 6x2 axle 
technologies in MY 2024. In MY 2027, 
we project 30 percent adoption of part 
time 6x2 for HHD Regional and 25 
percent for HHD Multipurpose. We are 
establishing a custom chassis baseline 
configuration for coach buses with a 6x2 
axle, in consideration of comments from 
UCS and manufacturers stating this is 
the standard axle configuration for these 
vehicles. If a HHD coach bus is sold 
with a 6x4 or part time 6x2 axle, the 
manufacturer must enter the as-built 
axle configuration as a GEM input. This 
is true whether the vehicle is in the 
primary program or if it is certified to 
the custom chassis standard. Because 
the optional custom chassis standard 
assumes a 6x2 axle in the coach bus 
baseline, manufacturers may only 
qualify to obtain a reduced GEM result 
from use of the 300 pound weight 
reduction value (specified in 40 CFR 
1037.520 associated with use of a 
permanent 6x2 axle) when certifying 
coach buses to the primary standards. 

(iii) Tire Packages 
The agencies estimate that the per- 

vehicle average level of rolling 
resistance from vocational vehicle tires 
could be reduced by up to 13 percent for 
many vehicles by full implementation of 

the Phase 2 program in MY 2027, based 
on broader adoption of vocational 
vehicle tires currently available. We 
estimate this will yield reductions in 
fuel use and CO2 emissions of up to 3.3 
percent for these vehicles. All of our 
estimates of vehicle-level tire CRR 
improvements employ a weighted 
average using an assumed axle load 
distribution of 30 percent on the steer 
tires and 70 percent on the drive tires, 
as was proposed.439 The projected 
adoption rates of tires with improved 
CRR for chassis in the primary program 
are presented in Table V–19. The levels 
noted in the table are defined above in 
Table V–15. By applying the assumed 
axle load distribution, the estimated 
vehicle CRR improvement projected as 
part of the MY 2021 standards ranges 
from 5 to 8 percent, which we project 
will achieve up to 1.9 percent reduction 
in fuel use and CO2 emissions, 
depending on the vehicle subcategory. 
The agencies estimate the vehicle CRR 
improvement in MY 2024 will range 
from 5 to 13 percent, yielding 
reductions in fuel use and CO2 
emissions up to 3.2 percent, depending 
on the vehicle subcategory. 

The agencies believe that these tire 
packages recognize the variety of tire 
purposes and performance levels in the 
vocational vehicle market, and maintain 
choices for manufacturers to use the 
most efficient tires (i.e. those with 
lowest rolling resistance) only where it 
makes sense given these vehicles’ 
differing purposes and applications. 

TABLE V–19—PROJECTED LRR TIRE ADOPTION RATES 

Regional Multipurpose Urban 

Steer Drive Steer Drive Steer Drive 

2021 HHD 100% LRR 5v .. 100% LRR 2v .. 100% LRR 5v .. 100% LRR 2v .................... 100% LRR 4v .. 100% LRR 1v. 
2021 MHD 100% LRR 3v .. 100% LRR 1v .. 100% LRR 3v .. 100% LRR 1v .................... 100% LRR 3v .. 100% LRR 1v. 
2021 LHD 100% LRR 3v .. 100% LRR 3v .. 100% LRR 3v .. 100% LRR 3v .................... 100% LRR 2v .. 100% LRR 2v. 
2024 HHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 5v .. 100% LRR 2v .................... 100% LRR 4v .. 100% LRR 1v. 
2024 MHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 3v .. 50% LRR 1v, 50% LRR 2v 100% LRR 3v .. 100% LRR 1v. 
2024 LHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 3v .. 100% LRR 3v .................... 100% LRR 2v .. 100% LRR 2v. 
2027 HHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 5v .. 100% LRR 3v .................... 100% LRR 5v .. 100% LRR 2v. 
2027 MHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 5v .. 100% LRR 3v .................... 100% LRR 3v .. 50% LRR 1v, 50% LRR 2v. 
2027 LHD 100% LRR 5v .. 100% LRR 3v .. 100% LRR 5v .. 100% LRR 3v .................... 100% LRR 3v .. 50% LRR 2v, 50% LRR 3v. 

Table V–20 presents the projected 
adoption rates of LRR tires for custom 
chassis. As noted above in Section 
V.C.(1)(a)(iii), the adoption rates 
generally represent improvements in the 
range of the 25th to 40th percentile 
using data from actual vehicles in each 
application that were certified in MY 

2014. A summary of these data is 
provided in a memorandum to the 
docket.440 An exception to this is 
emergency vehicles. The final 
emergency vehicle standards reflect 
adoption of tires that progress to the 
50th percentile by MY 2027, using steer 
and drive tire data for certified 

emergency vehicles. At these adoption 
rates, manufacturers need not change 
any of the tires they are currently fitting 
on emergency vehicles, and they will 
comply on average. 
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TABLE V–20—PROJECTED LRR TIRE 
ADOPTION RATES FOR CUSTOM 
CHASSIS 

MY 2021 MY 2027 

Steer Drive Steer Drive 

Coach ..... 100% 
LRR 
4v.

100% 
LRR 
4v.

100% 
LRR 
5v.

100% 
LRR 
5v. 

RV .......... 100% 
LRR 
5v.

100% 
LRR 
5v.

100% 
LRR 
5v.

100% 
LRR 
5v. 

School .... 100% 
LRR 
4v.

100% 
LRR 
2v.

100% 
LRR 
5v.

100% 
LRR 
4v. 

Transit .... 100% 
LRR 
1v.

100% 
LRR 
1v.

100% 
LRR 
3v.

100% 
LRR 
3v. 

Refuse .... 100% 
LRR 
1v.

100% 
LRR 
1v.

100% 
LRR 
3v.

100% 
LRR 
3v. 

Mixer ...... 100% 
LRR 
2v.

100% 
LRR 
1v.

100% 
LRR 
3v.

100% 
LRR 
2v. 

Emer-
gency.

100% 
LRR 
2v.

100% 
LRR 
1v.

100% 
LRR 
4v.

100% 
LRR 
1v. 

(iv) Idle Reduction Packages 
In these rules, the adoption rate of 

AES for HHD Regional vehicles is 40 
percent in MY 2021, 80 percent in MY 
2024, and 90 percent in MY 2027. This 
is because these vehicles have driving 
patterns with a significant amount of 
parked idle, and the vast majority have 
relatively modest accessory demands 
such that only a few would have such 
large demands for backup power that 
turning the engine off while parked 

would not be feasible. For all weight 
classes of Regional vehicles except 
coach buses, the neutral idle and stop 
start adoption rates remain zero in all 
model years because these vehicles have 
driving patterns with such a small 
amount of transient driving that this 
drive-idle technology would not likely 
provide real world benefits. For coach 
buses we are predicating the optional 
custom chassis standard in part on 
adoption of neutral idle for several 
reasons. First, according to Volvo, we 
are underestimating the amount of 
transient time for these vehicles by 
applying only a 20 percent weighting of 
the transient cycle instead of 25 percent 
as noted in their comment. Second, we 
estimate that neutral idle is a low cost 
technology that would easily pay for 
itself with the miles accumulated by 
coach buses. Finally, in the custom 
chassis program manufacturers are able 
to qualify for a reduced emission rate in 
GEM through selection of neutral idle 
even if the transmission architecture 
inherently functions with neutral idle 
such as with an AMT or DCT. The 
Regional vehicles carry a 40 percent, 80 
percent, and 90 percent adoption rate of 
AES in MYs 2021, 2024, and 2027 
respectively because these vehicles are 
not projected to apply any other idle 
reduction technology and as long as 
large accessory loads are not required 
this technology is widely feasible. As 
reflected in the Multipurpose and Urban 

duty cycles with an overall composite 
test weighting of zero speed operation of 
50 percent with 25 percent composite 
weighting of the parked idle cycle, idle 
reduction is a significant technology for 
these vehicles. We are projecting 30 
percent adoption of AES in all weight 
classes of Multipurpose and Urban 
vocational vehicles in MY 2021, 
increasing to 60 percent in MY 2024 and 
70% in MY 2027. This is less than for 
Regional because we expect a larger 
fraction of vehicles in these 
subcategories will need to run PTO or 
other accessories while parked, such 
that fewer will be able to reasonably 
apply the low-cost AES that we have 
identified in this rulemaking. Because 
we are considering stop-start and 
neutral idle to be mutually exclusive on 
a per-vehicle basis, the sum of these two 
technologies does not exceed 90 percent 
in MY 2027, and gradually ramps up to 
this level from the 50 to 60 percent 
range in MY 2021. Neutral idle adoption 
rates are greater in the early years 
because we expect this will not need 
much lead time, if any. An exception to 
the 90 percent maximum adoption rate 
is transit buses, where we believe all 
vehicles of this type can reasonably 
apply some form of drive idle reduction 
technology. The adoption rates of idle 
reduction technologies for vocational 
vehicles in MY 2027 is presented in 
Table V–21. 

TABLE V–21—MY 2027 ADOPTION RATES OF IDLE REDUCTION TECHNOLOGIES 

Technology 

Heavy heavy-duty Medium heavy-duty Light heavy-duty 

Regional Multi- 
purpose Urban Regional Multi- 

purpose Urban Regional Multi- 
purpose Urban 

Neutral Idle ................................ 0 70 70 0 60 60 0 60 60 
Stop-Start .................................. 0 20 20 0 30 30 0 30 30 
AES ........................................... 90 70 70 90 70 70 90 70 70 

Although it is possible that a vehicle 
could have both neutral idle and stop- 
start, our stringency calculations only 
consider emissions reductions where a 
vehicle either has one or the other of 
these technologies. The final GEM input 
file allows users to apply multiple idle 
reduction technologies within a single 
vehicle configuration. 

Because we have included costs to 
maintain engine protection during 
periods of shut-off, as well as over-rides 
to recognize instances where it may not 
be safe to shut off an engine, we believe 
stop-start can safely be applied at the 
rates described above in the time frames 
described. Also, because we have 
defined two idle cycles where the 

automatic engine shutoff technology 
addresses the condition of being parked 
with the brake off, we believe this 
alleviates many of the concerns 
expressed by commenters about stop- 
start. We believe many commenters 
were (erroneously) imagining that stop- 
start systems would be required to 
function during periods of extended 
parking. 

We agree with commenters that stop- 
start is not feasible for emergency 
vehicles and concrete mixers. We 
further believe that stop-start would not 
provide any real world benefit for coach 
buses or motor homes. However, for 
school buses, transit buses, and refuse 
trucks, we believe stop-start is feasible 

and likely to result in real world 
benefits. The only custom chassis 
standards that we are basing on 
adoption of AES is school buses, 
because for the others, we believe the 
simple shutdown timer would be likely 
to encounter an over-ride condition 
frequently enough to yield a very small 
benefit from this technology. To make 
AES practical for a coach or transit bus 
for example, a much larger auxiliary 
power source would be needed than the 
one projected as part of this rulemaking. 
Although many school buses have 
voluntarily adopted idle reduction 
strategies for other reasons, we do not 
believe many have tamper-proof 
automatic shutdown systems. 
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TABLE V–22—CUSTOM CHASSIS WORKDAY IDLE ADOPTION RATES 

Technology MY AES NI Stop-start 

Coach ............................................................................................................... 2021 ........................ 40 ........................
2027 ........................ 70 ........................

School .............................................................................................................. 2021 30 60 5 
2027 70 60 30 

Transit .............................................................................................................. 2021 ........................ 60 10 
2027 ........................ 70 30 

Refuse .............................................................................................................. 2021 ........................ 30 0 
2027 ........................ 50 20 

As described above, the agencies are 
excluding refuse trucks that do not 
compact waste from the optional custom 
chassis vocational vehicle standards. 
We believe trucks that do not compact 
waste have sufficiently low PTO 
operation (usually only while parked) to 
make application of drive idle reduction 
technologies (and other technologies 
projected for regular vocational chassis) 
quite feasible. Front-loading refuse 
collection vehicles tend to have a 
relatively low number of stops per day 
as they tend to collect waste from 
central locations such as commercial 
buildings and apartment complexes. 
Because these have a relatively low 
amount of PTO operation, we expect 
stop-start will be reasonably effective for 
these vehicles. Rear-loading and side- 
loading neighborhood waste and 
recycling collection trucks are the refuse 
trucks where the largest number of stop- 
start and neutral idle over-ride 
conditions are likely to be encountered. 
Because chassis manufacturers, even 
those with small production volumes 
and close customer relationships, do not 
always know whether a refuse truck 
chassis will be fitted with a body 
designed for front loading, rear loading, 
or side loading, we are applying an 
adoption rate of 20 percent stop-start in 
2027 to refuse trucks certified as custom 
chassis. In the case where a chassis 
manufacturer certifies a refuse truck to 
the primary standards under the HHD 
Urban subcategory, the MY 2027 
adoption rate of stop-start is also 20 
percent as shown in Table V–21. The 
stringency in both cases assumes a 
sufficiently capable stop-start system to 
not require an excessive use of over- 
rides. Manufacturers opting to certify 
refuse trucks to the primary standards 
will have an option to be recognized for 
enhanced stop-start systems through the 
powertrain test. 

It may take some minor development 
effort to apply neutral idle to high- 
torque automatic transmissions 
designed for the largest vocational 
vehicles. Based on stakeholder input, 
the designs needed to avoid an 
uncomfortable re-engagement bump 

when returning to drive from neutral 
may require some engineering 
refinement as well as some work to 
enable two-way communication 
between engines and transmissions. 
Nonetheless, this technology should be 
available in the near term for many 
vehicles and is low cost compared to 
many other technologies we considered. 
Commenters asked for over-rides such 
as when on a steep hill and we agree 
and are adopting this provision. 

For the reasons described above, we 
see the above idle reduction 
technologies being technically feasible 
on the majority of vocational vehicles. 
The RIA Chapter 2.9.3.4 and RIA 
Chapter 2.9.5.1.4 provide additional 
discussion on workday idle reduction 
technologies for vocational vehicles. 

(v) Weight Reduction Packages 

As described in the RIA Chapter 
2.11.10.3, weight reduction is a 
relatively costly technology, at 
approximately $3 to $10 per pound for 
a 200-lb package. Even so, for vehicles 
in service classes where dense, heavy 
loads are frequently carried, weight 
reduction can translate directly to 
additional payload. The agencies project 
that modest weight reduction is feasible 
for all vocational vehicles. The agencies 
are predicating the final standards on 
adoption of weight reduction 
comparable to what can be achieved 
through use of aluminum wheels (an 
easy material switch that does not alter 
load distribution on the chassis). This 
package is estimated at 150 pounds for 
LHD and MHD vehicles, and 250 
pounds for HHD vehicles, based on six 
and 10 wheels, respectively. This value 
is revised upward since proposal based 
on compelling comments from the 
Aluminum Association recommending 
that we set the same level of weight 
reduction for lightweight aluminum 
alloys as for regular aluminum, at 25 
pounds per wheel. More details on these 
comments may be found in the 
Response to Comments Chapter 5. In 
MY 2021, we project an adoption rate of 
10 percent, 30 percent in MY 2024, and 

50 percent in MY 2027 for all 
subcategories in the primary program. 

The agencies project manufacturers 
will have sufficient options of other 
components eligible for material 
substitution so that this level of weight 
reduction will be feasible even where 
aluminum wheels are not selected by 
customers. Based on comments, we 
have removed aluminum transmission 
cases and aluminum clutch housings 
from the vocational lookup table. 

We are not predicating the custom 
chassis standards on any use of weight 
reduction. We have learned that 
manufacturers of concrete mixers, refuse 
trucks, and some high end buses have 
already made extensive use of 
lightweighting technologies in the 
baseline fleet. We also received 
persuasive comment cautioning us not 
to base the school bus standards on 
weight reduction due to potential 
conflicts with safety standards. In 
considering this information, we are 
allowing all vehicles certified using 
custom chassis regulatory subcategory 
identifiers to make use of weight 
reduction as a compliance flexibility. 
We received compelling comment from 
UCS that weight reduction should be 
considered feasible for transit buses. 
Upon consideration of this comment as 
well as information regarding the 
preponderance of city buses with 
overloaded axles, we are predicating 
standard stringency for transit buses on 
use of aluminum wheels at the same 
adoption rate as for the primary 
program. See the RIA at Chapter 
2.9.5.1.5 for more information about 
transit bus axles. 

(vi) Electrified Accessory Packages 

The agencies are predicating the final 
vocational vehicle standards in part on 
an adoption rate of five percent in MY 
2021 of an electrified accessory package 
that achieves one percent fuel efficiency 
improvement. The discussion in Section 
V.C.(1)(a)(vi) describes some pre- 
defined e-accessory improvements that 
are available in GEM for all vocational 
vehicles. In MY 2024 we increase this 
adoption rate to ten percent, and in MY 
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441 See Section II.D.2 of this Preamble for the 
derivation of the engine standards. 

2027 the projected adoption rate is 15 
percent, applicable in all subcategories 
excluding custom chassis. Although we 
believe some components could be 
electrified for some custom chassis, we 
do not have sufficient information to 
estimate an incremental cost associated 
with electrifying the more complex 
systems on custom chassis such as 
buses, or to project a specific adoption 
rate for this type of improvement. 

(vii) Tire Pressure System Packages 
The agencies are predicating the 

vocational vehicle standards in part on 

widespread adoption of tire pressure 
monitoring systems. These are readily 
accepted by fleets as a cost-effective 
safety and fuel-saving measure. Because 
there may be some minor challenges in 
applying this technology to some 
vehicles where the payload and duty 
cycle lead to very high tire temperatures 
and pressures (as described above), we 
are applying a lower adoption rate to 
Urban and Multi-purpose vehicles than 
to Regional vehicles, as shown in Table 
V–23. We are applying similarly lower 
adoption rates for refuse trucks and 

transit buses. We are not predicating the 
emergency vehicle or cement mixer 
standards on adoption of TPMS. 

We are predicating the optional 
school bus, coach bus, transit bus, and 
refuse truck standards in part on limited 
adoption of automatic tire inflation 
systems (ATIS), as shown in Table V– 
23. These are more costly than TPMS, 
and require an onboard air supply and 
sometimes extensive plumbing of air 
lines. 

TABLE V–23—VOCATIONAL TIRE PRESSURE SYSTEM ADOPTION RATES 

Technology 
TPMS ATIS 

MY 2021 MY 2024 MY 2027 MY 2021 MY 2027 

Regional ............................................................................... 60 75 90 ........................ ........................
Multi-Purpose ....................................................................... 50 65 80 ........................ ........................
Urban ................................................................................... 40 55 70 ........................ ........................
School .................................................................................. 70 ........................ 80 ........................ 20 
Coach ................................................................................... 50 ........................ 75 10 25 
Transit .................................................................................. 40 ........................ 50 10 20 
Refuse .................................................................................. 40 ........................ 50 10 15 
Motor Home ......................................................................... 60 ........................ 90 ........................ ........................

(c) GEM Inputs for Derivation of 
Vocational Vehicle Standards 

To account for engine-level 
improvements consistent with those 
projected to meet Phase 2 vocational 
engine standards, and which will be 
reflected over the GEM vehicle test 
cycles, the agencies developed a suite of 
fuel consumption maps for use with the 
GEM: One set of maps that represent 
engines meeting the MY 2021 vocational 
diesel engine standards, a second set of 
maps representing engines meeting the 
MY 2024 vocational diesel engine 
standards, and a third set of maps 
representing engines meeting the MY 
2027 vocational diesel engine 
standards.441 By incorporating the 
engine technology packages projected to 
be adopted to meet the Phase 2 
vocational CI engine standards, the 
agencies employed GEM engine models 
in deriving the stringency of the Phase 
2 CI-powered vocational vehicle 
standards. Similarly, to account for the 
performance of Phase 2 SI engines in 
deriving the stringency of the Phase 2 
SI-powered vocational vehicle 
standards, the agencies employed our 
baseline SI GEM engine model. The 
extra engine technology on which the 
Phase 2 SI vocational vehicle standards 

are based was applied in post- 
processing the GEM results, not 
modeled with an improved GEM map. 
See the RIA Chapter 2.9.1 for more 
details about the vocational engines 
used in standard-setting. 

The derivation of the vocational 
vehicle standards incorporates several 
methods because some GEM inputs lend 
themselves to fleet-average values, some 
are vehicle specific (either on or off) and 
some improvements are not directly 
modeled in GEM. For each model year 
of standards, the agencies derived a 
scenario vehicle for each subcategory 
using the future model year engine map 
with fleet average input values for tire 
rolling resistance and weight reduction. 
For example, the MY 2021 HHD weight 
reduction input value was derived as 
follows: 250 pounds times 10 percent 
adoption yields 25 pounds. Those 
scenario vehicle performance results 
were combined in a post-process 
method with subcategory-specific 
improvements from idle reduction, axle 
disconnect, torque converter lockup, 
and transmission automation, using 
directly modeled GEM improvements 
comparing results with these 
technologies on or off the scenario 
vehicle. Subsequently, these 
performance values were combined 

with estimated improvement values of 
technologies not modeled in GEM, 
including TPMS, hybrids, and 
transmission gear efficiency. 

The set of fleet-average inputs for tire 
CRR and weight reduction for MY 2021, 
as modeled in GEM is shown in Table 
V–24, along with the respective 
adoption rates for idle reduction, axle 
disconnect, and torque converter 
lockup. The agencies derived the level 
of the MY 2024 standards by using the 
GEM inputs and adoption rates shown 
in Table V–25, below. The agencies 
derived the level of the MY 2027 
standards by using the GEM inputs and 
adoption rates shown in Table V–26, 
below. Post-processing improvements 
for technologies not directly modeled, 
including TPMS, e-accessories, hybrids, 
and axle and transmission 
improvements are presented as a 
combined driveline improvement factor 
in Table V–27, below. The values in this 
table for SI-powered vocational vehicles 
include improvements due to adoption 
of SI engine technology. The 
methodology for estimating these 
improvements is described in the RIA 
Chapter 2.9.1. The final standards are 
presented in Table V–4 through Table 
V–9. 
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TABLE V–24—GEM INPUTS USED TO DERIVE FINAL MY 2021 VOCATIONAL VEHICLE STANDARDS 

Class 2B–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

SI Engine 

2018 MY 6.8L, 300 hp engine 

CI Engine 

2021 MY 7L, 200 hp Engine 2021 MY 7L, 270 hp Engine 2021 MY 
11L, 350 

hp 
Engine 

2021 MY 11L, 350 
hp Engine and 
2021 MY 15L 
455hp Engine a 

Torque Converter Lockup in 1st (adoption rate) 

30% .................................................................. 30% 30% 30% 30% 30% 10% 10% 0% 

6 x 2 Disconnect Axle (adoption rate) 

0% .................................................................... 0% 0% 0% 0% 0% 0% 5% 10% 

AES (adoption rate) 

30% .................................................................. 30% 40% 30% 30% 40% 30% 30% 40% 

Stop-Start (adoption rate) 

10% .................................................................. 10% 0% 10% 10% 0% 0% 0% 0% 

Neutral Idle (adoption rate) 

50% .................................................................. 50% 0% 50% 50% 0% 50% 50% 0% 

Steer Tires (CRR kg/metric ton) 

7 ....................................................................... 6.8 6.8 6.8 6.7 6.7 6.4 6.2 6.2 

Drive Tires (CRR kg/metric ton) 

7.2 .................................................................... 6.9 6.9 7.8 7.5 7.5 7.8 7.5 7.5 

Weight Reduction (lb) 

15 ..................................................................... 15 15 15 15 15 25 25 25 

Note: 
a The Multipurpose and Regional HHD standards are established using averages of configurations with different engines as described in RIA 

Chapter 2.9.2. 

TABLE V–25—GEM INPUTS USED TO DERIVE FINAL MY 2024 VOCATIONAL VEHICLE STANDARDS 

Class 2b–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

SI Engine 

2018 MY 6.8L, 300 hp engine 

CI Engine 

2024 MY 7L, 200 hp Engine 2024 MY 7L, 270 hp Engine 2024 MY 
11L, 350 

hp 
Engine 

2024 MY 11L, 350 
hp Engine and 
2024 MY 15L 
455hp Engine a 

Torque Converter Lockup in 1st (adoption rate) 

40% .................................................................. 40% 40% 40% 40% 40% 20% 20% 0% 
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TABLE V–25—GEM INPUTS USED TO DERIVE FINAL MY 2024 VOCATIONAL VEHICLE STANDARDS—Continued 

Class 2b–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

6 x 2 Disconnect Axle (adoption rate) 

0% .................................................................... 0% 0% 0% 0% 0% 0% 15% 20% 

AES (adoption rate) 

60% .................................................................. 60% 80% 60% 60% 80% 60% 60% 80% 

Stop-Start (adoption rate) 

20% .................................................................. 20% 0% 20% 20% 0% 10% 10% 0% 

Neutral Idle (adoption rate) 

70% .................................................................. 70% 0% 70% 70% 0% 70% 70% 0% 

Steer Tires (CRR kg/metric ton) 

7.0 .................................................................... 6.8 6.2 6.8 6.7 6.2 6.4 6.2 6.2 

Drive Tires (CRR kg/metric ton) 

7.2 .................................................................... 6.9 6.9 7.8 7.5 6.9 7.8 7.5 6.9 

Weight Reduction (lb) 

45 ..................................................................... 45 45 45 45 45 75 75 75 

Note: 
a The Multipurpose and Regional HHD standards are established using averages of configurations with different engines as described in RIA 

Chapter 2.9.2. 

TABLE V–26—GEM INPUTS USED TO DERIVE FINAL MY 2027 VOCATIONAL VEHICLE STANDARDS 

Class 2b–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

SI Engine 

2018 MY 6.8L, 300 hp engine 

CI Engine 

2027 MY 7L, 200 hp Engine 2027 MY 7L, 270 hp Engine 2027 MY 
11L, 350 

hp 
Engine 

2027 MY 11L, 350 
hp Engine and 
2027 MY 15L 
455hp Engine a 

Torque Converter Lockup in 1st (adoption rate) 

50% .................................................................. 50% 50% 50% 50% 50% 30% 30% 0% 

6 x 2 Disconnect Axle (adoption rate) 

0% .................................................................... 0% 0% 0% 0% 0% 0% 25% 30% 

AES (adoption rate) 

70% .................................................................. 70% 90% 70% 70% 90% 70% 70% 90% 

Stop-Start (adoption rate) 

30% .................................................................. 30% 0% 30% 30% 0% 20% 20% 0% 

Neutral Idle (adoption rate) 

60% .................................................................. 60% 0% 60% 60% 0% 70% 70% 0% 
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442 See proposed rules at 80 FR 40308, July 13, 
2015. 

TABLE V–26—GEM INPUTS USED TO DERIVE FINAL MY 2027 VOCATIONAL VEHICLE STANDARDS—Continued 

Class 2b–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

Steer Tires (CRR kg/metric ton) 

6.8 .................................................................... 6.2 6.2 6.7 6.2 6.2 6.2 6.2 6.2 

Drive Tires (CRR kg/metric ton) 

6.9 .................................................................... 6.9 6.9 7.5 6.9 6.9 7.5 6.9 6.9 

Weight Reduction (lb) 

75 ..................................................................... 75 75 75 75 75 125 125 125 

Note: 
a The Multipurpose and Regional HHD standards are established using averages of configurations with different engines as described in RIA 

Chapter 2.9.2. 

TABLE V–27—VOCATIONAL DRIVELINE IMPROVEMENT FACTORS 

Class 2b–5 Class 6–7 Class 8 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

CI 2021 ........................................ 0.019 0.018 0.018 0.019 0.019 0.019 0.019 0.018 0.017 
CI 2024 ........................................ 0.041 0.036 0.029 0.041 0.036 0.029 0.040 0.036 0.026 
CI 2027 ........................................ 0.061 0.053 0.037 0.061 0.053 0.037 0.060 0.052 0.034 
SI 2021 ......................................... 0.027 0.026 0.026 0.028 0.027 0.027 ................ ................ ................
SI 2024 ......................................... 0.048 0.044 0.037 0.049 0.044 0.037 ................ ................ ................
SI 2027 ......................................... 0.067 0.059 0.045 0.068 0.060 0.045 ................ ................ ................

(d) Role of Fleet Averaging and 
Constraints in Vocational Vehicle 
Standards 

In part to avoid potentially creating 
incentives to misclassify vehicles, the 
agencies proposed to ‘‘equalize’’ the 
standards for each of the subcategories. 
80 FR 40308. Thus, at proposal, the 
standards for the Regional, 
Multipurpose, and Urban subcategories 
reflected the arithmetic mean of the 
Regional, Multipurpose and Urban 
stringency levels (i.e., all three drive 
cycle subcategory percent 
improvements averaged together) in 
each weight class.442 Most commenters 
criticized this proposed approach. For 
example, Navistar commented that 
equalization could inappropriately 
benefit one manufacturer over another 
based on their product mix. We also 
note that the equalization process, if 
adopted, would have made the 
standards for the Regional vehicles 
unattainable using the technology 
pathway identified by the agencies, thus 
motivating manufacturers to select less 
appropriate test cycles for vehicles that 
are designed for Regional service. 
Therefore, we have decided not to apply 
‘‘equalization’’ for finalizing the 

vocational vehicle standards. Instead, 
we have developed the final vocational 
vehicle standards using the same 
methodology as for all of the other 
Phase 2 standards, where we apply fleet 
average technology mixes to fleet 
average baseline vehicle configurations, 
and each average baseline and 
technology mix is unique for each 
vehicle subcategory. Along with this 
standard-setting approach, the agencies 
are also adopting certain interim 
constraints on the otherwise generally 
manufacturer-selected assignment of 
vehicle configurations to one of the 
three drive cycle subcategories, as 
explained in Section V.D.(1)(e) below. 

Elsewhere in this rulemaking we 
present overall costs and benefits, 
which are based our projected 
distribution of vocational vehicles in 
each subcategory. This projection 
includes our most updated population 
distributions by weight class, which we 
have adjusted in part in response to 
comments on the draft NREL report in 
the NODA and based on an analysis of 
telematics data from Ryder’s leased 
vehicles. We intend to monitor whether 
our projection of distribution of vehicles 
among subcategories is consistent with 
outcomes. Under the three drive cycle 
subcategory structure, manufacturers 
must use good engineering judgment 

(subject to the provisions of 40 CFR 
1068.5) to choose a subcategory for each 
vehicle configuration that represents the 
type of operation the vehicle is 
configured to experience in use, and the 
agencies expect the manufacturer and 
customer to specify a technology mix 
that is most effective for that vehicle’s 
likely operation. In other words, as long 
as manufacturers work with their 
customers, the general rule describing 
this greater flexibility in choice of 
subcategory could be that the ‘‘customer 
knows best.’’ In fact, our standards are 
predicated on the premise that willful 
misclassification not reflecting good 
engineering judgment will be rare, and 
thus environmentally inconsequential. 

In considering our approach for 
setting the final standards, we compared 
the relative stringencies in each 
subcategory with each respective 
baseline, and we observed that Regional 
vehicles are generally able to achieve 
the smallest percent improvement from 
the lowest (most efficient) baseline. By 
contrast, the Urban vehicles are 
generally able to achieve the greatest 
percent improvement from the highest 
(least efficient) baseline. We are not 
particularly concerned that adopting 
final standards with these unequal 
percent improvements poses a danger of 
losing environmental benefits from this 
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443 See spreadsheet file dated July 2016 titled, 
VocationalStringencyComparison.xlsx. 

444 See memorandum dated July 2016 titled, 
‘‘Summary of Late Comments on Vocational 
Transmissions and N/V.’’ 

program, as long as vehicle 
configurations are properly classified at 
the time of certification. To test the 
potential impacts of misclassification, 
we compared the performance of each of 
our baseline configurations over all 
three drive cycles. This analysis is 
presented in a memorandum to the 
docket.443 Results for LHD and MHD 
weight classes were generally consistent 
with the rule’s projections across each 
drive cycle. Results for HHD were 
equivocal in some instances, 
particularly for our baseline vehicles 
equipped with manual transmissions. 
This issue appears to be related to both 
the difference in the weighting of time 
spent in the drive idle mode in the 
Regional versus Urban and Multi- 
purpose drive cycles, and whether or 
not automatic transmissions are part of 
a baseline. In the analysis, that 
combination of circumstances showed 
how manual transmission-equipped 
vehicles could potentially become credit 
generators without any further addition 
of technology, if certified to the Urban 
or Multi-purpose cycles. The agencies 
are concerned that if this circumstance 
were to be left unconstrained, it could 
create an incentive to misclassify some 
Regional vehicles into one of the other 
two drive cycle subcategories, even 
though manual transmissions are 
generally best suited for Regional 
driving patterns, as discussed further 
below. 

In light of this analysis, and 
consistent with recent comments from 
chassis manufacturers mentioned above 
in Section V.B.(1)(a), the agencies are 
adopting some constraints to the 
otherwise generally manufacturer- 
selected assignment of vocational 
chassis to regulatory subcategories. 
These constraints are described in 
Section V.D.(1)(e). A subset of the 
constraints prevents inappropriate 
classification based on transmission 
type. These constraints restrict 
classification options where a 
vocational vehicle is certifying with a 
manual transmission or in some cases 
an automated manual transmission. We 
are adopting these constraints as interim 
provisions in response to 

manufacturers’ concerns that the 
manual transmission constraints could 
present competitive disadvantages, 
where different manufacturers produce 
very different sales mixes of vehicles 
equipped with different transmission 
types.444 However, at this time the final 
program structure, including these 
constraints, will remain in place unless 
and until the agencies determine that 
revisions to the vocational vehicle 
program structure are warranted, in 
which case the agencies would 
undertake a notice and comment 
rulemaking proposing to amend the 
programmatic structure, consistent with 
such a determination. 

It is important to clarify that we 
would consider all relevant factors 
together before deciding whether to 
propose any revisions. If we find that a 
significant discrepancy arises between 
our projections and outcomes, such that 
our estimated GHG and fuel 
consumption benefits are not being 
achieved because of the program 
structure, we may revisit relevant 
aspects of the program structure, 
including the drive cycles, subcategories 
and classification constraints. If we 
propose to revise the structure in the 
future, it might also be necessary to 
propose revising the numerical values of 
the standards to maintain equivalence 
with the final stringency being 
established in this rulemaking. We 
would of course find it acceptable if 
manufacturers implemented more cost- 
effective technologies than we 
projected, while still achieving the 
projected reductions in use. Similarly, if 
the structure results in manufacturers 
generally adopting the projected cost- 
effective technologies on the 
appropriate vehicles, but somehow this 
fails to fully achieve the projected 
reductions in use, we do not believe 
revisions necessarily would be 
warranted. 

(e) Technology Package Costs 
Associated With Primary Vocational 
Vehicle Standards 

The agencies have estimated the costs 
of the technologies that could be used 
to comply with the final Phase 2 

vocational vehicle standards. The 
estimated costs are shown in Table V– 
28 for MY 2021, in Table V–29 for MY 
2024, and Table V–30 for MY 2027. 
Fleet average costs are shown for light, 
medium and heavy HD vocational 
vehicles in each duty-cycle-based 
subcategory—Urban, Multi-Purpose, 
and Regional. As shown in Table V–28, 
in MY 2021 these range from 
approximately $900 for MHD and LHD 
Regional vehicles, up to $2,600 for HHD 
Regional vehicles. Those two lower-cost 
packages reflect zero hybrids, and the 
higher-cost package reflects significant 
adoption of automated transmissions. 
Many changes have been made to the 
cost estimates since proposal. In the RIA 
Chapter 2.12.2, the agencies present 
vocational vehicle technology package 
costs differentiated by MOVES vehicle 
type. These costs do not indicate the 
per-vehicle cost that may be incurred for 
any individual technology. For more 
specific information about the agencies’ 
estimates of per-vehicle costs, please see 
the RIA Chapter 2.11. The engine costs 
listed represent the cost of an average 
package of diesel engine technologies as 
set out in Section II. Individual 
technology adoption rates for engine 
packages are described in Section II.D. 
For gasoline vocational vehicles, the 
agencies are projecting adoption of 
Level 2 engine friction reduction plus 
cylinder deactivation (i.e., all engine 
improvements are reflected exclusively 
in the vehicle standard) for an estimated 
$138 added to the average SI vocational 
vehicle package cost beginning in MY 
2021. Further details on how the SI 
vocational vehicle costs were estimated 
are provided in the RIA Chapter 2.9. 

The details behind all these costs are 
presented in RIA Chapter 2.11, 
including the markups and learning 
effects applied and how the costs shown 
here are weighted to generate an overall 
cost for the vocational segment. These 
estimates have changed significantly 
from those presented in the proposal, 
due to changes in projected technology 
adoption rates as well as changes in 
direct costs that reflect comments 
received. 

TABLE V–28—FINAL VOCATIONAL VEHICLE TECHNOLOGY INCREMENTAL COSTS IN THE 2021 MODEL YEAR a b 
[2013$] 

Light HD Medium HD Heavy HD 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

Engine c ........................................ $298 $298 $298 $275 $275 $275 $275 $275 $275 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00240 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73717 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

TABLE V–28—FINAL VOCATIONAL VEHICLE TECHNOLOGY INCREMENTAL COSTS IN THE 2021 MODEL YEAR a b—Continued 
[2013$] 

Light HD Medium HD Heavy HD 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

Tires ............................................. 0 27 27 9 9 9 13 13 13 
Tire Pressure Monitoring .............. 123 154 184 123 154 184 233 292 350 
Transmission ................................ 217 217 217 217 217 217 186 413 1,519 
Axle related .................................. 13 13 13 13 13 13 20 26 32 
Weight Reduction ......................... 69 69 69 69 69 69 250 250 250 
Idle reduction ............................... 155 155 12 160 160 12 68 68 12 
Hybridization ................................ 178 178 0 178 178 0 178 178 0 
Air Conditioning d .......................... 22 22 22 22 22 22 22 22 22 
Other e .......................................... 30 30 30 49 49 49 89 89 89 

Total ...................................... 1,106 1,164 873 1,116 1,146 851 1,334 1,625 2,562 

Notes: 
a Costs shown are for the 2021 model year and are incremental to the costs of a vehicle meeting the Phase 1 standards. These costs include 

indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis and 
how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.11). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated vehicle classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.11 
in particular). 

c Engine costs are for a light HD, medium HD or heavy HD diesel engine. We are projecting $138 of additional costs beyond Phase 1 for gaso-
line vocational engines. 

d EPA’s air conditioning standards are presented in Section V.C above. 
e Other incremental technology costs include electrified accessories and advanced shift strategy. 

The estimated fleet average vocational 
vehicle package costs are shown in 
Table V–29 for MY 2024. As shown, 
these range from approximately $1,300 
for MHD and LHD Regional vehicles, up 
to $4,000 for HHD Regional vehicles. 

The increased costs above the MY 2021 
values reflect increased adoption rates 
of individual technologies, while the 
individual technology costs are 
generally expected to remain the same 
or decrease, as explained in the RIA 

Chapter 2.11. The engine costs listed 
represent the average costs associated 
with the MY 2024 vocational diesel 
engine standard described in Section 
II.D. 

TABLE V–29—FINAL VOCATIONAL VEHICLE TECHNOLOGY INCREMENTAL COSTS IN THE 2024 MODEL YEAR a b 
[2013$] 

Light HD Medium HD Heavy HD 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

Engine c ........................................ $446 $446 $446 $413 $413 $413 $413 $413 $413 
Tires ............................................. 0 31 33 10 10 33 13 13 53 
Tire Pressure Monitoring .............. 155 183 211 155 183 211 294 347 401 
Transmission ................................ 276 276 276 276 276 276 222 1,032 2,193 
Axle related .................................. 24 24 24 24 24 24 37 54 60 
Weight Reduction ......................... 186 186 186 186 186 186 684 684 684 
Idle reduction ............................... 248 248 21 256 256 21 242 242 21 
Hybridization ................................ 550 550 0 653 653 0 844 844 0 
Air Conditioning d .......................... 20 20 20 20 20 20 20 20 20 
Other e .......................................... 54 54 54 89 89 89 162 162 162 

Total ...................................... 1,959 2,018 1,272 2,082 2,110 1,274 2,932 3,813 4,009 

Notes: 
a Costs shown are for the 2024 model year and are incremental to the costs of a vehicle meeting the Phase 1 standards. These costs include 

indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis and 
how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.11). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated vehicle classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.9 in 
particular). 

c Engine costs are for a light HD, medium HD or heavy HD diesel engine. We are projecting $136 additional costs beyond Phase 1 for gaso-
line vocational engines. 

d EPA’s air conditioning standards are presented in Section V.C above. 
e Other incremental technology costs include electrified accessories and advanced shift strategy. 

The estimated fleet average vocational 
vehicle package costs are shown in 
Table V–30 for MY 2027. As shown, 

these range from approximately $1,500 
for MHD and LHD Regional vehicles, up 
to $5,700 for HHD Regional vehicles. 

These per-vehicle technology package 
costs were averaged using our 
projections of vehicle populations in the 
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445 See Heavy Duty Vocational Vehicle Industry 
Characterization, EPA Contract No. EP–C–12–011. 
September 2013. 

nine regulatory subcategories and do not 
correspond to the MOVES vehicle types. 
The engine costs shown represent the 
average costs associated with the MY 
2027 vocational diesel engine standard 
described in Section II.D. 

Purchase prices of non-custom 
vocational vehicles can range from 
$60,000 for a light heavy-duty stake-bed 
landscape truck to over $300,000 for a 

heavy heavy-duty boom truck. The costs 
of the vocational vehicle standards can 
be put into perspective by comparing 
estimated package costs with typical 
prices for those vehicles. For example, 
a package cost of $3,000 on a $60,000 
landscaping truck represents an 
incremental increase of about five 
percent of the vehicle purchase price. 

Similarly, a package cost of $4,000 on a 
$300,000 boom truck represents an 
incremental increase of less than two 
percent of the vehicle purchase price. 
The vocational vehicle industry 
characterization report in the docket 
includes additional examples of vehicle 
prices for a variety of vocational 
applications.445 

TABLE V–30—FINAL VOCATIONAL VEHICLE TECHNOLOGY INCREMENTAL COSTS IN THE 2027 MODEL YEAR a b 
[2013$] 

Light HD Medium HD Heavy HD 

Urban Multi- 
purpose Regional Urban Multi- 

purpose Regional Urban Multi- 
purpose Regional 

Engine c ........................................ $481 $481 $481 $446 $446 $446 $446 $446 $446 
Tires ............................................. 12 24 24 6 24 24 12 36 36 
Tire Pressure Monitoring .............. 187 214 240 187 214 240 355 405 456 
Transmission ................................ 271 271 293 271 271 293 220 990 3,269 
Axle related .................................. 35 35 35 35 35 35 52 82 87 
Weight Reduction ......................... 294 294 294 294 294 294 1,102 1,102 1,102 
Idle reduction ............................... 303 303 23 314 314 23 365 365 23 
Hybridization ................................ 857 857 0 1,032 1,032 0 1,353 1,353 0 
Air Conditioning d .......................... 20 20 20 20 20 20 20 20 20 
Other e .......................................... 73 73 77 122 122 127 227 227 231 

Total ...................................... 2,533 2,571 1,486 2,727 2,771 1,500 4,151 5,025 5,670 

Notes: 
a Costs shown are for the 2027 model year and are incremental to the costs of a vehicle meeting the Phase 1 standards. These costs include 

indirect costs via markups along with learning impacts. For a description of the markups and learning impacts considered in this analysis and 
how it impacts technology costs for other years, refer to Chapter 2 of the RIA (see RIA 2.11). 

b Note that values in this table include adoption rates. Therefore, the technology costs shown reflect the average cost expected for each of the 
indicated vehicle classes. To see the actual estimated technology costs exclusive of adoption rates, refer to Chapter 2 of the RIA (see RIA 2.9 in 
particular). 

c Engine costs are shown for a light HD, medium HD or heavy HD diesel engine. For gasoline-powered vocational vehicles we are projecting 
$125 of additional engine-based costs beyond Phase 1. 

d EPA’s air conditioning standards are presented in Section V.C above. 
e Other incremental technology costs include electrified accessories and advanced shift strategy. 

(f) Custom Chassis Cost Estimates 

The agencies have performed the 
above-described cost analysis using the 
assumption that all custom chassis 
vocational vehicles are certified to the 
primary standards, with full technology 
packages and use of the regular Phase 2 
GEM. In terms of costs, we expect that 
a manufacturer will choose to certify a 
vehicle family to the optional custom 
chassis standards only if it is less costly 
to do so. The cost-benefit analysis found 
in the RIA Chapter 7 presents some 
estimates of what the technology 
package costs of the primary standards 
are in terms of MOVES vehicle types. 
For the MOVES types where a custom 
chassis option is available, these are 
conservatively high cost estimates. 
Table 6 and Table 7 of the RIA 
Executive Summary present estimates of 
average custom chassis technology 
packages associated with the final 

optional standards in MY 2021 and MY 
2027, respectively. 

The agencies are not aware of any 
custom chassis manufacturer that 
produces engines. Thus, the engine 
costs will be borne by engine 
manufacturers. While some of the added 
engine costs may be passed on to 
vehicle manufacturers, and some 
vehicle costs may be passed on to 
owners/operators, the overall 
technology costs of the custom chassis 
standards are significantly less than the 
Phase 2 vocational vehicle technology 
costs, which, as shown directly below, 
are highly cost-effective. 

(3) Consistency of the Vocational 
Vehicle Standards With the Agencies’ 
Legal Authority 

NHTSA and EPA project these 
standards to be achievable within 
known design cycles, and we believe 
these standards, although technology- 
advancing, will allow many different 

paths to compliance in addition to the 
technology paths on which standard 
stringency is predicated. These 
standards are predicated on 
manufacturers implementing 
technologies that we expect will be 
available in the time frame of these final 
rules. We are projecting that most 
vehicles can adopt certain of the 
technologies. For example, we project a 
70 to 90 percent application rate for 
TPMS. However, for other technologies, 
such as electrified accessories, we are 
projecting an adoption rate of 15 
percent. These standards offer 
manufacturers the flexibility to apply 
the technologies that make sense for 
their business and for customer needs. 

As discussed above, average per- 
vehicle costs associated with the 2027 
MY standards are projected to be 
generally less than five percent of the 
overall price of a new vehicle. The 
annual cost-effectiveness of these 
vocational vehicle standards in dollars 
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446 See Chapter 5.3 of the final RIA for the MY 
2017–2025 Light-Duty GHG Rule, available at 

http://www3.epa.gov/otaq/climate/documents/ 
420r12016.pdf. 

per metric ton is presented in the RIA 
Chapter 7 in Table 7–47. As shown in 
that table, without fuel savings the cost 
per metric ton of the final vocational 
vehicle standards in calendar year 2021 
is $710, decreasing to $100 by 2030. The 
cost effectiveness estimated for heavy- 
duty pickup trucks and vans in this 
rulemaking is presented in Table 7–46 
in that same chapter of the RIA. Those 
Phase 2 standards have an estimated 
annual cost per metric ton without fuel 
savings of $2,800 in 2020, decreasing to 
$110 (about the same as for vocational) 
by calendar year 2030. The annual cost 
per ton of the MY 2017–2025 light-duty 
greenhouse gas standards for pickup 
trucks as reported in 2010 dollars 
without fuel savings is $430 in calendar 
year 2020, decreasing to $142 in 
2030.446 The agencies have found these 
standards to be highly cost effective. In 
addition, the vocational vehicle 
standards are clearly effective from a net 
benefits perspective (see RIA Chapter 
11.2). Therefore, the agencies regard the 
cost of the final standards as reasonable, 
even without considering that the costs 
are recovered due decreased fuel 
consumption. 

The agencies note that while the 
projected costs are significantly greater 
than the costs projected for Phase 1, we 
still consider these costs to be 
reasonable, especially given that the 
first vehicle owner may see the 
technologies pay for themselves in 
many cases. As discussed above, the 
usual period of ownership for a 
vocational vehicle reflects a lengthy 
trade cycle that may often exceed seven 
years. For most vehicle types evaluated, 
the cost of these technologies, if passed 
on fully to customers, will likely be 
recovered within four years or less due 

to the associated fuel savings, as shown 
in the payback analysis included in 
Section IX.M and in the RIA Chapter 
7.1. Specifically, in RIA Chapter 7.2.4, 
a summary is presented with estimated 
payback periods for each of the MOVES 
vocational vehicle types, using the 
annual vehicle miles traveled from the 
MOVES model for each vehicle type. As 
noted above, the cost analysis presented 
for this rulemaking assumes that all 
vocational vehicles are certified to the 
primary standard. Using this 
assumption, the vocational vehicle type 
with the shortest payback is intercity 
buses (less than one year), while most 
other vehicles (with the exception of 
school buses and motor homes) are 
projected to see paybacks in the fourth 
year or sooner. We expect that 
manufacturers will certify to the 
optional custom chassis standards 
where it is more cost-effective to do so; 
therefore, our analysis may be overly 
conservative where it indicates very 
long paybacks for some vocational 
vehicles. 

The agencies note further that 
although the rules are technology- 
advancing (especially with respect to 
driveline improvements) and the 
estimated costs for each subcategory 
vary considerably (by a factor of five in 
some cases), these costs represent only 
one of many possible pathways to 
compliance for manufacturers. 
Manufacturers retain leeway to develop 
alternative compliance paths, increasing 
the likelihood of the standards’ 
successful implementation. Based on 
available information, the agencies 
believe the final vocational vehicle 
standards are technically feasible within 
the lead time provided, are cost effective 
while accounting for the fuel savings 

(see RIA Chapter 7.1.4), and have no 
apparent adverse collateral potential 
impacts (e.g., there are no projected 
negative impacts on safety or vehicle 
utility). 

The final standards thus appear to 
represent a reasonable choice under 
section 202(a) of the CAA and are 
maximum feasible under NHTSA’s EISA 
authority at 49 U.S.C. 32902(k)(2). The 
agencies believe that the final standards 
are consistent with their respective 
authorities. 

(4) Alternative Vocational Vehicle 
Standards Considered 

The agencies developed and 
considered other alternative levels of 
stringency for the Phase 2 program. The 
results of the analysis of these 
alternatives, and comments received on 
alternatives, are discussed below in 
Section X of the Preamble and the RIA 
Chapter 11. For vocational vehicles, the 
agencies developed alternatives as 
shown in Table V–31. The agencies are 
not adopting standards reflecting 
Alternative 2, because as already 
described, technically feasible standards 
are available that provide for greater 
emission reductions and reduced fuel 
consumption than provided under 
Alternative 2. The agencies are not 
adopting standards reflecting 
Alternative 4 or Alternative 5 because 
we do not believe these standards to be 
feasible considering lead time and other 
relevant factors. Nevertheless, we have 
reevaluated each of the technology 
projections proposed for Alternative 4 
and have determined that some engine 
and tire reductions will be feasible on 
the Alternative 4 timeline. 

TABLE V–31—SUMMARY OF ALTERNATIVES CONSIDERED FOR THE FINAL RULEMAKING 

Alternative 1 and 1b No action alternatives 

Alternative 2 ............................ Less stringent than the preferred alternative in the proposal, applying off-the-shelf technologies. 
Final HD Phase 2 program ..... Fully phased-in by MY 2027. 
Alternative 4 ............................ Same stringency as preferred alternative in the proposal, phasing in by MY 2024. 
Alternative 5 ............................ More stringent alternative, based on higher adoption rates of advanced technologies. 

D. Compliance Provisions for 
Vocational Vehicles 

We are adopting many changes in the 
compliance provisions for vocational 
vehicles compared with what we 
proposed, as described in this section. 

(1) Application and Certification 
Process 

The agencies are adopting changes in 
the final Phase 2 version of GEM, as 
described in Section II of this Preamble. 
Below we provide cross-references to 
test procedures either that are either 
required or optional, for generation of 
Phase 2 GEM input values. See Section 

II.D.1 for details of engine testing and 
GEM inputs for engines. 

As described above in Section I, the 
agencies will continue the Phase 1 
compliance process in terms of the 
manufacturer requirements prior to the 
effective model year, during the model 
year, and after the model year. The 
information that will be required to be 
submitted by manufacturers is set forth 
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in 40 CFR 1037.205, 49 CFR 537.6, and 
49 CFR 537.7. EPA will continue to 
issue certificates upon approval based 
on information submitted through the 
VERIFY database (see 40 CFR 1037.255). 
End of year reports will continue to 
include the GEM results for all of the 
configurations built, along with credit/ 
deficit balances, if applicable (see 40 
CFR 1037.250 and 1037.730). 

(a) GEM Inputs 
In Phase 1, there were two inputs to 

GEM for vocational vehicles: 
• Steer tire coefficient of rolling 

resistance, and 
• Drive tire coefficient of rolling 

resistance 
As discussed above in Section II and 

III.D, there are several additional inputs 
that we are adopting for Phase 2. In 
addition to the steer and drive tire CRR, 
the inputs include the following: 

• Engine input file with fuel map, 
full-load torque curve, and motoring 
curve, 

• Transmission input file including 
architecture type, gear number and 
ratios, and minimum lockup gear for 
transmissions with torque converters, 

• Drive axle ratio, 
• Axle configuration, 
• Tire size in revs/mi for drive and 

steer tires, 
• Idle Reduction, 
• Weight Reduction, 
• Vehicle Speed Limiter, 
• Aerodynamic Drag Area, and 
• Pre-defined technology inputs for 

Accessory Load and Tire Pressure 
Systems 

(i) Driveline Inputs 
As with tractors, for each engine 

family, engine fuel maps, full load 

torque curve, and motoring curve will 
be generated by engine manufacturers 
and supplied to chassis manufacturers 
in a format compatible with GEM. The 
test procedures for the torque and 
motoring curves are found in 40 CFR 
part 1065. Section II.D.1.b describes 
these procedures as well as the 
procedures for generating the engine 
fuel maps. We require the steady state 
map approach for the 55 and 65 mph 
cruise speed cycles, while the cycle 
average approach is required for the 
ARB transient cycle. As an option, the 
cycle average map may also be used for 
55 and 65 mph cruise speed cycles. Also 
similar to tractors, transmission 
specifications will be input to GEM. 
Any number of gears may be entered 
with a numerical ratio for each, and 
transmission type must be entered as 
either a Manual, Automated Manual, or 
Automatic transmission. 

As part of the driveline information 
needed to run GEM, drive axle ratio will 
be a user input. If a configuration has a 
two-speed axle, the agencies are 
adopting regulations to instruct a 
manufacturer to enter the ratio that is 
expected to be engaged for the greatest 
driving distance. We requested 
comment on whether the agencies 
should allow this choice, and what the 
GEM input instructions should be. Both 
Dana and Meritor commented that there 
should be an option to recognize two- 
speed axles, but neither axle supplier 
offered a preference for how the 
agencies should implement this. Two- 
speed axles are typically specified for 
heavy-haul vehicles, where the higher 
numerical ratio axle is engaged during 
transient driving conditions and to 
deliver performance needed on work 

sites, while the lower numerical ratio 
axle may be engaged during light-load 
highway driving. 

Tire size is a Phase 2 input to GEM 
that is necessary for the model to 
simulate the performance of the vehicle. 
As a result of comment and further 
technical analysis, we are adopting the 
tire size input as measured in revs/mile, 
rather than the measure of loaded radius 
in meters, as was proposed. The RIA 
Chapter 3 includes a description of how 
to measure tire size. For each model and 
nominal size of a tire, there are 
numerous possible sizes that could be 
measured, depending on whether the 
tire is new or ‘‘grown,’’ meaning 
whether it has been broken in for at 
least 200 miles. Size can also vary based 
on load and inflation levels, air 
temperature, and tread depth. The 
agencies requested comment on aspects 
of measuring and reporting tire size. The 
revised test procedure is described in 
the RIA Chapter 3.3.4. 

For manufacturers electing to certify a 
vocational vehicle to the optional 
custom chassis standards, none of the 
above driveline inputs are applicable. In 
this case manufacturers must input one 
of the custom chassis regulatory 
subcategory identifiers shown in Table 
V–32. After the remaining input fields 
are either completed with values or 
N/A, GEM will simulate the vehicle by 
calling the default engine and 
transmission files, tire size, and axle 
radius from the GEM library. The 
following subsections describe the 
required and optional inputs for custom 
chassis. 

TABLE V–32—CUSTOM CHASSIS SUBCATEGORY NAMES 

Vehicle type Regulatory subcategory GEM identifier Default weight class and duty cycle 

Motor Home ........................................................ MHD_CC_MH ................................................... MHD Regional. 
School Bus ......................................................... MHD_CC_SB ................................................... MHD Urban. 
Coach Bus .......................................................... HHD_CC_CB .................................................... HHD Regional. 
Emergency Vehicle ............................................ HHD_CC_EM ................................................... HHD Urban. 
Concrete Mixer ................................................... HHD_CC_CM ................................................... HHD Urban. 
Transit and Other bus ........................................ HHD_CC_OB ................................................... HHD Urban. 
Refuse Truck ...................................................... HHD_CC_RF .................................................... HHD Urban. 

The agencies requested comments on 
the merits of using an equation-based 
compliance approach for emergency 
vehicle manufacturers, similar to the 
approach for trailer manufacturers 
described in Section IV.F. CARB 
commented in support of an equation- 
based compliance approach, but in the 
same comment they also expressed 
support for using a Phase 1-style GEM 
interface with a default engine 

simulated in GEM as appropriate for the 
emergency vehicle category. We 
received adverse comment on the 
equation-based approach from Daimler, 
because they believed it would make the 
compliance process more complex if 
some vehicles needed to be tracked 
differently. Our intent in soliciting 
comment on an equation-based 
approach was to assess whether running 
GEM was a burden for non-diversified 

manufacturers of low-technology 
vehicles. Because we received sufficient 
support from non-diversified 
manufacturers that a simplified GEM 
would meet their needs, we did not 
pursue an equation-based approach. 

The final certification approach is 
consistent with the approach 
recommended by the Small Business 
Advocacy Review Panel, which believed 
it will be feasible for small emergency 
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447 See NACFE Confidence Findings on the 
Potential of 6x2 Axles. 

vehicle manufacturers to install a Phase 
2-compliant engine, but recommended a 
simplified certification approach to 
reduce the number of required GEM 
inputs. 

(ii) Idle Reduction Inputs 

The agencies proposed two different 
idle reduction inputs for vocational 
vehicles: Neutral idle and stop-start. 
Based on comment, we are adding a 
third type of idle reduction input: 
Automatic engine shutdown. Based on 
user inputs derived from engine testing 
described in Section II and RIA Chapter 
3.1, GEM will calculate CO2 emissions 
and fuel consumption at both zero 
torque (neutral idle) and with torque set 
to Curb-Idle Transmission Torque for 
automatic transmissions in ‘‘drive’’ (as 
described in the RIA Chapter 3.4.2.3) for 
use in the CO2 emission calculation in 
40 CFR 1037.510(b). At proposal, 
neutral idle and stop-start were not 
recognized during the ARB transient 
cycle, they were recognized only during 
the separate idle cycle. The agencies 
received comments requesting 
recognition of neutral idle during the 
ARB transient test cycle. We agree this 
is desirable and have adopted changes 
in GEM to accomplish this. Also, with 
the adoption of the alternative engine 
mapping procedure for the ARB 
transient cycle, the computation for idle 
reduction has changed. Please see RIA 

Chapter 4.4.1.7 for a description of how 
GEM recognizes idle reduction. 

For vocational custom chassis 
certified to the optional standards, all 
three idle reduction inputs will be 
available, however, the computation 
will be based on the EPA default engine. 
As described in the GEM User Guide, 
users will enter Y or N, and GEM will 
return a predefined improvement. 

(iii) Weight Reduction Inputs 

In Phase 1, the agencies adopted 
tractor regulations that provided 
manufacturers with the ability to utilize 
high strength steel and aluminum 
components for weight reduction 
without the burden of entering the curb 
weight of every tractor produced. In 
Phase 2, the agencies are adopting a 
lookup table of lightweight components 
for use in certifying vocational vehicles, 
similar to the process for tractors. As 
noted above, the agencies will recognize 
weight reduction by allocating one half 
of the weight reduction to payload in 
the denominator, while one half of the 
weight reduction will be subtracted 
from the overall weight of the vehicle in 
GEM. 

The agencies are adopting lookup 
values for components on vocational 
vehicles in all HD weight classes. 
Components available for vocational 
vehicle manufacturers to select for 
weight reduction are shown below in 

Table V–33, below. All of these weight 
reduction inputs will be available for 
manufacturers of custom chassis 
certifying to the optional standards. We 
received comments from Allison 
Transmission noting that aluminum 
transmission cases and clutch housings 
are standard for automatic transmissions 
so we agree it is inappropriate to 
include these components in the lookup 
table. We have revised the values in 
response to adverse comments from 
AISI, and after reevaluating information 
available at proposal. Although we are 
not projecting any adoption of 
permanent 6x2 axles for non-custom 
vocational vehicles, if a manufacturer 
chooses to apply this technology for 
class 8 vocational vehicles, users may 
enter an appropriate weight reduction 
compared to the traditional 6x4 axle 
configuration.447 We received adverse 
comments on the proposal to assign a 
fixed weight increase to natural gas 
fueled vehicles to reflect the weight 
increase of natural gas fuel tanks versus 
gasoline or diesel tanks. Based on 
comments and further technical 
analysis, we have determined that to 
provide equitable treatment to 
technologies, we will not require a 
weight penalty for any technology 
applied to achieve certification in Phase 
2. We accounted for adoption of weight- 
increasing technologies in our MOVES 
modeling. 

TABLE V–33—PHASE 2 WEIGHT REDUCTION TECHNOLOGIES FOR VOCATIONAL VEHICLES 

Component Material 
Vocational vehicle class 

Class 2b–5 Class 6–7 Class 8 

Axle Hubs—Non-Drive ............................................................ Aluminum ............................... 40 40 
Axle Hubs—Non-Drive ............................................................ High Strength Steel ................ 5 5 
Axle—Non-Drive ..................................................................... Aluminum ............................... 60 60 
Axle—Non-Drive ..................................................................... High Strength Steel ................ 15 15 
Brake Drums—Non-Drive ....................................................... Aluminum ............................... 60 60 
Brake Drums—Non-Drive ....................................................... High Strength Steel ................ 42 42 
Axle Hubs—Drive .................................................................... Aluminum ............................... 40 80 
Axle Hubs—Drive .................................................................... High Strength Steel ................ 10 20 
Brake Drums—Drive ............................................................... Aluminum ............................... 70 140 
Brake Drums—Drive ............................................................... High Strength Steel ................ 37 74 
Suspension Brackets, Hangers .............................................. Aluminum ............................... 67 100 
Suspension Brackets, Hangers .............................................. High Strength Steel ................ 20 30 

Crossmember—Cab ................................................................ Aluminum ............................... 10 15 15 
Crossmember—Cab ................................................................ High Strength Steel ................ 2 5 5 
Crossmember—Non-Suspension ............................................ Aluminum ............................... 15 15 15 
Crossmember—Non-Suspension ............................................ High Strength Steel ................ 5 5 5 
Crossmember—Suspension ................................................... Aluminum ............................... 15 25 25 
Crossmember—Suspension ................................................... High Strength Steel ................ 6 6 6 
Driveshaft ................................................................................ Aluminum ............................... 12 40 50 
Driveshaft ................................................................................ High Strength Steel ................ 5 10 12 
Frame Rails ............................................................................. Aluminum ............................... 120 300 440 
Frame Rails ............................................................................. High Strength Steel ................ 40 40 87 
Wheels—Dual ......................................................................... Aluminum ............................... 150 150 250 
Wheels—Dual ......................................................................... High Strength Steel ................ 48 48 80 
Wheels—Wide Base Single .................................................... Aluminum ............................... 294 294 588 
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TABLE V–33—PHASE 2 WEIGHT REDUCTION TECHNOLOGIES FOR VOCATIONAL VEHICLES—Continued 

Component Material 
Vocational vehicle class 

Class 2b–5 Class 6–7 Class 8 

Wheels—Wide Base Single .................................................... High Strength Steel ................ 168 168 336 
Permanent 6x2 Axle Configuration ......................................... Multi ........................................ N/A N/A 300 

(iv) Other Inputs 
Certifying manufacturers may enter 

values in GEM as applicable for vehicle 
speed limiters, fairings to reduce 
aerodynamic drag area, electrified 
accessories, and tire pressure systems 
where such features meet the criteria in 
the regulations at 40 CFR 1037.520. 

(b) Test Procedures 
Powertrain families are defined in 

Section II.C.3.b, and powertrain test 
procedures are discussed in the RIA 
Chapter 3.6. The results from testing a 
powertrain configuration using the 
matrix of tests described in RIA Chapter 
3.6 can be applied broadly across all 
vocational vehicles in which that 
powertrain will be installed. Powertrain 
test results become a GEM input file that 
replaces both the engine input file and 
transmission input file. 

As in Phase 1, the rolling resistance 
of each tire will be measured using the 
ISO 28850 test method for drive tires 
and steer tires planned for fitment to the 
vehicle being certified. Once the test 
CRR values are obtained, a manufacturer 
will declare TRRLs (which may be equal 
to or higher than the measured values) 
for the drive and steer tires separately to 
be input into the GEM. For Phase 2 
vocational vehicles, GEM will distribute 
the vehicle load with 30 percent of the 
load over the steer tires and 70 percent 
of the load over the drive tires. With 
these data entered, the amount of GHG 
reduction attributed to tire rolling 
resistance will be incorporated into the 
overall vehicle compliance value. 

The final Phase 2 GEM will accept as 
inputs results from a transmission 
efficiency test. A procedure for this was 
discussed in the NPRM, and received 
favorable comment. The transmission 
efficiency test will be optional, but will 
allow manufacturers to reduce the CO2 
emissions and fuel consumption by 
designing better transmissions with 
lower friction due to better gear design 
and/or mandatory use of better 
lubricants. 

In lieu of a fixed value for low friction 
axle lubricants as was proposed, the 
agencies are adopting an axle efficiency 
test procedure, as was discussed in the 
NPRM. See 80 FR 40323. The axle 
efficiency test will be optional, but will 
allow manufacturers to reduce CO2 

emissions and fuel consumption 
through improved axle gear designs 
and/or mandatory use of low friction 
lubricants. The agencies are not 
finalizing any other paths to recognize 
low friction axle lubricants. 

(c) Useful Life and In-Use Standards 
Section 202(a)(1) of the CAA specifies 

that emission standards are to be 
applicable for the useful life of the 
vehicle. The standards that EPA and 
NHTSA are adopting will apply to 
individual vehicles and engines at 
production and in use. NHTSA is not 
adopting in-use standards for vehicles 
or engines. 

Manufacturers may be required to 
submit, as part of the application for 
certification, an engineering analysis 
showing that emission control 
performance will not deteriorate during 
the useful life, with proper 
maintenance. If maintenance will be 
required to prevent or minimize 
deterioration, a demonstration may be 
required that this maintenance will be 
performed in use. See 40 CFR 1037.241. 

EPA will continue the Phase 1 
approach to adjustment factors and 
deterioration factors for vehicles. The 
technologies on which the Phase 1 
vocational vehicle standards were 
predicated were not expected to have 
any deterioration of GHG effectiveness 
in use. However, the regulations 
provided a process for manufacturers to 
develop deterioration factors (DF) if 
they needed. We anticipate that some 
hybrid powertrain systems may 
experience some deterioration of 
effectiveness with age of the energy 
storage device. We believe the 
regulations in place currently provide 
adequate instructions to manufacturers 
for developing DF where needed. We 
received comments from Daimler on 
deterioration factors for engines and the 
process for extrapolating where DF’s are 
nonlinear. See Section 3.7 of the RTC. 
Allison Transmission commented that 
the amount of credits generated for a 
hybrid system should be dependent, in 
part, on design limits of batteries. We do 
not believe any changes are needed 
because the regulations do account for 
this by basing the FELs on the highest 
emissions during the useful life, 
including any effects from deterioration. 

As with engine certification, a chassis 
manufacturer must design their vehicles 
to be durable enough to maintain 
compliance through the regulatory 
useful life of the vehicle. Factors 
influencing vehicle-level GHG 
performance over the life of the vehicle 
fall into two basic categories: Vehicle 
attributes and maintenance items. Each 
category merits different treatment from 
the perspective of assessing useful life 
compliance, as each has varying degrees 
of manufacturer versus owner/operator 
responsibility. The agencies require 
manufacturers to explain how they meet 
these requirements as part of 
certification. 

For vocational vehicles, attributes 
generally refers to components that are 
installed by the manufacturer to meet 
the standard, whose reduction 
properties are assessed at the time of 
certification, and which are expected to 
last the full life of the vehicle with 
effectiveness maintained as new for the 
life of the vehicle with no special 
maintenance requirements. To assess 
useful life compliance, we will follow a 
design-based approach that will ensure 
that the manufacturer has robustly 
designed these features so they can 
reasonably be expected to last the useful 
life of the vehicle. 

For vocational vehicles, maintenance 
items generally refers to items that are 
replaced, renewed, cleaned, inspected, 
or otherwise addressed in the 
preventative maintenance schedule 
specified by the vehicle manufacturer. 
Replacement items that have a direct 
influence on GHG emissions are 
primarily tires and lubricants, but may 
also include hybrid system batteries. 
Synthetic engine oil may be used by 
vehicle manufacturers to reduce the 
GHG emissions of their vehicles. 
Manufacturers may specify that these 
fluids be changed throughout the useful 
life of the vehicle. If this is the case, the 
manufacturer should have a reasonable 
basis that the owner/operator will use 
fluids having the same properties. This 
may be accomplished by requiring (in 
service documentation, labeling, etc.) 
that only these fluids can be used as 
replacements. We received comments 
from EMA asking us to consider 
maintenance costs for hybrids. In these 
final rules, we have quantified 
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448 For most technologies, manufacturers may 
presume zero deterioration unless good engineering 
judgment does not support such a presumption. For 
example, it would not be appropriate to presume no 
deterioration in hybrid battery performance. 

449 See 40 CFR 86.1803–01 for the applicable 
definition of emergency vehicle. 

450 See 68 FR 44892—Federal Motor Vehicle 
Safety Standards; Definition of Multifunction 
School Activity Bus; https://www.govinfo.gov/
content/pkg/FR-2003-07-31/pdf/03-19457.pdf. 

451 See Occupant Crash Protection rule, 
November 25, 2013, 78 FR 70415, 49 CFR 571, 
FMVSS 208 https://www.gpo.gov/fdsys/pkg/FR- 
2013-11-25/html/2013-28211.htm, accessed 
February 2016. 

452 Phone conversation March 2016, see L. Steele 
phone log. 

maintenance costs for tire replacement, 
stop-start, axle lubrication, and hybrids, 
as described in Section IX.D and the 
RIA Chapter 7.1. 

Aside from those technologies 
identified above, if the vehicle remains 
in its original certified condition 
throughout its useful life, it is not 
believed that GHG emissions will 
increase as a result of service 
accumulation. As in Phase 1, the 
agencies will therefore allow the use of 
an assigned deterioration factor of zero 
where appropriate in Phase 2; however 
this does not negate the responsibility of 
the manufacturer to ensure compliance 
with the emission standards throughout 
the useful life.448 Under both Phase 1 
and the new Phase program, 
manufacturers must apply good 
engineering judgment when considering 
deterioration and may not ignore any 
evidence that the emissions 
performance will decline during actual 
use. The agencies may require vehicle 
manufacturers to provide engineering 
analyses at the time of certification 
demonstrating that vehicle attributes 
will last for the full useful life of the 
vehicle. We anticipate this 
demonstration would often need only 
show that components are constructed 
of sufficiently robust materials and 
design practices so as not to become 
dysfunctional under normal operating 
conditions. 

In Phase 1, EPA set the useful life for 
engines and vehicles with respect to 
GHG emissions equal to the respective 
useful life periods for criteria pollutants. 
In April 2014, as part of the Tier 3 light- 
duty vehicle final rule, EPA extended 
the regulatory useful life period for 
criteria pollutants to 150,000 miles or 15 
years, whichever comes first, for Class 
2b and 3 pickup trucks and vans and 
some light-duty trucks (79 FR 23414, 
April 28, 2014). Class 2 through Class 5 
heavy-duty vehicles subject to the GHG 
standards described in this section for 
vocational applications generally use 
the same kinds of engines, 
transmissions, and emission controls as 
the Class 2b and 3 vehicles that are 
chassis-certified to the criteria standards 
under 40 CFR part 86, subpart S. In 
Phase 2, EPA and NHTSA are adopting 
a useful life of 150,000 miles or 15 years 
for vocational vehicles at or below 
19,500 lbs GVWR. In many cases, this 
will result in aligned useful-life values 
for criteria and GHG standards. Where 
this longer useful life is not aligned with 
the useful life that applies for criteria 

standards (generally in the case of 
engine-based certification under 40 CFR 
part 86, subpart A), EPA may revisit the 
useful-life values for both criteria and 
GHG standards in a future rulemaking. 
For medium heavy-duty vehicles 
(19,500 to 33,000 lbs GVWR) and heavy 
heavy-duty vehicles (above 33,000 lbs 
GVWR) EPA will keep the useful-life 
values from Phase 1, which are 185,000 
miles (or 10 years) and 435,000 miles (or 
10 years), respectively. EPA received 
comments in support of this approach, 
including support for the numerical 
values and the overall process 
envisioned for achieving the long-term 
goal of adopting harmonized useful-life 
specifications for criteria pollutant and 
GHG standards that properly represent 
the manufacturers’ obligation to meet 
emission standards over the expected 
service life of the vehicles. 

We received comment on what 
policies we should adopt to address the 
situation where the engine and the 
vehicle are subject to emission 
standards over different useful-life 
periods. For example, a medium heavy- 
duty engine may power vehicles in 
weight classes ranging from 2b to 8, 
with correspondingly different 
regulatory useful lives for those 
vehicles. Please see Section I.F.2.f for a 
discussion of revisions made to the final 
regulations to address this situation. 
The Response to Comments also 
addresses this issue at Chapter 1.4. 

(d) Definitions of Custom Chassis 
Eligible emergency vehicles for Phase 

2 purposes are ambulances and fire 
trucks. The agencies requested comment 
on aligning the definition of emergency 
vehicle for purposes of the Phase 2 
program with the definition of 
emergency vehicle for purposes of the 
light-duty GHG provisions under 40 
CFR 86.1818, which includes additional 
vehicles such as those used by law 
enforcement.449 Daimler commented in 
support of aligning these definitions of 
emergency vehicle. Daimler further 
requested the agencies consider 
adopting the same definition as in 13 
CCR 1956.8(a)(6), the California 
regulations. We are adopting the narrow 
definition as was proposed, with agency 
discretion to apply these provisions to 
similar vehicles. 

RVIA commented in favor of adopting 
a motor home definition consistent with 
NHTSA’s definition at 49 CFR 571.3: 
Motor home means a multipurpose 
passenger vehicle with motive power 
that is designed to provide temporary 
residential accommodations, as 

evidenced by the presence of at least 
four of the following facilities: Cooking; 
refrigeration or ice box; self-contained 
toilet; heating and/or air conditioning; a 
potable water supply system including 
a faucet and a sink; and a separate 110– 
125 volt electrical power supply and/or 
propane. The agencies are adopting a 
definition of motor home that is 
generally consistent with this, without 
specifying detailed features. 

Since 2003, NHTSA has implemented 
a broad definition of school bus that 
includes multifunction school activity 
buses that don’t have stop arms or 
flashing lights, need not be painted 
yellow, and do not have an upper 
weight limit. These are a category of 
school bus that must meet the school 
bus structural standards or the 
equivalent set forth in 49 Code of 
Federal Regulations Part 571, and the 
emergency exit requirements specified 
in FMVSS No. 217 for school buses, as 
well as FMVSS 222 for passenger 
seating and crash protection. This 
definition was created in part to allow 
for use of safe buses to transport school 
age children on trips other those than 
between home and school. The agencies 
are adopting Phase 2 provisions such 
that buses eligible to certify to the 
custom chassis school bus standards are 
those that meet NHTSA’s definition of 
school bus, including multifunction 
school activity buses.450 

The most definitive attribute we have 
identified to distinguish over-the-road 
coach buses from transit buses is 
whether passengers are permitted to 
stand while the vehicle is driving. 
Therefore the only buses permitted to 
certify to the final custom chassis coach 
bus standards are those subject to 
NHTSA’s Occupant Crash Protection 
Rule.451 

Allied Specialty Vehicles (aka Rev 
Group) commented on the need for a 
clear distinction between transit buses 
and school buses.452 If the pupils 
transported are not K–12 students, such 
as may be the case for buses serving 
college campuses, then the chassis may 
not be easily distinguishable from 
transit buses. The agencies are adopting 
provisions in Phase 2 such that buses 
not qualifying as eligible to certify as 
coach buses or school buses must meet 
the custom chassis standards for transit 
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buses. Buses serving college campuses 
do not have the same design and safety 
restrictions as those intended to 
transport primary and secondary school 
children, and may apply the same 
technologies as general-purpose urban 
buses. 

Therefore, we are requiring refuse 
trucks that do not compact waste to be 
certified to the primary vocational 
vehicle standards. Front-loading refuse 
collection vehicles tend to have a 
relatively low number of stops per day 
as they tend to collect waste from 
central locations such as commercial 
buildings and apartment complexes. 
Because these have a relatively low 
amount of PTO operation, we expect 
stop-start will be reasonably effective for 
these vehicles. Rear-loading and side- 
loading neighborhood waste and 
recycling collection trucks are the refuse 
trucks where the largest number of stop- 
start and neutral idle over-ride 
conditions are likely to be encountered. 
Because chassis manufacturers, even 
those with small production volumes 
and close customer relationships, do not 
always know whether a refuse truck will 
be a front-loader, rear-loader, or side 
loader, we are grouping these together 
in a subcategory. 

We received comment on the need to 
clarify whether vehicles designed to 
pump and convey concrete at a job site, 
but which do not carry the wet mix 
concrete to the job site, would be 
included in the definition of cement 
mixers. Although we are not defining 
other vehicles as cement mixers, we are 
allowing miscellaneous vocational 
vehicles meeting some but not all of the 
eligibility criteria at 40 CFR 1037.631 to 
be certified under the custom chassis 
program, using technology equivalent to 
the cement mixer package, as described 
above in Section V.B. 

(e) Assigning Vehicles to Subcategories 
In the NPRM, the agencies proposed 

criteria by which a vehicle manufacturer 
would know in which vocational 
subcategory—Regional, Urban, or 
Multipurpose—the vehicle should be 
certified. These cut-points were defined 
using calculations relating engine speed 
to vehicle speed. 80 FR 40287–40288. 
Specifically, we proposed a cutpoint for 
the Urban duty cycle where a vehicle at 
55 mph would have an engine working 
above 90 percent of maximum engine 
test speed for vocational vehicles 
powered by diesel engines and above 50 
percent for vocational vehicles powered 
by gasoline engines. Similarly, we 
proposed a cutpoint for the Regional 
duty cycle where a vehicle at 65 mph 
would have an engine working below 75 
percent of maximum engine test speed 

for vocational vehicles powered by 
diesel engines and below 45 percent for 
vocational vehicles powered by gasoline 
engines. We received several comments 
that identified weaknesses in that 
approach. Specifically, Allison 
explained that vehicles with two shift 
schedules would need clarification 
which top gear to use when calculating 
the applicable cut-point. Also, Daimler 
noted that, to the extent that 
downspeeding occurs in this sector over 
the next decade or more, cutpoints 
based on today’s fleet may not be valid 
for a future fleet. Allison noted that the 
presence of additional top gears could 
strongly influence the subcategory 
placement of vocational vehicles. These 
comments highlight the possibility of 
misclassification, and the potential 
pitfalls in a mandated classification 
scheme. 

Two commenters pointed out 
important weaknesses in this approach, 
namely that future trends in engine 
speeds, torque curves, and transmission 
gear ratio spreads may cause the 
vocational fleet of 2027 to have 
drivelines that are sufficiently different 
than those of the baseline fleet, so that 
segment cut-points based on the 2016 
fleet may not be valid a decade or more 
into the future. For example, if data on 
today’s fleet indicated an appropriate 
cut-point for Regional HHD diesel 
vehicles of 1,400 rpm engine speed with 
a vehicle speed of 65 mph, while a 
future fleet might show that Regional 
vehicles operated at 1,200 rpm at 65 
mph, then having a cut-point set by rule 
at 1,400 rpm could result in an excess 
of future vehicles certifying as Regional. 
However, we have further assessed the 
impact of manufacturers shifting 
certification of chassis from 
Multipurpose to Regional subcategories, 
and we have concluded this is not an 
unacceptable outcome. As explained 
above in Section V.C.(2)(d), we are not 
particularly concerned that adopting 
final standards with unequal percent 
improvements poses a danger of losing 
environmental benefits from this 
program, as long as vehicle 
configurations are properly classified at 
the time of certification. 

In a regulatory structure where 
baselines are equal but future standards 
for vehicles in different subcategories 
have different stringencies, the agencies 
would typically assign 
subcategorization based on regulatory 
criteria rather than allowing the 
manufacturers unconstrained choice 
because manufacturers would have a 
strong incentive to simply choose the 
least stringent standards. However, 
because the baseline performance levels 
of the different vocational vehicle 

regulatory subcategories widely differ, 
the agencies have determined that it is 
acceptable to adopt standards with 
unequal percent stringencies. Further 
discussion of our reasons for this 
determination is presented above in 
Section V.C.(2)(d). Another weakness in 
the proposed approach was that even 
though we have obtained a great deal of 
data thanks to manufacturer cooperation 
and NREL duty cycle analysis, the only 
one of the proposed regulatory cut- 
points in which we have a high degree 
of confidence is the cut-point between 
Regional and Multipurpose class 8 
diesels. Any cut-points we could 
establish based on available data for 
lower weight class diesels or for 
gasoline powered vocational vehicles 
would be less robust. These weaknesses 
have led the agencies to take a different 
approach to assigning vehicles to 
subcategories. The agencies are adopting 
final regulations that generally allow 
manufacturers to choose a subcategory, 
with a revised set of constraints as well 
as a provision requiring use of good 
engineering judgment. The constraints 
discussed here are being adopted as 
interim provisions in response to 
manufacturers’ concerns that some of 
them could present competitive 
disadvantages, where different 
manufacturers produce very different 
sales mixes of vehicles equipped with 
different transmission types, as 
discussed above in Section V.C.(2)(d). 

Because the baseline configurations 
against which vehicles in the Urban 
subcategories will measure their future 
performance do not include any manual 
transmissions, we have determined that 
vocational vehicles with manual 
transmissions may not be certified as 
Urban. In the real world, we do not 
expect any vehicles intended to be used 
in urban driving patterns will be 
specified with manual transmissions. 
Driver fatigue and other performance 
problems make this an illogical choice 
of transmission, and thus it is 
appropriate for us to adopt this 
constraint. As described in Chapter 
2.9.2 of the RIA, both the HHD Regional 
and HHD Multipurpose baselines have a 
blend of manual transmissions, 
although the majority of manuals are in 
the HHD Regional baseline. Further, by 
MY 2024, our adoption rate of 
transmission technology reflects zero 
manuals in HHD Multipurpose. Thus, 
beginning in MY 2024, any vocational 
vehicle certified with a manual 
transmission must be classified in a 
Regional subcategory, except a vehicle 
with a hybridized manual transmission 
may be certified in a Multipurpose 
subcategory beyond MY 2024. 
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453 Based on NREL drive cycle analysis of the 
existing fleet, we imagine that HHD vehicles with 
a diesel engine rpm of 1,400 and below when the 
vehicle is at 65 mph would be appropriately 
certified as Regional vehicles. However, this is 
illustrative only, and the final rules do not include 
an engine speed cutpoint as a criterion in 
subcategory selection. 

We are not adopting constraints on 
vehicles with automated manual 
transmissions certifying in either 
Regional or Multipurpose subcategories, 
because we believe this is a technology 
that can provide real world benefits for 
vehicles with those driving patterns. 
However, we are adopting an interim 
constraint to prevent vehicles with AMT 
from being certified as Urban for a 
reason similar to one described above 
for manuals, namely that in the real 
world, we do not expect any vehicles 
intended to be used in urban driving 
patterns will be specified with 
transmissions that do not have 
powershifts. Lack of smooth shifting 
characteristics during low speed 
accelerations and decelerations make 
AMT an illogical choice of transmission 
for urban vehicles, and thus it is 
appropriate for us to adopt this 
constraint. 

Dual clutch transmissions have very 
recently become available for medium 
heavy-duty vocational vehicles and very 
little data are available on their design 
or performance. We anticipate that in 
the future, some designs may have 
features that make them perform 
similarly to AMT’s while others may 
have features that make them more 
similar to automatics with torque 
converters. Because we are not 
confident that we know in which duty 
cycle(s) they are best suited, we are 
adopting a partial constraint on these, 
namely that dual clutch transmissions 
without powershifting must also be 
constrained out of Urban. We are 
finalizing as proposed that any vehicle 
whose engine is exclusively certified 
over the SET must be certified in the 
Regional subcategory. Further, to the 
extent manufacturers of intercity coach 
buses and recreational vehicles certify 
these to the primary standards, these 
also must be certified as Regional 
vehicles.453 

In the final regulatory structure, 
although the standards for vehicles in 
different subcategories have different 
percent stringencies from each baseline, 
the agencies can allow the 
manufacturers to choose without risking 
a loss of environmental benefits because 
a standard that may appear less 
stringent in terms of relative 
improvement from each respective 
baseline may also be numerically lower 
(and farther away from current model 

performance) due to a comparatively 
better-performing regulatory baseline. 
As explained above, the final standards 
described above in Section V.C.(2)(c) are 
derived directly from the technology 
packages without applying any 
assumptions about fleet averages. Thus, 
unlike at proposal, the final regulations 
will generally allow manufacturers to 
certify in the particular duty-cycle 
subcategory they believe to be most 
appropriate. Manufacturers may make 
this choice as part of the certification 
process and will not be allowed to 
change it after the vehicle has been 
introduced into commerce. Under this 
structure, the agencies expect 
manufacturers to choose a subcategory 
for each vehicle configuration that best 
represents the type of operation that 
vehicle will actually experience in use 
(presuming the manufacturer and 
customer would specify the 
technologies to reflect such operation). 

(2) Other Compliance Provisions 

(a) Emission Control Labels 
As proposed, EPA is removing the 

requirement to include the emission 
control system identifiers required in 40 
CFR 1037.135(c)(6) and in Appendix III 
to 40 CFR part 1037 from the emission 
control labels for vehicles certified to 
the Phase 2 standards. For vehicles 
certified to the optional custom chassis 
standards, the label should meet the 
requirements of 40 CFR 1037.105(h). 
Please see Section I.C.(1)(g) of this 
Preamble for additional discussion of 
labeling. 

(b) End of Year Reports 
In the Phase 1 program, 

manufacturers participating in the ABT 
program provided 90 day and 270 day 
reports to EPA and NHTSA after the end 
of the model year. The agencies adopted 
two reports for the initial program to 
help manufacturers become familiar 
with the reporting process. For the HD 
Phase 2 program, the agencies proposed 
to simplify reporting such that 
manufacturers would only be required 
to submit the final report 90 days after 
the end of the model year with the 
potential to obtain approval for a delay 
up to 30 days. We requested comments 
on this approach. EMA, PACCAR, 
Navistar, Daimler, and Cummins 
recommended keeping the 270 day 
report to allow sufficient time after the 
production period is completed. We are 
accordingly keeping both the 90 day and 
270 day reports, with the ability of the 
agencies’ to waive the 90 day report. 

(c) Delegated Assembly 
The final standards for vocational 

vehicles are based on the application of 

a wide range of technologies. Certifying 
vehicle manufacturers manage their 
compliance demonstration to reflect this 
range of technologies by describing their 
certified configurations in the 
application for certification. In most 
cases, these technologies are designed 
and assembled (or installed) directly by 
the certifying vehicle manufacturer, 
which is typically the chassis 
manufacturer. In these cases, it is 
straightforward to assign the 
responsibility to the certifying vehicle 
manufacturer for ensuring that vehicles 
are in their proper certified 
configuration before they are introduced 
into commerce. In Phase 1, the only 
vehicle technology available for 
certified vocational vehicles is LRR 
tires. Because these are generally 
installed by the chassis manufacturer, 
there is no need to rely on a second 
stage manufacturer for purposes of 
certification in Phase 1, unless 
innovative credits are sought. Thus, the 
Phase 1 regulations did not specify 
precise procedures for this. 

In Phase 2, the agencies are projecting 
adoption of certain technologies where 
the certifying vehicle manufacturer may 
want or need to rely on a downstream 
manufacturing company (a secondary 
vehicle manufacturer) to take steps to 
assemble or install certain components 
or technologies to bring the vehicle into 
a certified configuration. A similar 
relationship between manufacturers 
applies with aftertreatment devices for 
certified engines. EPA previously 
adopted ‘‘delegated assembly’’ 
provisions for engines at 40 CFR 
1068.261 to describe how manufacturers 
can share compliance responsibilities 
through these cooperative assembly 
procedures, and proposed to also apply 
it for vehicle-based GHG standards in 40 
CFR part 1037, including the vocational 
vehicle standards. 

The delegated assembly provisions 
being finalized for Phase 2 vehicle 
standards are only invoked if a 
certifying manufacturer includes in its 
certified configuration a technology that 
it does not install itself. Examples may 
include fairings to reduce aerodynamic 
drag, air conditioning systems, 
automatic tire inflation systems, or 
hybrid systems. We are clarifying this 
regulatory process to enable 
manufacturers to include technologies 
in their compliance plans that might 
otherwise not be considered on the basis 
of what they can install themselves. To 
the extent certifying manufacturers rely 
on secondary vehicle manufacturers to 
bring the vehicle into a certified 
configuration, the following provisions 
will apply: 
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• The certifying manufacturer will 
describe its approach to delegated 
assembly in the application for 
certification. 

• The certifying manufacturer will 
create installation instructions to 
describe how the secondary vehicle 
manufacturer will bring the vehicle into 
a certified configuration. 

• The certifying manufacturer must 
take additional steps for certified 
configurations that include hybrid 
powertrain components, auxiliary 
power units, aerodynamic devices, or 
natural gas fuel tanks. In these cases, the 
certifying manufacturer must have a 
contractual agreement with each 
affected secondary vehicle manufacturer 
obligating the secondary vehicle 
manufacturer to build each vehicle into 
a certified configuration and to provide 
affidavits confirming proper assembly 
procedures, and to provide information 
regarding deployment of each type of 
technology (if there are technology 
options that relate to different GEM 
input values). 

See Section I.F of this Preamble and 
Section 1.4.4 of the RTC for further 
discussion of the comments received on 
delegated assembly provisions. 

The agencies have developed the 
delegated-assembly and other 
provisions in 40 CFR 1037.620— 
1037.622 to clarify how manufacturers 
have shared and separate 
responsibilities for complying with the 
regulations. Vocational vehicles are the 
most likely vehicle types to involve both 
primary and secondary manufacturers; 
however, other types of vehicles may 
also involve multiple manufacturers, so 
these regulatory provisions apply to all 
vehicles. 

Secondary manufacturers (such as 
body builders) that build complete 
vehicles from certified chassis are 
obligated to comply with the emission- 
related installation instructions 
provided by the certifying manufacturer. 
Secondary manufacturers that build 
complete vehicles from exempted 
chassis are similarly obligated to 
comply with all of the regulatory 
provisions related to the exemption. 

(d) Demonstrating Compliance With 
HFC Leakage Standards 

EPA’s requirements for vocational 
chassis manufacturers to demonstrate 
reductions in direct emissions of HFC in 
their A/C systems and components 
through a design-based method. The 
method for calculating A/C leakage is 
the same as was adopted in Phase 1 for 
tractors and HD pickups and vans. It is 
based closely on an industry-consensus 
leakage scoring method, described 
below. This leakage scoring method is 

correlated to experimentally-measured 
leakage rates from a number of vehicles 
using the different available A/C 
components. As is done currently for 
other HD vehicles, vocational chassis 
manufacturers will choose from a menu 
of A/C equipment and components used 
in their vehicles in order to establish 
leakage scores, to characterize their A/ 
C system leakage performance. The 
percent leakage per year will then be 
calculated as this score divided by the 
system refrigerant capacity. We received 
comments from transit bus 
manufacturers with concerns that the air 
conditioning systems on their vehicles 
are much larger and more complex than 
systems on typical heavy-duty trucks. 
As such, they questioned whether our 
HFC leakage compliance process was 
valid for their vehicles. Based on 
information provided by suppliers of air 
conditioning systems for large buses, we 
believe some unusually large systems 
may include components not adequately 
represented by those listed in the 
standard compliance procedure, namely 
the hoses, fittings or seals may not be 
listed with realistic leakage rates. 
Therefore EPA is adopting in this final 
rule provisions allowing use of an 
alternate compliance procedure where 
an air conditioning system with 
refrigerant charge capacity greater than 
3,000 grams is installed in a Phase 2 
vocational vehicle. 

Consistent with the light-duty rule 
and the Phase 1 program for other HD 
vehicles, vocational chassis 
manufacturers will compare the 
components of a vehicle’s A/C system 
with a set of leakage-reduction 
technologies and actions that is based 
closely on that developed through the 
Improved Mobile Air Conditioning 
program and SAE International (as SAE 
Surface Vehicle Standard J2727, ‘‘HFC– 
134a, Mobile Air Conditioning System 
Refrigerant Emission Chart,’’ August 
2008 version). See generally 75 FR 
25426. The SAE J2727 approach was 
developed from laboratory testing of a 
variety of A/C related components, and 
EPA believes that the J2727 leakage 
scoring system generally represents a 
reasonable correlation with average real- 
world leakage in new vehicles. This 
approach associates each component 
with a specific leakage rate in grams per 
year that is identical to the values in 
J2727 and then sums together the 
component leakage values to develop 
the total A/C system leakage. Unlike the 
light-duty program, in the heavy-duty 
vehicle program, the total A/C leakage 
score is divided by the value of the total 
refrigerant system capacity to develop a 
percent leakage per year. 

EPA concludes that the design-based 
approach results in estimates of likely 
leakage emissions reductions that are 
comparable to those that would result 
from performance-based testing. Where 
a manufacturer installs an air 
conditioning system in a vocational 
vehicle that has a working fluid 
consisting of an alternate refrigerant 
with a lower global warming potential 
than HFC–134a, compliance with the 
leakage standard is addressed in the 
regulations at 40 CFR 1037.115. Please 
see Section I.F.(2)(b) for a discussion 
related to alternative refrigerants. 

Consistent with the HD Phase 1 
program and the light-duty rule, where 
we require that manufacturers attest to 
the durability of components and 
systems used to meet the CO2 standards 
(see 75 FR 25689), we are requiring that 
manufacturers of heavy-duty vocational 
vehicles attest to the durability of these 
systems, and provide an engineering 
analysis that demonstrates component 
and system durability. 

(e) Glider Vehicles 
EPA and NHTSA requested comment 

on gliders and received extensive 
comment. The main issues involve 
standards for rebuilt engines installed in 
new glider vehicles. These issues are 
fully addressed in Preamble Section 
XIII.B and RTC Section 14.2. Of 
relevance for the vocational vehicle 
sector, the final standards contain a 
number of provisions allowing donor 
engines that are still within their 
regulatory useful life to be used in new 
glider vehicles provided the engine 
meets all standards applicable to the 
year in which the engine was originally 
manufactured and also meets one of the 
following criteria: 

• The engine is still within its 
original useful life in terms of both 
miles and years. 

• The engine has less than 100,000 
miles of engine operation. 

• The engine is less than three years 
old. 

Thus, if a donor engine meeting one 
of the above criteria was manufactured 
before the Phase 1 GHG standards, it 
would not be subject to those standards 
when installed in a glider vehicle. 
Similarly, if such an engine was 
manufactured before 2010, it would be 
subject to the pre-2010 criteria pollutant 
standards corresponding to its year of 
manufacture. EPA is adopting this 
provision consistent with the original 
purpose of glider vehicles as providing 
a means of salvaging of relatively new 
powertrains from vehicle chassis that 
have been damaged or have otherwise 
failed prematurely. See Section XIII.B of 
the Preamble. 
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454 See 40 CFR 1037.150(o) and 49 CFR 535.7. 

(3) Compliance Flexibility Provisions 

EPA and NHTSA are adopting several 
flexibility provisions in the Phase 2 
program. Program-wide compliance 
flexibilities include an averaging, 
banking and trading program for CO2 
emissions and fuel consumption credits, 
provisions for off-cycle credits for 
technologies that are not included as 
inputs to the GEM, and advanced 
technology credits. These are described 
below as well as in Section I.B.3 to I.C.1. 
Provisions that are not program-wide 
include optional chassis certification 
and a revised interim loose engines 
provision, as described below. 

(a) Averaging, Banking, and Trading 
(ABT) Program 

Averaging, banking, and trading of 
emission credits have been an important 
part of many EPA mobile source 
programs under CAA Title II. ABT 
provisions provide manufacturers 
flexibilities that assist in the efficient 
development and implementation of 
new technologies and therefore enable 
new technologies to be implemented at 
a more aggressive pace than without 
ABT. NHTSA and EPA are carrying-over 
the Phase 1 ABT provisions for 
vocational vehicles into Phase 2, as it is 
an important way to achieve each 
agency’s programmatic goals. ABT is 
also discussed in Section I and Section 
III.F.1. 

Consistent with the Phase 1 averaging 
sets, the agencies are allowing chassis 
manufacturers to average SI-powered 
vocational vehicle chassis with CI- 
powered vocational vehicle chassis, 
within the same vehicle weight class 
group. In Phase 1, all vocational and 
tractor chassis within a vehicle weight 
class group were able to average with 
each other, regardless of whether they 
were powered by a CI or SI engine. The 
Phase 2 approach continues this. The 
only difference is that in Phase 2, there 
are different numerical standards set for 
the SI-powered and CI-powered 
vehicles, but that does not alter the basis 
for averaging. This is consistent with the 
Phase 1 approach where, for example, 
Class 8 day cab tractors, Class 8 sleeper 
cab tractors and Class 8 vocational 
vehicles each have different numerical 
standards, while they all belong to the 
same averaging set. 

As discussed in V.D.(1)(c), EPA and 
NHTSA are adopting a revised useful 
life for LHD vocational vehicles for GHG 
emissions from the current 10 years/ 
110,000 miles to 15 years/150,000 miles, 
to be consistent with the useful life of 
criteria pollutants recently updated in 
EPA’s Tier 3 rule. For the same reasons, 
EPA and NHTSA are also adopting a 

useful life adjustment for HD pickups 
and vans, as described in Section 
VI.E.(1). According to the credits 
calculation formula at 40 CFR 1037.705 
and 49 CFR 535.7, useful life in miles 
is a multiplicative factor included in the 
calculation of CO2 and fuel 
consumption credits. In order to ensure 
that banked credits will maintain their 
value in the transition from Phase 1 to 
Phase 2, NHTSA and EPA are adopting 
an interim vocational vehicle 
adjustment factor of 1.36 for credits that 
are carried forward from Phase 1 to the 
MY 2021 and later Phase 2 standards.454 
Without this adjustment factor the 
change in useful life would effectively 
result in a discount of banked credits 
that are carried forward from Phase 1 to 
Phase 2, which is not the intent of the 
change in the useful life. The agencies 
do not believe that this adjustment will 
result in a loss of program benefits 
because there is little or no deterioration 
anticipated for CO2 emissions and fuel 
consumption over the life of the 
vehicles. Also, the carry-forward of 
credits is an integral part of the 
program, helping to smooth the 
transition to the Phase 2 standards. The 
agencies believe that effectively 
discounting carry-forward credits from 
Phase 1 to Phase 2 is unnecessary and 
could negatively impact the feasibility 
of the Phase 2 standards. EPA and 
NHTSA requested comment on all 
aspects of the averaging, banking, and 
trading program. A complete discussion 
of the comments on credits and ABT 
can be found in the RTC Section 1.4. 

(b) Innovative and Off-Cycle Technology 
Credits 

In Phase 1, the agencies adopted an 
emissions and fuel consumption credit 
generating opportunity that applied to 
innovative technologies that reduce fuel 
consumption and CO2 emissions. 
Eligible technologies were required to 
not be in common use with heavy-duty 
vehicles before the 2010MY and not 
reflected in the GEM simulation tool 
(i.e., the benefits are ‘‘off-cycle’’). See 76 
FR 57253. In Phase 2, the agencies are 
re-designating it as an off-cycle 
technology program. The agencies are 
maintaining the requirement that, in 
order for a manufacturer to receive 
credits for Phase 2, the off-cycle 
technology must not have been in 
common use prior to MY 2010. 

The agencies recognize that there are 
emerging technologies today that are 
being developed, but will not be 
accounted for in the GEM tool, and 
therefore will be considered off-cycle. 
For vocational vehicles, this could 

include technologies whose scope and 
effectiveness surpass those defined and 
pre-approved in the HD Phase 2 
program, such as aerodynamics and 
electrified accessories. Any credits for 
these technologies will need to be based 
on real-world fuel consumption and 
GHG reductions that can be measured 
with verifiable test methods using 
representative driving conditions 
typical of the engine or vehicle 
application. More information about off- 
cycle technology credits can be found at 
Section I.C.1.c. 

As in Phase 1, the agencies will 
continue to provide two paths for 
approval of the test procedure to 
measure the CO2 emissions and fuel 
consumption reductions of an off-cycle 
technology used in vocational vehicles. 
See 40 CFR 1037.610 and 49 CFR 535.7. 
The first path will not require a public 
approval process of the test method. A 
manufacturer may use ‘‘pre-approved’’ 
test methods for HD vehicles including 
the A-to-B chassis testing, powerpack 
testing or on-road testing. A 
manufacturer may also use any 
developed test procedure that has 
known quantifiable benefits. A test plan 
detailing the testing methodology will 
be required to be approved prior to 
collecting any test data. The agencies 
are also continuing the second path, 
which includes a public approval 
process of any testing method that could 
have questionable benefits (i.e., an 
unknown usage rate for a technology). 
Furthermore, the agencies are adopting 
revisions to clarify what documentation 
must be submitted for approval, aligning 
them with provisions in 40 CFR 
86.1869–12. NHTSA is prohibiting 
credits from technologies addressed by 
any of its crash avoidance safety 
rulemakings (i.e., congestion 
management systems). See also 77 FR 
62733 (discussion of similar issue in the 
light duty greenhouse gas/fuel economy 
regulations). We received extensive 
comment on the off-cycle technology 
approval process. In response to 
requests to develop a streamlined path 
for off-cycle technology approval, we 
are not making fundamental changes 
from the proposal at this time; however, 
we remain open to working with 
stakeholders to look for ways to simplify 
the process. For example, although we 
are including specific provisions to 
recognize certain electrified accessories, 
recognizing others would require the 
manufacturer to go through the off-cycle 
process. However, it is quite possible 
that the agencies could gather sufficient 
data to allow us to adopt specific 
provisions in a future rulemaking to 
recognize other accessories in a simpler 
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455 Meeting with Isuzu dated April 22, 2016. 

manner. Please see Section I.C. of this 
Preamble for further discussion of off- 
cycle credits. 

There are some technologies that are 
entering the market today, and although 
our model does not have the capability 
to simulate the effectiveness over the 
test cycles, there are reliable estimates 
of effectiveness available to the 
agencies. These will be recognized in 
our HD Phase 2 certification procedures 
as pre-defined technologies, and will 
not be considered off-cycle. Examples of 
such technologies for vocational 
vehicles include narrowly-defined types 
of electrified accessories or aerodynamic 
improvements. The agencies are 
specifying default effectiveness values 
to be used as valid inputs to GEM for 
each of these. The projected 
effectiveness of each vocational vehicle 
technology is discussed in the RIA 
Chapter 2.9.3. 

The agencies’ approval for Phase 1 
innovative technology credits (approved 
prior to 2021 MY) will be carried into 
the Phase 2 program on a limited basis 
for those technologies where the benefit 
is not accounted for in the Phase 2 test 
procedure. Therefore, the manufacturers 
will not be required to request new 
approval for any innovative credits 
carried into the off-cycle program, but 
will have to demonstrate, as part of the 
MY 2021 certification, the extent to 
which the new cycle does not account 
for these improvements. The agencies 
believe this is appropriate because 
technologies, such as those related to 
the transmission or driveline, may no 
longer be ‘‘off-cycle’’ because of the 
addition of these technologies into the 
Phase 2 version of GEM. 

(c) Advanced Technology Credits 

As described above in Section I, the 
agencies proposed to discontinue 
advanced technology credits in Phase 2, 
which had been intended to promote 
the early implementation of advanced 
technologies that were not expected to 
be widely adopted in the market in the 
2014 to 2018 time frame. These 
technologies were defined in Phase 1 as 
hybrid powertrains, Rankine cycle 
engines, all-electric vehicles, and fuel 
cell vehicles (see 40 CFR 1037.150(p)), 
at a 1.5 credit value. We requested and 
received comments on the need for such 
incentives, and as a result we are not 
only continuing these credits, we are 
adopting even greater multipliers than 
before. See Section I of this Preamble for 
further discussion of the comments 
received and the agencies’ response 
regarding advanced technology credits. 

(d) Optional Chassis Certification 

In Phase 2, the agencies are 
continuing the Phase 1 option to chassis 
certify vehicles over 14,000 lbs GVWR, 
but only if there is a family with 
vehicles at or below 14,000 pounds 
GVWR that can properly accommodate 
the bigger vehicles as part of the same 
family. As adopted in this final rule, 
chassis-certified vehicles above 14,000 
pounds GVWR may not rely on a work 
factor that is greater than the largest 
work factor that applies for vehicles at 
or below 14,000 pounds GVWR from the 
same family. Applying this work factor 
constraint avoids the need to set a 
specific upper GVWR limit on vehicles 
eligible to use this flexibility. See 
Section XIII.A.2 of this Preamble, and 
Section 14.3.2 of the RTC, for further 
discussion of this issue. 

(e) Certifying Loose SI Engines in 
Vocational Vehicles in Phase 2 

The agencies proposed not to 
continue the Phase 1 interim flexibility 
known as the ‘‘loose engine’’ provision, 
receiving favorable comment from 
Cummins and adverse comment on this 
from Isuzu and AAPC. 80 FR 40331. 
Under this provision, SI engines 
produced by manufacturers of HD 
pickup trucks and vans and sold to 
chassis manufacturers and intended for 
use in vocational vehicles need not meet 
the separate SI engine standard, and 
instead may be averaged with the 
manufacturer’s HD pickup and van fleet 
(see 40 CFR 86.1819–14(k)(8)). The 
agencies are adopting a Phase 2 SI 
engine standard that is no more 
stringent than the MY 2016 SI engine 
standard adopted in Phase 1, while the 
Phase 2 standards for the HD pickup 
and van fleet is progressively more 
stringent through MY 2027. The primary 
certification path designed in the Phase 
1 program for both CI and SI engines 
sold separately and intended for use in 
vocational vehicles is that they are 
engine certified while the vehicle is 
GEM certified under the GHG rules. 

This provision was adopted primarily 
to address small volume sales of engines 
used in complete vehicles that are also 
sold to other manufacturers. The Phase 
1 final rules explain that we set the 
effective date of the Phase 1 SI engine 
standard as MY 2016 because we 
projected by this time all manufacturers 
would have redesigned their gasoline 
engine offerings to adopt the 
technologies needed to reduce FTP- 
cycle emissions by five percent; 
technologies that cannot simply be 
bolted on to an existing engine but can 
only be effectively applied through an 
integrated design and development 

process (76 FR 57180, 57235). The 
Phase 1 final rules also explain that the 
compliance flexibility provided by the 
loose engine provision is technically 
appropriate because it provides 
manufacturers with an option to focus 
their energy on improving the GHG and 
fuel consumption performance of their 
complete vehicle products (including 
engine improvements), rather than on 
concurrently calibrating for both vehicle 
and engine test compliance (76 FR 
57260). At proposal we noted that 
although gasoline engine manufacturers 
have accomplished extensive 
improvements to comply with HD 
pickup and vans standards as well as 
the light-duty vehicle standards, the 
agencies had not seen evidence of the 
engine redesigns that we had projected 
to occur by 2016, and we concluded that 
discontinuation of this flexibility by MY 
2021 was appropriate to provide 
regulatory certainty on the date beyond 
which engine certification would be 
mandatory for HD SI engines. 

However, in response to persuasive 
comments from a chassis manufacturer 
that purchases these engines, we are 
adopting a narrow extension of this 
interim flexibility, where for MYs 2021– 
2023, each SI engine manufacturer may 
sell an annual maximum of 10,000 SI 
engines certified under this 
provision.455 We believe this three-year 
extension is needed to prevent market 
disruptions. We are concerned that SI 
engine manufacturers might not choose 
to certify any SI engines that can be sold 
to other vocational chassis 
manufacturers, which would 
significantly disrupt the market. With 
this limited extension, we are ensuring 
no loss of environmental benefits 
because any vehicle certified by a 
chassis manufacturer who obtains a 
high-emitting SI engine must apply 
additional technology as needed to meet 
the applicable vocational vehicle 
standard. We are generally not allowing 
custom chassis manufacturers to use SI 
engines that have been certified under 
this loose engine provision, if they are 
certifying using one of the custom 
chassis regulatory subcategories. 
However, manufacturers certifying 
motor homes or emergency vehicles to 
the optional standards may install 
engines certified through the interim 
loose engine provision. The typical 
annual miles driven by these vehicles is 
very low, usually between 2,000 and 
5,000 miles for either motor homes or 
emergency vehicles, and thus their 
contribution to emissions and fuel 
consumption is very small. See Section 
II of this Preamble for a discussion of 
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456 The Light-duty FTP is a vehicle driving cycle 
that was originally developed for certifying light- 
duty vehicles and subsequently applied to HD 
chassis testing for criteria pollutants. This contrasts 
with the Heavy-duty FTP, which refers to the 
transient engine test cycles used for certifying 
heavy-duty engines (with separate cycles specified 
for diesel and spark-ignition engines). 

457 Light duty fuel economy standards are 
expressed as miles per gallon (mpg), which is 
inverse to the HD fuel consumption standards 
which are expressed as gallons per 100 miles. 

458 EISA requires CAFE standards for passenger 
cars and light trucks to be attribute-based; See 49 
U.S.C. 32902(b)(3)(A). 

459 The NAS 2010 report likewise recommended 
standards recognizing the work function of HD 
vehicles. See 76 FR 57161. 

the comments received and the 
agencies’ response on the separate 
engine standard for SI engines intended 
for vocational vehicles. 

(f) On-Board Diagnostics for Hybrid 
Vehicle Systems 

In HD Phase 1, EPA adopted 
provisions to delay the onboard 
diagnostics (OBD) requirements for 
heavy-duty hybrid powertrains (see 40 
CFR 86.010–18(q)). This provision 
delayed full OBD requirements for 
hybrids until MY 2016 and MY 2017. 
The agencies have received comments 
from hybrid manufacturers regarding 
their progress toward meeting the on- 
board diagnostic requirements for 
criteria pollutant engine certification 
related to hybrid systems. See Section 
XIII.A.1 for a discussion of comments 
received and EPA’s response related to 
certification of engines paired with 
hybrid powertrain systems. 

VI. Heavy-Duty Pickups and Vans 

In the NPRM, the agencies conducted 
coordinated and complementary 
analyses using two analytical methods 
for the heavy-duty pickup and van 
segment, both of which used the same 
version of NHTSA’s CAFE model to 
analyze technology. The agencies have 
also used two analytical methods for the 
joint final rule. However, unlike the 
NPRM, for the joint final rule, the 
agencies are using different versions of 
NHTSA’s CAFE model to analyze 
technology. The Method B approach 
continues to use the same version of the 
model and inputs that was used for the 
NPRM. Method A uses an updated 
version of the CAFE model and some 
updated inputs. 

A. Summary of Phase 1 HD Pickup and 
Van Standards 

In the Phase 1 rule, EPA and NHTSA 
established GHG and fuel consumption 
standards and a program structure for 
complete Class 2b and 3 heavy-duty 
vehicles (referred to in these rules as 
‘‘HD pickups and vans’’), as described 
below. The Phase 1 standards began to 
be phased-in in MY 2014 and the 
agencies believe the program is working 
well. The agencies are retaining most 
elements from the structure of the 
program established in the Phase 1 rule 
for the Phase 2 program while 
establishing more stringent Phase 2 
standards for MY 2027, phased in over 
MYs 2021–2027, that will require 
additional GHG reductions and fuel 
consumption improvements. As 
discussed below, the agencies are 
adopting the Phase 2 standards as 
proposed. The MY 2027 standards will 

remain in place unless and until 
amended by the agencies. 

Heavy-duty vehicles with GVWR 
between 8,501 and 10,000 lbs. are 
classified in the industry as Class 2b 
motor vehicles. Class 2b includes 
vehicles classified as medium-duty 
passenger vehicles (MDPVs) such as 
very large SUVs. Because MDPVs are 
frequently used like light-duty 
passenger vehicles, they are regulated 
by the agencies under the light-duty 
vehicle rules. Thus, the agencies did not 
adopt additional requirements for 
MDPVs in the Phase 1 rule and are not 
adopting additional requirements for 
MDPVs in this rulemaking. Heavy-duty 
vehicles with GVWR between 10,001 
and 14,000 lbs are classified as Class 3 
motor vehicles. Class 2b and Class 3 
heavy-duty vehicles together emit about 
23 percent of today’s GHG emissions 
from the heavy-duty vehicle sector. 

About 90 percent of HD pickups and 
vans are 3⁄4-ton and 1-ton pickup trucks, 
12- and 15-passenger vans, and large 
work vans that are sold by vehicle 
manufacturers as complete vehicles, 
with no secondary manufacturer making 
substantial modifications prior to 
registration and use. Most of these 
vehicles are produced by companies 
with major light-duty markets in the 
United States, primarily Ford, General 
Motors, and Fiat Chrysler. Often, the 
technologies available to reduce fuel 
consumption and GHG emissions from 
this segment are similar to the 
technologies used for the same purpose 
on light-duty pickup trucks and vans, 
including both engine efficiency 
improvements (for gasoline and diesel 
engines) and vehicle efficiency 
improvements. 

In the Phase 1 rule, EPA adopted GHG 
standards for HD pickups and vans 
based on the whole vehicle (including 
the engine), expressed as grams of CO2 
per mile, consistent with the way these 
vehicles are regulated by EPA today for 
criteria pollutants. NHTSA adopted 
corresponding gallons per 100 mile fuel 
consumption standards that are likewise 
based on the whole vehicle. This 
complete vehicle approach adopted by 
both agencies for HD pickups and vans 
was consistent with the 
recommendations of the NAS 
Committee in its 2010 Report. EPA and 
NHTSA adopted a structure for the 
Phase 1 HD pickup and van standards 
that in many respects paralleled long- 
standing NHTSA CAFE standards and 
more recent coordinated EPA GHG 
standards for manufacturers’ fleets of 
new light-duty vehicles. These 
commonalities include a new vehicle 
fleet average standard for each 
manufacturer in each model year and 

the determination of these fleet average 
standards based on production volume- 
weighted targets for each model, with 
the targets varying based on a defined 
vehicle attribute. Vehicle testing for 
both the HD and light-duty vehicle 
programs is conducted on chassis 
dynamometers using the drive cycles 
from the EPA Federal Test Procedure 
(Light-duty FTP or ‘‘city’’ test) and 
Highway Fuel Economy Test (HFET or 
‘‘highway’’ test).456 

For the light-duty GHG and fuel 
economy 457 standards, the agencies 
factored in vehicle size by basing the 
emissions and fuel economy targets on 
vehicle footprint (the wheelbase times 
the average track width).458 For those 
standards, passenger cars and light 
trucks with larger footprints are 
assigned higher GHG and lower fuel 
economy target levels in 
acknowledgement of their inherent 
tendency to consume more fuel and 
emit more GHGs per mile. EISA requires 
that NHTSA study ‘‘the appropriate 
metric for measuring and expressing 
commercial medium- and heavy-duty 
vehicle and work truck fuel efficiency 
performance, taking into consideration, 
among other things, the work performed 
by such on-highway vehicles and work 
trucks . . .’’ See 49 U.S.C. 
32902(k)(1)(B).459 For HD pickups and 
vans, the agencies also set standards 
based on a vehicle attribute, but used a 
work-based metric as the attribute rather 
than the footprint attribute utilized in 
the light-duty vehicle rulemaking. 
Work-based measures such as payload 
and towing capability are key among the 
parameters that characterize differences 
in the design of these vehicles, as well 
as differences in how the vehicles will 
be utilized. Buyers consider these 
utility-based attributes when purchasing 
a HD pickup or van. EPA and NHTSA 
therefore finalized Phase 1 standards for 
HD pickups and vans based on a ‘‘work 
factor’’ attribute that combines the 
vehicle’s payload and towing 
capabilities, with an added adjustment 
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460 The Phase 1 Final Rule provides a full 
discussion of the standard curves including the 
equations and coefficients. See 76 FR 57162–57165, 
September 15 2011. The standards were previously 
provided in the regulations at 40 CFR 1037.104, but 

they are now being redesignated as 40 CFR 
86.1819–14. 

461 The NHTSA program provides voluntary 
standards for model years 2014 and 2015. Target 

line functions for 2016–2018 are for the second 
NHTSA alternative described in the Phase 1 
Preamble Section II.C.(d)(ii). 

for 4-wheel drive vehicles. See generally 
76 FR 57161–57162. 

For Phase 1, the agencies adopted 
provisions such that each 
manufacturer’s fleet average standard is 
based on production volume-weighting 
of target standards for all vehicles that 
in turn are based on each vehicle’s work 
factor. These target standards are taken 

from a set of curves (mathematical 
functions). The Phase 1 curves are 
shown in the figures below for reference 
and are described in detail in the Phase 
1 final rule.460 The agencies established 
separate curves for diesel and gasoline 
HD pickups and vans. The agencies will 
continue to use the work-based attribute 
and gradually declining standards 

approach for the Phase 2 standards, as 
discussed in Section VI.B. below. Note 
that this approach does not create an 
incentive to reduce the capabilities of 
these vehicles because less capable 
vehicles are required to have 
proportionally lower emissions and fuel 
consumption targets. 
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EPA phased in its CO2 standards 
gradually starting in the 2014 model 
year, at 15–20–40–60–100 percent of the 
model year 2018 standards stringency 
level in model years 2014–2015–2016– 
2017–2018, respectively. The phase-in 
takes the form of the set of target 
standard curves shown above, with 
increasing stringency in each model 
year. The final EPA Phase 1 standards 
for 2018 (including a separate standard 
to control air conditioning system 
leakage) represent an average per- 
vehicle reduction in GHGs of 17 percent 
for diesel vehicles and 12 percent for 
gasoline vehicles, compared to a 
common MY 2010 baseline. EPA also 
finalized a compliance alternative 
whereby manufacturers can phase in 
different percentages: 15–20–67–67–67– 
100 percent of the model year 2019 
standards stringency level in model 
years 2014–2015–2016–2017–2018– 

2019, respectively. This compliance 
alternative parallels and is equivalent to 
NHTSA’s first alternative described 
below. 

NHTSA’s Phase 1 program allows 
manufacturers to select one of two fuel 
consumption standard alternatives for 
model years 2016 and later. The first 
alternative defines individual gasoline 
vehicle and diesel vehicle fuel 
consumption target curves that will not 
change for model years 2016–2018, and 
are equivalent to EPA’s 67–67–67–100 
percent target curves in model years 
2016–2017–2018–2019, respectively. 
This option is consistent with EISA 
requirements that NHTSA provide 4 
years lead-time and 3 years of stability 
for standards. See 49 U.S.C. 32902(k)(3). 
The second alternative uses target 
curves that are equivalent to EPA’s 40– 
60–100 percent target curves in model 
years 2016–2017–2018, respectively. 

This option is also consistent with EISA 
lead-time and stability requirements. 
Stringency for the alternatives in Phase 
1 was selected by the agencies to allow 
a manufacturer, through the use of the 
credit carry-forward and carry-back 
provisions that the agencies also 
finalized, to meet both NHTSA fuel 
efficiency and EPA GHG emission 
standards using a single compliance 
strategy. If a manufacturer cannot meet 
an applicable standard in a given model 
year, it may make up its shortfall by 
over-complying in a subsequent year. 
NHTSA also allows manufacturers to 
voluntarily opt into the NHTSA HD 
pickup and van program in model years 
2014 or 2015. For these model years, 
NHTSA’s fuel consumption target 
curves are equivalent to EPA’s target 
curves. The Phase 1 phase-in options 
are summarized in Table VI–1. 

TABLE VI–1—PHASE 1 STANDARDS PHASE-IN OPTIONS 

2014 
% 

2015 
% 

2016 
% 

2017 
% 

2018 
% 

2019 
% 

EPA Primary Phase-in ............................. 15 20 40 60 100 100 
EPA Compliance Option .......................... 15 20 67 67 67 100 
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TABLE VI–1—PHASE 1 STANDARDS PHASE-IN OPTIONS—Continued 

2014 
% 

2015 
% 

2016 
% 

2017 
% 

2018 
% 

2019 
% 

NHTSA First Option ................................. 0 0 67 67 67 100 
NHTSA Second Option ............................ 0 0 40 60 100 100 

The form and stringency of the Phase 
1 standards curves are based on the 
performance of a set of vehicle, engine, 
and transmission technologies expected 
(although not required) to be used to 
meet the GHG emissions and fuel 
economy standards for model year 
2012–2016 light-duty vehicles, with full 
consideration of how these technologies 
are likely to perform in heavy-duty 
vehicle testing and use. All of these 
technologies are already in use or have 
been announced for upcoming model 
years in some light-duty vehicle models, 
and some are in use in a portion of HD 
pickups and vans as well. The 
technologies include: 
• advanced 8-speed automatic 

transmissions 
• aerodynamic improvements 
• electro-hydraulic power steering 
• engine friction reductions 
• improved accessories 
• low friction lubricants in powertrain 

components 
• lower rolling resistance tires 
• lightweighting 
• gasoline direct injection 
• diesel aftertreatment optimization 
• air conditioning system leakage 

reduction (for EPA program only) 

B. HD Pickup and Van Final Phase 2 
Standards 

As described in this section, NHTSA 
and EPA are adopting as proposed 
Phase 2 standards that will be phased in 
over model years 2021–2027 and 
continue thereafter unless and until 
amended. These standards are identical 
to those proposed as Alternative 3 (the 
preferred alternative at proposal). The 
agencies are adopting standards based 
on a year-over-year increase in 
stringency of 2.5 percent over MYs 
2021–2027 for a total increase in 
stringency for the Phase 2 program of 
about 16 percent compared to the MY 
2018 Phase 1 standard. Note that an 
individual manufacturer’s fleet-wide 
target may differ from this stringency 
increase due to changes in vehicle sales 
mix and changes in work factor. We 
believe the standards the agencies are 
adopting are feasible in the time frame 
of this rule. 

As discussed in detail below in 
Sections C through F, the agencies 
performed separate analyses, which we 
refer to as ‘‘Method A’’ and ‘‘Method B.’’ 

NHTSA considered Method A as the 
central analysis in its determination of 
the stringency of the Phase 2 standards. 
EPA considered the results of Method B 
as the central analysis for its 
determination of the stringency of the 
Phase 2 standards. These analyses are 
complementary, and independently 
support the same conclusion. 

In the proposal, the agencies also 
sought comment on a number of 
alternatives, including an alternative 
(‘Alternative 4’) which would have 
resulted in approximately the same 
stringency increase, but would have 
done so two years earlier (in MY 2025 
rather than MY 2027), so that the 
effective year-over-year stringency 
would have been 3.5%. The agencies are 
not adopting this alternative. The 
agencies’ analyses show that the 
additional lead-time provided by the 
Phase 2 standards that the agencies are 
adopting will allow manufacturers to 
more fully utilize lower cost 
technologies over vehicle life-cycles. In 
addition, under the method B analysis, 
this would reduce the projected 
adoption rate of more advanced higher 
cost technologies such as strong hybrids 
compared to Alternative 4. As discussed 
in more detail in E.1 below, both of the 
considered phase-ins are projected to 
require comparable penetration rates of 
several non-hybrid technologies with 
some approaching 100 percent 
penetration. However, as discussed 
below, the additional lead-time 
provided by the final standards will 
allow manufacturers more flexibility to 
implement technologies at later 
redesigns and refreshes. The agencies 
received several comments regarding 
the timing and stringency of the 
standards. These comments are 
discussed in detail in Section E.1 below 
and in Chapter 7 of the Response to 
Comments document. 

When considering potential Phase 2 
standards, the agencies anticipate that 
the technologies listed above that were 
considered in Phase 1 will continue to 
be available in the future, if not already 
applied under Phase 1 standards, and 
that additional technologies will also be 
available: 
• advanced engine improvements for 

friction reduction and low friction 
lubricants 

• improved engine parasitics, including 
fuel pumps, oil pumps, and coolant 
pumps 

• valvetrain variable lift and timing 
• cylinder deactivation 
• direct gasoline injection 
• cooled exhaust gas recirculation 
• turbo downsizing of gasoline engines 
• Diesel engine efficiency 

improvements 
• downsizing of diesel engines 
• 8-speed automatic transmissions 
• electric power steering 
• high efficiency transmission gear 

boxes and driveline 
• further improvements in accessory 

loads 
• additional improvements in 

aerodynamics and tire rolling 
resistance 

• low drag brakes 
• mass reduction 
• mild hybridization 
• strong hybridization 

Sections VI.C below and Section 2 of 
the RIA provide a detailed analysis of 
these and other potential technologies 
for Phase 2, including their feasibility, 
costs, and effectiveness and projected 
application rates for reducing fuel 
consumption and CO2 emissions when 
utilized in HD pickups and vans. 
Sections VI.D and Section X also 
discuss the selection of the Phase 2 
standards and the alternatives 
considered. 

In addition to EPA’s CO2 emission 
standards and NHTSA’s fuel 
consumption standards for HD pickups 
and vans, EPA in Phase 1 also finalized 
standards for two additional GHGs— 
N2O and CH4, as well as standards for 
air conditioning-related HFC emissions. 
EPA will continue these standards in 
Phase 2. Also, consistent with CAA 
section 202(a)(1), EPA finalized Phase 1 
standards that apply to HD pickups and 
vans in use and EPA is likewise 
adopting in-use standards for these 
vehicles in Phase 2. All of these 
standards are discussed in more detail 
below. Program flexibilities and 
compliance provisions related to the 
standards for HD pickups and vans are 
discussed in Section VI.E. 

A relatively small number of HD 
pickups and vans are sold by vehicle 
manufacturers as incomplete vehicles, 
without the primary load-carrying 
device or container attached. A sizeable 
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462 See 76 FR 57259–57260, September 15, 2011 
and 78 FR 36374, June 17, 2013. 463 The NAS 2010 report. See 76 FR 57161. 

subset of these incomplete vehicles, 
often called cab-chassis vehicles, are 
sold by the vehicle manufacturers in 
configurations with complete cabs plus 
many of the components that affect GHG 
emissions and fuel consumption 
identical to those on complete pickup 
truck or van counterparts—including 
engines, cabs, frames, transmissions, 
axles, and wheels. The Phase 1 program 
includes provisions that allow 
manufacturers to include these 
incomplete vehicles, as well as some 
Class 4 through 6 vehicles, to be 
regulated under the chassis-based HD 
pickup and van program (i.e. subject to 
the standards and chassis certification 
for HD pickups and vans), rather than 
under the vocational vehicle 
program.462 The agencies are continuing 
to allow such incomplete vehicles the 
option of certifying under either the 
heavy duty pickup and van standards or 
the standards for vocational vehicles. As 
in Phase 1, if such an incomplete 
vehicle is certified as a vocational 
vehicle, the engine would have to be 
certified separately to the applicable 
engine standard. 

Phase 1 also includes optional 
compliance paths for spark-ignition 
engines identical to engines used in 
heavy-duty pickups and vans to comply 
with 2b/3 standards. See 40 CFR 
1037.150(m) and 49 CFR 535.5(a)(7). 
Manufacturers sell such engines as 
‘‘loose engines’’ or install these engines 
in incomplete vehicles that are not cab- 
complete vehicles. The agencies are 
providing a temporary loose engine 
provision for Phase 2 as described in 
Section V.D.3.e, under Compliance 
Flexibility Provisions. These program 
elements are discussed above in Section 
V.D. on vocational vehicles and XIII.A.2 
on engines. 

(1) Vehicle-Based Standards 
For Phase 1, EPA and NHTSA chose 

to set vehicle-based standards whereby 
the entire vehicle is chassis-tested. The 
agencies will retain this approach for 
Phase 2. About 90 percent of Class 2b 
and 3 vehicles are pickup trucks, 
passenger vans, and work vans that are 
sold by the original equipment 
manufacturers as complete vehicles, 
ready for use on the road. In addition, 
most of these complete HD pickups and 
vans are covered by CAA vehicle 
emissions standards for criteria 
pollutants (i.e., they are chassis tested 
similar to light-duty), expressed in 
grams per mile. This distinguishes this 
category from other, larger heavy-duty 
vehicles that typically have engines 

covered by CAA engine emission 
standards for criteria pollutants, 
expressed in grams per brake 
horsepower-hour. As a result, Class 2b 
and 3 complete vehicles share both 
substantive elements and a regulatory 
structure much more in common with 
light-duty trucks than with the other 
heavy-duty vehicles. 

Three of these features in common are 
especially significant: (1) Over 95 
percent of the HD pickups and vans sold 
in the United States are produced by 
Ford, General Motors, and Fiat 
Chrysler—three companies with large 
light-duty vehicle and light-duty truck 
sales in the United States; (2) these 
companies typically base their HD 
pickup and van designs on higher sales 
volume light-duty truck platforms and 
technologies, often incorporating new 
light-duty truck design features into HD 
pickups and vans at their next design 
cycle, and (3) at this time most complete 
HD pickups and vans are certified to 
vehicle-based rather than engine-based 
EPA criteria pollutant and GHG 
standards. There is also the potential for 
substantial GHG and fuel consumption 
reductions from vehicle design 
improvements beyond engine changes 
(such as through optimizing 
aerodynamics, weight, tires, and 
accessories), and a single manufacturer 
is generally responsible for both engine 
and vehicle design. All of these factors 
together suggest that it is still 
appropriate and reasonable to base 
standards on performance of the vehicle 
as a whole, rather than to establish 
separate engine and vehicle GHG and 
fuel consumption standards, as is being 
done for the other heavy-duty 
categories. The chassis-based standards 
approach for complete vehicles is also 
consistent with NAS 463 
recommendations and there was 
consensus in the public comments in 
the Phase 1 rulemaking supporting this 
approach. For all of these reasons, the 
agencies proposed to continue this 
approach, and there was again 
supporting consensus in the public 
comments. 

(a) Work-Based Attributes 
In developing the Phase 1 HD 

rulemaking, the agencies emphasized 
creating a program structure that 
achieves reductions in fuel 
consumption and GHGs based on how 
vehicles are used and on the work they 
perform in the real world. Work-based 
measures such as payload and towing 
capability are key among the things that 
characterize differences in the design of 
vehicles, as well as differences in how 

the vehicles will be used. Vehicles in 
the 2b and 3 categories have a wide 
range of payload and towing capacities. 
These work-based differences in design 
and in-use operation are key factors in 
evaluating technological improvements 
for reducing CO2 emissions and fuel 
consumption. Payload has a particularly 
important impact on the test results for 
HD pickup and van emissions and fuel 
consumption, because testing under 
existing EPA procedures for criteria 
pollutants and the Phase 1 standards is 
conducted with the vehicle loaded to 
half of its payload capacity (rather than 
to a flat 300 lbs. as in the light-duty 
program), and the correlation between 
test weight and fuel use is strong. 

Towing, on the other hand, does not 
directly factor into test weight as 
nothing is towed during the test. Hence, 
setting aside any interdependence 
between towing capacity and payload, 
only the higher curb weight caused by 
any heavier truck components plays a 
role in affecting measured test results. 
However towing capacity can be a 
significant factor to consider because 
HD pickup truck towing capacities can 
be quite large, with a correspondingly 
large effect on vehicle design. 

We note too that, from a purchaser 
perspective, payload and towing 
capability typically play a greater role 
than physical dimensions in influencing 
purchaser decisions on which heavy- 
duty vehicle to buy. For passenger vans, 
seating capacity is of course a major 
consideration, but this correlates closely 
with payload weight. 

For these reasons, as noted above, 
EPA and NHTSA set Phase 1 standards 
for HD pickups and vans based on a 
‘‘work factor’’ attribute that combines 
vehicle payload capacity and vehicle 
towing capacity, in lbs., with an 
additional fixed adjustment for four- 
wheel drive (4wd) vehicles. This 
adjustment accounts for the fact that 
4wd, critical to enabling many off-road 
heavy-duty work applications, adds 
roughly 500 lbs. to the vehicle weight. 
The work factor is calculated as follows: 
75 percent maximum payload + 25 
percent of maximum towing + 375 lbs. 
if 4wd. Under this approach, target GHG 
and fuel consumption standards are 
determined for each vehicle with a 
unique work factor (analogous to a 
target for each discrete vehicle footprint 
in the light-duty vehicle rules). These 
targets will then be production weighted 
and summed to derive a manufacturer’s 
annual fleet average standard for its 
heavy-duty pickups and vans. There 
was widespread support (and no 
opposition) for the work factor-based 
approach to standards and fleet average 
approach to compliance expressed in 
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the comments we received on the Phase 
1 rule. 

For Phase 2, the agencies proposed to 
continue using the work-based attribute. 
The agencies received a variety of 
comments on the details of the work 
factor approach. The agencies received 
comments from The American Council 
for an Energy-Efficient Economy 
(ACEEE) regarding the definition of 
payload and towing and manufacturer’s 
discretion at determining GVWR, GCWR 
and curb weight of the vehicle. In 
response, the formula for payload, 
GVWR minus curb weight, is specified 
such that it uses the same definition of 
the input terms as those which have 
always been used by the agencies for 
light and heavy duty vehicle 
regulations, including criteria pollutant 
emission standards and safety related 
designations. The agencies feel that 
there is no ambiguity in the definition 
of these terms and therefore that 
payload calculation remains clearly 
defined with little or no opportunity for 
manipulation. The agencies have 
successfully used the previously 
established definitions of GVWR and 
curb weight to implement emissions 
and safety related programs and have 
not experienced any adverse issues in 
applying these definitions. The same is 
true for the definitions of terms used to 
calculate towing—GCWR minus GVWR. 
While this definition for towing 
capacity does not match the method 
used by manufacturers in their 
consumer advertising, the agencies 
determined that the inputs of GCWR 
and GVWR are clearly defined in our 
regulations and used for many other 
emission and safety related 
determinations and therefore also 
remain a clear and consistent method to 
define towing for the purposes of 
calculating work factor. Again, the 
agencies have successfully used the 
previously established definitions of 
GCWR and have not experienced any 
issues that would warrant a change to 
the definition or use of these 
parameters. 

ACEEE commented on recent 
announcements from two manufacturers 
that reported increases in payload 
capacity in their pick-ups due to a 
decrease in the curb weight of the 
vehicles from changes to light-weight 
materials. A reduction in vehicle weight 
while maintaining the same GVWR will 
result in a higher payload capacity 
which will then increase that vehicle’s 
calculated work factor and therefore 
result in a higher (less stringent) target 
GHG and fuel consumption standard. 
Similar to the light-duty (LD) footprint 
based approach which allows increases 
in GHG emissions and fuel consumption 

with increasing footprints, the work 
factor is designed to allow increases in 
GHG emissions and fuel consumption 
with increases in capability to do work, 
primarily hauling payload and towing. 
Decreases in curb weight as described in 
the comment actually demonstrate that 
the work factor is operating both 
appropriately and as the agencies 
intended. By reducing curb weight, 
these manufacturers are increasing the 
work capability of their trucks 
specifically purchased by consumers to 
transport payload and (sometimes) to 
tow. Additional payload capacity, while 
not always needed, will allow the user 
to transport more goods resulting in an 
overall reduction in GHGs and fuel used 
versus taking additional trips to do the 
same work. This may differ from light- 
duty pick-ups where transportation of 
goods may not be the primary use of the 
vehicle. Additionally, the reduction in 
curb weight will be beneficial in all 
other situations of unloaded and 
partially loaded transport of goods 
because a reduction in curb weight of 
the vehicle results in less energy wasted 
simply to move the vehicle regardless of 
payload. For this reason, the agencies 
included mass reduction as among the 
technologies on which the stringency of 
the final standards (as well as the phase 
1 standards) is based. Mass reduction is 
discussed in detail in the technology 
descriptions section below. 

Most of the comments supported the 
continued use of work factor-based 
standards for heavy duty pickups and 
vans. The agencies received several 
comments regarding surplus towing. 
The American Automotive Policy 
Council (AAPC) commented that 
existing NHTSA Federal Motor Vehicle 
Safety Standards effectively cap the 
towing and GCWR in this vehicle 
segment. Cummins noted that the 
curves were data-based in Phase 1 and 
any changes to the curves would require 
a full study, similar to Phase 1, in order 
to ensure feasibility and a fair 
framework for all OEMs. Daimler 
commented in support of changing 
weighting of payload to 80 percent and 
towing to 20 percent of work factor 
formula and did not oppose a cap on 
towing. Several commenters supported 
adopting a mechanism to minimize the 
incentive the standards provide to 
increase work factor. ACEEE supported 
further considering changing the shape 
of the standards curves, shown below in 
Figure VI–3 and Figure VI–4, to be 
flatter at higher work factors. Honeywell 
commented that towing capacity has 
increased significantly over the last five 
years, beyond the needs of most buyers, 
and that the curves should be flattened 

starting at 7,500 lbs, noting that this 
change would impact less that 10 
percent of all class 2b/3 vehicles. The 
International Council on Clean 
Transportation (ICCT) similarly 
suggested a cut point of 5,500 lbs. for 
gasoline trucks and 8,000 lbs. for 
diesels, based on these cutpoints being 
near the 90th percentile for the model 
year 2014 fleet. The Union of Concerned 
Scientists (UCS) (like ACEEE) 
commented that light-weighting is being 
used to increase payload and also 
supported leveling off the curves to 
eliminate the incentive to add payload 
and towing capacity. 

After considering these comments, the 
agencies concluded that the work factor 
approach established in the Phase 1 rule 
appropriately accounts for the different 
utility aspects of heavy-duty vehicles. 
While trucks and vans may be used 
differently depending on the required 
job, the three main attributes of payload, 
towing and four wheel drive remain 
properly accounted for at this time in 
the work factor equation at the current 
weightings. While a small portion of the 
fleet may be considered to have excess 
towing capacity relative to the actual 
required towing capacity by the 
customer, the agencies determined that 
the work factor design does not 
necessarily result in an incentive for 
manufacturers to build excessive towing 
into the vehicle design. Towing capacity 
increases require improvements to 
vehicle powertrains, cooling and brakes, 
generally at the expense of payload, and 
therefore the work factor reasonably 
balances an increase in towing with a 
reduction in payload. Additionally, 
increases in vehicle weight for 
additional towing capacity may result in 
an increase in the emission test weight, 
further penalizing unnecessary towing 
capacity. Moreover, as AAPC discusses 
in their comments, towing and payload 
are effectively already capped by 
existing NHTSA safety requirements in 
this segment. Consumers will ultimately 
decide on the appropriate balance of 
payload and towing for their 
applications, and the agencies therefore 
believe that establishing a work factor 
cap for the small percentage of vehicles 
with the highest towing capabilities is 
not necessary and will not result in 
emission increases or fuel consumption 
reductions under the high towing 
conditions for which those vehicles 
were purchased. 

The agencies also received comments 
regarding making changes to the work 
factor formula for vans. AAPC 
commented that the payload, towing, 
and 4wd inputs do not fully represent 
the intended uses of cargo and 
passenger vans, where cargo or 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00258 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73735 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

464 Although the final standards are implemented 
in MY 2027, the model looks out to MY 2030 to 
help account for the potential use of credit carry- 
forward provisions. 

465 In contrast, light-duty standards must remain 
in place for ‘‘at least 1, but not more than 5, model 
years.’’ 49 U.S.C. 32902(b)(3)(B). 

passenger volumes are of primary 
importance. AAPC recommended that 
the agencies add a volumetric term to 
the work factor for vans with high (208 
cubic feet or greater) cargo and 
passenger volumes. Vans with high 
volumes would have higher work 
factors and therefore less stringent 
targets with the AAPC recommended 
formula compared to the current 
formula. ACEEE commented that the 
work factor is a far better predictor of 
fuel efficiency for pickups than for vans 
and offered general support for adopting 
different work factor formulas for 
pickups and vans. 

While it is likely that a portion of the 
vans are used exclusively for cargo 
volume and that towing is not an 
important attribute for these vans, the 
commenter failed to provide sufficient 
new information to support a new work 
factor metric specifically to address 
cargo focused vans. The commenter’s 
suggested modification does not 
sufficiently represent the different van 
cargo volumes available to consumers 
today. A cargo volume based 
modification requires a complete 
industry van analysis of all available 
van cargo volumes and GHG and fuel 
economy performance levels from 
which an appropriately normalized 
adjustment would be determined, 
consistent with the approach used to 
establish the existing work factor 
equation for the attributes of payload, 
towing and four wheel drive. The 
agencies did not receive the level of 
detailed information required to 
determine the impact of cargo volume 
and establish a work factor correlation. 
Accordingly, the agencies are not 
incorporating the suggested change to 
the work factor for vans. 

As noted in the Phase 1 rule, the 
attribute-based CO2 and fuel 
consumption standards are meant to be 
as consistent as practicable from a 
stringency perspective. Vehicles across 
the entire range of the HD pickup and 
van segment have their respective target 
values for CO2 emissions and fuel 
consumption, and therefore all HD 
pickups and vans will be affected by the 
standard. With this attribute-based 
standards approach, EPA and NHTSA 
continue to believe there should be no 
significant effect on the relative 
distribution of vehicles with differing 
capabilities in the fleet, which means 
that buyers should still be able to 
purchase the vehicle that meets their 
needs. 

(b) Standards 
The agencies are adopting Phase 2 

standards as proposed based on 
analyses performed to determine the 

appropriate HD pickup and van Phase 2 
standards and the most appropriate 
phase in of those standards. These 
analyses, described below and in the 
Final RIA, considered: 
• projections of future U.S. sales for HD 

pickups and vans 
• the estimates of corresponding CO2 

emissions and fuel consumption for 
these vehicles 

• forecasts of manufacturers’ product 
redesign schedules 

• the technology available in new MY 
2014 HD pickups and vans to specify 
preexisting technology content to be 
included in the analysis fleet (the fleet 
of vehicles used as a starting point for 
analysis) extending through MY 2030 

• the estimated effectiveness, cost, 
applicability, and availability of 
technologies for HD pickup and vans 

• manufacturers’ ability to use credit 
carry-forward 

• the levels of technology that are 
projected to be added to the analysis 
fleet through MY 2030 464 considering 
improvements needed in order to 
achieve compliance with the Phase 1 
standards (thus defining the reference 
fleet—i.e., under the No-Action 
Alternative—relative to which to 
measure incremental impacts of Phase 
2 standards), and 

• the levels of technology that are 
projected to be added to the analysis 
fleet through MY 2030 considering 
further improvements needed in order 
to achieve compliance with standards 
defining each regulatory (action) 
alternative for Phase 2. 
Based on this analysis, EPA is 

adopting as proposed CO2 attribute- 
based target standards shown in Figure 
VI–3 and Figure VI–4, and NHTSA is 
adopting as proposed the equivalent 
attribute-based fuel consumption target 
standards, also shown in Figure VI–3 
and Figure VI–4, applicable in model 
year 2021–2027. As shown in these 
figures, the Phase 2 standards will be 
phased in year-by-year commencing in 
MY 2021. The agencies did not propose 
and are not adopting changes to the 
standards for 2018–2020 and therefore 
the standards will remain at the MY 
2018 Phase 1 levels for MYs 2019 and 
2020. EISA requires four years of lead- 
time and three years stability for 
NHTSA standards and this period of 
lead-time and stability for 2018–2020 is 
thus consistent with the EISA 
requirements. For MYs 2021–2027, the 
agencies are finalizing as proposed 
annual reductions (i.e., increases in 

stringency) in the standards. These 
standards become 16 percent more 
stringent overall between MY 2020 and 
MY 2027, compared to the MY 2018 
Phase 1 levels. This approach to the 
Phase 2 standards as a whole can be 
considered a phase-in or 
implementation schedule of the MY 
2027 standards (which, as noted, will 
apply thereafter unless and until 
amended). 

For EPA, Section 202(a) (1) provides 
the Administrator with the authority to 
establish standards, and to revise those 
standards ‘‘from time to time,’’ thus 
providing the Administrator with 
considerable discretion in deciding 
when to revise the Phase 1 MY 2018 
standards. As noted above, EISA 
requires that NHTSA provide four full 
model years of regulatory lead time and 
three full model years of regulatory 
stability for its fuel economy standards. 
See 49 U.S.C. 32902(k)(3). 

Congress has not spoken directly to 
the meaning of the words ’’regulatory 
stability.’’ NHTSA believes that the 
’’regulatory stability’’ requirement exists 
to ensure that manufacturers will not be 
subject to new standards in repeated 
rulemakings too rapidly, given that 
Congress did not include a minimum 
duration period for the MD/HD 
standards.465 NHTSA further believes 
that standards, which as set provide for 
increasing stringency during the period 
that the standards are applicable under 
this rule to be the maximum feasible 
during the regulatory period, are within 
the meaning of the statute. In this 
statutory context, NHTSA interprets the 
phrase ‘‘regulatory stability’’ in Section 
32902(k)(3)(B) as requiring that the 
standards remain in effect for three 
years before they may be increased by 
amendment. It does not prohibit 
standards which contain predetermined 
stringency increases.’’ 

Consistent with these authorities, the 
agencies are adopting more stringent 
standards beginning with MY 2021, and 
ending with MY 2027, that consider the 
level of technology we judge can be 
applied to new vehicles at reasonable 
cost to meet the standards. EPA believes 
the Phase 2 standards are consistent 
with CAA requirements regarding lead- 
time, cost, feasibility, and safety. 
NHTSA believes the Phase 2 standards 
are the maximum feasible under EISA. 
Manufacturers in the HD pickup and 
van market segment have relatively few 
vehicle lines and redesign cycles are 
typically longer compared to light-duty 
vehicles. Also, the timing of vehicle 
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redesigns differs among manufacturers. 
To provide lead time needed to 
accommodate these longer redesign 
cycles, the Phase 2 GHG standards will 
not reach their highest stringency until 
2027. Although these standards will 
become more stringent each year 
between MYs 2021 and 2027, the 
agencies expect manufacturers will 
likely make improvements as part of 
planned redesigns, such that some 
model years will likely involve 
significant advances, while other model 
years will likely involve little change. 
The agencies also expect manufacturers 
to use program flexibilities (e.g., credit 
carry-forward provisions and averaging 
and banking provisions) to help achieve 
compliance without compressing 
redesign schedules and to efficiently 
manage resources and capital over time. 
The MY 2018 standards are unchanged 
in MYs 2019–2020 to provide necessary 
lead time for the Phase 2 standards. 
However, some manufacturers may 
choose to begin implementing 
technologies earlier (in some cases 
potentially as soon as MY 2017) 
depending on their vehicle redesign 
cycles. Although standards are not 
changing in MYs 2019–2020, 
manufacturers may introduce additional 
technologies in order to earn credits that 
may be carried-forward under the 5 year 
credit carry-forward provisions 
established in Phase 1 and continuing 
for Phase 2. 

The agencies received several 
comments on the Phase 2 standards and 
the technological basis and feasibility of 
the standards. The comments are 
discussed in Sections VI.D and 0below, 
which provide additional discussion of 
vehicle redesign cycles and the 
feasibility of the final Phase 2 standards, 
and also in Section 7 of the Response to 
Comments document. 

Recognizing that it is unlikely that 
there is a phase-in approach that equally 
fits with all manufacturers’ unique 
product redesign schedules, the 
agencies requested comments on other 
ways the Phase 2 standards could be 
phased in. The agencies suggested one 
alternative approach would be to phase 
in the standards in a few step changes, 
for example in MYs 2021, 2024 and 
2027 (as with the standards for 
vocational vehicles, tractors, trailers, 
and the heavy duty engine standards). 
Under this example, if the step changes 
on the order of 5 percent, 10 percent, 

and 16 percent improvements from the 
MY 2020 baseline in MYs 2021, 2024 
and 2027 respectively, the program 
would provide CO2 reductions and fuel 
improvements roughly equivalent to the 
approach being adopted. EPA did not 
receive comments on this alternative 
phase-in approach, which closely 
resembles the phase-in approach used 
for the other sectors. 

AAPC commented in support of an 
alternative year-over-year phase-in that 
would phase-in stringency more 
gradually than proposed (and now 
adopted). AAPC recommended that 
rather than a 2.5 percent per year 
improvement, the increase should be at 
1.75 percent per year through MY 2024 
and then 3.5 percent per year for MY 
2025 through 2027 with the MY 2027 
level of stringency equally the proposed 
level. AAPC commented that this more 
gradual approach was consistent with 
the Phase 1 phase-in approach and 
would help manufacturers manage the 
long lead time associated with 
developing the new vehicles and 
powertrains that will be required in 
order to comply with the Phase 2 
proposal. 

The agencies are finalizing the 
proposed phase-in rather than adopting 
the approach recommended by AAPC. 
The more gradual phase-in 
recommended by AAPC would result in 
a loss of program benefits in each of the 
interim years of the program compared 
to the promulgated standards until the 
phase-in caught up with that phase-in in 
MY 2027. Because of the slower phase- 
in, the overall reduction in each interim 
year is lower than the phase-in being 
finalized. The phase-in adopted for 
Phase 1 with a more gradual ramp-up in 
standards took into consideration the 
shorter lead time associated with the 
Phase 1 standards and the uncertainty 
associated with implementing a new 
program. Phase 2 provides more lead- 
time than Phase 1 and the agencies 
believe based on their analyses of the 
standards that the lead-time provided is 
sufficient, particularly considering the 
flexibility also provided by credit carry- 
forward and carry-back provisions. 

As with Phase 1 (and like the light- 
duty vehicle standards), the Phase 2 
standards must be met on a production- 
weighted fleet average basis. No 
individual vehicle will have to meet a 
particular target (or the individual fleet 
average level). Each manufacturer will 

also have its own fleet average standard. 
Specifically, each manufacturer will 
have its own unique fleet average 
requirement based on the production- 
weighted average of the heavy duty 
pickups and vans it chooses to produce. 
Moreover, averaging, banking, and 
trading provisions, just alluded to and 
discussed further below, will provide 
significant additional compliance 
flexibility in implementing the 
standards. It is important to note, 
however, that while the standards will 
differ numerically from manufacturer to 
manufacturer, effective stringency 
should be essentially the same for each 
manufacturer. The agencies did not 
receive comments suggesting changes to 
this general averaging approach to 
establishing the standards. 

Also, as with the Phase 1 standards, 
the agencies proposed and are finalizing 
separate Phase 2 targets for gasoline- 
fueled (and any other Otto-cycle) 
vehicles and diesel-fueled (and any 
other diesel-cycle) vehicles. See 80 FR 
40337. The targets will be used to 
determine the production-weighted fleet 
average standards that apply to the 
combined diesel and gasoline fleet of 
HD pickups and vans produced by a 
manufacturer in each model year. The 
stringency increase discussed above for 
Phase 2 applies equally to the separate 
gasoline and diesel targets. For the 
proposal, the agencies considered 
different rates of increase for the 
gasoline and diesel targets in order to 
more equally balance compliance 
burdens across manufacturers with 
varying gasoline/diesel fleet mixes. 
However, at least among major HD 
pickup and van manufacturers, our 
analyses suggested limited potential for 
such optimization, especially 
considering uncertainties involved with 
manufacturers’ future fleet mix. The 
agencies did not receive comments on 
the specific topic of maintaining 
equivalent rates of increase for gasoline 
and diesel-fueled vehicles. The 
agencies, however, received several 
comments regarding maintaining 
separate standards for the two vehicle 
types. Some of the comments 
recommended closing the gap between 
diesel and gasoline-fueled vehicles by 
making the gasoline-fueled vehicle 
standards more stringent. These 
comments are discussed below. 
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Described mathematically, EPA’s and 
NHTSA’s target standards are defined 
by the following formulas: 

EPA CO2 Target (g/mile) = [a × WF] + 
b 

NHTSA Fuel Consumption Target 
(gallons/100 miles) = [c × WF] + d 

Where: 
WF = Work Factor = [0.75 × (Payload 

Capacity + xwd)] + [0.25 × Towing 
Capacity] 

Payload Capacity = GVWR (lb.) ¥ Curb 
Weight (lb.) 

xwd = 500 lbs. if the vehicle is equipped 
with 4wd, otherwise equals 0 lbs. 

Towing Capacity = GCWR (lb.) ¥ GVWR (lb.) 
Coefficients a, b, c, and d are taken from 

TableVI–2. 
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TABLEVI–2—PHASE 2 COEFFICIENTS FOR HD PICKUP AND VAN TARGET STANDARDS 

Model year a b c d 

Diesel Vehicles 

2018–2020 a ............................................................................................... 0.0416 320 0.0004086 3.143 
2021 ................................................................................................................. 0.0406 312 0.0003988 3.065 
2022 ................................................................................................................. 0.0395 304 0.0003880 2.986 
2023 ................................................................................................................. 0.0386 297 0.0003792 2.917 
2024 ................................................................................................................. 0.0376 289 0.0003694 2.839 
2025 ................................................................................................................. 0.0367 282 0.0003605 2.770 
2026 ................................................................................................................. 0.0357 275 0.0003507 2.701 
2027 and later .................................................................................................. 0.0348 268 0.0003418 2.633 

Gasoline Vehicles 

2018–2020 a ............................................................................................... 0.044 339 0.0004951 3.815 
2021 ................................................................................................................. 0.0429 331 0.0004827 3.725 
2022 ................................................................................................................. 0.0418 322 0.0004703 3.623 
2023 ................................................................................................................. 0.0408 314 0.0004591 3.533 
2024 ................................................................................................................. 0.0398 306 0.0004478 3.443 
2025 ................................................................................................................. 0.0388 299 0.0004366 3.364 
2026 ................................................................................................................. 0.0378 291 0.0004253 3.274 
2027 and later .................................................................................................. 0.0369 284 0.0004152 3.196 

Note: 
a Phase 1 primary phase-in coefficients. Alternative phase-in coefficients are different in MY 2018 only. 

As noted above, the agencies did not 
propose and are not adopting changes 
from the final Phase 1 standards for 
MYs 2018–2020. The MYs 2018–2020 
standards are shown in the figures and 
tables above for reference. The agencies 
did not receive comments 
recommending changes to the standards 
in these model years. 

NHTSA and EPA have also analyzed 
regulatory alternatives to these 
standards, as discussed in Sections VI.D 
and 0and Section X. below. The 
agencies requested comment on all of 
the alternatives analyzed for the 
proposal, but requested comment on 
Alternative 4 in particular. The agencies 
did not propose Alternative 4 because 
EPA and NHTSA had outstanding 
questions regarding relative risks and 
benefits of Alternative 4 due to the 
timeframe envisioned by that 
alternative. As noted above, Alternative 
4 would have provided less lead time 
for the complete phase-in of the Phase 
2 standards based on an annual 
improvement of 3.5 percent per year in 
MYs 2021–2025 compared to the 
Alternative 3 per year improvement of 
2.5 percent in MYs 2021–2027. 

In the proposal, the agencies 
requested comments, data, and 
information that would help inform 
determination of the maximum feasible 
(for NHTSA) and appropriate (for EPA) 
stringency for HD pickups and vans and 
are particularly interested in 
information and data related to the 
expected adoption rates of different 
emerging technologies, such as mild and 
strong hybridization. The agencies 
received comments both in support of 

and not in support of Alternative 4 and 
also received comments in support of 
standards more stringent than either the 
proposal or the Alternative 4 pull ahead. 
The comments regarding stringency and 
feasibility are discussed in Sections 
VI.D and E. As described in these 
sections, and in Section X and RIA 
Chapter 11, NHTSA and EPA believe 
the final Phase 2 standards represent, 
respectively, the maximum feasible 
standards under EISA and the most 
stringent standards reasonably 
achievable under the CAA considering 
lead-time, reasonable cost, feasibility, 
and safety. 

As with Phase 1 standards, to 
calculate a manufacturer’s HD pickup 
and van fleet average standard, the 
agencies proposed and are finalizing 
separate target curves for gasoline and 
diesel vehicles in Phase 2. While diesel 
and gasoline vehicles have separate 
work factor-based target standard 
curves, all of a manufacturer’s vehicles 
are averaged together as a single 
averaging set to demonstrate 
compliance. As noted above, the 
agencies’ Phase 2 standards are 
estimated to result in approximately 16 
percent reductions in CO2 and fuel 
consumption for both diesel and 
gasoline vehicles relative to the MY 
2018 Phase 1 standards for HD pickup 
trucks and vans. 

The agencies requested comment on 
both the level of stringency of the 
standards and the continued separate 
targets for gasoline and diesel HD 
pickups and vans. AAPC supported the 
agencies’ proposal to maintain separate 
targets noting that the approach ensures 

that manufacturers of either engine type 
will implement the latest CO2 reducing 
technologies. AAPC further commented 
that significant technological and 
market-based differences exist between 
heavy-duty gasoline and heavy-duty 
diesel engines. According to the 
commenter, maintaining separate but 
comparably stringent spark ignition and 
compression ignition targets will allow 
customers for specific applications to 
take advantage of the combustion 
technology that best meets their specific 
application requirements. 

Several commenters did not support 
the proposed approach but instead 
supported setting a single fuel-neutral 
set of targets. Cummins commented that 
there is sufficient lead-time and 
technology to create a pathway to fuel- 
neutral targets, and that fuel neutral 
targets would eliminate any competitive 
advantage or preference to a particular 
GHG/FE technology and maintain the 
environmental benefits envisioned for 
the program. Daimler, Honeywell, and 
MEMA similarly commented in support 
of fuel-neutral standards. Honeywell 
and Motor and Equipment 
Manufacturers Association (MEMA) 
suggested basing the standards on a 16 
percent improvement from the projected 
MY 2018 gasoline/diesel combined 
baseline. ACEEE and ICCT commented 
in support of a single set of standards 
set at or close to the capabilities of 
diesel technology. These commenters 
suggested that gasoline engines should 
be subject to more stringent standards 
than proposed and that gasoline and 
diesel engines should be held to the 
same performance-based standards. 
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Bosch disagreed with maintaining 
separate targets for gasoline and diesel 
HD pickups and vans. Bosch 
recommended that targets be fuel 
neutral, as they are in the light-duty 
vehicle programs. Bosch commented 
that it ‘‘believes that a market shift 
towards spark-ignited vehicles and 
away from HD pickups and vans 
powered by ‘‘fundamentally more 
efficient’’ CI engines would be a very 
real possibility under Phase 2 if the 
separate gasoline and diesel targets are 
finalized as proposed.’’ Bosch continues 
that ‘‘any such shift would signify not 
only a move towards less efficient 
internal combustion engines, but would 
be counterproductive from a 
programmatic/environmental and 
energy standpoint.’’ Bosch further 
commented that ‘‘diesels from a criteria 
pollutant (especially NOX emissions 
perspective, have made far greater 
strides over the years than gasoline 
engines, and for that reason have 
incurred greater technological 
development costs than the latter. While 
equivalent CO2 target values may be 
more expensive, comparatively 
speaking, for SI engines to achieve 
(based on the agencies’ cost analysis), 
the additional cost imposed on these 
engines likely would not rise to the 
level of, much less overtake CI engines’ 
historically higher technological 
development and system costs.’’ 

The agencies generally prefer to set 
standards that do not distinguish 
between fuel types where technological 
or market-based reasons do not strongly 
argue otherwise. However, as with 
Phase 1, we continue to believe that 
fundamental differences between spark 
ignition and compression ignition 
engines warrant unique fuel standards, 
which is also important in ensuring that 
our program maintains product choices 
available to vehicle buyers. In fact, 
gasoline and diesel fuel behave so 
differently in the internal combustion 
engine that they have historically 
required unique test procedures, 
emission control technologies and 
emission standards. These technological 
differences between gasoline and diesel 
engines for GHGs and fuel consumption 
exist presently and will continue to 
exist after Phase 1 and through Phase 2 
until advanced research evolves the 
gasoline fueled engine to diesel-like 
efficiencies. This will require significant 
technological breakthroughs currently 
in early stages of research such as 
homogeneous charge compression 
ignition (HCCI) or similar concepts. 
Because these technologies are still in 
the early research stages, we believe the 
separate fuel type standards are 

appropriate in the timeframe of this rule 
to assure the availability of both 
gasoline and diesel engines. We also 
project that these separate standards 
will result in roughly equivalent 
redesign burdens for engines of both 
fuel types as evidenced by feasibility 
and cost analysis in RIA Chapter 10. For 
the same reasons, the agencies are 
adopting separate standards for diesel 
and SI vocational engines. See Section 
V. above. 

In order to maintain the same overall 
level of stringency as proposed for the 
program, a fuel neutral standard would 
result in an increase in stringency for 
gasoline or spark ignition vehicles with 
a matching relaxation of stringency for 
diesel or compression ignition vehicles 
relative to the separate numerical levels 
established in the proposal for gasoline 
and diesel vehicles. Based on the 
analysis of available technologies for 
both types of vehicles, the agencies do 
not feel it is appropriate to adopt such 
a change for either gasoline or diesel 
vehicles. This change could lead to an 
undesirable reduction in penetration of 
fuel efficient technologies in diesels, 
particularly from manufacturers who 
produce predominately diesel vehicles, 
while requiring a higher penetration of 
advanced technologies like strong 
hybridization in gasoline vehicles, 
distorting consumer choice. 
Additionally, the agencies do not agree 
with the comment stating that 
maintaining separate gasoline and diesel 
targets of equal increases in stringency 
of 2.5 percent per year from the Phase 
1 final standards will result in a shift to 
less efficient gasoline vehicles. The 
agencies determined that manufacturers 
have similar technology challenges and 
corresponding costs regardless of fuel 
type and therefore manufacturers do not 
have an easier or lower cost long term 
path to compliance by simply shifting 
production from one fuel type to the 
other. 

Note further that a manufacturer’s 
fleet average standard is the production 
weighted average of all its targets, both 
gasoline and diesel. Thus, there is no 
separate gasoline vehicle standard, or 
separate diesel standard. Commenters 
may have been confused on this point 
(several of the commenters referred to 
gasoline ‘standards’, or diesel 
‘standards’). This averaging feature of 
the standard further increases incentives 
to add advanced technologies to either 
gasoline or diesel vehicles if 
manufacturers perceive it advantageous 
to do so, since the benefit is experienced 
fleet wide, not just for the gasoline or 
diesel segment of a manufacturer’s 
production line. 

The NHTSA fuel consumption target 
curves and EPA GHG target curves are 
equivalent. The agencies established the 
target curves using the direct 
relationship between fuel consumption 
and CO2 using conversion factors of 
8,887 g CO2/gallon for gasoline and 
10,180 g CO2/gallon for diesel fuel. 

It is expected that measured 
performance values for CO2 will 
generally be equivalent to fuel 
consumption. However, Phase 1 
established a provision that EPA is not 
changing for Phase 2 that allows 
manufacturers, if they choose, to use 
CO2 credits to help demonstrate 
compliance with N2O and CH4 
emissions standards, by expressing any 
N2O and CH4 under compliance in 
terms of their CO2-equivalent and 
applying CO2 credits as needed. For test 
families that do not use this compliance 
alternative, the measured performance 
values for CO2 and fuel consumption 
will be equivalent because the same test 
runs and measurement data will be used 
to determine both values, and calculated 
fuel consumption will be based on the 
same conversion factors that are used to 
establish the relationship between the 
CO2 and fuel consumption target curves 
(8,887 g CO2/gallon for gasoline and 
10,180 g CO2/gallon for diesel fuel). For 
manufacturers that choose to use EPA 
provision for CO2 credit use in 
demonstrating N2O and CH4 
compliance, compliance with the CO2 
standard will not be directly equivalent 
to compliance with the NHTSA fuel 
consumption standard. 

(2) What are the HD pickup and van test 
cycles and procedures? 

The Phase 1 program established 
testing procedures for HD pickups and 
vans and NHTSA and EPA are 
maintaining these testing protocols. The 
vehicles will continue to be tested using 
the same heavy-duty chassis test 
procedures currently used by EPA for 
measuring criteria pollutant emissions 
from these vehicles, including the city 
fuel economy test cycle (FTP) and the 
highway fuel economy test cycle 
(HFET). These test procedures are used 
by manufacturers for certification and 
emissions compliance demonstrations 
and by the agencies for compliance 
verification and enforcement. While the 
FTP and the HFET driving patterns are 
identical to that of the light-duty test 
cycles, other test parameters for running 
them, such as test vehicle loaded 
weight, are specific to complete heavy- 
duty vehicles. Please see Section II.C (2) 
of the Phase 1 Preamble (76 FR 57166) 
for a discussion of how HD pickups and 
vans are tested. 
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The test procedures for HD pickups 
and vans currently specify using a fuel 
with properties established under the 
light-duty (LD) vehicle Tier 2 program. 
EPA recently finalized new emission 
standards under the Tier 3 program for 
both LD vehicles and HD pickups and 
vans which will begin to phase-in in 
MY 2017 for LD vehicles and MY 2018 
for vehicles over 6000 pounds GVWR, 
including HD pickups and vans. As part 
of the Tier 3 program, new test 
procedures for gasoline-fueled vehicles 
requiring the use of a new test fuel 
containing 10 percent ethanol which is 
more representative of in-use fuel that 
the vehicles will encounter. The 
agencies are investigating any potential 
impact of changes to the fuel properties 
on GHG emissions and fuel 
consumption and have committed to 
providing appropriate adjustment to the 
test procedures if necessary to ensure no 
change in stringency of the Phase 1 or 
the Phase 2 standards. 

AAPC commented that the current 
methodology of grouping vehicles by 
the Equivalent Test Weight (ETW) in 
increments of 500 pounds for 
determining their GHG and FE 
performance is too large to capture 
weight reductions that may occur 
within a 500 pound grouping. Under the 
current test procedures, vehicles are 
tested at 500 lb. increments of inertial 
weight classes when testing at or above 
5500 lbs. test weight. For example, the 
commenter stated that all vehicles 
having a calculated test weight basis of 
11,251 to 11,750 lbs. are tested at 11,500 
lbs. (i.e., the midpoint of the range). 
However, for some vehicles, the 
existence of these bins and the large 
intervals between bins may reduce or 
eliminate the incentive for mass 
reduction for some vehicles, as a vehicle 
may require significant mass reduction 
before it could switch from one test 
weight bin to the next lower bin. For 
other vehicles, these bins may unduly 
reward relatively small reductions of 
vehicle mass, as a vehicle’s mass may be 
only slightly greater than that needed to 
be assigned a 500-pound lighter inertia 
weight class. For example, for a vehicle 
with a calculated test weight basis of 
11,700 lbs., a manufacturer would 
receive no regulatory benefit for 
reducing the vehicle weight by 400 lbs., 
because the vehicle would stay within 
the same weight bracket. 

The agencies believe this (and similar 
comments) have some merit. In 
response, the agencies are finalizing an 
option allowing manufacturers to divide 
vehicle models into finer weight 
groupings of vehicles for the different 
Adjusted Loaded Vehicle Weights 
(ALVW) for purposes of more precise 

calculation of CO2 emissions 
performance within the 500 pound 
increment test weight classes. 
Manufacturers will be able to select 50, 
100, 250, or 500 weight groups for 
reporting emissions. ALVW will vary 
within a single ETW largely depending 
on the varying models curb weights 
from customer option selection and 
other production variations. The 
calculation of CO2 emissions 
performance for the finer groupings is 
performed as described in 40 CFR 
86.1819–14(g))) for analytically 
adjusting CO2 (ADCO2) emissions. The 
test results at the existing 500 pound 
increment ETWs will be used to 
determine the CO2 emissions 
performance level of the new groupings 
using the analytically derived equation. 
This new ADCO2 emissions level is only 
used for this new grouping and cannot 
be used to extend determination of other 
ALVW groupings emission performance 
levels. The vehicle specific values used 
to determine the change in ETW in the 
ADCO2 emissions calculation to 
estimate the performance of the smaller 
grouping should be consistent with 
value used to calculate the single work 
factor of that same grouping. This 
change does not impact the ETW of a 
group of vehicle models that are 
contained in the 500 pound increment 
of ETW when performing testing nor 
does it eliminate any vehicle in that 
grouping from being responsible for 
emission performance at the 500 pound 
increment test weight classes. As 
described, this change only allows for 
more precise CO2 emissions estimation 
for the potentially different curb weights 
of vehicles grouped in a single ETW 
class for purposes of fleet average 
calculation. If a manufacturer chooses to 
use less than 500 pound increments, 
they are required to use this option for 
all of their HD vehicles that are chassis 
certified (including loose engines). 

(3) Fleet Average Standards 
As proposed, and as noted above, 

NHTSA and EPA are retaining the fleet 
average standards approach finalized in 
the Phase 1 rule and structurally similar 
to light-duty Corporate Average Fuel 
Economy (CAFE) and GHG standards. 
The fleet average standard for a 
manufacturer is a production-weighted 
average of the work factor-based targets 
assigned to unique vehicle 
configurations within each model type 
produced by the manufacturer in a 
model year, with separate targets for 
gasoline and diesel vehicles (which are 
then combined into a production 
weighted average which comprises that 
manufacturer’s fleet average standard). 
Each manufacturer will continue to 

have an average GHG requirement and 
an average fuel consumption 
requirement unique to its new HD 
pickup and van fleet in each model 
year, depending on the characteristics 
(payload, towing, and drive type, as 
well as gasoline and diesel) of the 
vehicle models produced by that 
manufacturer, and on the U.S.-directed 
production volume of each of those 
models in that model year. Vehicle 
models with larger payload/towing 
capacities and/or four-wheel drive have 
individual targets at numerically higher 
CO2 and fuel consumption levels than 
less capable vehicles, as discussed in 
Section VI.B.(1). The agencies did not 
receive comments suggesting changes to 
this fundamental approach to the 
standards. 

The fleet average standard with which 
the manufacturer must comply will 
continue to be based on its final 
production figures for the model year, 
and thus a final assessment of 
compliance will occur after production 
for the model year ends. The assessment 
of compliance also must consider the 
manufacturer’s use of carry-forward and 
carry-back credit provisions included in 
the averaging, banking, and trading 
program. Because compliance with the 
fleet average standards depends on 
actual test group production volumes, it 
is not possible to determine compliance 
at the time the manufacturer applies for 
and receives an (initial) EPA certificate 
of conformity for a test group. Instead, 
at certification the manufacturer will 
demonstrate a level of performance for 
vehicles in the test group, and make a 
good faith demonstration that its fleet, 
regrouped by unique vehicle 
configurations within each model type, 
is expected to comply with its fleet 
average standard when the model year 
is over. EPA will issue a certificate for 
the vehicles covered by the test group 
based on this demonstration, and will 
include a condition in the certificate 
that if the manufacturer does not 
comply with the fleet average, then 
production vehicles from that test group 
will be treated as not covered by the 
certificate to the extent needed to bring 
the manufacturer’s fleet average into 
compliance. As in the parallel program 
for light-duty vehicles, additional 
‘‘model type’’ testing will be conducted 
by the manufacturer over the course of 
the model year to supplement the initial 
test group data. The emissions and fuel 
consumption levels of the test vehicles 
will be used to calculate the production- 
weighted fleet averages for the 
manufacturer, after application of the 
appropriate deterioration factor to each 
result to obtain a full useful life value. 
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466 79 FR 23492, April 28, 2014 and 40 CFR 
86.1805–17. 

467 N2O has a GWP of 298 and CH4 has a GWP 
of 34 according to the IPCC AR5. 

Please see Section II.C.(3)(a) of the 
Phase 1 Preamble (76 FR 57167) for 
further discussion of the fleet average 
approach for HD pickups and vans. 

(4) In-Use Standards 
Section 202(a)(1) of the CAA specifies 

that EPA set emissions standards that 
are applicable for the useful life of the 
vehicle. EPA will continue the in-use 
standards approach for individual 
vehicles that EPA finalized for the Phase 
1 program. NHTSA did not adopt Phase 
1 in-use standards and did not propose 
in-use standards for Phase 2. For the 
EPA program, compliance with the in- 
use standard for individual vehicles and 
vehicle models does not impact 
compliance with the fleet average 
standard, which will be based on the 
production-weighted average of the new 
vehicles. Vehicles that fail to meet their 
in-use emission standards will be 
subject to recall to correct the 
noncompliance. NHTSA is finalizing 
the use of EPA’s useful life requirements 
to ensure manufacturers consider in the 
design process the need for fuel 
efficiency standards to apply for the 
same duration and mileage as EPA 
standards. NHTSA will limit such 
penalties to situations in which it 
determined that the vehicle or engine 
manufacturer failed to comply with the 
standards. 

As with Phase 1, the in-use Phase 2 
GHG standards for HD pickups and vans 
will be established by adding an 
adjustment factor to the full useful life 
emissions used to calculate the GHG 
fleet average. Each model’s in-use CO2 
standard will be the model-specific 
level used in calculating the fleet 
average, plus 10 percent. No adverse 
comments were received on this 
provision. Please see Section II.C.(3)(b) 
of the Phase 1 Preamble (76 FR 57167) 
for further discussion of in-use 
standards for HD pickups and vans. 
This provision, along with the 
continuation of the Phase 1 test 
procedures, eliminates that need for the 
agencies to include any additional 
compliance margin in our feasibility 
analysis. 

For Phase 1, EPA aligned the useful 
life for GHG emissions with the useful 
life that was in place for criteria 
pollutants: 11 years or 120,000 miles, 
whichever occurs first (40 CFR 86.1805– 
04(a)). Since the Phase 1 rule was 
finalized, EPA updated the useful life 
for criteria pollutants as part of the Tier 
3 rulemaking.466 The new useful life 
implemented for Tier 3 is 150,000 miles 
or 15 years, whichever occurs first. As 

proposed, the useful life for GHG 
emissions and fuel consumption will 
also be 150,000 miles/15 years starting 
in MY 2021 when the Phase 2 standards 
begin so that the useful life remains 
aligned for GHG and criteria pollutant 
standards long term. The agencies did 
not receive adverse comments on this 
provision. 

(5) Other GHG Standards for HD 
Pickups and Vans 

This section addresses greenhouse 
gases other than CO2. Note that since 
these are greenhouse gases not directly 
related to fuel consumption, NHTSA 
does not have equivalent standards. 

(a) Nitrous Oxide (N2O) and Methane 
(CH4) 

In the Phase 1 rule, EPA established 
emission standards for HD pickups and 
vans for both nitrous oxide (N2O) and 
methane (CH4). Similar to the CO2 
standard approach, the N2O and CH4 
emission levels of a vehicle are based on 
a composite of the light-duty FTP and 
HFET cycles with the same 55 percent 
city weighting and 45 percent highway 
weighting. The N2O and CH4 standards 
were both set by EPA at 0.05 g/mile. 
Unlike the CO2 standards, averaging 
between vehicles is not allowed. The 
standards are designed to prevent 
increases in N2O and CH4 emissions 
from current levels, i.e., a no- 
backsliding standard. EPA did not 
propose and is not adopting any 
changes the N2O or CH4 standards or 
related provisions established in the 
Phase 1 rule. Please see Phase 1 
Preamble Section II.E. (76 FR 57188– 
57193) for additional discussion of N2O 
and CH4 emissions and standards. 

Across both current gasoline- and 
diesel-fueled heavy-duty vehicle 
designs, emissions of CH4 and N2O are 
relatively low and the intent of the cap 
standards is to ensure that future 
vehicle technologies or fuels do not 
result in an increase in these emissions. 
Given the global warning potential 
(GWP) of CH4, the 0.05 g/mile cap 
standard is equivalent to about 1.7 g/ 
mile CO2, which is much less than 1 
percent of the overall GHG emissions of 
most HD pickups and vans.467 The 
effectiveness of oxidation of CH4 using 
a three-way or diesel oxidation catalyst 
is limited by the activation energy, 
which tends to be higher where the 
number of carbon atoms in the 
hydrocarbon molecule is low and thus 
CH4 is very stable. At this time we are 
not aware of any technologies beyond 
the already present catalyst systems 

which are highly effective at oxidizing 
most hydrocarbon species for gasoline 
and diesel fueled engines that would 
further lower the activation energy 
across the catalyst or increase the energy 
content of the exhaust (without further 
increasing fuel consumption and CO2 
emissions) to further reduce CH4 
emissions at the tailpipe. The CH4 
standard remains an important backstop 
to prevent future increases in CH4 
emissions. EPA did not receive adverse 
comments regarding the proposal to not 
change the CH4 standard for HD pickups 
and vans. 

N2O is emitted from gasoline and 
diesel vehicles mainly during specific 
catalyst temperature conditions 
conducive to N2O formation. The 0.05 g/ 
mile standard, which translates to a 
CO2-equivalent value of 14.9 g/mile, 
ensures that systems are not designed in 
a way that emphasizes efficient NOX 
control while allowing the formation of 
significant quantities of N2O. The Phase 
1 N2O standard of 0.05 g/mile for 
pickups and vans was finalized 
knowing that it is more stringent than 
the Phase 1 N2O engine standard of 0.10 
g/hp-hr, which is being continued for 
Phase 2, as discussed in Section II.D.3. 
EPA continues to believe that the 0.05 
g/mile standard provides the necessary 
assurance that N2O will not significantly 
increase, given the mix of gasoline and 
diesel fueled engines in this market and 
the upcoming implementation of the 
light-duty and heavy-duty (up to 14,000 
lbs. GVWR) Tier 3 NOX standards. EPA 
knows of no technologies that would 
lower N2O emissions beyond the control 
provided by the precise emissions 
control systems already being 
implemented to meet EPA’s criteria 
pollutant standards. Therefore, EPA 
continues to believe the 0.05 g/mile N2O 
standard remains appropriate. 

The California Air Resources Board 
(CARB) suggested that EPA investigate 
the feasibility of more stringent tailpipe 
standards. EPA may consider more 
stringent standards in the future if data 
is available to support adjustments to 
the standards as appropriate and 
consistent with the CAA, but we repeat 
that at present we know of no further 
emission reduction technologies for 
either N2O or CH4. 

If a manufacturer is unable to meet 
the N2O or CH4 cap standards, the EPA 
program allows the manufacturer to 
comply using CO2 credits. In other 
words, a manufacturer may offset any 
N2O or CH4 emissions above the 
standard by taking steps to further 
reduce CO2. A manufacturer choosing 
this option would use GWPs to convert 
its measured N2O and CH4 test results 
that are in excess of the applicable 
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468 IPCC AR4 included a N2O GWP of 298 and a 
CH4 GWP of 25. These factors are used in the Phase 
1 rule credits calculations. 

469 The U.S. EPA has reclamation requirements 
for refrigerants in place under Title VI of the Clean 
Air Act. See 40 CFR part 82 Subpart B. 

standards into CO2eq to determine the 
amount of CO2 credits required. For 
example, for Phase 1, a manufacturer 
would use 25 Mg of positive CO2 credits 
to offset 1 Mg of negative CH4 credits or 
use 298 Mg of positive CO2 credits to 
offset 1 Mg of negative N2O credits.468 
By using the GWP of N2O and CH4, the 
approach recognizes the inter- 
correlation of these compounds in 
impacting global warming and is 
environmentally neutral for 
demonstrating compliance with the 
individual emissions caps. Because fuel 
conversion manufacturers certifying 
under 40 CFR part 85, subpart F, do not 
participate in ABT programs, EPA 
included in the Phase 1 rule a 
compliance option for fuel conversion 
manufacturers to comply with the N2O 
and CH4 standards that is similar to the 
credit program described above. See 76 
FR 57192. The compliance option will 
allow conversion manufacturers, on an 
individual engine family basis, to 
convert CO2 over compliance into CO2 
equivalents (CO2 eq) of N2O and/or CH4 
that can be subtracted from the CH4 and 
N2O measured values to demonstrate 
compliance with CH4 and/or N2O 
standards. EPA did not include similar 
provisions allowing over compliance 
with the N2O or CH4 standards to serve 
as a means to generate CO2 credits 
because the CH4 and N2O standards are 
cap standards representing levels that 
all but the worst vehicles should already 
be well below. Allowing credit 
generation against such cap standard 
would provide a windfall credit without 
any true GHG reduction. As proposed, 
EPA is maintaining these provisions for 
Phase 2 as they provide important 
flexibility without reducing the overall 
GHG benefits of the program. 

EPA requested comments on updating 
GWPs used in the calculation of credits 
discussed above. For Phase 2, EPA is 
updating the GWP for methane from 25 
to 34 based on IPCC AR5. Please see the 
full discussion of this issue provided in 
Sections II.D and XI.D. 

CARB suggested that EPA consider 
eliminating or at least phasing out the 
use of CO2 credits in lieu of compliance 
with tailpipe methane standards. In 
contrast, NGVAmerica strongly 
supported extending this compliance 
option, noting that the ability to offset 
methane (and also nitrous oxide) 
emissions with CO2 credits is critical for 
new natural gas engines and vehicles. 
Cummins also commented in support of 
continuing to allow the use of CO2- 
equivalent credits to comply with N2O 

and CH4 standards. Cummins 
commented that the flexibility has been 
applied by various manufacturers in 
Phase 1 and is necessary for Phase 2. 
Review of MY 2014 certification GHG 
data confirmed that several 
manufacturers utilized this Phase 1 
program flexibility for either N2O or CH4 
debits on their diesel vehicles. EPA 
continues to believe this flexibility is 
appropriate as it provides important 
flexibility to manufacturers in an 
environmentally neutral manner. 

(b) Air Conditioning Related Emissions 
Air conditioning systems contribute 

to GHG emissions in two ways—direct 
emissions through refrigerant leakage 
and indirect exhaust emissions due to 
the extra load on the vehicle’s engine to 
provide power to the air conditioning 
system. HFC refrigerants, which are 
powerful GHG pollutants, can leak from 
the A/C system. This includes the direct 
leakage of refrigerant as well as the 
subsequent leakage associated with 
maintenance and servicing, and with 
disposal at the end of the vehicle’s 
life.469 Currently, the most commonly 
used refrigerant in automotive 
applications—R134a, has a high GWP. 
Due to the high GWP of R134a, a small 
leakage of the refrigerant has a much 
greater global warming impact than a 
similar amount of emissions of CO2 or 
other mobile source GHGs. 

In Phase 1, EPA finalized low leakage 
requirement for all air conditioning 
systems installed in 2014 model year 
and later HDVs, with the exception of 
Class 2b–8 vocational vehicles. As 
discussed in Section V.B.(2)(c), EPA is 
extending leakage standards to 
vocational vehicles for Phase 2. For air 
conditioning systems with a refrigerant 
capacity greater than 733 grams, EPA 
finalized a leakage standard which is a 
‘‘percent refrigerant leakage per year’’ to 
assure that high-quality, low-leakage 
components are used in each air 
conditioning system design. EPA 
finalized a standard of 1.50 percent 
leakage per year for heavy-duty pickup 
trucks and vans and Class 7 and 8 
tractors. See Section II.E.5. of the Phase 
1 Preamble (76 FR 57194–57195) for 
further discussion of the A/C leakage 
standard. The leakage standard 
continues to apply for Phase 2 
regardless of the refrigerant used in the 
A/C system. See Section I.F. for how the 
Phase 2 program handles the use of 
alternative refrigerants. 

In addition to direct emissions from 
refrigerant leakage, air conditioning 

systems create indirect exhaust 
emissions due to the extra load on the 
vehicle’s engine to provide power to the 
air conditioning system. These indirect 
emissions are in the form of the 
additional CO2 emitted from the engine 
when A/C is being used due to the 
added loads. Unlike direct emissions 
which tend to be a set annual leak rate 
not directly tied to usage, indirect 
emissions are fully a function of A/C 
usage. These indirect CO2 emissions are 
associated with air conditioner 
efficiency, since (as just noted) air 
conditioners create load on the engine. 
See 74 FR 49529. In Phase 1, the 
agencies did not set air conditioning 
efficiency standards for vocational 
vehicles, combination tractors, or heavy- 
duty pickup trucks and vans. The CO2 
emissions due to air conditioning 
systems in these heavy-duty vehicles 
were estimated to be minimal compared 
to their overall emissions of CO2. 76 FR 
57194–57196. This continues to be the 
case. For this reason, EPA did not 
propose and is not establishing A/C 
efficiency standards for Phase 2. This 
differs from light-duty vehicles where 
CO2 emissions related to A/C systems 
can be a significant portion of overall 
vehicle CO2 emissions and EPA has 
established appropriate standards and 
test procedures. 

AAPC and Nissan commented that the 
agencies should provide A/C efficiency 
credits similar to those included in the 
light-duty vehicle program. AAPC also 
commented that the AC17 test, included 
in the light-duty vehicle program to 
confirm A/C system performance, 
would be impractical and should not be 
required for heavy-duty vehicles. The 
agencies did not propose and are not 
adopting A/C efficiency credits for 
heavy-duty pickups and vans. AAPC 
suggests that the agencies could allow 
the same credits as are available in the 
light-duty vehicle program but no data 
is provided regarding the 
appropriateness of the credits. The EPA 
would need to resolve a number of open 
issues relating to environmental 
implications of A/C efficiency credits 
for these vehicles (among them, 
potential credit generation rate, whether 
credits would be windfall, implications 
for the standard stringency) before 
considering adopting an A/C efficiency 
credit regime. Also, the AC17 test is an 
integral part of the light-duty vehicle 
program serving as a confirmation that 
the credits are based on actual 
performance improvements. EPA does 
not believe that it would be appropriate 
to provide credits based only on the 
presumption that systems similar to 
those used in light-duty trucks will 
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provide the same improvements in 
heavy-duty pickups and vans with no 
confirmation through testing. 

AAPC also recommended that EPA 
provide credits for reduced refrigerant 
leakage and alternative refrigerant usage 
similar to the light-duty vehicle 
program. In response, as discussed 
above and in Section I.F, EPA has 
established standards for refrigerant 
leakage. EPA does not believe that it 
would be appropriate to provide credits 
for items that are essentially required. 
Providing such credits without an 
increase in total program stringency 
similar to the light-duty approach to A/ 
C efficiency and refrigerant leakage 
would result in a loss of program 
benefits. 

C. Use of the CAFE Model in Heavy- 
Duty Rulemaking 

NHTSA developed the CAFE model 
in 2002 to support the 2003 issuance of 
CAFE standards for MYs 2005–2007 
light trucks. NHTSA has since 
significantly expanded and refined the 
model, and has applied the model to 
support every ensuing CAFE rulemaking 
for both light-duty and heavy-duty. For 
this analysis, the model was 
reconfigured to use the work based 
attribute metric of ‘‘work factor’’ 
established in the Phase 1 rule instead 
of the light duty ‘‘footprint’’ attribute 
metric. 

Past analyses conducted using the 
CAFE model have been subjected to 
extensive and detailed review and 
comment, much of which has informed 
the model’s expansion and refinement. 
NHTSA’s use of the model was 
considered and supported in Center for 
Biological Diversity v. National Highway 
Traffic Safety Admin., 538 F.3d 1172, 
1194 (9th Cir. 2008). For further 
discussion see 76 FR 57198, and the 
model has been subjected to formal peer 
review and review by the General 
Accounting Office (GAO) and National 
Research Council (NRC). NHTSA makes 
public the model, source code, and— 
except insofar as doing so will 
compromise confidential business 
information (CBI) manufacturers have 
provided to NHTSA—all model inputs 
and outputs underlying published 
rulemaking analyses. 

Although the CAFE model can also be 
used for more aggregated analysis (e.g., 
involving ‘‘representative vehicles,’’ 
single-year snapshots, etc.), NHTSA 
designed the model with a view toward 
(a) detailed simulation of 
manufacturers’ potential actions given a 
defined set of standards, followed by (b) 
calculation of resultant impacts and 
economic costs and benefits. The model 
is intended to describe actions 

manufacturers could take in light of 
defined standards and other input 
assumptions and estimates, not to 
predict actions manufacturers will take 
in light of competing product and 
market interests (e.g. engine power, 
customer features, technology 
acceptance, etc.). 

For the proposal, the agencies 
conducted coordinated and 
complementary analyses using two 
analytical methods for the heavy-duty 
pickup and van segment by employing 
both NHTSA’s CAFE model and EPA’s 
MOVES model. The agencies used 
EPA’s MOVES model to estimate fuel 
consumption and emissions impacts for 
tractor-trailers (including the engine 
that powers the tractor), and vocational 
vehicles (including the engine that 
powers the vehicle). Additional 
calculations were performed to 
determine corresponding monetized 
program costs and benefits. For heavy- 
duty pickups and vans, the agencies 
performed complementary analyses, 
which we refer to as ‘‘Method A’’ and 
‘‘Method B.’’ 

For the final rule, NHTSA’s Method A 
uses a modified version of the CAFE 
model developed since the NPRM, as 
well as accompanying updates to CAFE 
model inputs, to project a pathway the 
industry could use to comply with each 
regulatory alternative and the estimated 
effects on fuel consumption, emissions, 
benefits and costs were industry to do 
so. Method A is presented below in 
Section D and differs from the Method 
A analysis provided in the NPRM. 
NHTSA considered the results of the 
Method A analysis for decision making 
for the final rule. 

EPA’s Method B analysis continues to 
use the CAFE model and inputs 
developed for the NPRM to identify 
technology pathways the industry could 
potentially use to comply with each 
regulatory alternative, along with 
resultant impacts on per vehicle costs 
should that compliance path be utilized, 
and the MOVES model was used to 
calculate corresponding changes in total 
fuel consumption and annual emissions. 
The results are presented in Section E. 
Additional calculations were performed 
to determine corresponding monetized 
program costs and benefits. NHTSA’s 
consideration of the Method A analysis 
and EPA’s consideration of the Method 
B analysis led the agencies to the same 
conclusions regarding the selection of 
the Phase 2 standards. See Sections D 
and E for additional discussion of these 
two methods and the feasibility of the 
standards. 

(1) Overview of the CAFE Model 

As a starting point, the model makes 
use of an input file defining the analysis 
fleet—that is, a set of specific vehicle 
models (e.g., Ford F250) and model 
configurations (e.g., Ford F250 with 6.2- 
liter V8 engine, 4WD, and 6-speed 
manual transmission) estimated or 
assumed to be produced by each 
manufacturer in each model year to be 
included in the analysis. The analysis 
fleet includes key engineering attributes 
(e.g., curb weight, payload and towing 
capacities, dimensions, presence of 
various fuel-saving technologies) of each 
vehicle model, engine, and 
transmissions, along with estimates or 
assumptions of future production 
volumes. It also specifies the extent to 
which specific vehicle models share 
engines, transmissions, and vehicle 
platforms, and describes each 
manufacturer’s estimated or assumed 
product cadence (i.e., timing for 
freshening and redesigning different 
vehicles and platforms). This input file 
also specifies a payback period used to 
estimate the potential that each 
manufacturer might apply technology to 
improve fuel economy beyond levels 
required by standards. 

A second input file to the model 
contains a variety of contextual 
estimates and assumptions. Some of 
these inputs, such as future fuel prices 
and vehicle survival and mileage 
accumulation (versus vehicle age), are 
relevant to estimating manufacturers’ 
potential application of fuel-saving 
technologies. Some others, such as fuel 
density and carbon content, vehicular 
and upstream emission factors, the 
social cost of carbon dioxide emissions, 
and the discount rate, are relevant to 
calculating physical and economic 
impacts of manufacturers’ application of 
fuel-saving technologies. 

A third input file contains estimates 
and assumptions regarding the future 
applicability, availability, efficacy, and 
cost of various fuel-saving technologies. 
Efficacy is expressed in terms of the 
percentage reduction in fuel 
consumption, cost is expressed in 
dollars, and both efficacy and cost are 
expressed on an incremental basis (i.e., 
estimates for more advanced 
technologies are specified as increments 
beyond less advanced technologies). 
The input file also includes ‘‘synergy 
factors’’ used to make adjustments 
accounting for the potential that some 
combinations of technologies may result 
fuel savings or costs different from those 
indicated by incremental values. Thus, 
the model itself does not evaluate which 
technologies will be available, nor does 
it evaluate how effective or reliable they 
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470 e.g., manufacturers’ Web sites, Wards 
Automotive. 

will be. The technological availability 
and effectiveness are rather predefined 
inputs to the model based on the 
agencies’ judgements and not outputs 
from the model, which is simply a tool 
for calculating the effects of combining 
input assumptions. 

Finally, a fourth model input file 
specifies standards to be evaluated. 
Standards are defined on a year-by-year 
basis separately for each regulatory class 
(passenger cars, light trucks, and heavy- 
duty pickups and vans). Regulatory 
alternatives are specified as discrete 
scenarios, with one scenario defining 
the no-action alternative or ‘‘baseline,’’ 
all other scenarios defining regulatory 
alternatives to be evaluated relative to 
that no-action alternative. 

Given these inputs, the model 
estimates each manufacturer’s potential 
year-by-year application of fuel-saving 
technologies to each engine, 
transmission, and vehicle. Subject to a 
range of engineering and planning- 
related constraints (e.g., secondary axle 
disconnect can’t be applied to 2-wheel 
drive vehicles, many major technologies 
can only be applied practicably as part 
of a vehicle redesign, and applied 
technologies carry forward between 
model years), the model attempts to 
apply technology to each manufacturer’s 
fleet in a manner that minimizes 
‘‘effective costs’’ (accounting, in 
particular, for technology costs and 
avoided fuel outlays), continuing to add 
improvements as long as doing so will 
help toward compliance with specified 
standards or will produce fuel savings 
that ‘‘pay back’’ at least as quickly as 
specified in the input file mentioned 
above. 

After estimating the extent to which 
each manufacturer might add fuel- 
saving technologies under each 
specified regulatory alternative, the 
model calculates a range of physical 
impacts, such as changes in highway 
travel (i.e., VMT), changes in fleetwide 
fuel consumption, changes in highway 
fatalities, and changes in vehicular and 
upstream greenhouse gas and criteria 
pollutant emissions. The model also 
applies a variety of input estimates and 
assumptions to calculate economic costs 
and benefits to vehicle owners and 
society, based on these physical 
impacts. These are considered Method 
A results. 

Since the manufacturers of HD 
pickups and vans generally only have 
one basic pickup truck and van with 
different versions ((i.e., different 
wheelbases, cab sizes, two-wheel drive, 
four-wheel drive, etc.) there exists less 
flexibility than in the light-duty fleet to 
coordinate model improvements over 
several years. As such, the CAFE model 

allows changes to the HD pickups and 
vans to meet new standards according to 
estimated redesign cycles included as a 
model input. As noted above, the 
opportunities for large-scale changes 
(e.g., new engines, transmission, vehicle 
body and mass) thus occur less 
frequently than in the light-duty fleet, 
typically at spans of eight or more years 
for this analysis. However, 
opportunities for gradual improvements 
not necessarily linked to large scale 
changes can occur between the redesign 
cycles (i.e., model refresh). Examples of 
such improvements are upgrades to an 
existing vehicle model’s engine, 
transmission and aftertreatment 
systems. 

(2) How did the agencies develop the 
analysis fleet for the NPRM? 

As discussed above, both agencies 
used a version of NHTSA’s CAFE 
modeling system to estimate technology 
costs and application rates under each 
regulatory alternative considered. The 
modeling system relies on many inputs, 
including an analysis fleet. In order to 
estimate the impacts of potential 
standards, it is necessary to estimate the 
composition of the future vehicle fleet. 
Doing so enables estimation of the 
extent to which each manufacturer may 
need to add technology in response to 
a given series of attribute-based 
standards, accounting for the mix and 
fuel consumption of vehicles in each 
manufacturer’s regulated fleet. The 
agencies create an analysis fleet in order 
to track the volumes and types of fuel 
economy-improving and CO2-reducing 
technologies that are already present in 
the existing vehicle fleet. This aspect of 
the analysis fleet helps to keep the 
CAFE model from adding technologies 
to vehicles that already have these 
technologies, which will result in 
‘‘double counting’’ of technologies’ costs 
and benefits. An additional step 
involved projecting the fleet sales into 
MYs 2019–2030. This represents the 
fleet volumes that the agencies believe 
will exist in MYs 2019–2030. The 
following presents an overview of the 
information and methods applied to 
develop the analysis fleet, and some 
basic characteristics of that fleet. 

Most of the information about the 
vehicles that make up the 2014 analysis 
fleet (used in the NPRM and Method B 
of this FRM) and the 2015 analysis fleet 
(used in Method A of this FRM) was 
gathered from the 2014 and 2015 Pre- 
Model Year Reports submitted to EPA 
by the manufacturers under Phase 1 of 
Fuel Efficiency and GHG Emission 
Program for Medium- and Heavy-Duty 
Trucks, MYs 2014–2018. The major 
manufacturers of class 2b and class 3 

trucks (Chrysler, Ford and GM) were 
asked to voluntarily submit updates to 
their Pre-Model Year Reports. The 
agencies used these updated data in 
constructing the analysis fleet for these 
manufacturers. The agencies agreed to 
treat this information as Confidential 
Business Information (CBI) until the 
publication of the proposed rule. This 
information can be made public at this 
time because by now all MY 2014 and 
MY 2015 vehicle models have been 
produced, which makes data about them 
essentially public information. 

In addition to information about each 
vehicle, the agencies need additional 
information about the fuel economy- 
improving/CO2-reducing technologies 
already on those vehicles in order to 
assess how much and which 
technologies to apply to determine a 
path toward future compliance. To 
correctly account for the cost and 
effectiveness of adding technologies, it 
is necessary to know the technology 
penetration in the existing vehicle fleet. 
Otherwise, ‘‘double-counting’’ of 
technology could occur. Thus, in their 
respective analysis fleets, the agencies 
augmented this information with data 
from public and commercial sources 470 
that include more complete technology 
descriptions, e.g. for specific engines 
and transmissions. 

The resultant analysis fleets are 
provided in detail at NHTSA’s Web site, 
along with all other inputs to and 
outputs from both the NPRM and the 
current analysis. The agencies invited 
but did not receive comment on this 
analysis. 

(a) Vehicle Redesign Schedules and 
Platforms 

Product cadence in the Class 2b and 
3 pickup market has historically ranged 
from 7–9 years between major redesigns. 
However, due to increasing competitive 
pressures and consumer demands the 
agency anticipates that manufacturers 
will generally shift to shorter design 
cycles resembling those of the light duty 
market. Pickup truck manufacturers in 
the Class 2b and 3 segments are shown 
to adopt redesign cycles of six years, 
allowing two redesigns prior to the end 
of the regulatory period in 2025. 

The Class 2b and 3 van market has 
changed markedly from five years ago. 
Ford, Nissan, Ram and Daimler have 
adopted vans of ‘‘Euro Van’’ 
appearance, and in many cases now use 
smaller turbocharged gasoline or diesel 
engines in the place of larger, naturally- 
aspirated V8s. The 2014 and 2015 
model years used in this analysis 
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471 Tables from AEO’s forecast are available at 
http://www.eia.gov/oiaf/aeo/tablebrowser/. The 

agencies also made use of the IHS Automotive Light 
Vehicle Production Forecast (August 2014). 

represent a period where most 
manufacturers, with the exception of 
General Motors, have recently 
introduced a completely redesigned 
product after many years. The van 
segment has historically been one of the 
slowest to be redesigned of any product 
segment, with some products going two 
decades or more between redesigns. 

Due to new entrants in the field and 
increased competition, the agencies 
anticipate that most manufacturers will 
increase the pace of product redesigns 
in the van segment, but that they will 
continue to trail other segments. The 
cycle time used in this analysis is 
approximately ten years between major 
redesigns, allowing manufacturers’ only 
one major redesign during the 
regulatory period. The agencies did not 
receive comment on this anticipated 
product design cycle. 

Additional detail on product cadence 
assumptions for specific manufacturers 
is located in Chapter 10 of the RIA. 

(b) Sales Volume Forecast 
Since each manufacturer’s required 

average fuel consumption and GHG 
levels are sales-weighted averages of the 
fuel economy/GHG targets across all 
model offerings, sales volumes play a 
critical role in estimating that burden. 
The CAFE model requires a forecast of 
sales volumes, at the vehicle model- 
variant level, in order to simulate the 

technology application necessary for a 
manufacturer to achieve compliance in 
each model year for which outcomes are 
simulated. 

As stated above, the agencies relied 
on the pre-model-year compliance 
submissions from manufacturers to 
provide sales volumes at the model 
level based on the level of 
disaggregation in which the models 
appear in the compliance data. 
However, the agencies only use these 
reported volumes without adjustment 
for the reference fleet model year (MY 
2014 or MY 2015). For all future model 
years, we combine the manufacturer 
submissions with sales projections from 
the 2014 (for the NPRM and Method B 
of the FRM) or 2015 (for Method A of 
the FRM) Annual Energy Outlook 
Reference Case and IHS Automotive to 
determine model variant level sales 
volumes in future years.471 The 
projected sales volumes by class that 
appear in the Annual Energy Outlook as 
a result of a collection of assumptions 
about economic conditions, demand for 
commercial miles traveled, and 
technology migration from light-duty 
pickup trucks in response to the 
concurrent light-duty CAFE/GHG 
standards. These are shown in Chapter 
2 of the RIA. 

The projection of total sales volumes 
for the Class 2b and 3 market segment 

was based on the total volumes in the 
2014 AEO Reference Case in the NPRM 
and for Method B of this FRM. For the 
purposes of this analysis, the AEO2014 
calendar year volumes have been used 
to represent the corresponding model- 
year volumes. While AEO2014 provides 
enough resolution in its projections to 
separate the volumes for the Class 2b 
and 3 segments, the agencies deferred to 
the vehicle manufacturers and chose to 
rely on the relative shares present in the 
pre-model-year compliance data. This 
methodology remains the same for the 
Method A FRM analysis, but we have 
replaced the 2014 AEO reference case 
with the 2015 AEO reference case. 

The relative sales share by vehicle 
type (van or pickup truck, in this case) 
was derived from a sales forecast that 
the agencies purchased from IHS 
Automotive, and applied to the total 
volumes in the AEO2014 projection. 
Table VI–3 shows the implied shares of 
the total new 2b/3 vehicle market 
broken down by manufacturer and 
vehicle type. The same methodology 
was applied using 2015 IHS/Polk 
projections, and the total volumes from 
the AEO2015 projection for Method A of 
the FRM. The results of the 2015-based 
projections are presented in the 
following section about changes made to 
the model since the NPRM. 

TABLE VI–3—IHS AUTOMOTIVE MARKET SHARE FORECAST FOR 2B/3 VEHICLES 

Manufacturer Style 

Model year market share 

2015 
(%) 

2016 
(%) 

2017 
(%) 

2018 
(%) 

2019 
(%) 

2020 
(%) 

2021 
(%) 

Daimler ..................................... Van .................. 3 3 3 3 3 3 3 
Fiat Chrysler ............................. Van .................. 2 2 2 2 2 2 3 
Ford .......................................... Van .................. 16 17 17 17 18 18 18 
General Motors ......................... Van .................. 12 12 11 12 13 13 13 
Nissan ....................................... Van .................. 2 2 2 2 2 2 2 
Daimler ..................................... Pickup ............. 0 0 0 0 0 0 0 
Fiat Chrysler ............................. Pickup ............. 14 14 14 14 11 12 12 
Ford .......................................... Pickup ............. 28 27 30 30 30 27 26 
General Motors ......................... Pickup ............. 23 23 21 21 21 22 23 
Nissan ....................................... Pickup ............. 0 0 0 0 0 0 0 

Within those broadly defined market 
shares, volumes at the manufacturer/ 
model-variant level were constructed by 
applying the model-variant’s share of 
manufacturer sales in the pre-model- 
year compliance data for the relevant 
vehicle style, and multiplied by the total 
volume estimated for that manufacturer 
and that style. 

After building out a set of initial 
future sales volumes based on the 
sources described above, the agencies 

attempted to incorporate new 
information about changes in sales mix 
that are not captured by either the 
existing sales forecasts or the simulated 
technology changes in vehicle 
platforms. In particular, Ford has 
announced intentions to phase out their 
existing Econoline vans, gradually 
shifting volumes to the new Transit 
platform for some model variants 
(notably chassis cabs and cutaways 

variants) and eliminating offerings 
outright for complete Econoline vans as 
early as model year 2015. In the case of 
complete Econoline vans, the volumes 
for those vehicles were allocated to MY 
2015 Transit vehicles based on 
assumptions about likely production 
splits for the powertrains of the new 
Transit platform. The volumes for 
complete Econoline vans were shifted at 
ratios of 50 percent, 35 percent, and 15 
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472 Volpe CAFE Model, available at http://
www.nhtsa.gov/fuel-economy. 

473 U.S. DOT/NHTSA, Relationships Between 
Fatality Risk Mass and Footprint in MY 2000–2007 
PC and LTVs, ID: NHTSA–2010–0131–0336, Posted 
August 21, 2012. 

percent for 3.7 L, 3.5 L Eco-boost, and 
3.2 L diesel, respectively. Within each 
powertrain, sales were allocated based 
on the percentage shares present in the 
pre-model-year compliance data. The 
chassis cab and cutaway variants of the 
Econolines were phased out linearly 
between MY 2015 and MY 2020, at 
which time the Econolines cease to exist 
in any form and all corresponding 
volume resides with the Transits. 

(3) Other Analysis Inputs 
In addition to the inputs summarized 

above, the analysis of potential 
standards for HD pickups and vans 
makes use of a range of other estimates 
and assumptions specified as inputs to 
the CAFE modeling system. Some 
significant inputs (e.g., estimates of 
future fuel prices) also applicable to 
other MDHD segments are discussed 
below in Section IX. Others more 
specific to the analysis of HD pickups 
and vans are as follows: 

(a) Vehicle Survival and Mileage 
Accumulation 

The analysis estimates the travel, fuel 
consumption, and emissions over the 
useful lives of vehicles produced during 
model years 2014–2030. Doing so 
requires initial estimates of these 
vehicles’ survival rates (i.e., shares 
expected to remain in service) and 
mileage accumulation rates (i.e., 
anticipated annual travel by vehicles 
remaining in service), both as a function 
of vehicle vintage (i.e., age). These 
estimates are based on an empirical 
analysis of changes in the fleet of 
registered vehicles over time from HIS/ 
Polk data, in the case of survival rates. 
The NPRM and Method A of the FRM 
use data collected as part of the last 
Vehicle In Use Survey (the 2002 VIUS) 
for the mileage accumulation schedule. 
Method A of the FRM uses mileage 
accumulation schedules from 2014 
Polk/IHS odometer reading data. The 
changes to the VMT schedules for 
Method A of the current analysis are 
further described below in the Method 
A FRM specific changes. 

(b) Rebound Effect 
Expressed as an elasticity of mileage 

accumulation with respect to the fuel 
cost per mile of operation, the agencies 
have applied a rebound effect of 10 
percent for today’s analysis. Other 
rebound effects are considered in 
sensitivity analyses in Sections D. 

(c) On-Road ‘‘Gap’’ 
The model was run with a 20 percent 

adjustment to reflect differences 
between on-road and laboratory 
performance. 

(d) Fleet Population Profile 
Though not reported here, cumulative 

fuel consumption and CO2 emissions 
are presented in the accompanying EIS, 
and these calculations utilize estimates 
of the numbers of vehicles produced in 
each model year remaining in service in 
calendar year 2014. The initial age 
distribution of the registered vehicle 
population in 2014 is based on vehicle 
registration data acquired by NHTSA 
from R.L. Polk Company. For Method A, 
these values were updated to reflect 
newer data acquired by NHTSA from 
Polk. 

(e) Past Fuel Consumption Levels 
Though not reported here, cumulative 

fuel consumption and CO2 emissions 
are presented in the accompanying EIS, 
and these calculations require estimates 
of the performance of vehicles produced 
prior to model year 2014. Consistent 
with AEO 2014, the model was run with 
the assumption that gasoline and diesel 
HD pickups and vans averaged 14.9 mpg 
and 18.6 mpg, respectively, with 
gasoline versions averaging about 48 
percent of production. For Method A, 
these values were updated to reflect 
AEO2015, such that gasoline and diesel 
versions were projected to average 16.0 
mpg and 20.0 mpg, respectively. 

(f) Long-Term Fuel Consumption Levels 
Though not reported here, longer-term 

estimates of fuel consumption and 
emissions are presented in the 
accompanying EIS. These estimates 
include calculations involving vehicle 
produced after MY 2030 and, consistent 
with AEO 2014, the model was run with 
the assumption that fuel consumption 
and CO2 emission levels will continue 
to decline at 0.05 percent annually 
(compounded) after MY 2030. 

(g) Payback Period 
To estimate in what sequence and to 

what degree manufacturers might add 
fuel-saving technologies to their 
respective fleets, the CAFE model 
iteratively ranks remaining 
opportunities (i.e., applications of 
specific technologies to specific 
vehicles) in terms of effective cost, 
primary components of which are the 
technology cost and the avoided fuel 
outlays, attempting to minimize 
effective costs incurred.472 Depending 
on inputs, the model also assumes 
manufacturers may improve fuel 
consumption beyond requirements 
insofar as doing so will involve 
applications of technology at negative 
effective cost—i.e., technology 

application for which buyers’ up-front 
costs are quickly paid back through 
avoided fuel outlays. This calculation 
includes only fuel outlays occurring 
within a specified payback period. For 
both Method A and Method B, a 
payback period of 6 months was applied 
for the dynamic baseline case, or 
Alternative 1b. Thus, for example, a 
manufacturer already in compliance 
with standards is projected to apply a 
fuel consumption improvement 
projected to cost $250 (i.e., as a cost that 
could be charged to the buyer at normal 
profit to the manufacturer) and reduce 
fuel costs by $500 in the first year of 
vehicle operation. The agencies have 
conducted the same analysis applying a 
payback period of 0 months for the flat 
baseline case, or Alternative 1a. For 
Method A, Alternative 1b is the primary 
analysis, and Alternative 1a is one of a 
range of cases included in the 
sensitivity analysis. 

(h) Civil Penalties in the NHTSA 
Analysis 

EPCA and EISA require that a 
manufacturer pay civil penalties if it 
does not have enough credits to cover a 
shortfall with one or both of the light- 
duty CAFE standards in a model year. 
While these provisions do not apply to 
HD pickups and vans, at this time, the 
CAFE model will show civil penalties 
owed in cases where available 
technologies and credits are estimated 
to be insufficient for a manufacturer to 
achieve compliance with a standard. 
These model-reported estimates have 
been excluded from this analysis. For 
Method A, this aspect of the model has 
been modified to also exclude from the 
calculation of ‘‘effective cost’’ used to 
select among available options to add 
specific technologies to specific 
vehicles. 

(i) Coefficients for Fatality Calculations 

Both the NPRM and the current 
analysis consider the potential effects 
on crash safety of the technologies 
manufacturers may apply to their 
vehicles to meet each of the regulatory 
alternatives. NHTSA research has 
shown that vehicle mass reduction 
affects overall societal fatalities 
associated with crashes 473 and, most 
relevant to this rule, mass reduction in 
heavier light- and medium-duty 
vehicles has an overall beneficial effect 
on societal fatalities. Reducing the mass 
of a heavier vehicle involved in a crash 
with another vehicle(s) makes it less 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00270 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www.nhtsa.gov/fuel-economy
http://www.nhtsa.gov/fuel-economy


73747 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

474 EPA MOVES model available at http://
www3.epa.gov/otaq/models/moves/index.htm (last 
accessed Feb 23, 2015). 

475 GREET (Greenhouse Gases, Regulated 
Emissions, and Energy Use in Transportation) 
Model, Argonne National Laboratory, https://
greet.es.anl.gov/. 

likely there will be fatalities among the 
occupants of the other vehicles. In 
addition to the effects of mass 
reduction, the analysis anticipates that 
these standards, by reducing the cost of 
driving HD pickups and vans, will lead 
to increased travel by these vehicles 
and, therefore, more crashes involving 
these vehicles. The Method B analysis 
considers overall impacts considering 
both of these factors, using a 
methodology similar to NHTSA’s 
analyses for the MYs 2017–2025 CAFE 
and GHG emission standards. 

The Method B analysis includes 
estimates of the extent to which HD 
pickups and vans produced during MYs 
2014–2030 may be involved in fatal 
crashes, considering the mass, survival, 
and mileage accumulation of these 
vehicles, taking into account changes in 
mass and mileage accumulation under 
each regulatory alternative. These 
calculations make use of the same 
coefficients applied to light trucks in the 
MYs 2017–2025 CAFE rulemaking 
analysis. Baseline rates of involvement 
in fatal crashes are 13.03 and 13.24 
fatalities per billion miles for vehicles 
with initial curb weights above and 
below 4,594 lbs, respectively. 
Considering that the data underlying the 
corresponding statistical analysis 
included observations through calendar 
year 2010, these rates are reduced by 9.6 
percent to account for subsequent 
impacts of recent Federal Motor Vehicle 
Safety Standards (FMVSS) and 
anticipated behavioral changes (e.g., 
continued increases in seat belt use). 
For vehicles above 4,594 lbs—i.e., the 
majority of the HD pickup and van 
fleet—mass reduction is estimated to 
reduce the net incidence of highway 
fatalities by 0.34 percent per 100 lbs. of 
removed curb weight. For the few HD 
pickups and vans below 4,594 lbs, mass 
reduction is estimated to increase the 
net incidence of highway fatalities by 
0.52 percent per 100 lbs. Consistent 
with DOT guidance, the social cost of 
highway fatalities is estimated using a 
value of statistical life (VSL) of $9.36m 
in 2014, increasing thereafter at 1.18 
percent annually. 

The Method A analysis uses the same 
methodology as described above, but 
applies coefficients that have been 
updated to reflect more current data, 
updated statistical analysis by NHTSA 
staff, and updated DOT guidance 
regarding the VSL. Baseline rates of 
involvement in fatal crashes are 16.06 
and 14.35 fatalities per billion miles for 
pickups and vans with initial curb 
weights above and below 4,947 lbs, 
respectively. Considering that the data 
underlying the corresponding statistical 
analysis included observations through 

calendar year 2012, these rates are 
reduced by 9.6 percent to account for 
subsequent impacts of recent Federal 
Motor Vehicle Safety Standards 
(FMVSS) and anticipated behavioral 
changes (e.g., continued increases in 
seat belt use). For vehicles above 4,947 
lbs—i.e., the majority of the HD pickup 
and van fleet—mass reduction is 
estimated to reduce the net incidence of 
highway fatalities by 0.72 percent per 
100 lbs. of removed curb weight. For HD 
pickups and vans below 4,947 lbs 
(accounting for any applied mass 
reduction), mass reduction is estimated 
to reduce the net incidence of highway 
fatalities by 0.10 percent per 100 lbs. 
Consistent with DOT guidance, the 
social cost of highway fatalities is 
estimated using a value of statistical life 
(VSL) of $9.4m from 2015 forward. 

(j) Compliance Credit Provisions 
Today’s analysis accounts for the 

potential to over comply with standards 
and thereby earn compliance credits, 
applying these credits to ensuring 
compliance requirements. In doing so, 
the agencies treat any unused carried- 
forward credits as expiring after five 
model years, consistent with current 
and standards. For today’s analysis, the 
agencies are not estimating the potential 
to ‘‘borrow’’—i.e., to carry credits back 
to past model years. 

(k) Emission Factors 
While CAFE model calculates 

vehicular CO2 emissions directly on a 
per-gallon basis using fuel consumption 
and fuel properties (density and carbon 
content), the model calculates emissions 
of other pollutants (methane, nitrogen 
oxides, ozone precursors, carbon 
monoxide, sulfur dioxide, particulate 
matter, and air toxics) on a per-mile 
basis. In doing so, the Method A 
analysis used corresponding emission 
factors estimated using EPA’s MOVES 
model.474 To estimate emissions 
(including CO2) from upstream 
processes involved in producing, 
distributing, and delivering fuel, 
NHTSA has applied emission factors— 
all specified on a gram per gallon 
basis—derived from Argonne National 
Laboratory’s GREET model.475 

(l) Refueling Time Benefits 
To estimate the value of time savings 

associated with vehicle refueling, the 
Method A analysis used estimates that 

an average refueling event involves 
refilling 60 percent of the tank’s 
capacity over the course of 3.5 minutes, 
at an hourly cost of $27.22. 

(m) External Costs of Travel 
Changes in vehicle travel will entail 

economic externalities. To estimate 
these costs, the Method A analysis used 
estimates that congestion-, crash-, and 
noise-related externalities will total 
5.1¢/mi., 2.8¢/mi., and 0.1¢/mi., 
respectively. 

(n) Ownership and Operating Costs 
Method A results predict that the total 

cost of vehicle ownership and operation 
will change not just due to changes in 
vehicle price and fuel outlays, but also 
due to some other costs likely to vary 
with vehicle price. To estimate these 
costs, NHTSA has applied factors of 5.5 
percent (of price) for taxes and fees, 15.3 
percent for financing, 19.2 percent for 
insurance, 1.9 percent for relative value 
loss. The Method A analysis also 
estimates that average vehicle resale 
value will increase by 25 percent of any 
increase in new vehicle price. 

(4) What Technologies Did the Agencies 
Consider 

The agencies considered over 35 
vehicle technologies that manufacturers 
could use to improve the fuel 
consumption and reduce CO2 emissions 
of their vehicles during MYs 2021–2027. 
The majority of the technologies 
described in this section are readily 
available, well known and proven in 
other vehicle sectors, and could be 
incorporated into vehicles once 
production decisions are made. Other 
technologies considered may not 
currently be in production, but are 
beyond the research phase and under 
development, and are expected to be in 
production in highway vehicles over the 
next few years. These are technologies 
that are capable of achieving significant 
improvements in fuel economy and 
reductions in CO2 emissions, at 
reasonable costs. The agencies did not 
consider technologies in the research 
stage because there is insufficient time 
for such technologies to move from 
research to production during the model 
years covered by this final action. 

The technologies considered in the 
agencies’ analysis are briefly described 
below. They fall into five broad 
categories: Engine technologies, 
transmission technologies, vehicle 
technologies, electrification/accessory 
technologies, and hybrid technologies. 

In this class of trucks and vans, diesel 
engines are installed in about half of all 
vehicles. The buyer’s decision to 
purchase a diesel versus gasoline engine 
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476 ‘‘Impact of Friction Reduction Technologies 
on Fuel Economy,’’ Fenske, G. Presented at the 
March 2009 Chicago Chapter Meeting of the 
‘Society of Tribologists and Lubricated Engineers’ 
Meeting, March 18th, 2009. Available at: http://
www.chicagostle.org/program/2008-2009/
Impact%20of%20Friction%20Reduction%20
Technologies%20on%20Fuel%20Economy%20- 
%20with%20VGs%20removed.pdf (last accessed 
July 9, 2009). 

477 Although couple cam phasing appears only in 
the single overhead cam and overhead valve 
branches of the decision tree, it is noted that a 
single phaser with a secondary chain drive would 
allow couple cam phasing to be applied to direct 
overhead cam engines. Since this would potentially 
be adopted on a limited number of direct overhead 
cam engines NHTSA did not include it in that 
branch of the decision tree. 

478 It is also noted that coaxial camshaft 
developments would allow other variable valve 
timing options to be applied to overhead valve 
engines. However, since they would potentially be 
adopted on a limited number of overhead valve 
engines, NHTSA did not include them in the 
decision tree. 

depends on several factors including 
initial purchase price, fuel operating 
costs, durability, towing capability and 
payload capacity amongst other reasons. 
As discussed in VI.B. above, the 
agencies generally prefer to set 
standards that do not distinguish 
between fuel types where technological 
or market-based reasons do not strongly 
argue otherwise. However, as with 
Phase 1, we continue to believe that 
fundamental differences between spark 
ignition and compression ignition 
engines warrant unique fuel standards, 
which is also important in ensuring that 
our program maintains product choices 
available to vehicle buyers. Therefore, 
as discussed in Section B.1, we are 
maintaining separate standards for 
gasoline and diesel vehicles. In the 
context of our technology discussion for 
heavy-duty pickups and vans, we are 
treating gasoline and diesel engines 
separately so each has a set of baseline 
technologies. We discuss performance 
improvements in terms of changes to 
those baseline engines. Our cost and 
inventory estimates contained 
elsewhere reflect the current fleet 
baseline with an appropriate mix of 
gasoline and diesel engines. Note that 
we are not basing these standards on a 
targeted switch in the mix of diesel and 
gasoline vehicles. We believe our 
standards require similar levels of 
technology development and cost for 
both diesel and gasoline vehicles. Hence 
the program is not intended to force, nor 
discourage, changes in a manufacturer’s 
fleet mix between gasoline and diesel 
vehicles. 

The following contains a description 
of technologies the agencies considered 
as potentially available in the rule 
timeframe, and hence, having potential 
to be part of a compliance pathway for 
these vehicles. Additionally, the 
agencies did not receive any comments 
indicating that the technology 
effectiveness estimates used in the 
determination of potential reductions in 
GHGs and fuel consumption are not 
representative of the expected ranges for 
expected duty cycles. 

(a) Engine Technologies 

The agencies reviewed the engine 
technology estimates used in the 2017– 
2025 light-duty rule, the 2014–2018 
heavy-duty rule, and the 2015 NHTSA 
Technology Study. In doing so the 
agencies reconsidered all available 
sources and updated the estimates as 
appropriate. The section below 
describes both diesel and gasoline 
engine technologies considered for this 
program. 

(i) Low Friction Lubricants 
One of the most basic methods of 

reducing fuel consumption in both 
gasoline and diesel engines is the use of 
lower viscosity engine lubricants. More 
advanced multi-viscosity engine oils are 
available today with improved 
performance in a wider temperature 
band and with better lubricating 
properties. This can be accomplished by 
changes to the oil base stock (e.g., 
switching engine lubricants from a 
Group I base oils to lower-friction, lower 
viscosity Group III synthetic) and 
through changes to lubricant additive 
packages (e.g., friction modifiers and 
viscosity improvers). The use of 5W–30 
motor oil is now widespread and auto 
manufacturers are introducing the use of 
even lower viscosity oils, such as 5W– 
20 and 0W–20, to improve cold-flow 
properties and reduce cold start friction. 
However, in some cases, changes to the 
crankshaft, rod and main bearings and 
changes to the mechanical tolerances of 
engine components may be required. In 
all cases, durability testing will be 
required to ensure that durability is not 
compromised. The shift to lower 
viscosity and lower friction lubricants 
will also improve the effectiveness of 
valvetrain technologies such as cylinder 
deactivation, which rely on a minimum 
oil temperature (viscosity) for operation. 

(ii) Engine Friction Reduction 
In addition to low friction lubricants, 

manufacturers can also reduce friction 
and improve fuel consumption by 
improving the design of both diesel and 
gasoline engine components and 
subsystems. Approximately 10 percent 
of the energy consumed by a vehicle is 
lost to friction, and just over half is due 
to frictional losses within the engine.476 
Examples include improvements in low- 
tension piston rings, piston skirt design, 
roller cam followers, improved 
crankshaft design and bearings, material 
coatings, material substitution, more 
optimal thermal management, and 
piston and cylinder surface treatments. 
Additionally, as computer-aided 
modeling software continues to 
improve, more opportunities for 
evolutionary friction reductions may 
become available. All reciprocating and 
rotating components in the engine are 
potential candidates for friction 

reduction, and minute improvements in 
several components can add up to a 
measurable fuel efficiency 
improvement. 

(iii) Engine Parasitic Demand Reduction 
In addition to physical engine friction 

reduction, manufacturers can reduce the 
mechanical load on the engine from 
parasitics, such as oil, fuel, and coolant 
pumps. The high-pressure fuel pumps 
of direct-injection gasoline and diesel 
engines have particularly high demand. 
Example improvements include variable 
speed or variable displacement water 
pumps, variable displacement oil 
pumps, more efficient high pressure fuel 
pumps, valvetrain upgrades and 
shutting off piston cooling when not 
needed. 

(iv) Coupled Cam Phasing 
Valvetrains with coupled (or 

coordinated) cam phasing can modify 
the timing of both the inlet valves and 
the exhaust valves an equal amount by 
phasing the camshaft of an overhead 
valve engine.477 For overhead valve 
engines, which have only one camshaft 
to actuate both inlet and exhaust valves, 
couple cam phasing is the only variable 
valve timing (VVT) implementation 
option available and requires only one 
cam phaser.478 We also considered 
variable valve lift (VVL), which alters 
the intake valve lift in order to reduce 
pumping losses and more efficiently 
ingest air. 

(v) Cylinder Deactivation 
In conventional spark-ignited engines 

throttling the airflow controls engine 
torque output. At partial loads, 
efficiency can be improved by using 
cylinder deactivation instead of 
throttling. Cylinder deactivation can 
improve engine efficiency by disabling 
or deactivating (usually) half of the 
cylinders when the load is less than half 
of the engine’s total torque capability— 
the valves are kept closed, and no fuel 
is injected—as a result, the trapped air 
within the deactivated cylinders is 
simply compressed and expanded as an 
air spring, with reduced friction and 
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heat losses. The active cylinders 
combust at almost double the load 
required if all of the cylinders were 
operating. Pumping losses are 
significantly reduced as long as the 
engine is operated in this ‘‘part- 
cylinder’’ mode. 

Cylinder deactivation control strategy 
relies on setting maximum manifold 
absolute pressures or predicted torque 
within a range in which it can 
deactivate the cylinders. Noise and 
vibration issues reduce the operating 
range to which cylinder deactivation is 
allowed, although manufacturers are 
exploring vehicle changes that enable 
increasing the amount of time that 
cylinder deactivation might be suitable. 
Some manufacturers may choose to 
adopt active engine mounts and/or 
active noise cancellations systems to 
address Noise Vibration and Harshness 
(NVH) concerns and to allow a greater 
operating range of activation. 

Cylinder deactivation has seen a 
recent resurgence thanks to better 
valvetrain designs and engine controls. 
General Motors and Fiat Chrysler have 
incorporated cylinder deactivation 
across a substantial portion of their V8- 
powered lineups, including some heavy 
duty applications. 

(vi) Stoichiometric Gasoline Direct 
Injection 

SGDI engines inject fuel at high 
pressure directly into the combustion 
chamber (rather than the intake port in 
port fuel injection). SGDI requires 
changes to the injector design, an 
additional high pressure fuel pump, 
new fuel rails to handle the higher fuel 
pressures and changes to the cylinder 
head and piston crown design. Direct 
injection of the fuel into the cylinder 
improves cooling of the air/fuel charge 
within the cylinder, which allows for 
higher compression ratios and increased 
thermodynamic efficiency without the 
onset of combustion knock. Recent 
injector design advances, improved 
electronic engine management systems 
and the introduction of multiple 
injection events per cylinder firing cycle 
promote better mixing of the air and 
fuel, enhance combustion rates, increase 
residual exhaust gas tolerance and 
improve cold start emissions. SGDI 
engines achieve higher power density 
and match well with other technologies, 
such as boosting and variable valvetrain 
designs. 

Most manufacturers have introduced 
vehicles with SGDI engines in light duty 
sectors, including GM and Ford and 
have announced their plans to increase 
dramatically the number of SGDI 
engines in their portfolios. SGDI has not 
been introduction on heavy duty 

applications at this time however as 
these largely dedicated heavy duty 
engines approach their redesign 
window, they are expected to become 
SGDI engines. 

(vii) Turbocharging and Downsizing 
The specific power of a naturally 

aspirated engine is primarily limited by 
the rate at which the engine is able to 
draw air into the combustion chambers. 
Turbocharging and supercharging 
(grouped together here as boosting) are 
two methods to increase the intake 
manifold pressure and cylinder charge- 
air mass above naturally aspirated 
levels. Boosting increases the airflow 
into the engine, thus increasing the 
specific power level, and with it the 
ability to reduce engine displacement 
while maintaining performance. This 
effectively reduces the pumping losses 
at lighter loads in comparison to a 
larger, naturally aspirated engine. 

Almost every major manufacturer 
currently markets a vehicle with some 
form of boosting. While boosting has 
been a common practice for increasing 
performance for several decades, 
turbocharging has considerable 
potential to improve fuel economy and 
reduce CO2 emissions when the engine 
displacement is also reduced. Specific 
power levels for a boosted engine often 
exceed 100 hp/L, compared to average 
naturally aspirated engine power 
densities of roughly 70 hp/L. As a 
result, engines can be downsized 
roughly 30 percent or higher while 
maintaining similar peak output levels. 
In the last decade, improvements to 
turbocharger turbine and compressor 
design have improved their reliability 
and performance across the entire 
engine operating range. New variable 
geometry turbines and ball-bearing 
center cartridges allow faster 
turbocharger spool-up (virtually 
eliminating the once-common ‘‘turbo 
lag’’) while maintaining high flow rates 
for increased boost at high engine 
speeds. Low speed torque output has 
been dramatically improved for modern 
turbocharged engines. However, even 
with turbocharger improvements, 
maximum engine torque at very low 
engine speed conditions, for example 
launch from standstill, is increased less 
than at mid and high engine speed 
conditions. The potential to downsize 
engines may be less on vehicles with 
low displacement to vehicle mass ratios 
for example a very small displacement 
engine in a vehicle with significant curb 
weight, in order to provide adequate 
acceleration from standstill, particularly 
up grades or at high altitudes. 

The use of GDI in combination with 
turbocharging and charge air cooling 

reduces the fuel octane requirements for 
knock limited combustion enabling the 
use of higher compression ratios and 
boosting pressures. Recently published 
data with advanced spray-guided 
injection systems and more aggressive 
engine downsizing targeted towards 
reduced fuel consumption and CO2 
emissions reductions indicate that the 
potential for reducing CO2 emissions for 
turbocharged, downsized GDI engines 
may be as much as 15 to 30 percent 
relative to port-fuel-injected 
engines.14 15 16 17 18 Confidential 
manufacturer data suggests an 
incremental range of fuel consumption 
and CO2 emission reduction of 4.8 to 7.5 
percent for turbocharging and 
downsizing. Other publicly-available 
sources suggest a fuel consumption and 
CO2 emission reduction of 8 to 13 
percent compared to current-production 
naturally-aspirated engines without 
friction reduction or other fuel economy 
technologies: A joint technical paper by 
Bosch and Ricardo suggesting fuel 
economy gain of 8 to 10 percent for 
downsizing from a 5.7 liter port 
injection V8 to a 3.6 liter V6 with direct 
injection using a wall-guided direct 
injection system; a Renault report 
suggesting a 11.9 percent NEDC fuel 
consumption gain for downsizing from 
a 1.4 liter port injection in-line 4- 
cylinder engine to a 1.0 liter in-line 4- 
cylinder engine, also with wall-guided 
direct injection; and a Robert Bosch 
paper suggesting a 13 percent NEDC 
gain for downsizing to a turbocharged 
DI engine, again with wall-guided 
injection. These reported fuel economy 
benefits show a wide range depending 
on the SGDI technology employed. 

Note that for this analysis the agencies 
determined that this technology path is 
only applicable to heavy duty 
applications that have operating 
conditions more closely associated with 
light duty vehicles. This includes vans 
designed mainly for cargo volume or 
modest payloads and having similar 
GCWR to light duty applications. These 
vans cannot tow trailers heavier than 
similar light duty vehicles and are 
largely already sharing engines of 
significantly smaller displacement and 
cylinder count compared to heavy duty 
vehicles designed mainly for trailer 
towing. 

ACEEE commented that 10 percent of 
pick-ups in the heavy duty sector are 
candidates for turbocharging and 
downsizing if they do not require higher 
payloads or towing capacity. Other 
commenters suggested that downsizing 
that has occurred in light duty could 
also occur in heavy duty. As discussed 
above, the agencies evaluated 
turbocharging and downsizing in 
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479 Burning one gallon of diesel fuel produces 
about 15 percent more carbon dioxide than gasoline 
due to the higher density and carbon to hydrogen 
ratio. 

vehicles like vans which are not 
typically designed for extensive trailer 
towing. When we looked at pick-ups, 
we determined that consumers needing 
a pick-up without higher payload or 
trailer towing requirements would 
migrate to the lower cost light-duty 
versions which are typically identical in 
cabin size and seating as the heavy-duty 
versions but have less work capability. 
Because of this, in the agencies’ 
assessment, the heavy-duty pickups 
retained the high trailer towing and 
payload requirements and the 
corresponding larger engines. AAPC 
comments supported this approach as 
the correct combination of engine to 
intended use and even provided in their 
comments data indicating that 
turbocharged and downsized engines 
are more fuel efficient at lighter loads 
however under working conditions 
expected of a heavy-duty pick-up they 
are actually less fuel efficient than the 
larger engines. 

(viii) Cooled Exhaust-Gas Recirculation 

Cooled exhaust gas recirculation or 
Boosted EGR is a combustion concept 
that involves utilizing EGR as a charge 
diluent for controlling combustion 
temperatures and cooling the EGR prior 
to its introduction to the combustion 
system. Higher exhaust gas residual 
levels at part load conditions reduce 
pumping losses for increased fuel 
economy. The additional charge 
dilution enabled by cooled EGR reduces 
the incidence of knocking combustion 
and obviates the need for fuel 
enrichment at high engine power. This 
allows for higher boost pressure and/or 
compression ratio and further reduction 
in engine displacement and both 
pumping and friction losses while 
maintaining performance. Engines of 
this type use GDI and both dual cam 
phasing and discrete variable valve lift. 
The EGR systems considered in this 
final rule, consistent with the rule, will 
use a dual-loop system with both high 
and low pressure EGR loops and dual 
EGR coolers. The engines will also use 
single-stage, variable geometry 
turbocharging with higher intake boost 
pressure available across a broader 
range of engine operation than 
conventional turbocharged SI engines. 
Such a system is estimated to be capable 
of an additional 3 to 5 percent 
effectiveness relative to a turbocharged, 
downsized GDI engine without cooled- 
EGR. The agencies have also considered 
a more advanced version of such a 
cooled EGR system that employs very 
high combustion pressures by using 
dual stage turbocharging. 

(ix) Lean-Burn Combustion 
The agencies considered the concept 

that gasoline engines that are normally 
stoichiometric mainly for emission 
reasons can run lean over a range of 
operating conditions and utilize diesel 
like aftertreatment systems to control 
NOX. For this analysis, we determined 
that the modal operation nature of this 
technology is currently only beneficial 
at light loads and will not be 
appropriate for a heavy duty application 
purchase specifically for its high work 
and load capacity. 

(b) Diesel Engine Technologies 
Diesel engines have several 

characteristics that give them superior 
fuel efficiency compared to 
conventional gasoline, spark-ignited 
engines. Pumping losses are much lower 
due to lack of (or greatly reduced) 
throttling. The diesel combustion cycle 
operates at a higher compression ratio, 
with a very lean air/fuel mixture, and 
turbocharged light-duty diesels typically 
achieve much higher torque levels at 
lower engine speeds than equivalent- 
displacement naturally-aspirated 
gasoline engines. Additionally, diesel 
fuel has a higher energy content per 
gallon.479 However, diesel fuel also has 
a higher carbon to hydrogen ratio, 
which increases the amount of CO2 
emitted per gallon of fuel used by 
approximately 15 percent over a gallon 
of gasoline. 

Based on confidential business 
information and the 2010 NAS Report, 
two major areas of diesel engine design 
could be improved during the timeframe 
of this final rule. These areas include 
aftertreatment improvements and a 
broad range of engine improvements. 

(i) Aftertreatment Improvements 
The HD diesel pickup and van 

segment has largely adopted the SCR 
type of aftertreatment system to comply 
with criteria pollutant emission 
standards. As the experience base for 
SCR expands over the next few years, 
many improvements in this 
aftertreatment system such as 
construction of the catalyst, thermal 
management, and reductant 
optimization may result in a reduction 
in the amount of fuel used in the 
process. However, due to uncertainties 
with these improvements regarding the 
extent of current optimization and 
future criteria emissions obligations, the 
agencies are not considering 
aftertreatment improvements as a fuel- 

saving technology in the rulemaking 
analysis. 

(ii) Engine Improvements 

Diesel engines in the HD pickup and 
van segment are expected to have 
several improvements in their base 
design in the 2021–2027 timeframe. 
These improvements include items such 
as improved combustion management, 
optimal turbocharger design, and 
improved thermal management. 

(c) Transmission Technologies 

The agencies have also reviewed the 
transmission technology estimates used 
in the 2017–2015 light-duty and 2014– 
2018 heavy-duty final rules. In doing so, 
NHTSA and EPA considered or 
reconsidered all available sources 
including the 2015 NHTSA Technology 
Study and updated the estimates as 
appropriate. The section below 
describes each of the transmission 
technologies considered for this rule. 

(i) Automatic 8-Speed Transmissions 

Manufacturers can also choose to 
replace 6-speed automatic transmissions 
with 8-speed automatic transmissions. 
Additional ratios allow for further 
optimization of engine operation over a 
wider range of conditions, but this is 
subject to diminishing returns as the 
number of speeds increases. As 
additional gear sets are added, 
additional weight and friction are 
introduced requiring additional 
countermeasures to offset these losses. 
Some manufacturers are replacing 6- 
speed automatics already, and 7 to 10- 
speed automatics have entered 
production. 

(ii) High Efficiency Transmission 

For this rule, a high efficiency 
transmission refers to some or all of a 
suite of incremental transmission 
improvement technologies that should 
be available within the 2019 to 2027 
timeframe. The majority of these 
improvements address mechanical 
friction within the transmission. These 
improvements include but are not 
limited to: Shifting clutch technology 
improvements, improved kinematic 
design, dry sump lubrication systems, 
more efficient seals, bearings and 
clutches (reducing drag), component 
superfinishing and improved 
transmission lubricants. 

(iii) Secondary Axle Disconnect 

The ability to disconnect some of the 
rotating components in the front axle on 
4wd vehicles when the secondary axle 
is not needed for traction. This will 
reduce friction and increase fuel 
economy. 
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480 In the CAFE model, improved accessories 
refers solely to improved engine cooling. 

(d) Electrification/Accessory 
Technologies 

(i) Electrical Power Steering or 
Electrohydraulic Power Steering 

Electric power steering (EPS) or 
Electrohydraulic power steering (EHPS) 
provides a potential reduction in CO2 
emissions and fuel consumption over 
hydraulic power steering because of 
reduced overall accessory loads. This 
eliminates the parasitic losses 
associated with belt-driven power 
steering pumps which consistently draw 
load from the engine to pump hydraulic 
fluid through the steering actuation 
systems even when the wheels are not 
being turned. EPS is an enabler for all 
vehicle hybridization technologies since 
it provides power steering when the 
engine is off. EPS may be implemented 
on most vehicles with a standard 12V 
system. Some heavier vehicles may 
require a higher voltage system which 
may add cost and complexity. 

(ii) Improved Accessories 

The accessories on an engine, 
including the alternator, coolant and oil 
pumps are traditionally mechanically- 
driven. A reduction in CO2 emissions 
and fuel consumption can be realized by 
driving them electrically, and only 
when needed (‘‘on-demand’’). 

Electric water pumps and electric fans 
can provide better control of engine 
cooling. For example, coolant flow from 
an electric water pump can be reduced 
and the radiator fan can be shut off 
during engine warm-up or cold ambient 
temperature conditions which will 
reduce warm-up time, reduce warm-up 
fuel enrichment, and reduce parasitic 
losses. 

Indirect benefit may be obtained by 
reducing the flow from the water pump 
electrically during the engine warm-up 
period, allowing the engine to heat more 
rapidly and thereby reducing the fuel 
enrichment needed during cold 
operation and warm-up of the engine. 
Faster oil warm-up may also result from 
better management of the coolant warm- 
up period. Further benefit may be 
obtained when electrification is 
combined with an improved, higher 
efficiency engine alternator used to 
supply power to the electrified 
accessories. 

Intelligent cooling can more easily be 
applied to vehicles that do not typically 
carry heavy payloads, so larger vehicles 
with towing capacity present a 
challenge, as these vehicles have high 
cooling fan loads.480 However, towing 
vehicles tend to have large cooling 

system capacity and flow scaled to 
required heat rejection levels when 
under full load situations such as 
towing at GCWR in extreme ambient 
conditions. During almost all other 
situations, this design characteristic 
may result in unnecessary energy usage 
for coolant pumping and heat rejection 
to the radiator. 

The agencies considered whether to 
include electric oil pump technology for 
the rulemaking. Because it is necessary 
to operate the oil pump any time the 
engine is running, electric oil pump 
technology has insignificant effect on 
efficiency. Therefore, the agencies 
decided to not include electric oil pump 
technology. 

(iii) Mild Hybrid 
Mild hybrid systems offer idle-stop 

functionality and a limited level of 
regenerative braking and power assist. 
These systems replace the conventional 
alternator with a belt or crank driven 
starter/alternator and may add high 
voltage electrical accessories (which 
may include electric power steering and 
an auxiliary automatic transmission 
pump). The limited electrical 
requirements of these systems allow the 
use of lead-acid batteries or 
supercapacitors for energy storage, or 
the use of a small lithium-ion battery 
pack. 

(iv) Strong Hybrid 
A hybrid vehicle is a vehicle that 

combines two significant sources of 
propulsion energy, where one uses a 
consumable fuel (like gasoline), and one 
is rechargeable (during operation, or by 
another energy source). Hybrid 
technology is well established in the 
U.S. light-duty market and more 
manufacturers are adding hybrid models 
to their lineups. Hybrids reduce fuel 
consumption through three major 
mechanisms: 

• The internal combustion engine can 
be optimized (through downsizing, 
modifying the operating cycle, or other 
control techniques) to operate at or near 
its most efficient point more of the time. 
Power loss from engine downsizing can 
be mitigated by employing power assist 
from the secondary power source. 

• A significant amount of the energy 
normally lost as heat while braking can 
be captured and stored in the energy 
storage system for later use. 

• The engine is turned off when it is 
not needed, such as when the vehicle is 
coasting or when stopped. 

Hybrid vehicles utilize some 
combination of the three above 
mechanisms to reduce fuel consumption 
and CO2 emissions. The effectiveness of 
fuel consumption and CO2 reduction 

depends on the utilization of the above 
mechanisms and how aggressively they 
are pursued. One area where this 
variation is particularly prevalent is in 
the choice of engine size and its effect 
on balancing fuel economy and 
performance. Some manufacturers 
choose not to downsize the engine when 
applying hybrid technologies. In these 
cases, overall performance (acceleration) 
is typically improved beyond the 
conventional engine. However, fuel 
efficiency improves less than if the 
engine was downsized to maintain the 
same performance as the conventional 
version. The non-downsizing approach 
is used for vehicles like trucks where 
towing and/or hauling are an integral 
part of their performance requirements. 
In these cases, if the engine is 
downsized, the battery can be quickly 
drained during a long hill climb with a 
heavy load, leaving only a downsized 
engine to carry the entire load. Because 
towing capability is currently a heavily- 
marketed truck attribute, manufacturers 
are hesitant to offer a truck with a 
downsized engine, which can lead to a 
significantly diminished towing 
performance when the battery state of 
charge level is low, and therefore 
engines are traditionally not downsized 
for these vehicles. In assessing the cost 
of this technology, the agencies 
consequently assumed the cost of a full 
size engine. 

Strong Hybrid technology utilizes an 
axial electric motor connected to the 
transmission input shaft and connected 
to the engine crankshaft through a 
clutch. The axial motor is a motor/ 
generator that can provide sufficient 
torque for launch assist, all electric 
operation, and the ability to recover 
significant levels of braking energy. 

(e) Vehicle Technologies 

(i) Mass Reduction 

Mass reduction is a technology that 
can be used in a manufacturer’s strategy 
to meet the Heavy Duty Greenhouse Gas 
Phase 2 standards. Vehicle mass 
reduction (also referred to as ‘‘down- 
weighting’’ or ‘‘light-weighting’’), 
decreases fuel consumption and GHG 
emissions by reducing the energy 
demand needed to overcome inertia 
forces, and rolling resistance. 
Automotive companies have worked 
with mass reduction technologies for 
many years and a lot of these 
technologies have been used in 
production vehicles. The weight savings 
achieved by adopting mass reduction 
technologies offset weight gains due to 
increased vehicle size, larger 
powertrains, and increased feature 
content (sound insulation, 
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481 Committee on the Assessment of Technologies 
for Improving Light-Duty Vehicle Fuel Economy; 
National Research Council, ‘‘Assessment of Fuel 
Economy Technologies for Light-Duty Vehicles,’’ 
2011. Available at http://www.nap.edu/
catalog.php?record_id=12924 (last accessed Jun 27, 
2012). 

482 SAE World Congress, ‘‘Focus B-pillar ‘tailor 
rolled’ to 8 different thicknesses,’’ Feb. 24, 2010. 
Available at http://www.sae.org/mags/AEI/7695 
(last accessed Jun. 10, 2012). 

483 ‘‘Mass Reduction and Cost Analysis—Light- 
Duty Pickup Trucks Model Years 2020–2025,’’ FEV, 
North America, Inc., April 2015, Document no. 
EPA–420–R–15–006. 

484 ‘‘Mass Reduction and Cost Analysis Heavy 
Duty Pickup Truck and Light Commercial Vans,’’ 
2016, EPA–420–D–16–003. 

entertainment systems, improved 
climate control, panoramic roof, etc.). 
Sometimes mass reduction has been 
used to increase vehicle towing and 
payload capabilities. 

Manufacturers employ a systematic 
approach to mass reduction, where the 
net mass reduction is the addition of a 
direct component or system mass 
reduction, also referred to as primary 
mass reduction, plus the additional 
mass reduction taken from indirect 
ancillary systems and components, also 
referred to as secondary mass reduction 
or mass compounding. There are more 
secondary mass reductions achievable 
for light-duty vehicles compared to 
heavy-duty vehicles, which are limited 
due to the higher towing and payload 
requirements for these vehicles. 

Mass reduction can be achieved 
through a number of approaches, even 
while maintaining other vehicle 
functionalities. As summarized by NAS 
in its 2011 light duty vehicle report,481 
there are two key strategies for primary 
mass reduction: (1) Changing the design 
to use less material; (2) substituting 
lighter materials for heavier materials. 

The first key strategy of using less 
material compared to the baseline 
component can be achieved by 
optimizing the design and structure of 
vehicle components, systems and 
vehicle structure. Vehicle manufacturers 
have long used these continually- 
improving CAE tools to optimize 
vehicle designs. For example, the Future 
Steel Vehicle (FSV) project 482 
sponsored by WorldAutoSteel used 
three levels of optimization: Topology 
optimization, low fidelity 3G (Geometry 
Grade and Gauge) optimization, and 
subsystem optimization, to achieve 30 
percent mass reduction in the body 
structure of a vehicle with a mild steel 
unibody structure. Using less material 
can also be achieved through improving 
the manufacturing process, such as by 
using improved joining technologies 
and parts consolidation. This method is 
often used in combination with 
applying new materials. 

The second key strategy to reduce 
mass of an assembly or component 
involves the substitution of lower 
density and/or higher strength 
materials. Material substitution includes 
replacing materials, such as mild steel, 

with higher-strength and advanced 
steels, aluminum, magnesium, and 
composite materials. In practice, 
material substitution tends to be quite 
specific to the manufacturer and 
situation. Some materials work better 
than others for particular vehicle 
components, and a manufacturer may 
invest more heavily in adjusting to a 
particular type of advanced material, 
thus complicating its ability to consider 
others. The agencies recognize that like 
any type of mass reduction, material 
substitution has to be conducted not 
only with consideration to maintaining 
equivalent component strength, but also 
to maintaining all the other attributes of 
that component, system or vehicle, such 
as crashworthiness, durability, and 
noise, vibration and harshness (NVH). 

If vehicle mass is reduced sufficiently 
through application of the two primary 
strategies of using less material and 
material substitution described above, 
secondary mass reduction options may 
become available. Secondary mass 
reduction is enabled when the load 
requirements of a component are 
reduced as a result of primary mass 
reduction. If the primary mass reduction 
reaches a sufficient level, a 
manufacturer may use a smaller, lighter, 
and potentially more efficient 
powertrain while maintaining vehicle 
acceleration performance. If a 
powertrain is downsized, a portion of 
the mass reduction may be attributed to 
the reduced torque requirement which 
results from the lower vehicle mass. The 
lower torque requirement enables a 
reduction in engine displacement, 
changes to transmission torque 
converter and gear ratios, and changes 
to final drive gear ratio. The reduced 
powertrain torque enables the 
downsizing and/or mass reduction of 
powertrain components and 
accompanying reduced rotating mass 
(e.g., for transmission, driveshafts/ 
halfshafts, wheels, and tires) without 
sacrificing powertrain durability. 
Likewise, the combined mass reductions 
of the engine, drivetrain, and body in 
turn reduce stresses on the suspension 
components, steering components, 
wheels, tires, and brakes, which can 
allow further reductions in the mass of 
these subsystems. Reducing the un- 
sprung masses such as the brakes, 
control arms, wheels, and tires further 
reduce stresses in the suspension 
mounting points, which will allow for 
further optimization and potential mass 
reduction. However, pickup trucks have 
towing and hauling requirements which 
must be taken into account when 
determining the amount of secondary 

mass reduction that is possible and so 
it is less than that of passenger cars. 

In 2015, EPA completed a multi-year 
study with FEV North America, Inc. on 
the lightweighting of a light-duty pickup 
truck, a 2011 GMC Silverado, titled 
‘‘Mass Reduction and Cost Analysis— 
Light-Duty Pickup Trucks Model Years 
2020–2025.’’ 483 Results contain a cost 
curve for various mass reduction 
percentages with the main solution 
being evaluated for a 20.8 percent (510 
kg/1122 lb.) mass reduction resulting in 
an increased direct incremental 
manufacturing cost of $2228. In 
addition, the report outlines the 
compounding effect that occurs in a 
vehicle with performance requirements 
including hauling and towing. 
Secondary mass evaluation was 
performed on a component level based 
on an overall 20 percent vehicle mass 
reduction. Results revealed 84 kg of the 
510 kg, or 20 percent of the overall mass 
reduction, were from secondary mass 
reduction. Information on this study is 
summarized in SAE paper 2015–01– 
0559. NHTSA has also sponsored an on- 
going pickup truck lightweighting 
project. This project uses a more recent 
baseline vehicle, a MY 2014 GMC 
Silverado, and the project will be 
finished in 2016. Both projects will be 
utilized for the light-duty GHG and 
CAFE Midterm Evaluation mass 
reduction baseline characterization and 
may be used to update assumptions of 
mass reduction for HD pickups and vans 
for the final Phase 2 rulemaking. 

In order to determine if technologies 
identified on light duty trucks are 
applicable to heavy-duty pickups, EPA 
contracted with FEV North America, 
Inc. to perform a scaling study in order 
to evaluate whether the technologies 
identified for the light-duty truck would 
be applicable for a heavy-duty pickup 
truck. In this study a 2013MY Silverado 
2500, a 2007 Mercedes Sprinter and a 
2010 Renault Master 484 were analyzed. 
A 2013MY Silverado 2500 was 
purchased and torn down. The mass 
reduction results were 18.9 percent 
mass reduction at a cost of $2,372 and 
focused on aluminum intensive with 
AHSS frame. The Mercedes Sprinter 
and Renault Master analyses were 
performed based on information from 
the A2Mac1 database. The results were 
18.15 percent mass reduction at a cost 
add of $2,293 for the Mercedes Sprinter 
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485 http://www.techtimes.com/articles/87961/ 
20150925/ford-s-2017-f-250-super-duty-with-an-
aluminum-body-is-the-toughest-smartest-and-most- 
capable-super-duty-ever.htm, September 25, 2015. 

486 https://www.ford.com/trucks/superduty/ 
2017/. 

487 ‘‘2008/9 Blueprint for Sustainability,’’ Ford 
Motor Company. Available at: http://
www.ford.com/go/sustainability (last accessed 
February 8, 2010). 

488 ‘‘2015 North American Light Vehicle 
Aluminum Content Study—Executive Summary,’’ 
June 2014, http://www.drivealuminum.org/
research-resources/PDF/Research/2014/2014- 
ducker-report (last accessed February 26, 2015). 

489 http://www.foxnews.com/leisure/2014/09/30/
ford-confirms-increased-aluminum-use-on-next- 
gen-super-duty-pickups/. 

490 See RIA Chapter 2.3 for more detailed 
technology descriptions. 

491 U.S. Environmental Protection Agency, ‘‘Draft 
Report—Light-Duty Technology Cost Analysis Pilot 
Study,’’ Contract No. EP–C–07–069, Work 
Assignment 1–3, September 3, 2009. 

and 18.55 percent mass reduction at a 
cost add of $2,293 for the Master. 

In September 2015, Ford announced 
that its MY 2017 F-Series Super duty 
pickup (F250) would be manufactured 
with an aluminum body and overall the 
truck will be 350 lbs. lighter (5 percent– 
6 percent) than the current generation 
truck with steel.485 486 This is less 
overall mass reduction than the 
resultant lightweighting effort on the 
MY 2015 F–150, which achieved up to 
750 lb. decrease in curb weight (12 
percent–13 percent) per vehicle.487 
Strategies were employed by Ford in the 
F250 to ‘‘improve the productivity of 
the Super Duty.’’ In addition, Ford 
added several safety systems (and 
consequent mass) including cameras, 
lane departure warning, brake assist, 
etc. More details on the F250 will be 
known once it is released; however, a 
review of the F150 vehicle aluminum 
intensive design shows that it has an 
aluminum cab structure, body panels, 
and suspension components, as well as 
a high strength steel frame and a 
smaller, lighter and more efficient 
engine. The Executive Summary to 
Ducker Worldwide’s 2014 report 488 
states that the MY 2015 F–150 contains 
1080 lbs. of aluminum with at least half 
being aluminum sheet and extrusions 
for body and closures. Ford’s engine 
range for its light duty truck fleet 
includes a 2.7L EcoBoost V–6. The 
integrated loop, between Ford and the 
aluminum sheet suppliers, of aluminum 
manufacturing scrap and new 
aluminum sheet is integral to making 
aluminum a feasible lightweighting 
technology option for Ford. It is also 
possible that the strategy of aluminum 
body panels will be applied to the heavy 
duty F–350 version when it is 
redesigned.489 

The RIA for this rulemaking shows 
that 10 percent or less mass reduction 
is part of the projected strategy for 
compliance for HD pickups and vans. 
The cost and effectiveness assumptions 
for mass reduction technology are 
described in the RIA. 

(ii) Low Rolling Resistance Tires 

Tire rolling resistance is the frictional 
loss associated mainly with the energy 
dissipated in the deformation of the 
tires under load and thus influences fuel 
efficiency and CO2 emissions. Other tire 
design characteristics (e.g., materials, 
construction, and tread design) 
influence durability, traction (both wet 
and dry grip), vehicle handling, and ride 
comfort in addition to rolling resistance. 
A typical LRR tire’s attributes will 
include: Increased tire inflation 
pressure, material changes, and tire 
construction with less hysteresis, 
geometry changes (e.g., reduced aspect 
ratios), and reduction in sidewall and 
tread deflection. These changes will 
generally be accompanied with 
additional changes to suspension tuning 
and/or suspension design. 

(iii) Aerodynamic Drag Reduction 

Many factors affect a vehicle’s 
aerodynamic drag and the resulting 
power required to move it through the 
air. While these factors change with air 
density and the square and cube of 
vehicle speed, respectively, the overall 
drag effect is determined by the product 
of its frontal area and drag coefficient, 
Cd. Reductions in these quantities can 
therefore reduce fuel consumption and 
CO2 emissions. Although frontal areas 
tend to be relatively similar within a 
vehicle class (mostly due to market- 
competitive size requirements), 
significant variations in drag coefficient 
can be observed. Significant changes to 
a vehicle’s aerodynamic performance 
may need to be implemented during a 
redesign (e.g., changes in vehicle shape). 
However, shorter-term aerodynamic 
reductions, with a somewhat lower 
effectiveness, may be achieved through 
the use of revised exterior components 
(typically at a model refresh in mid- 
cycle) and add-on devices that currently 
being applied. The latter list will 
include revised front and rear fascias, 
modified front air dams and rear 
valances, addition of rear deck lips and 
underbody panels, and lower 
aerodynamic drag exterior mirrors. 

(f) Air Conditioning Technologies 

These technologies include improved 
hoses, connectors and seats for leakage 
control. They also include improved 
compressors, expansion valves, heat 
exchangers and the control of these 
components for the purposes of 
improving tailpipe CO2 emissions as a 
result of A/C use.490 

(5) How did the agencies determine the 
costs and effectiveness of each of these 
technologies? 

Building on the technical analysis 
underlying the 2017–2025 MY light- 
duty vehicle rule, the 2014–2018 MY 
heavy-duty vehicle rule, and the 2015 
NHTSA Technology Study, the agencies 
took a fresh look at technology cost and 
effectiveness values for purposes of this 
rule. For costs, the agencies 
reconsidered both the direct (or ‘‘piece’’) 
costs and indirect costs of individual 
components of technologies. For the 
direct costs, the agencies followed a bill 
of materials (BOM) approach employed 
by the agencies in the light-duty rule as 
well as referencing costs from the 2014– 
2018 MY heavy-duty vehicle rule and a 
new cost survey performed by Tetra 
Tech in 2014. 

For two technologies, stoichiometric 
gasoline direct injection (SGDI) and 
turbocharging with engine downsizing, 
the agencies relied to the extent possible 
on the available tear-down data and 
scaling methodologies used in EPA’s 
ongoing study with FEV, Incorporated. 
This study consists of complete system 
tear-down to evaluate technologies 
down to the nuts and bolts to arrive at 
very detailed estimates of the costs 
associated with manufacturing them.491 

For the other technologies, 
considering all sources of information 
and using the BOM approach, the 
agencies worked together intensively to 
determine component costs for each of 
the technologies and build up the costs 
accordingly. Where estimates differ 
between sources, we have used 
engineering judgment to arrive at what 
we believe to be the best cost estimate 
available today, and explained the basis 
for that exercise of judgment. 

Once costs were determined, they 
were adjusted to ensure that they were 
all expressed in 2012 dollars, and 
indirect costs were accounted for using 
a methodology consistent with the new 
ICM approach developed by EPA and 
used in the Phase 1 rule, and the 2012– 
2016 and 2017–2025 light-duty rules. 
NHTSA and EPA also reconsidered how 
costs should be adjusted by modifying 
or scaling content assumptions to 
account for differences across the range 
of vehicle sizes and functional 
requirements, and adjusted the 
associated material cost impacts to 
account for the revised content. We 
present the individual technology costs 
used in this analysis in Chapter 2.11 of 
the RIA. 
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Regarding estimates for technology 
effectiveness, the agencies used the 
estimates from the 2014 Southwest 
Research Institute study as a baseline, 
which was designed specifically to 
inform this rulemaking. In addition, the 
agencies used 2017–2025 light-duty rule 
as a reference, and adjusted these 
estimates as appropriate, taking into 
account the unique requirement of the 
heavy-duty test cycles to test at curb 
weight plus half payload versus the 
light-duty requirement of curb plus 300 
lbs. The adjustments were made on an 
individual technology basis by assessing 
the specific impact of the added load on 
each technology when compared to the 
use of the technology on a light-duty 
vehicle. The agencies also considered 
other sources such as the 2010 NAS 
Report, recent compliance data, and 
confidential manufacturer estimates of 
technology effectiveness. The agencies 
reviewed effectiveness information from 
the multiple sources for each technology 
and ensured that such effectiveness 
estimates were based on technology 
hardware consistent with the BOM 
components used to estimate costs. 
Together, the agencies compared the 
multiple estimates and assessed their 
validity, taking care to ensure that 
common BOM definitions and other 
vehicle attributes such as performance 
and drivability were taken into account. 

The agencies note that the 
effectiveness values estimated for the 
technologies may represent average 
values applied to the baseline fleet 
described earlier, and do not reflect the 
potentially limitless spectrum of 
possible values that could result from 
adding the technology to different 
vehicles. For example, while the 

agencies have estimated an effectiveness 
of 0.5 percent for low friction lubricants, 
each vehicle could have a unique 
effectiveness estimate depending on the 
baseline vehicle’s oil viscosity rating. 
Similarly, the reduction in rolling 
resistance (and thus the improvement in 
fuel efficiency and the reduction in CO2 
emissions) due to the application of LRR 
tires depends not only on the unique 
characteristics of the tires originally on 
the vehicle, but on the unique 
characteristics of the tires being applied, 
characteristics which must be balanced 
between fuel efficiency, safety, and 
performance. Aerodynamic drag 
reduction is much the same—it can 
improve fuel efficiency and reduce CO2 
emissions, but it is also highly 
dependent on vehicle-specific 
functional objectives. For purposes of 
this final rule, the agencies believe that 
employing average values for 
technology effectiveness estimates is an 
appropriate way of recognizing the 
potential variation in the specific 
benefits that individual manufacturers 
(and individual vehicles) might obtain 
from adding a fuel-saving technology. 

The assessment of the technology 
effectiveness and costs was determined 
from a combination of sources. First an 
assessment was performed by SwRI 
under contract with the agencies to 
determine the effectiveness and costs on 
several technologies that were generally 
not considered in the Phase 1 GHG rule 
time frame. Some of the technologies 
were common with the light-duty 
assessment but the effectiveness and 
costs of individual technologies were 
appropriately adjusted to match the 
expected effectiveness and costs when 
implemented in a heavy-duty 

application. Finally, the agencies 
performed extensive outreach to 
suppliers of engine, transmission and 
vehicle technologies applicable to 
heavy-duty applications to get industry 
input on cost and effectiveness of 
potential GHG and fuel consumption 
reducing technologies. The agencies did 
not receive comments disputing the 
expected technology effectiveness 
values or costs developed with input 
from industry. 

To achieve the levels of the Phase 2 
standards for gasoline and diesel 
powered heavy-duty vehicles, a 
combination of the technologies 
previously discussed will be required 
respective to unique gasoline and diesel 
technologies and their challenges. 
Although some of the technologies may 
already be implemented in a portion of 
heavy-duty vehicles, none of the 
technologies discussed are considered 
ubiquitous in the heavy-duty fleet. Also, 
as will be expected, the available test 
data show that some vehicle models 
will not need the full complement of 
available technologies to achieve these 
standards. Furthermore, many 
technologies can be further improved 
(e.g., aerodynamic improvements) from 
today’s best levels, and so allow for 
compliance without needing to apply a 
technology that a manufacturer might 
deem less desirable. 

Technology costs for HD pickups and 
vans are shown in Table VI–4. These 
costs reflect direct and indirect costs to 
the vehicle manufacturer for the 2021 
model year. See Chapter 2.11. of the RIA 
for a more complete description of the 
basis of these costs. 

TABLE VI–4—TECHNOLOGY COSTS FOR HD PICKUPS & VANS INCLUSIVE OF INDIRECT COST MARKUPS FOR MY 2021 
[2012$] 

Technology Gasoline Diesel 

Engine changes to accommodate low friction lubes ............................................................................................... 6 6 
Engine friction reduction—level 1 ............................................................................................................................ 116 116 
Engine friction reduction—level 2 ............................................................................................................................ 254 254 
Dual cam phasing .................................................................................................................................................... 183 183 
Cylinder deactivation ............................................................................................................................................... 196 N/A 
Stoichiometric gasoline direct injection ................................................................................................................... 451 N/A 
Turbo improvements ................................................................................................................................................ N/A 16 
Cooled EGR ............................................................................................................................................................. 373 373 
Turbocharging & downsizing a ................................................................................................................................. 671 N/A 
‘‘Right-sized’’ diesel from larger diesel .................................................................................................................... N/A 0 
8s automatic transmission (increment to 6s automatic transmission) .................................................................... 457 457 
Improved accessories—level 1 ................................................................................................................................ 82 82 
Improved accessories—level 2 ................................................................................................................................ 132 132 
Low rolling resistance tires—level 1 ........................................................................................................................ 10 10 
Passive aerodynamic improvements (aero 1) ......................................................................................................... 51 51 
Passive plus Active aerodynamic improvements (aero 2) ...................................................................................... 230 230 
Electric (or electro/hydraulic) power steering .......................................................................................................... 151 151 
Mass reduction (10% on a 6500 lb vehicle) ............................................................................................................ 318 318 
Driveline friction reduction ....................................................................................................................................... 139 139 
Stop-start (no regenerative braking) ........................................................................................................................ 539 539 
Mild HEV .................................................................................................................................................................. 2730 2730 
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TABLE VI–4—TECHNOLOGY COSTS FOR HD PICKUPS & VANS INCLUSIVE OF INDIRECT COST MARKUPS FOR MY 2021— 
Continued 

[2012$] 

Technology Gasoline Diesel 

Strong HEV, without inclusion of any engine changes ........................................................................................... 6779 6779 

Note: 
a Cost to downsize from a V8 OHC to a V6 OHC engine with twin turbos. 

As explained above, the CAFE model 
works by adding technologies in an 
incremental fashion to each particular 
vehicle in a manufacturer’s fleet until 
that fleet complies with the imposed 
standards. It does this by following a 
predefined set of decision trees whereby 
the particular vehicle is placed on the 
appropriate decision tree and it follows 
the predefined progression of 

technology available on that tree. At 
each step along the tree, a decision is 
made regarding the cost of a given 
technology relative to what already 
exists on the vehicle along with the fuel 
consumption improvement it provides 
relative to the fuel consumption at the 
current location on the tree, prior to 
deciding whether to take that next step 
on the tree or remain in the current 

location. Because the model works in 
this way, the input files must be 
structured to provide costs and 
effectiveness values for each technology 
relative to whatever technologies have 
been added in earlier steps along the 
tree. Table VI–5 presents the cost and 
effectiveness values used in the CAFE 
model input files. 

TABLE VI–5—CAFE MODEL INPUT VALUES FOR COST & EFFECTIVENESS FOR GIVEN TECHNOLOGIES a 

Technology FC savings 
(%) 

Incremental cost (2012$) a b c 

2021 2025 2027 

Improved Lubricants and Engine Friction Reduction ...................................... 1.60 24 24 23 
Coupled Cam Phasing (SOHC) ....................................................................... 3.82 48 43 39 
Dual Variable Valve Lift (SOHC) ..................................................................... 2.47 42 37 34 
Cylinder Deactivation (SOHC) ......................................................................... 3.70 34 30 27 
Intake Cam Phasing (DOHC) .......................................................................... 0.00 48 43 39 
Dual Cam Phasing (DOHC) ............................................................................. 3.82 46 40 37 
Dual Variable Valve Lift (DOHC) ..................................................................... 2.47 42 37 34 
Cylinder Deactivation (DOHC) ......................................................................... 3.70 34 30 27 
Stoichiometric Gasoline Direct Injection (OHC) .............................................. 0.50 71 61 56 
Cylinder Deactivation (OHV) ............................................................................ 3.90 216 188 172 
Variable Valve Actuation (OHV) ...................................................................... 6.10 54 47 43 
Stoichiometric Gasoline Direct Injection (OHV) ............................................... 0.50 71 61 56 
Engine Turbocharging and Downsizing 

Small Gasoline Engines ........................................................................... 8.00 518 441 407 
Medium Gasoline Engines ....................................................................... 8.00 ¥12 ¥62 ¥44 
Large Gasoline Engines ........................................................................... 8.00 623 522 456 

Cooled Exhaust Gas Recirculation .................................................................. 3.04 382 332 303 
Cylinder Deactivation on Turbo/downsized Eng .............................................. 1.70 33 29 26 
Lean-Burn Gasoline Direct Injection ................................................................ 4.30 1,758 1,485 1,282 
Improved Diesel Engine Turbocharging .......................................................... 2.51 22 19 18 
Engine Friction & Parasitic Reduction 

Small Diesel Engines ................................................................................ 3.50 269 253 213 
Medium Diesel Engines ............................................................................ 3.50 345 325 273 
Large Diesel Engines ............................................................................... 3.50 421 397 334 

Downsizing of Diesel Engines (V6 to I–4) ....................................................... 11.10 0 0 0 
8-Speed Automatic Transmission d .................................................................. 5.00 482 419 382 
Electric Power Steering ................................................................................... 1.00 160 144 130 
Improved Accessories (Level 1) ...................................................................... 0.93 93 83 75 
Improved Accessories (Level 2) ...................................................................... 0.93 57 54 46 
Stop-Start System ............................................................................................ 1.10 612 517 446 
Integrated Starter-Generator ........................................................................... 3.20 1,040 969 760 
Strong Hybrid Electric Vehicle ......................................................................... 17.20 3,038 2,393 2,133 
Mass Reduction (5%) ...................................................................................... 1.50 0.28 0.24 0.21 
Mass Reduction (additional 5%) ...................................................................... 1.50 0.87 0.75 0.66 
Reduced Rolling Resistance Tires .................................................................. 1.10 10 9 9 
Low-Drag Brakes ............................................................................................. 0.40 106 102 102 
Driveline Friction Reduction ............................................................................. 0.50 153 137 124 
Aerodynamic Improvements (10%) ................................................................. 0.70 58 52 47 
Aerodynamic Improvements (add’l 10%) ......................................................... 0.70 193 182 153 

Notes: 
a Values for other model years available in CAFE model input files available at NHTSA Web site. 
b For mass reduction, cost reported on mass basis (per pound of curb weight reduction). 
c The model output has been adjusted to 2013$. 
d 8-speed automatic transmission costs include costs for high efficiency gearbox and aggressive shift logic whereas those costs were kept sep-

arate in prior analyses. 
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In addition to the base technology 
cost and effectiveness inputs described 
above, the CAFE model accommodates 
inputs to adjust accumulated 
effectiveness under circumstances when 
combining multiple technologies could 
result in underestimation or 
overestimation of total incremental 
effectiveness relative to an ‘‘unevolved’’ 

baseline vehicle. These so-called 
synergy factors may be positive, where 
the combination of the technologies 
results in greater improvement than the 
additive improvement of each 
technology, or negative, where the 
combination of the technologies is lower 
than the additive improvement of each 
technology. The synergy factors used in 

the NPRM and Method B of the FRM are 
described in Table VI–6 Method A of 
the FRM uses synergies derived from a 
simulation project NHTSA undertook 
with Autnomie Argonne National Lab. 
A description of these changes is given 
in Section D.(8). 

TABLE VI–6—TECHNOLOGY PAIR EFFECTIVENESS SYNERGY FACTORS FOR HD PICKUPS AND VANS 

Technology pair Adjustment 
(%) Technology pair Adjustment 

(%) 

8SPD/CCPS ................................................................. ¥4.60 IATC/CCPS ................................................................... ¥1.30 
8SPD/DEACO ............................................................... ¥4.60 IATC/DEACO ................................................................ ¥1.30 
8SPD/ICP ..................................................................... ¥4.60 IATC/ICP ....................................................................... ¥1.30 
8SPD/TRBDS1 ............................................................. 4.60 IATC/TRBDS1 .............................................................. 1.30 
AERO2/SHEV1 ............................................................. 1.40 MR1/CCPS ................................................................... 0.40 
CCPS/IACC1 ................................................................ ¥0.40 MR1/DCP ...................................................................... 0.40 
CCPS/IACC2 ................................................................ ¥0.60 MR1/VVA ...................................................................... 0.40 
DCP/IACC1 ................................................................... ¥0.40 MR2/ROLL1 .................................................................. ¥0.10 
DCP/IACC2 ................................................................... ¥0.60 MR2/SHEV1 ................................................................. ¥0.40 
DEACD/IATC ................................................................ ¥0.10 NAUTO/CCPS .............................................................. ¥1.70 
DEACO/IACC2 ............................................................. ¥0.80 NAUTO/DEACO ........................................................... ¥1.70 
DEACO/MHEV .............................................................. ¥0.70 NAUTO/ICP .................................................................. ¥1.70 
DEACS/IATC ................................................................ ¥0.10 NAUTO/SAX ................................................................. ¥0.40 
DTURB/IATC ................................................................ 1.00 NAUTO/TRBDS1 .......................................................... 1.70 
DTURB/MHEV .............................................................. ¥0.60 ROLL1/AERO1 ............................................................. 0.10 
DTURB/SHEV1 ............................................................. ¥1.00 ROLL1/SHEV1 .............................................................. 1.10 
DVVLD/8SPD ............................................................... ¥0.60 ROLL2/AERO2 ............................................................. 0.20 
DVVLD/IACC2 .............................................................. ¥0.80 SHFTOPT/MHEV .......................................................... ¥0.30 
DVVLD/IATC ................................................................. ¥0.60 TRBDS1/MHEV ............................................................ 0.80 
DVVLD/MHEV .............................................................. ¥0.70 TRBDS1/SHEV1 ........................................................... ¥3.30 
DVVLS/8SPD ................................................................ ¥0.60 TRBDS1/VVA ............................................................... ¥8.00 
DVVLS/IACC2 .............................................................. ¥0.80 TRBDS2/EPS ............................................................... ¥0.30 
DVVLS/IATC ................................................................. ¥0.50 TRBDS2/IACC2 ............................................................ ¥0.30 
DVVLS/MHEV ............................................................... ¥0.70 TRBDS2/NAUTO .......................................................... ¥0.50 
....................................................................................... ........................ VVA/IACC1 ................................................................... ¥0.40 
....................................................................................... ........................ VVA/IACC2 ................................................................... ¥0.60 
....................................................................................... ........................ VVA/IATC ..................................................................... ¥0.60 

The CAFE model also accommodates 
inputs to adjust accumulated 
incremental costs under circumstances 
when the application sequence could 
result in underestimation or 
overestimation of total incremental costs 
relative to an ‘‘unevolved’’ baseline 
vehicle. For today’s analysis, the 
agencies have applied one such 
adjustment, increasing the cost of 
medium-sized gasoline engines by $513 
in cases where turbocharging and 
engine downsizing is applied with 
variable valve actuation. 

The analysis performed using Method 
A also applied cost inputs to address 
some costs encompassed neither by the 
agencies’ estimates of the direct cost to 
apply these technologies, nor by the 
agencies’ methods for ‘‘marking up’’ 
these costs to arrive at increases in the 
new vehicle purchase costs. To account 
for the additional costs that could be 
incurred if a technology is applied and 
then quickly replaced, the CAFE model 
accommodates inputs specifying a 
‘‘stranded capital cost’’ specific to each 

technology. For this analysis, the model 
was run with inputs to apply about $78 
of additional cost (per engine) if 
gasoline engine turbocharging and 
downsizing (separately for each ‘‘level’’ 
considered) is applied and then 
immediately replaced, declining 
steadily to zero by the tenth model year 
following initial application of the 
technology. The model also 
accommodates inputs specifying any 
additional changes owners might incur 
in maintenance and post-warranty 
repair costs. For this analysis, the model 
was run with inputs indicating that 
vehicles equipped with less rolling- 
resistant tires could incur additional tire 
replacement costs equivalent to $21–$23 
(depending on model year) in additional 
costs to purchase the new vehicle. The 
agencies did not, however, include 
inputs specifying any potential changes 
repair costs that might accompany 
application of any of the above 
technologies. A sensitivity analysis 
using Method A, discussed below, 
includes a case in which repair costs are 

estimated using factors consistent with 
those underlying the indirect cost 
multipliers used to markup direct costs 
for the agencies’ central analysis. 

(6) Regulatory Alternatives Considered 
by the Agencies 

As discussed above, the model 
considers regulatory alternatives. The 
results of regulatory alternatives are 
considered relative to a ‘‘no action’’ 
alternative where existing standards 
persist, but no further regulatory action 
is taken (in this case the MY 2018 
standards from Phase I are the last 
regulatory action taken). The agencies 
also considered four regulatory 
alternatives. The preferred alternative 
with a standard that increases 2.5 
percent in stringency annually for MY’s 
2021–2027, and three others with 
annual increases in stringency of: 2.0 
percent, 3.5 percent, and 4.0 percent for 
MY’s 2021–2025. For each of the 
‘‘action alternatives’’ (i.e., those 
involving stringency increases beyond 
the no-action alternative), the annual 
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stringency increases are applied as 
follows: An annual stringency increase 
of r is applied by multiplying the model 
year 2020 target functions (identical to 
those applicable to model year 2018) by 

1¥r to define the model year 2021 
target functions, multiplying the model 
year 2021 target functions by 1¥r to 
define the model year 2022 target 
functions, continuing through 2025 for 

all alternatives except for the preferred 
Alternative 3 which extends through 
2027. In summary, the agencies have 
considered the following five regulatory 
alternatives in the CAFE model. 

TABLE VI–7—CONSIDERED REGULATORY ALTERNATIVES 

Regulatory alternative 
Annual stringency increase 

2019–2020 2021–2025 2026–2027 

1: No Action ................................... None ............................................. None ............................................. None. 
2: 2.0%/y ........................................ None ............................................. 2.0% .............................................. None. 
3: 2.5%/y ........................................ None ............................................. 2.5% .............................................. 2.5% 
4: 3.5%/y ........................................ None ............................................. 3.5% .............................................. None. 
5: 4.0%/y ........................................ None ............................................. 4.0% .............................................. None. 

(7) NPRM Modifications of the Model 

The NPRM analysis (and the current 
analysis) reflect several changes made to 
the model since 2012, when NHTSA 
used the model to estimate the effects, 
costs, and benefits of final CAFE 
standards for light-duty vehicles 
produced during MYs 2017–2021, and 
augural standards for MYs 2022–2025. 
Some of these changes specifically 
enable analysis of potential fuel 
consumption standards (and, hence, 
CO2 emissions standards harmonized 
with fuel consumption standards) for 
heavy-duty pickups and vans; other 
changes implement more general 
improvements to the model. Key 
changes include the following: 

• Changes to accommodate standards 
for heavy-duty pickups and vans, 
including attribute-based standards 
involving targets that vary with ‘‘work 
factor.’’ 

• Explicit calculation of test weight, 
taking into account test weight ‘‘bins’’ 
and differences in the definition of test 
weight for light-duty vehicles (curb 
weight plus 300 pound) and heavy-duty 
pickups and vans (average of GVWR and 
curb weight). 

• Procedures to estimate increases in 
payload when curb weight is reduced, 
increases in towing capacity if GVWR is 
reduced, and calculation procedures to 
correspondingly update calculated work 
factors. 

• Expansion of model inputs, 
procedures, and outputs to 
accommodate technologies not included 
in prior analyses. 

• Changes to the algorithm used to 
apply technologies, enabling more 
explicit accounting for shared vehicle 
platforms and adoption and 
‘‘inheritance’’ of major engine changes. 

These changes are reflected in 
updated model documentation available 
at NHTSA’s Web site, the 
documentation also providing more 
information about the model’s purpose, 

scope, structure, design, inputs, 
operation, and outputs. The agencies 
invited but did not receive comments on 
the CAFE model used for the NPRM 
analysis and used in this final rule for 
the Method B analysis. 

(a) Product Cadence 
Past comments on the CAFE model 

have stressed the importance of product 
cadence—i.e., the development and 
periodic redesign and freshening of 
vehicles—in terms of involving 
technical, financial, and other practical 
constraints on applying new 
technologies, and NHTSA has steadily 
made changes to the model with a view 
toward accounting for these 
considerations. For example, early 
versions of the model added explicit 
‘‘carrying forward’’ of applied 
technologies between model years, 
subsequent versions applied 
assumptions that most technologies 
would be applied when vehicles are 
freshened or redesigned, and more 
recent versions applied assumptions 
that manufacturers would sometimes 
apply technology earlier than 
‘‘necessary’’ in order to facilitate 
compliance with standards in ensuing 
model years. Thus, for example, if a 
manufacturer is expected to redesign 
many of its products in model years 
2018 and 2023, and the standard’s 
stringency increases significantly in 
model year 2021, the CAFE model will 
estimate the potential that the 
manufacturer will add more technology 
than necessary for compliance in MY 
2018, in order to carry those product 
changes forward through the next 
redesign and contribute to compliance 
with the MY 2021 standard. 

The model also accommodates 
estimates of overall limits (expressed as 
‘‘phase-in caps’’ in model inputs) on the 
rates at which manufacturers’ may 
practicably add technology to their 
respective fleets. So, for example, even 
if a manufacturer is expected to redesign 

half of its production in MY 2016, if the 
manufacturer is not already producing 
any strong hybrid electric vehicles 
(SHEVs), a phase-in cap can be specified 
in order to assume that manufacturer 
will stop applying SHEVs in MY 2016 
once it has done so to at least 3 percent 
of its production in that model year. 

After the light-duty rulemaking 
analysis accompanying the 2012 final 
rule regarding post-2016 CAFE 
standards and related GHG emissions 
standards, NHTSA staff began work on 
CAFE model changes expected to better 
reflect additional considerations 
involved with product planning and 
cadence. These changes, summarized 
below, interact with preexisting model 
characteristics discussed above. 

(b) Platforms and Technology 
The term ‘‘platform’’ is used loosely 

in industry, but generally refers to a 
common structure shared by a group of 
vehicle variants. The degree of 
commonality varies, with some platform 
variants exhibiting traditional ‘‘badge 
engineering’’ where two products are 
differentiated by little more than 
insignias, while other platforms be used 
to produce a broad suite of vehicles that 
bear little outer resemblance to one 
another. 

Given the degree of commonality 
between variants of a single platform, 
manufacturers do not have complete 
freedom to apply technology to a 
vehicle: while some technologies (e.g. 
low rolling resistance tires) are very 
nearly ‘‘bolt-on’’ technologies, others 
involve substantial changes to the 
structure and design of the vehicle, and 
therefore necessarily are constant 
between vehicles that share a common 
platform. NHTSA staff has, therefore, 
modified the CAFE model such that all 
mass reduction and aero technologies 
are forced to be constant between 
variants of a platform. The agencies 
requested but did not receive comment 
on the suitability of this viewpoint, and 
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which technologies can deviate from 
one platform variant to another. 

Within the analysis fleet, each vehicle 
is associated with a specific platform. 
As the CAFE model applies technology, 
it first defines a platform ‘‘leader’’ as the 
vehicle variant of a platform with the 
highest technology utilization vehicle of 
mass reduction and aerodynamic 
technologies. As the vehicle applies 
technologies, it effectively harmonizes 
to the highest common denominator of 
the platform. If there is a tie, the CAFE 
model begins applying aerodynamic and 
mass reduction technology to the 
vehicle with the lowest average sales 
across all available model years. If there 
remains a tie, the model begins by 
choosing the vehicle with the highest 
average MSRP across all available model 
years. The model follows this 
formulation due to previous market 
trends suggesting that many 
technologies begin deployment at the 
high-end, low-volume end of the market 
as manufacturers build their confidence 
and capability in a technology, and later 
expand the technology across more 
mainstream product lines. 

In the HD pickup and van market, 
there is a relatively small amount of 
diversity in platforms produced by 
manufacturers: Typically 1–2 truck 
platforms and 1–2 van platforms. 
However, accounting for platforms will 
take on greater significance in future 
analyses involving the light-duty fleet. 
The agency requested but did not 
receive comments on the general use of 
platforms within CAFE rulemaking. 

(c) Engine and Transmission Inheritance 
In practice, manufacturers are limited 

in the number of engines and 
transmissions that they produce. 
Typically a manufacturer produces a 
number of engines—perhaps six or eight 
engines for a large manufacturer—and 
tunes them for slight variants in output 
for a variety of car and truck 
applications. Manufacturers limit 
complexity in their engine portfolio for 
much the same reason as they limit 
complexity in vehicle variants: They 
face engineering manpower limitations, 
and supplier, production and service 
costs that scale with the number of parts 
produced. 

In previous usage of the CAFE model, 
engines and transmissions in individual 
models were allowed relative freedom 
in technology application, potentially 
leading to solutions that would, if 
followed, involve unaccounted-for costs 
associated with increased complexity in 
the product portfolio. The lack of a 
constraint in this area allowed the 
model to apply different levels of 
technology to the engine in each vehicle 

at the time of redesign or refresh, 
independent of what was done to other 
vehicles using a previously identical 
engine. 

In the current version of the CAFE 
model, engines and transmissions that 
are shared between vehicles must apply 
the same levels of technology in all 
technologies dictated by engine or 
transmission inheritance. This forced 
adoption is referred to as ‘‘engine 
inheritance’’ in the model 
documentation. 

As with platform-shared technologies, 
the model first chooses an ‘‘engine 
leader’’ among vehicles sharing the 
same engine. The leader is selected first 
by the vehicle with the lowest average 
sales across all available model years. If 
there is a tie, the vehicle with the 
highest average MSRP across model 
years is chosen. The model applies the 
same logic with respect to the 
application of transmission changes. As 
with platforms, this is driven by the 
concept that vehicle manufacturers 
typically deploy new technologies in 
small numbers prior to deploying 
widely across their product lines. 

(d) Interactions Between Regulatory 
Classes 

Like earlier versions, the current 
CAFE model provides for integrated 
analysis spanning different regulatory 
classes, accounting both for standards 
that apply separately to different classes 
and for interactions between regulatory 
classes. Light vehicle CAFE standards 
are specified separately for passenger 
cars and light trucks. However, there is 
considerable sharing between these two 
regulatory classes. Some specific 
engines and transmissions are used in 
both passenger cars and light trucks, 
and some vehicle platforms span these 
regulatory classes. For example, some 
sport-utility vehicles are offered in 2WD 
versions classified as passenger cars and 
4WD versions classified as light trucks. 
Integrated analysis of manufacturers’ 
passenger car and light truck fleets 
provides the ability to account for such 
sharing and reduce the likelihood of 
finding solutions that could involve 
impractical levels of complexity in 
manufacturers’ product lines. In 
addition, integrated analysis provides 
the ability to simulate the potential that 
manufactures could earn CAFE credits 
by over complying with one standard 
and use those credits toward 
compliance with the other standard (i.e., 
to simulate credit transfers between 
regulatory classes). 

HD pickups and vans are regulated 
separately from light-duty vehicles. 
While manufacturers cannot transfer 
credits between light-duty and MDHD 

classes, there is some sharing of 
engineering and technology between 
light-duty vehicles and HD pickups and 
vans. For example, some passenger vans 
with GVWR over 8,500 lbs. are 
classified as medium-duty passenger 
vehicles (MDPVs) and thus included in 
manufacturers’ light-duty truck fleets, 
while cargo vans sharing the same 
nameplate are classified as HD vans. 

(e) Phase-In Caps 
The CAFE model retains the ability to 

use phase-in caps (specified in model 
inputs) as proxies for a variety of 
practical restrictions on technology 
application. Unlike vehicle-specific 
restrictions related to redesign, refreshes 
or platforms/engines, phase-in caps 
constrain technology application at the 
vehicle manufacturer level. They are 
intended to reflect a manufacturer’s 
overall resource capacity available for 
implementing new technologies (such 
as engineering and development 
personnel and financial resources), 
thereby ensuring that resource capacity 
is accounted for in the modeling 
process. 

In previous CAFE rulemakings, 
redesign/refresh schedules and phase-in 
caps were the primary mechanisms to 
reflect an OEM’s limited pool of 
available resources during the 
rulemaking time frame and the years 
leading up to the rulemaking time 
frame, especially in years where many 
models may be scheduled for refresh or 
redesign. The newly-introduced 
representation platform-, engine-, and 
transmission-related considerations 
discussed above augment the model’s 
preexisting representation of redesign 
cycles and accommodation of phase-in 
caps. Considering these new constraints, 
inputs for today’s analysis de-emphasize 
reliance on phase-in caps. 

In the NPRM and Method B of the 
FRM application of the CAFE model, 
phase-in caps are used only for the most 
advanced technologies included in the 
analysis, i.e., SHEVs and lean-burn GDI 
engines, considering that these 
technologies are most likely to involve 
implementation costs and risks not 
otherwise accounted for in 
corresponding input estimates of 
technology cost. For these two 
technologies, the agencies have applied 
caps that begin at 3 percent (i.e., 3 
percent of the manufacturer’s 
production) in MY 2017, increase at 3 
percent annually during the ensuing 
nine years (reaching 30 percent in the 
MY 2026), and subsequently increasing 
at 5 percent annually for four years 
(reaching 50 percent in MY 2030). Note 
that the agencies did not feel that lean- 
burn engines were feasible in the 
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timeframe of this rulemaking, so 
decided to reject any model runs where 
they were selected. (In any case, due to 
the cost ineffectiveness of this 
technology, it was never chosen). The 
agencies did not receive comments 
specifically on this approach for phase- 
in caps. The agencies received 
comments regarding the general 
feasibility of SHEVs in this market 
segment, with some commenters 
commenting that SHEVs are not feasible 
for HD pickups and vans. These 
comments are discussed in Section C.8. 
While the agencies have retained the 
above approach for SHEV phase-in caps, 
the agencies have conducted a 
sensitivity analysis setting the SHEV 
caps at zero, showing that the Phase 2 
standards are feasible and appropriate 
without the use of SHEVs. This 
sensitivity analysis is described in 
Section E. 

For Method A of the NPRM the phase- 
in caps have been set to 100 percent, so 
that the model no longer relies on 
phase-in caps to limit the early-year 
application of advanced technologies. 
This changes is further described in the 
Method B of the FRM specific section 
below. 

(f) Impact of Vehicle Technology 
Application Requirements 

Compared to prior analyses of light- 
duty standards, these model changes, 
along with characteristics of the HD 

pickup and van fleet result in some 
changes in the broad characteristics of 
the model’s application of technology to 
manufacturers’ fleets. First, since the 
number of HD pickup and van platforms 
in a portfolio is typically small, 
compliance with standards may appear 
especially ‘‘lumpy’’ (compared to 
previous applications of the CAFE 
model to the more highly segmented 
light-duty fleet), with significant over 
compliance when widespread redesigns 
precede stringency increases, and/or 
significant application of carried- 
forward (aka ‘‘banked’’) credits. 

Second, since the use of phase-in caps 
has been de-emphasized and 
manufacturer technology deployment 
remains tied strongly to estimated 
product redesign and freshening 
schedules, technology penetration rates 
may jump more quickly as 
manufacturers apply technology to high- 
volume products in their portfolio. 

By design, restrictions that enforce 
commonality of mass reduction and 
aerodynamic technologies on variants of 
a platform, and those that enforce 
engine inheritance, will result in fewer 
vehicle-technology combinations in a 
manufacturer’s future modeled fleet. 
These restrictions are expected to more 
accurately capture the true costs 
associated with producing and 
maintaining a product portfolio. 

(g) Accounting for Test Weight, Payload, 
and Towing Capacity 

As mentioned above, NHTSA has also 
revised the CAFE model to explicitly 
account for the regulatory ‘‘binning’’ of 
test weights used to certify light-duty 
fuel economy and HD pickup and van 
fuel consumption for purposes of 
evaluating fleet-level compliance with 
fuel economy and fuel consumption 
standards. For HD pickups and vans, 
test weight (TW) is based on adjusted 
loaded vehicle weight (ALVW), which is 
defined as the average of gross vehicle 
weight rating (GVWR) and curb weight 
(CW). TW values are then rounded, 
resulting in TW ‘‘bins’’: 
ALVW ≤ 4,000 lb.: TW rounded to 

nearest 125 lb. 
4000 lb. < ALVW ≤ 5,500 lb.: TW 

rounded to nearest 250 lb. 
ALVW > 5,500 lb.: TW rounded to 

nearest 500 lb. 
This ‘‘binning’’ of TW is relevant to 

calculation of fuel consumption 
reductions accompanying mass 
reduction. Model inputs for mass 
reduction (as an applied technology) are 
expressed in terms of a percentage 
reduction of curb weight and an 
accompanying estimate of the 
percentage reduction in fuel 
consumption, setting aside rounding of 
test weight. Therefore, to account for 
rounding of test weight, NHTSA has 
modified these calculations as follows: 

Where: 
DCW = % change in curb weight (from model 

input), 
DFCunrounded_TW = % change in fuel 

consumption (from model input), 
without TW rounding, 

DTW = % change in test weight (calculated), 
and 

DFCrounded_TW = % change in fuel 
consumption (calculated), with TW 
rounding. 

As a result, some applications of 
vehicle mass reduction will produce no 
compliance benefit at all, in cases where 
the changes in ALVW are too small to 
change test weight when rounding is 
taken into account. On the other hand, 
some other applications of vehicle mass 
reduction will produce significantly 
more compliance benefit than when 
rounding is not taken into account, in 
cases where even small changes in 
ALVW are sufficient to cause vehicles’ 
test weights to increase by, e.g., 500 lbs. 

when rounding is accounted for. Model 
outputs now include initial and final 
TW, GVWR, and GCWR (and, as before, 
CW) for each vehicle model in each 
model year. The agencies invited but 
did not receive comment on how TW is 
modeled. 

In addition, considering that the 
regulatory alternatives in the agencies’ 
analysis all involve attribute-based 
standards in which underlying fuel 
consumption targets vary with ‘‘work 
factor’’ (defined by the agencies as the 
sum of three quarters of payload, one 
quarter of towing capacity, and 500 lb. 
for vehicles with 4WD), NHTSA has 
modified the CAFE model to apply 
inputs defining shares of curb weight 
reduction to be ‘‘returned’’ to payload 
and shares of GVWR reduction to be 
returned to towing capacity. The 
standards’ dependence on work factor 
provides some incentive to increase 

payload and towing capacity, both of 
which are buyer-facing measures of 
vehicle utility. In the agencies’ 
judgment, this provides reason to 
assume that if vehicle mass is reduced, 
manufacturers are likely to ‘‘return’’ 
some of the change to payload and/or 
towing capacity. For this analysis, the 
agencies have applied the following 
assumptions: 

• GVWR will be reduced by half the 
amount by which curb weight is 
reduced. In other words, 50 percent of 
the curb weight reduction will be 
returned to payload. 

• GCWR will not be reduced. In other 
words, 100 percent of any GVWR 
reduction will be returned to towing 
capacity. 

• GVWR/CW and GCWR/GVWR will 
not increase beyond levels observed 
among the majority of similar vehicles 
(or, for outlier vehicles, initial values): 
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492 CARB, Docket No. NHTSA–2014–0132–0125, 
at 17–18; 52–53. 

493 UCS, Docket No. EPA–HQ–OAR–2014–0827– 
1329, at pages 23–24. 

494 CBD, Docket No. NHTSA–2014–0132–0101 at 
pages 8–9. 

TABLE VI–8 RATIOS FOR MODIFYING GVW AND GCW AS A FUNCTION OF MASS REDUCTION 

Group 

Maximum ratios assumed 
enabled by mass reduction 

GVWR/CW GCWR/GVWR 

Unibody .................................................................................................................................................................... 1.75 1.50 
Gasoline pickups > 13k GVWR ............................................................................................................................... 2.00 1.50 
Other gasoline pickups ............................................................................................................................................ 1.75 2.25 
Diesel SRW pickups ................................................................................................................................................ 1.75 2.50 
All other .................................................................................................................................................................... 1.75 2.25 

The first of two of these inputs are 
specified along with standards for each 
regulatory alternative, and the GVWR/ 
CW and GCWR/GVWR ‘‘caps’’ are 
specified separately for each vehicle 
model in the analysis fleet. 

In addition, NHTSA has changed the 
model to prevent HD pickup and van 
GVWR from falling below 8,500 lbs. 
when mass reduction is applied 
(because doing so will cause vehicles to 
be reclassified as light-duty vehicles), 
and to treat any additional mass for 
hybrid electric vehicles as reducing 
payload by the same amount (e.g., if 
adding a strong HEV package to a 
vehicle involves a 350 pound penalty, 
GVWR is assumed to remain 
unchanged, such that payload is also 
reduced by 350 lbs). 

The agencies invited but did not 
receive comment on estimating how 
changes in vehicle mass may impact 
fuel consumption, GVWR, and GCWR. 

(8) Subsequent Changes to the CAFE 
Model (for Method A) 

Since issuing the NPRM, NHTSA has 
made further changes to the CAFE 
model, in order to estimate the potential 
impacts of simultaneous standards for 
both light-duty vehicles and HD pickups 
and vans. Among the updates most 
relevant to analysis supporting the final 
standards for HD pickups and vans, the 
current model: includes refinements to 
enable accounting for platforms, 
engines, and transmissions sharing 
between light-duty and HD pickups and 
vans; reflects refinements to how 
models for the first application of new 
technology are identified among shared 
platforms, engines, and transmissions; 
allows payback period, discount rate, 
survival rates, and mileage 
accumulation schedules to be specified 
separately for each vehicle class; makes 
use of large scale simulation modeling 
to more accurately account for synergies 
among technologies to estimate the fuel 
consumption impact of different 
combinations of technologies; provides 
the ability to selectively exclude fine 
payment from the ‘‘effective cost’’ 
calculation used to simulation 
manufacturers’ decisions regarding the 

application of fuel-saving technologies; 
and expands the use of forward 
planning to estimate decisions to use 
credits that would otherwise expire. 
Changes to the CAFE model are 
discussed at greater length below and in 
the CAFE model documentation. 

Also since issuing the NPRM, NHTSA 
has revised many model inputs to 
reflect information that has become 
available since the proposal. Among the 
updates most relevant to analysis 
supporting the final rule, these inputs 
reflect: an updated vehicle-level market 
forecast based on data regarding the 
2015 model year fleet and a new 
commercially-available manufacturer- 
and segment-level market forecast, and 
spanning light-duty vehicles and HD 
pickups and vans; newer fuel prices and 
total vehicle production volumes from 
the Energy Information Administration’s 
Annual Energy Outlook 2015; a 
database, based on a large-scale full 
vehicle simulation study, of estimates of 
the effect of thousands of different 
combinations of technologies on fuel 
consumption; and updated mileage 
accumulation schedules based on a 
database of more than 70 million 
odometer readings. 

NHTSA implemented these changes 
to the CAFE model and accompanying 
inputs to support both today’s final rule 
promulgating new fuel consumption 
standards for HD pickups and vans and 
the Draft Technical Assessment Report 
regarding agency’s consideration of 
CAFE standards for light duty vehicles 
for model years 2022–2025. This 
provided a basis to analyze the fleets 
simultaneously, accounting for 
interactions between the fleets; the draft 
RIA (p. 10–18) accompanying the NPRM 
identified this as a planned 
improvement for the final rule, and 
some stakeholders’ comments (e.g., 
CARB,492 UCS,493 and CBD 494) 

indicated that such interactions should 
be accounted for. 

The remainder of this section 
summarizes changes to the CAFE model 
and inputs made subsequent to the 
NPRM analysis, summarizes results of 
the updated analysis, and discusses. 

(a) Interactions Between Regulatory 
Classes 

Like earlier versions, the current 
CAFE model provides for integrated 
analysis spanning different regulatory 
classes, accounting both for standards 
that apply separately to different classes 
and for interactions between regulatory 
classes. Light vehicle CAFE standards 
are specified separately for passenger 
cars and light trucks. However, there is 
considerable sharing between these two 
regulatory classes. Some specific 
engines and transmissions are used in 
both passenger cars and light trucks, 
and some vehicle platforms span these 
regulatory classes. For example, some 
sport-utility vehicles are offered in 2WD 
versions classified as passenger cars and 
4WD versions classified as light trucks. 
Integrated analysis of manufacturers’ 
passenger car and light truck fleets 
provides the ability to account for such 
sharing and reduce the likelihood of 
finding solutions that could involve 
impractical levels of complexity in 
manufacturers’ product lines. In 
addition, integrated analysis provides 
the ability to simulate the potential that 
manufactures could earn CAFE credits 
by over complying with one standard 
and use those credits toward 
compliance with the other standard (i.e., 
to simulate credit transfers between 
regulatory classes). 

HD pickups and vans are regulated 
separately from light-duty vehicles. 
While manufacturers cannot transfer 
credits between light-duty and MDHD 
classes, there is some sharing of 
engineering and technology between 
light-duty vehicles and HD pickups and 
vans. For example, some passenger vans 
with GVWR over 8,500 pounds are 
classified as medium-duty passenger 
vehicles (MDPVs) and thus included in 
manufacturers’ light-duty truck fleets, 
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495 Volpe CAFE Model Documentation, July 2016, 
pg 64. Available at http://www.nhtsa.gov/
Laws%20&%20Regulations/CAFE%20-%20
Fuel%20Economy/cafe-volpe-model. 

while cargo vans sharing the same 
nameplate are classified as HD vans. 

The FRM Method A analysis uses an 
overall analysis fleet spanning both the 
light-duty and HD pickup and van 
fleets. As discussed below, doing so 
shows some technology ‘‘spilling over’’ 
to HD pickups and vans due, for 
example, to the application of 
technology in response to current light- 
duty standards. For most manufacturers, 
these interactions appear relatively 
small. For Nissan, however, they appear 
considerable, because Nissan’s heavy- 
duty vans use engines also used in 
Nissan’s light-duty SUVs. Unlike the 
Method A analysis, the Method B 
analysis is independent from the light- 
duty program. 

In the NPRM proposing new 
standards for heavy-duty pickups and 
vans, NHTSA and EPA requested 
comment on the expansion of the 
analysis fleet such that the impacts of 
new HD pickup and van standards can 
be estimated within the context of an 
integrated analysis of light-duty vehicles 
and HD pickups and vans, accounting 
for interactions between the fleets. As 
mentioned above, some environmental 
organizations specifically cited 
commonalities and overlap between 
light- and heavy-duty products. 

(b) Phase-In Caps 
The model also accommodates 

estimates of overall limits (expressed as 
‘‘phase-in caps’’ in model inputs) on the 
rates at which manufacturers’ may 
practicably add technology to their 
respective fleets. So, for example, even 
if a manufacturer is expected to redesign 
half of its production in MY 2016, if the 
manufacturer is not already producing 
any strong hybrid electric vehicles 
(SHEVs), a phase-in cap can be specified 
in order to assume that manufacturer 
will stop applying SHEVs in MY 2016 
once it has done so to at least 3 percent 
of its production in that model year. 
Today’s analysis sets all of these caps at 
100 percent, relying on other model 
constraints (in particular, the 
assumption that many technologies are 

most practicably applied as part of a 
vehicle freshening or redesign) to 
estimate practicable technology 
application pathways. 

The CAFE model retains the ability to 
use phase-in caps (specified in model 
inputs) as proxies for a variety of 
practical restrictions on technology 
application. Unlike vehicle-specific 
restrictions related to redesign, refreshes 
or platforms/engines, phase-in caps 
constrain technology application at the 
vehicle manufacturer level. Introduced 
in the 2006 version of the CAFE model, 
they were intended to reflect a 
manufacturer’s overall resource capacity 
available for implementing new 
technologies (such as engineering and 
development personnel and financial 
resources), thereby ensuring that 
resource capacity is accounted for in the 
modeling process. 

In previous fuel efficiency 
rulemakings, redesign/refresh schedules 
and phase-in caps were the primary 
mechanisms to reflect an OEM’s limited 
pool of available resources during the 
rulemaking time frame and the years 
leading up to the rulemaking time 
frame, especially in years where many 
models may be scheduled for refresh or 
redesign. The newly-introduced 
representation platform-, engine-, and 
transmission-related considerations 
discussed above augment the model’s 
preexisting representation of redesign 
cycles, and as discussed above, inputs 
for today’s analysis de-emphasize 
reliance on phase-in caps. 

(c) Accounting for Credits 
The changes discussed above relate 

specifically to the model’s approach to 
simulating manufacturers’ potential 
addition of fuel-saving technology in 
response to fuel efficiency standards 
and fuel prices within an explicit 
product planning context. The model’s 
approach to simulating compliance 
decisions also accounts for the potential 
to earn and use fuel consumption 
credits, as provided by EPCA/EISA. Like 
past versions, the current CAFE model 
can be used to simulate credit carry- 

forward (a.k.a. banking) between model 
years and transfers between the 
passenger car and light truck fleets, but 
not credit carry-back (a.k.a. borrowing) 
between model years or trading between 
manufacturers. Unlike past versions, the 
current CAFE model provides a basis to 
specify (in model inputs) fuel 
consumption credits available from 
model years earlier than those being 
simulated explicitly. For example, with 
today’s analysis representing model 
years 2015–2032 explicitly, credits 
specified as being available from model 
year 2014 are made available for use 
through model year 2019 (given the 
current 5-year limit on carry-forward of 
credits). 

As discussed in the CAFE model 
documentation, the model’s default 
logic attempts to maximize credit carry- 
forward—that is to ‘‘hold on’’ to credits 
for as long as possible.495 Although the 
model uses credits before expiry if 
needed to cover shortfalls when 
insufficient opportunity to add 
technology is available to achieve 
compliance with a standard, the model 
will otherwise carry forward credits 
until they are about to expire, at which 
point it will use them before adding 
technology. As further discussed in the 
CAFE model documentation, model 
inputs can be used to adjust this logic 
to shift the use of credits ahead by one 
or more model years. 

The example presented below 
illustrates how some of aspects of the 
current model logic around credits 
impacts estimation of technology 
application by a manufacturer within 
the context of a specified set of 
standards, focusing here on the model’s 
estimate of Ford’s potential technology 
application under the preferred 
alternative. Overall results for Ford and 
other manufacturers are summarized in 
Section VI.D. 
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Several aspects of the estimated 
achieved and required fuel consumption 
levels shown above are notable. First, 
the characteristics of Ford’s fleet as 
represented in today’s analysis fleet are 
such that the heavy duty pickup and 
van fleet falls short of average fuel 
efficiency standard in MY’s 2023 
through 2027. However, they exceed 
their standard for MY’s 2016 through 
2022. The current analysis uses logic 
that reflect the potential that Ford could 
use the 5-year carry forward provision 
to use fuel efficiency credits earned in 
MY’s 2018 through MY 2022, to cover 
the shortfalls for MY’s 2023 to 2027. 
The model assumes Ford will use as 
many of the MY 2018 expiring credits 
as necessary to cover the shortfall in MY 
2023. For MY 2024 they will use all 
available MY 2019 credits before 
applying any additional MY 2020 
credits necessary to cover the shortfall 
(in this particular case there are enough 
MY 2019 credits to cover the shortfall in 
MY 2024). This pattern continues for all 
model years where there is a shortfall— 
the model applies the oldest remaining 
credits first. Even so, today’s analysis 
indicates Ford could be required to pay 
civil penalties for noncompliance 
without the addition of modest fuel 
savings in MY 2027. The change to the 
model which accounts for credits 
earned prior to MY 2015 is not 
illustrated in this example. However, 
Ford comes in with fuel consumption 
credits from MY’s prior to MY 2015; if 
they had come in with an initial 
shortfall, they could have used these 

banked credits to cover, at least a 
portion, of that shortfall. 

As discussed above, these results 
provide an estimate, based on analysis 
inputs, of one way General Motors 
could add fuel-saving technologies to its 
products under the preferred alternative 
considered here, and are not a 
prediction of what General Motors 
would do under this alternative. In 
addition, it should be recognized that 
specific results vary among 
manufacturers and among regulatory 
alternatives (and under different 
analytical inputs). Still, the example 
should serve to illustrate how the ability 
to model credit banking can impact 
results. 

(d) Integrating Vehicle Simulation 
Results Into the Synergy Values 

The CAFE model does not itself 
evaluate which technologies will be 
available, nor does it evaluate how 
effective or reliable they will be. The 
technological availability and 
effectiveness rather, are predefined 
inputs to the model based on the 
agencies’ judgements and not outputs 
from the model, which is simply a tool 
for calculating the effects of combining 
input assumptions. 

In previous versions of the CAFE 
Model, technology effectiveness values 
entered into the model as a single 
number for each technology (for each of 
several classes), intended to represent 
the incremental improvement in fuel 
consumption achieved by applying that 
technology to a vehicle in a particular 
class. At a basic level, this implied that 

successive application of new vehicle 
technologies resulted in an 
improvement in fuel consumption (as a 
percentage) that was the product of the 
individual incremental effectiveness of 
each technology applied. Since this 
construction fails to capture interactive 
effects—cases where a given technology 
either improves or degrades the impact 
of subsequently applied technologies— 
the CAFE Model applied ‘‘synergy 
factors.’’ The synergy factors were 
defined for a relatively small number of 
technology pairs, and were intended to 
represent the result of physical 
interactions among pairs of 
technologies—attempting to account for 
situations where 2 x 2 ≠ 4. 

For a more specific example, for a 
vehicle with an initial fuel consumption 
of FC0, if two technologies are applied, 
one with an incremental effectiveness of 
5 percent, and a second with an 
incremental effectiveness of 10 percent, 
the effectiveness after the application of 
both technologies without consideration 
of synergies could be expressed as 
follows: 
FC0*(1¥.05)*(1¥.1) 
Which is equivalent to: 
FC0*(1¥.145) 

This suggests that the combined 
effectiveness of the two technologies is 
14.5 percent. The synergy factors aim to 
correct for cases where fuel 
consumption improvements are not 
perfectly multiplicative, and the 
combined fuel consumption in the 
example above is either greater than or 
less than 14.5 percent. 
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496 The technology tree used to create the 
synergies for this rule are presented in the light- 
duty draft TAR. 

For this analysis, the CAFE Model has 
been modified to accommodate the 
results of the large-scale vehicle 
simulation study conducted by Argonne 
National Laboratory (described in more 
detail in the light-duty Draft TAR). 
While Autonomie, Argonne’s vehicle 
simulation model, produces absolute 
fuel consumption values for each 
simulation record, the results have been 
modified in a way that preserves much 
of the existing structure of the CAFE 
Model’s compliance logic, but still 
faithfully reproduces the totality of the 
simulation outcomes present in the 
database. Fundamentally, the 
implementation represents a translation 
of the absolute values in the simulation 
database into incremental 
improvements and a substantially 
expanded set of synergy factors. 

Since the simulation efforts only 
included light-duty vehicles, the 
effectiveness values for heavy duty were 
not integrated into the heavy-duty fleet; 
for future rule-makings NHTSA hopes to 
extend the vehicle simulation efforts to 
include simulations that would be 
relevant for heavy-duty pickups and 
vans. While the effectiveness values for 
individual technologies remain the 
same, the synergies between two or 
more technologies incorporate 
information from Autonomie Argonne’s 
light-duty pickup simulations. While 
these synergy values are not a perfect 
approximation of the interaction of 
technology applications particular to 
heavy-duty vehicles, it is consistent 
with what we did in the NPRM (where 
we also used synergy values from light- 
duty pickups). 

Updating the synergy values to use 
Argonne’s simulation efforts does two 
things: (1) It allows that these synergies 
may occur between more than two 
technologies, and (2) because the 
synergies are multiplicative, rather than 
additive, it allows for the consideration 
that the order of other technology 
applications matter in determining the 
incremental percentage improvement 
correction of the synergy value. Instead 
of having one additive incremental 
percentage synergy value for a pair of 
technologies, regardless of the order of 
technology application between these 
pair of technologies, the synergy values 
are dependent on the initial state and 
ending point of a vehicle within the 
database. 

As stated, in the past, synergy values 
in the Volpe model were represented as 
pairs. However, the new values are 7- 
tuples and there is one for every point 
in the database. The synergy factors are 
based (entirely) on values in the 
Argonne database, producing one for 
each unique technology combination for 

each technology class, and are 
calculated as 

where Sk is the synergy factor for 
technology combination k, FC0 is the 
fuel consumption of the reference 
vehicle (in the database), xi is the fuel 
consumption improvement of each 
technology i represented in technology 
combination k (where some 
technologies are present in combination 
k, and some are precedent technologies 
that were applied, incrementally, before 
reaching the current state on one of the 
paths). 

In order to incorporate the results of 
the Argonne database, while still 
preserving the basic structure of the 
CAFE model’s technology module, it 
was necessary to translate the points in 
the database into locations on the 
technology tree.496 By recognizing that 
most of the paths on the technology tree 
are unrelated, or separable, it is possible 
to decompose the technology tree into a 
small number of paths and branches by 
technology type. To achieve this level of 
linearity, we define technology groups— 
only one of which is new. They are: 
engine cam configuration (CONFIG), 
engine technologies (ENG), transmission 
technologies (TRANS), electrification 
(ELEC), mass reduction levels (MR), 
aerodynamic improvements (AERO), 
and rolling resistance (ROLL). The 
combination of technology levels along 
each of these paths define a unique 
technology combination that 
corresponds to a single point in the 
database for each technology class. 
These technology state definitions are 
more important for defining synergies 
than for determining incremental 
effectiveness, but the paths are 
incorporated into both. Again, because 
we did not simulate results applicable 
to the heavy-duty fleet, we did not use 
the database to define the incremental 
technology effectiveness, but only to 
adjust for the unique interaction of 
different combinations of technology. 

As an example, a technology state 
vector describing a vehicle with a SOHC 
engine, variable valve timing (only), a 6- 
speed automatic transmission, a belt- 
integrated starter generator, mass 
reduction (level 1), aerodynamic 
improvements (level 2), and rolling 
resistance (level 1) would be specified 
as SOHC;VVT;AT6;BISG;MR1;AERO2;
ROLL1. Once a vehicle is assigned a 
technology state (one of the tens of 

thousands of unique 7-tuples, defined as 
CONFIG;ENG;TRANS;ELEC;MR;AERO;
ROLL), adding a new technology to the 
vehicle simply represents progress from 
one technology state to another. The 
vehicle’s fuel consumption is: 
FCi = FC0 · (1 ¥ FCIi) · SK/0 
where FCi is the fuel consumption 
resulting from the application of 
technology i, FC0 is the vehicle’s fuel 
consumption before technology i is 
applied, FCIi is the incremental fuel 
consumption (percentage) improvement 
associated with technology i, Sk is the 
synergy factor associated with the 
combination, k, of technologies the 
vehicle technology i is applied, and S0 
the synergy factor associated with the 
technology state that produced fuel 
consumption FC0. The synergy factor is 
defined in a way that captures the 
incremental improvement of moving 
between points in the database, where 
each point is defined uniquely as a 7- 
tuple describing its cam configuration, 
highest engine technology, 
transmission, electrification type, mass 
reduction level, and level of 
aerodynamic or rolling resistance 
improvement. For the current heavy- 
duty adoption, it is only these synergy 
values that were used in the current 
analysis. While, like with the individual 
fuel consumption improvements, there 
is likely not a simple mapping from 
light-duty pickups to heavy-duty 
pickups (size and power matter), the 
previous synergy values were also an 
adoption from light-duty pickups. The 
integration of the simulation data allows 
for a more complete set of synergies that 
account for the order of technology 
application and the interaction of more 
than two individual technologies. 

(e) Updating Mileage Accumulation 
Schedules 

In order to develop new mileage 
accumulation schedules for vehicles 
regulated under NHTSA’s fuel 
efficiency and CAFE programs (classes 
1–3), NHTSA purchased a data set of 
vehicle odometer readings from IHS/ 
Polk (Polk). Polk collects odometer 
readings from registered vehicles when 
they encounter maintenance facilities, 
state inspection programs, or 
interactions with dealerships and 
OEMs. The (average) odometer readings 
in the data set NHTSA purchased are 
based on over 74 million unique 
odometer readings across 16 model 
years (2000–2015) and vehicle classes 
present in the data purchase (all 
registered vehicles less than 14,000 lbs. 
GVW). 

The Polk data provide a measure of 
the cumulative lifetime vehicle miles 
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traveled (VMT) for vehicles, at the time 
of measurement, aggregated by the 
following parameters: make, model, 
model year, fuel type, drive type, door 
count, and ownership type (commercial 
or personal). Within each of these 
subcategories they provide the average 
odometer reading, the number of 
odometer readings in the sample from 
which Polk calculated the averages, and 
the total number of that subcategory of 
vehicles in operation. From these 
NHTSA was able to develop new 
estimates of vehicle miles traveled by 
age as inputs for the CAFE Model. 

(f) Impact of Vehicle Technology 
Application Requirements 

Compared to prior analyses of light- 
duty standards, these model changes 
result in some changes in the broad 
characteristics of the model’s 
application of technology to 
manufacturers’ fleets. Since the use of 
phase-in caps has been de-emphasized 

and manufacturer technology 
deployment remains tied strongly to 
estimated product redesign and 
freshening schedules, technology 
penetration rates may jump more 
quickly as manufacturers apply 
technology to high-volume products in 
their portfolio. 

By design, restrictions that enforce 
commonality of mass reduction and 
aerodynamic technologies on variants of 
a platform, and those that enforce 
engine inheritance, will result in fewer 
vehicle-technology combinations in a 
manufacturer’s future modeled fleet. As 
explained in the NPRM proposing new 
standards for HD pickups and vans, 
these restrictions are expected to more 
accurately capture the true costs 
associated with producing and 
maintaining a product portfolio. 

(i) Updated Schedules 

The new medium-duty van/pickup 
schedule in Figure VI–6 predicts higher 

annual VMT for vehicles between ages 
one through five years, and lower 
annual VMT for all other vehicle ages, 
than the old schedule. Over the first 30- 
year span, the new schedule predicts 
that medium-duty vans/pickups drive 
24,249 (9 percent) fewer miles than the 
old schedule. We predict the maximum 
average annual VMT for medium-duty 
vehicles (23,307 miles) at age two. 
These changes to the schedule will have 
important implications on certain 
benefits of the standards. More 
monetary fuel savings will occur during 
the first five years of a vehicle’s life 
under the new schedule, but a decrease 
in fuel savings will occur overall while 
using these schedules. For payback 
periods shorter than 5 years, the new 
schedule will show shorter payback 
periods than the old schedule. Section 
10 of the RIA offers similar figures for 
light-duty vehicles types. It also offers 
further explanation about the shape of 
the new annual VMT schedule. 

Table VI–9 offers a summary of the 
comparison of lifetime VMT (by class) 
under the new schedule, compared with 
lifetime VMT under the old schedule. In 
addition to the total lifetime VMT 
expected under each schedule for 
vehicles that survive to their full useful 

life, Table VI–9also shows the survival- 
weighted lifetime VMT for both 
schedules. This represents the average 
lifetime VMT for all vehicles, not only 
those that survive to their full useful 
life. The percentage difference between 
the two schedules is not as stark for the 

survival-weighted schedules: The 
percentage decrease of survival- 
weighted lifetime VMT under the new 
schedules range from 6.5 percent (for 
medium-duty trucks and vans) to 21.2 
percent (for passenger vans). 
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497 For figures that support the conclusions about 
the representativeness of the IHS/Polk data see 
Section 10 of the RIA. 

TABLE VI–9—SUMMARY COMPARISON OF LIFETIME VMT OF THE NEW AND OLD SCHEDULES 

Survival-Weighted 

Lifetime VMT Lifetime VMT 

New Old % difference New Old % difference 

Car ........................................................... 204,233 301,115 32.2 142,119 179,399 20.8 
Van ........................................................... 237,623 362,482 34.4 155,115 196,725 21.2 
SUV .......................................................... 237,623 338,646 29.8 155,115 193,115 19.7 
Pickup ...................................................... 265,849 360,982 26.4 157,991 188,634 16.2 
2b/3 .......................................................... 246,413 270,662 9.0 176,807 189,020 6.5 

(ii) Data Description 

While the Polk data set contains 
model-level average odometer readings, 
the CAFE model assigns lifetime VMT 
schedules at a lower resolution based on 
vehicle body style. For the purposes of 
VMT accounting, the CAFE model 
classifies every vehicle in the analysis 
fleet as being one of the following: 
passenger car, SUV, pickup truck, 
passenger van, or medium-duty pickup/ 
van. In order to use the Polk data to 
develop VMT schedules for each of the 
(VMT) classes in the CAFE model, we 
constructed a mapping between the 
classification of each model in the Polk 
data and the classes in the CAFE model. 
The only difference between the 
mapping for the VMT schedules and the 
rest of the CAFE model is that we 
merged the SUV and van body styles 
into one class (for reasons described in 
our discussion of the SUV/van schedule 
in Section 10 of the RIA). This mapping 
allowed us to predict the lifetime miles 
traveled, by the age of a vehicle, for the 
categories in the CAFE model. 

In estimating the VMT models, we 
weighted each data point (make/model 
classification) by the share of each 
make/model in the total population of 
the corresponding CAFE class. This 
weighting ensures that the predicted 
odometer readings, by class and model 
year, represent each of vehicle 
classification among observed vehicles 
(i.e., the vehicles for which Polk has 
odometer readings), based on each 
vehicles’ representation in the registered 
vehicle population of its class. Implicit 
in this weighting scheme, is the 
assumption that the samples used to 
calculate each average odometer reading 
by make, model, and model year are 
representative of the total population of 
vehicles of that type. Several indicators 
suggest that this is a reasonable 
assumption. 

First, the majority of each vehicle 
make/model is well-represented in the 
sample. For more than 85 percent of 
make/model combinations, the average 
odometer readings are collected for 20 
percent or more of the total population. 

Most make/model observations have 
sufficient sample sizes, relative to their 
representation in the vehicle 
population, to produce meaningful 
average odometer totals at that level. 

We also considered whether the 
representativeness of the odometer 
sample varies by vehicle age, since VMT 
schedules in the CAFE model are 
specific to each age. To investigate, we 
calculated the percentage of vehicle 
types (by make, model, and model year) 
that did not have odometer readings. All 
model years, apart from 2015, have 
odometer readings for 96 percent or 
more of the total types of vehicles 
observed in the fleet. 

While the preceding discussion 
supports the coverage of the odometer 
sample across makes/models by each 
model year, it is possible that, for some 
of those models, an insufficient number 
of odometer readings is recorded to 
create an average that is likely to be 
representative of all of those models in 
operation for a given year. For all model 
years other than 2015, about 95 percent 
or more of vehicles types are 
represented by at least 5 percent of their 
population. For this reason, we 
included observations from all model 
years, other than 2015, in the estimation 
of the new VMT schedules. 

It is possible that the odometer 
sample is biased. If certain vehicles are 
over-represented in the sample of 
odometer readings relative to the 
registered vehicle population, a simple 
average, or even one weighted by the 
number of odometer observations will 
be biased. However, while weighting by 
the share of each vehicle in the 
population will account for this bias, it 
would not correct for a sample that 
entirely omits a large number of makes/ 
models within a model year. We tested 
for this by computing the proportion of 
the count of odometer readings for each 
individual vehicle type—within a class 
and model year—to the total count of 
readings for that class and model year. 
We also compared the population of 
each make/model—within each class 
and model year—to the population of 
the corresponding class and model year. 

The difference of these two ratios shows 
the difference of the representation of a 
vehicle type—in its respective class and 
model year—in the sample versus the 
population. All vehicle types are 
represented in the sample within 10 
percent of their representation in the 
population, and the variance between 
the two representations is normally 
distributed. This suggests that, on 
average, the likelihood that a vehicle is 
in the sample is comparable to its 
proportion in the relevant population, 
and that there is little under or over 
sampling of certain vehicle makes/ 
models.497 

(iii) Estimation 

Since model years are sold in in the 
fall of the previous calendar year, 
throughout the same calendar year, and 
even into the following calendar year— 
not all registered vehicles of a make/ 
model/model year will have been 
registered for at least a year (or more) 
until age 3. The result is that some MY 
2014 vehicles may have been driven for 
longer than one year, and some less, at 
the time the odometer was observed. In 
order to consider this in our definition 
of age, we assign the age of a vehicle to 
be the difference between the average 
reading date of a make/model and the 
average first registration date of that 
make/model. The result is that the 
continuous age variable reflects the 
amount of time that a car has been 
registered at the time of odometer 
reading, and presumably the time span 
that the car has accumulated the miles. 

After creating the ‘‘Age’’ variable, we 
fit the make/model lifetime VMT data 
points to a weighted quartic polynomial 
regression of the age of the vehicle 
(stratified by class). The predicted 
values of the quartic regressions are 
used to calculate the marginal annual 
VMT by age for each class by calculating 
differences in estimated lifetime mileage 
accumulation by age. However, the Polk 
data acquired by NHTSA only contains 
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observations for vehicles newer than 16 
years of age. In order to estimate the 
schedule for vehicles older than the age 
15 vehicles in the Polk data, we 
combined information about that 
portion of the schedule from the VMT 
schedules used in both the 2017–2021 
Final Light Duty Rule and 2019–2025 
Medium-Duty NPRM. The light-duty 
schedules were derived from the survey 
data contained in the 2009 National 
Household Travel Survey (NHTS) and 
the 2001 Vehicle in Use Survey (VIUS), 
for medium-duty trucks. 

Based on the vehicle ages for which 
we have data (from the Polk purchase), 
the newly estimated annual schedules 
differ from the previous version in 
important ways. Perhaps most 
significantly, the annual mileage 
associated with ages beyond age 8 begin 
to, and continue to, trend much lower. 
The approach taken here attempts to 
preserve the results obtained through 
estimation on the Polk observations, 
while leveraging the existing (NHTS- 
based) schedules to support estimation 
of the higher ages (age 16 and beyond). 
Since the two schedules are so far apart, 
simply splicing them together would 
have created not only a discontinuity, 
but also precluded the possibility of a 
monotonically decreasing scale with age 
(which is consistent with previous 
schedules, the data acquired from Polk, 
and common sense). 

From the old schedules, we expect 
that the annual VMT is decreasing for 
all ages. Towards the end of our sample, 
the predictions for annual VMT 
increase. In order to force the expected 
monotonicity, we perform a triangular 
smoothing algorithm until the schedule 
is monotonic. This performs a weighted 
average which weights the observations 
close to the observation more than those 
farther from it. The result is a 
monotonic function, which predicts 
similar lifetime VMT for the sample 
span as the original function. Since we 
do not have data beyond 15 years of age, 

we are not able to correctly capture that 
part of the annual VMT curve using 
only the new dataset. For this reason, 
we use trends in the old data to 
extrapolate the new schedule for ages 
beyond the sample range. 

In order to use the VMT information 
from the newer data source for ages 
outside of the sample, we use the final 
in-sample age (15 years) as a seed and 
then apply the proportional trend from 
the old schedules to extrapolate the new 
schedules out to age 30. To do this, we 
calculated the annual percentage 
difference in VMT of the old schedule 
for ages 15–30. The same annual 
percentage difference in VMT is applied 
to the new schedule to extend beyond 
the final in-sample value. This assumes 
that the overall proportional trend in the 
outer years is correctly modeled in the 
old VMT schedule, and imposes this 
same trend for the outer years of the 
new schedule. The extrapolated 
schedules are the final input for the 
VMT schedules in the CAFE model. 

(iv) Comparison to Previous Schedules 
The new VMT data suggests that the 

VMT schedule used in the last Light- 
Duty CAFE Final Rule likely does not 
represent current annual VMT rates. 
Across all classes, the previous VMT 
schedules overestimate the average 
annual VMT. The previous schedules 
are based on data that is outdated and 
self-reported, while the observations 
from Polk are between 5 and 7 years 
newer than those in the NHTS and 
represent valid odometer readings 
(rather than self-reported information). 

Additionally, while the NHTS may be 
a representative sample of households, 
it is less likely to be a representative 
sample of vehicles. However, by 
properly accounting for vehicle 
population weights in the new averages 
and models, we corrected for this issue 
in the derivation of the new schedules. 

Insofar as these changes better 
represent actual VMT, they lead to 

better estimates of actual impacts, such 
as avoided fuel consumption and GHG 
emissions, safety impacts, and 
monetized benefits. 

(v) Future Direction 

In consultation with other agencies 
closely involved with VMT estimation 
(e.g., FHWA), NHTSA will continue to 
seek means to further refine estimated 
mileage accumulation schedules. For 
example, one option under 
consideration would be to obtain 
odometer reading data from successive 
calendar years, thus providing a more 
robust basis to consider, for example, 
the influence of changing fuel prices or 
economic conditions on the 
accumulation of miles by vehicles of a 
given age. 

(g) Updated Analysis Fleet 

For the current analysis we updated 
the reference fleet from MY 2014, to the 
latest available MY 2015. The projection 
of total sales volumes for the Class 2b 
and 3 market segment was based on the 
total volumes in the 2015 AEO 
Reference Case. For the purposes of this 
analysis, the AEO2015 calendar year 
volumes have been used to represent the 
corresponding model-year volumes. 
While AEO2015 provides enough 
resolution in its projections to separate 
the volumes for the Class 2b and 3 
segments, the agencies deferred to the 
vehicle manufacturers and chose to rely 
on the relative shares present in the pre- 
model-year compliance data. 

The relative sales share by vehicle 
type (van or pickup truck, in this case) 
was derived from a sales forecast that 
the agencies purchased from IHS 
Automotive, and applied to the total 
volumes in the AEO2015 projection. 
Table VI–10 shows the implied shares of 
the total new 2b/3 vehicle market 
broken down by manufacturer and 
vehicle type. 

TABLE VI–10—2015 IHS AUTOMOTIVE MARKET SHARE FORECAST FOR 2B/3 VEHICLES 

Manufacturer Style 
Model year market share 

2016 2017 2018 2019 2020 2021 

Daimler .................. Van ....................... 2% 2% 2% 3% 3% 3% 
Fiat Chrysler .......... Van ....................... 3 3 3 3 3 3 
Ford ....................... Van ....................... 16 16 16 17 18 19 
General Motors ..... Van ....................... 7 7 7 7 8 8 
Nissan ................... Van ....................... 1 1 1 1 2 2 
Daimler .................. Pickup ................... 0 0 0 0 0 0 
Fiat Chrysler .......... Pickup ................... 14 14 14 14 15 14 
Ford ....................... Pickup ................... 29 30 31 31 28 28 
General Motors ..... Pickup ................... 28 27 26 25 24 24 
Nissan ................... Pickup ................... 0 0 0 0 0 0 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00290 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73767 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

Within those broadly defined market 
shares, volumes at the manufacturer/ 
model-variant level were constructed by 
applying the model-variant’s share of 
manufacturer sales in the pre-model- 
year compliance data for the relevant 
vehicle style, and multiplied by the total 
volume estimated for that manufacturer 
and that style. 

(h) Changes to Costs 

(i) Use of Retail Price Equivalent (RPE) 
Multiplier To Calculate Indirect Costs 

To produce a unit of output, vehicle 
manufacturers incur direct and indirect 
costs. Direct costs include cost of 
materials and labor costs. Indirect costs 
are all the costs associated with 
producing the unit of output that are not 
direct costs—for example, they may be 
related to production (such as research 
and development [R&D]), corporate 
operations (such as salaries, pensions, 
and health care costs for corporate staff), 

or selling (such as transportation, dealer 
support, and marketing). Indirect costs 
are generally recovered by allocating a 
share of the costs to each unit of good 
sold. Although it is possible to account 
for direct costs allocated to each unit of 
good sold, it is more challenging to 
account for indirect costs allocated to a 
unit of goods sold. To make a cost 
analysis process more feasible, markup 
factors, which relate total indirect costs 
to total direct costs, have been 
developed. These factors are often 
referred to as retail price equivalent 
(RPE) multipliers. 

Cost analysts and regulatory agencies 
(including both NHTSA and EPA) have 
frequently used these multipliers to 
predict the resultant impact on costs 
associated with manufacturers’ 
responses to regulatory requirements. 
The best approach, if it were possible, 
to determining the impact of changes in 
direct manufacturing costs on a 

manufacturer’s indirect costs would be 
to actually estimate the cost impact on 
each indirect cost element. However, 
doing this within the constraints of an 
agency’s time or budget is not always 
feasible, and the technical, financial, 
and accounting information to carry out 
such an analysis may simply be 
unavailable. 

The one empirically derived metric 
that addresses the markup of direct 
costs to consumer costs is the RPE 
multiplier, which is measured from 
manufacturer 10–K accounting 
statements filed with the Securities and 
Exchange Commission. Over roughly a 
three decade period, the measured RPE 
has been remarkably stable, averaging 
1.5, with minor annual variation. The 
National Research Council notes that, 
‘‘Based on available data, a reasonable 
RPE multiplier would be 1.5.’’ The 
historical trend in the RPE is illustrated 
in Figure VI.13. 

RPE multipliers provide, at an 
aggregate level, the relationship between 
revenue and direct manufacturing costs. 
They are measured by dividing total 
revenue by direct costs. However, 
because this provides only a single 
aggregate measure, using RPE 
multipliers results in the application of 
a common incremental markup to all 
technologies. It assures that the 
aggregate cost impact across all 
technologies is consistent with 
empirical data, but does not allow for 
indirect cost discrimination among 
different technologies. Thus, a concern 

in using the RPE multiplier in cost 
analysis for new technologies added in 
response to regulatory requirements is 
that the indirect costs of vehicle 
modifications are not likely to be the 
same for all different technologies. For 
example, less complex technologies 
could require fewer R&D efforts or less 
warranty coverage than more complex 
technologies. In addition, some simple 
technological adjustments may, for 
example, have no effect on the number 
of corporate personnel and the indirect 
costs attributable to those personnel. 
The use of RPEs, with their assumption 

that all technologies have the same 
proportion of indirect costs, is likely to 
overestimate the costs of less complex 
technologies and underestimate the 
costs of more complex technologies. 
However, for regulations such as the 
CAFE and GHG emission standards 
under consideration, which drive 
changes to nearly every vehicle system, 
overall average indirect costs should 
align with the RPE value. Applying RPE 
to the cost for each technology assures 
that alignment. 

Modified multipliers have been 
developed by EPA, working with a 
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498 RTI International, ‘‘Automobile Industry Retail 
Price Equivalent and Indirect Cost Multipliers,’’ 
February 2009; EPA–420–R–09–003; http://
www3.epa.gov/otaq/ld-hwy/420r09003.pdf. 

499 Rogozhin, A., et al., ‘‘Using indirect cost 
multipliers to estimate the total cost of adding new 
technology in the automobile industry,’’ 
International Journal of Production Economics 
(2009), doi:10.1016/j.ijpe.2009.11.031. 

500 80 FR 40137. 

contractor, for use in rulemakings.498 
These multipliers are referred to as 
indirect cost multipliers (or ICMs). ICMs 
assign unique incremental changes to 
each indirect cost contributor at several 
different technology levels. 
ICM = (direct cost + adjusted indirect 

cost)/(direct cost) 
Developing the ICMs from the RPE 

multipliers requires developing 
adjustment factors based on the 
complexity of the technology and the 
time frame under consideration: The 
less complex a technology, the lower its 
ICM, and the longer the time frame for 
applying the technology, the lower the 
ICM. This methodology was used in the 
cost estimation for the recent light-duty 
MYs 2012–2016 and MYs 2017–2025 
rulemaking and for the heavy-duty MYs 
2014–2018 rulemaking. The ICMs for 
the light-duty context were developed 
in a peer-reviewed report from RTI 
International and were subsequently 
discussed in a peer-reviewed journal 
article.499 Importantly, since publication 
of that peer-reviewed journal article, the 
agencies have revised the methodology 
to include a return on capital (i.e., 
profits) based on the assumption 
implicit in ICMs (and RPEs) that capital 
costs are proportional to direct costs, 
and businesses need to be able to earn 
returns on their investments. 

Since their original development in 
February 2009, the agencies have made 
some changes to both the ICMs factors 
and to the method of applying those 
factors relative to the factors developed 
by RTI and presented in their reports. 
We have described and explained those 
changes in several rulemakings over the 
years, most notably the 2017–2025 FRM 
for light vehicles and the more recent 
Heavy-duty GHG Phase 2 NPRM.500 In 
the 2015 NAS study, the committee 
stated a conceptual agreement with the 
ICM method since ICM takes into 
account design challenges and the 
activities required to implement each 
technology. However, although 
endorsing ICMs as a concept, the NAS 
Committee stated that ‘‘. . . the 
empirical basis for such multipliers is 
still lacking, and, since their application 
depends on expert judgment, it is not 
possible to determine whether the 
Agencies’ ICMs are accurate or not.’’ 
NAS also states that ‘‘. . . the specific 

values for the ICMs are critical since 
they may affect the overall estimates of 
costs and benefits for the overall 
standards and the cost effectiveness of 
the individual technologies.’’ The 
committee did encourage continued 
research into ICMs given the lack of 
empirical data for them to evaluate the 
ICMs used by the agencies in past 
analyses. EPA, for its part, continues to 
study the issue surrounding ICMs but 
has not pursued further efforts given 
resource constraints and demands in 
areas such as technology benchmarking 
and cost teardowns. 

On balance, NHTSA believes that the 
empirically derived RPE is a more 
reliable basis for estimating indirect 
costs. To ensure overall indirect costs in 
the analysis align with the RPE value, 
NHTSA has developed its primary 
analysis based on applying the RPE 
value of 1.5 to each technology. NHTSA 
also has conducted a sensitivity analysis 
examining the impact of applying the 
ICM approach in the sensitivity analysis 
portion later in this Section. This marks 
a change from the NPRM where we use 
the ICM multiplier to calculate indirect 
costs as the central analysis and the RPE 
multiplier as a sensitivity case. 

(ii) Updates to Mass Reduction Based on 
2014 Silverado Study 

As proposed in the NPRM we have 
updated the HD pickup and van mass 
reduction cost curves with a MY 2014 
GMC Silverado EDAG study. The 
updated mass reduction study suggests 
that mass reduction will be more costly 
for heavy-duty vans and pickups than 
was suggested in the NPRM. This can 
explain the reduction in mass reduction 
in the current analysis compared to the 
NPRM. 

NHTSA awarded a contract to EDAG 
to conduct a vehicle weight reduction 
feasibility and cost study of a 2014MY 
full size pick-up truck. The light 
weighted version of the full size pick-up 
truck (LWT) used manufacturing 
processes that will likely be available 
during the model years 2025–2030 and 
be capable of high volume production. 
The goal was to determine the 
maximum feasible weight reduction 
while maintaining the same vehicle 
functionalities, such as towing, hauling, 
performance, noise, vibration, 
harshness, safety, and crash rating, as 
the baseline vehicle, as well as the 
functionality and capability of designs 
to meet the needs of sharing 
components across same or cross 
vehicle platform. Consideration was 
also given to the sharing of engines and 
other components with vehicles built on 
other platforms to achieve 
manufacturing economies of scale, and 

in recognition of resource constraints 
which limit the ability to optimize every 
component for every vehicle. 

A comprehensive teardown/ 
benchmarking of the baseline vehicle 
was conducted for the engineering 
analysis. The analysis included 
geometric optimization of load bearing 
vehicle structures, advanced material 
utilization along with a manufacturing 
technology assessment that would be 
available in the 2017 to 2025 time 
frame. The baseline vehicle’s overall 
mass, center of gravity and all key 
dimensions were determined. Before the 
vehicle teardown, laboratory torsional 
stiffness tests, bending stiffness tests 
and normal modes of vibration tests 
were performed on baseline vehicles so 
that these results could be compared 
with the CAE model of the light 
weighted design. After conducting a full 
tear down and benchmarking of the 
baseline vehicle, a detailed CAE model 
of the baseline vehicle was created and 
correlated with the available crash test 
results. The project team then used 
computer modeling and optimization 
techniques to design the light-weighted 
pickup truck and optimized the vehicle 
structure considering redesign of 
structural geometry, material grade and 
material gauge to achieve the maximum 
amount of mass reduction while 
achieving comparable vehicle 
performance as the baseline vehicle. 
Only technologies and materials 
projected to be available for large scale 
production and available within two to 
three design generations (e.g. model 
years 2020, 2025 and 2030) were chosen 
for the LWT design. Three design 
concepts were evaluated: (1) A multi- 
material approach; (2) an aluminum 
intensive approach; and (3) a Carbon 
Fiber Reinforced Plastics approach. The 
multi-material approach was identified 
as the most cost effective. The 
recommended materials (advanced high 
strength steels, aluminum, magnesium 
and plastics), manufacturing processes, 
(stamping, hot stamping, die casting, 
extrusions, and roll forming) and 
assembly methods (spot welding, laser 
welding, riveting and adhesive bonding) 
are currently used, although some to a 
lesser degree than others. These 
technologies can be fully developed 
within the normal product design cycle 
using the current design and 
development methods. 

The design of the LWT was verified, 
through CAE modeling, that it meets all 
relevant crash tests performance. The 
LS–DYNA finite element software used 
by the EDAG team is an industry 
standard for crash simulation and 
modeling. The researchers modeled the 
crashworthiness of the LWT design 
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using the NCAP Frontal, Lateral Moving 
Deformable Barrier, and Lateral Pole 
tests, along with the IIHS Roof, Lateral 
Moving Deformable Barrier, and Frontal 
Offset (40 percent and 25 percent) tests. 
All of the modeled tests were 
comparable to the actual crash tests 
performed on the 2014 Silverado in the 
NHTSA database. Furthermore, the 
FMVSS No. 301 rear impact test was 
modeled and it showed no damage to 
the fuel system. 

The baseline 2014 MY Chevrolet 
Silverado’s platform shares components 
across several platforms. Some of the 
chassis components and other structural 
components were designed to 
accommodate platform derivatives, 
similar to the components in the 
baseline vehicle which are shared across 
platforms such as GMT 920 (GM Tahoe, 
Cadillac Escalade, GMC Yukon), GMT 
930 platform (Chevy Suburban, Cadillac 
Escalade ESV, GMC Yukon XL), and 
GMT 940 platform (Chevy Avalanche 
and Cadillac Escalade EXT) and GMT 
900 platform (GMC Sierra). As per the 
National Academy of Science’s 
guidelines, the study assumes engines 
would be downsized or redesigned for 
mass reduction levels at or greater than 
10 percent. As a consequence of mass 
reduction, several of the components 
used designs that were developed for 
other vehicles in the weight category of 
light-weighted designed vehicles were 
used to maximize economies of scale 
and resource limitations. Examples 

include brake systems, fuel tanks, fuel 
lines, exhaust systems, wheels, and 
other components. 

Cost is a key consideration when 
vehicle manufacturers decide which 
fuel-saving technology to apply to a 
vehicle. Incremental cost analysis for all 
of the new technologies applied to 
reduce mass of the light-duty full-size 
pickup truck designed were calculated. 
The cost estimates include variable 
costs as well as non-variable costs, such 
as the manufacturer’s investment cost 
for tooling. The cost estimates include 
all the costs directly related to 
manufacturing the components. For 
example, for a stamped sheet metal part, 
the cost models estimate the costs for 
each of the operations involved in the 
manufacturing process, starting from 
blanking the steel from coil through the 
final stamping operation to fabricate the 
component. The final estimated total 
manufacturing cost and assembly cost 
are a sum total of all the respective cost 
elements including the costs for 
material, tooling, equipment, direct 
labor, energy, building and 
maintenance. 

The information from the LWT design 
study was used to develop a cost curve 
representing cost effective full vehicle 
solutions for a wide range of mass 
reduction levels. At lower levels of mass 
reduction, non-structural components 
and aluminum closures provide weight 
reduction which can be incorporated 
independently without the redesign of 

other components and are stand-alone 
solutions for the LWV. The holistic 
vehicle design using a combination of 
AHSS and aluminum provides good 
levels of mass reduction at reasonably 
acceptable cost. The LWV solution 
achieves 17.6 percent mass reduction 
from the baseline curb mass. Further 
two more analytical mass reduction 
solutions (all aluminum and all carbon 
fiber reinforced plastics (CFRP)) were 
developed to show additional mass 
reduction that could be potentially 
achieved beyond the LWV mass 
reduction solution point. The aluminum 
analytical solution predominantly uses 
aluminum including chassis frame and 
other components. The carbon fiber 
reinforced plastics analytical solution 
predominantly uses CFRP in many of 
the components. The CFRP analytical 
solution shows higher level of mass 
reduction but at very high costs. Note 
here that both all-Aluminum and all 
CFRP mass reduction solutions are 
analytical solutions only and no 
computational models were developed 
to examine all the performance metrics. 

An analysis was also conducted to 
examine the cost sensitivity of major 
vehicle systems to material cost and 
production volume variations. 

Table VI–11 lists the components 
included in the various levels of mass 
reduction for the LWV solution. The 
components are incorporated in a 
progression based on cost effectiveness. 

TABLE VI–11—COMPONENTS INCLUDED FOR DIFFERENT LEVELS OF MASS REDUCTION 

Vehicle component/system 
Cumulative 

mass saving 
(kg) 

Cumulative 
MR 
(%) 

Cumulative 
cost 
($) 

Cumulative 
cost 

($/kg) 

Interior Electrical Wiring ................................................................................... 1.38 0.06% (28.07) ¥20.34 
Headliner .......................................................................................................... 1.56 0.06 (29.00) ¥18.59 
Trim—Plastic .................................................................................................... 2.59 0.11 (34.30) ¥13.24 
Trim—misc. ...................................................................................................... 4.32 0.18 (43.19) ¥10.00 
Floor Covering ................................................................................................. 4.81 0.20 (45.69) ¥9.50 
Headlamps ....................................................................................................... 6.35 0.26 (45.69) ¥7.20 
HVAC System .................................................................................................. 8.06 0.33 (45.69) ¥5.67 
Tail Lamps ....................................................................................................... 8.46 0.35 (45.69) ¥5.40 
Chassis Frame ................................................................................................. 54.82 2.25 2.57 0.05 
Front Bumper ................................................................................................... 59.93 2.46 7.89 0.13 
Rear Bumper ................................................................................................... 62.96 2.59 11.04 0.18 
Towing Hitch .................................................................................................... 65.93 2.71 14.13 0.21 
Rear Doors ...................................................................................................... 77 3.17 28.09 0.36 
Wheels ............................................................................................................. 102.25 4.20 68.89 0.67 
Front Doors ...................................................................................................... 116.66 4.80 92.53 0.79 
Fenders ............................................................................................................ 128.32 5.28 134.87 1.05 
Front/Rear Seat & Console ............................................................................. 157.56 6.48 272.57 1.73 
Steering Column Assy ..................................................................................... 160.78 6.61 287.90 1.79 
Pickup Box ....................................................................................................... 204.74 8.42 498.35 2.43 
Tailgate ............................................................................................................ 213.14 8.76 538.55 2.53 
Instrument Panel .............................................................................................. 218.66 8.99 565.06 2.58 
Instrument Panel Plastic Parts ........................................................................ 221.57 9.11 580.49 2.62 
Cab .................................................................................................................. 304.97 12.54 1,047.35 3.43 
Radiator Support .............................................................................................. 310.87 12.78 1,095.34 3.52 
Powertrain ........................................................................................................ 425.82 17.51 1246.68 2.93 
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501 49 U.S.C. 32902(k)(2). 

A fitted curve was developed based 
on the above listed mass reduction 
points to derive cost per kilogram at 
distinct mass reduction points. The 
current curve shows costs per kilogram 
approximately six times as expensive 
for 5 percent mass reduction (MR1) than 
in the NPRM, and approximately twice 
as expensive per kilogram for 7.5 
percent mass reduction (MR2), which 
explains the reduction in mass 
reduction in the current analysis 
relative to the NPRM. 

D. NHTSA CAFE Model Analysis of the 
Regulatory Alternatives for HD Pickups 
and Vans: Method A 

EPCA and EISA require NHTSA to 
‘‘implement a commercial medium- and 
heavy-duty on-highway vehicle and 
work truck fuel efficiency improvement 
program designed to achieve the 
maximum feasible improvement’’ and to 
establish corresponding fuel 
consumption standards ‘‘that are 
appropriate, cost-effective, and 
technologically feasible.’’ 501 For both 
the NPRM and the current analysis of 
potential standards for HD pickups and 
vans, NHTSA applied NHTSA’s CAFE 
Compliance and Effects Modeling 
System (sometimes referred to as ‘‘the 
CAFE model’’ or ‘‘the Volpe model’’) to 
aid in determination of the maximally 
feasible standards. The subsequent 
analysis, referred to as ‘‘Method A,’’ 

includes several updates to the model 
and to accompanying inputs, as 
discussed above in section 6.C. The 
‘‘Method A’’ results are used as the 
primary basis for NHTSA’s final 
determination of the suitability of the 
Phase 2 standards. Further discussion of 
the determination are provided after the 
discussion of the ‘‘Method A’’ modeling 
results in Section 6.C.(9) of this 
document. 

(1) Baseline Costs Across Manufacturers 
As in the NPRM, the main analysis of 

Method A considers costs, benefits and 
other effects of regulatory alternatives 
relative to the dynamic baseline—or a 
baseline which assumes that 
manufacturers will apply all 
technologies with associated cost that 
pays back from retail-priced fuel savings 
within 6 months of purchase. The 
assumption is that consumers are 
willing to pay additional technology 
costs that return in fuel savings within 
6-months of purchase, and that as a 
result, manufacturers will adopt these 
technologies regardless of fuel efficiency 
standards. We considered alternative 
runs with voluntary overcompliance of 
technologies with a payback period of 0- 
months (manufacturers will not 
voluntarily overcomply if there is a cost 
associated with a technology), 12- 
months, 18-months, and 24-months in 
the sensitivity analysis. 

Before considering the effects of 
increases in the standards, it is 
important to discuss the baseline costs. 
These costs are assumed to be incurred 
even if no additional regulatory action 
is taken to increase standards beyond 
the existing MY 2018 standards. Table 
VI–12 shows the baseline average and 
total technology costs for each 
manufacturer in the heavy duty market, 
and for the heavy duty industry as a 
whole for the MY 2021 fleet (cost 
increases relative to the MY 2015 fleet). 
The updated CAFE model suggests that 
under no further increasses to 
stringency beyond MY 2018, 
manufacturers would spend $136 
million—an industry average of $180 
per vehicle—on technologies that 
improve fuel economy in MY 2021. The 
additonal baseline costs are not 
distributed across all manufacturers 
proportional to their fleet size. The 
average technology costs of an 
individual manufacturer fleet range 
from $80 per vehicle for Fiat/Chrysler to 
$350 per vehicle for General Motors. In 
order to explain this heterogeneity it is 
important to consider the sources of 
increased technology costs: compliance 
actions, inheritance from heavy duty 
vehicles, spillover inheritance from the 
light-duty vehicles, and voluntary 
overcompliance. 

TABLE VI–12—MY 2021 COSTS (2013$) UNDER ALTERNATIVE 1b (CENTRAL BASELINE) FOR 2b3 MARKET 

Manufacturer 

Average per 
vehicle 

technology 
cost 

(2013$) 

Total 
technology 

cost 
(million 2013$) 

Estimated 
MY 2015 

fuel 
consumption 

(g/100 mi) 

Estimated 
MY 2018 
standard 

(g/100 mi) 

Daimler ............................................................................................................. 150 3 4.50 4.84 
FCA .................................................................................................................. 80 10 6.23 5.95 
Ford .................................................................................................................. 90 33 6.00 5.76 
GM ................................................................................................................... 350 86 6.52 5.94 
Nissan .............................................................................................................. 230 3 6.01 5.63 
Industry ............................................................................................................ 180 136 6.18 5.83 

One reason manufacturers incur 
technology costs in the baseline for MY 
2021 vehicles is to achieve compliance 
with Phase 1 standards, which end their 
stringency increases in MY 2018. 
Manufacturers will have different 
standards and different starting 
positions relative to these standards. In 
order to indicate which manufacturers 
make compliance actions which 
increase their baseline technology costs, 
Table VI–12 includes the MY 2015 
estimated average fuel consumption and 
the estimated MY 2018 fuel 
consumption standard—manufacturers 

with higher average fuel consumption in 
MY 2015 than the estimated MY 2018 
fuel consumption standard, will apply 
technology costs to comply with the 
final MY 2018 standards. The fuel 
consumption standards are determined 
by setting work factor based targets and 
computing the manufacturer’s sales- 
weighted average of these targets. While 
the individual vehicle targets based on 
work factor are the same for all vehicles 
of the same work factor for model years 
2018 and beyond, the overall fuel 
efficiency standard for a manufacturer 
may change from model year to model 

year with changes to the work factors of 
individual vehicle models, as well as 
changes in relative production volumes 
of each vehicle model. The model does 
not capture all means by which a 
manufacturer’s average fuel efficiency 
standard may change under the MY 
2018 attribute-based standards, but does 
capture changes to work factor—and 
therefore individual vehicle targets— 
due to application of mass reduction. 
The model also predicts changes to the 
fleet mix of each manufacturer using 
inputs created from AEO2015 and 2015 
IHS/Polk production projections. The 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00294 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73771 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

502 For a more complete discussion of inheritance 
in the model see Chapter 6, Section C. 

technology cost for a manufacturer to 
meet MY 2018 standards is primarily 
driven by the fuel consumption gap 
between the MY 2015 (baseline) 
compliance level and the 2018 standard. 
From Table VI.4 it can be seen that only 
Daimler meets its most-stringent fuel 
consumption standard in 2015 and does 
not have to apply technology in the 
baseline to comply with Phase 1 
standards. 

A second source of technology costs 
is from inheritance; vehicles with 
shared platforms are assumed to inherit 
technologies applied to the platform 
leader at their next redesign or refresh 
to avoid creating a new body or engine 
platform,502 even if these actions are no 
longer necessary to reach compliance. 
Manufacturers produce a limited set of 
engine and body platforms as a strategy 
to reduce their costs; there is no reason 
to indicate they will modify this strategy 
to comply with standards, for this 
reason this is an important constraint in 
the CAFE model. A similar source of 
technology costs are costs associated 
with spillover from the light-duty MY 
2017–2021 standards. Regulatory 
agencies distinctly define the heavy 
duty and light duty classes, but from the 
manufacturer perspective these classes 
are not clearly delineated. They share 
some engine and body platforms across 
regulatory classes, and sometimes the 
most cost-effective choice to comply 
with standards will involve making 
changes to these shared platforms. 
Comments in the NPRM recommended 

that we run the model with the ability 
to capture this spillover effect between 
the light-duty and heavy-duty fleets—in 
response to these comments, in the 
current analysis we run the two fleets 
together with all existing standards from 
the light-duty fleet included for all 
scenarios. Since the MY 2017–2021 
light-duty CAFE standards are final, 
these and their effects are included in 
the baseline of the model—they will be 
in effect whether or not additional 
action is taken with heavy-duty 
standards. While we have included the 
ability for the standards from one fleet 
to affect the other, our modeling has 
shown that the spilloever effect from the 
light-duty fleet into the heavy-duty fleet, 
and from the heavy-duty fleet into the 
light-duty fleet is small. We hope to 
further develop the model’s ability to 
capture the spillover effects in future 
versions of the model. 

The final way that manufacturers 
might accrue additional technology 
costs in the MY 2021 dynamic baseline 
scenario is through voluntary 
overcompliance. As already discussed: 
In the baseline case of the central 
analysis it is assumed that 
manufacturers will apply technologies 
which payback in fuel savings within 6 
months of operation, regardless of 
whether or not the standards increase in 
stringency. Depending on the existing 
technologies and vehicles in a 
manufacturer’s fleet, they may 
voluntarily overcomply by adding 
different technologies, or none at all. 

The MY 2021 costs of the dynamic 
baseline scenario are lower in the 
updated analysis than they were in the 

NPRM for all manufacturers other than 
Nissan and Daimler. The average 
technology costs across the industry are 
less than half the NPRM costs— 
dropping from $440/vehicle to $180/ 
vehicle. The largest drop in average 
costs across the manufacturers is for 
GM; their costs dropped from $780/ 
vehicle to $350/vehicle. The modeled 
costs for Nissan dropped from $280 to 
$230, and for FCA, from $280 to $80. 

While considering MY 2021 allows 
for comparision to the NPRM analysis, 
not all baseline costs are incurred in MY 
2021. Figure VI–8shows the baseline 
total technology costs, andFigure VI–9, 
the average technology costs, by 
manufacturer for all model years. Like 
the NPRM analysis assumes 
manufacturers will likely apply most 
technologies as part of vehicle redesign 
or freshening; as a result their 
technology application comes in 
discrete blocks. GM applies $20 million 
in total technolgy for their MY 2016 
fleet, and an additional $60 million in 
for MY 2018—their total technology 
costs vary slightly after this point with 
the projection of their fleet size and 
with the effects of technology learning. 
Similarly, Ford applies $30 million for 
MY 2017 and an additional $80 million 
in 2027. Chrysler/Fiat, Daimler, and 
Nissan apply technology in only one 
year—Chrysler/Fiat applies $11 million 
in MY 2018, Daimler $3 million for MY 
2020, and Nissan $3 million for MY 
2021. While the total technology costs 
vary between manufacturers, the per- 
vehicle baseline costs range between 
$0–350 for all manufacturers and model 
years. 
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(2) Relevant Model Updates 

There are changes to model that help 
explain the decrease in baseline 
technology costs for the current 

analysis. The current analysis uses the 
synergies simulated by Argonne for the 
light-duty fleet, while the NPRM 
analysis uses a limited set of synergy 
values (also initially estimated for the 

light-duty fleet. The changes in these 
synergy factors could impact which 
technologies are chosen, and how 
effective the model calculates them to 
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503 For a more complete discussion of the changes 
to the Argonne simulation synergies see Chapter 6, 
Section C. 

504 For further discussion on the switch from ICM 
to RPE for the final analysis see Chapter 6, Section 
C. 

505 More discussion of the change in mass 
reduction curves is present in Chapter 6, Section C. 

be.503 Changes to the model input costs 
from the NPRM to the current analysis 
could also change which technologies 
get picked by the model, and the 
projected costs. One of the major 
changes to costs is a switch from the 
ICM cost mark-up methodology used in 
the NPRM to the RPE cost mark-up 
methodology of the current analysis.504 
A more specific change to the input 
costs is a change to the mass reduction 
curve to be based off of the newer 2014 
Silverado study, which suggests that 5 
percent and 10 percent mass reduction 
is significantly more expensive than was 
assumed in the NPRM.505 

The final major input change is that 
the current model uses the 2015 fleet as 
its reference point, while the NPRM 
uses the 2014 fleet. This affects the 
starting point of each manufacturer in 
the model, and could change their 
predicted standard (through changes in 
sales mix and work factor). In order to 
consider the impacts of using the 2015 

reference fleet it is helpful to consider 
the sales-weighted fuel economy and 
work factor distributions across the two 
reference fleets. 

Figure VI–10 shows the sales- 
weighted empirical cumulative 
distribution function (CDF) for GM’s 
work factor and fuel economy for the 
two reference fleets. The dashed line 
shows the values for the 2014 reference 
fleet, and the solid, for the 2015 
reference fleet. The y-axis shows the 
cumulative share of the manufacturer’s 
fleet against the two measures. For GM, 
the work factor CDF shifted to the right 
for work factors between 3500 and 5500, 
suggesting that the proportion of the 
fleet with work factors in this range 
increased in the GM fleet. Since 
increases in work factor will decrease 
the target value for individual vehicles, 
this average change in work factor 
decreases GM’s initial CAFE standard. 

It should also be noted that some 
methods of increasing work factor 

(mainly, decreasing curb weight) can 
increase the fuel efficiency of a vehicle, 
while others (increasing the power) can 
decrease fuel efficiency. The empirical 
CDF for GM’s sales-weighted fuel 
consumption shows GM’s 2015 fleet as 
having more vehicles with fuel 
consumption below 6.3 gal/100 mi, 
fewer with fuel consumption around 6.3 
gal/100 mi, significantly more vehicles 
with fuel consumption around 7.0 gal/ 
100 mi. The average fuel consumption 
of GM’s 2014 fleet was 6.27 gal/100 mi, 
where the average fuel consumption of 
GM’s 2015 fleet is 6.52 gal/100 mi. The 
overall increase in GM’s average fuel 
consumption diminishes the effect of 
the increase in work factor from MY 
2014 to MY 2015 at improving their 
starting position in MY 2015 relative to 
MY 2014—their MY 2015 standard 
using the 2014 fleet was 6.36, and using 
the 2014 fleet and is 6.59. Considering 
this, their initial shortfall is about the 
same using either reference fleet. 

Figure VI–11 shows the same for 
Ford. There is a similar pattern of a 
higher proportion of heavy duty 
vehicles in Ford’s fleet with work 
factors between 3500 and 5000. This 
will decrease Ford’s initial standard in 
the model. Ford also shows a decrease 
in the proportion of heavy duty vehicles 

with higher fuel consumption, which 
will result in an overall lower fuel 
consumption for the 2015 fleet. The 
result is that Ford will start with a lower 
standard by using the 2015 fleet rather 
than the 2014 fleet, and start with a 
higher fuel efficiency level—both of 
which will work in the same direction 

to decrease Ford’s shortfall to MY 2018 
standards. This suggests that Ford will 
not need to apply as much technology 
to comply, and helps to explain their 
lower baseline technology costs in the 
current analysis. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00297 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2 E
R

25
O

C
16

.0
19

<
/G

P
H

>

m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73774 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

Figure VI–12 shows the cumulative 
distribution function for the work factor 
of Fiat/Chrysler. Although there is some 
increase in the left tail of the 
distribution of FCA’s work factor for MY 
2015 relative to MY 2014, it is smaller 

than for the Ford and GM fleets. The 
CDF of fuel efficiency also shows that 
Fiat/Chrysler shows nearly identical 
distribution of fuel consumption 
between the 2014 and 2015 fleets. These 
two factors combine to explain why 

Fiat/Chrysler did not show increases in 
costs from the NPRM to the current 
analysis—they did not have as much of 
a change in shortfall to MY 2018 
standards as both GM and Ford. 

Figure VI–13 shows the same 
empirical distribution functions for 
Nissan. Both the distribution of work 

factor and fuel consumption are 
comparable for Nissan’s 2014 and 2015 
fleets. This helps explain the small 

change in Nissan’s baseline costs 
between the two analyses. 
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Figure VI–14 shows the cumulative 
distribution function for work factor and 
fuel consumption for Daimler for both 
the 2014 and 2015 fleets. The 
distribution of work factor shifted right 
for work factors above 3500. The fuel 

consumption curve shifted right for all 
fuel consumptions. This suggests that 
Daimler will face a lower standard using 
the 2015 reference fleet, but that they 
may also start with a lower initial fuel 
efficiency level. The change to the 2015 

reference fleet does not have clear 
implications on the relative starting 
point of Daimler in the analysis relative 
to the NPRM analysis. 

(3) Industry-Level Results of Regulatory 
Alternatives 

Table VI–13, below, summarizes the 
stringency of standards, the estimated 
required fuel efficiency the estimated 
achieved fuel efficiency, as well as the 
impacts of each alternative for the 

overall industry for MY 2030. Using the 
updated fleet and analysis, the MY 2030 
stringency is slightly less that in the 
NPRM (4.91 gallons/100 mile in today’s 
analysis compared to 4.86 gallons/100 
mile in the NPRM for the preferred 
alternative). As has been noted, the 

standards are set based in part on the 
work factor of vehicles; by changing the 
average work factor of their fleet, 
manufacturers can change the average 
stringency of their standard. While the 
model does not simulate changes to 
work factor which would increase the 
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power or GVWR, it does simulate 
changes in work factor due to mass 
reduction. By lowering the curb weight 
and holding power constant, 
manufacturers can increase the payload 
of a vehicle; since payload is a 
component in calculating the work 
factor, by lowering curb weight 

manufacturers can increase their work 
factor for a vehicle model and reduce its 
target. However, the average absolute 
and proportional curb weight reduction 
in the current analysis is less than it was 
in the NPRM analysis across all 
alternatives, which can be explained by 
the higher mass reduction costs under 

the current curve. This suggests that the 
change in the average overall industry 
standard in today’s analysis is likely 
due in major part to changes in the work 
factor between the 2014 and 2015 
reference fleet, and not to changes in the 
work factor simulated within the model 
runs. 

TABLE VI–13—SUMMARY OF IMPACTS ON THE MY 2030 HD INDUSTRY FLEET (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Stringency of Standards 

Annual Increase in Stringency Beginning in MY 2021 .................................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in MY 2030 Stringency Relative to Final Phase 1 Standards a .............. 9.6% 15.6% 15.6% 17.9% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................................... 19.03 20.37 20.38 20.95 
Achieved in MY 2030 ...................................................................................................... 19.20 20.47 20.45 20.98 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................................... 5.25 4.91 4.91 4.77 
Achieved in MY 2030 ...................................................................................................... 5.21 4.88 4.89 4.77 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................................... 494 462 462 450 
CO2 Achieved in MY 2030 .............................................................................................. 490 460 460 449 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................................... 56 56 56 56 
Cylinder Deactivation ....................................................................................................... 4 4 4 4 
Direct Injection Engine ..................................................................................................... 17 27 26 29 
Turbo Charged Engine .................................................................................................... 59 69 68 68 
8 Speed Auto. Trans. ...................................................................................................... 77 95 94 95 
EPS, Accessories ............................................................................................................ 52 80 80 96 
12V Stop-start .................................................................................................................. 0 0 3 11 
Strong Hybrid ................................................................................................................... 0 2 2 7 
Aero. Improvements ........................................................................................................ 46 80 80 98 

Mass Reduction (vs. No-Action) 

Mass Reduction (lb.) ........................................................................................................ 28 240 24 289 
Mass Reduction (percent of curb weight) ....................................................................... 0.43 3.6 3.7 4.3 

Technology Costs (vs. No-Action) 

Average Vehicle ($) ......................................................................................................... $500 $1470 $1480 $1890 
Payback Period (m) b ...................................................................................................... 19 30 31 33 

Notes: 
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

b Here payback period is calculated using estimated undiscounted retail fuel savings and the initial technology costs for MY 2030. 

Today’s Method A analysis using the 
updated version of the CAFE model and 
updated inputs shows that regulatory 
Alternatives 3 and 4 could be met with 
a small application of strong (P2) HEVs. 
However, Alternative 5 could be met 
with the considerably greater 
application of strong HEVs. Although 
there is some increase in the penetration 
rates between alternatives as stringency 

increases, the current analysis suggests 
that under all alternatives, nearly all of 
the MY 2030 heavy-duty fleet could use 
8-speed transmissions, VVT/VVL 
improvements and turbo-charged 
engines with application across more 
than half of the fleet, direct injection 
could be present in a quarter of the fleet, 
and cylinder deactivation could play a 
minor part in the HD fleet. EPS and 

improved electrical accessories vary 
more between alternatives; present in 52 
percent of the fleet in Alterative 2, 80 
percent in Alternatives 3 and 4, and 96 
percent in Alternative 5. Aerodynamic 
improvements and mass reduction 
follow a similar pattern; with a larger 
penetration of these technologies with 
Alternative 3 than with Alternative 2, a 
similar penetration under Alternatives 3 
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506 The costs now use RPE rather than ICM, and 
we updated the mass reduction curve to the 2014 
Silverado. 

507 Nominal effectiveness input values are as for 
the NPRM analysis. Synergy factors applied to 
adjust fuel consumption impacts for specific 
combinations of technologies reflect current vehicle 
simulation work conducted for NHTSA by Argonne 
National Laboratory. 

508 The final Phase 2 standard target curves 
increase in stringency by 16.2 percent compared to 
final Phase 1 standards, as discussed in section 
VI.B. 

and 4, and a higher in penetration in 
Alternative 5. 

A way to measure the cost- 
effectiveness of the technologies on 
consumers is to look at the payback 
period. In this context, the payback 
period is defined as the number of 
months of driving it will take a 
consumer to earn back the increased 
technology costs by the amount they 
save in fuel by driving a more fuel 
efficient vehicle. Under the current 
analysis, the average additional 
technology cost will payback in fuel 
savings in under 17 months for 
Alternative 2, 27 months for 
Alternatives 3 and 4, and 30 months for 
Alternative 5. It is important to note that 
there are inputs other than the cost and 
effectiveness of technologies which 
could affect the payback period; the fuel 
prices and mileage accumulation 
schedules will affect how quickly the 
cost of a fuel-saving technology pays 
back. 

The current analysis uses updated 
fuel price estimates from AEO 2015 that 
are lower than in the NPRM analysis. 
Lower fuel prices will decrease the 
absolute amount of fuel savings 
(assuming the same number of gallons is 
consumed) and increase the payback 
period if the technologies, their cost, 
and their effectiveness are unchanged. 
Further, we have updated the vehicle 
use schedule (vehicle miles traveled, or 
VMT) based on actual vehicle odometer 
readings from IHS/Polk data as shown 
in Figure VI.6 While the overall 
survival-weighted schedules show 6.5 

percent fewer lifetime miles for heavy- 
duty vehicles, they show more annual 
miles driven for the first 5-years of use 
for heavy-duty vehicles. The result is 
that the overall lifetime fuel savings will 
decrease, but the fuel savings will be 
higher for the first 5 years. Since the 
payback periods under both analyses are 
shorter than 5 years, using the updated 
vehicle schedules will show a shorter 
payback period (if other factors are 
unchanged) than in the NPRM analysis. 
The changes in fuel prices and the 
change in the mileage accumulation 
schedule work in opposite directions on 
the payback period; the total change in 
payback period is attributable to both of 
these input changes as well as to the 
changes in the cost 506 and 
effectiveness 507 of the different 
technology inputs, and the changes in 
the reference fleet. 

Industry costs in MY 2030 provide 
one perspective on technology costs. 
Industry cost in each model year 
provides additional perspective on the 
timing, pace and the amount of 
resources and spending that would need 
to be allocated to implement 
technologies and is important in the 
consideration of the feasibility of the 

alternatives. Figures Figure VI–15and 
Figure VI–16 show the total and average 
additional and total additional 
technology costs for the industry by 
model year and alternative. Note that 
the trend of the total and average costs 
are very similar, this is because the 
fleets size the AEO projections suggest 
a relatively constant fleet size during the 
considered MY’s. The total and average 
technology costs increase with 
alternative stringency. It is important to 
note that Alternatives 3 and 4 both 
increase total stringency for the MY 
2030 industry fleet by 15.6 percent. Also 
note that these estimations of stringency 
increases include the model projections 
of how the application of mass 
reduction will alter work factor and 
individual vehicle targets.508 The 
annual average and total technology 
costs of Alternative 3 approach those of 
Alternative 4 by MY 2029 when both 
alternatives have reached maximum 
stringency. If manufacturers are to reach 
the same stringency level over a longer 
horizon, they will likely make similar 
technology choices, but be given longer 
to implement them. This will make the 
total technology costs lower, but should 
unsurprisingly make the marginal 
technology costs for model years where 
both standards have matured very 
similar. 
BILLING CODE 6560–50–P 
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The average incremental industry 
technology costs mature to around $500 
under Alternative 2, $1500 under 
Alternatives 3 and 4, and $1900 under 
Alternative 5. Figure VI–17 shows the 

cumulative total industry costs by 
model year fleet. $4.2 billion in 
additional technology costs for model 
years 2016–2030 are associated with 
Alternative 2, $9.9 billion with 

Alternative 3, $11.4 billion with 
Alternative 4, and $14.9 billion with 
Alternative 5. While the marginal 
technology costs of Alternative 3 
approach those of Alternative 4 as the 
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total stringencies converge, the total 
costs of Alternative 4 are $1.5 billion 
more by MY 2030. It is particularly 
noteworthy that costs and the rate of 
increase in costs would be significantly 
different in the MYs 2017–2021 
timeframe among the alternatives. This 

identifies the significant differences in 
the resources and capital that would be 
required to implement the technologies 
required to comply with each of the 
alternatives during this period, as well 
as the reduction in lead time to 
implement the technologies which 

increases reliability risk. These 
differences are an important 
consideration for the feasibility of the 
alternatives and for the selection of the 
final standards, as discussed further 
below. 

BILLING CODE 6560–50–C 

(4) Manufacturer-Specific Results of 
Regulatory Alternatives 

In addition to varying across scenario 
and model year, the impacts of the 
standards vary across manufacturers. 
Manufacturers will have different 
compliance strategies based on which 
technologies they have already invested 

in, in both their heavy-duty and light- 
duty fleets, and based on the 
effectiveness of new technology 
applications specific to the vehicles in 
their heavy duty fleets. Table VI–14 
summarizes the initial technology 
utilization in the 2015 fleet by 
manufacturer. Ford uses direct injection 
for 8 percent of their fleet, cylinder 
deactivation for 13 percent of their fleet, 

and turbo-charged engines for 8 percent 
of their fleet. Daimler has already 
invested to equip all of its fleet with 8- 
speed automatic transmissions. These 
differences in initial technology levels 
affect the new investments each 
manufacturer would need to further 
improve the fuel efficiency of their 
fleets. 

TABLE VI–14—SUMMARY OF MY 2015 REFERENCE FLEET TECHNOLOGY PENETRATION 

Technology 

Technology Penetration 
(percent) 

GM Ford FCA Daimler Nissan Industry 

Cylinder Deactivation ............................... 0 0 13 0 0 2 
Direct Injection Engine ............................. 0 8 0 0 0 4 
Turbo Charged Engine ............................ 0 8 0 0 0 4 
8 Speed Auto. Trans. ............................... 0 0 0 100 0 3 
EPS, Accessories .................................... 0 0 0 0 0 0 
12V Stop-start .......................................... 0 0 0 0 0 0 
Strong Hybrid ........................................... 0 0 0 0 0 0 
Aero. Improvements ................................. 0 0 0 0 0 0 
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Table VI–15 summarizes the 
alternatives, and a technology pathway 
General Motors could use to comply 
with each of the alternatives. The 
pathway includes implementing 8 speed 
automatic transmissions across its entire 
fleet. For Alternatives 2 and 3, no stop- 
start or HEVs are added to GM’s fleet, 
for Alternative 4, 1 percent of GM’s fleet 
uses stop-start, and for Alternative 5, 2 
percent uses stop-start and 13 percent 
are HEVs. For all alternatives, nearly all 

of the GM’s fleet would use electric 
power steering and improved electric 
accessories. 

For all alternatives, VVT/VVL is 
applied to 65 percent of its engines. For 
Alternative 2, none of its engines get 
direct injection and 43 percent get 
turbocharging and downsizing, while 
for Alternatives 3–5, direct injection is 
applied to 28 percent of its engines and 
turbocharging and downsizing is 
applied to 61 percent of its engines. For 

all alternatives, all of GM’s fleet gets 
aerodynamic improvements. The 
average mass reduction is 52 lbs. (0.78 
percent of the average curb weight) 
under Alternative 2, and 350–380 lbs. 
(5.2–5.7 percent of the average curb 
weight) under Alternatives 3–5. Similar 
technology is applied for Alternatives 3 
and 4 in MY 2030, but there are 
significantly more strong hybrids under 
Alternative 5. 

TABLE VI–15—SUMMARY IMPACTS ON GENERAL MOTORS HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase in Stringency Beginning in MY 2021 .................................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in MY 2030 Stringency Relative to Final Phase 1 Standards a .............. 9.6% 15.2% 15.4% 17.7% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................................... 18.69 19.92 19.96 20.53 
Achieved in MY 2030 ...................................................................................................... 18.70 20.04 20.04 20.6 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................................... 5.35 5.02 5.01 4.87 
Achieved in MY 2030 ...................................................................................................... 5.35 4.99 4.99 4.85 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................................... 498 467 466 453 
CO2 Achieved in MY 2030 .............................................................................................. 496 464 464 452 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................................... 65 65 65 65 
Cylinder Deactivation ....................................................................................................... 0 0 0 0 
Direct Injection Engine ..................................................................................................... 0 28 28 28 
Turbo Charged Engine .................................................................................................... 33 61 61 61 
8 Speed Auto. Trans ....................................................................................................... 100 100 100 100 
EPS, Accessories ............................................................................................................ 100 100 100 100 
12V Stop-start .................................................................................................................. 0 0 2 2 
Strong Hybrid ................................................................................................................... 0 0 0 13 
Aero. Improvements ........................................................................................................ 100 100 100 100 

Mass Reduction (vs. No-Action) 

Curb Weight Mass Reduction (lb.) .................................................................................. 52 384 384 340 
Mass Reduction (percent of curb weight) ....................................................................... 0.78 5.7 5.7 5.1 

Note: 
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

Figure VI–18 and Figure VI–19 show 
the total and average incremental 
technology costs by alternative. Under 
Alternative 2 General Motors’ 
incremental technology cost is $140M in 
MY 2019, increasing to $180M in MY 
2021. The pathways for Alternatives 3 
and 4 are very similar, which again 
should not be surprising given that the 
standards result in the same total 

stringency increase in MY 2027 and 
beyond and the long redesign cycles in 
the segment. GM’s incremental 
technology cost is $190M in MY 2019, 
increasing to $400M in MY 2021, and 
$530M in MY 2028. Under Alternative 
5 GM could have a similar compliance 
strategy as Alternative 3 and 4, but 
incremental technology cost is $650M in 
MY 2028. The highest annual average 

technology cost for GM is: $750 under 
Alternative 2, $1940 under Alternatives 
3 and 4, and $2370 under Alternative 5. 
In the case of GM, the added lead time 
of Alternative 4 does not significantly 
change the cost of their compliance 
strategy. 
BILLING CODE 6560–50–P 
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Figure VI–20 shows the cumulative 
total incremental costs for GM under all 
alternatives. The total costs to comply 

with Alternative 2 for GM for MY’s 
2016–2030 is $2.1 billion, for 

Alternatives 3 and 4 it is $4.8 billion, 
and for Alternative 5 it is $5.2 billion. 
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BILLING CODE 6560–50–C 

Table VI–16 gives the same summary 
of a potential compliance strategy for 
Ford’s heavy-duty fleet. Similar to GM, 
to reach compliance Ford uses 8 speed 
automatic transmissions in their entire 
fleet. For Alternatives 3 and 4, Ford uses 
hybrid technologies in 4 percent of their 
fleet, and for Alternative 5, they use 
hybrid technologies in 7 percent of their 
fleet. In addition to strong hybrids, Ford 
uses 12v stop-start in 4 percent of their 
fleet in Alternative 4, and 12v stop-start 
in 19 percent of their fleet in Alternative 
5. The compliance strategy in the NPRM 
analysis shows Ford using significantly 
more hybrids and 12v stop-start systems 
in Alternatives 4 and 5 than the current 
analysis which likely explains part of 

the lowered cost for Ford in the current 
analysis. 

Under the current analysis possible 
compliance strategy, the application of 
engine technologies for Ford come in 
discrete chunks, as with GM. Ford uses 
VVT/VVL in 58 percent of their fleet 
under all alternatives by MY 2030; they 
started with 8 percent direct-injection 
engines, and end with 27 percent; they 
also started with 8 percent turbo- 
charged engines, but end with 69 
percent for all scenarios. The 
application of EPS and improved 
accessories vary across the compliance 
strategies of different regulatory 
alternatives; under Alternative 2, only 
13 percent of Ford’s fleet improves these 
electrical features, while under 

Alternatives 3–4, 64 percent, and 
Alternative 5, 96 percent. 

For body-platform technologies, Ford 
applies in discrete chunks to the same 
platforms across some Alternatives. 
They apply an average of 77 lb. (1.2 
percent) mass reduction across their 
fleet in Alternative 2 and 132–142 lb. 
(2.0–2.2 percent) in Alternative 3–5. 
Progressively less mass reduction is 
applied under Alternatives 4 and 5— 
this is likely because more of the fleet 
was hybridized and mass reduction to 
small platforms was no longer necessary 
to comply. Aerodynamic improvements 
are not applied in Alternative 2, but are 
applied to 64 percent of the fleet in 
Alternative 3 and 4, and to all of the 
fleet in Alternative 5. 

TABLE VI–16—SUMMARY OF IMPACTS ON FORD HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase in Stringency Beginning in MY 2021 .................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in MY 2030 Stringency Relative to Final Phase 1 Standards a 9.6% 15.7% 15.7% 18.1% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................... 19.23 20.62 20.62 21.23 
Achieved in MY 2030 ...................................................................................... 19.36 20.61 20.63 21.21 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................... 5.2 4.85 4.85 4.71 
Achieved in MY 2030 ...................................................................................... 5.16 4.85 4.85 4.71 
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TABLE VI–16—SUMMARY OF IMPACTS ON FORD HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b)—Continued 

Alternative 2 3 4 5 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................... 488 456 455 443 
CO2 Achieved in MY 2030 .............................................................................. 485 455 455 443 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................... 58 58 58 58 
Cylinder Deactivation ....................................................................................... 0 0 0 0 
Direct Injection Engine ..................................................................................... 27 27 27 27 
Turbo Charged Engine .................................................................................... 69 69 69 69 
8 Speed Auto. Trans ....................................................................................... 64 100 100 100 
EPS, Accessories ............................................................................................ 13 64 64 96 
12V Stop-start .................................................................................................. 0 0 4 19 
Hybridization .................................................................................................... 0 4 4 7 
Aero. Improvements ........................................................................................ 0 64 64 100 

Mass Reduction (vs. No-Action) 

Curb Weight Mass Reduction (lb.) .................................................................. 77 142 140 132 
Mass Reduction (percent of curb weight) ........................................................ 1.2 2.2 2.1 2.0 

Note: 
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

BILLING CODE 6560–50–P 

Figure VI–21 and Figure VI–22 show 
the total and average incremental 
technology costs for Ford by alternative 
and model year. Ford adds $80 million 
in technology costs for MY 2017 and an 
additional $40 million in MY 2026 in 
Alternative 2. For the Preferred 
Alternative, Ford adds $130 million in 
MY 2017 and an additional $300 
million in MY 2026. Under Alternative 
4, Ford adds $260 million in MY 2017 
and $180 million in MY 2026. Similar 
to the industry pattern, Ford’s 
compliance strategy involves less 
annual technology costs early in 
Alternative 3 than Alternative 4, but 

their technology costs converge under 
the two alternatives as the final 
stringency level is reached under 
Alternative 3 in MY 2027. 

It is important to note that the 
increase in costs and rate of the increase 
in costs is significantly different for MY 
2017 among the alternatives—with the 
incremental total cost increase for MY 
2017 being double those of Alternative 
3 for Alternative 4, and more than 
double for Alternative 5. MY 2017 is the 
first redesign year and Ford does not 
have another scheduled redesign until 
MY 2026. Under the additional lead 
time of Alternative 3, the majority of 
Ford’s cost increases occur in the MY 

2026 redesign, while Alternatives 4 and 
5 put most of the cost burden to reach 
compliance on the MY 2017 redesign (or 
would require an additional redesign be 
added between MY 2017 and 2026). 

NHTSA judges the lack of lead time 
would make Alternatives 4 and 5 
beyond maximum feasibility for Ford 
because its designs for MY 2017 are 
essentially complete and substantial 
resources and very high costs would be 
required to add another vehicle redesign 
between MY 2017 and MY 2026 to 
implement the technologies that would 
be needed to comply with those 
alternatives. 
BILLING CODE 6560–50–P 
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Figure VI–23 below shows the 
cumulative total costs for Ford under all 
action alternatives. The total costs for 
MY’s 2015–2030 under Alternative 2 are 
$1.3 billion, under Alternative 3 they 

are $3.4 billion, for Alternative 4 they 
are $4.5 billion, and finally for 
Alternative 5 they are $6.7 billion. This 
further illustrates the point that 
manufacturers act to minimize costs 

over multiple model years. The added 
lead time from Alternative 4 allows 
them to delay some actions, which will 
allow them more time to make sure that 
they are well-implemented. 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00308 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2 E
R

25
O

C
16

.0
28

<
/G

P
H

>

m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

---Alternative 2 - - - Alternative 3 • • • • • • Alternative 4 - • -Alternative 
700 

600 

500 
.... 0 
lltfl') 

0 .-t 400 Uo 
>N 
ifc 

- 0 300 o= 
c= 
-5.5. 
~ 200 

'~"·--~~·~--"--··~-· .. -~~~-~-~~,·~·--~-"'-----·-,--·~-··~--~~~-·~~~·~-··~--·---<-··-·-~~---:"-;;i/1~-fle·~_.·-~-~ , , 
. - ..... , 
, 
I •••• '...... I 
• : • • • • • • • • • • • • • • • • • •• • • I 

,~,-----~~·r:~,~----,--,~---,,,~,----,---~---~-,.,_, __ , _____ ,_,,_,, _______ 4-,-----,~-,---,---,--~--~,,-, __ _ 

• I 

·: ~=!_~~~=-~--:_~~=~ 
c a 1ft s U) " s s DCI s en s c s s s s s 1ft g " s DCI g en s 

N N N N N N N N N N N N N N N 

Model Year 

Figure VI-21 Total Technology Cost Increase for Ford by Model Year and Alternative 

---Alternative 2 - - -Alternative 3 • • • • • • Alternative 4 - • -Alternative 
1800 

1600 

1400 

t; 1200 
8_ 
>01000 
If~ 
0 0 800 eN .c-
u 

~ 600 

CD gp 400 .. 
CD 

~ 

-·-

I 

"' U) " 
DCI s s s s 

N N N N 

.,..--. ..... 

............. _. 

c a en g en s c s g s s s DCI g 
N N N N N N N N N 

Model Year 

Figure VI-22 Average Technology Cost Increase for Ford by Model Year and Alternative 

PC ORIGINAL PKG



73785 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

BILLING CODE 6560–50–C 

Table VI–17 shows the MY 2030 
summary for Fiat/Chrysler. Fiat/ 
Chrysler is the only manufacturer which 
uses cylinder deactivation in their 
reference fleet, and they are the only 
manufacturer to use cylinder 
deactivation as a part of their possible 
compliance strategy. Under all 
scenarios, FCA increases their initial 
cylinder deactivation utilization of 13 
percent to 24 percent. Under all 
scenarios turbo-charged engines are 
applied to 76 percent of FCA’s fleet by 

MY 2030. Other technologies are 
applied to the FCA equally across all 
scenarios; 37 percent of their fleet uses 
VVT and/or VVL, and 64 percent uses 
8-speed automatic transmissions under 
all scenarios. 

The additional stringency from 
Alternative 2 to Alternatives 3–5 results 
in other increased technology 
applications in the FCA fleet. Under 
Alternatives 3–5, the presence of EPS/ 
electrical accessories increases from the 
82 percent to the entirety of the FCA 
fleet. Similarly, increased aerodynamic 

improvements increase from 84 percent 
of the fleet to all of it. Finally, 12v stop- 
start enters 3 percent of the fleet under 
Alternatives 3–5. Alternatives 3 and 4 
look much the same, except that 
Alternative 3 is the only alternative to 
use any (1 percent) SHEV–P2 hybrids. 
Alternative 5 uses twice as much mass 
reduction than Alternatives 3–4; it uses 
37 percent direct injection versus the 24 
percent in Alternatives 2–4. The 
resulting costs are comparable under 
Alternatives 3 and 4, and almost 50 
percent higher under Alternative 5. 

TABLE VI–17—SUMMARY OF IMPACTS ON FIAT/CHRYSLER HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase in Stringency Beginning in MY 2021 .................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in MY 2030 Stringency Relative to Final Phase 1 Standards a 9.6% 15.8% 15.8% 17.6% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................... 18.59 19.96 19.96 20.41 
Achieved in MY 2030 ...................................................................................... 18.97 20.06 20.04 20.42 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................... 5.38 5.01 5.01 4.9 
Achieved in MY 2030 ...................................................................................... 5.27 4.99 4.99 4.9 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................... 520 485 485 474 
CO2 Achieved in MY 2030 .............................................................................. 509 482 482 474 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................... 37 37 37 37 
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TABLE VI–17—SUMMARY OF IMPACTS ON FIAT/CHRYSLER HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b)—Continued 

Alternative 2 3 4 5 

Cylinder Deactivation ....................................................................................... 24 24 24 24 
Direct Injection Engine ..................................................................................... 24 24 24 37 
Turbo Charged Engine .................................................................................... 76 76 76 76 
8 Speed Auto. Trans. ...................................................................................... 64 64 64 64 
EPS, Accessories ............................................................................................ 82 100 100 100 
12V Stop-start .................................................................................................. 0 3 3 3 
Hybridization .................................................................................................... 0 1 0 0 
Aero. Improvements ........................................................................................ 84 100 100 100 

Mass Reduction (vs. No-Action) 

Curb Weight Mass Reduction (lb.) .................................................................. 29 330 333 694 
Mass Reduction (percent of curb weight) ........................................................ 0.4 4.6 4.6 9.6 

Note:
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

Figures Figure VI–24 and Figure VI– 
25 show the incremental total and 
average technology costs for Chrysler/ 
Fiat by model year and regulatory 
stringency. Chrysler/Fiat shows more 
technology costs for higher stringency 
alternatives, with annual technology 
costs of Alternative 3 approaching 
Alternative 4 annual technology costs as 
the Alternative 3 approaches the final 
stringency level in MY 2027. Under all 
alternatives Chrysler/Fiat incurs 
increased technology costs starting in 
MY 2018 and MY 2025, because they 
are estimated redesign years. The 
maximum annual technology costs for 
Chrysler are $92M in Alternative 2, 

$213M in Alternative 3, $227M in 
Alternative 4, and $330M in Alternative 
5. This results in average technology 
costs of: $680, $1640, $1690, and $2460, 
respectively. 

As with Ford, the costs and the rate 
of increase in costs are significantly 
different in the MY 2018 timeframe 
among the alternatives, because MY 
2018 is the first estimated model year 
for redesign, and the next estimated 
redesign opportunity is in MY 2025. 
Figure identifies the significant 
differences in the resources and capital 
that would be required to implement the 
technologies required to comply with 
each of the alternatives—with the 

estimated MY 2018 technology cost 
increases being 48M under Alternative 
3, 78M under Alternative 4, and 112M 
under Alternative 5. NHTSA judges the 
short lead time would make 
Alternatives 4 and 5 beyond maximum 
feasible for FCA because its designs for 
MY 2018 are nearing completion and 
substantial resources and very high 
costs would be required to add another 
vehicle redesign between MY 2018 and 
MY 2025 to implement the technologies 
that would be needed to comply with 
those alternatives. 
BILLING CODE 6560–50–P 
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The cumulative technology costs 
attributable to the action alternatives for 
FCA are represented in Figure VI–26 

below. The total costs for MY’s 2016– 
2030 under alter Alternative 2 are $750 
million, under Alternative 3, they are 

$1.5 billion, for Alternative 4, $1.8 
billion, and for Alternative 5 they are 
$2.6 billion. 
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BILLING CODE 6560–50–C 

Table VI–18 shows the manufacturer- 
specific MY 2030 summary for Nissan. 
Nissan’s 2015 reference fleet uses VVT 
and/or VVL on all of their heavy-duty 
vehicles. Their fleet uses two engines on 
only one body-style platform. As a 
result, technologies applied to Nissan’s 
fleet are applied to large proportions of 
their fleet. Under all scenarios, their 
entire fleet gains 8-speed automatic 
transmissions. Under Alternatives 3–5, 
all of their fleet gets level-2 body-level 
aerodynamic improvements and all of 
their fleet gets electric accessory and/or 
EPS improvements. Under Alternatives 
2, 4, and 5, one of Nissan’s two heavy- 
duty engines gets direct-injection, while 
under Alternative 3, both engines get 
the technology. Direct injection of their 

entire fleet is the most cost-effective 
way to reach compliance under 
Alternative 2, applying 5 percent mass 
reduction to their entire fleet and direct 
injection of one of their engines is the 
most cost-effective strategy under 
Alternative 4, and applying 10 percent 
mass reduction to their entire fleet, 
direct injection to one of their engines, 
and making their other engine hybrid is 
the most cost-effective strategy under 
Alternative 5. 

Note that without a change in the 
work factor or fleet mix, a manufacturer 
will face the same MY 2030 standard 
under Alternatives 3 and 4, and a more 
stringent standard under Alternative 5. 
However, by applying 5 percent mass 
reduction in Alternative 4, Nissan is 
able to reduce their standard by .27 

MPG, and by applying 10 percent mass 
reduction in Alternative 5 to have the 
same MY 2030 standard under 
Alternatives 3 and 5. The result is that 
the CAFE level for Nissan is highest 
under Alternative 2, where direct 
injection of their entire fleet is the most 
cost-effective compliance strategy. We 
assume that manufacturers are able to 
make technologies more cost-effectively 
the longer they are on the market—this 
is called ‘‘learning.’’ A likely reason that 
the model prefers direct injection in 
Alternative 3 but not in Alternatives 4 
and 5, is that the longer horizon of the 
stringency increase (until MY 2027) 
results in direct injection that is more 
cost-effective than the shorter time span 
of Alternatives 4 and 5. 

TABLE VI–18—SUMMARY OF IMPACTS ON NISSAN HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase in Stringency Beginning in MY 2021 .................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in MY 2030 Stringency Relative to Final Phase 1 Standards a 9.6% 16.2% 15.1% 16.2% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................... 19.65 21.19 20.92 21.19 
Achieved in MY 2030 ...................................................................................... 19.63 23.12 21.05 21.46 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................... 5.09 4.72 4.78 4.72 
Achieved in MY 2030 ...................................................................................... 5.09 4.32 4.75 4.66 
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TABLE VI–18—SUMMARY OF IMPACTS ON NISSAN HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b)—Continued 

Alternative 2 3 4 5 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................... 452 419 425 420 
CO2 Achieved in MY 2030 .............................................................................. 453 384 422 414 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................... 100 100 100 100 
Cylinder Deactivation ....................................................................................... 0 0 0 0 
Direct Injection Engine ..................................................................................... 51 100 51 51 
Turbo Charged Engine .................................................................................... 51 100 51 51 
8 Speed Auto. Trans. ...................................................................................... 100 100 100 100 
EPS, Accessories ............................................................................................ 37 100 100 100 
12V Stop-start .................................................................................................. 0 0 0 49 
Hybridization .................................................................................................... 0 0 0 0 
Aero. Improvements ........................................................................................ 0 100 100 100 

Mass Reduction (vs. No-Action) 

Curb Weight Mass Reduction (lb.) .................................................................. 0 0 307 615 
Mass Reduction (percent of curb weight) ........................................................ 0 0 5 10 

Note: 
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

Figures Figure VI–27 and Figure VI– 
28 show the total and average 
incremental technology costs for Nissan 
across the different regulatory 
alternatives. Nissan applies technology 
in all alternatives in MY 2021; this is a 
redesign year for much of their fleet. As 
might be expected, they incur less 

technology cost in less stringent 
scenarios at this redesign. However, 
under Alternative 3 they apply more 
technology in MY 2029, making their 
marginal technology costs under 
Alternative 3 for MY 2029 and after 
higher than the marginal technology 
costs under Alternative 4. They incur 

less technology costs in the early years 
and more in MY’s 2029 and beyond. In 
order to explain why the model predicts 
this action of Nissan it is useful to look 
at the cumulative total incremental costs 
in Figure VI–29. 
BILLING CODE 6560–50–P 
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By incurring less technology cost 
early, and more technology cost later, 
Nissan has a lower cumulative total cost 
for MY’s 2016–2030 under Alternative 3 
than Alternative 4. The total cumulative 

cost for MY’s 2016–2030 of Alternative 
2 is $86 million, $178 million for 
Alternative 3, $258 for Alternative 4, 
and $387 for Alternative 5. Since Nissan 
is trying to minimize their total cost 

under all model years, and not their 
marginal cost under any single model 
year, the model chooses a compliance 
strategy in this case which shows higher 
marginal costs for Nissan in Alternative 
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3 than 4 for some model years, but lower cumulative total costs over all 
model years. 

BILLING CODE 6560–50–C 

Nissan’s first redesign is in MY 2020, 
and they do not have another redesign 
scheduled until 2029. Under Alternative 
4 and 5 all of their technological 
application is done in MY 2020, but 
under Alternative 3 the application can 
be spread out between the two redesign 
cycles. NHTSA judges the short lead 
time to apply technology would make 
Alternatives 4 and 5 beyond maximum 
feasibility for Nissan because it puts the 
burden of all technological application 
on the MY 2020 redesign. Substantial 

resources and costs would be required 
to do so or to add another vehicle 
redesign between MY 2020 and MY 
2029. Since manufacturers must spread 
out their capital for such deployment 
endeavors between the light and heavy 
duty fleets, the ability to spread costs 
between model years is important to 
consider. 

Table VI–19 shows a MY 2030 
summary for Daimler. Daimler came 
into the analysis with all of their fleet 
using 8-speed automatic transmissions. 
Their initial CAFE level in MY 2020 of 

25.68 was sufficient to meet their 
standard under Alternatives 2–5. Their 
only action to turbo-charge all the 
engines in their fleet occurs in the 
dynamic baseline. As a result, no 
additional actions or costs are incurred 
under any of the alternatives. For this 
reason, a figure of their annual 
technology costs, nor their cumulative 
total technology costs has not been 
provided—if it were, it would be a 
horizontal line showing zero costs for 
all model years. 

TABLE VI–19—SUMMARY OF IMPACTS ON DAIMLER HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase in Stringency Beginning in MY 2021 .................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 
Total Increase in Stringency Relative to Final Phase 1 Standards a .............. 9.7% 16.3% 16.3% 18.4% 

Estimated Average Fuel Economy (miles per gallon) 

Required in MY 2030 ....................................................................................... 22.88 24.69 24.69 25.32 
Achieved in MY 2030 ...................................................................................... 25.68 25.68 25.68 25.68 

Average Fuel Consumption (gallons/100 miles) 

Required in MY 2030 ....................................................................................... 4.37 4.05 4.05 3.95 
Achieved in MY 2030 ...................................................................................... 3.89 3.89 3.89 3.89 
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TABLE VI–19—SUMMARY OF IMPACTS ON DAIMLER HD FLEET BY ALTERNATIVE (VS. ALTERNATIVE 1b)—Continued 

Alternative 2 3 4 5 

Estimated Average Greenhouse Gas Emissions (grams per mile) 

CO2 Required in MY 2030 ............................................................................... 445 413 412 402 
CO2 Achieved in MY 2030 .............................................................................. 396 396 396 396 

Technology Penetration in MY 2030 (percent) 

VVT and/or VVL ............................................................................................... 0 0 0 0 
Cylinder Deactivation ....................................................................................... 0 0 0 0 
Direct Injection Engine ..................................................................................... 0 0 0 0 
Turbo Charged Engine .................................................................................... 100 100 100 100 
8 Speed Auto. Trans. ...................................................................................... 100 100 100 100 
EPS, Accessories ............................................................................................ 0 0 0 0 
12V Stop-start .................................................................................................. 0 0 0 0 
Hybridization .................................................................................................... 0 0 0 0 
Aero. Improvements ........................................................................................ 0 0 0 0 

Mass Reduction (vs. No-Action) 

Curb Weight Mass Reduction (lb.) .................................................................. 0 0 0 0 
Mass Reduction (percent of curb weight) ........................................................ 0 0 0 0 

Note: 
a This increase in stringency is based on the estimated percentage change in fuel consumption (gal/100mi) stringency projected by the model 

for the MY 2030 fleet under the final Phase 2 standards relative to the continuation of Phase 1 standards. Note that if manufacturers’ have ap-
plied mass reduction to an individual vehicle model in the CAFÉ model that this will increase the work factor of that vehicle in the model, and 
make the individual target less stringent. Thus, where any mass reduction is applied in the model, the total increase in stringency of the fleet pre-
sented here will be lower than the total stringency increase of the fleet if no mass reduction were applied. 

(5) Summary of Consumer/Operator 
Impacts 

Table VI–20 summarizes the impacts 
of the regulation on the consumer/ 
operator of the heavy-duty vehicles. 
Consumers of more fuel efficient 
vehicles will benefit in several ways: 
They will spend less on fuel to operate 
vehicles for the same amount of travel, 
some will drive more because their per- 
mile travel costs less, and they will 
spend less time refueling vehicles. In 
order to estimate the fuel savings for 
each regulatory alternative, future 
gasoline prices must be predicted and 
the rebound effect (per-mile elasticity of 
operating a vehicle) must be assumed to 
account for the cost of additional 
driving. In the main analysis, the 
rebound effect is assumed to be 10 
percent, so that, for example, a 10 
percent reduction in the per-mile travel 
costs will result in a 1 percent increase 
in the amount of miles driven. Since the 
literature has also supported other 
rebound effects, NHTSA tests several 
sensitivity cases assuming different 
rebounds: 5 percent, 15 percent, and 20 
percent. Based on the average miles 
driven of 2b/3 vans and trucks, the 
expected lifetime fuel savings for a 
heavy-duty vehicle under the preferred 
scenario is $3636. 

The other benefits of to the consumer 
of increasing fuel economy are 
increased mobility and a decreased 
amount of time spent refueling the 
vehicle. Because increasing the 

efficiency of a vehicle makes per-mile 
travel cheaper to the operator, 
consumers of these vehicles can travel 
more, at less than the total amount they 
are willing to pay—this increase in 
welfare that is not accounted for by the 
cost of travel is the consumer surplus. 
The estimated mobility benefit is $394 
under the preferred alternative. The 
avoided time refueling also has a value. 
In order to estimate this value we make 
several assumptions outlined in more 
detail of the NPRM description of the 
model assumptions (Section E). Over 
the lifetime of a MY 2030 vehicle, we 
estimate the refueling surplus at $94 
under the preferred alternative. 

It is also important to note that the 
average manufacturer costs will not be 
spread proportionally across the fleet— 
some vehicles will have incurred more 
technology costs than others. How 
manufacturers distribute costs among 
models will largely depend on the 
elasticity of particular models and the 
importance of fleet mix in meeting 
standards and on total profits. Without 
privy to this sort of information, we use 
average technology cost increase as a 
proxy for measuring the industry and 
consumer costs across different 
scenarios. The average technology cost 
increase is $1472 under the preferred 
alternative. We assume that all of this 
cost will be passed onto the consumer 
in the form of an increase in price. 
However, we also consider that an 

increase in price will have other costs 
to the operator of the vehicle. 

More expensive vehicles will have 
higher taxes/fees associated with their 
purchase, will be more expensive to 
insure (these costs are related to the 
purchase price or value of a vehicle) and 
will be more expensive to finance 
(higher loan values will be taken out 
which result in higher amounts paid in 
total interest). The total additional costs 
to the average consumer from the sum 
of these sources is $589 under the 
preferred alternative. It is important to 
keep in mind that the additional cost to 
finance a more expensive vehicle will 
have different effects depending on the 
budget constraint of the consumer. For 
consumers who are budget-constrained, 
they will finance more of the vehicle 
and the costs of financing will be higher 
for these already-constrained 
consumers. For consumers who do not 
have to finance the vehicle, there will be 
no costs—and therefore, no additional 
costs—to finance the vehicle. Since 
budget-constrained consumers likely 
have a more elastic demand for new 
vehicles, the increase in price and the 
heterogeneous increase in financing 
might work in the same direction to 
price proportionally more of the most 
budget-constrained consumers out of 
the new vehicle market. 

Considering all the costs and benefits 
the standards will have to the consumer, 
the result is a net benefit to the 
consumer under all the considered 
alternatives. The net benefit to the 
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consumer is $2,063 under the preferred 
alternative, higher than the net benefit 
under alternative 4. The payback period 
is another measure of the effect of the 

rule on consumers—for all alternatives 
the payback period is under 3 years— 
suggesting that consumers that own 
vehicles for at least 3 years will receive 

a net benefit from the preferred 
regulatory action. 

TABLE VI–20—SUMMARY OF CONSUMER/OPERATOR IMPACTS FOR MY 2030 (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase ............................................................................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 

Average Value of Lifetime Fuel Savings, $2013 (vs. No-Action) 

Pretax ............................................................................................................... $1,713 $3,256 $3,229 $3,804 
Tax ................................................................................................................... 200 381 377 448 

Total .......................................................................................................... 1,913 3,636 3,607 4,252 

Average Value of Additional Economic Benefits, $2013 (vs. No-Action) 

Mobility Increase .............................................................................................. 220 394 390 453 
Avoided Refueling ............................................................................................ 49 94 93 112 

Average New Vehicle Purchase (vs. No-Action) 

Price Increase ($) ............................................................................................ 496 1,472 1,481 1,893 
Additional Costs ($) a ....................................................................................... 103 306 336 393 
Payback (months) b .......................................................................................... 20 33 33 38 

Net Lifetime Consumer/Operator Benefits (vs. No-Action) 

Total Net Benefit ($) ........................................................................................ 1,488 2,063 1,989 2,167 

Notes: 
a Additional Costs include additional taxes, fees, maintenance costs, financing costs, and insurance costs incurred under the regulatory alter-

natives. 
b The payback period from the consumer perspective uses a 7% discount rate of retail fuel savings starting at the time of purchase. The cost 

increases paid back include: Technology costs, maintenance costs, taxes, and fees. 

(6) Summary of Societal Impacts 
Table VI–21 summarizes the overall 

societal impacts of the regulation under 
different scenarios (relative to the 1b 
baseline). Net social benefits increase 
with the stringency of the standards. 
The net benefits for the preferred 
alternative are $18.8 billion. The largest 

benefit of the program comes in the 
form of fuel savings. The fuel savings 
reported above do not include fuel tax 
savings, as taxes are considered a 
transfer, and not a loss, of societal well- 
being. The fuel savings are associated 
with a fuel security externality, which 
monetizes the economic risk associated 

with potential fuel price spikes—as 
fewer gallons of oil are necessary for 
transportation, this risk decreases. The 
carbon externality represents the 
reduced cost of carbon damage when 
fuel economy increases (and carbon 
emissions decrease), and is also related 
directly with fuel savings. 

TABLE VI–21—SUMMARY OF LIFETIME TOTAL SOCIETAL IMPACTS OF MY’S 2015–2029 (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Alternative Stringency 

Annual Increase ............................................................................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 

Fuel Purchases vs. No-Action (billion 2013$) 

Pretax Savings ................................................................................................. $11.1 $17.8 $20.2 $22.7 

Fuel-Related Externalities vs. No-Action (billion 2013$) 

Energy Security ............................................................................................... 0.7 1.2 1.4 1.5 
CO2 Emissions ................................................................................................. 2.4 3.8 4.4 4.9 

VMT-Related Externalities vs. No-Action (billion 2013$) 

Driving Surplus ................................................................................................ 1.3 2.0 2.3 2.5 
Refueling Surplus ............................................................................................ 0.3 0.6 0.6 0.7 
Congestion ....................................................................................................... ¥0.3 ¥0.5 ¥0.5 ¥0.6 
Crashes ............................................................................................................ ¥0.2 ¥0.2 ¥0.3 ¥0.3 
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TABLE VI–21—SUMMARY OF LIFETIME TOTAL SOCIETAL IMPACTS OF MY’S 2015–2029 (VS. ALTERNATIVE 1b)— 
Continued 

Alternative 2 3 4 5 

Noise ................................................................................................................ 0.0 0.0 0.0 0.0 
Fatalities ........................................................................................................... ¥0.7 ¥0.3 ¥0.4 0.7 
Criteria Emissions ............................................................................................ 0.7 1.2 1.4 1.5 

Vehicle Purchase/Operating Costs vs. No-Action (billion 2013$) 

Technology Costs ............................................................................................ 2.9 6.5 7.7 10.2 
Maintenance Costs .......................................................................................... 0.1 0.3 0.3 0.5 

Cost-Benefit Summary vs. No-Action (billion 2013$) 

Total Social Cost ............................................................................................. 4.2 7.8 9.2 11.6 
Total Social Benefit .......................................................................................... 16.5 26.6 30.3 34.5 
Net Social Benefit ............................................................................................ 12.3 18.8 21.1 22.9 

Increasing fuel economy decreases the 
cost of per-mile travel. Since this 
reduction in the cost of travel results in 
an increase of total travel, it also results 
in an increase of externalities associated 
with increased total VMT. Of these, the 
driving surplus represents the societal 
net increase in benefit from increased 
mobility consumer surplus—the sum of 
the benefit to all operators of increased 
travel which is not captured by the total 
cost of travel. Defined from the societal 
perspective, the refueling benefit is the 
sum of all the value of the time saved 
on refueling by increasing the average 
fuel efficiency of the heavy duty fleet. 
Congestion represents the societal cost 
of increases in congestion on the 
roads—the lost value of additional time 
spent in traffic. The crash externality is 
the cost of the damage done by the 
additional crashes that will happen with 
more VMT exposure, and the noise 
externality represents the cost of a 
change in noise related to increases in 
vehicle travel (in this analysis, it is 
negligible for all alternatives). 

Some VMT-related externalities are 
not always positive or negative, but 
depend on the stringency of the 
standards. For this analysis the criteria 
pollutant externality is always a benefit, 
but this need not be the case. Reduction 
in overall fuel consumed reduces 
emissions associated with production 
and distribution of fuels. Increases in 
VMT will result in more emission of 
vehicle criteria pollutants and more 
associated damages. However, 
increasing fuel-economy though vehicle 
technologies, such as aerodynamics, 
mass reduction and improved tire 
rolling resistance, will result in a 
decrease in vehicle emissions of and 
damages from criteria pollutants. Shifts 

in technologies towards electric and 
hybrid-electric alternatives can increase 
the emissions of certain pollutants, and 
reduce the emissions of others. The 
stringency increases considered in the 
heavy-duty analysis do not require these 
technologies to penetrate the market at 
such a level that this is visible in the 
results. For these reasons the externality 
associated with changes in criteria 
pollutant emissions is always positive 
for this analysis. 

The vehicle mass reduction in HD 
pickup and vans is estimated to reduce 
the net incidence of highway fatalities. 
By reducing mass on some HD pickup 
and vans, the fatality rate associated 
with crashes involving at least one HD 
pickup or van vehicles decreases. 
However, the analysis anticipates that 
the indirect effect of the proposed 
standards, by reducing the operating 
costs, would lead to increased travel by 
HD pickups and vans and, therefore, 
more crashes involving these vehicles. 
The sign of the fatality externality varies 
with the stringency of the standards. 
Over the lifetime of MY’s 2016–2029, 
for Alternative 2 it is estimated 
approximately 120 additional fatalities 
could occur relative to the 30,200 
heavy-duty crash-related fatalities in the 
baseline. For Alternatives 3 and 4 we 
estimate approximately 50 additional 
fatalities relative to the no-action 
alternative. The additional risk of 
fatality is represented as a social cost in 
Alternatives 2–4. For Alternative 5 we 
estimate approximately 110 fewer 
fatalities (represented as a positive 
externality). For Alternatives 2–4, the 
effect of removing mass from the heavier 
vehicles is less than the effect of 
increased VMT-exposure; for 
Alternative 5, it is larger, and the 

alternative could result in a decrease of 
fatalities. 

The major direct costs of the program 
are increased technology costs and costs 
associated with the resultant increase in 
new vehicle prices and changes in 
technologies. The sum of technology 
costs across the industry increase under 
all increases of stringency, as do the 
increases in associated additional costs. 
Additional costs include: additional 
costs of maintenance associated with 
certain technologies. These costs will 
mostly be borne by the consumer, and 
paid back in the form of fuel savings. 

(7) Summary of Environmental Impacts 

In addition to modeling the societal 
impacts from a monetary standpoint, the 
CAFE model also considers the absolute 
change in the physical emissions of 
various criteria pollutants across the 
Alternatives. Table VI–22 summarizes 
the total environmental impacts from 
increased fuel efficiency of MYs 2016– 
2030, taking into consideration the 
reduction in emissions from increased 
efficiency, the additional emissions 
associated with the increased VMT from 
cheaper per-mile travel, and changes in 
emissions due to the production and 
distribution of heavy-duty vehicles. 
Across all scenarios, the absolute 
reduction in emissions increases. For 
context, the percentage change of 
emissions relative to the baseline 
emission levels is also provided. The 
proportional reduction in criteria 
pollutants greatly varies; the greenhouse 
gases—carbon dioxide, methane, and 
nitrous oxide—as well as the criteria 
pollutants—sulfur dioxide and diesel 
particulate matter—show the largest 
proportional reductions across all 
scenarios. 
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509 Available at http://www.whitehouse.gov/omb/ 
circulars_a004_a-4/. 

TABLE VI–22—SUMMARY OF LIFETIME EMISSION IMPACTS OF MY’S 2015–2029 (VS. ALTERNATIVE 1b) 

Alternative 2 3 4 5 

Annual Increase ............................................................................................... 2.0% 2.5% 3.5% 4.0% 
Increases Until ................................................................................................. MY 2025 MY 2027 MY 2025 MY 2025 

Greenhouse Gas Emissions Reductions vs. No-Action 

CO2 (mmt) ........................................................................................................ 66 107 120 135 
CH4 and N2O (tons) ......................................................................................... 97,925 160,044 180,557 202,666 

Greenhouse Gas Emissions Percent Reduction vs. No-Action 

CO2 .................................................................................................................. 3.8% 6.1% 6.9% 7.7% 
CH4 and N2O ................................................................................................... 0.7% 1.2% 1.3% 1.5% 

Other Emissions Absolute Reduction vs. No-Action 

CO (tons) ......................................................................................................... 13,747 22,828 26,375 29,589 
VOC and NOX (tons) ....................................................................................... 33,324 56,100 63,237 70,957 
PM25 (tons) ..................................................................................................... 1,320 2,213 2,498 2,806 
SO2 (tons) ........................................................................................................ 10,713 17,877 20,172 22,669 
Air Toxics (tons) ............................................................................................... 53 75 84 94 
Diesel PM10 (tons) ........................................................................................... 2,357 3,944 4,450 5,004 

Other Emissions Percent Reduction vs. No-Action 

CO .................................................................................................................... 0.2 0.4 0.4 0.5 
VOC and NOX ................................................................................................. 1.6 2.8 3.1 3.5 
PM25 ................................................................................................................ 1.9 3.3 3.7 4.1 
SO2 .................................................................................................................. 3.7 6.2 6.9 7.8 
Air Toxics ......................................................................................................... 0.2 0.2 0.2 0.3 
Diesel PM10 ...................................................................................................... 3.5 5.8 6.5 7.3 

(8) Sensitivity Analysis Evaluating 
Different Inputs to the NHTSA CAFE 
Model 

This section describes some of the 
principal sensitivity results, obtained by 
running the various scenarios describing 
the policy alternatives with alternative 
inputs. OMB Circular A–4 indicates that 
‘‘it is usually necessary to provide a 
sensitivity analysis to reveal whether, 
and to what extent, the results of the 
analysis are sensitive to plausible 
changes in the main assumptions and 
numeric inputs.’’ 509 Considering this 
guidance, a number of sensitivity 
analyses were performed using analysis 
Method A to examine important 
assumptions and inputs, including the 
following, all of which are discussed in 
greater detail in the accompanying RIA: 

1. Payback Period: In addition to the 
0 and 6 month payback periods 
discussed above, also evaluated cases 
involving payback periods of 12, 18, and 
24 months. 

2. Fuel Prices: Evaluated cases 
involving fuel prices from the AEO 2015 
low and high oil price scenarios. (See 
AEO-Low and AEO-High in the tables). 

3. Fuel Prices and Payback Period: 
Evaluated one side case involving a 0 
month payback period combined with 
fuel prices from the AEO 2015 low oil 

price scenario, and one side case with 
a 24 month payback period combined 
with fuel prices from the AEO 2014 high 
oil price scenario. 

4. Benefits to Vehicle Buyers: The 
main Method A analysis assumes there 
is no loss in value to owner/operators 
resulting from vehicles that have an 
increase in price and higher fuel 
economy. NHTSA performed this 
sensitivity analysis assuming that there 
is a 25, or 50 percent loss in value to 
owner/operators—equivalent to the 
assumption that owner/operators will 
only value the calculated benefits they 
will achieve at 75, or 50 percent, 
respectively, of the main analysis 
estimates. (These are labeled as 
75pctOwner/Operator Benefit and 
50pctOwner/Operator Benefit.) 

5. 7 Pct Discount Rate: The main 
analysis results are considered using 
either a 0 or 3 percent discount rate. We 
also considered an alternative case 
where future savings/costs are 
discounted 7 percent annually. 

6. Value of Avoided GHG Emissions: 
Evaluated side cases involving lower 
and higher valuation of avoided CO2 
emissions, expressed as the social cost 
of carbon (SCC). 

7. Rebound Effect: Evaluated side 
cases involving rebound effect values of 
5 percent, 15 percent, and 25 percent. 
(These are labeled as 
05PctReboundEffect, 

15PctReboundEffect and 
25PctReboundEffect). 

8. ICM-based Markup: Evaluated a 
side case using a retail price equivalent 
(ICM) markup factor. 

9. Mass-Safety Effect: Evaluated side 
cases with the mass-safety impact 
coefficient at the values defining the 5th 
and 95th percent points of the 
confidence interval estimated in the 
underlying statistical analysis. (These 
are labeled MassFatalityCoeff05pct and 
MassFatalityCoeff95pct). 

10. VMT Schedules: Evaluated side 
cases considering the NHTS considered 
in the NPRM analysis as a high-VMT 
case, and another considered schedule 
as a low-VMT case. 

11. Strong HEVs: Evaluated a side 
case in which strong HEVs were 
excluded from the set of technology 
estimated to be available for HD pickups 
and vans through model year 2030. As 
in Section VI.C. (8), this ‘‘no SHEV’’ 
case allowed turbocharging and 
downsizing on all GM vans to provide 
a lower-cost path for compliance. 

Table VI–23, below, summarizes key 
metrics for each of the cases included in 
the sensitivity analysis using Method A 
for the alternative. The table reflects the 
percent change in the metrics (columns) 
relative to the main analysis, due to the 
particular sensitivity case (rows) for the 
alternative 3. For each sensitivity run, 
the change in the metric can we 
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described as the difference between the 
baseline and the preferred alternative 
for the sensitivity case, minus the 

difference between the preferred 
alternative and the baseline in the main 
analysis, divided by the difference 

between the preferred alternative and 
the baseline in the main analysis. Or, 

Each metric represents the sum of the 
impacts of the preferred alternative over 
the model years 2015–2029, and the 

percent changes in the table represent 
percent changes to those sums. More 
detailed results for all alternatives are 

available in the accompanying RIA 
Chapter 10. 

TABLE VI–23—SENSITIVITY ANALYSIS RESULTS FROM CAFE MODEL IN THE HD PICKUP AND VAN MARKET SEGMENT 
USING METHOD A AND VERSUS THE DYNAMIC BASELINE, ALTERNATIVE 1b 

[2.5% growth in stringency: Cells are percent change from base case] a 

Sensitivity case 
Fuel savings 

(gallons) 
(%) 

CO2 savings 
(MMT) 

(%) 

Fuel savings 
($) 
(%) 

Social costs 
($billion) 

(%) 

Social benefits 
($billion) 

(%) 

Social net 
benefits 
($billion) 

(%) 

0 Month Payback ..................................... 8.4 8.0 7.7 8.0 7.8 7.7 
12 Month Payback ................................... ¥13 ¥14 ¥15 ¥2.8 ¥14 ¥19 
18 Month Payback ................................... ¥30 ¥31 ¥32 ¥16 ¥31 ¥38 
24 Month Payback ................................... ¥47 ¥47 ¥48 ¥32 ¥48 ¥54 
AEO-Low .................................................. ¥5.4 ¥5.8 ¥31 ¥19 ¥26 ¥29 
AEO-High ................................................. ¥27 ¥28 18 ¥2.8 13 20 
AEO-Low, 0 Month Payback ................... 35 33 33 42 34 30 
AEO-High, 24 Month Payback ................. ¥50 ¥50 ¥51 ¥37 ¥51 ¥57 
7pct Discount Rate .................................. 0.0 0.0 ¥41 ¥31 ¥35 ¥37 
50pct Owner/Operator Benefit ................. 0.0 0.0 ¥50 0.0 ¥34 ¥48 
75pct Owner/Operator Benefit ................. 0.0 0.0 ¥25 0.0 ¥17 ¥24 
Low SCC .................................................. 0.0 0.0 0.0 0.0 ¥11 ¥16 
High SCC ................................................. 0.0 0.0 0.0 0.0 8.2 12 
Very High SCC ........................................ 0.0 0.0 0.0 0.0 30 43 
5pct Rebound ........................................... 4.6 4.6 4.6 ¥13 0.37 5.5 
15pct Rebound ......................................... ¥4.6 ¥4.6 ¥4.6 12 ¥0.37 ¥5.5 
25pct Rebound ......................................... ¥14 ¥14 ¥14 37 ¥1.1 ¥17 
5th Percentile Mass Fatality Coefficient .. 0.0 0.0 0.0 ¥11 0.0 4.6 
95th Percentile Mass Fatality Coefficient 0.0 0.0 0.0 15 0.0 ¥6.0 
No SHEV–P2’s ......................................... 0.18 0.29 0.29 ¥1.3 0.26 0.88 
Non-CO2eq GHG Values ......................... 0.0 0.0 0.0 0.0 0.0 0.0 
ICM-Based Mark-Up ................................ ¥5.7 ¥6.0 ¥6.1 ¥16 ¥6.0 ¥1.8 
High VMT ................................................. 8.6 7.4 5.9 0.11 6.2 8.7 
Low VMT .................................................. ¥7.7 ¥8.3 ¥8.0 ¥14 ¥7.8 ¥5.4 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 

For some of the cases for which 
results are presented above, the 
sensitivity of results to changes in 
inputs is simple, direct, and easily 
observed. For example, changes to 
valuation of avoided GHG emissions 
impact only this portion of the 
estimated economic benefits; 
manufacturers’ responses and 
corresponding costs are not impacted. 
Similarly, a higher discount rate does 
not affect physical quantities saved 
(gallons of fuel and metric tons of CO2 
in the table), but reduces the value of 
the costs and benefits attributable to 
these standards in an intuitive way. 
Higher rebound results in fewer 
volumetric fuel savings and social net 
benefits, as drivers are assumed to be 
more responsive in their driving habits 

to changes in the cost per mile of travel. 
Some other cases warrant closer 
consideration: 

First, cases involving alternatives to 
the reference case involving voluntary 
over compliance of technologies that 
pay back in six-months involve different 
degrees of fuel consumption 
improvement. Increasing the length of 
the payback period assumption for 
voluntary over compliance amounts to 
increasing fuel economy improvements 
in the absence of the rule (the baseline), 
and manufacturers are compelled to add 
less technology in order to comply with 
the standards (in the regulatory 
alternatives). Because all estimated 
impacts of these standards are shown as 
incremental values relative to this 
baseline, longer voluntary over 

compliance payback periods correspond 
to smaller estimates of incremental 
impacts. 

Table VI–24 shows the effect of 
varying the voluntary over compliance 
assumption from the consumer 
perspective. The baseline over- 
compliance payback period is as 
described above—the number of months 
within which a technology must pay 
back to the consumer in the form of 
undiscounted retail fuel savings for a 
manufacturer to voluntarily apply that 
technology without regulatory action. 
The incremental per-vehicle technology 
cost is the average additional cost of 
technology applied to MY 2030 vehicles 
under the final regulation (incremental 
to the baseline) of each sensitivity case. 
The per-vehicle lifetime fuel savings is 
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510 This is based on the VMT schedules of average 
miles driven by age of MDHD pickups and vans and 
AEO fuel price projections. 

the average lifetime retail value of fuel 
savings under each sensitivity case 
discounted at 7 percent annually 
starting at the time of purchase (MY 
2030). Compliance payback period is 
the number of months of ownership it 
would take the average consumer to 
recoup the additional technology costs 
in discounted fuel savings.510 

As can be seen, the baseline voluntary 
over compliance assumption changes 
how much of the technology costs and 
fuel savings are attributed to the 
regulation; both fewer fuel savings and 
fewer technology costs are attributed to 
the regulatory alternative as the payback 
period defining voluntary over 
compliance increases. Further, because 
the model only applies the technologies 

with the shortest payback periods (the 
most cost-effective technologies) in the 
baseline, the fuel savings decrease at a 
greater proportion than the technology 
costs. The result is that the payback 
period of the regulatory alternative 
increases (and at an increasing rate) as 
manufacturers are assumed to apply 
more technology in the baseline. 

TABLE VI–24—SENSITIVITY ANALYSIS OF THE VOLUNTARY OVER COMPLIANCE ASSUMPTION ON COMPLIANCE PAYBACK 
PERIOD AND KEY CONSUMER IMPACTS FOR THE MY 2030 MDHD FLEET 

Baseline over-compliance payback 
(months) 

Incremental 
per-vehicle 
technology 

cost 

Per-vehicle 
lifetime 

fuel savings 

Technology 
cost payback 

period 
(months) a 

0 ................................................................................................................................................... $1,471 $3,966 28 
6 ................................................................................................................................................... 1,472 3,636 31 
12 ................................................................................................................................................. 1,317 3,031 33 
18 ................................................................................................................................................. 1,214 2,556 38 
24 ................................................................................................................................................. 944 1,684 45 

Note: 
a Here the payback calculation uses a 7% discount rate of retail fuel savings starting at the time of purchase and only considers the additional 

costs of technology application. 

Cases involving different fuel prices 
similarly involve different degrees of 
fuel economy improvement in the 
absence of the standard, as more, or less, 
improvement occurs as a result of more, 
or fewer, technologies appearing cost 
effective to owner/operators. Low fuel 
prices change the amount of fuel savings 
for each technology, since the choice in 
technology application also involves 
both the size of the cost and the fuel 
savings, lower fuel prices can change 
the rank of the technologies. Under low 
fuel prices, the model applies fewer 
SHEV–P2’s. The result is a reduction in 
volumetric fuel savings, and an even 
larger reduction in monetary fuel 
savings, because the fuel savings are 
worth less. There is also a reduction in 
social costs, and social net benefits. 
Higher fuel prices correspond to 
reductions in the volumetric fuel 
savings attributable to these standards 
as, but lead to increases in the value of 
fuel saved (and net social benefits) 
because each gallon saved is worth more 
when fuel prices are high. 

The low price and 0-month payback 
case leads to a significant increase in 
volumetric savings compared to the 
main analysis. Note that the fuel savings 
are higher than in the 0-month payback 
case alone. Part of the reason for this is 
that the lower fuel price case takes into 
consideration that when fuel prices are 
lower, consumers buy more heavy-duty 
vehicles (this is estimated from the 

AEO2015 low fuel price case). Another 
piece of the explanation is that the 
lower fuel prices result in a different 
technology cost-effectiveness ranking of 
technologies, and that the 0 month 
payback baseline results in no voluntary 
over compliance in the baseline. 
Different technologies are picked than 
in the 0 month pay back sensitivity 
alone, and the most cost effective that 
would have been applied in the 
baseline, are now attributed to the 
preferred alternative. Similarly, the high 
price and 24-month payback case results 
in large reductions to volumetric 
savings that can be attributed to these 
standards because more is applied in 
the baseline. Further, the presence of 
high fuel prices is not sufficient to lead 
to increases in either the dollar value of 
fuel savings or net social benefits. 

The case which involves the VIUS- 
based VMT schedules (the high VMT 
case) results in greater volumetric fuel 
and GHG-savings attributable to the 
standards. Under this case the higher 
estimate of VMT results in more fuel 
consumption in the baseline, and a 
higher absolute change in fuel 
consumption when fuel-saving 
technologies are applied in the preferred 
alternative. These higher amount of 
gallons saved, results in more monetary 
fuel savings, comparable social costs, 
and an increase in overall net social 
benefits attributed to the standards. The 
low-VMT schedule, developed as an 

alternative to the adopted VMT- 
schedule from the IHS/Polk odometer 
readings, results in lower volumetric 
fuel consumption and GHG reductions 
under the preferred alternative. Lower 
VMT estimates result in less fuel 
consumption in the baseline, and a 
lower absolute change in fuel 
consumption under the preferred 
alternative. This schedule attributes 
lower costs to the standards—the lower 
fuel savings under the low-VMT 
schedule changes the technology 
application decisions of the model, 
since fewer fuel savings are considered 
in measure the cost-effectiveness of 
technologies. The result is lower 
absolute technology costs, but also 
lower social net benefits. 

The case which makes SHEV–P2’s 
unavailable involves relatively small 
increases to volumetric fuel savings and 
CO2 reductions—not surprising, since 
SHEV–P2’s play only a minor role in the 
compliance strategy of the preferred 
alternative in the Method A central 
analysis. These small increases in fuel 
savings are associated with small 
increases in social benefits, slightly 
larger proportional increases in social 
costs, but still result in a small increase 
in social net benefit. 

The case that uses the ICM mark-up 
methodology rather than the RPE 
methodology results in a reduction of 
volumetric fuel savings and GHG 
reductions. The reduction in fuel 
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511 49 U.S.C. 32902(k)(2). 512 These Alternatives are defined in Section C(6). 

savings is accompanied by a reduction 
in monetary fuel savings, social benefits, 
social costs, and social net benefits. This 
is likely due to shifts in technology 
applications due to different costs mark- 

ups associated with different types of 
technologies under the ICM mark-up 
methodology. 

If, instead of using the values in the 
main analysis, each sensitivity case 

were itself the main analysis, the costs 
and benefits attributable to the final rule 
will be as they appear in Table VI–25, 
below. 

TABLE VI–25—COSTS AND BENEFITS OF STANDARDS FOR MY 2015–2029 HD PICKUPS AND VANS UNDER ALTERNATIVE 
ASSUMPTIONS 

Sensitivity case Fuel savings 
(billion gallons) 

CO2 
reduction 

(MMT) 

Fuel savings 
($billion) 

Social costs 
($billion) 

Social 
benefits 
($billion) 

Net social 
benefits 
($billion) 

6 Month Payback ..................................... 9.2 110 18 7.8 27 19 
0 Month Payback ..................................... 10 120 19 8.2 28 20 
12 Month Payback ................................... 8.0 92 15 7.3 22 15 
18 Month Payback ................................... 6.4 74 12 6.4 18 12 
24 Month Payback ................................... 4.9 56 9.3 5.2 14 8.5 
AEO-Low .................................................. 8.7 100 12 6.1 19 13 
AEO-High ................................................. 6.7 77 21 7.3 30 22 
AEO-Low, 0 Month Payback ................... 12 140 24 11 35 24 
AEO-High, 24 Month Payback ................. 4.7 53 8.8 4.8 13 8.0 
7pct Discount Rate .................................. 9.2 110 11 5.2 17 12 
50pct Owner/Operator Benefit ................. 9.2 110 8.9 7.5 17 9.7 
75pct Owner/Operator Benefit ................. 9.2 110 13 7.5 22 14 
Low SCC .................................................. 9.2 110 18 7.5 23 16 
High SCC ................................................. 9.2 110 18 7.5 28 21 
Very High SCC ........................................ 9.2 110 18 7.5 34 27 
5pct Rebound ........................................... 9.7 110 19 6.6 26 20 
15pct Rebound ......................................... 8.8 100 17 8.5 26 18 
25pct Rebound ......................................... 8.0 92 15 10 26 16 
5th Percentile Mass Fatality Coefficient .. 9.2 110 18 6.7 26 19 
95th Percentile Mass Fatality Coefficient 9.2 110 18 8.7 26 18 
No SHEV–P2’s ......................................... 9.3 110 18 7.5 26 19 
Non-CO2eq GHG Values ......................... 9.2 110 18 7.5 26 19 
ICM-Based Mark-Up ................................ 8.7 100 17 6.3 25 18 
High-VMT ................................................. 10 110 19 7.6 28 20 
Low-VMT .................................................. 8.5 98 16 6.5 24 18 

(9) Discussion of the Maximum 
Feasibility of the Adopted Standards 

As noted above, EPCA and EISA 
require NHTSA to ‘‘implement a 
commercial medium- and heavy-duty 
on-highway vehicle and work truck fuel 
efficiency improvement program 
designed to achieve the maximum 
feasible improvement’’ and to establish 
corresponding fuel consumption 
standards ‘‘that are appropriate, cost- 
effective, and technologically 
feasible.’’ 511 In order to determine 
which of the regulatory alternatives 
meets the requirements of the statute 
NHTSA has considered both the 
modeling results of ‘‘Method A’’ and 
comments offered on the proposed 
rulemaking. 

(a) Consideration of Modeling Results 

For both the NPRM and the current 
analysis of potential standards for HD 
pickups and vans, NHTSA applied 
NHTSA’s CAFE Compliance and Effects 
Modeling System (sometimes referred to 
as ‘‘the CAFE model’’ or ‘‘the Volpe 
model’’), which DOT’s Volpe National 
Transportation Systems Center (Volpe 

Center) developed, maintains, and 
applies to support NHTSA CAFE 
analyses and rulemakings. NHTSA used 
this model in its Method A analysis to 
evaluate regulatory alternatives for 
Phase 2 standards applicable to HD 
pickups and vans, and used results of 
this analysis to inform its selection of 
the regulatory alternative that will 
achieve the maximum feasible 
improvement in HD pickup and van fuel 
efficiency. This analysis includes 
several updates to the model and to 
accompanying inputs, as discussed 
above in this section. 

In the proposal, the agencies proposed 
to adopt Alternative 3 from among the 
five regulatory alternatives under 
consideration.512 As discussed in the 
NPRM, the agencies found that 
Alternative 2 would unduly forego 
significant fuel savings and avoided 
GHG emissions, and that Alternative 5 
could involve rapid and early cost 
increases and necessitate significant 
application of the most advanced 
technologies considered by the agencies. 
80 FR 40494–40495. The agencies have 
estimated the cost and efficacy of fuel- 

saving technologies assuming 
performance and utility will be held 
constant or improved. In particular, we 
have assumed payload will be preserved 
(and possibly improved via reduced 
vehicle curb weight); however, some 
fuel-saving technologies, such as hybrid 
electric vehicles, could reduce payload 
via increased curb weight (due to the 
added electrical machine, batteries and 
controls, and because of the physical 
size of those components). If the 
increase in weight from the hybrid 
system is not offset with a weight 
reduction elsewhere in the vehicle, the 
payload capability will be reduced 
resulting in lost utility but also an 
increase in stringency due to changes in 
work factor. Further, it is also possible 
that applications such as vans where the 
advanced technologies of downsized 
gasoline and diesel engines could be 
used in conjunction with strong 
hybridization, extended high power 
demand resulting from a vehicle at full 
payload or towing, certain types of 
hybrid powertrains could experience a 
temporary loss of towing capacity if the 
capacity of the hybrid’s energy storage 
device (e.g., batteries, hydraulic 
accumulator) is insufficient for the 
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extended power demand required to 
maintain expected vehicle speeds. 

The Method A analysis shows in the 
short term, MY 2017–2021 timeframe, 
that there are significant differences in 
the rate at which technologies would 
need to be applied among the 
alternatives. NHTSA believes the rates 
of technology application require for 
Alternatives 4 and 5 are beyond 

maximum feasible when considering the 
availability of manufacturers’ resources 
and capital to implement the 
technologies in that timeframe, and that 
Alternatives 4 and 5 would not provide 
adequate lead time for the industry to 
fully address reliability considerations. 

Like the NPRM analysis (i.e. the 
Method B analysis), Method A indicates 
Alterative 4 would achieve little benefit 

beyond that achieved by Alternative 3. 
For example, as shown in the following 
graph of estimated total fuel consumed 
by HD pickups and vans over time 
under the various regulatory 
alternatives, outcomes under 
Alternative 4 are nearly 
indistinguishable from those under 
Alternative 3. By 2030, the two are less 
than 0.5 percent apart. 

Weighing against the small additional 
benefit estimated to be potentially 
available under Alternative 4, NHTSA 
also considered the estimated additional 
costs. Method A analysis shows overall 
incremental costs (i.e., costs beyond the 
No Action Alternative) under 
Alternative 4 to be about 12 percent 
more than under Alternative 3. 

As mentioned above, these estimated 
differences were mostly small on a 
relative basis. Averaged over all model 
years included in the analysis, 
estimated incremental costs are $106 
higher under Alternative 4 than under 
Alternative 3. For Daimler and General 
Motors, there is little or no estimated 
difference in costs under these two 
Alternatives. For FCA, Ford, and 
Nissan, differences are somewhat larger, 
averaging $120, $173, and $272, 

respectively. However, as explained in 
greater detail above, NHTSA’s method A 
analysis shows considerably greater 
total and average additional costs in 
earlier model years under Alternative 4 
than under Alternative 3. 

Although NHTSA’s Method A 
analysis also indicates that some 
manufacturers could need to apply 
additional technology as soon as MY 
2016 under baseline standards defining 
the No-Action Alternative, average 
estimated costs (versus continuation 
today’s technology) in MY 2017 are two 
thirds more under Alternative 4 than 
under the No Action Alternative. 

Beyond these directly-estimated costs, 
the agencies also considered factors 
beyond those addressed quantitatively 
in either the NPRM analysis or the 
updated analysis. In general, these other 

factors reflect risk and uncertainty 
involved with standards for HD pickups 
and vans. These risks and uncertainty 
appear considerably greater than for 
light-duty vehicles. The HD pickup and 
van market has significantly fewer 
vehicle models than the light-duty 
market making forecasting uncertainty a 
greater risk to compliance. All current 
manufacturers of HD pickups and vans 
also produce light-duty vehicles. These 
manufacturers’ light-duty offerings span 
wide ranges of models, configurations, 
shared vehicle platforms, engines, 
transmissions, and design schedules. As 
a result, if some specific aspects of 
production do not progress as initially 
planned for light-duty vehicles (e.g., if 
mass reduction on some platform does 
not achieve as much benefit as planned, 
or if a new engine does not perform as 
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513 CARB, Docket No. NHTSA–2014–0132–0125 
at pages 52–53. 

514 UCS, Docket No. EPA–HQ–OAR–2014–0827– 
1329, at pages 23–25. 

well as projected, or if limited 
engineering resources make it necessary 
to delay a redesign), these 
manufacturers should have ample 
opportunity to comply with light-duty 
CAFE and GHG standards by making 

adjustments among other models, 
platforms, engines, and transmissions. 
This is not the case for HD pickups and 
vans. Current HD PUV manufacturers 
offer products spanning only 1–3 
platforms, at most half a dozen engines 

or transmissions, and only 1–3 
schedules for redesigns. As summarized 
below, this provides 5–10 times less 
flexibility than for light-duty vehicles. 

TABLE VI–26—MY 2015 BODY AND ENGINE PLATFORMS BY MANUFACTURER FOR LIGHT- AND HEAVY-DUTY PICKUPS 

Platforms Engines Transmissions Design Schedules 

Light-duty HD PUV Light-duty HD PUV Light-duty HD PUV Light-duty HD PUV 

Daimler ............................. 12 1 29 2 20 2 18 1 
FCA .................................. 15 3 24 5 21 6 24 3 
Ford .................................. 9 2 22 5 27 3 18 2 
General Motors ................ 17 2 26 5 39 3 21 2 
Nissan .............................. 6 1 13 2 21 2 23 1 

Considering further that credits from 
other manufacturers are not potentially 
available as for light-duty vehicles (e.g., 
several manufacturers currently have 
excess light-duty CAFE credits that 
could be traded to other OEMs), this 
means that overestimating the industry’s 
capability to improve fuel efficiency and 
reduce GHG emissions, and 
consequently setting standards at too 
stringent of a level, poses a much greater 
compliance risk for HD PUV fleets than 
for light-duty fleets. If the factors 
discussed here, for which the agencies 
are currently unable to account in our 
analysis, lead manufacturers to fail to 
comply with the standards, then the 
additional benefits of setting standards 
at slightly more stringent levels would 
be lost. In the agencies’ judgment, even 
setting aside the somewhat higher 
estimated costs under Alternative 4, the 
very small additional benefit that could 
be achieved under Alternative 4 do not 
warrant the increased exposure to this 
risk. 

Regarding Alternative 5, the Method 
A analysis shows somewhat greater 
benefits than under Alternatives 3 or 4, 
but Alternative 5 entails considerably 
greater costs and dependence on strong 
hybrid technology, as well as even 
greater exposure to the above-mentioned 
uncertainties and risks. Under the 
Method A analysis for Alternative 5, 
incremental costs averaged across all 
model years considered are estimated to 
be about $400 higher (about 46 percent) 
than under Alternative 3, and that 
analysis shows an overall fleet 
application of approximately 7 percent 
strong hybrids, with General Motors 
applying approximately 13 percent and 
Ford approximately 7 percent. 

We have also assumed that fuel- 
saving technologies will be no more or 
less reliable than technologies already 
in production. However, if there is 
insufficient lead-time to fully develop 

new technologies, they could prove to 
be less reliable, perhaps leading to 
increased repair costs and out-of-service 
time. If the fuel-saving technologies 
considered here ultimately involve 
reliability problems, overall costs will 
be greater than we have estimated. 
Method A analysis shows in the short 
term, MYs 2017–2021 timeframe, there 
are significant differences in the rate at 
which technologies would need to be 
applied among the alternatives. Figures 
VI.15 and VI.16, above, shows the 
progression in average and total 
technology costs and the rate of increase 
in those costs among the alternatives 
using Method A. They highlight the 
increases in resources and capital that 
would be required to implement the 
technologies required to comply with 
each of the alternatives, as well as the 
reduction in lead time to implement the 
technologies which increases reliability 
risk. As discussed further above in the 
manufacturer-specific effects, Ford and 
FCA are estimated to redesign vehicles 
in MYs 2017 and 2018 respectively, and 
vehicle designs for those model years 
are complete or nearly complete. The 
next estimated redesign for Ford is in 
MY 2026, and for FCA in MY 2025, and 
substantial resources and very high 
costs would be required to add another 
vehicle redesign between the estimated 
redesign model years to implement the 
technologies that would be needed to 
comply with those alternatives. 

(b) Consideration of Comments 

NHTSA proposed that Alternative 3 
represented the maximum feasible 
alternative under EISA, and EPA 
proposed that Alternative 3 reflected a 
reasonable consideration of the statutory 
factors of technology effectiveness, 
feasibility, cost, lead time, and safety for 
purposes of CAA sections 202(a)(1) and 
(2). Although the agencies and 
commenters also found that Alternative 

4 merited serious consideration, the 
agencies noted that Alternative 3 was 
generally designed to achieve the levels 
of fuel consumption and GHG 
stringency that Alternative 4 would 
achieve, but with several years of 
additional lead time, meaning that 
manufacturers could, in theory, apply 
new technology at a more gradual pace, 
with greater reliability and flexibility. 

Some comments on the proposal 
called for adoption of standards more 
stringent and/or more rapidly advancing 
in stringency than those defining 
Alternative 3. For example, CARB 
argued that Alternative 4 would, 
compared to Alternative 3, achieve 
greater benefits comparably attractive in 
terms of cost effectiveness and while 
remaining less stringent than CAFE 
standards for light-duty trucks.513 UCS 
provided similar comments, indicating 
further that the standards should be 
technology forcing and therefore more 
aggressive than Alternative 4, they 
specifically suggested that gasoline 
vehicles could achieve up to a 23.6 
percent improvement in MY 2027 while 
diesel vehicles can achieve an 18 
percent improvement.514 ACEEE 
similarly recommended increasing the 
stringency by 7 percent in MY 2027 and 
that standards should reflect increased 
use of cylinder deactivation, cooled 
EGR, and GDI and turbo downsizing in 
pickups. For diesels, ACEEE 
commented that additional reductions 
were possible, based on an estimate of 
10 percent penetration of engine 
downsizing for pickups and 30 percent 
penetration for vans in 2027, and also 
assuming 6 percent penetration of 
hybrids in diesel vans. 

Citing the potential for fuel-saving 
technology to migrate from light-duty 
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515 CBD, Docket No. NHTSA–2014–0132–0101, at 
pages 8–9. 

516 AAPC, Docket No.NHTSA–2014–0132–0103 ], 
at pages 12–13. 

517 AAPC, Docket No. NHTSA–2014–0132–0103 
at pages 13–16. 

518 Manufacturers generally have only one pickup 
platform and one van platform in this segment. 

pickups and vans to heavy-duty pickups 
and vans, CBD also called for more 
stringent HD pickup and van standards 
that would ‘‘close the gap’’ with light- 
duty standards, as any gap allows 
manufacturers to essentially choose to 
classify a pickup as heavy-duty to avoid 
more stringent requirements if it was 
classified as a light-duty vehicle.515 
ICCT likewise commented that the 
proposed standards represent only a 2.2 
and 1.6 percent year-over-year 
improvement for the gasoline and diesel 
fleets, respectively, from MYs 2014– 
2025 compared to an almost 3 percent 
per year improvement for light-duty 
trucks in the same time frame. ICCT 
recommended that the agencies’ 
analysis incorporate the full analysis 
and inputs from the light-duty 
rulemaking and that the result would be 
improvements in the range of 35 percent 
over the MYs 2014–2025 rather than the 
proposed 23 percent improvement over 
this time frame. 

On the other hand, some other 
reviewers commented that the proposed 
standards could be unduly aggressive 
considering the products and 
technologies involved. GM commented 
that any attempt to force more stringent 
regulations than proposed, such as 
Alternative 4, would be extremely 
detrimental to manufacturers, 
consumers, the U.S. economy, and the 
millions of transportation-related jobs. 
Daimler similarly commented that the 
proposed standards would be a 
challenge for automotive manufacturers. 
Under certain conditions, such a 
standard may necessitate hybridization 
of the affected vehicle fleet, which 
would require substantial development 
and material costs. All technologies 
taken into account for the class 2b/3 
stringencies should reflect cost 
effectiveness calculations, especially 
alternative powertrains such as hybrids, 
battery, and fuel cell driven electric 
vehicles. Daimler recommends that the 
agencies adopt the proposed standard 
over Alternative 4, as the additional two 
years of lead-time will be critical for 
automotive manufacturers in developing 
the necessary technologies to achieve 
compliance. Nissan commented that the 
Alternative 4 3.5 percent per stringency 
level is simply not feasible, as it does 
not provide the necessary lead-time to 
enable manufacturers to balance 
competitive market constraints with the 
cost of applying new technologies to a 
limited product offering. Nissan further 
commented that to the extent that the 
more stringent alternative is predicated 
on the adoption of hybrid and electric 

powertrain technology, Nissan does not 
believe that such technology is feasible 
for this market segment. 

The American Automotive Policy 
Council (AAPC, representing FCA, Ford, 
and General Motors) further commented 
that proposals for greater stringency 
than Alternative 3 are not supportable 
given the required early introduction of 
unproven technologies with their 
associated consumer acceptance risk, as 
well as the many implicit risks that 
impact stringency. AAPC commented 
that the proposed standards are 
aggressive and will challenge industry. 
AAPC noted that the baseline fleet 
includes a high percentage of advanced 
diesel technology such as SCR, making 
additional improvements considerably 
more challenging. In the light-duty fleet, 
diesel technology accounts for 3 percent 
of fleet whereas the heavy-duty fleet 
consists of over 50 percent diesel. 

AAPC also noted that Phase 2 
technologies are being used today. For 
example, FCA’s modern gasoline engine 
has robust combustion with multiple 
spark plugs, variable cam phasing, 
cylinder deactivation, and cooled EGR. 
AAPC commented that even with this 
level of gasoline engine technology, 
FCA is challenged by the early year 
Phase 1 standards and will need to look 
at adding even more technology for 
Phase 2. AAPC also provided data 
showing that while smaller 
displacement boosted gasoline engine 
technology may be applicable in some 
variants of commercial vans, this 
technology is not suited for the pickup 
truck variants in this segment because of 
customer demands for towing 
capability. AAPC commented that 
concurrent stringency increases in Tier 
3/LEV III criteria emission requirements 
will negatively impact CO2 and fuel 
consumption. As an alternative to the 
standards proposed in the NPRM, the 
American Automotive Policy Council 
(AAPC, representing FCA, Ford, and 
General Motors) proposed standards 
that would achieve the stringency by 
model year 2027, but that would do so 
at a more gradual pace.516 As means of 
providing flexibility in complying with 
these standards, AAPC also commented 
that the agencies should allow credits to 
be banked for longer than 5 years, and 
should allow credits to be transferred 
between the light- and heavy-duty 
fleets.517 

(c) Determination 
Having considered these comments as 

well as the updated analysis 
summarized above, NHTSA is adopting 
standards under which the stringency of 
fuel consumption standards for HD 
pickups and vans advance at an annual 
rate of 2.5 percent during model years 
2021–2027 relative to the 2018 MY 
Phase 1 standard level. In NHTSA’s 
judgment, this pace of stringency 
increase will appropriately 
accommodate manufacturers’ redesign 
workload and product schedules, 
especially in light of this sector’s 
limited product offerings 518 and long 
product cycles. Given the provided 
flexibility to carry credits forward (and 
back) between model years, this 
approach strikes a balance between, on 
one hand, meaningful early fuel 
efficiency improvements and, on the 
other, providing manufacturers 
appropriate lead time. 

Compared to Alternative 3, 
Alternative 2 would forego significant 
cost-efficient opportunities to apply 
conventional and moderately advanced 
technology in order to reduce fuel 
consumption and emissions. Also, 
although the updated analysis 
summarized above shows costs for 
Alternative 3 (as costs incremental to 
the No Action Alternative) somewhat 
higher than estimated in the NPRM 
analysis, the agencies find that under 
either the Method A or Method B 
analyses, AAPC’s proposed more 
gradual progression leading up to MY 
2027 would also forego cost-effective 
improvements which are readily 
feasible in the lead time provided. 
Furthermore, the Method A analysis 
indicates that the standards defining 
Alternative 3 can likely be met with 
minimal reliance on hybrid 
technologies. Considering this, NHTSA 
also find it unnecessary to extend the 
lifespan of banked credits or adopt other 
credit related flexibilities to mitigate the 
stringency increases under Alternative 
3. 

E. Analysis of the Regulatory 
Alternatives for HD Pickups and Vans: 
Method B 

Section 202(a)(1) and (2) of the Clean 
Air Act require EPA to establish 
standards for emissions of pollutants 
from new motor vehicles and engines 
which emissions cause or contribute to 
air pollution which may reasonably be 
anticipated to endanger public health or 
welfare, which include GHGs. See 
Section I.E. above. Under section 
202(a)(1) and (2), EPA considers such 
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519 Manufacturers generally have only one pickup 
platform and one van platform in this segment. 

issues as technology effectiveness, its 
cost (both per vehicle, per manufacturer, 
and per consumer), the lead time 
necessary to implement the technology, 
and based on this the feasibility and 
practicability of potential standards; the 
impacts of potential standards on 
emissions reductions of both GHGs and 
non-GHG emissions; the impacts of 
standards on oil conservation and 
energy security; the impacts of 
standards on fuel savings by customers; 
the impacts of standards on the truck 
industry; other energy impacts; as well 
as other relevant factors such as impacts 
on safety. 

As part of the proposed feasibility 
analysis of potential standards for HD 
pickups and vans, the agencies applied 
NHTSA’s CAFE Model. The agencies 
used this model to identify technology 
pathways that could be used to meet a 
range of stringencies, based on our 
projections of technology that will be 
available in the Phase 2 time frame. The 
agencies considered these technology 
pathways and identified the stringency 
level that will be technology-forcing (i.e. 
reflect levels of stringency based on 
performance of emerging as well as 
currently available control technologies) 
at reasonable cost, and leave 
manufacturers the flexibility to adopt 
varying technology paths for 
compliance and allow adequate lead 
time to develop, test, and deploy the 
range of technologies. 

As noted in Section I and discussed 
further below, the analyses consider two 
versions of the CAFE model, one 
updated for the NPRM analysis 
represented here in Method B, and one 
further updated for the FRM represented 
in the Method A analysis described in 
D immediately preceding this section. 
The results of both versions are reported 
relative to two baselines, a flat baseline 
(designated Alternative 1a) where no 
improvements are modeled beyond 
those needed to meet Phase 1 standards 
and a dynamic baseline (designated 
Alternative 1b) where certain cost- 
effective technologies (i.e., those that 
payback within a 6 month period) are 
assumed to be applied by manufacturers 
to improve fuel efficiency beyond the 
Phase 1 requirements in the absence of 
new Phase 2 standards. NHTSA 
considered its primary analysis to be 
based on the more dynamic baseline of 
Method A, whereas EPA considered the 
flat baseline of Method B. As shown 
below and in Sections VII through X, 
using the two different reference cases 
has little impact on the results of the 
analysis and leads to the same 
conclusion regarding the 
appropriateness of the Phase 2 
standards. As such, the use of different 

reference cases corroborates the results 
of the overall analysis. 

For the NPRM, the agencies 
conducted coordinated and 
complementary analyses by employing 
both NHTSA’s CAFE model and EPA’s 
MOVES model and other analytical 
tools to project fuel consumption and 
GHG emissions impacts resulting from 
the Phase 2 standards for HD pickups 
and vans, against both the flat and 
dynamic baselines. EPA ran its MOVES 
model for all HD categories, namely 
tractors and trailers, vocational vehicles 
and HD pickups and vans, to develop a 
consistent set of fuel consumption and 
CO2 reductions for all HD categories. 
The MOVES runs followed largely the 
procedures described above, with some 
differences. MOVES used the same 
technology application rates and costs 
that are part of the inputs, and used cost 
per vehicle outputs of the CAFE model 
to evaluate the Phase 2 standards for HD 
pickup trucks and vans. The agencies 
note that these two independent 
analyses of aggregate costs and benefits 
both support these standards. For the 
final rule, NHTSA has conducted an 
analysis using a revised version of the 
CAFE model, as discussed in Section D. 
This analysis has been designated 
Method A. The EPA analysis based on 
the NPRM version of the CAFE model 
along with EPA’s MOVES model is 
designated Method B. 

As noted earlier, the agencies are 
adopting as proposed a phase-in 
schedule of reduction of 2.5 percent per 
year in fuel consumption and CO2 levels 
relative to the 2018 MY Phase 1 
standard level, starting in MY 2021 and 
extending through MY 2027. We 
continue to believe this phased-in 
implementation will appropriately 
accommodate manufacturers’ redesign 
workload and product schedules, 
especially in light of this sector’s 
limited product offerings 519 and long 
product cycles. This approach was 
chosen to strike a balance between 
meaningful reductions in the early years 
and providing manufacturers with 
needed lead time via a gradually 
accelerating ramp-up of technology 
penetration. By expressing the phase-in 
in terms of increasing year to year 
stringency for each manufacturer, while 
also providing for credit generation and 
use (including averaging, carry-forward, 
and carry-back), we believe our program 
will afford manufacturers substantial 
flexibility to satisfy the phase-in 
through a variety of pathways: The 
gradual application of technologies 
across the fleet, greater application 

levels on only a portion of the fleet, and 
a sufficiently broad set of available 
technologies to account for the variety 
of current technology deployment 
among manufacturers and the lowest- 
cost compliance paths available to each. 

EPA did not estimate the cost of 
implementing these standards 
immediately in 2021 without a phase-in, 
but we qualitatively assessed it to be 
somewhat higher than the cost of the 
phase-in we are establishing, due to the 
workload and product cycle disruptions 
it could cause, and also due to 
manufacturers’ resulting need to 
develop some of these technologies for 
heavy-duty applications sooner than or 
simultaneously with light-duty 
development efforts. See 75 FR 25451 
(May 7, 2010) (documenting types of 
drastic cost increases associated with 
trying to accelerate redesign schedules 
and concluding that ‘‘[w]e believe that 
it would be an inefficient use of societal 
resources to incur such costs when they 
can be obtained much more cost 
effectively just one year later’’). On the 
other hand, waiting until 2027 before 
applying any new standards could miss 
the opportunity to achieve meaningful 
and cost-effective early reductions not 
requiring a major product redesign. 
Comments on the phase-in are 
discussed in Section B.2. and in the 
Response to Comments document. 

As noted above, at proposal, the 
agencies requested comment in 
particular on Alternative 4. EPA is not 
adopting Alternative 4 due to 
uncertainty regarding whether or not the 
potential technologies and market 
penetration rates included in 
Alternative 4 would be technologically 
feasible. Alternative 4 would ultimately 
reach the same levels of stringency as 
final Phase 2 standards, but would do so 
with less lead time. As discussed below, 
this could require application of both 
different technologies at higher 
application rates, neither of which may 
be feasible (or, at the least, reliable 
implementable) by MY 2025. 

Moreover, the two years of additional 
lead time provided by the final 
standards compared to Alternative 4 
eases compliance burden by having 
more vehicle redesigns and lower 
stringency during the phase-in period. 
As noted above, historically, the 
vehicles in this segment are typically 
only redesigned every 6–10 years, so 
many of the vehicles may not even be 
redesigned during the timeframe of the 
stringency increase. In this case, a 
manufacturer must either make up for 
any vehicle that falls short of its target 
through some combination of early 
compliance, over compliance, credit 
carry-forward and carry-back, and 
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520 Reinhart, T.E. (June 2015). Commercial 
Medium- and Heavy-Duty Truck Fuel Efficiency 

Technology Study—Report #1. (Report No. DOT HS 812 146). Washington, DC: National Highway 
Traffic Safety Administration. 

redesigning vehicles more frequently. 
Each of these will increase technology 
costs to the manufacturers and vehicle 
purchasers, and early redesigns will 
significantly increase capital costs and 
product development costs. Also, the 
longer implementation time for the final 
standards means that any manufacturer 
will have a slightly lower target to meet 
from 2021–2026 than for the shorter 
phase-in of Alternative 4, though by 
2027 the manufacturers will have the 
same target in either alternative. 

Due to the projected higher 
technology adoption rates, Alternative 4 
is also projected to result in higher 
costs, and risks of inadequate time to 
successfully test and integrate new 
technology, than the standards the 
agencies are adopting. Moreover, the 
additional emission reductions and fuel 
savings predominately occur only 
during the program phase-in period; 
from roughly 2030 on, the adopted 
standards and the pull-ahead alternative 
are projected to be equivalent from an 
environmental benefit standpoint. EPA’s 
analysis and responses to comments are 
discussed in detail below. 

In some cases, the Method B (NPRM) 
version of the model selects strong 
hybrids as a more cost effective 
technology over certain other 
technologies including stop-start and 
mild hybrid. In other words, strong 
hybrids are not a technology of last 
resort in the analysis. Alternative 4 is 
projected to be met using a significantly 
higher degree of hybridization including 
the use of more strong hybrids, 
compared to the standards the agencies 
are finalizing. In order to comply with 
a 3.5 percent per year increase in 
stringency over MYs 2021–2025, 
Method B modeling projects that 
manufacturers would need to adopt 
more technology compared to the 2.5 
percent per year increase in stringency 
over MYs 2021–2027. The two years of 
additional lead time provided by the 
Phase 2 standards reduces the potential 
number of strong hybrids projected to be 
used by allowing for other more cost 
effective technologies to be more fully 
utilized across the fleet. EPA believes it 
is technologically feasible to apply this 
projected amount of hybridization to HD 
pickups and vans in the lead time 
provided (i.e., by MY 2027). However, 
strong hybrids present challenges in this 
market segment compared to light-duty 
where there are several strong hybrids 
already available. EPA does not believe 
that at this stage there is enough 

information about the viability of strong 
hybrid technology in this vehicle 
segment to assume that they can be a 
part of large-volume deployment 
strategies for regulated manufacturers. 
For example, EPA believes that hybrid 
electric technology could provide 
significant GHG and fuel consumption 
benefits, but recognize that there is 
uncertainty at this time over the real 
world effectiveness of these systems in 
HD pickups and vans, and over 
customer acceptance of the technology 
for vehicles with high GCWR towing 
large loads. Further, the development, 
design, and tooling effort needed to 
apply this technology to a vehicle model 
is quite large, and might not be cost- 
effective due to the small sales volumes 
relative to the light-duty sector. 

Additionally, EPA recognizes that 
sufficient engine horsepower and torque 
needed to meet towing objectives which 
are important to pickup truck buyers 
and accordingly the analysis does not 
down-size engines in conjunction with 
hybridization. See Section VI.C.4.iv 
above. Therefore, with no change 
projected for engine size, the strong 
hybrid costs do not include costs for 
engine changes. In light-duty, the use of 
smaller engines has an associated cost 
saving which facilitates much of a 
hybrid’s cost-effectiveness. Section E.2 
discusses these issues further, and 
explains further that the results of the 
updated CAFE model used in Method A 
are consistent with these conclusions. 

Due to these considerations in the 
NPRM and in the current Method B 
analysis, EPA has conducted a 
sensitivity analysis using the Method B 
version of the model that assumes the 
use of no strong hybrids. The results of 
the analysis are also discussed below. 
The analysis indicates that there will be 
a technology pathway that will allow 
manufacturers to meet the final 
standards without the use of strong 
hybrids. However, the analysis indicates 
that costs will be higher and the cost 
effectiveness will be lower under the no 
strong hybrid approach. 

EPA also analyzed less stringent 
standards under which manufacturers 
could comply by deploying a more 
limited set of technologies than are 
needed to meet the Phase 2 standards 
being adopted. However, our assessment 
concluded with a high degree of 
confidence that the technologies on 
which the final Phase 2 standards are 
premised will be available at reasonable 
cost in the 2021–2027 timeframe, and 

that the phase-in and other flexibility 
provisions allow for their application in 
a very cost-effective manner, as 
discussed in this section below. 
Accordingly, it would be inappropriate 
(within the meaning of CAA section 
202(a)(1) and (2)) to adopt standards of 
lesser stringency. 

More difficult to characterize is the 
degree to which more or less stringent 
standards might be appropriate because 
of under- or over-estimating the costs or 
effectiveness of the technologies whose 
performance is the basis of the Phase 2 
standards. For the most part, these 
technologies have not yet been applied 
to HD pickups and vans, even on a 
limited basis. EPA is therefore relying to 
some degree on engineering judgment in 
predicting their effectiveness. Even so, 
we believe that we have applied this 
judgment using the best information 
available, primarily from a NHTSA 
contracted study at SwRI 520 and our 
recent rulemaking on light-duty vehicle 
GHGs and fuel economy, and have 
generated a robust set of effectiveness 
values. Chapter 10 of the RIA provides 
a detailed description of the CAFE 
Model and the analysis performed for 
the rule. 

(1) Consistency of the Phase 2 Standards 
With the EPA’s Legal Authority 

Table VI–27 below shows projected 
technology adoption rates for both the 
final Phase 2 standards and for a two- 
year pull ahead of those standards (i.e. 
Alternative 4 from the NPRM). As at 
proposal, the table shows that the 
Method B (EPA’s central estimate) 
analysis estimates that the most cost- 
effective way to meet the final Phase 2 
standards will be to use strong hybrids 
in up to 9.9 percent of pickups and 5.5 
percent of vans on an industry-wide 
basis. The analysis of Alternative 4 
shows strong hybrids on up to 19 
percent of pickups (and two years 
sooner). The analysis shows that the two 
years of additional lead time provided 
by the Phase 2 standards compared to 
Alternative 4 will provide 
manufacturers with a better opportunity 
to maximize the use of technologies 
which are more cost effective than 
strong hybrids over time thereby 
reducing the need for strong hybrids 
which may be particularly challenging 
for this market segment, as well as 
providing needed time for the more 
limited deployment of this technology 
projected under alternative 3 (i.e. the 
Phase 2 standard). 
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TABLE VI–27—METHOD B CAFE MODEL TECHNOLOGY ADOPTION RATES FOR THE FINAL PHASE 2 STANDARDS RULE AND 
ALTERNATIVE 4 SUMMARY—FLAT BASELINE 

Technology 

Phase 2 standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 
(3.5% per year) 
2021 to 2025 

Pickup trucks 
% 

Vans 
% 

Pickup trucks 
% 

Vans 
% 

Low friction lubricants ...................................................................................... 100 100 100 100 
Engine friction reduction .................................................................................. 100 100 100 100 
Cylinder deactivation ....................................................................................... 22 19 22 19 
Variable valve timing ....................................................................................... 22 82 22 82 
Gasoline direct injection .................................................................................. 0 63 0 80 
Diesel engine improvements ........................................................................... 60 3.6 60 3.6 
Turbo downsized engine ................................................................................. 0 63 0 63 
8 speed transmission ....................................................................................... 98 92 98 92 
Low rolling resistance tires .............................................................................. 100 92 100 59 
Aerodynamic drag reduction ............................................................................ 100 100 100 100 
Mass reduction and materials ......................................................................... 100 100 100 100 
Electric power steering .................................................................................... 100 49 100 46 
Improved accessories ...................................................................................... 100 87 100 36 
Low drag brakes .............................................................................................. 100 45 100 45 
Stop/start engine systems ............................................................................... 0 0 15 1.5 
Mild hybrid ....................................................................................................... 0 0 29 15 
Strong hybrid ................................................................................................... 9.9 5.5 19 0 

As discussed earlier, EPA also 
conducted a sensitivity analysis using 
the Method B version of the model to 
determine a compliance pathway where 
no strong hybrids would be utilized. 
Although EPA in this Method B 
analysis, projects that strong hybrids 
may be the most cost effective approach, 
manufacturers may select another 
compliance path, mainly a 20 percent 
penetration rate of mild hybrids. This 
no strong hybrid analysis included the 
use of downsized turbocharged engines 
in vans currently equipped with large 
V–8 engines. Turbo-downsized engines 
were not allowed on 6+ liter gasoline 
vans in the primary analysis because 
EPA sought to preserve consumer 
choice with respect to vans that have 

large V–8s for towing. However, given 
the recent introduction of vans with 
considerable towing capacity and turbo- 
downsized engines, EPA believes it will 
be feasible for vans in the time-frame of 
these final rules. The tables below 
reflect the difference in predicted 
penetration rates of technologies if 
strong hybridization is not chosen as a 
technology pathway. For simplicity, 
pickup trucks and vans are combined 
into a single industry wide penetration 
rate. 

The table also shows that when strong 
hybrids are used as a pathway to 
compliance, penetration rates of all 
hybrid technologies would increase 
substantially between the Phase 2 
standards and Alternative 4. The 

analysis predicts an increase in strong 
hybrid penetration from 8 percent to 12 
percent, a 23 percent penetration of 
mild hybrids and a 10 percent 
penetration stop/start engine systems for 
Alternative 4 compared with the Phase 
2 standards (hence much of the 
increased projected cost between these 
options, as explained below). Also, by 
having the final standards apply in MY 
2027 instead of MY 2025, the rule is not 
premised on use of any mild hybrids or 
stop/start engine systems. This analysis 
shows that the few years of additional 
lead time provided by the Phase 2 
standards allows manufacturer’s 
important flexibility in choosing a mix 
of technologies that is best suited for 
this market. 

TABLE VI–28—CAFE METHOD B MODEL TECHNOLOGY ADOPTION RATES FOR FINAL PHASE 2 STANDARDS AND 
ALTERNATIVE 4 COMBINED FLEET AND FUELS SUMMARY—FLAT BASELINE 

Technology 

Phase 2 standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 
(3.5% per year) 
2021 to 2025 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

Low friction lubricants ...................................................................................... 100 100 100 100 
Engine friction reduction .................................................................................. 100 100 100 100 
Cylinder deactivation ....................................................................................... 21 22 21 14 
Variable valve timing ....................................................................................... 46 46 46 46 
Gasoline direct injection .................................................................................. 25 45 31 45 
Diesel engine improvements ........................................................................... 38 38 38 38 
Turbo downsized engine a ............................................................................... 25 31 25 31 
8 speed transmission ....................................................................................... 96 96 96 96 
Low rolling resistance tires .............................................................................. 97 97 84 84 
Aerodynamic drag reduction ............................................................................ 100 100 100 100 
Mass reduction and materials ......................................................................... 100 100 100 100 
Electric power steering .................................................................................... 80 92 79 79 
Improved accessories ...................................................................................... 67 77 75 75 
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TABLE VI–28—CAFE METHOD B MODEL TECHNOLOGY ADOPTION RATES FOR FINAL PHASE 2 STANDARDS AND 
ALTERNATIVE 4 COMBINED FLEET AND FUELS SUMMARY—FLAT BASELINE—Continued 

Technology 

Phase 2 standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 
(3.5% per year) 
2021 to 2025 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

Low drag brakes .............................................................................................. 78 93 78 78 
Stop/start engine systems ............................................................................... 0 1 10 4 
Mild hybrid ....................................................................................................... 0 20 23 66 
Strong hybrid ................................................................................................... 8 0 12 0 

Note: 
a The 6+ liter V8 vans were allowed to convert to turbocharged and downsized engines in the ‘‘without strong hybrid’’ analysis for both the Rule 

and the Alternative 4 to provide a compliance path. 

The tables Table VI–29 and Table VI– 
30 below provide a further breakdown 
of projected technology adoption rates 
specifically for gasoline-fueled pickups 
and vans which shows potential 
adoption rates of strong hybrids for each 
vehicle type. Strong hybrids are not 
projected to be used in diesel 

applications. The Alternative 4 analysis 
shows the use of strong hybrids in up 
to 48 percent of gasoline pickups, 
depending on the mix of strong and 
mild hybrids, and stop/start engine 
systems in 20 percent of gasoline 
pickups (the largest gasoline HD 
segment). It is important to again note 

that this analysis only shows one 
pathway to compliance, and the 
manufacturers may make other 
decisions, e.g., changing the mix of 
strong vs. mild hybrids, or applying 
electrification technologies to HD vans 
instead. 

TABLE VI–29—CAFE METHOD B MODEL TECHNOLOGY ADOPTION RATES FOR FINAL PHASE 2 STANDARDS AND 
ALTERNATIVE 4 ON GASOLINE PICKUP TRUCKS—FLAT BASELINE 

Technology 

Phase 2 standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 (3.5% per year) 
2021 to 2025 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

Low friction lubricants ...................................................................................... 100 100 100 100 
Engine friction reduction .................................................................................. 100 100 100 100 
Cylinder deactivation ....................................................................................... 56 56 56 56 
Variable valve timing ....................................................................................... 56 56 56 56 
Gasoline direct injection .................................................................................. 0 56 0 56 
8 speed transmission ....................................................................................... 100 100 100 100 
Low rolling resistance tires .............................................................................. 100 100 100 100 
Aerodynamic drag reduction ............................................................................ 100 100 100 100 
Mass reduction and materials ......................................................................... 100 100 100 100 
Electric power steering .................................................................................... 100 100 100 100 
Improved accessories ...................................................................................... 100 100 100 100 
Low drag brakes .............................................................................................. 100 100 100 100 
Driveline friction reduction ............................................................................... 44 68 68 68 
Stop/start engine systems ............................................................................... 0 0 20 0 
Mild hybrid ....................................................................................................... a Up to 42 0 a 18–86 86 
Strong hybrid ................................................................................................... Up to 25 ........................ Up to 48 

Note: 
a Depending on extent of strong hybrid adoption as hybrid technologies can replace each other, however they will have different effectiveness 

and costs. 

TABLE VI–30—CAFE METHOD B MODEL TECHNOLOGY ADOPTION RATES FOR FINAL PHASE 2 STANDARDS AND 
ALTERNATIVE 4 ON GASOLINE VANS—FLAT BASELINE 

Technology 

Phase 2 Standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 
(3.5% per year) 
2021 to 2025 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

Low friction lubricants ...................................................................................... 100 100 100 100 
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TABLE VI–30—CAFE METHOD B MODEL TECHNOLOGY ADOPTION RATES FOR FINAL PHASE 2 STANDARDS AND 
ALTERNATIVE 4 ON GASOLINE VANS—FLAT BASELINE—Continued 

Technology 

Phase 2 Standards 
(2.5% per year) 
2021 to 2027 

Alternative 4 
(3.5% per year) 
2021 to 2025 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

With strong 
hybrids 

% 

Without 
strong 
hybrids 

% 

Engine friction reduction .................................................................................. 100 100 100 100 
Cylinder deactivation ....................................................................................... 23 3 23 3 
Variable valve timing ....................................................................................... 100 100 100 100 
Gasoline direct injection .................................................................................. 57 97 97 97 
Turbo downsized engine a ............................................................................... 77 97 77 97 
8 speed transmission ....................................................................................... 97 97 97 97 
Low rolling resistance tires .............................................................................. 100 100 60 60 
Aerodynamic drag reduction ............................................................................ 100 100 100 100 
Mass reduction and materials ......................................................................... 100 100 100 100 
Electric power steering .................................................................................... 55 85 53 53 
Improved accessories ...................................................................................... 23 38 43 43 
Low drag brakes .............................................................................................. 53 89 53 100 
Stop/start engine systems ............................................................................... 0 0 2 0 
Mild hybrid ....................................................................................................... b Up to 13 13 18 40 
Strong hybrid ................................................................................................... Up to 7 ........................ 0 ........................

Notes: 
a The 6+ liter V8 vans were allowed to convert to turbocharged and downsized engines in the ‘‘without strong hybrid’’ analysis for both the Rule 

and the Alternative 4 to provide a compliance path. 
b Depending on extent of strong hybrid adoption as hybrid technologies can replace each other, however they will have different effectiveness 

and costs. 

EPA projects a compliance path for 
these standards showing aggressive 
implementation of technologies that the 
agencies consider to be available in the 
time frame of these rules. See Section 
VI.C.4. Under this approach, 
manufacturers are expected to 
implement these technologies at 
aggressive adoption rates on essentially 
all vehicles across this sector by 2027 
model year. In the case of several of 
these technologies, adoption rates are 
projected to approach 100 percent. This 
includes a combination of engine, 
transmission and vehicle technologies 
as described in this section across every 
vehicle. The standard also is premised 
on less aggressive penetration of 
particular advanced technologies, 
including strong hybrid electric 
vehicles. 

EPA projects the Phase 2 standards to 
be achievable within known design 
cycles, and we believe these standards 
will allow different paths to compliance 
in addition to the one we outline and 
cost here. As discussed below and 
throughout this analysis, our rule places 
a high value on the assurance of in use 
reliability and market acceptance of new 
technology, particularly in initial model 
years of the program. 

The NPRM analysis did not predict 
substantial amounts of technology being 
added before the start of the MY 2021 
standards, and in particular, did not 
project that there would be substantial 
additions of more advanced 

technologies in any redesign cycles 
occurring before MY 2021. This 
continues to appear to be a reasonable 
assumption, since substantial lead time 
is typically required to develop and 
implement these advanced technologies. 
Indeed, as the previous discussion 
shows (and as discussed again in 
responding to comments later in this 
section), it is important to provide two 
additional years of lead time between 
MY 2025 and 2027. More recent 
modeling used to update the NHTSA 
Method A analysis as described in 
Section C above allows for technology 
implementation in pre-2021 model 
years to both meet the final Phase 1 
standards in MY 2018 and to also begin 
to introduce advanced technologies that 
will eventually be needed in order to 
meet the Phase 2 standards. EPA 
considered this more recent modeling 
approach with earlier redesign cycles 
and technology implementation and 
agrees with NHTSA that this modelling 
shows that there would be insufficient 
lead time to adopt the technologies to 
satisfy the compliance path modelled 
for Alternatives 4 and 5 in the Method 
A analysis. See Section VI.D.4 above. 

As discussed above, the agencies 
sought comment on the feasibility and 
costs associated with the standards 
being finalized and also on alternative 
standards. In particular, the agencies 
sought comment on Alternative 4, 
which is based on a year-over-year 
increase in stringency of 3.5 percent in 

MYs 2021–2025, essentially pulling 
ahead the alternative 3 standard 
stringency by two model years. The 
agencies received several comments in 
support of more stringent standards. 
Several NGOs commented that more 
stringent standards than proposed are 
feasible through the additional 
application of technology and that the 
standards should more closely align 
with standards established for light-duty 
trucks. UCS commented that gasoline 
vehicles could achieve up to a 23.6 
percent improvement in MY 2027 while 
diesel vehicles can achieve an 18 
percent improvement. ACEEE similarly 
recommended increasing the stringency 
by 7 percent in MY 2027 and that 
standards should reflect increased use 
of cylinder deactivation, cooled EGR, 
and GDI and turbo downsizing in 
pickups. For diesels, ACEEE 
commented that additional reductions 
were possible, based on an estimate of 
10 percent penetration of engine 
downsizing for pickups and 30 percent 
penetration for vans in 2027, and also 
assuming 6 percent penetration of 
hybrids in diesel vans. ICCT commented 
that the proposed standards represent 
only a 2.2 and 1.6 percent year-over- 
year improvement for the gasoline and 
diesel fleets, respectively, from MYs 
2014–2025 compared to an almost 3 
percent per year improvement for light- 
duty trucks in the same time frame. 
ICCT recommended that the agencies’ 
analysis incorporate the full analysis 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00330 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73807 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

and inputs from the light-duty 
rulemaking and that the result would be 
improvements in the range of 35 percent 
over the MYs 2014–2025 rather than the 
proposed 23 percent improvement over 
this time frame. 

The agencies also received comments 
that any gap between fuel economy 
requirements for LD and HD pickups for 
which there is no engineering rationale 
could produce distortions in the pickup 
market, shifting sales toward the heavier 
vehicles. The Center for Biological 
Diversity similarly commented that 
closing the gap between large light-duty 
and heavy-duty pickups and vans is 
crucial because the overlap in many 
characteristics allows manufacturers to 
essentially choose to classify a pickup 
as ‘‘heavy duty’’ to avoid the more 
stringent requirements for ‘‘light duty’’ 
pickups through minor adjustments to 
the vehicle. 

CARB staff commented in support of 
Alternative 4, commenting that 
Alternative 4 is technologically feasible, 
cost-effective and superior to 
Alternative 3. CARB noted that the 
Alternative 4 adds only three to 8 
months to the payback period. CARB 
also commented that Alternative 4 
remains significantly less stringent than 
the light-duty truck standards. CARB 
further commented that Alternative 4 
would result in greater emissions and 
societal benefits than Alternative 3. 

The agencies also received several 
comments opposing setting standards 
more stringent than those proposed, 
although none of these commenters 
opposed the actual proposal. AAPC 
commented that proposals for greater 
stringency than Alternative 3 are not 
supportable given the required early 
introduction of unproven technologies 
with their (purportedly) associated 
consumer acceptance risk, as well as the 
many implicit risks that impact 
stringency. AAPC commented that, in 
their view, the proposed standards are 
aggressive and will challenge industry. 
AAPC noted that the baseline fleet 
(which is over 50 percent diesel) 
includes a high percentage of advanced 
diesel technology such as SCR, making 
additional improvements more 
challenging. AAPC also noted that 
Phase 2 technologies are being used 
today. For example, FCA’s modern 
gasoline engine has robust combustion 
with multiple spark plugs, variable cam 
phasing, cylinder deactivation, and 
cooled EGR. AAPC commented that 
even with this level of gasoline engine 
technology, FCA is challenged by the 
early year Phase 1 standards and will 
need to look at adding even more 
technology for Phase 2. AAPC also 
provided data showing that while 

smaller displacement boosted gasoline 
engine technology may be applicable in 
some variants of commercial vans, this 
technology is not suited for the pickup 
truck variants in this segment because of 
customer demands for towing 
capability. AAPC commented that 
concurrent stringency increases in Tier 
3/LEV III criteria emission requirements 
will negatively impact CO2 and fuel 
consumption. 

GM commented that any attempt to 
force more stringent regulations than 
proposed, such as Alternative 4, would 
be extremely detrimental to 
manufacturers, consumers, the U.S. 
economy, and the millions of 
transportation-related jobs. Daimler 
similarly commented that the proposed 
standards would be a challenge for 
automotive manufacturers. According to 
the commenter, under certain 
conditions, a more stringent standard 
than proposed may necessitate 
hybridization of the affected vehicle 
fleet, which would require substantial 
development and material costs. 
Daimler recommends that EPA adopt 
the proposed standard over Alternative 
4, as the additional two years of lead- 
time will be critical for automotive 
manufacturers in developing the 
necessary technologies to achieve 
compliance. Nissan commented that 
Alternative 4 at 3.5 percent per year 
stringency level is simply not feasible, 
as it does not provide the necessary 
lead-time to enable manufacturers to 
balance competitive market constraints 
with the cost of applying new 
technologies to a limited product 
offering. Nissan further commented that 
to the extent that the more stringent 
alternative is predicated on the adoption 
of hybrid and electric powertrain 
technology, Nissan does not believe that 
such technology is feasible for this 
market segment. 

After considering the comments, EPA 
believes that the Phase 2 final standards 
that the agencies are adopting represent 
the most stringent standards reasonably 
achievable within the MY 2021–2027 
period. The standards are based largely 
on the same technologies projected to be 
used in the light-duty fleet with 
appropriate adjustments for the heavy- 
duty fleet because of their specific 
higher load duty cycles. As shown in 
the tables 28 and 29 above and repeated 
below, several technologies are 
projected to be used at very high 
adoption rates at or near 100 percent 
including mass reduction, 8-speed 
transmissions, engine friction reduction, 
low rolling resistant tires, improved 
accessories, and aerodynamic drag 
reductions. For gasoline engines, some 
commenters noted that downsize turbo 

engines which are projected to be used 
extensively in light-duty vehicles 
should also be relied on in the heavy- 
duty analysis, including for HD pickups. 
As discussed in VI.C.4.vii above, the 
agencies agree with the comments 
provided by AAPC that turbo 
downsizing is likely to be counter- 
productive in heavy-duty pickups. EPA 
(and NHTSA in the Method A analysis) 
thus is projecting the use of downsized 
turbo engines only for vans. Under 
heavy loads, turbo downsized engines 
may have higher CO2 and fuel 
consumption than the engine it 
replaces. For this reason, EPA continues 
to believe that the technology can only 
be projected to be available for heavy- 
duty vans (and not pickups) and, for 
vans, is projecting its use at 77 to 97 
percent. One commenter argued for a 
standard predicated on a more 
aggressive penetration rate for cylinder 
deactivation noting that in the NPRM 
the agencies only projected cylinder 
deactivation at an adoption rate of 22 
percent of the overall fleet. The 
commenter believes that an adoption 
rate of 40 percent would be more 
appropriate. In response, cylinder 
deactivation is a gasoline engine 
technology and EPA is projecting an 
adoption rate of 56 percent for pickups 
and an adoption rate of essentially 100 
percent for the gasoline engines in vans 
not projected to be downsized turbo 
engines (i.e. a more aggressive 
penetration rate than urged by the 
commenter). 

EPA also remains concerned about 
projecting standards predicated on high 
levels of hybridization in the heavy- 
duty pickup and van fleet. Many heavy 
duty applications need maximum 
payload and cargo volume which may 
compete with weight increases and lost 
cargo volume from hybridization, 
directly reducing the capability and 
therefore work factor of the vehicle. 
Additionally, it is likely not feasible to 
size a hybridization system to be 
effective for any high or maximum 
payload or towing operation without 
changing the utility of the vehicle. A 
manufacturer choosing to hybridize a 
heavy duty vehicle would likely target 
vans that are primarily used for cargo 
volumetric capacity reasons where a 
reasonably sized hybrid system could be 
incorporated and be effective under 
typical operation. EPA believes that the 
final Phase 2 standards will drive the 
orderly use of technology while still 
providing enough lead time that 
manufacturers could meet the standards 
using technology paths other than high 
penetration rates of strong hybrids. 
Thus, the gap in stringency between 
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521 As noted earlier, hybrid batteries, motors and 
electronics generally add weight to a vehicle and 
require more space which can result in conflicts 
with payload weight and volume objectives. 

522 Hybrid electric systems are not sized for 
situations when vehicles are required to do trailer 
towing where the combined weight of vehicle and 
trailer is 2 to 4 times that of the vehicle alone. 
During these conditions, the hybrid system will 
have reduced effectiveness. Sizing the system for 
trailer towing is prohibitive with respect to hybrid 
component required sizes and the availability of 
locations to place larger components like batteries. 

light-duty trucks and the Phase 2 
standards for HD pickups and vans 
reflects constraints of the use of some 
technologies in the heavy-duty market 
resulting from the intended use of the 
vehicles to do more work than light- 
duty trucks. 

The proposed rule discussed several 
considerations that EPA believes remain 
valid. The NPRM projected that the 
higher rate of increase in stringency 
associated with Alternative 4 and the 
shorter lead time would necessitate the 
use of a different technology mix under 
Alternative 4 compared to the Phase 2 
standards that the agencies are adopting. 
The Phase 2 standards are projected to 
achieve the same final stringency 
increase as Alternative 4 at about 80 
percent of the average per-vehicle cost 
increase, and without the expected 
deployment of more advanced 
technology at high penetration levels. In 
particular, under EPA’s primary 
analysis, which does not constrain the 
use of strong hybrids, manufacturers are 
estimated to deploy strong hybrids in 
approximately 8 percent of new vehicles 
(in MY 2027) under the Phase 2 
standards, compared to 12 percent 
under Alternative 4 (in MY 2025). Less 
aggressive electrification technologies 
also appear on 33 percent of new 
vehicles simulated to be produced in 
MY 2027 under Alternative 4, but are 
not projected to be necessary under the 
Phase 2 standards. Additionally, it is 
important to note that due to the shorter 
lead time of Alternative 4, there are 
fewer vehicle refreshes and redesigns 
during the phase-in period of MY 2021– 
2025. The longer, shallower phase-in of 
advanced technologies in the standards 
that the agencies are adopting allows for 
more compliance flexibility and closer 
matching with the vehicle redesign 
cycles, which (as noted above) can be 
up to ten years for HD vans. While the 
Method B CAFE model’s algorithm 
accounts for manufacturers’ 
consideration of upcoming stringency 
changes and credit carry-forward, the 
steeper ramp-up of the standard in 
Alternative 4, coupled with the five-year 
credit life, results in a prediction that 
manufacturers would need to take less 
cost-effective means to comply with the 
standards compared with the final 
phase-in period of MY 2021–2027. The 
public comments from industry 
commenters confirmed that this is a 
realistic prediction. For example, the 
Method B model predicts that some 
manufacturers will not implement any 
amount of strong hybrids on their vans 
during the 2021–2025 timeframe and 
instead will implement less effective 
technologies such as mild hybrids at 

higher penetration rates. There is also a 
high degree of sensitivity to the 
estimated effectiveness levels of 
individual technologies. At high 
penetration rates of all technologies on 
a vehicle, the result of a reduced 
effectiveness of even a single technology 
could be non-compliance with the 
standards. If the standards do not 
account for this uncertainty, there will 
be a real possibility that a manufacturer 
who followed the exact technology path 
we project will not meet their target 
because a technology performed slightly 
differently in their application. In this 
Method B analysis, EPA considered all 
comments regarding Alternative 4 and 
concluded that the longer lead time 
provided by the Phase 2 standards that 
the agencies are adopting is necessary as 
it better matches the redesign cycles for 
vehicles in this market segment and 
provides the time necessary for 
manufacturers to more fully utilize a 
range of technologies best suited for this 
market segment. These technologies are 
projected to be available within the lead 
time provided under the Phase 2 
standards—i.e., by MY 2027, as 
discussed in RIA Chapter 2.6. These 
standards will require a relatively 
aggressive implementation schedule of 
most of these technologies during the 
program phase-in. Heavy-duty pickups 
and vans will need to have a 
combination of many individual 
technologies to achieve these standards. 
These standards are projected to yield 
significant emission and fuel 
consumption reductions without 
requiring a large segment transition to 
strong hybrids, a technology that while 
successful in light-duty passenger cars, 
cross-over vehicles and SUVs, may 
impact vehicle work capabilities 521 and 
have questionable customer acceptance 
in a large portion of this segment 
dedicated to towing.522 See discussion 
above and in Section VI.D.9. 

The tables above show that many 
technologies will be at or potentially 
approach 100 percent adoption rates 
according to the analysis. If certain 
technologies turn out to be not well 
suited for certain vehicle models or less 
effective that projected, other 
technology pathways will be needed. 

The additional lead time provided by 
the Phase 2 standards reduces these 
concerns because manufacturers will 
have more flexibility to implement their 
compliance strategy and are more likely 
to do so within a product redesign cycle 
necessary for many new technologies to 
be implemented. 

The agencies also received comments 
that the standards should be based 
exclusively on the GHG capabilities of 
diesel vehicles. The commenters viewed 
the separate gasoline and diesel 
standards as preferential treatment of 
gasoline-powered vehicles which have 
inherently higher GHG and fuel 
consumption. As discussed in Section 
B.1, the agencies are maintaining the 
separate gasoline and diesel standards 
for heavy duty pickups and vans. As 
discussed earlier, diesel engines are 
fundamentally more efficient than 
gasoline engines providing the same 
power (even gasoline engines with the 
technologies discussed above) while 
using less fuel. However, dieselization 
is not a technology path the agencies 
included in the analysis for the Phase 1 
rule or the Phase 2 rules. Gasoline- 
powered vehicles account for nearly 
half of the heavy-duty pickup and van 
market and are used in applications 
where a diesel may not make sense from 
a cost or consumer choice standpoint. 
Commenters did not address the costs of 
extensive dieselization. 

More stringent standards, including 
Alternative 4, could result in 
manufacturers switching from gasoline 
engines to diesel engines in certain 
challenging segments. While 
technologically feasible, EPA remains 
concerned that this pathway could 
cause a distortion in consumer choices 
and significantly increase the cost of 
those vehicles, particularly considering 
that more stringent standards are 
projected to require penetration of some 
form of hybridization. Also, the agencies 
did not consider the impact 
dieselization would have on lead-time, 
as shifting nearly half the market from 
gasoline to diesel engines would require 
substantial retooling of production. 
Commenters also did not account for the 
costs or address the feasibility of such 
retooling in the lead time available 
under either Phase 2 or Alternative 4. In 
addition, if dieselization occurs by 
manufacturers equipping vehicles with 
larger diesel engines designed for broad 
coverage of applications typical of this 
sector rather than ‘‘right-sized’’ engines, 
the towing capability of the vehicles 
could increase, resulting in higher work 
factors for the vehicles, higher targets, 
and reduced program benefits. Bosch 
commented that holding gasoline 
vehicles to the same GHG standards as 
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523 See Table VI–27. 
524 Analysis using the MOVES model indicates 

that the cost effectiveness of these standards is $95 

per ton CO2 eq removed in MY 2030 (RIA Table 7– 
31), almost identical to the $90 per ton CO2 eq 
removed (MY 2030) which the agencies found to be 

highly cost effective for these same vehicles in 
Phase 1. See 76 FR 57228. 

diesels would bring the costs of 
compliance with all emissions 
standards, including criteria pollutant 
standards, for gasoline vehicles more in 
line with diesels, considering the costs 
of complying with criteria pollutant 
standards are much higher for diesels 
compared to gasoline vehicles. In 
response, EPA’s Method B analysis 
shows that significantly more stringent 
gasoline vehicle GHG standards may 
require high levels of hybridization 
which, as discussed above, may not be 
acceptable for this market segment. 
This, in turn, could lead to 
dieselization, as manufacturers would 
opt to phase out gasoline-fueled 
vehicles rather than opt for widespread 
hybridization of their product offerings. 
EPA continues to believe that it is 
reasonable to adopt Phase 2 standards 
that continue to preserve the 
opportunity for manufacturers to 
produce and consumers to choose 
gasoline-powered vehicles in this 
market segment. 

Based on the information presented 
here in this Method B analysis, EPA 
believes that the Phase 2 standards the 
agencies are finalizing are appropriate 
within the meaning of CAA section 
202(a)(1), for this segment for the model 
years in question. EPA believes the 
standards reflect a reasonable 
consideration of the statutory factors of 
technology effectiveness, feasibility, 
cost, lead time, and safety for purposes 
of CAA sections 202(a)(1) and (2). The 

standards are appropriately technology- 
forcing, predicated on performance of 
technologies not only currently 
deployed but those which reasonably 
can be developed during the phase in 
period. EPA has indicated how 
technologies not currently deployed in 
this sector can be reliably 
commercialized in the lead time 
provided by the standard. See above and 
RIA Chapter 2.5 ‘‘Technology 
Application’’ where the individual 
technologies available during the phase- 
in are described in detail. Note that 
advanced technologies like strong 
hybridization will require several years 
of development prior to 
commercialization to meet required 
reliability and durability goals in this 
sector. As noted, the Method B analysis 
projects that the additional lead-time 
provided by the Phase 2 standards 
allows for the implement CO2-reducing 
technologies without the need for 
significant hybridization and at a 
significantly lower cost compared to 
Alternative 4, as shown in the tables 
above. 

EPA has also carefully considered the 
costs of the standards. The technologies 
associated with meeting the Phase 2 
standards are estimated to add costs to 
heavy-duty pickups and vans as shown 
in Table VI–31 for the flat baseline. 
These costs are the average fleet-wide 
incremental vehicle costs relative to a 
vehicle meeting the MY 2018 standard 
in each of the model years shown. 

Reductions associated with these costs 
and technologies are considerable, 
estimated at a 16 percent reduction of 
fuel consumption and CO2eq emissions 
from the MY 2018 baseline for gasoline 
and diesel engine equipped vehicles.523 
As shown by the analysis, the long-term 
cost effectiveness of the rule is similar 
to that of the Phase 1 HD pickup and 
van standards (found by the agencies to 
be highly cost effective, without 
consideration of payback), and also falls 
within the range of the cost 
effectiveness for Phase 2 standards for 
the other HD sectors.524 The agencies 
have already found costs in this range 
to be cost effective (including for the 
heavy duty pickup and van sector), 
independent of the associated fuel 
savings. 76 FR 57228. EPA reiterates 
that finding here. Moreover, the cost of 
controls reflected in potential increased 
vehicle cost will be fully recovered by 
the operator due to the associated fuel 
savings, with a payback period 
somewhere in the third year of 
ownership, as shown in Section IX.M of 
this Preamble. The rules’ projected 
benefits far exceed costs (see IX.K), and 
costs are actually projected to be 
negative when fuel savings are 
considered. 

Consistent with EPA’s authority 
under 42 U.S.C. 7521(a) and based on its 
Method B analysis, EPA is thus 
finalizing the Phase 2 standards as 
proposed. 

TABLE VI–31—HD PICKUPS AND VANS INCREMENTAL TECHNOLOGY COSTS PER VEHICLE FINAL PHASE 2 STANDARDS VS. 
FLAT BASELINE 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 

NPRM (2012$) ......... $112 $104 $106 $516 $508 $791 $948 $1,161 $1,224 $1,342 
FRM (2013$) ............ 114 105 108 524 516 804 963 1,180 1,244 1,364 

(2) HD Pickups and Vans Industry 
Impacts (Method B) 

The analysis fleet provides a starting 
point for estimating the extent to which 
manufacturers might add fuel-saving 
(and, therefore, CO2-avoiding) 
technologies under various regulatory 
alternatives, including the no-action 
alternative that defines a baseline 
against which to measure estimated 
impacts of new standards. The analysis 
fleet is a forward-looking projection of 
production of new HD pickups and 
vans, holding vehicle characteristics 
(e.g., technology content and fuel 
consumption levels) constant at model 
year 2014 levels, and adjusting 

production volumes based on recent 
DOE and commercially-available 
forecasts. This analysis fleet includes 
some significant changes relative to the 
market characterization that was used to 
develop the Phase 1 standards 
applicable starting in model year 2014; 
in particular, the analysis fleet includes 
some new HD vans (e.g., Ford’s Transit 
and Fiat Chrysler’s Promaster) that are 
considerably more fuel-efficient than 
HD vans these manufacturers have 
previously produced for the U.S. 
market. 

While the Phase 2 standards are 
scheduled to begin in model year 2021, 
the requirements they define are likely 

to influence manufacturers’ planning 
decisions several years in advance. This 
is true in light-duty planning, and is 
accentuated by the comparatively long 
redesign cycles and small number of 
models and platforms offered for sale in 
the 2b/3 market segment. Additionally, 
manufacturers will respond to the cost 
and efficacy of available fuel 
consumption improvements, the price 
of fuel, and the requirements of the 
Phase 1 standards that specify 
maximum allowable average fuel 
consumption and GHG levels for MY 
2014–MY 2018 HD pickups and vans 
(the final standard for MY 2018 is held 
constant for model years 2019 and 
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525 NHTSA generated hundreds of outputs related 
to economic and environmental impacts, each 
available technology, and the costs associated with 
the rule. A more comprehensive treatment of these 
outputs appears in Chapter 10 of the RIA. 

526 As noted above, the NHTSA CAFE model 
estimates that redesign schedules will ‘‘straddle’’ 
model year 2027, the latest year for which the 
agencies are increasing the stringency of fuel 
consumption and GHG standards. Considering also 

that today’s analysis estimates some earning and 
application of ‘‘carried forward’’ compliance 
credits, the model was run extending the analysis 
through model year 2030. 

2020). The forward-looking nature of 
product plans that determine which 
vehicle models will be offered in the 
model years affected by these standards 
lead to additional technology 
application to vehicles in the analysis 
fleet that occurs in the years prior to the 
start of these standards. From the 
industry perspective, this means that 
manufacturers will incur costs to 
comply with these standards in the 
baseline and that the total cost of the 
regulations will include some costs that 
occur prior to their start, and represent 
incremental changes over a world in 
which manufacturers will have already 
modified their vehicle offerings 
compared to today. 

TABLE VI–32—MY 2021 METHOD B 
BASELINE COSTS FOR MANUFACTUR-
ERS IN 2b/3 MARKET SEGMENT IN 
THE DYNAMIC BASELINE, OR ALTER-
NATIVE 1b 

Manufacturer 

Average 
technology 

cost 
($) 

Total cost 
increase 

($m) 

Fiat Chrysler ..... 275 27 
Daimler ............. 18 0 
Ford .................. 258 78 
General Motors 782 191 
Nissan ............... 282 3 
Industry ............. 442 300 

As Table VI–32 shows, the industry as 
a whole is expected to add about $440 
of new technology to each new vehicle 
model by 2021 under the no-action 
alternative defined by the Phase 1 
standards. Reflecting differences in 
projected product offerings in the 
analysis fleet, some manufacturers 
(notably Daimler) are significantly less 
constrained by the Phase 1 standards 
than others and face lower cost 
increases as a result. General Motors 
(GM) shows the largest increase in 
average vehicle cost, but results for 
GM’s closest competitors (Ford and Fiat 
Chrysler) do not include the costs of 
their recent van redesigns, which are 
already present in the analysis fleet 
(discussed in greater detail below). 

The above results reflect the 
assumption that manufacturers having 
achieved compliance with standards 
might act as if buyers are willing to pay 
for further fuel consumption 
improvements that ‘‘pay back’’ within 6 
months (i.e., those improvements whose 
incremental costs are exceeded by 

savings on fuel within the first six 
months of ownership). It is also possible 
that manufacturers will choose not to 
migrate cost-effective technologies to 
the 2b/3 market segment from similar 
vehicles in the light-duty market. 
Resultant technology costs in model 
year 2021 results for the no-action 
alternative, summarized in Table VI–33 
below, are quite similar to those shown 
above for the 6-month payback period. 
Due to the similarity between the two 
baseline characterizations, results in the 
following discussion represent 
differences relative to only the 6-month 
payback baseline. 

TABLE VI–33—MY 2021 METHOD B 
BASELINE COSTS FOR HD PICKUPS 
AND VANS IN THE FLAT BASELINE, 
OR ALTERNATIVE 1a 

Manufacturer 

Average 
technology 

cost 
($) 

Total cost 
increase 

($m) 

Fiat Chrysler ..... 268 27 
Daimler ............. 0 0 
Ford .................. 248 75 
General Motors 767 188 
Nissan ............... 257 3 
Industry ............. 431 292 

The results below represent the 
impacts of several regulatory 
alternatives, including those defined by 
the Phase 2 standards, as incremental 
changes over the baseline, where the 
baseline is defined as the state of the 
world in the absence of this regulatory 
action (but, of course, including the 
Phase 1 standards). Large-scale, 
macroeconomic conditions like fuel 
prices are constant across all 
alternatives, including the baseline, as 
are the fuel economy improvements 
under the no-action alternative defined 
by the Phase 1 rule that covers model 
years 2014–2018 and is constant from 
model year 2018 through 2020. In the 
baseline scenario, the Phase 1 standards 
are assumed to remain in place and at 
2018 levels throughout the analysis (i.e. 
MY 2030). The only difference between 
the definitions of the alternatives is the 
stringency of these standards starting in 
MY 2021 and continuing through either 
MY 2025 or MY 2027, and all of the 
differences in outcomes across 
alternatives are attributable to 
differences in the standards. 

The standards vary in stringency 
across regulatory alternatives (1–5), but 

as discussed above, all of the standards 
are based on the curve developed in the 
Phase 1 standards that relate fuel 
economy and GHG emissions to a 
vehicle’s work factor. The alternatives 
considered here represent different rates 
of annual increase in the curve defined 
for model year 2018, growing from a 0 
percent annual increase (Alternative 1, 
the baseline or ‘‘no-action’’ alternative) 
up to a 4 percent annual increase 
(Alternative 5). Table VI–34 shows a 
summary 525 of outcomes by alternative 
incremental to the baseline (Alternative 
1b) for Model Year 2030 526, with the 
exception of technology penetration 
rates, which are absolute. 

The technologies applied as inputs to 
the CAFE model (in either its Method B 
or A iterations) have been grouped (in 
most cases) to give readers a general 
sense of which types of technology are 
applied more frequently than others, 
and are more likely to be offered in new 
class 2b/3 vehicles once manufacturers 
are fully compliant with the standards 
in the alternative. Model year 2030 was 
chosen to account for technology 
application that occurs once the 
standards have stabilized, but 
manufacturers are still redesigning 
products to achieve compliance— 
generating technology costs and benefits 
in those model years. The summaries of 
technology penetration are also 
intended to reflect the relationship 
between technology application and 
cost increases across the alternatives. 
The table rows present the degree to 
which specific technologies are 
predicted to be present in new class 2b 
and class 3 vehicles in 2030, and 
correspond to: Variable valve timing 
(VVT) and/or variable valve lift (VVL), 
cylinder deactivation, direct injection, 
engine turbocharging, 8-speed automatic 
transmissions, electric power-steering 
and accessory improvements, micro- 
hybridization (which reduces engine 
idle, but does not assist propulsion), full 
hybridization (integrated starter 
generator or strong hybrid that assists 
propulsion and recaptures braking 
energy), and aerodynamic 
improvements to the vehicle shape. In 
addition to the technologies in the 
following tables, there are some lower- 
complexity technologies that have high 
market penetration across all the 
alternatives and manufacturers; low 
rolling-resistance tires, low friction 
lubricants, and reduced engine friction 
are examples. 
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TABLE VI–34—SUMMARY OF HD PICKUPS AND VANS ALTERNATIVES’ IMPACT ON INDUSTRY VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b; METHOD B 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 
Total Stringency Increase ................................................................................ 9.6% 16.2% 16.3% 18.5% 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 19.04 20.57 20.57 21.14 
Achieved .......................................................................................................... 19.14 20.61 20.83 21.27 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 5.25 4.86 4.86 4.73 
Achieved .......................................................................................................... 5.22 4.85 4.80 4.70 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 495 458 458 446 
Achieved .......................................................................................................... 491 458 453 444 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 46 46 46 46 
Cylinder Deac. ................................................................................................. 29 21 21 21 
Direct Injection ................................................................................................. 17 25 31 32 
Turbocharging .................................................................................................. 55 63 63 63 
8-Speed AT ...................................................................................................... 67 96 96 97 
EPS, Accessories ............................................................................................ 54 80 79 79 
Stop Start ......................................................................................................... 0 0 10 13 
Hybridization a .................................................................................................. 0 8 35 51 
Aero. Improvements ........................................................................................ 36 78 78 78 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 239 243 325 313 
CW (%) ............................................................................................................ 3.7 3.7 5.0 4.8 

Technology Cost (vs. No-Action) 

Average ($) b .................................................................................................... 578 1,348 1,655 2,080 
Total ($m) c ...................................................................................................... 437 1,019 1,251 1,572 
Payback period (m) c ....................................................................................... 25 31 34 38 

Notes: 
a Includes mild hybrids (ISG) and strong HEVs. 
b Values used in Methods A & B 
c Values used in Method A, calculated using a 3% discount rate. 

In general, as stated above, the 
Method B model projected that the 
standards will cause manufacturers to 
produce HD pickups and vans that are 
lighter, more aerodynamic, and more 
technologically complex across all the 
alternatives. As Table VI–34 shows, 
there is a difference between the 
relatively small increases in required 
fuel economy and average incremental 
technology cost between the 
alternatives, suggesting that the 
challenge of improving fuel 
consumption and CO2 emissions 
accelerates as stringency increases (i.e., 
that there may be a ‘‘knee’’ in the 
relationship between technology cost 
and reductions in fuel consumption/ 
GHG emissions). 

The contrast between alternatives 3 
and 4 is even more prominent, with an 

identical required fuel economy 
improvement projected to lead to price 
increases greater than 20 percent based 
on the more rapid rate of increase and 
shorter time span of Alternative 4, 
which achieves all of its increases by 
MY 2025 while Alternative 3 continues 
to increase at a slower rate until MY 
2027. Despite these differences, the 
increase in average payback period 
when moving from Alternative 3 to 
Alternative 4 to Alternative 5 is fairly 
constant at around an additional three 
months for each jump in stringency. 

Manufacturers offer few models, 
typically only a pickup truck and/or a 
cargo van, and while there are a large 
number of variants of each model, the 
degree of component sharing across the 
variants can make diversified 
technology application either 

economically impractical or impossible. 
This forces manufacturers to apply some 
technologies more broadly in order to 
achieve compliance than they might do 
in other market segments (passenger 
cars, for example). This difference 
between broad and narrow 
application—where some technologies 
must be applied to entire platforms, 
while some can be applied to individual 
model variants—also explains why 
certain technology penetration rates 
decrease between alternatives of 
increasing stringency (cylinder 
deactivation or mass reductions in Table 
VI–34, for example). For those cases, 
narrowly applying a more advanced 
(and costly) technology can be a more 
cost effective path to compliance and 
lead to reductions in the amount of 
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lower-complexity technology that is 
applied. 

As noted in Section E.1 above, one 
driver of the change in technology cost 
between Alternative 3 and Alternative 4 
in the Method B analysis is the amount 
of hybridization projected to result from 
the implementation of the standards. 
While only about 5 percent full 
hybridization (defined as either 
integrated starter-generator or strong 
hybrid) is expected to be needed to 
comply with Alternative 3, the higher 
rate of increase and compressed 
schedule moving from Alternative 3 to 

Alternative 4 is enough to increase the 
percentage of the fleet adopting full 
hybridization by a factor of two. To the 
extent that manufacturers are concerned 
about introducing hybrid vehicles in the 
2b and 3 market, it is worth noting that 
new vehicles subject to Alternative 3 
achieve the same fuel economy as new 
vehicle subject to Alternative 4 by 2030, 
with less full hybridization projected 
under this Method B analysis as being 
needed to achieve the improvement. 

The alternatives also lead to 
important differences in outcomes at the 
manufacturer level, both from the 

industry average and from each other. 
General Motors, Ford, and Fiat Chrysler, 
are expected to have approximately 95 
percent of the 2b/3 new vehicle market 
during the years that these standards are 
being phased in. Due to their 
importance to this market and the 
similarities between their model 
offerings, these three manufacturers are 
discussed together and a summary of 
the way each is impacted by the 
standards appears below in Table VI–35, 
Table VI–36 and Table VI–37 for 
General Motors, Ford, and Fiat Chrysler, 
respectively. 

TABLE VI–35—SUMMARY OF IMPACTS ON GENERAL MOTORS BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE 
DYNAMIC BASELINE, ALTERNATIVE 1b 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 18.38 19.96 20 20.53 
Achieved .......................................................................................................... 18.43 19.95 20.24 20.51 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 5.44 5.01 5 4.87 
Achieved .......................................................................................................... 5.42 5.01 4.94 4.87 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 507 467 467 455 
Achieved .......................................................................................................... 505 468 461 455 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 64 64 64 64 
Cylinder Deac. ................................................................................................. 47 47 47 47 
Direct Injection ................................................................................................. 18 18 36 36 
Turbocharging .................................................................................................. 53 53 53 53 
8-Speed AT ...................................................................................................... 36 100 100 100 
EPS, Accessories ............................................................................................ 100 100 100 100 
Stop Start ......................................................................................................... 0 0 2 0 
Hybridization .................................................................................................... 0 19 79 100 
Aero. Improvements ........................................................................................ 100 100 100 100 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 325 161 158 164 
CW (%) ............................................................................................................ 5.3 2.6 2.6 2.7 

Technology Cost (vs. No-Action) 

Average ($) a .................................................................................................... 785 1,706 2,244 2,736 
Total ($m, undiscounted) b ............................................................................... 214 465 611 746 

Notes: 
a Values used in Methods A & B. 
b Values used in Method A, calculated at a 3% discount rate. 

TABLE VI–36—SUMMARY OF IMPACTS ON FORD BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 
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TABLE VI–36—SUMMARY OF IMPACTS ON FORD BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b—Continued 

Alternative 2 3 4 5 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 19.42 20.96 20.92 21.51 
Achieved .......................................................................................................... 19.5 21.04 21.28 21.8 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 5.15 4.77 4.78 4.65 
Achieved .......................................................................................................... 5.13 4.75 4.70 4.59 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 485 449 450 438 
Achieved .......................................................................................................... 482 447 443 433 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 34 34 34 34 
Cylinder Deac. ................................................................................................. 18 0 0 0 
Direct Injection ................................................................................................. 16 34 34 34 
Turbocharging .................................................................................................. 51 69 69 69 
8-Speed AT ...................................................................................................... 100 100 100 100 
EPS, Accessories ............................................................................................ 41 62 59 59 
Stop Start ......................................................................................................... 0 0 20 29 
Hybridization .................................................................................................... 0 2 14 30 
Aero. Improvements ........................................................................................ 0 59 59 59 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 210 202 379 356 
CW (%) ............................................................................................................ 3.2 3 5.7 5.3 

Technology Cost (vs. No-Action) 

Average ($) a .................................................................................................... 506 1,110 1,353 1,801 
Total ($m, undiscounted) b ............................................................................... 170 372 454 604 

Notes: 
a Values used in Methods A & B. 
b Values used in Method A, calculated at a 3% discount rate. 

TABLE VI–37—SUMMARY OF IMPACTS ON FIAT CHRYSLER BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE 
DYNAMIC BASELINE, ALTERNATIVE 1b 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 18.73 20.08 20.12 20.70 
Achieved .......................................................................................................... 18.83 20.06 20.10 20.70 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 5.34 4.98 4.97 4.83 
Achieved .......................................................................................................... 5.31 4.99 4.97 4.83 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 515 480 479 466 
Achieved .......................................................................................................... 512 481 480 467 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 40 40 40 40 
Cylinder Deac. ................................................................................................. 23 23 23 23 
Direct Injection ................................................................................................. 17 17 17 17 
Turbocharging .................................................................................................. 74 74 74 74 
8-Speed AT ...................................................................................................... 65 88 88 88 
EPS, Accessories ............................................................................................ 0 100 100 100 
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TABLE VI–37—SUMMARY OF IMPACTS ON FIAT CHRYSLER BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE 
DYNAMIC BASELINE, ALTERNATIVE 1b—Continued 

Alternative 2 3 4 5 

Stop-Start ......................................................................................................... 0 0 0 0 
Hybridization .................................................................................................... 0 3 3 10 
Aero. Improvements ........................................................................................ 0 100 100 100 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 196 649 648 617 
CW (%) ............................................................................................................ 2.8 9.1 9.1 8.7 

Technology Cost (vs. No-Action) 

Average ($) a ................................................................................................... 434 1,469 1,486 1,700 
Total ($m, undiscounted) b .............................................................................. 48 163 164 188 

Notes: 
a Values used in Methods A & B. 
b Values used in Method A, calculated at a 3% discount rate. 

The fuel consumption and GHG 
standards require manufacturers to 
achieve an average level of compliance, 
represented by a sales-weighted average 
across the specific targets of all vehicles 
offered for sale in a given model year, 
such that each manufacturer will have 
a unique required consumption/ 
emissions level determined by the 
composition of its fleet, as illustrated 
above. However, there are more 
interesting differences than the small 
differences in required fuel economy 
levels among manufacturers. In 
particular, the average incremental 
technology cost increases with the 
stringency of the alternative for each 
manufacturer, but the size of the cost 
increase from one alternative to the next 
varies among them, with General Motors 
showing considerably larger increases in 
cost moving from Alternative 3 to 
Alternative 4, than from either 
Alternative 2 to Alternative 3 or 
Alternative 4 to Alternative 5. Ford is 
estimated to have more uniform cost 
increases from each alternative to the 
next, in increasing stringency, though 
still benefits from the reduced pace and 
longer period of increase associated 
with Alternative 3 compared to 
Alternative 4. 

The Method B simulation results 
show all three manufacturers facing cost 
increases when the stringency of the 
standards move from 2.5 percent annual 
increases over the period from MY 
2021–2027 to 3.5 percent annual 
increases from MY 2021–2025, but 
General Motors has the largest at 75 
percent more than the industry average 
price increase for Alternative 4. GM also 
faces higher cost increases in 
Alternative 2 about 50 percent more 
than either Ford or Fiat Chrysler. And 
for the most stringent alternative 
considered, EPA estimates that General 

Motors will face average cost increases 
of more than $2,700, in addition to the 
more than $700 increase in the 
baseline—approaching nearly $3,500 
per vehicle over today’s prices. 

Technology choices also differ by 
manufacturer, and some of those 
decisions are directly responsible for the 
largest cost discrepancies. For example, 
in this Method B analysis, GM is 
estimated to engage in the least amount 
of mass reduction among the Big 3 after 
Phase 1, and much less than Fiat 
Chrysler, but reduces average vehicle 
mass by over 300 lbs. in the baseline— 
suggesting that some of GM’s easiest 
Phase 1 compliance opportunities can 
be found in lightweighting technologies. 
Similarly, Fiat Chrysler is projected to 
apply less hybridization than the others, 
and much less than General Motors, 
which is simulated in Alternative 4 to 
have full hybrids (either integrated 
starter generator or complete hybrid 
system) on all of its fleet by 2030, nearly 
20 percent of which will be strong 
hybrids, and the strong hybrid share 
decreases to about 18 percent in 
Alternative 5, as some lower level 
technologies are applied more broadly. 
Because the analysis applies the same 
technology inputs and the same logic for 
selecting among available opportunities 
to apply technology, the unique 
situation of each manufacturer 
determined which technology path is 
projected as the most cost-effective. 

In order to understand the differences 
in incremental technology costs and fuel 
economy achievement across 
manufacturers in this market segment, it 
is important to understand the 
differences in their starting position 
relative to these standards. One 
important factor, made more obvious in 
the following figures, is the difference 
between the fuel economy and 

performance of the recently redesigned 
vans offered by Fiat Chrysler and Ford 
(the Promaster and Transit, 
respectively), and the more 
traditionally-styled vans that continue 
to be offered by General Motors (the 
Express/Savannah). In MY 2014, Ford 
began the phase-out of the Econoline 
van platform, moving those volumes to 
the Euro-style Transit vans (discussed in 
more detail in Section VI.D.2). The 
Transit platform represents a significant 
improvement over the existing 
Econoline platform from the perspective 
of fuel economy, and for the purpose of 
complying with the standards, the 
relationship between the Transit’s work 
factor and fuel economy is a more 
favorable one than the Econoline vans it 
replaces. Since the redesign of van 
offerings from both Fiat Chrysler and 
Ford occur in (or prior to) the 2014 
model year, the costs, fuel consumption 
improvements, and reductions of 
vehicle mass associated with those 
redesigns are included in the analysis 
fleet, meaning they are not carried 
forward as part of the compliance 
modeling exercise. By contrast, General 
Motors is simulated to redesign their 
van offerings after 2014, such that there 
is a greater potential for these vehicles 
to incur additional costs attributable to 
new standards, unlike the costs 
associated with the recent redesigns of 
their competitors. The inclusion of these 
new Ford and Fiat Chrysler products in 
the analysis fleet is the primary driver 
of the cost discrepancy between GM and 
its competitors in both the baseline and 
Alternative 2 in this Method B analysis, 
when Ford and Fiat Chrysler have to 
apply considerably less technology to 
achieve compliance. 

The remaining 5 percent of the 2b/3 
market is attributed to two 
manufacturers, Daimler and Nissan, 
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which, unlike the other manufacturers 
in this market segment, only produce 
vans. The vans offered by both 
manufacturers currently utilize two 
engines and two transmissions, 
although both Nissan engines are 
gasoline engines and both Daimler 
engines are diesels. Despite the logical 
grouping, these two manufacturers are 

projected to be impacted much 
differently by these standards. For the 
least stringent alternative considered, 
Daimler is projected to add no 
technology and incurs no incremental 
cost in order to comply with the 
standards. At stringency increases 
greater than or equal to 3.5 percent per 
year, Daimler only really improves some 

of their transmissions and improves the 
electrical accessories of its Sprinter 
vans. By contrast, Nissan’s starting 
position is much weaker and their 
compliance costs closer to the industry 
average in Table VI–34. This difference 
could increase if the analysis fleet 
supporting the final rule includes 
forthcoming Nissan HD pickups. 

TABLE VI–38—SUMMARY OF IMPACTS ON DAIMLER BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 23.36 25.19 25.25 25.91 
Achieved .......................................................................................................... 25.23 25.79 25.79 26.53 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 4.28 3.97 3.96 3.86 
Achieved .......................................................................................................... 3.96 3.88 3.88 3.77 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 436 404 404 393 
Achieved .......................................................................................................... 404 395 395 384 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 0 0 0 0 
Cylinder Deac. ................................................................................................. 0 0 0 0 
Direct Injection ................................................................................................. 0 0 0 0 
Turbocharging .................................................................................................. 44 44 44 44 
8-Speed AT ...................................................................................................... 0 44 44 100 
EPS, Accessories ............................................................................................ 0 0 0 0 
Stop-Start ......................................................................................................... 0 0 0 0 
Hybridization .................................................................................................... 0 0 0 0 
Aero. Improvements ........................................................................................ 0 0 0 0 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 0 0 0 0 
CW (%) ............................................................................................................ 0 0 0 0 

Technology Cost (vs. No-Action) 

Average ($) a ................................................................................................... 0 165 165 374 
Total ($m, undiscounted) b .............................................................................. 0 4 4 9 

Notes: 
a Values used in Methods A & B. 
b Values used in Method A, calculated at a 3% discount rate. 

TABLE VI–39—SUMMARY OF IMPACTS ON NISSAN BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b 

Alternative 2 3 4 5 

Annual Stringency Increase ............................................................................. 2.0%/y 2.5%/y 3.5%/y 4.0%/y 
Stringency Increase Through MY .................................................................... 2025 2027 2025 2025 

Average Fuel Economy (miles per gallon) 

Required .......................................................................................................... 19.64 21.19 20.92 21.46 
Achieved .......................................................................................................... 19.84 21.17 21.19 21.51 

Average Fuel Consumption (gallons/100 mi.) 

Required .......................................................................................................... 5.09 44.72 4.78 4.66 
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527 See 40 CFR 1037.104(d) and the proposed 40 
CFR 86.1819–14(d). Credits may not be transferred 
or traded between this vehicle averaging set and 
loose engines or other heavy-duty categories, as 
discussed in Section I. 

TABLE VI–39—SUMMARY OF IMPACTS ON NISSAN BY 2030 IN THE HD PICKUP AND VAN MARKET VERSUS THE DYNAMIC 
BASELINE, ALTERNATIVE 1b—Continued 

Alternative 2 3 4 5 

Achieved .......................................................................................................... 5.04 4.72 4.72 4.65 

Average Greenhouse Gas Emissions (g/mi) 

Required .......................................................................................................... 452 419 425 414 
Achieved .......................................................................................................... 448 419 419 413 

Technology Penetration (%) 

VVT and/or VVL ............................................................................................... 100 100 100 100 
Cylinder Deac. ................................................................................................. 49 49 49 49 
Direct Injection ................................................................................................. 51 51 51 100 
Turbocharging .................................................................................................. 51 51 51 50 
8-Speed AT ...................................................................................................... 0 51 51 51 
EPS, Accessories ............................................................................................ 0 100 100 100 
Stop-Start ......................................................................................................... 0 0 0 0 
Hybridization .................................................................................................... 0 0 0 28 
Aero. Improvements ........................................................................................ 0 100 100 100 

Mass Reduction (vs. No-Action) 

CW (lb.) ............................................................................................................ 0 0 307 303 
CW (%) ............................................................................................................ 0 0 5 4.9 

Technology Cost (vs. No-Action) 

Average ($) a .................................................................................................... 378 1,150 1,347 1,935 
Total ($m, undiscounted) b ............................................................................... 5 15.1 17.7 25.4 

Notes: 
a Values used in Methods A & B. 
b Values used in Method A, calculated at a 3% discount rate. 

As Table VI–38 and Table VI–39 
show, Nissan is projected to apply more 
technology than Daimler in the less 
stringent alternatives and significantly 
more technology with increasing 
stringency. The Euro-style Sprinter vans 
that comprise all of Daimler’s model 
offerings in this segment put Daimler in 
a favorable position. However, those 
vans are already advanced—containing 
downsized diesel engines and advanced 
aerodynamic profiles. Much like the 
Ford Transit vans, the recent 
improvements to the Sprinter vans 
occurred outside the scope of the 
compliance modeling so the costs of the 
improvements are not captured in the 
analysis. 

Although Daimler’s required fuel 
economy level is much higher than 
Nissan’s (in miles per gallon), Nissan 
starts from a much weaker position than 
Daimler and must incorporate 
additional engine, transmission, 
platform-level technologies (e.g., mass 
reduction and aerodynamic 
improvements) in order to achieve 
compliance. In fact, more than 25 
percent of Nissan’s van offerings are 
projected to contain integrated starter 
generators by 2030 in Alternative 5. 

While the model does not allow sales 
volumes for any manufacturer (or 
model) to vary across regulatory 

alternatives in the analysis, it is 
conceivable that under the most 
stringent alternatives individual 
manufacturers could lose market share 
to their competitors if the prices of their 
new vehicles rise more than the 
industry average without compensating 
fuel savings and/or changes to other 
features. 

F. Compliance and Flexibility for HD 
Pickup and Van Standards 

(1) Averaging, Banking, and Trading 

The Phase 1 program established 
substantial flexibility in how 
manufacturers can choose to implement 
EPA and NHTSA standards while 
preserving the benefits for the 
environment and for energy 
consumption and security. Primary 
among these flexibilities are the gradual 
phase-in schedule, and the corporate 
fleet average approach which 
encompasses averaging, banking and 
trading described below. See Section 
IV.A. of the Phase 1 Preamble (76 FR 
57238) for additional discussion of the 
Phase 1 averaging, banking, and trading 
and Section IV.A (3) of the Phase 1 
Preamble (76 FR 57243) for a discussion 
of the credit calculation methodology. 

Manufacturers in this category 
typically offer gasoline and diesel 

versions of HD pickup and van vehicle 
models. The agencies established 
chassis-based Phase 1 standards that are 
equivalent in terms of stringency for 
gasoline and diesel vehicles and are 
continuing this same approach to 
stringency for Phase 2. In Phase 1, the 
agencies established that HD pickups 
and vans are treated as one large 
averaging set that includes both gasoline 
and diesel vehicles 527 and the agencies 
will maintain this averaging set 
approach for Phase 2, as discussed 
above in Section VI.B. 

As explained in Section II.C.(3) of the 
Phase 1 Preamble (76 FR 57167), and in 
Section VI.B (3) above, the program is 
structured so that final compliance is 
determined at the end of each model 
year, when production for the model 
year is complete. At that point, each 
manufacturer calculates production- 
weighted fleet average CO2 emission 
and fuel consumption rates along with 
its production-weighted fleet average 
standard. Under this approach, a 
manufacturer’s HD pickup and van fleet 
that achieves a fleet average CO2 or fuel 
consumption level better than its 
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standard will be allowed to generate 
credits. Conversely, if the fleet average 
CO2 or fuel consumption level does not 
meet its standard, the fleet will incur 
debits (also referred to as a shortfall). 

A manufacturer whose fleet generates 
credits in a given model year will have 
several options for using those credits to 
offset emissions from other HD pickups 
and vans. These options include credit 
carry-back, credit carry-forward, and 
credit trading within the HD pickup and 
van averaging set. These types of credit 
provisions also exist in the light-duty 
2012–2016 and 2017–2025 MY vehicle 
rules, as well as many other mobile 
source standards issued by EPA under 
the CAA. The manufacturer will be able 
to carry back credits to offset a deficit 
that had accrued in a prior model year 
and was subsequently carried over to 
the current model year, with a 
limitation on the carry-back of credits to 
three model years. After satisfying any 
need to offset pre-existing deficits, a 
manufacturer may bank remaining 
credits for use in future years, with a 
limitation on the carry-forward of 
credits to five model years. Averaging 
vehicle credits with engine credits or 
between vehicle weight classes is not 
allowed, as discussed in Section I. The 
agencies did not propose and are not 
adopting any changes to any of these 
provisions for the Phase 2 program. 

While the agencies proposed to retain 
5 year carry-forward of credits for all HD 
sectors, the agencies requested comment 
on the merits of a temporary credit 
carry-forward period of longer than 5 
years for HD pickups and vans, allowing 
Phase 1 credits generated in MYs 2014– 
2019 to be used through MY 2027. 80 
FR 40388. The agencies received several 
comments regarding credit carry- 
forward. AAPC commented that 
manufacturers should be allowed to 
carry-forward credits indefinitely until 
they are used to offset a deficit. AAPC 
commented that longer credit life batter 
aligns with the longer redesign cycles 
and the smaller production volumes for 
HD vehicles compared to light-duty 
vehicles. AAPC also commented that 
longer credit life would motivate earlier 
introduction of technology and lower 
compliance costs, while not changing 
the overall effectiveness of the program. 
Nissan and Daimler commented in 
support of a one-time credit carry- 
forward that would allow Phase 1 
credits to be used through MY 2027. 
The UAW also generally supported 
extended credit carry-forward. The 
agencies also received comments from 
CARB that the agencies should not 
allow Phase 1 credits to be carried 
forward into Phase 2. CARB commented 
that Phase 1 credits should be limited to 

a three year carry-forward or MY 2020 
whichever is sooner. CARB is concerned 
that Phase 1 credits may reduce the 
efficacy of the Phase 2 program and 
delay technology development progress. 

As noted above, the agencies are 
retaining the 5 year credit carry-forward 
provisions as proposed for HD pickups 
and vans. As discussed in Section VI.C., 
the agencies believe that the standards 
are feasible without extending the credit 
carry-forward provisions. The agencies 
continue to believe that credit carry- 
forward provides important flexibility to 
manufacturer especially in transitioning 
to more stringent standards and 
restricting the provision could be 
disruptive to manufacturer product 
plans. However, the agencies 
understand CARB’s concerns regarding 
Phase 1 credits being used to postpone 
technology progress if some 
manufacturers were to accumulate large 
credit banks under Phase 1. Large banks 
of Phase 1 credits combined with 
unlimited credit-forward could have the 
unintended effect of allowing some 
manufacturers to delay the application 
of Phase 2 technologies. The 5 year 
credit carry-forward preserves needed 
flexibility for transitioning to more 
stringent Phase 2 standards while also 
helping to address concerns regarding 
delaying the introduction of technology 
in Phase 2 for HD pickups and vans. As 
discussed in Section I.C.(1)(b)(i), the 
agencies are extending credit life for 
certain vocational vehicle subcategories 
during the transition to the Phase 2 
standards. We are doing this for two 
reasons. First, some manufacturers in 
these in categories do not have 
diversified production, which limits the 
extent to which they can use ABT. 
Second, the Phase 1 program offer little 
opportunity for manufacturers to build 
up their credit balances. Neither of these 
reasons apply for HD pickups and vans. 

As discussed in Section VI.B.4., EPA 
and NHTSA are changing the HD 
pickup and van useful life for GHG 
emissions and fuel consumption from 
the current 11 years/120,000 miles to 15 
years/150,000 miles to make the useful 
life for GHG emissions consistent with 
the useful life of criteria pollutants 
recently updated in the Tier 3 rule. As 
shown in the Equation VI.1 credits 
calculation formula below, established 
by the Phase 1 rule, useful life in miles 
is a multiplicative factor included in the 
calculation of CO2 and fuel 
consumption credits. In order to ensure 
banked credits maintain their value in 
the transition from Phase 1 to Phase 2, 
NHTSA and EPA proposed and are 
finalizing an adjustment factor of 1.25 
(i.e., 150,000 ÷ 120,000) for credits that 
are carried forward from Phase 1 to the 

MY 2021 and later Phase 2 standards. 
Without this adjustment factor, the 
change in useful life would effectively 
result in a discount of banked credits 
that are carried forward from Phase 1 to 
Phase 2, which is not the intent of the 
change in the useful life. Consider, for 
example, a vehicle configuration with 
annual sales of 1,000 vehicles that was 
10 g/mile below the standard. Under 
Phase 1, those vehicles would generate 
1,200 Mg of credit (10 × 1,000 × 120,000 
÷ 1,000,000). Under Phase 2, the same 
vehicles would generate 1,500 Mg of 
credit (10 × 1,000 × 150,000 ÷ 
1,000,000). The agencies do not believe 
that this adjustment results in a loss of 
program benefits because there is little 
or no deterioration anticipated for CO2 
emissions and fuel consumption over 
the life of the vehicles. Also, as 
described in the standards and 
feasibility sections above, the carry- 
forward of credits is an integral part of 
the program, helping to smoothing the 
transition to the new Phase 2 standards. 
The agencies believe that effectively 
discounting carry-forward credits from 
Phase 1 to Phase 2 is unnecessary and 
could negatively impact the feasibility 
of the Phase 2 standards. 
Equation VI.1 Total Model Year Credit 

(Debit) Calculation 
CO2 Credits (Mg) = [(CO2 Std¥CO2 Act) 

× Volume × UL] ÷ 1,000,000 
Fuel Consumption Credits (gallons) = 

(FC Std¥FC Act) × Volume × UL × 
100 

Where: 
CO2 Std = Fleet average CO2 standard (g/mi) 
FC Std = Fleet average fuel consumption 

standard (gal/100 mile) 
CO2 Act = Fleet average actual CO2 value (g/ 

mi) 
FC Act = Fleet average actual fuel 

consumption value (gal/100 mile) 
Volume = the total production of vehicles in 

the regulatory category 
UL = the useful life for the regulatory 

category (miles) 

Manufacturers provided comments in 
support of applying the adjustment 
factor discussed above. CARB 
recommended not including the 
adjustment factor. CARB commented 
that the adjustment would take benefits 
achieved under the Phase 1 program 
and allow them to be used to reduce the 
potential benefits of Phase 2 standards. 
The agencies do not view the 1.25 
adjustment as reducing the benefits of 
the program because the adjustment to 
the Phase 1 credits is completely offset 
by the increase in the useful life used in 
the Phase 2 credits calculation shown 
above. In other words, when the Phase 
1 credits are used in Phase 2, 1.25 times 
more credits will be needed to cover a 
deficit than would be needed under 
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528 EPA and NHTSA similarly included 
temporary advanced technology multipliers in the 
light-duty 2017–2025 program, believing it was 
worthwhile to forego modest additional emissions 
reductions and fuel consumption improvements in 
the near-term in order to lay the foundation for the 
potential for much larger ‘‘game-changing’’ GHG 
and oil consumption reductions in the longer term. 
The incentives in the light-duty vehicle program are 
available through the 2021 model year. See 77 FR 
62811, October 15, 2012. 

529 See 76 FR 57251, September 15, 2011, 40 CFR 
1037.104(d)(13), and 40 CFR 86.1819–14(d)(13). 
Note that for the vocational vehicle and tractor 
standards, and off-cycle credit is to evaluate 
technologies whose benefit is not recognized by 
GEM (rather than the two-cycle test). See V.D.3 and 
III.F.3, respectively. 

530 Fuel consumption is derived from measured 
CO2 emissions using conversion factors of 8,887 g 
CO2/gallon for gasoline and 10,180 g CO2/gallon for 
diesel fuel. 

531 77 FR 62832–62839, October 15, 2012. 

Phase 1. The agencies continue to 
believe this is a reasonable and indeed, 
necessary, way to address the change in 
useful life as it applies to the credits 
calculations. 

(2) Advanced Technology Credits 

The Phase 1 program included on an 
interim basis advanced technology 
credits for MYs 2014 and later in the 
form of a multiplier of 1.5 for the 
following technologies: 
• Hybrid powertrain designs that 

include energy storage systems 
• Waste heat recovery 
• All-electric vehicles 
• Fuel cell vehicles 
The advanced technology credit 
program is intended to encourage early 
development of technologies that are 
not yet commercially available. This 
multiplier approach means that each 
advanced technology vehicle will count 
as 1.5 vehicles in a manufacturer’s 
compliance calculation.528 The 
advanced technology multipliers were 
included on an interim basis in the 
Phase 1 program and the incentive 
multipliers included for Phase 1and the 
1.5 multiplier incentive adopted for 
Phase 1 will end beginning in MY 2021, 
when the more stringent Phase 2 
standards are to begin phase-in. 
However, the agencies are including 
new incentive multipliers for Phase 2 
for PHEVs, EVs, and fuel cell vehicles. 

As discussed in Section I, the 
agencies requested comment on whether 
or not the incentive multiplier credits 
should be extended to later model years 
for more advanced technologies such as 
EVs and fuel cell vehicles. These 
technologies are not projected to be part 
of the technology path used by 
manufacturers to meet the Phase 2 
standards for HD pickups and vans. EV 
and fuel cell technologies will 
presumably need to overcome the 
highest hurdles to commercialization for 
HD pickups and vans in the time frame 
of the final rules, and also have the 
potential to provide the highest level of 
benefit. The agencies received several 
comments encouraging the agencies to 
continue advanced technology 
multipliers in Phase 2 for heavy-duty 
vehicles. After considering these 
comments, and considering that EV and 

fuel technologies have the potential for 
more significant emission reductions 
and fuel consumption savings than any 
of the technologies projected to be used 
for Phase 2 compliance, the agencies are 
adopting new incentive multipliers for 
Phase 2 for these technologies for all 
heavy-duty vehicle sectors. A detailed 
discussion of these provisions is 
provided above in Section I. 

NHTSA and EPA established that for 
Phase 1, EVs and other zero tailpipe 
emission vehicles be factored into the 
fleet average GHG and fuel consumption 
calculations based on the diesel 
standards targets for their model year 
and work factor. The agencies also 
established for electric and zero 
emission vehicles that in the credits 
equation the actual emissions and fuel 
consumption performance be set to zero 
(i.e., that emissions be considered on a 
tailpipe basis exclusively) rather than 
including upstream emissions or energy 
consumption associated with electricity 
generation. As we look to the future, we 
are not projecting the adoption of 
electric HD pickups and vans into the 
heavy duty market; therefore, we believe 
that this provision is still appropriate. 
Unlike the MY 2012–2016 light-duty 
rule, which adopted a cap whereby 
upstream emissions will be counted 
after a certain volume of sales (see 75 FR 
25434–25436), we believe there is no 
need to a cap for HD pickups and vans 
because of the infrequent projected use 
of EV technologies in the Phase 2 
timeframe. In Phase 2, we thus continue 
to deem electric vehicles as having zero 
CO2, CH4, and N2O emissions as well as 
zero fuel consumption. See Section I for 
a discussion of the treatment of lifecycle 
emissions for alternative fuel vehicles, 
including comments regarding the 
treatment of upstream emissions, and 
Section XI for the treatment of lifecycle 
emissions for natural gas specifically. 

(3) Off-Cycle Technology Credits 
The Phase 1 program established an 

opportunity for manufacturers to 
generate credits by applying innovative 
technologies whose CO2 and fuel 
consumption benefits are not captured 
on the 2-cycle test procedure (i.e., off- 
cycle).529 For HD pickups and vans, the 
approach for off-cycle technologies 
established in Phase 1 is similar to that 
established for light-duty vehicles due 
to the use of the same basic chassis test 
procedures. The agencies are retaining 

this approach for Phase 2 as proposed. 
See 80 FR 40389. To generate credits, 
manufacturers are required to submit 
data and a methodology for determining 
the level of credits for the off-cycle 
technology subject to EPA and NHTSA 
review and approval. The application 
for off-cycle technology credits is also 
subject to a public evaluation process 
and comment period. EPA and NHTSA 
would approve the methodology and 
credits only if certain criteria were met. 
Baseline emissions and fuel 
consumption 530 and control emissions 
and fuel consumption need to be clearly 
demonstrated over a wide range of real 
world driving conditions and over a 
sufficient number of vehicles to address 
issues of uncertainty with the data. Data 
must be on a vehicle model-specific 
basis unless a manufacturer 
demonstrated model-specific data were 
not necessary. Once a complete 
application is submitted by the 
manufacturer, the regulations require 
that the agencies publish a notice of 
availability in the Federal Register 
notifying the public of a manufacturer’s 
off-cycle credit calculation methodology 
and provide opportunity for comment. 

EPA and NHTSA requested comment 
on establishing a pre-defined technology 
menu list for HD pickups and vans 
similar to the approach adopted for 
light-duty vehicles in the MY 2017– 
2025 rule.531 As with the light-duty 
vehicle program, the agencies noted that 
a pre-defined list could simplify the 
process for generating off-cycle credits 
and may further encourage the 
introduction of these technologies. 
However, the agencies also noted that 
appropriate default level of credits for 
the heavier vehicles would need to be 
established. The agencies requested 
comments with supporting HD pickup 
and van specific data and analysis that 
would provide a substantive basis for 
appropriate credits levels for the HD 
pickup and van category. The data and 
analysis would need to demonstrate that 
the pre-defined credit level represents 
real-world emissions reductions and 
fuel consumption improvements not 
captured by the 2-cycle test procedures. 

The agencies received comments 
recommending off-cycle credits for over 
a dozen technologies. There are three 
primary reasons that the agencies are 
not adopting credits for the individual 
technologies recommended by 
commenters. In many cases, the analysis 
provided by commenters did not 
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532 This provision states that an off-cycle credit 
must be for a technology that is ‘‘not adequately 
captured on the Federal Test procedure (FTP) and/ 
or the highway Fuel Economy Test (HFET).’’ EPA 
has indicated that this requires manufacturers to 
demonstrate ‘‘an incremental off-cycle benefit that 
is significantly greater than the 2-cycle benefit.’’ 77 
FR 62836 (Oct. 12, 2012). 

533 MOVES homepage: https://www3.epa.gov/
otaq/models/moves/index.htm (last accessed May 
27, 2016). 

534 Annual Energy Outlook 2015. http://
www.eia.gov/forecasts/archive/aeo15/ (last accessed 
May 27, 2016). 

535 U.S. EPA. Updates to MOVES for Emissions 
Analysis of Greenhouse Gas Emissions and Fuel 
Efficiency Standards for Medium- and Heavy-Duty 
Engines and Vehicles—Phase 2 FRM. Docket No. 
EPA–HQ–OAR–2016. July 2016. 

include sufficient real-world heavy-duty 
vehicle data on which to base the menu 
credit value recommended by the 
commenter. Thus, in several cases, the 
analysis provided by commenters was 
based on light-duty vehicle data or on 
simulations with little detail provided, 
which analysis is not directly applicable 
to heavy duty pickups and vans for 
purposes of technology performance 
quantification. Second, in several cases, 
the technologies recommended for off- 
cycle credits for pickups and vans 
provide significant on-cycle benefit. 
Such technologies are considered to be 
adequately captured by the test 
procedures (within the meaning of 
section 86.1819–14(d)(13)) 532 and are 
not considered to be eligible for off- 
cycle credits. Examples of adequately 
captured technologies that commenters 
recommended for off-cycle credits 
include cylinder deactivation and 
cooled EGR. Moreover, these are 
technologies the agencies expect to be in 
the mix of technologies used to meet the 
standards (and are projected to be used 
in the respective analyses of compliance 
paths on which the stringency of the 
final standards are predicated). EPA has 
already indicated that off-cycle credits 
are not available for technologies that 
form part of the technology basis for the 
greenhouse gas standards because these 
technologies’ benefits would already be 
reflected in the standard’s stringencies 
(and costs). 77 FR 62835 (Oct. 12, 2012). 
Indeed, it is because of these 
technologies’ robust performance in 
two-cycle space that the agencies have 
projected their use as part of the 
compliance path on which standard 
stringency is predicated. Likewise, 
many of these technologies are inherent 
to vehicle design and so are similarly 
ineligible. Id. at 62732, 62836. Finally, 
a few other recommended technologies 
are considered safety-related 
technologies not eligible for credits 
because they could reasonably be 
expected to fall under vehicle safety 
standards in the future and so would be 
adopted in any case. Granting off-cycle 
credits for these technologies 
consequently would amount to an 
unwarranted windfall. Adaptive cruise 
control and forward collision warning 
systems are examples of these 
technologies. Chapter 7 of the Response 

to Comments for this final rule provides 
a detailed response to these comments 

(4) Demonstrating Compliance for 
Heavy-Duty Pickup Trucks and Vans 

The Phase 1 rule established a 
comprehensive compliance program for 
HD pickups and vans that NHTSA and 
EPA are generally retaining for Phase 2. 
The compliance provisions cover details 
regarding the implementation of the 
fleet average standards including 
vehicle certification, demonstrating 
compliance at the end of the model 
year, in-use standards and testing, 
carryover of certification test data, and 
reporting requirements. Please see 
Section V.B.(1) of the Phase 1 rule 
Preamble (76 FR 57256–57263) for a 
detailed discussion of these provisions. 

The Phase 1 rule contains special 
provisions regarding loose engines and 
optional chassis certification of certain 
vocational vehicles over 14,000 lbs. 
GVWR. As proposed, the agencies are 
extending the optional chassis 
certification provisions to Phase 2 and 
are providing a temporary loose engine 
provision for Phase 2 as described in 
Section V.D.3.e, under Compliance 
Flexibility Provisions. See the 
vocational vehicle Section V.D. and 
XIII.A.2 for a detailed discussion of the 
rule for optional chassis certification 
and Section II.D. for the discussion of 
loose engines. 

VII. Aggregate GHG, Fuel Consumption, 
and Climate Impacts 

Given that the purpose of setting these 
Phase 2 standards is to reduce fuel 
consumption and greenhouse gas (GHG) 
emissions from heavy-duty vehicles, it 
is necessary for the agencies to analyze 
the extent to which these standards will 
accomplish that purpose. This section 
describes the agencies’ methodologies 
for projecting the reductions in 
greenhouse gas (GHG) emissions and 
fuel consumption and the 
methodologies the agencies used to 
quantify the impacts associated with 
these standards. In addition, EPA’s 
analyses of the projected change in 
atmospheric carbon dioxide (CO2) 
concentration and consequent climate 
change impacts are discussed. Because 
of NHTSA’s obligations under EPCA/ 
EISA and NEPA, NHTSA further 
analyzes the projected environmental 
impacts related to fuel consumption, 
GHG emissions, and climate change, for 
each regulatory alternative. Detailed 
documentation of this analysis is 
provided in Chapters 3, 4 and 5 of 
NHTSA’s FEIS accompanying today’s 
notice. 

A. What methodologies did the Agencies 
use to project GHG emissions and fuel 
consumption impacts? 

Different tools exist for estimating 
potential fuel consumption and GHG 
emissions impacts associated with fuel 
efficiency and GHG emission standards. 
One such tool is EPA’s official mobile 
source emissions inventory model 
named Motor Vehicle Emissions 
Simulator (MOVES).533 The agencies 
used a revised version of MOVES2014a 
to quantify the impacts of these 
standards for vocational vehicles and 
combination tractor-trailers on GHG 
emissions and fuel consumption. 

Since the notice of proposed 
rulemaking, EPA has made certain 
updates to MOVES in response to the 
public comments on the proposal: (1) 
The projections of vehicle sales, 
populations, and activity in the version 
used for the final rulemaking were 
updated to incorporate the latest 
projections from the U.S. Department of 
Energy’s Annual Energy Outlook 2015 
report; 534 (2) the extended idle and 
APU emission rates in MOVES were 
updated based on the analyses of latest 
test programs that reflect the current 
prevalence of clean idle certified 
engines; and (3) the baseline adoption 
rates of idle reduction technology were 
reassessed and projected to be lower 
than what was assumed in the proposal, 
as described in Section III.D.1.a of the 
Preamble. In addition, changes to APU 
emissions rates for PM2.5 were 
implemented in MOVES reflecting the 
fact that EPA is adopting requirements 
to control PM2.5 emissions from APUs 
installed in new tractors, as discussed in 
Section III.C.3 of the Preamble. Finally, 
methodological improvements were 
made in classifying vehicle types and in 
forecasting vehicle populations and 
activity. The aforementioned updates 
above, along with other changes, are 
documented in the memorandum to the 
docket.535 

MOVES was run with user input 
databases, described in more detail 
below, that reflected the projected 
technological improvements resulting 
from the final rules, such as the 
improvements in engine and vehicle 
efficiency, aerodynamic drag, and tire 
rolling resistance. The changes made to 
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536 Memorandum to the Docket ‘‘Runspecs, Model 
Inputs, MOVES Code and Database for HD GHG 
Phase 2 FRM Emissions Modeling’’ Docket No. 
EPA–HQ–OAR–2016. July 2016. 

537 U.S. EPA. Draft Regulatory Impact Analysis: 
Changes to Renewable Fuel Standard Program. 
Chapters 2 and 3. May 26, 2009. Docket ID: EPA– 
HQ–OAR–2009–0472–0119. 

538 2017 and Later Model Year Light-Duty Vehicle 
Greenhouse Gas Emissions and Corporate Average 
Fuel Economy Standards (77 FR 62623, October 15, 
2012). 

539 Greenhouse Gas Emission Standards and Fuel 
Efficiency Standards for Medium- and Heavy-Duty 
Engines and Vehicles (76 FR 57106, September 15, 
2011). 

540 Memorandum to the Docket ‘‘Upstream 
Emissions Modeling Files for HDGHG Phase 2 
FRM’’ Docket No. EPA–HQ–OAR–2016. July 2016. 

541 The emissions impacts of the final rules on 
non-GHGs, including air toxics, were also estimated 
using MOVES. See Section VIII of the Preamble for 
more information. 

542 The CAFE model estimates, among other 
things, manufacturers’ potential multiyear planning 
decisions within the context of an estimated year- 
by-year product cadence (i.e., schedule for 
redesigning and freshening vehicles). The model 
was allowed to deploy technology in earlier model 
years in the analysis in order to account for the 
potential that manufacturers might take anticipatory 
actions in model years preceding those covered by 
today’s rules. 

the default MOVES database are 
described below in Section VII.B.(3). All 
the input data, MOVES run spec files, 
and the scripts used for the analysis, as 
well as the version of MOVES used to 
generate the emissions inventories, can 
be found in the docket.536 

Another such tool is DOT’s CAFE 
model, which estimates how 
manufacturers could potentially apply 
technology improvements in response to 
new standards, and then calculates, 
among other things, resultant changes in 
national fuel consumption and GHG 
emissions. As described in Section VI, 
two versions of this model were used for 
analysis of potential new standards for 
HD pickups and vans. Both versions use 
the work-based attribute metric of 
‘‘work factor’’ established in the Phase 
1 rule for heavy-duty pickups and vans 
instead of the light-duty ‘‘footprint’’ 
attribute metric. The CAFE model takes 
user-specified inputs on, among other 
things, vehicles that are projected to be 
produced in a given model year, 
technologies available to improve fuel 
efficiency on those vehicles, potential 
regulatory standards that will drive 
improvements in fuel efficiency, and 
economic assumptions. The CAFE 
model takes every vehicle in each 
manufacturer’s fleet and decides what 
technologies to add to those vehicles in 
order to allow each manufacturer to 
comply with the standards in the most 
cost-effective way. Based on those 
results, the CAFE model then calculates 
total fuel consumption and GHG 
emissions impacts based on those 
inputs, along with economic costs and 
benefits. The DOT’s CAFE model is 
further described in detail in Section VI 
of the Preamble and Chapter 10 of the 
RIA. 

For these rules, the agencies used two 
analytical methods for the heavy-duty 
pickup and van segment employing 
both DOT’s CAFE model and EPA’s 
MOVES model. The agencies used 
EPA’s MOVES model to estimate fuel 
consumption and emissions impacts for 
tractor-trailers (including the engine 
that powers the tractor) and vocational 
vehicles (including the engine that 
powers the vehicle). 

For heavy-duty pickups and vans, the 
agencies performed separate analyses, 
which we refer to as ‘‘Method A’’ and 
‘‘Method B.’’ In Method A, a modified 
version of the CAFE model was used to 
project a pathway the industry could 
use to comply with each regulatory 
alternative and the estimated effects on 

fuel consumption, emissions, benefits 
and costs. In Method B, the MOVES 
model was used to estimate fuel 
consumption and emissions from these 
vehicles. NHTSA considered Method A 
as its central analysis. EPA considered 
the results of Method B as its central 
analysis. The agencies concluded that 
these methods led the agencies to the 
same conclusions and the same 
selection of the final standards. See 
Chapter 5 of the RIA for additional 
discussions of these two methods. 

For both methods, the agencies 
analyzed the impact of the final rules, 
relative to two different reference 
cases—‘‘flat’’ (Alternative 1a) and 
‘‘dynamic’’ (Alternative 1b). The flat 
baseline projects very little 
improvement in new vehicles in the 
absence of new Phase 2 standards. In 
contrast, the dynamic baseline projects 
more improvements in vehicle fuel 
efficiency in the absence of new Phase 
2 standards. The agencies considered 
both reference cases (for additional 
details, see Chapter 11 of the RIA). The 
results for all of the regulatory 
alternatives relative to both reference 
cases, derived via the same 
methodologies discussed in this section, 
are presented in Section X of the 
Preamble. 

For brevity, a subset of these analyses 
are presented in this section, and the 
reader is referred to both Chapter 11 of 
the RIA and NHTSA’s FEIS Chapters 3, 
4 and 5 for complete sets of these 
analyses. In this section, Method A is 
presented for the final standards (i.e., 
Alternative 3—the agencies’ preferred 
alternative), relative to both the 
dynamic baseline (Alternative 1b) and 
the flat baseline (Alternative 1a). 
Method B is presented for the final 
standards, relative only to the flat 
baseline. 

Because reducing fuel consumption 
also affects emissions that occur as a 
result of fuel production and 
distribution (including renewable fuels), 
the agencies also calculated those 
‘‘upstream’’ changes using the 
‘‘downstream’’ fuel consumption 
reductions predicted by the CAFE 
model (in ‘‘Method A’’) and the MOVES 
model (in ‘‘Method B’’). As described in 
Section VI, Method A uses the CAFE 
model to estimate vehicular fuel 
consumption and emissions impacts 
only for HD pickups and vans and to 
calculate upstream impacts. For 
vocational vehicles and combination 
tractor-trailers, both Method A and 
Method B use the same upstream tools 
originally created for the Renewable 
Fuel Standard 2 (RFS2) rulemaking 

analysis,537 used in the LD GHG 
rulemakings,538 HD GHG Phase 1,539 
and updated for the current analysis. 
The estimate of emissions associated 
with production and distribution of 
gasoline and diesel from crude oil is 
based on emission factors in the 
‘‘Greenhouse Gases, Regulated 
Emissions, and Energy Use in 
Transportation’’ model (GREET) 
developed by DOE’s Argonne National 
Lab. In some cases, the GREET values 
were modified or updated by the 
agencies to be consistent with the 
National Emission Inventory (NEI) and 
emission factors from MOVES. Method 
B uses the same tool described above to 
estimate the upstream impacts for HD 
pickups and vans. For additional 
details, see Chapter 5 of the RIA. The 
upstream tool used for the Method B 
can be found in the docket.540 As noted 
in Section VI above, these analyses 
corroborate each other’s results. 

The agencies analyzed the anticipated 
emissions impacts of the final rules on 
carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), and 
hydrofluorocarbons (HFCs) for a number 
of calendar years (for purposes of the 
discussion in these final rules, only 
2025, 2040 and 2050 will be shown) by 
comparing to both reference cases.541 
Additional runs were performed for just 
three of the greenhouse gases (CO2, CH4, 
and N2O) and for fuel consumption for 
every calendar year from 2016 to 2050, 
inclusive, which fed the economy-wide 
modeling, monetized greenhouse gas 
benefits estimation, and climate impacts 
analyses, discussed in sections 
below.542 
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543 Memorandum to the Docket ‘‘Runspecs, Model 
Inputs, MOVES Code and Database for HD GHG 
Phase 2 FRM Emissions Modeling’’ Docket No. 
EPA–HQ–OAR–2016. July 2016. 

544 Annual Energy Outlook 2015. http://
www.eia.gov/forecasts/archive/aeo15/ (last accessed 
May 27, 2016). 

545 Vocational vehicles modeled in MOVES 
include heavy heavy-duty, medium heavy-duty, 
and light heavy-duty vehicles. However, for light 
heavy-duty vocational vehicles, class 2b and 3 
vehicles are not included in the inventories for the 
vocational sector. Instead, all vocational vehicles 
with GVWR of less than 14,000 lbs. were modeled 

using the energy rate reductions described below 
for HD pickup trucks and vans. In practice, many 
manufacturers of these vehicles choose to average 
the lightest vocational vehicles into chassis- 
certified families (i.e., heavy-duty pickups and 
vans). 

B. Analysis of Fuel Consumption and 
GHG Emissions Impacts Resulting From 
Final Standards 

The following sections describe the 
model inputs and assumptions for both 
the flat and dynamic reference cases and 
the control case representing the 
agencies’ final fuel efficiency and GHG 
standards. The details of all the MOVES 
runs and input data tables, as well as the 
MOVES code and database, can be 
found in the docket.543 See Section VI.C 
for the discussion of the model inputs 
and assumptions for the analysis of the 
HD pickups and vans using DOT’s 
CAFE Model. 

(1) Model Inputs and Assumptions for 
the Flat Reference Case 

The flat reference case (identified as 
Alternative 1a in Section X), includes 
the impact of Phase 1, but assumes that 
fuel efficiency and GHG emission 
standards are not improved beyond the 
required 2018 model year levels. 
Alternative 1a functions as one of the 
baselines against which the impacts of 
the final standards can be evaluated. 
The MOVES2014a default road load 
parameters and energy rates were used 
for the vocational vehicles and HD 
pickups and vans for this alternative 
because we assumed no market-driven 
improvements in fuel efficiency. The 
tractor-trailer road load parameters were 
changed from the MOVES2014a default 
values to account for projected 
improvements in the efficiency of the 
box trailers pulled by combination 
tractors due to increased penetration of 
aerodynamic technologies and low 
rolling resistance tires attributed to both 

EPA’s SmartWay Transport Partnership 
and California Air Resources Board’s 
Tractor-Trailer Greenhouse Gas 
regulation, as described in Section IV of 
the Preamble. We maintained the same 
road load inputs for tractor-trailers for 
2018 and beyond. The flat reference 
case assumed the growth in vehicle 
populations and miles traveled based on 
the relative annual VMT growth from 
AEO2015 Final Release for model years 
2014 and later.544 

(2) Model Inputs and Assumptions for 
the Dynamic Reference Case 

The dynamic reference case 
(identified as Alternative 1b in Section 
X) also includes the impact of Phase 1 
and generally assumes that fuel 
efficiency and GHG emission standards 
are not improved beyond the required 
2018 model year levels. However, for 
this case, the agencies assume market 
forces will lead to additional fuel 
efficiency improvements for HD pickups 
and vans and tractor-trailers. These 
additional assumed improvements are 
described in Section X of the Preamble. 
No additional fuel efficiency 
improvements due to market forces 
were assumed for vocational vehicles. 
For HD pickups and vans, the agencies 
applied the CAFE model using the input 
assumption that manufacturers having 
achieved compliance with Phase 1 
standards will continue to apply 
technologies for which increased 
purchase costs will be ‘‘paid back’’ 
through corresponding fuel savings 
within the first six months of vehicle 
operation. The agencies conducted the 

MOVES analysis of this case in the same 
manner as for the flat reference case. 

(3) Model Inputs and Assumptions for 
‘‘Control’’ Case 

(a) Vocational Vehicles and Tractor- 
Trailers 

The ‘‘control’’ case represents the 
agencies’ final fuel efficiency and GHG 
standards. The agencies developed 
additional user input data for MOVES 
runs to estimate the control case 
inventories. The inputs to MOVES for 
the control case account for 
improvements of engine and vehicle 
efficiency in vocational vehicles and 
combination tractor-trailers. The 
agencies used the percent reduction in 
aerodynamic drag and tire rolling 
resistance coefficients and absolute 
changes in average total running weight 
(gross combined weight) expected from 
the final rules to develop the road load 
inputs for the control case, based on the 
GEM analysis. The agencies developed 
energy inputs for the control case runs 
using the percent reduction in CO2 
emissions expected from the powertrain 
and other vehicle technologies not 
accounted for in the aerodynamic drag 
and tire rolling resistance in the final 
rules. 

Table VII–1 and Table VII–2 describe 
the improvements in engine and vehicle 
efficiency from the final rules for each 
affected model year for vocational 
vehicles and combination tractor-trailers 
that were input into MOVES for 
estimating the control case emissions 
inventories. Additional details regarding 
the MOVES inputs are included in 
Chapter 5 of the RIA. 

TABLE VII–1—ESTIMATED REDUCTIONS IN ENERGY RATES FOR THE FINAL STANDARDS 

Vehicle type Fuel Model years 

Reduction 
from flat base-

line 
(%) 

Long-haul Tractor-Trailers and HHD Vocational ....................................... Diesel ............................................... 2018–2020 
2021–2023 
2024–2026 

2027+ 

1.0 
7.9 

12.4 
16.3 

Short-haul Tractor-Trailers and HHD Vocational ...................................... Diesel ............................................... 2018–2020 
2021–2023 
2024–2026 

2027+ 

0.6 
7.4 

11.9 
15.0 

Single-Frame Vocational 545 ...................................................................... Diesel ............................................... 2021–2023 
2024–2026 

2027+ 

7.8 
12.3 
16.0 
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546 Vocational tractors are included in the short- 
haul tractor segment. 

TABLE VII–1—ESTIMATED REDUCTIONS IN ENERGY RATES FOR THE FINAL STANDARDS—Continued 

Vehicle type Fuel Model years 

Reduction 
from flat base-

line 
(%) 

Gasoline .......................................... 2021–2023 
2024–2026 

2027+ 

6.9 
9.8 

13.3 
Urban Bus .................................................................................................. Diesel and CNG .............................. 2021–2023 

2024–2026 
2027+ 

7.0 
11.8 
14.4 

TABLE VII–2—ESTIMATED REDUCTIONS IN ROAD LOAD FACTORS FOR THE FINAL STANDARDS 

Vehicle type Model years 

Reduction in 
tire rolling 
resistance 
coefficient 

(%) 

Reduction in 
aerodynamic 

drag 
coefficient 

(%) 

Weight 
reduction 

(lb) a 

Combination Long-haul Tractor-Trailers ................................. 2018–2020 .............................
2021–2023 .............................
2024–2026 .............................
2027+ .....................................

6.1 
13.3 
16.3 
18.0 

5.6 
12.5 
19.3 
28.2 

¥140 
¥199 
¥294 
¥360 

Combination Short-haul Tractor-Trailers.546 2018–2020 .............................
2021–2023 .............................
2024–2026 .............................
2027+ .....................................

5.2 
11.9 
14.1 
15.9 

0.9 
4.0 
6.2 
8.8 

¥23 
¥43 
¥43 
¥43 

Intercity Buses ........................................................................ 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

18.2 
20.8 
24.7 

0 
0 
0 

0 
0 
0 

Transit Buses .......................................................................... 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

0 
0 

12.1 

0 
0 
0 

0 
0 
0 

School Buses .......................................................................... 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

10.1 
14.9 
19.7 

0 
0 
0 

0 
0 
0 

Refuse Trucks ......................................................................... 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

0 
0 

12.1 

0 
0 
0 

0 
0 
0 

Single Unit Short-haul Trucks ................................................. 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

6.4 
6.4 

10.2 

0 
0 
0 

4.4 
10.4 
16.5 

Single Unit Long-haul Trucks .................................................. 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

8.4 
13.3 
13.3 

0 
0 
0 

7.9 
23.6 
39.4 

Motor Homes .......................................................................... 2021–2023 .............................
2024–2026 .............................
2027+ .....................................

20.8 
20.8 
24.7 

0 
0 
0 

0 
0 
0 

Note: 
a Negative weight reductions reflect an expected weight increase as a byproduct of other vehicle and engine improvements as described in 

Chapter 5 of the RIA. 

In addition, the CO2 standard for 
tractors, reflecting the use of idle 
reduction technologies such as diesel- 

powered auxiliary power units (APUs) 
and battery-powered APUs, as discussed 
in Section III.D of the Preamble, was 

included in the modeling for the long- 
haul combination tractor-trailers, as 
shown below in Table VII–3. 

TABLE VII–3—ASSUMED APU USE DURING EXTENDED IDLING FOR COMBINATION LONG-HAUL TRACTOR-TRAILERS a 

Vehicle type Model year 
Diesel APU 
Penetration 

(%) 

Battery APU 
Penetration 

(%) 

Combination Long-Haul Trucks ................................................................................................... 2010–2020 
2021–2023 
2024–2026 

2027+ 

9 
30 
40 
40 

0 
10 
10 
15 

Note: 
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547 Memorandum to the Docket ‘‘VMT Rebound 
Inputs to MOVES for HDGHG2 Phase 2 FRM’’ 
Docket No. EPA–HQ–OAR–2016. July 2016. 

a Other idle reduction technologies (such as automatic engine shutdown, fuel operated heaters, and stop-start systems) were modeled as part 
of the energy rates. 

To account for the potential increase 
in vehicle use expected to result from 
improvements in fuel efficiency for 
vocational vehicles and combination 
tractor-trailers due to the final rules 
(also known as the ‘‘rebound effect’’ and 
described in more detail in Section IX.E 
of the Preamble), the control case 
assumed an increase in VMT from the 
reference levels by 0.30 percent for the 
vocational vehicles and 0.75 percent for 
the combination tractor-trailers.547 

(b) Heavy-Duty Pickups and Vans 

As explained above and as also 
discussed in the RIA, the agencies used 
both DOT’s CAFE model and EPA’s 
MOVES model, for Method A and B, 
respectively, to project fuel 
consumption and GHG emissions 
impacts resulting from these standards 
for HD pickups and vans, including 
downstream vehicular emissions as well 
as emissions from upstream processes 
related to fuel production, distribution, 
and delivery. 

(i) Method A for HD Pickups and Vans 

For Method A, the agencies used the 
CAFE model which applies fuel 
properties (density and carbon content) 
to estimated fuel consumption in order 
to calculate vehicular CO2 emissions, 
applies per-mile emission factors from 
MOVES to estimated VMT (for each 
regulatory alternative, adjusted to 
account for the rebound effect) in order 
to calculate vehicular CH4 and N2O 
emissions (as well, as discussed below, 
of non-GHG pollutants), and applies 
per-gallon upstream emission factors 
from GREET in order to calculate 
upstream GHG (and non-GHG) 
emissions. 

As discussed above in Section VI, the 
standards for HD pickups and vans 
increase in stringency by 2.5 percent 
annually during model years 2021– 
2027. The standards define targets 
specific to each vehicle model, but no 

individual vehicle is required to meet 
its target; instead, the production- 
weighted averages of the vehicle- 
specific targets define average fuel 
consumption and CO2 emission rates 
that a given manufacturer’s overall fleet 
of produced vehicles is required to 
achieve as a whole. The standards are 
specified separately for gasoline and 
diesel vehicles, and vary with work 
factor. Both the NPRM and today’s 
analysis assume that some application 
of mass reduction could enable 
increased work factor in cases where 
manufacturers increase a vehicle’s rated 
payload and/or towing capacity without 
a change to GVWR and GCWR, but there 
are other ways manufacturers may 
change work factor which the analysis 
does not capture. Average required 
levels will depend on the future mix of 
vehicles and the work factors of the 
vehicles produced for sale in the U.S. 
Since these can only be estimated at this 
time, average required and achieved fuel 
consumption and CO2 emission rates are 
subject to uncertainty. Between the 
NPRM and the issuance of today’s final 
rules, the agencies updated the market 
forecast (and other inputs) used to 
analyze HD pickup and van standards, 
and doing so leads to different estimates 
of required and achieved fuel 
consumption and CO2 emission rates (as 
well as different estimates of impacts, 
costs, and benefits). 

The following four tables present 
stringency increases and estimated 
required and achieved fuel consumption 
and CO2 emission rates for the two No 
Action Alternatives (Alternative 1a and 
1b) and the standards defining the final 
program. Stringency increases are 
shown relative to standards applicable 
in model year 2018 (and through model 
year 2020). As mathematical functions, 
the standards themselves are not subject 
to uncertainty. By 2027, they are 16.2 
percent more stringent (i.e., lower) than 
those applicable during 2018–2020. 

NHTSA estimates that, by model 2027, 
these standards could reduce average 
required fuel consumption and CO2 
emission rates to about 4.88 gallons/100 
miles and about 4 grams/mile, 
respectively. NHTSA further estimates 
that average achieved fuel consumption 
and CO2 emission rates could 
correspondingly be reduced to about the 
same levels. If, as represented by 
Alternative 1b, manufacturers will, even 
absent today’s standards, voluntarily 
make improvements that pay back 
within six months, these model year 
2027 levels are about 12 percent lower 
than the agencies estimate could be 
achieved under the Phase 1 standards 
defining the No Action Alternative. If, 
as represented by Alternative 1a, 
manufacturers will, absent today’s 
standards, only apply technology as 
required to achieve compliance, these 
model year 2027 levels are about 13 
percent lower than the agencies estimate 
could be achieved under the Phase 1 
standards. As indicated below, the 
agencies estimate that these 
improvements in fuel consumption and 
CO2 emission rates will build from 
model year to model year, beginning as 
soon as model year 2017 (insofar as 
manufacturers may make anticipatory 
improvements if warranted given 
planned product cadence). 

The NPRM analysis suggested that 
both the achieved and required fuel 
consumption and CO2 reductions would 
be larger than the current analysis 
suggests. The NPRM suggested that 
achieved reductions would be 13.5 and 
15 percent, for the dynamic and flat 
baselines, respectively. The erosion of 
the standards and fuel consumption 
reductions can be attributed to the 
increased work factor of the 2015 fleet 
relative to the 2014 fleet. Section 6 
discusses in more detail the changes in 
the distribution of work factor for key 
market players from the MY 2014 to the 
MY 2015 fleet. 
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TABLE VII–4—STRINGENCY OF HD PICKUP AND VAN STANDARDS, ESTIMATED AVERAGE REQUIRED AND ACHIEVED FUEL 
CONSUMPTION RATES FOR METHOD A, RELATIVE TO ALTERNATIVE 1b a 

Model year Stringency 
(vs. 2018) 

Ave. required fuel cons. 
(gal./100 mi.) 

Ave. achieved fuel cons. 
(gal./100 mi.) 

No action Final Reduction 
(%) No action Final Reduction 

(%) 

2016 ................................................
2017 ................................................
2018 ................................................
2019 ................................................
2020 ................................................

MYs 2016–2020 
Subject to 
Phase 1 Stand-
ards.

6.32 
6.16 
5.83 
5.81 
5.80 

6.32 
6.16 
5.83 
5.81 
5.80 

0.0 
0.0 
0.0 
0.0 
0.0 

6.14 
6.02 
5.97 
5.77 
5.75 

6.14 
5.89 
5.78 
5.47 
5.46 

0.0 
2.2 
3.2 
5.3 
5.1 

2021 ................................................ 2.5 ....................... 5.79 5.65 2.4 5.68 5.28 7.2 
2022 ................................................ 4.9 ....................... 5.80 5.52 4.8 5.64 5.22 7.5 
2023 ................................................ 7.3 ....................... 5.80 5.38 7.2 5.64 5.21 7.6 
2024 ................................................ 9.6 ....................... 5.80 5.25 9.5 5.65 5.22 7.6 
2025 ................................................ 11.9 ..................... 5.81 5.12 11.8 5.65 5.14 9.1 
2026 ................................................ 14.1 ..................... 5.81 5.01 13.7 5.65 5.02 11.1 
2027 ................................................ 16.2 ..................... 5.80 4.88 15.8 5.57 4.92 11.7 
2028 * .............................................. 16.2 ..................... 5.81 4.91 15.5 5.57 4.89 12.2 
2029 * .............................................. 16.2 ..................... 5.81 4.91 15.6 5.57 4.88 12.4 
2030 * .............................................. 16.2 ..................... 5.81 4.91 15.6 5.57 4.88 12.4 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
* Absent further action, standards assumed to continue unchanged after model year 2027. 

TABLE VII–5—STRINGENCY OF HD PICKUP AND VAN STANDARDS, ESTIMATED AVERAGE REQUIRED AND ACHIEVED CO2 
EMISSION RATES FOR METHOD A, RELATIVE TO ALTERNATIVE 1b a 

Model year 
Stringency 
(vs. 2018) 

(%) 

Ave. required CO2 Rate (g./mi.) Ave. achieved CO2 Rate (g./mi.) 

No Action Final Reduction 
(%) No Action Final Reduction 

(%) 

2016 .............................
2017 .............................
2018 .............................
2019 .............................
2020 .............................

MYs 2016– 
2020 Sub-
ject to 
Phase 1 
Standards.

597 
582 
550 
548 
547 

597 
582 
550 
548 
547 

0.0 
0.0 
0.0 
0.0 
0.0 

578 
567 
562 
543 
541 

578 
554 
544 
514 
513 

0.0 
2.2 
3.2 
5.3 
5.1 

2021 ............................. 2.5 .................. 545 532 2.4 534 496 7.1 
2022 ............................. 4.9 .................. 546 519 4.9 530 491 7.4 
2023 ............................. 7.3 .................. 545 506 7.2 529 490 7.5 
2024 ............................. 9.6 .................. 547 494 9.5 531 491 7.5 
2025 ............................. 11.9 ................ 547 483 11.7 530 483 9.0 
2026 ............................. 14.1 ................ 547 472 13.7 530 472 11.0 
2027 ............................. 16.2 ................ 546 460 15.8 523 462 11.5 
2028* ............................ 16.2 ................ 547 462 15.5 523 460 12.0 
2029* ............................ 16.2 ................ 547 462 15.5 524 460 12.2 
2030* ............................ 16.2 ................ 547 462 15.5 524 460 12.2 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
* Absent further action, standards assumed to continue unchanged after model year 2027. 

TABLE VII–6—STRINGENCY OF HD PICKUP AND VAN STANDARDS, ESTIMATED AVERAGE REQUIRED AND ACHIEVED FUEL 
CONSUMPTION RATES FOR METHOD A, RELATIVE TO ALTERNATIVE 1aa 

Model year 
Stringency 
(vs. 2018) 

(%) 

Ave. required fuel cons. 
(gal./100 mi.) 

Ave. achieved fuel cons. 
(gal./100 mi.) 

No Action Final Reduction 
(%) No Action Final Reduction 

(%) 

2016 .............................
2017 .............................
2018 .............................
2019 .............................
2020 .............................

MYs 2016– 
2020 Sub-
ject to 
Phase 1 
Standards.

6.32 
6.16 
5.83 
5.81 
5.80 

6.32 
6.16 
5.83 
5.81 
5.80 

0.0 
0.0 
0.0 
0.0 
0.0 

6.14 
6.00 
5.94 
5.74 
5.73 

6.14 
5.85 
5.75 
5.43 
5.43 

0.0 
2.4 
3.2 
5.4 
5.2 

2021 ............................. 2.5 .................. 5.79 5.65 2.4 5.70 5.27 7.5 
2022 ............................. 4.9 .................. 5.80 5.52 4.8 5.69 5.23 8.2 
2023 ............................. 7.3 .................. 5.80 5.38 7.2 5.69 5.22 8.3 
2024 ............................. 9.6 .................. 5.80 5.25 9.5 5.70 5.22 8.3 
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548 Memorandum to the Docket ‘‘VMT Rebound 
Inputs to MOVES for HDGHG2 Phase 2 FRM’’ 
Docket No. EPA–HQ–OAR–2016. July 2016. 

TABLE VII–6—STRINGENCY OF HD PICKUP AND VAN STANDARDS, ESTIMATED AVERAGE REQUIRED AND ACHIEVED FUEL 
CONSUMPTION RATES FOR METHOD A, RELATIVE TO ALTERNATIVE 1aa—Continued 

Model year 
Stringency 
(vs. 2018) 

(%) 

Ave. required fuel cons. 
(gal./100 mi.) 

Ave. achieved fuel cons. 
(gal./100 mi.) 

No Action Final Reduction 
(%) No Action Final Reduction 

(%) 

2025 ............................. 11.9 ................ 5.81 5.13 11.8 5.70 5.13 10.0 
2026 ............................. 14.1 ................ 5.81 5.02 13.6 5.70 5.03 11.9 
2027 ............................. 16.2 ................ 5.80 4.89 15.8 5.64 4.92 12.8 
2028* ............................ 16.2 ................ 5.81 4.91 15.4 5.64 4.89 13.3 
2029* ............................ 16.2 ................ 5.81 4.91 15.5 5.64 4.89 13.4 
2030* ............................ 16.2 ................ 5.81 4.91 15.5 5.64 4.89 13.4 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
* Absent further action, standards assumed to continue unchanged after model year 2027. 
** Increased work factor for some vehicles produces a slight increase in average required fuel consumption. 

TABLE VII–7—STRINGENCY OF HD PICKUP AND VAN STANDARDS, ESTIMATED AVERAGE REQUIRED AND ACHIEVED CO2 
EMISSION RATES FOR METHOD A, RELATIVE TO ALTERNATIVE 1a a 

Model year 
Stringency 
(vs. 2018) 

(%) 

Ave. required CO2 Rate 
(g./mi.) 

Ave. achieved CO2 Rate 
(g./mi.) 

No Action Final Reduction 
(%) No Action Final Reduction 

(%) 

2016 .............................
2017 .............................
2018 .............................
2019 .............................
2020 .............................

MYs 2016– 
2020 Sub-
ject to 
Phase 1 
Standards.

597 
582 
550 
548 
547 

597 
582 
550 
548 
547 

0.0 
0.0 
0.0 
0.0 
0.0 

578 
564 
559 
540 
538 

578 
551 
541 
511 
510 

0.0 
2.3 
3.2 
5.4 
5.2 

2021 ............................. 2.5 .................. 545 532 2.4 535 495 7.4 
2022 ............................. 4.9 .................. 546 519 4.8 534 491 8.0 
2023 ............................. 7.3 .................. 545 506 7.2 533 490 8.2 
2024 ............................. 9.6 .................. 547 494 9.5 535 491 8.2 
2025 ............................. 11.9 ................ 547 483 11.7 535 483 9.8 
2026 ............................. 14.1 ................ 547 472 13.6 535 473 11.7 
F 2027 .......................... 16.2 ................ 546 460 15.8 529 462 12.6 
2028* ............................ 16.2 ................ 547 462 15.5 530 460 13.1 
2029* ............................ 16.2 ................ 547 462 15.5 530 460 13.2 
2030* ............................ 16.2 ................ 547 462 15.5 530 460 13.2 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
* Absent further action, standards assumed to continue unchanged after model year 2027. 
** Increased work factor for some vehicles produces a slight increase in the average required CO2 emission rate. 

While the above tables show the 
agencies’ estimates of average fuel 
consumption and CO2 emission rates 
manufacturers of pickups and vans 
might achieve under today’s standards, 
total U.S. fuel consumption and GHG 
emissions from HD pickups and vans 
will also depend on how many of these 
vehicles are produced, and how they are 
operated over their useful lives. 
Relevant to estimating these outcomes, 
the CAFE model applies vintage-specific 
estimates of vehicle survival and 

mileage accumulation, and adjusts the 
latter to account for the rebound effect. 
This impact of the rebound effect is 
specific to each model year (and, 
underlying, to each vehicle model in 
each model year), varying with changes 
in achieved fuel consumption rates. 

(ii) Method B for HD Pickups and Vans 

For Method B, the MOVES model was 
used to estimate fuel consumption and 
GHG emissions for HD pickups and 
vans. MOVES evaluated these standards 

for HD pickup trucks and vans in terms 
of grams of CO2 per mile or gallons of 
fuel per 100 miles. Since nearly all HD 
pickup trucks and vans are certified on 
a chassis dynamometer, the CO2 
reductions for these vehicles were not 
represented as engine and road load 
reduction components, but rather as 
total vehicle CO2 reductions. The 
control case for HD pickups and vans 
assumed an increase in VMT from the 
reference levels of 1.08 percent.548 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00349 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG



73826 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

TABLE VII–8—ESTIMATED TOTAL VEHICLE CO2 REDUCTIONS FOR THE FINAL STANDARDS AND IN-USE EMISSIONS FOR HD 
PICKUP TRUCKS AND VANS IN METHOD Ba 

Vehicle type Fuel Model year 

CO2 reduction 
from flat 
baseline 

(%) 

HD pickup trucks and vans .......................................... Gasoline and Diesel ..................................................... 2021 
2022 
2023 
2024 
2025 
2026 

2027+ 

2.50 
4.94 
7.31 
9.63 

11.89 
14.09 
16.24 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

C. What are the projected reductions in 
fuel consumption and GHG emissions? 

NHTSA and EPA expect significant 
reductions in GHG emissions and fuel 
consumption from the final rules—fuel 
consumption reductions from more 
efficient vehicles, emission reductions 
from both downstream (tailpipe) and 
upstream (fuel production and 
distribution) sources, and reduction in 
HFC emissions from the air 
conditioning leakage standards (see 
Section V.B.(2)(c)). The following 
subsections summarize two different 
analyses of the annual GHG emissions 
and fuel consumption reductions 
expected from these final rules, as well 
as the reductions in GHG emissions and 
fuel consumption expected over the 
lifetime of each heavy-duty vehicle 
category. Section VII.C.(1) shows the 
impacts of the final rules on fuel 
consumption and GHG emissions, using 
the MOVES model for tractor-trailers 
and vocational vehicles and the DOT’s 
CAFE model for HD pickups and vans 
(Method A), relative to two different 

reference cases—flat and dynamic. 
Section VII.C.2 shows the impacts of the 
final standards, relative to the flat 
reference case only, using the MOVES 
model for all heavy-duty vehicle 
categories. NHTSA also analyzes these 
impacts resulting from the final rules 
and reasonable alternatives in Chapters 
3, 4 and 5 of its FEIS. 

(1) Impacts of the Final Rules Using 
Analysis Method A 

(a) Calendar Year Analysis 

(i) Downstream (Tailpipe) Emissions 
Projections 

As described in Section VII.A, for the 
analysis using Method A, the agencies 
used MOVES to estimate downstream 
GHG inventories from the final rules for 
vocational vehicles and tractor-trailers. 
For HD pickups and vans, DOT’s CAFE 
model was used. 

The following two tables summarize 
the agencies’ estimates of HD pickup 
and van fuel consumption and GHG 
emissions under the current standards 
defining the No-Action and final 

program, respectively, using Method A. 
Table VII–9 shows results assuming 
manufacturers will voluntarily make 
improvements that pay back within six 
months (i.e., Alternative 1b). Table VII– 
10 shows results assuming 
manufacturers will only make 
improvements as needed to achieve 
compliance with standards (i.e., 
Alternative 1a). While underlying 
calculations are all performed for each 
calendar year during each vehicle’s 
useful life, presentation of outcomes on 
a model year basis aligns more clearly 
with consideration of cost impacts in 
each model year, and with 
consideration of standards specified on 
a model year basis. In addition, Method 
A analyzes manufacturers’ potential 
responses to HD pickup and van 
standards on a model year basis through 
2030, and any longer-term costs 
presented in today’s notice represent 
extrapolation of these results absent any 
underlying analysis of longer-term 
technology prospects and 
manufacturers’ longer-term product 
offerings. 

TABLE VII–9—ESTIMATED FUEL CONSUMPTION AND GHG EMISSIONS OVER USEFUL LIFE OF HD PICKUPS AND VANS 
PRODUCED IN EACH MODEL YEAR FOR METHOD A, RELATIVE TO ALTERNATIVE 1b a 

Model year 

Fuel consumption 
(b. gal.) 

over fleet’s useful life 

GHG emissions 
(MMT CO2eq) 

over fleet’s useful life 

No action Final Reduction 
(%) No action Final Reduction 

(%) 

2016 ......................................................... 10.4 10.4 0.0 127 127 0.0 
2017 ......................................................... 10.4 10.2 2.0 127 124 2.0 
2018 ......................................................... 10.5 10.2 2.9 127 124 2.9 
2019 ......................................................... 10.1 9.60 4.8 123 117 4.8 
2020 ......................................................... 10.1 9.60 4.6 123 117 4.6 
2021 ......................................................... 9.82 9.17 6.6 120 112 6.5 
2022 ......................................................... 9.67 9.01 6.9 118 110 6.8 
2023 ......................................................... 9.64 8.97 7.0 117 109 6.9 
2024 ......................................................... 9.67 9.00 7.0 118 110 6.9 
2025 ......................................................... 9.79 8.98 8.3 119 109 8.2 
2026 ......................................................... 9.91 8.90 10.2 121 109 10.1 
2027 ......................................................... 9.89 8.84 10.7 120 108 10.5 
2028 ......................................................... 10.0 8.89 11.1 122 108 10.9 
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TABLE VII–9—ESTIMATED FUEL CONSUMPTION AND GHG EMISSIONS OVER USEFUL LIFE OF HD PICKUPS AND VANS 
PRODUCED IN EACH MODEL YEAR FOR METHOD A, RELATIVE TO ALTERNATIVE 1b a—Continued 

Model year 

Fuel consumption 
(b. gal.) 

over fleet’s useful life 

GHG emissions 
(MMT CO2eq) 

over fleet’s useful life 

No action Final Reduction 
(%) No action Final Reduction 

(%) 

2029 ......................................................... 10.1 8.97 11.2 123 109 11.1 
2030 ......................................................... 10.1 8.94 11.2 123 109 11.1 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VII–10—ESTIMATED FUEL CONSUMPTION AND GHG EMISSIONS OVER USEFUL LIFE OF HD PICKUPS AND VANS 
PRODUCED IN EACH MODEL YEAR FOR METHOD A, RELATIVE TO ALTERNATIVE 1a a 

Model year 

Fuel consumption 
(b. gal.) 

over fleet’s useful life 

GHG emissions 
(MMT CO2eq) 

over fleet’s useful 

No action Final Reduction 
(%) No action Final Reduction 

(%) 

2016 ......................................................... 10.43 10.43 0.0 122 122 0.0 
2017 ......................................................... 10.37 10.15 2.2 122 119 2.2 
2018 ......................................................... 10.41 10.10 3.0 122 118 3.1 
2019 ......................................................... 10.04 9.55 4.9 118 112 5.1 
2020 ......................................................... 10.03 9.56 4.7 118 112 4.9 
2021 ......................................................... 9.84 9.16 6.9 115 107 7.1 
2022 ......................................................... 9.74 9.01 7.5 114 105 7.7 
2023 ......................................................... 9.71 8.97 7.6 114 105 7.8 
2024 ......................................................... 9.75 9.00 7.6 114 105 7.8 
2025 ......................................................... 9.88 8.97 9.1 116 105 9.3 
2026 ......................................................... 10.00 8.92 10.8 117 104 11.1 
2027 ......................................................... 10.01 8.84 11.7 117 103 11.9 
2028 ......................................................... 10.12 8.89 12.1 119 104 12.4 
2029 ......................................................... 10.22 8.98 12.1 120 105 12.4 
2030 ......................................................... 10.18 8.95 12.2 119 105 12.4 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

To more clearly communicate these 
trends visually, the following two charts 
present the above results graphically for 
Method A, relative to Alternative 1b. As 
shown, fuel consumption and GHG 

emissions follow parallel though not 
precisely identical paths. Though not 
presented, the charts for Alternative 1a 
will appear sufficiently similar that 
differences between Alternative 1a and 

Alternative 1b remain best 
communicated by comparing values in 
the above tables. 
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TABLE VII–11—ANNUAL DOWNSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1b USING ANALYSIS METHOD A a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total downstream 

MMT CO2eq % Change 

2025 ..................................................................................... ¥26.5 ¥0.004 0.002 ¥26.6 ¥4.9 
2040 ..................................................................................... ¥103.3 ¥0.02 0.006 ¥103.3 ¥17.0 
2050 ..................................................................................... ¥123.8 ¥0.03 0.007 ¥123.8 ¥18.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VII–12—ANNUAL FUEL SAVINGS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1b USING 
ANALYSIS METHOD A a 

CY 
Diesel Gasoline 

Billion gallons % Savings Billion gallons % Savings 

2025 ................................................................................................................. 2.3 4.9 0.4 5.0 
2040 ................................................................................................................. 9.2 17.8 1.0 12.2 
2050 ................................................................................................................. 11.1 19.3 1.2 12.8 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VII–13—ANNUAL DOWNSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1a USING ANALYSIS METHOD A a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total downstream 

MMT CO2eq % Change 

2025 ..................................................................................... ¥28.9 ¥0.005 0.003 ¥28.9 ¥5.3 
2040 ..................................................................................... ¥114.1 ¥0.02 0.006 ¥114.1 ¥18.0 
2050 ..................................................................................... ¥136.9 ¥0.03 0.007 ¥136.9 ¥20.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VII–14—ANNUAL FUEL SAVINGS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING 
ANALYSIS METHOD A a 

CY 
Diesel Gasoline 

Billion gallons % Savings Billion gallons % Savings 

2025 ................................................................................................................. 2.4 5.2 0.5 5.6 
2040 ................................................................................................................. 10.2 19.0 1.2 13.0 
2050 ................................................................................................................. 12.3 21.0 1.3 14.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(ii) Upstream (Fuel Production and 
Distribution) Emissions Projections 

TABLE VII–15—ANNUAL UPSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1b USING ANALYSIS METHOD A a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total upstream 

MMT CO2eq % Change 

2025 ..................................................................................... ¥8.1 ¥0.9 ¥0.08 ¥9.0 ¥4.9 
2040 ..................................................................................... ¥31.8 ¥3.4 ¥0.2 ¥35.5 ¥17.0 
2050 ..................................................................................... ¥38.1 ¥4.2 ¥0.2 ¥42.5 ¥19.0 

Note: 
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a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 
1b, please see Section X.A.1. 

TABLE VII–16—ANNUAL UPSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1a USING ANALYSIS METHOD A a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total upstream 

MMT CO2eq % Change 

2025 ..................................................................................... ¥8.7 ¥0.9 ¥0.09 ¥9.8 ¥5.3 
2040 ..................................................................................... ¥35.2 ¥3.9 ¥0.2 ¥39.3 ¥19.0 
2050 ..................................................................................... ¥42.2 ¥4.6 ¥0.3 ¥47.2 ¥20.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(iii) HFC Emissions Projections 

The projected HFC emission 
reductions due to the HD Phase 2 air 
conditioning leakage standards for 

vocational vehicles are 86,735 metric 
tons of CO2eq in 2025, 256,061 metric 
tons of CO2eq in 2040, and 314,930 
metric tons CO2eq in 2050. See Chapter 

5 of the RIA for additional details on 
calculations of HFC emissions. 

(iv) Total (Downstream + Upstream + 
HFC) Emissions Projections 

TABLE VII–17—ANNUAL TOTAL GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM 
VS. ALT 1b USING ANALYSIS METHOD A a 

CY2025 CY2040 CY2050 

MMT CO2eq % Change MMT CO2eq % Change MMT CO2eq % Change 

Downstream ............................................. ¥26.6 ¥4.9 ¥103.3 ¥17.0 ¥123.8 ¥18.0 
Upstream .................................................. ¥9.0 ¥4.9 ¥35.5 ¥17.0 ¥42.5 ¥19.0 
HFCb ........................................................ ¥0.1 ¥15.0 ¥0.3 ¥13.0 ¥0.3 ¥13.0 
Total ......................................................... ¥35.7 ¥4.9 ¥139.1 ¥17.0 ¥166.6 ¥19.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b HFC represents HFC emission reductions and percent change from the vocational vehicle category only. 

TABLE VII–18 ANNUAL TOTAL GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM 
VS. ALT 1a USING ANALYSIS METHOD A a 

CY2025 CY2040 CY2050 

MMT CO2eq % Change MMT CO2eq % Change MMT CO2eq % Change 

Downstream ............................................. ¥28.9 ¥5.3 ¥114.1 ¥18.0 ¥136.9 ¥20.0 
Upstream .................................................. ¥9.8 ¥5.3 ¥39.3 ¥19.0 ¥47.2 ¥20.0 
HFC .......................................................... ¥0.1 ¥15.0 ¥0.3 ¥13.0 ¥0.3 ¥13.0 
Total ......................................................... ¥38.8 ¥5.3 ¥153.7 ¥19.0 ¥184.4 ¥20.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(b) Model Year Lifetime Analysis 

TABLE VII–19—LIFETIME GHG REDUCTIONS AND FUEL SAVINGS USING ANALYSIS METHOD A—SUMMARY FOR MODEL 
YEARS 2018–2029 a 

No–action alternative (baseline) 

Final program 
(alternative 3) 

1b 
(dynamic) 

1a 
(flat) 

Fuel Savings (Billion Gallons) ................................................................................................................................. 71.1 77.7 
Total GHG Reductions (MMT CO2eq) .................................................................................................................... 958 1,049 

Downstream (MMT CO2eq) .............................................................................................................................. 715 781 
Upstream (MMT CO2eq) .................................................................................................................................. 243 268 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
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549 MOVES is not capable of modeling the 
changes in exhaust N2O emissions from the 
improvements in fuel efficiency. Due to this 
limitation, a conservative approach was taken to 
only model the VMT rebound in estimating the 
emissions impact on N2O from the final rules, 
resulting in a slight increase in downstream N2O 
inventory. 

550 Renewable Fuels Standards assumptions of 
115,000 BTU/gallon gasoline (E0) and 76,330 BTU/ 
gallon ethanol (E100) were weighted 90 percent and 
10 percent, respectively, for E10 and 85 percent and 
15 percent, respectively, for E15 and converted to 
kJ at 1.055 kJ/BTU. The conversion factors are 
117,245 kJ/gallon for gasoline blended with ten 
percent ethanol (E10) and 115,205 kJ/gallon for 
gasoline blended with fifteen percent ethanol (E15). 

551 The conversion factor for diesel is 138,451 kJ/ 
gallon. See MOVES2004 Energy and Emission 
Inputs. EPA420–P–05–003, March 2005. http://
www3.epa.gov/otaq/models/ngm/420p05003.pdf 
(last accessed Mar 15, 2016). 

552 U.S. EPA. 2014 Standards for the Renewable 
Fuel Standard Program. 40 CFR part 80. EPA–HQ– 
OAR–2013–0479; FRL–9900–90–OAR, RIN 2060– 
AR76. 

(2) Impacts of the Final Rules Using 
Analysis Method B 

(a) Calendar Year Analysis 

(i) Downstream (Tailpipe) Emissions 
Projections 

As described in Section VII.A., 
Method B used MOVES to estimate 
downstream GHG inventories from the 
final rules, relative to Alternative 1a, for 
all heavy-duty vehicle categories 
(including the engines associated with 
tractor-trailer combinations and 
vocational vehicles). The agencies 
expect reductions in CO2 emissions 
from all heavy-duty vehicle categories 
due to engine and vehicle 
improvements. We expect N2O 

emissions to increase very slightly 
because of a rebound in vehicle miles 
traveled (VMT). However, since N2O is 
produced as a byproduct of fuel 
combustion, the increase in N2O 
emissions is expected to be more than 
offset by the improvements in fuel 
efficiency from the final rules.549 We 
expect methane emissions to decrease 
primarily due to reduced refueling from 
improved fuel efficiency and the 
differences in hydrocarbon emission 
characteristics between on-road diesel 
engines and APUs. The amount of 
methane emitted as a fraction of total 
hydrocarbons is expected to be less for 
APUs than for on-road diesel engines 
during extended idling. Overall, the 
downstream GHG emissions will be 

reduced significantly and are described 
in the following subsections. 

Fuel consumption is calculated from 
the MOVES output of total energy 
consumption converted using the fuel 
heating values assumed in the 
Renewable Fuels Standard 
rulemaking 550 and in MOVES.551 

Table VII–20 shows the impacts on 
downstream GHG emissions and fuel 
savings in 2025, 2040 and 2050, relative 
to Alternative 1a, for the final program. 

Table VII–21 shows the estimated fuel 
savings from the final program in 2025, 
2040, and 2050, relative to Alternative 
1a. The results from the comparable 
analyses relative to Alternative 1b are 
presented in Section VII.C.(1). 

TABLE VII–20—ANNUAL DOWNSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1a USING ANALYSIS METHOD B a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total downstream 

MMT CO2eq % Change 

2025 ..................................................................................... ¥27.8 ¥0.01 0.002 ¥27.8 ¥4.6 
2040 ..................................................................................... ¥124.3 ¥0.02 0.003 ¥124.3 ¥18.4 
2050 ..................................................................................... ¥148.4 ¥0.03 0.004 ¥148.4 ¥0.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VII–21—ANNUAL FUEL SAVINGS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING 
ANALYSIS METHOD B a 

CY 
Diesel Gasoline 

Billion gallons % Savings Billion gallons % Savings 

2025 ................................................................................................................. 2.5 5.0 0.3 2.8 
2040 ................................................................................................................. 10.8 19.4 1.7 13.3 
2050 ................................................................................................................. 13.0 21.0 1.9 14.4 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(ii) Upstream (Fuel Production and 
Distribution) Emissions Projections 

The upstream GHG emission 
reductions associated with the 
production and distribution of gasoline 
and diesel from crude oil include the 
domestic emission reductions only. 
Additionally, since this rulemaking is 
not expected to impact biofuel volumes 
mandated by the annual Renewable 
Fuel Standards (RFS) regulations 552, the 
impacts on upstream emissions from 

changes in biofuel feedstock (i.e., 
agricultural sources such as fertilizer, 
fugitive dust, and livestock) are not 
shown. In other words, we attribute 
decreased fuel consumption from this 
program to petroleum-based fuels only, 
while assuming no net effect on 
volumes of renewable fuels. We used 
this approach because annual renewable 
fuel volumes are mandated 
independently from this rulemaking 
under RFS. As a consequence, it is not 
possible to conclude whether the 

decreasing petroleum consumption 
projected here would increase the 
fraction of the U.S. fuel supply that is 
made up by renewable fuels (if RFS 
volumes remained constant), or whether 
future renewable fuel volume mandates 
would decrease in proportion to the 
decreased petroleum consumption 
projected here. 

As background, EPA sets annual 
renewable fuel volume mandates 
through a separate RFS notice-and- 
comment rulemaking process, and the 
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553 A lifetime of 30 years is assumed in MOVES. 

final volumes are based on EIA 
projections, EPA’s own market 
assessment, and information obtained 
from the RFS notice and comment 
process. Also, RFS standards are nested 
within each other, which means that a 
fuel with a higher GHG reduction 

threshold can be used to meet the 
standards for a lower GHG reduction 
threshold. This creates additional 
uncertainty in projecting this rule’s net 
effect on future annual RFS standards. 

In conclusion, the impacts of this 
rulemaking on annual renewable fuel 
volume mandates are difficult to project 

at the present time. However, since it is 
not centrally relevant to the analysis for 
this rulemaking, we have not included 
any impacts on renewable fuel volumes 
in this analysis. The upstream GHG 
emission reductions of the final program 
can be found in Table VII–22. 

TABLE VII–22—ANNUAL UPSTREAM GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL 
PROGRAM VS. ALT 1a USING ANALYSIS METHOD B a 

CY CO2 
(MMT) 

CH4 
(MMT CO2eq) 

N2O 
(MMT CO2eq) 

Total upstream 

MMT CO2eq % CHANGE 

2025 ..................................................................................... ¥8.6 ¥0.9 ¥0.04 ¥9.5 ¥4.7 
2040 ..................................................................................... ¥38.0 ¥4.0 ¥0.2 ¥42.2 ¥18.7 
2050 ..................................................................................... ¥45.5 ¥4.8 ¥0.2 ¥50.5 ¥20.3 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(iii) HFC Emissions Projections 

The projected HFC emission 
reductions due to the HD Phase 2 air 
conditioning leakage standards for 
vocational vehicles are 86,735 metric 
tons of CO2eq in 2025, 256,061 metric 
tons of CO2eq in 2040, and 314,930 

metric tons CO2eq in 2050. See Chapter 
5 of the RIA for additional details on 
calculations of HFC emissions. 

(iv) Total (Downstream + Upstream + 
HFC) Emissions Projections 

Table VII–23 combines the impacts of 
the final program from downstream 

(Table VII–20), upstream (Table VII–22), 
and HFC to summarize the total GHG 
reductions in calendar years 2025, 2040 
and 2050, relative to Alternative 1a. 

TABLE VII–23—ANNUAL TOTAL GHG EMISSIONS IMPACTS IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM 
VS. ALT 1a USING ANALYSIS METHOD B a 

CY2025 CY2040 CY2050 

MMT CO2eq % Change MMT CO2eq % Change MMT CO2eq % Change 

Downstream ............................................. ¥27.8 ¥4.6 ¥124.3 ¥18.4 ¥148.4 ¥20.0 
Upstream .................................................. ¥9.5 ¥4.7 ¥42.2 ¥18.7 ¥50.5 ¥20.3 
HFC b ........................................................ ¥0.1 ¥15.0 ¥0.3 ¥13.0 ¥0.3 ¥13.0 
Total ......................................................... ¥37.4 ¥4.7 ¥166.8 ¥18.5 ¥199.2 ¥20.1 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b HFC represents HFC emission reductions and percent change from the vocational vehicle category only. 

(b) Model Year Lifetime Analysis 

In addition to the annual GHG 
emissions and fuel consumption 
reductions expected from the final rules, 
we estimated the combined 

(downstream and upstream) GHG and 
fuel consumption impacts for the 
lifetime of the impacted vehicles sold in 
the regulatory timeframe. Table VII–24 
shows the fleet-wide GHG reductions 
and fuel savings from the final program, 

relative to Alternative 1a, through the 
lifetime of heavy-duty vehicles.553 For 
the lifetime GHG reductions and fuel 
savings by vehicle categories, see 
Chapter 5 of the RIA. 

TABLE VII–24—LIFETIME GHG REDUCTIONS AND FUEL SAVINGS USING ANALYSIS METHOD B—SUMMARY FOR MODEL 
YEARS 2018–2029 a 

Model years Final program 
(Alternative 3) 

No-action alternative 
(baseline) 1a (Flat) 

Fuel Savings (Billion Gallons) ....................................................................................................................................................... 82.2 
Total GHG Reductions (MMT CO2eq) .......................................................................................................................................... 1,097.6 
Downstream (MMT CO2eq) ........................................................................................................................................................... 819.2 
Upstream (MMT CO2eq) ............................................................................................................................................................... 278.4 

Note: 
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554 U.S. EPA (2012) Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990–2010. EPA 430–R– 
12–001. Available at http://epa.gov/climatechange/ 
emissions/downloads12/US-GHG-Inventory-2012-
Main-Text.pdf. 

555 For a complete list of core references from 
IPCC, USGCRP/CCSP, NRC and others relied upon 
for development of the TSD for EPA’s 
Endangerment and Cause or Contribute Findings 

see Section 1(b), specifically, Table 1.1 of the TSD. 
(Docket EPA–HQ–OAR–2010–0799). 

556 ‘‘EPA’s Denial of the Petitions to Reconsider 
the Endangerment and Cause or Contribute 
Findings for Greenhouse Gases under Section 
202(a) of the Clean Air Act,’’ 75 FR 49,556 (Aug. 
13, 2010) (‘‘Reconsideration Denial’’). 

557 Intergovernmental Panel on Climate Change 
(IPCC). 2012: Managing the Risks of Extreme Events 
and Disasters to Advance Climate Change 
Adaptation. A Special Report of Working Groups I 
and II of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, 
UK, and New York, NY, USA. 

558 Intergovernmental Panel on Climate Change 
(IPCC). 2013. Climate Change 2013: The Physical 
Science Basis. Contribution of Working Group I to 
the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, 
Intergovernmental Panel on Climate Change (IPCC). 
2014. Climate Change 2014: Impacts, Adaptation, 
and Vulnerability. Contribution of Working Group 
II to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, 
Intergovernmental Panel on Climate Change (IPCC). 
2014. Climate Change 2014: Mitigation of Climate 
Change. Contribution of Working Group III to the 
Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University 
Press, Cambridge, United Kingdom and New York, 
NY, USA. 

559 Melillo, Jerry M., Terese (T.C.) Richmond, and 
Gary W. Yohe, Eds. 2014. Climate Change Impacts 
in the United States: The Third National Climate 
Assessment. U.S. Global Change Research Program. 
Available at http://nca2014.globalchange.gov. 

560 National Research Council (NRC). 2010. Ocean 
Acidification: A National Strategy to Meet the 
Challenges of a Changing Ocean. National 
Academies Press. Washington, DC. 

561 National Research Council (NRC). 2011. 
Climate Stabilization Targets: Emissions, 
Concentrations, and Impacts over Decades to 
Millennia. National Academies Press, Washington, 
DC. 

562 National Research Council (NRC) 2011. 
National Security Implications of Climate Change 
for U.S. Naval Forces. National Academies Press. 
Washington, DC. 

563 National Research Council (NRC). 2012. Sea- 
Level Rise for the Coasts of California, Oregon, and 

Continued 

a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 
1b, please see Section X.A.1. 

D. Climate Impacts and Indicators 

(1) Climate Change Impacts From GHG 
Emissions 

The impact of GHG emissions on the 
climate has been reviewed in the 2009 
Endangerment and Cause or Contribute 
Findings for Greenhouse Gases under 
Section 202(a) of the Clean Air Act, the 
2012–2016 light-duty vehicle 
rulemaking, the 2014–2018 heavy-duty 
vehicle GHG and fuel efficiency 
rulemaking, the 2017–2025 light-duty 
vehicle rulemaking, and the standards 
for new electricity utility generating 
units. See 74 FR 66496; 75 FR 25491; 76 
FR 57294; 77 FR 62894; 79 FR 1456– 
1459; 80 FR 64662. This section briefly 
discusses again some of the climate 
impact of EPA’s actions in context of 
transportation emissions. NHTSA has 
analyzed the climate impacts of its 
specific actions (i.e., excluding EPA’s 
HFC regulatory provisions) as well as 
reasonable alternatives in its DEIS that 
accompanies this final rules. DOT has 
considered the potential climate 
impacts documented in the DEIS as part 
of the rulemaking process. 

Once emitted, GHGs that are the 
subject of this regulation can remain in 
the atmosphere for decades to 
millennia, meaning that (1) their 
concentrations become well-mixed 
throughout the global atmosphere 
regardless of emission origin, and (2) 
their effects on climate are long lasting. 
GHG emissions come mainly from the 
combustion of fossil fuels (coal, oil, and 
gas), with additional contributions from 
the clearing of forests, agricultural 
activities, cement production, and some 
industrial activities. Transportation 
activities, in aggregate, were the second 
largest contributor to total U.S. GHG 
emissions in 2010 (27 percent of total 
emissions).554 

The EPA Administrator relied on 
thorough and peer-reviewed 
assessments of climate change science 
prepared by the Intergovernmental 
Panel on Climate Change (‘‘IPCC’’), the 
United States Global Change Research 
Program (‘‘USGCRP’’), and the National 
Research Council of the National 
Academies (‘‘NRC’’) 555 as the primary 

scientific and technical basis for the 
Endangerment and Cause or Contribute 
Findings for Greenhouse Gases Under 
Section 202(a) of the Clean Air Act (74 
FR 66496, December 15, 2009). These 
assessments comprehensively address 
the scientific issues the EPA 
Administrator had to examine, 
providing her data and information on 
a wide range of issues pertinent to the 
Endangerment Finding. These 
assessments have been rigorously 
reviewed by the expert community, and 
also by United States government 
agencies and scientists, including by 
EPA itself. 

Based on these assessments, the EPA 
Administrator determined that the 
emissions from new motor vehicles and 
engines contribute to elevated 
concentrations of greenhouse gases; that 
these greenhouse gases cause warming; 
that the recent warming has been 
attributed to the increase in greenhouse 
gases; and that warming of the climate 
endangers the public health and welfare 
of current and future generations. See 
Coalition for Responsible Regulation v. 
EPA, 684 F. 3d 102, 121 (D.C. Cir. 2012) 
(upholding all of EPA’s findings and 
stating ‘‘EPA had before it substantial 
record evidence that anthropogenic 
emissions of greenhouse gases ‘very 
likely’ caused warming of the climate 
over the last several decades. EPA 
further had evidence of current and 
future effects of this warming on public 
health and welfare. Relying again upon 
substantial scientific evidence, EPA 
determined that anthropogenically 
induced climate change threatens both 
public health and public welfare. It 
found that extreme weather events, 
changes in air quality, increases in food- 
and water-borne pathogens, and 
increases in temperatures are likely to 
have adverse health effects. The record 
also supports EPA’s conclusion that 
climate change endangers human 
welfare by creating risk to food 
production and agriculture, forestry, 
energy, infrastructure, ecosystems, and 
wildlife. Substantial evidence further 
supported EPA’s conclusion that the 
warming resulting from the greenhouse 
gas emissions could be expected to 
create risks to water resources and in 
general to coastal areas as a result of 
expected increase in sea level.’’) 

A number of major peer-reviewed 
scientific assessments have been 
released since the administrative record 

concerning the Endangerment Finding 
closed following EPA’s 2010 
Reconsideration Denial.556 These 
assessments include the ‘‘Special Report 
on Managing the Risks of Extreme 
Events and Disasters to Advance 
Climate Change Adaptation’’ 557, the 
2013–14 Fifth Assessment Report 
(AR5),558 the 2014 National Climate 
Assessment report,559 the ‘‘Ocean 
Acidification: A National Strategy to 
Meet the Challenges of a Changing 
Ocean,’’ 560 ‘‘Report on Climate 
Stabilization Targets: Emissions, 
Concentrations, and Impacts over 
Decades to Millennia,’’ 561 ‘‘National 
Security Implications for U.S. Naval 
Forces’’ (National Security 
Implications),562 ‘‘Understanding 
Earth’s Deep Past: Lessons for Our 
Climate Future,’’ 563 ‘‘Sea Level Rise for 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00357 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://epa.gov/climatechange/emissions/downloads12/US-GHG-Inventory-2012-Main-Text.pdf
http://epa.gov/climatechange/emissions/downloads12/US-GHG-Inventory-2012-Main-Text.pdf
http://epa.gov/climatechange/emissions/downloads12/US-GHG-Inventory-2012-Main-Text.pdf
http://nca2014.globalchange.gov


73834 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

Washington: Past, Present, and Future. National 
Academies Press. Washington, DC. 

564 National Research Council (NRC). 2012. Sea- 
Level Rise for the Coasts of California, Oregon, and 
Washington: Past, Present, and Future. National 
Academies Press. Washington, DC. 

565 National Research Council (NRC). 2013. 
Climate and Social Stress: Implications for Security 
Analysis. National Academies Press. Washington, 
DC. 

566 National Research Council (NRC). 2013. 
Abrupt Impacts of Climate Change: Anticipating 
Surprises. National Academies Press. Washington, 
DC. 

567 GCAM is a long-term, global integrated 
assessment model of energy, economy, agriculture 
and land use that considers the sources of 
emissions of a suite of greenhouse gases (GHG’s), 
emitted in 14 globally disaggregated regions, the 
fate of emissions to the atmosphere, and the 
consequences of changing concentrations of 
greenhouse related gases for climate change. GCAM 
begins with a representation of demographic and 
economic developments in each region and 
combines these with assumptions about technology 
development to describe an internally consistent 
representation of energy, agriculture, land-use, and 
economic developments that in turn shape global 
emissions. 

568 MAGICC consists of a suite of coupled gas- 
cycle, climate and ice-melt models integrated into 
a single framework. The framework allows the user 
to determine changes in greenhouse-gas 
concentrations, global-mean surface air temperature 
and sea-level resulting from anthropogenic 
emissions of carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), reactive gases (CO, NOX, 
VOCs), the halocarbons (e.g. HCFCs, HFCs, PFCs) 
and sulfur dioxide (SO2). MAGICC emulates the 
global-mean temperature responses of more 
sophisticated coupled Atmosphere/Ocean General 
Circulation Models (AOGCMs) with high accuracy. 

the Coasts of California, Oregon, and 
Washington: Past, Present, and 
Future,’’ 564 ‘‘Climate and Social Stress: 
Implications for Security Analysis,’’ 565 
and ‘‘Abrupt Impacts of Climate 
Change’’ (Abrupt Impacts) 
assessments.566 

EPA has reviewed these assessments 
and finds that, in general, the improved 
understanding of the climate system 
they present is consistent with the 
assessments underlying the 2009 
Endangerment Finding. 

The most recent assessments released 
were the IPCC AR5 assessments 
between September 2013 and April 
2014, the NRC Abrupt Impacts 
assessment in December of 2013, and 
the U.S. National Climate Assessment in 
May of 2014. The NRC Abrupt Impacts 
report examines the potential for tipping 
points, thresholds beyond which major 
and rapid changes occur in the Earth’s 
climate system or other systems 
impacted by the climate. The Abrupt 
Impacts report did find less cause for 
concern than some previous 
assessments regarding some abrupt 
events within the next century, such as 
disruption of the Atlantic Meridional 
Overturning Circulation (AMOC) and 
sudden releases of high-latitude 
methane from hydrates and permafrost, 
but found that the potential for abrupt 
changes in ecosystems, weather and 
climate extremes, and groundwater 
supplies critical for agriculture now 
seem more likely, severe, and imminent. 
The assessment found that some abrupt 
changes were already underway (Arctic 
sea ice retreat and increases in 
extinction risk due to the speed of 
climate change) but cautioned that even 
abrupt changes such as the AMOC 
disruption that are not expected in this 
century can have severe impacts when 
they happen. 

The IPCC AR5 assessments are also 
generally consistent with the underlying 
science supporting the 2009 
Endangerment Finding. For example, 
confidence in attributing recent 
warming to human causes has 
increased: The IPCC stated that it is 
extremely likely (≤95 percent 
confidence) that human influences have 

been the dominant cause of recent 
warming. Moreover, the IPCC found that 
the last 30 years were likely (≤66 
percent confidence) the warmest 30 year 
period in the Northern Hemisphere of 
the past 1400 years, that the rate of ice 
loss of worldwide glaciers and the 
Greenland and Antarctic ice sheets has 
likely increased, that there is medium 
confidence that the recent summer sea 
ice retreat in the Arctic is larger than it 
has been in 1450 years, and that 
concentrations of carbon dioxide and 
several other of the major greenhouse 
gases are higher than they have been in 
at least 800,000 years. Climate-change 
induced impacts have been observed in 
changing precipitation patterns, melting 
snow and ice, species migration, 
negative impacts on crops, increased 
heat and decreased cold mortality, and 
altered ranges for water-borne illnesses 
and disease vectors. Additional risks 
from future changes include death, 
injury, and disrupted livelihoods in 
coastal zones and regions vulnerable to 
inland flooding, food insecurity linked 
to warming, drought, and flooding, 
especially for poor populations, reduced 
access to drinking and irrigation water 
for those with minimal capital in semi- 
arid regions, and decreased biodiversity 
in marine ecosystems, especially in the 
Arctic and tropics, with implications for 
coastal livelihoods. The IPCC 
determined that ‘‘[c]ontinued emissions 
of greenhouse gases will cause further 
warming and changes in all components 
of the climate system. Limiting climate 
change will require substantial and 
sustained reductions of greenhouse 
gases emissions.’’ 

Finally, the recently released National 
Climate Assessment stated, ‘‘Climate 
change is already affecting the American 
people in far reaching ways. Certain 
types of extreme weather events with 
links to climate change have become 
more frequent and/or intense, including 
prolonged periods of heat, heavy 
downpours, and, in some regions, floods 
and droughts. In addition, warming is 
causing sea level to rise and glaciers and 
Arctic sea ice to melt, and oceans are 
becoming more acidic as they absorb 
carbon dioxide. These and other aspects 
of climate change are disrupting 
people’s lives and damaging some 
sectors of our economy.’’ 

Assessments from these bodies 
represent the current state of 
knowledge, comprehensively cover and 
synthesize thousands of individual 
studies to obtain the majority 
conclusions from the body of scientific 
literature and undergo a rigorous and 
exacting standard of review by the peer 
expert community and U.S. government. 

Based on modeling analysis 
performed by the agencies, reductions 
in CO2 and other GHG emissions 
associated with these final rules will 
affect future climate change. Since 
GHGs are well-mixed in the atmosphere 
and have long atmospheric lifetimes, 
changes in GHG emissions will affect 
atmospheric concentrations of 
greenhouse gases and future climate for 
decades to millennia, depending on the 
gas. This section provides estimates of 
the projected change in atmospheric 
CO2 concentrations based on the 
emission reductions estimated for these 
final rules, compared to the reference 
case. In addition, this section analyzes 
the response to the changes in GHG 
concentrations of the following climate- 
related variables: Global mean 
temperature, sea level rise, and ocean 
pH. 

(2) Projected Change in Atmospheric 
CO2 Concentrations, Global Mean 
Surface Temperature and Sea Level Rise 

To assess the impact of the emissions 
reductions from the final rules, EPA 
estimated changes in projected 
atmospheric CO2 concentrations, global 
mean surface temperature and sea-level 
rise to 2100 using the GCAM (Global 
Change Assessment Model, formerly 
MiniCAM), integrated assessment 
model 567 coupled with the MAGICC 
(Model for the Assessment of 
Greenhouse-gas Induced Climate 
Change) simple climate model.568 
GCAM was used to create the globally 
and temporally consistent set of climate 
relevant emissions required for running 
MAGICC. MAGICC was then used to 
estimate the projected change in 
relevant climate variables over time. 
Given the magnitude of the estimated 
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569 National Research Council (NRC) (2011). 
Climate Stabilization Targets: Emissions, 
Concentrations, and Impacts over Decades to 
Millennia. National Academy Press. Washington, 
DC. (Docket EPA–HQ–OAR–2010–0799). 

emissions reductions associated with 
these rules, a simple climate model such 
as MAGICC is appropriate for estimating 
the atmospheric and climate response. 

The analysis projects that the final 
rules will reduce atmospheric 
concentrations of CO2, global climate 
warming, ocean acidification, and sea 
level rise relative to the reference case. 
Although the projected reductions and 
improvements are small in comparison 
to the total projected climate change, 
they are quantifiable, directionally 
consistent, and will contribute to 
reducing the risks associated with 
climate change. Climate change is a 
global phenomenon, and EPA 

recognizes that this one national action 
alone will not prevent it; EPA notes this 
would be true for any given GHG 
mitigation action when taken alone or 
when considered in isolation. EPA also 
notes that a substantial portion of CO2 
emitted into the atmosphere is not 
removed by natural processes for 
millennia, and therefore each unit of 
CO2 not emitted into the atmosphere 
due to this rules avoids essentially 
permanent climate change on centennial 
time scales. 

EPA determines that the projected 
reductions in atmospheric CO2, global 
mean temperature, sea level rise, and 
ocean pH are meaningful in the context 

of this action. The results of the 
analysis, summarized in Table VII–25, 
demonstrate that relative to the 
reference case, by 2100 projected 
atmospheric CO2 concentrations are 
estimated to be reduced by 1.2 to 1.3 
part per million by volume (ppmv), 
global mean temperature is estimated to 
be reduced by 0.0027 to 0.0065 °C, and 
sea-level rise is projected to be reduced 
by approximately 0.026 to 0.058 cm, 
based on a range of climate sensitivities 
(described below). Details about this 
modeling analysis can be found in the 
RIA Chapter 6.3. 

TABLE VII–25—IMPACT OF GHG EMISSIONS REDUCTIONS ON PROJECTED CHANGES IN GLOBAL CLIMATE ASSOCIATED 
WITH PHASE 2 STANDARDS FOR MY 2018–2024 
[Based on a range of climate sensitivities from 1.5–6 °C] 

Variable Units Year Projected change 

Atmospheric CO2 Concentration ............................................................... ppmv 2100 ¥1.2 to ¥1.3 
Global Mean Surface Temperature ........................................................... °C 2100 ¥0.0027 to ¥0.0065 
Sea Level Rise .......................................................................................... cm 2100 ¥0.026 to ¥0.058 
Ocean pH ................................................................................................... pH units 2100 +0.0006 a 

Note: 
a The value for projected change in ocean pH is based on a climate sensitivity of 3.0. 

The projected reductions are small 
relative to the change in temperature 
(1.8–4.8 °C), CO2 concentration (404 to 
470 ppm), sea level rise (23–56 cm), and 
ocean acidity (¥0.30 pH units) from 
1990 to 2100 from the MAGICC 
simulations for the GCAM reference 
case. However, this is to be expected 
given the magnitude of emissions 
reductions expected from the program 
in the context of global emissions. 
Moreover, these effects are occurring 
everywhere around the globe, so 
benefits that appear to be marginal for 
any one location, such as a reduction in 
sea level rise of half a millimeter, can be 
sizable when the effects are summed 
along thousands of miles of coastline. 
This uncertainty range does not include 
the effects of uncertainty in future 
emissions. It should also be noted that 
the calculations in MAGICC do not 
include the possible effects of 
accelerated ice flow in Greenland and/ 
or Antarctica: estimates of sea level rise 
from the recent NRC, IPCC, and NCA 
assessments range from 26 cm to 2 
meters depending on the emissions 
scenario, the processes included, and 
the likelihood range assessed; inclusion 
of these effects would lead to 
correspondingly larger benefits of 
mitigation. Further discussion of EPA’s 
modeling analysis is found in the RIA, 
Chapter 6.3. 

Based on the projected atmospheric 
CO2 concentration reductions resulting 

from these final rules, EPA calculates an 
increase in ocean pH of 0.0006 pH units 
in 2100 relative to the baseline case (this 
is a reduction in the expected 
acidification of the ocean of a decrease 
of 0.3 pH units from 1990 to 2100 in the 
baseline case). Thus, this analysis 
indicates the projected decrease in 
atmospheric CO2 concentrations from 
the Phase 2 standards will result in an 
increase in ocean pH (i.e., a reduction in 
the expected acidification of the ocean 
in the reference case). A more detailed 
discussion of the modeling analysis 
associated with ocean pH is provided in 
the RIA, Chapter 6.3. 

The 2011 NRC assessment on 
‘‘Climate Stabilization Targets: 
Emissions, Concentrations, and Impacts 
over Decades to Millennia’’ determined 
how a number of climate impacts—such 
as heaviest daily rainfalls, crop yields, 
and Arctic sea ice extent—would 
change with a temperature change of 1 
degree Celsius (C) of warming. These 
relationships of impacts with 
temperature change could be combined 
with the calculated reductions in 
warming in Table VII–25 to estimate 
changes in these impacts associated 
with this final rulemaking. 

As a substantial portion of CO2 
emitted into the atmosphere is not 
removed by natural processes for 
millennia, each unit of CO2 not emitted 
into the atmosphere avoids some degree 
of effectively permanent climate change. 

Therefore, reductions in emissions in 
the near term are important in 
determining climate impacts 
experienced not just over the next 
decades but over thousands of years.569 
Though the magnitude of the avoided 
climate change projected here in 
isolation is small in comparison to the 
total projected changes, these reductions 
represent a reduction in the adverse 
risks associated with climate change 
(though these risks were not formally 
estimated for this action) across a range 
of equilibrium climate sensitivities. In 
addition, these reductions are part of a 
larger suite of domestic and 
international mitigation actions, and 
should be considered in that context. 

EPA’s analysis of this final rule’s 
impact on global climate conditions is 
intended to quantify these potential 
reductions using the best available 
science. EPA’s modeling results show 
consistent reductions relative to the 
baseline case in changes of CO2 
concentration, temperature, sea-level 
rise, and ocean pH over the next 
century. 
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570 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. Figure 3–1. 

571 Regulatory definitions of PM size fractions, 
and information on reference and equivalent 
methods for measuring PM in ambient air, are 

provided in 40 CFR parts 50, 53, and 58. With 
regard to national ambient air quality standards 
(NAAQS) which provide protection against health 
and welfare effects, the 24-hour PM10 standard 
provides protection against effects associated with 
short-term exposure to thoracic coarse particles 
(i.e., PM10–2.5). 

572 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. 

573 The ISA also evaluated evidence for PM 
components but did not reach causal 
determinations for components. 

574 The causal framework draws upon the 
assessment and integration of evidence from across 
epidemiological, controlled human exposure, and 
toxicological studies, and the related uncertainties 
that ultimately influence our understanding of the 
evidence. This framework employs a five-level 
hierarchy that classifies the overall weight of 
evidence and causality using the following 
categorizations: causal relationship, likely to be 
causal relationship, suggestive of a causal 
relationship, inadequate to infer a causal 
relationship, and not likely to be a causal 
relationship (U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Table 1–3). 

575 78 FR 3103–3104, January 15, 2013. 
576 77 FR 38906–38911, June 29, 2012. 
577 These causal inferences are based not only on 

the more expansive epidemiological evidence 
available in this review but also reflect 
consideration of important progress that has been 
made to advance our understanding of a number of 
potential biologic modes of action or pathways for 
PM-related cardiovascular and respiratory effects 
(U.S. EPA. (2009). Integrated Science Assessment 
for Particulate Matter (Final Report). U.S. 
Environmental Protection Agency, Washington, DC, 
EPA/600/R–08/139F, Chapter 5). 

578 78 FR 3103–3104, January 15, 2013. 
579 U.S. EPA. (2009). Integrated Science 

Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Chapter 6 
(Section 6.5) and Chapter 7 (Section 7.6). 

VIII. How will these rules impact non- 
GHG emissions and their associated 
effects? 

The heavy-duty vehicle standards are 
expected to influence the emissions of 
criteria air pollutants and several 
hazardous air pollutants (air toxics). 
This section describes the projected 
impacts of the final rules on non-GHG 
emissions and air quality and the health 
and environmental effects associated 
with these pollutants. NHTSA further 
analyzes these projected health and 
environmental effects resulting from its 
final rules and reasonable alternatives in 
Chapter 4 of its FEIS. 

A. Health Effects of Non-GHG Pollutants 

In this section, we discuss health 
effects associated with exposure to some 
of the criteria and air toxic pollutants 
impacted by the final heavy-duty 
vehicle standards. 

(1) Particulate Matter 

(a) Background 

Particulate matter is a highly complex 
mixture of solid particles and liquid 
droplets distributed among numerous 
atmospheric gases which interact with 
solid and liquid phases. Particles range 
in size from those smaller than 1 
nanometer (10¥9 meter) to over 100 
micrometers (mm, or 10¥6 meter) in 
diameter (for reference, a typical strand 
of human hair is 70 mm in diameter and 
a grain of salt is about 100 mm). 
Atmospheric particles can be grouped 
into several classes according to their 
aerodynamic and physical sizes. 
Generally, the three broad classes of 
particles include ultrafine particles 
(UFPs, generally considered as 
particulates with a diameter less than or 
equal to 0.1 mm [typically based on 
physical size, thermal diffusivity or 
electrical mobility])), ‘‘fine’’ particles 
(PM2.5; particles with a nominal mean 
aerodynamic diameter less than or equal 
to 2.5 mm), and ‘‘thoracic’’ particles 
(PM10; particles with a nominal mean 
aerodynamic diameter less than or equal 
to 10 mm).570 Particles that fall within 
the size range between PM2.5 and PM10, 
are referred to as ‘‘thoracic coarse 
particles’’ (PM10–2.5, particles with a 
nominal mean aerodynamic diameter 
less than or equal to 10 mm and greater 
than 2.5 mm). EPA currently has 
standards that regulate PM2.5 and 
PM10.571 

Particles span many sizes and shapes 
and may consist of hundreds of different 
chemicals. Particles are emitted directly 
from sources and are also formed 
through atmospheric chemical 
reactions; the former are often referred 
to as ‘‘primary’’ particles, and the latter 
as ‘‘secondary’’ particles. Particle 
concentration and composition varies 
by time of year and location, and, in 
addition to differences in source 
emissions, is affected by several 
weather-related factors, such as 
temperature, clouds, humidity, and 
wind. A further layer of complexity 
comes from particles’ ability to shift 
between solid/liquid and gaseous 
phases, which is influenced by 
concentration and meteorology, 
especially temperature. 

Fine particles are produced primarily 
by combustion processes and by 
transformations of gaseous emissions 
(e.g., sulfur oxides (SOX), oxides of 
nitrogen, and volatile organic 
compounds (VOC)) in the atmosphere. 
The chemical and physical properties of 
PM2.5 may vary greatly with time, 
region, meteorology, and source 
category. Thus, PM2.5 may include a 
complex mixture of different 
components including sulfates, nitrates, 
organic compounds, elemental carbon 
and metal compounds. These particles 
can remain in the atmosphere for days 
to weeks and travel hundreds to 
thousands of kilometers. 

(b) Health Effects of PM 

Scientific studies show exposure to 
ambient PM is associated with a broad 
range of health effects. These health 
effects are discussed in detail in the 
Integrated Science Assessment for 
Particulate Matter (PM ISA), which was 
finalized in December 2009.572 The PM 
ISA summarizes health effects evidence 
for short- and long-term exposures to 
PM2.5, PM10¥2.5, and ultrafine 
particles.573 The PM ISA concludes that 
human exposures to ambient PM2.5 are 
associated with a number of adverse 
health effects and characterizes the 
weight of evidence for broad health 
categories (e.g., cardiovascular effects, 

respiratory effects, etc.).574 The 
discussion below highlights the PM 
ISA’s conclusions pertaining to health 
effects associated with both short- and 
long-term PM exposures. Further 
discussion of health effects associated 
with PM can also be found in the 
rulemaking documents for the most 
recent review of the PM NAAQS 
completed in 2012.575 576 

EPA has concluded that ‘‘a causal 
relationship exists’’ between both long- 
and short-term exposures to PM2.5 and 
premature mortality and cardiovascular 
effects and that ‘‘a causal relationship is 
likely to exist’’ between long- and short- 
term PM2.5 exposures and respiratory 
effects. Further, there is evidence 
‘‘suggestive of a causal relationship’’ 
between long-term PM2.5 exposures and 
other health effects, including 
developmental and reproductive effects 
(e.g., low birth weight, infant mortality) 
and carcinogenic, mutagenic, and 
genotoxic effects (e.g., lung cancer 
mortality).577 

As summarized in the final rule 
resulting from the last review (2012) of 
the PM NAAQS, and discussed 
extensively in the 2009 p.m. ISA, the 
available scientific evidence 
significantly strengthens the link 
between long- and short-term exposure 
to PM2.5 and mortality, while providing 
indications that the magnitude of the 
PM2.5- mortality association with long- 
term exposures may be larger than 
previously estimated.578 579 The 
strongest evidence comes from recent 
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580 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Chapter 2 
(Section 2.3.1 and 2.3.2) and Chapter 6. 

581 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Chapter 2 
(Section 2.3.1 and 2.3.2) and Chapter 6. 

582 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F, Chapter 2 
(Section 2.3.1 and 2.3.2) and Chapter 7. 

583 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. pg 2–13. 

584 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. pg 2–26. 

585 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. Section 2.3.4 
and Table 2–6. 

586 78 FR 3167–3168, January 15, 2013. 
587 77 FR 38947–38951, June 29, 2012. 

588 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. Section 2.3.5 
and Table 2–6. 

589 78 FR 3121, January 15, 2013. 
590 U.S. EPA. (2009). Integrated Science 

Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. Chapter 8 
and Chapter 2. 

591 77 FR 38890, June 29, 2012. 
592 78 FR 3104, January 15, 2013. 
593 U.S. EPA. (2011). Policy Assessment for the 

Review of the PM NAAQS. U.S. Environmental 
Protection Agency, Washington, DC, EPA/452/R– 
11–003. Section 2.2.1. 

594 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. Chapter 8 
and Chapter 2 (Section 2.4.1). 

studies investigating long-term exposure 
to PM2.5 and cardiovascular-related 
mortality. The evidence supporting a 
causal relationship between long-term 
PM2.5 exposure and mortality also 
includes consideration of studies that 
demonstrated an improvement in 
community health following reductions 
in ambient fine particles. 

Several studies evaluated in the 2009 
p.m. ISA have examined the association 
between cardiovascular effects and long- 
term PM2.5 exposures in multi-city 
epidemiological studies conducted in 
the U.S. and Europe. These studies have 
provided new evidence linking long- 
term exposure to PM2.5 with an array of 
cardiovascular effects such as heart 
attacks, congestive heart failure, stroke, 
and mortality. This evidence is coherent 
with studies of effects associated with 
short-term exposure to PM2.5 that have 
observed associations with a continuum 
of effects ranging from subtle changes in 
indicators of cardiovascular health to 
serious clinical events, such as 
increased hospitalizations and 
emergency department visits due to 
cardiovascular disease and 
cardiovascular mortality.580 

As detailed in the 2009 p.m. ISA, 
extended analyses of seminal 
epidemiological studies, as well as more 
recent epidemiological studies 
conducted in the U.S. and abroad, 
provide strong evidence of respiratory- 
related morbidity effects associated with 
long-term PM2.5 exposure. The strongest 
evidence for respiratory-related effects 
is from studies that evaluated 
decrements in lung function growth (in 
children), increased respiratory 
symptoms, and asthma development. 
The strongest evidence from short-term 
PM2.5 exposure studies has been 
observed for increased respiratory- 
related emergency department visits and 
hospital admissions for chronic 
obstructive pulmonary disease (COPD) 
and respiratory infections.581 

The body of scientific evidence 
detailed in the 2009 PM ISA is still 
limited with respect to associations 
between long-term PM2.5 exposures and 
developmental and reproductive effects 
as well as cancer, mutagenic, and 
genotoxic effects. The strongest 
evidence for an association between 
PM2.5 and developmental and 

reproductive effects comes from 
epidemiological studies of low birth 
weight and infant mortality, especially 
due to respiratory causes during the 
post-neonatal period (i.e., 1 month to 12 
months of age).582 With regard to cancer 
effects, ‘‘[m]ultiple epidemiologic 
studies have shown a consistent 
positive association between PM2.5 and 
lung cancer mortality, but studies have 
generally not reported associations 
between PM2.5 and lung cancer 
incidence.’’ 583 

In addition to evaluating the health 
effects attributed to short- and long-term 
exposure to PM2.5, the 2009 PM ISA also 
evaluated whether specific components 
or sources of PM2.5 are more strongly 
associated with specific health effects. 
An evaluation of those studies resulted 
in the 2009 PM ISA concluding that 
‘‘many [components] of PM can be 
linked with differing health effects and 
the evidence is not yet sufficient to 
allow differentiation of those 
[components] or sources that are more 
closely related to specific health 
outcomes.’’ 584 

For PM10–2.5, the 2009 PM ISA 
concluded that available evidence was 
‘‘suggestive of a causal relationship’’ 
between short-term exposures to 
PM10–2.5 and cardiovascular effects (e.g., 
hospital admissions and Emergency 
Department (ED) visits, changes in 
cardiovascular function), respiratory 
effects (e.g., ED visits and hospital 
admissions, increase in markers of 
pulmonary inflammation), and 
premature mortality. The scientific 
evidence was ‘‘inadequate to infer a 
causal relationship’’ between long-term 
exposure to PM10–2.5 and various health 
effects.585 586 587 

For UFPs, the 2009 PM ISA 
concluded that the evidence was 
‘‘suggestive of a causal relationship’’ 
between short-term exposures and 
cardiovascular effects, including 
changes in heart rhythm and vasomotor 
function (the ability of blood vessels to 

expand and contract). It also concluded 
that there was evidence ‘‘suggestive of a 
causal relationship’’ between short-term 
exposure to UFPs and respiratory 
effects, including lung function and 
pulmonary inflammation, with limited 
and inconsistent evidence for increases 
in ED visits and hospital admissions. 
Scientific evidence was ‘‘inadequate to 
infer a causal relationship’’ between 
short-term exposure to UFPs and 
additional health effects including 
premature mortality as well as long-term 
exposure to UFPs and all health 
outcomes evaluated.588 589 

The 2009 PM ISA conducted an 
evaluation of specific groups within the 
general population potentially at 
increased risk for experiencing adverse 
health effects related to PM 
exposures.590 591 592 593 The evidence 
detailed in the 2009 PM ISA expands 
our understanding of previously 
identified at-risk populations and 
lifestages (i.e., children, older adults, 
and individuals with pre-existing heart 
and lung disease) and supports the 
identification of additional at-risk 
populations (e.g., persons with lower 
socioeconomic status, genetic 
differences). Additionally, there is 
emerging, though still limited, evidence 
for additional potentially at-risk 
populations and lifestages, such as those 
with diabetes, people who are obese, 
pregnant women, and the developing 
fetus.594 

(2) Ozone 

(a) Background 
Ground-level ozone pollution is 

typically formed through reactions 
involving VOC and NOX in the lower 
atmosphere in the presence of sunlight. 
These pollutants, often referred to as 
ozone precursors, are emitted by many 
types of pollution sources, such as 
highway and nonroad motor vehicles 
and engines, power plants, chemical 
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595 Human exposure to ozone varies over time 
due to changes in ambient ozone concentration and 
because people move between locations which have 
notable different ozone concentrations. Also, the 
amount of ozone delivered to the lung is not only 
influenced by the ambient concentrations but also 
by the individuals breathing route and rate. 

596 U.S. EPA. Integrated Science Assessment of 
Ozone and Related Photochemical Oxidants (Final 
Report). U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–10/076F, 2013. The 
ISA is available at http://cfpub.epa.gov/ncea/isa/
recordisplay.cfm?deid=247492#Download. 

597 The ISA evaluates evidence and draws 
conclusions on the causal nature of relationship 
between relevant pollutant exposures and health 
effects, assigning one of five ‘‘weight of evidence’’ 
determinations: causal relationship, likely to be a 
causal relationship, suggestive of, but not sufficient 
to infer, a causal relationship, inadequate to infer 
a causal relationship, and not likely to be a causal 
relationship. For more information on these levels 
of evidence, please refer to Table II in the Preamble 
of the ISA. 

598 U.S. EPA. Integrated Science Assessment for 
Oxides of Nitrogen—Health Criteria (2016 Final 
Report). U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–15/068, 2016. 

plants, refineries, makers of consumer 
and commercial products, industrial 
facilities, and smaller area sources. 

The science of ozone formation, 
transport, and accumulation is complex. 
Ground-level ozone is produced and 
destroyed in a cyclical set of chemical 
reactions, many of which are sensitive 
to temperature and sunlight. When 
ambient temperatures and sunlight 
levels remain high for several days and 
the air is relatively stagnant, ozone and 
its precursors can build up and result in 
more ozone than typically occurs on a 
single high-temperature day. Ozone and 
its precursors can be transported 
hundreds of miles downwind from 
precursor emissions, resulting in 
elevated ozone levels even in areas with 
low local VOC or NOX emissions. 

(b) Health Effects of Ozone 
This section provides a summary of 

the health effects associated with 
exposure to ambient concentrations of 
ozone.595 The information in this 
section is based on the information and 
conclusions in the February 2013 
Integrated Science Assessment for 
Ozone (Ozone ISA), which formed the 
basis for EPA’s revision to the primary 
and secondary standards in 2015.596 
The Ozone ISA concludes that human 
exposures to ambient concentrations of 
ozone are associated with a number of 
adverse health effects and characterizes 
the weight of evidence for these health 
effects.597 The discussion below 
highlights the Ozone ISA’s conclusions 
pertaining to health effects associated 
with both short-term and long-term 
periods of exposure to ozone. 

For short-term exposure to ozone, the 
Ozone ISA concludes that respiratory 
effects, including lung function 
decrements, pulmonary inflammation, 
exacerbation of asthma, respiratory- 
related hospital admissions, and 

mortality, are causally associated with 
ozone exposure. It also concludes that 
cardiovascular effects, including 
decreased cardiac function and 
increased vascular disease, and total 
mortality are likely to be causally 
associated with short-term exposure to 
ozone and that evidence is suggestive of 
a causal relationship between central 
nervous system effects and short-term 
exposure to ozone. 

For long-term exposure to ozone, the 
Ozone ISA concludes that respiratory 
effects, including new onset asthma, 
pulmonary inflammation and injury, are 
likely to be causally related with ozone 
exposure. The Ozone ISA characterizes 
the evidence as suggestive of a causal 
relationship for associations between 
long-term ozone exposure and 
cardiovascular effects, reproductive and 
developmental effects, central nervous 
system effects and total mortality. The 
evidence is inadequate to infer a causal 
relationship between chronic ozone 
exposure and increased risk of lung 
cancer. 

Finally, inter-individual variation in 
human responses to ozone exposure can 
result in some groups being at increased 
risk for detrimental effects in response 
to exposure. In addition, some groups 
are at increased risk of exposure due to 
their activities, such as outdoor workers 
or children. The Ozone ISA identified 
several groups that are at increased risk 
for ozone-related health effects. These 
groups are people with asthma, children 
and older adults, individuals with 
reduced intake of certain nutrients (i.e., 
Vitamins C and E), outdoor workers, 
and individuals having certain genetic 
variants related to oxidative metabolism 
or inflammation. Ozone exposure 
during childhood can have lasting 
effects through adulthood. Such effects 
include altered function of the 
respiratory and immune systems. 
Children absorb higher doses 
(normalized to lung surface area) of 
ambient ozone, compared to adults, due 
to their increased time spent outdoors, 
higher ventilation rates relative to body 
size, and a tendency to breathe a greater 
fraction of air through the mouth. 
Children also have a higher asthma 
prevalence compared to adults. 
Additional children’s vulnerability and 
susceptibility factors are listed in 
Section XIV. 

(3) Nitrogen Oxides 

(a) Background 

Oxides of nitrogen (NOX) refers to 
nitric oxide and nitrogen dioxide (NO2). 
For the NOX NAAQS, NO2 is the 
indicator. Most NO2 is formed in the air 
through the oxidation of nitric oxide 

(NO) emitted when fuel is burned at a 
high temperature. NOX is also a major 
contributor to secondary PM2.5 
formation. The health effects of ambient 
PM are discussed in Section VIII.A.1.b 
of this Preamble. NOX and VOC are the 
two major precursors of ozone. The 
health effects of ozone are covered in 
Section VIII.A.2.b. 

(b) Health Effects of Nitrogen Oxides 

The most recent review of the health 
effects of oxides of nitrogen completed 
by EPA can be found in the 2016 
Integrated Science Assessment for 
Oxides of Nitrogen—Health Criteria 
(Oxides of Nitrogen ISA).598 The 
primary source of NO2 is motor vehicle 
emissions, and ambient NO2 
concentrations tend to be highly 
correlated with other traffic-related 
pollutants. Thus, a key issue in 
characterizing the causality of NO2- 
health effect relationships was 
evaluating the extent to which studies 
supported an effect of NO2 that is 
independent of other traffic-related 
pollutants. EPA concluded that the 
findings for asthma exacerbation 
integrated from epidemiologic and 
controlled human exposure studies 
provided evidence that is sufficient to 
infer a causal relationship between 
respiratory effects and short-term NO2 
exposure. The strongest evidence 
supporting an independent effect of NO2 
exposure comes from controlled human 
exposure studies demonstrating 
increased airway responsiveness in 
individuals with asthma following 
ambient-relevant NO2 exposures. The 
coherence of this evidence with 
epidemiologic findings for asthma 
hospital admissions and ED visits as 
well as lung function decrements and 
increased pulmonary inflammation in 
children with asthma describe a 
plausible pathway by which NO2 
exposure can cause an asthma 
exacerbation. The 2016 ISA for Oxides 
of Nitrogen also concluded that there is 
likely to be a causal relationship 
between long-term NO2 exposure and 
respiratory effects. This conclusion is 
based on new epidemiologic evidence 
for associations of NO2 with asthma 
development in children combined with 
biological plausibility from 
experimental studies. 

In evaluating a broader range of health 
effects, the 2016 ISA for Oxides of 
Nitrogen concluded evidence is 
‘‘suggestive of, but not sufficient to 
infer, a causal relationship’’ between 
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599 U.S. EPA. (2008). Integrated Science 
Assessment (ISA) for Sulfur Oxides—Health 
Criteria (Final Report). EPA/600/R–08/047F. 
Washington, DC: U.S. Environmental Protection 
Agency. 

600 U.S. EPA, (2010). Integrated Science 
Assessment for Carbon Monoxide (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–09/019F, 2010. 
Available at http://cfpub.epa.gov/ncea/cfm/
recordisplay.cfm?deid=218686. See Section 2.1. 

601 U.S. EPA, (2010). Integrated Science 
Assessment for Carbon Monoxide (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–09/019F, 2010. 
Available at http://cfpub.epa.gov/ncea/cfm/
recordisplay.cfm?deid=218686. 

602 The ISA evaluates the health evidence 
associated with different health effects, assigning 
one of five ‘‘weight of evidence’’ determinations: 
causal relationship, likely to be a causal 
relationship, suggestive of a causal relationship, 
inadequate to infer a causal relationship, and not 
likely to be a causal relationship. For definitions of 
these levels of evidence, please refer to Section 1.6 
of the ISA. 

603 Personal exposure includes contributions from 
many sources, and in many different environments. 
Total personal exposure to CO includes both 
ambient and nonambient components; and both 
components may contribute to adverse health 
effects. 

short-term NO2 exposure and 
cardiovascular effects and mortality and 
between long-term NO2 exposure and 
cardiovascular effects and diabetes, 
birth outcomes, and cancer. In addition, 
the scientific evidence is inadequate 
(insufficient consistency of 
epidemiologic and toxicological 
evidence) to infer a causal relationship 
for long-term NO2 exposure with 
fertility, reproduction, and pregnancy, 
as well as with postnatal development. 
A key uncertainty in understanding the 
relationship between these non- 
respiratory health effects and short- or 
long-term exposure to NO2 is 
copollutant confounding, particularly 
by other roadway pollutants. The 
available evidence for non-respiratory 
health effects does not adequately 
address whether NO2 has an 
independent effect or whether it 
primarily represents effects related to 
other or a mixture of traffic-related 
pollutants. 

The 2016 ISA for Oxides of Nitrogen 
concluded that people with asthma, 
children, and older adults are at 
increased risk for NO2-related health 
effects. In these groups and lifestages, 
NO2 is consistently related to larger 
effects on outcomes related to asthma 
exacerbation, for which there is 
confidence in the relationship with NO2 
exposure. 

(4) Sulfur Oxides 

(a) Background 

Sulfur dioxide (SO2), a member of the 
sulfur oxide (SOX) family of gases, is 
formed from burning fuels containing 
sulfur (e.g., coal or oil derived), 
extracting gasoline from oil, or 
extracting metals from ore. SO2 and its 
gas phase oxidation products can 
dissolve in water droplets and further 
oxidize to form sulfuric acid which 
reacts with ammonia to form sulfates, 
which are important components of 
ambient PM. The health effects of 
ambient PM are discussed in Section 
VIII.A.1.b of this Preamble. 

(b) Health Effects of SO2 

Information on the health effects of 
SO2 can be found in the 2008 Integrated 
Science Assessment for Sulfur Oxides— 
Health Criteria (SOX ISA).599 Short-term 
peaks (5–10 minutes) of SO2 have long 
been known to cause adverse respiratory 
health effects, particularly among 
individuals with asthma. In addition to 
those with asthma (both children and 

adults), potentially at-risk lifestages 
include all children and the elderly. 
During periods of elevated ventilation, 
asthmatics may experience symptomatic 
bronchoconstriction within minutes of 
exposure. Following an extensive 
evaluation of health evidence from 
epidemiologic and laboratory studies, 
EPA concluded that there is a causal 
relationship between respiratory health 
effects and short-term exposure to SO2. 
Separately, based on an evaluation of 
the epidemiologic evidence of 
associations between short-term 
exposure to SO2 and mortality, EPA 
concluded that the overall evidence is 
suggestive of a causal relationship 
between short-term exposure to SO2 and 
mortality. Additional information on the 
health effects of SO2 is available in 
Chapter 6.1.1.4.2 of the RIA. 

(5) Carbon Monoxide 

(a) Background 
Carbon monoxide (CO) is a colorless, 

odorless gas emitted from combustion 
processes. Nationally, particularly in 
urban areas, the majority of CO 
emissions to ambient air come from 
mobile sources.600 

(b) Health Effects of Carbon Monoxide 
Information on the health effects of 

CO can be found in the January 2010 
Integrated Science Assessment for 
Carbon Monoxide (CO ISA).601 The CO 
ISA presents conclusions regarding the 
presence of causal relationships 
between CO exposure and categories of 
adverse health effects.602 This section 
provides a summary of the health effects 
associated with exposure to ambient 
concentrations of CO, along with the 
ISA conclusions.603 

Controlled human exposure studies of 
subjects with coronary artery disease 

show a decrease in the time to onset of 
exercise-induced angina (chest pain) 
and electrocardiogram changes 
following CO exposure. In addition, 
epidemiologic studies observed 
associations between short-term CO 
exposure and cardiovascular morbidity, 
particularly increased emergency room 
visits and hospital admissions for 
coronary heart disease (including 
ischemic heart disease, myocardial 
infarction, and angina). Some 
epidemiologic evidence is also available 
for increased hospital admissions and 
emergency room visits for congestive 
heart failure and cardiovascular disease 
as a whole. The CO ISA concludes that 
a causal relationship is likely to exist 
between short-term exposures to CO and 
cardiovascular morbidity. It also 
concludes that available data are 
inadequate to conclude that a causal 
relationship exists between long-term 
exposures to CO and cardiovascular 
morbidity. 

Animal studies show various 
neurological effects with in-utero CO 
exposure. Controlled human exposure 
studies report central nervous system 
and behavioral effects following low- 
level CO exposures, although the 
findings have not been consistent across 
all studies. The CO ISA concludes the 
evidence is suggestive of a causal 
relationship with both short- and long- 
term exposure to CO and central 
nervous system effects. 

A number of studies cited in the CO 
ISA have evaluated the role of CO 
exposure in birth outcomes such as 
preterm birth or cardiac birth defects. 
There is limited epidemiologic evidence 
of a CO-induced effect on preterm births 
and birth defects, with weak evidence 
for a decrease in birth weight. Animal 
toxicological studies have found 
perinatal CO exposure to affect birth 
weight, as well as other developmental 
outcomes. The CO ISA concludes the 
evidence is suggestive of a causal 
relationship between long-term 
exposures to CO and developmental 
effects and birth outcomes. 

Epidemiologic studies provide 
evidence of associations between short- 
term CO concentrations and respiratory 
morbidity such as changes in 
pulmonary function, respiratory 
symptoms, and hospital admissions. A 
limited number of epidemiologic 
studies considered copollutants such as 
ozone, SO2, and PM in two-pollutant 
models and found that CO risk estimates 
were generally robust, although this 
limited evidence makes it difficult to 
disentangle effects attributed to CO 
itself from those of the larger complex 
air pollution mixture. Controlled human 
exposure studies have not extensively 
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604 U.S. EPA. (1999). Guidelines for Carcinogen 
Risk Assessment. Review Draft. NCEA–F–0644, 
July. Washington, DC: U.S. EPA. Retrieved on 
March 19, 2009 from http://cfpub.epa.gov/ncea/
cfm/recordisplay.cfm?deid=54932. 

605 U.S. EPA (2002). Health Assessment 
Document for Diesel Engine Exhaust. EPA/600/8– 
90/057F Office of Research and Development, 
Washington DC. Retrieved on March 17, 2009 from 
http://cfpub.epa.gov/ncea/cfm/
recordisplay.cfm?deid=29060. pp. 1–1 1–2. 

evaluated the effect of CO on respiratory 
morbidity. Animal studies at levels of 
50–100 ppm CO show preliminary 
evidence of altered pulmonary vascular 
remodeling and oxidative injury. The 
CO ISA concludes that the evidence is 
suggestive of a causal relationship 
between short-term CO exposure and 
respiratory morbidity, and inadequate to 
conclude that a causal relationship 
exists between long-term exposure and 
respiratory morbidity. 

Finally, the CO ISA concludes that 
the epidemiologic evidence is 
suggestive of a causal relationship 
between short-term concentrations of 
CO and mortality. Epidemiologic 
evidence suggests an association exists 
between short-term exposure to CO and 
mortality, but limited evidence is 
available to evaluate cause-specific 
mortality outcomes associated with CO 
exposure. In addition, the attenuation of 
CO risk estimates which was often 
observed in copollutant models 
contributes to the uncertainty as to 
whether CO is acting alone or as an 
indicator for other combustion-related 
pollutants. The CO ISA also concludes 
that there is not likely to be a causal 
relationship between relevant long-term 
exposures to CO and mortality. 

(6) Diesel Exhaust 

(a) Background 

Diesel exhaust consists of a complex 
mixture composed of particulate matter, 
carbon dioxide, oxygen, nitrogen, water 
vapor, carbon monoxide, nitrogen 
compounds, sulfur compounds and 
numerous low-molecular-weight 
hydrocarbons. A number of these 
gaseous hydrocarbon components are 
individually known to be toxic, 
including aldehydes, benzene and 1,3- 
butadiene. The diesel particulate matter 
present in diesel exhaust consists 
mostly of fine particles (<2.5 mm), of 
which a significant fraction is ultrafine 
particles (<0.1 mm). These particles have 
a large surface area which makes them 
an excellent medium for adsorbing 
organics, and their small size makes 
them highly respirable. Many of the 
organic compounds present in the gases 
and on the particles, such as polycyclic 
organic matter, are individually known 
to have mutagenic and carcinogenic 
properties. 

Diesel exhaust varies significantly in 
chemical composition and particle sizes 
between different engine types (heavy- 
duty, light-duty), engine operating 
conditions (idle, acceleration, 
deceleration), and fuel formulations 
(high/low sulfur fuel). Also, there are 
emissions differences between on-road 
and nonroad engines because the 

nonroad engines are generally of older 
technology. After being emitted in the 
engine exhaust, diesel exhaust 
undergoes dilution as well as chemical 
and physical changes in the atmosphere. 
The lifetime for some of the compounds 
present in diesel exhaust ranges from 
hours to days. 

(b) Health Effects of Diesel Exhaust 
In EPA’s 2002 Diesel Health 

Assessment Document (Diesel HAD), 
exposure to diesel exhaust was 
classified as likely to be carcinogenic to 
humans by inhalation from 
environmental exposures, in accordance 
with the revised draft 1996/1999 EPA 
cancer guidelines.604 605 A number of 
other agencies (National Institute for 
Occupational Safety and Health, the 
International Agency for Research on 
Cancer, the World Health Organization, 
California EPA, and the U.S. 
Department of Health and Human 
Services) had made similar hazard 
classifications prior to 2002. EPA also 
concluded in the 2002 Diesel HAD that 
it was not possible to calculate a cancer 
unit risk for diesel exhaust due to 
limitations in the exposure data for the 
occupational groups or the absence of a 
dose-response relationship. 

In the absence of a cancer unit risk, 
the Diesel HAD sought to provide 
additional insight into the significance 
of the diesel exhaust cancer hazard by 
estimating possible ranges of risk that 
might be present in the population. An 
exploratory analysis was used to 
characterize a range of possible lung 
cancer risk. The outcome was that 
environmental risks of cancer from long- 
term diesel exhaust exposures could 
plausibly range from as low as 10¥5 to 
as high as 10¥3. Because of 
uncertainties, the analysis 
acknowledged that the risks could be 
lower than 10¥5, and a zero risk from 
diesel exhaust exposure could not be 
ruled out. 

Non-cancer health effects of acute and 
chronic exposure to diesel exhaust 
emissions are also of concern to EPA. 
EPA derived a diesel exhaust reference 
concentration (RfC) from consideration 
of four well-conducted chronic rat 
inhalation studies showing adverse 
pulmonary effects. The RfC is 5 mg/m3 
for diesel exhaust measured as diesel 

particulate matter. This RfC does not 
consider allergenic effects such as those 
associated with asthma or immunologic 
or the potential for cardiac effects. There 
was emerging evidence in 2002, 
discussed in the Diesel HAD, that 
exposure to diesel exhaust can 
exacerbate these effects, but the 
exposure-response data were lacking at 
that time to derive an RfC based on 
these then-emerging considerations. The 
EPA Diesel HAD states, ‘‘With [diesel 
particulate matter] being a ubiquitous 
component of ambient PM, there is an 
uncertainty about the adequacy of the 
existing [diesel exhaust] noncancer 
database to identify all of the pertinent 
[diesel exhaust]-caused noncancer 
health hazards.’’ The Diesel HAD also 
notes ‘‘that acute exposure to [diesel 
exhaust] has been associated with 
irritation of the eye, nose, and throat, 
respiratory symptoms (cough and 
phlegm), and neurophysiological 
symptoms such as headache, 
lightheadedness, nausea, vomiting, and 
numbness or tingling of the 
extremities.’’ The Diesel HAD noted that 
the cancer and noncancer hazard 
conclusions applied to the general use 
of diesel engines then on the market and 
as cleaner engines replace a substantial 
number of existing ones, the 
applicability of the conclusions would 
need to be reevaluated. 

It is important to note that the Diesel 
HAD also briefly summarizes health 
effects associated with ambient PM and 
discusses EPA’s then-annual PM2.5 
NAAQS of 15 mg/m3. In 2012, EPA 
revised the annual PM2.5 NAAQS to 12 
mg/m3. There is a large and extensive 
body of human data showing a wide 
spectrum of adverse health effects 
associated with exposure to ambient 
PM, of which diesel exhaust is an 
important component. The PM2.5 
NAAQS is designed to provide 
protection from the noncancer health 
effects and premature mortality 
attributed to exposure to PM2.5. The 
contribution of diesel PM to total 
ambient PM varies in different regions 
of the country and also, within a region, 
from one area to another. The 
contribution can be high in near- 
roadway environments, for example, or 
in other locations where diesel engine 
use is concentrated. 

Since 2002, several new studies have 
been published which continue to 
report increased lung cancer risk with 
occupational exposure to diesel exhaust 
from older engines. Of particular note 
since 2011 are three new epidemiology 
studies which have examined lung 
cancer in occupational populations, for 
example, truck drivers, underground 
nonmetal miners and other diesel 
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628 A minimal risk level (MRL) is defined as an 
estimate of the daily human exposure to a 

Continued 

motor-related occupations. These 
studies reported increased risk of lung 
cancer with exposure to diesel exhaust 
with evidence of positive exposure- 
response relationships to varying 
degrees.606 607 608 These newer studies 
(along with others that have appeared in 
the scientific literature) add to the 
evidence EPA evaluated in the 2002 
Diesel HAD and further reinforces the 
concern that diesel exhaust exposure 
likely poses a lung cancer hazard. The 
findings from these newer studies do 
not necessarily apply to newer 
technology diesel engines since the 
newer engines have large reductions in 
the emission constituents compared to 
older technology diesel engines. 

In light of the growing body of 
scientific literature evaluating the health 
effects of exposure to diesel exhaust, in 
June 2012 the World Health 
Organization’s International Agency for 
Research on Cancer (IARC), a 
recognized international authority on 
the carcinogenic potential of chemicals 
and other agents, evaluated the full 
range of cancer-related health effects 
data for diesel engine exhaust. IARC 
concluded that diesel exhaust should be 
regarded as ‘‘carcinogenic to 
humans.’’ 609 This designation was an 
update from its 1988 evaluation that 
considered the evidence to be indicative 
of a ‘‘probable human carcinogen.’’ 

(7) Air Toxics 

(a) Background 

Heavy-duty vehicle emissions 
contribute to ambient levels of air toxics 
that are known or suspected human or 
animal carcinogens, or that have 
noncancer health effects. The 
population experiences an elevated risk 
of cancer and other noncancer health 
effects from exposure to the class of 
pollutants known collectively as ‘‘air 
toxics.’’ 610 These compounds include, 

but are not limited to, benzene, 1,3- 
butadiene, formaldehyde, acetaldehyde, 
acrolein, polycyclic organic matter, and 
naphthalene. These compounds were 
identified as national or regional risk 
drivers or contributors in the 2011 
National-scale Air Toxics Assessment 
and have significant inventory 
contributions from mobile sources.611 

(b) Benzene 
EPA’s Integrated Risk Information 

System (IRIS) database lists benzene as 
a known human carcinogen (causing 
leukemia) by all routes of exposure, and 
concludes that exposure is associated 
with additional health effects, including 
genetic changes in both humans and 
animals and increased proliferation of 
bone marrow cells in mice.612 613 614 EPA 
states in its IRIS database that data 
indicate a causal relationship between 
benzene exposure and acute 
lymphocytic leukemia and suggest a 
relationship between benzene exposure 
and chronic non-lymphocytic leukemia 
and chronic lymphocytic leukemia. 
EPA’s IRIS documentation for benzene 
also lists a range of 2.2 × 10¥6 to 7.8 × 
10¥6 per mg/m3 as the unit risk estimate 
(URE) for benzene.615 616 The 
International Agency for Research on 
Cancer (IARC) has determined that 
benzene is a human carcinogen and the 
U.S. Department of Health and Human 
Services (DHHS) has characterized 
benzene as a known human 
carcinogen.617 618 

A number of adverse noncancer 
health effects including blood disorders, 
such as pre- leukemia and aplastic 
anemia, have also been associated with 
long-term exposure to benzene.619 620 
The most sensitive noncancer effect 
observed in humans, based on current 
data, is the depression of the absolute 
lymphocyte count in blood.621 622 EPA’s 
inhalation reference concentration (RfC) 
for benzene is 30 mg/m3. The RfC is 
based on suppressed absolute 
lymphocyte counts seen in humans 
under occupational exposure 
conditions. In addition, recent work, 
including studies sponsored by the 
Health Effects Institute, provides 
evidence that biochemical responses are 
occurring at lower levels of benzene 
exposure than previously 
known.623 624 625 626 EPA’s IRIS program 
has not yet evaluated these new data. 
EPA does not currently have an acute 
reference concentration for benzene. 
The Agency for Toxic Substances and 
Disease Registry (ATSDR) Minimal Risk 
Level (MRL) for acute exposure to 
benzene is 29 mg/m3 for 1–14 days 
exposure.627 628 
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629 U.S. EPA. (2002). Health Assessment of 1,3- 
Butadiene. Office of Research and Development, 
National Center for Environmental Assessment, 
Washington Office, Washington, DC. Report No. 
EPA600–P–98–001F. This document is available 
electronically at http://www3.epa.gov/iris/supdocs/ 
buta-sup.pdf. 

630 U.S. EPA. (2002). ‘‘Full IRIS Summary for 1,3- 
butadiene (CASRN 106–99–0)’’ Environmental 
Protection Agency, Integrated Risk Information 
System (IRIS), Research and Development, National 
Center for Environmental Assessment, Washington, 
DC http://www3.epa.gov/iris/subst/0139.htm. 

631 International Agency for Research on Cancer 
(IARC). (1999). Monographs on the evaluation of 
carcinogenic risk of chemicals to humans, Volume 
71, Re-evaluation of some organic chemicals, 
hydrazine and hydrogen peroxide and Volume 97 
(in preparation), World Health Organization, Lyon, 
France. 

632 International Agency for Research on Cancer 
(IARC). (2008). Monographs on the evaluation of 
carcinogenic risk of chemicals to humans, 1,3- 
Butadiene, Ethylene Oxide and Vinyl Halides 
(Vinyl Fluoride, Vinyl Chloride and Vinyl Bromide) 
Volume 97, World Health Organization, Lyon, 
France. 

633 NTP. (2014). 13th Report on Carcinogens. 
Research Triangle Park, NC: U.S. Department of 
Health and Human Services, Public Health Service, 
National Toxicology Program. 

634 U.S. EPA. (2002). ‘‘Full IRIS Summary for 1,3- 
butadiene (CASRN 106–99–0)’’ Environmental 
Protection Agency, Integrated Risk Information 
System (IRIS), Research and Development, National 
Center for Environmental Assessment, Washington, 
DC http://www3.epa.gov/iris/subst/0139.htm. 

635 Bevan, C.; Stadler, J.C.; Elliot, G.S.; et al. 
(1996). Subchronic toxicity of 4-vinylcyclohexene 
in rats and mice by inhalation. Fundam. Appl. 
Toxicol. 32:1–10. 

636 EPA. Integrated Risk Information System. 
Formaldehyde (CASRN 50–00–0) http://
www3.epa.gov/iris/subst/0419/htm. 

637 NTP. (2014). 13th Report on Carcinogens. 
Research Triangle Park, NC: U.S. Department of 
Health and Human Services, Public Health Service, 
National Toxicology Program. 

638 IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans Volume 100F (2012): 
Formaldehyde. 

639 Hauptmann, M.; Lubin, J. H.; Stewart, P. A.; 
Hayes, R. B.; Blair, A. 2003. Mortality from 
lymphohematopoetic malignancies among workers 
in formaldehyde industries. Journal of the National 
Cancer Institute 95: 1615–1623. 

640 Hauptmann, M.; Lubin, J. H.; Stewart, P. A.; 
Hayes, R. B.; Blair, A. 2004. Mortality from solid 
cancers among workers in formaldehyde industries. 
American Journal of Epidemiology 159: 1117–1130. 
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Institute 101:1696–1708. 
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Human Services (HHS), July 1999. 
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Profile for Formaldehyde. U.S. Department of 
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648 EPA (U.S. Environmental Protection Agency). 
2010. Toxicological Review of Formaldehyde (CAS 
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Protection Agency, Washington DC [online]. 
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649 NRC (National Research Council). 2011. 
Review of the Environmental Protection Agency’s 
Draft IRIS Assessment of Formaldehyde. 
Washington DC: National Academies Press. http:// 
books.nap.edu/openbook.php?record_id=13142. 

(c) 1,3-Butadiene 
EPA has characterized 1,3-butadiene 

as carcinogenic to humans by 
inhalation.629 630 The IARC has 
determined that 1,3-butadiene is a 
human carcinogen and the U.S. DHHS 
has characterized 1,3-butadiene as a 
known human carcinogen.631 632 633 
There are numerous studies consistently 
demonstrating that 1,3-butadiene is 
metabolized into genotoxic metabolites 
by experimental animals and humans. 
The specific mechanisms of 1,3- 
butadiene-induced carcinogenesis are 
unknown; however, the scientific 
evidence strongly suggests that the 
carcinogenic effects are mediated by 
genotoxic metabolites. Animal data 
suggest that females may be more 
sensitive than males for cancer effects 
associated with 1,3-butadiene exposure; 
there are insufficient data in humans 
from which to draw conclusions about 
sensitive subpopulations. The URE for 
1,3-butadiene is 3 × 10¥5 per mg/m3.634 
1,3-butadiene also causes a variety of 
reproductive and developmental effects 
in mice; no human data on these effects 
are available. The most sensitive effect 
was ovarian atrophy observed in a 
lifetime bioassay of female mice.635 

Based on this critical effect and the 
benchmark concentration methodology, 
an RfC for chronic health effects was 
calculated at 0.9 ppb (approximately 2 
mg/m3). 

(d) Formaldehyde 

In 1991, EPA concluded that 
formaldehyde is a carcinogen based on 
nasal tumors in animal bioassays.636 An 
Inhalation URE for cancer and a 
Reference Dose for oral noncancer 
effects were developed by the agency 
and posted on the IRIS database. Since 
that time, the National Toxicology 
Program (NTP) and International 
Agency for Research on Cancer (IARC) 
have concluded that formaldehyde is a 
known human carcinogen.637 638 

The conclusions by IARC and NTP 
reflect the results of epidemiologic 
research published since 1991 in 
combination with previous animal, 
human and mechanistic evidence. 
Research conducted by the National 
Cancer Institute reported an increased 
risk of nasopharyngeal cancer and 
specific lymph hematopoietic 
malignancies among workers exposed to 
formaldehyde.639 640 641 A National 
Institute of Occupational Safety and 
Health study of garment workers also 
reported increased risk of death due to 
leukemia among workers exposed to 
formaldehyde.642 Extended follow-up of 
a cohort of British chemical workers did 
not report evidence of an increase in 
nasopharyngeal or lymph hematopoietic 
cancers, but a continuing statistically 
significant excess in lung cancers was 
reported.643 Finally, a study of 

embalmers reported formaldehyde 
exposures to be associated with an 
increased risk of myeloid leukemia but 
not brain cancer.644 

Health effects of formaldehyde in 
addition to cancer were reviewed by the 
Agency for Toxics Substances and 
Disease Registry in 1999 645, 
supplemented in 2010,646 and by the 
World Health Organization.647 These 
organizations reviewed the scientific 
literature concerning health effects 
linked to formaldehyde exposure to 
evaluate hazards and dose response 
relationships and defined exposure 
concentrations for minimal risk levels 
(MRLs). The health endpoints reviewed 
included sensory irritation of eyes and 
respiratory tract, reduced pulmonary 
function, nasal histopathology, and 
immune system effects. In addition, 
research on reproductive and 
developmental effects and neurological 
effects were discussed along with 
several studies that suggest that 
formaldehyde may increase the risk of 
asthma—particularly in the young. 

EPA released a draft Toxicological 
Review of Formaldehyde—Inhalation 
Assessment through the IRIS program 
for peer review by the National Research 
Council (NRC) and public comment in 
June 2010.648 The draft assessment 
reviewed more recent research from 
animal and human studies on cancer 
and other health effects. The NRC 
released their review report in April 
2011.649 EPA is currently developing a 
revised draft assessment in response to 
this review. 
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(e) Acetaldehyde 
Acetaldehyde is classified in EPA’s 

IRIS database as a probable human 
carcinogen, based on nasal tumors in 
rats, and is considered toxic by the 
inhalation, oral, and intravenous 
routes.650 The URE in IRIS for 
acetaldehyde is 2.2 × 10¥6 per mg/m3.651 
Acetaldehyde is reasonably anticipated 
to be a human carcinogen by the U.S. 
DHHS in the 13th Report on 
Carcinogens and is classified as possibly 
carcinogenic to humans (Group 2B) by 
the IARC.652 653 Acetaldehyde is 
currently listed on the IRIS Program 
Multi-Year Agenda for reassessment 
within the next few years. 

The primary noncancer effects of 
exposure to acetaldehyde vapors 
include irritation of the eyes, skin, and 
respiratory tract.654 In short-term (4 
week) rat studies, degeneration of 
olfactory epithelium was observed at 
various concentration levels of 
acetaldehyde exposure.655 656 Data from 
these studies were used by EPA to 
develop an inhalation reference 
concentration of 9 mg/m3. Some 
asthmatics have been shown to be a 
sensitive subpopulation to decrements 
in functional expiratory volume (FEV1 
test) and bronchoconstriction upon 
acetaldehyde inhalation.657 

(f) Acrolein 
EPA most recently evaluated the 

toxicological and health effects 

literature related to acrolein in 2003 and 
concluded that the human carcinogenic 
potential of acrolein could not be 
determined because the available data 
were inadequate. No information was 
available on the carcinogenic effects of 
acrolein in humans and the animal data 
provided inadequate evidence of 
carcinogenicity.658 The IARC 
determined in 1995 that acrolein was 
not classifiable as to its carcinogenicity 
in humans.659 

Lesions to the lungs and upper 
respiratory tract of rats, rabbits, and 
hamsters have been observed after 
subchronic exposure to acrolein.660 The 
agency has developed an RfC for 
acrolein of 0.02 mg/m3 and an RfD of 0.5 
mg/kg-day.661 

Acrolein is extremely acrid and 
irritating to humans when inhaled, with 
acute exposure resulting in upper 
respiratory tract irritation, mucus 
hypersecretion and congestion. The 
intense irritancy of this carbonyl has 
been demonstrated during controlled 
tests in human subjects, who suffer 
intolerable eye and nasal mucosal 
sensory reactions within minutes of 
exposure.662 These data and additional 
studies regarding acute effects of human 
exposure to acrolein are summarized in 
EPA’s 2003 Toxicological Review of 
Acrolein.663 Studies in humans indicate 
that levels as low as 0.09 ppm (0.21 mg/ 
m3) for five minutes may elicit 
subjective complaints of eye irritation 

with increasing concentrations leading 
to more extensive eye, nose and 
respiratory symptoms. Acute exposures 
in animal studies report bronchial 
hyper-responsiveness. Based on animal 
data (more pronounced respiratory 
irritancy in mice with allergic airway 
disease in comparison to non-diseased 
mice) 664 and demonstration of similar 
effects in humans (e.g., reduction in 
respiratory rate), individuals with 
compromised respiratory function (e.g., 
emphysema, asthma) are expected to be 
at increased risk of developing adverse 
responses to strong respiratory irritants 
such as acrolein. EPA does not currently 
have an acute reference concentration 
for acrolein. The available health effect 
reference values for acrolein have been 
summarized by EPA and include an 
ATSDR MRL for acute exposure to 
acrolein of 7 mg/m3 for 1–14 days 
exposure; and Reference Exposure Level 
(REL) values from the California Office 
of Environmental Health Hazard 
Assessment (OEHHA) for one-hour and 
8-hour exposures of 2.5 mg/m3 and 0.7 
mg/m3, respectively.665 

(g) Polycyclic Organic Matter 
The term polycyclic organic matter 

(POM) defines a broad class of 
compounds that includes the polycyclic 
aromatic hydrocarbon compounds 
(PAHs). One of these compounds, 
naphthalene, is discussed separately 
below. POM compounds are formed 
primarily from combustion and are 
present in the atmosphere in gas and 
particulate form. Cancer is the major 
concern from exposure to POM. 
Epidemiologic studies have reported an 
increase in lung cancer in humans 
exposed to diesel exhaust, coke oven 
emissions, roofing tar emissions, and 
cigarette smoke; all of these mixtures 
contain POM compounds.666 667 Animal 
studies have reported respiratory tract 
tumors from inhalation exposure to 
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benzo[a]pyrene and alimentary tract and 
liver tumors from oral exposure to 
benzo[a]pyrene.668 In 1997 EPA 
classified seven PAHs (benzo[a]pyrene, 
benz[a]anthracene, chrysene, 
benzo[b]fluoranthene, 
benzo[k]fluoranthene, 
dibenz[a,h]anthracene, and 
indeno[1,2,3-cd]pyrene) as Group B2, 
probable human carcinogens.669 Since 
that time, studies have found that 
maternal exposures to PAHs in a 
population of pregnant women were 
associated with several adverse birth 
outcomes, including low birth weight 
and reduced length at birth, as well as 
impaired cognitive development in 
preschool children (3 years of age).670 671 
These and similar studies are being 
evaluated as a part of the ongoing IRIS 
reassessment of health effects associated 
with exposure to benzo[a]pyrene. 

(h) Naphthalene 
Naphthalene is found in small 

quantities in gasoline and diesel fuels. 
Naphthalene emissions have been 
measured in larger quantities in both 
gasoline and diesel exhaust compared 
with evaporative emissions from mobile 
sources, indicating it is primarily a 
product of combustion. Acute (short- 
term) exposure of humans to 
naphthalene by inhalation, ingestion, or 
dermal contact is associated with 
hemolytic anemia and damage to the 
liver and the nervous system.672 
Chronic (long term) exposure of workers 
and rodents to naphthalene has been 
reported to cause cataracts and retinal 
damage.673 EPA released an external 

review draft of a reassessment of the 
inhalation carcinogenicity of 
naphthalene based on a number of 
recent animal carcinogenicity 
studies.674 The draft reassessment 
completed external peer review.675 
Based on external peer review 
comments received, a revised draft 
assessment that considers all routes of 
exposure, as well as cancer and 
noncancer effects, is under 
development. The external review draft 
does not represent official agency 
opinion and was released solely for the 
purposes of external peer review and 
public comment. The National 
Toxicology Program listed naphthalene 
as ‘‘reasonably anticipated to be a 
human carcinogen’’ in 2004 on the basis 
of bioassays reporting clear evidence of 
carcinogenicity in rats and some 
evidence of carcinogenicity in mice.676 
California EPA has released a new risk 
assessment for naphthalene, and the 
IARC has reevaluated naphthalene and 
re-classified it as Group 2B: possibly 
carcinogenic to humans.677 

Naphthalene also causes a number of 
chronic non-cancer effects in animals, 
including abnormal cell changes and 
growth in respiratory and nasal 
tissues.678 The current EPA IRIS 
assessment includes noncancer data on 
hyperplasia and metaplasia in nasal 
tissue that form the basis of the 
inhalation RfC of 3 mg/m3.679 The 

ATSDR MRL for acute exposure to 
naphthalene is 0.6 mg/kg/day. 

(i) Other Air Toxics 
In addition to the compounds 

described above, other compounds in 
gaseous hydrocarbon and PM emissions 
from motor vehicles will be affected by 
this action. Mobile source air toxic 
compounds that will potentially be 
impacted include ethylbenzene, 
propionaldehyde, toluene, and xylene. 
Information regarding the health effects 
of these compounds can be found in 
EPA’s IRIS database.680 

(8) Exposure and Health Effects 
Associated With Traffic 

Locations in close proximity to major 
roadways generally have elevated 
concentrations of many air pollutants 
emitted from motor vehicles. Hundreds 
of such studies have been published in 
peer-reviewed journals, concluding that 
concentrations of CO, NO, NO2, 
benzene, aldehydes, particulate matter, 
black carbon, and many other 
compounds are elevated in ambient air 
within approximately 300–600 meters 
(about 1,000–2,000 feet) of major 
roadways. Highest concentrations of 
most pollutants emitted directly by 
motor vehicles are found at locations 
within 50 meters (about 165 feet) of the 
edge of a roadway’s traffic lanes. 

A large-scale review of air quality 
measurements in the vicinity of major 
roadways between 1978 and 2008 
concluded that the pollutants with the 
steepest concentration gradients in 
vicinities of roadways were CO, 
ultrafine particles, metals, elemental 
carbon (EC), NO, NOX, and several 
VOCs.681 These pollutants showed a 
large reduction in concentrations within 
100 meters downwind of the roadway. 
Pollutants that showed more gradual 
reductions with distance from roadways 
included benzene, NO2, PM2.5, and 
PM10. In the review article, results 
varied based on the method of statistical 
analysis used to determine the trend. 

For pollutants with relatively high 
background concentrations relative to 
near-road concentrations, detecting 
concentration gradients can be difficult. 
For example, many aldehydes have high 
background concentrations as a result of 
photochemical breakdown of precursors 
from many different organic 
compounds. This can make detection of 
gradients around roadways and other 
primary emission sources difficult. 
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Continued 

However, several studies have measured 
aldehydes in multiple weather 
conditions and found higher 
concentrations of many carbonyls 
downwind of roadways.682 683 These 
findings suggest a substantial roadway 
source of these carbonyls. 

In the past 15 years, many studies 
have been published with results 
reporting that populations who live, 
work, or go to school near high-traffic 
roadways experience higher rates of 
numerous adverse health effects, 
compared to populations far away from 
major roads.684 In addition, numerous 
studies have found adverse health 
effects associated with spending time in 
traffic, such as commuting or walking 
along high-traffic roadways.685 686 687 688 
The health outcomes with the strongest 
evidence linking them with traffic- 
associated air pollutants are respiratory 
effects, particularly in asthmatic 
children, and cardiovascular effects. 

Numerous reviews of this body of 
health literature have been published as 
well. In 2010, an expert panel of the 
Health Effects Institute (HEI) published 
a review of hundreds of exposure, 
epidemiology, and toxicology 
studies.689 The panel rated how the 
evidence for each type of health 
outcome supported a conclusion of a 
causal association with traffic- 

associated air pollution as either 
‘‘sufficient,’’ ‘‘suggestive but not 
sufficient,’’ or ‘‘inadequate and 
insufficient.’’ The panel categorized 
evidence of a causal association for 
exacerbation of childhood asthma as 
‘‘sufficient.’’ The panel categorized 
evidence of a causal association for new 
onset asthma as between ‘‘sufficient’’ 
and ‘‘suggestive but not sufficient.’’ 
‘‘Suggestive of a causal association’’ was 
how the panel categorized evidence 
linking traffic-associated air pollutants 
with exacerbation of adult respiratory 
symptoms and lung function decrement. 
It categorized as ‘‘inadequate and 
insufficient’’ evidence of a causal 
relationship between traffic-related air 
pollution and health care utilization for 
respiratory problems, new onset adult 
asthma, chronic obstructive pulmonary 
disease (COPD), nonasthmatic 
respiratory allergy, and cancer in adults 
and children. Other literature reviews 
have been published with conclusions 
generally similar to the HEI 
panel’s.690 691 692 693 However, in 2014, 
researchers from the U.S. Centers for 
Disease Control and Prevention (CDC) 
published a systematic review and 
meta-analysis of studies evaluating the 
risk of childhood leukemia associated 
with traffic exposure and reported 
positive associations between 
‘‘postnatal’’ proximity to traffic and 
leukemia risks, but no such association 
for ‘‘prenatal’’ exposures.694 

Health outcomes with few 
publications suggest the possibility of 
other effects still lacking sufficient 
evidence to draw definitive conclusions. 
Among these outcomes with a small 
number of positive studies are 
neurological impacts (e.g., autism and 
reduced cognitive function) and 
reproductive outcomes (e.g., preterm 
birth, low birth weight).695 696 697 698 

In addition to health outcomes, 
particularly cardiopulmonary effects, 
conclusions of numerous studies 
suggest mechanisms by which traffic- 
related air pollution affects health. 
Numerous studies indicate that near- 
roadway exposures may increase 
systemic inflammation, affecting organ 
systems, including blood vessels and 
lungs.699 700 701 702 Long-term exposures 
in near-road environments have been 
associated with inflammation-associated 
conditions, such as atherosclerosis and 
asthma.703 704 705 

Several studies suggest that some 
factors may increase susceptibility to 
the effects of traffic-associated air 
pollution. Several studies have found 
stronger respiratory associations in 
children experiencing chronic social 
stress, such as in violent neighborhoods 
or in homes with high family 
stress.706 707 708 
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The risks associated with residence, 
workplace, or schools near major roads 
are of potentially high public health 
significance due to the large population 
in such locations. According to the 2009 
American Housing Survey, over 22 
million homes (17.0 percent of all U.S. 
housing units) were located within 300 
feet of an airport, railroad, or highway 
with four or more lanes. This 
corresponds to a population of more 
than 50 million U.S. residents in close 
proximity to high-traffic roadways or 
other transportation sources. Based on 
2010 Census data, a 2013 publication 
estimated that 19 percent of the U.S. 
population (over 59 million people) 
lived within 500 meters of roads with at 
least 25,000 annual average daily traffic 
(AADT), while about 3.2 percent of the 
population lived within 100 meters 
(about 300 feet) of such roads.709 
Another 2013 study estimated that 3.7 
percent of the U.S. population (about 
11.3 million people) lived within 150 
meters (about 500 feet) of interstate 
highways or other freeways and 
expressways.710 As discussed in Section 
VIII.A.(9), on average, populations near 
major roads have higher fractions of 
minority residents and lower 
socioeconomic status. Furthermore, on 
average, Americans spend more than an 
hour traveling each day, bringing nearly 
all residents into a high-exposure 
microenvironment for part of the day. 

In light of these concerns, EPA has 
required through the NAAQS process 
that air quality monitors be placed near 
high-traffic roadways for determining 
concentrations of CO, NO2, and PM2.5 
(in addition to those existing monitors 
located in neighborhoods and other 
locations farther away from pollution 
sources). Near-roadway monitors for 
NO2 begin operation between 2014 and 
2017 in Core Based Statistical Areas 
(CBSAs) with population of at least 
500,000. Monitors for CO and PM2.5 
begin operation between 2015 and 2017. 
These monitors will further our 

understanding of exposure in these 
locations. 

EPA and DOT continue to research 
near-road air quality, including the 
types of pollutants found in high 
concentrations near major roads and 
health problems associated with the 
mixture of pollutants near roads. 

(9) Environmental Justice 
Environmental justice (EJ) is a 

principle asserting that all people 
deserve fair treatment and meaningful 
involvement with respect to 
environmental laws, regulations, and 
policies. EPA seeks to provide the same 
degree of protection from environmental 
health hazards for all people. DOT 
shares this goal and is informed about 
the potential environmental impacts of 
its rulemakings through its NEPA 
process (see NHTSA’s DEIS). As 
referenced below, numerous studies 
have found that some environmental 
hazards are more prevalent in areas 
where racial/ethnic minorities and 
people with low socioeconomic status 
(SES) represent a higher fraction of the 
population compared with the general 
population. In addition, compared to 
non-Hispanic whites, some types of 
minorities may have greater levels of 
health problems during some life stages. 
For example, in 2014, about 13 percent 
of Black, non-Hispanic and 24 percent 
of Puerto Rican children were estimated 
to currently have asthma, compared 
with 8 percent of white, non-Hispanic 
children.711 

As discussed in Section VIII.A.(8) of 
this document and NHTSA’s FEIS, 
concentrations of many air pollutants 
are elevated near high-traffic roadways. 
If minority populations and low-income 
populations disproportionately live near 
such roads, then an issue of EJ may be 
present. We reviewed existing scholarly 
literature examining the potential for 
disproportionate exposure among 
minorities and people with low SES, 
and we conducted our own evaluation 
of two national datasets: The U.S. 
Census Bureau’s American Housing 
Survey for calendar year 2009 and the 
U.S. Department of Education’s database 
of school locations. 

Publications that address EJ issues 
generally report that populations living 
near major roadways (and other types of 
transportation infrastructure) tend to be 
composed of larger fractions of 
nonwhite residents. People living in 
neighborhoods near such sources of air 
pollution also tend to be lower in 
income than people living elsewhere. 
Numerous studies evaluating the 

demographics and socioeconomic status 
of populations or schools near roadways 
have found that they include a greater 
percentage of minority residents, as well 
as lower SES (indicated by variables 
such as median household income). 
Locations in these studies include Los 
Angeles, CA; Seattle, WA; Wayne 
County, MI; Orange County, FL; and the 
State of California 712 713 714 715 716 717 
Such disparities may be due to multiple 
factors.718 

People with low SES often live in 
neighborhoods with multiple stressors 
and health risk factors, including 
reduced health insurance coverage rates, 
higher smoking and drug use rates, 
limited access to fresh food, visible 
neighborhood violence, and elevated 
rates of obesity and some diseases such 
as asthma, diabetes, and ischemic heart 
disease. Although questions remain, 
several studies find stronger 
associations between air pollution and 
health in locations with such chronic 
neighborhood stress, suggesting that 
populations in these areas may be more 
susceptible to the effects of air 
pollution. 719 720 721 722 Household-level 
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M.R. (2003) Relation between income, air pollution 
and mortality: a cohort study. Canadian Med Assn 
J 169: 397–402. 

722 Shankardass, K.; McConnell, R.; Jerrett, M.; 
Milam, J.; Richardson, J.; Berhane, K. (2009) 
Parental stress increases the effect of traffic-related 
air pollution on childhood asthma incidence. Proc 
Natl Acad Sci 106: 12406–12411. doi:10.1073/ 
pnas.0812910106 [Online at http://dx.doi.org]. 

723 Lewis, A.S.; Sax, S.N.; Wason, S.C.; 
Campleman, S.L (2011) Non-chemical stressors and 
cumulative risk assessment: an overview of current 
initiatives and potential air pollutant interactions. 
Int J Environ Res Public Health 8: 2020–2073. 
Doi:10.3390/ijerph8062020 [Online at http://
dx.doi.org]. 

724 Rosa, M.J.; Jung, K.H.; Perzanowski, M.S.; 
Kelvin, E.A.; Darling, K.W.; Camann, D.E.; Chillrud, 
S.N.; Whyatt, R.M.; Kinney, P.L.; Perera, F.P.; 
Miller, R.L (2010) Prenatal exposure to polycyclic 
aromatic hydrocarbons, environmental tobacco 
smoke and asthma. Respir Med (In press). 
doi:10.1016/j.rmed.2010.11.022 [Online at http://
dx.doi.org]. 

725 Rowangould, G.M. (2013) A census of the U.S. 
near-roadway population: public health and 
environmental justice considerations. 
Transportation Research Part D; 59–67. 

726 Tian, N.; Xue, J.; Barzyk. T.M. (2013) 
Evaluating socioeconomic and racial differences in 
traffic-related metrics in the United States using a 
GIS approach. J Exposure Sci Environ Epidemiol 
23: 215–222. 

727 Boehmer, T.K.; Foster, S.L.; Henry, J.R.; 
Woghiren-Akinnifesi, E.L.; Yip, F.Y. (2013) 
Residential proximity to major highways—United 
States, 2010. Morbidity and Mortality Weekly 
Report 62(3): 46–50. 

728 This variable primarily represents roadway 
proximity. According to the Central Intelligence 
Agency’s World Factbook, in 2010, the United 
States had 6,506,204 km or roadways, 224,792 km 
of railways, and 15,079 airports. Highways thus 
represent the overwhelming majority of 
transportation facilities described by this factor in 
the AHS. 

729 Bailey, C. (2011) Demographic and Social 
Patterns in Housing Units Near Large Highways and 
other Transportation Sources. Memorandum to 
docket. 

730 http://nces.ed.gov/ccd/. 
731 Pedde, M.; Bailey, C. (2011) Identification of 

Schools within 200 Meters of U.S. Primary and 
Secondary Roads. Memorandum to the docket. 

732 National Research Council, (1993). Protecting 
Visibility in National Parks and Wilderness Areas. 
National Academy of Sciences Committee on Haze 
in National Parks and Wilderness Areas. National 
Academy Press, Washington, DC. This book can be 
viewed on the National Academy Press Web site at 
http://www.nap.edu/books/0309048443/html/. 

733 U.S. EPA. (2009). Integrated Science 
Assessment for Particulate Matter (Final Report). 
U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/139F. 

stressors such as parental smoking and 
relationship stress also may increase 
susceptibility to the adverse effects of 
air pollution.723 724 

More recently, three publications 
report nationwide analyses that 
compare the demographic patterns of 
people who do or do not live near major 
roadways.725 726 727 All three of these 
studies found that people living near 
major roadways are more likely to be 
minorities or low in SES. They also 
found that the outcomes of their 
analyses varied between regions within 
the U.S. However, only one such study 
looked at whether such conclusions 
were confounded by living in a location 
with higher population density and how 
demographics differ between locations 
nationwide. In general, it found that 
higher density areas have higher 
proportions of low income and minority 
residents. 

We analyzed two national databases 
that allowed us to evaluate whether 
homes and schools were located near a 
major road and whether disparities in 
exposure may be occurring in these 
environments. The American Housing 
Survey (AHS) includes descriptive 
statistics of over 70,000 housing units 
across the nation. The study survey is 
conducted every two years by the U.S. 
Census Bureau. The second database we 
analyzed was the U.S. Department of 
Education’s Common Core of Data, 

which includes enrollment and location 
information for schools across the U.S. 

In analyzing the 2009 AHS, we 
focused on whether or not a housing 
unit was located within 300 feet of ‘‘4- 
or-more lane highway, railroad, or 
airport.’’ 728 We analyzed whether there 
were differences between households in 
such locations compared with those in 
locations farther from these 
transportation facilities.729 We included 
other variables, such as land use 
category, region of country, and housing 
type. We found that homes with a 
nonwhite householder were 22–34 
percent more likely to be located within 
300 feet of these large transportation 
facilities than homes with white 
householders. Homes with a Hispanic 
householder were 17–33 percent more 
likely to be located within 300 feet of 
these large transportation facilities than 
homes with non-Hispanic householders. 
Households near large transportation 
facilities were, on average, lower in 
income and educational attainment, 
more likely to be a rental property and 
located in an urban area compared with 
households more distant from 
transportation facilities. 

In examining schools near major 
roadways, we examined the Common 
Core of Data (CCD) from the U.S. 
Department of Education, which 
includes information on all public 
elementary and secondary schools and 
school districts nationwide.730 To 
determine school proximities to major 
roadways, we used a geographic 
information system (GIS) to map each 
school and roadways based on the U.S. 
Census’s TIGER roadway file.731 We 
found that minority students were 
overrepresented at schools within 200 
meters of the largest roadways, and that 
schools within 200 meters of the largest 
roadways also had higher than expected 
numbers of students eligible for free or 
reduced-price lunches. For example, 
Black students represent 22 percent of 
students at schools located within 200 
meters of a primary road, whereas Black 
students represent 17 percent of 
students in all U.S. schools. Hispanic 

students represent 30 percent of 
students at schools located within 200 
meters of a primary road, whereas 
Hispanic students represent 22 percent 
of students in all U.S. schools. 

Overall, there is substantial evidence 
that people who live or attend school 
near major roadways are more likely to 
be of a minority race, Hispanic 
ethnicity, and/or low SES. The emission 
reductions from these final rules will 
likely result in widespread air quality 
improvements, but the impact on 
pollution levels in close proximity to 
roadways will be most direct. Thus, 
these final rules will likely help in 
mitigating the disparity in racial, ethnic, 
and economically based exposures. 

B. Environmental Effects of Non-GHG 
Pollutants 

(1) Visibility 

Visibility can be defined as the degree 
to which the atmosphere is transparent 
to visible light.732 Visibility impairment 
is caused by light scattering and 
absorption by suspended particles and 
gases. Visibility is important because it 
has direct significance to people’s 
enjoyment of daily activities in all parts 
of the country. Individuals value good 
visibility for the well-being it provides 
them directly, where they live and 
work, and in places where they enjoy 
recreational opportunities. Visibility is 
also highly valued in significant natural 
areas, such as national parks and 
wilderness areas, and special emphasis 
is given to protecting visibility in these 
areas. For more information on visibility 
see the final 2009 p.m. ISA.733 

EPA is working to address visibility 
impairment. Reductions in air pollution 
from implementation of various 
programs associated with the Clean Air 
Act Amendments of 1990 (CAAA) 
provisions have resulted in substantial 
improvements in visibility and will 
continue to do so in the future. Because 
trends in haze are closely associated 
with trends in particulate sulfate and 
nitrate due to the relationship between 
their concentration and light extinction, 
visibility trends have improved as 
emissions of SO2 and NOX have 
decreased over time due to air pollution 
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734 U.S. EPA. 2009 Final Report: Integrated 
Science Assessment for Particulate Matter. U.S. 
Environmental Protection Agency, Washington, DC, 
EPA/600/R–08/139F, 2009. 

735 See Section 169(a) of the Clean Air Act. 
736 64 FR 35714, July 1, 1999. 
737 62 FR 38680–38681, July 18, 1997. 
738 73 FR 16486, March 27, 2008. 

739 73 FR 16491, March 27, 2008. Only a small 
percentage of all the plant species growing within 
the U.S. (over 43,000 species have been catalogued 
in the USDA PLANTS database) have been studied 
with respect to ozone sensitivity. 

740 The concentration at which ozone levels 
overwhelm a plant’s ability to detoxify or 
compensate for oxidant exposure varies. Thus, 
whether a plant is classified as sensitive or tolerant 
depends in part on the exposure levels being 
considered. Chapter 9, Section 9.3.4 of U.S. EPA, 
2013 Integrated Science Assessment for Ozone and 
Related Photochemical Oxidants. Office of Research 
and Development/National Center for 
Environmental Assessment. U.S. Environmental 
Protection Agency. EPA 600/R–10/076F. 

741 73 FR 16492, March 27, 2008. 
742 73 FR 16493–16494, March 27, 2008, Ozone 

impacts could be occurring in areas where plant 
species sensitive to ozone have not yet been studied 
or identified. 

743 73 FR 16490–16497, March 27, 2008. 
744 U.S. EPA. Integrated Science Assessment of 

Ozone and Related Photochemical Oxidants (Final 
Report). U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–10/076F, 2013. The 
ISA is available at http://cfpub.epa.gov/ncea/isa/
recordisplay.cfm?deid=247492#Download. 

745 The Ozone ISA evaluates the evidence 
associated with different ozone related health and 
welfare effects, assigning one of five ‘‘weight of 
evidence’’ determinations: causal relationship, 
likely to be a causal relationship, suggestive of a 
causal relationship, inadequate to infer a causal 
relationship, and not likely to be a causal 
relationship. For more information on these levels 
of evidence, please refer to Table II of the ISA. 

746 U.S. EPA. Integrated Science Assessment for 
Particulate Matter (Final Report). U.S. 
Environmental Protection Agency, Washington, DC, 
EPA/600/R–08/139F, 2009. 

747 U.S. EPA. (2000). Deposition of Air Pollutants 
to the Great Waters: Third Report to Congress. 
Office of Air Quality Planning and Standards. EPA– 
453/R–00–0005. 

regulations such as the Acid Rain 
Program.734 

In the Clean Air Act Amendments of 
1977, Congress recognized visibility’s 
value to society by establishing a 
national goal to protect national parks 
and wilderness areas from visibility 
impairment caused by manmade 
pollution.735 In 1999, EPA finalized the 
regional haze program to protect the 
visibility in Mandatory Class I Federal 
areas.736 There are 156 national parks, 
forests and wilderness areas categorized 
as Mandatory Class I Federal areas.737 
These areas are defined in CAA Section 
162 as those national parks exceeding 
6,000 acres, wilderness areas and 
memorial parks exceeding 5,000 acres, 
and all international parks which were 
in existence on August 7, 1977. 

EPA has also concluded that PM2.5 
causes adverse effects on visibility in 
other areas that are not targeted by the 
Regional Haze Rule, such as urban 
areas, depending on PM2.5 
concentrations and other factors such as 
dry chemical composition and relative 
humidity (i.e., an indicator of the water 
composition of the particles). EPA 
revised the PM2.5 standards in December 
2012 and established a target level of 
protection that is expected to be met 
through attainment of the existing 
secondary standards for PM2.5. 

(2) Plant and Ecosystem Effects of 
Ozone 

The welfare effects of ozone can be 
observed across a variety of scales, i.e. 
subcellular, cellular, leaf, whole plant, 
population and ecosystem. Ozone 
effects that begin at small spatial scales, 
such as the leaf of an individual plant, 
when they occur at sufficient 
magnitudes (or to a sufficient degree) 
can result in effects being propagated 
along a continuum to larger and larger 
spatial scales. For example, effects at the 
individual plant level, such as altered 
rates of leaf gas exchange, growth and 
reproduction, can, when widespread, 
result in broad changes in ecosystems, 
such as productivity, carbon storage, 
water cycling, nutrient cycling, and 
community composition. 

Ozone can produce both acute and 
chronic injury in sensitive species 
depending on the concentration level 
and the duration of the exposure.738 In 

those sensitive species,739 effects from 
repeated exposure to ozone throughout 
the growing season of the plant tend to 
accumulate, so that even low 
concentrations experienced for a longer 
duration have the potential to create 
chronic stress on vegetation.740 Ozone 
damage to sensitive species includes 
impaired photosynthesis and visible 
injury to leaves. The impairment of 
photosynthesis, the process by which 
the plant makes carbohydrates (its 
source of energy and food), can lead to 
reduced crop yields, timber production, 
and plant productivity and growth. 
Impaired photosynthesis can also lead 
to a reduction in root growth and 
carbohydrate storage below ground, 
resulting in other, more subtle plant and 
ecosystems impacts.741 These latter 
impacts include increased susceptibility 
of plants to insect attack, disease, harsh 
weather, interspecies competition and 
overall decreased plant vigor. The 
adverse effects of ozone on areas with 
sensitive species could potentially lead 
to species shifts and loss from the 
affected ecosystems,742 resulting in a 
loss or reduction in associated 
ecosystem goods and services. 
Additionally, visible ozone injury to 
leaves can result in a loss of aesthetic 
value in areas of special scenic 
significance like national parks and 
wilderness areas and reduced use of 
sensitive ornamentals in landscaping.743 

The most recent Integrated Science 
Assessment (ISA) for Ozone presents 
more detailed information on how 
ozone affects vegetation and 
ecosystems.744 The ISA concludes that 
ambient concentrations of ozone are 
associated with a number of adverse 
welfare effects and characterizes the 
weight of evidence for different effects 

associated with ozone.745 The ISA 
concludes that visible foliar injury 
effects on vegetation, reduced vegetation 
growth, reduced productivity in 
terrestrial ecosystems, reduced yield 
and quality of agricultural crops, and 
alteration of below-ground 
biogeochemical cycles are causally 
associated with exposure to ozone. It 
also concludes that reduced carbon 
sequestration in terrestrial ecosystems, 
alteration of terrestrial ecosystem water 
cycling, and alteration of terrestrial 
community composition are likely to be 
causally associated with exposure to 
ozone. 

(3) Atmospheric Deposition 

Wet and dry deposition of ambient 
particulate matter delivers a complex 
mixture of metals (e.g., mercury, zinc, 
lead, nickel, aluminum, and cadmium), 
organic compounds (e.g., polycyclic 
organic matter, dioxins, and furans) and 
inorganic compounds (e.g., nitrate, 
sulfate) to terrestrial and aquatic 
ecosystems. The chemical form of the 
compounds deposited depends on a 
variety of factors including ambient 
conditions (e.g., temperature, humidity, 
oxidant levels) and the sources of the 
material. Chemical and physical 
transformations of the compounds occur 
in the atmosphere as well as the media 
onto which they deposit. These 
transformations in turn influence the 
fate, bioavailability and potential 
toxicity of these compounds. 

Adverse impacts to human health and 
the environment can occur when 
particulate matter is deposited to soils, 
water, and biota.746 Deposition of heavy 
metals or other toxics may lead to the 
human ingestion of contaminated fish, 
impairment of drinking water, damage 
to terrestrial, freshwater and marine 
ecosystem components, and limits to 
recreational uses. Atmospheric 
deposition has been identified as a key 
component of the environmental and 
human health hazard posed by several 
pollutants including mercury, dioxin 
and PCBs.747 
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748 NOX and SOX secondary ISA1 U.S. EPA. 
Integrated Science Assessment (ISA) for Oxides of 
Nitrogen and Sulfur Ecological Criteria (Final 
Report). U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R–08/082F, 2008. 

749 U.S. Environmental Protection Agency (U.S. 
EPA). 2009. Integrated Science Assessment for 
Particulate Matter (Final Report). EPA–600–R–08– 
139F. National Center for Environmental 
Assessment—RTP Division. December. Available on 
the Internet at <http://cfpub.epa.gov/ncea/cfm/
recordisplay.cfm?deid=216546>. 

750 Irving, P.M., e.d. 1991. Acid Deposition: State 
of Science and Technology, Volume III, Terrestrial, 
Materials, Health, and Visibility Effects, The U.S. 
National Acid Precipitation Assessment Program, 
Chapter 24, page 24–76. 

751 U.S. EPA. (1991). Effects of organic chemicals 
in the atmosphere on terrestrial plants. EPA/600/3– 
91/001. 

752 Cape JN, ID Leith, J Binnie, J Content, M 
Donkin, M Skewes, DN Price AR Brown, AD 
Sharpe. (2003). Effects of VOCs on herbaceous 
plants in an open-top chamber experiment. 
Environ. Pollut. 124:341–343. 

753 Cape JN, ID Leith, J Binnie, J Content, M 
Donkin, M Skewes, DN Price AR Brown, AD 
Sharpe. (2003). Effects of VOCs on herbaceous 
plants in an open-top chamber experiment. 
Environ. Pollut. 124:341–343. 

754 Viskari E–L. (2000). Epicuticular wax of 
Norway spruce needles as indicator of traffic 
pollutant deposition. Water, Air, and Soil Pollut. 
121:327–337. 

755 Ugrekhelidze D, F Korte, G Kvesitadze. (1997). 
Uptake and transformation of benzene and toluene 
by plant leaves. Ecotox. Environ. Safety 37:24–29. 

756 Kammerbauer H, H Selinger, R Rommelt, A 
Ziegler-Jons, D Knoppik, B Hock. (1987). Toxic 
components of motor vehicle emissions for the 
spruce Picea abies. Environ. Pollut. 48:235–243. 

The ecological effects of acidifying 
deposition and nutrient enrichment are 
detailed in the Integrated Science 
Assessment for Oxides of Nitrogen and 
Sulfur-Ecological Criteria.748 
Atmospheric deposition of nitrogen and 
sulfur contributes to acidification, 
altering biogeochemistry and affecting 
animal and plant life in terrestrial and 
aquatic ecosystems across the United 
States. The sensitivity of terrestrial and 
aquatic ecosystems to acidification from 
nitrogen and sulfur deposition is 
predominantly governed by geology. 
Prolonged exposure to excess nitrogen 
and sulfur deposition in sensitive areas 
acidifies lakes, rivers and soils. 
Increased acidity in surface waters 
creates inhospitable conditions for biota 
and affects the abundance and 
biodiversity of fishes, zooplankton and 
macroinvertebrates and ecosystem 
function. Over time, acidifying 
deposition also removes essential 
nutrients from forest soils, depleting the 
capacity of soils to neutralize future 
acid loadings and negatively affecting 
forest sustainability. Major effects in 
forests include a decline in sensitive 
tree species, such as red spruce (Picea 
rubens) and sugar maple (Acer 
saccharum). In addition to the role 
nitrogen deposition plays in 
acidification, nitrogen deposition also 
leads to nutrient enrichment and altered 
biogeochemical cycling. In aquatic 
systems increased nitrogen can alter 
species assemblages and cause 
eutrophication. In terrestrial systems 
nitrogen loading can lead to loss of 
nitrogen-sensitive lichen species, 
decreased biodiversity of grasslands, 
meadows and other sensitive habitats, 
and increased potential for invasive 
species. For a broader explanation of the 
topics treated here, refer to the 
description in Chapter 8.1.2.3 of the 
RIA. 

Building materials including metals, 
stones, cements, and paints undergo 
natural weathering processes from 
exposure to environmental elements 
(e.g., wind, moisture, temperature 
fluctuations, sunlight, etc.). Pollution 
can worsen and accelerate these effects. 
Deposition of PM is associated with 
both physical damage (materials damage 
effects) and impaired aesthetic qualities 
(soiling effects). Wet and dry deposition 
of PM can physically affect materials, 
adding to the effects of natural 
weathering processes, by potentially 
promoting or accelerating the corrosion 

of metals, by degrading paints and by 
deteriorating building materials such as 
stone, concrete and marble.749 The 
effects of PM are exacerbated by the 
presence of acidic gases and can be 
additive or synergistic due to the 
complex mixture of pollutants in the air 
and surface characteristics of the 
material. Acidic deposition has been 
shown to have an effect on materials 
including zinc/galvanized steel and 
other metal, carbonate stone (as 
monuments and building facings), and 
surface coatings (paints).750 The effects 
on historic buildings and outdoor works 
of art are of particular concern because 
of the uniqueness and irreplaceability of 
many of these objects. 

(4) Environmental Effects of Air Toxics 

Emissions from producing, 
transporting and combusting fuel 
contribute to ambient levels of 
pollutants that contribute to adverse 
effects on vegetation. Volatile organic 
compounds, some of which are 
considered air toxics, have long been 
suspected to play a role in vegetation 
damage.751 In laboratory experiments, a 
wide range of tolerance to VOCs has 
been observed.752 Decreases in 
harvested seed pod weight have been 
reported for the more sensitive plants, 
and some studies have reported effects 
on seed germination, flowering and fruit 
ripening. Effects of individual VOCs or 
their role in conjunction with other 
stressors (e.g., acidification, drought, 
temperature extremes) have not been 
well studied. In a recent study of a 
mixture of VOCs including ethanol and 
toluene on herbaceous plants, 
significant effects on seed production, 
leaf water content and photosynthetic 
efficiency were reported for some plant 
species.753 

Research suggests an adverse impact 
of vehicle exhaust on plants, which has 
in some cases been attributed to 
aromatic compounds and in other cases 
to nitrogen oxides.754 755 756 

C. Emissions Inventory Impacts 
As described in Section VII, the 

agencies conducted two analyses for 
these rules using DOT’s CAFE model 
and EPA’s MOVES model, relative to 
different reference cases (i.e., different 
baselines). The agencies used EPA’s 
MOVES model to estimate the non-GHG 
impacts for tractor-trailers (including 
the engine that powers the vehicle) and 
vocational vehicles (including the 
engine that powers the vehicle). For 
heavy-duty pickups and vans, the 
agencies performed separate analyses 
using the CAFE model (included in 
NHTSA’s ‘‘Method A;’’ See Section VI) 
and the MOVES model (included in 
EPA’s ‘‘Method B;’’ See Section VI) to 
estimate non-GHG emissions from these 
vehicles. For these methods, the 
agencies analyzed the impact of the 
rules relative to two different reference 
cases—flat and dynamic. The flat 
baseline projects very little 
improvement in new vehicles in the 
absence of new Phase 2 standards. In 
contrast, the dynamic baseline projects 
more significant improvements in 
vehicle fuel efficiency. The agencies 
considered both reference cases. The 
results for all of the regulatory 
alternatives relative to both reference 
cases, derived via the same 
methodologies discussed in Section VII 
of the Preamble, are presented in 
Section X of the Preamble. 

For brevity, a subset of these analyses 
are presented in this section and the 
reader is referred to both Chapter 11 of 
the RIA and NHTSA’s FEIS Chapters 3, 
4 and 5 for complete sets of these 
analyses. In this section, Method A is 
presented for the final standards, 
relative to both the dynamic baseline 
(Alternative 1b) and the flat baseline 
(Alternative 1a). Method B is presented 
for the final standards, relative only to 
the flat baseline. 

The following subsections summarize 
two slightly different analyses of the 
annual non-GHG emissions reductions 
expected from these standards. Section 
VIII.A.(1) presents the impacts of the 
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final rules on non-GHG emissions using 
the analytical Method A, relative to two 
different reference cases—flat and 
dynamic. Section VIII.A.(2) presents the 
impacts of these standards, relative to 
the flat reference case only, using the 
MOVES model for all heavy-duty 
vehicle categories. 

(1) Impacts of the Final Rules Using 
Analysis Method A 

(a) Calendar Year Analysis 

(i) Upstream Impacts of the Final 
Program 

Increasing efficiency in heavy-duty 
vehicles will result in reduced fuel 
demand and, therefore, reductions in 
the emissions associated with all 

processes involved in getting petroleum 
to the pump. Both Method A and 
Method B project these impacts for fuel 
consumed by vocational vehicles and 
combination tractor-trailers, using EPA’s 
MOVES model. See Section VII.A. for 
the description of this methodology. To 
project these impacts for fuel consumed 
by HD pickups and vans, Method A 
used similar calculations and inputs 
applicable to the CAFE model, as 
discussed above in Section VI. More 
information on the development of the 
emission factors used in this analysis 
can be found in Chapter 5 of the RIA. 

The following two tables summarize 
the projected upstream emission 
impacts of the final program on both 
criteria pollutants and air toxics from 

the heavy-duty sector, relative to 
Alternative 1b (dynamic baseline 
conditions under the No-Action 
Alternative) and Alternative 1a (flat 
baseline conditions under the No- 
Action Alternative), using analysis 
method A. Using either No-Action 
Alternative shows decreases in 
upstream emissions of all criteria 
pollutants, precursors, and air toxics; 
using Alternative 1a as the reference 
point attributes more of the emission 
reduction to the standards. Note that the 
rule is projected, in all analyses, of 
reducing emissions of NOX, contrary to 
implications in some of the public 
comments that fuel efficiency/GHG 
controls come at the expense of 
increased NOX emissions. 

TABLE VIII–1—ANNUAL UPSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR IN 
CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1b USING ANALYSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... ¥1 ¥4.9 ¥4 ¥18 ¥5 ¥19 
Acetaldehyde ........................................... ¥3 ¥4.4 ¥14 ¥15 ¥16 ¥16 
Acrolein .................................................... ¥0.4 ¥4.6 ¥2 ¥16 ¥2 ¥17 
Benzene ................................................... ¥23 ¥4.8 ¥88 ¥16 ¥105 ¥18 
CO ............................................................ ¥3,785 ¥4.9 ¥14,714 ¥17 ¥17,629 ¥19 
Formaldehyde .......................................... ¥18 ¥4.9 ¥71 ¥17 ¥86 ¥19 
NOX .......................................................... ¥9,255 ¥4.9 ¥35,964 ¥17 ¥43,089 ¥19 
PM2.5 ........................................................ ¥975 ¥4.9 ¥3,850 ¥18 ¥4,618 ¥19 
SOX .......................................................... ¥5,804 ¥4.9 ¥22,550 ¥17 ¥27,019 ¥19 
VOC ......................................................... ¥4,419 ¥4.8 ¥14,857 ¥15 ¥17,385 ¥16 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE VIII–2—ANNUAL UPSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR IN 
CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... ¥1 ¥5.3 ¥4 ¥20 ¥5 ¥21 
Acetaldehyde ........................................... ¥4 ¥4.6 ¥15 ¥16 ¥17 ¥17 
Acrolein .................................................... ¥0.4 ¥4.9 ¥2 ¥17 ¥2 ¥18 
Benzene ................................................... ¥25 ¥5.1 ¥96 ¥18 ¥115 ¥19 
CO ............................................................ ¥4,142 ¥5.4 ¥16,298 ¥19 ¥19,558 ¥20 
Formaldehyde .......................................... ¥20 ¥5.3 ¥79 ¥19 ¥95 ¥20 
NOX .......................................................... ¥10,124 ¥5.4 ¥39,813 ¥19 ¥47,779 ¥20 
PM2.5 ........................................................ ¥1,065 ¥5.3 ¥4,258 ¥19 ¥5,117 ¥21 
SOX .......................................................... ¥6,349 ¥5.4 ¥24,961 ¥19 ¥29,958 ¥20 
VOC ......................................................... ¥4,810 ¥5.2 ¥16,218 ¥16 ¥19,004 ¥17 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(ii) Downstream Impacts of the Final 
Program 

For vocational vehicles and tractor- 
trailers, the agencies used the MOVES 
model to determine non-GHG emissions 
inventories. The improvements in 
engine efficiency and road load, the 
increased use of APUs, and VMT 

rebound were included in the MOVES 
analysis. For NHTSA’s Method A 
analysis, presented in this section, the 
DOT CAFE model was used for HD 
pickups and vans. Further information 
about DOT’s CAFE model is available in 
Section VI.C and Chapter 10 of the RIA. 
The following two tables summarize the 

projected downstream emission impacts 
of the final program on both criteria 
pollutants and air toxics from the heavy- 
duty sector, relative to Alternative 1b 
and Alternative 1a, using analysis 
Method A. Using either baseline shows 
a reduction in all criteria pollutants and 
air toxics—except for 1,3-Butadiene, 
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and CY2025 levels of acrolein, which show small increases in downstream 
emissions. 

TABLE VIII–3—ANNUAL DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR 
IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1b USING ANALYSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... 1 0.5 4 3.6 4 3.4 
Acetaldehyde ........................................... ¥1 0.0 ¥16 ¥0.7 ¥19 ¥0.8 
Acrolein .................................................... 0.2 0.0 ¥0.3 ¥0.1 ¥1 ¥0.4 
Benzene ................................................... ¥2 ¥0.1 ¥13 ¥1.2 ¥13 ¥1.1 
CO ............................................................ ¥9,045 ¥0.6 ¥34,702 ¥2.8 ¥42,095 ¥3.0 
Formaldehyde .......................................... ¥21 ¥0.3 ¥96 ¥1.6 ¥119 ¥1.8 
NOX .......................................................... ¥12,082 ¥1.3 ¥53,254 ¥9.1 ¥65,068 ¥9.9 
PM2.5

b ...................................................... ¥58 ¥0.2 ¥363 ¥2.0 ¥453 ¥2.2 
SOX .......................................................... ¥201 ¥4.1 ¥851 ¥16 ¥1,028 ¥17 
VOC ......................................................... ¥769 ¥0.8 ¥3,436 ¥5.3 ¥4,128 ¥5.8 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b PM2.5 from tire wear and brake wear are included. 

TABLE VIII–4—ANNUAL DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR 
IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... 1 0.5 4 3.7 4 3.5 
Acetaldehyde ........................................... ¥1 0.0 ¥14 ¥0.7 ¥18 ¥0.8 
Acrolein .................................................... 0.2 0.0 ¥0.3 ¥0.1 ¥1 ¥0.4 
Benzene ................................................... ¥2 ¥0.2 ¥13 ¥1.2 ¥14 ¥1.2 
CO ............................................................ ¥8,944 ¥0.6 ¥34,502 ¥2.8 ¥41,880 ¥3.0 
Formaldehyde .......................................... ¥20 ¥0.3 ¥91 ¥1.6 ¥113 ¥1.7 
NOX .......................................................... ¥13,368 ¥1.5 ¥60,594 ¥10.2 ¥74,206 ¥11 
PM2.5

b ...................................................... ¥78 ¥0.2 ¥473 ¥2.6 ¥591 ¥2.9 
SOX .......................................................... ¥219 ¥4.5 ¥941 ¥17 ¥1,138 ¥19 
VOC ......................................................... ¥831 ¥0.8 ¥3,736 ¥5.8 ¥4,499 ¥6.3 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b PM2.5 from tire wear and brake wear are included. 

(iii) Total Impacts of the Final Program 

The following two tables summarize 
the projected upstream emission 
impacts of the final program on both 

criteria pollutants and air toxics from 
the heavy-duty sector, relative to 
Alternative 1b and Alternative 1a, using 
analysis Method A. Under both 
baselines, Method A predicts a decrease 

in total emissions by calendar year 
2050, but the amount attributable to the 
standards is larger using the flat 
baseline than the dynamic baseline. 

TABLE VIII–5—ANNUAL TOTAL IMPACTS (UPSTREAM AND DOWNSTREAM) OF CRITERIA POLLUTANTS AND AIR TOXICS 
FROM HEAVY-DUTY SECTOR IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1b USING ANAL-
YSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... 0.3 0.1 0.1 0.1 ¥0.4 ¥0.3 
Acetaldehyde ........................................... ¥4 ¥0.1 ¥30 ¥1.3 ¥35 ¥1.4 
Acrolein .................................................... ¥0.2 0.0 ¥2 ¥0.7 ¥3 ¥0.9 
Benzene ................................................... ¥25 ¥1.2 ¥101 ¥6.3 ¥118 ¥6.7 
CO ............................................................ ¥12,830 ¥0.9 ¥49,416 ¥3.7 ¥59,724 ¥4.0 
Formaldehyde .......................................... ¥39 ¥0.5 ¥167 ¥2.7 ¥205 ¥2.9 
NOX .......................................................... ¥21,337 ¥2.0 ¥89,218 ¥11 ¥108,157 ¥12 
PM2.5 ........................................................ ¥1,033 ¥2.0 ¥4,213 ¥10 ¥5,071 ¥11 
SOX .......................................................... ¥6,005 ¥4.9 ¥23,401 ¥17 ¥28,047 ¥19 
VOC ......................................................... ¥5,188 ¥2.7 ¥18,293 ¥11 ¥21,513 ¥12 

Notes: 
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757 U.S. EPA. Draft Regulatory Impact Analysis: 
Changes to Renewable Fuel Standard Program. 

a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 
1b, please see Section X.A.1. 

TABLE VIII–6—ANNUAL TOTAL IMPACTS (UPSTREAM AND DOWNSTREAM) OF CRITERIA POLLUTANTS AND AIR TOXICS 
FROM HEAVY-DUTY SECTOR IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANAL-
YSIS METHOD A a 

Pollutant 
CY2025 CY2040 CY2050 

US short tons % Change US short tons % Change US short tons % Change 

1,3-Butadiene ........................................... 0.2 0.1 ¥0.2 ¥0.1 ¥1.0 ¥0.5 
Acetaldehyde ........................................... ¥5 ¥0.2 ¥29 ¥1.3 ¥35 ¥1.4 
Acrolein .................................................... ¥0.2 0.0 ¥2 ¥0.7 ¥3 ¥1.0 
Benzene ................................................... ¥27 ¥1.4 ¥109 ¥6.8 ¥129 ¥7.2 
CO ............................................................ ¥13,086 ¥0.9 ¥50,800 ¥3.8 ¥61,438 ¥4.1 
Formaldehyde .......................................... ¥40 ¥0.5 ¥170 ¥2.7 ¥208 ¥2.9 
NOX .......................................................... ¥23,492 ¥2.2 ¥100,407 ¥12 ¥121,985 ¥14 
PM2.5 ........................................................ ¥1,143 ¥2.2 ¥4,731 ¥12 ¥5,708 ¥13 
SOX .......................................................... ¥6,568 ¥5.3 ¥25,902 ¥19 ¥31,096 ¥20 
VOC ......................................................... ¥5,641 ¥3.0 ¥19,954 ¥12 ¥23,503 ¥13 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(b) Model Year Lifetime Analysis 

Table VIII–7 shows the lifetime Non- 
GHG reductions for model years 2018– 
2029 attributable to the standards using 
Method A relative to both No-Action 
Alternatives. For NOX, approximately 

half of the emission reductions are 
downstream and half are upstream. 
However, for PM2.5 and SOX 
proportionally more of the emission 
reductions are attributable to upstream 
emission reductions than to 
downstream emission reductions. A 

similar pattern emerges as with single 
calendar year snapshots; more emission 
reductions are attributable to the 
standards using the 1a baseline as the 
reference point than by using the 1b 
baseline as the reference point. 

TABLE VIII–7—LIFETIME NON-GHG REDUCTIONS USING ANALYSIS METHOD A—SUMMARY FOR MODEL YEARS 2018– 
2029 

[U.S. Short Tons] a 

NO–action alternative (baseline) 
Final program 

1b (Dynamic) 1a (Flat) 

NOX .......................................................................................................................................................................... 494,495 548,630 
Downstream ...................................................................................................................................................... 246,509 276,413 
Upstream .......................................................................................................................................................... 247,986 272,217 

PM2.5 ........................................................................................................................................................................ 27,827 30,838 
Downstreamb .................................................................................................................................................... 1,437 1,891 
Upstream .......................................................................................................................................................... 26,390 28,947 

SOX .......................................................................................................................................................................... 159,367 174,918 
Downstream ...................................................................................................................................................... 3,849 4,214 
Upstream .......................................................................................................................................................... 155,518 170,704 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b PM2.5 from tire wear and brake wear are included. 

(2) Impacts of the Final Rules Using 
Analysis Method B 

(a) Calendar Year Analysis 

(i) Upstream Impacts of the Final 
Program 

Increasing efficiency in heavy-duty 
vehicles will result in reduced fuel 
demand and, therefore, reductions in 
the emissions associated with all 
processes involved in getting petroleum 
to the pump. To project these impacts, 
Method B estimated the impact of 
reduced petroleum volumes on the 
extraction and transportation of crude 

oil as well as the production and 
distribution of finished gasoline and 
diesel. For the purpose of assessing 
domestic-only emission reductions, it 
was necessary to estimate the fraction of 
fuel savings attributable to domestic 
finished gasoline and diesel and, of this 
fuel, what fraction is produced from 
domestic crude. Method B estimated the 
emissions associated with production 
and distribution of gasoline and diesel 
from crude oil based on emission factors 
in the ‘‘Greenhouse Gases, Regulated 
Emissions, and Energy used in 
Transportation’’ model (GREET) 

developed by DOE’s Argonne National 
Laboratory. In some cases, the GREET 
values were modified or updated by the 
agencies to be consistent with the 
National Emission Inventory (NEI) and 
emission factors from MOVES. Method 
B estimated the projected corresponding 
changes in upstream emissions using 
the same tools originally created for the 
Renewable Fuel Standard 2 (RFS2) 
rulemaking analysis,757 used in the LD 
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Chapters 2 and 3. May 26, 2009. Docket ID: EPA– 
HQ–OAR–2009–0472–0119. 

758 2017 and Later Model Year Light-Duty Vehicle 
Greenhouse Gas Emissions and Corporate Average 
Fuel Economy Standards (77 FR 62623, October 15, 
2012). 

759 Greenhouse Gas Emission Standards and Fuel 
Efficiency Standards for Medium- and Heavy-Duty 
Engines and Vehicles (76 FR 57106, September 15, 
2011). 

760 HD pickups and vans are subject to gram per 
mile (distance) emission standards, as opposed to 

larger heavy-duty vehicles which are certified to a 
gram per brake horsepower (work) standard. 

GHG rulemakings,758 HD GHG Phase 
1,759 and updated for the current 
analysis. More information on the 
development of the emission factors 

used in this analysis can be found in 
Chapter 5 of the RIA. 

Table VIII–8 summarizes the 
projected upstream emission impacts of 
the final program on both criteria 
pollutants and air toxics from the heavy- 

duty sector, relative to Alternative 1a, 
using analysis Method B. The 
comparable estimates relative to 
Alternative 1b are presented in Section 
VIII.C.(1). 

TABLE VIII–8—ANNUAL UPSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR IN 
CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD B a 

Pollutant 

CY2025 CY2040 CY2050 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

1,3-Butadiene ........................................... ¥1 ¥4.8 ¥5 ¥19.0 ¥6 ¥20.6 
Acetaldehyde ........................................... ¥7 ¥3.2 ¥35 ¥14.5 ¥38 ¥15.9 
Acrolein .................................................... ¥1 ¥3.5 ¥3 ¥15.2 ¥4 ¥16.7 
Benzene ................................................... ¥30 ¥3.8 ¥143 ¥16.1 ¥166 ¥17.6 
CO ............................................................ ¥3,809 ¥4.8 ¥16,884 ¥18.9 ¥20,227 ¥20.5 
Formaldehyde .......................................... ¥20 ¥4.6 ¥90 ¥18.3 ¥107 ¥19.9 
NOX .......................................................... ¥9,314 ¥4.8 ¥41,280 ¥18.9 ¥49,462 ¥20.5 
PM2.5 ........................................................ ¥1,037 ¥4.7 ¥4,619 ¥18.7 ¥5,520 ¥20.3 
SOX .......................................................... ¥5,828 ¥4.8 ¥25,811 ¥18.9 ¥30,941 ¥20.5 
VOC ......................................................... ¥4,234 ¥3.7 ¥20,010 ¥15.9 ¥23,240 ¥17.4 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(ii) Downstream Impacts of the Final 
Program 

The final program will impact the 
downstream emissions of non-GHG 
pollutants. These pollutants include 
oxides of nitrogen (NOX), oxides of 
sulfur (SOX), volatile organic 
compounds (VOC), carbon monoxide 
(CO), fine particulate matter (PM2.5), and 
air toxics. The agencies expect 
reductions in downstream emissions of 
NOX, PM2.5, VOC, SOX, CO, and air 
toxics. Much of these estimated net 
reductions are a result of the agencies’ 
anticipation of increased use of 
auxiliary power units (APUs) in 
combination tractors during extended 
idling; APUs emit these pollutants at a 
lower rate than on-road engines during 
extended idle operation, with the 
exception of PM2.5. As discussed in 

Section III.C.3, EPA is adopting Phase 1 
and Phase 2 requirements to control 
PM2.5 emissions from APUs installed in 
new tractors and therefore, eliminate the 
unintended consequence of increased 
PM2.5 emissions from increased APU 
use. 

Additional reductions in tailpipe 
emissions of NOX and CO and refueling 
emissions of VOC will be achieved 
through improvements in engine 
efficiency and reduced road load 
(improved aerodynamics and tire rolling 
resistance), which reduces the amount 
of work required to travel a given 
distance and increases fuel economy. 
For vehicle types not affected by road 
load improvements, such as HD pickups 
and vans 760, non-GHG emissions will 
increase very slightly due to VMT 
rebound. In addition, brake wear and 
tire wear emissions of PM2.5 will also 

increase very slightly due to VMT 
rebound. The agencies estimate that 
downstream emissions of SOX will be 
reduced, because they are roughly 
proportional to fuel consumption. 

For vocational vehicles and tractor- 
trailers, the agencies used MOVES to 
determine non-GHG emissions impacts 
of the final rules, relative to the flat 
baseline (Alternative 1a) and the 
dynamic baseline (Alternative 1b). The 
improvements in engine efficiency and 
road load, the increased use of APUs, 
and VMT rebound were included in the 
MOVES analysis. For this analysis, 
Method B also used the MOVES model 
for HD pickups and vans. 

The downstream criteria pollutant 
and air toxics impacts of the final 
program, relative to Alternative 1a, 
using analysis Method B, are presented 
in Table VIII–9. 

TABLE VIII–9—ANNUAL DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR 
IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD B a 

Pollutant 

CY2025 CY2040 CY2050 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

1,3-Butadiene ........................................... ¥1 ¥0.2 ¥3 ¥1.5 ¥3 ¥1.8 
Acetaldehyde ........................................... ¥3 ¥0.1 ¥18 ¥0.8 ¥23 ¥0.9 
Acrolein .................................................... ¥0.1 0 ¥1 ¥0.3 ¥1 ¥0.4 
Benzene ................................................... ¥5 ¥0.2 ¥22 ¥1.4 ¥26 ¥1.6 
CO ............................................................ ¥9,445 ¥0.4 ¥35,710 ¥2.4 ¥43,642 ¥2.7 
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761 U.S. EPA. Updates to MOVES for Emissions 
Analysis of Greenhouse Gas Emissions and Fuel 

Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles—Phase 2 FRM. Docket No. 
EPA–HQ–OAR–2016, July 2016. 

TABLE VIII–9—ANNUAL DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS AND AIR TOXICS FROM HEAVY-DUTY SECTOR 
IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD B a—Continued 

Pollutant 

CY2025 CY2040 CY2050 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

Formaldehyde .......................................... ¥20 ¥0.2 ¥97 ¥1.5 ¥120 ¥1.7 
NOX .......................................................... ¥13,396 ¥1.4 ¥60,681 ¥9.7 ¥74,362 ¥10.8 
PM2.5

b ...................................................... ¥73 ¥0.2 ¥462 ¥2.2 ¥580 ¥2.5 
SOX .......................................................... ¥252 ¥4.7 ¥1,122 ¥18.5 ¥1,341 ¥20.1 
VOC ......................................................... ¥1,071 ¥0.8 ¥5,060 ¥5.9 ¥6,013 ¥6.6 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b PM2.5 from tire wear and brake wear are included. 

As noted above, EPA is adopting 
Phase 1 and Phase 2 requirements to 
control PM2.5 emissions from APUs 
installed in new tractors. In the NPRM, 
EPA projected an unintended increase 
in downstream PM2.5 emissions because 
engines powering APUs are currently 
required to meet less stringent PM 
standards (40 CFR 1039.101) than on- 
road engines (40 CFR 86.007–11) and 

because the increase in emissions from 
APUs more than offset the reduced 
tailpipe emissions from improved 
engine efficiency and road load. 
However, with the new requirements for 
APUs, the final program is projected to 
lead to reduced downstream PM2.5 
emissions of 462 tons in 2040 and 580 
tons in 2050 (Table VIII–9). The net 
reductions in national PM2.5 emissions 

from the requirements for APUs are 927 
tons and 1,114 tons in 2040 and 2050, 
respectively (Table VIII–10). See Section 
III.C.3 of the Preamble for additional 
details on EPA’s PM emission standards 
for APUs. The development of APU 
emission rates with PM control is 
documented in a memorandum to the 
docket.761 

TABLE VIII–10—IMPACT ON PM2.5 EMISSIONS OF FURTHER PM2.5 CONTROL ON APUS—FINAL PROGRAM VS. ALT 1a 
USING ANALYSIS METHOD B 

[US Short Tons] a 

CY 

Baseline na-
tional heavy- 
duty vehicle 
PM2.5 emis-
sions (tons) 

Final HD 
phase 2 pro-
gram national 
PM2.5 emis-

sions without 
further PM 

control (tons) 

Final HD 
phase 2 pro-
gram national 
PM2.5 emis-

sions with fur-
ther PM con-

trol (tons) 

Net impact on 
national PM2.5 
emission with 

further PM 
control on 

APUs (tons) 

2040 ................................................................................................................. 20,939 21,403 20,476 ¥927 
2050 ................................................................................................................. 22,995 23,529 22,416 ¥1,114 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

It is worth noting that the emission 
reductions shown in Table VIII–9 are 
not incremental to the emissions 
reductions projected in the Phase 1 
rulemaking. This is because, as 
described in Sections III.D.(1).a of the 
Preamble, the agencies have revised 
their assumptions about the adoption 
rate of APUs. This final rule assumes 
that without the Phase 2 program (i.e., 

in the Phase 2 baselines), the APU 
adoption rate will be 9 percent for 
model years 2010 and later. EPA 
conducted an analysis to estimate the 
combined emissions impacts of the 
Phase 1 and the Phase 2 programs for 
NOX, VOC, SOX and PM2.5 in calendar 
year 2050 using MOVES2014a. The 
results are shown in Table VIII–11. For 
NOX and PM2.5 only, we also estimated 

the combined Phase 1 and Phase 2 
downstream and upstream emissions 
impacts for calendar year 2025, and 
project that the two rules combined will 
reduce NOX by up to 55,000 tons and 
PM2.5 by up to 33,000 tons in that year. 
For additional details, see Chapter 5 of 
the RIA. 

TABLE VIII–11—COMBINED PHASE 1 AND PHASE 2 ANNUAL DOWNSTREAM IMPACTS ON CRITERIA POLLUTANTS FROM 
HEAVY-DUTY SECTOR IN CALENDAR YEAR 2050—FINAL PROGRAM VS. ALT 1a USING ANALYSIS METHOD B 

[US Short Tons] a 

CY NOX VOC SOX PM2.5
b 

2050 ................................................................................................................. ¥100,878 ¥10,067 ¥2,249 ¥1,001 

Notes: 
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762 A lifetime of 30 years is assumed in MOVES. 

763 U.S. EPA, 2011. Our Nation’s Air: Status and 
Trends through 2010. EPA–454/R–12–001. February 
2012. Available at: http://www3.epa.gov/airtrends/
2011/. 

764 Data come from Summary Nonattainment Area 
Population Exposure Report, current as of April 22, 
2016 at: https://www3.epa.gov/airquality/greenbk/
popexp.html and contained in Docket EPA–HQ– 
OAR–2014–0827. 

765 U.S. EPA. (2015) Summary of Results for the 
2011 National-Scale Assessment. https://
www3.epa.gov/sites/production/files/2015-12/
documents/2011-nata-summary-results.pdf. 

766 Health Effects Institute Panel on the Health 
Effects of Traffic-Related Air Pollution. (2010) 
Traffic-related air pollution: A critical review of the 
literature on emissions, exposure, and health 
effects. HEI Special Report 17. Available at http:// 
www.healtheffects.org]. 

767 70 FR 19844 (April 14, 2005). 

a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and more dynamic 
baseline, 1b, please see Section X.A.1. 

(iii) Total Impacts of the Final Program 

As shown in Table VIII–12, EPA 
estimates that the final program will 

result in overall net reductions of NOX, 
VOC, SOX, CO, PM2.5, and air toxics 
emissions. The results are shown both 
in changes in absolute tons and in 

percent reductions from the flat 
reference to the final program for the 
heavy-duty sector. 

TABLE VIII–12—ANNUAL TOTAL IMPACTS (UPSTREAM AND DOWNSTREAM) OF CRITERIA POLLUTANTS AND AIR TOXICS 
FROM HEAVY-DUTY SECTOR IN CALENDAR YEARS 2025, 2040 AND 2050—FINAL PROGRAM VS. ALT 1a USING ANAL-
YSIS METHOD B a 

Pollutant 

CY2025 CY2040 CY2050 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

US short 
tons 

% 
Change 

1,3-Butadiene ........................................... ¥2 ¥0.5 ¥8 ¥3.7 ¥9 ¥4.1 
Acetaldehyde ........................................... ¥10 ¥0.3 ¥53 ¥2.0 ¥61 ¥2.1 
Acrolein .................................................... ¥1 ¥0.1 ¥4 ¥1.3 ¥5 ¥1.3 
Benzene ................................................... ¥35 ¥1.1 ¥165 ¥6.8 ¥192 ¥7.5 
CO ............................................................ ¥13,254 ¥0.6 ¥52,594 ¥3.3 ¥63,869 ¥3.8 
Formaldehyde .......................................... ¥40 ¥0.5 ¥187 ¥2.7 ¥227 ¥2.9 
NOX .......................................................... ¥22,710 ¥1.9 ¥101,961 ¥12.1 ¥123,824 ¥13.3 
PM2.5 ........................................................ ¥1,110 ¥1.9 ¥5,081 ¥11.1 ¥6,100 ¥12.1 
SOX .......................................................... ¥6,080 ¥4.8 ¥26,933 ¥18.9 ¥32,282 ¥20.5 
VOC ......................................................... ¥5,305 ¥2.2 ¥25,070 ¥11.9 ¥29,253 ¥13.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(b) Model Year Lifetime Analysis 

In addition to the annual non-GHG 
emissions reductions expected from the 
final rules, EPA estimated the combined 
(downstream and upstream) non-GHG 
impacts for the lifetime of the impacted 
vehicles. Table VIII–13 shows the fleet- 
wide reductions of NOX, PM2.5 and SOX 
from the final program, relative to 
Alternative 1a, through the lifetime 762 
of heavy-duty vehicles. For the lifetime 
non-GHG reductions by vehicle 
categories, see Chapter 5 of the RIA. 

TABLE VIII–13—LIFETIME NON-GHG 
REDUCTIONS USING ANALYSIS 
METHOD B—SUMMARY FOR MODEL 
YEARS 2018–2029 

[U.S. Short Tons] a 

No-action alternative 
(baseline) 

Final program 

1a (Flat) 

NOX ...................................... 549,881 
Downstream .................. 277,644 
Upstream ....................... 272,237 

PM2.5 ..................................... 32,251 
Downstream b ................ 1,824 
Upstream ....................... 30,427 

SOX ....................................... 175,202 
Downstream .................. 4,931 
Upstream ....................... 170,272 

Note: 

a For an explanation of analytical Methods A 
and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

b PM2.5 from tire wear and brake wear are 
included. 

D. Air Quality Impacts of Non-GHG 
Pollutants 

Changes in emissions of non-GHG 
pollutants due to these rules will impact 
air quality. Information on current air 
quality and the results of our air quality 
modeling of the projected impacts of 
these rules are summarized in the 
following section. Additional 
information is available in Chapter 6 of 
the RIA. 

(1) Current Concentrations of Non-GHG 
Pollutants 

Nationally, levels of PM2.5, ozone, 
NOX, SOX, CO and air toxics are 
declining.763 However, as of April 22, 
2016, more than 125 million people 
lived in counties designated 
nonattainment for one or more of the 
NAAQS, and this figure does not 
include the people living in areas with 
a risk of exceeding a NAAQS in the 
future.764 Many Americans continue to 

be exposed to ambient concentrations of 
air toxics at levels which have the 
potential to cause adverse health 
effects.765 In addition, populations who 
live, work, or attend school near major 
roads experience elevated exposure 
concentrations to a wide range of air 
pollutants.766 

(a) Particulate Matter 
There are two primary NAAQS for 

PM2.5: An annual standard (12.0 
micrograms per cubic meter (mg/m3)) set 
in 2012 and a 24-hour standard (35 mg/ 
m3) set in 2006, and two secondary 
NAAQS for PM2.5: An annual standard 
(15.0 mg/m3) set in 1997 and a 24-hour 
standard (35 mg/m3) set in 2006. 

There are many areas of the country 
that are currently in nonattainment for 
the annual and 24-hour primary PM2.5 
NAAQS. In 2005 the EPA designated 39 
nonattainment areas for the 1997 PM2.5 
NAAQS.767 As of April 22, 2016, more 
than 23 million people lived in the 7 
areas that are still designated as 
nonattainment for the 1997 annual 
PM2.5 NAAQS. These PM2.5 
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768 EPA 2014. Fact Sheet: Final Area Designations 
for the Annual Fine Particle Standard. https://
www3.epa.gov/pmdesignations/2012standards/
final/20141218fs.pdf. 

769 https://www3.epa.gov/pmdesignations/
2012standards/final/20150331fs.pdf. 

770 74 FR 58688 (November 13, 2009) and 76 FR 
6056 (February 3, 2011). 

771 The 39 million total is calculated by summing, 
without double counting, the 1997, 2006 and 2012 
PM2.5 nonattainment populations contained in the 
Summary Nonattainment Area Population Exposure 
report (https://www3.epa.gov/airquality/greenbk/
popexp.html). If there is a population associated 
with more than one of the 1997, 2006 and 2012 
nonattainment areas, and they are not the same, 
then the larger of the populations is included in the 
sum. 

772 The final Phase 2 trailer standards and PM 
controls for APUs begin with model year 2018. 

773 77 FR 30088 (May 21, 2012) and 77 FR 34221 
(June 11, 2012). 

774 https://www3.epa.gov/ozone-pollution/2015- 
ozone-naaqs-timelines. 

775 The final Phase 2 trailer standards begin with 
model year 2018. 

776 U.S. EPA. (2012). Fact Sheet—Air Quality 
Designations for the 2010 Primary Nitrogen Dioxide 
(NO2) National Ambient Air Quality Standards. 
http://www3.epa.gov/airquality/nitrogenoxides/
designations/pdfs/20120120FS.pdf. 

777 U.S. Environmental Protection Agency (2013). 
Revision to Ambient Nitrogen Dioxide Monitoring 
Requirements. March 7, 2013. http://www3.epa.gov/ 
airquality/nitrogenoxides/pdfs/20130307fr.pdf. 

778 Sierra Club v. McCarthy, No. 3–13–cv–3953 
(SI) (N.D. Cal. Mar. 2, 2015). 

nonattainment areas are comprised of 33 
full or partial counties. In December 
2014 EPA designated 14 nonattainment 
areas for the 2012 annual PM2.5 
NAAQS.768 In March 2015, EPA 
changed the initial designation from 
nonattainment to unclassifiable/ 
attainment for four areas based on the 
availability of complete, certified 2014 
air quality data showing these areas met 
the 2012 annual PM2.5 NAAQS. The 
EPA also changed the initial 2012 
annual PM2.5 NAAQS designation from 
nonattainment to unclassifiable for the 
Louisville, Indiana-Kentucky area. 769 
As of April 22, 2016, 9 of these areas 
remain designated as nonattainment, 
and they are composed of 20 full or 
partial counties with a population of 
over 23 million. On November 13, 2009 
and February 3, 2011, the EPA 
designated 32 nonattainment areas for 
the 2006 24-hour PM2.5 NAAQS.770 As 
of April 22, 2016, 16 of these areas 
remain designated as nonattainment for 
the 2006 24-hour PM2.5 NAAQS, and 
they are composed of 46 full or partial 
counties with a population of over 32 
million. In total, there are currently 24 
PM2.5 nonattainment areas with a 
population of more than 39 million 
people.771 

The EPA has already adopted many 
mobile source emission control 
programs that are expected to reduce 
ambient PM concentrations. As a result 
of these and other federal, state and 
local programs, the number of areas that 
fail to meet the PM2.5 NAAQS in the 
future is expected to decrease. However, 
even with the implementation of all 
current state and federal regulations, 
there are projected to be counties 
violating the PM2.5 NAAQS well into the 
future. States will need to meet the 2006 
24-hour standards in the 2015–2019 
timeframe and the 2012 primary annual 
standard in the 2021–2025 timeframe. 
The emission reductions and 
improvements in ambient PM2.5 
concentrations from this action, which 
will take effect as early as model year 
2018, will be helpful to states as they 

work to attain and maintain the PM2.5 
NAAQS.772 The standards can assist 
areas with attainment dates in 2018 and 
beyond in attaining the NAAQS as 
expeditiously as practicable and may 
relieve areas with already stringent local 
regulations from some of the burden 
associated with adopting additional 
local controls. 

(b) Ozone 
The primary and secondary NAAQS 

for ozone are 8-hour standards with a 
level of 0.07 ppm. The most recent 
revision to the ozone standards was in 
2015; the previous 8-hour ozone 
primary standard, set in 2008, had a 
level of 0.075 ppm. Final nonattainment 
designations for the 2008 ozone 
standard were issued on April 30, 2012, 
and May 31, 2012.773 As of April 22, 
2016, there were 44 ozone 
nonattainment areas for the 2008 ozone 
NAAQS, composed of 216 full or partial 
counties, with a population of more 
than 120 million. In addition, EPA plans 
to finalize nonattainment areas for the 
2015 ozone NAAQS in October 2017. 

States with ozone nonattainment 
areas are required to take action to bring 
those areas into attainment. The 
attainment date assigned to an ozone 
nonattainment area is based on the 
area’s classification. The attainment 
dates for areas designated 
nonattainment for the 2008 8-hour 
ozone NAAQS are in the 2015 to 2032 
timeframe, depending on the severity of 
the problem in each area. 
Nonattainment area attainment dates 
associated with areas designated for the 
2015 NAAQS will be in the 2020–2037 
timeframe, depending on the severity of 
the problem in each area.774 

EPA has already adopted many 
emission control programs that are 
expected to reduce ambient ozone 
levels. As a result of these and other 
federal, state and local programs, 8-hour 
ozone levels are expected to improve in 
the future. However, even with the 
implementation of all current state and 
federal regulations, there are projected 
to be counties violating the ozone 
NAAQS well into the future. The 
emission reductions from this action, 
which will take effect as early as model 
year 2018, will be helpful to states as 
they work to attain and maintain the 
ozone NAAQS.775 The standards can 
assist areas with attainment dates in 

2018 and beyond in attaining the 
NAAQS as expeditiously as practicable 
and may relieve areas with already 
stringent local regulations from some of 
the burden associated with adopting 
additional local controls. 

(c) Nitrogen Dioxide 
The EPA most recently completed a 

review of the primary NAAQS for NO2 
in January 2010. There are two primary 
NAAQS for NO2: An annual standard 
(53 ppb) and a 1-hour standard (100 
ppb). The EPA promulgated area 
designations in the Federal Register on 
February 17, 2012. In this initial round 
of designations, all areas of the country 
were designated as ‘‘unclassifiable/ 
attainment’’ for the 2010 NO2 NAAQS 
based on data from the existing air 
quality monitoring network. The EPA 
and state agencies are working to 
establish an expanded network of NO2 
monitors, expected to be deployed in 
the 2014–2017 time frame. Once three 
years of air quality data have been 
collected from the expanded network, 
the EPA will be able to evaluate NO2 air 
quality in additional locations.776 777 

(d) Sulfur Dioxide 
The EPA most recently completed a 

review of the primary SO2 NAAQS in 
June 2010. The current primary NAAQS 
for SO2 is a 1-hour standard of 75 ppb. 
The EPA finalized the initial area 
designations for 29 nonattainment areas 
in 16 states in a notice published in the 
Federal Register on August 5, 2013. In 
this first round of designations, EPA 
only designated nonattainment areas 
that were violating the standard based 
on existing air quality monitoring data 
provided by the states. The agency did 
not have sufficient information to 
designate any area as ‘‘attainment’’ or 
make final decisions about areas for 
which additional modeling or 
monitoring is needed (78 FR 47191, 
August 5, 2013). On March 2, 2015, the 
U.S. District Court for the Northern 
District of California accepted, as an 
enforceable order, an agreement 
between the EPA and Sierra Club and 
Natural Resources Defense Council to 
resolve litigation concerning the 
deadline for completing designations.778 
The court’s order directs the EPA to 
complete designations for all remaining 

VerDate Sep<11>2014 02:45 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00380 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR2.SGM 25OCR2m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 R

U
LE

S
2

PC ORIGINAL PKG

http://www3.epa.gov/airquality/nitrogenoxides/designations/pdfs/20120120FS.pdf
http://www3.epa.gov/airquality/nitrogenoxides/designations/pdfs/20120120FS.pdf
https://www3.epa.gov/pmdesignations/2012standards/final/20141218fs.pdf
https://www3.epa.gov/pmdesignations/2012standards/final/20141218fs.pdf
https://www3.epa.gov/pmdesignations/2012standards/final/20141218fs.pdf
https://www3.epa.gov/pmdesignations/2012standards/final/20150331fs.pdf
https://www3.epa.gov/pmdesignations/2012standards/final/20150331fs.pdf
http://www3.epa.gov/airquality/nitrogenoxides/pdfs/20130307fr.pdf
http://www3.epa.gov/airquality/nitrogenoxides/pdfs/20130307fr.pdf
https://www3.epa.gov/ozone-pollution/2015-ozone-naaqs-timelines
https://www3.epa.gov/ozone-pollution/2015-ozone-naaqs-timelines
https://www3.epa.gov/airquality/greenbk/popexp.html
https://www3.epa.gov/airquality/greenbk/popexp.html


73857 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

779 U.S. EPA (2015) 2011 National-Scale Air 
Toxics Assessment. https://www3.epa.gov/national- 
air-toxics-assessment/2011-nata-assessment-
results#emissions. 

780 U.S. Environmental Protection Agency (2007). 
Control of Hazardous Air Pollutants from Mobile 
Sources; Final Rule. 72 FR 8434, February 26, 2007. 

781 U.S. EPA. (2015) 2011 NATA: Assessment 
Results. https://www3.epa.gov/national-air-toxics- 
assessment/2011-nata-assessment-results. 

782 NATA also includes estimates of risk 
attributable to background concentrations, which 
includes contributions from long-range transport, 
persistent air toxics, and natural sources; as well as 
secondary concentrations, where toxics are formed 
via secondary formation. Mobile sources 
substantially contribute to long-range transport and 
secondarily formed air toxics. 

783 The range of Social Cost of Carbon (SC–CO2) 
values uses several discount rates because the 
literature shows that the SC–CO2 is quite sensitive 
to assumptions about the discount rate, and because 
no consensus exists on the appropriate rate to use 
in an intergenerational context (where costs and 
benefits are incurred by different generations). Refer 
to Section IX.F.1 for more information. 

areas in the country in up to three 
additional rounds: The first round by 
July 2, 2016, the second round by 
December 31, 2017, and the final round 
by December 31, 2020. 

(e) Carbon Monoxide 

There are two primary NAAQS for 
CO: An 8-hour standard (9 ppm) and a 
1-hour standard (35 ppm). The primary 
NAAQS for CO were retained in August 
2011. There are currently no CO 
nonattainment areas; as of September 
27, 2010, all CO nonattainment areas 
have been redesignated to attainment. 

The past designations were based on 
the existing community-wide 
monitoring network. EPA is making 
changes to the ambient air monitoring 
requirements for CO. The new 
requirements are expected to result in 
approximately 52 CO monitors 
operating near roads within 52 urban 
areas by January 2015 (76 FR 54294, 
August 31, 2011). 

(f) Diesel Exhaust PM 

Because DPM is part of overall 
ambient PM and cannot be easily 
distinguished from overall PM, we do 
not have direct measurements of DPM 
in the ambient air. DPM concentrations 
are estimated using ambient air quality 
modeling based on DPM emission 
inventories. DPM emission inventories 
are computed as the exhaust PM 
emissions from mobile sources 
combusting diesel or residual oil fuel. 
DPM concentrations were recently 
estimated as part of the 2011 NATA.779 
Areas with high concentrations are 
clustered in the Northeast, Great Lake 
States, California, and the Gulf Coast 
States and are also distributed 
throughout the rest of the U.S. The 
median DPM concentration calculated 
nationwide is 0.76 mg/m3. Half of the 
DPM can be attributed to heavy-duty 
diesel vehicles. 

(g) Air Toxics 

The most recent available data 
indicate that the majority of Americans 
continue to be exposed to ambient 
concentrations of air toxics at levels 
which have the potential to cause 
adverse health effects. The levels of air 
toxics to which people are exposed vary 
depending on where people live and 
work and the kinds of activities in 
which they engage, as discussed in 
detail in EPA’s most recent Mobile 

Source Air Toxics Rule.780 According to 
the National Air Toxic Assessment 
(NATA) for 2011, mobile sources were 
responsible for 50 percent of outdoor 
anthropogenic toxic emissions and were 
the largest contributor to cancer and 
noncancer risk from directly emitted 
pollutants.781 782 Mobile sources are also 
large contributors to precursor 
emissions which react to form air toxics. 
Formaldehyde is the largest contributor 
to cancer risk of all 71 pollutants 
quantitatively assessed in the 2011 
NATA. Mobile sources were responsible 
for more than 25 percent of primary 
anthropogenic emissions of this 
pollutant in 2011 and are major 
contributors to formaldehyde precursor 
emissions. Benzene is also a large 
contributor to cancer risk, and mobile 
sources account for almost 80 percent of 
ambient exposure. Over the years, EPA 
has implemented a number of mobile 
source and fuel controls which have 
resulted in VOC reductions, which also 
reduced formaldehyde, benzene and 
other air toxic emissions. 

(2) Impacts of the Rule on Projected Air 
Quality 

Along with reducing GHGs, the Phase 
2 standards also have an impact on non- 
GHG, criteria and air toxic pollutant, 
emissions. As shown above in Section 
VIII.C, the standards will impact 
exhaust emissions of these pollutants 
from vehicles and will also impact 
emissions that occur during the refining 
and distribution of fuel (upstream 
sources). Reductions in emissions of 
NOX, VOC, PM2.5 and air toxics 
expected as a result of the Phase 2 
standards will lead to improvements in 
air quality, specifically decreases in 
ambient concentrations of PM2.5, ozone, 
NO2 and air toxics, as well as better 
visibility and reduced deposition. 

Emissions and air quality modeling 
decisions are made early in the 
analytical process because of the time 
and resources associated with full-scale 
photochemical air quality modeling. As 
a result, the inventories used in the air 
quality modeling and the benefits 
modeling are different from the final 
emissions inventories presented in 

Section VIII.C. The air quality 
inventories and the final inventories are 
consistent in many ways, but there are 
some important differences. For 
example, in this final rulemaking, EPA 
is adopting Phase 1 and Phase 2 
requirements to control PM2.5 emissions 
from APUs installed in new tractors, so 
we do not expect increases in 
downstream PM2.5 emissions from the 
Phase 2 program; however, the air 
quality inventories do not reflect these 
requirements and therefore show 
increases in downstream PM2.5 
emissions. Chapter 5 of the RIA has 
more detail on the differences between 
the air quality and final inventories. The 
results of our air quality modeling of the 
criteria pollutant and air toxics impacts 
of the Phase 2 standards are 
summarized in the RIA and presented in 
more detail in Appendix 6A to the RIA. 

IX. Economic and Other Impacts 
This section presents the costs, 

benefits and other economic impacts of 
the Phase 2 standards. It is important to 
note that NHTSA’s fuel consumption 
standards and EPA’s GHG standards 
will both be in effect, and each will lead 
to average fuel efficiency increases and 
GHG emission reductions. 

The net benefits of the Phase 2 
standards consist of the effects of the 
program on: 
• vehicle program costs (costs of 

complying with the vehicle CO2 and 
fuel consumption standards) 

• changes in fuel expenditures 
associated with reduced fuel use 
resulting from more efficient vehicles 
and increased fuel use associated with 
the ‘‘rebound’’ effect, both of which 
result from the program 

• economic value of reductions in 
GHGs 

• economic value of reductions in non- 
GHG pollutants 

• costs associated with increases in 
noise, congestion, and crashes 
resulting from increased vehicle use 

• savings in drivers’ time from less 
frequent refueling 

• benefits of increased vehicle use 
associated with the ‘‘rebound’’ effect 

• economic value of improvements in 
U.S. energy security 
The benefits and costs of these rules 

are analyzed using 3 percent and 7 
percent discount rates, consistent with 
current OMB guidance.783 These rates 
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784 This approach describes the economic concept 
of compensating variation, a payment of money 
after a change that would make a consumer as well 
off after the change as before it. A related concept, 
equivalent variation, estimates the income change 
that would be an alternative to the change taking 
place. The difference between them is whether the 
consumer’s point of reference is her welfare before 
the change (compensating variation) or after the 
change (equivalent variation). In practice, these two 
measures are typically very close together. 

785 Indeed, it is likely to be an overestimate of the 
loss to the consumer, because the buyer has choices 
other than buying the same vehicle with a higher 
price; she could choose a different vehicle, or 
decide not to buy a new vehicle. The buyer would 
choose one of those options only if the alternative 
involves less loss than paying the higher price. 
Thus, the increase in price that the buyer faces 
would be the upper bound of loss of consumer 
welfare, unless there are other changes to the 
vehicle due to the fuel efficiency improvements that 
make the vehicle less desirable to consumers. 

786 Environmental Protection Agency and 
Department of Transportation, ‘‘Light-Duty Vehicle 
Greenhouse Gas Emission Standards and Corporate 
Average Fuel Economy Standards; Final Rule,’’ 75 
FR 25324, May 7, 2010, especially Sections III.H.1 
(25510–25513) and IV.G.6 (25651–25657); 
Environmental Protection Agency and Department 
of Transportation, ’’2017 and Later Model Year 
Light-Duty Vehicle Greenhouse Gas Emissions and 

Corporate Average Fuel Economy Standards; Final 
Rule,’’ 77 FR 62624, October 15, 2012, especially 
Sections III.H.1 (62913–62919) and IV.G.5.a (63102– 
63104). 

787 State of Massachusetts v. EPA, 549 U.S. at 
533. 

are intended to represent consumers’ 
preference for current over future 
consumption (3 percent), and the real 
rate of return on private investment (7 
percent) which indicates the 
opportunity cost of capital. However, 
neither of these rates necessarily 
represents the discount rate that 
individual decision-makers use. 

The program may also have other 
economic effects that are not included 
here. As discussed in Sections III 
through VI of this Preamble and in 
Chapter 2 of the RIA, the technology 
cost estimates developed here take into 
account the costs to hold other vehicle 
attributes, such as size and performance, 
constant. With these assumptions, and 
because welfare losses represent 
monetary estimates of how much buyers 
would have to be compensated to be 
made as well off as they would have 
been in the absence of this regulation,784 
price increases for new vehicles 
measure the welfare losses to the 
vehicle buyers.785 If the full technology 
cost gets passed along to the buyer as an 
increase in price, the technology cost 
thus measures the primary welfare loss 
of the standards, including impacts on 
buyers. Increasing fuel efficiency would 
have to lead to other changes in the 
vehicles that buyers find undesirable for 
there to be additional welfare losses that 
are not included in the technology costs. 

As the 2012–2016 and 2017–2025 
light-duty GHG/CAFE rules discussed, if 
other vehicle attributes are not held 
constant, then the technology cost 
estimates do not capture the losses to 
vehicle buyers associated with these 
changes.786 The light-duty rules also 

discussed other potential issues that 
could affect the calculation of the 
welfare impacts of these types of 
changes, such as aspects of buyers’ 
behavior that might affect the demand 
for technology investments, uncertainty 
in buyers’ investment horizons, and the 
rate at which truck owner’s trade off 
higher vehicle purchase price against 
future fuel savings. 

Where possible, we identify the 
uncertain aspects of these economic 
impacts and attempt to quantify them 
(e.g., sensitivity ranges associated with 
quantified and monetized GHG impacts; 
range of dollar-per-ton values to 
monetize non-GHG health benefits; 
uncertainty with respect to learning and 
markups). The agencies have examined 
the sensitivity of oil prices on fuel 
expenditures; results of this sensitivity 
analysis can be found in Chapter 8 of 
the RIA. NHTSA’s EIS also characterizes 
the uncertainty in economic impacts 
associated with the HD national 
program. For other impacts, however, 
there is inadequate information to 
inform a thorough, quantitative 
assessment of uncertainty. EPA and 
NHTSA continue to work toward 
developing a comprehensive strategy for 
characterizing the aggregate impact of 
uncertainty in key elements of its 
analyses and we will continue to work 
to refine these uncertainty analyses in 
the future as time and resources permit. 

This and other sections of the 
Preamble address Section 317 of the 
Clean Air Act on economic analysis. 
Section IX.L addresses Section 321 of 
the Clean Air Act on employment 
analysis. The total monetized benefits 
and costs of the program are 
summarized in Section IX.K for the final 
program and in Section X for all 
alternatives. 

The agencies sought comment on 
numerous aspects of the analyses 
presented in this section, such as the 
potential omissions of costs or benefits, 
additional impacts of the standards on 
vehicle attributes and performance, and 
the quantification of uncertainty. 
Responses to comments on specific 
aspects of the analysis are addressed as 
appropriate in the relevant sections 
below, and in Sections III through VI of 
this Preamble as they relate to certain 
technologies. Further detail can be 
found in Section 11 of the RTC. 

A. Conceptual Framework 

The HD Phase 2 standards will 
implement both the 2007 Energy 

Independence and Security Act 
requirement that NHTSA establish fuel 
efficiency standards for medium- and 
heavy-duty vehicles and the Clean Air 
Act requirement that EPA adopt 
technology-based standards to control 
pollutant emissions from motor vehicles 
and engines contributing to air pollution 
that endangers public health and 
welfare. NHTSA’s statutory mandate is 
intended to further the agency’s long- 
standing goals of reducing U.S. 
consumption and imports of petroleum 
energy to improve the nation’s energy 
security. 

From an economics perspective, 
government actions to improve our 
nation’s energy security and to protect 
our nation from the potential threats of 
climate change address ‘‘externalities,’’ 
or economic consequences of decisions 
by individuals and businesses that 
extend beyond those who make these 
decisions. For example, users of 
transportation fuels increase the entire 
U.S. economy’s risk of having to make 
costly adjustments due to rapid 
increases in oil prices, but these users 
generally do not consider such costs 
when they decide to consume more fuel. 

Similarly, consuming transportation 
fuel also increases emissions of 
greenhouse gases and other more 
localized air pollutants that occur when 
fuel is refined, distributed, and 
consumed. Some of these emissions 
increase the likelihood and severity of 
potential climate-related economic 
damages, and others cause economic 
damages by adversely affecting human 
health. The need to address these 
external costs and other adverse effects 
provides a well-established economic 
rationale that supports the statutory 
direction given to government agencies 
to establish regulatory programs that 
reduce the magnitude of these adverse 
effects at reasonable costs. 

The Phase 2 standards will require 
manufacturers of new heavy-duty 
vehicles, including trailers (HDVs), to 
improve the fuel efficiency of the 
products that they produce. As HDV 
users purchase and operate these new 
vehicles, they will consume 
significantly less fuel, in turn reducing 
U.S. petroleum consumption and 
imports as well as emissions of GHGs 
and other air pollutants. Thus, as a 
consequence of the agencies’ efforts to 
meet our statutory obligations to 
improve U.S. energy security and EPA’s 
obligation to issue standards ‘‘to 
regulate emissions of the deleterious 
pollutant . . . from motor vehicles’’ that 
endangers public health and welfare,787 
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788 Klemick, Heather, Elizabeth Kopits, Keith 
Sargent, and Ann Wolverton (2015). ‘‘Heavy-Duty 
Trucking and the Energy Efficiency Paradox: 
Evidence form Focus Groups and Interviews.’’ 
Transportation Research Part A 77: 154–166, 
Docket EPA–HQ–OAR–2014–0827; Roeth, Mike, 
Dave Kircher, Joel Smith, and Rob Swim (2013). 
‘‘Barriers to the Increased Adoption of Fuel 
Efficiency Technologies in the North American On- 
Road Freight Sector.’’ NACFE report for the 
International Council on Clean Transportation, 

Continued 

the fuel efficiency and GHG emission 
standards will also reduce HDV 
operators’ outlays for fuel purchases. 
These fuel savings are one measure of 
the final rule’s effectiveness in 
promoting NHTSA’s statutory goal of 
conserving energy, as well as EPA’s 
obligation under section 202(a)(1) and 
(2) of the Clean Air Act to assess the cost 
of standards. Although these savings are 
not the agencies’ primary motivation for 
adopting higher fuel efficiency 
standards, these substantial fuel savings 
represent significant additional 
economic benefits of these rules. 

Potential savings in fuel costs appear 
to offer HDV buyer’s strong incentives to 
pay higher prices for vehicles that 
feature technology or equipment that 
reduces fuel consumption. These 
potential savings also appear to offer 
HDV manufacturers similarly strong 
incentives to produce more fuel- 
efficient vehicles. Economic theory 
suggests that interactions between 
vehicle buyers and sellers in a normally- 
functioning competitive market would 
lead HDV manufacturers to incorporate 
all technologies that contribute to lower 
net costs into the vehicles they offer, 
and buyers to purchase them willingly. 
Nevertheless, many readily available 
technologies that appear to offer cost- 
effective increases in HDV fuel 
efficiency (when evaluated over their 
expected lifetimes using conventional 
discount rates) have not been widely 
adopted, despite their potential to repay 
buyers’ initial investments rapidly. 

This economic situation is commonly 
known as the ‘‘energy efficiency gap’’ or 
‘‘energy paradox.’’ This situation is 
perhaps more challenging to understand 
with respect to the heavy-duty sector 
versus the light-duty vehicle sector. 
Unlike light-duty vehicles—which are 
purchased and used mainly by 
individuals and households—the vast 
majority of HDVs are purchased and 
operated by profit-seeking businesses 
for which fuel costs represent a 
substantial operating expense. We asked 
for comments on our hypotheses about 
causes of the gap, as well as data or 
other information that can inform our 
understanding of why this situation 
seems to persist. The California Air 
Resources Board, CALSTART, 
Consumer Federation of America, 
Institute for Policy Integrity at NYU 
School of Law, and International 
Council on Clean Transportation 
supported, either in whole or in part, 
the agencies’ arguments for potential 
barriers to market adoption. Caterpillar 
Inc. et al., Competitive Enterprise 
Institute (CEI), Randall Lutter, Brian 
Mannix, NAFA Fleet Management 
Association (NAFA), Owner-Operator 

Independent Drivers Association 
(OOIDA), Truck Renting and Leasing 
Association (TRALA), and Utility 
Trailer Manufacturing Company express 
skepticism or raise concerns about the 
agencies’ discussion. The skeptical 
comments, discussed in more depth in 
context below, generally find it 
implausible that regulations can save 
money for profit-seeking businesses. If 
the savings were real, they argue, then 
private markets would have adopted 
these technologies without regulations; 
the agencies must therefore have 
exaggerated the benefits or 
underestimated the costs of the 
standards. Problems exist not in private 
market operations, they claim, but 
rather in the economic analysis of those 
operations. 

The economic analysis of these 
standards is based on the engineering 
analysis of the costs and effectiveness of 
the technologies. The agencies have 
detailed their findings on costs and 
effectiveness in Preamble Sections III, 
IV, V, and VI, and RIA Chapter 2. If 
these cost and effectiveness estimates 
are correct, and if the agencies have not 
omitted key costs or benefits, then the 
efficiency gap exists, even if it seems 
implausible to some. As will be 
discussed further below, comments that 
raise issues with that technical analysis, 
such as concerns about maintenance 
and reliability costs of the technologies, 
present possible reasons that the gap is 
not as large as the agencies have found, 
and are discussed in the cost and 
effectiveness sections mentioned above. 
Comments that question the 
explanations provided for the gap 
without addressing the cost and 
effectiveness analyses do not provide 
evidence of an absence of the gap. 
Explaining why the gap exists is a 
separate and difficult challenge from 
observing the existence of the gap, 
because of the difficulties involved in 
developing tests of the different possible 
explanations. As discussed below, there 
is very little empirical evidence on 
behaviors that might lead to the gap, 
even while there continues to be 
substantial evidence, via the cost and 
effectiveness analysis, of the gap’s 
existence. On the basis of that evidence, 
the agencies believe that a significant 
number of fuel efficiency improving 
technologies would remain far less 
widely adopted in the absence of these 
standards. 

Economic research offers several 
possible explanations for why the 
prospect of these apparent savings 
might not lead HDV manufacturers and 
buyers to adopt technologies that would 
be expected to reduce HDV operating 
costs. Some of these explanations 

involve failures of the HDV market for 
reasons other than the externalities 
caused by producing and consuming 
fuel. Examples include situations where 
information about the performance of 
fuel economy technologies is 
incomplete, costly to obtain, or available 
only to one party to a transaction (or 
‘‘asymmetrical’’), as well as behavioral 
rigidities in either the HDV 
manufacturing or HDV-operating 
industries, such as standardized or 
inflexibly administered operating 
procedures, or requirements of other 
regulations on HDVs. Examples that do 
not involve market failures include 
possible effects on the performance, 
reliability, carrying capacity, 
maintenance requirements of new 
technology under the demands of 
everyday use, or transaction or 
adjustment costs. We note again that 
these and other hypotheses are 
presented as potential explanations of 
the finding of an efficiency gap based on 
an engineering analysis. They are not 
themselves the basis for regulation. 

In the HD Phase 1 rulemaking (which, 
in contrast to these standards, did not 
apply to trailers), and in the Phase 2 
NPRM, the agencies raised various 
hypotheses that might explain this 
energy efficiency gap or paradox. 

• Imperfect information in the new 
vehicle market: Information available to 
prospective buyers about the 
effectiveness of some fuel-saving 
technologies for new vehicles may be 
inadequate or unreliable. If reliable 
information on their effectiveness in 
reducing fuel consumption is 
unavailable or difficult to obtain, HDV 
buyers will understandably be reluctant 
to pay higher prices to purchase 
vehicles equipped with unproven 
technologies. 

Some commenters argue that this 
explanation implies implausibly that 
the agencies have information that those 
with profit motives do not, and that 
EPA’s SmartWay Program has already 
served the function of sharing public 
information with the private sector. 
Other commenters agree with the 
agencies that imperfect information is a 
potential market barrier. 

As discussed in the NPRM, one 
common theme from recent research 788 
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Docket EPA–HQ–OAR–2014–0827–0084; Aarnink, 
Sanne, Jasper Faber, and Eelco den Boer (2012). 
‘‘Market Barriers to Increased Efficiency in the 
European On-road Freight Sector.’’ CE Delft report 
for the International Council on Clean 
Transportation, Docket EPA–HQ–OAR–2014–0827– 
0076. 

789 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
‘‘Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles,’’ (hereafter, ‘‘NAS 2010’’). Washington, 
DC The National Academies Press. Available 
electronically from the National Academies Press 
Web site at http://www.nap.edu/ 
catalog.php?record_id=12845 (accessed September 
10, 2010), Docket EPA–HQ–OAR–2014–0827–0122. 

790 Fraas, Art, Randall Lutter, Zachary Porter, and 
Alexander Wallace (2016). ‘‘The Energy Paradox 
and the Adoption of Energy-Saving Technologies in 
the Trucking Industry.’’ Working Paper, Mercatus 
Center, George Mason University, Docket EPA–HQ– 
OAR–2014–0827–1879. 

791 Vernon, David and Alan Meier (2012). 
‘‘Identification and quantification of principal-agent 
problems affecting energy efficiency investments 
and use decisions in the trucking industry.’’ Energy 
Policy, 49(C), pp. 266–273, Docket EPA–HQ–OAR– 
2014–0827–0090. 

is the inability of HDV buyers to obtain 
reliable information about the fuel 
savings, reliability, and maintenance 
costs of technologies that improve fuel 
efficiency. See 80 FR 40436. In the 
trucking industry, the performance of 
fuel-saving technology is likely to 
depend on many firm-specific 
attributes, including the intensity of 
HDV use, the typical distance and 
routing of HDV trips, driver 
characteristics, road conditions, regional 
geography and traffic patterns. As a 
result, businesses that operate HDVs 
have strong preferences for testing fuel- 
saving technologies ‘‘in-house’’ because 
they are concerned that their patterns of 
vehicle use may lead to different results 
from those reported in published 
information. Businesses with less 
capability to do in-house testing often 
seek information from peers, yet often 
remain skeptical of its applicability due 
to differences in the nature of their 
operations. 

• Imperfect information in the resale 
market: Buyers in the used vehicle 
market may not be willing to pay 
adequate premiums for more fuel 
efficient vehicles when they are offered 
for resale to ensure that buyers of new 
vehicles can recover the remaining 
value of their original investment in 
higher fuel efficiency. The prospect of 
an inadequate return on their original 
owners’ investments in higher fuel 
efficiency may contribute to the short 
payback periods that buyers of new 
vehicles appear to demand.789 

CEI rejects this hypothesis, asserting 
that buyers in this market do consider 
the value of technologies on used 
vehicles; other commenters support this 
possibility. 

The recent research cited above 
(Klemick et al. 2015, Roeth et al. 2013, 
Aarnink et al. 2012) found mixed 
evidence for imperfect information in 
the market for used HDVs. On the one 
hand, some studies noted that fuel- 
saving technology is often not 
appreciated in the used vehicle market, 

because of imperfect information about 
its benefits, or greater mistrust of its 
performance among buyers in the used 
vehicle market than among buyers of 
new vehicles. When buyers of new 
vehicles considered features that would 
affect value in the secondary market, 
those features were rarely related to fuel 
economy. In addition, some used- 
vehicle buyers might have a larger 
‘‘knowledge gap’’ than new-vehicle 
buyers. In other cases, the lack of 
interest might be due to the intended 
use of the used HDVs, which may not 
reward the presence of certain fuel- 
saving technologies. In other cases, 
however, fuel-saving technology can 
lead to a premium in the used market, 
as for instance to meet the more 
stringent requirements for HDVs 
operating in California. 

• Principal-agent problems causing 
split incentives: An HDV buyer may not 
be directly responsible for its future fuel 
costs, or the individual who will be 
responsible for fuel costs may not 
participate in the HDV purchase 
decision. In these cases, the signal to 
invest in higher fuel efficiency normally 
provided by savings in fuel costs may 
not be transmitted effectively to HDV 
buyers, and the incentives of HDV 
buyers and fuel buyers will diverge, or 
be ‘‘split.’’ The trailers towed by heavy- 
duty tractors, which are typically not 
supplied by the tractor manufacturer or 
seller, present an obvious potential 
situation of split incentives that was not 
addressed in the HD Phase 1 
rulemaking, but which may apply in 
this rulemaking. If there is inadequate 
pass-through of price signals from trailer 
users to their buyers, then low adoption 
of fuel-saving technologies may result. 

CEI argues that, even if these split 
incentives existed, vehicle purchasers 
still might not invest in fuel-saving 
technologies due to capital constraints. 
As discussed below, capital constraints 
may be an issue for smaller companies, 
but they do not appear to be a 
significant concern for larger 
companies. Mr. Lutter provides a 
working paper 790 in which the authors 
do not find a statistically significant or 
negative relationship when the box 
trailer has different ownership than the 
tractor, a result that does not support 
evidence of the split-incentives problem 
between tractors and trailers. As the 
papers below discuss, the split- 
incentives problem can take more forms 
than the difference in ownership 

between tractors and box trailers 
examined in this comment. 

Other recent research identifies split 
incentives, or principal-agent problems, 
as a potential barrier to technology 
adoption. For instance, Vernon and 
Meier (2012) estimate that 23 percent of 
trailers may be exposed to split 
incentives due to businesses that own 
and lease trailers to HDV operators not 
having an incentive to invest in trailer- 
specific fuel-saving technology.791 They 
also estimate that 5 percent of HDV fuel 
use is subject to split incentives that 
arise when the firm paying fuel costs 
does not make the tractor investment 
decision (e.g., because a carrier 
subcontracts to an owner-operator but 
still pays for fuel). As CEI points out, in 
the case of a split incentive when the 
driver is not responsible for paying fuel 
costs, the owner is the principal who 
seeks fuel savings, and the driver is the 
agent with potentially low incentive to 
provide those savings; there are a 
number of potential sources of 
inefficiency in fuel use, though not all 
of them are expected to result in 
underinvestment in fuel-saving 
technologies. Vernon and Meier (2012) 
do not quantify the financial 
significance of these problems. 

Klemick et al. (2015), Aarnink et al. 
(2012), and Roeth et al. (2013) provide 
mixed evidence on the severity of the 
split-incentive problem. Focus groups 
often identify diverging incentives 
between drivers and the decision- 
makers responsible for purchasing 
vehicles. Aarnink et al. (2012) and 
Roeth et al. (2013) cite examples of split 
incentives involving trailers and fuel 
surcharges, although the latter also cites 
other examples where these same issues 
do not lead to split incentives. In an 
effort to minimize problems that can 
arise from split incentives, many 
businesses that operate HDVs also train 
drivers in the use of specific 
technologies or to modify their driving 
behavior in order to improve fuel 
efficiency, while some also offer 
financial incentives to their drivers to 
conserve fuel. All of these options can 
help to reduce the split incentive 
problem. 

• Uncertainty about future fuel cost 
savings: HDV buyers may be uncertain 
about future fuel prices, or about 
maintenance costs and reliability of 
some fuel efficiency technologies. In 
contrast, the costs of fuel-saving 
technologies are immediate. If buyers 
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792 The distinction between simply requiring 
drivers (or mechanics) to adjust their expectations 
and compromises in vehicle performance or utility 
is subtle. While the former may not impose 
significant compliance costs in the long run, the 
latter would represent additional economic costs of 
complying with the standard. 

are loss-averse, they may react to this 
uncertainty by underinvesting in 
technologies to improve fuel economy. 
In this situation, potential variability 
about buyers’ expected returns on 
capital investments to achieve higher 
fuel efficiency may shorten the payback 
period—the time required to repay those 
investments—they demand in order to 
make them. 

Various commenters support this 
hypothesis. The CEI draws on the 
experience of nitrogen oxides (NOX) 
regulations from 2004 and 2007 to 
support its arguments. As discussed 
more below, the NOX standards are 
unlikely to provide much, if any, 
precedential value for the GHG/fuel 
economy standards. Other commenters 
raise questions related to uncertainty 
about future costs for fuel and 
maintenance, as well as about the 
reliability of new technology that could 
result in costly downtime. Section IX.D. 
below discusses maintenance 
expenditures under these standards. 
These examples illustrate the problem 
of uncertain or unreliable information 
about the actual performance of fuel 
efficiency technology discussed above. 
Roeth et al. (2013) and Klemick et al. 
(2015) both document the short payback 
periods that HDV buyers require on 
their investments—usually about 2 
years—which may be partly attributable 
to these uncertainties. 

• Adjustment and transactions costs: 
Potential resistance to new 
technologies—stemming, for example, 
from drivers’ reluctance or slowness to 
adjust to changes in the way vehicles 
operate—may slow or inhibit new 
technology adoption. If a conservative 
approach to new technologies leads 
HDV buyers to adopt them slowly, then 
successful new technologies will be 
adopted over time without market 
intervention, but only with potentially 
significant delays in achieving the fuel 
saving, environmental, and energy 
security benefits they offer. There also 
may be costs associated with training 
drivers to realize potential fuel savings 
enabled by new technologies, or with 
accelerating fleet operators’ scheduled 
fleet turnover and replacement to hasten 
their acquisition of vehicles equipped 
with these technologies. These factors 
might present real resource costs to 
firms that are not reflected in a typical 
engineering analysis. 

CEI argues that these costs are normal 
aspects of the innovation process, and 
competition continually drives firms to 
innovate in most industries. As 
discussed below, innovation is not 
always a continual and smooth response 
to competition as CEI suggests. 

Klemick et al. (2015), Roeth et al. 
(2013), and Aarnink et al. (2012) 
provide some support for the view that 
adjustment and transactions costs may 
impede HDV buyers from investing in 
higher fuel efficiency. These studies 
note that HDV buyers are less likely to 
select new technology when it is not 
available from their preferred 
manufacturers. Some technologies are 
only available as after-market additions, 
which can add other costs to adopting 
them. 

• Driver acceptance of new 
equipment or technologies as a barrier 
to their adoption. HDV driver turnover 
is high in the U.S., and businesses that 
operate HDVs are concerned about 
retaining their best drivers. Therefore, 
they may avoid technologies that 
require significant new training or 
adjustments in driver behavior. 

NAFA Fleet Management Association 
states that the standards will increase 
pressure on already strained driver and 
technician resources. The agencies 
understand that the industry 
experiences a great deal of driver 
turnover; we do not know how the 
standards will affect that turnover. 
Changes to vehicles that require some 
changes in driver behavior may increase 
driver turnover. For instance, drivers 
who prefer manual transmissions may 
respond poorly to vehicles with 
automatic transmissions. On the other 
hand, the switch to automatic 
transmissions may facilitate entry of 
new drivers who no longer need to learn 
as much about shifting. 

For some technologies that can be 
used to meet these standards, such as 
automatic tire inflation systems, training 
costs are likely to be minimal. Other 
technologies, such as stop-start systems, 
may require drivers to adjust their 
expectations about vehicle operation, 
and it is difficult for the agencies to 
anticipate how drivers will respond to 
such changes.792 

• Constraints on access to capital for 
investment. If buyers of new vehicles 
have limited funds available, then they 
must choose between investing in fuel- 
saving technology and other vehicle 
technologies or attributes. 

CEI states that investments require 
tradeoffs: Investment in fuel economy 
crowds out other investments. There 
would be tradeoffs in purchasing 
choices if capital markets are 
constrained, and fuel-saving 

technologies do not provide returns 
sufficient to achieve the hurdle rates 
that the buyers require. Klemick et al. 
(2015) did not find capital constraints to 
be a problem for the medium- and large- 
sized businesses participating in their 
study. On the other hand, Roeth et al. 
(2013) noted that access to capital can 
be a significant challenge to smaller or 
independent businesses, and that price 
is always a concern to buyers. Section 
XIV.D. discusses the agencies’ outreach 
to small businesses to learn about their 
special circumstances. These are 
reflected in various flexibilities for 
small businesses in the regulations. 

• ‘‘Network externalities,’’ where the 
benefits to new users of a technology 
depend on how many others have 
already adopted it. If the value of a 
technology increases with increasing 
adoption, then it can be difficult for the 
adoption process to begin: Each 
potential adopter has an incentive to 
wait for others to adopt before making 
the investment. If all adopters wait for 
others, then adoption may not happen. 

One example where network 
externalities seem likely to arise is the 
market for natural gas-fueled HDVs: The 
limited availability of refueling stations 
may reduce potential buyers’ 
willingness to purchase natural gas- 
fueled HDVs, while the small number of 
such HDVs in use does not provide 
sufficient economic incentive to 
construct more natural gas refueling 
stations. Some businesses that operate 
HDVs may also be concerned about the 
difficulty in locating repair facilities or 
replacement parts, such as single-wide 
tires, wherever their vehicles operate. 
When a technology has been widely 
adopted, then it is likely to be 
serviceable even in remote or rural 
places, but until it becomes widely 
available, its early adopters may face 
difficulties with repairs or 
replacements. By accelerating the 
widespread adoption of these 
technologies, these standards may assist 
in overcoming these difficulties. 

Consumer Federation of America 
states that network externalities are a 
potentially important barrier to 
adoption of fuel-saving technologies. 

• First-mover disadvantage. Many 
manufacturers prefer to observe the 
market and follow other manufacturers 
rather than be the first to market with 
a specific technology. The ‘‘first-mover 
disadvantage’’ has been recognized in 
other research where the ‘‘first-mover’’ 
pays a higher proportion of the costs of 
developing technology, but loses the 
long-term advantage when other 
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793 Blumstein, Carl and Margaret Taylor (2013). 
‘‘Rethinking the Energy-Efficiency Gap: Producers, 
Intermediaries, and Innovation,’’ Energy Institute at 
Haas Working Paper 243, University of California at 
Berkeley, Docket EPA–HQ–OAR–2014–0827–0075; 
Tirole, Jean (1998). The Theory of Industrial 
Organization. Cambridge, MA: MIT Press, pp.400, 
402, Docket EPA–HQ–OAR–2014–0827–0089. This 
first-mover disadvantage must be large enough to 
overcome the potential incentive for first movers to 
earn unusually high but temporary profit levels. 

794 American Transportation Research Institute, 
An Analysis of the Operational Costs of Trucking, 
September 2013 (Docket ID: EPA–HQ–OAR–2014– 
0827–0512). 

795 Transport Canada, Operating Cost of Trucks, 
2005. See http://www.tc.gc.ca/eng/policy/report- 
acg-operatingcost2005-2005-e-2-1727.htm, accessed 
on July 16, 2010 (Docket ID: EPA–HQ–OAR–2014– 
0827–0070). 

796 ICF International. Investigation of Costs for 
Strategies to Reduce Greenhouse Gas Emissions for 
Heavy-Duty On-Road Vehicles. July 2010. 

797 Schubert, R., Chan, M., Law, K. (2015). 
Commercial Medium- and Heavy-Duty (MD/HD) 
Truck Fuel Efficiency Cost Study. Washington, DC: 
National Highway Traffic Safety Administration. 

businesses follow quickly.793 In this 
way, there may be barriers to innovation 
on the supply side that result in lower 
adoption rates of fuel-efficiency 
technology than would be optimal. 

Several commenters support the 
existence of the first-mover 
disadvantage. Roeth et al. (2013) noted 
that HDV buyers often prefer to have 
technology or equipment installed by 
their favored original equipment 
manufacturers. However, some 
technologies may not be available 
through these preferred sources, or may 
be available only as after-market 
installations from third parties (Aarnink 
et al. 2012, Roeth et al. 2013). 
Manufacturers may be hesitant to offer 
technologies for which there is not 
strong demand, especially if the 
technologies require significant research 
and development expenses and other 
costs of bringing the technology to a 
market of uncertain demand. Roeth et 
al. (2013) noted that it can take years, 
and sometimes as much as a decade, for 
a specific technology to become 
available from all manufacturers. 

As mentioned above, the Competitive 
Enterprise Institute argues that EPA 
regulations on nitrogen oxides (NOX and 
other pollutants from heavy duty 
engines in the 2000s hindered 
development of fuel-saving 
technologies, in part because the 
technologies increased fuel 
consumption, and in part because, if 
manufacturers invested in NOX controls, 
they could not invest in reducing fuel 
consumption. The agencies do not find 
these potential explanations compelling. 
Most obviously, the NOX and other 
standards do not provide a useful 
analogy for industry response to the 
GHG/fuel efficiency standards, because 
those standards imposed costs without 
returning fuel savings to operators. In 
addition, as the discussion of 
technology cost and effectiveness 
indicates, technologies that are not in 
widespread use seem to be available to 
reduce fuel consumption with 
reasonable payback periods. Finally, the 
agencies consider it possible to reduce 
NOX in the presence of GHG controls, 
and to reduce GHG emissions in the 
presence of NOX controls; the cost 
analysis for this rulemaking accounts for 

achieving NOX emissions standards. See 
also RTC Sections 11.2.2.3 and 11.7.2. 

In summary, the agencies recognize 
that businesses that operate HDVs are 
under competitive pressure to reduce 
operating costs, which should compel 
HDV buyers to identify and rapidly 
adopt cost-effective fuel-saving 
technologies. Outlays for labor and fuel 
generally constitute the two largest 
shares of HDV operating costs, 
depending on the price of fuel, distance 
traveled, type of HDV, and commodity 
transported (if any), so businesses that 
operate HDVs face strong incentives to 
reduce these costs.794 795 

However, the relatively short payback 
periods that buyers of new HDVs appear 
to require suggest that some 
combination of the factors cited above 
impedes this process. Markets for both 
new and used HDVs may face these 
problems, although it is difficult to 
assess empirically the degree to which 
they actually do. Even if the benefits 
from widespread adoption of fuel-saving 
technologies exceed their costs, their 
use may remain limited or spread 
slowly because their early adopters bear 
a disproportionate share of those costs. 
In this case, as CFA says in its 
comments, these standards may help to 
overcome such barriers by ensuring that 
these measures will be widely adopted. 

Providing information about fuel- 
saving technologies, offering incentives 
for their adoption, and sharing HDV 
operators’ real-world experiences with 
their performance through voluntary 
programs such as EPA’s SmartWay 
Transport Partnership should assist in 
the adoption of new cost-saving 
technologies. Nevertheless, other 
barriers that impede the diffusion of 
new technologies are likely to remain. 
Buyers who are willing to experiment 
with new technologies expect to find 
cost savings, but those savings may be 
difficult to verify or replicate. As noted 
previously, because benefits from 
employing these technologies are likely 
to vary with the characteristics of 
individual routes and traffic patterns, 
buyers of new HDVs may find it 
difficult to identify or verify the effects 
of fuel-saving technologies in their 
operations. Risk-averse buyers may also 
avoid new technologies out of concerns 
over the possibility of inadequate 

returns on their investments, or with 
other possible adverse impacts. 

As various commenters note, 
competitive pressures in the HDV 
freight transport industry can provide a 
strong incentive to reduce fuel 
consumption and improve 
environmental performance. 
Nevertheless, HDV manufacturers may 
delay in investing in the development 
and production of new technologies, 
instead waiting for other manufacturers 
to bear the initial risks of those 
investments. In addition, not every HDV 
operator has the requisite ability or 
interest to access and utilize the 
technical information, or the resources 
necessary to evaluate this information 
within the context of his or her own 
operations. 

As discussed previously, whether the 
technologies available to improve HDVs’ 
fuel efficiency would be adopted widely 
in the absence of the program is 
challenging to assess. To the extent that 
these technologies would be adopted in 
its absence, neither their costs nor their 
benefits should be attributed to the 
program. 

The agencies will continue to explore 
reasons for the slow adoption of readily 
available and apparently cost-effective 
technologies for improving fuel 
efficiency. 

B. Vehicle-Related Costs Associated 
With the Program 

(1) Technology Cost Methodology 

(a) Direct Manufacturing Costs 
The direct manufacturing costs 

(DMCs) used throughout this analysis 
are derived from several sources. Many 
of the tractor, vocational and trailer 
DMCs can be sourced to the Phase 1 rule 
which, in turn, were sourced largely 
from a contracted study by ICF 
International for EPA.796 We have 
updated those costs by converting them 
to 2013 dollars, as described in Section 
IX.B.1.e below, and by continuing the 
learning effects described in the Phase 
1 rule and in Section IX.B.1.c below. 
The new tractor, vocational and trailer 
costs can be sourced to a more recent 
study conducted by Tetra Tech under 
contract to NHTSA.797 The cost 
methodology used by Tetra Tech was to 
estimate retail costs and work backward 
from there to derive a DMC for each 
technology. The agencies did not agree 
with the approach used by Tetra Tech 
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798 Schubert, R., Chan, M., Law, K. (2015). 
Commercial Medium- and Heavy-Duty (MD/HD) 
Truck Fuel Efficiency Cost Study. Washington, DC: 
National Highway Traffic Safety Administration. 

799 We note that the labor portion of warranty 
repairs does not decrease due to learning. However, 
we do not have data to separate this portion and 
so we apply learning to the entire warranty cost. 
Because warranty costs are a small portion of 
overall indirect costs, this has only a minor impact 
on the analysis. 

to move from retail cost to DMC as the 
approach was to simply divide retail 
costs by 2 and use the result as a DMC. 
Our research, discussed below, suggests 
that a divisor of 2 is too high. Therefore, 
where we have used a Tetra Tech 
derived retail estimate, we have divided 
by our researched markups to arrive at 
many of the DMCs used in this analysis. 
In this way, the agencies have used an 
approach consistent with past GHG/ 
CAFE/fuel consumption rules by 
dividing estimated retail prices by our 
estimated retail price equivalent (RPE) 
markups to derive an appropriate DMC 
for each technology. We describe our 
RPEs in Section IX.B.1.b, below. 
Importantly, nearly all of the technology 
costs used in the final analysis are 
identical to those used in the proposal, 
except for updating those costs from 
2012 dollars to 2013 dollars. Notable 
changes are the costs for waste heat 
recovery and the use of new 
technologies (e.g., APU with DPF, 
battery powered APU and a different 
stop-start technology on vocational 
vehicles) that were not considered in 
the proposal. We describe these changes 
in Chapter 2 .11of the RIA. 

Importantly, technology costs differ 
from package costs which include 
adoption rates. Package costs have 
changed more significantly due to 
changes to the adoption rates as 
described throughout the earlier 
sections of this Preamble and briefly 
below in Section IX.B.1.(d). 

For HD pickups and vans, we have 
similarly used costs from the proposal 
except for the updating to 2013 dollars. 
As explained in the proposal, we relied 
primarily on the Phase 1 rule and the 
recent light-duty 2017–2025 model year 
rule since most technologies expected 
on these vehicles are, in effect, the same 
as those used on light-duty pickups. 
Many of those technology DMCs are 
based on cost teardown studies which 
the agencies consider to be the most 
robust method of cost estimation. 
However, because most of the HD 
versions of those technologies are 
expected to be more costly than their 
light-duty counterparts, we have scaled 
upward most of the light-duty DMCs for 
this analysis. We have also used some 
costs developed under contract to 
NHTSA by Tetra Tech.798 

Importantly, in our methodology, all 
technologies are treated as being 
sourced from a supplier rather than 
being developed and produced in- 
house. As a result, some portion of the 

total indirect costs of making a 
technology or system—those costs 
incurred by the supplier for research, 
development, transportation, marketing 
etc.—are contained in the sales price to 
the engine and/or vehicle/trailer 
manufacturer (i.e., the original 
equipment manufacturer (OEM)). That 
sale price paid by the OEM to the 
supplier is the DMC we estimate. 

We present the details—sources, DMC 
values, scaling from light-duty values, 
markups, learning effects, adoption 
rates—behind all our costs in Chapter 2 
of the RIA. 

(b) Indirect Costs 
To produce a unit of output, engine 

and truck manufacturers incur direct 
and indirect costs. Direct costs include 
cost of materials and labor costs. 
Indirect costs are all the costs associated 
with producing the unit of output that 
are not direct costs—for example, they 
may be related to production (such as 
research and development [R&D]), 
corporate operations (such as salaries, 
pensions, and health care costs for 
corporate staff), or selling (such as 
transportation, dealer support, and 
marketing). Indirect costs are generally 
recovered by allocating a share of the 
costs to each unit of good sold. 
Although it is possible to account for 
direct costs allocated to each unit of 
good sold, it is more challenging to 
account for indirect costs allocated to a 
unit of goods sold. To make a cost 
analysis process more feasible, markup 
factors, which relate total indirect costs 
to total direct costs, have been 
developed. These factors are often 
referred to as retail price equivalent 
(RPE) multipliers. 

While the agencies have traditionally 
used RPE multipliers to estimate 
indirect costs, in recent GHG/CAFE/fuel 
consumption rules RPEs have been 
replaced in the primary analysis with 
indirect cost multipliers (ICMs). ICMs 
differ from RPEs in that they attempt to 
estimate not all indirect costs incurred 
to bring a product to point of sale, but 
only those indirect costs that change as 
a result of a government action or 
regulatory requirement. As such, some 
indirect costs, notably health and 
retirement benefits of retired employees, 
among other indirect costs, will not be 
expected to change due to a government 
action and, therefore, the portion of the 
RPE that covered those costs does not 
change. 

Further, the ICM is not a ‘‘one-size- 
fits-all’’ markup as is the traditional 
RPE. With ICMs, higher complexity 
technologies like hybridization or 
moving from a manual to automatic 
transmission may require higher 

indirect costs—more research and 
development, more integration work, 
etc.—suggesting a higher markup. 
Conversely, lower complexity 
technologies like reducing friction or 
adding passive aero features may 
require fewer indirect costs thereby 
suggesting a lower markup. 

Notably, ICMs are also not a simple 
multiplier as are traditional RPEs. The 
ICM is broken into two parts—warranty 
related and non-warranty related costs. 
The warranty related portion of the ICM 
is relatively small while the non- 
warranty portion represents typically 
over 95 percent of indirect costs. These 
two portions are applied to different 
DMC values to arrive at total costs (TC). 
The warranty portion of the markup is 
applied to a DMC that decreases year- 
over-year due to learning effects 
(described below in Section IX.B.1.c).799 
As learning effects decrease the DMC 
with production volumes, it makes 
sense that warranty costs will decrease 
since those parts replaced under 
warranty should be less costly. In 
contrast, the non-warranty portion of 
the markup is applied to a static DMC 
year-over-year resulting in static 
indirect costs. This is logical since the 
production plants and transportation 
networks and general overhead required 
to build parts, market them, deliver 
them and integrate them into vehicles 
do not necessarily decrease in cost year- 
over-year. Because the warranty and 
non-warranty portions of the ICM are 
applied differently, one cannot compare 
the markup itself to the RPE to 
determine which markup will result in 
higher indirect cost estimates, at least in 
the time periods typically considered in 
our rules (four to ten years). 

In the NPRM, the agencies expressed 
concern that some potential costs 
associated with this rulemaking may not 
be adequately captured by our ICMs. 
ICMs are estimated based on a few 
specific technologies and these 
technologies may not be representative 
of the changes actually made to meet the 
requirements. We requested and 
received comment on this issue. 
Specifically, some commenters argued 
that we had underestimated costs 
associated with R&D and costs 
associated with our compliance 
programs, both of which are indirect 
costs. However, we address those 
indirect costs separately because GHG- 
related R&D and GHG-related 
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800 See ‘‘Learning Curves in Manufacturing,’’ L. 
Argote and D. Epple, Science, Volume 247; 
‘‘Toward Cost Buy down Via Learning-by-Doing for 
Environmental Energy Technologies, R. Williams, 
Princeton University, Workshop on Learning-by- 
Doing in Energy Technologies, June 2003; ‘‘Industry 
Learning Environmental and the Heterogeneity of 
Firm Performance, N. Balasubramanian and M. 
Lieberman, UCLA Anderson School of 
Management, December 2006, Discussion Papers, 
Center for Economic Studies, Washington DC. 

801 The one exception are the design standards for 
non-aero box vans and non-box trailers, which do 
mandate use of certain tire-related technologies. 

compliance were not part of the retail 
price equivalent markups upon which 
our indirect cost multipliers are based. 
We discuss these R&D and compliance 
costs more below and in Chapter 7 of 
the RIA. 

We provide more details on our ICM 
approach and the markups used for each 
technology in Chapter 2.12 of the RIA. 

(c) Learning Effects on Direct and 
Indirect Costs 

For some of the technologies 
considered in this analysis, 
manufacturer learning effects will be 
expected to play a role in the actual end 
costs. The ‘‘learning curve’’ or 
‘‘experience curve’’ describes the 
reduction in unit production costs as a 
function of accumulated production 
volume. In theory, the cost behavior it 
describes applies to cumulative 
production volume measured at the 
level of an individual manufacturer, 
although it is often assumed—as both 
agencies have done in past regulatory 
analyses—to apply at the industry-wide 
level, particularly in industries that 
utilize many common technologies and 
component supply sources. Both 
agencies believe there are indeed many 
factors that cause costs to decrease over 
time. Research in the costs of 
manufacturing has consistently shown 
that, as manufacturers gain experience 
in production, they are able to apply 
innovations to simplify machining and 
assembly operations, use lower cost 
materials, and reduce the number or 
complexity of component parts. All of 
these factors allow manufacturers to 
lower the per-unit cost of production 
(i.e., the manufacturing learning 
curve).800 

In this analysis, the agencies are using 
the same approach to learning as done 
in the proposal and in past GHG/CAFE/ 
fuel consumption rules. In short, 
learning effects result in rapid cost 
reductions in the early years following 
introduction of a new technology. The 
agencies have estimated those cost 
reductions as resulting in 20 percent 
lower costs for every doubling of 
production volume. As production 
volumes increase, learning rates 
continue at the same pace but flatten 
asymptotically due to the nature of the 
persistent doubling of production 

required to realize that cost reduction. 
As such, the cost reductions flatten out 
as production volumes continue to 
increase. Consistent with the Phase 1 
rule, we refer to these two distinct 
portions of the ‘‘learning cost reduction 
curve’’ or ‘‘learning curve’’ as the 
steeper and flatter portions of the curve. 
On that steep portion of the curve, costs 
are estimated to decrease by 20 percent 
for each double of production or, by 
proxy, in the third and then fifth year 
of production following introduction. 
On the flat portion of the curve, costs 
are estimated to decrease by 3 percent 
per year for 5 years, then 2 percent per 
year for 5 years, then 1 percent per year 
for 5 years. Also consistent with the 
Phase 1 rule, the majority of the 
technologies we expect will be adopted 
are considered to be on the flat portion 
of the learning curve meaning that the 
20 percent cost reductions are rarely 
applied. The agencies requested and 
received comments on our approach to 
estimating learning effects, specifically 
with respect to cost reductions applied 
to waste heat recovery and APUs. 
Commenters suggested that, since waste 
heat recovery is not in production, the 
agencies should not have applied 
learning effect to that technology. They 
also argued that, since APUs have been 
around for years, applying any cost 
reduction effects to their costs is 
‘‘questionable.’’ The agencies disagree 
with both of these comments. Whether 
production-related learning-by-doing 
cost reductions or from other factors, we 
are aware of dramatic changes to waste 
heat recovery systems that clearly make 
that technology less costly. We describe 
these changes in more detail in Chapter 
2 of the RIA. Also, to suggest that APUs 
cannot undergo any cost reductions 
from learning does not seem reasonable. 
The agencies have placed that 
technology on the flat portion of the 
learning curve since it is well 
established. As a result, the estimated 
learning effects are not large in scale, 
but to suggest that an APU will cost the 
same in the 2020s as it does today, in 
constant dollar terms, is not reasonable. 
Further, the commenter provided no 
supporting data or information to 
support this claim. 

We provide more details on the 
concept of learning-by-doing and the 
learning effects applied in this analysis 
in Chapter 2.11 of the RIA. 

(d) Technology Adoption Rates and 
Developing Package Costs 

Determining the stringency of these 
standards involves a balancing of 
relevant factors—chiefly technology 
feasibility and effectiveness, costs, and 
lead time. For vocational vehicles, 

tractors and trailers, the agencies have 
projected a technology path to achieve 
these standards reflecting an application 
rate of those technologies the agencies 
consider to be available at reasonable 
cost in the lead times provided. The 
agencies do not expect (and do not 
require) each of the technologies for 
which costs have been developed to be 
employed by all trucks and trailers 
across the board.801 Further, many of 
today’s vehicles are already equipped 
with some of the technologies and/or 
are expected to adopt them by MY 2018 
to comply with the HD Phase 1 
standards. Estimated adoption rates in 
both the reference and control cases are 
necessary for each vehicle/trailer 
category. The adoption rates for most 
technologies are zero in the reference 
case; however, for some technologies— 
notably aero and tire technologies—the 
adoption rate is not zero in the reference 
case. These reference and control case 
adoption rates are then applied to the 
technology costs with the result being a 
package cost for each vehicle/trailer 
category. Technology adoption rates 
were presented in Sections II through V 
for engines, tractors, vocational vehicles 
and trailers. Individual technology costs 
are presented in Chapter 2.11 of the 
final RIA. 

For HD pickups and vans, the CAFE 
model determines the technology 
adoption rates that are estimated to most 
cost effectively meet the standards. 
Similar to vocational vehicles, tractors 
and trailers, package costs are rarely if 
ever a simple sum of all the technology 
costs since each technology will be 
expected to be adopted at different rates. 
The methods for estimating technology 
adoption rates and resultant costs per 
vehicle (and other impacts) for HD 
pickups and vans are discussed above in 
Section VI. Individual technology costs 
are presented in Chapter 2.11 of the 
final RIA. 

We provide details of expected 
technology adoption rates for each of 
the regulatory subcategories in Chapter 
2 of the RIA. We present package costs 
both in Sections III through VI of this 
Preamble and in more detail in Chapter 
2 of the RIA. 

(e) Conversion of Technology Costs to 
2013 U.S. Dollars 

As noted above in Section IX.B.1, the 
agencies are using technology costs from 
many different sources. These sources, 
having been published in different 
years, present costs in different year 
dollars (i.e., 2009 dollars or 2010 
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802 U.S. Energy Information Administration, 
Annual Energy Outlook 2015, Early Release; Report 
Number DOE/EIA–0383(2015), April 2015. 

803 Bureau of Economic Analysis, Table 1.1.9 
Implicit Price Deflators for Gross Domestic Product; 
as revised on August 27, 2015. 

dollars). For this analysis, the agencies 
sought to have all costs in terms of 2013 
dollars to be consistent with the dollars 

used by AEO in its 2015 Annual Energy 
Outlook.802 The agencies have used the 
GDP Implicit Price Deflator for Gross 

Domestic Product as the converter, with 
the actual factors used as shown in 
Table IX–1.803 

TABLE IX–1—IMPLICIT PRICE DEFLATORS AND CONVERSION FACTORS FOR CONVERSION TO 2013$ 

2006 2007 2008 2009 2010 2011 2012 2013 

Price index for GDP ......................................... 94.814 97.337 99.246 100 101.221 103.311 105.214 106.929 
Factor applied for 2012$ .................................. 1.128 1.099 1.077 1.069 1.056 1.035 1.016 1.000 

(2) Compliance Program Costs 

The agencies have also estimated 
additional and/or new compliance costs 
associated with these standards. 
Normally, compliance program costs 
will be considered part of the indirect 
costs and, therefore, will be accounted 
for via the markup applied to direct 
manufacturing costs. However, since the 
agencies are proposing new compliance 
elements that were not present during 
development of the indirect cost 
markups used in this analysis, 
additional compliance program costs are 
being accounted for via a separate ‘‘line- 
item.’’ New research and development 
costs (see below) are being handled in 
the same way. 

The new compliance program 
elements included in this rule are new 
powertrain testing within the vocational 
vehicle program, and an all-new 
compliance program (since none has 
existed to date) for the trailer program. 
The remaining compliance provisions 
are identical to those in Phase 1, and the 
estimated costs therefore are derived 
using the same methodology used to 
estimate compliance costs in the Phase 
1 rule. Compliance program costs cover 
costs associated with any necessary 
compliance testing and reporting to the 
agencies. The details behind the 
estimated compliance program costs are 
provided in Chapter 7 of the RIA. 

The agencies requested and received 
comments on our compliance cost 
estimates. Some commenters were 
concerned that we had significantly 
underestimated costs. In response, we 
have adjusted our compliance costs 

estimates, including those for testing 
and reporting, and have increased our 
annual compliance costs from roughly 
$6 million per year to nearly $11 
million per year. This excludes the 
estimated $16 million in 2020 to build 
and/or upgrade facilities to conduct 
testing. We discuss our updated 
estimates in more detail in Chapter 7 of 
the RIA. 

(3) Research and Development Costs 
Much like the compliance program 

costs described above, we have 
estimated additional HDD engine, 
vocational vehicle and tractor R&D 
associated with these standards that is 
not accounted for via the indirect cost 
markups used for these segments. Much 
like the Phase 1 rule, EPA is estimating 
these additional R&D costs will occur 
over a 4-year timeframe as these 
standards come into force and industry 
works on means to comply. After that 
period, the additional R&D costs go to 
$0 as R&D expenditures return to their 
normal levels and R&D costs are 
accounted for via the ICMs—and the 
RPEs behind them—used for these 
segments. The details behind the 
estimated R&D costs are provided in 
Chapter 7 of the RIA 

The agencies requested and received 
comments on our R&D estimates. One 
commenter suggested that our estimate 
of $960 million over four years, for 
hundreds of types of disparate vehicles 
was unrealistic given the $80 million of 
R&D spent on the Super Truck program 
over 5 years. Unfortunately, no better 
estimate was provided by commenters. 
We have increased our estimated R&D, 

relative to that estimated in the 
proposal, by roughly $14 million per 
year for 4 years resulting in a total 
additional R&D estimate of over $1 
billion. Importantly, as noted, this R&D 
spending is an additional expenditure 
above and beyond that estimated as part 
of the indirect cost markups which 
include in them an estimate of roughly 
4 percent of revenues spent on R&D. 
Another way of stating this is that 
roughly 4 percent of our technology 
costs are actually estimated as R&D- 
related costs. Given our annual 
technology costs of $2 billion to $5 
billion per year from 2021 through 2027, 
or over $24 billion over those 7 years, 
we are estimating another $1 billion in 
R&D via our indirect cost markups (4 
percent of $24 billion). In other words, 
we are really estimating roughly $2 
billion in R&D spending during the 
calendar years 2021 through 2027. 

(4) Summary of Costs of the Vehicle 
Programs 

The agencies have estimated the costs 
of the vehicle standards on an annual 
basis for the years 2018 through 2050, 
and have also estimated costs for the 
full model year lifetimes of MY 2018 
through MY 2029 vehicles. Table IX–2 
shows the annual costs of these 
standards along with net present values 
using both 3 percent and 7 percent 
discount rates. Table IX–3 shows the 
discounted model year lifetime costs of 
these standards at both 3 percent and 7 
percent discount rates along with sums 
across applicable model years. 

TABLE IX–2—ANNUAL COSTS OF THE FINAL PROGRAM AND NET PRESENT VALUES AT 3% AND 7% DISCOUNT RATES 
USING METHOD B AND RELATIVE TO THE FLAT BASELINE 

[$Millions of 2013$] a 

Calendar 
year 

New 
technology Compliance R&D Sum 

2018 ................................................................................................................. $227 $0 $0 $227 
2019 ................................................................................................................. 215 0 0 215 
2020 ................................................................................................................. 220 17 0 237 
2021 ................................................................................................................. 2,270 11 259 2,540 
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TABLE IX–2—ANNUAL COSTS OF THE FINAL PROGRAM AND NET PRESENT VALUES AT 3% AND 7% DISCOUNT RATES 
USING METHOD B AND RELATIVE TO THE FLAT BASELINE—Continued 

[$Millions of 2013$] a 

Calendar 
year 

New 
technology Compliance R&D Sum 

2022 ................................................................................................................. 2,243 11 259 2,512 
2023 ................................................................................................................. 2,485 11 259 2,755 
2024 ................................................................................................................. 3,890 11 259 4,160 
2025 ................................................................................................................. 4,146 11 0 4,157 
2026 ................................................................................................................. 4,203 11 0 4,213 
2027 ................................................................................................................. 5,219 11 0 5,230 
2028 ................................................................................................................. 5,176 11 0 5,186 
2029 ................................................................................................................. 5,195 11 0 5,206 
2030 ................................................................................................................. 5,219 11 0 5,229 
2035 ................................................................................................................. 5,642 11 0 5,653 
2040 ................................................................................................................. 6,245 11 0 6,255 
2050 ................................................................................................................. 7,270 11 0 7,280 
NPV, 3% .......................................................................................................... 86,780 191 818 87,788 
NPV, 7% .......................................................................................................... 41,148 102 604 41,854 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE IX–3—DISCOUNTED MY LIFETIME COSTS OF THE FINAL PROGRAM USING METHOD B AND RELATIVE TO THE FLAT 
BASELINE 

[$Millions of 2013$] a 

Model year 

Discounted at 3% Discounted at 7% 

New 
technology Compliance R&D Sum New 

technology Compliance R&D Sum 

2018 ................................. $205 $0 $0 $205 $179 $0 $0 $179 
2019 ................................. 188 0 0 188 159 0 0 159 
2020 ................................. 187 14 0 201 152 12 0 163 
2021 ................................. 1,873 9 214 2,096 1,462 7 167 1,636 
2022 ................................. 1,797 8 207 2,013 1,350 6 156 1,513 
2023 ................................. 1,933 8 201 2,143 1,398 6 146 1,550 
2024 ................................. 2,938 8 195 3,141 2,046 6 136 2,187 
2025 ................................. 3,040 8 0 3,048 2,038 5 0 2,043 
2026 ................................. 2,992 8 0 2,999 1,930 5 0 1,935 
2027 ................................. 3,607 7 0 3,614 2,240 5 0 2,245 
2028 ................................. 3,473 7 0 3,480 2,076 4 0 2,080 
2029 ................................. 3,384 7 0 3,391 1,948 4 0 1,952 

Sum ........................... 25,617 84 818 26,519 16,978 59 604 17,642 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

New technology costs begin in MY 
2018 as trailers begin to add new 
technology. Compliance costs begin 
with the new standards with capital cost 
expenditure in that year for building 
and upgrading test facilities to conduct 
the powertrain testing in the vocational 
program. Research and development 
costs begin in 2021 and last for 4 years 
as engine, tractor and vocational vehicle 
manufacturers conduct research and 
development testing to integrate new 
technologies into their engines and 
vehicles. 

C. Changes in Fuel Consumption and 
Expenditures 

(1) Changes in Fuel Consumption 
The new GHG and fuel consumption 

standards will result in significant 
improvements in the fuel efficiency of 
affected vehicles, and drivers of those 
vehicles will see corresponding savings 
associated with reduced fuel 
expenditures. The agencies have 
estimated the impacts on fuel 
consumption for these standards. 
Details behind how these changes in 
fuel consumption were calculated are 
presented in Section VII of this 
Preamble and in Chapter 5 of the RIA. 
The total number of miles that vehicles 
are driven each year is different under 

the regulatory alternatives than in the 
reference case due to the ‘‘rebound 
effect’’ (discussed below in Section 
IX.E), so the changes in fuel 
consumption associated with each 
alternative are not strictly proportional 
to differences in the fuel economy levels 
they require. 

The expected annual impacts on fuel 
consumption are shown in Table IX–4. 
Table IX–5 shows the MY lifetime 
changes in fuel consumption. The 
gallons shown in these tables as 
reductions in fuel consumption reflect 
reductions due to these standards and 
include any increased consumption 
resulting from the rebound effect 
(discussed below in Section IX.E). 
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804 U.S. Energy Information Administration, 
Annual Energy Outlook 2015; Report Number DOE/ 
EIA–0383(2015), April 2015. 

TABLE IX–4—ANNUAL FUEL CONSUMPTION REDUCTIONS DUE TO THE FINAL PROGRAM USING METHOD B AND RELATIVE 
TO THE FLAT BASELINE 

[Millions of gallons] a 

Calendar year 

Retail gasoline Diesel 

Reference 
case 

Fuel 
consumption 

reduction 

% 
Reduction 

Reference 
case 

Fuel 
consumption 

reduction 

% 
Reduction 

2018 ......................................................... 10,958 0 0 46,636 37 0 
2019 ......................................................... 11,118 0 0 47,056 76 0 
2020 ......................................................... 11,265 0 0 47,397 117 0 
2021 ......................................................... 11,391 28 0 47,548 428 1 
2022 ......................................................... 11,515 74 1 47,813 812 2 
2023 ......................................................... 11,633 138 1 48,146 1,211 3 
2024 ......................................................... 11,745 226 2 48,572 1,835 4 
2025 ......................................................... 11,843 330 3 48,941 2,457 5 
2026 ......................................................... 11,936 448 4 49,194 3,063 6 
2027 ......................................................... 12,039 588 5 49,483 3,853 8 
2028 ......................................................... 12,138 723 6 49,753 4,610 9 
2029 ......................................................... 12,234 852 7 50,036 5,335 11 
2030 ......................................................... 12,324 974 8 50,393 6,031 12 
2035 ......................................................... 12,680 1,454 11 52,492 8,883 17 
2040 ......................................................... 12,920 1,724 13 55,399 10,778 19 
2050 ......................................................... 13,185 1,904 14 61,663 12,986 21 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE IX–5—MODEL YEAR LIFETIME FUEL CONSUMPTION REDUCTIONS DUE TO THE FINAL PROGRAM USING METHOD B 
AND RELATIVE TO THE FLAT BASELINE 

[Millions of gallons] a 

Model year 

Retail gasoline Diesel 

Reference 
Fuel 

consumption 
reduction 

% 
Reduction Reference 

Fuel 
consumption 

reduction 

% 
Reduction 

2018 ......................................................... 12,541 0 0 46,628 302 1 
2019 ......................................................... 12,409 0 0 47,583 293 1 
2020 ......................................................... 12,455 0 0 49,084 286 1 
2021 ......................................................... 12,328 322 3 48,950 4,643 9 
2022 ......................................................... 12,252 550 4 48,994 4,807 10 
2023 ......................................................... 12,233 772 6 48,884 4,947 10 
2024 ......................................................... 12,342 1,075 9 49,924 7,742 16 
2025 ......................................................... 12,452 1,301 10 50,364 7,954 16 
2026 ......................................................... 12,555 1,525 12 50,477 8,111 16 
2027 ......................................................... 12,591 1,836 15 50,664 10,646 21 
2028 ......................................................... 12,619 1,840 15 50,916 10,698 21 
2029 ......................................................... 12,631 1,841 15 51,381 10,800 21 

Sum ................................................... 149,408 11,062 7 593,848 71,229 12 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(2) Fuel Savings 

We have also estimated the changes in 
fuel expenditures, or the fuel savings, 
using fuel prices estimated in the 
Energy and Information 
Administration’s 2015 Annual Energy 
Outlook.804 As the AEO fuel price 
projections go through 2040 and not 
beyond, fuel prices beyond 2040 were 
set equal to the 2040 values. These 

estimates do not account for the 
significant uncertainty in future fuel 
prices; the monetized fuel savings will 
be understated if actual fuel prices are 
higher (or overstated if fuel prices are 
lower) than estimated. The Annual 
Energy Outlook (AEO) is a standard 
reference used by NHTSA and EPA and 
many other government agencies to 
estimate the projected price of fuel. This 
has been done using both the pre-tax 
and post-tax fuel prices. Since the post- 
tax fuel prices are the prices paid at fuel 
pumps, the fuel savings calculated using 

these prices represent the changes fuel 
purchasers will see. The pre-tax fuel 
savings measure the value to society of 
the resources saved when less fuel is 
refined and consumed. Assuming no 
change in fuel tax rates, the difference 
between these two columns represents 
the reduction in fuel tax revenues that 
will be received by state and federal 
governments, or about $204 million in 
2021 and $5.8 billion by 2050 as shown 
in Table IX–6 where annual changes in 
monetized fuel savings are shown along 
with net present values using 3 percent 
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and 7 percent discount rates. Table IX– 
7 and Table IX–8 show the discounted 
model year lifetime fuel savings using 3 

percent and 7 percent discount rates, 
respectively. 

TABLE IX–6—ANNUAL FUEL SAVINGS AND NET PRESENT VALUES AT 3% AND 7% DISCOUNT RATES USING METHOD B 
FOR THE FINAL PROGRAM AND RELATIVE TO THE FLAT BASELINE 

[$Millions of 2013$] a 

Model year 
Fuel savings—retail Fuel savings—untaxed Change in 

transfer Gasoline Diesel Sum Gasoline Diesel Sum 

2018 ............................. $0 $114 $114 $0 $97 $97 $17 
2019 ............................. 0 237 237 0 202 202 35 
2020 ............................. 0 371 371 0 319 319 53 
2021 ............................. 78 1,384 1,462 67 1,191 1,258 204 
2022 ............................. 210 2,689 2,899 181 2,323 2,504 395 
2023 ............................. 396 4,081 4,476 342 3,548 3,889 587 
2024 ............................. 657 6,296 6,952 571 5,488 6,059 894 
2025 ............................. 973 8,576 9,550 848 7,495 8,343 1,207 
2026 ............................. 1,343 10,903 12,246 1,173 9,586 10,759 1,487 
2027 ............................. 1,787 13,985 15,772 1,564 12,328 13,892 1,880 
2028 ............................. 2,234 17,057 19,290 1,959 15,074 17,033 2,257 
2029 ............................. 2,675 20,114 22,789 2,351 17,873 20,224 2,565 
2030 ............................. 3,116 23,160 26,276 2,746 20,627 23,373 2,903 
2035 ............................. 5,131 37,840 42,971 4,593 34,287 38,880 4,091 
2040 ............................. 6,722 51,194 57,916 6,102 46,991 53,093 4,824 
2050 ............................. 7,426 61,684 69,109 6,740 56,619 63,359 5,750 
NPV, 3% ...................... 65,703 511,060 576,763 59,061 464,240 523,301 53,462 
NPR, 7% ...................... 26,936 209,666 236,602 24,131 189,702 213,833 22,769 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE IX–7—DISCOUNTED MODEL YEAR LIFETIME FUEL SAVINGS, 3% DISCOUNT RATE USING METHOD B FOR THE FINAL 
PROGRAM AND RELATIVE TO THE FLAT BASELINE 

[$Millions of 2013$] a 

Model year 
Fuel savings—retail Fuel savings—untaxed Change in 

transfer Gasoline Diesel Sum Gasoline Diesel Sum 

2018 ............................. $0 $781 $781 $0 $680 $680 $101 
2019 ............................. 0 747 747 0 653 653 94 
2020 ............................. 0 719 719 0 631 631 87 
2021 ............................. 674 11,497 12,171 590 10,155 10,746 1,426 
2022 ............................. 1,132 11,781 12,912 994 10,440 11,435 1,478 
2023 ............................. 1,567 11,990 13,557 1,381 10,660 12,041 1,516 
2024 ............................. 2,154 18,556 20,709 1,903 16,548 18,451 2,259 
2025 ............................. 2,571 18,849 21,420 2,278 16,859 19,137 2,283 
2026 ............................. 2,973 19,003 21,976 2,640 17,048 19,688 2,288 
2027 ............................. 3,532 24,648 28,180 3,144 22,171 25,315 2,865 
2028 ............................. 3,493 24,459 27,953 3,116 22,060 25,176 2,776 
2029 ............................. 3,449 24,378 27,828 3,084 22,044 25,128 2,700 
Sum .............................. 21,545 167,408 188,954 19,131 149,950 169,081 19,873 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE IX–8—DISCOUNTED MODEL YEAR LIFETIME FUEL SAVINGS, 7% DISCOUNT RATE USING METHOD B FOR THE FINAL 
PROGRAM AND RELATIVE TO THE FLAT BASELINE 

[$Millions of 2013$] a 

Model year 
Fuel savings—retail Fuel savings—untaxed Change in 

transfer Gasoline Diesel Sum Gasoline Diesel Sum 

2018 ............................. $0 $558 $558 $0 $483 $483 $74 
2019 ............................. 0 510 510 0 444 444 66 
2020 ............................. 0 466 466 0 408 408 58 
2021 ............................. 420 7,031 7,451 367 6,188 6,554 897 
2022 ............................. 674 6,946 7,620 591 6,134 6,725 895 
2023 ............................. 896 6,814 7,710 788 6,038 6,826 884 
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805 Allison Transmission’s Responses to EPA’s 
Hybrid Questions, November 6, 2014. 

806 Winebrake, J.J., Green, E.H., Comer, B., 
Corbett, J.J., Froman, S., 2012. Estimating the direct 
rebound effect for on-road freight transportation. 
Energy Policy 48, 252–259. 

807 Greene, D.L., Kahn, J.R., Gibson, R.C., 1999, 
‘‘Fuel economy rebound effect for U.S. household 
vehicles,’’ The Energy Journal, 20. 

808 For a discussion of the wide range of 
definitions found in the literature, see Appendix D: 
Discrepancy in Rebound Effect Definitions, in EERA 
(2014), ‘‘Research to Inform Analysis of the Heavy- 
Duty vehicle Rebound Effect,’’ Excerpts of Draft 
Final Report of Phase 1 under EPA contract EP–C– 

Continued 

TABLE IX–8—DISCOUNTED MODEL YEAR LIFETIME FUEL SAVINGS, 7% DISCOUNT RATE USING METHOD B FOR THE FINAL 
PROGRAM AND RELATIVE TO THE FLAT BASELINE—Continued 

[$Millions of 2013$] a 

Model year 
Fuel savings—retail Fuel savings—untaxed Change in 

transfer Gasoline Diesel Sum Gasoline Diesel Sum 

2024 ............................. 1,186 10,161 11,347 1,045 9,033 10,078 1,269 
2025 ............................. 1,362 9,947 11,309 1,204 8,870 10,074 1,235 
2026 ............................. 1,516 9,666 11,182 1,343 8,648 9,991 1,191 
2027 ............................. 1,737 12,081 13,818 1,542 10,839 12,381 1,436 
2028 ............................. 1,655 11,551 13,206 1,474 10,393 11,866 1,340 
2029 ............................. 1,576 11,097 12,672 1,406 10,013 11,419 1,254 
Sum .............................. 11,022 86,827 97,849 9,759 77,491 87,249 10,600 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

D. Maintenance Expenditures 

The agencies expect increases in 
maintenance costs under these 
standards. In the NPRM, we estimated 
maintenance costs associated with 
lower rolling resistance tires. In the final 
rule, we have included maintenance 
costs for many more systems, including 
waste heat recovery, APUs, transmission 
fluids, etc. We have estimated that these 
maintenance costs will be incurred 
throughout the vehicle lifetime at 
intervals consistent with typical 
replacement intervals. Those intervals 
are difficult to quantify given the variety 
of vehicles and operating modes within 
the HD industry. We detail the inputs 
used to estimate maintenance impacts 
in Chapter 7.3.3 of the RIA. 

We have heard from at least one 
source 805 that strong hybrid 
maintenance can be higher in some 
ways, including possible battery 
replacement, but may also be much 
lower for some vehicle systems like 
brakes and general engine wear. New for 
the FRM, relative to the proposal, are 
maintenance costs on hybrid battery 
systems in vocational vehicles and some 
reduction in oil change costs on 
vocational vehicles with stop-start 
systems since less idling should result 
in fewer oil changes. See RIA 2.11.7. We 
have also included new costs for axle 
fluid replacements for vocational 
vehicles adding high efficiency axles, 
and transmission fluid replacements for 
vehicles projected to move from manual 
to automated transmissions. For 
tractors, we have added these same axle 
and transmission fluid costs and for the 
same reasons. For tractors, we have also 
added maintenance costs associated 
with auxiliary power units and for fuel 
operated heaters. All of the new cost 
estimates and the maintenance intervals 

are presented in more detail in Chapter 
7.2.3 of the RIA. 

Table IX–9 shows the annual 
increased maintenance costs of the final 
program along with net present values 
using both 3 percent and 7 percent 
discount rates. Table IX–10 shows the 
discounted model year lifetime 
increased maintenance costs of the final 
program at both 3 percent and 7 percent 
discount rates along with sums across 
applicable model years. 

TABLE IX–9—ANNUAL MAINTENANCE 
EXPENDITURE INCREASE DUE TO THE 
RULE AND NET PRESENT VALUES AT 
3% AND 7% DISCOUNT RATES 
USING METHOD B AND RELATIVE TO 
THE FLAT BASELINE 

[$Millions of 2013$] a 

Calendar year 
Maintenance 
expenditure 

increase 

2018 ...................................... $1 
2019 ...................................... 1 
2020 ...................................... 2 
2021 ...................................... 20 
2022 ...................................... 39 
2023 ...................................... 60 
2024 ...................................... 83 
2025 ...................................... 106 
2026 ...................................... 127 
2027 ...................................... 167 
2028 ...................................... 206 
2029 ...................................... 244 
2030 ...................................... 244 
2035 ...................................... 244 
2040 ...................................... 244 
2050 ...................................... 244 
NPV, 3% ............................... 3,188 
NPV, 7% ............................... 1,463 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

TABLE IX–10—DISCOUNTED MY LIFE-
TIME MAINTENANCE EXPENDITURE 
INCREASE DUE TO THE RULE USING 
METHOD B AND RELATIVE TO THE 
FLAT BASELINE 

[$Millions of 2013$] a 

Model 
year 

3% Discount 
rate 

7% Discount 
rate 

2018 .............. $7 $5 
2019 .............. 6 4 
2020 .............. 6 4 
2021 .............. 155 96 
2022 .............. 156 94 
2023 .............. 160 93 
2024 .............. 175 98 
2025 .............. 177 96 
2026 .............. 165 86 
2027 .............. 303 152 
2028 .............. 293 141 
2029 .............. 285 132 

Sum ....... 1,889 1,000 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

E. Analysis of the Rebound Effect 
The ‘‘rebound effect’’ has been 

defined in a variety of different ways in 
the energy policy and economics 
literature. One common definition states 
that the rebound effect is the increase in 
demand for an energy service when the 
cost of the energy service is reduced due 
to efficiency improvements.806 807 808 In 
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13–025. (Docket ID: EPA–HQ–OAR–2014–0827). 
See also Greening, L.A., Greene, D.L., Difiglio, C., 
2000, ‘‘Energy efficiency and consumption—the 
rebound effect—a survey,’’ Energy Policy, 28, 389– 
401. 

809 We discuss other potential rebound effects in 
Section E.3.b., such as the indirect and economy- 
wide rebound effects. Note also that there is more 
than one way to measure HDV energy services and 
vehicle use. The agencies’ analyses use VMT as a 
measure (as discussed below); other potential 
measures include ton-miles, cube-miles, and fuel 
consumption. 

810 These factors are discussed more fully in a 
report to EPA from EERA, which illustrates in a 
series of diagrams the complex system of decisions 
and decision-makers that could influence the 
magnitude and timing of the rebound effect. See 
Sections 2.2.2, 2.2.3, 2.2.4, and 2.3 in EERA (2014), 
‘‘Research to Inform Analysis of the Heavy-Duty 
Vehicle Rebound Effect,’’ Excerpts of Draft Final 
Report of Phase 1 under EPA contract EP–C–13–025 
(EPA–HQ–OAR–2014–0827–0514). 

811 Elasticity is the measurement of how 
responsive an economic variable is to a change in 
another. For example: Price elasticity of demand is 
a measure used in economics to show the 
responsiveness, or elasticity, of the quantity 
demanded of a good or service to a change in its 
price. More precisely, it gives the percentage change 
in quantity demanded in response to a one percent 
change in price. 

812 See 80 FR 40448–40452. 
813 See 80 FR 40448–40452. 

the context of heavy-duty vehicles 
(HDVs), this can be interpreted as an 
increase in HDV fuel consumption 
resulting from more intensive vehicle 
use in response to increased vehicle fuel 
efficiency.809 Although much of this 
vehicle use increase is likely to take the 
form of increases in the number of miles 
vehicles are driven, it can also take the 
form of increases in the loaded weight 
at which vehicles operate or changes in 
traffic and road conditions vehicles 
encounter as operators alter their routes 
and schedules in response to improved 
fuel efficiency. Because this more 
intensive use consumes fuel and 
generates emissions, it reduces the fuel 
savings and avoided emissions that 
would otherwise be expected to result 
from the increases in fuel efficiency in 
this rulemaking. 

In our analysis and discussion below, 
we focus on one widely-used metric to 
estimate the rebound effect associated 
with all types of more intensive vehicle 
use, the increase in vehicle miles 
traveled (VMT) that results from 
improved fuel efficiency. VMT can often 
provide a reasonable approximation for 
all types of more intensive vehicle use. 
For simplicity, we refer to this as ‘‘the 
VMT rebound effect’’ or ‘‘the direct 
VMT rebound’’ throughout this section, 
although we acknowledge that it is an 
approximation to the rebound effect 
associated with all types of more 
intensive vehicle use. The agencies use 
our VMT rebound estimates to generate 
VMT inputs that are then entered into 
the EPA MOVES national emissions 
inventory model and the Volpe Center’s 
HD CAFE model. Both of these models 
use these inputs along with many others 
to generate projected emissions and fuel 
consumption changes resulting from 
each of the regulatory alternatives 
analyzed. 

The following sections describe the 
factors affecting the magnitude of HDV 
VMT rebound; review the econometric 
and other evidence related to HDV VMT 
rebound; and summarize how we 
estimated the HDV rebound effect for 
this rulemaking. 

(1) Factors Affecting the Magnitude of 
HDV VMT Rebound 

The magnitude and timing of HDV 
VMT rebound are driven by the 
interaction of many different factors.810 
Fuel savings resulting from fuel 
efficiency standards may cause HDV 
operators and their customers to change 
their patterns of HDV use and fuel 
consumption in a variety of ways. As 
discussed in the RIA (Chapter 8), HDV 
VMT rebound estimates determined via 
other proxy elasticities vary, but in no 
case has there been an estimate that 
fully offsets the fuel saved due to 
efficiency improvements (i.e., no 
rebound effect greater than or equal to 
100 percent).811 

If fuel cost savings are passed on to 
the HDV operators’ customers (e.g., 
logistics businesses, manufacturers, 
retailers, municipalities, utilities 
consumers, etc.), those customers might 
reorganize their logistics and 
distribution networks over time to take 
advantage of lower operating costs. For 
example, customers might order more 
frequent shipments or choose products 
that entail longer shipping distances, 
while freight carriers might divert some 
shipments to trucks from other shipping 
modes such as rail, barge or air. In 
addition, customers might choose to 
reduce their number of warehouses, 
reduce shipment rates or make smaller 
but more frequent shipments, all of 
which could lead to an increase in HDV 
VMT. Ultimately, fuel cost savings 
could ripple through the entire 
economy, thus increasing demand for 
goods and services shipped by trucks, 
and therefore increase HDV VMT due to 
increased gross domestic product (GDP). 

Conversely, if fuel efficiency 
standards lead to net increases in the 
total costs of HDV operation because 
fuel cost savings do not fully offset the 
increase in HDV purchase prices and 
associated depreciation costs, then the 
price of HDV services could rise. This 
is likely to spur a decrease in HDV 
VMT, and perhaps a shift to alternative 

shipping modes. These effects could 
also ripple through the economy and 
affect GDP. Note, however, that we 
project fuel cost savings will offset 
technology costs in our analysis 
supporting the final standards. 

It is also important to note that any 
increase in HDV VMT resulting from the 
final standards may be offset, to some 
extent, by a decrease in VMT by older 
HDVs. This may occur if lower fuel 
costs resulting from our standards cause 
multi-vehicle fleet operators to shift 
VMT to newer, more efficient HDVs in 
their fleet or cause operators with 
newer, more efficient HDVs to be more 
successful at winning contracts than 
operators with older HDVs. 

Also, as discussed in Chapter 8.2 of 
the RIA, the magnitude of the rebound 
effect is likely to be influenced by the 
extent of any market failures that affect 
the demand for more fuel efficient 
HDVs, as well as by HDV operators’ 
responses to their perception of the 
tradeoff between higher upfront HDV 
purchase costs versus lower but 
uncertain future expenditures on fuel. 

(2) Recent Econometric and Other 
Evidence Related to HDV VMT Rebound 

As discussed above, HDV VMT 
rebound is defined as the change in 
HDV VMT that occurs in response to an 
increase in HDV fuel efficiency. We are 
not aware of any studies that directly 
estimate this elasticity for the U.S. In 
the proposal, we discussed a number of 
econometric analyses of other related 
elasticities that could potentially be 
used as a proxy for measuring HDV 
VMT rebound, as well as several other 
analyses that may provide insight into 
the magnitude of HDV VMT rebound.812 
These studies produced a wide range of 
estimates for HDV VMT rebound, 
however, and we were unable to draw 
any strong conclusions about the 
magnitude of rebound based on this 
available literature. 

We also discussed several challenges 
that researchers face in attempting to 
quantify the VMT rebound effect for 
HDVs,813 including limited data on the 
HD sector and the difficulty of 
specifying mathematical models that 
reflect the complex set of factors that 
influence HD VMT. Given these 
limitations, the agencies requested 
comment on a number of aspects of the 
proposed VMT rebound analysis, 
including procedures for measuring the 
rebound effect and the studies discussed 
in the proposal. The agencies also 
committed to reviewing and considering 
revisions to VMT rebound estimates for 
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814 EERA (2014), ‘‘Research to Inform Analysis of 
the Heavy-Duty Vehicle Rebound Effect,’’ Excerpts 
of Draft Final Report of Phase 1 under EPA contract 
EP–C–13–025, EPA–HQ–OAR–2014–0827–0514. 

815 EERA (2015), ‘‘Working Paper on Fuel Price 
Elasticities for Heavy Duty Vehicles,’’ Draft Final 
Report of Phase 2 under EPA contract EP–C–11– 
046, EPA–HQ–OAR–2014–0827–0515. 

816 Winebrake, J.J., et al., Fuel price elasticities in 
the U.S. combination trucking sector. 
Transportation Research Part D: Transport and 
Environment, 2015. 38: p. 166–177. 

Winebrake, J.J., et al., Fuel price elasticities for 
single unit truck operations in the United States. 
Transportation Research Part D: Transport and 
Environment, 2015. 38: p. 178–187. 

817 Gately, D., 1990. The U.S. demand for 
highway travel and motor fuel. Energy J. 11, 59–74. 

818 Resources for the Future (RFF) comment, 
EPA–HQ–OAR–2014–0827–1200. 

819 Leard, B., et al., Fuel Costs, Economic Activity, 
and the Rebound Effect for Heavy-Duty Trucks. 
September 2015, Resources for the Future: RF DP 
15–43, Washington, DC. EPA–HQ–OAR–2014– 
0827–1200–A1. 

820 Leard et al. report a total VMT rebound effect 
result of 29.7 percent for combination trucks, which 
is a sum of separate estimates associated with both 
VMT elasticity and truck count elasticity with 
respect to fuel costs per mile. 

821 For vocational trucks, Leard et al. report an 
overall 9.3 percent rebound value, which is a sum 
of separate estimates associated with both VMT 
elasticity and truck count elasticity with respect to 
fuel costs per mile. 

822 Wadud, Zia, Diesel Demand in the Road 
Freight Sector in the UK: Estimates for Different 
Vehicle Types. Applied Energy 165 (2016), p. 849– 
857. 

the final rule based on submissions from 
public commenters and new research on 
the rebound effect. 

This section reviews new econometric 
analyses that have been produced since 
the release of the proposal. All of these 
analyses study the change in HDV use 
(measured in VMT, ton-mile, or fuel 
consumption) in response to changes in 
fuel price ($/gallon) or fuel cost ($/mile 
or $/ton-mile). The studies presented 
below attempt to estimate these 
elasticities in the HDV sector using 
varying approaches and data sources. 

Concurrent with the development of 
the proposal for this rule, EPA 
contracted with Energy and 
Environmental Research Associates 
(EERA) to analyze the HDV rebound 
effect for regulatory assessment 
purposes. Excerpts of EERA’s initial 
report to EPA are included in the NPRM 
docket and contain detailed qualitative 
discussions of the rebound effect as well 
as data sources that could be used in 
quantitative analysis.814 EERA also 
conducted follow-on quantitative 
analyses focused on estimating the 
impact of fuel prices on VMT and fuel 
consumption. We included a Working 
Paper in the NPRM docket that 
described much of this work.815 Note 
that EERA’s Working Paper was not 
available at the time the agencies 
conducted the analysis of the rebound 
effect for the proposal, but that the 
agencies agreed to consider this work 
and any other work in the analysis 
supporting the final rule. 

At the time of publication of the 
NPRM, Winebrake et al. (2015) 
published two papers in Transportation 
Research Part D: Transport and 
Environment based on the EERA work 
mentioned above.816 These two papers 
have been filed in each agency’s docket 
and received public review and 
comment. In the first paper, the fuel 
price elasticities of VMT and fuel 
consumption for combination trucks are 
estimated with regression models. The 
combination trucks paper uses annual 
data for the period 1970–2012. VMT and 
fuel consumption are used as the 

dependent variables. The control 
variables include: A macroeconomic 
variable (e.g., gross domestic product 
(GDP)), imports/exports, and fuel price, 
among other variables. In the second 
paper, the fuel price elasticity of VMT 
for single unit vehicles is estimated by 
using annual data for the period 1980– 
2012. The single unit vehicle paper uses 
similar control variables but includes 
additional variables related to lane 
miles and housing construction. VMT is 
the only dependent variable modeled in 
the single unit vehicle paper (i.e., fuel 
consumption is not modeled). 

The results in Winebrake et al. are 
that the null hypothesis—which states 
that the fuel price elasticity of VMT and 
the fuel price elasticity of fuel 
consumption are zero—cannot be 
rejected with statistical confidence. The 
papers hypothesize that low elasticities 
may be due to a range of possibilities 
including: (1) The common use of fuel 
surcharges; (2) adjustments in other 
operational costs such as labor; (3) 
possible principal-agent problems 
affecting driver behavior; and (4) the 
nature of freight transportation as an 
input to a larger supply chain system 
that is driven by other factors. These 
two papers suggest that previous 
regulatory analysis that uses a five 
percent rebound effect for combination 
trucks and a 15 percent rebound effect 
for single unit trucks may be 
overestimating the direct VMT rebound 
effect. 

To the best of our knowledge, the 
Winebrake et al. paper represents the 
first peer-reviewed work in the last two 
decades, after Gately (1990),817 that 
attempts to estimate quantitatively the 
impact of a change in fuel costs on HDV 
VMT in the U.S. context. A subsequent 
paper by Wadud, discussed in more 
detail below, states that there is ‘‘only 
one creditable study’’ on ‘‘the responses 
of different [heavy duty] vehicle sectors 
to fuel price or income changes,’’ 
specifically the Winebrake et al. 
combination truck work. 

However, there is also other recent 
work that has not been peer reviewed, 
or that studies HD VMT rebound in 
other countries, that bears mention. 
Resources for the Future (RFF) filed a 
comment on the proposal with a 
Working Paper by Leard et al. (2015) to 
address HDV rebound effects.818 819 

Leard et al.’s paper uses detailed truck- 
level micro-data from the Vehicle 
Inventory and Use Survey (VIUS) for six 
survey years (specifically, 1977, 1982, 
1987, 1992, 1997, and 2002). The 
‘‘rebound effect’’ in this paper is defined 
to be a combination of a ‘‘VMT elasticity 
with respect to fuel costs per mile’’ ($/ 
mile); and a ‘‘truck count elasticity with 
respect to fuel costs per mile.’’ Fuel 
costs per mile are defined as fuel price 
($/gal) divided by efficiency (mpg). 
Because the agencies do not estimate the 
directional impact of this rulemaking on 
vehicle sales, the portion of Leard et 
al.’s estimates associated with VMT 
rebound with respect to fuel costs per 
mile are the most useful point of 
comparison to the estimates in the 
proposal for this rulemaking. 

Leard et al. report a VMT rebound 
effect result of 18.5 percent with respect 
to fuel costs per mile for combination 
trucks.820 This finding suggests that 
previous estimates of combination truck 
rebound effects used in the proposed 
rule, a five percent rebound effect, may 
be underestimating the true rebound 
effect. Leard et al. also report a VMT 
rebound effect with respect to fuel costs 
per mile of 12.2 percent for single unit 
trucks.821 This finding (like the findings 
of the Winebrake paper) suggests that 
the previous use of a 15 percent 
rebound effect for single unit vehicles in 
the proposed rule may be 
overestimating the true rebound effect. 
As noted, VIUS was discontinued in 
2002, so the most recent data in this 
study is 2002, which is fourteen years 
old. The Leard et al. Working Paper has 
not yet been peer reviewed or 
published. 

Recently, Wadud (2016) has estimated 
price elasticities of diesel demand in the 
U.K.822 The paper aims to model diesel 
demand elasticities for different freight 
duty vehicle types in the U.K. Wadud 
uses a similar model specification as 
Winebrake et al. in the regression 
analysis. Wadud finds that diesel 
consumption in freight vehicles overall 
is quite inelastic. Diesel demand from 
articulated trucks and large goods 
vehicles (similar to combination trucks 
in the U.S.) does not respond to changes 
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823 EPA–HQ–OAR–2014–0827–1336. 
824 EPA–HQ–OAR–2014–0827–1467. 

in diesel prices. Demand in rigid trucks 
(similar to single unit trucks in the U.S.) 
responds to fuel price changes with a 15 
percent elasticity. Wadud’s work 
presents empirical results in the U.K., 
which might not be necessarily be 
appropriate to apply to the U.S. 

(3) How the Agencies Estimated the 
HDV Rebound Effect for the Final Rule 

(a) Values Used in the Phase 2 NPRM 
Analysis 

At the time the agencies conducted 
their analysis of the proposed Phase 2 
HD fuel efficiency and GHG emissions 
standards, the agencies determined that 
the evidence did not lend itself to any 
changes in the values used to estimate 
the VMT rebound effect in the HD Phase 
1 rulemaking. The agencies used the 
rebound effects estimate of 15 percent 
for vocational vehicles five percent for 
combination tractors, and 10 percent for 
HD pickup trucks and vans from the HD 
Phase 1 rulemaking. 

(b) How the Agencies Analyzed VMT 
Rebound in This Final Rulemaking 

The emergence of new information as 
well as public comment are cause for 
updating the quantitative values used to 
estimate the VMT rebound effect from 
those estimated by the analysis 
conducted for the HD Phase 1 
rulemaking. For vocational trucks, the 
Winebrake et al. study found no 
responsiveness of truck travel to diesel 
fuel prices, suggesting a VMT rebound 
of essentially zero. Leard et al. suggested 
a VMT rebound effect for vocational 
trucks of roughly 12 percent. For 
combination trucks, the Winebrake et al. 
study found a rebound effect of 
essentially zero percent. The Leard et al. 
study found a VMT elasticity rebound 
effect of roughly 18 percent for 
combination trucks. In addition to the 
RFF comments to which Leard et al. was 
included, EPA and NHTSA received ten 
other comments on HDV rebound 
during the comment period for the 
proposal, six of which were substantive. 
One of these commenters suggested that 
the agencies’ rebound numbers ‘‘appear 
reasonable.’’ The five others commented 
that the rebound estimates for both 
combination and vocational vehicles 
used in the proposal were 
overestimated, and suggested using the 
Winebrake et al. estimates. 

In revising the HD VMT rebound 
estimates, we give somewhat greater 
consideration to the findings of 
Winebrake et al. because it is peer- 
reviewed and published, whereas Leard 
et al. is a Working Paper. Based on this 
consideration and on the comments that 
we received in response to the proposal, 

the agencies have chosen to revise the 
VMT rebound estimate for vocational 
trucks down to five percent, and have 
elected to maintain the use of the five 
percent rebound effect for tractors. We 
note that while the Winebrake et al. 
work supports rebound estimates of zero 
percent for vocational vehicles and 
tractors, using a five percent value is 
conservative and leaves some 
consideration of uncertainty, as well as 
some consideration of the (un-peer 
reviewed and unpublished) findings of 
the Leard et al. study. The five percent 
value is in range of the two U.S. studies 
and generally addresses the issues 
raised by the commenters. We did not 
receive new data or comments on our 
estimated VMT rebound effect for 
heavy-duty pick-up trucks and vans. 
Therefore, we have elected to use the 10 
percent value used for the proposal. 

It should be noted that the rebound 
estimates we have selected for our 
analysis represent the VMT impact from 
the final standards with respect to 
changes in the fuel cost per mile driven. 
As described in the RIA (Chapter 8), the 
HDV rebound effect should ideally be a 
measure of the change in fuel consumed 
with respect to the change in overall 
operating costs due to a change in HDV 
fuel efficiency. Such a measure would 
incorporate all impacts from our rules, 
including those from incremental 
increases in vehicle prices that reflect 
costs for improving their fuel efficiency. 
Therefore, VMT rebound estimates with 
respect to fuel costs per mile must be 
‘‘scaled’’ to apply to total operating 
costs, by dividing them by the fraction 
of total operating costs accounted for by 
fuel use. 

In the NPRM, due to timing 
constraints, we used the same ‘‘overall’’ 
VMT rebound value for each of the 
alternatives. For the final rulemaking, 
we determined VMT rebound separately 
for each HDV category and for each 
alternative. The agencies made 
simplifying assumptions in the VMT 
rebound analysis for this final 
rulemaking, similar to the approach 
taken during HD Phase 1 final rules. For 
example, due to timing constraints, the 
agencies did not have the final 
technology package costs for each of the 
alternatives prior to the need to conduct 
the emission inventory analysis. 
Therefore, the agencies used the 
technology package costs developed for 
each of the NPRM alternatives. Chapter 
8.3.3 in the RIA provides more details 
on our assessment of HDV VMT 
rebound. In addition, Chapter 7 of the 
RIA presents VMT rebound for each 
HDV sector that we estimated for the 
final program. These VMT impacts are 
reflected in the estimates of total fuel 

savings and reductions in emissions of 
GHG and other air pollutants presented 
in Section VII and VIII of this Preamble 
for all categories. 

For the purposes of this final 
rulemaking, we have not taken into 
account any potential fuel savings or 
GHG emission reductions from the rail 
sector due to mode shift because 
estimates of this effect seem too 
speculative at this time. Similarly, we 
have not taken into account any fuel 
savings or GHG emissions reductions 
from the potential shift in VMT from 
older HDVs to newer, more efficient 
HDVs because we have found no 
evidence of this potential effect from 
fuel efficiency standards. The agencies 
requested comment on these 
assumptions in the NPRM, but did not 
receive any. 

Note that while we focus on the VMT 
rebound effect in our analysis of these 
final rules, there are at least two other 
types of rebound effects discussed in the 
energy policy and economics literature. 
In addition to VMT rebound effects, 
there are ‘‘indirect’’ rebound effects, 
which refers to the purchase of other 
goods or services (that consume energy) 
with the costs savings from energy 
efficiency improvements; and 
‘‘economy-wide’’ rebound effects, which 
refers to the increased demand for 
energy throughout the economy in 
response to the reduced market price of 
energy that happens as a result of energy 
efficiency improvements. One 
commenter pointed out that consumers 
may use their savings from lower fuel 
costs as a result of the direct rebound 
effect to buy more goods and services, 
which indirectly increases the use of 
energy (i.e., the indirect rebound 
effect).823 The commenter states that the 
indirect rebound effect represents a 
positive economic result for consumers, 
since consumer welfare increases, 
although it could result in increased 
energy use and GHG emissions. We 
agree with the commenter’s observation 
that, to the extent that indirect rebound 
does occur, it could have both positive 
and negative impacts. 

Another commenter suggested that 
the indirect or economy-wide rebound 
effect could be large enough so as to 
fully offset the fuel savings and GHG 
emissions benefits of the rule.824 The 
commenter provides multiple estimates 
of the potential size of the indirect 
rebound effect. However, the 
unpublished methodology used to 
perform these estimates has not 
undergone peer review and, as 
explained in the response to comment 
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825 The same entity responsible for these 
comments also sought reconsideration of the Phase 
1 rule on the grounds that indirect rebound effects 
had not been considered by the agencies and could 
negate all of the benefits of the standards. This 
assertion rested on an unsupported affidavit lacking 
any peer review or other indicia of objectivity. This 
affidavit cited only one published study. The study 
cited did not deal with vehicle efficiency, has 
methodological limitations (many of them 
acknowledged), and otherwise was not pertinent. 
EPA and NHTSA thus declined to reconsider the 
Phase 1 rule based on these speculative assertions. 
See generally 77 FR 51703–51704, August 27, 2012 
and 77 FR 51502–51503, August 24, 2012. The 
analysis in this entity’s comments on this 
rulemaking rests largely on that same unsupported 
affidavit. 826 80 FR 40137. 827 See 2010 NAS Report, page 152. 

document, the agencies find it to be 
dubious. Further, as discussed in detail 
in the proposal rule and our response to 
comment document, there are a number 
of other important questions not 
addressed by the commenter that must 
be examined before we can have enough 
confidence in these kinds of estimates to 
include them in our economic analysis. 

As discussed in this rule, all of the 
fuel costs savings will not necessarily be 
passed through to the consumer in 
terms of cheaper goods and services. 
First, there may be market barriers that 
impede trucking companies from 
passing along the fuel cost savings from 
the rule in the form of lower rates. 
Second, there are upfront vehicle costs 
(and potentially transaction or transition 
costs associated with the adoption of 
new technologies) that would partially 
offset some of the fuel cost savings from 
our rule, thereby limiting the magnitude 
of the impact on prices of final goods 
and services. Also, it is not clear how 
the fuel savings from the rule would be 
utilized by trucking firms. For example, 
trucking firms may reinvest fuel savings 
in their own company; retain fuel 
savings as profits; pass fuel savings onto 
customers or others; or increase driver 
pay. Finally, it is not clear how the 
different pathways that fuel savings 
would be utilized would affect 
greenhouse gas emissions. 

Research on indirect and economy- 
wide rebound effects is scant, and we 
have not identified any peer-reviewed 
research that attempts to quantify 
indirect or economy-wide rebound 
effects for HDVs. In particular, the 
agencies are not aware of any peer- 
reviewed approach which indicates that 
the magnitude of indirect or economy- 
wide rebound effects, if any, would be 
significant for this final rule.825 
Therefore, we rely on the analysis of 
vehicle miles traveled to estimate the 
rebound effect in this rule, as we did for 
the HD Phase 1 rule, where we 
attempted to quantify only rebound 

effects from our rule that impact HDV 
VMT. 

In order to test the effect of alternative 
assumptions about the rebound effect, 
NHTSA examined the sensitivity of its 
estimates of benefits and costs of the 
proposed Phase 2 program for HD 
pickups and vans to alternative 
assumptions about the rebound effect. 
While the main analysis for pickups and 
vans assumes a 10 percent rebound 
effect, the sensitivity analysis estimates 
the benefits and costs of these standards 
under the assumptions of 5, 15, and 20 
percent rebound effects. This sensitivity 
analysis can be found in Section IX.E.3 
of the NPRM Preamble 826 and shows 
that (a) using a 5 percent value for the 
rebound effect reduced benefits and 
costs of the proposed standards by 
identical amounts, leaving net benefits 
unaffected; and (b) rebound effects of 15 
percent and 20 percent increased costs 
and reduced benefits compared to their 
values in the main analysis, thus 
reducing net benefits of the proposed 
standards. Nevertheless, the proposed 
and now the final program have 
significant net benefits and these 
alternative values of the rebound effect 
would not have affected the agencies’ 
selection of the final program 
stringency, as that selection is based on 
NHTSA’s assessment of the maximum 
feasible fuel efficiency standards and 
EPA’s selection of appropriate GHG 
standards to address energy security and 
the environment. 

F. Impact on Class Shifting, Fleet 
Turnover, and Sales 

The agencies considered two 
additional potential indirect effects 
which may lead to unintended 
consequences of the program to improve 
the fuel efficiency and reduce GHG 
emissions from HD trucks. The next 
sections cover the agencies’ qualitative 
discussions on potential class shifting 
and fleet turnover effects. 

(1) Class Shifting 
Heavy-duty vehicles are typically 

configured and purchased to perform a 
function. For example, a concrete mixer 
truck is purchased to transport concrete, 
a combination tractor is purchased to 
move freight with the use of a trailer, 
and a Class 3 pickup truck could be 
purchased by a landscape company to 
pull a trailer carrying lawnmowers. The 
purchaser makes decisions based on 
many attributes of the vehicle, including 
the gross vehicle weight rating of the 
vehicle, which in part determines the 
amount of freight or equipment that can 
be carried. If the Phase 2 standards 

impact either the performance of the 
vehicle or the marginal cost of the 
vehicle relative to the other vehicle 
classes, then consumers may choose to 
purchase a different vehicle, resulting in 
the unintended consequence of 
increased fuel consumption and GHG 
emissions in-use. 

The agencies, along with the NAS 
panel, found that there is little or no 
literature which evaluates class shifting 
between trucks.827 In addition, the 
agencies did not receive comments 
specifically raising concerns about class 
shifting. NHTSA and EPA qualitatively 
evaluated the final rules in light of 
potential class shifting. The agencies 
looked at four potential cases of shifting: 
From light-duty pickup trucks to heavy- 
duty pickup trucks; from sleeper cabs to 
day cabs; from combination tractors to 
vocational vehicles; and within 
vocational vehicles. 

Light-duty pickup trucks, those with 
a GVWR of less than 8,500 lbs, are 
currently regulated under the existing 
GHG/CAFE standards for light duty 
vehicles. The increased stringency of 
the light-duty 2017–2025 MY vehicle 
rule has led some to speculate that 
vehicle consumers may choose to 
purchase heavy-duty pickup trucks that 
are currently regulated under the HD 
Phase 1 program if the cost of the light- 
duty regulation is high relative to the 
cost to buy the larger heavy-duty pickup 
trucks. Since fuel consumption and 
GHG emissions rise significantly with 
vehicle mass, a shift from light-duty 
trucks to heavy-duty trucks would likely 
lead to higher fuel consumption and 
GHG emissions, an untended 
consequence of the regulations. Given 
the significant price premium of a 
heavy-duty truck (often five to ten 
thousand dollars more than a light-duty 
pickup), we believe that such a class 
shift would be unlikely whether or not 
this program exited. These final rules 
would continue to diminish any 
incentive for such a class shift because 
they would narrow the GHG and fuel 
efficiency performance gap between 
light-duty and heavy-duty pickup 
trucks. The regulations for the HD 
pickup trucks, and similarly for vans, 
are based on similar technologies and 
therefore reflect a similar expected 
increase in cost when compared to the 
light-duty GHG regulation. Hence, the 
combination of the two regulations 
provides little incentive for a shift from 
light-duty trucks to HD trucks. To the 
extent that this regulation of heavy-duty 
pickups and vans could conceivably 
encourage a class shift towards lighter 
pickups, this unintended consequence 
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828 A baseline tractor price of a new day cab is 
$89,500 versus $113,000 for a new sleeper cab 
based on information gathered by ICF in the 
‘‘Investigation of Costs for Strategies to Reduce 
Greenhouse Gas Emissions for Heavy-Duty On-Road 
Vehicles,’’ July 2010. Page 3. Docket Identification 
Number EPA–HQ–OAR–2014—0827. 

829 The average marginal cost difference between 
sleeper cabs and day cabs in the rule is roughly 
$2,500. 

830 The final rule projects the average per-vehicle 
costs associated with the 2027 MY standards to be 
generally less than five percent of the overall price 
of a new vehicle. The cost-effectiveness of these 
vocational vehicle standards in dollars per ton is 
similar to the cost effectiveness estimated for light- 
duty trucks in the 2017–2025 light duty greenhouse 
gas standards (Preamble section V.C.3). 

would in fact be expected to lead to 
lower fuel consumption and GHG 
emissions as the smaller light-duty 
pickups have significantly better fuel 
economy ratings than heavy-duty 
pickup trucks. 

The projected cost increases for this 
action differ between Class 8 day cabs 
and Class 8 sleeper cabs, reflecting our 
conservative assumption for purposes of 
this analysis on shifting that compliance 
with these standards would lead truck 
consumers to specify sleeper cabs 
equipped with APUs or alternatives to 
APU while day cab consumers would 
not. Since Class 8 day cab and sleeper 
cab trucks perform essentially the same 
function when hauling a trailer, this 
raises the possibility that the additional 
cost for an APU or alternatives to APU 
equipped sleeper cab could lead to a 
shift from sleeper cab to day cab trucks. 
We do not believe that such an intended 
consequence would occur for the 
following reasons. The addition of a 
sleeper berth to a tractor cab is not a 
consumer-selectable attribute in quite 
the same way as other vehicle features. 
The sleeper cab provides a utility that 
long-distance trucking fleets need to 
conduct their operations—an on-board 
sleeping berth that lets a driver comply 
with federally-mandated rest periods, as 
required by the Department of 
Transportation Federal Motor Carrier 
Safety Administration’s hours-of-service 
regulations. The cost of sleeper trucks is 
already higher than the cost of day cabs, 
yet the fleets that need this utility 
purchase them.828 A day cab simply 
cannot provide this utility with a single 
driver. The need for this utility would 
not be changed even if the additional 
costs to reduce greenhouse gas 
emissions from sleeper cabs exceed 
those for reducing greenhouse gas 
emissions from day cabs.829 

A trucking fleet could instead decide 
to put its drivers in hotels in lieu of 
using sleeper berths, and switch to day 
cabs. However, this is unlikely to occur 
in any great number, since the added 
cost for the hotel stays would far 
overwhelm differences in the marginal 
cost between day and sleeper cabs. Even 
if some fleets do opt to buy hotel rooms 
and switch to day cabs, they would be 
highly unlikely to purchase a day cab 
that was aerodynamically worse than 

the sleeper cab they replaced, since the 
need for features optimized for long- 
distance hauling would not have 
changed. So in practice, there would 
likely be little difference to the 
environment for any switching that 
might occur. Further, while our 
projected costs in the NPRM assumed 
the purchase of an APU for compliance 
for nearly all sleeper cabs, the updated 
analysis reflects additional flexibility in 
the final rules that would allow 
manufacturers to use several other 
alternatives to APUs that would be 
much less expensive. Thus, even though 
we are now projecting that APU costs 
will be somewhat higher than what we 
projected for the NPRM, manufacturers 
and consumers will not be required to 
use them. In fact, this regulatory 
structure would allow compliance using 
a near zero cost software utility that 
eliminates tractor idling after five 
minutes. Using this compliance 
approach, the cost difference between a 
Class 8 sleeper cab and day cab due to 
these regulations is small. We are 
proposing this alternative compliance 
approach reflecting that some sleeper 
cabs are used in team driving situations 
where one driver sleeps while the other 
drives. In that situation, an APU is 
unnecessary since the tractor is 
continually being driven when 
occupied. When it is parked, it would 
automatically eliminate any additional 
idling through the shutdown software. If 
trucking businesses choose this option, 
then costs based on purchase of APUs 
may overestimate the costs of this 
program to this sector. 

Class shifting from combination 
tractors to vocational vehicles may 
occur if a customer deems the 
additional marginal cost of tractors due 
to the regulation to be greater than the 
utility provided by the tractor. The 
agencies initially considered this issue 
when deciding whether to include Class 
7 tractors with the Class 8 tractors or 
regulate them as vocational vehicles. 
The agencies’ evaluation of the 
combined vehicle weight rating of the 
Class 7 shows that if these vehicles were 
treated significantly differently from the 
Class 8 tractors, then they could be 
easily substituted for Class 8 tractors. 
Therefore, the agencies will continue to 
include both classes in the tractor 
category. The agencies believe that a 
shift from tractors to vocational vehicles 
would be limited because of the ability 
of tractors to pick up and drop off 
trailers at locations which cannot be 
done by vocational vehicles. 

The agencies do not envision that the 
regulatory program would cause class 
shifting within the vocational vehicle 
class. As vocational vehicles include a 

wide variety of vehicle types, and serve 
a wide range of functions, the diversity 
in the vocational vehicle segment can be 
primarily attributed to the variety of 
customer needs for specialized vehicle 
bodies and added equipment, rather 
than to the chassis. The new standards 
are projected to lead to a small increase 
in the incremental cost per vehicle. 
However, these cost increases are 
consistent across the board for both 
vocational vehicles and the engines 
used in the vehicle (Table V–30 at 
Preamble Section V.C.(2)(e)). The 
agencies believe that the utility gained 
from the additional technology package 
would outweigh the additional cost for 
vocational vehicles.830 

In conclusion, NHTSA and EPA 
believe that the regulatory structure for 
HD vehicles and engines would not 
significantly change the current 
competitive and market factors that 
determine purchaser preferences. 
Furthermore, even if a small amount of 
shifting would occur, any resulting GHG 
impacts would likely to be negligible 
because any vehicle class that sees an 
uptick in sales is also being regulated 
for GHG emission control and fuel 
efficiency. Therefore, the agencies did 
not include an impact of class shifting 
on the vehicle populations used to 
assess the benefits of the program. 

(2) Fleet Turnover and Sales Effects 
A regulation that affects the cost to 

purchase and/or operate trucks could 
affect whether a consumer decides to 
purchase a new truck and the timing of 
that purchase. The term pre-buy refers 
to the idea that truck purchases may 
occur earlier than otherwise planned to 
avoid the additional costs associated 
with a new regulatory requirement. 
Slower fleet turnover, or low-buys, may 
occur when owners opt to keep their 
existing truck rather than purchase a 
new truck due to the incremental cost 
of the regulation. 

Several commenters raised the 
possibility of pre-buy for these 
standards. Allison Transmission, the 
National Automobile Dealers 
Association, the Owner-Operator 
Independent Drivers Association, and 
the Truck Renting and Leasing 
Association point toward pre-buy 
associated with standards from the 
2000s for nitrogen oxides (NOX) 
regulations as evidence of the likelihood 
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831 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
‘‘Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles,’’ (hereafter, ‘‘NAS Report’’). Washington, 
DC, the National Academies Press. Available 
electronically from the National Academies Press 
Web site at http://www.nap.edu/ 
catalog.php?record_id=12845., pp. 150–151, Docket 
EPA–HQ–OAR–2014–0827–0276. 

832 See NAS Report, Note 831, page 151, Docket 
EPA–HQ–OAR–2014–0827–0276. 

833 Technical Support Document: Technical 
Update of the Social Cost of Carbon for Regulatory 
Impact Analysis Under Executive Order 12866 (May 
2013, Revised July 2015), Interagency Working 
Group on Social Cost of Carbon, with participation 
by Council of Economic Advisers, Council on 
Environmental Quality, Department of Agriculture, 
Department of Commerce, Department of Energy, 
Department of Transportation, Environmental 
Protection Agency, National Economic Council, 
Office of Energy and Climate Change, Office of 
Management and Budget, Office of Science and 
Technology Policy, and Department of Treasury. 
Available at: https://www.whitehouse.gov/sites/
default/files/omb/inforeg/scc-tsd-final-july- 
2015.pdf. 

of pre-buy for vehicle GHG and fuel 
efficiency standards. Daimler Trucks 
North America, the International Union, 
United Automobile, Aerospace, and 
Agricultural Implement Workers of 
America, and the Truck and Engine 
Manufacturers Association express 
concern about pre-buy specifically in 
the context of NPRM Alternative 4, due 
to concerns that the time frame for 
technology development and adoption 
was too short. Daimler Trucks and the 
Environmental Defense Fund note that 
Phase 1 did not appear to result in pre- 
buy. Volvo Group notes that the phase- 
in approach of Phase 1 plus the 
flexibilities available eased the 
transition to new technologies, and that 
gradual market acceptance of new 
technologies will lead to less disruption 
than an accelerated program. The 
Recreational Vehicle Industry 
Association expressed concern that the 
standards will have a negative effect on 
recreational vehicle sales. 

The 2010 NAS HD Report discussed 
the topics associated with medium- and 
heavy-duty vehicle fleet turnover. NAS 
noted that there is some empirical 
evidence of pre-buy behavior in 
response to the 2004 and 2007 heavy- 
duty engine emission standards, with 
larger impacts occurring in response to 
higher costs.831 However, those 
regulations increased upfront costs to 
firms without any offsetting future cost 
savings from reduced fuel purchases. In 
summary, NAS stated that: 

. . . during periods of stable or 
growing demand in the freight sector, 
pre-buy behavior may have significant 
impact on purchase patterns, especially 
for larger fleets with better access to 
capital and financing. Under these same 
conditions, smaller operators may 
simply elect to keep their current 
equipment on the road longer, all the 
more likely given continued 
improvements in diesel engine 
durability over time. On the other hand, 
to the extent that fuel economy 
improvements can offset incremental 
purchase costs, these impacts will be 
lessened. Nevertheless, when it comes 
to efficiency investments, most heavy- 
duty fleet operators require relatively 

quick payback periods, on the order of 
two to three years.832 

The regulations are projected to return 
fuel savings to the vehicle owners that 
offset the cost of the regulation within 
a few years. The effects of the regulation 
on purchasing behavior and sales will 
depend on the nature of the market 
failures and the extent to which firms 
consider the projected future fuel 
savings in their purchasing decisions. 

If trucking firms or other buyers 
account for the rapid payback, they are 
unlikely to strategically accelerate or 
delay their purchase plans at additional 
cost in capital to avoid a regulation that 
will lower their overall operating costs. 
As discussed in Section IX.A., this 
scenario may occur if this program 
reduces uncertainty about fuel-saving 
technologies. More reliable information 
about ways to reduce fuel consumption 
allows truck purchasers to evaluate 
better the benefits and costs of 
additional fuel savings, primarily in the 
original vehicle market, but possibly in 
the resale market as well. In addition, 
these standards are expected to lead 
manufacturers to install more fuel- 
saving technologies and promote their 
purchase; the increased availability and 
promotion may encourage sales. 

Other market failures may leave open 
the possibility of some pre-buy or 
delayed purchasing behavior. Firms 
may not consider the full value of the 
future fuel savings for several reasons. 
For instance, truck purchasers may not 
want to invest in fuel efficiency because 
of uncertainty about fuel prices. 
Another explanation is that the resale 
market may not fully recognize the 
value of fuel savings, due to lack of trust 
of new technologies or changes in the 
uses of the vehicles. Lack of 
coordination (also called split 
incentives—see Section IX.A) between 
truck purchasers (who may emphasize 
the up-front costs of the trucks) and 
truck operators, who like the fuel 
savings, can also lead to pre-buy or 
delayed purchasing behavior. If these 
market failures prevent firms from fully 
internalizing fuel savings when 
deciding on vehicle purchases, then pre- 
buy and delayed purchase could occur 
and could result in a slight decrease in 
the GHG benefits of the regulation. 

Thus, whether pre-buy or delayed 
purchase is likely to play a significant 
role in the truck market depends on the 
specific behaviors of purchasers in that 
market. Without additional information 
about which scenario is more likely to 
be prevalent, the agencies are not 

projecting a change in fleet turnover 
characteristics due to this regulation. 

Industry purchasing in relation to the 
advent of the Phase 1 standards offers at 
least some insight into the impacts of 
these standards. The Environmental 
Defense Fund observes that MY 2014 
heavy-duty trucks had the highest sales 
since 2005. Any trends in sales are 
likely to be affected by macroeconomic 
conditions, which have been recovering 
since 2009–2010. The standards may 
have affected sales, but the size of that 
effect is likely to be swamped by the 
effects of the economic recovery. It is 
unlikely to be possible to separate the 
effects of the existing standards from 
other confounding factors. 

G. Monetized GHG Impacts 

(1) Monetized CO2 Impacts—The Social 
Cost of Carbon (SC-CO2) 

We estimate the global social benefits 
of CO2 emission reductions expected 
from the heavy-duty GHG and fuel 
efficiency standards using the social 
cost of carbon (SC-CO2) estimates 
presented in the Technical Support 
Document: Technical Update of the 
Social Cost of Carbon for Regulatory 
Impact Analysis Under Executive Order 
12866 (May 2013, Revised July 2015) 
(‘‘current SC-CO2 TSD’’).833 (The SC- 
CO2 estimates are presented in Table 
IX–11). We refer to these estimates, 
which were developed by the U.S. 
government, as ‘‘SC-CO2 estimates.’’ The 
SC-CO2 is a metric that estimates the 
monetary value of impacts associated 
with marginal changes in CO2 emissions 
in a given year. It includes a wide range 
of anticipated climate impacts, such as 
net changes in agricultural productivity 
and human health, property damage 
from increased flood risk, and changes 
in energy system costs, such as reduced 
costs for heating and increased costs for 
air conditioning. It is typically used to 
assess the avoided damages as a result 
of regulatory actions (i.e., benefits of 
rulemakings that lead to an incremental 
reduction in cumulative global CO2 
emissions). 

The SC-CO2 estimates used in this 
analysis were developed over many 
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834 Both the 2010 SC-CO2 TSD and the current 
TSD are available at: https://www.whitehouse.gov/ 
omb/oira/social-cost-of-carbon. The 2010 SC-CO2 
TSD also available in the docket: Docket ID EPA– 
HQ–OAR–2009–0472–114577, Technical Support 
Document: Social Cost of Carbon for Regulatory 
Impact Analysis Under Executive Order 12866, 
Interagency Working Group on Social Cost of 
Carbon, with participation by the Council of 
Economic Advisers, Council on Environmental 
Quality, Department of Agriculture, Department of 
Commerce, Department of Energy, Department of 
Transportation, Environmental Protection Agency, 
National Economic Council, Office of Energy and 
Climate Change, Office of Management and Budget, 
Office of Science and Technology Policy, and 
Department of Treasury (February 2010). Also 
available at: http://www.whitehouse.gov/sites/
default/files/omb/inforeg/for-agencies/Social-Cost- 
of-Carbon-for-RIA.pdf. 

835 See https://www.whitehouse.gov/sites/default/ 
files/omb/inforeg/scc-response-to-comments-final- 
july-2015.pdf. 

836 The current SC-CO2 TSD presents the SC-CO2 
estimates in $2007. These estimates were adjusted 
to 2013$ using the GDP Implicit Price Deflator. 
Bureau of Economic Analysis, Table 1.1.9 Implicit 
Price Deflators for Gross Domestic Product; last 
revised on September 25, 2015. 

years, using the best science available, 
and with input from the public. 
Specifically, an interagency working 
group (IWG) that included EPA, DOT, 
and other executive branch agencies and 
offices used three integrated assessment 
models (IAMs) to develop the SC-CO2 
estimates and recommended four global 
values for use in regulatory analyses. 
The SC-CO2 estimates were first 
released in February 2010 and updated 
in 2013 using new versions of each 
IAM. The 2013 update did not revisit 
the 2010 modeling decisions (e.g., with 
regard to the discount rate, reference 
case socioeconomic and emission 
scenarios or equilibrium climate 
sensitivity). Rather, improvements in 
the way damages are modeled are 
confined to those that have been 
incorporated into the latest versions of 
the models by the developers 
themselves and used for analyses in 
peer-reviewed publications. The 2010 
SC-CO2 Technical Support Document 
(2010 SC-CO2 TSD) provides a complete 
discussion of the methods used to 
develop these estimates and the current 
SC-CO2 TSD presents and discusses the 
update (including recent minor 
technical corrections to the 
estimates).834 

The 2010 SC-CO2 TSD noted a 
number of limitations to the SC-CO2 
analysis, including the incomplete way 
in which the IAMs capture catastrophic 
and non-catastrophic impacts, their 
incomplete treatment of adaptation and 
technological change, uncertainty in the 
extrapolation of damages to high 
temperatures, and assumptions 
regarding risk aversion. Currently IAMs 
do not assign value to all of the 
important physical, ecological, and 
economic impacts of climate change 
recognized in the climate change 
literature due to a lack of precise 
information on the nature of damages 
and because the science incorporated 
into these models understandably lags 
behind the most recent research. 
Nonetheless, these estimates and the 

discussion of their limitations represent 
the best available information about the 
social benefits of CO2 reductions to 
inform benefit-cost analysis; see RIA of 
this rule and the SC-CO2 TSDs for 
additional details. The new versions of 
the models used to estimate the values 
presented below offer some 
improvements in these areas, although 
further work is warranted. 

Accordingly, EPA and other agencies 
continue to engage in research on 
modeling and valuation of climate 
impacts with the goal to improve these 
estimates. The EPA and other federal 
agencies also continue to consider 
feedback on the SC-CO2 estimates from 
stakeholders through a range of 
channels, including public comments 
on Agency rulemakings that use the SC- 
CO2 in supporting analyses and through 
regular interactions with stakeholders 
and research analysts implementing the 
SC-CO2 methodology used by the IWG. 
The SC-CO2 comments received on this 
rulemaking covered the technical details 
of the modeling conducted to develop 
the SC-CO2 estimates and some also 
provided constructive recommendations 
for potential opportunities to improve 
the SC-CO2 estimates in future updates. 
EPA has carefully considered all of 
these comments and continues to 
conclude that the current estimates 
represent the best scientific information 
on the impacts of climate change 
available in a form appropriate for 
incorporating the damages from 
incremental CO2 emissions changes into 
regulatory analysis. Therefore, EPA has 
presented the current SC-CO2 estimates 
in this rulemaking. See Section 11.8 of 
the RTC document for a summary of and 
response to the SC-CO2 comments 
submitted to this rulemaking. In 
addition, OMB sought public comment 
on the approach used to develop the SC- 
CO2 estimates through a separate 
comment period and published a 
response to those comments in 2015.835 

After careful evaluation of the full 
range of comments submitted to OMB, 
the IWG continues to recommend the 
use of the SC-CO2 estimates in 
regulatory impact analysis. With the 
July 2015 release of the response to 
comments, the IWG announced plans to 
obtain expert independent advice from 
the National Academies of Sciences, 
Engineering and Medicine to ensure that 
the SC-CO2 estimates continue to reflect 
the best available scientific and 
economic information on climate 
change. The Academies then convened 
a committee, ‘‘Assessing Approaches to 

Updating the Social Cost of Carbon,’’ 
(Committee) which is reviewing the 
state of the science on estimating the 
SC-CO2, and will provide expert, 
independent advice on the merits of 
different technical approaches for 
modeling and highlight research 
priorities going forward. EPA will 
evaluate its approach based upon any 
feedback received from the Academies’ 
panel. 

To date, the Committee has released 
an interim report, which recommended 
against doing a near term update of the 
SC-CO2 estimates. For future revisions, 
the Committee recommended the IWG 
move efforts towards a broader update 
of the climate system module consistent 
with the most recent, best available 
science, and also offered 
recommendations for how to enhance 
the discussion and presentation of 
uncertainty in the SC-CO2 estimates. 
Specifically, the Committee 
recommended that ‘‘the IWG provide 
guidance in their technical support 
documents about how [SC-CO2] 
uncertainty should be represented and 
discussed in individual regulatory 
impact analyses that use the [SC-CO2]’’ 
and that the technical support 
document for each update of the 
estimates present a section discussing 
the uncertainty in the overall approach, 
in the models used, and uncertainty that 
may not be included in the estimates. At 
the time of this writing, the IWG is 
reviewing the interim report and 
considering the recommendations. EPA 
looks forward to working with the IWG 
to respond to the recommendations and 
will continue to follow IWG guidance 
on SC-CO2. 

The four global SC-CO2 estimates are 
as follows: $13, $46, $68, and $140 per 
metric ton of CO2 emissions in the year 
2020 (2013$).836 The first three values 
are based on the average SC-CO2 from 
the three IAMs, at discount rates of 5, 
3, and 2.5 percent, respectively. SC-CO2 
estimates for several discount rates are 
included because the literature shows 
that the SC-CO2 is quite sensitive to 
assumptions about the discount rate, 
and because no consensus exists on the 
appropriate rate to use in an 
intergenerational context (where costs 
and benefits are incurred by different 
generations). The fourth value is the 
95th percentile of the SC-CO2 from all 
three models at a 3 percent discount 
rate. It is included to represent lower 
probability but higher outcomes from 
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837 See more discussion on the appropriate 
discounting of climate benefits using SC-CO2 in the 

2010 SCC TSD. Other benefits and costs of 
proposed regulations unrelated to CO2 emissions 

are discounted at the 3% and 7% rates specified in 
OMB guidance for regulatory analysis. 

climate change, which are captured 
further out in the tail of the SC-CO2 
distribution, and while less likely than 
those reflected by the average SC-CO2 
estimates, would be much more harmful 
to society and therefore, are relevant to 
policy makers. The SC-CO2 increases 
over time because future emissions are 
expected to produce larger incremental 
damages as economies grow and 
physical and economic systems become 
more stressed in response to greater 

climate change. The SC-CO2 values are 
presented in Table IX–11. 

Applying the global SC-CO2 estimates, 
shown in Table, to the estimated 
reductions in domestic CO2 emissions 
for the program, yields estimates of the 
dollar value of the climate related 
benefits for each analysis year. These 
estimates are then discounted back to 
the analysis year using the same 
discount rate used to estimate the SC- 
CO2. For internal consistency, the 
annual benefits are discounted back to 

net present value terms using the same 
discount rate as each SC-CO2 estimate 
(i.e., 5 percent, 3 percent, and 2.5 
percent) rather than the discount rates 
of 3 percent and 7 percent used to 
derive the net present value of other 
streams of costs and benefits of the final 
rule.837 The SC-CO2 benefit estimates 
for each calendar year are shown in 
Table. The SC-CO2 benefit estimates for 
each model year are shown in Table IX– 
13. 

TABLE IX–11—SOCIAL COST OF CO2, 2012–2050 a 
[in 2013$ per Metric Ton] 

Calendar 
year 

5% 
Average 

3% 
Average 

2.5% 
Average 

3%, 
95th Percentile 

2012 ................................................................................................................. $12 $36 $58 $100 
2015 ................................................................................................................. 12 40 62 120 
2020 ................................................................................................................. 13 46 68 140 
2025 ................................................................................................................. 15 51 75 150 
2030 ................................................................................................................. 18 55 80 170 
2035 ................................................................................................................. 20 60 86 180 
2040 ................................................................................................................. 23 66 92 200 
2045 ................................................................................................................. 25 70 98 220 
2050 ................................................................................................................. 29 76 100 230 

Note: 
a The SC-CO2 values are dollar-year and emissions-year specific and have been rounded to two significant digits. Unrounded numbers from 

the current SC-CO2 TSD were used to calculate the CO2 benefits. 

TABLE IX–12—UPSTREAM AND DOWNSTREAM ANNUAL CO2 BENEFITS FOR THE GIVEN SC-CO2 VALUE a USING METHOD 
B AND RELATIVE TO THE FLAT BASELINE 

[Millions of 2013$] b 

Calendar year 5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

2018 ................................................................................................................. $7 $22 $33 $63 
2019 ................................................................................................................. 13 46 68 130 
2020 ................................................................................................................. 21 73 110 210 
2021 ................................................................................................................. 80 280 420 840 
2022 ................................................................................................................. 170 550 820 1,700 
2023 ................................................................................................................. 250 850 1,300 2,600 
2024 ................................................................................................................. 390 1,300 2,000 4,000 
2025 ................................................................................................................. 560 1,800 2,700 5,500 
2026 ................................................................................................................. 700 2,400 3,500 7,100 
2027 ................................................................................................................. 950 3,000 4,400 9,100 
2028 ................................................................................................................. 1,100 3,700 5,400 11,000 
2029 ................................................................................................................. 1,300 4,300 6,400 13,000 
2030 ................................................................................................................. 1,600 5,000 7,300 15,000 
2035 ................................................................................................................. 2,700 8,100 11,000 25,000 
2040 ................................................................................................................. 3,700 11,000 15,000 33,000 
2050 ................................................................................................................. 5,500 15,000 20,000 45,000 
NPV .................................................................................................................. 24,000 110,000 180,000 340,000 

Notes: 
a The SC-CO2 values are dollar-year and emissions-year specific. 
b For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
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838 As discussed in the RIA, there is considerable 
variation among these published estimates in the 
models and input assumptions they employ. These 
studies differ in the emission perturbation year, 
employ a wide range of constant and variable 

discount rate specifications, and consider a range of 
baseline socioeconomic and emissions scenarios 
that have been developed over the last 20 years. See 
also Reilly and Richards, 1993; Schmalensee, 1993; 
Fankhauser, 1994; Marten and Newbold, 2012. 

839 Marten, A.L., E.A. Kopits, C.W. Griffiths, S.C. 
Newbold & A. Wolverton (2014). Incremental CH4 
and N2O mitigation benefits consistent with the 
U.S. Government’s SC-CO2 estimates, Climate 
Policy, DOI: 10.1080/14693062.2014.912981. 

TABLE IX–13—UPSTREAM AND DOWNSTREAM DISCOUNTED MODEL YEAR LIFETIME CO2 BENEFITS FOR THE GIVEN SC- 
CO2 VALUE USING METHOD B AND RELATIVE TO THE FLAT BASELINE 

[Millions of 2013$] a b 

Model year 5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

2018 ................................................................................................................. $38 $150 $230 $450 
2019 ................................................................................................................. 36 140 220 430 
2020 ................................................................................................................. 34 140 220 420 
2021 ................................................................................................................. 560 2,300 3,600 7,000 
2022 ................................................................................................................. 590 2,500 3,900 7,500 
2023 ................................................................................................................. 610 2,600 4,000 7,800 
2024 ................................................................................................................. 920 4,000 6,200 12,000 
2025 ................................................................................................................. 940 4,100 6,400 12,000 
2026 ................................................................................................................. 950 4,200 6,600 13,000 
2027 ................................................................................................................. 1,200 5,400 8,500 16,000 
2028 ................................................................................................................. 1,200 5,300 8,400 16,000 
2029 ................................................................................................................. 1,200 5,300 8,400 16,000 
Sum .................................................................................................................. 8,200 36,000 57,000 110,000 

Notes: 
a The SC-CO2 values are dollar-year and emissions-year specific. 
b For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(2) Monetized Non-CO2 GHG Impacts 

EPA calculated the global social 
benefits of CH4 and N2O emissions 
reductions expected from the final 
rulemaking using estimates of the social 
cost of methane (SC-CH4) and the social 
cost of nitrous oxide (SC-N2O). Similar 
to the SC-CO2, the SC-CH4 and SC-N2O 
estimate the monetary value of impacts 
associated with marginal changes in 
CH4 and N2O emissions, respectively, in 
a given year. Each metric includes a 
wide range of anticipated climate 
impacts, such as net changes in 
agricultural productivity and human 
health, property damage from increased 
flood risk, and changes in energy system 
costs, such as reduced costs for heating 
and increased costs for air conditioning. 
The SC-CH4 and SC-N2O estimates 
applied in this analysis were developed 
by Marten et al. (2014) and are 
discussed in greater detail below. EPA 
is unaware of analogous estimates of 
HFC–134a and has therefore presented a 
sensitivity analysis, separate from the 

main benefit cost analysis, that 
approximates the benefits of HFC–134a 
reductions based on global warming 
potential (GWP) gas comparison metrics 
(‘‘GWP approach’’). Other unquantified 
non-CO2 benefits are discussed in this 
section as well. Additional details are 
provided in the RIA of these rules. 

(a) Monetized CH4 and N2O Impacts 
As discussed in the proposed 

rulemaking, a challenge particularly 
relevant to the monetization of non-CO2 
GHG impacts is that the IWG did not 
estimate the social costs of non-CO2 
GHG emissions at the time the SC-CO2 
estimates were developed. While there 
are other estimates of the social cost of 
non-CO2 GHGs in the peer review 
literature, none of those estimates are 
consistent with the SC-CO2 estimates 
developed by the IWG and most are 
likely underestimates due to changes in 
the underlying science subsequent to 
their publication.838 

However, in the time leading up to 
the proposal for this rulemaking, a 

paper by Marten et al. (2014) provided 
the first set of published SC-CH4 and 
SC-N2O estimates in the peer-reviewed 
literature that are consistent with the 
modeling assumptions the IWG used to 
develop the SC-CO2 estimates.839 
Specifically, the estimation approach of 
Marten et al. (2014) used the same set 
of three IAMs, five socioeconomic- 
emissions scenarios, equilibrium 
climate sensitivity distribution, three 
constant discount rates, and aggregation 
approach used to develop the SC-CO2 
estimates. Marten et al. also used the 
same rationale as the IWG to develop 
global estimates of the SC-CH4 and the 
SC-N2O, given that CH4 and N2O are 
global pollutants. 

The resulting SC-CH4 and SC-N2O 
estimates are presented in Table IX–14. 
More detailed discussion of their 
methodology, results and a comparison 
to other published estimates can be 
found in the RIA and in Marten et al. 
(2014). 

TABLE IX–14—SOCIAL COST OF CH4 AND N2O, 2012–2050 a 
[In 2013$ per metric ton] [Source: Marten et al., 2014 b] 

Year 

SC-CH4 SC-N2O 

5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

2012 .................................. $440 $1,000 $1,400 $2,800 $4,000 $14,000 $21,000 $36,000 
2015 .................................. 490 1,100 1,500 3,100 4,400 14,000 22,000 38,000 
2020 .................................. 590 1,300 1,800 3,500 5,200 16,000 24,000 43,000 
2025 .................................. 710 1,500 2,000 4,100 6,000 19,000 26,000 48,000 
2030 .................................. 830 1,800 2,200 4,600 6,900 21,000 30,000 54,000 
2035 .................................. 990 2,000 2,500 5,400 8,100 23,000 32,000 60,000 
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840 For a copy of the peer review and the 
responses, see https://cfpub.epa.gov/si/si_public_

pra_view.cfm?dirEntryID=291976 (see ‘‘SCCH4 EPA 
PEER REVIEW FILES.PDF’’). 

TABLE IX–14—SOCIAL COST OF CH4 AND N2O, 2012–2050 a—Continued 
[In 2013$ per metric ton] [Source: Marten et al., 2014 b] 

Year 

SC-CH4 SC-N2O 

5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

5% 
average 

3% 
average 

2.5% 
average 

3% 
95th percentile 

2040 .................................. 1,100 2,200 2,900 6,000 9,200 25,000 35,000 66,000 
2045 .................................. 1,300 2,500 3,100 6,700 10,000 27,000 37,000 73,000 
2050 .................................. 1,400 2,700 3,400 7,400 12,000 30,000 41,000 79,000 

Notes: 
a The values are emissions-year specific and have been rounded to two significant digits. Unrounded numbers were used to calculate the GHG benefits. 
b The estimates in this table have been adjusted to reflect the minor technical corrections to the SC-CO2 estimates described above. See the Corrigendum to 

Marten et al. (2014), http://www.tandfonline.com/doi/abs/10.1080/14693062.2015.1070550. 

In addition to requesting comment on 
these estimates in the proposed 
rulemaking, EPA noted that it had 
initiated a peer review of the 
application of the Marten et al (2014) 
non-CO2 social cost estimates in 
regulatory analysis.840 EPA also stated 
that, pending a favorable peer review, it 
planned to use the Marten et al (2014) 
estimates to monetize benefits of CH4 
and N2O emission reduction in the main 
benefit-cost analysis of the final rule. 

Since then, EPA received responses 
that supported use of the Marten et al. 
estimates. Three reviewers considered 
seven charge questions that covered 
issues such as the EPA’s interpretation 
of the Marten et al. estimates, the 
consistency of the estimates with the 
SC-CO2 estimates, the EPA’s 
characterization of the limits of the 
GWP-approach to value non-CO2 GHG 
impacts, and the appropriateness of 
using the Marten et al. estimates in 
regulatory impact analyses. The 
reviewers agreed with the EPA’s 
interpretation of Marten et al.’s 
estimates, generally found the estimates 
to be consistent with the SC-CO2 
estimates, and concurred with the 
limitations of the GWP approach, 
finding directly modeled estimates to be 
more appropriate. While outside of the 
scope of the review, the reviewers 
briefly considered the limitations in the 
SC-CO2 methodology (e.g., those 
discussed earlier in this section) and 
noted that because the SC-CO2 and SC- 
CH4 and SC-N2O methodologies are 
similar, the limitations also apply to the 
resulting SC-CH4 and SC-N2O estimates. 

Two of the reviewers concluded that use 
of the SC-CH4 and SC-N2O estimates 
developed by Marten et al. and 
published in the peer-reviewed 
literature is appropriate in RIAs, 
provided that the Agency discuss the 
limitations, similar to the discussion 
provided for SC-CO2 and other 
economic analyses. All three reviewers 
encouraged continued improvements in 
the SC-CO2 estimates and suggested that 
as those improvements are realized they 
should also be reflected in the SC-CH4 
and SC-N2O estimates, with one 
reviewer suggesting the SC-CH4 and SC- 
N2O estimates lag this process. The EPA 
supports continued improvement in the 
SC-CO2 estimates developed by the U.S. 
government and agrees that 
improvements in the SC-CO2 estimates 
should also be reflected in the SC-CH4 
and SC-N2O estimates. The fact that the 
reviewers agree that the SC-CH4 and SC- 
N2O estimates are generally consistent 
with the SC-CO2 estimates that are 
recommended by OMB’s guidance on 
valuing CO2 emissions reductions, leads 
the EPA to conclude that use of the SC- 
CH4 and SC-N2O estimates is an 
analytical improvement over excluding 
CH4 and N2O emissions from the 
monetized portion of the benefit cost 
analysis. 

The EPA also carefully considered the 
full range of public comments and 
associated technical issues on the 
Marten et al. estimates received in this 
rulemaking and determined that it 
would continue to use the estimates in 
the final rulemaking analysis. Based on 
the evaluation of the public comments 

on this rulemaking, the favorable peer 
review of the application of Marten et 
al. estimates, and past comments urging 
EPA to value non-CO2 GHG impacts in 
its rulemakings, EPA concluded that the 
estimates represent the best scientific 
information on the impacts of climate 
change available in a form appropriate 
for incorporating the damages from 
incremental CH4 and N2O emissions 
changes into regulatory analysis and has 
included those benefits in the main 
benefits analysis. Please see RTC 
Section 11.8 for detailed responses to 
the comments on non-CO2 GHG 
valuation. 

The application of directly modeled 
estimates from Marten et al. (2014) to 
benefit-cost analysis of a regulatory 
action is analogous to the use of the SC- 
CO2 estimates. Specifically, the SC-CH4 
and SC-N2O estimates in Table IX–15 
are used to monetize the benefits of 
changes in CH4 and N2O emissions 
expected as a result of the final 
rulemaking. Forecast changes in CH4 
and N2O emissions in a given year 
resulting from the regulatory action are 
multiplied by the SC-CH4 and SC-N2O 
estimate for that year, respectively. To 
obtain a present value estimate, the 
monetized stream of future non-CO2 
benefits are discounted back to the 
analysis year using the same discount 
rate used to estimate the social cost of 
the non-CO2 GHG emission changes. 

The CH4 and N2O benefits based on 
Marten et al. (2014) are presented for 
each calendar year in Table IX–15. 
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841 U.S. EPA. (2012). ‘‘Regulatory impact analysis 
supporting the 2012 U.S. Environmental Protection 
Agency final new source performance standards 
and amendments to the national emission standards 
for hazardous air pollutants for the oil and natural 
gas industry.’’ Retrieved from http://www3.epa.gov/ 
ttn/ecas/regdata/RIAs/oil_natural_gas_final_
neshap_nsps_ria.pdf. U.S. EPA. (2013). ‘‘Regulatory 

impact analysis: Final rulemaking for 2017–2025 
light-duty vehicle greenhouse gas emission 
standards and corporate average fuel economy 
standards.’’ Retrieved from http://www3.epa.gov/ 
otaq/climate/documents/420r12016.pdf. 

842 Source: Table 2.14 (Errata). Lifetimes, 
radiative efficiencies and direct (except for CH4) 
GWPs relative to CO2. IPCC Fourth Assessment 
Report ‘‘Climate Change 2007: Working Group I: 
The Physical Science Basis.’’ 

TABLE IX–15—ANNUAL UPSTREAM AND DOWNSTREAM NON-CO2 GHG BENEFITS FOR THE GIVEN SC-NON-CO2 VALUE 
USING METHOD B AND RELATIVE TO THE FLAT BASELINE, USING THE DIRECTLY MODELED APPROACH a b 

[Millions of 2012$] c 

Calendar year 

CH4 N2O 

5% 
Average 

3% 
Average 

2.5% 
Average 

3% 
95th 

percentile 

5% 
Average 

3% 
Average 

2.5% 
Average 

3% 
95th 

percentile 

2018 ................................. $0 $1 $1 $2 $0 $0 $0 $0 
2019 ................................. 1 1 2 3 0 0 0 0 
2020 ................................. 1 2 3 5 0 0 0 0 
2021 ................................. 4 8 11 22 0 0 1 1 
2022 ................................. 7 16 21 43 0 1 1 2 
2023 ................................. 12 26 33 68 0 1 2 3 
2024 ................................. 19 40 52 110 1 2 3 5 
2025 ................................. 26 56 72 150 1 3 4 7 
2026 ................................. 34 72 92 190 1 3 5 9 
2027 ................................. 44 94 120 250 1 4 6 11 
2028 ................................. 54 120 150 300 2 5 7 13 
2029 ................................. 65 140 170 360 2 6 9 16 
2030 ................................. 76 160 200 420 2 7 10 19 
2035 ................................. 130 260 340 720 4 12 16 31 
2040 ................................. 180 360 460 980 6 16 22 41 
2050 ................................. 280 530 660 1,400 9 22 30 58 
NPV .................................. 1,200 3,800 5,400 10,000 37 160 250 430 

Notes: 
a The SC-CH4 and SC-N2O values are dollar-year and emissions-year specific. 
b Note that net present discounted values of reduced GHG emissions is are calculated differently than other benefits. The same discount rate 

used to discount the value of damages from future emissions (SC-CH4 and SC-N2O at 5, 3, and 2.5 percent) is used to calculate net present 
value discounted values of SC-CH4 and SC-N2O for internal consistency. Refer to the 2010 SC-CO2 TSD for more detail. 

c For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 
1b, please see Section X.A.1. 

(b) Sensitivity Analysis—HFC-134a 
Benefits Based on the GWP 
Approximation Approach 

While the rulemaking will result in 
reductions of HFC–134a, EPA is 
unaware of analogous estimates of the 
social cost of HFC–134a and has 
therefore used an alternative valuation 
approach and presented the results in 
this sensitivity analysis, separate from 
the main benefit cost analysis. 
Specifically, EPA has used the global 
warming potential (GWP) for HFC–134a 
to convert the emissions of this gas to 
CO2 equivalents, which are then valued 
using the SC-CO2 estimates. This 
approach, henceforth referred to as the 
‘‘GWP approach,’’ has been used in 
sensitivity analyses to estimate the non- 
CO2 benefits in previous EPA 
rulemakings (see U.S. EPA 2012, 
2013).841 EPA has not presented these 

estimates in a main benefit-cost analysis 
due to the limitations associated with 
using the GWP approach to value 
changes in non-CO2 GHG emissions, 
and considered the GWP approach as an 
interim method of analysis until social 
cost estimates for non-CO2 GHGs, 
consistent with the SC-CO2 estimates, 
were developed. 

The GWP is a simple, transparent, and 
well-established metric for assessing the 
relative impacts of non-CO2 emissions 
compared to CO2 on a purely physical 
basis. However, as discussed both in the 
2010 SC-CO2 TSD and previous 
rulemakings (e.g., U.S. EPA 2012, 2013), 
the GWP approximation approach to 
measuring non-CO2 GHG benefits has 
several well-documented limitations. 
These metrics are not ideally suited for 
use in benefit-cost analyses to 
approximate the social cost of non-CO2 
GHGs because the approach would 
assume all subsequent linkages leading 
to damages are linear in radiative 

forcing, which would be inconsistent 
with the most recent scientific 
literature. Detailed discussion of 
limitations of the GWP approach can be 
found in the RIA. 

EPA applies the GWP approach to 
estimate the benefits associated with 
reductions of HFCs in each calendar 
year. Under the GWP Approach, EPA 
converted HFC–134a to CO2 equivalents 
using the AR4 100-year GWP for HFC– 
134a (1,430).842 These CO2-equivalent 
emission reductions are multiplied by 
the SC-CO2 estimate corresponding to 
each year of emission reductions. As 
with the calculation of annual benefits 
of CO2 emission reductions, the annual 
benefits of non-CO2 emission reductions 
based on the GWP approach are 
discounted back to net present value 
terms using the same discount rate as 
each SC-CO2 estimate. The estimated 
HFC–134a benefits using the GWP 
approach are presented in Table IX–16. 
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843 West JJ, Fiore AM, Horowitz LW, Mauzerall 
DL (2006) Global health benefits of mitigating ozone 
pollution with methane emission controls. Proc 
Natl Acad Sci USA 103 (11):3988–3993. 
doi:10.1073/pnas.0600201103 

844 Anenberg SC, Schwartz J, Shindell D, Amann 
M, Faluvegi G, Klimont Z, . . . , Vignati E (2012) 
Global air quality and health co-benefits of 
mitigating near-term climate change through 
methane and black carbon emission controls. 
Environ Health Perspect 120 (6):831. doi:10.1289/ 
ehp.1104301. 

845 Shindell D, Kuylenstierna JCI, Vignati E, van 
Dingenen R, Amann M, Klimont Z, . . ., Fowler D 
(2012) Simultaneously Mitigating Near-Term 
Climate Change and Improving Human Health and 
Food Security. Science 335 (6065):183–189. 
doi:10.1126/science.1210026. 

TABLE IX–16—ANNUAL UPSTREAM AND DOWNSTREAM HFC-134a BENEFITS FOR THE GIVEN SC-CO2 VALUE USING 
METHOD B AND RELATIVE TO THE FLAT BASELINE, USING THE GWP APPROACH a b 

[Millions of 2013$] b 

Calendar year 

HFC-134a 

5% 
Average 

3% 
Average 

2.5% 
Average 

3%, 
95th Percentile 

2018 ................................................................................................................. $0 $0 $0 $0 
2019 ................................................................................................................. $0 $0 $0 $0 
2020 ................................................................................................................. $0 $0 $0 $0 
2021 ................................................................................................................. $0 $1 $1 $3 
2022 ................................................................................................................. $1 $2 $3 $5 
2023 ................................................................................................................. $1 $3 $4 $8 
2024 ................................................................................................................. $1 $4 $5 $11 
2025 ................................................................................................................. $1 $5 $7 $14 
2026 ................................................................................................................. $2 $6 $9 $18 
2027 ................................................................................................................. $2 $7 $10 $21 
2028 ................................................................................................................. $3 $8 $12 $25 
2029 ................................................................................................................. $3 $10 $14 $29 
2030 ................................................................................................................. $4 $11 $16 $33 
2035 ................................................................................................................. $5 $15 $22 $47 
2040 ................................................................................................................. $6 $18 $25 $54 
2050 ................................................................................................................. $9 $23 $31 $70 
NPV .................................................................................................................. $44 $200 $320 $620 

Notes: 
a The SC-CO2 values are dollar-year and emissions-year specific. 
b For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

(c) Additional Non-CO2 GHGs Co- 
Benefits 

In determining the relative social 
costs of the different gases, the Marten 
et al. (2014) analysis accounts for 
differences in lifetime and radiative 
efficiency between the non-CO2 GHGs 
and CO2. The analysis also accounts for 
radiative forcing resulting from 
methane’s effects on tropospheric ozone 
and stratospheric water vapor, and for at 
least some of the fertilization effects of 
elevated carbon dioxide concentrations. 
However, there exist several other 
differences between these gases that 
have not yet been captured in this 
analysis, for example the non-radiative 
effects of methane-driven elevated 
tropospheric ozone levels on human 
health, agriculture, and ecosystems, and 
the effects of carbon dioxide on ocean 
acidification. Inclusion of these 
additional non-radiative effects would 
potentially change both the absolute and 
relative value of the various gases. 

Of these effects, the human health 
effect of elevated tropospheric ozone 
levels resulting from methane emissions 
is the closest to being monetized in a 
way that would be comparable to the 
SCC. Premature ozone-related 
cardiopulmonary deaths resulting from 
global increases in tropospheric ozone 
concentrations produced by the 
methane oxidation process have been 
the focus of a number of studies over the 

past decade (e.g., West et al. 2006; 843 
Anenberg et al. 2012; 844 Shindell et al. 
2012 845). Recently, a paper was 
published in the peer-reviewed 
scientific literature that presented a 
range of estimates of the monetized 
ozone-related mortality benefits of 
reducing methane emissions (Sarofim et 
al. 2015). For example, under their base 
case assumptions using a 3 percent 
discount rate, Sarofim et al. find global 
ozone-related mortality benefits of 
methane emissions reductions to be 
$790 per ton of methane in 2020, with 
10.6 percent, or $80, of this amount 
resulting from mortality reductions in 
the United States. The methodology 
used in this study is consistent in some 
(but not all) aspects with the modeling 
underlying the SC-CO2 and SC-CH4 
estimates discussed above, and required 
a number of additional assumptions 
such as baseline mortality rates and 

mortality response to ozone 
concentrations. While the EPA does 
consider the methane impacts on ozone 
to be important, there remain 
unresolved questions regarding several 
methodological choices involved in 
applying the Sarofim et al. (2015) 
approach in the context of an EPA 
benefits analysis, and therefore the EPA 
is not including a quantitative analysis 
of this effect in this rule at this time. 

H. Monetized Non-GHG Health Impacts 
This section discusses the economic 

benefits from reductions in health and 
environmental impacts resulting from 
non-GHG emission reductions that can 
be expected to occur as a result of the 
Phase 2 standards. CO2 emissions are 
predominantly the byproduct of fossil 
fuel combustion processes that also 
produce criteria and hazardous air 
pollutant emissions. The vehicles that 
are subject to the Phase 2 standards are 
also significant sources of mobile source 
air pollution such as direct PM, NOX, 
VOCs and air toxics. The standards will 
affect exhaust emissions of these 
pollutants from vehicles and will also 
affect emissions from upstream sources 
that occur during the refining and 
distribution of fuel. Changes in ambient 
concentrations of ozone, PM2.5, and air 
toxics that will result from the Phase 2 
standards are expected to affect human 
health by reducing premature deaths 
and other serious human health effects, 
as well as other important 
improvements in public health and 
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846 Fann, N., Baker, K.R., and Fulcher, C.M. 
(2012). Characterizing the PM 2.5-related health 
benefits of emission reductions for 17 industrial, 
area and mobile emission sectors across the U.S., 
Environment International, 49, 241–151, published 
online September 28, 2012. 

847 See also: http://www3.epa.gov/airquality/
benmap/sabpt.html. The current values available 
on the Web page have been updated since the 
publication of the Fann et al., 2012 paper. For more 
information regarding the updated values, see: 
http://www3.epa.gov/airquality/benmap/models/
Source_Apportionment_BPT_TSD_1_31_13.pdf 
(accessed September 9, 2014). 

848 Chapter 5 of the RIA has more detail on the 
differences between the air quality and final 
inventories. 

849 U.S. Environmental Protection Agency. (2014). 
Control of Air Pollution from Motor Vehicles: Tier 
3 Motor Vehicle Emission and Fuel Standards Final 
Rule: Regulatory Impact Analysis, Assessment and 
Standards Division, Office of Transportation and 
Air Quality, EPA–420–R–14–005, March 2014. 
Available on the internet: http://www3.epa.gov/
otaq/documents/tier3/420r14005.pdf. 

850 U.S. Environmental Protection Agency. (2012). 
Regulatory Impact Analysis for the Final Revisions 
to the National Ambient Air Quality Standards for 
Particulate Matter, Health and Environmental 
Impacts Division, Office of Air Quality Planning 
and Standards, EPA–452–R–12–005, December 
2012. Available on the internet: http://
www3.epa.gov/ttnecas1/regdata/RIAs/finalria.pdf. 

851 U.S. Environmental Protection Agency (U.S. 
EPA). (2012). Regulatory Impact Analysis: Final 
Rulemaking for 2017–2025 Light-Duty Vehicle 
Greenhouse Gas Emission Standards and Corporate 
Average Fuel Economy Standards, Assessment and 
Standards Division, Office of Transportation and 
Air Quality, EPA–420–R–12–016, August 2012. 
Available on the Internet at: http://www3.epa.gov/ 
otaq/climate/documents/420r12016.pdf. 

852 The air quality modeling that underlies the 
PM-related benefit per ton values also produced 
estimates of ozone levels attributable to each sector. 
However, the complex non-linear chemistry 
governing ozone formation prevented EPA from 
developing a complementary array of ozone benefit 

Continued 

welfare. Children especially benefit 
from reduced exposures to criteria and 
toxic pollutants, because they tend to be 
more sensitive to the effects of these 
respiratory pollutants. Ozone and 
particulate matter have been associated 
with increased incidence of asthma and 
other respiratory effects in children, and 
particulate matter has been associated 
with a decrease in lung maturation. 
Some minority groups and children 
living under the poverty line are even 
more vulnerable with higher prevalence 
of asthma. 

It is important to quantify the health 
and environmental impacts associated 
with the standards because a failure to 
adequately consider ancillary impacts 
could lead to an incorrect assessment of 
their costs and benefits. Moreover, the 
health and other impacts of exposure to 
criteria air pollutants and airborne 
toxics tend to occur in the near term, 
while most effects from reduced climate 
change are likely to occur only over a 
time frame of several decades or longer. 

Impacts such as emissions reductions, 
costs and benefits are presented in this 
analysis from two perspectives: 

• A ‘‘model year lifetime analysis’’ 
(MY), which shows impacts of the 
program that occur over the lifetime of 
the vehicles produced during the model 
years subject to the Phase 2 standards 
(MYs 2018 through 2029)., 

• A ‘‘calendar year analysis’’ (CY), 
which shows annual costs and benefits 
of the Phase 2 standards for each year 
from 2018 through 2050. We assume the 
standard in the last model year subject 
to the standards applies to all 
subsequent MY fleets developed in the 
future. 

In previous light-duty and heavy-duty 
GHG rulemakings, EPA has quantified 
and monetized non-GHG health impacts 
using two different methods. For the 
MY analysis, EPA applies PM-related 
‘‘benefits per-ton’’ values to the stream 
of lifetime estimated emission 
reductions as a reduced-form approach 
to estimating the PM2.5-related benefits 
of the rule.846 847 For the CY analysis, 
EPA typically conducts full-scale 
photochemical air quality modeling to 
quantify and monetize the PM2.5- and 

ozone-related health impacts of a single 
representative future year. EPA then 
assumes these benefits are repeated in 
subsequent future years when criteria 
pollutant emission reductions are equal 
to or greater than those modeled in the 
representative future year. 

This two-pronged approach to 
estimating non-GHG impacts is 
precipitated by the length of time 
needed to prepare the necessary 
emissions inventories and the 
processing time associated with full- 
scale photochemical air quality 
modeling for a single representative 
future year. The timing requirements 
(along with other resource limitations) 
preclude EPA from being able to do the 
more detailed photochemical modeling 
for every year that we include in our 
benefit and cost estimates, and require 
EPA to make air quality modeling input 
decisions early in the analytical process. 
As a result, it was necessary to use 
emissions from the proposed program to 
conduct the air quality modeling. 

The chief limitation when using air 
quality inventories based on emissions 
from the proposal in the CY modeling 
analysis is that they can diverge from 
the estimated emissions of the final 
rulemaking. How much the emissions 
might diverge and how that difference 
would impact the air quality modeling 
and health benefit results is difficult to 
anticipate. For the FRM, EPA concluded 
that when comparing the proposal and 
final rule inventories, the differences 
were enough to justify the move of the 
typical CY benefits analysis (based on 
air quality modeling) from the primary 
estimate of costs and benefits to a 
supplemental analysis in an appendix to 
the RIA (See RIA Appendix 8.A).848 
While we believe this supplemental 
analysis is still illustrative of the 
standard’s potential benefits, EPA has 
instead chosen to characterize the CY 
benefits in a manner consistent with the 
MY lifetime analysis. That is, we apply 
the PM-related ‘‘benefits per-ton’’ values 
to the CY final rule emission reductions 
to estimate the PM-related benefits of 
the final rule. 

This section presents the benefits-per- 
ton values used to monetize the benefits 
from reducing population exposure to 
PM associated with the standards. EPA 
bases its analyses on peer-reviewed 
studies of air quality and health and 
welfare effects and peer-reviewed 
studies of the monetary values of public 
health and welfare improvements, and 
is generally consistent with benefits 
analyses performed for the analysis of 

the final Tier 3 Vehicle Rule,849 the final 
2012 p.m. NAAQS Revision,850 and the 
final 2017–2025 Light Duty Vehicle 
GHG Rule.851 

EPA is also requiring that rebuilt 
engines installed in new incomplete 
vehicles (i.e., ‘‘glider kit’’ vehicles) meet 
the emission standards applicable in the 
year of assembly of the new vehicle, 
including all applicable standards for 
criteria pollutants (Section XIII.B). For 
the final rule, EPA has updated its 
analysis of the environmental impacts of 
these glider kit vehicles (see Section 
XIII.B.1). These standards will decrease 
PM and NOX emissions dramatically, 
leading to substantial public health- 
related benefits. Although we only 
present these benefits as a sensitivity 
analysis in Section XIII.B, it is clear that 
removing even a fraction of glider kit 
vehicles from the road will yield 
substantial health-related benefits that 
are not captured by the primary estimate 
of monetized non-GHG health impacts 
described in this section. 

(1) Economic Value of Reductions in 
Particulate Matter 

As described in Section VIII, the 
standards will reduce emissions of 
several criteria and toxic pollutants and 
their precursors. In this analysis, EPA 
only estimates the economic value of 
the human health benefits associated 
with the resulting reductions in PM2.5 
exposure. Due to analytical limitations 
with the benefit per ton method, this 
analysis does not estimate benefits 
resulting from reductions in population 
exposure to other criteria pollutants 
such as ozone.852 Furthermore, the 
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per ton values. This limitation notwithstanding, we 
anticipate that the ozone-related benefits associated 
with reducing emissions of NOX and VOC are 
substantial. Refer to RIA Appendix 8.A for the 
ozone benefits results from the supplemental CY 
benefits analysis. 

853 U.S. Environmental Protection Agency (U.S. 
EPA). (2012). Regulatory Impact Analysis: Final 
Rulemaking for 2017–2025 Light-Duty Vehicle 
Greenhouse Gas Emission Standards and Corporate 
Average Fuel Economy Standards, Assessment and 
Standards Division, Office of Transportation and 
Air Quality, EPA–420–R–12–016, August 2012. 

Available on the Internet at: http://www3.epa.gov/ 
otaq/climate/documents/420r12016.pdf. 

854 U.S. Environmental Protection Agency (U.S. 
EPA). (2013). Regulatory Impact Analysis for the 
Reconsideration of the Existing Stationary 
Compression Ignition (CI) Engines NESHAP, Office 
of Air Quality Planning and Standards, Research 
Triangle Park, NC. January. EPA–452/R–13–001. 
Available at http://www3.epa.gov/ttnecas1/regdata/ 
RIAs/RICE_NESHAPreconsideration_Compression_
Ignition_Engines_RIA_final2013_EPA.pdf. 

855 U.S. Environmental Protection Agency (U.S. 
EPA). (2013). Regulatory Impact Analysis for 
Reconsideration of Existing Stationary Spark 

Ignition (SI) RICE NESHAP, Office of Air Quality 
Planning and Standards, Research Triangle Park, 
NC. January. EPA–452/R–13–002. Available at 
http://www3.epa.gov/ttnecas1/regdata/RIAs/
NESHAP_RICE_Spark_Ignition_RIA_
finalreconsideration2013_EPA.pdf. 

856 U.S. Environmental Protection Agency (U.S. 
EPA). (2015). Regulatory Impact Analysis for 
Residential Wood Heaters NSPS Revision. Office of 
Air Quality Planning and Standards, Research 
Triangle Park, NC. February. EPA–452/R–15–001. 
Available at http://www2.epa.gov/sites/production/ 
files/2015-02/documents/20150204-residential- 
wood-heaters-ria.pdf. 

benefits per-ton method, like all air 
quality impact analyses, does not 
monetize all of the potential health and 
welfare effects associated with reduced 
concentrations of PM2.5. 

This analysis uses estimates of the 
benefits from reducing the incidence of 
the specific PM2.5-related health impacts 
described below. These estimates, 
which are expressed per ton of PM2.5- 
related emissions eliminated by the 
final program, represent the monetized 
value of human health benefits 
(including reductions in both premature 
mortality and premature morbidity) 
from reducing each ton of directly 
emitted PM2.5 or its precursors (SO2 and 
NOX), from a specified source. Ideally, 
the human health benefits would be 
estimated based on changes in ambient 

PM2.5 as determined by full-scale air 
quality modeling. However, the length 
of time needed to prepare the necessary 
emissions inventories, in addition to the 
processing time associated with the 
modeling itself, has precluded us from 
performing air quality modeling that 
reflects the emissions and air quality 
impacts associated with the final 
program. 

EPA received comment regarding the 
omission of ozone-related benefits from 
the non-GHG benefits analysis included 
in the proposal. EPA agrees that total 
benefits are underestimated when 
ozone-related benefits are not included 
in the primary analysis. However, for 
reasons described in the introduction to 
this section, PM- and ozone-related 
health benefits based on air quality 

modeling for the CY analysis are not 
included in the primary estimate of 
costs and benefits. Instead, they can be 
found as a supplemental analysis to the 
RIA in Appendix 8A. 

The PM-related dollar-per-ton benefit 
estimates used in this analysis are 
provided in Table IX–17. As the table 
indicates, these values differ among 
pollutants, and also depend on their 
original source, because emissions from 
different sources can result in different 
degrees of population exposure and 
resulting health impacts. In the 
summary of costs and benefits, Section 
IX.K of this Preamble, EPA presents the 
monetized value of PM-related 
improvements associated with the final 
program. 

TABLE IX–17—PM-RELATED BENEFITS-PER-TON VALUES 
[Thousands, 2013$] a 

Year c 
On-road mobile sources Upstream sources d 

Direct PM2.5 SO2 NOX Direct PM2.5 SO2 NOX 

Estimated Using a 3 Percent Discount Rate b 

2016 ......................................................... $380–$870 $20–$46 $7.8–$18 $330–$760 $71–$160 $6.9–$16 
2020 ......................................................... 410–920 22–50 8.2–18 350–800 76–170 7.5–17 
2025 ......................................................... 450–1,000 25–56 9.0–20 400–890 84–190 8.2–18 
2030 ......................................................... 490–1,100 28–62 9.7–22 430–960 92–200 8.9–20 

Estimated Using a 7 Percent Discount Rate b 

2016 ......................................................... $340–$780 $18–$42 $7.1–$16 $300–$680 $64–$140 $6.3–$14 
2020 ......................................................... 370–830 20–45 7.5–17 320–730 68–150 6.7–15 
2025 ......................................................... 410–920 22–50 8.1–18 350–800 76–170 7.4–17 
2030 ......................................................... 440–990 25–56 8.8–20 380–870 82–180 8.0–18 

Notes: 
a The benefit-per-ton estimates presented in this table are based on a range of premature mortality estimates derived from the ACS study 

(Krewski et al., 2009) and the Six-Cities study (Lepeule et al., 2012). See Chapter VIII of the RIA for a description of these studies. 
b The benefit-per-ton estimates presented in this table assume either a 3 percent or 7 percent discount rate in the valuation of premature mor-

tality to account for a twenty-year segmented premature mortality cessation lag. 
c Benefit-per-ton values were estimated for the years 2016, 2020, 2025 and 2030. We hold values constant for intervening years (e.g., the 

2016 values are assumed to apply to years 2017–2019; 2020 values for years 2021–2024; 2030 values for years 2031 and beyond). 
d We assume for the purpose of this analysis that total ‘‘upstream emissions’’ are most appropriately monetized using the refinery sector ben-

efit per-ton values. The majority of upstream emission reductions associated with the final rule are related to domestic onsite refinery emissions 
and domestic crude production. While total upstream emissions also include storage and transport sources, as well as sources upstream from 
the refinery, we have chosen to simply apply the refinery values. 

The benefit-per-ton technique has 
been used in previous analyses, 
including EPA’s 2017–2025 Light-Duty 
Vehicle Greenhouse Gas Rule,853 the 

Reciprocating Internal Combustion 
Engine rules,854 855 and the Residential 
Wood Heaters NSPS.856 Table IX–18 
shows the quantified PM2.5-related co- 

benefits captured in those benefit per- 
ton estimates, as well as unquantified 
effects the benefit per-ton estimates are 
unable to capture. 
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857 For more information regarding the updated 
values, see: http://www3.epa.gov/airquality/ 
benmap/models/Source_Apportionment_BPT_TSD_
1_31_13.pdf (accessed September 9, 2014). 

858 Fann, N., Baker, K.R., and Fulcher, C.M. 
(2012). Characterizing the PM2.5-related health 
benefits of emission reductions for 17 industrial, 
area and mobile emission sectors across the U.S., 
Environment International, 49, 241–151, published 
online September 28, 2012. 

859 As we discuss in the emissions chapter of the 
RIA (Chapter V), the rule will yield emission 
reductions from upstream refining and fuel 
distribution due to decreased petroleum 
consumption. 

860 The issue is discussed in more detail in the 
2012 p.m. NAAQS RIA. See U.S. Environmental 
Protection Agency. (2012). Regulatory Impact 
Analysis for the Final Revisions to the National 
Ambient Air Quality Standards for Particulate 
Matter, Health and Environmental Impacts 
Division, Office of Air Quality Planning and 
Standards, EPA–452–R–12–005, December 2012. 
Available on the internet: http://www3.epa.gov/
ttnecas1/regdata/RIAs/finalria.pdf. 

861 For more information about EPA’s population 
projections, please refer to the following: http://
www3.epa.gov/air/benmap/models/
BenMAPManualAppendicesAugust2010.pdf (See 
Appendix K). 

862 Science Advisory Board. 2001. NATA— 
Evaluating the National-Scale Air Toxics 
Assessment for 1996—an SAB Advisory. http://
www3.epa.gov/ttn/atw/sab/sabrev.html. 

863 Examples include gaps in toxicological data, 
uncertainties in extrapolating results from high- 
dose animal experiments to estimate human effects 
at lower does, limited ambient and personal 
exposure monitoring data, and insufficient 
economic research to support valuation of the 
health impacts often associated with exposure to 
individual air toxics. See Gwinn et al., 2011. 
Meeting Report: Estimating the Benefits of Reducing 
Hazardous Air Pollutants—Summary of 2009 
Workshop and Future Considerations. Environ 
Health Perspectives, Jan 2011; 119(1): 125–130. 

864 In April, 2009, EPA hosted a workshop on 
estimating the benefits of reducing hazardous air 
pollutants. This workshop built upon the work 
accomplished in the June 2000 in an earlier (2000) 
Science Advisory Board/EPA Workshop on the 
Benefits of Reductions in Exposure to Hazardous 
Air Pollutants, which generated thoughtful 
discussion on approaches to estimating human 
health benefits from reductions in air toxics 
exposure, but no consensus was reached on 
methods that could be implemented in the near 
term for a broad selection of air toxics. Please visit 
http://epa.gov/air/toxicair/2009workshop.html for 
more information about the workshop and its 
associated materials. 

TABLE IX–18—HUMAN HEALTH AND WELFARE EFFECTS OF PM2.5 

Pollutant/ 
effect Quantified and monetized in primary estimates Unquantified effects changes in: 

PM2.5 .............. Adult premature mortality ........................................................... Chronic and subchronic bronchitis cases. 
Acute bronchitis .......................................................................... Strokes and cerebrovascular disease. 
Hospital Admissions: Respiratory and cardiovascular ............... Low birth weight. 
Emergency room visits for asthma ............................................. Pulmonary function. 
Nonfatal heart attacks (myocardial infarction) ............................ Chronic respiratory diseases other than chronic bronchitis. 
Lower and upper respiratory illness ........................................... Non-asthma respiratory emergency room visits. 
Minor restricted-activity days ...................................................... Visibility. 
Work loss days ........................................................................... Household soiling. 
Asthma exacerbations (asthmatic population).
Infant mortality.

A more detailed description of the 
benefit-per-ton estimates is provided in 
Chapter 8 of the RIA that accompanies 
this rulemaking. Readers interested in 
reviewing the complete methodology for 
creating the benefit-per-ton estimates 
used in this analysis can consult EPA’s 
‘‘Technical Support Document: 
Estimating the Benefit per Ton of 
Reducing PM2.5 Precursors from 17 
Sectors.’’ 857 Readers can also refer to 
Fann et al. (2012) 858 for a detailed 
description of the benefit-per-ton 
methodology. 

As Table IX–17 indicates, EPA 
projects that the per-ton values for 
reducing emissions of non-GHG 
pollutants from both vehicle use and 
upstream sources such as fuel refineries 
will increase over time.859 These 
projected increases reflect rising income 
levels, which increase affected 
individuals’ willingness to pay for 
reduced exposure to health threats from 
air pollution.860 They also reflect future 
population growth and increased life 
expectancy, which expands the size of 
the population exposed to air pollution 
in both urban and rural areas, especially 

among older age groups with the highest 
mortality risk.861 

(2) Unquantified Health and 
Environmental Impacts 

One commenter supported the 
inclusion of all quantifiable impacts of 
reductions in non-GHG pollutants. 
Specifically, they suggested the 
inclusion of ecosystem benefits from 
reduced non-GHG pollutants including 
those to crops as well as consideration 
of the impacts on toxic air contaminants 
such as diesel PM. 

In addition to the PM-related co- 
pollutant health impacts EPA quantifies 
in this analysis, EPA acknowledges that 
there are a number of other health and 
human welfare endpoints that we are 
not able to quantify or monetize because 
of current limitations in the methods or 
available data. These impacts are 
associated with emissions of air toxics 
(including benzene, 1,3-butadiene, 
formaldehyde, acetaldehyde, acrolein, 
naphthalene and ethanol), ambient 
ozone, and ambient PM2.5 exposures. 
Chapter 8 of the RIA lists these 
unquantified health and environmental 
impacts. While there will be impacts 
associated with air toxic pollutant 
emission changes that result from the 
final standard, EPA will not attempt to 
monetize those impacts. This is 
primarily because currently available 
tools and methods to assess air toxics 
risk from mobile sources at the national 
scale are not adequate for extrapolation 
to incidence estimations or benefits 
assessment. The best suite of tools and 
methods currently available for 
assessment at the national scale are 
those used in the National-Scale Air 
Toxics Assessment (NATA). EPA’s 
Science Advisory Board specifically 
commented in their review of the 1996 
NATA that these tools were not yet 
ready for use in a national-scale benefits 

analysis, because they did not consider 
the full distribution of exposure and 
risk, or address sub-chronic health 
effects.862 While EPA has since 
improved the tools, there remain critical 
limitations for estimating incidence and 
assessing benefits of reducing mobile 
source air toxics.863 EPA continues to 
work to address these limitations; 
however, EPA does not have the 
methods and tools available for 
national-scale application in time for 
the analysis of the final rules.864 

I. Energy Security Impacts 
The Phase 2 standards are designed to 

require improvements in the fuel 
efficiency of medium- and heavy-duty 
vehicles and, thereby, reduce fuel 
consumption and GHG emissions. In 
turn, the Phase 2 standards help to 
reduce U.S. petroleum imports. A 
reduction of U.S. petroleum imports 
reduces both financial and strategic 
risks caused by potential sudden 
disruptions in the supply of imported 
petroleum to the U.S., thus increasing 
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865 See EIA Annual Energy Review, various 
editions. For data 2011–2013, and projected data: 
EIA Annual Energy Outlook (AEO) 2014 (Reference 
Case). See Table 11, file ‘‘aeotab_11.xls.’’ 

866 Based on data from the CIA, combining 
various recent years, https://www.cia.gov/library/
publications/the-world-factbook/rankorder/
2242rank.html. 

867 The other three are Norway, Canada, and the 
EU, an exporter of product. 

868 For example, the 2005 Hurricanes Katrina/Rita 
and the 2011 Libyan conflict both led to a 1.8 
percent reduction in global crude supply. While the 
price impact of the latter is not easily distinguished 
given the rapidly rising post-recession prices, the 
former event was associated with a 10–15 percent 
world oil price increase. There are a range of 
smaller events with smaller but noticeable impacts. 
Somewhat larger events, such as the 2002/3 
Venezuelan Strike and the War in Iraq, 
corresponded to about a 2.9 percent sustained loss 
of supply, and were associated with a 28 percent 
world oil price increase. 

Compiled from EIA oil price data, IEA2012 [IEA 
Response System for Oil Supply Emergencies 
(http://www.iea.org/publications/freepublications/
publication/EPPD_Brochure_English_2012_02.pdf) 

See table on P. 11.and Hamilton 2011 ‘‘Historical 
Oil Shocks,’’(http://econweb.ucsd.edu/∼jhamilto/
oil_history.pdf) in *Routledge Handbook of Major 
Events in Economic History*, pp. 239–265, edited 
by Randall E. Parker and Robert Whaples, New 
York: Routledge Taylor and Francis Group, 2013). 
Available in bookstores. 

869 IEA 2011 ‘‘IEA Response System for Oil 
Supply Emergencies.’’ 

870 For historical data: EIA Annual Energy 
Review, various editions. For data 2011–2013, and 
projected data: EIA Annual Energy Outlook (AEO) 
2014 (Reference Case). See Table 11, file ‘‘aeotab_
11.xls.’’ 

U.S. energy security. This section 
summarizes the agency’s estimates of 
U.S. oil import reductions and energy 
security benefits of the Phase 2 final 
standards. Additional discussion of this 
issue can be found in Chapter 8.8 of the 
RIA. 

(1) Implications of Reduced Petroleum 
Use on U.S. Imports 

U.S. energy security is generally 
considered as the continued availability 
of energy sources at an acceptable price. 
Most discussion of U.S. energy security 
revolves around the topic of the 
economic costs of U.S. dependence on 
oil imports. While the U.S. has reduced 
its consumption and increased its 
production of oil in recent years, it still 
relies on oil from potentially unstable 
sources. In addition, oil exporters with 
a large share of global production have 
the ability to raise the price of oil by 
exerting the monopoly power associated 
with a cartel, the Organization of 
Petroleum Exporting Countries (OPEC), 
to restrict oil supply relative to demand. 
These factors contribute to the 
vulnerability of the U.S. economy to 
episodic oil supply shocks and price 
spikes. 

In 2014, U.S. expenditures for imports 
of crude oil and petroleum products, net 
of revenues for exports, were $178 
billion and expenditures on both 
imported oil and domestic petroleum 
and refined products totaled $469 
billion (in 2013$) (see Figure IX–1).865 
Recently, as a result of strong growth in 
domestic oil production mainly from 
tight shale formations, U.S. production 
of oil has increased while U.S. oil 
imports have decreased. For example, 
from 2012 to 2015, domestic oil 
production increased by 44 percent 
while net oil imports and products 
decreased by 38 percent. While U.S. oil 

import costs have declined since 2011, 
total oil expenditures (domestic and 
imported) remained near historical 
highs through 2014. Post-2015 oil 
expenditures are projected (AEO 2015) 
to remain between double and triple the 
inflation-adjusted levels experienced by 
the U.S. from 1986 to 2002.C 

Focusing on changes in oil import 
levels as a source of vulnerability has 
been standard practice in assessing 
energy security in the past, but given 
current market trends both from 
domestic and international levels, 
adding changes in consumption of 
petroleum to this assessment may 
provide better information about U.S. 
energy security. The major mechanism 
through which the economy sustains 
harm due to fluctuations in the (world) 
energy market is through price, which 
itself is leveraged through both imports 
and consumption. However, the United 
States, may be increasingly insulated 
from the physical effects of overseas oil 
disruptions, though the price impacts of 
an oil disruption anywhere will 
continue to be transmitted to U.S. 
markets. As of 2015, Canada accounted 
for 63 percent of U.S. net oil imports of 
crude oil and petroleum products. The 
implications of the U.S. becoming a 
significant petroleum producer have yet 
to be discerned in the literature, but it 
can be anticipated that this will have 
some impact on energy security. 

In 2010, just over 40 percent of world 
oil supply came from OPEC nations. 
The AEO 2015 projects that this share 
will stay high; dipping slightly from 37 
percent by 2020 and then rising 
gradually to over 40 percent by 2035 
and thereafter. Approximately 30 
percent of global supply is from Middle 
East and North African countries alone, 
a share that is also expected to grow. 
Measured in terms of the share of world 
oil resources or the share of global oil 
export supply, rather than oil 
production, the concentration of global 
petroleum resources in OPEC nations is 

even larger. As another measure of 
concentration, of the 137 countries/ 
principalities that export either crude or 
refined products, the top 12 have 
recently accounted for over 55 percent 
of exports.866 Eight of these countries 
are members of OPEC, and a ninth is 
Russia.867 In a market where even a 1– 
2 percent supply loss can raise prices 
noticeably, and where a 10 percent 
supply loss could lead to an 
unprecedented price shock, this 
regional concentration is of concern.868 
Historically, the countries of the Middle 
East have been the source of eight of the 
ten major world oil disruptions,869 with 
the ninth originating in Venezuela, an 
OPEC country, and the tenth being 
Hurricanes Katrina and Rita. 
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871 We looked at changes in U.S. crude oil 
imports and net petroleum products in the AEO 
2015 Reference Case in comparison the Low (i.e., 
Economic Growth) Demand Case to undertake this 
analysis. See the spreadsheet ‘‘Impact of Fuel 

Demand on Imports AEO2015.xlsx.’’ We also 
considered a paper entitled ‘‘Effect of a U.S. 
Demand Reduction on Imports and Domestic 
Supply Levels’’ by Leiby, P., 4/16/2013. This paper 
suggests that ‘‘Given a particular reduction in oil 

demand stemming from a policy or significant 
technology change, the fraction of oil use savings 
that shows up as reduced U.S. imports, rather than 
reduced U.S. supply, is actually quite close to 90 
percent, and probably close to 95 percent.’’ 

The agencies used EPA’s MOVES 
model to estimate the reductions in U.S. 
fuel consumption due to these final 
rules for vocational vehicles and 
tractors. For HD pickups and vans, the 
agencies used both DOT’s CAFE model 
and EPA’s MOVES model to estimate 
the fuel consumption impacts. (Detailed 
explanations of the MOVES and CAFE 
models can be found in Chapter 5 of the 
RIA. See IX.C of the Preamble for 
estimates of reduced fuel consumption 
from these final rules). Based on a 
detailed analysis of differences in U.S. 
fuel consumption, petroleum imports, 
and imports of petroleum products, the 

agencies estimate that approximately 90 
percent of the reduction in fuel 
consumption resulting from adopting 
improved GHG emission and fuel 
efficiency standards is likely to be 
reflected in reduced U.S. imports of 
crude oil and net imported petroleum 
products.871 Thus, on balance, each 
gallon of fuel saved as a consequence of 
the HD GHG and fuel efficiency 
standards is anticipated to reduce total 
U.S. imports of petroleum by 0.90 
gallons. Based upon the fuel savings 
estimated by the MOVES/CAFE models 
and the 90 percent oil import factor, the 
reduction in U.S. oil imports and 

exports from these final rules are 
estimated for the years 2020, 2025, 
2030, 2040, and 2050 (in millions of 
barrels per day (MMBD)) in Table IX–19 
below. For comparison purposes, Table 
IX–19 also shows U.S. imports of crude 
oil in 2020, 2025, 2030 and 2040 as 
projected by DOE in the Annual Energy 
Outlook 2015 Reference Case. U.S. 
Gross Domestic Product (GDP) is 
projected to grow by roughly 48 percent 
over the same time frame (e.g., from 
2020 to 2040) in the AEO 2015 
projections. 

TABLE IX–19—PROJECTED U.S. IMPORTS AND EXPORTS OF OIL AND U.S. OIL IMPORT REDUCTIONS RESULTING FROM 
THE FINAL PHASE 2 PROGRAM IN 2020, 2025, 2030, 2040 AND 2050 USING METHOD B AND RELATIVE TO A FLAT 
BASELINE 

[Millions of barrels per day (MMBD)] a 

Year U.S. oil 
exports 

U.S. oil 
imports 

U.S. net 
product 
imports * 

U.S. net 
crude & 
product 
imports 

U.S. oil 
import 

reductions 
from final 
HD Rules 

2020 ..................................................................................... 0.63 6.14 ¥2.80 2.71 0.007 
2025 ..................................................................................... 0.63 6.72 ¥3.24 2.85 0.162 
2030 ..................................................................................... 0.63 7.07 ¥3.56 2.88 0.405 
2040 ..................................................................................... 0.63 8.21 ¥4.26 3.32 0.721 
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872 Leiby, Paul N., Donald W. Jones, T. Randall 
Curlee, and Russell Lee, Oil Imports: An 
Assessment of Benefits and Costs, ORNL–6851, Oak 
Ridge National Laboratory, November, 1997. 

873 Leiby, P., Factors Influencing Estimate of 
Energy Security Premium for Heavy-Duty Phase 2 
Final Rule, 11/1/2014, Oak Ridge National 
Laboratory. 

874 AEO 2015 forecasts energy market trends and 
values only to 2040. The post-2040 energy security 
premium values are assumed to be equal to the 
2040 estimate. 

TABLE IX–19—PROJECTED U.S. IMPORTS AND EXPORTS OF OIL AND U.S. OIL IMPORT REDUCTIONS RESULTING FROM 
THE FINAL PHASE 2 PROGRAM IN 2020, 2025, 2030, 2040 AND 2050 USING METHOD B AND RELATIVE TO A FLAT 
BASELINE—Continued 

[Millions of barrels per day (MMBD)] a 

Year U.S. oil 
exports 

U.S. oil 
imports 

U.S. net 
product 
imports * 

U.S. net 
crude & 
product 
imports 

U.S. oil 
import 

reductions 
from final 
HD Rules 

2050 ..................................................................................... (**) (**) (**) (**) 0.861 

Notes: 
* Negative U.S. Net Product Imports imply positive exports. 
** The AEO 2015 only projects energy market and economic trends through 2040. 

(2) Energy Security Implications 
In order to understand the energy 

security implications of reducing U.S. 
oil imports, EPA has worked with Oak 
Ridge National Laboratory (ORNL), 
which has developed approaches for 
evaluating the social costs and energy 
security implications of oil use. The 
energy security estimates provided 
below are based upon a methodology 
developed in a peer-reviewed study 
entitled, ‘‘The Energy Security Benefits 
of Reduced Oil Use, 2006–2015’’, 
completed in March 2008. This ORNL 
study is an updated version of the 
approach used for estimating the energy 
security benefits of U.S. oil import 
reductions developed in a 1997 ORNL 
Report.872 For EPA and NHTSA 
rulemakings, the ORNL methodology is 
updated periodically to account for 
forecasts of future energy market and 
economic trends reported in the U.S. 
Energy Information Administration’s 
Annual Energy Outlook. 

When conducting this analysis, ORNL 
considered the full cost of importing 
petroleum into the U.S. The full 
economic cost is defined to include two 
components in addition to the purchase 
price of petroleum itself. These are: (1) 
The higher costs for oil imports 
resulting from the effect of U.S. demand 
on the world oil price (i.e., the 

‘‘demand’’ or ‘‘monopsony’’ costs); and 
(2) the risk of reductions in U.S. 
economic output and disruption to the 
U.S. economy caused by sudden 
disruptions in the supply of imported 
oil to the U.S. (i.e., macroeconomic 
disruption/adjustment costs). 

The literature on energy security for 
the last two decades has routinely 
combined the monopsony and the 
macroeconomic disruption components 
when calculating the total value of the 
energy security premium. However, in 
the context of using a global value for 
the Social Cost of Carbon (SCC) the 
question arises: how should the energy 
security premium be used when some 
benefits from these rules, such as the 
benefits of reducing greenhouse gas 
emissions, are calculated from a global 
perspective? Monopsony benefits 
represent avoided payments by U.S. 
consumers to oil producers that result 
from a decrease in the world oil price 
as the U.S. decreases its demand for oil. 
Although there is clearly an overall 
benefit to the U.S. when considered 
from a domestic perspective, the 
decrease in price due to decreased 
demand in the U.S. also represents a 
loss to oil producing countries, one of 
which is the U.S. Given the 
redistributive nature of this monopsony 
effect from a global perspective, it is 

excluded in the energy security benefits 
calculations for these final rules. 

In contrast, the other portion of the 
energy security premium, the avoided 
U.S. macroeconomic disruption and 
adjustment cost that arises from 
reductions in U.S. petroleum imports, 
does not have offsetting impacts outside 
of the U.S., and, thus, is included in the 
energy security benefits estimated for 
these final rules. To summarize, the 
agencies have included only the 
avoided macroeconomic disruption 
portion of the energy security benefits to 
estimate the monetary value of the total 
energy security benefits of these final 
rules. 

For this rulemaking, ORNL updated 
the energy security premiums by 
incorporating the most recent oil price 
forecast and energy market trends, 
particularly regional oil supplies and 
demands, from the AEO 2015 into its 
model.873 ORNL developed energy 
security premium estimates for a 
number of different years. Table IX–20 
provides estimates for energy security 
premiums for the years 2020, 2025, 2030 
and 2040,874 as well as a breakdown of 
the components of the energy security 
premiums for each year. The 
components of the energy security 
premiums and their values are 
discussed below. 

TABLE IX–20—ENERGY SECURITY PREMIUMS IN 2020, 2025, 2030 AND 2040 
[2013$/Barrel] * 

Year 
(range) 

Monopsony 
(range) 

Avoided 
macroeconomic 

disruption/adjustment 
costs 

(range) 

Total mid-point 
(range) 

2020 ....................... $2.21 ($0.65–$3.59) ............................. $5.48 ($2.51–$8.92) ............................. $7.69 ($4.54–$11.14) 
2025 ....................... $2.59 ($0.76–$4.14) ............................. $6.30 ($2.92–$10.22) ........................... $8.89 ($5.22–$12.83) 
2030 ....................... $2.83 (0.83–$4.56) ............................... $7.26 ($3.40–$11.73) ........................... $10.09 ($5.90–$14.59) 
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875 Brown, Stephen P.A. and Hillard G. 
Huntington. 2013. Assessing the U.S. Oil Security 
Premium. Energy Economics, vol. 38, pp 118–127. 

876 Reassessing the Oil Security Premium. RFF 
Discussion Paper Series, (RFF DP 10–05). doi: RFF 
DP 10–05 

877 Greene, D. L. 2010. Measuring energy security: 
Can the United States achieve oil independence?, 
Energy Policy, 38(4), 1614–1621. doi:10.1016/ 
j.enpol.2009.01.041. 

878 Toman, M., 1993, The economics of energy 
security: theory, evidence and policy, Chapter 25, 
Handbook of Natural Resources and Energy 
Economics, Volume 3, pp. 1167–1218. 

879 Ledyard, John O. ‘‘Market Failure.’’ The New 
Palgrave Dictionary of Economics. Second Edition. 
Eds. Steven N. Durlauf and Lawrence E. Blume. 
Palgrave Macmillan, 2008. 

880 Council on Foreign Relations, ‘‘Automobile 
Fuel Economy Standards in a Lower-Oil-Price 
World,’’ Sivarm & Levi, November 2015. 

881 Transitions to Alternative Vehicles and 
Fuels,’’ Committee on Transitions to Alternative 
Vehicles and Fuels, National Research Council, 
2013. 

882 Gately, Dermot, 2004. ‘‘OPEC’s Incentives for 
Faster Output Growth,’’ The Energy Journal, 25 

Continued 

TABLE IX–20—ENERGY SECURITY PREMIUMS IN 2020, 2025, 2030 AND 2040—Continued 
[2013$/Barrel] * 

Year 
(range) 

Monopsony 
(range) 

Avoided 
macroeconomic 

disruption/adjustment 
costs 

(range) 

Total mid-point 
(range) 

2040 ....................... $4.09 ($1.19–$6.67) ............................. $9.61 ($4.54–$15.39) ........................... $13.69 ($8.12–$19.64) 

Note: 
* Top values in each cell are the midpoints, the values in parentheses are the 90 percent confidence intervals. 

(a) Effect of Oil Use on the Long-Run Oil 
Price 

The first component of the full 
economic costs of importing petroleum 
into the U.S. follows from the effect of 
U.S. import demand on the world oil 
price over the long-run. Because the 
U.S. is a sufficiently large purchaser of 
global oil supplies, its purchases can 
affect the world oil price. This 
monopsony power means that increases 
in U.S. petroleum demand can cause the 
world price of crude oil to rise, and 
conversely, that reduced U.S. petroleum 
demand can reduce the world price of 
crude oil. Thus, one benefit of 
decreasing U.S. oil purchases, due to 
improvements in the fuel efficiency of 
medium- and heavy-duty vehicles, is 
the potential decrease in the crude oil 
price paid for all crude oil purchased. 

There is disagreement in the literature 
about the magnitude of the monopsony 
component, and its relevance for policy 
analysis. Brown and Huntington 
(2013) 875 for example, argue that the 
United States’ refusal to exercise its 
market power to reduce the world oil 
price does not represent a proper 
externality, and that the monopsony 
component should not be considered in 
calculations of the energy security 
externality. However, they also note in 
their earlier discussion paper (Brown 
and Huntington 2010) 876 that this is a 
departure from the traditional energy 
security literature, which includes 
sustained wealth transfers associated 
with stable but higher-price oil markets. 
On the other hand, Greene (2010) 877 
and others in prior literature (e.g., 
Toman 1993) 878 have emphasized that 

the monopsony cost component is 
policy-relevant because the world oil 
market is non-competitive and strongly 
influenced by cartelized and 
government-controlled supply 
decisions. Thus, while sometimes 
couched as an externality, Greene notes 
that the monopsony component is best 
viewed as stemming from a completely 
different market failure than an 
externality (Ledyard 2008),879 yet still 
implying marginal social costs to 
importers. 

Recently, the Council on Foreign 
Relations (i.e., ‘‘the Council’’) (2015) 
released a discussion paper that assesses 
NHTSA’s analysis of the benefits and 
costs of CAFE in a lower-oil-price 
world.880 In this paper, the Council 
notes that while NHTSA cites the 
monopsony effect of the CAFE 
standards for 2017–2025, NHTSA does 
not include it when calculating the cost- 
benefit calculation for the rule. The 
Council argues that the monopsony 
benefit should be included in the CAFE 
cost-benefit analysis and that including 
the monopsony benefit is more 
consistent with the legislators’ intent in 
mandating CAFE standards in the first 
place. 

The recent National Academy of 
Science (NAS 2015) Report, ‘‘Cost, 
Effectiveness and the Deployment of 
Fuel Economy Technologies for Light- 
Duty Vehicles,’’ 881 suggests that the 
agencies’ logic about not accounting for 
monopsony benefits is inaccurate. 
According to the NAS, the fallacy lies in 
treating the two problems, oil 
dependence and climate change, 
similarly. According to the NAS, ‘‘Like 
national defense, it [oil dependence] is 
inherently adversarial (i.e., oil 
consumers against producers using 

monopoly power to raise prices). The 
problem of climate change is inherently 
global and requires global action. If each 
nation considered only the benefits to 
itself in determining what actions to 
take to mitigate climate change, an 
adequate solution could not be 
achieved. Likewise, if the U.S. considers 
the economic harm its reduced 
petroleum use will do to monopolistic 
oil producers it will not adequately 
address its oil dependence problem. 
Thus, if the United States is to solve 
both of these problems it must take full 
account of the costs and benefits of 
each, using the appropriate scope for 
each problem.’’ At this point in time, we 
are continuing to exclude monopsony 
premiums for the cost benefit analysis of 
these final rules, but we will be taking 
comment on this issue in a near term 
future rulemaking. 

There is also a question about the 
ability of gradual, long-term reductions, 
such as those resulting from these final 
rules, to reduce the world oil price in 
the presence of OPEC’s monopoly 
power. OPEC is currently the world’s 
marginal petroleum supplier, and could 
conceivably respond to gradual 
reductions in U.S. demand with gradual 
reductions in supply over the course of 
several years as the fuel savings 
resulting from these rules grow. 
However, if OPEC opts for a long-term 
strategy to preserve its market share, 
rather than maintain a particular price 
level (as they have done recently in 
response to increasing U.S. petroleum 
production), reduced demand will 
create downward pressure on the global 
price. The Oak Ridge analysis assumes 
that OPEC does respond to demand 
reductions over the long run, but there 
is still a price effect in the model. Under 
the mid-case behavioral assumption 
used in the premium calculations, OPEC 
responds by gradually reducing supply 
to maintain market share (consistent 
with the long-term self-interested 
strategy suggested by Gately (2004, 
2007)).882 
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(2):75–96; Gately, Dermot, 2007. ‘‘What Oil Export 
Levels Should We Expect From OPEC?’’, The Energy 
Journal, 28(2):151–173. 

883 Fatih Birol, Executive Director of the 
International Energy Agency, warns that prolonged 
lower oil prices would trigger energy security 
concerns by increasing reliance on a small number 
of low-cost producers ‘‘or risk a sharp rebound in 
price if investment falls short.’’ ‘‘It would be a grave 
mistake to index our attention to energy security to 
changes in the oil price,’’ Birol said. ‘‘Now is not 
the time to relax. Quite the opposite: a period of 
low oil prices is the moment to reinforce our 
capacity to deal with future energy security 
threats.’’ Hussain, Y. (2015). ‘‘Grave mistake’’ to be 
complacent on energy security, International Energy 
Agency warns. Financial Post, (November 10). 
Retrieved from http://business.financialpost.com/ 
news/energy/grave-mistake-to-be-complacent-on- 
energy-security-international-energy-agency-warns. 

884 Batovic, A. (2015). Low oil prices fuel political 
and economic instability. Global Risk Insights, 18– 
19. Retrieved from http://globalriskinsights.com/ 
2015/09/low-oil-prices-fuel-political-and-economic- 
instability/. 

885 Monaldi, F. (2015). The Impact of the Decline 
in Oil Prices on the Economics, Politics and Oil 
Industry of Venezuela. Columbia Center on Global 
Energy Policy Discussion Papers, (September). 
Retrieved from http://energypolicy.columbia.edu/ 
sites/default/files/energy/Impact of the Decline in 
Oil Prices on Venezuela, September 2015.pdf. 

886 Even, S., & Guzansky, Y. (2015). Falling oil 
prices and Saudi stability—Opinion. Jerusalem 
Post, (September 30). Retrieved from http://
www.jpost.com/Opinion/Falling-oil-prices-and- 
Saudi-stability-419534. 

887 International Monetary Fund (IMF). (2015). 
IMF Regional Economic Outlook—Middle East and 
Central Asia. Regional Economic Outlook (Vol. 33). 
Tomkiw, L. (2015). Oil Rich Saudi Arabia Running 
Out Of Assets? IMF Report Says It’s Possible In Next 
5 Years. International Business Times, October 21, 
19–22. Retrieved from http://www.ibtimes.com/oil- 
rich-saudi-arabia-running-out-assets-imf-report-
says-its-possible-next-5-years-215017. 

888 National Research Council, 2009. Hidden 
Costs of Energy: Unpriced Consequences of Energy 
Production and Use. National Academy of Science, 
Washington, DC. 

889 See, William Nordhaus, ‘‘Who’s Afraid of a 
Big Bad Oil Shock?’’, available at http://aida.econ.
yale.edu/∼nordhaus/homepage/Big_Bad_Oil_
Shock_Meeting.pdf, and Olivier Blanchard and 
Jordi Gali, ‘‘The macroeconomic Effects of Oil price 
Shocks: Why are the 2000s so different from the 

(b) Macroeconomic Disruption 
Adjustment Costs 

The second component of the oil 
import premium, ‘‘avoided 
macroeconomic disruption/adjustment 
costs,’’ arises from the effect of oil 
imports on the expected cost of supply 
disruptions and accompanying price 
increases. A sudden increase in oil 
prices triggered by a disruption in world 
oil supplies has two main effects: (1) It 
increases the costs of oil imports in the 
short-run and (2) it can lead to 
macroeconomic contraction, dislocation 
and Gross Domestic Product (GDP) 
losses. For example, ORNL estimates the 
combined value of these two factors to 
be $6.30/barrel (2013$) when U.S. oil 
imports are reduced in 2025, with a 
range from $2.92/barrel to $10.22/barrel 
of imported oil reduced. 

Since future disruptions in foreign oil 
supplies are an uncertain prospect, each 
of the disruption cost components must 
be weighted by the probability that the 
supply of petroleum to the U.S. will 
actually be disrupted. Thus, the 
‘‘expected value’’ of these costs—the 
product of the probability that a supply 
disruption will occur and the sum of 
costs from reduced economic output 
and the economy’s abrupt adjustment to 
sharply higher petroleum prices—is the 
relevant measure of their magnitude. 
Further, when assessing the energy 
security value of a policy to reduce oil 
use, it is only the change in the 
expected costs of disruption that results 
from the policy that is relevant. The 
expected costs of disruption may change 
from lowering the normal (i.e., pre- 
disruption) level of domestic petroleum 
use and imports, from any induced 
alteration in the likelihood or size of 
disruption, or from altering the short- 
run flexibility (e.g., elasticity) of 
petroleum use. 

By late 2015/early 2016, world oil 
prices were sharply lower than in 2014. 
Future prices remain uncertain, but 
sustained markedly lower oil prices can 
have mixed implications for U.S. energy 
security. Under lower prices U.S. 
expenditures on oil consumption are 
lower, and they are a less prominent 
component of the U.S. economy. This 
would lessen the issue of imported oil 
as an energy security problem for the 
U.S. On the other hand, sustained lower 
oil prices encourage greater oil 
consumption, and reduce the 
competitiveness of new U.S. oil 
supplies and alternative fuels. The AEO 
2015 low oil price outlook, for example, 
projects that by 2030 total U.S. 

petroleum supply would be 10 percent 
lower and imports would be 78 percent 
higher than the AEO Reference Case. 
Under the low-price case, 2030 prices 
are 35 percent lower, so that import 
expenditures are 16 percent higher. 

A second potential proposed energy 
security effect of lower oil prices is 
increased instability of supply, due to 
greater global reliance on fewer 
suppling nations,883 and because lower 
prices may increase economic and 
geopolitical instability in some supplier 
nations.884 885 886 The International 
Monetary Fund reported that low oil 
prices are creating substantial economic 
tension in the Middle East oil producers 
on top of the economic costs of ongoing 
conflicts, and noted the risk that Middle 
East countries including Saudi Arabia 
could run out of financial assets without 
substantial change in policy.887 The 
concern raised is that oil revenues are 
essential for some exporting nations to 
fund domestic programs and avoid 
domestic unrest. 

The Competitive Enterprise Institute 
(CEI) and others argue that there are 
little, if any, energy security benefits 
associated with these rules. In large part 
CEI argues that oil supplies are plentiful 
and that current oil prices are low so 
that reduced consumption of petroleum 

products due to these rules would have 
no effect on energy security. However, 
the discussion of current low oil prices 
(‘‘lowest Labor Day gasoline prices in a 
decade’’) does not assure the absence of 
future oil supply shocks or price shocks, 
or even speak to their reduced 
likelihood. CEI points out that the 
current low oil prices have been 
observed before as recently as a decade 
ago, as they have in more than one 
instance before that. For example, oil 
prices were even lower in 1999. But in 
the intervening periods, oil supply and 
price shocks have continued to recur, 
and the recent price record only 
amplifies oil’s high historical price 
volatility. 

Also, sharply lower world oil prices 
do not clearly imply greater energy 
security for the U.S. Current low world 
oil prices may reduce the U.S.’s fracking 
industry’s tight oil production (as CEI 
points out), or other sources of oil 
supplies around the world. Some have 
hypothesized that reduction in oil 
production outside of OPEC may be the 
objective of some OPEC producers. With 
low oil prices, U.S.’ oil import share 
over time might be larger, increasing the 
U.S.’ dependence on imported oil. 

Securing America’s Future Energy 
(SAFE), Operation Free and the Investor 
Network on Climate Risk agree that 
these rules do improve America’s 
energy security. SAFE goes on to state 
that several policy options should be 
included in these rules to further 
enhance energy security. The agencies 
agree that these rules enhances 
America’s energy security, but do not 
have information to evaluate the policy 
options that SAFE proposes. 

The recent economics literature on 
whether oil shocks are the threat to 
economic stability that they once were 
is mixed. Some of the current literature 
asserts that the macroeconomic 
component of the energy security 
externality is small. For example, the 
National Research Council (2009) 
argued that the non-environmental 
externalities associated with 
dependence on foreign oil are small, 
and potentially trivial.888 Analyses by 
Nordhaus (2007) and Blanchard and 
Gali (2010) question the impact of more 
recent oil price shocks on the 
economy.889 They were motivated by 
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1970s?’’, pp. 373–421, in The International 
Dimensions of Monetary Policy, Jordi Gali and Mark 
Gertler, editors, University of Chicago Press, 
February 2010, available at http://www.nber.org/ 
chapters/c0517.pdf. 

890 In fact, ‘‘. . . energy-price changes have no 
effect on multifactor productivity and very little 
effect on labor productivity.’’ Page 19. He calculates 
the productivity effect of a doubling of oil prices as 
a decrease of 0.11 percent for one year and 0.04 
percent a year for ten years. Page 5. (The doubling 
reflects the historical experience of the post-war 
shocks, as described in Table 7.1 in Blanchard and 
Gali, p. 380). 

891 Blanchard and Gali, p. 414. 

892 See, Oil price Drops on Oversupply, http://
www.oil-price.net/en/articles/oil-price-drops-on- 
oversupply.php, 10/6/2014. 

893 Hamilton, J. D. (2012). Oil Prices, Exhaustible 
Resources, and Economic Growth. In Handbook of 
Energy and Climate Change. Retrieved from http:// 
econweb.ucsd.edu/∼jhamilto/handbook_
climate.pdf. 

894 Ramey, V. and Vine, D., 2010, ‘‘Oil, 
Automobiles, and the U.S. Economy: How Much 
have Things Really Changed?’’ National Bureau of 
Economic Research Working Papers, WP 16067. 
Retrieved from http://www.nber.org/papers/ 
w16067.pdf [EPA–HQ–OAR–2014–0827–0601]. 

895 Baumeister, C., Peersman, G., Van Robays, I., 
2010, ‘‘The Economic Consequences of Oil Shocks: 
Differences across Countries and Time’’, Workshop 
and Conference on Inflation Challenges in the Era 
of Relative Price Shocks. 

896 Kilian, L., Vigfusson, R.J., 2014, ‘‘The Role of 
Oil Price Shocks in Causing U.S. Recessions’’, 
Board of Governors of the Federal Reserve System. 
International Finance Discussion Papers. 

897 Cashin, P., Mohaddes, K., Raissi, Maziar, and 
Raissi, M., 2014, ‘‘The differential effects of oil 
demand and supply shocks on the global 
economy’’. Energy Economics. 

attempts to explain why the economy 
actually expanded immediately after the 
last shocks, and why there was no 
evidence of higher energy prices being 
passed on through higher wage 
inflation. Using different methodologies, 
they conclude that the economy has 
largely gotten over its concern with 
dramatic swings in oil prices. 

One reason, according to Nordhaus, is 
that monetary policy has become more 
accommodating to the price impacts of 
oil shocks. Another is that consumers 
have simply decided that such 
movements are temporary, and have 
noted that price impacts are not passed 
on as inflation in other parts of the 
economy. He also notes that real 
changes to productivity due to oil price 
increases are incredibly modest, 890 and 
that the general direction of the 
economy matters a great deal regarding 
how the economy responds to a shock. 
Estimates of the impact of a price shock 
on aggregate demand are insignificantly 
different from zero. 

Blanchard and Gali (2010) contend 
that improvements in monetary policy 
(as noted above), more flexible labor 
markets, and lessening of energy 
intensity in the economy, combined 
with an absence of concurrent shocks, 
all contributed to lessen the impact of 
oil shocks after 1980. They find ‘‘. . . 
the effects of oil price shocks have 
changed over time, with steadily smaller 
effects on prices and wages, as well as 
on output and employment.’’ 891 In a 
comment at the chapter’s end, this work 
is summarized as follows: ‘‘The message 
of this chapter is thus optimistic in that 
it suggests a transformation in U.S. 
institutions has inoculated the economy 
against the responses that we saw in the 
past.’’ 

At the same time, the implications of 
the ‘‘Shale Oil Revolution’’ are now 
being felt in the international markets, 
with current prices at four year lows. 
Analysts generally attribute this result 
in part to the significant increase in 
supply resulting from U.S. production, 
which has put liquid petroleum 
production roughly on par with Saudi 
Arabia. The price decline is also 

attributed to the sustained reductions in 
U.S. consumption and global demand 
growth from fuel efficiency policies and 
previously high oil prices. The resulting 
decrease in foreign imports, down to 
about one-third of domestic 
consumption (from 60 percent in 2005, 
for example 892), effectively permits U.S. 
supply to act as a buffer against artificial 
or other supply restrictions (the latter 
due to conflict or a natural disaster, for 
example). 

However, other papers suggest that oil 
shocks, particularly sudden supply 
shocks, remain a concern. Both 
Blanchard and Gali’s and Nordhaus 
work were based on data and analysis 
through 2006, ending with a period of 
strong global economic growth and 
growing global oil demand. The 
Nordhaus work particularly stressed the 
effects of the price increase from 2002– 
2006 that were comparatively gradual 
(about half the growth rate of the 1973 
event and one-third that of the 1990 
event). The Nordhaus study emphasizes 
the robustness of the U.S. economy 
during a time period through 2006. This 
time period was just before rapid further 
increases in the price of oil and other 
commodities with oil prices more-than- 
doubling to over $130/barrel by mid- 
2008, only to drop after the onset of the 
largest recession since the Great 
Depression. 

Hamilton (2012) reviewed the 
empirical literature on oil shocks and 
suggested that the results are mixed, 
noting that some work (e.g. Rasmussen 
and Roitman (2011) finds less evidence 
for economic effects of oil shocks, or 
declining effects of shocks (Blanchard 
and Gali 2010), while other work 
continues to find evidence regarding the 
economic importance of oil shocks. For 
example, Baumeister and Peersman 
(2011) found that an oil price increase 
had a decreasing effect over time. But 
they note that with a declining price- 
elasticity of demand that a given 
physical oil disruption would have a 
bigger effect on price and a similar effect 
on output as in the earlier data.893 
Hamilton observes that ‘‘a negative 
effect of oil prices on real output has 
also been reported for a number of other 
countries, particularly when nonlinear 
functional forms have been employed’’. 
Alternatively, rather than a declining 

effect, Ramey and Vine (2010) 894 found 
‘‘remarkable stability in the response of 
aggregate real variables to oil shocks 
once we account for the extra costs 
imposed on the economy in the 1970s 
by price controls and a complex system 
of entitlements that led to some 
rationing and shortages.’’ 

Some of the recent literature on oil 
price shocks has emphasized that 
economic impacts depend on the nature 
of the oil shock, with differences 
between price increases caused by 
sudden supply loss and those caused by 
rapidly growing demand. Most recent 
analyses of oil price shocks have 
confirmed that ‘‘demand-driven’’ oil 
price shocks have greater effects on oil 
prices and tend to have positive effects 
on the economy while ‘‘supply-driven’’ 
oil shocks still have negative economic 
impacts (Baumeister, Peersman and Van 
Robays (2010)).895 A recent paper by 
Kilian and Vigfusson (2014), 896 for 
example, assigned a more prominent 
role to the effects of price increases that 
are unusual, in the sense of being 
beyond range of recent experience. 
Kilian and Vigfusson also conclude that 
the difference in response to oil shocks 
may well stem from the different effects 
of demand- and supply-based price 
increases: ‘‘One explanation is that oil 
price shocks are associated with a range 
of oil demand and oil supply shocks, 
some of which stimulate the U.S. 
economy in the short run and some of 
which slow down U.S. growth (see 
Kilian (2009)). How recessionary the 
response to an oil price shock is thus 
depends on the average composition of 
oil demand and oil supply shocks over 
the sample period.’’ 

The general conclusion that oil 
supply-driven shocks reduce economic 
output is also reached in a recently 
published paper by Cashin et al. 
(2014) 897 for 38 countries from 1979– 
2011. ‘‘The results indicate that the 
economic consequences of a supply- 
driven oil-price shock are very different 
from those of an oil-demand shock 
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898 National Research Council, ‘‘Transitions to 
alternative vehicles and fuels,’’ 2013. 

899 In order to determine the energy security 
benefits beyond 2040, we use the 2040 energy 
security premium multiplied by the estimate fuel 
savings from the final rule. Since the AEO 2015 
only goes to 2040, we only calculate energy security 
premiums to 2040. 

driven by global economic activity, and 
vary for oil-importing countries 
compared to energy exporters,’’ and ‘‘oil 
importers [including the U.S.] typically 
face a long-lived fall in economic 
activity in response to a supply-driven 
surge in oil prices’’ but almost all 
countries see an increase in real output 
for an oil-demand disturbance. Note that 
the energy security premium calculation 
in this analysis is based on price shocks 
from potential future supply events 
only. 

Finally, despite continuing 
uncertainty about oil market behavior 
and outcomes and the sensitivity of the 
U.S. economy to oil shocks, it is 
generally agreed that it is beneficial to 
reduce petroleum fuel consumption 
from an energy security standpoint. It is 
not just imports alone, but both imports 
and consumption of petroleum from all 
sources and their role in economic 
activity, that may expose the U.S. to risk 
from price shocks in the world oil price. 
Reducing fuel consumption reduces the 
amount of domestic economic activity 
associated with a commodity whose 
price depends on volatile international 
markets. 

(c) Cost of Existing U.S. Energy Security 
Policies 

The last often-identified component 
of the full economic costs of U.S. oil 
imports are the costs to the U.S. 
taxpayers of existing U.S. energy 
security policies. The two primary 
examples are maintaining the Strategic 
Petroleum Reserve (SPR) and 
maintaining a military presence to help 
secure a stable oil supply from 
potentially vulnerable regions of the 
world. The SPR is the largest stockpile 
of government-owned emergency crude 
oil in the world. Established in the 
aftermath of the 1973/1974 oil embargo, 
the SPR provides the U.S. with a 
response option should a disruption in 
commercial oil supplies threaten the 
U.S. economy. It also allows the U.S. to 
meet part of its International Energy 
Agency obligation to maintain 
emergency oil stocks, and it provides a 
national defense fuel reserve. While the 
costs for building and maintaining the 
SPR are more clearly related to U.S. oil 
use and imports, historically these costs 
have not varied in response to changes 
in U.S. oil import levels. Thus, while 
the effect of the SPR in moderating price 
shocks is factored into the ORNL 
analysis, the cost of maintaining the 
SPR is excluded. 

U.S. military costs are excluded from 
the analysis performed by ORNL 
because their attribution to particular 
missions or activities is difficult, and 
because it is not clear that these outlays 

would decline in response to 
incremental reductions in U.S. oil 
imports. Most military forces serve a 
broad range of security and foreign 
policy objectives. The agencies also 
recognize that attempts to attribute some 
share of U.S. military costs to oil 
imports are further challenged by the 
need to estimate how those costs might 
vary with incremental variations in U.S. 
oil imports. 

In the proposal to these rules, the 
agencies solicited comments on 
quantifying the military benefits from 
reduced U.S. imports of oil. The 
California Air Resources Board (CARB) 
notes that the National Research 
Council (NRC) 898 attempted to estimate 
the military costs associated with U.S. 
imports and consumption of petroleum. 
The NRC cited estimates of the national 
defense costs of oil dependence from 
the literature that range from less than 
$5 to $50 billion per year or more. 
Assuming a range of approximate range 
of $10 to $50 billion per year, the NRC 
divided national defense costs by a 
projected U.S. consumption rate of 
approximately 6.4 billion barrels per 
year (EIA, 2012). This procedure yielded 
a range of average national defense cost 
of $1.50–$8.00 per barrel (rounded to 
the nearest $0.50), with a mid-point of 
$5/barrel (in 2009$). The agencies 
acknowledge this NRC study, but have 
not included the estimates as part of the 
cost-benefit analysis for these rules. 

(3) Energy Security Benefits of This 
Program 

Using the ORNL ‘‘oil premium’’ 
methodology, updating world oil price 
values and energy trends using AEO 
2015 and using the estimated fuel 
savings from these final rules estimated 
from the MOVES/CAFE models, the 
agencies have calculated the annual 
energy security benefits of these final 
rules through 2050.899 Since the 
agencies are taking a global perspective 
with respect to valuing greenhouse gas 
benefits from the rules, only the avoided 
macroeconomic adjustment/disruption 
portion of the energy security premium 
is used in the energy security benefits 
estimates present below. These results 
are shown below in Table IX–21. The 
agencies have also calculated the net 
present value at 3 percent and 7 percent 
discount rates of model year lifetime 
benefits associated with energy security; 

these values are presented in Table IX– 
22. 

TABLE IX–21—ANNUAL U.S. ENERGY 
SECURITY BENEFITS OF THE FINAL 
PROGRAM AND NET PRESENT VAL-
UES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO A FLAT BASELINE FOR 
FINAL HDV RULES 

[In Millions of 2013$] a 

Year Benefits 
(2013$) 

2018 .............................................. $4 
2019 .............................................. 9 
2020 .............................................. 14 
2021 .............................................. 55 
2022 .............................................. 109 
2023 .............................................. 171 
2024 .............................................. 268 
2025 .............................................. 372 
2026 .............................................. 482 
2027 .............................................. 627 
2028 .............................................. 775 
2029 .............................................. 923 
2030 .............................................. 1,074 
2035 .............................................. 1,847 
2040 .............................................. 2,533 
2050 .............................................. 3,025 
NPV, 3% ....................................... 24,716 
NPV, 7% ....................................... 10,050 

TABLE IX–22—DISCOUNTED MODEL 
YEAR LIFETIME ENERGY SECURITY 
BENEFITS DUE TO THE FINAL PRO-
GRAM AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO A FLAT BASELINE FOR 
FINAL HDV RULES 

[Millions of 2013$] a 

Calendar 
year 

3% 
Discount 

rate 

7% 
Discount 

rate 

2018 .......................... $30 $21 
2019 .......................... 29 20 
2020 .......................... 28 18 
2021 .......................... 485 294 
2022 .......................... 520 304 
2023 .......................... 552 311 
2024 .......................... 849 461 
2025 .......................... 886 464 
2026 .......................... 917 463 
2027 .......................... 1,183 577 
2028 .......................... 1,182 555 
2029 .......................... 1,184 536 

Sum ................... 7,844 4,026 

J. Other Impacts 

(1) Costs of Noise, Congestion and 
Crashes Associated With Additional 
(Rebound) Driving 

Although it provides benefits to 
drivers as described above, increased 
vehicle use associated with the rebound 
effect also contributes to increased 
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900 These estimates were developed by FHWA for 
use in its 1997 Federal Highway Cost Allocation 
Study; http://www.fhwa.dot.gov/policy/hcas/final/
index.htm (last accessed July 8, 2012). 

901 U.S. Department of Transportation, Valuation 
of Travel Guidance, July 9, 2014, at page 14. 

traffic congestion, motor vehicle 
crashes, and highway noise. Depending 
on how the additional travel is 
distributed over the day and where it 
takes place, additional vehicle use can 
contribute to traffic congestion and 
delays by increasing the number of 
vehicles using facilities that are already 
heavily traveled. These added delays 
impose higher costs on drivers and 
other vehicle occupants in the form of 
increased travel time and operating 
expenses. At the same time, this 
additional travel also increases costs 
associated with traffic crashes and 
vehicle noise. 

The agencies estimate these costs 
using the same methodology as used in 
the two light-duty and the HD Phase 1 
rule analyses, which relies on estimates 
of congestion, crash, and noise costs 
imposed by automobiles and light 
trucks developed by the Federal 
Highway Administration to estimate 
these increased external costs caused by 
added driving.900 We provide the details 
behind the estimates in Chapter 8.7 of 
the RIA. Table IX–23 presents the 
estimated annual impacts associated 
with crash, congestion and noise along 
with net present values at both 3 
percent and 7 percent discount rates. 
Table IX–24 presents the estimated 
discounted model year lifetime impacts 
associated with crashes, congestion and 
noise. The methodology used in this 
final rule is the same as that used in the 
proposal, except that costs were 
updated to 2013 dollars. 

TABLE IX–23—ANNUAL COSTS ASSO-
CIATED WITH CRASHES, CONGES-
TION AND NOISE AND NET PRESENT 
VALUES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO THE FLAT BASELINE 

[Millions of 2013$] a 

Calendar 
year 

Costs of 
crashes, 

congestion, 
and noise 

2018 ........................................ $0 
2019 ........................................ 0 
2020 ........................................ 0 
2021 ........................................ 99 
2022 ........................................ 139 
2023 ........................................ 178 
2024 ........................................ 216 
2025 ........................................ 252 
2026 ........................................ 285 
2027 ........................................ 317 
2028 ........................................ 345 
2029 ........................................ 372 
2030 ........................................ 396 

TABLE IX–23—ANNUAL COSTS ASSO-
CIATED WITH CRASHES, CONGES-
TION AND NOISE AND NET PRESENT 
VALUES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO THE FLAT BASELINE—Con-
tinued 

[Millions of 2013$] a 

Calendar 
year 

Costs of 
crashes, 

congestion, 
and noise 

2035 ........................................ 487 
2040 ........................................ 541 
2050 ........................................ 604 
NPV, 3% ................................. 6,755 
NPV, 7% ................................. 3,070 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

TABLE IX–24—DISCOUNTED MODEL 
YEAR LIFETIME COSTS OF CRASHES, 
CONGESTION AND NOISE AT 3% AND 
7% DISCOUNT RATES USING METH-
OD B AND RELATIVE TO THE FLAT 
BASELINE 

[Millions of 2013$] a 

Calendar 
year 

3% 
discount 

rate 

7% 
Discount 

rate 

2018 .......................... $124 $80 
2019 .......................... 140 89 
2020 .......................... 158 100 
2021 .......................... 343 215 
2022 .......................... 333 201 
2023 .......................... 323 187 
2024 .......................... 319 178 
2025 .......................... 313 168 
2026 .......................... 305 158 
2027 .......................... 297 148 
2028 .......................... 289 139 
2029 .......................... 283 131 

Sum ................... 3,227 1,793 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

(2) Benefits Associated With Reduced 
Refueling Time 

By reducing the frequency with which 
drivers typically refuel their vehicles 
and by extending the upper limit of the 
range that can be traveled before 
requiring refueling (i.e., future fuel tank 
sizes remain constant), savings will be 
realized associated with less time spent 
refueling vehicles. Alternatively, refill 
intervals may remain the same (i.e., 
future fuel tank sizes get smaller), 
resulting in the same number of refills 
as today but less time spent per refill 

because there will be less fuel to refill. 
The agencies have estimated this impact 
using the former approach—by 
assuming that future tank sizes remain 
constant. 

The savings in refueling time are 
calculated as the total amount of time 
the driver of a typical truck in each class 
will save each year as a consequence of 
pumping less fuel into the vehicle’s 
tank. The calculation does not include 
any reduction in time spent searching 
for a fueling station or other time spent 
at the station; it is assumed that time 
savings occur only when truck operators 
are actually refueling their vehicles. 

The calculation uses the reduced 
number of gallons consumed by truck 
type and divides that value by the tank 
volume and refill amount to get the 
number of refills, then multiplies that 
by the time per refill to determine the 
number of hours saved in a given year. 
The calculation then applies DOT- 
recommended values of travel time 
savings to convert the resulting time 
savings to their economic value, 
including a 1.2 percent growth rate in 
those time savings going forward.901 
The input metrics used in the analysis 
are presented in greater detail in RIA 
Chapter 9.7. The annual benefits 
associated with reduced refueling time 
are shown in Table IX–25 along with net 
present values at both 3 percent and 7 
percent discount rates. The discounted 
model year lifetime benefits are shown 
in Table IX–26. The methodology used 
in this final rule is the same as that used 
in the proposal, except that costs have 
been updated to 2013 dollars. 

TABLE IX–25—ANNUAL REFUELING 
BENEFITS AND NET PRESENT VAL-
UES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO THE FLAT BASELINE 

[Millions of 2013$] a 

Calendar 
year 

Refueling 
benefits 

2018 .......................................... $1 
2019 .......................................... 3 
2020 .......................................... 5 
2021 .......................................... 27 
2022 .......................................... 56 
2023 .......................................... 91 
2024 .......................................... 144 
2025 .......................................... 202 
2026 .......................................... 264 
2027 .......................................... 342 
2028 .......................................... 420 
2029 .......................................... 495 
2030 .......................................... 570 
2035 .......................................... 895 
2040 .......................................... 1,141 
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TABLE IX–25—ANNUAL REFUELING 
BENEFITS AND NET PRESENT VAL-
UES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO THE FLAT BASELINE—Con-
tinued 

[Millions of 2013$] a 

Calendar 
year 

Refueling 
benefits 

2050 .......................................... 1,497 
NPV, 3% ................................... 11,985 
NPV, 7% ................................... 4,925 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

TABLE IX–26—DISCOUNTED MODEL 
YEAR LIFETIME REFUELING BENEFITS 
USING METHOD B AND RELATIVE TO 
THE FLAT BASELINE 

[Millions of 2013$] a 

Model 
year 

3% 
discount 

rate 

7% 
discount 

rate 

2018 .......................... $9 $7 
2019 .......................... 9 6 
2020 .......................... 8 6 
2021 .......................... 218 135 
2022 .......................... 255 152 
2023 .......................... 290 166 
2024 .......................... 428 236 
2025 .......................... 461 245 
2026 .......................... 491 251 
2027 .......................... 609 300 
2028 .......................... 601 285 
2029 .......................... 594 272 

Sum .......................... 3,976 2,061 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

(3) Benefits of Increased Travel 
Associated With Rebound Driving 

The increase in travel associated with 
the rebound effect produces additional 
benefits to vehicle owners and 
operators, which reflect the value of the 
added (or more desirable) social and 
economic opportunities that become 
accessible with additional travel. The 
analysis estimates the economic benefits 
from increased rebound-effect driving as 
the sum of fuel expenditures incurred 
plus the consumer surplus from the 
additional accessibility it provides. As 
evidenced by the fact that vehicles make 
more frequent or longer trips when the 
cost of driving declines, the benefits 
from this added travel exceed added 
expenditures for the fuel consumed. The 
amount by which the benefits from this 
increased driving exceed its increased 

fuel costs measures the net benefits from 
the additional travel, usually referred to 
as increased consumer surplus. 

The agencies’ analysis estimates the 
economic value of the increased 
consumer surplus provided by added 
driving using the conventional 
approximation, which is one half of the 
product of the decline in vehicle 
operating costs per vehicle-mile and the 
resulting increase in the annual number 
of miles driven. Because it depends on 
the extent of improvement in fuel 
economy, the value of benefits from 
increased vehicle use changes by model 
year and varies among alternative 
standards. Under even those alternatives 
that will impose the highest standards, 
however, the magnitude of the 
consumer surplus from additional 
vehicle use represents a small fraction 
of this benefit. 

The annual benefits associated with 
increased travel are shown in Table IX– 
27 along with net present values at both 
3 percent and 7 percent discount rates. 
The discounted model year lifetime 
benefits are shown in Table IX–28. The 
methodology used in this final rule is 
the same as that used in the proposal, 
except that costs have been updated to 
2013 dollars. 

TABLE IX–27—ANNUAL VALUE OF IN-
CREASED TRAVEL AND NET PRESENT 
VALUES AT 3% AND 7% DISCOUNT 
RATES USING METHOD B AND REL-
ATIVE TO THE FLAT BASELINE 

[Millions of 2013$] a 

Calendar year 
Benefits of 
increased 

travel 

2018 ........................................ $0 
2019 ........................................ 0 
2020 ........................................ 0 
2021 ........................................ 298 
2022 ........................................ 417 
2023 ........................................ 534 
2024 ........................................ 648 
2025 ........................................ 759 
2026 ........................................ 866 
2027 ........................................ 967 
2028 ........................................ 1,064 
2029 ........................................ 1,157 
2030 ........................................ 1,247 
2035 ........................................ 1,660 
2040 ........................................ 2,043 
2050 ........................................ 2,284 
NPV, 3% ................................. 23,357 
NPV, 7% ................................. 10,343 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

TABLE IX–28—DISCOUNTED MODEL 
YEAR LIFETIME VALUE OF IN-
CREASED TRAVEL AT 3% AND 7% 
DISCOUNT RATES USING METHOD B 
AND RELATIVE TO THE FLAT BASE-
LINE 

[Millions of 2013$] a 

Calendar year 
3% 

discount 
rate 

7% 
discount 

rate 

2018 .......................... $452 $285 
2019 .......................... 511 319 
2020 .......................... 580 358 
2021 .......................... 1,054 647 
2022 .......................... 1,038 613 
2023 .......................... 1,020 580 
2024 .......................... 1,001 549 
2025 .......................... 994 525 
2026 .......................... 982 500 
2027 .......................... 951 466 
2028 .......................... 942 445 
2029 .......................... 937 427 

Sum ................... 10,462 5,715 

Note: 
a For an explanation of analytical Methods A 

and B, please see Section I.D; for an expla-
nation of the flat baseline, 1a, and dynamic 
baseline, 1b, please see Section X.A.1. 

K. Summary of Benefits and Costs 

This section presents the costs, 
benefits, and other economic impacts of 
the Phase 2 standards. It is important to 
note that NHTSA’s fuel consumption 
standards and EPA’s GHG standards 
will both be in effect, and will jointly 
lead to increased fuel efficiency and 
reductions in GHG and non-GHG 
emissions. The individual categories of 
benefits and costs presented in the 
tables below are defined more fully and 
presented in more detail in Chapter 8 of 
the RIA. These include: 

• The vehicle program costs (costs of 
complying with the vehicle COa; and 
fuel consumption standards), 

• changes in fuel expenditures 
associated with reduced fuel use by 
more efficient vehicles and increased 
fuel use associated with the ‘‘rebound’’ 
effect, both of which result from the 
program, 

• the global economic value of 
reductions in GHGs, 

• the economic value of reductions in 
non-GHG pollutants, 

• costs associated with increases in 
noise, congestion, and crashes resulting 
from increased vehicle use, 

• savings in drivers’ time from less 
frequent refueling, 

• benefits of increased vehicle use 
associated with the ‘‘rebound’’ effect, 
and 

• the economic value of 
improvements in U.S. energy security 
impacts. 
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For a discussion of the cost of 
ownership and the agencies’ payback 
analysis of vehicles covered by this rule, 
please see Section IX.M. 

The agencies conducted two analyses 
using two analytical methods referred to 
as Method A and Method B. For an 
explanation of these methods, please see 
Section I.D. And as discussed in Section 
X.A.1, the agencies present estimates of 
benefits and costs that are measured 
against two different assumptions about 
improvements in fuel efficiency that 

might occur in the absence of the Phase 
2 standards. The first case (Alternative 
1a) uses a baseline that projects very 
little improvement in new vehicles in 
the absence of new Phase 2 standards, 
and the second (Alternative 1b) uses a 
more dynamic baseline that projects 
more significant improvements in 
vehicle fuel efficiency. 

Table IX–29 shows benefits and costs 
for these standards from the perspective 
of a program designed to improve the 
nation’s energy security and conserve 

energy by improving fuel efficiency. 
From this viewpoint, technology costs 
occur when the vehicle is purchased. 
Fuel savings are counted as benefits that 
occur over the lifetimes of the vehicles 
produced during the model years 
subject to the Phase 2 standards as they 
consume less fuel. The table shows that 
benefits far outweigh the costs, and the 
final program is anticipated to result in 
large net benefits to the U.S economy. 

TABLE IX–29—LIFETIME BENEFITS & COSTS OF THE FINAL PROGRAM FOR MODEL YEARS 2018–2029 VEHICLES USING 
ANALYSIS METHOD A 

[Billions of 2013$ discounted at 3% and 7%] 

Category 
Baseline 1a Baseline 1b 

3% 7% 3% 7% 

Vehicle Program: Technology and Indirect Costs, Normal Profit on Addi-
tional Investments ........................................................................................ 24.4 16.6 23.7 16.1 

Additional Routine Maintenance ...................................................................... 1.7 0.9 1.7 0.9 
Congestion, Crashes, Fatalities and Noise from Increased Vehicle Use a ..... 3.2 1.9 3.1 1.8 

Total Costs ............................................................................................... 29.3 19.4 28.5 18.8 

Fuel Savings (valued at pre-tax prices) ........................................................... 163.0 87.0 149.1 79.7 
Savings from Less Frequent Refueling ........................................................... 3.2 1.7 3.0 1.6 
Economic Benefits from Additional Vehicle Use ............................................. 5.5 3.5 5.4 3.4 

Reduced Climate Damages from GHG Emissions b ....................................... 36.0 33.0 

Reduced Health Damages from Non-GHG Emissions ................................... 30.0 16.1 27.1 14.6 
Increased U.S. Energy Security ...................................................................... 7.9 4.2 7.3 3.9 

Total Benefits ............................................................................................ 246 149 225 136 
Net Benefits .............................................................................................. 216 129 197 117 

Notes: 
a ‘‘Congestion, Crashes, Fatalities and Noise from Increased Vehicle Use’’ includes NHTSA’s monetized value of estimated reductions in the 

incidence of highway fatalities associated with mass reduction in HD pickup and vans, but this does not include these reductions from tractor- 
trailers or vocational vehicles. This likely results in a conservative overestimate of these costs. 

b Benefits and net benefits use the 3 percent average global SC-CO2, SC-CH4, and SC-N2O value applied to CO2, CH4, and N2O emissions, 
respectively; GHG reductions also include HFC reductions, and include benefits to other nations as well as the U.S. See RIA Chapter 8.5 and 
Preamble Section IX.G for further discussion. 

Table IX–30 through Table IX–32 
report benefits and cost from the 
perspective of reducing GHG. Table IX– 
30 shows the annual impacts and net 
benefits of the final program for selected 

future years, together with the net 
present values of cumulative annual 
impacts from 2018 through 2050, 
discounted at 3 percent and 7 percent 
rates. 

Table IX–31 and Table IX–32 show 
the discounted lifetime costs and 
benefits for each model year affected by 
the Phase 2 standards at 3 percent and 
7 percent discount rates, respectively. 

TABLE IX–30—ANNUAL BENEFITS & COSTS OF THE FINAL PROGRAM AND NET PRESENT VALUES AT 3% AND 7% 
DISCOUNT RATES USING METHOD B AND RELATIVE TO THE FLAT BASELINE 

[Billions of 2013$] a 

2018 2021 2024 2030 2035 2040 2050 NPV, 3% NPV, 7% 

Vehicle program ................................................................................ ¥$0.2 ¥$2.5 ¥$4.2 ¥$5.2 ¥$5.7 ¥$6.3 ¥$7.3 ¥$87.8 ¥$41.9 
Maintenance ...................................................................................... 0.0 0.0 ¥0.1 ¥0.2 ¥0.2 ¥0.2 ¥0.2 ¥3.2 ¥1.5 
Pre-tax fuel ........................................................................................ 0.1 1.3 6.1 23.4 38.9 53.1 63.4 523.3 213.8 
Energy security ................................................................................. 0.0 0.1 0.3 1.1 1.8 2.5 3.0 24.7 10.1 
Crashes/Congestion/Noise ................................................................ 0.0 ¥0.1 ¥0.2 ¥0.4 ¥0.5 ¥0.5 ¥0.6 ¥6.8 ¥3.1 
Refueling impacts .............................................................................. 0.0 0.0 0.1 0.6 0.9 1.1 1.5 12.0 4.9 
Travel value ....................................................................................... 0.0 0.3 0.6 1.2 1.7 2.0 2.3 23.4 10.3 
Non-GHG impacts ............................................................................. 0.0 to 

0.0 
0.2 to 

0.5 
0.7 to 

1.8 
2.7 to 

6.8 
4.1 to 

10.1 
5.0 to 

12.5 
6.0 to 

15.0 
58.8 to 

132.0 
22.1 to 49.7 

GHG: b c 
SC-GHG; 5% Avg ...................................................................... 0.0 0.1 0.4 1.7 2.8 3.9 5.8 25.1 25.1 
SC-GHG; 3% Avg ...................................................................... 0.0 0.3 1.4 5.2 8.4 11.1 15.2 115.4 115.4 
SC-GHG; 2.5% Avg ................................................................... 0.0 0.4 2.0 7.5 11.9 15.5 20.9 183.1 183.1 
SC-GHG; 3% 95th ..................................................................... 0.1 0.9 4.1 15.6 25.5 33.6 46.6 351.0 351.0 
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TABLE IX–30—ANNUAL BENEFITS & COSTS OF THE FINAL PROGRAM AND NET PRESENT VALUES AT 3% AND 7% 
DISCOUNT RATES USING METHOD B AND RELATIVE TO THE FLAT BASELINE—Continued 

[Billions of 2013$] a 

2018 2021 2024 2030 2035 2040 2050 NPV, 3% NPV, 7% 

Net benefits: 
SC-GHG; 5% Avg ...................................................................... ¥0.1 ¥0.6 4.3 26.7 46.6 64.3 78.2 606.2 253.8 
SC-GHG; 3% Avg ...................................................................... ¥0.1 ¥0.4 5.2 30.2 52.2 71.4 87.6 696.4 344.0 
SC-GHG; 2.5% Avg ................................................................... ¥0.1 ¥0.3 5.9 32.6 55.7 75.8 93.3 764.2 411.8 
SC-GHG; 3% 95th ..................................................................... 0.0 0.2 8.0 40.7 69.4 94.0 119.0 932.1 579.7 

Notes: 
a Positive values denote decreased social costs (benefits); negative values denote increased social costs. For an explanation of analytical Methods A and B, please 

see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 1b, please see Section X.A.1. 
b GHG benefit estimates include reductions in CO2, CH4, and N2O but do not include the HFC reductions, as discussed in Section IX.G. Net present value of re-

duced GHG emissions is calculated differently than other benefits. The same discount rate used to discount the value of damages from future emissions (SC-CO2, 
SC-CH4, and SC-N2O, each discounted at rates of 5, 3, 2.5 percent) is used to calculate net present value of SC-CO2, SC-CH4, and SC-N2O, respectively, for inter-
nal consistency. Refer to the SC-CO2 TSD for more detail. 

c Section IX.G notes that SC-GHGs increases over time. For the years 2012–2050, the SC-CO2 estimates range as follows: For Average SC-CO2 at 5%: $12–$28; 
for Average SC-CO2 at 3%: $37–$77; for Average SC-CO2 at 2.5%: $58–$105; and for 95th percentile SC-CO2 at 3%: $105–$237. For the years 2012–2050, the SC- 
CH4 estimates range as follows: For Average SC-CH4 at 5%: $440–$1,400; for Average SC-CH4 at 3%: $1,000–$2,700; for Average SC-CH4 at 2.5%: $1,400– 
$3,400; and for 95th percentile SC-CH4 at 3%: $2,800–$7,400. For the years 2012–2050, the SC-N2O estimates range as follows: For Average SC-N2O at 5%: 
$4,000–$12,000; for Average SC-N2O at 3%: $14,000–$30,000; for Average SC-N2O at 2.5%: $21,000–$41,000; and for 95th percentile SC-N2O at 3%: $36,000– 
$79,000. Section IX.G also presents these SC-GHG estimates. 

TABLE IX–31—DISCOUNTED MODEL YEAR LIFETIME BENEFITS & COSTS OF THE FINAL PROGRAM USING METHOD B AND 
RELATIVE TO THE FLAT BASELINE 
[Billions of 2013$ discounted at 3%] a 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 Sum 

Vehicle program ........................................................................ ¥$0.2 ¥$0.2 ¥$0.2 ¥$2.1 ¥$2.0 ¥$2.1 ¥$3.1 ¥$3.0 ¥$3.0 ¥$3.6 ¥$3.5 ¥$3.4 ¥$26.5 
Maintenance .............................................................................. ¥0.01 ¥0.01 ¥0.01 ¥0.15 ¥0.16 ¥0.16 ¥0.18 ¥0.18 ¥0.17 ¥0.30 ¥0.29 ¥0.29 ¥1.9 
Pre-tax fuel ................................................................................ 0.7 0.7 0.6 10.7 11.4 12.0 18.5 19.1 19.7 25.3 25.2 25.1 169.1 
Energy security ......................................................................... 0.0 0.0 0.0 0.5 0.5 0.6 0.8 0.9 0.9 1.2 1.2 1.2 7.8 
Crashes/Congestion/Noise ....................................................... ¥0.1 ¥0.1 ¥0.2 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥0.3 ¥3.2 
Refueling ................................................................................... 0.0 0.0 0.0 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.6 0.6 4.0 
Travel value .............................................................................. 0.5 0.5 0.6 1.1 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 10.5 
Non-GHG .................................................................................. 0.1 to 

0.3 
0.1 to 

0.2 
0.1 to 

0.2 
1.4 to 

3.2 
1.4 to 

3.2 
1.5 to 

3.3 
2.3 to 

5.2 
2.3 to 

5.3 
2.2 to 

4.8 
2.8 to 

6.2 
2.7 to 

6.1 
2.7 to 

6.0 
19.6 to 

44.1 
GHG: b c 

SC-GHG; 5% Avg .............................................................. 0.0 0.0 0.0 0.6 0.6 0.6 1.0 1.0 1.0 1.3 1.2 1.2 8.6 
SC-GHG; 3% Avg .............................................................. 0.2 0.1 0.1 2.4 2.6 2.7 4.1 4.2 4.3 5.5 5.5 5.5 37.2 
SC-GHG; 2.5% Avg ........................................................... 0.2 0.2 0.2 3.7 4.0 4.2 6.4 6.6 6.8 8.7 8.6 8.6 58.3 
SC-GHG; 3% 95th ............................................................. 0.5 0.4 0.4 7.2 7.7 8.0 12.3 12.7 13.1 16.8 16.7 16.6 112.5 

Net benefits: 
SC-GHG; 5% Avg .............................................................. 1.1 1.1 1.1 12.8 13.7 14.3 21.8 22.7 23.1 29.6 29.5 29.5 200.2 
SC-GHG; 3% Avg .............................................................. 1.2 1.2 1.2 14.6 15.6 16.3 24.9 26.0 26.4 33.9 33.8 33.7 228.8 
SC-GHG; 2.5% Avg ........................................................... 1.3 1.3 1.3 16.0 17.1 17.8 27.2 28.4 28.9 37.0 36.9 36.9 249.9 
SC-GHG; 3% 95th ............................................................. 1.5 1.5 1.5 19.5 20.8 21.7 33.2 34.5 35.2 45.1 44.9 44.9 304.1 

Notes: 
a Positive values denote decreased social costs (benefits); negative values denote increased social costs. For an explanation of analytical Methods A and B, please see Section I.D; for an ex-

planation of the flat baseline, 1a, and dynamic baseline, 1b, please see Section X.A.1.c 
b GHG benefit estimates include reductions in CO2, CH4, and N2O but do not include the HFC reductions, as discussed in Section IX.G. Net present value of reduced GHG emissions is cal-

culated differently than other benefits. The same discount rate used to discount the value of damages from future emissions (SC-CO2, SC-CH4, and SC-N2O, each discounted at rates of 5, 3, 
2.5 percent) is used to calculate net present value of SC-CO2, SC-CH4, and SC-N2O, respectively, for internal consistency. Refer to the SC-CO2 TSD for more detail. 

c Section IX.G notes that SC-GHG increases over time. For the years 2012–2050, the SC-CO2 estimates range as follows: For Average SC-CO2 at 5%: $12–$28; for Average SC-CO2 at 3%: 
$37–$77; for Average SC-CO2 at 2.5%: $58–$105; and for 95th percentile SC-CO2 at 3%: $105–$237. For the years 2012–2050, the SC-CH4 estimates range as follows: For Average SC-CH4 
at 5%: $440–$1,400; for Average SC-CH4 at 3%: $1,000–$2,700; for Average SC-CH4 at 2.5%: $1,400–$3,400; and for 95th percentile SC-CH4 at 3%: $2,800–$7,400. For the years 2012–2050, 
the SC-N2O estimates range as follows: For Average SC-N2O at 5%: $4,000–$12,000; for Average SC-N2O at 3%: $14,000–$30,000; for Average SC-N2O at 2.5%: $21,000–$41,000; and for 
95th percentile SC-N2O at 3%: $36,000–$79,000. Section IX.G also presents these SC-GHG estimates. 

TABLE IX–32—DISCOUNTED MODEL YEAR LIFETIME BENEFITS & COSTS OF THE FINAL PROGRAM USING METHOD B AND 
RELATIVE TO THE FLAT BASELINE 
[Billions of 2013$ discounted at 7%] a b 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 Sum 

Vehicle program ........................ ¥$0.2 ¥$0.2 ¥$0.2 ¥$1.6 ¥$1.5 ¥$1.5 ¥$2.2 ¥$2.0 ¥$1.9 ¥$2.2 ¥$2.1 ¥$2.0 ¥$17.6 
Maintenance .............................. 0.00 0.00 0.00 ¥0.10 ¥0.09 ¥0.09 ¥0.10 ¥0.10 ¥0.09 ¥0.15 ¥0.14 ¥0.13 ¥1.0 
Pre-tax fuel ................................ 0.5 0.4 0.4 6.6 6.7 6.8 10.1 10.1 10.0 12.4 11.9 11.4 87.2 
Energy security ......................... 0.0 0.0 0.0 0.3 0.3 0.3 0.5 0.5 0.5 0.6 0.6 0.5 4.0 
Crashes/Congestion/Noise ........ ¥0.1 ¥0.1 ¥0.1 ¥0.2 ¥0.2 ¥0.2 ¥0.2 ¥0.2 ¥0.2 ¥0.1 ¥0.1 ¥0.1 ¥1.8 
Refueling ................................... 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 2.1 
Travel value ............................... 0.3 0.3 0.4 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4 5.7 
Non-GHG .................................. 0.1 to 

0.2 
0.1 to 

0.1 
0.1 to 

0.1 
0.8 to 

1.8 
0.8 to 

1.7 
0.8 to 

1.7 
1.1 to 

2.6 
1.1 to 

2.5 
1.0 to 

2.2 
1.2 to 

2.7 
1.2 to 

2.6 
1.1 to 

2.5 
9.2 to 

20.8 
GHG: b c 

SC-GHG; 5% Avg .............. 0.0 0.0 0.0 0.6 0.6 0.6 1.0 1.0 1.0 1.3 1.2 1.2 8.6 
SC-GHG; 3% Avg .............. 0.2 0.1 0.1 2.4 2.6 2.7 4.1 4.2 4.3 5.5 5.5 5.5 37.2 
SC-GHG; 2.5% Avg ........... 0.2 0.2 0.2 3.7 4.0 4.2 6.4 6.6 6.8 8.7 8.6 8.6 58.3 
SC-GHG; 3% 95th ............. 0.5 0.4 0.4 7.2 7.7 8.0 12.3 12.7 13.1 16.8 16.7 16.6 112.5 

Net benefits: 
SC-GHG; 5% Avg .............. 0.7 0.7 0.6 7.6 7.9 7.9 11.7 11.8 11.6 14.4 13.9 13.5 102.3 
SC-GHG; 3% Avg .............. 0.8 0.8 0.8 9.4 9.8 10.0 14.8 15.1 15.0 18.7 18.2 17.7 130.9 
SC-GHG; 2.5% Avg ........... 0.9 0.9 0.8 10.7 11.2 11.4 17.1 17.4 17.4 21.9 21.3 20.9 151.9 
SC-GHG; 3% 95th ............. 1.1 1.1 1.0 14.2 14.9 15.3 23.0 23.6 23.7 29.9 29.3 28.9 206.1 

Notes: 
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902 Available at http://www.whitehouse.gov/sites/ 
default/files/omb/inforeg/eo12866/eo13563_
01182011.pdf. 

903 The employment analysis in this RIA is part 
of EPA’s ongoing effort to ‘‘conduct continuing 
evaluations of potential loss or shifts of 
employment which may result from the 
administration or enforcement of [the Act]’’ 
pursuant to CAA section 321(a). 

904 U.S. Department of Labor, Bureau of Labor 
Statistics. ‘‘Automotive Industry; Employment, 
Earnings, and Hours.’’ http://www.bls.gov/iag/tgs/ 
iagauto.htm, accessed 4/20/16. 

905 See Layard, P.R.G., and A. A. Walters (1978), 
Microeconomic Theory (McGraw-Hill, Inc.), 
Chapter 9 (Docket ID EPA–HQ–OAR–2014–0827– 
0070), a standard microeconomic theory textbook 
treatment, for a discussion. 

906 Berman, E. and L. T. M. Bui (2001). 
‘‘Environmental Regulation and Labor Demand: 
Evidence from the South Coast Air Basin.’’ Journal 
of Public Economics 79(2): 265–295 (Docket EPA– 
HQ–OAR–2014–0827–0074). The authors also 
discuss a third component, the impact of regulation 
on factor prices, but conclude that this effect is 
unlikely to be important for large competitive factor 
markets, such as labor and capital. Morgenstern, 
Pizer and Shih (Morgenstern, Richard D., William 
A. Pizer, and Jhih-Shyang Shih (2002). ‘‘Jobs versus 
the Environment: An Industry-Level Perspective.’’ 
Journal of Environmental Economics and 
Management 43: 412–436, Docket EPA–HQ–OAR– 
2014–0827–0088) use a similar model, but they 
break the employment effect into three parts: (1) A 
demand effect; (2) a cost effect; and (3) a factor-shift 
effect. 

a Positive values denote decreased social costs (benefits); negative values denote increased social costs. For an explanation of analytical Methods A and B, please 
see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 1b, please see Section X.A.1. 

b GHG benefit estimates include reductions in CO2, CH4, and N2O but do not include the HFC reductions, as discussed in Section IX.G. Net present value of re-
duced GHG emissions is calculated differently than other benefits. The same discount rate used to discount the value of damages from future emissions (SC-CO2, 
SC-CH4, and SC-N2O, each discounted at rates of 5, 3, 2.5 percent) is used to calculate net present value of SC-CO2, SC-CH4, and SC-N2O, respectively, for inter-
nal consistency. Refer to the SC-CO2 TSD for more detail. 

c Section IX.G notes that SC-GHG increases over time. For the years 2012–2050, the SC-CO2 estimates range as follows: For Average SC-CO2 at 5%: $12–$28; 
for Average SC-CO2 at 3%: $37–$77; for Average SC-CO2 at 2.5%: $58–$105; and for 95th percentile SCCO2 at 3%: $105–$237. For the years 2012–2050, the SC- 
CH4 estimates range as follows: For Average SC-CH4 at 5%: $440–$1,400; for Average SC-CH4 at 3%: $1,000–$2,700; for Average SC-CH4 at 2.5%: $1,400–$3,400; 
and for 95th percentile SC-CH4 at 3%: $2,800–$7,400. For the years 2012–2050, the SC-N2O estimates range as follows: For Average SC-N2O at 5%: $4,000– 
$12,000; for Average SC-N2O at 3%: $14,000–$30,000; for Average SC-N2O at 2.5%: $21,000–$41,000; and for 95th percentile SC-N2O at 3%: $36,000–$79,000. 
Section IX.G also presents these SC-GHG estimates. 

L. Employment Impacts 

Executive Order 13563 (January 18, 
2011) directs federal agencies to 
consider regulatory impacts on, among 
other criteria, job creation.902 According 
to the Executive Order ‘‘Our regulatory 
system must protect public health, 
welfare, safety, and our environment 
while promoting economic growth, 
innovation, competitiveness, and job 
creation. It must be based on the best 
available science.’’ Analysis of 
employment impacts of a regulation is 
not part of a standard benefit-cost 
analysis (except to the extent that labor 
costs contribute to costs). Employment 
impacts of federal rules are of general 
interest, however, and have been 
particularly so, historically, in the auto 
sector during periods of challenging 
labor market conditions. For this reason, 
we are describing the connections of 
these standards to employment in the 
regulated sector, the motor vehicle 
manufacturing sector, as well as the 
motor vehicle body and trailer and 
motor vehicle parts manufacturing 
sectors.903 

The overall effect of the final rules on 
motor vehicle sector employment 
depends on the relative magnitude of 
output and substitution effects, 
described below. Because we do not 
have quantitative estimates of the 
output effect, and only a partial estimate 
of the substitution effect, we cannot 
reach a quantitative estimate of the 
overall employment effects of the final 
rules on motor vehicle sector 
employment or even whether the total 
effect will be positive or negative. 

According to the U.S. Bureau of Labor 
Statistics, in 2015, about 910,000 people 
in the U.S. were employed in the Motor 
Vehicle and Parts Manufacturing Sector 
(NAICS 3361, 3362, and 3363),904 the 

directly regulated sector. The 
employment effects of these final rules 
are expected to expand beyond the 
regulated sector. Though some of the 
parts used to achieve these standards 
are likely to be built by motor vehicle 
manufacturers (including trailer 
manufacturers) themselves, the motor 
vehicle parts manufacturing sector also 
plays a significant role in providing 
those parts, and will also be affected by 
changes in vehicle sales. Changes in 
truck sales, discussed in Section 
IX.F.(2), could also affect employment 
for truck and trailer vendors. As 
discussed in Section IX.C., this final 
rule is expected to reduce the amount of 
fuel these vehicles use, and thus affect 
the petroleum refinery and supply 
industries as well. Finally, since the net 
reduction in cost associated with these 
final rules is expected to lead to lower 
transportation and shipping costs, in a 
competitive market a substantial portion 
of those cost savings will be passed 
along to consumers, who then will have 
additional discretionary income (how 
much of the cost is passed along to 
consumers depends on market structure 
and the relative price elasticities). The 
final rules are not expected to have any 
notable inflationary or recessionary 
effect. 

The employment effects of 
environmental regulation are difficult to 
disentangle from other economic 
changes and business decisions that 
affect employment, over time and across 
regions and industries. In light of these 
difficulties, we lean on economic theory 
to provide a constructive framework for 
approaching these assessments and for 
better understanding the inherent 
complexities in such assessments. 
Neoclassical microeconomic theory 
describes how profit-maximizing firms 
adjust their use of productive inputs in 
response to changes in their economic 
conditions.905 Berman and Bui (2001, 
pp. 274–75) model two components that 
drive changes in firm-level labor 
demand: Output effects and substitution 

effects.906 Regulation can affect the 
profit-maximizing quantity of output by 
changing the marginal cost of 
production. If regulation causes 
marginal cost to increase, it will place 
upward pressure on output prices, 
leading to a decrease in the quantity 
demanded, and resulting in a decrease 
in production. The output effect 
describes how, holding labor intensity 
constant, a decrease in production 
causes a decrease in labor demand. As 
noted by Berman and Bui, although 
many assume that regulation increases 
marginal cost, it need not be the case. 
A regulation could induce a firm to 
upgrade to less polluting and more 
efficient equipment that lowers 
marginal production costs, or it may 
induce use of technologies that may 
prove popular with buyers or provide 
positive network externalities (see 
Section IX.A. for discussion of this 
effect). In such a case, output could 
increase. 

The substitution effect describes how, 
holding output constant, regulation 
affects labor intensity of production. 
Although increased environmental 
regulation may increase use of pollution 
control equipment and energy to operate 
that equipment, the impact on labor 
demand is ambiguous. For example, 
equipment inspection requirements, 
specialized waste handling, or pollution 
technologies that alter the production 
process may affect the number of 
workers necessary to produce a unit of 
output. Berman and Bui (2001) model 
the substitution effect as the effect of 
regulation on pollution control 
equipment and expenditures required 
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907 See Ehrenberg, Ronald G., and Robert S. Smith 
(2000), Modern Labor Economics: Theory and 
Public Policy (Addison Wesley Longman, Inc.), p. 
108, Docket EPA–HQ–OAR–2014–0827–0077. 

908 This discussion draws from Berman, E. and L. 
T. M. Bui (2001). ‘‘Environmental Regulation and 
Labor Demand: Evidence from the South Coast Air 
Basin.’’ Journal of Public Economics 79(2): 265–295 
(Docket EPA–HQ–OAR–2014–0827), p. 293, Docket 
EPA–HQ–OAR–2014–0827–0074. 

909 Full employment is a conceptual target for the 
economy where everyone who wants to work and 
is available to do so at prevailing wages is actively 
employed. The unemployment rate at full 
employment is not zero. 

910 Arrow et al. (1996). ‘‘Benefit-Cost Analysis in 
Environmental, Health, and Safety Regulation: A 
Statement of Principles.’’ American Enterprise 
Institute, the Annapolis Center, and Resources for 
the Future, Docket EPA–HQ–OAR–2014–0827– 
0073. See discussion on bottom of p. 6. In practice, 
distributional impacts on individual workers can be 
important, as discussed later in this section. 

911 Schmalensee, Richard, and Robert N. Stavins. 
‘‘A Guide to Economic and Policy Analysis of EPA’s 
Transport Rule.’’ White paper commissioned by 
Excelon Corporation, March 2011, Docket EPA– 
HQ–OAR–2014–0827–0071. 

912 Klaiber, H. Allen, and V. Kerry Smith (2012). 
‘‘Developing General Equilibrium Benefit Analyses 
for Social Programs: An Introduction and 
Example.’’ Journal of Benefit-Cost Analysis 3(2), 
Docket EPA–HQ–OAR–2014–0827–0086. 

913 E.g. Graff Zivin, J., and M. Neidell (2012). 
‘‘The Impact of Pollution on Worker Productivity.’’ 
American Economic Review 102: 3652–3673, 
Docket EPA–HQ–OAR–2014–0827–0092. 

by the regulation and the corresponding 
change in labor intensity of production. 

In summary, as output and 
substitution effects may be positive or 
negative, theory alone cannot predict 
the direction of the net effect of 
regulation on labor demand at the level 
of the regulated firm. Operating within 
the bounds of standard economic 
theory, empirical estimation of net 
employment effects on regulated firms 
is possible when data and methods of 
sufficient detail and quality are 
available. The literature, however, 
illustrates difficulties with empirical 
estimation. For example, studies 
sometimes rely on confidential plant- 
level employment data from the U.S. 
Census Bureau, possibly combined with 
pollution abatement expenditure data 
that are too dated to be reliably 
informative. In addition, the most 
commonly used empirical methods do 
not permit estimation of net effects. 

The conceptual framework described 
thus far focused on regulatory effects on 
plant-level decisions within a regulated 
industry. Employment impacts at an 
individual plant do not necessarily 
represent impacts for the sector as a 
whole. The approach must be modified 
when applied at the industry level. At 
the industry level, labor demand is more 
responsive if: (1) The price elasticity of 
demand for the product is high, (2) 
other factors of production can be easily 
substituted for labor, (3) the supply of 
other factors is highly elastic, or (4) 
labor costs are a large share of total 
production costs.907 For example, if all 
firms in an industry are faced with the 
same regulatory compliance costs and 
product demand is inelastic, then 
industry output may not change much, 
and output of individual firms may 
change slightly.908 In this case, the 
output effect may be small, while the 
substitution effect depends on input 
substitutability. Suppose, for example, 
that new equipment for fuel efficiency 
improvements requires labor to install 
and operate. In this case, the 
substitution effect may be positive, and 
with a small output effect, the total 
effect may be positive. As with potential 
effects for an individual firm, theory 
cannot determine the sign or magnitude 
of industry-level regulatory effects on 
labor demand. Determining these signs 

and magnitudes requires additional 
sector-specific empirical study. For 
environmental rules, much of the data 
needed for these empirical studies is not 
publicly available, would require 
significant time and resources in order 
to access confidential U.S. Census data 
for research, and also would not be 
necessary for other components of a 
typical RIA. 

In addition to changes to labor 
demand in the regulated industry, net 
employment impacts encompass 
changes in other related sectors. For 
example, these standards are expected 
to increase demand for fuel-saving 
technologies. This increased demand 
may increase revenue and employment 
in the firms providing these 
technologies. At the same time, the 
regulated industry is purchasing the 
equipment, and these costs may impact 
labor demand at regulated firms. 
Therefore, it is important to consider the 
net effect of compliance actions on 
employment across multiple sectors or 
industries. 

If the U.S. economy is at full 
employment, even a large-scale 
environmental regulation is unlikely to 
have a noticeable impact on aggregate 
net employment.909 Instead, labor 
would primarily be reallocated from one 
productive use to another, and net 
national employment effects from 
environmental regulation would be 
small and transitory (e.g., as workers 
move from one job to another).910 The 
International Union, United 
Automobile, Aerospace and Agricultural 
Implement Workers of America (UAW) 
commented that, when the 900,000 
workers in the auto sector are combined 
with ‘‘jobs from other sectors that are 
dependent on the industry,’’ the 
industry ‘‘is responsible for 7.25 million 
jobs nationwide, or about 3.8 percent of 
private-sector employment.’’ The 
agencies consider the 900,000 motor- 
vehicle-sector jobs to be in the industry 
directly affected by these standards; for 
the reasons discussed here, the overall 
state of the U.S. economy is likely to 
have a much more significant effect on 
the people employed in other sectors 
than these standards. 

Affected sectors may experience 
transitory effects as workers change 
jobs. Some workers may retrain or 
relocate in anticipation of new 
requirements or require time to search 
for new jobs, while shortages in some 
sectors or regions could bid up wages to 
attract workers. These adjustment costs 
can lead to local labor disruptions. 
Although the net change in the national 
workforce is expected to be small, 
localized reductions in employment 
may adversely impact individuals and 
communities just as localized increases 
may have positive impacts. 

If the economy is operating at less 
than full employment, economic theory 
does not clearly indicate the direction or 
magnitude of the net impact of 
environmental regulation on 
employment; it could cause either a 
short-run net increase or short-run net 
decrease.911 An important research 
question is how to accommodate 
unemployment as a structural feature in 
economic models. This feature may be 
important in assessing large-scale 
regulatory impacts on employment.912 

Environmental regulation may also 
affect labor supply. In particular, 
pollution and other environmental risks 
may impact labor productivity or 
employees’ ability to work.913 While the 
theoretical framework for analyzing 
labor supply effects is analogous to that 
for labor demand, it is more difficult to 
study empirically. There is a small 
emerging literature described in the next 
section that uses detailed labor and 
environmental data to assess these 
impacts. 

To summarize, economic theory 
provides a framework for analyzing the 
impacts of environmental regulation on 
employment. The net employment effect 
incorporates expected employment 
changes (both positive and negative) in 
the regulated sector and elsewhere. 
Labor demand impacts for regulated 
firms, and also for the regulated 
industry, can be decomposed into 
output and substitution effects which 
may be either negative or positive. 
Estimation of net employment effects for 
regulated sectors is possible when data 
of sufficient detail and quality are 
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914 Quiggle, Ben. ‘‘RV sales projected to be 
stronger in 2016 thanks to low gas prices, steady 
economy,’’ The Elkhart Truth, March 6, 2016. 
http://www.elkharttruth.com/news/business/2016/ 
03/03/RV-sales-projected-to-be-stronger-in-2016- 
thanks-to-low-gas-prices-steady-economy.html, 
accessed 3/28/2016, Docket EPA–HQ–OAR–2014- 
0827. 

915 Morris, Frank. ‘‘Ready For A Road Trip? RVs 
Are Rolling Back Into Fashion,’’ Morning Edition on 
NPR, March 28, 2016. http://www.npr.org/2016/03/ 
28/468172578/ready-for-a-road-trip-rvs-are-rolling- 
back-into-fashion, accessed 3/28/2016, Docket 
EPA–HQ–OAR–2014–0827. 

916 Quiggle, Ben. ‘‘RV sales projected to be 
stronger in 2016 thanks to low gas prices, steady 
economy,’’ The Elkhart Truth, March 6, 2016. 
http://www.elkharttruth.com/news/business/2016/ 
03/03/RV-sales-projected-to-be-stronger-in-2016- 
thanks-to-low-gas-prices-steady-economy.html, 
accessed 3/28/2016, Docket EPA–HQ–OAR–2014– 
0827. 

917 See Hamermesh (1993), Labor Demand 
(Princeton, NJ: Princeton University Press), Chapter 
2 (Docket EPA–HQ–OAR–2014–0827–0082) for a 
detailed treatment. 

918 See Ehrenberg, Ronald G., and Robert S. Smith 
(2000), Modern Labor Economics: Theory and 
Public Policy (Addison Wesley Longman, Inc.), 
Chapter 4 (Docket EPA–HQ–OAR–2014–0827– 
0077), for a concise overview. 

919 Berman, E. and L. T. M. Bui (2001). 
‘‘Environmental Regulation and Labor Demand: 
Evidence from the South Coast Air Basin.’’ Journal 
of Public Economics 79(2): 265–295 (Docket EPA– 
HQ–OAR2014–0827–0074). Morgenstern, Richard 
D., William A. Pizer, and Jhih-Shyang Shih. ‘‘Jobs 
Versus the Environment: An Industry-Level 
Perspective.’’ Journal of Environmental Economics 
and Management 43 (2002): 412–436, Docket EPA– 
HQ–OAR–2014–0827–0088; Gray et al. (2014), ‘‘Do 
EPA Regulations Affect Labor Demand? Evidence 
from the Pulp and Paper Industry,’’ Journal of 
Environmental Economics and Management 68: 
188–202, Docket EPA–HQ–OAR–2014–0827–0080; 
and Ferris, Shadbegian and Wolverton (2014), ‘‘The 
Effect of Environmental Regulation on Power Sector 
Employment: Phase I of the Title IV SO2 Trading 

Program,’’ Journal of the Association of 
Environmental and Resource Economists 1: 521– 
553, Docket EPA–HQ–OAR–2014–0827–0078. 

920 Greenstone, M. (2002). ‘‘The Impacts of 
Environmental Regulations on Industrial Activity: 
Evidence from the 1970 and 1977 Clean Air Act 
Amendments and the Census of Manufactures,’’ 
Journal of Political Economy 110(6): 1175–1219 
(Docket EPA–HQ–OAR–2014–0827–0081); Walker, 
Reed. (2011). ‘‘Environmental Regulation and Labor 
Reallocation.’’ American Economic Review: Papers 
and Proceedings 101(3): 442–447 (Docket EPA–HQ– 
OAR–2014–0827–0091). 

921 List, J. A., D. L. Millimet, P. G. Fredriksson, 
and W. W. McHone (2003). ‘‘Effects of 
Environmental Regulations on Manufacturing Plant 
Births: Evidence from a Propensity Score Matching 
Estimator.’’ The Review of Economics and Statistics 
85(4): 944–952 (Docket EPA–HQ–OAR2014–0827– 
0087). 

available. Finally, economic theory 
suggests that labor supply effects are 
also possible. In the next section, we 
discuss the empirical literature. 

Achates Power, the American Council 
for an Energy-Efficient Economy, 
BlueGreen Alliance, Ceres, 
Environmental Defense Fund (EDF), 
Natural Resources Defense Council, and 
JD Gilroy expressed support for the 
standards’ potential to increase 
employment in the vehicle 
manufacturing industry. They argued 
that the standards will drive new jobs, 
reward organizations that innovate with 
respect to fuel efficiency, and help 
maintain the U.S. position as a leader in 
industries related to truck 
manufacturing and fuel efficiency 
technology. Brian Mannix points out the 
difficulty associated with generating 
complete employment forecasts that 
include all direct and indirect effects. 
He concludes that the agencies are 
correct to be careful about estimating a 
definitive forecast. 

Comments from the International 
Union, United Automobile, Aerospace 
and Agricultural Implement Workers of 
America (UAW) urge EPA and NHTSA 
to ensure that the standards avoid 
market disruptions or ‘‘pre-buy/no-buy’’ 
boom and bust cycles. UAW suggests 
that in the past, market disruptions 
caused by pre-buy in anticipation of the 
2007 and 2010 NOX and PM standards 
contributed to the layoff of 10,000 UAW 
workers in 2009, though these layoffs 
were also partly driven by the Great 
Recession. As pointed out in the 
comments from EDF, fuel economy 
standards are fundamentally different 
from the past standards, because 
increases in costs for new technology 
are offset by fuel savings that accrue to 
the buyer. As a result these standards 
are less likely to cause disruptions to 
vehicle purchasing trends. Moreover, as 
discussed in Section IX.F.(2) above, 
there is no evidence to date that the HD 
GHG/fuel consumption rules have 
resulted in pre-buy/no-buys. 

NAFA Fleet Management Association 
expressed concern that the standards 
would make it more difficult to hire 
qualified drivers and technicians, and 
would require additional employee 
training. As discussed in Section IX.A., 
the effects of the standards on hiring 
and retention of drivers and technicians 
are not well understood. The agencies 
expect that normal market forces should 
help to alleviate any labor shortages, 
whether or not they are associated with 
the standards. The Recreational Vehicle 
(RV) Industry Association expresses 
concern that buyers RVs do not consider 
fuel expenditures when purchasing 
vehicles; as a result, increased up-front 

costs of the vehicle might reduce their 
sales. The RV industry was 
disproportionately hurt during the Great 
Recession and has only recently 
experienced a recovery.914 915 However, 
one of the main drivers of the turn- 
around appears to be low gas prices,916 
which suggests that RV buyers may put 
some weight on fuel savings in their 
buying decisions; if so, the reduction in 
expected fuel costs may mitigate at least 
some of the effect of higher up-front 
prices. 

(1) Current State of Knowledge Based on 
the Peer-Reviewed Literature 

In the labor economics literature there 
is an extensive body of peer-reviewed 
empirical work analyzing various 
aspects of labor demand, relying on the 
above theoretical framework.917 This 
work focuses primarily on the effects of 
employment policies, e.g. labor taxes, 
minimum wage, etc.918 In contrast, the 
peer-reviewed empirical literature 
specifically estimating employment 
effects of environmental regulations is 
very limited. Several empirical 
studies 919 suggest that net employment 

impacts may be zero or slightly positive 
but small even in the regulated sector. 
Other research suggests that more highly 
regulated counties may generate fewer 
jobs than less regulated ones.920 
However, since these latter studies 
compare more regulated to less 
regulated counties, they overstate the 
net national impact of regulation to the 
extent that regulation causes plants to 
locate in one area of the country rather 
than another. List et al. (2003) 921 find 
some evidence that this type of 
geographic relocation may be occurring. 
Overall, the peer-reviewed literature 
does not contain evidence that 
environmental regulation has a large 
impact on net employment (either 
negative or positive) in the long run 
across the whole economy. 

Analytic challenges make it very 
difficult to accurately produce net 
employment estimates for the whole 
economy that would appropriately 
capture the way in which costs, 
compliance spending, and 
environmental benefits propagate 
through the macro-economy. 
Quantitative estimates are further 
complicated by the fact that 
macroeconomic models often have very 
little sectoral detail and usually assume 
that the economy is at full employment. 
EPA is currently in the process of 
seeking input from an independent 
expert panel on modeling economy- 
wide impacts, including employment 
effects. For more information, see: 
https://federalregister.gov/a/2014– 
02471. 

(2) Employment Impacts in the Motor 
Vehicle and Parts Manufacturing Sector 

This section describes changes in 
employment in the motor vehicle, 
trailer, and parts (hence, motor vehicle) 
manufacturing sectors due to these final 
rules. We focus on the motor vehicle 
manufacturing sector because it is 
directly regulated, and because it is 
likely to bear a substantial share of 
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922 Berman, E. and L. T. M. Bui (2001). 
‘‘Environmental Regulation and Labor Demand: 
Evidence from the South Coast Air Basin.’’ Journal 
of Public Economics 79(2): 265–295 (Docket EPA– 
HQ–OAR2014–0827–0074). 

923 The authors also discuss a third component, 
the impact of regulation on factor prices, but 
conclude that this effect is unlikely to be important 
for large competitive factor markets, such as labor 
and capital. Morgenstern, Pizer and Shih (2002) use 
a similar model, but they break the employment 
effect into three parts: (1) The demand effect; (2) the 
cost effect; and (3) the factor-shift effect. See 
Morgenstern, Richard D., William A. Pizer, and 
Jhih-Shyang Shih. ‘‘Jobs Versus the Environment: 
An Industry-Level Perspective.’’ Journal of 
Environmental Economics and Management 43 
(2002): 412–436 (Docket EPA–HQ–OAR–2014– 
0827–0088). 

924 As noted above, Morgenstern et al. (2002) 
separate the effect of holding output constant into 
two effects: The cost effect, which holds labor 
intensity constant, and the factor shift effect, which 
estimates those changes in labor intensity. 

925 http://www.bls.gov/emp/ep_data_emp_
requirements.htm; see ‘‘HD Substitution Effect 
Employment Impacts,’’ Docket EPA–HQ–OAR– 
2014–0827. 

926 http://www.census.gov/manufacturing/asm/ 
index.html; see ‘‘HD Substitution Effect 
Employment Impacts,’’ Docket EPA–HQ–OAR– 
2014–0827. 

changes in employment due to these 
final rules. We include discussion of 
effects on the parts manufacturing 
sector, because the motor vehicle 
manufacturing sector can either produce 
parts internally or buy them from an 
external supplier, and we do not have 
estimates of the likely breakdown of 
effort between the two sectors. 

We follow the theoretical structure of 
Berman and Bui 922 of the impacts of 
regulation in employment in the 
regulated sectors. In Berman and Bui’s 
(2001, p. 274–75) theoretical model, as 
described above, the change in a firm’s 
labor demand arising from a change in 
regulation is decomposed into two main 
components: Output and substitution 
effects.923 As the output and 
substitution effects may be both 
positive, both negative, or some 
combination, standard neoclassical 
theory alone does not point to a 
definitive net effect of regulation on 
labor demand at regulated firms. 

Following the Berman and Bui 
framework for the impacts of regulation 
on employment in the regulated sector, 
we consider two effects for the motor 
vehicle sector: The output effect and the 
substitution effect. 

(a) The Output Effect 

If truck or trailer sales increase, then 
more people will be required to 
assemble trucks, trailers, and their 
components. If truck or trailer sales 
decrease, employment associated with 
these activities will decrease. The 
effects of this final rulemaking on HD 
vehicle sales thus depend on the 
perceived desirability of the new 
vehicles. On one hand, this final 
rulemaking will increase truck and 
trailer costs; by itself, this effect would 
reduce truck and trailer sales. In 
addition, while decreases in truck 
performance would also decrease sales, 
this program is not expected to have any 
negative effect on truck performance. 
On the other hand, this final rulemaking 
will reduce the fuel costs of operating 

the trucks; by itself, this effect would 
increase truck sales, especially if 
potential buyers have an expectation of 
higher fuel prices. The agencies have 
not made an estimate of the potential 
change in truck or trailer sales. 
However, as discussed in IX.E., the 
agencies have estimated an increase in 
vehicle miles traveled (i.e., VMT 
rebound) due to the reduced operating 
costs of trucks meeting these standards. 
Since increased VMT is most likely to 
be met with more drivers and more 
trucks, our projection of VMT rebound 
is suggestive of an increase in vehicle 
sales and truck driver employment 
(recognizing that these increases may be 
partially offset by a decrease in 
manufacturing and sales for equipment 
of other modes of transportation such as 
rail cars or barges). 

(b) The Substitution Effect 
The output effect, above, measures the 

effect due to new truck and trailer sales 
only. The substitution effect includes 
the impacts due to the changes in 
technologies needed for vehicles to meet 
these standards, separate from the effect 
on output (that is, as though holding 
output constant). This effect includes 
both changes in employment due to 
incorporation of abatement technologies 
and overall changes in the labor 
intensity of manufacturing. We present 
estimates for this effect to provide a 
sense of the order of magnitude of 
expected impacts on employment, 
which we expect to be small in the 
automotive sector, and to repeat that 
regulations may have positive as well as 
negative effects on employment. 

One way to estimate this effect, given 
the cost estimates for complying with 
the final rule, is to use the ratio of 
workers to each $1 million of 
expenditures in that sector. The use of 
these ratios has both advantages and 
limitations. It is often possible to 
estimate these ratios for quite specific 
sectors of the economy: For instance, it 
is possible to estimate the average 
number of workers in the motor vehicle 
body and trailer manufacturing sector 
per $1 million spent in the sector, rather 
than use the ratio from another, more 
aggregated sector, such as motor vehicle 
manufacturing. As a result, it is not 
necessary to extrapolate employment 
ratios from possibly unrelated sectors. 
On the other hand, these estimates are 
averages for the sectors, covering all the 
activities in those sectors; they may not 
be representative of the labor required 
when expenditures are required on 
specific activities, or when 
manufacturing processes change 
sufficiently that labor intensity changes. 
For instance, the ratio for the motor 

vehicle manufacturing sector represents 
the ratio for all vehicle manufacturing, 
not just for emissions reductions 
associated with compliance activities. In 
addition, these estimates do not include 
changes in sectors that supply these 
sectors, such as steel or electronics 
producers. They thus may best be 
viewed as the effects on employment in 
the motor vehicle sector due to the 
changes in expenditures in that sector, 
rather than as an assessment of all 
employment changes due to these 
changes in expenditures. In addition, 
this approach estimates the effects of 
increased expenditures while holding 
constant the labor intensity of 
manufacturing; it does not take into 
account changes in labor intensity due 
to changes in the nature of production. 
This latter effect could either increase or 
decrease the employment impacts 
estimated here.924 

Some of the costs of these final rules 
will be spent directly in the motor 
vehicle manufacturing sector, but it is 
also likely that some of the costs will be 
spent in the motor vehicle body and 
trailer and motor vehicle parts 
manufacturing sectors. The analysis 
here draws on estimates of workers per 
$1 million of expenditures for each of 
these sectors. 

There are several public sources for 
estimates of employment per $1 million 
expenditures. The U.S. Bureau of Labor 
Statistics (BLS) provides its 
Employment Requirements Matrix 
(ERM),925 which provides direct 
estimates of the employment per $1 
million in sales of goods in 202 sectors. 
The values considered here are for 
Motor Vehicle Manufacturing (NAICS 
3361), Motor Vehicle Body and Trailer 
Manufacturing (NAICS 3362), and 
Motor Vehicle Parts Manufacturing 
(NAICS 3363) for 2014. 

The Census Bureau provides the 
Annual Survey of Manufacturers 926 
(ASM), a subset of the Economic Census 
(EC), based on a sample of 
establishments; though the EC itself is 
more complete, it is conducted only 
every 5 years, while the ASM is annual. 
Both include more sectoral detail than 
the BLS ERM: For instance, while the 
ERM includes the Motor Vehicle 
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927 To estimate the proportion of domestic 
production affected by the change in sales, we use 
data from Ward’s Automotive Group for total truck 
production in the U.S. compared to total truck sales 
in the U.S. For the period 2006–2015, the 
proportion is 78 percent (HD Substitution Effect 

Employment Impacts, Docket EPA–HQ–OAR–2014– 
0827), ranging from 68 percent (2009) to 83 percent 
(2012) over that time. 

928 http://www.bls.gov/emp/ep_data_emp_
requirements.htm; see ‘‘HD Substitution Effect 
Employment Impacts,’’ Docket EPA–HQ–OAR– 

2014–0827. This analysis used data for sectors 80 
(Motor Vehicle Manufacturing), 81 (Motor Vehicle 
Body and Trailer Manufacturing), and 82 (Motor 
Vehicle Parts Manufacturing) from ‘‘Chain-weighted 
(2009 dollars) real domestic employment 
requirements tables.’’ 

Manufacturing sector, the ASM and EC 
have detail at the 6-digit NAICS code 
level (e.g., light truck and utility vehicle 
manufacturing). While the ERM 
provides direct estimates of employees/ 
$1 million in expenditures, the ASM 
and EC separately provide number of 
employees and value of shipments; the 
direct employment estimates here are 
the ratio of those values. The values 
reported are for Motor Vehicle 
Manufacturing (NAICS 3361), Light 
Truck and Utility Vehicle 
Manufacturing (NAICS 336112), Heavy 
Duty Truck Manufacturing (NAICS 
33612), Motor Vehicle Body and Trailer 
manufacturing (NAICS 3362), and Motor 
Vehicle Parts Manufacturing (NAICS 
3363). 

RIA Chapter 8.11.2.2 provides the 
details on the values of workers per $1 
million in expenditures in 2014 (2012 
for EC) for the sectors mentioned above. 
In 2013$, these range from 0.4 workers 
per $1 million for Motor Vehicle 
Manufacturing in the ERM as well as for 
Light Truck & Utility Vehicle 
Manufacturing in the ASM, to 3.5 
workers per $1 million in expenditures 
for Motor Vehicle Body and Trailer 
Manufacturing in the EC. These values 
are then adjusted to remove the 
employment effects of imports through 

use of a ratio of domestic production to 
domestic sales of 0.78.927 

Over time, the amount of labor 
needed in the motor vehicle industry 
has changed: Automation and improved 
methods have led to significant 
productivity increases. The BLS ERM, 
for instance, provided estimates that, in 
1997, 1.09 workers in the Motor Vehicle 
Manufacturing sector were needed per 
$1 million, but only 0.39 workers by 
2014 (in 2013$).928 Because the ERM is 
available annually for 1997–2014, we 
used these data to estimate productivity 
improvements over time. We then used 
these productivity estimates to project 
the ERM through 2027, and to adjust the 
ASM values for 2014 and the EC values 
for 2012. RIA Chapter 8.11.2 provides 
detail on these calculations. 

Finally, to simplify the presentation 
and give a range of estimates, we 
compared the projected employment 
among the 3 sectors for the ERM, EC, 
and ASM, and we provide only the 
maximum and minimum employment 
effects estimated across the ERM, EC, 
and ASM. We provide the range rather 
than a point estimate because of the 
inherent difficulties in estimating 
employment impacts; the range gives an 
estimate of the expected magnitude. The 
ERM estimates in the Motor Vehicle 
Manufacturing Sector are consistently 

the minimum values. The ASM 
estimates in the Motor Vehicle Body 
and Trailer Manufacturing Sector are 
the maximum values for all years but 
2027, when the ASM values for Motor 
Vehicle Parts Manufacturing provide the 
maximum values. 

Section IX.B. of the Preamble 
discusses the vehicle cost estimates 
developed for these final rules. The final 
step in estimating employment impacts 
is to multiply costs (in $ millions) by 
workers per $1 million in costs, to 
estimate employment impacts in the 
regulated and parts manufacturing 
sectors. Increased costs of vehicles and 
parts will, by itself, and holding labor 
intensity constant, be expected to 
increase employment between 2018 and 
2027 between zero and 4.5 thousand 
jobs each year. 

While we estimate employment 
impacts, measured in job-years, 
beginning with program 
implementation, some of these 
employment gains may occur earlier as 
motor vehicle manufacturers and parts 
suppliers hire staff in anticipation of 
compliance with the standards. A job- 
year is a way to calculate the amount of 
work needed to complete a specific task. 
For example, a job-year is one year of 
work for one person. 

TABLE IX–33—EMPLOYMENT EFFECTS DUE TO INCREASED COSTS OF VEHICLES AND PARTS (SUBSTITUTION EFFECT), IN 
JOB-YEARS 

Year Costs 
(millions of 2013$) 

Minimum employment due 
to substitution effect 

(ERM estimates, 
expenditures in the Motor 

Vehicles Mfg sector) 

Maximum employment due 
to substitution effect 

(ASM estimates, 
expenditures in the Body 
and Trailer Mfg sector a) 

2018 ....................................................................................... 227 0 400 
2019 ....................................................................................... 215 0 400 
2020 ....................................................................................... 220 0 300 
2021 ....................................................................................... 2,270 300 3,100 
2022 ....................................................................................... 2,243 300 2,900 
2023 ....................................................................................... 2,485 300 2,900 
2024 ....................................................................................... 3,890 400 4,200 
2025 ....................................................................................... 4,146 400 4,100 
2026 ....................................................................................... 4,203 400 3,800 
2027 ....................................................................................... 5,219 500 4,500 

Note: 
a For 2027, the maximum employment effects are associated with the ASM’s Motor Vehicle Parts Manufacturing sector. 

(c) Summary of Employment Effects in 
the Motor Vehicle Sector 

The overall effect of these final rules 
on motor vehicle sector employment 
depends on the relative magnitude of 
the output effect and the substitution 

effect. Because we do not have 
quantitative estimates of the output 
effect, and only a partial estimate of the 
substitution effect, we cannot reach a 
quantitative estimate of the overall 
employment effects of these final rules 

on motor vehicle sector employment or 
even whether the total effect will be 
positive or negative. 

These standards are not expected to 
provide incentives for manufacturers to 
shift employment between domestic and 
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929 American Transportation Research Institute, 
‘‘An Analysis of the Operational Costs of Trucking: 
2011 Update.’’ See http://www.atri-online.org/ 
research/results/Op_Costs_2011_Update_one_page_
summary.pdf, Docket EPA–HQ–OAR–2014–0827– 
512. 

930 Association of American Railroads, ‘‘All 
Inclusive Index and Rail Adjustment Factor.’’ June 
3, 2011. See http://www.aar.org/∼/media/aar/Rail
CostIndexes/AAR-RCAF-2011-Q3.ashx, Docket 
EPA–HQ–OAR–2014–0827–0065. 

931 In the 2014 BLS ERM cited above, the 
Petroleum and Coal Products Manufacturing sector 
has a ratio of workers per $1 million of 0.215, lower 
than all but two of the 181 sectors with non-zero 
employment per $1 million. 

foreign production. This is because 
these standards will apply to vehicles 
sold in the U.S. regardless of where they 
are produced. If foreign manufacturers 
already have increased expertise in 
satisfying the requirements of the 
standards, there may be some initial 
incentive for foreign production, but the 
opportunity for domestic manufacturers 
to sell in other markets might increase. 
To the extent that the requirements of 
these final rules might lead to 
installation and use of technologies that 
other countries may seek now or in the 
future, developing this capacity for 
domestic production now may provide 
some additional ability to serve those 
markets. 

(3) Employment Impacts in Other 
Affected Sectors 

(a) Transport and Shipping Sectors 
Although not directly regulated by 

these final rules, employment effects in 
the transport and shipping sector are 
likely to result from these regulations. If 
the overall cost of shipping a ton of 
freight decreases because of increased 
fuel efficiency (taking into account the 
increase in upfront purchasing costs), in 
a perfectly competitive industry some of 
these costs savings, depending on the 
relative elasticities of supply and 
demand, will be passed along to 
customers. Consumer Federation of 
America expects reduced shipping costs 
to be passed along to customers. With 
lower prices, demand for shipping 
would lead to an increase in demand for 
truck shipping services (consistent with 
the VMT rebound effect analysis) and 
therefore an increase in employment in 
the truck shipping sector. In addition, if 
the relative cost of shipping freight via 
trucks becomes cheaper than shipping 
by other modes (e.g., rail or barge), then 
employment in the truck transport 
industry is likely to increase. If the 
trucking industry is more labor 
intensive than other modes, we would 
expect this effect to lead to an overall 
increase in employment in the transport 
and shipping sectors.929 930 Such a shift 
would, however, be at the expense of 
employment in the sectors that are 
losing business to trucking. The first 
effect—a gain due to lower shipping 
costs—is likely to lead to a net increase 

in employment. The second effect, due 
to mode-shifting, may increase 
employment in trucking, but decrease 
employment in other shipping sectors 
(e.g., rail or barge), with the net effects 
dependent on the labor-intensity of the 
sectors and the volumes. 

(b) Fuel Suppliers 
In addition to the effects on the 

trucking industry and related truck parts 
sector, these final rules will result in 
reductions in fuel use that lower GHG 
emissions. Fuel saving, principally 
reductions in liquid fuels such as diesel 
and gasoline, will affect employment in 
the fuel suppliers industry sectors, 
principally the Petroleum Refinery 
sector. 

Section IX.C. of this Preamble 
provides estimates of the effects of these 
standards on expected fuel 
consumption. While reduced fuel 
consumption represents savings for 
purchasers of fuel, it also represents a 
loss in value of output for the petroleum 
refinery industry, which will result in 
reduced sectoral employment. Because 
this sector is material-intensive, the 
employment effect is not expected to be 
large.931 

(c) Fuel Savings 
As a result of this final rulemaking, it 

is anticipated that trucking firms will 
experience fuel savings. Fuel savings 
lower the costs of transportation goods 
and services. In a competitive market, 
some of the fuel savings that initially 
accrue to trucking firms are likely to be 
passed along as lower transportation 
costs that, in turn, could result in lower 
prices for final goods and services. 
Some commenters provide estimates of 
per-household fuel savings ranging from 
$150 per year by 2030 (Clean Fuels 
Ohio, Edison Solar, a mass comment 
campaign sponsored by Pew Charitable 
Trusts, Quasar Energy Group), to $400 
in 2035 (Environmental Defense Fund); 
they view these savings as providing 
benefits to the wider economy. The 
National Ready Mixed Concrete 
Association emphasizes concerns about 
the costs that the standards will impose. 
Although the agencies do not endorse 
the particular values provided in the 
comments, we agree that the standards 
will provide net benefits to the U.S.; as 
shown in Section IX.K., the benefits 
exceed the costs by a wide margin. As 
noted above, the Consumer Federation 
of America expects consumers to 
recover these fuel savings via the costs 

of goods and services relying on HD 
vehicles. The agencies note that some of 
the savings might also be retained by 
firms for investments or for 
distributions to firm owners. Again, 
how much accrues to customers versus 
firm owners will depend on the relative 
elasticities of supply and demand. 
Regardless, the savings will accrue to 
some segment of consumers: Either 
owners of trucking firms or the general 
public, and the effect will be increased 
spending by consumers in other sectors 
of the economy, creating jobs in a 
diverse set of sectors, including retail 
and service industries. 

As described in Section IX.C.(2), the 
retail value of fuel savings from this 
final rulemaking is projected to be $15.8 
billion (2013$) in 2027, according to 
Table IX–6. If all those savings are 
spent, the fuel savings will stimulate 
increased employment in the economy 
through those expenditures. If the fuel 
savings accrue primarily to firm owners, 
they may either reinvest the money or 
take it as profit. Reinvesting the money 
in firm operations could increase 
employment directly. If they take the 
money as profit, to the extent that these 
owners are wealthier than the general 
public, they may spend less of the 
savings, and the resulting employment 
impacts would be smaller than if the 
savings went to the public. Thus, while 
fuel savings are expected to decrease 
employment in the refinery sector, they 
are expected to increase employment 
through increased consumer 
expenditures. 

(4) Summary of Employment Impacts 
The primary employment effects of 

these rules are expected to be found 
throughout several key sectors: Truck 
and engine manufacturers, the trucking 
industry, truck parts manufacturing, 
fuel production, and consumers. These 
rules initially takes effect in model year 
2018; the unemployment rate at that 
time is unknowable. In an economy 
with full employment, the primary 
employment effect of a rulemaking is 
likely to be to move employment from 
one sector to another, rather than to 
increase or decrease employment. For 
that reason, we focus our partial 
quantitative analysis on employment in 
the regulated sector, to examine the 
impacts on that sector directly. We 
discuss the likely direction of other 
impacts in the regulated sector as well 
as in other directly related sectors, but 
we do not quantify those impacts, 
because they are more difficult to 
quantify with reasonable accuracy, 
particularly so far into the future. 

For the regulated sector, we have not 
quantified the output effect. The 
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substitution effect is associated with 
potential increased employment 
between zero and 4.5 thousand jobs per 
year between 2018 and 2027, depending 
on the share of employment impacts in 
the affected sectors (Motor Vehicle 
Manufacturing, Motor Vehicle Body and 
Trailer Manufacturing, and Motor 
Vehicle Parts Manufacturing). These 
estimates do not include potential 
changes, either greater or less, in labor 
intensity of production. As mentioned 
above, some of these job gains may 
occur earlier as auto manufacturers and 
parts suppliers hire staff to prepare to 
comply with the standard. 

Lower prices for shipping are 
expected to lead to an increase in 
demand for truck shipping services and, 
therefore, an increase in employment in 
that sector, though this effect may be 
offset somewhat by changes in 
employment in other shipping sectors. 
Reduced fuel production implies less 
employment in the fuel provision 
sectors. Finally, any net cost savings are 
expected to be passed along to some 
segment of consumers: Either the 
general public or the owners of trucking 
firms, who are expected then to increase 
employment through their expenditures. 
Under conditions of full employment, 
any changes in employment levels in 

the regulated sector due to this program 
are mostly expected to be offset by 
changes in employment in other sectors. 

M. Cost of Ownership and Payback 
Analysis 

This section examines the economic 
impacts of the Phase 2 standards from 
the perspective of buyers, operators, and 
subsequent owners of new HD vehicles 
at the level of individual purchasers of 
different types of vehicles. In each case, 
the analysis assumes that HD vehicle 
manufacturers are able to recover their 
costs for improving fuel efficiency— 
including direct technology outlays, 
indirect costs, and normal profits on any 
additional capital investments—by 
charging higher prices to HD vehicle 
buyers. 

Table IX–34 reports aggregate benefits 
and costs to buyers and operators of 
new HD vehicles for the final program 
using Method A. The table reports 
economic impacts on buyers using only 
the 7 percent discount rate, since that 
rate is intended to represent the 
opportunity cost of capital that HD 
vehicle buyers and users must divert 
from other investment opportunities to 
purchase more costly vehicles. As it 
shows, fuel savings and the other 
benefits from increased fuel efficiency— 
savings from less frequent refueling and 

benefits from additional truck use—far 
outweigh the higher costs to buyers of 
new HD vehicles. As a consequence, 
buyers, operators, and subsequent 
owners of HD vehicles subject to the 
Phase 2 standards are together projected 
to experience large economic gains 
under the final program. It should be 
noted that, because the original buyers 
may not hold the vehicles for their 
lifetimes, and because those who own or 
operate the vehicles may not pay for the 
fuel, these benefits and costs do not 
necessarily represent benefits and costs 
to identifiable individuals. 

As Table IX–34 shows, the agencies 
have estimated the increased costs for 
maintenance of the new technologies 
that HD vehicle manufacturers will 
employ to decrease fuel consumption, 
and these costs are included together 
with those for purchasing more fuel- 
efficient vehicles. Manufacturers’ efforts 
to comply with the Phase 2 standards 
could also result in changes to vehicle 
performance and capacity for certain 
vehicles. For example, reducing the 
mass of HD vehicles in order to improve 
fuel efficiency could be used to improve 
their load-carrying capabilities, while 
some engine technologies and 
aerodynamic modifications could 
reduce payload capacity. 

TABLE IX–34—MY 2018–2029 LIFETIME AGGREGATE IMPACTS OF THE FINAL PROGRAM ON ALL HD VEHICLE BUYERS 
AND OPERATORS USING METHOD A 

[Billions of 2013$, Discounted at 7%] a 

 Baseline 1a Baseline 1b 

Vehicle costs ............................................................................................................................................................ 16.6 16.1 
Maintenance costs ................................................................................................................................................... 0.9 0.9 

Total costs to HD vehicle buyers ..................................................................................................................... 17.5 17.0 
Fuel savings b (valued at retail prices) .................................................................................................................... 97.7 89.5 
Refueling benefits .................................................................................................................................................... 1.7 1.6 
Increased travel benefits ......................................................................................................................................... 3.5 3.4 

Total benefits to HD vehicle buyers/operators ................................................................................................. 103 94.5 
Net benefits to HD vehicle buyers/operators c ................................................................................................. 85.4 77.5 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 
b Fuel savings includes fuel consumed during additional rebound driving. 
c Net benefits shown do not include benefits associated with carbon or other co-pollutant emission reductions, crash/congestion/noise impacts, 

energy security, etc. 

It is also useful to examine the cost of 
purchasing and owning a new vehicle 
that complies with the Phase 2 
standards and its payback period—the 
point at which cumulative savings from 
lower fuel expenditures outpace 
increased vehicle costs. For example, a 
new MY 2027 tractor is estimated to 
cost roughly $13,550 more (on average, 
or roughly 13 to 14 percent of a typical 
$100,000 reference case tractor) due to 

the addition of new GHG reducing/fuel 
consumption improving technology. 
This new technology will result in 
lower fuel consumption and, therefore, 
reduced fuel expenditures. But how 
many months or years will pass before 
the reduced fuel expenditures will 
surpass the increased upfront costs? 

Table IX–35 presents the discounted 
annual increased vehicle costs and fuel 
savings associated with owning a new 
MY 2027 HD pickup or van using both 

3 percent and 7 percent discount rates. 
Table IX–36 and Table IX–37 show the 
same information for a MY 2027 
vocational vehicle and a tractor/trailer, 
respectively. These comparisons 
include sales taxes, excise taxes (for 
vocational and tractor/trailer) and 
increased insurance expenditures on the 
higher value vehicles, as well as 
maintenance costs throughout the 
lifetimes of affected vehicles. 
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932 U.S. Energy Information Administration, 
Annual Energy Outlook 2015; Report Number DOE/ 
EIA–0383(2015), April 2015. 

The fuel expenditure column uses 
retail fuel prices specific to gasoline and 
diesel fuel as projected in AEO2015.932 
This payback analysis does not include 
other impacts, such as reduced refueling 
events, the value of driving potential 
rebound miles, or noise, congestion and 
crashes. We use retail fuel prices and 

exclude these other private and social 
impacts because the analysis is intended 
to focus on those factors that are most 
important to buyers when considering a 
new vehicle purchase, and to include 
only those factors that have clear dollar 
impacts on HD vehicle buyers. 

As shown, payback will occur in the 
3rd year of ownership for HD pickups 

and vans (the first year where 
cumulative net costs turn negative), in 
the 4th year for vocational vehicles and 
early in the 2nd year for tractor/trailers. 
Note that each table reflects the average 
vehicle and reflects proper weighting of 
fuel consumption/costs (gasoline vs. 
diesel). 

TABLE IX–35—DISCOUNTED ANNUAL INCREMENTAL EXPENDITURES FOR A MY 2027 HD PICKUP OR VAN USING METHOD 
B AND RELATIVE TO THE FLAT BASELINE 

[2013$] a 

Age in years 

3% Discount rate 7% Discount rate 

Vehicle b Maint c Fuel d Cumulative 
net Vehicle b Maint c Fuel d Cumulative 

net 

1 ....................................... ¥$1,451 ¥$4 $550 ¥$905 ¥$1,424 ¥$4 $540 ¥$888 
2 ....................................... ¥25 ¥4 539 ¥395 ¥24 ¥3 509 ¥406 
3 ....................................... ¥24 ¥3 527 105 ¥21 ¥3 479 49 
4 ....................................... ¥22 ¥3 515 595 ¥19 ¥3 451 477 
5 ....................................... ¥21 ¥3 492 1,064 ¥17 ¥3 415 872 
6 ....................................... ¥19 ¥3 469 1,511 ¥16 ¥2 381 1,235 
7 ....................................... ¥18 ¥3 446 1,936 ¥14 ¥2 348 1,567 
8 ....................................... ¥17 ¥2 423 2,340 ¥13 ¥2 318 1,870 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b Includes new technology costs, insurance costs and sales taxes. 
c Maintenance costs. 
d Uses AEO2015 retail fuel prices. 

TABLE IX–36—DISCOUNTED ANNUAL INCREMENTAL EXPENDITURES FOR A MY 2027 VOCATIONAL VEHICLE USING 
METHOD B AND RELATIVE TO THE FLAT BASELINE 

[2013$] a 

Age in years 

3% Discount rate 7% Discount rate 

Vehicle b Maint c Fuel d Cumulative 
net Vehicle b Maint c Fuel d Cumulative 

net 

1 ....................................... ¥$3,147 ¥$25 $1,022 ¥$2,151 ¥$3,088 ¥$25 $1,003 ¥$2,110 
2 ....................................... ¥49 ¥24 1,004 ¥1,220 ¥46 ¥23 948 ¥1,231 
3 ....................................... ¥46 ¥24 987 ¥303 ¥42 ¥21 898 ¥397 
4 ....................................... ¥43 ¥23 970 602 ¥38 ¥20 849 394 
5 ....................................... ¥40 ¥21 909 1,450 ¥34 ¥18 766 1,109 
6 ....................................... ¥38 ¥19 850 2,243 ¥31 ¥15 689 1,752 
7 ....................................... ¥35 ¥17 796 2,987 ¥27 ¥14 622 2,333 
8 ....................................... ¥33 ¥16 743 3,681 ¥25 ¥12 558 2,854 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b Includes new technology costs, insurance costs, excise and sales taxes. 
c Maintenance costs. 
d Uses AEO2015 retail fuel prices. 

TABLE IX–37—DISCOUNTED ANNUAL INCREMENTAL EXPENDITURES FOR A MY 2027 TRACTOR/TRAILER USING METHOD B 
AND RELATIVE TO THE FLAT BASELINE 

[2013$] a 

Age in years 

3% Discount rate 7% Discount rate 

Vehicle b Maint c Fuel d Cumulative 
net Vehicle b Maint c Fuel d Cumulative 

net 

1 ....................................... ¥$16,022 ¥$169 $15,310 ¥$880 ¥$15,719 ¥$166 $15,021 ¥$864 
2 ....................................... ¥251 ¥163 15,095 13,801 ¥237 ¥154 14,256 13,002 
3 ....................................... ¥235 ¥158 14,872 28,280 ¥214 ¥144 13,521 26,166 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00024 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73905 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

TABLE IX–37—DISCOUNTED ANNUAL INCREMENTAL EXPENDITURES FOR A MY 2027 TRACTOR/TRAILER USING METHOD B 
AND RELATIVE TO THE FLAT BASELINE—Continued 

[2013$] a 

Age in years 

3% Discount rate 7% Discount rate 

Vehicle b Maint c Fuel d Cumulative 
net Vehicle b Maint c Fuel d Cumulative 

net 

4 ....................................... ¥220 ¥153 14,637 42,545 ¥192 ¥134 12,809 38,649 
5 ....................................... ¥206 ¥140 13,683 55,882 ¥173 ¥118 11,527 49,885 
6 ....................................... ¥192 ¥127 12,730 68,292 ¥156 ¥103 10,323 59,950 
7 ....................................... ¥179 ¥116 11,880 79,878 ¥140 ¥90 9,274 68,993 
8 ....................................... ¥166 ¥105 11,025 90,630 ¥125 ¥79 8,285 77,074 

Notes: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
b Includes new technology costs, insurance costs, excise and sales taxes. 
c Maintenance costs. 
d Uses AEO2015 retail fuel prices. 

N. Safety Impacts 

(1) Summary of Supporting HD Vehicle 
Safety Research 

As discussed in the Notice of 
Proposed Rulemaking, NHTSA and EPA 
considered the potential safety impact 
of technologies that improve Medium¥ 

and Heavy-Duty vehicle fuel efficiency 
and GHG emissions when determining 
potential regulatory alternatives. The 
safety assessment of the technologies in 
this rule was informed by two 
comprehensive NAS reports, an 
extensive analysis of safety effects of HD 
pickups and vans using estimates from 
the DOT report on the effect of mass 
reduction and vehicle size on safety, 
and focused agency-sponsored safety 
testing and research. The following 
section provides a concise summary of 
the literature and work considered by 
the agencies in development of this final 
rule. 

(a) National Academy of Sciences 
Medium and Heavy Duty Phase 1 and 
Phase 2 Reports 

As required by EISA, the National 
Research Council has been conducting 
continuing studies of the technologies 
and approaches for reducing the fuel 
consumption of medium- and heavy- 
duty vehicles. The first was a report 
issued in 2010, ‘‘Technologies and 
Approaches to Reducing the Fuel 
Consumption of Medium- and Heavy- 
Duty Vehicles’’ (‘‘NAS Report’’). The 
second was a report issued in 2014, 
‘‘Reducing the Fuel Consumption and 
Greenhouse Gas Emissions of Medium- 
and Heavy-Duty Vehicles, Phase Two- 
First Report’’ (‘‘NAS HD Phase 2 First 
Report’’). While the reports primarily 
focused on reducing vehicle fuel 
consumption and emissions through 
technology application, and examined 
potential regulatory frameworks, both 

reports contain findings and 
recommendations related to safety. In 
developing this rule, the agencies 
carefully considered the reports’ 
findings related to safety. 

In particular, NAS indicated that idle 
reduction strategies can also 
accommodate for the safety of the driver 
in both hot and cold weather 
conditions. The agencies considered 
this potential approach for application 
of idle reduction technologies by 
allowing for override provisions, as 
defined in 40 CFR 1037.660(b), where 
operator safety is a primary 
consideration. Override is allowed if the 
external ambient temperature reaches a 
level below which or above which the 
cabin temperature cannot be maintained 
within reasonable heat or cold exposure 
threshold limit values for the health and 
safety of the operator (not merely 
comfort). 

NAS also reported extensively on the 
emergence of natural gas (NG) as a 
viable fuel option for commercial 
vehicles, but alluded to the existence of 
uncertainties regarding its safety. The 
committee found that while the public 
crash databases do not contain 
information on vehicle fuel type, the 
information, at the time of the report, 
indicates that the crash-related safety 
risk for NG storage on vehicles does not 
appear to be appreciably different from 
diesel fuel risks. The committee also 
found that while there are two existing 
SAE-recommended practice standards 
for NG-powered HD vehicles, the 
industry could benefit from best 
practice directives to minimize crash 
risks for NG fuel tanks, such as on 
shielding to prevent punctures during 
crashes. As a final point, NAS stated 
that manufacturers and operators have a 
great incentive to prevent possible NG 
leakage from a vehicle fuel system 
because it will be a significant safety 

concern and reduce vehicle range. No 
recommendations were made for 
additional Federal safety regulations for 
these vehicles. In response, the agencies 
reviewed and discussed the existing NG 
vehicle standards and best practices 
cited by NAS in Section XI of the 
NPRM. 

In the NAS Committee’s Phase 1 
report, the Committee indicated that 
aerodynamic fairings detaching from 
trucks on the road could be a potential 
safety issue. However, the Phase 2 
interim report stated that ‘‘Anecdotal 
information gained during the 
observations of on-road trailers 
indicates a few skirts badly damaged or 
missing from one side. The skirt 
manufacturers report no safety concerns 
(such as side skirts falling off) and little 
maintenance needed.’’ 

The NAS report also identified the 
link between tire inflation and 
condition and vehicle stopping distance 
and handling, which impacts overall 
safety. The committee found that tire 
pressure monitoring systems and 
automatic tire inflation systems are 
being adopted by fleets at an increasing 
rate. However, the committee noted that 
there are no standards for performance, 
display, and system validation. The 
committee recommended that NHTSA 
issue a white paper on the minimum 
performance of tire pressure systems 
from a safety perspective. 

The agencies considered the safety 
findings in both NAS reports in 
developing this rule and conducted 
additional research on safety to further 
examine information and findings of the 
reports. 

(b) DOT CAFE Model Heavy-Duty 
Pickup and Van Safety Analysis 

This analysis considered the potential 
crash safety effects on the technologies 
manufacturers may apply to HD pickups 
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933 Brecher, A., Epstein, A. K., & Breck, A. (2015, 
June). Review and analysis of potential safety 
impacts of and regulatory barriers to fuel efficiency 
technologies and alternative fuels in medium- and 
heavy-duty vehicles. (Report No. DOT HS 812 159). 
Washington, DC: National Highway Traffic Safety 
Administration. 

and vans to meet each of the regulatory 
alternatives evaluated in the NPRM. 
NHTSA research has shown that vehicle 
mass reduction affects overall societal 
fatalities associated with crashes and, 
most relevant to this rule, that mass 
reduction in heavier light- and medium- 
duty vehicles has an overall beneficial 
effect on societal fatalities. Reducing the 
mass of a heavier vehicle involved in a 
multiple vehicle crash reduces the 
likelihood of fatalities among the 
occupants of the other vehicle(s). In 
addition to the effects of mass 
reduction, the analysis anticipates that 
these standards, by reducing the cost of 
driving HD pickups and vans, will lead 
to increased travel by these vehicles 
and, therefore, more crashes involving 
these vehicles. Both the Method A and 
B analyses, both of which are included 
in the NPRM and are part of this final 
rulemaking, consider overall impacts 
from both of these factors, using a 
methodology similar to NHTSA’s 
analyses for the MYs 2017–2025 CAFE 
and GHG emission standards. 

The Method A analysis included 
estimates of the extent to which HD 
pickups and vans produced during MYs 
2014–2030 may be involved in fatal 
crashes, considering the mass, survival, 
and mileage accumulation of these 
vehicles, taking into account changes in 
mass and mileage accumulation under 
each regulatory alternative. These 
calculations make use of the same 
coefficients applied to light trucks in the 
MYs 2017–2025 CAFE rulemaking 
analysis. As discussed above, vehicle 
miles traveled may increase due to the 
fuel economy rebound effect, resulting 
from improvements in vehicle fuel 
efficiency and cost of fuel, as well as the 
assumed future growth in average 
vehicle use. Increases in total lifetime 
mileage increase exposure to vehicle 
crashes, including those that result in 
fatalities. Consequently, the modeling 
system computes total fatalities 
attributed to vehicle use for vehicles of 
a given model year based on safety class 
and weight threshold. These 
calculations also include a term that 
accounts for the fact that some of the 
vehicles involved in future crashes will 
comply with more stringent safety 
standards than those involved in past 
crashes upon which the base rates of 
involvement in fatal crashes were 
estimated. Since the use of mass 
reducing technology is present within 
the model, safety impacts may also be 
observed whenever a vehicle’s base 
weight decreases. Thus, in addition to 
computing total fatalities related to 
vehicle use, the modeling system also 

estimates changes in fatalities due to 
reduction in a vehicle’s curb weight. 

The total fatalities attributed to 
vehicle use and vehicle weight change 
for vehicles of a given model year are 
then summed. Lastly, total fatalities 
occurring within the industry in a given 
model year are accumulated across all 
vehicles. In addition to using inputs to 
estimate the future involvement of 
modeled vehicles in crashes involving 
fatalities, the model also applies inputs 
defining other crash-related externalities 
estimated on a dollar per mile basis. For 
vehicles above 4,594 lbs—i.e., the 
majority of the HD pickup and van 
fleet—mass reduction is estimated to 
reduce the net incidence of highway 
fatalities by 0.34 percent per 100 lbs of 
removed curb weight. For the few HD 
pickups and vans below 4,594 lbs, mass 
reduction is estimated to increase the 
net incidence of highway fatalities by 
0.52 percent per 100 lbs. The overall 
effect of mass reduction in the segment 
is estimated to reduce the incidence of 
highway fatalities as there are more HD 
pickups and vans above 4,594 lbs than 
below. The projected increase in vehicle 
miles traveled, due to the fuel economy 
rebound effect, also potentially 
increases exposure to vehicle crashes 
and offsets these reductions. 

(c) Volpe Research on MD/HD Fuel 
Efficiency Technologies 

The 2010 National Research Council 
report ‘‘Technologies and Approaches to 
Reducing the Fuel Consumption of 
Medium- and Heavy-Duty Vehicles’’ 
recommended that NHTSA perform a 
thorough safety analysis to identify and 
evaluate potential safety issues with fuel 
efficiency-improving technologies. The 
Department of Transportation Volpe 
Center’s 2015 report titled ‘‘Review and 
Analysis of Potential Safety Impacts and 
Regulatory Barriers to Fuel Efficiency 
Technologies and Alternative Fuels in 
Medium- and Heavy-Duty Vehicles’’ 
summarizes research and analysis 
findings on potential safety issues 
associated with both the diverse 
alternative fuels (natural gas-CNG and 
LNG, propane, biodiesel, and power 
train electrification), and the specific FE 
technologies recently adopted by the 
MD/HDV fleets.933 These include 
Intelligent Transportation Systems (ITS) 
and telematics, speed limiters, idle 
reduction devices, tire technologies 
(single-wide tires, and tire pressure 

monitoring systems-TPMS and 
Automated Tire Inflation Systems- 
ATIS), aerodynamic components, 
vehicle light-weighting materials, and 
Long Combination Vehicles (LCVs). 

Chapter 1 provides an overview of the 
study’s rationale, background, and key 
objective, namely, to identify the 
technical and operational/behavioral 
safety benefits and disbenefits of MD/ 
HDVs equipped with FE technologies 
and using emerging alternative fuels 
(AFs). Recent MD/HDV national fleet 
crash safety statistical averages are also 
provided for context, although no 
information exists in crash reports 
relating to specific vehicle FE 
technologies and fuels. (NHTSA/FARS 
and FMCSA/CSA databases do not 
include detailed information on vehicle 
fuel economy technologies, since the 
state crash report forms are not coded 
down to an individual fuel economy 
technology level). 

Chapters 2 and 3 are organized by 
clusters of functionally-related FE 
technologies for vehicles and trailers 
(e.g., tire systems, ITS, light-weighting 
materials, and aerodynamic systems) 
and alternative fuels, which are 
described and their respective 
associated potential safety issues are 
discussed. Chapter 2 summarizes the 
findings from a comprehensive review 
of available technical and trade 
literature and Internet sources regarding 
the benefits, potential safety hazards, 
and the applicable safety regulations 
and standards for deployed FE 
technologies and alternative fuels. 
Chapter 2 safety-relevant fuel-specific 
findings include: 

• Both CNG- and LNG-powered 
vehicles present potential hazards, and 
call for well-known engineering and 
process controls to assure safe 
operability and crashworthiness. 
However, based on the reported 
incident rates of NGVs and the 
experiences of adopting fleets, it 
appears that NGVs can be operated at 
least as safely as diesel MD/HDVs. 

• There are no safety 
contraindications to the large scale fleet 
adoption of CNG or LNG fueled heavy 
duty trucks and buses, and there is 
ample experience with the safe 
operation of large public transit fleets. 
Voluntary industry standards and best 
practices suffice for safety assurance, 
though improved training of CMV 
operators and maintenance staff in 
natural gas safety of equipment and 
operating procedures is needed. 

• Observing CNG and LNG fuel 
system and maintenance facility 
standards, coupled with sound design, 
manufacture, and inspection of natural 
gas storage tanks will further reduce the 
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potential for leaks, tank ruptures, fires, 
and explosions. 

• Biodiesel blends used as drop-in 
fuels have presented some operational 
safety concerns dependent on blending 
fraction, such as material compatibility, 
bio-fouling sludge accumulation, or 
cold-weather gelling. However, best 
practices for biodiesel storage, and 
improved gaskets and seals that are 
biodiesel resistant, combined with 
regular maintenance and leak inspection 
schedules for the fuel lines and 
components enable the safe use of 
biodiesel in newer MD/HDVs. 

• Propane (LPG, or autogas) presents 
well-known hazards including ignition 
(due to leaks or crash) that are 
preventable by using Overfill Prevention 
Devices (OPDs), which supplement the 
automatic stop-fill system on the fueling 
station side, and pressure release 
devices (PRDs). Established best 
practices and safety codes (e.g., NFPA) 
have proven that propane fueled MD/ 
HDVs can be as operationally safe as the 
conventionally-fueled counterparts. 

• As the market penetration of hybrid 
and electric drivetrain accelerates, and 
as the capacity and reliability of lithium 
ion batteries used in Rechargeable 
Energy Storage Systems (RESS) 
improve, associated potential safety 
hazards (e.g., electrocution from 
stranded energy, thermal runaway 
leading to battery fire) have become well 
understood, preventable, and 
manageable. Existing and emerging 
industry technical and safety voluntary 
standards, applicable NHTSA 
regulations and guidance, and the 
growing experience with the operation 
of hybrid and electric MD/HDVs will 
enable the safe operation and large-scale 
adoption of safer and more efficient 
power-train electrification technologies. 

The safety findings from literature 
review pertaining to the specific FE 
technologies implemented to date in the 
MD/HDV fleet include: 

• Telematics—integrating on-board 
sensors, video, and audio alerts for MD/ 
HDV drivers—offer potential 
improvements in both driver safety 
performance and fuel efficiency. Both 
camera and non-camera based 
telematics setups are currently 
integrated with available crash 
avoidance systems (such as ESC, RSC, 
LDWS, etc.) and appear to be well 
accepted by MD/HDV fleet drivers. 

• Both experience abroad and the 
cited US studies of trucks equipped 
with active speed limiters indicated a 
safety benefit, as measured by up to 50 
percent reduced crash rates, in addition 
to fuel savings and other benefits, with 
good CMV driver acceptance. Any 
negative aspects were small and 

avoidable if all the speed limitation 
devices were set to the same speed, so 
there will be less need for overtaking at 
highway speeds. 

• No literature reports of adverse 
safety impacts were found regarding 
implementation of on-board idle- 
reduction technologies in MD/HDVs 
(such as automatic start-stop, direct- 
fired heaters, and APUs). 

• There was no clear consensus from 
the literature regarding the relative 
crash rates and highway safety impacts 
of LCVs, due to lack of sufficient data 
and controls and inconsistent study 
methodologies. Recent safety 
evaluations of LCVs and ongoing MAP– 
21 mandated studies will clarify and 
quantify this issue. 

• Tire technologies for FE (including 
ATIS, TPMS, LRR and single-wide tires) 
literature raised potential safety 
concerns regarding lower stability or 
loss of control, e.g., when tire pressure 
is uneven or a single wide tire blows out 
on the highway. However, systems such 
as automated tire monitoring systems 
and stability enhancing electronic 
systems (ABS, ESC, and RSC) may 
compensate and mitigate any adverse 
safety impacts. 

• Aerodynamic technologies that 
offer significant fuel savings have raised 
potential concerns about vehicle 
damage or injury in case of detached 
fairings or skirts, although there were no 
documented incidents of this type in the 
literature. 

• Some light weighting materials may 
pose some fire safety and 
crashworthiness hazards, depending on 
their performance in structural or other 
vehicle subsystem applications (chassis, 
powertrain, and crash box or safety 
cage). Some composites (fiberglass, 
plastics, CFRC, foams) may become 
brittle on impact or due to weathering 
from UV exposure or extreme cold. 
Industry has developed advanced, high 
performance lightweight material 
options tailored to their automotive 
applications, e.g., thermoplastics 
resistant to UV and weathering. No 
examples of such lightweight material 
failures on MD/HDVs were identified in 
the literature. 

Chapter 3 provides complementary 
inputs on the potential safety issues 
associated with FE technologies and 
alternative fuels obtained from Subject 
Matter Experts (SMEs). The broad cross- 
section of SMEs consulted had 
experience with the operation of 
‘‘green’’ truck and bus fleets, were 
Federal program managers, or were 
industry developers of FE systems for 
MD/HDVs. Safety concerns raised by the 
SMEs can be prevented or mitigated by 
complying with applicable regulations 

and safety standards and best practices, 
and are being addressed by evolving 
technologies, such as electronic 
collision prevention devices. Although 
SMEs raised some safety concerns, their 
experience indicates that system- or 
fuel-specific hazards can be prevented 
or mitigated by observing applicable 
industry standards, and by training 
managers, operators and maintenance 
staff in safety best practices. Specific 
safety concerns raised by SMEs based 
on their experience included: 

• Alternative fuels did not raise major 
safety concerns, but generally required 
better education and training of staff 
and operators. There was a concern 
expressed regarding high pressure (4000 
psi) CNG cylinders that could 
potentially explode in a crash scenario 
or if otherwise ruptured. However, aging 
CNG fuel tank safety can be assured by 
enforcing regulations such as FMVSS 
No. 304, and by periodic inspection and 
end-of-life disposal and replacement. A 
propane truck fleet manager stated that 
the fuel was as safe as or safer than 
gasoline, and reported no safety issues 
with the company’s propane, nor with 
hybrid gasoline-electric trucks. OEMs of 
drivetrain hybridization and 
electrification systems, including 
advanced Lithium Ion batteries for 
RESS, indicated that they undergo 
multiple safety tests and are designed 
with fail-safes for various misuse and 
abuse scenarios. Integration of hybrid 
components downstream by 
bodybuilders in retrofits, as opposed to 
new vehicles, was deemed a potential 
safety risk. Another potential safety 
concern raised was the uncertain battery 
lifetime due to variability of climate, 
duty-cycles, and aging. Without state-of- 
charge indicators, this could 
conceivably leave vehicles 
underpowered or stranded if the battery 
degrades and is not serviced or replaced 
in a timely manner. 

• ITS and telematics raised no safety 
concerns; on the contrary, fleet 
managers stated that ‘‘efficient drivers 
are safer drivers.’’ Monitoring and 
recording of driver behavior, combined 
with coaching, appeared to reduce 
distracted and aggressive driving and 
provided significant FE and safety 
benefits. 

• A wide-base single tire safety 
concern was the decrease in tire 
redundancy in case of a tire blowout at 
highway speeds. For LRRs, a concern 
was that they could negatively affect 
truck stopping distance and stability 
control. 

• A speed-limiter safety concern was 
related to scenarios when such trucks 
pass other vehicles on the highway 
instead of staying in the right-hand lane 
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behind other vehicles. By combining 
speed limiters with driver training 
programs, overall truck safety could 
actually improve, as shown by 
international practice. 

• Aerodynamic systems’ safety 
performance to date was satisfactory, 
with no instances of on-road detaching. 
However, covering underside or other 
components with aerodynamic fairings 
can make them harder to inspect, such 
as worn lugs, CNG relief valve shrouds, 
wheel covers, and certain fairings. 
Drivers and inspectors need to be able 
to see through wheel covers and to be 
able to access lug nuts through them. 
These covers must also be durable to 
withstand frequent road abuse. 

• For lightweighting materials, the 
safety concern raised was lower 
crashworthiness (debonding or brittle 
fracture on impact) and the potential for 
decreased survivability in vehicle fires 
depending on the specific material 
choice and its application. 

The key finding from the literature 
review and SME interviews is that there 
appear to be no major safety hazards 
preventing the adoption of FE 
technologies, or the increased use of 
alternative fuels and vehicle 
electrification. In view of the scarcity of 
hard data currently available on actual 
highway crashes that can be directly or 
causally attributed to adoption of FE 
technologies and/or alternative fuels by 
MD/HDVs, and the limited experience 
with commercial truck and transit bus 
fleets operations equipped with these 
technologies, it was not possible to 
perform a quantitative, probabilistic risk 
assessment, or even a semi-quantitative 
preliminary hazard analysis (PHA). 
Chapter 4 employs a deterministic 
scenario-based hazard analysis of 
potential crash or other safety concerns 
identified from the literature review or 
raised by subject matter experts (SMEs) 
interviewed (e.g., interfaces with 
charging or refueling infrastructure). For 
each specific hazard scenario discussed, 
the recommended prevention or 
mitigation options, including 
compliance with applicable NHTSA or 
FMCSA regulations, and voluntary 
industry standards and best practices 
are identified, along with FE technology 
or fuel-specific operator training. SMEs 
safety concerns identified in Sec 3.3 
were complemented with actual 
incidents, and developed into the 
hazard scenarios analyzed in Chapter 4. 

The scenario-based deterministic 
hazard analysis reflected not only the 
literature findings and SMEs’ safety 
concerns, but also real truck or bus 
mishaps that have occurred in the past. 
Key hazard analysis scenarios included: 
CNG-fueled truck and bus vehicle fires 

or explosions due to tank rupture, when 
pressurized fuel tanks were degraded 
due to aging or when PRDs failed; LNG 
truck crashes leading to fires, or LNG 
refueling-related mishaps; the 
flammability or brittle fracture issues 
related to light weighting materials in 
crashes; reduced safety performance for 
either LRR or wide-base tires; highway 
pile-ups when LCVs attempt to pass at 
highway speeds; aerodynamic 
components detaching while the vehicle 
traveled on a busy highway or urban 
roadway; and fires resulting in 
overheated lithium ion batteries in 
electric or hybrid buses. These 
hypothetical worst case scenarios 
appear to be preventable or able to be 
mitigated by observing safety 
regulations and voluntary standards, or 
with engineering and operational best 
practices. 

Chapter 5 reviews and discusses the 
existing federal and state regulatory 
framework for safely operating MD/ 
HDVs equipped with FE technologies or 
powered by alternative fuels. The 
review identifies potential regulatory 
barriers to their large-scale deployment 
in the national fleet that could delay 
achievement of desired fuel 
consumption and environmental 
benefits, while ensuring equal or better 
safety performance. 

Chapter 6 summarizes the major 
findings and recommendations of this 
preliminary safety analysis of fuel 
efficiency technologies and alternative 
fuels adopted by MD/HDVs. The 
scenario-based hazard analysis, based 
on the literature review and experts’ 
inputs, indicates that MD/HDVs 
equipped with advanced FE 
technologies and/or using alternative 
fuels have manageable potentially 
adverse safety impacts. The findings 
suggest that the potential safety hazards 
identified during operation, 
maintenance, and crash scenarios can be 
prevented or mitigated by complying 
with safety regulations and voluntary 
standards and industry best practices. 
The study also did not identify any 
major regulatory barriers to rapid 
adoption of FE technologies and 
alternative fuels by the MD/HDV fleet. 

(d) Oak Ridge National Laboratory 
(ORNL) Research on Low Rolling 
Resistance Truck Tires 

DOT’s Federal Motor Carrier Safety 
Administration and NHTSA sponsored 
a test program conducted by Oak Ridge 
National Laboratory to explore the 
effects of tire rolling resistance levels on 
Class 8 tractor-trailer stopping distance 
performance over a range of loading and 
surface conditions. The objective was to 
determine whether a relationship exists 

between tire rolling resistance and 
stopping distance for vehicles of this 
type. The overall results of this research 
suggest that tire rolling resistance is not 
a reliable indicator of Class 8 tractor- 
trailer stopping distance. 

The correlation coefficients (R2 
values) for linear regressions of wet and 
dry stopping distance versus overall 
vehicle rolling resistance values did not 
meet the minimum threshold for 
statistical significance for any of the test 
conditions. Correlation between CRR 
and stopping distance was found to be 
negligible for the dry tests for both 
loading conditions. While correlation 
was higher for the wet testing (showing 
a slight trend in which lower CRRs 
correspond to longer stopping 
distances), it still did not meet the 
minimum threshold for statistical 
significance. In terms of compliance 
with Federal safety standards, it was 
found that the stopping distance 
performance of the vehicle with the four 
tire sets studied in this research (with 
estimated tractor CRRs which varied by 
33 percent), were well under the 
FMVSS No. 121 stopping distance 
requirements. 

(e) Additional Safety Considerations 
The agencies considered the Organic 

Rankine Cycle waste heat recovery 
(WHR) as a fuel saving technology in the 
rulemaking timeframe. The basic 
approach of these systems is to use 
engine waste heat from multiple sources 
to evaporate a working fluid through a 
heat exchanger, which is then passed 
through a turbine or equivalent 
expander to create mechanical or 
electrical power. The working fluid is 
then condensed as it passes through a 
heat exchanger and returns to back to 
the fluid tank, and pulled back to the 
flow circuit through a pump to continue 
the cycle. 

Despite the promising performance of 
pre-prototype WHR systems, 
manufacturers have not yet arrived at a 
consensus on which working fluid(s) to 
be used in WHR systems to balance 
concerns regarding performance, global 
warming potential (GWP), and safety. 
Working fluids have a high GWP 
(conventional refrigerant), are expensive 
(low GWP refrigerant), are hazardous 
(such as ammonia, etc.), are flammable 
(ethanol/methanol), or can freeze 
(water). One challenge is determining 
how to seal the working fluid properly 
under the vacuum condition and high 
temperatures to avoid safety issues for 
flammable/hazardous working fluids. 
Because of these challenges, choosing a 
working fluid will be an important 
factor for system safety, efficiency, and 
overall production viability. 
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The agencies believe manufacturers 
will require additional time and 
development effort to assure that a 
working fluid that is both appropriate, 
given the noted challenges, and has a 
low GWP for use in waste heat recovery 
systems. Based on this and other factors, 
the analysis used for both the proposed 
Preferred Alternative and for this final 
rule assumes that WHR will not achieve 
a significant market penetration for 
diesel tractor engines (i.e., greater than 
5 percent) until 2027, which will 
provide time for these considerations to 
be addressed. The agencies assume no 
use of this technology in the HD 
pickups and vans and vocational 
vehicle segments. 

(2) Safety Related Comments to the 
NPRM 

The agencies received safety related 
comments to the NPRM focused on the 
vehicle and operator safety benefits of 
central tire inflation systems, potential 
safety and traction impacts of low 
rolling resistance tires, and 
recommendations that NHTSA continue 
evaluations of potential safety impacts 
of fuel saving technologies. 

AIR CTI, Inc., a supplier of central tire 
inflation systems, highlighted the safety 
benefits to both vehicle operation and 
the operators themselves through proper 
tire pressure management. More 
specifically, the proper tire inflation 
levels for the load being carried 
contributes to both proper handing for 
road conditions and reducing irregular 
road surface vibration from being 
transmission to vehicle component and, 
ultimately, the vehicle operator, where 
there may be potential health 
implications over prolonged exposure. 

The agencies appreciate the 
additional points provided by AIR CTI 
in terms of not only the potential fuel 
efficiency benefits of central tire 
inflation systems but the potential 
equipment longevity benefits, vehicle 
dynamic impacts, and the potential to 
reduce driver fatigue and injury through 
proper tire inflation for the load being 
carried. 

The American Trucking Associations 
(ATA) commented on the potential 
impact of Low Rolling Resistance Tires 
by indicating that, ‘‘The safety effects of 
LRRTs are not totally understood. While 
the ‘‘. . . agencies analysis indicate that 
this proposal should have no adverse 
impact on vehicle or engine safety,’’ 
ATA remains leery of potential 
unintended consequences resulting 
from new generation tires that have yet 
to be developed. This especially holds 
true in terms of overall truck braking 
distances.’’ The Owner-Operator 
Independent Drivers Association 

(OOIDA) similarly commented on 
LRRTs and their ability to meet the 
tractions needs in mountainous regions. 

The agencies continue to stand 
behind the low rolling resistance tire 
research conducted to date, which 
includes the study mentioned in the 
previous section, along with any 
research supporting the development, 
and maintenance, of FMVSS No. 121. 
The agencies agree, though, that 
continuing research will be important as 
new tire technologies enter the 
marketplace, and like the extensive 
rolling resistance testing conducting to 
support the Phase 1 regulation and, in 
part, this final rule, the agencies will 
continue to monitor developments in 
the tire supply marketplace through the 
EPA Smartway program and other, 
potential, research. NHTSA notes that 
FMVSS No. 121 will continue to play a 
role in ensuring the safety of both 
current and future tire technologies. 

The ATA also expressed support for 
the NHTSA study mentioned in the 
previous section, Review and Analysis 
of Potential Safety Impacts of and 
Regulatory Barriers to Fuel Efficiency 
Technologies and Alternative Fuels in 
Medium- and Heavy-Duty Vehicles. 
More specifically, ATA requested that 
DOT/NHTSA and the DOT Volpe Center 
continue ‘‘to assess and evaluate 
potential safety impacts that may be 
attributed to the use of fuel efficiency 
devices.’’ The agencies appreciate 
ATA’s support and acknowledge of this 
comprehensive, peer-reviewed 
assessment and we look forward to 
continuing this work to as the need 
arises. 

(3) The Agencies’ Assessment of 
Potential Safety Impacts 

NHTSA and EPA considered the 
potential safety impact of technologies 
that improve MDHD vehicle fuel 
efficiency and GHG emissions as part of 
the assessment of regulatory alternatives 
and selection of the final regulatory 
approach. The safety assessment of the 
technologies in this final rule was 
informed by two NAS reports, an 
analysis of safety effects of HD pickups 
and vans using estimates from the DOT 
report on the effect of mass reduction 
and vehicle size on safety, and agency- 
sponsored safety testing and research. 
The agencies considered safety from the 
perspective of both direct effects and 
indirect effects. 

In terms of direct effects on vehicle 
safety, research from NAS and Volpe, 
and direct testing of technologies like 
the ORNL tire work, indicate that there 
are no major safety hazards associated 
with the adoption of technologies that 
improve MDHD vehicle fuel efficiency 

and GHG emissions or the increased use 
of alternative fuels and vehicle 
electrification. The findings suggest that 
the potential safety hazards identified 
during operation, maintenance, and 
crash scenarios can be prevented or 
mitigated by complying with safety 
regulations, voluntary standards, and 
industry best practices. Tire testing 
showed tire rolling resistance did not 
impact of Class 8 tractor-trailer stopping 
distance for the tires tested. For HD 
pickup and vans, mass reduction is 
anticipated to reduce the net incidence 
of highway fatalities, because of the 
beneficial effects of mass reduction in 
the majority of HD pickup and vans 
which weigh more than 4,594 lbs. Taken 
together, these studies suggest that the 
fuel efficiency improving technologies 
assessed in the studies can be 
implemented with no degradation in 
overall safety. 

However, analysis anticipates that the 
indirect effect of these standards, by 
reducing the operating costs, will lead 
to increased travel by tractor-trailers and 
HD pickups and vans and, therefore, 
more crashes involving these vehicles. 

X. Analysis of the Alternatives 
As discussed in the NPRM and 

throughout this Preamble, in developing 
this program, the agencies considered a 
number of regulatory alternatives that 
could result in potentially fewer or 
greater GHG emission and fuel 
consumption reductions than the Phase 
2 program we are adopting. This section 
summarizes the alternatives we 
considered and presents estimates of the 
CO2 reductions and fuel savings 
associated with them. Although some of 
the alternatives considered for the FRM 
are identical to alternatives considered 
for the NPRM, the preferred alternative 
(i.e. the final rule) is actually more 
stringent than the preferred alternative 
that was proposed, and includes some 
elements of the NPRM’s Alternative 4. 

In developing alternatives, both 
agencies must consider a range of 
stringency. NHTSA must consider 
EISA’s requirement for the MD/HD fuel 
efficiency program. In particular, 49 
U.S.C. 32902(k)(2) and (3) contain the 
following three requirements specific to 
the MD/HD vehicle fuel efficiency 
improvement program: (1) The program 
must be ‘‘designed to achieve the 
maximum feasible improvement;’’ (2) 
the various required aspects of the 
program must be appropriate, cost- 
effective, and technologically feasible 
for MD/HD vehicles; and (3) the 
standards adopted under the program 
must provide not less than four model 
years of lead time and three model years 
of regulatory stability. In considering 
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934 Cf. Center for Biological Diversity v. National 
Highway Traffic Safety Admin., 538 F.3d 1172, 
1194 (9th Cir. 2008). For further discussion see 76 
FR 57198. 

these various requirements, NHTSA will 
also account for relevant environmental 
and safety considerations. 

As explained in the Phase 1 rule, 
NHTSA has broad discretion in 
balancing the above factors in 
determining the improvement that the 
manufacturers can achieve. The fact that 
the factors may often be conflicting 
gives NHTSA significant discretion to 
decide what weight to give each of the 
competing policies and concerns and 
then determine how to balance them— 
as long as NHTSA’s balancing does not 
undermine the fundamental purpose of 
the EISA: Energy conservation, and as 
long as that balancing reasonably 
accommodates ‘‘conflicting policies that 
were committed to the agency’s care by 
the statute.’’ 934 

EPA also has significant discretion in 
considering a range of stringency. 
Section 202(a)(2) of the Clean Air Act 
requires only that the standards ‘‘take 
effect after such period as the 
Administrator finds necessary to permit 
the development and application of the 
requisite technology, giving appropriate 
consideration to the cost of compliance 
within such period.’’ This language 
affords EPA considerable discretion in 
how to weight the critical statutory 
factors of emission reductions, cost, and 
lead time. See 76 FR 57129–57130. 

The alternatives presented here follow 
the format of the alternatives addressed 
in the NPRM. Among the alternatives 
are a preferred alternative (in this 
action, the ‘‘final program’’), more 
stringent alternatives, and less stringent 
alternatives (including ‘‘no action’’ 
alternatives). As discussed in this 
Preamble’s Sections II (Engines), III 
(Tractors), IV (Trailers), V (Vocational 
Vehicles), and VI (Pickups and Vans), 
NHTSA and EPA determined 
Alternative 3 to be the preferred 
alternative, or the final program, for 
each vehicle category. This Section X 
describes all of the alternatives 
considered, and provides context for the 
relative stringency associated with the 
final program. 

A. What are the alternatives that the 
agencies considered? 

The five alternatives below represent 
a broad range of potential stringency 
levels, and thus a broad range of 
associated technologies, costs and 
benefits for a HD vehicle fuel efficiency 
and GHG emissions program. All of the 
alternatives were modeled using the 
same methodologies described in 
Chapter 5 of the RIA. 

The alternatives considered for the 
final rule were conceptually similar to 
(and for some elements, identical to) to 
the alternatives considered for the 
proposal. The alternatives in order of 
increasing fuel efficiency and GHG 
emissions reductions are as follows: 
1. No action, baseline 
2. Less stringent than the proposal 
3. Preferred alternative 
4. Proposed (not FRM) standards with 

less lead time 
5. More stringent standards than the 

proposal with less lead time 
Comments on the alternatives 

overlapped with comments on the 
overall stringency of the proposed Phase 
2 program. These comments were 
mixed. Some operators and 
manufacturers supported the least 
stringent alternatives. Many other 
commenters, however, including most 
non-governmental organizations, 
supported more stringent standards 
with less lead time. They generally 
supported Alternative 4. Many 
technology and component suppliers 
supported more stringent standards but 
with the proposed lead time, and thus 
generally supported the Alternative 3 
timeframe. Vehicle manufacturers 
strongly opposed the more stringent 
standards and reduced lead time of 
Alternative 4. To the extent any of these 
commenters provided technical 
information to support their comments 
on stringency and lead time, it is 
discussed in Sections II through VI. 

Many of the comments supporting 
more stringent standards stated that 
they would be ‘‘cost-effective.’’ In 
general, however, we did not find costs 
or cost-effectiveness to be a significantly 
limiting factor in determining the 
stringency of the standards. Rather, we 
found that actual technological 
feasibility and lead time to be the more 
limiting factors. Manufacturers and 
suppliers have limited research and 
development capacities, and although 
they have some ability to expand, that 
ability is constrained by the lead time 
required. Lead time includes time not 
only to design and develop a 
technology, but to bring it to market in 
reliable form. During the prototype 
stage, all prototype components must be 
available and extensive engine and 
vehicle tests must be conducted. The 
production start-up phase would follow. 
After that, significant efforts must be 
made to advance the system from a 
prototype to a commercial product, 
which typically takes about five years 
for complex systems. During this 
approximate five-year period, multiple 
vehicles will go through weather 
condition tests, long lead-time parts and 

tools will be identified, and market 
launch and initial results on operating 
stability will be completed. Production 
designs will be released, all product 
components should be made available, 
production parts on customer fleets and 
weather road testing will be verified 
before finally launching production, and 
distribution of parts to the vehicle 
service network for maintenance and 
repair will be readied. See Section I.C 
above; see also RIA Chapter 2.3.9. New 
technologies then are ordinarily phased 
into the commercial market, so that fleet 
operators are assured of technology 
reliability and utility before making 
extensive purchases. Commenters 
supporting the more stringent 
alternatives based on cost-effectiveness 
generally did not address these very real 
lead time constraints. 

(1) Alternative 1: No Action (The 
Baseline for Phase 2) 

OMB guidance regarding regulatory 
analysis indicates that proper evaluation 
of the benefits and costs of regulations 
and their alternatives requires agencies 
to identify a baseline: 

‘‘You need to measure the benefits 
and costs of a rule against a baseline. 
This baseline should be the best 
assessment of the way the world would 
look absent the proposed action. The 
choice of an appropriate baseline may 
require consideration of a wide range of 
potential factors, including: 
• Evolution of the market 
• changes in external factors affecting 

expected benefits and costs 
• changes in regulations promulgated 

by the agency or other government 
entities 

• degree of compliance by regulated 
entities with other regulations 

It may be reasonable to forecast that 
the world absent the regulation will 
resemble the present. If this is the case, 
however, your baseline should reflect 
the future effect of current government 
programs and policies. For review of an 
existing regulation, a baseline assuming 
no change in the regulatory program 
generally provides an appropriate basis 
for evaluating regulatory alternatives. 
When more than one baseline is 
reasonable and the choice of baseline 
will significantly affect estimated 
benefits and costs, you should consider 
measuring benefits and costs against 
alternative baselines. In doing so you 
can analyze the effects on benefits and 
costs of making different assumptions 
about other agencies’ regulations, or the 
degree of compliance with your own 
existing rules. In all cases, you must 
evaluate benefits and costs against the 
same baseline. You should also discuss 
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935 OMB Circular A–4, September 17, 2003. 
Available at http://www.whitehouse.gov/omb/ 
circulars_a004_a-4. 

936 NEPA requires agencies to consider a ‘‘no 
action’’ alternative in their NEPA analyses and to 
compare the effects of not taking action with the 
effects of the reasonable action alternatives to 
demonstrate the different environmental effects of 
the action alternatives. See 40 CFR 1502.2(e), and 
1502.14(d). CEQ has explained that ‘‘[T]he 
regulations require the analysis of the no action 
alternative even if the agency is under a court order 
or legislative command to act. This analysis 
provides a benchmark, enabling decision makers to 
compare the magnitude of environmental effects of 
the action alternatives. [See 40 CFR 
1502.14(c).]* * * Inclusion of such an analysis in 
the EIS is necessary to inform Congress, the public, 
and the President as intended by NEPA. [See 40 
CFR 1500.1(a).]’’ Forty Most Asked Questions 
Concerning CEQ’s National Environmental Policy 
Act Regulations, 46 FR 18026 (1981) (emphasis 
added). 

937 NAS 2010, Roeth et al. 2013, and Klemick et 
al. 2014. 

938 http://energy.gov/eere/vehicles/vehicle- 
technologies-office-21st-century-truck. 

939 http://www3.epa.gov/smartway/. 
940 State of California Global Warming Solutions 

Act of 2006 (Assembly Bill 32, or AB32). 

the reasonableness of the baselines used 
in the sensitivity analyses. For each 
baseline you use, you should identify 
the key uncertainties in your 
forecast.’’ 935 

A no-action alternative is also 
required as a baseline against which to 
measure environmental impacts of these 
standards and alternatives. NHTSA, as 
required by the National Environmental 
Policy Act, is documenting these 
estimated impacts in the EIS published 
with this final rule.936 

The No Action Alternative for today’s 
analysis, alternatively referred to as the 
‘‘baseline’’ or ‘‘reference case,’’ assumes 
that the agencies would not issue new 
rules regarding MD/HD fuel efficiency 
and GHG emissions. That is, this 
alternative assumes that the Phase 1 
MD/HD fuel efficiency and GHG 
emissions program’s model year 2018 
standards would be extended 
indefinitely and without change. 

The agencies recognize that there are 
a number of factors that create 
uncertainty in projecting a baseline 
against which to compare the future 
effects of the alternatives. The 
composition of the future fleet—such as 
the relative position of individual 
manufacturers and the mix of products 
they each offer—cannot be predicted 
with certainty at this time. As reflected, 
in part, by the market forecast 
underlying the agencies’ analysis, we 
anticipate that the baseline market for 
medium- and heavy-duty vehicles will 
continue to evolve within a competitive 
market that responds to a range of 
factors. Additionally, the heavy-duty 
vehicle market is diverse, as is the range 
of vehicle purchasers. 

Heavy-duty vehicle manufacturers 
have reported that their customers’ 
purchasing decisions are influenced by 
their customers’ own determinations of 
minimum total cost of ownership, 
which can be unique to a particular 

customer’s circumstances. For example, 
some customers (e.g., less-than- 
truckload or package delivery operators) 
operate their vehicles within a limited 
geographic region and typically own 
their own vehicle maintenance and 
repair centers within that region. These 
operators tend to own their vehicles for 
long time periods, and sometimes for 
the entire service life of the vehicle. 
Their total cost of ownership is 
influenced by their ability to better 
control their own maintenance costs, 
and thus they can afford to consider fuel 
efficiency technologies that have longer 
payback periods, outside of the vehicle 
manufacturer’s warranty period. Other 
customers (e.g. truckload or long-haul 
operators) tend to operate cross-country, 
and thus must depend upon truck 
dealer service centers for repair and 
maintenance. Some of these customers 
tend to own their vehicles for about four 
to seven years, so that they typically do 
not have to pay for repair and 
maintenance costs outside of either the 
manufacturer’s warranty period or some 
other extended warranty period. Many 
of these customers tend to require 
seeing evidence of fuel efficiency 
technology payback periods on the 
order of 18 to 24 months before 
seriously considering evaluating a new 
technology for potential adoption 
within their fleet.937 Purchasing 
decisions, however, are not based 
exclusively on payback period, but also 
include the considerations discussed in 
this section. For the baseline analysis, 
the agencies use payback period as a 
proxy for all of these considerations, 
and therefore the payback period used 
for the baseline analysis may be shorter 
than the payback periods industry 
typically identifies as thresholds for the 
further consideration of a technology. 
Some owners accrue relatively few 
vehicle miles traveled per year, such 
that they may be less likely to adopt 
new fuel efficiency technologies, while 
other owners who use their vehicle(s) 
with greater intensity may be even more 
willing to pay for fuel efficiency 
improvements. Regardless of the type of 
customer, their determination of 
minimum total cost of ownership 
involves the customer balancing their 
own unique circumstances with a 
heavy-duty vehicle’s initial purchase 
price, availability of credit and lease 
options, expectations of vehicle 
reliability, resale value and fuel 
efficiency technology payback periods. 
The degree of the incentive to adopt 
additional fuel efficiency technologies 
also depends on customer expectations 

of future fuel prices, which directly 
impacts customer expectations of the 
payback period. 

Another factor the agencies 
considered is that other federal and 
state-level policies and programs are 
specifically aimed at stimulating fuel 
efficiency technology development and 
deployment. Particularly relevant to this 
sector are DOE’s 21st Century Truck 
Partnership, EPA’s voluntary SmartWay 
Transport program, and California’s 
AB32 fleet requirements.938 939 940 The 
future availability of more cost-effective 
technologies to reduce fuel 
consumption could provide 
manufacturers an incentive to produce 
more fuel-efficient medium- and heavy- 
duty vehicles, which in turn could 
provide customers an incentive to 
purchase these vehicles. The availability 
of more cost-effective technologies to 
reduce fuel consumption could also 
lead to a substitution of less cost- 
effective technologies, where overall 
fuel efficiency could remain fairly flat if 
buyers are less interested in fuel 
consumption improvements than in 
reduced vehicle purchase prices and/or 
improved vehicle performance and/or 
utility. 

We have also applied the EIA’s AEO 
estimates of future fuel prices; however, 
heavy-duty vehicle customers could 
have different expectations about future 
fuel prices, and could therefore be more 
or less inclined to apply new technology 
to reduce fuel consumption than might 
be expected based on EIA’s forecast. We 
expect that vehicle customers will be 
uncertain about future fuel prices, and 
that this uncertainty will be reflected in 
the degree of enthusiasm to apply new 
technology to reduce fuel consumption. 

Considering all of these factors, the 
agencies have approached the definition 
of the No Action Alternative separately 
for each vehicle and engine category 
covered by today’s rules. Except as 
noted below, these baselines are largely 
the same as the proposed Alternatives 
1a and 1b, which reflected different 
assumptions about the extent to which 
the market would pay for additional 
fuel-saving technology without new 
Phase 2 standards. The agencies 
received limited comments on these 
reference cases. Some commenters 
expressed support for the la baseline in 
the context of the need for the 
regulations, arguing that little 
improvement would occur without the 
regulations. Others supported the 1a 
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941 Committee to Assess Fuel Economy 
Technologies for Medium- and Heavy-Duty 
Vehicles; National Research Council; 
Transportation Research Board (2010). 
‘‘Technologies and Approaches to Reducing the 
Fuel Consumption of Medium- and Heavy-Duty 
Vehicles,’’ (hereafter, ‘‘NAS 2010’’). Washington, 
DC. The National Academies Press. Available 
electronically from the National Academies Press 
Web site at http://www.nap.edu/catalog.php
?record_id=12845 (last accessed September 10, 
2010). 

baseline because they believe it more 
fully captures the costs. Some 
commenters thought it reasonable that 
the agencies consider both baselines, 
given the uncertainty in this area. No 
commenters opposed the consideration 
of both baselines. The agencies thus 
continued to analyze two different 
baselines for the final rules as we 
recognize that there are a number of 
factors that create uncertainty in 
projecting a baseline against which to 
compare the future effects of this action 
and the remaining alternatives. As was 
shown in the previous sections, the 
standards are supported by the analysis 
using either baseline. 

For trailers, the agencies considered 
two No Action alternatives to cover a 
nominal range of uncertainty. The 
trailer category is unique in the context 
of this rulemaking because it is the only 
heavy-duty category not regulated under 
Phase 1. The agencies project that in 
2018, about half of new 53′ dry van and 
reefer trailers will have technologies 
qualifying for the SmartWay label for 
aerodynamic improvements and about 
90 percent would have the lower rolling 
resistance tires. About half also have 
automatic tire inflation systems to 
maintain optimal tire pressure. For 
Alternative 1a as presented in this 
action (referred to as the ‘‘flat’’ 
baseline), this technology adoption 
remains constant after 2018. In the 
second case, Alternative 1b, the 
agencies projected that the combination 
of EPA’s voluntary SmartWay program, 
DOE’s 21st Century Truck Partnership, 
California’s AB32 trailer requirements 
for fleets, and the potential for 
significantly reduced operating costs 
should result in continuing 
improvement to new trailers. The 
agencies projected that the fraction of 
the in-use fleet qualifying for SmartWay 
will continue to increase beyond 2027 
as older trailers are replaced by newer 
trailers. We projected that these 
improvements will continue until 2040 
when 75 percent of new trailers will be 
assumed to include skirts. 

For vocational vehicles, the agencies 
considered one No Action alternative. 
For the vocational vehicle category the 
agencies recognized that these vehicles 
tend to operate over fewer vehicle miles 
travelled per year. Therefore, the 
projected payback periods for fuel 
efficiency technologies available for 
vocational vehicles are generally longer 
than the payback periods the agencies 
consider likely to lead to their adoption 
based solely on market forces. This is 
especially true for vehicles used in 
applications in which the vehicle 
operation is secondary to the primary 
business of the company using the 

vehicle. For example, since the fuel 
consumption of vehicles used by utility 
companies to repair power lines would 
generally be a smaller cost relative to 
the other costs of repairing lines, fuel 
saving technologies would generally not 
be as strongly demanded for such 
vehicles. Thus, the agencies project that 
fuel-saving technologies will either not 
be applied or will only be applied as a 
substitute for more expensive fuel 
efficiency technologies, except as 
necessitated by the Phase 1 fuel 
consumption and GHG standards. 

For tractors, the agencies considered 
two No Action alternatives to cover a 
nominal range of uncertainty. For 
Alternative 1a the agencies project that 
fuel-saving technologies will either not 
be applied or will only be applied as a 
substitute for more expensive fuel 
efficiency technologies to tractors 
(thereby enabling manufacturers to offer 
tractors that are less expensive to 
purchase), except as necessitated by the 
Phase 1 fuel consumption and GHG 
standards. In Alternative 1b the agencies 
estimated that some available 
technologies will save enough fuel to 
pay back fairly quickly—within the first 
six months of ownership. The agencies 
considered a range of information to 
formulate these two baselines for 
tractors. 

Both public 941 and confidential 
historical information shows that tractor 
trailer fuel efficiency improved steadily 
through improvements in engine 
efficiency and vehicle aerodynamics 
over the past 40 years, except for engine 
efficiency which decreased or was flat 
between 2000 and approximately 2007 
as a consequence of incorporating 
technologies to meet engine emission 
regulations. Today vehicle 
manufacturers, the Federal Government, 
academia and others continue to invest 
in research to develop fuel efficiency 
improving technologies for the future. 

In public meetings and in meetings 
with the agencies, the trucking industry 
stated that fuel cost for tractors is the 
number one or number two expense for 
many operators, and therefore is a very 
important factor for their business. 
However, the pre-Phase 1 market 
suggests that tractor manufacturers and 
operators could be slow to adopt some 

new technologies, even where the 
agencies have estimated that the 
technology would have paid for itself 
within a few months of operation. This 
phenomenon, which is discussed in 
Section IX.A, is often called the energy 
paradox. Consistent with the discussion 
above of reasons for needed lead time, 
tractor operators have told the agencies 
they generally require technologies to be 
demonstrated in their fleet before 
widespread adoption so they can assess 
the actual fuel savings for their fleet and 
any increase in cost associated with 
effects on vehicle operation, 
maintenance, reliability, mechanic 
training, maintenance and repair 
equipment, stocking unique parts and 
driver acceptance, as well as effects on 
vehicle resale value. Tractor operators 
often state that they would consider 
conducting an assessment of 
technologies when provided with data 
that show the technologies may payback 
costs through fuel savings within 18 to 
24 months, based on their assumptions 
about future fuel costs. In other words 
they would treat this as a necessary 
condition, but generally would not 
consider it to be sufficient. In these 
cases, an operator may first conduct a 
detailed paper study of anticipated costs 
and benefits. If that study shows likely 
payback in 18 to 24 months for their 
business, the fleet may acquire one or 
several tractors with the technology to 
directly measure fuel savings, costs and 
driver acceptance for their fleet. Small 
fleets may not have resources to conduct 
assessments to this degree and may rely 
on information from larger fleets or 
observations of widespread acceptance 
of the technology within the industry 
before adopting a technology. This 
uncertainty over the actual fuel savings 
and costs and the lengthy process to 
assess technologies significantly slows 
the pace at which fuel efficiency 
technologies are adopted. 

The agencies believe that using the 
two baselines addresses the 
uncertainties we have identified for 
tractors. The six-month payback period 
of Alternative 1b reflects the agencies’ 
consideration of factors, discussed 
above, that could limit—yet not 
eliminate—manufacturers’ tendencies to 
voluntarily improve fuel consumption. 
In contrast, Alternative 1a reflects a 
baseline for vehicles other than trailers 
wherein manufacturers either do not 
apply fuel efficiency technologies or 
only apply them as a substitute for more 
expensive fuel efficiency technologies, 
except as necessitated by the Phase 1 
fuel consumption and GHG standards. 

For HD pickups and vans, the 
agencies considered two No Action 
alternatives to cover a nominal range of 
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942 As noted in Section I.C, in this context, the 
term ‘‘technology-forcing’’ has a specific legal 
meaning and is used to distinguish standards that 
will effectively require manufacturers to develop 
new technologies (or to significantly improve 
technologies) from standards that can be met using 
off-the-shelf technology alone. Technology-forcing 
standards do not require manufacturers to use any 
specific technologies. 

uncertainty. In Alternative 1b the 
agencies considered additional 
technology application, which involved 
the explicit estimation of the potential 
to add specific fuel-saving technologies 
to each specific vehicle model included 
in the agencies’ HD pickup and van fleet 
analysis, as discussed in Section VI. 
Estimated technology application and 
corresponding impacts depend on the 
modeled inputs. Also, under this 
approach a manufacturer that has 
improved fuel consumption and GHG 
emissions enough to achieve 
compliance with the standards is 
assumed to apply further improvements, 
provided those improvements reduce 
fuel outlays by enough (within a 
specified amount of time, the payback 
period) to offset the additional costs to 
purchase the new vehicle. These 
calculations explicitly account for and 
respond to fuel prices, vehicle survival 
and mileage accumulation, and the cost 
and efficacy of available fuel-saving 
technologies. Therefore, all else being 
equal, more technology is applied when 
fuel prices are higher and/or technology 
is more cost-effective. However, 
considering factors discussed above that 
could limit manufacturers’ tendency to 
voluntarily improve HD pickup and van 
fuel consumption, Alternative 1b 
applies a 6-month payback period. In 
contrast, for Alternative 1a, the agencies 
project that fuel-saving technologies 
will either not be applied or only be 
applied as a substitute for more 
expensive fuel efficiency technologies, 
except as necessitated by the Phase 1 
fuel consumption and GHG standards. 
The Method A sensitivity analysis 
presented in Section VI of the NPRM 
also examined other payback periods. In 
terms of impacts under reference case 
fuel prices, the payback period input 
plays a more significant role under the 
No-Action Alternatives (defined by a 
continuation of model year 2018 
standards) than under the more 
stringent regulatory alternatives for HD 
pickups and vans described next. 

(2) Alternative 2: Less Stringent Than 
the Preferred Alternative 

For vocational vehicles and 
combination tractor-trailers, Alternative 
2 represents a stringency level which is 
approximately half as stringent overall 
as the final standards. The agencies 
developed Alternative 2 to consider a 
continuation of the Phase 1 approach of 
applying off-the-shelf technologies 
rather than requiring the development 
of new technologies or fundamental 
improvements to existing technologies. 
For tractors and vocational vehicles, this 
also involved less integrated 
optimization of the vehicles and 

engines. Put another way, Alternative 2 
is not technology-forcing.942 See, e.g., 
Sierra Club v. EPA, 325 F. 3d 374, 378 
(D.C. Cir. 2003) (under a technology- 
forcing provision, EPA ‘‘must consider 
future advances in pollution control 
capability’’); see also similar discussion 
in Husqvarna AB v. EPA, 254 F. 3d 195, 
201 (D.C. Cir. 2001). 

The agencies’ decisions regarding 
which technologies could be applied to 
comply with Alternative 2 considered 
not only the use of off-the shelf 
technologies, but also considered other 
factors, such as how broadly certain 
technologies fit in-use applications and 
regulatory structure. The resulting 
Alternative 2 could be met with fewer 
technologies and lower penetration rates 
than those the agencies project will be 
used to meet the final Phase 2 
standards. Alternative 2 is estimated to 
be achievable without the application of 
some technologies, at any level. These 
and other differences are described 
below by category. Overall, Alternative 
2 for the final rules is conceptually 
similar to Alternative 2 in the NPRM. 
However, some changes have been made 
to reflect new information provided in 
public comments. 

The agencies project that Alternative 
2 combination tractor standards could 
be met by applying lower adoption rates 
of the projected technologies for 
Alternative 3. This includes a projection 
of slightly lower per-technology 
effectiveness for Alternative 2 versus 3. 
Alternative 2 also assumes that there 
would be little optimization of 
combination tractor powertrains. 

The Alternative 2 for vocational 
vehicles assessed for these final rules 
does differ somewhat from the proposal 
because it reflects new duty cycles that 
weight idle emissions more heavily. The 
agencies project that the Alternative 2 
vocational vehicle standard could be 
met without any use of strong hybrids 
or any other type of transmission 
technology. Rather, it could be met with 
off-the-shelf idle reduction technologies, 
low rolling resistance tires, and axle 
efficiency improvements. 

The Alternative 2 trailer standards 
would apply to only 53-foot dry and 
refrigerated box trailers and could be 
met through the use of less effective 
aerodynamic technologies and higher 
rolling resistance tires versus what the 

agencies projected could be used to 
meet Alternative 3 (i.e., the final 
standards). 

As discussed above in Section VI, the 
HD pickup truck and van alternatives 
are characterized by an annual required 
percentage change (decrease) in the 
functions defining attribute-based 
targets for per-mile fuel consumption 
and GHG emissions. Under the 
standards in each alternative, a 
manufacturer’s fleet would, setting aside 
any changes in production mix, be 
required to achieve average fuel 
consumption/GHG levels that increase 
in stringency every year relative to the 
standard defined for MY 2018 (and held 
constant through 2020) that establishes 
fuel consumption/GHG targets for 
individual vehicles. A manufacturer’s 
specific fuel consumption/GHG 
requirement is the sales-weighted 
average of the targets defined by the 
work-factor curve in each year. 
Therefore, although the alternatives 
involve steady increases in the 
functions defining the targets, 
stringency increases faced by any 
individual manufacturer may not be 
steady if changes in the manufacturer’s 
product mix cause fluctuations in the 
average fuel consumption and GHG 
levels required of the manufacturer. See 
Section VI for additional discussion of 
this topic. Alternative 2 represents a 2.0 
percent annual improvement through 
2025 in fuel consumption/GHG 
emissions relative to the work-factor 
curve in 2020. This would be 0.5 
percent less stringent per year compared 
to the standards of Alternative 3. 

For HD pickups and vans in the 
Method A analysis, NHTSA projects 
that most manufacturers could comply 
with the standards defining Alternative 
2 by applying technologies similar to 
those that could be applied in order to 
comply with the Alternative 3 
standards, but at lower application 
rates. In EPA’s Method B analysis, the 
biggest technology difference EPA 
projects between Alternative 2 and the 
Alternative 3 final standards is that 
most manufacturers could meet the 
Alternative 2 standards without any use 
of stop-start or other mild or strong 
hybrid technologies. 

The agencies are not adopting 
standards reflecting Alternative 2 for 
reasons of both policy and law. 
Technically feasible alternate standards 
are available that provide for greater 
emission reductions and reduced fuel 
consumption than provided under 
Alternative 2. These more stringent 
standards, which are being adopted, are 
feasible at reasonable cost, considering 
both per-vehicle and per-engine cost, 
cost-effectiveness, direct benefits to 
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943 The one exception being design standards for 
certain non-aero trailers. 

944 Those few standards that are design-based 
rather than performance based reflect comments 
indicating that performance-based flexibility would 
not be necessary or helpful for certain markets. 

consumers in the form of fuel savings, 
and lead time. Consequently, the 
agencies do not believe that the modest 
improvements in Alternative 2 would be 
appropriate or otherwise reasonable 
under section 202(a)(1) and (2) of the 
Clean Air Act, or represent the 
‘‘maximum feasible improvement’’ 
within the meaning of 49 U.S.C. 
32902(k)(2). 

(3) Alternative 3: Preferred Alternative 
and Final Standards 

The agencies are adopting Alternative 
3 for HD engines, HD pickup trucks and 
vans, Class 2b through Class 8 
vocational vehicles, Class 7 and 8 
combination tractors, and trailers. 
Details regarding modeling of this final 
program are included in Chapter 5 of 
the RIA. Note that Alternative 3 for the 
final rules differs from the Alternative 3 
in the NPRM. The differences are largely 
in response to significant comments on 
the proposed rule. Although some 
aspects of the final Alternative 3 are 
more aggressive than proposed 
(including adopting some aspects of the 
proposed Alternative 4), others are less 
aggressive. As a result of these changes, 
the preferred alternative in this final 
rule is projected to achieve more GHG 
emission reductions and more 
reductions of fuel consumption than the 
proposed alternative 4. See Section X.B 
below and RIA Chapter 5. 

Unlike the Phase 1 standards where 
the agencies projected that 
manufacturers could meet the Phase 1 
standards with off-the-shelf 
technologies only, the agencies project 
that meeting the Alternative 3 standards 
will require a combination of off-the- 
shelf technologies applied at higher 
market penetration rates and new 
technologies that are still in various 
stages of development and not yet in 
production. Although this alternative is 
technology-forcing, it must be kept in 
mind that the standards themselves are 
performance-based and thus do not 
mandate that any particular technology 
be used to meet the standards.943 The 
agencies recognize that there is some 
uncertainty in projecting costs and 
effectiveness for those technologies not 
yet available in the market, but we do 
not believe, as discussed 
comprehensively in Sections II, III, IV, 
V, and VI, that such uncertainty is 
sufficient to render Alternative 3 
beyond the reasonable or maximum 
feasible level of stringency for each of 
the engine and vehicle categories 
covered by this program. Moreover, we 
have explained what steps will be 

needed to bring these technologies to 
the commercial market, and the lead 
time needed to do so. Given that nearly 
all of the final standards are 
performance-based rather than 
mandates of specific technologies, and 
given that the lead time for the most 
stringent standards in Alternative 3 is 
approximately 10 years, the agencies 
believe that the performance that is 
required by these stringency levels of 
Alternative 3 allows each manufacturer 
to choose to develop technology and 
apply it to their vehicles (and engines, 
where applicable) in a way that balances 
their unique business constraints and 
reflects their specific market position 
and customers’ needs.944 

We have described in detail above, 
and also in Chapter 2 of the RIA, the 
precise bases for each of these standards 
(that is, for each segment covered under 
the program). Sections II through VI of 
this Preamble provide comprehensive 
explanations of the agencies’ assessment 
of the extent to which such standards 
could be met through the accelerated 
application of technologies and our 
reasons for concluding that the 
identified technologies for each of the 
vehicle and engine standards that 
constitute the updated Alternative 3 
represent the maximum feasible (within 
the meaning of 49 U.S.C. 32902 (k)) and 
reasonable (for purposes of CAA section 
202(a)(1) and (2)) based on all of the 
information available to the agencies at 
the time of this rulemaking. In 
particular, the agencies determined that 
many engine improvements could be 
achieved sooner than we projected in 
our NPRM analysis, some even sooner 
than projected as part of the Alternative 
4 analysis. 

(4) Alternative 4: More Accelerated 
Than the Preferred Alternative in the 
NPRM 

As indicated by its description in the 
title above, Alternative 4 represents 
standards that are effective on a more 
accelerated timeline in comparison to 
the timeline of in the proposed 
Alternative 3 standards. This alternative 
is unchanged from Alternative 4 in the 
proposal. The agencies believe that 
reanalyzing the same Alternative 4 
provides a useful context for 
commenters who supported the 
proposed Alternative 4. 

In the NPRM, Alternatives 3 and 4 
were both designed to achieve similar 
fuel efficiency and GHG emission levels 
in the long term but with Alternative 4 

being accelerated in its implementation 
timeline. Specifically, Alternative 4 
reflects the same or similar standard 
stringency levels as the proposed 
Alternative 3, but 3 years sooner (2 
years for heavy-duty pickups and vans), 
so that the final phase of the standards 
would occur in MY 2024, or (for heavy 
duty pickups and vans) 2025. 

The agencies projected in the NPRM 
that meeting Alternative 4 combination 
tractor standards would require 
applying initially higher adoption rates 
of the projected technologies for 
Alternative 3. This included a 
projection of slightly higher per- 
technology effectiveness for Alternative 
4 versus 3. Alternative 4 also assumes 
that there would be more optimization 
of combination tractor powertrains and 
earlier market penetration of engine 
waste heat recovery systems. 

The agencies also projected that 
meeting the Alternative 4 vocational 
vehicle standard would require earlier 
adoption rates of the same technology 
packages projected for Alternative 3. 

Meeting the Alternative 4 trailer 
standards would require earlier 
implementation of more effective 
aerodynamic technologies, including 
the use of aerodynamic skirts and boat 
tails. This would be in addition to 
implementing lower rolling resistance 
tires for nearly all trailers. 

HD pickup truck and van standards 
defining Alternative 4 represent a 3.5 
percent annual improvement in fuel 
consumption and GHG emissions 
through 2025 relative to the work-factor 
curves in 2020. This would require 
earlier adoption of all the Alternative 3 
technologies. 

As discussed above and in the 
feasibility discussions in Sections II–VI, 
we are adopting those elements of the 
proposed Alternative 4 where we have 
determined them to be feasible in the 
lead time provided. However, the 
agencies have determined that it is 
unlikely that all elements of Alternative 
4 could be achieved by 2024. In fact, the 
agencies can only project that the engine 
improvements and some tire 
improvements will be achievable on the 
Alternative 4 timeline. Thus, we do not 
believe these alternative standards to be 
feasible overall, and we are 
consequently unable to accurately 
estimate costs for them. The agencies 
received many comments supporting 
the Alternative 4 standards where the 
commenter noted they supported them 
because they would be ‘‘cost-effective’’ 
based on the proposed analysis of costs. 
However, we do not consider this 
conclusion to be accurate. We do not 
believe the proposed analysis fully 
represents the costs for this alternative 
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945 Although the agencies have considered 
regulatory alternatives involving standards 
increasing in stringency through, at the latest, 2027, 

the agencies extended the CAFE modeling analysis 
through model year 2030 rather than model year 
2027 in order to obtain more fully stabilized results 

given projected product cadence, multiyear 
planning, and application of earned credits. 

because it included little additional 
costs related to pulling ahead the 
development of so many additional 
technologies. It also does not reflect any 
costs associated with a decrease in the 
in-use reliability and durability during 
the initial years of implementation. It 
does not reflect costs of design and 
deployment outside of normal design 
cycles, an example being the necessity 
of developing new engine platforms if 
WHR were to be applied at higher 
penetration rates by MY 2024. See RIA 
Chapter 2.7.5. As we have already 
noted, we did not find costs or cost- 
effectiveness to be a significantly 
limiting factor in determining the 
stringency of the standards. Rather, we 
found that actual technological 
feasibility and lead time to be the more 
limiting factors. In this respect, we 
found Alternative 4 to provide 
insufficient lead time for any of the 
standards—engine, pickups and vans, 
vocational vehicles, tractors, and 
trailers. 

(5) Alternative 5: Even More Stringent 
Standards With Less Lead-Time 

Alternative 5 represents even more 
stringent standards compared to 
Alternatives 3 and 4, as well as the same 
implementation timeline as Alternative 
4. As discussed in the NPRM, and as 
repeated above and in the feasibility 
discussions in Sections II–VI, we are not 
adopting Alternative 5 because we 
cannot project that manufacturers can 
develop and introduce in sufficient 
quantities the technologies that could be 
used to meet Alternative 5 standards. 
No commenters provided any new 
information to refute this finding. We 
believe that for some or all of the 
categories, the Alternative 5 standards 
are simply technically infeasible within 
the lead time allowed. We have not fully 

estimated costs for this alternative for 
tractors and vocational vehicles because 
we believe that there would be such 
substantial additional costs related to 
pulling ahead the development of so 
many additional technologies that we 
cannot accurately predict these costs. 
(Indeed, how can cost estimates for an 
alternative which essentially cannot be 
done at all be realistic?) We also believe 
this alternative, if it could somehow be 
effectuated, would result in a decrease 
in the in-use reliability and durability of 
new heavy-duty vehicles and that we do 
not have the ability to accurately 
quantify the costs that would be 
associated with such problems. Instead, 
we merely note that costs would be 
significantly greater than the estimated 
costs for Alternative 3, assuming 
(against our view) that such standards 
would be feasible at all. 

B. How do these alternatives compare in 
overall fuel consumption and GHG 
emissions reductions? 

The following tables compare the 
overall fuel consumption and GHG 
emissions reductions of each of the 
regulatory alternatives the agencies 
considered. 

Note that for tractors, trailers, pickups 
and vans the agencies compared overall 
fuel consumption and GHG emissions 
reductions relative to two different 
baselines, described above in the section 
on the No Action alternative. Therefore, 
for tractors, trailers, pickups and vans 
two results are listed; one relative to 
each baseline, namely Alternative 1a 
and Alternative 1b. 

Also note that the agencies analyzed 
pickup and van overall fuel 
consumption and emissions reductions 
and benefits and costs using the 
NHTSA’s CAFE model (Method A). In 
addition, the agencies used EPA’s 

MOVES model to estimate pickup and 
van fuel consumption and emissions 
and a cost methodology that applied 
vehicle costs in different model years 
(Method B). In both cases, the agencies 
used a version of the CAFE model to 
estimate average per vehicle cost, and 
this analysis extended through model 
year 2030.945 The agencies concluded 
that in these instances the choice of 
baseline and the choice of modeling 
approach (Method A versus Method B) 
did not impact the agencies’ decision to 
finalize Alternative 3. 

The agencies are finalizing a more 
stringent program than proposed, so that 
the preferred alternative for the FRM 
(Alternative 3) achieves greater 
reductions and net benefits than the 
proposed program would have. 
Moreover, because the agencies 
analyzed the same Alternative 4 for the 
FRM as for the NPRM, the FRM 
preferred alternative also achieves 
greater reductions than Alternative 4 
would have. 

The regulatory impact analysis (RIA) 
accompanying today’s notice presents 
more detailed results of the agencies’ 
analysis. 

(1) Impacts Using Analysis Method A 

Table X–1 through Table X–4 
summarize the key NHTSA estimates of 
the costs and benefit of the program 
using Method A. The first two tables 
show the costs and benefits using a 3 
percent discount rate under both the flat 
and dynamic baselines. The third and 
fourth tables show the costs and benefits 
using a 7 percent discount rate for both 
baselines. Under all possible 
combinations of discount rate and 
baseline the net benefits from highest to 
lowest are as follows: Alternative 5; 
Alternative 3; Alternative 4; Alternative 
2. 

TABLE X–1—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 3% (RELATIVE TO 
BASELINE 1a), METHOD A a 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Discounted pre-tax fuel savings ($billion) 

HD pickups and Vans ...................................................................................... 12.1 18.7 20.3 22.3 
Vocational Vehicles ......................................................................................... 13.5 25.5 23.6 34.6 
Tractors/Trailers ............................................................................................... 50.2 118.8 115.7 169.1 

Total .......................................................................................................... 75.7 163.0 159.6 225.9 

Discounted Total technology costs ($billion) 

HD pickups and Vans ...................................................................................... 3.1 6.8 8.2 9.9 
Vocational Vehicles ......................................................................................... 1.6 6.6 7.1 9.5 
Tractors/Trailers ............................................................................................... 9.0 11.0 11.6 26.8 
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TABLE X–1—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 3% (RELATIVE TO 
BASELINE 1a), METHOD A a—Continued 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Total .......................................................................................................... 13.7 24.4 26.9 46.2 

Discounted value of emissions reductions ($billon) 

HD pickups and Vans ...................................................................................... 3.4 5.3 5.7 6.3 
Vocational Vehicles ......................................................................................... 5.2 9.8 9.1 13.3 
Tractors/Trailers ............................................................................................... 21.9 50.9 50.9 73.4 

Total .......................................................................................................... 30.5 66.0 65.7 93.0 

Total costs ($billion) 

HD pickups and Vans ...................................................................................... 4.4 7.9 8.6 10.3 
Vocational Vehicles ......................................................................................... 2.4 7.3 8.8 11.3 
Tractors/Trailers ............................................................................................... 13.2 14.0 15.7 30.8 

Total .......................................................................................................... 20.0 29.2 33.1 52.4 

Total benefits ($billion) 

HD pickups and Vans ...................................................................................... 18.1 28.1 30.4 33.3 
Vocational Vehicles ......................................................................................... 20.2 37.8 35.1 51.2 
Tractors/Trailers ............................................................................................... 78.1 179.8 176.5 255.5 

Total .......................................................................................................... 114.1 245.7 242.0 340.0 

Net benefits ($billion) 

HD pickups and Vans ...................................................................................... 13.7 20.2 21.8 23.0 
Vocational Vehicles ......................................................................................... 17.8 30.5 26.3 39.9 
Tractors/Trailers ............................................................................................... 64.9 165.8 160.9 224.7 

Total .......................................................................................................... 94.1 216.5 208.9 287.6 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 

TABLE X–2—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 3% (RELATIVE TO 
BASELINE 1 b), METHOD A a 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Discounted pre-tax fuel savings ($billion) 

HD pickups and Vans ...................................................................................... 10.7 17.4 19.5 21.9 
Vocational Vehicles ......................................................................................... 13.5 25.5 23.6 34.6 
Tractors/Trailers ............................................................................................... 37.6 106.2 103.1 156.5 

Total .......................................................................................................... 61.8 149.1 146.2 213.0 

Discounted Total technology costs ($billion) 

HD pickups and Vans ...................................................................................... 2.8 6.4 7.5 9.8 
Vocational Vehicles ......................................................................................... 1.6 6.6 7.1 9.5 
Tractors/Trailers ............................................................................................... 8.8 10.7 11.3 26.6 

Total .......................................................................................................... 13.2 23.7 25.9 45.9 

Discounted value of emissions reductions ($billon) 

HD pickups and Vans ...................................................................................... 3.0 4.9 5.5 6.2 
Vocational Vehicles ......................................................................................... 5.2 9.8 9.1 13.3 
Tractors/Trailers ............................................................................................... 16.4 45.4 45.4 67.9 

Total .......................................................................................................... 24.6 60.1 60.0 87.4 

Total costs ($billion) 

HD pickups and Vans ...................................................................................... 4.0 7.4 8.6 10.0 
Vocational Vehicles ......................................................................................... 2.4 7.3 8.8 11.3 
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TABLE X–2—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 3% (RELATIVE TO 
BASELINE 1 b), METHOD A a—Continued 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Tractors/Trailers ............................................................................................... 12.9 13.8 15.5 30.6 

Total .......................................................................................................... 19.3 28.5 32.9 51.9 

Total benefits ($billion) 

HD pickups and Vans ...................................................................................... 16.0 26.0 29.2 32.7 
Vocational Vehicles ......................................................................................... 20.2 37.8 35.1 51.2 
Tractors/Trailers ............................................................................................... 59.2 161.0 157.7 236.7 

Total .......................................................................................................... 95.4 224.8 222.0 320.6 

Net benefits ($billion) 

HD pickups and Vans ...................................................................................... 12.0 18.6 20.6 22.7 
Vocational Vehicles ......................................................................................... 17.8 30.5 26.3 39.9 
Tractors/Trailers ............................................................................................... 46.3 147.2 142.2 206.1 

Total .......................................................................................................... 76.1 196.3 189.1 268.7 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 

TABLE X–3—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 7% (RELATIVE TO 
BASELINE 1a) METHOD A a 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Discounted pre-tax fuel savings ($billion) 

HD pickups and Vans ...................................................................................... 7.1 10.9 11.9 13.0 
Vocational Vehicles ......................................................................................... 7.1 13.4 12.5 18.5 
Tractors/Trailers ............................................................................................... 26.6 62.7 61.8 90.7 

Total .......................................................................................................... 40.8 87.0 86.2 122.2 

Discounted Total technology costs ($billion) 

HD pickups and Vans ...................................................................................... 2.2 4.8 5.9 7.0 
Vocational Vehicles ......................................................................................... 1.1 4.4 4.8 6.5 
Tractors/Trailers ............................................................................................... 6.2 7.4 8.0 18.5 

Total .......................................................................................................... 9.5 16.6 18.7 32.0 

Discounted value of emissions reductions ($billon) 

HD pickups and Vans ...................................................................................... 3.1 4.8 5.2 5.7 
Vocational Vehicles ......................................................................................... 4.2 7.8 7.3 10.7 
Tractors/Trailers ............................................................................................... 16.9 39.5 39.3 57.1 

Total .......................................................................................................... 24.2 52.1 51.8 73.5 

Total costs ($billion) 

HD pickups and Vans ...................................................................................... 3.0 5.5 6.1 7.3 
Vocational Vehicles ......................................................................................... 1.5 4.8 5.8 7.5 
Tractors/Trailers ............................................................................................... 8.5 9.2 10.2 20.7 

Total .......................................................................................................... 13.0 19.5 22.1 35.5 

Total benefits ($billion) 

HD pickups and Vans ...................................................................................... 11.7 18.0 19.6 21.5 
Vocational Vehicles ......................................................................................... 12.1 22.6 21.1 31.0 
Tractors/Trailers ............................................................................................... 47.1 108.0 106.8 155.1 

Total .......................................................................................................... 70.9 148.6 147.5 207.6 

Net benefits ($billion) 

HD pickups and Vans ...................................................................................... 8.7 12.5 13.5 14.2 
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TABLE X–3—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 7% (RELATIVE TO 
BASELINE 1a) METHOD A a—Continued 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Vocational Vehicles ......................................................................................... 10.6 17.8 15.3 23.5 
Tractors/Trailers ............................................................................................... 38.6 98.8 96.6 134.4 

Total .......................................................................................................... 58.0 129.1 125.4 172.1 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 

TABLE X–4—MY 2018–2029 LIFETIME SUMMARY OF PROGRAM BENEFITS AND COSTS, DISCOUNTED AT 7% (RELATIVE TO 
BASELINE 1b), METHOD A a 

Vehicle segment Alt 2 Alt 3 Alt 4 Alt 5 

Discounted pre-tax fuel savings ($billion) 

HD pickups and Vans ...................................................................................... 6.3 10.1 11.5 12.9 
Vocational Vehicles ......................................................................................... 7.1 13.4 12.5 18.5 
Tractors/Trailers ............................................................................................... 19.9 56.1 55.2 84.1 

Total .......................................................................................................... 33.3 79.6 79.2 115.5 

Discounted Total technology costs ($billion) 

HD pickups and Vans ...................................................................................... 2.0 4.4 5.3 7.0 
Vocational Vehicles ......................................................................................... 1.1 4.4 4.8 6.5 
Tractors/Trailers ............................................................................................... 6.1 7.3 7.8 18.4 

Total .......................................................................................................... 9.2 16.1 17.9 31.9 

Discounted value of emissions reductions ($billon) 

HD pickups and Vans ...................................................................................... 2.7 4.4 5.0 5.6 
Vocational Vehicles ......................................................................................... 4.2 7.8 7.3 10.7 
Tractors/Trailers ............................................................................................... 12.7 35.3 35.1 52.8 

Total .......................................................................................................... 19.6 47.5 47.4 68.2 

Total costs ($billion) 

HD pickups and Vans ...................................................................................... 2.7 5.1 6.0 7.1 
Vocational Vehicles ......................................................................................... 1.6 4.8 5.8 7.5 
Tractors/Trailers ............................................................................................... 8.4 9.0 10.1 20.6 

Total .......................................................................................................... 12.7 18.9 21.9 35.2 

Total benefits ($billion) 

HD pickups and Vans ...................................................................................... 10.4 16.7 19.0 21.3 
Vocational Vehicles ......................................................................................... 12.1 22.7 21.1 31.0 
Tractors/Trailers ............................................................................................... 35.9 96.8 95.6 143.9 

Total .......................................................................................................... 58.4 136.2 135.7 195.2 

Net benefits ($billion) 

HD pickups and Vans ...................................................................................... 7.7 11.6 13.0 14.2 
Vocational Vehicles ......................................................................................... 10.5 17.9 15.3 23.5 
Tractors/Trailers ............................................................................................... 27.5 87.8 85.5 123.3 

Total .......................................................................................................... 45.7 117.3 113.8 161.0 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the less dynamic baseline, 1a, and more dy-

namic baseline, 1b, please see Section X.A.1. 

Table X–5 and Table X–6 show the 
estimated fuel savings and GHG 
reductions considering alternatives 

under both baselines. Under both 
baselines, the reductions in both fuel 
and GHG’s are highest under Alternative 

5, higher under Alternative 3 than 
Alternative 4, and lowest under 
Alternative 2. 
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TABLE X–5—MY 2018–2029 LIFETIME FUEL SAVINGS AND GHG EMISSIONS REDUCTIONS BY VEHICLE SEGMENT, 
RELATIVE TO BASELINE 1a, METHOD A a 

MY 2018–2029 Total Fuel reductions 
(billion gallons) 

Upstream & 
downstream GHG 

reductions 
(MMT) 

Alternative 2 

HD Pickup Trucks/Vans ....................................................................................................................... 6.2 77 
Vocational Vehicles ............................................................................................................................. 6.5 86 
Tractors and Trailers ........................................................................................................................... 23.4 323 

Total .............................................................................................................................................. 36.1 486 

Alt. 3—Preferred Alternative 

HD Pickup Trucks/Vans ....................................................................................................................... 9.8 120 
Vocational Vehicles ............................................................................................................................. 12.3 162 
Tractors and Trailers ........................................................................................................................... 55.6 767 

Total .............................................................................................................................................. 77.7 1049 

Alt. 4 

HD Pickup Trucks/Vans ....................................................................................................................... 10.6 130 
Vocational Vehicles ............................................................................................................................. 11.4 150 
Tractors and Trailers ........................................................................................................................... 54.0 744 

Total .............................................................................................................................................. 76.0 1024 

Alt. 5 

HD Pickup Trucks/Vans ....................................................................................................................... 11.6 143 
Vocational Vehicles ............................................................................................................................. 16.7 219 
Tractors and Trailers ........................................................................................................................... 78.8 1087 

Total .............................................................................................................................................. 107.1 1449 

Note: 
a For an explanation of analytical Methods A and B, please see Preamble Section I.D; for an explanation of the flat baseline, 1a, and dynamic 

baseline, 1b, please see Preamble Section X.A.1. 

TABLE X–6—MY 2018–2029 LIFETIME FUEL SAVINGS AND GHG EMISSIONS REDUCTIONS BY VEHICLE SEGMENT, 
RELATIVE TO BASELINE 1b METHOD A a 

MY 2018–2029 Total Fuel reductions 
(billion gallons) 

Upstream & 
downstream GHG 

reductions 
(MMT) 

Alternative 2 

HD Pickup Trucks/Vans ....................................................................................................................... 5.5 68 
Vocational Vehicles ............................................................................................................................. 6.5 86 
Tractors and Trailers ........................................................................................................................... 17.5 242 

Total .............................................................................................................................................. 29.5 396 

Alt. 3—Preferred Alternative 

HD Pickup Trucks/Vans ....................................................................................................................... 9.0 111 
Vocational Vehicles ............................................................................................................................. 12.4 162 
Tractors and Trailers ........................................................................................................................... 49.7 685 

Total .............................................................................................................................................. 71.1 958 

Alt. 4 

HD Pickup Trucks/Vans ....................................................................................................................... 10.1 125 
Vocational Vehicles ............................................................................................................................. 11.4 150 
Tractors and Trailers ........................................................................................................................... 48.1 663 

Total .............................................................................................................................................. 69.6 938 
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TABLE X–6—MY 2018–2029 LIFETIME FUEL SAVINGS AND GHG EMISSIONS REDUCTIONS BY VEHICLE SEGMENT, 
RELATIVE TO BASELINE 1b METHOD A a—Continued 

MY 2018–2029 Total Fuel reductions 
(billion gallons) 

Upstream & 
downstream GHG 

reductions 
(MMT) 

Alt. 5 

HD Pickup Trucks/Vans ....................................................................................................................... 11.3 140 
Vocational Vehicles ............................................................................................................................. 16.7 219 
Tractors and Trailers ........................................................................................................................... 72.9 1006 

Total .............................................................................................................................................. 100.9 1365 

Note: 
a For an explanation of analytical Methods A and B, please see Preamble Section I.D; for an explanation of the flat baseline, 1a, and dynamic 

baseline, 1b, please see Preamble Section X.A.1. 

TABLE X–7—ANNUAL GHG AND FUEL REDUCTIONS RELATIVE TO THE DYNAMIC BASELINE IN 2040 AND 2050 USING 
METHOD A a 

Upstream & downstream 
GHG Reductions 
(MMT CO2EQ) 

Fuel reductions 
(billion gallons) 

2040 2050 2040 2050 

Alt. 2 Less Stringent—Total ............................................................................. 49.1 57.3 3.6 4.2 
Tractors and Trailers ................................................................................ 30.9 36.6 2.2 2.7 
HD Pickups & Vans .................................................................................. 6.7 7.3 0.6 0.6 
Vocational Vehicles .................................................................................. 11.5 13.4 0.8 0.9 

Alt. 3 Preferred—Total ..................................................................................... 139 166 10.2 12.3 
Tractors and Trailers ................................................................................ 102 124 7.4 9.0 
HD Pickups & Vans .................................................................................. 12.6 13.8 1.0 1.2 
Vocational Vehicles .................................................................................. 24.1 28.2 1.8 2.1 

Alt. 4 Less Lead Time—Total .......................................................................... 116 136 8.6 10.1 
Tractors and Trailers ................................................................................ 83.1 98.7 6.0 7.2 
HD Pickups & Vans .................................................................................. 12.6 13.8 1.1 1.2 
Vocational Vehicles .................................................................................. 20.0 23.1 1.5 1.7 

Alt. 5 More Stringent—Total ............................................................................ 167 194 12.4 14.2 
Tractors and Trailers ................................................................................ 124 146 9.0 10.6 
HD Pickups & Vans .................................................................................. 14.8 16.2 1.3 1.3 
Vocational Vehicles .................................................................................. 27.8 32.0 2.1 2.3 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

TABLE X–8—ANNUAL GHG AND FUEL REDUCTIONS RELATIVE TO THE FLAT BASELINE IN 2040 AND 2050 USING METHOD 
A a 

Upstream & downstream 
GHG Reductions 
(MMT CO2EQ) 

Fuel reductions 
(billion gallons) 

2040 2050 2040 2050 

Alt. 2 Less Stringent—Total ............................................................................. 63.7 75.2 4.7 5.5 
Tractors and Trailers ................................................................................ 44.2 53.0 3.2 3.8 
HD Pickups & Vans .................................................................................. 8.0 8.8 0.6 0.7 
Vocational Vehicles .................................................................................. 11.5 13.4 0.9 1.0 

Alt. 3 Preferred—Total ..................................................................................... 153 184 11.3 13.7 
Tractors and Trailers ................................................................................ 115 141 8.4 10.2 
HD Pickups & Vans .................................................................................. 13.8 15.1 1.1 1.3 
Vocational Vehicles .................................................................................. 24.1 28.2 1.8 2.2 

Alt. 4 Less Lead Time—Total .......................................................................... 131 153 9.6 11.4 
Tractors and Trailers ................................................................................ 96.5 115 7.0 8.3 
HD Pickups & Vans .................................................................................. 14.0 15.3 1.1 1.3 
Vocational Vehicles .................................................................................. 20.0 23.1 1.5 1.8 

Alt. 5 More Stringent—Total ............................................................................ 181 213 13.4 15.6 
Tractors and Trailers ................................................................................ 137 163 9.9 11.8 
HD Pickups & Vans .................................................................................. 16.0 17.6 1.4 1.5 
Vocational Vehicles .................................................................................. 27.8 32.0 2.1 2.3 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 
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946 Yborra, Stephe; NGV Market Briefing to EPA 
and NHTSA, August 12, 2014. 

947 MOVES2014; http://www3.epa.gov/otaq/ 
models/moves/index.htm. 

948 Methane emissions above the heavy-duty 0.1 
g/bhp-hr methane tailpipe standard must be 
accounted for and offsets the lower CO2 tailpipe 
emissions. 

(2) Impacts Using Analysis Method B 

Table X–9 summarizes EPA’s 
estimates of GHG and fuel reductions of 

the program using Method B for 
calendar years 2040 and 2050. 

TABLE X–9—ANNUAL GHG AND FUEL REDUCTIONS RELATIVE TO THE FLAT BASELINE IN 2040 AND 2050 USING METHOD 
B a 

Upstream & downstream 
GHG Reductions 
(MMT CO2EQ) 

Fuel reductions 
(billion gallons) 

2040 2050 2040 2050 

Alt. 2 Less Stringent—Total ............................................................................. 71.8 84.0 5.4 6.3 
Tractors and Trailers ................................................................................ 44.2 53.0 3.2 3.8 
HD Pickups & Vans .................................................................................. 16.1 17.6 1.4 1.5 
Vocational Vehicles .................................................................................. 11.5 13.4 0.9 1.0 

Alt. 3 Preferred—Total ..................................................................................... 166.5 198.9 12.5 14.9 
Tractors and Trailers ................................................................................ 115.5 140.7 8.4 10.2 
HD Pickups & Vans .................................................................................. 26.9 30.0 2.2 2.6 
Vocational Vehicles .................................................................................. 24.1 28.2 1.9 2.1 

Alt. 4 More Stringent—Total ............................................................................ 144.1 168.5 10.9 12.7 
Tractors and Trailers ................................................................................ 96.5 115.1 7.0 8.3 
HD Pickups & Vans .................................................................................. 27.7 30.3 2.3 2.6 
Vocational Vehicles .................................................................................. 20.0 23.1 1.5 1.8 

Alt. 5 More Stringent—Total ............................................................................ 196.8 230.0 14.8 17.2 
Tractors and Trailers ................................................................................ 136.9 162.9 9.9 11.8 
HD Pickups & Vans .................................................................................. 32.2 35.2 2.7 3.0 
Vocational Vehicles .................................................................................. 27.8 32.0 2.1 2.4 

Note: 
a For an explanation of analytical Methods A and B, please see Section I.D; for an explanation of the flat baseline, 1a, and dynamic baseline, 

1b, please see Section X.A.1. 

XI. Natural Gas Vehicles and Engines 

NGV America estimates that 
approximately 65,200 natural gas trucks 
were operating in the U.S. in 2014. This 
represents 0.3 percent of the heavy-duty 
vehicle fleet in the U.S. based on EPA’s 
estimated 17.5 million heavy-duty 
trucks operating in the U.S.946 947 While 
medium and heavy-duty natural gas 
vehicles continue to be produced and 
sold, the collapse of crude oil prices 
starting in 2014 has reduced the 
economic incentive to expand the use of 
natural gas fueled trucks. Although 
these natural gas versions are similar in 
many ways to their petroleum 
counterparts, there are significant 
differences. There are also both 
similarities and differences in the 
production and distribution of natural 
gas relative to gasoline and diesel fuel. 

This combined rulemaking by EPA 
and NHTSA is designed to regulate two 
separate characteristics of heavy-duty 
vehicles: Emissions of GHGs and fuel 
consumption (especially petroleum 
fuels). The use of natural gas as a heavy- 
duty fuel can impact both of these. In 
the case of diesel or gasoline powered 
vehicles, there is a close relationship 
between GHG emissions and petroleum 
consumption. The situation is different 

for non-petroleum fuels like natural gas. 
Natural gas also has a lower carbon 
content than petroleum fuels. Thus, a 
natural gas vehicle that could achieve 
the same fuel efficiency as a diesel- 
powered vehicle would emit about 20 
percent less CO2 when operating on 
natural gas and consume no petroleum. 
A natural gas vehicle with the same fuel 
efficiency as a gasoline vehicle would 
emit about 30 percent less CO2.948 
However, current natural gas engines 
are 5 to 15 percent less energy efficient 
than diesel engines. This means that, 
although natural gas engines are 
typically less fuel efficient, they can 
have lower CO2 emissions and consume 
much less petroleum. In Phase 1, the 
agencies balanced these factors by 
applying the gasoline and diesel CO2 
standards to natural gas engines based 
on the engine type of the natural gas 
engine. Fuel consumption for these 
vehicles is then calculated according to 
their tailpipe CO2 emissions. In essence, 
this applies a one-to-one relationship 
between fuel efficiency and tailpipe CO2 
emissions for all vehicles, including 
natural gas vehicles. The agencies 
determined that this approach would 
likely create a small balanced incentive 
for natural gas use. See 76 FR 57123; see 

also 77 FR 51705 (August 24, 2012) and 
77 FR 51500 (August 27, 2012) (EPA 
and NHTSA, respectively, further 
elaborating on basis for having Phase 1 
apply at the tailpipe only, including for 
alternative fueled vehicles); see also 
Delta Construction Co. v. EPA, 783 F. 3d 
1291 (D.C. Cir. 2015) (dismissing 
challenge to Phase 1 GHG standards as 
being arbitrary for applying only on a 
tailpipe basis). 

For Phase 2, the agencies have 
reevaluated the potential use of natural 
gas in the heavy-duty sector and the 
impacts of such use. As discussed 
below, based on our review of the 
literature and external projections we 
believe that the use of natural gas is 
unlikely to become a major fuel source 
for medium and heavy-duty vehicles 
during the Phase 2 time frame. Thus, 
since we project natural gas vehicles to 
have little impact on both overall GHG 
emissions and fuel consumption during 
the Phase 2 time frame, the agencies see 
no need to make fundamental changes 
to the Phase 1 approach for natural gas 
engines and vehicles. 

As part of this rulemaking, the 
agencies developed a lifecycle analysis 
of natural gas used by the heavy-duty 
truck sector, which is presented in 
Section XI.B. We also present the results 
of analyses projecting the future use of 
natural gas by heavy-duty trucks, 
identify a number of potential emission 
control technologies, and discuss the 
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approaches that could help to reduce 
the methane emissions from natural gas 
trucks in the future. A more detailed 
discussion of these analyses and issues 
can be found in RIA Chapter 13. 

A. Natural Gas Engine and Vehicle 
Technology 

Both gasoline and diesel vehicles can 
be designed or modified to use natural 
gas. Several engine parameters and 
characteristics come into play in 
comparing engines powered by natural 
gas with engines powered by 
conventional fuels. 

Gasoline-fueled engines are typically 
spark-ignition engines that rely on 
stoichiometric combustion, which 
means that essentially all the oxygen 
from the engine’s intake air is consumed 
in the combustion process. Converting a 
gasoline-fueled engine to run on natural 
gas involves changing the hardware 
used to store and deliver fuel to the 
engine, but the combustion strategy 
remains largely unchanged. The engine 
must be recalibrated for the different 
fuel properties, but combustion 
typically remains stoichiometric. In 
addition, the catalysts may require 
significant changes to enable the heavy- 
duty engine to comply with the 
emission standards. 

Diesel-fueled engines are 
compression-ignition engines that rely 
on lean-burn combustion, which means 
that the engine takes in a substantial 
quantity of excess air (oxygen) that is 
not consumed in the combustion 
process. Engines usually have 
turbochargers to compress the intake air, 
which allows for greater power output 
and thermodynamic efficiency. 
Converting a diesel-fueled engine to run 
on natural gas may involve a minimal 
set of changes to engine calibrations to 
maintain lean-burn operation and the 
overall operating characteristics of a 
compression-ignition engine, although 
there are substantial changes to the fuel 
storage and delivery systems. 
Compressed ignition natural gas engines 
either require the use of a pilot injection 
of a small amount of diesel fuel to 
initiate the combustion event when the 
natural gas is directly injected, or more 
commonly, a mixture (never more than 
50 percent natural gas) of natural gas 
and diesel fuel is combusted for 
fumigated natural gas engines. It is also 
possible to convert a diesel-fueled 
engine to run on natural gas by adding 
a spark plug. The option of changing the 
calibration strategy to rely on 
stoichiometric combustion would allow 
for simpler engine design and operation, 
but it would come at a cost of higher 
fuel consumption and CO2 emissions. 

Engines running on natural gas are 
capable of meeting the same criteria and 
GHG emission standards that apply for 
gasoline and diesel engines, although 
complying with the methane tailpipe 
emission standard has posed a challenge 
for engine manufacturers up to this 
point. In the case of reducing PM and 
CO2 emissions, there is an inherent 
advantage for natural gas. In contrast, 
engines must be properly calibrated and 
maintained to avoid high emission rates 
for NOX, HC, and CO. 

On-vehicle fuel storage for natural gas 
is also an important design parameter. 
The most common method today is 
compressed natural gas (CNG), which 
involves storing the fuel as a gas at very 
high pressure (up to ∼3600 psi) to 
increase the density of the fuel, 
although the fuel remains less dense 
than diesel fuel. Compared to diesel 
fuel, CNG increases vehicle weight 
(because of heavier high pressure fuel 
tanks) and generally reduces the range 
relative to gasoline or diesel vehicles. 
Nevertheless, CNG technology is readily 
available and does not involve big 
changes for operators. The alternative is 
to extensively cool the fuel so that it can 
be stored as liquefied natural gas (LNG) 
at a lower pressure, which involves 
more extensive hardware changes for 
managing the fuel as a cryogenic liquid. 
LNG fuel storage also involves a 
substantial weight increase, but LNG 
has a higher density than CNG so LNG 
vehicles can store much more fuel than 
CNG vehicles in the same volume. LNG 
technology is available for a limited 
number of truck models, mostly for line- 
haul service where range is a paramount 
consideration. The cryogenic fuel 
requires substantial changes in 
hardware and procedures for refueling 
stations and operators. An additional 
difference from CNG is that because 
LNG must be kept cool to prevent 
evaporation, significant losses will 
occur if a vehicle is not used frequently 
enough. For example, an LNG vehicle 
left parked over a period of multiple 
days will eventually vent the fuel to 
prevent tank failure, as the system takes 
on heat from the surrounding 
environment and the pressure increases. 

B. GHG Lifecycle Analysis for Natural 
Gas Vehicles 

This section is organized into three 
sections. The first section summarizes 
the upstream emissions associated with 
natural production and distribution. 
The second section summarizes the 
downstream emissions associated with 
the actual use of the fuel. The last 
section summarizes the results of the 
lifecycle emissions analysis and 
provides a comparison between natural 

gas lifecycle and diesel fuel lifecycle 
emissions. Only the overall results of 
the lifecycle emissions analysis between 
natural gas and diesel fuel are presented 
here, with more detail provided in 
Chapter 13 of the RIA. 

(1) Upstream Emissions 
Upstream methane emissions 

(occurring in natural gas production, 
processing, transmission, storage and 
distribution) have been estimated and 
summarized in the annual EPA report 
Inventory of U.S. Greenhouse Gas 
Emissions and Sinks (GHG Inventory) 
for the United Nations Framework 
Convention on Climate Change 
(UNFCCC). As a basis for estimating the 
lifecycle impact of natural gas use by 
heavy-duty trucks, we used the year 
2014 methane emission estimates in the 
most recent GHG Inventory, published 
in 2016. Substantial amounts of new 
information on methane emissions from 
oil and gas systems have become 
available recently from a number of 
channels, including EPA’s GHG 
Reporting program, industry 
organizations, and various research 
studies. EPA reviewed this information 
and revised its estimates of methane 
emissions from natural gas and 
petroleum facilities for the 2016 GHG 
Inventory. Comparing the most recent 
GHG Inventory estimate for 2013 to the 
previous GHG Inventory for 2013, 
methane emissions are about one third 
higher for the aggregated natural gas 
system than the previous estimate. The 
GHG Inventory also includes the 
quantity of carbon dioxide which is 
coproduced with methane throughout 
the natural gas system and emitted to 
the atmosphere through venting, flaring, 
and as fugitive emissions. Since the 
GHG Inventory only represents U.S.- 
based methane and carbon dioxide 
emissions, it does not estimate the GHG 
emissions caused by the production of 
natural gas in Canada which is imported 
to the U.S. The imported Canadian 
natural gas comprises about 10 percent 
of U.S. natural gas consumption. To 
estimate the GHG emissions from this 
Canadian natural gas, we assume that it 
has the same GHG emissions profile as 
U.S.-produced natural gas. 

The GHG Inventory is updated 
annually to account for new emission 
sources (e.g., new natural gas wells), 
updated data, emission factors and/or 
methodologies, and to account for 
changes in emissions due to policy 
changes, regulatory changes and 
changes in industry practices. The GHG 
Inventory reflects emission reductions 
due to existing state regulations, 
National Emission Standards for 
Hazardous Air Pollutants (NESHAP) 
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949 National Emission Standards for Hazardous 
Air Pollutants (NESHAP): For the Oil and Natural 
Gas Production and Natural Gas Transmission and 
Storage, Final Rule, 40 CFR part 63, subpart HH; 
June 17, 1999. 

950 Oil and Natural Gas Sector: New Source 
Performance Standards and National Emission 
Standards for Hazardous Air Pollutants Reviews; 
Final Rule, 40 CFR parts 60 and 63, Environmental 
Protection Agency, August 16, 2012. 

951 www3.epa.gov/gasstar/. 
952 See 40 CFR part 98, subparts PP and RR. 

953 Oil and Natural Gas Sector: Emission 
Standards for New and Modified Sources; 40CFR 
60, May 12, 2016. 

954 https://www.whitehouse.gov/the-press-office/ 
2016/03/10/us-canada-joint-statement-climate- 
energy-and-arctic-leadership. 

955 https://blog.epa.gov/blog/2016/03/epa-taking- 
steps-to-cut-methane-emissions-from-existing-oil- 
and-gas-sources. 

956 Canada achieving methane emissions 
reductions from its natural gas sector is important 
to the US GHG footprint because about 10 percent 
of the natural gas consumed in the US is imported 
from Canada. 

957 Menon, V.C., Komarneni, S. 1998 ‘‘Porous 
Adsorbents for Vehicular Natural Gas Storage: A 
Review,’’ Journal of Porous Materials 5, 43–58 
(1998); Burchell, T ‘‘Carbon Fiber Composite 
Adsorbent Media for Low Pressure Natural Gas 
Storage’’ Oak Ridge National Laboratory. 

promulgated by EPA in 1999,949 the 
New Source Performance Standards 
(NSPS) promulgated by EPA in 2012,950 
and Natural Gas Star (a flexible, 
voluntary partnership that encourages 
oil and natural gas companies to adopt 
proven, cost-effective technologies and 
practices that improve operational 
efficiency and reduce methane 
emissions).951 

Emission estimates in the GHG 
Inventory are generally bottom-up 
estimates which are per-unit 
(compressor, pneumatic valve, etc.) 
emission estimates based on measured 
or calculated emission rates from such 
emission sources. 

In addition to the national-level data 
available through the GHG Inventory, 
facility-level petroleum and natural gas 
systems data are also available through 
EPA’s Greenhouse Gas Reporting 
Program (GHGRP).952 These data 
represent a significant step forward in 
understanding GHG emissions from this 
sector and EPA expects that it will be an 
important tool for the agency and the 
public to analyze emissions, and to 
understand emission trends. EPA is 
using GHGRP data to update emission 
estimates in the GHG inventory, and we 
plan to continue to leverage GHGRP 
data to update future GHG Inventories. 

The EPA-promulgated 2012 New 
Source Performance Standards (NSPS 
OOOO) will reduce emissions of ozone 
precursors from natural gas facilities 
and have methane and hazardous air 
pollutant reduction co-benefits. The 
NSPS standards require that emissions 
from natural gas wells that are 
hydraulically fractured be controlled 
using flaring or reduced emission 
completion (REC) technology from 
completions and workovers starting in 
2012. RECs used by natural gas well 
drillers capture the natural gas 
emissions that occur during well 
completion, instead of venting or flaring 
the emissions. Starting in January 2015, 
RECs are required for natural gas well 
completions and workovers. The NSPS 
also regulates the emissions from certain 
new natural gas production equipment, 
including dehydrator vents and 
condensate tanks. 

The Energy Information 
Administration (EIA) projects natural 

gas production to increase by about 19 
percent by 2025. However, as noted in 
the 2016 Second Biennial Report of the 
United States of America, EPA projects 
emissions of methane to increase, by 
only 5 percent during this timeframe; 
thus, methane emissions in 2025 are 
expected to be 12 percent lower than in 
2014 per equivalent volume of natural 
gas being produced. 

EPA is taking additional steps to 
reduce the emissions of methane from 
natural gas and oil production facilities. 
On May 12, 2016, EPA finalized 
regulations (2016 NSPS OOOOa) which, 
among other things, include methane 
standards for oil and gas equipment 
used across the oil and gas sources 
currently only regulated for VOCs, and 
require the use of reduced emissions 
completions at hydraulically fractured 
oil wells.953 In March of 2016, the U.S. 
EPA and Canadian Environment and 
Climate Change Canada (ECCC) 
announced plans to regulate emissions 
from existing oil and gas 
sources.954 955 956 The goal of these 
various actions is to achieve an 
aggregated 40 to 45 percent reduction in 
methane emissions relative to methane 
emissions in 2012. The lifecycle 
analysis presented here and in RIA 
Chapter 13 attempts to represent GHG 
emissions in the year 2025, but probably 
overestimates those emissions because 
the analysis does not take into account 
the 2016 NSPS, or any future action that 
would address existing sources. 

In the GHG Inventory, emissions 
associated with powering the units or 
equipment (i.e., compressors, pumps) 
used in natural gas production, 
processing, transmission and 
distribution are aggregated with all the 
other fossil fuel combustion activities. 
Rather than attempt to disaggregate 
those specific GHG emissions from the 
rest of the process emissions in the GHG 
Inventory, we instead used the 
estimated emissions for these sources 
provided by GREET. 

(2) Downstream Emissions 

Downstream emissions associated 
with natural gas differ between CNG 

and LNG. We discuss the emissions of 
both types below. 

(a) Compressed Natural Gas (CNG) 

Natural gas used as CNG is 
compressed at the retail stations that 
sell the CNG and the fleet facilities 
which fuel the CNG fleet vehicles. Thus, 
it is typically off-loaded from the 
broader natural gas system where the 
vehicles using CNG are refueled. To get 
the natural gas to the CNG retail 
facilities, which are mostly located in or 
near urban areas, the natural gas is 
normally shipped through the 
distribution system downstream of the 
natural gas transmission system. CNG 
trucks are then refueled at the retail 
stations providing CNG. Each time a 
CNG refueling event occurs, a small 
amount of natural gas is released to the 
environment. We estimated the volume 
of CNG emitted by this equipment 
during refueling based on past data 
collected on these types of fueling 
fittings (described in RIA Chapter 
13.1.2.1). Since CNG storage systems are 
designed handle very high pressures, 
they must be designed to have no leaks, 
so the CNG could remain stored in the 
CNG tanks indefinitely. However, 
should a leak occur, the very high 
pressure at which CNG is stored 
dramatically increases fugitive 
emissions. We do not have any data to 
suggest that fugitive emissions from 
CNG trucks and assume for this analysis 
that CNG fugitive emissions from CNG 
storage at retail/fleet facilities and by 
trucks is zero. However, we recognize 
that this clearly underestimates the 
methane emissions from these storage 
facilities since they are unlikely to be 
leak-free in every instance. 

Stored at 3600 psi the energy density 
of CNG is only about 25 percent of the 
energy density of diesel fuel. This lower 
energy density is a disincentive for 
using CNG in long haul trucks because 
it limits the vehicle’s range. However, as 
described in the Chapter 13.1.3.1 of the 
RIA, using an adsorbent for natural gas 
(ANG) could improve the energy density 
of CNG, which would make it a better 
candidate for natural gas storage for long 
range combination trucks.957 Or, if used 
to store CNG at the same density, could 
reduce the compression energy required 
to compress the CNG since it could be 
stored at a lower pressure. 
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958 Detailed California-Modified GREET Pathway 
for Liquefied Natural Gas (LNG) from North 
American and Remote Natural Gas Sources, Version 
1.0, California Air Resources Board, July 20, 2009. 959 Ibid. 

(b) Liquefied Natural Gas (LNG) 
A primary reason for liquefying 

natural gas is that it allows storing the 
natural gas at about 60 percent of the 
density of diesel fuel, which is more 
than twice as dense as CNG. For this 
reason, LNG is a primary fuel being 
considered by long haul trucks. 

Liquefaction is the first step 
downstream of the natural gas 
production, processing and distribution 
system for making LNG available to 
trucks. This step involves cooling the 
natural gas until it undergoes a phase 
change from a gas to a liquid at a low 
pressure. LNG plants are configured 
differently depending on their ultimate 
capacity. Large LNG export facilities 
produce 5 million metric tons, or more, 
per year of LNG and the economy of 
scale of these large plants supports the 
significant addition of capital to reduce 
their operating costs and energy use. An 
LNG plant solely producing LNG for 
truck fuel would likely be significantly 
smaller (i.e., 0.1 million metric tons per 
year) and have a poorer economy of 
scale than the LNG export facilities. 
Their energy efficiency would be 
expected to be much lower on a 
percentage basis. The California Air 
Resources Board estimated that the 
liquefaction plants used for producing 
truck LNG fuel are 80 percent efficient, 
compared to 90 percent efficient for 
LNG export facilities.958 In other words, 
the amount of energy used to liquefy the 
natural gas would be equivalent to the 
energy content 10 to 20 percent of the 
natural gas coming into the facility. 
CARB recently conducted its lifecycle 
assessments for LNG assuming both 90 
percent efficiency value as well as 80 
percent efficiency due to the uncertainty 
of where the LNG would be sourced 
from (this assessment by CARB is solely 
for illustrative purposes—to qualify for 
credit under the Low Carbon Fuel 
Standard (LCFS), the actual LNG plant 
performance would need to be the basis 
for any submission for requesting credit 
under the LCFS). For this lifecycle 
analysis of LNG as a truck fuel, we 
assume that LNG plants are 80 percent 
efficient, which is consistent with the 
types of LNG plants that would be 
dedicated producers of LNG for 
transportation purposes. We also 
estimated the fugitive methane 
emissions at the plant, as well as carbon 
dioxide emissions emitted by the 
processes which liquefy the natural gas. 
Because LNG plants are located separate 
from the retail facilities, they can be 

located to access the lowest cost 
feedstock. This means the natural gas 
for LNG can be sourced from the larger 
natural gas transmission pipelines 
which are upstream of the distribution 
pipelines. Once the natural gas is 
liquefied at the liquefaction plant, it is 
stored in an insulated storage tank to 
keep the LNG liquefied. 

LNG is typically transported to the 
retail station using insulated trailers 
designed specifically for transporting 
LNG. Boil-off emissions can occur 
during transport, but only if the 
temperature of the LNG increases to the 
point the pressure relief valve opens. 
However, since the LNG is super cooled, 
boil off events are likely to be rare. LNG 
is also stored in an insulated storage 
tank at the retail facility. Heat gain in 
the storage tank could eventually lead to 
boil-off emissions. Service stations with 
little LNG demand are at a higher risk 
of boil-off emissions compared to 
service stations which have a significant 
throughput volume. LNG stations could 
be configured to avoid boil-off events to 
the atmosphere, such as venting to a co- 
located CNG facility, venting to a nearby 
natural gas pipeline, or oxidizing the 
methane to carbon dioxide. In the 
absence of other information, we used 
CARB’s estimate of boil-off emissions 
for LNG transportation by the tanker 
truck between the LNG plant and retail 
outlets and from LNG retail facilities.959 

LNG vehicles generally refuel LNG 
retail outlets or fleet refueling facilities 
much the same as other vehicles. 
However, because the fuel is under 
pressure, when the refueling nozzle is 
disconnected from the LNG tank nozzle, 
a small amount of methane is released 
to the environment. We estimated the 
volume of LNG emitted by this 
equipment during refueling based on 
past data collected on these types of 
fueling fittings (described in RIA 
Chapter 13). In addition, operators 
sometimes reduce the pressure in the 
truck’s LNG tank to speed up the 
refueling process, which can emit 
methane as well. In some cases the retail 
station is equipped with another hose 
and associated piping to vent the excess 
gas to the retail stations’ storage tank 
where it would usually condense back 
to a liquid due to the lower temperature 
of that tank, or perhaps be vented to a 
natural gas pipeline. However, for those 
retail outlets without such vent lines to 
the storage tank, the operator may 
simply vent the truck’s storage tank to 
the atmosphere. We estimated the 
emissions for a boil-off event or venting 
an LNG tank prior to refueling as part 

of a sensitivity analysis for our lifecycle 
analysis. 

(c) Comparing CNG to LNG 
The differences between CNG and 

LNG refueling patterns are important. 
Only a single facility, the retail outlet, 
is required for distributing CNG, while 
LNG requires both a liquefaction plant 
and a retail outlet and a means for 
transporting the LNG from the 
liquefaction plant to retail. Relying on a 
single facility simplifies the logistics of 
providing CNG and reduces the 
opportunity for methane leakage to the 
environment. However, this emissions 
disadvantage of LNG compared to CNG 
is offset somewhat because LNG is 
expected to access natural gas from the 
upstream transmission system (due to 
lower prices), which avoids methane 
emissions associated with the 
downstream natural gas distribution 
system. 

(d) Vehicle Emissions 
There are several different ways that 

diesel heavy-duty engines can be 
configured to use natural gas as a fuel. 
The first is a spark ignition (Otto cycle) 
natural gas (SING) engine. The SING 
heavy duty engine burns the fuel 
stoichiometrically and uses a three-way 
catalyst, and some also add an oxidation 
catalyst to provide the greatest 
emissions reduction. In this case the 
engine compression ratio is reduced 
similar to that of a gasoline engine and 
thus its thermal efficiency is lower than 
a diesel-like engine by about 10–15 
percent. 

The second is a direct injection 
natural gas (DING), diesel cycle. The 
DING engine uses a small quantity of 
diesel fuel (pilot injection) or a glow 
plug as ignition sources. As the 
injection system for the diesel fuel does 
not have the capability of greater 
injection quantities, this option has no 
dual-fuel properties. On the other hand, 
an optimization of the pilot injection 
can be made to achieve lower emissions. 
An advanced high pressure direct 
injection (HPDI) fuel system combining 
the injection of both diesel fuel and 
natural gas can be used for lean burn 
combustion. This enables the engine to 
maintain the efficiency advantage of a 
compression ignition engine while 
running mainly CNG/LNG. 

The third is a mixed-fuel natural gas 
(MFNG), diesel cycle. In a mixed-fuel 
engine, natural gas is mixed with intake 
air before induction to the cylinder and 
diesel fuel is used as ignition source. 
Mixed-fuel vehicle/engine means any 
vehicle/engine engineered and designed 
to be operated on the original fuel(s), or 
a mixture of two or more fuels that are 
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960 An exception is that small volume, heavy-duty 
natural gas truck manufacturers are exempt from 
EPA’s GHG regulations. 

961 See 76 FR 57192, 40 CFR 1036.108(a)(2) and 
1037.104(c) (which is proposed to be redesignated 
as 40 CFR 86.189–14(k)(5)). 

combusted together. Engine results have 
shown that the efficiency of the engine 
could decrease by about 2–5 percent in 
mixed-fuel mode compared to diesel 
mode and that the diesel replacement 
was approximately 40–60 percent. 

Each of these natural gas engine types 
has its merits. The SING engine is less 
costly, but is less fuel efficient and 
because of the lower compression ratio 
it has less torque than the DING and 
MFNG diesel cycle engines. 
Furthermore, the SING engine usually is 
designed for a shorter lifespan. The 
DING engine is likely the most 
expensive because of the special natural 
gas/diesel fuel injection system and 
large required amount of natural gas 
(LNG or CNG) storage since the truck 
must run on natural gas. However, 
because the truck can run almost 
completely on natural gas, the DING 
engine has the potential to more quickly 
pay down the higher investment cost of 
the natural gas truck. The MFNG engine 
provides the truck owner the flexibility 
to operate either on both natural gas and 
diesel fuel, or solely on diesel fuel, but 
at the expense of a slower natural gas 
investment pay down rate because at 
most 60 percent of the fuel it consumes 
can be natural gas. 

Phase 1 set methane emission 
standards for both CNG and LNG trucks, 
so it is important to separate those 
trucks built before 2014 from those built 
in 2014 and later. The trucks built 
before 2014 only needed to meet 
standards for nonmethane hydrocarbon 
(NMHC) and other criteria pollutants, 
which means that the methane 
emissions from these trucks are 
unregulated. Our certification data show 
that the methane tailpipe emissions 
from these trucks/buses ranges from 2– 
5 g/bhp-hr for both spark ignition 
(gasoline type) and compression 
ignition (diesel type) engines. 

For 2014 and later, DING and MFNG 
natural gas trucks or natural gas 
conversions of 2014 and later diesel 
trucks, the trucks must meet a 0.1 g/ 
bhp-hr methane emission standard in 
the case of a larger truck engine tested 
with an engine dynamometer, and a 
0.05 g/mile methane emission standard 
in the case of smaller trucks tested on 
a chassis dynamometer.960 For SING 
engines, the methane standards take 
effect in 2016.961 Natural gas truck 
manufacturers are allowed to offset 
methane emissions exceeding the 
methane emission standard by 

converting the methane emission 
exceedances into CO2 equivalent 
emissions and using CO2 credits. For the 
natural gas engine certifications that 
EPA received for 2014, 2015 and 2016, 
the truck manufactures chose to 
continue to emit high levels of methane 
(up to 2 g/bhp-hr) and use carbon 
dioxide credits to offset those emissions. 
We do not know whether this practice 
will continue in the future; however, for 
evaluating the lifecycle impacts of 
natural gas heavy-duty trucks, we 
assume that natural gas trucks emit 
higher amounts of methane than the 
standard. It is worth noting that, 
because manufacturers have less 
experience controlling methane 
emissions, the potential exists for 
deterioration or malfunction of the 
engines, fuel supplies, or associated 
emission control devices on these trucks 
to occur in such a manner to result in 
higher methane emissions in actual use. 
We have not specifically accounted for 
the potential for increased methane 
emissions from high-emitter natural gas 
trucks. 

Some amount of combustion gases 
typically leaks into the crankcase across 
the piston rings (blow-by) These 
crankcase emissions generally include 
some unburned fuel along with other 
combustion products, and for natural 
gas engines, this includes methane. The 
crankcase of the spark ignition engines 
is vented into the intake of the engines; 
thus, any methane that ends up in the 
crankcase is rerouted back to the engine 
where it would be combusted. For 
compression ignition engines, however, 
the crankcase emissions are allowed to 
be vented into the exhaust pipe 
downstream of the aftertreatment 
devices, and therefore can be released to 
the atmosphere, provided the 
manufacturer measures them and 
includes them in the total emissions. 
This means that crankcase emissions of 
methane count against the Phase 1 
methane standard. Another potential 
source of methane emissions from CNG 
and LNG trucks is fugitive emissions 
from the engine and from the piping 
which routes the fuel to the engine. 
Thus, either while parked or operated, 
this part of the vehicle fuel and engine 
systems could leak methane to the 
environment (which is different from 
boil-off emissions from LNG trucks 
discussed below). We do not have data 
nor did we develop an estimate for these 
potential fugitive emissions from these 
types of in-use leaks. If the natural gas 
vehicles are well maintained, these 
emissions are likely to be very low. 

The thermal efficiency (the ratio of 
energy converted to work versus energy 
consumed) of the natural gas engine also 

plays a role in the lifecycle emissions of 
the truck. Natural gas engines are 
generally less efficient than their 
gasoline and diesel counterparts. 
Furthermore, manufacturers often 
choose to produce spark-ignition 
stoichiometric natural gas engines for 
use in diesel applications. Spark- 
ignition natural gas engines can be as 
much as 15 percent less efficient than 
compressed ignition engines which 
operate on diesel fuel. In our lifecycle 
analysis, we provide two different 
sensitivities for natural gas vehicles 
assuming that they are 5 percent and 15 
percent less efficient. 

An important difference between CNG 
and LNG is the way in which the fuels 
are stored on the vehicle. The CNG is 
contained in a permanently sealed 
system while the LNG system is 
potentially open to the environment 
(depending on operating patterns). 
Provided that there are no leaks in the 
storage system, the CNG truck is 
inherently low (zero) emitting with 
respect to evaporative emission and a 
parked truck would contain the CNG 
indefinitely. However, this is not so for 
LNG trucks, which would have very 
high emissions if the truck were to be 
parked so long that its entire contents 
would boil off and be emitted to the 
environment. Methane venting 
emissions mean loss of fuel for the 
operator, which creates a disincentive to 
allow the fuel to warm to the point of 
venting. Nevertheless, even occasional 
venting events can have significant 
impacts. Thus, EPA remains concerned 
about boil-off emissions from LNG truck 
fuel storage systems. When the liquefied 
natural gas is pumped into the truck 
LNG tanks, it is ‘‘supercooled,’’ meaning 
that the pressure of the LNG is well 
below the pressure at which the natural 
gas vent valve would relieve the LNG 
pressure. If the truck is driven 
extensively, the drawdown of liquid 
level will reduce the pressure in in the 
storage tank which will cause some of 
the fuel to boil off and the heat of 
vaporization would thus cool the rest of 
the liquid in the LNG storage tank. It is 
possible that the fuel would maintain its 
supercooled temperature, or possibly 
even cool further below its supercooled 
temperature, the entire time until the 
LNG is completely consumed. 

Unless the truck is driven enough to 
consume the LNG fuel while is still at 
the very low-temperature and low- 
pressure, it will warm due to the 
ambient temperature gradient through 
the tank wall, and vaporize, causing the 
temperature and pressure of the LNG to 
rise. When the pressure reaches a 
maximum of 230 psi a safety release 
valve releases the methane gas to vent 
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962 National Fire Protection Association 52, 
Compressed Natural Gas (CNG) Vehicular Fuel 
System Code, 2002 Edition. 

963 SAE International (2008) SAE J2343: 
Recommended Practice for LNG Medium and 
Heavy-Duty Powered Vehicles. Warrendale, 
Pennsylvania. 

964 See Section XI.D.(2)(a) for a discussion of 
different values for the GWP of methane. 

965 These global warming potential values are 
based on the Fourth Assessment Report authored by 
the Intergovernmental Panel on Climate Change. 

966 Cooney, Greg of Booze Allen Hamilton; 
Approaches to Developing a Cradle-to-Grave 
Lifecycle Analysis of Conventional Petroleum Fuels 
Produced in the U.S. with an Outlook to 2040; for 
the National Energy Technology Laboratory (NETL), 
October 6, 2015. 

excess pressure. There are two industry 
standards used to design tanks to reduce 
the temperature increase, one for a 3- 
day hold time 962 and one for a 5-day 
hold time.963 Hold time is the time 
elapsed between the LNG refueling and 
venting. 

A large amount of methane can be 
released with each boil-off event. If 
aware of the impending boil-off, such as 
when the truck is being maintained, the 
truck driver could hook up the LNG 
tank to a hose which would vent the 
natural gas emissions to a CNG system 
which could reuse the boil-off natural 
gas as CNG, or vent the natural gas 
emission to a natural gas pipeline. 
Otherwise the boil-off emission would 
simply vent to the atmosphere. If the 
truck had 200 gallons of LNG storage 
capacity, the estimated quantity of boil- 
off emissions would range from 3 to 9 
gallons of LNG for each boil-off event 
depending on the fill level of the LNG 
tank, assuming that the boil-off event 
results in a drop of pressure in the LNG 
tank from 230 psi to 170 psi. Each boil- 
off event has the potential to release on 
the order of 5,300–15,800 grams of CH4 
which equates to 132–400 kilograms of 
CO2-equivalent emissions, using a 
methane global warming potential 
(GWP) of 25 (assessed over 100 
years).964 If the vehicle continues to sit 
for five more days and boil-off events 
occur each day to several times per day 
as the tank vents and rebuilds in 
pressure, the sum total of the boil-off 
events can result in over a million grams 
of CO2-equivalent emissions. 

(3) Results of Lifecycle Analysis 

To estimate the lifecycle impact of 
natural gas used by heavy-duty trucks, 
we totaled the estimated CO2, CH4 N2O 
emissions for the upstream and 
downstream portions of the natural gas 
system. The methane and nitrous oxide 
emissions are converted to carbon 
dioxide-equivalent emissions using the 
appropriate GWP conversion factors. 
The GWP conversion factors EPA 
currently uses in this analysis are for a 
100-year timeframe, are 25 and 298 for 
methane and nitrous oxide, 
respectively.965 

To establish the impacts of natural gas 
use in the heavy-duty fleet, it was 

necessary to compare the lifecycle 
impacts of natural gas against the base 
fuel it is replacing, which generally is 
diesel fuel. The lifecycle impact of 
diesel fuel was estimated by the 2015 
GREET model for the current 
production and use of diesel fuel. In 
2015, the National Energy Technology 
Laboratory (NETL) updated its diesel 
fuel lifecycle analysis to assess diesel 
fuel use by trucks in the year 2014.966 
The revised analysis shows much higher 
upstream emissions compared to 
GREET, but much lower truck GHG 
emission compared to GREET, and on 
balance is slightly lower than GREET. 
Thus, if we used the NETL lifecycle 
analysis, on a relative basis, natural gas 
trucks would appear slightly higher 
emitting than diesel engines. 

To illustrate the relative full lifecycle 
impact of natural gas-fueled heavy-duty 
vehicles compared to diesel fueled 
heavy-duty vehicles, we assessed two 
different scenarios. The first is a 
conversion of a 2014 or later diesel 
engine to use CNG. Of the tens of 
thousands of heavy-duty natural gas 
trucks currently in use, most are of this 
type. It is likely that nearly all CNG 
conversions being done in 2021 and 
later will be for vehicles subject to the 
2014 and 2016 methane emissions 
standards. Thus, for this analysis we 
assume that all converted natural gas 
trucks will need to comply with the 
methane standards. The methane 
standard requires heavy-duty trucks to 
comply with a 0.1 g/bhp-hr or a 0.05 g/ 
mile methane tailpipe standard. Based 
on certification data for post-2014 CNG 
trucks, the trucks emit from 0.7 to 2 g/ 
bhp-hr methane and thus require the 
use of CO2 emission credits to show 
compliance with the methane standard. 
For the purposes of this review, we 
assume that these trucks emit 1 gram of 
methane per brake horsepower hour. We 
provide two sensitivities to capture the 
lower thermal efficiencies of natural gas 
trucks: 5 percent less thermally efficient 
(thermal high) which is representative 
of a diesel cycle engine and 15 percent 
less energy efficient (thermal low, 
which is 10 percent worse thermal 
efficiency than the 5 percent less 
thermally efficient case) which is 

representative of a gasoline cycle 
engine. 

The second scenario we assessed is a 
combination LNG tractor trailer (LNG is 
most common with tractors because it 
provides a greater range of operation). 
While the fuel storage in this case is 
LNG (as opposed to CNG in the case 
above), the engine options are similar to 
the above case (diesel and gasoline cycle 
as represented by the thermal efficiency 
sensitivities). Also similar to the CNG 
case, we assume that these engines 
continue to emit 1 gram per brake- 
horsepower-hour of methane despite 
being subjected to either the 0.1 gram 
per brake horsepower-hour or the 0.05 
gram per mile methane emission 
standard. We make two different 
assumptions with respect to refueling 
and boil off emissions. In the LNG 
average case, we assume a modest 
quantity of refueling and boil-off 
methane emissions as estimated by 
GREET. The second boil-off emission 
estimate is a sensitivity analysis which 
assumes that the LNG storage tank is 
either vented to the atmosphere each 
time the driver refills his tank, or that 
there is a boil-off event for each LNG 
tank filling. As discussed above, we do 
not expect such high refueling and boil- 
off emissions to be common practices 
for newer trucks that are operated 
regularly. However, as the use of these 
trucks decreases as they age and are sold 
into the secondary market, the risk for 
refueling and boil-off emission events 
increases—this estimate provides a 
simple sensitivity emission estimate. 
The relative lifecycle analysis is shown 
in Figure XI–1. 

A third comparison made in Figure 
XI–1 is the relative tailpipe-only 
emissions for diesel and natural gas 
trucks. The quantity of carbon dioxide, 
methane and nitrous oxide emissions 
from a diesel truck is from GREET. The 
carbon dioxide emissions from a natural 
gas-fueled truck is calculated and is 
based on the carbon-hydrogen content 
of methane. The methane emissions 
from a natural gas-fueled truck is based 
on natural gas truck certification data 
(and so does not include any methane 
emissions from the natural gas storage 
tanks onboard the truck nor other 
fugitive emissions). 
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967 See Section XI.D.(2)(a) for a discussion of 
different values for the GWP of methane. 

968 CA–GREET 1.8b versus 2.0 CI Comparison 
Table, LCFS Workshop Handout, California Air 
Resources Board, April 3, 2015. 

The first two bars of Figure XI–1 show 
that based solely on tailpipe emissions 
(with thermal efficiency adjustments 
and assuming 1 g/bhp-hr methane 
emissions at the truck), CNG trucks are 
estimated to emit about 10 percent less 
GHG emissions than diesel engines if 
the engine is only 5 percent less 
efficient than a diesel engine, and about 
the same GHG emissions if the engine 
is 15 percent less efficient than a diesel 
engine. The four full lifecycle analyses 
represented by the right four bars in the 
figure show that CNG trucks are 
estimated to emit less GHG emissions 
than diesel trucks, although if their 
thermal efficiency is much lower (15 
percent less than the diesel fueled 
engine) their GHG emissions would 
decrease to 5 percent lower than diesel 
trucks. 

Figure XI–1 also shows that LNG 
trucks with an average extent of boil-off 
emissions can have about the same 
greenhouse gas footprint as diesel 
trucks, provided the engines’ energy 
efficiency is only 5 percent lower than 
diesels. However, if the LNG engine is 
15 percent less energy efficient than the 
diesel fuel engine, the GHG emissions of 
the LNG truck would be higher. In 
addition, an LNG truck with refueling or 
high boil-off emissions, would emit 
about one third more GHG emissions 
than diesel fuel trucks. From a lifecycle 
perspective, LNG trucks appear higher 
emitting than CNG trucks largely 
because of the low thermal efficiency of 

the small liquefaction facilities. If a fleet 
of LNG trucks were to access LNG from 
a large, LNG export facility, which are 
much more energy efficient than the 
smaller liquefaction facilities, the 
relative lifecycle impacts of the LNG 
trucks would be much better. 

It is important to point out the 
uncertainties associated with the 
lifecycle estimates provided in the 
above figures. As discussed above, there 
is uncertainty in both the upstream and 
downstream methane emission 
estimates for natural gas facilities and 
equipment, and the trucks that consume 
natural gas. There is also uncertainty in 
the diesel fuel lifecycle analysis 
conducted by GREET and NETL. 
Finally, the lifecycle analysis is 
sensitive to the GWP factor used to 
assess methane and nitrous oxide, and 
if a different GWP value were to be 
used, it would affect the relative 
lifecycle impact of natural gas relative to 
diesel in heavy-duty trucks (see Chapter 
13.1.4 of the RIA for sensitivity analyses 
regarding upstream methane emissions 
and the use of different GWP factors). 

We compared our lifecycle emission 
estimates for natural gas, relative to 
diesel fuel, with the estimates provided 
by the California Air Resources Board 
(CARB) for its Low Carbon Fuel 
Standard (LCFS). For our emissions 
estimate used in the comparison we 
used the carbon dioxide-equivalent 
(CO2eq) emissions estimated for 2014 
and later engines, which must comply 
with a methane tailpipe emissions 

standard, and assumed that the engine 
was 5 percent less thermally efficient 
than a comparable diesel engine. Both 
analyses used GWPs based on 100 year 
timescale (i.e., a GWP of 25 for methane 
and 298 for nitrous oxide).967 For the 
CARB emissions estimates, we used the 
estimates made for what CARB terms 
‘‘illustrative purposes’’ using the values 
printed in the April 3, 2015 workshop 
handouts.968 CARB estimates that CNG 
engines emit 86 percent of the CO2eq 
emissions as a diesel truck using the 
EER-adjusted values which reflects 11 
percent lower energy efficiency than a 
diesel truck. When we adjust our 
analysis to reflect a truck which is 11 
percent less efficient than a diesel truck, 
our analysis estimates that CNG engines 
emit 89 percent of the CO2eq emissions 
as a diesel truck. An important reason 
why CARB estimates lower CNG truck 
GHG emissions than our analysis is that 
a much larger portion of the electricity 
used to compress natural gas is 
renewable in California than the rest of 
the country. Also, our analysis accounts 
for the recent improvements in the GHG 
Inventory which shows higher natural 
gas upstream emissions. Using the same 
assumption that natural gas trucks are 
11 percent less efficiently, CARB 
estimates LNG engines emit about 94 
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969 B. Tita, Slow Going for Natural-Gas Powered 
Trucks; Wall Street Journal, 8/26/2014. 

970 NGV America estimates that there are 62,000 
natural gas fueled heavy-duty trucks and buses 
operating in the U.S. out of a total of 17.5 million 
heavy-duty trucks and buses operating in the U.S., 
which equates to 0.4%. 

971 Weekly Retail Gasoline and Diesel Prices 
(Including Taxes), EIA, www.eia.gov/dnav/pet/pet_
pri_gnd_dcus_nus_a.htm. 

972 Early LNG Adopters Experience Mixed 
Results; Truck News, October 1, 2013. 

percent of the CO2eq emissions. After 
adjusting our analysis to also assume 
that trucks are 11 percent less efficient, 
our natural gas lifecycle analysis 
estimates LNG trucks emit 106 percent 
of the CO2eq emissions as a diesel truck. 
The reasons why are LNG truck 
emission are so much higher than 
CARB’s is because we assume that LNG 
liquefaction plants are only 80 percent 
efficient as opposed to CARB’ 
assumption that LNG liquefaction plants 
are 90 percent efficient. Also CARB 
assumes no boil-off or venting emissions 
from LNG trucks and for this 
comparison, we used our more modest 
boil-off and venting assumption, as 
described above. Overall, our estimates 
seem to be consistent to those estimated 
by CARB when we account for the 
different assumptions used in the 
respective analyses. 

The lifecycle analysis at proposal 
comparing the GHG impacts of natural 
gas versus diesel fuel use by heavy-duty 
trucks did receive some comments. 
Probably the most prevalent comment is 
that EPA was underestimating methane 
emissions from the upstream natural gas 
sector. As noted above, the analysis for 
this final rule increased the estimate of 
methane emissions from the upstream 
natural gas sector by about one third. 
Other comments suggested that the 
Agencies should find emissions data or 
estimate methane emissions from the 
potential methane emission points for 
which there was no data to make such 
an estimate in our lifecycle analysis. 
The final rule natural gas lifecycle 
analysis does make methane emission 
estimates at some of those likely 
methane emission points for which we 
did not have data, nor make any 
estimates. Some commenters stated that 
the natural gas lifecycle analysis should 
be dropped because a similar lifecycle 
analysis was not conducted for other 
alternative fuels. The agencies chose to 
do a natural gas lifecycle analysis 
because of some of the projections for a 
rapid transition of heavy-duty trucks to 
natural gas, and because of methane’s 
potency as a greenhouse gas. Other 
comments are presented and discussed 
in Section 12.3 of the RTC. 

C. Projected Use of LNG and CNG 

We reviewed several sources to 
estimate how much natural gas is 
currently being used and is projected to 
be used by heavy-duty trucks. 
Projections for this emerging technology 
range from 7 percent of new heavy-duty 
vehicle sales to over 40 percent by 2040. 
Large uncertainties exist even since the 

2014 NAS First Report was written.969 
We believe the EIA projections are the 
most credible for capturing recent 
trends, and for projecting future natural 
gas use by heavy-duty trucks. There are 
several factors that support this 
assessment. 

First, in its 2014 Annual Energy 
Outlook (AEO), EIA estimates that 
natural gas fueled 0.4 percent of the 
energy use of heavy-duty trucks in 2014. 
This estimate is consistent with the 
fraction of the heavy-duty fleet which is 
fueled by natural gas as estimated by the 
industry.970 

Second, the EIA projection is based 
on an economic analysis which 
considers the increased cost of 
manufacturing a natural gas truck over 
a diesel truck, the fuel savings for using 
natural gas instead of diesel fuel, and 
whether the payback time of the fuel 
savings against the increased truck cost 
would result in purchases of natural gas 
trucks. As part of this analysis, EIA 
assumes that lighter heavy-duty trucks 
would use CNG, which is a lower cost 
technology suited for the shorter driving 
distances for these trucks. The long haul 
trucks, however, require larger on-board 
stores of fuel to extend the driving range 
which is satisfied by storing the natural 
gas as a liquid. As noted earlier, LNG 
has about 60 percent of the energy 
density of diesel fuel, compared to CNG 
which has only 25 percent of the energy 
density of diesel fuel. To satisfy the long 
driving range of the long haul trucks, 
EIA assumed that they would use LNG 
rather than CNG. The assumptions used 
by EIA for conducting its economic 
analysis are reasonable. 

Third, EIA is one of the several 
organizations in the world which 
collects fuel pricing data and projects 
future fuel prices using a sophisticated 
modeling platform. One of the most 
important assumptions in projecting the 
future use of natural gas in the 
transportation sector is the relative price 
of natural gas to the price of diesel fuel. 
Thus, we started with the EIA 
methodology and updated the diesel 
and natural gas prices in our analysis 
using the most recent AEO projections. 

In 2015, the price of natural gas 
purchased by industrial users was less 
than $5 per million BTU. The price of 
crude oil has been volatile during 2015 
as the Brent crude oil price started at 
about $50 per barrel, but decreased to 
under $30 per barrel, but now (Spring 

2016) seems to be selling in the range 
of $30 to $40 dollars per barrel. EIA 
reported the average retail diesel fuel 
price in 2015 was about $2.70 cents per 
gallon.971 When comparing the natural 
gas spot market price on a diesel 
equivalent basis to the diesel fuel price, 
it appears that natural gas is priced 
about one quarter of the diesel fuel 
price. However, if used as compressed 
natural gas, the natural gas must be 
distributed through smaller distribution 
pipeline system that exists in cities, 
which increases the price of the natural 
gas. Then the natural gas must be 
compressed and stored at a retail outlet, 
and then dispensed to CNG trucks. The 
estimated retail price of CNG is $2.29 on 
a diesel gallon equivalent (DGE) basis, 
or about $0.41 DGE less than diesel fuel. 
LNG plants are assumed to be located 
close to large transmission pipelines 
away from cities, thus, it is sourced 
from lower cost natural gas. However, 
for producing LNG, the natural gas must 
be liquefied, shipped to retail outlets, 
stored and then dispensed to LNG 
trucks. These steps add substantially to 
the price of the LNG and the estimated 
retail price of LNG is $2.71 DGE, or 
about the same as diesel fuel. 

In its 2015 AEO projections, EIA 
estimates that crude oil prices in the 
upcoming years will increase slightly 
and are projected to reach $140/bbl in 
2040. Natural gas prices are also 
expected to increase only slightly over 
this period. 

Fifth, the assumptions regarding 
payback used by EIA seemed 
reasonable. EIA projects that natural gas 
trucks begin to be purchased when the 
payback times are 4 years or less based 
on a survey conducted by the American 
Trucking Association. The 2014 NAS 
Phase 2 First Report cites the payback 
for the extra cost of natural gas trucks 
as 2 years, but other sources report a 
longer return closer to 4 years.972 

For many fleets, the perceived 
payback times are too long to be 
interested in purchasing natural gas 
trucks without subsidies to compensate 
for the higher purchase price. According 
to EIA data, half the natural gas 
consumption by cars and trucks is in 
California, a state that subsidizes the 
purchase price of natural gas vehicles, 
and also subsidizes the cost of natural 
gas dispensing stations. The Low 
Carbon Fuel Standard in place in 
California also incentivizes natural gas 
use because natural gas is considered to 
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973 CARB currently estimates for the LCFS that 
CNG and LNG trucks reduce GHG-equivalent 
emissions by 32% and 17%, respectively, compared 
to gasoline and diesel fuel. In August 2014, CARB 
proposed reducing the GHG-equivalent benefit of 
CNG and LNG trucks to 22% and 3%, respectively, 
compared to gasoline and diesel fuel. 

cause less of an impact on the climate 
than petroleum-based gasoline and 
diesel fuel.973 The majority of the other 
half of the NG fleet resides in states 
which also subsidize the cost of motor 
vehicles using natural gas. 

Based on the EIA projections for 
crude oil and natural gas prices, the 
payback time of LNG trucks is expected 
to remain relatively long until sometime 
after 2030 when crude oil prices are 
projected to begin increasing and the 
diesel fuel price increases above $4 per 
gallon. Thus, natural gas use by heavy- 
duty trucks is not projected by EIA to 
increase above 1 percent of the heavy- 
duty fuel demand until after 2030. 

Even when the apparent payback time 
for CNG and LNG trucks use is favorable 
to fleet owners, low fuel availability 
could still slow the transition to CNG 
and LNG. This is because CNG and LNG 
availability at service stations is 
currently 1 percent or less of the 
availability of gasoline and diesel fuel 
and therefore not available for most 
fleets. LNG availability is particularly 
challenging because in addition to an 
LNG service station, an LNG 
liquefaction plant would be needed as 
well. 

If the number of natural gas truck 
sales remains a small portion of the 
heavy-duty truck fleet, even if natural 
gas trucks emit either higher or lower 
greenhouse gas emissions than diesel 
fuel trucks, there would be little impact 
on overall greenhouse gas emissions. 
The low natural gas use by the heavy- 
duty sector during the Phase 2 
timeframe will give us time to learn 
more about both upstream and 
downstream methane emissions to gain 
a better understanding of the lifecycle 
impacts of natural gas use by heavy- 
duty trucks. It will allow EPA more time 
to consider and put into place the best 
additional steps to further reduce 
upstream and downstream methane 
emissions which will improve the 
lifecycle impacts of natural gas use by 
heavy-duty trucks should the heavy 
duty truck fleet begin consuming 
natural gas in much larger quantities. 

D. Natural Gas Emission Control 
Measures 

Although natural gas vehicles are 
already subject to evaporative emission 
standards, the increasing interest in 
using natural gas as a heavy-duty fuel 
has led industry to further investigate 

how to improve the overall emission 
performance of natural gas vehicles, 
especially with respect to reducing 
methane leaks. 

(1) Control Measures 
As described in Section XII.A.3, EPA 

is adopting a 5 day hold time 
requirement for LNG fuel tanks to 
reduce venting emissions. 

As described in Section II., EPA is not 
adopting the proposed changes related 
to crankcase emission control from 
natural gas engines. 

(2) Additional Natural Gas 
Requirements and Discussion 

The discussion below includes new 
and revised natural gas program 
requirements being finalized. It also 
address other topics for with the 
agencies are not taking any action at this 
time. We will continue to monitor the 
market growth of these vehicles and we 
plan to review the greenhouse gas 
emissions impacts at a future date when 
natural gas vehicles comprise a larger 
percentage of the overall heavy duty 
fleet. 

(a) Changing Global Warming Potential 
Values in the Credit Program for CH4 
(see also Preamble Section II.(D)(5)(b)) 

The Phase 1 GHG rule included a 
compliance alternative allowing heavy- 
duty manufacturers and conversion 
companies to comply with the 
respective methane or nitrous oxide 
standards by means of over-complying 
with CO2 standards (40 CFR 85.525). 
More specially, EPA allows 
manufacturers to use CO2 credits 
(generated from the same averaging set) 
to comply with the methane and nitrous 
oxide requirements after adjusting the 
CO2 emission credits based on the 
relative GHG equivalents. To establish 
the GHG equivalents used by the CO2 
credits program, the Phase 1 heavy-duty 
vehicle rulemaking incorporated the 
IPCC Fourth Assessment Report GWP 
values of 25 for CH4 and 298 for N2O, 
which are assessed over a 100 year 
lifetime. EPA is largely continuing this 
allowance for Phase 2. 

Since the Phase 1 rule was finalized, 
a new IPCC report has been released 
with new GWP estimates. EPA asked for 
comment on whether the methane GWP 
used to establish the GHG equivalency 
value for the CO2 Credit program should 
be updated to those established by IPCC 
in its Fifth Assessment Report (AR5). 
The IPCC AR5 presents four different 
potential values for the GWP of methane 
over a 100 year lifetime, ranging from 28 
to 36. These values are the result of 
slightly different calculation methods. 
Therefore, we not only requested 

comment on whether to update the 
GWP for methane to that of the AR5, but 
also on which value to use from this 
report. The GWPs of 28 and 30 are both 
a result of using a carbon cycle 
approach consistent with that used in 
the Fourth Assessment Report. This 
carbon cycle approach included a 
climate-carbon feedback when 
calculating the lifetime of a pulse of 
carbon dioxide emissions, but did not 
include any climate-carbon feedback 
when calculating the impacts of a pulse 
of non-CO2 greenhouse gas emissions. 
As the GWP is the ratio of the impact 
of a pulse of non-CO2 GHG emissions 
relative to a pulse of carbon dioxide 
emissions, a second approach was 
presented where the non-CO2 GHG 
pulse also included climate-carbon 
feedbacks. This second approach yields 
GWP values of 34 or 36. For the 
purposes of this rule, EPA is choosing 
the approach that includes climate- 
carbon feedbacks for both non-CO2 and 
CO2 pulses, as the agency considers this 
the approach most likely to be adopted 
by the international scientific 
community in future assessments on the 
timescale of this rule. The IPCC presents 
the value of 34 as the default value for 
the methane GWP, but also reports a 
value of 36 for ‘‘fossil’’ methane to take 
into account the atmospheric CO2 that 
would result from the oxidation of 
methane in the atmosphere. 

We received a number of comments 
on this issue. For the most part, the 
environmental community favored 
using the more recent GWP value and 
even some commented that EPA should 
use a methane GWP based on a 20 year 
timeframe. On the other hand, the 
natural gas industry and natural gas 
truck manufacturers commented that 
EPA should not update to the newer 
GWP values but continue to use the 
methane GWP value from the AR4 IPCC 
report because EPA is still using the 
methane GWP from the AR4 today in 
other contexts. Although EPA is 
currently using AR4 values in other 
contexts, it is unlikely that EPA will 
still be using AR4 values in 2021 when 
the Phase 2 requirements begin. Thus, 
comments opposing the use the 
methane GWP from the later IPCC report 
are not persuasive. EPA will continue to 
base the credit adjustment on a 100 year 
timescale because it seems to best 
balance short-term versus long-term 
effects of climate change. 

Of the possible 100 year methane 
GWP values presented in the IPCC AR5 
report, EPA is choosing to use the value 
of 34 because it is the primary value 
presented by the IPCC and because the 
approach of not accounting for the CO2 
oxidation product within the GWP for 
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974 The corresponding N2O value from the AR5 
report is 298, which is the same as the value used 
in Phase 1. 

975 Menon, V.C., Komarneni, S. ‘‘Porous 
Adsorbents from Vehicular natural Gas Storage: A 
Review,’’ Journal of Porous Materials 5, 43–58 
(1998). 

976 Control of Air Pollution from Motor Vehicles 
Tier 3 Motor Vehicle Emission and Fuel Standards, 
Final Rule April 28, 2014, CFR 86.1(c) (1). 

methane is consistent with prior IPCC 
practice.974 The use of this GWP for 
credit adjustments will not begin until 
2021, when the Phase 2 engine 
standards go into effect. The choice of 
this GWP value for future rules on this 
timescale does not prejudice the choice 
of other GWP values for use in 
regulations and other purposes in the 
near term. 

To be consistent with other lifecycle 
analyses, the agencies are continuing to 
use AR4 value of 25 for the methane 
GWP in our lifecycle analyses. However, 
as discussed in Chapter 13.1 of the RIA, 
we have also conducted sensitivity 
analyses using methane GWP values 
ranging from 7.6 to 72. 

(b) Appropriate Deterioration Factors for 
NG Tailpipe Emissions 

EPA requested comment on the 
current assigned deterioration factors for 
CO2, N2O, and CH4 based on diesel 
technology. We received one comment 
on this topic indicating the commenter 
knew of no data to support a 
deterioration analysis and that our 
approach for deterioration should 
remain as is. EPA has decided not to 
take action on this topic at this time and 
will continue the Phase 1 approach. 

(c) LNG Vehicle Boil-Off Warning 
System 

EPA requested comment on the 
feasibility and appropriateness of a 
regulatory requirement that LNG fueled 
vehicles include a warning system that 
would notify the driver of a pending 
boil-off event as one means reduce the 
frequency of such events and thus limit 
the release of methane. We received 
several comments expressing safety 
concern related to this approach. While 
such a system could be beneficial to the 
owner of a vehicle, EPA is not taking 
action at this time. We encourage 
innovation for safe technologies to 
evolve for warning of potential boil-off 
events which would also save the 
vehicle owner the cost of the fuel in the 
tank while protecting the atmosphere 
from large amounts of methane gas. 

(d) Extending the 5-Day Hold Time for 
LNG Vehicles 

EPA proposed to require 
manufacturers to comply with the 
existing evaporative emission standards 
by showing compliance with a 5-day 
hold time. 80 FR 40510. We also 
solicited comment on the ability of 
emerging technologies to address an 
extension of 5-day requirement to a 

longer period of time such as 10 days. 
After considering the comments, EPA is 
not extending the hold time beyond 5 
days in this rule. 

The specifications of the 5-Day Hold 
Time SAE J2343 safety related standard 
will only affect LNG vehicles starting in 
the year 2021 to help prevent boil-off 
events. After speaking to LNG truck 
manufacturers and LNG fuel providers, 
our understanding is that most LNG is 
dispensed at about 100 to 120 pounds 
per square inch gauge (psig), which 
corresponds to ¥200 degrees 
Fahrenheit) and at that temperature, 
new LNG trucks with new LNG storage 
tanks are achieving more than a 5-day 
hold time today. However, over time, 
the vacuum insulation of the LNG 
storage tank scan fail, resulting in 
degraded LNG hold-time as the truck 
ages. The requirement that the LNG 
truck must meet the 5-day hold-time 
over its entire useful life will likely 
improve the truck’s hold time after the 
first several years in service. While LNG 
tank manufacturers are further 
developing their technologies for 
improvement of hold times and 
reducing boil-off from LNG storage 
tanks on trucks, the 5-day hold time 
requirement over the truck’s useful life 
will ensure that they make the 
improvements to the period of the 
truck’s life which is most at risk for boil- 
off events, which is when the truck is 
sold off into the secondary market and 
its use diminishes. 

EPA considered requiring new trucks 
to have the capability to use cold fuel. 
Most of the LNG trucks on the road at 
this time use the warmer fuel; therefore, 
most refueling stations are dispensing 
the warmer fuel only. A cold fuel 
requirement could force refueling 
stations to make a large potentially 
burdensome investment to provide the 
colder fuel in addition to the warmer 
fuel, because only a few cold fuel LNG 
trucks might be sold in that area. We 
would need to study the implications of 
this scenario further and gain a better 
understanding of the emissions from 
boil-off events before we would feel 
confident in how a cold LNG fuel 
requirement would affect the refueling 
industry and reduce methane emissions. 
A cold LNG fuel requirement would 
likely be more feasible for new fleets 
since they could design their truck fleet 
and their own fueling equipment from 
the ground up to use the cold LNG fuel. 

Another possible approach would be 
to increase the R- value of the tank to 
keep the warm fuel colder for longer. 
This likely would further reduce boil-off 
events, although, again, we are 
uncertain of the benefits versus the 
costs. We believe that ensuring that the 

5-day hold time can be met over the 
truck’s useful life is the best, lowest cost 
strategy to reduce the number of boil-off 
events. 

(e) Capturing and/or Converting 
Methane Refueling or Boil-Off 
Emissions 

Although we are not requiring it, EPA 
is interested in watching the progression 
of innovative technologies that can 
capture methane emissions during a 
boil-off event to prevent large amounts 
of greenhouse gas emissions into the 
atmosphere. We encourage design and 
development of ideas such as a methane 
canister using adsorbents such as 
ANG 975 (adsorbed natural gas) which 
could be added to capture the methane 
which otherwise will be released to the 
environment during a refueling or boil- 
off event. Once captured, steps could be 
taken to route the methane to the engine 
intake once the vehicle is operating 
again, or to take steps to converting the 
methane to less GHG-potent CO2. 

Instead of discharging methane to the 
environment, the methane potentially 
could be burned to CO2 using a burner. 
Another potential option would be to 
convert the methane capture in a 
canister to CO2 over a catalyst. 

(f) Reducing Refueling Emissions 
When refueling a natural gas vehicle, 

some amount of methane is vented to 
the atmosphere. Requirements adopted 
as part of the Tier 3 rules require use of 
the ANSI–NGV1–2006 standard practice 
to meet the evaporative emissions 
refueling requirement.976 Small 
emissions of up to 200 cc/hr (which 
equates to 72 grams of methane per 
hour) of leakage are allowed with these 
tests. Often there is a vent line which 
carries these emissions away from the 
nozzle interface for safety reasons, 
which emissions are then vented to the 
atmosphere. EPA requested comment on 
ways to eliminate or reduce these losses. 
There was a mixed response on whether 
methane gas can be captured during 
refueling using systems that route 
methane emissions back to the fuel 
storage tank, whether it is a CNG tank, 
a CNG pipeline or re-liquefying system 
for LNG. Some refueling stations are 
already doing this as common practice. 

For LNG, in addition to the boil-off 
issue, there is the issue of the recurrence 
of manual venting at refueling by truck 
operators. Under high pressure 
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circumstances, such as when the vehicle 
has been sitting for some time period in 
warmer temperatures, it is necessary to 
decrease the pressure in the fuel tank 
before new fuel can enter the tank. The 
recommended practice is to transfer the 
extra vaporized fuel to the gas station or 
natural gas pipeline, but this can take 
extra time. In some areas it has turned 
into common practice to just vent to the 
atmosphere to keep the down time at 
the refueling station to a minimum. In 
other areas there is an incentive to 
reroute the gas into the station storage 
tank or natural gas pipeline with credit 
towards the fuel purchase. Since this is 
a stationary source issue, EPA is not 
taking action at this time on these issues 
in this engine/vehicle rulemaking. We 
also do not have enough information on 
the extent of emissions and rate of 
occurrence for this problem. 

(g) On-Board Monitoring Requirements 
for Boil-Off Events and Venting at 
Refueling 

Onboard diagnostics for engines used 
in vehicle applications greater than 
14,000 lbs GVWR are already required 
to detect and warn the operator when 
methane leaks occur due to wear of 
connections and components of the 
CNG or LNG fuel system (74 FR 8310, 
February 24, 2009). We requested 
comments on requiring on-board 
monitoring to track boil-off events, as 
well as comment on whether the excess 
vapors were properly vented to the 
station storage tanks or NG pipeline or 
whether the gaseous methane emissions 
were vented to atmosphere during 
refueling events. 80 FR 40512. Each boil 
off event has the potential to release on 
the order of 5,300–15,800 grams of CH4 
which translates to 132K–400K grams 
CO2 equivalent with a GWP of 25 for 
100 years (see RIA Chapter 13 for more 
information on LNG boil-off emissions 
calculations). EPA is not able to take 
further action on OBD requirements at 
this time since we do not have enough 
information on the emissions from leaks 
and their rate of occurrence. Designing 
an OBD system is complicated and 
expensive if we are to expect any degree 
of accuracy for more than just very large 
leaks. In CNG there is an odorant and a 
truck operator could potentially detect a 
leak if it is large enough. Even if the leak 
could be detected from the odor, it 
would be difficult to know how much 
is actually being released if you can 
smell it. Different operators will have 
different degrees of sensitivity with 
their olfactory awareness. LNG does not 
have an odorant and could benefit from 
an OBD system even more. We do, 
therefore, encourage the development of 
systems for indicating these events to 

vehicle owners to both save on fuel and 
protect the environment. 

(h) Separate Standards for Natural Gas 
Vehicles 

As described above, the climate 
impact of leaks and other methane 
emissions that occur upstream of the 
vehicle can potentially be large enough 
to more than offset the CO2 benefit of 
natural gas vehicles as measured at the 
vehicle tailpipe. As described earlier, 
EPA has taken some actions, and is 
considering further separate actions to 
control these upstream emissions. We 
also have some concern that the impact 
of upstream and downstream emissions 
for natural gas could be much higher 
than for gasoline or diesel fuel because 
of the high Global Warming Potential 
(GWP) for methane that makes even 
small leaks of natural gas a concern. In 
this way, natural gas is very different 
than other alternative fuels. While we 
are not adopting any provisions to 
address this here, we may consider 
adopting such provisions in a future 
rule. As discussed in Section XI.B, EPA 
is putting in place a series of regulations 
in the natural gas sector for upstream 
leaks. With the currently available data 
the uncertainties are very high in 
calculating upstream emissions for both 
natural gas and diesel vehicles. These 
uncertainties, the desirability of a 
unified national program for HD GHG 
and fuel consumption standards, 
combined with the low sales volumes 
projected for natural gas vehicles for the 
foreseeable future make it inadvisable 
for us to pursue more than a vehicle 
based standard at this time. See also 
Section I.F.(3) for additional discussion 
of why EPA is setting tailpipe standards 
in this rulemaking. 

E. Dimethyl Ether 
Although NAS (2014) focused its 

recommendations on natural gas, it also 
discussed dimethyl ether (DME), which 
is a potential heavy-duty truck fuel 
sourced from natural gas. Dimethyl 
ether has a high cetane number (more 
than 55), although its energy density is 
about 60 percent of that of diesel fuel. 
Dimethyl ether is a volatile fuel, like 
liquefied petroleum gas that can be 
stored as a liquid at normal ambient 
temperatures under moderate pressure. 
Typical DME fuel tanks would be 
designed to prevent any significant 
evaporative emissions. 

A DME fueled truck is only modestly 
more expensive than a diesel fuel truck. 
The fuel tank is more expensive than a 
diesel fuel tank, but much less 
expensive than an LNG tank since it 
does not need to be heavily insulated. 
The engine modifications to enable 

using DME are also modest. Because 
DME does not have carbon-carbon 
bonds that form particulate matter 
particles during combustion, the 
particulate filter, which is standard 
equipment on new diesel trucks, can be 
eliminated. This offsets some of the 
engine and fuel tank costs. 

Although DME is sourced from cheap 
natural gas, the conversion of natural 
gas to DME and moving the fuel to retail 
outlets greatly increases the cost of the 
fuel. Based on the crude oil and natural 
gas prices in early 2014 (about $100 per 
barrel), DME is more expensive than 
LNG, but still lower in cost than diesel 
fuel (DME is estimated to cost $3.50/ 
DGE, or $0.30 DGE less than diesel fuel.) 
After the decline in crude oil prices, 
DME is estimated to be priced higher 
than diesel fuel. 

Because there is very little DME use 
in the U.S. (there is only a very small 
fleet of trucks in California), we did not 
conduct a lifecycle assessment of DME, 
but note here a few aspects of a lifecycle 
analysis for DME. First, since DME is 
sourced from natural gas, the upstream 
methane emissions from the natural gas 
industry would still be allocated to 
DME. Second, there are no venting 
issues associated with DME as there are 
with LNG refueling or boil-off. Third, 
because DME has a lifetime of less than 
a week in the atmosphere, it has little 
direct climate impacts. Thus, it is likely 
that DME would have a lower GHG 
impact than LNG trucks, and perhaps 
lower than CNG trucks, although we 
would have to study DME use in trucks 
further to be more certain. 

XII. Amendments to Phase 1 Standards 
The agencies are revising the 

regulatory text specifying test 
procedures and compliance provisions 
used for Phase 1. For the most part, 
these amendments apply exclusively to 
the Phase 2 rules. In a few limited 
instances, the agencies are adopting 
changes to the Phase 1 program. These 
limited changes to the Phase 1 program 
are largely conforming amendments, 
and are described below, along with 
other minor changes to the Phase 1 
compliance program. These changes 
generally continue to apply under the 
Phase 2 program. 

For the convenience of the reader, we 
are republishing 40 CFR parts 1036 and 
1037 in their entirety, including text 
that is not being amended. We are also 
republishing Phase 1 text in 40 CFR part 
86. We note, however, that we have not 
reconsidered, rethought, or reopened 
the Phase 1 rules in a general sense. We 
have also not reconsidered, rethought, 
or reopened the stringency of the Phase 
1 standards or other fundamental 
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977 Engine classification is set forth in 40 CFR 
1036.801. Spark-ignition means relating to a 
gasoline-fueled engine or any other type of engine 
with a spark plug (or other sparking device) and 
with operating characteristics similar to the Otto 
combustion cycle. Compression-ignition engines are 
reciprocating internal-combustion engines that are 
not spark-ignition engines. 

aspects of the Phase 1 program that 
remain unchanged substantively. 

The agencies received very few 
comments of these changes. Daimler 
commented that the agencies should not 
make any changes to Phase 1 because 
manufacturers have already developed 
systems to comply with the existing 
requirements. We do not necessarily 
agree that would be a sufficient reason 
to keep us from amending Phase 1 
requirements through notice and 
comment rulemaking. Nevertheless, we 
note that we are not finalizing changes 
that would have any significant impact 
on the manufacturers’ Phase 1 
compliance structures. 

A. EPA Amendments 

(1) Pickups and Vans 

EPA is relocating the GHG standards 
and other regulatory provisions for 
chassis-certified HD pickups and vans 
in the Code of Federal Regulations from 
40 CFR 1037.104 to 40 CFR 86.1819–14. 
Accordingly, NHTSA is modifying any 
of EPA’s references in 49 CFR parts 523 
and 535 to accommodate the migration. 
EPA is making this change largely to 
address ambiguities regarding the 
application of additional provisions 
from 40 CFR part 86, subpart S, for these 
vehicles. The approach in 40 CFR 
1037.104 was to state that all of 40 CFR 
part 86, subpart S, applies except as 
specified in 40 CFR 1037.104; however, 
the recent standards adopted for light- 
duty vehicles and light-duty trucks 
included several changes to 40 CFR part 
86, subpart S, that should not apply for 
chassis-certified HD pickups and vans. 
Based on our experience implementing 
the Phase 1 program, we believe it is 
appropriate to include the GHG 
standards for chassis-certified HD 
pickups and vans in the same part as 
light-duty vehicles (40 CFR part 86, 
subpart S). All other certification 
requirements for these heavy-duty 
vehicles—criteria exhaust standards, 
evaporative and refueling standards, 
provisions for onboard diagnostics, and 
the range of certification and 
compliance provisions—are in that 
subpart. We note that we have not 
experienced the same challenges for 
other heavy-duty vehicles, and are 
therefore not relocating the other 
provisions of 40 CFR part 1037. 

This migration has highlighted a few 
areas where we need to clarify how the 
regulations apply for chassis-certified 
HD pickups and vans. In particular, EPA 
is adopting the following changes: 

• Clarify that the GHG standards 
apply at high-altitude conditions. 

• State that fleet-average calculation 
of carbon-related exhaust emissions 

(CREE) is not required for chassis- 
certified HD pickups and vans. Instead, 
heavy-duty vehicles are subject to CO2 
standards. 

• Clarify that requirements related to 
model types and production-weighted 
average calculation apply only for 
passenger automobiles and light trucks. 

• State that the credit and debit 
provisions of 40 CFR 86.1865–12(k)(5) 
do not apply for chassis-certified HD 
pickups and vans. 

• Clarify that the Temporary Lead 
Time Allowance Alternative Standards 
in 40 CFR 86.1865–12(k)(7) do not apply 
for chassis-certified HD pickups and 
vans. 

• State that the early credit provisions 
of 40 CFR 86.1866–12, 86.1867–12, 
86.1868–12, 86.1869–12, 86.1870–12, 
and 86.1871–12 do not apply for 
chassis-certified HD pickups and vans. 

(2) Heavy-Duty Engines 

EPA is revising the approach to 
classifying gaseous-fuel engines with 
respect to both GHG and criteria 
emission standards. The general 
approach is to continue to divide these 
engines into spark-ignition and 
compression-ignition categories, but we 
will apply the compression-ignition 
standards to all engines that qualify as 
heavy heavy-duty engines based on the 
primary intended service class.977 
Previously, any gaseous-fuel engine 
derived from a gasoline engine was 
subject to the spark-ignition standards 
no matter the weight class of the 
vehicle. As described in Section II, EPA 
now believes this approach does not 
reflect the reality that engines used in 
Class 8 vehicles compete directly with 
diesel engines. We believe they should 
therefore be required to meet the same 
emission standards. Because all current 
gaseous-fuel engines for these large 
vehicles are already being certified to 
the compression-ignition engine 
standards, we can apply this approach 
to engines subject to the HD GHG Phase 
1 standards without adverse impacts on 
any manufacturers. We proposed this 
same approach for medium heavy-duty 
engines, but have revised the rule in 
response to comments objecting to the 
change; the final rule instead applies 
standards to these engines as spark- 
ignition or compression-ignition based 
only on each engine’s characteristics. 
We believe this is appropriate because 

a substantial number of medium heavy- 
duty vehicles use gasoline-fueled 
engines, and gaseous-fueled engines 
used in these vehicles would therefore 
not always be competing directly with 
diesel-fueled engines as the main 
alternative. 

EPA is also revising the regulation to 
spell out how to apply enforcement 
liability for a situation in which the 
engine manufacturer uses deficit credits 
for one or more model years. Simply 
put, any time an engine manufacturer is 
allowed to carry a deficit to the next 
year, all enforcement liability for the 
engines that generated the deficit are 
extended for another year. These 
provisions are the same as what we have 
already adopted for heavy-duty vehicles 
subject to GHG standards under 40 CFR 
part 1037. 

(3) Evaporative Emission Testing for 
Natural Gas Vehicles 

Heavy-duty vehicles fueled by natural 
gas have for many years been subject to 
evaporative emission standards and test 
procedures. While fuel systems 
containing gasoline require extensive 
design features to handle vented fuel, 
fuel systems containing natural gas 
generally prevent evaporative losses by 
remaining sealed. In the case of 
compressed natural gas, there is a 
voluntary consensus standard, ANSI 
NGV1–2006, that is designed to ensure 
that there are no leaks or losses during 
a refueling event. Since compressed 
natural gas systems remain sealed 
indefinitely once the refueling event is 
complete, we understand that 
complying with the ANSI refueling 
standard is sufficient to demonstrate 
that the vehicle also complies with all 
applicable evaporative emission 
standards. The Light-Duty Tier 3 final 
rule included provisions to clarify that 
compressed natural gas systems meeting 
the applicable ANSI standard are 
deemed to comply with EPA’s 
evaporative emission standards. In 
response to comments received on the 
proposed rule, we are adding a reference 
to a supplemental ANSI standard that 
similarly specifies system-integrity 
requirements for CNG-fueled heavy- 
duty vehicles that allow for 
substantially higher refueling rates; this 
supplemental standard will eventually 
be incorporated into ANSI NGV1. 

Systems using liquefied natural gas 
(LNG) behave similarly, except that the 
cryogenically stored fuel needs to be 
vented to prevent an over-pressure 
situation if the vehicle is not used for an 
extended time, as described in Section 
XI. Such vehicles are currently subject 
to evaporative emission standards and 
test procedures, though there are some 
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substantial questions about how one can 
best apply the procedures to these 
systems; not all of the instructions about 
preconditioning the vehicle are 
straightforward for cryogenic fuel 
systems with no evaporative canister. 
EPA is adopting an approach that is 
similar to what applies for compressed 
natural gas systems, which needs some 
additional attention to address boil-off 
emissions. SAE J2343 is a voluntary 
consensus standard that specifies a 
recommended practice to establish a 
minimum five-day hold time before 
boil-off starts to occur for LNG systems. 
EPA is adopting a requirement that 
manufacturers of LNG vehicles meet the 
SAE J2343 standard as a means of 
demonstrating compliance with 
evaporative and refueling emission 
standards. 

While the hold-time requirements of 
SAE J2343 are clear, there appears to be 
very little description of the procedure 
to determine how much time passes 
between a refueling event and initial 
venting. To ensure that all 
manufacturers are subject to the same 
set of requirements, we are adding a 
minimal set of specifications 
corresponding to the demonstration 
under SAE J2343. In particular, the 
regulation specifies that the tank must 
remain at rest throughout the 
measurement procedure, ambient 
temperatures must remain between 20 
and 30 °C, and the hold-time period 
starts when the tank pressure reaches 
690 kPa (100 psi) after a conventional 
refueling event. We are also adopting a 
simplified standard that translates the 
five-day hold time into a maximum 
allowable pressure build over a shorter 
time for parked vehicles. In particular, 
for vehicles parked for at least 12 hours, 
tank pressure must not increase by more 
than an average of 9 kPa (1.3 psi) per 
hour. The pressure increase 
corresponding to the five-day hold-time 
standard is about 7.5 kPa per hour. The 
additional margin is intended to 
account for variability related to 
different ambient conditions, vehicle 
handling, nonlinear pressure increases, 
measurement instruments, and other 
factors. This is intended to give vehicle 
owners a more practical performance 
measure to evaluate whether tanks 
continue to meet the hold-time 
requirement. 

Manufacturers may rely on SAE J2343 
to meet evaporative and refueling 
standards immediately with completion 
of the final rule; this demonstration 
becomes mandatory for vehicles 
produced on or after January 1, 2020. 

One commenter suggested that we 
add a reference to European test 
protocols for CNG heavy-duty vehicles 

to allow for a higher refueling flow rate 
than is allowed under the EPA 
regulations, which are based on 
hardware and procedures for light-duty 
vehicles (ANSI NGV1). We learned that 
the European protocol is based on 
systems up to 3000 psi and is therefore 
not valid for most heavy-duty CNG 
vehicles in the United States. 
Representatives of the natural gas 
industry responded to the comment 
suggesting the European protocol by 
recommending that we instead reference 
a recently published supplement to 
ANSI NGV1, which accommodates the 
higher flow rates corresponding to 
heavy-duty vehicles and current 
refueling technology. We are 
accordingly revising the regulation to 
reference this additional ANSI 
document, which is known as CSA IR– 
1–15, ‘‘Compressed Natural Gas Vehicle 
(NGV) High Flow Fueling Connection 
Devices.’’ 

(4) Compliance and Other General 
Provisions 

EPA is adopting the following 
changes that apply broadly for different 
types of vehicles or engines: 

• Providing additional detail about 
manufacturers obligations with respect 
to delegated assembly. In response to 
comments, we have delayed the 
applicability of these provisions until 
January 1, 2018 to provide 
manufacturers with additional lead 
time. See 40 CFR 1037.150(e) and 
1037.621. 

• Add a requirement for vehicle 
manufacturers that sell incomplete 
vehicles to secondary vehicle 
manufacturers to provide emission- 
related assembly instructions to ensure 
that the completed vehicle will be in a 
certified configuration. 

• Specify parameters for determining 
a vehicle’s curb weight, consistent with 
current practice for vehicles certified 
under 40 CFR part 86, subpart S. 

• Revise the recordkeeping 
requirement to specify a uniform eight- 
year retention period for all data 
supporting an application for 
certification. The provision allowing for 
one-year retention for ‘‘routine data’’ is 
no longer necessary now that data 
collection is all recorded in electronic 
format. EPA is also clarifying that the 
eight-year retention period is calculated 
relative to the latest associated 
application for certification, not from 
the date the data were generated. 

• Change the rounding for 
analytically derived CO2 emission rates 
and target values from the nearest 0.1 g/ 
mile to the nearest 1 g/mile. 

• Clarify how manufacturers may 
amend an application for certification 
after the end of the model year. 

• Remove the general recordkeeping 
provisions from 40 CFR 1037.735 that 
are already described in 40 CFR 
1037.825. 

• Clarify how EPA will conduct 
selective enforcement audits (SEAs) for 
engines (in 40 CFR 1036.301) and 
vehicles and components (in 40 CFR 
1037.301–1037.320) with respect to 
GHG emissions. 

• Add provisions to provide a 
streamlined path for off-cycle credit for 
adding Phase 2 technologies to Phase 1 
vehicles. See 40 CFR 1037.150. 

EPA proposed a different equation 
with a ratio of 0.8330 in 40 CFR 
1037.525 for the case of full yaw sweep 
measurements to determine wind- 
averaged drag correction as an 
amendment to the Phase 1 program. 
Some commenters argued that this 
change would impact stringency, but we 
disagree because manufacturers are 
already subject to EPA compliance 
using both methods (full yaw sweep and 
±6 degree measurements), and this 
Phase 1 flexibility was not used in 
setting the level of the Phase 1 
standards. Nevertheless, we are 
adopting the final rule without this 
change to the Phase 1 standards. Other 
changes in the existing Phase 1 
regulations for MY 2017 will serve to 
mitigate any impacts, and the agencies 
are no longer convinced the potential 
disruption to manufacturers’ 
compliance plan is warranted. 

B. Other Compliance Provisions for 
NHTSA 

(1) Standards and Credit Alignment 

In Phase 1, the agencies intended 
GHG and fuel consumption standards 
for segments of the National Program to 
be in alignment so that manufacturers 
will not be required to build vehicles to 
meet in equivalent standards. Despite 
the intent, NHTSA and EPA have 
identified several scenarios where 
credits and compliance to both sets of 
standards are not aligned. This 
misalignment can have various impacts 
on compliance with the National 
Program. 

For example, a manufacturer of 
tractors could have two vehicle families 
that with same number of vehicles but 
with opposite and equal compliance 
margins with standards. In this scenario, 
the first family will over-comply with 
the GHG standard while the second 
family will under-comply with the GHG 
standard by the same amount of grams 
CO2/ton-mile. In calculating credits, the 
manufacturer will have a net of zero 
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GHG credits and exactly meet 
compliance; however, based on 
conversions and rounding of the 
standard and performance results that 
manufacturer could end up earning 
credits or having a credit deficit under 
NHTSA’s fuel efficiency program. 

In order to correct this misalignment, 
NHTSA proposed to amend the existing 
fuel consumption standards and the 
method for calculating performance 
values for all compliance categories by 
increasing the significant digits in these 
conversion values. Increasing the 
significant digits in these values will 
result in more precise alignment 
between final compliance credit 
balances. 

NHTSA proposed that the increase 
resolution would apply retroactively 
starting for the model year 2013 
standard. However, because the Phase 1 
fuel consumption standards created a 
difference in compliance margins which 
could potentially have an adversely 
impact for certain manufacturers who 
have already developed engineering 
plans considering previous credit 
balance, NHTSA sought comments on 
whether optional to allow manufacturer 
to continue using the Phase 1 standards. 
No comments were received in 
response. 

NHTSA is finalizing its standards and 
performances for the Phase 1 and 2 
programs with increased significant 
digits as the only option for compliance. 
Retaining the previous accuracy does 
not maintain a single national program 
and aligning credit balances is more 
important because it ensures the same 
compliance outcome. Manufacturers 
who may have planned their 
compliance strategies using the previous 
approach would not be able to take 
advantage of any relaxations in in the 
NHTSA program because the national 
program requires one single compliance 
fleet and manufacturers would still need 
to comply with the more stringent EPA 
standards. 

(2) Off-Road Exemption Petition Process 
for Tractors and Vocational Vehicles 

In the Phase 1 final rule, the agencies 
added provisions for certain types of 
vocational tractors and vocational 
vehicles that operate off-road to be 
exempt from standards, although 
standards will still apply to the engines 
installed in these vehicles. An 
exemption was warranted because these 
vehicles operate in a manner essentially 
making them incompatible with fuel 
saving and emission reduction 
technologies, such as performing work 
in an off-road environment, being speed 
restricted, or having off-road 
components or other features making 

them incompatible for roadways. For 
the Phase 1 program, off-road vehicle 
manufacturers meeting the exemption 
provisions are required to provide EPA 
and NHTSA, through the EPA database, 
a report within 90 days after the end of 
each model year identifying its off-road 
vehicles. The report must provide a 
description of each excluded vehicle 
configuration, including an explanation 
of why it qualifies for the exclusion and 
the production volume. A manufacturer 
having an off-road vehicle that does not 
meet the criteria under the agencies’ off- 
road exemptions in 40 CFR 1037.631 
and 49 CFR 535.5 is allowed to submit 
a petition under 40 CFR 1037.150(h) 
and 49 CFR 535.8 describing how and 
why its vehicles should qualify for 
exclusion based on criteria that are 
equivalent to those specified in 40 CFR 
1037.631. 

Under Phase 1 compliance processes, 
manufacturers have not been using the 
petitioning process to get approval of an 
exemption for off-road vehicles that do 
not meet the specified criteria to qualify 
for an exemption. Instead, 
manufacturers have been submitting 
information to EPA during production 
for a given model year to determine 
whether or not these vehicles qualify for 
an exemption, or if they need to get 
certificates of conformity for the 
vehicles they already produced. EPA 
and NHTSA collaboratively determine 
whether manufacturers should qualify 
for an exemption under 40 CFR 
1037.150(h) and 49 CFR 535.8, and EPA 
shares the decision with the 
manufacturer. 

For the Phase 1 and 2 standards, the 
agencies are revising the regulations to 
clarify the process for vehicle 
manufacturers to get approval for an 
exemption in unusual circumstances in 
which the vehicle should be exempt 
even though it does not automatically 
qualify for an exemption under the 
criteria specified in 40 CFR 1037.631 
and 49 CFR 535.5. Most importantly, we 
now specify at 40 CFR 1037.150(h) and 
49 CFR 535.8 that manufacturers must 
get approval for the exemption before 
producing the subject vehicles to avoid 
violating statutory prohibitions. EPA 
and NHTSA will continue to collaborate 
in making any final decisions on 
exemptions. 

Note that vehicles meeting the 
qualifying criteria under 40 CFR 
1037.631 and 49 CFR 535.5 are exempt 
without request; however, if 
manufacturers want to address any 
uncertainty by getting EPA and NHTSA 
to affirm that their vehicles do in fact 
meet the specified criteria, they may ask 
for preliminary approval under 40 CFR 
1037.210. 

(3) Innovative Technology Request 
Documentation Specifications 

For vehicle and engine technologies 
that can reduce GHG and fuel 
consumption, but for which there is not 
yet an established method for 
quantifying reductions, the agencies 
encourage the development of such 
technologies through providing 
‘‘innovative technology’’ credits. 
Manufacturers seeking innovative 
technology credits must quantify the 
reductions in fuel consumption and 
GHG emissions that the technology is 
expected to achieve, above and beyond 
those achieved on the existing test 
procedures. 

Manufacturers submitting innovative 
technology requests must send a 
detailed description of the technology 
and a recommended test plan to EPA as 
detailed in 40 CFR 1036.610 and 
1037.610. The test plan must include 
whether the manufacturer is applying 
for credits using the improvement factor 
method or the separate-credit method. It 
is recommended that manufacturers not 
conduct testing until the agencies can 
collaboratively approve the test plan in 
which a determination is made on the 
qualification of the technology as 
innovative. EPA in consultation with 
NHTSA also makes the decision at that 
time whether to seek public comments 
on the test plan if there are unknown 
factors in the test methodology. 

The agencies have received feedback 
from manufacturers that the final 
approval process is not clearly defined, 
which has caused a substantial time 
commitment from manufacturers. To 
address this feedback, for the final rule, 
the agencies are adopting further 
clarification in 40 CFR 1036.610 and 
1037.610 defining the steps 
manufacturers must follow after an 
approval is granted for a test plan. This 
includes specifications for submitting 
the final documentation to the agencies 
for final approval and for determining 
credit amounts. The agencies are adding 
the same level of detail as required for 
the final documentation required in 
EPA’s light duty off-cycle program in 40 
CFR 86.1869–12(e)(2). These 
specifications should provide 
manufacturers with a clear 
understanding of the required 
documentation and approval process to 
reduce the time burden placed on 
manufacturers. 

NHTSA is also adding similar 
provisions from its light duty CAFE 
program specified in 49 CFR 531.6(b)(2) 
and 533.6(c)(2) for limiting the approval 
of innovative technologies under its 
program for those technologies related 
to crash-avoidance technologies, safety 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00054 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73935 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

critical systems or systems affecting 
safety-critical functions, or technologies 
designed for the purpose of reducing the 
frequency of vehicle crashes. NHTSA 
prohibited credits for these technologies 
under any circumstances in its CAFE 
program (see 77 FR 62730). NHTSA 
believes a similar strategy is warranted 
for heavy-duty vehicle as well. 

(4) Credit Acquisition Plan 
Requirements 

The National Program was designed 
to provide manufacturers with 
averaging, banking and trading (ABT) 
flexibilities for meeting the GHG and 
fuel efficiency standards to optimize the 
effectiveness of the program. As a part 
of these flexibilities, manufacturers 
generating a shortfall in fuel 
consumption credits for a given model 
year must submit a credit plan to 
NHTSA describing how it plans to 
resolve its deficits within 3 models year. 
To assist manufacturers, NHTSA is 
modify 49 CFR 535.9(a)(6) of its 
regulation to clarify and provide 
guidance to manufacturers on the 
requirements for a credit allocation plan 
which contains provisions to acquire 
credits from another manufacturer 
which will be earned in future model 
years. 

The current regulations do not specify 
if future credit acquisition is permitted 
or not and the revision is intended to 
clarity that it is, with respect to the 
limitation a credit shortfall can only be 
carried forward three years. Providing 
this clarification is intended to increase 
transparency within the program and 
ensure all manufacturers are aware of its 
available flexibilities. NHTSA is 
adopting the requirement that in order 
for a credit allocation plan to be 
approved, NHTSA will require an 
agreement signed by both 
manufacturers. This requirement will 
assist NHTSA with its determination 
that the credits will become available to 
the acquiring manufacturer when they 
are earned. 

(5) New Vehicle Field Inspections and 
Recordkeeping Requirements 

Previously, NHTSA decided not to 
include recordkeeping provisions in its 
regulations for the Phase 1 program. 
EPA regulations include recordkeeping 
requirements in 40 CFR 1036.250, 
1036.735, 1036.825, 1037.250, 1037.735, 
and 1037.825. For the Phase 2 program, 
NHTSA is adding recordkeeping 
provisions to facilitate its compliance 
validation program for the final rule. For 
the Phase 1 and 2 programs, 
manufacturers test and conduct 
modeling to determine GHG emissions 
and fuel consumption performance, and 

EPA and NHTSA perform validation 
testing. EPA uses the results of the 
validation tests to create a finalized 
report that confirms the manufacturer’s 
final model year GHG emissions and 
fuel consumption results. Each agency 
will use this report to enforce 
compliance with its standards. 

NHTSA assesses compliance with fuel 
consumption standards each year, based 
upon EPA final verified data submitted 
to NHTSA for its heavy-duty vehicle 
fuel efficiency program established 
pursuant to 49 U.S.C. 32902(k). NHTSA 
may conduct verification testing 
throughout a given model year in order 
to validate data received from 
manufacturers and will discuss any 
potential issues with EPA and the 
manufacturer. See 49 CFR 535.9. After 
the end of the model year, NHTSA may 
also decide to conduct field inspections 
in order to confirm whether or not a 
new vehicle was manufactured as 
originally certified. NHTSA may 
conduct field inspections separately or 
in coordination with EPA. To facilitate 
inspections, the agencies will add 
additional provisions to the EPA 
recordkeeping provisions to require 
manufacturers to keep build documents 
for each manufactured tractor or 
vocational vehicle. Each build 
document will be required to contain 
specific information on the design, 
manufacturing, equipment and certified 
components for a vehicle. NHTSA will 
request build documents through EPA 
and the agencies will collaborate on the 
finding of all field inspections. 
Manufacturers will be required to keep 
records of build documents for a period 
of 8 calendar years. 

XIII. Other Regulatory Provisions 
In addition to the new GHG standards 

in these rules, EPA and NHTSA are 
amending various aspects of the 
regulations as part of the HD GHG Phase 
1 standards for heavy-duty highway 
engines and vehicles, as described in 
Section XII. EPA is also taking the 
opportunity to amend regulatory 
provisions for other requirements that 
apply for heavy-duty highway engines, 
and for certain types of nonroad engines 
and equipment. 

Most of the amendments described in 
this section represent minor technical 
issues and, as such, were not the subject 
of extensive comment. Two exceptions 
are the issues related to glider kits and 
to competition vehicles, as noted below. 
The rest of this section, for which we 
received fewer comments, generally 
includes only references to the more 
significant comments, such as 
comments that impacted our 
conclusions for the provisions adopted 

in the final rule. See the RTC for a more 
complete discussion of the comments. 

For the convenience of the reader, we 
are republishing some related text that 
is not being amended. We note, 
however, that we have not reopened the 
standards or other fundamental aspects 
of these programs that remain 
unchanged substantively. 

A. Amendments Related to Heavy-Duty 
Highway Engines and Vehicles 

This section describes a range of 
regulatory amendments for heavy-duty 
highway engines and vehicles that are 
not directly related to GHG emission 
standards. Note that Section XIII. B. 
describes new requirements for glider 
kits and Section XIII. F. describes 
additional changes related to test 
procedures that affect heavy-duty 
highway engines. 

(1) Alternate Emission Standards for 
Specialty Heavy-Duty Vehicles 

Motor vehicles conventionally 
comprise a familiar set of vehicles 
within a relatively narrow set of 
parameters—motorcycles, cars, light 
trucks, heavy trucks, buses, etc. The 
definition of ‘‘motor vehicle;’’ however, 
is written broadly to include a very 
wide range of vehicles. Almost any 
vehicle that can be safely operated on 
streets and highways is considered a 
motor vehicle under 40 CFR 85.1703. 
Development of EPA’s emission control 
programs is generally focused on a 
consideration of the technology, 
characteristics, and operating 
parameters of conventional vehicles, 
and typically includes efforts to address 
concerns for special cases. For example, 
the driving schedule for light-duty 
vehicles includes a variation for 
vehicles that are not capable of reaching 
the maximum speeds specified in the 
Federal Test Procedure. 

Industry innovation in some cases 
leads to some configurations that make 
it particularly challenging to meet 
regulatory requirements. We are aware 
that plug-in hybrid-electric heavy-duty 
vehicles are an example of this. An 
engine for such a vehicle is expected to 
have a much lower power rating and 
duty cycle of engine speeds and loads 
than a conventional heavy-duty engine. 
The costs of regulatory compliance and 
the mismatch to the specified duty cycle 
can make it cost-prohibitive for engine 
manufacturers to certify such an engine 
under the heavy-duty highway engine 
program. 

To address concerns about certifying 
atypical engines to highway heavy-duty 
standards for use in hybrid vehicles, we 
are therefore adopting a provision 
allowing manufacturers of heavy-duty 
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978 Blue Sky standards are voluntary low- 
emission standards under 40 CFR part 1048. 

highway vehicles the option to install 
limited numbers of engines certified to 
alternate standards. Qualifying engines 
would be considered motor vehicle 
engines, but they may be certified to 
standards that are based on standards 
adopted for comparable nonroad 
engines. EPA’s nonroad emission 
standards have reached a point that 
involves near parity with the level of 
emission control represented by the 
emission standards for heavy-duty 
highway engines. EPA developed these 
provisions especially for vehicles with 
hybrid powertrains; however, the same 
principles apply for three other unusual 
vehicles types: amphibious vehicles, 
vehicles with maximum speed at or 
below 45 miles per hour, and as 
described below, certain all-terrain 
vehicles. We are therefore applying the 
same provisions to these additional 
vehicles. 

California ARB suggested that we 
limit relief to hybrid vehicles that have 
a series configuration, or to hybrid 
vehicles that have a minimum all- 
electric range. We chose not to adopt 
these limitations because these features 
are not fundamental to what we believe 
is the basis for accommodating special 
vehicle designs. For example, if a 
vehicle needs a 20-kW gasoline engine 
to recharge batteries used for 
propulsion, and provides a small 
amount of power directly to the wheels, 
we believe this should not be 
disqualified from using the specialty- 
vehicle provisions because there is no 
expectation that 20 kW engines will be 
certified to the conventional highway 
heavy-duty engine standards anytime in 
the foreseeable future. 

We proposed to offer this flexibility 
for hybrids, amphibious vehicles, and 
low-speed vehicles. We also received 
comment advocating that certain 
qualifying all-terrain vehicles are in a 
similar situation since they have unique 
engine-performance requirements that 
prevent them from finding compliant 
highway engines; we have modified the 
rule to also apply the specialty vehicle 
provisions to these all-terrain vehicles. 
The regulations will limit this 
allowance to vehicles that have portal 
axles, which are specialized axles that 
increase ground clearance. Cost and/or 
performance limits for such axles 
preclude their use for vehicles intended 
for use primarily on highways. Thus, we 
believe vehicles with such axles are 
designed primarily for off-road 
operation, while retaining the ability to 
occasionally operate on highways. 

Under approach being adopted for 
these various vehicles, compression- 
ignition engines could be certified to 
alternate standards that are equivalent 

to the emission standards under 40 CFR 
part 1039, and spark-ignition engines 
could be certified to alternate standards 
that are equivalent to the Blue Sky 
emission standards under 40 CFR part 
1048.978 In response to a comment from 
California ARB, we are adopting a 
requirement that compression-ignition 
engines also meet a PM standard 
(Family Emission Limit) of 0.020 g/kW- 
hr corresponding to the PM standard 
that applies for heavy-duty highway 
engines. Similarly, we are adopting an 
N2O standard of 0.1 g/kW-hr for SCR- 
equipped diesel-fueled engines that 
corresponds to the N2O standard that 
applies for heavy-duty highway engines. 
This collection of standards aligns with 
our expectation that such engines would 
generally be expected to use the same 
technologies to control emissions as 
engines certified to the applicable 
emission standards for heavy-duty 
highway engines. (The regulation being 
finalized disallows this approach for 
compression-ignition engines below 56 
kW since the nonroad standards for 
those engines are substantially less 
stringent than the standards that apply 
for heavy-duty highway engines). Also, 
since the nonroad duty cycles generally 
better represent the in-use operating 
characteristics of engines in these 
specialty vehicles, we expect the 
nonroad test procedures to be at least as 
effective in achieving effective in-use 
emission control. The regulations at 40 
CFR part 1048 include a simplified form 
of diagnostic controls, and we are 
adopting in these rules a simplified 
diagnostic control requirement for 40 
CFR part 1039. These engine-based 
diagnostic controls substitute for the 
diagnostic requirements specified in 40 
CFR 86.010–18. Note that the diagnostic 
requirements apply for engine systems 
or components; as such, we generally 
apply those diagnostic requirements to 
hybrid powertrain systems and 
components only if the engine 
manufacturer includes those features or 
parameters as part of the certified 
configuration for their engines. We may 
revisit issues related to diagnostic 
requirements for hybrid systems in a 
future rulemaking. 

These alternate standards relate 
primarily to the engine certification- 
based emission standards and 
certification requirements. All vehicle- 
based requirements for evaporative 
emissions continue to apply as specified 
in the regulation. In addition, hybrid 
vehicles would still be subject to all the 
standards and requirements that apply 
to heavy-duty vehicles under 40 CFR 

part 1037. For example, manufacturers 
would need to perform powertrain 
testing and run GEM to determine the 
applicable g/ton-mile emission rate for 
hybrid vehicles. However, the agencies 
are not requiring vehicle certification for 
the three other types of specialty 
vehicles. Low-speed vehicles are 
already excluded from the vehicle 
requirements under Phase 1, while the 
amphibious and all-terrain vehicles 
would present significant challenges to 
the vehicle simulations. 

This allowance is intended to lower 
the barrier to introducing innovative 
technology for motor vehicles. It is not 
intended to provide a full alternative 
compliance path to avoid certifying to 
the emission standards and control 
requirements for highway engines and 
vehicles. To accomplish this, EPA will 
allow a manufacturer to produce no 
more than 1,000 hybrid vehicles in a 
single model year under this program, 
and no more than 200 amphibious 
vehicles, all-terrain vehicles, or speed- 
limited vehicles. In the case of hybrid 
vehicles, we are also acting on 
California ARB’s request that we adopt 
a sunset provision for hybrid vehicles; 
accordingly, the simplified certification 
applies only through model year 2027. 
In the meantime we will monitor 
implementation of the program and 
consider whether there is any long-term 
need for these or other streamlined 
certification provisions for hybrid 
vehicles. 

As described in the proposed rule, 
California ARB is in the process of 
developing similar provisions for a 
reduced compliance burden for 
qualifying highway vehicles toward the 
goal of incentivizing vehicles with 
hybrid powertrains and low-NOX 
engines. The incentives generally 
consist of allowing specific OBD 
variances or deficiencies (for low-NOX 
engines) or broadly waiving OBD 
requirements (for hybrid vehicles). To 
the extent that California ARB certifies 
vehicles based on approving OBD 
deficiencies, we would apply a similar 
discretion for 49-state certification of 
the same engine model to allow for 
nationwide sale of those products. If 
California ARB approves certification of 
hybrid systems in which the highway 
OBD requirements are mostly or entirely 
waived, we would expect to apply the 
provisions described in this section to 
allow vehicle manufacturers to produce 
up to 1000 such vehicles in a given year. 

(2) Chassis Certification of Class 4 
Heavy-Duty Vehicles 

In the HD Phase 1 rule, the agencies 
included a provision allowing 
manufacturers to certify Class 4 and 
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larger heavy-duty vehicles to the 
chassis-based emission standards in 40 
CFR part 86, subpart S. This applied for 
greenhouse gas emission standards, but 
not criteria emission standards. EPA 
revisited this issue in the recent Tier 3 
final rule, where we revised the 
regulation to allow this same flexibility 
relative to exhaust emission standards 
for criteria pollutants. However, this 
change to the regulation conflicted with 
our response to a comment in that 
rulemaking that EPA should not change 
the certification arrangement for criteria 
pollutants. 

EPA requested comment on how best 
to address this issue in a way that 
resolves the various and competing 
concerns. Commenters argued for and 
against allowing certification of the 
heavier vehicles to chassis-based 
emission standards. In the final rule, we 
are adopting a limited allowance to 
certify vehicles above 14,000 pounds 
GVWR using chassis-based certification 
procedures of 40 CFR part 86, subpart 
S. In particular, manufacturers may rely 
on chassis-based certification for 
heavier vehicles only if there is a family 
with vehicles at or below 14,000 pounds 
GVWR that can properly accommodate 
the bigger vehicles as part of the same 
family. As part of this arrangement, 
chassis-certified vehicles above 14,000 
pounds GVWR may not rely on a work 
factor that is greater than the largest 
work factor that applies for vehicles at 
or below 14,000 pounds GVWR from the 
same family. 

(3) Nonconformance Penalties (NCPs) 
The Clean Air Act requires that 

heavy-duty standards for criteria 
pollutants such as NOX reflect the 
greatest degree of emission reduction 
achievable through the application of 
technology that EPA determines will be 
available. Such ‘‘technology-forcing’’ 
standards create the risk that one or 
more manufacturers may lag behind in 
the development of their technology to 
meet the standard and, thus, be forced 
out of the marketplace. Recognizing this 
risk, Congress enacted CAA section 
206(g) (42 U.S.C. 7525(g)), which 
requires EPA to establish 
‘‘nonconformance penalties’’ to protect 
these technological laggards by allowing 
them to pay a penalty for engines that 
temporarily are unable to meet the 
applicable emission standard, while 
removing any competitive advantage 
those technological laggards may have. 

On September 5, 2012, EPA adopted 
final NCPs for heavy heavy-duty diesel 
engines, which were available to 
manufacturers of heavy-duty diesel 
engines unable to meet the current 
oxides of nitrogen (NOX) emission 

standard. On December 11, 2013, the 
U.S. Court of Appeals for the District of 
Columbia Circuit issued an opinion 
vacating that Final Rule. It issued its 
mandate for this decision on April 16, 
2014, ending the availability of the 
NCPs for the current NOX standard, as 
well as vacating certain amendments to 
the NCP regulations, due to concerns 
about inadequate notice. In particular, 
the amendments revised the text 
explaining how EPA determines when 
NCPs should be made available. In the 
NPRM for this rulemaking, EPA 
proposed to remove the vacated 
regulatory text specifying penalties, and 
re-proposed most of the other vacated 
amendments. Having now provided this 
additional notice and a full opportunity 
for comment, we believe that it is 
appropriate to finalize the proposed 
changes. EPA is also adopting the 
proposed new 40 CFR 86.1103–2016 to 
replace the existing 40 CFR 86.1103–87. 

(a) Vacated Penalties 
In EPA’s regulations, NCP penalties 

are calculated from inputs specific to 
the standards for which NCPs are 
available. The input values are specified 
in 40 CFR 86.1105–87. EPA is removing 
paragraph (j) of this section which 
specifies the vacated inputs for the 2010 
NOX emission standard. Since all 
manufacturers are currently complying 
with these standards, and the court 
vacated the text in question, it no longer 
has any purpose. 

(b) Re-Proposed Text 
The 2012 rule made amendments to 

four different sections in 40 CFR part 
86. The amendments to 40 CFR 
86.1104–91 and 86.1113–87 were 
supported during the rulemaking and 
were not questioned in the Court’s 
decision. Nevertheless, these revisions 
were vacated along with the rest of the 
rule. In the NPRM, EPA re-proposed 
these changes, even though we had 
already provided full notice and 
opportunity for public comment for 
these changes. Since we are adopting 
text that is already in the CFR, the final 
rule consists of leaving these sections of 
the regulations unchanged. 

(i) Upper Limits 
The changes to 40 CFR 86.1104–91 

affect the upper limit. The upper limit 
(UL) is the emission level established by 
regulation above which NCPs are not 
available. A heavy duty engine cannot 
use NCPs to be certified for a level 
above the upper limit. CAA section 
206(g)(2) refers to the upper limit as a 
percentage above the emission standard, 
set by regulation, that corresponds to an 
emission level EPA determines to be 

‘‘practicable.’’ The upper limit is an 
important aspect of the NCP regulations 
not only because it establishes an 
emission level above which no engine 
may be certified using NCPs, but it is 
also a critical component of the cost 
analysis used to develop the penalty 
rates. The regulations specify that the 
relevant costs for determining the 
COC50 and the COC90 factors are the 
difference between an engine at the 
upper limit and one that meets the 
applicable standards (see 40 CFR 
86.1113–87). 

The regulatory approach adopted 
under the prior NCP rules set the upper 
limit at the prior emission standard 
when a prior emission standard exists 
and is then changed to become more 
stringent. EPA concluded that this 
upper limit should be reasonably 
achievable by all manufacturers with 
engines or vehicles in the relevant class. 
It should be within reach of all 
manufacturers of HD engines or HD 
vehicles that are currently allowed so 
that they can continue to sell their 
engines and vehicles while finishing 
their development of fully complying 
engines. A manufacturer of a previously 
certified engine or vehicle should not be 
forced to immediately remove a HD 
engine or vehicle from the market when 
an emission standard becomes more 
stringent. The prior emission standard 
generally meets these goals because 
manufactures have already certified 
their vehicles to that standard. 

One of EPA’s changes to the 
regulations in 40 CFR 86.1104–91 
clarifies that EPA may set the upper 
limit at a level below the previous 
standard if we determine that the lower 
level is achievable by all engines or 
vehicles in the relevant subclass. This 
was the case for the vacated NCP rule. 
Another change allows us to set the 
upper limit at a level above the previous 
standard in unusual circumstances, 
such as where a new standard for a 
different pollutant, or other 
requirement, effectively increases the 
stringency of the standard for which 
NCPs would apply. This occurred for 
heavy heavy-duty engines with the 2004 
standards. 

(ii) Payment of Penalties 
The changes to 40 CFR 86.1113–87 

correct EPA organizational units and 
mail codes to which manufacturers 
must send information. The previous 
information is no longer valid. 

(c) Criteria for the Availability of NCPs 
Since the promulgation of the first 

NCP rule in 1985, subsequent NCP rules 
generally have been described as 
continuing ‘‘phases’’ of the initial NCP 
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979 42 U.S.C. 7525(g)(3)(E). 

rule. The first NCP rule (Phase 1), 
sometimes referred to as the ‘‘generic’’ 
NCP rule, established three basic criteria 
for determining the eligibility of 
emission standards for nonconformance 
penalties in any given model year (50 
FR 35374, August 30, 1985). (For 
regulatory language, see 40 CFR 
86.1103–87). The first criterion is that 
the emission standard in question must 
become more difficult to meet. This can 
occur in two ways, either by the 
emission standard itself becoming more 
stringent, or due to its interaction with 
another emission standard that has 
become more stringent. Second, 
substantial work must be required in 
order to meet the emission standard. 
EPA considers ‘‘substantial work’’ to 
mean the application of technology not 
previously used in that vehicle or 
engine class/subclass, or a significant 
modification of existing technology, in 
order to bring that vehicle/engine into 
compliance. EPA does not consider 
minor modifications or calibration 
changes to be classified as substantial 
work. Third, EPA must find that a 
manufacturer is likely to be 
noncomplying for technological reasons 
(referred to in earlier rules as a 
‘‘technological laggard’’). Prior NCP 
rules have considered such a 
technological laggard to be a 
manufacturer who cannot meet a 
particular emission standard due to 
technological (not economic) difficulties 
and who, in the absence of NCPs, might 
be forced from the marketplace. During 
the 2012 rulemaking, some commenters 
raised issues relating to EPA’s 
interpretation of these criteria: 

• The extent to which the criteria are 
intended to constrain EPA’s ability to 
set NCPs 

• The timing for evaluating the 
criteria 

• The meaning of technological 
laggard 

As its primary finding in the 2013 
decision, the Court stated that EPA had 
not provided sufficient notice or 
opportunity for comment regarding its 
interpretation of these criteria. To 
address the Court’s notice and comment 
concern, EPA solicited comments in the 
Phase 2 NPRM on our proposed 
revisions to these criteria. Note that we 
proposed changes that are different from 
those at issue during the court case. 

(i) Constraints on EPA 
Several commenters on the 2012 rule 

argued (implicitly or explicitly) that 
EPA cannot establish NCPs unless all of 
the regulatory criteria for NCPs (in 40 
CFR 86.1103–87) are met. Some went 
further to argue that EPA must 
demonstrate that the criteria are met. 

However, the actual regulatory text has 
never stated that EPA may establish 
NCPs only if all criteria are met, but 
rather that EPA shall establish NCPs 
‘‘provided that EPA finds’’ the criteria 
are met. These criteria were included in 
the regulations to clarify that 
manufacturers should not expect EPA to 
initiate a rulemaking to establish NCPs 
where these criteria were not met. 
Moreover, the regulations clearly defer 
to EPA’s judgment for finding that the 
criteria are met. While EPA must 
explain the basis of our finding, the 
regulatory language does not require us 
to prove or demonstrate that the criteria 
are met. 

This interpretation is consistent with 
the text of the Clean Air Act, which 
places no explicit restrictions on when 
EPA can set NCPs. In fact, it seems to 
create a presumption that NCPs will be 
available. The Act actually requires EPA 
to allow certification of engines that do 
not meet the standard unless EPA 
determines the practicable upper limit 
to be equal to the new emission 
standard. 

To address this confusion, the revised 
regulatory text explicitly states that 
where EPA cannot determine if all of 
the criteria have been met, we may 
presume that they have. In other words, 
EPA does not have the burden to prove 
they have been met. This policy was 
opposed by Volvo in its comments to 
this current rulemaking. It stated that 
EPA findings ‘‘must be subject to public 
review and scrutiny’’ to ‘‘adequately 
protect complying manufacturers’ 
competitive interests.’’ However, EPA 
sees no basis in the Act to believe that 
Congress intended EPA to protect 
complying manufacturers by denying a 
request for NCPs. Rather, Congress 
directed EPA to set the penalty at a level 
that would ‘‘remove any competitive 
disadvantage to manufacturers whose 
engines or vehicles achieve the required 
degree of emission reduction.’’ 979 
Under the changes being adopted here, 
compliant manufacturers would retain 
the ability to challenge whether or not 
EPA had set penalties at a level that 
protects them. 

(ii) Timing for Evaluating Criteria 
In order to properly understand the 

appropriate timing for evaluating each 
of the NCP criteria, it is necessary to 
understand the purpose of each. When 
considered together, these criteria 
evaluate the likelihood that a 
manufacturer will be technologically 
unable to meet a standard on time. 
However, when EPA initially proposed 
the NCP criteria, we noted that the first 

two criteria addressed whether there 
was a possibility for a technological 
laggard to develop. When the first 
criterion (that there be a new standard) 
is met, it creates the possibility for a 
technological laggard to exist. When 
manufacturers must perform substantial 
work (as required for the second 
criterion), it is possible that at least one 
will be unsuccessful and will become a 
laggard. Thus, when evaluating these 
first two criteria, the purpose is to 
determine whether the standard created 
the possibility for a laggard to exist. The 
third criterion is different because it 
asks whether that possibility has turned 
into a likelihood that a technological 
laggard has developed. For example, a 
standard may become significantly more 
stringent and substantial effort might be 
required for compliance, but all 
manufacturers may be meeting the 
applicable standard. In that situation, a 
technological laggard is not likely and 
penalties would be unnecessary. 

In this context, it becomes clear that 
since the first two of these criteria are 
intended to address the question of 
whether a given standard creates the 
possibility for this to occur, they are 
evaluated before the third criterion that 
addresses the likelihood that the 
possibility will actually happen. In most 
cases, it is possible to evaluate these 
criteria at the point a new standard is 
adopted. This is the value of these 
criteria, that they can usually be 
evaluated long before there is enough 
information to know whether a 
technological laggard is actually likely. 
For example, where EPA adopts a new 
standard that is not technology-forcing, 
but rather merely an anti-backsliding 
standard, EPA could determine at the 
time it is adopted that the second 
criterion is not met so that 
manufacturers would know in advance 
that no NCPs will be made available for 
that standard. 

One question that arose in the 2012 
rule involved how to evaluate the 
second criterion if significant time has 
passed and some work toward meeting 
the standard has already been 
completed. To address this question, the 
revised text clarifies that this criterion is 
to be evaluated based on actual work 
needed to go from meeting the previous 
standard to meeting the current 
standard, regardless of the timing of 
such changes. EPA looks at whether 
‘‘substantial work’’ is or was required to 
meet the revised standard at any time 
after the standard was issued—the 
important question is whether 
manufacturers who were using 
technology that met the previous 
standard would need to build upon that 
technology to meet the revised standard. 
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Other interpretations would seem to be 
directly contrary to the purpose of the 
statute, which is designed to allow 
technological laggards to be able to 
certify engines even if other 
manufacturers have met the standard. 

(iii) Technological Laggards 
Questions also arose in 2012 about the 

meaning of the term ‘‘technological 
laggard.’’ While the regulations do not 
define ‘‘technological laggard,’’ EPA has 
previously interpreted this as meaning a 
manufacturer who cannot meet the 
emission standard due to technological 
difficulties, not merely economic 
difficulties (67 FR 51464–51465, August 
8, 2002). Some have interpreted this to 
mean that NCPs cannot be made 
available where a manufacturer tries 
and fails to meet a standard with one 
technology but knew that another 
technology would have allowed them to 
meet the standard. In other words, that 
it made a bad business decision. 
However, EPA’s reference to ‘‘economic 
difficulties’’ applies where a 
technological path exists—at the time 
EPA is evaluating the third criterion— 
that would allow the manufacturer to 
meet the standard on time, but the 
manufacturer chooses not to use it for 
economic reasons. The key question is 
whether or not the technological path 
exists at the time of the evaluation. To 
address this confusion, the revised text 
clarifies that where there is uncertainty 
about whether a failure to meet the 
standards is a technological failure, EPA 
may presume that it was. Note that this 
does not mean that EPA might declare 
any failure to meet standards as a 
technological failure. The change would 
only apply where it is not clear. 

(4) In-Use Testing 
EPA and manufacturers have gained 

substantial experience with in-use 
testing over the last four or five years. 
This has led to important insights in 
ways that the test protocol can be 
adjusted to be more effective. EPA is 
accordingly making the following 
changes to the regulations in 40 CFR 
part 86, subparts N and T: 

• Revise the NTE exclusion based on 
aftertreatment temperature to associate 
the exclusion with the specific 
aftertreatment device that does not meet 
the temperature criterion. For example, 
there should be no NOX exclusion if a 
diesel oxidation catalyst is below the 
temperature threshold. EPA is also 
revising the exclusion to consider 
accommodation of CO emissions when 
there is a problem with low 
temperatures in the exhaust. 

• Clarify that exhaust temperatures 
should be measured continuously to 

evaluate whether those temperatures 
stay above the 250 °C threshold. 

• Add specifications to describe 
where to measure temperatures for 
exhaust systems with multiple 
aftertreatment devices. 

• Include a provision to add 0.00042 
g/hp-hr to the PM measurement to 
account for PM emissions vented to the 
atmosphere through the crankcase vent. 

• Increase the time allowed for 
submitting quarterly reports from 30 to 
45 days after the end of the quarter. 

(5) Miscellaneous Amendments to 40 
CFR Part 86 

As described elsewhere, EPA is 
making several changes to 40 CFR part 
86. This includes primarily the GHG 
standards for Class 2b and 3 heavy-duty 
vehicles in subpart S. EPA is also 
making regulatory changes related to 
hearing procedures, adjustment factors 
for infrequent regeneration of 
aftertreatment devices, and the testing 
program for heavy-duty in-use vehicles. 

EPA is making several minor 
amendments to 40 CFR part 86, 
including the following: 

• Revise 40 CFR 86.1811–17 to clarify 
that the Tier 2 SFTP for 4,000 mile 
testing applies to MDPVs, alternative 
fueled vehicles, and flexible fueled 
vehicles when operated on a fuel other 
than gasoline or diesel fuel, even though 
these vehicles were not subject to SFTP 
standards under the Tier 2 program. We 
described this in the Preamble to the 
Tier 3 final rule, and we are now 
making this explicit in the regulations. 

• Revise 40 CFR 86.1813–17 to clarify 
that gaseous-fueled vehicles are not 
subject to the bleed emission test or 
standard. 

• Revise 40 CFR 86.1823 to extend 
the default catalyst thermal reactivity 
coefficient for Tier 2 vehicles to also 
apply for Tier 3 vehicles. This change 
was inadvertently omitted from the 
recent Tier 3 rulemaking. EPA will also 
be interested in a broader review of the 
appropriate default value for the catalyst 
thermal reactivity coefficient in some 
future rulemaking. EPA will be 
interested in reviewing any available 
data related to this issue. 

• Establish a minimum maintenance 
interval of 1500 hours for DEF filters for 
heavy-duty engines. This reflects the 
technical capabilities for filter durability 
and the expected maintenance in the 
field. 

• Add crankcase vent filters to the list 
of maintenance items for heavy-duty 
engines. This allows manufacturers to 
specify a maintenance interval of 50,000 
miles, or request a shorter interval 
under § 86.004–25. We are also revising 
consolidating regulatory provisions in 

§ 86.004–25 to allow us to remove 
§ 86.007–25; this reorganization does 
not change any regulatory requirements. 

• Remove the idle CO standard from 
40 CFR 86.007–11 and 40 CFR 86.008– 
10. This standard no longer applies, 
since all engines are now subject to 
diagnostic requirements instead of the 
idle CO standard. 

• Revise 40 CFR 86.094–14 to 
consolidate the streamlined certification 
procedures for small-volume 
manufacturers. The consolidated section 
reduces potential confusion by listing 
only the provisions that do not apply, 
rather than trying to create (and 
maintain) a comprehensive list of all the 
provisions that apply, in addition to the 
provisions that do not apply. Except for 
removing obsolete content, the revised 
regulation does not include substantive 
changes to the specified procedures. 

• Revise 40 CFR 86.1301 to remove 
obsolete content. 

EPA is also adopting several 
amendments to remove obsolete text, 
update cross references, and streamline 
redundant regulatory text. For example, 
paragraph (f)(3) of Appendix I includes 
a duty cycle for heavy-duty spark- 
ignition engines that is no longer 
specified as part of the certification 
process. 

(6) Applying 40 CFR Part 1068 to 
Heavy-Duty Highway Engines and 
Vehicles 

As part of the Phase 1 standards, EPA 
applied the exemption and importation 
provisions from 40 CFR part 1068, 
subparts C and D, to heavy-duty 
highway engines and vehicles. EPA also 
specified that the defect reporting 
provisions of 40 CFR 1068.501 were 
optional. In an earlier rulemaking, EPA 
applied the selective enforcement 
auditing under 40 CFR part 1068, 
subpart E (75 FR 22896, April 30, 2010). 
EPA is in this rule adopting the rest of 
40 CFR part 1068 for heavy-duty 
highway engines and vehicles, with 
certain exceptions and special 
provisions. 

40 CFR part 1068 captures a range of 
compliance provisions that are common 
across our engine and vehicle programs. 
These regulatory provisions generally 
provide the legal framework for 
implementing a certification-based 
program. 40 CFR part 1068 works in 
tandem with the standard-setting part 
for each type of engine/equipment. This 
allows EPA to adopt program-specific 
provisions for emission standards and 
certification requirements for each type 
of engine/equipment while taking a 
uniform approach to the compliance 
provisions that apply generally. 
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Many of the provisions in 40 CFR part 
1068 were originally written to align 
with the procedures established in 40 
CFR part 85 and part 86. EPA expects 
the following provisions from 40 CFR 
part 1068 to not involve a substantive 
change for heavy-duty highway engines 
and vehicles: 

• Part 1068, subpart A, describes how 
EPA handles confidential information, 
how the Administrator may delegate 
decision-making within the agency, how 
EPA may enter manufacturers’ facilities 
for inspections, what information 
manufacturers must submit to EPA, how 
manufacturers are required to use good 
engineering judgment related to 
certification, and how EPA may require 
testing or perform testing. There is also 
a description of labeling requirements 
that apply uniformly for different types 
of engines/equipment. 

• The prohibited acts, penalties, 
injunction provisions, and related 
requirements of 40 CFR 1068.101 and 
1068.125 correspond to what is 
specified in Clean Air Act sections 203 
through 207 (also see section 213(d)). 

• 40 CFR 1068.103 describes how a 
certificate of conformity applies on a 
model-year basis. With the exception of 
the stockpiling provisions in paragraph 
(g), as described below, these provisions 
generally mirror what already applies 
for heavy-duty highway engines. 

• 40 CFR 1068.120 describes 
requirements that apply for rebuilding 
engines. This includes more detailed 
provisions describing how the rebuild 
requirements apply for cases involving 
a used engine to replace a certified 
engine. 

• 40 CFR part 1068, subpart F, 
describes procedural requirements for 
voluntary and mandatory recalls. As 
noted below, EPA is modifying these 
regulations to eliminate a few instances 
where the part 1068 provisions differ 
from what is specified in 40 CFR part 
86, subpart S. 

• 40 CFR part 1068, subpart G, 
describes how EPA would hold a 
hearing to consider a manufacturer’s 
appeal of an adverse compliance 
decision from EPA. These procedures 
apply for penalties associated with 
violations of the prohibited acts, recall, 
nonconformance penalties, and 
generally for decisions related to 
certification. As noted below, EPA is 
migrating these procedures from 40 CFR 
part 86, including an effort to align with 
EPA-wide regulations that apply in the 
case of a formal hearing. 

EPA is adopting a requirement for 
manufacturers to comply with the 
defect-reporting provisions in 40 CFR 
1068.501. Defect reporting under 40 
CFR 1068.501 involves a more detailed 

approach for manufacturers to track 
possible defects and establishes 
thresholds to define when 
manufacturers must perform an 
investigation to determine an actual rate 
of emission-related defects. These 
thresholds are scaled according to 
production volumes, which allows us to 
adopt a uniform protocol for everything 
from locomotives to lawn and garden 
equipment. Manufacturers that also 
produce nonroad engines have already 
been following this protocol for several 
years. These defect-reporting 
requirements are also similar to the 
rules that apply in California. 

40 CFR part 1068 includes a 
definition of ‘‘engine’’ to clarify that an 
engine becomes subject to certification 
requirements when a crankshaft is 
installed in an engine block. At that 
point, a manufacturer may not ship the 
engine unless it is covered by a 
certificate of conformity or an 
exemption. Most manufacturers have 
opted into this definition of ‘‘engine’’ as 
part of the replacement engine 
exemption as specified in 40 CFR 
85.1714. We are making this mandatory 
for all manufacturers. A related 
provision is the definition of ‘‘date of 
manufacture,’’ which we use to 
establish that an engine’s model year is 
also based on the date of crankshaft 
installation. To address the concern that 
engine manufacturers might install a 
large number of crankshafts before new 
emission standards start to apply as a 
means of circumventing those 
standards, we state in 40 CFR 
1068.103(g) that manufacturers must 
follow their normal production plans 
and schedules for building engines in 
anticipation of new emission standards. 
In addition to that broad principle, we 
state that we will consider engines to be 
subject to the standards for the new 
model year if engine assembly is not 
complete within 30 days after the end 
of the model year with the less stringent 
standards. 

40 CFR part 1068 also includes 
provisions related to vehicle 
manufacturers that install certified 
engines. EPA states in 40 CFR 
1068.105(b) that vehicle manufacturers 
are in violation of the tampering 
prohibition if they do not follow the 
engine manufacturers’ emission-related 
installation instructions, which we 
approve as part of the certification 
process. 

40 CFR part 1068 also establishes that 
vehicles have a model year and that 
installing certified engines includes a 
requirement that the engine be certified 
to emission standards corresponding to 
the vehicle’s model year. An exception 
to allow for normal production and 

build schedules is described in 40 CFR 
1068.105(a). This ‘‘normal-inventory’’ 
allowance is intended to allow for 
installation of previous-tier engines that 
are produced under a valid certificate by 
the engine manufacturer shortly before 
the new emission standards start to 
apply. Going beyond normal inventory 
is considered to be ‘‘stockpiling.’’ 
Stockpiling such engines will be 
considered an unlawful circumvention 
of the new emission standards. The 
range of companies and production 
practices is much narrower for heavy- 
duty highway engines and vehicles than 
for nonroad engines and equipment. 
EPA is therefore finalizing the proposed 
additional specifications to define or 
constrain engine-installation schedules 
that will be considered to fall within 
normal-inventory practices. In 
particular, vehicle manufacturers must 
follow their normal production 
schedules to use up their supply of 
‘‘previous-tier’’ engines once new 
emission standards start to apply; the 
regulation further specifies that this 
allowance may not extend beyond three 
months into the year in which new 
standards apply. For any subsequent 
installation of previous-tier engines, 
EPA requires that vehicle manufacturers 
get EPA approval based on a 
demonstration that the excess inventory 
is a result of unforeseeable 
circumstances rather than 
circumvention of emission standards. 
EPA approval in those circumstances 
will be limited to a maximum of 50 
engines to be installed for up to three 
additional months for a single vehicle 
manufacturer. 

We are finalizing these stockpiling 
provisions, although we received two 
comments that supported changes from 
the proposal. Daimler suggested a 
greater allowance of 1000 or more 
engines meeting the earlier tier of 
standards to correspond to prevailing 
production volumes. This comment 
appears to reflect an expectation that 
engine manufacturers would continue to 
produce these previous-tier engines 
after the new emission standards have 
started to apply; however, this is not the 
case. The inventory allowance is 
focused on vehicle manufacturers using 
up their normal inventories of engines 
that were built before the change in 
emission standards over some number 
of months into the New Year. Even 
high-volume vehicle manufacturers 
should not be buying large quantities of 
engines shortly before a change in 
emission standard. The inventory 
allowance rather allows for vehicle 
manufacturers to prudently plan to 
make a reasonable transition to the new 
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980 Glider vehicles are motor vehicles produced to 
accept rebuilt engines (or other used engines) along 
with used axles and/or transmissions. The common 
commercial term ‘‘glider kit’’ is used here primarily 
to refer to a chassis into which the used/rebuilt 
engine is installed. See Figure I–1 in section I.E.1 
of this Preamble, showing a picture of a glider kit. 

981 The NODA requested comment on an EPA 
memorandum ‘‘Legal Memorandum Discussing 
Issues Pertaining to Trailers, Glider Vehicles, and 
Glider Kits under the Clean Air Act’’, February 
2016, EPA–HQ–OAR–2014–0827–1627, 81 FR 
10826. 

982 Glider vehicles and glider kits are exempt 
from NHTSA’s Phase 1 fuel consumption standards. 
NHTSA did not propose revisions specific to glider 
vehicles in this rulemaking. 

engines in the months following the 
point at which the standards start to 
apply. 

Gillig also commented on the 
stockpiling provisions, advocating a 
June 30 date for using up their inventory 
of previous-tier engines. Their 
production schedule typically involves 
building a single bus in a day, with the 
transition to new standards depending 
on engine manufacturers to provide 
compliant engines in a timely manner. 
The proposed allowance was intended 
to accommodate current business 
practices that involved using up normal 
inventory of previous-tier engines 
within three months after new standards 
start to apply, with a possible extension 
to six months if the manufacturer needs 
additional time to use up the last few of 
its normal inventory of previous-tier 
engines. We believe this approach is 
consistent with Gillig’s 
recommendation. 

EPA considered applying 40 CFR part 
1068 broadly. It is relatively 
straightforward to apply the provisions 
of this part to all engines subject to the 
criteria emission standards in 40 CFR 
part 86, subpart A, and the associated 
vehicles. Manufacturers of comparable 
nonroad engines are already subject to 
all these provisions. However, highway 
motorcycles and Class 2b and 3 heavy- 
duty vehicles subject to criteria 
emission standards under 40 CFR part 
86, subpart S, are covered by a 
somewhat different compliance 
program. EPA is therefore applying only 
the hearing procedures from 40 CFR 
part 1068 for highway motorcycles, 
light-duty vehicles, light-duty trucks, 
medium-duty passenger vehicles, and 
chassis-certified Class 2b and 3 heavy- 
duty vehicles. See Section XIII.D.(1) for 
a description of the hearing procedures 
from 40 CFR part 1068. 

Note that EPA is amending 40 CFR 
85.1701 to specify that the exemption 
provisions of 40 CFR part 85, subpart R, 
apply to heavy-duty engines subject to 
regulation under 40 CFR part 86, 
subpart A. This is intended to limit the 
scope of this provision so that it does 
not apply for Class 2b and 3 heavy-duty 
vehicles subject to standards under 40 
CFR part 86, subpart S. This change 
corrects an inadvertently broad 
reference to heavy-duty vehicles in 40 
CFR 85.1701. 

B. Amendments Affecting Glider 
Vehicles and Glider Kits 

(1) Background 

EPA proposed several amendments 
related to both criteria pollutant and 
GHG emissions from glider vehicles, as 
well as related provisions for glider 

kits.980 With respect to criteria pollutant 
emissions, EPA proposed that as of 
January 1, 2018, most donor engines 
installed in glider vehicles would have 
to meet criteria pollutant standards 
corresponding to the year of assembly of 
the glider vehicle. This would amend 
the provision allowing donor engines to 
meet the standards for the year of the 
engine. 40 CFR 1037.150(j). EPA further 
solicited comment on an earlier 
effective date for this provision. 80 FR 
40529. 

With respect to GHG emissions, EPA 
proposed that all glider vehicles 
(whether produced by large or small 
manufacturers) meet the Phase 2 vehicle 
standards (which, among other things, 
would entail glider kit manufacturers 
generating fuel maps for each engine 
that would be used). This would remove 
a transition provision from the Phase 1 
rules which allowed glider vehicles to 
use engines not certified to the Phase 1 
standards. 40 CFR 1037.150(j). Glider 
vehicles produced by large 
manufacturers are presently subject to 
the Phase 1 vehicle standards, but those 
produced by small manufacturers are 
not. 40 CFR 1037.150(c). Put a different 
way, the combination of these two 
provisions means that non-small 
businesses could use pre-2013 engines 
in glider vehicles, but were required to 
meet (and certify to) the Phase 1 GHG 
vehicle standards. EPA proposed to 
require all glider vehicles to meet the 
applicable GHG standards as of January 
1, 2018. See generally 80 FR 40528. 

In the March, 2016 Notice of Data 
Availability, EPA solicited further 
comment on possible exceptions to the 
proposal.981 Specifically, EPA solicited 
comment with respect to engines 
meeting 2010 criteria pollutant 
standards, and for engines still within 
their original regulatory useful life. 81 
FR 10826.982 

EPA received many comments from 
manufacturers of both glider kits and 
glider vehicles, many comments from 
manufacturers of engines meeting 
current criteria pollutant standards and 
dealers selling trucks containing those 

compliant engines, and comments from 
the NGO community and from CARB. 
Engine and vehicle manufacturers took 
opposing positions. Some supported the 
proposed approach, and urged an earlier 
effective date to avoid a pre-buy of 
glider vehicles with highly polluting 
engines. Others stated that the proposed 
provisions exceeded EPA’s authority to 
set emission standards for new engines 
and new vehicles, in addition to 
objecting to the proposed provisions as 
a matter of policy. See Section I.E.1 of 
this document and RTC Section 14.2. 
Some of the comments helped EPA 
target flexibility for glider vehicles that 
serve arguably legitimate purposes (such 
as reclaiming relatively new 
powertrains from vehicles chassis that 
fail prematurely), without causing 
substantial adverse environmental 
impacts. All of these comments are fully 
summarized and responded to in RTC 
Section 14.2. We set out here the actions 
we are taking in this Phase 2 rule, and 
then explain the basis for those actions. 

(2) Overview of Final Rule Provisions 
for Glider Kits and Glider Vehicles 

We are finalizing the proposed glider- 
related provisions but have made 
several revisions in recognition of the 
differences between glider vehicles 
produced to avoid the 2010 criteria 
pollutant emission standards and those 
manufactured for other more legitimate 
purposes. The provisions being 
finalized are intended to allow a 
transition to a long-term program in 
which manufacture of glider vehicles 
better reflects the original reason 
manufacturers began to offer these 
vehicles—to allow the reuse of 
relatively new powertrains from 
damaged vehicles. 

Under the provisions being finalized 
for the long-term program, all glider 
vehicles will need to be covered by both 
vehicle and engine certificates. The 
vehicle certificate will require 
compliance with the GHG vehicle 
standards of 40 CFR part 1037. The 
engine certificate will require 
compliance with the GHG engine 
standards of 40 CFR part 1036, plus the 
criteria pollutant standards of 40 CFR 
part 86. Used/rebuilt/remanufactured 
engines may be installed in the glider 
vehicles without meeting standards for 
the year of glider vehicle assembly, 
provided the engines are within their 
regulatory useful life (or meet similar 
criteria). These engines would still need 
to meet criteria pollutant standards 
corresponding to the year of the engine. 

EPA is also finalizing a transitional 
program that will allow glider vehicle 
manufacturers additional flexibility. 
The first step allows each 
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983 Although discussed here as a limit on the 
number of glider vehicles that may be produced, 
these provisions are actually exemptions for 
manufacturers from the more generally applicable 
restrictions on the production of glider vehicles, as 
the following sentence in the text above makes 
clear. 

984 EPA has structured these regulations for glider 
vehicles to lay out a general requirement that treats 
glider vehicles (and the engines installed in them) 
the same as other new vehicles (and new engines), 
but also includes several exemptions from this 
general requirement. 

985 Although discussed here as a limit on the 
number of glider vehicles that may be produced, 
these provisions are actually exemptions for 
manufacturers from the more generally applicable 
restrictions on the production of glider vehicles. 

986 The NOX and PM standards for MY 2007 and 
later engines are 0.20 g/hp-hr and 0.01 g/hp-hr, 

manufacturer’s combined production of 
glider kits and glider vehicles with 
higher polluting engines to be at the 
manufacturer’s highest annual 
production of glider kits and glider 
vehicles for any year from 2010 to 
2014.983 Any glider vehicles produced 
in greater volumes would need to meet 
the engine standards corresponding to 
the year of the assembly of the glider 
vehicle. With respect to GHG standards, 
all vehicles within this allowance will 
remain subject to the existing Phase 1 
requirements for both engines and 
vehicles, so that small manufacturers 
would still be exempt from these 
provisions up to the allowance. Any 
glider kits and glider vehicles produced 
beyond this allowance will be subject to 
all requirements applicable to new 
engines and new vehicles for MY 2017. 
Other than the 2017 production limit, 
EPA will continue the Phase 1 approach 
until January 1, 2018. This allows small 
businesses to produce glider kits and 
glider vehicles up to the production 
limit without new constraints. Large 
manufacturers producing complete 
glider vehicles remain subject to the 40 
CFR part 1037 GHG vehicle standards, 
as they have been since the start of 
Phase 1. However large manufacturers 
may provide exempted glider kits to 
small businesses during this time frame. 

Effective January 1, 2018, the long- 
term program begins generally, but with 
certain transitional flexibilities. In other 
words, except for the following 
allowances, glider vehicles will need to 
comply with the long-term program. 
The exceptions are: 

• Small businesses may produce a 
limited number of glider vehicles 
without meeting either the engine or 
vehicle standards of the long-term 
program. Larger vehicle manufacturers 
may provide glider kits to these small 
businesses without the assembled 
vehicle meeting the applicable vehicle 
standards. This number is limited to the 
small vehicle manufacturer’s highest 
annual production volume in 2010 
through 2014 or 300, whichever is less. 

• Model year 2010 and later engines 
are not required to meet the Phase 1 
GHG engine standards. 

• Used/rebuilt/remanufactured 
engines may be installed in the glider 
vehicles without meeting standards for 
the year of glider vehicle assembly, 
provided the engines are within their 
regulatory useful life (this provision 

continues from the transitional 
program). 

These 2018 allowances mostly 
continue after 2020, but effective 
January 1, 2021, all glider vehicles will 
need to meet the Phase 2 GHG vehicle 
standards. This means that large 
manufacturers providing glider kits to 
small manufacturers will need to meet 
the GHG vehicle standards for the 
completed vehicle (pursuant to the 
delegated assembly provisions), or ship 
the glider kit to the final glider vehicle 
manufacturer pursuant to the 
incomplete vehicle provisions (where 
the final glider vehicle manufacturer 
would be the certificate holder). 

EPA is thus discontinuing both 40 
CFR 1037.150(c) and (j) in this Phase 2 
rulemaking. As finalized, the Phase 2 
regulations will therefore generally treat 
glider vehicles the same as other new 
vehicles.984 As a result, glider vehicles 
must be certified to the Phase 2 vehicle 
GHG standards, which (among other 
things) require a fuel map for the actual 
engine in order to run GEM. In other 
words, manufacturers producing glider 
kits need to meet the applicable GHG 
vehicle standards and, as part of their 
compliance demonstration, need to have 
a fuel map for each engine used. 
Alternatively, the final assembler could 
be the entity to obtain the certificate, 
provided it had substantial control of 
the overall emissions performance of the 
completed vehicle. In either case, 
manufacturers unable to obtain a fuel 
map for an engine may ask to use a 
default map, consistent with good 
engineering judgment. 

EPA is also providing a limited 
allowance for small business 
manufacturers as described in 40 CFR 
1037.150(t), and also providing a 
generally-applicable allowance that is 
conditioned on the age of the reused 
engine as described in 1037.635. See 
Section XIII.B.(4) below. EPA is also 
adopting new definitions of ‘‘glider 
vehicle’’ and ‘‘glider kit’’ in 40 CFR 
1037.801 that are generally consistent 
with the common understanding of 
these terms as meaning new chassis 
with a rebuilt or other used engine and 
new chassis designed to accept a rebuilt 
or other used engine/powertrain. EPA is 
also clarifying its requirements for 
certification and revising its definitions 
for glider manufacturers, as described 
below, to ensure that affected 
manufacturers understand their 
responsibilities under the regulations. 

It is important to emphasize that EPA 
is not banning gliders. Rather, as 
described below, EPA is requiring that 
glider vehicles meet the standards that 
all other new trucks are required to 
meet, unless eligible for certain limited 
exemptions that provide flexibility for 
small businesses and for certain other 
specific applications. Moreover, the 
provisions being finalized are more 
flexible than those proposed, but focus 
the additional flexibility on vehicles 
using relatively clean engines, and on 
engines within their regulatory useful 
life, consistent with the original purpose 
of glider kits and vehicles.985 

EPA proposed to begin these 
requirements January 1, 2018, but 
requested comment on beginning the 
requirements sooner. Since the NPRM, 
production of gliders has surged and 
now likely exceeds 10,000 per year. We 
are concerned that by finalizing 
restrictions for 2018 in this rule we risk 
causing a pre-buy scenario where 
production surges further in 2017. This 
would be both very harmful to the 
environment and disruptive to the 
market. To avoid these problems and to 
ensure a smoother transition, we are 
finalizing a glider kit and glider vehicle 
production limit for calendar year 2017 
for glider vehicles using high polluting 
engines. The allowable production is 
based on past sales for all large and 
small manufacturers. Specifically, each 
manufacturer’s combined 2017 
production of glider kits and glider 
vehicles using high polluting engines 
will be capped at the manufacturer’s 
highest annual production of glider kits 
and glider vehicles for any year from 
2010 to 2014. All vehicles within this 
allowance will remain subject to the 
existing Phase 1 GHG provisions as they 
presently apply. Any glider kits or 
glider vehicles produced beyond this 
allowance will be subject to all 
requirements applicable to new engines 
and new vehicles for MY 2017. 

(3) Impacts of Current Glider Market 
Current standards for NOX and PM 

(which began in 2007 and took full 
effect in 2010) are at least 90 percent 
lower than the most stringent previously 
applicable standards, so the NOX and 
PM emissions of any glider vehicles 
using pre-2007 engines are at least ten 
times higher than emissions from 
equivalent vehicles being produced 
with brand new engines.986 However, 
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respectively. The standards for MY 2004 through 
2006 engines were ten times these levels, and 
earlier standards were even higher. 

987 See, e.g. http://www.truckinginfo.com/article/ 
story/2013/04/the-return-of-the-glider.aspx, 
describing the engines used by a leading 
manufacturer of glider vehicles (‘‘1999 to 2002- 
model diesels were known for reliability, longevity 
and good fuel mileage. Fitzgerald favors Detroit’s 
12.7-liter Series 60 from that era, but also installs 
pre-EGR 14-liter Cummins and 15-liter Caterpillar 
diesels. All are rebuilt . . . . ’’) (emphasis added). 
See also additional documentation of this point in 
RTC Section 14.2. 

988 ‘‘Industry Characterization of Heavy Duty 
Glider Kits,’’ MacKay & Company, September 30, 
2013. 

989 Frequently Asked Questions about Heavy- 
Duty ‘‘Glider Vehicles’’ and ‘‘Glider Kits,’’ EPA– 
420–F–15–904, July 2015. 

990 http://www.truckinginfo.com/article/story/
2013/04/the-return-of-the-glider.aspx., accessed 
July 16, 2016. 

most gliders being produced today use 
engines originally manufactured before 
2002.987 Since these pre-2002 engines 
lack both EGR and exhaust 
aftertreatment, they would have NOX 
and PM emissions 20–40 times higher 
than current engines. If miscalibrated, 
emissions could be even higher. Thus, 
each glider vehicle using an older 
engine that is purchased instead of a 
new vehicle with a current MY engine 
results in significantly higher in-use 
emissions of air pollutants associated 
with a host of adverse human health 
effects, including premature mortality 
(see Section VIII above). 

These emission impacts have been 
compounded by the increasing sales of 
these vehicles. Estimates provided to 
EPA indicate that production of glider 
vehicles has increased by an order of 
magnitude from what it was in the 
2004–2006 time frame—from a few 
hundred each year to thousands.988 
Glider vehicle production is not 
currently being reported to EPA, but 
EPA estimates that current production is 
close to 10,000 each year based on 
comments—including comments from 
manufacturers of glider vehicles. While 
the few hundred glider vehicles 
produced annually in the 2004–2006 
timeframe may have been produced for 
arguably legitimate purposes, such as 
salvaging powertrains from vehicles 
otherwise destroyed in crashes, EPA 
believes (as did many commenters) that 
the more than tenfold increase in glider 
kit production since the MY 2007 
criteria pollutant emission standards 
took effect reflects an attempt to avoid 
these more stringent standards and 
(ultimately) the Clean Air Act. 

At proposal, EPA estimated the 
environmental impact of 5,000 glider 
vehicles per year, which would be 
roughly 2 percent of the Class 8 vehicles 
manufactured annually.989 We 
estimated that at that rate, these gliders 
could account for as much as one-half 
of total NOX and PM emissions from all 

new Class 8 vehicles. Several 
commenters supported EPA’s 
assessment of the environmental 
impacts of glider vehicles. Volvo 
suggested the impacts were even greater, 
estimating that 2014 glider sales were 
‘‘on the order of 6,000’’ and that they 
emit twice as many tons of PM as the 
rest of the 2014 vehicles. In later 
supplemental comments, Volvo 
provided evidence that current sales 
have grown to 10,000 or more per year. 
Even some commenters opposing EPA’s 
proposal acknowledged that glider sales 
are now over 10,000 units annually. No 
commenters disagreed with EPA’s 
previous (understated) assessment of 
NOX and PM impacts. 

For the final rule, EPA has updated its 
analysis of the environmental impacts of 
gliders. The updated analysis used the 
same emissions modeling tool used to 
estimate the other emissions impacts of 
the rule, described in Section VII of the 
Preamble. The modeling of gliders 
assumed annual glider sales of 10,000 
for 2015 and later, consistent with the 
comments received on the proposal. The 
modeling also assumed that these 
gliders emit at the level equivalent to 
the engines meeting the MY 1998–2001 
standards, since most glider vehicles 
currently being produced use 
remanufactured engines of this vintage, 
and projects them to have the same 
usage patterns/lifetimes as similar new 
vehicles. (We did not attempt to account 
for any miscalibration of these engines). 
This analysis shows that without the 
new restrictions, glider vehicles on the 
road in 2025 would emit nearly 300,000 
tons of NOX and nearly 8,000 tons of PM 
annually. Although glider vehicles 
would make up only 5 percent of heavy- 
duty tractors on the road, their 
emissions would represent about one 
third of all NOX and PM emissions from 
heavy-duty tractors in 2025. By 
restricting the number of glider vehicles 
with high polluting engines on the road, 
these excess PM and NOX emissions 
will decrease dramatically, leading to 
substantial public health-related 
benefits. Put into monetary terms using 
PM-related benefit-per-ton values 
described in Section IX.H, the removal 
of all unrestricted glider vehicle 
emissions from the atmosphere would 
yield between $6 to $14 billion in 
benefits annually (2013$). It is clear that 
removing even a fraction of these glider 
vehicles with high polluting engines 
from the road will yield substantial 
health-related benefits. 

(4) EPA Engine Standards 
EPA is thus amending its rules to 

generally require that glider vehicles 
produced on or after January 1, 2017 use 

engines certified to the standards 
applicable to the calendar year in which 
assembly of the glider vehicle is 
completed, with an exception in 2017 
that provides a larger number of glider 
vehicles under the transitional 
production allowance. (Other 
exceptions to this general requirement 
are discussed later). This requirement 
applies to all pollutants, and thus 
encompasses criteria pollutant 
standards as well as the separate GHG 
standards. Used or rebuilt engines may 
be used, as long as they have been 
certified to the same standards that 
apply for the calendar year of glider 
vehicle assembly. For example, if 
assembly of a glider vehicle is 
completed in calendar year 2020, the 
engine must generally meet standards 
applicable for MY 2020. (If the engine 
standards for model year 2020 are the 
same as for model years 2017 through 
2019, then any model year 2017 or later 
engine may be used). 

EPA is amending these rules because, 
with the advent in MY 2007 of more 
stringent HD diesel engine criteria 
pollutant standards, continuation of 
provisions allowing unlimited use of 
rebuilt and reused engines meeting 
much earlier MY criteria pollutant 
standards results in unnecessarily high 
in-use emissions. See Section XII.B.(3) 
above. As stated there, these emissions 
form an increasingly high percentage of 
the vehicular inventory for such 
dangerous pollutants as NOX and diesel 
exhaust PM (a likely human 
carcinogen), all of which are associated 
with the most serious adverse health 
effects up to and including premature 
mortality. GHG emissions from these 
engines also are controllable. As more 
glider vehicles are produced, EPA 
believes these emissions should be 
controlled to the same levels as other 
new engines. 

The older engines currently being 
used in most glider vehicles could be 
retrofitted with exhaust aftertreatment 
to meet current standards. However, the 
primary reason these engines have been 
used is because they do not include 
aftertreatment.990 Thus, we believe 
retrofitting these engines would not be 
a preferred path. The more likely 
compliance path would be to install a 
used 2010 or later engine, since such 
engines are presently available and it 
would be probably be much simpler and 
less expensive to use a 2010 engine than 
to retrofit an older engine to meet 
current standards. Manufacturers will 
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991 EPA’s authority to craft different provisions 
for engines within their useful life, and provisions 
allowing continued production of glider vehicles 
using pre-2010 engines comes from CAA authority 
to consider costs under section 202(a)(2) and 
202(a)(3)(D), as well as the broad authority in 
section 202(a)(3)(D) over engine rebuilding. Thus, 
many of these flexibilities are tailored to avoid 
significant and disproportionate economic impacts 
on small business glider vehicle manufacturers by 
allowing most small businesses to continue to 
produce glider vehicles consistent with current 
levels of production, consistent with the 
recommendations of the Small Business Advocacy 
Review panel. See RIA section 12.7.3. Allowing 
continued use of engines within their original 
useful life is also consistent with one purpose of the 
engine rebuilding provisions, which is to find some 
legitimate means of salvaging heavy duty engines 
without backsliding from those engines’ original 
certified condition. See 62 FR 54702. 

likely also seek to qualify under other 
flexibilities provided in the Final Rule. 

Recognizing that the environmental 
impacts of gliders using newer engines 
will generally be much smaller, EPA 
requested comment on whether we 
should treat such gliders differently 
than gliders using older engines. 80 FR 
40528; 81 FR 10826. Based on 
comments received on the NODA, EPA 
is finalizing additional flexibilities for 
newer engines and for engines with very 
low mileage. More specifically, EPA 
will allow engines meeting any of the 
following criteria to be used in glider 
vehicles without meeting current engine 
standards for either criteria pollutants or 
GHGs: 

(1) Engines still within their original 
useful life in terms of both miles and 
years. 

(2) Engines of any age with less than 
100,000 miles of engine operation, 
provided the engines’ miles are properly 
documented. 

(3) Engines less than three years old 
with any number of accumulated miles 
of engine operation.991 

Engines covered by these three 
criteria are consistent with the original 
intended use of glider kits—the 
salvaging of relatively new powertrains 
from vehicle chassis that have been 
damaged or have otherwise failed 
prematurely. Most of these engines 
would be covered by the first criterion. 
While nearly all of these engines would 
be model year 2010 or later, this 
criterion would theoretically allow use 
of model year 2008 or 2009 engines in 
calendar years before 2020. 
Nevertheless, such engines would have 
been certified to the same PM standards 
as the 2010 engines, and would likely 
have NOX emissions at or below 1.2 g/ 
hp-hr (i.e., the typical certification level 
for engines of that vintage). EPA is 
adopting the second criterion to address 
very rare cases that were identified in 
comments in which annual VMT is so 
low that engines would not reach 

100,000 miles within ten years (the 
useful life in years). These engines 
could be higher emitting, but would 
necessarily be in applications with very 
low usage, such as a small town fire 
truck. As such, the total emissions from 
such vehicles would be very small. The 
third criterion would address other rare 
cases such as where an engine is just 
outside the useful life in miles, or the 
miles cannot be determined. These 
engines would necessarily be model 
year 2015 or later, and would thus all 
meet the 2010 standards. Considered 
together, this additional flexibility 
would have little adverse emission 
impact because there would be 
relatively few engines covered by these 
exceptions and the vast majority would 
be 2010 or later. 

Several commenters supported 
allowing unlimited production of glider 
vehicles if they use engines certified to 
2010 or later NOX and PM standards, 
without regard to whether the engines 
were still within their useful life. EPA 
sees merit in this concept, but is 
concerned that it may not be 
appropriate in perpetuity. Obviously, 
reuse of engines originally certified to 
the 2010 standards for criteria 
pollutants would not have the same 
adverse environmental impacts as the 
current practice of reusing pre-2002 
engines that have NOX and PM 
emissions 20–40 times higher than 
current engines (or using post-2002 but 
pre-2007 engines, which remain an 
order of magnitude more polluting). 
However, they would not necessarily be 
as clean for GHG or criteria pollutants 
as brand new engines with all new 
aftertreatment components. The Phase 1 
and Phase 2 engine standards mean that 
brand new engines will have lower GHG 
emissions than pre-Phase 1 engines. See 
RIA Chapter 8 and RTC Section 14.2. 
And used 2010 aftertreatment 
components may be less effective at 
reducing NOX or PM than when new. 
Moreover, EPA has been petitioned to 
adopt more stringent NOX and/or PM 
standards in the future. See Section 
I.F.(1) above. Thus, while using 2010 
engines in glider vehicles would greatly 
reduce the most serious concerns about 
NOX and PM emissions relative to 
current gliders, it would not eliminate 
all adverse environmental impacts. 

To balance these factors, EPA is 
finalizing an interim provision—a 
provision which may sunset if EPA 
adopts new more stringent NOX or PM 
standards for heavy duty engines—that 
will treat gliders using MY 2010 and 
later engines the same as those using 
engines within their useful life. This 
would avoid most of the adverse 
impacts, especially for NOX and PM. 

Not requiring these engines to meet the 
latest GHG standards could have some 
impacts, but they would likely be small, 
especially if glider vehicle sales return 
to pre-2007 levels. EPA will continue to 
monitor sales patterns and may rescind 
this flexibility in a future rulemaking. 

Several commenters expressed 
concern about the impact of the 
proposed changes on small businesses 
that produce glider vehicles. However, 
commenters opposing the proposed 
requirements/clarifications did not 
address the very significant adverse 
environmental impacts of the huge 
increase in glider vehicle production 
over the last several years. EPA 
recognized at the time of the proposal 
that production of a smaller number of 
other gliders by small manufacturers 
may be appropriate, at least as an 
interim allowance. 80 FR 40529. To 
allow this, EPA is adopting the 
proposed provision that will somewhat 
preserve the regulatory status quo for 
existing small businesses, allowing 
limited production using highly 
polluting engines based on recent sales. 
This means a limited number of glider 
vehicles produced by small businesses 
may use older rebuilt or used engines, 
provided those engines were certified to 
standards from the year of the engine’s 
manufacture. (Note that beginning in 
MY 2021, these vehicles will have to 
meet the GHG vehicle standards, 
although they would not be required to 
meet current criteria pollutant 
standards.) For example, an existing 
small business that produced glider 
vehicles between 2010 and 2014, with a 
peak production of 200 in 2013, may 
produce up to 200 glider vehicles per 
year under without having to certify 
them to the GHG standards, or re- 
certifying the engines to the now- 
applicable EPA standards for criteria 
pollutants (so long as the engine is 
certified to criteria pollutant standards 
for the year of its manufacture). To be 
eligible for this provision, 40 CFR 
1037.150(t), the regulation specifies that 
no small entity may produce more than 
300 glider vehicles (including any glider 
kits it sells to another assembler) using 
the older engines in any given model 
year without recertifying the engines to 
current EPA standards. EPA believes 
that this level reflects the upper end of 
the range of production that occurred 
before significant avoidance of the 2007 
criteria pollutant standards began. EPA 
believes that, given this relief combined 
with the other changes being made into 
the final regulations, any small 
businesses that have been focused on 
producing gliders for legitimate 
purposes will not be significantly 
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impacted by the new requirements, 
since they can use donor engines within 
their regulatory useful life for either age 
or mileage. See generally RIA Chapter 
12.7.3. Only those small businesses that 
have significantly increased production 
to create new trucks to avoid the 2010 
NOX and PM standards will have their 
sales significantly restricted. 

This small business flexibility is 
intended for small entities for whom 
glider production is a substantial 
portion of their revenue to allow them 
to transition to the long-term program 
where they would generally install 
newer cleaner engines. (We recognize 
that the final regulations will allow 
some small businesses to produce a 
limited number of glider vehicles with 
higher polluting engines as a side 
business, but do not expect these 
manufacturers to produce very many 
glider vehicles.) We intend to monitor 
its use and may place additional 
restriction on this flexibility in the 
future consistent with this intended 
purpose. 

We are also adopting provisions to 
facilitate a smoother transition for small 
businesses that assemble glider vehicles 
from glider kits produced by larger 
manufacturers. Although the long-term 
program will require vehicle certificates 
for glider vehicles produced by small 
manufacturers using exempted engines, 
we are delaying the requirement for a 
vehicle certificate until 2021 for these 
glider vehicles. This means the large 
glider kit manufacturers may continue 
the Phase 1 allowance to sell exempted 
glider kits (i.e., uncertified glider kits) to 
small assemblers as previously allowed 
under Phase1 by 40 CFR 1037.620. 
However, beginning January 1, 2021, 
each glider kit sold to small assemblers 
will need to have a vehicle certificate 
the same as is required for other new 
Phase 1 and Phase 2 glider vehicles. 

Although we are allowing this 
flexibility for glider kit manufacturers, 
they remain responsible to take 
reasonable steps to ensure that their 
glider kits are not used to produce 
complete vehicles in violation of the 
regulations. Most importantly, the glider 
kit manufacturer must comply fully 
with the requirements of 40 CFR 
1037.622, which specifies certain 
minimum requirements for shipping 
uncertified incomplete vehicles. If the 
glider kit manufacturer is the certificate 
holder, then the glider kit manufacturer 
would have to comply with the 
delegated assembly requirements of 40 
CFR 1037.621. See 40 CFR 
1037.635(d)(3). In addition, we would 
expect manufacturers of glider kits to 
have records to verify that the vehicle 
assembler to whom they are shipping an 

uncertified glider kit (which would 
remain permissible under Phase 1) is 
aware of the regulatory requirements 
and is eligible to produce glider vehicles 
with older engines that do not meet 
current criteria pollutant standards (i.e. 
is a small business within the volume 
limit, or is using engines within their 
regulatory useful life). For any 
assembler that is purchasing more than 
one hundred glider kits in a year from 
a kit manufacturer, the kit manufacturer 
should verify that they are not 
exceeding their allotted number. For 
smaller assemblers, it may be sufficient 
to verify that they are not requesting 
more glider kits from that kit 
manufacturer than they purchased in 
any year from 2010 to 2014. Failure to 
comply with these requirements, or 
shipping glider kits to an ineligible 
manufacturer which produces glider 
vehicles with non-compliant engines, 
may void the exemption granted 
pursuant to 40 CFR 1037.621 or 
1037.622. For example, as explained in 
Section I.E.(1)(d) above, supplying 
glider kits to an ineligible manufacturer 
could result in causing a violation of the 
Act, and thus is itself a prohibited act 
under section 203(a)(1). 

Finally, we are adopting a new 
provision in 40 CFR 1036.150(o) that 
would allow an engine manufacturer to 
modify a used engine to be identical to 
a previously certified configuration. 
(This is similar to the allowance in 40 
CFR 1068.201(i).) This allows the 
manufacturer to include the used engine 
in an existing certificate for the 
purposes of complying with the 
requirement to meet current standards 
when installing an engine into a glider 
vehicle. For example, if an engine 
manufacture modified a used 2009 
engine to be identical to a certified 2017 
engine, we would allow the 2009 engine 
to be covered by the 2017 certificate, 
which would allow it to be installed 
into a glider vehicle without restriction. 

(5) Lead Time for Amended Provisions 

Other than the production volume 
provision discussed at the beginning of 
this Section XIII.B, the requirement for 
gliders to meet engine and vehicle 
standards applicable to other new 
vehicles and engines do not take effect 
before January 1, 2018. With respect to 
the criteria pollutant engine standards, 
EPA believes this provides sufficient 
time to ‘‘permit the development and 
application of the requisite control 
measures’’ (CAA section 202(a)(3)(D)) 
because compliant engines are available 
today, although manufacturers will need 
several months to change business 
practices to comply. 

Some commenters argued that 
because some of these requirements 
relate to criteria pollutant standards, 
EPA must provide at least four years 
lead time pursuant to section 
202(a)(3)(C) of the Clean Air Act. EPA 
addresses these comments in Section 
I.E.(1) and in the RTC Sections 1.3.1 and 
14.2. With respect to the vehicle 
standards, EPA notes that the 
requirements already apply for vehicles 
not produced by small businesses. EPA 
believes that delaying the applicability 
of the vehicle standards to small 
businesses until 2021 when Phase 2 
takes effect provides ample time to 
comply with vehicle GHG standards. 
See CAA section 202(a)(2) (standards to 
provide lead time sufficient to allow for 
‘‘development and application of the 
requisite technology’’). 

(6) Legal Authority and Definitions 
Under the Clean Air Act 

With respect to statutory authority for 
the criteria pollutant standards under 
the Clean Air Act, EPA notes first that 
it has broad authority to control all 
pollutant emissions from ‘‘any’’ rebuilt 
heavy duty engines (including engines 
beyond their statutory useful life). See 
CAA section 202(a)(3)(D). EPA is to give 
‘‘appropriate’’ consideration to issues of 
cost, energy, and safety in developing 
such standards, and to provide 
necessary lead time to implement those 
standards. If a used engine is placed in 
a new glider vehicle, the engine will be 
considered a ‘‘new motor vehicle 
engine’’ because it is being used in a 
new motor vehicle. See CAA section 
216(3) and Section I.E.(1). With respect 
to the vehicle-based GHG standards, 
there is no question that the completed 
glider vehicle is a ‘‘motor vehicle’’ 
under the Clean Air Act. Some 
commenters have questioned whether a 
glider kit (without an engine) is a motor 
vehicle. However, EPA considers glider 
kits to be incomplete motor vehicles and 
entities manufacturing gliders to be 
manufacturers of those vehicles, and 
EPA has the authority to regulate 
incomplete motor vehicles and 
manufacturers thereof, including un- 
motorized chassis. See Section I.E.(1) 

Under the CAA, it is also important 
that ‘‘new’’ is determined based on legal 
title and does not consider prior use. 
Thus, glider vehicles that have a new 
vehicle identification number (VIN) and 
new title are considered to be ‘‘new 
motor vehicles’’ even if they incorporate 
previously used components. It is also 
the case that under the Clean Air Act, 
EPA does not consider the fact that a 
vehicle retained the VIN of the donor 
vehicle from which the engine was 
obtained determinative of whether or 
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not the vehicle is new. See Section 
I.E.(1) (responding to comment on this 
point). 

The CAA also defines ‘‘manufacturer’’ 
to include any person who assembles 
new motor vehicles. As proposed, EPA 
is revising its regulatory definitions of 
these terms in 40 CFR 1036.801 and 
1037.801 to more clearly reflect these 
aspects of the CAA definitions. The 
revised definitions make clear that: 

• New glider kits are ‘‘new motor 
vehicles.’’ Manufacturers therefor must 
certify to the Phase 2 vehicle standards 
unless they are selling the glider kit to 
a secondary manufacturer that has its 
own certificate. 

• Previously used engines installed 
into glider kits are ‘‘new motor vehicle 
engines.’’ 

• Any person who completes 
assembly of a glider vehicle is a 
‘‘manufacturer’’ thereof. 

EPA also notes that under existing 
regulations, glider kit assemblers (i.e. 
entities that assemble the glider vehicle 
by adding the donor engine to the kit) 
are already considered to be secondary 
vehicle manufacturers, who may receive 
incomplete vehicles (such as glider kits) 
from OEMs if they have a valid 
certificate or exemption (see 40 CFR 
1037.622). Secondary vehicle 
manufacturers may also receive certified 
glider kits to complete in a delegated 
assembly agreement (see 40 CFR 
1037.621). 

To further clarify that EPA considers 
both glider kits and completed glider 
vehicles to be motor vehicles, EPA is 
adding a clarification to our definition 
of ‘‘motor vehicle’’ in 40 CFR 85.1703 
regarding vehicles such as gliders that 
clearly are intended for use on 
highways, consistent with the CAA 
definition of ‘‘motor vehicle’’ in CAA 
section 216(2). The regulatory definition 
previously contained a provision stating 
that vehicles lacking certain safety 
features required by state or federal law 
are not ‘‘motor vehicles.’’ EPA 
recognized that this caveat needed a 
proper context: Is the safety feature one 
that would prevent operation on 
highways? See 80 FR 40529. If not, 
absence of that feature does not result in 
the vehicle being other than a motor 
vehicle. The amendment will 
consequently make clear that vehicles 
that are clearly intended for operation 
on highways are motor vehicles, even if 
they do not have every safety feature. 
This clarifying provision takes effect 
with this rule. 

We note that NHTSA and EPA have 
separate definitions for motor vehicles 
under their separate statutory 
authorities. As such, EPA’s 
determination of how its statute and 

regulations apply to glider kits and 
glider vehicles has no bearing on how 
NHTSA may apply its safety authority 
with regard to them. 

(7) Summary of the Requirements for 
Glider Vehicles 

The provisions being finalized are 
intended to allow a transition to a long- 
term program in which use of glider kits 
is permissible consistent with the 
original reason manufacturers began to 
offer glider kits—to allow the reuse of 
relatively new powertrains from 
damaged vehicles. The long-term 
program as well as the transitional 
program are summarized below. 

(a) Long-Term Program for Gliders 

Ultimately all gliders will need to be 
covered by both vehicle and engine 
certificates. The vehicle certificate will 
require compliance with the GHG 
vehicle standards of 40 CFR part 1037. 
The engine certificate will require 
compliance with the GHG engine 
standards of 40 CFR part 1036, plus the 
criteria pollutant standards of 40 CFR 
part 86. Used/rebuilt engines may be 
installed in the glider vehicles, provided 
(1) they meet all standards applicable to 
the year in which the assembly of the 
glider vehicle is completed; or (2) meet 
all standards applicable to the year in 
which the engine was originally 
manufactured and also meet one of the 
following criteria: 

• The engine is still within its 
original useful life in terms of both 
miles and years. 

• The engine has less than 100,000 
miles of engine operation. 

• The engine is less than three years 
old. 

In most of these cases, the glider 
vehicles will need to have a vehicle 
certificate demonstrating compliance 
with the vehicle GHG standards that 
apply for the year of assembly. 
However, in the case of engines with 
less than 100,000 miles, glider vehicles 
conforming to the vehicle configuration 
of the donor vehicle do not need to be 
recertified to current vehicle standards. 

(b) Transitional Program for Gliders 

For calendar year 2017, each 
manufacturer’s combined production of 
glider kits and glider vehicles will be 
capped at the manufacturer’s highest 
annual production of glider kits and 
glider vehicles for any year from 2010 
to 2014. All vehicles within this 
allowance will remain subject to the 
existing Phase 1 provisions, including 
its exemptions. Any glider kits or glider 
vehicles produced beyond this 
allowance will be subject to the long- 
term program. 

Other than the 2017 production limit, 
EPA will continue the Phase 1 approach 
until January 1, 2018. This allows small 
businesses to produce glider vehicles up 
to the allowance without other new 
constraints before 2018. Large 
manufacturers producing complete 
glider vehicles remain subject to the 40 
CFR part 1037 GHG vehicle standards, 
as they have been since the start of 
Phase 1. However large manufacturers 
may provide exempted glider kits to 
small businesses during this time frame. 
Other than the 2017 production limit, 
EPA will continue the Phase 1 approach 
until January 1, 2018. This allows small 
businesses to produce glider vehicles up 
to the cap without other new constraints 
before 2018. Large manufacturers 
producing complete glider vehicles 
remain subject to the 40 CFR part 1037 
GHG vehicle standards, as they have 
been since the start of Phase 1. However 
large manufacturers may provide 
exempted glider kits to small businesses 
during this time frame. 

Effective January 1, 2018, the 
permissible number of glider vehicles 
that may be produced without meeting 
the long-term program will be limited to 
two specific exceptions. The exceptions 
are: 

• Small businesses may produce a 
limited number of glider vehicles 
without meeting either the engine or 
vehicle standards of the long-term 
program. Larger vehicle manufacturers 
may provide glider kits to these small 
businesses without meeting the 
applicable vehicle standards. This 
number is limited to the small 
manufacturer’s highest annual 
production volume in 2010 through 
2014 or 300, whichever is less. 

• Model year 2010 and later engines 
are not required to meet the Phase 1 
GHG engine standards. 

These 2018 allowances mostly 
continue after 2020, but the following 
change takes effect January 1, 2021: 

• All glider kits provided by large 
manufacturers (including to small 
manufacturers or for use with 2010 
engines) must meet the vehicle 
standards for the completed vehicle. 

EPA is not establishing an end to 
these transitional provisions at this 
time. We intend to monitor this industry 
and will reevaluate the appropriateness 
of these provisions in the future. 

C. Applying the General Compliance 
Provisions of 40 CFR Part 1068 to Light- 
Duty Vehicles, Light-Duty Trucks, 
Chassis-Certified Class 2B and 3 Heavy- 
Duty Vehicles and Highway Motorcycles 

As described above, EPA is applying 
all the general compliance provisions of 
40 CFR part 1068 to heavy-duty engines 
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and vehicles subject to 40 CFR parts 
1036 and 1037. EPA is also applying the 
amended hearing procedures from 40 
CFR part 1068 to highway motorcycles 
and all vehicles subject to standards 
under 40 CFR part 86, subpart S. 
However, based on comments, we are 
not finalizing broader changes at this 
time. 

Volvo objected to extending the 
defect-reporting provisions of 40 CFR 
part 1068 to heavy-duty engines and 
vehicles. They stated that they have a 
robust approach to defect-reporting that 
is largely consistent with what applies 
under 40 CFR part 1068 (in addition to 
complying with CARB’s warranty- 
reporting requirements), but argued that 
it would be cost-prohibitive to comply 
nationwide with the new federal 
requirements. They commented that the 
higher reporting thresholds would lead 
to fewer reports. We understand and 
accept that there may be fewer defect 
reports; in fact, we count this as a 
positive development since industry 
and agency efforts toward documenting 
and addressing defects will be focused 
on cases that are worthy of greater 
attention. The defect threshold of 25 
units under 40 CFR part 85 is not 
appropriate for the sales volumes 
associated with heavy-duty engines and 
vehicles. 

Light-duty automotive manufacturers 
also objected to the mandatory 
migration of defect-reporting provisions 
to 40 CFR part 1068 for heavy-duty 
vehicles they produce, emphasizing that 
their light-duty and heavy-duty vehicles 
should be subject to the same defect- 
reporting protocol to reduce complexity 
and risk of error. Although we are not 
applying the 40 CFR part 1068 defect- 
reporting requirements to heavy-duty 
vehicles subject to the requirements of 
40 CFR part 86, subpart S, we are 
applying them to all other heavy-duty 
vehicles produced by these 
manufacturers. As noted below, we plan 
to eventually migrate the defect- 
reporting provisions for all light-duty 
and heavy-duty vehicles to 40 CFR part 
1068, and see no harm in doing so in 
steps. These manufacturers also 
expressed three more detailed concerns 
about defect reporting under 40 CFR 
part 1068: (1) Twice-annual 
investigation reports may show no 
defects, which would add a paperwork 
burden for no benefit, (2) the reporting 
period covers the full useful life, rather 
than just the first five years, which is 
the time when most defects appear, and 
(3) tying defect reporting to warranty 
claims may discourage extended 
warranties. The idea behind the 
investigation reports is that a high rate 
of possible defects may or may not be 

associated with a substantial number of 
actual defects. The investigation reports 
are intended to address exactly that 
question. The burden arises only when 
the manufacturer has a high enough rate 
of possible defects to warrant further 
attention. We see no reason to disregard 
defect information between five years 
and the end of the useful life, since 
manufacturers are responsible for 
designing their products to last during 
that entire period. Specifying a shorter 
period would artificially and arbitrarily 
reduce the information available to 
reach a conclusion. If defects don’t 
occur after five years, then there is no 
additional burden associated with the 
longer period. EPA does not take a 
position on the manufacturers’ practices 
regarding extended warranties; 
however, we feel strongly that a 
manufacturer’s confidence as expressed 
in an extended warranty should 
correspond with the same level of 
confidence in the engines (or 
components) working to control 
emissions for that same period. 

EPA proposed to also apply the recall 
provisions from 40 CFR part 1068 for 
highway motorcycles and for all 
vehicles subject to standards under 40 
CFR part 86, subpart S, and requested 
comment on applying the defect 
reporting from 40 CFR part 1068 for 
those same vehicles. Manufacturers 
objected to modifying the recall and 
defect-reporting provisions in this 
rulemaking. EPA is accordingly not 
finalizing these additional provisions; 
EPA intends rather to pursue these 
changes in a later rulemaking, which 
will allow both EPA and manufacturers 
and other stakeholders additional time 
to carefully consider the range of issues 
that may be involved. In particular, EPA 
anticipates the opportunity to apply 
some learning from the current focus on 
defeat devices, recall, and defect 
reporting in the effort to update the 
regulations. 

Note that EPA is amending 40 CFR 
85.1701 to specify that the exemption 
provisions apply to heavy-duty engines 
subject to regulation under 40 CFR part 
86, subpart A. This is intended to limit 
the scope of this provision so that it 
does not apply for Class 2b and 3 heavy- 
duty vehicles subject to standards under 
40 CFR part 86, subpart S. This change 
corrects an inadvertently broad 
reference to heavy-duty vehicles in 40 
CFR 85.1701. 

D. Amendments to General Compliance 
Provisions in 40 CFR Part 1068 

The general compliance provisions in 
40 CFR part 1068 apply broadly too 
many different types of engines and 
equipment. This section describes how 

EPA is amending these procedures to 
make various corrections and 
adjustments. 

(1) Hearing Procedures 
EPA is updating and consolidating its 

regulations related to formal and 
informal hearings in 40 CFR part 1068, 
subpart G. This will allow us to rely on 
a single set of regulations for all the 
different categories of vehicles, engines, 
and equipment that are subject to 
emission standards. EPA also made an 
effort to write these regulations for 
improved readability. 

The hearing procedures specified in 
40 CFR part 1068 apply to the various 
categories of nonroad engines and 
equipment (along with the other 
provisions of part 1068). EPA is in these 
rules applying these hearing procedures 
also to heavy-duty highway engines, 
light-duty motor vehicles, and highway 
motorcycles. EPA believes there is no 
reason to treat any of these sectors 
differently regarding hearing 
procedures. Automotive and engine 
manufacturers expressed broad 
concerns about migrating the hearing 
procedures in this rulemaking; however, 
the migration makes no substantive 
changes to established procedures, and 
addresses various administrative 
concerns as noted below. 

EPA is adding an introductory section 
that provides an overview of requesting 
a hearing for all cases where a person or 
a company objects to an adverse 
decision by the agency. In certain 
circumstances, as spelled out in the 
regulations, a person or a company can 
request a hearing before a Presiding 
Officer. Statutory provisions require 
formal hearing procedures for 
administrative enforcement actions 
seeking civil penalties. The Clean Air 
Act does not require a formal hearing for 
other agency decisions; EPA is therefore 
specifying that informal hearing 
procedures apply for all such decisions. 

The introductory section also adds 
detailed provisions describing the 
requirements for submitting information 
to the agency in a timely manner. These 
provisions accommodate current 
practices for electronic submission, 
distinguish between postal and courier 
delivery and provide separate 
requirements for shipments made from 
inside and outside the United States. 
The specified deadlines are generally 
based on the traditional approach of a 
postmark determining whether a 
submission is timely or not. Fax, email 
and courier shipments are similarly 
specified as needing to be sent by close 
of business on the day of the deadline. 
A different approach applies for 
shipments originating from outside the 
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United States. Because time in transit 
can vary dramatically, we are specifying 
that foreign shipments need to be 
received in our office by the specified 
deadline to be considered timely. Given 
the option to send documents by email 
or by fax, EPA expects this approach 
will not pose any disadvantage to 
anyone making an appeal from outside 
the United States. 

EPA is replacing the current reference 
to 40 CFR 86.1853–01 for informal 
hearings with a full-text approach that 
captures this same material. EPA 
attempted to write these regulations in 
a way that does not change the 
underlying hearing protocol. 

The regulations currently reference 
the formal hearing procedures in 40 CFR 
85.1807, which were originally drafted 
to apply to light-duty motor vehicles. 
After we adopted the hearing 
procedures in 40 CFR 85.1807, EPA’s 
Office of Administrative Law Judges 
finalized a set of regulations defining 
formal hearing procedures that were 
intended to apply broadly across the 
agency for appeals under every 
applicable statute. See 40 CFR part 22, 
‘‘Consolidated Rules of Practice 
Governing the Administrative 
Assessment of Civil Penalties and the 
Revocation/Termination or Suspension 
of Permits.’’ EPA is therefore revising 
the regulations in 40 CFR part 1068 to 
simply refer to these formal hearing 
procedures in 40 CFR part 22. 

(2) Additional Changes to General 
Compliance Provisions 

EPA is also making numerous changes 
across 40 CFR part 1068 to correct 
errors, to add clarification, and to make 
adjustments based on lessons learned 
from implementing these regulatory 
provisions. This includes the following 
changes: 

• § 1068.1: Clarify applicability of 
part 1068 with respect to legacy parts 
(such as 40 CFR parts 89 through 94). 

• § 1068.20: Clarify that EPA’s 
inspection activities do not depend on 
having a warrant or a court order. As 
noted in the standard-setting parts, EPA 
may deny certification or suspend or 
revoke certificates if a manufacturer 
denies EPA entry for an attempted 
inspection or other entry. 

• § 1068.27: Clarify that EPA 
confirmatory testing may be performed 
before issuance of a certificate of 
conformity. We are also making an 
addition to state that we may require 
manufacturers to give us any special 
components that are needed for EPA 
testing. 

• § 1068.30: Add definitions of 
‘‘affiliated companies,’’ ‘‘parent 
company,’’ and ‘‘subsidiaries’’ to clarify 

how small-business provisions apply for 
a range of business relationships. 

• § 1068.30: Clarify that in the context 
of provisions that apply only for 
certificate holders, a manufacturer can 
be considered a certificate holder based 
on the current or previous model year 
(to avoid problems from having a gap 
between model years). 

• § 1068.30: Spell out contact 
information for the ‘‘Designated 
Compliance Officer’’ to clarify how 
manufacturers should submit 
information to the agency. This includes 
email addresses for the various sectors. 

• § 1068.32: Add discussion to 
establish the meaning of various terms 
and phrases for EPA regulations; for 
example, we distinguish between 
standards, requirements, allowances, 
prohibitions, and provisions. EPA is 
also clarifying terminology with respect 
to singular/plural, inclusive lists, notes 
and examples in the regulatory text, and 
references to ‘‘general’’ or ‘‘typical’’ 
circumstances. EPA also describes some 
of the approach to determining when 
‘‘unusual circumstances’’ apply. 

• § 1068.45: Allow manufacturers to 
use coded dates on engine labels; allow 
EPA to require the manufacturer to 
share information to read the coded 
information. 

• § 1068.45: Clarify that engine labels 
are information submissions to EPA. 

• §§ 1068.101 and 1068.125: Update 
penalty amounts to reflect changes to 40 
CFR part 19 (81 FR 43094, July 1, 2016). 

• § 1068.101: Revise the penalty 
associated with the tampering 
prohibition to be an engine-based 
penalty, as opposed to assessing 
penalties per day of engine operation. 
This correction aligns with Clean Air 
Act section 205. 

• § 1068.103: Clarify the process for 
reinstating certificates after suspending, 
revoking, or voiding. 

• § 1068.103: Clarify that the 
prohibition against ‘‘offering for sale’’ 
uncertified engines applies only for 
engines already produced. It is not a 
violation to invite customers to buy 
engines as part of an effort to establish 
the economic viability of producing 
engines, as would be expected for 
market research. 

• § 1068.105: Require documentation 
related to ‘‘normal inventory’’ for 
stockpiling provision. EPA is also 
clarifying that there is no specific 
deadline associated with producing 
‘‘normal-inventory’’ engines under this 
section, but emphasizing that vehicle/ 
equipment manufacturers may not delay 
engine installation beyond their normal 
production schedules. EPA is also 
clarifying that the allowance related to 
building vehicles/equipment in the 

early part of a model year, before the 
start of a new calendar year 
corresponding to new emission 
standards, applies only in cases where 
vehicle/equipment assembly is 
complete before the start of the new 
calendar year. This is intended to 
prevent manufacturers from 
circumventing new standards by 
initiating production of large numbers 
of vehicles/equipment for eventual 
completion after new standards have 
started to apply. 

• § 1068.210: Remove the 
requirement for companies getting 
approval for a testing exemption to send 
us written confirmation that they meet 
the terms and conditions of the 
exemption. We do not believe this 
submission is necessary for 
implementing the testing exemption. 

• § 1068.220: Add a description of 
how we might approve engine operation 
under the display exemption. This is 
intended to more carefully address 
circumstances in which engine 
operation is part of the display function 
in question. We will want to consider a 
wide range of factors in considering 
such a request; for example, we may be 
more inclined to approve a request for 
a display exemption if the extent of 
operation is very limited, or if the 
engine/equipment has emission rates 
that are comparable to what would 
apply absent the exemption. EPA is also 
removing the specific prohibition 
against generating revenue with 
exempted engines/equipment, since this 
has an unclear meaning and we can take 
any possible revenue generation into 
account in considering whether to 
approve the exemption on its merits. 

• § 1068.230: Add a provision 
allowing for engine operation under the 
export exemption only as needed to 
prepare it for export (this has already 
been in place in part 85, and in part 
1068 for engines/equipment imported 
for eventual export). 

• § 1068.235: Clarify that the 
standard-setting part may set conditions 
on an exemption for nonroad 
competition engines/equipment. 

• § 1068.240: Clarify that 
manufacturers may export engines as an 
alternative to being destroyed if the 
engine was replaced with an engine 
covered by the exemption provisions of 
§ 1068.240(b). 

• § 1068.240: Describe the logistics 
for identifying the disposition of 
engines being replaced under the 
replacement engine exemption. In 
particular, manufacturers will need to 
resolve the disposition of each engine 
by the due date for the report under 
§ 1068.240(c) to avoid counting them 
toward the production limit for 
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untracked replacement engines. We are 
delaying the due date for the report 
until September 30 following the 
production year to allow more time for 
manufacturers to make these 
determinations. 

• § 1068.240: Clarify the relationship 
between paragraphs (d) and (e). 

• § 1068.250: Simplify the deadline 
for requesting small-volume hardship. 

• § 1068.255: Clarify that hardship 
provisions for equipment manufacturers 
are not limited to small businesses, and 
that a hardship approval is generally 
limited to a single instance of producing 
exempt equipment for up to 12 months. 

• § 1068.260: State that manufacturers 
shipping engines without certain 
emission-related components need to 
identify the unshipped components 
either with a performance specification 
(where applicable) or with specific part 
numbers. We are also listing exhaust 
piping before and after aftertreatment 
devices as not being emission-related 
components for purposes of shipping 
engines in a certified configuration. 

• §§ 1068.260 and 1068.262: Revise 
the text to clarify that provisions related 
to partially complete engines have 
limited applicability in the case of 
equipment subject to equipment-based 
exhaust emission standards (such as 
recreational vehicles). These provisions 
are not intended to prevent the sale of 
partially complete equipment with 
respect to evaporative emission 
standards. We intend to address this in 
the future by changing the regulation in 
40 CFR part 1060 to address this more 
carefully. 

• § 1068.262: Revise text to align with 
the terminology and description 
adopted for similar circumstances 
related to shipment of incomplete 
heavy-duty vehicles under 40 CFR part 
1037. 

• § 1068.301: Revise text to more 
broadly describe importers’ 
responsibility to submit information and 
store records and explicitly allow 
electronic submission of EPA 
declaration forms and other importation 
documents. 

• § 1068.305: Remove the provision 
specifying that individuals may need to 
submit taxpayer identification numbers 
as part of a request for an exemption or 
exclusion for imported engines/ 
equipment. We do not believe this 
information is necessary for 
implementing the exemption and 
exclusion provisions. 

• § 1068.315: Allow for destroying 
engines/equipment instead of exporting 
them under the exemption for importing 
engines/equipment for repairs or 
alterations. 

• § 1068.315: Remove the time 
constraints on approving extensions to a 
display exemption for imported 
engines/equipment. EPA will continue 
to expect the default time frame of one 
year to be appropriate, and extension of 
one to three years is sufficient for most 
cases; however, we are aware that there 
are occasional circumstances calling for 
a longer-term exemption. For example, 
an engine on display in a museum 
might appropriately be exempted 
indefinitely once its place in a standing 
exhibition is well established. 

• § 1068.315: Specify that engines 
under the ancient engine exemption 
must be substantially in the original 
configuration. 

• § 1068.360: Clarify the provisions 
related to model year for imported 
products by removing a circularity 
regarding ‘‘new’’ engines and ‘‘new’’ 
equipment. 

• § 1068.401: Add explicit statement 
that SEA testing is at manufacturer’s 
expense. This is consistent with current 
practice and the rest of the regulatory 
text. 

• § 1068.401: Allow for requiring 
manufacturers other than the certificate 
holder to perform selective enforcement 
audits in cases where multiple 
manufacturers are cooperatively 
producing certified engines. 

• § 1068.401: State that SEA non- 
cooperation may lead to suspended or 
revoked certificate (like production-line 
testing). 

• § 1068.415: Set up new criteria for 
lower SEA testing rate based on engine 
power to allow for a reduced testing rate 
of one engine per day only for engines 
with maximum engine power above 560 
kW, but keep the allowance to approve 
a lower testing rate; that may be needed, 
for example, if engine break-in 
(stabilization) and testing are performed 
on the same dynamometer. EPA believes 
it is more appropriate to base reduced 
testing rates on engine characteristics 
rather than sales volumes, as has been 
done in the past. 

• § 1068.415: Revise the service 
accumulation requirement to specify a 
maximum of eight days for stabilizing a 
test engine. This is necessary to address 
a situation where an engine operates 
only six hours per day to achieve 
stabilization after well over 50 hours. 
For such cases, we would expect 
manufacturers to be able to run engines 
much more than six hours per day. As 
with testing rates, manufacturers may 
ask for our approval to use a longer 
stabilization period if circumstances 
don’t allow them to meet the specified 
service accumulation targets. 

• § 1068.501, and Appendix I: Clarify 
that ‘‘emission-related components’’ 

include components whose failure 
would commonly increase emissions 
(not might increase), and whose primary 
purpose is to reduce emissions (not sole 
purpose); current regulations are not 
consistent. 

• § 1068.501: Add ‘‘in-use testing’’ to 
list of things to consider for 
investigating potential defects. 

• § 1068.505: Clarify that 
manufacturers subject to a mandatory 
recall must remedy vehicles with an 
identified nonconformity without regard 
to their age or mileage at the time of 
repair, consistent with provisions that 
already apply under 40 CFR part 85. 

• § 1068.505: Revise the requirement 
for submitting a remedial report from a 
60-day maximum to a 45-day minimum 
(or 30-day minimum in the event of a 
hearing). This adjusted approach 
already applies to motor vehicles under 
40 CFR part 85. 

• § 1068.515: Clarify an ambiguity to 
require that manufacturers identify the 
facility where repairs or inspections are 
performed, and allow manufacturers to 
keep records of those facilities rather 
than including the information on the 
recall label. 

• § 1068.530: Specify that recall 
records must be kept for five years, 
rather than three years. This is 
consistent with longstanding recall 
policy for motor vehicles and motor 
vehicle engines under 40 CFR part 85. 

In addition, EPA received a comment 
from Navy on behalf of the Defense 
Department requesting that we add a 
provision to allow for an automatic 
national security exemption in cases 
where a federal defense agency owns an 
engine that would need sulfur-sensitive 
technology to comply with emission 
standards if it is intended to be used in 
areas outside the United States where 
ultra-low sulfur fuel is unavailable. We 
are adopting this change as part of the 
final rule. This will reduce the agencies’ 
burden to process what has become a 
routine process for requesting and 
approving these exemptions. We are 
also taking the opportunity to include 
marine diesel engines in this same 
section, rather than treating them 
separately under 40 CFR 1042.635. 

We proposed to revise § 1068.201 to 
describe how someone may sell an 
engine under a different exemption than 
was originally intended or used as a 
result of unforeseen circumstances. 
However, we have decided to postpone 
those regulatory amendments to a future 
rule. This will give us opportunity to 
more thoroughly explore all relevant 
factors, such as: 

• Statutory authority and 
requirements. 
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• Business interests for managing 
distribution and inventories of 
exempted engines. 

• Environmental impacts. 

E. Amendments to Light-Duty 
Greenhouse Gas Program Requirements 

EPA is making minor changes to 
correct errors and clarify regulations in 
40 CFR part 86, subpart S, and 40 CFR 
part 600 relating to EPA’s light-duty fuel 
economy and greenhouse gas emission 
standards. This includes the following 
changes: 

• § 86.1818–12: Correct a reference in 
paragraph (c)(4) and clarify that CO2- 
equivalent debits for N2O and CH4 are 
calculated in Megagrams and rounded 
to the nearest whole Megagram. 

• § 86.1838–01: Correct references in 
paragraph (d)(3)(iii). 

• § 86.1866–12: Correct a reference in 
paragraph (b). 

• § 86.1868–12: Clarify language in 
the introductory paragraph explaining 
the model years of applicability of 
different provisions for air conditioning 
efficiency credits. In paragraph (e)(5) 
clarify that the engine-off specification 
of 2 minutes is intended to be 
cumulative time. In paragraphs (f)(1), 
(g)(1), and (g)(3), clarify language by 
pointing to the definitions in § 86.1803– 
01. 

• § 86.1869–12: Make corrections to 
the language for readability in paragraph 
(b)(2). In paragraph (b)(4)(ii) delete the 
phrase ‘‘backup/reverse lights’’ because 
these lights were not intended to be part 
of the stated eligibility criteria for high- 
efficiency lighting credits. Correct 
references in paragraph (f). 

• § 86.1870–12: Add language that 
clarifies that a manufacturer that meets 
the minimum production volume 
thresholds with a combination of mild 
and strong hybrid electric pickup trucks 
is eligible for credits. 

• § 86.1871–12: Clarify that credits 
from model years 2010–2015 are not 
limited to a life of 5 model years. A 
recent rule extended the life of 2010– 
2015 credits to model year 2021; thus, 
language referring to a 5-year life for 
emission credits generated in these 
model years is being removed or 
revised. 

• § 600.113–12: Correct language in 
paragraph (m)(1), which relates to 
vehicles operating on LPG, that 
erroneously refers to methanol and 
methanol-fueled. 

• § 600.113–12: Correct references in 
paragraph (n) and add a new paragraph 
(m) that reinstates language mistakenly 
dropped by a previous regulation. 

• § 600.116–12: Correct description of 
physical quantity to refer to ‘‘energy’’ 

rather than ‘‘current,’’ and correct 
various paragraph references. 

• § 600.208–12: Correct a reference in 
paragraph (a)(2)(iii). 

• § 600.210–12: Correct a reference 
and text in paragraph (c)(2)(iv)(C). 

• § 600.311–12: Revise fuel economy 
label instructions to (1) identify label 
ratings for model year 2017 and earlier 
standards certified early to the Tier 3 
standards, (2) identify label ratings for 
Interim Tier 3 vehicles certified to 
interim bins for model years 2018 
through 2024, and (3) clarify that the 
specified California emission standards 
determine label ratings only if vehicles 
are not subject to any EPA standards. 
All these changes are consistent with 
current implementation through 
guidance. 

• § 600.510–12: Correct a reference in 
the equation in paragraph (c)(1)(ii) to 
apply the air conditioning, off-cycle, 
and pickup truck credits to the 
appropriate fleet average MPG value. 
Revise the regulation to accelerate the 
transition to fuel economy calculations 
using utility factors for natural gas 
vehicles, consistent with the 
methodology that applies for plug-in 
hybrid vehicles. This amendment was 
adopted by Congress as part of Fixing 
America’s Surface Transportation Act, 
H.R. 22, 114th Cong. § 24341 (2015). 

F. Amendments to Highway and 
Nonroad Test Procedures and 
Certification Requirements 

(1) Testing With Aftertreatment Devices 
Involving Infrequent Regeneration 

Manufacturers generally rely on 
selective catalytic reaction and diesel 
particulate filters to meet EPA’s 
emission standards for highway and 
nonroad compression-ignition engines. 
These emission control devices 
typically involve infrequent 
regeneration, which can have a 
significant effect on emission rates. EPA 
has addressed that for each engine type 
by provisions for infrequent 
regeneration factors; this is a calculation 
methodology that allows manufacturers 
to incorporate the effect of infrequent 
regeneration into reported emission 
values whether or not that regeneration 
occurs during an emission test. EPA 
adopted separate provisions for 
highway, locomotive, marine, and land- 
based nonroad compression-ignition 
engines. As proposed, EPA is 
harmonizing the common elements of 
these procedures in 40 CFR part 1065, 
and adding clarifying specifications in 
each of the standard-setting parts for 
sector-specific provisions. Commenters 
generally supported this revision. See 

Section II for a discussion of how IRAFs 
will apply for GHGs in Phase 2. 

(2) Mapping for Constant-Speed Engines 
Under 40 CFR Part 1065 

EPA is revising 40 CFR 1065.510 as it 
applies to the two-point mapping 
method for certain constant-speed 
engines. The regulations previously 
cited a performance parameter in ISO 
8528–5 that does not apply for the 
design of these engines. 

It is common practice for engines that 
produce electric power to use an 
isochronous governor for stand-alone 
generator sets. In some parallel 
operations of multiple generator sets, 
droop is added as a method for load 
sharing. The amount of droop can be 
tuned by the generator set manufacturer 
or the site system integrator. Such 
engines are commonly tested on an 
engine dynamometer with the 
isochronous governor. 

Mapping with just two points works 
well for the case of 0 percent droop (i.e., 
isochronous governor). For this case, a 
persistent speed error is forced on the 
engine governor on the second point 
and this will cause the governor to wind 
up to its maximum command. The 
second point is effectively operating on 
the torque curve instead of the 
isochronous governor. So, the second 
point captures the full fueling torque 
(plus a small amount due to any rising 
torque curve). This measured torque is 
used as the maximum test torque for 
computing the emission test points. 
Since there is no designed-in droop, 
some target amount of speed error is 
needed for the second point. The 
regulation at 40 CFR 1065.510(d)(5)(iii) 
has a default target speed on the second 
point of 97.5 percent of the no-load 
speed measured on the first point. This 
results in a persistent speed error of 2.5 
percent of the no-load speed. For an 
1800 rpm no-load speed, this gives a 
target speed of 1755 rpm and a 45 rpm 
speed error on an isochronous governor. 
If the engine has a torque rise of 20 
percent from 1800 to 1200 rpm (0.0333 
percent torque rise per rpm), this 45 
rpm error will cause a 1.5 percent-of- 
point error in the determination of the 
intended maximum test torque. This 
error is larger than desired for this type 
of testing. Fortunately, engines and test 
cells have sufficient speed resolution to 
select a lower speed error, which 
reduces this error in maximum test 
torque. In practice, testing with a speed 
error at or below 0.5 percent is more 
than adequate to cause the isochronous 
governor to wind up to maximum 
fueling. Using a target speed of 99.5 
percent on the second point gives a 
target speed of 1791 rpm for an 1800 
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rpm no-load speed and reduces the error 
on the maximum test torque to a 
reasonable 0.3 percent of point for the 
20 percent torque rise case described 
above. 

For governors with droop, if we 
attempt the two-point method, we 
would have to calculate a target speed 
for the second point based on a 
designed amount of droop. 
Unfortunately, the actual governor may 
not have the same amount of droop as 
the design droop, which may cause 
error in the measured torque versus the 
maximum test torque associated with a 
complete torque map. Also, the design 
droop may be based on a torque value 
that is different from the intended 
maximum test torque. Thus, the two- 
point method is not sufficient to yield 
a maximum test torque equivalent to the 
value obtained using a multi-point map. 
Also the allowed speed error on the 
second point is 20 percent of the speed 
droop, which allows an unacceptably 
large error in the maximum test torque. 

Thus, for the reasons listed, we are 
limiting the two-point mapping method 
to any isochronous governed engines, 
not just engines used to generate electric 
power. 

(3) Calculating Maximum and 
Intermediate Test Speeds Under 40 CFR 
Part 1065 

EPA is improving the method for 
calculating maximum and intermediate 
test speeds by applying a more robust 
calculation method. The new 
calculation method is consistent with 
the methodology used to determine 
maximum test torque, which we revised 
in the light-duty Tier 3 rulemaking. 
Under the previous regulations, the 
result was a measured maximum test 
torque at one of the map points. The 
new calculation method involves 
interpolation to determine the measured 
maximum test torque, yielding a more 
representative maximum value for test 
torque. 

(4) Excluding Ethane From Measure 
Emissions for Gaseous-Fueled 
Compression-Ignition Engines 

EPA proposed to allow manufacturers 
to use NMOG measurements to 
demonstrate compliance with NMHC 
standards. This was primarily intended 
to address concerns about ethane 
emissions from natural gas engines 
inappropriately impacting compliance 
determinations when the engines are 
tested using fuels that have relatively 
high ethane content. Commenters 
shared that the proposed approach 
would not accomplish the intended 
purpose. Some commenters also 
emphasized that ethane is a 

hydrocarbon and an organic compound 
that has a low ozone reactivity (i.e., 
ethane emissions do little to contribute 
to ozone), and that ethane emissions are 
hard to remove with a catalytic 
converter. We are finalizing a more 
direct approach in which engines 
designed to operate on gaseous fuels are 
subject to hydrocarbon standards in the 
form of nonmethane-nonethane 
hydrocarbons. This approach applies for 
all the different sectors of mobile 
compression-ignition engines—heavy- 
duty highway, land-based nonroad, 
marine, and locomotive. Excluding 
ethane from hydrocarbon measurements 
requires additional test specifications as 
noted in the following section. 

We are adopting an alternative 
provision that involves reduced test 
burden by selecting a low-ethane test 
fuel. In particular, EPA or 
manufacturers performing 
measurements with a test fuel 
containing 1.0 percent ethane or less 
may measure an engine’s NMHC 
emissions and multiple this value by 
0.95 to determine its nonmethane- 
nonethane hydrocarbon emissions, 
without separately measuring ethane in 
the exhaust. 

(5) Additional Test Procedure 
Amendments 

EPA is adopting the following 
additional changes to test procedures in 
40 CFR part 1065 and part 1066: 

• § 1065.202: Revised to prevent 
specific data collection errors known as 
aliasing. More specifically, the revision 
will ensure that aliasing of data 
collection signal due to filtering or 
sampling rate does not happen. We 
believe that all labs are currently 
preventing aliasing, but this should be 
described in the regulations. 

• § 1065.266: This new section allows 
the use of an FTIR for determination of 
NMHC or NMNEHC from engines fueled 
solely on LPG or natural gas. The 
measurement of methane and ethane is 
also allowed for engine fueled with LPG 
or natural gas, in combination with a 
liquid fuel, for determination of NMHC 
or NMNEHC when subtracting methane 
and/or ethane from a FID-derived THC 
value. The intent of the NMNEHC 
provision is to allow the subtraction of 
ethane from THC in cases where the 
certification fuel available to the testing 
lab is high in ethane content. 

• § 1065.275: ASTM D6348 was 
added as a reference method for 
interpretation of spectra for N2O 
determination by FTIR. 

• § 1065.340 and 1065.341: These 
sections contain a collection of editorial 
corrections pertaining to CVSs intended 

to improve the understanding of the 
calibration and verification procedures. 

• § 1065.366: This new section 
provides interference verification 
procedures for FTIR hydrocarbon 
analyzers allowed under § 1065.266. 

• § 1065.640 and 1065.642: These 
sections contain a collection of editorial 
corrections pertaining to CVSs intended 
to improve the understanding of the 
calculation procedures. 

• § 1065.655: Revised to separate out 
carbon mass fraction of fuel and fuel 
composition determinations into 
separate sections to improve readability. 
This section was also revised to include 
any fluids injected into the exhaust in 
the determination of the carbon mass 
fraction of fuel. This ensures that all 
fluids in the exhaust are accounted for. 
Provisions were also added to address 
how to determine properties when 
multiple fuel streams (e.g., gaseous and 
liquid) are used. 

• § 1065.1001: Added a definition for 
diesel exhaust fluid. 

• § 1066.110: Revised to allow a 
shortening of the tailpipe for connection 
to the CVS and to simultaneously 
conduct PM background sampling with 
propane recovery checks. This section 
was also revised to change the limit on 
filter face velocity from 100 cm/s to 140 
cm/s. The purpose of this is to increase 
filter mass loading. This change is based 
on results obtained from the CRC E–99 
Phase 1 test program, which showed 
that there was no loss of semi-volatile 
PM at this higher filter face velocity. 
Higher filter mass loadings will help to 
reduce uncertainty and lessen the 
impact of background variability on the 
final PM emission value. 

• § 1066.210: Revise the 
dynamometer force equation to 
incorporate grade, consistent with the 
coastdown procedures we are adopting 
for heavy-duty vehicles. For operation at 
a level grade, the additional parameters 
cancel out of the calculation. 

• § 1066.605: Adding an equation to 
the regulations to spell out how to 
calculate emission rates in grams per 
mile. This calculation is generally 
assumed, but we want to include the 
equation to remove any uncertainty 
about calculating emission rates from 
mass emission measurements and 
driving distance. We also added 
equations to vary sample extraction 
ratio instead of changing flow over the 
filter when performing single filter per 
test sampling for PM measurement. 

• § 1066.815: Create an exception to 
the maximum value for overall 
residence time for PM sampling 
methods that involve collecting samples 
for combined bags over a duty cycle. 
This is needed to accommodate the 
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reduced sample flow rates associated 
with these procedures. We also added 
provisions to vary sample extraction 
ratio instead of changing flow over the 
filter when performing single filter per 
test sampling for PM measurement. 

G. Amendments Related to Locomotives 
in 40 CFR Part 1033 

EPA’s emission standards and 
certification requirements for 
locomotives and locomotive engines 
under the Clean Air Act are identified 
in 40 CFR part 1033. 

EPA is revising the engine mapping 
provisions in 40 CFR part 1033 for 
locomotive testing to denote that 
manufacturers do not have to meet the 
cycle limit values in 40 CFR 1065.514 
when testing complete locomotives. 
Also, for engine testing with a 
dynamometer, while the validation 
criteria of CFR 1065.514 apply, EPA is 
allowing manufacturers the option to 
check validation using manufacturer- 
declared values for maximum torque, 
power, and speed. This option will 
allow them to omit engine mapping 
under 40 CFR 1065.510, which is 
already not required. These provisions 
reduce test burden and cost for the 
manufacturer, while preserving the 
integrity of the certification 
requirements. 

EPA is also adopting text that 
describes the alternate ramped-model 
cycle provisions in 40 CFR part 1033 as 
some of the notch setting and durations 
are inconsistent with the description of 
the duty cycle in Table 1 of 40 CFR 
1033.520. EPA has determined that the 
table is correct as published and the 
error lies in the text describing how to 
carry out the ramped-modal test. 

We are also clarifying that 
locomotives operating on a combination 
of diesel fuel and gaseous fuel are 
subject to NMHC standards (or 
NMNEHC standards), which is the same 
as if the locomotives operated only on 
gaseous fuel. With respect to in-use 
fuels, we are adopting a clarification in 
40 CFR 1033.815 regarding allowable 
fuels for certain Tier 4 and later 
locomotives. Specifically, we note that 
locomotives certified on ultra-low sulfur 
diesel fuel, but that do not include 
sulfur-sensitive emission controls, may 
use low sulfur diesel fuel instead of 
ultra-low sulfur diesel fuel, consistent 
with good engineering judgment. For 
example, an obvious case where this 
would be appropriate (but not the only 
possible case), is if a railroad had 
emission data showing the locomotive 
still met the applicable standards/FELs 
while operating on the higher sulfur 
fuel. 

We also requested comment on 
whether EPA should consider notch- 
specific engine/alternator efficiencies to 
be confidential business information. 
However commenters did not support 
making this change in the regulations. 

We requested comment on extending 
the provisions of 40 CFR 1033.101(i) 
involving a less stringent CO standard 
in combination with a more stringent 
PM standard to Tier 4 locomotives. The 
existing provisions were developed to 
provide a compliance path for natural 
gas locomotives that reflected both the 
technological capabilities of natural gas 
locomotives and the relative 
environmental significance of CO and 
PM emissions. This provision was not 
applied to Tier 4 locomotives, because 
the applicable Tier 4 p.m. standard is 
already very low (0.03 g/hp-hr). Engine 
manufacturers commented in favor of 
adopting alternate standards for Tier 3 
and Tier 4 locomotives. We are 
extending the alternate 10.0 g/bhp-hr 
CO standard to Tier 3 and Tier 4 
locomotives; manufacturers would 
qualify for the less stringent CO 
standard by meeting a PM standard of 
0.01 g/bhp-hr. 

EPA is making numerous additional 
changes across 40 CFR part 1033 to 
correct errors, to add clarification, and 
to make adjustments based on lessons 
learned from implementing these 
regulatory provisions. This includes the 
following changes: 

• §§ 1033.30, 1033.730, and 1033.925: 
Consolidate information-collection 
provisions into a single section. 

• § 1033.101: Allow manufacturers to 
certify Tier 4 and later locomotives 
using Low Sulfur Diesel fuel instead of 
Ultra-Low Sulfur Diesel fuel. 
Manufacturers may wish to do this to 
show that their locomotives do not 
include sulfur-sensitive technology. 

• § 1033.120: Reduce extended- 
warranty requirements to warranties 
that are actually provided to customers, 
rather than to any published warranties 
that are offered. The principle is that the 
emission-related warranty should not be 
less effective for emission-related items 
than for items that are not emission- 
related. 

• § 1033.150: Correct the URL 
associated with price index information 
for calculating current costs. 

• § 1033.201: Clarify that 
manufacturers may amend their 
application for certification after the end 
of the model year in certain 
circumstances, but they may not 
produce locomotives for a given model 
year after December 31 of the named 
year. 

• § 1033.201: Establish that 
manufacturers may deliver to EPA for 

testing a locomotive/engine that is 
identical to the test locomotive/engine 
used for certification. This may be 
necessary if the test locomotive/engine 
has accumulated too many hours, or if 
it is unavailable for any reason. 

• § 1033.235: Add an explicit 
allowance for carryover engine families 
to include the same kind of within- 
family running changes that are 
currently allowed over the course of a 
model year. The original text may have 
been understood to require that such 
running changes be made separate from 
certifying the engine family for the new 
model year. 

• §§ 1033.235, 1033.245, and 
1033.601: Describe how to demonstrate 
compliance with dual-fuel and flexible- 
fuel locomotives. This generally 
involves testing with each separate fuel, 
or with a worst-case fuel blend. 

• § 1033.245: Add instructions for 
calculating deterioration factors for 
sawtooth deterioration patterns, such as 
might be expected for periodic 
maintenance, such as cleaning or 
replacing diesel particulate filters. 

• § 1033.250: Remove references to 
routine and standard tests, and remove 
the shorter recordkeeping requirement 
for routine data (or data from routine 
tests). All test records must be kept for 
eight years. With electronic recording of 
test data, there should be no advantage 
to keeping the shorter recordkeeping 
requirement for a subset of test data. 
EPA also notes that the eight-year 
period restarts with certification for a 
new model year if the manufacturer 
uses carryover data. 

• § 1033.255: Clarify that rendering 
information false or incomplete after 
submitting it is the same as submitting 
false or incomplete information. For 
example, if there is a change to any 
corporate information or engine 
parameters described in the 
manufacturer’s application for 
certification, the manufacturer must 
amend the application to include the 
new information. 

• § 1033.255: Clarify that voiding 
certificates for a recordkeeping or 
reporting violation would be limited to 
certificates that relate to the particular 
recordkeeping or reporting failure. 

• § 1033.501: Clarify how testing 
requirements apply differently for 
locomotive engines and for complete 
locomotives. 

• § 1033.501: Add paragraph (a)(4) to 
remove proportionality verification for 
discrete-mode tests if a single batch fuel 
measurement is used to determine raw 
exhaust flow rate. This verification 
involves statistical assessment that is 
not valid for the single data point. 
Requiring manufacturers instead to 
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simply ensure constant sample flow 
should adequately address the concern, 

• § 1033.515: Provide the option to 
carry out smoke testing separate from 
criteria pollutant measurement with a 
reduced time-in-notch of 3 minutes. 
This change reestablishes a provision 
that was previously allowed in 40 CFR 
92.124(f). 

• §§ 1033.515 and 1033.520: Update 
terminology by referring to ‘‘test 
intervals’’ instead of ‘‘phases.’’ This 
allows us to be consistent with 
terminology used in 40 CFR part 1065. 

• § 1033.520: Correct the example 
given to describe the testing transition 
after the second test interval. 

• §§ 1033.701 and 1033.730: Describe 
the process for retiring emission credits. 
This may be referred to as donating 
credits to the environment. 

• § 1033.710: Clarify that it is not 
permissible to show a proper balance of 
credits for a given model by using 
emission credits from a future model 
year. 

• § 1033.730: Clarify terminology for 
ABT reports. 

• § 1033.815: Add consideration of 
periodic locomotive inspections in 184- 
day intervals. 

• § 1033.901: Update the contact 
information for the Designated 
Compliance Officer. 

• § 1033.915: Migrate provisions 
related to confidential information to 40 
CFR part 1068. 

We proposed to disallow amending 
certified configurations after the end of 
the model year. However, manufacturers 
shared in their comments that this 
would change the field-fix policy that 
has long since allowed for making such 
changes. We have retracted the 
proposed change and replaced it with a 
new paragraph that describes how 
manufacturers may amend the 
application for certification during and 
after the model year, consistent with the 
current policy regarding field fixes. 

H. Amendments Related to Nonroad 
Diesel Engines in 40 CFR Part 1039 

EPA is adopting two changes to 40 
CFR 1039.5 to clarify the scope and 
applicability of standards under 40 CFR 
part 1039. First, EPA is stating that 
engines using the provisions of 40 CFR 
1033.625 for non-locomotive-specific 
engines remain subject to certification 
requirements as nonroad diesel engines 
under 40 CFR part 1039. Such engines 
will need to be certified as both 
locomotive engines and as nonroad 
diesel engines. Second, EPA is revising 
the statement about how manufacturers 
may certify under 40 CFR part 1051 for 
engines installed in recreational 
vehicles (such as all-terrain vehicles or 

snowmobiles). EPA is removing text that 
might be interpreted to mean that there 
are circumstances in which certification 
under neither part is required. The 
proper understanding of EPA’s policy in 
that regard is that certification under 
one part is a necessary condition for 
being exempted from the other part. 

In 2008, EPA adopted a requirement 
in 40 CFR part 1042 for manufacturers 
to design marine diesel engines using 
selective catalytic reduction with basic 
diagnostic functions to ensure that these 
systems were working as intended (73 
FR 37096, June 30, 2008). EPA is 
applying those same diagnostic control 
requirements to nonroad diesel engines 
regulated under 40 CFR part 1039. This 
addresses the same fundamental 
concern that engines will not be 
controlling emissions consistent with 
the certified configuration if the engine 
is lacking the appropriate quantity and 
quality of reductant. While some lead 
time is needed to make the necessary 
modifications, we believe it will be 
straightforward to apply the same 
designs from marine diesel engines to 
land-based nonroad diesel engines. EPA 
is accordingly requiring that 
manufacturers meet the new diagnostic 
specifications starting with model year 
2018. These diagnostic controls will not 
affect the current policy related to 
adjustable parameters and inducements 
related to selective catalytic reduction. 

EPA is making numerous changes 
across 40 CFR part 1039 to correct 
errors, to add clarification, and to make 
adjustments based on lessons learned 
from implementing these regulatory 
provisions. This includes the following 
changes: 

• § 1039.2: Add a clarifying note to 
say that something other than a 
conventional ‘‘manufacturer’’ may need 
to certify engines that become new after 
being placed into service (such as 
engines converted from highway or 
stationary use). This is intended to 
address a possible assumption that only 
conventional manufacturers can certify 
engines. 

• §§ 1039.30, 1039.730, and 1039.825: 
Consolidate information-collection 
provisions into a single section. 

• § 1039.107: Remove the reference to 
deterioration factors for evaporative 
emissions, since there are no 
deterioration factors for demonstrating 
compliance with evaporative emission 
standards. 

• § 1039.104(g): Correct the specified 
FEL cap for an example scenario 
illustrating how alternate FEL caps 
work. 

• § 1039.120: Reduce extended- 
warranty requirements to warranties 
that are actually provided to the 

consumer, rather than to any published 
warranties that are offered. The 
principle is that the emission-related 
warranty should not be less effective for 
emission-related items than for items 
that are not emission-related. 

• § 1039.125: Add crankcase vent 
filters to the list of maintenance items. 

• § 1039.125: Allow for special 
maintenance procedures that address 
low-use engines. For example, owners 
of recreational marine vessels may need 
to perform engine maintenance after a 
smaller number of hours than would 
otherwise apply based on the limited 
engine operation over time. 

• § 1039.125: Establish a minimum 
maintenance interval of 1500 hours for 
DEF filters. This reflects the technical 
capabilities for filter durability and the 
expected maintenance in the field. 

• § 1039.125: Add fuel-water 
separator cartridges as an example of a 
maintenance item that is not emission- 
related. 

• § 1039.125: Add a clearer cross 
reference to clarify that particulate traps 
are subject to the same maintenance 
intervals that apply for catalysts, 
consistent with the originally adopted 
maintenance provisions for the Tier 4 
standards. 

• § 1039.135: Allow for including 
optional label content only if this does 
not cause the manufacturer to omit 
other information based on limited 
availability of space on the label, and 
identify counterfeit protection as an 
additional item that manufacturers may 
include on the label. We modified the 
proposed amendment in response to 
comments to allow for including 
optional labeling content as long as the 
additional content doesn’t cause the 
space limitations that prevent inclusion 
of other optional information. 

• § 1039.201: Clarify that 
manufacturers may amend their 
application for certification after the end 
of the model year in certain 
circumstances, but they may not 
produce engines for a given model year 
after December 31 of the named year. 

• § 1039.201: Establish that 
manufacturers may deliver to EPA for 
testing an engine that is identical to the 
test engine used for certification. This 
may be necessary if the test engine has 
accumulated too many hours, or if it is 
unavailable for any reason. 

• § 1039.205: Replace the requirement 
to submit data from invalid tests with a 
requirement to simply notify EPA in the 
application for certification if test was 
invalidated. 

• § 1039.205: Add a requirement for 
manufacturers to include in their 
application for certification a 
description of their practice for 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00073 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73954 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

importing engines, if applicable. Note 
that where a manufacturers’ engines are 
imported through a wide variety of 
means, EPA will not require this 
description to be comprehensive. In 
such cases, a short description of the 
predominant practices will generally be 
sufficient. As noted in comments from 
the Truck and Engine Manufacturers 
Association, engine manufacturers 
whose primary method of importing 
engines is by selling them to foreign- 
based equipment manufacturers for 
eventual importation into the United 
States may simply state that these 
products may be imported at the 
discretion of the equipment 
manufacturer. We are also adding a 
requirement for manufacturers of 
engines below 560 kW to name a test lab 
in the United States for the possibility 
of us requiring tests under a selective 
enforcement audit. We have adopted 
these same requirements in many of our 
other nonroad programs. 

• § 1039.235: Add an explicit 
allowance for carryover engine families 
to include the same kind of within- 
family running changes that are 
currently allowed over the course of a 
model year. The original text may have 
been understood to require that such 
running changes be made separate from 
certifying the engine family for the new 
model year. 

• §§ 1039.235, 1039.240, and 
1039.601: Describe how to demonstrate 
compliance with dual-fuel and flexible- 
fuel engines. This generally involves 
testing with each separate fuel, or with 
a worst-case fuel blend. 

• § 1039.240: Add instructions for 
calculating deterioration factors for 
sawtooth deterioration patterns, such as 
might be expected for periodic 
maintenance, such as cleaning or 
replacing diesel particulate filters. 

• § 1039.240: Remove the instruction 
related to calculating NMHC emissions 
from measured THC results, since this is 
addressed in 40 CFR part 1065. 

• § 1039.250: Remove references to 
routine and standard tests, and remove 
the shorter recordkeeping requirement 
for routine data (or data from routine 
tests). All test records must be kept for 
eight years. With electronic recording of 
test data, there should be no advantage 
to keeping the shorter recordkeeping 
requirement for a subset of test data. 
EPA also notes that the eight-year 
period restarts with certification for a 
new model year if the manufacturer 
uses carryover data. 

• § 1039.255: Clarify that rendering 
information false or incomplete after 
submitting it is the same as submitting 
false or incomplete information. For 
example, if there is a change to any 

corporate information or engine 
parameters described in the 
manufacturer’s application for 
certification, the manufacturer must 
amend the application to include the 
new information. 

• § 1039.255: Clarify that voiding 
certificates for a recordkeeping or 
reporting violation will be limited to 
certificates that relate to the particular 
recordkeeping or reporting failure. 

• § 1039.505: Correct the reference to 
the ISO C1 duty cycle for engines below 
19 kW. 

• § 1039.515: Correct the citation to 
40 CFR 86.1370. 

• §§ 1039.605 and 1039.610: Revise 
the reporting requirement to require 
detailed information about the previous 
year, rather than requiring a detailed 
projection for the year ahead. The 
information required in advance will be 
limited to a notification of plans to use 
the provisions of these sections. 

• § 1039.640: Migrate engine branding 
to § 1068.45. 

• § 1039.701 1039.730: Describe the 
process for retiring emission credits. 
This may be referred to as donating 
credits to the environment. 

• § 1039.705: Change terminology for 
counting engines from ‘‘point of first 
retail sale’’ to ‘‘U.S.-direction 
production volume.’’ This conforms to 
the usual approach for calculating 
emission credits for nonroad engines. 

• § 1039.710: Clarify that it is not 
permissible to show a proper balance of 
credits for a given model by using 
emission credits from a future model 
year. 

• § 1039.730: Clarify terminology for 
ABT reports. 

• § 1039.740: Clarify that the 
averaging-set provisions apply for 
credits generated by Tier 4 engines, not 
for credits generated from engines 
subject to earlier standards that are used 
with Tier 4 engines. 

• § 1039.801: Update the contact 
information for the Designated 
Compliance Officer. 

• § 1039.801: Revise the definition of 
‘‘model year’’ to clarify that the calendar 
year relates to the time that engines are 
produced under a certificate of 
conformity. 

• § 1039.815: Migrate provisions 
related to confidential information to 40 
CFR part 1068. 

We proposed to disallow amending 
certified configurations after the end of 
the model year. However, manufacturers 
shared in their comments that this 
would change the field-fix policy that 
has long since allowed for making such 
changes. We have retracted the 
proposed change and replaced it with a 
new paragraph that describes how 

manufacturers may amend the 
application for certification during and 
after the model year, consistent with the 
current policy regarding field fixes. 

We requested comment on removing 
regulatory provisions for Independent 
Commercial Importers from 40 CFR part 
1039. These provisions, copied from 
highway regulations many years ago, 
generally allow for small businesses to 
modify small numbers of uncertified 
products to be in a certified 
configuration using alternative 
demonstration procedures, but they 
have not been used for nonroad engines 
for at least the last 15 years. We 
consider these to be obsolete. 
Commenters supported removal of these 
provisions, so we are including this 
change in the final rule. 

I. Amendments Related to Marine Diesel 
Engines in 40 CFR Parts 1042 and 1043 

EPA’s emission standards and 
certification requirements for marine 
diesel engines under the Clean Air Act 
are identified in 40 CFR part 1042. 

(1) Continuous NOX Monitoring and On- 
Off Controls 

Manufacturers may produce certain 
marine diesel engines with on-off 
features that disable NOX controls when 
the ship is operating outside of a 
designated Emission Control Area (ECA) 
as long as certain conditions are met 
(§ 1042.115(g)). This provision, which 
applies to Category 3 engines meeting 
EPA Tier 3 standards, is intended to 
address the special operating conditions 
posed by an ECA and allows a ship that 
operates in and out of designated ECAs 
to downgrade engine NOX emission 
controls while the ship is operating 
outside of a designated ECA. This 
provision also applies for Tier 4 NOX 
standards for those Category 1 and 
Category 2 auxiliary engines on 
Category 3 vessels covered by 
§ 1042.650(d); this provision does not 
apply to any other auxiliary engines or 
to any non-Category 3 propulsion 
engines. Engines with allowable on-off 
controls must be certified to meet the 
previous tier of NOX standards when the 
advanced NOX control strategies are 
disabled. 

Engines with on-off NOX controls are 
required to be equipped to continuously 
monitor NOX concentrations in the 
exhaust (§ 1042.110(d)). EPA has been 
asked to clarify what ‘‘continuous’’ 
means in the context of this 
requirement. Because the purpose of 
this requirement is to show that the 
engine complies with the NOX emission 
limits on a continuous basis, continuous 
monitoring must be frequent enough to 
demonstrate that the NOX controls are 
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on and are properly functioning from 
the time the ship enters the ECA until 
it leaves, which, depending on the ECA 
and the ship’s itinerary, could be a 
matter of hours or days. Since many 
manufacturers equip their emission 
control systems with NOX sensors to 
monitor and log the performance of the 
combined engine and emission control 
system, we are clarifying that 
continuous monitoring means 
measuring NOX emissions at least every 
60 seconds. EPA is also specifying that 
a manufacturer may request approval of 
an alternative measurement period if 
that is necessary for sufficiently 
accurate measurements. With regard to 
the functioning of continuous NOX 
monitoring, the continuous emission 
measurement device must be included 
as part of the engine system for EPA 
certification. Continuous NOX 
monitoring must be engaged before the 
ship enters an ECA and continue until 
after it exits the ECA. Verification of 
operation of the system will be included 
in required periodic vessel surveys and 
certification that cover nearly all 
commercial U.S. vessels. Enforcement is 
expected to be performed on a periodic 
basis by appropriate authorities when a 
ship is in port. 

It should be noted that the above 
provisions with respect to on-off 
controls and continuous emission 
monitoring do not apply for the 40 CFR 
part 1042 PM standards. Engines 
certified to standards under 40 CFR part 
1042 must meet the PM limits at all 
times, except when the operator has 
applied for and received permission to 
disable Tier 4 PM controls while 
operating outside the United States 
pursuant to any of the provisions of 40 
CFR 1042.650(a) through (c). 

(2) Category 1 and Category 2 Auxiliary 
Engines on Category 3 Vessels 

The regulation at 40 CFR 1042.650(d) 
exempts auxiliary Category 1 and 
Category 2 engines installed on U.S.-flag 
Category 3 vessels from the part 1042 
standards if those auxiliary engines 
meet certain conditions. This provision 
is intended to facilitate compliance with 
MARPOL Annex VI by certain qualified 
Category 3 vessels engaged in 
international trade and to simplify 
compliance demonstrations while those 
vessels are operating in foreign ports 
and foreign waters. EPA is adopting two 
revisions to make clear that the engines 
on the Category 3 vessel must remain in 
compliance with Annex VI, and EPA is 
adding clarifying language relating to 
engines with a power output of 130 kW 
or less. 

First, EPA is revising the regulations 
to clarify that the urea reporting 

requirements in § 1042.660(b) (which 
requires an owner or operator of any 
vessel equipped with SCR to report to 
EPA within 30 days of any operation of 
such vessel without the appropriate 
reductant) also apply to Category 1 and 
Category 2 auxiliary engines on 
Category 3 vessels that are covered by 
§ 1042.650(d). This will extend the urea 
reporting requirements to engines 
between 130 and 600 kW if they rely on 
SCR to meet the Annex VI Tier III NOX 
limits. Engines covered by § 1042.650(d) 
are subject to emission standards and 
testing requirements under MARPOL 
Annex VI and the NOX Technical Code. 

Second, EPA is revising 40 CFR 
1042.650(d) to clarify that, while these 
Category 1 and Category 2 auxiliary 
engines may be designed with on-off 
NOX controls, Annex VI requires that 
the engines have an EIAPP certificate 
demonstrating compliance with the 
applicable NOX standards of Annex VI. 
This includes certification to 
demonstrate compliance with IMO Tier 
II NOX standards anytime the IMO Tier 
III NOX configuration is disabled. 

EPA has become aware that there is 
some uncertainty about how the scope 
of EPA’s implementation of Annex VI 
through 40 CFR part 1043 relates to 
engines with a power output of 130 kW 
or less. The existing regulations at 
§ 1043.30 state that an EIAPP certificate 
is required for engines with a power 
output above 130 kW, but the standards 
described in § 1043.60 might be 
interpreted to apply to engines of all 
sizes. EPA did not intend to appear to 
create additional requirements or 
authority under 40 CFR part 1043 that 
is not contained in Annex VI or its 
implementing legislation (the Act to 
Prevent Pollution from Ships). EPA is 
therefore adding clarifying language to 
§ 1043.60, consistent with Regulation 13 
of Annex VI and APPS, to indicate that 
the international NOX limits do not 
apply to engines with a power output of 
130 kW or less. Note that EPA therefore 
may not issue EIAPP certificates for 
engines with a power output of 130 kW 
or less even if manufacturers request it; 
this also means that such auxiliary 
engines are not eligible for an 
exemption under § 1042.650(d). 

(3) Natural Gas Marine Engines 
EPA is also expanding provisions that 

apply for marine engines designed to 
operate on both diesel fuel and natural 
gas. Test requirements apply separately 
for each ‘‘fuel type.’’ EPA generally 
considers an engine with a single 
calibration strategy that combines an 
initial pilot injection of diesel fuel to 
burn natural gas to be a single fuel type. 
This applies even if the natural gas 

portion must be substantially reduced or 
eliminated to maintain proper engine 
operation at light-load conditions. If the 
engine has a different calibration 
allowing it to run only on diesel fuel, or 
on continuous mixtures of diesel fuel 
and natural gas, we would consider it to 
be a dual-fuel engine or a flexible-fuel 
engine, respectively. These terms are 
used consistently across EPA programs 
for highway and nonroad applications. 
There is an effort underway to revise the 
definition of ‘‘dual-fuel’’ in MARPOL 
Annex VI, which may be different than 
EPA’s definition. It should be noted that 
the 40 CFR part 1042 certification 
testing requirement differs from that 
specified in MARPOL Annex VI and the 
NOX Technical Code. While the 
international protocol involves testing 
only on the engine calibration with the 
greatest degree of diesel fuel, EPA 
certification requires manufacturers to 
perform testing on each separate fuel 
type. This would involve one set of tests 
with natural gas (with or without a 
diesel pilot fuel, as appropriate), and an 
additional set of tests with diesel fuel 
alone. This has been required since we 
first adopted standards, and this is the 
same policy that applies across all our 
emission control programs. EPA is also 
including amended regulatory language 
to more carefully describe these testing 
requirements, and to specify how this 
applies differently for dual-fuel and 
flexible-fuel engines. 

(4) Additional Marine Diesel 
Amendments 

EPA is making numerous changes 
across 40 CFR part 1042 to correct 
errors, to add clarification, and to make 
adjustments based on lessons learned 
from implementing these regulatory 
provisions. This includes the following 
changes: 

• § 1042.1: Correct the tabulated 
applicability date for engines with per- 
cylinder displacement between 7 and 15 
liters; this should refer to engines ‘‘at or 
above’’ 7 liters, rather than ‘‘above 7 
liters.’’ 

• § 1042.1: Replace an incorrect 
reference to 40 CFR part 89 with a 
reference to 40 CFR part 94 for marine 
engines above 37 kW. 

• § 1042.2: Add a clarifying note to 
say that something other than a 
conventional ‘‘manufacturer’’ may need 
to certify engines that become new after 
being placed into service (such as 
engines converted from highway or 
stationary use). This is intended to 
address a possible assumption that only 
conventional manufacturers can certify 
engines. 
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• §§ 1042.30, 1042.730, and 1042.825: 
Consolidate information-collection 
provisions into a single section. 

• § 1042.101: Revise the text to more 
carefully identify engine subcategories 
and better describe the transition 
between Tier 3 and Tier 4 standards. 
These changes are intended to clarify 
which standards apply and are not 
intended to change the emission 
standards for any particular size or type 
of engine. 

• § 1042.101 and Appendix III: More 
precisely define applicability of specific 
NTE standards for different types of 
engines and pollutants; correct formulas 
defining NTE zones and subzones; and 
add clarifying information to identify 
subzone points that could otherwise be 
derived from existing formulas. None of 
these changes are intended to change 
the standards, test procedures, or other 
policies for implementing the NTE 
standards. 

• § 1042.101: Clarify the FEL caps for 
certain engines above 3700 kW. 

• § 1042.101: Add a specification to 
define ‘‘continuous monitor’’ for 
parameters requiring repeated discrete 
measurements, as described above. The 
rule also includes further clarification 
on the relationship between on-off NOX 
controls and engine diagnostic systems. 

• § 1042.110: Remove the 
requirement to notify operators 
regarding an unsafe operating condition, 
since we can more generally rely on the 
broader provision in § 1042.115 that 
prohibits manufacturers from 
incorporating design strategies that 
introduce an unreasonable safety risk 
during engine operation. 

• § 1042.110: Clarify that using a NOX 
sensor as an alternative to monitoring 
DEF concentration applies only if the 
system includes an alert to inform 
operators when DEF quality is 
inadequate. This makes explicit what 
we believe should have already been 
understood from the requirement as 
originally drafted. 

• § 1042.120: Reduce extended- 
warranty requirements to warranties 
that are actually provided to the 
consumer, rather than to any published 
warranties that are offered. The 
principle is that the emission-related 
warranty should not be less effective for 
emission-related items than for items 
that are not emission-related. 

• § 1042.125: Add crankcase vent 
filters to the list of maintenance items. 

• § 1042.125: Allow for special 
maintenance procedures that address 
low-use engines. For example, owners 
of recreational marine vessels may need 
to perform engine maintenance after a 
smaller number of hours than would 

otherwise apply based on the limited 
engine operation over time. 

• § 1042.125: Establish a minimum 
maintenance interval of 1500 hours for 
DEF filters. This reflects the technical 
capabilities for filter durability and the 
expected maintenance in the field. 

• § 1042.135: Clarify that ULSD 
labeling is required only for engines that 
use sulfur-sensitive technology. If an 
engine can meet applicable emission 
standards without depending on the use 
of ULSD, the manufacturer should not 
be required to state on the engine that 
ULSD is required. 

• § 1042.135: Allow for including 
optional label content only if this does 
not cause the manufacturer to omit 
other information based on limited 
availability of space on the label. We 
modified the proposed amendment in 
response to comments to allow for 
including optional labeling content as 
long as the additional content doesn’t 
cause the space limitations that prevent 
inclusion of other optional information. 

• § 1042.201: Clarify that 
manufacturers may amend their 
application for certification after the end 
of the model year in certain 
circumstances, but they may not 
produce engines for a given model year 
after December 31 of the named year. 

• § 1042.201: Establish that 
manufacturers may deliver to EPA for 
testing an engine that is identical to the 
test engine used for certification. This 
may be necessary if the test engine has 
accumulated too many hours, or if it is 
unavailable for any reason. 

• §§ 1042.205 and 1042.840: Replace 
the requirement to submit data from 
invalid tests with a requirement to 
simply notify EPA in the application for 
certification if test was invalidated. 

• § 1042.235: Add an explicit 
allowance for carryover engine families 
to include the same kind of within- 
family running changes that are 
currently allowed over the course of a 
model year. The original text may have 
been understood to require that such 
running changes be made separate from 
certifying the engine family for the new 
model year. 

• §§ 1042.235, 1042.240, and 
1042.601: Describe how to demonstrate 
compliance with dual-fuel and flexible- 
fuel engines. This generally involves 
testing with each separate fuel, or with 
a worst-case fuel blend. 

• § 1042.240: Add instructions for 
calculating deterioration factors for 
sawtooth deterioration patterns, such as 
might be expected for periodic 
maintenance, such as cleaning or 
replacing diesel particulate filters. 

• § 1042.250: Remove references to 
routine and standard tests, and remove 

the shorter recordkeeping requirement 
for routine data (or data from routine 
tests). All test records must be kept for 
eight years. With electronic recording of 
test data, there should be no advantage 
to keeping the shorter recordkeeping 
requirement for a subset of test data. 
EPA also notes that the eight-year 
period restarts with certification for a 
new model year if the manufacturer 
uses carryover data. 

• § 1042.255: Clarify that rendering 
information false or incomplete after 
submitting it is the same as submitting 
false or incomplete information. For 
example, if there is a change to any 
corporate information or engine 
parameters described in the 
manufacturer’s application for 
certification, the manufacturer must 
amend the application to include the 
new information. 

• § 1042.255: Clarify that voiding 
certificates for a recordkeeping or 
reporting violation will be limited to 
certificates that relate to the particular 
recordkeeping or reporting failure. 

• § 1042.301: Clarify that the 
requirements to test production engines 
does not apply for engines that become 
new and subject to emission standards 
as remanufactured engines. 

• § 1042.302: Clarify that 
manufacturers may fulfill the 
requirement to test each Category 3 
production engine by performing the 
test before or after the engine is installed 
in the vessel. The largest Category 3 
engines are assembled in the vessel, but 
some smaller Category 3 engines are 
assembled at a manufacturing facility 
where they can be more easily tested. 
Manufacturers must perform such 
testing on fully assembled production 
engines rather than relying on test 
results from test bed engines. 

• § 1042.501: Provide instruction on 
how to verify proportional sampling for 
discrete mode testing where only one 
batch fuel measurement is made over 
the operating mode. This requires that 
manufacturers hold sampling constant 
over the sampling period. 
Manufacturers will verify 
proportionality either over a discrete 
mode by using average exhaust flow rate 
paired with each recorded sample flow 
rate, or over the entire duty cycle. 

• § 1042.501: Remove test procedure 
specifications that are already covered 
in 40 CFR part 1065. 

• § 1042.505: Correct the reference to 
the ISO C1 duty cycle in 40 CFR part 
1039. 

• § 1042.515: Remove an incorrect 
cite. 

• §§ 1042.605 and 1042.610: Revise 
the reporting requirement to require 
detailed information about the previous 
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year, rather than requiring a detailed 
projection for the year ahead. The 
information required in advance will be 
limited to a notification of plans to use 
the provisions of these sections. 

• § 1042.630: Clarify that dockside 
examinations are not inspections. 
Vessels subject to Coast Guard 
inspection are identified in 46 U.S.C. 
3301. 

• §§ 1042.601 and 1042.635: Migrate 
the national security exemption to 
§ 1068.225, including the expanded 
automatic exemption related the 
standards that would otherwise require 
sulfur-sensitive technology. See Section 
XIII.D(2). 

• § 1042.640: Migrate engine branding 
to § 1068.45. 

• § 1042.650: Clarify that vessel 
operators may modify certified engines 
if they will be operated for an extended 
period outside the United States where 
ULSD will be unavailable. This does not 
preclude the possibility of vessel 
operators restoring engines to a certified 
configuration in anticipation of bringing 
the vessel back to the United States. 

• § 1042.660: Identify the contact 
information for submitting reports 
related to operation without SCR 
reductant. 

• § 1042.670: Specify that gas turbine 
engines are presumed to have an 
equivalent power density below 35 kW 
per liter of engine displacement; this is 
needed to identify which Tier 3 
standards apply. 

• § 1042.701: Clarify that emission 
credits generated under 40 CFR part 94 
may be used for demonstrating 
compliance with the Tier 3 and Tier 4 
standards in 40 CFR part 1042. 

• §§ 1042.701 and 1042.730: Describe 
the process for retiring emission credits. 
This may be referred to as donating 
credits to the environment. 

• § 1042.705: Change terminology for 
counting engines from ‘‘point of first 
retail sale’’ to ‘‘U.S.-direction 
production volume.’’ This conforms to 
the usual approach for calculating 
emission credits for nonroad engines. 

• § 1042.710: Clarify that it is not 
permissible to show a proper balance of 
credits for a given model by using 
emission credits from a future model 
year. 

• § 1042.730: Clarify terminology for 
ABT reports. 

• § 1042.810: Clarify that it is only the 
remanufacturing standards of subpart I, 
not the certification standards that are 
the subject of the applicability 
determination in § 1042.810. 

• § 1042.830: Add a provision to 
specifically allow voluntary labeling for 
engines that are not subject to 
remanufacturing standards, and to 

clarify that the label is required for 
engines that are subject to 
remanufacturing standards. 

• § 1042.901: Update the contact 
information for the Designated 
Compliance Officer. 

• § 1042.901: Revise the definition of 
‘‘model year’’ to correct cites and clarify 
that the calendar year relates to the time 
that engines are produced under a 
certificate of conformity. 

• §§ 1042.901 and 1042.910: Update 
the reference documents for Annex VI 
and NOX Technical Code to include 
recent changes from the International 
Maritime Organization. 

• § 1042.915: Migrate provisions 
related to confidential information to 40 
CFR part 1068. 

We proposed to disallow amending 
certified configurations after the end of 
the model year. However, manufacturers 
shared in their comments that this 
would change the field-fix policy that 
has long since allowed for making such 
changes. We have retracted the 
proposed change and replaced it with a 
new paragraph that describes how 
manufacturers may amend the 
application for certification during and 
after the model year, consistent with the 
current policy regarding field fixes. 

J. Miscellaneous EPA Amendments 
EPA is clarifying that the cold NMHC 

standards specified in 40 CFR 86.1811– 
17 do not apply at high altitude. We 
intended in recent amendments to state 
that the cold CO standards apply at both 
low and high altitude, but inadvertently 
placed that statement where it also 
covered cold NMHC standards, which 
contradicts existing regulatory 
provisions that clearly describe the cold 
NMHC standards as applying only for 
low-altitude testing. The change simply 
moves the new clarifying language to 
apply only to cold CO standards. We are 
also restoring the cold NMHC standards 
in paragraph (g)(2), which were 
inadvertently removed as part of the 
earlier amendments. 

EPA is revising the specifications for 
Class 2b and Class 3 vehicles certifying 
early to the Tier 3 exhaust emission 
standards under 40 CFR 86.1816–18 to 
clarify that carryover values apply for 
formaldehyde. The Preamble to the 
earlier final rule described these 
standards properly, but the regulations 
inadvertently pointed to the Tier 3 
values for these vehicles. 

EPA is making a minor correction to 
the In-Use Compliance Program under 
40 CFR 86.1846–01. The Light-Duty Tier 
3 final rule amended this section by 
describing how to use SFTP test results 
in the compliance determination in a 
way that inadvertently removed a 

reference to low-mileage SFTP testing. 
We are restoring the removed text. 

EPA is revising the instruction for 
creating road-load coefficients for cold 
temperature testing in 40 CFR 1066.710 
to simply refer back to 40 CFR 1066.305 
where this is described more generally. 
The text originally adopted in 40 CFR 
1066.710 incorrectly describes the 
calculation for determining those 
coefficients. 

EPA is also adopting two minor 
amendments related to highway 
motorcycles. First, we are correcting an 
error related to the small-volume 
provisions for highway motorcycles. 
The regulation included an inadvertent 
reference to a small-volume threshold 
based on an annual volume of 3,000 
motorcycles produced in the United 
States. As written, this would not 
consider any foreign motorcycle 
production for importation into the 
United States. This error is corrected by 
simply revising the text to refer to an 
annual production volume of 
motorcycles produced ‘‘for’’ the United 
States. This change properly reflects 
small-volume production as it relates to 
compliance with EPA standards. 
Second, we are clarifying the language 
describing how to manage the precision 
of emission results, both for measured 
values and for calculating values when 
applying a deterioration factor. This 
involves a new reference to the 
rounding procedures in 40 CFR part 
1065 to replace the references to 
outdated ASTM procedures. 

K. Competition Vehicles 
The proposal included a clarification 

related to vehicles used for competition 
to ensure that the Clean Air Act 
requirements are followed for vehicles 
used on public roads. This clarification 
is not being finalized. EPA supports 
motorsports and its contributions to the 
American economy and communities all 
across the country. EPA’s focus is not 
(nor has it ever been) on vehicles built 
or used exclusively for racing, but on 
companies that violate the rules by 
making and selling products that disable 
pollution controls on motor vehicles 
used on public roads. These unlawful 
defeat devices lead to harmful pollution 
and adverse health effects. The 
proposed language was not intended to 
represent a change in the law or in 
EPA’s policies or practices towards 
dedicated competition vehicles. Since 
our attempt to clarify led to confusion, 
EPA has decided to eliminate the 
proposed language from the final rule. 

EPA will continue to engage with the 
racing industry and others in its support 
for racing, while maintaining the 
Agency’s focus where it has always 
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992 Section 1319(b) (‘‘Accelerated Decision 
making in Environmental Reviews’’) of the Moving 
Ahead for Progress in the 21st Century Act (MAP– 
21), Public Law 112–141, instructed a lead agency 
on an EIS, ‘‘to the maximum extent practicable,’’ to 
develop a ‘‘single document that consists of a final 
environmental impact statement and a record of 
decision.’’ DOT implemented this provision 
through guidance, clarifying that ‘‘[i]n the case of 
a NEPA review for a rulemaking where the final 
rule is the Record of Decision, the [DOT operating 
administration] should make the completed FEIS 
available to the decision maker simultaneously with 
the final rule, unless it is determined that statutory 
criteria or practicability considerations preclude 
issuance of the combined document.’’ See https:// 
www.transportation.gov/sites/dot.gov/files/docs/ 
MAP-21_1319_Final_Guidance.pdf. Section 1319 
was subsequently repealed by Section 1304(j)(2) of 
the Fixing America’s Surface Transportation Act 
(FAST Act), Public Law 114–94. However, in the 
same Act, Congress codified an identical provision 
at 49 U.S.C. 304a. FAST Act, Sec. 1311(a). Because 
the provision requiring, ‘‘to the maximum extent 
practicable . . . a single document’’ was not 
otherwise amended, the requirement and DOT’s 
implementation remain unchanged. 

993 The agency’s FEIS is available at its Fuel 
Economy Web site (http://www.nhtsa.gov/fuel- 
economy/), as well as in Docket No. NHTSA–2014– 
0074 on Regulations.gov (http://
www.regulations.gov/). 

994 See 40 CFR 1505.2. 
995 49 U.S.C. 304a(b)(1)–(2). 
996 40 CFR 1502.3. 
997 40 CFR 1502.1. 

998 The agency’s DEIS is available at its Fuel 
Economy Web site (http://www.nhtsa.gov/fuel- 
economy/), as well as in Docket No. NHTSA–2014– 
0074 on Regulations.gov (http://
www.regulations.gov/). 

been: Reducing pollution from the cars 
and trucks that travel along America’s 
roadways and through our 
neighborhoods. 

L. Amending 49 CFR Parts 512 and 537 
To Allow Electronic Submissions and 
Defining Data Formats for Light-Duty 
Vehicle Corporate Average Fuel 
Economy (CAFE) Reports 

To improve efficiency and reduce the 
burden to manufacturers and the 
agencies, NHTSA proposed to amend 49 
CFR part 537 to eliminate the option for 
manufacturers to submit pre-model, 
mid-model and supplemental reports on 
CD–ROMS, and require only one 
electronic submission (for each report) 
electronically via a method proscribed 
by NHTSA. NHTSA planned to 
introduce a new electronic format to 
standardize the method for collecting 
manufacturer’s information. NHTSA 
also proposed modifying 49 CFR part 
512 to include and protect submitted 
CAFE data elements that need to be 
treated as confidential business 
information. For the final rule, NHTSA 
is not finalizing this proposal in this 
rulemaking but will consider electronic 
submission for CAFE reports in a future 
action. 

XIV. Statutory and Executive Order 
Reviews 

A. Executive Order 12866: Regulatory 
Planning and Review and Executive 
Order 13563: Improving Regulation and 
Regulatory Review 

This action is an economically 
significant regulatory action that was 
submitted to the Office of Management 
and Budget (OMB) for review. Any 
changes made in response to OMB 
recommendations have been 
documented in the docket. The agencies 
prepared an analysis of the potential 
costs and benefits associated with this 
action. This analysis, the ‘‘Regulatory 
Impact Analysis—Heavy-Duty GHG and 
Fuel Efficiency Standards,’’ is available 
in the docket. The analyses contained in 
this document are also summarized in 
Sections VII, VIII, and IX of this 
Preamble. 

B. National Environmental Policy Act 

This section describes NHTSA’s 
Environmental Impact Statement (EIS) 
process under the National 
Environmental Policy Act (NEPA), 42 
U.S.C. 4321–4347, and implementing 
regulations issued by the Council on 
Environmental Quality (CEQ), 40 CFR 
parts 1500–1508, and NHTSA, 49 CFR 
part 520. Pursuant to 49 U.S.C. 304a(b) 
and DOT’s ‘‘Final Guidance on MAP–21 
Section 1319 Accelerated Decision 

making in Environmental Reviews,’’ 992 
NHTSA is issuing a Final 
Environmental Impact Statement 
(FEIS) 993 concurrently with its final 
rule. This Preamble constitutes the 
Record of Decision (ROD) for NHTSA’s 
final rule establishing Phase 2 fuel 
efficiency standards for heavy-duty 
engines and vehicles.994 NHTSA has 
determined that concurrent issuance of 
the FEIS and ROD is not precluded by 
statutory criteria 995 or practicability 
considerations. 

The first subsection below describes 
the agency’s NEPA process to date, 
including its scoping notice and Draft 
Environmental Impact Statement (DEIS). 
The second subsection describes the 
FEIS, and the third subsection discusses 
the ROD. The final subsection includes 
other regulatory notices related to 
environmental concerns. 

(1) Scoping Notice and Draft 
Environmental Impact Statement 

Under NEPA, a Federal agency must 
prepare an EIS on proposals for major 
Federal actions that significantly affect 
the quality of the human 
environment.996 The purpose of an EIS 
is to inform decision makers and the 
public of the potential environmental 
impacts of a proposed action and 
reasonable alternative actions the 
agency could take.997 The EIS is used by 
the agency, in conjunction with other 

relevant material, to plan actions and 
make decisions. 

On July 9, 2014, NHTSA published a 
notice of intent to prepare an EIS for 
this rulemaking and requested scoping 
comments (79 FR 38842). The notice 
invited Federal, State, and local 
agencies, Indian tribes, stakeholders, 
and the public to participate in the 
scoping process and to help identify the 
environmental issues and reasonable 
alternatives to be examined in the EIS. 
NHTSA considered the comments 
received on that notice as it prepared its 
DEIS. 

NHTSA released a DEIS for this 
rulemaking on June 19, 2015, 
concurrently with its release of the 
NPRM.998 NHTSA prepared the DEIS to 
analyze and disclose the potential 
environmental impacts of the HD fuel 
consumption standards and a 
reasonable range of alternatives. 
Environmental impacts analyzed in the 
DEIS included those related to fuel and 
energy use, air quality, and climate 
change. The DEIS also described 
potential environmental impacts to a 
variety of resource areas, including 
water resources, biological resources, 
land use and development, safety, 
hazardous materials and regulated 
wastes, noise, socioeconomics, and 
environmental justice. These resource 
areas were assessed qualitatively in the 
DEIS. 

The DEIS analyzed five alternative 
approaches to regulating HD vehicle 
fuel consumption, including a 
‘‘preferred alternative’’ and a ‘‘no action 
alternative.’’ The DEIS evaluated a 
reasonable range of alternatives under 
NEPA, and analyzed the direct, indirect, 
and cumulative impacts of those 
alternatives in proportion to their 
significance. 

Because of the link between the 
transportation sector and GHG 
emissions, NHTSA recognizes the need 
to consider the possible impacts on 
climate and global climate change in the 
analysis of the effects of its fuel 
consumption standards. NHTSA also 
recognizes the difficulties and 
uncertainties involved in such an 
impact analysis. Accordingly, consistent 
with CEQ regulations on addressing 
incomplete or unavailable information 
in environmental impact analyses, 
NHTSA reviewed existing credible 
scientific evidence that was relevant to 
this analysis and summarized it in the 
DEIS. NHTSA also employed and 
summarized the results of research 
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999 80 FR 36803 (Jun. 26, 2015). 
1000 80 FR 53513 (Sep. 4, 2015). 

1001 See CEQ implementing regulations at 40 CFR 
1506.9; EPA EIS filing guidance at 77 FR 51530 
(Aug. 24, 2012). 

1002 40 CFR 1505.2. 

1003 See 40 CFR 1502.2(e), 1502.14(d). CEQ has 
explained that ‘‘[T]he regulations require the 
analysis of the no action alternative even if the 
agency is under a court order or legislative 
command to act. This analysis provides a 
benchmark, enabling decision makers to compare 
the magnitude of environmental effects of the action 
alternatives. [See 40 CFR 1502.14(c).] * * * 
Inclusion of such an analysis in the EIS is necessary 
to inform Congress, the public, and the President 
as intended by NEPA. [See 40 CFR 1500.1(a).]’’ 
Forty Most Asked Questions Concerning CEQ’s 
National Environmental Policy Act Regulations, 46 
FR 18026 (Mar. 23, 1981). 

models generally accepted in the 
scientific community. 

Although the alternatives have the 
potential to decrease GHG emissions 
substantially, the DEIS found they do 
not prevent climate change, but only 
result in reductions in the anticipated 
increases in CO2 concentrations, 
temperature, precipitation, and sea 
level. They will also, to a small degree, 
delay the point at which certain 
temperature increases and other 
physical effects stemming from 
increased GHG emissions will occur. As 
discussed in the DEIS, NHTSA 
presumes that these reductions in 
climate effects will be reflected in 
reduced impacts on affected resources. 
The EPA and the U.S. Department of 
Energy served as cooperating agencies 
in the preparation of the DEIS. The DEIS 
informed NHTSA decision makers in 
their preparation of the NPRM and in 
the ongoing rulemaking process. In the 
DEIS and NPRM, NHTSA invited 
comments on the DEIS from Federal, 
State, and local agencies, Indian tribes, 
stakeholders, and the public by August 
31, 2015. NHTSA mailed (both 
electronically and through U.S. mail) 
notification of its availability to 
individuals and entities identified in 
Chapter 10 of the DEIS. In addition, EPA 
published a Notice of Availability of the 
DEIS on June 26, 2015, officially 
triggering the public comment 
period.999 NHTSA subsequently 
extended the comment period to 
October 1, 2015.1000 Comments on the 
EIS were also invited at the joint 
NHTSA/EPA public hearings held on 
the NPRM. 

(2) Final Environmental Impact 
Statement 

NHTSA received many written and 
oral comments to the NPRM and the 
DEIS. The written comments submitted 
to NHTSA and the transcripts from the 
public hearings are part of the 
administrative record and are available 
on the Federal Docket, available online 
at http://www.regulations.gov/, 
Reference Docket Nos. NHTSA–2014– 
0074 and NHTSA–2014–0132. NHTSA 
reviewed, analyzed, and considered all 
relevant comments it received during 
the public comment period. The agency 
then updated and revised the DEIS to 
prepare the FEIS, which is being 
released concurrently with this final 
rule and ROD. For a more detailed 
discussion of the comments NHTSA 
received, including the agency’s 
responses to those comments, see 
Chapter 9 of the FEIS. 

In developing the Phase 2 fuel 
efficiency standards for heavy-duty 
engines and vehicles adopted in this 
final rule, NHTSA has been informed by 
the analyses contained in the Final 
Environmental Impact Statement, Phase 
2 Fuel Efficiency Standards for Medium- 
and Heavy-Duty Engines and Vehicles, 
Docket No. NHTSA–2014–0074. 

NHTSA will submit the FEIS to EPA, 
in accordance with CEQ NEPA 
implementing regulations and EPA 
guidance.1001 Prior to submission, 
NHTSA will post the FEIS on its Web 
site and in the public docket, as well as 
notify stakeholders and interested 
parties identified in Chapter 11 of the 
FEIS about its availability (both 
electronically and through U.S. mail). 
EPA will then publish a Notice of 
Availability of the FEIS in the Federal 
Register. 

(3) Record of Decision 

For Federal actions requiring an EIS, 
the CEQ regulations instruct the action 
agency to prepare a concise public 
‘‘record of decision’’ at the time of its 
decision. The ROD must state: (1) The 
agency’s decision; (2) all alternatives 
considered by the agency in reaching its 
decision, specifying the alternative or 
alternatives that were considered to be 
environmentally preferable; (3) the 
agency’s preferences among alternatives 
based on relevant factors, including 
economic and technical considerations 
and agency statutory missions; (4) the 
factors balanced by the agency in 
making its decision, including any 
essential considerations of national 
policy; (5) how these factors and 
considerations entered into the agency’s 
decision; and (6) whether all practicable 
means to avoid or minimize 
environmental harm from the 
alternative selected have been adopted, 
and if not, why they were not.1002 As 
stated above, this Preamble constitutes 
the ROD for NHTSA’s final rule 
establishing Phase 2 fuel efficiency 
standards for heavy-duty engines and 
vehicles. 

(a) The Agency’s Decision 

In the DEIS and FEIS, NHTSA 
identified Alternative 3 as the Preferred 
Alternative. Alternative 3, as analyzed 
in the FEIS, is the regulation finalized 
by NHTSA in this rulemaking. The 
standards would result in significant 
improvements in fuel efficiency for 
heavy-duty engines and vehicles. These 
final standards are included at the end 

of this document, described extensively 
in this Preamble, and analyzed for 
economic and environmental impacts in 
the RIA and FEIS. 

In sum, after carefully reviewing and 
analyzing all of the information in the 
public record, RIA, FEIS, and public 
and agency comments submitted on the 
DEIS and NPRM, NHTSA has decided to 
finalize the Preferred Alternative. 

(b) Alternatives NHTSA Considered in 
Reaching Its Decision 

When preparing an EIS, NEPA 
requires an agency to compare the 
potential environmental impacts of its 
proposed action and a reasonable range 
of alternatives. In the DEIS and FEIS, 
NHTSA analyzed a No Action 
Alternative and four action alternatives, 
which represent a range of potential 
actions the agency could take. The 
environmental impacts of these 
alternatives, in turn, represent a range of 
potential environmental impacts that 
could result from NHTSA’s chosen 
action in setting fuel efficiency 
standards for heavy-duty engines and 
vehicles. 

The No Action Alternative in the 
DEIS and FEIS assumes that NHTSA 
would not issue a final rule regarding 
Phase 2 fuel efficiency standards for 
heavy-duty engines and vehicles. 
Instead, it assumes that NHTSA’s Phase 
1 standards would continue 
indefinitely. The No Action Alternative 
therefore reflects the average fuel 
efficiency levels and GHG emissions 
performance that manufacturers would 
achieve without additional regulation. 
This alternative provided an analytical 
baseline against which to compare the 
environmental impacts of the other 
alternatives presented in the EIS. NEPA 
expressly requires agencies to consider 
a ‘‘no action’’ alternative in their NEPA 
analyses and to compare the effects of 
not taking action with the effects of 
action alternatives in order to 
demonstrate the environmental effects 
of the action alternatives.1003 

In the DEIS, in addition to the No 
Action Alternative, NHTSA analyzed a 
reasonable range of action alternatives 
with fuel efficiency standards at various 
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1004 The environmental impacts reported for these 
alternatives in the FEIS differ from those reported 
in the DEIS. These differences result from minor 
changes in modeling assumptions (such as VMT, 
fleet profile, upstream emission levels, etc.), 
technology penetration and effectiveness 
assumptions, and other incremental updates 
resulting from public comments and additional 
research. 

1005 As a result of these changes, Alternative 3 is 
more stringent than Alternative 4 in some heavy- 
duty segments, and more stringent overall. NHTSA 
did not renumber the alternatives (to maintain 
increasing stringency from Alternative 2 to 
Alternative 5) in order to allow readers to more 
easily compare the DEIS to the FEIS, as well as to 
maintain Alternatives 2, 4, and 5 as benchmarks to 
which the Preferred Alternative may be compared. 

1006 Although NHTSA is required to identify the 
Environmentally Preferable Alternative under the 
CEQ regulations (40 CFR 1505.2(b)), it is under no 
obligation to select that alternative in its decision. 
This ROD explains the agency’s preferences among 
alternatives, the factors balanced by the agency in 
making its decision (including environmental 
considerations), and how the factors and 
considerations balanced by the agency entered into 
its decision. 

1007 For some toxic air pollutants, Alternative 3 is 
the Environmentally Preferable Alternative because 
it results in the greatest reductions of emissions of 
those pollutants. However, the greater overall 
stringency of Alternative 5 results in greater overall 
emissions reductions among criteria and toxic air 
pollutants. As a consequence, Alternative 5 results 
in the greatest reductions of adverse health effects 
resulting from heavy duty vehicle emissions. 

1008 40 CFR 1505.2(c). 
1009 40 CFR 1508.20. 

levels of stringency, with Alternative 2 
the least stringent and Alternative 5 the 
most stringent. The exact levels of 
stringency for each alternative were 
described in Chapter 2 of the DEIS. As 
noted in the DEIS, based on the different 
ways the agency could weigh the 
various considerations, NHTSA 
believed that the ‘‘maximum feasible 
improvement’’ in heavy-duty vehicle 
and engine fuel efficiency fell within 
that range. In the FEIS, the levels of 
stringency for Alternatives 2, 4, and 5 
are unchanged from the DEIS and are 
described in Chapter 2 of the FEIS.1004 
However, Alternative 3 (the Preferred 
Alternative) was revised in response to 
public comments and additional 
research. The changes to Alternative 3 
are explained extensively in this 
Preamble, and are reflected in the 
FEIS.1005 

Alternatives 2 and 5 were intended to 
provide the lower and upper bounds of 
a reasonable range of alternatives. In the 
EIS, the agency provided environmental 
analyses of these points, as well as 
intermediate points, to enable decision 
makers and the public to determine the 
environmental impacts of other points 
that fall between Alternatives 2 and 5. 
The action alternatives evaluated in the 
EIS therefore provided decision makers 
with the ability to select from a wide 
variety of other potential alternatives 
with stringencies that fall between 
Alternatives 2 and 5. 

According to the FEIS, Alternative 5 
is the overall Environmentally 
Preferable Alternative because it would 
result in the largest overall reductions in 
fuel use and emissions of criteria air 
pollutants, toxic air pollutants, and 
GHGs among the alternatives 
considered.1006 Under each action 

alternative the agency considered, the 
reduction in fuel consumption resulting 
from greater fuel efficiency causes 
reductions in GHG emissions compared 
to the No Action Alternative. In 
addition, as fuel consumption declines, 
emissions that occur during fuel 
refining and distribution also decline. 
While there may be some increases in 
fuel consumption and associated 
tailpipe and upstream emissions 
resulting from increased driving due to 
the fuel efficiency rebound effect, these 
increases are more than offset by 
reductions resulting from the improved 
fuel efficiency of regulated heavy 
vehicles, leading to a net reduction in 
total emissions. The criteria air 
pollutant, toxic air pollutant, and GHG 
emissions reductions are anticipated to 
improve overall health outcomes and 
reduce the impacts of climate change on 
the human environment. As Alternative 
5 would result in the greatest reductions 
in fuel consumption, it also results in 
the lowest total air pollutant and GHG 
emissions, and is therefore 
Environmentally Preferable.1007 

The environmental impacts associated 
with the alternatives under 
consideration are described in Chapters 
3–7 of the FEIS. NHTSA considered 
these environmental impacts in making 
its decision, and incorporates that 
analysis by reference here. 

(c) NHTSA’s Preferences Among 
Alternatives Based on Relevant Factors; 
Factors Balanced by NHTSA in Making 
Its Decision; and How These Factors 
and Considerations Entered Into 
NHTSA’s Decision 

NHTSA considered various relevant 
factors in setting Phase 2 fuel efficiency 
standards for heavy-duty engines and 
vehicles, including economic, technical, 
and environmental considerations, as 
well as safety considerations, consistent 
with the agency’s statutory mission. 
This Preamble, which constitutes the 
ROD for NHTSA’s final rule, provides a 
complete discussion of the agency’s 
preferences among alternatives based on 
relevant factors, the factors balanced by 
the agency in making its decision, and 
how the factors and considerations 
balanced by the agency entered into its 
decision. 

(d) Mitigation 

The CEQ regulations specify that a 
ROD must ‘‘state whether all practicable 
means to avoid or minimize 
environmental harm from the 
alternative selected have been adopted, 
and if not, why they were not.’’ 1008 In 
essence, this regulation requires NHTSA 
to address mitigation in the ROD.1009 
The overwhelming majority of the 
environmental effects of NHTSA’s 
action are positive (i.e., beneficial 
environmental impacts) and would not 
raise issues of mitigation. Overall 
emissions of criteria and toxic air 
pollutants are generally projected to 
decrease under the final standards as 
compared to their levels under the No 
Action Alternative. However, analysis of 
the environmental trends reported in 
the FEIS for the Preferred Alternative 
indicates small emissions increases for 
some air pollutants in some near-term 
analysis years. The agency forecasts 
emissions increases for some 
alternatives because, under all the 
alternatives analyzed in the FEIS, 
increases in vehicle use due to 
improved fuel efficiency are projected to 
result in growth in total miles traveled 
by heavy-duty vehicles. The growth in 
VMT outpaces emissions reductions for 
some pollutants, resulting in projected 
increases for these pollutants. In 
addition, NHTSA’s NEPA analysis 
predicted increases in emissions of 
some air pollutants under certain 
alternatives based on assumptions about 
the type of technologies manufacturers 
will use to comply with the standards 
(particularly APU use). However, for the 
reasons described in Section 5.5.2.3 of 
the RIA, some of those air pollutant 
increases are no longer anticipated to 
occur. 

Although limited harmful impacts of 
the final standards are projected in some 
near-term analysis years in the FEIS, the 
overall environmental impacts of the 
final standards are anticipated to be 
overwhelmingly beneficial. NHTSA’s 
authority to promulgate new fuel 
efficiency standards for heavy-duty 
vehicles and engines does not allow the 
agency to regulate criteria or toxic air 
pollutants from vehicles or factors 
affecting those emissions, such as 
driving habits. Consequently, NHTSA 
must set fuel efficiency standards but is 
unable to take steps to mitigate the 
limited harmful impacts of those 
standards. However, EPA has taken 
additional action in this final rule to 
control PM emissions resulting from 
APU use that, for the reasons described 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00080 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73961 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

1010 16 U.S.C. 1451–1466 (as amended). 

in Section 5.5.2.3 of the RIA, would 
mitigate some of the projected harmful 
impacts. Further, Chapter 8 of the FEIS 
outlines a number of other initiatives 
across the government that could 
ameliorate the environmental impacts of 
motor vehicle use, including the use of 
heavy-duty vehicles. 

(4) Other Regulatory Notices Related to 
Environmental Concerns 

This section includes regulatory 
determinations related to environmental 
concerns that are not otherwise 
included in the FEIS. For example, 
NHTSA addresses the following in the 
FEIS: Conformity requirements under 
the Clean Air Act (Chapter 4.1.1.4), the 
National Historic Preservation Act 
(Chapter 7.2), and Environmental Justice 
(Chapter 7.5). 

(a) Coastal Zone Management Act 
(CZMA) 

The Coastal Zone Management 
Act 1010 provides for the preservation, 
protection, development, and (where 
possible) restoration and enhancement 
of the nation’s coastal zone resources. 
Under the statute, States are provided 
with funds and technical assistance in 
developing coastal zone management 
programs. Each participating State must 
submit its program to the Secretary of 
Commerce for approval. Once the 
program has been approved, any activity 
of a Federal agency, either within or 
outside of the coastal zone, that affects 
any land or water use or natural 
resource of the coastal zone must be 
carried out in a manner that is 
consistent, to the maximum extent 
practicable, with the enforceable 
policies of the State’s program. 

NHTSA concludes that the CZMA is 
not applicable to the agency’s decision 
because it does not involve any activity 
within, or outside of, the nation’s 
coastal zones as intended by the statute. 
These standards would mitigate some of 
the anticipated impacts of global climate 
change, including potential impacts to 
coastal zones that would otherwise have 
occurred in the absence of agency 
action. However, the agency’s action 
will not directly affect any land or water 
use or natural resource of a coastal zone. 

The agency has conducted a 
qualitative review of the related direct, 
indirect, and cumulative impacts of the 
alternatives on potentially affected 
resources, including coastal zones, in 
the FEIS. See Chapter 5.5 of the FEIS. 

(b) Floodplain Management (Executive 
Orders 11988 and 13690; DOT Order 
5650.2) 

These Orders require Federal agencies 
to avoid the long- and short-term 
adverse impacts associated with the 
occupancy and modification of 
floodplains, and to restore and preserve 
the natural and beneficial values served 
by floodplains. Executive Order 11988 
also directs agencies to minimize the 
impact of floods on human safety, 
health, and welfare, and to restore and 
preserve the natural and beneficial 
values served by floodplains through 
evaluating the potential effects of any 
actions the agency may take in a 
floodplain and ensuring that its program 
planning and budget requests reflect 
consideration of flood hazards and 
floodplain management. DOT Order 
5650.2 sets forth DOT policies and 
procedures for implementing Executive 
Order 11988. The DOT Order requires 
that the agency determine if a proposed 
action is within the limits of a base 
floodplain, meaning it is encroaching on 
the floodplain, and whether this 
encroachment is significant. If 
significant, the agency is required to 
conduct further analysis of the proposed 
action and any practicable alternatives. 
If a practicable alternative avoids 
floodplain encroachment, then the 
agency is required to implement it. 

In this rulemaking, the agency is not 
occupying, modifying, or encroaching 
on floodplains. The agency, therefore, 
concludes that the Orders are not 
applicable to NHTSA’s decision. The 
agency has, however, conducted a 
review of the alternatives on potentially 
affected resources, including 
floodplains, in the FEIS. See Chapter 5.5 
of the FEIS. 

(c) Preservation of the Nation’s 
Wetlands (Executive Order 11990 & 
DOT Order 5660.1A) 

These Orders require Federal agencies 
to avoid, to the extent possible, 
undertaking or providing assistance for 
new construction located in wetlands 
unless the agency head finds that there 
is no practicable alternative to such 
construction and that the proposed 
action includes all practicable measures 
to minimize harms to wetlands that may 
result from such use. Executive Order 
11990 also directs agencies to take 
action to minimize the destruction, loss, 
or degradation of wetlands in 
‘‘conducting Federal activities and 
programs affecting land use, including 
but not limited to water and related land 
resources planning, regulating, and 
licensing activities.’’ DOT Order 
5660.1A sets forth DOT policy for 

interpreting Executive Order 11990 and 
requires that transportation projects 
‘‘located in or having an impact on 
wetlands’’ should be conducted to 
assure protection of the Nation’s 
wetlands. If a project does have a 
significant impact on wetlands, an EIS 
must be prepared. 

The agency is not undertaking or 
providing assistance for new 
construction located in wetlands. In 
addition, the agency’s action will not 
affect land use in wetlands, nor is it a 
transportation project ‘‘located in or 
having an impact on wetlands.’’ 
Therefore, the agency concludes that 
these Orders do not apply to NHTSA’s 
decision. The agency has, however, 
conducted a review of the alternatives 
on potentially affected resources, 
including wetlands. See Section 5.5 of 
the FEIS. 

(d) Department of Transportation Act 
(Section 4(f)) 

Section 4(f) of the Department of 
Transportation Act of 1966 (49 U.S.C. 
303), as amended, is designed to 
preserve publicly owned parklands, 
waterfowl and wildlife refuges, and 
significant historic sites. Specifically, 
Section 4(f) provides that DOT agencies 
cannot approve a transportation 
program or project that requires the use 
of any publicly owned land from a 
significant public park, recreation area, 
or wildlife and waterfowl refuge, or any 
land from a significant historic site, and 
results in a greater than de minimis 
impact unless a determination is made 
that: 

D There is no feasible and prudent 
alternative that completely avoids the 
use of Section 4(f) property, and 

D The program or project includes all 
possible planning to minimize harm to 
the Section 4(f) property resulting from 
the transportation use. 

This rulemaking is not a 
transportation program or project that 
requires the use of any publicly owned 
land. As a result, NHTSA concludes that 
Section 4(f) is not applicable to 
NHTSA’s decision. 

C. Paperwork Reduction Act 
The information collection activities 

in these final rules will be submitted for 
approval to the Office of Management 
and Budget (OMB) under the PRA. The 
Information Collection Request (ICR) 
document that EPA prepared has been 
assigned EPA ICR number 2394.05 and 
OMB Control Number 2060–0678. You 
can find a copy of the ICR in the docket 
for these final rules, and it is briefly 
summarized here. The burden estimates 
in this section account for the collective 
information collection burden imposed 
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by both agencies. The information 
collection requirements are not 
enforceable until OMB approves them. 

The agencies will collect information 
to ensure compliance with the 
provisions in these rules. This includes 
a variety of testing, reporting and 
recordkeeping requirements for vehicle 
and engine manufacturers. Section 
208(a) of the CAA requires that 
manufacturers provide information the 
Administrator may reasonably require to 
determine compliance with the 
regulations; submission of the 
information is therefore mandatory. We 
will consider confidential all 
information meeting the requirements of 
section 208(c) of the CAA. 

Respondents/affected entities: 
Respondents are manufacturers of 
engines and vehicles within the North 
American Industry Classification 
System (NAICS) and use the coding 
structure as defined by NAICS. 336111, 
336112, 333618, 336120, 541514, 
811112, 811198, 336111, 336112, 
422720, 454312, 541514, 541690, 
811198, 333618, 336510, for Motor 
Vehicle Manufacturers, Engine and 
Truck Manufacturers, Truck Trailer 
Manufacturers, Commercial Importers of 
Vehicles and Vehicle Components, and 
Alternative Fuel Vehicle Converters and 
Manufacturers. 

Respondent’s obligation to respond: 
The information that is subject to this 
collection is collected whenever a 
manufacturer applies for a certificate of 
conformity. Under section 206 of the 
CAA (42 U.S.C. 7521), a manufacturer 
must have a certificate of conformity 
before a vehicle or engine can be 
introduced into commerce. 

Estimated number of respondents: It 
is estimated that this collection affects 
approximately 141 engine and vehicle 
manufacturers. 

Frequency of response: Annually. 
Total estimated burden: The burden 

to the manufacturers affected by these 
rules has a range based on the number 
of engines and vehicles a manufacturer 
produces. The estimated average annual 
respondent burden associated with the 
first three implementation years of the 
Phase 2 program is 61,800 hours (see 
Table XIV–1). This estimated burden for 
engine and vehicle manufacturers is an 
average estimate for both new and 
existing reporting requirements for 
calendar years 2017, 2018 and 2019, in 
which trailer manufacturers will 
prepare for and begin certifying for 
Phase 2 while Phase 1 will continue for 
the other affected manufacturers. 
Burden is defined at 5 CFR 1320.3(b). 
Burden means the total time, effort, or 
financial resources expended by persons 
to generate, maintain, retain, or disclose 

or provide information to or for a 
Federal agency. This includes the time 
needed to review instructions; develop, 
acquire, install, and utilize technology 
and systems for the purposes of 
collecting, validating, and verifying 
information, processing and 
maintaining information, and disclosing 
and providing information; adjust the 
existing ways to comply with any 
previously applicable instructions and 
requirements; train personnel to be able 
to respond to a collection of 
information; search data sources; 
complete and review the collection of 
information; and transmit or otherwise 
disclose the information. 

TABLE XIV–1—BURDEN FOR REPORT-
ING AND RECORDKEEPING REQUIRE-
MENTS 

Number of Affected Engine 
and Vehicle Manufacturers.

141. 

Annual Labor Hours for Each 
Manufacturer to Prepare 
and Submit Required In-
formation.

Varies. 

Total Annual Information 
Collection Burden.

61,800 Hours. 

Total estimated cost: The estimated 
average annual cost associated with the 
first three implementation years of the 
Phase 2 program is approximately $8 
million. This includes approximately $3 
million in capital and operation & 
maintenance costs. This estimated cost 
for engine and vehicle manufacturers is 
an average estimate for both new and 
existing testing, recordkeeping, and 
reporting requirements for calendar 
years 2017, 2018 and 2019, in which 
trailer manufacturers will prepare for 
and begin certifying for Phase 2 while 
Phase 1 will continue for the other 
affected manufacturers. 

An agency may not conduct or 
sponsor, and a person is not required to 
respond to, a collection of information 
unless it displays a currently valid OMB 
control number. The OMB control 
numbers for EPA’s regulations in title 40 
are listed in 40 CFR part 9. When OMB 
approves this ICR, the Agency will 
announce that approval in the Federal 
Register and publish a technical 
amendment to 40 CFR part 9 to display 
the OMB control number for the 
approved information collection 
activities contained in this final rule. 

D. Regulatory Flexibility Act 

I certify that this action will not have 
a significant economic impact on a 
substantial number of small entities 
under the RFA. The small entities 
subject to the requirements of this 

action are small businesses. EPA has 
determined that less than 20 percent, 
and fewer than 100 regulated entities in 
each sector may experience an impact of 
greater than one percent of their annual 
revenue. Details of this analysis are 
presented in Chapter 12 of the 
Regulatory Impact Analysis located in 
the rulemaking docket (EPA–HQ–OAR– 
2014–0827), and are summarized below. 

Pursuant to section 603 of the RFA, 
the agencies prepared an initial 
regulatory flexibility analysis (IRFA) for 
the proposed rule. Pursuant to section 
609(b) of the RFA, the EPA convened a 
Small Business Advocacy Review 
(SBAR) Panel to obtain advice and 
recommendations from representatives 
of small entities that would potentially 
be regulated by the rule. A summary of 
the IRFA and the SBAR Panel’s 
recommendations is presented in the 
proposed rule (at 80 FR 40542, July 13, 
2015). The Final Panel Report is also 
available in the rulemaking docket. 

The agencies identified four 
industries that would be potentially 
affected by this rulemaking: Alternative 
fuel engine converters, heavy-duty 
engine manufacturers, vocational 
vehicle chassis manufacturers, and 
trailer manufacturers. The agencies 
proposed and sought comment on the 
recommendations from the Panel. The 
flexibilities proposed for the engine 
manufacturers, engine converters, 
vocational vehicle manufacturers, and 
glider manufacturers are adopted in the 
final rule and fewer than 20 percent of 
the small entities in those sectors are 
estimated to incur a burden greater than 
one percent of their annual revenue. In 
addition to the flexibilities proposed for 
the trailer program, the agencies 
reduced the number of small entities 
regulated by the final rules by limiting 
the non-box trailer program to three 
distinct trailer types. As a result, 73 
small business trailer manufacturers 
have zero burden from this rulemaking. 
Of the remaining small business trailer 
manufacturers, only 12 percent are 
estimated to have an economic impact 
greater than one percent of their annual 
revenue. As a result of these findings, 
EPA believes it can certify that these 
rules will not have a significant 
economic impact on a substantial 
number of small entities under the RFA. 
See Chapter 12.7 and 12.8 of the 
Regulatory Impact Analysis (RIA) of 
these rules for a more detailed 
description of the flexibilities adopted 
for and economic effects on the small 
businesses in these sectors. 

(1) Legal Basis for Agency Action 
Heavy-duty vehicles are classified as 

those with gross vehicle weight ratings 
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1011 The Small Business Administration amended 
its classification criteria for trailer manufacturers 
between the NPRM and this final rule. The 
threshold for qualifying as a small business trailer 
manufacturer is now 1,000 employees. Previously 
the small business threshold for trailer 
manufacturers was 500 employees. 

1012 Although this discussion is written based on 
the assumption that no small businesses produce 
glider kits for others to assemble, the conclusions 
would also be valid with respect to small entities 
that produce glider kits for sale, should they exist. 

(GVWR) of greater than 8,500 lb. section 
202(a) of the Clean Air Act (CAA) 
allows EPA to regulate new vehicles and 
new engines by prescribing emission 
standards for pollutants which the 
Administrator finds ‘‘may reasonably be 
anticipated to endanger public health or 
welfare.’’ In 2009, EPA found that six 
greenhouse gases (GHGs) were 
anticipated to endanger public health or 
welfare, and new motor vehicles and 
new motor vehicle engines contribute to 

that pollution. This finding was upheld 
by the unanimous court in Coalition for 
Responsible Regulation v. EPA, 684 F. 
3d 102 (D.C. Cir. 2012). Acting under 
the authority of the CAA, EPA set the 
first phase of heavy-duty vehicle GHG 
standards (Phase 1) and specified 
certification requirements for emissions 
of four GHGs emitted by mobile sources: 
carbon dioxide (CO2), nitrous oxide 
(N2O), methane (CH4), and 
hydrofluorocarbons (HFC). 

(2) Summary of Potentially Affected 
Small Entities 

Table XIV–2 provides an overview of 
the primary SBA small business 
categories potentially affected by this 
regulation. EPA is not aware of any 
small businesses that manufacture 
complete heavy-duty pickup trucks and 
vans or Class 7 and 8 tractors. 

TABLE XIV–2—PRIMARY SMALL BUSINESS CATEGORIES POTENTIALLY AFFECTED BY THIS REGULATION 

Industry expected in rulemaking Industry 
NAICS a code NAICS description Defined as small entity by SBA if 

less than or equal to: 

Alternative Fuel Engine Converters ........................... 333999 
811198 

Misc. General Purpose Machinery 
All Other Automotive Repair & 

Maintenance.

500 employees. 
$7.5 million (annual receipts). 

Voc. Vehicle Chassis, Class 7 & 8 Tractor Manufac-
turers.

336120 Heavy-Duty Truck Manufacturing .. 1,500 employees. 

HD Trailer Manufacturers ........................................... 336212 Truck Trailer Manufacturing ........... 1,000 employees. 
HD Engine Manufacturers .......................................... 336310 Motor Vehicle Gasoline Engine & 

Engine Parts.
1,000 employees. 

Note: 
a North American Industrial Classification System. 

EPA used the criteria for small 
entities developed by the Small 
Business Administration under the 
North American Industry Classification 
System (NAICS) as a guide. Information 
about these entities comes from sources 
including EPA’s certification data, trade 
association databases, and previous 
rulemakings that have affected these 
industries. EPA then found employment 
information for these companies using 
the business information database 
Hoover’s Online (a subsidiary of Dan 
and Bradstreet). These entities fall 
under the categories listed in the table. 

The agencies believe there are about 
178 trailer manufacturers and 147 of 
these manufacturers qualify as small 
entities with 1,000 employees or 
less.1011 EPA and NHTSA identified ten 
heavy-duty engine manufacturers that 
are currently certifying natural gas 
engines. Six of these companies are 
small businesses. Seventeen companies 
meet EPA requirements under 40 CFR 
part 85 as alternative fuel engine 
converters. We believe all 17 of the 
engine converters qualify as small 
businesses. Currently, 20 manufacturers 
that make chassis for vocational 
vehicles certify with EPA under the 
Phase 1 program and the agencies have 
identified an additional 19 small 

vocational chassis manufacturers that 
are not currently certifying under Phase 
1. 

Glider kits and glider vehicles are a 
subset of tractor and vocational vehicles 
under the final Phase 2 rulemaking 
(including for regulation of criteria 
pollution emissions). Glider vehicle 
manufacturers traditionally purchase or 
manufacture new vehicle bodies 
(vocational vehicles or Class 7 and 8 
tractors) for use with older powertrains 
and/or complete assembly of these 
vehicles by installing the powertrain. 
The agencies were aware of four glider 
vehicle manufacturers (for whom glider 
vehicle production was a primary 
business) at the time of the SBAR Panel 
and we identified three of these 
manufacturers as small entities. We are 
not aware of any small businesses that 
produce glider kits for others to 
assemble.1012 Public comments to the 
proposed rule indicated that nearly 
1,200 purchasers of glider kits, and we 
presume they would all meet the Act’s 
definition of ‘‘manufacturer’’, which 
includes anyone who assembles motor 
vehicles. See Section I.E.(1)(c). We 
believe a majority of these 
manufacturers qualify as small 
businesses. However, it is likely that 
few of these entities that purchase glider 
kits do so as their primary business. It 
is likely that many (if not most) of these 

entities assemble gliders for their own 
use from glider kits produced by large 
heavy-duty vehicle manufacturers. 
NHTSA is not finalizing fuel efficiency 
regulations applicable to gliders or 
glider kits at this time. 

(3) Potential Reporting, Recordkeeping 
and Compliance Burdens 

For any emission control program, 
EPA must have assurances that the 
regulated products will meet the 
standards. The program that EPA is 
adopting for manufacturers subject to 
this rule will include testing, reporting, 
and recordkeeping requirements. 
Testing requirements for these 
manufacturers include use of EPA’s 
Greenhouse gas Emissions Model (GEM) 
vehicle simulation tool to obtain the 
overall CO2 emissions rate for 
certification of vocational chassis and 
trailers, aerodynamic testing to obtain 
aerodynamic inputs to GEM for some 
tractor and trailer manufacturers and 
engine dynamometer testing for 
alternative fuel engine converters to 
ensure their conversions meet the CO2, 
CH4 and N2O engine standards. 
Reporting requirements will likely 
include emissions test data or model 
inputs and results, technical data 
related to the vehicles, and end-of-year 
sales information. Manufacturers will 
have to keep records of this information. 

(4) Related Federal Rules 

The primary federal rule that is 
related to the Phase 2 rules under 
consideration is the 2011 Greenhouse 
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Gas Emissions and Fuel Efficiency 
Standards for Medium- and Heavy-Duty 
Engines and Vehicles (76 FR 57106, 
September 15, 2011). The Phase 1 
program will continue to be in effect in 
the absence of these final rules. Small 
businesses are exempt under the Phase 
1 program. California adopted its own 
greenhouse gas initiative, which places 
aerodynamic requirements on trailers 
used in long-haul applications. 

(5) Summary of SBREFA Panel Process 
and Panel Outreach 

(a) Significant Panel Findings 

The Small Business Advocacy Review 
Panel (SBAR Panel, or the Panel) 
considered regulatory options and 
flexibilities to help mitigate potential 
adverse effects on small businesses as a 
result of these rules. During the SBREFA 
Panel process, the Panel sought out and 
received comments on the regulatory 
options and flexibilities that were 
presented to SERs and Panel members. 
The recommendations of the Panel are 
described below and are also located in 
the SBREFA Final Panel Report, which 
is available in the public docket. 

(b) Panel Process 

As required by section 609(b) of the 
RFA, as amended by SBREFA, we also 
conducted outreach to small entities 
and convened an SBAR Panel to obtain 
advice and recommendations of 
representatives of the small entities that 
potentially will be subject to the rule’s 
requirements. On October 22, 2014, 
EPA’s Small Business Advocacy 
Chairperson convened a Panel under 
section 609(b) of the RFA. In addition to 
the Chair, the Panel consisted of the 
Division Director of the Assessment and 
Standards Division of EPA’s Office of 
Transportation and Air Quality, the 
Chief Counsel for Advocacy of the Small 
Business Administration, and the 
Administrator of the Office of 
Information and Regulatory Affairs 
within the Office of Management and 
Budget. 

As part of the SBAR Panel process, we 
conducted outreach with 
representatives of small businesses that 
will potentially be affected by the final 
rulemaking. We met with these Small 
Entity Representatives (SERs) to discuss 
the potential rulemaking approaches 
and potential options to decrease the 
impact of the rulemaking on their 
industries. We distributed outreach 
materials to the SERs; these materials 
included background on the 
rulemaking, possible regulatory 
approaches, and possible rulemaking 
alternatives. The Panel met with SERs 
from the industries that will be directly 

affected by the Phase 2 rules on 
November 5, 2014 (trailer 
manufacturers) and November 6, 2014 
(engine converters and vocational 
vehicle chassis manufacturers) to 
discuss the outreach materials and 
receive feedback on the approaches and 
alternatives detailed in the outreach 
packet. The Panel also met with SERs 
on July 19, 2014 for an initial, 
introductory outreach meeting, and held 
a supplementary outreach meeting with 
the trailer manufacturer SERs on 
October 28, 2014. The Panel received 
written comments from the SERs 
following each meeting in response to 
discussions had at the meeting and the 
questions posed to the SERs by the 
agency. The SERs were specifically 
asked to provide comment on regulatory 
alternatives that could help to minimize 
the rule’s impact on small businesses. 

The Panel’s findings and discussions 
were based on the information that was 
available during the Panel process and 
issues that were raised by the SERs 
during the outreach meetings and in 
their comments. It was agreed that EPA 
should consider the issues raised by the 
SERs and discussions had by the Panel 
itself, and that EPA should consider 
comments on flexibility alternatives that 
would help to mitigate negative impacts 
on small businesses to the extent legally 
allowable by the Clean Air Act. 

Alternatives discussed throughout the 
Panel process included those offered in 
previous or current EPA rulemakings, as 
well as alternatives suggested by SERs 
and Panel members. A summary of 
these recommendations is detailed 
below, and a full discussion of the 
regulatory alternatives and hardship 
provisions discussed and recommended 
by the Panel can be found in the 
SBREFA Final Panel Report. A complete 
discussion of the provisions for which 
we are requesting comment and/or 
proposing in this action can be found in 
Sections IV.E and V.D of this Preamble 
with a summary in Chapter 12 of the 
RIA. Also, the Panel Report includes all 
comments received from SERs 
(Appendix B of the Report) and 
summaries of the two outreach meetings 
that were held with the SERs. In 
accordance with the RFA/SBREFA 
requirements, the Panel evaluated the 
aforementioned materials and SER 
comments on issues related to the IRFA. 
The Panel’s recommendations from the 
Final Panel Report are discussed below. 

(c) Panel Recommendations 

(i) Small Business Trailer Manufacturers 

Comments from trailer manufacturer 
SERs indicated that these companies are 
familiar with most of the technologies 

presented during our outreach, but have 
no experience with EPA certification 
and do not anticipate they could 
manage the accounting and reporting 
requirements without additional staff 
and extensive training. Performance 
testing, which is a common requirement 
for many of EPA’s regulatory programs, 
is largely unfamiliar to these small 
business manufacturers and the SERs 
believed the cost of testing would be a 
significant burden on their companies. 
In light of this feedback, the Panel 
recommended a combination of 
streamlined compliance and targeted 
exemptions for these small businesses 
based on the specific trailer types that 
they manufacture. The Panel believed 
these strategies would achieve many of 
the benefits for the environment by 
driving adoption of CO2-reducing 
technologies, while significantly 
reducing the burden that these new 
regulations would introduce on small 
businesses. 

(ii) Box Trailer Manufacturers 
Box trailer manufacturers have the 

benefit of relying on the aerodynamic 
technology development initiated 
through EPA’s voluntary SmartWay 
program. The Panel was aware that EPA 
planned to propose a simplified 
compliance program for all 
manufacturers, in which aerodynamic 
device manufacturers have the 
opportunity to test and certify their 
devices with EPA as technologies that 
can be used by trailer manufacturers in 
their trailer certification. This pre- 
approved technology strategy was 
intended to provide all trailer 
manufacturers a means of complying 
with the standards without the burden 
of testing. In the event that this strategy 
is limited to the early years of the trailer 
program for all manufacturers, the Panel 
recommended that small manufacturers 
continue to be given the option to use 
pre-approved devices in lieu of testing. 

In the event that small trailer 
manufacturers adopt pre-approved 
aerodynamic technologies and the 
appropriate tire technologies for 
compliance, the Panel recommended an 
alternative compliance pathway in 
which small business trailer 
manufacturers could simply report to 
EPA that all of their trailers include 
approved technologies in lieu of 
collecting all of the required inputs for 
the GEM vehicle simulation. 

(iii) Non-Box Trailer Manufacturers 
The Panel recommended no 

aerodynamic requirements for non-box 
trailers. The non-box trailer SERs 
indicated that they had no experience 
installing aerodynamic devices and had 
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only seen them in prototype-level 
demonstrations. In terms of the 
aerodynamic devices currently in use, 
most non-box trailer SERs identified 
unique operations in which their trailers 
are used that preclude the use of those 
technologies. 

Some non-box trailer manufacturers 
had experience with LRR tires and ATI 
systems. However, the non-box trailer 
manufacturer SERs indicated that LRR 
tires are not currently available for some 
of their trailer types. The SERs noted 
that tire manufacturers are currently 
focused on box trailer applications and 
there are only a few LRR tire models 
that meet the needs of their customers. 
The Panel recommended EPA ensure 
appropriate availability of these tires in 
order for it to be deemed a feasible 
means of achieving these standards and 
recommended a streamlined compliance 
process based on the availability of 
technologies. The Panel suggested the 
best compliance option from a small 
business perspective would be for EPA 
to pre-approve tires, similar to the 
approach being proposed for 
aerodynamic technologies, and to 
maintain a list that could be used to 
exempt small businesses when no 
suitable tires are available. However, the 
Panel recognized the difficulties of 
maintaining an up-to-date list of 
certified technologies. The Panel 
recommended that, if EPA did not adopt 
the list-based approach, the agency 
consider a simplified letter-based 
compliance option that allows 
manufacturers to petition EPA for an 
exemption if they are unable to identify 
tires that meet the LRR performance 
requirements on a trailer family basis. 

(iv) Non-Highway Trailer Manufacturers 
The Panel recommended excluding 

all trailers that spend a significant 
amount of time in off-road applications. 
These trailers may not spend much time 
at highway speeds and aerodynamic 
devices may interfere with the vehicle’s 
intended purpose. Additionally, tires 
with lower rolling resistance may not 
provide the type of traction needed in 
off-road applications. 

(v) Compliance Provisions for all Small 
Trailer Manufacturers 

Due to the potential for reducing a 
small business’s competitiveness 
compared to the larger manufacturers, 
as well as the ABT recordkeeping 
burden, the Panel recommended that 
EPA consider small business 
flexibilities to allow small entities to opt 
out of ABT without placing themselves 
at a competitive disadvantage to larger 
firms that adopt ABT, such as a low 
volume exemption or requiring only 

LRR where appropriate. EPA was asked 
to consider flexibilities for small 
businesses that would ease and 
incentivize their participation in ABT, 
such as streamlined the tracking 
requirements for small businesses. In 
addition, the Panel recommended that 
EPA request comment on the feasibility 
and consequences of ABT for the trailer 
program and additional flexibilities that 
will promote small business 
participation. 

(vi) Lead Time Provisions for all Small 
Trailer Manufacturers 

For all trailer types that will be 
included in the rule, the Panel 
recommended a 1-year delay in 
implementation for small trailer 
manufacturers at the start of the 
program to allow them additional lead 
time to make the proper staffing 
adjustments and process changes and 
possibly add new infrastructure to meet 
these requirements. In the event that 
EPA is unable to provide pre-approved 
technologies for manufacturers to 
choose for compliance, the Panel 
recommended that EPA provide small 
business trailer manufacturers an 
additional 1-year delay for each 
subsequent increase in stringency. This 
additional lead time will allow these 
small businesses to research and market 
the technologies required by the new 
standards. 

(vii) Small Business Alternative Fuel 
Engine Converters 

To reduce the compliance burden of 
small business engine converters who 
convert engines in previously-certified 
complete vehicles, the Panel 
recommended allowing engine 
compliance to be sufficient for 
certification—meaning that the 
converted vehicle would not need to be 
recertified as a vehicle. This 
recommended flexibility would 
eliminate the need for these small 
manufacturers to gather all of the 
additional component-level information 
in addition to the engine CO2 
performance necessary to properly 
certify a vehicle with GEM (e.g., 
transmission data, aerodynamic 
performance, tire rolling resistance, 
etc.). In addition, the Panel 
recommended that small engine 
converters be able to submit an 
engineering analysis, in lieu of 
measurement, to show that their 
converted engines do not increase N2O 
emissions. Many of the small engine 
converters are converting SI-engines, 
and the catalysts in these engines are 
not expected to substantially impact 
N2O production. Small engine 
converters that convert CI-engines could 

likely certify by ensuring that their 
controls require changes to the SCR 
dosing strategies. 

The Panel did not recommend 
separate standards for small business 
natural gas engine manufacturers. The 
Panel stated that it believes this would 
discourage entrance for small 
manufacturers into this emerging market 
by adding unnecessary costs to a 
technology that has the potential to 
reduce CO2 tailpipe emissions. In 
addition, the Panel noted that additional 
leakage requirements beyond a sealed 
crankcase for small business natural gas- 
fueled CI engines and requirements to 
follow industry standards for leakage 
could be waived for small businesses 
with minimal impact on overall GHG 
emissions. 

Finally, the Panel recommended that 
small engine converters receive a one- 
year delay in implementation for each 
increase in stringency throughout the 
program. This flexibility will provide 
small converters additional lead time to 
obtain the necessary equipment and 
perform calibration testing if needed. 

(viii) Emergency Vehicle Chassis 
Manufacturers 

Fire trucks, and many other 
emergency vehicles, are built for high 
level of performance and reliability in 
severe-duty applications. Some of the 
CO2-reducing technologies listed in the 
materials could compromise the fire 
truck’s ability to perform its duties and 
many of the other technologies simply 
provide no benefit in real-world 
emergency applications. The Panel 
recommended proposing less stringent 
standards for emergency vehicle chassis 
manufactured by small businesses. The 
Panel suggested that feasible standards 
could include adoption of LRR tires at 
the baseline Phase 2 level and 
installation of a Phase 2-compliant 
engine. In addition, the Panel 
recommended a simplified certification 
approach for small manufacturers who 
make chassis for emergency vehicles 
that reduces the number of inputs these 
manufacturers must obtain for GEM. 

(ix) Off-Road Vocational Vehicle Chassis 
Manufacturers 

At the time of the Panel process, 
EPA’s intent was to continue the 
exemptions in Phase 1 for off-road and 
low-speed vocational vehicles (see 
generally 76 FR 57175). These 
provisions currently apply for vehicles 
that are defined as ‘‘motor vehicles’’ per 
40 CFR 85.1703, but may conduct most 
of their operations off-road. Vehicles 
qualifying under these provisions must 
comply with the applicable engine 
standard, but need not comply with a 
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1013 The Panel was unaware of the enormous 
incrase in glider vehicle production in recent years, 
and its attendant adverse environmental impacts. 
See section XIII.B.(3) and (4) and RTC Section 14.2. 

vehicle-level GHG standard. The Panel 
concluded this exemption is sufficient 
to cover the small business chassis 
manufacturers who design chassis for 
off-road vocational vehicles. 

(x) Custom Chassis Manufacturers 

The Panel concluded that chassis 
designed for specialty operations often 
have limited ability to adopt CO2 and 
fuel consumption-reducing technologies 
due to their unique use patterns. In 
addition, the manufacturers of these 
chassis have very small annual sales 
volumes. The Panel recommended that 
EPA propose a low volume exemption 
for these custom chassis manufacturers. 
The Panel did not receive sufficient 
information to recommend a specific 
sales volume, but recommended that 
EPA request comment on how to design 
a small business exemption by means of 
a volume exemption, and an appropriate 
annual sales volume threshold. 

(xi) Glider Manufacturers 

The Panel was aware that EPA would 
like to reduce the production of glider 
vehicles that have higher emissions of 
criteria pollutants like NOX and PM 
than current engines, and which could 
have higher GHG emissions than Phase 
2 engines. However, the Panel estimated 
that the number of vehicles produced by 
the small businesses who manufacture 
glider kits is too small to have a 
substantial impact on the total heavy- 
duty GHG inventory and recommended 
that existing small businesses be 
allowed to continue assembling glider 
vehicles without having to comply with 
the GHG requirements.1013 The Panel 
recommended that EPA establish an 
allowance for existing small business 
glider manufacturers to produce some 
number of glider vehicles for legitimate 
purposes, such as for newer vehicles 
badly damaged in crashes. The Panel 
recommended that any other limitations 
on small business glider production be 
flexible enough to allow sales levels as 
high as the peak levels in the 2010–2012 
timeframe. 

E. Unfunded Mandates Reform Act 

This action contains a federal 
mandate under UMRA, 2 U.S.C. 1531– 
1538, that may result in expenditures of 
$100 million or more for state, local and 
tribal governments, in the aggregate, or 
the private sector in any one year. 
Accordingly, the agencies have prepared 
a statement required under section 202 
of UMRA. The statement is included in 

the docket for this action and briefly 
summarized here. 

The agencies have prepared a 
statement of the cost-benefit analysis as 
required by section 202 of the UMRA; 
this discussion can be found in this 
Preamble, and in the RIA. The agencies 
believe that this action represents the 
least costly, most cost-effective 
approach to achieve the statutory 
requirements of the rules. Section IX 
explains why the agencies believe that 
the fuel savings that will result from this 
action will lead to lower prices 
economy wide, improving U.S. 
international competitiveness. The costs 
and benefits associated with this action 
are discussed in more detail above in 
Section IX and in the Regulatory Impact 
Analysis, as required by the UMRA. 

This action is not subject to the 
requirements of section 203 of UMRA 
because it contains no regulatory 
requirements that might significantly or 
uniquely affect small governments. 

F. Executive Order 13132: Federalism 
This action does not have federalism 

implications. It will not have substantial 
direct effects on the states, on the 
relationship between the national 
government and the states, or on the 
distribution of power and 
responsibilities among the various 
levels of government. 

In the spirit of Executive Order 13132, 
and consistent with EPA policy to 
promote communications between EPA 
and State and local governments, EPA 
specifically solicited comment from 
State and local officials on the proposed 
rules. 

NHTSA notes that EPCA contains a 
provision (49 U.S.C. 32919(a)) that 
expressly preempts any State or local 
government from adopting or enforcing 
a law or regulation related to fuel 
economy standards or average fuel 
economy standards for automobiles 
covered by an average fuel economy 
standard under 49 U.S.C. Chapter 329. 
However, commercial medium- and 
heavy-duty on-highway vehicles and 
work trucks are not ‘‘automobiles,’’ as 
defined in 49 U.S.C. 32901(a)(3). In 
Phase 1 NHTSA concluded that EPCA’s 
express preemption provision will not 
reach the fuel efficiency standards to be 
established in this rulemaking. NHTSA 
is reiterating that conclusion here for 
the Phase 2 standards. 

NHTSA also considered the issue of 
implied or conflict preemption. The 
possibility of such preemption is 
dependent upon there being an actual 
conflict between a standard established 
by NHTSA in this rulemaking and a 
State or local law or regulation. See 
Spriestma v. Mercury Marine, 537 U.S. 

51, 64–65 (2002). At present, NHTSA 
has no knowledge of any State or local 
law or regulation that will actually 
conflict with one of the fuel efficiency 
standards to be established in this 
rulemaking. 

G. Executive Order 13175: Consultation 
and Coordination With Indian Tribal 
Governments 

This action does not have tribal 
implications as specified in Executive 
Order 13175. These rules will be 
implemented at the Federal level and 
impose compliance costs only on 
vehicle and engine manufacturers. 
Tribal governments will be affected only 
to the extent they purchase and use 
regulated vehicles. Thus, Executive 
Order 13175 does not apply to this 
action. 

Although Executive Order 13175 does 
not apply to this action, EPA and 
NHTSA specifically solicited additional 
comment from tribal officials in 
developing this action. 

H. Executive Order 13045: Protection of 
Children From Environmental Health 
Risks and Safety Risks 

This action is subject to Executive 
Order 13045 because it is an 
economically significant regulatory 
action as defined by Executive Order 
12866, and the agencies believe that the 
environmental health or safety risk 
addressed by this action may have a 
disproportionate effect on children. 
Accordingly, we have evaluated the 
environmental health or safety effects of 
these risks on children. The results of 
this evaluation are discussed below. 

A synthesis of the science and 
research regarding how climate change 
may affect children and other 
vulnerable subpopulations is contained 
in the Technical Support Document for 
Endangerment or Cause or Contribute 
Findings for Greenhouse Gases under 
section 202(a) of the Clean Air Act, 
which can be found in the public docket 
for this action. In making those findings, 
EPA Administrator placed weight on the 
fact that certain groups, including 
children, are particularly vulnerable to 
climate-related health effects. In those 
findings, EPA Administrator also 
determined that the health effects of 
climate change linked to observed and 
projected elevated concentrations of 
GHGs include the increased likelihood 
of more frequent and intense heat 
waves, increases in ozone 
concentrations over broad areas of the 
country, an increase of the severity of 
extreme weather events such as 
hurricanes and floods, and increasing 
severity of coastal storms due to rising 
sea levels. These effects can all increase 
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1014 U.S. Environmental Protection Agency. 
(2009). Metabolically-derived ventilation rates: a 
revised approach based upon oxygen consumption 
rates. Washington, DC: Office of Research and 
Development. EPA/600/R–06/129F. http://
cfpub.epa.gov/ncea/cfm/recordisplay.cfm?
deid=202543. 

1015 Foos, B.; Marty, M.; Schwartz, J.; Bennet, W.; 
Moya, J.; Jarabek, A.M.; Salmon, A.G. (2008) 
Focusing on children’s inhalation dosimetry and 
health effects for risk assessment: an introduction. 
J Toxicol Environ Health 71A: 149–165. 

1016 U.S. Environmental Protection Agency. 
(2005). Supplemental guidance for assessing 
susceptibility from early-life exposure to 
carcinogens. Washington, DC: Risk Assessment 
Forum. EPA/630/R–03/003F. http://www3.epa.gov/ 

raf/publications/pdfs/childrens_supplement_
final.pdf. 

mortality and morbidity, especially in 
vulnerable populations such as 
children, the elderly, and the poor. In 
addition, the occurrence of wildfires in 
North America have increased and are 
likely to intensify in a warmer future. 
PM emissions from these wildfires can 
contribute to acute and chronic illnesses 
of the respiratory system, including 
pneumonia, upper respiratory diseases, 
asthma, and chronic obstructive 
pulmonary disease, especially in 
children. 

The agencies have estimated 
reductions in projected global mean 
surface temperature and sea level rise as 
a result of reductions in GHG emissions 
associated with the standards finalized 
in this action (Section VII and NHTSA’s 
FEIS). Due to their vulnerability, 
children may receive disproportionate 
benefits from these reductions in 
temperature and the subsequent 
reduction of increased ozone and 
severity of weather events. 

Children are also more susceptible 
than adults to many air pollutants 
because of differences in physiology, 
higher per body weight breathing rates 
and consumption, rapid development of 
the brain and bodily systems, and 
behaviors that increase chances for 
exposure. Even before birth, the 
developing fetus may be exposed to air 
pollutants through the mother that affect 
development and permanently harm the 
individual. 

Infants and children breathe at much 
higher rates per body weight than 
adults, with infants under one year of 
age having a breathing rate up to five 
times that of adults.1014 In addition, 
children breathe through their mouths 
more than adults and their nasal 
passages are less effective at removing 
pollutants, which leads to a higher 
deposition fraction in their lungs.1015 

Certain motor vehicle emissions 
present greater risks to children as well. 
Early life stages (e.g., children) are 
thought to be more susceptible to tumor 
development than adults when exposed 
to carcinogenic chemicals that act 
through a mutagenic mode of action.1016 

Exposure at a young age to these 
carcinogens could lead to a higher risk 
of developing cancer later in life. 

The adverse effects of individual air 
pollutants may be more severe for 
children, particularly the youngest age 
groups, than adults. The Integrated 
Science Assessments and Criteria 
Documents for a number of pollutants 
affected by these rules, including those 
for NO2, SO2, PM, ozone and CO, 
describe children as a group with 
greater susceptibility. Section VIII.A.8 
discusses a number of childhood health 
outcomes associated with proximity to 
roadways, including evidence for 
exacerbation of asthma symptoms and 
suggestive evidence for new onset 
asthma. In general, these studies do not 
identify the specific contaminants 
associated with adverse effects, instead 
addressing the near-roadway 
environment as one containing 
numerous exposures potentially 
associated with adverse health effects. 

There is substantial evidence that 
people who live or attend school near 
major roadways are more likely to be of 
a minority race, Hispanic ethnicity, and/ 
or low SES. Within these highly 
exposed groups, children’s exposure 
and susceptibility to health effects is 
greater than adults due to school-related 
and seasonal activities, behavior, and 
physiological factors. 

Section VIII.C and NHTSA’s FEIS 
describe the expected emissions 
reductions for non-GHG co-pollutants 
resulting from these standards. These 
emissions reductions will lead to 
reductions in ambient concentrations of 
PM2.5, ozone and other non-GHG co- 
pollutants. Children are not expected to 
experience greater ambient 
concentrations of air pollutants than the 
general population. However, because of 
their greater susceptibility to air 
pollution and their increased time spent 
outdoors, it is likely that these standards 
will have particular benefits for 
children’s health. 

I. Executive Order 13211: Actions 
Concerning Regulations That 
Significantly Affect Energy Supply, 
Distribution, or Use 

This action is not a ‘‘significant 
energy action’’ because it is not likely to 
have a significant adverse effect on the 
supply, distribution or use of energy. In 
fact, these rules have a positive effect on 
energy supply and use. Because the 
combination of the fuel economy 
standards and the GHG emission 
standards will result in significant fuel 
savings, this action encourages more 

efficient use of fuels. Therefore, we have 
concluded that this action is not likely 
to have any adverse energy effects. Our 
energy effects analysis is described 
above in Section IX and NHTSA’s FEIS. 

J. National Technology Transfer and 
Advancement Act and 1 CFR Part 51 

This action involves technical 
standards. 

The agencies are using the following 
voluntary consensus standards from 
SAE International: 

• SAE J1025 (August 2012) is a 
voluntary consensus standard 
describing how to determine a tire’s 
characteristic value for revolutions per 
mile. This replaces the proposed 
approach in which we instructed 
manufacturers to determine and use tire 
diameter as an input for modeling 
vehicle emissions. 

• SAE J1252 (July 2012) is a voluntary 
consensus standards that describes 
aerodynamic measurement procedures 
for wind tunnels. Heavy-duty vehicle 
testing already relies on these reference 
standards under 40 CFR part 1066. 

• SAE J1263 (March 2010) and SAE 
J2263 (December 2008) are voluntary 
consensus standards that together 
establish a test protocol to determine 
road-load coefficients for properly 
testing vehicles on a chassis 
dynamometer to simulate in-use 
operating conditions. Heavy-duty 
vehicle testing already relies on these 
reference standards under 40 CFR part 
1066. 

• SAE J1594 (July 2010) is a voluntary 
consensus standards that describes 
vehicle aerodynamics terminology. 
Heavy-duty vehicle testing already 
relies on these reference standards 
under 40 CFR part 1066. 

• SAE J1930 (October 2008) is a 
voluntary consensus standards that 
describes terms and abbreviations for 
engine and vehicle technologies. We are 
adopting an updated standard to reflect 
the current version. 

• SAE J2071 (Revised June 1994) is a 
voluntary consensus standards that 
describes specifications for wind 
tunnels. 

• SAE J2343 (July 2008). This 
voluntary consensus standard 
establishes a minimum hold time for 
LNG-fueled vehicles following a 
refueling event before the tank vents to 
relieve pressure. This is described 
further in Section XIII.A.3. 

• SAE J2452 (June 1999) is a 
voluntary consensus standards that 
describes a procedure for measuring tire 
rolling resistance as part of a coastdown 
procedure. 

• SAE J2966 (September 2013) is a 
voluntary consensus standards that 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00087 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG

http://www3.epa.gov/raf/publications/pdfs/childrens_supplement_final.pdf
http://www3.epa.gov/raf/publications/pdfs/childrens_supplement_final.pdf
http://www3.epa.gov/raf/publications/pdfs/childrens_supplement_final.pdf
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=202543
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=202543
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=202543


73968 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

1017 EPA 2009. Technical Support Document for 
Endangerment and Cause of Contribute Findings for 
Greenhouse Gases under section 202(a) of the Clean 
Air Act. Available at: http://www3.epa.gov/

climatechange/Downloads/endangerment/
Endangerment_TSD.pdf. 

describes a protocol for using 
computational fluid dynamics to 
determine aerodynamic drag. 

The regulations for the Phase 1 
standards included a reference to SAE 
J1526 as a test procedure for measuring 
in-use fuel consumption. An updated 
version of SAE J1526 was adopted in 
September 2015. As noted in the 
proposed rule, we are revising the 
regulations to reference the updated 
version of SAE J1526. All SAE 
documents are available from the 
publisher’s Web site at www.sae.org. 

We are adopting a standard to 
facilitate measurement with fourier 
transform infrared (FTIR) analyzers— 
ASTM D6348 (February 2012). We are 
also adopting an updated version of 
ASTM D4809–13, which specifies test 
methods for determining the heat of 
combustion of liquid hydrocarbon fuels 
for both Phase 1 and Phase 2 standards. 

We are referencing a new supplement 
to ANSI NGV1, which we already use 
for defining system requirements for 
compressed natural gas vehicles. The 
supplement from the same publisher is 
known as CSA IR–1–15, ‘‘Compressed 
Natural Gas Vehicle (NGV) High Flow 
Fueling Connection Devices.’’ This 
documents is available from the ANSI 
Web site at www.ansi.org. The 
supplement will eventually be 
incorporated into ANSI NGV1, at which 
point we would no longer need to 
reference to CSA IR–1–15. 

This action also involves technical 
standards for which there is no available 
voluntary consensus standard. First, the 
agencies are adopting greenhouse gas 
emission standards for heavy-duty 
vehicles that depend on computer 
modeling to predict an emission rate 
based on various engine and vehicle 
characteristics. Such a model is not 
available from other sources, so EPA has 
developed the Greenhouse Gas Emission 
Model as a simulation tool for 
demonstrating compliance with 
emission standards. See Section II for a 
detailed description of the model. A 
working version of this software is 
available for download at http://
www3.epa.gov/otaq/climate/gem.htm. 

Second, 40 CFR part 1037 includes 
several test procedures involving 
calculation with numerous physical 
quantities. We are incorporating by 
reference NIST Special Publication 811 
to allow for standardization and 
consistency of units and nomenclature. 
This standard, which already applies for 
40 CFR parts 1065 and 1066, is 
published by the National Institute of 
Standards and Technology (Department 
of Commerce) and is available at no 
charge at www.nist.gov. 

Third, the amendments for marine 
diesel engines involve technical 
standards related to the requirements 
that apply internationally. There are no 
voluntary consensus documents that 
address these technical standards. In 
earlier rulemakings, EPA has adopted an 
incorporation by reference for MARPOL 
Annex VI and the NOX Technical code 
in 40 CFR parts 1042 and 1043. The 
International Maritime Organization 
adopted changes to these documents in 
2013 and 2014, which need to be 
reflected in 40 CFR parts 1042 and 1043. 
EPA recently adopted the updated 
reference documents in 40 CFR part 
1043. As noted in Section XIV.H.4, this 
rule includes the remaining step of 
incorporating the updated IMO 
documents by reference in 40 CFR part 
1042. All these documents are available 
at www.imo.org. 

K. Executive Order 12898: Federal 
Actions To Address Environmental 
Justice in Minority Populations and 
Low-Income Populations 

The agencies believe the human 
health or environmental risk addressed 
by this action will not have potential 
disproportionately high and adverse 
human health or environmental effects 
on minority, low-income or indigenous 
populations. The results of this 
evaluation are discussed below. 

With respect to GHG emissions, the 
agencies have determined that these 
final rules will not have 
disproportionately high and adverse 
human health or environmental effects 
on minority, low-income or indigenous 
populations because they increase the 
level of environmental protection for all 
affected populations without having any 
disproportionately high and adverse 
human health or environmental effects 
on any population, including any 
minority, low-income or indigenous 
population. The reductions in CO2 and 
other GHGs associated with the 
standards will affect climate change 
projections, and the agencies have 
estimated reductions in projected global 
mean surface temperatures (Section VII 
and NHTSA’s FEIS). Within 
communities experiencing adverse 
impacts related to climate change, 
certain parts of the population may be 
especially vulnerable; these include the 
poor, the elderly, those already in poor 
health, the disabled, those living alone, 
and/or indigenous populations 
dependent on one or a few 
resources.1017 

For non-GHG co-pollutants such as 
ozone, PM2.5, and toxics, the agencies 
have concluded that it is not practicable 
to determine whether there will be 
disproportionately high and adverse 
human health or environmental effects 
on minority, low income and/or 
indigenous populations from these 
rules. As discussed in Section VIII and 
NHTSA’s FEIS, however, based on the 
magnitude of the non-GHG co-pollutant 
emissions changes predicted to result 
from these standards, EPA and NHTSA 
expect that there will be improvements 
in ambient air quality that will likely 
help in mitigating the disparity in racial, 
ethnic, and economically-based 
exposures. 

L. Endangered Species Act (ESA) 
Section 7(a)(2) of the ESA requires 

federal agencies, in consultation with 
the National Oceanic and Atmospheric 
Administration Fisheries Service and/or 
the U.S. Fish and Wildlife Service 
(FWS), to ensure that actions they 
authorize, fund, or carry out are not 
likely to jeopardize the continued 
existence of federally listed endangered 
or threatened species or result in the 
destruction or adverse modification of 
designated critical habitat of such 
species. 16 U.S.C. 1536(a)(2). Under 
relevant implementing regulations, 
section 7(a)(2) applies only to actions 
where there is discretionary federal 
involvement or control. 50 CFR 402.03. 
Further, consultation is required only 
for actions that ‘‘may affect’’ listed 
species or critical habitat. 50 CFR 
402.14. Consultation is not required 
where the action has no effect on such 
species or habitat. Under this standard, 
it is the federal agency taking the action 
that evaluates the action and determines 
whether consultation is required. See 51 
FR 19926, 19949 (June 3, 1986). Effects 
of an action include both the direct and 
indirect effects that will be added to the 
environmental baseline. 50 CFR 402.02. 
Indirect effects are those that are caused 
by the action, later in time, and that are 
reasonably certain to occur. Id. To 
trigger a consultation requirement, there 
must be a causal connection between 
the federal action, the effect in question, 
and the listed species, and the effect 
must be reasonably certain to occur. 

As discussed in this Preamble and the 
FEIS, the agencies note that the 
projected environmental effects of this 
rule are highly positive. However, the 
fact that the rule will have overall 
positive effects on the environment does 
not mean that the rule ‘‘may affect’’ any 
listed species or designated critical 
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1018 See, e.g., 73 FR 28212, 28300 (May 15, 2008); 
73 FR 76249 (Dec. 16, 2008); Memorandum from 
David Longly Bernhardt, Solicitor, U.S. Department 
of the Interior re: ‘‘Guidance on the Applicability 
of the Endangered Species Act’s Consultation 
Requirements to Proposed Actions Involving the 
Emission of Greenhouse Gases’’ (Oct. 3, 2008). 

habitat within the meaning of ESA 
section 7(a)(2) or the implementing 
regulations or require ESA consultation. 
We have carefully considered various 
types of potential environmental effects, 
including emissions of GHGs and non- 
GHGs, in reaching the conclusion that 
ESA consultation is not required for this 
rule. 

With respect to the projected GHG 
emission reductions, we are mindful of 
significant legal and technical analysis 
undertaken by FWS and the U.S. 
Department of the Interior in the context 
of listing the polar bear as a threatened 
species under the ESA. In that context, 
in 2008, FWS and DOI expressed the 
view that the best scientific data 
available were insufficient to draw a 
causal connection between GHG 
emissions and effects on the species in 
its habitat.1018 The DOI Solicitor 
concluded that where the effect at issue 
is climate change, actions involving 
GHG emissions cannot pass the ‘‘may 
affect’’ test of the section 7 regulations 
and thus are not subject to ESA 
consultation. Similarly, for this action, 
in the absence of a causal connection 
between the final rules and an effect to 
listed species or critical habitat that is 
reasonably certain to occur, no 
consultation is required. 

The agencies have also previously 
considered issues relating to GHG 
emissions in connection with the 
requirements of ESA section 7(a)(2). 
Although the GHG emission reductions 
projected for this rule are large, EPA 
evaluated comparable or larger 
reductions in assessing this same issue 
in the context of the light duty vehicle 
GHG emission standards for model 
years 2012–2016 and 2017–2025. There 
the agency projected emission 
reductions comparable to, or greater 
than those projected here over the 
lifetimes of the model years in question 
and, based on air quality modeling of 
potential environmental effects, 
concluded that ‘‘EPA knows of no 
modeling tool which can link these 
small, time-attenuated changes in global 
metrics to particular effects on listed 
species in particular areas. Extrapolating 
from global metric to local effect with 
such small numbers, and accounting for 
further links in a causative chain, 
remain beyond current modeling 
capabilities.’’ EPA, Light Duty Vehicle 
Greenhouse Gas Standards and 
Corporate Average Fuel Economy 

Standards, Response to Comment 
Document for Joint Rulemaking at 4–102 
(Docket EPA–OAR–HQ–2009–4782). 
EPA reached this conclusion after 
evaluating issues relating to potential 
improvements relevant to both 
temperature and oceanographic pH 
outputs. EPA’s ultimate finding was that 
‘‘any potential for a specific impact on 
listed species in their habitats 
associated with these very small 
changes in average global temperature 
and ocean pH is too remote to trigger the 
threshold for ESA section 7(a)(2).’’ Id. 
EPA and NHTSA believe that the same 
conclusion will apply to the present 
final rule, given that the projected CO2 
emission reductions are comparable to 
or less than those projected for either of 
the light duty vehicle rules. See Section 
VII.D.2 and Table VII–41 of this 
Preamble; See also, e.g., Ground Zero 
Center for Non-Violent Action v. U.S. 
Dept. of Navy, 383 F. 3d 1082, 1091–92 
(9th Cir. 2004) (where the likelihood of 
jeopardy to a species from a federal 
action is extremely remote, ESA does 
not require consultation). 

M. Congressional Review Act (CRA) 
This action is subject to the CRA, and 

the agencies will submit a rule report to 
each House of the Congress and to the 
Comptroller General of the United 
States. This action is a ‘‘major rule’’ as 
defined by 5 U.S.C. 804(2). 

XV. EPA and NHTSA Statutory 
Authorities 

As described below, the regulations 
being adopted are authorized separately 
for EPA and NHTSA under the agencies’ 
respective statutory authorities. See 
Section I for a discussion of these 
authorities. 

A. EPA 
Statutory authority for the vehicle 

controls is found in CAA section 202(a) 
(which authorizes standards for 
emissions of pollutants from new motor 
vehicles that emissions cause or 
contribute to air pollution which may 
reasonably be anticipated to endanger 
public health or welfare), and CAA 
sections 202(d), 203–209, 216, and 301 
(42 U.S.C. 7521(a), 7521(d), 7522–7543, 
7550, and 7601). 

EPA makes certain proposed rules 
available to the Science Advisory Board 
(SAB), including rules subject to 42 
U.S.C. 4365 and rules which are not, but 
which EPA believes should be made 
available to the SAB. EPA provided 
information to the SAB about this 
rulemaking and on June 11, 2014, the 
chartered SAB discussed the 
recommendations of its work group on 
the planned action and agreed that no 

further SAB consideration of the rule or 
its supporting science was merited. We 
note further that the substantial NAS 
report to NHTSA and to Congress 
evaluating medium- and heavy-duty 
truck fuel efficiency improvement 
opportunities (see Section I.A.2 (g) 
above) would serve as a surrogate for 
SAB consultation. See American 
Petroleum Inst. v. EPA, 665 F. 2d 1176, 
1189 (D.C. Cir. 1981). 

B. NHTSA 

Statutory authority for the fuel 
consumption standards is found in 
section 103 of the Energy Independence 
and Security Act of 2007, 49 U.S.C. 
32902(k). EISA authorizes a fuel 
efficiency improvement program, 
designed to achieve the maximum 
feasible improvement to be created for 
commercial medium- and heavy-duty 
on-highway vehicles and work trucks, to 
implement appropriate test methods, 
measurement metrics, fuel economy 
standards, and compliance and 
enforcement protocols that are 
appropriate, cost-effective and 
technologically feasible. To the extent 
motor vehicle safety is implicated, 
NHTSA’s authority to regulate it is also 
derived from the National Traffic and 
Motor Vehicle Safety Act, 49 U.S.C. 
30101 et seq. 

List of Subjects 

40 CFR Part 9 

Reporting and recordkeeping 
requirements. 

40 CFR Part 22 

Administrative practice and 
procedure, Air pollution control, 
Hazardous substances, Hazardous 
waste, Penalties, Pesticides and pests, 
Poison prevention, Water pollution 
control. 

40 CFR Part 85 

Confidential business information, 
Imports, Labeling, Motor vehicle 
pollution, Reporting and recordkeeping 
requirements, Research, Warranties. 

40 CFR Part 86 

Administrative practice and 
procedure, Confidential business 
information, Incorporation by reference, 
Labeling, Motor vehicle pollution, 
Reporting and recordkeeping 
requirements. 

40 CFR Part 600 

Administrative practice and 
procedure, Electric power, Fuel 
economy, Incorporation by reference, 
Labeling, Reporting and recordkeeping 
requirements. 
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40 CFR Part 1033 

Administrative practice and 
procedure, Air pollution control. 

40 CFR Parts 1036 and 1037 

Environmental protection, 
Administrative practice and procedure, 
Air pollution control, Confidential 
business information, Incorporation by 
reference, Labeling, Motor vehicle 
pollution, Reporting and recordkeeping 
requirements, Warranties. 

40 CFR Part 1039 

Environmental protection, 
Administrative practice and procedure, 
Air pollution control, Confidential 
business information, Imports, Labeling, 
Penalties, Reporting and recordkeeping 
requirements, Warranties. 

40 CFR Part 1042 

Environmental protection, 
Administrative practice and procedure, 
Air pollution control, Confidential 
business information, Imports, 
Incorporation by reference, Labeling, 
Penalties, Reporting and recordkeeping 
requirements, Vessels, Warranties. 

40 CFR Part 1043 

Environmental protection, 
Administrative practice and procedure, 
Air pollution control, Imports, 
Incorporation by reference, Vessels, 

Reporting and recordkeeping 
requirements. 

40 CFR Parts 1065 and 1066 

Administrative practice and 
procedure, Air pollution control, 
Incorporation by reference, Reporting 
and recordkeeping requirements, 
Research. 

40 CFR Part 1068 

Administrative practice and 
procedure, Confidential business 
information, Imports, Incorporation by 
reference, Motor vehicle pollution, 
Penalties, Reporting and recordkeeping 
requirements, Warranties. 

49 CFR Parts 523, 534, and 535 

Fuel economy, Reporting and 
recordkeeping requirements. 

49 CFR Part 538 

Administrative practice and 
procedure, Fuel economy, Motor 
vehicles, Reporting and recordkeeping 
requirements. 

For the reasons set out in the 
Preamble, title 40, chapter I of the Code 
of Federal Regulations is amended as set 
forth below. 

PART 9—OMB APPROVALS UNDER 
THE PAPERWORK REDUCTION ACT 

■ 1. The authority citation for part 9 
continues to read as follows: 

Authority: 7 U.S.C. 135 et seq., 136–136y; 
15 U.S.C. 2001, 2003, 2005, 2006, 2601–2671; 
21 U.S.C. 331j, 346a, 31 U.S.C. 9701; 33 
U.S.C. 1251 et seq., 1311, 1313d, 1314, 1318, 
1321, 1326, 1330, 1342, 1344, 1345(d) and 
(e), 1361; E.O. 11735, 38 FR 21243, 3 CFR, 
1971–1975 Comp. p. 973; 42 U.S.C. 241, 
242b, 243, 246, 300f, 300g, 300g–1, 300g–2, 
300g–3, 300g–4, 300g–5, 300g–6, 300j–1, 
300j–2, 300j–3, 300j–4, 300j–9, 1857 et seq., 
6901–6992k, 7401–7671q, 7542, 9601–9657, 
11023, 11048. 

■ 2. In § 9.1 the table is amended by: 
■ a. Adding in numerical order by CFR 
designation a new undesignated center 
heading ‘‘Control of Emissions from 
New and In-Use Heavy-Duty Highway 
Engines’’ and its entry in numerical 
order for ‘‘1036.825’’; 
■ b. Adding in numerical order by CFR 
designation a new undesignated center 
heading ‘‘Control of Emissions from 
New Heavy-Duty Motor Vehicles’’ and 
its entry in numerical order for 
‘‘1037.825’’; and 
■ c. Adding in numerical order by CFR 
designation a new undesignated center 
heading ‘‘Control of NOX SOX, and PM 
Emissions from Marine Engines and 
Vessels Subject to the MARPOL 
Protocol’’ and its entries in numerical 
order for ‘‘1043.40–1043.95’’. 

The additions read as follows: 

§ 9.1 OMB approvals under the Paperwork 
Reduction Act. 

* * * * * 

40 CFR citation OMB control No. 

* * * * * * * 

Control of Emissions From New and In-Use Heavy-Duty Highway Engines 

1036.825 ...................................................................................................................................................................................... 2060–0678 

Control of Emissions From New Heavy-Duty Motor Vehicles 

1037.825 ...................................................................................................................................................................................... 2060–0678 

* * * * * * * 

Control of NOX, SOX, and PM Emissions From Marine Engines and Vessels Subject to the Marpol Protocol 

1043.40–1043.95 ......................................................................................................................................................................... 2060–0641 

* * * * * * * 

* * * * * 

PART 22—CONSOLIDATED RULES OF 
PRACTICE GOVERNING THE 
ADMINISTRATIVE ASSESSMENT OF 
CIVIL PENALTIES AND THE 
REVOCATION/TERMINATION OR 
SUSPENSION OF PERMITS 

■ 3. The authority citation for part 22 
continues to read as follows: 

Authority: 7 U.S.C. 136(l); 15 U.S.C. 2615; 
33 U.S.C. 1319, 1342, 1361, 1415 and 1418; 
42 U.S.C. 300g–3(g), 6912, 6925, 6928, 6991e 
and 6992d; 42 U.S.C. 7413(d), 7524(c), 
7545(d), 7547, 7601 and 7607(a), 9609, and 
11045. 

Subpart A—General 

■ 4. Section 22.1 is amended by revising 
paragraph (a)(2) to read as follows: 

§ 22.1 Scope of this part. 

(a) * * * 
(2) The assessment of any 

administrative civil penalty under 
sections 113(d), 205(c), 211(d) and 
213(d) of the Clean Air Act, as amended 
(42 U.S.C. 7413(d), 7524(c), 7545(d) and 
7547(d)), and a determination of 
nonconforming engines, vehicles or 
equipment under sections 207(c) and 
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213(d) of the Clean Air Act, as amended 
(42 U.S.C. 7541(c) and 7547(d)); 
* * * * * 

Subpart C—Prehearing Procedures 

■ 5. Section 22.34 is revised to read as 
follows: 

§ 22.34 Supplemental rules governing the 
administrative assessment of civil penalties 
under the Clean Air Act. 

(a) Scope. This section shall apply, in 
conjunction with §§ 22.1 through 22.32, 
in administrative proceedings to assess 
a civil penalty conducted under sections 
113(d), 205(c), 211(d), and 213(d) of the 
Clean Air Act, as amended (42 U.S.C. 
7413(d), 7524(c), 7545(d), and 7547(d)), 
and a determination of nonconforming 
engines, vehicles or equipment under 
sections 207(c) and 213(d) of the Clean 
Air Act, as amended (42 U.S.C. 7541(c) 
and 7547(d)). Where inconsistencies 
exist between this section and §§ 22.1 
through 22.32, this section shall apply. 

(b) Issuance of notice. Prior to the 
issuance of a final order assessing a civil 
penalty or a final determination of 
nonconforming engines, vehicles or 
equipment, the person to whom the 
order or determination is to be issued 
shall be given written notice of the 
proposed issuance of the order or 
determination. Service of a complaint or 
a consent agreement and final order 
pursuant to § 22.13 satisfies these notice 
requirements. 

PART 85—CONTROL OF AIR 
POLLUTION FROM MOBILE SOURCES 

■ 6. The authority citation for part 85 
continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart F—Exemption of Clean 
Alternative Fuel Conversions from 
Tampering Prohibition 

■ 7. Section 85.525 is revised to read as 
follows: 

§ 85.525 Applicable standards. 

To qualify for an exemption from the 
tampering prohibition, vehicles/engines 
that have been converted to operate on 
a different fuel must meet emission 
standards and related requirements as 
described in this section. The modified 
vehicle/engine must meet the 
requirements that applied for the OEM 
vehicle/engine, or the most stringent 
OEM vehicle/engine standards in any 
allowable grouping. Fleet average 
standards do not apply unless clean 
alternative fuel conversions are 
specifically listed as subject to the 
standards. 

(a) If the vehicle/engine was certified 
with a Family Emission Limit for NOX, 
NOX+HC, NOX+NMOG, or particulate 
matter, as noted on the vehicle/engine 
emission control information label, the 
modified vehicle/engine may not exceed 
this Family Emission Limit. 

(b) Compliance with greenhouse gas 
emission standards is demonstrated as 
follows: 

(1) Subject to the following exceptions 
and special provisions, compliance with 
light-duty vehicle greenhouse gas 
emission standards is demonstrated by 
complying with the N2O and CH4 
standards and provisions set forth in 40 
CFR 86.1818–12(f)(1) and the in-use CO2 
exhaust emission standard set forth in 
40 CFR 86.1818–12(d) as determined by 
the OEM for the subconfiguration that is 
identical to the fuel conversion 
emission data vehicle (EDV): 

(i) If the OEM complied with the 
light-duty greenhouse gas standards 
using the fleet averaging option for N2O 
and CH4, as allowed under 40 CFR 
86.1818–12(f)(2), the calculations of the 
carbon-related exhaust emissions 
require the input of grams/mile values 
for N2O and CH4, and you are not 
required to demonstrate compliance 
with the standalone CH4 and N2O 
standards. 

(ii) If the OEM complied with 
alternate standards for N2O and/or CH4, 
as allowed under 40 CFR 86.1818– 
12(f)(3), you may demonstrate 
compliance with the same alternate 
standards. 

(iii) If the OEM complied with the 
nitrous oxide (N2O) and methane (CH4) 
standards and provisions set forth in 40 
CFR 86.1818–12(f)(1) or (3), and the fuel 
conversion CO2 measured value is lower 
than the in-use CO2 exhaust emission 
standard, you also have the option to 
convert the difference between the in- 
use CO2 exhaust emission standard and 
the fuel conversion CO2 measured value 
into GHG equivalents of CH4 and/or 
N2O, using 298 g CO2 to represent 1 g 
N2O and 25 g CO2 to represent 1 g CH4. 
You may then subtract the applicable 
converted values from the fuel 
conversion measured values of CH4 and/ 
or N2O to demonstrate compliance with 
the CH4 and/or N2O standards. 

(iv) Optionally, compliance with 
greenhouse gas emission requirements 
may be demonstrated by comparing 
emissions from the vehicle prior to the 
fuel conversion to the emissions after 
the fuel conversion. This comparison 
must be based on FTP test results from 
the emission data vehicle (EDV) 
representing the pre-conversion test 
group. The sum of CO2, CH4, and N2O 
shall be calculated for pre- and post- 
conversion FTP test results, where CH4 

and N2O are weighted by their global 
warming potentials of 25 and 298, 
respectively. The post-conversion sum 
of these emissions must be lower than 
the pre-conversion conversion 
greenhouse gas emission results. CO2 
emissions are calculated as specified in 
40 CFR 600.113–12. If statements of 
compliance are applicable and accepted 
in lieu of measuring N2O, as permitted 
by EPA regulation, the comparison of 
the greenhouse gas results also need not 
measure or include N2O in the before 
and after emission comparisons. 

(2) Compliance with heavy-duty 
engine greenhouse gas emission 
standards is demonstrated by complying 
with the CO2, N2O, and CH4 standards 
(or FELs, as applicable) and provisions 
set forth in 40 CFR 1036.108 for the 
engine family that is represented by the 
fuel conversion emission data engine 
(EDE). The following additional 
provisions apply: 

(i) If the fuel conversion CO2 
measured value is lower than the CO2 
standard (or FEL, as applicable), you 
have the option to convert the difference 
between the CO2 standard (or FEL, as 
applicable) and the fuel conversion CO2 
measured value into GHG equivalents of 
CH4 and/or N2O, using 298 g/hp-hr CO2 
to represent 1 g/hp-hr N2O. Similarly, 
you may use 34 g/hp-hr CO2 to 
represent 1 g/hp-hr CH4 for model year 
2021 and later engines, and you may use 
25 g/hp-hr CO2 to represent 1 g/hp-hr 
CH4 for earlier engines. You may then 
subtract the applicable converted values 
from the fuel conversion measured 
values of CH4 and/or N2O to 
demonstrate compliance with the CH4 
and/or N2O standards (or FEL, as 
applicable). 

(ii) Small volume conversion 
manufacturers may demonstrate 
compliance with N2O standards based 
on an engineering analysis. 

(iii) For conversions of engines 
installed in vocational vehicles subject 
to Phase 2 standards under 40 CFR 
1037.105 or in tractors subject to Phase 
2 standards under 40 CFR 1037.106, 
conversion manufacturers may omit a 
demonstration related to the vehicle- 
based standards, as long as they have a 
reasonable technical basis for believing 
that the modified vehicle continues to 
meet those standards. 

(3) Subject to the following exceptions 
and special provisions, compliance with 
greenhouse gas emission standards for 
heavy-duty vehicles subject to 40 CFR 
86.1819 is demonstrated by complying 
with the N2O and CH4 standards and 
provisions set forth in 40 CFR 86.1819 
and the in-use CO2 exhaust emission 
standard set forth in 40 CFR 86.1819– 
14(b) as determined by the OEM for the 
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subconfiguration that is identical to the 
fuel conversion emission data vehicle 
(EDV): 

(i) If the OEM complied with alternate 
standards for N2O and/or CH4, as 
allowed under 40 CFR 86.1819–14(c) 
you may demonstrate compliance with 
the same alternate standards. 

(ii) If you are unable to meet either the 
N2O or CH4 standards and your fuel 
conversion CO2 measured value is lower 
than the in-use CO2 exhaust emission 
standard, you may also convert the 
difference between the in-use CO2 
exhaust emission standard and the fuel 
conversion CO2 measured value into 
GHG equivalents of CH4 and/or N2O, 
using 298 g CO2 to represent 1 g N2O. 
Similarly, you may use 34 g CO2 to 
represent 1 g CH4.for model year 2021 
and later vehicles, and you may use 25 
g CO2 to represent 1 g CH4 for earlier 
vehicles. You may then subtract the 
applicable converted values from the 
fuel conversion measured values of CH4 
and/or N2O to demonstrate compliance 
with the CH4 and/or N2O standards. 

(iii) You may alternatively comply 
with the greenhouse gas emission 
requirements by comparing emissions 
from the vehicle before and after the 
fuel conversion. This comparison must 
be based on FTP test results from the 
emission data vehicle (EDV) 
representing the pre-conversion test 
group. The sum of CO2, CH4, and N2O 
shall be calculated for pre- and post- 
conversion FTP test results, where CH4 
and N2O are weighted by their global 
warming potentials as described in 
paragraph (b)(3)(ii) of this section. The 
post-conversion sum of these emissions 
must be lower than the pre-conversion 
greenhouse gas emission result. 
Calculate CO2 emissions as specified in 
40 CFR 600.113. If we waive N2O 
measurement requirements based on a 
statement of compliance, disregard N2O 
for all measurements and calculations 
under this paragraph (b)(3)(iii). 

(c) Conversion systems for engines 
that would have qualified for chassis 
certification at the time of OEM 
certification may use those procedures, 
even if the OEM did not. Conversion 
manufacturers choosing this option 
must designate test groups using the 
appropriate criteria as described in this 
subpart and meet all vehicle chassis 
certification requirements set forth in 40 
CFR part 86, subpart S. 

Subpart O—Urban Bus Rebuild 
Requirements 

■ 8. Section 85.1406 is amended by 
revising paragraph (f)(2) to read as 
follows: 

§ 85.1406 Certification. 

* * * * * 
(f) * * * 
(2) If the equipment certifier disagrees 

with such determination of 
nonconformity and so advises the 
Agency, the Administrator shall afford 
the equipment certifier and other 
interested persons an opportunity to 
present their views and evidence in 
support thereof at a public hearing 
conducted in accordance with 
procedures found in 40 CFR part 1068, 
subpart G. 

Subpart P—Importation of Motor 
Vehicles and Motor Vehicle Engines 

■ 9. Section 85.1508 is amended by 
revising paragraph (c) to read as follows: 

§ 85.1508 ‘‘In Use’’ inspections and recall 
requirements. 

* * * * * 
(c) A certificate holder will be notified 

whenever the Administrator has 
determined that a substantial number of 
a class or category of the certificate 
holder’s vehicles or engines, although 
properly maintained and used, do not 
conform to the regulations prescribed 
under section 202 when in actual use 
throughout their useful lives (as 
determined under section 202(d)). After 
such notification, the Recall Regulations 
at 40 CFR part 1068, subpart G, shall 
govern the certificate holder’s 
responsibilities and references to a 
manufacturer in the Recall Regulations 
shall apply to the certificate holder. 
■ 10. Section 85.1513 is amended by 
revising paragraph (e)(4) to read as 
follows: 

§ 85.1513 Prohibited acts; penalties. 

* * * * * 
(e) * * * 
(4) Hearings on suspensions and 

revocations of certificates of conformity 
or of eligibility to perform modification/ 
testing under § 85.1509 shall be held in 
accordance with 40 CFR part 1068, 
subpart G. 
* * * * * 

Subpart R—Exclusion and Exemption 
of Motor Vehicles and Motor Vehicle 
Engines 

■ 11. Section 85.1701 is amended by 
revising paragraph (a)(1) to read as 
follows: 

§ 85.1701 General applicability. 
(a) * * * 
(1) Beginning January 1, 2014, the 

exemption provisions of 40 CFR part 
1068, subpart C, apply instead of the 
provisions of this subpart for heavy- 
duty motor vehicle engines regulated 

under 40 CFR part 86, subpart A, except 
that the nonroad competition exemption 
of 40 CFR 1068.235 and the nonroad 
hardship exemption provisions of 40 
CFR 1068.245, 1068.250, and 1068.255 
do not apply for motor vehicle engines. 
* * * * * 
■ 12. Section 85.1703 is amended by 
adding paragraph (b) to read as follows: 

§ 85.1703 Definition of motor vehicle. 

* * * * * 
(b) Note that, in applying the criterion 

in paragraph (a)(2) of this section, 
vehicles that are clearly intended for 
operation on highways are motor 
vehicles. Absence of a particular safety 
feature is relevant only when absence of 
that feature would prevent operation on 
highways. 
■ 13. Section 85.1706 is amended by 
revising paragraph (b) to read as follows: 

§ 85.1706 Pre-certification exemption. 

* * * * * 
(b) Any manufacturer that desires a 

pre-certification exemption and is in the 
business of importing, modifying or 
testing uncertified vehicles for resale 
under the provisions of 40 CFR 85.1501 
through 85.1515, must send the request 
to the Designated Compliance Officer as 
specified in 40 CFR 1068.30. The 
Designated Compliance Officer may 
require such manufacturers to submit 
information regarding the general nature 
of the fleet activities, the number of 
vehicles involved, and a demonstration 
that adequate record-keeping 
procedures for control purposes will be 
employed. 
■ 14. Section 85.1711 is revised to read 
as follows: 

§ 85.1711 Submission of exemption 
requests. 

Requests for exemption or further 
information concerning exemptions 
and/or the exemption request review 
procedure should be addressed to the 
Designated Compliance Officer as 
specified at 40 CFR 1068.30. 

§§ 85.1713 and 85.1714 [Removed] 

■ 15. Remove and reserve §§ 85.1713 
and 85.1714. 

Subpart T—Emission Defect Reporting 
Requirements 

■ 16. Section 85.1901 is revised to read 
as follows: 

§ 85.1901 Applicability. 
(a) The requirements of this subpart 

shall be applicable to all 1972 and later 
model year motor vehicles and motor 
vehicle engines, except that the 
provisions of 40 CFR 1068.501 apply 
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instead for heavy-duty motor vehicle 
engines certified under 40 CFR part 86, 
subpart A, and for heavy-duty motor 
vehicles certified under 40 CFR part 
1037 starting January 1, 2018. 

(b) The requirement to report 
emission-related defects affecting a 
given class or category of vehicles or 
engines shall remain applicable for five 
years from the end of the model year in 
which such vehicles or engines were 
manufactured. 

■ 17. Section 85.1902 is revised to read 
as follows: 

§ 85.1902 Definitions. 

For the purposes of this subpart and 
unless otherwise noted: 

(a) Act means the Clean Air Act, 42 
U.S.C. 7401–7671q, as amended. 

(b) Emission-related defect means: 
(1) A defect in design, materials, or 

workmanship in a device, system, or 
assembly described in the approved 
Application for Certification that affects 
any parameter or specification 
enumerated in appendix VIII of this 
part; or 

(2) A defect in the design, materials, 
or workmanship in one or more 
emission-related parts, components, 
systems, software or elements of design 
which must function properly to ensure 
continued compliance with emission 
standards. 

(c) Useful life has the meaning given 
in section 202(d) of the Act (42 
U.S.C.7521(d)) and regulations 
promulgated thereunder. 

(d) Voluntary emissions recall means 
a repair, adjustment, or modification 
program voluntarily initiated and 
conducted by a manufacturer to remedy 
any emission-related defect for which 
direct notification of vehicle or engine 
owners has been provided, including 
programs to remedy defects related to 
emissions standards for CO2, CH4, N2O, 
and/or carbon-related exhaust 
emissions. 

(e) Ultimate purchaser has the 
meaning given in section 216 of the Act 
(42 U.S.C.7550). 

(f) Manufacturer has the meaning 
given in section 216 of the Act (42 
U.S.C.7550). 

■ 18. Section 85.1906 is amended by 
revising paragraph (a) to read as follows: 

§ 85.1906 Report filing: Record retention. 

(a) The reports required by §§ 85.1903 
and 85.1904 shall be sent to the 
Designated Compliance Officer as 
specified at 40 CFR 1068.30. 
* * * * * 

Subpart V—Emissions Control System 
Performance Warranty Regulations 
and Voluntary Aftermarket Part 
Certification Program 

■ 19. Section 85.2109 is amended by 
revising paragraph (a)(6) to read as 
follows: 

§ 85.2109 Inclusion of warranty provisions 
in owners’ manuals and warranty booklets. 

(a) * * * 
(6) An explanation that an owner may 

obtain further information concerning 
the emission performance warranty or 
that an owner may report violations of 
the terms of the Emission Performance 
Warranty by contacting the Designated 
Compliance Officer as specified at 40 
CFR 1068.30 (Attention: Warranty 
Claim). 
* * * * * 
■ 20. Section 85.2110 is amended by 
revising paragraph (b) to read as follows: 

§ 85.2110 Submission of owners’ manuals 
and warranty statements to EPA. 

* * * * * 
(b) All materials described in 

paragraph (a) of this section shall be 
sent to the Designated Compliance 
Officer as specified at 40 CFR 1068.30 
(Attention: Warranty Booklet). 

PART 86 —CONTROL OF EMISSIONS 
FROM NEW AND IN–USE HIGHWAY 
VEHICLES AND ENGINES 

■ 21. The authority citation for part 86 
continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

■ 22. Section 86.1 is amended by adding 
paragraph (c)(2), revising paragraph 
(g)(4), and removing and reserving 
paragraph (g)(5). 

The addition and revision read as 
follows: 

§ 86.1 Incorporation by reference. 

* * * * * 
(c) * * * 
(2) CSA IR–1–15, Compressed Natural 

Gas Vehicle (NGV) High Flow Fueling 
Connection Devices—Supplement to 
NGV 1–2006, ANSI approved August 
26, 2015, IBR approved for § 86.1813– 
17(f), 
* * * * * 

(g) * * * 
(4) SAE J1877, Recommended Practice 

for Bar-Coded Vehicle Identification 
Number Label, July 1994, IBR approved 
for § 86.1807–01(f). 

(5) [Reserved] 
* * * * * 
■ 23. Revise the heading of subpart A to 
read as follows: 

Subpart A—General Provisions for 
Heavy-Duty Engines and Heavy-Duty 
Vehicles 

§ 86.001–35 [Removed] 

■ 24. Remove § 86.001–35. 
■ 25. Section 86.004–2 is amended by 
revising the definition of ‘‘Emergency 
vehicle’’ to read as follows: 

§ 86.004–2 Definitions. 

* * * * * 
Emergency vehicle has the meaning 

given in 40 CFR 1037.801. 
* * * * * 
■ 26. Section 86.004–25 is amended as 
follows: 
■ a. By revising the introductory text 
and paragraph (b)(3)(iii)(A). 
■ b. By removing paragraph (b)(3)(vi). 
■ c. By revising paragraphs (b)(4)(i), 
(b)(4)(iii)(D), (b)(4)(iii)(F), and 
(b)(6)(i)(E). 
■ d. By adding paragraph (i). 

The addition and revisions read as 
follows: 

§ 86.004–25 Maintenance. 

Section 86.004–25 includes text that 
specifies requirements that differ from 
§ 86.094–25. Where a paragraph in 
§ 86.094–25 is applicable to § 86.004– 
25, this may be indicated by specifying 
the corresponding paragraph and the 
statement ‘‘[Reserved]. For guidance see 
§ 86.094–25.’’. 
* * * * * 

(b) * * * 
(3) * * * 
(iii) * * * 
(A) Crankcase ventilation valves and 

filters. 
* * * * * 

(4) * * * 
(i) For diesel-cycle heavy-duty 

engines, the adjustment, cleaning, 
repair, or replacement of the following 
items shall occur at 50,000 miles (or 
1,500 hours) of use and at 50,000-mile 
(or 1,500-hour) intervals thereafter: 

(A) Exhaust gas recirculation system 
related filters and coolers. 

(B) Crankcase ventilation valves and 
filters. 

(C) Fuel injector tips (cleaning only). 
(D) DEF filters. 

* * * * * 
(iii) * * * 
(D) Particulate trap or trap oxidizer 

systems including related components 
(adjustment and cleaning only for filter 
element, replacement of the filter 
element is not allowed during the useful 
life). 
* * * * * 

(F) Catalytic converter (adjustment 
and cleaning only for catalyst beds, 
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replacement of the bed is not allowed 
during the useful life). 
* * * * * 

(6)(i) * * * 
(E) Crankcase ventilation valves and 

filters. 
* * * * * 

(i) Notwithstanding the provisions of 
paragraph (b)(4) and (6) of this section, 
manufacturers may schedule 
replacement or repair of particulate trap 
(or trap oxidizer) systems or catalytic 
converters (including NOX adsorbers), 
provided that the manufacturer 
demonstrates to the Administrator’s 
satisfaction that the repair or 
replacement will be performed 
according to the schedule and the 
manufacturer pays for the repair or 
replacement. 
■ 27. Section 86.004–28 is amended by 
revising paragraph (i) introductory text 
and adding paragraph (j) to read as 
follows: 

§ 86.004–28 Compliance with emission 
standards. 

* * * * * 
(i) This paragraph (i) describes how to 

adjust emission results from model year 
2020 and earlier heavy-duty engines 
equipped with exhaust aftertreatment to 
account for regeneration events. This 
provision only applies for engines 
equipped with emission controls that 
are regenerated on an infrequent basis. 
For the purpose of this paragraph (i), the 
term ‘‘regeneration’’ means an event 
during which emission levels change 
while the aftertreatment performance is 
being restored by design. Examples of 
regenerations are increasing exhaust gas 
temperature to remove sulfur from an 
adsorber or increasing exhaust gas 
temperature to oxidize PM in a trap. For 
the purpose of this paragraph (i), the 
term ‘‘infrequent’’ means having an 
expected frequency of less than once per 
transient test cycle. Calculation and use 
of adjustment factors are described in 
paragraphs (i)(1) through (5) of this 
section. If your engine family includes 
engines with one or more AECDs for 
emergency vehicle applications 
approved under paragraph (4) of the 
definition of defeat device in § 86.004– 
2, do not consider additional 
regenerations resulting from those 
AECDs when calculating emission 
factors or frequencies under this 
paragraph (i). 
* * * * * 

(j) For model year 2021 and later 
engines using aftertreatment technology 
with infrequent regeneration events that 
may occur during testing, take one of 
the following approaches to account for 
the emission impact of regeneration: 

(1) You may use the calculation 
methodology described in 40 CFR 
1065.680 to adjust measured emission 
results. Do this by developing an 
upward adjustment factor and a 
downward adjustment factor for each 
pollutant based on measured emission 
data and observed regeneration 
frequency as follows: 

(i) Adjustment factors should 
generally apply to an entire engine 
family, but you may develop separate 
adjustment factors for different 
configurations within an engine family. 
Use the adjustment factors from this 
section for all testing for the engine 
family. 

(ii) You may use carryover or carry- 
across data to establish adjustment 
factors for an engine family as described 
in § 86.001–24(f), consistent with good 
engineering judgment. 

(iii) Identify the value of F in each 
application for the certification for 
which it applies. 

(2) You may ask us to approve an 
alternate methodology to account for 
regeneration events. We will generally 
limit approval to cases where your 
engines use aftertreatment technology 
with extremely infrequent regeneration 
and you are unable to apply the 
provisions of this section. 

(3) You may choose to make no 
adjustments to measured emission 
results if you determine that 
regeneration does not significantly affect 
emission levels for an engine family (or 
configuration) or if it is not practical to 
identify when regeneration occurs. If 
you choose not to make adjustments 
under paragraph (j)(1) or (2) of this 
section, your engines must meet 
emission standards for all testing, 
without regard to regeneration. 

§ 86.004–30 [Removed] 

■ 28. Remove § 86.004–30. 
■ 29. Section 86.007–11 is amended by 
■ a. Revising the introductory text and 
paragraphs (a)(1)(ii) and (iii), (2)(ii), and 
(g). 
■ b. Adding and reserving paragraph (i). 
■ c. Adding paragraph (j). 

The revisions and addition read as 
follows: 

§ 86.007–11 Emission standards and 
supplemental requirements for 2007 and 
later model year diesel heavy-duty engines 
and vehicles. 

This section applies to new 2007 and 
later model year diesel heavy-duty 
engines and vehicles. Starting in model 
year 2021, this section also applies to all 
heavy HDE, regardless of fuel or 
combustion cycle (see 40 CFR 
1036.140(a) and 1036.150(c)). Section 
86.007–11 includes text that specifies 

requirements that differ from § 86.004– 
11. Where a paragraph in § 86.004–11 is 
identical and applicable to § 86.007–11, 
this may be indicated by specifying the 
corresponding paragraph and the 
statement ‘‘[Reserved]. For guidance see 
§ 86.004–11.’’ 

(a)(1) * * * 
(ii)(A) Nonmethane hydrocarbon 

(NMHC) for engines fueled with diesel 
fuel. 0.14 grams per brake horsepower- 
hour (0.052 grams per megajoule). 

(B) Nonmethane-nonethane 
hydrocarbon (NMNEHC) for engines 
fueled with natural gas or liquefied 
petroleum gas. 0.14 grams per brake 
horsepower-hour (0.052 grams per 
megajoule). 

(C) Nonmethane hydrocarbon 
equivalent (NMHCE) for engines fueled 
with methanol. 0.14 grams per brake 
horsepower-hour (0.052 grams per 
megajoule). 

(iii) Carbon monoxide. 15.5 grams per 
brake horsepower-hour (5.77 grams per 
megajoule). 
* * * * * 

(2) * * * 
(ii) Shut down the engine after 

completing the test interval and allow 
20±1 minutes to elapse. This is the hot 
soak. 
* * * * * 

(g) Model year 2018 and later engines 
at or above 56 kW that will be installed 
in specialty vehicles as allowed by 40 
CFR 1037.605 may meet alternate 
emission standards as follows: 

(1) The engines must be of a 
configuration that is identical to one 
that is certified under 40 CFR part 1039, 
and meet the following additional 
standards using the same duty cycles 
that apply under 40 CFR part 1039: 

(i) The engines must be certified with 
a Family Emission Limit for PM of 0.020 
g/kW-hr. 

(ii) Diesel-fueled engines using 
selective catalytic reduction must meet 
an emission standard of 0.1 g/kW-hr for 
N2O. 

(2) Except as specified in this 
paragraph (g), engines certified under 
this paragraph (g) must meet all the 
requirements that apply under 40 CFR 
part 1039 instead of the comparable 
provisions in this subpart A. Before 
shipping engines under this section, you 
must have written assurance from the 
vehicle manufacturers that they need a 
certain number of exempted engines 
under this section. In your annual 
production report under 40 CFR 
1039.250, count these engines 
separately and identify the vehicle 
manufacturers that will be installing 
them. Treat these engines as part of the 
corresponding engine family under 40 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00094 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73975 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

CFR part 1039 for compliance purposes 
such as selective enforcement audits, in- 
use testing, defect reporting, and recall. 

(3) The engines must be labeled as 
described in § 86.095–35, with the 
following statement instead of the one 
specified in § 86.095–35(a)(3)(iii)(H): 
‘‘This engine conforms to alternate 
standards for specialty vehicles under 
40 CFR 86.007–11(g)’’. Engines certified 
under this paragraph (g) may not have 
the label specified for nonroad engines 
in 40 CFR part 1039 or any other label 
identifying them as nonroad engines. 

(4) In a separate application for a 
certificate of conformity, identify the 
corresponding nonroad engine family, 
describe the label required under this 
paragraph (g), state that you meet 
applicable diagnostic requirements 
under 40 CFR part 1039, and identify 
your projected U.S.-directed production 
volume. 

(5) No additional certification fee 
applies for engines certified under this 
paragraph (g). 

(6) Engines certified under this 
paragraph (g) may not generate or use 
emission credits under this part or 
under 40 CFR part 1039. The vehicles in 
which these engines are installed may 
generate or use emission credits as 
described in 40 CFR part 1037. 

(7) Engines may instead meet 
standards for heavy-duty highway 
engines in California, as demonstrated 
by an Executive Order issued by the 
California Air Resources Board. 
* * * * * 

(i) [Reserved] 
(j) Engines installed in new glider 

vehicles are subject to the standards of 
this section as specified in 40 CFR part 
1037. 

§ 86.007–25 [Removed] 

■ 30. Remove § 86.007–25. 

§ 86.007–30 [Amended] 

■ 31. Section 86.007–30 is amended by 
removing and reserving paragraph (d). 

§ 86.007–35 [Removed] 

■ 32. Remove § 86.007–35. 
■ 33. Section 86.008–10 is amended by: 
■ a. Adding introductory text. 
■ b. Revising paragraphs (a)(1)(ii) and 
(iii); 
■ c. Removing and reserving paragraph 
(f); and 
■ d. Revising paragraph (g). 

The revisions read as follows: 

§ 86.008–10 Emission standards for 2008 
and later model year Otto-cycle heavy-duty 
engines and vehicles. 

This section applies to new 2008 and 
later model year Otto-cycle heavy-duty 
engines and vehicles. Starting in model 

year 2021, this section applies to light 
HDE and medium HDE, but it no longer 
applies to heavy HDE (see 40 CFR 
1036.140(a) and 1036.150(c)). 

(a)(1) * * * 
(ii)(A) Nonmethane hydrocarbon 

(NMHC) for engines fueled with 
gasoline. 0.14 grams per brake 
horsepower-hour (0.052 grams per 
megajoule). 

(B) Nonmethane-nonethane 
hydrocarbon (NMNEHC) for engines 
fueled with natural gas or liquefied 
petroleum gas. 0.14 grams per brake 
horsepower-hour (0.052 grams per 
megajoule). 

(C) Nonmethane hydrocarbon 
equivalent (NMHCE) for engines fueled 
with methanol. 0.14 grams per brake 
horsepower-hour (0.052 grams per 
megajoule). 

(D) A manufacturer may elect to 
include any or all of its Otto-cycle HDE 
families in any or all of the hydrocarbon 
emission ABT programs for HDEs, 
within the restrictions described in 
§ 86.007–15 or § 86.004–15. If the 
manufacturer elects to include engine 
families in any of these programs, the 
hydrocarbon FEL may not exceed 0.30 
grams per brake horsepower-hour. This 
ceiling value applies whether credits for 
the family are derived from averaging, 
banking, or trading programs. The 
hydrocarbon FEL cap is 0.40 for model 
years before 2011 for manufacturers 
choosing to certify to the 1.5 g/bhp-hr 
NOX + HC in 2004, as allowed in 
§ 86.005–10. 

(iii) Carbon monoxide. 14.4 grams per 
brake horsepower-hour (5.36 grams per 
megajoule). 
* * * * * 

(f) [Reserved] 
(g) Model year 2018 and later engines 

that will be installed in specialty 
vehicles as allowed by 40 CFR 1037.605 
may meet alternate emission standards 
as follows: 

(1) The engines must be of a 
configuration that is identical to one 
that is certified under 40 CFR part 1048 
to the Blue Sky standards under 40 CFR 
1048.140. 

(2) Except as specified in this 
paragraph (g), engines certified under 
this paragraph (g) must meet all the 
requirements that apply under 40 CFR 
part 1048 instead of the comparable 
provisions in this subpart A. Before 
shipping engines under this section, you 
must have written assurance from the 
vehicle manufacturers that they need a 
certain number of exempted engines 
under this section. In your annual 
production report under 40 CFR 
1048.250, count these engines 
separately and identify the vehicle 

manufacturers that will be installing 
them. Treat these engines as part of the 
corresponding engine family under 40 
CFR part 1048 for compliance purposes 
such as testing production engines, in- 
use testing, defect reporting, and recall. 

(3) The engines must be labeled as 
described in § 86.095–35, with the 
following statement instead of the one 
specified in § 86.095–35(a)(3)(iii)(H): 
‘‘This engine conforms to alternate 
standards for specialty vehicles under 
40 CFR 86.008–10(g)’’. Engines certified 
under this paragraph (g) may not have 
the label specified for nonroad engines 
in 40 CFR part 1048 or any other label 
identifying them as nonroad engines. 

(4) In a separate application for a 
certificate of conformity, identify the 
corresponding nonroad engine family, 
describe the label required under this 
paragraph (g), state that you meet 
applicable diagnostic requirements 
under 40 CFR part 1048, and identify 
your projected U.S.-directed production 
volume. 

(5) No additional certification fee 
applies for engines certified under this 
paragraph (g). 

(6) Engines certified under this 
paragraph (g) may not generate or use 
emission credits under this part. The 
vehicles in which these engines are 
installed may generate or use emission 
credits as described in 40 CFR part 
1037. 

(7) Engines may instead meet 
standards for heavy-duty highway 
engines in California, as demonstrated 
by an Executive Order issued by the 
California Air Resources Board. 

■ 34. Section 86.016–1 is amended by 
revising paragraphs (a)(1) and (2) to read 
as follows: 

§ 86.016–1 General applicability. 

(a) * * * 
(1) The provisions of this subpart 

related to exhaust emission standards 
apply for diesel-cycle and Otto-cycle 
heavy-duty engines installed in vehicles 
above 14,000 pounds GVWR; however, 
these vehicles may instead be certified 
under subpart S of this part in certain 
circumstances as specified in § 86.1801. 

(2) The provisions of this subpart 
related to exhaust emission standards 
apply for engines that will be installed 
in incomplete heavy-duty vehicles at or 
below 14,000 pounds GVWR; however, 
these vehicles may instead be certified 
under subpart S of this part as specified 
in § 86.1801. 
* * * * * 

■ 35. Section 86.078–6 is revised to read 
as follows: 
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§ 86.078–6 Hearings on certification. 

If a manufacturer’s request for a 
hearing is approved, EPA will follow 
the hearing procedures specified in 40 
CFR part 1068, subpart G. 
■ 36. Section 86.084–4 is revised to read 
as follows: 

§ 86.084–4 Section numbering; 
construction. 

(a) The model year of initial 
applicability is indicated by the last two 
digits of the 5-digit group. A section 
remains in effect for subsequent model 
years until it is superseded. The number 
following the hyphen designates what 
previous section is replaced by a future 
regulation. For example, § 86.005–1 
applies to model year 2005 and later 
vehicles and engines until it is 
superseded. Section 86.016–1 takes 
effect with model year 2016 and 
continues to apply until it is 
superseded; § 86.005–1 no longer 
applies starting with model year 2016, 
except as specified by § 86.016–1. 

(b) If a regulation in this subpart 
references a section that has been 
superseded or no longer exists, this 
should be understood as a reference to 
the same section for the appropriate 
model year. For example, if a regulation 
in this subpart refers to § 86.001–30, it 
should be taken as a reference to 
§ 86.007–30 or any later version of that 
section that applies for the appropriate 
model year. However, this does not 
apply if the reference to a superseded 
section specifically states that the older 
provision applies instead of any 
updated provisions from the section in 
effect for the current model year; this 
occurs most often as part of the 
transition to new emission standards. 

(c) Except where indicated, the 
language in this subpart applies to both 
vehicles and engines. In many 
instances, language referring to engines 
is enclosed in parentheses and 
immediately follows the language 
discussing vehicles. 

§ 86.085–37 [Amended] 

■ 37. Section 86.085–37 is amended by 
removing paragraph (d). 
■ 38. Section 86.094–14 is revised to 
read as follows: 

§ 86.094–14 Small-volume manufacturer 
certification procedures. 

(a)(1) The small-volume manufacturer 
certification procedures described in 
paragraphs (b) and (c) of this section are 
optional. Small-volume manufacturers 
may use these optional procedures to 
demonstrate compliance with the 
general standards and specific emission 
requirements contained in this subpart. 

(2) To satisfy the durability data 
requirements of the small-volume 
manufacturer certification procedures, 
manufacturers of vehicles (or engines) 
as described in paragraph (b) of this 
section may use assigned deterioration 
factors that the Administrator 
determines by methods described in 
paragraph (c)(3)(ii) of this section. 
However, if no deterioration factor data 
(either the manufacturer’s or industry- 
wide deterioration factor data) are 
available from previously completed 
durability data vehicles or engines used 
for certification, manufacturers of 
vehicles (or engines) as described in 
paragraph (b) of this section or with new 
technology not previously certified may 
use assigned deterioration factors that 
the Administrator determines by 
alternative methods, based on good 
engineering judgment. The factors that 
the Administrator determines by 
alternative methods will be published in 
an advisory letter or advisory circular. 

(b)(1) The optional small-volume 
manufacturer certification procedures 
apply to heavy-duty vehicles, and 
heavy-duty engines produced by 
manufacturers with U.S. sales, 
including all vehicles and engines 
imported under the provisions of 
§§ 85.1505 and 85.1509 of this chapter 
(for the model year in which 
certification is sought) of fewer than 
10,000 units (Light-Duty Vehicles, 
Light-Duty Trucks, Heavy-Duty Vehicles 
and Heavy-Duty Engines combined). 

(2) For the purpose of determining the 
applicability of paragraph (b)(1) of this 
section, the sales the Administrator 
shall use shall be the aggregate of the 
projected or actual sales of those 
vehicles and/or engines in any of these 
groupings: 

(i) Vehicles and/or engines produced 
by two or more firms, one of which is 
10 percent or greater part owned by 
another; 

(ii) Vehicles and/or engines produced 
by any two or more firms if a third party 
has equity ownership of 10 percent or 
more in each of the firms; 

(iii) Vehicles and/or engines produced 
by two or more firms having a common 
corporate officer(s) who is (are) 
responsible for the overall direction of 
the companies; 

(iv) Vehicles and/or engines imported 
or distributed by all firms where the 
vehicles and/or engines are 
manufactured by the same entity and 
the importer or distributor is an 
authorized agent of the entity. 

(3) If the aggregated sales, as 
determined in paragraph (b)(2) of this 
section are less than 301 units, the 
manufacturers in the aggregated 
relationship may certify under the 

provisions in this section that apply to 
manufacturers with sales of less than 
301 units. 

(4) If the aggregated sales, as 
determined in paragraph (b)(2) of this 
section are greater than 300 but fewer 
than 10,000 units, the manufacturers in 
the aggregated relationship may certify 
under the provisions in this section that 
apply to manufacturers with sales from 
and including 301 through 9,999 motor 
vehicles and motor vehicles engines per 
year. 

(5) If the aggregated sales, as 
determined in paragraph (b)(2) of this 
section are equal to or greater than 
10,000 units, then the manufacturers 
involved in the aggregated relationship 
will be allowed to certify a number of 
units under the small-volume engine 
family certification procedures 
(reference § 86.001–24(e)) in accordance 
with the following criteria: 

(i) If a manufacturer purchases less 
than 50 percent of another 
manufacturer, each manufacturer retains 
its right to certify 9,999 units using the 
small-volume engine family certification 
procedures. 

(ii) If a manufacturer purchases 50 
percent or more of another 
manufacturer, the manufacturer with 
the over 50 percent interest must share, 
with the manufacturer it purchased, its 
9,999 units under the small-volume 
engine family certification procedures. 

(iii) In a joint venture arrangement 
(50/50 ownership) between two 
manufacturers, each manufacturer 
retains its eligibility for 9,999 units 
under the small-volume engine family 
certification procedures, but the joint 
venture must draw its maximum 9,999 
units from the units allocated to its 
parent manufacturers. 

(c) All the provisions of this subpart 
apply to small-volume manufacturers, 
except as described in this paragraph 
(c). The appropriate model year of 
specific sections shall be determined in 
accordance with § 86.084–4. 

(1) Section 86.080–12 is not 
applicable. 

(2) Small-volume manufacturers shall 
include in their records all the 
information that EPA requires in 
§ 86.007–21. This information will be 
considered part of the manufacturer’s 
application for certification. However, 
the manufacturer is not required to 
submit the information to the 
Administrator unless the Administrator 
requests it. 

(3) Small-volume manufacturers may 
satisfy the requirements of § 86.001– 
24(b) and (c) as follows: 

(i) Emission data. Small-volume 
manufacturers may select one emission 
data test vehicle (engine) per engine 
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family by the worst-case emissions 
criteria as follows: 

(A) Heavy-duty Otto-cycle engines. 
The manufacturer shall select one 
emission data engine first based on the 
largest displacement within the engine 
family. Then within the largest 
displacement the manufacturer shall 
select, in the order listed, highest fuel 
flow at the speed of maximum rated 
torque, the engine with the most 
advanced spark timing, no EGR or 
lowest EGR flow, and no air pump or 
lowest actual flow air pump. 

(B) Heavy-duty diesel engines. The 
manufacturer shall select one emission 
data engine based on the highest fuel 
feed per stroke, primarily at the speed 
of maximum rated torque and 
secondarily at rated speed. 

(ii) Durability data. Small-volume 
manufacturers may satisfy the durability 
data requirements with the following 
procedures: 

(A) Manufacturers with aggregated 
sales of less than 301 motor vehicles 
and motor vehicle engines per year may 
use assigned deterioration factors that 
the Administrator determines and 
prescribes. The factors will be the 
Administrator’s estimate, periodically 
updated and published in an advisory 
letter or advisory circular, of the 70th 
percentile deterioration factors 
calculated using the industry-wide data 
base of previously completed durability 
data vehicles or engines used for 
certification. However, the manufacturer 
may, at its option, accumulate miles 
(hours) on a durability data vehicle 
(engine) and complete emission tests for 
the purpose of establishing its own 
deterioration factors. 

(B)(1) Manufacturers with aggregated 
sales from and including 301 through 
9,999 motor vehicles and motor vehicle 
engines per year certifying light-duty 
vehicle exhaust emissions from vehicles 
equipped with proven emission control 
systems shall use assigned deterioration 
factors that the manufacturer determines 
based on its good engineering judgment. 
However, the manufacturer may not use 
deterioration factors less than either the 
average or 70th percentile of all of that 
manufacturer’s deterioration factor data, 
whichever is less. These minimum 
deterioration factors shall be calculated 
according to procedures in paragraph 
(c)(3)(ii)(B)(2), of this section. If the 
manufacturer does not have at least two 
data points to calculate these 
manufacturer specific average 
deterioration factors, then the 
deterioration factors shall be no less 
than the EPA supplied industry-wide 
deterioration factors. However, the 
manufacturer may, at its option, 
accumulate miles on a durability data 

vehicle and complete emission tests for 
the purpose of establishing its own 
deterioration factors. 

(2) The manufacturer’s minimum 
deterioration factors shall be calculated 
using the deterioration factors from all 
engine families, within the same 
vehicle/engine-fuel usage category (e.g., 
gasoline-fueled light-duty vehicle, etc.) 
previously certified to the same 
emission standards. The manufacturer 
shall use only deterioration factors from 
engine families previously certified by 
the manufacturer and the deterioration 
factors shall not be included in the 
calculation more than once. The 
deterioration factors for each pollutant 
shall be calculated separately. The 
manufacturer may, at its option, limit 
the deterioration factors used in the 
calculation of the manufacturer’s 
minimum deterioration factors to those 
from all similar systems to the system 
being certified if sufficient data (i.e., 
from at least two certified systems) 
exists. All data eligible to be grouped as 
similar system data shall be used in 
calculating similar system deterioration 
factors. Any deterioration factors used 
in calculating similar system 
deterioration factors shall not be 
included in calculating the 
manufacturer’s minimum deterioration 
factors used to certify any of the 
manufacturer’s remaining vehicle 
systems. 

(C) Manufacturers with aggregated 
sales from 301 through 9,999 motor 
vehicles and motor vehicle engines and 
certifying light-duty vehicle exhaust 
emissions from vehicles equipped with 
unproven emission control systems 
shall use deterioration factors that the 
manufacturer determines from official 
certification durability data generated 
by vehicles from engine families 
representing a minimum of 25 percent 
of the manufacturer’s sales equipped 
with unproven emission control 
systems. The sales projections are to be 
based on total sales projected for each 
engine/system combination. The 
durability programs applicable to such 
manufacturers for this purpose shall be 
the Standard AMA, the Production 
AMA and the Alternative Service 
Accumulation Durability Programs of 
§ 86.094–13. The durability data vehicle 
(engine) mileage accumulation and 
emission tests are to be conducted in 
accordance with § 86.094–13. The 
manufacturer must develop 
deterioration factors by generating 
durability data in accordance with 
§ 86.094–13 on a minimum of 25 
percent of the manufacturer’s projected 
sales (by engine/system combination) 
that is equipped with unproven 
emission control systems. The 

manufacturer must complete the 25 
percent durability requirement before 
the remainder of the manufacturer’s 
sales equipped with unproven emission 
control systems is certified using 
manufacturer-determined assigned 
deterioration factors. Alternatively, any 
of these manufacturers may, at their 
option, accumulate miles on durability 
data vehicles and complete emission 
tests for the purpose of establishing 
their own deterioration factors on the 
remaining sales. 

(4) Section 86.001–24(d) and (e) are 
not applicable. 

(5) Small-volume manufacturers shall 
comply with the following provisions 
instead of § 86.007–30(a)(2) and (b): 

(i) Small-volume manufacturers shall 
submit an application for certification 
containing the following elements: 

(A) The names, addresses, and 
telephone numbers of the persons the 
manufacturer authorizes to 
communicate with us. 

(B) A brief description of the vehicles 
(or engines) covered by the certificate 
(the manufacturers’ sales data book or 
advertising, including specifications, 
may satisfy this requirement for most 
manufacturers). The description shall 
include, as a minimum, the following 
items: 

(1) Engine evaporative/refueling 
family names and vehicle (or engine) 
configurations. 

(2) Vehicle carlines or engine models 
to be listed on the certificate of 
conformity. 

(3) The test weight and horsepower 
setting for each vehicle or engine 
configuration. 

(4) Projected sales. 
(5) Combustion cycle. 
(6) Cooling mechanism. 
(7) Number of cylinders. 
(8) Displacement. 
(9) Fuel system type. 
(10) Number of catalytic converters, 

type, volume, composition, surface area, 
and total precious metal loading. 

(11) Method of air aspiration. 
(12) Thermal reactor characteristics. 
(13) Suppliers’ and/or manufacturers’ 

name and model number of any 
emission related items of the above, if 
purchased from a supplier who uses the 
items in its own certified vehicle(s) or 
engine(s). 

(14) A list of emission component part 
numbers. 

(15) Drawings, calibration curves, and 
descriptions of emission related 
components, including those 
components regulated under § 86.001– 
22(e), and schematics of hoses and other 
devices connecting these components. 

(16)–(17) [Reserved] 
(18) Proof that the manufacturer has 

obtained or entered an agreement to 
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purchase, when applicable, the 
insurance policy required by the 
§ 85.1510(b) of this chapter. The 
manufacturer may submit a copy of the 
insurance policy or purchase agreement 
as proof that the manufacturer has 
obtained or entered an agreement to 
purchase the insurance policy. 

(19) For each evaporative/refueling 
emission family, a description of any 
unique procedures required to perform 
evaporative and/or refueling emission 
tests (as applicable) (including canister 
working capacity, canister bed volume, 
and fuel temperature profile for the 
running loss test) for all vehicles in that 
evaporative/refueling emission family, 
and a description of the method used to 
develop those unique procedures. 

(20) For each evaporative/refueling 
emission family: 

(i) Canister working capacity, 
according to the procedures specified in 
§ 86.132–96(h)(1)(iv); 

(ii) Canister bed volume; and 
(iii) Fuel temperature profile for the 

running loss test, according to the 
procedures specified in § 86.129–94(d). 

(C) The results of all emission tests 
the manufacturer performs to 
demonstrate compliance with the 
applicable standards. 

(D)(1) The following statement signed 
by the authorized representative of the 
manufacturer: ‘‘The vehicles (or 
engines) described herein have been 
tested in accordance with (list of the 
applicable subparts A, B, I, N, or P) of 
part 86, title 40, Code of Federal 
Regulations, and on the basis of those 
tests are in conformance with that 
subpart. All the data and records 
required by that subpart are on file and 
are available for inspection by the EPA 
Administrator. We project the total U.S. 
sales of vehicles (engines) subject to this 
subpart (including all vehicles and 
engines imported under the provisions 
of 40 CFR 85.1505 and 40 CFR 85.1509) 
to be fewer than 10,000 units.’’ 

(2) [Reserved] 
(3) A statement that the vehicles or 

engines described in the manufacturer’s 
application for certification are not 
equipped with auxiliary emission 
control devices which can be classified 
as a defeat device as defined in 
§ 86.004–2. 

(4) A statement of compliance with 
section 206(a)(3) of the Clean Air Act 
(42 U.S.C. 7525(a)(3)). 

(5)–(6) [Reserved] 
(7) A statement affirming that the 

manufacturer will provide a list of 
emission and emission-related service 
parts, including part number 
designations and sources of parts, to the 
vehicle purchaser for all emission and 
emission-related parts which might 

affect vehicle emission performance 
throughout the useful life of the vehicle. 
Secondly, it must state that qualified 
service facilities and emission-related 
repair parts will be conveniently 
available to serve its vehicles. In 
addition, if service facilities are not 
available at the point of sale or 
distribution, the manufacturer must 
indicate that the vehicle purchaser will 
be provided information identifying the 
closest authorized service facility to the 
point of sale, if in the United States, or 
the closest authorized service facility to 
the point of distribution to the ultimate 
purchaser if the vehicle was purchased 
outside of the United States by the 
ultimate purchaser. Such information 
should also be made available to the 
Administrator upon request. 

(E) Manufacturers utilizing 
deterioration factors determined by the 
manufacturer based on its good 
engineering judgment (reference 
paragraph (c)(3)(ii)(B) of this section) 
shall provide a description of the 
method(s) used by the manufacturer to 
determine the deterioration factors. 

(ii) If the manufacturer meets the 
requirements of this subpart, the 
Administrator will issue a certificate of 
conformity for the vehicles or engines 
described in the application for 
certification. 

(iii) The certificate will be issued for 
such a period not to exceed one model 
year as the Administrator may 
determine and upon such terms as he 
may deem necessary to assure that any 
vehicle or engine covered by the 
certificate will meet the requirements of 
the Act and of this subpart. 

(iv) If, after a review of the statements 
and descriptions submitted by the 
manufacturer, the Administrator 
determines that the manufacturer has 
not met the applicable requirements, the 
Administrator shall notify the 
manufacturer in writing of his intention 
to deny certification, setting forth the 
basis for his determination. The 
manufacturer may request a hearing on 
the Administrator’s determination. If the 
manufacturer does not request a hearing 
or present the required information, the 
Administrator will deny certification. 

(6) Sections 86.079–31 and 86.079–32 
are not applicable. 

(7) The following provisions apply for 
small-volume manufacturers instead of 
the provisions specified in § 86.079–33: 

(i) Small-volume manufacturers may 
make production changes (running 
changes) without receiving the 
Administrator’s prior approval. The 
manufacturer shall assure (by 
conducting emission tests as it deems 
necessary) that the affected vehicles 

(engines) remain in compliance with the 
requirements of this part. 

(ii) The manufacturer shall notify the 
Administrator within seven days after 
implementing any production related 
change (running change) that would 
affect vehicle emissions. This 
notification shall include any changes to 
the information required under 
paragraph (c)(5)(i) of this section. The 
manufacturer shall also amend as 
necessary its records required under 
paragraph (c)(2) of this section to 
confirm the production design change. 

(8) Section 86.082–34 is not 
applicable. 
■ 39. Section 86.094–25 is amended by 
revising paragraphs (b)(2) and (b)(7)(iii) 
to read as follows: 

§ 86.094–25 Maintenance. 

* * * * * 
(b) * * * 
(2) Any emission-related maintenance 

which is performed on vehicles, 
engines, subsystems, or components 
must be technologically necessary to 
assure in-use compliance with the 
emission standards. The manufacturer 
must submit data which demonstrate to 
the Administrator that all of the 
emission-related scheduled 
maintenance which is to be performed 
is technologically necessary. Scheduled 
maintenance must be approved by the 
Administrator prior to being performed 
or being included in the maintenance 
instructions provided to purchasers 
under § 86.010–38. 
* * * * * 

(7) * * * 
(iii) Any manufacturer may request a 

hearing on the Administrator’s 
determinations in this paragraph (b)(7). 
The request shall be in writing and shall 
include a statement specifying the 
manufacturer’s objections to the 
Administrator’s determinations, and 
data in support of such objections. If, 
after review of the request and 
supporting data, the Administrator finds 
that the request raises a substantial 
factual issue, he shall provide the 
manufacturer a hearing as described in 
40 CFR part 1068, subpart G. 
* * * * * 

§§ 86.094–30 and 86.095–14 [Removed] 

■ 40. Remove §§ 86.094–30 and 86.095– 
14. 
■ 41. Section 86.095–35 is amended by: 
■ a. Revising paragraphs (a) 
introductory text, (a)(3)(iii)(B), (H), (I), 
(J), and (K); 
■ b. Adding paragraph (c); and 
■ c. Revising paragraph (i). 

The revisions and addition read as 
follows: 
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§ 86.095–35 Labeling. 

(a) The manufacturer of any motor 
vehicle (or motor vehicle engine) subject 
to the applicable emission standards 
(and family emission limits, as 
appropriate) of this subpart, shall, at the 
time of manufacture, affix a permanent 
legible label, of the type and in the 
manner described below, containing the 
information hereinafter provided, to all 
production models of such vehicles (or 
engines) available for sale to the public 
and covered by a Certificate of 
Conformity under § 86.007–30(a). 
* * * * * 

(3) * * * 
(iii) * * * 
(B) The full corporate name and 

trademark of the manufacturer; though 
the label may identify another company 
and use its trademark instead of the 
manufacturer’s as long as the 
manufacturer complies with the 
branding provisions of 40 CFR 1068.45. 
* * * * * 

(H) The prominent statement: ‘‘This 
engine conforms to U.S. EPA regulations 
applicable to XXXX Model Year New 
Heavy-Duty Engines.’’; 

(I) If the manufacturer has an alternate 
useful life period under the provisions 
of § 86.094–21(f), the prominent 
statement: ‘‘This engine has been 
certified to meet U.S. EPA standards for 
a useful-life period of XXX miles or 
XXX hours of operation, whichever 
occurs first. This engine’s actual life 
may vary depending on its service 
application.’’ The manufacturer may 
alter this statement only to express the 
assigned alternate useful life in terms 
other than miles or hours (e.g., years, or 
hours only); 

(J) For diesel engines, the prominent 
statement: ‘‘This engine has a primary 
intended service application as a XXX 
heavy-duty engine.’’ (The primary 
intended service applications are light, 
medium, and heavy, as defined in 
§ 86.090–2.); 

(K) For engines certified under the 
alternative standards specified in 
§ 86.007–11(g) or § 86.008–10(g), the 
following statement: ‘‘This engine is 
certified for only in specialty vehicles as 
specified in [40 CFR 86.007–11 or 40 
CFR 86.008–10]’’; 
* * * * * 

(c) Vehicles powered by model year 
2007 through 2013 diesel-fueled engines 

must include permanent, readily visible 
labels on the dashboard (or instrument 
panel) and near all fuel inlets that state 
‘‘Use Ultra Low Sulfur Diesel Fuel 
Only’’; or ‘‘Ultra Low Sulfur Diesel Fuel 
Only’’. 
* * * * * 

(i) The Administrator may approve in 
advance other label content and formats, 
provided the alternative label contains 
information consistent with this section. 

§ 86.098–14 [Removed] 

■ 42. Remove § 86.098–14. 

Subpart B—Emission Regulations for 
1977 and Later Model Year New Light- 
Duty Vehicles and New Light-Duty 
Trucks and New Otto-Cycle Complete 
Heavy-Duty Vehicles; Test Procedures 

■ 43. Section 86.143–96 is amended by 
revising the equation in paragraph 
(b)(1)(i) to read as follows: 

§ 86.143–96 Calculations; evaporative 
emissions. 

* * * * * 
(b) * * * 
(1) * * * 
(i) * * * 

* * * * * 

Subpart E—Emission Regulations for 
1978 and Later New Motorcycles, 
General Provisions 

■ 44. Section 86.402–78 is amended by 
adding, in alphabetical order, a 
definition for ‘‘Round’’ to paragraph (a) 
to read as follows: 

§ 86.402–78 Definitions. 

(a) * * * 
Round has the meaning given in 40 

CFR 1065.1001, unless otherwise 
specified. 
* * * * * 

■ 45. Section 86.410–2006 is amended 
by revising paragraph (e) introductory 
text to read as follows: 

§ 86.410–2006 Emission standards for 
2006 and later model year motorcycles. 

* * * * * 
(e) Manufacturers with fewer than 500 

employees worldwide and producing 
fewer than 3,000 motorcycles per year 
for the United States are considered 
small-volume manufacturers for the 
purposes of this section. The following 

provisions apply for these small-volume 
manufacturers: 
* * * * * 

§ 86.419–78 [Removed] 

■ 46. Section 86.419–78 is removed. 
■ 47. Section 86.419–2006 is amended 
by revising paragraph (a)(1) to read as 
follows: 

§ 86.419–2006 Engine displacement, 
motorcycle classes. 

(a)(1) Engine displacement shall be 
calculated using nominal engine values 
and rounded to the nearest whole cubic 
centimeter. 
* * * * * 
■ 48. Section 86.432–78 is amended by 
revising paragraph (d) to read as 
follows: 

§ 86.432–78 Deterioration factor. 

* * * * * 
(d) An exhaust emission deterioration 

factor will be calculated by dividing the 
predicted emissions at the useful life 
distance by the predicted emissions at 
the total test distance. Predicted 
emissions are obtained from the 
correlation developed in paragraph (c) 

of this section. Factor = Predicted total 
distance emissions ÷ Predicted total test 
distance emissions. 

These interpolated and extrapolated 
values shall be carried out to four places 
to the right of the decimal point before 
dividing one by the other to determine 
the deterioration factor. The results 
shall be rounded to three places to the 
right of the decimal point. 
* * * * * 

■ 49. Section 86.443–78 is revised to 
read as follows: 

§ 86.443–78 Request for hearing. 

The manufacturer may request a 
hearing on the Administrator’s 
determination as described in 40 CFR 
part 1068, subpart G. 

■ 50. Section 86.444–78 is revised to 
read as follows: 

§ 86.444–78 Hearings on certification. 

If a manufacturer’s request for a 
hearing is approved, EPA will follow 
the hearing procedures specified in 40 
CFR part 1068, subpart G. 
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Subpart F—Emission Regulations for 
1978 and Later New Motorcycles; Test 
Procedures 

■ 51. Section 86.544–90 is amended by 
revising the introductory text and 
paragraph (a) to read as follows: 

§ 86.544–90 Calculations; exhaust 
emissions. 

This section describes how to 
calculate exhaust emissions. Determine 
emission results for each pollutant to at 
least one more decimal place than the 
applicable standard. Apply the 
deterioration factor, then round the 
adjusted figure to the same number of 
decimal places as the emission 
standard. Compare the rounded 
emission levels to the emission standard 
for each emission data vehicle. In the 
case of NOX + HC standards, apply the 
deterioration factor to each pollutant 
and then add the results before 
rounding. 

(a) Calculate a composite FTP 
emission result using the following 
equation: 

Where: 

Ywm = Weighted mass emissions of each 
pollutant (i.e., CO2, HC, CO, or NOX) in 
grams per vehicle kilometer and if 
appropriate, the weighted carbon mass 
equivalent of total hydrocarbon 
equivalent, in grams per vehicle 
kilometer. 

Yct = Mass emissions as calculated from the 
transient phase of the cold-start test, in 
grams per test phase. 

Ys = Mass emissions as calculated from the 
stabilized phase of the cold-start test, in 
grams per test phase. 

Dct = The measured driving distance from the 
transient phase of the cold-start test, in 
kilometers. 

Ds = The measured driving distance from the 
stabilized phase of the cold-start test, in 
kilometers. 

Yht = Mass emissions as calculated from the 
transient phase of the hot-start test, in 
grams per test phase. 

Dht = The measured driving distance from the 
transient phase of the hot-start test, in 
kilometers. 

* * * * * 

Subpart G—Selective Enforcement 
Auditing of New Light-Duty Vehicles, 
Light-Duty Trucks, and Heavy-Duty 
Vehicles 

■ 52. Section 86.614–84 is revised to 
read as follows: 

§ 86.614–84 Hearings on suspension, 
revocation, and voiding of certificates of 
conformity. 

The provisions of 40 CFR part 1068, 
subpart G, apply if a manufacturer 
requests a hearing regarding suspension, 
revocation or voiding of certificates of 
conformity. 
■ 53. Section 86.615–84 is revised to 
read as follows: 

§ 86.615–84 Treatment of confidential 
information. 

The provisions of 40 CFR 1068.10 
apply for information you consider 
confidential. 

Subpart L—Nonconformance Penalties 
for Gasoline-Fueled and Diesel Heavy- 
Duty Engines and Heavy-Duty 
Vehicles, Including Light-Duty Trucks 

§ 86.1103–87 [Removed] 

■ 54. Section 86.1103–87 is removed. 
■ 55. Section 86.1103–2016 is added to 
subpart L to read as follows: 

§ 86.1103–2016 Criteria for availability of 
nonconformance penalties. 

(a) General. This section describes the 
three criteria EPA will use to use to 
evaluate whether NCPs are appropriate 
under the Clean Air Act for a given 
pollutant and a given subclass of heavy- 
duty engines and heavy-duty vehicles. 
Together, these criteria evaluate the 
likelihood that a manufacturer will be 
technologically unable to meet a 
standard on time. Note that since the 
first two of these criteria are intended to 
address the question of whether a given 
standard creates the possibility for this 
to occur, they are evaluated before the 
third criterion that addresses the 
likelihood that the possibility will 
actually happen. 

(b) Criteria. We will establish NCPs 
for a given pollutant and subclass when 
we find that each of the following 
criteria is met: 

(1) There is a new or revised emission 
standard is more stringent than the previous 
standard for the pollutant, or an existing 
standard for that pollutant has become more 
difficult to achieve because of a new or 
revised standard. When evaluating this 
criterion, EPA will consider a new or revised 
standard to be ‘‘new’’ or ‘‘revised’’ until the 
point at which all manufacturers already 
producing U.S.-directed engines or vehicles 
within the subclass have achieved full 
compliance with the standard. For purposes 
of this criterion, EPA will generally not 
consider compliance using banked emission 
credits to be ‘‘full compliance’’. 

(2) Substantial work is required to meet the 
standard for which the NCP is offered, as 
evaluated from the point at which the 
standard was adopted or revised (or the point 
at which the standard became more difficult 
meet because another standard was adopted 

or revised). Substantial work, as used in this 
paragraph (b)(2), means the application of 
technology not previously used in an engine 
or vehicle class or subclass, or the significant 
modification of existing technology or design 
parameters, needed to bring the vehicle or 
engine into compliance with either the more 
stringent new or revised standard or an 
existing standard which becomes more 
difficult to achieve because of a new or 
revised standard. Note that where this 
criterion is evaluated after any of the work 
has been completed, the criterion would be 
interpreted as whether or not substantial 
work was required to meet the standard. 

(3) There is or is likely to be a 
technological laggard for the subclass. Note 
that a technological laggard is a manufacturer 
that is unable to meet the standard for one 
or more products within the subclass for 
technological reasons. 

(c) Evaluation. (1) We will generally 
evaluate these criteria in sequence. Where we 
find that the first criterion has not been met, 
we will not consider the other two criteria. 
Where we find that the first criterion has 
been met but not the second, we will not 
consider the third criterion. We may 
announce our findings separately or 
simultaneously. 

(2) We may consider any available 
information in making our findings. 

(3) Where we are uncertain whether the 
first and/or second criteria have been met, we 
may presume that they have been met and 
make our decision based solely on whether 
or not the third criterion has been met. 

(4) Where we find that a manufacturer will 
fail to meet a standard but are uncertain 
whether the failure is a technological failure, 
we may presume that the manufacturer is a 
technological laggard. 

§ 86.1104–91 [Removed] 

■ 56. Section 86.1104–91 is removed. 
■ 57. Section 86.1104–2016 is added to 
subpart L to read as follows: 

§ 86.1104–2016 Determination of upper 
limits. 

EPA shall set a separate upper limit 
for each phase of NCPs and for each 
service class. 

(a) Except as provided in paragraphs 
(b), (c) and (d) of this section, the upper 
limit shall be set as follows: 

(1) The upper limit applicable to a 
pollutant emission standard for a 
subclass of heavy-duty engines or 
heavy-duty vehicles for which an NCP 
is established in accordance with 
§ 86.1103–87, shall be the previous 
pollutant emission standard for that 
subclass. 

(2) If a manufacturer participates in 
any of the emissions averaging, trading, 
or banking programs, and carries over 
certification of an engine family from 
the prior model year, the upper limit for 
that engine family shall be the family 
emission limit of the prior model year, 
unless the family emission limit is less 
than the upper limit determined in 
paragraph (a)(1) of this section. 
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(b) If no previous standard existed for 
the pollutant under paragraph (a) of this 
section, the upper limit will be 
developed by EPA during rulemaking. 

(c) EPA may set the upper limit 
during rulemaking at a level below the 
level specified in paragraph (a) of this 
section if we determine that a lower 
level is achievable by all engines or 
vehicles in that subclass. 

(d) EPA may set the upper limit at a 
level above the level specified in 
paragraph (a) of this section if we 
determine that such level will not be 
achievable by all engines or vehicles in 
that subclass. 
■ 58. Section 86.1105–87 is amended by 
revising paragraph (e) and removing 
paragraph (j). 

The revision reads as follows: 

§ 86.1105–87 Emission standards for 
which nonconformance penalties are 
available. 

* * * * * 
(e) The values of COC50, COC90, and 

MC50 in paragraphs (a) and (b) of this 
section are expressed in December 1984 
dollars. The values of COC50, COC90, 
and MC50 in paragraphs (c) and (d) of 
this section are expressed in December 
1989 dollars. The values of COC50, 
COC90, and MC50 in paragraph (f) of this 
section are expressed in December 1991 
dollars. The values of COC50, COC90, 
and MC50 in paragraphs (g) and (h) of 
this section are expressed in December 
1994 dollars. The values of COC50, 
COC90, and MC50 in paragraph (i) of this 
section are expressed in December 2001 
dollars. These values shall be adjusted 
for inflation to dollars as of January of 
the calendar year preceding the model 
year in which the NCP is first available 
by using the change in the overall 
Consumer Price Index, and rounded to 
the nearest whole dollar. 
* * * * * 
■ 59. Section 86.1112–87 is amended by 
revising paragraphs (a)(2)(iii), (a)(3)(iii), 
(d) and (e)(2) to read as follows: 

§ 86.1112–87 Determining the compliance 
level and reporting of test results. 

(a) * * * 
(2) * * * 
(iii) The compliance level for the 

pollutant is the result of the following 
equation, using the test results obtained 
in paragraph (a)(2)(ii) of this section and 
all SEA test results for that pollutant if 
the PCA follows an SEA failure: 

CL = X̄ + Ks 
Where: 
CL = The compliance level. 
X̄= The mean of the final deteriorated test 

results, as defined by paragraph (e) of 
this section. 

K = A value that depends on the size of the 
test sample. See table 2 of appendix XII 
of this part for the value of K that 
corresponds to the size of the test 
sample. 

s = The sample standard deviation. 
Round the compliance level to the same 

number of significant figures contained 
in the applicable standard. 

(3) * * * 
(iii) The compliance level for the 

pollutant is the result of the following 
equation, using the test results obtained 
in (a)(3)(ii) and all SEA test results for 
that pollutant if the PCA follows an SEA 
failure: 
CL = X̄ + Ks 
Where: 
CL = The compliance level. 
X̄ = The mean of the final deteriorated test 

results, as defined by paragraph (e) of 
this section. 

K = A value that depends on the size of the 
test sample. See table 3 of appendix XII 
of this part for the value of K that 
corresponds to the size of the test 
sample. 

s = The sample standard deviation. 
Round the compliance level to the same 

number of significant figures contained in the 
applicable standard. 

* * * * * 
(d) Final test results are calculated by 

summing the initial test results derived 
in paragraph (c) of this section for each 
test engine or vehicle, dividing by the 
number of tests conducted on the engine 
or vehicle, and rounding to the same 
number of decimal places contained in 
the applicable standard expressed to 
one additional significant figure. 

(e) * * * 
(2) Round the final deteriorated test 

results to the same number of significant 
figures contained in the applicable 
standard. 
* * * * * 
■ 60. Section 86.1113–87 is amended by 
revising paragraphs (a)(6), (f) and (g)(3) 
introductory text to read as follows: 

§ 86.1113–87 Calculation and payment of 
penalty. 

(a) * * * 
(6) In calculating the NCP, 

appropriate values of the following 

predefined terms should be used: CL, S, 
UL, F, and Ai. For all other terms, 
unrounded values of at least five figures 
beyond the decimal point should be 
used in calculations leading up to the 
penalty amount. Any NCP calculated 
under paragraph (a) of this section will 
be rounded to the nearest dollar. 
* * * * * 

(f) A manufacturer may request a 
hearing under 40 CFR part 1068, subpart 
G, as to whether the compliance level 
(including a compliance level in excess 
of the upper limit) was determined 
properly. 

(g) * * * 
(3) A manufacturer making payment 

under paragraph (g)(1) or (2) of this 
section shall submit the following 
information by each quarterly due date 
to the Designated Compliance Officer 
(see 40 CFR 1036.801). This information 
shall be submitted even if a 
manufacturer has no NCP production in 
a given quarter. 
* * * * * 
■ 61. Section 86.1115–87 is revised to 
read as follows: 

§ 86.1115–87 Hearing procedures for 
nonconformance determinations and 
penalties. 

The provisions of 40 CFR part 1068, 
subpart G, apply if a manufacturer 
requests a hearing regarding penalties 
under this subpart. 

Subpart N—Exhaust Test Procedures 
for Heavy-Duty Engines 

■ 62. Section 86.1301 is revised to read 
as follows: 

§ 86.1301 Scope; applicability. 

This subpart specifies gaseous 
emission test procedures for Otto-cycle 
and diesel heavy-duty engines, and 
particulate emission test procedures for 
diesel heavy-duty engines. 
■ 63. Section 86.1362 is amended by 
revising paragraph (a) to read as follows: 

§ 86.1362 Steady-state testing with a 
ramped-modal cycle. 

* * * * * 
(a) Measure emissions by testing the 

engine on a dynamometer with the 
following ramped-modal duty cycle to 
determine whether it meets the 
applicable steady-state emission 
standards: 

RMC 
mode 

Time 
in mode 

(seconds) 
Engine speed 1 2 Torque 

(percent) 2 3 

CO2 
weighting 
(percent) 4 

1a Steady-state ................... 170 Warm Idle ........................................... 0 .......................................................... 6 
1b Transition ....................... 20 Linear Transition ................................. Linear Transition.
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RMC 
mode 

Time 
in mode 

(seconds) 
Engine speed 1 2 Torque 

(percent) 2 3 

CO2 
weighting 
(percent) 4 

2a Steady-state ................... 173 A ......................................................... 100 ...................................................... 9 
2b Transition ....................... 20 Linear Transition ................................. Linear Transition.
3a Steady-state ................... 219 B ......................................................... 50 ........................................................ 10 
3b Transition ....................... 20 B ......................................................... Linear Transition.
4a Steady-state ................... 217 B ......................................................... 75 ........................................................ 10 
4b Transition ....................... 20 Linear Transition ................................. Linear Transition.
5a Steady-state ................... 103 A ......................................................... 50 ........................................................ 12 
5b Transition ....................... 20 A ......................................................... Linear Transition.
6a Steady-state ................... 100 A ......................................................... 75 ........................................................ 12 
6b Transition ....................... 20 A ......................................................... Linear Transition.
7a Steady-state ................... 103 A ......................................................... 25 ........................................................ 12 
7b Transition ....................... 20 Linear Transition ................................. Linear Transition.
8a Steady-state ................... 194 B ......................................................... 100 ...................................................... 9 
8b Transition ....................... 20 B ......................................................... Linear Transition.
9a Steady-state ................... 218 B ......................................................... 25 ........................................................ 9 
9b Transition ....................... 20 Linear Transition ................................. Linear Transition.
10a Steady-state ................. 171 C ......................................................... 100 ...................................................... 2 
10b Transition ..................... 20 C ......................................................... Linear Transition.
11a Steady-state ................. 102 C ......................................................... 25 ........................................................ 1 
11b Transition ..................... 20 C ......................................................... Linear Transition.
12a Steady-state ................. 100 C ......................................................... 75 ........................................................ 1 
12b Transition ..................... 20 C ......................................................... Linear Transition.
13a Steady-state ................. 102 C ......................................................... 50 ........................................................ 1 
13b Transition ..................... 20 Linear Transition ................................. Linear Transition.
14 Steady-state ................... 168 Warm Idle ........................................... 0 .......................................................... 6 

1 Speed terms are defined in 40 CFR part 1065. 
2 Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a linear progression from the 

speed or torque setting of the current mode to the speed or torque setting of the next mode. 
3 The percent torque is relative to maximum torque at the commanded engine speed. 
4 Use the specified weighting factors to calculate composite emission results for CO2 as specified in 40 CFR 1036.501. 

* * * * * 
■ 64. Section 86.1370 is amended by 
revising paragraphs (g) and (h) and 
adding paragraphs (i) and (j) to read as 
follows: 

§ 86.1370 Not-To-Exceed test procedures. 

* * * * * 
(g) You may exclude emission data 

based on catalytic aftertreatment 
temperatures as follows: 

(1) For an engine equipped with a 
catalytic NOX aftertreatment system, 
exclude NOX emission data that is 
collected when the exhaust temperature 
at any time during the NTE event is less 
than 250 °C. 

(2) For an engine equipped with an 
oxidizing catalytic aftertreatment 
system, exclude NMHC and CO 
emission data that is collected if the 
exhaust temperature is less than 250 °C 
at any time during the NTE event. 

(3) Using good engineering judgment, 
measure exhaust temperature within 30 
cm downstream of the last applicable 
catalytic aftertreatment device. Where 
there are parallel paths, use good 
engineering judgment to measure the 
temperature within 30 cm downstream 
of the last applicable catalytic 
aftertreatment device in the path with 
the greatest exhaust flow. 

(h) Any emission measurements 
corresponding to engine operating 
conditions that do not qualify as a valid 

NTE sampling event may be excluded 
from the determination of the vehicle- 
pass ratio specified in § 86.1912 for the 
specific pollutant. 

(i) Start emission sampling at the 
beginning of each valid NTE sampling 
event, except as needed to allow for 
zeroing or conditioning the PEMS. For 
gaseous emissions, PEMS preparation 
must be complete for all analyzers 
before starting emission sampling. 

(j) Emergency vehicle AECDs. If your 
engine family includes engines with one 
or more approved AECDs for emergency 
vehicle applications under paragraph (4) 
of the definition of ‘‘defeat device’’ in 
§ 86.1803, the NTE emission limits do 
not apply when any of these AECDs are 
active. 

Subpart S—General Compliance 
Provisions for Control of Air Pollution 
From New and In-Use Light-Duty 
Vehicles, Light-Duty Trucks, and 
Heavy-Duty Vehicles 

■ 65. Section 86.1801–12 is amended as 
follows: 
■ a. By removing and reserving 
paragraph (a)(2)(ii). 
■ b. By revising paragraph (a)(3)(i). 
■ c. By redesignating paragraphs 
(a)(3)(ii) through (iv) as paragraphs 
(a)(3)(iii) through (v), respectively. 
■ d. By adding a new paragraph 
(a)(3)(ii). 

The revision and addition read as 
follows: 

§ 86.1801–12 Applicability. 
(a) * * * 
(3) * * * 
(i) Heavy duty vehicles above 14,000 

pounds GVWR may be optionally 
certified to the exhaust emission 
standards in this subpart, including the 
greenhouse gas emission standards, if 
they are properly included in test group 
with similar vehicles at or below 14,000 
pounds GVWR. Emission standards 
apply to these vehicles as if they were 
Class 3 heavy-duty vehicles. The work 
factor for these vehicles may not be 
greater than the largest work factor that 
applies for vehicles in the test group 
that are at or below 14,000 pounds 
GVWR (see § 86.1819–14). 

(ii) Incomplete heavy-duty vehicles at 
or below 14,000 pounds GVWR may be 
optionally certified to the exhaust 
emission standards in this subpart that 
apply for heavy-duty vehicles. 
* * * * * 
■ 66. Section 86.1802–01 is revised to 
read as follows: 

§ 86.1802–01 Section numbering; 
construction. 

(a) Section numbering. The model 
year of initial applicability is indicated 
by the section number. The two digits 
following the hyphen designate the first 
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model year for which a section is 
applicable. The section continues to 
apply to subsequent model years unless 
a later model year section is adopted. 
Example: Section 86.18xx–10 applies to 
model year 2010 and later vehicles. If a 
§ 86.18xx–17 is promulgated, it would 
apply beginning with the 2017 model 
year; § 86.18xx–10 would apply only to 
model years 2010 through 2016, except 
as specified in § 86.18xx–17. 

(b) A section reference without a 
model year suffix refers to the section 
applicable for the appropriate model 
year. 

(c) If a regulation in this subpart 
references a section that has been 
superseded or no longer exists, this 
should be understood as a reference to 
the same section for the appropriate 
model year. For example, if a regulation 
in this subpart refers to § 86.1845–01, it 
should be taken as a reference to 
§ 86.1845–04 or any later version of 
§ 86.1845 that applies for the 
appropriate model year. However, this 
does not apply if the reference to a 
superseded section specifically states 
that the older provision applies instead 
of any updated provisions from the 
section in effect for the current model 
year; this occurs most often as part of 
the transition to new emission 
standards. 
■ 67. Section 86.1803–01 is amended as 
follows: 
■ a. By revising the definitions for ‘‘Base 
level’’, ‘‘Base tire’’, ‘‘Base vehicle’’, and 
‘‘Basic engine’’. 
■ b. By adding a definition for ‘‘Cab- 
complete vehicle’’ in alphabetical order. 
■ c. By revising the definitions for 
‘‘Carbon-related exhaust emissions 
(CREE)’’, ‘‘Configuration’’, paragraph (1) 
of ‘‘Emergency vehicle’’, ‘‘Engine code’’, 
‘‘Federal Test Procedure’’, ‘‘Highway 
Fuel Economy Test Procedure (HFET)’’, 
‘‘Mild hybrid electric vehicle’’, ‘‘Model 
type’’, ‘‘Production volume’’, ‘‘Strong 
hybrid electric vehicle’’, 
‘‘Subconfiguration’’, ‘‘Transmission 
class’’, and ‘‘Transmission 
configuration’’. 
■ d. By adding a definition for 
‘‘Transmission type’’ in alphabetical 
order. 

The revisions and additions read as 
follows: 

§ 86.1803–01 Definitions. 
* Baselevel has the meaning given in 

40 CFR 600.002 for LDV, LDT, and 
MDPV. See § 86.1819–14 for heavy-duty 
vehicles. 

Base tire has the meaning given in 40 
CFR 600.002 for LDV, LDT, and MDPV. 

Base vehicle has the meaning given in 
40 CFR 600.002 for LDV, LDT, and 
MDPV. 

Basic engine has the meaning given in 
40 CFR 600.002. 
* * * * * 

Cab-complete vehicle means a heavy- 
duty vehicle that is first sold as an 
incomplete vehicle that substantially 
includes its cab. Vehicles known 
commercially as chassis-cabs, cab- 
chassis, box-deletes, bed-deletes, cut- 
away vans are considered cab-complete 
vehicles. For purposes of this definition, 
a cab includes a steering column and 
passenger compartment. Note that a 
vehicle lacking some components of the 
cab is a cab-complete vehicle if it 
substantially includes the cab. 
* * * * * 

Carbon-related exhaust emissions 
(CREE) has the meaning given in 40 CFR 
600.002 for LDV, LDT, and MDPV. 
* * * * * 

Configuration means one of the 
following: 

(1) For LDV, LDT, and MDPV, 
configuration means a subclassification 
within a test group which is based on 
engine code, inertia weight class, 
transmission type and gear ratios, final 
drive ratio, and other parameters which 
may be designated by the Administrator. 

(2) For HDV, configuration has the 
meaning given in § 86.1819–14(d)(12). 
* * * * * 

Emergency vehicle * * * 
(1) For the greenhouse gas emission 

standards in § 86.1818, emergency 
vehicle means a motor vehicle 
manufactured primarily for use as an 
ambulance or combination ambulance- 
hearse or for use by the United States 
Government or a State or local 
government for law enforcement. 
* * * * * 

Engine code means one of the 
following: 

(1) For LDV, LDT, and MDPV, engine 
code means a unique combination 
within a test group of displacement, fuel 
injection (or carburetor) calibration, 
choke calibration, distributor 
calibration, auxiliary emission control 
devices, and other engine and emission 
control system components specified by 
the Administrator. For electric vehicles, 
engine code means a unique 
combination of manufacturer, electric 
traction motor, motor configuration, 
motor controller, and energy storage 
device. 

(2) For HDV, engine code has the 
meaning given in § 86.1819–14(d)(12). 
* * * * * 

Federal Test Procedure has the 
meaning given in 40 CFR 
1066.801(c)(1)(i). 
* * * * * 

Highway Fuel Economy Test 
Procedure (HFET) has the meaning 
given in 40 CFR 1066.801(c)(3). 
* * * * * 

Mild hybrid electric vehicle means a 
hybrid electric vehicle that has start/ 
stop capability and regenerative braking 
capability, where the recovered energy 
over the Federal Test Procedure is at 
least 15 percent but less than 65 percent 
of the total braking energy, as measured 
and calculated according to 40 CFR 
600.116–12(d). 

Model type has the meaning given in 
40 CFR 600.002 for LDV, LDT, and 
MDPV. 
* * * * * 

Production volume has the meaning 
given in 40 CFR 600.002. 
* * * * * 

Strong hybrid electric vehicle means a 
hybrid electric vehicle that has start/ 
stop capability and regenerative braking 
capability, where the recovered energy 
over the Federal Test Procedure is at 
least 65 percent of the total braking 
energy, as measured and calculated 
according to 40 CFR 600.116–12(d). 

Subconfiguration means one of the 
following: 

(1) For LDV, LDT, and MDPV, 
subconfiguration has the meaning given 
in 40 CFR 600.002. 

(2) For HDV, subconfiguration has the 
meaning given in § 86.1819–14(d)(12). 
* * * * * 

Transmission class has the meaning 
given in 40 CFR 600.002 for LDV, LDT, 
and MDPV. 

Transmission configuration has the 
meaning given in 40 CFR 600.002. 

Transmission type means the basic 
type of the transmission (e.g., automatic, 
manual, automated manual, semi- 
automatic, or continuously variable) and 
does not include the drive system of the 
vehicle (e.g., front-wheel drive, rear- 
wheel drive, or four-wheel drive). 
* * * * * 
■ 68. Section 86.1805–17 is amended by 
revising paragraph (b) to read as follows: 

§ 86.1805–17 Useful life. 

* * * * * 
(b) Greenhouse gas pollutants. The 

emission standards in § 86.1818 apply 
for a useful life of 10 years or 120,000 
miles for LDV and LLDT and 11 years 
or 120,000 miles for HLDT and MDPV. 
For non-MDPV heavy-duty vehicles, the 
emission standards in § 86.1819 apply 
for a useful life of 11 years or 120,000 
miles through model year 2020, and for 
a useful life of 15 years or 150,000 miles 
in model year 2021 and later. 
Manufacturers may certify based on the 
useful life as specified in paragraph (d) 
of this section if it is different than the 
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useful life specified in this paragraph 
(b). 
* * * * * 

■ 69. Section 86.1811–17 is amended by 
revising paragraphs (b)(8)(iii)(C) and (g) 
to read as follows: 

§ 86.1811–17 Exhaust emission standards 
for light-duty vehicles, light-duty trucks and 
medium-duty passenger vehicles. 

* * * * * 
(b) * * * 
(8) * * * 
(iii) * * * 
(C) Vehicles must comply with the 

Tier 2 SFTP emission standards for 
NMHC + NOX and CO for 4,000-mile 
testing that are specified in § 86.1811– 
04(f)(1) if they are certified to 
transitional Bin 85 or Bin 110 standards, 
or if they are certified based on a fuel 
without ethanol, or if they are not 
certified to the Tier 3 p.m. standard. 
Note that these standards apply under 
this section for alternative fueled 
vehicles, for flexible fueled vehicles 
when operated on a fuel other than 
gasoline or diesel fuel, and for MDPVs, 
even though these vehicles were not 
subject to the SFTP standards in the 
Tier 2 program. 
* * * * * 

(g) Cold temperature exhaust 
emission standards. The standards in 
this paragraph (g) apply for certification 
and in-use vehicles tested over the test 
procedures specified in subpart C of this 
part. These standards apply only to 
gasoline-fueled vehicles. Multi-fuel, bi- 
fuel or dual-fuel vehicles must comply 
with requirements using gasoline only. 
Testing with other fuels such as a high- 
level ethanol-gasoline blend, or testing 
on diesel vehicles, is not required. 

(1) Cold temperature CO standards. 
Cold temperature CO exhaust emission 
standards apply for testing at both low- 
altitude conditions and high-altitude 
conditions as follows: 

(i) For LDV and LDT1, the standard is 
10.0 g/mile CO. 

(ii) For LDT2, LDT3 and LDT4, the 
standard is 12.5 grams per mile CO. 

(2) Cold temperature NMHC 
standards. The following fleet average 
cold temperature NMHC standards 
apply as follows: 

(i) The standards are shown in the 
following table: 

TABLE 5 OF § 86.1811–17—FLEET 
AVERAGE COLD TEMPERATURE 
NMHC EXHAUST EMISSION STAND-
ARDS 

Vehicle weight category 

Cold 
temperature 

NMHC sales- 
weighted fleet 

average 
standard 
(g/mile) 

LDV and LLDT ...................... 0.3 
HLDT .................................... 0.5 

(ii) The manufacturer must calculate 
its fleet average cold temperature NMHC 
emission level(s) as described in 
§ 86.1864–10(m). 

(iii) The standards specified in this 
paragraph (g)(2) apply only for testing at 
low-altitude conditions. However, 
manufacturers must submit an 
engineering evaluation indicating that 
common calibration approaches are 
utilized at high altitudes. Any deviation 
from low altitude emission control 
practices must be included in the 
auxiliary emission control device 
(AECD) descriptions submitted at 
certification. Any AECD specific to high 
altitude must require engineering 
emission data for EPA evaluation to 
quantify any emission impact and 
validity of the AECD. 
* * * * * 
■ 70. Section 86.1813–17 is amended by 
revising paragraphs (a)(1)(ii), (a)(2)(iii), 
and (f)(1) to read as follows: 

§ 86.1813–17 Evaporative and refueling 
emission standards. 
* * * * * 

(a) * * * 
(1) * * * 
(ii) Measure diurnal, running loss, 

and hot soak emissions as shown in 
§ 86.130. This includes separate 
measurements for the two-diurnal test 
sequence and the three-diurnal test 
sequence; however, gaseous-fueled 
vehicles are not subject to any 
evaporative emission standards using 
the two-diurnal test sequence. 
* * * * * 

(2) * * * 
(iii) Hydrocarbon emissions must not 

exceed 0.020 g for LDV and LDT and 
0.030 g for HDV when tested using the 
Bleed Emission Test Procedure adopted 
by the California Air Resources Board as 
part of the LEV III program. This 
procedure quantifies diurnal emissions 
using the two-diurnal test sequence 
without measuring hot soak emissions. 
The standards in this paragraph 
(a)(2)(iii) do not apply for testing at 
high-altitude conditions. For vehicles 
with non-integrated refueling canisters, 

the bleed emission test and standard do 
not apply to the refueling canister. You 
may perform the Bleed Emission Test 
Procedure using the analogous test 
temperatures and the E10 test fuel 
specified in subpart B of this part. 
* * * * * 

(f) * * * 
(1) Compressed natural gas vehicles 

must meet the requirements for fueling 
connection devices as specified in ANSI 
NGV1–2006 or CSA IR–1–15 
(incorporated by reference in § 86.1). 
* * * * * 
■ 71. Section 86.1816–18 is amended by 
revising paragraphs (a) introductory 
text, (b)(7)(i) introductory text, and 
(b)(9) to read as follows: 

§ 86.1816–18 Emission standards for 
heavy-duty vehicles. 

(a) Applicability and general 
provisions. This section describes 
exhaust emission standards that apply 
for model year 2018 and later complete 
heavy-duty vehicles. These standards 
are optional for incomplete heavy-duty 
vehicles and for heavy duty vehicles 
above 14,000 pounds GVWR as 
described in § 86.1801. Greenhouse gas 
emission standards are specified in 
§ 86.1818 for MDPV and in § 86.1819 for 
other HDV. See § 86.1813 for 
evaporative and refueling emission 
standards. This section may apply to 
vehicles before model year 2018 as 
specified in paragraph (b)(11) of this 
section. Separate requirements apply for 
MDPV as specified in § 86.1811. See 
subpart A of this part for requirements 
that apply for incomplete heavy-duty 
vehicles and for heavy-duty engines 
certified independent of the chassis. 
The following general provisions apply: 
* * * * * 

(b) * * * 
(7) * * * 
(i) The fleet-average FTP emission 

standard for NMOG + NOX phases in 
over several years as described in this 
paragraph (b)(7)(i). You must identify 
FELs as described in paragraph (b)(4) of 
this section and calculate a fleet-average 
emission level to show that you meet 
the FTP emission standard for 
NMOG+NOX that applies for each 
model year. You may certify using 
transitional bin standards specified in 
Table 5 of this section through model 
year 2021; these vehicles are subject to 
the FTP emission standard for 
formaldehyde as described in 
§ 86.1816–08. You may use the E0 test 
fuel specified in § 86.113 for gasoline- 
fueled vehicles certified to the 
transitional bins; the useful life period 
for these vehicles is 120,000 miles or 11 
years. Fleet-average FTP emission 
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standards decrease as shown in the 
following table: 
* * * * * 

(9) Except as specified in paragraph 
(b)(8) of this section, you may not use 
credits generated from vehicles certified 
under § 86.1816–08 for demonstrating 
compliance with the Tier 3 standards. 
* * * * * 
■ 72. Section 86.1817–05 is amended by 
revising paragraph (c) introductory text 
to read as follows: 

§ 86.1817–05 Complete heavy-duty vehicle 
averaging, trading, and banking program. 

* * * * * 
(c) Calculations. For each 

participating test group, NOX emission 
credits (positive or negative) are to be 
calculated according to one of the 
following equations and rounded to the 
nearest one-tenth of a Megagram (Mg). 
Consistent units are to be used 
throughout the equation. 
* * * * * 
■ 73. Section 86.1818–12 is amended by 
revising paragraphs (a)(2), (c)(4), and 
(f)(4) to read as follows: 

§ 86.1818–12 Greenhouse gas emission 
standards for light-duty vehicles, light-duty 
trucks, and medium-duty passenger 
vehicles. 

(a) * * * 
(2) The standards specified in this 

section apply for testing at both low- 
altitude conditions and high-altitude 
conditions. However, manufacturers 
must submit an engineering evaluation 
indicating that common calibration 
approaches are utilized at high altitude 
instead of performing testing for 
certification, consistent with § 86.1829. 
Any deviation from low altitude 
emission control practices must be 
included in the auxiliary emission 
control device (AECD) descriptions 
submitted at certification. Any AECD 
specific to high altitude requires 
engineering emission data for EPA 
evaluation to quantify any emission 
impact and determine the validity of the 
AECD. 
* * * * * 

(c) * * * 
(4) Emergency vehicles. Emergency 

vehicles may be excluded from the 
emission standards described in this 
section. The manufacturer must notify 

the Administrator that they are making 
such an election in the model year 
reports required under § 600.512 of this 
chapter. Such vehicles should be 
excluded from both the calculation of 
the fleet average standard for a 
manufacturer under this paragraph (c) 
and from the calculation of the fleet 
average carbon-related exhaust 
emissions in § 600.510–12. 
* * * * * 

(f) * * * 
(4) CO2-equivalent debits. CO2- 

equivalent debits for test groups using 
an alternative N2O and/or CH4 standard 
as determined under paragraph (f)(3) of 
this section shall be calculated 
according to the following equation and 
rounded to the nearest whole megagram: 
Debits = [GWP × (Production) × 

(AltStd—Std) × VLM] ÷ 1,000,000 
Where: 
Debits = CO2-equivalent debits for N2O or 

CH4, in Megagrams, for a test group using 
an alternative N2O or CH4 standard, 
rounded to the nearest whole Megagram; 

GWP = 25 if calculating CH4 debits and 298 
if calculating N2O debits; 

Production = The number of vehicles of that 
test group domestically produced plus 
those imported as defined in § 600.511 of 
this chapter; 

AltStd = The alternative standard (N2O or 
CH4) selected by the manufacturer under 
paragraph (f)(3) of this section; 

Std = The exhaust emission standard for N2O 
or CH4 specified in paragraph (f)(1) of 
this section; and 

VLM = 195,264 for passenger automobiles 
and 225,865 for light trucks. 

* * * * * 
■ 74. Section 86.1819–14 is added to 
subpart S to read as follows: 

§ 86.1819–14 Greenhouse gas emission 
standards for heavy-duty vehicles. 

This section describes exhaust 
emission standards for CO2, CH4, and 
N2O for heavy-duty vehicles. The 
standards of this section apply for 
model year 2014 and later vehicles that 
are chassis-certified with respect to 
criteria pollutants under this subpart S. 
Additional heavy-duty vehicles may be 
optionally subject to the standards of 
this section as allowed under paragraph 
(j) of this section. Any heavy-duty 
vehicles not subject to standards under 
this section are instead subject to 
greenhouse gas standards under 40 CFR 

part 1037, and engines installed in these 
vehicles are subject to standards under 
40 CFR part 1036. If you are not the 
engine manufacturer, you must notify 
the engine manufacturer that its engines 
are subject to 40 CFR part 1036 if you 
intend to use their engines in vehicles 
that are not subject to standards under 
this section. Vehicles produced by small 
businesses may be excluded from the 
standards of this section as described in 
paragraph (k)(5) of this section. 

(a) Fleet-average CO2 emission 
standards. Fleet-average CO2 emission 
standards apply for the full useful life 
for each manufacturer as follows: 

(1) Calculate a work factor, WF, for 
each vehicle subconfiguration (or group 
of subconfigurations as allowed under 
paragraph (a)(4) of this section), 
rounded to the nearest pound, using the 
following equation: 

WF = 0.75 × (GVWR ¥ Curb Weight 
+ xwd) + 0.25 × (GCWR ¥ GVWR) 
Where: 
xwd = 500 pounds if the vehicle has four- 

wheel drive or all-wheel drive; xwd = 0 
pounds for all other vehicles. 

(2) Using the appropriate work factor, 
calculate a target value for each vehicle 
subconfiguration (or group of 
subconfigurations as allowed under 
paragraph (a)(4) of this section) you 
produce using one of the following 
equations, or the phase-in provisions in 
paragraph (k)(4) of this section, 
rounding to the nearest whole g/mile: 

(i) For model year 2027 and later 
vehicles with spark-ignition engines: 
CO2 Target (g/mile) = 0.0369 × WF + 284 

(ii) For model year 2027 and later 
vehicles with compression-ignition 
engines or with no engines (such as 
electric vehicles and fuel cell vehicles): 
CO2 Target (g/mile) = 0.0348 × WF + 268 

(3) Calculate a production-weighted 
average of the target values and round 
it to the nearest whole g/mile. This is 
your fleet-average standard. All vehicles 
subject to the standards of this section 
form a single averaging set. Use the 
following equation to calculate your 
fleet-average standard from the target 
value for each vehicle subconfiguration 
(Targeti) and U.S.-directed production 
volume of each vehicle subconfiguration 
for the given model year (Volumei): 

(4) You may group subconfigurations 
within a configuration together for 

purposes of calculating your fleet- 
average standard as follows: 

(i) You may group together 
subconfigurations that have the same 
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equivalent test weight (ETW), GVWR, 
and GCWR. Calculate your work factor 
and target value assuming a curb weight 
equal to two times ETW minus GVWR. 

(ii) You may group together other 
subconfigurations if you use the lowest 
target value calculated for any of the 
subconfigurations. 

(5) The standards specified in this 
section apply for testing at both low- 
altitude conditions and high-altitude 
conditions. However, manufacturers 
must submit an engineering evaluation 
indicating that common calibration 
approaches are utilized at high altitude 
instead of performing testing for 
certification, consistent with § 86.1829. 
Any deviation from low altitude 
emission control practices must be 
included in the auxiliary emission 
control device (AECD) descriptions 
submitted at certification. Any AECD 
specific to high altitude requires 
engineering emission data for EPA 
evaluation to quantify any emission 
impact and determine the validity of the 
AECD. 

(b) Production and in-use CO2 
standards. Each vehicle you produce 
that is subject to the standards of this 
section has an ‘‘in-use’’ CO2 standard 
that is calculated from your test result 
and that applies for selective 
enforcement audits and in-use testing. 
This in-use CO2 standard for each 
vehicle is equal to the applicable 
deteriorated emission level multiplied 
by 1.10 and rounded to the nearest 
whole g/mile. 

(c) N2O and CH4 standards. Except as 
allowed under this paragraph (c), all 
vehicles subject to the standards of this 
section must comply with an N2O 
standard of 0.05 g/mile and a CH4 
standard of 0.05 g/mile when calculated 
according to the provisions of paragraph 
(d)(4) of this section. You may specify 
CH4 and/or N2O alternative standards 
using CO2 emission credits instead of 
these otherwise applicable emission 
standards for one or more test groups. 
To do this, calculate the CH4 and/or 
N2O emission credits needed (negative 
credits) using the equation in this 
paragraph (c) based on the FEL(s) you 
specify for your vehicles during 
certification. You must adjust the 
calculated emissions by the global 
warming potential (GWP): GWP equals 
34 for CH4 from model year 2021 and 
later vehicles, 25 for CH4 from earlier 
vehicles, and 298 for N2O. This means, 
for example, that you must use 298 Mg 
of positive CO2 credits to offset 1 Mg of 
negative N2O credits. Note that 
§ 86.1818–12(f) does not apply for 
vehicles subject to the standards of this 
section. Calculate credits using the 

following equation, rounded to the 
nearest whole number: 
CO2 Credits Needed (Mg) = [(FEL ¥ Std) 

× (U.S.-directed production volume) 
× (Useful Life)] × (GWP) ÷ 1,000,000 

(d) Compliance provisions. The 
following compliance provisions apply 
instead of other provisions described in 
this subpart S: 

(1) The CO2 standards of this section 
apply with respect to CO2 emissions, 
not with respect to carbon-related 
exhaust emissions (CREE). 

(2) The following general credit 
provisions apply: 

(i) Credits you generate under this 
section may be used only to offset credit 
deficits under this section. You may 
bank credits for use in a future model 
year in which your average CO2 level 
exceeds the standard. You may trade 
credits to another manufacturer 
according to § 86.1865–12(k)(8). Before 
you bank or trade credits, you must 
apply any available credits to offset a 
deficit if the deadline to offset that 
credit deficit has not yet passed. 

(ii) Vehicles subject to the standards 
of this section are included in a single 
greenhouse gas averaging set separate 
from any averaging set otherwise 
included in this subpart S. 

(iii) Banked CO2 credits keep their full 
value for five model years after the year 
in which they were generated. Unused 
credits may not be used for more than 
five model years after the model year in 
which the credits are generated. 

(3) Special credit and incentive 
provisions related to air conditioning in 
§§ 86.1867 and 86.1868 do not apply for 
vehicles subject to the standards of this 
section. 

(4) Measure emissions using the 
procedures of subpart B of this part and 
40 CFR part 1066. Determine separate 
emission results for the Federal Test 
Procedure (FTP) described in 40 CFR 
1066.801(c)(1) and the Highway Fuel 
Economy Test (HFET) described in 40 
CFR 1066.801(c)(3). Calculate composite 
emission results from these two test 
cycles for demonstrating compliance 
with the CO2, N2O, and CH4 standards 
based on a weighted average of the FTP 
(55%) and HFET (45%) emission 
results. Note that this differs from the 
way the criteria pollutant standards 
apply. 

(5) Apply an additive deterioration 
factor of zero to measured CO2 
emissions unless good engineering 
judgment indicates that emissions are 
likely to deteriorate in use. Use good 
engineering judgment to develop 
separate deterioration factors for N2O 
and CH4. 

(6) Credits are calculated using the 
useful life value (in miles) in place of 

‘‘vehicle lifetime miles’’ as specified in 
§ 86.1865. Calculate a total credit or 
debit balance in a model year by adding 
credits and debits from § 86.1865– 
12(k)(4), subtracting any CO2-equivalent 
debits for N2O or CH4 calculated 
according to paragraph (c) of this 
section, and adding any of the following 
credits: 

(i) Off-cycle technology credits 
according to paragraph (d)(13) of this 
section. 

(ii) Early credits from vehicles 
certified under paragraph (k)(2) of this 
section. 

(iii) Advanced-technology credits 
according to paragraph (k)(7) of this 
section. 

(7) [Reserved] 
(8) The provisions of § 86.1818 do not 

apply. 
(9) Calculate your fleet-average 

emission rate consistent with good 
engineering judgment and the 
provisions of § 86.1865. The following 
additional provisions apply: 

(i) Unless we approve a lower 
number, you must test at least ten 
subconfigurations. If you produce more 
than 100 subconfigurations in a given 
model year, you must test at least ten 
percent of your subconfigurations. For 
purposes of this paragraph (d)(9)(i), 
count carryover tests, but do not include 
analytically derived CO2 emission rates, 
data substitutions, or other untested 
allowances. We may approve a lower 
number of tests for manufacturers that 
have limited product offerings, or low 
sales volumes. Note that good 
engineering judgment and other 
provisions of this part may require you 
to test more subconfigurations than 
these minimum values. 

(ii) The provisions of paragraph (g) of 
this section specify how you may use 
analytically derived CO2 emission rates. 

(iii) At least 90 percent of final 
production volume at the configuration 
level must be represented by test data 
(real, data substituted, or analytical). 

(iv) Perform fleet-average CO2 
calculations as described in § 86.1865 
and 40 CFR part 600, with the following 
exceptions: 

(A) Use CO2 emissions values for all 
test results, intermediate calculations, 
and fleet average calculations instead of 
the carbon-related exhaust emission 
(CREE) values specified in this subpart 
S and 40 CFR part 600. 

(B) Perform intermediate CO2 
calculations for subconfigurations 
within each configuration using the 
subconfiguration and configuration 
definitions in paragraph (d)(12) of this 
section. 

(C) Perform intermediate CO2 
calculations for configurations within 
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each test group and transmission type 
(instead of configurations within each 
base level and base levels within each 
model type). Use the configuration 
definition in paragraph (d)(12)(i) of this 
section. 

(D) Do not perform intermediate CO2 
calculations for each base level or for 
each model type. Base level and model 
type CO2 calculations are not applicable 
to heavy-duty vehicles subject to 
standards in this section. 

(E) Determine fleet average CO2 
emissions for heavy-duty vehicles 
subject to standards in this section as 
described in 40 CFR 600.510–12(j), 
except that the calculations must be 
performed on the basis of test group and 
transmission type (instead of the model- 
type basis specified in the light-duty 
vehicle regulations), and the 
calculations for dual-fuel, multi-fuel, 
and flexible-fuel vehicles must be 
consistent with the provisions of 
paragraph (d)(10)(i) of this section. 

(10) For dual-fuel, multi-fuel, and 
flexible-fuel vehicles, perform exhaust 
testing on each fuel type (for example, 
gasoline and E85). 

(i) For your fleet-average calculations 
in model year 2016 and later, use either 
the conventional-fueled CO2 emission 
rate or a weighted average of your 
emission results as specified in 40 CFR 
600.510–12(k) for light-duty trucks. For 
your fleet-average calculations before 
model year 2016, apply an equal 
weighting of CO2 emission results from 
alternative and conventional fuels. 

(ii) If you certify to an alternate 
standard for N2O or CH4 emissions, you 
may not exceed the alternate standard 
when tested on either fuel. 

(11) Test your vehicles with an 
equivalent test weight based on its 
Adjusted Loaded Vehicle Weight 
(ALVW). Determine equivalent test 
weight from the ALVW as specified in 
40 CFR 1066.805; round ALVW values 

above 14,000 pounds to the nearest 500 
pound increment. 

(12) The following definitions apply 
for the purposes of this section: 

(i) Configuration means a 
subclassification within a test group 
based on engine code, transmission type 
and gear ratios, final drive ratio, and 
other parameters we designate. Engine 
code means the combination of both 
‘‘engine code’’ and ‘‘basic engine’’ as 
defined in 40 CFR 600.002. 

(ii) Subconfiguration means a unique 
combination within a vehicle 
configuration (as defined in this 
paragraph (d)(12)) of equivalent test 
weight, road-load horsepower, and any 
other operational characteristics or 
parameters that we determine may 
significantly affect CO2 emissions 
within a vehicle configuration. Note that 
for vehicles subject to standards of this 
section, equivalent test weight (ETW) is 
based on the ALVW of the vehicle as 
outlined in paragraph (d)(11) of this 
section. 

(13) This paragraph (d)(13) applies for 
CO2 reductions resulting from 
technologies that were not in common 
use before 2010 that are not reflected in 
the specified test procedures. While you 
are not required to prove that such 
technologies were not in common use 
with heavy-duty vehicles before model 
year 2010, we will not approve your 
request if we determine they do not 
qualify. These may be described as off- 
cycle or innovative technologies. We 
may allow you to generate emission 
credits consistent with the provisions of 
§ 86.1869–12(c) and (d). The 5-cycle 
methodology is not presumed to be 
preferred over alternative methodologies 
described in § 86.1869–12(d). 

(14) You must submit pre-model year 
reports before you submit your 
applications for certification for a given 
model year. Unless we specify 

otherwise, include the information 
specified for pre-model year reports in 
49 CFR 535.8. 

(15) You must submit a final report 
within 90 days after the end of the 
model year. Unless we specify 
otherwise, include applicable 
information identified in § 86.1865– 
12(l), 40 CFR 600.512, and 49 CFR 
535.8(e). The final report must include 
at least the following information: 

(i) Model year. 
(ii) Applicable fleet-average CO2 

standard. 
(iii) Calculated fleet-average CO2 

value and all the values required to 
calculate the CO2 value. 

(iv) Number of credits or debits 
incurred and all values required to 
calculate those values. 

(v) Resulting balance of credits or 
debits. 

(vi) N2O emissions. 
(vii) CH4 emissions. 
(viii) Total and percent leakage rates 

under paragraph (h) of this section. 
(16) You may apply the provisions for 

delegated assembly as described in 40 
CFR 1037.621. 

(17) You may calculate emission rates 
for weight increments less than the 500 
pound increment specified for test 
weight. This does not change the 
applicable test weights. 

(i) Use the ADC equation in paragraph 
(g) of this section to adjust your 
emission rates for vehicles in 
increments of 50, 100, or 250 pounds 
instead of the 500 test-weight 
increments. Adjust emissions to the 
midpoint of each increment. This is the 
equivalent emission weight. For 
example, vehicles with a test weight 
basis of 11,751 to 12,250 pounds (which 
have an equivalent test weight of 12,000 
pounds) could be regrouped into 100 
pound increments as follows: 

Test weight basis 
Equivalent 
emission 
weight 

Equivalent 
test weight 

11,751–11,850 ......................................................................................................................................................... 11,800 12,000 
11,851–11,950 ......................................................................................................................................................... 11,900 12,000 
11,951–12,050 ......................................................................................................................................................... 12,000 12,000 
12,051–12,150 ......................................................................................................................................................... 12,100 12,000 
12,151–12,250 ......................................................................................................................................................... 12,200 12,000 

(ii) You must use the same increment 
for all equivalent test weight classes 
across your whole product line in a 
given model year. You must also specify 
curb weight for calculating the work 
factor in a way that is consistent with 
your approach for determining test 
weight for calculating ADCs under this 
paragraph (d)(17). 

(e) Useful life. The exhaust emission 
standards of this section apply for the 
full useful life, as described in 
§ 86.1805. 

(f) [Reserved] 
(g) Analytically derived CO2 emission 

rates (ADCs). This paragraph (g) 
describes an allowance to use estimated 
(i.e., analytically derived) CO2 emission 

rates based on baseline test data instead 
of measured emission rates for 
calculating fleet-average emissions. Note 
that these ADCs are similar to ADFEs 
used for light-duty vehicles. Note also 
that F terms used in this paragraph (g) 
represent coefficients from the following 
road load equation: 
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Force = F0 + F1 · (velocity) + F2 · 
(velocity)2 

(1) Except as specified in paragraph 
(g)(2) of this section, use the following 
equation to calculate the ADC of a new 
vehicle from road load force coefficients 
(F0, F1, F2), axle ratio, and test weight: 
ADC = CO2base + 2.18 · DF0 + 37.4 · DF1 

+ 2257 · DF2 + 189 · DAR + 0.0222· 
DETW 

Where: 
ADC = Analytically derived combined city/ 

highway CO2 emission rate (g/mile) for a 
new vehicle. 

CO2base = Combined city/highway CO2 
emission rate (g/mile) of a baseline 
vehicle. 

DF0 = F0 of the new vehicle¥F0 of the 
baseline vehicle. 

DF1 = F1 of the new vehicle¥F1 of the 
baseline vehicle. 

DF2 = F2 of the new vehicle¥F2 of the 
baseline vehicle. 

DAR = Axle ratio of the new vehicle¥axle 
ratio of the baseline vehicle. 

DETW = ETW of the new vehicle¥ETW of 
the baseline vehicle. 

(2) The purpose of this section is to 
accurately estimate CO2 emission rates. 

(i) You must apply the provisions of 
this section consistent with good 
engineering judgment. For example, do 
not use the equation in paragraph (g)(1) 
of this section where good engineering 
judgment indicates that it will not 
accurately estimate emissions. You may 
ask us to approve alternate equations 
that allow you to estimate emissions 
more accurately. 

(ii) The analytically derived CO2 
equation in paragraph (g)(1) of this 
section may be periodically updated 
through publication of an EPA guidance 
document to more accurately 
characterize CO2 emission levels for 
example, changes may be appropriate 
based on new test data, future 
technology changes, or to changes in 
future CO2 emission levels. Any EPA 
guidance document will determine the 
model year that the updated equation 
takes effect. We will issue guidance no 
later than eight months before the 
effective model year. For example, 
model year 2014 may start January 2, 
2013, so guidance for model year 2014 
would be issued by May 1, 2012. 

(3) You may select baseline test data 
without our advance approval if they 
meet all the following criteria: 

(i) Vehicles considered for the 
baseline test must comply with all 
applicable emission standards in the 
model year associated with the ADC. 

(ii) You must include in the pool of 
tests considered for baseline selection 
all official tests of the same or 
equivalent basic engine, transmission 
class, engine code, transmission code, 

engine horsepower, dynamometer drive 
wheels, and compression ratio as the 
ADC subconfiguration. Do not include 
tests in which emissions exceed any 
applicable standard. 

(iii) Where necessary to minimize the 
CO2 adjustment, you may supplement 
the pool with tests associated with 
worst-case engine or transmission codes 
and carryover or carry-across test 
groups. If you do, all the data that 
qualify for inclusion using the elected 
worst-case substitution (or carryover or 
carry-across) must be included in the 
pool as supplemental data (i.e., 
individual test vehicles may not be 
selected for inclusion). You must also 
include the supplemental data in all 
subsequent pools, where applicable. 

(iv) Tests previously used during the 
subject model year as baseline tests in 
ten other ADC subconfigurations must 
be eliminated from the pool. 

(v) Select the tested subconfiguration 
with the smallest absolute difference 
between the ADC and the test CO2 
emission rate for combined emissions. 
Use this as the baseline test for the 
target ADC subconfiguration. 

(4) You may ask us to allow you to 
use baseline test data not fully meeting 
the provisions of paragraph (g)(3) of this 
section. 

(5) Calculate the ADC rounded to the 
nearest whole g/mile. Except with our 
advance approval, the downward 
adjustment of ADC from the baseline is 
limited to ADC values 20 percent below 
the baseline emission rate. The upward 
adjustment is not limited. 

(6) You may not submit an ADC if an 
actual test has been run on the target 
subconfiguration during the certification 
process or on a development vehicle 
that is eligible to be declared as an 
emission-data vehicle. 

(7) No more than 40 percent of the 
subconfigurations tested in your final 
CO2 submission may be represented by 
ADCs. 

(8) Keep the following records for at 
least five years, and show them to us if 
we ask to see them: 

(i) The pool of tests. 
(ii) The vehicle description and tests 

chosen as the baseline and the basis for 
the selection. 

(iii) The target ADC subconfiguration. 
(iv) The calculated emission rates. 
(9) We may perform or order a 

confirmatory test of any 
subconfiguration covered by an ADC. 

(10) Where we determine that you did 
not fully comply with the provisions of 
this paragraph (g), we may require that 
you comply based on actual test data 
and that you recalculate your fleet- 
average emission rate. 

(h) Air conditioning leakage. Loss of 
refrigerant from your air conditioning 
systems may not exceed a total leakage 
rate of 11.0 grams per year or a percent 
leakage rate of 1.50 percent per year, 
whichever is greater. This applies for all 
refrigerants. Calculate the total leakage 
rate in g/year as specified in § 86.1867– 
12(a). Calculate the percent leakage rate 
as: [total leakage rate (g/yr)] ÷ [total 
refrigerant capacity (g)] × 100. Round 
your percent leakage rate to the nearest 
one-hundredth of a percent. For purpose 
of this requirement, ‘‘refrigerant 
capacity’’ is the total mass of refrigerant 
recommended by the vehicle 
manufacturer as representing a full 
charge. Where full charge is specified as 
a pressure, use good engineering 
judgment to convert the pressure and 
system volume to a mass. 

(i) [Reserved] 
(j) Optional GHG certification under 

this subpart. You may certify certain 
complete or cab-complete vehicles to 
the GHG standards of this section. All 
vehicles optionally certified under this 
paragraph (j) are deemed to be subject 
to the GHG standards of this section. 
Note that for vehicles above 14,000 
pounds GVWR and at or below 26,000 
pounds GVWR, GHG certification under 
this paragraph (j) does not affect how 
you may or may not certify with respect 
to criteria pollutants. 

(1) For GHG compliance, you may 
certify any complete or cab-complete 
spark-ignition vehicles above 14,000 
pounds GVWR and at or below 26,000 
pounds GVWR to the GHG standards of 
this section even though this section 
otherwise specifies that you may certify 
vehicles to the GHG standards of this 
section only if they are chassis-certified 
for criteria pollutants. 

(2) You may apply the provisions of 
this section to cab-complete vehicles 
based on a complete sister vehicle. In 
unusual circumstances, you may ask us 
to apply these provisions to Class 2b or 
Class 3 incomplete vehicles that do not 
meet the definition of cab-complete. 

(i) Except as specified in paragraph 
(j)(3) of this section, for purposes of this 
section, a complete sister vehicle is a 
complete vehicle of the same vehicle 
configuration as the cab-complete 
vehicle. You may not apply the 
provisions of this paragraph (j) to any 
vehicle configuration that has a four- 
wheel rear axle if the complete sister 
vehicle has a two-wheel rear axle. 

(ii) Calculate the target value for fleet- 
average CO2 emissions under paragraph 
(a) or (k)(4) of this section based on the 
work factor value that applies for the 
complete sister vehicle. 

(iii) Test these cab-complete vehicles 
using the same equivalent test weight 
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and other dynamometer settings that 
apply for the complete vehicle from 
which you used the work factor value 
(the complete sister vehicle). For GHG 
certification, you may submit the test 
data from that complete sister vehicle 
instead of performing the test on the 
cab-complete vehicle. 

(iv) You are not required to produce 
the complete sister vehicle for sale to 
use the provisions of this paragraph 
(j)(2). This means the complete sister 
vehicle may be a carryover vehicle from 
a prior model year or a vehicle created 
solely for the purpose of testing. 

(3) For GHG purposes, if a cab- 
complete vehicle is not of the same 
vehicle configuration as a complete 
sister vehicle due only to certain factors 
unrelated to coastdown performance, 
you may use the road-load coefficients 
from the complete sister vehicle for 
certification testing of the cab-complete 
vehicle, but you may not use emission 
data from the complete sister vehicle for 
certifying the cab-complete vehicle. 

(k) Interim provisions. The following 
provisions apply instead of other 
provisions in this subpart: 

(1) Incentives for early introduction. 
Manufacturers may voluntarily certify 
in model year 2013 (or earlier model 
years for electric vehicles) to the 
greenhouse gas standards that apply 
starting in model year 2014 as specified 
in 40 CFR 1037.150(a). 

(2) Early credits. To generate early 
credits under this paragraph (k)(2) for 
any vehicles other than electric 
vehicles, you must certify your entire 
U.S.-directed fleet to these standards. If 
you calculate a separate fleet average for 
advanced-technology vehicles under 
paragraph (k)(7) of this section, you 
must certify your entire U.S.-directed 
production volume of both advanced 
and conventional vehicles within the 
fleet. If some test groups are certified 
after the start of the model year, you 
may generate credits only for 
production that occurs after all test 
groups are certified. For example, if you 
produce three test groups in an 
averaging set and you receive your 
certificates for those test groups on 
January 4, 2013, March 15, 2013, and 
April 24, 2013, you may not generate 
credits for model year 2013 for vehicles 
from any of the test groups produced 

before April 24, 2013. Calculate credits 
relative to the standard that would 
apply in model year 2014 using the 
applicable equations in this subpart and 
your model year 2013 U.S.-directed 
production volumes. These credits may 
be used to show compliance with the 
standards of this subpart for 2014 and 
later model years. We recommend that 
you notify us of your intent to use this 
provision before submitting your 
applications. 

(3) Compliance date. Compliance 
with the standards of this section was 
optional before January 1, 2014 as 
specified in 40 CFR 1037.150(g). 

(4) Phase-in provisions. Each 
manufacturer must choose one of the 
options specified in paragraphs (k)(4)(i) 
and (ii) of this section for phasing in the 
Phase 1 standards. Manufacturers must 
follow the schedule described in 
paragraph (k)(4)(iii) of this section for 
phasing in the Phase 2 standards. 

(i) Phase 1—Option 1. You may 
implement the Phase 1 standards by 
applying CO2 target values as specified 
in the following table for model year 
2014 through 2020 vehicles: 

TABLE 1 OF § 86.1819–14 

Model year and engine cycle Alternate CO2 target 
(g/mile) 

2014 Spark-Ignition ............................................................................................................................................................. 0.0482 × (WF) + 371 
2015 Spark-Ignition ............................................................................................................................................................. 0.0479 × (WF) + 369 
2016 Spark-Ignition ............................................................................................................................................................. 0.0469 × (WF) + 362 
2017 Spark-Ignition ............................................................................................................................................................. 0.0460 × (WF) + 354 
2018–2020 Spark-Ignition ................................................................................................................................................... 0.0440 × (WF) + 339 
2014 Compression-Ignition ................................................................................................................................................. 0.0478 × (WF) + 368 
2015 Compression-Ignition ................................................................................................................................................. 0.0474 × (WF) + 366 
2016 Compression-Ignition ................................................................................................................................................. 0.0460 × (WF) + 354 
2017 Compression-Ignition ................................................................................................................................................. 0.0445 × (WF) + 343 
2018–2020 Compression-Ignition ....................................................................................................................................... 0.0416 × (WF) + 320 

(ii) Phase 1—Option 2. You may 
implement the Phase 1 standards by 
applying CO2 target values specified in 

the following table for model year 2014 
through 2020 vehicles: 

TABLE 2 OF § 86.1819–14 

Model year and engine cycle Alternate CO2 target 
(g/mile) 

2014 Spark-Ignition ............................................................................................................................................................. 0.0482 × (WF) + 371 
2015 Spark-Ignition ............................................................................................................................................................. 0.0479 × (WF) + 369 
2016–2018 Spark-Ignition ................................................................................................................................................... 0.0456 × (WF) + 352 
2019–2020 Spark-Ignition ................................................................................................................................................... 0.0440 × (WF) + 339 
2014 Compression-Ignition ................................................................................................................................................. 0.0478 × (WF) + 368 
2015 Compression-Ignition ................................................................................................................................................. 0.0474 × (WF) + 366 
2016–2018 Compression-Ignition ....................................................................................................................................... 0.0440 × (WF) + 339 
2019–2020 Compression-Ignition ....................................................................................................................................... 0.0416 × (WF) + 320 

(iii) Phase 2. Apply Phase 2 CO2 target 
values as specified in the following 

table for model year 2021 through 2026 
vehicles: 
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TABLE 3 OF § 86.1819–14 

Model year and engine cycle Alternate CO2 target 
(g/mile) 

2021 Spark-Ignition ............................................................................................................................................................. 0.0429 × (WF) + 331 
2022 Spark-Ignition ............................................................................................................................................................. 0.0418 × (WF) + 322 
2023 Spark-Ignition ............................................................................................................................................................. 0.0408 × (WF) + 314 
2024 Spark-Ignition ............................................................................................................................................................. 0.0398 × (WF) + 306 
2025 Spark-Ignition ............................................................................................................................................................. 0.0388 × (WF) + 299 
2026 Spark-Ignition ............................................................................................................................................................. 0.0378 × (WF) + 291 
2021 Compression-Ignition ................................................................................................................................................. 0.0406 × (WF) + 312 
2022 Compression-Ignition ................................................................................................................................................. 0.0395 × (WF) + 304 
2023 Compression-Ignition ................................................................................................................................................. 0.0386 × (WF) + 297 
2024 Compression-Ignition ................................................................................................................................................. 0.0376 × (WF) + 289 
2025 Compression-Ignition ................................................................................................................................................. 0.0367 × (WF) + 282 
2026 Compression-Ignition ................................................................................................................................................. 0.0357 × (WF) + 275 

(5) Provisions for small 
manufacturers. Standards apply on a 
delayed schedule for manufacturers 
meeting the small business criteria 
specified in 13 CFR 121.201 (NAICS 
code 336111); the employee and 
revenue limits apply to the total number 
employees and total revenue together 
for affiliated companies. Qualifying 
small manufacturers are not subject to 
the greenhouse gas standards of this 
section for vehicles with a date of 
manufacture before January 1, 2022, as 
specified in 40 CFR 1037.150(c). In 
addition, small manufacturers 
producing vehicles that run on any fuel 
other than gasoline, E85, or diesel fuel 
may delay complying with every later 
standard under this part by one model 
year. 

(6) Alternate N2O standards. 
Manufacturers may show compliance 
with the N2O standards using an 
engineering analysis. This allowance 
also applies for model year 2015 and 
later test groups carried over from 
model 2014 consistent with the 
provisions of § 86.1839. You may not 
certify to an N2O FEL different than the 
standard without measuring N2O 
emissions. 

(7) Advanced-technology credits. 
Provisions for advanced-technology 
credits apply as described in 40 CFR 
1037.615. If you generate credits from 
Phase 1 vehicles certified with 
advanced technology, you may multiply 
these credits by 1.50. If you generate 
credits from Phase 2 vehicles certified 
with advanced technology, you may 
multiply these credits by 3.5 for plug-in 
hybrid electric vehicles, 4.5 for electric 
vehicles, and 5.5 for fuel cell vehicles. 
Advanced-technology credits from 
Phase 1 vehicles may be used to show 
compliance with any standards of this 
part or 40 CFR part 1036 or part 1037, 
subject to the restrictions in 40 CFR 
1037.740. Similarly, you may use up to 
60,000 Mg per year of advanced- 
technology credits generated under 40 

CFR 1036.615 or 1037.615 (from Phase 
1 vehicles) to demonstrate compliance 
with the CO2 standards in this section. 
Include vehicles generating credits in 
separate fleet-average calculations (and 
exclude them from your conventional 
fleet-average calculation). You must first 
apply these advanced-technology 
vehicle credits to any deficits for other 
vehicles in the averaging set before 
applying them to other averaging sets. 

(8) Loose engine sales. This paragraph 
(k)(8) applies for model year 2023 and 
earlier spark-ignition engines with 
identical hardware compared with 
engines used in vehicles certified to the 
standards of this section, where you sell 
such engines as loose engines or as 
engines installed in incomplete vehicles 
that are not cab-complete vehicles. You 
may include such engines in a test 
group certified to the standards of this 
section, subject to the following 
provisions: 

(i) Engines certified under this 
paragraph (k)(8) are deemed to be 
certified to the standards of 40 CFR 
1036.108 as specified in 40 CFR 
1036.150(j). 

(ii) For 2020 and earlier model years, 
the maximum allowable U.S.-directed 
production volume of engines you sell 
under this paragraph (k)(8) in any given 
model year is ten percent of the total 
U.S-directed production volume of 
engines of that design that you produce 
for heavy-duty applications for that 
model year, including engines you 
produce for complete vehicles, cab- 
complete vehicles, and other incomplete 
vehicles. The total number of engines 
you may certify under this paragraph 
(k)(8), of all engine designs, may not 
exceed 15,000 in any model year. 
Engines produced in excess of either of 
these limits are not covered by your 
certificate. For example, if you produce 
80,000 complete model year 2017 Class 
2b pickup trucks with a certain engine 
and 10,000 incomplete model year 2017 
Class 3 vehicles with that same engine, 

and you do not apply the provisions of 
this paragraph (k)(8) to any other engine 
designs, you may produce up to 10,000 
engines of that design for sale as loose 
engines under this paragraph (k)(8). If 
you produced 11,000 engines of that 
design for sale as loose engines, the last 
1,000 of them that you produced in that 
model year 2017 would be considered 
uncertified. 

(iii) For model years 2021 through 
2023, the U.S.-directed production 
volume of engines you sell under this 
paragraph (k)(8) in any given model year 
may not exceed 10,000 units. 

(iv) This paragraph (k)(8) does not 
apply for engines certified to the 
standards of 40 CFR 1036.108. 

(v) Label the engines as specified in 
40 CFR 1036.135 including the 
following compliance statement: ‘‘THIS 
ENGINE WAS CERTIFIED TO THE 
ALTERNATE GREENHOUSE GAS 
EMISSION STANDARDS OF 40 CFR 
1036.150(j).’’ List the test group name 
instead of an engine family name. 

(vi) Vehicles using engines certified 
under this paragraph (k)(8) are subject to 
the emission standards of 40 CFR 
1037.105. 

(vii) For certification purposes, your 
engines are deemed to have a CO2 target 
value and test result equal to the CO2 
target value and test result for the 
complete vehicle in the applicable test 
group with the highest equivalent test 
weight, except as specified in paragraph 
(k)(8)(vii)(B) of this section. Use these 
values to calculate your target value, 
fleet-average emission rate, and in-use 
emission standard. Where there are 
multiple complete vehicles with the 
same highest equivalent test weight, 
select the CO2 target value and test 
result as follows: 

(A) If one or more of the CO2 test 
results exceed the applicable target 
value, use the CO2 target value and test 
result of the vehicle that exceeds its 
target value by the greatest amount. 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00110 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



73991 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

(B) If none of the CO2 test results 
exceed the applicable target value, 
select the highest target value and set 
the test result equal to it. This means 
that you may not generate emission 
credits from vehicles certified under 
this paragraph (k)(8). 

(viii) Production and in-use CO2 
standards apply as described in 
paragraph (b) of this section. 

(ix) N2O and CH4 standards apply as 
described in paragraph (c) of this 
section. 

(x) State in your applications for 
certification that your test group and 
engine family will include engines 
certified under this paragraph (k)(8). 
This applies for your greenhouse gas 
vehicle test group and your criteria 
pollutant engine family. List in each 
application the name of the 
corresponding test group/engine family. 

(9) Credit adjustment for useful life. 
For credits that you calculate based on 
a useful life of 120,000 miles, multiply 
any banked credits that you carry 
forward for use in model year 2021 and 
later by 1.25. 

(10) CO2 rounding. For model year 
2014 and earlier vehicles, you may 
round measured and calculated CO2 
emission levels to the nearest 0.1 g/mile, 
instead of the nearest whole g/mile as 
specified in paragraphs (a), (b), and (g) 
of this section. 
■ 75. Section 86.1820–01 is amended by 
revising paragraph (b)(7)(i)(A) to read as 
follows: 

§ 86.1820–01 Durability group 
determination. 

* * * * * 
(b) * * * 
(7) * * * 
(i) * * * 
(A) Vehicles are grouped based upon 

the value of the grouping statistic 
determined using the following 
equation: 
GS = [(Cat Vol)/(Disp)] × Loading Rate 

Where: 
GS = Grouping Statistic used to evaluate the 

range of precious metal loading rates and 
relative sizing of the catalysts compared 
to the engine displacement that are 
allowable within a durability group. The 
grouping statistic shall be rounded to a 
tenth of a gram/liter. 

Cat Vol = Total volume of the catalyst(s) in 
liters. 

Disp = Displacement of the engine in liters. 
Loading rate = The mass of total precious 

metal(s) in the catalyst (or the total mass 
of all precious metal(s) of all the 
catalysts if the vehicle is equipped with 
multiple catalysts) in grams divided by 
the total volume of the catalyst(s) in 
liters. 

* * * * * 

■ 76. Section 86.1823–08 is amended by 
revising the definition of ‘‘R’’ in 
paragraph (d)(3) to read as follows: 

§ 86.1823–08 Durability demonstration 
procedures for exhaust emissions. 

* * * * * 
(d) * * * 
(3) * * * 
R = Catalyst thermal reactivity 

coefficient. You may use a default value 
of 17,500 for the SBC. 
* * * * * 
■ 77. Section 86.1838–01 is amended by 
revising paragraph (b)(1)(i)(B), adding 
paragraph (b)(1)(i)(C), and revising 
paragraph (d)(3)(iii) introductory text to 
read as follows: 

§ 86.1838–01 Small-volume manufacturer 
certification procedures. 

* * * * * 
(b) * * * 
(1) * * * 
(i) * * * 
(B) No small-volume sales threshold 

applies for the heavy-duty greenhouse 
gas standards; alternative small-volume 
criteria apply as described in § 86.1819– 
14(k)(5). 

(C) 15,000 units for all other 
requirements. See § 86.1845 for separate 
provisions that apply for in-use testing. 
* * * * * 

(d) * * * 
(3) * * * 
(iii) Notwithstanding the 

requirements of paragraph (d)(3)(ii) of 
this section, an applicant may satisfy 
the requirements of this paragraph (d)(3) 
if the requirements of this paragraph 
(d)(3) are completed by an auditor who 
is an employee of the applicant, 
provided that such employee: 
* * * * * 
■ 78. Section 86.1844–01 is amended by 
revising paragraph (d)(4)(ii) and adding 
paragraph (d)(7)(iv) to read as follows: 

§ 86.1844–01 Information requirements: 
Application for certification and submittal of 
information upon request. 

* * * * * 
(d) * * * 
(4) * * * 
(ii) The equivalency factor required to 

be calculated in § 86.1823– 
08(e)(1)(iii)(B), when applicable. 
* * * * * 

(7) * * * 
(iv) For heavy-duty vehicles subject to 

air conditioning standards under 
§ 86.1819, include the refrigerant 
leakage rates (leak scores), describe the 
type of refrigerant, and identify the 
refrigerant capacity of the air 
conditioning systems. If another 
company will install the air 

conditioning system, also identify the 
corporate name of the final installer. 
* * * * * 
■ 79. Section 86.1845–04 is amended by 
revising paragraph (f)(1) to read as 
follows: 

§ 86.1845–04 Manufacturer in-use 
verification testing requirements. 

* * * * * 
(f)(1) A manufacturer must conduct 

in-use testing on a test group by 
determining NMOG exhaust emissions 
using the same methodology used for 
certification, as described in § 86.1810– 
01(o) or 40 CFR 1066.635. 
* * * * * 
■ 80. Section 86.1846–01 is amended by 
revising paragraph (b)(1)(i) to read as 
follows: 

§ 86.1846–01 Manufacturer in-use 
confirmatory testing requirements. 

* * * * * 
(b) * * * 
(1) * * * 
(i) Additional testing is not required 

under this paragraph (b)(1) based on 
evaporative/refueling testing or based 
on low-mileage Supplemental FTP 
testing conducted under § 86.1845– 
04(b)(5)(i). Testing conducted at high 
altitude under the requirements of 
§ 86.1845–04(c) will be included in 
determining if a test group meets the 
criteria triggering the testing required 
under this section. 
* * * * * 
■ 81. Section 86.1848–10 is amended by 
revising paragraph (c)(9) to read as 
follows: 

§ 86.1848–10 Compliance with emission 
standards for the purpose of certification. 

* * * * * 
(c) * * * 
(9) For 2012 and later model year 

LDVs, LDTs, and MDPVs, all certificates 
of conformity issued are conditional 
upon compliance with all provisions of 
§§ 86.1818 and 86.1865 both during and 
after model year production. Similarly, 
for 2014 and later model year HDV, and 
other HDV subject to standards under 
§ 86.1819, all certificates of conformity 
issued are conditional upon compliance 
with all provisions of §§ 86.1819 and 
86.1865 both during and after model 
year production. The manufacturer 
bears the burden of establishing to the 
satisfaction of the Administrator that the 
terms and conditions upon which the 
certificate(s) was (were) issued were 
satisfied. For recall and warranty 
purposes, vehicles not covered by a 
certificate of conformity will continue to 
be held to the standards stated or 
referenced in the certificate that 
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otherwise would have applied to the 
vehicles. 

(i) Failure to meet the fleet average 
CO2 requirements will be considered a 
failure to satisfy the terms and 
conditions upon which the certificate(s) 
was (were) issued and the vehicles sold 
in violation of the fleet average CO2 
standard will not be covered by the 
certificate(s). The vehicles sold in 
violation will be determined according 
to § 86.1865–12(k)(8). 

(ii) Failure to comply fully with the 
prohibition against selling credits that 
are not generated or that are not 
available, as specified in § 86.1865–12, 
will be considered a failure to satisfy the 
terms and conditions upon which the 
certificate(s) was (were) issued and the 
vehicles sold in violation of this 
prohibition will not be covered by the 
certificate(s). 

(iii) For manufacturers using the 
conditional exemption under § 86.1801– 
12(k), failure to fully comply with the 
fleet production thresholds that 
determine eligibility for the exemption 
will be considered a failure to satisfy the 
terms and conditions upon which the 
certificate(s) was (were) issued and the 
vehicles sold in violation of the stated 
sales and/or production thresholds will 
not be covered by the certificate(s). 

(iv) For manufacturers that are 
determined to be operationally 
independent under § 86.1838–01(d), 
failure to report a material change in 
their status within 60 days as required 
by § 86.1838–01(d)(2) will be considered 
a failure to satisfy the terms and 
conditions upon which the certificate(s) 
was (were) issued and the vehicles sold 
in violation of the operationally 
independent criteria will not be covered 
by the certificate(s). 

(v) For manufacturers subject to an 
alternative fleet average greenhouse gas 
emission standard approved under 
§ 86.1818–12(g), failure to comply with 
the annual sales thresholds that are 
required to maintain use of those 
standards, including the thresholds 
required for new entrants into the U.S. 
market, will be considered a failure to 
satisfy the terms and conditions upon 
which the certificate(s) was (were) 
issued and the vehicles sold in violation 
of stated sales and/or production 
thresholds will not be covered by the 
certificate(s). 
* * * * * 
■ 82. Section 86.1853–01 is revised to 
read as follows: 

§ 86.1853–01 Certification hearings. 
If a manufacturer’s request for a 

hearing is approved, EPA will follow 
the hearing procedures specified in 40 
CFR part 1068, subpart G. 

■ 83. Section 86.1862–04 is amended by 
revising paragraph (d) to read as 
follows: 

§ 86.1862–04 Maintenance of records and 
submittal of information relevant to 
compliance with fleet-average standards. 
* * * * * 

(d) Notice of opportunity for hearing. 
Any voiding of the certificate under 
paragraph (a)(6) of this section will be 
made only after EPA has offered the 
manufacturer concerned an opportunity 
for a hearing conducted in accordance 
with 40 CFR part 1068, subpart G and, 
if a manufacturer requests such a 
hearing, will be made only after an 
initial decision by the Presiding Officer. 

§ 86.1863–07 [Amended] 

■ 84. Section 86.1863–07 is amended by 
removing and reserving paragraph (h). 
■ 85. Section 86.1865–12 is revised to 
read as follows: 

§ 86.1865–12 How to comply with the fleet 
average CO2 standards. 

(a) Applicability. (1) Unless otherwise 
exempted under the provisions of 
paragraph (d) of this section, CO2 fleet 
average exhaust emission standards of 
this subpart apply to: 

(i) 2012 and later model year 
passenger automobiles and light trucks. 

(ii) Heavy-duty vehicles subject to 
standards under § 86.1819. 

(iii) Vehicles imported by ICIs as 
defined in 40 CFR 85.1502. 

(2) The terms ‘‘passenger automobile’’ 
and ‘‘light truck’’ as used in this section 
have the meanings given in § 86.1818– 
12. 

(b) Useful life requirements. Full 
useful life requirements for CO2 
standards are defined in §§ 86.1818 and 
86.1819. There is not an intermediate 
useful life standard for CO2 emissions. 

(c) Altitude. Greenhouse gas emission 
standards apply for testing at both low- 
altitude conditions and at high-altitude 
conditions, as described in §§ 86.1818 
and 86.1819. 

(d) Small volume manufacturer 
certification procedures. (1) Passenger 
automobiles and light trucks. 
Certification procedures for small 
volume manufacturers are provided in 
§ 86.1838. Small businesses meeting 
certain criteria may be exempted from 
the greenhouse gas emission standards 
in § 86.1818 according to the provisions 
of § 86.1801–12(j) or (k). 

(2) Heavy-duty vehicles. HDV 
manufacturers that qualify as small 
businesses are not subject to the Phase 
1 greenhouse gas standards of this 
subpart as specified in § 86.1819– 
14(k)(5). 

(e) CO2 fleet average exhaust emission 
standards. The fleet average standards 

referred to in this section are the 
corporate fleet average CO2 standards 
for passenger automobiles and light 
trucks set forth in § 86.1818–12(c) and 
(e), and for HDV in § 86.1819. Each 
manufacturer must comply with the 
applicable CO2 fleet average standard on 
a production-weighted average basis, for 
each separate averaging set, at the end 
of each model year, using the procedure 
described in paragraph (j) of this 
section. The fleet average CO2 standards 
applicable in a given model year are 
calculated separately for passenger 
automobiles and light trucks for each 
manufacturer and each model year 
according to the provisions in § 86.1818. 
Calculate the HDV fleet average CO2 
standard in a given model year as 
described in § 86.1819–14(a). 

(f) In-use CO2 standards. In-use CO2 
exhaust emission standards are 
provided in § 86.1818–12(d) for 
passenger automobiles and light trucks 
and in § 86.1819–14(b) for HDV. 

(g) Durability procedures and method 
of determining deterioration factors 
(DFs). Deterioration factors for CO2 
exhaust emission standards are 
provided in § 86.1823–08(m) for 
passenger automobiles and light trucks 
and in § 86.1819–14(d)(5) for HDV. 

(h) Vehicle test procedures. (1) The 
test procedures for demonstrating 
compliance with CO2 exhaust emission 
standards are described at § 86.101 and 
40 CFR part 600, subpart B. 

(2) Testing to determine compliance 
with CO2 exhaust emission standards 
must be on a loaded vehicle weight 
(LVW) basis for passenger automobiles 
and light trucks (including MDPV), and 
on an adjusted loaded vehicle weight 
(ALVW) basis for non-MDPV heavy- 
duty vehicles. 

(3) Testing for the purpose of 
providing certification data is required 
only at low-altitude conditions. If 
hardware and software emission control 
strategies used during low-altitude 
condition testing are not used similarly 
across all altitudes for in-use operation, 
the manufacturer must include a 
statement in the application for 
certification, in accordance with 
§ 86.1844–01(d)(11), stating what the 
different strategies are and why they are 
used. 

(i) Calculating fleet average carbon- 
related exhaust emissions for passenger 
automobiles and light trucks. (1) 
Manufacturers must compute separate 
production-weighted fleet average 
carbon-related exhaust emissions at the 
end of the model year for passenger 
automobiles and light trucks, using 
actual production, where production 
means vehicles produced and delivered 
for sale, and certifying model types to 
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standards as defined in § 86.1818–12. 
The model type carbon-related exhaust 
emission results determined according 
to 40 CFR part 600, subpart F (in units 
of grams per mile rounded to the nearest 
whole number) become the certification 
standard for each model type. 

(2) Manufacturers must separately 
calculate production-weighted fleet 
average carbon-related exhaust 
emissions levels for the following 
averaging sets according to the 
provisions of 40 CFR part 600, subpart 
F: 

(i) Passenger automobiles subject to 
the fleet average CO2 standards 
specified in § 86.1818–12(c)(2); 

(ii) Light trucks subject to the fleet 
average CO2 standards specified in 
§ 86.1818–12(c)(3); 

(iii) Passenger automobiles subject to 
the Temporary Leadtime Allowance 
Alternative Standards specified in 
§ 86.1818–12(e), if applicable; and 

(iv) Light trucks subject to the 
Temporary Leadtime Allowance 
Alternative Standards specified in 
§ 86.1818–12(e), if applicable. 

(j) Certification compliance and 
enforcement requirements for CO 2 
exhaust emission standards. 

(1) Compliance and enforcement 
requirements are provided in this 
section and § 86.1848–10(c)(9). 

(2) The certificate issued for each test 
group requires all model types within 
that test group to meet the in-use 
emission standards to which each 
model type is certified. The in-use 
standards for passenger automobiles and 
light duty trucks (including MDPV) are 
described in § 86.1818–12(d). The in-use 
standards for non-MDPV heavy-duty 
vehicles are described in § 86.1819– 
14(b). 

(3) Each manufacturer must comply 
with the applicable CO2 fleet average 
standard on a production-weighted 
average basis, at the end of each model 
year. Use the procedure described in 
paragraph (i) of this section for 
passenger automobiles and light trucks 
(including MDPV). Use the procedure 
described in § 86.1819–14(d)(9)(iv) for 
non-MDPV heavy-duty vehicles. 

(4) Each manufacturer must comply 
on an annual basis with the fleet average 
standards as follows: 

(i) Manufacturers must report in their 
annual reports to the Agency that they 
met the relevant corporate average 
standard by showing that the applicable 
production-weighted average CO2 
emission levels are at or below the 
applicable fleet average standards; or 

(ii) If the production-weighted average 
is above the applicable fleet average 
standard, manufacturers must obtain 
and apply sufficient CO2 credits as 

authorized under paragraph (k)(8) of 
this section. A manufacturer must show 
that they have offset any exceedance of 
the corporate average standard via the 
use of credits. Manufacturers must also 
include their credit balances or deficits 
in their annual report to the Agency. 

(iii) If a manufacturer fails to meet the 
corporate average CO2 standard for four 
consecutive years, the vehicles causing 
the corporate average exceedance will 
be considered not covered by the 
certificate of conformity (see paragraph 
(k)(8) of this section). A manufacturer 
will be subject to penalties on an 
individual-vehicle basis for sale of 
vehicles not covered by a certificate. 

(iv) EPA will review each 
manufacturer’s production to designate 
the vehicles that caused the exceedance 
of the corporate average standard. EPA 
will designate as nonconforming those 
vehicles in test groups with the highest 
certification emission values first, 
continuing until reaching a number of 
vehicles equal to the calculated number 
of noncomplying vehicles as determined 
in paragraph (k)(8) of this section. In a 
group where only a portion of vehicles 
would be deemed nonconforming, EPA 
will determine the actual 
nonconforming vehicles by counting 
backwards from the last vehicle 
produced in that test group. 
Manufacturers will be liable for 
penalties for each vehicle sold that is 
not covered by a certificate. 

(k) Requirements for the CO2 
averaging, banking and trading (ABT) 
program. (1) A manufacturer whose CO2 
fleet average emissions exceed the 
applicable standard must complete the 
calculation in paragraph (k)(4) of this 
section to determine the size of its CO2 
deficit. A manufacturer whose CO2 fleet 
average emissions are less than the 
applicable standard may complete the 
calculation in paragraph (k)(4) of this 
section to generate CO2 credits. In either 
case, the number of credits or debits 
must be rounded to the nearest whole 
number. 

(2) There are no property rights 
associated with CO2 credits generated 
under this subpart. Credits are a limited 
authorization to emit the designated 
amount of emissions. Nothing in this 
part or any other provision of law 
should be construed to limit EPA’s 
authority to terminate or limit this 
authorization through a rulemaking. 

(3) Each manufacturer must comply 
with the reporting and recordkeeping 
requirements of paragraph (l) of this 
section for CO2 credits, including early 
credits. The averaging, banking and 
trading program is enforceable through 
the certificate of conformity that allows 

the manufacturer to introduce any 
regulated vehicles into U.S. commerce. 

(4) Credits are earned on the last day 
of the model year. Manufacturers must 
calculate, for a given model year and 
separately for passenger automobiles, 
light trucks, and heavy-duty vehicles, 
the number of credits or debits it has 
generated according to the following 
equation rounded to the nearest 
megagram: 
CO2 Credits or Debits (Mg) = [(CO2 

Standard ¥ Manufacturer’s 
Production-Weighted Fleet Average 
CO2 Emissions) × (Total Number of 
Vehicles Produced) × (Mileage)] ÷ 
1,000,000 

Where: 
CO2 Standard = the applicable standard for 

the model year as determined in 
§ 86.1818 or § 86.1819; 

Manufacturer’s Production-Weighted Fleet 
Average CO2 Emissions = average 
calculated according to paragraph (i) of 
this section; 

Total Number of Vehicles Produced = the 
number of vehicles domestically 
produced plus those imported as defined 
in § 600.511–08 of this chapter; and 

Mileage = useful life value (in miles) for 
HDV, and vehicle lifetime miles of 
195,264 for passenger automobiles and 
225,865 for light trucks. 

(5) Determine total HDV debits and 
credits for a model year as described in 
§ 86.1819–14(d)(6). Determine total 
passenger car and light truck debits and 
credits for a model year as described in 
this paragraph (k)(5). Total credits or 
debits generated in a model year, 
maintained and reported separately for 
passenger automobiles and light trucks, 
shall be the sum of the credits or debits 
calculated in paragraph (k)(4) of this 
section and any of the following credits, 
if applicable, minus any CO2-equivalent 
debits for N2O and/or CH4 calculated 
according to the provisions of 
§ 86.1818–12(f)(4): 

(i) Air conditioning leakage credits 
earned according to the provisions of 
§ 86.1867–12(b). 

(ii) Air conditioning efficiency credits 
earned according to the provisions of 
§ 86.1868–12(c). 

(iii) Off-cycle technology credits 
earned according to the provisions of 
§ 86.1869–12(d). 

(iv) Full size pickup truck credits 
earned according to the provisions of 
§ 86.1870–12(c). 

(v) CO2-equivalent debits for N2O 
and/or CH4 accumulated according to 
the provisions of § 86.1818–12(f)(4). 

(6) Unused CO2 credits generally 
retain their full value through five 
model years after the model year in 
which they were generated. Credits 
remaining at the end of the fifth model 
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year after the model year in which they 
were generated may not be used to 
demonstrate compliance for later model 
years. The following particular 
provisions apply for passenger cars and 
light trucks: 

(i) Unused CO2 credits from the 2009 
model year shall retain their full value 
through the 2014 model year. Credits 
from the 2009 model year that remain at 
the end of the 2014 model year may not 
be used to demonstrate compliance for 
later model years. 

(ii) Unused CO2 credits from the 2010 
through 2015 model years shall retain 
their full value through the 2021 model 
year. Credits remaining from these 
model years at the end of the 2021 
model year may not be used to 
demonstrate compliance for later model 
years. 

(7) Credits may be used as follows: 
(i) Credits generated and calculated 

according to the method in paragraphs 
(k)(4) and (5) of this section may not be 
used to offset deficits other than those 
deficits accrued within the respective 
averaging set, except that credits may be 
transferred between the passenger 
automobile and light truck fleets of a 
given manufacturer. Credits may be 
banked and used in a future model year 
in which a manufacturer’s average CO2 
level exceeds the applicable standard. 
Credits may also be traded to another 
manufacturer according to the 
provisions in paragraph (k)(8) of this 
section. Before trading or carrying over 
credits to the next model year, a 
manufacturer must apply available 
credits to offset any deficit, where the 
deadline to offset that credit deficit has 
not yet passed. This paragraph (k)(7)(i) 
applies for MDPV, but not for other 
HDV. 

(ii) The use of credits shall not change 
Selective Enforcement Auditing or in- 
use testing failures from a failure to a 
non-failure. The enforcement of the 
averaging standard occurs through the 
vehicle’s certificate of conformity as 
described in paragraph (k)(8) of this 
section. A manufacturer’s certificate of 
conformity is conditioned upon 
compliance with the averaging 
provisions. The certificate will be void 
ab initio if a manufacturer fails to meet 
the corporate average standard and does 
not obtain appropriate credits to cover 
its shortfalls in that model year or 
subsequent model years (see deficit 
carry-forward provisions in paragraph 
(k)(8) of this section). 

(iii) The following provisions apply 
for passenger automobiles and light 
trucks under the Temporary Leadtime 
Allowance Alternative Standards: 

(A) Credits generated by vehicles 
subject to the fleet average CO2 

standards specified in § 86.1818–12(c) 
may only be used to offset a deficit 
generated by vehicles subject to the 
Temporary Leadtime Allowance 
Alternative Standards specified in 
§ 86.1818–12(e). 

(B) Credits generated by a passenger 
automobile or light truck averaging set 
subject to the Temporary Leadtime 
Allowance Alternative Standards 
specified in § 86.1818–12(e)(4)(i) or (ii) 
may be used to offset a deficit generated 
by an averaging set subject to the 
Temporary Leadtime Allowance 
Alternative Standards through the 2015 
model year, except that manufacturers 
qualifying under the provisions of 
§ 86.1818–12(e)(3) may use such credits 
to offset a deficit generated by an 
averaging set subject to the Temporary 
Leadtime Allowance Alternative 
Standards through the 2016 model year. 

(C) Credits generated by an averaging 
set subject to the Temporary Leadtime 
Allowance Alternative Standards 
specified in § 86.1818–12(e)(4)(i) or (ii) 
of this section may not be used to offset 
a deficit generated by an averaging set 
subject to the fleet average CO2 
standards specified in § 86.1818– 
12(c)(2) or (3) or otherwise transferred to 
an averaging set subject to the fleet 
average CO2 standards specified in 
§ 86.1818–12(c)(2) or (3). 

(D) Credits generated by vehicles 
subject to the Temporary Leadtime 
Allowance Alternative Standards 
specified in § 86.1818–12(e)(4)(i) or (ii) 
may be banked for use in a future model 
year (to offset a deficit generated by an 
averaging set subject to the Temporary 
Leadtime Allowance Alternative 
Standards). All such credits may not be 
used to demonstrate compliance for 
model year 2016 and later vehicles, 
except that manufacturers qualifying 
under the provisions of § 86.1818– 
12(e)(3) may use such credits to offset a 
deficit generated by an averaging set 
subject to the Temporary Leadtime 
Allowance Alternative Standards 
through the 2016 model year. 

(E) A manufacturer with any vehicles 
subject to the Temporary Leadtime 
Allowance Alternative Standards 
specified in § 86.1818–12(e)(4)(i) or (ii) 
of this section in a model year in which 
that manufacturer also generates credits 
with vehicles subject to the fleet average 
CO2 standards specified in § 86.1818– 
12(c) may not trade or bank credits 
earned against the fleet average 
standards in § 86.1818–12(c) for use in 
a future model year. 

(iv) Credits generated in the 2017 
through 2020 model years under the 
provisions of § 86.1818–12(e)(3)(ii) may 
not be traded or otherwise provided to 
another manufacturer. 

(v) Credits generated under any 
alternative fleet average standards 
approved under § 86.1818–12(g) may 
not be traded or otherwise provided to 
another manufacturer. 

(8) The following provisions apply if 
a manufacturer calculates that it has 
negative credits (also called ‘‘debits’’ or 
a ‘‘credit deficit’’) for a given model 
year: 

(i) The manufacturer may carry the 
credit deficit forward into the next three 
model years. Such a carry-forward may 
only occur after the manufacturer 
exhausts any supply of banked credits. 
The deficit must be covered with an 
appropriate number of credits that the 
manufacturer generates or purchases by 
the end of the third model year. Any 
remaining deficit is subject to a voiding 
of the certificate ab initio, as described 
in this paragraph (k)(8). Manufacturers 
are not permitted to have a credit deficit 
for four consecutive years. 

(ii) If the credit deficit is not offset 
within the specified time period, the 
number of vehicles not meeting the fleet 
average CO2 standards (and therefore 
not covered by the certificate) must be 
calculated. 

(A) Determine the negative credits for 
the noncompliant vehicle category by 
multiplying the total megagram deficit 
by 1,000,000 and then dividing by the 
mileage specified in paragraph (k)(4) of 
this section. 

(B) Divide the result by the fleet 
average standard applicable to the 
model year in which the debits were 
first incurred and round to the nearest 
whole number to determine the number 
of vehicles not meeting the fleet average 
CO2 standards. 

(iii) EPA will determine the vehicles 
not covered by a certificate because the 
condition on the certificate was not 
satisfied by designating vehicles in 
those test groups with the highest 
carbon-related exhaust emission values 
first and continuing until reaching a 
number of vehicles equal to the 
calculated number of non-complying 
vehicles as determined in this paragraph 
(k)(8). The same approach applies for 
HDV, except that EPA will make these 
designations by ranking test groups 
based on CO2 emission values. If these 
calculations determines that only a 
portion of vehicles in a test group 
contribute to the debit situation, then 
EPA will designate actual vehicles in 
that test group as not covered by the 
certificate, starting with the last vehicle 
produced and counting backwards. 

(iv)(A) If a manufacturer ceases 
production of passenger automobiles, 
light trucks, or heavy-duty vehicles, the 
manufacturer continues to be 
responsible for offsetting any debits 
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outstanding within the required time 
period. Any failure to offset the debits 
will be considered a violation of 
paragraph (k)(8)(i) of this section and 
may subject the manufacturer to an 
enforcement action for sale of vehicles 
not covered by a certificate, pursuant to 
paragraphs (k)(8)(ii) and (iii) of this 
section. 

(B) If a manufacturer is purchased by, 
merges with, or otherwise combines 
with another manufacturer, the 
controlling entity is responsible for 
offsetting any debits outstanding within 
the required time period. Any failure to 
offset the debits will be considered a 
violation of paragraph (k)(8)(i) of this 
section and may subject the 
manufacturer to an enforcement action 
for sale of vehicles not covered by a 
certificate, pursuant to paragraphs 
(k)(8)(ii) and (iii) of this section. 

(v) For purposes of calculating the 
statute of limitations, a violation of the 
requirements of paragraph (k)(8)(i) of 
this section, a failure to satisfy the 
conditions upon which a certificate(s) 
was issued and hence a sale of vehicles 
not covered by the certificate, all occur 
upon the expiration of the deadline for 
offsetting debits specified in paragraph 
(k)(8)(i) of this section. 

(9) The following provisions apply to 
CO2 credit trading: 

(i) EPA may reject CO2 credit trades 
if the involved manufacturers fail to 
submit the credit trade notification in 
the annual report. 

(ii) A manufacturer may not sell 
credits that are no longer valid for 
demonstrating compliance based on the 
model years of the subject vehicles, as 
specified in paragraph (k)(6) of this 
section. 

(iii) In the event of a negative credit 
balance resulting from a transaction, 
both the buyer and seller are liable for 
the credit shortfall. EPA may void ab 
initio the certificates of conformity of all 
test groups that generate or use credits 
in such a trade. 

(iv)(A) If a manufacturer trades a 
credit that it has not generated pursuant 
to this paragraph (k) or acquired from 
another party, the manufacturer will be 
considered to have generated a debit in 
the model year that the manufacturer 
traded the credit. The manufacturer 
must offset such debits by the deadline 
for the annual report for that same 
model year. 

(B) Failure to offset the debits within 
the required time period will be 
considered a failure to satisfy the 
conditions upon which the certificate(s) 
was issued and will be addressed 
pursuant to paragraph (k)(8) of this 
section. 

(v) A manufacturer may only trade 
credits that it has generated pursuant to 
paragraphs (k)(4) and (5) of this section 
or acquired from another party. 

(l) Maintenance of records and 
submittal of information relevant to 
compliance with fleet average CO2 
standards—(1) Maintenance of records. 
(i) Manufacturers producing any light- 
duty vehicles, light-duty trucks, 
medium-duty passenger vehicles, or 
other heavy-duty vehicles subject to the 
provisions in this subpart must 
establish, maintain, and retain all the 
following information in adequately 
organized records for each model year: 

(A) Model year. 
(B) Applicable fleet average CO2 

standards for each averaging set as 
defined in paragraph (i) of this section. 

(C) The calculated fleet average CO2 
value for each averaging set as defined 
in paragraph (i) of this section. 

(D) All values used in calculating the 
fleet average CO2 values. 

(ii) Manufacturers must establish, 
maintain, and retain all the following 
information in adequately organized 
records for each vehicle produced that 
is subject to the provisions in this 
subpart: 

(A) Model year. 
(B) Applicable fleet average CO2 

standard. 
(C) EPA test group. 
(D) Assembly plant. 
(E) Vehicle identification number. 
(F) Carbon-related exhaust emission 

standard (automobile and light truck 
only), N2O emission standard, and CH4 
emission standard to which the vehicle 
is certified. 

(G) In-use carbon-related exhaust 
emission standard for passenger 
automobiles and light truck, and in-use 
CO2 standard for HDV. 

(H) Information on the point of first 
sale, including the purchaser, city, and 
state. 

(iii) Manufacturers must retain all 
required records for a period of eight 
years from the due date for the annual 
report. Records may be stored in any 
format and on any media, as long as 
manufacturers can promptly send EPA 
organized written records in English if 
requested by the Administrator. 
Manufacturers must keep records 
readily available as EPA may review 
them at any time. 

(iv) The Administrator may require 
the manufacturer to retain additional 
records or submit information not 
specifically required by this section. 

(v) Pursuant to a request made by the 
Administrator, the manufacturer must 
submit to the Administrator the 
information that the manufacturer is 
required to retain. 

(vi) EPA may void ab initio a 
certificate of conformity for vehicles 
certified to emission standards as set 
forth or otherwise referenced in this 
subpart for which the manufacturer fails 
to retain the records required in this 
section or to provide such information 
to the Administrator upon request, or to 
submit the reports required in this 
section in the specified time period. 

(2) Reporting. (i) Each manufacturer 
must submit an annual report. The 
annual report must contain for each 
applicable CO2 standard, the calculated 
fleet average CO2 value, all values 
required to calculate the CO2 emissions 
value, the number of credits generated 
or debits incurred, all the values 
required to calculate the credits or 
debits, and the resulting balance of 
credits or debits. For each applicable 
alternative N2O and/or CH4 standard 
selected under the provisions of 
§ 86.1818–12(f)(3) for passenger 
automobiles and light trucks (or 
§ 86.1819–14(c) for HDV), the report 
must contain the CO2-equivalent debits 
for N2O and/or CH4 calculated 
according to § 86.1818–12(f)(4) (or 
§ 86.1819–14(c) for HDV) for each test 
group and all values required to 
calculate the number of debits incurred. 

(ii) For each applicable fleet average 
CO2 standard, the annual report must 
also include documentation on all credit 
transactions the manufacturer has 
engaged in since those included in the 
last report. Information for each 
transaction must include all of the 
following: 

(A) Name of credit provider. 
(B) Name of credit recipient. 
(C) Date the trade occurred. 
(D) Quantity of credits traded in 

megagrams. 
(E) Model year in which the credits 

were earned. 
(iii) Manufacturers calculating air 

conditioning leakage and/or efficiency 
credits under paragraph § 86.1871–12(b) 
shall include the following information 
for each model year and separately for 
passenger automobiles and light trucks 
and for each air conditioning system 
used to generate credits: 

(A) A description of the air 
conditioning system. 

(B) The leakage credit value and all 
the information required to determine 
this value. 

(C) The total credits earned for each 
averaging set, model year, and region, as 
applicable. 

(iv) Manufacturers calculating 
advanced technology vehicle credits 
under paragraph § 86.1871–12(c) shall 
include the following information for 
each model year and separately for 
passenger automobiles and light trucks: 
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(A) The number of each model type of 
eligible vehicle sold. 

(B) The cumulative model year 
production of eligible vehicles starting 
with the 2009 model year. 

(C) The carbon-related exhaust 
emission value by model type and 
model year. 

(v) Manufacturers calculating off- 
cycle technology credits under 
paragraph § 86.1871–12(d) shall 
include, for each model year and 
separately for passenger automobiles 
and light trucks, all test results and data 
required for calculating such credits. 

(vi) Unless a manufacturer reports the 
data required by this section in the 
annual production report required 
under § 86.1844–01(e) or the annual 
report required under § 600.512–12 of 
this chapter, a manufacturer must 
submit an annual report for each model 
year after production ends for all 
affected vehicles produced by the 
manufacturer subject to the provisions 
of this subpart and no later than May 1 
of the calendar year following the given 
model year. Annual reports must be 
submitted to: Director, Compliance 
Division, U.S. Environmental Protection 
Agency, 2000 Traverwood Dr., Ann 
Arbor, Michigan 48105. 

(vii) Failure by a manufacturer to 
submit the annual report in the 
specified time period for all vehicles 
subject to the provisions in this section 
is a violation of section 203(a)(1) of the 
Clean Air Act (42 U.S.C. 7522 (a)(1)) for 
each applicable vehicle produced by 
that manufacturer. 

(viii) If EPA or the manufacturer 
determines that a reporting error 
occurred on an annual report previously 
submitted to EPA, the manufacturer’s 
credit or debit calculations will be 
recalculated. EPA may void erroneous 
credits, unless traded, and will adjust 
erroneous debits. In the case of traded 
erroneous credits, EPA must adjust the 
selling manufacturer’s credit balance to 
reflect the sale of such credits and any 
resulting credit deficit. 

(3) Notice of opportunity for hearing. 
Any voiding of the certificate under 
paragraph (l)(1)(vi) of this section will 
be made only after EPA has offered the 
affected manufacturer an opportunity 
for a hearing conducted in accordance 
with 40 CFR part 1068, subpart G, and, 
if a manufacturer requests such a 
hearing, will be made only after an 
initial decision by the Presiding Officer. 

■ 86. Section 86.1866–12 is amended by 
adding introductory text and revising 
paragraph (b) introductory text to read 
as follows: 

§ 86.1866–12 CO2 credits for advanced 
technology vehicles. 

This section describes how to apply 
CO2 credits for advanced technology 
passenger automobiles and light trucks 
(including MDPV). This section does 
not apply for heavy-duty vehicles that 
are not MDPV. 
* * * * * 

(b) For electric vehicles, plug-in 
hybrid electric vehicles, fuel cell 
vehicles, dedicated natural gas vehicles, 
and dual-fuel natural gas vehicles as 
those terms are defined in § 86.1803–01, 
that are certified and produced for U.S. 
sale in the 2017 through 2021 model 
years and that meet the additional 
specifications in this section, the 
manufacturer may use the production 
multipliers in this paragraph (b) when 
determining the manufacturer’s fleet 
average carbon-related exhaust 
emissions under § 600.510–12 of this 
chapter. Full size pickup trucks eligible 
for and using a production multiplier 
are not eligible for the performance- 
based credits described in § 86.1870– 
12(b). 
* * * * * 
■ 87. Section 86.1867–12 is amended by 
revising the introductory text to read as 
follows: 

§ 86.1867–12 CO2 credits for reducing 
leakage of air conditioning refrigerant. 

Manufacturers may generate credits 
applicable to the CO2 fleet average 
program described in § 86.1865–12 by 
implementing specific air conditioning 
system technologies designed to reduce 
air conditioning refrigerant leakage over 
the useful life of their passenger 
automobiles and/or light trucks 
(including MDPV); only the provisions 
of paragraph (a) of this section apply for 
non-MDPV heavy-duty vehicles. Credits 
shall be calculated according to this 
section for each air conditioning system 
that the manufacturer is using to 
generate CO2 credits. Manufacturers 
may also generate early air conditioning 
refrigerant leakage credits under this 
section for the 2009 through 2011 model 
years according to the provisions of 
§ 86.1871–12(b). 
* * * * * 
■ 88. Section 86.1868–12 is amended by 
revising the introductory text and 
paragraphs (e)(5), (f)(1), (g)(1), and (g)(3) 
introductory text to read as follows: 

§ 86.1868–12 CO2 credits for improving the 
efficiency of air conditioning systems. 

Manufacturers may generate credits 
applicable to the CO2 fleet average 
program described in § 86.1865–12 by 
implementing specific air conditioning 
system technologies designed to reduce 

air conditioning-related CO2 emissions 
over the useful life of their passenger 
automobiles and/or light trucks 
(including MDPV). The provisions of 
this section do not apply for non-MDPV 
heavy-duty vehicles. Credits shall be 
calculated according to this section for 
each air conditioning system that the 
manufacturer is using to generate CO2 
credits. Manufacturers may also 
generate early air conditioning 
efficiency credits under this section for 
the 2009 through 2011 model years 
according to the provisions of 
§ 86.1871–12(b). For model years 2012 
and 2013 the manufacturer may 
determine air conditioning efficiency 
credits using the requirements in 
paragraphs (a) through (d) of this 
section. For model years 2014 through 
2016 the eligibility requirements 
specified in either paragraph (e) or (f) of 
this section must be met before an air 
conditioning system is allowed to 
generate credits. For model years 2017 
through 2019 the eligibility 
requirements specified in paragraph (f) 
of this section must be met before an air 
conditioning system is allowed to 
generate credits. For model years 2020 
and later the eligibility requirements 
specified in paragraph (g) of this section 
must be met before an air conditioning 
system is allowed to generate credits. 
* * * * * 

(e) * * * 
(5) Air conditioning systems with 

compressors that are solely powered by 
electricity shall submit Air Conditioning 
Idle Test Procedure data to be eligible to 
generate credits in the 2014 and later 
model years, but such systems are not 
required to meet a specific threshold to 
be eligible to generate such credits, as 
long as the engine remains off for a 
period of at least 2 cumulative minutes 
during the air conditioning on portion 
of the Idle Test Procedure in § 86.165– 
12(d). 

(f) * * * 
(1) The manufacturer shall perform 

the AC17 test specified in 40 CFR 
1066.845 on each unique air 
conditioning system design and vehicle 
platform combination (as those terms 
are defined in § 86.1803) for which the 
manufacturer intends to accrue air 
conditioning efficiency credits. The 
manufacturer must test at least one 
unique air conditioning system within 
each vehicle platform in a model year, 
unless all unique air conditioning 
systems within a vehicle platform have 
been previously tested. A unique air 
conditioning system design is a system 
with unique or substantially different 
component designs or types and/or 
system control strategies (e.g., fixed 
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displacement vs. variable displacement 
compressors, orifice tube vs. 
thermostatic expansion valve, single vs. 
dual evaporator, etc.). In the first year of 
such testing, the tested vehicle 
configuration shall be the highest 
production vehicle configuration within 
each platform. In subsequent model 
years the manufacturer must test other 
unique air conditioning systems within 
the vehicle platform, proceeding from 
the highest production untested system 
until all unique air conditioning 
systems within the platform have been 
tested, or until the vehicle platform 
experiences a major redesign. Whenever 
a new unique air conditioning system is 
tested, the highest production 
configuration using that system shall be 
the vehicle selected for testing. Air 
conditioning system designs which have 
similar cooling capacity, component 
types, and control strategies, yet differ 
in terms of compressor pulley ratios or 
condenser or evaporator surface areas 
will not be considered to be unique 
system designs. The test results from 
one unique system design may represent 
all variants of that design. 
Manufacturers must use good 
engineering judgment to identify the 
unique air conditioning system designs 
which will require AC17 testing in 
subsequent model years. Results must 
be reported separately for all four 
phases (two phases with air 
conditioning off and two phases with air 
conditioning on) of the test to the 
Environmental Protection Agency, and 
the results of the calculations required 
in 40 CFR 1066.845 must also be 
reported. In each subsequent model year 
additional air conditioning system 
designs, if such systems exist, within a 
vehicle platform that is generating air 
conditioning credits must be tested 
using the AC17 procedure. When all 
unique air conditioning system designs 
within a platform have been tested, no 
additional testing is required within that 
platform, and credits may be carried 
over to subsequent model years until 
there is a significant change in the 
platform design, at which point a new 
sequence of testing must be initiated. No 
more than one vehicle from each credit- 
generating platform is required to be 
tested in each model year. 
* * * * * 

(g) * * * 
(1) For each air conditioning system 

(as defined in § 86.1803) selected by the 
manufacturer to generate air 
conditioning efficiency credits, the 
manufacturer shall perform the AC17 
Air Conditioning Efficiency Test 
Procedure specified in 40 CFR 1066.845, 

according to the requirements of this 
paragraph (g). 
* * * * * 

(3) For the first model year for which 
an air conditioning system is expected 
to generate credits, the manufacturer 
must select for testing the projected 
highest-selling configuration within 
each combination of vehicle platform 
and air conditioning system (as those 
terms are defined in § 86.1803). The 
manufacturer must test at least one 
unique air conditioning system within 
each vehicle platform in a model year, 
unless all unique air conditioning 
systems within a vehicle platform have 
been previously tested. A unique air 
conditioning system design is a system 
with unique or substantially different 
component designs or types and/or 
system control strategies (e.g., fixed- 
displacement vs. variable displacement 
compressors, orifice tube vs. 
thermostatic expansion valve, single vs. 
dual evaporator, etc.). In the first year of 
such testing, the tested vehicle 
configuration shall be the highest 
production vehicle configuration within 
each platform. In subsequent model 
years the manufacturer must test other 
unique air conditioning systems within 
the vehicle platform, proceeding from 
the highest production untested system 
until all unique air conditioning 
systems within the platform have been 
tested, or until the vehicle platform 
experiences a major redesign. Whenever 
a new unique air conditioning system is 
tested, the highest production 
configuration using that system shall be 
the vehicle selected for testing. Credits 
may continue to be generated by the air 
conditioning system installed in a 
vehicle platform provided that: 
* * * * * 
■ 89. Section 86.1869–12 is amended by 
adding introductory text and revising 
paragraphs (b)(2) introductory text, 
(b)(4)(ii), and (f) to read as follows: 

§ 86.1869–12 CO2 credits for off-cycle CO2- 
reducing technologies. 

This section describes how 
manufacturers may generate credits for 
off-cycle CO2-reducing technologies. 
The provisions of this section do not 
apply for non-MDPV heavy-duty 
vehicles, except that § 86.1819– 
14(d)(13) describes how to apply 
paragraphs (c) and (d) of this section for 
those vehicles. 
* * * * * 

(b) * * * 
(2) The maximum allowable decrease 

in the manufacturer’s combined 
passenger automobile and light truck 
fleet average CO2 emissions attributable 
to use of the default credit values in 

paragraph (b)(1) of this section is 10 
grams per mile. If the total of the CO2 
g/mi credit values from paragraph (b)(1) 
of this section does not exceed 10 g/mi 
for any passenger automobile or light 
truck in a manufacturer’s fleet, then the 
total off-cycle credits may be calculated 
according to paragraph (f) of this 
section. If the total of the CO2 g/mi 
credit values from paragraph (b)(1) of 
this section exceeds 10 g/mi for any 
passenger automobile or light truck in a 
manufacturer’s fleet, then the gram per 
mile decrease for the combined 
passenger automobile and light truck 
fleet must be determined according to 
paragraph (b)(2)(i) of this section to 
determine whether the 10 g/mi 
limitation has been exceeded. 
* * * * * 

(4) * * * 
(ii) High efficiency exterior lighting 

means a lighting technology that, when 
installed on the vehicle, is expected to 
reduce the total electrical demand of the 
exterior lighting system when compared 
to conventional lighting systems. To be 
eligible for this credit, the high 
efficiency lighting must be installed in 
one or more of the following lighting 
components: low beam, high beam, 
parking/position, front and rear turn 
signals, front and rear side markers, 
taillights, and/or license plate lighting. 
* * * * * 

(f) Calculation of total off-cycle 
credits. Total off-cycle credits in 
Megagrams of CO2 (rounded to the 
nearest whole number) shall be 
calculated separately for passenger 
automobiles and light trucks according 
to the following formula: 
Total Credits (Megagrams) = (Credit × 

Production × VLM) ÷ 1,000,000 
Where: 
Credit = the credit value in grams per mile 

determined in paragraph (b), (c) or (d) of 
this section. 

Production = The total number of passenger 
automobiles or light trucks, whichever is 
applicable, produced with the off-cycle 
technology to which to the credit value 
determined in paragraph (b), (c), or (d) of 
this section applies. 

VLM = vehicle lifetime miles, which for 
passenger automobiles shall be 195,264 
and for light trucks shall be 225,865. 

■ 90. Section 86.1870–12 is amended by 
revising the section heading, 
introductory text, and paragraph (a) 
introductory text and adding paragraph 
(a)(3) to read as follows: 

§ 86.1870–12 CO2 credits for qualifying 
full-size light pickup trucks. 

Full-size pickup trucks may be 
eligible for additional credits based on 
the implementation of hybrid 
technologies or on exhaust emission 
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performance, as described in this 
section. Credits may be generated under 
either paragraph (a) or (b) of this section 
for a qualifying pickup truck, but not 
both. The provisions of this section do 
not apply for heavy-duty vehicles. 

(a) Credits for implementation of 
hybrid electric technology. Full size 
pickup trucks that implement hybrid 
electric technologies may be eligible for 
an additional credit under this 
paragraph (a). Pickup trucks earning the 
credits under this paragraph (a) may not 
earn the credits described in paragraph 
(b) of this section. To claim this credit, 
the manufacturer must measure the 
recovered energy over the Federal Test 
Procedure according to 40 CFR 600.116– 
12(d) to determine whether a vehicle is 
a mild or strong hybrid electric vehicle. 
To provide for EPA testing, the vehicle 
must be able to broadcast battery pack 
voltage via an on-board diagnostics 
parameter ID channel. 
* * * * * 

(3) If you produce both mild and 
strong hybrid electric full size pickup 
trucks but do not qualify for credits 
under paragraph (a)(1) or (2) of this 
section, your hybrid electric full size 
pickup trucks may be eligible for a 
credit of 10 grams/mile. To receive this 
credit in a given model year, you must 
produce a quantity of hybrid electric 
full size pickup trucks such that the 
proportion of combined mild and strong 
full size hybrid electric pickup trucks 
produced in a model year, when 
compared to your total production of 
full size pickup trucks, is not less than 
the required minimum percentages 
specified in paragraph (a)(1) of this 
section. 
* * * * * 
■ 91. Section 86.1871–12 is amended by 
revising the introductory text and 
paragraphs (a) introductory text, (b)(1), 
and (d) to read as follows: 

§ 86.1871–12 Optional early CO2 credit 
programs. 

Manufacturers may optionally 
generate CO2 credits in the 2009 through 
2011 model years for use in the 2012 
and later model years subject to EPA 
approval and to the provisions of this 
section. The provisions of § 86.1819– 
14(k)(1) and (2) apply instead of the 
provisions of this section for non-MDPV 
heavy-duty vehicles. Manufacturers may 
generate early fleet average credits, air 
conditioning leakage credits, air 
conditioning efficiency credits, early 
advanced technology credits, and early 
off-cycle technology credits. 
Manufacturers generating any credits 
under this section must submit an early 
credits report to the Administrator as 

required in this section. The terms 
‘‘sales’’ and ‘‘sold’’ as used in this 
section shall mean vehicles produced 
for U.S. sale, where ‘‘U.S.’’ means the 
states and territories of the United 
States. The expiration date of unused 
CO2 credits is based on the model year 
in which the credits are earned, as 
described in § 86.1865–12(k)(6). 

(a) Early fleet average CO2 reduction 
credits. Manufacturers may optionally 
generate credits for reductions in their 
fleet average CO2 emissions achieved in 
the 2009 through 2011 model years. To 
generate early fleet average CO2 
reduction credits, manufacturers must 
select one of the four pathways 
described in paragraphs (a)(1) through 
(4) of this section. The manufacturer 
may select only one pathway, and that 
pathway must remain in effect for the 
2009 through 2011 model years. Fleet 
average credits (or debits) must be 
calculated and reported to EPA for each 
model year under each selected 
pathway. 
* * * * * 

(b) Early air conditioning leakage and 
efficiency credits. (1) Manufacturers 
may optionally generate air 
conditioning refrigerant leakage credits 
according to the provisions of § 86.1867 
and/or air conditioning efficiency 
credits according to the provisions of 
§ 86.1868 in model years 2009 through 
2011. Credits must be tracked by model 
type and model year. 
* * * * * 

(d) Early off-cycle technology credits. 
Manufacturers may optionally generate 
credits for the implementation of certain 
CO2-reducing technologies according to 
the provisions of § 86.1869 in model 
years 2009 through 2011. Credits must 
be tracked by model type and model 
year. 
* * * * * 

Subpart T—Manufacturer-Run In-Use 
Testing Program for Heavy-Duty Diesel 
Engines 

■ 92. Section 86.1910 is amended by 
revising paragraph (i) to read as follows: 

§ 86.1910 How must I prepare and test my 
in-use engines? 
* * * * * 

(i) You may count a vehicle as 
meeting the vehicle-pass criteria 
described in § 86.1912 if a shift day of 
testing or two-shift days of testing (with 
the requisite non-idle/idle operation 
time as in paragraph (g) of this section), 
or if the extended testing you elected 
under paragraph (h) of this section does 
not generate a single valid NTE 
sampling event, as described in 
§ 86.1912(b). Count the vehicle towards 

meeting your testing requirements 
under this subpart. 
* * * * * 
■ 93. Section 86.1912 is revised to read 
as follows: 

§ 86.1912 How do I determine whether an 
engine meets the vehicle-pass criteria? 

In general, the average emissions for 
each regulated pollutant must remain at 
or below the NTE threshold in 
paragraph (a) of this section for at least 
90 percent of the valid NTE sampling 
events, as defined in paragraph (b) of 
this section. For 2007 through 2009 
model year engines, the average 
emissions from every NTE sampling 
event must also remain below the NTE 
thresholds in paragraph (g)(2) of this 
section. Perform the following steps to 
determine whether an engine meets the 
vehicle-pass criteria: 

(a) Determine the NTE threshold for 
each pollutant subject to an NTE 
standard by adding all three of the 
following terms and rounding the result 
to the same number of decimal places as 
the applicable NTE standard: 

(1) The applicable NTE standard. 
(2) The in-use compliance testing 

margin specified in § 86.007–11(h), if 
any. 

(3) An accuracy margin for portable 
in-use equipment when testing is 
performed under the special provisions 
of § 86.1930, depending on the 
pollutant, as follows: 

(i) NMHC: 0.17 g/hp·hr. 
(ii) CO: 0.60 g/hp·hr. 
(iii) NOX: 0.50 g/hp·hr. 
(iv) PM: 0.10 g/hp·hr. 
(v) NOX + NMHC: 0.67 g/hp·hr. 
(4) Accuracy margins for portable in- 

use equipment when testing is not 
performed under the special provisions 
of § 86.1930 for 2007 through 2009 
model year engine families that are 
selected for testing in any calendar year 
as follows: 

(i) NMHC using the emission 
calculation method specified in 40 CFR 
1065.650(a)(1): 0.02 g/hp·hr. 

(ii) NMHC using the emission 
calculation method specified in 40 CFR 
1065.650(a)(3): 0.01 g/hp·hr. 

(iii) NMHC using an alternative 
emission calculation method we 
approve under 40 CFR 
1065.915(d)(5)(iv): 0.01 g/hp·hr. 

(iv) CO using the emission calculation 
method specified in 40 CFR 
1065.650(a)(1): 0.5 g/hp·hr. 

(v) CO using the emission calculation 
method specified in 40 CFR 
1065.650(a)(3): 0.25 g/hp·hr. 

(vi) CO using an alternative emission 
calculation method we approve under 
40 CFR 1065.915(d)(5)(iv): 0.25 g/hp·hr. 
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(vii) NOX using the emission 
calculation method specified in 40 CFR 
1065.650(a)(1): 0.45 g/hp·hr. 

(viii) NOX using the emission 
calculation method specified in 40 CFR 
1065.650(a)(3): 0.15 g/hp·hr. 

(ix) NOX using an alternative emission 
calculation method we approve under 
40 CFR 1065.915(d)(5)(iv): 0.15 g/hp·hr. 

(x) NOX + NMHC using the emission 
calculation method specified in 40 CFR 
1065.650(a)(1): 0.47 g/hp·hr. 

(xi) NOX + NMHC using the emission 
calculation method specified in 40 CFR 
1065.650(a)(3): 0.16 g/hp·hr. 

(xii) NOX + NMHC using an 
alternative emission calculation method 
we approve under 40 CFR 
1065.915(d)(5)(iv): 0.16 g/hp·hr. 

(xiii) PM: 0.006 g/hp·hr. 
(5) Accuracy margins for portable in- 

use equipment when testing is not 
performed under the special provisions 
of § 86.1930 for 2010 or later model year 
engines families that are selected for 
testing in any calendar year as follows: 

(i) NMHC using any emission 
calculation method specified in 40 CFR 
1065.650(a) or an alternative emission 
calculation method we approve under 
40 CFR 1065.915(d)(5)(iv): 0.01 g/hp·hr. 

(ii) CO using any emission calculation 
method specified in 40 CFR 1065.650(a) 
or an alternative emission calculation 
method we approve under 40 CFR 
1065.915(d)(5)(iv): 0.25 g/hp·hr. 

(iii) NOX using any emission 
calculation method specified in 40 CFR 
1065.650(a) or an alternative emission 
calculation method we approve under 
40 CFR 1065.915(d)(5)(iv): 0.15 g/hp·hr. 

(iv) PM: 0.006 g/hp·hr. 
(b) For the purposes of this subpart, 

a valid NTE sampling event consists of 

at least 30 seconds of continuous 
operation in the NTE control area. An 
NTE event begins when the engine starts 
to operate in the NTE control area and 
continues as long as engine operation 
remains in this area (see § 86.1370). 
When determining a valid NTE 
sampling event, exclude all engine 
operation in approved NTE limited 
testing regions under § 86.1370– 
2007(b)(6) and any approved NTE 
deficiencies under § 86.007–11(a)(4)(iv). 
Engine operation in the NTE control 
area of less than 30 contiguous seconds 
does not count as a valid NTE sampling 
event; operating periods of less than 30 
seconds in the NTE control area, but 
outside of any allowed deficiency area 
or limited testing region, will not be 
added together to make a 30 second or 
longer event. Exclude any portion of a 
sampling event that would otherwise 
exceed the 5.0 percent limit for the 
time-weighted carve-out defined in 
§ 86.1370–2007(b)(7). For EGR-equipped 
engines, exclude any operation that 
occurs during the cold-temperature 
operation defined by the equations in 
§ 86.1370–2007(f)(1). 

(c) Calculate the average emission 
level for each pollutant over each valid 
NTE sampling event as specified in 40 
CFR part 1065, subpart G, using each 
NTE event as an individual test interval. 
This should include valid NTE events 
from all days of testing. 

(d) If the engine has an open 
crankcase, account for these emissions 
by adding 0.00042 g/hp·hr to the PM 
emission result for every NTE event. 

(e) Calculate a time-weighted vehicle- 
pass ratio (Rpass) for each pollutant. To 
do this, first sum the time from each 

valid NTE sampling event whose 
average emission level is at or below the 
NTE threshold for that pollutant, then 
divide this value by the sum of the 
engine operating time from all valid 
NTE events for that pollutant. Round 
the resulting vehicle-pass ratio to two 
decimal places. 

(1) Calculate the time-weighted 
vehicle-pass ratio for each pollutant as 
follows: 

Where: 
npass = the number of valid sampling events 

for which the average emission level is 
at or below the NTE threshold. 

ntotal = the total number of valid NTE 
sampling events. 

(2) For both the numerator and the 
denominator of the vehicle-pass ratio, 
use the smallest of the following values 
for determining the duration, t, of any 
NTE sampling event: 

(i) The measured time in the NTE 
zone that is valid for an NTE sampling 
event. 

(ii) 600 seconds. 
(iii) 10 times the length of the shortest 

valid NTE sampling event for all testing 
with that engine. 

(f) The following example illustrates 
how to select the duration of NTE 
sampling events for calculations, as 
described in paragraph (f) of this 
section: 

NTE sample 
Duration of 

NTE sample 
(seconds) 

Duration limit applied? 

Duration 
used in 

calculations 
(seconds) 

1 ........................ 45 No ............................................................................................................................................. 45 
2 ........................ 168 No ............................................................................................................................................. 168 
3 ........................ 605 Yes. Use 10 times shortest valid NTE ..................................................................................... 450 
4 ........................ 490 Yes. Use 10 times shortest valid NTE ..................................................................................... 450 
5 ........................ 65 No ............................................................................................................................................. 65 

(g) Engines meet the vehicle-pass 
criteria under this section if they meet 
both of the following criteria: 

(1) The vehicle-pass ratio calculated 
according to paragraph (e) of this 
section must be at least 0.90 for each 
pollutant. 

(2) For model year 2007 through 2009 
engines, emission levels from every 
valid NTE sampling event must be less 
than 2.0 times the NTE thresholds 
calculated according to paragraph (a) of 
this section for all pollutants, except 

that engines certified to a NOX FEL at 
or below 0.50 g/hp·hr may meet the 
vehicle-pass criteria for NOX if 
measured NOX emissions from every 
valid NTE sample are less than either 
2.0 times the NTE threshold for NOX or 
2.0 g/hp·hr, whichever is greater. 

■ 94. Section 86.1920 is amended by 
revising paragraph (b) introductory text 
to read as follows: 

§ 86.1920 What in-use testing information 
must I report to EPA? 

* * * * * 
(b) Within 45 days after the end of 

each calendar quarter, send us reports 
containing the test data from each 
engine for which testing was completed 
during the calendar quarter. 
Alternatively, you may separately send 
us the test data within 30 days after you 
complete testing for an engine. If you 
request it, we may allow additional time 
to send us this information. Once you 
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send us information under this section, 
you need not send that information 
again in later reports. Prepare your test 
reports as follows: 
* * * * * 

Appendix I to Part 86—[Amended] 

■ 95. Appendix I to part 86 is amended 
by removing paragraph (f)(3). 

PART 600—FUEL ECONOMY AND 
GREENHOUSE GAS EXHAUST 
EMISSIONS OF MOTOR VEHICLES 

■ 96. The authority citation for part 600 
continues to read as follows: 

Authority: 49 U.S.C. 32901–23919q, Pub. 
L. 109–58. 

Subpart A—General Provisions 

■ 97. Section 600.001 is amended by 
revising paragraph (a) to read as follows: 

§ 600.001 General applicability. 
(a) The provisions of this part apply 

to 2008 and later model year 
automobiles that are not medium duty 
passenger vehicles, and to 2011 and 
later model year automobiles including 
medium-duty passenger vehicles. The 
test procedures in subpart B of this part 
also apply to 2014 and later heavy-duty 
vehicles subject to standards under 40 
CFR part 86, subpart S. 
* * * * * 
■ 98. Section 600.002 is amended by 
revising the definitions for ‘‘Engine 
code’’, ‘‘Subconfiguration’’, 
‘‘Transmission class’’, and ‘‘Vehicle 
configuration’’ to read as follows: 

§ 600.002 Definitions. 

* * * * * 
Engine code means one of the 

following: 

(1) For LDV, LDT, and MDPV, engine 
code means a unique combination, 
within an engine-system combination 
(as defined in § 86.1803 of this chapter), 
of displacement, fuel injection (or 
carburetion or other fuel delivery 
system), calibration, distributor 
calibration, choke calibration, auxiliary 
emission control devices, and other 
engine and emission control system 
components specified by the 
Administrator. For electric vehicles, 
engine code means a unique 
combination of manufacturer, electric 
traction motor, motor configuration, 
motor controller, and energy storage 
device. 

(2) For HDV, engine code has the 
meaning given in § 86.1819–14(d)(12) of 
this chapter. 
* * * * * 

Subconfiguration means one of the 
following: 

(1) For LDV, LDT, and MDPV, 
subconfiguration means a unique 
combination within a vehicle 
configuration of equivalent test weight, 
road-load horsepower, and any other 
operational characteristics or parameters 
which the Administrator determines 
may significantly affect fuel economy or 
CO2 emissions within a vehicle 
configuration. 

(2) For HDV, subconfiguration has the 
meaning given in § 86.1819–14(d)(12) of 
this chapter. 
* * * * * 

Transmission class means a group of 
transmissions having the following 
common features: Basic transmission 
type (e.g., automatic, manual, automated 
manual, semi-automatic, or 
continuously variable); number of 
forward gears used in fuel economy 
testing (e.g., manual four-speed, three- 

speed automatic, two-speed semi- 
automatic); drive system (e.g., front 
wheel drive, rear wheel drive; four 
wheel drive), type of overdrive, if 
applicable (e.g., final gear ratio less than 
1.00, separate overdrive unit); torque 
converter type, if applicable (e.g., non- 
lockup, lockup, variable ratio); and 
other transmission characteristics that 
may be determined to be significant by 
the Administrator. 
* * * * * 

Vehicle configuration means one of 
the following: 

(1) For LDV, LDT, and MDPV, vehicle 
configuration means a unique 
combination of basic engine, engine 
code, inertia weight class, transmission 
configuration, and axle ratio within a 
base level. 

(2) For HDV, vehicle configuration has 
the meaning given for ‘‘configuration’’ 
in § 86.1819–14(d)(12) of this chapter. 
* * * * * 

Subpart B—Fuel Economy and 
Carbon-Related Exhaust Emission Test 
Procedures 

■ 99. Section 600.113–12 is amended by 
revising paragraphs (m), (n) 
introductory text, (n)(2), and (n)(3) and 
adding paragraph (o) to read as follows: 

§ 600.113–12 Fuel economy, CO2 
emissions, and carbon-related exhaust 
emission calculations for FTP, HFET, US06, 
SC03 and cold temperature FTP tests. 

* * * * * 
(m)(1) For automobiles fueled with 

liquefied petroleum gas and 
automobiles designed to operate on 
gasoline and liquefied petroleum gas, 
the fuel economy in miles per gallon of 
liquefied petroleum gas is to be 
calculated using the following equation: 

Where: 
mpge = miles per gasoline gallon equivalent 

of liquefied petroleum gas. 
CWFfuel = carbon weight fraction based on 

the hydrocarbon constituents in the 
liquefied petroleum gas fuel as obtained 
in paragraph (f)(5) of this section and 
rounded according to paragraph (g)(3) of 
this section. 

SG = Specific gravity of the fuel as 
determined in paragraph (f)(5) of this 
section and rounded according to 
paragraph (g)(3) of this section. 

3781.8 = Grams of H2O per gallon conversion 
factor. 

CWFHC = Carbon weight fraction of exhaust 
hydrocarbon = CWFfuel as determined in 

paragraph (f)(4) of this section and 
rounded according to paragraph (f)(3) of 
this section. 

HC = Grams/mile HC as obtained in 
paragraph (g)(2) of this section. 

CO = Grams/mile CO as obtained in 
paragraph (g)(2) of this section. 

CO2 = Grams/mile CO2 as obtained in 
paragraph (g)(2) of this section. 

(2)(i) For automobiles fueled with 
liquefied petroleum gas and 
automobiles designed to operate on 
gasoline and liquefied petroleum gas, 
the carbon-related exhaust emissions in 
grams per mile while operating on 
liquefied petroleum gas is to be 

calculated for 2012 and later model year 
vehicles using the following equation 
and rounded to the nearest 1 gram per 
mile: 

CREE = (CWFHC/0.273 × HC) + (1.571 × 
CO) + CO2 

Where: 
CREE means the carbon-related exhaust 

emission value as defined in § 600.002. 
CWFHC = Carbon weight fraction of exhaust 

hydrocarbon = CWFfuel as determined in 
paragraph (f)(5) of this section and 
rounded according to paragraph (g)(3) of 
this section. 

HC = Grams/mile HC as obtained in 
paragraph (g)(2) of this section. 
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CO = Grams/mile CO as obtained in 
paragraph (g)(2) of this section. 

CO2 = Grams/mile CO2 as obtained in 
paragraph (g)(2) of this section. 

(ii) For manufacturers complying with 
the fleet averaging option for N2O and 
CH4 as allowed under § 86.1818 of this 
chapter, the carbon-related exhaust 
emissions in grams per mile for 2012 
and later model year automobiles fueled 
with liquefied petroleum gas and 
automobiles designed to operate on 
mixtures of gasoline and liquefied 
petroleum gas while operating on 
liquefied petroleum gas is to be 
calculated using the following equation 
and rounded to the nearest 1 gram per 
mile: 
CREE = [(CWFexHC/0.273) × NMHC] + 

(1.571 × CO) + CO2 + (298 × N2O) 
+ (25 × CH4) 

Where: 
CREE means the carbon-related exhaust 

emission value as defined in § 600.002. 
CWFHC = Carbon weight fraction of exhaust 

hydrocarbon = CWFfuel as determined in 
paragraph (f)(5) of this section and 
rounded according to paragraph (g)(3) of 
this section. 

NMHC = Grams/mile HC as obtained in 
paragraph (g)(2) of this section. 

CO = Grams/mile CO as obtained in 
paragraph (g)(2) of this section. 

CO2 = Grams/mile CO2 as obtained in 
paragraph (g)(2) of this section. 

N2O = Grams/mile N2O as obtained in 
paragraph (g)(2) of this section. 

CH4 = Grams/mile CH4 as obtained in 
paragraph (g)(2) of this section. 

(n) Manufacturers shall determine 
CO2 emissions and carbon-related 
exhaust emissions for electric vehicles, 
fuel cell vehicles, and plug-in hybrid 
electric vehicles according to the 
provisions of this paragraph (n). Subject 
to the limitations on the number of 
vehicles produced and delivered for sale 
as described in § 86.1866 of this chapter, 
the manufacturer may be allowed to use 
a value of 0 grams/mile to represent the 
emissions of fuel cell vehicles and the 
proportion of electric operation of a 
electric vehicles and plug-in hybrid 
electric vehicles that is derived from 

electricity that is generated from sources 
that are not onboard the vehicle, as 
described in paragraphs (n)(1) through 
(3) of this section. For purposes of 
labeling under this part, the CO2 
emissions for electric vehicles shall be 
0 grams per mile. Similarly, for 
purposes of labeling under this part, the 
CO2 emissions for plug-in hybrid 
electric vehicles shall be 0 grams per 
mile for the proportion of electric 
operation that is derived from electricity 
that is generated from sources that are 
not onboard the vehicle. For 
manufacturers no longer eligible to use 
0 grams per mile to represent electric 
operation, and for all 2026 and later 
model year electric vehicles, fuel cell 
vehicles, and plug-in hybrid electric 
vehicles, the provisions of this 
paragraph (n) shall be used to determine 
the non-zero value for CREE for 
purposes of meeting the greenhouse gas 
emission standards described in 
§ 86.1818 of this chapter. 
* * * * * 

(2) For plug-in hybrid electric 
vehicles, the carbon-related exhaust 
emissions in grams per mile is to be 
calculated according to the provisions of 
§ 600.116, except that the CREE for 
charge-depleting operation shall be the 
sum of the CREE associated with 
gasoline consumption and the net 
upstream CREE determined according to 
paragraph (n)(1) of this section, rounded 
to the nearest one gram per mile. 

(3) For 2012 and later model year fuel 
cell vehicles, the carbon-related exhaust 
emissions in grams per mile shall be 
calculated using the method specified in 
paragraph (n)(1) of this section, except 
that CREEUP shall be determined 
according to procedures established by 
the Administrator under § 600.111– 
08(f). As described in § 86.1866 of this 
chapter, the value of CREE may be set 
equal to zero for a certain number of 
2012 through 2025 model year fuel cell 
vehicles. 

(o) Equations for fuels other than 
those specified in this section may be 
used with advance EPA approval. 

Alternate calculation methods for fuel 
economy and carbon-related exhaust 
emissions may be used in lieu of the 
methods described in this section if 
shown to yield equivalent or superior 
results and if approved in advance by 
the Administrator. 
■ 100. Section 600.116–12 is amended 
as follows: 
■ a. By revising paragraph (c)(1) 
introductory text. 
■ b. By redesignating paragraphs (c)(2) 
through (9) as paragraphs (c)(3) through 
(10), respectively. 
■ c. By adding a new paragraph (c)(2). 
■ d. By revising newly redesignated 
paragraph (c)(4). 
■ e. By revising newly redesignated 
paragraph (c)(5) introductory text. 
■ f. By revising paragraphs (d)(1)(i)(C), 
(d)(1)(ii), (d)(2)(ii), and (d)(3). 

The revisions and addition read as 
follows: 

§ 600.116–12 Special procedures related to 
electric vehicles and hybrid electric 
vehicles. 

* * * * * 
(c) * * * 
(1) To determine CREE values to 

demonstrate compliance with GHG 
standards, calculate composite values 
representing combined operation during 
charge-depleting and charge-sustaining 
operation using the following utility 
factors except as specified in this 
paragraph (c): 
* * * * * 

(2) Determine fuel economy values to 
demonstrate compliance with CAFE 
standards as follows: 

(i) For vehicles that are not dual 
fueled automobiles, determine fuel 
economy using the utility factors 
described in paragraph (c)(1) of this 
section. Do not use the petroleum- 
equivalence factors described in 10 CFR 
474.3. 

(ii) Except as described in paragraph 
(c)(2)(iii) of this section, determine fuel 
economy for dual fueled automobiles 
from the following equation, separately 
for city and highway driving: 

Where: 

MPGgas = The miles per gallon measured 
while operating on gasoline during 
charge-sustaining operation as 

determined using the procedures of SAE 
J1711. 

MPGeelec = The miles per gallon equivalent 
measured while operating on electricity. 
Calculate this value by dividing the 
equivalent all-electric range determined 

from the equation in § 86.1866– 
12(b)(2)(ii) by the corresponding 
measured Watt-hours of energy 
consumed; apply the appropriate 
petroleum-equivalence factor from 10 
CFR 474.3 to convert Watt-hours to 
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gallons equivalent. Note that if vehicles 
use no gasoline during charge-depleting 
operation, MPGeelec is the same as the 

charge-depleting fuel economy specified 
in SAE J1711. 

(iii) For 2016 and later model year 
dual fueled automobiles, you may 

determine fuel economy based on the 
following equation, separately for city 
and highway driving: 

Where: 
UF = The appropriate utility factor for city 

or highway driving as described in 
paragraph (c)(1) of this section. 

* * * * * 
(4) You may calculate performance 

values under paragraphs (c)(1) through 
(3) of this section by combining phases 
during FTP testing. For example, you 
may treat the first 7.45 miles as a single 
phase by adding the individual utility 
factors for that portion of driving and 
assigning emission levels to the 
combined phase. Do this consistently 
throughout a test run. 

(5) Instead of the utility factors 
specified in paragraphs (c)(1) through 
(3) of this section, calculate utility 
factors using the following equation for 
vehicles whose maximum speed is less 
than the maximum speed specified in 
the driving schedule, where the 
vehicle’s maximum speed is 
determined, to the nearest 0.1 mph, 
from observing the highest speed over 
the first duty cycle (FTP, HFET, etc.): 
* * * * * 

(d) * * * 
(1) * * * 
(i) * * * 
(C) Determine braking power in 

kilowatts using the following equation. 
Note that during braking events, Pbrake, 
Paccel, and Proadload will all be negative 
(i.e., resistive) forces on the vehicle. 
Pbrake = Paccel¥Proadload 

Where: 
Paccel = the value determined in paragraph 

(d)(1)(i)(B) of this section; 
Proadload = the value determined in paragraph 

(d)(1)(i)(A) of this section; and 
Pbrake = 0 if Paccel is greater than or equal to 

Proadload. 

(ii) The total maximum braking 
energy (Ebrake) that could theoretically be 
recovered is equal to the absolute value 
of the sum of all the values of Pbrake 
determined in paragraph (d)(1)(i)(C) of 
this section, divided by 36000 (to 
convert 10 Hz data to hours) and 
rounded to the nearest 0.01 kilowatt- 
hours. 

(2) * * * 
(ii) At each sampling point where 

current is flowing into the battery, 

calculate the energy flowing into the 
battery, in Watt-hours, as follows: 

Where: 
Et = the energy flowing into the battery, in 

Watt-hours, at time t in the test; 
It = the electrical current, in Amps, at time 

t in the test; and 
Vnominal = the nominal voltage of the hybrid 

battery system determined according to 
paragraph (d)(4) of this section. 

* * * * * 
(3) The percent of braking energy 

recovered by a hybrid system relative to 
the total available energy is determined 
by the following equation, rounded to 
the nearest one percent: 

Where: 
Erec = The actual total energy recovered, in 

kilowatt-hours, as determined in 
paragraph (d)(2) of this section; and 

Ebrake = The theoretical maximum amount of 
energy, in kilowatt-hours, that could be 
recovered by a hybrid electric vehicle 
over the FTP test cycle, as determined in 
paragraph (d)(1) of this section. 

* * * * * 

Subpart C—Procedures for Calculating 
Fuel Economy and Carbon-Related 
Exhaust Emission Values 

■ 101. Section 600.208–12 is amended 
by revising paragraph (a)(2)(iii) to read 
as follows: 

§ 600.208–12 Calculation of FTP-based 
and HFET-based fuel economy, CO2 
emissions, and carbon-related exhaust 
emissions for a model type. 

(a) * * * 
(2) * * * 
(iii) All subconfigurations within the 

new base level are represented by test 
data in accordance with 
§ 600.010(c)(1)(iii). 
* * * * * 

■ 102. Section 600.210–12 is amended 
by revising paragraph (c)(2)(iv)(C) to 
read as follows: 

§ 600.210–12 Calculation of fuel economy 
and CO2 emission values for labeling. 
* * * * * 

(c) * * * 
(2) * * * 
(iv) * * * 
(C) Calculate a composite city CO2 

emission rate and a composite highway 
CO2 emission rate by combining the 
separate results for battery and engine 
operation using the procedures 
described in § 600.116. Use these values 
to calculate the vehicle’s combined CO2 
emissions as described in paragraph 
(c)(2)(i) of this section. 
* * * * * 

Subpart D—Fuel Economy Labeling 

■ 103. Section 600.311–12 is amended 
by revising paragraph (g) to read as 
follows: 

§ 600.311–12 Determination of values for 
fuel economy labels. 
* * * * * 

(g) Smog rating. Establish a rating for 
exhaust emissions other than CO2 based 
on the applicable emission standards for 
the appropriate model year as shown in 
Tables 1 through 3 of this section. 
Unless specified otherwise, use the 
California emission standards to select 
the smog rating only for vehicles not 
certified to any EPA standards. For 
Independent Commercial Importers that 
import vehicles not subject to Tier 2 or 
Tier 3 emission standards, the vehicle’s 
smog rating is 1. Similarly, if a 
manufacturer certifies vehicles to 
emission standards that are less 
stringent than all the identified 
standards for any reason, the vehicle’s 
smog rating is 1. If EPA or California 
emission standards change in the future, 
we may revise the emission levels 
corresponding to each rating for future 
model years as appropriate to reflect the 
changed standards. If this occurs, we 
would publish the revised ratings as 
described in § 600.302–12(k), allowing 
sufficient lead time to make the 
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changes; we would also expect to initiate a rulemaking to update the smog 
rating in the regulation. 

TABLE 1 OF § 600.311–12—CRITERIA FOR ESTABLISHING SMOG RATING FOR MODEL YEAR 2025 AND LATER 

Rating U.S. EPA Tier 3 emission 
standard 

California Air Resources Board 
LEV III emission standard 

1 .......................................................................................................................... Bin 160 .................................... LEV 160. 
2 .......................................................................................................................... Bin 125 .................................... ULEV125. 
4 .......................................................................................................................... Bin 70 ...................................... ULEV70. 
5 .......................................................................................................................... Bin 50 ...................................... ULEV50. 
6 .......................................................................................................................... Bin 30 ...................................... SULEV30. 
7 .......................................................................................................................... Bin 20 ...................................... SULEV20. 
10 ........................................................................................................................ Bin 0 ........................................ ZEV. 

TABLE 2 OF § 600.311–12—CRITERIA FOR ESTABLISHING SMOG RATING FOR MODEL YEARS 2018–2024 

Rating U.S. EPA Tier 3 emission 
standard 

U.S EPA Tier 2 emission 
standard 

California Air Resources Board 
LEV III emission standard 

1 .................................................................... Bin 160 .................................... Bin 5 through Bin 8 ................. LEV 160. 
3 .................................................................... Bin 125, Bin 110 ...................... Bin 4 ........................................ ULEV125. 
5 .................................................................... Bin 85, Bin 70 .......................... Bin 3 ........................................ ULEV70. 
6 .................................................................... Bin 50 ...................................... .................................................. ULEV50. 
7 .................................................................... Bin 30 ...................................... Bin 2 ........................................ SULEV30. 
8 .................................................................... Bin 20 ...................................... .................................................. SULEV20. 
10 .................................................................. Bin 0 ........................................ Bin 1 ........................................ ZEV. 

TABLE 3 OF § 600.311–12—CRITERIA FOR ESTABLISHING SMOG RATING THROUGH MODEL YEAR 2017 

Rating U.S. EPA Tier 2 emission 
standard 

U.S. EPA Tier 3 emission 
standard 

California Air Resources Board 
LEV II emission standard 

California Air Resources Board 
LEV III emission standard 

1 ............... .................................................. .................................................. ULEV & LEV II large trucks.
2 ............... Bin 8 ........................................ .................................................. SULEV II large trucks.
3 ............... Bin 7.
4 ............... Bin 6 ........................................ .................................................. LEV II, option 1.
5 ............... Bin 5 ........................................ Bin 160 .................................... LEV II ...................................... LEV160. 
6 ............... Bin 4 ........................................ Bin 125, Bin 110 ..................... ULEV II .................................... ULEV125. 
7 ............... Bin 3 ........................................ Bin 85, Bin 70, Bin 50 ............. .................................................. ULEV70, ULEV50. 
8 ............... Bin 2 1 ...................................... Bin 30 ...................................... SULEV II ................................. SULEV30. 
9 ............... .................................................. Bin 20 ...................................... PZEV ....................................... SULEV20, PZEV. 
10 ............. Bin 1 ........................................ Bin 0 ........................................ ZEV ......................................... ZEV. 

1 Vehicles qualify with a rating of 9 instead of 8 if they are certified to the EPA Tier 2, Bin 2 standards, and they are sold nationwide in a con-
figuration that is certified in California to the PZEV or SULEV20 standards. 

* * * * * 

Subpart F—Procedures for 
Determining Manufacturer’s Average 
Fuel Economy and Manufacturer’s 
Average Carbon-Related Exhaust 
Emissions 

■ 104. Section 600.510–12 is amended 
as follows: 
■ a. By revising the entry for ‘‘MPG =’’ 
in paragraph (c)(1)(ii) after the equation. 
■ b. By revising paragraphs (c)(2)(vi) 
introductory text, (c)(2)(vii)(A) 
introductory text, and (h). 

The revisions read as follows: 

§ 600.510–12 Calculation of average fuel 
economy and average carbon-related 
exhaust emissions. 

* * * * * 
(c) * * * 
(1) * * * 
(ii) * * * 

MPG = the average fuel economy for 
a category of vehicles determined 
according to paragraph (h) of this 
section; 
* * * * * 

(c) * * * 
(2) * * * 
(vi) For natural gas dual fuel model 

types, for model years 1993 through 
2016, the harmonic average of the 
following two terms; the result rounded 
to the nearest 0.1 mpg: 
* * * * * 

(vii)(A) For natural gas dual fuel 
model types, for model years after 2016, 
the combined model type fuel economy 
determined according to the following 
formula and rounded to the nearest 0.1 
mpg: 
* * * * * 

(h) The increase in average fuel 
economy determined in paragraph (c) of 
this section attributable to dual fueled 

automobiles is subject to a maximum 
value that applies separately to each 
category of automobile specified in 
paragraph (a)(1) of this section. The 
increase in average fuel economy 
attributable to vehicles fueled by 
electricity or, for model years 2016 and 
later, by compressed natural gas, is not 
subject to a maximum value. The 
following maximum values apply under 
this paragraph (h): 

Model year 
Maximum 
increase 

(mpg) 

1993–2014 ............................ 1.2 
2015 ...................................... 1.0 
2016 ...................................... 0.8 
2017 ...................................... 0.6 
2018 ...................................... 0.4 
2019 ...................................... 0.2 
2020 and later ...................... 0.0 
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(1) The Administrator shall calculate 
the increase in average fuel economy to 
determine if the maximum increase 
provided in this paragraph (h) has been 
reached. The Administrator shall 
calculate the increase in average fuel 
economy for each category of 
automobiles specified in paragraph 
(a)(1) of this section by subtracting the 
average fuel economy values calculated 
in accordance with this section, 
assuming all alcohol dual fueled 
automobiles are operated exclusively on 
gasoline (or diesel fuel), from the 
average fuel economy values 
determined in paragraph (c) of this 
section. The difference is limited to the 
maximum increase specified in this 
paragraph (h). 

(2) [Reserved] 
* * * * * 

PART 1033—CONTROL OF EMISSIONS 
FROM LOCOMOTIVES 

■ 105. The authority citation for part 
1033 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Overview and Applicability 

■ 106. Section 1033.1 is amended by 
revising paragraph (e) to read as follows: 

§ 1033.1 Applicability. 
* * * * * 

(e) The provisions of this part apply 
as specified for locomotives 
manufactured or remanufactured on or 
after July 7, 2008. See § 1033.102 to 
determine whether the standards of this 
part or the standards specified in 
Appendix I of this part apply for model 
years 2008 through 2012. For example, 
for a locomotive that was originally 
manufactured in 2007 and 
remanufactured on April 10, 2014, the 
provisions of this part begin to apply on 
April 10, 2014. 
■ 107. Section 1033.30 is revised to read 
as follows: 

§ 1033.30 Submission of information. 
Unless we specify otherwise, send all 

reports and requests for approval to the 
Designated Compliance Officer (see 
§ 1033.901). See § 1033.925 for 
additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and 
Related Requirements 

■ 108. Section 1033.101 is amended by 
revising paragraphs (f)(1)(ii), (f)(2)(i) and 
(iii), and (i) to read as follows: 

§ 1033.101 Exhaust emission standards. 

* * * * * 
(f) * * * 

(1) * * * 
(ii) Gaseous-fueled locomotives: 

Nonmethane-nonethane emissions 
(NMNEHC). This includes dual-fuel and 
flexible-fuel locomotives that use a 
combination of a gaseous fuel and a 
nongaseous fuel. 
* * * * * 

(2) * * * 
(i) Certify your Tier 4 and later diesel- 

fueled locomotives for operation with 
only Ultra Low Sulfur Diesel (ULSD) 
fuel. Use ULSD as the test fuel for these 
locomotives. You may alternatively 
certify Tier 4 and later locomotives 
using Low Sulfur Diesel Fuel (LSD). 
* * * * * 

(iii) Certify your Tier 3 and earlier 
diesel-fueled locomotives for operation 
with either ULSD fuel or LSD fuel if 
they do not include sulfur-sensitive 
technology or if you demonstrate 
compliance using an LSD test fuel 
(including commercial LSD fuel). 
* * * * * 

(i) Alternate CO standards. 
Manufacturers/remanufacturers may 
certify locomotives to an alternate CO 
emission standard of 10.0 g/bhp-hr 
instead of the otherwise applicable CO 
standard if they also certify those 
locomotives to alternate PM standards 
as follows: 

(1) The alternate PM standard for Tier 
0, Tier 1, and Tier 2 locomotives is one- 
half of the otherwise applicable PM 
standard. For example, a manufacturer 
certifying Tier 2 switch locomotives to 
a 0.065 g/bhp-hr PM standard may 
certify those locomotives to the alternate 
CO standard of 10.0 g/bhp-hr. 

(2) The alternate PM standard for Tier 
3 and Tier 4 locomotives is 0.01 g/bhp- 
hr. 
* * * * * 
■ 109. Section 1033.102 is revised to 
read as follows: 

§ 1033.102 Transition to the standards 
specified in this subpart. 

(a) The Tier 0 and Tier 1 standards of 
§ 1033.101 apply for new locomotives 
beginning January 1, 2010, except as 
specified in § 1033.150(a). The Tier 0 
and Tier 1 standards specified in 
Appendix I of this part apply for earlier 
model years. 

(b) Except as specified in 
§ 1033.150(a), the Tier 2 standards of 
§ 1033.101 apply for new locomotives 
beginning January 1, 2013. The Tier 2 
standards specified in Appendix I of 
this part apply for earlier model years. 

(c) The Tier 3 and Tier 4 standards of 
§ 1033.101 apply for the model years 
specified in that section. 
■ 110. Section 1033.120 is amended by 
revising paragraph (b) to read as follows: 

§ 1033.120 Emission-related warranty 
requirements. 
* * * * * 

(b) Warranty period. Except as 
specified in this paragraph, the 
minimum warranty period is one-third 
of the useful life. Your emission-related 
warranty must be valid for at least as 
long as the minimum warranty periods 
listed in this paragraph (b) in MW-hrs of 
operation (or miles for Tier 0 
locomotives not equipped with MW-hr 
meters) and years, whichever comes 
first. You may offer an emission-related 
warranty more generous than we 
require. The emission-related warranty 
for the locomotive may not be shorter 
than any basic mechanical warranty you 
provide without charge for the 
locomotive. Similarly, the emission- 
related warranty for any component 
may not be shorter than any warranty 
you provide without charge for that 
component. This means that your 
warranty may not treat emission-related 
and nonemission-related defects 
differently for any component. If you 
provide an extended warranty to 
individual owners for any components 
covered in paragraph (c) of this section 
for an additional charge, your emission- 
related warranty must cover those 
components for those owners to the 
same degree. If the locomotive does not 
record MW-hrs, we base the warranty 
periods in this paragraph (b) only on 
years. The warranty period begins when 
the locomotive is placed into service, or 
back into service after remanufacture. 
* * * * * 
■ 111. Section 1033.135 is amended by 
revising paragraph (b)(3) to read as 
follows: 

§ 1033.135 Labeling. 
* * * * * 

(b) * * * 
(3) Label diesel-fueled locomotives 

near the fuel inlet to identify the 
allowable fuels, consistent with 
§ 1033.101. For example, Tier 4 
locomotives with sulfur-sensitive 
technology (or that otherwise require 
ULSD for compliance) should be labeled 
‘‘ULTRA LOW SULFUR DIESEL FUEL 
ONLY’’. You do not need to label Tier 
3 and earlier locomotives certified for 
use with both LSD and ULSD. 
* * * * * 
■ 112. Section 1033.150 is amended by 
revising paragraphs (a)(4)(ii) and (g) 
introductory text to read as follows: 

§ 1033.150 Interim provisions. 
* * * * * 

(a) * * * 
(4) * * * 
(ii) Calculate all costs in current 

dollars (for the month prior to the date 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00124 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74005 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

you submit your application). Calculate 
fuel costs based on a fuel price adjusted 
by the Association of American 
Railroads’ monthly railroad fuel price 
index (P), which is available at https:// 
www.aar.org/data-center/rail-cost- 
indexes. (Use values indexed to a price 
of 100.0 for July 15, 1990.) Calculate a 
new fuel price using the following 
equation: 
Fuel Price = ($2.76 per gallon) × (P/ 

539.8) 
* * * * * 

(g) Optional interim Tier 4 
compliance provisions for NOX 
emissions. For model years 2015 
through 2022, manufacturers may 
choose to certify some or all of their Tier 
4 line-haul engine families according to 
the optional compliance provisions of 
this paragraph (g). The following 
provisions apply to all locomotives in 
those families: 
* * * * * 

Subpart C—Certifying Engine Families 

■ 113. Section 1033.201 is amended by 
revising paragraphs (a) and (g) to read as 
follows: 

§ 1033.201 General requirements for 
obtaining a certificate of conformity. 

* * * * * 
(a) You must send us a separate 

application for a certificate of 
conformity for each engine family. A 
certificate of conformity is valid for new 
production from the indicated effective 
date, until the end of the model year for 
which it is issued, which may not 
extend beyond December 31 of that 
year. No certificate will be issued after 
December 31 of the model year. You 
may amend your application for 
certification after the end of the model 
year in certain circumstances as 
described in §§ 1033.220 and 1033.225. 
You must renew your certification 
annually for any locomotives you 
continue to produce. 
* * * * * 

(g) We may require you to deliver 
your test locomotives (including test 
engines, as applicable) to a facility we 
designate for our testing (see 
§ 1033.235(c)). Alternatively, you may 
choose to deliver another engine/ 
locomotive that is identical in all 
material respects to the test locomotive, 
or another engine/locomotive that we 
determine can appropriately serve as an 
emission-data locomotive for the engine 
family. 
* * * * * 
■ 114. Section 1033.225 is amended by 
revising the section heading and adding 

paragraphs (b)(4) and (g) to read as 
follows: 

§ 1033.225 Amending applications for 
certification. 
* * * * * 

(b) * * * 
(4) Include any other information 

needed to make your application correct 
and complete. 
* * * * * 

(g) You may produce engines as 
described in your amended application 
for certification and consider those 
engines to be in a certified configuration 
if we approve a new or modified engine 
configuration during the model year 
under paragraph (d) of this section. 
Similarly, you may modify in-use 
engines as described in your amended 
application for certification and 
consider those engines to be in a 
certified configuration if we approve a 
new or modified engine configuration at 
any time under paragraph (d) of this 
section. Modifying a new or in-use 
engine to be in a certified configuration 
does not violate the tampering 
prohibition of 40 CFR 1068.101(b)(1), as 
long as this does not involve changing 
to a certified configuration with a higher 
family emission limit. 
■ 115. Section 1033.235 is amended by 
revising paragraphs (b), (c) introductory 
text, (c)(4), and (d)(1) to read as follows: 

§ 1033.235 Emission testing required for 
certification. 
* * * * * 

(b) Test your emission-data 
locomotives using the procedures and 
equipment specified in subpart F of this 
part. In the case of dual-fuel 
locomotives, measure emissions when 
operating with each type of fuel for 
which you intend to certify the 
locomotive. In the case of flexible-fuel 
locomotives, measure emissions when 
operating with the fuel mixture that best 
represents in-use operation or is most 
likely to have the highest NOX 
emissions, though you may ask us 
instead to perform tests with both fuels 
separately if you can show that 
intermediate mixtures are not likely to 
occur in use. 

(c) We may perform confirmatory 
testing by measuring emissions from 
any of your emission-data locomotives 
or other locomotives from the engine 
family. 
* * * * * 

(4) Before we test one of your 
locomotives, we may calibrate it within 
normal production tolerances for 
anything we do not consider an 
adjustable parameter. For example, this 
would apply for a parameter that is 
subject to production variability because 

it is adjustable during production, but is 
not considered an adjustable parameter 
(as defined in § 1033.901) because it is 
permanently sealed. 

(d) * * * 
(1) The engine family from the 

previous model year differs from the 
current engine family only with respect 
to model year, items identified in 
§ 1033.225(a), or other factors not 
related to emissions. We may waive this 
criterion for differences we determine 
not to be relevant. 
* * * * * 
■ 116. Section 1033.245 is amended by 
revising the introductory text and 
paragraph (b) introductory text and 
adding paragraphs (b)(3) through (5) to 
read as follows: 

§ 1033.245 Deterioration factors. 
Establish deterioration factors for each 

pollutant to determine whether your 
locomotives will meet emission 
standards for each pollutant throughout 
the useful life, as described in 
§ 1033.240. Determine deterioration 
factors as described in this section, 
either with an engineering analysis, 
with pre-existing test data, or with new 
emission measurements. The 
deterioration factors are intended to 
reflect the deterioration expected to 
result during the useful life of a 
locomotive maintained as specified in 
§ 1033.125. If you perform durability 
testing, the maintenance that you may 
perform on your emission-data 
locomotive is limited to the 
maintenance described in § 1033.125. 
You may carry across a deterioration 
factor from one engine family to another 
consistent with good engineering 
judgment. 
* * * * * 

(b) Apply deterioration factors as 
follows: 
* * * * * 

(3) Sawtooth and other nonlinear 
deterioration patterns. The deterioration 
factors described in paragraphs (b)(1) 
and (2) of this section assume that the 
highest useful life emissions occur 
either at the end of useful life or at the 
low-hour test point. The provisions of 
this paragraph (b)(3) apply where good 
engineering judgment indicates that the 
highest emissions over the useful life 
will occur between these two points. 
For example, emissions may increase 
with service accumulation until a 
certain maintenance step is performed, 
then return to the low-hour emission 
levels and begin increasing again. Base 
deterioration factors for locomotives 
with such emission patterns on the 
difference between (or ratio of) the point 
at which the highest emissions occur 
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and the low-hour test point. Note that 
this applies for maintenance-related 
deterioration only where we allow such 
critical emission-related maintenance. 

(4) Dual-fuel and flexible-fuel engines. 
In the case of dual-fuel and flexible-fuel 
locomotives, apply deterioration factors 
separately for each fuel type by 
measuring emissions with each fuel 
type at each test point. You may 
accumulate service hours on a single 
emission-data engine using the type of 
fuel or the fuel mixture expected to have 
the highest combustion and exhaust 
temperatures; you may ask us to 
approve a different fuel mixture if you 
demonstrate that a different criterion is 
more appropriate. 

(5) Deterioration factor for crankcase 
emissions. If your engine vents 
crankcase emissions to the exhaust or to 
the atmosphere, you must account for 
crankcase emission deterioration, using 
good engineering judgment. You may 
use separate deterioration factors for 
crankcase emissions of each pollutant 
(either multiplicative or additive) or 
include the effects in combined 
deterioration factors that include 
exhaust and crankcase emissions 
together for each pollutant. 
* * * * * 
■ 117. Section 1033.250 is amended by 
revising paragraphs (b)(3)(iv) and (c) to 
read as follows: 

§ 1033.250 Reporting and recordkeeping. 

* * * * * 
(b) * * * 
(3) * * * 
(iv) All your emission tests (valid and 

invalid), including the date and purpose 
of each test and documentation of test 
parameters as specified in part 40 CFR 
part 1065, and the date and purpose of 
each test. 
* * * * * 

(c) Keep required data from emission 
tests and all other information specified 
in this section for eight years after we 
issue your certificate. If you use the 
same emission data or other information 
for a later model year, the eight-year 
period restarts with each year that you 
continue to rely on the information. 
* * * * * 
■ 118. Section 1033.255 is amended by 
revising paragraphs (c)(2), (c)(4), (d), 
and (e) to read as follows: 

§ 1033.255 EPA decisions. 

* * * * * 
(c) * * * 
(2) Submit false or incomplete 

information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 

render any of the submitted information 
false or incomplete. 
* * * * * 

(4) Deny us from completing 
authorized activities (see 40 CFR 
1068.20). This includes a failure to 
provide reasonable assistance. 
* * * * * 

(d) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 
* * * * * 

Subpart D—Manufacturer and 
Remanufacturer Production Line 
Testing and Audit Programs 

■ 119. Section 1033.301 is amended by 
revising paragraph (a) to read as follows: 

§ 1033.301 Applicability. 

* * * * * 
(a) The requirements of §§ 1033.310, 

1033.315, 1033.320, and 1033.330 apply 
only to manufacturers of freshly 
manufactured locomotives or 
locomotive engines (including those 
used for repowering). We may also 
apply these requirements to 
remanufacturers of any locomotives for 
which there is reason to believe 
production problems exist that could 
affect emission performance. When we 
make a determination that production 
problems may exist that could affect 
emission performance, we will notify 
the remanufacturer(s). The requirements 
of §§ 1033.310, 1033.315, 1033.320, and 
1033.330 will apply as specified in the 
notice. 
* * * * * 

§ 1033.320 [Amended] 

■ 120. Section 1033.320 is amended by 
redesignating paragraphs (e)(6) and 
(e)(7) as paragraphs (e)(5) and (e)(6), 
respectively. 

Subpart F—Test Procedures 

■ 121. Section 1033.501 is amended by 
revising paragraph (a)(3) and adding 
paragraphs (a)(4), (a)(5), and (j) to read 
as follows: 

§ 1033.501 General provisions. 
(a) * * * 
(3) The following provisions apply for 

engine mapping, duty-cycle generation, 
and cycle validation to account for the 

fact that locomotive operation and 
locomotive duty cycles are based on 
operator demand from locomotive notch 
settings, not on target values for engine 
speed and load: 

(i) The provisions related to engine 
mapping, duty-cycle generation, and 
cycle validation in 40 CFR 1065.510, 
1065.512, and 1065.514 do not apply for 
testing complete locomotives. 

(ii) The provisions related to engine 
mapping and duty-cycle generation in 
40 CFR 1065.510 and 1065.512 are not 
required for testing with an engine 
dynamometer; however, the cycle 
validation criteria of 40 CFR 1065.514 
apply for such testing. Demonstrate 
compliance with cycle validation 
criteria based on manufacturer-declared 
values for maximum torque, maximum 
power, and maximum test speed, or 
determine these values from an engine 
map generated according to 40 CFR 
1065.510. If you test using a ramped- 
modal cycle, you may perform cycle 
validation over all the test intervals 
together. 

(4) If you perform discrete-mode 
testing and use only one batch fuel 
measurement to determine your mean 
raw exhaust flow rate, you must target 
a constant sample flow rate over the 
mode. Verify proportional sampling as 
described in 40 CFR 1065.545 using the 
mean raw exhaust molar flow rate 
paired with each recorded sample flow 
rate. 

(5) If you perform discrete-mode 
testing by grouping the modes in the 
same manner as the test intervals of the 
ramped modal cycle using three 
different dilution settings for the groups, 
as allowed in § 1033.515(c)(5)(ii), you 
may verify proportional sampling over 
each group instead of each discrete 
mode. 
* * * * * 

(j) The following provisions apply for 
locomotives using aftertreatment 
technology with infrequent regeneration 
events that may occur during testing: 

(1) Adjust measured emissions to 
account for aftertreatment technology 
with infrequent regeneration as 
described in § 1033.535. 

(2) Invalidate a smoke test if active 
regeneration starts to occur during the 
test. 
■ 122. Section 1033.515 is amended by 
revising paragraphs (c)(2)(ii), (c)(4), and 
(c)(5)(ii) to read as follows: 

§ 1033.515 Discrete-mode steady-state 
emission tests of locomotives and 
locomotive engines. 

* * * * * 
(c) * * * 
(2) * * * 
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(ii) The sample period is 300 seconds 
for all test modes except mode 8. The 
sample period for test mode 8 is 600 
seconds. 
* * * * * 

(4) If applicable, begin the smoke test 
at the start of the test mode A. Continue 
collecting smoke data until the 
completion of test mode 8. You may 
perform smoke measurements 
independent of criteria pollutant 
measurements by repeating the test over 
the duty cycle. If you choose this 
option, the minimum time-in-notch is 
3.0 minutes for duty cycles in which 
only smoke is measured. Refer to 
§ 1033.101 to determine applicability of 
smoke testing and § 1033.525 for details 
on how to conduct a smoke test. 

(5) * * * 
(ii) Group the modes in the same 

manner as the test intervals of the 
ramped modal cycle and use three 
different dilution settings for the groups. 
Use one setting for both idle modes, one 
for dynamic brake through Notch 5, and 
one for Notch 6 through Notch 8. For 
each group, ensure that the mode with 
the highest exhaust flow (typically 
normal idle, Notch 5, and Notch 8) 
meets the criteria for minimum dilution 
ratio in 40 CFR part 1065. 
* * * * * 
■ 123. Section 1033.520 is revised to 
read as follows: 

§ 1033.520 Alternative ramped modal 
cycles. 

(a) Locomotive testing over a ramped 
modal cycle is intended to improve 
measurement accuracy at low emission 
levels by allowing the use of batch 
sampling of PM and gaseous emissions 
over multiple locomotive notch settings. 
Ramped modal cycles combine multiple 
test modes of a discrete-mode steady- 
state into a single sample period. Time 
in notch is varied to be proportional to 
weighting factors. The ramped modal 
cycle for line-haul locomotives is shown 
in Table 1 to this section. The ramped 
modal cycle for switch locomotives is 
shown in Table 2 to this section. Both 
ramped modal cycles consist of a warm- 
up followed by three test intervals that 
are each weighted in a manner that 
maintains the duty-cycle weighting of 
the line-haul and switch locomotive 
duty cycles in § 1033.530. You may use 
ramped modal cycle testing for any 
locomotives certified under this part. 

(b) Ramped modal testing requires 
continuous gaseous analyzers and three 
separate PM filters (one for each test 

interval). You may collect a single batch 
sample for each test interval, but you 
must also measure gaseous emissions 
continuously to allow calculation of 
notch caps as required under 
§ 1033.101. 

(c) You may operate the engine in any 
way you choose to warm it up. Then 
follow the provisions of 40 CFR part 
1065, subpart F for general pre-test 
procedures (including engine and 
sampling system pre-conditioning). 

(d) Begin the test by operating the 
locomotive over the pre-test portion of 
the cycle. For locomotives not equipped 
with catalysts, you may begin the test as 
soon as the engine reaches its lowest 
idle setting. For catalyst-equipped 
locomotives, you may begin the test in 
normal idle mode if the engine does not 
reach its lowest idle setting within 15 
minutes. If you do start in normal idle, 
run the low idle mode after normal idle, 
then resume the specified mode 
sequence (without repeating the normal 
idle mode). 

(e) Start the test according to 40 CFR 
1065.530. 

(1) Each test interval begins when 
operator demand is set to the first 
operator demand setting of each test 
interval of the ramped modal cycle. 
Each test interval ends when the time in 
mode is reached for the last mode in the 
test interval. 

(2) For PM emissions (and other batch 
sampling), the sample period over 
which emissions for the test interval are 
averaged generally begins within 10 
seconds after the operator demand is 
changed to start the test interval and 
ends within 5 seconds of the sampling 
time for the test mode is reached (see 
Table 1 to this section). You may ask to 
delay the start of the sample period to 
account for sample system residence 
times longer than 10 seconds. 

(3) Use good engineering judgment 
when transitioning between test 
intervals. 

(i) You should come as close as 
possible to simultaneously: 

(A) Ending batch sampling of the 
previous test interval. 

(B) Starting batch sampling of the next 
test interval. 

(C) Changing the operator demand to 
the notch setting for the first mode in 
the next test interval. 

(ii) Avoid the following: 
(A) Overlapping batch sampling of the 

two test intervals. 
(B) An unnecessarily long delay 

before starting the next test interval. 

(iii) For example, the following 
sequence would generally be 
appropriate: 

(A) End batch sampling for Interval 2 
after 304 seconds in Notch 5. 

(B) Switch the operator demand to 
Notch 6 one second later. 

(C) Begin batch sampling for Interval 
3 one second after switching to Notch 6. 

(4) If applicable, begin the smoke test 
at the start of the first test interval of the 
applicable ramped modal cycle. 
Continue collecting smoke data until the 
completion of final test interval. You 
may perform smoke measurements 
independent of criteria pollutant 
measurements by rerunning the test 
over the duty cycle. If you choose this 
option, the minimum time-in-notch is 
3.0 minutes for duty cycles in which 
only smoke is measured. Refer to 
§ 1033.101 to determine applicability of 
the smoke standards and § 1033.525 for 
details on how to conduct a smoke test. 

(5) Proceed through each test interval 
of the applicable ramped modal cycle in 
the order specified until the test is 
completed. 

(6) If you must void a test interval, 
you may repeat it. To do so, begin with 
a warm engine operating at the notch 
setting for the last mode in the previous 
test interval. You do not need to repeat 
later test intervals if they were valid. 
(Note: You must report test results for 
all voided tests and test intervals.) 

(7) Following the completion of the 
third test interval of the applicable 
ramped modal cycle, conduct the post- 
test sampling procedures specified in 40 
CFR 1065.530. 

(f) Calculate your cycle-weighted 
brake-specific emission rates as follows: 

(1) For each test interval j: 
(i) Calculate emission rates (Eij) for 

each pollutant i as the total mass 
emissions divided by the total time in 
the test interval. 

(ii) Calculate average power (Pj) as the 
total work divided by the total time in 
the test interval. 

(2) For each pollutant, calculate your 
cycle-weighted brake-specific emission 
rate using the following equation, where 
wj is the weighting factor for test 
interval j: 

(g) The following tables define 
applicable ramped modal cycles for 
line-haul and switch locomotives: 
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TABLE 1 TO § 1033.520—LINE-HAUL LOCOMOTIVE RAMPED MODAL CYCLE 

RMC test interval Weighting 
factor RMC mode Time in mode 

(seconds) Notch setting 

Pre-test idle ................................................................................. NA NA 600 to 900 Lowest idle setting.1 
Interval 1 (Idle test) ..................................................................... 0.380 A 600 Low Idle.2 

B 600 Normal Idle. 

Interval Transition 

Interval 2 ..................................................................................... 0.389 C 1000 Dynamic Brake.3 
1 520 Notch 1. 
2 520 Notch 2. 
3 416 Notch 3. 
4 352 Notch 4. 
5 304 Notch 5. 

Interval Transition 

Interval 3 ..................................................................................... 0.231 6 144 Notch 6. 
7 111 Notch 7. 
8 600 Notch 8. 

1 See paragraph (d) of this section for alternate pre-test provisions. 
2 Operate at normal idle for modes A and B if not equipped with multiple idle settings. 
3 Operate at normal idle if not equipped with a dynamic brake. 

TABLE 2 TO § 1033.520—SWITCH LOCOMOTIVE RAMPED MODAL CYCLE 

RMC test interval Weighting 
factor RMC mode Time in mode 

(seconds) Notch setting 

Pre-test idle ................................................................................. NA NA 600 to 900 Lowest idle setting.1 
Interval 1 (Idle test) ..................................................................... 0.598 A 600 Low Idle.2 

B 600 Normal Idle. 

Interval Transition 

Interval 2 ..................................................................................... 0.377 1 868 Notch 1. 
2 861 Notch 2. 
3 406 Notch 3. 
4 252 Notch 4. 
5 252 Notch 5. 

Interval Transition 

Interval 3 ..................................................................................... 0.025 6 1080 Notch 6. 
7 144 Notch 7. 
8 576 Notch 8. 

1 See paragraph (d) of this section for alternate pre-test provisions. 
2 Operate at normal idle for modes A and B if not equipped with multiple idle settings. 

■ 124. Section 1033.535 is revised to 
read as follows: 

§ 1033.535 Adjusting emission levels to 
account for infrequently regenerating 
aftertreatment devices. 

For locomotives using aftertreatment 
technology with infrequent regeneration 
events that may occur during testing, 
take one of the following approaches to 
account for the emission impact of 
regeneration: 

(a) You may use the calculation 
methodology described in 40 CFR 
1065.680 to adjust measured emission 
results. Do this by developing an 
upward adjustment factor and a 
downward adjustment factor for each 
pollutant based on measured emission 

data and observed regeneration 
frequency as follows: 

(1) Adjustment factors should 
generally apply to an entire engine 
family, but you may develop separate 
adjustment factors for different 
configurations within an engine family. 
Use the adjustment factors from this 
section for all testing for the engine 
family. 

(2) You may use carryover or carry- 
across data to establish adjustment 
factors for an engine family as described 
in § 1033.235, consistent with good 
engineering judgment. 

(3) Determine the frequency of 
regeneration, F, as described in 40 CFR 
1065.680 from in-use operating data or 
from running repetitive tests in a 
laboratory. If the engine is designed for 

regeneration at fixed time intervals, you 
may apply good engineering judgment 
to determine F based on those design 
parameters. 

(4) Identify the value of F in each 
application for the certification for 
which it applies. 

(5) Apply the provisions for ramped- 
modal testing based on measurements 
for each test interval rather than the 
whole ramped-modal test. 

(b) You may ask us to approve an 
alternate methodology to account for 
regeneration events. We will generally 
limit approval to cases where your 
engines use aftertreatment technology 
with extremely infrequent regeneration 
and you are unable to apply the 
provisions of this section. 
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(c) You may choose to make no 
adjustments to measured emission 
results if you determine that 
regeneration does not significantly affect 
emission levels for an engine family (or 
configuration) or if it is not practical to 
identify when regeneration occurs. If 
you choose not to make adjustments 
under paragraph (a) or (b) of this 
section, your locomotives must meet 
emission standards for all testing, 
without regard to regeneration. 

Subpart G—Special Compliance 
Provisions 

■ 125. Section 1033.601 is amended by 
adding paragraph (f) to read as follows: 

§ 1033.601 General compliance provisions. 

* * * * * 
(f) Multi-fuel locomotives. Subpart C 

of this part describes how to test and 
certify dual-fuel and flexible-fuel 
locomotives. Some multi-fuel 
locomotives may not fit either of those 
defined terms. For such locomotives, we 
will determine whether it is most 
appropriate to treat them as single-fuel 
locomotives, dual-fuel locomotives, or 
flexible-fuel locomotives based on the 
range of possible and expected fuel 
mixtures. For example, a locomotive 
might burn natural gas but initiate 
combustion with a pilot injection of 
diesel fuel. If the locomotive is designed 
to operate with a single fueling 
algorithm (i.e., fueling rates are fixed at 
a given engine speed and load 
condition), we would generally treat it 
as a single-fuel locomotive, In this 
context, the combination of diesel fuel 
and natural gas would be its own fuel 
type. If the locomotive is designed to 
also operate on diesel fuel alone, we 
would generally treat it as a dual-fuel 
locomotive. If the locomotive is 
designed to operate on varying mixtures 
of the two fuels, we would generally 
treat it as a flexible-fuel locomotive. To 
the extent that requirements vary for the 
different fuels or fuel mixtures, we may 
apply the more stringent requirements. 

§ 1033.640 [Amended] 

■ 126. Section 1033.640 is amended by 
redesignating the second paragraph (c) 
and paragraphs (d) and (e) as paragraphs 
(d) through (f), respectively. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

■ 127. Section 1033.701 is amended by 
adding paragraph (k) to read as follows: 

§ 1033.701 General provisions. 

* * * * * 

(k) You may use either of the 
following approaches to retire or forego 
emission credits: 

(1) You may retire emission credits 
generated from any number of your 
locomotives. This may be considered 
donating emission credits to the 
environment. Identify any such credits 
in the reports described in § 1033.730. 
Locomotives must comply with the 
applicable FELs even if you donate or 
sell the corresponding emission credits 
under this paragraph (e). Those credits 
may no longer be used by anyone to 
demonstrate compliance with any EPA 
emission standards. 

(2) You may certify a family using an 
FEL below the emission standard as 
described in this part and choose not to 
generate emission credits for that 
family. If you do this, you do not need 
to calculate emission credits for those 
families and you do not need to submit 
or keep the associated records described 
in this subpart for that family. 
■ 128. Section 1033.710 is amended by 
revising paragraph (c) to read as follows: 

§ 1033.710 Averaging emission credits. 

* * * * * 
(c) If you certify an engine family to 

an FEL that exceeds the otherwise 
applicable emission standard, you must 
obtain enough emission credits to offset 
the engine family’s deficit by the due 
date for the final report required in 
§ 1033.730. The emission credits used to 
address the deficit may come from your 
other engine families that generate 
emission credits in the same model 
year, from emission credits you have 
banked from previous model years, or 
from emission credits generated in the 
same or previous model years that you 
obtained through trading or by transfer. 
■ 129. Section 1033.725 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1033.725 Requirements for your 
application for certification. 

* * * * * 
(b) * * * 
(2) Detailed calculations of projected 

emission credits (positive or negative) 
based on projected production volumes. 
We may require you to include similar 
calculations from your other engine 
families to demonstrate that you will be 
able to avoid negative credit balances 
for the model year. If you project 
negative emission credits for a family, 
state the source of positive emission 
credits you expect to use to offset the 
negative emission credits. 
■ 130. Section 1033.730 is amended by 
revising paragraphs (b)(1), (b)(4), (c)(2), 
and (d) to read as follows: 

§ 1033.730 ABT reports. 

* * * * * 
(b) * * * 
(1) Engine family designation and 

averaging sets (whether switch, line- 
haul, or both). 
* * * * * 

(4) The projected and actual U.S.- 
directed production volumes for the 
model year as described in § 1033.705. 
If you changed an FEL during the model 
year, identify the actual U.S.-directed 
production volume associated with each 
FEL. 
* * * * * 

(c) * * * 
(2) State whether you will retain any 

emission credits for banking. If you 
choose to retire emission credits that 
would otherwise be eligible for banking, 
identify the engine families that 
generated the emission credits, 
including the number of emission 
credits from each family. 
* * * * * 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The averaging set corresponding 
to the engine families that generated 
emission credits for the trade, including 
the number of emission credits from 
each averaging set. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
for each averaging set. 
* * * * * 
■ 131. Section 1033.735 is amended by 
revising paragraphs (a) and (b) to read 
as follows: 

§ 1033.735 Required records. 

(a) You must organize and maintain 
your records as described in this 
section. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
engines if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. 
* * * * * 
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Subpart I—Requirements for Owners 
and Operators 

■ 132. Section 1033.815 is amended by 
revising paragraphs (b) and (e) 
introductory text to read as follows: 

§ 1033.815 Maintenance, operation, and 
repair. 
* * * * * 

(b) Perform unscheduled maintenance 
in a timely manner. This includes 
malfunctions identified through the 
locomotive’s emission control 
diagnostics system and malfunctions 
discovered in components of the 
diagnostics system itself. For most 
repairs, this paragraph (b) requires that 
the maintenance be performed no later 
than the locomotive’s next periodic (92- 
day or 184-day) inspection. See 
paragraph (e) of this section, for 
reductant replenishment requirements 
in a locomotive equipped with an SCR 
system. 
* * * * * 

(e) For locomotives equipped with 
emission controls requiring the use of 
specific fuels, lubricants, or other fluids, 
proper maintenance includes complying 
with the manufacturer/remanufacturer’s 
specifications for such fluids when 
operating the locomotives. This 
requirement applies without regard to 
whether misfueling permanently 
disables the emission controls. For 
locomotives certified on ultra-low sulfur 
diesel fuel, but that do not include 
sulfur-sensitive emission controls, you 
may use low-sulfur diesel fuel instead of 
ultra-low sulfur diesel fuel, consistent 
with good engineering judgment. The 
following additional provisions apply 
for locomotives equipped with SCR 
systems requiring the use of urea or 
other reductants: 
* * * * * 

Subpart J—Definitions and Other 
Reference Information 

■ 133. Section 1033.901 is amended as 
follows: 
■ a. By revising the definition for 
‘‘Designated Compliance Officer’’. 
■ b. By adding definitions for ‘‘Dual- 
fuel’’ and ‘‘Flexible-fuel’’ in alphabetical 
order. 
■ c. By revising the definitions for 
‘‘Remanufacture system or 
remanufacturing system’’, ‘‘Sulfur- 
sensitive technology’’, and ‘‘Total 
hydrocarbon equivalent’’. 

The revisions and addition read as 
follows: 

§ 1033.901 Definitions. 
* * * * * 

Designated Compliance Officer means 
the Director, Diesel Engine Compliance 

Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; complianceinfo@
epa.gov; epa.gov/otaq/verify. 
* * * * * 

Dual-fuel means relating to a 
locomotive designed for operation on 
two different fuels but not on a 
continuous mixture of those fuels (see 
§ 1033.601(f)). For purposes of this part, 
such a locomotive remains a dual-fuel 
locomotive even if it is designed for 
operation on three or more different 
fuels. 
* * * * * 

Flexible-fuel means relating to a 
locomotive designed for operation on 
any mixture of two or more different 
fuels (see § 1033.601(f)). 
* * * * * 

Remanufacture system or 
remanufacturing system means all 
components (or specifications for 
components) and instructions necessary 
to remanufacture a locomotive or 
locomotive engine in accordance with 
applicable requirements of this part. 
* * * * * 

Sulfur-sensitive technology means an 
emission control technology that would 
experience a significant drop in 
emission control performance or 
emission-system durability when a 
locomotive is operated on low-sulfur 
diesel fuel with a sulfur concentration 
of 300 to 500 ppm as compared to when 
it is operated on ultra low-sulfur diesel 
fuel (i.e., fuel with a sulfur 
concentration less than 15 ppm). 
Exhaust gas recirculation is not a sulfur- 
sensitive technology. 
* * * * * 

Total hydrocarbon equivalent has the 
meaning given in 40 CFR 1065.1001. 
This generally means the sum of the 
carbon mass contributions of non- 
oxygenated hydrocarbon, alcohols and 
aldehydes, or other organic compounds 
that are measured separately as 
contained in a gas sample, expressed as 
exhaust hydrocarbon from petroleum- 
fueled locomotives. The atomic 
hydrogen-to-carbon ratio of the 
equivalent hydrocarbon is 1.85:1. 
* * * * * 

■ 134. Section 1033.915 is revised to 
read as follows: 

§ 1033.915 Confidential information. 

The provisions of 40 CFR 1068.10 
apply for information you consider 
confidential. 

■ 135. Section 1033.925 is revised to 
read as follows: 

§ 1033.925 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You are 
expected to keep your own copy of 
required records rather than relying on 
someone else to keep records on your 
behalf. We may review these records at 
any time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1033.255, 40 
CFR 1068.25, and 40 CFR 1068.101 
describe your obligation to report 
truthful and complete information. This 
includes information not related to 
certification. Failing to properly report 
information and keep the records we 
specify violates 40 CFR 1068.101(a)(2), 
which may involve civil or criminal 
penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1033.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. We may require 
you to send us these records whether or 
not you are a certificate holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq.), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
Failing to properly report information 
and keep the records we specify violates 
40 CFR 1068.101(a)(2), which may 
involve civil or criminal penalties. The 
following items illustrate the kind of 
reporting and recordkeeping we require 
for locomotives regulated under this 
part: 

(1) We specify the following 
requirements related to locomotive 
certification in this part 1033: 

(i) In § 1033.150 we include various 
reporting and recordkeeping 
requirements related to interim 
provisions. 

(ii) In subpart C of this part we 
identify a wide range of information 
required to certify engines. 

(iii) In § 1033.325 we specify certain 
records related to production-line 
testing. 
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(iv) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(v) In §§ 1033.725, 1033.730, and 
1033.735 we specify certain records 
related to averaging, banking, and 
trading. 

(vi) In subpart I of this part we specify 
certain records related to meeting 
requirements for remanufactured 
engines. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1065: 

(i) In 40 CFR 1065.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1065.10 and 1065.12 we 
specify information needs for 
establishing various changes to 
published test procedures. 

(iii) In 40 CFR 1065.25 we establish 
basic guidelines for storing test 
information. 

(iv) In 40 CFR 1065.695 we identify 
the specific information and data items 
to record when measuring emissions. 

(3) We specify the following 
requirements related to the general 
compliance provisions in 40 CFR part 
1068: 

(i) In 40 CFR 1068.5 we establish a 
process for evaluating good engineering 
judgment related to testing and 
certification. 

(ii) In 40 CFR 1068.25 we describe 
general provisions related to sending 
and keeping information. 

(iii) In 40 CFR 1068.27 we require 
manufacturers to make locomotives 
available for our testing or inspection if 
we make such a request. 

(iv) In 40 CFR part 1068, subpart C, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various exemptions. 

(v) In 40 CFR part 1068, subpart D, we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 

related to importing locomotives and 
engines. 

(vi) In 40 CFR 1068.450 and 1068.455 
we specify certain records related to 
testing production-line locomotives in a 
selective enforcement audit. 

(vii) In 40 CFR 1068.501 we specify 
certain records related to investigating 
and reporting emission-related defects. 

(viii) In 40 CFR 1068.525 and 
1068.530 we specify certain records 
related to recalling nonconforming 
locomotives. 

(ix) In 40 CFR part 1068, subpart G, 
we specify certain records for requesting 
a hearing. 

■ 136. Appendix I to part 1033 is added 
to read as follows: 

Appendix I to Part 1033—Original 
Standards for Tier 0, Tier 1 and Tier 2 
Locomotives 

(a) The following emission standards 
applied for new locomotives not yet subject 
to this part 1033: 

Type of standard 
Year of 
original 

manufacture 
Tier 

Standards 
(g/bhp-hr) 

NOX PM–primary PM–alternate 1 

Line-haul .............................................................................. 1973–1992 Tier 0 ............. 9.5 0.60 0.30 
1993–2004 Tier 1 ............. 7.4 0.45 0.22 
2005–2011 Tier 2 ............. 5.5 0.20 0.10 

Switch .................................................................................. 1973–1992 Tier 0 ............. 14.0 0.72 0.36 
1993–2004 Tier 1 ............. 11.0 0.54 0.27 
2005–2011 Tier 2 ............. 8.1 0.24 0.12 

1 Locomotives certified to the alternate PM standards are also subject to alternate CO standards of 10.0 for the line-haul cycle and 12.0 for the 
switch cycle. 

(b) The original Tier 0, Tier 1, and Tier 2 
standards for HC and CO emissions and 
smoke are the same standards identified in 
§ 1033.101. 

■ 137. Part 1036 is revised to read as 
follows: 

PART 1036—CONTROL OF EMISSIONS 
FROM NEW AND IN-USE HEAVY-DUTY 
HIGHWAY ENGINES 

Subpart A—Overview and Applicability 

Sec. 
1036.1 Does this part apply for my engines? 
1036.2 Who is responsible for compliance? 
1036.5 Which engines are excluded from 

this part’s requirements? 
1036.10 How is this part organized? 
1036.15 Do any other regulation parts apply 

to me? 
1036.30 Submission of information. 

Subpart B—Emission Standards and 
Related Requirements 

1036.100 Overview of exhaust emission 
standards. 

1036.108 Greenhouse gas emission 
standards. 

1036.115 Other requirements. 

1036.130 Installation instructions for 
vehicle manufacturers. 

1036.135 Labeling. 
1036.140 Primary intended service class 

and engine cycle. 
1036.150 Interim provisions. 

Subpart C—Certifying Engine Families 

1036.205 What must I include in my 
application? 

1036.210 Preliminary approval before 
certification. 

1036.225 Amending my application for 
certification. 

1036.230 Selecting engine families. 
1036.235 Testing requirements for 

certification. 
1036.241 Demonstrating compliance with 

greenhouse gas emission standards. 
1036.250 Reporting and recordkeeping for 

certification. 
1036.255 What decisions may EPA make 

regarding my certificate of conformity? 

Subpart D—Testing Production Engines 

1036.301 Measurements related to GEM 
inputs in a selective enforcement audit. 

Subpart E—In-use Testing 

1036.401 In-use testing. 

Subpart F—Test Procedures 

1036.501 How do I run a valid emission 
test? 

1036.505 Ramped-modal testing 
procedures. 

1036.510 Engine data and information for 
vehicle certification. 

1036.525 Hybrid engines. 
1036.530 Calculating greenhouse gas 

emission rates. 
1036.535 Determining steady-state engine 

fuel maps and fuel consumption at idle. 
1036.540 Determining cycle-average engine 

fuel maps. 

Subpart G—Special Compliance Provisions 

1036.601 What compliance provisions 
apply? 

1036.605 GHG exemption for engines used 
in specialty vehicles. 

1036.610 Off-cycle technology credits and 
adjustments for reducing greenhouse gas 
emissions. 

1036.615 Engines with Rankine cycle waste 
heat recovery and hybrid powertrains. 

1036.620 Alternate CO2 standards based on 
model year 2011 compression-ignition 
engines. 

1036.625 In-use compliance with family 
emission limits (FELs). 
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1036.630 Certification of engine GHG 
emissions for powertrain testing. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

1036.701 General provisions. 
1036.705 Generating and calculating 

emission credits. 
1036.710 Averaging. 
1036.715 Banking. 
1036.720 Trading. 
1036.725 What must I include in my 

application for certification? 
1036.730 ABT reports. 
1036.735 Recordkeeping. 
1036.740 Restrictions for using emission 

credits. 
1036.745 End-of-year CO2 credit deficits. 
1036.750 What can happen if I do not 

comply with the provisions of this 
subpart? 

1036.755 Information provided to the 
Department of Transportation. 

Subpart I—Definitions and Other Reference 
Information 

1036.801 Definitions. 
1036.805 Symbols, abbreviations, and 

acronyms. 
1036.810 Incorporation by reference. 
1036.815 Confidential information. 
1036.820 Requesting a hearing. 
1036.825 Reporting and recordkeeping 

requirements. 
Appendix I to Part 1036—Default Engine 

Fuel Maps for § 1036.540 

Authority: 42 U.S.C. 7401—7671q. 

Subpart A—Overview and Applicability 

§ 1036.1 Does this part apply for my 
engines? 

(a) Except as specified in § 1036.5, the 
provisions of this part apply for engines 
that will be installed in heavy-duty 
vehicles (including glider vehicles) 
above 14,000 pounds GVWR for 
propulsion. These provisions also apply 
for engines that will be installed in 
incomplete heavy-duty vehicles at or 
below 14,000 pounds GVWR unless the 
engine is installed in a vehicle that is 
covered by a certificate of conformity 
under 40 CFR part 86, subpart S. 

(b) This part does not apply with 
respect to exhaust emission standards 
for HC, CO, NOX, or PM except as 
follows: 

(1) The provisions of § 1036.601 
apply. 

(2) 40 CFR parts 85 and/or 86 may 
specify that certain provisions apply. 

(c) The provisions of this part also 
apply for fuel conversions of all engines 
described in paragraph (a) of this 
section as described in 40 CFR 85.502. 

(d) Gas turbine heavy-duty engines 
and other heavy-duty engines not 
meeting the definition compression- 
ignition or spark-ignition are deemed to 
be compression-ignition engines for 
purposes of this part. 

§ 1036.2 Who is responsible for 
compliance? 

The regulations in this part 1036 
contain provisions that affect both 
engine manufacturers and others. 
However, the requirements of this part 
are generally addressed to the engine 
manufacturer(s). The term ‘‘you’’ 
generally means the engine 
manufacturer(s), especially for issues 
related to certification. Additional 
requirements and prohibitions apply to 
other persons as specified in subpart G 
of this part and 40 CFR part 1068. 

§ 1036.5 Which engines are excluded from 
this part’s requirements? 

(a) The provisions of this part do not 
apply to engines used in medium-duty 
passenger vehicles or other heavy-duty 
vehicles that are subject to regulation 
under 40 CFR part 86, subpart S, except 
as specified in 40 CFR part 86, subpart 
S, and § 1036.150(j). For example, this 
exclusion applies for engines used in 
vehicles certified to the standards of 40 
CFR 86.1819. 

(b) An engine installed in a heavy- 
duty vehicle that is not used to propel 
the vehicle is not a heavy-duty engine. 
The provisions of this part therefore do 
not apply to these engines. Note that 
engines used to indirectly propel the 
vehicle (such as electrical generator 
engines that provide power to batteries 
for propulsion) are subject to this part. 
See 40 CFR part 1039, 1048, or 1054 for 
other requirements that apply for these 
auxiliary engines. See 40 CFR part 1037 
for requirements that may apply for 
vehicles using these engines, such as the 
evaporative emission requirements of 40 
CFR 1037.103. 

(c) The provisions of this part do not 
apply to aircraft or aircraft engines. 
Standards apply separately to certain 
aircraft engines, as described in 40 CFR 
part 87. 

(d) The provisions of this part do not 
apply to engines that are not internal 
combustion engines. For example, the 
provisions of this part do not apply to 
fuel cells. Note that gas turbine engines 
are internal combustion engines. 

(e) The provisions of this part do not 
apply for model year 2013 and earlier 
heavy-duty engines unless they were: 

(1) Voluntarily certified to this part. 
(2) Installed in a glider vehicle subject 

to 40 CFR part 1037. 

§ 1036.10 How is this part organized? 
This part 1036 is divided into the 

following subparts: 
(a) Subpart A of this part defines the 

applicability of this part 1036 and gives 
an overview of regulatory requirements. 

(b) Subpart B of this part describes the 
emission standards and other 

requirements that must be met to certify 
engines under this part. Note that 
§ 1036.150 describes certain interim 
requirements and compliance 
provisions that apply only for a limited 
time. 

(c) Subpart C of this part describes 
how to apply for a certificate of 
conformity. 

(d) Subpart D of this part addresses 
testing of production engines. 

(e) Subpart E of this part describes 
provisions for testing in-use engines. 

(f) Subpart F of this part describes 
how to test your engines (including 
references to other parts of the Code of 
Federal Regulations). 

(g) Subpart G of this part describes 
requirements, prohibitions, and other 
provisions that apply to engine 
manufacturers, vehicle manufacturers, 
owners, operators, rebuilders, and all 
others. 

(h) Subpart H of this part describes 
how you may generate and use emission 
credits to certify your engines. 

(i) Subpart I of this part contains 
definitions and other reference 
information. 

§ 1036.15 Do any other regulation parts 
apply to me? 

(a) Part 86 of this chapter describes 
additional requirements that apply to 
engines that are subject to this part 
1036. This part extensively references 
portions of 40 CFR part 86. For example, 
the regulations of part 86 specify 
emission standards and certification 
procedures related to criteria pollutants. 

(b) Part 1037 of this chapter describes 
requirements for controlling evaporative 
emissions and greenhouse gas emissions 
from heavy-duty vehicles, whether or 
not they use engines certified under this 
part. It also includes standards and 
requirements that apply instead of the 
standards and requirements of this part 
in some cases. 

(c) Part 1065 of this chapter describes 
procedures and equipment 
specifications for testing engines to 
measure exhaust emissions. Subpart F 
of this part 1036 describes how to apply 
the provisions of part 1065 of this 
chapter to determine whether engines 
meet the exhaust emission standards in 
this part. 

(d) Certain provisions of part 1068 of 
this chapter apply as specified in 
§ 1036.601 to everyone, including 
anyone who manufactures, imports, 
installs, owns, operates, or rebuilds any 
of the engines subject to this part 1036, 
or vehicles containing these engines. 
Part 1068 of this chapter describes 
general provisions that apply broadly, 
but do not necessarily apply for all 
engines or all persons. See § 1036.601 to 
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determine how to apply the part 1068 
regulations for heavy-duty engines. The 
issues addressed by these provisions 
include these seven areas: 

(1) Prohibited acts and penalties for 
engine manufacturers, vehicle 
manufacturers, and others. 

(2) Rebuilding and other aftermarket 
changes. 

(3) Exclusions and exemptions for 
certain engines. 

(4) Importing engines. 
(5) Selective enforcement audits of 

your production. 
(6) Recall. 
(7) Procedures for hearings. 
(e) Other parts of this chapter apply 

if referenced in this part. 

§ 1036.30 Submission of information. 
Unless we specify otherwise, send all 

reports and requests for approval to the 
Designated Compliance Officer (see 
§ 1036.801). See § 1036.825 for 
additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and 
Related Requirements 

§ 1036.100 Overview of exhaust emission 
standards. 

Engines used in vehicles certified to 
the applicable chassis standards for 
greenhouse gases described in 40 CFR 
86.1819 are not subject to the standards 
specified in this part. All other engines 
subject to this part must meet the 

greenhouse gas standards in § 1036.108 
in addition to the criteria pollutant 
standards of 40 CFR part 86. 

§ 1036.108 Greenhouse gas emission 
standards. 

This section contains standards and 
other regulations applicable to the 
emission of the air pollutant defined as 
the aggregate group of six greenhouse 
gases: Carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, 
perfluorocarbons, and sulfur 
hexafluoride. This section describes the 
applicable CO2, N2O, and CH4 standards 
for engines. These standards do not 
apply for engines used in vehicles 
subject to (or voluntarily certified to) the 
CO2, N2O, and CH4 standards for 
vehicles specified in 40 CFR 86.1819. 

(a) Emission standards. Emission 
standards apply for engines measured 
using the test procedures specified in 
subpart F of this part as follows: 

(1) CO2 emission standards in this 
paragraph (a)(1) apply based on testing 
as specified in subpart F of this part. 
The applicable test cycle for measuring 
CO2 emissions differs depending on the 
engine family’s primary intended 
service class and the extent to which the 
engines will be (or were designed to be) 
used in tractors. For medium and heavy 
heavy-duty engines certified as tractor 
engines, measure CO2 emissions using 
the steady-state duty cycle specified in 
40 CFR 86.1362 (referred to as the 

ramped-modal cycle, or RMC, even 
though emission sampling involves 
measurements from discrete modes). 
This is intended for engines designed to 
be used primarily in tractors and other 
line-haul applications. Note that the use 
of some RMC-certified tractor engines in 
vocational applications does not affect 
your certification obligation under this 
paragraph (a)(1); see other provisions of 
this part and 40 CFR part 1037 for limits 
on using engines certified to only one 
cycle. For medium and heavy heavy- 
duty engines certified as both tractor 
and vocational engines, measure CO2 
emissions using the steady-state duty 
cycle and the transient duty cycle 
(sometimes referred to as the FTP 
engine cycle), both of which are 
specified in 40 CFR part 86, subpart N. 
This is intended for engines that are 
designed for use in both tractor and 
vocational applications. For all other 
engines (including engines meeting 
spark-ignition standards), measure CO2 
emissions using the appropriate 
transient duty cycle specified in 40 CFR 
part 86, subpart N. 

(i) The CO2 standard is 627 g/hp-hr 
for all spark-ignition engines for model 
years 2016 through 2020. This standard 
continues to apply in later model years 
for all spark-ignition engines that are 
not heavy heavy-duty engines. 

(ii) The following CO2 standards 
apply for compression-ignition engines 
(in g/hp-hr): 

Model years Light 
heavy-duty 

Medium 
heavy-duty— 

vocational 

Heavy 
heavy-duty— 

vocational 

Medium 
heavy-duty— 

tractor 

Heavy 
heavy-duty— 

tractor 

2014–2016 ........................................................................... 600 600 567 502 475 
2017–2020 ........................................................................... 576 576 555 487 460 

(iii) The following CO2 standards 
apply for compression-ignition engines 

and all heavy heavy-duty engines (in g/ 
hp-hr): 

Model years Light 
heavy-duty 

Medium 
heavy-duty— 

vocational 

Heavy 
heavy-duty— 

vocational 

Medium 
heavy-duty— 

tractor 

Heavy 
heavy-duty— 

tractor 

2021–2023 ........................................................................... 563 545 513 473 447 
2024–2026 ........................................................................... 555 538 506 461 436 
2027 and later ...................................................................... 552 535 503 457 432 

(iv) You may certify spark-ignition 
engines to the compression-ignition 
standards for the appropriate model 
year under this paragraph (a). If you do 
this, those engines are treated as 
compression-ignition engines for all the 
provisions of this part. 

(2) The CH4 emission standard is 0.10 
g/hp-hr when measured over the 
applicable transient duty cycle specified 
in 40 CFR part 86, subpart N. This 

standard begins in model year 2014 for 
compression-ignition engines and in 
model year 2016 for spark-ignition 
engines. Note that this standard applies 
for all fuel types just like the other 
standards of this section. 

(3) The N2O emission standard is 0.10 
g/hp-hr when measured over the 
transient duty cycle specified in 40 CFR 
part 86, subpart N. This standard begins 
in model year 2014 for compression- 

ignition engines and in model year 2016 
for spark-ignition engines. 

(b) Family Certification Levels. You 
must specify a CO2 Family Certification 
Level (FCL) for each engine family. The 
FCL may not be less than the certified 
emission level for the engine family. 
The CO2 Family Emission Limit (FEL) 
for the engine family is equal to the FCL 
multiplied by 1.03. 
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(c) Averaging, banking, and trading. 
You may generate or use emission 
credits under the averaging, banking, 
and trading (ABT) program described in 
subpart H of this part for demonstrating 
compliance with CO2 emission 
standards. Credits (positive and 
negative) are calculated from the 
difference between the FCL and the 
applicable emission standard. As 
described in § 1036.705, you may use 
CO2 credits to certify your engine 
families to FELs for N2O and/or CH4, 
instead of the N2O/CH4 standards of this 
section that otherwise apply. Except as 
specified in §§ 1036.150 and 1036.705, 
you may not generate or use credits for 
N2O or CH4 emissions. 

(d) Useful life. The exhaust emission 
standards of this section apply for the 
full useful life, expressed in service 
miles, operating hours, or calendar 
years, whichever comes first. The useful 
life values applicable to the criteria 
pollutant standards of 40 CFR part 86 
apply for the standards of this section, 
except that the spark-ignition standards 
and the standards for model year 2021 
and later light heavy-duty compression- 
ignition engines apply over a useful life 
of 15 years or 150,000 miles, whichever 
comes first. 

(e) Applicability for testing. The 
emission standards in this subpart apply 
as specified in this paragraph (e) to all 
duty-cycle testing (according to the 
applicable test cycles) of testable 
configurations, including certification, 
selective enforcement audits, and in-use 
testing. The CO2 FCLs serve as the CO2 
emission standards for the engine family 
with respect to certification and 
confirmatory testing instead of the 
standards specified in paragraph (a)(1) 
of this section. The FELs serve as the 
emission standards for the engine family 
with respect to all other duty-cycle 
testing. See §§ 1036.235 and 1036.241 to 
determine which engine configurations 
within the engine family are subject to 
testing. Note that engine fuel maps and 
powertrain test results also serve as 
standards as described in § 1036.535, 
§ 1036.540, § 1036.630 and 40 CFR 
1037.550. 

(f) Multi-fuel engines. For dual-fuel, 
multi-fuel, and flexible-fuel engines, 
perform exhaust testing on each fuel 
type (for example, gasoline and E85). 

(1) This paragraph (f)(1) applies where 
you demonstrate the relative amount of 
each fuel type that your engines 
consume in actual use. Based on your 
demonstration, we will specify a 
weighting factor and allow you to 
submit the weighted average of your 
emission results. For example, if you 
certify an E85 flexible-fuel engine and 
we determine the engine will produce 

one-half of its work from E85 and one- 
half of its work from gasoline, you may 
apply a 50 percent weighting factor to 
each of your E85 and gasoline emission 
results. 

(2) If you certify your engine family to 
N2O and/or CH4 FELs the FELs apply for 
testing on all fuel types for which your 
engine is designed, to the same extent 
as criteria emission standards apply. 

§ 1036.115 Other requirements. 
(a) The warranty and maintenance 

requirements, adjustable parameter 
provisions, and defeat device 
prohibition of 40 CFR part 86 apply 
with respect to the standards of this 
part. 

(b) You must perform fuel mapping 
for your engine as described in 
§ 1036.510(b). 

(c) You must design and produce your 
engines to comply with evaporative 
emission standards as follows: 

(1) For complete heavy-duty vehicles 
you produce, you must certify the 
vehicles to emission standards as 
specified in 40 CFR 1037.103. 

(2) For incomplete heavy-duty 
vehicles, and for engines used in 
vehicles you do not produce, you do not 
need to certify your engines to 
evaporative emission standards or 
otherwise meet those standards. 
However, vehicle manufacturers 
certifying their vehicles with your 
engines may depend on you to produce 
your engines according to their 
specifications. Also, your engines must 
meet applicable exhaust emission 
standards in the installed configuration. 

§ 1036.130 Installation instructions for 
vehicle manufacturers. 

(a) If you sell an engine for someone 
else to install in a vehicle, give the 
engine installer instructions for 
installing it consistent with the 
requirements of this part. Include all 
information necessary to ensure that an 
engine will be installed in its certified 
configuration. 

(b) Make sure these instructions have 
the following information: 

(1) Include the heading: ‘‘Emission- 
related installation instructions’’. 

(2) State: ‘‘Failing to follow these 
instructions when installing a certified 
engine in a heavy-duty motor vehicle 
violates federal law, subject to fines or 
other penalties as described in the Clean 
Air Act.’’ 

(3) Provide all instructions needed to 
properly install the exhaust system and 
any other components. 

(4) Describe any necessary steps for 
installing any diagnostic system 
required under 40 CFR part 86. 

(5) Describe how your certification is 
limited for any type of application. For 

example, if you certify heavy heavy- 
duty engines to the CO2 standards using 
only transient FTP testing, you must 
make clear that the engine may not be 
installed in tractors. 

(6) Describe any other instructions to 
make sure the installed engine will 
operate according to design 
specifications in your application for 
certification. This may include, for 
example, instructions for installing 
aftertreatment devices when installing 
the engines. 

(7) State: ‘‘If you install the engine in 
a way that makes the engine’s emission 
control information label hard to read 
during normal engine maintenance, you 
must place a duplicate label on the 
vehicle, as described in 40 CFR 
1068.105.’’ 

(c) Give the vehicle manufacturer fuel 
map results as described in 
§ 1036.510(b). 

(d) You do not need installation 
instructions for engines that you install 
in your own vehicles. 

(e) Provide instructions in writing or 
in an equivalent format. For example, 
you may post instructions on a publicly 
available Web site for downloading or 
printing. If you do not provide the 
instructions in writing, explain in your 
application for certification how you 
will ensure that each installer is 
informed of the installation 
requirements. 

§ 1036.135 Labeling. 
Label your engines as described in 40 

CFR 86.007–35(a)(3), with the following 
additional information: 

(a) [Reserved] 
(b) Identify the emission control 

system. Use terms and abbreviations as 
described in 40 CFR 1068.45 or other 
applicable conventions. 

(c) Identify any limitations on your 
certification. For example, if you certify 
heavy heavy-duty engines to the CO2 
standards using only transient cycle 
testing, include the statement 
‘‘VOCATIONAL VEHICLES ONLY’’. 

(d) You may ask us to approve 
modified labeling requirements in this 
part 1036 if you show that it is 
necessary or appropriate. We will 
approve your request if your alternate 
label is consistent with the requirements 
of this part. We may also specify 
modified labeling requirement to be 
consistent with the intent of 40 CFR part 
1037. 

§ 1036.140 Primary intended service class 
and engine cycle. 

You must identify a single primary 
intended service class for each engine 
family that best describes vehicles for 
which you design and market the 
engine, as follows: 
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(a) Divide compression-ignition 
engines into primary intended service 
classes based on the following engine 
and vehicle characteristics: 

(1) Light heavy-duty engines usually 
are not designed for rebuild and do not 
have cylinder liners. Vehicle body types 
in this group might include any heavy- 
duty vehicle built from a light-duty 
truck chassis, van trucks, multi-stop 
vans, and some straight trucks with a 
single rear axle. Typical applications 
would include personal transportation, 
light-load commercial delivery, 
passenger service, agriculture, and 
construction. The GVWR of these 
vehicles is normally at or below 19,500 
pounds. 

(2) Medium heavy-duty engines may 
be designed for rebuild and may have 
cylinder liners. Vehicle body types in 
this group would typically include 
school buses, straight trucks with single 
rear axles, city tractors, and a variety of 
special purpose vehicles such as small 
dump trucks, and refuse trucks. Typical 
applications would include commercial 
short haul and intra-city delivery and 
pickup. Engines in this group are 
normally used in vehicles whose GVWR 
ranges from 19,501 to 33,000 pounds. 

(3) Heavy heavy-duty engines are 
designed for multiple rebuilds and have 
cylinder liners. Vehicles in this group 
are normally tractors, trucks, straight 
trucks with dual rear axles, and buses 
used in inter-city, long-haul 
applications. These vehicles normally 
exceed 33,000 pounds GVWR. 

(b) Divide spark-ignition engines into 
primary intended service classes as 
follows: 

(1) Spark-ignition engines that are 
best characterized by paragraph (a)(1) or 
(2) of this section are in a separate 
‘‘spark-ignition’’ primary intended 
service class. 

(2) Spark-ignition engines that are 
best characterized by paragraph (a)(3) of 
this section share a primary intended 
service class with compression-ignition 
heavy heavy-duty engines. Gasoline- 
fueled engines are presumed not to be 
characterized by paragraph (a)(3) of this 
section; for example, vehicle 
manufacturers may install some number 
of gasoline-fueled engines in Class 8 
trucks without causing the engine 
manufacturer to consider those to be 
heavy heavy-duty engines. 

(c) References to ‘‘spark-ignition 
standards’’ in this part relate only to the 
spark-ignition engines identified in 
paragraph (b)(1) of this section. 
References to ‘‘compression-ignition 
standards’’ in this part relate to 
compression-ignition engines, to spark- 
ignition engines optionally certified to 
standards that apply to compression- 

ignition engines, and to all engines 
identified under paragraph (b)(2) of this 
section as heavy heavy-duty engines. 

§ 1036.150 Interim provisions. 

The provisions in this section apply 
instead of other provisions in this part. 

(a) Early banking of greenhouse gas 
emissions. You may generate CO2 
emission credits for engines you certify 
in model year 2013 (2015 for spark- 
ignition engines) to the standards of 
§ 1036.108. 

(1) Except as specified in paragraph 
(a)(2) of this section, to generate early 
credits, you must certify your entire 
U.S.-directed production volume within 
that averaging set to these standards. 
This means that you may not generate 
early credits while you produce engines 
in the averaging set that are certified to 
the criteria pollutant standards but not 
to the greenhouse gas standards. 
Calculate emission credits as described 
in subpart H of this part relative to the 
standard that would apply for model 
year 2014 (2016 for spark-ignition 
engines). 

(2) You may generate early credits for 
an individual compression-ignition 
engine family where you demonstrate 
that you have improved a model year 
2013 engine model’s CO2 emissions 
relative to its 2012 baseline level and 
certify it to an FCL below the applicable 
standard. Calculate emission credits as 
described in subpart H of this part 
relative to the lesser of the standard that 
would apply for model year 2014 
engines or the baseline engine’s CO2 
emission rate. Use the smaller U.S.- 
directed production volume of the 2013 
engine family or the 2012 baseline 
engine family. We will not allow you to 
generate emission credits under this 
paragraph (a)(2) unless we determine 
that your 2013 engine is the same 
engine as the 2012 baseline or that it 
replaces it. 

(3) You may bank credits equal to the 
surplus credits you generate under this 
paragraph (a) multiplied by 1.50. For 
example, if you have 10 Mg of surplus 
credits for model year 2013, you may 
bank 15 Mg of credits. Credit deficits for 
an averaging set prior to model year 
2014 (2016 for spark-ignition engines) 
do not carry over to model year 2014 
(2016 for spark-ignition engines). We 
recommend that you notify us of your 
intent to use this provision before 
submitting your applications. 

(b) Model year 2014 N2O standards. In 
model year 2014 and earlier, 
manufacturers may show compliance 
with the N2O standards using an 
engineering analysis. This allowance 
also applies for later families certified 

using carryover CO2 data from model 
2014 consistent with § 1036.235(d). 

(c) Engine cycle classification. 
Through model year 2020, engines 
meeting the definition of spark-ignition, 
but regulated as diesel engines under 40 
CFR part 86, must be certified to the 
requirements applicable to 
compression-ignition engines under this 
part. Such engines are deemed to be 
compression-ignition engines for 
purposes of this part. Similarly, through 
model year 2020, engines meeting the 
definition of compression-ignition, but 
regulated as Otto-cycle under 40 CFR 
part 86 must be certified to the 
requirements applicable to spark- 
ignition engines under this part. Such 
engines are deemed to be spark-ignition 
engines for purposes of this part. See 
§ 1036.140 for provisions that apply for 
model year 2021 and later. 

(d) Small manufacturers. The 
standards of this part apply on a 
delayed schedule for manufacturers 
meeting the small business criteria 
specified in 13 CFR 121.201. Apply the 
small business criteria for NAICS code 
336310 for engine manufacturers with 
respect to gasoline-fueled engines and 
333618 for engine manufacturers with 
respect to other engines; the employee 
limits apply to the total number 
employees together for affiliated 
companies. Qualifying small 
manufacturers are not subject to the 
greenhouse gas emission standards in 
§ 1036.108 for engines with a date of 
manufacture on or after November 14, 
2011 but before January 1, 2022. In 
addition, qualifying small 
manufacturers producing engines that 
run on any fuel other than gasoline, E85, 
or diesel fuel may delay complying with 
every later standard under this part by 
one model year. Small manufacturers 
may certify their engines and generate 
emission credits under this part 1036 
before standards start to apply, but only 
if they certify their entire U.S.-directed 
production volume within that 
averaging set for that model year. Note 
that engines not yet subject to standards 
must nevertheless supply fuel maps to 
vehicle manufacturers as described in 
paragraph (n) of this section. Note also 
that engines produced by small 
manufacturers are subject to criteria 
pollutant standards. 

(e) Alternate phase-in standards. 
Where a manufacturer certifies all of its 
model year 2013 compression-ignition 
engines within a given primary 
intended service class to the applicable 
alternate standards of this paragraph (e), 
its compression-ignition engines within 
that primary intended service class are 
subject to the standards of this 
paragraph (e) for model years 2013 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00135 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74016 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

through 2016. This means that once a 
manufacturer chooses to certify a 
primary intended service class to the 

standards of this paragraph (e), it is not 
allowed to opt out of these standards. 
Engines certified to these standards are 

not eligible for early credits under 
paragraph (a) of this section. 

Tractors LHD Engines MHD Engines HHD Engines 

Model Years 2013–2015 ............................................................................................................. NA .................. 512 g/hp-hr .... 485 g/hp-hr. 
Model Years 2016 and later 1 ..................................................................................................... NA .................. 487 g/hp-hr .... 460 g/hp-hr. 

Vocational ................................................................................................................................... LHD Engines MHD Engines HHD Engines 

Model Years 2013–2015 ............................................................................................................. 618 g/hp-hr .... 618 g/hp-hr .... 577 g/hp-hr. 
Model Years 2016 through 2020 a .............................................................................................. 576 g/hp-hr .... 576 g/hp-hr .... 555 g/hp-hr. 

1 Note: these alternate standards for 2016 and later are the same as the otherwise applicable standards for 2017 through 2020. 

(f) Separate OBD families. This 
paragraph (f) applies where you 
separately certify engines for the 
purpose of applying OBD requirements 
(for engines used in vehicles under 
14,000 pounds GVWR) from non-OBD 
engines that could be certified as a 
single engine family. You may treat the 
two engine families as a single engine 
family in certain respects for the 
purpose of this part, as follows: 

(1) This paragraph (f) applies only 
where the two families are identical in 
all respects except for the engine ratings 
offered and the inclusion of OBD. 

(2) For purposes of this part and 40 
CFR part 86, the two families remain 
two separate families except for the 
following: 

(i) Specify the testable configurations 
of the non-OBD engine family as the 
testable configurations for the OBD 
family. 

(ii) Submit the same CO2, N2O, and 
CH4 emission data for both engine 
families. 

(g) Assigned deterioration factors. 
You may use assigned deterioration 
factors (DFs) without performing your 
own durability emission tests or 
engineering analysis as follows: 

(1) You may use an assigned additive 
DF of 0.0 g/hp-hr for CO2 emissions 
from engines that do not use advanced 
or off-cycle technologies. If we 
determine it to be consistent with good 
engineering judgment, we may allow 
you to use an assigned additive DF of 
0.0 g/hp-hr for CO2 emissions from your 
engines with advanced or off-cycle 
technologies. 

(2) You may use an assigned additive 
DF of 0.020 g/hp-hr for N2O emissions 
from any engine through model year 
2020, and 0.010 g/hp-hr for later model 
years. 

(3) You may use an assigned additive 
DF of 0.020 g/hp-hr for CH4 emissions 
from any engine. 

(h) Advanced-technology credits. If 
you generate credits from model year 
2020 and earlier engines certified for 
advanced technology, you may multiply 
these credits by 1.5, except that you may 
not apply this multiplier and the early- 
credit multiplier of paragraph (a) of this 
section. 

(i) CO2 credits for low N2O emissions. 
If you certify your model year 2014, 
2015, or 2016 engines to an N2O FEL 
less than 0.04 g/hp-hr (provided you 
measure N2O emissions from your 
emission-data engines), you may 
generate additional CO2 credits under 
this paragraph (i). Calculate the 
additional CO2 credits from the 
following equation instead of the 
equation in § 1036.705: 
CO2 Credits (Mg) = (0.04¥FELN2O) · (CF) 

· (Volume) · (UL) · (10¥6) · (298) 
(j) Alternate standards under 40 CFR 

part 86. This paragraph (j) describes 
alternate emission standards for loose 
engines certified under 40 CFR 86.1819– 
14(k)(8). The standards of § 1036.108 do 
not apply for these engines. The 
standards in this paragraph (j) apply for 
emissions measured with the engine 
installed in a complete vehicle 
consistent with the provisions of 40 CFR 
86.1819–14(k)(8)(vi). The only 
requirements of this part that apply to 
these engines are those in this paragraph 
(j), §§ 1036.115 through 1036.135, 
1036.535, and 1036.540. 

(k) [Reserved] 
(l) Credit adjustment for spark- 

ignition engines and light heavy-duty 
compression-ignition engines. For 
emission credits generated from model 
year 2020 and earlier engines subject to 
spark-ignition standards and light 
heavy-duty compression-ignition 
engines, multiply any banked credits 
that you carry forward to demonstrate 
compliance with model year 2021 and 
later standards by 1.36. 

(m) Infrequent regeneration. For 
model year 2020 and earlier, you may 
invalidate any test interval with respect 
to CO2 measurements if an infrequent 
regeneration event occurs during the 
test interval. Note that § 1036.530 
specifies how to apply infrequent 
regeneration adjustment factors for later 
model years. 

(n) Supplying fuel maps. Engine 
manufacturers not yet subject to 
standards under § 1036.108 in model 
year 2021 must supply vehicle 
manufacturers with fuel maps (or 
powertrain test results) as described in 
§ 1036.130 for those engines. 

(o) Engines used in glider vehicles. 
For purposes of recertifying a used 
engine for installation in a glider 
vehicle, we may allow you to include in 
an existing certified engine family those 
engines you modify (or otherwise 
demonstrate) to be identical to engines 
already covered by the certificate. We 
would base such an approval on our 
review of any appropriate 
documentation. These engines must 
have emission control information 
labels that accurately describe their 
status. 

(p) Transition to Phase 2 CO2 
standards. If you certify all your model 
year 2020 engines within an averaging 
set to the model year 2021 FTP and SET 
standards and requirements, you may 
apply the provisions of this paragraph 
(p) for enhanced generation and use of 
emission credits. These provisions 
apply separately for medium heavy-duty 
engines and heavy heavy-duty engines. 

(1) GHG emission credits you generate 
with model year 2018 through 2024 
engines may be used through model 
year 2030, instead of being limited to a 
five-year credit life as specified in 
§ 1036.740(d). 

(2) You may certify your model year 
2024 through 2026 engines to the 
following alternative standards: 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00136 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74017 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

Model years 
Medium 

heavy-duty— 
vocational 

Heavy 
heavy-duty— 

vocational 

Medium 
heavy-duty— 

tractor 

Heavy 
heavy-duty— 

tractor 

2024–2026 ....................................................................................................... 538 506 467 442 

Subpart C—Certifying Engine Families 

§ 1036.205 What must I include in my 
application? 

Submit an application for certification 
as described in 40 CFR 86.007–21, with 
the following additional information: 

(a) Describe the engine family’s 
specifications and other basic 
parameters of the engine’s design and 
emission controls with respect to 
compliance with the requirements of 
this part. Describe in detail all system 
components for controlling greenhouse 
gas emissions, including all auxiliary 
emission control devices (AECDs) and 
all fuel-system components you will 
install on any production or test engine. 
Identify the part number of each 
component you describe. For this 
paragraph (a), treat as separate AECDs 
any devices that modulate or activate 
differently from each other. 

(b) Describe any test equipment and 
procedures that you used if you 
performed any tests that did not also 
involve measurement of criteria 
pollutants. Describe any special or 
alternate test procedures you used (see 
40 CFR 1065.10(c)). 

(c) Include the emission-related 
installation instructions you will 
provide if someone else installs your 
engines in their vehicles (see 
§ 1036.130). 

(d) Describe the label information 
specified in § 1036.135. We may require 
you to include a copy of the label. 

(e) Identify the CO2 FCLs with which 
you are certifying engines in the engine 
family; also identify any FELs that apply 
for CH4 and N2O. The actual U.S.- 
directed production volume of 
configurations that have CO2 emission 
rates at or below the FCL and CH4 and 
N2O emission rates at or below the 
applicable standards or FELs must be at 
least one percent of your actual (not 
projected) U.S.-directed production 
volume for the engine family. Identify 
configurations within the family that 
have emission rates at or below the FCL 
and meet the one percent requirement. 
For example, if your U.S.-directed 
production volume for the engine family 
is 10,583 and the U.S.-directed 
production volume for the tested rating 
is 75 engines, then you can comply with 
this provision by setting your FCL so 
that one more rating with a U.S.- 
directed production volume of at least 
31 engines meets the FCL. Where 

applicable, also identify other testable 
configurations required under 
§ 1036.230(b)(2). 

(f) Identify the engine family’s 
deterioration factors and describe how 
you developed them (see § 1036.241). 
Present any test data you used for this. 

(g) Present emission data to show that 
you meet emission standards, as 
follows: 

(1) Present exhaust emission data for 
CO2, CH4, and N2O on an emission-data 
engine to show that your engines meet 
the applicable emission standards we 
specify in § 1036.108. Show emission 
figures before and after applying 
deterioration factors for each engine. In 
addition to the composite results, show 
individual measurements for cold-start 
testing and hot-start testing over the 
transient test cycle. For each of these 
tests, also include the corresponding 
exhaust emission data for criteria 
emissions. Note that § 1036.235 allows 
you to submit an application in certain 
cases without new emission data. 

(2) [Reserved] 
(h) State whether your certification is 

limited for certain engines. For example, 
if you certify heavy heavy-duty engines 
to the CO2 standards using only 
transient testing, the engines may be 
installed only in vocational vehicles. 

(i) Unconditionally certify that all the 
engines in the engine family comply 
with the requirements of this part, other 
referenced parts of the CFR, and the 
Clean Air Act. Note that § 1036.235 
specifies which engines to test to show 
that engines in the entire family comply 
with the requirements of this part. 

(j) Include the information required 
by other subparts of this part. For 
example, include the information 
required by § 1036.725 if you participate 
in the ABT program. 

(k) Include the warranty statement 
and maintenance instructions if we 
request them. 

(l) Include other applicable 
information, such as information 
specified in this part or 40 CFR part 
1068 related to requests for exemptions. 

(m) For imported engines or 
equipment, identify the following: 

(1) Describe your normal practice for 
importing engines. For example, this 
may include identifying the names and 
addresses of any agents you have 
authorized to import your engines. 
Engines imported by nonauthorized 

agents are not covered by your 
certificate. 

(2) The location of a test facility in the 
United States where you can test your 
engines if we select them for testing 
under a selective enforcement audit, as 
specified in 40 CFR part 1068, subpart 
E. 

(n) Include information needed to 
certify vehicles to GHG standards under 
40 CFR part 1037 as described in 
§ 1036.510. 

§ 1036.210 Preliminary approval before 
certification. 

If you send us information before you 
finish the application, we may review it 
and make any appropriate 
determinations, especially for questions 
related to engine family definitions, 
auxiliary emission control devices, 
adjustable parameters, deterioration 
factors, testing for service accumulation, 
and maintenance. Decisions made under 
this section are considered to be 
preliminary approval, subject to final 
review and approval. We will generally 
not reverse a decision where we have 
given you preliminary approval, unless 
we find new information supporting a 
different decision. If you request 
preliminary approval related to the 
upcoming model year or the model year 
after that, we will make best-efforts to 
make the appropriate determinations as 
soon as practicable. We will generally 
not provide preliminary approval 
related to a future model year more than 
two years ahead of time. 

§ 1036.225 Amending my application for 
certification. 

Before we issue you a certificate of 
conformity, you may amend your 
application to include new or modified 
engine configurations, subject to the 
provisions of this section. After we have 
issued your certificate of conformity, 
you may send us an amended 
application requesting that we include 
new or modified engine configurations 
within the scope of the certificate, 
subject to the provisions of this section. 
You must also amend your application 
if any changes occur with respect to any 
information that is included or should 
be included in your application. 

(a) You must amend your application 
before you take any of the following 
actions: 

(1) Add an engine configuration to an 
engine family. In this case, the engine 
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configuration added must be consistent 
with other engine configurations in the 
engine family with respect to the criteria 
listed in § 1036.230. 

(2) Change an engine configuration 
already included in an engine family in 
a way that may affect emissions, or 
change any of the components you 
described in your application for 
certification. This includes production 
and design changes that may affect 
emissions any time during the engine’s 
lifetime. 

(3) Modify an FEL and FCL for an 
engine family as described in paragraph 
(f) of this section. 

(b) To amend your application for 
certification, send the relevant 
information to the Designated 
Compliance Officer. 

(1) Describe in detail the addition or 
change in the engine model or 
configuration you intend to make. 

(2) Include engineering evaluations or 
data showing that the amended engine 
family complies with all applicable 
requirements. You may do this by 
showing that the original emission-data 
engine is still appropriate for showing 
that the amended family complies with 
all applicable requirements. 

(3) If the original emission-data 
engine for the engine family is not 
appropriate to show compliance for the 
new or modified engine configuration, 
include new test data showing that the 
new or modified engine configuration 
meets the requirements of this part. 

(4) Include any other information 
needed to make your application correct 
and complete. 

(c) We may ask for more test data or 
engineering evaluations. You must give 
us these within 30 days after we request 
them. 

(d) For engine families already 
covered by a certificate of conformity, 
we will determine whether the existing 
certificate of conformity covers your 
newly added or modified engine. You 
may ask for a hearing if we deny your 
request (see § 1036.820). 

(e) For engine families already 
covered by a certificate of conformity, 
you may start producing the new or 
modified engine configuration any time 
after you send us your amended 
application and before we make a 
decision under paragraph (d) of this 
section. However, if we determine that 
the affected engines do not meet 
applicable requirements, we will notify 
you to cease production of the engines 
and may require you to recall the 
engines at no expense to the owner. 
Choosing to produce engines under this 
paragraph (e) is deemed to be consent to 
recall all engines that we determine do 
not meet applicable emission standards 

or other requirements and to remedy the 
nonconformity at no expense to the 
owner. If you do not provide 
information required under paragraph 
(c) of this section within 30 days after 
we request it, you must stop producing 
the new or modified engines. 

(f) You may ask us to approve a 
change to your FEL in certain cases after 
the start of production, but before the 
end of the model year. If you change an 
FEL for CO2, your FCL for CO2 is 
automatically set to your new FEL 
divided by 1.03. The changed FEL may 
not apply to engines you have already 
introduced into U.S. commerce, except 
as described in this paragraph (f). You 
may ask us to approve a change to your 
FEL in the following cases: 

(1) You may ask to raise your FEL for 
your engine family at any time. In your 
request, you must show that you will 
still be able to meet the emission 
standards as specified in subparts B and 
H of this part. Use the appropriate FELs/ 
FCLs with corresponding production 
volumes to calculate emission credits 
for the model year, as described in 
subpart H of this part. 

(2) You may ask to lower the FEL for 
your engine family only if you have test 
data from production engines showing 
that emissions are below the proposed 
lower FEL (or below the proposed FCL 
for CO2). The lower FEL/FCL applies 
only to engines you produce after we 
approve the new FEL/FCL. Use the 
appropriate FELs/FCLs with 
corresponding production volumes to 
calculate emission credits for the model 
year, as described in subpart H of this 
part. 

(g) You may produce engines as 
described in your amended application 
for certification and consider those 
engines to be in a certified configuration 
if we approve a new or modified engine 
configuration during the model year 
under paragraph (d) of this section. 
Similarly, you may modify in-use 
engines as described in your amended 
application for certification and 
consider those engines to be in a 
certified configuration if we approve a 
new or modified engine configuration at 
any time under paragraph (d) of this 
section. Modifying a new or in-use 
engine to be in a certified configuration 
does not violate the tampering 
prohibition of 40 CFR 1068.101(b)(1), as 
long as this does not involve changing 
to a certified configuration with a higher 
family emission limit. 

§ 1036.230 Selecting engine families. 
See 40 CFR 86.001–24 for instructions 

on how to divide your product line into 
families of engines that are expected to 
have similar emission characteristics 

throughout the useful life. You must 
certify your engines to the standards of 
§ 1036.108 using the same engine 
families you use for criteria pollutants 
under 40 CFR part 86. The following 
provisions also apply: 

(a) Engines certified as hybrid engines 
may not be included in an engine family 
with engines with conventional 
powertrains. Note that this does not 
prevent you from including engines in 
a conventional family if they are used in 
hybrid vehicles, as long as you certify 
them conventionally. 

(b) If you certify engines in the family 
for use as both vocational and tractor 
engines, you must split your family into 
two separate subfamilies. Indicate in the 
application for certification that the 
engine family is to be split. 

(1) Calculate emission credits relative 
to the vocational engine standard for the 
number of engines sold into vocational 
applications and relative to the tractor 
engine standard for the number of 
engines sold into non-vocational tractor 
applications. You may assign the 
numbers and configurations of engines 
within the respective subfamilies at any 
time before submitting the end-of-year 
report required by § 1036.730. If the 
family participates in averaging, 
banking, or trading, you must identify 
the type of vehicle in which each engine 
is installed; we may alternatively allow 
you to use statistical methods to 
determine this for a fraction of your 
engines. Keep records to document this 
determination. 

(2) If you restrict use of the test 
configuration for your split family to 
only tractors, or only vocational 
vehicles, you must identify a second 
testable configuration for the other type 
of vehicle (or an unrestricted 
configuration). Identify this 
configuration in your application for 
certification. The FCL for the engine 
family applies for this configuration as 
well as the primary test configuration. 

(c) If you certify in separate engine 
families engines that could have been 
certified in vocational and tractor 
engine subfamilies in the same engine 
family, count the two families as one 
family for purposes of determining your 
obligations with respect to the OBD 
requirements and in-use testing 
requirements of 40 CFR part 86. Indicate 
in the applications for certification that 
the two engine families are covered by 
this paragraph (c). 

(d) Engine configurations within an 
engine family must use equivalent 
greenhouse gas emission controls. 
Unless we approve it, you may not 
produce nontested configurations 
without the same emission control 
hardware included on the tested 
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configuration. We will only approve it 
if you demonstrate that the exclusion of 
the hardware does not increase 
greenhouse gas emissions. 

(e) If you certify both engine fuel 
maps and powertrain fuel maps for an 
engine family, you may split the engine 
family into two separate subfamilies. 
Indicate this in your application for 
certification, and identify whether one 
or both of these sets of fuel maps applies 
for each group of engines. If you do not 
split your family, all engines within the 
family must conform to the engine fuel 
maps, including any engines for with 
the powertrain maps also apply. 

§ 1036.235 Testing requirements for 
certification. 

This section describes the emission 
testing you must perform to show 
compliance with the greenhouse gas 
emission standards in § 1036.108. 

(a) Select a single emission-data 
engine from each engine family as 
specified in 40 CFR part 86. The 
standards of this part apply only with 
respect to emissions measured from this 
tested configuration and other 
configurations identified in 
§ 1036.205(e). Note that configurations 
identified in § 1036.205(e) are 
considered to be ‘‘tested 
configurations’’. Whether or not you 
actually tested them for certification. 
However, you must apply the same (or 
equivalent) emission controls to all 
other engine configurations in the 
engine family. In other contexts, the 
tested configuration is sometimes 
referred to as the ‘‘parent 
configuration’’, although the terms are 
not synonymous. 

(b) Test your emission-data engines 
using the procedures and equipment 
specified in subpart F of this part. In the 
case of dual-fuel and flexible-fuel 
engines, measure emissions when 
operating with each type of fuel for 
which you intend to certify the engine. 
(Note: measurement of criteria 
emissions from flexible-fuel engines 
generally involves operation with the 
fuel mixture that best represents in-use 
operation, or with the fuel mixture with 
the highest emissions.) Measure CO2, 
CH4, and N2O emissions using the 
specified duty cycle(s), including cold- 
start and hot-start testing as specified in 
40 CFR part 86, subpart N. The 
following provisions apply regarding 
test cycles for demonstrating 
compliance with tractor and vocational 
standards: 

(1) If you are certifying the engine for 
use in tractors, you must measure CO2 
emissions using the applicable ramped- 
modal cycle specified in § 1036.505, and 

measure CH4, and N2O emissions using 
the specified transient cycle. 

(2) If you are certifying the engine for 
use in vocational applications, you must 
measure CO2, CH4, and N2O emissions 
using the specified transient duty cycle, 
including cold-start and hot-start testing 
as specified in 40 CFR part 86, subpart 
N. 

(3) You may certify your engine 
family for both tractor and vocational 
use by submitting CO2 emission data 
from both ramped-modal and transient 
cycle testing and specifying FCLs for 
both. 

(4) Some of your engines certified for 
use in tractors may also be used in 
vocational vehicles, and some of your 
engines certified for use in vocational 
may be used in tractors. However, you 
may not knowingly circumvent the 
intent of this part (to reduce in-use 
emissions of CO2) by certifying engines 
designed for tractors or vocational 
vehicles (and rarely used in the other 
application) to the wrong cycle. For 
example, we would generally not allow 
you to certify all your engines to the 
ramped-modal cycle without certifying 
any to the transient cycle. 

(c) We may perform confirmatory 
testing by measuring emissions from 
any of your emission-data engines. If 
your certification includes powertrain 
testing as specified in 40 CFR 1036.630, 
this paragraph (c) also applies for the 
powertrain test results. 

(1) We may decide to do the testing 
at your plant or any other facility. If we 
do this, you must deliver the engine to 
a test facility we designate. The engine 
you provide must include appropriate 
manifolds, aftertreatment devices, 
electronic control units, and other 
emission-related components not 
normally attached directly to the engine 
block. If we do the testing at your plant, 
you must schedule it as soon as possible 
and make available the instruments, 
personnel, and equipment we need. 

(2) If we measure emissions on your 
engine, the results of that testing 
become the official emission results for 
the engine as specified in this paragraph 
(c). Unless we later invalidate these 
data, we may decide not to consider 
your data in determining if your engine 
family meets applicable requirements. 

(3) Before we test one of your engines, 
we may set its adjustable parameters to 
any point within the physically 
adjustable ranges. 

(4) Before we test one of your engines, 
we may calibrate it within normal 
production tolerances for anything we 
do not consider an adjustable parameter. 
For example, this would apply for an 
engine parameter that is subject to 
production variability because it is 

adjustable during production, but is not 
considered an adjustable parameter (as 
defined in § 1036.801) because it is 
permanently sealed. For parameters that 
relate to a level of performance that is 
itself subject to a specified range (such 
as maximum power output), we will 
generally perform any calibration under 
this paragraph (c)(4) in a way that keeps 
performance within the specified range. 

(5) We may use our emission test 
results for steady-state, idle, cycle- 
average and powertrain fuel maps, as 
long as we perform at least three valid 
tests. We will use mean values for each 
point to specify our fuel maps and may 
use the resulting fuel maps as the 
official emission results. We may also 
consider how the different fuel maps 
affect GEM emission results as part of 
our decision. We will not replace 
individual points from your fuel map, 
but we may make separate 
determinations for steady-state, idle, 
cycle-average and powertrain fuel maps. 

(6) If you supply cycle-average engine 
fuel maps for the highway cruise cycles 
instead of generating a steady-state fuel 
map for these cycles, we may perform 
a confirmatory test of your engine fuel 
maps for the highway cruise cycles by 
either of the following methods: 

(i) Directly measuring the highway 
cruise cycle-average fuel maps. 

(ii) Measuring a steady-state fuel map 
as described in paragraph (c)(5) of this 
section and using it in GEM to create 
our own cycle-average engine fuel maps 
for the highway cruise cycles. 

(d) You may ask to use carryover 
emission data from a previous model 
year instead of doing new tests, but only 
if all the following are true: 

(1) The engine family from the 
previous model year differs from the 
current engine family only with respect 
to model year, items identified in 
§ 1036.225(a), or other characteristics 
unrelated to emissions. We may waive 
this criterion for differences we 
determine not to be relevant. 

(2) The emission-data engine from the 
previous model year remains the 
appropriate emission-data engine under 
paragraph (b) of this section. 

(3) The data show that the emission- 
data engine would meet all the 
requirements that apply to the engine 
family covered by the application for 
certification. 

(e) We may require you to test a 
second engine of the same configuration 
in addition to the engine tested under 
paragraph (a) of this section. 

(f) If you use an alternate test 
procedure under 40 CFR 1065.10 and 
later testing shows that such testing 
does not produce results that are 
equivalent to the procedures specified 
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in subpart F of this part, we may reject 
data you generated using the alternate 
procedure. 

§ 1036.241 Demonstrating compliance with 
greenhouse gas emission standards. 

(a) For purposes of certification, your 
engine family is considered in 
compliance with the emission standards 
in § 1036.108 if all emission-data 
engines representing the tested 
configuration of that engine family have 
test results showing official emission 
results and deteriorated emission levels 
at or below the standards. Note that 
your FCLs are considered to be the 
applicable emission standards with 
which you must comply for 
certification. 

(b) Your engine family is deemed not 
to comply if any emission-data engine 
representing the tested configuration of 
that engine family has test results 
showing an official emission result or a 
deteriorated emission level for any 
pollutant that is above an applicable 
emission standard (generally the FCL). 
Note that you may increase your FCL if 
any certification test results exceed your 
initial FCL. 

(c) Apply deterioration factors to the 
measured emission levels for each 
pollutant to show compliance with the 
applicable emission standards. Your 
deterioration factors must take into 
account any available data from in-use 
testing with similar engines. Apply 
deterioration factors as follows: 

(1) Additive deterioration factor for 
greenhouse gas emissions. Except as 
specified in paragraphs (c)(2) and (3) of 
this section, use an additive 
deterioration factor for exhaust 
emissions. An additive deterioration 
factor is the difference between the 
highest exhaust emissions (typically at 
the end of the useful life) and exhaust 
emissions at the low-hour test point. In 
these cases, adjust the official emission 
results for each tested engine at the 
selected test point by adding the factor 
to the measured emissions. If the factor 
is less than zero, use zero. Additive 
deterioration factors must be specified 
to one more decimal place than the 
applicable standard. 

(2) Multiplicative deterioration factor 
for greenhouse gas emissions. Use a 
multiplicative deterioration factor for a 
pollutant if good engineering judgment 
calls for the deterioration factor for that 
pollutant to be the ratio of the highest 
exhaust emissions (typically at the end 
of the useful life) to exhaust emissions 
at the low-hour test point. Adjust the 
official emission results for each tested 
engine at the selected test point by 
multiplying the measured emissions by 
the deterioration factor. If the factor is 

less than one, use one. A multiplicative 
deterioration factor may not be 
appropriate in cases where testing 
variability is significantly greater than 
engine-to-engine variability. 
Multiplicative deterioration factors must 
be specified to one more significant 
figure than the applicable standard. 

(3) Sawtooth and other nonlinear 
deterioration patterns. The deterioration 
factors described in paragraphs (c)(1) 
and (2) of this section assume that the 
highest useful life emissions occur 
either at the end of useful life or at the 
low-hour test point. The provisions of 
this paragraph (c)(3) apply where good 
engineering judgment indicates that the 
highest useful life emissions will occur 
between these two points. For example, 
emissions may increase with service 
accumulation until a certain 
maintenance step is performed, then 
return to the low-hour emission levels 
and begin increasing again. Such a 
pattern may occur with battery-based 
electric hybrid engines. Base 
deterioration factors for engines with 
such emission patterns on the difference 
between (or ratio of) the point at which 
the highest emissions occur and the 
low-hour test point. Note that this 
applies for maintenance-related 
deterioration only where we allow such 
critical emission-related maintenance. 

(4) [Reserved] 
(5) Dual-fuel and flexible-fuel engines. 

In the case of dual-fuel and flexible-fuel 
engines, apply deterioration factors 
separately for each fuel type by 
measuring emissions with each fuel 
type at each test point. You may 
accumulate service hours on a single 
emission-data engine using the type of 
fuel or the fuel mixture expected to have 
the highest combustion and exhaust 
temperatures; you may ask us to 
approve a different fuel mixture if you 
demonstrate that a different criterion is 
more appropriate. 

(d) Calculate emission data using 
measurements to at least one more 
decimal place than the applicable 
standard. Apply the deterioration factor 
to the official emission result, as 
described in paragraph (c) of this 
section, then round the adjusted figure 
to the same number of decimal places as 
the emission standard. Compare the 
rounded emission levels to the emission 
standard for each emission-data engine. 

(e) If you identify more than one 
configuration in § 1036.205(e), we may 
test (or require you to test) any of the 
identified configurations. We may also 
require you to provide an engineering 
analysis that demonstrates that untested 
configurations listed in § 1036.205(e) 
comply with their FCL. 

§ 1036.250 Reporting and recordkeeping 
for certification. 

(a) Within 90 days after the end of the 
model year, send the Designated 
Compliance Officer a report including 
the total U.S.-directed production 
volume of engines you produced in each 
engine family during the model year 
(based on information available at the 
time of the report). Report the 
production by serial number and engine 
configuration. Small manufacturers may 
omit this requirement. You may 
combine this report with reports 
required under subpart H of this part. 

(b) Organize and maintain the 
following records: 

(1) A copy of all applications and any 
summary information you send us. 

(2) Any of the information we specify 
in § 1036.205 that you were not required 
to include in your application. 

(c) Keep routine data from emission 
tests required by this part (such as test 
cell temperatures and relative humidity 
readings) for one year after we issue the 
associated certificate of conformity. 
Keep all other information specified in 
this section for eight years after we issue 
your certificate. 

(d) Store these records in any format 
and on any media, as long as you can 
promptly send us organized, written 
records in English if we ask for them. 
You must keep these records readily 
available. We may review them at any 
time. 

§ 1036.255 What decisions may EPA make 
regarding my certificate of conformity? 

(a) If we determine your application is 
complete and shows that the engine 
family meets all the requirements of this 
part and the Act, we will issue a 
certificate of conformity for your engine 
family for that model year. We may 
make the approval subject to additional 
conditions. 

(b) We may deny your application for 
certification if we determine that your 
engine family fails to comply with 
emission standards or other 
requirements of this part or the Clean 
Air Act. We will base our decision on 
all available information. If we deny 
your application, we will explain why 
in writing. 

(c) In addition, we may deny your 
application or suspend or revoke your 
certificate if you do any of the 
following: 

(1) Refuse to comply with any testing 
or reporting requirements. 

(2) Submit false or incomplete 
information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
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render any of the submitted information 
false or incomplete. 

(3) Render inaccurate any test data. 
(4) Deny us from completing 

authorized activities (see 40 CFR 
1068.20). This includes a failure to 
provide reasonable assistance. 

(5) Produce engines for importation 
into the United States at a location 
where local law prohibits us from 
carrying out authorized activities. 

(6) Fail to supply requested 
information or amend your application 
to include all engines being produced. 

(7) Take any action that otherwise 
circumvents the intent of the Act or this 
part, with respect to your engine family. 

(d) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 

(f) If we deny your application or 
suspend, revoke, or void your 
certificate, you may ask for a hearing 
(see § 1036.820). 

Subpart D—Testing Production 
Engines 

§ 1036.301 Measurements related to GEM 
inputs in a selective enforcement audit. 

(a) Selective enforcement audits apply 
for engines as specified in 40 CFR part 
1068, subpart E. This section describes 
how this applies uniquely in certain 
circumstances. 

(b) Selective enforcement audit 
provisions apply with respect to your 
fuel maps as follows: 

(1) A selective enforcement audit for 
an engine with respect to fuel maps 
would consist of performing 
measurements with production engines 
to determine fuel-consumption rates as 
declared for GEM simulations, and 
running GEM for the vehicle 
configurations specified in paragraph 
(b)(2) of this section based on those 
measured values. The engine is 

considered passing for a given 
configuration if the new modeled 
emission result for each applicable duty 
cycle is at or below the modeled 
emission result corresponding to the 
declared GEM inputs. The engine is 
considered failing for a given 
configuration if the new modeled 
emission result for any applicable duty 
cycle is above the modeled emission 
result corresponding to the declared 
GEM inputs. 

(2) Evaluate cycle-average fuel maps 
by running GEM based on simulated 
vehicle configurations representing the 
interpolated center of every group of 
four test points that define a boundary 
of cycle work and average engine speed 
divided by average vehicle speed. These 
simulated vehicle configurations are 
defined from the four surrounding 
points based on averaging values for 
vehicle mass, drag area (if applicable), 
tire rolling resistance, tire size, and axle 
ratio. The regulatory subcategory is 
defined by the regulatory subcategory of 
the vehicle configuration with the 
greatest mass from those four test 
points. Figure 1 of this section 
illustrates a determination of vehicle 
configurations for engines used in 
tractors and Vocational HDV using a 
fixed tire size (see § 1036.540(c)(3)(iii)). 
The vehicle configuration from the 
upper-left quadrant is defined by values 
for Tests 1, 2, 4, and 5 from Table 3 of 
§ 1036.540. Calculate vehicle mass as 
the average of the values from the four 
tests. Determine the weight reduction 
needed for GEM to simulate this 
calculated vehicle mass by comparing 
the average vehicle mass to the default 
vehicle mass for the vehicle subcategory 
from the four points that has the greatest 
mass, with the understanding that two- 
thirds of weight reduction for tractors is 
applied to vehicle weight and one-third 
is understood to represent increased 
payload. This is expressed 
mathematically as Mavg = Msubcategory ¥ 
2⁄3 · Mreduction, which can be solved for 
Mreduction. For vocational vehicles, half of 
weight reduction is applied to vehicle 
weight and half is understood to 
represent increased payload. Use the 
following values for default vehicle 
masses by vehicle subcategory: 

TABLE 1 OF § 1036.301—DEFAULT 
VEHICLE MASS BY VEHICLE SUB-
CATEGORY 

Vehicle subcategory 
Default 

vehicle mass 
(kg) 

Vocational Light HDV ........... 7,257 
Vocational Medium HDV ...... 11,408 
Class 7 Mid-Roof Day Cab .. 20,910 
Class 8 Mid-Roof Day Cab .. 29,529 
Class 8 High-Roof Sleeper 

Cab .................................... 31,978 
Heavy-Haul Tractor .............. 53,750 

(3) This paragraph (b)(3) provides an 
example to illustrate how to determine 
GEM input values for the four vehicle 
configurations identified in paragraph 
(b)(2) of this section. If axle ratio is 2.5 
for Tests 1 and 2, and 3.5 for Tests 4 and 
5, the average value is 3.0. A tire size 
of 500 revolutions per mile would apply 
for all four tests, so the average tire size 
would be that same value. Similarly, Crr 
is 6.9 kg/tonne since that value applies 
for all four points. The calculated 
average value of CdA is 6.9 m2. The 
calculated average vehicle mass is 
28,746.5 kg. Weight reduction is 4,847 
kg or 10,686 pounds (3⁄2 · (31,978 ¥ 

28,746.5)). 
(4) Because your cycle-average map 

may have more or fewer test points, you 
may have more than or fewer than the 
number of audit points shown in Figure 
1 of this section. If the audit includes 
fuel-map testing in conjunction with 
engine testing relative to exhaust 
emission standards, the fuel-map 
simulations for the whole set of vehicles 
and duty cycles counts as a single test 
result for purposes of evaluating 
whether the engine family meets the 
pass-fail criteria under 40 CFR 
1068.420. If the audit includes only 
fuel-map testing, determine emission 
results from at least three different 
engine configurations simulated with 
each applicable vehicle configuration 
identified in § 1036.540; the fuel-map 
simulation for each vehicle 
configuration counts as a separate test 
for the engine. 
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(c) If your certification includes 
powertrain testing as specified in 40 
CFR 1036.630, these selective 
enforcement audit provisions apply 
with respect to powertrain test results as 
specified in 40 CFR part 1037, subpart 
D, and 40 CFR 1037.550. We may allow 
manufacturers to instead perform the 
engine-based testing to simulate the 
powertrain test as specified in 40 CFR 
1037.551. 

(d) We may suspend or revoke 
certificates for any appropriate 
configurations within one or more 
engine families based on the outcome of 
a selective enforcement audit. 

Subpart E—In-Use Testing 

§ 1036.401 In-use testing. 
We may perform in-use testing of any 

engine family subject to the standards of 
this part, consistent with the Clean Air 
Act and the provisions of § 1036.235. 
Note that this provision does not affect 
your obligation to test your in-use 
engines as described in 40 CFR part 86, 
subpart T. 

Subpart F—Test Procedures 

§ 1036.501 How do I run a valid emission 
test? 

(a) Use the equipment and procedures 
specified in this subpart and 40 CFR 
86.1305 to determine whether engines 

meet the emission standards in 
§ 1036.108. 

(b) You may use special or alternate 
procedures to the extent we allow them 
under 40 CFR 1065.10. 

(c) This subpart is addressed to you as 
a manufacturer, but it applies equally to 
anyone who does testing for you, and to 
us when we perform testing to 
determine if your engines meet emission 
standards. 

(d) For engines that use aftertreatment 
technology with infrequent regeneration 
events, apply infrequent regeneration 
adjustment factors as described in 
§ 1036.530. 

(e) Test hybrid engines as described in 
§ 1036.525 and 40 CFR part 1065. 

(f) Determine engine fuel maps as 
described in § 1036.510(b). 

(g) The following additional 
provisions apply for testing to 
demonstrate compliance with the 
emission standards in § 1036.108 for 
model year 2021 and later engines: 

(1) If your engine is intended for 
installation in a vehicle equipped with 
stop-start technology, you may use good 
engineering judgment to turn the engine 
off during the idle portions of the duty 
cycle to represent in-use operation, 
consistent with good engineering 
judgment. 

(2) Use one of the following methods 
to measure CO2 emissions: 

(i) Use the ramped-modal cycle 
specified in § 1036.505 using either 
continuous or batch sampling. 

(ii) Measure CO2 emissions over the 
ramped-modal cycle specified in 40 CFR 
86.1362 using continuous sampling. 
Integrate the test results by mode to 
establish separate emission rates for 
each mode (including the transition 
following each mode, as applicable). 
Apply the weighting factors specified in 
40 CFR 86.1362 to calculate a composite 
emission result. 

(3) Measure or calculate emissions of 
criteria pollutants corresponding to your 
measurements to demonstrate 
compliance with CO2 standards. These 
test results are not subject to the duty- 
cycle standards of 40 CFR part 86, 
subart A. 

§ 1036.505 Ramped-modal testing 
procedures. 

(a) Starting in model year 2021, you 
must measure CO2 emissions using the 
ramped-modal cycle in 40 CFR 86.1362 
as described in § 1036.501, or using the 
ramped-modal cycle in this section. 

(b) Measure emissions using the 
ramped-modal duty cycle shown in the 
following table to determine whether 
engines meet the steady-state 
compression-ignition standards 
specified in subpart B of this part: 
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TABLE 1 OF § 1036.505—RAMPED-MODAL DUTY CYCLE 

RMC mode Time in mode 
(seconds) 

Engine 
speed 1 2 

Torque 
(percent) 2 3 

1a Steady-state ..................................... 124 Warm Idle ................................................ 0. 
1b Transition ......................................... 20 Linear Transition ...................................... Linear Transition. 
2a Steady-state ..................................... 196 A .............................................................. 100. 
2b Transition ......................................... 20 Linear Transition ...................................... Linear Transition. 
3a Steady-state ..................................... 220 B .............................................................. 50. 
3b Transition ......................................... 20 B .............................................................. Linear Transition. 
4a Steady-state ..................................... 220 B .............................................................. 75. 
4b Transition ......................................... 20 Linear Transition ...................................... Linear Transition. 
5a Steady-state ..................................... 268 A .............................................................. 50. 
5b Transition ......................................... 20 A .............................................................. Linear Transition. 
6a Steady-state ..................................... 268 A .............................................................. 75. 
6b Transition ......................................... 20 A .............................................................. Linear Transition. 
7a Steady-state ..................................... 268 A .............................................................. 25. 
7b Transition ......................................... 20 Linear Transition ...................................... Linear Transition. 
8a Steady-state ..................................... 196 B .............................................................. 100. 
8b Transition ......................................... 20 B .............................................................. Linear Transition. 
9a Steady-state ..................................... 196 B .............................................................. 25. 
9b Transition ......................................... 20 Linear Transition ...................................... Linear Transition. 
10a Steady-state ................................... 28 C .............................................................. 100. 
10b Transition ....................................... 20 C .............................................................. Linear Transition. 
11a Steady-state ................................... 4 C .............................................................. 25. 
11b Transition ....................................... 20 C .............................................................. Linear Transition. 
12a Steady-state ................................... 4 C .............................................................. 75. 
12b Transition ....................................... 20 C .............................................................. Linear Transition. 
13a Steady-state ................................... 4 C .............................................................. 50. 
13b Transition ....................................... 20 Linear Transition ...................................... Linear Transition. 
14 Steady-state ..................................... 144 Warm Idle ................................................ 0. 

1 Speed terms are defined in 40 CFR part 1065. 
2 Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the 

speed or torque setting of the current mode to the speed or torque setting of the next mode. 
3 The percent torque is relative to maximum torque at the commanded engine speed. 

§ 1036.510 Engine data and information for 
vehicle certification. 

You must give vehicle manufacturers 
information as follows so they can 
certify model year 2021 and later 
vehicles: 

(a) Identify engine make, model, fuel 
type, engine family name, calibration 
identification, and engine displacement. 
Also identify which standards the 
engines meet. 

(b) This paragraph (b) describes three 
different methods to generate engine 
fuel maps. Manufacturers may generally 
rely on any of the three mapping 
methods. However, manufacturers must 
generate fuel maps using either cycle- 
average or powertrain testing as 
described in paragraphs (b)(2) and (3) of 
this section for hybrid engines and 
hybrid vehicles. Also, vehicle 
manufacturers must use the powertrain 
method for any vehicle with a 
transmission that is not automatic, 
automated manual, manual, or dual- 
clutch. 

(1) Combined steady-state and cycle- 
average. Determine steady-state engine 
fuel maps and fuel consumption at idle 
as described in § 1036.535, and 
determine cycle-average engine fuel 
maps as described in § 1036.540, 
excluding cycle-average fuel maps for 
highway cruise cycles. 

(2) Cycle-average. Determine fuel 
consumption at idle as described in 
§ 1036.535, and determine cycle-average 
engine fuel maps as described in 
§ 1036.540, including cycle-average 
engine fuel maps for highway cruise 
cycles. In this case, you do not need to 
determine steady-state engine fuel maps 
under § 1036.535. Fuel mapping for 
highway cruise cycles using cycle- 
average testing is an alternate method, 
which means that we may do 
confirmatory testing based on steady- 
state fuel mapping for highway cruise 
cycles even if you do not; however, we 
will use the steady-state fuel maps to 
create cycle-average fuel maps. In 
§ 1036.540 we define the vehicle 
configurations for testing; we may add 
more vehicle configurations to better 
represent your engine’s operation for the 
range of vehicles in which your engines 
will be installed (see 40 1065.10(c)(1)). 

(3) Powertrain. Generate a powertrain 
fuel map as described in 40 CFR 
1037.550. In this case, you do not need 
to perform fuel mapping under 
§ 1036.535 or § 1036.540. 

(d) Provide the following information 
if you generate engine fuel maps using 
either paragraph (b)(1) or (2) of this 
section: 

(1) Full-load torque curve for installed 
engines, and the full-load torque curve 

of the engine with the highest fueling 
rate that shares the same engine 
hardware, including the turbocharger, as 
described in 40 CFR 1065.510. You may 
use 40 CFR 1065.510(b)(5)(i) for engines 
subject to spark-ignition standards. 
Measure the torque curve for hybrid 
engines as described in 40 CFR 
1065.510(g) with the hybrid system 
active. 

(2) Motoring torque map as described 
in 40 CFR 1065.510(c)(2) and (4) for 
conventional and hybrid engines, 
respectively. 

(3) Declared engine idle speed. For 
vehicles with manual transmissions, 
this is the engine speed with the 
transmission in neutral. For all other 
vehicles, this is the engine’s idle speed 
when the transmission is in drive. 

§ 1036.525 Hybrid engines. 
(a) If your engine system includes 

features that recover and store energy 
during engine motoring operation, test 
the engine as described in paragraph (d) 
of this section. For purposes of this 
section, features that recover energy 
between the engine and transmission 
are considered related to engine 
motoring. 

(b) If you produce a hybrid engine 
designed with power take-off capability 
and sell the engine coupled with a 
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transmission, you may calculate a 
reduction in CO2 emissions resulting 
from the power take-off operation as 
described in 40 CFR 1037.540. Quantify 
the CO2 reduction for your engines 
using the vehicle-based procedures, 
consistent with good engineering 
judgment. 

(c) For engines that include electric 
hybrid systems, test the engine with the 
hybrid electric motor, the rechargeable 
energy storage system (RESS), and the 
power electronics between the hybrid 
electric motor and the RESS. You may 
ask us to modify the provisions of this 
section for testing engines with other 
kinds of hybrid systems. 

(d) Measure emissions using the same 
procedures that apply for testing non- 
hybrid engines under this part, except 
as specified in this part and 40 CFR part 
1065. For ramped-modal testing, 
deactivate the hybrid features unless we 
specify otherwise. The following 
provisions apply for testing hybrid 
engines: 

(1) Engine mapping. Map the engine 
as specified in 40 CFR 1065.510. This 
requires separate torque maps for the 
engine with and without the hybrid 
features active. For transient testing, 
denormalize the duty cycle using the 
map generated with the hybrid feature 
active. For steady-state testing, 
denormalize the duty cycle using the 
map generated without the hybrid 
feature. 

(2) Engine shutdown during testing. If 
you will configure production engines 
to shut down automatically during idle 
operation, you may let the engine shut 
down during the idle portions of the 
duty cycle. 

(3) Work calculation. Calculate 
positive and negative work done over 
the cycle according to 40 CFR 
1065.650(d), except that you must set 
power to zero to calculate negative work 
done for any period over the cycle 
where the engine produces net positive 
power or where the negative power is 
solely from the engine and not the 
hybrid system. 

(4) Limits on braking energy. Calculate 
brake energy fraction, xb, as follows: 

(i) Calculate xb as the integrated 
negative work over the cycle divided by 
the integrated positive work over the 
cycle according to Eq. 1036.525–1. 
Calculate the brake energy limit for the 
engine, xbl, according to Eq. 1036.525– 
2. If xb is less than or equal to xbl, use 
the integrated positive work for your 
emission calculations. If xb is greater 
than xbl use Eq. 1036.525–3 to calculate 
an adjusted value for cycle work, Wcycle, 
and use Wcycle as the work value for 
calculating emission results. You may 
set an instantaneous brake target that 

will prevent xb from being larger than 
xbl to avoid the need to subtract extra 
brake work from positive work. 

Where: 
Wneg = the negative work over the cycle. 
Wpos = the positive work over the cycle. 

Where: 
Pmax = the maximum power of the engine 

with the hybrid system engaged. 

Where: 
Wcycle = cycle work when xb is greater than 

xbl. 
Example:  

Wneg = 4.69 kW-hr 
Wpos = 14.67 kW-hr 
Pmax = 223 kW 

xbl = 4.158.10¥4·.223 + 0.2247 = 0.317 kW 
since xb > xbl´; 
Wcycle = 14.67 ¥ (|4.59| ¥ 0.317·14.67) = 

14.63 kW-hr 

(ii) Convert from g/kW-hr to g/hp-hr 
as the final step in calculating emission 
results. 

(5) State of charge. Correct for the net 
energy change of the energy storage 
device as described in 40 CFR 1066.501. 

§ 1036.530 Calculating greenhouse gas 
emission rates. 

This section describes how to 
calculate official emission results for 
CO2, CH4, and N2O. 

(a) Calculate brake-specific emission 
rates for each applicable duty cycle as 
specified in 40 CFR 1065.650. Apply 
infrequent regeneration adjustment 
factors to your cycle-average results as 
described in 40 CFR 86.004–28 for CO2 
starting in model year 2021. You may 
optionally apply infrequent regeneration 
adjustment factors for CH4 and N2O. 

(b) Adjust CO2 emission rates 
calculated under paragraph (a) of this 
section for measured test fuel properties 
as specified in this paragraph (b). This 
adjustment is intended to make official 

emission results independent of 
differences in test fuels within a fuel 
type. Use good engineering judgment to 
develop and apply testing protocols to 
minimize the impact of variations in test 
fuels. 

(1) Determine mass-specific net 
energy content, Emfuelmeas, also known as 
lower heating value, in MJ/kg, expressed 
to at least three decimal places, as 
follows: 

(i) For liquid fuels, determine 
Emfuelmeas according to ASTM D4809 
(incorporated by reference in 
§ 1036.810). 

(ii) For gaseous fuels, determine 
Emfuelmeas using good engineering 
judgment. 

(2) Determine your test fuel’s carbon 
mass fraction, wC, as described in 40 
CFR 1065.655(d), expressed to at least 
three decimal places; however, you 
must measure fuel properties rather 
than using the default values specified 
in Table 1 of 40 CFR 1065.655. Have the 
sample analyzed by three different labs 
and use the arithmetic mean of the 
results as your test fuel’s wC. 

(3) If, over a period of time, you 
receive multiple fuel deliveries from a 
single stock batch of test fuel, you may 
use constant values for mass-specific 
energy content and carbon mass 
fraction, consistent with good 
engineering judgment. To use this 
provision, you must demonstrate that 
every subsequent delivery comes from 
the same stock batch and that the fuel 
has not been contaminated. 

(4) Correct measured CO2 emission 
rates as follows: 

Where: 
eCO2 = the calculated CO2 emission result. 
Emfuelmeas = the mass-specific net energy 

content of the test fuel as determined in 
paragraph (b)(1) of this section. Note that 
dividing this value by wCmeas (as is done 
in this equation) equates to a carbon- 
specific net energy content having the 
same units as EmfuelCref. 

EmfuelCref = the reference value of carbon- 
mass-specific net energy content for the 
appropriate fuel type, as determined in 
Table 1 of this section. 

wCmeas = carbon mass fraction of the test fuel 
(or mixture of test fuels) as determined 
in paragraph (b)(2) of this section. 

Example:  
eCO2 = 630.0 g/hp·hr 
Emfuelmeas = 42.528 MJ/kg 
EmfuelCref = 49.3112 MJ/kgC 
wCmeas = 0.870 
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eCO2cor = 624.5 g/hp·hr 

TABLE 1 OF § 1036.530—REFERENCE FUEL PROPERTIES 

Fuel type1 

Reference fuel 
carbon-mass- 
specific net 

energy content, 
EmfuelCref, 

(MJ/kgC) 2 

Reference fuel 
carbon mass 

fraction, wCref
2 

Diesel fuel ........................................................................................................................................................ 49.3112 0.874 
Gasoline ........................................................................................................................................................... 50.4742 0.846 
Natural Gas ...................................................................................................................................................... 66.2910 0.750 
LPG .................................................................................................................................................................. 56.5218 0.820 
Dimethyl Ether ................................................................................................................................................. 55.3886 0.521 
High-level ethanol-gasoline blends .................................................................................................................. 50.3211 0.576 

1 For fuels that are not listed, you must ask us to approve reference fuel properties. 
2 For multi-fuel streams, such as natural gas with diesel fuel pilot injection, use good engineering judgment to determine blended values for 

EmfuelCref and wCref using the values in this table. 

(c) Your official emission result for 
each pollutant equals your calculated 
brake-specific emission rate multiplied 
by all applicable adjustment factors, 
other than the deterioration factor. 

§ 1036.535 Determining steady-state 
engine fuel maps and fuel consumption at 
idle. 

This section describes how to 
determine an engine’s steady-state fuel 
map and fuel consumption at idle for 
model year 2021 and later vehicles. 
Vehicle manufacturers may need these 
values to demonstrate compliance with 
emission standards under 40 CFR part 
1037 as described in § 1036.510. 

(a) General test provisions. Perform 
fuel mapping using the procedure 
described in paragraph (b) of this 
section to establish measured fuel- 
consumption rates at a range of engine 
speed and load settings. Measure fuel 
consumption at idle using the procedure 
described in paragraph (c) of this 
section. If you perform cycle-average 
mapping for highway cruise cycles as 
described in § 1037.540, omit mapping 
under paragraph (b) of the section and 
instead perform mapping as described 
in paragraph (c) and (d) of this section. 
Use these measured fuel-consumption 
values to declare fuel-consumption rates 
for certification as described in 
paragraph (e) of this section. 

(1) Map the engine as described in 
§ 1036.510(a)(2) and (3), and perform 
emission measurements as described in 
40 CFR 1065.501 and 1065.530 for 
discrete-mode steady-state testing. This 
section uses engine parameters and 
variables that are consistent with 40 
CFR part 1065. 

(2) Measure NOX emissions for each 
specified sampling period in g/s. You 
may perform these measurements using 
a NOX emission-measurement system 

that meets the requirements of 40 CFR 
part 1065, subpart J. Include these 
measured NOX values any time you 
report to us your fuel consumption 
values from testing under this section. If 
a system malfunction prevents you from 
measuring NOX emissions during a test 
under this section but the test otherwise 
gives valid results, you may consider 
this a valid test and omit the NOX 
emission measurements; however, we 
may require you to repeat the test if we 
determine that you inappropriately 
voided the test with respect to NOX 
emission measurement. 

(b) Steady-state fuel mapping. 
Determine fuel-consumption rates for 
each engine configuration over a series 
of steady-state engine operating points 
as described in this paragraph (b). You 
may use shared data across an engine 
platform to the extent that the fuel- 
consumption rates remain valid. For 
example, if you test a high-output 
configuration and create a different 
configuration that uses the same fueling 
strategy but limits the engine operation 
to be a subset of that from the high- 
output configuration, you may use the 
fuel-consumption rates for the reduced 
number of mapped points for the low- 
output configuration, as long as the 
narrower map includes at least 70 
points. Perform fuel mapping as follows: 

(1) Select ten speed points that 
include warm idle speed, fnidle, the 
highest speed above maximum power at 
which 70% of maximum power occurs, 
nhi, and eight equally spaced points 
between fnidle and nhi. Control speed to 
within ±1% of nhi (see 40 CFR 
1065.610(c)). 

(2) Select ten torque values, including 
T = 0, maximum mapped torque, Tmax 
mapped, and eight equally spaced points 
between T = 0 and Tmax mapped. Replace 
any torque setpoints that are above the 

mapped torque at a given speed, Tmax, 
minus 5 percent of Tmax mapped. with one 
test point at Tmax. Control engine torque 
to within ±5% of Tmax mapped. 

(3) You may need to adjust 
dynamometer settings any time the 
engine is operating on the low-speed or 
high-speed governor to maintain stable 
engine operation. You may change the 
dynamometer’s speed setpoint as 
needed to avoid activating the engine’s 
governor. You may alternatively set the 
dynamometer mode to torque-control, in 
which case speed can fall outside of 
±1% of nhi. 

(4) Precondition the engine as 
described in 40 CFR 1065.510(b)(2). 

(5) Within 60 seconds after 
concluding the preconditioning 
procedure, operate the engine at nhi and 
Tmax. 

(6) After the engine operates at the set 
speed and torque for 60 seconds, start 
recording measurements using one of 
the following methods: 

(i) Carbon mass balance. Record 
speed and torque and measure 
emissions and other inputs needed to 
run the chemical balance in 40 CFR 
1065.655(c) for (29 to 31) seconds; 
determine the corresponding mean 
values for the sampling period. We will 
use carbon mass balance. 

(ii) Direct measurement of fuel flow. 
Record speed and torque and measure 
fuel consumption with a fuel flow meter 
for (29 to 31) seconds; determine the 
corresponding mean values for the 
sampling period. 

(7) After completing the sampling 
period described in paragraph (b)(6) of 
this section, linearly ramp the engine 
over 15 seconds to the next lowest 
torque value while holding speed 
constant. Perform the measurements 
described at the new torque setting and 
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repeat this sequence for all remaining 
torque values down to T = 0. 

(8) Continue testing to complete fuel 
mapping as follows: 

(i) At T = 0, linearly ramp the engine 
over 15 seconds to operate at the next 
lowest speed value and increase torque 
to Tmax. Perform measurements for all 
the torque values at the selected speed 
as described in paragraphs (b)(6) and (7) 
of this section. Repeat this sequence for 
all remaining speed values down to fnidle 
to complete the fuel-mapping 
procedure. You may interrupt the 
mapping sequence to calibrate emission- 

measurement instrumentation only 
during stabilization at Tmax for a given 
speed. If you use batch sampling to 
measure background emissions, you 
may sample periodically into the bag 
over the course of multiple test intervals 
defined by the period between 
calibrations of emission-measurement 
instrumentation. The background 
sample must be applied to correct 
emissions sampled over the test 
interval(s) between calibrations. 

(ii) If an infrequent regeneration event 
occurs during fuel mapping, invalidate 

all the measurements made at that 
engine speed. Allow the regeneration 
event to finish, then restart engine 
stabilization at Tmax at the same engine 
speed and continue with measurements 
from that point in the fuel-mapping 
sequence. 

(9) If you determine fuel-consumption 
rates using emission measurements from 
the raw or diluted exhaust, calculate the 
mean fuel mass flow rate, mÔfuel, for each 
point in the fuel map using the 
following equation: 

Where: 

mÔfuel = mean fuel mass flow rate for a given 
fuel map setpoint, expressed to at least 
the nearest 0.001 g/s. 

MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or 

mixture of test fuels) as determined in 40 
CFR 1065.655(d), except that you may 
not use the default properties in Table 1 
of 40 CFR 1065.655 to determine a, b, 
and wC for liquid fuels. 

nÔexh= the mean raw exhaust molar flow rate 
from which you measured emissions 
according to 40 CFR 1065.655. 

x̄Ccombdry= the mean concentration of carbon 
from fuel and any injected fluids in the 
exhaust per mole of dry exhaust as 
determined in 40 CFR 1065.655(c). 

x̄H2Oexhdry= the mean concentration of H2O in 
exhaust per mole of dry exhaust as 
determined in 40 CFR 1065.655(c). 

mÔCO2DEF= the mean CO2 mass emission rate 
resulting from diesel exhaust fluid 
decomposition as determined in 

paragraph (b)(10) of this section. If your 
engine does not use diesel exhaust fluid, 
or if you choose not to perform this 
correction, set mÔCO2DEF equal to 0. 

MCO2 = molar mass of carbon dioxide. 
Example:  

MC = 12.0107 g/mol 
wCmeas = 0.869 
nÔexh= 25.534 mol/s 
x̄Ccombdry= 0.002805 mol/mol 
x̄H2Oexhdry= 0.0353 mol/mol 
mÔCO2DEF= 0.0726 g/s 
MCO2 = 44.0095 g/mol 

(10) If you determine fuel- 
consumption rates using emission 
measurements with engines that utilize 

diesel exhaust fluid for NOX control, 
correct for the mean CO2 mass 
emissions resulting from diesel exhaust 

fluid decomposition at each fuel map 
setpoint using the following equation: 

Where: 
mÔDEF= the mean mass flow rate of injected 

urea solution diesel exhaust fluid for a 
given sampling period, determined 
directly from the engine control module, 
or measured separately, consistent with 
good engineering judgment. 

MCO2 = molar mass of carbon dioxide. 

wCH4N2O = mass fraction of urea in diesel 
exhaust fluid aqueous solution. Note that 
the subscript ‘‘CH4N2O’’ refers to urea as 
a pure compound and the subscript 
‘‘DEF’’ refers to the aqueous 32.5% urea 
diesel exhaust fluid as a solution of urea 
in water with a nominal urea 
concentration of 32.5%. 

MCH4N2O = molar mass of urea. 

Example:  
mÔDEF= 0. 304 g/s 
MCO2 = 44.0095 g/mol 
wCH4N2O = 32.5% = 0.325 
MCH4N2O = 60.05526 g/mol 
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(11) Correct the measured or 
calculated mean fuel mass flow rate, 

mÔfuel at each engine operating condition 
to a mass-specific net energy content of 

a reference fuel using the following 
equation: 

Where: 
Emfuelmeas = the mass-specific net energy 

content of the test fuel as determined in 
§ 1036.530(b)(1). 

EmfuelCref = the reference value of carbon- 
mass-specific net energy content for the 
appropriate fuel. Use the values shown 
in Table 1 of § 1036.530 for the 

designated fuel types, or values we 
approve for other fuel types. 

wCref = the reference value of carbon mass 
fraction for the test fuel as shown in 
Table 1 of § 1036.530 for the designated 
fuels. For other fuels, use the reference 
carbon mass fraction of diesel fuel for 
engines subject to compression-ignition 

standards, and use the reference carbon 
mass fraction of gasoline for engines 
subject to spark-ignition standards. 

Example:  
mÔfuel= 0.933 g/s 
Emfuelmeas = 42.7984 MJ/kgC 
EmfuelCref = 49.3112 MJ/kgC 
wCref = 0.874 

(c) Fuel consumption at idle. 
Determine values for fuel-consumption 
rate at idle for each engine configuration 
as described in this paragraph (c). You 
may use shared data across engine 
configurations, consistent with good 
engineering judgment. Perform 
measurements as follows: 

(1) Precondition the engine as 
described in 40 CFR 1065.510(b)(2). 

(2) Within 60 seconds after 
concluding the preconditioning 
procedure, operate the engine at its 
minimum declared warm idle speed, 
fnidlemin, as described in 40 CFR 
1065.510(b)(3), set zero torque, and start 
the sampling period. Continue sampling 
for (595 to 605) seconds. Perform 
measurements using carbon mass 
balance. Record speed and torque and 
measure emissions and other inputs as 
described in 40 CFR 1065.655(c); 
determine the corresponding mean 
values for the sampling period. 
Calculate the mean fuel mass flow rate, 
mÔfuel, during the sampling period as 

described in paragraph (b)(9) of this 
section. 

Manufacturers may instead measure 
fuel consumption with a fuel flow meter 
and determine the corresponding mean 
values for the sampling period. 

(3) Repeat the steps in paragraphs 
(c)(1) and (2) of this section with the 
engine set to operate at a torque setting 
of 100 N·m. 

(4) Repeat the steps in paragraphs 
(c)(1) through (3) of this section with the 
engine operated at its declared 
maximum warm idle speed, fnidlemax. 

(5) If an infrequent regeneration event 
occurs during this procedure, invalidate 
any measurements made at that idle 
condition. Allow the regeneration event 
to finish, then repeat the measurement 
and continue with the test sequence. 

(6) Correct the measured or calculated 
mean fuel mass flow rate, mÔfuel at each 
of the four idle settings to account for 
mass-specific net energy content as 
described in paragraph (b)(11) of this 
section. 

(d) Steady-state fuel maps used for 
cycle-average fuel mapping of the cruise 
cycles. Use the appropriate default 
steady-state engine fuel map as 
specified in Appendix I to this part to 
generate cycle-average fuel maps under 
§ 1036.540, as amended based on the 
measurements specified in this 
paragraph (d). Measure fuel 
consumption at idle at the four specified 
engine operating conditions. For any 
values from the default map that lie 
within the boundaries of the engine 
speed and torque values represented by 
these idle-operating points, use the 
measured values instead of the default 
values. You may use shared data across 
engine configurations, consistent with 
good engineering judgment. Determine 
values for fuel-consumption rate at idle 
for each engine configuration as follows: 

(1) Determine idle torque, Tidle, at the 
engine’s maximum warm idle speed 
using the following equation: 

Where: 

Tfnstall = the maximum engine torque at fnstall. 
fnidle[speed] = the applicable engine idle speed 

as described in this paragraph (d). 

fnstall = the stall speed of the torque converter; 
use fntest or 2250 rpm, whichever is 
lower. 

Pacc = accessory power for the vehicle class; 
use 1500 W for Vocational Light HDV, 2500 
W for Vocational Medium HDV, and 3500 W 
for Tractors and Vocational Heavy HDV. 

Example:  
Tfnstall = 1870 N·m 
fntest = 1740.8 r/min = 182.30 rad/s 
fnstall = 1740.8 r/min = 182.30 rad/s 
fnidlemax = 700 r/min = 73.30 rad/s 
Pacc = 1500 W 
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(2) Precondition the engine as 
described in 40 CFR 1065.510(b)(2). 

(3) Within 60 seconds after 
concluding the preconditioning 
procedure, operate the engine at its 
maximum declared warm idle speed, 
fnidlemax, as described in 40 CFR 
1065.510(b)(3), set torque to the value 
determined in paragraph (d)(1) of this 
section, after the engine operates at the 
set speed and torque for 60 seconds, 
start the sampling period. Continue 
sampling for (29 to 31) seconds. Perform 
measurements using carbon mass 
balance. Record speed and torque and 
measure emissions and other inputs as 
described in 40 CFR 1065.655(c); 
determine the corresponding mean 
values for the sampling period. 
Calculate the mean fuel mass flow rate, 
mÔfuel, during the sampling period as 
described in paragraph (b)(9) of this 
section. Manufacturers may instead 
measure fuel consumption with a fuel 
flow meter and determine the 
corresponding mean values for the 
sampling period. 

(4) Repeat the steps in paragraphs 
(d)(2) and (3) of this section with the 
engine set to operate at zero torque. 

(5) Repeat the steps in paragraphs 
(d)(1) through (4) of this section with 
the engine operated at its declared 
minimum warm idle speed, fnidlemin. 

(6) If an infrequent regeneration event 
occurs during this procedure, invalidate 
any measurements made at that idle 
condition. Allow the regeneration event 
to finish, then repeat the measurement 
and continue with the test sequence. 

(7) Correct the measured or calculated 
mean fuel mass flow rate, mÔfuel at each 
of the four idle settings to account for 
mass-specific net energy content as 
described in paragraph (b)(11) of this 
section. 

(e) Measured vs. declared fuel- 
consumption rates. Select fuel- 
consumption rates in g/s to characterize 
the engine’s fuel maps. These declared 
values may not be lower than any 

corresponding measured values 
determined in paragraphs (b) through 
(d) of this section. You may select any 
value that is at or above the 
corresponding measured value. These 
declared fuel-consumption rates, which 
serve as emission standards under 
§ 1036.108, are the values that vehicle 
manufacturers will use for certification 
under 40 CFR part 1037. Note that 
production engines are subject to GEM 
cycle-weighted limits as described in 
§ 1036.301. 

§ 1036.540 Determining cycle-average 
engine fuel maps. 

(a) Overview. This section describes 
how to determine an engine’s cycle- 
average fuel maps for model year 2021 
and later vehicles with transient cycles. 
This may also apply for highway cruise 
cycles as described in § 1036.510. 
Vehicle manufacturers may need one or 
both of these to demonstrate compliance 
with emission standards under 40 CFR 
part 1037. Generating cycle-average 
engine fuel maps consists of the 
following steps: 

(1) Determine the engine’s torque 
maps as described in § 1036.510(a). 

(2) Determine the engine’s steady- 
state fuel map and fuel consumption at 
idle as described in § 1036.535. 

(3) Simulate several different vehicle 
configurations using GEM (see 40 CFR 
1037.520) to create new engine duty 
cycles, as described in paragraph (c) of 
this section. The transient vehicle duty 
cycles for this simulation are in 40 CFR 
part 1037, Appendix I; the highway 
cruise cycles with grade are in 40 CFR 
part 1037, Appendix IV. Note that GEM 
simulation relies on vehicle service 
classes as described in 40 CFR 1037.140. 

(4) Test the engines using the new 
duty cycles to determine fuel 
consumption, cycle work, and average 
vehicle speed as described in paragraph 
(d) of this section and establish GEM 
inputs for those parameters for further 
vehicle simulations as described in 
paragraph (e) of this section. 

(b) General test provisions. The 
following provisions apply for testing 
under this section: 

(1) To perform fuel mapping under 
this section for hybrid engines, make 
sure the engine and its hybrid features 
are appropriately configured to 
represent the hybrid features in your 
testing. 

(2) Measure NOX emissions for each 
specified sampling period in grams. You 
may perform these measurements using 
a NOX emission-measurement system 
that meets the requirements of 40 CFR 
part 1065, subpart J. Include these 
measured NOX values any time you 
report to us your fuel consumption 
values from testing under this section. If 
a system malfunction prevents you from 
measuring NOX emissions during a test 
under this section but the test otherwise 
gives valid results, you may consider 
this a valid test and omit the NOX 
emission measurements; however, we 
may require you to repeat the test if we 
determine that you inappropriately 
voided the test with respect to NOX 
emission measurement. 

(3) This section uses engine 
parameters and variables that are 
consistent with 40 CFR part 1065. 

(c) Create engine cycles. Use GEM to 
simulate several different vehicle 
configurations to create transient and 
highway cruise engine cycles 
corresponding to each vehicle 
configuration, as follows: 

(1) Set up GEM to simulate vehicle 
operation based on your engine’s torque 
maps, steady-state fuel maps, and fuel 
consumption at idle as described in 
paragraph (a)(1) and (2) of this section. 

(2) Set up GEM with transmission 
gear ratios for different vehicle service 
classes and vehicle duty cycles as 
described in Table 1 of this section. 
These values are based on automatic or 
automated manual transmissions, but 
they apply for all transmission types. 

TABLE 1 OF § 1036.540—ASSIGNED TRANSMISSION GEAR RATIOS 

Gear number Light HDV and 
medium HDV 

Tractors and 
heavy HDV, 

transient cycle 

Tractors and 
heavy HDV, 

highway cruise 
cycle 

1 ................................................................................................................................. 3.10 3.51 12.8 
2 ................................................................................................................................. 1.81 1.91 9.25 
3 ................................................................................................................................. 1.41 1.43 6.76 
4 ................................................................................................................................. 1.00 1.00 4.90 
5 ................................................................................................................................. 0.71 0.74 3.58 
6 ................................................................................................................................. 0.61 0.64 2.61 
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TABLE 1 OF § 1036.540—ASSIGNED TRANSMISSION GEAR RATIOS—Continued 

Gear number Light HDV and 
medium HDV 

Tractors and 
heavy HDV, 

transient cycle 

Tractors and 
heavy HDV, 

highway cruise 
cycle 

7 ................................................................................................................................. .............................. .............................. 1.89 
8 ................................................................................................................................. .............................. .............................. 1.38 
9 ................................................................................................................................. .............................. .............................. 1.00 
10 ............................................................................................................................... .............................. .............................. 0.73 

(3) Run GEM for each simulated 
vehicle configuration as follows: 

Where: 

fn[speed] = engine’s angular speed as 
determined in paragraph (c)(3)(ii) or (iii) 
of this section. 

ktopgear = transmission gear ratio in the 
highest available gear from Table 4 of 
this section (for powertrain testing use 
actual top gear ratio). 

vref = reference speed. Use 65 mi/hr for the 
transient cycle and the 65 mi/hr highway 
cruise cycle, and use 55 mi/hr for the 55 
mi/hr highway cruise cycle. 
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Example:  
This example is for a vocational Light HDV 

or vocational Medium HDV with a 6-speed 

automatic transmission at B speed (Test 3 or 
4 in Table 2 of this section). 
fnrefB = 1870 r/min = 31.17 r/s 

kaB = 4.0 
ktopgear = 0.61 
vref = 65 mi/hr = 29.06 m/s 

(ii) Test at least eight different vehicle 
configurations for engines that will be 
installed in vocational Light HDV or 
vocational Medium HDV. If the engine 
will also be installed in vocational 
Heavy HDV, use good engineering 
judgment to select at least nine test 
configurations that best represent the 

range of vehicles. For example, if your 
engines will be installed in vocational 
Medium HDV and vocational Heavy 
HDV, you might select Tests 1 through 
6 of Table 2 of this section to represent 
Class 7 vehicles and Tests 3, 6, and 9 
of Table 3 of this section to represent 
Class 8 vehicles. You may test your 

engine using additional vehicle 
configurations with different ka and Crr 
values to represent a wider range of in- 
use vehicle configurations. Set CdA to 
5.4 for all test configurations. For 
powertrain testing, set Mrotating to 340 kg 
and Effaxle to 0.955 for all test 
configurations. 

corresponding designated engine speed 
(A, B, C, or fntest) at 65 mi/hr for the 
transient cycle and the 65 mi/hr 

highway cruise cycle, and at 55 mi/hr 
for the 55 mi/hr highway cruise cycle. 
These engine speeds apply equally for 

engines subject to spark-ignition 
standards. Use the following settings 
specific to each vehicle configuration: 

(iii) Test nine different vehicle 
configurations for engines that will be 
installed in vocational Heavy HDV and 
for tractors that are not heavy-haul 
tractors. Test over six different test 

configurations for heavy-haul tractors. 
You may test your engines for 
additional configurations with different 
ka, CdA, and Crr values to represent a 
wider range of in-use vehicle 

configurations. Set Crr to 6.9 for all nine 
defined test configurations. For 
powertrain testing, set Effaxle to 0.955 for 
all test configurations. Set the axle ratio, 
ka, 

engine speed (B, fntest, or the minimum 
NTE exclusion speed as determined in 

40 CFR 86.1370(b)(1)) at 65 mi/hr. Use 
the settings specific to each test 

configuration as shown in Table 3 or 
Table 4 of this section, as appropriate. 
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Engines subject to testing under both 
Table 3 and Table 4 of this section need 
not repeat overlapping test 

configurations, so complete fuel 
mapping requires testing 12 (not 15) test 
configurations for those engines. Note 

that Mrotating is needed for powertrain 
testing but not for engine testing. Tables 
3 and 4 follow: 

(iv) Use the defined values in Tables 
1 through 4 of this section to set up 
GEM with the correct regulatory 
subcategory and vehicle weight 
reduction, if applicable, to achieve the 
target vehicle mass, M, for each test. 

(4) Use the GEM output of 
instantaneous engine speed and engine 
flywheel torque for each of the vehicle 
configurations to generate a 10 Hz 
transient duty cycle corresponding to 
each vehicle configuration operating 
over each vehicle duty cycle. 

(d) Test the engine with GEM cycles. 
Test the engine over each of the 
transient duty cycles generated in 
paragraph (c) of this section as follows: 

(1) Precondition the engine either as 
described in 40 CFR 1037.510(a)(2)(i) for 
the transient duty-cycle and 40 CFR 
1037.510(a)(2)(ii) for the highway cruise 
duty cycles using the Test 1 vehicle 
configuration, and then continue testing 

the different configurations in the order 
presented in this section. Measure 
emissions as described in 40 CFR part 
1065; perform cycle validation 
according to 40 CFR part 1065, subpart 
F, except as noted in this paragraph 
(d)(1). If the range of reference speeds is 
less than 10 percent of the mean 
reference speed, you need to meet only 
the standard error of estimate in Table 
2 of 40 CFR 1065.514. For purposes of 
cycle validation, treat points as being at 
idle if reference speed is at or below 
declared idle speed. For plug-in hybrid 
engines, precondition the battery and 
then complete all back-to-back tests for 
each test configuration according to 40 
CFR 1066.501 before moving to the next 
test configuration. You may send signals 
to the engine controller during the test, 
such as current transmission gear and 
vehicle speed, if that allows engine 

operation during the test to better 
represent in-use operation. 

(2) If an infrequent regeneration event 
occurs during a mapping test interval, 
invalidate that test interval. Continue 
operating the vehicle to allow the 
regeneration event to finish, then repeat 
engine preconditioning and resume 
testing at the start of the invalidated test 
cycle. 

(3) For each test, record 
measurements needed to determine fuel 
mass using carbon mass balance. Record 
speed and torque and measure 
emissions and other inputs as described 
in 40 CFR 1065.655(c). Manufacturers 
may instead measure fuel consumption 
with a fuel flow meter. For hybrid 
powertrains with no plug-in capability, 
correct for the net energy change of the 
energy storage device as described in 40 
CFR 1066.501. For plug-in hybrid 
engines, follow 40 CFR 1066.501 to 
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determine End-of-Test for charge- 
depleting operation; to do this, you 
must get our advance approval for a 
utility factor curve. We will approve 
your utility factor curve if you can show 
that you created it from sufficient in-use 
data of vehicles in the same application 

as the vehicles in which the PHEV 
engine will be installed. 

(4) Calculate the fuel mass flow rate, 
mfuel, for each duty cycle using one of 
the following equations: 

(i) Determine fuel-consumption rates 
using emission measurements from the 

raw or diluted exhaust, calculate the 
mass of fuel for each duty cycle, 
mfuel[cycle], as follows: 

(A) For calculations that use 
continuous measurement of emissions 
and continuous CO2 from urea, calculate 
mfuel[cycle] using the following equation: 

Where: 
MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or 

mixture of test fuels) as determined in 40 
CFR 1065.655(d), except that you may 
not use the default properties in Table 1 
of 40 CFR 1065.655 to determine a, b, 
and wC for liquid fuels. 

i = an indexing variable that represents one 
recorded emission value. 

N = total number of measurements over the 
duty cycle. 

ṅexh = exhaust molar flow rate from which 
you measured emissions. 

xCcombdry = amount of carbon from fuel and 
any injected fluids in the exhaust per 

mole of dry exhaust as determined in 40 
CFR 1065.655(c). 

xH2Oexhdry = amount of H2O in exhaust per 
mole of exhaust as determined in 40 CFR 
1065.655(c). 

Dt = 1/frecord. 
MCO2 = molar mass of carbon dioxide. 
ṁCO2DEF = mass emission rate of CO2 

resulting from diesel exhaust fluid 
decomposition over the duty cycle as 
determined from § 1036.535(b)(10). If 
your engine does not utilize diesel 
exhaust fluid for emission control, or if 
you choose not to perform this 
correction, set ṁCO2DEF equal to 0. 

Example:  

MC = 12.0107 g/mol 
wCmeas = 0.867 
N = 6680 
ṅexh1= 2.876 mol/s 
ṅexh2= 2.224 mol/s 
xCcombdry1= 2.61·10¥3 mol/mol 
xCcombdry2= 1.91·10¥3 mol/mol 
xH2Oexhdry1= 3.53·10¥2 mol/mol 
xH2Oexhdry2= 3.13·10¥2 mol/mol 
frecord = 10 Hz 
Dt = 1/10 = 0.1 s 
MCO2 = 44.0095 g/mol 
ṁCO2DEF1 = 0.0726 g/s 
ṁCO2DEF2 = 0.0751 g/s 

Mfueltransient = 1619.6 g (B) If you measure batch emissions 
and continuous CO2 from urea, calculate 
mfuel[cycle] using the following equation: 

(C) If you measure continuous 
emissions and batch CO2 from urea, 

calculate mfuel[cycle] using the following 
equation: 
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(D) If you measure batch emissions 
and batch CO2 from urea, calculate 
mfuel[cycle] using the following equation: 

(ii) Manufacturers may choose to 
measure fuel mass flow rate. Calculate 

the mass of fuel for each duty cycle, 
mfuel[cycle], as follows: 

Where: 
i = an indexing variable that represents one 

recorded value. 
N = total number of measurements over the 

duty cycle. For batch fuel mass 
measurements, set N = 1. 

ṁfueli = the fuel mass flow rate, for each point, 
i, starting from i = 1. 

Dt = 1/frecord 
frecord = the data recording frequency. 
Example:  

N = 6680 

ṁfuel1 = 1.856 g/s 
ṁfuel2 = 1.962 g/s 
frecord = 10 Hz 
Dt = 1/10 = 0.1 s 
mfueltransient = (1.856 + 1.962 + . . . + 

ṁfuel6680)·0.1 
mfueltransient = 111.95 g 

(5) Correct the measured or calculated 
fuel mass flow rate, mfuel, for each test 
result to a mass-specific net energy 
content of a reference fuel as described 

in § 1036.535(b)(11), replacing with 
mÔfuel with mfuel in Eq. 1036.535–3. 

(6) For engines designed for plug-in 
hybrid electric vehicles, the mass of fuel 
for each cycle, mfuel[cycle], is the utility 
factor-weighted fuel mass. This is done 
by calculating mfuel for the full charge- 
depleting and charge-sustaining 
portions of the test and weighting the 
results, using the following equation: 

Where: 
mfuel[cycle],CD = total mass of fuel for all the 

tests in the charge-depleting portion of 
the test. 

UFDCD = utility factor fraction at distance DCD 
as determined by interpolating the 
approved utility factor curve. 

mfuel[cycle],CS = total mass of fuel for all the 
tests in the charge-sustaining portion of 
the test. 

Where: v = vehicle velocity at each time step. For 
tests completed under this section, v is 

the vehicle velocity in the GEM duty- 
cycle file. For tests under 40 CFR 
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1037.550, v is the vehicle velocity as 
determined by Eq. 1037.550–1. Note that 
this should include complete and 
incomplete charge-depleting tests. 

(e) Determine GEM inputs. Use the 
results of engine testing in paragraph (d) 
of this section to determine the GEM 

inputs for the transient duty cycle and 
optionally for each of the highway 
cruise cycles corresponding to each 
simulated vehicle configuration as 
follows: 

(1) Your declared fuel mass 
consumption, mfueltransient. The declared 

values may be at or above the values 
calculated in paragraph (d) of this 
section, as described in § 1036.535(e). 

(2) Engine output speed per unit 
vehicle speed, 

by taking the average engine speed 
measured during the engine test while 
the vehicle is moving and dividing it by 
the average vehicle speed provided by 
GEM. Note that the engine cycle created 

by GEM has a flag to indicate when the 
vehicle is moving. 

(3) Positive work determined 
accordering to 40 CFR 1065, Wtransient. 

(4) The following table illustrates the 
GEM data inputs corresponding to the 
different vehicle configurations: 

Subpart G—Special Compliance 
Provisions 

§ 1036.601 What compliance provisions 
apply? 

(a) Engine and vehicle manufacturers, 
as well as owners, operators, and 
rebuilders of engines subject to the 
requirements of this part, and all other 
persons, must observe the provisions of 
this part, the provisions of 40 CFR part 
1068, and the provisions of the Clean 
Air Act. The provisions of 40 CFR part 
1068 apply for heavy-duty highway 
engines as specified in that part, subject 
to the following provisions: 

(1) The exemption provisions of 40 
CFR 1068.201 through 1068.230, 
1068.240, and 1068.260 through 265 
apply for heavy-duty motor vehicle 
engines. The other exemption 
provisions, which are specific to 
nonroad engines, do not apply for 
heavy-duty vehicles or heavy-duty 
engines. 

(2) The tampering prohibition in 40 
CFR 1068.101(b)(1) applies for 
alternative fuel conversions as specified 
in 40 CFR part 85, subpart F. 

(3) The warranty-related prohibitions 
in section 203(a)(4) of the Act (42 U.S.C. 
7522(a)(4)) apply to manufacturers of 
new heavy-duty highway engines in 
addition to the prohibitions described in 
40 CFR 1068.101(b)(6). We may assess a 

civil penalty up to $44,539 for each 
engine or vehicle in violation. 

(b) Engines exempted from the 
applicable standards of 40 CFR part 86 
under the provisions of 40 CFR part 
1068 are exempt from the standards of 
this part without request. 

(c) The emergency vehicle field 
modification provisions of 40 CFR 
85.1716 apply with respect to the 
standards of this part. 

(d) Subpart C of this part describes 
how to test and certify dual-fuel and 
flexible-fuel engines. Some multi-fuel 
engines may not fit either of those 
defined terms. For such engines, we will 
determine whether it is most 
appropriate to treat them as single-fuel 
engines, dual-fuel engines, or flexible- 
fuel engines based on the range of 
possible and expected fuel mixtures. For 
example, an engine might burn natural 
gas but initiate combustion with a pilot 
injection of diesel fuel. If the engine is 
designed to operate with a single fueling 
algorithm (i.e., fueling rates are fixed at 
a given engine speed and load 
condition), we would generally treat it 
as a single-fuel engine. In this context, 
the combination of diesel fuel and 
natural gas would be its own fuel type. 
If the engine is designed to also operate 
on diesel fuel alone, we would generally 
treat it as a dual-fuel engine. If the 
engine is designed to operate on varying 

mixtures of the two fuels, we would 
generally treat it as a flexible-fuel 
engine. To the extent that requirements 
vary for the different fuels or fuel 
mixtures, we may apply the more 
stringent requirements. 

§ 1036.605 GHG exemption for engines 
used in specialty vehicles. 

Engines certified to the alternative 
standards specified in 40 CFR 86.007– 
11 and 86.008–10 for use in specialty 
vehicles as described in 40 CFR 
1037.605 are exempt from the standards 
of this part. See 40 CFR part 1037 for 
provisions that apply to the vehicle. 

§ 1036.610 Off-cycle technology credits 
and adjustments for reducing greenhouse 
gas emissions. 

(a) You may ask us to apply the 
provisions of this section for CO2 
emission reductions resulting from 
powertrain technologies that were not in 
common use with heavy-duty vehicles 
before model year 2010 that are not 
reflected in the specified test procedure. 
While you are not required to prove that 
such technologies were not in common 
use with heavy-duty vehicles before 
model year 2010, we will not approve 
your request if we determine that they 
do not qualify. We will apply these 
provisions only for technologies that 
will result in a measurable, 
demonstrable, and verifiable real-world 
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CO2 reduction. Note that prior to model 
year 2016, these technologies were 
referred to as ‘‘innovative technologies’’. 

(b) The provisions of this section may 
be applied as either an improvement 
factor (used to adjust emission results) 
or as a separate credit, consistent with 
good engineering judgment. Note that 
the term ‘‘credit’’ in this section 
describes an additive adjustment to 
emission rates and is not equivalent to 
an emission credit in the ABT program 
of subpart H of this part. We 
recommend that you base your credit/ 
adjustment on A to B testing of pairs of 
engines/vehicles differing only with 
respect to the technology in question. 

(1) Calculate improvement factors as 
the ratio of in-use emissions with the 
technology divided by the in-use 
emissions without the technology. 
Adjust the emission results by 
multiplying by the improvement factor. 
Use the improvement-factor approach 
where good engineering judgment 
indicates that the actual benefit will be 
proportional to emissions measured 
over the test procedures specified in this 
part. For example, the benefits from 
technologies that reduce engine 
operation would generally be 
proportional to the engine’s emission 
rate. 

(2) Calculate separate credits based on 
the difference between the in-use 
emission rate (g/ton-mile) with the 
technology and the in-use emission rate 
without the technology. Subtract this 
value from your measured emission 
result and use this adjusted value to 
determine your FEL. We may also allow 
you to calculate the credits based on g/ 
hp-hr emission rates. Use the separate- 
credit approach where good engineering 
judgment indicates that the actual 
benefit will not be proportional to 
emissions measured over the test 
procedures specified in this part. 

(3) We may require you to discount or 
otherwise adjust your improvement 
factor or credit to account for 
uncertainty or other relevant factors. 

(c) Send your request to the 
Designated Compliance Officer. We 
recommend that you do not begin 
collecting test data (for submission to 
EPA) before contacting us. For 
technologies for which the vehicle 
manufacturer could also claim credits 
(such as transmissions in certain 
circumstances), we may require you to 
include a letter from the vehicle 
manufacturer stating that it will not seek 
credits for the same technology. Your 
request must contain the following 
items: 

(1) A detailed description of the off- 
cycle technology and how it functions 
to reduce CO2 emissions under 

conditions not represented on the duty 
cycles required for certification. 

(2) A list of the engine configurations 
that will be equipped with the 
technology. 

(3) A detailed description and 
justification of the selected test engines. 

(4) All testing and simulation data 
required under this section, plus any 
other data you have considered in your 
analysis. You may ask for our 
preliminary approval of your test plan 
under § 1036.210. 

(5) A complete description of the 
methodology used to estimate the off- 
cycle benefit of the technology and all 
supporting data, including engine 
testing and in-use activity data. Also 
include a statement regarding your 
recommendation for applying the 
provisions of this section for the given 
technology as an improvement factor or 
a credit. 

(6) An estimate of the off-cycle benefit 
by engine model, and the fleetwide 
benefit based on projected sales of 
engine models equipped with the 
technology. 

(7) A demonstration of the in-use 
durability of the off-cycle technology, 
based on any available engineering 
analysis or durability testing data (either 
by testing components or whole 
engines). 

(d) We may seek public comment on 
your request, consistent with the 
provisions of 40 CFR 86.1869–12(d). 
However, we will generally not seek 
public comment on credits/adjustments 
based on A to B engine dynamometer 
testing, chassis testing, or in-use testing. 

(e) We may approve an improvement 
factor or credit for any configuration 
that is properly represented by your 
testing. 

(1) For model years before 2021, you 
may continue to use an approved 
improvement factor or credit for any 
appropriate engine families in future 
model years through 2020. 

(2) For model years 2021 and later, 
you may not rely on an approval for 
model years before 2021. You must 
separately request our approval before 
applying an improvement factor or 
credit under this section for 2021 and 
later engines, even if we approved an 
improvement factor or credit for similar 
engine models before model year 2021. 
Note that approvals for model year 2021 
and later may carry over for multiple 
years. 

§ 1036.615 Engines with Rankine cycle 
waste heat recovery and hybrid 
powertrains. 

This section specifies how to generate 
advanced-technology emission credits 
for hybrid powertrains that include 

energy storage systems and regenerative 
braking (including regenerative engine 
braking) and for engines that include 
Rankine-cycle (or other bottoming cycle) 
exhaust energy recovery systems. This 
section applies only for model year 2020 
and earlier engines. 

(a) Pre-transmission hybrid 
powertrains. Test pre-transmission 
hybrid powertrains with the hybrid 
engine test procedures of 40 CFR part 
1065 or with the post-transmission test 
procedures in 40 CFR 1037.550. Pre- 
transmission hybrid powertrains are 
those engine systems that include 
features to recover and store energy 
during engine motoring operation but 
not from the vehicle’s wheels. Engines 
certified with pre-transmission hybrid 
powertrains must be certified to meet 
the diagnostic requirements of 40 CFR 
86.018–10 with respect to powertrain 
components and systems; if different 
manufacturers produce the engine and 
the hybrid powertrain, the hybrid 
powertrain manufacturer may separately 
certify its powertrain relative to 
diagnostic requirements. 

(b) Rankine engines. Test engines that 
include Rankine-cycle exhaust energy 
recovery systems according to the test 
procedures specified in subpart F of this 
part unless we approve alternate 
procedures. 

(c) Calculating credits. Calculate 
credits as specified in subpart H of this 
part. Credits generated from engines and 
powertrains certified under this section 
may be used in other averaging sets as 
described in § 1036.740(c). 

(d) Off-cycle technologies. You may 
certify using both the provisions of this 
section and the off-cycle technology 
provisions of § 1036.610, provided you 
do not double-count emission benefits. 

§ 1036.620 Alternate CO2 standards based 
on model year 2011 compression-ignition 
engines. 

For model years 2014 through 2016, 
you may certify your compression- 
ignition engines to the CO2 standards of 
this section instead of the CO2 standards 
in § 1036.108. However, you may not 
certify engines to these alternate 
standards if they are part of an averaging 
set in which you carry a balance of 
banked credits. You may submit 
applications for certifications before 
using up banked credits in the averaging 
set, but such certificates will not 
become effective until you have used up 
(or retired) your banked credits in the 
averaging set. For purposes of this 
section, you are deemed to carry credits 
in an averaging set if you carry credits 
from advanced technology that are 
allowed to be used in that averaging set. 
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(a) The standards of this section are 
determined from the measured emission 
rate of the test engine of the applicable 
baseline 2011 engine family or families 
as described in paragraphs (b) and (c) of 
this section. Calculate the CO2 emission 
rate of the baseline test engine using the 
same equations used for showing 
compliance with the otherwise 
applicable standard. The alternate CO2 
standard for light and medium heavy- 
duty vocational-certified engines 
(certified for CO2 using the transient 
cycle) is equal to the baseline emission 
rate multiplied by 0.975. The alternate 
CO2 standard for tractor-certified 
engines (certified for CO2 using the 
ramped-modal cycle) and all other 
heavy heavy-duty engines is equal to the 
baseline emission rate multiplied by 
0.970. The in-use FEL for these engines 
is equal to the alternate standard 
multiplied by 1.03. 

(b) This paragraph (b) applies if you 
do not certify all your engine families in 
the averaging set to the alternate 
standards of this section. Identify 
separate baseline engine families for 
each engine family that you are 
certifying to the alternate standards of 
this section. For an engine family to be 
considered the baseline engine family, it 
must meet the following criteria: 

(1) It must have been certified to all 
applicable emission standards in model 
year 2011. If the baseline engine was 
certified to a NOX FEL above the 
standard and incorporated the same 
emission control technologies as the 
new engine family, you may adjust the 
baseline CO2 emission rate to be 
equivalent to an engine meeting the 0.20 
g/hp-hr NOX standard (or your higher 
FEL as specified in this paragraph 
(b)(1)), using certification results from 
model years 2009 through 2011, 
consistent with good engineering 
judgment. 

(i) Use the following equation to relate 
model year 2009–2011 NOX and CO2 
emission rates (g/hp-hr): CO2 = a × 
log(NOX)+b. 

(ii) For model year 2014–2016 engines 
certified to NOX FELs above 0.20 g/hp- 
hr, correct the baseline CO2 emissions to 
the actual NOX FELs of the 2014–2016 
engines. 

(iii) Calculate separate adjustments for 
emissions over the ramped-modal cycle 
and the transient cycle. 

(2) The baseline configuration tested 
for certification must have the same 
engine displacement as the engines in 
the engine family being certified to the 
alternate standards, and its rated power 
must be within five percent of the 
highest rated power in the engine family 
being certified to the alternate 
standards. 

(3) The model year 2011 U.S.-directed 
production volume of the configuration 
tested must be at least one percent of the 
total 2011 U.S.-directed production 
volume for the engine family. 

(4) The tested configuration must 
have cycle-weighted BSFC equivalent to 
or better than all other configurations in 
the engine family. 

(c) This paragraph (c) applies if you 
certify all your engine families in the 
primary intended service class to the 
alternate standards of this section. For 
purposes of this section, you may 
combine light heavy-duty and medium 
heavy-duty engines into a single 
averaging set. Determine your baseline 
CO2 emission rate as the production- 
weighted emission rate of the certified 
engine families you produced in the 
2011 model year. If you produce engines 
for both tractors and vocational 
vehicles, treat them as separate 
averaging sets. Adjust the CO2 emission 
rates to be equivalent to an engine 
meeting the average NOX FEL of new 
engines (assuming engines certified to 
the 0.20 g/hp-hr NOX standard have a 
NOX FEL equal to 0.20 g/hp-hr), as 
described in paragraph (b)(1) of this 
section. 

(d) Include the following statement on 
the emission control information label: 
‘‘THIS ENGINE WAS CERTIFIED TO 
AN ALTERNATE CO2 STANDARD 
UNDER § 1036.620.’’ 

(e) You may not bank CO2 emission 
credits for any engine family in the 
same averaging set and model year in 
which you certify engines to the 
standards of this section. You may not 
bank any advanced-technology credits 
in any averaging set for the model year 
you certify under this section (since 
such credits would be available for use 
in this averaging set). Note that the 
provisions of § 1036.745 apply for 
deficits generated with respect to the 
standards of this section. 

(f) You need our approval before you 
may certify engines under this section, 
especially with respect to the numerical 
value of the alternate standards. We will 
not approve your request if we 
determine that you manipulated your 
engine families or test engine 
configurations to certify to less stringent 
standards, or that you otherwise have 
not acted in good faith. You must keep 
and provide to us any information we 
need to determine that your engine 
families meet the requirements of this 
section. Keep these records for at least 
five years after you stop producing 
engines certified under this section. 

§ 1036.625 In-use compliance with family 
emission limits (FELs). 

Section 1036.225 describes how to 
change the FEL for an engine family 
during the model year. This section, 
which describes how you may ask us to 
increase an engine family’s FEL after the 
end of the model year, is intended to 
address circumstances in which it is in 
the public interest to apply a higher in- 
use FEL based on forfeiting an 
appropriate number of emission credits. 
For example, this may be appropriate 
where we determine that recalling 
vehicles would not significantly reduce 
in-use emissions. We will generally not 
allow this option where we determine 
the credits being forfeited would likely 
have expired. 

(a) You may ask us to increase an 
engine family’s FEL after the end of the 
model year if you believe some of your 
in-use engines exceed the CO2 FEL that 
applied during the model year (or the 
CO2 emission standard if the family did 
not generate or use emission credits). 
We may consider any available 
information in making our decision to 
approve or deny your request. 

(b) If we approve your request under 
this section, you must apply emission 
credits to cover the increased FEL for all 
affected engines. Apply the emission 
credits as part of your credit 
demonstration for the current 
production year. Include the 
appropriate calculations in your final 
report under § 1036.730. 

(c) Submit your request to the 
Designated Compliance Officer. Include 
the following in your request: 

(1) Identify the names of each engine 
family that is the subject of your 
request. Include separate family names 
for different model years. 

(2) Describe why your request does 
not apply for similar engine models or 
additional model years, as applicable. 

(3) Identify the FEL(s) that applied 
during the model year and recommend 
a replacement FEL for in-use engines; 
include a supporting rationale to 
describe how you determined the 
recommended replacement FEL. 

(4) Describe whether the needed 
emission credits will come from 
averaging, banking, or trading. 

(d) If we approve your request, we 
will identify the replacement FEL. The 
value we select will reflect our best 
judgment to accurately reflect the actual 
in-use performance of your engines, 
consistent with the testing provisions 
specified in this part. We may apply the 
higher FELs to other engine families 
from the same or different model years 
to the extent they used equivalent 
emission controls. We may include any 
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appropriate conditions with our 
approval. 

(e) If we order a recall for an engine 
family under 40 CFR 1068.505, we will 
no longer approve a replacement FEL 
under this section for any of your 
engines from that engine family, or from 
any other engine family that relies on 
equivalent emission controls. 

§ 1036.630 Certification of engine GHG 
emissions for powertrain testing. 

For engines included in powertrain 
families under 40 CFR part 1037, you 
may choose to include the 
corresponding engine emissions in your 
engine families under this part 1036 
instead of (or in addition to) the 
otherwise applicable engine fuel maps. 

(a) If you choose to certify powertrain 
fuel maps in an engine family, the 
declared powertrain emission levels 
become standards that apply for 
selective enforcement audits and in-use 
testing. We may require that you 
provide to us the engine test cycle (not 
normalized) corresponding to a given 
powertrain for each of the specified 
duty cycles. 

(b) If you choose to certify only fuel 
map emissions for an engine family and 
to not certify emissions over powertrain 
test cycles under 40 CFR 1037.550, we 
will not presume you are responsible for 
emissions over the powertrain cycles. 
However, where we determine that you 
are responsible in whole or in part for 
the emission exceedance in such cases, 
we may require that you participate in 
any recall of the affected vehicles. Note 
that this provision to limit your 
responsibility does not apply if you also 
hold the certificate of conformity for the 
vehicle. 

(c) If you split an engine family into 
subfamilies based on different fuel- 
mapping procedures as described in 
§ 1036.230(e), the fuel-mapping 
procedures you identify for certifying 
each subfamily also apply for selective 
enforcement audits and in-use testing. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

§ 1036.701 General provisions. 
(a) You may average, bank, and trade 

(ABT) emission credits for purposes of 
certification as described in this subpart 
and in subpart B of this part to show 
compliance with the standards of 
§ 1036.108. Participation in this 
program is voluntary. (Note: As 
described in subpart B of this part, you 
must assign an FCL to all engine 
families, whether or not they participate 
in the ABT provisions of this subpart.) 

(b) The definitions of subpart I of this 
part apply to this subpart in addition to 
the following definitions: 

(1) Actual emission credits means 
emission credits you have generated 
that we have verified by reviewing your 
final report. 

(2) Averaging set means a set of 
engines in which emission credits may 
be exchanged. See § 1036.740. 

(3) Broker means any entity that 
facilitates a trade of emission credits 
between a buyer and seller. 

(4) Buyer means the entity that 
receives emission credits as a result of 
a trade. 

(5) Reserved emission credits means 
emission credits you have generated 
that we have not yet verified by 
reviewing your final report. 

(6) Seller means the entity that 
provides emission credits during a 
trade. 

(7) Standard means the emission 
standard that applies under subpart B of 
this part for engines not participating in 
the ABT program of this subpart. 

(8) Trade means to exchange emission 
credits, either as a buyer or seller. 

(c) Emission credits may be 
exchanged only within an averaging set, 
except as specified in § 1036.740. 

(d) You may not use emission credits 
generated under this subpart to offset 
any emissions that exceed an FCL or 
standard. This applies for all testing, 
including certification testing, in-use 
testing, selective enforcement audits, 
and other production-line testing. 
However, if emissions from an engine 
exceed an FCL or standard (for example, 
during a selective enforcement audit), 
you may use emission credits to 
recertify the engine family with a higher 
FCL that applies only to future 
production. 

(e) You may use either of the 
following approaches to retire or forego 
emission credits: 

(1) You may retire emission credits 
generated from any number of your 
engines. This may be considered 
donating emission credits to the 
environment. Identify any such credits 
in the reports described in § 1036.730. 
Engines must comply with the 
applicable FELs even if you donate or 
sell the corresponding emission credits 
under this paragraph (h). Those credits 
may no longer be used by anyone to 
demonstrate compliance with any EPA 
emission standards. 

(2) You may certify an engine family 
using an FEL (FCL for CO2) below the 
emission standard as described in this 
part and choose not to generate 
emission credits for that family. If you 
do this, you do not need to calculate 
emission credits for those engine 
families and you do not need to submit 
or keep the associated records described 
in this subpart for that family. 

(f) Emission credits may be used in 
the model year they are generated. 
Surplus emission credits may be banked 
for future model years. Surplus 
emission credits may sometimes be used 
for past model years, as described in 
§ 1036.745. 

(g) You may increase or decrease an 
FCL during the model year by amending 
your application for certification under 
§ 1036.225. The new FCL may apply 
only to engines you have not already 
introduced into commerce. 

(h) See § 1036.740 for special credit 
provisions that apply for greenhouse gas 
credits generated under 40 CFR 
86.1819–14(k)(7) or § 1036.615 or 40 
CFR 1037.615. 

(i) Unless the regulations explicitly 
allow it, you may not calculate credits 
more than once for any emission 
reduction. For example, if you generate 
CO2 emission credits for a hybrid engine 
under this part for a given vehicle, no 
one may generate CO2 emission credits 
for that same hybrid engine and vehicle 
under 40 CFR part 1037. However, 
credits could be generated for identical 
vehicles using engines that did not 
generate credits under this part. 

(j) Credits you generate with 
compression-ignition engines in 2020 
and earlier model years may be used in 
model year 2021 and later only if the 
credit-generating engines were certified 
to the tractor engine standards in 
§ 1036.108 and credits were calculated 
relative to the tractor engine standards. 
You may otherwise use emission credits 
generated in one model year without 
adjustment for certifying vehicles in a 
later model year, even if emission 
standards are different. 

(k) Engine families you certify with a 
nonconformance penalty under 40 CFR 
part 86, subpart L, may not generate 
emission credits. 

§ 1036.705 Generating and calculating 
emission credits. 

(a) The provisions of this section 
apply separately for calculating 
emission credits for each pollutant. 

(b) For each participating family, 
calculate positive or negative emission 
credits relative to the otherwise 
applicable emission standard based on 
the engine family’s FCL for greenhouse 
gases. If your engine family is certified 
to both the vocational and tractor engine 
standards, calculate credits separately 
for the vocational engines and the 
tractor engines (as specified in 
paragraph (b)(3) of this section). 
Calculate positive emission credits for a 
family that has an FCL below the 
standard. Calculate negative emission 
credits for a family that has an FCL 
above the standard. Sum your positive 
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and negative credits for the model year 
before rounding. Round the sum of 
emission credits to the nearest 
megagram (Mg), using consistent units 
throughout the following equations: 

(1) For vocational engines: 
Emission credits (Mg) = (Std¥FCL) · 

(CF) · (Volume) · (UL) · (10¥6) 
Where: 
Std = the emission standard, in g/hp-hr, that 

applies under subpart B of this part for 
engines not participating in the ABT 
program of this subpart (the ‘‘otherwise 
applicable standard’’). 

FCL = the Family Certification Level for the 
engine family, in g/hp-hr, measured over 
the transient duty cycle, rounded to the 
same number of decimal places as the 
emission standard. 

CF = a transient cycle conversion factor (hp- 
hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the 
duty cycle (average of vocational engine 
configurations weighted by their 
production volumes) by 6.3 miles for 
engines subject to spark-ignition 
standards and 6.5 miles for engines 
subject to compression-ignition. This 
represents the average work performed 
by vocational engines in the family over 
the mileage represented by operation 
over the duty cycle. 

Volume = the number of vocational engines 
eligible to participate in the averaging, 
banking, and trading program within the 
given engine family during the model 
year, as described in paragraph (c) of this 
section. 

UL = the useful life for the given engine 
family, in miles. 

(2) For tractor engines: 
Emission credits (Mg) = (Std¥FCL) · 

(CF) · (Volume) · (UL) · (10¥6) 
Where: 
Std = the emission standard, in g/hp-hr, that 

applies under subpart B of this part for 
engines not participating in the ABT 
program of this subpart (the ‘‘otherwise 
applicable standard’’). 

FCL = the Family Certification Level for the 
engine family, in g/hp-hr, measured over 
the ramped-modal cycle rounded to the 
same number of decimal places as the 
emission standard. 

CF = a transient cycle conversion factor (hp- 
hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the 
duty cycle (average of tractor-engine 
configurations weighted by their 
production volumes) by 6.3 miles for 
engines subject to spark-ignition 
standards and 6.5 miles for engines 
subject to compression-ignition 
standards. This represents the average 
work performed by tractor engines in the 
family over the mileage represented by 
operation over the duty cycle. Note that 
this calculation requires you to use the 
transient cycle conversion factor even for 
engines certified to standards based on 
the ramped-modal cycle. 

Volume = the number of tractor engines 
eligible to participate in the averaging, 

banking, and trading program within the 
given engine family during the model 
year, as described in paragraph (c) of this 
section. 

UL = the useful life for the given engine 
family, in miles. 

(3) For engine families certified to 
both the vocational and tractor engine 
standards, we may allow you to use 
statistical methods to estimate the total 
production volumes where a small 
fraction of the engines cannot be tracked 
precisely. 

(4) You may not generate emission 
credits for tractor engines (i.e., engines 
not certified to the transient cycle for 
CO2) installed in vocational vehicles 
(including vocational tractors certified 
under 40 CFR 1037.630 or exempted 
under 40 CFR 1037.631). We will waive 
this provision where you demonstrate 
that less than five percent of the engines 
in your tractor family were installed in 
vocational vehicles. For example, if you 
know that 96 percent of your tractor 
engines were installed in non-vocational 
tractors, but cannot determine the 
vehicle type for the remaining four 
percent, you may generate credits for all 
the engines in the family. 

(5) You may generate CO2 emission 
credits from a model year 2021 or later 
medium heavy-duty engine family 
subject to spark-ignition standards for 
exchanging with other engine families 
only if the engines in the family are 
gasoline-fueled. You may generate CO2 
credits from these engine families only 
for the purpose of offsetting CH4 and/or 
N2O emissions within the same engine 
family as described in paragraph (d) of 
this section. 

(c) As described in § 1036.730, 
compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
directed production volumes. Keep 
appropriate records to document these 
production volumes. Do not include any 
of the following engines to calculate 
emission credits: 

(1) Engines that you do not certify to 
the CO2 standards of this part because 
they are permanently exempted under 
subpart G of this part or under 40 CFR 
part 1068. 

(2) Exported engines. 
(3) Engines not subject to the 

requirements of this part, such as those 
excluded under § 1036.5. For example, 
do not include engines used in vehicles 
certified to the greenhouse gas standards 
of 40 CFR 86.1819. 

(4) Any other engines if we indicate 
elsewhere in this part 1036 that they are 
not to be included in the calculations of 
this subpart. 

(d) You may use CO2 emission credits 
to show compliance with CH4 and/or 

N2O FELs instead of the otherwise 
applicable emission standards. To do 
this, calculate the CH4 and/or N2O 
emission credits needed (negative 
credits) using the equation in paragraph 
(b) of this section, using the FEL(s) you 
specify for your engines during 
certification instead of the FCL. You 
must use 34 Mg of positive CO2 credits 
to offset 1 Mg of negative CH4 credits for 
model year 2021 and later engines, and 
you must use 25 Mg of positive CO2 
credits to offset 1 Mg of negative CH4 
credits for earlier engines. You must use 
298 Mg of positive CO2 credits to offset 
1 Mg of negative N2O credits. 

§ 1036.710 Averaging. 
(a) Averaging is the exchange of 

emission credits among your engine 
families. You may average emission 
credits only within the same averaging 
set, except as specified in § 1036.740. 

(b) You may certify one or more 
engine families to an FCL above the 
applicable standard, subject to any 
applicable FEL caps and other the 
provisions in subpart B of this part, if 
you show in your application for 
certification that your projected balance 
of all emission-credit transactions in 
that model year is greater than or equal 
to zero, or that a negative balance is 
allowed under § 1036.745. 

(c) If you certify an engine family to 
an FCL that exceeds the otherwise 
applicable standard, you must obtain 
enough emission credits to offset the 
engine family’s deficit by the due date 
for the final report required in 
§ 1036.730. The emission credits used to 
address the deficit may come from your 
other engine families that generate 
emission credits in the same model year 
(or from later model years as specified 
in § 1036.745), from emission credits 
you have banked, or from emission 
credits you obtain through trading. 

§ 1036.715 Banking. 
(a) Banking is the retention of surplus 

emission credits by the manufacturer 
generating the emission credits for use 
in future model years for averaging or 
trading. 

(b) You may designate any emission 
credits you plan to bank in the reports 
you submit under § 1036.730 as 
reserved credits. During the model year 
and before the due date for the final 
report, you may designate your reserved 
emission credits for averaging or 
trading. 

(c) Reserved credits become actual 
emission credits when you submit your 
final report. However, we may revoke 
these emission credits if we are unable 
to verify them after reviewing your 
reports or auditing your records. 
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(d) Banked credits retain the 
designation of the averaging set in 
which they were generated. 

§ 1036.720 Trading. 
(a) Trading is the exchange of 

emission credits between 
manufacturers. You may use traded 
emission credits for averaging, banking, 
or further trading transactions. Traded 
emission credits remain subject to the 
averaging-set restrictions based on the 
averaging set in which they were 
generated. 

(b) You may trade actual emission 
credits as described in this subpart. You 
may also trade reserved emission 
credits, but we may revoke these 
emission credits based on our review of 
your records or reports or those of the 
company with which you traded 
emission credits. You may trade banked 
credits within an averaging set to any 
certifying manufacturer. 

(c) If a negative emission credit 
balance results from a transaction, both 
the buyer and seller are liable, except in 
cases we deem to involve fraud. See 
§ 1036.255(e) for cases involving fraud. 
We may void the certificates of all 
engine families participating in a trade 
that results in a manufacturer having a 
negative balance of emission credits. 
See § 1036.745. 

§ 1036.725 What must I include in my 
application for certification? 

(a) You must declare in your 
application for certification your intent 
to use the provisions of this subpart for 
each engine family that will be certified 
using the ABT program. You must also 
declare the FELs/FCL you select for the 
engine family for each pollutant for 
which you are using the ABT program. 
Your FELs must comply with the 
specifications of subpart B of this part, 
including the FEL caps. FELs/FCLs 
must be expressed to the same number 
of decimal places as the applicable 
standards. 

(b) Include the following in your 
application for certification: 

(1) A statement that, to the best of 
your belief, you will not have a negative 
balance of emission credits for any 
averaging set when all emission credits 
are calculated at the end of the year; or 
a statement that you will have a 
negative balance of emission credits for 
one or more averaging sets, but that it 
is allowed under § 1036.745. 

(2) Detailed calculations of projected 
emission credits (positive or negative) 
based on projected U.S.-directed 
production volumes. We may require 
you to include similar calculations from 
your other engine families to project 
your net credit balances for the model 

year. If you project negative emission 
credits for a family, state the source of 
positive emission credits you expect to 
use to offset the negative emission 
credits. 

§ 1036.730 ABT reports. 
(a) If any of your engine families are 

certified using the ABT provisions of 
this subpart, you must send an end-of- 
year report by March 31 following the 
end of the model year and a final report 
by September 30 following the end of 
the model year. We may waive the 
requirement to send an end-of-year 
report. 

(b) Your end-of-year and final reports 
must include the following information 
for each engine family participating in 
the ABT program: 

(1) Engine-family designation and 
averaging set. 

(2) The emission standards that would 
otherwise apply to the engine family. 

(3) The FCL for each pollutant. If you 
change the FCL after the start of 
production, identify the date that you 
started using the new FCL and/or give 
the engine identification number for the 
first engine covered by the new FCL. In 
this case, identify each applicable FCL 
and calculate the positive or negative 
emission credits as specified in 
§ 1036.225. 

(4) The projected and actual U.S.- 
directed production volumes for the 
model year. If you changed an FCL 
during the model year, identify the 
actual production volume associated 
with each FCL. 

(5) The transient cycle conversion 
factor for each engine configuration as 
described in § 1036.705. 

(6) Useful life. 
(7) Calculated positive or negative 

emission credits for the whole engine 
family. Identify any emission credits 
that you traded, as described in 
paragraph (d)(1) of this section. 

(c) Your end-of-year and final reports 
must include the following additional 
information: 

(1) Show that your net balance of 
emission credits from all your 
participating engine families in each 
averaging set in the applicable model 
year is not negative, except as allowed 
under § 1036.745. Your credit tracking 
must account for the limitation on credit 
life under § 1036.740(d). 

(2) State whether you will reserve any 
emission credits for banking. 

(3) State that the report’s contents are 
accurate. 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The averaging set corresponding 
to the engine families that generated 
emission credits for the trade, including 
the number of emission credits from 
each averaging set. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
for each averaging set. 

(e) Send your reports electronically to 
the Designated Compliance Officer 
using an approved information format. 
If you want to use a different format, 
send us a written request with 
justification for a waiver. 

(f) Correct errors in your end-of-year 
or final report as follows: 

(1) You may correct any errors in your 
end-of-year report when you prepare the 
final report, as long as you send us the 
final report by the time it is due. 

(2) If you or we determine within 270 
days after the end of the model year that 
errors mistakenly decreased your 
balance of emission credits, you may 
correct the errors and recalculate the 
balance of emission credits. You may 
not make these corrections for errors 
that are determined more than 270 days 
after the end of the model year. If you 
report a negative balance of emission 
credits, we may disallow corrections 
under this paragraph (f)(2). 

(3) If you or we determine any time 
that errors mistakenly increased your 
balance of emission credits, you must 
correct the errors and recalculate the 
balance of emission credits. 

§ 1036.735 Recordkeeping. 
(a) You must organize and maintain 

your records as described in this 
section. We may review your records at 
any time. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
engines if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. Store 
these records in any format and on any 
media, as long as you can promptly 
send us organized, written records in 
English if we ask for them. You must 
keep these records readily available. We 
may review them at any time. 

(c) Keep a copy of the reports we 
require in §§ 1036.725 and 1036.730. 
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(d) Keep records of the engine 
identification number (usually the serial 
number) for each engine you produce 
that generates or uses emission credits 
under the ABT program. You may 
identify these numbers as a range. If you 
change the FEL after the start of 
production, identify the date you started 
using each FCL and the range of engine 
identification numbers associated with 
each FCL. You must also identify the 
purchaser and destination for each 
engine you produce to the extent this 
information is available. 

(e) We may require you to keep 
additional records or to send us relevant 
information not required by this section 
in accordance with the Clean Air Act. 

§ 1036.740 Restrictions for using emission 
credits. 

The following restrictions apply for 
using emission credits: 

(a) Averaging sets. Except as specified 
in paragraph (c) of this section, emission 
credits may be exchanged only within 
the following averaging sets: 

(1) Engines subject to spark-ignition 
standards. 

(2) Light heavy-duty engines subject 
to compression-ignition standards. 

(3) Medium heavy-duty engines 
subject to compression-ignition 
standards. 

(4) Heavy heavy-duty engines. 
(b) Applying credits to prior year 

deficits. Where your credit balance for 
the previous year is negative, you may 
apply credits to that credit deficit only 
after meeting your credit obligations for 
the current year. 

(c) Credits from hybrid engines and 
other advanced technologies. Credits 
you generate under § 1036.615 may be 
used for any of the averaging sets 
identified in paragraph (a) of this 
section; you may also use those credits 
to demonstrate compliance with the CO2 
emission standards in 40 CFR 86.1819 
and 40 CFR part 1037. Similarly, you 
may use Phase 1 advanced-technology 
credits generated under 40 CFR 
86.1819–14(k)(7) or 40 CFR 1037.615 to 
demonstrate compliance with the CO2 
standards in this part. In the case of 
engines subject to spark-ignition 
standards and compression-ignition 
light heavy-duty engines, you may not 
use more than 60,000 Mg of credits from 
other averaging sets in any model year. 

(1) The maximum amount of CO2 
credits you may bring into the following 
service class groups is 60,000 Mg per 
model year: 

(i) Engines subject to spark-ignition 
standards, light heavy-duty 
compression-ignition engines, and light 
heavy-duty vehicles. This group 
comprises the averaging sets listed in 

paragraphs (a)(1) and (2) of this section 
and the averaging set listed in 40 CFR 
1037.740(a)(1). 

(ii) Medium heavy-duty engines 
subject to compression-ignition 
standards and medium heavy-duty 
vehicles. This group comprises the 
averaging sets listed in paragraph (a)(3) 
of this section and 40 CFR 
1037.740(a)(2). 

(iii) Heavy heavy-duty engines subject 
to compression-ignition standards and 
heavy heavy-duty vehicles. This group 
comprises the averaging sets listed in 
paragraph (a)(4) of this section and 40 
CFR 1037.740(a)(3). 

(2) Paragraph (c)(1) of this section 
does not limit the advanced-technology 
credits that can be used within a service 
class group if they were generated in 
that same service class group. 

(d) Credit life. Credits may be used 
only for five model years after the year 
in which they are generated. For 
example, credits you generate in model 
year 2018 may be used to demonstrate 
compliance with emission standards 
only through model year 2023. 

(e) Other restrictions. Other sections 
of this part specify additional 
restrictions for using emission credits 
under certain special provisions. 

§ 1036.745 End-of-year CO2 credit deficits. 
Except as allowed by this section, we 

may void the certificate of any engine 
family certified to an FCL above the 
applicable standard for which you do 
not have sufficient credits by the 
deadline for submitting the final report. 

(a) Your certificate for an engine 
family for which you do not have 
sufficient CO2 credits will not be void 
if you remedy the deficit with surplus 
credits within three model years. For 
example, if you have a credit deficit of 
500 Mg for an engine family at the end 
of model year 2015, you must generate 
(or otherwise obtain) a surplus of at 
least 500 Mg in that same averaging set 
by the end of model year 2018. 

(b) You may not bank or trade away 
CO2 credits in the averaging set in any 
model year in which you have a deficit. 

(c) You may apply only surplus 
credits to your deficit. You may not 
apply credits to a deficit from an earlier 
model year if they were generated in a 
model year for which any of your engine 
families for that averaging set had an 
end-of-year credit deficit. 

(d) You must notify us in writing how 
you plan to eliminate the credit deficit 
within the specified time frame. If we 
determine that your plan is 
unreasonable or unrealistic, we may 
deny an application for certification for 
a vehicle family if its FEL would 
increase your credit deficit. We may 

determine that your plan is 
unreasonable or unrealistic based on a 
consideration of past and projected use 
of specific technologies, the historical 
sales mix of your vehicle models, your 
commitment to limit production of 
higher-emission vehicles, and expected 
access to traded credits. We may also 
consider your plan unreasonable if your 
credit deficit increases from one model 
year to the next. We may require that 
you send us interim reports describing 
your progress toward resolving your 
credit deficit over the course of a model 
year. 

(e) If you do not remedy the deficit 
with surplus credits within three model 
years, we may void your certificate for 
that engine family. We may void the 
certificate based on your end-of-year 
report. Note that voiding a certificate 
applies ab initio. Where the net deficit 
is less than the total amount of negative 
credits originally generated by the 
family, we will void the certificate only 
with respect to the number of engines 
needed to reach the amount of the net 
deficit. For example, if the original 
engine family generated 500 Mg of 
negative credits, and the manufacturer’s 
net deficit after three years was 250 Mg, 
we would void the certificate with 
respect to half of the engines in the 
family. 

(f) For purposes of calculating the 
statute of limitations, the following 
actions are all considered to occur at the 
expiration of the deadline for offsetting 
a deficit as specified in paragraph (a) of 
this section: 

(1) Failing to meet the requirements of 
paragraph (a) of this section. 

(2) Failing to satisfy the conditions 
upon which a certificate was issued 
relative to offsetting a deficit. 

(3) Selling, offering for sale, 
introducing or delivering into U.S. 
commerce, or importing vehicles that 
are found not to be covered by a 
certificate as a result of failing to offset 
a deficit. 

§ 1036.750 What can happen if I do not 
comply with the provisions of this subpart? 

(a) For each engine family 
participating in the ABT program, the 
certificate of conformity is conditioned 
upon full compliance with the 
provisions of this subpart during and 
after the model year. You are 
responsible to establish to our 
satisfaction that you fully comply with 
applicable requirements. We may void 
the certificate of conformity for an 
engine family if you fail to comply with 
any provisions of this subpart. 

(b) You may certify your engine 
family to an FCL above an applicable 
standard based on a projection that you 
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will have enough emission credits to 
offset the deficit for the engine family. 
See § 1036.745 for provisions specifying 
what happens if you cannot show in 
your final report that you have enough 
actual emission credits to offset a deficit 
for any pollutant in an engine family. 

(c) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information we request. Note that 
failing to keep records, send reports, or 
give us information we request is also a 
violation of 42 U.S.C. 7522(a)(2). 

(d) You may ask for a hearing if we 
void your certificate under this section 
(see § 1036.820). 

§ 1036.755 Information provided to the 
Department of Transportation. 

After receipt of each manufacturer’s 
final report as specified in § 1036.730 
and completion of any verification 
testing required to validate the 
manufacturer’s submitted final data, we 
will issue a report to the Department of 
Transportation with CO2 emission 
information and will verify the accuracy 
of each manufacturer’s equivalent fuel 
consumption data that required by 
NHTSA under 49 CFR 535.8. We will 
send a report to DOT for each engine 
manufacturer based on each regulatory 
category and subcategory, including 
sufficient information for NHTSA to 
determine fuel consumption and 
associated credit values. See 49 CFR 
535.8 to determine if NHTSA deems 
submission of this information to EPA 
to also be a submission to NHTSA. 

Subpart I—Definitions and Other 
Reference Information 

§ 1036.801 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Act gives to them. The definitions 
follow: 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401—7671q. 

Adjustable parameter has the 
meaning given in 40 CFR part 86. 

Advanced technology means 
technology certified under 40 CFR 
86.1819–14(k)(7), § 1036.615, or 40 CFR 
1037.615. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, or 
any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to decrease emissions 
in the engine exhaust before it is 
exhausted to the environment. Exhaust 
gas recirculation (EGR) and 
turbochargers are not aftertreatment. 

Aircraft means any vehicle capable of 
sustained air travel more than 100 feet 
above the ground. 

Alcohol-fueled engine mean an engine 
that is designed to run using an alcohol 
fuel. For purposes of this definition, 
alcohol fuels do not include fuels with 
a nominal alcohol content below 25 
percent by volume. 

Auxiliary emission control device 
means any element of design that senses 
temperature, motive speed, engine rpm, 
transmission gear, or any other 
parameter for the purpose of activating, 
modulating, delaying, or deactivating 
the operation of any part of the emission 
control system. 

Averaging set has the meaning given 
in § 1036.740. 

Calibration means the set of 
specifications and tolerances specific to 
a particular design, version, or 
application of a component or assembly 
capable of functionally describing its 
operation over its working range. 

Carryover means relating to 
certification based on emission data 
generated from an earlier model year as 
described in § 1036.235(d). 

Certification means relating to the 
process of obtaining a certificate of 
conformity for an engine family that 
complies with the emission standards 
and requirements in this part. 

Certified emission level means the 
highest deteriorated emission level in an 
engine family for a given pollutant from 
the applicable transient and/or steady- 
state testing, rounded to the same 
number of decimal places as the 
applicable standard. Note that you may 
have two certified emission levels for 
CO2 if you certify a family for both 
vocational and tractor use. 

Complete vehicle means a vehicle 
meeting the definition of complete 
vehicle in 40 CFR 1037.801 when it is 
first sold as a vehicle. For example, 
where a vehicle manufacturer sells an 
incomplete vehicle to a secondary 
vehicle manufacturer, the vehicle is not 
a complete vehicle under this part, even 
after its final assembly. 

Compression-ignition means relating 
to a type of reciprocating, internal- 
combustion engine that is not a spark- 
ignition engine. Note that § 1036.1 also 
deems gas turbine engines and other 
engines to be compression-ignition 
engines. 

Crankcase emissions means airborne 
substances emitted to the atmosphere 
from any part of the engine crankcase’s 
ventilation or lubrication systems. The 
crankcase is the housing for the 
crankshaft and other related internal 
parts. 

Criteria pollutants means emissions of 
NOX, HC, PM, and CO. Note that these 

pollutants are also sometimes described 
collectively as ‘‘non-greenhouse gas 
pollutants’’, although they do not 
necessarily have negligible global 
warming potentials. 

Designated Compliance Officer means 
one of the following: 

(1) For engines subject to 
compression-ignition standards, 
Designated Compliance Officer means 
Director, Diesel Engine Compliance 
Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; complianceinfo@
epa.gov; epa.gov/otaq/verify. 

(2) For engines subject to spark- 
ignition standards, Designated 
Compliance Officer means Director, 
Gasoline Engine Compliance Center, 
U.S. Environmental Protection Agency, 
2000 Traverwood Drive, Ann Arbor, MI 
48105; nonroad-si-cert@epa.gov; 
epa.gov/otaq/verify. 

Deteriorated emission level means the 
emission level that results from 
applying the appropriate deterioration 
factor to the official emission result of 
the emission-data engine. Note that 
where no deterioration factor applies, 
references in this part to the 
deteriorated emission level mean the 
official emission result. 

Deterioration factor means the 
relationship between emissions at the 
end of useful life (or point of highest 
emissions if it occurs before the end of 
useful life) and emissions at the low- 
hour/low-mileage test point, expressed 
in one of the following ways: 

(1) For multiplicative deterioration 
factors, the ratio of emissions at the end 
of useful life (or point of highest 
emissions) to emissions at the low-hour 
test point. 

(2) For additive deterioration factors, 
the difference between emissions at the 
end of useful life (or point of highest 
emissions) and emissions at the low- 
hour test point. 

Diesel exhaust fluid (DEF) means a 
liquid reducing agent (other than the 
engine fuel) used in conjunction with 
selective catalytic reduction to reduce 
NOX emissions. Diesel exhaust fluid is 
generally understood to be an aqueous 
solution of urea conforming to the 
specifications of ISO 22241. 

Dual-fuel means relating to an engine 
designed for operation on two different 
types of fuel but not on a continuous 
mixture of those fuels (see 
§ 1036.601(d)). For purposes of this part, 
such an engine remains a dual-fuel 
engine even if it is designed for 
operation on three or more different 
fuels. 

Emission control system means any 
device, system, or element of design that 
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controls or reduces the emissions of 
regulated pollutants from an engine. 

Emission-data engine means an 
engine that is tested for certification. 
This includes engines tested to establish 
deterioration factors. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Engine configuration means a unique 
combination of engine hardware and 
calibration (related to the emission 
standards) within an engine family. 
Engines within a single engine 
configuration differ only with respect to 
normal production variability or factors 
unrelated to compliance with emission 
standards. 

Engine family has the meaning given 
in § 1036.230. 

Excluded means relating to engines 
that are not subject to some or all of the 
requirements of this part as follows: 

(1) An engine that has been 
determined not to be a heavy-duty 
engine is excluded from this part. 

(2) Certain heavy-duty engines are 
excluded from the requirements of this 
part under § 1036.5. 

(3) Specific regulatory provisions of 
this part may exclude a heavy-duty 
engine generally subject to this part 
from one or more specific standards or 
requirements of this part. 

Exempted has the meaning given in 
40 CFR 1068.30. 

Exhaust gas recirculation means a 
technology that reduces emissions by 
routing exhaust gases that had been 
exhausted from the combustion 
chamber(s) back into the engine to be 
mixed with incoming air before or 
during combustion. The use of valve 
timing to increase the amount of 
residual exhaust gas in the combustion 
chamber(s) that is mixed with incoming 
air before or during combustion is not 
considered exhaust gas recirculation for 
the purposes of this part. 

Family certification level (FCL) means 
a CO2 emission level declared by the 
manufacturer that is at or above 
emission test results for all emission- 
data engines. The FCL serves as the 
emission standard for the engine family 
with respect to certification testing if it 
is different than the otherwise 
applicable standard. The FCL must be 
expressed to the same number of 
decimal places as the emission standard 
it replaces. 

Family emission limit (FEL) means an 
emission level declared by the 
manufacturer to serve in place of an 
otherwise applicable emission standard 
(other than CO2 standards) under the 
ABT program in subpart H of this part. 
The FEL must be expressed to the same 

number of decimal places as the 
emission standard it replaces. The FEL 
serves as the emission standard for the 
engine family with respect to all 
required testing except certification 
testing for CO2. The CO2 FEL is equal to 
the CO2 FCL multiplied by 1.03 and 
rounded to the same number of decimal 
places as the standard (e.g., the nearest 
whole g/hp-hr for the 2016 CO2 
standards). 

Flexible-fuel means relating to an 
engine designed for operation on any 
mixture of two or more different types 
of fuels (see § 1036.601(d)). 

Fuel type means a general category of 
fuels such as diesel fuel, gasoline, or 
natural gas. There can be multiple 
grades within a single fuel type, such as 
premium gasoline, regular gasoline, or 
gasoline with 10 percent ethanol. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process we use to evaluate good 
engineering judgment. 

Greenhouse gas means one or more 
compounds regulated under this part 
based primarily on their impact on the 
climate. This generally includes CO2, 
CH4, and N2O. 

Greenhouse gas Emissions Model 
(GEM) means the GEM simulation tool 
described in 40 CFR 1037.520. Note that 
an updated version of GEM applies 
starting in model year 2021. 

Gross vehicle weight rating (GVWR) 
means the value specified by the vehicle 
manufacturer as the maximum design 
loaded weight of a single vehicle, 
consistent with good engineering 
judgment. 

Heavy-duty engine means any engine 
which the engine manufacturer could 
reasonably expect to be used for motive 
power in a heavy-duty vehicle. For 
purposes of this definition in this part, 
the term ‘‘engine’’ includes internal 
combustion engines and other devices 
that convert chemical fuel into motive 
power. For example, a fuel cell or a gas 
turbine used in a heavy-duty vehicle is 
a heavy-duty engine. 

Heavy-duty vehicle means any motor 
vehicle above 8,500 pounds GVWR or 
that has a vehicle curb weight above 
6,000 pounds or that has a basic vehicle 
frontal area greater than 45 square feet. 
Curb weight and Basic vehicle frontal 
area have the meaning given in 40 CFR 
86.1803. 

Hybrid means relating to an engine or 
powertrain that includes energy storage 
features other than a conventional 
battery system or conventional flywheel. 
Supplemental electrical batteries and 
hydraulic accumulators are examples of 
hybrid energy storage systems. Note that 
certain provisions in this part treat 

hybrid engines and powertrains 
intended for vehicles that include 
regenerative braking different than those 
intended for vehicles that do not 
include regenerative braking. 

Hydrocarbon (HC) means the 
hydrocarbon group on which the 
emission standards are based for each 
fuel type. For alcohol-fueled engines, 
HC means nonmethane hydrocarbon 
equivalent (NMHCE). For all other 
engines, HC means nonmethane 
hydrocarbon (NMHC). 

Identification number means a unique 
specification (for example, a model 
number/serial number combination) 
that allows someone to distinguish a 
particular engine from other similar 
engines. 

Incomplete vehicle means a vehicle 
meeting the definition of incomplete 
vehicle in 40 CFR 1037.801 when it is 
first sold (or otherwise delivered to 
another entity) as a vehicle. 

Innovative technology means 
technology certified under § 1036.610 
(also described as ‘‘off-cycle 
technology’’). 

Liquefied petroleum gas (LPG) means 
a liquid hydrocarbon fuel that is stored 
under pressure and is composed 
primarily of nonmethane compounds 
that are gases at atmospheric conditions. 
Note that, although this commercial 
term includes the word ‘‘petroleum’’, 
LPG is not considered to be a petroleum 
fuel under the definitions of this 
section. 

Low-hour means relating to an engine 
that has stabilized emissions and 
represents the undeteriorated emission 
level. This would generally involve less 
than 125 hours of operation. 

Manufacture means the physical and 
engineering process of designing, 
constructing, and/or assembling a 
heavy-duty engine or a heavy-duty 
vehicle. 

Manufacturer has the meaning given 
in section 216(1) of the Act. In general, 
this term includes any person who 
manufactures or assembles an engine, 
vehicle, or piece of equipment for sale 
in the United States or otherwise 
introduces a new engine into commerce 
in the United States. This includes 
importers who import engines or 
vehicles for resale. 

Medium-duty passenger vehicle has 
the meaning given in 40 CFR 86.1803. 

Model year means the manufacturer’s 
annual new model production period, 
except as restricted under this 
definition. It must include January 1 of 
the calendar year for which the model 
year is named, may not begin before 
January 2 of the previous calendar year, 
and it must end by December 31 of the 
named calendar year. Manufacturers 
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may not adjust model years to 
circumvent or delay compliance with 
emission standards or to avoid the 
obligation to certify annually. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

Natural gas means a fuel whose 
primary constituent is methane. 

New motor vehicle engine has the 
meaning given in the Act. This generally 
means a motor vehicle engine meeting 
the criteria of either paragraph (1), (2), 
or (3) of this definition. 

(1) A motor vehicle engine for which 
the ultimate purchaser has never 
received the equitable or legal title is a 
new motor vehicle engine. This kind of 
engine might commonly be thought of 
as ‘‘brand new’’ although a new motor 
vehicle engine may include previously 
used parts. Under this definition, the 
engine is new from the time it is 
produced until the ultimate purchaser 
receives the title or places it into 
service, whichever comes first. 

(2) An imported motor vehicle engine 
is a new motor vehicle engine if it was 
originally built on or after January 1, 
1970. 

(3) Any motor vehicle engine installed 
in a new motor vehicle. 

Noncompliant engine means an 
engine that was originally covered by a 
certificate of conformity, but is not in 
the certified configuration or otherwise 
does not comply with the conditions of 
the certificate. 

Nonconforming engine means an 
engine not covered by a certificate of 
conformity that would otherwise be 
subject to emission standards. 

Nonmethane hydrocarbon (NMHC) 
means the sum of all hydrocarbon 
species except methane, as measured 
according to 40 CFR part 1065. 

Nonmethane hydrocarbon equivalent 
(NMHCE) has the meaning given in 40 
CFR 1065.1001. 

Off-cycle technology means 
technology certified under § 1036.610 
(also described as ‘‘innovative 
technology’’). 

Official emission result means the 
measured emission rate for an emission- 
data engine on a given duty cycle before 
the application of any deterioration 
factor, but after the applicability of any 
required regeneration or other 
adjustment factors. 

Owners manual means a document or 
collection of documents prepared by the 
engine or vehicle manufacturer for the 
owner or operator to describe 
appropriate engine maintenance, 
applicable warranties, and any other 
information related to operating or 
keeping the engine. The owners manual 
is typically provided to the ultimate 
purchaser at the time of sale. The 

owners manual may be in paper or 
electronic format. 

Oxides of nitrogen has the meaning 
given in 40 CFR 1065.1001. 

Percent has the meaning given in 40 
CFR 1065.1001. Note that this means 
percentages identified in this part are 
assumed to be infinitely precise without 
regard to the number of significant 
figures. For example, one percent of 
1,493 is 14.93. 

Placed into service means put into 
initial use for its intended purpose, 
excluding incidental use by the 
manufacturer or a dealer. 

Preliminary approval means approval 
granted by an authorized EPA 
representative prior to submission of an 
application for certification, consistent 
with the provisions of § 1036.210. 

Primary intended service class has the 
meaning given in § 1036.140. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 
recovered energy for later use, such as 
the battery system in an electric hybrid 
vehicle. 

Relating to as used in this section 
means relating to something in a 
specific, direct manner. This expression 
is used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. 

Revoke has the meaning given in 40 
CFR 1068.30. 

Round has the meaning given in 40 
CFR 1065.1001. 

Scheduled maintenance means 
adjusting, repairing, removing, 
disassembling, cleaning, or replacing 
components or systems periodically to 
keep a part or system from failing, 
malfunctioning, or wearing prematurely. 
It also may mean actions you expect are 
necessary to correct an overt indication 
of failure or malfunction for which 
periodic maintenance is not 
appropriate. 

Small manufacturer means a 
manufacturer meeting the criteria 
specified in 13 CFR 121.201. The 
employee and revenue limits apply to 
the total number of employees and total 
revenue together for affiliated 
companies. Note that manufacturers 
with low production volumes may or 
may not be ‘‘small manufacturers’’. 

Spark-ignition means relating to a 
gasoline-fueled engine or any other type 
of engine with a spark plug (or other 
sparking device) and with operating 
characteristics significantly similar to 
the theoretical Otto combustion cycle. 
Spark-ignition engines usually use a 
throttle to regulate intake air flow to 
control power during normal operation. 

Steady-state has the meaning given in 
40 CFR 1065.1001. 

Suspend has the meaning given in 40 
CFR 1068.30. 

Test engine means an engine in a test 
sample. 

Test sample means the collection of 
engines selected from the population of 
an engine family for emission testing. 
This may include testing for 
certification, production-line testing, or 
in-use testing. 

Tractor means a vehicle meeting the 
definition of ‘‘tractor’’ in 40 CFR 
1037.801, but not classified as a 
‘‘vocational tractor’’ under 40 CFR 
1037.630, or relating to such a vehicle. 

Tractor engine means an engine 
certified for use in tractors. Where an 
engine family is certified for use in both 
tractors and vocational vehicles, ‘‘tractor 
engine’’ means an engine that the engine 
manufacturer reasonably believes will 
be (or has been) installed in a tractor. 
Note that the provisions of this part may 
require a manufacturer to document 
how it determines that an engine is a 
tractor engine. 

Ultimate purchaser means, with 
respect to any new engine or vehicle, 
the first person who in good faith 
purchases such new engine or vehicle 
for purposes other than resale. 

United States has the meaning given 
in 40 CFR 1068.30. 

Upcoming model year means for an 
engine family the model year after the 
one currently in production. 

U.S.-directed production volume 
means the number of engines, subject to 
the requirements of this part, produced 
by a manufacturer for which the 
manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. This does not include engines 
certified to state emission standards that 
are different than the emission 
standards in this part. 

Vehicle has the meaning given in 40 
CFR 1037.801. 

Vocational engine means an engine 
certified for use in vocational vehicles. 
Where an engine family is certified for 
use in both tractors and vocational 
vehicles, ‘‘vocational engine’’ means an 
engine that the engine manufacturer 
reasonably believes will be (or has been) 
installed in a vocational vehicle. Note 
that the provisions of this part may 
require a manufacturer to document 
how it determines that an engine is a 
vocational engine. 

Vocational vehicle means a vehicle 
meeting the definition of ‘‘vocational’’ 
vehicle in 40 CFR 1037.801. 

Void has the meaning given in 40 CFR 
1068.30. 

We (us, our) means the Administrator 
of the Environmental Protection Agency 
and any authorized representatives. 
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§ 1036.805 Symbols, abbreviations, and 
acronyms. 

The procedures in this part generally 
follow either the International System of 
Units (SI) or the United States 
customary units, as detailed in NIST 
Special Publication 811 (incorporated 
by reference in § 1036.810). See 40 CFR 
1065.20 for specific provisions related 
to these conventions. This section 
summarizes the way we use symbols, 
units of measure, and other 
abbreviations. 

(a) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust 
constituents: 

Symbol Species 

C .............. carbon. 
CH4 .......... methane. 
CH4N2O ... urea. 
CO ........... carbon monoxide. 
CO2 .......... carbon dioxide. 
H2O .......... water. 
HC ........... hydrocarbon. 

Symbol Species 

NMHC ...... nonmethane hydrocarbon. 
NMHCE ... nonmethane hydrocarbon equiv-

alent. 
NO ........... nitric oxide. 
NO2 .......... nitrogen dioxide. 
NOX ......... oxides of nitrogen. 
N2O .......... nitrous oxide. 
PM ........... particulate matter. 

(b) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit 
symbol 

Unit in terms of SI 
base units 

α ............. atomic hydrogen-to-carbon ratio ............................. mole per mole .............................. mol/mol ............. 1. 
β .............. atomic oxygen-to-carbon ratio ................................. mole per mole .............................. mol/mol ............. 1. 
CdA .......... drag area ................................................................. meter squared .............................. m2 ..................... m2. 
Crr ........... coefficient of rolling resistance ................................ kilogram per metric ton ................ kg/tonne ............ 10¥3. 
D ............. distance ................................................................... miles or meters ............................ mi or m .............. m. 
e .............. mass weighted emission result ............................... grams/ton-mile .............................. g/ton-mi ............. g/kg-km. 
Eff ........... efficiency .................................................................. ....................................................... ...........................
Em ........... mass-specific net energy content ............................ megajoules/kilogram .................... MJ/kg ................ m2Ċs¥2. 
fn ............. angular speed (shaft) .............................................. revolutions per minute .................. r/min .................. πĊ30·s¥1. 
i ............... indexing variable ...................................................... ....................................................... ...........................
ka ............. drive axle ratio ......................................................... ....................................................... ...........................
ktopgear ..... highest available transmission gear ........................ ....................................................... ...........................
m ............. mass ........................................................................ pound mass or kilogram .............. lbm or kg ........... kg. 
M ............. molar mass .............................................................. gram per mole .............................. g/mol ................. 10¥3ĊkgĊmol¥1. 
M ............. vehicle mass ............................................................ kilogram ........................................ kg ...................... kg. 
Mrotating .... inertial mass of rotating components ...................... kilogram ........................................ kg ...................... kg. 
N ............. total number in a series ........................................... ....................................................... ...........................
P ............. power ....................................................................... kilowatt ......................................... kW ..................... 103Ċm2ĊkgĊs¥3. 
T ............. torque (moment of force) ......................................... newton meter ............................... NĊm. ................. m2ĊkgĊs¥2. 
t ............... time .......................................................................... second .......................................... s ........................ s. 
Δt ............ time interval, period, 1/frequency ............................ second .......................................... s ........................ s. 
UF ........... utility factor .............................................................. ....................................................... ...........................
v .............. speed ....................................................................... miles per hour or meters 

persecond.
mi/hr or m/s ....... mĊs¥1. 

W ............ work ......................................................................... kilowatt-hour ................................. kWĊhr ............... 3.6Ċm2ĊkgĊs¥1. 
wC ........... carbon mass fraction ............................................... gram/gram .................................... g/g ..................... 1. 
wCH4N2O .. urea mass fraction ................................................... gram/gram .................................... g/g ..................... 1. 
x .............. amount of substance mole fraction ......................... mole per mole .............................. mol/mol ............. 1. 
xb ............ brake energy fraction ............................................... ....................................................... ...........................
xbl ............ brake energy limit .................................................... ....................................................... ...........................

(c) Superscripts. This part uses the 
following superscripts to define a 
quantity: 

Superscript Quantity 

overbar (such as ȳ) arithmetic mean. 
overdot overdot 

(such as ẏ).
quantity per unit time. 

(d) Subscripts. This part uses the 
following subscripts to define a 
quantity: 

Subscript Quantity 

65 ......................... 65 miles per hour. 
A ........................... A speed. 
acc ........................ accessory. 
app ....................... approved. 
axle ....................... axle. 
B ........................... B speed. 
C ........................... C speed. 

Subscript Quantity 

Ccombdry ............. carbon from fuel per 
mole of dry exhaust. 

CD ........................ charge-depleting. 
CO2DEF ............... CO2 resulting from diesel 

exhaust fluid decom-
position. 

comb .................... combustion. 
cor ........................ corrected. 
CS ........................ charge-sustaining. 
cycle ..................... test cycle. 
DEF ...................... diesel exhaust fluid. 
engine .................. engine. 
exh ....................... raw exhaust. 
fuel ....................... fuel. 
H2Oexhaustdry .... H2O in exhaust per mole 

of exhaust. 
hi .......................... high. 
i ............................ an individual of a series. 
idle ........................ idle. 
m .......................... mass. 
max ...................... maximum. 
mapped ................ mapped. 

Subscript Quantity 

meas .................... measured quantity. 
neg ....................... negative. 
pos ....................... positive. 
record ................... record. 
ref ......................... reference quantity. 
speed ................... speed. 
stall ....................... stall. 
test ....................... test. 
tire ........................ tire. 
transient ............... transient. 
vehicle .................. vehicle. 

(e) Other acronyms and abbreviations. 
This part uses the following additional 
abbreviations and acronyms: 
ABT averaging, banking, and trading 
AECD auxiliary emission control 

device 
ASTM American Society for Testing 

and Materials 
BTU British thermal units 
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CD charge-depleting 
CFR Code of Federal Regulations 
CI compression ignition 
CS charge-sustaining 
DF deterioration factor 
DOT Department of Transportation 
E85 gasoline blend including 

nominally 85 percent denatured 
ethanol 

EPA Environmental Protection Agency 
FCL Family Certification Level 
FEL Family Emission Limit 
GEM Greenhouse gas Emissions Model 
g/hp-hr grams per brake horsepower- 

hour 
GVWR gross vehicle weight rating 
LPG liquefied petroleum gas 
NARA National Archives and Records 

Administration 
NHTSA National Highway Traffic 

Safety Administration 
NTE not-to-exceed 
RESS rechargeable energy storage 

system 
RMC ramped-modal cycle 
rpm revolutions per minute 
SCR Selective catalytic reduction 
SI spark ignition 
U.S. United States 
U.S.C. United States Code 

(f) Prefixes. This part uses the 
following prefixes to define a quantity: 

Symbol Quantity Value 

μ ............ micro ..................... 10¥6 
m ........... milli ........................ 10¥3 
c ............. centi ...................... 10¥2 
k ............. kilo ......................... 103 
M ........... mega ..................... 106 

§ 1036.810 Incorporation by reference. 
(a) Certain material is incorporated by 

reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a document in the Federal 
Register and the material must be 
available to the public. All approved 
material is available for inspection at 
U.S. EPA, Air and Radiation Docket and 
Information Center, 1301 Constitution 
Ave., NW., Room B102, EPA West 
Building, Washington, DC 20460, (202) 
202–1744, and is available from the 
sources listed below. It is also available 
for inspection at the National Archives 
and Records Administration (NARA). 
For information on the availability of 
this material at NARA, call 202–741– 
6030, or go to http://www.archives.gov/ 
federal_register/code_of_federal_
regulations/ibr_locations.html. 

(b) American Society for Testing and 
Materials, 100 Barr Harbor Drive, P.O. 
Box C700, West Conshohocken, PA, 

19428–2959, (877) 909–2786, http://
www.astm.org/. 

(1) ASTM D4809–13 Standard Test 
Method for Heat of Combustion of 
Liquid Hydrocarbon Fuels by Bomb 
Calorimeter (Precision Method), 
approved May 1, 2013, (‘‘ASTM 
D4809’’), IBR approved for 
§ 1036.530(b). 

(2) [Reserved] 
(c) National Institute of Standards and 

Technology, 100 Bureau Drive, Stop 
1070, Gaithersburg, MD 20899–1070, 
(301) 975–6478, or www.nist.gov. 

(1) NIST Special Publication 811, 
Guide for the Use of the International 
System of Units (SI), 2008 Edition, 
March 2008, IBR approved for 
§ 1036.805. 

(2) [Reserved] 

§ 1036.815 Confidential information. 
The provisions of 40 CFR 1068.10 

apply for information you consider 
confidential. 

§ 1036.820 Requesting a hearing. 

(a) You may request a hearing under 
certain circumstances, as described 
elsewhere in this part. To do this, you 
must file a written request, including a 
description of your objection and any 
supporting data, within 30 days after we 
make a decision. 

(b) For a hearing you request under 
the provisions of this part, we will 
approve your request if we find that 
your request raises a substantial factual 
issue. 

(c) If we agree to hold a hearing, we 
will use the procedures specified in 40 
CFR part 1068, subpart G. 

§ 1036.825 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You are 
expected to keep your own copy of 
required records rather than relying on 
someone else to keep records on your 
behalf. We may review these records at 
any time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1036.255 and 
40 CFR 1068.25 and 1068.101 describe 
your obligation to report truthful and 
complete information. This includes 
information not related to certification. 

Failing to properly report information 
and keep the records we specify violates 
40 CFR 1068.101(a)(2), which may 
involve civil or criminal penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1036.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. Keep these records 
for eight years unless the regulations 
specify a different period. We may 
require you to send us these records 
whether or not you are a certificate 
holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq.), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 
require for engines and vehicles 
regulated under this part: 

(1) We specify the following 
requirements related to engine 
certification in this part 1036: 

(i) In § 1036.135 we require engine 
manufacturers to keep certain records 
related to duplicate labels sent to 
vehicle manufacturers. 

(ii) In § 1036.150 we include various 
reporting and recordkeeping 
requirements related to interim 
provisions. 

(iii) In subpart C of this part we 
identify a wide range of information 
required to certify engines. 

(iv) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(v) In §§ 1036.725, 1036.730, and 
1036.735 we specify certain records 
related to averaging, banking, and 
trading. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1065: 

(i) In 40 CFR 1065.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1065.10 and 1065.12 we 
specify information needs for 
establishing various changes to 
published test procedures. 

(iii) In 40 CFR 1065.25 we establish 
basic guidelines for storing test 
information. 

(iv) In 40 CFR 1065.695 we identify 
the specific information and data items 
to record when measuring emissions. 

(3) We specify the following 
requirements related to the general 
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compliance provisions in 40 CFR part 
1068: 

(i) In 40 CFR 1068.5 we establish a 
process for evaluating good engineering 
judgment related to testing and 
certification. 

(ii) In 40 CFR 1068.25 we describe 
general provisions related to sending 
and keeping information 

(iii) In 40 CFR 1068.27 we require 
manufacturers to make engines available 
for our testing or inspection if we make 
such a request. 

(iv) In 40 CFR 1068.105 we require 
vehicle manufacturers to keep certain 
records related to duplicate labels from 
engine manufacturers. 

(v) In 40 CFR 1068.120 we specify 
recordkeeping related to rebuilding 
engines. 

(vi) In 40 CFR part 1068, subpart C, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various exemptions. 

(vii) In 40 CFR part 1068, subpart D, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to importing engines. 

(viii) In 40 CFR 1068.450 and 
1068.455 we specify certain records 
related to testing production-line 
engines in a selective enforcement 
audit. 

(ix) In 40 CFR 1068.501 we specify 
certain records related to investigating 
and reporting emission-related defects. 

(x) In 40 CFR 1068.525 and 1068.530 
we specify certain records related to 
recalling nonconforming engines. 

(xi) In 40 CFR part 1068, subpart G, 
we specify certain records for requesting 
a hearing. 

Appendix I to Part 1036 — Default 
Engine Fuel Maps for § 1036.540 

This appendix includes default steady- 
state fuel maps for performing cycle-average 
engine fuel mapping as described in 
§§ 1036.535 and 1036.540. 

(a) Use the following default fuel map for 
compression-ignition engines that will be 
installed in Tractors and Vocational Heavy 
HDV: 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

666.7 ................. 0 0.436 
833.3 ................. 0 0.665 
1000 .................. 0 0.94 
1166.7 ............... 0 1.002 
1333.3 ............... 0 1.17 
1500 .................. 0 1.5 
1666.7 ............... 0 1.899 
1833.3 ............... 0 2.378 
2000 .................. 0 2.93 
2166.7 ............... 0 3.516 
2333.3 ............... 0 4.093 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

2500 .................. 0 4.672 
500 .................... 300 0.974 
666.7 ................. 300 1.405 
833.3 ................. 300 1.873 
1000 .................. 300 2.324 
1166.7 ............... 300 2.598 
1333.3 ............... 300 2.904 
1500 .................. 300 3.397 
1666.7 ............... 300 3.994 
1833.3 ............... 300 4.643 
2000 .................. 300 5.372 
2166.7 ............... 300 6.141 
2333.3 ............... 300 7.553 
2500 .................. 300 8.449 
500 .................... 600 1.723 
666.7 ................. 600 2.391 
833.3 ................. 600 3.121 
1000 .................. 600 3.756 
1166.7 ............... 600 4.197 
1333.3 ............... 600 4.776 
1500 .................. 600 5.492 
1666.7 ............... 600 6.277 
1833.3 ............... 600 7.129 
2000 .................. 600 8.069 
2166.7 ............... 600 9.745 
2333.3 ............... 600 11.213 
2500 .................. 600 12.59 
500 .................... 900 2.637 
666.7 ................. 900 3.444 
833.3 ................. 900 4.243 
1000 .................. 900 4.997 
1166.7 ............... 900 5.802 
1333.3 ............... 900 6.702 
1500 .................. 900 7.676 
1666.7 ............... 900 8.7 
1833.3 ............... 900 9.821 
2000 .................. 900 11.08 
2166.7 ............... 900 13.051 
2333.3 ............... 900 15.002 
2500 .................. 900 16.862 
500 .................... 1200 3.833 
666.7 ................. 1200 4.679 
833.3 ................. 1200 5.535 
1000 .................. 1200 6.519 
1166.7 ............... 1200 7.603 
1333.3 ............... 1200 8.735 
1500 .................. 1200 9.948 
1666.7 ............... 1200 11.226 
1833.3 ............... 1200 12.622 
2000 .................. 1200 14.228 
2166.7 ............... 1200 16.488 
2333.3 ............... 1200 18.921 
2500 .................. 1200 21.263 
500 .................... 1500 6.299 
666.7 ................. 1500 6.768 
833.3 ................. 1500 6.95 
1000 .................. 1500 8.096 
1166.7 ............... 1500 9.399 
1333.3 ............... 1500 10.764 
1500 .................. 1500 12.238 
1666.7 ............... 1500 13.827 
1833.3 ............... 1500 15.586 
2000 .................. 1500 17.589 
2166.7 ............... 1500 20.493 
2333.3 ............... 1500 23.366 
2500 .................. 1500 26.055 
500 .................... 1800 9.413 
666.7 ................. 1800 9.551 
833.3 ................. 1800 8.926 
1000 .................. 1800 9.745 
1166.7 ............... 1800 11.26 
1333.3 ............... 1800 12.819 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

1500 .................. 1800 14.547 
1666.7 ............... 1800 16.485 
1833.3 ............... 1800 18.697 
2000 .................. 1800 21.535 
2166.7 ............... 1800 24.981 
2333.3 ............... 1800 28.404 
2500 .................. 1800 31.768 
500 .................... 2100 13.128 
666.7 ................. 2100 12.936 
833.3 ................. 2100 12.325 
1000 .................. 2100 11.421 
1166.7 ............... 2100 13.174 
1333.3 ............... 2100 14.969 
1500 .................. 2100 16.971 
1666.7 ............... 2100 19.274 
1833.3 ............... 2100 22.09 
2000 .................. 2100 25.654 
2166.7 ............... 2100 29.399 
2333.3 ............... 2100 32.958 
2500 .................. 2100 36.543 
500 .................... 2400 17.446 
666.7 ................. 2400 16.922 
833.3 ................. 2400 15.981 
1000 .................. 2400 14.622 
1166.7 ............... 2400 15.079 
1333.3 ............... 2400 17.165 
1500 .................. 2400 19.583 
1666.7 ............... 2400 22.408 
1833.3 ............... 2400 25.635 
2000 .................. 2400 29.22 
2166.7 ............... 2400 33.168 
2333.3 ............... 2400 37.233 
2500 .................. 2400 41.075 
500 .................... 2700 22.365 
666.7 ................. 2700 21.511 
833.3 ................. 2700 20.225 
1000 .................. 2700 17.549 
1166.7 ............... 2700 17.131 
1333.3 ............... 2700 19.588 
1500 .................. 2700 22.514 
1666.7 ............... 2700 25.574 
1833.3 ............... 2700 28.909 
2000 .................. 2700 32.407 
2166.7 ............... 2700 36.18 
2333.3 ............... 2700 40.454 
2500 .................. 2700 44.968 
500 .................... 3000 27.476 
666.7 ................. 3000 22.613 
833.3 ................. 3000 19.804 
1000 .................. 3000 17.266 
1166.7 ............... 3000 19.197 
1333.3 ............... 3000 22.109 
1500 .................. 3000 25.288 
1666.7 ............... 3000 28.44 
1833.3 ............... 3000 31.801 
2000 .................. 3000 35.405 
2166.7 ............... 3000 39.152 
2333.3 ............... 3000 42.912 
2500 .................. 3000 47.512 

(b) Use the following default fuel map for 
compression-ignition engines that will be 
installed in Vocational Light HDV and 
Medium HDV: 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

708.3 ................. 0 0.255 
916.7 ................. 0 0.263 
1125 .................. 0 0.342 
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Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

1333.3 ............... 0 0.713 
1541.7 ............... 0 0.885 
1750 .................. 0 1.068 
1958.3 ............... 0 1.27 
2166.7 ............... 0 1.593 
2375 .................. 0 1.822 
2583.3 ............... 0 2.695 
2791.7 ............... 0 4.016 
3000 .................. 0 5.324 
500 .................... 120 0.515 
708.3 ................. 120 0.722 
916.7 ................. 120 0.837 
1125 .................. 120 1.097 
1333.3 ............... 120 1.438 
1541.7 ............... 120 1.676 
1750 .................. 120 1.993 
1958.3 ............... 120 2.35 
2166.7 ............... 120 2.769 
2375 .................. 120 3.306 
2583.3 ............... 120 4.004 
2791.7 ............... 120 4.78 
3000 .................. 120 5.567 
500 .................... 240 0.862 
708.3 ................. 240 1.158 
916.7 ................. 240 1.462 
1125 .................. 240 1.85 
1333.3 ............... 240 2.246 
1541.7 ............... 240 2.603 
1750 .................. 240 3.086 
1958.3 ............... 240 3.516 
2166.7 ............... 240 4.093 
2375 .................. 240 4.726 
2583.3 ............... 240 5.372 
2791.7 ............... 240 6.064 
3000 .................. 240 6.745 
500 .................... 360 1.221 
708.3 ................. 360 1.651 
916.7 ................. 360 2.099 
1125 .................. 360 2.62 
1333.3 ............... 360 3.116 
1541.7 ............... 360 3.604 
1750 .................. 360 4.172 
1958.3 ............... 360 4.754 
2166.7 ............... 360 5.451 
2375 .................. 360 6.16 
2583.3 ............... 360 7.009 
2791.7 ............... 360 8.007 
3000 .................. 360 8.995 
500 .................... 480 1.676 
708.3 ................. 480 2.194 
916.7 ................. 480 2.76 
1125 .................. 480 3.408 
1333.3 ............... 480 4.031 
1541.7 ............... 480 4.649 
1750 .................. 480 5.309 
1958.3 ............... 480 6.052 
2166.7 ............... 480 6.849 
2375 .................. 480 7.681 
2583.3 ............... 480 8.783 
2791.7 ............... 480 10.073 
3000 .................. 480 11.36 
500 .................... 600 2.147 
708.3 ................. 600 2.787 
916.7 ................. 600 3.478 
1125 .................. 600 4.227 
1333.3 ............... 600 4.999 
1541.7 ............... 600 5.737 
1750 .................. 600 6.511 
1958.3 ............... 600 7.357 
2166.7 ............... 600 8.289 
2375 .................. 600 9.295 
2583.3 ............... 600 10.541 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

2791.7 ............... 600 11.914 
3000 .................. 600 13.286 
500 .................... 720 2.744 
708.3 ................. 720 3.535 
916.7 ................. 720 4.356 
1125 .................. 720 5.102 
1333.3 ............... 720 5.968 
1541.7 ............... 720 6.826 
1750 .................. 720 7.733 
1958.3 ............... 720 8.703 
2166.7 ............... 720 9.792 
2375 .................. 720 10.984 
2583.3 ............... 720 12.311 
2791.7 ............... 720 13.697 
3000 .................. 720 15.071 
500 .................... 840 3.518 
708.3 ................. 840 4.338 
916.7 ................. 840 5.186 
1125 .................. 840 6.063 
1333.3 ............... 840 6.929 
1541.7 ............... 840 7.883 
1750 .................. 840 8.94 
1958.3 ............... 840 10.093 
2166.7 ............... 840 11.329 
2375 .................. 840 12.613 
2583.3 ............... 840 13.983 
2791.7 ............... 840 15.419 
3000 .................. 840 16.853 
500 .................... 960 4.251 
708.3 ................. 960 5.098 
916.7 ................. 960 5.974 
1125 .................. 960 6.917 
1333.3 ............... 960 7.889 
1541.7 ............... 960 8.913 
1750 .................. 960 10.152 
1958.3 ............... 960 11.482 
2166.7 ............... 960 12.87 
2375 .................. 960 14.195 
2583.3 ............... 960 15.562 
2791.7 ............... 960 16.995 
3000 .................. 960 18.492 
500 .................... 1080 4.978 
708.3 ................. 1080 5.928 
916.7 ................. 1080 6.877 
1125 .................. 1080 7.827 
1333.3 ............... 1080 8.838 
1541.7 ............... 1080 9.91 
1750 .................. 1080 11.347 
1958.3 ............... 1080 12.85 
2166.7 ............... 1080 14.398 
2375 .................. 1080 15.745 
2583.3 ............... 1080 17.051 
2791.7 ............... 1080 18.477 
3000 .................. 1080 19.971 
500 .................... 1200 5.888 
708.3 ................. 1200 6.837 
916.7 ................. 1200 7.787 
1125 .................. 1200 8.736 
1333.3 ............... 1200 9.786 
1541.7 ............... 1200 10.908 
1750 .................. 1200 12.541 
1958.3 ............... 1200 14.217 
2166.7 ............... 1200 15.925 
2375 .................. 1200 17.3 
2583.3 ............... 1200 18.606 
2791.7 ............... 1200 19.912 
3000 .................. 1200 21.357 

(c) Use the following default fuel map for 
all spark-ignition engines: 

Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

875 .................... 0 0.535 
1250 .................. 0 0.734 
1625 .................. 0 0.975 
2000 .................. 0 1.238 
2375 .................. 0 1.506 
2750 .................. 0 1.772 
3125 .................. 0 2.07 
3500 .................. 0 2.394 
3875 .................. 0 2.795 
4250 .................. 0 3.312 
4625 .................. 0 3.349 
5000 .................. 0 3.761 
500 .................... 65 0.458 
875 .................... 65 0.759 
1250 .................. 65 1.065 
1625 .................. 65 1.43 
2000 .................. 65 1.812 
2375 .................. 65 2.22 
2750 .................. 65 2.65 
3125 .................. 65 3.114 
3500 .................. 65 3.646 
3875 .................. 65 4.225 
4250 .................. 65 4.861 
4625 .................. 65 5.328 
5000 .................. 65 6.028 
500 .................... 130 0.666 
875 .................... 130 1.063 
1250 .................. 130 1.497 
1625 .................. 130 1.976 
2000 .................. 130 2.469 
2375 .................. 130 3.015 
2750 .................. 130 3.59 
3125 .................. 130 4.218 
3500 .................. 130 4.9 
3875 .................. 130 5.652 
4250 .................. 130 6.484 
4625 .................. 130 7.308 
5000 .................. 130 8.294 
500 .................... 195 0.856 
875 .................... 195 1.377 
1250 .................. 195 1.923 
1625 .................. 195 2.496 
2000 .................. 195 3.111 
2375 .................. 195 3.759 
2750 .................. 195 4.49 
3125 .................. 195 5.269 
3500 .................. 195 6.13 
3875 .................. 195 7.124 
4250 .................. 195 8.189 
4625 .................. 195 9.288 
5000 .................. 195 10.561 
500 .................... 260 1.079 
875 .................... 260 1.716 
1250 .................. 260 2.373 
1625 .................. 260 3.083 
2000 .................. 260 3.832 
2375 .................. 260 4.599 
2750 .................. 260 5.443 
3125 .................. 260 6.391 
3500 .................. 260 7.444 
3875 .................. 260 8.564 
4250 .................. 260 9.821 
4625 .................. 260 11.268 
5000 .................. 260 12.828 
500 .................... 325 1.354 
875 .................... 325 2.06 
1250 .................. 325 2.844 
1625 .................. 325 3.696 
2000 .................. 325 4.579 
2375 .................. 325 5.466 
2750 .................. 325 6.434 
3125 .................. 325 7.542 
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Engine speed 
(r/min) 

Engine 
torque 
(N·m) 

Fuel mass 
rate 

(g/sec) 

3500 .................. 325 8.685 
3875 .................. 325 9.768 
4250 .................. 325 11.011 
4625 .................. 325 13.249 
5000 .................. 325 15.095 
500 .................... 390 1.609 
875 .................... 390 2.44 
1250 .................. 390 3.317 
1625 .................. 390 4.31 
2000 .................. 390 5.342 
2375 .................. 390 6.362 
2750 .................. 390 7.489 
3125 .................. 390 8.716 
3500 .................. 390 9.865 
3875 .................. 390 10.957 
4250 .................. 390 12.405 
4625 .................. 390 15.229 
5000 .................. 390 17.363 
500 .................... 455 2.245 
875 .................... 455 2.969 
1250 .................. 455 3.867 
1625 .................. 455 4.992 
2000 .................. 455 6.215 
2375 .................. 455 7.415 
2750 .................. 455 8.76 
3125 .................. 455 10.175 
3500 .................. 455 11.53 
3875 .................. 455 12.889 
4250 .................. 455 14.686 
4625 .................. 455 17.243 
5000 .................. 455 19.633 
500 .................... 520 3.497 
875 .................... 520 4.444 
1250 .................. 520 5.084 
1625 .................. 520 5.764 
2000 .................. 520 7.205 
2375 .................. 520 8.597 
2750 .................. 520 10.135 
3125 .................. 520 11.708 
3500 .................. 520 12.962 
3875 .................. 520 14.225 
4250 .................. 520 15.647 
4625 .................. 520 17.579 
5000 .................. 520 20.031 
500 .................... 585 5.179 
875 .................... 585 5.962 
1250 .................. 585 5.8 
1625 .................. 585 6.341 
2000 .................. 585 7.906 
2375 .................. 585 9.452 
2750 .................. 585 10.979 
3125 .................. 585 13.019 
3500 .................. 585 13.966 
3875 .................. 585 15.661 
4250 .................. 585 16.738 
4625 .................. 585 17.935 
5000 .................. 585 19.272 
500 .................... 650 6.834 
875 .................... 650 7.316 
1250 .................. 650 5.632 
1625 .................. 650 6.856 
2000 .................. 650 8.471 
2375 .................. 650 10.068 
2750 .................. 650 11.671 
3125 .................. 650 14.655 
3500 .................. 650 14.804 
3875 .................. 650 16.539 
4250 .................. 650 18.415 
4625 .................. 650 19.152 
5000 .................. 650 20.33 

■ 138. Part 1037 is revised to read as 
follows: 

PART 1037—CONTROL OF EMISSIONS 
FROM NEW HEAVY-DUTY MOTOR 
VEHICLES 

Subpart A—Overview and Applicability 

Sec. C 
1037.1 Applicability. 
1037.2 Who is responsible for compliance? 
1037.5 Excluded vehicles. 
1037.10 How is this part organized? 
1037.15 Do any other regulation parts 

apply to me? 
1037.30 Submission of information. 

Subpart B—Emission Standards and 
Related Requirements 

1037.101 Overview of emission standards 
for heavy-duty vehicles. 

1037.102 Exhaust emission standards for 
NOX, HC, PM, and CO. 

1037.103 Evaporative and refueling 
emission standards. 

1037.104 Exhaust emission standards for 
chassis-certified heavy-duty vehicles at 
or below 14,000 pounds GVWR. 

1037.105 CO2 emission standards for 
vocational vehicles. 

1037.106 Exhaust emission standards for 
tractors above 26,000 pounds GVWR. 

1037.107 Emission standards for trailers. 
1037.115 Other requirements. 
1037.120 Emission-related warranty 

requirements. 
1037.125 Maintenance instructions and 

allowable maintenance. 
1037.130 Assembly instructions for 

secondary vehicle manufacturers. 
1037.135 Labeling. 
1037.140 Classifying vehicles and 

determining vehicle parameters. 
1037.150 Interim provisions. 

Subpart C—Certifying Vehicle Families 

1037.201 General requirements for 
obtaining a certificate of conformity. 

1037.205 What must I include in my 
application? 

1037.210 Preliminary approval before 
certification. 

1037.211 Preliminary approval for 
manufacturers of aerodynamic devices. 

1037.220 Amending maintenance 
instructions. 

1037.225 Amending applications for 
certification. 

1037.230 Vehicle families, sub-families, 
and configurations. 

1037.231 Powertrain families. 
1037.232 Axle and transmission families. 
1037.235 Testing requirements for 

certification. 
1037.241 Demonstrating compliance with 

exhaust emission standards for 
greenhouse gas pollutants. 

1037.243 Demonstrating compliance with 
evaporative emission standards. 

1037.250 Reporting and recordkeeping. 
1037.255 What decisions may EPA make 

regarding my certificate of conformity? 

Subpart D—Testing Production Vehicles 
and Engines 
1037.301 Overview of measurements 

related to GEM inputs in a selective 
enforcement audit. 

1037.305 Audit procedures for tractors— 
aerodynamic testing. 

1037.310 Audit procedures for trailers. 
1037.315 Audit procedures related to 

powertrain testing. 
1037.320 Audit procedures for axles and 

transmissions. 

Subpart E—In-use Testing 
1037.401 General provisions. 

Subpart F—Test and Modeling Procedures 
1037.501 General testing and modeling 

provisions. 
1037.510 Duty-cycle exhaust testing. 
1037.515 Determining CO2 emissions to 

show compliance for trailers. 
1037.520 Modeling CO2 emissions to show 

compliance for vocational vehicles and 
tractors. 

1037.525 Aerodynamic measurements for 
tractors. 

1037.526 Aerodynamic measurements for 
trailers. 

1037.527 Aerodynamic measurements for 
vocational vehicles. 

1037.528 Coastdown procedures for 
calculating drag area (CdA). 

1037.530 Wind-tunnel procedures for 
calculating drag area (CdA). 

1037.532 Using computational fluid 
dynamics to calculate drag area (CdA). 

1037.534 Constant-speed procedure for 
calculating drag area (CdA). 

1037.540 Special procedures for testing 
vehicles with hybrid power take-off. 

1037.550 Powertrain testing. 
1037.551 Engine-based simulation of 

powertrain testing. 
1037.555 Special procedures for testing 

Phase 1 hybrid systems. 
1037.560 Axle efficiency test. 
1037.565 Transmission efficiency test. 

Subpart G—Special Compliance Provisions 
1037.601 General compliance provisions. 
1037.605 Installing engines certified to 

alternate standards for specialty vehicles. 
1037.610 Vehicles with off-cycle 

technologies. 
1037.615 Advanced technologies. 
1037.620 Responsibilities for multiple 

manufacturers. 
1037.621 Delegated assembly. 
1037.622 Shipment of partially complete 

vehicles to secondary vehicle 
manufacturers. 

1037.630 Special purpose tractors. 
1037.631 Exemption for vocational vehicles 

intended for off-road use. 
1037.635 Glider kits and glider vehicles. 
1037.640 Variable vehicle speed limiters. 
1037.645 In-use compliance with family 

emission limits (FELs). 
1037.655 Post-useful life vehicle 

modifications. 
1037.660 Idle-reduction technologies. 
1037.665 Production and in-use tractor 

testing. 
1037.670 Optional CO2 emission standards 

for tractors at or above 120,000 pounds 
GCWR. 
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Subpart H—Averaging, Banking, and 
Trading for Certification 
1037.701 General provisions. 
1037.705 Generating and calculating 

emission credits. 
1037.710 Averaging. 
1037.715 Banking. 
1037.720 Trading. 
1037.725 What must I include in my 

application for certification? 
1037.730 ABT reports. 
1037.735 Recordkeeping. 
1037.740 Restrictions for using emission 

credits. 
1037.745 End-of-year CO2 credit deficits. 
1037.750 What can happen if I do not 

comply with the provisions of this 
subpart? 

1037.755 Information provided to the 
Department of Transportation. 

Subpart I—Definitions and Other Reference 
Information 
1037.801 Definitions. 
1037.805 Symbols, abbreviations, and 

acronyms. 
1037.810 Incorporation by reference. 
1037.815 Confidential information. 
1037.820 Requesting a hearing. 
1037.825 Reporting and recordkeeping 

requirements. 

Appendix I to Part 1037—Heavy-duty 
Transient Test Cycle 

Appendix II to Part 1037—Power 
Take-Off Test Cycle 

Appendix III to Part 1037—Emission 
Control Identifiers 

Appendix IV to Part 1037—Heavy- 
duty Grade Profile for Phase 2 Steady- 
State Test Cycles 

Appendix V to Part 1037—Power 
Take-Off Utility Factors 

Authority: 42 U.S.C. 7401—7671q. 

Subpart A—Overview and Applicability 

§ 1037.1 Applicability. 
(a) This part contains standards and 

other regulations applicable to the 
emission of the air pollutant defined as 
the aggregate group of six greenhouse 
gases: carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, 
perfluorocarbons, and sulfur 
hexafluoride. The regulations in this 
part 1037 apply for all new heavy-duty 
vehicles, except as provided in 
§§ 1037.5 and 1037.104. This includes 
electric vehicles and vehicles fueled by 
conventional and alternative fuels. This 
also includes certain trailers as 
described in §§ 1037.5, 1037.150, and 
1037.801. 

(b) The provisions of this part apply 
for alternative fuel conversions as 
specified in 40 CFR part 85, subpart F. 

§ 1037.2 Who is responsible for 
compliance? 

The regulations in this part 1037 
contain provisions that affect both 
vehicle manufacturers and others. 

However, the requirements of this part 
are generally addressed to the vehicle 
manufacturer(s). The term ‘‘you’’ 
generally means the vehicle 
manufacturer(s), especially for issues 
related to certification. See § 1037.801 
for the definition of ‘‘manufacturer’’ and 
§ 1037.620 for provisions related to 
compliance when there are multiple 
entities meeting the definition of 
‘‘manufacturer.’’ Additional 
requirements and prohibitions apply to 
other persons as specified in subpart G 
of this part and 40 CFR part 1068. 

§ 1037.5 Excluded vehicles. 

Except for the definitions specified in 
§ 1037.801, this part does not apply to 
the following vehicles: 

(a) Vehicles not meeting the definition 
of ‘‘motor vehicle’’ in § 1037.801. 

(b) Vehicles excluded from the 
definition of ‘‘heavy-duty vehicle’’ in 
§ 1037.801 because of vehicle weight, 
weight rating, and frontal area (such as 
light-duty vehicles and light-duty 
trucks). 

(c) Vehicles produced in model years 
before 2014, unless they were certified 
under § 1037.150. 

(d) Medium-duty passenger vehicles 
and other vehicles subject to the light- 
duty greenhouse gas standards of 40 
CFR part 86. See 40 CFR 86.1818 for 
greenhouse gas standards that apply for 
these vehicles. An example of such a 
vehicle would be a vehicle meeting the 
definition of ‘‘heavy-duty vehicle’’ in 
§ 1037.801 and 40 CFR 86.1803, but also 
meeting the definition of ‘‘light truck’’ 
in 40 CFR 86.1818–12(b)(2). 

(e) Vehicles subject to the heavy-duty 
greenhouse gas standards of 40 CFR part 
86. See 40 CFR 86.1819 for greenhouse 
gas standards that apply for these 
vehicles. This generally applies for 
complete heavy-duty vehicles at or 
below 14,000 pounds GVWR. 

(f) Aircraft meeting the definition of 
‘‘motor vehicle’’. For example, this 
would include certain convertible 
aircraft that can be adjusted to operate 
on public roads. Standards apply 
separately to certain aircraft engines, as 
described in 40 CFR part 87. 

(g) Non-box trailers other than flatbed 
trailers, tank trailers, and container 
chassis. 

(h) Trailers meeting one or more of 
the following characteristics: 

(1) Trailers with four or more axles 
and trailers less than 35 feet long with 
three axles (i.e., trailers intended for 
hauling very heavy loads). 

(2) Trailers intended for temporary or 
permanent residence, office space, or 
other work space, such as campers, 
mobile homes, and carnival trailers. 

(3) Trailers with a gap of at least 120 
inches between adjacent axle 
centerlines. In the case of adjustable 
axle spacing, this refers to the closest 
possible axle positioning. 

(4) Trailers built before January 1, 
2018. 

(5) Note that the definition of ‘‘trailer’’ 
in § 1037.801 excludes equipment that 
serves similar purposes but are not 
intended to be pulled by a tractor. This 
exclusion applies to such equipment 
whether or not they are known 
commercially as trailers. For example, 
any equipment pulled by a heavy-duty 
vehicle with a pintle hook or hitch 
instead of a fifth wheel does not qualify 
as a trailer under this part. 

(i) Where it is unclear, you may ask 
us to make a determination regarding 
the exclusions identified in this section. 
We recommend that you make your 
request before you produce the vehicle. 

§ 1037.10 How is this part organized? 

This part 1037 is divided into the 
following subparts: 

(a) Subpart A of this part defines the 
applicability of part 1037 and gives an 
overview of regulatory requirements. 

(b) Subpart B of this part describes the 
emission standards and other 
requirements that must be met to certify 
vehicles under this part. Note that 
§ 1037.150 discusses certain interim 
requirements and compliance 
provisions that apply only for a limited 
time. 

(c) Subpart C of this part describes 
how to apply for a certificate of 
conformity for vehicles subject to the 
standards of § 1037.105 or § 1037.106. 

(d) Subpart D of this part addresses 
testing of production vehicles. 

(e) Subpart E of this part addresses 
testing of in-use vehicles. 

(f) Subpart F of this part describes 
how to test your vehicles and perform 
emission modeling (including 
references to other parts of the Code of 
Federal Regulations) for vehicles subject 
to the standards of § 1037.105 or 
§ 1037.106. 

(g) Subpart G of this part and 40 CFR 
part 1068 describe requirements, 
prohibitions, and other provisions that 
apply to manufacturers, owners, 
operators, rebuilders, and all others. 
Section 1037.601 describes how 40 CFR 
part 1068 applies for heavy-duty 
vehicles. 

(h) Subpart H of this part describes 
how you may generate and use emission 
credits to certify vehicles. 

(i) Subpart I of this part contains 
definitions and other reference 
information. 
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§ 1037.15 Do any other regulation parts 
apply to me? 

(a) Parts 1065 and 1066 of this chapter 
describe procedures and equipment 
specifications for testing engines and 
vehicles to measure exhaust emissions. 
Subpart F of this part 1037 describes 
how to apply the provisions of part 1065 
and part 1066 of this chapter to 
determine whether vehicles meet the 
exhaust emission standards in this part. 

(b) As described in § 1037.601, certain 
requirements and prohibitions of part 
1068 of this chapter apply to everyone, 
including anyone who manufactures, 
imports, installs, owns, operates, or 
rebuilds any of the vehicles subject to 
this part 1037. Part 1068 of this chapter 
describes general provisions that apply 
broadly, but do not necessarily apply for 
all vehicles or all persons. The issues 
addressed by these provisions include 
these seven areas: 

(1) Prohibited acts and penalties for 
manufacturers and others. 

(2) Rebuilding and other aftermarket 
changes. 

(3) Exclusions and exemptions for 
certain vehicles. 

(4) Importing vehicles. 
(5) Selective enforcement audits of 

your production. 
(6) Recall. 
(7) Procedures for hearings. 
(c) [Reserved] 
(d) Other parts of this chapter apply 

if referenced in this part. 

§ 1037.30 Submission of information. 

Unless we specify otherwise, send all 
reports and requests for approval to the 
Designated Compliance Officer (see 
§ 1037.801). See § 1037.825 for 
additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and 
Related Requirements 

§ 1037.101 Overview of emission 
standards for heavy-duty vehicles. 

(a) This part specifies emission 
standards for certain vehicles and for 
certain pollutants. This part contains 
standards and other regulations 
applicable to the emission of the air 
pollutant defined as the aggregate group 
of six greenhouse gases: Carbon dioxide, 
nitrous oxide, methane, 
hydrofluorocarbons, perfluorocarbons, 
and sulfur hexafluoride. 

(b) The regulated emissions are 
addressed in four groups: 

(1) Exhaust emissions of NOx, HC, 
PM, and CO. These pollutants are 
sometimes described collectively as 
‘‘criteria pollutants’’ because they are 
either criteria pollutants under the 
Clean Air Act or precursors to the 

criteria pollutant ozone. These 
pollutants are also sometimes described 
collectively as ‘‘non-greenhouse gas 
pollutants’’, although they do not 
necessarily have negligible global 
warming potential. As described in 
§ 1037.102, standards for these 
pollutants are provided in 40 CFR part 
86. 

(2) Exhaust emissions of CO2, CH4, 
and N2O. These pollutants are described 
collectively in this part as ‘‘greenhouse 
gas pollutants’’ because they are 
regulated primarily based on their 
impact on the climate. These standards 
are provided in §§ 1037.105 through 
1037.107. 

(3) Hydrofluorocarbons. These 
pollutants are also ‘‘greenhouse gas 
pollutants’’ but are treated separately 
from exhaust greenhouse gas pollutants 
listed in paragraph (b)(2) of this section. 
These standards are provided in 
§ 1037.115. 

(4) Fuel evaporative emissions. These 
requirements are described in 
§ 1037.103. 

(c) The regulated heavy-duty vehicles 
are addressed in different groups as 
follows: 

(1) For criteria pollutants, vocational 
vehicles and tractors are regulated based 
on gross vehicle weight rating (GVWR), 
whether they are considered ‘‘spark- 
ignition’’ or ‘‘compression-ignition,’’ 
and whether they are first sold as 
complete or incomplete vehicles. 

(2) For greenhouse gas pollutants, 
vehicles are regulated in the following 
groups: 

(i) Tractors above 26,000 pounds 
GVWR. 

(ii) Trailers. 
(iii) Vocational vehicles. 
(3) The greenhouse gas emission 

standards apply differently depending 
on the vehicle service class as described 
in § 1037.140. In addition, standards 
apply differently for vehicles with 
spark-ignition and compression-ignition 
engines. References in this part 1037 to 
‘‘spark-ignition’’ or ‘‘compression- 
ignition’’ generally relate to the 
application of standards under 40 CFR 
1036.140. For example, a vehicle with 
an engine certified to spark-ignition 
standards under 40 CFR part 1036 is 
generally subject to requirements under 
this part 1037 that apply for spark- 
ignition vehicles. However, note that 
emission standards for heavy heavy- 
duty engines are considered to be 
compression-ignition standards for 
purposes of applying vehicle emission 
standards under this part. Also, for 
spark-ignition engines voluntarily 
certified as compression-ignition 
engines under 40 CFR part 1036, you 
must choose at certification whether 

your vehicles are subject to spark- 
ignition standards or compression- 
ignition standards. 

(4) For evaporative and refueling 
emissions, vehicles are regulated based 
on the type of fuel they use. Vehicles 
fueled with volatile liquid fuels or 
gaseous fuels are subject to evaporative 
emission standards. Vehicles up to a 
certain size that are fueled with 
gasoline, diesel fuel, ethanol, methanol, 
or LPG are subject to refueling emission 
standards. 

§ 1037.102 Exhaust emission standards 
for NOX, HC, PM, and CO. 

See 40 CFR part 86 for the exhaust 
emission standards for NOX, HC, PM, 
and CO that apply for heavy-duty 
vehicles. 

§ 1037.103 Evaporative and refueling 
emission standards. 

(a) Applicability. Evaporative and 
refueling emission standards apply to 
heavy-duty vehicles as follows: 

(1) Complete and incomplete heavy- 
duty vehicles at or below 14,000 pounds 
GVWR must meet evaporative and 
refueling emission standards as 
specified in 40 CFR part 86, subpart S, 
instead of the requirements specified in 
this section. 

(2) Heavy-duty vehicles above 14,000 
pounds GVWR that run on volatile 
liquid fuel (such as gasoline or ethanol) 
or gaseous fuel (such as natural gas or 
LPG) must meet evaporative and 
refueling emission standards as 
specified in this section. 

(b) Emission standards. The 
evaporative and refueling emission 
standards and measurement procedures 
specified in 40 CFR 86.1813 apply for 
vehicles above 14,000 pounds GVWR, 
except as described in this section. The 
evaporative emission standards phase in 
over model years 2018 through 2022, 
with provisions allowing for voluntary 
compliance with the standards as early 
as model year 2015. Count vehicles 
subject to standards under this section 
the same as heavy-duty vehicles at or 
below 14,000 pounds GVWR to comply 
with the phase-in requirements 
specified in 40 CFR 86.1813. These 
vehicles may generate and use emission 
credits as described in 40 CFR part 86, 
subpart S, but only for vehicles that are 
tested for certification instead of relying 
on the provisions of paragraph (c) of this 
section. The following provisions apply 
instead of what is specified in 40 CFR 
86.1813: 

(1) The refueling standards in 40 CFR 
86.1813–17(b) apply to complete 
vehicles starting in model year 2022; 
they are optional for incomplete 
vehicles. 
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(2) The leak standard in 40 CFR 
86.1813–17(a)(4) does not apply. 

(3) The FEL cap relative to the diurnal 
plus hot soak standard for low-altitude 
testing is 1.9 grams per test. 

(4) The diurnal plus hot soak standard 
for high-altitude testing is 2.3 grams per 
test. 

(5) Testing does not require 
measurement of exhaust emissions. 
Disregard references in subpart B of this 
part to procedures, equipment 
specifications, and recordkeeping 
related to measuring exhaust emissions. 
All references to the exhaust test under 
40 CFR part 86, subpart B, are 
considered the ‘‘dynamometer run’’ as 
part of the evaporative testing sequence 
under this subpart. 

(6) Vehicles not yet subject to the Tier 
3 standards in 40 CFR 86.1813 must 
meet evaporative emission standards as 
specified in 40 CFR 86.008–10(b)(1) and 
(2) for Otto-cycle applications and 40 
CFR 86.007–11(b)(3)(ii) and (b)(4)(ii) for 
diesel-cycle applications. 

(c) Compliance demonstration. You 
may provide a statement in the 
application for certification that 
vehicles above 14,000 pounds GVWR 
comply with evaporative and refueling 
emission standards instead of 
submitting test data if you include an 
engineering analysis describing how 
vehicles include design parameters, 
equipment, operating controls, or other 
elements of design that adequately 
demonstrate that vehicles comply with 
the standards. We would expect 
emission control components and 
systems to exhibit a comparable degree 
of control relative to vehicles that 
comply based on testing. For example, 
vehicles that comply under this 
paragraph (c) should rely on comparable 
material specifications to limit fuel 
permeation, and components should be 
sized and calibrated to correspond with 
the appropriate fuel capacities, fuel flow 
rates, purge strategies, and other vehicle 
operating characteristics. You may 
alternatively show that design 
parameters are comparable to those for 
vehicles at or below 14,000 pounds 
GVWR certified under 40 CFR part 86, 
subpart S. 

(d) CNG refueling requirement. 
Compressed natural gas vehicles must 
meet the requirements for fueling 
connection devices as specified in 40 
CFR 86.1813–17(f)(1). Vehicles meeting 
these requirements are deemed to 
comply with evaporative and refueling 
emission standards. 

(e) LNG refueling requirement. Fuel 
tanks for liquefied natural gas vehicles 
must meet the hold-time requirements 
in Section 4.2 of SAE J2343 
(incorporated by reference in 

§ 1037.810), as modified by this 
paragraph (e). All pressures noted are 
gauge pressure. Vehicles with tanks 
meeting these requirements are deemed 
to comply with evaporative and 
refueling emission standards. The 
provisions of this paragraph (e) are 
optional for vehicles produced before 
January 1, 2020. The hold-time 
requirements of SAE J2343 apply, with 
the following clarifications and 
additions: 

(1) Hold time must be at least 120 
hours. Use the following procedure to 
determine hold time for an LNG fuel 
tank that will be installed on a heavy- 
duty vehicle: 

(i) Prepare the stored (offboard) fuel 
and the vehicle such that tank pressure 
after the refueling event stabilizes below 
690 kPa. 

(ii) Fill the tank to the point of 
automatic shutoff using a conventional 
refueling system. This is intended to 
achieve a net full condition. 

(iii) The hold time starts when tank 
pressure increases to 690 kPa, and ends 
when the tank first vents for pressure 
relief. Use good engineering judgment to 
document the point at which the 
pressure-relief valve opens. 

(iv) Keep the tank at rest away from 
direct sun with ambient temperatures 
between (10 and 30) °C throughout the 
measurement procedure. 

(2) Following a complete refueling 
event as described in paragraph (e)(1) of 
this section and a short drive, installed 
tanks may not increase in pressure by 
more than 9 kPa per hour over a 
minimum 12 hour interval when parked 
away from direct sun with ambient 
temperatures at or below 30 °C. 
Calculate the allowable pressure gain by 
multiplying the park time in hours by 9 
and rounding to the nearest whole 
number. Do not include the first hour 
after engine shutdown, and start the test 
only when tank pressure is between 345 
and 900 kPa. 

(3) The standards described in this 
paragraph (e) apply over the vehicle’s 
useful life as specified in paragraph (f) 
of this section. The warranty 
requirements of § 1037.120 also apply 
for these standards. 

(4) You may specify any amount of 
inspection and maintenance, consistent 
with good engineering judgment, to 
ensure that tanks meet the standards in 
this paragraph (e) during and after the 
useful life. 

(f) Useful life. The evaporative 
emission standards of this section apply 
for the full useful life, expressed in 
service miles or calendar years, 
whichever comes first. The useful life 
values for the standards of this section 
are the same as the values described for 

evaporative emission standards in 40 
CFR 86.1805. 

(g) Auxiliary engines and separate 
fuel systems. The provisions of this 
paragraph (g) apply for vehicles with 
auxiliary engines. This includes any 
engines installed in the final vehicle 
configuration that contribute no motive 
power through the vehicle’s 
transmission. 

(1) Auxiliary engines and associated 
fuel-system components must be 
installed when testing complete 
vehicles. If the auxiliary engine draws 
fuel from a separate fuel tank, you must 
fill the extra fuel tank before the start of 
diurnal testing as described for the 
vehicle’s main fuel tank. Use good 
engineering judgment to ensure that any 
nonmetal portions of the fuel system 
related to the auxiliary engine have 
reached stabilized levels of permeation 
emissions. The auxiliary engine must 
not operate during the running loss test 
or any other portion of testing under 
this section. 

(2) For testing with incomplete 
vehicles, you may omit installation of 
auxiliary engines and associated fuel- 
system components as long as those 
components installed in the final 
configuration are certified to meet the 
applicable emission standards for Small 
SI equipment described in 40 CFR 
1054.112 or for Large SI engines in 40 
CFR 1048.105. For any fuel-system 
components that you do not install, 
your installation instructions must 
describe this certification requirement. 

§ 1037.104 Exhaust emission standards 
for chassis-certified heavy-duty vehicles at 
or below 14,000 pounds GVWR. 

Heavy-duty vehicles at or below 
14,000 pounds GVWR are not subject to 
the provisions of this part 1037 if they 
are subject to 40 CFR part 86, subpart 
S, including all vehicles certified under 
40 CFR part 86, subpart S. See 
especially 40 CFR 86.1819 and 86.1865 
for emission standards and compliance 
provisions that apply for these vehicles. 

§ 1037.105 CO2 emission standards for 
vocational vehicles. 

(a) The standards of this section apply 
for the following vehicles: 

(1) Heavy-duty vehicles at or below 
14,000 pounds GVWR that are excluded 
from the standards in 40 CFR 86.1819 or 
that use engines certified under 
§ 1037.150(m). 

(2) Vehicles above 14,000 pounds 
GVWR and at or below 26,000 pounds 
GVWR, but not certified to the vehicle 
standards in 40 CFR 86.1819. 

(3) Vehicles above 26,000 pounds 
GVWR that are not tractors. 

(4) Vocational tractors. 
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(b) CO2 standards in this paragraph (b) 
apply based on modeling and testing as 
specified in subpart F of this part. The 
provisions of § 1037.241 specify how to 
comply with these standards. Standards 

differ based on engine cycle, vehicle 
size, and intended vehicle duty cycle. 
See § 1037.510(c) to determine which 
duty cycle applies. 

(1) Model year 2027 and later vehicles 
are subject to CO2 standards 
corresponding to the selected 
subcategories as shown in the following 
table: 

TABLE 1 OF § 1037.105—PHASE 2 CO2 STANDARDS FOR MODEL YEAR 2027 AND LATER VOCATIONAL VEHICLES 
[g/ton-mile] 

Engine cycle Vehicle size Multi-purpose Regional Urban 

Compression-ignition ...................................... Light HDV ....................................................... 330 291 367 
Compression-ignition ...................................... Medium HDV .................................................. 235 218 258 
Compression-ignition ...................................... Heavy HDV .................................................... 230 189 269 
Spark-ignition .................................................. Light HDV ....................................................... 372 319 413 
Spark-ignition .................................................. Medium HDV .................................................. 268 247 297 

(2) Model year 2024 through 2026 
vehicles are subject to CO2 standards 
corresponding to the selected 

subcategories as shown in the following 
table: 

TABLE 2 OF § 1037.105—PHASE 2 CO2 STANDARDS FOR MODEL YEAR 2024 THROUGH 2026 VOCATIONAL VEHICLES 
[g/ton-mile] 

Engine cycle Vehicle size Multi-purpose Regional Urban 

Compression-ignition ...................................... Light HDV ....................................................... 344 296 385 
Compression-ignition ...................................... Medium HDV .................................................. 246 221 271 
Compression-ignition ...................................... Heavy HDV .................................................... 242 194 283 
Spark-ignition .................................................. Light HDV ....................................................... 385 324 432 
Spark-ignition .................................................. Medium HDV .................................................. 279 251 310 

(3) Model year 2021 Through 2023 
vehicles are subject to CO2 standards 
corresponding to the selected 

subcategories as shown in the following 
table: 

TABLE 3 OF § 1037.105—PHASE 2 CO2 STANDARDS FOR MODEL YEAR 2021 THROUGH 2023 VOCATIONAL VEHICLES 
[g/ton-mile] 

Engine cycle Vehicle size Multi-purpose Regional Urban 

Compression-ignition ...................................... Light HDV ....................................................... 373 311 424 
Compression-ignition ...................................... Medium HDV .................................................. 265 234 296 
Compression-ignition ...................................... Heavy HDV .................................................... 261 205 308 
Spark-ignition .................................................. Light HDV ....................................................... 407 335 461 
Spark-ignition .................................................. Medium HDV .................................................. 293 261 328 

(4) Model year 2014 through 2020 
vehicles are subject to Phase 1 CO2 

standards as shown in the following 
table: 

TABLE 4 OF § 1037.105—PHASE 1 CO2 STANDARDS FOR MODEL YEAR 2014 THROUGH 2020 VOCATIONAL VEHICLES 
[g/ton-mile] 

Vehicle size 
CO2 standard for 

model years 
2014–2016 

CO2 standard for 
model year 2017 

and later 

Light HDV ........................................................................................................................................................ 388 373 
Medium HDV ................................................................................................................................................... 234 225 
Heavy HDV ...................................................................................................................................................... 226 222 

(c) No CH4 or N2O standards apply 
under this section. See 40 CFR part 1036 
for CH4 or N2O standards that apply to 
engines used in these vehicles. 

(d) You may generate or use emission 
credits for averaging, banking, and 
trading to demonstrate compliance with 
the standards in paragraph (b) of this 
section as described in subpart H of this 

part. This requires that you specify a 
Family Emission Limit (FEL) for CO2 for 
each vehicle subfamily. The FEL may 
not be less than the result of emission 
modeling from § 1037.520. These FELs 
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serve as the emission standards for the 
vehicle subfamily instead of the 
standards specified in paragraph (b) of 
this section. 

(e) The exhaust emission standards of 
this section apply for the full useful life, 
expressed in service miles or calendar 
years, whichever comes first. The 
following useful life values apply for the 
standards of this section: 

(1) 150,000 miles or 15 years, 
whichever comes first, for Light HDV. 

(2) 185,000 miles or 10 years, 
whichever comes first, for Medium 
HDV. 

(3) 435,000 miles or 10 years, 
whichever comes first, for Heavy HDV. 

(f) See § 1037.631 for provisions that 
exempt certain vehicles used in off-road 
operation from the standards of this 
section. 

(g) You may optionally certify a 
vocational vehicle to the standards and 
useful life applicable to a heavier 
vehicle service class (such as Medium 
HDV instead of Light HDV). Provisions 
related to generating emission credits 
apply as follows: 

(1) If you certify all your vehicles 
from a given vehicle service class in a 

given model year to the standards and 
useful life that applies for a heavier 
vehicle service class, you may generate 
credits as appropriate for the heavier 
service class. 

(2) Class 8 hybrid vehicles with light 
or medium heavy-duty engines may be 
certified to compression-ignition 
standards for the Heavy HDV service 
class. You may generate and use credits 
as allowed for the Heavy HDV service 
class. 

(3) Except as specified in paragraphs 
(g)(1) and (2) of this section, you may 
not generate credits with the vehicle. If 
you include lighter vehicles in a 
subfamily of heavier vehicles with an 
FEL below the standard, exclude the 
production volume of lighter vehicles 
from the credit calculation. Conversely, 
if you include lighter vehicles in a 
subfamily with an FEL above the 
standard, you must include the 
production volume of lighter vehicles in 
the credit calculation. 

(h) You may optionally certify certain 
vocational vehicles to alternative Phase 
2 standards as specified in this 
paragraph (h) instead of the standards 
specified in paragraph (b) of this 

section. You may apply these provisions 
to any qualifying vehicles even though 
these standards were established for 
custom chassis. For example, large 
diversified vehicle manufacturers may 
certify vehicles to the refuse hauler 
standards of this section as long as the 
manufacturer ensures that those 
vehicles qualify as refuse haulers when 
placed into service. GEM simulates 
vehicle operation for each type of 
vehicle based on an assigned vehicle 
service class, independent of the 
vehicle’s actual characteristics, as 
shown in Table 5 of this section; 
however, standards apply for the 
vehicle’s useful life based on its actual 
characteristics as specified in paragraph 
(e) of this section. Vehicles certified to 
these standards must include the 
following statement on the emission 
control label: ‘‘THIS VEHICLE WAS 
CERTIFIED AS A [identify vehicle type 
as identified in Table 5 of this section] 
UNDER 40 CFR 1037.105(h)].’’ These 
custom-chassis standards apply as 
follows: 

(1) The following alternative emission 
standards apply by vehicle type and 
model year as follows: 

TABLE 5 OF § 1037.105—PHASE 2 CUSTOM CHASSIS STANDARDS 
[g/ton-mile] 

Vehicle type 1 Assigned vehicle service class MY 
2021–2026 MY 2027+ 

School bus .................................................................... Medium HDV ................................................................ 291 271 
Motor home .................................................................. Medium HDV ................................................................ 228 226 
Coach bus .................................................................... Heavy HDV ................................................................... 210 205 
Other bus ...................................................................... Heavy HDV ................................................................... 300 286 
Refuse hauler ............................................................... Heavy HDV ................................................................... 313 298 
Concrete mixer ............................................................. Heavy HDV ................................................................... 319 316 
Mixed-use vehicle ......................................................... Heavy HDV ................................................................... 319 316 
Emergency vehicle ....................................................... Heavy HDV ................................................................... 324 319 

1 Vehicle types are generally defined in § 1037.801. ‘‘Other bus’’ includes any bus that is not a school bus or a coach bus. A ‘‘mixed-use vehi-
cle’’ is one that meets at least one of the criteria specified in § 1037.631(a)(1) and at least one of the criteria in § 1037.631(a)(2), but not both. 

(2) You may generate or use emission 
credits for averaging to demonstrate 
compliance with the alternative 
standards as described in subpart H of 
this part. This requires that you specify 
a Family Emission Limit (FEL) for CO2 
for each vehicle subfamily. The FEL 
may not be less than the result of 
emission modeling as described in 
§ 1037.520. These FELs serve as the 
emission standards for the vehicle 
subfamily instead of the standards 
specified in this paragraph (h). Calculate 
credits using the equation in 
§ 1037.705(b) with the standard payload 
for the assigned vehicle service class 
and the useful life identified in 
paragraph (e) of this section. Each 
separate vehicle type identified in Table 
5 of this section (or group of vehicle 

types identified in a single row) 
represents a separate averaging set. You 
may not use averaging for vehicles 
meeting standards under paragraph 
(h)(5) through (7) of this section, and 
you may not bank or trade emission 
credits from any vehicles certified under 
this paragraph (h). 

(3) [Reserved] 
(4) For purposes of emission modeling 

under § 1037.520, consider motor homes 
and coach buses to be subject to the 
Regional duty cycle, and consider all 
other vehicles to be subject to the Urban 
duty cycle. 

(5) Emergency vehicles are deemed to 
comply with the standards of this 
paragraph (h) if they use tires with 
TRRL at or below 8.4 kg/tonne (8.7 g/ 

tonne for model years 2021 through 
2026). 

(6) Concrete mixers and mixed-use 
vehicles are deemed to comply with the 
standards of this paragraph (h) if they 
use tires with TRRL at or below 7.1 kg/ 
tonne (7.6 g/tonne for model years 2021 
through 2026). 

(7) Motor homes are deemed to 
comply with the standards of this 
paragraph (h) if they have tires with 
TRRL at or below 6.0 kg/tonne (6.7 g/ 
tonne for model years 2021 through 
2026) and automatic tire inflation 
systems or tire pressure monitoring 
systems with wheels on all axles. 

(8) Vehicles certified to standards 
under this paragraph (h) must use 
engines certified under 40 CFR part 
1036 for the appropriate model year, 
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except that motor homes and emergency 
vehicles may use engines certified with 
the loose-engine provisions of 
§ 1037.150(m). This also applies for 
vehicles meeting standards under 
paragraphs (h)(5) through (7) of this 
section. 

§ 1037.106 Exhaust emission standards 
for tractors above 26,000 pounds GVWR. 

(a) The CO2 standards of this section 
apply for tractors above 26,000 pounds 
GVWR. Note that the standards of this 
section do not apply for vehicles 
classified as ‘‘vocational tractors’’ under 
§ 1037.630. 

(b) The CO2 standards for tractors 
above 26,000 pounds GVWR in Table 1 
of this section apply based on modeling 
and testing as described in subpart F of 
this part. The provisions of § 1037.241 
specify how to comply with these 
standards. 

TABLE 1 OF § 1037.106—CO2 STANDARDS FOR CLASS 7 AND CLASS 8 TRACTORS BY MODEL YEAR 
[g/ton-mile] 

Subcategory 1 

Phase 1 
standards for 
model years 
2014–2016 

Phase 1 
standards for 
model years 
2017–2020 

Phase 2 
standards for 
model years 
2021–2023 

Phase 2 
standards for 
model years 
2024–2026 

Phase 2 
standards for 
model year 

2027 and later 

Class 7 Low-Roof (all cab styles) ........................................ 107 104 105.5 99.8 96.2 
Class 7 Mid-Roof (all cab styles) ......................................... 119 115 113.2 107.1 103.4 
Class 7 High-Roof (all cab styles) ....................................... 124 120 113.5 106.6 100.0 
Class 8 Low-Roof Day Cab ................................................. 81 80 80.5 76.2 73.4 
Class 8 Low-Roof Sleeper Cab ........................................... 68 66 72.3 68.0 64.1 
Class 8 Mid-Roof Day Cab .................................................. 88 86 85.4 80.9 78.0 
Class 8 Mid-Roof Sleeper Cab ............................................ 76 73 78.0 73.5 69.6 
Class 8 High-Roof Day Cab ................................................ 92 89 85.6 80.4 75.7 
Class 8 High-Roof Sleeper Cab .......................................... 75 72 75.7 70.7 64.3 
Heavy-Haul Tractors ............................................................ ........................ ........................ 52.4 50.2 48.3 

1 Sub-category terms are defined in § 1037.801. 

(c) No CH4 or N2O standards apply 
under this section. See 40 CFR part 1036 
for CH4 or N2O standards that apply to 
engines used in these vehicles. 

(d) You may generate or use emission 
credits for averaging, banking, and 
trading as described in subpart H of this 
part. This requires that you calculate a 
credit quantity if you specify a Family 
Emission Limit (FEL) that is different 
than the standard specified in this 
section for a given pollutant. The FEL 
may not be less than the result of 
emission modeling from § 1037.520. 
These FELs serve as the emission 
standards for the specific vehicle 
subfamily instead of the standards 
specified in paragraph (a) of this 
section. 

(e) The exhaust emission standards of 
this section apply for the full useful life, 
expressed in service miles or calendar 
years, whichever comes first. The 
following useful life values apply for the 
standards of this section: 

(1) 185,000 miles or 10 years, 
whichever comes first, for vehicles at or 
below 33,000 pounds GVWR. 

(2) 435,000 miles or 10 years, 
whichever comes first, for vehicles 
above 33,000 pounds GVWR. 

(f) You may optionally certify Class 7 
tractors to Class 8 standards as follows: 

(1) You may optionally certify 4×2 
tractors with heavy heavy-duty engines 
to the standards and useful life for Class 
8 tractors, with no restriction on 
generating or using emission credits 
within the Class 8 averaging set. 

(2) You may optionally certify Class 7 
tractors not covered by paragraph (f)(1) 
of this section to the standards and 
useful life for Class 8 tractors. Credit 
provisions apply as follows: 

(i) If you certify all your Class 7 
tractors to Class 8 standards, you may 
use these Heavy HDV credits without 
restriction. 

(ii) This paragraph (f)(2)(ii) applies if 
you certify some Class 7 tractors to Class 
8 standards under this paragraph (f)(2) 
but not all of them. If you include Class 
7 tractors in a subfamily of Class 8 
tractors with an FEL below the standard, 
exclude the production volume of Class 
7 tractors from the credit calculation. 
Conversely, if you include Class 7 
tractors in a subfamily of Class 8 tractors 
with an FEL above the standard, you 
must include the production volume of 
Class 7 tractors in the credit calculation. 

(g) Diesel auxiliary power units 
installed on tractors subject to standards 
under this section must meet PM 
standards as follows: 

(1) For model years 2021 through 
2023, the APU engine must be certified 
under 40 CFR part 1039 with a 
deteriorated emission level for PM at or 
below 0.15 g/kW-hr. 

(2) Starting in model year 2024, 
auxiliary power units installed on 
tractors subject to standards under this 
section must be certified to the PM 
emission standard specified in 40 CFR 
1039.699. Selling, offering for sale, or 
introducing or delivering into commerce 
in the United States or importing into 
the United States a new tractor subject 

to this standard is a violation of 40 CFR 
1068.101(a)(1) unless the auxiliary 
power unit has a valid certificate of 
conformity and the required label 
showing that it meets the PM standard 
of this paragraph (g)(2). 

(3) See § 1037.660(e) for requirements 
that apply for diesel APUs in model 
year 2020 and earlier tractors. 

§ 1037.107 Emission standards for trailers. 

The exhaust emission standards 
specified in this section apply to trailers 
based on the effect of trailer designs on 
the performance of the trailer in 
conjunction with a tractor; this accounts 
for the effect of the trailer on the 
tractor’s exhaust emissions, even though 
trailers themselves have no exhaust 
emissions. 

(a) Standards apply for trailers based 
on modeling and testing as described in 
subpart F of this part, as follows: 

(1) Different levels of stringency apply 
for box vans depending on features that 
may affect aerodynamic performance. 
You may optionally meet less stringent 
standards for different trailer types, 
which we characterize as follows: 

(i) For trailers 35 feet or longer, you 
may designate as ‘‘non-aero box vans’’ 
those box vans that have a rear lift gate 
or rear hinged ramp, and at least one of 
the following side features: Side lift 
gate, side-mounted pull-out platform, 
steps for side-door access, a drop-deck 
design, or belly boxes that occupy at 
least half the length of both sides of the 
trailer between the centerline of the 
landing gear and the leading edge of the 
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front wheels. For trailers less than 35 
feet long, you may designate as ‘‘non- 
aero box vans’’ any refrigerated box vans 
with at least one of the side features 
identified for longer trailers. 

(ii) You may designate as ‘‘partial-aero 
box vans’’ those box vans that have at 
least one of the side features identified 

in paragraph (a)(1)(i) of this section. 
Long box vans may also qualify as 
partial-aero box vans if they have a rear 
lift gate or rear hinged ramp. Note that 
this paragraph (a)(1)(ii) does not apply 
for box vans designated as ‘‘non-aero 
box vans’’ under paragraph (a)(1)(i) of 
this section. 

(iii) ‘‘Full-aero box vans’’ are box vans 
that are not designated as non-aero box 
vans or partial-aero box vans under this 
paragraph (a)(1). 

(2) CO2 standards apply for full-aero 
box vans as specified in the following 
table: 

TABLE 1 OF § 1037.107—PHASE 2 CO2 STANDARDS FOR FULL-AERO BOX VANS 
[g/ton-mile] 

Model year 
Dry van Refrigerated van 

Short Long Short Long 

2018–2020 ....................................................................................................... 125.4 81.3 129.1 83.0 
2021–2023 ....................................................................................................... 123.7 78.9 127.5 80.6 
2024–2026 ....................................................................................................... 120.9 77.2 124.7 78.9 
2027+ ............................................................................................................... 118.8 75.7 122.7 77.4 

(3) CO2 standards apply for partial- 
aero box vans as specified in the 
following table: 

TABLE 2 OF § 1037.107—PHASE 2 CO2 STANDARDS FOR PARTIAL-AERO BOX VANS 
[g/ton-mile] 

Model year 
Dry van Refrigerated van 

Short Long Short Long 

2018–2020 ....................................................................................................... 125.4 81.3 129.1 83.0 
2021+ ............................................................................................................... 123.7 80.6 127.5 82.3 

(4) Non-box trailers and non-aero box 
vans must meet standards as follows: 

(i) Trailers must use automatic tire 
inflation systems or tire pressure 
monitoring systems with wheels on all 
axles. 

(ii) Non-box trailers must use tires 
with a TRRL at or below 5.1 kg/tonne. 
Through model year 2020, non-box 
trailers may instead use tires with a 
TRRL at or below 6.0 kg/tonne. 

(iii) Non-aero box vans must use tires 
with a TRRL at or below 4.7 kg/tonne. 
Through model year 2020, non-aero box 
vans may instead use tires with a TRRL 
at or below 5.1 kg/tonne. 

(5) Starting in model year 2027, you 
may generate or use emission credits for 
averaging to demonstrate compliance 
with the standards specified in 
paragraph (a)(2) of this section as 
described in subpart H of this part. This 
requires that you specify a Family 
Emission Limit (FEL) for CO2 for each 
vehicle subfamily. The FEL may not be 
less than the result of the emission 
calculation in § 1037.515. The FEL may 
not be greater than the appropriate 
standard for model year 2018 trailers. 
These FELs serve as the emission 
standards for the specific vehicle 
subfamily instead of the standards 
specified in paragraph (a) of this 

section. You may not use averaging for 
non-box trailers, partial-aero box vans, 
or non-aero box vans that meet 
standards under paragraph (a)(3) or 
(a)(4) of this section, and you may not 
use emission credits for banking or 
trading for any trailers. 

(6) The provisions of § 1037.241 
specify how to comply with the 
standards of this section. 

(b) No CH4, N2O, or HFC standards 
apply under this section. 

(c) The emission standards of this 
section apply for a useful life of 10 
years. 

§ 1037.115 Other requirements. 
Vehicles required to meet the 

emission standards of this part must 
meet the following additional 
requirements, except as noted elsewhere 
in this part: 

(a) Adjustable parameters. Vehicles 
that have adjustable parameters must 
meet all the requirements of this part for 
any adjustment in the physically 
adjustable range. We may require that 
you set adjustable parameters to any 
specification within the adjustable range 
during any testing. See 40 CFR 86.094– 
22 for information related to 
determining whether or not an operating 
parameter is considered adjustable. You 

must ensure safe vehicle operation 
throughout the physically adjustable 
range of each adjustable parameter, 
including consideration of production 
tolerances. Note that adjustable roof 
fairings and trailer rear fairings are 
deemed not to be adjustable parameters. 

(b) Prohibited controls. You may not 
design your vehicles with emission 
control devices, systems, or elements of 
design that cause or contribute to an 
unreasonable risk to public health, 
welfare, or safety while operating. For 
example, this would apply if the vehicle 
emits a noxious or toxic substance it 
would otherwise not emit that 
contributes to such an unreasonable 
risk. 

(c) [Reserved] 
(d) Defeat devices. 40 CFR 1068.101 

prohibits the use of defeat devices. 
(e) Air conditioning leakage. Loss of 

refrigerant from your air conditioning 
systems may not exceed a total leakage 
rate of 11.0 grams per year or a percent 
leakage rate of 1.50 percent per year, 
whichever is greater. This applies for all 
refrigerants. Calculate the total leakage 
rate in g/year as specified in 40 CFR 
86.1867–12(a). Calculate the percent 
leakage rate as: [total leakage rate (g/yr)] 
÷ [total refrigerant capacity (g)] × 100. 
Round your percent leakage rate to the 
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nearest one-hundredth of a percent. 
This paragraph (e) does not apply for 
refrigeration units on trailers; similarly, 
this paragraph (e) does not apply for 
self-contained air conditioning or 
refrigeration units on vocational 
vehicles even if they draw electrical 
power from engines used to propel the 
vehicles. For purposes of this 
requirement, ‘‘refrigerant capacity’’ is 
the total mass of refrigerant 
recommended by the vehicle 
manufacturer as representing a full 
charge. Where full charge is specified as 
a pressure, use good engineering 
judgment to convert the pressure and 
system volume to a mass. If air 
conditioning systems with capacity 
above 3000 grams of refrigerant are 
designed such that a compliance 
demonstration under 40 CFR 86.1867– 
12(a) is impossible or impractical, you 
may ask to use alternative means to 
demonstrate that your air conditioning 
system achieves an equivalent level of 
control. 

§ 1037.120 Emission-related warranty 
requirements. 

(a) General requirements. You must 
warrant to the ultimate purchaser and 
each subsequent purchaser that the new 
vehicle, including all parts of its 
emission control system, meets two 
conditions: 

(1) It is designed, built, and equipped 
so it conforms at the time of sale to the 
ultimate purchaser with the 
requirements of this part. 

(2) It is free from defects in materials 
and workmanship that cause the vehicle 
to fail to conform to the requirements of 
this part during the applicable warranty 
period. 

(b) Warranty period. (1) Your 
emission-related warranty must be valid 
for at least: 

(i) 5 years or 50,000 miles for Light 
HDV. 

(ii) 5 years or 100,000 miles for 
Medium HDV (except tires). 

(iii) 5 years for trailers (except tires). 
(iv) 1 year for tires installed on 

trailers, and 2 years or 24,000 miles for 
all other tires. 

(2) You may offer an emission-related 
warranty more generous than we 
require. The emission-related warranty 
for the vehicle may not be shorter than 
any basic mechanical warranty you 
provide to that owner without charge for 
the vehicle. Similarly, the emission- 
related warranty for any component 
may not be shorter than any warranty 
you provide to that owner without 
charge for that component. This means 
that your warranty for a given vehicle 
may not treat emission-related and 
nonemission-related defects differently 

for any component. The warranty period 
begins when the vehicle is placed into 
service. 

(c) Components covered. The 
emission-related warranty covers tires, 
automatic tire inflation systems, tire 
pressure monitoring systems, vehicle 
speed limiters, idle-reduction systems, 
hybrid system components, and devices 
added to the vehicle to improve 
aerodynamic performance (not 
including standard components such as 
hoods or mirrors even if they have been 
optimized for aerodynamics), to the 
extent such emission-related 
components are included in your 
application for certification. The 
emission-related warranty also covers 
other added emission-related 
components to the extent they are 
included in your application for 
certification. The emission-related 
warranty covers all components whose 
failure would increase a vehicle’s 
emissions of air conditioning 
refrigerants (for vehicles subject to air 
conditioning leakage standards), and it 
covers all components whose failure 
would increase a vehicle’s evaporative 
emissions (for vehicles subject to 
evaporative emission standards). The 
emission-related warranty covers these 
components even if another company 
produces the component. Your 
emission-related warranty does not need 
to cover components whose failure 
would not increase a vehicle’s 
emissions of any regulated pollutant. 

(d) Limited applicability. You may 
deny warranty claims under this section 
if the operator caused the problem 
through improper maintenance or use, 
as described in 40 CFR 1068.115. For 
example, it may be appropriate to 
require the seals on automatic tire 
inflation systems to be replaced during 
the warranty period. 

(e) Owners manual. Describe in the 
owners manual the emission-related 
warranty provisions from this section 
that apply to the vehicle. 

§ 1037.125 Maintenance instructions and 
allowable maintenance. 

Give the ultimate purchaser of each 
new vehicle written instructions for 
properly maintaining and using the 
vehicle, including the emission control 
system. The maintenance instructions 
also apply to service accumulation on 
any of your emission-data vehicles. See 
paragraph (i) of this section for 
requirements related to tire 
replacement. 

(a) Critical emission-related 
maintenance. Critical emission-related 
maintenance includes any adjustment, 
cleaning, repair, or replacement of 
critical emission-related components. 

This may also include additional 
emission-related maintenance that you 
determine is critical if we approve it in 
advance. You may schedule critical 
emission-related maintenance on these 
components if you demonstrate that the 
maintenance is reasonably likely to be 
done at the recommended intervals on 
in-use vehicles. We will accept 
scheduled maintenance as reasonably 
likely to occur if you satisfy any of the 
following conditions: 

(1) You present data showing that, if 
a lack of maintenance increases 
emissions, it also unacceptably degrades 
the vehicle’s performance. 

(2) You present survey data showing 
that at least 80 percent of vehicles in the 
field get the maintenance you specify at 
the recommended intervals. 

(3) You provide the maintenance free 
of charge and clearly say so in your 
maintenance instructions. 

(4) You otherwise show us that the 
maintenance is reasonably likely to be 
done at the recommended intervals. 

(b) Recommended additional 
maintenance. You may recommend any 
additional amount of maintenance on 
the components listed in paragraph (a) 
of this section, as long as you state 
clearly that these maintenance steps are 
not necessary to keep the emission- 
related warranty valid. If operators do 
the maintenance specified in paragraph 
(a) of this section, but not the 
recommended additional maintenance, 
this does not allow you to disqualify 
those vehicles from in-use testing or 
deny a warranty claim. Do not take 
these maintenance steps during service 
accumulation on your emission-data 
vehicles. 

(c) Special maintenance. You may 
specify more frequent maintenance to 
address problems related to special 
situations, such as atypical vehicle 
operation. You must clearly state that 
this additional maintenance is 
associated with the special situation you 
are addressing. We may disapprove your 
maintenance instructions if we 
determine that you have specified 
special maintenance steps to address 
vehicle operation that is not atypical, or 
that the maintenance is unlikely to 
occur in use. If we determine that 
certain maintenance items do not 
qualify as special maintenance under 
this paragraph (c), you may identify this 
as recommended additional 
maintenance under paragraph (b) of this 
section. 

(d) Noncritical emission-related 
maintenance. Subject to the provisions 
of this paragraph (d), you may schedule 
any amount of emission-related 
inspection or maintenance that is not 
covered by paragraph (a) of this section 
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(that is, maintenance that is neither 
explicitly identified as critical emission- 
related maintenance, nor that we 
approve as critical emission-related 
maintenance). Noncritical emission- 
related maintenance generally includes 
maintenance on the components we 
specify in 40 CFR part 1068, Appendix 
I, that is not covered in paragraph (a) of 
this section. You must state in the 
owners manual that these steps are not 
necessary to keep the emission-related 
warranty valid. If operators fail to do 
this maintenance, this does not allow 
you to disqualify those vehicles from in- 
use testing or deny a warranty claim. Do 
not take these inspection or 
maintenance steps during service 
accumulation on your emission-data 
vehicles. 

(e) Maintenance that is not emission- 
related. For maintenance unrelated to 
emission controls, you may schedule 
any amount of inspection or 
maintenance. You may also take these 
inspection or maintenance steps during 
service accumulation on your emission- 
data vehicles, as long as they are 
reasonable and technologically 
necessary. You may perform this 
nonemission-related maintenance on 
emission-data vehicles at the least 
frequent intervals that you recommend 
to the ultimate purchaser (but not the 
intervals recommended for severe 
service). 

(f) Source of parts and repairs. State 
clearly in your written maintenance 
instructions that a repair shop or person 
of the owner’s choosing may maintain, 
replace, or repair emission control 
devices and systems. Your instructions 
may not require components or service 
identified by brand, trade, or corporate 
name. Also, do not directly or indirectly 
condition your warranty on a 
requirement that the vehicle be serviced 
by your franchised dealers or any other 
service establishments with which you 
have a commercial relationship. You 
may disregard the requirements in this 
paragraph (f) if you do one of two 
things: 

(1) Provide a component or service 
without charge under the purchase 
agreement. 

(2) Get us to waive this prohibition in 
the public’s interest by convincing us 
the vehicle will work properly only 
with the identified component or 
service. 

(g) [Reserved] 
(h) Owners manual. Explain the 

owner’s responsibility for proper 
maintenance in the owners manual. 

(i) Tire maintenance and 
replacement. Include instructions that 
will enable the owner to replace tires so 

that the vehicle conforms to the original 
certified vehicle configuration. 

§ 1037.130 Assembly instructions for 
secondary vehicle manufacturers. 

(a) If you sell a certified incomplete 
vehicle to a secondary vehicle 
manufacturer, give the secondary 
vehicle manufacturer instructions for 
completing vehicle assembly consistent 
with the requirements of this part. 
Include all information necessary to 
ensure that the final vehicle assembly 
(including the engine for vehicles other 
than trailers) will be in its certified 
configuration. 

(b) Make sure these instructions have 
the following information: 

(1) Include the heading: ‘‘Emission- 
related installation instructions’’. 

(2) State: ‘‘Failing to follow these 
instructions when completing assembly 
of a heavy-duty motor vehicle violates 
federal law, subject to fines or other 
penalties as described in the Clean Air 
Act.’’ 

(3) Describe the necessary steps for 
installing any diagnostic system 
required under 40 CFR part 86. 

(4) Describe how your certification is 
limited for any type of application, as 
illustrated in the following examples: 

(i) If the incomplete vehicle is at or 
below 8,500 pounds GVWR, state that 
the vehicle’s certification is valid under 
this part 1037 only if the final 
configuration has a vehicle curb weight 
above 6,000 pounds or basic vehicle 
frontal area above 45 square feet. 

(ii) If your engine will be installed in 
a vehicle that you certify to meet 
diurnal emission standards using an 
evaporative canister, but you do not 
install the fuel tank, identify the 
maximum permissible fuel tank 
capacity. 

(5) Describe any other instructions to 
make sure the vehicle will operate 
according to design specifications in 
your application for certification. 

(c) Provide instructions in writing or 
in an equivalent format. You may 
include this information with the 
incomplete vehicle document required 
by DOT. If you do not provide the 
instructions in writing, explain in your 
application for certification how you 
will ensure that each installer is 
informed of the installation 
requirements. 

§ 1037.135 Labeling. 
(a) Assign each vehicle a unique 

identification number and permanently 
affix, engrave, or stamp it on the vehicle 
in a legible way. The vehicle 
identification number (VIN) serves this 
purpose. 

(b) At the time of manufacture, affix 
a permanent and legible label 

identifying each vehicle. The label must 
meet the requirements of 40 CFR 
1068.45. 

(c) The label must— 
(1) Include the heading ‘‘VEHICLE 

EMISSION CONTROL 
INFORMATION’’. 

(2) Include your full corporate name 
and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 

(3) Include EPA’s standardized 
designation for the vehicle family. 

(4) State the regulatory subcategory 
that determines the applicable emission 
standards for the vehicle family (see 
definition in § 1037.801). 

(5) State the date of manufacture 
[DAY (optional), MONTH, and YEAR]. 
You may omit this from the label if you 
stamp, engrave, or otherwise 
permanently identify it elsewhere on 
the vehicle, in which case you must also 
describe in your application for 
certification where you will identify the 
date on the vehicle. 

(6) Identify the emission control 
system. Use terms and abbreviations as 
described in Appendix III to this part or 
other applicable conventions. Phase 2 
tractors and Phase 2 vocational vehicles 
may omit this information. 

(7) Identify any requirements for fuel 
and lubricants that do not involve fuel- 
sulfur levels. 

(8) State: ‘‘THIS VEHICLE COMPLIES 
WITH U.S. EPA REGULATIONS FOR 
[MODEL YEAR] HEAVY–DUTY 
VEHICLES.’’ 

(9) If you rely on another company to 
design and install fuel tanks in 
incomplete vehicles that use an 
evaporative canister for controlling 
diurnal emissions, include the following 
statement: ‘‘THIS VEHICLE IS 
DESIGNED TO COMPLY WITH 
EVAPORATIVE EMISSION 
STANDARDS WITH UP TO x 
GALLONS OF FUEL TANK 
CAPACITY.’’ Complete this statement 
by identifying the maximum specified 
fuel tank capacity associated with your 
certification. 

(d) You may add information to the 
emission control information label as 
follows: 

(1) You may identify other emission 
standards that the vehicle meets or does 
not meet (such as European standards). 

(2) You may add other information to 
ensure that the vehicle will be properly 
maintained and used. 

(3) You may add appropriate features 
to prevent counterfeit labels. For 
example, you may include the vehicle’s 
unique identification number on the 
label. 
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(e) You may ask us to approve 
modified labeling requirements in this 
part 1037 if you show that it is 
necessary or appropriate. We will 
approve your request if your alternate 
label is consistent with the requirements 
of this part. 

§ 1037.140 Classifying vehicles and 
determining vehicle parameters. 

(a) Where applicable, a vehicle’s roof 
height and a trailer’s length are 
determined from nominal design 
specifications, as provided in this 
section. Specify design values for roof 
height and trailer length to the nearest 
inch. 

(b) Base roof height on fully inflated 
tires having a static loaded radius equal 
to the arithmetic mean of the largest and 
smallest static loaded radius of tires you 
offer or a standard tire we approve. 

(c) Base trailer length on the outer 
dimensions of the load-carrying 
structure. Do not include aerodynamic 
devices or HVAC units. 

(d) The nominal design specifications 
must be within the range of the actual 
values from production vehicles 
considering normal production 
variability. In the case of roof height, 
use the mean tire radius specified in 
paragraph (b) of this section. If after 
production begins it is determined that 
your nominal design specifications do 
not represent production vehicles, we 
may require you to amend your 
application for certification under 
§ 1037.225. 

(e) If your vehicle is equipped with an 
adjustable roof fairing, measure the roof 
height with the fairing in its lowest 
setting. 

(f) For any provisions in this part that 
depend on the number of axles on a 
vehicle, include lift axles or any other 
installed axles that can be used to carry 
the vehicle’s weight while in motion. 

(g) The standards and other 
provisions of this part apply to specific 
vehicle service classes for tractors and 
vocational vehicles as follows: 

(1) Phase 1 and Phase 2 tractors are 
divided based on GVWR into Class 7 
tractors and Class 8 tractors. Where 
provisions apply to both tractors and 
vocational vehicles, Class 7 tractors are 
considered ‘‘Medium HDV’’ and Class 8 
tractors are considered ‘‘Heavy HDV’’. 

(2) Phase 1 vocational vehicles are 
divided based on GVWR. ‘‘Light HDV’’ 
includes Class 2b through Class 5 
vehicles; ‘‘Medium HDV includes Class 
6 and Class 7 vehicles; and ‘‘Heavy HDV 
includes Class 8 vehicles. 

(3) Phase 2 vocational vehicles with 
spark-ignition engines are divided based 
on GVWR. ‘‘Light HDV’’ includes Class 
2b through Class 5 vehicles, and 

‘‘Medium HDV includes Class 6 through 
Class 8 vehicles. 

(4) Phase 2 vocational vehicles with 
compression-ignition engines are 
divided as follows: 

(i) Class 2b through Class 5 vehicles 
are considered ‘‘Light HDV’’. 

(ii) Class 6 through 8 vehicles are 
considered ‘‘Heavy HDV’’ if the 
installed engine’s primary intended 
service class is heavy heavy-duty (see 40 
CFR 1036.140). All other Class 6 
through Class 8 vehicles are considered 
‘‘Medium HDV’’. 

(5) In certain circumstances, you may 
certify vehicles to standards that apply 
for a different vehicle service class. For 
example, see §§ 1037.105(g) and 
1037.106(f). If you optionally certify 
vehicles to different standards, those 
vehicles are subject to all the regulatory 
requirements as if the standards were 
mandatory. 

(h) Use good engineering judgment to 
identify the intended duty cycle (Urban, 
Multi-Purpose, or Regional) for each of 
your vocational vehicle configurations 
based on the expected use of the 
vehicles. 

§ 1037.150 Interim provisions. 
The provisions in this section apply 

instead of other provisions in this part. 
(a) Incentives for early introduction. 

The provisions of this paragraph (a) 
apply with respect to tractors and 
vocational vehicles produced in model 
years before 2014. Manufacturers may 
voluntarily certify in model year 2013 
(or earlier model years for electric 
vehicles) to the greenhouse gas 
standards of this part. 

(1) This paragraph (a)(1) applies for 
regulatory subcategories subject to the 
standards of § 1037.105 or § 1037.106. 
Except as specified in paragraph (a)(3) 
of this section, to generate early credits 
under this paragraph for any vehicles 
other than electric vehicles, you must 
certify your entire U.S.-directed 
production volume within the 
regulatory subcategory to these 
standards. Except as specified in 
paragraph (a)(4) of this section, if some 
vehicle families within a regulatory 
subcategory are certified after the start 
of the model year, you may generate 
credits only for production that occurs 
after all families are certified. For 
example, if you produce three vehicle 
families in an averaging set and you 
receive your certificates for those 
families on January 4, 2013, March 15, 
2013, and April 24, 2013, you may not 
generate credits for model year 2013 
production in any of the families that 
occurs before April 24, 2013. Calculate 
credits relative to the standard that 
would apply in model year 2014 using 

the equations in subpart H of this part. 
You may bank credits equal to the 
surplus credits you generate under this 
paragraph (a) multiplied by 1.50. For 
example, if you have 1.0 Mg of surplus 
credits for model year 2013, you may 
bank 1.5 Mg of credits. Credit deficits 
for an averaging set prior to model year 
2014 do not carry over to model year 
2014. These credits may be used to 
show compliance with the standards of 
this part for 2014 and later model years. 
We recommend that you notify EPA of 
your intent to use this provision before 
submitting your applications. 

(2) [Reserved] 
(3) You may generate emission credits 

for the number of additional SmartWay 
designated tractors (relative to your 
2012 production), provided you do not 
generate credits for those vehicles under 
paragraph (a)(1) of this section. 
Calculate credits for each regulatory 
subcategory relative to the standard that 
would apply in model year 2014 using 
the equations in subpart H of this part. 
Use a production volume equal to the 
number of designated model year 2013 
SmartWay tractors minus the number of 
designated model year 2012 SmartWay 
tractors. You may bank credits equal to 
the surplus credits you generate under 
this paragraph (a)(3) multiplied by 1.50. 
Your 2012 and 2013 model years must 
be equivalent in length. 

(4) This paragraph (a)(4) applies 
where you do not receive your final 
certificate in a regulatory subcategory 
within 30 days of submitting your final 
application for that subcategory. 
Calculate your credits for all production 
that occurs 30 days or more after you 
submit your final application for the 
subcategory. 

(b) Phase 1 coastdown procedures. 
For tractors subject to Phase 1 standards 
under § 1037.106, the default method 
for measuring drag area (CdA) is the 
coastdown procedure specified in 40 
CFR part 1066, subpart D. This includes 
preparing the tractor and the standard 
trailer with wheels meeting 
specifications of § 1037.528(b) and 
submitting information related to your 
coastdown testing under § 1037.528(h). 

(c) Provisions for small 
manufacturers. Standards apply on a 
delayed schedule for manufacturers 
meeting the small business criteria 
specified in 13 CFR 121.201. Apply the 
small business criteria for NAICS code 
336120 for vocational vehicles and 
tractors and 336212 for trailers; the 
employee limits apply to the total 
number employees together for affiliated 
companies. Qualifying small 
manufacturers are not subject to the 
greenhouse gas standards of §§ 1037.105 
and 1037.106 for vehicles with a date of 
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manufacture before January 1, 2022, 
Similarly, qualifying small 
manufacturers are not subject to the 
greenhouse gas standards of § 1037.107 
for trailers with a date of manufacture 
before January 1, 2019. In addition, 
qualifying small manufacturers 
producing vehicles that run on any fuel 
other than gasoline, E85, or diesel fuel 
may delay complying with every later 
standard under this part by one model 
year. Qualifying manufacturers must 
notify the Designated Compliance 
Officer each model year before 
introducing these excluded vehicles 
into U.S. commerce. This notification 
must include a description of the 
manufacturer’s qualification as a small 
business under 13 CFR 121.201. You 
must label your excluded vehicles with 
the following statement: ‘‘THIS 
VEHICLE IS EXCLUDED UNDER 40 
CFR 1037.150(c).’’ Small manufacturers 
may certify their vehicles under this 
part 1037 before standards start to 
apply; however, they may generate 
emission credits only if they certify 
their entire U.S.-directed production 
volume within the applicable averaging 
set for that model year. 

(d) Air conditioning leakage for 
vocational vehicles. The air 
conditioning leakage standard of 
§ 1037.115 does not apply for model 
year 2020 and earlier vocational 
vehicles. 

(e) Delegated assembly. The 
delegated-assembly provisions of 
§ 1037.621 do not apply before January 
1, 2018. 

(f) Electric vehicles. Tailpipe 
emissions of regulated pollutants from 
electric vehicles (as defined in 
§ 1037.801) are deemed to be zero. No 
emission testing is required for electric 
vehicles. Use good engineering 
judgment to apply other requirements of 
this part to electric vehicles. 

(g) Compliance date. Compliance with 
the standards of this part was optional 
prior to January 1, 2014. This means 
that if your 2014 model year begins 
before January 1, 2014, you may certify 
for a partial model year that begins on 
January 1, 2014 and ends on the day 
your model year would normally end. 
You must label model year 2014 
vehicles excluded under this paragraph 
(g) with the following statement: ‘‘THIS 
VEHICLE IS EXCLUDED UNDER 40 
CFR 1037.150(g).’’ 

(h) Off-road vehicle exemption. (1) 
Vocational vehicles with a date of 
manufacture before January 1, 2021 
automatically qualify for an exemption 
under § 1037.631 if the tires installed on 
the vehicle have a maximum speed 
rating at or below 55 miles per hour. 

(2) In unusual circumstances, vehicle 
manufacturers may ask us to exempt 
vehicles under § 1037.631 based on 
other criteria that are equivalent to those 
specified in § 1037.631(a); however, we 
will normally not grant relief in cases 
where the vehicle manufacturer has 
credits or can otherwise comply with 
applicable standards. Request approval 
for an exemption under this paragraph 
(h) before you produce the subject 
vehicles. Send your request with 
supporting information to the 
Designated Compliance Officer; we will 
coordinate with NHTSA in making a 
determination under § 1037.210. If you 
introduce into U.S. commerce vehicles 
that depend on our approval under this 
paragraph (h) before we inform you of 
our approval, those vehicles violate 40 
CFR 1068.101(a)(1). 

(i) Limited carryover from Phase 1 to 
Phase 2. The provisions for carryover 
data in § 1037.235(d) do not allow you 
to use aerodynamic test results from 
Phase 1 to support a compliance 
demonstration for Phase 2 certification. 

(j) Limited prohibition related to early 
model year engines. The provisions of 
this paragraph (j) apply only for vehicles 
that have a date of manufacture before 
January 1, 2018. See § 1037.635 for 
related provisions that apply in later 
model years. The prohibition in 
§ 1037.601 against introducing into U.S. 
commerce a vehicle containing an 
engine not certified to the standards 
applicable for the calendar year of 
installation does not apply for vehicles 
using model year 2014 or 2015 spark- 
ignition engines, or any model year 
2013 or earlier engines. 

(k) Verifying drag areas from in-use 
tractors. This paragraph (k) applies for 
tractors instead of § 1037.401(b) through 
model year 2020. We may measure the 
drag area of your vehicles after they 
have been placed into service. To 
account for measurement variability, 
your vehicle is deemed to conform to 
the regulations of this part with respect 
to aerodynamic performance if we 
measure its drag area to be at or below 
the maximum drag area allowed for the 
bin above the bin to which you certified 
(for example, Bin II if you certified the 
vehicle to Bin III), unless we determine 
that you knowingly produced the 
vehicle to have a higher drag area than 
is allowed for the bin to which it was 
certified. 

(l) Optional sister-vehicle certification 
under 40 CFR part 86. You may certify 
certain complete or cab-complete 
vehicles to the GHG standards of 40 CFR 
86.1819 instead of the standards of 
§ 1037.105 as specified in 40 CFR 
86.1819–14(j). 

(m) Loose engine sales. Manufacturers 
may certify certain spark-ignition 
engines along with chassis-certified 
heavy-duty vehicles where they are 
identical to engines used in those 
vehicles as described in 40 CFR 
86.1819–14(k)(8). Vehicles in which 
those engines are installed are subject to 
standards under this part as specified in 
§ 1037.105. 

(n) Transition to engine-based model 
years. The following provisions apply 
for production and ABT reports during 
the transition to engine-based model 
year determinations for tractors and 
vocational vehicles in 2020 and 2021: 

(1) If you install model year 2020 or 
earlier engines in your vehicles in 
calendar year 2020, include all those 
Phase 1 vehicles in your production and 
ABT reports related to model year 2020 
compliance, although we may require 
you identify these separately from 
vehicles produced in calendar year 
2019. 

(2) If you install model year 2020 
engines in your vehicles in calendar 
year 2021, submit production and ABT 
reports for those Phase 1 vehicles 
separate from the reports you submit for 
Phase 2 vehicles with model year 2021 
engines. 

(o) Interim useful life for light heavy- 
duty vocational vehicles. Class 2b 
through Class 5 vocational vehicles 
certified to Phase 1 standards are subject 
to a useful life of 110,000 miles or 10 
years, whichever comes first, instead of 
the useful life specified in § 1037.105. 
For emission credits generated from 
these Phase 1 vehicles, multiply any 
banked credits that you carry forward to 
demonstrate compliance with Phase 2 
standards by 1.36. 

(p) Credit multiplier for advanced 
technology. If you generate credits from 
Phase 1 vehicles certified with 
advanced technology, you may multiply 
these credits by 1.50, except that you 
may not apply this multiplier in 
addition to the early-credit multiplier of 
paragraph (a) of this section. If you 
generate credits from model year 2027 
and earlier Phase 2 vehicles certified 
with advanced technology, you may 
multiply these credits by 3.5 for plug-in 
hybrid electric vehicles, 4.5 for electric 
vehicles, and 5.5 for fuel cell vehicles. 

(q) Vehicle families for advanced and 
off-cycle technologies. Apply the 
following provisions for grouping 
vehicles into families if you use off- 
cycle technologies under § 1037.610 or 
advanced technologies under 
§ 1037.615: 

(1) For vocational vehicles and 
tractors subject to Phase 1 standards, 
create separate vehicle families for 
vehicles that contain advanced or off- 
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cycle technologies; group those vehicles 
together in a vehicle family if they use 
the same advanced or off-cycle 
technologies. 

(2) For vocational vehicles and 
tractors subject to Phase 2 standards, 
create separate vehicle families if there 
is a credit multiplier for advanced 
technology; group those vehicles 
together in a vehicle family if they use 
the same multiplier. 

(r) Conversion to mid- roof and high- 
roof configurations. Secondary vehicle 
manufacturers that qualify as small 
manufacturers may convert low- and 
mid-roof tractors to mid- and high-roof 
configurations without recertification 
for the purpose of building a custom 
sleeper tractor or converting it to run on 
natural gas, as follows: 

(1) The original low- or mid-roof 
tractor must be covered by a valid 
certificate of conformity. 

(2) The modifications may not 
increase the frontal area of the tractor 
beyond the frontal area of the equivalent 
mid- or high-roof tractor with the 
corresponding standard trailer. Note 
that these dimensions have a tolerance 
of ±2 inches. Use good engineering 
judgment to achieve aerodynamic 
performance similar to or better than the 
certifying manufacturer’s corresponding 
mid- or high-roof tractor. 

(3) Add a permanent supplemental 
label to the vehicle near the original 
manufacturer’s emission control 
information label. On the label identify 
your full corporate name and include 
the following statement: ‘‘THIS 
VEHICLE WAS MODIFIED AS 
ALLOWED UNDER 40 CFR 1037.150.’’ 

(4) We may require that you submit 
annual production reports as described 
in § 1037.250. 

(5) Modifications made under this 
paragraph (r) do not violate 40 CFR 
1068.101(b)(1). 

(s) Confirmatory testing for Falt-aero. If 
we conduct coastdown testing to verify 
your Falt-aero value for Phase 2 tractors, 
we will make our determination using a 
statistical analysis consistent with the 
principles of SEA testing in § 1037.305. 
We will calculate confidence intervals 
using the same equations and will not 
replace your test results with ours if 
your result falls within our confidence 
interval or is greater than our test result. 

(t) Glider kits and glider vehicles. (1) 
Glider vehicles conforming to the 
requirements in this paragraph (t)(1) are 
exempt from the Phase 1 emission 
standards of this part 1037 prior to 
January 1, 2021. Engines in such 
vehicles (including vehicles produced 
after January 1, 2021) remain subject to 
the requirements of 40 CFR part 86 
applicable for the engines’ original 

model year, but not subject to the Phase 
1 or Phase 2 standards of 40 CFR part 
1036 unless they were originally 
manufactured in model year 2014 or 
later. 

(i) You are eligible for this exemption 
if you are a small manufacturer and you 
sold one or more glider vehicles in 2014 
under the provisions of § 1037.150(c). 
You do not qualify if you only produced 
glider vehicles for your own use. You 
must notify us of your plans to use this 
exemption before you introduce exempt 
vehicles into U.S. commerce. In your 
notification, you must identify your 
annual U.S.-directed production volume 
(and sales, if different) of such vehicles 
for calendar years 2010 through 2014. 
Vehicles you produce before notifying 
us are not exempt under this section. 

(ii) In a given calendar year, you may 
produce up to 300 exempt vehicles 
under this section, or up to the highest 
annual production volume you identify 
in paragraph (t)(1) of this section, 
whichever is less. 

(iii) Identify the number of exempt 
vehicles you produced under this 
exemption for the preceding calendar 
year in your annual report under 
§ 1037.250. 

(iv) Include the appropriate statement 
on the label required under § 1037.135, 
as follows: 

(A) For Phase 1 vehicles, ‘‘THIS 
VEHICLE AND ITS ENGINE ARE 
EXEMPT UNDER 40 CFR 
1037.150(t)(1).’’ 

(B) For Phase 2 vehicles, ‘‘THE 
ENGINE IN THIS VEHICLE IS EXEMPT 
UNDER 40 CFR 1037.150(t)(1).’’ 

(v) If you produce your glider vehicle 
by installing remanufactured or 
previously used components in a glider 
kit produced by another manufacturer, 
you must provide the following to the 
glider kit manufacturer prior to 
obtaining the glider kit: 

(A) Your name, the name of your 
company, and contact information. 

(B) A signed statement that you are a 
qualifying small manufacturer and that 
your production will not exceed the 
production limits of this paragraph 
(t)(1). This statement is deemed to be a 
submission to EPA, and we may require 
the glider kit manufacturer to provide a 
copy to us at any time. 

(vi) This exemption is valid for a 
given vehicle and engine only if you 
meet all the requirements and 
conditions of this paragraph (t)(1) that 
apply with respect to that vehicle and 
engine. Introducing such a vehicle into 
U.S. commerce without meeting all 
applicable requirements and conditions 
violates 40 CFR 1068.101(a)(1). 

(vii) Companies that are not small 
manufacturers may sell uncertified 

incomplete vehicles without engines to 
small manufacturers for the purpose of 
producing exempt vehicles under this 
paragraph (t)(1), subject to the 
provisions of § 1037.622. However, such 
companies must take reasonable steps to 
ensure that their incomplete vehicles 
will be used in conformance with the 
requirements of this part 1037. 

(2) Glider vehicles produced using 
engines certified to model year 2010 or 
later standards for all pollutants are 
subject to the same provisions that 
apply to vehicles using engines within 
their useful life in § 1037.635. 

(3) For calendar year 2017, you may 
produce a limited number of glider kits 
and/or glider vehicles subject to the 
requirements applicable to model year 
2016 glider vehicles, instead of the 
requirements of § 1037.635. The limit 
applies to your combined 2017 
production of glider kits and glider 
vehicles and is equal to your highest 
annual production of glider kits and 
glider vehicles for any year from 2010 
to 2014. Any glider kits or glider 
vehicles produced beyond this cap are 
subject to the provisions of § 1037.635. 
Count any glider kits and glider vehicles 
you produce under paragraph (t)(1) of 
this section as part of your production 
with respect to this paragraph (t)(3). 

(u) Streamlined preliminary approval 
for trailer devices. Before January 1, 
2018, manufacturers of aerodynamic 
devices for trailers may ask for 
preliminary EPA approval of 
compliance data for their devices based 
on qualifying for designation under the 
SmartWay program based on measured 
CdA values, whether or not that involves 
testing or other methods specified in 
§ 1037.526. Trailer manufacturers may 
certify based on DCdA values established 
under this paragraph (u) through model 
year 2020. Manufacturers must perform 
testing as specified in subpart F of this 
part for any vehicles or aerodynamic 
devices not qualifying for approval 
under this paragraph (u). 

(v) Transitional allowances for 
trailers. Through model year 2026, 
trailer manufacturers may calculate a 
number of trailers that are exempt from 
the standards and certification 
requirements of this part. Calculate the 
number of exempt box vans in a given 
model year by multiplying your total 
U.S.-directed production volume of 
certified box vans by 0.20 and rounding 
to the nearest whole number; however, 
in no case may the number of exempted 
box vans be greater than 350 units in 
any given model year. Repeat this 
calculation to determine the number of 
non-box trailers, up to 250 annual units, 
that are exempt from standards and 
certification requirements. Perform the 
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calculation based on your projected 
production volumes in the first year that 
standards apply; in later years, use 
actual production volumes from the 
preceding model year. Include these 
calculated values and your production 
volumes of exempt trailers in your 
annual production report under 
§ 1037.250. You must apply a label 
meeting the requirements of 40 CFR 
1068.45(a) that identifies your corporate 
name and states that the trailer is 
exempt under the provisions of 
§ 1037.150. Unlabeled trailers will be 
considered in violation of 40 CFR 
1068.101(a)(1). 

(w) Roll-up doors for non-aero box 
vans. Through model year 2023, box 
vans may qualify for non-aero or partial- 
aero standards under § 1037.107 by 
treating roll-up rear doors as being 
equivalent to rear lift gates. 

(x) Aerodynamic testing for trailers. 
Section 1037.526 generally requires you 
to adjust DCdA values from alternate test 
methods to be equivalent to 
measurements with the primary test 
method. This paragraph (x) describes 
approximations that we believe are 
consistent with good engineering 
judgment; however, you may not use 
these approximations where we 
determine that clear and convincing 
evidence shows that they would 
significantly overestimate actual 
improvements in aerodynamic 
performance. 

(1) You may presume that CFD 
measurements at a yaw angle of 4.5° are 
equal to measurements made using the 
primary method, and you may use them 
without adjustment. 

(2) You may presume that coastdown 
measurements at yaw angles smaller 
than ± 4.5° are equal to measurements 
made using the primary method, and 
you may use them without adjustment. 
This applies equally for device 
manufacturers, but it does not apply for 
EPA testing. 

(3) You may use testing or analytical 
methods to adjust coastdown 
measurements to account for 
aerodynamic effects at a yaw angle of 
±4.5°. This applies for rear fairings and 
other devices whose performance is 
affected by yaw angle. 

(y) Transition to Phase 2 standards. 
The following provisions allow for 
enhanced generation and use of 
emission credits from Phase 1 tractors 
and vocational vehicles for meeting the 
Phase 2 standards: 

(1) For vocational Light HDV and 
vocational Medium HDV, emission 
credits you generate in model years 
2018 through 2021 may be used through 
model year 2027, instead of being 
limited to a five-year credit life as 

specified in § 1037.740(c). For Class 8 
vocational vehicles with medium heavy- 
duty engines, we will approve your 
request to generate these credits in and 
use these credits for the Medium HDV 
averaging set if you show that these 
vehicles would qualify as Medium HDV 
under the Phase 2 program as described 
in § 1037.140(g)(4). 

(2) You may use the off-cycle 
provisions of § 1037.610 to apply 
technologies to Phase 1 vehicles as 
follows: 

(i) You may apply an improvement 
factor of 0.988 for tractors and 
vocational vehicles with automatic tire 
inflation systems on all axles. 

(ii) For vocational vehicles with 
automatic engine shutdown systems 
that conform with § 1037.660, you may 
apply an improvement factor of 0.95. 

(iii) For vocational vehicles with stop- 
start systems that conform with 
§ 1037.660, you may apply an 
improvement factor of 0.92. 

(iv) For vocational vehicles with 
neutral-idle systems conforming with 
§ 1037.660, you may apply an 
improvement factor of 0.98. You may 
adjust this improvement factor if we 
approve a partial reduction under 
§ 1037.660(a)(2); for example, if your 
design reduces fuel consumption by half 
as much as shifting to neutral, you may 
apply an improvement factor of 0.99. 

(3) Small manufacturers may generate 
emission credits for natural gas-fueled 
vocational vehicles as follows: 

(i) Small manufacturers may certify 
their vehicles instead of relying on the 
exemption of paragraph (c) of this 
section. The provisions of this part 
apply for such vehicles, except as 
specified in this paragraph (y)(3). 

(ii) Use Phase 1 GEM to determine a 
CO2 emission level for your vehicle, 
then multiply this value by the engine’s 
FCL for CO2 and divide by the engine’s 
applicable CO2 emission standard. 

(z) Constraints for vocational duty 
cycles. The following provisions apply 
to determinations of vocational duty 
cycles as described in § 1037.140: 

(1) The Regional duty cycle applies if 
the engine was certified based on testing 
only with the ramped-modal cycle. 

(2) The Regional duty cycle applies 
for coach buses and motor homes you 
certify under § 1037.105(b). 

(3) You may not select the Urban duty 
cycle for any vehicle with a manual or 
single-clutch automated manual 
transmission. 

(4) Starting in model year 2024, you 
must select the Regional duty cycle for 
any vehicle with a manual transmission. 

(5) You may select the Urban duty 
cycle for a hybrid vehicle equipped with 

regenerative braking, unless it is 
equipped with a manual transmission. 

(6) You may select the Urban duty 
cycle for any vehicle with a 
hydrokinetic torque converter paired 
with an automatic transmission, or a 
continuously variable automatic 
transmission, or a dual-clutch 
transmission with no more than two 
consecutive forward gears between 
which it is normal for both clutches to 
be momentarily disengaged. 

(aa) Custom-chassis standards. The 
following provisions apply uniquely to 
small manufacturers under the custom- 
chassis standards of § 1037.105(h): 

(1) You may use emission credits 
generated under § 1037.105(d), 
including banked or traded credits from 
any averaging set. Such credits remain 
subject to other limitations that apply 
under subpart H of this part. 

(2) You may produce up to 200 
drayage tractors in a given model year 
to the standards described in 
§ 1037.105(h) for ‘‘other buses’’. Treat 
these drayage tractors as being in their 
own averaging set. 

Subpart C—Certifying Vehicle Families 

§ 1037.201 General requirements for 
obtaining a certificate of conformity. 

(a) You must send us a separate 
application for a certificate of 
conformity for each vehicle family. A 
certificate of conformity is valid from 
the indicated effective date until the end 
of the model year for which it is issued. 
You must renew your certification 
annually for any vehicles you continue 
to produce. 

(b) The application must contain all 
the information required by this part 
and must not include false or 
incomplete statements or information 
(see § 1037.255). 

(c) We may ask you to include less 
information than we specify in this 
subpart, as long as you maintain all the 
information required by § 1037.250. 

(d) You must use good engineering 
judgment for all decisions related to 
your application (see 40 CFR 1068.5). 

(e) An authorized representative of 
your company must approve and sign 
the application. 

(f) See § 1037.255 for provisions 
describing how we will process your 
application. 

(g) We may perform confirmatory 
testing on your vehicles or components; 
for example, we may test vehicles to 
verify drag areas or other GEM inputs. 
This includes tractors used to determine 
Falt-aero under § 1037.525. We may 
require you to deliver your test vehicles 
or components to a facility we designate 
for our testing. Alternatively, you may 
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choose to deliver another vehicle or 
component that is identical in all 
material respects to the test vehicle or 
component, or a different vehicle or 
component that we determine can 
appropriately serve as an emission-data 
vehicle for the family. We may perform 
confirmatory testing on engines under 
40 CFR part 1036 and may require you 
to apply modified fuel maps from that 
testing for certification under this part. 

(h) The certification and testing 
provisions of 40 CFR part 86, subpart S, 
apply instead of the provisions of this 
subpart relative to the evaporative and 
refueling emission standards specified 
in § 1037.103, except that § 1037.245 
describes how to demonstrate 
compliance with evaporative emission 
standards. For vehicles that do not use 
an evaporative canister for controlling 
diurnal emissions, you may certify with 
respect to exhaust emissions and use the 
provisions of § 1037.622 to let a 
different company certify with respect 
to evaporative emissions. 

(i) Vehicles and installed engines 
must meet exhaust, evaporative, and 
refueling emission standards and 
certification requirements in 40 CFR 
part 86 or 40 CFR part 1036, as 
applicable. Include the information 
described in 40 CFR part 86, subpart S, 
or 40 CFR 1036.205 in your application 
for certification in addition to what we 
specify in § 1037.205 so we can issue a 
single certificate of conformity for all 
the requirements that apply for your 
vehicle and the installed engine. 

§ 1037.205 What must I include in my 
application? 

This section specifies the information 
that must be in your application, unless 
we ask you to include less information 
under § 1037.201(c). We may require 
you to provide additional information to 
evaluate your application. References to 
testing and emission-data vehicles refer 
to testing vehicles or components to 
measure any quantity that serves as an 
input value for modeling emission rates 
under § 1037.515 or 1037.520. 

(a) Describe the vehicle family’s 
specifications and other basic 
parameters of the vehicle’s design and 
emission controls. List the fuel type on 
which your vocational vehicles and 
tractors are designed to operate (for 
example, ultra-low-sulfur diesel fuel). 

(b) Explain how the emission control 
system operates. As applicable, describe 
in detail all system components for 
controlling greenhouse gas emissions, 
including all auxiliary emission control 
devices (AECDs) and all fuel-system 
components you will install on any 
production vehicle. Identify the part 
number of each component you 

describe. For this paragraph (b), treat as 
separate AECDs any devices that 
modulate or activate differently from 
each other. Also describe your modeling 
inputs as described in §§ 1037.515 and 
1037.520, with the following additional 
information if it applies for your 
vehicles: 

(1) Describe your design for vehicle 
speed limiters, consistent with 
§ 1037.640. 

(2) Describe your design for predictive 
cruise control. 

(3) Describe your design for automatic 
engine shutdown systems, consistent 
with § 1037.660. 

(4) Describe your engineering analysis 
demonstrating that your air 
conditioning compressor qualifies as a 
high-efficiency model as described in 40 
CFR 86.1868–12(h)(5). 

(5) Describe your design for idle- 
reduction technology, including the 
logic for engine shutdown and the 
maximum duration of engine operation 
after the onset of any vehicle conditions 
described in § 1037.660. 

(6) If you perform powertrain testing 
under § 1037.550, report both CO2 and 
NOX emission levels corresponding to 
each test run. 

(7) Describe the configuration and 
basic design of hybrid systems. Include 
measurements for vehicles with hybrid 
power take-off systems. 

(8) If you install auxiliary power units 
in tractors under § 1037.106(g), identify 
the family name associated with the 
engine’s certification under 40 CFR part 
1039. Starting in model year 2024, also 
identify the family name associated 
with the auxiliary power unit’s 
certification to the standards of 40 CFR 
1039.699. 

(9) Describe how you meet any 
applicable criteria in § 1037.631(a)(1) 
and (2). 

(c) For vehicles subject to air 
conditioning standards, include: 

(1) The refrigerant leakage rates (leak 
scores). 

(2) The type of refrigerant and the 
refrigerant capacity of the air 
conditioning systems. 

(3) The corporate name of the final 
installer of the air conditioning system. 

(d) Describe any vehicles or 
components you selected for testing and 
the reasons for selecting them. 

(e) Describe any test equipment and 
procedures that you used, including any 
special or alternate test procedures you 
used (see § 1037.501). Include 
information describing the procedures 
you used to determine CdA values as 
specified in §§ 1037.525 through 
1037.527. Describe which type of data 
you are using for engine fuel maps (see 
40 CFR 1036.510). If your trailer 

certification relies on approved data 
from device manufacturers, identify the 
device and device manufacturer. 

(f) Describe how you operated any 
emission-data vehicle before testing, 
including the duty cycle and the 
number of vehicle operating miles used 
to stabilize emission-related 
performance. Explain why you selected 
the method of service accumulation. 
Describe any scheduled maintenance 
you did. 

(g) Where applicable, list the 
specifications of any test fuel to show 
that it falls within the required ranges 
we specify in 40 CFR part 1065. 

(h) Identify the vehicle family’s useful 
life. 

(i) Include the maintenance 
instructions and warranty statement you 
will give to the ultimate purchaser of 
each new vehicle (see §§ 1037.120 and 
1037.125). 

(j) Describe your emission control 
information label (see § 1037.135). 

(k) Identify the emission standards or 
FELs to which you are certifying 
vehicles in the vehicle family. For 
families containing multiple 
subfamilies, this means that you must 
identify the highest and lowest FELs to 
which any of your subfamilies will be 
certified. 

(l) Where applicable, identify the 
vehicle family’s deterioration factors 
and describe how you developed them. 
Present any emission test data you used 
for this (see § 1037.241(c)). 

(m) Where applicable, state that you 
operated your emission-data vehicles as 
described in the application (including 
the test procedures, test parameters, and 
test fuels) to show you meet the 
requirements of this part. 

(n) [Reserved] 
(o) Report calculated and modeled 

emission results as follows: 
(1) For vocational vehicles and 

tractors, report modeling results for ten 
configurations. Include modeling inputs 
and detailed descriptions of how they 
were derived. Unless we specify 
otherwise, include the configuration 
with the highest modeling result, the 
lowest modeling result, and the 
configurations with the highest 
projected sales. 

(2) For trailers that demonstrate 
compliance with g/ton-mile emission 
standards as described in § 1037.515, 
report the CO2 emission result for the 
configuration with the highest 
calculated value. If your trailer family 
generates or uses emission credits, also 
report the CO2 emission results for the 
configuration with the lowest calculated 
value, and for the configuration with the 
highest projected sales. 
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(p) Where applicable, describe all 
adjustable operating parameters (see 
§ 1037.115), including production 
tolerances. You do not need to include 
parameters that do not affect emissions 
covered by your application. Include the 
following in your description of each 
parameter: 

(1) The nominal or recommended 
setting. 

(2) The intended physically adjustable 
range. 

(3) The limits or stops used to 
establish adjustable ranges. 

(4) Information showing why the 
limits, stops, or other means of 
inhibiting adjustment are effective in 
preventing adjustment of parameters on 
in-use vehicles to settings outside your 
intended physically adjustable ranges. 

(q) [Reserved] 
(r) Unconditionally certify that all the 

vehicles in the vehicle family comply 
with the requirements of this part, other 
referenced parts of the CFR, and the 
Clean Air Act. 

(s) Include good-faith estimates of 
U.S.-directed production volumes by 
subfamily. We may require you to 
describe the basis of your estimates. 

(t) Include the information required 
by other subparts of this part. For 
example, include the information 
required by § 1037.725 if you plan to 
generate or use emission credits. 

(u) Include other applicable 
information, such as information 
specified in this part or 40 CFR part 
1068 related to requests for exemptions. 

(v) Name an agent for service located 
in the United States. Service on this 
agent constitutes service on you or any 
of your officers or employees for any 
action by EPA or otherwise by the 
United States related to the 
requirements of this part. 

§ 1037.210 Preliminary approval before 
certification. 

If you send us information before you 
finish the application, we may review it 
and make any appropriate 
determinations. Decisions made under 
this section are considered to be 
preliminary approval, subject to final 
review and approval. We will generally 
not reverse a decision where we have 
given you preliminary approval, unless 
we find new information supporting a 
different decision. If you request 
preliminary approval related to the 
upcoming model year or the model year 
after that, we will make best-efforts to 
make the appropriate determinations as 
soon as practicable. We will generally 
not provide preliminary approval 
related to a future model year more than 
two years ahead of time. 

§ 1037.211 Preliminary approval for 
manufacturers of aerodynamic devices. 

(a) If you design or manufacture 
aerodynamic devices for trailers, you 
may ask us to provide preliminary 
approval for the measured performance 
of your devices. While decisions made 
under this section are considered to be 
preliminary approval, we will not 
reverse a decision where we have given 
you preliminary approval, unless we 
find new information supporting a 
different decision. For example, where 
we measure the performance of your 
device after giving you preliminary 
approval and its measured performance 
is less than your data indicated, we may 
rescind the preliminary approval of 
your test results. 

(b) To request this, you must provide 
test data for DCdA values as specified in 
§ 1037.150(u) or § 1037.526. Trailer 
manufacturers may use approved DCdA 
values as inputs under § 1037.515 to 
support their application for 
certification. 

§ 1037.220 Amending maintenance 
instructions. 

You may amend your emission- 
related maintenance instructions after 
you submit your application for 
certification as long as the amended 
instructions remain consistent with the 
provisions of § 1037.125. You must send 
the Designated Compliance Officer a 
written request to amend your 
application for certification for a vehicle 
family if you want to change the 
emission-related maintenance 
instructions in a way that could affect 
emissions. In your request, describe the 
proposed changes to the maintenance 
instructions. If operators follow the 
original maintenance instructions rather 
than the newly specified maintenance, 
this does not allow you to disqualify 
those vehicles from in-use testing or 
deny a warranty claim. 

(a) If you are decreasing or 
eliminating any specified maintenance, 
you may distribute the new 
maintenance instructions to your 
customers 30 days after we receive your 
request, unless we disapprove your 
request. This would generally include 
replacing one maintenance step with 
another. We may approve a shorter time 
or waive this requirement. 

(b) If your requested change would 
not decrease the specified maintenance, 
you may distribute the new 
maintenance instructions any time after 
you send your request. For example, 
this paragraph (b) would cover adding 
instructions to increase the frequency of 
filter changes for vehicles in severe-duty 
applications. 

(c) You need not request approval if 
you are making only minor corrections 
(such as correcting typographical 
mistakes), clarifying your maintenance 
instructions, or changing instructions 
for maintenance unrelated to emission 
control. We may ask you to send us 
copies of maintenance instructions 
revised under this paragraph (c). 

§ 1037.225 Amending applications for 
certification. 

Before we issue you a certificate of 
conformity, you may amend your 
application to include new or modified 
vehicle configurations, subject to the 
provisions of this section. After we have 
issued your certificate of conformity, 
you may send us an amended 
application requesting that we include 
new or modified vehicle configurations 
within the scope of the certificate, 
subject to the provisions of this section. 
You must amend your application if any 
changes occur with respect to any 
information that is included or should 
be included in your application. 

(a) You must amend your application 
before you take any of the following 
actions: 

(1) Add any vehicle configurations to 
a vehicle family that are not already 
covered by your application. For 
example, if your application identifies 
three possible engine models, and you 
plan to produce vehicles using an 
additional engine model, then you must 
amend your application before 
producing vehicles with the fourth 
engine model. The added vehicle 
configurations must be consistent with 
other vehicle configurations in the 
vehicle family with respect to the 
criteria listed in § 1037.230. 

(2) Change a vehicle configuration 
already included in a vehicle family in 
a way that may change any of the 
components you described in your 
application for certification, or make 
any other changes that would make the 
emissions inconsistent with the 
information in your application. This 
includes production and design changes 
that may affect emissions any time 
during the vehicle’s lifetime. 

(3) Modify an FEL for a vehicle family 
as described in paragraph (f) of this 
section. 

(b) To amend your application for 
certification, send the relevant 
information to the Designated 
Compliance Officer. 

(1) Describe in detail the addition or 
change in the vehicle model or 
configuration you intend to make. 

(2) Include engineering evaluations or 
data showing that the amended vehicle 
family complies with all applicable 
requirements. You may do this by 
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showing that the original emission-data 
vehicle is still appropriate for showing 
that the amended family complies with 
all applicable requirements. 

(3) If the original emission-data 
vehicle or emission modeling for the 
vehicle family is not appropriate to 
show compliance for the new or 
modified vehicle configuration, include 
new test data or emission modeling 
showing that the new or modified 
vehicle configuration meets the 
requirements of this part. 

(4) Include any other information 
needed to make your application correct 
and complete. 

(c) We may ask for more test data or 
engineering evaluations. You must give 
us these within 30 days after we request 
them. 

(d) For vehicle families already 
covered by a certificate of conformity, 
we will determine whether the existing 
certificate of conformity covers your 
newly added or modified vehicle. You 
may ask for a hearing if we deny your 
request (see § 1037.820). 

(e) For vehicle families already 
covered by a certificate of conformity, 
you may start producing the new or 
modified vehicle configuration any time 
after you send us your amended 
application and before we make a 
decision under paragraph (d) of this 
section. However, if we determine that 
the affected vehicles do not meet 
applicable requirements, we will notify 
you to cease production of the vehicles 
and may require you to recall the 
vehicles at no expense to the owner. 
Choosing to produce vehicles under this 
paragraph (e) is deemed to be consent to 
recall all vehicles that we determine do 
not meet applicable emission standards 
or other requirements and to remedy the 
nonconformity at no expense to the 

owner. If you do not provide 
information required under paragraph 
(c) of this section within 30 days after 
we request it, you must stop producing 
the new or modified vehicles. 

(f) You may ask us to approve a 
change to your FEL in certain cases after 
the start of production. The changed 
FEL may not apply to vehicles you have 
already introduced into U.S. commerce, 
except as described in this paragraph (f). 
You may ask us to approve a change to 
your FEL in the following cases: 

(1) You may ask to raise your FEL for 
your vehicle subfamily at any time. In 
your request, you must show that you 
will still be able to meet the emission 
standards as specified in subparts B and 
H of this part. Use the appropriate FELs 
with corresponding production volumes 
to calculate emission credits for the 
model year, as described in subpart H of 
this part. 

(2) Where testing applies, you may 
ask to lower the FEL for your vehicle 
subfamily only if you have test data 
from production vehicles showing that 
emissions are below the proposed lower 
FEL. Otherwise, you may ask to lower 
your FEL for your vehicle subfamily at 
any time. The lower FEL applies only to 
vehicles you produce after we approve 
the new FEL. Use the appropriate FELs 
with corresponding production volumes 
to calculate emission credits for the 
model year, as described in subpart H of 
this part. 

(3) You may ask to add an FEL for 
your vehicle family at any time. 

(g) You may produce vehicles as 
described in your amended application 
for certification and consider those 
vehicles to be in a certified 
configuration if we approve a new or 
modified vehicle configuration during 
the model year under paragraph (d) of 

this section. Similarly, you may modify 
in-use vehicles as described in your 
amended application for certification 
and consider those vehicles to be in a 
certified configuration if we approve a 
new or modified vehicle configuration 
at any time under paragraph (d) of this 
section. Modifying a new or in-use 
vehicle to be in a certified configuration 
does not violate the tampering 
prohibition of 40 CFR 1068.101(b)(1), as 
long as this does not involve changing 
to a certified configuration with a higher 
family emission limit. See § 1037.621(g) 
for special provisions that apply for 
changing to a different certified 
configuration in certain circumstances. 

§ 1037.230 Vehicle families, sub-families, 
and configurations. 

(a) For purposes of certifying your 
vehicles to greenhouse gas standards, 
divide your product line into families of 
vehicles based on regulatory 
subcategories as specified in this 
section. Subcategories are specified 
using terms defined in § 1037.801. Your 
vehicle family is limited to a single 
model year. 

(1) Apply subcategories for vocational 
vehicles and vocational tractors as 
shown in Table 1 of this section. This 
involves 15 separate subcategories for 
Phase 2 vehicles to account for engine 
characteristics, GVWR, and the selection 
of duty cycle for vocational vehicles as 
specified in § 1037.510; vehicles may 
additionally fall into one of the 
subcategories defined by the custom- 
chassis standards in § 1037.105(h). 
Divide Phase 1 vehicles into three 
GVWR-based vehicle service classes as 
shown in Table 1 of this section, 
disregarding additional specified 
characteristics. Table 1 follows: 

TABLE 1 OF § 1037.230—VOCATIONAL VEHICLE SUBCATEGORIES 

Engine cycle Light HDV Medium HDV Heavy HDV 

Compression-ignition ..................... Urban ............................................ Urban ............................................ Urban. 
Multi-Purpose ................................ Multi-Purpose ................................ Multi-Purpose. 
Regional ........................................ Regional ........................................ Regional. 

Spark-ignition ................................. Urban ............................................ Urban.
Multi-Purpose ................................ Multi-Purpose.
Regional ........................................ Regional.

(2) Apply subcategories for tractors 
(other than vocational tractors) as 

shown in Table 2 of this section. 
Vehicles may additionally fall into one 

of the subcategories defined by the 
optional tractor standards in § 1037.670. 

TABLE 2 OF § 1037.230—TRACTOR SUBCATEGORIES 

Class 7 Class 8 

Low-roof tractors ................................................ Low-roof day cabs ............................................ Low-roof sleeper cabs. 
Mid-roof tractors ................................................ Mid-roof day cabs ............................................. Mid-roof sleeper cabs. 
High-roof tractors ............................................... High-roof day cabs ........................................... High-roof sleeper cabs. 

Heavy-haul tractors (starting with Phase 2). 
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(3) Apply subcategories for trailers as 
shown in the following table: 

TABLE 3 OF § 1037.230—TRAILER SUBCATEGORIES 

Full-aero trailers Partial-aero trailers Other trailers 

Long dry box vans ............................................. Long dry box vans ............................................ Non-aero trailers. 
Short dry box vans ............................................ Short dry box vans ........................................... Non-box trailers. 
Long refrigerated box vans ............................... Long refrigerated box vans..
Short refrigerated box vans ............................... Short refrigerated box vans..

(b) If the vehicles in your family are 
being certified to more than one FEL, 
subdivide your greenhouse gas vehicle 
families into subfamilies that include 
vehicles with identical FELs. Note that 
you may add subfamilies at any time 
during the model year. 

(c) Group vehicles into configurations 
consistent with the definition of 
‘‘vehicle configuration’’ in § 1037.801. 
Note that vehicles with hardware or 
software differences that are related to 
measured or modeled emissions are 
considered to be different vehicle 
configurations even if they have the 
same modeling inputs and FEL. Note 
also, that you are not required to 
separately identify all configurations for 
certification. Note that you are not 
required to identify all possible 
configurations for certification; also, you 
are required to include in your end-of- 
year report only those configurations 
you produced. 

(d) You may combine dissimilar 
vehicles into a single vehicle family in 
special circumstances as follows: 

(1) For a Phase 1 vehicle model that 
straddles a roof-height, cab type, or 
GVWR division, you may include all the 
vehicles in the same vehicle family if 
you certify the vehicle family to the 
more stringent standard. For roof height, 
this means you must certify to the taller 
roof standards. For cab-type and GVWR, 
this means you must certify to the 
numerically lower standards. 

(2) For a Phase 2 vehicle model that 
includes a range of GVWR values that 
straddle weight classes, you may 
include all the vehicles in the same 
vehicle family if you certify the vehicle 
family to the numerically lower CO2 
emission standard from the affected 
service classes. Vehicles that are 
optionally certified to a more stringent 
standard under this paragraph (d)(2) are 
subject to useful-life and all other 
provisions corresponding to the weight 
class with the numerically lower CO2 
emission standard. For a Phase 2 tractor 
model that includes a range of roof 
heights that straddle subcategories, you 
may include all the vehicles in the same 
vehicle family if you certify the vehicle 

family to the appropriate subcategory as 
follows: 

(i) You may certify mid-roof tractors 
as high-roof tractors, but you may not 
certify high-roof tractors as mid-roof 
tractors. 

(ii) For tractor families straddling the 
low-roof/mid-roof division, you may 
certify the family based on the primary 
roof-height as long as no more than 10 
percent of the tractors are certified to 
the otherwise inapplicable subcategory. 
For example, if 95 percent of the tractors 
in the family are less than 120 inches 
tall, and the other 5 percent are 122 
inches tall, you may certify the tractors 
as a single family in the low-roof 
subcategory. 

(iii) Determine the appropriate 
aerodynamic bin number based on the 
actual roof height if you measure a CdA 
value. However, use the GEM input for 
the bin based on the standards to which 
you certify. For example, of you certify 
as mid-roof tractors some low-roof 
tractors with a measured CdA value of 
4.2 m2, they qualify as Bin IV; and you 
must input into GEM the mid-roof Bin 
IV value of 5.85 m2. 

(3) You may include refrigerated box 
vans in a vehicle family with dry box 
vans by treating them all as dry box 
vans for demonstrating compliance with 
emission standards. You may include 
certain other types of trailers in a 
vehicle family with a different type of 
trailer, such that the combined set of 
trailers are all subject to the more 
stringent standards, as follows: 

(i) Standards for long trailers are more 
stringent than standards for short 
trailers. 

(ii) Standards for long dry box vans 
are more stringent than standards for 
short refrigerated box vans. 

(iii) Standards for non-aero box vans 
are more stringent than standards for 
non-box trailers. 

(e) You may divide your families into 
more families than specified in this 
section. 

(f) You may ask us to allow you to 
group into the same configuration 
vehicles that have very small body 
hardware differences that do not 
significantly affect drag areas. 

§ 1037.231 Powertrain families. 
(a) If you choose to perform 

powertrain testing as specified in 
§ 1037.550, use good engineering 
judgment to divide your product line 
into powertrain families that are 
expected to have similar fuel 
consumptions and CO2 emission 
characteristics throughout the useful 
life. Your powertrain family is limited 
to a single model year. 

(b) Except as specified in paragraph 
(c) of this section, group powertrains in 
the same powertrain family if they share 
all the following attributes: 

(1) Engine family. 
(2) Shared vehicle service class 

grouping, as follows: 
(i) Light HDV or Medium HDV. 
(ii) Heavy HDV other than heavy-haul 

tractors. 
(iii) Heavy-haul tractors. 
(3) Number of clutches. 
(4) Type of clutch (e.g., wet or dry). 
(5) Presence and location of a fluid 

coupling such as a torque converter. 
(6) Gear configuration, as follows: 
(i) Planetary (e.g., simple, compound, 

meshed-planet, stepped-planet, multi- 
stage). 

(ii) Countershaft (e.g., single, double, 
triple). 

(iii) Continuously variable (e.g., 
pulley, magnetic, toroidal). 

(7) Number of available forward gears, 
and transmission gear ratio for each 
available forward gear, if applicable. 

(8) Transmission oil sump 
configuration (e.g., conventional or dry). 

(9) The power transfer configuration 
of any hybrid technology (e.g., series or 
parallel). 

(10) The energy storage device and 
capacity of any hybrid technology (e.g., 
10 MJ hydraulic accumulator, 10 kW·hr 
Lithium-ion battery pack, 10 MJ 
ultracapacitor bank). 

(11) The rated output of any hybrid 
mechanical power technology (e.g., 50 
kW electric motor). 

(c) For powertrains that share all the 
attributes described in paragraph (b) of 
this section, divide them further into 
separate powertrain families based on 
common calibration attributes. Group 
powertrains in the same powertrain 
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family to the extent that powertrain test 
results and corresponding emission 
levels are expected to be similar 
throughout the useful life. 

(d) You may subdivide a group of 
powertrains with shared attributes 
under paragraph (b) of this section into 
different powertrain families. 

(e) In unusual circumstances, you 
may group powertrains into the same 
powertrain family even if they do not 
have shared attributes under in 
paragraph (b) of this section if you show 
that their emission characteristics 
throughout the useful life will be 
similar. 

(f) If you include the axle when 
performing powertrain testing for the 
family, you must limit the family to 
include only those axles represented by 
the test results. You may include 
multiple axle ratios in the family if you 
test with the axle expected to produce 
the highest emission results. 

§ 1037.232 Axle and transmission families. 
(a) If you choose to perform axle 

testing as specified in § 1037.560 or 
transmission testing as specified in 
§ 1037.565, use good engineering 
judgment to divide your product line 
into axle or transmission families that 
are expected to have similar hardware, 
noting that efficiencies can differ across 
the members of a family. Note that, 
while there is no certification for axle 
and transmission families under this 
part, vehicle manufacturers may rely on 
axle and transmission test data to certify 
their vehicles. 

(b) Except as specified in paragraph 
(d) of this section, group axles in the 
same axle family if they have the same 
number of drive axles and the same load 
rating. 

(c) Except as specified in paragraph 
(d) of this section, group transmissions 
in the same transmission family if they 
share all the following attributes: 

(1) Number and type of clutches (wet 
or dry). 

(2) Presence and location of a fluid 
coupling such as a torque converter. 

(3) Gear configuration, as follows: 
(i) Planetary (e.g., simple, compound, 

meshed-planet, stepped-planet, multi- 
stage). 

(ii) Countershaft (e.g., single, double, 
triple). 

(iii) Continuously variable (e.g., 
pulley, magnetic, toroidal). Note that 
GEM does not accommodate efficiency 
testing for continuously variable 
transmissions. 

(4) Transmission oil sump 
configuration (conventional or dry). 

(d) You may subdivide a group of 
axles or powertrains with shared 
attributes under paragraph (b) or (c) of 
this section into different families. 

§ 1037.235 Testing requirements for 
certification. 

This section describes the emission 
testing you must perform to show 
compliance with respect to the 
greenhouse gas emission standards in 
subpart B of this part, and to determine 
any input values from §§ 1037.515 and 
1037.520 that involve measured 
quantities. 

(a) Select emission-data vehicles that 
represent production vehicles and 
components for the vehicle family 
consistent with the specifications in 
§§ 1037.205(o), 1037.515, and 1037.520. 
Where the test results will represent 
multiple vehicles or components with 
different emission performance, use 
good engineering judgment to select 
worst-case emission data vehicles or 
components. In the case of powertrain 
testing under § 1037.550, select a test 
engine and test transmission by 
considering the whole range of vehicle 
models covered by the powertrain 
family and the mix of duty cycles 
specified in § 1037.510. 

(b) Test your emission-data vehicles 
(including emission-data components) 
using the procedures and equipment 
specified in subpart F of this part. 
Measure emissions (or other parameters, 
as applicable) using the specified 
procedures. 

(c) We may perform confirmatory 
testing by measuring emissions (or other 
parameters, as applicable) from any of 
your emission-data vehicles. 

(1) We may decide to do the testing 
at your plant or any other facility. If we 
do this, you must deliver the vehicle or 
component to a test facility we 
designate. The vehicle or component 
you provide must be in a configuration 
that is suitable for testing. For example, 
vehicles must have the tires you used 
for testing, and tractors must be set up 
with the trailer you used for testing. If 
we do the testing at your plant, you 
must schedule it as soon as possible and 
make available the instruments, 
personnel, and equipment we need (see 
paragraph (g) of this section for 
provisions that apply specifically for 
testing a tractor’s aerodynamic 
performance). 

(2) If we measure emissions (or other 
parameters, as applicable) from your 
vehicle or component, the results of that 
testing become the official emission 
results for the vehicle or component. 
Note that changing the official emission 
result does not necessarily require a 
change in the declared modeling input 
value. Unless we later invalidate these 
data, we may decide not to consider 
your data in determining if your vehicle 
family meets applicable requirements. 

(3) Before we test one of your vehicles 
or components, we may set its 
adjustable parameters to any point 
within the physically adjustable ranges, 
if applicable. 

(4) Before we test one of your vehicles 
or components, we may calibrate it 
within normal production tolerances for 
anything we do not consider an 
adjustable parameter. For example, this 
would apply for a vehicle parameter 
that is subject to production variability 
because it is adjustable during 
production, but is not considered an 
adjustable parameter (as defined in 
§ 1037.801) because it is permanently 
sealed. For parameters that relate to a 
level of performance that is itself subject 
to a specified range (such as maximum 
power output), we will generally 
perform any calibration under this 
paragraph (c)(4) in a way that keeps 
performance within the specified range. 
Note that this paragraph (c)(4) does not 
allow us to test your vehicles in a 
condition that would be 
unrepresentative of production vehicles. 

(d) You may ask to use carryover data 
for a vehicle or component from a 
previous model year instead of doing 
new tests if the applicable emission-data 
vehicle from the previous model year 
remains the appropriate emission-data 
vehicle under paragraph (b) of this 
section. 

(e) We may require you to test a 
second vehicle or component of the 
same configuration in addition to the 
vehicle or component tested under 
paragraph (a) of this section. 

(f) If you use an alternate test 
procedure under 40 CFR 1065.10 and 
later testing shows that such testing 
does not produce results that are 
equivalent to the procedures specified 
in subpart F of this part, we may reject 
data you generated using the alternate 
procedure. 

(g) We may perform testing to verify 
your aerodynamic drag area values 
using any method specified in subpart 
F of this part. The following additional 
provisions apply: 

(1) We intend to use the same 
aerodynamic test facility you used, and 
if you provide any instruments you 
used, we intend to use those 
instruments to perform our testing. 

(2) We may perform coastdown 
testing to verify your tractor drag area 
for any certified configuration. If you 
use an alternate method for determining 
aerodynamic drag area for tractors, we 
may perform testing to verify Falt-aero as 
specified in subpart F of this part. 

(3) We may test trailers (and devices 
receiving preliminary approval) using 
the wind-tunnel method described in 
§ 1037.530. We may also test using an 
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alternate method; however, we will 
determine how to appropriately correct 
or correlate those results to testing with 
the wind-tunnel method. 

(h) You may ask us to use analytically 
derived GEM inputs for untested 
configurations as identified in subpart F 
of this part based on interpolation of all 
relevant measured values for related 
configurations, consistent with good 
engineering judgment. We may establish 
specific approval criteria base on 
prevailing industry practice. If we allow 
this, we may test any configurations. We 
may also require you to test any 
configurations as part of a selective 
enforcement audit. 

§ 1037.241 Demonstrating compliance with 
exhaust emission standards for greenhouse 
gas pollutants. 

(a) Compliance determinations for 
purposes of certification depend on 
whether or not you participate in the 
ABT program in subpart H of this part. 

(1) If none of your vehicle families 
generate or use emission credits in a 
given model year,, each of your vehicle 
families is considered in compliance 
with the CO2 emission standards in 
§§ 1037.105 through 1037.107 if all 
vehicle configurations in the family 
have calculated or modeled CO2 
emission rates from § 1037.515 or 
§ 1037.520 that are at or below the 
applicable standards. A vehicle family 
is deemed not to comply if any vehicle 
configuration in the family has a 
calculated or modeled CO2 emission 
rate that is above the applicable 
standard. 

(2) If you generate or use emission 
credits with one or more vehicle 
families in a given model year, your 
vehicle families within an averaging set 
are considered in compliance with the 
CO2 emission standards in §§ 1037.105 
through 1037.107 if the sum of positive 
and negative credits for all vehicle 
configurations in those vehicle families 
lead to a zero balance or a positive 
balance of credits, except as allowed 
by§ 1037.745. Note that the FEL is 
considered to be the applicable 
emission standard for an individual 
configuration. 

(b) For non-box trailers and non-aero 
box vans, your vehicle family is 
considered in compliance with the 
emission standards if all vehicle 
configurations in that family meet 
specified design standards and have 
TRRL values at or below the specified 
standard. Your family is deemed not to 
comply for certification if any trailer 
does not meet specified design 
standards or if any vehicle configuration 
in that family has a measured TRRL 
value above the specified standard. 

(c) We may require you to provide an 
engineering analysis showing that the 
performance of your emission controls 
will not deteriorate during the useful 
life with proper maintenance. If we 
determine that your emission controls 
are likely to deteriorate during the 
useful life, we may require you to 
develop and apply deterioration factors 
consistent with good engineering 
judgment. For example, you may need 
to apply a deterioration factor to address 
deterioration of battery performance for 
a hybrid electric vehicle. Where the 
highest useful life emissions occur 
between the end of useful life and at the 
low-hour test point, base deterioration 
factors for the vehicles on the difference 
between (or ratio of) the point at which 
the highest emissions occur and the 
low-hour test point. 

§ 1037.243 Demonstrating compliance with 
evaporative emission standards. 

(a) For purposes of certification, your 
vehicle family is considered in 
compliance with the evaporative 
emission standards in subpart B of this 
part if you prepare an engineering 
analysis showing that your vehicles in 
the family will comply with applicable 
standards throughout the useful life, 
and there are no test results from an 
emission-data vehicle representing the 
family that exceed an emission 
standard. 

(b) Your evaporative emission family 
is deemed not to comply if your 
engineering analysis is not adequate to 
show that all the vehicles in the family 
will comply with applicable emission 
standards throughout the useful life, or 
if a test result from an emission-data 
vehicle representing the family exceeds 
an emission standard. 

(c) To compare emission levels with 
emission standards, apply deterioration 
factors to the measured emission levels. 
Establish an additive deterioration 
factor based on an engineering analysis 
that takes into account the expected 
aging from in-use vehicles. 

(d) Apply the deterioration factor to 
the official emission result, as described 
in paragraph (c) of this section, then 
round the adjusted figure to the same 
number of decimal places as the 
emission standard. Compare the 
rounded emission levels to the emission 
standard for each emission-data vehicle. 

(e) Your analysis to demonstrate 
compliance with emission standards 
must take into account your design 
strategy for vehicles that require testing. 
Specifically, vehicles above 14,000 
pounds GVWR are presumed to need 
the same technologies that are required 
for heavy-duty vehicles at or below 
14,000 pounds GVWR. Similarly, your 

analysis to establish a deterioration 
factor must take into account your 
testing to establish deterioration factors 
for smaller vehicles. 

§ 1037.250 Reporting and recordkeeping. 
(a) Within 90 days after the end of the 

model year, send the Designated 
Compliance Officer a report including 
the total U.S.-directed production 
volume of vehicles you produced in 
each vehicle family during the model 
year (based on information available at 
the time of the report). Report by vehicle 
identification number and vehicle 
configuration and identify the subfamily 
identifier. Report uncertified vehicles 
sold to secondary vehicle 
manufacturers. We may waive the 
reporting requirements of this paragraph 
(a) for small manufacturers. 

(b) Organize and maintain the 
following records: 

(1) A copy of all applications and any 
summary information you send us. 

(2) Any of the information we specify 
in § 1037.205 that you were not required 
to include in your application. 

(3) A detailed history of each 
emission-data vehicle (including 
emission-related components), if 
applicable. 

(4) Production figures for each vehicle 
family divided by assembly plant. 

(5) Keep a list of vehicle identification 
numbers for all the vehicles you 
produce under each certificate of 
conformity. Also identify the 
technologies that make up the certified 
configuration for each vehicle you 
produce. 

(c) Keep required data from emission 
tests and all other information specified 
in this section for eight years after we 
issue your certificate. If you use the 
same emission data or other information 
for a later model year, the eight-year 
period restarts with each year that you 
continue to rely on the information. 

(d) Store these records in any format 
and on any media, as long as you can 
promptly send us organized, written 
records in English if we ask for them. 
You must keep these records readily 
available. We may review them at any 
time. 

(e) If you fail to properly keep records 
or to promptly send us information as 
required under this part, we may require 
that you submit the information 
specified in this section after each 
calendar quarter, and we may require 
that you routinely send us information 
that the regulation requires you to 
submit only if we request it. If we find 
that you are fraudulent or grossly 
negligent or otherwise act in bad faith 
regarding information reporting and 
recordkeeping, we may require that you 
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send us a detailed description of the 
certified configuration for each vehicle 
before you produce it. 

§ 1037.255 What decisions may EPA make 
regarding my certificate of conformity? 

(a) If we determine your application is 
complete and shows that the vehicle 
family meets all the requirements of this 
part and the Act, we will issue a 
certificate of conformity for your vehicle 
family for that model year. We may 
make the approval subject to additional 
conditions. 

(b) We may deny your application for 
certification if we determine that your 
vehicle family fails to comply with 
emission standards or other 
requirements of this part or the Clean 
Air Act. We will base our decision on 
all available information. If we deny 
your application, we will explain why 
in writing. 

(c) In addition, we may deny your 
application or suspend or revoke your 
certificate if you do any of the 
following: 

(1) Refuse to comply with any testing 
or reporting requirements. 

(2) Submit false or incomplete 
information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
render any of the submitted information 
false or incomplete. 

(3) Render any test data inaccurate. 
(4) Deny us from completing 

authorized activities (see 40 CFR 
1068.20). This includes a failure to 
provide reasonable assistance. 

(5) Produce vehicles for importation 
into the United States at a location 
where local law prohibits us from 
carrying out authorized activities. 

(6) Fail to supply requested 
information or amend your application 
to include all vehicles being produced. 

(7) Take any action that otherwise 
circumvents the intent of the Act or this 
part, with respect to your vehicle 
family. 

(d) We may void the certificate of 
conformity for a vehicle family if you 

fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 

(f) If we deny your application or 
suspend, revoke, or void your 
certificate, you may ask for a hearing 
(see § 1037.820). 

Subpart D—Testing Production 
Vehicles and Engines 

§ 1037.301 Overview of measurements 
related to GEM inputs in a selective 
enforcement audit. 

(a) We may require you to perform 
selective enforcement audits under 40 
CFR part 1068, subpart E, with respect 
to any GEM inputs in your application 
for certification. Sections 1037.305 
through 1037.315 describe how this 
applies uniquely in certain 
circumstances. 

(b) A selective enforcement audit for 
this part 1037 consists of performing 
measurements with production vehicles 
relative to one or more declared values 
for GEM inputs, and using those 
measured values in place of your 
declared values to run GEM. Except as 
specified in this subpart, the vehicle is 
considered passing if the new modeled 
emission result is at or below the 
modeled emission result corresponding 
to the declared GEM inputs. If you 
report an FEL for the vehicle 
configuration before the audit, we will 
instead consider the vehicle passing if 
the new cycle-weighted emission result 
matches or exceeds the efficiency 
improvement is at or below the FEL. 

(c) We may audit your production 
components and your records to 
confirm that physical parameters are 
correct, such as dimensional accuracy 
and material selection. We may also 
audit your records to confirm that you 
are properly documenting the certified 
configurations of production vehicles. 

(d) Selective enforcement audit 
provisions for fuel maps apply to engine 
manufacturers as specified in 40 CFR 
1036.301. See § 1037.315 for selective 
enforcement audit provisions applicable 
to powertrain fuel maps. 

(e) We may suspend or revoke 
certificates based on the outcome of a 
selective enforcement audit for any 
appropriate configurations within one 
or more vehicle families. 

(f) We may apply selective 
enforcement audit provisions with 
respect to off-cycle technologies, with 
any necessary modifications, consistent 
with good engineering judgment. 

§ 1037.305 Audit procedures for tractors— 
aerodynamic testing. 

To perform a selective enforcement 
audit with respect to drag area for 
tractors, use the reference method 
specified in § 1037.525; we may instead 
require you to use the same method you 
used for certification. The following 
provisions apply instead of 40 CFR 
1068.420 for a selective enforcement 
audit with respect to drag area: 

(a) Determine whether or not a tractor 
fails to meet standards as follows: 

(1) We will select a vehicle 
configuration for testing. Perform a 
coastdown measurement with the 
vehicle in its production configuration 
according to § 1037.528. Instead of the 
process described in § 1037.528(h)(12), 
determine your test result as described 
in this paragraph (a). You must have an 
equal number of runs in each direction. 

(2) Measure a yaw curve for your test 
vehicle using your alternate method 
according to § 1037.525(b)(3). You do 
not need to test at the coastdown 
effective. You may use a previously 
established yaw curve from your 
certification testing if it is available. 

(3) Using this yaw curve, perform a 
regression using values of drag area, 
CdAalt, and yaw angle, yalt, to determine 
the air-direction correction coefficients, 
a0, a1, a2, a3, and a4, for the following 
equation: 

(4) Adjust the drag area value from 
each coastdown run, CdArun, from the 

yaw angle of each run, yrun, to ±4.5° to 
represent a wind-averaged drag area 

value, CdAwa by applying Eq. 1037.305– 
1 as follows: 
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(5) Perform additional coastdown 
measurements until you reach a pass or 
fail decision under this paragraph (a). 

(6) Calculate statistical values to 
characterize cumulative test results at 

least once per day based on an equal 
number of coastdown runs in each 
direction. Determine the wind-averaged 
drag area value for the test CdAwa by 
averaging all CdAwa-run values for all 

days of testing. Determine the upper and 
lower bounds of the drag area value, 
CdAwa-bounded, expressed to two decimal 
places, using a confidence interval as 
follows: 

Where: 
CdAwa-boundeded = the upper bound, CdAwa-upper, 

and lower bound, CdAwa-lower, of the drag 
area value, where CdAwa-upper is the larger 
number. 

CdAwa = the average of all CdAwa-run values. 
s = the standard deviation of all CdArun 

values (see 40 CFR 1065.602(c)). 
n = the total number of coastdown runs. 

(7) Compliance is determined based 
on the values of CdAwa-upper and 
CdAwa-lower relative to the adjusted bin 
boundary. For purposes of this section, 
the upper limit of a bin is expressed as 
the specified value plus 0.05 to account 
for rounding. For example, for a bin 
including values of 5.5–5.9 m2, being 
above the upper limit means exceeding 
5.95. The vehicle reaches a pass or fail 
decision relative to the adjusted bin 
boundary based on one of the following 
criteria: 

(i) The vehicle passes if CdAwa-upper is 
less than or equal to the upper limit of 
the bin to which you certified the 
vehicle. 

(ii) The vehicle fails if CdAwa-lower is 
greater than the upper limit of the bin 
to which you certified the vehicle. 

(iii) The vehicle passes if you perform 
100 coastdown runs and CdAwa-upper is 
greater than and CdAwa-lower is lower 
than the upper limit of the bin to which 
you certified the vehicle. 

(iv) The vehicle fails if you choose to 
stop testing before reaching a final 
determination under this paragraph 
(a)(7). 

(b) If you reach a pass decision on the 
first test vehicle, the emission family 
passes the SEA and you may stop 
testing. If you reach a fail decision on 
the first test vehicle, repeat the testing 
described in paragraph (a) of this 
section for two additional vehicles of 

the same configuration, or of a different 
configuration that we specify. Continue 
testing two additional vehicles for each 
failing vehicle until you reach a pass or 
fail decision for the family based on one 
of the following criteria: 

(1) The emission family passes if at 
any point more than 50 percent of the 
vehicles have reached a pass decision. 

(2) The emission family fails if six 
vehicles reach a fail decision. 

(3) The emission family passes if you 
test 11 vehicles with five or fewer 
vehicles reaching a fail decision. 

(4) The emission family fails if you 
choose to stop testing before reaching a 
final determination under this 
paragraph (b). 

(c) We may suspend a certificate of 
conformity as described in 40 CFR 
1068.430 if your emission family fails 
an SEA, subject to the following 
provisions: 

(1) We may reinstate a suspended 
certificate if you revise Falt-aero or make 
other changes to your testing 
methodology to properly correlate your 
testing to the reference method specified 
in § 1037.525. 

(2) We may require you to apply any 
adjustments and corrections determined 
under paragraph (c)(1) of this section to 
your other emission families in any 
future application for certification. 

(d) If we test some of your vehicles in 
addition to your testing, we may decide 
not to include your test results as 
official data for those vehicles if there is 
substantial disagreement between your 
testing and our testing. We will reinstate 
your data as valid if you show us that 
we made an error and your data are 
correct. If we perform testing, we may 
choose to stop testing after any number 
of tests and not determine a failure. 

(e) If we rely on our test data instead 
of yours, we will notify you in writing 
of our decision and the reasons we 
believe your facility is not appropriate 
for doing the tests we require under this 
paragraph (b). You may request in 
writing that we consider your test 
results from the same facility for future 
testing if you show us that you have 
made changes to resolve the problem. 

(f) We may allow you to perform 
additional replicate tests with a given 
vehicle or to test additional vehicles, 
consistent with good engineering 
judgment. 

(g) You must assign the appropriate 
CdA bin for your compliance 
demonstration at the end of the model 
year for every configuration you tested 
that failed under this section. 

§ 1037.310 Audit procedures for trailers. 

(a) We may audit trailer 
manufacturers to ensure that trailers are 
being produced to conform with the 
certificate of conformity. If this involves 
aerodynamic measurements, we will 
specify how to adapt the protocol 
described in § 1037.305 to appropriately 
evaluate trailer performance. 

(b) We may require device 
manufacturers that obtain preliminary 
approval under § 1037.211 to perform 
aerodynamic testing of production 
samples of approved devices to ensure 
that the devices conform to the 
approved configuration. 

§ 1037.315 Audit procedures related to 
powertrain testing. 

(a) For vehicles certified based on 
powertrain testing as specified in 
§ 1037.550, we may apply the selective 
enforcement audit requirements to the 
powertrain. If engine manufacturers 
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perform the powertrain testing and 
include those results in their 
certification under 40 CFR part 1036, 
they are responsible for selective 
enforcement audits related to those 
results. Otherwise, the certificate holder 
for the vehicle is responsible for the 
selective enforcement audit. 

(b) The following provisions apply for 
a selective enforcement audit with 
respect to powertrain testing: 

(1) A selective enforcement audit for 
powertrains would generally consist of 
performing a test with the complete 
powertrain (engine and transmission 
together). We may alternatively allow 
you to test the engine on a dynamometer 
with no installed transmission as 
described in § 1037.551. 

(2) Recreate a set of test results for 
each of three separate powertrains. 
Generate GEM results for each of the 
configurations that are defined as the 
centers of each group of four points that 
define a boundary of cycle work and 
average powertrain speed divided by 
average vehicle speed, for each of the 
three selected powertrains. See 40 CFR 
1036.301(b)(2) for an example on how 
these points are defined. Each unique 
map for a given configuration with a 
particular powertrain constitutes a 
separate test for purposes of evaluating 
whether the vehicle family meets the 
pass-fail criteria under 40 CFR 
1068.420. The test result for a single test 
run in the audit is considered passing if 
it is at or below the value selected as an 
input for GEM. Perform testing with the 
same GEM configurations for additional 
powertrains as needed to reach a pass- 
fail decision under 40 CFR 1068.240. 

§ 1037.320 Audit procedures for axles and 
transmissions. 

Selective enforcement audit 
provisions apply for axles and 
transmissions relative to the efficiency 
demonstrations of §§ 1037.560 and 
1037.565 as follows: 

(a) A selective enforcement audit for 
axles or transmissions would consist of 
performing measurements with a 
production axle or transmission to 
determine mean power loss values as 
declared for GEM simulations, and 
running GEM over one or more 
applicable duty cycles based on those 
measured values. The engine is 
considered passing for a given 
configuration if the new modeled 
emission result for every applicable 
duty cycle is at or below the modeled 
emission result corresponding to the 
declared GEM inputs. 

(b) Run GEM for each applicable 
vehicle configuration identified in 40 
CFR 1036.540. For axle testing, this may 
require omitting several vehicle 

configurations based on selecting axle 
ratios that correspond to the tested axle. 
The GEM result for each vehicle 
configuration counts as a separate test 
for determining whether the family 
passes or fails the audit. Select 
additional production axles or 
transmissions to perform additional 
tests as needed. 

Subpart E—In-Use Testing 

§ 1037.401 General provisions. 

(a) We may perform in-use testing of 
any vehicle subject to the standards of 
this part. For example, we may test 
vehicles to verify drag areas or other 
GEM inputs as specified in paragraph 
(b) of this section. 

(b) We may measure the drag area of 
a vehicle you produced after it has been 
placed into service. We may use any of 
the procedures as specified in 
§§ 1037.525 through 1037.527 for 
measuring drag area. Your vehicle 
conforms to the regulations of this part 
with respect to aerodynamic 
performance if we measure its drag area 
to be at or below the maximum drag 
area allowed for the bin to which that 
configuration was certified. 

Subpart F—Test and Modeling 
Procedures 

§ 1037.501 General testing and modeling 
provisions. 

This subpart specifies how to perform 
emission testing and emission modeling 
required elsewhere in this part. 

(a) Except as specified in subpart B of 
this part, you must demonstrate that you 
meet emission standards using emission 
modeling as described in §§ 1037.515 
and 1037.520. This modeling depends 
on several measured values as described 
in this subpart F. You may use fuel- 
mapping information from the engine 
manufacturer as described in 40 CFR 
1036.535 and 1036.540, or you may use 
powertrain testing as described in 
§ 1037.550. 

(b) Where exhaust emission testing is 
required, use equipment and procedures 
as described in 40 CFR part 1065 and 
part 1066. Measure emissions of all the 
exhaust constituents subject to emission 
standards as specified in 40 CFR part 
1065 and part 1066. Use the applicable 
duty cycles specified in § 1037.510. 

(c) See 40 CFR 86.101 and 86.1813 for 
measurement procedures that apply for 
evaporative and refueling emissions. 

(d) Use the applicable fuels specified 
40 CFR part 1065 to perform valid tests. 

(1) For service accumulation, use the 
test fuel or any commercially available 
fuel that is representative of the fuel that 
in-use vehicles will use. 

(2) For diesel-fueled vehicles, use the 
appropriate diesel fuel specified for 
emission testing. Unless we specify 
otherwise, the appropriate diesel test 
fuel is ultra-low sulfur diesel fuel. 

(3) For gasoline-fueled vehicles, use 
the gasoline for ‘‘general testing’’ as 
specified in 40 CFR 86.1305. 

(e) You may use special or alternate 
procedures as specified in 40 CFR 
1065.10. 

(f) This subpart is addressed to you as 
a manufacturer, but it applies equally to 
anyone who does testing for you, and to 
us when we perform testing to 
determine if your vehicles meet 
emission standards. 

(g) Apply this paragraph (g) whenever 
we specify the use of standard trailers. 
Unless otherwise specified, a tolerance 
of ± 2 inches applies for all nominal 
trailer dimensions. 

(1) The standard trailer for high-roof 
tractors must meet the following 
criteria: 

(i) It is an unloaded two-axle dry van 
53.0 feet long, 102 inches wide, and 162 
inches high (measured from the ground 
with the trailer level). 

(ii) It has a king pin located with its 
center 36 ± 0.5 inches from the front of 
the trailer and a minimized trailer gap 
(no greater than 45 inches). 

(iii) It has a simple orthogonal shape 
with smooth surfaces and nominally 
flush rivets. Except as specified in 
paragraph (g)(1)(v) of this section, the 
standard trailer does not include any 
aerodynamic features such as side 
fairings, rear fairings, or gap reducers. It 
may have a scuff band no more than 
0.13 inches thick. 

(iv) It includes dual 22.5 inch wheels, 
standard tandem axle, standard 
mudflaps, and standard landing gear. 
The centerline of the tandem axle 
assembly must be 145 ± 5 inches from 
the rear of the trailer. The landing gear 
must be installed in a conventional 
configuration. 

(v) For the Phase 2 standards, include 
side skirts meeting the specifications of 
this paragraph (g)(1)(v). The side skirts 
must be mounted flush with both sides 
of the trailer. The skirts must be an 
isosceles trapezoidal shape. Each skirt 
must have a height of 36 ± 2 inches. The 
top edge of the skirt must be straight 
with a length of 341 ± 2 inches. The 
bottom edge of the skirt must be straight 
with a length of 268 ± 2 inches and have 
a ground clearance of 8 ± 2 inches 
through that full length. The sides of the 
skirts must be straight. The rearmost 
point of the skirts must be mounted 32 
± 2 inches in front of the centerline of 
the trailer tandem axle assembly. We 
may approve your request to use a skirt 
with different dimensions if these 
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specified values are impractical or 
inappropriate for your test trailer, and 
you propose alternative dimensions that 
provide an equivalent or comparable 
degree of aerodynamic drag for your test 
configuration. 

(2) The standard trailer for mid-roof 
tractors is an empty two-axle tank trailer 
42 ± 1 feet long by 140 inches high and 
102 inches wide. 

(i) It has a 40 ± 1 feet long cylindrical 
tank with a 7000 ± 7 gallon capacity, 
smooth surface, and rounded ends. 

(ii) The standard tank trailer does not 
include any aerodynamic features such 
as side fairings, but does include a 
centered 20 inch manhole, side-centered 
ladder, and lengthwise walkway. It 
includes dual 24.5 inch wheels. 

(3) The standard trailer for low-roof 
tractors is an unloaded two-axle flatbed 
trailer 53 ± 1 feet long and 102 inches 
wide. 

(i) The deck height is 60.0 ± 0.5 
inches in the front and 55.0 ± 0.5 inches 
in the rear. The standard trailer does not 
include any aerodynamic features such 
as side fairings. 

(ii) It includes an air suspension and 
dual 22.5 inch wheels on tandem axles. 

(h) Use a standard tractor for 
measuring aerodynamic drag of trailers. 
Standard tractors must be certified at 
Bin III (or more aerodynamic if a Bin III 
tractor is unavailable) for Phase 1 or 
Phase 2 under § 1037.520(b)(1) or (3). 
The standard tractor for long trailers is 
a Class 8 high-roof sleeper cab. The 
standard tractor for short trailers is a 
Class 7 or Class 8 high-roof day cab with 
a 4 × 2 drive-axle configuration. 

§ 1037.510 Duty-cycle exhaust testing. 
This section applies for powertrain 

testing, cycle-average engine fuel 
mapping, certain off-cycle testing under 
§ 1037.610, and the advanced- 
technology provisions of § 1037.615. 

(a) Measure emissions by testing the 
vehicle on a chassis dynamometer or the 
powertrain on a powertrain 
dynamometer with the applicable duty 
cycles. Each duty cycle consists of a 
series of speed commands over time— 
variable speeds for the transient test and 
constant speeds for the highway cruise 
tests. None of these cycles include 
vehicle starting or warmup. 

(1) Perform testing for Phase 1 
vehicles as follows to generate credits or 
adjustment factors for off-cycle or 
advanced technologies: 

(i) Transient cycle. The transient cycle 
is specified in Appendix I of this part. 
Warm up the vehicle. Start the duty 
cycle within 30 seconds after 
concluding the preconditioning 
procedure. Start sampling emissions at 
the start of the duty cycle. 

(ii) Cruise cycle. For the 55 mi/hr and 
65 mi/hr highway cruise cycles, warm 
up the vehicle at the test speed, then 
sample emissions for 300 seconds while 
maintaining vehicle speed within ±1.0 
mi/hr of the speed setpoint; this speed 
tolerance applies instead of the 
approach specified in 40 CFR 
1066.425(b)(1) and (2). 

(2) For cycle-average engine fuel 
mapping under 40 CFR 1036.540 or 
powertrain testing under §§ 1037.550 or 
1037.555, perform testing as described 
in this paragraph (a)(2) to generate GEM 
inputs for each simulated vehicle 
configuration, and for each of the four 
test runs representing different idle 
speed settings. You may perform any 
number of these test runs directly in 
succession once the engine or 
powertrain is warmed up. If you 
interrupt the test sequence with a break 
of up to 30 minutes, such as to perform 
analyzer calibration, repeat operation 
over the previous duty cycle to 
precondition the vehicle before 
restarting the test sequence. Perform 
testing as follows: 

(i) Transient cycle. The transient cycle 
is specified in Appendix I of this part. 
Initially warm up the engine or 
powertrain by operating over one 
transient cycle. Within 60 seconds after 
concluding the warm up cycle, start 
emission sampling while the vehicle 
operates over the duty cycle. 

(ii) Highway cruise cycle. The grade 
portion of the route corresponding to 
the 55 mi/hr and 65 mi/hr highway 
cruise cycles is specified in Appendix 
IV of this part. Initially warm up the 
engine or powertrain by operating it 
over the duty cycle. Within 60 seconds 
after concluding the preconditioning 
cycle, start emission sampling while the 
vehicle operates over the duty cycle, 
maintaining vehicle speed between 

¥1.0 mi/hr and 3.0 mi/hr of the speed 
setpoint; this speed tolerance applies 
instead of the approach specified in 40 
CFR 1066.425(b)(1) and (2). 

(iii) Drive idle. Perform testing at a 
loaded idle condition for Phase 2 
vocational vehicles. Warm up the 
powertrain by operating it at 65 mi/hr 
for 600 seconds. Within 10 seconds after 
concluding the preconditioning cycle, 
set the engine to operate at idle speed 
for 90 seconds, with the brake applied 
and the transmission in drive (or clutch 
depressed for manual transmission), and 
sample emissions to determine mean 
emission values (in g/s) over the last 30 
seconds of idling. 

(iv) Parked idle. Perform testing at an 
unloaded idle condition for Phase 2 
vocational vehicles. Warm up the 
powertrain by operating it at 65 mi/hr 
for 600 seconds. Within 60 seconds after 
concluding the preconditioning cycle, 
set the engine to operate at idle speed 
for 600 seconds, with the transmission 
in park (or the transmission in neutral 
with the parking brake applied for 
manual transmissions), and sample 
emissions to determine mean emission 
values (in g/s) over the full 600 seconds 
of idling. 

(3) Where applicable, perform testing 
on a chassis dynamometer as follows: 

(i) Transient cycle. The transient cycle 
is specified in Appendix I of this part. 
Warm up the vehicle by operating over 
one transient cycle. Within 60 seconds 
after concluding the warm up cycle, 
start emission sampling and operate the 
vehicle over the duty cycle. 

(ii) Highway cruise cycle. The grade 
portion of the route corresponding to 
the 55 mi/hr and 65 mi/hr highway 
cruise cycles is specified in Appendix 
IV of this part. Warm up the vehicle by 
operating it at the appropriate speed 
setpoint over the duty cycle. Within 60 
seconds after concluding the 
preconditioning cycle, start emission 
sampling and operate the vehicle over 
the duty cycle, maintaining vehicle 
speed within ±1.0 mi/hr of the speed 
setpoint; this speed tolerance applies 
instead of the approach specified in 40 
CFR 1066.425(b)(1) and (2). 

(b) Calculate the official emission 
result from the following equation: 
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Where: 
eCO2comp = total composite mass of CO2 

emissions in g/ton-mile, rounded to the 
nearest whole number for vocational 
vehicles and to the first decimal place for 
tractors. 

PL = the standard payload, in tons, as 
specified in § 1037.705. 

v̄moving = mean composite weighted driven 
vehicle speed, excluding idle operation, 
as shown in Table 1 of this section for 
Phase 2 vocational vehicles. For other 
vehicles, let v̄moving = 1. 

w[cycle] = weighting factor for the appropriate 
test cycle, as shown in Table 1 of this 
section. 

m[cycle] = CO2 mass emissions over each test 
cycle (other than idle). 

D[cycle] = the total driving distance for the 
indicated duty cycle. Use 2.842 miles for 
the transient cycle, and use 13.429 miles 
for both of the highway cruise cycles. 

mÔ[cycle]-idle = CO2 emission rate at idle. 
Example: Class 7 vocational vehicle 

meeting the Phase 2 standards based on the 
Regional duty cycle. 
PL = 5.6 tons 

v̄moving = 38.41 mi/hr 
wtransient = 20% = 0.20 
wdrive-idle = 0% = 0 
wparked-idle = 25% = 0.25 
w55 = 24% = 0.24 
w65 = 56% = 0.56 
mtransient = 4083 g 
m55 = 13834 g 
m65 = 17018 g 
Dtransient = 2.8449 miles 
D55 = 13.429 miles 
D65 = 13.429 miles 
mÔdrive-idle = 4188 g/hr 
mÔparked-idle = 3709 g/hr 

(c) Weighting factors apply for each 
type of vehicle and for each duty cycle 
as follows: 

(1) GEM applies weighting factors for 
specific types of tractors as shown in 
Table 1 of this section. 

(2) GEM applies weighting factors for 
vocational vehicles as shown in Table 1 
of this section. Modeling for Phase 2 
vocational vehicles depends on 
characterizing vehicles by duty cycle to 
apply proper weighting factors and 
average speed values. Select either 

Urban, Regional, or Multi-Purpose as 
the most appropriate duty cycle for 
modeling emission results with each 
vehicle configuration, as specified in 
§§ 1037.140 and 1037.150. 

(3) Table 1 follows: 

TABLE 1 OF § 1037.510—WEIGHTING FACTORS FOR DUTY CYCLES 

Distance-weighted Time-weighted 1 Average 
speed 
during 

non-idle 
cycles 

(mi/hr) 2 

Transient 
55 mi/hr 
cruise 

(percent) 

65 mi/hr 
cruise 

(percent) 

Drive idle 
(percent) 

Parked idle 
(percent) 

Non-idle 
(percent) 

Day Cabs ............................................. 19 17 64 .................... .................... .................... ....................
Sleeper Cabs ....................................... 5 9 86 .................... .................... .................... ....................
Heavy-haul tractors .............................. 19 17 64 .................... .................... .................... ....................
Vocational—Regional ........................... 20 24 56 0 25 75 38.41 
Vocational—Multi-Purpose (2b–7) ....... 54 29 17 17 25 58 23.18 
Vocational—Multi-Purpose (8) ............. 54 23 23 17 25 58 23.27 
Vocational—Urban (2b–7) ................... 92 8 0 15 25 60 16.25 
Vocational—Urban (8) ......................... 90 10 0 15 25 60 16.51 
Vocational with conventional 

powertrain (Phase 1 only) ................ 42 21 37 .................... .................... .................... ....................
Vocational Hybrid Vehicles (Phase 1 

only) .................................................. 75 9 16 .................... .................... .................... ....................

1 Note that these drive idle and non-idle weighting factors do not reflect additional drive idle that occurs during the transient cycle. The tran-
sient cycle does not include any parked idle. 

2 These values apply even for vehicles not following the specified speed traces. 

(d) For transient testing, compare 
actual second-by-second vehicle speed 

with the speed specified in the test 
cycle and ensure any differences are 

consistent with the criteria as specified 
in 40 CFR 1066.425. If the speeds do not 
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conform to these criteria, the test is not 
valid and must be repeated. 

(e) Run test cycles as specified in 40 
CFR part 1066. For testing vehicles 
equipped with cruise control over the 
highway cruise cycles, use the vehicle’s 
cruise control to control the vehicle 
speed. For vehicles equipped with 
adjustable vehicle speed limiters, test 
the vehicle with the vehicle speed 
limiter at its highest setting. 

(f) For Phase 1, test the vehicle using 
its adjusted loaded vehicle weight, 

unless we determine this would be 
unrepresentative of in-use operation as 
specified in 40 CFR 1065.10(c)(1). 

(g) For hybrid vehicles, correct for the 
net energy change of the energy storage 
device as described in 40 CFR 1066.501. 

§ 1037.515 Determining CO2 emissions to 
show compliance for trailers. 

This section describes a compliance 
approach for trailers that is consistent 
with the modeling for vocational 
vehicles and tractors described in 

§ 1037.520, but is simplified consistent 
with the smaller number of trailer 
parameters that affect CO2 emissions. 
Note that the calculated CO2 emission 
rate, eCO2, is equivalent to the value that 
would result from running GEM with 
the same input values. 

(a) Compliance equation. Calculate 
CO2 emissions for demonstrating 
compliance with emission standards for 
each trailer configuration. 

(1) Use the following equation: 

Where: 

Ci = constant values for calculating CO2 
emissions from this regression equation 
derived from GEM, as shown in Table 1 
of this section. Let C5 = 0.988 for trailers 

that have automatic tire inflation systems 
with all wheels, and let C5 = 0.990 for 
trailers that have tire pressure 
monitoring systems with all wheels (or a 
mix of the two systems); otherwise, let C5 
1. 

TRRL = tire rolling resistance level as 
specified in paragraph (b) of this section. 

DCdA = the DCdA value for the trailer as 
specified in paragraph (c) of this section. 

WR = weight reduction as specified in 
paragraph (d) or (e) of this section. 

TABLE 1 OF § 1037.515—REGRESSION COEFFICIENTS FOR CALCULATING CO2 EMISSIONS 

Trailer category C1 C2 C3 C4 

Long dry box van ............................................................................................. 76.1 1.67 ¥5.82 ¥0.00103 
Long refrigerated box van ............................................................................... 77.4 1.75 ¥5.78 ¥0.00103 
Short dry box van ............................................................................................ 117.8 1.78 ¥9.48 ¥0.00258 
Short refrigerated box van ............................................................................... 121.1 1.88 ¥9.36 ¥0.00264 

(2) The following is an example for 
calculating the mass of CO2 emissions, 
eCO2, from a long dry box van that has 
a tire pressure monitoring system for all 
wheels, an aluminum suspension 
assembly, aluminum floor, and is 
designated as Bin IV: 
C1 = 76.1 
C2 = 1.67 
TRRL = 4.6 kg/tonne 
C3 = –5.82 
DCdA = 0.7 m2 
C4 = –0.00103 
WR = 655 lbs 
C5 = 0.990 
eCO2 = (76.1 + 1.67 + (¥5.82 ·0.7) + 

(¥0.00103 ·655)) ·0.990 
eCO2 = 78.24 g/ton-mile 

(b) Tire rolling resistance. Use the 
procedure specified in § 1037.520(c) to 

determine the tire rolling resistance 
level for your tires. Note that you may 
base tire rolling resistance levels on 
measurements performed by tire 
manufacturers, as long as those 
measurements meet this part’s 
specifications. 

(c) Drag area. You may use DCdA 
values approved under § 1037.211 for 
device manufacturers if your trailers are 
properly equipped with those devices. 
Determine DCdA values for other trailers 
based on testing. Measure CdA and 
determine DCdA values as described in 
§ 1037.526(a). You may use DCdA values 
from one trailer configuration to 
represent any number of additional 
trailers based on worst-case testing. This 
means that you may apply DCdA values 
from your measurements to any trailer 

models of the same category with drag 
area at or below that of the tested 
configuration. For trailers in the short 
dry box vans and short refrigerated box 
vans that are not 28 feet long, apply the 
DCdA value established for a comparable 
28-foot trailer model; you may use the 
same devices designed for 28-foot 
trailers or you may adapt those devices 
as appropriate for the different trailer 
length, consistent with good engineering 
judgment. For example, 48-foot trailers 
may use longer side skirts than the 
skirts that were tested with a 28-foot 
trailer. Trailer and device manufacturers 
may seek preliminary approval for these 
adaptations. Determine bin levels based 
on DCdA test results as described in the 
following table: 

TABLE 2 OF § 1037.515—BIN DETERMINATIONS FOR TRAILERS BASED ON AERODYNAMIC TEST RESULTS 
[DCdA in m2] 

If a trailer’s measured DCdA is . . . designate the trailer as . . . 

and use the 
following 
value for 
DCdA 

≤0.09 ........................................................................................... Bin I ............................................................................................ 0.0 
0.10–0.39 .................................................................................... Bin II ........................................................................................... 0.1 
0.40–0.69 .................................................................................... Bin III .......................................................................................... 0.4 
0.70–0.99 .................................................................................... Bin IV ......................................................................................... 0.7 
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TABLE 2 OF § 1037.515—BIN DETERMINATIONS FOR TRAILERS BASED ON AERODYNAMIC TEST RESULTS—Continued 
[DCdA in m2] 

If a trailer’s measured DCdA is . . . designate the trailer as . . . 

and use the 
following 
value for 
DCdA 

1.00–1.39 .................................................................................... Bin V .......................................................................................... 1.0 
1.40–1.79 .................................................................................... Bin VI ......................................................................................... 1.4 
>1.80 ........................................................................................... Bin VII ........................................................................................ 1.8 

(d) Weight reduction. Determine 
weight reduction for a trailer 
configuration by summing all applicable 
values, as follows: 

(1) Determine weight reduction for 
using lightweight materials for wheels 
as described in § 1037.520(e). 

(2) Apply weight reductions for other 
components made with light-weight 
materials as shown in the following 
table: 

TABLE 3 OF § 1037.515—WEIGHT REDUCTIONS FOR TRAILERS 
[pounds] 

Component Material 
Weight 

reduction 
(pounds) 

Structure for Suspension Assembly 1 ......................................... Aluminum ................................................................................... 280 
Hub and Drum (per axle) ............................................................ Aluminum ................................................................................... 80 
Floor 2 .......................................................................................... Aluminum ................................................................................... 375 
Floor 2 .......................................................................................... Composite (wood and plastic) ................................................... 245 
Floor Crossmembers 2 ................................................................ Aluminum ................................................................................... 250 
Landing Gear .............................................................................. Aluminum ................................................................................... 50 
Rear Door ................................................................................... Aluminum ................................................................................... 187 
Rear Door Surround ................................................................... Aluminum ................................................................................... 150 
Roof Bows ................................................................................... Aluminum ................................................................................... 100 
Side Posts ................................................................................... Aluminum ................................................................................... 300 
Slider Box .................................................................................... Aluminum ................................................................................... 150 
Upper Coupler Assembly ............................................................ Aluminum ................................................................................... 430 

1 For tandem-axle suspension sub-frames made of aluminum, apply a weight reduction of 280 pounds. Use good engineering judgment to esti-
mate a weight reduction for using aluminum sub-frames with other axle configurations. 

2 Calculate a smaller weight reduction for short trailers by multiplying the indicated values by 0.528 (28/53). 

(e) Off-cycle. You may apply the off- 
cycle provisions of § 1037.610 to trailers 
as follows: 

(1) You may account for weight 
reduction based on measured values 
instead of using paragraph (d) of this 
section. Quantify the weight reduction 
by measuring the weight of a trailer in 
a certified configuration and comparing 
it to the weight of an equivalent trailer 
without weight-reduction technologies. 
This qualifies as A to B testing under 
§ 1037.610. Use good engineering 
judgment to select an equivalent trailer 
representing a baseline configuration. 
Use the calculated weight reduction in 
Eq. 1037.515–1 to calculate the trailer’s 
CO2 emission rate. 

(2) If your off-cycle technology 
reduces emissions in a way that is 
proportional to measured emissions as 
described in § 1037.610(b)(1), multiply 
the trailer’s CO2 emission rate by the 
appropriate improvement factor. 

(3) If your off-cycle technology does 
not yield emission reductions that are 
proportional to measured emissions, as 
described in § 1037.610(b)(2), calculate 
an adjusted CO2 emission rate for your 

trailers by subtracting the appropriate 
off-cycle credit. 

(4) Note that these off-cycle 
provisions do not apply for trailers 
subject to design standards. 

§ 1037.520 Modeling CO2 emissions to 
show compliance for vocational vehicles 
and tractors. 

This section describes how to use the 
Greenhouse gas Emissions Model (GEM) 
(incorporated by reference in 
§ 1037.810) to show compliance with 
the CO2 standards of §§ 1037.105 and 
1037.106 for vocational vehicles and 
tractors. Use GEM version 2.0.1 to 
demonstrate compliance with Phase 1 
standards; use GEM Phase 2, Version 3.0 
to demonstrate compliance with Phase 2 
standards. Use good engineering 
judgment when demonstrating 
compliance using GEM. See § 1037.515 
for calculation procedures for 
demonstrating compliance with trailer 
standards. 

(a) General modeling provisions. To 
run GEM, enter all applicable inputs as 
specified by the model. 

(1) GEM inputs apply for Phase 1 
standards as follows: 

(i) Model year and regulatory 
subcategory (see § 1037.230). 

(ii) Coefficient of aerodynamic drag or 
drag area, as described in paragraph (b) 
of this section (tractors only). 

(iii) Steer and drive tire rolling 
resistance, as described in paragraph (c) 
of this section. 

(iv) Vehicle speed limit, as described 
in paragraph (d) of this section (tractors 
only). 

(v) Vehicle weight reduction, as 
described in paragraph (e) of this 
section (tractors only for Phase 1). 

(vi) Automatic engine shutdown 
systems, as described in § 1037.660 
(only for Class 8 sleeper cabs). Enter a 
GEM input value of 5.0 g/ton-mile, or an 
adjusted value as specified in 
§ 1037.660. 

(2) For Phase 2 vehicles, the GEM 
inputs described in paragraphs (a)(1)(i) 
through (v) of this section continue to 
apply. Note that the provisions related 
to vehicle speed limiters and automatic 
engine shutdown systems are available 
for vocational vehicles in Phase 2. The 
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rest of this section describes additional 
GEM inputs for demonstrating 
compliance with Phase 2 standards. 
Simplified versions of GEM apply for 
limited circumstances as follows: 

(i) You may use default engine fuel 
maps for glider kits as described in 
§ 1037.635. 

(ii) If you certify vehicles to the 
custom-chassis standards specified in 
§ 1037.105(h), run GEM by identifying 
the vehicle type and entering ‘‘NA’’ 
instead of what would otherwise apply 

for, tire revolutions per mile, engine 
information, transmission information, 
drive axle ratio, axle efficiency, and 
aerodynamic improvement as specified 
in paragraphs (c)(1), (f), (g)(1), (g)(3), (i), 
and (m) of this section, respectively. 
Incorporate other GEM inputs as 
specified in this section. 

(b) Coefficient of aerodynamic drag 
and drag area for tractors. Determine 
the appropriate drag area, CdA, for 
tractors as described in this paragraph 

(b). Use the recommended method or an 
alternate method to establish a value for 
CdA expressed in m2 to one decimal 
place, as specified in § 1037.525. Where 
we allow you to group multiple 
configurations together, measure CdA of 
the worst-case configuration. 

(1) Except as specified in paragraph 
(b)(2) of this section, determine the 
Phase 1 bin level for your vehicle based 
on measured CdA values as shown in the 
following tables:CdA 

TABLE 1 OF § 1037.520—Cd INPUTS FOR PHASE 1 HIGH-ROOF TRACTORS 

Tractor type Bin level 
If your meas-

ured DCdA 
(m2) is . . . 

Then your Cd 
input is . . . 

High-Roof Day Cabs ...................................................................................................................... Bin I ............. ≥ 8.0 0.79 
Bin II ............ 7.1–7.9 0.72 
Bin III ........... 6.2–7.0 0.63 
Bin IV .......... 5.6–6.1 0.56 
Bin V ........... ≤ 5.5 0.51 

High-Roof Sleeper Cabs ................................................................................................................ Bin I ............. ≥ 7.6 0.75 
Bin II ............ 6.8–7.5 0.68 
Bin III ........... 6.3–6.7 0.60 
Bin IV .......... 5.6–6.2 0.52 
Bin V ........... ≤5.5 0.47 

TABLE 2 OF § 1037.520—Cd INPUTS FOR PHASE 1 LOW-ROOF AND MID-ROOF TRACTORS 

Tractor type Bin level 
If your meas-
ured CdA (m2) 

is . . . 

Then your Cd 
input is . . . 

Low-Roof Day and Sleeper Cabs .................................................................................................. Bin I ............. ≥ 5.1 0.77 
Bin II ............ ≤ 5.0 0.71 

Mid-Roof Day and Sleeper Cabs ................................................................................................... Bin I ............. ≥ 5.6 0.87 
Bin II ............ ≤ 5.5 0.82 

(2) For Phase 1 low- and mid-roof 
tractors, you may instead determine 
your drag area bin based on the drag 
area bin of an equivalent high-roof 
tractor. If the high-roof tractor is in Bin 
I or Bin II, then you may assume your 
equivalent low- and mid-roof tractors 

are in Bin I. If the high-roof tractor is in 
Bin III, Bin IV, or Bin V, then you may 
assume your equivalent low- and mid- 
roof tractors are in Bin II. 

(3) For Phase 2 tractors other than 
heavy-haul tractors, determine bin 
levels and CdA inputs as follows: 

(i) Determine bin levels for high-roof 
tractors based on aerodynamic test 
results as described in the following 
table: 

TABLE 3 OF § 1037.520—BIN DETERMINATIONS FOR PHASE 2 HIGH-ROOF TRACTORS BASED ON AERODYNAMIC TEST 
RESULTS 
[CdA in m2] 

Tractor type Bin I Bin II Bin III Bin IV Bin V Bin VI Bin VII 

Day Cabs ..................... ≥7.2 6.6–7.1 6.0–6.5 5.5–5.9 5.0–5.4 4.5–4.9 ≤4.4 
Sleeper Cabs ............... ≥6.9 6.3–6.8 5.7–6.2 5.2–5.6 4.7–5.1 4.2–4.6 ≤4.1 

(ii) For low- and mid-roof tractors, 
you may either use the same bin level 
that applies for an equivalent high-roof 

tractor as shown in Table 3 of this 
section, or you may determine your bin 

level based on aerodynamic test results 
as described in Table 4 of this section. 
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TABLE 4 OF § 1037.520—BIN DETERMINATIONS FOR PHASE 2 LOW-ROOF AND MID-ROOF TRACTORS BASED ON 
AERODYNAMIC TEST RESULTS 

[CdA in m2] 

Tractor type Bin I Bin II Bin III Bin IV Bin V Bin VI Bin VII 

Low-Roof Cabs ............ ≥5.4 4.9–5.3 44.5–4.8 4.1–4.4 3.8–4.0 3.5–3.7 ≤3.4 
Mid-Roof Cabs ............. ≥5.9 5.5–5.8 5.1–5.4 4.7–5.0 4.4–4.6 4.1–4.3 ≤4.0 

(iii) Determine the CdA input 
according to the tractor’s bin level as 
described in the following table: 

TABLE 5 OF § 1037.520—PHASE 2 CdA TRACTOR INPUTS BASED ON BIN LEVEL 

Tractor type Bin I Bin II Bin III Bin IV Bin V Bin VI Bin VII 

High-Roof Day Cabs .... 7.45 6.85 6.25 5.70 5.20 4.70 4.20 
High-Roof Sleeper 

Cabs ......................... 7.15 655 5.95 5.40 4.90 4.40 3.90 
Low-Roof Cabs ............ 6.00 5.60 5.15 4.75 4.40 4.10 3.80 
Mid-Roof Cabs ............. 7.00 6.65 6.25 5.85 5.50 5.20 4.90 

(4) Note that, starting in model year 
2027, GEM internally reduces CdA for 
high-roof tractors by 0.3 m2 to simulate 
adding a rear fairing to the standard 
trailer. 

(c) Tire revolutions per mile and 
rolling resistance. You must have a tire 
revolutions per mile (TRPM) and a tire 
rolling resistance level (TRRL) for each 
tire configuration. For purposes of this 
section, you may consider tires with the 
same SKU number to be the same 
configuration. Determine TRRL input 
values separately for drive and steer 
tires; determine TRPM only for drive 
tires. 

(1) Use good engineering judgment to 
determine a tire’s revolutions per mile 
to the nearest whole number as 
specified in SAE J1025 (incorporated by 
reference in § 1037.810). Note that for 
tire sizes that you do not test, we will 
treat your analytically derived 
revolutions per mile the same as test 
results, and we may perform our own 
testing to verify your values. We may 
require you to test a sample of 
additional tire sizes that we select. 

(2) Measure tire rolling resistance in 
kg per metric ton as specified in ISO 
28580 (incorporated by reference in 
§ 1037.810), except as specified in this 
paragraph (c). Use good engineering 
judgment to ensure that your test results 
are not biased low. You may ask us to 
identify a reference test laboratory to 
which you may correlate your test 
results. Prior to beginning the test 
procedure in Section 7 of ISO 28580 for 
a new bias-ply tire, perform a break-in 
procedure by running the tire at the 

specified test speed, load, and pressure 
for 60 ± 2 minutes. 

(3) For each tire design tested, 
measure rolling resistance of at least 
three different tires of that specific 
design and size. Perform the test at least 
once for each tire. Calculate the 
arithmetic mean of these results to the 
nearest 0.1 kg/tonne and use this value 
or any higher value as your GEM input 
for TRRL. You must test at least one tire 
size for each tire model, and may use 
engineering analysis to determine the 
rolling resistance of other tire sizes of 
that model. Note that for tire sizes that 
you do not test, we will treat your 
analytically derived rolling resistances 
the same as test results, and we may 
perform our own testing to verify your 
values. We may require you to test a 
small sub-sample of untested tire sizes 
that we select. 

(4) If you obtain your test results from 
the tire manufacturer or another third 
party, you must obtain a signed 
statement from the party supplying 
those test results to verify that tests were 
conducted according to the 
requirements of this part. Such 
statements are deemed to be 
submissions to EPA. 

(5) For tires marketed as light truck 
tires that have load ranges C, D, or E, 
use as the GEM input TRRL multiplied 
by 0.87. 

(6) For vehicles with at least three 
drive axles or for vehicles with more 
than three axles total, use good 
engineering judgment to combine tire 
rolling resistance into three values 
(steer, drive 1, and drive 2) for use in 
GEM. This may require performing a 

weighted average of tire rolling 
resistance from multiple axles based on 
the typical load on each axle. 

(7) For vehicles with a single rear 
axle, enter ‘‘NA’’ as the TRRL value for 
drive axle 2. 

(d) Vehicle speed limit. If the vehicles 
will be equipped with a vehicle speed 
limiter, input the maximum vehicle 
speed to which the vehicle will be 
limited (in miles per hour rounded to 
the nearest 0.1 mile per hour) as 
specified in § 1037.640. Use good 
engineering judgment to ensure the 
limiter is tamper resistant. We may 
require you to obtain preliminary 
approval for your designs. 

(e) Vehicle weight reduction. Develop 
a weight-reduction as a GEM input as 
described in this paragraph (e). Enter 
the sum of weight reductions as 
described in this paragraph (e), or enter 
zero if there is no weight reduction. For 
purposes of this paragraph (e), high- 
strength steel is steel with tensile 
strength at or above 350 MPa. 

(1) Vehicle weight reduction inputs 
for wheels are specified relative to dual- 
wide tires with conventional steel 
wheels. For purposes of this paragraph 
(e)(1), an aluminum alloy qualifies as 
light-weight if a dual-wide drive wheel 
made from this material weighs at least 
21 pounds less than a comparable 
conventional steel wheel. The inputs are 
listed in Table 6 of this section. For 
example, a tractor or vocational vehicle 
with aluminum steer wheels and eight 
(4 × 2) dual-wide aluminum drive 
wheels would have an input of 210 
pounds (2 × 21 + 8 × 21). 
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TABLE 6 OF § 1037.520—WHEEL-RELATED WEIGHT REDUCTIONS 

Weight-reduction technology 
Weight reduction— 

Phase 1 
(lb per wheel) 

Weight reduction— 
Phase 2 

(lb per wheel) 

Wide-Base Single Drive Tire with: 1 
Steel Wheel ...................................................................................................................................... 84 84 
Aluminum Wheel .............................................................................................................................. 139 147 
Light-Weight Aluminum Alloy Wheel ................................................................................................ 147 147 

Wide-Base Single Trailer Tire with: 1 
Steel Wheel ...................................................................................................................................... ................................ 84 
Aluminum or Aluminum Alloy Wheel ................................................................................................ ................................ 131 

Steer Tire, Dual-wide Drive Tire, or Dual-wide Trailer Tire with: 
High-Strength Steel Wheel ............................................................................................................... 8 8 
Aluminum Wheel .............................................................................................................................. 21 25 
Light-Weight Aluminum Alloy Wheel ................................................................................................ 30 25 

1 The weight reduction for wide-base tires accounts for reduced tire weight relative to dual-wide tires. 

(2) Weight reduction inputs for tractor 
components other than wheels are 
specified in the following table: 

TABLE 7 OF § 1037.520—NONWHEEL-RELATED WEIGHT REDUCTIONS FROM ALTERNATIVE MATERIALS FOR TRACTORS 
[Pounds] 

Weight reduction technologies Aluminum High-strength 
steel Thermoplastic 

Door ............................................................................................................................................. 20 6 ........................
Roof ............................................................................................................................................. 60 18 ........................
Cab rear wall ............................................................................................................................... 49 16 ........................
Cab floor ...................................................................................................................................... 56 18 ........................
Hood Support Structure System .................................................................................................. 15 3 ........................
Hood and Front Fender ............................................................................................................... ........................ ........................ 65 
Day Cab Roof Fairing .................................................................................................................. ........................ ........................ 18 
Sleeper Cab Roof Fairing ............................................................................................................ 75 20 40 
Aerodynamic Side Extender ........................................................................................................ ........................ ........................ 10 
Fairing Support Structure System ............................................................................................... 35 6 ........................
Instrument Panel Support Structure ............................................................................................ 5 1 ........................
Brake Drums—Drive (set of 4) .................................................................................................... 140 74 ........................
Brake Drums—Non Drive (set of 2) ............................................................................................ 60 42 ........................
Frame Rails ................................................................................................................................. 440 87 ........................
Crossmember—Cab .................................................................................................................... 15 5 ........................
Crossmember—Suspension ........................................................................................................ 25 6 ........................
Crossmember—Non Suspension (3) ........................................................................................... 15 5 ........................
Fifth Wheel ................................................................................................................................... 100 25 ........................
Radiator Support .......................................................................................................................... 20 6 ........................
Fuel Tank Support Structure ....................................................................................................... 40 12 ........................
Steps ............................................................................................................................................ 35 6 ........................
Bumper ........................................................................................................................................ 33 10 ........................
Shackles ...................................................................................................................................... 10 3 ........................
Front Axle .................................................................................................................................... 60 15 ........................
Suspension Brackets, Hangers ................................................................................................... 100 30 ........................
Transmission Case ...................................................................................................................... 50 12 ........................
Clutch Housing ............................................................................................................................ 40 10 ........................
Fairing Support Structure System ............................................................................................... 35 6 ........................
Drive Axle Hubs (set of 4) ........................................................................................................... 80 20 ........................
Non Drive Hubs (2) ...................................................................................................................... 40 5 ........................
Two-piece driveshaft .................................................................................................................... 20 5 ........................
Transmission/Clutch Shift Levers ................................................................................................ 20 4 ........................

(3) Weight-reduction inputs for 
vocational-vehicle components other 

than wheels are specified in the 
following table: 
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TABLE 8 OF § 1037.520—NONWHEEL-RELATED WEIGHT REDUCTIONS FROM ALTERNATIVE MATERIALS FOR PHASE 2 
VOCATIONAL VEHICLES 

[Pounds] 

Component Material 
Vehicle type 

Light HDV Medium HDV Heavy HDV 

Axle Hubs—Non-Drive .................................... Aluminum ....................................................... 40 40 

Axle Hubs—Non-Drive .................................... High Strength Steel ........................................ 5 5 
Axle—Non-Drive ............................................. Aluminum ....................................................... 60 60 
Axle—Non-Drive ............................................. High Strength Steel ........................................ 15 15 
Brake Drums—Non-Drive ............................... Aluminum ....................................................... 60 60 
Brake Drums—Non-Drive ............................... High Strength Steel ........................................ 42 42 
Axle Hubs—Drive ............................................ Aluminum ....................................................... 40 80 
Axle Hubs—Drive ............................................ High Strength Steel ........................................ 10 20 
Brake Drums—Drive ....................................... Aluminum ....................................................... 70 140 
Brake Drums—Drive ....................................... High Strength Steel ........................................ 37 74 
Suspension Brackets, Hangers ...................... Aluminum ....................................................... 67 100 

Suspension Brackets, Hangers ...................... High Strength Steel ........................................ 20 30 

Crossmember—Cab ....................................... Aluminum ....................................................... 10 15 15 
Crossmember—Cab ....................................... High Strength Steel ........................................ 2 5 5 
Crossmember—Non-Suspension ................... Aluminum ....................................................... 15 15 15 
Crossmember—Non-Suspension ................... High Strength Steel ........................................ 5 5 5 
Crossmember—Suspension ........................... Aluminum ....................................................... 15 25 25 
Crossmember—Suspension ........................... High Strength Steel ........................................ 6 6 6 
Driveshaft ........................................................ Aluminum ....................................................... 12 40 50 
Driveshaft ........................................................ High Strength Steel ........................................ 5 10 12 
Frame Rails ..................................................... Aluminum ....................................................... 120 300 440 
Frame Rails ..................................................... High Strength Steel ........................................ 40 40 87 

(4) Apply vehicle weight inputs for 
changing technology configurations as 
follows: 

(i) For Class 8 tractors or for Class 8 
vocational vehicles with a permanent 6 
× 2 axle configuration, apply a weight 
reduction input of 300 pounds. This 
does not apply for coach buses certified 
to custom-chassis standards under 
§ 1037.105(h). 

(ii) For Class 8 tractors with 4 × 2 axle 
configuration, apply a weight reduction 
input of 400 pounds. 

(iii) For tractors with installed engines 
with displacement below 14.0 liters, 
apply a weight reduction of 300 pounds. 

(iv) For tractors with single-piece 
driveshafts with a total length greater 
than 86 inches, apply a weight 
reduction of 43 pounds for steel 
driveshafts and 63 pounds for 
aluminum driveshafts. 

(5) You may ask to apply the off-cycle 
technology provisions of § 1037.610 for 
weight reductions not covered by this 
paragraph (e). 

(f) Engine characteristics. Enter 
information from the engine 
manufacturer to describe the installed 
engine and its operating parameters as 
described in 40 CFR 1036.510. The fuel- 
mapping information must apply for the 
vehicle’s GVWR; for example, if you 
install a medium heavy-duty engine in 
a Class 8 vehicle, the engine must have 
additional fuel-mapping information for 

the heavier vehicle. Note that you do 
not need fuel consumption at idle for 
tractors. 

(g) Vehicle characteristics. Enter the 
following information to describe and 
the vehicle and its operating parameters: 

(1) Transmission make, model, and 
type. Also identify the gear ratio for 
every available forward gear to two 
decimal places, and identify the lowest 
gear involving a locked torque 
converter, if applicable. For vehicles 
with a manual transmission, GEM 
applies a 2% emission increase relative 
to automated manual transmissions. If 
your vehicle has a dual-clutch 
transmission, use good engineering 
judgment to determine if it can be 
accurately represented in GEM as an 
automated manual transmission. We 
may require you to perform a 
powertrain test with dual-clutch 
transmissions to show that they can be 
properly simulated as an automated 
manual transmission. 

(2) Drive axle configuration. Select a 
drive axle configuration to represent 
your vehicle for modeling. 

(i) 4 × 2: One drive axle and one non- 
drive axle. 

(ii) 6 × 2: One drive axle and two non- 
drive axles. 

(iii) 6 × 4: Two or more drive axles, 
or more than three total axles. Note that 
this includes, for example, a vehicle 
with two drive axles out of four total 

axles (otherwise known as an 8×4 
configuration). 

(iv) 6 × 4D: An axle that can 
automatically switch between 6 × 2 and 
6 × 4 configuration. When the axle is in 
the 6 × 2 configuration the input and 
output of the disconnectable axle must 
be mechanically disconnected from the 
drive shaft and the wheels to qualify. 

(3) Drive axle ratio, ka. If a vehicle is 
designed with two or more user- 
selectable axle ratios, use the drive axle 
ratio that is expected to be engaged for 
the greatest driving distance. If the 
vehicle does not have a drive axle, such 
as a hybrid vehicle with direct electric 
drive, let ka = 1. 

(4) GEM inputs associated with 
powertrain testing include powertrain 
family, transmission calibration 
identifier, test data from § 1037.550, and 
the powertrain test configuration 
(dynamometer connected to 
transmission output or wheel hub). You 
do not need to identify or provide 
inputs for transmission gear ratios, fuel 
map data, or engine torque curves, 
which would otherwise be required 
under paragraph (f) of this section. 

(h) Idle-reduction technologies. 
Identify whether your vehicle has 
qualifying idle-reduction technologies, 
subject to the qualifying criteria in 
§ 1037.660, as follows: 

(1) Stop-start technology and 
automatic engine shutdown systems 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00198 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74079 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

apply for vocational vehicles. See 
paragraph (j) of this section for 
automatic engine shutdown systems for 
tractors. 

(2) Neutral idle applies for tractors 
and vocational vehicles. 

(i) Axle and transmission efficiency. 
You may use axle efficiency maps as 
described in § 1037.560 and 
transmission efficiency maps as 
described in § 1037.565 to replace the 
default values in GEM. If you obtain 
your test results from the axle 
manufacturer, transmission 
manufacturer, or another third party, 
you must obtain a signed statement from 
the party supplying those test results to 
verify that tests were conducted 
according to the requirements of this 
part. Such statements are deemed to be 
submissions to EPA. 

(j) Additional reduction technologies. 
Enter input values in GEM as follows to 
characterize the percentage CO2 
emission reduction corresponding to 

certain technologies and vehicle 
configurations, or enter 0: 

(1) Intelligent controls. Enter 2 for 
tractors with predictive cruise control. 
This includes any cruise control system 
that incorporates satellite-based global- 
positioning data for controlling operator 
demand. For other vehicles, enter 1.5 if 
they have neutral coasting, unless good 
engineering judgment indicates that a 
lower percentage should apply. 

(2) Accessory load. Enter the 
following values related to accessory 
loads; if more than one item applies, 
enter the sum of those values: 

(i) If vocational vehicles have 
electrically powered pumps for steering, 
enter 0.5 for vocational vehicles 
certified with the Regional duty cycle, 
and enter 1 for tractors and other 
vocational vehicles. 

(ii) If tractors have electrically 
powered pumps for both steering and 
engine cooling, enter 1. 

(iii) If vehicles have a high-efficiency 
air conditioning compressor, enter 0.5 

for tractors and vocational Heavy HDV, 
and enter 1 for other vocational 
vehicles. This includes mechanically 
powered compressors meeting the 
specifications described in 40 CFR 
86.1868–12(h)(5), and all electrically 
powered compressors. 

(3) Tire-pressure systems. Enter 1.2 for 
vehicles with automatic tire inflation 
systems on all axles (1.1 for Multi- 
Purpose and Urban vocational vehicles). 
Enter 1.0 for vehicles with tire pressure 
monitoring systems on all axles (0.9 for 
Multi-Purpose and Urban vocational 
vehicles). If vehicles use a mix of the 
two systems, treat them as having only 
tire pressure monitoring systems. 

(4) Extended-idle reduction. Enter 
values as shown in the following table 
for sleeper cabs equipped with idle- 
reduction technology meeting the 
requirements of § 1037.660 that are 
designed to automatically shut off the 
main engine after 300 seconds or less: 

TABLE 9 OF § 1037.520—GEM INPUT VALUES FOR AES SYSTEMS 

Technology 
GEM input values 

Adjustable Tamper-resistant 

Standard AES system ..................................................................................................................................... 1 4 
With diesel APU ............................................................................................................................................... 3 4 
With battery APU ............................................................................................................................................. 5 6 
With automatic stop-start ................................................................................................................................. 3 3 
Fuel-operated heater ....................................................................................................................................... 2 3 

(5) Other. Additional GEM inputs may 
apply as follows: 

(i) Enter 1.7 and 0.9, respectively, for 
school buses and coach buses that have 
at least seven available forward gears. 

(ii) If we approve off-cycle technology 
under § 1037.610 in the form of an 
improvement factor, enter the 
improvement factor expressed as a 
percentage reduction in CO2 emissions. 
(Note: In the case of approved off-cycle 
technologies whose benefit is quantified 
as a g/ton-mile credit, apply the credit 
to the GEM result, not as a GEM input 
value.) 

(k) Vehicles with hybrid power take- 
off. For vocational vehicles, determine 
the delta PTO emission result of your 
engine and hybrid power take-off 
system as described in § 1037.540. 

(l) [Reserved] 
(m) Aerodynamic improvements for 

vocational vehicles. For vocational 
vehicles certified using the Regional 
duty cycle, enter DCdA values to account 
for using aerodynamic devices as 
follows: 

(1) Enter 0.2 for vocational vehicles 
with an installed rear fairing if the 

vehicle is at least 7 m long with a 
minimum frontal area of 8 m2. 

(2) For vehicles at least 11 m long 
with a minimum frontal area of 9 m2, 
enter 0.5 if the vehicle has both skirts 
and a front fairing, and enter 0.3 if it has 
only one of those devices. 

(3) You may determine input values 
for these or other technologies based on 
aerodynamic measurements as 
described in § 1037.527. 

(n) Alternate fuels. For fuels other 
than those identified in GEM, perform 
the simulation by identifying the 
vehicle as being diesel-fueled if the 
engine is subject to the compression- 
ignition standard, or as being gasoline- 
fueled if the engine is subject to the 
spark-ignition standards. Correct the 
engine or powertrain fuel map for mass- 
specific net energy content as described 
in 40 CFR 1036.535(b). 

§ 1037.525 Aerodynamic measurements 
for tractors. 

This section describes a methodology 
for quantifying aerodynamic drag for 
use in determining input values for 
tractors as described in § 1037.520. 

(a) General provisions. The GEM 
input for a tractor’s aerodynamic 
performance is a Cd value for Phase 1 
and a CdA value for Phase 2. The input 
value is measured or calculated for a 
tractor in a specific test configuration 
with a trailer, such as a high-roof tractor 
with a box van meeting the 
requirements for the standard trailer. 

(1) Aerodynamic measurements may 
involve any of several different 
procedures. Measuring with different 
procedures introduces variability, so we 
identify the coastdown method in 
§ 1037.528 as the primary (or reference) 
procedure. You may use other 
procedures with our advance approval 
as described in paragraph (d) of this 
section, but we require that you adjust 
your test results from other test methods 
to correlate with coastdown test results. 
All adjustments must be consistent with 
good engineering judgment. Submit 
information describing how you 
quantify aerodynamic drag from 
coastdown testing, whether or not you 
use an alternate method. 

(2) Test high-roof tractors with a 
standard trailer as described in 
§ 1037.501(g)(1). Note that the standard 
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trailer for Phase 1 tractors is different 
from that of later model years. Note also 
that GEM may model a different 
configuration than the test 
configuration, but accounts for this 
internally. Test low-roof and mid-roof 
tractors without a trailer; however, you 
may test low-roof and mid-roof tractors 
with a trailer to evaluate off-cycle 
technologies. 

(b) Adjustments to correlate with 
coastdown testing. Adjust aerodynamic 
drag values from alternate methods to be 
equivalent to the corresponding values 
from coastdown measurements as 
follows: 

(1) Determine the functional 
relationship between your alternate 
method and coastdown testing. Unless 
good engineering judgment dictates 

otherwise, assume that coastdown drag 
is proportional to drag measured using 
alternate methods. This means you may 
apply a constant adjustment factor, 
Falt-aero, for a given alternate drag 
measurement method using the 
following equation, where the effective 
yaw angle, yeff, is assumed to be zero 
degrees for Phase 1 and is determined 
from coastdown test results for Phase 2: 

(2) Determine Falt-aero by performing 
coastdown testing and applying your 
alternate method on the same vehicles. 
Consider all applicable test data 
including data collected during 
selective enforcement audits. Where you 
have test results from multiple vehicles 
expected to have the same Falt-aero, you 
may either average the Falt-aero values or 
select any greater value. Unless we 
approve another vehicle, one vehicle 
must be a Class 8 high-roof sleeper cab 
with a full aerodynamics package 
pulling a standard trailer. Where you 
have more than one tractor model 
meeting these criteria, use the tractor 
model with the highest projected sales. 
If you do not have such a tractor model, 
you may use your most comparable 
tractor model with our prior approval. 
In the case of alternate methods other 
than those specified in this subpart, 
good engineering judgment may require 
you to determine your adjustment factor 
based on results from more than the 
specified minimum number of vehicles. 

(3) Measure the drag area using your 
alternate method for a Phase 2 tractor 
used to determine Falt-aero with testing at 
yaw angles of 0°, ±1°, ±3°, ±4.5°, ±6°, 
and ±9° (you may include additional 
angles), using direction conventions 
described in Figure 2 of SAE J1252 
(incorporated by reference in 
§ 1037.810). Also, determine the drag 

area at the coastdown effective yaw 
angle, CdAeffective-yaw-alt, by taking the 
average drag area at yeff and ¥yeff for 
your vehicle using the same alternate 
method. 

(4) For Phase 2 testing, determine 
separate values of Falt-aero for a minimum 
of one high-roof day cab and one high- 
roof sleeper cab for 2021, 2024, and 
2027 model years based on testing as 
described in paragraph (b)(2) of this 
section (six tests total). For any untested 
tractor models, apply the value of Falt-aero 
from the tested tractor model that best 
represents the aerodynamic 
characteristics of the untested tractor 
model, consistent with good engineering 
judgment. Testing under this paragraph 
(b)(4) continues to be valid for later 
model years until you change the tractor 
model in a way that causes the test 
results to no longer represent 
production vehicles. You must also 
determine unique values of Falt-aero for 
low-roof and mid-roof tractors if you 
determine CdA values based on low or 
mid-roof tractor testing as shown in 
Table 4 of § 1037.520. For Phase 1 
testing, if good engineering judgment 
allows it, you may calculate a single, 
constant value of Falt-aero for your whole 
product line by dividing the coastdown 
drag area, CdAcoastdown, by CdAalt. 

(5) Determine Falt-aero to at least three 
decimal places. For example, if your 

coastdown testing results in a drag area 
of 6.430, but your wind tunnel method 
results in a drag area of 6.200, Falt-aero 
would be 1.037 (or a higher value you 
declare). 

(6) If a tractor and trailer cannot be 
configured to meet the gap 
requirements, test with the trailer 
positioned as close as possible to the 
specified gap dimension and use good 
engineering judgment to correct the 
results to be equivalent to a test 
configuration meeting the specified gap 
dimension. 

(c) Yaw sweep corrections. 
Aerodynamic features can have a 
different effectiveness for reducing 
wind-averaged drag than is predicted by 
zero-yaw drag. The following 
procedures describe how to determine a 
tractor’s CdA values to account for wind- 
averaged drag and differences from 
coastdown testing: 

(1) For Phase 2 testing with an 
alternate method, apply the following 
method using your alternate method for 
aerodynamic testing: 

(i) For all testing, calculate the wind- 
averaged drag area from the alternate 
method, CdAwa-alt, using an average of 
measurements at ¥4.5 and +4.5 degrees. 

(ii) Determine your wind-averaged 
drag area, CdAwa, rounded to one 
decimal place, using the following 
equation: 

(2) For Phase 2 coastdown test results, 
apply the following method: 

(i) For all coastdown testing, 
determine your effective yaw angle from 
coastdown, CdAeffective-yaw-coastdown. 

(ii) Use an alternate method to 
calculate the ratio of the wind-averaged 
drag area (using an average of 
measurements at ¥4.5 and +4.5 degrees, 
CdAwa-alt) to the drag area at the effective 
yaw angle, CdAeffective-yaw. 

(iii) Determine your wind-averaged 
drag area, CdAwa, rounded to one 
decimal place, using the following 
equation: 
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(3) Different approximations apply for 
Phase 1. For Phase 1 testing, you may 
correct your zero-yaw drag area as 
follows if the ratio of the zero-yaw drag 
area divided by yaw-sweep drag area for 
your vehicle is greater than 0.8065 

(which represents the ratio expected for 
a typical Class 8 high-roof sleeper cab): 

(i) Determine the zero-yaw drag area, 
CdAzero-yaw, and the yaw-sweep drag area 
for your vehicle using the same alternate 
method as specified in this subpart. 
Measure the drag area for 0°, ¥6°, and 

+6°. Use the arithmetic mean of the ¥6° 
and +6° drag areas as the ±6° drag area, 
CdA±6. 

(ii) Calculate your yaw-sweep 
correction factor, CFys, using the 
following equation: 

(iii) Calculate your corrected drag area 
for determining the aerodynamic bin by 
multiplying the measured zero-yaw drag 
area by CFys, as determined using Eq. 
1037.525–4, as applicable. You may 

apply the correction factor to drag areas 
measured using other procedures. For 
example, apply CFys to drag areas 
measured using the coastdown method. 
If you use an alternate method, apply an 

alternate correction, Falt-aero, and 
calculate the final drag area using the 
following equation: 

(iv) You may ask us to apply CFys to 
similar vehicles incorporating the same 
design features. 

(v) As an alternative, you may 
calculate the wind-averaged drag area 
according to SAE J1252 (incorporated by 
reference in § 1037.810) and substitute 
this value into Eq. 1037.525–4 for the 
±6° drag area. 

(d) Approval of alternate methods. 
You must obtain preliminary approval 
before using any method other than 
coastdown testing to quantify 
aerodynamic drag. We will approve 
your request if you show that your 
procedures produce data that are the 
same as or better than coastdown testing 
with respect to repeatability and 
unbiased correlation. Note that the 
correlation is not considered to be 
biased if there is a bias before 
correction, but you remove the bias 
using Falt-aero. Send your request for 
approval to the Designated Compliance 
Officer. Keep records of the information 
specified in this paragraph (d). Unless 
we specify otherwise, include this 
information with your request. You 
must provide any information we 
require to evaluate whether you may 
apply the provisions of this section. 
Include additional information related 

to your alternate method as described in 
§§ 1037.530 through 1037.534. If you 
use a method other than those specified 
in this subpart, include all the following 
information, as applicable: 

(1) Official name/title of the 
procedure. 

(2) Description of the procedure. 
(3) Cited sources for any standardized 

procedures that the method is based on. 
(4) Description and rationale for any 

modifications/deviations from the 
standardized procedures. 

(5) Data comparing the procedure to 
the coastdown reference procedure. 

(6) Additional information specified 
for the alternate methods described in 
§§ 1037.530 through 1037.534 as 
applicable to this method (e.g., source 
location/address, background/history). 

§ 1037.526 Aerodynamic measurements 
for trailers. 

This section describes a methodology 
for determining aerodynamic drag area, 
CdA for use in determining input values 
for box vans as described in §§ 1037.515 
and 1037.520. 

(a) A trailer’s aerodynamic 
performance for demonstrating 
compliance with standards is based on 
a DCdA value relative to a baseline 

trailer. Determine these DCdA values by 
performing A to B testing, as follows: 

(1) Determine a baseline CdA value for 
a standard tractor pulling a test trailer 
representing a production configuration; 
use a 53-foot test trailer to represent 
long trailers and a 28-foot test trailer to 
represent short trailers. Repeat this 
testing with the same tractor and the 
applicable baseline trailer. For testing 
long trailers, the baseline trailer is a 
trailer meeting the specifications for a 
Phase 1 standard trailer in 
§ 1037.501(g)(1); for testing refrigerated 
box vans, use a baseline trailer with an 
installed HVAC unit that properly 
represents a baseline configuration 
correlated with the production 
configuration. For testing short trailers, 
use a 28-foot baseline trailer with a 
single axle that meets the same 
specifications as the Phase 1 standard 
trailer, except as needed to 
accommodate the reduced trailer length. 

(2) Use good engineering judgment to 
perform paired tests that accurately 
demonstrate the reduction in 
aerodynamic drag associated with the 
improved design. For example, the gap 
dimension should be the same for all 
paired tests, and effective yaw angle 
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between paired tests should differ by no 
more than 1.0°. 

(3) Measure CdA in m2 to two decimal 
places. Calculate DCdA by subtracting 
the drag area for the test trailer from the 
drag area for the baseline trailer. 

(b) The default method for measuring 
is the wind-tunnel procedure as 
specified in § 1037.530. You may test 
using alternate methods as follows: 

(1) If we approve it in advance, you 
may instead use one of the alternate 
methods specified in §§ 1037.528 
through 1037.532, consistent with good 
engineering judgment, which may 
require that you adjust your test results 
from the alternate test method to 
correlate with the primary method. If 
you request our approval to determine 
DCdA using an alternate method, you 
must submit additional information as 
described in paragraph (d) of this 
section. 

(2) The principles of 40 CFR 
1065.10(c)(1) apply for aerodynamic test 
methods. Specifically, we may require 
that you use coastdown measurements if 
we determine that certain technologies 
are not suited to evaluation with wind- 
tunnel testing or CFD, such as nonrigid 
materials whose physical characteristics 
change in scaled-model testing. You 
may similarly reference 40 CFR 
1065.10(c)(1) in your request to use 
coastdown testing as an alternate 
method. 

(c) The following provisions apply for 
combining multiple devices under this 
section for the purpose of certifying 
trailers: 

(1) If the device manufacturer 
establishes a DCdA value in a single test 
with multiple aerodynamic devices 
installed, trailer manufacturers may use 
that DCdA value directly for the same 
combination of aerodynamic devices 
installed on production trailers. 

(2) Trailer manufacturers may 
combine DCdA values for aerodynamic 
devices that are not tested together, as 
long as each device does not 
significantly impair the effectiveness of 
another, consistent with good 
engineering judgment. To approximate 
the overall benefit of multiple devices, 
calculate a composite DCdA value for 
multiple aerodynamic devices by 
applying the full DCdA value for the 
device with the greatest aerodynamic 
improvement, adding the second- 
highest DCdA value multiplied by 0.9, 
and adding any other DCdA values 
multiplied by 0.8. 

(d) You must send us a description of 
your plan to perform testing under this 
section before you start testing. We will 
evaluate whether plans for wind-tunnel 
testing meet the specifications of 
§ 1037.530, and will tell you if you may 

or must use any other method to 
determine drag coefficients. We will 
approve your request to use an alternate 
method if you show that your 
procedures produce data that are the 
same as or better than wind-tunnel 
testing with respect to repeatability and 
unbiased correlation. Note that the 
correlation is not considered to be 
biased if there is a bias before 
correction, but you apply a correction to 
remove the bias. Send your testing plan 
to the Designated Compliance Officer. 
Keep records of the information 
specified in this paragraph (d). Unless 
we specify otherwise, include this 
information with your request. You 
must provide any information we 
require to evaluate whether you may 
apply the provisions of this section. 
Include additional information related 
to your alternate method as described in 
§§ 1037.528 through 1037.534. 

§ 1037.527 Aerodynamic measurements 
for vocational vehicles. 

This section describes a methodology 
for determining aerodynamic drag area, 
CdA, for use in determining input values 
for vocational vehicles as described in 
§ 1037.520. This measurement is 
optional. 

(a) Determine DCdA values by 
performing A to B testing as described 
for trailers in § 1037.526, with any 
appropriate adjustments, consistent 
with good engineering judgment. 

(b) [Reserved] 

§ 1037.528 Coastdown procedures for 
calculating drag area (CdA). 

The coastdown procedures in this 
section describe how to calculate drag 
area, CdA, for Phase 2 tractors, trailers, 
and vocational vehicles, subject to the 
provisions of §§ 1037.525 through 
1037.527. These procedures are 
considered the primary procedures for 
tractors, but alternate procedures for 
trailers. Follow the provisions of 
Sections 1 through 9 of SAE J2263 
(incorporated by reference in 
§ 1037.810), with the clarifications and 
exceptions described in this section. 
Several of these exceptions are from 
SAE J1263 (incorporated by reference in 
§ 1037.810). The coastdown procedures 
in 40 CFR 1066.310 apply instead of the 
provisions of this section for Phase 1 
tractors. 

(a) The terms and variables identified 
in this section have the meaning given 
in SAE J1263 (incorporated by reference 
in § 1037.810) and J2263 unless 
specified otherwise. 

(b) To determine CdA values for a 
tractor, perform coastdown testing with 
a tractor-trailer combination using the 
manufacturer’s tractor and a standard 

trailer. To determine CdA values for a 
trailer, perform coastdown testing with 
a tractor-trailer combination using a 
standard tractor. Prepare tractors and 
trailers for testing as follows: 

(1) Install instrumentation for 
performing the specified measurements. 

(2) After adding vehicle 
instrumentation, verify that there is no 
brake drag or other condition that 
prevents the wheels from rotating freely. 
Do not apply the parking brake at any 
point between this inspection and the 
end of the measurement procedure. 

(3) Install tires mounted on steel rims 
in a dual configuration (except for steer 
tires). The tires must— 

(i) Be SmartWay-Verified or have a 
coefficient of rolling resistance at or 
below 5.1 kg/metric ton. 

(ii) Have accumulated at least 2,000 
miles but have no less than 50 percent 
of their original tread depth, as specified 
for truck cabs in SAE J1263. 

(iii) Not be retreads or have any 
apparent signs of chunking or uneven 
wear. 

(iv) Be size 295/75R22.5 or 275/ 
80R22.5. 

(v) Be inflated to the proper tire 
pressure as specified in Sections 6.6 and 
8.1 of SAE J2263. 

(vi) Be of the same tire model for a 
given axle. 

(4) Perform an inspection or wheel 
alignment for both the tractor and the 
trailer to ensure that wheel position is 
within the manufacturer’s 
specifications. 

(c) The test condition specifications 
described in Sections 7.1 through 7.4 of 
SAE J1263 apply, with the following 
exceptions and additional provisions: 

(1) We recommend that you not 
perform coastdown testing if winds are 
expected to exceed 6.0 mi/hr. 

(2) The average of the component of 
the wind speed parallel to the road must 
not exceed 6.0 mi/hr. This constraint is 
in addition to those in Section 7.3 of 
SAE J1263. 

(3) If road grade is greater than 0.02% 
over the length of the test surface, you 
must determine elevation as a function 
of distance along the length of the test 
surface and incorporate this into the 
analysis. 

(4) Road grade may exceed 0.5% for 
limited portions of the test surface as 
long as it does not affect coastdown 
results, consistent with good 
engineering judgment. 

(5) The road surface temperature must 
be at or below 50 °C. Use good 
engineering judgment to measure road 
surface temperature. 

(d) CdA calculations are based on 
measured speed values while the 
vehicle coasts down through a high- 
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speed range from 70 to 60 mi/hr, and 
through a low-speed range from 20 to 10 
mi/hr. Disable any vehicle speed 
limiters that prevent travel above 72 mi/ 
hr. Measure vehicle speed at a 
minimum recording frequency of 10 Hz, 
in conjunction with time-of-day data. 
Determine vehicle speed using either of 
the following methods: 

(1) Complete coastdown runs. Operate 
the vehicle at a top speed above 72.0 
mi/hr and allow the vehicle to coast 
down to 8.0 mi/hr or lower. Collect data 
for the high-speed range over a test 
segment that includes speeds from 72.0 
down to 58.0 mi/hr, and collect data for 
the low-speed range over a test segment 
that includes speeds from 22.0 down to 
8.0 mi/hr. 

(2) Split coastdown runs. Collect data 
during a high-speed coastdown while 
the vehicle coasts through a test 
segment that includes speeds from 72.0 
mi/hr down to 58.0 mi/hr. Similarly, 
collect data during a low-speed 
coastdown while the vehicle coasts 
through a test segment that includes 
speeds from 22.0 mi/hr down to 8.0 mi/ 
hr. Perform one high-speed coastdown 
segment or two consecutive high-speed 
coastdown segments in one direction, 
followed by the same number of low- 
speed coastdown segments in the same 
direction, and then perform that same 
number of measurements in the 
opposite direction. You may not split 
runs as described in Section 9.3.1 of 
SAE J2263 except as allowed under this 
paragraph (d)(2). 

(e) Measure wind speed, wind 
direction, air temperature, and air 
pressure at a recording frequency of 10 
Hz, in conjunction with time-of-day 
data. Use at least one stationary electro- 
mechanical anemometer and suitable 
data loggers meeting SAE J1263 
specifications, subject to the following 
additional specifications for the 
anemometer placed along the test 
surface: 

(1) You must start a coastdown 
measurement within 24 hours after 
completing zero-wind and zero-angle 
calibrations. 

(2) Place the anemometer at least 50 
feet from the nearest tree and at least 25 
feet from the nearest bush (or equivalent 
features). Position the anemometer 
adjacent to the test surface, near the 
midpoint of the length of the track, 
between 2.5 and 3.0 body widths from 
the expected location of the test 
vehicle’s centerline as it passes the 
anemometer. Record the location of the 
anemometer along the test track, to the 
nearest 10 feet. 

(3) Mount the anemometer at a height 
that is within 6 inches of half the test 
vehicle’s body height. 

(4) The height of vegetation 
surrounding the anemometer may not 
exceed 10% of the anemometer’s 
mounted height, within a radius equal 
to the anemometer’s mounted height. 

(f) Measure air speed and relative 
wind direction (yaw angle) onboard the 
vehicle at a minimum recording 
frequency of 10 Hz, in conjunction with 
time-of-day data, using an anemometer 
and suitable data loggers that meet the 
requirements of Sections 5.4 of SAE 
J2263. The yaw angle must be measured 
to a resolution and accuracy of ±0.5°. 
Mount the anemometer such that it 
measures air speed at 1.5 meters above 
the top of the leading edge of the trailer. 
If obstructions at the test site do not 
allow for this mounting height, then 
mount the anemometer such that it 
measures air speed at least 0.85 meters 
above the top of the leading edge of the 
trailer. 

(g) Perform the following calculations 
to filter and correct measured data: 

(1) For any measured values not 
identified as outliers, use those 
measured values directly in the 
calculations specified in this section. 
Filter air speed, yaw angle, wind speed, 
wind direction, and vehicle speed 

measurements to replace outliers for 
every measured value as follows: 

(i) Determine a median measured 
value to represent the measurement 
point and the measurements 3 seconds 
before and after that point. In the first 
and last three seconds of the coastdown 
run, use all available data to determine 
the median measured value. The 
measurement window for determining 
the median value will accordingly 
include 61 measurements in most cases, 
and will always include at least 31 
measurements (for 10 Hz recording 
frequency). 

(ii) Determine the median absolute 
deviation corresponding to each 
measurement window from paragraph 
(g)(1)(i) of this section. This generally 
results from calculating 61 absolute 
deviations from the median measured 
value and determining the median from 
those 61 deviations. Calculate the 
standard deviation for each 
measurement window by multiplying 
the median absolute deviation by 
1.4826; calculate three standard 
deviations by multiplying the median 
absolute deviation by 4.4478. Note that 
the factor 1.4826 is a statistical constant 
that relates median absolute deviations 
to standard deviations. 

(iii) A measured value is an outlier if 
the measured value at a given point 
differs from the median measured value 
by more than three standard deviations. 
Replace each outlier with the median 
measured value from paragraph (g)(1)(i) 
of this section. This technique for 
filtering outliers is known as the 
Hampel method. 

(2) For each high-speed and each low- 
speed segment, correct measured air 
speed using the wind speed and wind 
direction measurements described in 
paragraph (e) of this section as follows: 

(i) Calculate the theoretical air speed, 
vair,th, for each 10-Hz set of 
measurements using the following 
equation: 

Where: 

w = filtered wind speed. 
v = filtered vehicle speed. 
<w = filtered wind direction. Let <w = 0° for 

air flow in the first travel direction, with 
values increasing counterclockwise. For 

example, if the vehicle starts by traveling 
eastbound, then <w = 270° means a wind 
from the south. 

<veh = the vehicle direction. Use <veh = 0° for 
travel in the first direction, and use 
<veh = 180° for travel in the opposite 
direction. 

Example:  
w = 7.1 mi/hr 
v = 64.9 mi/hr 
<w = 47.0° 
<veh = 0° 
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vair,th = 69.93 mi/hr (ii) Perform a linear regression using 
paired values of vair,th and measured air 
speed, vair,meas, to determine the air- 

speed correction coefficients, a0 and a1, 
based on the following equation: 

(iii) Correct each measured value of 
air speed using the following equation: 

(3) Correct measured air direction 
using the wind speed and wind 

direction measurements described in 
paragraph (e) of this section as follows: 

(i) Calculate the theoretical air 
direction, yair,th, using the following 
equation: 

Example:  
w = 7.1 mi/hr 

v = 64.9 mi/hr 
<w = 47.0° 

<veh = 0° 

yair,th = 4.26° (ii) Perform a linear regression using 
paired values of yair,th and measured air 
direction, yair,meas, to determine the air- 

direction correction coefficients, b0 and 
b1, based on the following equation: 

(iii) Correct each measured value of 
air direction using the following 
equation: 
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(h) Determine drag area, CdA, using 
the following procedure instead of the 
procedure specified in Section 10 of 
SAE J1263: 

(1) Calculate the vehicle’s effective 
mass, Me, to account for rotational 
inertia by adding 56.7 kg to the 
measured vehicle mass, M, (in kg) for 
each tire making road contact. 

(2) Operate the vehicle and collect 
data over the high-speed range and low- 
speed range as specified in paragraph 
(d)(1) or (2) of this section. If the vehicle 
has a speed limiter that prevents it from 
exceeding 72 mi/hr, you must disable 
the speed limiter for testing. 

(3) Calculate mean vehicle speed at 
each speed start point (70 and 20 mi/hr) 
and end point (60 and 10 mi/hr) as 
follows: 

(i) Calculate the mean vehicle speed 
to represent the start point of each speed 
range as the arithmetic average of 
measured speeds throughout the speed 
interval defined as 2.00 mi/hr above the 
nominal starting speed point to 2.00 mi/ 
hr below the nominal starting speed 
point, expressed to at least two decimal 
places. Determine the timestamp 
corresponding to the starting point of 
each speed range as the time midpoint 
of the ±2.00 mi/hr speed interval. 

(ii) Repeat the calculations described 
in paragraph (h)(3)(i) of this section 
corresponding to the end point speed 
(60 or 10 mi/hr) to determine the time 
at which the vehicle reaches the end 
speed, and the mean vehicle speed 
representing the end point of each speed 
range. 

(iii) If you incorporate grade into your 
calculations, use the average values for 
the elevation and distance traveled over 
each interval. 

(4) Calculate the road-load force, F, 
for each speed range using the following 
equation: 

Where: 
Me = the vehicle’s effective mass. 
v̄ = average vehicle speed at the start or end 

of each speed range, as described in 
paragraph (h)(3) of this section. 

t̄ = timestamp at which the vehicle reaches 
the starting or ending speed expressed to 
at least one decimal place. 

M = the vehicle’s measured mass. 
ag = acceleration of Earth’s gravity, as 

described in 40 CFR 1065.630. 

h̄ = average elevation at the start or end of 
each speed range expressed to at least 
two decimal places. 

D̄ = distance traveled on the road surface 
from a fixed reference location along the 
road to the start or end of each speed 
range expressed to at least one decimal 
place. 

Example:  
Me = 17,129 kg (18 tires in contact with the 

road surface) 

v̄start = 69.97 mi/hr = 31.28 m/s 
v̄end = 59.88 mi/hr = 26.77 m/s 
t̄start = 3.05 s 
t̄end = 19.11 s 
M = 16,108 kg 
ag = 9.8061 m/s2 
h̄start = 0.044 m 
h̄end = 0.547 m 
D̄start = 706.8 ft = 215.4 m 
D̄end = 2230.2 ft = 697.8 m 

F = 4645.5 N 

(5) For tractor testing, calculate the 
drive-axle spin loss force at high and 
low speeds, Fspin[speed], and determine 
DFspin as follows: 

(i) Use the results from the axle 
efficiency test described in § 1037.560 
for the drive axle model installed in the 
tractor being tested for this coastdown 
procedure. 

(ii) Perform a second-order regression 
of axle power loss in W from only the 
zero-torque test points with wheel 
speed, fnwheel, in r/s from the axle 
efficiency test to determine coefficients 
c0, c1, and c2. 

(iii) Calculate Fspin[speed] using the 
following equation: 
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Where: 
v̄seg[speed] = the mean vehicle speed of all 

vehicle speed measurements in each 
low-speed and high-speed segment. 

TRPM = tire revolutions per mile for the 
drive tire model installed on the tractor 

being tested according to 
§ 1037.520(c)(1). 

Example:  
v̄seghi = 28.86 m/s 
v̄seglo = 5.84 m/s 
TRPM = 508 r/mi = 0.315657 r/m 

c0 = ¥206.841 W 
c1 = 239.8279 W·s/r 
c2 = 21.27505 W·s2/r2 

Fspinhi = 129.7 N 
Fspinlo = 52.7 N 

(iv) Calculate DFspin using the 
following equation: 

Example:  
DFspin = 129.7¥52.7 = 77.0 N 

(6) For tractor testing, calculate the 
tire rolling resistance force at high and 
low speeds for steer, drive, and trailer 

axle positions, FTRR[speed,axle], and 
determine DFTRR as follows: 

(i) Conduct a stepwise coastdown tire 
rolling resistance test with three tires for 
each tire model installed on the vehicle 

using SAE J2452 (incorporated by 
reference in § 1037.810) for the 
following test points (which replace the 
test points in Table 3 of SAE J2452): 

TABLE 1 OF § 1037.528—STEPWISE COASTDOWN TEST POINTS FOR DETERMINING TIRE ROLLING RESISTANCE AS A 
FUNCTION OF SPEED 

Step # Load 
(% of max) 

Inflation 
pressure 

(% of max) 

1 ............................................................................................................................................................................... 20 100 
2 ............................................................................................................................................................................... 55 70 
3 ............................................................................................................................................................................... 85 120 
4 ............................................................................................................................................................................... 85 100 
5 ............................................................................................................................................................................... 100 95 

(ii) Calculate FTRR[speed,axle] using the 
following equation: 

Where: 
nt,[axle] = number of tires at the axle position. 
P[axle] = the inflation pressure set and 

measured on the tires at the axle position 
at the beginning of the coastdown test. 

L[axle] = the load over the axle at the axle 
position on the coastdown test vehicle. 

a[axle], b[axle], a[axle], b[axle], and c[axle] = 
regression coefficients from SAE J2452 
that are specific to axle position. 

Example:  
nt,steer = 2 

Psteer = 758.4 kPa 
Lsteer = 51421.2 N 
asteer = ¥0.2435 
bsteer = 0.9576 
asteer = 0.0434 
bsteer = 5.4·10¥5 
csteer = 5.53·10¥7 
nt,drive = 8 
Pdrive = 689.5 kPa 
Ldrive = 55958.4 N 
adrive = ¥0.3146 
bdrive = 0.9914 
adrive = 0.0504 

bdrive = 1.11·10¥4 
cdrive = 2.86·10¥7 
nt,trailer = 8 
Ptrailer = 689.5 kPa 
Ltrailer = 45727.5 N 
atrailer = ¥0.3982 
btrailer = 0.9756 
atrailer = 0.0656 
btrailer = 1.51·10¥4 
ctrailer = 2.94·10¥7 
v̄seghi = 28.86 m/s = 103.896 km/hr 
v̄seglo = 5.84 m/s = 21.024 km/hr 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00206 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3 E
R

25
O

C
16

.1
06

<
/G

P
H

>
E

R
25

O
C

16
.1

07
<

/G
P

H
>

E
R

25
O

C
16

.1
08

<
/G

P
H

>

sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74087 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

FTRRhi,steer = 365.6 N 
FTRRhi,drive = 431.4 N 
FTRRhi,trailer = 231.7 N 
FTRRlo,steer = 297.8 N 

FTRRlo,drive = 350.7 N 
FTRRlo,trailer = 189.0 N 

(iii) Calculate FTRR[speed] by summing 
the tire rolling resistance calculations at 

a given speed for each axle position and 
determine DFTRR as follows: 

Example:  
FTRRhi = 365.6 + 431.4 + 231.7 = 1028.7 N 
FTRRlo = 297.8 + 350.7 + 189.0 = 837.5 N 

(iv) Adjust FTRR[speed] to the ambient 
temperature during the coastdown 
segment as follows: 

Where: 
T̄seg[speed] = the average ambient temperature 

during the low or high speed segments. 
Example:  

FTRRhi = 1028.7 N 

FTRRlo = 837.5 N 
T̄seghi = 25.5 °C 
T̄seglo = 25.1 °C 
FTRRhi,adj = 1028.7·[1 + 0.006·(24¥25.5)] = 

1019.4 N 

FTRRlo,adj = 837.5·[1 + 0.006·(24¥25.1)] = 
832.0 N 

(v) Determine DFTRR as follows: 

Example:  
DFTRR = 1019.4 ¥ 832.0 = 187.4 N 

(7) For trailer testing, determine DFTRR 
using a default value adjusted to the 
ambient temperature instead of 

performing a rolling resistance test, as 
follows: 

Where: 
DFTRR,def = default rolling resistance force 

speed adjustment; Use 215 N for long 
box vans and 150 N for short box vans. 

T̄coast = the average ambient temperature 
during both low and high speed 
segments. 

Example:  
DFTRR,def = 215 N 
T̄coast = 25.5 °C 
DFTRR = 215·[1 + 0.0006·(24¥25.5)] =

213.1 N 

(8) Square the air speed 
measurements and calculate average 

squared air speed during each speed 
range for each run,v̄2

air,hi and v̄2
air,lo. 

(9) Average the Flo and v̄2
air,lo values 

for each pair of runs in opposite 
directions. If running complete 
coastdowns as described in paragraph 
(d)(1) or one high-speed segment per 
direction as described in paragraph 
(d)(2), average every two Flo and v̄2

air,lo 
values. If running two high-speed 
segments per direction as described in 
paragraph (d)(2), average every four Flo 
and v̄2

air,lo values. Use these values as 

Flo,pair and v̄2
air,lo,pair in the calculations 

in this paragraph (h) to apply to each of 
the two or four high-speed segments 
from the same runs as the low-speed 
segments used to determine Flo,pair and 
v̄2

air,lo,pair. 
(10) Calculate average air temperature 

T̄ and air pressure P̄act during each high- 
speed run. 

(11) Calculate drag area, CdA, in m2 
for each high-speed segment using the 
following equation, expressed to at least 
three decimal places: 
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Where: 
Fhi = road load force at high speed 

determined from Eq. 1037.528–7. 
Flo,pair = the average of Flo values for a pair 

of opposite direction runs calculated as 
described in paragraph (h)(9) of this 
section. 

DFspin = the difference in drive-axle spin loss 
force between high-speed and low-speed 
coastdown segments. This is described 
in paragraph (h)(5) of this section for 
tractor testing. Let DFspin = 110 N for 
trailer testing. 

DFTRR = the difference in tire rolling 
resistance force between high-speed and 
low-speed coastdown segments as 
described in paragraphs (h)(6) or (7) of 
this section. 

v̄2
air,lo,pair = the average of v̄2

air,lo values for a 
pair of opposite direction runs calculated 
as described in paragraph (h)(9) of this 
section. 

R = specific gas constant = 287.058 J/(kg·K). 
T̄ = mean air temperature expressed to at 

least one decimal place. 

P̄act = mean absolute air pressure expressed 
to at least one decimal place. 

Example:  
Fhi = 4645.5 N 
Flo,pair = 1005.0 N 
DFspin = 77.0 N 
DFTRR = 187.4 N 
v̄2

air,hi = 933.4 m2/s2 
v̄2

air,lo,pair = 43.12 m2/s2 
R = 287.058 J/(kg·K) 
T̄ = 285.97 K 
P̄act = 101.727 kPa = 101727 Pa 

CdA = 6.120 m2 

(12) Calculate your final CdA value 
from the high-speed segments as 
follows: 

(i) Eliminate all points where there 
were known equipment problems or 
other measurement problems. 

(ii) Of the remaining points, calculate 
the median of the absolute value of the 
yaw angles, ymed, and eliminate all CdA 
values that differ by more than 1.0° from 
ymed. 

(iii) Of the remaining points, calculate 
the mean and standard deviation of CdA 
and eliminate all values that differ by 
more than 2.0 standard deviations from 
the mean value. 

(iv) There must be at least 24 points 
remaining. Of the remaining points, 
recalculate the mean yaw angle. Round 
the mean yaw angle to the nearest 0.1°. 
This final result is the effective yaw 
angle, yeff, for coastdown testing. 

(v) For the same set of points, 
recalculate the mean CdA. This is the 
final result of the coastdown test, 
CdAeffective-yaw-coastdown. 

(i) [Reserved] 
(j) Include the following information 

in your application for certification: 
(1) The name, location, and 

description of your test facilities, 
including background/history, 
equipment and capability, and track and 
facility elevation, along with the grade 
and size/length of the track. 

(2) Test conditions for each test result, 
including date and time, wind speed 
and direction, ambient temperature and 
humidity, vehicle speed, driving 
distance, manufacturer name, test 
vehicle/model type, model year, 

applicable family, tire type and rolling 
resistance, weight of tractor-trailer (as 
tested), and driver identifier(s). 

(3) Average CdA and yaw angle results 
and all the individual run results 
(including voided or invalid runs). 

§ 1037.530 Wind-tunnel procedures for 
calculating drag area (CdA). 

The wind-tunnel procedure specified 
in this section is considered to be the 
primary procedure for trailers, but is an 
alternate procedure for tractors. 

(a) You may measure drag areas 
consistent with published SAE 
procedures as described in this section 
using any wind tunnel recognized by 
the Subsonic Aerodynamic Testing 
Association, subject to the provisions of 
§§ 1037.525 through 1037.527. If your 
wind tunnel does not meet the 
specifications described in this section, 
you may ask us to approve it as an 
alternate method under § 1037.525(d) or 
§ 1037.526(d). All wind tunnels and 
wind tunnel tests must meet the 
specifications described in SAE J1252 
(incorporated by reference in 
§ 1037.810), with the following 
exceptions and additional provisions: 

(1) The Overall Vehicle Reynolds 
number, Re#

w, must be at least 1.0·106. 
Tests for Reynolds effects described in 
Section 7.1 of SAE J1252 are not 
required. 

(2) For full-scale wind tunnel tractor 
testing, use good engineering judgment 
to select a trailer that is a reasonable 
representation of the trailer used for 
reference coastdown testing. For 
example, where your wind tunnel is not 
long enough to test the tractor with a 
standard 53 foot box van, it may be 

appropriate to use a shorter box van. In 
such a case, the correlation developed 
using the shorter trailer would only be 
valid for testing with the shorter trailer. 

(3) For reduced-scale wind tunnel 
testing, use a one-eighth or larger scale 
model of a tractor and trailer that is 
sufficient to simulate airflow through 
the radiator inlet grill and across an 
engine geometry that represents engines 
commonly used in your test vehicle. 

(b) Open-throat wind tunnels must 
also meet the specifications of SAE 
J2071 (incorporated by reference in 
§ 1037.810). 

(c) To determine CdA values for 
certifying tractors, perform wind-tunnel 
testing with a tractor-trailer combination 
using the manufacturer’s tractor and a 
standard trailer. To determine CdA 
values for certifying trailers, perform 
wind-tunnel testing with a tractor-trailer 
combination using a standard tractor. 
Use a moving/rolling floor if the facility 
has one. For Phase 1 tractors, conduct 
the wind tunnel tests at a zero yaw 
angle. For Phase 2 vehicles, conduct the 
wind tunnel tests by measuring the drag 
area at yaw angles of +4.5° and ¥4.5° 
and calculating the average of those two 
values. 

(d) In your request to use wind-tunnel 
testing for tractors, or in your 
application for certification for trailers, 
describe how you meet all the 
specifications that apply under this 
section, using terminology consistent 
with SAE J1594 (incorporated by 
reference in § 1037.810). If you request 
our approval to use wind-tunnel testing 
even though you do not meet all the 
specifications of this section, describe 
how your method nevertheless qualifies 
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as an alternate method under 
§ 1037.525(d) or 1037.526(d) and 
include all the following information: 

(1) Identify the name and location of 
the test facility for your wind-tunnel 
method. 

(2) Background and history of the 
wind tunnel. 

(3) The wind tunnel’s layout (with 
diagram), type, and construction 
(structural and material). 

(4) The wind tunnel’s design details: 
The type and material for corner turning 
vanes, air settling specification, mesh 
screen specification, air straightening 
method, tunnel volume, surface area, 
average duct area, and circuit length. 

(5) Specifications related to the wind 
tunnel’s flow quality: Temperature 
control and uniformity, airflow quality, 
minimum airflow velocity, flow 
uniformity, angularity and stability, 
static pressure variation, turbulence 
intensity, airflow acceleration and 
deceleration times, test duration flow 
quality, and overall airflow quality 
achievement. 

(6) Test/working section information: 
Test section type (e.g., open, closed, 
adaptive wall) and shape (e.g., circular, 
square, oval), length, contraction ratio, 
maximum air velocity, maximum 
dynamic pressure, nozzle width and 
height, plenum dimensions and net 
volume, maximum allowed model scale, 
maximum model height above road, 
strut movement rate (if applicable), 
model support, primary boundary layer 
slot, boundary layer elimination 
method, and photos and diagrams of the 
test section. 

(7) Fan section description: Fan type, 
diameter, power, maximum rotational 
speed, maximum speed, support type, 
mechanical drive, and sectional total 
weight. 

(8) Data acquisition and control 
(where applicable): Acquisition type, 
motor control, tunnel control, model 
balance, model pressure measurement, 
wheel drag balances, wing/body panel 
balances, and model exhaust 
simulation. 

(9) Moving ground plane or rolling 
road (if applicable): Construction and 
material, yaw table and range, moving 
ground length and width, belt type, 
maximum belt speed, belt suction 
mechanism, platen instrumentation, 
temperature control, and steering. 

(10) Facility correction factors and 
purpose. 

§ 1037.532 Using computational fluid 
dynamics to calculate drag area (CdA). 

This section describes how to use 
commercially available computational 
fluid dynamics (CFD) software to 
determine CdA values, subject to the 

provisions of §§ 1037.525 through 
1037.527. This is considered to be an 
alternate method for both tractors and 
trailers. 

(a) For Phase 2 vehicles, use SAE 
J2966 (incorporated by reference in 
§ 1037.810), with the following 
clarifications and exceptions: 

(1) Vehicles are subject to the 
requirement to meet standards based on 
the average of testing at yaw angles of 
+4.5° or ¥4.5°; however, you may 
submit your application for certification 
with CFD results based on only one of 
those yaw angles. 

(2) For CFD code with a Navier-Stokes 
based solver, follow the additional steps 
in paragraph (d) of this section. For 
Lattice-Boltzmann based CFD code, 
follow the additional steps in paragraph 
(e) of this section. 

(3) Simulate a Reynolds number of 5.1 
million and an air speed of 65 mi/hr. 

(4) Perform the General On-Road 
Simulation (not the Wind Tunnel 
Simulation). 

(5) Use a free stream turbulence 
intensity of 0.0%. 

(6) Choose time steps that can 
accurately resolve intrinsic flow 
instabilities, consistent with good 
engineering judgment. 

(7) The result must be drag area (CdA), 
not drag coefficient (Cd), based on an air 
speed of 65 mi/hr. 

(8) Submit information as described 
in paragraph (g) of this section. 

(b) For Phase 1 tractors, apply the 
procedures as specified in paragraphs 
(c) through (f) of this section. Paragraphs 
(c) through (f) of section apply for Phase 
2 vehicles only as specified in 
paragraph (a) of this section. 

(c) To determine CdA values for 
certifying a tractor, perform CFD 
modeling based on a tractor-trailer 
combination using the manufacturer’s 
tractor and a standard trailer. To 
determine CdA values for certifying a 
trailer, perform CFD modeling based on 
a tractor-trailer combination using a 
standard tractor. Perform all CFD 
modeling as follows: 

(1) Specify a blockage ratio at or 
below 0.2% to simulate open-road 
conditions. 

(2) Assume zero yaw angle. 
(3) Model the tractor with an open 

grill and representative back pressures 
based on available data describing the 
tractor’s pressure characteristics. 

(4) Enable the turbulence model and 
mesh deformation. 

(5) Model tires and ground plane in 
motion to simulate a vehicle moving 
forward in the direction of travel. 

(6) Apply the smallest cell size to 
local regions on the tractor and trailer in 
areas of high flow gradients and smaller- 

geometry features (e.g., the A-pillar, 
mirror, visor, grille and accessories, 
trailer-leading edge, trailer-trailing edge, 
rear bogey, tires, and tractor-trailer gap). 

(7) Simulate a vehicle speed of 55 mi/ 
hr. 

(d) Take the following steps for CFD 
code with a Navier-Stokes formula 
solver: 

(1) Perform an unstructured, time- 
accurate analysis using a mesh grid size 
with a total volume element count of at 
least 50 million cells of hexahedral and/ 
or polyhedral mesh cell shape, surface 
elements representing the geometry 
consisting of no less than 6 million 
elements, and a near-wall cell size 
corresponding to a y+ value of less than 
300. 

(2) Perform the analysis with a 
turbulence model and mesh 
deformation enabled (if applicable) with 
boundary layer resolution of ±95%. 
Once the results reach this resolution, 
demonstrate the convergence by 
supplying multiple, successive 
convergence values for the analysis. The 
turbulence model may use k-epsilon (k- 
e), shear stress transport k-omega (SST 
k-w), or other commercially accepted 
methods. 

(e) For Lattice-Boltzmann based CFD 
code, perform an unstructured, time- 
accurate analysis using a mesh grid size 
with total surface elements of at least 50 
million cells using cubic volume 
elements and triangular and/or 
quadrilateral surface elements with a 
near-wall cell size of no greater than 6 
mm on local regions of the tractor and 
trailer in areas of high flow gradients 
and smaller geometry features, with cell 
sizes in other areas of the mesh grid 
starting at twelve millimeters and 
increasing in size from this value as the 
distance from the tractor and trailer 
increases. 

(f) You may ask us to allow you to 
perform CFD analysis using parameters 
and criteria other than those specified in 
this section, consistent with good 
engineering judgment. In your request, 
you must demonstrate that you are 
unable to perform modeling based on 
the specified conditions (for example, 
you may have insufficient computing 
power, or the computations may require 
inordinate time), or you must 
demonstrate that different criteria (such 
as a different mesh cell shape and size) 
will yield better results. In your request, 
you must also describe your 
recommended alternative parameters 
and criteria, and describe how this 
approach will produce results that 
adequately represent a vehicle’s in-use 
performance. We may require that you 
supply data demonstrating that your 
selected parameters and criteria will 
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provide a sufficient level of detail to 
yield an accurate analysis. If you request 
an alternative approach because it will 
yield better results, we may require that 
you perform CFD analysis using both 
your recommended criteria and 
parameters and the criteria and 
parameters specified in this section to 
compare the resulting key aerodynamic 
characteristics, such as pressure 
profiles, drag build-up, and turbulent/ 
laminar flow at key points around the 
tractor-trailer combination. 

(g) Include the following information 
in your request to determine CdA values 
using CFD: 

(1) The name of the software. 
(2) The date and version number of 

the software. 
(3) The name of the company 

producing the software and the 
corresponding address, phone number, 
and Web site. 

(4) Identify whether the software uses 
Navier-Stokes or Lattice-Boltzmann 
equations. 

(5) Describe the input values you will 
use to simulate the vehicle’s 
aerodynamic performance for 
comparing to coastdown results. 

§ 1037.534 Constant-speed procedure for 
calculating drag area (CdA). 

This section describes how to use 
constant-speed aerodynamic drag 
testing to determine CdA values, subject 
to the provisions of § 1037.525. This is 
considered to be an alternate method for 
tractors. 

(a) Test track. Select a test track that 
meets the specifications described in 
§ 1037.528(c)(3). 

(b) Ambient conditions. At least two 
tests are required. For one of the tests, 
ambient conditions must remain within 
the specifications described in 
§ 1037.528(c) throughout the 
preconditioning and measurement 
procedure. The other tests must also 
meet those specifications except for the 
wind conditions. The wind conditions 
must be such that 80 percent of the 
values of yaw angle, y≈ air, from the 50 
mi/hr and 70 mi/hr test segments are 
between 4° and 10° or between ¥4° and 
¥10°. 

(c) Vehicle preparation. Perform 
testing with a tractor-trailer combination 
using the manufacturer’s tractor and a 
standard trailer. Prepare tractors and 
trailers for testing as described in 
§ 1037.528(b). Install measurement 
instruments meeting the requirements of 
40 CFR part 1065, subpart C, that have 
been calibrated as described in 40 CFR 
part 1065, subpart D, as follows: 

(1) Measure torque at each of the drive 
wheels using a hub torque meter or a 
rim torque meter. If testing a tractor 

with two drive axles, you may 
disconnect one of the drive axles from 
receiving torque from the driveshaft, in 
which case you would measure torque 
at only the wheels that receive torque 
from the driveshaft. Set up instruments 
to read engine rpm for calculating 
rotational speed at the point of the 
torque measurements, or install 
instruments for measuring the rotational 
speed of the wheels directly. 

(2) Install instrumentation to measure 
vehicle speed at 10 Hz, with an 
accuracy and resolution of 0.1 mi/hr. 
Also install instrumentation for reading 
engine rpm from the engine’s onboard 
computer. 

(3) Mount an anemometer on the 
trailer as described in § 1037.528(f). 

(4) Fill the vehicle’s fuel tanks so they 
are at maximum capacity at the start of 
the measurement procedure. 

(5) Measure the weight over each axle 
to the nearest 20 kg, with a full fuel 
tank, including the driver and any 
passengers that will be in the vehicle 
during the test. 

(d) Measurement procedure. The 
measurement sequence consists of 
vehicle preconditioning followed by 
stabilization and measurement over five 
consecutive constant-speed test 
segments with three different speed 
setpoints (10, 50, and 70 mi/hr). Each 
test segment is divided into smaller 
increments for data analysis. 

(1) Precondition the vehicle and zero 
the torque meters as follows: 

(i) If you are using rim torque meters, 
zero the torque meters by lifting each 
instrumented axle and recording torque 
signals for at least 30 seconds, and then 
drive the vehicle at 50 mi/hr for at least 
30 minutes. 

(ii) If you are using any other kind of 
torque meter, drive the vehicle at 50 mi/ 
hr for at least 30 minutes, and then 
allow the vehicle to coast down from 
full speed to a complete standstill while 
the clutch is disengaged or the 
transmission is in neutral, without 
braking. Zero the torque meters within 
60 seconds after the vehicle stops 
moving by recording the torque signals 
for at least 30 seconds, and directly 
resume vehicle preconditioning at 50 
mi/hr for at least 1.25 mi. 

(iii) You may calibrate instruments 
during the preconditioning drive. 

(2) Perform testing as described in 
paragraph (d)(3) of this section over a 
sequence of test segments at constant 
vehicle speed as follows: 

(i) 300±30 seconds in each direction 
at 10 mi/hr. 

(ii) 450±30 seconds in each direction 
at 70 mi/hr. 

(iii) 450±30 seconds in each direction 
at 50 mi/hr. 

(iv) 450±30 seconds in each direction 
at 70 mi/hr. 

(v) 450±30 seconds in each direction 
at 50 mi/hr. 

(vi) 300±30 seconds in each direction 
at 10 mi/hr. 

(3) When the vehicle preconditioning 
described in paragraph (d)(1) of this 
section is complete, stabilize the vehicle 
at the specified speed for at least 200 
meters and start taking measurements. 
The test segment starts when you start 
taking measurements for all parameters. 

(4) During the test segment, continue 
to operate the vehicle at the speed 
setpoint, maintaining constant speed 
and torque within the ranges specified 
in paragraph (e) of this section. Drive 
the vehicle straight with minimal 
steering; do not change gears. Perform 
measurements as follows during the test 
segment: 

(i) Measure the rotational speed of the 
driveshaft, axle, or wheel where the 
torque is measured, or calculate it from 
engine rpm in conjunction with gear 
and axle ratios, as applicable. 

(ii) Measure vehicle speed in 
conjunction with time-of-day data. 

(iii) Measure ambient conditions, air 
speed, and air direction as described in 
§ 1037.528(e) and (f). Correct air speed 
and air direction as described in 
paragraphs (f)(1) and (2) of this section. 

(5) You may divide a test segment into 
multiple passes by suspending and 
resuming measurements. Stabilize 
vehicle speed before resuming 
measurements for each pass as 
described in paragraph (d)(3) of this 
section. Analyze the data from multiple 
passes by combining them into a single 
sequence of measurements for each test 
segment. 

(6) Divide measured values into even 
10 second increments. If the last 
increment for each test segment is less 
than 10 seconds, disregard measured 
values from that increment for all 
calculations under this section. 

(e) Validation criteria. Analyze 
measurements to confirm that the test is 
valid. Analyze vehicle speed and drive 
torque by calculating the mean speed 
and torque values for each successive 1 
second increment, for each successive 
10 second increment, and for each test 
segment. The test is valid if the data 
conform to all the following 
specifications: 

(1) Vehicle speed. The mean vehicle 
speed for the test segment must be 
within 1.00 mi/hr of the speed setpoint. 
In addition, for testing at 50 mi/hr and 
70 mi/hr, all ten of the 1 second mean 
vehicle speeds used to calculate a 
corresponding 10 second mean vehicle 
speed must be within ±0.2 mi/hr of that 
10 second mean vehicle speed. Perform 
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the same data analysis for testing at 10 
mi/hr, but apply a validation threshold 
of ±0.1 mi/hr. 

(2) Drive torque. All ten of the 1 
second mean torque values used to 
calculate a corresponding 10 second 
mean torque value must be within ±50% 
of that 10 second mean torque value. 

(3) Torque drift. Torque meter drift 
may not exceed ±1%. Determine torque 
meter drift by repeating the procedure 

described in paragraph (d)(1) of this 
section after testing is complete, except 
that driving the vehicle is necessary 
only to get the vehicle up to 50 mi/hr 
as part of coasting to standstill. 

(f) Calculations. Analyze measured 
data for each time segment after time- 
aligning all the data. Use the following 
calculations to determine CdA: 

(1) Onboard air speed. Correct 
onboard anemometer measurements for 

air speed using onboard measurements 
and measured ambient conditions as 
described in § 1037.528(f), except that 
you must first divide the test segment 
into consecutive 10 second increments. 
Disregard data from the final increment 
of the test segment if it is less than 10 
seconds. This analysis results in the 
following equation for correcting air 
speed measurements: 

(2) Yaw angle. Correct the onboard 
anemometer measurements for air 
direction for each test segment as 
follows: 

(i) Calculate arithmetic mean values 
for vehicle speed, v̄, wind speed, w̄, and 
wind direction, f≈ w, over each 10 second 
increment for each test segment. 
Disregard data from the final increment 

of the test segment if it is less than 10 
seconds. 

(ii) Calculate the theoretical air 
direction, y≈ air,th, for each 10 second 
increment using the following equation: 

Where: 
fveh = the vehicle direction, as described in 

§ 1037.528(f)(2). 

Example:  
w̄ = 7.1 mi/hr 
v̄ = 69.9 mi/hr 

f≈ w = 47.0° 
f≈ veh = 0° 

y≈ air,th = 3.97° 

(iii) Perform a linear regression using 
paired values of y≈ air,th and measured air 

direction, y≈ air,meas, from each 10 second 
increment for all 50 mi/hr and 70 mi/ 
hr test segments to determine the air- 

direction correction coefficients, b0 and 
b1, based on the following equation: 

(iv) For all 50 mi/hr and 70 mi/hr test 
segments, correct each measured value 

of air direction using the following 
equation: 

(3) Road load force. (i) Average the 
sum of the corrected torques, the 
average of the wheel speed 

measurements, and the vehicle speed 
over every 10 second increment to 
determine, T̄total, f̄nwheel, and v̄. 

(ii) Calculate a mean road load force, 
F̄RL[speed], for each 10 second increment 
using the following equation: 
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Where: 

T̄total = mean of all corrected torques at a 
point in time. 

v̄ = mean vehicle speed. 
f̄nwheel = mean wheel speed. 
M = the measured vehicle mass. 
ag = acceleration of Earth’s gravity, as 

described in 40 CFR 1065.630. 

hinc = elevation at the start or end of each 10 
second increment expressed to at least 
two decimal places. 

Dinc = distance traveled on the road surface 
from a fixed reference location along the 
road to the start or end of each 10 second 
increment, expressed to at least one 
decimal place. 

Example:  

T̄total = 2264.9 N·m 
v̄ = 31.6 m/s 
f̄nwheel =598.0 r/min 
M = 16508 kg 
ag = 9.8061 m/s2 
hinc,start = 0.044 m 
hinc,end = 0.574 m 
Dinc,start = 215.4 m 
Dinc,end = 697.8 m 

F̄RL70 = 4310.6 N 

(4) Determination of drag area. 
Calculate a vehicle’s drag area as 
follows: 

(i) Calculate the mean road load force 
from all 10 second increments from the 
10 mi/hr test segments from the test that 
was within the wind limits specified in 
§ 1037.528(c), F̄RL10,test. This value 

represents the mechanical drag force 
acting on the vehicle. 

(ii) Calculate the mean aerodynamic 
force for each 10 second increment, 
F̄aero[speed], from the 50 mi/hr and 70 mi/ 
hr test segments by subtracting F̄RL10,test 
from F̄RL[speed]. 

(iii) Average the corrected air speed 
and corrected yaw angle over every 10 

second segment from the 50 mi/hr and 
70 mi/hr test segments to determine v̄air 
and y≈ air. 

(iv) Calculate CdA for each 10 second 
increment from the 50 mi/hr and 70 mi/ 
hr test segments using the following 
equation: 

Where: 

CdAi[speed] = the mean drag area for each 10 
second increment, i. 

F̄aero[speed] = mean aerodynamic force over a 
given 10 second increment = F̄RL[speed] ¥ 

F̄RL10,test. 

v̄air[speed] = mean aerodynamic force over a 
given 10 second increment. 

R = specific gas constant = 287.058 J/(kg·K). 
T̄ = mean air temperature. 
P̄act = mean absolute air pressure. 

Example:  
F̄RL70 = 4310.6 N 

F̄RL10,test = 900.1 N 
F̄aero70 = 4310.6 ¥ 900.1 = 3410.5 N 
v̄2

air70 = 1089.5 m2/s2 
R = 287.058 J/(kg·K) 
T̄ = 293.68 K 
P̄act = 101300 Pa 

CdAi70 = 5.210 m2 

(v) Plot all CdA values from the 50 mi/ 
hr and 70 mi/hr test segments against 

the corresponding values for corrected 
yaw angle for each 10 second increment. 
Create a regression based on a fourth- 

order polynomial regression equation of 
the following form: 
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(vi) Determine CdAwa-alt as the average 
of CdA values at 4.5° and ¥4.5° by 
applying Eq. 1037.534–7 at those angles. 

(g) Documentation. Keep the 
following records related to the 
constant-speed procedure for 
calculating drag area: 

(1) The measurement data for 
calculating CdA as described in this 
section. 

(2) A general description and pictures 
of the vehicle tested. 

(3) The vehicle’s maximum height 
and width. 

(4) The measured vehicle mass. 
(5) Mileage at the start of the first test 

segment and at the end of the last test 
segment. 

(6) The date of the test, the starting 
time for the first test segment, and the 
ending time for the last test segment. 

(7) The transmission gear used for 
each test segment. 

(8) The data describing how the test 
was valid relative to the specifications 
and criteria described in paragraphs (b) 
and (e) of this section. 

(9) A description of any unusual 
events, such as a vehicle passing the test 
vehicle, or any technical or human 
errors that may have affected the CdA 
determination without invalidating the 
test. 

§ 1037.540 Special procedures for testing 
vehicles with hybrid power take-off. 

This section describes optional 
procedures for quantifying the reduction 
in greenhouse gas emissions for vehicles 
as a result of running power take-off 
(PTO) devices with a hybrid energy 
delivery system. See § 1037.550 for 
powertrain testing requirements that 
apply for drivetrain hybrid systems. The 
procedures are written to test the PTO 
by ensuring that the engine produces all 
of the energy with no net change in 
stored energy (charge-sustaining), and 
for plug-in hybrid vehicles, also 
allowing for drawing down the stored 
energy (charge-depleting). The full 
charge-sustaining test for the hybrid 
vehicle is from a fully charged 
renewable energy storage system (RESS) 
to a depleted RESS and then back to a 
fully charged RESS. You must include 
all hardware for the PTO system. You 
may ask us to modify the provisions of 
this section to allow testing hybrid 
vehicles other than electric-battery 
hybrids, consistent with good 
engineering judgment. For plug-in 
hybrids, use a utility factor to properly 
weight charge-sustaining and charge- 
depleting operation as described in 
paragraph (f)(3) of this section. 

(a) Select two vehicles for testing as 
follows: 

(1) Select a vehicle with a hybrid 
energy delivery system to represent the 

range of PTO configurations that will be 
covered by the test data. If your test data 
will represent more than one PTO 
configuration, use good engineering 
judgment to select the configuration 
with the maximum number of PTO 
circuits that has the smallest potential 
reduction in greenhouse gas emissions. 

(2) Select an equivalent conventional 
vehicle as specified in § 1037.615. 

(b) Measure PTO emissions from the 
fully warmed-up conventional vehicle 
as follows: 

(1) Without adding a restriction, 
instrument the vehicle with pressure 
transducers at the outlet of the 
hydraulic pump for each circuit. 
Perform pressure measurements with a 
frequency of at least 1 Hz. 

(2) Operate the PTO system with no 
load for at least 15 seconds. Measure 
gauge pressure and record the average 
value over the last 10 seconds (p̄min). For 
hybrid PTO systems the measured 
pressure with no load is typically zero. 
Apply maximum operator demand to 
the PTO system until the pressure relief 
valve opens and pressure stabilizes; 
measure gauge pressure and record the 
average value over the last 10 seconds 
(p̄max). 

(3) Denormalize the PTO duty cycle in 
Appendix II of this part using the 
following equation: 

Where: 
prefi = the reference pressure at each point i 

in the PTO cycle. 
pi = the normalized pressure at each point i 

in the PTO cycle (relative to p̄max). 
p̄max = the mean maximum pressure 

measured in paragraph (b)(2) of this 
section. 

p̄min = the mean minimum pressure measured 
in paragraph (b)(2) of this section. 

(4) If the PTO system has two circuits, 
repeat paragraph (b)(2) and (3) of this 
section for the second PTO circuit. 

(5) Install a system to control 
pressures in the PTO system during the 
cycle. 

(6) Start the engine. 
(7) Depending on the number of 

circuits the PTO system has, operate the 
vehicle over one or concurrently over 
both of the denormalized PTO duty 
cycles in Appendix II of this part. 
Measure emissions during operation 
over each duty cycle using the 
provisions of 40 CFR part 1066. 

(8) Measured pressures must meet the 
cycle-validation specifications in the 
following table for each test run over the 
duty cycle: 

TABLE 1 OF § 1037.540—STATISTICAL 
CRITERIA FOR VALIDATING EACH 
TEST RUN OVER THE DUTY CYCLE 

Parameter 1 Pressure 

Slope, a1 ................... 0.950 ≤ a1 ≤ 1.030. 
Absolute value of 

intercept, |a0|.
≤ 2.0% of maximum 

mapped pressure. 
Standard error of esti-

mate, SEE.
≤ 10% of maximum 

mapped pressure. 
Coefficient of deter-

mination, r2.
≥ 0.970. 

1 Determine values for specified parameters 
as described in 40 CFR 1065.514(e) by com-
paring measured values to denormalized pres-
sure values from the duty cycle in Appendix II 
of this part. 

(c) Measure PTO emissions from the 
fully warmed-up hybrid vehicle as 
follows: 

(1) Perform the steps in paragraphs 
(b)(1) through (5) of this section. 

(2) Prepare the vehicle for testing by 
operating it as needed to stabilize the 
RESS at a full state of charge (or 
equivalent for non-electric RESS). 

(i) For plug-in hybrid electric 
vehicles, we recommend charging the 
battery with an external electrical 
source. 

(ii) For other vehicles, we recommend 
running back-to-back PTO tests until 
engine operation is initiated to charge 
the RESS. The RESS should be fully 
charged once engine operation stops. 
The ignition should remain in the ‘‘on’’ 
position. 

(3) Turn the vehicle and PTO system 
off while the sampling system is being 
prepared. 

(4) Turn the vehicle and PTO system 
on such that the PTO system is 
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functional, whether it draws power from 
the engine or a battery. 

(5) Operate the vehicle over one or 
both of the denormalized PTO duty 
cycles without turning the vehicle off, 
until the engine starts and then shuts 
down. This may require running 
multiple repeats of the PTO duty cycles. 
For non-PHEV systems the test cycle is 
completed once the engine shuts down. 
For plug-in hybrid systems, continue 
running until the PTO hybrid is running 
in a charge-sustaining mode such that 
the ‘‘End of Test’’ requirements defined 
in 40 CFR 1066.501 are met. Measure 

emissions as described in paragraph 
(b)(7) of this section. Use good 
engineering judgment to minimize the 
variability in testing between the two 
types of vehicles. 

(6) For plug-in hybrid electric 
vehicles, follow 40 CFR 1066.501 to 
divide the test into charge-depleting and 
charge-sustaining operation. 

(7) Apply cycle-validation criteria as 
described in paragraph (b)(8) of this 
section to both charge-sustaining and 
charge-depleting operation. 

(d) Calculate the equivalent distance 
driven based on operating time for each 

section of the PTO portion of the test as 
applicable by determining the time of 
the test and applying the conversion 
factor in paragraph (d)(4) of this section. 
For testing where fractions of a cycle 
were run (for example, where three 
cycles are completed and the halfway 
point of a fourth PTO cycle is reached 
before the engine starts and shuts down 
again), calculate the time of the test, ttest, 
as follows: 

(1) Add up the time run for all 
complete tests. 

(2) For fractions of a test, use the 
following equation to calculate the time: 

Where: 
i = an indexing variable that represents one 

recorded value. 
N = number of measurement intervals. 
pcircuit-1,i = normalized pressure command 

from circuit 1 of the PTO cycle for each 
point, i, starting from i = 1. 

pcircuit-2,i = normalized pressure command 
from circuit 2 of the PTO cycle for each 
point, i, starting from i = 1. Let pcircuit-2 
= 0 if there is only one circuit. 

p̄circuit-1 = the mean normalized pressure 
command from circuit 1 over the entire 
PTO cycle. 

p̄circuit-2 = the mean normalized pressure 
command from circuit 2 over the entire 
PTO cycle. Let p̄circuit-2 = 0 if there is only 
one circuit. 

Dt = the time interval between measurements. 
For example, at 100 Hz, Dt = 0.0100 
seconds. 

(3) Sum the time from the complete 
cycles and from the partial cycle. 

(4) Divide the total PTO operating 
time from paragraph (d)(3) of this 
section by a conversion factor of 0.0144 
hr/mi for Phase 1 and 0.0217 hr/mi for 

Phase 2 to determine the equivalent 
distance driven. The conversion factors 
are based on estimates of average 
vehicle speed and PTO operating time 
as a percentage of total engine operating 
time; the Phase 2 conversion factor is 
calculated from an average speed of 27.1 
mi/hr and PTO operation 37% of engine 
operating time, as follows: 

(e) For Phase 1, calculate combined 
cycle-weighted emissions of the four 
duty cycles for vocational vehicles, for 
both the conventional and hybrid PTO 
vehicle tests, as follows: 

(1) Calculate the CO2 emission rates in 
grams per test without rounding for both 
the conventional vehicle and the charge- 
sustaining and charge-depleting 
portions of the test for the hybrid 
vehicle as applicable. 

(2) Divide the CO2 mass from the PTO 
cycle by the distance determined in 
paragraph (d)(4) of this section and the 
standard payload to get the CO2 
emission rate in g/ton-mile. For plug-in 
hybrid electric vehicles follow 
paragraph (f)(3) of this section to 
calculate utility factor weighted CO2 
emissions in g/ton-mile. 

(3) Calculate the g/ton-mile emission 
rate for the driving portion of the test 
specified in § 1037.510 and add this to 
the CO2 g/ton-mile emission rate for the 
PTO portion of the test. 

(4) Follow the provisions of 
§ 1037.615 to calculate improvement 
factors and benefits for advanced 
technologies. 

(f) For Phase 2, calculate the delta 
PTO fuel results for input into GEM 
during vehicle certification as follows: 

(1) Calculate fuel consumption in 
grams per test, mfuelPTO, without 
rounding, as described in 40 CFR 
1036.540(d)(4) and (5) for both the 
conventional vehicle and the charge- 
sustaining and charge-depleting 
portions of the test for the hybrid 
vehicle as applicable. 

(2) Divide the fuel mass by the 
applicable distance determined in 
paragraph (d)(4) of this section and the 
appropriate standard payload to 
determine the fuel rate in g/ton-mile. 

(3) For plug-in hybrid electric 
vehicles calculate the utility factor 
weighted fuel consumption in g/ton- 
mile, as follows: 

(i) Determine the utility factor fraction 
for the PTO system from the table in 
Appendix V of this part using 
interpolation based on the total time of 
the charge-depleting portion of the test 
as determined in paragraphs (c)(6) and 
(d)(3) of this section. 

(ii) Weight the emissions from the 
charge-sustaining and charge-depleting 
portions of the test using the following 
equation: 
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Where: 
mPTO,CD = mass of fuel per ton-mile while in 

charge-depleting mode. 
UFtCD = utility factor fraction at time tCD as 

determined in paragraph (f)(3)(i) of this 
section. 

mPTO,CS = mass of fuel per ton-mile while in 
charge-sustaining mode. 

(4) Calculate the difference between 
the conventional PTO emissions result 
and the hybrid PTO emissions result for 
input into GEM. 

(g) If the PTO system has more than 
two circuits, apply the provisions of this 
section using good engineering 
judgment. 

§ 1037.550 Powertrain testing. 

(a) This section describes how to 
determine engine fuel maps using a 
measurement procedure that involves 
testing an engine coupled with a 
powertrain to simulate vehicle 
operation. Engine fuel maps are part of 
demonstrating compliance with Phase 2 
vehicle standards under this part 1037; 
this fuel-mapping information may 
come from different types of testing as 
described in 40 CFR 1036.510. 

(b) Perform powertrain testing to 
establish measured fuel-consumption 
rates over applicable duty cycles for 
several different vehicle configurations. 
The following general provisions apply: 

(1) Measure NOX emissions for each 
sampling period in grams. You may 
perform these measurements using a 
NOX emission-measurement system that 
meets the requirements of 40 CFR part 
1065, subpart J. Include these measured 
NOX values any time you report to us 
your greenhouse gas emissions or fuel 
consumption values from testing under 
this section. If a system malfunction 
prevents you from measuring NOX 
emissions during a test under this 
section but the test otherwise gives valid 
results, you may consider this a valid 
test and omit the NOX emission 
measurements; however, we may 
require you to repeat the test if we 
determine that you inappropriately 
voided the test with respect to NOX 
emission measurement. 

(2) This section uses engine 
parameters and variables that are 
consistent with 40 CFR part 1065. 

(3) While this section includes the 
detailed equations, you need to develop 
your own driver model and vehicle 
model; we recommend that you use the 
MATLAB/Simulink code provided at 
www.epa.gov/otaq/climate/gem.htm. 

(c) Select an engine and powertrain 
for testing as described in § 1037.231. 

(d) Set up the engine according to 40 
CFR 1065.110. The default test 
configuration involves connecting the 
powertrain’s transmission output shaft 

directly to the dynamometer. You may 
instead set up the dynamometer to 
connect at the wheel hubs if your 
powertrain configuration requires it, 
such as for hybrid powertrains, or if you 
want to represent the axle performance 
with powertrain test results. If you 
connect at the wheel hubs, input your 
test results into GEM to reflect this. 

(e) Cool the powertrain during testing 
so temperatures for intake-air, oil, 
coolant, block, head, transmission, 
battery, and power electronics are 
within their expected ranges for normal 
operation. You may use auxiliary 
coolers and fans. 

(f) Set the dynamometer to operate in 
speed-control mode. Record data as 
described in 40 CFR 1065.202. 
Command and control dynamometer 
speed at a minimum of 5 Hz. If you 
choose to command the dynamometer at 
a slower rate than the calculated 
dynamometer speed setpoint, use good 
engineering judgment to subsample the 
calculated setpoints for use in 
commanding the dynamomemter speed 
setpoint. Design a vehicle model to use 
the measured torque and calculate the 
dynamometer speed setpoint at a rate of 
at least 100 Hz, as follows: 

(1) Calculate the dynamometer’s 
angular speed target, ƒnref,dyno, based on 
the simulated linear speed of the tires: 

Where: 
ka[speed] = drive axle ratio as determined in 

paragraph (h) of this section. 

vrefi = simulated vehicle reference speed. Use 
the unrounded result for calculating 
ƒnrefi,dyno. 

r[speed] = tire radius as determined in 
paragraph (h) of this section. 

Where: i = a time-based counter corresponding to 
each measurement during the sampling 
period. Let vref1 = 0; start calculations at 

i = 2. A 10-minute sampling period will 
generally involve 60,000 measurements. 

T = instantaneous measured torque. 
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Eƒƒaxle = axle efficiency. Use Eƒƒaxle = 0.955 
for T > 0, and use Eƒƒaxle = 1/0.955 for 
T < 0. To calculate ƒnrefi,dyno for a 
dynamometer connected at the wheel 
hubs, as described in paragraph (f)(2) of 
this section, use Eƒƒaxle = 1.0. 

M = vehicle mass for a vehicle class as 
determined in paragraph (h) of this 
section. 

g = gravitational constant = 9.81 m/s2. 
Crr = coefficient of rolling resistance for a 

vehicle class as determined in paragraph 
(h) of this section. 

Gi-1 = the percent grade interpolated at 
distance, Di-1, from the duty cycle in 
Appendix IV corresponding to 
measurement (i¥1). 

r = air density at reference conditions. Use 
r = 1.20 kg/m3. 

CdA = drag area for a vehicle class as 
determined in paragraph (h) of this 
section. 

Fbrake = instantaneous braking force applied 
by the driver model. 

Dt = the time interval between measurements. 
For example, at 100 Hz, Dt = 0.0100 
seconds. 

Mrotating = inertial mass of rotating 
components. Let Mrotating = 340 kg for 
vocational Light HDV or vocational 
Medium HDV. See paragraph (h) of this 

section for tractors and for vocational 
Heavy HDV. 

Example:  
This example is for a vocational Light HDV 

or vocational Medium HDV with 6 speed 
automatic transmission at B speed (Test 4 in 
Table 2 of 40 CFR 1036.540). 

kaB = 4.0 
rB = 0.399 m 
T1000–1 = 500.0 N·m 
Crr = 6.9 kg/tonne = 6.9·10 minus;3 kg/kg 
M = 11408 kg 
CdA = 5.4 m2 
G1000–1 = 1.0% = 0.018 

Fbrake1000–1 = 0 N 
vref1000–1 = 20.0 m/s 

Fgrade1001–1 = 11408·9.81·sin(atan(0.018)) 
= 2014.1N 

Dt = 0.0100 s 
Mrotating = 340 kg 

vref1000 = 20.00129 m/s 

(2) For testing with the dynamometer 
connected at the wheel hubs, calculate 
fnref,dyno using the following equation: 
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(g) Design a driver model to simulate 
a human driver modulating the throttle 
and brake pedals to follow the test cycle 
as closely as possible. The driver model 
must meet the speed requirements for 
operation over the highway cruise 
cycles as described in § 1037.510 and 
for operation over the transient cycle as 
described in 40 CFR 1066.425(b). The 
exceptions in 40 CFR 1066.425(b)(4) 

apply to the transient cycle and the 
highway cruise cycles. Design the driver 
model to meet the following 
specifications: 

(1) Send a brake signal when throttle 
position is zero and vehicle speed is 
greater than the reference vehicle speed 
from the test cycle. Include a delay 
before changing the brake signal to 

prevent dithering, consistent with good 
engineering judgment. 

(2) Allow braking only if throttle 
position is zero. 

(3) Compensate for the distance 
driven over the duty cycle over the 
course of the test. Use the following 
equation to perform the compensation 
in real time to determine your time in 
the cycle: 

Where: 
vvehicle = measured vehicle speed. 
vcycle = reference speed from the test cycle. If 

vcycle,i-1 < 1.0 m/s, set vcycle,i-1 = vvehicle,i-1. 

(h) Configure the vehicle model in the 
test cell to test the powertrain using at 
least three equally spaced axle ratios or 
tire sizes and three different road loads 
(nine configurations), or at least four 
equally spaced axle ratios or tire sizes 
and two different road loads (eight 
configurations) to cover the range of 
intended vehicle applications. Select 
axle ratios to represent the full range of 
expected vehicle installations. 
Determine the vehicle model inputs for 
vehicle mass, CdA, and Crr for a set of 
vehicle configurations as described in 
40 CFR 1036.540(c)(3). You may instead 
test to simulate eight or nine vehicle 
configurations from different vehicle 
categories if you limit your powertrains 
to a certain range of vehicles. For 
example, if your powertrain will be 
installed only in vocational Medium 
HDV and vocational Heavy HDV, you 
may perform testing to represent eight 
or nine vehicle configurations using 
vehicle masses for Medium HDV and 
Heavy HDV, the predefined CdA for 
those vehicles, and the lowest and 
highest Crr of the tires that will be 
installed on those vehicles. Also, 
instead of selecting specific axle ratios 
and tire size as described in this 
paragraph (h), you may select equally 
spaced axle ratios and tire sizes that 
cover the range of minimum and 
maximum engine speed over vehicle 
speed when the transmission is in top 

gear for the vehicles the powertrain will 
be installed in. 

(i) Operate the powertrain over each 
of the duty cycles specified in 
§ 1037.510(a)(2), and for each applicable 
test configuration identified in 40 CFR 
1036.540(c). For each duty cycle, 
precondition the powertrain using the 
Test 1 vehicle configuration and test the 
different configurations in numerical 
order starting with Test 1. If an 
infrequent regeneration event occurs 
during testing, void the test, but 
continue operating the vehicle to allow 
the regeneration event to finish, then 
precondition the engine to the same 
condition as would apply for normal 
testing and restart testing at the start of 
the same duty cycle for that test 
configuration. For PHEV powertrains, 
precondition the battery and then 
complete all back to back tests for each 
test configuration according to 40 CFR 
1066.501 before moving to the next test 
configuration. You may send signals to 
the engine controller during the test, 
such as cycle road grade and vehicle 
speed, if that allows powertrain 
operation during the test to better 
represent real-world operation. 

(j) Collect and measure emissions as 
described in 40 CFR part 1065. For 
hybrid powertrains with no plug-in 
capability, correct for the net energy 
change of the energy storage device as 
described in 40 CFR 1066.501. For 
PHEV powertrains, follow 40 CFR 
1066.501 to determine End-of-Test for 
charge-depleting operation. You must 
get our approval in advance for your 

utility factor curve; we will approve it 
if you can show that you created it from 
sufficient in-use data of vehicles in the 
same application as the vehicles in 
which the PHEV powertrain will be 
installed. 

(k) For each test point, validate the 
measured output speed with the 
corresponding reference values. If the 
range of reference speed is less than 10 
percent of the mean reference speed, 
you need to meet only the standard 
error of estimate in Table 1 of this 
section. You may delete points when 
the vehicle is stopped. Apply cycle- 
validation criteria for each separate 
transient or highway cruise cycle based 
on the following parameters: 

TABLE 1 OF § 1037.550—STATISTICAL 
CRITERIA FOR VALIDATING DUTY CY-
CLES 

Parameter1 Speed control 

Slope, a1 ................... 0.990 ≤a1≤1.010. 
Absolute value of 

intercept, √a0√.
≤2.0% of maximum 

test speed. 
Standard error of esti-

mate, SEE.
≤2.0% of maximum 

test speed. 
Coefficient of deter-

mination, r2.
≥0.990. 

1 Determine values for specified parameters 
as described in 40 CFR 1065.514(e) by com-
paring measured and reference values for 
fnref,dyno. 

(l) [Reserved] 
(m) Calculate mass of fuel consumed 

for all duty cycles except idle as 
described in 40 CFR 1036.540(d)(4). 
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(n) Determine the mass of fuel 
consumed at idle for the applicable duty 
cycles as follows: 

(1) Measure fuel consumption with a 
fuel flow meter and report the mean fuel 

mass flow rate for each duty cycle as 
applicable, mÔfuelidle. 

(2) For measurements that do not 
involve measured fuel mass flow rate, 
calculate the fuel mass flow rate for 

each duty cycle, mÔfuelidle, for each set of 
vehicle settings, as follows: 

Where: 
MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or 

mixture of test fuels) as determined by in 
CFR 1065.655(d), except that you may 
not use the default properties in Table 1 
of 40 CFR 1065.655 to determine a, b, 
and wC for liquid fuels. 

nÔexh = the mean raw exhaust molar flow rate 
from which you measured emissions 
according to 40 CFR 1065.655. 

x̄Ccombdry = the mean concentration of carbon 
from fuel and any injected fluids in the 
exhaust per mole of dry exhaust. 

x̄H2Oexhdry = the mean concentration of H2O in 
exhaust per mole of dry exhaust. 

mÔH2O2DEF= the mean CO2 mass emission rate 
resulting from diesel exhaust fluid 
decomposition over the duty cycle as 
determined in 40 CFR 1036.535(b)(10). If 
your engine does not use diesel exhaust 

fluid, or if you choose not to perform this 
correction, set mÔCO2DEF equal to 0. 

MCO2 = molar mass of carbon dioxide. 
Example:  

MC = 12.0107 g/mol 
wCmeas = 0.867 
nÔexh = 25.534 mol/s 
x̄Ccombdry = 2.805·10¥3 mol/mol 
x̄H2Oexhdry = 3.53·10¥2 mol/mol 
mÔCO2DEF = 0.0726 g/s 
MCO2 = 44.0095 

mÔfuelidle = 0.405 g/s = 1458.6 g/hr 

(o) Use the results of powertrain 
testing to determine GEM inputs for the 
different simulated vehicle 
configurations as follows: 

(1) Select fuel-consumption rates, 
mfuel[cycle], in g/cycle. In addition, 
declare a fuel mass consumption rate for 
each applicable idle duty cycle, mÔfuelidle. 

These declared values may not be lower 
than any corresponding measured 
values determined in this section. You 
may select any value that is at or above 
the corresponding measured value. 
These declared fuel-consumption rates, 
which serve as emission standards, 
represent collectively as the certified 
powertrain fuel map. 

(2) Powertrain output speed per unit 
of vehicle speed. If the test is done with 
the dynamometer connected at the 
wheel hubs set ka to the axle ratio of the 
rear axle that was used in the test. If the 
vehicle does not have a drive axle, such 
as hybrid vehicles with direct electric 
drive, let ka = 1. 

(3) Positive work, W[cycle], over the 
duty cycle at the transmission output or 
wheel hubs from the powertrain test. 

(4) The following table illustrates the 
GEM data inputs corresponding to the 
different vehicle configurations: 
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(p) Correct the measured or calculated 
fuel mass, mfuel, and idle fuel mass flow 
rate, mÔfuelidle if applicable, for each test 
result to a mass-specific net energy 
content of a reference fuel as described 
in § 1036.535(b)(11), replacing mÔfuel 
with mfuel where applicable in Eq. 
1036.535–3. 

(q) For each test run, record the 
engine speed and torque as defined in 
40 CFR 1065.915(d)(5) with a minimum 
sampling frequency of 1 Hz. These 
engine speed and torque values 
represent a duty cycle that can be used 
for separate testing with an engine 
mounted on an engine dynamometer, 
such as for a selective enforcement audit 
as described in § 1037.301. 

§ 1037.551 Engine-based simulation of 
powertrain testing. 

Section 1037.550 describes how to 
measure fuel consumption over specific 
duty cycles with an engine coupled to 
a transmission; § 1037.550(q) describes 
how to create equivalent duty cycles for 
repeating those same measurements 
with just the engine. This § 1037.551 
describes how to perform this engine 
testing to simulate the powertrain test. 
These engine-based measurements may 
be used for confirmatory testing as 
described in § 1037.235, or for selective 
enforcement audits as described in 
§ 1037.301, as long as the test engine’s 
operation represents the engine 
operation observed in the powertrain 
test. If we use this approach for 
confirmatory testing, when making 
compliance determinations, we will 
consider the uncertainty associated with 
this approach relative to full powertrain 
testing. Use of this approach for engine 
SEAs is optional for engine 
manufacturers. 

(a) Use the procedures of 40 CFR part 
1065 to set up the engine, measure 
emissions, and record data. Measure 

individual parameters and emission 
constituents as described in this section. 
Measure NOX emissions for each 
sampling period in grams. You may 
perform these measurements using a 
NOX emission-measurement system that 
meets the requirements of 40 CFR part 
1065, subpart J. Include these measured 
NOX values any time you report to us 
your greenhouse gas emissions or fuel 
consumption values from testing under 
this section. If a system malfunction 
prevents you from measuring NOX 
emissions during a test under this 
section but the test otherwise gives valid 
results, you may consider this a valid 
test and omit the NOX emission 
measurements; however, we may 
require you to repeat the test if we 
determine that you inappropriately 
voided the test with respect to NOX 
emission measurement. For hybrid 
powertrains, correct for the net energy 
change of the energy storage device as 
described in 40 CFR 1066.501. 

(b) Operate the engine over the 
applicable engine duty cycles 
corresponding to the vehicle cycles 
specified in § 1037.510(a)(2) for 
powertrain testing over the applicable 
vehicle simulations described in 
§ 1037.550(h). Warm up the engine to 
prepare for the transient test or one of 
the highway cruise cycles by operating 
it one time over one of the simulations 
of the corresponding duty cycle. Warm 
up the engine to prepare for the idle test 
by operating it over a simulation of the 
65-mi/hr highway cruise cycle for 600 
seconds. Within 60 seconds after 
concluding the warm up cycle, start 
emission sampling while the engine 
operates over the duty cycle. You may 
perform any number of test runs directly 
in succession once the engine is 
warmed up. Perform cycle validation as 
described in 40 CFR 1065.514 for engine 
speed, torque, and power. 

(c) Calculate the mass of fuel 
consumed as described in § 1037.550(m) 
and (n). Correct each measured value for 
the test fuel’s mass-specific net energy 
content as described in 40 CFR 
1036.530. Use these corrected values to 
determine whether the engine’s 
emission levels conform to the declared 
fuel-consumption rates from the 
powertrain test. 

§ 1037.555 Special procedures for testing 
Phase 1 hybrid systems. 

This section describes the procedure 
for simulating a chassis test with a pre- 
transmission or post-transmission 
hybrid system for A to B testing of Phase 
1 vehicles. These procedures may also 
be used to perform A to B testing with 
non-hybrid systems. See § 1037.550 for 
Phase 2 hybrid systems. 

(a) Set up the engine according to 40 
CFR 1065.110 to account for work 
inputs and outputs and accessory work. 

(b) Collect CO2 emissions while 
operating the system over the test cycles 
specified in § 1037.510(a)(1). 

(c) Collect and measure emissions as 
described in 40 CFR part 1066. 
Calculate emission rates in grams per 
ton-mile without rounding. Determine 
values for A, B, C, and M for the vehicle 
being simulated as specified in 40 CFR 
part 1066. If you will apply an 
improvement factor or test results to 
multiple vehicle configurations, use 
values of A, B, C, M, ka, and r that 
represent the vehicle configuration with 
the smallest potential reduction in 
greenhouse gas emissions as a result of 
the hybrid capability. 

(d) Calculate the transmission output 
shaft’s angular speed target for the 
driver model, fnref,driver, from the linear 
speed associated with the vehicle cycle 
using the following equation: 

Where: 

vcyclei = vehicle speed of the test cycle for 
each point, i, starting from i = 1. 

ka = drive axle ratio, as declared by the 
manufacturer. 

r = radius of the loaded tires, as declared by 
the manufacturer. 

(e) Use speed control with a loop rate 
of at least 100 Hz to program the 
dynamometer to follow the test cycle, as 
follows: 

(1) Calculate the transmission output 
shaft’s angular speed target for the 
dynamometer, fnref,dyno, from the 
measured linear speed at the 
dynamometer rolls using the following 
equation: 
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Where: 

T = instantaneous measured torque at the 
transmission output shaft. 

Fbrake = instantaneous brake force applied by 
the driver model to add force to slow 
down the vehicle. 

t = elapsed time in the driving schedule as 
measured by the dynamometer, in 
seconds. 

(2) For each test, validate the 
measured transmission output shaft’s 
speed with the corresponding reference 
values according to 40 CFR 1065.514(e). 
You may delete points when the vehicle 
is stopped. Perform the validation based 
on speed values at the transmission 
output shaft. For steady-state tests (55 
mi/hr and 65 mi/hr cruise), apply cycle- 
validation criteria by treating the 
sampling periods from the two tests as 
a continuous sampling period. Perform 
this validation based on the following 
parameters: 

TABLE 1 OF § 1037.555—STATISTICAL 
CRITERIA FOR VALIDATING DUTY CY-
CLES 

Parameter Speed control 

Slope, a1 ................... 0.950 ≤ a1 ≤ 1.030. 
Absolute value of 

intercept, |a0|.
≤ 2.0% of maximum 

test speed. 
Standard error of esti-

mate, SEE.
≤ 5% of maximum 

test speed. 
Coefficient of deter-

mination, r2.
≥ 0.970. 

(f) Send a brake signal when throttle 
position is equal to zero and vehicle 
speed is greater than the reference 
vehicle speed from the test cycle. Set a 
delay before changing the brake state to 
prevent the brake signal from dithering, 
consistent with good engineering 
judgment. 

(g) The driver model should be 
designed to follow the cycle as closely 
as possible and must meet the 
requirements of § 1037.510 for steady- 
state testing and 40 CFR 1066.430(e) for 
transient testing. The driver model 

should be designed so that the brake 
and throttle are not applied at the same 
time. 

(h) Correct for the net energy change 
of the energy storage device as described 
in 40 CFR 1066.501. 

(i) Follow the provisions of § 1037.510 
to weight the cycle results and 
§ 1037.615 to calculate improvement 
factors and benefits for advanced 
technologies for Phase 1 vehicles. 

§ 1037.560 Axle efficiency test. 

This section describes a procedure for 
mapping axle efficiency through a 
determination of axle power loss. 

(a) You may establish axle power loss 
maps based on testing any number of 
axle configurations within an axle 
family as specified in § 1037.232. You 
may share data across a family of axle 
configurations, as long as you test the 
axle configuration with the lowest 
efficiency from the axle family; this will 
generally involve testing the axle with 
the highest axle ratio. For vehicles with 
tandem drive axles, always test each 
drive axle separately. For tandem axles 
that can be disconnected, test both 
single-drive and tandem axle 
configurations. Alternatively, you may 
ask us to approve power loss maps for 
untested configurations that are 
analytically derived from tested 
configurations within the same family 
(see § 1037.235(h)). 

(b) Prepare an axle assembly for 
testing as follows: 

(1) Select an axle assembly with less 
than 500 hours of operation before 
testing. Assemble the axle in its 
housing, along with wheel ends and 
bearings. 

(2) If you have a family of axle 
assemblies with different axle ratios, 
you may test multiple configurations 
using a common axle housing, wheel 
ends, and bearings. 

(3) Install the axle on the 
dynamometer with an input shaft angle 
perpendicular to the axle. 

(i) For axle assemblies with or 
without a locking main differential, test 
the axle using one of the following 
methods: 

(A) Lock the main differential and test 
it with one electric motor on the input 
shaft and a second electric motor on the 
output side of the output shaft that has 
the speed-reduction gear attached to it. 

(B) Test with the main differential 
unlocked and with one electric motor 
on the input shaft and electric motors 
on the output sides of each of the output 
shafts. 

(ii) For drive-through tandem-axle 
setups, lock the longitudinal and inter- 
wheel differentials. 

(4) Add gear oil according to the axle 
manufacturer’s instructions. If the axle 
manufacturer specifies multiple gear 
oils, select the one with the highest 
viscosity at operating temperature. You 
may use a lower-viscosity gear oil if we 
approve that as critical emission-related 
maintenance under § 1037.125. Fill the 
gear oil to a level that represents in-use 
operation. You may use an external gear 
oil conditioning system, as long as it 
does not affect measured values. 

(5) Install equipment for measuring 
the bulk temperature of the gear oil in 
the oil sump or a similar location. 

(6) Break in the axle assembly using 
good engineering judgment. Maintain 
gear oil temperature at or below 100 °C 
throughout the break-in period. 

(7) Drain the gear oil following the 
break-in procedure and repeat the filling 
procedure described in paragraph (b)(3) 
of this section. 

(c) Measure input and output speed 
and torque as described in 40 CFR 
1065.210(b), except that you may use a 
magnetic or optical shaft-position 
detector with only one count per 
revolution. Use a speed-measurement 
system that meets an accuracy of 
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±0.05% of point. Use torque transducers 
that meet an accuracy requirement of 
±0.2% of the maximum axle input 
torque or output torque tested for loaded 
test points, and ±1.0 N·m for unloaded 
test points. Calibrate and verify 
measurement instruments according to 
40 CFR part 1065, subpart C. Command 
speed and torque at a minimum of 10 
Hz, and record all data, including bulk 
oil temperature, as 1 Hz mean values. 

(d) The test matrix consists of output 
torque and wheel speed values meeting 
the following specifications: 

(1) Output torque includes both 
loaded and unloaded operation. For 
measurement involving unloaded 
output torque, also called spin loss 
testing, the wheel end is not connected 
to the dynamometer and is left to rotate 
freely; in this condition the input torque 
(to maintain constant wheel speed) 
equals the power loss. Test axles at a 
range of output torque values, as 
follows: 

(i) 0, 500, 1000, 2000, 3000, and 4000 
N·m for single drive axle applications 
for tractors and for vocational Heavy 
HDV with a single drive axle. 

(ii) 0, 250, 500, 1000, 1500, and 2000 
N·m for tractors, for vocational Heavy 
HDV with tandem drive axles, and for 
all vocational Light HDV or vocational 
Medium HDV. 

(iii) You may exclude values that 
exceed your axle’s maximum torque 
rating. 

(2) Determine maximum wheel speed 
corresponding to a vehicle speed of 65 
mi/hr based on the smallest tire (as 
determined using § 1037.520(c)(1)) that 
will be used with the axle. If you do not 
know the smallest tire size, you may use 
a default size of 650 r/mi. Use wheel 
rotational speeds for testing that include 
50 r/min and speeds in 100 r/min 
increments that encompass the 
maximum wheel speed (150, 250, etc.). 

(3) You may test the axle at additional 
speed and torque setpoints. 

(e) Determine axle efficiency using the 
following procedure: 

(1) Maintain ambient temperature 
between (15 and 35) °C throughout 
testing. Measure ambient temperature 
within 1.0 m of the axle assembly. 
Verify that critical axle settings (such as 
bearing preload, backlash, and oil sump 
level) are within specifications before 
and after testing. 

(2) Maintain gear oil temperature at 
(81 to 83) °C. Measure gear oil 
temperature at the drain of the sump. 
You may use an external gear oil 
conditioning system, as long as it does 
not affect measured values. 

(3) Use good engineering judgment to 
warm up the axle by operating it until 
the gear oil is within the specified 
temperature range. 

(4) Stabilize operation at each point in 
the test matrix for at least 10 seconds, 
then measure the input torque, output 
torque, and wheel speed for at least 10 
seconds, recording the mean values for 
all three parameters. Calculate power 
loss as described in paragraph (f) of this 
section based on torque and speed 
values at each test point. 

(5) Perform the map sequence 
described in paragraph (e)(4) of this 
section three times. Remove torque from 
the input shaft and allow the axle to 
come to a full stop before each repeat 
measurement. 

(6) You may need to perform 
additional testing based on a calculation 
of repeatability at a 95% confidence 
level. Make a separate repeatability 
calculation for the three data points at 
each operating condition in the test 
matrix. If the confidence limit is greater 
than 0.10% for loaded tests or greater 
than 0.05% for unloaded tests, perform 
another repeat of the axle power loss 
map and recalculate the repeatability for 
the whole set of test results. Continue 
testing until the repeatability is at or 
below the specified values for all 
operating conditions. 

Calculate a confidence limit 
representing the repeatability in 
establishing a 95% confidence level 
using the following equation: 

Where: 
sPloss = standard deviation of power loss 

values at a given torque-speed setting 
(see 40 CFR 1065.602(c)). 

N = number of repeat tests. 
Pmax = maximum output torque setting from 

the test matrix. 
Example:  

sPloss = 165.0 W 
N = 3 
Pmax = 314200 W 

(7) Calculate mean input torque, T̄in 
mean output torque, T̄out, and mean 
wheel rotational speed, f̄nwheel, for each 

point in the test matrix using the results 
from all the repeat tests. 

(f) Calculate the mean power loss, 
P̄loss, at each operating condition in the 
test matrix as follows: 

(2) For each test calculate the mean 
power loss, P̄loss, as follows: 
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Where: 

T̄in = mean input torque. 
f̄nwheel = mean wheel rotational speed. 
ka = drive axle ratio, expressed to at least the 

nearest 0.001. 

T̄out = mean output torque. Let T̄out = 0 for 
all unloaded tests. 

Example:  
T̄in = 845.1 N·m f̄nwheel = 100 r/min = 10.472 

rad/s 
ka = 3.731 

T̄out = 3000 N·m 
P̄loss = 845.1·10.472·3.731 ¥ 3000·10.472 
P̄loss = 1602.9 W = 1.6029 kW 
P̄loss,2 = 1601.9 W = 1.6019 kW 
P̄loss,3 = 1603.9 W = 1.6039 kW 

(g) Create a table showing the mean 
power loss, 

corresponding to each mean output 
torque and mean wheel speed for input 
into GEM. Express wheel speed in r/min 
to one decimal place; express output 
torque in N·m to two decimal places; 
express power loss in kW to four 
decimal places. Select mean power loss 
values at or above the corresponding 
value calculated in paragraph (f) of this 
section. Use good engineering judgment 
to select values that will be at or above 
the mean power loss values for your 
production axles. For vehicles with 
tandem drive axles, sum the power 
losses and output torques of the 
individual axles when creating your 
table. For tandem axles with a 
disconnect, input a separate table into 
GEM for the single and tandem drive 
axle configurations. Vehicle 
manufacturers will use these declared 
mean power loss values for certification. 

§ 1037.565 Transmission efficiency test. 

This section describes a procedure for 
mapping transmission efficiency 
through a determination of transmission 
power loss. 

(a) You may establish transmission 
power loss maps based on testing any 
number of transmission configurations 
within a transmission family as 
specified in § 1037.232. You may share 
data across any configurations within 
the family, as long as you test the 
transmission configuration with the 
lowest efficiency from the emission 
family. Alternatively, you may ask us to 
approve power loss maps for untested 
configurations that are analytically 
derived from tested configurations 
within the same family (see 
§ 1037.235(h)). 

(b) Prepare a transmission for testing 
as follows: 

(1) Select a transmission with less 
than 500 hours of operation before 
testing. 

(2) Mount the transmission to the 
dynamometer such that the geared shaft 
in the transmission is aligned with the 
input shaft from the dynamometer. 

(3) Add transmission oil according to 
the transmission manufacturer’s 
instructions. If the transmission 
manufacturer specifies multiple 
transmission oils, select the one with 
the highest viscosity at operating 
temperature. You may use a lower- 
viscosity transmission oil if we approve 
that as critical emission-related 
maintenance under § 1037.125. Fill the 
transmission oil to a level that 
represents in-use operation. You may 
use an external transmission oil 
conditioning system, as long as it does 
not affect measured values. 

(4) Include any internal and external 
pumps for hydraulic fluid and 
lubricating oil in the test. Determine the 
work required to drive an external 
pump according to 40 CFR 1065.210. 

(5) Install equipment for measuring 
the bulk temperature of the transmission 
oil in the oil sump or a similar location. 

(6) If the transmission is equipped 
with a torque converter, lock it for all 
testing performed in this section. 

(7) Break in the transmission using 
good engineering judgment. Maintain 
transmission oil temperature at (87 to 
93) °C for automatic transmissions and 
transmissions having more than two 
friction clutches, and at (77 to 83) °C for 
all other transmissions. You may ask us 
to approve a different range of 
transmission oil temperatures if you 
have data showing that it better 
represents in-use operation. 

(c) Measure input and output shaft 
speed and torque as described in 40 CFR 
1065.210(b), except that you may use a 
magnetic or optical shaft-position 
detector with only one count per 
revolution. Use a-speed measurement 
system that meets an accuracy of 

±0.05% of point. Use torque transducers 
that meet an accuracy requirement of 
±0.2% of the transmission’s maximum 
rated input torque or output torque for 
the selected gear ratio, for loaded test 
points, and ±0.1% of the transmission’s 
maximum rated input torque for 
unloaded test points. Calibrate and 
verify measurement instruments 
according to 40 CFR part 1065, subpart 
C. Command speed and torque at a 
minimum of 10 Hz, and record all data, 
including bulk oil temperature, at a 
minimum of 1 Hz mean values. 

(d) The test matrix consists of 
transmission input shaft speeds and 
torque setpoints meeting the following 
specifications for each gear tested: 

(1) Include transmission input shaft 
speeds at the maximum rated input 
shaft speed, 600 r/min, and three 
equally spaced intermediate speeds. The 
intermediate speed points may be 
adjusted to the nearest 50 or 100 r/min. 

(2) Include one loaded torque setpoint 
between 75% and 105% of the 
maximum transmission input torque 
and one unloaded (zero-torque) 
setpoint. You may test at any number of 
additional torque setpoints to improve 
accuracy. Note that GEM calculates 
power loss between tested or default 
values by linear interpolation. 

(3) In the case of transmissions that 
automatically go into neutral when the 
vehicle is stopped, also perform tests at 
600 r/min and 800 r/min with the 
transmission in neutral and the 
transmission output fixed at zero speed. 

(e) Determine transmission torque loss 
using the following procedure: 

(1) Maintain ambient temperature 
between (15 and 35) °C throughout 
testing. Measure ambient temperature 
within 1.0 m of the transmission. 

(2) Maintain transmission oil 
temperature as described in paragraph 
(b)(7) of this section. You may use an 
external transmission oil conditioning 
system, as long as it does not affect 
measured values. 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00222 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3 E
R

25
O

C
16

.1
45

<
/G

P
H

>
E

R
25

O
C

16
.1

46
<

/G
P

H
>

E
R

25
O

C
16

.3
22

<
/G

P
H

>

sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74103 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

(3) Use good engineering judgment to 
warm up the transmission according to 
the transmission manufacturer’s 
specifications. 

(4) Perform unloaded transmission 
tests by disconnecting the transmission 
output shaft from the dynamometer and 
letting it rotate freely. If the 
transmission adjusts pump pressure 
based on whether the vehicle is moving 
or stopped, set up the transmission for 
unloaded tests to operate as if the 
vehicle is moving. 

(5) For transmissions that have 
multiple configurations for a given gear 
ratio, such as dual-clutch transmissions 
that can pre-select an upshift or 
downshift, set the transmission to 
operate in the configuration with the 
greatest power loss. Alternatively, test 
in each configuration and use good 
engineering judgment to calculate a 
weighted power loss for each test point 
under this section based on field data 
that characterizes the degree of in-use 
operation in each configuration. 

(6) Operate the transmission in the 
top gear at a selected torque setpoint 
with the input shaft speed at one of the 
speed setpoints for at least 10 seconds, 
then measure the speed and torque of 
the input and output shafts for at least 
10 seconds. You may omit measurement 
of output shaft speeds if your 
transmission is configured is a way that 
does not allow slip. Calculate arithmetic 
mean values for all speed and torque 
values over each measurement period. 
Repeat this stabilization, measurement, 
and calculation for the other speed and 
torque setpoints from the test matrix in 
any sequence. Calculate power loss as 
described in paragraph (f) of this section 
based on torque and speed values at 
each test point. 

(7) Repeat the procedure described in 
paragraph (e) for all gears, or for all 
gears down to a selected gear. GEM will 
use default values for any gears not 
tested. 

(8) Perform the test sequence 
described in paragraphs (d)(6) and (7) of 

this section three times. You may do 
this repeat testing at any given test point 
before you perform measurements for 
the whole test matrix. Remove torque 
from the transmission input shaft and 
bring the transmission to a complete 
stop before each repeat measurement. 

(9) You may need to perform 
additional testing based on a calculation 
of repeatability at a 95% confidence 
level. Make a separate repeatability 
calculation for the three data points at 
each operating condition in the test 
matrix. If the confidence limit is greater 
than 0.10% for loaded tests or greater 
than 0.05% for unloaded tests, perform 
another repeat of measurements at that 
operating condition and recalculate the 
repeatability for the whole set of test 
results. Continue testing until the 
repeatability is at or below the specified 
values for all operating conditions. 
Calculate a confidence limit 
representing the repeatability in 
establishing a 95% confidence level 
using the following equation: 

Where: 
sPloss = standard deviation of power loss 

values at a given test point (see 40 CFR 
1065.602(c)). 

N = number of repeat tests. 
Prated = the transmission’s rated input power 

for a given gear. For testing in neutral, 
use the value of Prated for the top gear. 

Example:  
sPloss = 120.0 W 
N = 3 
Prated = 314200 W 

Confidence Limit = 0.0432% 

(10) Calculate mean input shaft 
torque, T̄in, mean output shaft torque, 

T̄out, mean input shaft speed, f̄nin, and 
mean output shaft speed, f̄nout, for each 
point in the test matrix using the results 
from all the repeat tests. 

(f) Calculate the mean power loss, 
P̄loss, at each operating condition in the 
test matrix as follows: 

(2) For each test calculate the mean 
power loss, P̄loss, as follows: 

Where: 
T̄in = mean input shaft torque. 
f̄nin = mean input shaft speed. 

T̄out = mean output shaft torque. Let T̄out = 0 
for all unloaded tests. 

f̄nout = mean output shaft speed. Let f;̄nout= 0 
for all tests with the transmission in 
neutral. See paragraph (f)(3) of this 
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section for calculating for certain 
transmission configurations. 

Example:  

T̄in = 1000.0 N·m 
f̄nin = 1000 r/min = 104.72 rad/sec 
T̄out = 2654.5 N·m 
f̄nout = 361.27 r/min = 37.832 rad/s 

P̄loss,1 = 1000.0·104.72 ¥ 2654.5·37.832 
P̄loss = 4295 W = 4.295 kW 
P̄loss,2 = 4285 W = 4.285 kW 
P̄loss,3 = 4292 W = 4.292 kW 

(3) For transmissions that are 
configured in a way that does not allow 

slip, you may calculate f̄nout based on the 
gear ratio using the following equation: 

Where: 
kg = transmission gear ratio, expressed to at 

least the nearest 0.001. 

(g) Create a table showing the mean 
power loss, 

corresponding to each mean 
transmission input speed and mean 
input torque for input into GEM. Also 
include mean power loss in neutral for 
each tested engines speed, if applicable. 
Express transmission input speed in r/ 
min to one decimal place; express input 
torque in N•m to two decimal places; 
express power loss in kW to four 
decimal places. Select mean power loss 
values at or above the corresponding 
value calculated in paragraph (f) of this 
section. Use good engineering judgment 
to select values that will be at or above 
the mean power loss values for your 
production axles. Vehicle manufacturers 
will use these declared mean power loss 
values for certification. 

Subpart G—Special Compliance 
Provisions 

§ 1037.601 General compliance provisions. 
(a) Engine and vehicle manufacturers, 

as well as owners and operators of 
vehicles subject to the requirements of 
this part, and all other persons, must 
observe the provisions of this part, the 
applicable provisions of 40 CFR part 
1068, and the applicable provisions of 
the Clean Air Act. The provisions of 40 
CFR part 1068 apply for heavy-duty 
vehicles as specified in that part, subject 
to the provisions: 

(1) Except as specifically allowed by 
this part or 40 CFR part 1068, it is a 
violation of § 1068.101(a)(1) to 
introduce into U.S. commerce a tractor 
or vocational vehicle containing an 

engine not certified to the applicable 
requirements of this part and 40 CFR 
part 86. Further, it is a violation to 
introduce into U.S. commerce a Phase 1 
tractor containing an engine not 
certified for use in tractors; or to 
introduce into U.S. commerce a 
vocational vehicle containing a light 
heavy-duty or medium heavy-duty 
engine not certified for use in vocational 
vehicles. These prohibitions apply 
especially to the vehicle manufacturer. 
Note that this paragraph (a)(1) allows 
the use of Heavy heavy-duty tractor 
engines in vocational vehicles. 

(2) The provisions of 40 CFR 
1068.105(a) apply for vehicle 
manufacturers installing engines 
certified under 40 CFR part 1036 as 
further limited by this paragraph (a)(2). 
If new engine emission standards apply 
in a given model year, you may install 
normal inventories of engines from the 
preceding model year under the 
provisions of 40 CFR 1068.105(a) 
through March 31 of that year without 
our approval; you may not install such 
engines after March 31 of that year 
unless we approve it in advance. 
Installing such engines after March 31 
without our prior approval is 
considered to be prohibited stockpiling 
of engines. In a written request for our 
approval, you must describe how your 
circumstances led you and your engine 
supplier to have normal inventories of 
engines that were not used up in the 
specified time frame. We will approve 
your request for up to three additional 
months to install up to 50 engines under 
this paragraph (a)(2) if we determine 
that the excess inventory is a result of 
unforeseeable circumstances and should 
not be considered circumvention of 
emission standards. Note that 40 CFR 
1068.105(a) allows vehicle 
manufacturers to use up only normal 

inventories of engines meeting less 
stringent standards; if, for example, a 
vehicle manufacturer’s normal practice 
is to receive a shipment of engines every 
two weeks, it will deplete its potential 
to install previous-tier engines under 
this paragraph (a)(2) well before March 
31 in the year that new standards apply. 

(3) The exemption provisions of 40 
CFR 1068.201 through 1068.230, 
1068.240, and 1068.260 through 265 
apply for heavy-duty motor vehicles. 
Other exemption provisions, which are 
specific to nonroad engines, do not 
apply for heavy-duty vehicles or heavy- 
duty engines. 

(4) The tampering prohibition in 40 
CFR 1068.101(b)(1) applies for 
alternative fuel conversions as specified 
in 40 CFR part 85, subpart F. 

(5) The warranty-related prohibitions 
in section 203(a)(4) of the Act (42 U.S.C. 
7522(a)(4)) apply to manufacturers of 
new heavy-duty highway vehicles in 
addition to the prohibitions described in 
40 CFR 1068.101(b)(6). We may assess a 
civil penalty up to $44,539 for each 
engine or vehicle in violation. 

(6) A vehicle manufacturer that 
completes assembly of a vehicle at two 
or more facilities may ask to use as the 
date of manufacture for that vehicle the 
date on which manufacturing is 
completed at the place of main 
assembly, consistent with provisions of 
49 CFR 567.4. Note that such staged 
assembly is subject to the corresponding 
provisions of 40 CFR 1068.260. Include 
your request in your application for 
certification, along with a summary of 
your staged-assembly process. You may 
ask to apply this allowance to some or 
all of the vehicles in your vehicle 
family. Our approval is effective when 
we grant your certificate. We will not 
approve your request if we determine 
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that you intend to use this allowance to 
circumvent the intent of this part. 

(7) The provisions for selective 
enforcement audits apply as described 
in 40 CFR part 1068, subpart E, and 
subpart D of this part. 

(b) Vehicles exempted from the 
applicable standards of 40 CFR part 86 
other than glider vehicles are exempt 
from the standards of this part without 
request. Similarly, vehicles other than 
glider vehicles are exempt without 
request if the installed engine is 
exempted from the applicable standards 
in 40 CFR part 86. 

(c) The prohibitions of 40 CFR 
1068.101 apply for vehicles subject to 
the requirements of this part. The 
actions prohibited under this provision 
include the introduction into U.S. 
commerce of a complete or incomplete 
vehicle subject to the standards of this 
part where the vehicle is not covered by 
a valid certificate of conformity or 
exemption. 

(d) The emergency vehicle field 
modification provisions of 40 CFR 
85.1716 apply with respect to the 
standards of this part. 

(e) Under § 1037.801, certain vehicles 
are considered to be new vehicles when 
they are imported into the United 
States, even if they have previously 
been used outside the country. 
Independent Commercial Importers may 
use the provisions of 40 CFR part 85, 
subpart P, and 40 CFR 85.1706(b) to 
receive a certificate of conformity for 
engines and vehicles meeting all the 
requirements of 40 CFR part 1036 and 
this part 1037. 

(f) Standards apply to multi-fuel 
vehicles as described for engines in 40 
CFR 1036.601(d). 

§ 1037.605 Installing engines certified to 
alternate standards for specialty vehicles. 

(a) General provisions. This section 
allows vehicle manufacturers to 
introduce into U.S. commerce certain 
new motor vehicles using engines 
certified to alternate emission standards 
specified in 40 CFR part 86 for motor 
vehicle engines used in specialty 
vehicles. You may not install an engine 
certified to these alternate standards if 
there is an engine certified to the full set 
of requirements of 40 CFR part 86 that 
has the appropriate physical and 
performance characteristics to power 
the vehicle. Note that, although these 
alternate emission standards are mostly 
equivalent to standards that apply for 
nonroad engines under 40 CFR part 
1039 or 1048, they are specific to motor 
vehicle engines. The alternate standards 
for compression-ignition engines at or 
above 56 kW are described in 40 CFR 
86.007–11(g); the alternate standards for 

spark-ignition engines are described in 
40 CFR 86.008–10(g). The provisions of 
this section apply for the following 
types of specialty vehicles: 

(1) All-terrain motor vehicles with 
portal axles (i.e., axles that are offset 
from the corresponding wheel 
centerline by a gear assembly) or any 
axle configuration involving gear 
reduction such that the wheels rotate 
more slowly than the axle. 

(2) Amphibious vehicles. 
(3) Vehicles with maximum speed at 

or below 45 miles per hour. If your 
vehicle is speed-limited to meet this 
specification by reducing maximum 
speed below what is otherwise possible, 
this speed limitation must be 
programmed into the engine or vehicle’s 
electronic control module in a way that 
is tamper-proof. If your vehicles are not 
inherently limited to a maximum speed 
at or below 45 miles per hour, they may 
qualify under this paragraph (a)(3) only 
if we approve your design to limit 
maximum speed as being tamper-proof 
in advance. 

(4) Through model year 2027, vehicles 
with a hybrid powertrain in which the 
engine provides energy for the 
Rechargeable Energy Storage System. 

(b) Notification and reporting 
requirements. Send the Designated 
Compliance Officer written notification 
describing your plans before using the 
provisions of this section. In addition, 
by February 28 of each calendar year (or 
less often if we tell you), send the 
Designated Compliance Officer a report 
with all the following information: 

(1) Identify your full corporate name, 
address, and telephone number. 

(2) List the vehicle models for which 
you used this exemption in the previous 
year and identify the engine 
manufacturer and engine model for each 
vehicle model. Also identify the total 
number of vehicles produced in the 
previous year. 

(c) Production limits. You may 
produce up to 1,000 hybrid vehicles in 
a given model year through model year 
2027, and up to 200 of each type of 
vehicle identified in paragraph (a)(1) 
through (3) of this section in a given 
model year. This includes vehicles 
produced by affiliated companies. If you 
exceed this limit, the number of 
vehicles that exceed the limit for the 
model year will not be covered by a 
valid certificate of conformity. For the 
purpose of this paragraph (c), we will 
count all vehicles labeled or otherwise 
identified as exempt under this section. 

(d) Vehicle standards. The vehicle 
standards of this part apply as follows 
for these vehicles: 

(1) Vehicles qualifying under 
paragraphs (a)(1) through (3) of this 

section are subject to evaporative 
emission standards of § 1037.103, but 
are exempt from the other requirements 
of this part, except as specified in this 
section and in § 1037.601. These 
vehicles must include a label as 
specified in § 1037.135(a) with the 
information from § 1037.135(c)(1) and 
(2) and the following statement: ‘‘THIS 
VEHICLE IS EXEMPT FROM 
GREENHOUSE GAS STANDARDS 
UNDER 40 CFR 1037.605.’’ 

(2) Hybrid vehicles using the 
provisions of this section remain subject 
to the vehicle standards and all other 
requirements of this part 1037. For 
example, you may need to use GEM in 
conjunction with powertrain testing to 
demonstrate compliance with emission 
standards under subpart B of this part. 

§ 1037.610 Vehicles with off-cycle 
technologies. 

(a) You may ask us to apply the 
provisions of this section for CO2 
emission reductions resulting from 
vehicle technologies that were not in 
common use with heavy-duty vehicles 
before model year 2010 that are not 
reflected in GEM. While you are not 
required to prove that such technologies 
were not in common use with heavy- 
duty vehicles before model year 2010, 
we will not approve your request if we 
determine that they do not qualify. 
These may be described as off-cycle or 
innovative technologies. You may apply 
these provisions for CO2 emission 
reductions reflected in the specified test 
procedures if they are not reflected in 
GEM, except as allowed under 
paragraph (g) of this section. We will 
apply these provisions only for 
technologies that will result in 
measurable, demonstrable, and 
verifiable real-world CO2 emission 
reductions. 

(b) The provisions of this section may 
be applied as either an improvement 
factor or as a separate credit, consistent 
with good engineering judgment. Note 
that the term ‘‘credit’’ in this section 
describes an additive adjustment to 
emission rates and is not equivalent to 
an emission credit in the ABT program 
of subpart H of this part. We 
recommend that you base your credit/ 
adjustment on A to B testing of pairs of 
vehicles differing only with respect to 
the technology in question. 

(1) Calculate improvement factors as 
the ratio of in-use emissions with the 
technology divided by the in-use 
emissions without the technology. Use 
the improvement-factor approach where 
good engineering judgment indicates 
that the actual benefit will be 
proportional to emissions measured 
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over the test procedures specified in this 
part. 

(2) Calculate separate credits (g/ton- 
mile) based on the difference between 
the in-use emission rate with the 
technology and the in-use emission rate 
without the technology. Subtract this 
value from your GEM result and use this 
adjusted value to determine your FEL. 
Use the separate-credit approach where 
good engineering judgment indicates 
that the actual benefit will not be 
proportional to emissions measured 
over the test procedures specified in this 
part. 

(3) We may require you to discount or 
otherwise adjust your improvement 
factor or credit to account for 
uncertainty or other relevant factors. 

(c) You may perform A to B testing by 
measuring emissions from the vehicles 
during chassis testing or from in-use on- 
road testing. You may also ask to use 
modified powertrain testing. If you use 
on-road testing, we recommend that you 
test according to SAE J1321, Fuel 
Consumption Test Procedure—Type II, 
revised February 2012, or SAE J1526, 
SAE Fuel Consumption Test Procedure 
(Engineering Method), Revised 
September 2015 (see § 1037.810 for 
information on availability of SAE 
standards), subject to the following 
provisions: 

(1) The minimum route distance is 
100 miles. 

(2) The route selected must be 
representative in terms of grade. We will 
take into account published and 
relevant research in determining 
whether the grade is representative. 

(3) Control vehicle speed over the 
route to be representative of the drive- 
cycle weighting adopted for each 
regulatory subcategory, as specified in 
§ 1037.510(c), or apply a correction to 
account for the appropriate weighting. 
For example, if the route selected for an 
evaluation of a combination tractor with 
a sleeper cab contains only interstate 
driving at 65 mi/hr, the improvement 
factor would apply only to 86 percent of 
the weighted result. 

(4) The ambient air temperature must 
be between (5 and 35) °C, unless the 
technology requires other temperatures 
for demonstration. 

(5) We may allow you to use a 
Portable Emissions Measurement 
System (PEMS) device for measuring 
CO2 emissions during the on-road 
testing. 

(d) Send your request to the 
Designated Compliance Officer. We 
recommend that you do not begin 
collecting test data (for submission to 
EPA) before contacting us. For 
technologies for which the engine 
manufacturer could also claim credits 

(such as transmissions in certain 
circumstances), we may require you to 
include a letter from the engine 
manufacturer stating that it will not seek 
credits for the same technology. Your 
request must contain the following 
items: 

(1) A detailed description of the off- 
cycle technology and how it functions 
to reduce CO2 emissions under 
conditions not represented on the duty 
cycles required for certification. 

(2) A list of the vehicle configurations 
that will be equipped with the 
technology. 

(3) A detailed description and 
justification of the selected test vehicles. 

(4) All testing and simulation data 
required under this section, plus any 
other data you have considered in your 
analysis. You may ask for our 
preliminary approval of your test plan 
under § 1037.210. 

(5) A complete description of the 
methodology used to estimate the off- 
cycle benefit of the technology and all 
supporting data, including vehicle 
testing and in-use activity data. Also 
include a statement regarding your 
recommendation for applying the 
provisions of this section for the given 
technology as an improvement factor or 
a credit. 

(6) An estimate of the off-cycle benefit 
by vehicle model, and the fleetwide 
benefit based on projected sales of 
vehicle models equipped with the 
technology. 

(7) A demonstration of the in-use 
durability of the off-cycle technology, 
based on any available engineering 
analysis or durability testing data (either 
by testing components or whole 
vehicles). 

(8) A recommended method for 
auditing production vehicles consistent 
with the intent of 40 CFR part 1068, 
subpart E. We may approve your 
recommended method or specify a 
different method. 

(e) We may seek public comment on 
your request, consistent with the 
provisions of 40 CFR 86.1866. However, 
we will generally not seek public 
comment on credits or adjustments 
based on A to B chassis testing 
performed according to the duty-cycle 
testing requirements of this part or in- 
use testing performed according to 
paragraph (c) of this section. 

(f) We may approve an improvement 
factor or credit for any configuration 
that is properly represented by your 
testing. 

(1) For model years before 2021, you 
may continue to use an approved 
improvement factor or credit for any 
appropriate vehicle families in future 
model years through 2020. 

(2) For model years 2021 and later, 
you may not rely on an approval for 
model years before 2021. You must 
separately request our approval before 
applying an improvement factor or 
credit under this section for Phase 2 
vehicles, even if we approved an 
improvement factor or credit for similar 
vehicle models before model year 2021. 
Note that Phase 2 approval may carry 
over for multiple years. 

(g) You normally may not calculate 
off-cycle credits or improvement factors 
under this section for technologies 
represented by GEM, but we may allow 
you to do so by averaging multiple GEM 
runs for special technologies for which 
a single GEM run cannot accurately 
reflect in-use performance. For example, 
if you use an idle-reduction technology 
that is effective 80 percent of the time, 
we may allow you to run GEM with the 
technology active and with it inactive, 
and then apply an 80% weighting factor 
to calculate the off-cycle credit or 
improvement factor. You may need to 
perform testing to establish proper 
weighting factors or otherwise quantify 
the benefits of the special technologies. 

§ 1037.615 Advanced technologies. 
(a) This section applies in Phase 1 for 

hybrid vehicles with regenerative 
braking, vehicles equipped with 
Rankine-cycle engines, electric vehicles, 
and fuel cell vehicles, and in Phase 2 
through model year 2027 for plug-in 
hybrid electric vehicles, electric 
vehicles, and fuel cell vehicles. You 
may not generate credits for Phase 1 
engine technologies for which the 
engines generate credits under 40 CFR 
part 1036. 

(b) Generate Phase 1 advanced- 
technology credits for vehicles other 
than electric vehicles as follows: 

(1) Measure the effectiveness of the 
advanced system by chassis-testing a 
vehicle equipped with the advanced 
system and an equivalent conventional 
vehicle, or by testing the hybrid systems 
and the equivalent non-hybrid systems 
as described in § 1037.555. Test the 
vehicles as specified in subpart F of this 
part. For purposes of this paragraph (b), 
a conventional vehicle is considered to 
be equivalent if it has the same footprint 
(as defined in 40 CFR 86.1803), vehicle 
service class, aerodynamic drag, and 
other relevant factors not directly 
related to the hybrid powertrain. If you 
use § 1037.540 to quantify the benefits 
of a hybrid system for PTO operation, 
the conventional vehicle must have the 
same number of PTO circuits and have 
equivalent PTO power. If you do not 
produce an equivalent vehicle, you may 
create and test a prototype equivalent 
vehicle. The conventional vehicle is 
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considered Vehicle A and the advanced 
vehicle is considered Vehicle B. We 
may specify an alternate cycle if your 
vehicle includes a power take-off. 

(2) Calculate an improvement factor 
and g/ton-mile benefit using the 
following equations and parameters: 

(i) Improvement Factor = [(Emission 
Rate A)¥(Emission Rate B)]/(Emission 
Rate A). 

(ii) g/ton-mile benefit = Improvement 
Factor × (GEM Result B). 

(iii) Emission Rates A and B are the 
g/ton-mile CO2 emission rates of the 
conventional and advanced vehicles, 
respectively, as measured under the test 
procedures specified in this section. 
GEM Result B is the g/ton-mile CO2 
emission rate resulting from emission 
modeling of the advanced vehicle as 
specified in § 1037.520. 

(3) If you apply an improvement 
factor to multiple vehicle configurations 
using the same advanced technology, 
use the vehicle configuration with the 
smallest potential reduction in 
greenhouse gas emissions resulting from 
the hybrid capability. 

(4) Use the equations of § 1037.705 to 
convert the g/ton-mile benefit to 
emission credits (in Mg). Use the g/ton- 
mile benefit in place of the (Std-FEL) 
term. 

(c) See § 1037.540 for special testing 
provisions related to Phase 1 vehicles 
equipped with hybrid power take-off 
units. 

(d) For Phase 2 plug-in hybrid electric 
vehicles and for fuel cells powered by 
any fuel other than hydrogen, calculate 
CO2 credits using an FEL based on 
emission measurements from 
powertrain testing. Phase 2 advanced- 
technology credits do not apply for 
hybrid vehicles that have no plug-in 
capability. 

(e) You may use an engineering 
analysis to calculate an improvement 
factor for fuel cell vehicles based on 
measured emissions from the fuel cell 
vehicle. 

(f) For electric vehicles, calculate CO2 
credits using an FEL of 0 g/ton-mile. 

(g) As specified in subpart H of this 
part, advanced-technology credits 
generated from Phase 1 vehicles under 
this section may be used under this part 
1037 outside of the averaging set in 
which they were generated, or they may 
be used under 40 CFR 86.1819 or 40 
CFR part 1036. Advanced-technology 
credits generated from Phase 2 vehicles 
are subject to all the averaging-set 
restrictions that apply to other emission 
credits. 

(h) You may certify using both 
provisions of this section and the off- 
cycle technology provisions of 

§ 1037.610, provided you do not double 
count emission benefits. 

§ 1037.620 Responsibilities for multiple 
manufacturers. 

This section describes certain 
circumstances in which multiple 
manufacturers share responsibilities for 
vehicles they produce together. This 
section does not limit responsibilities 
that apply under the Act or these 
regulations for anyone meeting the 
definition of ‘‘manufacturer’’ in 
§ 1037.801. Note that the definition of 
manufacturer is broad and can include 
persons not commercially considered to 
be manufacturers. 

(a) The following provisions apply 
when there are multiple persons 
meeting the definition of manufacturer 
in § 1037.801: 

(1) Each person meeting the definition 
of manufacturer must comply with the 
requirements of this part that apply to 
manufacturers. However, if one person 
complies with a specific requirement for 
a given vehicle, then all manufacturers 
are deemed to have complied with that 
specific requirement. 

(2) We will apply the requirements of 
subparts C and D of this part to the 
manufacturer that obtains the certificate 
of conformity for the vehicle. Other 
manufacturers are required to comply 
with the requirements of subparts C and 
D of this part only when notified by us. 
In our notification, we will specify a 
reasonable time period in which you 
need to comply with the requirements 
identified in the notice. See § 1037.601 
for the applicability of 40 CFR part 1068 
to these other manufacturers and 
remanufacturers. 

(b) The provisions of § 1037.621, 
including delegated assembly, apply for 
certifying manufacturers that rely on 
other manufacturers to finish assembly 
in a certified configuration. The 
provisions of § 1037.622 generally apply 
for manufacturers that ship vehicles 
subject to the requirements of this part 
to a certifying secondary vehicle 
manufacturer. The provisions of 
§ 1037.622 also apply to the secondary 
vehicle manufacturer. If you hold the 
certificate of conformity for a vehicle 
only with respect to exhaust or 
evaporative emissions, and a different 
company holds the other certificate of 
conformity for that vehicle, the 
provisions of § 1037.621 apply with 
respect to the certified configuration as 
described in your application for 
certification, and the provisions of 
§ 1037.622 apply with respect to the 
certified configuration as described in 
the other manufacturer’s application for 
certification. 

(c) Manufacturers of aerodynamic 
devices may perform the aerodynamic 
testing described in § 1037.526 to 
quantify DCdA values for trailers and 
submit that data to EPA verification 
under § 1037.211. Trailer manufacturers 
may use such verified data to establish 
input parameters for certifying their 
trailers. Both device manufacturers and 
trailer manufacturers are subject to 40 
CFR part 1068, including the recall 
provisions described in 40 CFR part 
1068, subpart F. 

(d) Component manufacturers (such 
as tire manufacturers) providing test 
data to certifying vehicle manufacturers 
are responsible as follows for test 
components and emission test results 
provided to vehicle manufacturers for 
the purpose of certification under this 
part: 

(1) Such test results are deemed under 
§ 1037.825 to be submissions to EPA. 
This means that you may be subject to 
criminal penalties under 18 U.S.C. 1001 
if you knowingly submit false test 
results to the certifying manufacturer. 

(2) You may not cause a vehicle 
manufacturer to violate the regulations 
by rendering inaccurate emission test 
results you provide (or emission test 
results from testing of test components 
you provide) to the vehicle 
manufacturer (see 40 CFR 1068.101(c)). 

(3) Your provision of test components 
and/or emission test results to vehicle 
manufacturers for the purpose of 
certifying under this part are deemed to 
be an agreement to provide components 
to EPA for confirmatory testing under 
§ 1037.235. 

(e) Component manufacturers may 
contractually agree to process emission 
warranty claims on behalf of the 
certifying manufacturer with respect to 
those components, as follows: 

(1) Your fulfillment of the warranty 
requirements of this part is deemed to 
fulfill the vehicle manufacturer’s 
warranty obligations under this part 
with respect to components covered by 
your warranty. 

(2) You may not cause a vehicle 
manufacturer to violate the regulations 
by failing to fulfill the emission 
warranty requirements that you 
contractually agreed to fulfill (see 40 
CFR 1068.101(c)). 

(f) We may require component 
manufacturers to provide information or 
take other actions under 42 U.S.C. 7542. 
For example, we may require 
component manufacturers to test 
components they produce. 

§ 1037.621 Delegated assembly. 
(a) This section describes provisions 

that allow certificate holders to sell or 
ship vehicles that are missing certain 
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emission-related components if those 
components will be installed by a 
secondary vehicle manufacturer. 
Paragraph (g) of this section similarly 
describes how dealers and distributors 
may modify new vehicles with your 
advance approval. (Note: See § 1037.622 
for provisions related to manufacturers 
introducing into U.S. commerce 
partially complete vehicles for which a 
secondary vehicle manufacturer holds 
the certificate of conformity.) 

(b) You do not need an exemption to 
ship a vehicle that does not include 
installation or assembly of certain 
emission-related components if those 
components are shipped along with the 
vehicle. For example, you may generally 
ship fuel tanks and aerodynamic 
devices along with vehicles rather than 
installing them on the vehicle before 
shipment. We may require you to 
describe how you plan to use this 
provision. 

(c) You may ask us at the time of 
certification for an exemption to allow 
you to ship your vehicles without 
emission-related components. If we 
allow this, you must provide emission- 
related installation instructions as 
specified in § 1037.130. You must 
follow delegated-assembly requirements 
in 40 CFR 1068.261 if you rely on 
secondary vehicle manufacturers to 
install certain technologies or 
components as specified in paragraph 
(d) of this section. For other 
technologies or components, we may 
specify conditions that we determine 
are needed to ensure that shipping the 
vehicle without such components will 
not result in the vehicle being operated 
outside of its certified configuration; 
this may include a requirement to 
comply with the delegated-assembly 
provisions in paragraph (d) of this 
section. We may consider your past 
performance when we specify the 
conditions that apply. 

(d) Delegated-assembly provisions 
apply as specified in this paragraph (d) 
if the certifying vehicle manufacturer 
relies on a secondary vehicle 
manufacturer to procure and install 
auxiliary power units, aerodynamic 
devices, hybrid components (for 
powertrain or power take-off), or natural 
gas fuel tanks. These provisions do not 
apply for other systems or components, 
such as air conditioning lines and 
fittings, except as specified in paragraph 
(c) of this section. Apply the provisions 
of 40 CFR 1068.261, with the following 
exceptions and clarifications: 

(1) Understand references to 
‘‘engines’’ to refer to vehicles. 

(2) Understand references to 
‘‘aftertreatment components’’ to refer to 

any relevant emission-related 
components under this paragraph (d). 

(3) Understand ‘‘equipment 
manufacturers’’ to be secondary vehicle 
manufacturers. 

(4) The provisions of 40 CFR 
1068.261(b), (c)(7), (d), and (e) do not 
apply. Accordingly, the provisions of 40 
CFR 1068.261(c) apply regardless of 
pricing arrangements. 

(e) Secondary vehicle manufacturers 
must follow the engine manufacturer’s 
emission-related installation 
instructions. Not meeting the 
manufacturer’s emission-related 
installation instructions is a violation of 
one or more of the prohibitions of 
§ 1068.101. We may also require 
secondary vehicle manufacturers to 
recall defective vehicles under 40 CFR 
1068.505 if we determine that their 
manufacturing practices caused vehicles 
to not conform to the regulations. 
Secondary vehicle manufacturers may 
be required to meet additional 
requirements if the certifying vehicle 
manufacturer delegates final assembly 
of emission controls as described in 
paragraph (d) of this section. 

(f) Except as allowed by § 1037.622, 
the provisions of this section apply to 
manufacturers for glider kits they 
produce. Note that under § 1037.620, 
glider kit manufacturers are generally 
presumed to be responsible (in whole or 
in part) for compliance with respect to 
vehicles produced from their glider kits, 
even if a secondary vehicle 
manufacturer holds the certificate under 
§ 1037.622. 

(g) We may allow certifying vehicle 
manufacturers to authorize dealers or 
distributors to reconfigure vehicles after 
the vehicles have been introduced into 
commerce if they have not yet been 
delivered to the ultimate purchaser as 
follows: 

(1) This allowance is limited to 
changes from one certified configuration 
to another, as noted in the following 
examples: 

(i) If your vehicle family includes 
certified configurations with different 
axle ratios, you may authorize changing 
from one certified axle ratio to another. 

(ii) You may authorize adding a 
certified APU to a tractor. 

(2) Your final ABT report must 
accurately describe the vehicle’s 
certified configuration as delivered to 
the ultimate purchaser. This means that 
the allowance no longer applies after 
you submit the final ABT report. 

(3) The vehicle label must accurately 
reflect the final vehicle configuration. 

(4) You must keep records to 
document modifications under this 
paragraph (g). 

(5) Dealers and distributors must keep 
a record of your authorizing 
instructions. Dealers and distributors 
that fail to follow your instructions or 
otherwise make unauthorized changes 
may be committing a tampering 
violation as described in 40 CFR 
1068.105(b). 

§ 1037.622 Shipment of partially complete 
vehicles to secondary vehicle 
manufacturers. 

This section specifies how 
manufacturers may introduce partially 
complete vehicles into U.S. commerce 
(or in the case of certain custom 
vehicles, introduce complete vehicles 
into U.S. commerce for modification by 
a small manufacturer). The provisions of 
this section are generally not intended 
for trailers, but they may apply in 
unusual circumstances, such as when a 
secondary vehicle manufacturer will 
modify a trailer in a way that makes it 
exempt. The provisions of this section 
are intended to accommodate normal 
business practices without 
compromising the effectiveness of 
certified emission controls. You may not 
use the provisions of this section to 
circumvent the intent of this part. For 
vehicles subject to both exhaust GHG 
and evaporative standards, the 
provisions of this part apply separately 
for each certificate. 

(a) The provisions of this section 
allow manufacturers to ship partially 
complete vehicles to secondary vehicle 
manufacturers or otherwise introduce 
them into U.S. commerce in the 
following circumstances: 

(1) Certified vehicles. Manufacturers 
may introduce partially complete 
tractors into U.S. commerce if they are 
covered by certificates of conformity 
and are in certified configurations. See 
§ 1037.621 for vehicles not yet in a 
certified configuration when introduced 
into U.S. commerce. 

(2) Uncertified vehicles that will be 
certified by secondary vehicle 
manufacturers. Manufacturers may 
introduce into U.S. commerce partially 
complete vehicles for which they do not 
hold the required certificate of 
conformity only as allowed by 
paragraph (b) of this section; however, 
the requirements of this section do not 
apply for tractors or vocational vehicles 
with a date of manufacture before 
January 1, 2022, that are produced by a 
secondary vehicle manufacturer if they 
are excluded from the standards of this 
part under § 1037.150(c). 

(3) Exempted vehicles. Manufacturers 
may introduce into U.S. commerce 
partially complete vehicles without a 
certificate of conformity if the vehicles 
are exempt under this part or under 40 
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CFR part 1068. This may involve the 
secondary vehicle manufacturer 
qualifying for the exemption. 

(4) Small manufacturers modifying 
certified tractors. Small manufacturers 
that build custom sleeper cabs or 
natural gas-fueled tractors may modify 
complete or incomplete vehicles 
certified as tractors, as specified by 
paragraph (d) of this section. 

(b) The provisions of this paragraph 
(b) generally apply where the secondary 
vehicle manufacturer has substantial 
control over the design and assembly of 
emission controls. They also apply 
where a secondary vehicle manufacturer 
qualifies for a permanent exemption. In 
unusual circumstances we may allow 
other secondary vehicle manufacturers 
to use these provisions. In determining 
whether a manufacturer has substantial 
control over the design and assembly of 
emission controls, we would consider 
the degree to which the secondary 
vehicle manufacturer would be able to 
ensure that the engine and vehicle will 
conform to the regulations in their final 
configurations. 

(1) A secondary vehicle manufacturer 
may finish assembly of partially 
complete vehicles in the following 
cases: 

(i) It obtains a vehicle that is not fully 
assembled with the intent to 
manufacture a complete vehicle in a 
certified or exempted configuration. For 
example, this would apply where a 
glider vehicle assembler holds a 
certificate that allows the assembler to 
produce certified glider vehicles from 
glider kits. 

(ii) It obtains a vehicle with the intent 
to modify it to a certified configuration 
before it reaches the ultimate purchaser. 
For example, this may apply for 
converting a gasoline-fueled vehicle to 
operate on natural gas under the terms 
of a valid certificate. 

(2) Manufacturers may introduce 
partially complete vehicles into U.S. 
commerce as described in this 
paragraph (b) if they have a written 
request for such vehicles from a 
secondary vehicle manufacturer that 
will finish the vehicle assembly and has 
certified the vehicle (or the vehicle has 
been exempted or excluded from the 
requirements of this part). The written 
request must include a statement that 
the secondary vehicle manufacturer has 
a certificate of conformity (or 
exemption/exclusion) for the vehicle 
and identify a valid vehicle family name 
associated with each vehicle model 
ordered (or the basis for an exemption/ 
exclusion). The original vehicle 
manufacturer must apply a removable 
label meeting the requirements of 40 
CFR 1068.45(b) that identifies the 

corporate name of the original 
manufacturer and states that the vehicle 
is exempt under the provisions of 
§ 1037.622. The name of the certifying 
manufacturer must also be on the label 
or, alternatively, on the bill of lading 
that accompanies the vehicles during 
shipment. The original manufacturer 
may not apply a permanent emission 
control information label identifying the 
vehicle’s eventual status as a certified 
vehicle. Note that an exemption 
allowing a glider assembler to install an 
exempt engine does not necessarily 
exempt the vehicle from the 
requirements of this part. 

(3) If you are the secondary vehicle 
manufacturer and you will hold the 
certificate, you must include the 
following information in your 
application for certification: 

(i) Identify the original manufacturer 
of the partially complete vehicle or of 
the complete vehicle you will modify. 

(ii) Describe briefly how and where 
final assembly will be completed. 
Specify how you have the ability to 
ensure that the vehicles will conform to 
the regulations in their final 
configuration. (Note: This section 
prohibits using the provisions of this 
paragraph (b) unless you have 
substantial control over the design and 
assembly of emission controls.) 

(iii) State unconditionally that you 
will not distribute the vehicles without 
conforming to all applicable regulations. 

(4) If you are a secondary vehicle 
manufacturer and you are already a 
certificate holder for other families, you 
may receive shipment of partially 
complete vehicles after you apply for a 
certificate of conformity but before the 
certificate’s effective date. This 
exemption allows the original 
manufacturer to ship vehicles after you 
have applied for a certificate of 
conformity. Manufacturers may 
introduce partially complete vehicles 
into U.S. commerce as described in this 
paragraph (b)(4) if they have a written 
request for such vehicles from a 
secondary vehicle manufacturer stating 
that the application for certification has 
been submitted (instead of the 
information we specify in paragraph 
(b)(2) of this section). We may set 
additional conditions under this 
paragraph (b)(4) to prevent 
circumvention of regulatory 
requirements. 

(5) The provisions of this section also 
apply for shipping partially complete 
vehicles if the vehicle is covered by a 
valid exemption and there is no valid 
family name that could be used to 
represent the vehicle model. Unless we 
approve otherwise in advance, you may 
do this only when shipping engines to 

secondary vehicle manufacturers that 
are certificate holders. In this case, the 
secondary vehicle manufacturer must 
identify the regulatory cite identifying 
the applicable exemption instead of a 
valid family name when ordering 
engines from the original vehicle 
manufacturer. 

(6) Both original and secondary 
vehicle manufacturers must keep the 
records described in this section for at 
least five years, including the written 
request for exempted vehicles and the 
bill of lading for each shipment (if 
applicable). The written request is 
deemed to be a submission to EPA. 

(7) These provisions are intended 
only to allow secondary vehicle 
manufacturers to obtain or transport 
vehicles in the specific circumstances 
identified in this section so any 
exemption under this section expires 
when the vehicle reaches the point of 
final assembly identified in paragraph 
(b)(3)(ii) of this section. 

(8) For purposes of this section, an 
allowance to introduce partially 
complete vehicles into U.S. commerce 
includes a conditional allowance to sell, 
introduce, or deliver such vehicles into 
commerce in the United States or 
import them into the United States. It 
does not include a general allowance to 
offer such vehicles for sale because this 
exemption is intended to apply only for 
cases in which the certificate holder 
already has an arrangement to purchase 
the vehicles from the original 
manufacturer. This exemption does not 
allow the original manufacturer to 
subsequently offer the vehicles for sale 
to a different manufacturer who will 
hold the certificate unless that second 
manufacturer has also complied with 
the requirements of this part. The 
exemption does not apply for any 
individual vehicles that are not labeled 
as specified in this section or which are 
shipped to someone who is not a 
certificate holder. 

(9) We may suspend, revoke, or void 
an exemption under this section, as 
follows: 

(i) We may suspend or revoke your 
exemption if you fail to meet the 
requirements of this section. We may 
suspend or revoke an exemption related 
to a specific secondary vehicle 
manufacturer if that manufacturer sells 
vehicles that are in not in a certified 
configuration in violation of the 
regulations. We may disallow this 
exemption for future shipments to the 
affected secondary vehicle manufacturer 
or set additional conditions to ensure 
that vehicles will be assembled in the 
certified configuration. 

(ii) We may void an exemption for all 
the affected vehicles if you intentionally 
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submit false or incomplete information 
or fail to keep and provide to EPA the 
records required by this section. 

(iii) The exemption is void for a 
vehicle that is shipped to a company 
that is not a certificate holder or for a 
vehicle that is shipped to a secondary 
vehicle manufacturer that is not in 
compliance with the requirements of 
this section. 

(iv) The secondary vehicle 
manufacturer may be liable for penalties 
for causing a prohibited act where the 
exemption is voided due to actions on 
the part of the secondary vehicle 
manufacturer. 

(c) Provide instructions along with 
partially complete vehicles including all 
information necessary to ensure that an 
engine will be installed in its certified 
configuration. 

(d) Small manufacturers that build 
custom sleeper cabs or natural gas- 
fueled tractors may modify complete or 
incomplete vehicles certified as tractors, 
subject to the provisions of this 
paragraph (d). Such businesses are 
secondary vehicle manufacturers. 

(1) Secondary vehicle manufacturers 
may not modify the vehicle body in 
front of the b-pillar or increase the 
effective frontal area of the certified 
configuration including consideration of 
the frontal area of the standard trailer. 
For high-roof custom sleeper tractors, 
this would generally mean that no part 
of the added sleeper compartment may 
extend beyond 102 inches wide or 162 
inches high (measured from the 
ground), which are the dimensions of 
the standard trailer for high-roof tractors 
under this part. Note that these 
dimensions have a tolerance of ±2 
inches. 

(2) The certifying manufacturer may 
have responsibilities for the vehicle 
under this section, as follows: 

(i) If the vehicle being modified is a 
complete tractor in a certified 
configuration, the certifying 
manufacturer has no additional 
responsibilities for the vehicle under 
this section. 

(ii) If the vehicle being modified is 
partially complete only because it lacks 
body components to the rear of the b- 
pillar (but is otherwise a complete 
tractor in a certified configuration), the 
certifying manufacturer has no 
additional responsibilities for the 
vehicle under this section. 

(iii) If the vehicle being modified is an 
incomplete tractor not in a certified 
configuration, the certifying 
manufacturer must comply with the 
provisions of § 1037.621 for the vehicle. 

(3) The secondary vehicle 
manufacturer must add a permanent 
supplemental label to the vehicle near 

the original manufacturer’s emission 
control information label. On the label 
identify your corporate name and 
include the statement: ‘‘THIS TRACTOR 
WAS MODIFIED UNDER 40 CFR 
1037.622.’’ 

(4) See § 1037.150 for additional 
interim options that may apply. 

(5) The provisions of this paragraph 
(d) may apply separately for vehicle 
GHG and evaporative emission 
standards. 

(6) Modifications under this 
paragraph (d) do not violate 40 CFR 
1068.101(b)(1). 

§ 1037.630 Special purpose tractors. 
(a) General provisions. This section 

allows a vehicle manufacturer to 
reclassify certain tractors as vocational 
tractors. Vocational tractors are treated 
as vocational vehicles and are exempt 
from the standards of § 1037.106. Note 
that references to ‘‘tractors’’ outside of 
this section mean non-vocational 
tractors. 

(1) This allowance is intended only 
for vehicles that do not typically operate 
at highway speeds, or would otherwise 
not benefit from efficiency 
improvements designed for line-haul 
tractors. This allowance is limited to the 
following vehicle and application types: 

(i) Low-roof tractors intended for 
intra-city pickup and delivery, such as 
those that deliver bottled beverages to 
retail stores. 

(ii) Tractors intended for off-road 
operation (including mixed service 
operation that does not qualify for an 
exemption under § 1037.631), such as 
those with reinforced frames and 
increased ground clearance. This 
includes drayage tractors. 

(iii) Model year 2020 and earlier 
tractors with a gross combination weight 
rating (GCWR) at or above 120,000 
pounds. Note that Phase 2 tractors 
meeting the definition of ‘‘heavy-haul’’ 
in § 1037.801 must be certified to the 
heavy-haul standards in §§ 1037.106 or 
1037.670. 

(2) Where we determine that a 
manufacturer is not applying this 
allowance in good faith, we may require 
the manufacturer to obtain preliminary 
approval before using this allowance. 

(b) Requirements. The following 
requirements apply with respect to 
tractors reclassified under this section: 

(1) The vehicle must fully conform to 
all requirements applicable to 
vocational vehicles under this part. 

(2) Vehicles reclassified under this 
section must be certified as a separate 
vehicle family. However, they remain 
part of the vocational regulatory 
subcategory and averaging set that 
applies for their service class. 

(3) You must include the following 
additional statement on the vehicle’s 
emission control information label 
under § 1037.135: ‘‘THIS VEHICLE WAS 
CERTIFIED AS A VOCATIONAL 
TRACTOR UNDER 40 CFR 1037.630.’’ 

(4) You must keep records for three 
years to document your basis for 
believing the vehicles will be used as 
described in paragraph (a)(1) of this 
section. Include in your application for 
certification a brief description of your 
basis. 

(c) Production limit. No manufacturer 
may produce more than 21,000 Phase 1 
vehicles under this section in any 
consecutive three model year period. 
This means you may not exceed 6,000 
in a given model year if the combined 
total for the previous two years was 
15,000. The production limit applies 
with respect to all Class 7 and Class 8 
Phase 1 tractors certified or exempted as 
vocational tractors. No production limit 
applies for tractors subject to Phase 2 
standards. 

(d) Off-road exemption. All the 
provisions of this section apply for 
vocational tractors exempted under 
§ 1037.631, except as follows: 

(1) The vehicles are required to 
comply with the requirements of 
§ 1037.631 instead of the requirements 
that would otherwise apply to 
vocational vehicles. Vehicles complying 
with the requirements of § 1037.631 and 
using an engine certified to the 
standards of 40 CFR part 1036 are 
deemed to fully conform to all 
requirements applicable to vocational 
vehicles under this part. 

(2) The vehicles must be labeled as 
specified under § 1037.631 instead of as 
specified in paragraph (b)(3) of this 
section. 

§ 1037.631 Exemption for vocational 
vehicles intended for off-road use. 

This section provides an exemption 
from the greenhouse gas standards of 
this part for certain vocational vehicles 
(including certain vocational tractors) 
that are intended to be used extensively 
in off-road environments such as forests, 
oil fields, and construction sites. This 
section does not exempt engines used in 
vocational vehicles from the standards 
of 40 CFR part 86 or part 1036. Note that 
you may not include these exempted 
vehicles in any credit calculations 
under this part. 

(a) Qualifying criteria. Vocational 
vehicles intended for off-road use are 
exempt without request, subject to the 
provisions of this section, if they are 
primarily designed to perform work off- 
road (such as in oil fields, mining, 
forests, or construction sites), and they 
meet at least one of the criteria of 
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paragraph (a)(1) of this section and at 
least one of the criteria of paragraph 
(a)(2) of this section. See § 1037.105(h) 
for alternate Phase 2 standards that 
apply for vehicles meeting only one of 
these sets of criteria. 

(1) The vehicle must have affixed 
components designed to work 
inherently in an off-road environment 
(such as hazardous material equipment 
or off-road drill equipment) or be 
designed to operate at low speeds such 
that it is unsuitable for normal highway 
operation. 

(2) The vehicle must meet one of the 
following criteria: 

(i) Have an axle that has a gross axle 
weight rating (GAWR) at or above 
29,000 pounds. 

(ii) Have a speed attainable in 2.0 
miles of not more than 33 mi/hr. 

(iii) Have a speed attainable in 2.0 
miles of not more than 45 mi/hr, an 
unloaded vehicle weight that is not less 
than 95 percent of its gross vehicle 
weight rating, and no capacity to carry 
occupants other than the driver and 
operating crew. 

(iv) Have a maximum speed at or 
below 54 mi/hr. You may consider the 
vehicle to be appropriately speed- 
limited if engine speed at 54 mi/hr is at 
or above 95 percent of the engine’s 
maximum test speed in the highest 
available gear. You may alternatively 
limit vehicle speed by programming the 
engine or vehicle’s electronic control 
module in a way that is tamper-proof. 

(b) Tractors. The provisions of this 
section may apply for tractors only if 
each tractor qualifies as a vocational 
tractor under § 1037.630. 

(c) Recordkeeping and reporting. (1) 
You must keep records to document that 
your exempted vehicle configurations 
meet all applicable requirements of this 
section. Keep these records for at least 
eight years after you stop producing the 
exempted vehicle model. We may 
review these records at any time. 

(2) You must also keep records of the 
individual exempted vehicles you 
produce, including the vehicle 
identification number and a description 
of the vehicle configuration. 

(3) Within 90 days after the end of 
each model year, you must send to the 
Designated Compliance Officer a report 
with the following information: 

(i) A description of each exempted 
vehicle configuration, including an 
explanation of why it qualifies for this 
exemption. 

(ii) The number of vehicles exempted 
for each vehicle configuration. 

(d) Labeling. You must include the 
following additional statement on the 
vehicle’s emission control information 
label under § 1037.135: ‘‘THIS VEHICLE 

WAS EXEMPTED UNDER 40 CFR 
1037.631.’’ 

§ 1037.635 Glider kits and glider vehicles. 
Except as specified in § 1037.150, the 

requirements of this section apply 
beginning January 1, 2017. 

(a) Vehicles produced from glider kits 
and other glider vehicles are subject to 
the same standards as other new 
vehicles, including the applicable 
vehicle standards described in Subpart 
B of this part. Note that this requirement 
for the vehicle generally applies even if 
the engine meets the criteria of 
paragraph (c)(1) of this section. For 
engines originally produced before 
2017, if you are unable to obtain a fuel 
map for an engine you may ask to use 
a default map, consistent with good 
engineering judgment. 

(b) Section 1037.601(a)(1) disallows 
the introduction into U.S. commerce of 
a new tractor or vocational vehicle 
(including a vehicle assembled from a 
glider kit) unless it has an engine that 
is certified to the applicable standards 
in 40 CFR parts 86 and 1036. Except as 
specified otherwise in this part, the 
standards apply for engines used in 
glider vehicles as follows: 

(1) The engine must meet the GHG 
standards of 40 CFR part 1036 that 
apply for the engine model year 
corresponding to the vehicle’s date of 
manufacture. For example, for a vehicle 
with a 2024 date of manufacture, the 
engine must meet the GHG standards 
that apply for model year 2024. 

(2) The engine must meet the criteria 
pollutant standards of 40 CFR part 86 
that apply for the engine model year 
corresponding to the vehicle’s date of 
manufacture. 

(3) The engine may be from an earlier 
model year if the standards were 
identical to the currently applicable 
engine standards. 

(4) Note that alternate standards or 
requirements may apply under 
§ 1037.150. 

(c) The engine standards identified in 
paragraph (b) of this section do not 
apply for certain engines when used in 
glider kits. These engines remain subject 
to the standards to which they were 
previously certified. 

(1) The allowance in this paragraph 
(c) applies only for following engines: 

(i) Certified engines still within their 
original useful life in terms of both 
miles and years. Glider vehicles 
produced using engines meeting this 
criterion are exempt from the 
requirements of paragraph (a) of this 
section if the glider vehicle 
configuration is identical to a 
configuration previously certified to the 
requirements of this part 1037 for a 

model year the same as or later than the 
model year of the engine. 

(ii) Certified engines of any age with 
less than 100,000 miles of engine 
operation. This is intended for specialty 
vehicles (such as fire trucks) that have 
very low usage rates. These vehicles are 
exempt from the requirements of 
paragraph (a) of this section, provided 
the completed vehicle is returned to the 
owner of the engine in a configuration 
equivalent to that of the donor vehicle. 

(iii) Certified engines less than three 
years old with any number of 
accumulated miles of engine operation. 
Vehicles using these engines must 
comply with the requirements of 
paragraph (a) of this section. 

(2) For remanufactured engines, these 
eligibility criteria apply based on the 
original date of manufacture rather than 
the date of remanufacture. For example, 
an engine originally manufactured in 
2003 that is remanufactured in 2012 
after 350,000 miles, then accumulates 
an additional 150,000 miles before being 
installed in a model year 2020 glider 
would be considered to be 17 years old 
and to have accumulated 500,000 miles. 

(3) The provisions of this paragraph 
(c) apply only where you can show that 
one or more criteria have been met. For 
example, to apply the criterion of 
paragraph (c)(1)(i) or (ii), you must be 
able prove the number of miles the 
engine has accumulated. 

(d) All engines used in glider vehicles 
(including remanufactured engines) 
must be in a certified configuration and 
properly labeled. This requirement 
applies equally to any engine covered 
by this section. Depending on the model 
year of the engine (and other applicable 
provisions of this section), it may be 
permissible for the engine to remain in 
its original certified configuration or 
another configuration of the same 
original model year. However, it may be 
necessary to modify the engine to a 
newer certified configuration. 

(e) The following additional 
provisions apply: 

(1) The Clean Air Act definition of 
‘‘manufacturer’’ includes anyone who 
assembles motor vehicles, including 
entities that install engines in or 
otherwise complete assembly of glider 
kits. 

(2) Vehicle manufacturers (including 
assemblers) producing glider vehicles 
must comply with the reporting and 
recordkeeping requirements in 
§ 1037.250. 

(3) Manufacturers of glider kits 
providing glider kits for the purpose of 
allowing another manufacturer to 
assemble vehicles under this section are 
subject to the provisions of §§ 1037.620 
through 1037.622, as applicable. For 
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example, introducing an uncertified 
glider kit into U.S. commerce may 
subject you to penalties under 40 CFR 
1068.101 if the completed glider vehicle 
does not conform fully with the 
regulations of the part at any point 
before being placed into service. 

§ 1037.640 Variable vehicle speed limiters. 

This section specifies provisions that 
apply for vehicle speed limiters (VSLs) 
that you model under § 1037.520. This 
does not apply for VSLs that you do not 
model under § 1037.520. (e) This section 
is written to apply for tractors; however, 
you may use good engineering judgment 
to apply equivalent adjustments for 
Phase 2 vocational vehicles with vehicle 
speed limiters. 

(a) General. The regulations of this 
part do not constrain how you may 
design VSLs for your vehicles. For 
example, you may design your VSL to 
have a single fixed speed limit or a soft- 
top speed limit. You may also design 
your VSL to expire after accumulation 
of a predetermined number of miles. 
However, designs with soft tops or 
expiration features are subject to 
proration provisions under this section 
that do not apply to fixed VSLs that do 
not expire. 

(b) Definitions. The following 
definitions apply for purposes of this 
section: 

(1) Default speed limit means the 
speed limit that normally applies for the 
vehicle, except as follows: 

(i) The default speed limit for 
adjustable VSLs must represent the 
speed limit that applies when the VSL 
is adjusted to its highest setting under 
paragraph (c) of this section. 

(ii) For VSLs with soft tops, the 
default speed does not include speeds 
possible only during soft-top operation. 

(iii) For expiring VSLs, the default 
does not include speeds that are 
possible only after expiration. 

(2) Soft-top speed limit means the 
highest speed limit that applies during 
soft-top operation. 

(3) Maximum soft-top duration means 
the maximum amount of time that a 
vehicle could operate above the default 
speed limit. 

(4) Certified VSL means a VSL 
configuration that applies when a 
vehicle is new and until it expires. 

(5) Expiration point means the 
mileage at which a vehicle’s certified 
VSL expires (or the point at which 
tamper protections expire). 

(6) Effective speed limit has the 
meaning given in paragraph (d) of this 
section. 

(c) Adjustments. You may design your 
VSL to be adjustable; however, this may 
affect the value you use in GEM. 

(1) Except as specified in paragraph 
(c)(2) of this section, any adjustments 
that can be made to the engine, vehicle, 

or their controls that change the VSL’s 
actual speed limit are considered to be 
adjustable operating parameters. 
Compliance is based on the vehicle 
being adjusted to the highest speed limit 
within this range. 

(2) The following adjustments are not 
adjustable parameters: 

(i) Adjustments made only to account 
for changing tire size or final drive ratio. 

(ii) Adjustments protected by 
encrypted controls or passwords. 

(iii) Adjustments possible only after 
the VSL’s expiration point. 

(d) Effective speed limit. (1) For VSLs 
without soft tops or expiration points 
that expire before 1,259,000 miles, the 
effective speed limit is the highest speed 
limit that results by adjusting the VSL 
or other vehicle parameters consistent 
with the provisions of paragraph (c) of 
this section. 

(2) For VSLs with soft tops and/or 
expiration points, the effective speed 
limit is calculated as specified in this 
paragraph (d)(2), which is based on 10 
hours of operation per day (394 miles 
per day for day cabs and 551 miles per 
day for sleeper cabs). Note that this 
calculation assumes that a fraction of 
this operation is speed-limited (3.9 
hours and 252 miles for day cabs, and 
7.3 hours and 474 miles for sleeper 
cabs). Use the following equation to 
calculate the effective speed limit, 
rounded to the nearest 0.1 mi/hr: 

Where: 
ExF = expiration point miles/1,259,000 

miles. 
STF = the maximum number of allowable 

soft top operation hours per day/3.9 
hours for day cabs (or maximum miles 
per day/252), or the maximum number of 
allowable soft top operation hours per 
day/7.3 hours for sleeper cabs (or 
maximum miles per day/474). 

STSL = the soft-top speed limit. 
DSL = the default speed limit. 

§ 1037.645 In-use compliance with family 
emission limits (FELs). 

Section 1037.225 describes how to 
change the FEL for a vehicle family 
during the model year. This section, 
which describes how you may ask us to 
increase a vehicle family’s FEL after the 
end of the model year, is intended to 
address circumstances in which it is in 
the public interest to apply a higher in- 
use FEL based on forfeiting an 
appropriate number of emission credits. 
For example, this may be appropriate 

where we determine that recalling 
vehicles would not significantly reduce 
in-use emissions. We will generally not 
allow this option where we determine 
the credits being forfeited would likely 
have expired. 

(a) You may ask us to increase a 
vehicle family’s FEL after the end of the 
model year if you believe some of your 
in-use vehicles exceed the CO2 FEL that 
applied during the model year (or the 
CO2 emission standard if the family did 
not generate or use emission credits). 
We may consider any available 
information in making our decision to 
approve or deny your request. 

(b) If we approve your request under 
this section, you must apply emission 
credits to cover the increased FEL for all 
affected vehicles. Apply the emission 
credits as part of your credit 
demonstration for the current 
production year. Include the 
appropriate calculations in your final 
report under § 1037.730. 

(c) Submit your request to the 
Designated Compliance Officer. Include 
the following in your request: 

(1) Identify the names of each vehicle 
family that is the subject of your 
request. Include separate family names 
for different model years 

(2) Describe why your request does 
not apply for similar vehicle models or 
additional model years, as applicable. 

(3) Identify the FEL that applied 
during the model year for each 
configuration and recommend 
replacement FELs for in-use vehicles; 
include a supporting rationale to 
describe how you determined the 
recommended replacement FELs. 

(4) Describe whether the needed 
emission credits will come from 
averaging, banking, or trading. 

(d) If we approve your request, we 
will identify one or more replacement 
FELs, as follows: 

(1) Where your vehicle family 
includes more than one sub-family with 
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different FELs, we may apply a higher 
FEL within the family than was applied 
to the vehicle’s configuration in your 
final ABT report. For example, if your 
vehicle family included three sub- 
families, with FELs of 200 g/ton-mile, 
210 g/ton-mile, and 220 g/ton-mile, we 
may apply a 220 g/ton-mile in-use FEL 
to vehicles that were originally 
designated as part of the 200 g/ton-mile 
or 210 g/ton-mile sub-families. 

(2) Without regard to the number of 
sub-families in your certified vehicle 
family, we may specify one or more new 
sub-families with higher FELs than you 
included in your final ABT report. We 
may apply these higher FELs as in-use 
FELs for your vehicles. For example, if 
your vehicle family included three sub- 
families, with FELs of 200 g/ton-mile, 
210 g/ton-mile, and 220 g/ton-mile, we 
may specify a new 230 g/ton-mile sub- 
family. 

(3) Our selected values for the 
replacement FEL will reflect our best 
judgment to accurately reflect the actual 
in-use performance of your vehicles, 
consistent with the testing provisions 
specified in this part. 

(4) We may apply the higher FELs to 
other vehicle families from the same or 
different model years to the extent they 
used equivalent emission controls. We 
may include any appropriate conditions 
with our approval. 

(e) If we order a recall for a vehicle 
family under 40 CFR 1068.505, we will 
no longer approve a replacement FEL 
under this section for any of your 
vehicles from that vehicle family, or 
from any other vehicle family that relies 
on equivalent emission controls. 

§ 1037.655 Post-useful life vehicle 
modifications. 

(a) General. Vehicle modifications 
during and after the useful life are 
presumed to violate 42 U.S.C. 
7522(a)(3)(A) if they involve removing 
or rendering inoperative any emission 
control device installed to comply with 
the requirements of this part 1037. This 
section specifies vehicle modifications 
that may occur in certain circumstances 
after a vehicle reaches the end of its 
regulatory useful life. EPA may require 
a higher burden of proof with respect to 
modifications that occur within the 
useful life period, and the specific 
examples presented here do not 
necessarily apply within the useful life. 
This section also does not apply with 
respect to engine modifications or 
recalibrations. 

(b) Allowable modifications. You may 
modify a vehicle for the purpose of 
reducing emissions, provided you have 
a reasonable technical basis for knowing 
that such modification will not increase 

emissions of any other pollutant. 
‘‘Reasonable technical basis’’ has the 
meaning given in 40 CFR 1068.30. This 
generally requires you to have 
information that would lead an engineer 
or other person familiar with engine and 
vehicle design and function to 
reasonably believe that the 
modifications will not increase 
emissions of any regulated pollutant. 

(c) Examples of allowable 
modifications. The following are 
examples of allowable modifications: 

(1) It is generally allowable to remove 
tractor roof fairings after the end of the 
vehicle’s useful life if the vehicle will 
no longer be used primarily to pull box 
vans. 

(2) Other fairings may be removed 
after the end of the vehicle’s useful life 
if the vehicle will no longer be used 
significantly on highways with a vehicle 
speed of 55 miles per hour or higher. 

(d) Examples of prohibited 
modifications. The following are 
examples of modifications that are not 
allowable: 

(1) No person may disable a vehicle 
speed limiter prior to its expiration 
point. 

(2) No person may remove 
aerodynamic fairings from tractors that 
are used primarily to pull box vans on 
highways. 

§ 1037.660 Idle-reduction technologies. 
This section specifies requirements 

that apply for idle-reduction 
technologies modeled under § 1037.520. 
It does not apply for idle-reduction 
technologies you do not model under 
§ 1037.520. 

(a) Minimum requirements. Idle- 
reduction technologies must meet all 
the following requirements to be 
modeled under § 1037.520 except as 
specified in paragraphs (b) and (c) of 
this section: 

(1) Automatic engine shutdown (AES) 
systems. The system must shut down 
the engine within a threshold inactivity 
period of 60 seconds or less for 
vocational vehicles and 300 seconds or 
less for tractors when all the following 
conditions are met: 

(i) The transmission is set to park, or 
the transmission is in neutral with the 
parking brake engaged. This is ‘‘parked 
idle.’’ 

(ii) The operator has not reset the 
system timer within the specified 
threshold inactivity period by changing 
the position of the accelerator, brake, or 
clutch pedal; or by resetting the system 
timer with some other mechanism we 
approve. 

(iii)You may identify systems as 
‘‘tamper-resistant’’ if you make no 
provision for vehicle owners, dealers, or 

other service outlets to adjust the 
threshold inactivity period. 

(iv) For Phase 2 tractors, you may 
identify AES systems as ‘‘adjustable’’ if, 
before delivering to the ultimate 
purchaser, you enable authorized 
dealers to modify the vehicle in a way 
that disables the AES system or makes 
the threshold inactivity period longer 
than 300 seconds. However, the vehicle 
may not be delivered to the ultimate 
purchaser with the AES system disabled 
or the threshold inactivity period set 
longer than 300 seconds. You may allow 
dealers or repair facilities to make such 
modifications; this might involve 
password protection for electronic 
controls, or special tools that only you 
provide. Any dealers making any 
modifications before delivery to the 
ultimate purchaser must notify you, and 
you must account for such 
modifications in your production and 
ABT reports after the end of the model 
year. Dealers failing to provide prompt 
notification are in violation of the 
tampering prohibition of 40 CFR 
1068.101(b)(1). Dealer notifications are 
deemed to be submissions to EPA. Note 
that these adjustments may not be made 
if the AES system was not ‘‘adjustable’’ 
when first delivered to the ultimate 
purchaser. 

(v) For vocational vehicles, you may 
use the provisions of § 1037.610 to 
apply for an appropriate partial 
emission reduction for AES systems you 
identify as ‘‘adjustable.’’ 

(2) Neutral idle. Phase 2 vehicles with 
hydrokinetic torque converters paired 
with automatic transmissions qualify for 
neutral-idle credit in GEM modeling if 
the transmission reduces torque 
equivalent to shifting into neutral 
throughout the interval during which 
the vehicle’s brake pedal is depressed 
and the vehicle is at a zero-speed 
condition. If a vehicle reduces torque 
partially but not enough to be 
equivalent to shifting to neutral, you 
may use the provisions of § 1037.610(g) 
to apply for an appropriate partial 
emission reduction; this may involve A 
to B testing with the powertrain test 
procedure in § 1037.550 or the spin-loss 
portion of the transmission efficiency 
test in § 1037.565. 

(3) Stop-start. Phase 2 vocational 
vehicles qualify for stop-start reduction 
in GEM modeling if the engine shuts 
down no more than 5 seconds after the 
vehicle’s brake pedal is depressed when 
the vehicle is at a zero-speed condition. 

(b) Override conditions. The system 
may limit activation of the idle- 
reduction technology while any of the 
conditions of this paragraph (b) apply. 
These conditions allow the system to 
delay engine shutdown, adjust engine 
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restarting, or delay disengaging 
transmissions, but do not allow for 
resetting timers. Engines may restart and 
transmissions may re-engage during 
override conditions if the vehicle is set 
up to do this automatically. We may 
approve additional override criteria as 
needed to protect the engine and vehicle 
from damage and to ensure safe vehicle 
operation. 

(1) For AES systems on tractors, the 
system may delay shutdown— 

(i) While an exhaust emission control 
device is regenerating. The period 
considered to be regeneration for 
purposes of this allowance must be 
consistent with good engineering 
judgment and may differ in length from 
the period considered to be regeneration 
for other purposes. For example, in 
some cases it may be appropriate to 
include a cool down period for this 
purpose but not for infrequent 
regeneration adjustment factors. 

(ii) If necessary while servicing the 
vehicle, provided the deactivation of the 
AES system is accomplished using a 
diagnostic scan tool. The system must 
be automatically reactivated when the 
engine is shut down for more than 60 
minutes. 

(iii) If the vehicle’s main battery state- 
of-charge is not sufficient to allow the 
main engine to be restarted. 

(iv) If the vehicle’s transmission, fuel, 
oil, or engine coolant temperature is too 
low or too high according to the 
manufacturer’s specifications for 
protecting against system damage. This 
allows the engine to continue operating 
until it is in a predefined temperature 
range, within which the shutdown 
sequence of paragraph (a) of this section 
would resume. 

(v) While the vehicle’s main engine is 
operating in power take-off (PTO) mode. 
For purposes of this paragraph (b), an 
engine is considered to be in PTO mode 
when a switch or setting designating 
PTO mode is enabled. 

(vi) If external ambient conditions 
prevent managing cabin temperatures 
for the driver’s safety. 

(2) For AES systems on vocational 
vehicles, the system may limit 
activation— 

(i) If any condition specified in 
paragraphs (b)(1)(i) through (vi) of this 
section applies. 

(ii) If internal cab temperatures are too 
hot or too cold for the driver’s safety. 

(3) For neutral idle, the system may 
delay shifting the transmission to 
neutral— 

(i) For the PTO conditions specified 
in paragraph (b)(1)(v) of this section. 

(ii) [Reserved] 
(4) For stop-start, the system may 

limit activation— 

(i) For any of the conditions specified 
in paragraphs (b)(2) or (b)(3)(ii) of this 
section. 

(ii) When air brake pressure is too low 
according to the manufacturer’s 
specifications for maintaining vehicle- 
braking capability. 

(iii) When the transmission is in 
reverse gear. 

(iv) When recent vehicle speeds 
indicate an abnormally high shutdown 
and restart frequency, such as with 
congested driving. For example, a 
vehicle not exceeding 10 mi/hr for the 
previous 300 seconds or since the most 
recent engine start would be a proper 
basis for overriding engine shutdown. 
You may also design this override to 
protect against system damage or 
malfunction of safety systems. 

(v) When the vehicle detects that a 
system or component is worn or 
malfunctioning in a way that could 
reasonably prevent the engine from 
restarting, such as low battery voltage. 

(c) Adjustments to AES systems for 
Phase 1. (1) The AES system may 
include an expiration point (in miles) 
after which the AES system may be 
disabled. If your vehicle is equipped 
with an AES system that expires before 
1,259,000 miles, adjust the model input 
as follows, rounded to the nearest 0.1 g/ 
ton-mile: AES Input = 5 g CO2/ton-mile 
× (miles at expiration/1,259,000 miles). 

(2) For AES systems designed to limit 
idling to a specific number of hours less 
than 1,800 hours over any 12-month 
period, calculate an adjusted AES input 
using the following equation, rounded 
to the nearest 0.1 g/ton-mile: AES Input 
= 5 g CO2/ton-mile × (1—(maximum 
allowable number of idling hours per 
year/1,800 hours)). This is an annual 
allowance that starts when the vehicle 
is new and resets every 12 months after 
that. Manufacturers may propose an 
alternate method based on operating 
hours or miles instead of years. 

(d) Adjustable parameters. Provisions 
that apply generally with respect to 
adjustable parameters also apply to the 
AES system operating parameters, 
except the following are not considered 
to be adjustable parameters: 

(1) Accelerator, brake, and clutch 
pedals, with respect to resetting the idle 
timer. Parameters associated with other 
timer reset mechanisms we approve are 
also not adjustable parameters. 

(2) Bypass parameters allowed for 
vehicle service under paragraph 
(b)(1)(ii) of this section. 

(3) Parameters that are adjustable only 
after the expiration point. 

(e) PM limit for diesel APU. For model 
year 2020 and earlier tractors with a 
date of manufacture on or after January 
1, 2018, the GEM credit for AES systems 

with OEM-installed diesel APUs is valid 
only if the engine is certified under 40 
CFR part 1039 with a deteriorated 
emission level for particulate matter at 
or below 0.15 g/kW-hr, or if the engine 
or APU is certified to the standards 
specified in § 1037.106(g). 

§ 1037.665 Production and in-use tractor 
testing. 

Manufacturers with annual U.S.- 
directed production volumes of greater 
than 20,000 tractors must perform 
testing as described in this section. 
Tractors may be new or used. 

(a) The following test requirements 
apply for model years 2021 and later: 

(1) Each calendar year, select for 
testing three sleeper cabs and two day 
cabs certified to Phase 1 or Phase 2 
standards. If we do not identify certain 
vehicle configurations for your testing, 
select models that you project to be 
among your 12 highest-selling vehicle 
configurations for the given year. 

(2) Set up the tractors on a chassis 
dynamometer and operate them over all 
applicable duty cycles from 
§ 1037.510(a). You may use emission- 
measurement systems meeting the 
specifications of 40 CFR part 1065, 
subpart J. Calculate coefficients for the 
road-load force equation as described in 
Section 10 of SAE J1263 or Section 11 
of SAE J2263 (both incorporated by 
reference in § 1037.810). Use standard 
payload. Measure emissions of NOX, 
PM, CO, NMHC, CO2, CH4, and N2O. 
Determine emission levels in g/hour for 
the idle test and g/ton-mile for other 
duty cycles. 

(b) Send us an annual report with 
your test results for each duty cycle and 
the corresponding GEM results. Send 
the report by the next October 1 after the 
year we select the vehicles for testing, 
or a later date that we approve. We may 
make your test data publicly available. 

(c) We may approve your request to 
perform alternative testing that will 
provide equivalent or better information 
compared to the specified testing. We 
may also direct you to do less testing 
than we specify in this section. 

(d) GHG standards do not apply with 
respect to testing under this section. 
Note however that NTE standards apply 
for any qualifying operation that occurs 
during the testing in the same way that 
it would during any other in-use testing. 

§ 1037.670 Optional CO2 emission 
standards for tractors at or above 120,000 
pounds GCWR. 

(a) You may certify tractors at or 
above 120,000 pounds GCWR to the 
following CO2 standards instead of the 
CO2 standards of § 1037.106: 
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TABLE 1 OF § 1037.670—OPTIONAL 
CO2 STANDARDS FOR TRACTORS 
ABOVE 120,000 POUNDS GCWR BY 
MODEL YEAR 

[g/ton-mile] 

Subcategory 

Phase 2 
standards 
for model 

years 2021 
and later 

Heavy Class 8 Low-Roof Day 
Cab ........................................ 51.8 

Heavy Class 8 Low-Roof 
Sleeper Cab .......................... 45.3 

Heavy Class 8 Mid-Roof Day 
Cab ........................................ 54.1 

Heavy Class 8 Mid-Roof Sleep-
er Cab ................................... 47.9 

Heavy Class 8 High-Roof Day 
Cab ........................................ 54.1 

Heavy Class 8 High-Roof 
Sleeper Cab .......................... 46.9 

(b) Determine subcategories as 
described in § 1037.230 for tractors that 
are not heavy-haul tractors. For 
example, the subcategory for tractors 
that would otherwise be considered 
Class 8 low-roof day cabs would be 
Heavy Class 8 Low-Roof Day Cabs. 

(c) Except for the CO2 standards of 
§ 1037.106, all provisions applicable to 
tractors under this part continue to 
apply to tractors certified to the 
standards of this section. Include the 
following compliance statement on your 
label instead of the statement specified 
in § 1037.135(c)(8): ‘‘THIS VEHICLE 
COMPLIES WITH U.S. EPA 
REGULATIONS FOR [MODEL YEAR] 
HEAVY–DUTY VEHICLES UNDER 40 
CFR 1037.670.’’ 

(d) The optional emission standards 
in this section are intended primarily 
for tractors that will be exported; 
however, you may include any tractors 
certified under this section in your 
emission credit calculation under 
§ 1037.705 if they are part of your U.S.- 
directed production volume. 

Subpart H—Averaging, Banking, and 
Trading for Certification 

§ 1037.701 General provisions. 
(a) You may average, bank, and trade 

emission credits for purposes of 
certification as described in this subpart 
and in subpart B of this part to show 
compliance with the standards of 
§§ 1037.105 through 1037.107. Note that 
§§ 1037.105(h) and 1037.107 specify 
standards involving limited or no use of 
emission credits under this subpart. 
Participation in this program is 
voluntary. 

(b) The definitions of subpart I of this 
part apply to this subpart in addition to 
the following definitions: 

(1) Actual emission credits means 
emission credits you have generated 
that we have verified by reviewing your 
final report. 

(2) Averaging set means a set of 
vehicles in which emission credits may 
be exchanged. Note that an averaging set 
may comprise more than one regulatory 
subcategory. See § 1037.740. 

(3) Broker means any entity that 
facilitates a trade of emission credits 
between a buyer and seller. 

(4) Buyer means the entity that 
receives emission credits as a result of 
a trade. 

(5) Reserved emission credits means 
emission credits you have generated 
that we have not yet verified by 
reviewing your final report. 

(6) Seller means the entity that 
provides emission credits during a 
trade. 

(7) Standard means the emission 
standard that applies under subpart B of 
this part for vehicles not participating in 
the ABT program of this subpart. 

(8) Trade means to exchange emission 
credits, either as a buyer or seller. 

(c) Emission credits may be 
exchanged only within an averaging set, 
except as specified in § 1037.740. 

(d) You may not use emission credits 
generated under this subpart to offset 
any emissions that exceed an FEL or 
standard, except as allowed by 
§ 1037.645. 

(e) You may use either of the 
following approaches to retire or forego 
emission credits: 

(1) You may trade emission credits 
generated from any number of your 
vehicles to the vehicle purchasers or 
other parties to retire the credits. 
Identify any such credits in the reports 
described in § 1037.730. Vehicles must 
comply with the applicable FELs even 
if you donate or sell the corresponding 
emission credits under this paragraph 
(e). Those credits may no longer be used 
by anyone to demonstrate compliance 
with any EPA emission standards. 

(2) You may certify a family using an 
FEL below the emission standard as 
described in this part and choose not to 
generate emission credits for that 
family. If you do this, you do not need 
to calculate emission credits for those 
families and you do not need to submit 
or keep the associated records described 
in this subpart for that family. 

(f) Emission credits may be used in 
the model year they are generated. 
Where we allow it, surplus emission 
credits may be banked for future model 
years. Surplus emission credits may 
sometimes be used for past model years, 
as described in § 1037.745. 

(g) You may increase or decrease an 
FEL during the model year by amending 

your application for certification under 
§ 1037.225. The new FEL may apply 
only to vehicles you have not already 
introduced into commerce. 

(h) See § 1037.740 for special credit 
provisions that apply for credits 
generated under 40 CFR 86.1819(k)(7), 
40 CFR 1036.615, or § 1037.615. 

(i) Unless the regulations explicitly 
allow it, you may not calculate credits 
more than once for any emission 
reduction. For example, if you generate 
CO2 emission credits for a given hybrid 
vehicle under this part, no one may 
generate CO2 emission credits for the 
hybrid engine under 40 CFR part 1036. 
However, credits could be generated for 
identical engine used in vehicles that 
did not generate credits under this part. 

(j) You may use emission credits 
generated under the Phase 1 standards 
when certifying vehicles to Phase 2 
standards. No credit adjustments are 
required other than corrections for 
different useful lives. 

§ 1037.705 Generating and calculating 
emission credits. 

(a) The provisions of this section 
apply separately for calculating 
emission credits for each pollutant. 

(b) For each participating family or 
subfamily, calculate positive or negative 
emission credits relative to the 
otherwise applicable emission standard. 
Calculate positive emission credits for a 
family or subfamily that has an FEL 
below the standard. Calculate negative 
emission credits for a family or 
subfamily that has an FEL above the 
standard. Sum your positive and 
negative credits for the model year 
before rounding. Round the sum of 
emission credits to the nearest 
megagram (Mg), using consistent units 
with the following equation: 
Emission credits (Mg) = (Std–FEL) · (PL) 

· (Volume) · (UL) · (10¥6) 
Where: 
Std = the emission standard associated with 

the specific regulatory subcategory (g/ 
ton-mile). 

FEL = the family emission limit for the 
vehicle subfamily (g/ton-mile). 

PL = standard payload, in tons. 
Volume = U.S.-directed production volume 

of the vehicle subfamily. For example, if 
you produce three configurations with 
the same FEL, the subfamily production 
volume would be the sum of the 
production volumes for these three 
configurations. 

UL = useful life of the vehicle, in miles, as 
described in § 1037.105 and § 1037.106. 
Use 250,000 miles for trailers. 

(c) As described in § 1037.730, 
compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
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directed production volumes. Keep 
appropriate records to document these 
production volumes. Do not include any 
of the following vehicles to calculate 
emission credits: 

(1) Vehicles that you do not certify to 
the CO2 standards of this part because 
they are permanently exempted under 
subpart G of this part or under 40 CFR 
part 1068. 

(2) Exported vehicles. 
(3) Vehicles not subject to the 

requirements of this part, such as those 
excluded under § 1037.5. 

(4) Any other vehicles, where we 
indicate elsewhere in this part 1037 that 
they are not to be included in the 
calculations of this subpart. 

§ 1037.710 Averaging. 
(a) Averaging is the exchange of 

emission credits among your vehicle 
families. You may average emission 
credits only within the same averaging 
set, except as specified in § 1037.740. 

(b) You may certify one or more 
vehicle families (or subfamilies) to an 
FEL above the applicable standard, 
subject to any applicable FEL caps and 
other provisions in subpart B of this 
part, if you show in your application for 
certification that your projected balance 
of all emission-credit transactions in 
that model year is greater than or equal 
to zero or that a negative balance is 
allowed under § 1037.745. 

(c) If you certify a vehicle family to an 
FEL that exceeds the otherwise 
applicable standard, you must obtain 
enough emission credits to offset the 
vehicle family’s deficit by the due date 
for the final report required in 
§ 1037.730. The emission credits used to 
address the deficit may come from your 
other vehicle families that generate 
emission credits in the same model year 
(or from later model years as specified 
in § 1037.745), from emission credits 
you have banked from previous model 
years, or from emission credits 
generated in the same or previous model 
years that you obtained through trading. 
Note that the option for using banked or 
traded credits does not apply for 
trailers. 

§ 1037.715 Banking. 
(a) Banking is the retention of surplus 

emission credits by the manufacturer 
generating the emission credits for use 
in future model years for averaging or 
trading. Note that § 1037.107 does not 
allow banking for trailers. 

(b) You may designate any emission 
credits you plan to bank in the reports 
you submit under § 1037.730 as 
reserved credits. During the model year 
and before the due date for the final 
report, you may designate your reserved 

emission credits for averaging or 
trading. 

(c) Reserved credits become actual 
emission credits when you submit your 
final report. However, we may revoke 
these emission credits if we are unable 
to verify them after reviewing your 
reports or auditing your records. 

(d) Banked credits retain the 
designation of the averaging set in 
which they were generated. 

§ 1037.720 Trading. 
(a) Trading is the exchange of 

emission credits between 
manufacturers, or the transfer of credits 
to another party to retire them. You may 
use traded emission credits for 
averaging, banking, or further trading 
transactions. Traded emission credits 
remain subject to the averaging-set 
restrictions based on the averaging set in 
which they were generated. Note that 
§ 1037.107 does not allow trading for 
trailers. 

(b) You may trade actual emission 
credits as described in this subpart. You 
may also trade reserved emission 
credits, but we may revoke these 
emission credits based on our review of 
your records or reports or those of the 
company with which you traded 
emission credits. You may trade banked 
credits within an averaging set to any 
certifying manufacturer. 

(c) If a negative emission credit 
balance results from a transaction, both 
the buyer and seller are liable, except in 
cases we deem to involve fraud. See 
§ 1037.255(e) for cases involving fraud. 
We may void the certificates of all 
vehicle families participating in a trade 
that results in a manufacturer having a 
negative balance of emission credits. 
See § 1037.745. 

§ 1037.725 What must I include in my 
application for certification? 

(a) You must declare in your 
application for certification your intent 
to use the provisions of this subpart for 
each vehicle family that will be certified 
using the ABT program. You must also 
declare the FELs you select for the 
vehicle family or subfamily for each 
pollutant for which you are using the 
ABT program. Your FELs must comply 
with the specifications of subpart B of 
this part, including the FEL caps. FELs 
must be expressed to the same number 
of decimal places as the applicable 
standards. 

(b) Include the following in your 
application for certification: 

(1) A statement that, to the best of 
your belief, you will not have a negative 
balance of emission credits for any 
averaging set when all emission credits 
are calculated at the end of the year; or 

a statement that you will have a 
negative balance of emission credits for 
one or more averaging sets but that it is 
allowed under § 1037.745. 

(2) Calculations of projected emission 
credits (positive or negative) based on 
projected U.S.-directed production 
volumes. We may require you to include 
similar calculations from your other 
vehicle families to project your net 
credit balances for the model year. If 
you project negative emission credits for 
a family or subfamily, state the source 
of positive emission credits you expect 
to use to offset the negative emission 
credits. 

§ 1037.730 ABT reports. 
(a) If any of your engine families are 

certified using the ABT provisions of 
this subpart, you must send an end-of- 
year report by March 31 following the 
end of the model year and a final report 
by September 30 following the end of 
the model year. We may waive the 
requirement to send an end-of-year 
report. 

(b) Your end-of-year and final reports 
must include the following information 
for each vehicle family participating in 
the ABT program: 

(1) Vehicle-family and subfamily 
designations, and averaging set. 

(2) The regulatory subcategory and 
emission standards that would 
otherwise apply to the vehicle family. 

(3) The FEL for each pollutant. If you 
change the FEL after the start of 
production, identify the date that you 
started using the new FEL and/or give 
the vehicle identification number for the 
first vehicle covered by the new FEL. In 
this case, identify each applicable FEL 
and calculate the positive or negative 
emission credits as specified in 
§ 1037.225. 

(4) The projected and actual U.S.- 
directed production volumes for the 
model year. If you changed an FEL 
during the model year, identify the 
actual U.S.-directed production volume 
associated with each FEL. 

(5) Useful life. 
(6) Calculated positive or negative 

emission credits for the whole vehicle 
family. Identify any emission credits 
that you traded, as described in 
paragraph (d)(1) of this section. 

(7) If you have a negative credit 
balance for the averaging set in the 
given model year, specify whether the 
vehicle family (or certain subfamilies 
with the vehicle family) have a credit 
deficit for the year. Consider for 
example, a manufacturer with three 
vehicle families (‘‘A’’, ‘‘B’’, and ‘‘C’’) in 
a given averaging set. If family A 
generates enough credits to offset the 
negative credits of family B but not 
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enough to also offset the negative credits 
of family C (and the manufacturer has 
no banked credits in the averaging set), 
the manufacturer may designate families 
A and B as having no deficit for the 
model year, provided it designates 
family C as having a deficit for the 
model year. 

(c) Your end-of-year and final reports 
must include the following additional 
information: 

(1) Show that your net balance of 
emission credits from all your 
participating vehicle families in each 
averaging set in the applicable model 
year is not negative, except as allowed 
under § 1037.745. Your credit tracking 
must account for the limitation on credit 
life under § 1037.740(c). 

(2) State whether you will retain any 
emission credits for banking. If you 
choose to retire emission credits that 
would otherwise be eligible for banking, 
identify the families that generated the 
emission credits, including the number 
of emission credits from each family. 

(3) State that the report’s contents are 
accurate. 

(4) Identify the technologies that make 
up the certified configuration associated 
with each vehicle identification 
number. You may identify this as a 
range of identification numbers for 
vehicles involving a single, identical 
certified configuration. 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The averaging set corresponding 
to the vehicle families that generated 
emission credits for the trade, including 
the number of emission credits from 
each averaging set. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
for each averaging set. 

(e) Send your reports electronically to 
the Designated Compliance Officer 
using an approved information format. 
If you want to use a different format, 
send us a written request with 
justification for a waiver. 

(f) Correct errors in your end-of-year 
or final report as follows: 

(1) You may correct any errors in your 
end-of-year report when you prepare the 

final report, as long as you send us the 
final report by the time it is due. 

(2) If you or we determine within 270 
days after the end of the model year that 
errors mistakenly decreased your 
balance of emission credits, you may 
correct the errors and recalculate the 
balance of emission credits. You may 
not make these corrections for errors 
that are determined more than 270 days 
after the end of the model year. If you 
report a negative balance of emission 
credits, we may disallow corrections 
under this paragraph (f)(2). 

(3) If you or we determine any time 
that errors mistakenly increased your 
balance of emission credits, you must 
correct the errors and recalculate the 
balance of emission credits. 

§ 1037.735 Recordkeeping. 
(a) You must organize and maintain 

your records as described in this 
section. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
vehicles if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. 

(c) Keep a copy of the reports we 
require in §§ 1037.725 and 1037.730. 

(d) Keep records of the vehicle 
identification number for each vehicle 
you produce. You may identify these 
numbers as a range. If you change the 
FEL after the start of production, 
identify the date you started using each 
FEL and the range of vehicle 
identification numbers associated with 
each FEL. You must also identify the 
purchaser and destination for each 
vehicle you produce to the extent this 
information is available. 

(e) We may require you to keep 
additional records or to send us relevant 
information not required by this section 
in accordance with the Clean Air Act. 

§ 1037.740 Restrictions for using emission 
credits. 

The following restrictions apply for 
using emission credits: 

(a) Averaging sets. Except as specified 
in paragraph (b) of this section, 
emission credits may be exchanged only 
within an averaging set. The following 
principal averaging sets apply for 
vehicles certified to the standards of this 
part involving emission credits as 
described in this subpart: 

(1) Light HDV. 
(2) Medium HDV. 
(3) Heavy HDV. 
(4) Long trailers. 
(5) Short trailers. 
(6) Note that other separate averaging 

sets also apply for emission credits not 

related to this part. For example, 
vehicles certified to the greenhouse gas 
standards of 40 CFR 86.1819 comprise 
a single averaging set. Separate 
averaging sets also apply for engines 
under 40 CFR part 1036, including 
engines used in vehicles subject to this 
subpart. 

(b) Credits from hybrid vehicles and 
other advanced technologies. Credits 
you generate under § 1037.615 from 
Phase 1 vehicles may be used for any of 
the averaging sets identified in 
paragraph (a) of this section; you may 
also use those credits to demonstrate 
compliance with the CO2 emission 
standards in 40 CFR 86.1819 and 40 
CFR part 1036. Similarly, you may use 
advanced-technology credits generated 
under 40 CFR 86.1819–14(k)(7) or 40 
CFR 1036.615 to demonstrate 
compliance with the CO2 standards in 
this part. Credits generated from Phase 
2 vehicles are subject to all the 
averaging-set restrictions that apply to 
other emission credits. 

(1) The maximum amount of credits 
you may bring into the following service 
class groups is 60,000 Mg per model 
year: 

(i) Spark-ignition engines, light heavy- 
duty compression-ignition engines, and 
light heavy-duty vehicles. This group 
comprises the averaging set listed in 
paragraphs (a)(1) of this section and the 
averaging set listed in 40 CFR 
1036.740(a)(1) and (2). 

(ii) Medium heavy-duty compression- 
ignition engines and medium heavy- 
duty vehicles. This group comprises the 
averaging sets listed in paragraph (a)(2) 
of this section and 40 CFR 
1036.740(a)(3). 

(iii) Heavy heavy-duty compression- 
ignition engines and heavy heavy-duty 
vehicles. This group comprises the 
averaging sets listed in paragraph (a)(3) 
of this section and 40 CFR 
1036.740(a)(4). 

(2) Paragraph (b)(1) of this section 
does not limit the advanced-technology 
credits that can be used within a service 
class group if they were generated in 
that same service class group. 

(c) Credit life. Banked credits may be 
used only for five model years after the 
year in which they are generated. For 
example, credits you generate in model 
year 2018 may be used to demonstrate 
compliance with emission standards 
only through model year 2023. 

(d) Other restrictions. Other sections 
of this part specify additional 
restrictions for using emission credits 
under certain special provisions. 

§ 1037.745 End-of-year CO2 credit deficits. 
Except as allowed by this section, we 

may void the certificate of any vehicle 
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family certified to an FEL above the 
applicable standard for which you do 
not have sufficient credits by the 
deadline for submitting the final report. 

(a) Your certificate for a vehicle 
family for which you do not have 
sufficient CO2 credits will not be void 
if you remedy the deficit with surplus 
credits within three model years (this 
applies equally for tractors, trailers, and 
vocational vehicles). For example, if you 
have a credit deficit of 500 Mg for a 
vehicle family at the end of model year 
2015, you must generate (or otherwise 
obtain) a surplus of at least 500 Mg in 
that same averaging set by the end of 
model year 2018. 

(b) You may not bank or trade away 
CO2 credits in the averaging set in any 
model year in which you have a deficit. 

(c) You may apply only surplus 
credits to your deficit. You may not 
apply credits to a deficit from an earlier 
model year if they were generated in a 
model year for which any of your 
vehicle families for that averaging set 
had an end-of-year credit deficit. 

(d) You must notify us in writing how 
you plan to eliminate the credit deficit 
within the specified time frame. If we 
determine that your plan is 
unreasonable or unrealistic, we may 
deny an application for certification for 
a vehicle family if its FEL would 
increase your credit deficit. We may 
determine that your plan is 
unreasonable or unrealistic based on a 
consideration of past and projected use 
of specific technologies, the historical 
sales mix of your vehicle models, your 
commitment to limit production of 
higher-emission vehicles, and expected 
access to traded credits. We may also 
consider your plan unreasonable if your 
credit deficit increases from one model 
year to the next. We may require that 
you send us interim reports describing 
your progress toward resolving your 
credit deficit over the course of a model 
year. 

(e) If you do not remedy the deficit 
with surplus credits within three model 
years, we may void your certificate for 
that vehicle family. Note that voiding a 
certificate applies ab initio. Where the 
net deficit is less than the total amount 
of negative credits originally generated 
by the family, we will void the 
certificate only with respect to the 
number of vehicles needed to reach the 
amount of the net deficit. For example, 
if the original vehicle family generated 
500 Mg of negative credits, and the 
manufacturer’s net deficit after three 
years was 250 Mg, we would void the 
certificate with respect to half of the 
vehicles in the family. 

(f) For purposes of calculating the 
statute of limitations, the following 

actions are all considered to occur at the 
expiration of the deadline for offsetting 
a deficit as specified in paragraph (a) of 
this section: 

(1) Failing to meet the requirements of 
paragraph (a) of this section. 

(2) Failing to satisfy the conditions 
upon which a certificate was issued 
relative to offsetting a deficit. 

(3) Selling, offering for sale, 
introducing or delivering into U.S. 
commerce, or importing vehicles that 
are found not to be covered by a 
certificate as a result of failing to offset 
a deficit. 

§ 1037.750 What can happen if I do not 
comply with the provisions of this subpart? 

(a) For each vehicle family 
participating in the ABT program, the 
certificate of conformity is conditioned 
upon full compliance with the 
provisions of this subpart during and 
after the model year. You are 
responsible to establish to our 
satisfaction that you fully comply with 
applicable requirements. We may void 
the certificate of conformity for a 
vehicle family if you fail to comply with 
any provisions of this subpart. 

(b) You may certify your vehicle 
family or subfamily to an FEL above an 
applicable standard based on a 
projection that you will have enough 
emission credits to offset the deficit for 
the vehicle family. See § 1037.745 for 
provisions specifying what happens if 
you cannot show in your final report 
that you have enough actual emission 
credits to offset a deficit for any 
pollutant in a vehicle family. 

(c) We may void the certificate of 
conformity for a vehicle family if you 
fail to keep records, send reports, or give 
us information we request. Note that 
failing to keep records, send reports, or 
give us information we request is also a 
violation of 42 U.S.C. 7522(a)(2). 

(d) You may ask for a hearing if we 
void your certificate under this section 
(see § 1037.820). 

§ 1037.755 Information provided to the 
Department of Transportation. 

After receipt of each manufacturer’s 
final report as specified in § 1037.730 
and completion of any verification 
testing required to validate the 
manufacturer’s submitted final data, we 
will issue a report to the Department of 
Transportation with CO2 emission 
information and will verify the accuracy 
of each manufacturer’s equivalent fuel 
consumption data required by NHTSA 
under 49 CFR 535.8. We will send a 
report to DOT for each vehicle 
manufacturer based on each regulatory 
category and subcategory, including 
sufficient information for NHTSA to 

determine fuel consumption and 
associated credit values. See 49 CFR 
535.8 to determine if NHTSA deems 
submission of this information to EPA 
to also be a submission to NHTSA. 

Subpart I—Definitions and Other 
Reference Information 

§ 1037.801 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Act gives to them. The definitions 
follow: 

Act means the Clean Air Act, as 
amended, 42 U.S.C. 7401–7671q. 

Adjustable parameter means any 
device, system, or element of design that 
someone can adjust (including those 
which are difficult to access) and that, 
if adjusted, may affect measured or 
modeled emissions (as applicable). You 
may ask us to exclude a parameter that 
is difficult to access if it cannot be 
adjusted to affect emissions without 
significantly degrading vehicle 
performance, or if you otherwise show 
us that it will not be adjusted in a way 
that affects emissions during in-use 
operation. 

Adjusted Loaded Vehicle Weight 
means the numerical average of vehicle 
curb weight and GVWR. 

Advanced technology means vehicle 
technology certified under 40 CFR 
86.1819–14(k)(7), 40 CFR 1036.615, or 
§ 1037.615. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, or 
any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to decrease emissions 
in the vehicle exhaust before it is 
exhausted to the environment. Exhaust 
gas recirculation (EGR) and 
turbochargers are not aftertreatment. 

Aircraft means any vehicle capable of 
sustained air travel more than 100 feet 
off the ground. 

Alcohol-fueled vehicle means a 
vehicle that is designed to run using an 
alcohol fuel. For purposes of this 
definition, alcohol fuels do not include 
fuels with a nominal alcohol content 
below 25 percent by volume. 

Alternative fuel conversion has the 
meaning given for clean alternative fuel 
conversion in 40 CFR 85.502. 

Ambulance has the meaning given in 
40 CFR 86.1803. 

Amphibious vehicle means a motor 
vehicle that is also designed for 
operation on water. Note that high 
ground clearance that enables a vehicle 
to drive through water rather than 
floating on the water does not make a 
vehicle amphibious. 
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A to B testing means testing 
performed in pairs to allow comparison 
of two vehicles or other test articles. 
Back-to-back tests are performed on 
Article A and Article B, changing only 
the variable(s) of interest for the two 
tests. 

Automated manual transmission 
(AMT) means a transmission that 
operates mechanically similar to a 
manual transmission, except that an 
automated clutch actuator controlled by 
the onboard computer disengages and 
engages the drivetrain instead of a 
human driver. An automated manual 
transmission does not include a torque 
converter or a clutch pedal controllable 
by the driver. 

Automatic tire inflation system means 
a pneumatically or electronically 
activated system installed on a vehicle 
to maintain tire pressure at a preset 
level. These systems eliminate the need 
to manually inflate tires. Note that this 
is different than a ‘‘tire pressure 
monitoring system,’’ which we define 
separately in this section. 

Automatic transmission (AT) means a 
transmission with a torque converter (or 
equivalent) that uses computerize or 
other internal controls to shift gears in 
response to a single driver input for 
controlling vehicle speed. Note that 
automatic manual tranmissions are not 
automatic transmissions because they 
do not include torque converters. 

Auxiliary emission control device 
means any element of design that senses 
temperature, motive speed, engine rpm, 
transmission gear, or any other 
parameter for the purpose of activating, 
modulating, delaying, or deactivating 
the operation of any part of the emission 
control system. 

Auxiliary power unit means a device 
installed on a vehicle that uses an 
engine to provide power for purposes 
other than to (directly or indirectly) 
propel the vehicle. 

Averaging set has the meaning given 
in § 1037.701. 

Axle ratio or Drive axle ratio, ka, 
means the dimensionless number 
representing the angular speed of the 
transmission output shaft divided by the 
angular speed of the drive axle. 

Basic vehicle frontal area means the 
area enclosed by the geometric 
projection of the basic vehicle along the 
longitudinal axis onto a plane 
perpendicular to the longitudinal axis of 
the vehicle, including tires but 
excluding mirrors and air deflectors. 
Note that in certain cases, this may refer 
to the combined area of a tractor and 
trailer. 

Box van has the meaning given in the 
definition for ‘‘trailer’’ in this section. 

Bus means a heavy-duty vehicle 
designed to carry more than 15 
passengers. Buses may include coach 
buses, school buses, and urban transit 
buses. 

Calibration means the set of 
specifications and tolerances specific to 
a particular design, version, or 
application of a component or assembly 
capable of functionally describing its 
operation over its working range. 

Carryover means relating to 
certification based on emission data 
generated from an earlier model year. 

Coach bus means a bus designed for 
inter-city passenger transport. Buses 
with features to accommodate standing 
passengers are not coach buses. 

Concrete mixer means a heavy-duty 
vehicle designed to mix and transport 
concrete in a permanently mounted 
revolving drum. 

Certification means relating to the 
process of obtaining a certificate of 
conformity for a vehicle family that 
complies with the emission standards 
and requirements in this part. 

Certified emission level means the 
highest deteriorated emission level in a 
vehicle subfamily for a given pollutant 
from either transient or steady-state 
testing. 

Class means relating to GVWR classes 
for vehicles other than trailers, as 
follows: 

(1) Class 2b means relating to heavy- 
duty motor vehicles at or below 10,000 
pounds GVWR. 

(2) Class 3 means relating to heavy- 
duty motor vehicles above 10,000 
pounds GVWR but at or below 14,000 
pounds GVWR. 

(3) Class 4 means relating to heavy- 
duty motor vehicles above 14,000 
pounds GVWR but at or below 16,000 
pounds GVWR. 

(4) Class 5 means relating to heavy- 
duty motor vehicles above 16,000 
pounds GVWR but at or below 19,500 
pounds GVWR. 

(5) Class 6 means relating to heavy- 
duty motor vehicles above 19,500 
pounds GVWR but at or below 26,000 
pounds GVWR. 

(6) Class 7 means relating to heavy- 
duty motor vehicles above 26,000 
pounds GVWR but at or below 33,000 
pounds GVWR. 

(7) Class 8 means relating to heavy- 
duty motor vehicles above 33,000 
pounds GVWR. 

Complete vehicle has the meaning 
given in the definition for vehicle in this 
section. 

Compression-ignition has the meaning 
given in § 1037.101 

Container chassis means a trailer 
designed for carrying temporarily 
mounted shipping containers. 

Date of manufacture means the date 
on which the certifying vehicle 
manufacturer completes its 
manufacturing operations, except as 
follows: 

(1) Where the certificate holder is an 
engine manufacturer that does not 
manufacture the chassis, the date of 
manufacture of the vehicle is based on 
the date assembly of the vehicle is 
completed. 

(2) We may approve an alternate date 
of manufacture based on the date on 
which the certifying (or primary) 
manufacturer completes assembly at the 
place of main assembly, consistent with 
the provisions of § 1037.601 and 49 CFR 
567.4. 

Day cab means a type of tractor cab 
that is not a sleeper cab or a heavy-haul 
tractor cab. 

Designated Compliance Officer means 
one of the following: 

(1) For compression-ignition engines, 
Designated Compliance Officer means 
Director, Diesel Engine Compliance 
Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; complianceinfo@
epa.gov; epa.gov/otaq/verify. 

(2) For spark-ignition engines, 
Designated Compliance Officer means 
Director, Gasoline Engine Compliance 
Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; nonroad-si-cert@
epa.gov. 

Deteriorated emission level means the 
emission level that results from 
applying the appropriate deterioration 
factor to the official emission result of 
the emission-data vehicle. Note that 
where no deterioration factor applies, 
references in this part to the 
deteriorated emission level mean the 
official emission result. 

Deterioration factor means the 
relationship between the highest 
emissions during the useful life and 
emissions at the low-hour test point, 
expressed in one of the following ways: 

(1) For multiplicative deterioration 
factors, the ratio of the highest 
emissions to emissions at the low-hour 
test point. 

(2) For additive deterioration factors, 
the difference between the highest 
emissions and emissions at the low- 
hour test point. 

Diesel exhaust fluid (DEF) means a 
liquid reducing agent (other than the 
engine fuel) used in conjunction with 
selective catalytic reduction to reduce 
NOX emissions. Diesel exhaust fluid is 
generally understood to be an aqueous 
solution of urea conforming to the 
specifications of ISO 22241. 

Drayage tractor means a tractor that is 
intended for service in a port or 
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intermodal railyard, with multiple 
design features consistent with that 
intent, such as a cab with only a single 
seat, rear cab entry, a raisable fifth 
wheel, a solid-mounted rear suspension, 
and a maximum speed at or below 54 
mi/hr. 

Drive idle means idle operation 
during which the vehicle operator 
remains in the vehicle cab, as evidenced 
by engaging the brake or clutch pedals, 
or by other indicators we approve. 

Driver model means an automated 
controller that simulates a person 
driving a vehicle. 

Dual-clutch transmission (DCT) 
means a transmission that operates 
similar to an automated manual 
transmission, but with two clutches that 
allow the transmission to maintain 
positive torque to the drive axle during 
a shift. 

Dual-fuel means relating to a vehicle 
or engine designed for operation on two 
different fuels but not on a continuous 
mixture of those fuels. For purposes of 
this part, such a vehicle or engine 
remains a dual-fuel vehicle or engine 
even if it is designed for operation on 
three or more different fuels. 

Electric vehicle means a vehicle that 
does not include an engine, and is 
powered solely by an external source of 
electricity and/or solar power. Note that 
this does not include hybrid electric 
vehicles or fuel-cell vehicles that use a 
chemical fuel such as gasoline, diesel 
fuel, or hydrogen. Electric vehicles may 
also be referred to as all-electric vehicles 
to distinguish them from hybrid 
vehicles. 

Emergency vehicle means a vehicle 
that is an ambulance or a fire truck. 

Emission control system means any 
device, system, or element of design that 
controls or reduces the emissions of 
regulated pollutants from a vehicle. 

Emission-data component means a 
vehicle component that is tested for 
certification. This includes vehicle 
components tested to establish 
deterioration factors. 

Emission-data vehicle means a 
vehicle (or vehicle component) that is 
tested for certification. This includes 
vehicles tested to establish deterioration 
factors. 

Emission-related maintenance means 
maintenance that substantially affects 
emissions or is likely to substantially 
affect emission deterioration. 

Excluded means relating to vehicles 
that are not subject to some or all of the 
requirements of this part as follows: 

(1) A vehicle that has been 
determined not to be a ‘‘motor vehicle’’ 
is excluded from this part. 

(2) Certain vehicles are excluded from 
the requirements of this part under 
§ 1037.5. 

(3) Specific regulatory provisions of 
this part may exclude a vehicle 
generally subject to this part from one 
or more specific standards or 
requirements of this part. 

Exempted has the meaning given in 
40 CFR 1068.30. Note that exempted 
vehicles are not considered to be 
excluded. 

Extended idle means tractor idle 
operation during which the engine is 
operating to power accessories for a 
sleeper compartment or other passenger 
compartment. Although the vehicle is 
generally parked during extended idle, 
the term ‘‘parked idle’’ generally refers 
to something different than extended 
idle. 

Family emission limit (FEL) means an 
emission level declared by the 
manufacturer to serve in place of an 
otherwise applicable emission standard 
under the ABT program in subpart H of 
this part. The family emission limit 
must be expressed to the same number 
of decimal places as the emission 
standard it replaces. Note that an FEL 
may apply as a ‘‘subfamily’’ emission 
limit. 

Final drive ratio, kd, means the 
dimensionless number representing the 
angular speed of the transmission input 
shaft divided by the angular speed of 
the drive axle when the vehicle is 
operating in its highest available gear. 
The final drive ratio is the transmission 
gear ratio (in the highest available gear) 
multiplied by the drive axle ratio. 

Fire truck has the meaning given in 40 
CFR 86.1803. 

Flatbed trailer means a trailer 
designed to accommodate side-loading 
cargo onto a single, continuous load- 
bearing surface that runs from the rear 
of the trailer to at least the trailer’s 
kingpin. This includes trailers that use 
curtains, straps, or other devices to 
restrain or protect cargo while 
underway. It also may include similar 
trailers that have one or more side walls 
without completely enclosing the cargo 
space. For purposes of this definition, 
disregard any ramps, moveable 
platforms, or other rear-mounted 
equipment or devices designed to assist 
with loading the trailer. 

Flexible-fuel means relating to an 
engine designed for operation on any 
mixture of two or more different fuels. 

Fuel system means all components 
involved in transporting, metering, and 
mixing the fuel from the fuel tank to the 
combustion chamber(s), including the 
fuel tank, fuel pump, fuel filters, fuel 
lines, carburetor or fuel-injection 
components, and all fuel-system vents. 

It also includes components for 
controlling evaporative emissions, such 
as fuel caps, purge valves, and carbon 
canisters. 

Fuel type means a general category of 
fuels such as diesel fuel or natural gas. 
There can be multiple grades within a 
single fuel type, such as high-sulfur or 
low-sulfur diesel fuel. 

Gaseous fuel means a fuel that has a 
boiling point below 20 °C. 

Gear ratio or Transmission gear ratio, 
kg, means the dimensionless number 
representing the angular velocity of the 
transmission’s input shaft divided by 
the angular velocity of the 
transmission’s output shaft when the 
transmission is operating in a specific 
gear. 

Glider kit means either of the 
following: 

(1) A new vehicle that is incomplete 
because it lacks an engine, transmission, 
and/or axle(s). 

(2) Any other new equipment that is 
substantially similar to a complete 
motor vehicle and is intended to 
become a complete motor vehicle with 
a previously used engine (including a 
rebuilt or remanufactured engine). For 
example, incomplete heavy-duty tractor 
assemblies that are produced on the 
same assembly lines as complete 
tractors and that are made available to 
secondary vehicle manufacturers to 
complete assembly by installing used/ 
remanufactured engines, transmissions 
and axles are glider kits. 

Glider vehicle means a new motor 
vehicle produced from a glider kit, or 
otherwise produced as a new motor 
vehicle with a with a used/ 
remanufactured engine. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process we use to evaluate good 
engineering judgment. 

Greenhouse gas Emissions Model 
(GEM) means the GEM simulation tool 
described in § 1037.520 (incorporated 
by reference in § 1037.810). Note that an 
updated version of GEM applies starting 
in model year 2021. 

Gross axle weight rating (GAWR) 
means the value specified by the vehicle 
manufacturer as the maximum weight of 
a loaded axle or set of axles, consistent 
with good engineering judgment. 

Gross combination weight rating 
(GCWR) means the value specified by 
the vehicle manufacturer as the 
maximum weight of a loaded vehicle 
and trailer, consistent with good 
engineering judgment. For example, 
compliance with SAE J2807 is generally 
considered to be consistent with good 
engineering judgment, especially for 
Class 3 and smaller vehicles. 
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Gross vehicle weight rating (GVWR) 
means the value specified by the vehicle 
manufacturer as the maximum design 
loaded weight of a single vehicle, 
consistent with good engineering 
judgment. 

Heavy-duty engine means any engine 
used for (or for which the engine 
manufacturer could reasonably expect 
to be used for) motive power in a heavy- 
duty vehicle. 

Heavy-duty vehicle means any trailer 
and any other motor vehicle that has a 
GVWR above 8,500 pounds, a curb 
weight above 6,000 pounds, or a basic 
vehicle frontal area greater than 45 
square feet. 

Heavy-haul tractor means a tractor 
with GCWR greater than or equal to 
120,000 pounds. A heavy-haul tractor is 
not a vocational tractor in Phase 2. 

Hybrid engine or hybrid powertrain 
means an engine or powertrain that 
includes energy storage features other 
than a conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. Note that certain 
provisions in this part treat hybrid 
engines and powertrains intended for 
vehicles that include regenerative 
braking different than those intended for 
vehicles that do not include 
regenerative braking. 

Hybrid vehicle means a vehicle that 
includes energy storage features (other 
than a conventional battery system or 
conventional flywheel) in addition to an 
internal combustion engine or other 
engine using consumable chemical fuel. 
Supplemental electrical batteries and 
hydraulic accumulators are examples of 
hybrid energy storage systems Note that 
certain provisions in this part treat 
hybrid vehicles that include 
regenerative braking different than those 
that do not include regenerative braking. 

Hydrocarbon (HC) means the 
hydrocarbon group on which the 
emission standards are based for each 
fuel type. For alcohol-fueled vehicles, 
HC means nonmethane hydrocarbon 
equivalent (NMHCE) for exhaust 
emissions and total hydrocarbon 
equivalent (THCE) for evaporative 
emissions. For all other vehicles, HC 
means nonmethane hydrocarbon 
(NMHC) for exhaust emissions and total 
hydrocarbon (THC) for evaporative 
emissions. 

Identification number means a unique 
specification (for example, a model 
number/serial number combination) 
that allows someone to distinguish a 
particular vehicle from other similar 
vehicles. 

Idle operation means any operation 
other than PTO operation during which 

the vehicle speed is zero. Idle operation 
may be ‘‘Drive idle’’ or ‘‘Parked idle’’ (as 
defined in this section). 

Incomplete vehicle has the meaning 
given in the definition of vehicle in this 
section. 

Innovative technology means 
technology certified under § 1037.610 
(also described as ‘‘off-cycle 
technology’’). 

Light-duty truck means any motor 
vehicle rated at or below 8,500 pounds 
GVWR with a curb weight at or below 
6,000 pounds and basic vehicle frontal 
area at or below 45 square feet, which 
is: 

(1) Designed primarily for purposes of 
transportation of property or is a 
derivation of such a vehicle; or 

(2) Designed primarily for 
transportation of persons and has a 
capacity of more than 12 persons; or 

(3) Available with special features 
enabling off-street or off-highway 
operation and use. 

Light-duty vehicle means a passenger 
car or passenger car derivative capable 
of seating 12 or fewer passengers. 

Low-mileage means relating to a 
vehicle with stabilized emissions and 
represents the undeteriorated emission 
level. This would generally involve 
approximately 4000 miles of operation. 

Low rolling resistance tire means a tire 
on a vocational vehicle with a TRRL at 
or below of 7.7 kg/tonne, a steer tire on 
a tractor with a TRRL at or below 7.7 kg/ 
tonne, a drive tire on a tractor with a 
TRRL at or below 8.1 kg/tonne, a tire on 
a non-box trailer with a TRRL at or 
below of 6.5 kg/tonne, or a tire on a box 
van with a TRRL at or below of 6.0 kg/ 
tonne,. 

Manual transmission (MT) means a 
transmission that requires the driver to 
shift the gears and manually engage and 
disengage the clutch. 

Manufacture means the physical and 
engineering process of designing, 
constructing, and/or assembling a 
vehicle. 

Manufacturer has the meaning given 
in section 216(1) of the Act. In general, 
this term includes any person who 
manufactures or assembles a vehicle 
(including a trailer or another 
incomplete vehicle) for sale in the 
United States or otherwise introduces a 
new motor vehicle into commerce in the 
United States. This includes importers 
who import vehicles for resale, entities 
that manufacture glider kits, and entities 
that assemble glider vehicles. 

Medium-duty passenger vehicle 
(MDPV) has the meaning given in 40 
CFR 86.1803. 

Model year means one of the 
following for compliance with this part 
1037. Note that manufacturers may have 

other model year designations for the 
same vehicle for compliance with other 
requirements or for other purposes: 

(1) For tractors and vocational 
vehicles with a date of manufacture on 
or after January 1, 2021, the vehicle’s 
model year is the calendar year 
corresponding to the date of 
manufacture; however, the vehicle’s 
model year may be designated to be the 
year before the calendar year 
corresponding to the date of 
manufacture if the engine’s model year 
is also from an earlier year. Note that 
§ 1037.601(a)(2) limits the extent to 
which vehicle manufacturers may 
install engines built in earlier calendar 
years. 

(2) For trailers and for Phase 1 tractors 
and vocational vehicles with a date of 
manufacture before January 1, 2021, 
model year means the manufacturer’s 
annual new model production period, 
except as restricted under this definition 
and 40 CFR part 85, subpart X. It must 
include January 1 of the calendar year 
for which the model year is named, may 
not begin before January 2 of the 
previous calendar year, and it must end 
by December 31 of the named calendar 
year. The model year may be set to 
match the calendar year corresponding 
to the date of manufacture. 

(i) The manufacturer who holds the 
certificate of conformity for the vehicle 
must assign the model year based on the 
date when its manufacturing operations 
are completed relative to its annual 
model year period. In unusual 
circumstances where completion of 
your assembly is delayed, we may allow 
you to assign a model year one year 
earlier, provided it does not affect 
which regulatory requirements will 
apply. 

(ii) Unless a vehicle is being shipped 
to a secondary vehicle manufacturer 
that will hold the certificate of 
conformity, the model year must be 
assigned prior to introduction of the 
vehicle into U.S. commerce. The 
certifying manufacturer must 
redesignate the model year if it does not 
complete its manufacturing operations 
within the originally identified model 
year. A vehicle introduced into U.S. 
commerce without a model year is 
deemed to have a model year equal to 
the calendar year of its introduction into 
U.S. commerce unless the certifying 
manufacturer assigns a later date. 

Motor home has the meaning given in 
49 CFR 571.3. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

Multi-Purpose means relating to the 
Multi-Purpose duty cycle as specified in 
§ 1037.510. 
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Neutral coasting means a vehicle 
technology that automatically puts the 
transmission in neutral when the 
vehicle has minimal power demand, 
such as driving downhill. 

Neutral idle means a vehicle 
technology that automatically puts the 
transmission in neutral when the 
vehicle is stopped, as described in 
§ 1037.660(a). 

New motor vehicle has the meaning 
given in the Act. It generally means a 
motor vehicle meeting the criteria of 
either paragraph (1) or (2) of this 
definition. New motor vehicles may be 
complete or incomplete. 

(1) A motor vehicle for which the 
ultimate purchaser has never received 
the equitable or legal title is a new motor 
vehicle. This kind of vehicle might 
commonly be thought of as ‘‘brand 
new’’ although a new motor vehicle may 
include previously used parts. For 
example, vehicles commonly known as 
‘‘glider kits,’’ ‘‘glider vehicles,’’ or 
‘‘gliders’’ are new motor vehicles. Under 
this definition, the vehicle is new from 
the time it is produced until the 
ultimate purchaser receives the title or 
places it into service, whichever comes 
first. 

(2) An imported heavy-duty motor 
vehicle originally produced after the 
1969 model year is a new motor vehicle. 

Noncompliant vehicle means a 
vehicle that was originally covered by a 
certificate of conformity, but is not in 
the certified configuration or otherwise 
does not comply with the conditions of 
the certificate. 

Nonconforming vehicle means a 
vehicle not covered by a certificate of 
conformity that would otherwise be 
subject to emission standards. 

Nonmethane hydrocarbon (NMHC) 
means the sum of all hydrocarbon 
species except methane, as measured 
according to 40 CFR part 1065. 

Nonmethane hydrocarbon equivalent 
(NMHCE) has the meaning given in 40 
CFR 1065.1001. 

Off-cycle technology means 
technology certified under § 1037.610 
(also described as ‘‘innovative 
technology’’). 

Official emission result means the 
measured emission rate for an emission- 
data vehicle on a given duty cycle 
before the application of any required 
deterioration factor, but after the 
applicability of regeneration adjustment 
factors. 

Owners manual means a document or 
collection of documents prepared by the 
vehicle manufacturer for the owners or 
operators to describe appropriate 
vehicle maintenance, applicable 
warranties, and any other information 
related to operating or keeping the 

vehicle. The owners manual is typically 
provided to the ultimate purchaser at 
the time of sale. The owners manual 
may be in paper or electronic format. 

Oxides of nitrogen has the meaning 
given in 40 CFR 1065.1001. 

Parked idle means idle operation 
during which the transmission is set to 
park, or the transmission is in neutral 
with the parking brake engaged. 
Although this idle may occur for 
extended periods, the term ‘‘extended 
idle’’ refers to tractor operation in which 
the engine is operating to power 
accessories for a sleeper compartment or 
other passenger compartment. 

Particulate trap means a filtering 
device that is designed to physically 
trap all particulate matter above a 
certain size. 

Percent (%) has the meaning given in 
40 CFR 1065.1001. Note that this means 
percentages identified in this part are 
assumed to be infinitely precise without 
regard to the number of significant 
figures. For example, one percent of 
1,493 is 14.93. 

Petroleum means gasoline or diesel 
fuel or other fuels normally derived 
from crude oil. This does not include 
methane or liquefied petroleum gas. 

Phase 1 means relating to the Phase 
1 standards specified in §§ 1037.105 and 
1037.106. For example, a vehicle subject 
to the Phase 1 standards is a Phase 1 
vehicle. Note that there are no Phase 1 
standards for trailers. 

Phase 2 means relating to the Phase 
2 standards specified in §§ 1037.105 
through 1037.107. 

Placed into service means put into 
initial use for its intended purpose, 
excluding incidental use by the 
manufacturer or a dealer. 

Power take-off (PTO) means a 
secondary engine shaft (or equivalent) 
that provides substantial auxiliary 
power for purposes unrelated to vehicle 
propulsion or normal vehicle 
accessories such as air conditioning, 
power steering, and basic electrical 
accessories. A typical PTO uses a 
secondary shaft on the engine to 
transmit power to a hydraulic pump 
that powers auxiliary equipment, such 
as a boom on a bucket truck. You may 
ask us to consider other equivalent 
auxiliary power configurations (such as 
those with hybrid vehicles) as power 
take-off systems. 

Preliminary approval means approval 
granted by an authorized EPA 
representative prior to submission of an 
application for certification, consistent 
with the provisions of § 1037.210 or 
1037.211. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 

recovered energy for later use, such as 
the battery system in an electric hybrid 
vehicle. 

Refuse hauler means a heavy-duty 
vehicle whose primary purpose is to 
collect, compact, and transport solid 
waste, including recycled solid waste. 

Regional means relating to the 
Regional duty cycle as specified in 
§ 1037.510. 

Regulatory subcategory has the 
meaning given in § 1037.230. 

Relating to as used in this section 
means relating to something in a 
specific, direct manner. This expression 
is used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. 

Revoke has the meaning given in 40 
CFR 1068.30. 

Roof height means the maximum 
height of a vehicle (rounded to the 
nearest inch), excluding narrow 
accessories such as exhaust pipes and 
antennas, but including any wide 
accessories such as roof fairings. 
Measure roof height of the vehicle 
configured to have its maximum height 
that will occur during actual use, with 
properly inflated tires and no driver, 
passengers, or cargo onboard. Roof 
height may also refer to the following 
categories: 

(1) Low-roof means relating to a 
vehicle with a roof height of 120 inches 
or less. 

(2) Mid-roof means relating to a 
vehicle with a roof height of 121 to 147 
inches. 

(3) High-roof means relating to a 
vehicle with a roof height of 148 inches 
or more. 

Round has the meaning given in 40 
CFR 1065.1001. 

Scheduled maintenance means 
adjusting, repairing, removing, 
disassembling, cleaning, or replacing 
components or systems periodically to 
keep a part or system from failing, 
malfunctioning, or wearing prematurely. 
It also may mean actions you expect are 
necessary to correct an overt indication 
of failure or malfunction for which 
periodic maintenance is not 
appropriate. 

School bus has the meaning given in 
49 CFR 571.3. 

Secondary vehicle manufacturer 
anyone that produces a vehicle by 
modifying a complete vehicle or 
completing the assembly of a partially 
complete vehicle. For the purpose of 
this definition, ‘‘modifying’’ generally 
does not include making changes that 
do not remove a vehicle from its original 
certified configuration. However, 
custom sleeper modifications and 
alternative fuel conversions that change 
actual vehicle aerodynamics are 
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considered to be modifications, even if 
they are permitted without 
recertification. This definition applies 
whether the production involves a 
complete or partially complete vehicle 
and whether the vehicle was previously 
certified to emission standards or not. 
Manufacturers controlled by the 
manufacturer of the base vehicle (or by 
an entity that also controls the 
manufacturer of the base vehicle) are 
not secondary vehicle manufacturers; 
rather, both entities are considered to be 
one manufacturer for purposes of this 
part. 

Sleeper cab means a type of tractor 
cab that has a compartment behind the 
driver’s seat intended to be used by the 
driver for sleeping, and is not a heavy- 
haul tractor cab. This includes cabs 
accessible from the driver’s 
compartment and those accessible from 
outside the vehicle. 

Small manufacturer means a 
manufacturer meeting the criteria 
specified in 13 CFR 121.201. The 
employee and revenue limits apply to 
the total number employees and total 
revenue together for affiliated 
companies. 

Spark-ignition has the meaning given 
in § 1037.101. 

Standard payload means the payload 
assumed for each vehicle, in tons, for 
modeling and calculating emission 
credits, as follows: 

(1) For vocational vehicles: 
(i) 2.85 tons for Light HDV. 
(ii) 5.6 tons for Medium HDV. 
(iii) 7.5 tons for Heavy HDV. 
(2) For tractors: 
(i) 12.5 tons for Class 7. 
(ii) 19 tons for Class 8, other than 

heavy-haul tractors. 
(iii) 43 tons for heavy-haul tractors. 
(3) For trailers: 
(i) 10 tons for short box vans. 
(ii) 19 tons for other trailers. 
Standard tractor has the meaning 

given in § 1037.501. 
Standard trailer has the meaning 

given in § 1037.501. 
Stop-start means a vehicle technology 

that automatically turns the engine off 
when the vehicle is stopped, as 
described in § 1037.660(a). 

Suspend has the meaning given in 40 
CFR 1068.30. 

Tank trailer means a trailer designed 
to transport liquids or gases. 

Test sample means the collection of 
vehicles or components selected from 
the population of a vehicle family for 
emission testing. This may include 
testing for certification, production-line 
testing, or in-use testing. 

Test vehicle means a vehicle in a test 
sample. 

Test weight means the vehicle weight 
used or represented during testing. 

Tire pressure monitoring system 
(TPMS) is a vehicle system that 
monitors air pressure in each tire and 
alerts the operator when tire pressure 
falls below a specified value. 

Tire rolling resistance level (TRRL) 
means a value with units of kg/tonne 
that represents the rolling resistance of 
a tire configuration. TRRLs are used as 
modeling inputs under §§ 1037.515 and 
1037.520. Note that a manufacturer may 
use the measured value for a tire 
configuration’s coefficient of rolling 
resistance, or assign some higher value. 

Total hydrocarbon has the meaning 
given in 40 CFR 1065.1001. This 
generally means the combined mass of 
organic compounds measured by the 
specified procedure for measuring total 
hydrocarbon, expressed as a 
hydrocarbon with an atomic hydrogen- 
to-carbon ratio of 1.85:1. 

Total hydrocarbon equivalent has the 
meaning given in 40 CFR 1065.1001. 
This generally means the sum of the 
carbon mass contributions of non- 
oxygenated hydrocarbon, alcohols and 
aldehydes, or other organic compounds 
that are measured separately as 
contained in a gas sample, expressed as 
exhaust hydrocarbon from petroleum- 
fueled vehicles. The atomic hydrogen- 
to-carbon ratio of the equivalent 
hydrocarbon is 1.85:1. 

Tractor has the meaning given for 
‘‘truck tractor’’ in 49 CFR 571.3. This 
includes most heavy-duty vehicles 
specifically designed for the primary 
purpose of pulling trailers, but does not 
include vehicles designed to carry other 
loads. For purposes of this definition 
‘‘other loads’’ would not include loads 
carried in the cab, sleeper compartment, 
or toolboxes. Examples of vehicles that 
are similar to tractors but that are not 
tractors under this part include 
dromedary tractors, automobile haulers, 
straight trucks with trailers hitches, and 
tow trucks. Note that the provisions of 
this part that apply for tractors do not 
apply for tractors that are classified as 
vocational tractors under § 1037.630. 

Trailer means a piece of equipment 
designed for carrying cargo and for 
being drawn by a tractor when coupled 
to the tractor’s fifth wheel. These trailers 
may be known commercially as semi- 
trailers or truck trailers. This definition 
excludes equipment that serve similar 
purposes but are not intended to be 
pulled by a tractor, whether or not they 
are known commercially as trailers. 
Trailers may be divided into different 
types and categories as described in 
paragraphs (1) through (4) of this 
definition. The types of equipment 
identified in paragraph (5) of this 
definition are not trailers for purposes of 
this part. 

(1) Box vans are trailers with enclosed 
cargo space that is permanently attached 
to the chassis, with fixed sides, nose, 
and roof. Tank trailers are not box vans. 

(2) Box vans with self-contained 
HVAC systems are refrigerated vans. 
Note that this includes systems that 
provide cooling, heating, or both. All 
other box vans are dry vans. 

(3) Trailers that are not box vans are 
non-box trailers. Note that the standards 
for non-box trailers in this part 1037 
apply only to flatbed trailers, tank 
trailers, and container chassis. 

(4) Box vans with length at or below 
50.0 feet are short box vans. Other box 
vans are long box vans. 

(5) The following types of equipment 
are not trailers for purposes of this part 
1037: 

(i) Containers that are not 
permanently mounted on chassis. 

(ii) Dollies used to connect tandem 
trailers. 

Ultimate purchaser means, with 
respect to any new vehicle, the first 
person who in good faith purchases 
such new vehicle for purposes other 
than resale. 

United States has the meaning given 
in 40 CFR 1068.30. 

Upcoming model year means for a 
vehicle family the model year after the 
one currently in production. 

Urban means relating to the Urban 
duty cycle as specified in § 1037.510. 

U.S.-directed production volume 
means the number of vehicle units, 
subject to the requirements of this part, 
produced by a manufacturer for which 
the manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. This does not include vehicles 
certified to state emission standards that 
are different than the emission 
standards in this part. 

Useful life means the period during 
which a vehicle is required to comply 
with all applicable emission standards. 

Vehicle means equipment intended 
for use on highways that meets at least 
one of the criteria of paragraph (1) of 
this definition, as follows: 

(1) The following equipment are 
vehicles: 

(i) A piece of equipment that is 
intended for self-propelled use on 
highways becomes a vehicle when it 
includes at least an engine, a 
transmission, and a frame. (Note: For 
purposes of this definition, any 
electrical, mechanical, and/or hydraulic 
devices attached to engines for the 
purpose of powering wheels are 
considered to be transmissions.) 

(ii) A piece of equipment that is 
intended for self-propelled use on 
highways becomes a vehicle when it 
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includes a passenger compartment 
attached to a frame with one or more 
axles. 

(iii) Trailers. A trailer becomes a 
vehicle when it has a frame with one or 
more axles attached. 

(2) Vehicles other than trailers may be 
complete or incomplete vehicles as 
follows: 

(i) A complete vehicle is a functioning 
vehicle that has the primary load 
carrying device or container (or 
equivalent equipment) attached. 
Examples of equivalent equipment 
would include fifth wheel trailer 
hitches, firefighting equipment, and 
utility booms. 

(ii) An incomplete vehicle is a vehicle 
that is not a complete vehicle. 
Incomplete vehicles may also be cab- 
complete vehicles. This may include 
vehicles sold to secondary vehicle 
manufacturers. 

(iii) The primary use of the terms 
‘‘complete vehicle’’ and ‘‘incomplete 
vehicle’’ are to distinguish whether a 
vehicle is complete when it is first sold 
as a vehicle. 

(iv) You may ask us to allow you to 
certify a vehicle as incomplete if you 
manufacture the engines and sell the 
unassembled chassis components, as 
long as you do not produce and sell the 
body components necessary to complete 
the vehicle. 

Vehicle configuration means a unique 
combination of vehicle hardware and 
calibration (related to measured or 
modeled emissions) within a vehicle 
family. Vehicles with hardware or 

software differences, but that have no 
hardware or software differences related 
to measured or modeled emissions may 
be included in the same vehicle 
configuration. Note that vehicles with 
hardware or software differences related 
to measured or modeled emissions are 
considered to be different configurations 
even if they have the same GEM inputs 
and FEL. Vehicles within a vehicle 
configuration differ only with respect to 
normal production variability or factors 
unrelated to measured or modeled 
emissions. 

Vehicle family has the meaning given 
in § 1037.230. 

Vehicle service class has the meaning 
given in § 1037.140. The different 
vehicle service classes are Light HDV, 
Medium HDV, and Heavy HDV. 

Vehicle subfamily or subfamily means 
a subset of a vehicle family including 
vehicles subject to the same FEL(s). 

Vocational tractor means a vehicle 
classified as a vocational tractor under 
§ 1037.630. 

Vocational vehicle means relating to a 
vehicle subject to the standards of 
§ 1037.105 (including vocational 
tractors). 

Void has the meaning given in 40 CFR 
1068.30. 

Volatile liquid fuel means any fuel 
other than diesel or biodiesel that is a 
liquid at atmospheric pressure and has 
a Reid Vapor Pressure higher than 2.0 
pounds per square inch. 

We (us, our) means the Administrator 
of the Environmental Protection Agency 
and any authorized representatives. 

§ 1037.805 Symbols, abbreviations, and 
acronyms. 

The procedures in this part generally 
follow either the International System of 
Units (SI) or the United States 
customary units, as detailed in NIST 
Special Publication 811 (incorporated 
by reference in § 1037.810). See 40 CFR 
1065.20 for specific provisions related 
to these conventions. This section 
summarizes the way we use symbols, 
units of measure, and other 
abbreviations. 

(a) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust 
constituents: 

Symbol Species 

C ................... carbon. 
CH4 ............... methane. 
CO ................ carbon monoxide. 
CO2 ............... carbon dioxide. 
H2O ............... water. 
HC ................. hydrocarbon. 
NMHC ........... nonmethane hydrocarbon. 
NMHCE ......... nonmethane hydrocarbon 

equivalent. 
NO ................ nitric oxide. 
NO2 ............... nitrogen dioxide. 
NOX ............... oxides of nitrogen. 
N2O ............... nitrous oxide. 
PM ................ particulate matter. 
THC .............. total hydrocarbon. 
THCE ............ total hydrocarbon equivalent. 

(b) Symbols for quantities. This part 
uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit symbol Unit in terms of SI 
base units 

A .............. vehicle frictional load .............................. pound force or newton ............................ lbf or N ................... kg·m·s¥2. 
a .............. axle position regression coefficient.
α .............. atomic hydrogen-to-carbon ratio ............. mole per mole ......................................... mol/mol ................... 1. 
α .............. axle position regression coefficient.
α0 ............ intercept of air speed correction.
α1 ............ slope of air speed correction.
ag ............. acceleration of Earth’s gravity ................ meters per second squared .................... m/s2 ........................ m·s¥2. 
a0 ............. intercept of least squares regression.
a1 ............. slope of least squares regression.
B .............. vehicle load from drag and rolling resist-

ance.
pound force per mile per hour or newton 

second per meter.
lbf/(mi/hr) or N·s/m kg·s¥1. 

b .............. axle position regression coefficient.
β .............. atomic oxygen-to-carbon ratio ................ mole per mole ......................................... mol/mol ................... 1. 
β .............. axle position regression coefficient.
β0 ............. intercept of air direction correction.
β1 ............. slope of air direction correction.
C ............. vehicle-specific aerodynamic effects ...... pound force per mile per hour squared 

or newton-second squared per meter 
squared.

lbf/mph2 or N·s2/m1 kg·m¥1. 

c .............. axle position regression coefficient.
ci ............. axle test regression coefficients.
Ci ............. constant.
ΔCdA ....... differential drag area ............................... meter squared ......................................... m2 ........................... m2. 
CdA .......... drag area ................................................. meter squared ......................................... m2 ........................... m2. 
Cd ............ drag coefficient.
CF ........... correction factor.
Crr ............ coefficient of rolling resistance ............... kilogram per metric ton ........................... kg/tonne .................. 10¥2. 
D ............. distance ................................................... miles or meters ....................................... mi or m ................... m. 
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Symbol Quantity Unit Unit symbol Unit in terms of SI 
base units 

e .............. mass-weighted emission result ............... grams/ton-mile ........................................ g/ton-mi .................. g/kg-km. 
Eff ............ efficiency.
F .............. adjustment factor.
F .............. force ........................................................ pound force or newton ............................ lbf or N ................... kg·m·s¥2. 
fn .............. angular speed (shaft) .............................. revolutions per minute ............................ r/min ....................... π·30·s¥1. 
G ............. road grade ............................................... percent .................................................... % ............................ 10¥2. 
g .............. gravitational acceleration ........................ meters per second squared .................... m/s2 ........................ m·s¥2. 
h .............. elevation or height .................................. meters ..................................................... m ............................ m. 
i ............... indexing variable.
ka ............. drive axle ratio ........................................ 1 
kd ............. transmission gear ratio.
ktopgear ...... highest available transmission gear.
L .............. load over axle ......................................... pound force or newton ............................ lbf or N ................... kg·m·s¥2. 
m ............. mass ........................................................ pound mass or kilogram ......................... lbm or kg ................ kg. 
M ............. molar mass ............................................. gram per mole ......................................... g/mol ....................... 10¥3·kg·mol¥1. 
M ............. vehicle mass ........................................... kilogram ................................................... kg ............................ kg. 
Me ............ vehicle effective mass ............................. kilogram ................................................... kg ............................ kg. 
Mrotating .... inertial mass of rotating components ...... kilogram ................................................... kg ............................ kg. 
N ............. total number in series.
n .............. number of tires.
ṅ .............. amount of substance rate ....................... mole per second ..................................... mol/s ....................... mol·s¥1. 
P .............. power ...................................................... kilowatt .................................................... kW .......................... 103·m2·kg·s¥3. 
P .............. tire inflation pressure .............................. pascal ...................................................... Pa ........................... kg·m¥1·s¥2. 
p .............. pressure .................................................. pascal ...................................................... Pa ........................... kg·m¥1·s¥2. 
r .............. mass density ........................................... kilogram per cubic meter ........................ kg/m3 ...................... kg·m¥3. 
PL ............ payload .................................................... tons ......................................................... ton .......................... kg. 
j .............. direction ................................................... degrees ................................................... ° .............................. °. 
1 .............. direction ................................................... degrees ................................................... ° .............................. °. 
r ............... tire radius ................................................ meter ....................................................... m ............................ m. 
r2 ............. coefficient of determination.
Re# .......... Reynolds number.
SEE ......... standard estimate of error.
s .............. standard deviation.
TRPM ...... tire revolutions per mile .......................... revolutions per mile ................................. r/mi.
TRRL ....... tire rolling resistance level ...................... kilogram per metric ton ........................... kg/tonne .................. 10¥3. 
T .............. absolute temperature .............................. kelvin ....................................................... K ............................. K. 
T .............. Celsius temperature ................................ degree Celsius ........................................ °C ........................... K¥273.15. 
T .............. torque (moment of force) ........................ newton meter .......................................... N·m ......................... m2·kg·s¥2. 
t ............... time ......................................................... hour or second ........................................ hr or s ..................... s. 
Δt ............. time interval, period, 1/frequency ........... second ..................................................... s .............................. s. 
UF ........... utility factor.
v .............. speed ...................................................... miles per hour or meters per second ..... mi/hr or m/s ............ m·s¥1. 
w ............. weighting factor.
w ............. wind speed .............................................. miles per hour ......................................... mi/hr ....................... m·s¥1. 
W ............. work ......................................................... kilowatt-hour ............................................ kW·hr ...................... 3.6·m2·kg·s¥1. 
wC ............ carbon mass fraction .............................. gram/gram ............................................... g/g .......................... 1. 
WR .......... weight reduction ...................................... pound mass ............................................ lbm .......................... kg. 
x .............. amount of substance mole fraction ........ mole per mole ......................................... mol/mol ................... 1. 

(c) Superscripts. This part uses the 
following superscripts to define a 
quantity: 

Superscript Quantity 

overbar (such as ȳ) ... arithmetic mean. 
Double overbar (such arithmetic mean of 

= arithmetic mean. as y).
overdot (such as ẏ) ... quantity per unit time. 

(d) Subscripts. This part uses the 
following subscripts to define a 
quantity: 

Subscript Quantity 

±6 ................... ±6° yaw angle sweep. 
A ..................... A speed. 
air ................... air. 
aero ................ aerodynamic. 

Subscript Quantity 

alt ................... alternative. 
act .................. actual or measured condi-

tion. 
air ................... air. 
axle ................ axle. 
B ..................... B speed. 
brake .............. brake. 
C .................... C speed. 
Ccombdry ....... carbon from fuel per mole of 

dry exhaust. 
CD .................. charge-depleting. 
circuit .............. circuit. 
CO2DEF ......... CO2 resulting from diesel ex-

haust fluid decomposition. 
CO2PTO ......... CO2 emissions for PTO 

cycle. 
coastdown ...... coastdown. 
comp .............. composite. 
CS .................. charge-sustaining. 
cycle ............... test cycle. 

Subscript Quantity 

drive ............... drive axle. 
drive-idle ........ idle with the transmission in 

drive. 
driver .............. driver. 
dyno ............... dynamometer. 
effective .......... effective. 
end ................. end. 
eng ................. engine. 
event .............. event. 
fuel ................. fuel. 
full .................. full. 
grade .............. grade. 
H2Oexhaustdry .... H2O in exhaust per mole of 

exhaust. 
hi .................... high. 
i ...................... an individual of a series. 
idle ................. idle. 
in .................... inlet. 
inc .................. increment. 
lo .................... low. 
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Subscript Quantity 

loss ................. loss. 
max ................ maximum. 
meas .............. measured quantity. 
med ................ median. 
min ................. minimum. 
moving ........... moving. 
out .................. outlet. 
P ..................... power. 
pair ................. pair of speed segments. 
parked-idle ..... idle with the transmission in 

park. 
partial ............. partial. 
ploss ............... power loss. 
plug-in ............ plug-in hybrid electric vehi-

cle. 
powertrain ...... powertrain. 
PTO ................ power take-off. 
rated ............... rated speed. 
record ............. record. 
ref ................... reference quantity. 
RL .................. road load. 
rotating ........... rotating. 
seg ................. segment. 
speed ............. speed. 
spin ................ axle spin loss. 
start ................ start. 
steer ............... steer axle. 
t ...................... tire. 
test ................. test. 
th .................... theoretical. 
total ................ total. 

Subscript Quantity 

trac ................. traction. 
trac10 ............. traction force at 10 mi/hr. 
trailer .............. trailer axle. 
transient ......... transient. 
TRR ................ tire rolling resistance. 
urea ................ urea. 
veh ................. vehicle. 
w .................... wind. 
wa .................. wind average. 
yaw ................. yaw angle. 
ys ................... yaw sweep. 
zero ................ zero quantity. 

(e) Other acronyms and abbreviations. 
This part uses the following additional 
abbreviations and acronyms: 

ABT ................... averaging, banking, and trading. 
AECD ................ auxiliary emission control device. 
AES ................... automatic engine shutdown. 
APU ................... auxiliary power unit. 
CD ..................... charge-depleting. 
CFD ................... computational fluid dynamics. 
CFR ................... Code of Federal Regulations. 
CITT .................. curb idle transmission torque. 
CS ..................... charge-sustaining. 
DOT .................. Department of Transportation. 
EPA ................... Environmental Protection Agency. 
FE ..................... fuel economy. 
FEL ................... Family Emission Limit. 

GAWR ............... gross axle weight rating. 
GCWR ............... gross combination weight rating. 
GEM .................. greenhouse gas emission model. 
GVWR ............... gross vehicle weight rating. 
Heavy HDV ....... Heavy heavy-duty vehicle (see 

§ 1037.140). 
HVAC ................ heating, ventilating, and air condi-

tioning. 
ISO .................... International Organization for 

Standardization. 
Light HDV ......... Light heavy-duty vehicle (see 

§ 1037.140). 
Medium HDV .... Medium heavy-duty vehicle (see 

§ 1037.140). 
NARA ................ National Archives and Records 

Administration. 
NHTSA .............. National Highway Transportation 

Safety Administration. 
PHEV ................ plug-in hybrid electric vehicle. 
PTO ................... power take-off. 
RESS ................ rechargeable energy storage sys-

tem. 
rpm .................... revolutions per minute. 
SAE ................... Society of Automotive Engineers. 
SEE ................... standard error of estimate. 
SKU ................... stock-keeping unit. 
TRPM ................ tire revolutions per mile. 
TRRL ................. tire rolling resistance level. 
U.S.C. ............... United States Code. 
VSL ................... vehicle speed limiter. 

(f) Constants. This part uses the 
following constants: 

Symbol Quantity Value 

g ........................................... gravitational constant ...................................................... 9.81 m·s¥2. 
R ........................................... specific gas constant ....................................................... 287.058 J/(kg·K). 

(g) Prefixes. This part uses the 
following prefixes to define a quantity: 

Symbol Quantity Value 

μ .................................................................................................. micro ........................................................................................... 10¥6 
m ................................................................................................. milli ............................................................................................. 10¥3 
c .................................................................................................. centi ............................................................................................ 10¥2 
k .................................................................................................. kilo .............................................................................................. 103 
M ................................................................................................. mega ........................................................................................... 106 

§ 1037.810 Incorporation by reference. 

(a) Certain material is incorporated by 
reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a document in the Federal 
Register and the material must be 
available to the public. All approved 
material is available for inspection at 
U.S. EPA, Air and Radiation Docket and 
Information Center, 1301 Constitution 
Ave. NW., Room B102, EPA West 
Building, Washington, DC 20460, (202) 
202–1744, and is available from the 
sources listed below. It is also available 
for inspection at the National Archives 
and Records Administration (NARA). 

For information on the availability of 
this material at NARA, call 202–741– 
6030, or go to http://www.archives.gov/ 
federal_register/code_of_federal_
regulations/ibr_locations.html. 

(b) International Organization for 
Standardization, Case Postale 56, CH– 
1211 Geneva 20, Switzerland, (41) 
22749 0111, www.iso.org, or central@
iso.org. 

(1) ISO 28580:2009(E) ‘‘Passenger car, 
truck and bus tyres—Methods of 
measuring rolling resistance—Single 
point test and correlation of 
measurement results’’, First Edition, 
July 1, 2009, (‘‘ISO 28580’’), IBR 
approved for § 1037.520(c). 

(2) [Reserved] 

(c) U.S. EPA, Office of Air and 
Radiation, 2565 Plymouth Road, Ann 
Arbor, MI 48105, www.epa.gov. 

(1) Greenhouse gas Emissions Model 
(GEM), Version 2.0.1, September 2012 
(‘‘GEM version 2.0.1’’), IBR approved for 
§ 1037.520. The computer code for this 
model is available as noted in paragraph 
(a) of this section. A working version of 
this software is also available for 
download at http://www.epa.gov/otaq/ 
climate/gem.htm. 

(2) Greenhouse gas Emissions Model 
(GEM) Phase 2, Version 3.0, July 2016; 
IBR approved for § 1037.520. The 
computer code for this model is 
available as noted in paragraph (a) of 
this section. A working version of this 
software is also available for download 
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at http://www.epa.gov/otaq/climate/ 
gem.htm. 

(d) National Institute of Standards and 
Technology, 100 Bureau Drive, Stop 
1070, Gaithersburg, MD 20899–1070, 
(301) 975–6478, or www.nist.gov. 

(1) NIST Special Publication 811, 
Guide for the Use of the International 
System of Units (SI), 2008 Edition, 
March 2008, IBR approved for 
§ 1037.805. 

(2) [Reserved] 
(e) SAE International, 400 

Commonwealth Dr., Warrendale, PA 
15096–0001, (877) 606–7323 (U.S. and 
Canada) or (724) 776–4970 (outside the 
U.S. and Canada), http://www.sae.org. 

(1) SAE J1025, Test Procedures for 
Measuring Truck Tire Revolutions Per 
Kilometer/Mile, Stabilized August 2012, 
(‘‘SAE J1025’’), IBR approved for 
§ 1037.520(c). 

(2) SAE J1252, SAE Wind Tunnel Test 
Procedure for Trucks and Buses, 
Revised July 2012, (‘‘SAE J1252’’), IBR 
approved for §§ 1037.525(b) and 
1037.530(a). 

(3) SAE J1263, Road Load 
Measurement and Dynamometer 
Simulation Using Coastdown 
Techniques, revised March 2010, (‘‘SAE 
J1263’’), IBR approved for §§ 1037.528 
introductory text, (a), (b), (c), (e), and (h) 
and 1037.665(a). 

(4) SAE J1594, Vehicle Aerodynamics 
Terminology, Revised July 2010, (‘‘SAE 
J1594’’), IBR approved for § 1037.530(d). 

(5) SAE J2071, Aerodynamic Testing 
of Road Vehicles—Open Throat Wind 
Tunnel Adjustment, Revised June 1994, 
(‘‘SAE J2071’’), IBR approved for 
§ 1037.530(b). 

(6) SAE J2263, Road Load 
Measurement Using Onboard 
Anemometry and Coastdown 
Techniques, Revised December 2008, 
(‘‘SAE J2263’’), IBR approved for 
§§ 1037.528 introductory text, (a), (b), 
(d), and (f) and 1037.665(a). 

(7) SAE J2343, Recommended Practice 
for LNG Medium and Heavy-Duty 
Powered Vehicles, Revised July 2008, 
(‘‘SAE J2343’’), IBR approved for 
§ 1037.103(e). 

(8) SAE J2452, Stepwise Coastdown 
Methodology for Measuring Tire Rolling 
Resistance, Revised June 1999, (‘‘SAE 
J2452’’), IBR approved for § 1037.528(h). 

(9) SAE J2966, Guidelines for 
Aerodynamic Assessment of Medium 
and Heavy Commercial Ground 
Vehicles Using Computational Fluid 
Dynamics, Issued September 2013, 
(‘‘SAE J2966’’), IBR approved for 
§ 1037.532(a). 

§ 1037.815 Confidential information. 
The provisions of 40 CFR 1068.10 

apply for information you consider 
confidential. 

§ 1037.820 Requesting a hearing. 

(a) You may request a hearing under 
certain circumstances, as described 
elsewhere in this part. To do this, you 
must file a written request, including a 
description of your objection and any 
supporting data, within 30 days after we 
make a decision. 

(b) For a hearing you request under 
the provisions of this part, we will 
approve your request if we find that 
your request raises a substantial factual 
issue. 

(c) If we agree to hold a hearing, we 
will use the procedures specified in 40 
CFR part 1068, subpart G. 

§ 1037.825 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You may 
not rely on anyone else to meet 
recordkeeping requirements on your 
behalf unless we specifically authorize 
it. We may review these records at any 
time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1037.255 and 
40 CFR 1068.25 and 1068.101 describe 
your obligation to report truthful and 
complete information. This includes 
information not related to certification. 
Failing to properly report information 
and keep the records we specify violates 
40 CFR 1068.101(a)(2), which may 
involve civil or criminal penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1037.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. Keep these records 
for eight years unless the regulations 
specify a different period. We may 
require you to send us these records 
whether or not you are a certificate 
holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 

require for vehicles regulated under this 
part: 

(1) We specify the following 
requirements related to vehicle 
certification in this part 1037: 

(i) In § 1036.150 we include various 
reporting and recordkeeping 
requirements related to interim 
provisions. 

(ii) In subpart C of this part we 
identify a wide range of information 
required to certify vehicles. 

(iii) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(iv) In § 1037.725, 1037.730, and 
1037.735 we specify certain records 
related to averaging, banking, and 
trading. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1066: 

(i) In 40 CFR 1066.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1066.25 we establish 
basic guidelines for storing test 
information. 

(iii) In 40 CFR 1066.695 we identify 
the specific information and data items 
to record when measuring emissions. 

(3) We specify the following 
requirements related to the general 
compliance provisions in 40 CFR part 
1068: 

(i) In 40 CFR 1068.5 we establish a 
process for evaluating good engineering 
judgment related to testing and 
certification. 

(ii) In 40 CFR 1068.25 we describe 
general provisions related to sending 
and keeping information. 

(iii) In 40 CFR 1068.27 we require 
manufacturers to make engines and 
vehicles available for our testing or 
inspection if we make such a request. 

(iv) In 40 CFR 1068.105 we require 
vehicle manufacturers to keep certain 
records related to duplicate labels from 
engine manufacturers. 

(v) In 40 CFR 1068.120 we specify 
recordkeeping related to rebuilding 
engines. 

(vi) In 40 CFR part 1068, subpart C, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various exemptions. 

(vii) In 40 CFR part 1068, subpart D, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to importing engines and 
vehicles. 

(viii) In 40 CFR 1068.450 and 
1068.455 we specify certain records 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00247 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG

http://www.epa.gov/otaq/climate/gem.htm
http://www.epa.gov/otaq/climate/gem.htm
http://www.sae.org
http://www.nist.gov


74128 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

related to testing production-line 
engines and vehicles in a selective 
enforcement audit. 

(ix) In 40 CFR 1068.501 we specify 
certain records related to investigating 
and reporting emission-related defects. 

(x) In 40 CFR 1068.525 and 1068.530 
we specify certain records related to 
recalling nonconforming engines and 
vehicles. 

(xi) In 40 CFR part 1068, subpart G, 
we specify certain records for requesting 
a hearing. 

Appendix I to Part 1037 — Heavy-Duty 
Transient Test Cycle 

Time 
(sec) 

Speed 
(mi/hr) 

1 ............................................ 0.00 
2 ............................................ 0.00 
3 ............................................ 0.00 
4 ............................................ 0.00 
5 ............................................ 0.00 
6 ............................................ 0.00 
7 ............................................ 0.41 
8 ............................................ 1.18 
9 ............................................ 2.26 
10 .......................................... 3.19 
11 .......................................... 3.97 
12 .......................................... 4.66 
13 .......................................... 5.32 
14 .......................................... 5.94 
15 .......................................... 6.48 
16 .......................................... 6.91 
17 .......................................... 7.28 
18 .......................................... 7.64 
19 .......................................... 8.02 
20 .......................................... 8.36 
21 .......................................... 8.60 
22 .......................................... 8.74 
23 .......................................... 8.82 
24 .......................................... 8.82 
25 .......................................... 8.76 
26 .......................................... 8.66 
27 .......................................... 8.58 
28 .......................................... 8.52 
29 .......................................... 8.46 
30 .......................................... 8.38 
31 .......................................... 8.31 
32 .......................................... 8.21 
33 .......................................... 8.11 
34 .......................................... 8.00 
35 .......................................... 7.94 
36 .......................................... 7.94 
37 .......................................... 7.80 
38 .......................................... 7.43 
39 .......................................... 6.79 
40 .......................................... 5.81 
41 .......................................... 4.65 
42 .......................................... 3.03 
43 .......................................... 1.88 
44 .......................................... 1.15 
45 .......................................... 1.14 
46 .......................................... 1.12 
47 .......................................... 1.11 
48 .......................................... 1.19 
49 .......................................... 1.57 
50 .......................................... 2.31 
51 .......................................... 3.37 
52 .......................................... 4.51 
53 .......................................... 5.56 
54 .......................................... 6.41 
55 .......................................... 7.09 

Time 
(sec) 

Speed 
(mi/hr) 

56 .......................................... 7.59 
57 .......................................... 7.99 
58 .......................................... 8.32 
59 .......................................... 8.64 
60 .......................................... 8.91 
61 .......................................... 9.13 
62 .......................................... 9.29 
63 .......................................... 9.40 
64 .......................................... 9.39 
65 .......................................... 9.20 
66 .......................................... 8.84 
67 .......................................... 8.35 
68 .......................................... 7.81 
69 .......................................... 7.22 
70 .......................................... 6.65 
71 .......................................... 6.13 
72 .......................................... 5.75 
73 .......................................... 5.61 
74 .......................................... 5.65 
75 .......................................... 5.80 
76 .......................................... 5.95 
77 .......................................... 6.09 
78 .......................................... 6.21 
79 .......................................... 6.31 
80 .......................................... 6.34 
81 .......................................... 6.47 
82 .......................................... 6.65 
83 .......................................... 6.88 
84 .......................................... 7.04 
85 .......................................... 7.05 
86 .......................................... 7.01 
87 .......................................... 6.90 
88 .......................................... 6.88 
89 .......................................... 6.89 
90 .......................................... 6.96 
91 .......................................... 7.04 
92 .......................................... 7.17 
93 .......................................... 7.29 
94 .......................................... 7.39 
95 .......................................... 7.48 
96 .......................................... 7.57 
97 .......................................... 7.61 
98 .......................................... 7.59 
99 .......................................... 7.53 
100 ........................................ 7.46 
101 ........................................ 7.40 
102 ........................................ 7.39 
103 ........................................ 7.38 
104 ........................................ 7.37 
105 ........................................ 7.37 
106 ........................................ 7.39 
107 ........................................ 7.42 
108 ........................................ 7.43 
109 ........................................ 7.40 
110 ........................................ 7.39 
111 ........................................ 7.42 
112 ........................................ 7.50 
113 ........................................ 7.57 
114 ........................................ 7.60 
115 ........................................ 7.60 
116 ........................................ 7.61 
117 ........................................ 7.64 
118 ........................................ 7.68 
119 ........................................ 7.74 
120 ........................................ 7.82 
121 ........................................ 7.90 
122 ........................................ 7.96 
123 ........................................ 7.99 
124 ........................................ 8.02 
125 ........................................ 8.01 
126 ........................................ 7.87 
127 ........................................ 7.59 
128 ........................................ 7.20 

Time 
(sec) 

Speed 
(mi/hr) 

129 ........................................ 6.52 
130 ........................................ 5.53 
131 ........................................ 4.36 
132 ........................................ 3.30 
133 ........................................ 2.50 
134 ........................................ 1.94 
135 ........................................ 1.56 
136 ........................................ 0.95 
137 ........................................ 0.42 
138 ........................................ 0.00 
139 ........................................ 0.00 
140 ........................................ 0.00 
141 ........................................ 0.00 
142 ........................................ 0.00 
143 ........................................ 0.00 
144 ........................................ 0.00 
145 ........................................ 0.00 
146 ........................................ 0.00 
147 ........................................ 0.00 
148 ........................................ 0.00 
149 ........................................ 0.00 
150 ........................................ 0.00 
151 ........................................ 0.00 
152 ........................................ 0.00 
153 ........................................ 0.00 
154 ........................................ 0.00 
155 ........................................ 0.00 
156 ........................................ 0.00 
157 ........................................ 0.00 
158 ........................................ 0.00 
159 ........................................ 0.00 
160 ........................................ 0.00 
161 ........................................ 0.00 
162 ........................................ 0.00 
163 ........................................ 0.00 
164 ........................................ 0.00 
165 ........................................ 0.00 
166 ........................................ 0.00 
167 ........................................ 0.00 
168 ........................................ 0.00 
169 ........................................ 0.00 
170 ........................................ 0.00 
171 ........................................ 0.00 
172 ........................................ 1.11 
173 ........................................ 2.65 
174 ........................................ 4.45 
175 ........................................ 5.68 
176 ........................................ 6.75 
177 ........................................ 7.59 
178 ........................................ 7.75 
179 ........................................ 7.63 
180 ........................................ 7.67 
181 ........................................ 8.70 
182 ........................................ 10.20 
183 ........................................ 11.92 
184 ........................................ 12.84 
185 ........................................ 13.27 
186 ........................................ 13.38 
187 ........................................ 13.61 
188 ........................................ 14.15 
189 ........................................ 14.84 
190 ........................................ 16.49 
191 ........................................ 18.33 
192 ........................................ 20.36 
193 ........................................ 21.47 
194 ........................................ 22.35 
195 ........................................ 22.96 
196 ........................................ 23.46 
197 ........................................ 23.92 
198 ........................................ 24.42 
199 ........................................ 24.99 
200 ........................................ 25.91 
201 ........................................ 26.26 
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Time 
(sec) 

Speed 
(mi/hr) 

202 ........................................ 26.38 
203 ........................................ 26.26 
204 ........................................ 26.49 
205 ........................................ 26.76 
206 ........................................ 27.07 
207 ........................................ 26.64 
208 ........................................ 25.99 
209 ........................................ 24.77 
210 ........................................ 24.04 
211 ........................................ 23.39 
212 ........................................ 22.73 
213 ........................................ 22.16 
214 ........................................ 21.66 
215 ........................................ 21.39 
216 ........................................ 21.43 
217 ........................................ 20.67 
218 ........................................ 17.98 
219 ........................................ 13.15 
220 ........................................ 7.71 
221 ........................................ 3.30 
222 ........................................ 0.88 
223 ........................................ 0.00 
224 ........................................ 0.00 
225 ........................................ 0.00 
226 ........................................ 0.00 
227 ........................................ 0.00 
228 ........................................ 0.00 
229 ........................................ 0.00 
230 ........................................ 0.00 
231 ........................................ 0.00 
232 ........................................ 0.00 
233 ........................................ 0.00 
234 ........................................ 0.00 
235 ........................................ 0.00 
236 ........................................ 0.00 
237 ........................................ 0.00 
238 ........................................ 0.00 
239 ........................................ 0.00 
240 ........................................ 0.00 
241 ........................................ 0.00 
242 ........................................ 0.00 
243 ........................................ 0.00 
244 ........................................ 0.00 
245 ........................................ 0.00 
246 ........................................ 0.00 
247 ........................................ 0.00 
248 ........................................ 0.00 
249 ........................................ 0.00 
250 ........................................ 0.00 
251 ........................................ 0.00 
252 ........................................ 0.00 
253 ........................................ 0.00 
254 ........................................ 0.00 
255 ........................................ 0.00 
256 ........................................ 0.00 
257 ........................................ 0.00 
258 ........................................ 0.00 
259 ........................................ 0.50 
260 ........................................ 1.57 
261 ........................................ 3.07 
262 ........................................ 4.57 
263 ........................................ 5.65 
264 ........................................ 6.95 
265 ........................................ 8.05 
266 ........................................ 9.13 
267 ........................................ 10.05 
268 ........................................ 11.62 
269 ........................................ 12.92 
270 ........................................ 13.84 
271 ........................................ 14.38 
272 ........................................ 15.64 
273 ........................................ 17.14 
274 ........................................ 18.21 

Time 
(sec) 

Speed 
(mi/hr) 

275 ........................................ 18.90 
276 ........................................ 19.44 
277 ........................................ 20.09 
278 ........................................ 21.89 
279 ........................................ 24.15 
280 ........................................ 26.26 
281 ........................................ 26.95 
282 ........................................ 27.03 
283 ........................................ 27.30 
284 ........................................ 28.10 
285 ........................................ 29.44 
286 ........................................ 30.78 
287 ........................................ 32.09 
288 ........................................ 33.24 
289 ........................................ 34.46 
290 ........................................ 35.42 
291 ........................................ 35.88 
292 ........................................ 36.03 
293 ........................................ 35.84 
294 ........................................ 35.65 
295 ........................................ 35.31 
296 ........................................ 35.19 
297 ........................................ 35.12 
298 ........................................ 35.12 
299 ........................................ 35.04 
300 ........................................ 35.08 
301 ........................................ 35.04 
302 ........................................ 35.34 
303 ........................................ 35.50 
304 ........................................ 35.77 
305 ........................................ 35.81 
306 ........................................ 35.92 
307 ........................................ 36.23 
308 ........................................ 36.42 
309 ........................................ 36.65 
310 ........................................ 36.26 
311 ........................................ 36.07 
312 ........................................ 35.84 
313 ........................................ 35.96 
314 ........................................ 36.00 
315 ........................................ 35.57 
316 ........................................ 35.00 
317 ........................................ 34.08 
318 ........................................ 33.39 
319 ........................................ 32.20 
320 ........................................ 30.32 
321 ........................................ 28.48 
322 ........................................ 26.95 
323 ........................................ 26.18 
324 ........................................ 25.38 
325 ........................................ 24.77 
326 ........................................ 23.46 
327 ........................................ 22.39 
328 ........................................ 20.97 
329 ........................................ 20.09 
330 ........................................ 18.90 
331 ........................................ 18.17 
332 ........................................ 16.48 
333 ........................................ 15.07 
334 ........................................ 12.23 
335 ........................................ 10.08 
336 ........................................ 7.71 
337 ........................................ 7.32 
338 ........................................ 8.63 
339 ........................................ 10.77 
340 ........................................ 12.65 
341 ........................................ 13.88 
342 ........................................ 15.03 
343 ........................................ 15.64 
344 ........................................ 16.99 
345 ........................................ 17.98 
346 ........................................ 19.13 
347 ........................................ 18.67 

Time 
(sec) 

Speed 
(mi/hr) 

348 ........................................ 18.25 
349 ........................................ 18.17 
350 ........................................ 18.40 
351 ........................................ 19.63 
352 ........................................ 20.32 
353 ........................................ 21.43 
354 ........................................ 21.47 
355 ........................................ 21.97 
356 ........................................ 22.27 
357 ........................................ 22.69 
358 ........................................ 23.15 
359 ........................................ 23.69 
360 ........................................ 23.96 
361 ........................................ 24.27 
362 ........................................ 24.34 
363 ........................................ 24.50 
364 ........................................ 24.42 
365 ........................................ 24.38 
366 ........................................ 24.31 
367 ........................................ 24.23 
368 ........................................ 24.69 
369 ........................................ 25.11 
370 ........................................ 25.53 
371 ........................................ 25.38 
372 ........................................ 24.58 
373 ........................................ 23.77 
374 ........................................ 23.54 
375 ........................................ 23.50 
376 ........................................ 24.15 
377 ........................................ 24.30 
378 ........................................ 24.15 
379 ........................................ 23.19 
380 ........................................ 22.50 
381 ........................................ 21.93 
382 ........................................ 21.85 
383 ........................................ 21.55 
384 ........................................ 21.89 
385 ........................................ 21.97 
386 ........................................ 21.97 
387 ........................................ 22.01 
388 ........................................ 21.85 
389 ........................................ 21.62 
390 ........................................ 21.62 
391 ........................................ 22.01 
392 ........................................ 22.81 
393 ........................................ 23.54 
394 ........................................ 24.38 
395 ........................................ 24.80 
396 ........................................ 24.61 
397 ........................................ 23.12 
398 ........................................ 21.62 
399 ........................................ 19.90 
400 ........................................ 18.86 
401 ........................................ 17.79 
402 ........................................ 17.25 
403 ........................................ 16.91 
404 ........................................ 16.75 
405 ........................................ 16.75 
406 ........................................ 16.87 
407 ........................................ 16.37 
408 ........................................ 16.37 
409 ........................................ 16.49 
410 ........................................ 17.21 
411 ........................................ 17.41 
412 ........................................ 17.37 
413 ........................................ 16.87 
414 ........................................ 16.72 
415 ........................................ 16.22 
416 ........................................ 15.76 
417 ........................................ 14.72 
418 ........................................ 13.69 
419 ........................................ 12.00 
420 ........................................ 10.43 
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Time 
(sec) 

Speed 
(mi/hr) 

421 ........................................ 8.71 
422 ........................................ 7.44 
423 ........................................ 5.71 
424 ........................................ 4.22 
425 ........................................ 2.30 
426 ........................................ 1.00 
427 ........................................ 0.00 
428 ........................................ 0.61 
429 ........................................ 1.19 
430 ........................................ 1.61 
431 ........................................ 1.53 
432 ........................................ 2.34 
433 ........................................ 4.29 
434 ........................................ 7.25 
435 ........................................ 10.20 
436 ........................................ 12.46 
437 ........................................ 14.53 
438 ........................................ 16.22 
439 ........................................ 17.87 
440 ........................................ 19.74 
441 ........................................ 21.01 
442 ........................................ 22.23 
443 ........................................ 22.62 
444 ........................................ 23.61 
445 ........................................ 24.88 
446 ........................................ 26.15 
447 ........................................ 26.99 
448 ........................................ 27.56 
449 ........................................ 28.18 
450 ........................................ 28.94 
451 ........................................ 29.83 
452 ........................................ 30.78 
453 ........................................ 31.82 
454 ........................................ 32.78 
455 ........................................ 33.24 
456 ........................................ 33.47 
457 ........................................ 33.31 
458 ........................................ 33.08 
459 ........................................ 32.78 
460 ........................................ 32.39 
461 ........................................ 32.13 
462 ........................................ 31.82 
463 ........................................ 31.55 
464 ........................................ 31.25 
465 ........................................ 30.94 
466 ........................................ 30.71 
467 ........................................ 30.56 
468 ........................................ 30.79 
469 ........................................ 31.13 
470 ........................................ 31.55 
471 ........................................ 31.51 
472 ........................................ 31.47 
473 ........................................ 31.44 
474 ........................................ 31.51 
475 ........................................ 31.59 
476 ........................................ 31.67 
477 ........................................ 32.01 
478 ........................................ 32.63 
479 ........................................ 33.39 
480 ........................................ 34.31 
481 ........................................ 34.81 
482 ........................................ 34.20 
483 ........................................ 32.39 
484 ........................................ 30.29 
485 ........................................ 28.56 
486 ........................................ 26.45 
487 ........................................ 24.79 
488 ........................................ 23.12 
489 ........................................ 20.73 
490 ........................................ 18.33 
491 ........................................ 15.72 
492 ........................................ 13.11 
493 ........................................ 10.47 

Time 
(sec) 

Speed 
(mi/hr) 

494 ........................................ 7.82 
495 ........................................ 5.70 
496 ........................................ 3.57 
497 ........................................ 0.92 
498 ........................................ 0.00 
499 ........................................ 0.00 
500 ........................................ 0.00 
501 ........................................ 0.00 
502 ........................................ 0.00 
503 ........................................ 0.00 
504 ........................................ 0.00 
505 ........................................ 0.00 
506 ........................................ 0.00 
507 ........................................ 0.00 
508 ........................................ 0.00 
509 ........................................ 0.00 
510 ........................................ 0.00 
511 ........................................ 0.00 
512 ........................................ 0.00 
513 ........................................ 0.00 
514 ........................................ 0.00 
515 ........................................ 0.00 
516 ........................................ 0.00 
517 ........................................ 0.00 
518 ........................................ 0.00 
519 ........................................ 0.00 
520 ........................................ 0.00 
521 ........................................ 0.00 
522 ........................................ 0.50 
523 ........................................ 1.50 
524 ........................................ 3.00 
525 ........................................ 4.50 
526 ........................................ 5.80 
527 ........................................ 6.52 
528 ........................................ 6.75 
529 ........................................ 6.44 
530 ........................................ 6.17 
531 ........................................ 6.33 
532 ........................................ 6.71 
533 ........................................ 7.40 
534 ........................................ 7.67 
535 ........................................ 7.33 
536 ........................................ 6.71 
537 ........................................ 6.41 
538 ........................................ 6.60 
539 ........................................ 6.56 
540 ........................................ 5.94 
541 ........................................ 5.45 
542 ........................................ 5.87 
543 ........................................ 6.71 
544 ........................................ 7.56 
545 ........................................ 7.59 
546 ........................................ 7.63 
547 ........................................ 7.67 
548 ........................................ 7.67 
549 ........................................ 7.48 
550 ........................................ 7.29 
551 ........................................ 7.29 
552 ........................................ 7.40 
553 ........................................ 7.48 
554 ........................................ 7.52 
555 ........................................ 7.52 
556 ........................................ 7.48 
557 ........................................ 7.44 
558 ........................................ 7.28 
559 ........................................ 7.21 
560 ........................................ 7.09 
561 ........................................ 7.06 
562 ........................................ 7.29 
563 ........................................ 7.75 
564 ........................................ 8.55 
565 ........................................ 9.09 
566 ........................................ 10.04 

Time 
(sec) 

Speed 
(mi/hr) 

567 ........................................ 11.12 
568 ........................................ 12.46 
569 ........................................ 13.00 
570 ........................................ 14.26 
571 ........................................ 15.37 
572 ........................................ 17.02 
573 ........................................ 18.17 
574 ........................................ 19.21 
575 ........................................ 20.17 
576 ........................................ 20.66 
577 ........................................ 21.12 
578 ........................................ 21.43 
579 ........................................ 22.66 
580 ........................................ 23.92 
581 ........................................ 25.42 
582 ........................................ 25.53 
583 ........................................ 26.68 
584 ........................................ 28.14 
585 ........................................ 30.06 
586 ........................................ 30.94 
587 ........................................ 31.63 
588 ........................................ 32.36 
589 ........................................ 33.24 
590 ........................................ 33.66 
591 ........................................ 34.12 
592 ........................................ 35.92 
593 ........................................ 37.72 
594 ........................................ 39.26 
595 ........................................ 39.45 
596 ........................................ 39.83 
597 ........................................ 40.18 
598 ........................................ 40.48 
599 ........................................ 40.75 
600 ........................................ 41.02 
601 ........................................ 41.36 
602 ........................................ 41.79 
603 ........................................ 42.40 
604 ........................................ 42.82 
605 ........................................ 43.05 
606 ........................................ 43.09 
607 ........................................ 43.24 
608 ........................................ 43.59 
609 ........................................ 44.01 
610 ........................................ 44.35 
611 ........................................ 44.55 
612 ........................................ 44.82 
613 ........................................ 45.05 
614 ........................................ 45.31 
615 ........................................ 45.58 
616 ........................................ 46.00 
617 ........................................ 46.31 
618 ........................................ 46.54 
619 ........................................ 46.61 
620 ........................................ 46.92 
621 ........................................ 47.19 
622 ........................................ 47.46 
623 ........................................ 47.54 
624 ........................................ 47.54 
625 ........................................ 47.54 
626 ........................................ 47.50 
627 ........................................ 47.50 
628 ........................................ 47.50 
629 ........................................ 47.31 
630 ........................................ 47.04 
631 ........................................ 46.77 
632 ........................................ 45.54 
633 ........................................ 43.24 
634 ........................................ 41.52 
635 ........................................ 39.79 
636 ........................................ 38.07 
637 ........................................ 36.34 
638 ........................................ 34.04 
639 ........................................ 32.45 
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Time 
(sec) 

Speed 
(mi/hr) 

640 ........................................ 30.86 
641 ........................................ 28.83 
642 ........................................ 26.45 
643 ........................................ 24.27 
644 ........................................ 22.04 
645 ........................................ 19.82 
646 ........................................ 17.04 
647 ........................................ 14.26 
648 ........................................ 11.52 
649 ........................................ 8.78 
650 ........................................ 7.17 

Time 
(sec) 

Speed 
(mi/hr) 

651 ........................................ 5.56 
652 ........................................ 3.72 
653 ........................................ 3.38 
654 ........................................ 3.11 
655 ........................................ 2.58 
656 ........................................ 1.66 
657 ........................................ 0.67 
658 ........................................ 0.00 
659 ........................................ 0.00 
660 ........................................ 0.00 
661 ........................................ 0.00 

Time 
(sec) 

Speed 
(mi/hr) 

662 ........................................ 0.00 
663 ........................................ 0.00 
664 ........................................ 0.00 
665 ........................................ 0.00 
666 ........................................ 0.00 
667 ........................................ 0.00 
668 ........................................ 0.00 

Appendix II to Part 1037—Power Take- 
Off Test Cycle 

Cycle simulation Mode Start time of 
mode 

Normalized 
pressure, 

circuit 1 (%) 

Normalized 
pressure, 

circuit 2 (%) 

Utility ................................................................................................................ 0 0 0.0 0.0 
Utility ................................................................................................................ 1 33 80.5 0.0 
Utility ................................................................................................................ 2 40 0.0 0.0 
Utility ................................................................................................................ 3 145 83.5 0.0 
Utility ................................................................................................................ 4 289 0.0 0.0 
Refuse .............................................................................................................. 5 361 0.0 13.0 
Refuse .............................................................................................................. 6 363 0.0 38.0 
Refuse .............................................................................................................. 7 373 0.0 53.0 
Refuse .............................................................................................................. 8 384 0.0 73.0 
Refuse .............................................................................................................. 9 388 0.0 0.0 
Refuse .............................................................................................................. 10 401 0.0 13.0 
Refuse .............................................................................................................. 11 403 0.0 38.0 
Refuse .............................................................................................................. 12 413 0.0 53.0 
Refuse .............................................................................................................. 13 424 0.0 73.0 
Refuse .............................................................................................................. 14 442 11.2 0.0 
Refuse .............................................................................................................. 15 468 29.3 0.0 
Refuse .............................................................................................................. 16 473 0.0 0.0 
Refuse .............................................................................................................. 17 486 11.2 0.0 
Refuse .............................................................................................................. 18 512 29.3 0.0 
Refuse .............................................................................................................. 19 517 0.0 0.0 
Refuse .............................................................................................................. 20 530 12.8 11.1 
Refuse .............................................................................................................. 21 532 12.8 38.2 
Refuse .............................................................................................................. 22 541 12.8 53.4 
Refuse .............................................................................................................. 23 550 12.8 73.5 
Refuse .............................................................................................................. 24 553 0.0 0.0 
Refuse .............................................................................................................. 25 566 12.8 11.1 
Refuse .............................................................................................................. 26 568 12.8 38.2 
Refuse .............................................................................................................. 27 577 12.8 53.4 
Refuse .............................................................................................................. 28 586 12.8 73.5 
Refuse .............................................................................................................. 29 589 0.0 0.0 
Refuse .............................................................................................................. 30 600 0.0 0.0 

Appendix III to Part 1037—Emission 
Control Identifiers 

This appendix identifies abbreviations for 
emission control information labels, as 
required under § 1037.135. 

Vehicle Speed Limiters 

—VSL—Vehicle speed limiter 
—VSLS—‘‘Soft-top’’ vehicle speed limiter 
—VSLE—Expiring vehicle speed limiter 
—VSLD—Vehicle speed limiter with both 

‘‘soft-top’’ and expiration 

Idle Reduction Technology 

—IRT5—Engine shutoff after 5 minutes or 
less of idling 

—IRTE—Expiring engine shutoff 

Tires 

—LRRA—Low rolling resistance tires (all, 
including trailers) 

—LRRD—Low rolling resistance tires (drive) 
—LRRS—Low rolling resistance tires (steer) 

Aerodynamic Components 

—ATS—Aerodynamic side skirt and/or fuel 
tank fairing 

—ARF—Aerodynamic roof fairing 
—ARFR—Adjustable height aerodynamic 

roof fairing 
—TGR—Gap reducing tractor fairing (tractor 

to trailer gap) 
—TGRT—Gap reducing trailer fairing (tractor 

to trailer gap) 
—TATS—Trailer aerodynamic side skirt 
—TARF—Trailer aerodynamic rear fairing 
—TAUD—Trailer aerodynamic underbody 

device 

Other Components 

—ADVH—Vehicle includes advanced hybrid 
technology components 

—ADVO—Vehicle includes other advanced- 
technology components (i.e., non-hybrid 
system) 

—INV—Vehicle includes innovative (off- 
cycle) technology components 

—ATI—Automatic tire inflation system 
—TPMS—Tire pressure monitoring system 
—WRTW—Weight-reducing trailer wheels 
—WRTC—Weight-reducing trailer upper 

coupler plate 
—WRTS—Weight-reducing trailer axle sub- 

frames 
—WBSW—Wide-base single trailer tires with 

steel wheel 
—WBAW—Wide-base single trailer tires with 

aluminum wheel 
—WBLW—Wide-base single trailer tires with 

light-weight aluminum alloy wheel 
—DWSW—Dual-wide trailer tires with steel 

wheel 
—DWAW—Dual-wide trailer tires with 

aluminum wheel 
—DWLW—Dual-wide trailer tires with light- 

weight aluminum alloy wheel 
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Appendix IV to Part 1037—Heavy-Duty 
Grade Profile for Phase 2 Steady-State 
Test Cycles 

The following table identifies a grade 
profile for operating vehicles over the 
highway cruise cycles specified in subpart F 
of this part. Determine intermediate values 
by linear interpolation. 

Distance 
(m) 

Grade 
(%) 

0 ............................................ 0 
808 ........................................ 0 
820 ........................................ ¥0.1 
832 ........................................ 0 
842 ........................................ 0 
892 ........................................ 0.36 
942 ........................................ 0 
952 ........................................ 0 
1006 ...................................... ¥0.28 
1102 ...................................... ¥1.04 
1198 ...................................... ¥0.28 
1252 ...................................... 0 
1264 ...................................... 0 
1390 ...................................... 0.39 
1458 ...................................... 0.66 
1534 ...................................... 1.15 
1696 ...................................... 2.44 
1858 ...................................... 1.15 
1934 ...................................... 0.66 
2002 ...................................... 0.39 
2128 ...................................... 0 
2146 ...................................... 0 
2330 ...................................... ¥0.46 
2398 ...................................... ¥0.69 
2478 ...................................... ¥1.08 
2546 ...................................... ¥1.53 
2698 ...................................... ¥2.75 
2850 ...................................... ¥1.53 
2918 ...................................... ¥1.08 
2998 ...................................... ¥0.69 
3066 ...................................... ¥0.46 
3250 ...................................... 0 
3264 ...................................... 0 
3340 ...................................... 0.35 
3416 ...................................... 0.9 
3502 ...................................... 1.59 
3588 ...................................... 0.9 
3664 ...................................... 0.35 
3740 ...................................... 0 
3756 ...................................... 0 
3822 ...................................... ¥0.1 
4094 ...................................... ¥0.69 
4176 ...................................... ¥0.97 
4262 ...................................... ¥1.36 
4330 ...................................... ¥1.78 
4514 ...................................... ¥3.23 
4698 ...................................... ¥1.78 
4766 ...................................... ¥1.36 
4852 ...................................... ¥0.97 
4934 ...................................... ¥0.69 
5206 ...................................... ¥0.1 
5272 ...................................... 0 
5322 ...................................... 0 
5406 ...................................... 0.1 
5498 ...................................... 0.17 
5720 ...................................... 0.38 
5912 ...................................... 0.58 
6052 ...................................... 0.77 
6226 ...................................... 1.09 
6312 ...................................... 1.29 
6436 ...................................... 1.66 
6562 ...................................... 2.14 
6638 ...................................... 2.57 

Distance 
(m) 

Grade 
(%) 

6710 ...................................... 3 
6762 ...................................... 3.27 
6800 ...................................... 3.69 
6890 ...................................... 5.01 
6980 ...................................... 3.69 
7018 ...................................... 3.27 
7070 ...................................... 3 
7142 ...................................... 2.57 
7218 ...................................... 2.14 
7344 ...................................... 1.66 
7468 ...................................... 1.29 
7554 ...................................... 1.09 
7728 ...................................... 0.77 
7868 ...................................... 0.58 
8060 ...................................... 0.38 
8282 ...................................... 0.17 
8374 ...................................... 0.1 
8458 ...................................... 0 
8502 ...................................... 0 
8608 ...................................... ¥0.38 
8668 ...................................... ¥0.69 
8852 ...................................... ¥2.13 
9036 ...................................... ¥0.69 
9096 ...................................... ¥0.38 
9202 ...................................... 0 
9214 ...................................... 0 
9262 ...................................... 0.26 
9316 ...................................... 0.7 
9370 ...................................... 0.26 
9418 ...................................... 0 
9428 ...................................... 0 
9496 ...................................... ¥0.34 
9622 ...................................... ¥1.33 
9748 ...................................... ¥0.34 
9816 ...................................... 0 
9826 ...................................... 0 
9914 ...................................... 0.37 
9968 ...................................... 0.7 
10112 .................................... 1.85 
10256 .................................... 0.7 
10310 .................................... 0.37 
10398 .................................... 0 
10410 .................................... 0 
10498 .................................... ¥0.37 
10552 .................................... ¥0.7 
10696 .................................... ¥1.85 
10840 .................................... ¥0.7 
10894 .................................... ¥0.37 
10982 .................................... 0 
10992 .................................... 0 
11060 .................................... 0.34 
11186 .................................... 1.33 
11312 .................................... 0.34 
11380 .................................... 0 
11390 .................................... 0 
11438 .................................... ¥0.26 
11492 .................................... ¥0.7 
11546 .................................... ¥0.26 
11594 .................................... 0 
11606 .................................... 0 
11712 .................................... 0.38 
11772 .................................... 0.69 
11956 .................................... 2.13 
12140 .................................... 0.69 
12200 .................................... 0.38 
12306 .................................... 0 
12350 .................................... 0 
12434 .................................... ¥0.1 
12526 .................................... ¥0.17 
12748 .................................... ¥0.38 
12940 .................................... ¥0.58 
13080 .................................... ¥0.77 
13254 .................................... ¥1.09 

Distance 
(m) 

Grade 
(%) 

13340 .................................... ¥1.29 
13464 .................................... ¥1.66 
13590 .................................... ¥2.14 
13666 .................................... ¥2.57 
13738 .................................... ¥3 
13790 .................................... ¥3.27 
13828 .................................... ¥3.69 
13918 .................................... ¥5.01 
14008 .................................... ¥3.69 
14046 .................................... ¥3.27 
14098 .................................... ¥3 
14170 .................................... ¥2.57 
14246 .................................... ¥2.14 
14372 .................................... ¥1.66 
14496 .................................... ¥1.29 
14582 .................................... ¥1.09 
14756 .................................... ¥0.77 
14896 .................................... ¥0.58 
15088 .................................... ¥0.38 
15310 .................................... ¥0.17 
15402 .................................... ¥0.1 
15486 .................................... 0 
15536 .................................... 0 
15602 .................................... 0.1 
15874 .................................... 0.69 
15956 .................................... 0.97 
16042 .................................... 1.36 
16110 .................................... 1.78 
16294 .................................... 3.23 
16478 .................................... 1.78 
16546 .................................... 1.36 
16632 .................................... 0.97 
16714 .................................... 0.69 
16986 .................................... 0.1 
17052 .................................... 0 
17068 .................................... 0 
17144 .................................... ¥0.35 
17220 .................................... ¥0.9 
17306 .................................... ¥1.59 
17392 .................................... ¥0.9 
17468 .................................... ¥0.35 
17544 .................................... 0 
17558 .................................... 0 
17742 .................................... 0.46 
17810 .................................... 0.69 
17890 .................................... 1.08 
17958 .................................... 1.53 
18110 .................................... 2.75 
18262 .................................... 1.53 
18330 .................................... 1.08 
18410 .................................... 0.69 
18478 .................................... 0.46 
18662 .................................... 0 
18680 .................................... 0 
18806 .................................... ¥0.39 
18874 .................................... ¥0.66 
18950 .................................... ¥1.15 
19112 .................................... ¥2.44 
19274 .................................... ¥1.15 
19350 .................................... ¥0.66 
19418 .................................... ¥0.39 
19544 .................................... 0 
19556 .................................... 0 
19610 .................................... 0.28 
19706 .................................... 1.04 
19802 .................................... 0.28 
19856 .................................... 0 
19866 .................................... 0 
19916 .................................... ¥0.36 
19966 .................................... 0 
19976 .................................... 0 
19988 .................................... 0.1 
20000 .................................... 0 
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Distance 
(m) 

Grade 
(%) 

20808 .................................... 0 

Appendix V to Part 1037—Power Take- 
Off Utility Factors 

Time 
(min) 

Utility 
factor 

fraction 

0 ............................................ 0 
10 .......................................... 0.1 
20 .......................................... 0.18 
30 .......................................... 0.24 
40 .......................................... 0.31 
50 .......................................... 0.36 
60 .......................................... 0.4 
70 .......................................... 0.44 
80 .......................................... 0.47 
90 .......................................... 0.51 
100 ........................................ 0.54 
110 ........................................ 0.57 
120 ........................................ 0.6 
130 ........................................ 0.64 
140 ........................................ 0.66 
150 ........................................ 0.69 
160 ........................................ 0.71 
170 ........................................ 0.74 
180 ........................................ 0.76 
190 ........................................ 0.77 
200 ........................................ 0.79 
210 ........................................ 0.8 
220 ........................................ 0.82 
230 ........................................ 0.83 
240 ........................................ 0.85 
250 ........................................ 0.86 
260 ........................................ 0.87 
270 ........................................ 0.88 
280 ........................................ 0.88 
290 ........................................ 0.89 
300 ........................................ 0.9 
310 ........................................ 0.9 
320 ........................................ 0.91 
330 ........................................ 0.92 
340 ........................................ 0.93 
350 ........................................ 0.93 
360 ........................................ 0.94 
370 ........................................ 0.95 
380 ........................................ 0.95 
390 ........................................ 0.96 
420 ........................................ 0.96 
430 ........................................ 0.97 
460 ........................................ 0.97 
470 ........................................ 0.98 
520 ........................................ 0.98 
530 ........................................ 0.99 
580 ........................................ 0.99 
590 ........................................ 1 

PART 1039—CONTROL OF EMISSIONS 
FROM NEW AND IN-USE NONROAD 
COMPRESSION-IGNITION ENGINES 

■ 139. The authority citation for part 
1039 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Overview and Applicability 

■ 140. Section 1039.2 is revised to read 
as follows: 

§ 1039.2 Who is responsible for 
compliance? 

The regulations in this part 1039 
contain provisions that affect both 
manufacturers and others. However, the 
requirements of this part are generally 
addressed to the manufacturer. The term 
‘‘you’’ generally means the 
manufacturer, as defined in § 1039.801, 
especially for issues related to 
certification. Note that for engines that 
become new after being placed into 
service (such as engines converted from 
highway or stationary use), the 
requirements that normally apply for 
manufacturers of freshly manufactured 
engines apply to the importer or any 
other entity we allow to obtain a 
certificate of conformity. 
■ 141. Section 1039.5 is amended by 
revising the introductory text, adding 
paragraph (a)(2)(iii), and revising 
paragraph (e) to read as follows: 

§ 1039.5 Which engines are excluded from 
this part’s requirements? 

This part does not apply to certain 
nonroad engines, as follows: 

(a) * * * 
(2) * * * 
(iii) Locomotive engines produced 

under the provisions of 40 CFR 
1033.625. 
* * * * * 

(e) Engines used in recreational 
vehicles. Engines certified to meet the 
requirements of 40 CFR part 1051 are 
not subject to the provisions of this part 
1039. 
■ 142. Section 1039.30 is revised to read 
as follows: 

§ 1039.30 Submission of information. 

Unless we specify otherwise, send all 
reports and requests for approval to the 
Designated Compliance Officer (see 
§ 1039.801). See § 1039.825 for 
additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and 
Related Requirements 

■ 143. Section 1039.101 is amended by 
revising paragraph (f) to read as follows: 

§ 1039.101 What exhaust emission 
standards must my engines meet after the 
2014 model year? 

* * * * * 
(f) Fuel types. The exhaust emission 

standards in this section apply for 
engines using the fuel type on which the 
engines in the engine family are 
designed to operate, except for engines 
certified under § 1039.615. For engines 
certified under § 1039.615, the 
standards of this section apply to 
emissions measured using the specified 

test fuel. You must meet the numerical 
emission standards for NMHC in this 
section based on the following types of 
hydrocarbon emissions for engines 
powered by the following fuels: 

(1) Alcohol-fueled engines: THCE 
emissions. 

(2) Gaseous-fueled engines: 
Nonmethane-nonethane hydrocarbon 
emissions. 

(3) Other engines: NMHC emissions. 
* * * * * 
■ 144. Section 1039.102 is amended by 
revising paragraph (e)(3) to read as 
follows: 

§ 1039.102 What exhaust emission 
standards and phase-in allowances apply 
for my engines in model year 2014 and 
earlier? 

* * * * * 
(e) * * * 
(3) You may use NOX +NMHC 

emission credits to certify an engine 
family to the alternate NOX +NMHC 
standards in this paragraph (e)(3) 
instead of the otherwise applicable 
alternate NOX and NMHC standards. 
Calculate the alternate NOX +NMHC 
standard by adding 0.1 g/kW-hr to the 
numerical value of the applicable 
alternate NOX standard of paragraph 
(e)(1) or (2) of this section. Engines 
certified to the NOX +NMHC standards 
of this paragraph (e)(3) may not generate 
emission credits. The FEL caps for 
engine families certified under this 
paragraph (e)(3) are the previously 
applicable NOX +NMHC standards of 40 
CFR 89.112 (generally the Tier 3 
standards). 
* * * * * 
■ 145. Section 1039.104 is amended by 
revising paragraph (g)(5) and adding 
paragraph (i) to read as follows: 

§ 1039.104 Are there interim provisions 
that apply only for a limited time? 

* * * * * 
(g) * * * 
(5) You may certify engines under this 

paragraph (g) in any model year 
provided for in Table 1 of this section 
without regard to whether or not the 
engine family’s FEL is at or below the 
otherwise applicable FEL cap. For 
example, a 200 kW engine certified to 
the NOX + NMHC standard of 
§ 1039.102(e)(3) with an FEL equal to 
the FEL cap of 4.0 g/kW-hr may 
nevertheless be certified under this 
paragraph (g). 
* * * * * 

(i) Lead time for diagnostic controls. 
Model year 2017 and earlier engines are 
not subject to the requirements for 
diagnostic controls as specified in 
§ 1039.110. 
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■ 146. Section 1039.107 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1039.107 What evaporative emission 
standards and requirements apply? 

* * * * * 
(b) * * * 
(2) Present test data to show that 

equipment using your engines meets the 
evaporative emission standards we 
specify in this section if you do not use 
design-based certification under 40 CFR 
1048.245. 
■ 147. Section 1039.110 is added to 
subpart B to read as follows: 

§ 1039.110 Recording reductant use and 
other diagnostic functions. 

(a) Engines equipped with SCR 
systems using a reductant other than the 
engine’s fuel must have a diagnostic 
system that monitors reductant quality 
and tank levels and alert operators to 
the need to refill the reductant tank 
before it is empty, or to replace the 
reductant if it does not meet your 
concentration specifications. Unless we 
approve other alerts, use a warning 
lamp or an audible alarm. You do not 
need to separately monitor reductant 
quality if your system uses input from 
an exhaust NOX sensor (or other sensor) 
to alert operators when reductant 
quality is inadequate. However, tank 
level must be monitored in all cases. 

(b) You may equip your engine with 
other diagnostic features. If you do, they 
must be designed to allow us to read 
and interpret the codes. Note that 
§ 1039.205 requires you to provide us 
any information needed to read, record, 
and interpret all the information 
broadcast by an engine’s onboard 
computers and electronic control units. 
■ 148. Section 1039.120 is amended by 
revising paragraph (b) introductory text 
to read as follows: 

§ 1039.120 What emission-related warranty 
requirements apply to me? 

* * * * * 
(b) Warranty period. Your emission- 

related warranty must be valid for at 
least as long as the minimum warranty 
periods listed in this paragraph (b) in 
hours of operation and years, whichever 
comes first. You may offer an emission- 
related warranty more generous than we 
require. The emission-related warranty 
for the engine may not be shorter than 
any basic mechanical warranty you 
provide without charge for the engine. 
Similarly, the emission-related warranty 
for any component may not be shorter 
than any warranty you provide without 
charge for that component. This means 
that your warranty may not treat 
emission-related and nonemission- 

related defects differently for any 
component. If an engine has no hour 
meter, we base the warranty periods in 
this paragraph (b) only on the engine’s 
age (in years). The warranty period 
begins when the engine is placed into 
service. The minimum warranty periods 
are shown in the following table: 
* * * * * 
■ 149. Section 1039.125 is amended by 
revising paragraphs (a)(2)(i), (a)(3)(i), 
(a)(4), (c), (e), and (f) introductory text 
to read as follows: 

§ 1039.125 What maintenance instructions 
must I give to buyers? 

* * * * * 
(a) * * * 
(2) * * * 
(i) For EGR-related filters and coolers, 

DEF filters, crankcase ventilation valves 
and filters, and fuel injector tips 
(cleaning only), the minimum interval is 
1,500 hours. 
* * * * * 

(3) * * * 
(i) For EGR-related filters and coolers, 

DEF filters, crankcase ventilation valves 
and filters, and fuel injector tips 
(cleaning only), the minimum interval is 
1,500 hours. 
* * * * * 

(4) For particulate traps, trap 
oxidizers, and components related to 
either of these, scheduled maintenance 
may include cleaning or repair at the 
intervals specified in paragraph (a)(2)(ii) 
or (a)(3)(ii) of this section, as applicable. 
Scheduled maintenance may include a 
shorter interval for cleaning or repair 
and may also include adjustment or 
replacement, but only if we approve it. 
We will approve your request if you 
provide the maintenance free of charge 
and clearly state this in your 
maintenance instructions, and you 
provide us additional information as 
needed to convince us that the 
maintenance will occur. 
* * * * * 

(c) Special maintenance. You may 
specify more frequent maintenance to 
address problems related to special 
situations, such as atypical engine 
operation. You must clearly state that 
this additional maintenance is 
associated with the special situation you 
are addressing. You may also address 
maintenance of low-use engines (such 
as recreational or stand-by engines) by 
specifying the maintenance interval in 
terms of calendar months or years in 
addition to your specifications in terms 
of engine operating hours. All special 
maintenance instructions must be 
consistent with good engineering 
judgment. We may disapprove your 
maintenance instructions if we 

determine that you have specified 
special maintenance steps to address 
maintenance that is unlikely to occur in 
use, or engine operation that is not 
atypical. For example, this paragraph (c) 
does not allow you to design engines 
that require special maintenance for a 
certain type of expected operation. If we 
determine that certain maintenance 
items do not qualify as special 
maintenance under this paragraph (c), 
you may identify this as recommended 
additional maintenance under 
paragraph (b) of this section. 
* * * * * 

(e) Maintenance that is not emission- 
related. For maintenance unrelated to 
emission controls, you may schedule 
any amount of inspection or 
maintenance. You may also take these 
inspection or maintenance steps during 
service accumulation on your emission- 
data engines, as long as they are 
reasonable and technologically 
necessary. This might include adding 
engine oil, changing air, fuel, or oil 
filters, servicing engine-cooling systems 
or fuel-water separator cartridges or 
elements, and adjusting idle speed, 
governor, engine bolt torque, valve lash, 
or injector lash. You may not perform 
this nonemission-related maintenance 
on emission-data engines more often 
than the least frequent intervals that you 
recommend to the ultimate purchaser. 

(f) Source of parts and repairs. State 
clearly in your written maintenance 
instructions that a repair shop or person 
of the owner’s choosing may maintain, 
replace, or repair emission-control 
devices and systems. Your instructions 
may not require components or service 
identified by brand, trade, or corporate 
name. Also, do not directly or indirectly 
condition your warranty on a 
requirement that the engine be serviced 
by your franchised dealers or any other 
service establishments with which you 
have a commercial relationship. You 
may disregard the requirements in this 
paragraph (f) if you do one of two 
things: 
* * * * * 
■ 150. Section 1039.130 is amended by 
adding paragraph (b)(4) and revising 
paragraph (b)(5) to read as follows: 

§ 1039.130 What installation instructions 
must I give to equipment manufacturers? 

* * * * * 
(b) * * * 
(4) Describe any necessary steps for 

installing the diagnostic system 
described in § 1039.110. 

(5) Describe how your certification is 
limited for any type of application. For 
example, if your engines are certified 
only for constant-speed operation, tell 
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equipment manufacturers not to install 
the engines in variable-speed 
applications. 
* * * * * 
■ 151. Section 1039.135 is amended by 
revising paragraphs (b), (c)(2), and (d) to 
read as follows: 

§ 1039.135 How must I label and identify 
the engines I produce? 

* * * * * 
(b) At the time of manufacture, affix 

a permanent and legible label 
identifying each engine. The label must 
meet the requirements of 40 CFR 
1068.45. 

(c) * * * 
(2) Include your full corporate name 

and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 
* * * * * 

(d) You may add information to the 
emission control information label as 
follows: 

(1) You may identify other emission 
standards that the engine meets or does 
not meet (such as international 
standards), as long as this does not 
cause you to omit any of the information 
described in paragraphs (c)(5) through 
(10) of this section. You may add the 
information about the other emission 
standards to the statement we specify, 
or you may include it in a separate 
statement. 

(2) You may add other information to 
ensure that the engine will be properly 
maintained and used. 

(3) You may add appropriate features 
to prevent counterfeit labels. For 
example, you may include the engine’s 
unique identification number on the 
label. 
* * * * * 

Subpart C—Certifying Engine Families 

■ 152. Section 1039.201 is amended by 
revising paragraphs (a) and (g) to read as 
follows: 

§ 1039.201 What are the general 
requirements for obtaining a certificate of 
conformity? 

(a) You must send us a separate 
application for a certificate of 
conformity for each engine family. A 
certificate of conformity is valid for new 
production from the indicated effective 
date until the end of the model year for 
which it is issued, which may not 
extend beyond December 31 of that 
year. No new certificate will be issued 
after December 31 of the model year. 
You may amend your application for 
certification after the end of the model 
year in certain circumstances as 

described in §§ 1039.220 and 1039.225. 
You must renew your certification 
annually for any engines you continue 
to produce. 
* * * * * 

(g) We may require you to deliver 
your test engines to a facility we 
designate for our testing (see 
§ 1039.235(c)). Alternatively, you may 
choose to deliver another engine that is 
identical in all material respects to the 
test engine, or another engine that we 
determine can appropriately serve as an 
emission-data engine for the engine 
family. 
* * * * * 
■ 153. Section 1039.205 is amended by 
revising paragraph (r)(1) and adding 
paragraph (bb) to read as follows: 

§ 1039.205 What must I include in my 
application? 

* * * * * 
(r) * * * 
(1) Report all valid test results 

involving measurement of pollutants for 
which emission standards apply. Also 
indicate whether there are test results 
from invalid tests or from any other tests 
of the emission-data engine, whether or 
not they were conducted according to 
the test procedures of subpart F of this 
part. We may require you to report these 
additional test results. We may ask you 
to send other information to confirm 
that your tests were valid under the 
requirements of this part and 40 CFR 
part 1065. 
* * * * * 

(bb) For imported engines or 
equipment, identify the following: 

(1) Describe your normal practice for 
importing engines. For example, this 
may include identifying the names and 
addresses of any agents you have 
authorized to import your engines. 

(2) For engines below 560 kW, 
identify a test facility in the United 
States where you can test your engines 
if we select them for testing under a 
selective enforcement audit, as specified 
in 40 CFR part 1068, subpart E. 
■ 154. Section 1039.220 is amended by 
revising the section heading as to read 
as follows: 

§ 1039.220 How do I amend my 
maintenance instructions? 

* * * * * 
■ 155. Section 1039.225 is amended by 
adding paragraphs (b)(4) and (g) to read 
as follows: 

§ 1039.225 How do I amend my application 
for certification? 

* * * * * 
(b) * * * 

(4) Include any other information 
needed to make your application correct 
and complete. 
* * * * * 

(g) You may produce engines as 
described in your amended application 
for certification and consider those 
engines to be in a certified configuration 
if we approve a new or modified engine 
configuration during the model year 
under paragraph (d) of this section. 
Similarly, you may modify in-use 
engines as described in your amended 
application for certification and 
consider those engines to be in a 
certified configuration if we approve a 
new or modified engine configuration at 
any time under paragraph (d) of this 
section. Modifying a new or in-use 
engine to be in a certified configuration 
does not violate the tampering 
prohibition of 40 CFR 1068.101(b)(1), as 
long as this does not involve changing 
to a certified configuration with a higher 
family emission limit. 
■ 156. Section 1039.230 is amended by 
revising paragraph (b)(1) to read as 
follows: 

§ 1039.230 How do I select engine 
families? 

* * * * * 
(b) * * * 
(1) The combustion cycle and fuel. 

However, you do not need to separate 
dual-fuel and flexible-fuel engines into 
separate engine families. 
* * * * * 
■ 157. Section 1039.235 is amended by 
revising paragraphs (a), (b), (c) 
introductory text, (c)(4), and (d)(1) to 
read as follows: 

§ 1039.235 What testing requirements 
apply for certification? 

* * * * * 
(a) Select an emission-data engine 

from each engine family for testing. 
Select the engine configuration with the 
highest volume of fuel injected per 
cylinder per combustion cycle at the 
point of maximum torque—unless good 
engineering judgment indicates that a 
different engine configuration is more 
likely to exceed (or have emissions 
nearer to) an applicable emission 
standard or FEL. If two or more engines 
have the same fueling rate at maximum 
torque, select the one with the highest 
fueling rate at rated speed. In making 
this selection, consider all factors 
expected to affect emission-control 
performance and compliance with the 
standards, including emission levels of 
all exhaust constituents, especially NOX 
and PM. 

(b) Test your emission-data engines 
using the procedures and equipment 
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specified in subpart F of this part. In the 
case of dual-fuel engines, measure 
emissions when operating with each 
type of fuel for which you intend to 
certify the engine. In the case of flexible- 
fuel engines, measure emissions when 
operating with the fuel mixture that best 
represents in-use operation or is most 
likely to have the highest NOX 
emissions (or NOX+NMHC emissions for 
engines subject to NOX+NMHC 
standards), though you may ask us 
instead to perform tests with both fuels 
separately if you can show that 
intermediate mixtures are not likely to 
occur in use. 

(c) We may perform confirmatory 
testing by measuring emissions from 
any of your emission-data engines or 
other engines from the engine family, as 
follows: 
* * * * * 

(4) Before we test one of your engines, 
we may calibrate it within normal 
production tolerances for anything we 
do not consider an adjustable parameter. 
For example, this would apply for an 
engine parameter that is subject to 
production variability because it is 
adjustable during production, but is not 
considered an adjustable parameter (as 
defined in § 1039.801) because it is 
permanently sealed. For parameters that 
relate to a level of performance that is 
itself subject to a specified range (such 
as maximum power output), we will 
generally perform any calibration under 
this paragraph (c)(4) in a way that keeps 
performance within the specified range. 

(d) * * * 
(1) The engine family from the 

previous model year differs from the 
current engine family only with respect 
to model year, items identified in 
§ 1039.225(a), or other characteristics 
unrelated to emissions. We may waive 
this criterion for differences we 
determine not to be relevant. 
* * * * * 
■ 158. Section 1039.240 is amended by 
revising paragraphs (c) and (d) and 
removing paragraph (e). 

The revisions read as follows: 

§ 1039.240 How do I demonstrate that my 
engine family complies with exhaust 
emission standards? 

* * * * * 
(c) To compare emission levels from 

the emission-data engine with the 
applicable emission standards, apply 
deterioration factors to the measured 
emission levels for each pollutant. 
Section 1039.245 specifies how to test 
your engine to develop deterioration 
factors that represent the deterioration 
expected in emissions over your 
engines’ full useful life. Your 

deterioration factors must take into 
account any available data from in-use 
testing with similar engines. Small- 
volume engine manufacturers may use 
assigned deterioration factors that we 
establish. Apply deterioration factors as 
follows: 

(1) Additive deterioration factor for 
exhaust emissions. Except as specified 
in paragraph (c)(2) of this section, use 
an additive deterioration factor for 
exhaust emissions. An additive 
deterioration factor is the difference 
between exhaust emissions at the end of 
the useful life and exhaust emissions at 
the low-hour test point. In these cases, 
adjust the official emission results for 
each tested engine at the selected test 
point by adding the factor to the 
measured emissions. If the factor is less 
than zero, use zero. Additive 
deterioration factors must be specified 
to one more decimal place than the 
applicable standard. 

(2) Multiplicative deterioration factor 
for exhaust emissions. Use a 
multiplicative deterioration factor if 
good engineering judgment calls for the 
deterioration factor for a pollutant to be 
the ratio of exhaust emissions at the end 
of the useful life to exhaust emissions at 
the low-hour test point. For example, if 
you use aftertreatment technology that 
controls emissions of a pollutant 
proportionally to engine-out emissions, 
it is often appropriate to use a 
multiplicative deterioration factor. 
Adjust the official emission results for 
each tested engine at the selected test 
point by multiplying the measured 
emissions by the deterioration factor. If 
the factor is less than one, use one. A 
multiplicative deterioration factor may 
not be appropriate in cases where 
testing variability is significantly greater 
than engine-to-engine variability. 
Multiplicative deterioration factors must 
be specified to one more significant 
figure than the applicable standard. 

(3) Sawtooth and other nonlinear 
deterioration patterns. The deterioration 
factors described in paragraphs (c)(1) 
and (2) of this section assume that the 
highest useful life emissions occur 
either at the end of useful life or at the 
low-hour test point. The provisions of 
this paragraph (c)(3) apply where good 
engineering judgment indicates that the 
highest emissions over the useful life 
will occur between these two points. 
For example, emissions may increase 
with service accumulation until a 
certain maintenance step is performed, 
then return to the low-hour emission 
levels and begin increasing again. Base 
deterioration factors for engines with 
such emission patterns on the difference 
between (or ratio of) the point at which 
the highest emissions occur and the 

low-hour test point. Note that this 
applies for maintenance-related 
deterioration only where we allow such 
critical emission-related maintenance. 

(4) Deterioration factor for smoke. 
Deterioration factors for smoke are 
always additive, as described in 
paragraph (c)(1) of this section. 

(5) Deterioration factor for crankcase 
emissions. If your engine vents 
crankcase emissions to the exhaust or to 
the atmosphere, you must account for 
crankcase emission deterioration, using 
good engineering judgment. You may 
use separate deterioration factors for 
crankcase emissions of each pollutant 
(either multiplicative or additive) or 
include the effects in combined 
deterioration factors that include 
exhaust and crankcase emissions 
together for each pollutant. 

(6) Dual-fuel and flexible-fuel engines. 
In the case of dual-fuel and flexible-fuel 
engines, apply deterioration factors 
separately for each fuel type. You may 
accumulate service hours on a single 
emission-data engine using the type of 
fuel or the fuel mixture expected to have 
the highest combustion and exhaust 
temperatures; you may ask us to 
approve a different fuel mixture if you 
demonstrate that a different criterion is 
more appropriate. 

(d) Determine the official emission 
result for each pollutant to at least one 
more decimal place than the applicable 
standard. Apply the deterioration factor 
to the official emission result, as 
described in paragraph (c) of this 
section, then round the adjusted figure 
to the same number of decimal places as 
the emission standard. Compare the 
rounded emission levels to the emission 
standard for each emission-data engine. 
In the case of NOX+NMHC standards, 
apply the deterioration factor to each 
pollutant and then add the results 
before rounding. 
■ 159. Section 1039.250 is amended by 
revising paragraphs (b)(3)(iv) and (c) to 
read as follows: 

§ 1039.250 What records must I keep and 
what reports must I send to EPA? 

* * * * * 
(b) * * * 
(3) * * * 
(iv) All your emission tests, including 

the date and purpose of each test and 
documentation of test parameters as 
specified in part 40 CFR part 1065. 
* * * * * 

(c) Keep required data from emission 
tests and all other information specified 
in this section for eight years after we 
issue your certificate. If you use the 
same emission data or other information 
for a later model year, the eight-year 
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period restarts with each year that you 
continue to rely on the information. 
* * * * * 
■ 160. Section 1039.255 is amended by 
revising paragraphs (c)(2) and (4), (d), 
and (e) to read as follows: 

§ 1039.255 What decisions may EPA make 
regarding my certificate of conformity? 

* * * * * 
(c) * * * 
(2) Submit false or incomplete 

information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
render any of the submitted information 
false or incomplete. 
* * * * * 

(4) Deny us from completing 
authorized activities (see 40 CFR 
1068.20). This includes a failure to 
provide reasonable assistance. 
* * * * * 

(d) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Act. Note that these are also 
violations of 40 CFR 1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 
* * * * * 

Subpart F—Test Procedures 

■ 161. Section 1039.501 is amended by 
revising paragraphs (a), (e), (f), and (g) 
and adding paragraph (h) to read as 
follows: 

§ 1039.501 How do I run a valid emission 
test? 

(a) Use the equipment and procedures 
for compression-ignition engines in 40 
CFR part 1065 to determine whether 
engines meet the duty-cycle emission 
standards in subpart B of this part. 
Measure the emissions of all the exhaust 
constituents subject to emission 
standards as specified in 40 CFR part 
1065. Measure CO2, N2O, and CH4 as 
described in § 1039.235. Use the 
applicable duty cycles specified in 
§§ 1039.505 and 1039.510. 
* * * * * 

(e) The following provisions apply for 
engines using aftertreatment technology 
with infrequent regeneration events that 
may occur during testing: 

(1) Adjust measured emissions to 
account for aftertreatment technology 
with infrequent regeneration as 
described in § 1039.525. 

(2) If your engine family includes 
engines with one or more emergency 
AECDs approved under § 1039.115(g)(4) 
or (5), do not consider additional 
regenerations resulting from those 
AECDs when developing adjustments to 
measured values under this paragraph 
(e). 

(3) Invalidate a smoke test if active 
regeneration starts to occur during the 
test. 

(f) You may disable any AECDs that 
have been approved solely for 
emergency equipment applications 
under § 1039.115(g)(4). Note that the 
emission standards do not apply when 
any of these AECDs are active. 

(g) You may use special or alternate 
procedures to the extent we allow them 
under 40 CFR 1065.10. 

(h) This subpart is addressed to you 
as a manufacturer, but it applies equally 
to anyone who does testing for you, and 
to us when we perform testing to 
determine if your engines meet emission 
standards. 

■ 162. Section 1039.505 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1039.505 How do I test engines using 
steady-state duty cycles, including ramped- 
modal testing? 

* * * * * 
(b) * * * 
(2) Use the 6-mode duty cycle or the 

corresponding ramped-modal cycle 
described in paragraph (b) of Appendix 
II of this part for variable-speed engines 
below 19 kW. You may instead use the 
8-mode duty cycle or the corresponding 
ramped-modal cycle described in 
paragraph (c) of Appendix II of this part 
if some engines from your engine family 
will be used in applications that do not 
involve governing to maintain engine 
operation around rated speed. 
* * * * * 

■ 163. Section 1039.515 is amended by 
revising paragraph (a) to read as follows: 

§ 1039.515 What are the test procedures 
related to not-to-exceed standards? 

(a) General provisions. The provisions 
in 40 CFR 86.1370 apply for 
determining whether an engine meets 
the not-to-exceed emission standards in 
§ 1039.101(e), except as noted in this 
section. Interpret references to vehicles 
and vehicle operation to mean 
equipment and equipment operation. 
* * * * * 

■ 164. Section 1039.525 is revised to 
read as follows: 

§ 1039.525 How do I adjust emission levels 
to account for infrequently regenerating 
aftertreatment devices? 

For engines using aftertreatment 
technology with infrequent regeneration 
events that may occur during testing, 
take one of the following approaches to 
account for the emission impact of 
regeneration: 

(a) You may use the calculation 
methodology described in 40 CFR 
1065.680 to adjust measured emission 
results. Do this by developing an 
upward adjustment factor and a 
downward adjustment factor for each 
pollutant based on measured emission 
data and observed regeneration 
frequency as follows: 

(1) Adjustment factors should 
generally apply to an entire engine 
family, but you may develop separate 
adjustment factors for different 
configurations within an engine family. 
Use the adjustment factors from this 
section for all testing for the engine 
family. 

(2) You may use carryover or carry- 
across data to establish adjustment 
factors for an engine family as described 
in § 1039.235, consistent with good 
engineering judgment. 

(3) For engines that are required to 
certify to both transient and steady-state 
duty cycles, calculate a separate 
adjustment factor for steady-state and 
transient operation. 

(b) You may ask us to approve an 
alternate methodology to account for 
regeneration events. We will generally 
limit approval to cases where your 
engines use aftertreatment technology 
with extremely infrequent regeneration 
and you are unable to apply the 
provisions of this section. 

(c) You may choose to make no 
adjustments to measured emission 
results if you determine that 
regeneration does not significantly affect 
emission levels for an engine family (or 
configuration) or if it is not practical to 
identify when regeneration occurs. If 
you choose not to make adjustments 
under paragraph (a) or (b) of this 
section, your engines must meet 
emission standards for all testing, 
without regard to regeneration. 

Subpart G—Special Compliance 
Provisions 

■ 165. Section 1039.601 is revised to 
read as follows: 

§ 1039.601 What compliance provisions 
apply? 

(a) Engine and equipment 
manufacturers, as well as owners, 
operators, and rebuilders of engines 
subject to the requirements of this part, 
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and all other persons, must observe the 
provisions of this part, the requirements 
and prohibitions in 40 CFR part 1068, 
and the provisions of the Act. 

(b) Subpart C of this part describes 
how to test and certify dual-fuel and 
flexible-fuel engines. Some multi-fuel 
engines may not fit either of those 
defined terms. For such engines, we will 
determine whether it is most 
appropriate to treat them as single-fuel 
engines, dual-fuel engines, or flexible- 
fuel engines based on the range of 
possible and expected fuel mixtures. For 
example, an engine might burn natural 
gas but initiate combustion with a pilot 
injection of diesel fuel. If the engine is 
designed to operate with a single fueling 
algorithm (i.e., fueling rates are fixed at 
a given engine speed and load 
condition), we would generally treat it 
as a single-fuel engine, In this context, 
the combination of diesel fuel and 
natural gas would be its own fuel type. 
If the engine is designed to also operate 
on diesel fuel alone, we would generally 
treat it as a dual-fuel engine. If the 
engine is designed to operate on varying 
mixtures of the two fuels, we would 
generally treat it as a flexible-fuel 
engine. To the extent that requirements 
vary for the different fuels or fuel 
mixtures, we may apply the more 
stringent requirements. 

■ 166. Section 1039.605 is amended by 
revising paragraphs (b), (d)(5), and (d)(8) 
to read as follows: 

§ 1039.605 What provisions apply to 
engines certified under the motor-vehicle 
program? 

* * * * * 
(b) Equipment-manufacturer 

provisions. If you are not an engine 
manufacturer, you may install motor- 
vehi cle engines certified for the 
appropriate model year under 40 CFR 
part 86 in nonroad equipment as long as 
you meet all the requirements and 
conditions specified in paragraph (d) of 
this section. You must also add the fuel- 
inlet label we specify in § 1039.135(e). 
If you modify the motor-vehicle engine 
in any of the ways described in 
paragraph (d)(2) of this section, we will 
consider you a manufacturer of a new 
nonroad engine. Such engine 
modifications prevent you from using 
the provisions of this section. 
* * * * * 

(d) * * * 
(5) You must add a permanent 

supplemental label to the engine in a 
position where it will remain clearly 
visible after installation in the 
equipment. In the supplemental label, 
do the following: 

(i) Include the heading: ‘‘NONROAD 
ENGINE EMISSION CONTROL 
INFORMATION’’. 

(ii) Include your full corporate name 
and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 

(iii) State: ‘‘THIS ENGINE WAS 
ADAPTED FOR NONROAD USE 
WITHOUT AFFECTING ITS EMISSION 
CONTROLS. THE EMISSION– 
CONTROL SYSTEM DEPENDS ON THE 
USE OF FUEL MEETING 
SPECIFICATIONS THAT APPLY FOR 
MOTOR–VEHICLE APPLICATIONS. 
OPERATING THE ENGINE ON OTHER 
FUELS MAY BE A VIOLATION OF 
FEDERAL LAW.’’ 

(iv) State the date you finished 
modifying the engine (month and year), 
if applicable. 
* * * * * 

(8) Send the Designated Compliance 
Officer written notification describing 
your plans before using the provisions 
of this section. In addition, by February 
28 of each calendar year (or less often 
if we tell you), send the Designated 
Compliance Oficer a signed letter with 
all the following information: 

(i) Identify your full corporate name, 
address, and telephone number. 

(ii) List the engine or equipment 
models for which you used this 
exemption in the previous year and 
describe your basis for meeting the sales 
restrictions of paragraph (d)(3) of this 
section. 

(iii) State: ‘‘We prepared each listed 
[engine or equipment] model for 
nonroad application without making 
any changes that could increase its 
certified emission levels, as described in 
40 CFR 1039.605.’’ 
* * * * * 
■ 167. Section 1039.610 is amended by 
revising paragraphs (d)(5)(ii) and (d)(7) 
to read as follows: 

§ 1039.610 What provisions apply to 
vehicles certified under the motor-vehicle 
program? 

* * * * * 
(d) * * * 
(5) * * * 
(ii) Include your full corporate name 

and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 
* * * * * 

(7) Send the Designated Compliance 
Officer written notification describing 
your plans before using the provisions 
of this section. In addition, by February 
28 of each calendar year (or less often 
if we tell you), send the Designated 

Compliance Officer a signed letter with 
all the following information: 

(i) Identify your full corporate name, 
address, and telephone number. 

(ii) List the equipment models for 
which you used this exemption in the 
previous year and describe your basis 
for meeting the sales restrictions of 
paragraph (d)(3) of this section. 

(iii) State: ‘‘We prepared each listed 
engine or equipment model for nonroad 
application without making any changes 
that could increase its certified emission 
levels, as described in 40 CFR 
1039.610.’’ 
* * * * * 

§§ 1039.640 and 1039.660 [Removed] 

■ 168. Sections 1039.640 and 1039.660 
are removed. 
■ 169. A new § 1039.699 is added to 
subpart G to read as follows: 

§ 1039.699 Emission standards and 
certification requirements for auxiliary 
power units for highway tractors. 

(a) This section describes emission 
standards and certification requirements 
for auxiliary power units (APU) 
installed on highway tractors subject to 
standards under 40 CFR 1037.106 
starting in model year 2024. 

(b) You may apply for a certificate of 
conformity under this section if you 
manufacture APUs, or if you install 
emission control hardware to meet the 
standard in this section. 

(c) Exhaust emissions may not exceed 
a PM standard of 0.02 g/kW-hr when 
tested using the steady-state test 
procedures described in subpart F of 
this part for the duty cycles specified in 
§ 1039.505(b)(1). Your APUs must meet 
the exhaust emission standards of this 
section over the engine’s useful life as 
specified in § 1039.101(g). These 
emission standards also apply for 
testing with production and in-use 
APUs. 

(d) The APU is deemed to have a 
valid certificate of conformity under this 
section if the engine manufacturer 
certifies the engine under 40 CFR part 
1039 with a family emission limit of 
0.02 g/kW-hr or less. 

(e) The APU may draw power from 
the installed engine to regenerate a 
particulate filter, but you must not make 
any other changes to the certified engine 
that could reasonably be expected to 
increase its emissions of any pollutant. 

(f) Sections 1039.115, 1039.120, 
1039.125, and 1039.130 apply for APUs 
as written. You must exercise due 
diligence in ensuring that your system 
will not adversely affect safety or 
otherwise violate the prohibition of 
§ 1039.115(f). 
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(g) All your APUs are considered to be 
part of a single emission family; 
however, you may subdivide your APUs 
into multiple emission families if you 
show the expected emission 
characteristics are different during the 
useful life. 

(h) Testing requirements apply for 
certification as follows: 

(1) Select an emission-data APU 
representing a worst-case condition for 
PM emissions. Measure emissions from 
the test engine with the APU installed 
according to your specifications. 

(2) We may require you to provide an 
engineering analysis showing that the 
performance of your emission controls 
will not deteriorate during the useful 
life with proper maintenance. If we 
determine that your emission controls 
are likely to deteriorate during the 
useful life, we may require you to 
develop and apply deterioration factors 
consistent with good engineering 
judgment. 

(3) Collect emission data and round to 
the nearest 0.01 g/kW-hr for comparing 
to the standard. Calculate full-life 
emissions as described in § 1039.240(d) 
if you need to apply a deterioration 
factor. 

(4) You may ask to use emission data 
from a previous production period 
instead of doing new tests as described 
in § 1039.235(d). 

(5) Additional testing provisions 
apply as described in § 1039.235(c), (e), 
and (f). 

(i) Your APU certificate is valid for 
any engine certified under this part 
1039, as long as the engine has a 
maximum engine power no more than 
10 percent greater than the maximum 
engine power of the engine used for 
certification testing under this section. 

(j) The following provisions apply for 
determining whether your APU 
complies with the requirements of this 
section: 

(1) For purposes of certification, your 
emission family is considered in 
compliance with the emission standards 
of this section if all emission-data APUs 
representing that family have test results 
showing compliance with the standards. 

(2) Your engine family is deemed not 
to comply if any emission-data APU 
representing that family for certification 
has test results showing a full-life 
emission level above the PM standard. 

(k) At the time of manufacture, affix 
a permanent and legible label 
identifying each APU. This applies even 
if the engine manufacturer certifies a 
compliant engine as described in 
paragraph (d) of this section. The label 
must meet the specifications described 
in 40 CFR 1068.45(a). The label must— 

(1) Include the heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Include your full corporate name 
and trademark. 

(3) State: ‘‘THIS APU ENGINE 
COMPLIES WITH 40 CFR 1039.699.’’ 

(l) [Reserved] 
(m) See §§ 1039.201, 1039.210, 

1039.220, 1039.225, 1039.250, and 
1039.255 for general requirements 
related to obtaining a certificate of 
conformity. A certificate issued under 
this section may apply for a production 
period lasting up to five years. Include 
the following information in your 
application for certification, unless we 
ask you to include less information: 

(1) Describe the emission family’s 
specifications and other basic 
parameters of the APU’s design and 
emission controls. List each 
distinguishable configuration in the 
emission family. For each APU 
configuration, list the maximum engine 
power for which the APU is designed to 
operate. 

(2) Explain how the emission control 
system operates. Identify the part 
number of each component you 
describe. 

(3) Describe the engines you selected 
for testing and the reasons for selecting 
them. 

(4) Describe the test equipment and 
procedures that you used. Also describe 
any special or alternate test procedures 
you used. 

(5) Describe how you operated the 
emission-data APU before testing, 
including any operation to break in the 
APU or otherwise stabilize emission 
levels. Describe any scheduled 
maintenance you did. 

(6) List the specifications of the test 
fuel to show that it falls within the 
required ranges we specify in 40 CFR 
part 1065. 

(7) Include the maintenance and 
warranty instructions you will provide 
(see §§ 1039.120 and 1039.125). 

(8) Describe your emission control 
information label. 

(9) Identify the emission family’s 
deterioration factors and describe how 
you developed them, or summarize your 
analysis describing why you don’t 
expect performance of emission controls 
to deteriorate. Present any emission test 
data you used for this. 

(10) State that you operated your 
emission-data APU as described in the 
application (including the test 
procedures, test parameters, and test 
fuels) to show you meet the 
requirements of this part. 

(11) Present emission data for PM. 
(12) Report all test results, including 

those from invalid tests, whether or not 
they were conducted according to the 

test procedures of subpart F of this part. 
We may ask you to send other 
information to confirm that your tests 
were valid under the requirements of 
this part and 40 CFR part 1065. 

(13) Describe any adjustable operating 
parameters as described in 
§ 1039.205(s). 

(14) Unconditionally certify that all 
the APUs in the emission family comply 
with the requirements of this part, other 
referenced parts of the CFR, and the 
Clean Air Act. 

(15) Provide additional information if 
we say we need it to evaluate your 
application. 

(16) Name an agent for service located 
in the United States. Service on this 
agent constitutes service on you or any 
of your officers or employees for any 
action by EPA or otherwise by the 
United States related to the 
requirements of this part. 

(n) If a highway tractor manufacturer 
violates 40 CFR 1037.106(g) by 
installing an APU from you that is not 
properly certified and labeled, you are 
presumed to have caused the violation 
(see 40 CFR 1068.101(c)). 

Subpart H—Averaging, Banking, and 
Trading for Certification 

■ 170. Section 1039.701 is amended by 
adding paragraph (h) to read as follows: 

§ 1039.701 General provisions. 
* * * * * 

(h) You may use either of the 
following approaches to retire or forego 
emission credits: 

(1) You may retire emission credits 
generated from any number of your 
engines. This may be considered 
donating emission credits to the 
environment. Identify any such credits 
in the reports described in § 1039.730. 
Engines must comply with the 
applicable FELs even if you donate or 
sell the corresponding emission credits 
under this paragraph (h). Those credits 
may no longer be used by anyone to 
demonstrate compliance with any EPA 
emission standards. 

(2) You may certify a family using an 
FEL below the emission standard as 
described in this part and choose not to 
generate emission credits for that 
family. If you do this, you do not need 
to calculate emission credits for those 
families and you do not need to submit 
or keep the associated records described 
in this subpart for that family. 
■ 171. Section 1039.705 is amended by 
revising paragraphs (b), (c) introductory 
text, and (c)(1) to read as follows: 

§ 1039.705 How do I generate and 
calculate emission credits? 
* * * * * 
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(b) For each participating family, 
calculate positive or negative emission 
credits relative to the otherwise 
applicable emission standard. Calculate 
positive emission credits for a family 
that has an FEL below the standard. 
Calculate negative emission credits for a 
family that has an FEL above the 
standard. Sum your positive and 
negative credits for the model year 
before rounding. Round the sum of 
emission credits to the nearest kilogram 
(kg), using consistent units throughout 
the following equation: 
Emission credits (kg) = (Std¥FEL) C 

(Volume) C (AvgPR) C (UL) C 
(10¥3) 

Where: 
Std = the emission standard, in grams per 

kilowatt-hour, that applies under subpart 
B of this part for engines not 
participating in the ABT program of this 
subpart (the ‘‘otherwise applicable 
standard’’). 

FEL = the family emission limit for the 
engine family, in grams per kilowatt- 
hour. 

Volume = the number of engines eligible to 
participate in the averaging, banking, 
and trading program within the given 
engine family during the model year, as 
described in paragraph (c) of this section. 

AvgPR = the average value of maximum 
engine power values for the engine 
configurations within an engine family, 
calculated on a sales-weighted basis, in 
kilowatts. 

UL = the useful life for the given engine 
family, in hours. 

(c) As described in § 1039.730, 
compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
directed production volumes. Do not 
include any of the following engines to 
calculate emission credits: 

(1) Engines with a permanent 
exemption under subpart G of this part 
or under 40 CFR part 1068. 
* * * * * 
■ 172. Section 1039.710 is amended by 
revising paragraph (c) to read as follows: 

§ 1039.710 How do I average emission 
credits? 

* * * * * 
(c) If you certify an engine family to 

an FEL that exceeds the otherwise 
applicable standard, you must obtain 
enough emission credits to offset the 
engine family’s deficit by the due date 
for the final report required in 
§ 1039.730. The emission credits used to 
address the deficit may come from your 
other engine families that generate 
emission credits in the same model 
year, from emission credits you have 
banked from previous model years, or 
from emission credits generated in the 

same or previous model years that you 
obtained through trading. 
■ 173. Section 1039.725 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1039.725 What must I include in my 
application for certification? 

* * * * * 
(b) * * * 
(2) Detailed calculations of projected 

emission credits (positive or negative) 
based on projected production volumes. 
We may require you to include similar 
calculations from your other engine 
families to demonstrate that you will be 
able to avoid negative credit balances 
for the model year. If you project 
negative emission credits for a family, 
state the source of positive emission 
credits you expect to use to offset the 
negative emission credits. 
■ 174. Section 1039.730 is amended by 
revising paragraphs (b)(1), (b)(4), (c)(2), 
and (d) to read as follows: 

§ 1039.730 What ABT reports must I send 
to EPA? 

* * * * * 
(b) * * * 
(1) Engine-family designation and 

averaging set. 
* * * * * 

(4) The projected and actual U.S.- 
directed production volumes for the 
model year. If you changed an FEL 
during the model year, identify the 
actual U.S.-directed production volume 
associated with each FEL. 
* * * * * 

(c) * * * 
(2) State whether you will retain any 

emission credits for banking. If you 
choose to retire emission credits that 
would otherwise be eligible for banking, 
identify the engine families that 
generated the emission credits, 
including the number of emission 
credits from each family. 
* * * * * 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The averaging set corresponding 
to the engine families that generated 
emission credits for the trade, including 
the number of emission credits from 
each averaging set. 

(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
for each averaging set. 
* * * * * 

■ 175. Section 1039.735 is amended by 
revising paragraphs (a) and (b) to read 
as follows: 

§ 1039.735 What records must I keep? 

(a) You must organize and maintain 
your records as described in this 
section. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
engines if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. 
* * * * * 

■ 176. Section 1039.740 is amended by 
revising paragraph (a) to read as follows: 

§ 1039.740 What restrictions apply for 
using emission credits? 

* * * * * 
(a) Averaging sets. Emission credits 

may be exchanged only within an 
averaging set. For emission credits 
generated by Tier 4 engines, there are 
two averaging sets—one for engines at 
or below 560 kW and another for 
engines above 560 kW. 
* * * * * 

Subpart I—Definitions and Other 
Reference Information 

■ 177. Section 1039.801 is amended as 
follows: 
■ a. By revising the definitions of 
‘‘Aircraft’’ and ‘‘Designated Compliance 
Officer’’. 
■ b. By removing the definition for 
‘‘Designated Enforcement Officer’’. 
■ c. By adding definitions for ‘‘Dual- 
fuel’’ and ‘‘Flexible-fuel’’ in alphabetical 
order. 
■ d. By revising paragraph (1)(i) of the 
definition of ‘‘Model year’’ and the 
definitions of ‘‘Owners manual’’ and 
‘‘Placed into service’’. 
■ e. By removing the definition for 
‘‘Point of first retail sale’’. 
■ f. By revising the definition for 
‘‘Sulfur-sensitive technology’’. 

The revisions and additions read as 
follows: 

§ 1039.801 What definitions apply to this 
part? 

* * * * * 
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Aircraft means any vehicle capable of 
sustained air travel more than 100 feet 
above the ground. 
* * * * * 

Designated Compliance Officer means 
the Director, Diesel Engine Compliance 
Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; complianceinfo@
epa.gov; epa.gov/otaq/verify. 
* * * * * 

Dual-fuel means relating to an engine 
designed for operation on two different 
fuels but not on a continuous mixture of 
those fuels (see § 1039.601(b)). For 
purposes of this part, such an engine 
remains a dual-fuel engine even if it is 
designed for operation on three or more 
different fuels. 
* * * * * 

Flexible-fuel means relating to an 
engine designed for operation on any 
mixture of two or more different fuels 
(see § 1039.601(b)). 
* * * * * 

Model year means one of the 
following things: 

(1) * * * 
(i) Calendar year of production. 

* * * * * 
Owners manual means a document or 

collection of documents prepared by the 
engine manufacturer for the owner or 
operator to describe appropriate engine 
maintenance, applicable warranties, and 
any other information related to 
operating or keeping the engine. The 
owners manual is typically provided to 
the ultimate purchaser at the time of 
sale. The owners manual may be in 
paper or electronic format. 
* * * * * 

Placed into service means put into 
initial use for its intended purpose. 
Engines and equipment do not qualify 
as being ‘‘placed into service’’ based on 
incidental use by a manufacturer or 
dealer. 
* * * * * 

Sulfur-sensitive technology means an 
emission control technology that 
experiences a significant drop in 
emission control performance or 
emission-system durability when an 
engine is operated on low-sulfur diesel 
fuel (i.e., fuel with a sulfur 
concentration of 300 to 500 ppm) as 
compared to when it is operated on 
ultra-low sulfur diesel fuel (i.e., fuel 
with a sulfur concentration less than 15 
ppm). Exhaust gas recirculation is not a 
sulfur-sensitive technology. 
* * * * * 

■ 178. Section 1039.815 is revised to 
read as follows: 

§ 1039.815 What provisions apply to 
confidential information? 

The provisions of 40 CFR 1068.10 
apply for information you consider 
confidential. 
■ 179. Section 1039.825 is revised to 
read as follows: 

§ 1039.825 What reporting and 
recordkeeping requirements apply under 
this part? 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You are 
expected to keep your own copy of 
required records rather than relying on 
someone else to keep records on your 
behalf. We may review these records at 
any time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1039.255, 40 
CFR 1068.25, and 40 CFR 1068.101 
describe your obligation to report 
truthful and complete information. This 
includes information not related to 
certification. Failing to properly report 
information and keep the records we 
specify violates 40 CFR 1068.101(a)(2), 
which may involve civil or criminal 
penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1039.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. We may require 
you to send us these records whether or 
not you are a certificate holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 
require for engines and equipment 
regulated under this part: 

(1) We specify the following 
requirements related to engine 
certification in this part 1039: 

(i) In § 1039.20 we require engine 
manufacturers to label stationary 
engines that do not meet the standards 
in this part. 

(ii) In § 1039.135 we require engine 
manufacturers to keep certain records 

related to duplicate labels sent to 
equipment manufacturers. 

(iii) [Reserved] 
(iv) In subpart C of this part we 

identify a wide range of information 
required to certify engines. 

(v) [Reserved] 
(vi) In subpart G of this part we 

identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. For example, equipment 
manufacturers must submit reports and 
keep records related to the flexibility 
provisions in § 1039.625. 

(vii) In § 1039.725, 1039.730, and 
1039.735 we specify certain records 
related to averaging, banking, and 
trading. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1065: 

(i) In 40 CFR 1065.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1065.10 and 1065.12 we 
specify information needs for 
establishing various changes to 
published test procedures. 

(iii) In 40 CFR 1065.25 we establish 
basic guidelines for storing test 
information. 

(iv) In 40 CFR 1065.695 we identify 
the specific information and data items 
to record when measuring emissions. 

(3) We specify the following 
requirements related to the general 
compliance provisions in 40 CFR part 
1068: 

(i) In 40 CFR 1068.5 we establish a 
process for evaluating good engineering 
judgment related to testing and 
certification. 

(ii) In 40 CFR 1068.25 we describe 
general provisions related to sending 
and keeping information. 

(iii) In 40 CFR 1068.27 we require 
manufacturers to make engines available 
for our testing or inspection if we make 
such a request. 

(iv) In 40 CFR 1068.105 we require 
equipment manufacturers to keep 
certain records related to duplicate 
labels from engine manufacturers. 

(v) In 40 CFR 1068.120 we specify 
recordkeeping related to rebuilding 
engines. 

(vi) In 40 CFR part 1068, subpart C, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various exemptions. 

(vii) In 40 CFR part 1068, subpart D, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to importing engines. 

(viii) In 40 CFR 1068.450 and 
1068.455 we specify certain records 
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related to testing production-line 
engines in a selective enforcement 
audit. 

(ix) In 40 CFR 1068.501 we specify 
certain records related to investigating 
and reporting emission-related defects. 

(x) In 40 CFR 1068.525 and 1068.530 
we specify certain records related to 
recalling nonconforming engines. 

(xi) In 40 CFR part 1068, subpart G, 
we specify certain records for requesting 
a hearing. 

PART 1042—CONTROL OF EMISSIONS 
FROM NEW AND IN-USE MARINE 
COMPRESSION-IGNITION ENGINES 
AND VESSELS 

■ 180. The authority citation for part 
1042 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Overview and Applicability 

■ 181. Section 1042.1 is amended by 
revising paragraphs (a) and (c) 
introductory text to read as follows: 

§ 1042.1 Applicability. 

* * * * * 
(a) The emission standards of this part 

1042 for freshly manufactured engines 
apply for new marine engines starting 
with the model years noted in the 
following table: 

TABLE 1 TO § 1042.1—PART 1042 APPLICABILITY BY MODEL YEAR 

Engine category Maximum engine power a Displacement (L/cyl) or application Model year 

Category 1 ..................... kW < 75 ................................................................ disp.< 0.9 .............................................................. b 2009 
75 ≤ kW ≤ 3700 .................................................... disp.< 0.9 .............................................................. 2012 

0.9 ≤ disp. < 1.2 ................................................... 2013 
1.2 ≤ disp. < 2.5 ................................................... 2014 
2.5 ≤ disp. < 3.5 ................................................... 2013 
3.5 ≤ disp. < 7.0 ................................................... 2012 

kW > 3700 ............................................................ All .......................................................................... 2014 
Category 2 ..................... kW ≤ 3700 ............................................................ 7.0 ≤ disp. < 15.0 ................................................. 2013 

kW > 3700 ............................................................ 7.0 ≤ disp. < 15.0 ................................................. 2014 
All .......................................................................... 15 ≤ disp. < 30 ..................................................... 2014 

Category 3 ..................... All .......................................................................... disp. ≥ 30 .............................................................. 2011 

a See § 1042.140, which describes how to determine maximum engine power. 
b See Table 1 of § 1042.101 for the first model year in which this part 1042 applies for engines with maximum engine power below 75 kW and 

displacement at or above 0.9 L/cyl. 

* * * * * 
(c) Freshly manufactured engines 

with maximum engine power at or 
above 37 kW and originally 
manufactured and certified before the 
model years identified in Table 1 to this 
section are subject to emission 
standards and requirements of 40 CFR 
part 94. The provisions of this part 1042 
do not apply for such engines certified 
under 40 CFR part 94, except as follows 
beginning June 29, 2010: 
* * * * * 
■ 182. Section 1042.2 is revised to read 
as follows: 

§ 1042.2 Who is responsible for 
compliance? 

The regulations in this part 1042 
contain provisions that affect both 
engine manufacturers and others. 
However, the requirements of this part, 
other than those of subpart I of this part, 
are generally addressed to the engine 
manufacturer for freshly manufactured 
marine engines or other certificate 
holders. The term ‘‘you’’ generally 
means the engine manufacturer, as 

defined in § 1042.901, especially for 
issues related to certification (including 
production-line testing, reporting, etc.). 
Note that for engines that become new 
after being placed into service (such as 
engines converted from highway or 
stationary use, or engines installed on 
vessels that are reflagged to become U.S. 
vessels), the requirements that normally 
apply for manufacturers of freshly 
manufactured engines apply to the 
importer or any other entity we allow to 
obtain a certificate of conformity. 
■ 183. Section 1042.30 is revised to read 
as follows: 

§ 1042.30 Submission of information. 
Unless we specify otherwise, send all 

reports and requests for approval to the 
Designated Compliance Officer (see 
§ 1042.901). See § 1042.925 for 
additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and 
Related Requirements 

■ 184. Section 1042.101 is amended by 
revising the section heading and 

paragraphs (a), (b), (c), and (d)(1)(ii) to 
read as follows: 

§ 1042.101 Exhaust emission standards 
for Category 1 and Category 2 engines. 

(a) Duty-cycle standards. Exhaust 
emissions from your engines may not 
exceed emission standards, as follows: 

(1) Measure emissions using the test 
procedures described in subpart F of 
this part. 

(2) The following CO emission 
standards in this paragraph (a)(2) apply 
starting with the applicable model year 
identified in § 1042.1: 

(i) 8.0 g/kW-hr for engines below 8 
kW. 

(ii) 6.6 g/kW-hr for engines at or above 
8 kW and below 19 kW. 

(iii) 5.5 g/kW-hr for engines at or 
above 19 kW and below 37 kW. 

(iv) 5.0 g/kW-hr for engines at or 
above 37 kW. 

(3) Except as described in paragraphs 
(a)(4) and (5) of this section, the Tier 3 
standards for PM and NOX+HC 
emissions are described in the following 
tables: 

TABLE 1 TO § 1042.101—TIER 3 STANDARDS FOR CATEGORY 1 ENGINES BELOW 3700 KW a 

Power density and application Displacement 
(L/cyl) 

Maximum 
engine power Model year PM 

(g/kW-hr) 
NOX+HC 

(g/kW-hr) b 

All ........................................................................ disp. < 0.9 ...................... kW < 19 ......... 2009+ 0.40 7.5 
19 ≤ kW < 75 2009–2013 0.30 7.5 

2014+ c 0.30 c 4.7 
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TABLE 1 TO § 1042.101—TIER 3 STANDARDS FOR CATEGORY 1 ENGINES BELOW 3700 KW a—Continued 

Power density and application Displacement 
(L/cyl) 

Maximum 
engine power Model year PM 

(g/kW-hr) 
NOX+HC 

(g/kW-hr) b 

Commercial engines with kW/L ≤ 35 .................. disp. < 0.9 ...................... kW ≥ 75 ......... 2012+ 0.14 5.4 
0.9 ≤ disp. < 1.2 ............. all ................... 2013+ 0.12 5.4 
1.2 ≤ disp. < 2.5 ............. kW < 600 ....... 2014–2017 0.11 5.6 

2018+ 0.10 5.6 
kW ≥ 600 ....... 2014+ 0.11 5.6 

2.5 ≤ disp. < 3.5 ............. kW < 600 ....... 2013–2017 0.11 5.6 
2018+ 0.10 5.6 

kW ≥ 600 ....... 2013+ 0.11 5.6 
3.5 ≤ disp. < 7.0 ............. kW < 600 ....... 2012–2017 0.11 5.8 

2018+ 0.10 5.8 
kW ≥ 600 ....... 2012+ 0.11 5.8 

Commercial engines with kW/L > 35, and all 
recreational engines ≥ 75 kW.

disp. < 0.9 ...................... kW ≥ 75 ......... 2012+ 0.15 5.8 

0.9 ≤ disp. < 1.2 ............. all ................... 2013+ 0.14 5.8 
1.2 ≤ disp. < 2.5 2014+ 0.12 5.8 
2.5 ≤ disp. < 3.5 2013+ 0.12 5.8 
3.5 ≤ disp. < 7.0 2012+ 0.11 5.8 

a No Tier 3 standards apply for commercial Category 1 engines at or above 3700 kW. See § 1042.1(c) and paragraph (a)(7) of this section for 
the standards that apply for these engines. 

b The applicable NOX+HC standards specified for Tier 2 engines in Appendix I of this part continue to apply instead of the values noted in the 
table for commercial engines at or above 2000 kW. FELs for these engines may not be higher than the Tier 1 NOX standard specified in Appen-
dix I of this part. 

c See paragraph (a)(4) of this section for alternative PM and NOX+HC standards for engines at or above 19 kW and below 75 kW with dis-
placement below 0.9 L/cyl. 

TABLE 2 TO § 1042.101— TIER 3 STANDARDS FOR CATEGORY 2 ENGINES BELOW 3700 KW a 

Displacement 
(L/cyl) Maximum engine power Model year PM 

(g/kW-hr) 
NOX+HC 
(g/kW-hr) 

7.0 ≤ disp. < 15.0 ............................................ kW < 2000 ...................................................... 2013+ 0.14 6.2 
2000 ≤ kW ≤ 3700 ......................................... 2013+ 0.14 b 7.8 

15.0 ≤ disp. < 20.0 c ........................................ kW < 2000 ...................................................... 2014+ 0.34 7.0 
20.0 ≤ disp. < 25.0 c ........................................ kW < 2000 ...................................................... 2014+ 0.27 9.8 
25.0 ≤ disp. < 30.0 c ........................................ kW < 2000 ...................................................... 2014+ 0.27 11.0 

a The Tier 3 standards in this table do not apply for Category 2 engines at or above 2000 kW with per-cylinder displacement at or above 15.0 
liters, or for any Category 2 engines at or above 3700 kW. See § 1042.1(c) and paragraphs (a)(6) through (8) of this section for the standards 
that apply for these engines. 

b For engines subject to the 7.8 g/kW-hr NOX+HC standard, FELs may not be higher than the Tier 1 NOX standards specified in Appendix I of 
this part. 

c There are no Tier 3 standards for Category 2 engines with per-cylinder displacement at or above 15 and 20 liters with maximum engine 
power at or above 2000 kW. See paragraphs (a)(6) and (7) of this section for the Tier 4 standards that apply for these engines starting with the 
2014 model year. 

(4) For Tier 3 engines at or above 19 
kW and below 75 kW with displacement 
below 0.9 L/cyl, you may alternatively 
certify some or all of your engine 
families to a PM emission standard of 
0.20 g/kW-hr and a NOX+HC emission 
standard of 5.8 g/kW-hr for 2014 and 
later model years. 

(5) Starting with the 2014 model year, 
recreational marine engines at or above 
3700 kW (with any displacement) must 
be certified under this part 1042 to the 
Tier 3 standards specified in this section 
for 3.5 to 7.0 L/cyl recreational marine 
engines. 

(6) Interim Tier 4 p.m. standards 
apply for 2014 and 2015 model year 
engines between 2000 and 3700 kW as 
specified in this paragraph (a)(6). These 
engines are considered to be Tier 4 
engines. 

(i) For Category 1 engines, the Tier 3 
p.m. standards from Table 1 to this 
section continue to apply. PM FELs for 
these engines may not be higher than 
the applicable Tier 2 p.m. standards 
specified in Appendix I of this part. 

(ii) For Category 2 engines with per- 
cylinder displacement below 15.0 liters, 
the Tier 3 p.m. standards from Table 2 
to this section continue to apply. PM 

FELs for these engines may not be 
higher than 0.27 g/kW-hr. 

(iii) For Category 2 engines with per- 
cylinder displacement at or above 15.0 
liters, the PM standard is 0.34 g/kW-hr 
for engines at or above 2000 kW and 
below 3300 kW, and 0.27 g/kW-hr for 
engines at or above 3300 kW and below 
3700 kW. PM FELs for these engines 
may not be higher than 0.50 g/kW-hr. 

(7) Except as described in paragraph 
(a)(8) of this section, the Tier 4 
standards for PM, NOX, and HC 
emissions are described in the following 
table: 

TABLE 3 TO § 1042.101—TIER 4 STANDARDS FOR CATEGORY 2 AND COMMERCIAL CATEGORY 1 ENGINES AT OR ABOVE 
600 KW 

Maximum engine power Displacement 
(L/cyl) Model year PM 

(g/kW-hr) 
NOX 

(g/kW-hr) 
HC 

(g/kW-hr) 

600 ≤ kW < 1400 ............................... all ..................................................... 2017+ 0.04 1.8 0.19 
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TABLE 3 TO § 1042.101—TIER 4 STANDARDS FOR CATEGORY 2 AND COMMERCIAL CATEGORY 1 ENGINES AT OR ABOVE 
600 KW—Continued 

Maximum engine power Displacement 
(L/cyl) Model year PM 

(g/kW-hr) 
NOX 

(g/kW-hr) 
HC 

(g/kW-hr) 

1400 ≤ kW < 2000 ............................. all ..................................................... 2016+ 0.04 1.8 0.19 
2000 ≤ kW ≤ 3700 a ........................... all ..................................................... 2014+ 0.04 1.8 0.19 
kW > 3700 ......................................... disp. < 15.0 ...................................... 2014–2015 0.12 1.8 0.19 

15.0 ≤ disp. < 30.0 ........................... 2014–2015 0.25 1.8 0.19 
all ..................................................... 2016+ 0.06 1.8 0.19 

a See paragraph (a)(6) of this section for interim PM standards that apply for model years 2014 and 2015 for engines between 2000 and 3700 
kW. The Tier 4 NOX FEL cap for engines at or above 2000 kW and below 3700 kW is 7.0 g/kW-hr. Starting in the 2016 model year, the Tier 4 
PM FEL cap for engines at or above 2000 kW and below 3700 kW is 0.34 g/kW-hr. 

(8) The following optional provisions 
apply for complying with the Tier 3 and 
Tier 4 standards specified in paragraphs 
(a)(3) through (7) of this section: 

(i) You may use NOX credits 
accumulated through the ABT program 
to certify Tier 4 engines to a NOX+HC 
emission standard of 1.9 g/kW-hr 
instead of the NOX and HC standards 
that would otherwise apply by 
certifying your family to a NOX+HC 
FEL. Calculate the NOX credits needed 
as specified in subpart H of this part 
using the NOX+HC emission standard 
and FEL in the calculation instead of the 
otherwise applicable NOX standard and 

FEL. You may not generate credits 
relative to the alternate standard or 
certify to the standard without using 
credits. 

(ii) For engines below 1000 kW, you 
may delay complying with the Tier 4 
standards in the 2017 model year for up 
to nine months, but you must comply 
no later than October 1, 2017. 

(iii) For engines at or above 3700 kW, 
you may delay complying with the Tier 
4 standards in the 2016 model year for 
up to twelve months, but you must 
comply no later than December 31, 
2016. 

(iv) For Category 2 engines at or above 
1400 kW, you may alternatively comply 
with the Tier 3 and Tier 4 standards 
specified in Table 4 of this section 
instead of the NOX, HC, NOX+HC, and 
PM standards specified in paragraphs 
(a)(3) through (7) of this section. The CO 
standards specified in paragraph (a)(2) 
of this section apply without regard to 
whether you choose this option. If you 
choose this option, you must do so for 
all engines at or above 1400 kW in the 
same displacement category (that is, 7– 
15, 15–20, 20–25, or 25–30 liters per 
cylinder) in model years 2012 through 
2015. 

TABLE 4 TO § 1042.101—OPTIONAL TIER 3 AND TIER 4 STANDARDS FOR CATEGORY 2 ENGINES AT OR ABOVE 1400 KW 

Tier Maximum engine power Model year PM 
(g/kW-hr) 

NOX 
(g/kW-hr) 

HC 
(g/kW-hr) 

Tier 3 ............................. kW ≥ 1400 ........................................................... 2012–2014 0.14 7.8 NOX+HC ........................
Tier 4 ............................. 1400 ≤ kW ≤ 3700 ............................................... 2015 0.04 1.8 0.19 

kW > 3700 ........................................................... 2015 0.06 1.8 0.19 

(b) Averaging, banking, and trading. 
You may generate or use emission 
credits under the averaging, banking, 
and trading (ABT) program as described 
in subpart H of this part for 
demonstrating compliance with NOX, 
NOX+HC, and PM emission standards 
for Category 1 and Category 2 engines. 
You may also use NOX or NOX+HC 
emission credits to comply with the 
alternate NOX+HC standard in 
paragraph (a)(8)(i) of this section. 
Generating or using emission credits 
requires that you specify a family 
emission limit (FEL) for each pollutant 
you include in the ABT program for 
each engine family. These FELs serve as 
the emission standards for the engine 
family with respect to all required 
testing instead of the standards 
specified in paragraph (a) of this 
section. The FELs determine the not-to- 
exceed standards for your engine family, 
as specified in paragraph (c) of this 
section. Unless otherwise specified, the 
following FEL caps apply: 

(1) FELs for Tier 3 engines may not be 
higher than the applicable Tier 2 
standards specified in Appendix I of 
this part. 

(2) FELs for Tier 4 engines may not be 
higher than the applicable Tier 3 
standards specified in paragraph (a)(3) 
of this section. 

(3) The following FEL caps apply for 
engines at or above 3700 kW that are not 
subject to Tier 3 standards under 
paragraph (a)(3) of this section: 

(i) FELs may not be higher than the 
applicable Tier 1 NOX standards 
specified in Appendix I of this part 
before the Tier 4 standards start to 
apply. 

(ii) FELs may not be higher than the 
applicable Tier 2 NOX+THC standards 
specified in Appendix I of this part after 
the Tier 4 standards start to apply. 

(c) Not-to-exceed standards. Except as 
noted in § 1042.145(e), exhaust 
emissions from all engines subject to the 
requirements of this part may not 
exceed the not-to-exceed (NTE) 
standards as follows: 

(1) Use the following equation to 
determine the NTE standards: 
(i) NTE standard for each pollutant = 

STD × M. 
Where: 
STD = The standard specified for that 

pollutant in this section if you certify 
without using ABT for that pollutant; or 
the FEL for that pollutant if you certify 
using ABT. 

M = The NTE multiplier for that pollutant. 

(ii) Round each NTE standard to the 
same number of decimal places as the 
emission standard. 

(2) Determine the applicable NTE 
zone and subzones as described in 
§ 1042.515. Determine NTE multipliers 
for specific zones and subzones and 
pollutants as follows: 

(i) For marine engines certified using 
the duty cycle specified in 
§ 1042.505(b)(1), except for variable- 
speed propulsion marine engines used 
with controllable-pitch propellers or 
with electrically coupled propellers, 
apply the following NTE multipliers: 
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(A) Subzone 1: 1.2 for Tier 3 NOX+HC 
standards. 

(B) Subzone 1: 1.5 for Tier 4 standards 
and Tier 3 p.m. and CO standards. 

(C) Subzone 2: 1.5 for Tier 4 NOX and 
HC standards and for Tier 3 NOX+HC 
standards. 

(D) Subzone 2: 1.9 for PM and CO 
standards. 

(ii) For recreational marine engines 
certified using the duty cycle specified 
in § 1042.505(b)(2), except for variable- 
speed marine engines used with 
controllable-pitch propellers or with 
electrically coupled propellers, apply 
the following NTE multipliers: 

(A) Subzone 1: 1.2 for Tier 3 NOX+HC 
standards. 

(B) Subzone 1: 1.5 for Tier 3 p.m. and 
CO standards. 

(C) Subzones 2 and 3: 1.5 for Tier 3 
NOX+HC standards. 

(D) Subzones 2 and 3: 1.9 for PM and 
CO standards. 

(iii) For variable-speed marine 
engines used with controllable-pitch 
propellers or with electrically coupled 
propellers that are certified using the 
duty cycle specified in § 1042.505(b)(1), 
(2), or (3), apply the following NTE 
multipliers: 

(A) Subzone 1: 1.2 for Tier 3 NOX+HC 
standards. 

(B) Subzone 1: 1.5 for Tier 4 standards 
and Tier 3 p.m. and CO standards. 

(C) Subzone 2: 1.5 for Tier 4 NOX and 
HC standards and for Tier 3 NOX+HC 
standards. 

(D) Subzone 2: 1.9 for PM and CO 
standards. However, there is no NTE 
standard in Subzone 2b for PM 
emissions if the engine family’s 
applicable standard for PM is at or 
above 0.07 g/kW-hr. 

(iv) For constant-speed engines 
certified using a duty cycle specified in 
§ 1042.505(b)(3) or (4), apply the 
following NTE multipliers: 

(A) Subzone 1: 1.2 for Tier 3 NOX+HC 
standards. 

(B) Subzone 1: 1.5 for Tier 4 standards 
and Tier 3 p.m. and CO standards. 

(C) Subzone 2: 1.5 for Tier 4 NOX and 
HC standards and for Tier 3 NOX+HC 
standards. 

(D) Subzone 2: 1.9 for PM and CO 
standards. However, there is no NTE 
standard for PM emissions if the engine 
family’s applicable standard for PM is at 
or above 0.07 g/kW-hr. 

(v) For variable-speed auxiliary 
marine engines certified using the duty 
cycle specified in § 1042.505(b)(5)(ii) or 
(iii): 

(A) Subzone 1: 1.2 for Tier 3 NOX+HC 
standards. 

(B) Subzone 1: 1.5 for Tier 4 standards 
and Tier 3 p.m. and CO standards. 

(C) Subzone 2: 1.2 for Tier 3 NOX+HC 
standards. 

(D) Subzone 2: 1.5 for Tier 4 standards 
and Tier 3 p.m. and CO standards. 
However, there is no NTE standard for 
PM emissions if the engine family’s 
applicable standard for PM is at or 
above 0.07 g/kW-hr. 

(3) The NTE standards apply to your 
engines whenever they operate within 
the NTE zone for an NTE sampling 
period of at least thirty seconds, during 
which only a single operator demand set 
point may be selected. Engine operation 
during a change in operator demand is 
excluded from any NTE sampling 
period. There is no maximum NTE 
sampling period. 

(4) Collect emission data for 
determining compliance with the NTE 
standards using the procedures 
described in subpart F of this part. 

(5) You may ask us to accept as 
compliant an engine that does not fully 
meet specific requirements under the 
applicable NTE standards where such 
deficiencies are necessary for safety. 

(d) * * * 
(1) * * * 
(ii) Gaseous-fueled engines must 

comply with HC standards based on 
nonmethane-nonethane hydrocarbon 
emissions. 
* * * * * 
■ 185. Section 1042.104 is amended by 
revising paragraph (a)(2) to read as 
follows: 

§ 1042.104 Exhaust emission standards 
for Category 3 engines. 

(a) * * * 
(2) NOX standards apply based on the 

engine’s model year and maximum in- 
use engine speed as shown in the 
following table: 

TABLE 1 TO § 1042.104—NOX EMISSION STANDARDS FOR CATEGORY 3 ENGINES (G/KW-HR) 

Emission standards Model year 

Maximum in-use engine speed 

Less than 130 
RPM 

130–2000 
RPM a 

Over 2000 
RPM 

Tier 1 ..................................... 2004–2010 b .......................................................................... 17.0 45.0 · n(¥0.20) ... 9.8 
Tier 2 ..................................... 2011–2015 ............................................................................ 14.4 44.0 · n(¥0.23) ... 7.7 
Tier 3 c ................................... 2016 and later ...................................................................... 3.4 9.0 · n(¥0.20) ..... 2.0 

a Applicable standards are calculated from n (maximum in-use engine speed, in RPM, as specified in § 1042.140). Round the standards to one 
decimal place. 

b Tier 1 NOX standards apply as specified in 40 CFR part 94 for engines originally manufactured in model years 2004 through 2010. They are 
shown here only for reference. 

c For engines designed with on-off controls as specified in § 1042.115(g), the Tier 2 standards continue to apply any time the engine has dis-
abled its Tier 3 NOX emission controls. 

* * * * * 
■ 186. Section 1042.110 is amended by 
revising paragraphs (a)(1) and (d) and 
removing and reserving paragraph (b). 

The revisions read as follows: 

§ 1042.110 Recording reductant use and 
other diagnostic functions. 

(a) * * * 
(1) The diagnostic system must 

monitor reductant quality and tank 
levels and alert operators to the need to 
refill the reductant tank before it is 
empty, or to replace the reductant if it 

does not meet your concentration 
specifications. Unless we approve other 
alerts, use a malfunction-indicator light 
(MIL) and an audible alarm. You do not 
need to separately monitor reductant 
quality if your system uses input from 
an exhaust NOX sensor (or other sensor) 
to alert operators when reductant 
quality is inadequate. However, tank 
level must be monitored in all cases. 
* * * * * 

(d) For Category 3 engines equipped 
with on-off NOX controls (as allowed by 

§ 1042.115(g)), you must also equip your 
engine to continuously monitor NOX 
concentrations in the exhaust. See 
§ 1042.650 to determine if this 
requirement applies for a given Category 
1 or Category 2 engine. For 
measurement technologies involving 
discrete sampling events, measurements 
are considered continuous if they repeat 
at least once every 60 seconds; we may 
approve a longer sampling period if it is 
necessary or appropriate for sufficiently 
accurate measurements. Describe your 
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system for onboard NOX measurements 
in your application for certification. Use 
good engineering judgment to alert 
operators if measured NOX 
concentrations indicate malfunctioning 
emission controls. Record any such 
operation in nonvolatile computer 
memory. You are not required to 
monitor NOX concentrations during 
operation for which the emission 
controls may be disabled under 
§ 1042.115(g). For the purpose of this 
paragraph (d), ‘‘malfunctioning 
emission controls’’ means any condition 
in which the measured NOX 
concentration exceeds the highest value 
expected when the engine is in 
compliance with the installed engine 
standard of § 1042.104(g). Use good 
engineering judgment to determine 
these expected values during 
production-line testing of the engine 
using linear interpolation between test 
points and accounting for the degree to 
which the cycle-weighted emissions of 
the engine are below the standard. You 
may also use additional intermediate 
test points measured during the 
production-line test. Note that the 
provisions of paragraph (a) of this 
section also apply for SCR systems 
covered by this paragraph (d). For 
engines subject to both the provisions of 
paragraph (a) of this section and this 
paragraph (d), use good engineering 
judgment to integrate diagnostic features 
to comply with both paragraphs. For 
example, engines may use on-off NOX 
controls to disable certain emission 
control functions only if the diagnostic 
system indicates that the monitoring 
described in this paragraph (d) is active. 
■ 187. Section 1042.120 is amended by 
revising paragraph (b) introductory text 
to read as follows: 

§ 1042.120 Emission-related warranty 
requirements. 
* * * * * 

(b) Warranty period. Your emission- 
related warranty must be valid for at 
least as long as the minimum warranty 
periods listed in this paragraph (b) in 
hours of operation and years, whichever 
comes first. You may offer an emission- 
related warranty more generous than we 
require. The emission-related warranty 
for the engine may not be shorter than 
any basic mechanical warranty you 
provide without charge for the engine. 
Similarly, the emission-related warranty 
for any component may not be shorter 
than any warranty you provide without 
charge for that component. This means 
that your warranty may not treat 
emission-related and nonemission- 
related defects differently for any 
component. If an engine has no hour 
meter, we base the warranty periods in 

this paragraph (b) only on the engine’s 
age (in years). The warranty period 
begins when the engine is placed into 
service. The following minimum 
warranty periods apply: 
* * * * * 
■ 188. Section 1042.125 is amended by 
revising paragraphs (a)(2)(i), (a)(3)(i), (c), 
(e), and (f) introductory text to read as 
follows: 

§ 1042.125 Maintenance instructions. 

* * * * * 
(a) * * * 
(2) * * * 
(i) For EGR-related filters and coolers, 

DEF filters, crankcase ventilation valves 
and filters, and fuel injector tips 
(cleaning only), the minimum interval is 
1,500 hours. 
* * * * * 

(3) * * * 
(i) For EGR-related filters and coolers, 

DEF filters, crankcase ventilation valves 
and filters, and fuel injector tips 
(cleaning only), the minimum interval is 
1,500 hours. 
* * * * * 

(c) Special maintenance. You may 
specify more frequent maintenance to 
address problems related to special 
situations, such as atypical engine 
operation. You must clearly state that 
this additional maintenance is 
associated with the special situation you 
are addressing. You may also address 
maintenance of low-use engines (such 
as recreational or stand-by engines) by 
specifying the maintenance interval in 
terms of calendar months or years in 
addition to your specifications in terms 
of engine operating hours. All special 
maintenance instructions must be 
consistent with good engineering 
judgment. We may disapprove your 
maintenance instructions if we 
determine that you have specified 
special maintenance steps to address 
maintenance that is unlikely to occur in 
use, or engine operation that is not 
atypical. For example, this paragraph (c) 
does not allow you to design engines 
that require special maintenance for a 
certain type of expected operation. If we 
determine that certain maintenance 
items do not qualify as special 
maintenance under this paragraph (c), 
you may identify this as recommended 
additional maintenance under 
paragraph (b) of this section. 
* * * * * 

(e) Maintenance that is not emission- 
related. For maintenance unrelated to 
emission controls, you may schedule 
any amount of inspection or 
maintenance. You may also take these 
inspection or maintenance steps during 
service accumulation on your emission- 

data engines, as long as they are 
reasonable and technologically 
necessary. This might include adding 
engine oil, changing air, fuel, or oil 
filters, servicing engine-cooling systems, 
and adjusting idle speed, governor, 
engine bolt torque, valve lash, or 
injector lash. You may not perform this 
nonemission-related maintenance on 
emission-data engines more often than 
the least frequent intervals that you 
recommend to the ultimate purchaser. 

(f) Source of parts and repairs. State 
clearly in your written maintenance 
instructions that a repair shop or person 
of the owner’s choosing may maintain, 
replace, or repair emission control 
devices and systems. Your instructions 
may not require components or service 
identified by brand, trade, or corporate 
name. Also, do not directly or indirectly 
condition your warranty on a 
requirement that the engine be serviced 
by your franchised dealers or any other 
service establishments with which you 
have a commercial relationship. You 
may disregard the requirements in this 
paragraph (f) if you do one of two 
things: 
* * * * * 
■ 189. Section 1042.130 is amended by 
revising paragraph (b) to read as follows: 

§ 1042.130 Installation instructions for 
vessel manufacturers. 
* * * * * 

(b) Make sure these instructions have 
the following information: 

(1) Include the heading: ‘‘Emission- 
related installation instructions’’. 

(2) State: ‘‘Failing to follow these 
instructions when installing a certified 
engine in a vessel violates federal law 
(40 CFR 1068.105(b)), subject to fines or 
other penalties as described in the Clean 
Air Act.’’ 

(3) Describe the instructions needed 
to properly install the exhaust system 
and any other components. Include 
instructions consistent with the 
requirements of § 1042.205(u). 

(4) Describe any necessary steps for 
installing the diagnostic system 
described in § 1042.110. 

(5) Describe how your certification is 
limited for any type of application. . For 
example, if your engines are certified 
only for constant-speed operation, tell 
vessel manufacturers not to install the 
engines in variable-speed applications 
or modify the governor. 

(6) Describe any other instructions to 
make sure the installed engine will 
operate according to design 
specifications in your application for 
certification. This may include, for 
example, instructions for installing 
aftertreatment devices when installing 
the engines. 
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(7) State: ‘‘If you install the engine in 
a way that makes the engine’s emission 
control information label hard to read 
during normal engine maintenance, you 
must place a duplicate label on the 
vessel, as described in 40 CFR 
1068.105.’’ 

(8) Describe any vessel labeling 
requirements specified in § 1042.135. 
* * * * * 
■ 190. Section 1042.135 is amended by 
revising paragraphs (b), (c), (d)(1), and 
(e) introductory text to read as follows: 

§ 1042.135 Labeling. 

* * * * * 
(b) At the time of manufacture, affix 

a permanent and legible label 
identifying each engine. The label must 
meet the requirements of 40 CFR 
1068.45. 

(c) The label must— 
(1) Include the heading ‘‘EMISSION 

CONTROL INFORMATION’’. 
(2) Include your full corporate name 

and trademark. You may identify 
another company and use its trademark 
instead of yours if you comply with the 
branding provisions of 40 CFR 1068.45. 

(3) Include EPA’s standardized 
designation for the engine family (and 
subfamily, where applicable). 

(4) Identify all the emission standards 
that apply to the engine (or FELs, if 
applicable). If you do not declare an FEL 
under subpart H of this part, you may 
alternatively state the engine’s category, 
displacement (in liters or L/cyl), 
maximum engine power (in kW), and 
power density (in kW/L) as needed to 
determine the emission standards for 
the engine family. You may specify 
displacement, maximum engine power, 
or power density as a range consistent 
with the ranges listed in § 1042.101. See 
§ 1042.140 for descriptions of how to 
specify per-cylinder displacement, 
maximum engine power, and power 
density. 

(5) State the date of manufacture 
[DAY (optional), MONTH, and YEAR]; 
however, you may omit this from the 
label if you stamp, engrave, or otherwise 
permanently identify it elsewhere on 
the engine, in which case you must also 
describe in your application for 
certification where you will identify the 
date on the engine. 

(6) Identify the application(s) for 
which the engine family is certified 
(such as constant-speed auxiliary, 
variable-speed propulsion engines used 
with fixed-pitch propellers, etc.). If the 
engine is certified as a recreational 
engine, state: ‘‘INSTALLING THIS 
RECREATIONAL ENGINE IN A 
COMMERCIAL VESSEL OR USING THE 
VESSEL FOR COMMERCIAL 

PURPOSES MAY VIOLATE FEDERAL 
LAW SUBJECT TO CIVIL PENALTY (40 
CFR 1042.601).’’ 

(7) For engines using sulfur-sensitive 
technologies, state: ‘‘ULTRA LOW 
SULFUR DIESEL FUEL ONLY’’. 

(8) State the useful life for your engine 
family if the applicable useful life is 
based on the provisions of 
§ 1042.101(e)(2) or (3), or 
§ 1042.104(d)(2). 

(9) Identify the emission control 
system. Use terms and abbreviations as 
described in 40 CFR 1068.45. You may 
omit this information from the label if 
there is not enough room for it and you 
put it in the owners manual instead. 

(10) State: ‘‘THIS MARINE ENGINE 
COMPLIES WITH U.S. EPA 
REGULATIONS FOR [MODEL YEAR].’’ 

(11) For a Category 1 or Category 2 
engine that can be modified to operate 
on residual fuel, but has not been 
certified to meet the standards on such 
a fuel, include the statement: ‘‘THIS 
ENGINE IS CERTIFIED FOR 
OPERATION ONLY WITH DIESEL 
FUEL. MODIFYING THE ENGINE TO 
OPERATE ON RESIDUAL OR 
INTERMEDIATE FUEL MAY BE A 
VIOLATION OF FEDERAL LAW 
SUBJECT TO CIVIL PENALTIES.’’ 

(12) For an engine equipped with on- 
off emission controls as allowed by 
§ 1042.115, include the statement: 
‘‘THIS ENGINE IS CERTIFIED WITH 
ON–OFF EMISSION CONTROLS. 
OPERATION OF THE ENGINE 
CONTRARY TO 40 CFR 1042.115(g) IS 
A VIOLATION OF FEDERAL LAW 
SUBJECT TO CIVIL PENALTIES.’’ 

(13) For engines intended for 
installation on domestic or public 
vessels, include the following statement: 
‘‘THIS ENGINE DOES NOT COMPLY 
WITH INTERNATIONAL MARINE 
REGULATIONS FOR COMMERCIAL 
VESSELS UNLESS IT IS ALSO 
COVERED BY AN EIAPP 
CERTIFICATE.’’ 

(d) * * * 
(1) You may identify other emission 

standards that the engine meets or does 
not meet (such as international 
standards), as long as this does not 
cause you to omit any of the information 
described in paragraphs (c)(5) through 
(9) of this section. You may add the 
information about the other emission 
standards to the statement we specify, 
or you may include it in a separate 
statement. 
* * * * * 

(e) For engines using sulfur-sensitive 
technologies, create a separate label 
with the statement: ‘‘ULTRA LOW 
SULFUR DIESEL FUEL ONLY’’. 
Permanently attach this label to the 

vessel near the fuel inlet or, if you do 
not manufacture the vessel, take one of 
the following steps to ensure that the 
vessel will be properly labeled: 
* * * * * 
■ 191. Section 1042.140 is amended by 
revising paragraph (e) to read as follows: 

§ 1042.140 Maximum engine power, 
displacement, power density, and maximum 
in-use engine speed. 
* * * * * 

(e) Throughout this part, references to 
a specific power value for an engine are 
based on maximum engine power. For 
example, the group of engines with 
maximum engine power below 600 kW 
may be referred to as engines below 600 
kW. 
* * * * * 

Subpart C—Certifying Engine Families 

■ 192. Section 1042.201 is amended by 
revising paragraphs (a) and (g) to read as 
follows: 

§ 1042.201 General requirements for 
obtaining a certificate of conformity. 

(a) You must send us a separate 
application for a certificate of 
conformity for each engine family. A 
certificate of conformity is valid for new 
production from the indicated effective 
date until the end of the model year for 
which it is issued, which may not 
extend beyond December 31 of that 
year. No certificate will be issued after 
December 31 of the model year. You 
may amend your application for 
certification after the end of the model 
year in certain circumstances as 
described in §§ 1042.220 and 1042.225. 
You must renew your certification 
annually for any engines you continue 
to produce. 
* * * * * 

(g) We may require you to deliver 
your test engines to a facility we 
designate for our testing (see 
§ 1042.235(c)). Alternatively, you may 
choose to deliver another engine that is 
identical in all material respects to the 
test engine, or another engine that we 
determine can appropriately serve as an 
emission-data engine for the engine 
family. 
* * * * * 
■ 193. Section 1042.205 is amended by 
revising paragraphs (g), (o), (r)(1), and 
(bb)(1) to read as follows: 

§ 1042.205 Application requirements. 
* * * * * 

(g) List the specifications of the test 
fuel (or mixture of test fuels) to show 
that they fall within the required ranges 
we specify in 40 CFR part 1065. 
* * * * * 
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(o) Present emission data for HC, 
NOX, PM, and CO on an emission-data 
engine to show your engines meet 
emission standards as specified in 
§§ 1042.101 or 1042.104. Note that you 
must submit PM data for all engines, 
whether or not a PM standard applies. 
Show emission figures before and after 
applying adjustment factors for 
regeneration and deterioration factors 
for each pollutant and for each engine. 
If we specify more than one grade of any 
fuel type (for example, high-sulfur and 
low-sulfur diesel fuel), you need to 
submit test data only for one grade, 
unless the regulations of this part 
specify otherwise for your engine. 
Include emission results for each mode 
for Category 3 engines or for other 
engines if you do discrete-mode testing 
under § 1042.505. For engines using on- 
off controls as described in 
§ 1042.115(g), include emission data 
demonstrating compliance with the Tier 
2 standards when the engines Tier 3 
NOX emission controls are disabled. 
Note that §§ 1042.235 and 1042.245 
allows you to submit an application in 
certain cases without new emission 
data. 
* * * * * 

(r) * * * 
(1) Report all valid test results 

involving measurement of pollutants for 
which emission standards apply. Also 
indicate whether there are test results 
from invalid tests or from any other tests 
of the emission-data engine, whether or 
not they were conducted according to 
the test procedures of subpart F of this 
part. We may require you to report these 
additional test results. We may ask you 
to send other information to confirm 
that your tests were valid under the 
requirements of this part and 40 CFR 
part 1065. 
* * * * * 

(bb) * * * 
(1) Describe your normal practice for 

importing engines. For example, this 
may include identifying the names and 
addresses of any agents you have 
authorized to import your engines. 
* * * * * 
■ 194. Section 1042.225 is amended by 
adding paragraphs (b)(4) and (g) to read 
as follows: 

§ 1042.225 Amending applications for 
certification. 

* * * * * 
(b) * * * 
(4) Include any other information 

needed to make your application correct 
and complete. 
* * * * * 

(g) You may produce engines as 
described in your amended application 

for certification and consider those 
engines to be in a certified configuration 
if we approve a new or modified engine 
configuration during the model year 
under paragraph (d) of this section. 
Similarly, you may modify in-use 
engines as described in your amended 
application for certification and 
consider those engines to be in a 
certified configuration if we approve a 
new or modified engine configuration at 
any time under paragraph (d) of this 
section. Modifying a new or in-use 
engine to be in a certified configuration 
does not violate the tampering 
prohibition of 40 CFR 1068.101(b)(1), as 
long as this does not involve changing 
to a certified configuration with a higher 
family emission limit. 
■ 195. Section 1042.235 is amended by 
revising paragraphs (b), (c) introductory 
text, (c)(4), and (d)(1) to read as follows: 

§ 1042.235 Emission testing related to 
certification. 

* * * * * 
(b) Test your emission-data engines 

using the procedures and equipment 
specified in subpart F of this part. In the 
case of dual-fuel engines, measure 
emissions when operating with each 
type of fuel for which you intend to 
certify the engine. In the case of flexible- 
fuel engines, measure emissions when 
operating with the fuel mixture that best 
represents in-use operation or is most 
likely to have the highest NOX 
emissions (or NOX+HC emissions for 
engines subject to NOX+HC standards), 
though you may ask us to instead to 
perform tests with both fuels separately 
if you can show that intermediate 
mixtures are not likely to occur in use. 
* * * * * 

(c) We may perform confirmatory 
testing by measuring emissions from 
any of your emission-data engines or 
other engines from the engine family, as 
follows: 
* * * * * 

(4) Before we test one of your engines, 
we may calibrate it within normal 
production tolerances for anything we 
do not consider an adjustable parameter. 
For example, this would apply for an 
engine parameter that is subject to 
production variability because it is 
adjustable during production, but is not 
considered an adjustable parameter (as 
defined in § 1042.901) because it is 
permanently sealed. For parameters that 
relate to a level of performance that is 
itself subject to a specified range (such 
as maximum power output), we will 
generally perform any calibration under 
this paragraph (c)(4) in a way that keeps 
performance within the specified range. 

(d) * * * 

(1) The engine family from the 
previous model year differs from the 
current engine family only with respect 
to model year, items identified in 
§ 1042.225(a), or other characteristics 
unrelated to emissions. We may waive 
this criterion for differences we 
determine not to be relevant. 
* * * * * 
■ 196. Section 1042.240 is amended by 
revising paragraph (c)(3), adding 
paragraphs (c)(4) and (5), and revising 
paragraph (d) to read as follows: 

§ 1042.240 Demonstrating compliance with 
exhaust emission standards. 
* * * * * 

(c) * * * 
(3) Sawtooth and other nonlinear 

deterioration patterns. The deterioration 
factors described in paragraphs (c)(1) 
and (2) of this section assume that the 
highest useful life emissions occur 
either at the end of useful life or at the 
low-hour test point. The provisions of 
this paragraph (c)(3) apply where good 
engineering judgment indicates that the 
highest emissions over the useful life 
will occur between these two points. 
For example, emissions may increase 
with service accumulation until a 
certain maintenance step is performed, 
then return to the low-hour emission 
levels and begin increasing again. Base 
deterioration factors for engines with 
such emission patterns on the difference 
between (or ratio of) the point at which 
the highest emissions occur and the 
low-hour test point. Note that this 
applies for maintenance-related 
deterioration only where we allow such 
critical emission-related maintenance. 

(4) Deterioration factor for crankcase 
emissions. If your engine vents 
crankcase emissions to the exhaust or to 
the atmosphere, you must account for 
crankcase emission deterioration, using 
good engineering judgment. You may 
use separate deterioration factors for 
crankcase emissions of each pollutant 
(either multiplicative or additive) or 
include the effects in combined 
deterioration factors that include 
exhaust and crankcase emissions 
together for each pollutant. 

(5) Dual-fuel and flexible-fuel engines. 
In the case of dual-fuel and flexible-fuel 
engines, apply deterioration factors 
separately for each fuel type. You may 
accumulate service hours on a single 
emission-data engine using the type of 
fuel or the fuel mixture expected to have 
the highest combustion and exhaust 
temperatures; you may ask us to 
approve a different fuel mixture if you 
demonstrate that a different criterion is 
more appropriate. 

(d) Determine the official emission 
result for each pollutant to at least one 
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more decimal place than the applicable 
standard. Apply the deterioration factor 
to the official emission result, as 
described in paragraph (c) of this 
section, then round the adjusted figure 
to the same number of decimal places as 
the emission standard. Compare the 
rounded emission levels to the emission 
standard for each emission-data engine. 
In the case of NOX+HC standards, apply 
the deterioration factor to each pollutant 
and then add the results before 
rounding. 
* * * * * 

■ 197. Section 1042.250 is amended by 
revising paragraphs (b)(3)(iv) and (c) to 
read as follows: 

§ 1042.250 Recordkeeping and reporting. 

* * * * * 
(b) * * * 
(3) * * * 
(iv) All your emission tests, including 

the date and purpose of each test and 
documentation of test parameters as 
specified in part 40 CFR part 1065. 
* * * * * 

(c) Keep required data from emission 
tests and all other information specified 
in this section for eight years after we 
issue your certificate. If you use the 
same emission data or other information 
for a later model year, the eight-year 
period restarts with each year that you 
continue to rely on the information. 
* * * * * 

■ 198. Section 1042.255 is amended by 
revising paragraphs (c)(2), (d), and (e) to 
read as follows: 

§ 1042.255 EPA decisions. 

* * * * * 
(c) * * * 
(2) Submit false or incomplete 

information (paragraph (e) of this 
section applies if this is fraudulent). 
This includes doing anything after 
submission of your application to 
render any of the submitted information 
false or incomplete. 
* * * * * 

(d) We may void the certificate of 
conformity for an engine family if you 
fail to keep records, send reports, or give 
us information as required under this 
part or the Clean Air Act. Note that 
these are also violations of 40 CFR 
1068.101(a)(2). 

(e) We may void your certificate if we 
find that you intentionally submitted 
false or incomplete information. This 
includes rendering submitted 
information false or incomplete after 
submission. 
* * * * * 

Subpart D—Testing Production-Line 
Engines 

■ 199. Section 1042.301 is amended by 
revising paragraph (a) introductory text 
to read as follows: 

§ 1042.301 General provisions. 
(a) If you produce freshly 

manufactured marine engines that are 
subject to the requirements of this part, 
you must test them as described in this 
subpart, except as follows: 
* * * * * 
■ 200. Section 1042.302 is amended by 
revising paragraph (a) to read as follows: 

§ 1042.302 Applicability of this subpart for 
Category 3 engines. 

* * * * * 
(a) You must test each Category 3 

engine at the sea trial of the vessel in 
which it is installed or within the first 
300 hours of operation, whichever 
occurs first. This may involve testing a 
fully assembled production engine 
before it is installed in the vessel. Since 
you must test each engine, the 
provisions of §§ 1042.310 and 
1042.315(b) do not apply for Category 3 
engines. If we determine that an engine 
failure under this subpart is caused by 
defective components or design 
deficiencies, we may revoke or suspend 
your certificate for the engine family as 
described in § 1042.340. If we determine 
that an engine failure under this subpart 
is caused only by incorrect assembly, 
we may suspend your certificate for the 
engine family as described in 
§ 1042.325. If the engine fails, you may 
continue operating only to complete the 
sea trial and return to port. It is a 
violation of 40 CFR 1068.101(b)(1) to 
operate the vessel further until you 
remedy the cause of failure. Each two- 
hour period of such operation 
constitutes a separate offense. A 
violation lasting less than two hours 
constitutes a single offense. 
* * * * * 

Subpart F—Test Procedures 

■ 201. Section 1042.501 is amended by 
revising paragraphs (a), (d), (e), and (f) 
and adding paragraph (h) to read as 
follows: 

§ 1042.501 How do I run a valid emission 
test? 

* * * * * 
(a) Use the equipment and procedures 

for compression-ignition engines in 40 
CFR part 1065 to determine whether 
engines meet the duty-cycle emission 
standards in §§ 1042.101 or 1042.104. 
Measure the emissions of all regulated 
pollutants as specified in 40 CFR part 

1065. Use the applicable duty cycles 
specified in § 1042.505. The following 
exceptions from the 40 CFR part 1065 
procedures apply: 

(1) If you perform discrete-mode 
testing and use only one batch fuel 
measurement to determine your mean 
raw exhaust flow rate, you must target 
a constant sample flow rate over the 
mode. Verify proportional sampling as 
described in 40 CFR 1065.545 using the 
mean raw exhaust molar flow rate 
paired with each recorded sample flow 
rate. 

(2) If you perform discrete-mode 
testing, you may verify proportional 
sampling over the whole duty cycle 
instead of verifying proportional 
sampling for each discrete mode. 
* * * * * 

(d) Adjust measured emissions to 
account for aftertreatment technology 
with infrequent regeneration as 
described in § 1042.525. 

(e) Duty-cycle testing is limited to 
atmospheric pressures between 91.000 
and 103.325 kPa. 

(f) You may use special or alternate 
procedures to the extent we allow them 
under 40 CFR 1065.10. 
* * * * * 

(h) This subpart is addressed to you 
as a manufacturer, but it applies equally 
to anyone who does testing for you, and 
to us when we perform testing to 
determine if your engines meet emission 
standards. 
■ 202. Section 1042.505 is amended by 
revising paragraph (b)(5)(iii) to read as 
follows: 

§ 1042.505 Testing engines using discrete- 
mode or ramped-modal duty cycles. 

* * * * * 
(b) * * * 
(5) * * * 
(iii) Use the 8-mode duty cycle or the 

corresponding ramped-modal cycle 
described in 40 CFR part 1039, 
Appendix II, paragraph (c) for variable- 
speed auxiliary engines with maximum 
engine power at or above 19 kW that are 
not propeller-law engines. 
* * * * * 
■ 203. Section 1042.515 is amended by 
revising paragraphs (f)(2), (f)(4), and (g) 
to read as follows: 

§ 1042.515 Test procedures related to not- 
to-exceed standards. 

* * * * * 
(f) * * * 
(2) You may ask us to approve a 

Limited Testing Region (LTR). An LTR 
is a region of engine operation, within 
the applicable NTE zone, where you 
have demonstrated that your engine 
family operates for no more than 5.0 
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percent of its normal in-use operation, 
on a time-weighted basis. You must 
specify an LTR using boundaries based 
on engine speed and power (or torque), 
where the LTR boundaries must 
coincide with some portion of the 
boundary defining the overall NTE 
zone. Any emission data collected 
within an LTR for a time duration that 
exceeds 5.0 percent of the duration of its 
respective NTE sampling period will be 
excluded when determining compliance 
with the applicable NTE standards. Any 
emission data collected within an LTR 
for a time duration of 5.0 percent or less 
of the duration of the respective NTE 
sampling period will be included when 
determining compliance with the NTE 
standards. 
* * * * * 

(4) You may exclude emission data 
based on catalytic aftertreatment 
temperatures as follows: 

(i) For an engine equipped with a 
catalytic NOX aftertreatment system, 
exclude NOX emission data that is 
collected when the exhaust temperature 
at any time during the NTE event is less 
than 250 °C. 

(ii) For an engine equipped with an 
oxidizing catalytic aftertreatment 
system, exclude HC and CO emission 
data that is collected when the exhaust 
temperature at any time during the NTE 
event is less than 250 °C. Similarly, 
exclude PM emission data during 
operation involving exhaust 
temperature below 250 °C for an engine 
equipped with an oxidizing flow- 
through catalyst. 

(iii) Measure exhaust temperature 
within 30 cm downstream of the last 
applicable catalytic aftertreatment 
device. Where there are parallel paths, 
use good engineering judgment to 
measure the temperature within 30 cm 
downstream of the last applicable 
catalytic aftertreatment device in the 
path with the greatest exhaust flow. 

(g) Emission sampling is not valid for 
NTE testing if it includes any active 
regeneration, unless the emission 
averaging period includes the complete 
regeneration event(s) and the full period 
of engine operation until the start of the 
next regeneration event. This provision 
applies only for engines that send an 
electronic signal indicating the start of 
the regeneration event. 
■ 204. Section 1042.525 is revised to 
read as follows: 

§ 1042.525 How do I adjust emission levels 
to account for infrequently regenerating 
aftertreatment devices? 

For engines using aftertreatment 
technology with infrequent regeneration 
events that may occur during testing, 
take one of the following approaches to 

account for the emission impact of 
regeneration, or use an alternate 
methodology that we approve for 
Category 3 engines: 

(a) You may use the calculation 
methodology described in 40 CFR 
1065.680 to adjust measured emission 
results. Do this by developing an 
upward adjustment factor and a 
downward adjustment factor for each 
pollutant based on measured emission 
data and observed regeneration 
frequency as follows: 

(1) Adjustment factors should 
generally apply to an entire engine 
family, but you may develop separate 
adjustment factors for different 
configurations within an engine family. 
Use the adjustment factors from this 
section in all testing for the engine 
family. 

(2) You may use carryover or carry- 
across data to establish adjustment 
factors for an engine family as described 
in § 1042.235, consistent with good 
engineering judgment. 

(3) Determine the frequency of 
regeneration, F, as described in 40 CFR 
1065.680 from in-use operating data or 
from running repetitive tests in a 
laboratory. If the engine is designed for 
regeneration at fixed time intervals, you 
may apply good engineering judgment 
to determine F based on those design 
parameters. 

(4) Identify the value of F in each 
application for certification for which it 
applies. 

(b) You may ask us to approve an 
alternate methodology to account for 
regeneration events. We will generally 
limit approval to cases where your 
engines use aftertreatment technology 
with extremely infrequent regeneration 
and you are unable to apply the 
provisions of this section. 

(c) You may choose to make no 
adjustments to measured emission 
results if you determine that 
regeneration does not significantly affect 
emission levels for an engine family (or 
configuration) or if it is not practical to 
identify when regeneration occurs. If 
you choose not to make adjustments 
under paragraph (a) or (b) of this 
section, your engines must meet 
emission standards for all testing, 
without regard to regeneration. 

Subpart G—Special Compliance 
Provisions 

■ 205. Section 1042.601 is amended by 
revising paragraph (d) and adding 
paragraph (j) to read as follows: 

§ 1042.601 General compliance provisions 
for marine engines and vessels. 

* * * * * 

(d) The provisions of § 1042.635 for 
the national security exemption apply 
in addition to the provisions of 40 CFR 
1068.225. 
* * * * * 

(j) Subpart C of this part describes 
how to test and certify dual-fuel and 
flexible-fuel engines. Some multi-fuel 
engines may not fit either of those 
defined terms. For such engines, we will 
determine whether it is most 
appropriate to treat them as single-fuel 
engines, dual-fuel engines, or flexible- 
fuel engines based on the range of 
possible and expected fuel mixtures. For 
example, an engine might burn natural 
gas but initiate combustion with a pilot 
injection of diesel fuel. If the engine is 
designed to operate with a single fueling 
algorithm (i.e., fueling rates are fixed at 
a given engine speed and load 
condition), we would generally treat it 
as a single-fuel engine. In this context, 
the combination of diesel fuel and 
natural gas would be its own fuel type. 
If the engine is designed to also operate 
on diesel fuel alone, we would generally 
treat it as a dual-fuel engine. If the 
engine is designed to operate on varying 
mixtures of the two fuels, we would 
generally treat it as a flexible-fuel 
engine. To the extent that requirements 
vary for the different fuels or fuel 
mixtures, we may apply the more 
stringent requirements. 
■ 206. Section 1042.605 is amended by 
revising paragraph (e)(3) to read as 
follows: 

§ 1042.605 Dressing engines already 
certified to other standards for nonroad or 
heavy-duty highway engines for marine 
use. 
* * * * * 

(e) * * * 
(3) Send the Designated Compliance 

Officer written notification describing 
your plans before using the provisions 
of this section. In addition, by February 
28 of each calendar year (or less often 
if we tell you), send the Designated 
Compliance Officer a signed letter with 
all the following information: 

(i) Identify your full corporate name, 
address, and telephone number. 

(ii) List the engine models for which 
you used this exemption in the previous 
year and describe your basis for meeting 
the sales restrictions of paragraph (d)(4) 
of this section. 

(iii) State: ‘‘We prepared each listed 
engine model for marine application 
without making any changes that could 
increase its certified emission levels, as 
described in 40 CFR 1042.605.’’ 
* * * * * 
■ 207. Section 1042.610 is amended by 
revising paragraph (e)(2) to read as 
follows: 
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§ 1042.610 Certifying auxiliary marine 
engines to land-based standards. 

* * * * * 
(e) * * * 
(2) Send the Designated Compliance 

Officer written notification describing 
your plans before using the provisions 
of this section. In addition, by February 
28 of each calendar year (or less often 
if we tell you), send the Designated 
Compliance Officer a signed letter with 
all the following information: 

(i) Identify your full corporate name, 
address, and telephone number. 

(ii) List the engine models for which 
you used this exemption in the previous 
year and describe your basis for meeting 
the sales restrictions of paragraph (d)(3) 
of this section. 

(iii) State: ‘‘We prepared each listed 
engine model for marine application 
without making any changes that could 
increase its certified emission levels, as 
described in 40 CFR 1042.610.’’ 
* * * * * 
■ 208. Section 1042.630 is amended by 
revising paragraph (f) to read as follows: 

§ 1042.630 Personal-use exemption. 

* * * * * 
(f) The vessel must be a vessel that is 

not classed or subject to Coast Guard 
inspections or surveys. Note that 
dockside examinations performed by 
the Coast Guard are not considered 
inspections (see 46 U.S.C. 3301 and 46 
U.S.C. 4502). 
■ 209. Section 1042.635 is revised to 
read as follows: 

§ 1042.635 National security exemption. 
Engines qualify for a national security 

exemption as described in 40 CFR 
1068.225. This applies to both freshly 
manufactured and remanufactured 
engines. 

§ 1042.640 [Removed] 

■ 210. Section 1042.640 is removed. 
■ 211. Section 1042.650 is amended by 
revising paragraphs (a) and (d) to read 
as follows: 

§ 1042.650 Exemptions for migratory 
vessels and auxiliary engines on Category 
3 vessels. 

* * * * * 
(a) Temporary exemption. A vessel 

owner may ask us for a temporary 
exemption from the tampering 
prohibition in 40 CFR 1068.101(b)(1) for 
a vessel if it will operate for an extended 
period outside the United States where 
ULSD is not available. In your request, 
describe where the vessel will operate, 
how long it will operate there, why 
ULSD will be unavailable, and how you 
will modify the engine, including its 
emission controls. If we approve your 

request, you may modify the engine, but 
only as needed to disable or remove the 
emission controls needed for meeting 
the Tier 4 standards. You must return 
the engine to its original certified 
configuration before the vessel returns 
to the United States to avoid violating 
the tampering prohibition in 40 CFR 
1068.101(b)(1). We may set additional 
conditions to prevent circumvention of 
the provisions of this part. 
* * * * * 

(d) Auxiliary engines on Category 3 
vessels. Auxiliary engines that will be 
installed on vessels with Category 3 
propulsion engines qualify for an 
exemption from the standards of this 
part provided all the following 
conditions are met: 

(1) To be eligible for this exemption, 
the engine must meet all the following 
criteria. 

(i) The engine must have an EIAPP 
certificate demonstrating compliance 
with the applicable NOX standards of 
Annex VI and meet all other applicable 
requirements of 40 CFR part 1043. 
Engines installed on vessels constructed 
on or after January 1, 2016 must 
conform fully to the Annex VI Tier III 
NOX standards as described in 40 CFR 
part 1043 and meet all other applicable 
requirements in 40 CFR part 1043. 
Engines that would otherwise be subject 
to the Tier 4 standards of this part must 
also conform fully to the Annex VI 
Tier III NOX standards as described in 
40 CFR part 1043. 

(ii) The engine may not be used for 
propulsion (except for emergency 
engines). 

(iii) Engines certified to the Annex VI 
Tier III standards may be equipped with 
on-off NOX controls, as long as they 
conform to the requirements of 
§§ 1042.110(d) and 1042.115(g); 
however, the engines must comply fully 
with the Annex VI Tier II standards 
when the emission controls are 
disabled, and meet any other 
requirements that apply under 
Annex VI. 

(2) You must notify the Designated 
Compliance Officer of your intent to use 
this exemption before you introduce 
engines into U.S. commerce, not later 
than the time that you apply for an 
EIAPP certificate for the engine under 
40 CFR part 1043. 

(3) The remanufactured engine 
requirements of subpart I of this part do 
not apply. 

(4) If you introduce an engine into 
U.S. commerce under this paragraph (d), 
you must meet the labeling 
requirements in § 1042.135, but add the 
following statement instead of the 
compliance statement in 
§ 1042.135(c)(10): 

THIS ENGINE DOES NOT COMPLY 
WITH CURRENT U.S. EPA EMISSION 
STANDARDS UNDER 40 CFR 1042.650 
AND IS FOR USE SOLELY IN VESSELS 
WITH CATEGORY 3 PROPULSION 
ENGINES. INSTALLATION OR USE OF 
THIS ENGINE IN ANY OTHER 
APPLICATION MAY BE A VIOLATION 
OF FEDERAL LAW SUBJECT TO CIVIL 
PENALTY. 

(5) The reporting requirements of 
§ 1042.660 apply for engines exempted 
under this paragraph (d). 
■ 212. Section 1042.655 is amended by 
revising the section heading and 
paragraph (b) to read as follows: 

§ 1042.655 Special certification provisions 
for Category 3 engines with aftertreatment. 
* * * * * 

(b) Required testing. The emission- 
data engine must be tested as specified 
in subpart F of this part to verify that 
the engine-out emissions comply with 
the Tier 2 standards. The catalyst 
material or other aftertreatment device 
must be tested under conditions that 
accurately represent actual engine 
conditions for the test points. This 
catalyst or aftertreatment testing may be 
performed on a bench scale. 
* * * * * 
■ 213. Section 1042.660 is amended by 
revising paragraphs (b) and (c)(1) to read 
as follows: 

§ 1042.660 Requirements for vessel 
manufacturers, owners, and operators. 
* * * * * 

(b) For vessels equipped with SCR 
systems requiring the use of urea or 
other reductants, owners and operators 
must report to the Designated 
Enforcement Officer within 30 days any 
operation of such vessels without the 
appropriate reductant. This includes 
vessels with auxiliary engines certified 
to Annex VI standards under 
§ 1042.650(d). Failure to comply with 
the requirements of this paragraph is a 
violation of 40 CFR 1068.101(a)(2). Note 
that such operation is a violation of 40 
CFR 1068.101(b)(1). 

(c) * * * 
(1) The requirements of this paragraph 

(c)(1) apply only for Category 3 engines. 
All maintenance, repair, adjustment, 
and alteration of Category 3 engines 
subject to the provisions of this part 
performed by any owner, operator or 
other maintenance provider must be 
performed using good engineering 
judgment, in such a manner that the 
engine continues (after the maintenance, 
repair, adjustment or alteration) to meet 
the emission standards it was certified 
as meeting prior to the need for service. 
This includes but is not limited to 
complying with the maintenance 
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instructions described in § 1042.125. 
Adjustments are limited to the range 
specified by the engine manufacturer in 
the approved application for 
certification. Note that where a repair 
(or other maintenance) cannot be 
completed while at sea, it is not a 
violation to continue operating the 
engine to reach your destination. 
* * * * * 
■ 214. Section 1042.670 is amended by 
revising paragraph (d) to read as 
follows: 

§ 1042.670 Special provisions for gas 
turbine engines. 

* * * * * 
(d) Equivalent displacement. Apply 

displacement-based provisions of this 
part by calculating an equivalent 
displacement from maximum engine 
power. The equivalent per-cylinder 
displacement (in liters) equals 
maximum engine power in kW 
multiplied by 0.00311, except that all 
gas turbines with maximum engine 
power above 9,300 kW are considered to 
have an equivalent per-cylinder 
displacement of 29.0 liters. Also, 
determine the appropriate Tier 3 
standards for Category 1 engines based 
on the engine having an equivalent 
power density below 35 kW per liter. 
* * * * * 

Subpart H—Averaging, Banking, and 
Trading for Certification 

■ 215. Section 1042.701 is amended by 
adding paragraphs (j) and (k) to read as 
follows: 

§ 1042.701 General provisions. 

* * * * * 
(j) NOx+HC and PM credits generated 

under 40 CFR part 94 may be used 
under this part in the same manner as 
NOx+HC and PM credits generated 
under this part. 

(k) You may use either of the 
following approaches to retire or forego 
emission credits: 

(1) You may retire emission credits 
generated from any number of your 
engines. This may be considered 
donating emission credits to the 
environment. Identify any such credits 
in the reports described in § 1042.730. 
Engines must comply with the 
applicable FELs even if you donate or 
sell the corresponding emission credits 
under this paragraph (k). Those credits 
may no longer be used by anyone to 
demonstrate compliance with any EPA 
emission standards. 

(2) You may certify a family using an 
FEL below the emission standard as 
described in this part and choose not to 
generate emission credits for that 

family. If you do this, you do not need 
to calculate emission credits for those 
families and you do not need to submit 
or keep the associated records described 
in this subpart for that family. 
■ 216. Section 1042.705 is amended by 
revising paragraph (c) to read as follows: 

§ 1042.705 Generating and calculating 
emission credits. 

* * * * * 
(c) As described in § 1042.730, 

compliance with the requirements of 
this subpart is determined at the end of 
the model year based on actual U.S.- 
directed production volumes. Do not 
include any of the following engines to 
calculate emission credits: 

(1) Engines with a permanent 
exemption under subpart G of this part 
or under 40 CFR part 1068. 

(2) Exported engines. 
(3) Engines not subject to the 

requirements of this part, such as those 
excluded under § 1042.5. 

(4) [Reserved] 
(5) Any other engines, where we 

indicate elsewhere in this part 1042 that 
they are not to be included in the 
calculations of this subpart. 
■ 217. Section 1042.710 is amended by 
revising paragraph (c) to read as follows: 

§ 1042.710 Averaging emission credits. 

* * * * * 
(c) If you certify an engine family to 

an FEL that exceeds the otherwise 
applicable emission standard, you must 
obtain enough emission credits to offset 
the engine family’s deficit by the due 
date for the final report required in 
§ 1042.730. The emission credits used to 
address the deficit may come from your 
other engine families that generate 
emission credits in the same model 
year, from emission credits you have 
banked from previous model years, or 
from emission credits generated in the 
same or previous model years that you 
obtained through trading. 
■ 218. Section 1042.725 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1042.725 Information required for the 
application for certification. 

* * * * * 
(b) * * * 
(2) Detailed calculations of projected 

emission credits (positive or negative) 
based on projected production volumes. 
We may require you to include similar 
calculations from your other engine 
families to demonstrate that you will be 
able to avoid negative credit balances 
for the model year. If you project 
negative emission credits for a family, 
state the source of positive emission 

credits you expect to use to offset the 
negative emission credits. 
■ 219. Section 1042.730 is amended by 
revising paragraphs (b), (c)(2), and (d) to 
read as follows: 

§ 1042.730 ABT reports. 

* * * * * 
(b) Your end-of-year and final reports 

must include the following information 
for each engine family participating in 
the ABT program: 

(1) Engine-family designation and 
averaging set. 

(2) The emission standards that would 
otherwise apply to the engine family. 

(3) The FEL for each pollutant. If you 
change the FEL after the start of 
production, identify the date that you 
started using the new FEL and/or give 
the engine identification number for the 
first engine covered by the new FEL. In 
this case, identify each applicable FEL 
and calculate the positive or negative 
emission credits as specified in 
§ 1042.225. 

(4) The projected and actual U.S.- 
directed production volumes for the 
model year, as described in 
§ 1042.705(c). If you changed an FEL 
during the model year, identify the 
actual U.S.-directed production volume 
associated with each FEL. 

(5) Maximum engine power for each 
engine configuration, and the average 
engine power weighted by U.S.-directed 
production volumes for the engine 
family. 

(6) Useful life. 
(7) Calculated positive or negative 

emission credits for the whole engine 
family. Identify any emission credits 
that you traded, as described in 
paragraph (d)(1) of this section. 

(c) * * * 
(2) State whether you will retain any 

emission credits for banking. If you 
choose to retire emission credits that 
would otherwise be eligible for banking, 
identify the engine families that 
generated the emission credits, 
including the number of emission 
credits from each family. 
* * * * * 

(d) If you trade emission credits, you 
must send us a report within 90 days 
after the transaction, as follows: 

(1) As the seller, you must include the 
following information in your report: 

(i) The corporate names of the buyer 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) The averaging set corresponding 
to the engine families that generated 
emission credits for the trade, including 
the number of emission credits from 
each averaging set. 
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(2) As the buyer, you must include the 
following information in your report: 

(i) The corporate names of the seller 
and any brokers. 

(ii) A copy of any contracts related to 
the trade. 

(iii) How you intend to use the 
emission credits, including the number 
of emission credits you intend to apply 
for each averaging set. 
* * * * * 
■ 220. Section 1042.735 is amended by 
revising paragraphs (a) and (b) to read 
as follows: 

§ 1042.735 Recordkeeping. 
(a) You must organize and maintain 

your records as described in this 
section. 

(b) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. You 
may not use emission credits for any 
engines if you do not keep all the 
records required under this section. You 
must therefore keep these records to 
continue to bank valid credits. 
* * * * * 

Subpart I—Special Provisions for 
Remanufactured Marine Engines 

■ 221. Section 1042.810 is amended by 
revising paragraph (c) to read as follows: 

§ 1042.810 Requirements for owner/ 
operators and installers during 
remanufacture. 

* * * * * 
(c) Your engine is not subject to the 

standards of this subpart if we 
determine that no certified 
remanufacturing system is available for 
your engine as described in § 1042.815. 
For engines that are remanufactured 
during multiple events within a five- 
year period, you are not required to use 
a certified system until all of your 
engine’s cylinders have been replaced 
after the system became available. For 
example, if you remanufacture your 16- 
cylinder engine by replacing four 
cylinders each January and a system 
becomes available for your engine June 
1, 2010, your engine must be in a 
certified configuration when you 
replace four cylinders in January of 
2014. At that point, all 16 cylinders 
would have been replaced after June 1, 
2010. 
* * * * * 
■ 222. Section 1042.830 is revised to 
read as follows: 

§ 1042.830 Labeling. 
(a) The labeling requirements of this 

paragraph (a) apply for remanufacturing 
that is subject to the standards of this 
subpart. At the time of remanufacture, 

affix a permanent and legible label 
identifying each engine. The label must 
be— 

(1) Attached in one piece so it is not 
removable without being destroyed or 
defaced. 

(2) Secured to a part of the engine 
needed for normal operation and not 
normally requiring replacement. 

(3) Durable and readable for the 
engine’s entire useful life. 

(4) Written in English. 
(b) The label required under 

paragraph (a) of this section must— 
(1) Include the heading ‘‘EMISSION 

CONTROL INFORMATION’’. 
(2) Include your full corporate name 

and trademark. 
(3) Include EPA’s standardized 

designation for the engine family. 
(4) State the engine’s category, 

displacement (in liters or L/cyl), 
maximum engine power (in kW), and 
power density (in kW/L) as needed to 
determine the emission standards for 
the engine family. You may specify 
displacement, maximum engine power, 
and power density as ranges consistent 
with the ranges listed in § 1042.101. See 
§ 1042.140 for descriptions of how to 
specify per-cylinder displacement, 
maximum engine power, and power 
density. 

(5) State: ‘‘THIS MARINE ENGINE 
MEETS THE STANDARDS OF 40 CFR 
PART 1042, SUBPART I, FOR 
[CALENDAR YEAR OF 
REMANUFACTURE].’’ 

(c) For remanufactured engines that 
are subject to this subpart as described 
in § 1042.801(a), but are not subject to 
remanufacturing standards as allowed 
by § 1042.810 or § 1042.815, you may 
voluntarily add a label as specified in 
paragraphs (a) and (b) of this section, 
except that the label must omit the 
standardized designation for the engine 
family and include the following 
alternative compliance statement: 
‘‘THIS MARINE ENGINE IS NOT 
SUBJECT TO REMANUFACTURING 
STANDARDS UNDER 40 CFR PART 
1042, SUBPART I, FOR [CALENDAR 
YEAR OF REMANUFACTURE].’’ 

(d) You may add information to the 
emission control information label to 
identify other emission standards that 
the engine meets or does not meet (such 
as international standards). You may 
also add other information to ensure 
that the engine will be properly 
maintained and used. 

(e) You may ask us to approve 
modified labeling requirements in this 
section if you show that it is necessary 
or appropriate. We will approve your 
request if your alternate label is 
consistent with the intent of the labeling 
requirements of this section. 

■ 223. Section 1042.836 is amended by 
revising paragraph (c)(1) to read as 
follows: 

§ 1042.836 Marine certification of 
locomotive remanufacturing systems. 

* * * * * 
(c) * * * 
(1) Tier 0 locomotive systems may not 

be used for any Category 1 engines or 
Tier 1 or later Category 2 engines. 
* * * * * 
■ 224. Section 1042.840 is amended by 
revising paragraphs (c) and (o) to read 
as follows: 

§ 1042.840 Application requirements for 
remanufactured engines. 

* * * * * 
(c) Summarize the cost effectiveness 

analysis used to demonstrate your 
system will meet the availability criteria 
of § 1042.815. Identify the maximum 
allowable costs for vessel modifications 
to meet these criteria. 
* * * * * 

(o) Report all valid test results. Also 
indicate whether there are test results 
from invalid tests or from any other tests 
of the emission-data engine, whether or 
not they were conducted according to 
the test procedures of subpart F of this 
part. If you measure CO2, report those 
emission levels. We may require you to 
report these additional test results. We 
may ask you to send other information 
to confirm that your tests were valid 
under the requirements of this part and 
40 CFR part 1065. 
* * * * * 
■ 225. Section 1042.850 is amended by 
revising the introductory text to read as 
follows: 

§ 1042.850 Exemptions and hardship 
relief. 

This section describes exemption and 
hardship provisions that are available 
for owner/operators of engines subject 
to the provisions of this subpart. 
* * * * * 

Subpart J—Definitions and Other 
Reference Information 

■ 226. Section 1042.901 is amended as 
follows: 
■ a. By revising the definition of 
‘‘Designated Compliance Officer’’. 
■ b. By adding definitions for 
‘‘Designated Enforcement Officer’’, 
‘‘Dual-fuel’’, and ‘‘Flexible-fuel’’ in 
alphabetical order. 
■ c. By revising the definitions for 
‘‘Low-sulfur diesel fuel’’, ‘‘Model year’’, 
and ‘‘Placed into service’’. 
■ d. By removing the definition for 
‘‘Point of first retail sale’’. 
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■ e. By revising the definition of 
‘‘Sulfur-sensitive technology’’. 

The revisions and additions read as 
follows: 

§ 1042.901 Definitions. 

* * * * * 
Designated Compliance Officer means 

the Director, Diesel Engine Compliance 
Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann 
Arbor, MI 48105; complianceinfo@
epa.gov; epa.gov/otaq/verify. 

Designated Enforcement Officer 
means the Director, Air Enforcement 
Division (2242A), U.S. Environmental 
Protection Agency, 1200 Pennsylvania 
Ave. NW., Washington, DC 20460. 
* * * * * 

Dual-fuel means relating to an engine 
designed for operation on two different 
fuels but not on a continuous mixture of 
those fuels (see § 1042.601(j)). For 
purposes of this part, such an engine 
remains a dual-fuel engine even if it is 
designed for operation on three or more 
different fuels. Note that this definition 
differs from MARPOL Annex VI. 
* * * * * 

Flexible-fuel means relating to an 
engine designed for operation on any 
mixture of two or more different fuels 
(see § 1042.601(j)). 
* * * * * 

Low-sulfur diesel fuel means one of 
the following: 

(1) For in-use fuels, low-sulfur diesel 
fuel means a diesel fuel marketed as 
low-sulfur diesel fuel having a 
maximum sulfur concentration of 500 
parts per million. 

(2) For testing, low-sulfur diesel fuel 
has the meaning given in 40 CFR part 
1065. 
* * * * * 

Model year means any of the 
following: 

(1) For freshly manufactured marine 
engines (see definition of ‘‘new marine 
engine,’’ paragraph (1)), model year 
means one of the following: 

(i) Calendar year of production. 
(ii) Your annual new model 

production period if it is different than 
the calendar year. This must include 
January 1 of the calendar year for which 
the model year is named. It may not 
begin before January 2 of the previous 
calendar year and it must end by 
December 31 of the named calendar 
year. For seasonal production periods 
not including January 1, model year 
means the calendar year in which the 
production occurs, unless you choose to 
certify the applicable engine family with 
the following model year. For example, 
if your production period is June 1, 
2010 through November 30, 2010, your 

model year would be 2010 unless you 
choose to certify the engine family for 
model year 2011. 

(2) For an engine that is converted to 
a marine engine after being certified and 
placed into service as a motor vehicle 
engine, a nonroad engine that is not a 
marine engine, or a stationary engine, 
model year means the calendar year in 
which the engine was originally 
produced. For an engine that is 
converted to a marine engine after being 
placed into service as a motor vehicle 
engine, a nonroad engine that is not a 
marine engine, or a stationary engine 
without having been certified, model 
year means the calendar year in which 
the engine becomes a new marine 
engine. (See definition of ‘‘new marine 
engine,’’ paragraph (2)). 

(3) For an uncertified marine engine 
excluded under § 1042.5 that is later 
subject to this part 1042 as a result of 
being installed in a different vessel, 
model year means the calendar year in 
which the engine was installed in the 
non-excluded vessel. For a marine 
engine excluded under § 1042.5 that is 
later subject to this part 1042 as a result 
of reflagging the vessel, model year 
means the calendar year in which the 
engine was originally manufactured. For 
a marine engine that become new under 
paragraph (7) of the definition of ‘‘new 
marine engine,’’ model year means the 
calendar year in which the engine was 
originally manufactured. (See definition 
of ‘‘new marine engine,’’ paragraphs (3) 
and (7).) 

(4) For engines that do not meet the 
definition of ‘‘freshly manufactured’’ 
but are installed in new vessels, model 
year means the calendar year in which 
the engine is installed in the new vessel 
(see definition of ‘‘new marine engine,’’ 
paragraph (4)). 

(5) For remanufactured engines, 
model year means the calendar year in 
which the remanufacture takes place. 

(6) For imported engines: 
(i) For imported engines described in 

paragraph (6)(i) of the definition of 
‘‘new marine engine,’’ model year has 
the meaning given in paragraphs (1) 
through (4) of this definition. 

(ii) For imported engines described in 
paragraph (6)(ii) of the definition of 
‘‘new marine engine,’’ model year 
means the calendar year in which the 
engine is remanufactured. 

(iii) For imported engines described 
in paragraph (6)(iii) of the definition of 
‘‘new marine engine,’’ model year 
means the calendar year in which the 
engine is first assembled in its imported 
configuration, unless specified 
otherwise in this part or in 40 CFR part 
1068. 

(iv) For imported engines described in 
paragraph (6)(iv) of the definition of 
‘‘new marine engine,’’ model year 
means the calendar year in which the 
engine is imported. 

(7) [Reserved] 
(8) For freshly manufactured vessels, 

model year means the calendar year in 
which the keel is laid or the vessel is at 
a similar stage of construction. For 
vessels that become new under 
paragraph (2) or (3) of the definition of 
‘‘new vessel’’ (as a result of 
modifications), model year means the 
calendar year in which the 
modifications physically begin. 
* * * * * 

Placed into service means put into 
initial use for its intended purpose. 
Engines and vessels do not qualify as 
being ‘‘placed into service’’ based on 
incidental use by a manufacturer or 
dealer. 
* * * * * 

Sulfur-sensitive technology means an 
emission control technology that 
experiences a significant drop in 
emission control performance or 
emission-system durability when an 
engine is operated on low-sulfur diesel 
fuel (i.e., fuel with a sulfur 
concentration of 300 to 500 ppm) as 
compared to when it is operated on 
ultra-low sulfur diesel fuel (i.e., fuel 
with a sulfur concentration less than 15 
ppm). Exhaust gas recirculation is not a 
sulfur-sensitive technology. 
* * * * * 
■ 227. Section 1042.905 is revised to 
read as follows: 

§ 1042.905 Symbols, acronyms, and 
abbreviations. 

The following symbols, acronyms, 
and abbreviations apply to this part: 
ABT Averaging, banking, and trading. 
AECD auxiliary emission control 

device. 
CFR Code of Federal Regulations. 
CH4 methane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
cyl cylinder. 
disp. displacement. 
ECA Emission Control Area. 
EEZ Exclusive Economic Zone. 
EPA Environmental Protection 

Agency. 
FEL Family Emission Limit. 
g grams. 
HC hydrocarbon. 
hr hours. 
IMO International Maritime 

Organization. 
kPa kilopascals. 
kW kilowatts. 
L liters. 
LTR Limited Testing Region. 
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N2O nitrous oxide. 
NARA National Archives and Records 

Administration. 
NMHC nonmethane hydrocarbon. 
NOX oxides of nitrogen (NO and NO2). 
NTE not-to-exceed. 
PM particulate matter. 
RPM revolutions per minute. 
SAE Society of Automotive Engineers. 
SCR selective catalytic reduction. 
THC total hydrocarbon. 
THCE total hydrocarbon equivalent. 
ULSD ultra low-sulfur diesel fuel. 
U.S.C. United States Code. 

■ 228. Section 1042.910 is revised to 
read as follows: 

§ 1042.910 Incorporation by reference. 

(a) Certain material is incorporated by 
reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a document in the Federal 
Register and the material must be 
available to the public. All approved 
material is available for inspection at 
U.S. EPA, Air and Radiation Docket and 
Information Center, 1301 Constitution 
Ave. NW., Room B102, EPA West 
Building, Washington, DC 20460, (202) 
202–1744, and is available from the 
sources listed below. It is also available 
for inspection at the National Archives 
and Records Administration (NARA). 
For information on the availability of 
this material at NARA, call 202–741– 
6030, or go to: http://www.archives.gov/ 
federal_register/code_of_federal_
regulations/ibr_locations.html. 

(b) The International Maritime 
Organization, 4 Albert Embankment, 
London SE1 7SR, United Kingdom, or 
www.imo.org, or 44–(0)20–7735–7611. 

(1) MARPOL Annex VI, Regulations 
for the Prevention of Air Pollution from 
Ships, Third Edition, 2013, and NOX 
Technical Code 2008. 

(i) Revised MARPOL Annex VI, 
Regulations for the Prevention of 
Pollution from Ships, Third Edition, 
2013 (‘‘2008 Annex VI’’); IBR approved 
for § 1042.901. 

(ii) NOX Technical Code 2008, 
Technical Code on Control of Emission 
of Nitrogen Oxides from Marine Diesel 
Engines, 2013 Edition, (‘‘NOX Technical 
Code’’); IBR approved for 
§§ 1042.104(g), 1042.230(d), 1042.302(c) 
and (e), 1042.501(g), and 1042.901. 

(iii) Annex 12, Resolution 
MEPC.251(66) from the Report of the 
Marine Environment Protection 
Committee on its Sixty-Sixth Session, 
April 25, 2014. This document describes 
new and revised provisions that are 

considered to be part of Annex VI and 
NOX Technical Code 2008 as referenced 
in paragraphs (b)(1)(i) and (ii) of this 
section. IBR approved for 
§§ 1042.104(g), 1042.230(d), 1042.302(c) 
and (e), 1042.501(g), and 1042.901. 

(2) [Reserved] 
■ 229. Section 1042.915 is revised to 
read as follows: 

§ 1042.915 Confidential information. 

The provisions of 40 CFR 1068.10 
apply for information you consider 
confidential. 
■ 230. Section 1042.925 is revised to 
read as follows: 

§ 1042.925 Reporting and recordkeeping 
requirements. 

(a) This part includes various 
requirements to submit and record data 
or other information. Unless we specify 
otherwise, store required records in any 
format and on any media and keep them 
readily available for eight years after 
you send an associated application for 
certification, or eight years after you 
generate the data if they do not support 
an application for certification. You are 
expected to keep your own copy of 
required records rather than relying on 
someone else to keep records on your 
behalf. We may review these records at 
any time. You must promptly send us 
organized, written records in English if 
we ask for them. We may require you to 
submit written records in an electronic 
format. 

(b) The regulations in § 1042.255, 40 
CFR 1068.25, and 40 CFR 1068.101 
describe your obligation to report 
truthful and complete information. This 
includes information not related to 
certification. Failing to properly report 
information and keep the records we 
specify violates 40 CFR 1068.101(a)(2), 
which may involve civil or criminal 
penalties. 

(c) Send all reports and requests for 
approval to the Designated Compliance 
Officer (see § 1042.801). 

(d) Any written information we 
require you to send to or receive from 
another company is deemed to be a 
required record under this section. Such 
records are also deemed to be 
submissions to EPA. We may require 
you to send us these records whether or 
not you are a certificate holder. 

(e) Under the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq), the Office 
of Management and Budget approves 
the reporting and recordkeeping 
specified in the applicable regulations. 
The following items illustrate the kind 
of reporting and recordkeeping we 
require for engines and vessels regulated 
under this part: 

(1) We specify the following 
requirements related to engine 
certification in this part 1042: 

(i) In § 1042.135 we require engine 
manufacturers to keep certain records 
related to duplicate labels sent to vessel 
manufacturers. 

(ii) In § 1042.145 we include various 
reporting and recordkeeping 
requirements related to interim 
provisions. 

(iii) In subpart C of this part we 
identify a wide range of information 
required to certify engines. 

(iv) In §§ 1042.345 and 1042.350 we 
specify certain records related to 
production-line testing. 

(v) In subpart G of this part we 
identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various special compliance 
provisions. 

(vi) In §§ 1042.725, 1042.730, and 
1042.735 we specify certain records 
related to averaging, banking, and 
trading. 

(vii) In subpart I of this part we 
specify certain records related to 
meeting requirements for 
remanufactured engines. 

(2) We specify the following 
requirements related to testing in 40 
CFR part 1065: 

(i) In 40 CFR 1065.2 we give an 
overview of principles for reporting 
information. 

(ii) In 40 CFR 1065.10 and 1065.12 we 
specify information needs for 
establishing various changes to 
published test procedures. 

(iii) In 40 CFR 1065.25 we establish 
basic guidelines for storing test 
information. 

(iv) In 40 CFR 1065.695 we identify 
the specific information and data items 
to record when measuring emissions. 

(3) We specify the following 
requirements related to the general 
compliance provisions in 40 CFR part 
1068: 

(i) In 40 CFR 1068.5 we establish a 
process for evaluating good engineering 
judgment related to testing and 
certification. 

(ii) In 40 CFR 1068.25 we describe 
general provisions related to sending 
and keeping information. 

(iii) In 40 CFR 1068.27 we require 
manufacturers to make engines available 
for our testing or inspection if we make 
such a request. 

(iv) In 40 CFR 1068.105 we require 
vessel manufacturers to keep certain 
records related to duplicate labels from 
engine manufacturers. 

(v) In 40 CFR 1068.120 we specify 
recordkeeping related to rebuilding 
engines. 
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(vi) In 40 CFR part 1068, subpart C, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to various exemptions. 

(vii) In 40 CFR part 1068, subpart D, 
we identify several reporting and 
recordkeeping items for making 
demonstrations and getting approval 
related to importing engines. 

(viii) In 40 CFR 1068.450 and 
1068.455 we specify certain records 

related to testing production-line 
engines in a selective enforcement 
audit. 

(ix) In 40 CFR 1068.501 we specify 
certain records related to investigating 
and reporting emission-related defects. 

(x) In 40 CFR 1068.525 and 1068.530 
we specify certain records related to 
recalling nonconforming engines. 

(xi) In 40 CFR part 1068, subpart G, 
we specify certain records for requesting 
a hearing. 

■ 231. Appendix II to Part 1042 is 
revised to read as follows: 

Appendix II to Part 1042—Steady-State 
Duty Cycles 

(a) The following duty cycles apply as 
specified in § 1042.505(b)(1): 

(1) The following duty cycle applies for 
discrete-mode testing: 

E3 mode No. Engine speed 1 
Percent of 
maximum 
test power 

Weighting 
factors 

1 .................................................................................... Maximum test speed .................................................... 100 0.2 
2 .................................................................................... 91% ............................................................................... 75 0.5 
3 .................................................................................... 80% ............................................................................... 50 0.15 
4 .................................................................................... 63% ............................................................................... 25 0.15 

1 Maximum test speed is defined in 40 CFR part 1065. Percent speed values are relative to maximum test speed. 

(2) The following duty cycle applies for 
ramped-modal testing: 

RMC 
mode 

Time in mode 
(seconds) 

Engine 
speed 1 3 

Power 
(percent) 2 3 

1a Steady-state ....................................... 229 Maximum test speed ............................... 100%. 
1b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
2a Steady-state ....................................... 166 63% ......................................................... 25%. 
2b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
3a Steady-state ....................................... 570 91% ......................................................... 75%. 
3b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
4a Steady-state ....................................... 175 80% ......................................................... 50%. 

1 Maximum test speed is defined in 40 CFR part 1065. Percent speed is relative to maximum test speed. 
2 The percent power is relative to the maximum test power. 
3 Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the 

torque setting of the current mode to the torque setting of the next mode, and simultaneously command a similar linear progression for engine 
speed if there is a change in speed setting. 

(b) The following duty cycles apply as 
specified in § 1042.505(b)(2): 

(1) The following duty cycle applies for 
discrete-mode testing: 

E5 mode No. Engine 
speed 1 

Percent of 
maximum 
test power 

Weighting 
factors 

1 .................................................................................... Maximum test speed .................................................... 100 0.08 
2 .................................................................................... 91% ............................................................................... 75 0.13 
3 .................................................................................... 80% ............................................................................... 50 0.17 
4 .................................................................................... 63% ............................................................................... 25 0.32 
5 .................................................................................... Warm idle ..................................................................... 0 0.3 

1 Maximum test speed is defined in 40 CFR part 1065. Percent speed values are relative to maximum test speed. 

(2) The following duty cycle applies for 
ramped-modal testing: 

RMC 
mode 

Time in mode 
(seconds) 

Engine 
speed 1 3 

Power 
(percent) 2 3 

1a Steady-state ....................................... 167 Warm idle ................................................ 0. 
1b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
2a Steady-state ....................................... 85 Maximum test speed ............................... 100%. 
2b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
3a Steady-state ....................................... 354 63% ......................................................... 25%. 
3b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
4a Steady-state ....................................... 141 91% ......................................................... 75%. 
4b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
5a Steady-state ....................................... 182 80% ......................................................... 50%. 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00276 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74157 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

RMC 
mode 

Time in mode 
(seconds) 

Engine 
speed 1 3 

Power 
(percent) 2 3 

5b Transition ............................................ 20 Linear transition ....................................... Linear transition in torque. 
6 Steady-state ......................................... 171 Warm idle ................................................ 0. 

1 Maximum test speed is defined in 40 CFR part 1065. Percent speed is relative to maximum test speed. 
2 The percent power is relative to the maximum test power. 
3 Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the 

torque setting of the current mode to the torque setting of the next mode, and simultaneously command a similar linear progression for engine 
speed if there is a change in speed setting. 

(c) The following duty cycles apply as 
specified in § 1042.505(b)(3): 

(1) The following duty cycle applies for 
discrete-mode testing: 

E2 mode No. Engine 
speed 1 

Torque 
(percent) 2 

Weighting 
factors 

1 .................................................................................... Engine Governed .......................................................... 100 0.2 
2 .................................................................................... Engine Governed .......................................................... 75 0.5 
3 .................................................................................... Engine Governed .......................................................... 50 0.15 
4 .................................................................................... Engine Governed .......................................................... 25 0.15 

1 Speed terms are defined in 40 CFR part 1065. 
2 The percent torque is relative to the maximum test torque as defined in 40 CFR part 1065. 

(2) The following duty cycle applies for 
ramped-modal testing: 

RMC mode Time in mode 
(seconds) Engine speed Torque 

(percent)1 2 

1a Steady-state ......................................................... 229 Engine Governed ..................................................... 100%. 
1b Transition ............................................................. 20 Engine Governed ..................................................... Linear transition. 
2a Steady-state ......................................................... 166 Engine Governed ..................................................... 25%. 
2b Transition ............................................................. 20 Engine Governed ..................................................... Linear transition. 
3a Steady-state ......................................................... 570 Engine Governed ..................................................... 75%. 
3b Transition ............................................................. 20 Engine Governed ..................................................... Linear transition. 
4a Steady-state ......................................................... 175 Engine Governed ..................................................... 50%. 

1 The percent torque is relative to the maximum test torque as defined in 40 CFR part 1065. 
2 Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the 

torque setting of the current mode to the torque setting of the next mode. 

■ 232. Appendix III to Part 1042 is 
revised to read as follows: 

Appendix III to Part 1042—Not-to- 
Exceed Zones 

(a) The following definitions apply for this 
Appendix III: 

(1) Percent power means the percentage of 
the maximum power achieved at Maximum 
Test Speed (or at Maximum Test Torque for 
constant-speed engines). 

(2) Percent speed means the percentage of 
Maximum Test Speed. 

(b) Figure 1 of this Appendix illustrates the 
default NTE zone for marine engines certified 

using the duty cycle specified in 
§ 1042.505(b)(1), except for variable-speed 
propulsion marine engines used with 
controllable-pitch propellers or with 
electrically coupled propellers, as follows: 

(1) Subzone 1 is defined by the following 
boundaries: 

(i) Percent power ÷ 100 > 0.7 · (percent 
speed ÷ 100) 2.5. 

(ii) Percent power ÷ 100 ≤ (percent speed 
÷ 90) 3.5. 

(iii) Percent power ÷ 100 ≥ 3.0 ·
(1¥percent speed ÷ 100). 

(2) Subzone 2 is defined by the following 
boundaries: 

(i) Percent power ÷ 100 ≥ 0.7 · (percent 
speed ÷ 100) 2.5. 

(ii) Percent power ÷ 100 ≤ (percent speed 
÷ 90) 3.5. 

(iii) Percent power ÷ 100 < 3.0 ·
(1¥percent speed ÷ 100). 

(iv) Percent speed ÷ 100 ≥ 0.7. 
(3) Note that the line separating Subzone 

1 and Subzone 2 includes the following 
endpoints: 

(i) Percent speed = 78.9 percent; Percent 
power = 63.2 percent. 

(ii) Percent speed = 84.6 percent; Percent 
power = 46.1 percent. 
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(c) Figure 2 of this Appendix illustrates the 
default NTE zone for recreational marine 
engines certified using the duty cycle 
specified in § 1042.505(b)(2), except for 
variable-speed marine engines used with 
controllable-pitch propellers or with 
electrically coupled propellers, as follows: 

(1) Subzone 1 is defined by the following 
boundaries: 

(i) Percent power ÷ 100 ≥ 0.7 · (percent 
speed ÷ 100) 2.5. 

(ii) Percent power ÷ 100 ≤ (percent speed 
÷ 90) 3.5. 

(iii) Percent power ÷ 100 ≥ 3.0 ·
(1¥percent speed ÷ 100). 

(iv) Percent power ≤ 95 percent. 
(2) Subzone 2 is defined by the following 

boundaries: 
(i) Percent power ÷ 100 ≥ 0.7 · (percent 

speed ÷ 100) 2.5. 
(ii) Percent power ÷ 100 ≤ (percent speed 

÷ 90) 3.5. 
(iii) Percent power ÷ 100 < 3.0 ·

(1¥percent speed ÷ 100). 
(iv) Percent speed ≥ 70 percent. 

(3) Subzone 3 is defined by the following 
boundaries: 

(i) Percent power ÷ 100 ≤ (percent speed ÷ 
90) 3.5. 

(ii) Percent power > 95 percent. 
(4) Note that the line separating Subzone 

1 and Subzone 3 includes a point at Percent 
speed = 88.7 percent and Percent power = 
95.0 percent. See paragraph (b)(3) of this 
appendix regarding the line separating 
Subzone 1 and Subzone 2. 
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(d) Figure 3 of this Appendix illustrates the 
default NTE zone for variable-speed marine 
engines used with controllable-pitch 
propellers or with electrically coupled 
propellers that are certified using the duty 
cycle specified in § 1042.505(b)(1), (2), or (3), 
as follows: 

(1) Subzone 1 is defined by the following 
boundaries: 

(i) Percent power ÷ 100 ≥ 0.7 · (percent 
speed ÷ 100) 2.5. 

(ii) Percent power ÷ 100 ≥ 3.0 · (1¥percent 
speed ÷ 100). 

(iii) Percent speed ≥ 78.9 percent. 

(2) Subzone 2a is defined by the following 
boundaries: 

(i) Percent power ÷ 100 ≥ 0.7 · (percent 
speed ÷ 100) 2.5. 

(ii) Percent speed ≥70 percent. 
(iii) Percent speed <78.9 percent, for 

Percent power >63.3 percent. 
(iv) Percent power ÷ 100 <3.0 · (1¥percent 

speed ÷ 100), for Percent speed ≥78.9 
percent. 

(3) Subzone 2b is defined by the following 
boundaries: 

(i) The line formed by connecting the 
following two points on a plot of speed-vs.- 
power: 

(A) Percent speed = 70 percent; Percent 
power = 28.7 percent. 

(B) Percent power = 40 percent; Speed = 
governed speed. 

(ii) Percent power ÷ 100 < 0.7 · (percent 
speed ÷ 100)2.5. 

(4) Note that the line separating Subzone 
1 and Subzone 2a includes the following 
endpoints: 

(i) Percent speed = 78.9 percent; Percent 
power = 63.3 percent. 

(ii) Percent speed = 84.6 percent; Percent 
power = 46.1 percent. 
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(e) Figure 4 of this Appendix illustrates the 
default NTE zone for constant-speed engines 
certified using a duty cycle specified in 
§ 1042.505(b)(3) or (4), as follows: 

(1) Subzone 1 is defined by the following 
boundaries: 

(i) Percent power ≥70 percent. 
(ii) [Reserved] 

(2) Subzone 2 is defined by the following 
boundaries: 

(i) Percent power <70 percent. 
(ii) Percent power ≥40 percent. 
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(f) Figure 5 of this Appendix illustrates the 
default NTE zone for variable-speed auxiliary 
marine engines certified using the duty cycle 
specified in § 1042.505(b)5)(ii) or (iii), as 
follows: 

(1) The default NTE zone is defined by the 
boundaries specified in 40 CFR 86.1370(b)(1), 
(2), and (4). 

(2) A special PM subzone is defined in 40 
CFR 1039.515(b). 

PART 1043—CONTROL OF NOX, SOX, 
AND PM EMISSIONS FROM MARINE 
ENGINES AND VESSELS SUBJECT TO 
THE MARPOL PROTOCOL 

■ 233. The authority citation for part 
1043 continues to read as follows: 

Authority: 33 U.S.C. 1901–1912. 

■ 234. Section 1043.60 is amended by 
revising paragraph (a) introductory text 
to read as follows: 

§ 1043.60 Operating requirements for 
engines and vessels subject to this part. 

* * * * * 
(a) Except as specified otherwise in 

this part, NOX emission limits apply to 
all engines with power output of more 
than 130 kW that will be installed on 
vessels subject to this part as specified 
in the following table: 
* * * * * 
■ 235. Section 1043.100 is revised to 
read as follows: 

§ 1043.100 Incorporation by reference. 

(a) Certain material is incorporated by 
reference into this part with the 
approval of the Director of the Federal 

Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a document in the Federal 
Register and the material must be 
available to the public. All approved 
material is available for inspection at 
U.S. EPA, Air and Radiation Docket and 
Information Center, 1301 Constitution 
Ave. NW., Room B102, EPA West 
Building, Washington, DC 20460, (202) 
202–1744, and is available from the 
sources listed below. It is also available 
for inspection at the National Archives 
and Records Administration (NARA). 
For information on the availability of 
this material at NARA, call 202–741– 
6030, or go to: http://www.archives.gov/ 
federal_register/code_of_federal_
regulations/ibr_locations.html. 

(b) The International Maritime 
Organization, 4 Albert Embankment, 
London SE1 7SR, United Kingdom, or 
www.imo.org, or 44-(0)20–7735–7611. 

(1) MARPOL Annex VI, Regulations 
for the Prevention of Air Pollution from 
Ships, Third Edition, 2013, and NOX 
Technical Code 2008. 

(i) Revised MARPOL Annex VI, 
Regulations for the Prevention of 
Pollution from Ships, Third Edition, 
2013 (‘‘2008 Annex VI’’); IBR approved 
for §§ 1043.1 introductory text, 1043.20, 
1043.30(f), 1043.60(c), and 1043.70(a). 

(ii) NOX Technical Code 2008, 
Technical Code on Control of Emission 
of Nitrogen Oxides from Marine Diesel 
Engines, 2013 Edition, (‘‘NOX Technical 
Code’’); IBR approved for §§ 1043.20, 
1043.41(b) and (h), and 1043.70(a). 

(iii) Annex 12, Resolution 
MEPC.251(66) from the Report of the 
Marine Environment Protection 
Committee on its Sixty-Sixth Session, 
April 25, 2014. This document describes 
new and revised provisions that are 
considered to be part of Annex VI and 
NOX Technical Code 2008 as referenced 
in paragraphs (b)(1)(i) and (ii) of this 
section. IBR approved for §§ 1043.1 
introductory text, 1043.20, 1043.30(f), 
1043.41(b) and (h), 1043.60(c), and 
1043.70(a). 

(2) [Reserved] 
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PART 1065—ENGINE-TESTING 
PROCEDURES 

■ 236. The authority citation for part 
1065 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Applicability and General 
Provisions 

■ 237. Section 1065.10 is amended by 
revising paragraph (c)(1)(ii) to read as 
follows: 

§ 1065.10 Other procedures. 
* * * * * 

(c) * * * 
(1) * * * 
(ii) Whether the unrepresentative 

aspect of the procedures affects your 
ability to show compliance with the 
applicable emission standards. 
* * * * * 
■ 238. Section 1065.15 is amended by 
revising paragraph (a)(2) to read as 
follows: 

§ 1065.15 Overview of procedures for 
laboratory and field testing. 

* * * * * 
(a) * * * 
(2) Hydrocarbon, HC, which may be 

expressed in the following ways: 
(i) Total hydrocarbon, THC. 
(ii) Nonmethane hydrocarbon, NMHC, 

which results from subtracting methane, 
CH4, from THC. 

(iii) Nonmethane-nonethane 
hydrocarbon, NMNEHC, which results 
from subtracting methane, CH4, and 
ethane, C2H6, from THC. 

(iv) Total hydrocarbon-equivalent, 
THCE, which results from adjusting 
THC mathematically to be equivalent on 
a carbon-mass basis. 

(v) Nonmethane hydrocarbon- 
equivalent, NMHCE, which results from 
adjusting NMHC mathematically to be 
equivalent on a carbon-mass basis. 
* * * * * 

Subpart B—Equipment Specifications 

■ 239. Section 1065.140 is amended by 
revising paragraphs (d)(2) introductory 
text and (d)(3) introductory text to read 
as follows: 

§ 1065.140 Dilution for gaseous and PM 
constituents. 

* * * * * 
(d) * * * 
(2) Constant dilution-ratio PFD. Do 

one of the following for constant 
dilution-ratio PFD: 
* * * * * 

(3) Varying dilution-ratio PFD. All the 
following provisions apply for varying 
dilution-ratio PFD: 
* * * * * 
■ 240. Section 1065.170 is amended by 
revising Figure 1 as follows: 

§ 1065.170 Batch sampling for gaseous 
and PM constituents. 

* * * * * 

Subpart C—Measurement Instruments 

■ 241. Section 1065.202 is amended by 
revising the introductory text to read as 
follows: 

§ 1065.202 Data updating, recording, and 
control. 

Your test system must be able to 
update data, record data and control 
systems related to operator demand, the 
dynamometer, sampling equipment, and 

measurement instruments. Set up the 
measurement and recording equipment 
to avoid aliasing by ensuring that the 
sampling frequency is at least double 
that of the signal you are measuring, 
consistent with good engineering 
judgment; this may require increasing 
the sampling rate or filtering the signal. 
Use data acquisition and control 
systems that can record at the specified 
minimum frequencies, as follows: 
* * * * * 

■ 242. Section 1065.220 is amended by 
revising paragraph (a) introductory text 
to read as follows: 

§ 1065.220 Fuel flow meter. 

(a) Application. You may use fuel 
flow in combination with a chemical 
balance of fuel, inlet air, and raw 
exhaust to calculate raw exhaust flow as 
described in § 1065.655(f), as follows: 
* * * * * 
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■ 243. Section 1065.225 is amended by 
revising paragraph (a) introductory text 
to read as follows: 

§ 1065.225 Intake-air flow meter. 
(a) Application. You may use an 

intake-air flow meter in combination 
with a chemical balance of fuel, inlet 
air, and exhaust to calculate raw 
exhaust flow as described in 
§ 1065.655(f) and (g), as follows: 
* * * * * 
■ 244. Add § 1065.247 to read as 
follows: 

§ 1065.247 Diesel exhaust fluid flow rate. 
(a) Application. Determine diesel 

exhaust fluid flow rate over a test 
interval for batch or continuous 
emission sampling using one of the 
three methods described in this section. 

(b) ECM. Use the ECM signal directly 
to determine diesel exhaust fluid flow 
rate. You may combine this with a 
gravimetric scale if that improves 
measurement quality. Prior to testing, 
you may characterize the ECM signal 
using a laboratory measurement and 
adjust the ECM signal, consistent with 
good engineering judgment. 

(c) Flow meter. Measure diesel 
exhaust fluid flow rate with a flow 
meter. We recommend that the flow 
meter that meets the specifications in 
Table 1 of § 1065.205. Note that your 
overall system for measuring diesel 
exhaust fluid flow must meet the 
linearity verification in § 1065.307. 
Measure using the following procedure: 

(1) Condition the flow of diesel 
exhaust fluid as needed to prevent 
wakes, eddies, circulating flows, or flow 
pulsations from affecting the accuracy 
or repeatability of the meter. You may 
accomplish this by using a sufficient 
length of straight tubing (such as a 
length equal to at least 10 pipe 
diameters) or by using specially 
designed tubing bends, straightening 
fins, or pneumatic pulsation dampeners 
to establish a steady and predictable 
velocity profile upstream of the meter. 
Condition the flow as needed to prevent 
any gas bubbles in the fluid from 
affecting the flow meter. 

(2) Account for any fluid that 
bypasses the engine or returns from the 
engine to the fluid storage tank. 

(d) Gravimetric scale. Use a 
gravimetric scale to determine the mass 
of diesel exhaust fluid the engine uses 
over a discrete-mode test interval and 
divide by the time of the test interval. 
■ 245. Section 1065.260 is amended by 
revising paragraphs (e) and (f) and 
adding paragraph (g) to read as follows: 

§ 1065.260 Flame-ionization detector. 
* * * * * 

(e) NMHC and NMOG. For 
demonstrating compliance with NMHC 
standards, you may either measure THC 
or determine NMHC mass as described 
in § 1065.660(b)(1), or you may measure 
THC and CH4 and determine NMHC as 
described in § 1065.660(b)(2) or (3). For 
gaseous-fueled engines, you may also 
use the additive method in 
§ 1065.660(b)(4). See 40 CFR 1066.635 
for methods to demonstrate compliance 
with NMOG standards for vehicle 
testing. 

(f) NMNEHC. For demonstrating 
compliance with NMNEHC standards, 
you may either measure NMHC or 
determine NMNEHC mass as described 
in § 1065.660(c)(1), you may measure 
THC, CH4, and C2H6 and determine 
NMNEHC as described in 
§ 1065.660(c)(2), or you may use the 
additive method in § 1065.660(c)(3). 

(g) CH4. For reporting CH4 or for 
demonstrating compliance with CH4 
standards, you may use a FID analyzer 
with a nonmethane cutter as described 
in § 1065.265 or you may use a GC–FID 
as described in § 1065.267. Determine 
CH4 as described in § 1065.660(d). 
■ 246. Add § 1065.266 to subpart C to 
read as follows: 

§ 1065.266 Fourier transform infrared 
analyzer. 

(a) Application. For engines that run 
only on natural gas, you may use a 
Fourier transform infrared (FTIR) 
analyzer to measure nonmethane 
hydrocarbon (NMHC) and nonmethane- 
nonethane hydrocarbon (NMNEHC) for 
continuous sampling. You may use an 
FTIR analyzer with any gaseous-fueled 
engine, including dual-fuel engines, to 
measure CH4 and C2H6, for either batch 
or continuous sampling (for subtraction 
from THC). 

(b) Component requirements. We 
recommend that you use an FTIR 
analyzer that meets the specifications in 
Table 1 of § 1065.205. Note that your 
FTIR-based system must meet the 
linearity verification in § 1065.307. Use 
appropriate analytical procedures for 
interpretation of infrared spectra. For 
example, EPA Test Method 320 (see 
https://www3.epa.gov/ttn/emc/ 
promgate/m-320.pdf) and ASTM D6348 
(incorporated by reference in 
§ 1065.1010) are considered valid 
methods for spectral interpretation. You 
must use heated FTIR analyzers that 
maintain all surfaces that are exposed to 
emissions at a temperature of (110 to 
202) °C. 

(c) Hydrocarbon species for NMHC 
and NMNEHC additive determination. 
To determine NMNEHC, measure 
ethene, ethyne, propane, propene, 
butane, formaldehyde, acetaldehyde, 

formic acid, and methanol. To 
determine NMHC, measure ethane in 
addition to those same hydrocarbon 
species. Determine NMHC and 
NMNEHC as described in 
§ 1065.660(b)(4) and § 1065.660(c)(3). 

(d) NMHC and NMNEHC CH4 and 
C2H6 determination from subtraction of 
CH4 and C2H6 from THC. Determine CH4 
as described in § 1065.660(d)(2) and 
C2H6 as described § 1065.660(e). 
Determine NMHC from subtraction of 
CH4 from THC as described in 
§ 1065.660(b)(3) and NMNEHC from 
subtraction of CH4 and C2H6 as 
described § 1065.660(c)(2). Determine 
CH4 as described in § 1065.660(d)(2) and 
C2H6 as described § 1065.660(e). 

(e) Interference verification. Perform 
interference verification for FTIR 
analyzers using the procedures of 
§ 1065.366. Certain interference gases 
can interfere with FTIR analyzers by 
causing a response similar to the 
hydrocarbon species of interest. When 
running the interference verification for 
these analyzers, use interference gases 
as follows: 

(1) The interference gases for CH4 are 
CO2, H2O, and C2H6. 

(2) The interference gases for C2H6 are 
CO2, H2O, and CH4. 

(3) The interference gases for other 
measured hydrocarbon species are CO2, 
H2O, CH4, and C2H6. 
■ 247. Section 1065.267 is amended by 
revising paragraph (a) to read as follows: 

§ 1065.267 Gas chromatograph with a 
flame ionization detector. 

(a) Application. You may use a gas 
chromatograph with a flame ionization 
detector (GC–FID) to measure CH4 and 
C2H6 concentrations of diluted exhaust 
for batch sampling. While you may also 
use a nonmethane cutter to measure 
CH4, as described in § 1065.265, use a 
reference procedure based on a gas 
chromatograph for comparison with any 
proposed alternate measurement 
procedure under § 1065.10. 
* * * * * 
■ 248. Section 1065.275 is amended by 
revising paragraph (b)(2) to read as 
follows: 

§ 1065.275 N2O measurement devices. 
* * * * * 

(b) * * * 
(2) Fourier transform infrared (FTIR) 

analyzer. Use appropriate analytical 
procedures for interpretation of infrared 
spectra. For example, EPA Test Method 
320 (see https://www3.epa.gov/ttn/emc/ 
promgate/m-320.pdf) and ASTM D6348 
(incorporated by reference in 
§ 1065.1010) are considered valid 
methods for spectral interpretation. 
* * * * * 
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Subpart D—Calibrations and 
Verifications 

■ 249. Section 1065.303 is revised to 
read as follows: 

§ 1065.303 Summary of required 
calibration and verifications. 

The following table summarizes the 
required and recommended calibrations 
and verifications described in this 

subpart and indicates when these have 
to be performed: 

TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS 

Type of calibration or verification Minimum frequency 1 

§ 1065.305: Accuracy, repeatability and noise ............ Accuracy: Not required, but recommended for initial installation. 
Repeatability: Not required, but recommended for initial installation. 
Noise: Not required, but recommended for initial installation. 

§ 1065.307: Linearity verification ................................. Speed: Upon initial installation, within 370 days before testing and after major mainte-
nance. 

Torque: Upon initial installation, within 370 days before testing and after major mainte-
nance. 

Electrical power, current, and voltage: Upon initial installation, within 370 days before 
testing and after major maintenance.2 

Fuel flow rate: Upon initial installation, within 370 days before testing, and after major 
maintenance. 

DEF flow: Upon initial installation, within 370 days before testing, and after major mainte-
nance. 

Intake-air, dilution air, diluted exhaust, and batch sampler flow rates: Upon initial installa-
tion, within 370 days before testing and after major maintenance, unless flow is 
verified by propane check or by carbon or oxygen balance. 

Raw exhaust flow rate: Upon initial installation, within 185 days before testing and after 
major maintenance, unless flow is verified by propane check or by carbon or oxygen 
balance. 

Gas dividers: Upon initial installation, within 370 days before testing, and after major 
maintenance. 

Gas analyzers (unless otherwise noted): Upon initial installation, within 35 days before 
testing and after major maintenance. 

FTIR and photoacoustic analyzers: Upon initial installation, within 370 days before testing 
and after major maintenance. 

GC–ECD: Upon initial installation and after major maintenance. 
PM balance: Upon initial installation, within 370 days before testing and after major main-

tenance. 
Pressure, temperature, and dewpoint: Upon initial installation, within 370 days before 

testing and after major maintenance. 
§ 1065.308: Continuous gas analyzer system re-

sponse and updating-recording verification—for gas 
analyzers not continuously compensated for other 
gas species.

Upon initial installation or after system modification that would affect response. 

§ 1065.309: Continuous gas analyzer system-re-
sponse and updating-recording verification—for gas 
analyzers continuously compensated for other gas 
species.

Upon initial installation or after system modification that would affect response. 

§ 1065.310: Torque ...................................................... Upon initial installation and after major maintenance. 
§ 1065.315: Pressure, temperature, dewpoint ............. Upon initial installation and after major maintenance. 
§ 1065.320: Fuel flow ................................................... Upon initial installation and after major maintenance. 
§ 1065.325: Intake flow ................................................ Upon initial installation and after major maintenance. 
§ 1065.330: Exhaust flow ............................................. Upon initial installation and after major maintenance. 
§ 1065.340: Diluted exhaust flow (CVS) ...................... Upon initial installation and after major maintenance. 
§ 1065.341: CVS and batch sampler verification 3 ...... Upon initial installation, within 35 days before testing, and after major maintenance. 
§ 1065.342 Sample dryer verification .......................... For thermal chillers: Upon installation and after major maintenance. 

For osmotic membranes; Upon installation, within 35 days of testing, and after major 
maintenance. 

§ 1065.345: Vacuum leak ............................................ For laboratory testing: Upon initial installation of the sampling system, within 8 hours be-
fore the start of the first test interval of each duty-cycle sequence, and after mainte-
nance such as pre-filter changes. 

For field testing: After each installation of the sampling system on the vehicle, prior to the 
start of the field test, and after maintenance such as pre-filter changes. 

§ 1065.350: CO2 NDIR H2O interference .................... Upon initial installation and after major maintenance. 
§ 1065.355: CO NDIR CO2 and H2O interference ...... Upon initial installation and after major maintenance. 
§ 1065.360: FID calibration THC FID optimization, 

and THC FID verification.
Calibrate all FID analyzers: Upon initial installation and after major maintenance. 
Optimize and determine CH4 response for THC FID analyzers: Upon initial installation 

and after major maintenance. 
Verify CH4 response for THC FID analyzers: Upon initial installation, within 185 days be-

fore testing, and after major maintenance. 
Verify C2H6 response for THC FID analyzers if used for NMNEHC determination: Upon 

initial installation, within 185 days before testing, and after major maintenance. 
§ 1065.362: Raw exhaust FID O2 interference ............ For all FID analyzers: Upon initial installation, and after major maintenance. 

For THC FID analyzers: Upon initial installation, after major maintenance, and after FID 
optimization according to § 1065.360. 
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TABLE 1 OF § 1065.303—SUMMARY OF REQUIRED CALIBRATION AND VERIFICATIONS—Continued 

Type of calibration or verification Minimum frequency 1 

§ 1065.365: Nonmethane cutter penetration ............... Upon initial installation, within 185 days before testing, and after major maintenance. 
§ 1065.366: Interference verification for FTIR ana-

lyzers.
Upon initial installation and after major maintenance. 

§ 1065.369: H2O, CO, and CO2 interference 
verification for ethanol photoacoustic analyzers.

Upon initial installation and after major maintenance. 

§ 1065.370: CLD CO2 and H2O quench ...................... Upon initial installation and after major maintenance. 
§ 1065.372: NDUV HC and H2O interference ............. Upon initial installation and after major maintenance. 
§ 1065.375: N2O analyzer interference ....................... Upon initial installation and after major maintenance. 
§ 1065.376: Chiller NO2 penetration ............................ Upon initial installation and after major maintenance. 
§ 1065.378: NO2-to-NO converter conversion ............. Upon initial installation, within 35 days before testing, and after major maintenance. 
§ 1065.390: PM balance and weighing ....................... Independent verification: Upon initial installation, within 370 days before testing, and after 

major maintenance. 
Zero, span, and reference sample verifications: Within 12 hours of weighing, and after 

major maintenance. 
§ 1065.395: Inertial PM balance and weighing ........... Independent verification: Upon initial installation, within 370 days before testing, and after 

major maintenance. 
Other verifications: Upon initial installation and after major maintenance. 

1 Perform calibrations and verifications more frequently than we specify, according to measurement system manufacturer instructions and good 
engineering judgment. 

2 Perform linearity verification either for electrical power or for current and voltage. 
3 The CVS verification described in § 1065.341 is not required for systems that agree within ±2% based on a chemical balance of carbon or ox-

ygen of the intake air, fuel, and diluted exhaust. 

■ 250. Section 1065.340 is amended by 
revising paragraphs (e), (f)(8), (f)(13), (g), 
(h), and Figure 1 to read as follows: 

§ 1065.340 Diluted exhaust flow (CVS) 
calibration. 

* * * * * 
(e) Configuration. Calibrate the system 

with any upstream screens or other 
restrictions that will be used during 
testing and that could affect the flow 
ahead of the CVS flow meter, using good 
engineering judgment to minimize the 
effect on the flow distribution. You may 
not use any upstream screen or other 
restriction that could affect the flow 
ahead of the reference flow meter, 
unless the flow meter has been 
calibrated with such a restriction. In the 
case of a free standing SSV reference 
flow meter, you may not have any 
upstream screens. 

(f) * * * 
(8) Repeat the steps in paragraphs 

(e)(6) and (7) of this section to record 
data at a minimum of six restrictor 
positions ranging from the wide open 
restrictor position to the minimum 
expected pressure at the PDP inlet or the 
maximum expected differential (outlet 
minus inlet) pressure across the PDP 
during testing. 
* * * * * 

(13) During emission testing ensure 
that the PDP is not operated either 
below the lowest inlet pressure point or 
above the highest differential pressure 
point in the calibration data. 

(g) SSV calibration. Calibrate a 
subsonic venturi (SSV) to determine its 
calibration coefficient, Cd, for the 
expected range of inlet pressures. 
Calibrate an SSV flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the SSV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of the 
SSV. 

(4) While the SSV operates, maintain 
a constant temperature at the SSV inlet 
within ±2% of the mean absolute inlet 
temperature, 

T̄in. 
(5) Set the variable restrictor or 

variable-speed blower to a flow rate 
greater than the greatest flow rate 
expected during testing. You may not 
extrapolate flow rates beyond calibrated 
values, so we recommend that you make 
sure the Reynolds number, Re#, at the 
SSV throat at the greatest calibrated 
flow rate is greater than the maximum 
Re# expected during testing. 

(6) Operate the SSV for at least 3 min 
to stabilize the system. Continue 
operating the SSV and record the mean 
of at least 30 seconds of sampled data 
of each of the following quantities: 

(i) The mean flow rate of the reference 
flow meter nÔref. This may include 
several measurements of different 
quantities for calculating nÔref, such as 
reference meter pressures and 
temperatures. 

(ii) Optionally, the mean dewpoint of 
the calibration air,T̄dew. See § 1065.640 
for permissible assumptions. 

(iii) The mean temperature at the 
venturi inlet,T̄in. 

(iv) The mean static absolute pressure 
at the venturi inlet, P̄in. 

(v) The mean static differential 
pressure between the static pressure at 

the venturi inlet and the static pressure 
at the venturi throat, DP̄SSV. 

(7) Incrementally close the restrictor 
valve or decrease the blower speed to 
decrease the flow rate. 

(8) Repeat the steps in paragraphs 
(g)(6) and (7) of this section to record 
data at a minimum of ten flow rates. 

(9) Determine an equation to quantify 
Cd as a function of Re# by using the 
collected data and the equations in 
§ 1065.640. Section 1065.640 also 
includes statistical criteria for validating 
the Cd versus Re# equation. 

(10) Verify the calibration by 
performing a CVS verification (i.e., 
propane check) as described in 
§ 1065.341 using the new Cd versus Re# 
equation. 

(11) Use the SSV only between the 
minimum and maximum calibrated Re#. 
If you want to use the SSV at a lower 
or higher Re#, you must recalibrate the 
SSV. 

(12) Use the equations in § 1065.642 
to determine SSV flow during a test. 

(h) CFV calibration. Calibrate a 
critical-flow venturi (CFV) to verify its 
discharge coefficient, Cd, up to the 
highest expected pressure ratio, r, 
according to § 1065.640. Calibrate a CFV 
flow meter as follows: 

(1) Connect the system as shown in 
Figure 1 of this section. 

(2) Verify that any leaks between the 
calibration flow meter and the CFV are 
less than 0.3% of the total flow at the 
highest restriction. 

(3) Start the blower downstream of the 
CFV. 

(4) While the CFV operates, maintain 
a constant temperature at the CFV inlet 
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within ±2% of the mean absolute inlet 
temperature, T̄in. 

(5) Set the variable restrictor to its 
wide-open position. Instead of a 
variable restrictor, you may alternately 
vary the pressure downstream of the 
CFV by varying blower speed or by 
introducing a controlled leak. Note that 
some blowers have limitations on 
nonloaded conditions. 

(6) Operate the CFV for at least 3 min 
to stabilize the system. Continue 
operating the CFV and record the mean 
values of at least 30 seconds of sampled 
data of each of the following quantities: 

(i) The mean flow rate of the reference 
flow meter, nÔref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating nÔref. 

(ii) The mean dewpoint of the 
calibration air,T̄dew. See § 1065.640 for 
permissible assumptions during 
emission measurements. 

(iii) The mean temperature at the 
venturi inlet,T̄in. 

(iv) The mean static absolute pressure 
at the venturi inlet, P̄in. 

(v) The mean static differential 
pressure between the CFV inlet and the 
CFV outlet, DP̄CFV. 

(7) Incrementally close the restrictor 
valve or decrease the downstream 
pressure to decrease the differential 
pressure across the CFV, DpCFV. 

(8) Repeat the steps in paragraphs 
(f)(6) and (7) of this section to record 
mean data at a minimum of ten 
restrictor positions, such that you test 
the fullest practical range of DP̄CFV 
expected during testing. We do not 
require that you remove calibration 
components or CVS components to 
calibrate at the lowest possible 
restrictions. 

(9) Determine Cd and the highest 
allowable pressure ratio, r, according to 
§ 1065.640. 

(10) Use Cd to determine CFV flow 
during an emission test. Do not use the 
CFV above the highest allowed r, as 
determined in § 1065.640. 

(11) Verify the calibration by 
performing a CVS verification (i.e., 
propane check) as described in 
§ 1065.341. 

(12) If your CVS is configured to 
operate more than one CFV at a time in 
parallel, calibrate your CVS by one of 
the following: 

(i) Calibrate every combination of 
CFVs according to this section and 
§ 1065.640. Refer to § 1065.642 for 
instructions on calculating flow rates for 
this option. 

(ii) Calibrate each CFV according to 
this section and § 1065.640. Refer to 
§ 1065.642 for instructions on 
calculating flow rates for this option. 
* * * * * 
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BILLING CODE 6550–50–C 

■ 251. Section 1065.341 is amended by 
revising paragraph (c)(3) to read as 
follows: 

§ 1065.341 CVS, PFD, and batch sampler 
verification (propane check). 

* * * * * 
(c) * * * 
(3) Select a C3H8 injection port in the 

CVS. Select the port location to be as 
close as practical to the location where 
you introduce engine exhaust into the 
CVS, or at some point in the laboratory 

exhaust tubing upstream of this 
location. Connect the C3H8 cylinder to 
the injection system. 
* * * * * 

■ 252. Section 1065.345 is amended by 
revising paragraphs (d)(2), (d)(4), (e)(3), 
and (e)(4) to read as follows: 

§ 1065.345 Vacuum-side leak verification. 

* * * * * 
(d) * * * 

(2) Supply span gas to the analyzer 
span port and record the measured 
value. 
* * * * * 

(4) Verify that the measured overflow 
span gas concentration is within ±0.5% 
of the concentration measured in 
paragraph (d)(2) of this section. A 
measured value lower than expected 
indicates a leak, but a value higher than 
expected may indicate a problem with 
the span gas or the analyzer itself. A 
measured value higher than expected 
does not indicate a leak. 
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(e) * * * 
(3) Turn off the sample pumps and 

seal the system. Measure and record the 
absolute pressure of the trapped gas and 
optionally the system absolute 
temperature. Wait long enough for any 
transients to settle and long enough for 
a leak at 0.5% to have caused a pressure 
change of at least 10 times the 
resolution of the pressure transducer, 
then again record the pressure and 
optionally temperature. 

(4) Calculate the leak flow rate based 
on an assumed value of zero for 
pumped-down bag volumes and based 
on known values for the sample system 
volume, the initial and final pressures, 
optional temperatures, and elapsed 
time. Using the calculations specified in 
§ 1065.644, verify that the vacuum- 
decay leak flow rate is less than 0.5% 
of the system’s normal in-use flow rate. 
■ 253. Section 1065.360 is amended by 
revising paragraphs (a)(3), (d) 
introductory text, and (d)(7) and adding 
paragraph (f) to read as follows: 

§ 1065.360 FID optimization and 
verification. 

(a) * * * 
(3) If you determine NMNEHC by 

subtracting from measured THC, 
determine the ethane (C2H6) response 
factor after initial analyzer installation 
and after major maintenance as 
described in paragraph (f) of this 
section. Verify the C2H6 response within 
185 days before testing as described in 
paragraph (f) of this section. 
* * * * * 

(d) THC FID CH4 response factor 
determination. This procedure is only 
for FID analyzers that measure THC. 
Since FID analyzers generally have a 
different response to CH4 versus C3H8, 
determine the THC–FID analyzer’s CH4 
response factor, RFCH4[THC–FID], after FID 
optimization. Use the most recent 
RFCH4[THC–FID] measured according to 
this section in the calculations for HC 
determination described in § 1065.660 
to compensate for CH4 response. 
Determine RFCH4[THC–FID] as follows, 
noting that you do not determine 
RFCH4[THC–FID] for FIDs that are 
calibrated and spanned using CH4 with 
a nonmethane cutter: 
* * * * * 

(7) Introduce the CH4 span gas that 
you selected under paragraph (d)(2) of 
this section into the FID analyzer. 
* * * * * 

(f) THC FID C2H6 response factor 
determination. This procedure is only 
for FID analyzers that measure THC. 
Since FID analyzers generally have a 
different response to C2H6 than C3H8, 
determine the THC–FID analyzer’s C2H6 

response factor, RFC2H6[THC–FID], after 
FID optimization using the procedure 
described in paragraph (d) of this 
section, replacing CH4 with C2H6. Use 
the most recent RFC2H6[THC–FID] 
measured according to this section in 
the calculations for HC determination 
described in § 1065.660 to compensate 
for C2H6 response. 

■ 254. Section 1065.365 is amended by 
revising paragraphs (d)(9), (e)(10), (f)(9), 
and (f)(14) to read as follows: 

§ 1065.365 Nonmethane cutter penetration 
fractions. 

* * * * * 
(d) * * * 
(9) Divide the mean C2H6 

concentration by the reference 
concentration of C2H6, converted to a C1 
basis. The result is the C2H6 combined 
response factor and penetration fraction, 
RFPFC2H6[NMC–FID]. Use this combined 
response factor and penetration fraction 
and the product of the CH4 response 
factor and CH4 penetration fraction, 
RFPFCH4[NMC–FID], set to 1.0 in emission 
calculations according to 
§ 1065.660(b)(2)(i), § 1065.660(d)(1)(i), 
or § 1065.665, as applicable. 

(e) * * * 
(10) Divide the mean C2H6 

concentration measured through the 
nonmethane cutter by the mean C2H6 
concentration measured after bypassing 
the nonmethane cutter. The result is the 
C2H6 penetration fraction, 
PFC2H6[NMC–FID]. Use this penetration 
fraction according to 
§ 1065.660(b)(2)(ii), § 1065.660(d)(1)(ii), 
or § 1065.665, as applicable. 
* * * * * 

(f) * * * 
(9) Divide the mean C2H6 

concentration by the reference 
concentration of C2H6, converted to a C1 
basis. The result is the C2H6 combined 
response factor and penetration fraction, 
RFPFC2H6[NMC–FID]. Use this combined 
response factor and penetration fraction 
according to § 1065.660(b)(2)(iii), 
§ 1065.660(d)(1)(iii), or § 1065.665, as 
applicable. 
* * * * * 

(14) Divide the mean CH4 
concentration measured through the 
nonmethane cutter by the mean CH4 
concentration measured after bypassing 
the nonmethane cutter. The result is the 
CH4 penetration fraction, PFCH4[NMC–FID]. 
Use this penetration fraction according 
to § 1065.660(b)(2)(iii), 
§ 1065.660(d)(1)(iii), or § 1065.665, as 
applicable. 

■ 255. Section 1065.366 is added to 
subpart D to read as follows: 

§ 1065.366 Interference verification for 
FTIR analyzers. 

(a) Scope and frequency. If you 
measure CH4, C2H6, NMHC, or 
NMNEHC using an FTIR analyzer, verify 
the amount of interference after initial 
analyzer installation and after major 
maintenance. 

(b) Measurement principles. 
Interference gases can interfere with 
certain analyzers by causing a response 
similar to the target analyte. If the 
analyzer uses compensation algorithms 
that utilize measurements of other gases 
to meet this interference verification, 
simultaneously conduct these other 
measurements to test the compensation 
algorithms during the analyzer 
interference verification. 

(c) System requirements. An FTIR 
analyzer must have combined 
interference that is within ±2% of the 
flow-weighted mean concentration of 
CH4, NMHC, or NMNEHC expected at 
the standard, though we strongly 
recommend a lower interference that is 
within ±1%. 

(d) Procedure. Perform the 
interference verification for an FTIR 
analyzer using the same procedure that 
applies for N2O analyzers in 
§ 1065.375(d). 
■ 256. Section 1065.370 is amended by 
revising paragraph (d)(11) to read as 
follows: 

§ 1065.370 CLD CO2 and H2O quench 
verification. 
* * * * * 

(d) * * * 
(11) Calculate the actual NO 

concentration at the gas divider’s outlet, 
xNOact, based on the span gas 
concentrations and xCO2act according to 
Eq. 1065.675–2. Use the calculated 
value in the quench verification 
calculations in Eq. 1065.675–1. 
* * * * * 
■ 257. Section 1065.375 is amended by 
revising paragraph (b) to read as follows: 

§ 1065.375 Interference verification for N2O 
analyzers. 
* * * * * 

(b) Measurement principles. 
Interference gases can positively 
interfere with certain analyzers by 
causing a response similar to N2O. If the 
analyzer uses compensation algorithms 
that utilize measurements of other gases 
to meet this interference verification, 
simultaneously conduct these other 
measurements to test the compensation 
algorithms during the analyzer 
interference verification. 
* * * * * 
■ 258. Section 1065.390 is amended by 
revising paragraphs (b), (c) introductory 
text, and (c)(2) to read as follows: 
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§ 1065.390 PM balance verifications and 
weighing process verification. 

* * * * * 
(b) Independent verification. Have the 

balance manufacturer (or a 
representative approved by the balance 
manufacturer) verify the balance 
performance within 370 days of testing. 
Balances have internal weights that 
compensate for drift due to 
environmental changes. These internal 
weights must be verified as part of this 
independent verification with external, 
certified calibration weights that meet 
the specifications in § 1065.790. 

(c) Zeroing and spanning. You must 
verify balance performance by zeroing 
and spanning it with at least one 
calibration weight. Also, any external 
weights you use must meet the 
specifications in § 1065.790. Any 
weights internal to the PM balance used 
for this verification must be verified as 
described in paragraph (b) of this 
section. 
* * * * * 

(2) You may use an automated 
procedure to verify balance 
performance. For example most 
balances have internal weights for 
automatically verifying balance 
performance. 
* * * * * 

Subpart F—Performing an Emission 
Test in the Laboratory 

■ 259. Section 1065.510 is amended by 
revising paragraphs (c) introductory 
text, (c)(4), and (d)(5)(i) and (iii) to read 
as follows: 

§ 1065.510 Engine mapping. 

* * * * * 
(c) Negative torque mapping. If your 

engine is subject to a reference duty 
cycle that specifies negative torque 
values (i.e., engine motoring), generate a 
motoring torque curve by any of the 
following procedures: 
* * * * * 

(4) For engines with an electric hybrid 
system, map the negative torque 
required to motor the engine and absorb 
any power delivered from the RESS by 
repeating paragraph (g)(2) of this section 
with minimum operator demand, 
stopping the sweep to discharge the 
RESS when the absolute instantaneous 
power measured from the RESS drops 
below the expected maximum absolute 
power from the RESS by more than 2% 
of total system maximum power 
(including engine motoring and RESS 
power) as determined from mapping the 
negative torque. 

(d) * * * 
(5) * * * 

(i) For constant-speed engines subject 
only to steady-state testing, you may 
perform an engine map by using a series 
of discrete torques. Select at least five 
evenly spaced torque setpoints from no- 
load to 80% of the manufacturer- 
declared test torque or to a torque 
derived from your published maximum 
power level if the declared test torque 
is unavailable. Starting at the 80% 
torque point, select setpoints in 2.5% or 
smaller intervals, stopping at the 
endpoint torque. The endpoint torque is 
defined as the first discrete mapped 
torque value greater than the torque at 
maximum observed power where the 
engine outputs 90% of the maximum 
observed power; or the torque when 
engine stall has been determined using 
good engineering judgment (i.e. sudden 
deceleration of engine speed while 
adding torque). You may continue 
mapping at higher torque setpoints. At 
each setpoint, allow torque and speed to 
stabilize. Record the mean feedback 
speed and torque at each setpoint. From 
this series of mean feedback speed and 
torque values, use linear interpolation to 
determine intermediate values. Use this 
series of mean feedback speeds and 
torques to generate the power map as 
described in paragraph (e) of this 
section. 
* * * * * 

(iii) For any isochronous governed 
(0% speed droop) constant-speed 
engine, you may map the engine with 
two points as described in this 
paragraph (d)(5)(iii). After stabilizing at 
the no-load governed speed in 
paragraph (d)(4) of this section, record 
the mean feedback speed and torque. 
Continue to operate the engine with the 
governor or simulated governor 
controlling engine speed using operator 
demand, and control the dynamometer 
to target a speed of 99.5% of the 
recorded mean no-load governed speed. 
Allow speed and torque to stabilize. 
Record the mean feedback speed and 
torque. Record the target speed. The 
absolute value of the speed error (the 
mean feedback speed minus the target 
speed) must be no greater than 0.1% of 
the recorded mean no-load governed 
speed. From this series of two mean 
feedback speed and torque values, use 
linear interpolation to determine 
intermediate values. Use this series of 
two mean feedback speeds and torques 
to generate a power map as described in 
paragraph (e) of this section. Note that 
the measured maximum test torque as 
determined in § 1065.610 (b)(1) will be 
the mean feedback torque recorded on 
the second point. 
* * * * * 

■ 260. Section 1065.546 is amended by 
revising paragraph (a) to read as follows: 

§ 1065.546 Verification of minimum 
dilution ratio for PM batch sampling. 

* * * * * 
(a) Determine minimum dilution ratio 

based on molar flow data. This involves 
determination of at least two of the 
following three quantities: raw exhaust 
flow (or previously diluted flow), 
dilution air flow, and dilute exhaust 
flow. You may determine the raw 
exhaust flow rate based on the measured 
intake air or fuel flow rate and the raw 
exhaust chemical balance terms as given 
in § 1065.655(f). You may determine the 
raw exhaust flow rate based on the 
measured intake air and dilute exhaust 
molar flow rates and the dilute exhaust 
chemical balance terms as given in 
§ 1065.655(g). You may alternatively 
estimate the molar raw exhaust flow rate 
based on intake air, fuel rate 
measurements, and fuel properties, 
consistent with good engineering 
judgment. 
* * * * * 

■ 261. Section 1065.590 is amended by 
revising paragraphs (f)(2), (j) 
introductory text, and (j)(3) through (7) 
to read as follows: 

§ 1065.590 PM sampling media (e.g., 
filters) preconditioning and tare weighing. 

* * * * * 
(f) * * * 
(2) Use good engineering judgment to 

determine if substitution weighing is 
necessary to show that an engine meets 
the applicable standard. You may follow 
the substitution weighing procedure in 
paragraph (j) of this section, or you may 
develop your own procedure. 
* * * * * 

(j) Substitution weighing involves 
measurement of a reference weight 
before and after each weighing of the 
PM sampling medium (e.g., the filter). 
While substitution weighing requires 
more measurements, it corrects for a 
balance’s zero-drift and it relies on 
balance linearity only over a small 
range. This is most advantageous when 
quantifying net PM masses that are less 
than 0.1% of the sample medium’s 
mass. However, it may not be 
advantageous when net PM masses 
exceed 1% of the sample medium’s 
mass. If you utilize substitution 
weighing, it must be used for both pre- 
test and post-test weighing. The same 
substitution weight must be used for 
both pre-test and post-test weighing. 
Correct the mass of the substitution 
weight for buoyancy if the density of the 
substitution weight is less than 2.0 g/ 
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cm3. The following steps are an example 
of substitution weighing: 
* * * * * 

(3) Select and weigh a substitution 
weight that meets the requirements for 
calibration weights found in § 1065.790. 
The substitution weight must also have 
the same density as the weight you use 
to span the microbalance, and be similar 
in mass to an unused sample medium 
(e.g., filter). A 47 mm PTFE membrane 
filter will typically have a mass in the 
range of 80 to 100 mg. 

(4) Record the stable balance reading, 
then remove the substitution weight. 

(5) Weigh an unused sample medium 
(e.g., a new filter), record the stable 
balance reading and record the balance 
environment’s dewpoint, ambient 
temperature, and atmospheric pressure. 

(6) Reweigh the substitution weight 
and record the stable balance reading. 

(7) Calculate the arithmetic mean of 
the two substitution-weight readings 
that you recorded immediately before 
and after weighing the unused sample. 
Subtract that mean value from the 
unused sample reading, then add the 
true mass of the substitution weight as 
stated on the substitution-weight 
certificate. Record this result. This is the 
unused sample’s tare weight without 
correcting for buoyancy. 
* * * * * 

Subpart G—Calculations and Data 
Requirements 

■ 262. Section 1065.602 is amended by 
revising paragraphs (f)(1) introductory 

text, (f)(2) introductory text, and (j) to 
read as follows: 

§ 1065.602 Statistics. 

* * * * * 
(f) * * * 
(1) For an unpaired t-test, calculate 

the t statistic and its number of degrees 
of freedom, v, as follows: 
* * * * * 

(2) For a paired t-test, calculate the t 
statistic and its number of degrees of 
freedom, v, as follows, noting that the ei 
are the errors (e.g., differences) between 
each pair of yrefi and yi: 
* * * * * 

(j) Standard estimate of error. 
Calculate a standard estimate of error, 
SEE, as follows: 

Eq. 1065.602–11 
Example:  

N = 6000 
y1 = 2045.8 
a0y = –16.8083 

a1y = 1.0110 
yref1 = 2045.0 

SEEy = 5.348 

* * * * * 
■ 263. Section 1065.610 is amended by 
revising paragraphs (a)(1)(ii), (a)(1)(iii), 
(a)(1)(vi), (a)(2), (b), and (c)(1) and (2) to 
read as follows: 

§ 1065.610 Duty-cycle generation. 

* * * * * 
(a) * * * 
(1) * * * 
(ii) Determine the lowest and highest 

engine speeds corresponding to 98% of 
Pmax, using linear interpolation, and no 
extrapolation, as appropriate. 

(iii) Determine the engine speed 
corresponding to maximum power, 
fnPmax, by calculating the average of the 
two speed values from paragraph 

(a)(1)(ii) of this section. If there is only 
one speed where power is equal to 98% 
of Pmax, take fnPmax as the speed at which 
Pmax occurs. 
* * * * * 

(vi) Determine the lowest and highest 
engine speeds corresponding to the 
value calculated in paragraph (a)(1)(v) of 
this section, using linear interpolation 
as appropriate. Calculate fntest as the 
average of these two speed values. If 
there is only one speed corresponding to 
the value calculated in paragraph 
(a)(1)(v) of this section, take fntest as the 
speed where the maximum of the sum 
of the squares occurs. 
* * * * * 

(2) For engines with a high-speed 
governor that will be subject to a 
reference duty cycle that specifies 
normalized speeds greater than 100%, 
calculate an alternate maximum test 
speed, fntest,alt, as specified in this 
paragraph (a)(2). If fntest,alt is less than the 
measured maximum test speed, fntest, 
determined in paragraph (a)(1) of this 
section, replace fntest with fntest,alt. In this 
case, fntest,alt becomes the ‘‘maximum test 
speed’’ for that engine. Note that 
§ 1065.510 allows you to apply an 
optional declared maximum test speed 
to the final measured maximum test 
speed determined as an outcome of the 
comparison between fntest, and fntest,alt in 
this paragraph (a)(2). Determine fntest,alt 
as follows: 
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Where: 
fntest,alt = alternate maximum test speed 
fnhi,idle = warm high-idle speed 

fnidle = warm idle speed 
% speedmax = maximum normalized speed 

from duty cycle 

Example:  
fnhi,idle = 2200 r/min 
fnidle = 800 r/min 

fntest,alt = 2133 r/min 

* * * * * 
(b) Maximum test torque, Ttest. For 

constant-speed engines, determine the 
measured Ttest from the torque and 
power-versus-speed maps, generated 
according to § 1065.510, as follows: 

(1) For constant speed engines 
mapped using the methods in 
§ 1065.510(d)(5)(i) or (ii), determine Ttest 
as follows: 

(i) Determine maximum power, Pmax, 
from the engine map generated 
according to § 1065.510 and calculate 
the value for power equal to 98% of 
Pmax. 

(ii) Determine the lowest and highest 
engine speeds corresponding to 98% of 
Pmax, using linear interpolation, and no 
extrapolation, as appropriate. 

(iii) Determine the engine speed 
corresponding to maximum power, 
fnPmax, by calculating the average of the 
two speed values from paragraph 
(a)(1)(ii) of this section. If there is only 

one speed where power is equal to 98% 
of Pmax, take fnPmax as the speed at which 
Pmax occurs. 

(iv) Transform the map into a 
normalized power-versus-speed map by 
dividing power terms by Pmax and 
dividing speed terms by fnPmax. Use Eq. 
1065.610–1 to calculate a quantity 
representing the sum of squares from 
the normalized map. 

(v) Determine the maximum value for 
the sum of the squares from the map 
and multiply that value by 0.98. 

(vi) Determine the lowest and highest 
engine speeds corresponding to the 
value calculated in paragraph (a)(1)(v) of 
this section, using linear interpolation 
as appropriate. Calculate fntest as the 
average of these two speed values. If 
there is only one speed corresponding to 
the value calculated in paragraph 
(a)(1)(v) of this section, take fntest as the 
speed where the maximum of the sum 
of the squares occurs. 

(vii) The measured Ttest is the mapped 
torque at fntest. 

(2) For constant-speed engines using 
the two-point mapping method in 
§ 1065.510(d)(5)(iii), you may follow 
paragraph (a)(1) of this section to 
determine the measured Ttest, or you 
may use the measured torque of the 
second point as the measured Ttest 
directly. 

(3) Transform normalized torques to 
reference torques according to 
paragraph (d) of this section by using 
the measured maximum test torque 
determined according to paragraph 
(b)(1) of this section—or use your 
declared maximum test torque, as 
allowed in § 1065.510. 

(c) * * * 
(1) % speed. If your normalized duty 

cycle specifies % speed values, use your 
warm idle speed and your maximum 
test speed to transform the duty cycle, 
as follows: 

Example:  
% speed = 85% = 0.85 
fntest = 2364 r/min 
fnidle = 650 r/min 
fnref = 0.85 • (2364¥650) + 650 
fnref = 2107 r/min 

(2) A, B, and C speeds. If your 
normalized duty cycle specifies speeds 
as A, B, or C values, use your power- 
versus-speed curve to determine the 

lowest speed below maximum power at 
which 50% of maximum power occurs. 
Denote this value as nlo. Take nlo to be 
warm idle speed if all power points at 
speeds below the maximum power 
speed are higher than 50% of maximum 
power. Also determine the highest 
speed above maximum power at which 
70% of maximum power occurs. Denote 

this value as nhi. If all power points at 
speeds above the maximum power 
speed are higher than 70% of maximum 
power, take nhi to be the declared 
maximum safe engine speed or the 
declared maximum representative 
engine speed, whichever is lower. Use 
nhi and nlo to calculate reference values 
for A, B, or C speeds as follows: 
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Example:  
nlo = 1005 r/min 
nhi = 2385 r/min 
fnrefA = 0.25 • (2385¥1005) + 1005 
fnrefB = 0.50 • (2385¥1005) + 1005 
fnrefC = 0.75 • (2385¥1005) + 1005 
fnrefA = 1350 r/min 
fnrefB = 1695 r/min 
fnrefC = 2040 r/min 

* * * * * 

■ 264. Section 1065.640 is amended by 
revising paragraphs (a), (b), (c), (d), and 
(e)(3) to read as follows: 

§ 1065.640 Flow meter calibration 
calculations. 

* * * * * 
(a) Reference meter conversions. The 

calibration equations in this section use 
molar flow rate, ṅref, as a reference 
quantity. If your reference meter outputs 
a flow rate in a different quantity, such 

as standard volume rate, v̇stdref, actual 
volume rate, v̇actref, or mass rate, ṁref, 
convert your reference meter output to 
a molar flow rate using the following 
equations, noting that while values for 
volume rate, mass rate, pressure, 
temperature, and molar mass may 
change during an emission test, you 
should ensure that they are as constant 
as practical for each individual set point 
during a flow meter calibration: 

Where: 
ṅref = reference molar flow rate. 
v̇stdref = reference volume flow rate, corrected 

to a standard pressure and a standard 
temperature. 

v̇actref = reference volume flow rate at the 
actual pressure and temperature of the 
flow rate. 

ṁref = reference mass flow. 
pstd = standard pressure. 
pact = actual pressure of the flow rate. 
Tstd = standard temperature. 
Tact = actual temperature of the flow rate. 
R = molar gas constant. 
Mmix = molar mass of the flow rate. 

Example 1:  

v̇stdref = 1000.00 ft3/min = 0.471948 m3/s 
pstd = 29.9213 in Hg @32 °F = 101.325 kPa = 

101325 Pa = 101325 kg/(m•s2) 
Tstd = 68.0 °F = 293.15 K 
R = 8.314472 J/(mol•K) = 8.314472 (m2•kg)/ 

(s2•mol•K) 

ṅref = 19.619 mol/s 

Example 2:  

ṁref = 17.2683 kg/min = 287.805 g/s 
Ṁmix = 28.7805 g/mol 

ṅref = 10.0000 mol/s (b) PDP calibration calculations. 
Perform the following steps to calibrate 
a PDP flow meter: 

(1) Calculate PDP volume pumped per 
revolution, Vrev, for each restrictor 
position from the mean values 
determined in § 1065.340 as follows: 

Where: 

ṅref = mean reference molar flow rate. 
R = molar gas constant. 
T̄in = mean temperature at the PDP inlet. 

P̄in = mean static absolute pressure at the PDP 
inlet. 

f̄nPDP = mean PDP speed. 
Example:  

ṅref = 25.096 mol/s 

R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 
(s2·mol·K) 

T̄in = 299.5 K 
P̄in = 98.290 kPa = 98290 Pa = 98290 kg/ 

(m·s2) 
f̄nPDP = 1205.1 r/min = 20.085 r/s 
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Vrev = 0.03166 m3/r (2) Calculate a PDP slip correction 
factor, Ks, for each restrictor position 

from the mean values determined in 
§ 1065.340 as follows: 

Where: 
f̄nPDP = mean PDP speed. 
P̄out = mean static absolute pressure at the 

PDP outlet. 

P̄in = mean static absolute pressure at the PDP 
inlet. 

Example:  
f̄nPDP = 1205.1 r/min = 20.085 r/s 

P̄out = 100.103 kPa 
P̄in = 98.290 kPa 

Ks = 0.006700 s/r 

(3) Perform a least-squares regression 
of Vrev, versus Ks, by calculating slope, 

a1, and intercept, a0, as described in 
§ 1065.602. 

(4) Repeat the procedure in 
paragraphs (b)(1) through (3) of this 

section for every speed that you run 
your PDP. 

(5) The following table illustrates a 
range of typical values for different PDP 
speeds: 

TABLE 1 OF § 1065.640—EXAMPLE OF PDP CALIBRATION DATA 

f̄nPDP 
(revolution/s) 

a1 
(m3/s) 

a0 
(m3/revolution) 

12.6 .......................................................................................................................................... 0.841 0.056 
16.5 .......................................................................................................................................... 0.831 ¥0.013 
20.9 .......................................................................................................................................... 0.809 0.028 
23.4 .......................................................................................................................................... 0.788 ¥0.061 

(6) For each speed at which you 
operate the PDP, use the appropriate 
regression equation from this paragraph 
(b) to calculate flow rate during 
emission testing as described in 
§ 1065.642. 

(c) Venturi governing equations and 
permissible assumptions. This section 
describes the governing equations and 
permissible assumptions for calibrating 
a venturi and calculating flow using a 
venturi. Because a subsonic venturi 
(SSV) and a critical-flow venturi (CFV) 
both operate similarly, their governing 
equations are nearly the same, except 

for the equation describing their 
pressure ratio, r (i.e., rSSV versus rCFV). 
These governing equations assume one- 
dimensional isentropic inviscid flow of 
an ideal gas. Paragraph (c)(5) of this 
section describes other assumptions that 
may apply. If good engineering 
judgment dictates that you account for 
gas compressibility, you may either use 
an appropriate equation of state to 
determine values of Z as a function of 
measured pressure and temperature, or 
you may develop your own calibration 
equations based on good engineering 
judgment. Note that the equation for the 

flow coefficient, Cf, is based on the ideal 
gas assumption that the isentropic 
exponent, g, is equal to the ratio of 
specific heats, Cp/Cv. If good engineering 
judgment dictates using a real gas 
isentropic exponent, you may either use 
an appropriate equation of state to 
determine values of g as a function of 
measured pressures and temperatures, 
or you may develop your own 
calibration equations based on good 
engineering judgment. 

(1) Calculate molar flow rate, ṅ, as 
follows: 
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Where: 
Cd = discharge coefficient, as determined in 

paragraph (c)(2) of this section. 
Cf = flow coefficient, as determined in 

paragraph (c)(3) of this section. 

At = venturi throat cross-sectional area. 
pin = venturi inlet absolute static pressure. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 
R = molar gas constant. 

Tin = venturi inlet absolute temperature. 

(2) Using the data collected in 
§ 1065.340, calculate Cd for each flow 
rate using the following equation: 

Where: 
ṅref = a reference molar flow rate. 

(3) Determine Cf using one of the 
following methods: 

(i) For CFV flow meters only, 
determine CfCFV from the following 
table based on your values for b and g, 
using linear interpolation to find 
intermediate values: 

TABLE 2 OF § 1065.640–CfCFV 
VERSUS β AND γ FOR CFV FLOW 
METERS 

CfCFV 

β γexh = 
385 

γdexh = 
γair = 
399 

0.000 0.6822 0.6846 

TABLE 2 OF § 1065.640–CfCFV 
VERSUS β AND γ FOR CFV FLOW 
METERS—Continued 

CfCFV 

β γexh = 
385 

γdexh = 
γair = 
399 

0.400 0.6857 0.6881 
0.500 0.6910 0.6934 
0.550 0.6953 0.6977 
0.600 0.7011 0.7036 
0.625 0.7047 0.7072 
0.650 0.7089 0.7114 
0.675 0.7137 0.7163 
0.700 0.7193 0.7219 
0.720 0.7245 0.7271 
0.740 0.7303 0.7329 
0.760 0.7368 0.7395 
0.770 0.7404 0.7431 

TABLE 2 OF § 1065.640–CfCFV 
VERSUS β AND γ FOR CFV FLOW 
METERS—Continued 

CfCFV 

β γexh = 
385 

γdexh = 
γair = 
399 

0.780 0.7442 0.7470 
0.790 0.7483 0.7511 
0.800 0.7527 0.7555 
0.810 0.7573 0.7602 
0.820 0.7624 0.7652 
0.830 0.7677 0.7707 
0.840 0.7735 0.7765 
0.850 0.7798 0.7828 

(ii) For any CFV or SSV flow meter, 
you may use the following equation to 
calculate Cf for each flow rate: 

Where: 
g = isentropic exponent. For an ideal gas, this 

is the ratio of specific heats of the gas 
mixture, Cp/Cv. 

r = pressure ratio, as determined in paragraph 
(c)(4) of this section. 

b = ratio of venturi throat to inlet diameters. 

(4) Calculate r as follows: 
(i) For SSV systems only, calculate 

rSSV using the following equation: 

Where: 
DpSSV = Differential static pressure; venturi 

inlet minus venturi throat. 

(ii) For CFV systems only, calculate 
rCFV iteratively using the following 
equation: 
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(5) You may apply any of the 
following simplifying assumptions or 
develop other values as appropriate for 
your test configuration, consistent with 
good engineering judgment: 

(i) For raw exhaust, diluted exhaust, 
and dilution air, you may assume that 

the gas mixture behaves as an ideal gas: 
Z = 1. 

(ii) For raw exhaust, you may assume 
g = 1.385. 

(iii) For diluted exhaust and dilution 
air, you may assume g = 1.399. 

(iv) For diluted exhaust and dilution 
air, you may assume the molar mass of 
the mixture, Mmix, is a function only of 
the amount of water in the dilution air 
or calibration air, as follows: 

Where: 

Mair = molar mass of dry air. 
xH2O = amount of H2O in the dilution air or 

calibration air, determined as described 
in § 1065.645. 

MH2O = molar mass of water. 

Example:  
Mair = 28.96559 g/mol 
xH2O = 0.0169 mol/mol 
MH2O = 18.01528 g/mol 

Mmix = 28.96559 · (1– 0.0169) + 18.01528 · 
0.0169 

Mmix = 28.7805 g/mol 

(v) For diluted exhaust and dilution 
air, you may assume a constant molar 
mass of the mixture, Mmix, for all 
calibration and all testing as long as 
your assumed molar mass differs no 
more than ±1% from the estimated 
minimum and maximum molar mass 
during calibration and testing. 

You may assume this, using good 
engineering judgment, if you 
sufficiently control the amount of water 
in calibration air and in dilution air or 
if you remove sufficient water from both 
calibration air and dilution air. The 
following table gives examples of 
permissible ranges of dilution air 
dewpoint versus calibration air 
dewpoint: 

TABLE 3 OF § 1065.640—EXAMPLES OF DILUTION AIR AND CALIBRATION AIR DEWPOINTS AT WHICH YOU MAY ASSUME A 
CONSTANT Mmix 

If calibration Tdew (°C) is . . . 
assume the fol-
lowing constant 
Mmix (g/mol) . . . 

for the following ranges of Tdew 
(°C) during emission tests a 

dry ............................................................................................................................................ 28.96559 dry to 18 
0 ............................................................................................................................................... 28.89263 dry to 21 
5 ............................................................................................................................................... 28.86148 dry to 22 
10 ............................................................................................................................................. 28.81911 dry to 24 
15 ............................................................................................................................................. 28.76224 dry to 26 
20 ............................................................................................................................................. 28.68685 –8 to 28 
25 ............................................................................................................................................. 28.58806 12 to 31 
30 ............................................................................................................................................. 28.46005 23 to 34 

a Range valid for all calibration and emission testing over the atmospheric pressure range (80.000 to 103.325) kPa. 

(6) The following example illustrates 
the use of the governing equations to 
calculate Cd of an SSV flow meter at one 
reference flow meter value. Note that 
calculating Cd for a CFV flow meter 
would be similar, except that Cf would 
be determined from Table 2 of this 
section or calculated iteratively using 

values of b and g as described in 
paragraph (c)(2) of this section. 

Example:  
ṅref = 57.625 mol/s 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
R = 8.314472 J/(mol · K) = 8.314472 (m2 · kg)/ 

(s2 · mol · K) 

Tin = 298.15 K 
At = 0.01824 m2 
pin = 99.132 kPa = 99132.0 Pa = 99132 kg/ 

(m·s2) 
g = 1.399 
b = 0.8 
Dp = 2.312 kPa 
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Cf = 0.274 

Cd = 0.982 

(d) SSV calibration. Perform the 
following steps to calibrate an SSV flow 
meter: 

(1) Calculate the Reynolds number, 
Re#, for each reference molar flow rate, 

ṅref, using the throat diameter of the 
venturi, dt. Because the dynamic 
viscosity, m, is needed to compute Re#, 
you may use your own fluid viscosity 
model to determine m for your 
calibration gas (usually air), using good 

engineering judgment. Alternatively, 
you may use the Sutherland three- 
coefficient viscosity model to 
approximate m, as shown in the 
following sample calculation for Re#: 

Where, using the Sutherland three- 
coefficient viscosity model: 

Where: 
m0 = Sutherland reference viscosity. 

T0 = Sutherland reference temperature. 
S = Sutherland constant. 

TABLE 4 OF § 1065.640—SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS 

Gas a 
μ0 T0 S Temperature range within ± 2% error b Pressure limit b 

kg/(m·s) K K K kPa 

Air .............................. 1.716 · 10¥5 273 111 170 to 1900 ..................................................... ≤ 1800 
CO2 ........................... 1.370 · 10¥5 273 222 190 to 1700 ..................................................... ≤ 3600 
H2 .............................. 1.12 · 10¥5 350 1064 360 to 1500 ..................................................... ≤ 10000 
O2 .............................. 1.919 · 10¥5 273 139 190 to 2000 ..................................................... ≤ 2500 
N2 .............................. 1.663 · 10¥5 273 107 100 to 1500 ..................................................... ≤ 1600 

a Use tabulated parameters only for the pure gases, as listed. Do not combine parameters in calculations to calculate viscosities of gas mix-
tures. 

b The model results are valid only for ambient conditions in the specified ranges. 

Example:  
m0 = 1.716 · 10¥5 kg/(m·s) 
T0 = 273 K 

S = 111 K 
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m = 1.838 · 10¥5 kg/(m·s) 
Mmix = 28.7805 g/mol 

ṅref = 57.625 mol/s 
dt = 152.4 mm = 0.1524 m 

Tin = 298.15 K 

Re# = 7.538·108 

(2) Create an equation for Cd as a 
function of Re#, using paired values of 

the two quantities. The equation may 
involve any mathematical expression, 
including a polynomial or a power 
series. The following equation is an 

example of a commonly used 
mathematical expression for relating Cd 
and Re#: 

(3) Perform a least-squares regression 
analysis to determine the best-fit 
coefficients for the equation and 
calculate SEE as described in 
§ 1065.602. 

(4) If the equation meets the criterion 
of SEE ≤ 0.5% · Cdmax, you may use the 
equation for the corresponding range of 
Re#, as described in § 1065.642. 

(5) If the equation does not meet the 
specified statistical criterion, you may 
use good engineering judgment to omit 
calibration data points; however you 
must use at least seven calibration data 

points to demonstrate that you meet the 
criterion. For example, this may involve 
narrowing the range of flow rates for a 
better curve fit. 

(6) Take corrective action if the 
equation does not meet the specified 
statistical criterion even after omitting 
calibration data points. For example, 
select another mathematical expression 
for the Cd versus Re# equation, check for 
leaks, or repeat the calibration process. 
If you must repeat the calibration 
process, we recommend applying tighter 
tolerances to measurements and 

allowing more time for flows to 
stabilize. 

(7) Once you have an equation that 
meets the specified statistical criterion, 
you may use the equation only for the 
corresponding range of Re#. 

(e) * * * 
(3) If the standard deviation of all the 

Cd values is less than or equal to 0.3% 
of the mean Cd, use the mean Cd in Eq. 
1065.642–4, and use the CFV only up to 
the highest venturi pressure ratio, r, 
measured during calibration using the 
following equation: 

Where: 

DpCFV = Differential static pressure; venturi 
inlet minus venturi outlet. 

* * * * * 

■ 265. Section 1065.642 is revised to 
read as follows: 

§ 1065.642 PDP, SSV, and CFV molar flow 
rate calculations. 

This section describes the equations 
for calculating molar flow rates from 
various flow meters. After you calibrate 
a flow meter according to § 1065.640, 
use the calculations described in this 
section to calculate flow during an 
emission test. 

(a) PDP molar flow rate. (1) Based on 
the speed at which you operate the PDP 
for a test interval, select the 
corresponding slope, a1, and intercept, 
a0, as calculated in § 1065.640, to 
calculate PDP molar flow rate,, as 
follows: 
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Where: 

fnPDP = pump speed. 

Vrev = PDP volume pumped per revolution, 
as determined in paragraph (a)(2) of this 
section. 

pin = static absolute pressure at the PDP inlet. 

R = molar gas constant. 
Tin = absolute temperature at the PDP inlet. 

(2) Calculate Vrev using the following 
equation: 

pout = static absolute pressure at the PDP 
outlet. 

Example:  
a1 = 0.8405 (m3/s) 

fnPDP = 12.58 r/s 
Pout = 99.950 kPa 
Pin = 98.575 kPa = 98575 Pa = 98575 kg/ 

(m·s2) 

a0 = 0.056 (m3/r) 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 
Tin = 323.5 K 

ṅ = 29.428 mol/s (b) SSV molar flow rate. Calculate 
SSV molar flow rate, ṅ, as follows: 

Where: 
Cd = discharge coefficient, as determined 

based on the Cd versus Re# equation in 
§ 1065.640(d)(2). 

Cf = flow coefficient, as determined in 
§ 1065.640(c)(2)(ii). 

At = venturi throat cross-sectional area. 
Pin = static absolute pressure at the venturi 

inlet. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 

R = molar gas constant. 
Tin = absolute temperature at the venturi 

inlet. 
Example:  

At = 0.01824 m2 
pin = 99.132 kPa = 99132 Pa = 99132 kg/ 

(m·s2) 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 

Tin = 298.15 K 
Re# = 7.232·105 
g = 1.399 
b = 0.8 
Dp = 2.312 kPa 

Using Eq. 1065.640–7, rssv = 0.997 

Using Eq. 1065.640–6, Cf = 0.274 

Using Eq. 1065.640–5, Cd = 0.990 

ṅ = 58.173 mol/s 

(c) CFV molar flow rate. If you use 
multiple venturis and you calibrate each 
venturi independently to determine a 
separate discharge coefficient, Cd (or 
calibration coefficient, Kv), for each 
venturi, calculate the individual molar 
flow rates through each venturi and sum 

all their flow rates to determine CFV 
flow rate, ṅ. If you use multiple venturis 
and you calibrated venturis in 
combination, calculate ṅ using the sum 
of the active venturi throat areas as At, 
the square root of the sum of the squares 
of the active venturi throat diameters as 
dt, and the ratio of the venturi throat to 
inlet diameters as the ratio of the square 

root of the sum of the active venturi 
throat diameters (dt) to the diameter of 
the common entrance to all the venturis 
(D). 

(1) To calculate ṅ through one venturi 
or one combination of venturis, use its 
respective mean Cd and other constants 
you determined according to § 1065.640 
and calculate ṅ as follows: 
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Example:  
Cd = 0.985 
Cf = 0.7219 
At = 0.00456 m2 

pin = 98.836 kPa = 98836 Pa = 98836 kg/ 
(m·s2) 

Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 

R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 
(s2·mol·K) 

Tin = 378.15 K 

ṅ = 33.690 mol/s 

(2) To calculate the molar flow rate 
through one venturi or a combination of 
venturis, you may use its respective 

mean, Kv, and other constants you 
determined according to § 1065.640 and 
calculate its molar flow rate ṅ during an 
emission test. Note that if you follow the 
permissible ranges of dilution air 

dewpoint versus calibration air 
dewpoint in Table 3 of § 1065.640, you 
may set Mmix-cal and Mmix equal to 1. 
Calculate ṅ as follows: 

Where: 

Vstdref = volume flow rate of the standard at 
reference conditions of 293.15 K and 
101.325 kPa. 

Tin-cal = venturi inlet temperature during 
calibration. 

Pin-cal = venturi inlet pressure during 
calibration. 

Mmix-cal = molar mass of gas mixture used 
during calibration. 

Mmix = molar mass of gas mixture during the 
emission test calculated using Eq. 
1065.640–9. 

Example:  
Vstdref = 0.4895 m3 
Tin-cal = 302.52 K 
Pin-cal = 99.654 kPa = 99654 Pa = 99654 kg/ 

(m·s2) 
pin = 98.836 kPa = 98836 Pa = 98836 kg/ 

(m·s2) 

pstd = 101.325 kPa = 101325 Pa = 101325 kg/ 
(m·s2) 

Mmix-cal = 28.9656 g/mol = 0.0289656 kg/mol 
Mmix = 28.7805 g/mol = 0.0287805 kg/mol 
Tin = 353.15 K 
Tstd = 293.15 K 
R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 

(s2·mol·K) 

ṅ = 16.457 mol/s 

■ 266. Section 1065.645 is amended by 
revising paragraphs (c) and (d) to read 
as follows: 

§ 1065.645 Amount of water in an ideal 
gas. 

* * * * * 

(c) Relative humidity. If you measure 
humidity as a relative humidity, RH, 
determine the amount of water in an 
ideal gas, xH2O, as follows: 
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Where: 
xH2O = amount of water in an ideal gas. 
RH = relative humidity. 
pH2O = water vapor pressure at 100% relative 

humidity at the location of your relative 
humidity measurement, Tsat = Tamb. 

pabs = wet static absolute pressure at the 
location of your relative humidity 
measurement. 

Example:  
RH = 50.77% = 0.5077 
pabs = 99.980 kPa 

Tsat = Tamb = 20 °C 
Using Eq. 1065.645–1, 

pH2O = 2.3371 kPa 
xH2O = (0.5077 · 2.3371)/99.980 
xH2O = 0.011868 mol/mol 

(d) Dewpoint determination from 
relative humidity and dry bulb 
temperature. This paragraph (d) 
describes how to calculate dewpoint 
temperature from relative humidity, RH. 
This is based on ‘‘ITS–90 Formulations 
for Vapor Pressure, Frostpoint 

Temperature, Dewpoint Temperature, 
and Enhancement Factors in the Range 
¥100 to + 100 °C’’ (Hardy, B., The 
Proceedings of the Third International 
Symposium on Humidity & Moisture, 
Teddington, London, England, April 
1998). Calculate pH20sat as described in 
paragraph (a) of this section based on 
setting Tsat equal to Tamb. Calculate 
pH20scaled by multiplying pH20sat by RH. 
Calculate the dewpoint, Tdew, from pH20 
using the following equation: 

Where: 
ln(pH2O) = the natural log of pH2Oscaled, which 

is the water vapor pressure scaled to the 
relative humidity at the location of the 

relative humidity measurement, Tsat = 
Tamb 

Example:  
RH = 39.61% = 0.3961 

Tsat = Tamb = 20.00 °C = 293.15K 
Using Eq. 1065.645–1, 

pH2Osat = 2.3371 kPa 
pH2Oscaled = (0.3961 · 2.3371) = 0.925717 kPa 

= 925.717 Pa 

■ 267. Section 1065.650 is amended by 
adding paragraph (c)(6) and revising 
paragraphs (e)(2), (f)(2), (f)(4), and 
(g)(2)(ii) to read as follows: 

§ 1065.650 Emission calculations. 

* * * * * 
(c) * * * 
(6) Mass of NMNEHC. If the test fuel 

has less than 0.010 mol/mol of ethane 
and you omit the NMNEHC calculations 
as described in § 1065.660(c)(1), take the 
corrected mass of NMNEHC to be 0.95 
times the corrected mass of NMHC. 
* * * * * 

(e) * * * 
(2) To calculate an engine’s mean 

steady-state total power, P̄, add the 
mean steady-state power from all the 
work paths described in § 1065.210 that 
cross the system boundary including 
electrical power, mechanical shaft 

power, and fluid pumping power. For 
all work paths, except the engine’s 
primary output shaft (crankshaft), the 
mean steady-state power over the test 
interval is the integration of the net 
work flow rate (power) out of the system 
boundary divided by the period of the 
test interval. When power flows into the 
system boundary, the power/work flow 
rate signal becomes negative; in this 
case, include these negative power/work 
rate values in the integration to 
calculate the mean power from that 
work path. Some work paths may result 
in a negative mean power. Include 
negative mean power values from any 
work path in the mean total power from 
the engine rather than setting these 
values to zero. The rest of this paragraph 
(e)(2) describes how to calculate the 
mean power from the engine’s primary 
output shaft. Calculate P̄ using Eq. 

1065.650–13, noting that P̄, f̄n, and T̄ 
refer to mean power, mean rotational 
shaft frequency, and mean torque from 
the primary output shaft. Account for 
the power of simulated accessories 
according to § 1065.110 (reducing the 
mean primary output shaft power or 
torque by the accessory power or 
torque). Set the power to zero during 
actual motoring operation (negative 
feedback torques), unless the engine was 
connected to one or more energy storage 
devices. Examples of such energy 
storage devices include hybrid 
powertrain batteries and hydraulic 
accumulators, like the ones illustrated 
in Figure 1 of § 1065.210. Set the power 
to zero for modes with a zero reference 
load (0 N·m reference torque or 0 kW 
reference power). Include power during 
idle modes with simulated minimum 
torque or power. 
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* * * * * 
(f) * * * 
(2) Total work. To calculate a value 

proportional to total work over a test 
interval, integrate a value that is 
proportional to power. Use information 
about the brake-specific fuel 
consumption of your engine, efuel, to 
convert a signal proportional to fuel 
flow rate to a signal proportional to 

power. To determine a signal 
proportional to fuel flow rate, divide a 
signal that is proportional to the mass 
rate of carbon products by the fraction 
of carbon in your fuel, wC. You may use 
a measured wC or you may use default 
values for a given fuel as described in 
§ 1065.655(e). Calculate the mass rate of 
carbon from the amount of carbon and 
water in the exhaust, which you 

determine with a chemical balance of 
fuel, intake air, and exhaust as 
described in § 1065.655. In the chemical 
balance, you must use concentrations 
from the flow that generated the signal 
proportional to molar flow rate, nÕ, in 
paragraph (e)(1) of this section. 
Calculate a value proportional to total 
work as follows: 

Where: 

* * * * * 
(4) 
Example: The following example shows 

how to calculate mass of emissions using 
proportional values: 

N = 3000 
ƒrecord = 5 Hz 
efuel = 285 g/(kW·hr) 
wfuel = 0.869 g/g 
MC = 12.0107 g/mol 
nÕ1 = 3.922 mol/s = 14119.2 mol/hr 

cCcombdry1 = 91.634 mmol/mol = 0.091634 
mol/mol 

cH2Oexh1 = 27.21 mmol/mol = 0.02721 mol/ 
mol 

Using Eq. 1065.650–5, 
Dt = 0.2 s 

W̃ = 5.09 (kW·hr) 

(g) * * * 

(2) * * * 
(ii) Use the following equation if you 

calculate brake-specific emissions over 

test intervals based on the ratio of mass 
rate to power as described in paragraph 
(b)(2) of this section: 

Where: 

i = test interval number. 

N = number of test intervals. WF = weighting factor for the test interval as 
defined in the standard-setting part. 
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mÔ = mean steady-state mass rate of emissions 
over the test interval as determined in 
paragraph (e) of this section. 

P̄ = mean steady-state power over the test 
interval as described in paragraph (e) of 
this section. 

Example:  
N = 2 
WF1 = 0.85 
WF2 = 0.15 
mÔ1 = 2.25842 g/hr 
mÔ2 = 0.063443 g/hr 

P̄1 = 4.5383 kW 
P̄2 = 0.0 kW 

eNOxcomposite = 0.5001 g/kW·hr 

* * * * * 
■ 268. Section 1065.655 is amended as 
follows: 
■ a. By revising paragraphs (a), (b), (c) 
introductory text, (c)(3), and (d). 
■ b. By redesignating paragraphs (e) and 
(f) as paragraphs (f) and (g), respectively. 
■ c. By adding a new paragraph (e). 
■ d. By revising the newly redesignated 
paragraph (f)(3). 

The revisions and additions read as 
follows: 

§ 1065.655 Chemical balances of fuel, 
intake air, and exhaust. 

(a) General. Chemical balances of fuel, 
intake air, and exhaust may be used to 
calculate flows, the amount of water in 
their flows, and the wet concentration of 
constituents in their flows. With one 
flow rate of either fuel, intake air, or 
exhaust, you may use chemical balances 
to determine the flows of the other two. 
For example, you may use chemical 
balances along with either intake air or 
fuel flow to determine raw exhaust flow. 
Note that chemical balance calculations 
require measured values for the flow 
rate of diesel exhaust fluid, if 
applicable. 

(b) Procedures that require chemical 
balances. We require chemical balances 
when you determine the following: 

(1) A value proportional to total work, 
W̃, when you choose to determine 
brake-specific emissions as described in 
§ 1065.650(f). 

(2) Raw exhaust molar flow rate either 
from measured intake air molar flow 
rate or from fuel mass flow rate as 
described in paragraph (f) of this 
section. 

(3) Raw exhaust molar flow rate from 
measured intake air molar flow rate and 
dilute exhaust molar flow rate, as 
described in paragraph (g) of this 
section. 

(4) The amount of water in a raw or 
diluted exhaust flow, cH2Oexh, when you 
do not measure the amount of water to 
correct for the amount of water removed 
by a sampling system. Correct for 
removed water according to § 1065.659. 

(5) The calculated total dilution air 
flow when you do not measure dilution 

air flow to correct for background 
emissions as described in § 1065.667(c) 
and (d). 

(c) Chemical balance procedure. The 
calculations for a chemical balance 
involve a system of equations that 
require iteration. We recommend using 
a computer to solve this system of 
equations. You must guess the initial 
values of up to three quantities: The 
amount of water in the measured flow, 
cH2Oexh, fraction of dilution air in 
diluted exhaust, cdil/exh, and the amount 
of products on a C1 basis per dry mole 
of dry measured flow, cCcombdry. You 
may use time-weighted mean values of 
combustion air humidity and dilution 
air humidity in the chemical balance; as 
long as your combustion air and 
dilution air humidities remain within 
tolerances of ±0.0025 mol/mol of their 
respective mean values over the test 
interval. For each emission 
concentration, c, and amount of water, 
cH2Oexh, you must determine their 
completely dry concentrations, cdry and 
cH2Oexhdry. You must also use your fuel 
mixture’s atomic hydrogen-to-carbon 
ratio, a, oxygen-to-carbon ratio, b, 
sulfur-to-carbon ratio, g, and nitrogen-to- 
carbon ratio, d, you may optionally 
account for diesel exhaust fluid (or 
other fluids injected into the exhaust), if 
applicable. You may calculate a, b, g, 
and d based on measured fuel and diesel 
exhaust fluid composition or you may 
use default values as described in 
paragraph (e) of this section. Use the 
following steps to complete a chemical 
balance: 
* * * * * 

(3) Use the following symbols and 
subscripts in the equations for 
performing the chemical balance 
calculations in this paragraph (c): 
cdil/exh = amount of dilution gas or excess air 

per mole of exhaust. 
cH2Oexh = amount of H2O in exhaust per mole 

of exhaust. 
cCcombdry = amount of carbon from fuel in the 

exhaust per mole of dry exhaust. 
cH2dry = amount of H2 in exhaust per amount 

of dry exhaust. 
KH2Ogas = water-gas reaction equilibrium 

coefficient. You may use 3.5 or calculate 
your own value using good engineering 
judgment. 

cH2Oexhdry = amount of H2O in exhaust per dry 
mole of dry exhaust. 

cprod/intdry = amount of dry stoichiometric 
products per dry mole of intake air. 

cdil/exhdry = amount of dilution gas and/or 
excess air per mole of dry exhaust. 

cint/exhdry = amount of intake air required to 
produce actual combustion products per 
mole of dry (raw or diluted) exhaust. 

craw/exhdry = amount of undiluted exhaust, 
without excess air, per mole of dry (raw 
or diluted) exhaust. 

cO2int = amount of intake air O2 per mole of 
intake air. 

cCO2intdry = amount of intake air CO2 per mole 
of dry intake air. You may use cCO2intdry 
= 375 mmol/mol, but we recommend 
measuring the actual concentration in 
the intake air. 

cH2Ointdry = amount of intake air H2O per mole 
of dry intake air. 

cCO2int = amount of intake air CO2 per mole 
of intake air. 

cCO2dil = amount of dilution gas CO2 per mole 
of dilution gas. 

cCO2dildry = amount of dilution gas CO2 per 
mole of dry dilution gas. If you use air 
as diluent, you may use cCO2dildry = 375 
mmol/mol, but we recommend measuring 
the actual concentration in the intake air. 

cH2Odildry = amount of dilution gas H2O per 
mole of dry dilution gas. 

cH2Odil = amount of dilution gas H2O per mole 
of dilution gas. 

c[emission]meas = amount of measured emission 
in the sample at the respective gas 
analyzer. 

c[emission]dry = amount of emission per dry 
mole of dry sample. 

cH2O[emission]meas = amount of H2O in sample 
at emission-detection location. Measure 
or estimate these values according to 
§ 1065.145(e)(2). 

cH2Oint = amount of H2O in the intake air, 
based on a humidity measurement of 
intake air. 

a = atomic hydrogen-to-carbon ratio of the 
fuel (or mixture of test fuels) and any 
injected fluids. 

b = atomic oxygen-to-carbon ratio of the fuel 
(or mixture of test fuels) and any injected 
fluids. 

g = atomic sulfur-to-carbon ratio of the fuel 
(or mixture of test fuels) and any injected 
fluids. 

d = atomic nitrogen-to-carbon ratio of the fuel 
(or mixture of test fuels) and any injected 
fluids. 

* * * * * 
(d) Carbon mass fraction of fuel. 

Determine carbon mass fraction of fuel, 
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wC, based on the fuel properties as 
determined in paragraph (e) of this 
section, accounting for diesel exhaust 

fluid’s contribution to a, b, g, and d, or 
that of any other fluid injected into the 

exhaust, if applicable. Calculate wC 
using the following equation: 

Where: 

wC = carbon mass fraction of the fuel (or 
mixture of test fuels) and any injected 
fluids. 

MC = molar mass of carbon. 
a = atomic hydrogen-to-carbon ratio of the 

fuel (or mixture of test fuels) and any 
injected fluids. 

MH = molar mass of hydrogen. 

b = atomic oxygen-to-carbon ratio of the fuel 
(or mixture of test fuels) and any injected 
fluids. 

MO = molar mass of oxygen. 
g = atomic sulfur-to-carbon ratio of the fuel 

(or mixture of test fuels) and any injected 
fluids. 

MS = molar mass of sulfur. 
d = atomic nitrogen-to-carbon ratio of the fuel 

(or mixture of test fuels) and any injected 
fluids. 

MN = molar mass of nitrogen. 
Example:  

a = 1.8 
b = 0.05 
g = 0.0003 
d = 0.0001 
MC = 12.0107 
MH = 1.00794 
MO = 15.9994 
MS = 32.065 
MN = 14.0067 

wC = 0.8206 

(e) Fuel and diesel exhaust fluid 
composition. Determine fuel and diesel 
exhaust fluid composition represented 
by a, b, g, and d as described in this 
paragraph (e). When using measured 
fuel or diesel exhaust fluid properties, 
you must determine values for a and b 
in all cases. If you determine 
compositions based on measured values 
and the default value listed in Table 1 
of this section is zero, you may set g and 
d to zero; otherwise determine g and d 
(along with a and b) based on measured 
values. Determine elemental mass 
fractions and values for a, b, g, and d as 
follows: 

(1) For liquid fuels, use the default 
values for a, b, g, and d in Table 1 of 
this section or determine mass fractions 
of liquid fuels for calculation of a, b, g, 
and d as follows: 

(i) Determine the carbon and 
hydrogen mass fractions according to 
ASTM D5291 (incorporated by reference 
in § 1065.1010). When using ASTM 
D5291 to determine carbon and 
hydrogen mass fractions of gasoline 
(with or without blended ethanol), use 
good engineering judgment to adapt the 
method as appropriate. This may 
include consulting with the instrument 
manufacturer on how to test high- 
volatility fuels. Allow the weight of 
volatile fuel samples to stabilize for 20 
minutes before starting the analysis; if 
the weight still drifts after 20 minutes, 
prepare a new sample. Retest the sample 
if the carbon, hydrogen, and oxygen 
mass fractions do not add up to a total 

mass of 100 ±0.5%; if you do not 
measure oxygen, you may assume it has 
a zero concentration for this 
specification. 

(ii) Determine oxygen mass fraction of 
gasoline (with or without blended 
ethanol) according to ASTM D5599 
(incorporated by reference in 
§ 1065.1010). For all other liquid fuels, 
determine the oxygen mass fraction 
using good engineering judgment. 

(iii) Determine the nitrogen mass 
fraction according to ASTM D4629 or 
ASTM D5762 (incorporated by reference 
in § 1065.1010) for all liquid fuels. 
Select the correct method based on the 
expected nitrogen content. 

(iv) Determine the sulfur mass 
fraction according to subpart H of this 
part. 

(2) For gaseous fuels and diesel 
exhaust fluid, use the default values for 
a, b, g, and d in Table 1 of this section, 
or use good engineering judgment to 
determine those values based on 
measurement. 

(3) For nonconstant fuel mixtures, you 
must account for the varying 
proportions of the different fuels. This 
generally applies for dual-fuel engines, 
but it also applies if diesel exhaust fluid 
is injected in a way that is not strictly 
proportional to fuel flow. Account for 
these varying concentrations either with 
a batch measurement that provides 
averaged values to represent the test 
interval, or by analyzing data from 
continuous mass rate measurements. 
Application of average values from a 
batch measurement generally applies to 

situations where one fluid is a minor 
component of the total fuel mixture, for 
example dual-fuel engines with diesel 
pilot injection, where the diesel pilot 
fuel mass is less than 5% of the total 
fuel mass and diesel exhaust fluid 
injection; consistent with good 
engineering judgment. 

(4) Calculate a, b, g, and d using the 
following equations: 
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Where: 
M = total number of fuels and injected fluids 

over the duty cycle. 
j = an indexing variable that represents one 

fuel or injected fluid, starting with j = 1. 

ṁj = the mass flow rate of the fuel or any 
injected fluid j. For applications using a 
single fuel and no DEF fluid, set this 
value to 1. For batch measurements, 
divide the total mass of fuel over the test 
interval duration to determine a mass 
rate. 

WHj = hydrogen mass fraction of fuel or any 
injected fluid j. 

WCj = carbon mass fraction of fuel or any 
injected fluid j. 

WOj = oxygen mass fraction of fuel or any 
injected fluid j. 

WSj = sulfur mass fraction of fuel or any 
injected fluid j. 

WNj = nitrogen mass fraction of fuel or any 
injected fluid j. 

Example:  
N = 1 
j = 1 
ṁj = 1 
WHj = 0.1239 
WCj = 0.8206 
WOj = 0.0547 
WSj = 0.00066 
WNj = 0.000095 
MC = 12.0107 
MH = 1.00794 

MO = 15.9994 
MS = 32.065 
MN = 14.0067 

a = 1.799 
b = 0.05004 
g = 0.0003012 
d = 0.0001003 

TABLE 1 OF § 1065.655—DEFAULT VALUES OF α, β,γ, δ, AND WC 

Fuel or injected fluid 

Atomic hydrogen, 
oxygen, sulfur, and 

nitrogen-to-carbon ratios 
CHaObSgNd 

Carbon mass 
fraction, WC 

g/g 

Gasoline ....................................................................................................................... CH1.85O0S0N0 ............................................ 0.866 
E10 Gasoline ................................................................................................................ CH1.92O0.03S0N0 ........................................ 0.833 
E15 Gasoline ................................................................................................................ CH1.95O0.05S0N0 ........................................ 0.817 
E85 Gasoline ................................................................................................................ CH2.73O0.38S0N0 ........................................ 0.576 
E100 Ethanol ................................................................................................................ CH3O0.5S0N0 ............................................. 0.521 
M100 Methanol ............................................................................................................. CH4O1S0N0 ............................................... 0.375 
#1 Diesel ...................................................................................................................... CH1.93O0S0N0 ............................................ 0.861 
#2 Diesel ...................................................................................................................... CH1.80O0S0N0 ............................................ 0.869 
Liquefied petroleum gas ............................................................................................... CH2.64O0S0N0 ............................................ 0.819 
Natural gas ................................................................................................................... CH3.78 O0.016S0N0 ...................................... 0.747 
Residual fuel blends ..................................................................................................... Must be determined by measured fuel properties as de-

scribed in paragraph (d)(1) of this section. 

Diesel exhaust fluid ...................................................................................................... CH17.85O7.92S0N2 ....................................... 0.065 

(f) * * * 
(3) Fluid mass flow rate calculation. 

This calculation may be used only for 
steady-state laboratory testing. See 
§ 1065.915(d)(5)(iv) for application to 
field testing. Calculate ṅexh based on 
using the following equation: 

Where: 
ṅexh = raw exhaust molar flow rate from 

which you measured emissions. 
N = total number of fuels and injected fluids 

over the duty cycle. 
j = an indexing variable that represents one 

fuel or injected fluid, starting with j = 1. 

ṁj = the mass flow rate of the fuel or any 
injected fluid j. 

Example:  
N = 1 
j = 1 
ṁj = 7.559 g/s 
wC = 0.869 g/g 
MC = 12.0107 g/mol 
XCcombdry = 99.87 mmol/mol = 0.09987 mol/ 

mol 
XH20exhdry = 107.64 mmol/mol = 0.10764 mol/ 

mol 

ṅexh = 6.066 mol/s 

* * * * * 

■ 269. Section 1065.660 is amended as 
follows: 
■ a. By revising the section heading. 

■ b. By revising paragraphs (a)(2) and 
(3). 
■ c. By adding paragraph (a)(4). 
■ d. By revising paragraph (b)(3). 
■ e. By adding paragraph (b)(4). 
■ f. By redesignating paragraph (c) as 
paragraph (d). 
■ g. By adding a new paragraph (c). 
■ h. By revising newly redesignated 
paragraph (d). 
■ i. By adding paragraph (e). 

The revisions and additions read as 
follows: 

§ 1065.660 THC, NMHC, NMNEHC, CH4, 
and C2H6 determination. 

* * * * * 
(a) * * * 
(2) For the NMHC determination 

described in paragraph (b) of this 
section, correct xTHC[THC-FID] for initial 
THC contamination using Eq. 1065.660– 
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1. You may correct xTHC[NMC-FID] for 
initial contamination of the CH4 sample 
train using Eq. 1065.660–1, substituting 
in CH4 concentrations for THC. 

(3) For the NMNEHC determination 
described in paragraph (c) of this 
section, correct xTHC[THC-FID] for initial 
THC contamination using Eq. 1065.660– 
1. You may correct xTHC[NMC-FID] for 
initial contamination of the CH4 sample 

train using Eq. 1065.660–1, substituting 
in CH4 concentrations for THC. 

(4) For the CH4 determination 
described in paragraph (d) of this 
section, you may correct xTHC[NMC–FID] 
for initial THC contamination of the CH4 
sample train using Eq. 1065.660–1, 
substituting in CH4 concentrations for 
THC. 

(b) * * * 

(3) For a GC–FID or FTIR, calculate 
xNMHC using the THC analyzer’s 
response factor (RF) for CH4, from 
§ 1065.360, and the initial THC 
contamination and dry-to-wet corrected 
THC concentration xTHC[THC–FID]cor as 
determined in paragraph (a) of this 
section as follows: 

Where: 

xNMHC = concentration of NMHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID. 

RFCH4[THC–FID] = response factor of THC–FID 
to CH4. 

xCH4 = concentration of CH4, dry-to-wet 
corrected, as measured by the GC–FID or 
FTIR. 

Example:  
xTHC[THC–FID]cor = 145.6 mmol/mol 

RFCH4[THC–FID] = 0.970 
xCH4 = 18.9 mmol/mol 
xNMHC = 145.6¥0.970 · 18.9 
xNMHC = 127.3 mmol/mol 

(4) For an FTIR, calculate xNMHC by 
summing the hydrocarbon species listed 
in § 1065.266(c) as follows: 

Where: 
xNMHC = concentration of NMHC. 
xHCi = the C1-equivalent concentration of 

hydrocarbon species i as measured by 
the FTIR, not corrected for initial 
contamination. 

xHCi-init = the C1-equivalent concentration of 
the initial system contamination 
(optional) of hydrocarbon species i, dry- 
to-wet corrected, as measured by the 
FTIR. 

Example:  
xC2H6 = 4.9 mmol/mol 
xC2H4 = 0.9 mmol/mol 
xC2H2 = 0.8 mmol/mol 

xC3H8 = 0.4 mmol/mol 
xC3H6 = 0.5 mmol/mol 
xC4H10 = 0.3 mmol/mol 
xCH2O = 0.8 mmol/mol 
xC2H4O = 0.3 mmol/mol 
xC2H2O2 = 0.1 mmol/mol 
xCH4O = 0.1 mmol/mol 
xNMHC = 4.9 + 0.9 + 0.8 + 0.4 + 0.5 + 0.3 + 

0.8 + 0.3 + 0.1 + 0.1 
xNMHC = 9.1 mmol/mol 

(c) NMNEHC determination. Use one 
of the following methods to determine 
NMNEHC concentration, xNMNEHC: 

(1) If the content of your test fuel 
contains less than 0.010 mol/mol of 

ethane, you may omit the calculation of 
NMNEHC concentrations and calculate 
the mass of NMNEHC as described in 
§ 1065.650(c)(6). 

(2) For a GC–FID or FTIR, calculate 
xNMNEHC using the THC analyzer’s 
response factors (RF) for CH4 and C2H6, 
from § 1065.360, and the initial 
contamination and dry-to-wet corrected 
THC concentration xTHC[THC–FID]cor as 
determined in paragraph (a) of this 
section as follows: 

Where: 

xNMNEHC = concentration of NMNEHC. 
xTHC[THC–FID]cor = concentration of THC, 

initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID. 

RFCH4[THC–FID] = response factor of THC–FID 
to CH4. 

xCH4 = concentration of CH4, dry-to-wet 
corrected, as measured by the GC–FID or 
FTIR. 

RFC2H6[THC–FID] = response factor of THC–FID 
to C2H6. 

xC2H6 = the C1-equivalent concentration of 
C2H6, dry-to-wet corrected, as measured 
by the GC–FID or FTIR. 

Example:  
xTHC[THC–FID]cor = 145.6 mmol/mol 

RFCH4[THC–FID] = 0.970 
xCH4 = 18.9 mmol/mol 
RFC2H6[THC–FID] = 1.02 
xC2H6 = 10.6 mmol/mol 
xNMHC = 145.6—0.970 · 18.9—1.02 · 10.6 
xNMHC = 116.5 mmol/mol 

(3) For an FTIR, calculate xNMNEHC by 
summing the hydrocarbon species listed 
in § 1065.266(c) as follows: 
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Where: 
xNMNEHC = concentration of NMNEHC. 
xHCi = the C1-equivalent concentration of 

hydrocarbon species i as measured by 
the FTIR, not corrected for initial 
contamination. 

xHCi-init = the C1-equivalent concentration of 
the initial system contamination 
(optional) of hydrocarbon species i, dry- 
to-wet corrected, as measured by the 
FTIR. 

Example:  
xC2H4 = 0.9 mmol/mol 
xC2H2 = 0.8 mmol/mol 
xC3H8 = 0.4 mmol/mol 
xC3H6 = 0.5 mmol/mol 

xC4H10 = 0.3 mmol/mol 
xCH2O = 0.8 mmol/mol 
xC2H4O = 0.3 mmol/mol 
xC2H2O2 = 0.1 mmol/mol 
xCH4O = 0.1 mmol/mol 
xNMNEHC = 0.9 + 0.8 + 0.4 + 0.5 + 0.3 + 0.8 

+ 0.3 + 0.1 + 0.1 
xNMNEHC = 4.2 mmol/mol 

(d) CH4 determination. Use one of the 
following methods to determine CH4 
concentration, xCH4: 

(1) For nonmethane cutters, calculate 
xCH4 using the nonmethane cutter’s 
penetration fraction (PF) of CH4 and the 
response factor penetration fraction 

(RFPF) of C2H6 from § 1065.365, the 
response factor (RF) of the THC FID to 
CH4 from § 1065.360, the initial THC 
contamination and dry-to-wet corrected 
THC concentration xTHC[THC–FID]cor as 
determined in paragraph (a) of this 
section, and the dry-to-wet corrected 
CH4 concentration xTHC[NMC–FID]cor 
optionally corrected for initial THC 
contamination as determined in 
paragraph (a) of this section. 

(i) Use the following equation for 
penetration fractions determined using 
an NMC configuration as outlined in 
§ 1065.365(d): 

Where: 

xCH4 = concentration of CH4. 
xTHC[NMC-FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC-FID]cor = concentration of THC, 
initial THC contamination and dry-to- 
wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

RFPFC2H6[NMC-FID] = the combined ethane 
response factor and penetration fraction 
of the nonmethane cutter, according to 
§ 1065.365(d). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

Example:  
xTHC[NMC-FID]cor = 10.4 mmol/mol 
xTHC[THC-FID]cor = 150.3 mmol/mol 
RFPFC2H6[NMC-FID] = 0.019 
RFCH4[THC-FID] = 1.05 

xCH4 = 7.69 mmol/mol (ii) For penetration fractions 
determined using an NMC configuration 

as outlined in § 1065.365(e), use the 
following equation: 

Where: 
xCH4 = concentration of CH4. 
xTHC[NMC-FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC-FID]cor = concentration of THC, 
initial THC contamination and dry-to- 

wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

PFC2H6[NMC–FID] = nonmethane cutter ethane 
penetration fraction, according to 
§ 1065.365(e). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(e). 

Example:  
xTHC[NMC–FID]cor = 10.4 mmol/mol 
xTHC[THC–FID]cor = 150.3 mmol/mol 
PFC2H6[NMC–FID] = 0.020 
RFCH4[THC–FID] = 1.05 
PFCH4[NMC–FID] = 0.990 
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xCH4 = 7.25 mmol/mol (iii) For penetration fractions 
determined using an NMC configuration 

as outlined in § 1065.365(f), use the 
following equation: 

Where: 

xCH4 = concentration of CH4. 
xTHC[NMC–FID]cor = concentration of THC, 

initial THC contamination (optional) and 
dry-to-wet corrected, as measured by the 
NMC FID during sampling through the 
NMC. 

xTHC[THC–FID]cor = concentration of THC, 
initial THC contamination and dry-to- 

wet corrected, as measured by the THC 
FID during sampling while bypassing the 
NMC. 

RFPFC2H6[NMC–FID] = the combined ethane 
response factor and penetration fraction 
of the nonmethane cutter, according to 
§ 1065.365(f). 

PFCH4[NMC–FID] = nonmethane cutter CH4 
penetration fraction, according to 
§ 1065.365(f). 

RFCH4[THC–FID] = response factor of THC FID 
to CH4, according to § 1065.360(d). 

Example:  
xTHC[NMC–FID]cor = 10.4 mmol/mol 
xTHC[THC–FID]cor = 150.3 mmol/mol 
RFPFC2H6[NMC–FID] = 0.019 
PFCH4[NMC–FID] = 0.990 
RFCH4[THC–FID] = 1.05 

xCH4 = 7.78 mmol/mol 

(2) For a GC–FID or FTIR, xCH4 is the 
actual dry-to-wet corrected CH4 
concentration as measured by the 
analyzer. 

(e) C2H6 determination. For a GC–FID 
or FTIR, xC2H6 is the C1-equivalent, dry- 
to-wet corrected C2H6 concentration as 
measured by the analyzer. 
■ 270. Section 1065.665 is amended by 
revising paragraphs (a) and (b) to read 
as follows: 

§ 1065.665 THCE and NMHCE 
determination. 

(a) If you measured an oxygenated 
hydrocarbon’s mass concentration, first 
calculate its molar concentration in the 
exhaust sample stream from which the 
sample was taken (raw or diluted 
exhaust), and convert this into a C1- 
equivalent molar concentration. Add 
these C1-equivalent molar 
concentrations to the molar 
concentration of non-oxygenated total 

hydrocarbon (NOTHC). The result is the 
molar concentration of total 
hydrocarbon equivalent (THCE). 
Calculate THCE concentration using the 
following equations, noting that Eq. 
1065.665–3 is required only if you need 
to convert your oxygenated hydrocarbon 
(OHC) concentration from mass to 
moles: 
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Where: 
xTHCE = the sum of the C1-equivalent 

concentrations of non-oxygenated 
hydrocarbon, alcohols, and aldehydes. 

xNOTHC = the sum of the C1-equivalent 
concentrations of NOTHC. 

xOHCi = the C1-equivalent concentration of 
oxygenated species i in diluted exhaust, 
not corrected for initial contamination. 

xOHCi-init = the C1-equivalent concentration of 
the initial system contamination 
(optional) of oxygenated species i, dry- 
to-wet corrected. 

xTHC[THC–FID]cor = the C1-equivalent response 
to NOTHC and all OHC in diluted 
exhaust, HC contamination and dry-to- 
wet corrected, as measured by the THC– 
FID. 

RFOHCi[THC–FID] = the response factor of the 
FID to species i relative to propane on a 
C1-equivalent basis. 

C# = the mean number of carbon atoms in the 
particular compound. 

Mdexh = the molar mass of diluted exhaust as 
determine in § 1065.340. 

mdexhOHCi = the mass of oxygenated species i 
in dilute exhaust. 

MOHCi = the C1-equivalent molecular weight 
of oxygenated species i. 

mdexh = the mass of diluted exhaust 
ndexhOHCi = the number of moles of 

oxygenated species i in total diluted 
exhaust flow. 

ndexh = the total diluted exhaust flow. 

(b) If we require you to determine 
nonmethane hydrocarbon equivalent 
(NMHCE), use the following equation: 

Where: 
xNMHCE = the sum of the C1-equivalent 

concentrations of nonoxygenated 
nonmethane hydrocarbon (NONMHC), 
alcohols, and aldehydes. 

RFCH4[THC–FID] = the response factor of THC– 
FID to CH4. 

xCH4 = concentration of CH4, HC 
contamination (optional) and dry-to-wet 
corrected, as measured by the gas 
chromatograph FID. 

* * * * * 

■ 271. Section 1065.667 is amended by 
revising paragraph (c) to read as follows: 

§ 1065.667 Dilution air background 
emission correction. 

* * * * * 
(c) You may determine the total flow 

of dilution air by subtracting the 
calculated raw exhaust molar flow as 
described in § 1065.655(g) from the 
measured dilute exhaust flow. This may 

be done by totaling continuous 
calculations or by using batch results. 
* * * * * 
■ 272. Section 1065.675 is amended by 
revising paragraph (d) to read as 
follows: 

§ 1065.675 CLD quench verification 
calculations. 

* * * * * 
(d) Calculate quench as follows: 

Where: 
quench = amount of CLD quench. 
xNOdry = concentration of NO upstream of a 

bubbler, according to § 1065.370(e)(4). 
xNOwet = measured concentration of NO 

downstream of a bubbler, according to 
§ 1065.370(e)(9). 

xH2Oexp = maximum expected mole fraction of 
water during emission testing, according 
to paragraph (b) of this section. 

xH2Omeas = measured mole fraction of water 
during the quench verification, 
according to § 1065.370(e)(7). 

xNOmeas = measured concentration of NO 
when NO span gas is blended with CO2 
span gas, according to § 1065.370(d)(10). 

xNOact = actual concentration of NO when NO 
span gas is blended with CO2 span gas, 
according to § 1065.370(d)(11) and 
calculated according to Eq. 1065.675–2. 

xCO2exp = maximum expected concentration 
of CO2 during emission testing, 
according to paragraph (c) of this section. 

xCO2act = actual concentration of CO2 when 
NO span gas is blended with CO2 span 
gas, according to § 1065.370(d)(9). 
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Where: 
xNOspan = The NO span gas concentration 

input to the gas divider, according to 
§ 1065.370(d)(5). 

xCO2span = the CO2 span gas concentration 
input to the gas divider, according to 
§ 1065.370(d)(4). 

Example:  
xNOdry = 1800.0 mmol/mol 
xNOwet = 1739.6 mmol/mol 
xH2Oexp = 0.030 mol/mol 
xH2Omeas = 0.030 mol/mol 
xNOmeas = 1515.2 mmol/mol 
xNOspan = 3001.6 mmol/mol 

xCO2exp = 3.2% 
xCO2span = 6.1% 
xCO2act = 2.98% 

quench = (¥0.0036655¥0.014020171)·100% 
= ¥1.7685671% 

* * * * * 
■ 273. Section 1065.680 is added to 
subpart G to read as follows: 

§ 1065.680 Adjusting emission levels to 
account for infrequently regenerating 
aftertreatment devices. 

This section describes how to 
calculate and apply emission 
adjustment factors for engines using 
aftertreatment technology with 
infrequent regeneration events that may 
occur during testing. These adjustment 
factors are typically calculated based on 
measurements conducted for the 
purposes of engine certification, and 
then used to adjust the results of testing 

related to demonstrating compliance 
with emission standards. For this 
section, ‘‘regeneration’’ means an 
intended event during which emission 
levels change while the system restores 
aftertreatment performance. For 
example, exhaust gas temperatures may 
increase temporarily to remove sulfur 
from adsorbers or to oxidize 
accumulated particulate matter in a 
trap. Also, ‘‘infrequent’’ refers to 
regeneration events that are expected to 
occur on average less than once over a 
transient or ramped-modal duty cycle, 
or on average less than once per mode 
in a discrete-mode test. 

(a) Apply adjustment factors based on 
whether there is active regeneration 

during a test segment. The test segment 
may be a test interval or a full duty 
cycle, as described in paragraph (b) of 
this section. For engines subject to 
standards over more than one duty 
cycle, you must develop adjustment 
factors under this section for each 
separate duty cycle. You must be able to 
identify active regeneration in a way 
that is readily apparent during all 
testing. All adjustment factors for 
regeneration are additive. 

(1) If active regeneration does not 
occur during a test segment, apply an 
upward adjustment factor, UAF, that 
will be added to the measured emission 
rate for that test segment. Use the 
following equation to calculate UAF: 

Where: 
EFA[cycle] = the average emission factor over 

the test segment as determined in 
paragraph (a)(4) of this section. 

EFL[cycle] = measured emissions over a 
complete test segment in which active 
regeneration does not occur. 

Example:  
EFARMC = 0.15 g/kW·hr 
EFLRMC = 0.11 g/kW·hr 
UAFRMC = 0.15 ¥ 0.11 = 0.04 g/kW·hr 

(2) If active regeneration occurs or 
starts to occur during a test segment, 

apply a downward adjustment factor, 
DAF, that will be subtracted from the 
measured emission rate for that test 
segment. Use the following equation to 
calculate DAF: 
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Where: 
EFH[cycle] = measured emissions over the test 

segment from a complete regeneration 
event, or the average emission rate over 
multiple complete test segments with 
regeneration if the complete regeneration 
event lasts longer than one test segment. 

Example:  
EFARMC = 0.15 g/kW·hr 
EFHRMC = 0.50 g/kW·hr 
DAFRMC = 0.50 ¥ 0.15 = 0.35 g/kW·hr 

(3) Note that emissions for a given 
pollutant may be lower during 

regeneration, in which case EFL would 
be greater than EFH, and both UAF and 
DAF would be negative. 

(4) Calculate the average emission 
factor, EFA, as follows: 

Where: 
F[cycle] = the frequency of the regeneration 

event during the test segment, expressed 
in terms of the fraction of equivalent test 
segments during which active 
regeneration occurs, as described in 
paragraph (a)(5) of this section. 

Example:  
FRMC = 0.10 
EFARMC = 0.10 · 0.50 + (1.00 ¥ 0.10) · 0.11 

= 0.15 g/kW·hr 

(5) The frequency of regeneration, F, 
generally characterizes how often a 

regeneration event occurs within a 
series of test segments. Determine F 
using the following equation, subject to 
the provisions of paragraph (a)(6) of this 
section: 

Where: 
ir[cycle] = the number of successive test 

segments required to complete an active 
regeneration, rounded up to the next 
whole number. 

if[cycle] = the number of test segments from the 
end of one complete regeneration event 
to the start of the next active 
regeneration, without rounding. 

Example:  

irRMC = 2 
ifRMC = 17.86 

(6) Use good engineering judgment to 
determine ir and if, as follows: 

(i) For engines that are programmed to 
regenerate after a specific time interval, 
you may determine the duration of a 
regeneration event and the time between 
regeneration events based on the 
engine’s design parameters. For other 
engines, determine these values based 
on measurements from in-use operation 
or from running repetitive duty cycles 
in a laboratory. 

(ii) For engines subject to standards 
over multiple duty cycles, such as for 
transient and steady-state testing, apply 
this same calculation to determine a 
value of F for each duty cycle. 

(iii) Consider an example for an 
engine that is designed to regenerate its 
PM filter 500 minutes after the end of 
the last regeneration event, with the 

regeneration event lasting 30 minutes. If 
the RMC takes 28 minutes, irRMC = 2 (30 
÷ 28 = 1.07, which rounds up to 2), and 
ifRMC = 500 ÷ 28 = 17.86. 

(b) Develop adjustment factors for 
different types of testing as follows: 

(1) Discrete-mode testing. Develop 
separate adjustment factors for each test 
mode (test interval) of a discrete-mode 
test. When measuring EFH, if a 
regeneration event has started but is not 
complete when you reach the end of the 
sampling time for a test interval, extend 
the sampling period for that test interval 
until the regeneration event is complete. 

(2) Ramped-modal and transient 
testing. Develop a separate set of 
adjustment factors for an entire ramped- 
modal cycle or transient duty cycle. 
When measuring EFH, if a regeneration 
event has started but is not complete 

when you reach the end of the duty 
cycle, start the next repeat test as soon 
as possible, allowing for the time 
needed to complete emission 
measurement and installation of new 
filters for PM measurement; in that case 
EFH is the average emission level for the 
test segments that included 
regeneration. 

(3) Accounting for cold-start 
measurements. For engines subject to 
cold-start testing requirements, 
incorporate cold-start operation into 
your analysis as follows: 

(i) Determine the frequency of 
regeneration, F, in a way that 
incorporates the impact of cold-start 
operation in proportion to the cold-start 
weighting factor specified in the 
standard-setting part. You may use good 
engineering judgment to determine the 
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effect of cold-start operation 
analytically. 

(ii) Treat cold-start testing and hot- 
start testing together as a single test 
segment for adjusting measured 
emission results under this section. 
Apply the adjustment factor to the 
composite emission result. 

(iii) You may apply the adjustment 
factor only to the hot-start test result if 
your aftertreatment technology does not 
regenerate during cold operation as 
represented by the cold-start transient 
duty cycle. If we ask for it, you must 
demonstrate this by engineering 
analysis or by test data. 

(c) If an engine has multiple 
regeneration strategies, determine and 
apply adjustment factors under this 
section separately for each type of 
regeneration. 

■ 274. Section 1065.690 is amended by 
revising paragraph (c) to read as follows: 

§ 1065.690 Buoyancy correction for PM 
sample media. 

* * * * * 
(c) Air density. Because a PM balance 

environment must be tightly controlled 
to an ambient temperature of (22 ±1) °C 
and humidity has an insignificant effect 
on buoyancy correction, air density is 
primarily a function of atmospheric 
pressure. Therefore you may use 
nominal constant values for temperature 
and humidity when determining the air 
density of the balance environment in 
Eq. 1065.690–2. 
* * * * * 

Subpart H—Engine Fluids, Test Fuels, 
Analytical Gases and Other Calibration 
Standards 

■ 275. A new § 1065.735 is added to 
subpart H to read as follows: 

§ 1065.735 Diesel exhaust fluid. 

(a) Use commercially available diesel 
exhaust fluid that represents the 
product that will be used in your in-use 
engines. 

(b) Diesel exhaust fluid for testing 
must generally conform to the 
specifications referenced in the 
definition of ‘‘diesel exhaust fluid’’ in 
§ 1065.1001. Use marine-grade diesel 
exhaust fluid only for marine engines. 

■ 276. Section 1065.750 is amended by 
adding new paragraphs (a)(3)(xii) and 
(xiii) to read as follows: 

§ 1065.750 Analytical gases. 

* * * * * 
(a) * * * 
(3) * * * 
(xii) CH4, C2H6, balance purified air 

and/or N2 (as applicable). 
(xiii) CH4, CH2O, CH2O2, C2H2, C2H4, 

C2H4O, C2H6, C3H8, C3H6, CH4O, and 
C4H10. You may omit individual gas 
constituents from this gas mixture. If 
your gas mixture contains oxygenated 
hydrocarbon, your gas mixture must be 
in balance purified N2, otherwise you 
may use balance purified air. 
* * * * * 

Subpart K—Definitions and Other 
Reference Information 

■ 277. Section 1065.1001 is amended as 
follows: 
■ a. By adding definitions for ‘‘Average’’ 
and ‘‘C1-equivalent’’ in alphabetical 
order. 
■ b. By removing the definition for ‘‘C1 
equivalent (or basis)’’. 
■ c. By adding a definition for ‘‘Diesel 
exhaust fluid (DEF)’’ in alphabetical 
order. 
■ d. By revising the definitions for 
‘‘Hydrocarbon (HC)’’ and ‘‘Linearity’’. 
■ e. By adding a definition for 
‘‘Nonmethane nonethane hydrocarbon 
(NMNEHC)’’ in alphabetical order. 

The added and revised definitions 
read as follows: 

§ 1065.1001 Definitions. 

* * * * * 
Average means the arithmetic mean of 

a sample. 
* * * * * 

C1-equivalent means a convention of 
expressing HC concentrations based on 
the total number of carbon atoms 
present, such that the C1-equivalent of a 
molar HC concentration equals the 
molar concentration multiplied by the 
mean number of carbon atoms in each 
HC molecule. For example, the C1- 
equivalent of 10 mmol/mol of propane 
(C3H8) is 30 mmol/mol. C1-equivalent 
molar values may be denoted as 
‘‘ppmC’’ in the standard-setting part. 
Molar mass may also be expressed on a 
C1 basis. Note that calculating HC 

masses from molar concentrations and 
molar masses is only valid where they 
are each expressed on the same carbon 
basis. 
* * * * * 

Diesel exhaust fluid (DEF) means a 
liquid reducing agent (other than the 
engine fuel) used in conjunction with 
selective catalytic reduction to reduce 
NOX emissions. Diesel exhaust fluid is 
generally understood to be an aqueous 
solution of urea conforming to the 
specifications of ISO 18611 or ISO 
22241. 
* * * * * 

Hydrocarbon (HC) means THC, THCE, 
NMHC, NMNEHC, NMOG, or NMHCE, 
as applicable. Hydrocarbon generally 
means the hydrocarbon group on which 
the emission standards are based for 
each type of fuel and engine. 
* * * * * 

Linearity means the degree to which 
measured values agree with respective 
reference values. Linearity is quantified 
using a linear regression of pairs of 
measured values and reference values 
over a range of values expected or 
observed during testing. Perfect linearity 
would result in an intercept, a0, equal to 
zero, a slope, a1, of one, a coefficient of 
determination, r2, of one, and a standard 
error of the estimate, SEE, of zero. The 
term ‘‘linearity’’ is not used in this part 
to refer to the shape of a measurement 
instrument’s unprocessed response 
curve, such as a curve relating emission 
concentration to voltage output. A 
properly performing instrument with a 
nonlinear response curve will meet 
linearity specifications. 
* * * * * 

Nonmethane nonethane hydrocarbon 
(NMNEHC) means the sum of all 
hydrocarbon species except methane 
and ethane. Refer to § 1065.660 for 
NMNEHC determination. 
* * * * * 
■ 278. Section 1065.1005 is amended by 
revising paragraphs (a), (b), and (f)(2) to 
read as follows: 

§ 1065.1005 Symbols, abbreviations, 
acronyms, and units of measure. 

* * * * * 
(a) Symbols for quantities. This part 

uses the following symbols and units of 
measure for various quantities: 

Sym-
bol Quantity Unit Unit symbol Units in terms of SI 

base units 

α ..... atomic hydrogen-to-carbon ratio ................... mole per mole ............................................... mol/mol ................... 1. 
A ..... area ............................................................... square meter ................................................. m2 ........................... m2. 
a0 .... intercept of least squares regression.
a1 .... slope of least squares regression.
ag .... acceleration of Earth’s gravity ....................... meter per square second .............................. m/s2 ........................ m·s¥2. 
β ..... ratio of diameters .......................................... meter per meter ............................................ m/m ......................... 1. 
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Sym-
bol Quantity Unit Unit symbol Units in terms of SI 

base units 

β ..... atomic oxygen-to-carbon ratio ...................... mole per mole ............................................... mol/mol ................... 1. 
C# ... number of carbon atoms in a molecule.
Cd ... discharge coefficient.
Cf ... flow coefficient.
δ ..... atomic nitrogen-to-carbon ratio ..................... mole per mole ............................................... mol/mol ................... 1. 
d ..... Diameter ........................................................ meter ............................................................. m ............................. m. 
DR .. dilution ratio ................................................... mole per mole ............................................... mol/mol ................... 1. 
e ..... error between a quantity and its reference.
e ..... brake-specific emission or fuel consumption gram per kilowatt hour .................................. g/(kW·hr) ................. g·3.6·10

·kg¥1·s2. 
F ..... F-test statistic.
f ...... frequency ....................................................... hertz .............................................................. Hz ........................... s¥1. 
fn ..... angular speed (shaft) .................................... revolutions per minute ................................... r/min ........................ π·30¥1·s¥1. 
γ ...... ratio of specific heats .................................... (joule per kilogram kelvin) per (joule per kilo-

gram kelvin).
(J/(kg·K))/(J/(kg·K)) 1. 

γ ...... atomic sulfur-to-carbon ratio ......................... mole per mole ............................................... mol/mol ................... 1. 
K ..... correction factor ............................................ ........................................................................ ................................. 1. 
Kv ... calibration coefficient ..................................... ........................................................................ m4·;s·K0.5/kg ............ m4·kg¥1s·K0.5. 
l ...... length ............................................................. meter ............................................................. m ............................. m. 
μ ..... viscosity, dynamic ......................................... pascal second ............................................... Pa·s ......................... m¥1·kg·s¥1. 
M .... molar mass 1 ................................................. gram per mole ............................................... g/mol ....................... 10¥3·kg·mol¥1. 
m .... mass .............................................................. kilogram ......................................................... kg ............................ kg. 
ṁ .... mass rate ...................................................... kilogram per second ...................................... kg/s ......................... kg·s¥1. 
n ..... viscosity, kinematic ....................................... meter squared per second ............................ m2/s ........................ m2·s¥1. 
N .... total number in series.
n ..... amount of substance ..................................... mole ............................................................... mol .......................... mol.ROW≤ 
ṅ ..... amount of substance rate ............................. mole per second ........................................... mol/s ....................... mol·s¥1. 
P ..... power ............................................................. kilowatt .......................................................... kW .......................... 103·m
PF .. penetration fraction.
p ..... pressure ........................................................ pascal ............................................................ Pa ........................... m¥1·kg·s¥2. 
r ..... mass density ................................................. kilogram per cubic meter .............................. kg/m3 ...................... m¥3·kg. 
Δp ... differential static pressure ............................. pascal ............................................................ Pa ........................... m¥1·kg·s¥2. 
r ...... ratio of pressures .......................................... pascal per pascal .......................................... Pa/Pa ...................... 1. 
r2 .... coefficient of determination.
Ra .. average surface roughness .......................... micrometer .................................................... μm ........................... 10¥6·m. 
Re# Reynolds number.
RF .. response factor.
RH .. relative humidity.
s ..... non-biased standard deviation.
S ..... Sutherland constant ...................................... kelvin ............................................................. K ............................. K. 
SEE standard estimate of error.
T ..... absolute temperature .................................... kelvin ............................................................. K ............................. K. 
T ..... Celsius temperature ...................................... degree Celsius .............................................. °C ............................ K—273.15. 
T ..... torque (moment of force) .............................. newton meter ................................................ N·m ......................... m2·kg·s¥2. 
q ..... plane angle .................................................... degrees ......................................................... ° .............................. rad. 
t ...... time ................................................................ second ........................................................... s .............................. s. 
Δt .... time interval, period, 1/frequency .................. second ........................................................... s .............................. s. 
V ..... volume ........................................................... cubic meter .................................................... m3 ........................... m3. 
V̇ ..... volume rate ................................................... cubic meter per second ................................ m3/s ........................ m3·s¥1. 
W .... work ............................................................... kilowatt-hour .................................................. kW·hr ...................... 3.6¥1·106·m2·kg

·s¥2. 
wC ... carbon mass fraction ..................................... gram per gram .............................................. g/g ........................... 1. 
x ..... amount of substance mole fraction 2 ............ mole per mole ............................................... mol/mol ................... 1. 
x̄ ..... flow-weighted mean concentration ............... mole per mole ............................................... mol/mol ................... 1. 
y ..... generic variable.
Z ..... compressibility factor.

1 See paragraph (f)(2) of this section for the values to use for molar masses. Note that in the cases of NOX and HC, the regulations specify ef-
fective molar masses based on assumed speciation rather than actual speciation. 

2 Note that mole fractions for THC, THCE, NMHC, NMHCE, and NOTHC are expressed on a C1-equivalent basis. 

(b) Symbols for chemical species. This 
part uses the following symbols for 
chemical species and exhaust 
constituents: 

Symbol Species 

Ar ................... argon. 
C .................... carbon. 
CH2O .............. formaldehyde. 

Symbol Species 

CH2O2 ............ formic acid. 
CH3OH ........... methanol. 
CH4 ................ methane. 
C2H4O ............ acetaldehyde. 
C2H5OH .......... ethanol. 
C2H6 ............... ethane. 
C3H7OH .......... propanol. 
C3H8 ............... propane. 
C4H10 .............. butane. 

Symbol Species 

C5H12 .............. pentane. 
CO .................. carbon monoxide. 
CO2 ................ carbon dioxide. 
H .................... atomic hydrogen. 
H2 ................... molecular hydrogen. 
H2O ................ water. 
H2SO4 ............ sulfuric acid. 
HC .................. hydrocarbon. 
He .................. helium. 
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Symbol Species 

85 Kr ................ krypton 85. 
N2 ................... molecular nitrogen. 
NH3 ................ ammonia. 
NMHC ............ nonmethane hydrocarbon. 
NMHCE .......... nonmethane hydrocarbon 

equivalent. 
NMNEHC ....... nonmethane-nonethane hy-

drocarbon. 
NO .................. nitric oxide. 
NO2 ................ nitrogen dioxide. 
NOX ................ oxides of nitrogen. 

Symbol Species 

N2O ................ nitrous oxide. 
NMOG ............ nonmethane organic gases. 
NONMHC ....... non-oxygenated nonmethane 

hydrocarbon. 
NOTHC .......... non-oxygenated total hydro-

carbon. 
O2 ................... molecular oxygen. 
OHC ............... oxygenated hydrocarbon. 
210 Po ............. polonium 210. 
PM .................. particulate matter. 
S ..................... sulfur. 

Symbol Species 

SVOC ............. semi-volatile organic com-
pound. 

THC ................ total hydrocarbon. 
THCE ............. total hydrocarbon equivalent. 
ZrO2 ............... zirconium dioxide. 

* * * * * 
(f) * * * 
(2) This part uses the following molar 

masses or effective molar masses of 
chemical species: 

Symbol Quantity g/mol 
(10¥3·kg·mol¥1) 

Mair ................. molar mass of dry air 1 .................................................................................................................................... 28.96559 
MAr ................. molar mass of argon ....................................................................................................................................... 39.948 
MC .................. molar mass of carbon ..................................................................................................................................... 12.0107 
MCH3OH ........... molar mass of methanol .................................................................................................................................. 32.04186 
MC2H5OH ......... molar mass of ethanol .................................................................................................................................... 46.06844 
MC2H4O ........... molar mass of acetaldehyde ........................................................................................................................... 44.05256 
MCH4N2O ......... molar mass of urea ......................................................................................................................................... 60.05526 
MC3H8 ............. molar mass of propane ................................................................................................................................... 44.09562 
MC3H7OH ......... molar mass of propanol .................................................................................................................................. 60.09502 
MCO ................ molar mass of carbon monoxide ..................................................................................................................... 28.0101 
MCH4 ............... molar mass of methane .................................................................................................................................. 16.0425 
MCO2 ............... molar mass of carbon dioxide ......................................................................................................................... 44.0095 
MH .................. molar mass of atomic hydrogen ...................................................................................................................... 1.00794 
MH2 ................. molar mass of molecular hydrogen ................................................................................................................. 2.01588 
MH2O ............... molar mass of water ........................................................................................................................................ 18.01528 
MCH2O ............. molar mass of formaldehyde ........................................................................................................................... 30.02598 
MHe ................. molar mass of helium ...................................................................................................................................... 4.002602 
MN .................. molar mass of atomic nitrogen ........................................................................................................................ 14.0067 
MN2 ................. molar mass of molecular nitrogen ................................................................................................................... 28.0134 
MNH3 ............... molar mass of ammonia .................................................................................................................................. 17.03052 
MNMHC ............ effective C1 molar mass of nonmethane hydrocarbon 2 ................................................................................. 13.875389 
MNMHCE .......... effective C1 molar mass of nonmethane hydrocarbon equivalent 2 ................................................................ 13.875389 
MNMNEHC ........ effective C1 molar mass of nonmethane-nonethane hydrocarbon 2 ............................................................... 13.875389 
MNOx ............... effective molar mass of oxides of nitrogen 3 ................................................................................................... 46.0055 
MN2O ............... molar mass of nitrous oxide ............................................................................................................................ 44.0128 
MO .................. molar mass of atomic oxygen ......................................................................................................................... 15.9994 
MO2 ................. molar mass of molecular oxygen .................................................................................................................... 31.9988 
MS .................. molar mass of sulfur ........................................................................................................................................ 32.065 
MTHC .............. effective C1 molar mass of total hydrocarbon 2 .............................................................................................. 13.875389 
MTHCE ............. effective C1 molar mass of total hydrocarbon equivalent 2 ............................................................................. 13.875389 

1 See paragraph (f)(1) of this section for the composition of dry air. 
2 The effective molar masses of THC, THCE, NMHC, NMHCE, and NMNEHC are defined on a C1 basis and are based on an atomic hydro-

gen-to-carbon ratio, α, of 1.85 (with β, γ, and δ equal to zero). 
3 The effective molar mass of NOX is defined by the molar mass of nitrogen dioxide, NO2. 

* * * * * 
■ 279. Section 1065.1010 is amended by 
revising paragraphs (b) and (e) to read 
as follows: 

§ 1065.1010 Incorporation by reference. 

* * * * * 
(b) ASTM material. The following 

standards are available from ASTM 
International, 100 Barr Harbor Dr., P.O. 
Box C700, West Conshohocken, PA 
19428–2959, (877) 909–2786, or http:// 
www.astm.org: 

(1) ASTM D86–12, Standard Test Method 
for Distillation of Petroleum Products at 
Atmospheric Pressure, approved December 1, 
2012 (‘‘ASTM D86’’), IBR approved for 
§§ 1065.703(b) and 1065.710(b) and (c). 

(2) ASTM D93–13, Standard Test Methods 
for Flash Point by Pensky-Martens Closed 

Cup Tester, approved July 15, 2013 (‘‘ASTM 
D93’’), IBR approved for § 1065.703(b). 

(3) ASTM D130–12, Standard Test Method 
for Corrosiveness to Copper from Petroleum 
Products by Copper Strip Test, approved 
November 1, 2012 (‘‘ASTM D130’’), IBR 
approved for § 1065.710(b). 

(4) ASTM D381–12, Standard Test Method 
for Gum Content in Fuels by Jet Evaporation, 
approved April 15, 2012 (‘‘ASTM D381’’), 
IBR approved for § 1065.710(b). 

(5) ASTM D445–12, Standard Test Method 
for Kinematic Viscosity of Transparent and 
Opaque Liquids (and Calculation of Dynamic 
Viscosity), approved April 15, 2012 (‘‘ASTM 
D445’’), IBR approved for § 1065.703(b). 

(6) ASTM D525–12a, Standard Test 
Method for Oxidation Stability of Gasoline 
(Induction Period Method), approved 
September 1, 2012 (‘‘ASTM D525’’), IBR 
approved for § 1065.710(b). 

(7) ASTM D613–13, Standard Test Method 
for Cetane Number of Diesel Fuel Oil, 
approved December 1, 2013 (‘‘ASTM D613’’), 
IBR approved for § 1065.703(b). 

(8) ASTM D910–13a, Standard 
Specification for Aviation Gasolines, 
approved December 1, 2013 (‘‘ASTM D910’’), 
IBR approved for § 1065.701(f). 

(9) ASTM D975–13a, Standard 
Specification for Diesel Fuel Oils, approved 
December 1, 2013 (‘‘ASTM D975’’), IBR 
approved for § 1065.701(f). 

(10) ASTM D1267–12, Standard Test 
Method for Gage Vapor Pressure of Liquefied 
Petroleum (LP) Gases (LP-Gas Method), 
approved November 1, 2012 (‘‘ASTM 
D1267’’), IBR approved for § 1065.720(a). 

(11) ASTM D1319–13, Standard Test 
Method for Hydrocarbon Types in Liquid 
Petroleum Products by Fluorescent Indicator 
Adsorption, approved May 1, 2013 (‘‘ASTM 
D1319’’), IBR approved for § 1065.710(c). 
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(12) ASTM D1655–13a, Standard 
Specification for Aviation Turbine Fuels, 
approved December 1, 2013 (‘‘ASTM 
D1655’’), IBR approved for § 1065.701(f). 

(13) ASTM D1837–11, Standard Test 
Method for Volatility of Liquefied Petroleum 
(LP) Gases, approved October 1, 2011 
(‘‘ASTM D1837’’), IBR approved for 
§ 1065.720(a). 

(14) ASTM D1838–12a, Standard Test 
Method for Copper Strip Corrosion by 
Liquefied Petroleum (LP) Gases, approved 
December 1, 2012 (‘‘ASTM D1838’’), IBR 
approved for § 1065.720(a). 

(15) ASTM D1945–03 (Reapproved 2010), 
Standard Test Method for Analysis of Natural 
Gas by Gas Chromatography, approved 
January 1, 2010 (‘‘ASTM D1945’’), IBR 
approved for § 1065.715(a). 

(16) ASTM D2158–11, Standard Test 
Method for Residues in Liquefied Petroleum 
(LP) Gases, approved January 1, 2011 
(‘‘ASTM D2158’’), IBR approved for 
§ 1065.720(a). 

(17) ASTM D2163–07, Standard Test 
Method for Determination of Hydrocarbons 
in Liquefied Petroleum (LP) Gases and 
Propane/Propene Mixtures by Gas 
Chromatography, approved December 1, 2007 
(‘‘ASTM D2163’’), IBR approved for 
§ 1065.720(a). 

(18) ASTM D2598–12, Standard Practice 
for Calculation of Certain Physical Properties 
of Liquefied Petroleum (LP) Gases from 
Compositional Analysis, approved November 
1, 2012 (‘‘ASTM D2598’’), IBR approved for 
§ 1065.720(a). 

(19) ASTM D2622–10, Standard Test 
Method for Sulfur in Petroleum Products by 
Wavelength Dispersive X-ray Fluorescence 
Spectrometry, approved February 15, 2010 
(‘‘ASTM D2622’’), IBR approved for 
§§ 1065.703(b) and 1065.710(b) and (c). 

(20) ASTM D2699–13b, Standard Test 
Method for Research Octane Number of 
Spark-Ignition Engine Fuel, approved 
October 1, 2013 (‘‘ASTM D2699’’), IBR 
approved for § 1065.710(b). 

(21) ASTM D2700–13b, Standard Test 
Method for Motor Octane Number of Spark- 
Ignition Engine Fuel, approved October 1, 
2013 (‘‘ASTM D2700’’), IBR approved for 
§ 1065.710(b). 

(22) ASTM D2713–13, Standard Test 
Method for Dryness of Propane (Valve Freeze 
Method), approved October 1, 2013 (‘‘ASTM 
D2713’’), IBR approved for § 1065.720(a). 

(23) ASTM D2784–11, Standard Test 
Method for Sulfur in Liquefied Petroleum 
Gases (Oxy-Hydrogen Burner or Lamp), 
approved January 1, 2011 (‘‘ASTM D2784’’), 
IBR approved for § 1065.720(a). 

(24) ASTM D2880–13b, Standard 
Specification for Gas Turbine Fuel Oils, 
approved November 15, 2013 (‘‘ASTM 
D2880’’), IBR approved for § 1065.701(f). 

(25) ASTM D2986–95a, Standard Practice 
for Evaluation of Air Assay Media by the 
Monodisperse DOP (Dioctyl Phthalate) 
Smoke Test, approved September 10, 1995 
(‘‘ASTM D2986’’), IBR approved for 
§ 1065.170(c). (Note: This standard was 
withdrawn by ASTM.) 

(26) ASTM D3231–13, Standard Test 
Method for Phosphorus in Gasoline, 
approved June 15, 2013 (‘‘ASTM D3231’’), 
IBR approved for § 1065.710(b) and (c). 

(27) ASTM D3237–12, Standard Test 
Method for Lead in Gasoline By Atomic 
Absorption Spectroscopy, approved June 1, 
2012 (‘‘ASTM D3237’’), IBR approved for 
§ 1065.710(b) and (c). 

(28) ASTM D4052–11, Standard Test 
Method for Density, Relative Density, and 
API Gravity of Liquids by Digital Density 
Meter, approved October 15, 2011 (‘‘ASTM 
D4052’’), IBR approved for § 1065.703(b). 

(29) ASTM D4629–12, Standard Test 
Method for Trace Nitrogen in Liquid 
Petroleum Hydrocarbons by Syringe/Inlet 
Oxidative Combustion and 
Chemiluminescence Detection, approved 
April 15, 2012 (‘‘ASTM D4629’’), IBR 
approved for § 1065.655(e). 

(30) ASTM D4814–13b, Standard 
Specification for Automotive Spark-Ignition 
Engine Fuel, approved December 1, 2013 
(‘‘ASTM D4814’’), IBR approved for 
§ 1065.701(f). 

(31) ASTM D4815–13, Standard Test 
Method for Determination of MTBE, ETBE, 
TAME, DIPE, tertiary-Amyl Alcohol and C1 
to C4 Alcohols in Gasoline by Gas 
Chromatography, approved October 1, 2013 
(‘‘ASTM D4815’’), IBR approved for 
§ 1065.710(b). 

(32) ASTM D5186–03 (Reapproved 2009), 
Standard Test Method for Determination of 
the Aromatic Content and Polynuclear 
Aromatic Content of Diesel Fuels and 
Aviation Turbine Fuels By Supercritical 
Fluid Chromatography, approved April 15, 
2009 (‘‘ASTM D5186’’), IBR approved for 
§ 1065.703(b). 

(33) ASTM D5191–13, Standard Test 
Method for Vapor Pressure of Petroleum 
Products (Mini Method), approved December 
1, 2013 (‘‘ASTM D5191’’), IBR approved for 
§ 1065.710(b) and (c). 

(34) ASTM D5291–10, Standard Test 
Methods for Instrumental Determination of 
Carbon, Hydrogen, and Nitrogen in 
Petroleum Products and Lubricants, 
approved May 1, 2010 (‘‘ASTM D5291’’), IBR 
approved for § 1065.655(e). 

(35) ASTM D5453–12, Standard Test 
Method for Determination of Total Sulfur in 
Light Hydrocarbons, Spark Ignition Engine 
Fuel, Diesel Engine Fuel, and Engine Oil by 
Ultraviolet Fluorescence, approved 
November 1, 2012 (‘‘ASTM D5453’’), IBR 
approved for § 1065.710(b). 

(36) ASTM D5599–00 (Reapproved 2010), 
Standard Test Method for Determination of 
Oxygenates in Gasoline by Gas 
Chromatography and Oxygen Selective Flame 
Ionization Detection, approved October 1, 
2010 (‘‘ASTM D5599’’), IBR approved for 
§§ 1065.655(e) and 1065.710(b). 

(37) ASTM D5762–12 Standard Test 
Method for Nitrogen in Petroleum and 
Petroleum Products by Boat-Inlet 
Chemiluminescence, approved April 15, 
2012 (‘‘ASTM D5762’’), IBR approved for 
§ 1065.655(e). 

(38) ASTM D5769–10, Standard Test 
Method for Determination of Benzene, 
Toluene, and Total Aromatics in Finished 
Gasolines by Gas Chromatography/Mass 
Spectrometry, approved May 1, 2010 
(‘‘ASTM D5769’’), IBR approved for 
§ 1065.710(b). 

(39) ASTM D5797–13, Standard 
Specification for Fuel Methanol (M70- M85) 

for Automotive Spark-Ignition Engines, 
approved June 15, 2013 (‘‘ASTM D5797’’), 
IBR approved for § 1065.701(f). 

(40) ASTM D5798–13a, Standard 
Specification for Ethanol Fuel Blends for 
Flexible Fuel Automotive Spark-Ignition 
Engines, approved June 15, 2013 (‘‘ASTM 
D5798’’), IBR approved for § 1065.701(f). 

(41) ASTM D6348–12 ε1, Standard Test 
Method for Determination of Gaseous 
Compounds by Extractive Direct Interface 
Fourier Transform Infrared (FTIR) 
Spectroscopy, approved February 1, 2012 
(‘‘ASTM D6348’’), IBR approved for 
§§ 1065.266(b) and 1065.275(b). 

(42) ASTM D6550–10, Standard Test 
Method for Determination of Olefin Content 
of Gasolines by Supercritical-Fluid 
Chromatography, approved October 1, 2010 
(‘‘ASTM D6550’’), IBR approved for 
§ 1065.710(b). 

(43) ASTM D6615–11a, Standard 
Specification for Jet B Wide-Cut Aviation 
Turbine Fuel, approved October 1, 2011 
(‘‘ASTM D6615’’), IBR approved for 
§ 1065.701(f). 

(44) ASTM D6751–12, Standard 
Specification for Biodiesel Fuel Blend Stock 
(B100) for Middle Distillate Fuels, approved 
August 1, 2012 (‘‘ASTM D6751’’), IBR 
approved for § 1065.701(f). 

(45) ASTM D6985–04a, Standard 
Specification for Middle Distillate Fuel Oil— 
Military Marine Applications, approved 
November 1, 2004 (‘‘ASTM D6985’’), IBR 
approved for § 1065.701(f). (Note: This 
standard was withdrawn by ASTM.) 

(46) ASTM D7039–13, Standard Test 
Method for Sulfur in Gasoline, Diesel Fuel, 
Jet Fuel, Kerosine, Biodiesel, Biodiesel 
Blends, and Gasoline-Ethanol Blends by 
Monochromatic Wavelength Dispersive X-ray 
Fluorescence Spectrometry, approved 
September 15, 2013 (‘‘ASTM D7039’’), IBR 
approved for § 1065.710(b). 

(47) ASTM F1471–09, Standard Test 
Method for Air Cleaning Performance of a 
High- Efficiency Particulate Air Filter 
System, approved March 1, 2009 (‘‘ASTM 
F1471’’), IBR approved for § 1065.1001. 

* * * * * 
(e) ISO material. The following 

standards are available from the 
International Organization for 
Standardization, 1, ch. de la Voie- 
Creuse, CP 56, CH–1211 Geneva 20, 
Switzerland, 41–22–749–01–11, or 
http://www.iso.org: 

(1) ISO 2719:2002, Determination of flash 
point—Pensky-Martens closed cup method 
(‘‘ISO 2719’’), IBR approved for § 1065.705(c). 

(2) ISO 3016:1994, Petroleum products— 
Determination of pour point (‘‘ISO 3016’’), 
IBR approved for § 1065.705(c). 

(3) ISO 3104:1994/Cor 1:1997, Petroleum 
products—Transparent and opaque liquids— 
Determination of kinematic viscosity and 
calculation of dynamic viscosity (‘‘ISO 
3104’’), IBR approved for § 1065.705(c). 

(4) ISO 3675:1998, Crude petroleum and 
liquid petroleum products—Laboratory 
determination of density—Hydrometer 
method (‘‘ISO 3675’’), IBR approved for 
§ 1065.705(c). 
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(5) ISO 3733:1999, Petroleum products and 
bituminous materials—Determination of 
water—Distillation method (‘‘ISO 3733’’), IBR 
approved for § 1065.705(c). 

(6) ISO 6245:2001, Petroleum products— 
Determination of ash (‘‘ISO 6245’’), IBR 
approved for § 1065.705(c). 

(7) ISO 8217:2012(E), Petroleum 
products—Fuels (class F)—Specifications of 
marine fuels, Fifth edition, August 15, 2012 
(‘‘ISO 8217’’), IBR approved for § 1065.705(b) 
and (c). 

(8) ISO 8754:2003, Petroleum products— 
Determination of sulfur content—Energy- 
dispersive X-ray Fluorescence spectrometry 
(‘‘ISO 8754’’), IBR approved for § 1065.705(c). 

(9) ISO 10307–2(E):2009, Petroleum 
products—Total sediment in residual fuel 
oils—Part 2: Determination using standard 
procedures for ageing, Second Ed., February 
1, 2009 (‘‘ISO 10307’’), as modified by ISO 
10307–2:2009/Cor.1:2010(E), Technical 
Corrigendum 1, published May 15, 2010, IBR 
approved for § 1065.705(c). 

(10) ISO 10370:1993/Cor 1:1996, Petroleum 
products—Determination of carbon residue— 
Micro method (‘‘ISO 10370’’), IBR approved 
for § 1065.705(c). 

(11) ISO 10478:1994, Petroleum products— 
Determination of aluminium and silicon in 
fuel oils—Inductively coupled plasma 
emission and atomic absorption spectroscopy 
methods (‘‘ISO 10478’’), IBR approved for 
§ 1065.705(c). 

(12) ISO 12185:1996/Cor 1:2001, Crude 
petroleum and petroleum products— 
Determination of density—Oscillating U-tube 
method (‘‘ISO 12185’’), IBR approved for 
§ 1065.705(c). 

(13) ISO 14596:2007, Petroleum products— 
Determination of sulfur content— 
Wavelength-dispersive X-ray fluorescence 
spectrometry (‘‘ISO 14596’’), IBR approved 
for § 1065.705(c). 

(14) ISO 14597:1997, Petroleum products— 
Determination of vanadium and nickel 
content—Wavelength dispersive X-ray 
fluorescence spectrometry (‘‘ISO 14597’’), 
IBR approved for § 1065.705(c). 

(15) ISO 14644–1:1999, Cleanrooms and 
associated controlled environments (‘‘ISO 
14644’’), IBR approved for § 1065.190(b). 

* * * * * 

Subpart L—Methods for Unregulated 
and Special Pollutants 

■ 280. Section 1065.1105 is amended by 
revising paragraphs (a) and (c)(4) to read 
as follows: 

§ 1065.1105 Sampling system design. 
(a) General. We recommend that you 

design your SVOC batch sampler to 
extract sample from undiluted 
emissions to maximize the sampled 
SVOC quantity. If you dilute your 
sample, we recommend using annular 
dilution. If you dilute your sample, but 
do not use annular dilution, you must 
precondition your sampling system to 
reach equilibrium with respect to loss 
and re-entrainment of SVOCs to the 
walls of the sampling system. To the 

extent practical, adjust sampling times 
based on the emission rate of target 
analytes from the engine to obtain 
analyte concentrations above the 
detection limit. In some instances you 
may need to run repeat test cycles 
without replacing the sample media or 
disassembling the batch sampler. 
* * * * * 

(c) * * * 
(4) Use a hydrophobic sorbent in a 

sealed sorbent module. Note that this 
sorbent module is intended to be the 
final stage for collecting the SVOC 
sample and should be sized accordingly. 
We recommend sizing the module to 
hold 40 g of XAD–2 along with PUF 
plugs at either end of the module, 
noting that you may vary the mass of 
XAD used for testing based on the 
anticipated SVOC emission 
concentration and sample flow rate. 
* * * * * 
■ 281. Section 1065.1107 is amended by 
revising paragraphs (a)(1), (a)(2), and (b) 
introductory text to read as follows: 

§ 1065.1107 Sample media and sample 
system preparation; sample system 
assembly. 

* * * * * 
(a) * * * 
(1) For capturing PM, we recommend 

using pure quartz filters with no binder 
if you are not analyzing separately for 
SVOCs in gas and particle phases. If you 
are analyzing separately, you must use 
polytetrafluoroethylene (PTFE) filters 
with PTFE support. Select the filter 
diameter to minimize filter change 
intervals, accounting for the expected 
PM emission rate, sample flow rate. 
Note that when repeating test cycles to 
increase sample mass, you may replace 
the filter without replacing the sorbent 
or otherwise disassembling the batch 
sampler. In those cases, include all 
filters in the extraction. 

(2) For capturing gaseous SVOCs, 
utilize XAD–2 resin with or without 
PUF plugs. Note that two PUF plugs are 
typically used to contain the XAD–2 
resin in the sorbent module. 

(b) Sample media and sampler 
preparation. Prepare pre-cleaned PM 
filters and pre-cleaned PUF plugs/XAD– 
2 as needed. Store sample media in 
containers protected from light and 
ambient air if you do not use them 
immediately after cleaning. Use the 
following preparation procedure, or an 
analogous procedure with different 
solvents and extraction times: 
* * * * * 
■ 282. Section 1065.1109 is amended by 
revising paragraphs (a)(1) and (b)(4) 
introductory text to read as follows: 

§ 1065.1109 Post-test sampler 
disassembly and sample extraction. 

* * * * * 
(a) * * * 
(1) Remove the PM filter, PUF plugs, 

and all the XAD–2 from the sampling 
system and store them at or below 5 °C 
until analysis. 
* * * * * 

(b) * * * 
(4) After completing the initial 

extraction, remove the solvent and 
concentrate it to (4.0 ±0.5) ml using a 
Kuderna-Danish concentrator that 
includes a condenser such as a three- 
ball Snyder column with venting 
dimples and a graduated collection 
tube. Hold the water bath temperature at 
(75 to 80) °C. Using this concentrator 
will minimize evaporative loss of 
analytes with lower molecular weight. 
* * * * * 

PART 1066—VEHICLE-TESTING 
PROCEDURES 

■ 283. The authority citation for part 
1066 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart B— Equipment, Measurement 
Instruments, Fuel, and Analytical Gas 
Specifications 

■ 284. Section 1066.105 is amended by 
revising paragraphs (c)(2) introductory 
text, (c)(2)(i), (c)(2)(iv), (c)(2)(v), (c)(5)(i), 
(c)(5)(iii), and (d) to read as follows: 

§ 1066.105 Ambient controls and vehicle 
cooling fans. 

* * * * * 
(c) * * * 
(2) You may use a road-speed 

modulated fan system meeting the 
specifications of this paragraph (c)(2) for 
anything other than SC03 and AC17 
testing. Use a road-speed modulated fan 
that achieves a linear speed of cooling 
air at the blower outlet that is within 
±3.0 mi/hr (±1.3 m/s) of the 
corresponding roll speed when vehicle 
speeds are between 5 and 30 mi/hr, and 
within ±6.5 mi/hr (±2.9 m/s) of the 
corresponding roll speed at higher 
vehicle speeds; however you may limit 
the fan’s maximum linear speed to 70 
mi/hr. We recommend that the cooling 
fan have a minimum opening of 0.2 m2 
and a minimum width of 0.8 m. 

(i) Verify the air flow velocity for fan 
speeds corresponding to vehicle speeds 
of 20 and 40 mi/hr using an instrument 
that has an accuracy of ±2% of the 
measured air flow speed. 
* * * * * 

(iv) Verify that the uniformity of the 
fan’s axial flow is constant across the 
discharge area within a tolerance of ±4.0 
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mi/hr of the vehicle’s speed at fan 
speeds corresponding to 20 mi/hr, and 
within ±8.0 mi/hr at fan speeds 
corresponding to 40 mi/hr. For example, 
at a vehicle speed of 20.2 mi/hr, axial 
flow at all locations denoted by the ‘‘+’’ 
across the discharge nozzle must be 
between 16.2 and 24.2 mi/hr. When 
measuring the axial air flow velocity, 
use good engineering judgment to 
determine the distance from the nozzle 
outlet at each point of the fan outlet 
grid. Use these values to calculate a 
mean air flow velocity across the 
discharge area at each speed setting. The 
instrument used to verify the air 
velocity must have an accuracy of ±2% 
of the measured air flow velocity. 

(v) Use a multi-axis flow meter or 
another method to verify that the fan’s 
air flow perpendicular to the axial air 
flow is less than 15% of the axial air 
flow, consistent with good engineering 
judgment. Demonstrate this by 
comparing the perpendicular air flow 
velocity to the mean air flow velocities 
determined in paragraph (c)(2)(iv) of 
this section at vehicle speeds of 20 and 
40 mi/hr. 
* * * * * 

(5) * * * 
(i) Air flow volumes must be 

proportional to vehicle speed. Select a 
fan size that will produce a flow volume 
of approximately 45 m3/s at 60 mi/hr. If 
this fan is also the only source of test 
cell air circulation or if fan operational 
mechanics make the 0 mi/hr air flow 
requirement impractical, air flow of 2 
mi/hr or less at 0 mi/hr vehicle speed 
is allowed. 
* * * * * 

(iii) Use a multi-axis flow meter or 
another method to verify that the fan’s 
air flow perpendicular to the axial air 
flow is less than 10% of the axial air 
flow, consistent with good engineering 
judgment. Demonstrate this by 
comparing the perpendicular air flow 
velocity to the mean air flow velocities 
determined in paragraph (c)(2)(iv) of 
this section at vehicle speeds of 20 and 
40 mi/hr. 
* * * * * 

(d) Allowable cooling fans for vehicles 
above 14,000 pounds GVWR. For all 
testing, use a road-speed modulated fan 
system that achieves a linear speed of 
cooling air at the blower outlet that is 
within ±3.0 mi/hr (±1.3 m/s) of the 
corresponding roll speed when vehicle 
speeds are between 5 and 30 mi/hr, and 
within ±10 mi/hr (±4.5 m/s) of the 
corresponding roll speed at higher 
vehicle speeds. For vehicles above 
19,500 pounds GVWR, we recommend 
that the cooling fan have a minimum 
opening of 2.75 m2, a minimum flow 
rate of 60 m3/s at a fan speed of 50 mi/ 
hr, and a minimum speed profile in the 
free stream flow, across the duct that is 
±15% of the target flow rate. 
■ 285. Section 1066.110 is amended as 
follows: 
■ a. By revising paragraph (b)(1)(i). 
■ b. By redesignating paragraphs 
(b)(1)(ii) through (vii) as paragraphs 
(b)(1)(iii) through (viii), respectively. 
■ c. By adding a new paragraph 
(b)(1)(ii). 
■ d. By revising newly redesignated 
paragraph (b)(1)(vii). 
■ e. By revising paragraph (b)(2)(i)(B). 
■ f. By adding paragraph (b)(2)(iii)(C). 
■ g. By revising paragraph (c). 

The additions and revisions read as 
follows: 

§ 1066.110 Equipment specifications for 
emission sampling systems. 

* * * * * 
(b) * * * 
(1) * * * 
(i) Minimize lengths of laboratory 

exhaust tubing. You may use a total 
length of laboratory exhaust tubing up 
to 4 m without needing to heat or 
insulate the tubing. However, you may 
use a total length of laboratory exhaust 
tubing up to 10 m, or up to 15 m for 
samples not involving PM 
measurement, if you insulate and/or 
heat the tubing to minimize the 
temperature difference between the 
exhaust gas and the whole tubing wall 
over the course of the emission test. The 
laboratory exhaust tubing starts at the 
end of the vehicle’s tailpipe and ends at 
the first sample point or the first 

dilution point. The laboratory exhaust 
tubing may include flexible sections, 
but we recommend that you limit the 
amount of flexible tubing to the extent 
practicable. For multiple-tailpipe 
configurations where the tailpipes 
combine into a single flow path for 
emission sampling, the start of the 
laboratory exhaust tubing may be taken 
at the last joint where the exhaust flow 
first becomes a single, combined flow. 

(ii) For vehicles above 14,000 pounds 
GVWR, you may shorten the tailpipe up 
to the outlet of the last aftertreatment 
device or silencer, whichever is furthest 
downstream. 
* * * * * 

(vii) Electrically ground the entire 
exhaust system, with the exception of 
nonconductive flexible tubing, as 
allowed under paragraph (b)(1)(iv) of 
this section. 

(2) * * * 
(i) * * * 
(B) You may sample background PM 

from the dilution tunnel at any time 
before or after an emission test using the 
same sampling system used during the 
emission test. For this background 
sampling, the dilution tunnel blower 
must be turned on, the vehicle must be 
disconnected from the laboratory 
exhaust tubing, and the laboratory 
exhaust tubing must be capped. You 
may run this PM blank test in 
combination with the dilute exhaust 
flow verification (propane check) in 40 
CFR 1065.341, as long as the exhaust 
tubing inlet to the CVS has a filter 
meeting the requirements of 40 CFR 
1065.140(b)(3). 
* * * * * 

(iii) * * * 
(C) You may use a higher target filter 

face velocity as specified in 40 CFR 
1065.170(c)(1)(vi), up to 140 cm/s, if 
you need to increase filter loading for 
PM measurement. 
* * * * * 

(c) The following table summarizes 
the requirements of paragraph (b)(2) of 
this section: 

TABLE 1 OF § 1066.110—SUMMARY OF EQUIPMENT SPECIFICATIONS FROM 40 CFR PART 1065, SUBPART B, THAT 
APPLY FOR CHASSIS TESTING 

40 CFR part 1065 
references Applicability for chassis testing under this part 

40 CFR 1065.140 ............... Use all except as noted: 
40 CFR 1065.140(b) applies as described in this section. 
Use 40 CFR 1065.140(c)(6), with the additional allowance described in this section. 
Do not use 40 CFR 1065.140(d)(2)(iv). 
Use 40 CFR 1065.140(e)(1) as described in this section. 
Do not use 40 CFR 1065.140(e)(2). 

40 CFR 1065.145 ............... Use all except 40 CFR 1065.145(b). 
40 CFR 1065.150 ............... Use all. 
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TABLE 1 OF § 1066.110—SUMMARY OF EQUIPMENT SPECIFICATIONS FROM 40 CFR PART 1065, SUBPART B, THAT 
APPLY FOR CHASSIS TESTING—Continued 

40 CFR part 1065 
references Applicability for chassis testing under this part 

40 CFR 1065.170 ............... Use all except as noted: 
Use 40 CFR 1065.170(c)(1)(vi) as described in this section. 

40 CFR 1065.190 ............... Use all. 

■ 286. Section 1066.135 is amended by 
revising paragraph (d)(1) to read as 
follows: 

§ 1066.135 Linearity verification. 

* * * * * 
(d) * * * 
(1) Raw exhaust static pressure 

control. 
* * * * * 
■ 287. Section 1066.140 is amended as 
follows: 
■ a. By revising paragraphs (e), (f)(6)(i), 
(f)(8), (f)(13), (g)(6)(i), (g)(11), (h) 
introductory text, (h)(6)(i), (h)(7), (h)(9), 
and (h)(10). 
■ b. By redesignating paragraph (j) as 
paragraph (i). 
■ c. By revising Figure 1. 

The revisions read as follows: 

§ 1066.140 Diluted exhaust flow 
calibration. 

* * * * * 
(e) Configuration. Calibrate the system 

with any upstream screens or other 
restrictions that will be used during 
testing and that could affect the flow 
ahead of the flow meter. You may not 
use any upstream screen or other 
restriction that could affect the flow 
ahead of the reference flow meter, 
unless the flow meter has been 
calibrated with such a restriction. 

(f) * * * 

(6) * * * 
(i) The mean flow rate of the reference 

flow meter, V
Ô

ref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating V

Ô

ref. 
* * * * * 

(8) Repeat the steps in paragraphs 
(f)(6) and (7) of this section to record 
data at a minimum of six restrictor 
positions ranging from the wide-open 
restrictor position to the minimum 
expected pressure at the PDP inlet or the 
maximum expected differential (outlet 
minus inlet) pressure across the PDP 
during testing. 
* * * * * 

(13) During emission testing ensure 
that the PDP is not operated either 
below the lowest inlet pressure point or 
above the highest differential pressure 
point in the calibration data. 

(g) * * * 
(6) * * * 
(i) The mean flow rate of the reference 

flow meter, V
Ô

ref. This may include 
several measurements of different 
quantities for calculating V

Ô

ref, such as 
reference meter pressures and 
temperatures. 
* * * * * 

(11) Use the SSV only between the 
minimum and maximum calibrated Re#. 
If you want to use the SSV at a lower 

or higher Re#, you must recalibrate the 
SSV. 
* * * * * 

(h) CFV calibration. The calibration 
procedure described in this paragraph 
(h) establishes the value of the 
calibration coefficient, Kv, at measured 
values of pressure, temperature and air 
flow. Calibrate the CFV up to the 
highest expected pressure ratio, r, 
according to § 1066.625. Calibrate the 
CFV as follows: 

(6) * * * 
(i) The mean flow rate of the reference 

flow meter, V
Ô

ref. This may include 
several measurements of different 
quantities, such as reference meter 
pressures and temperatures, for 
calculating V

Ô

ref. 
* * * * * 

(7) Incrementally close the restrictor 
valve or decrease the downstream 
pressure to decrease the differential 
pressure across the CFV, DpCFV. 
* * * * * 

(9) Determine Kv and the highest 
allowable pressure ratio, r, according to 
§ 1066.625. 

(10) Use Kv to determine CFV flow 
during an emission test. Do not use the 
CFV above the highest allowed r, as 
determined in § 1066.625. 
* * * * * 
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Subpart C—Dynamometer 
Specifications 

■ 288. Section 1066.210 is amended by 
revising paragraph (d)(3) to read as 
follows: 

§ 1066.210 Dynamometers. 

* * * * * 
(d) * * * 
(3) The load applied by the 

dynamometer simulates forces acting on 

the vehicle during normal driving 
according to the following equation: 
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Where: 
FR = total road-load force to be applied at the 

surface of the roll. The total force is the 
sum of the individual tractive forces 
applied at each roll surface. 

i = a counter to indicate a point in time over 
the driving schedule. For a dynamometer 
operating at 10 Hz intervals over a 600 
second driving schedule, the maximum 
value of i should be 6,000. 

A = a vehicle-specific constant value 
representing the vehicle’s frictional load 
in lbf or newtons. See subpart D of this 
part. 

Gi = instantaneous road grade, in percent. If 
your duty cycle is not subject to road 
grade, set this value to 0. 

B = a vehicle-specific coefficient representing 
load from drag and rolling resistance, 
which are a function of vehicle speed, in 

lbf/(mi/hr) or N·s/m. See subpart D of 
this part. 

v = instantaneous linear speed at the roll 
surfaces as measured by the 
dynamometer, in mi/hr or m/s. Let vi-1 = 
0 for i = 0. 

C = a vehicle-specific coefficient representing 
aerodynamic effects, which are a 
function of vehicle speed squared, in lbf/ 
(mi/hr)2 or N·s2/m2. See subpart D of this 
part. 

Me = the vehicle’s effective mass in lbm or 
kg, including the effect of rotating axles 
as specified in § 1066.310(b)(7). 

t = elapsed time in the driving schedule as 
measured by the dynamometer, in 
seconds. Let ti-1 = 0 for i = 0. 

M = the measured vehicle mass, in lbm or kg. 

ag = acceleration of Earth’s gravity, as 
described in 40 CFR 1065.630. 

* * * * * 
■ 289. Section 1066.235 is amended by 
revising paragraphs (c)(1)(i) and (c)(2)(i) 
to read as follows: 

§ 1066.235 Speed verification procedure. 

* * * * * 
(c) * * * 
(1) * * * 
(i) Set the dynamometer to speed- 

control mode. Set the dynamometer 
speed to a value of approximately 4.5 
m/s (10 mi/hr); record the output of the 
frequency counter after 10 seconds. 
Determine the roll speed, vact, using the 
following equation: 

Where: 

f = frequency of the dynamometer speed 
sensing device, accurate to at least four 
significant figures. 

droll = nominal roll diameter, accurate to the 
nearest 1.0 mm, consistent with 
§ 1066.225(d). 

n = the number of pulses per revolution from 
the dynamometer roll speed sensor. 

Example:  
f = 2.9231 Hz = 2.9231 s¥1 
droll = 904.40 mm = 0.90440 m 

vact = 8.3053 m/s 

* * * * * 
(2) * * * 
(i) Set the dynamometer to speed- 

control mode. Set the dynamometer 
speed to a speed value of approximately 
4.5 m/s (10 mi/hr). Tune the 
stroboscope or photo tachometer until 
the signal matches the dynamometer 
roll speed. Record the frequency. 
Determine the roll speed, yact, using Eq. 
1066.235–1, using the stroboscope or 
photo tachometer’s frequency for f. 
* * * * * 
■ 290. Section 1066.245 is amended by 
revising paragraph (c) introductory text 
to read as follows: 

§ 1066.245 Response time verification. 
* * * * * 

(c) Procedure. Use the dynamometer’s 
automated process to verify response 
time. You may perform this test either 

at two different inertia settings 
corresponding approximately to the 
minimum and maximum vehicle 
weights you expect to test or using base 
inertia and two acceleration rates that 
cover the range of acceleration rates 
experienced during testing (such as 0.5 
and 8 (mi/hr)/s). Use good engineering 
judgment to select road-load coefficients 
representing vehicles of the appropriate 
weight. Determine the dynamometer’s 
settling response time, ts, based on the 
point at which there are no measured 
results more than 10% above or below 
the final equilibrium value, as 
illustrated in Figure 1 of this section. 
The observed settling response time 
must be less than 100 milliseconds for 
each inertia setting. Figure 1 follows: 
* * * * * 

■ 291. Section 1066.250 is amended by 
revising paragraphs (c)(1), (c)(2), and 
(c)(5) to read as follows: 

§ 1066.250 Base inertia verification. 

* * * * * 
(c) * * * 
(1) Warm up the dynamometer 

according to the dynamometer 
manufacturer’s instructions. Set the 
dynamometer’s road-load inertia to zero, 
turning off any electrical simulation of 
road load and inertia so that the base 
inertia of the dynamometer is the only 
inertia present. Motor the rolls to 5 mi/ 
hr. Apply a constant force to accelerate 
the roll at a nominal rate of 1 (mi/hr)/ 
s. Measure the elapsed time to 
accelerate from 10 to 40 mi/hr, noting 
the corresponding speed and time 
points to the nearest 0.01 mi/hr and 0.01 
s. Also determine mean force over the 
measurement interval. 
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(2) Starting from a steady roll speed 
of 45 mi/hr, apply a constant force to 
the roll to decelerate the roll at a 
nominal rate of 1 mi/hr/s. Measure the 
elapsed time to decelerate from 40 to 10 
mi/hr, noting the corresponding speed 
and time points to the nearest 0.01 mi/ 
hr and 0.01 s. Also determine mean 
force over the measurement interval. 
* * * * * 

(5) Determine the base inertia, Ib, for 
each measurement interval using the 
following equation: 

Where: 
F̄ = mean dynamometer force over the 

measurement interval as measured by 
the dynamometer. 

vfinal = roll surface speed at the end of the 
measurement interval to the nearest 0.01 
mi/hr. 

vinit = roll surface speed at the start of the 
measurement interval to the nearest 0.01 
mi/hr. 

D t = elapsed time during the measurement 
interval to the nearest 0.01 s. 

Example:  
F̄ = 1.500 lbf = 48.26 ft·lbm/s2 
vfinal = 40.00 mi/hr = 58.67 ft/s 
vinit = 10.00 mi/hr = 14.67 ft/s 
D t = 30.00 s 

Ib = 32.90 lbm 

* * * * * 
■ 292. Section 1066.260 is amended by 
revising paragraphs (c)(3) and (4) to read 
as follows: 

§ 1066.260 Parasitic friction compensation 
evaluation. 

* * * * * 
(c) * * * 
(3) Set the dynamometer inertia to the 

base inertia with the road-load 
coefficients A, B, and C set to 0. Set the 
dynamometer to speed-control mode 
with a target speed of 50 mi/hr or a 
higher speed recommended by the 
dynamometer manufacturer. Once the 
speed stabilizes at the target speed, 
switch the dynamometer from speed- 
control to torque-control and allow the 
roll to coast for 60 seconds. Record the 
initial and final speeds and the 
corresponding start and stop times. If 
friction compensation is executed 

perfectly, there will be no change in 
speed during the measurement interval. 

(4) Calculate the power equivalent of 
friction compensation error, FCerror, 
using the following equation: 

Where: 
I = dynamometer inertia setting. 
t = duration of the measurement interval, 

accurate to at least 0.01 s. 
vinit = the roll speed corresponding to the 

start of the measurement interval, 
accurate to at least 0.05 mi/hr. 

vfinal = the roll speed corresponding to the 
end of the measurement interval, 
accurate to at least 0.05 mi/hr. 

Example:  
I = 2000 lbm = 62.16 lbf·s2/ft 
t = 60.0 s 
vinit = 9.2 mi/hr = 13.5 ft/s 
vfinal = 10.0 mi/hr = 14.7 ft/s 

FCerror = ¥16.5 ft·lbf/s = ¥0.031 hp 

* * * * * 
■ 293. Section 1066.265 is amended by 
revising paragraphs (c) and (d) to read 
as follows: 

§ 1066.265 Acceleration and deceleration 
verification. 
* * * * * 

(c) Verification of acceleration and 
deceleration rates. Activate the 
dynamometer’s function generator for 
measuring roll revolution frequency. If 
the dynamometer has no such function 
generator, set up a properly calibrated 
external function generator consistent 
with the verification described in this 
paragraph (c). Use the function 
generator to determine actual 
acceleration and deceleration rates as 
the dynamometer traverses speeds 
between 10 and 40 mi/hr at various 
nominal acceleration and deceleration 
rates. Verify the dynamometer’s 
acceleration and deceleration rates as 
follows: 

(1) Set up start and stop frequencies 
specific to your dynamometer by 
identifying the roll-revolution 
frequency, f, in revolutions per second 
(or Hz) corresponding to 10 mi/hr and 
40 mi/hr vehicle speeds, accurate to at 
least four significant figures, using the 
following equation: 

Where: 
v = the target roll speed, in inches per second 

(corresponding to drive speeds of 10 mi/ 
hr or 40 mi/hr). 

n = the number of pulses from the 
dynamometer’s roll-speed sensor per roll 
revolution. 

droll = roll diameter, in inches. 

(2) Program the dynamometer to 
accelerate the roll at a nominal rate of 
1 mi/hr/s from 10 mi/hr to 40 mi/hr. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. 
Repeat this measurement for a total of 
five runs. Determine the actual 
acceleration rate for each run, aact, using 
the following equation: 

Where: 
aact = acceleration rate (decelerations have 

negative values). 
vfinal = the target value for the final roll speed. 
vinit = the setpoint value for the initial roll 

speed. 
t = time to accelerate from vinit to vfinal. 

Example:  
vfinal = 40 mi/hr 
vinit = 10 mi/hr 
t = 30.003 s 

aact = 0.999 (mi/hr)/s 

(3) Program the dynamometer to 
decelerate the roll at a nominal rate of 
1 (mi/hr)/s from 40 mi/hr to 10 mi/hr. 
Measure the elapsed time to reach the 
target speed, to the nearest 0.01 s. 
Repeat this measurement for a total of 
five runs. Determine the actual 
acceleration rate, aact, using Eq. 
1066.265–2. 

(4) Repeat the steps in paragraphs 
(c)(2) and (3) of this section for 
additional acceleration and deceleration 
rates in 1 (mi/hr)/s increments up to and 
including one increment above the 
maximum acceleration rate expected 
during testing. Average the five repeat 
runs to calculate a mean acceleration 
rate, aact, at each setting. 

(5) Compare each mean acceleration 
rate, aact, to the corresponding nominal 
acceleration rate, aref, to determine 
values for acceleration error, aerror, using 
the following equation: 

Example:  
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aact = 0.999 (mi/hr)/s 
aref = 1 (mi/hr)/s 

aerror = ¥0.100% 

(d) Verification of forces for 
controlling acceleration and 
deceleration. Program the dynamometer 
with a calculated force value and 
determine actual acceleration and 
deceleration rates as the dynamometer 
traverses speeds between 10 and 40 mi/ 
hr at various nominal acceleration and 
deceleration rates. Verify the 
dynamometer’s ability to achieve certain 
acceleration and deceleration rates with 
a given force as follows: 

(1) Calculate the force setting, F, using 
the following equation: 

Where: 
Ib = the dynamometer manufacturer’s stated 

base inertia, in lbf·s2/ft. 
a = nominal acceleration rate, in ft/s2. 

Example:  
Ib = 2967 lbm = 92.217 lbf·s2/ft 
a = 1 (mi/hr)/s = 1.4667 ft/s2 
F = 92.217 ¥ 1.4667 
F = 135.25 lbf 

(2) Set the dynamometer to road-load 
mode and program it with a calculated 
force to accelerate the roll at a nominal 
rate of 1 (mi/hr)/s from 10 mi/hr to 40 
mi/hr. Measure the elapsed time to 
reach the target speed, to the nearest 
0.01 s. Repeat this measurement for a 
total of five runs. Determine the actual 
acceleration rate, aact, for each run using 
Eq. 1066.265–2. Repeat this step to 
determine measured ‘‘negative 
acceleration’’ rates using a calculated 
force to decelerate the roll at a nominal 
rate of 1 (mi/hr)/s from 40 mi/hr to 10 
mi/hr. Average the five repeat runs to 
calculate a mean acceleration rate, aact, 
at each setting. 

(3) Repeat the steps in paragraph 
(d)(2) of this section for additional 
acceleration and deceleration rates as 
specified in paragraph (c)(4) of this 
section. 

(4) Compare each mean acceleration 
rate, aact, to the corresponding nominal 
acceleration rate, aref, to determine 
values for acceleration error, aerror, using 
Eq. 1066.265–3. 
* * * * * 
■ 294. Section 1066.270 is amended by 
revising paragraphs (c)(2), (c)(4), (c)(6) 
and (d)(1) to read as follows: 

§ 1066.270 Unloaded coastdown 
verification. 
* * * * * 

(c) * * * 
(2) With the dynamometer in 

coastdown mode, set the dynamometer 
inertia for the smallest vehicle weight 
that you expect to test and set A, B, and 
C road-load coefficients to values 
typical of those used during testing. 
Program the dynamometer to coast 
down over the dynamometer 
operational speed range (typically from 
a speed of 80 mi/hr through a minimum 
speed at or below 10 mi/hr). Perform at 
least one coastdown run over this speed 
range, collecting data over each 10 mi/ 
hr interval. 
* * * * * 

(4) Determine the average coastdown 
force, F, for each speed and inertia 
setting for each of the coastdowns 
performed using the following equation: 

Where: 
F = the mean force measured during the 

coastdown for each speed interval and 
inertia setting, expressed in lbf·s2/ft and 
rounded to four significant figures. 

I = the dynamometer’s inertia setting, in 
lbf·s2/ft. 

vinit = the speed at the start of the coastdown 
interval, expressed in ft/s to at least four 
significant figures. 

vfinal = the speed at the end of the coastdown 
interval, expressed in ft/s to at least four 
significant figures. 

t = coastdown time for each speed interval 
and inertia setting, accurate to at least 
0.01 s. 

Example:  
I = 2000 lbm = 62.16 lbf·s2/ft 
vinit = 25 mi/hr = 36.66 ft/s 
vfinal = 15 mi/hr = 22.0 ft/s 
t = 5.00 s 

F = 182.2 lbf 

* * * * * 
(6) Compare the mean value of the 

coastdown force measured for each 
speed interval and inertia setting, Fact, to 
the corresponding Fref to determine 
values for coastdown force error, Ferror, 
using the following equation: 

Example:  
Fref = 192 lbf 
Fact = 191 lbf 

Ferror = 0.5% 
(d) * * * 
(1) For vehicles at or below 20,000 

pounds GVWR, the maximum allowable 
error, Ferrormax, for all speed intervals 
and inertia settings is 1.0% or the value 
determined from Eq. 1066.270–3, 
whichever is greater. 

Example:  
Fref = 192 lbf 

Ferrormax = 1.14% 

* * * * * 
■ 295. Section 1066.275 is amended by 
revising paragraph (c)(1) to read as 
follows: 

§ 1066.275 Daily dynamometer readiness 
verification. 
* * * * * 

(c) * * * 
(1) With the dynamometer in 

coastdown mode, set the dynamometer 
inertia to the base inertia with the road- 
load coefficient A set to 20 lbf (or a force 
that results in a coastdown time of less 
than 10 minutes) and coefficients B and 
C set to 0. Program the dynamometer to 
coast down for one 10 mi/hr interval 
from 55 mi/hr down to 45 mi/hr. If your 
dynamometer is not capable of 
performing one discrete coastdown, 
then coast down with preset 10 mi/hr 
intervals that include a 55 mi/hr to 45 
mi/hr interval. 
* * * * * 

Subpart D—Coastdown 

■ 296. Section 1066.301 is amended by 
adding introductory text to read as 
follows: 

§ 1066.301 Overview of road-load 
determination procedures. 

Vehicle testing on a chassis 
dynamometer involves simulating the 
road-load force, which is the sum of 
forces acting on a vehicle from 
aerodynamic drag, tire rolling 
resistance, driveline losses, and other 
effects of friction. Determine 
dynamometer settings to simulate road- 
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load force in two stages. First, perform 
a road-load force specification by 
characterizing on-road operation. 
Second, perform a road-load derivation 
to determine the appropriate 
dynamometer load settings to simulate 
the road-load force specification from 
the on-road test. 
* * * * * 

■ 297. Section 1066.305 is amended by 
revising paragraph (a) to read as follows: 

§ 1066.305 Procedures for specifying road- 
load forces for motor vehicles at or below 
14,000 pounds GVWR. 

(a) For motor vehicles at or below 
14,000 pounds GVWR, develop 
representative road-load coefficients to 
characterize each vehicle covered by a 
certificate of conformity. Calculate road- 
load coefficients by performing 
coastdown tests using the provisions of 
SAE J1263 and SAE J2263 (incorporated 
by reference in § 1066.1010). This 
protocol establishes a procedure for 
determination of vehicle road load force 
for speeds between 115 and 15 km/hr 
(71.5 and 9.3 mi/hr); the final result is 
a model of road-load force (as a function 
of speed) during operation on a dry, 
level road under reference conditions of 
20 °C, 98.21 kPa, no wind, no 
precipitation, and the transmission in 
neutral. You may use other methods 
that are equivalent to SAE J2263, such 
as equivalent test procedures or 
analytical modeling, to characterize 
road load using good engineering 
judgment. Determine dynamometer 
settings to simulate the road-load profile 
represented by these road-load target 
coefficients as described in § 1066.315. 
Supply representative road-load forces 
for each vehicle at speeds above 15 km/ 
hr (9.3 mi/hr), and up to 115 km/hr 
(71.5 mi/hr), or the highest speed from 
the range of applicable duty cycles. 
* * * * * 

■ 298. Section 1066.310 is amended by 
revising the introductory text and 
paragraphs (b)(1)(i), (b)(2), (b)(6), 
(b)(7)(ii) introductory text, (b)(7)(ii)(A), 
(b)(7)(ii)(B), (b)(7)(ii)(D), and (b)(7)(ii)(E) 
to read as follows: 

§ 1066.310 Coastdown procedures for 
vehicles above 14,000 pounds GVWR. 

This section describes coastdown 
procedures that are unique to vehicles 
above 14,000 pounds GVWR. These 
procedures are valid for calculating 
road-load coefficients for chassis and 
post-transmission powerpack testing. 
These procedures are also valid for 
calculating drag area (CdA) to 
demonstrate compliance with Phase 1 

greenhouse gas emission standards 
under 40 CFR part 1037. 
* * * * * 

(b) * * * 
(1) * * * 
(i) We recommend that you do not 

perform coastdown testing on days for 
which winds are forecast to exceed 6.0 
mi/hr. 
* * * * * 

(2) Operate the vehicle at a top speed 
above 70 mi/hr, or at its maximum 
achievable speed if it cannot reach 70 
mi/hr. If a vehicle is equipped with a 
vehicle speed limiter that is set for a 
maximum speed below 70 mi/hr, you 
must disable the vehicle speed limiter. 
Start the test at or above 70 mi/hr, or at 
the vehicle’s maximum achievable 
speed if it cannot reach 70 mi/hr. 
Collect data through a minimum speed 
at or below 15 mi/hr. Data analysis for 
valid coastdown runs must include the 
range of vehicle speeds specified in this 
paragraph (b)(2). 
* * * * * 

(6) All valid coastdown run times in 
each direction must be within 2.0 
standard deviations of the mean of the 
valid coastdown run times (from the 
specified maximum speed down to 15 
mi/hr) in that direction. Eliminate runs 
outside this range. After eliminating 
these runs you must have at least eight 
valid runs in each direction. You may 
use coastdown run times that do not 
meet these standard deviation 
requirements if we approve it in 
advance. In your request, describe why 
the vehicle is not able to meet the 
specified standard deviation 
requirements and propose an alternative 
set of requirements. 

(7) * * * 
(ii) Determine drag area, CdA, as 

follows instead of using the procedure 
specified in Section 10 of SAE J1263: 

(A) Measure vehicle speed at fixed 
intervals over the coastdown run 
(generally at 10 Hz), including speeds at 
or above 15 mi/hr and at or below the 
specified maximum speed. Establish the 
elevation corresponding to each interval 
as described in SAE J2263 if you need 
to incorporate the effects of road grade. 

(B) Calculate the vehicle’s effective 
mass, Me, in kg by adding 56.7 kg to the 
measured vehicle mass, M, for each tire 
making road contact. This accounts for 
the rotational inertia of the wheels and 
tires. 
* * * * * 

(D) Plot the data from all the 
coastdown runs on a single plot of Fi vs. 
vi

2 to determine the slope correlation, D, 
based on the following equation: 

Where: 
M = the measured vehicle mass, expressed to 

at least the nearest 0.1 kg. 
ag = acceleration of Earth’s gravity, as 

described in 40 CFR 1065.630. 
Dh = change in elevation over the 

measurement interval, in m. Assume Dh 
= 0 if you are not correcting for grade. 

Ds = distance the vehicle travels down the 
road during the measurement interval, in 
m. 

Am = the calculated value of the y-intercept 
based on the curve-fit. 

(E) Calculate drag area, CdA, in m2 
using the following equation: 

Where: 
r = air density at reference conditions = 1.17 

kg/m3. 

T̄ = mean ambient absolute temperature 
during testing, in K. 

P̄ = mean ambient pressuring during the test, 
in kPa. 

* * * * * 

Subpart E—Preparing Vehicles and 
Running an Exhaust Emission Test 

■ 299. Section 1066.410 is amended by 
revising paragraphs (c) and (h) 
introductory text to read as follows: 

§ 1066.410 Dynamometer test procedure. 

* * * * * 
(c) Record the vehicle’s speed trace 

based on the time and speed data from 
the dynamometer at the recording 
frequencies given in Table 1 of 
§ 1066.125. Record speed to at least the 
nearest 0.01 mi/hr and time to at least 
the nearest 0.1 s. 
* * * * * 

(h) Determine equivalent test weight 
as follows: 
* * * * * 

■ 300. Section 1066.415 is amended by 
revising paragraph (e)(6)(ii) to read as 
follows: 
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§ 1066.415 Vehicle operation. 

* * * * * 
(e) * * * 
(6) * * * 
(ii) For vehicles with manual 

transmission, shift gears in a way that 
represents reasonable shift patterns for 
in-use operation, considering vehicle 
speed, engine speed, and any other 
relevant variables. Disengage the clutch 
when the speed drops below 15 mi/hr, 
when engine roughness is evident, or 
when good engineering judgment 
indicates the engine is likely to stall. 
Manufacturers may recommend shift 
guidance in the owners manual that 
differs from the shift schedule used 
during testing, as long as both shift 
schedules are described in the 
application for certification; in this case, 
we may shift during testing as described 
in the owners manual. 
■ 301. Section 1066.425 is amended by 
revising paragraphs (b)(1), (2), and (3) to 
read as follows: 

§ 1066.425 Performing emission tests. 

* * * * * 
(b) * * * 
(1) The upper limit is 2.0 mi/hr higher 

than the highest point on the trace 
within 1.0 s of the given point in time. 

(2) The lower limit is 2.0 mi/hr lower 
than the lowest point on the trace 
within 1.0 s of the given time. 

(3) The same limits apply for vehicle 
operation without exhaust 
measurements, such as vehicle 
preconditioning and warm-up, except 
that the upper and lower limits for 
speed values are ±4.0 mi/hr. In addition, 
up to three occurrences of speed 
variations greater than the tolerance are 

acceptable for vehicle operation in 
which no exhaust emission standards 
apply, as long as they occur for less than 
15 seconds on any occasion and are 
clearly documented as to the time and 
speed at that point of the driving 
schedule. 
* * * * * 

Subpart G—Calculations 

■ 302. Section 1066.605 is amended by 
revising paragraphs (c) introductory text 
and (d) through (g) and adding 
paragraph (h) to read as follows: 

§ 1066.605 Mass-based and molar-based 
exhaust emission calculations. 
* * * * * 

(c) Perform the following sequence of 
preliminary calculations to correct 
recorded concentration measurements 
before calculating mass emissions in 
paragraphs (e) and (f) of this section: 
* * * * * 

(d) Calculate g/mile emission rates 
using the following equation unless the 
standard-setting part specifies 
otherwise: 

Where: 
e[emission] = emission rate over the test 

interval. 
m[emission] = emission mass over the test 

interval. 
D = the measured driving distance over the 

test interval. 
Example:  

mNOx = 0.3177 g 

DHFET = 10.19 miles 

(e) Calculate the emission mass of 
each gaseous pollutant using the 
following equation: 

Where: 
m[emission] = emission mass over the test 

interval. 
Vmix = total dilute exhaust volume over the 

test interval, corrected to standard 
reference conditions, and corrected for 
any volume removed for emission 
sampling and for any volume change 
from adding secondary dilution air. 

p[emission] = density of the appropriate 
chemical species as given in 
§ 1066.1005(f). 

x[emission] = measured emission concentration 
in the sample, after dry-to-wet and 
background corrections. 

c = 10¥2 for emission concentrations in %, 
and 10¥6 for emission concentrations in 
ppm. 

Example:  
Vmix = 170.878 m3 (from paragraph (f) of this 

section) 
rNOx = 1913 g/m3 
xNOx = 0.9721 ppm 
c = 10¥6 
mNOx = 170.878·1913·0.9721·10¥6 = 0.3177 g 

(f) Calculation of the emission mass of 
PM, mPM, is dependent on how many 
PM filters you use, as follows: 

(1) Except as otherwise specified in 
this paragraph (f), calculate mPM using 
the following equation: 

Where: 

mPM = mass of particulate matter emissions 
over the test interval, as described in 
§ 1066.815(b)(1), (2), and (3). 

Vmix = total dilute exhaust volume over the 
test interval, corrected to standard 
reference conditions, and corrected for 
any volume removed for emission 
sampling and for any volume change 
from adding secondary dilution air. For 
partial-flow dilution systems, set Vmix 
equal to the total exhaust volume over 

the test interval, corrected to standard 
reference conditions. 

VPMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval, corrected to standard reference 
conditions. 

Vsdastd = total volume of secondary dilution 
air sampled through the filter over the 
test interval, corrected to standard 
reference conditions. For partial-flow 
dilution systems, set Vsdastd equal to total 
dilution air volume over the test interval, 
corrected to standard reference 
conditions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter. 

Example:  
Vmix = 170.878 m3 (from paragraph (g) of this 

section) 
VPMstd = 0.925 m3 (from paragraph (g) of this 

section) 
Vsdastd = 0.527 m3 (from paragraph (g) of this 

section) 
mPMfil = 0.0000045 g 
mPMbkgnd = 0.0000014 g 
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(2) If you sample PM onto a single 
filter as described in § 1066.815(b)(4)(i) 
or (b)(4)(ii) (for constant volume 

samplers), calculate mPM using the 
following equation: 

Where: 
mPM = mass of particulate matter emissions 

over the entire FTP. 
Vmix = total dilute exhaust volume over the 

test interval, corrected to standard 
reference conditions, and corrected for 
any volume removed for emission 
sampling and for any volume change 
from adding secondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, s = 

stabilized, ht = hot transient), corrected 
to standard reference conditions. 

V[interval]-sdastd = total volume of secondary 
dilution air sampled through the filter 
over the test interval (ct = cold transient, 
s = stabilized, ht = hot transient), 
corrected to standard reference 
conditions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vmix = 633.691 m3 
Vct-PMstd = 0.925 m3 
Vct-sdastd = 0.527 m3 
Vs-PMstd = 1.967 m3 
Vs-sdastd = 1.121 m3 
Vht-PMstd = 1.122 m3 
Vht-sdastd = 0.639 m3 
mPMfil = 0.0000106 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00222 g (3) If you sample PM onto a single 
filter as described in § 1066.815(b)(4)(ii) 
(for partial flow dilution systems), 

calculate mPM using the following 
equation: 

Where: 
mPM = mass of particulate matter emissions 

over the entire FTP. 
V[interval]-exhstd = total engine exhaust volume 

over the test interval (ct = cold transient, 
s = stabilized, ht = hot transient), 
corrected to standard reference 
conditions, and corrected for any volume 
removed for emission sampling. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, s = 

stabilized, ht = hot transient), corrected 
to standard reference conditions. 

V[interval]-dilstd = total volume of dilution air 
over the test interval (ct = cold transient, 
s = stabilized, ht = hot transient), 
corrected to standard reference 
conditions and for any volume removed 
for emission sampling. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vct-exhstd = 5.55 m3 
Vct-PMstd = 0.526 m3 
Vct-dilstd = 0.481 m3 
Vs-exhstd = 9.53 m3 
Vs-PMstd = 0.903 m3 
Vs-dilstd = 0.857 m3 
Vht-exhstd = 5.54 m3 
Vht-PMstd = 0.527 m3 
Vht-dilstd = 0.489 m3 
mPMfil = 0.0000106 g 
mPMbkgnd = 0.0000014 g 
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mPM = 0.00269 g (4) If you sample PM onto a single 
filter as described in § 1066.815(b)(5)(i) 
or (b)(5)(ii) (for constant volume 

samplers), calculate mPM using the 
following equation: 

Where: 
mPM = mass of particulate matter emissions 

over the entire FTP. 
Vmix = total dilute exhaust volume over the 

test interval, corrected to standard 
reference conditions, and corrected for 
any volume removed for emission 
sampling and for any volume change 
from secondary dilution air. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, cs = cold 

stabilized, ht = hot transient, hs = hot 
stabilized), corrected to standard 
reference conditions. 

V[interval]-sdastd = total volume of secondary 
dilution air sampled through the filter 
over the test interval (ct = cold transient, 
cs = cold stabilized, ht = hot transient, 
hs = hot stabilized), corrected to 
standard reference conditions. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vmix = 972.121 m3 
Vct-PMstd = 0.925 m3 
Vct-sdastd = 0.529 m3 
Vcs-PMstd = 1.968 m3 
Vcs-sdastd = 1.123 m3 
Vht-PMstd = 1.122 m3 
Vht-sdastd = 0.641 m3 
Vhs-PMstd = 1.967 m3 
Vhs-sdastd = 1.121 m3 
mPMfil = 0.0000229 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00401 g (5) If you sample PM onto a single 
filter as described in § 1066.815(b)(5)(ii) 
(for partial flow dilution systems), 

calculate mPM using the following 
equation: 

Where: 

mPM = mass of particulate matter emissions 
over the entire FTP. 

V[interval]-exhstd = total engine exhaust volume 
over the test interval (ct = cold transient, 

cs = cold stabilized, ht = hot transient, 
hs = hot stabilized), corrected to 
standard reference conditions, and 
corrected for any volume removed for 
emission sampling. 

V[interval]-PMstd = total volume of dilute exhaust 
sampled through the filter over the test 
interval (ct = cold transient, cs = cold 
stabilized, ht = hot transient, hs = hot 
stabilized), corrected to standard 
reference conditions. 
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V[interval]-dilstd = total volume of dilution air 
over the test interval (ct = cold transient, 
cs = cold stabilized, ht = hot transient, 
hs = hot stabilized), corrected to 
standard reference conditions and for 
any volume removed for emission 
sampling. 

mPMfil = mass of particulate matter emissions 
on the filter over the test interval. 

mPMbkgnd = mass of particulate matter on the 
background filter over the test interval. 

Example:  
Vct-exhstd = 5.55 m3 
Vct-PMstd = 0.526 m3 
Vct-dilstd = 0.481 m3 
Vcs-exhstd = 9.53 m3 
Vcs-PMstd = 0.903 m3 

Vcs-dilstd = 0.857 m3 
Vht-exhstd = 5.54 m3 
Vht-PMstd = 0.527 m3 
Vht-dilstd = 0.489 m3 
Vhs-exhstd = 9.54 m3 
Vhs-PMstd = 0.902 m3 
Vhs-dilstd = 0.856 m3 
mPMfil = 0.0000229 g 
mPMbkgnd = 0.0000014 g 

mPM = 0.00266 g 

(g) This paragraph (g) describes how 
to correct flow and flow rates to 
standard reference conditions and 

provides an example for determining 
Vmix based on CVS total flow and the 
removal of sample flow from the dilute 
exhaust gas. You may use 
predetermined nominal values for 

removed sample volumes, except for 
flows used for batch sampling. 

(1) Correct flow and flow rates to 
standard reference conditions as needed 
using the following equation: 

Where: 
V[flow]std = total flow volume at the flow 

meter, corrected to standard reference 
conditions. 

V[flow]act = total flow volume at the flow meter 
at test conditions. 

pin = absolute static pressure at the flow 
meter inlet, measured directly or 

calculated as the sum of atmospheric 
pressure plus a differential pressure 
referenced to atmospheric pressure. 

Tstd = standard temperature. 
pstd = standard pressure. 
Tin = temperature of the dilute exhaust 

sample at the flow meter inlet. 
Example:  

VPMact = 1.071 m3 
pin = 101.7 kPa 
Tstd = 293.15 K 
pstd = 101.325 kPa 
Tin = 340.5 K 

(2) The following example provides a 
determination of Vmix based on CVS 
total flow and the removal of sample 
flow from one dilute exhaust gas 
analyzer and one PM sampling system 

that is utilizing secondary dilution. Note 
that your Vmix determination may vary 
from Eq. 1066.605–7 based on the 
number of flows that are removed from 
your dilute exhaust gas and whether 

your PM sampling system is using 
secondary dilution. For this example, 
Vmix is governed by the following 
equation: 

Where: 
VCVSstd = total dilute exhaust volume over the 

test interval at the flow meter, corrected 
to standard reference conditions. 

Vgasstd = total volume of sample flow through 
the gaseous emission bench over the test 
interval, corrected to standard reference 
conditions. 

VPMstd = total volume of dilute exhaust 
sampled through the filter over the test 

interval, corrected to standard reference 
conditions. 

Vsdastd = total volume of secondary dilution 
air flow sampled through the filter over 
the test interval, corrected to standard 
reference conditions. 

Example:  
Using Eq. 1066.605–8: 

VCVSstd = 170.451 m3, where VCVSact = 
170.721 m3, pin = 101.7 kPa, and Tin = 
294.7 K 

Using Eq. 1066.605–8: 
Vgasstd = 0.028 m3, where Vgasact = 0.033 m3, 

pin = 101.7 kPa, and Tin = 340.5 K 
Using Eq. 1066.605–8: 

VPMstd = 0.925 m3, where VPMact = 1.071 m3, 
pin = 101.7 kPa, and Tin = 340.5 K 

Using Eq. 1066.605–8: 
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Vsdastd = 0.527 m3, where Vsdaact = 0.531 m3, 
pin = 101.7 kPa, and Tin = 296.3 K 

Vmix = 170.451 + 0.028 + 0.925 ¥ 0.527 = 
170.878 m3 

(h) Calculate total flow volume over a 
test interval, V[flow], for a CVS or exhaust 
gas sampler as follows: 

(1) Varying versus constant flow rates. 
The calculation methods depend on 
differentiating varying and constant 
flow, as follows: 

(i) We consider the following to be 
examples of varying flows that require 

a continuous multiplication of 
concentration times flow rate: raw 
exhaust, exhaust diluted with a constant 
flow rate of dilution air, and CVS 
dilution with a CVS flow meter that 
does not have an upstream heat 
exchanger or electronic flow control. 

(ii) We consider the following to be 
examples of constant exhaust flows: 
CVS diluted exhaust with a CVS flow 
meter that has an upstream heat 

exchanger, an electronic flow control, or 
both. 

(2) Continuous sampling. For 
continuous sampling, you must 
frequently record a continuously 
updated flow signal. This recording 
requirement applies for both varying 
and constant flow rates. 

(i) Varying flow rate. If you 
continuously sample from a varying 
exhaust flow rate, calculate V[flow] using 
the following equation: 

Where: 

Example:  
N = 505 
Q̇CVS1 = 0.276 m3/s 
Q̇CVS2 = 0.294 m3/s 
frecord = 1 Hz 

Using Eq. 1066.605–11, 
Dt = 1/1 = 1 s 
VCVS = (0.276 + 0.294 + ... + Q̇CVS505)·1 
VCVS = 170.721 m3 

(ii) Constant flow rate. If you 
continuously sample from a constant 
exhaust flow rate, use the same 
calculation described in paragraph 

(h)(2)(i) of this section or calculate the 
mean flow recorded over the test 
interval and treat the mean as a batch 
sample, as described in paragraph 
(h)(3)(ii) of this section. 

(3) Batch sampling. For batch 
sampling, calculate total flow by 
integrating a varying flow rate or by 
determining the mean of a constant flow 
rate, as follows: 

(i) Varying flow rate. If you 
proportionally collect a batch sample 
from a varying exhaust flow rate, 

integrate the flow rate over the test 
interval to determine the total flow from 
which you extracted the proportional 
sample, as described in paragraph 
(h)(2)(i) of this section. 

(ii) Constant flow rate. If you batch 
sample from a constant exhaust flow 
rate, extract a sample at a proportional 
or constant flow rate and calculate 
V[flow] from the flow from which you 
extract the sample by multiplying the 
mean flow rate by the time of the test 
interval using the following equation: 

Example:  
Q
Ô

CVS = 0.338 m3/s 
Dt = 505 s 
VCVS = 0.338·505 
VCVS = 170.69 m3 

■ 303. Section 1066.615 is amended by 
revising paragraph (a)(1) to read as 
follows: 

§ 1066.615 NOX intake-air humidity 
correction. 
* * * * * 

(a) * * * 
(1) Calculate a humidity correction 

using a time-weighted mean value for 
ambient humidity over the test interval. 
Calculate absolute ambient humidity, H, 
using the following equation: 
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Where: 

MH2O = molar mass of H2O. 
pd = saturated vapor pressure at the ambient 

dry bulb temperature. 

RH = relative humidity of ambient air 
Mair = molar mass of air. 
patmos = atmospheric pressure. 

Example:  

MH2O = 18.01528 g/mol 
pd = 2.93 kPa 
RH = 37.5% = 0.375 
Mair = 28.96559 g/mol 
patmos = 96.71 kPa 

* * * * * 
■ 304. Section 1066.625 is amended by 
revising the introductory text and 
paragraphs (a)(1), (b) introductory text, 
(b)(1), (b)(2)(i), (b)(2)(iv)(A) and (D), 
(b)(2)(v), (vi), and (vii), (b)(2)(xiii), and 
(c)(1)(i), (ii), and (iii) to read as follows: 

§ 1066.625 Flow meter calibration 
calculations. 

This section describes the 
calculations for calibrating various flow 
meters based on mass flow rates. 
Calibrate your flow meter according to 
40 CFR 1065.640 instead if you 

calculate emissions based on molar flow 
rates. 

(a) * * * 
(1) Calculate PDP volume pumped per 

revolution, Vrev, for each restrictor 
position from the mean values 
determined in § 1066.140: 

Where: 
V
Ô

ref = mean flow rate of the reference flow 
meter. 

Tin = mean temperature at the PDP inlet. 
pstd = standard pressure = 101.325 kPa. 
f̄nPDP = mean PDP speed. 

Pin = mean static absolute pressure at the PDP 
inlet. 

Tstd = standard temperature = 293.15 K. 
Example:  

V
Ô

ref = 0.1651 m3/s 
Tin = 299.5 K 

pstd = 101.325 kPa 
f̄nPDP = 1205.1 r/min = 20.085 r/s 
Pin = 98.290 kPa 
Tstd = 293.15 K 

Vrev = 0.00866 m3/r 

* * * * * 
(b) SSV calibration. The equations 

governing SSV flow assume one- 
dimensional isentropic inviscid flow of 
an ideal gas. Paragraph (b)(2)(iv) of this 
section describes other assumptions that 
may apply. If good engineering 
judgment dictates that you account for 
gas compressibility, you may either use 
an appropriate equation of state to 

determine values of Z as a function of 
measured pressure and temperature, or 
you may develop your own calibration 
equations based on good engineering 
judgment. Note that the equation for the 
flow coefficient, Cf, is based on the ideal 
gas assumption that the isentropic 
exponent, g, is equal to the ratio of 
specific heats, Cp/Cv. If good engineering 
judgment dictates using a real gas 
isentropic exponent, you may either use 

an appropriate equation of state to 
determine values of g as a function of 
measured pressure and temperature, or 
you may develop your own calibration 
equations based on good engineering 
judgment. 

(1) Calculate volume flow rate at 
standard reference conditions, V

Ô

std, as 
follows 

Where: 

Cd = discharge coefficient, as determined in 
paragraph (b)(2)(i) of this section. 

Cf = flow coefficient, as determined in 
paragraph (b)(2)(ii) of this section. 

At = cross-sectional area at the venturi throat. 

R = molar gas constant. 
pin = static absolute pressure at the venturi 

inlet. 
Tstd = standard temperature. 
pstd = standard pressure. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 

Tin = absolute temperature at the venturi 
inlet. 

(2) * * * 
(i) Using the data collected in 

§ 1066.140, calculate Cd for each flow 
rate using the following equation: 
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Where: 
V
Ô

ref = measured volume flow rate from the 
reference flow meter. 

* * * * * 
(iv) * * * 

(A) For raw exhaust, diluted exhaust, 
and dilution air, you may assume that 
the gas mixture behaves as an ideal gas 
(Z = 1). 
* * * * * 

(D) For diluted exhaust and dilution 
air, you may assume the molar mass of 
the mixture, Mmix, is a function only of 
the amount of water in the dilution air 
or calibration air, as follows: 

Where: 

Mair = molar mass of dry air.xH2O = amount 
of H2O in the dilution air or calibration 
air, determined as described in 40 CFR 
1065.645. 

MH2O = molar mass of water. 

Example:  
Mair = 28.96559 g/mol 
xH2O = 0.0169 mol/mol 
MH2O = 18.01528 g/mol 

Mmix = 28.96559 · (1 ¥ 0.0169) + 18.01528 
· 0.0169 Mmix = 28.7805 g/mol 

* * * * * 
(v) The following example illustrates 

the use of the governing equations to 
calculate Cd of an SSV flow meter at one 
reference flow meter value: 
V
Ô

ref = 2.395 m3/s 
Z = 1 
Mmix = 28.7805 g/mol = 0.0287805 kg/ 

mol 

R = 8.314472 J/(mol·K) = 8.314472 
(m2·kg)/(s2·mol·K) 

Tin = 298.15 K 
At = 0.01824 m2 
pin = 99.132 kPa = 99132 Pa = 99132 kg/ 

(m·s2) 
g = 1.399 
b = 0.8 
Dp = 7.653 kPa 

Cf = 0.472 

Cd = 0.985 

(vi) Calculate the Reynolds number, 
Re#, for each reference flow rate at 
standard conditions, V

Ô

refstd, using the 
throat diameter of the venturi, dt, and 

the air density at standard conditions, 
rstd. Because the dynamic viscosity, m, is 
needed to compute Re#, you may use 
your own fluid viscosity model to 
determine m for your calibration gas 
(usually air), using good engineering 

judgment. Alternatively, you may use 
the Sutherland three-coefficient 
viscosity model to approximate m, as 
shown in the following sample 
calculation for Re#: 
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Where, using the Sutherland three- 
coefficient viscosity model: 

Where: 
m0 = Sutherland reference viscosity. 

T0 = Sutherland reference temperature. 
S = Sutherland constant. 

TABLE 3 OF § 1066.625—SUTHERLAND THREE-COEFFICIENT VISCOSITY MODEL PARAMETERS 

Gas 1 

μ0 T0 S Temperature range 
within ±2% error 2 

Pressure limit 2 

kg/(m·s) K K K kPa 

Air .............................. 1.716·10¥5 ................ 273 ............................ 111 ............................ 170 to 1900 ............... ≤1800. 
CO2 ............................ 1.370·10¥5 ................ 273 ............................ 222 ............................ 190 to 1700 ............... ≤3600. 
H2O ............................ 1.12·10¥5 .................. 350 ............................ 1064 .......................... 360 to 1500 ............... ≤10000. 
O2 .............................. 1.919·10¥5 ................ 273 ............................ 139 ............................ 190 to 2000 ............... ≤2500. 
N2 ............................... 1.663·10¥5 ................ 273 ............................ 107 ............................ 100 to 1500 ............... ≤1600. 

1 Use tabulated parameters only for the pure gases, as listed. Do not combine parameters in calculations to calculate viscosities of gas mix-
tures. 

2 The model results are valid only for ambient conditions in the specified ranges. 

Example:  
m0 = 1.716·10¥5 kg/(m·s) 
T0 = 273 K 

S = 111 K 

Tin = 298.15 K 
dt = 152.4 mm = 0.1524 m 

rstd = 1.1509 kg/m3 

Re# = 1.3027·106 (vii) Calculate r using the following 
equation: 

Example:  
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rstd = 1.1964 kg/m 3 

* * * * * 
(xiii) Once you have an equation that 

meets the specified statistical criterion, 

you may use the equation only for the 
corresponding range of Re#. 
* * * * * 

(c) * * * 

(1) * * * 
(i) Calculate an individual Kv for each 

calibration set point for each restrictor 
position using the following equation: 

Where: 
V
Ô

refstd= mean flow rate from the reference 
flow meter, corrected to standard 
reference conditions. 

T̄in= mean temperature at the venturi inlet. 
P̄in= mean static absolute pressure at the 

venturi inlet. 
(ii) Calculate the mean and standard 

deviation of all the Kv values (see 40 CFR 

1065.602). Verify choked flow by plotting Kv 
as a function of pin. Kv will have a relatively 
constant value for choked flow; as vacuum 
pressure increases, the venturi will become 
unchoked and Kv will decrease. Paragraphs 
(c)(1)(iii) through (viii) of this section 
describe how to verify your range of choked 
flow. 

(iii) If the standard deviation of all the 
Kv values is less than or equal to 0.3% 
of the mean Kv, use the mean Kv in Eq. 
1066.630–7, and use the CFV only up to 
the highest venturi pressure ratio, r, 
measured during calibration using the 
following equation: 

Where: 

DpCFV = differential static pressure; venturi 
inlet minus venturi outlet. 

pin = mean static absolute pressure at the 
venturi inlet. 

* * * * * 

■ 305. Section 1066.630 is revised to 
read as follows: 

§ 1066.630 PDP, SSV, and CFV flow rate 
calculations. 

This section describes the equations 
for calculating flow rates from various 
flow meters. After you calibrate a flow 
meter according to § 1066.625, use the 
calculations described in this section to 
calculate flow during an emission test. 
Calculate flow according to 40 CFR 

1065.642 instead if you calculate 
emissions based on molar flow rates. 

(a) PDP. (1) Based on the speed at 
which you operate the PDP for a test 
interval, select the corresponding slope, 
a1, and intercept, a0, as determined in 
§ 1066.625(a), to calculate PDP flow 
rate, v̇, as follows: 

Where: 

fnPDP = pump speed. 

Vrev = PDP volume pumped per revolution, 
as determined in paragraph (a)(2) of this 
section. 

Tstd = standard temperature = 293.15 K. 
pin = static absolute pressure at the PDP inlet. 

Tin = absolute temperature at the PDP inlet. 
pstd = standard pressure = 101.325 kPa. 

(2) Calculate Vrev using the following 
equation: 

pout = static absolute pressure at the PDP 
outlet. 

Example:  

a1 = 0.8405 m 3/s 
fnPDP = 12.58 r/s 
pout = 99.950 kPa 

pin = 98.575 kPa 
a0 = 0.056 m 3/r 
Tin = 323.5 K 
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Vrev = 0.063 m3/r 

v̇= 0.7079 m3/s 
(b) SSV. Calculate SSV flow rate, v̇, as 

follows: 

Where: 
Cd = discharge coefficient, as determined 

based on the Cd versus Re# equation in 
§ 1066.625(b)(2)(viii). 

Cf = flow coefficient, as determined in 
§ 1066.625(b)(2)(ii). 

At = venturi throat cross-sectional area. 
R = molar gas constant. 
pin = static absolute pressure at the venturi 

inlet. 

Tstd = standard temperature. 
pstd = standard pressure. 
Z = compressibility factor. 
Mmix = molar mass of gas mixture. 
Tin = absolute temperature at the venturi 

inlet. 
Example:  

Cd = 0.890 
Cf = 0.472 
At = 0.01824 m2 

R = 8.314472 J/(mol·K) = 8.314472 (m2·kg)/ 
(s2·mol·K) 

pin = 98.496 kPa 
Tstd = 293.15 K 
pstd = 101.325 kPa 
Z = 1 
Mmix = 28.7789 g/mol = 0.0287789 kg/mol 
Tin = 296.85 K 

V̇ = 2.155 m3/s 
(c) CFV. If you use multiple venturis 

and you calibrated each venturi 
independently to determine a separate 
calibration coefficient, Kv, for each 
venturi, calculate the individual volume 

flow rates through each venturi and sum 
all their flow rates to determine CFV 
flow rate, V̇. If you use multiple venturis 
and you calibrated venturis in 
combination, calculate V̇ using the Kv 

that was determined for that 
combination of venturis. 

(1) To calculate V̇ through one venturi 
or a combination of venturis, use the 
mean Kv you determined in 
§ 1066.625(c) and calculate V̇ as follows: 

Where: 
Kv = flow meter calibration coefficient. 
Tin = temperature at the venturi inlet. 

pin = absolute static pressure at the venturi 
inlet. 

Example:  

Kv = 0.074954 m3·K0.5/(kPa·s) 
pin = 99.654 kPa 
Tin = 353.15 K 

V̇= 0.39748 m3/s 

(2) [Reserved] 
■ 306. Section 1066.635 is amended by 
revising paragraphs (a) and (c) 
introductory text to read as follows: 

§ 1066.635 NMOG determination. 

* * * * * 
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(a) Determine NMOG by 
independently measuring alcohols and 
carbonyls as described in 40 CFR 
1065.805 and 1065.845. Use good 
engineering judgment to determine 

which alcohols and carbonyls you need 
to measure. This would typically 
require you to measure all alcohols and 
carbonyls that you expect to contribute 
1% or more of total NMOG. Calculate 

the mass of NMOG in the exhaust, 
mNMOG, with the following equation, 
using density values specified in 
§ 1066.1005(f): 

Where: 
mNMHC = the mass of NMHC and all 

oxygenated hydrocarbon (OHC) in the 
exhaust, as determined using Eq. 
1066.605–2. Calculate NMHC mass based 
on rNMHC. 

rNMHC = the effective C1-equivalent density of 
NMHC as specified in § 1066.1005(f). 

mOHCi = the mass of oxygenated species i in 
the exhaust calculated using Eq. 1066.605– 
2. 

rOCHi = the C1-equivalent density of 
oxygenated species i. 

RFOHCi[THC-FID] = the response factor of a 
THC-FID to oxygenated species i relative to 
propane on a C1-equivalent basis as 
determined in 40 CFR 1065.845. 

* * * * * 
(c) For gasoline containing less than 

25% ethanol by volume, you may 
calculate NMOG from measured NMHC 
emissions as follows: 
* * * * * 
■ 307. Section 1066.695 is amended by 
revising paragraph (f) to read as follows: 

§ 1066.695 Data requirements. 
* * * * * 

(f) Vehicle information as applicable, 
including identification number, model 
year, applicable emission standards 
(including bin standards or family 
emission limits, as applicable), vehicle 
model, vehicle class, test group, 
durability group, engine family, 
evaporative/refueling emission family, 
basic engine description (including 
displacement, number of cylinders, 
turbocharger/supercharger used, and 
catalyst type), fuel system (type of fuel 
injection and fuel tank capacity and 
location), engine code, GVWR, 
applicable test weight, inertia weight 
class, actual curb weight at zero miles, 
actual road load at 50 mi/hr, 
transmission class and configuration, 
axle ratio, odometer reading, idle rpm, 
and measured drive wheel tire pressure. 
* * * * * 

Subpart H—Cold Temperature Test 
Procedures 

■ 308. Section 1066.710 is amended by 
revising paragraphs (a)(5) and (d)(3) 
introductory text to read as follows: 

§ 1066.710 Cold temperature testing 
procedures for measuring CO and NMHC 
emissions and determining fuel economy. 
* * * * * 

(a) * * * 
(5) Adjust the dynamometer to 

simulate vehicle operation on the road 
at ¥7 °C as described in § 1066.305(b). 
* * * * * 

(d) * * * 
(3) You may start the preconditioning 

drive once the fuel in the fuel tank 
reaches (¥12.6 to ¥1.4) °C. 
Precondition the vehicle as follows: 
* * * * * 

Subpart I—Exhaust Emission Test 
Procedures for Motor Vehicles 

■ 309. Section 1066.801 is amended by 
revising paragraphs (c)(2) and (3) to read 
as follows: 

§ 1066.801 Applicability and general 
provisions. 
* * * * * 

(c) * * * 
(2) The Supplemental Federal Test 

Procedure (SFTP) measures the 
emission effects from aggressive driving 
and operation with the vehicle’s air 
conditioner. The SFTP is based on a 
composite of three different test 
elements. In addition to the FTP, 
vehicles generally operate over the 
US06 and SC03 driving schedules as 
specified in paragraphs (g) and (h) of 
Appendix I of 40 CFR part 86, 
respectively. In the case of heavy-duty 
vehicles above 10,000 pounds GVWR 
and at or below 14,000 pounds GVWR, 
SFTP testing involves additional driving 
over the Hot LA–92 driving schedule as 
specified in paragraph (c) of 40 CFR part 
86, Appendix I, instead of the US06 
driving schedule. Note that the US06 
driving schedule represents about 8.0 
miles of relatively aggressive driving; 
the SC03 driving schedule represents 
about 3.6 miles of urban driving with 
the air conditioner operating; and the 
hot portion of the LA–92 driving 
schedule represents about 9.8 miles of 
relatively aggressive driving for 
commercial trucks. See § 1066.830. 

(3) The Highway Fuel Economy Test 
(HFET) is specified in Appendix I of 40 
CFR part 600. Note that the HFET 
represents about 10.2 miles of rural and 
freeway driving with an average speed 
of 48.6 mi/hr and a maximum speed of 
60.0 mi/hr. See § 1066.840. 
* * * * * 
■ 310. Section 1066.805 is amended by 
revising paragraph (c) to read as follows: 

§ 1066.805 Road-load power, test weight, 
and inertia weight class determination. 

* * * * * 
(c) For FTP, SFTP, New York City 

Cycle, HFET, and LA–92 testing, 
determine road-load forces for each test 
vehicle at speeds between 9.3 and 71.5 
miles per hour. The road-load force 
must represent vehicle operation on a 
smooth, level road with no wind or 
calm winds, no precipitation, an 
ambient temperature of approximately 
20 °C, and atmospheric pressure of 
98.21 kPa. You may extrapolate road- 
load force for speeds below 9.3 mi/hr. 
■ 311. Section 1066.815 is amended by 
revising paragraphs (b) introductory text 
and (b)(4) and (5) to read as follows: 

§ 1066.815 Exhaust emission test 
procedures for FTP testing. 

* * * * * 
(b) PM sampling options. Collect PM 

using any of the procedures specified in 
paragraphs (b)(1) through (5) of this 
section and use the corresponding 
equation in § 1066.820 to calculate FTP 
composite emissions. Testing must meet 
the requirements related to filter face 
velocity as described in 
§ 1066.110(b)(2)(iii)(C), except as 
specified in paragraphs (b)(4) and (5) of 
this section. For procedures involving 
flow weighting, set the filter face 
velocity to a weighting target of 1.0 to 
meet the requirements of 
§ 1066.110(b)(2)(iii)(C). Allow filter face 
velocity to decrease as a percentage of 
the weighting factor if the weighting 
factor is less than 1.0 and do not change 
the nominal CVS flowrates or secondary 
dilution ratios between FTP or UDDS 
test intervals. Use the appropriate 
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equations in § 1066.610 to show that 
you meet the dilution factor 
requirements of § 1066.110(b)(2)(iii)(B). 
If you collect PM using the procedures 
specified in paragraph (b)(4) or (5) of 
this section, the residence time 
requirements in 40 CFR 1065.140(e)(3) 
apply, except that you may exceed an 
overall residence time of 5.5 s for 
sample flow rates below the highest 
expected sample flow rate. 
* * * * * 

(4) You may collect PM on a single 
filter over the cold-start UDDS and the 
first 505 seconds of the hot-start UDDS 
using one of the following methods: 

(i) Adjust your sampling system flow 
rate over the filter to weight the filter 
face velocity over the three intervals of 
the FTP based on weighting targets of 
0.43 for bag 1, 1.0 for bag 2, and 0.57 
for bag 3. 

(ii) Maintain a constant sampling 
system flow rate over the filter for all 

three intervals of the FTP by increasing 
overall dilution ratios for bag 1 and bag 
3. To do this, reduce the sample flow 
rate from the exhaust (or diluted 
exhaust) such that the value is reduced 
to 43% and 57%, respectively, of the 
bag 2 values. For constant-volume 
samplers, this requires that you decrease 
the dilute exhaust sampling rate from 
the CVS and compensate for that by 
increasing the amount of secondary 
dilution air. 

(5) You may collect PM on a single 
filter over the cold-start UDDS and the 
full hot-start UDDS using one of the 
following methods: 

(i) Adjust your sampling system flow 
rate over the filter to weight the filter 
face velocity based on weighting targets 
of 0.75 for the cold-start UDDS and 1.0 
for the hot-start UDDS. 

(ii) Maintain a constant sampling 
system flow rate over the filter for both 
the cold-start and hot-start UDDS by 
increasing the overall dilution ratio for 

the cold-start UDDS. To do this, reduce 
the sample flow rate from the exhaust 
(or diluted exhaust) such that the value 
is reduced to 75% of the hot-start UDDS 
value. For constant-volume samplers, 
this requires that you decrease the 
dilute exhaust sampling rate from the 
CVS and compensate for that by 
increasing the amount of secondary 
dilution air. 
* * * * * 

■ 312. Section 1066.820 is amended by 
revising paragraph (c) to read as follows: 

§ 1066.820 Composite calculations for FTP 
exhaust emissions. 

* * * * * 
(c) Calculate the final composite PM 

test results as a mass-weighted value, 
ePM–FTPcomp, in grams per mile as 
follows: 

(1) Use the following equation for PM 
measured as described in 
§ 1066.815(b)(1), (2), or (3): 

Where: 
mPM-cUDDS = the combined PM mass 

emissions determined from the cold-start 
UDDS test interval (bag 1 and bag 2), in 
grams, as calculated using Eq. 1066.605– 
3. 

mPM-hUDDS = the combined PM mass 
emissions determined from the hot-start 
UDDS test interval (bag 3 and bag 4), in 
grams, as calculated using Eq. 1066.605– 
3. This is the hot-stabilized portion from 
either the first or second UDDS (bag 2, 

unless you measure bag 4), in addition 
to the hot transient portion (bag 3). 

(2) Use the following equation for PM 
measured as described in 
§ 1066.815(b)(4): 

Where: 

mPM = the combined PM mass emissions 
determined from the cold-start UDDS 

test interval and the first 505 seconds of 
the hot-start UDDS test interval (bag 1, 
bag 2, and bag 3), in grams, as calculated 
using Eqs. 1066.605–4 and 1066.605–5. 

(3) Use the following equation for PM 
measured as described in 
§ 1066.815(b)(5): 

Where: 

mPM = the combined PM mass emissions 
determined from the cold-start UDDS 
test interval and the hot-start UDDS test 
interval (bag 1, bag 2, bag 3, and bag 4), 

in grams, as calculated using Eqs. 
1066.605–6 and 1066.605–7. 

■ 313. Section 1066.835 is amended by 
revising paragraph (f)(3)(iv) to read as 
follows: 

§ 1066.835 Exhaust emission test 
procedure for SC03 emissions. 

* * * * * 
(f) * * * 
(3) * * * 
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(iv) Check the uniformity of radiant 
energy intensity at least every 500 hours 
of emitter usage or every 6 months, 
whichever is sooner, and after any major 
modifications affecting the solar 
simulation. Determine uniformity by 
measuring radiant energy intensity 
using instruments that meet the 
specifications described in paragraph 
(f)(3)(iii) of this section at each point of 
a 0.5 m grid over the vehicle’s full 

footprint, including the edges of the 
footprint, at an elevation 1 m above the 
floor. Measured values of radiant energy 
intensity must be between (722 and 978) 
W/m2 at all points. 

Subpart J—Evaporative Emission Test 
Procedures 

■ 314. Section 1066.985 is amended by 
revising paragraph (d)(8) to read as 
follows: 

§ 1066.985 Fuel storage system leak test 
procedure. 

* * * * * 
(d) * * * 
(8) Use the following equation, or a 

different equation you develop based on 
good engineering judgment, to calculate 
the effective leak diameter, deff: 

Where: 
deff = effective leak diameter, in inches, 

expressed to at least two decimal places. 
Q̇N2= volumetric flow of nitrogen, in m3/s. 
pin = inlet pressure to orifice, in kPa. 

patmos = atmospheric pressure, in kPa. 
SGN2 = specific gravity of N2 relative to air 

at 101.325 kPa and 15.5 °C = 0.967. 
T = temperature of flowing medium, in K. 

Example:  

Q̇N2= 0.8·10¥5 m3/s 
pin = 104.294 kPa 
patmos = 101.332 kPa 
SGN2 = 0.967 
T = 298.15 K 

deff = 0.017 inches 

* * * * * 
Subpart K—Definitions and Other 
Reference Material 

■ 315. Section 1066.1005 is amended by 
revising paragraph (a) to read as follows: 

§ 1066.1005 Symbols, abbreviations, 
acronyms, and units of measure. 

* * * * * 
(a) Symbols for quantities. This part 

uses the following symbols and units of 
measure for various quantities: 

Symbol Quantity Unit Unit symbol Unit in terms of SI base 
units 

α ................................ atomic hydrogen to carbon ratio .... mole per mole ................................ mol/mol .............. 1. 
A ............................... area ................................................ square meter .................................. m2 ....................... m2. 
A ............................... vehicle frictional load ...................... pound force or newton ................... lbf or N ............... m·kg·s¥2. 
ag .............................. acceleration of Earth’s gravity ........ meters per second squared ........... m/s2 .................... m·s¥2. 
Am ............................. calculated vehicle frictional load .... pound force or newton ................... lbf or N ............... m·kg·s¥2. 
a0 .............................. intercept of least squares regres-

sion.
a1 .............................. slope of least squares regression ..
a ................................ acceleration .................................... feet per second squared or meters 

per second squared.
ft/s2 or m/s2 ........ m·s¥2. 

B ............................... vehicle load from drag and rolling 
resistance.

pound force per mile per hour or 
newton second per meter.

lbf/(mi/hr) or N·s/ 
m.

kg·s¥1. 

β ................................ ratio of diameters ........................... meter per meter .............................. m/m .................... 1. 
β ................................ atomic oxygen to carbon ratio ........ mole per mole ................................ mol/mol .............. 1. 
c ................................ conversion factor ............................
C ............................... vehicle-specific aerodynamic ef-

fects.
pound force per mile per hour 

squared or newton-second 
squared per meter squared.

lbf/(mi/hr)2 or 
N·s2/m2.

m¥1·kg. 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00335 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3 E
R

25
O

C
16

.3
04

<
/G

P
H

>
E

R
25

O
C

16
.3

05
<

/G
P

H
>

sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74216 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

Symbol Quantity Unit Unit symbol Unit in terms of SI base 
units 

C# .............................. number of carbon atoms in a mol-
ecule.

C# .................................................... number of carbon 
atoms in a mol-
ecule.

C#. 

Cd .............................. discharge coefficient .......................
CdA ........................... drag area ........................................ meter squared ................................ m2 ....................... m2. 
Cf .............................. flow coefficient ................................
Cp .............................. heat capacity at constant pressure joule per kelvin ............................... J/K ...................... m2·kg·s¥2·K¥1. 
Cv .............................. heat capacity at constant volume .. joule per kelvin ............................... J/K ...................... m2·kg·s¥2·K¥1. 
d ................................ diameter .......................................... meters ............................................. m ........................ m. 
D ............................... distance .......................................... miles or meters ............................... mi or m ............... m. 
D ............................... slope correlation ............................. pound force per mile per hour 

squared or newton second 
squared per meter squared.

lbf/(mi/hr)2 or 
N·s2/m2.

m¥2·kg. 

DF ............................. dilution factor .................................. 1. 
e ................................ mass weighted emission result ...... grams/mile ...................................... g/mi ....................
F ................................ force ................................................ pound force or newton ................... lbf or N ............... kg·s¥2. 
f ................................. frequency ........................................ hertz ................................................ Hz ....................... s¥1. 
fn ............................... angular speed (shaft) ..................... revolutions per minute .................... r/min ................... π·30·s¥1. 
FC ............................. friction compensation error ............. horsepower or watt ......................... W ........................ m2·kg·s¥3. 
FR ............................. road-load force ............................... pound force or newton ................... lbf or N ............... kg·s¥2. 
γ ................................ ratio of specific heats ..................... (joule per kilogram kelvin) per 

(joule per kilogram kelvin).
(J/(kg·K))/(J/ 

(kg·K)).
1. 

H ............................... ambient humidity ............................ grams water vapor per kilogram 
dry air.

g H2O vapor/kg 
dry air.

g H2O vapor/kg dry air. 

Δh .............................. change in height ............................. meters ............................................. m ........................ m. 
I ................................. inertia .............................................. pound mass or kilogram ................. lbm or kg ............ kg. 
I ................................. current ............................................ ampere ........................................... A ......................... A. 
i ................................. indexing variable ............................
IR .............................. inertia work rating ...........................
K ............................... correction factor .............................. 1. 
Kv .............................. calibration coefficient ...................... m4·s·K0.5/kg ........ m4·kg¥1·s·K0.5. 
μ ................................ viscosity, dynamic .......................... pascal second ................................ Pa·s .................... m¥1·kg·s¥1. 
M ............................... molar mass ..................................... gram per mole ................................ g/mol .................. 10¥3·kg·mol¥1. 
Me .............................. effective mass ................................ kilogram .......................................... kg ....................... kg. 
m ............................... mass ............................................... pound mass or kilogram ................. lbm or kg ............ kg. 
N ............................... total number in series .....................
n ................................ total number of pulses in a series ..
p ................................ pressure .......................................... pascal ............................................. Pa ....................... m¥1·kg·s¥2. 
Δp .............................. differential static pressure .............. pascal ............................................. Pa ....................... m¥1·kg·s¥2. 
pd .............................. saturated vapor pressure at ambi-

ent dry bulb temperature.
kilopascal ........................................ kPa ..................... m¥1·kg·s¥2. 

PF ............................. penetration fraction .........................
r ................................ mass density .................................. kilogram per cubic meter ................ kg/m3 .................. m¥3·kg. 
R ............................... dynamometer roll revolutions ......... revolutions per minute .................... rpm ..................... π·30¥1·s¥1. 
r ................................. ratio of pressures ........................... pascal per pascal ........................... Pa/Pa ................. 1. 
r2 ............................... coefficient of determination ............
Re# ............................ Reynolds number ...........................
RF ............................. response factor ...............................
RH ............................. relative humidity .............................
S ............................... Sutherland constant ....................... kelvin .............................................. K ......................... K. 
SEE ........................... standard estimate of error ..............
SG ............................. specific gravity ................................
Δs .............................. distance traveled during measure-

ment interval.
meters ............................................. m ........................ m. 

T ................................ absolute temperature ..................... kelvin .............................................. K ......................... K. 
T ................................ Celsius temperature ....................... degree Celsius ............................... °C ....................... K¥273.15. 
T ................................ torque (moment of force) ............... newton meter .................................. N·m .................... m2·kg·s¥2. 
t ................................. time ................................................. hour or second ............................... hr or s ................ s. 
Δt ............................... time interval, period, 1/frequency ... second ............................................ s ......................... s. 
U ............................... voltage ............................................ volt .................................................. V ......................... m2·kg·s¥3·A¥1. 
v ................................ speed .............................................. miles per hour or meters per sec-

ond.
mi/hr or m/s ........ m · s¥1. 

V ............................... volume ............................................ cubic meter ..................................... m3 ....................... m3. 
V̇ ............................... flow volume rate ............................. cubic feet per minute or cubic 

meter per second.
ft3min or ms3 ...... m3 · s1. 

VP ............................. volume percent ...............................
x ................................ concentration of emission over a 

test interval.
part per million ................................ ppm ....................

y ................................ generic variable ..............................
Z ................................ compressibility factor ......................
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* * * * * 
■ 316. Section 1066.1010 is amended by 
removing the undesignated paragraph 
after paragraph (a) introductory text and 
revising paragraph (b)(1) to read as 
follows: 

§ 1066.1010 Incorporation by reference. 
* * * * * 

(b) * * * 
(1) SAE J1263, Road Load 

Measurement and Dynamometer 
Simulation Using Coastdown 
Techniques, revised March 2010, IBR 
approved for §§ 1066.301(b), 
1066.305(a), and 1066.310(b). 
* * * * * 

PART 1068—GENERAL COMPLIANCE 
PROVISIONS FOR HIGHWAY, 
STATIONARY, AND NONROAD 
PROGRAMS 

■ 317. The authority citation for part 
1068 continues to read as follows: 

Authority: 42 U.S.C. 7401–7671q. 

Subpart A—Applicability and 
Miscellaneous Provisions 

■ 318. Section 1068.1 is revised to read 
as follows: 

§ 1068.1 Does this part apply to me? 
(a) The provisions of this part apply 

to everyone with respect to the engine 
and equipment categories as described 
in this paragraph (a). They apply to 
everyone, including owners, operators, 
parts manufacturers, and persons 
performing maintenance. Where we 
identify an engine category, the 
provisions of this part also apply with 
respect to the equipment using such 
engines. This part 1068 applies to 
different engine and equipment 
categories as follows: 

(1) This part 1068 applies to motor 
vehicles we regulate under 40 CFR part 
86, subpart S, to the extent and in the 
manner specified in 40 CFR parts 85 
and 86. 

(2) This part 1068 applies for heavy- 
duty motor vehicles we regulate under 
40 CFR part 1037, subject to the 
provisions of 40 CFR parts 85 and 1037. 
This includes trailers. This part 1068 
applies to other heavy-duty motor 
vehicles and motor vehicle engines to 
the extent and in the manner specified 
in 40 CFR parts 85, 86, and 1036. 

(3) This part 1068 applies to highway 
motorcycles we regulate under 40 CFR 
part 86, subparts E and F, to the extent 
and in the manner specified in 40 CFR 
parts 85 and 86. 

(4) This part 1068 applies to aircraft 
we regulate under 40 CFR part 87 to the 
extent and in the manner specified in 40 
CFR part 87. 

(5) This part 1068 applies for 
locomotives that are subject to the 
provisions of 40 CFR part 1033. This 
part 1068 does not apply for 
locomotives or locomotive engines that 
were originally manufactured before 
July 7, 2008, and that have not been 
remanufactured on or after July 7, 2008. 

(6) This part 1068 applies for land- 
based nonroad compression-ignition 
engines that are subject to the 
provisions of 40 CFR part 1039. This 
part 1068 does not apply for engines 
certified under 40 CFR part 89. 

(7) This part 1068 applies for 
stationary compression-ignition engines 
certified using the provisions of 40 CFR 
parts 89, 94, 1039, and 1042 as 
described in 40 CFR part 60, subpart IIII. 

(8) This part 1068 applies for marine 
compression-ignition engines that are 
subject to the provisions of 40 CFR part 
1042. This part 1068 does not apply for 
marine compression-ignition engines 
certified under 40 CFR part 94. 

(9) This part 1068 applies for marine 
spark-ignition engines that are subject to 
the provisions of 40 CFR part 1045. This 
part 1068 does not apply for marine 
spark-ignition engines certified under 
40 CFR part 91. 

(10) This part 1068 applies for large 
nonroad spark-ignition engines that are 
subject to the provisions of 40 CFR part 
1048. 

(11) This part 1068 applies for 
stationary spark-ignition engines 
certified using the provisions of 40 CFR 
part 1048 or part 1054, as described in 
40 CFR part 60, subpart JJJJ. 

(12) This part 1068 applies for 
recreational engines and vehicles, 
including snowmobiles, off-highway 
motorcycles, and all-terrain vehicles 
that are subject to the provisions of 40 
CFR part 1051. 

(13) This part applies for small 
nonroad spark-ignition engines that are 
subject to the provisions of 40 CFR part 
1054. This part 1068 does not apply for 
nonroad spark-ignition engines certified 
under 40 CFR part 90. 

(14) This part applies for fuel-system 
components installed in nonroad 
equipment powered by volatile liquid 
fuels that are subject to the provisions 
of 40 CFR part 1060. 

(b) [Reserved] 
(c) Paragraph (a) of this section 

identifies the parts of the CFR that 
define emission standards and other 
requirements for particular types of 
engines and equipment. This part 1068 
refers to each of these other parts 
generically as the ‘‘standard-setting 
part.’’ For example, 40 CFR part 1051 is 
always the standard-setting part for 
snowmobiles. Follow the provisions of 
the standard-setting part if they are 

different than any of the provisions in 
this part. 

(d) Specific provisions in this part 
1068 start to apply separate from the 
schedule for certifying engines/ 
equipment to new emission standards, 
as follows: 

(1) The provisions of §§ 1068.30 and 
1068.310 apply for stationary spark- 
ignition engines built on or after January 
1, 2004, and for stationary compression- 
ignition engines built on or after January 
1, 2006. 

(2) The provisions of §§ 1068.30 and 
1068.235 apply for the types of nonroad 
engines/equipment listed in paragraph 
(a) of this section beginning January 1, 
2004, if they are used solely for 
competition. 

(3) The standard-setting part may 
specify how the provisions of this part 
1068 apply for uncertified engines/ 
equipment. 
■ 319. Section 1068.10 is amended by 
revising the section heading to read as 
follows: 

§ 1068.10 Confidential information. 

* * * * * 
■ 320. Section 1068.15 is amended by 
revising the section heading and 
paragraph (a) to read as follows: 

§ 1068.15 General provisions for EPA 
decision-making. 

(a) Not all EPA employees may 
represent the Agency with respect to 
EPA decisions under this part or the 
standard-setting part. Only the 
Administrator of the Environmental 
Protection Agency or an official to 
whom the Administrator has delegated 
specific authority may represent the 
Agency. For more information, ask for a 
copy of the relevant sections of the EPA 
Delegations Manual from the Designated 
Compliance Officer. 
* * * * * 

§ 1068.20 [Amended] 

■ 321. Section 1068.20 is amended by 
removing paragraphs (b) and (c) and 
redesignating paragraphs (d) through (f) 
as paragraphs (b) through (d), 
respectively. 
■ 322. Section 1068.27 is revised to read 
as follows: 

§ 1068.27 May EPA conduct testing with 
my engines/equipment? 

(a) As described in the standard- 
setting part, we may perform testing on 
your engines/equipment before we issue 
a certificate of conformity. This is 
generally known as confirmatory 
testing. 

(b) If we request it, you must make a 
reasonable number of production-line 
engines or pieces of production-line 
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equipment available for a reasonable 
time so we can test or inspect them for 
compliance with the requirements of 
this chapter. 

(c) If your emission-data engine/ 
equipment or production engine/ 
equipment requires special components 
for proper testing, you must promptly 
provide any such components to us if 
we ask for them. 
■ 323. Section 1068.30 is revised to read 
as follows: 

§ 1068.30 Definitions. 
The following definitions apply to 

this part. The definitions apply to all 
subparts unless we note otherwise. All 
undefined terms have the meaning the 
Clean Air Act gives to them. The 
definitions follow: 

Affiliated companies or affiliates 
means one of the following: 

(1) For determinations related to small 
manufacturer allowances or other small 
business provisions, these terms mean 
all entities considered to be affiliates 
with your entity under the Small 
Business Administration’s regulations 
in 13 CFR 121.103. 

(2) For all other provisions, these 
terms mean all of the following: 

(i) Parent companies (as defined in 
this section). 

(ii) Subsidiaries (as defined in this 
section). 

(iii) Subsidiaries of your parent 
company. 

Aftertreatment means relating to a 
catalytic converter, particulate filter, or 
any other system, component, or 
technology mounted downstream of the 
exhaust valve (or exhaust port) whose 
design function is to reduce emissions 
in the engine exhaust before it is 
exhausted to the environment. Exhaust 
gas recirculation (EGR) is not 
aftertreatment. 

Aircraft means any vehicle capable of 
sustained air travel more than 100 feet 
above the ground. 

Certificate holder means a 
manufacturer (including importers) with 
a valid certificate of conformity for at 
least one family in a given model year, 
or the preceding model year. Note that 
only manufacturers may hold 
certificates. Your applying for or 
accepting a certificate is deemed to be 
your agreement that you are a 
manufacturer. 

Clean Air Act means the Clean Air 
Act, as amended, 42 U.S.C. 7401– 
7671q. 

Date of manufacture means one of the 
following: 

(1) For engines, the date on which the 
crankshaft is installed in an engine 
block, with the following exceptions: 

(i) For engines produced by secondary 
engine manufacturers under § 1068.262, 

date of manufacture means the date the 
engine is received from the original 
engine manufacturer. You may assign an 
earlier date up to 30 days before you 
received the engine, but not before the 
crankshaft was installed. You may not 
assign an earlier date if you cannot 
demonstrate the date the crankshaft was 
installed. 

(ii) Manufacturers may assign a date 
of manufacture at a point in the 
assembly process later than the date 
otherwise specified under this 
definition. For example, a manufacturer 
may use the build date printed on the 
label or stamped on the engine as the 
date of manufacture. 

(2) For equipment, the date on which 
the engine is installed, unless otherwise 
specified in the standard-setting part. 
Manufacturers may alternatively assign 
a date of manufacture later in the 
assembly process. 

Days means calendar days, including 
weekends and holidays. 

Defeat device has the meaning given 
in the standard-setting part. 

Designated Compliance Officer means 
one of the following: 

(1) For motor vehicles regulated under 
40 CFR part 86, subpart S: Director, 
Light-Duty Vehicle Center, U.S. 
Environmental Protection Agency, 2000 
Traverwood Drive, Ann Arbor, MI 
48105; complianceinfo@epa.gov; 
epa.gov/otaq/verify. 

(2) For compression-ignition engines 
used in heavy-duty highway vehicles 
regulated under 40 CFR part 86, subpart 
A, and 40 CFR parts 1036 and 1037, and 
for nonroad and stationary compression- 
ignition engines or equipment regulated 
under 40 CFR parts 60, 1033, 1039, and 
1042: Director, Diesel Engine 
Compliance Center, U.S. Environmental 
Protection Agency, 2000 Traverwood 
Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; epa.gov/otaq/ 
verify. 

(3) Director, Gasoline Engine 
Compliance Center, U.S. Environmental 
Protection Agency, 2000 Traverwood 
Drive, Ann Arbor, MI 48105; nonroad- 
si-cert@epa.gov; epa.gov/otaq/verify, for 
all the following engines and vehicles: 

(i) For spark-ignition engines used in 
heavy-duty highway vehicles regulated 
under 40 CFR part 86, subpart A, and 
40 CFR parts 1036 and 1037, 

(ii) For highway motorcycles 
regulated under 40 CFR part 86, subpart 
E. 

(iii) For nonroad and stationary spark- 
ignition engines or equipment regulated 
under 40 CFR parts 60, 1045, 1048, 
1051, 1054, and 1060. 

Engine means an engine block with an 
installed crankshaft, or a gas turbine 
engine. The term engine does not 

include engine blocks without an 
installed crankshaft, nor does it include 
any assembly of reciprocating engine 
components that does not include the 
engine block. (Note: For purposes of this 
definition, any component that is the 
primary means of converting an engine’s 
energy into usable work is considered a 
crankshaft, whether or not it is known 
commercially as a crankshaft.) This 
includes complete and partially 
complete engines as follows: 

(1) A complete engine is a fully 
assembled engine in its final 
configuration. In the case of equipment- 
based standards, an engine is not 
considered complete until it is installed 
in the equipment, even if the engine 
itself is fully assembled. 

(2) A partially complete engine is an 
engine that is not fully assembled or is 
not in its final configuration. Except 
where we specify otherwise in this part 
or the standard-setting part, partially 
complete engines are subject to the same 
standards and requirements as complete 
engines. The following would be 
considered examples of partially 
complete engines: 

(i) An engine that is missing certain 
emission-related components. 

(ii) A new engine that was originally 
assembled as a motor-vehicle engine 
that will be recalibrated for use as a 
nonroad engine. 

(iii) A new engine that was originally 
assembled as a land-based engine that 
will be modified for use as a marine 
propulsion engine. 

(iv) A short block consisting of a 
crankshaft and other engine components 
connected to the engine block, but 
missing the head assembly. 

(v) A long block consisting of all 
engine components except the fuel 
system and an intake manifold. 

(vi) In the case of equipment-based 
standards, a fully functioning engine 
that is not yet installed in the 
equipment. For example, a fully 
functioning engine that will be installed 
in an off-highway motorcycle or a 
locomotive is considered partially 
complete until it is installed in the 
equipment. 

Engine-based standard means an 
emission standard expressed in units of 
grams of pollutant per kilowatt-hour (or 
grams of pollutant per horsepower-hour) 
that applies to the engine. Emission 
standards are either engine-based or 
equipment-based. Note that engines may 
be subject to additional standards such 
as smoke standards. 

Engine-based test means an emission 
test intended to measure emissions in 
units of grams of pollutant per kilowatt- 
hour (or grams of pollutant per 
horsepower-hour), without regard to 
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whether the standard applies to the 
engine or equipment. Note that some 
products that are subject to engine- 
based testing are subject to additional 
test requirements such as for smoke. 

Engine configuration means a unique 
combination of engine hardware and 
calibration within an engine family. 
Engines within a single engine 
configuration differ only with respect to 
normal production variability or factors 
unrelated to emissions. 

Engine/equipment and engines/ 
equipment mean engine(s) and/or 
equipment depending on the context. 
Specifically these terms mean the 
following: 

(1) Engine(s) when only engine-based 
standards apply. 

(2) Engine(s) for testing issues when 
engine-based testing applies. 

(3) Engine(s) and equipment when 
both engine-based and equipment-based 
standards apply. 

(4) Equipment when only equipment- 
based standards apply. 

(5) Equipment for testing issues when 
equipment-based testing applies. 

Equipment means one of the 
following things: 

(1) Any vehicle, vessel, or other type 
of equipment that is subject to the 
requirements of this part or that uses an 
engine that is subject to the 
requirements of this part. An installed 
engine is part of the equipment. Motor 
vehicle trailers are a type of equipment 
that is subject to the requirements of 
this part. 

(2) Fuel-system components that are 
subject to an equipment-based standard 
under this chapter. Installed fuel-system 
components are also considered part of 
the engine/equipment to which they are 
attached. 

Equipment-based standard means an 
emission standard that applies to the 
equipment in which an engine is used 
or to fuel-system components associated 
with an engine, without regard to how 
the emissions are measured. If 
equipment-based standards apply, we 
require that the equipment or fuel- 
system components be certified rather 
than just the engine. Emission standards 
are either engine-based or equipment- 
based. For example, recreational 
vehicles we regulate under 40 CFR part 
1051 are subject to equipment-based 
standards even if emission 
measurements are based on engine 
operation alone. 

Excluded means relating to engines/ 
equipment that are not subject to 
emission standards or other 
requirements because they do not meet 
the definitions or other regulatory 
provisions that define applicability. For 
example, a non-stationary engine that is 

used solely for off-highway competition 
is excluded from the requirements of 
this part because it meets neither the 
definition of ‘‘motor vehicle engine’’ nor 
‘‘nonroad engine’’ under section 216 of 
the Clean Air Act. 

Exempted means relating to engines/ 
equipment that are subject to certain 
standards or other requirements, but are 
not required to meet those standards or 
requirements, subject to one or more 
qualifying conditions. Exempted 
engines/equipment must conform to 
regulatory conditions specified for an 
exemption in this part 1068 or in the 
standard-setting part. Engines/ 
equipment exempted with respect to a 
certain tier of standards may be required 
to comply with an earlier tier of 
standards as a condition of the 
exemption; for example, engines 
exempted with respect to Tier 3 
standards may be required to comply 
with Tier 1 or Tier 2 standards. 

Family means engine family or 
emission family, as applicable, under 
the standard-setting part. 

Final deteriorated test result has the 
meaning given in the standard-setting 
part. If it is not defined in the standard- 
setting part, it means the emission level 
that results from applying all 
appropriate adjustments (such as 
deterioration factors) to the measured 
emission result of the emission-data 
engine. 

Gas turbine engine means anything 
commercially known as a gas turbine 
engine or any collection of assembled 
engine components that is substantially 
similar to engines commercially known 
as gas turbine engines. For example, a 
jet engine is a gas turbine engine. Gas 
turbine engines may be complete or 
partially complete. Turbines that rely on 
external combustion such as steam 
engines are not gas turbine engines. 

Good engineering judgment means 
judgments made consistent with 
generally accepted scientific and 
engineering principles and all available 
relevant information. See § 1068.5. 

Manufacturer has the meaning given 
in section 216(1) of the Clean Air Act 
(42 U.S.C. 7550(1)). In general, this term 
includes any person who manufactures 
or assembles an engine or piece of 
equipment for sale in the United States 
or otherwise introduces a new engine or 
piece of equipment into U.S. commerce. 
This includes importers that import new 
engines or new equipment into the 
United States for resale. It also includes 
secondary engine manufacturers. 

Model year has the meaning given in 
the standard-setting part. Unless the 
standard-setting part specifies 
otherwise, model year for individual 
engines/equipment is based on the date 

of manufacture or a later stage in the 
assembly process determined by the 
manufacturer, subject to the limitations 
described in §§ 1068.103 and 1068.360. 
The model year of a new engine that is 
neither certified nor exempt is deemed 
to be the calendar year in which it is 
sold, offered for sale, imported, or 
delivered or otherwise introduced into 
U.S. commerce. 

Motor vehicle has the meaning given 
in 40 CFR 85.1703. 

New has the meaning we give it in the 
standard-setting part. Note that in 
certain cases, used and remanufactured 
engines/equipment may be ‘‘new’’ 
engines/equipment. 

Nonroad engine means: 
(1) Except as discussed in paragraph 

(2) of this definition, a nonroad engine 
is an internal combustion engine that 
meets any of the following criteria: 

(i) It is (or will be) used in or on a 
piece of equipment that is self-propelled 
or serves a dual purpose by both 
propelling itself and performing another 
function (such as garden tractors, off- 
highway mobile cranes and bulldozers). 

(ii) It is (or will be) used in or on a 
piece of equipment that is intended to 
be propelled while performing its 
function (such as lawnmowers and 
string trimmers). 

(iii) By itself or in or on a piece of 
equipment, it is portable or 
transportable, meaning designed to be 
and capable of being carried or moved 
from one location to another. Indicia of 
transportability include, but are not 
limited to, wheels, skids, carrying 
handles, dolly, trailer, or platform. 

(2) An internal combustion engine is 
not a nonroad engine if it meets any of 
the following criteria: 

(i) The engine is used to propel a 
motor vehicle, an aircraft, or equipment 
used solely for competition. 

(ii) The engine is regulated under 40 
CFR part 60, (or otherwise regulated by 
a federal New Source Performance 
Standard promulgated under section 
111 of the Clean Air Act (42 U.S.C. 
7411)). Note that this criterion does not 
apply for engines meeting any of the 
criteria of paragraph (1) of this 
definition that are voluntarily certified 
under 40 CFR part 60. 

(iii) The engine otherwise included in 
paragraph (1)(iii) of this definition 
remains or will remain at a location for 
more than 12 consecutive months or a 
shorter period of time for an engine 
located at a seasonal source. A location 
is any single site at a building, structure, 
facility, or installation. For any engine 
(or engines) that replaces an engine at a 
location and that is intended to perform 
the same or similar function as the 
engine replaced, include the time period 
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of both engines in calculating the 
consecutive time period. An engine 
located at a seasonal source is an engine 
that remains at a seasonal source during 
the full annual operating period of the 
seasonal source. A seasonal source is a 
stationary source that remains in a 
single location on a permanent basis 
(i.e., at least two years) and that operates 
at that single location approximately 
three months (or more) each year. See 
§ 1068.31 for provisions that apply if the 
engine is removed from the location. 

Operating hours means: 
(1) For engine and equipment storage 

areas or facilities, times during which 
people other than custodians and 
security personnel are at work near, and 
can access, a storage area or facility. 

(2) For other areas or facilities, times 
during which an assembly line operates 
or any of the following activities occurs: 

(i) Testing, maintenance, or service 
accumulation. 

(ii) Production or compilation of 
records. 

(iii) Certification testing. 
(iv) Translation of designs from the 

test stage to the production stage. 
(v) Engine or equipment manufacture 

or assembly. 
Parent company means any entity that 

has a controlling ownership of another 
company. Note that the standard-setting 
part may treat a partial owner as a 
parent company even if it does not have 
controlling ownership of a company. 

Piece of equipment means any 
vehicle, vessel, locomotive, aircraft, or 
other type of equipment equipped with 
engines to which this part applies. 

Placed into service means used for its 
intended purpose. Engines/equipment 
do not qualify as being ‘‘placed into 
service’’ based on incidental use by a 
manufacturer or dealer. 

Reasonable technical basis means 
information that would lead a person 
familiar with engine design and 
function to reasonably believe a 
conclusion related to compliance with 
the requirements of this part. For 
example, it would be reasonable to 
believe that parts performing the same 
function as the original parts (and to the 
same degree) would control emissions 
to the same degree as the original parts. 
Note that what is a reasonable basis for 
a person without technical training 
might not qualify as a reasonable 
technical basis. 

Relating to as used in this section 
means relating to something in a 
specific, direct manner. This expression 
is used in this section only to define 
terms as adjectives and not to broaden 
the meaning of the terms. Note that 
‘‘relating to’’ is used in the same manner 
as in the standard-setting parts. 

Replacement engine means an engine 
exempted as a replacement engine 
under § 1068.240. 

Revoke means to terminate the 
certificate or an exemption for a family. 
If we revoke a certificate or exemption, 
you must apply for a new certificate or 
exemption before continuing to 
introduce the affected engines/ 
equipment into U.S. commerce. This 
does not apply to engines/equipment 
you no longer possess. 

Secondary engine manufacturer 
means anyone who produces a new 
engine by modifying a complete or 
partially complete engine that was made 
by a different company. For the purpose 
of this definition, ‘‘modifying’’ does not 
include making changes that do not 
remove an engine from its original 
certified configuration. Secondary 
engine manufacturing includes, for 
example, converting automotive engines 
for use in industrial applications, or 
land-based engines for use in marine 
applications. This applies whether it 
involves a complete or partially 
complete engine and whether the engine 
was previously certified to emission 
standards or not. 

(1) Manufacturers controlled by the 
manufacturer of the base engine (or by 
an entity that also controls the 
manufacturer of the base engine) are not 
secondary engine manufacturers; rather, 
both entities are considered to be one 
manufacturer for purposes of this part. 

(2) This definition applies equally to 
equipment manufacturers that modify 
engines. Also, equipment manufacturers 
that certify to equipment-based 
standards using engines produced by 
another company are deemed to be 
secondary engine manufacturers. 

(3) Except as specified in paragraph 
(2) of this definition, companies 
importing complete engines into the 
United States are not secondary engine 
manufacturers regardless of the 
procedures and relationships between 
companies for assembling the engines. 

Small business means either of the 
following: 

(1) A company that qualifies under 
the standard-setting part for special 
provisions for small businesses or small- 
volume manufacturers. 

(2) A company that qualifies as a 
small business under the regulations 
adopted by the Small Business 
Administration at 13 CFR 121.201 if the 
standard-setting part does not establish 
such qualifying criteria. 

Standard-setting part means a part in 
the Code of Federal Regulations that 
defines emission standards for a 
particular engine and/or piece of 
equipment (see § 1068.1(a)). For 
example, the standard-setting part for 

marine spark-ignition engines is 40 CFR 
part 1045. For provisions related to 
evaporative emissions, the standard- 
setting part may be 40 CFR part 1060, 
as specified in 40 CFR 1060.1. 

Subsidiary means an entity that is 
owned or controlled by a parent 
company. 

Sulfur-sensitive technology means an 
emission control technology that 
experiences a significant drop in 
emission control performance or 
emission-system durability when an 
engine is operated on low-sulfur diesel 
fuel (i.e., fuel with a sulfur 
concentration of 300 to 500 ppm) as 
compared to when it is operated on 
ultra low-sulfur diesel fuel (i.e., fuel 
with a sulfur concentration less than 15 
ppm). Exhaust gas recirculation is not a 
sulfur-sensitive technology. 

Suspend means to temporarily 
discontinue the certificate or an 
exemption for a family. If we suspend 
a certificate, you may not sell, offer for 
sale, or introduce or deliver into 
commerce in the United States or 
import into the United States engines/ 
equipment from that family unless we 
reinstate the certificate or approve a 
new one. This also applies if we 
suspend an exemption, unless we 
reinstate the exemption. 

Ultimate purchaser means the first 
person who in good faith purchases a 
new engine or new piece of equipment 
for purposes other than resale. 

United States, in a geographic sense, 
means the States, the District of 
Columbia, the Commonwealth of Puerto 
Rico, the Commonwealth of the 
Northern Mariana Islands, Guam, 
American Samoa, and the U.S. Virgin 
Islands. 

U.S.-directed production volume has 
the meaning given in the standard- 
setting part. 

Void means to invalidate a certificate 
or an exemption ab initio (‘‘from the 
beginning’’). If we void a certificate, all 
the engines/equipment introduced into 
U.S. commerce under that family for 
that model year are considered 
uncertified (or nonconforming) and are 
therefore not covered by a certificate of 
conformity, and you are liable for all 
engines/equipment introduced into U.S. 
commerce under the certificate and may 
face civil or criminal penalties or both. 
This applies equally to all engines/ 
equipment in the family, including 
engines/equipment introduced into U.S. 
commerce before we voided the 
certificate. If we void an exemption, all 
the engines/equipment introduced into 
U.S. commerce under that exemption 
are considered uncertified (or 
nonconforming), and you are liable for 
engines/equipment introduced into U.S. 
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commerce under the exemption and 
may face civil or criminal penalties or 
both. You may not sell, offer for sale, or 
introduce or deliver into commerce in 
the United States or import into the 
United States any additional engines/ 
equipment using the voided exemption. 

Voluntary emission recall means a 
repair, adjustment, or modification 
program voluntarily initiated and 
conducted by a manufacturer to remedy 
any emission-related defect for which 
engine owners have been notified. 

We (us, our) means the Administrator 
of the Environmental Protection Agency 
and any authorized representatives. 
■ 324. Section 1068.31 is amended by 
revising the section heading, the 
introductory text, and paragraph (c) to 
read as follows: 

§ 1068.31 Changing the status of nonroad 
or stationary engines under the definition of 
‘‘nonroad engine’’. 

This section specifies the provisions 
that apply when an engine previously 
used in a nonroad application is 
subsequently used in an application 
other than a nonroad application, or 
when an engine previously used in a 
stationary application (i.e., an engine 
that was not used as a nonroad engine 
and that was not used to propel a motor 
vehicle, an aircraft, or equipment used 
solely for competition) is moved. 
* * * * * 

(c) A stationary engine does not 
become a new nonroad engine if it is 
moved but continues to meet the criteria 
specified in paragraph (2)(iii) in the 
definition of ‘‘nonroad engine’’ in 
§ 1068.30 in its new location. For 
example, a transportable engine that is 
used in a single specific location for 18 
months and is later moved to a second 
specific location where it will remain 
for at least 12 months is considered to 
be a stationary engine in both locations. 
Note that for stationary engines that are 
neither portable nor transportable in 
actual use, the residence-time 
restrictions in the definition of 
‘‘nonroad engine’’ generally do not 
apply. 
* * * * * 
■ 325. Section 1068.32 is added to read 
as follows: 

§ 1068.32 Explanatory terms. 

This section explains how certain 
phrases and terms are used in 40 CFR 
parts 1000 through 1099, especially 
those used to clarify and explain 
regulatory provisions. 

(a) Types of provisions. The term 
‘‘provision’’ includes all aspects of the 
regulations in this subchapter U. As 
described in this section, regulatory 

provisions include standards, 
requirements, prohibitions, and 
allowances, along with a variety of other 
types of provisions. In certain cases, we 
may use these terms to apply to some 
but not all of the provisions of a part or 
section. For example, we may apply the 
allowances of a section for certain 
engines, but not the requirements. We 
may also apply all provisions except the 
requirements and prohibitions. 

(1) A standard is a requirement 
established by regulation that limits the 
emissions of air pollutants. Examples of 
standards include numerical emission 
standards (such as 0.01 g/kW-hr) and 
design standards (such as a closed 
crankcase standard). Compliance with 
or conformance to a standard is a 
specific type of requirement, and in 
some cases a standard may be discussed 
as a requirement. Thus, a statement 
about the requirements of a part or 
section also applies with respect to the 
standards of the part or section. 

(2) The regulations in subchapter U of 
this chapter apply other requirements in 
addition to standards. For example, 
manufacturers are required to keep 
records and provide reports to EPA. 

(3) While requirements state what 
someone must do, prohibitions state 
what someone may not do. Prohibitions 
are often referred to as prohibited acts 
or prohibited actions. Most penalties 
apply for violations of prohibitions. A 
list of prohibitions may therefore 
include the failure to meet a 
requirement as a prohibited action. 

(4) Allowances provide some form of 
relief from requirements. This may 
include provisions delaying 
implementation, establishing 
exemptions or test waivers, or creating 
alternative compliance options. 
Allowances may be conditional. For 
example, we may exempt you from 
certain requirements on the condition 
that you meet certain other 
requirements. 

(5) The regulations in subchapter U of 
this chapter also include important 
provisions that are not standards, 
requirements, prohibitions, or 
allowances, such as definitions. 

(6) Engines/equipment are generally 
considered ‘‘subject to’’ a specific 
provision if that provision applies, or if 
it does not apply because of an 
exemption authorized under the 
regulation. For example, locomotives 
are subject to the provisions of 40 CFR 
part 1033 even if they are exempted 
from the standards of part 1033. 

(b) Singular and plural. Unless stated 
otherwise or unless it is clear from the 
regulatory context, provisions written in 
singular form include the plural form 
and provisions written in plural form 

include the singular form. For example, 
the statement ‘‘The manufacturer must 
keep this report for three years’’ is 
equivalent to ‘‘The manufacturers must 
keep these reports for three years.’’ 

(c) Inclusive lists. Lists in the 
regulations in subchapter U of this 
chapter prefaced by ‘‘including’’ or ‘‘this 
includes’’ are not exhaustive. The terms 
‘‘including’’ and ‘‘this includes’’ should 
be read to mean ‘‘including but not 
limited to’’ and ‘‘this includes but is not 
limited to’’. For example, the phrase 
‘‘including small manufacturers’’ does 
not exclude large manufacturers. 
However, prescriptive statements to 
‘‘include’’ specific items (such as those 
related to recordkeeping and reporting 
requirements) may be exhaustive. 

(d) Notes. Statements that begin with 
‘‘Note:’’ or ‘‘Note that’’ are intended to 
clarify specific regulatory provisions 
stated elsewhere in the regulations in 
subchapter U of this chapter. By 
themselves, such statements are not 
intended to specify regulatory 
requirements. Such statements are 
typically used for regulatory text that, 
while legally sufficient to specify a 
requirement, may be misunderstood by 
some readers. For example, the 
regulations might note that a word is 
defined elsewhere in the regulations to 
have a specific meaning that may be 
either narrower or broader than some 
readers might assume. 

(e) Examples. Examples provided in 
the regulations in subchapter U of this 
chapter are typically introduced by 
either ‘‘for example’’ or ‘‘such as’’. 
Specific examples given in the 
regulations do not necessarily represent 
the most common examples. The 
regulations may specify examples 
conditionally (that is, specifying that 
they are applicable only if certain 
criteria or conditions are met). Lists of 
examples cannot be presumed to be 
exhaustive lists. 

(f) Generally and typically. Statements 
that begin with ‘‘generally’’, ‘‘in 
general’’, or ‘‘typically’’ should not be 
read to apply universally or absolutely. 
Rather they are intended to apply for the 
most common circumstances. 
‘‘Generally’’ and ‘‘typically’’ statements 
may be identified as notes as described 
in paragraph (d) of this section. 

(g) Unusual circumstances. The 
regulations in subchapter U of this 
chapter specify certain allowances that 
apply ‘‘in unusual circumstances’’. 
While it is difficult to precisely define 
what ‘‘unusual circumstances’’ means, 
this generally refers to specific 
circumstances that are both rare and 
unforeseeable. For example, a severe 
hurricane in the northeastern United 
States may be considered to be an 
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unusual circumstance, while a less 
severe hurricane in the southeastern 
United States may not be. Where the 
regulations limit an allowance to 
unusual circumstances, manufacturers 
and others should not presume that 
such an allowance will be available to 
them. Provisions related to unusual 
circumstances may be described using 
the phrase ‘‘normal circumstances’’, 
which are those circumstances that are 
not unusual circumstances. 

(h) Exceptions and other 
specifications. Regulatory provisions 
may be expressed as a general 
prohibition, requirement, or allowance 
that is modified by other regulatory text. 
Such provisions may include phrases 
such as ‘‘unless specified otherwise’’, 
‘‘except as specified’’, or ‘‘as specified 
in this section’’. It is important that the 
exceptions and the more general 
statement be considered together. This 
regulatory construct is intended to allow 
the core requirement or allowance to be 
stated in simple, clear sentences, rather 
than more precise and comprehensive 
sentences that may be misread. For 
example, where an action is prohibited 
in most but not all circumstances, the 
provision may state that you may not 
take the action, ‘‘except as specified in 
this section.’’ The exceptions could then 
be stated in subsequent regulatory text. 
■ 326. Revise the section heading for 
§ 1068.35 to read as follows: 

§ 1068.35 Symbols, acronyms, and 
abbreviations. 

* * * * * 
■ 327. Section 1068.40 is amended by 
revising the section heading and 
paragraph (a) and removing paragraph 
(c). 

The revisions read as follows: 

§ 1068.40 Special provisions for 
implementing changes in the regulations in 
this part. 

(a) During the 12 months following 
the effective date of any change in the 
provisions of this part, you may ask to 
apply the previously applicable 
provisions. Note that the effective date 
is generally 30 or 60 days after 
publication in the Federal Register, as 
noted in the final rule. We will 
generally approve your request if you 
can demonstrate that it would be 
impractical to comply with the new 
requirements. We may consider the 
potential for adverse environmental 
impacts in our decision. Similarly, in 
unusual circumstances, you may ask for 
relief under this paragraph (a) from new 
requirements that apply under the 
standard-setting part. 
* * * * * 

■ 328. Section 1068.45 is amended by 
revising paragraph (e) and adding 
paragraphs (g) and (h) to read as follows: 

§ 1068.45 General labeling provisions. 

* * * * * 
(e) Prohibitions against removing 

labels. As specified in § 1068.101(b)(7), 
removing permanent labels is prohibited 
except for certain circumstances. 
Removing temporary or removable 
labels prematurely is also prohibited by 
§ 1068.101(b)(7). 
* * * * * 

(g) Date format. If you use a coded 
approach to identify the engine/ 
equipment’s date of manufacture, 
describe or interpret the code in your 
application for certification. 

(h) Branding. The following 
provisions apply if you identify the 
name and trademark of another 
company instead of your own on your 
emission control information label, as 
provided in the standard-setting part: 

(1) You must have a contractual 
agreement with the other company that 
obligates that company to take the 
following steps: 

(i) Meet the emission warranty 
requirements that apply under the 
standard-setting part. This may involve 
a separate agreement involving 
reimbursement of warranty-related 
expenses. 

(ii) Report all warranty-related 
information to the certificate holder. 

(2) In your application for 
certification, identify the company 
whose trademark you will use. 

(3) You remain responsible for 
meeting all the requirements of this 
chapter, including warranty and defect- 
reporting provisions. 
■ 329. Section 1068.95 is revised to read 
as follows: 

§ 1068.95 Incorporation by reference. 
(a) Certain material is incorporated by 

reference into this part with the 
approval of the Director of the Federal 
Register under 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition 
other than that specified in this section, 
the Environmental Protection Agency 
must publish a document in the Federal 
Register and the material must be 
available to the public. All approved 
materials are available for inspection at 
the Air and Radiation Docket and 
Information Center (Air Docket) in the 
EPA Docket Center (EPA/DC) at Rm. 
3334, EPA West Bldg., 1301 
Constitution Ave. NW., Washington, DC 
The EPA/DC Public Reading Room 
hours of operation are 8:30 a.m. to 4:30 
p.m., Monday through Friday, excluding 
legal holidays. The telephone number of 
the EPA/DC Public Reading Room is 

(202) 566–1744, and the telephone 
number for the Air Docket is (202) 566– 
1742. These approved materials are also 
available for inspection at the National 
Archives and Records Administration 
(NARA). For information on the 
availability of this material at NARA, 
call (202) 741–6030 or go to http://
www.archives.gov/federal_register/ 
code_of_federal_regulations/ibr_
locations.html. In addition, these 
materials are available from the sources 
listed below. 

(b) SAE International, 400 
Commonwealth Dr., Warrendale, PA 
15096–0001, (724) 776–4841, or http:// 
www.sae.org: 

(1) SAE J1930, Electrical/Electronic 
Systems Diagnostic Terms, Definitions, 
Abbreviations, and Acronyms, revised 
October 2008 (‘‘SAE J1930’’), IBR 
approved for § 1068.45(f). 

(2) [Reserved] 

Subpart B—Prohibited Actions and 
Related Requirements 

■ 330. Section 1068.101 is amended by 
revising the introductory text and 
paragraphs (a)(1) through (3), (b)(1) 
introductory text, (b)(2), (b)(3), (b)(4), 
(b)(5) introductory text, (b)(6), and (h) 
introductory text to read as follows: 

§ 1068.101 What general actions does this 
regulation prohibit? 

This section specifies actions that are 
prohibited and the maximum civil 
penalties that we can assess for each 
violation in accordance with 42 U.S.C. 
7522 and 7524. The maximum penalty 
values listed in paragraphs (a) and (b) of 
this section and in § 1068.125 apply as 
of August 1, 2016. As described in 
paragraph (h) of this section, these 
maximum penalty limits are different 
for earlier violations and they may be 
adjusted as set forth in 40 CFR part 19. 

(a) * * * 
(1) Introduction into commerce. You 

may not sell, offer for sale, or introduce 
or deliver into commerce in the United 
States or import into the United States 
any new engine/equipment after 
emission standards take effect for the 
engine/equipment, unless it is covered 
by a valid certificate of conformity for 
its model year and has the required 
label or tag. You also may not take any 
of the actions listed in the previous 
sentence with respect to any equipment 
containing an engine subject to this 
part’s provisions unless the engine is 
covered by a valid certificate of 
conformity for its model year and has 
the required engine label or tag. We may 
assess a civil penalty up to $44,539 for 
each engine or piece of equipment in 
violation. 
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(i) For purposes of this paragraph 
(a)(1), a valid certificate of conformity is 
one that applies for the same model year 
as the model year of the equipment 
(except as allowed by § 1068.105(a)), 
covers the appropriate category or 
subcategory of engines/equipment (such 
as locomotive or sterndrive/inboard 
Marine SI or nonhandheld Small SI), 
and conforms to all requirements 
specified for equipment in the standard- 
setting part. Engines/equipment are 
considered not covered by a certificate 
unless they are in a configuration 
described in the application for 
certification. 

(ii) The prohibitions of this paragraph 
(a)(1) also apply for new engines you 
produce to replace an older engine in a 
piece of equipment, except that the 
engines may qualify for the 
replacement-engine exemption in 
§ 1068.240. 

(iii) The prohibitions of this 
paragraph (a)(1) also apply for new 
engines that will be installed in 
equipment subject to equipment-based 
standards, except that the engines may 
qualify for an exemption under 
§ 1068.260(c) or § 1068.262. 

(iv) Where the regulations specify that 
you are allowed to introduce engines/ 
equipment into U.S. commerce without 
a certificate of conformity, you may take 
any of the otherwise prohibited actions 
specified in this paragraph (a)(1) with 
respect to those engines/equipment. 

(2) Reporting and recordkeeping. This 
chapter requires you to record certain 
types of information to show that you 
meet our standards. You must comply 
with these requirements to make and 
maintain required records (including 
those described in § 1068.501). You may 
not deny us access to your records or 
the ability to copy your records if we 
have the authority to see or copy them. 
Also, you must give us complete and 
accurate reports and information 
without delay as required under this 
chapter. Failure to comply with the 
requirements of this paragraph is 
prohibited. We may assess a civil 
penalty up to $44,539 for each day you 
are in violation. In addition, knowingly 
submitting false information is a 
violation of 18 U.S.C. 1001, which may 
involve criminal penalties and up to 
five years imprisonment. 

(3) Testing and access to facilities. 
You may not keep us from entering your 
facility to test engines/equipment or 
inspect if we are authorized to do so. 
Also, you must perform the tests we 
require (or have the tests done for you). 
Failure to perform this testing is 
prohibited. We may assess a civil 
penalty up to $44,539 for each day you 
are in violation. 

(b) * * * 
(1) Tampering. You may not remove 

or render inoperative any device or 
element of design installed on or in 
engines/equipment in compliance with 
the regulations prior to its sale and 
delivery to the ultimate purchaser. You 
also may not knowingly remove or 
render inoperative any such device or 
element of design after such sale and 
delivery to the ultimate purchaser. This 
includes, for example, operating an 
engine without a supply of appropriate 
quality urea if the emission control 
system relies on urea to reduce NOX 
emissions or the use of incorrect fuel or 
engine oil that renders the emission 
control system inoperative. Section 
1068.120 describes how this applies to 
rebuilding engines. See the standard- 
setting part, which may include 
additional provisions regarding actions 
prohibited by this requirement. For a 
manufacturer or dealer, we may assess 
a civil penalty up to $44,539 for each 
engine or piece of equipment in 
violation. For anyone else, we may 
assess a civil penalty up to $4,454 for 
each engine or piece of equipment in 
violation. This prohibition does not 
apply in any of the following situations: 
* * * * * 

(2) Defeat devices. You may not 
knowingly manufacture, sell, offer to 
sell, or install, any component that 
bypasses, impairs, defeats, or disables 
the control of emissions of any regulated 
pollutant, except as explicitly allowed 
by the standard-setting part. We may 
assess a civil penalty up to $4,454 for 
each component in violation. 

(3) Stationary engines. For an engine 
that is excluded from any requirements 
of this chapter because it is a stationary 
engine, you may not move it or install 
it in any mobile equipment except as 
allowed by the provisions of this 
chapter. You may not circumvent or 
attempt to circumvent the residence- 
time requirements of paragraph (2)(iii) 
of the nonroad engine definition in 
§ 1068.30. Anyone violating this 
paragraph (b)(3) is deemed to be a 
manufacturer in violation of paragraph 
(a)(1) of this section. We may assess a 
civil penalty up to $44,539 for each 
engine or piece of equipment in 
violation. 

(4) Competition engines/equipment. 
(i) For uncertified engines/equipment 
that are excluded or exempted as new 
engines/equipment from any 
requirements of this chapter because 
they are to be used solely for 
competition, you may not use any of 
them in a manner that is inconsistent 
with use solely for competition. Anyone 
violating this paragraph (b)(4)(i) is 

deemed to be a manufacturer in 
violation of paragraph (a)(1) of this 
section. We may assess a civil penalty 
up to $44,539 for each engine or piece 
of equipment in violation. (ii) For 
certified nonroad engines/equipment 
that qualify for exemption from the 
tampering prohibition as described in 
§ 1068.235 because they are to be used 
solely for competition, you may not use 
any of them in a manner that is 
inconsistent with use solely for 
competition. Anyone violating this 
paragraph (b)(4)(ii) is in violation of 
paragraph (b)(1) or (2) of this section. 

(5) Importation. You may not import 
an uncertified engine or piece of 
equipment if it is defined to be new in 
the standard-setting part with a model 
year for which emission standards 
applied. Anyone violating this 
paragraph (b)(5) is deemed to be a 
manufacturer in violation of paragraph 
(a)(1) of this section. We may assess a 
civil penalty up to $44,539 for each 
engine or piece of equipment in 
violation. Note the following: 
* * * * * 

(6) Warranty, recall, and maintenance 
instructions. You must meet your 
obligation to honor your emission- 
related warranty under § 1068.115, 
including any commitments you 
identify in your application for 
certification. You must also fulfill all 
applicable requirements under subpart 
F of this part related to emission-related 
defects and recalls. You must also 
provide emission-related installation 
and maintenance instructions as 
described in the standard-setting part. 
Failure to meet these obligations is 
prohibited. Also, except as specifically 
provided by regulation, you are 
prohibited from directly or indirectly 
communicating to the ultimate 
purchaser or a later purchaser that the 
emission-related warranty is valid only 
if the owner has service performed at 
authorized facilities or only if the owner 
uses authorized parts, components, or 
systems. We may assess a civil penalty 
up to $44,539 for each engine or piece 
of equipment in violation. 
* * * * * 

(h) The maximum penalty values 
listed in paragraphs (a) and (b) of this 
section and in § 1068.125 apply as of 
August 1, 2016. Maximum penalty 
values for earlier violations are 
published in 40 CFR part 19. Maximum 
penalty limits may be adjusted after 
August 1, 2016 based on the Consumer 
Price Index. The specific regulatory 
provisions for changing the maximum 
penalties, published in 40 CFR part 19, 
reference the applicable U.S. Code 
citation on which the prohibited action 
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is based. The following table is shown 
here for informational purposes: 
* * * * * 
■ 331. Section 1068.103 is revised to 
read as follows: 

§ 1068.103 Provisions related to the 
duration and applicability of certificates of 
conformity. 

(a) Engines/equipment covered by a 
certificate of conformity are limited to 
those that are produced during the 
period specified in the certificate and 
conform to the specifications described 
in the certificate and the associated 
application for certification. For the 
purposes of this paragraph (a), 
‘‘specifications’’ includes the emission 
control information label and any 
conditions or limitations identified by 
the manufacturer or EPA. For example, 
if the application for certification 
specifies certain engine configurations, 
the certificate does not cover any 
configurations that are not specified. We 
may ignore any information provided in 
the application that we determine is not 
relevant to a demonstration of 
compliance with applicable regulations, 
such as your projected production 
volumes in many cases. 

(b) Unless the standard-setting part 
specifies otherwise, determine the 
production period corresponding to 
each certificate of conformity as 
specified in this paragraph (b). In 
general, the production period is the 
manufacturer’s annual production 
period identified as a model year. 

(1) For engines/equipment subject to 
emission standards based on model 
years, the first day of the annual 
production period can be no earlier than 
January 2 of the calendar year preceding 
the year for which the model year is 
named, or the earliest date of 
manufacture for any engine/equipment 
in the engine family, whichever is later. 
The last day of the annual production 
period can be no later than December 31 
of the calendar year for which the model 
year is named or the latest date of 
manufacture for any engine/equipment 
in the engine family, whichever is 
sooner. Note that this approach limits 
how you can designate a model year for 
your engines/equipment; however, it 
does not limit your ability to meet more 
stringent emission standards early 
where this is permitted in the 
regulation. 

(2) For fuel-system components 
certified to evaporative emission 
standards based on production periods 
rather than model years, the production 
period is either the calendar year or a 
longer period we specify consistent with 
the manufacturer’s normal production 
practices. 

(c) A certificate of conformity will not 
cover engines/equipment you produce 
with a date of manufacture earlier than 
the date you submit the application for 
certification for the family. You may 
start to produce engines/equipment after 
you submit an application for 
certification and before the effective 
date of a certificate of conformity, 
subject to the following conditions: 

(1) The engines/equipment must 
conform in all material respects to the 
engines/equipment described in your 
application. Note that if we require you 
to modify your application, you must 
ensure that all engines/equipment 
conform to the specifications of the 
modified application. 

(2) The engines/equipment may not 
be sold, offered for sale, introduced into 
U.S. commerce, or delivered for 
introduction into U.S. commerce before 
the effective date of the certificate of 
conformity. 

(3) You must notify us in your 
application for certification that you 
plan to use the provisions of this 
paragraph (c) and when you intend to 
start production. If the standard-setting 
part specifies mandatory testing for 
production-line engines, you must start 
testing as directed in the standard- 
setting part based on your actual start of 
production, even if that occurs before 
we approve your certification. You must 
also agree to give us full opportunity to 
inspect and/or test the engines/ 
equipment during and after production. 
For example, we must have the 
opportunity to specify selective 
enforcement audits as allowed by the 
standard-setting part and the Clean Air 
Act as if the engines/equipment were 
produced after the effective date of the 
certificate. 

(4) See § 1068.262 for special 
provisions that apply for secondary 
engine manufacturers receiving 
shipment of partially complete engines 
before the effective date of a certificate. 

(d) The prohibition in § 1068.101(a)(1) 
against offering to sell engines/ 
equipment without a valid certificate of 
conformity generally does not apply for 
engines/equipment that have not yet 
been produced. You may contractually 
agree to produce engines/equipment 
before obtaining the required certificate 
of conformity. This is intended to allow 
manufacturers of low-volume products 
to establish a sufficient market for 
engines/equipment before going through 
the effort to certify. 

(e) Engines/equipment with a date of 
manufacture after December 31 of the 
calendar year for which a model year is 
named are not covered by the certificate 
of conformity for that model year. You 
must submit an application for a new 

certificate of conformity demonstrating 
compliance with applicable standards 
even if the engines/equipment are 
identical to those with a date of 
manufacture before December 31. 

(f) The flexible approach to naming 
the annual production period described 
in paragraph (b)(1) of this section is 
intended to allow you to introduce new 
products at any point during the year. 
This is based on the expectation that 
production periods generally run on 
consistent schedules from year to year. 
You may not use this flexibility to 
arrange your production periods such 
that you can avoid annual certification. 

(g) An engine is generally assigned a 
model year based on its date of 
manufacture, which is typically based 
on the date the crankshaft is installed in 
the engine (see § 1068.30). You may not 
circumvent the provisions of 
§ 1068.101(a)(1) by stockpiling engines 
with a date of manufacture before new 
or changed emission standards take 
effect by deviating from your normal 
production and inventory practices. (For 
purposes of this paragraph (g), normal 
production and inventory practices 
means those practices you typically use 
for similar families in years in which 
emission standards do not change. We 
may require you to provide us routine 
production and inventory records that 
document your normal practices for the 
preceding eight years.) For most engines 
you should plan to complete the 
assembly of an engine of a given model 
year into its certified configuration 
within the first week after the end of the 
model year if new emission standards 
start to apply in that model year. For 
special circumstances it may be 
appropriate for your normal business 
practice to involve more time. For 
engines with per-cylinder displacement 
below 2.5 liters, if new emission 
standards start to apply in a given year, 
we would consider an engine not to be 
covered by a certificate of conformity for 
the preceding model year if the engine 
is not assembled in a compliant 
configuration within 30 days after the 
end of the model year for that engine 
family. (Note: an engine is considered 
‘‘in a compliant configuration’’ without 
being fully assembled if § 1068.260(a) or 
(b) authorizes shipment of the engine 
without certain components.) For 
example, in the case where new 
standards apply in the 2010 model year, 
and your normal production period is 
based on the calendar year, you must 
complete the assembly of all your 2009 
model year engines before January 31, 
2010, or an earlier date consistent with 
your normal production and inventory 
practices. For engines with per-cylinder 
displacement at or above 2.5 liters, this 
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time may not exceed 60 days. Note that 
for the purposes of this paragraph (g), an 
engine shipped under § 1068.261 is 
deemed to be a complete engine. Note 
also that § 1068.245 allows flexibility for 
additional time in unusual 
circumstances. Note finally that 
disassembly of complete engines and 
reassembly (such as for shipment) does 
not affect the determination of model 
year; the provisions of this paragraph (g) 
apply based on the date on which initial 
assembly is complete. 

(h) This paragraph (h) describes the 
effect of suspending, revoking, or 
voiding a certificate of conformity. See 
the definitions of ‘‘suspend,’’ ‘‘revoke,’’ 
and ‘‘void’’ in § 1068.30. Engines/ 
equipment produced at a time when the 
otherwise applicable certificate of 
conformity has been suspended or 
revoked are not covered by a certificate 
of conformity. Where a certificate of 
conformity is void, all engines/ 
equipment produced under that 
certificate of conformity are not and 
were not covered by a certificate of 
conformity. In cases of suspension, 
engines/equipment will be covered by a 
certificate only if they are produced 
after the certificate is reinstated or a 
new certificate is issued. In cases of 
revocation and voiding, engines/ 
equipment will be covered by a 
certificate only if they are produced 
after we issue a new certificate. 42 
U.S.C. 7522(a)(1) and § 1068.101(a)(1) 
prohibit selling, offering for sale, 
introducing into commerce, delivering 
for introduction into commerce, and 
importing engines/equipment that are 
not covered by a certificate of 
conformity, and they prohibit anyone 
from causing another to violate these 
prohibitions. 

(i) You may transfer a certificate to 
another entity only in the following 
cases: 

(1) You may transfer a certificate to a 
parent company, including a parent 
company that purchases your company 
after we have issued your certificate. 

(2) You may transfer a certificate to a 
subsidiary including a subsidiary you 
purchase after we have issued your 
certificate. 

(3) You may transfer a certificate to a 
subsidiary of your parent company. 
■ 332. Section 1068.105 is amended by 
revising paragraphs (a) and (c)(2) to read 
as follows: 

§ 1068.105 What other provisions apply to 
me specifically if I manufacture equipment 
needing certified engines? 
* * * * * 

(a) Transitioning to new engine-based 
standards. If new engine-based emission 
standards apply in a given model year, 

your equipment produced in that 
calendar year (or later) must have 
engines that are certified to the new 
standards, except that you may continue 
to use up normal inventories of engines 
that were built before the date of the 
new or changed standards. For purposes 
of this paragraph (a), normal inventory 
applies for engines you possess and 
engines from your engine supplier’s 
normal inventory. (Note: this paragraph 
(a) does not apply in the case of new 
remanufacturing standards.) We may 
require you and your engine suppliers 
to provide us routine production and/or 
inventory records that document your 
normal practices for the preceding eight 
years. For example, if you have records 
documenting that your normal 
inventory practice is to keep on hand a 
one-month supply of engines based on 
your upcoming production schedules, 
and a new tier of standards starts to 
apply for the 2015 model year, you may 
order engines consistent with your 
normal inventory requirements late in 
the engine manufacturer’s 2014 model 
year and install those engines in your 
equipment consistent with your normal 
production schedule. Also, if your 
model year starts before the end of the 
calendar year preceding new standards, 
you may use engines from the previous 
model year for those units you 
completely assemble before January 1 of 
the year that new standards apply. If 
emission standards for the engine do not 
change in a given model year, you may 
continue to install engines from the 
previous model year without restriction 
(or any earlier model year for which the 
same standards apply). You may not 
circumvent the provisions of 
§ 1068.101(a)(1) by stockpiling engines 
that were built before new or changed 
standards take effect. Similarly, you 
may not circumvent the provisions of 
§ 1068.101(a)(1) by knowingly installing 
engines that were stockpiled by engine 
suppliers in violation of § 1068.103(f). 
Note that this allowance does not apply 
for equipment subject to equipment- 
based standards. See 40 CFR 1060.601 
for similar provisions that apply for 
equipment subject to evaporative 
emission standards. Note that the 
standard-setting part may impose 
further restrictions on using up 
inventories of engines from an earlier 
model year under this paragraph (a). 
* * * * * 

(c) * * * 
(2) Permanently attach the duplicate 

label to your equipment by securing it 
to a part needed for normal operation 
and not normally requiring replacement. 
Make sure an average person can easily 
read it. Note that attaching an inaccurate 

duplicate label may be a violation of 
§ 1068.101(b)(7). 
* * * * * 
■ 333. Section 1068.110 is amended by 
revising the section heading and 
paragraph (d) to read as follows: 

§ 1068.110 Other provisions for engines/ 
equipment in service. 
* * * * * 

(d) Defeat devices. We may test 
components, engines, and equipment to 
investigate potential defeat devices. We 
may also require the manufacturer to do 
this testing. If we choose to investigate 
one of your designs, we may require you 
to show us that a component is not a 
defeat device, and that an engine/ 
equipment does not have a defeat 
device. To do this, you may have to 
share with us information regarding test 
programs, engineering evaluations, 
design specifications, calibrations, on- 
board computer algorithms, and design 
strategies. It is a violation of the Clean 
Air Act for anyone to make, install or 
use defeat devices as described in 
§ 1068.101(b)(2) and the standard- 
setting part. 
* * * * * 
■ 334. Section 1068.115 is amended by 
revising the section heading to read as 
follows: 

§ 1068.115 What are manufacturers’ 
emission-related warranty requirements? 
* * * * * 
■ 335. Section 1068.120 is amended by 
revising the section heading and 
paragraph (f) to read as follows: 

§ 1068.120 Requirements for rebuilding 
engines. 
* * * * * 

(f) A rebuilt engine or other used 
engine may replace a certified engine in 
a piece of equipment only if the engine 
was built and/or rebuilt to a certified 
configuration meeting equivalent or 
more stringent emission standards. Note 
that a certified configuration would 
generally include more than one model 
year. A rebuilt engine being installed 
that is from the same model year or a 
newer model year than the engine being 
replaced meets this requirement. The 
following examples illustrate the 
provisions of this paragraph (f): 

(1) In most cases, you may use a 
rebuilt Tier 2 engine to replace a Tier 1 
engine or another Tier 2 engine. 

(2) You may use a rebuilt Tier 1 
engine to replace a Tier 2 engine if the 
two engines differ only with respect to 
model year or other characteristics 
unrelated to emissions since such 
engines would be considered to be in 
the same configuration. This may occur 
if the Tier 1 engine had emission levels 
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below the Tier 2 standards or if the Tier 
2 engine was certified with a Family 
Emission Limit for calculating emission 
credits. 

(3) You may use a rebuilt engine that 
originally met the Tier 1 standards 
without certification, as provided under 
§ 1068.265, to replace a certified Tier 1 
engine. This may occur for engines 
produced under a Transition Program 
for Equipment Manufacturers such as 
that described in 40 CFR 1039.625. 

(4) You may never replace a certified 
engine with an engine rebuilt to a 
configuration that does not meet EPA 
emission standards. Note that, for 
purposes of this paragraph (f)(4), a 
configuration is considered to meet EPA 
emission standards if it was previously 
certified or was otherwise shown to 
meet emission standards (see 
§ 1068.265). 

(5) The standard-setting part may 
apply further restrictions to situations 
involving installation of used engines to 
repower equipment. For example, see 40 
CFR part 1037 for provisions that apply 
for glider vehicles. 
* * * * * 
■ 336. Section 1068.125 is amended by 
revising paragraph (b) introductory text 
to read as follows: 

§ 1068.125 What happens if I violate the 
regulations? 

* * * * * 
(b) Administrative penalties. Instead 

of bringing a civil action, we may assess 
administrative penalties if the total is 
less than $356,312 against you 
individually. This maximum penalty 
may be greater if the Administrator and 
the Attorney General jointly determine 
that a greater administrative penalty 
assessment is appropriate, or if the limit 
is adjusted under 40 CFR part 19. No 
court may review this determination. 
Before we assess an administrative 
penalty, you may ask for a hearing as 
described in subpart G of this part. The 
Administrator may compromise or 
remit, with or without conditions, any 
administrative penalty that may be 
imposed under this section. 
* * * * * 

Subpart C—Exemptions and 
Exclusions 

■ 337. Section 1068.201 is amended by 
revising the section heading, 
introductory text, and paragraphs (a) 
and (c) to read as follows: 

§ 1068.201 General exemption and 
exclusion provisions. 

We may exempt new engines/ 
equipment from some or all of the 
prohibited acts or requirements of this 

part under provisions described in this 
subpart. We may exempt nonroad 
engines/equipment already placed in 
service in the United States from the 
prohibition in § 1068.101(b)(1) if the 
exemption for nonroad engines/ 
equipment used solely for competition 
applies (see § 1068.235). In addition, see 
§ 1068.1 and the standard-setting parts 
to determine if other engines/equipment 
are excluded from some or all of the 
regulations in this chapter. 

(a) This subpart identifies which 
engines/equipment qualify for 
exemptions and what information we 
need. We may require more information. 
* * * * * 

(c) If you use an exemption under this 
subpart, we may require you to add a 
permanent or removable label to your 
exempted engines/equipment. You may 
ask us to modify these labeling 
requirements if it is appropriate for your 
engine/equipment. 
* * * * * 
■ 338. Section 1068.210 is amended by 
revising the section heading and 
paragraph (e) to read as follows: 

§ 1068.210 Exempting test engines/ 
equipment. 

* * * * * 
(e) If we approve your request for a 

testing exemption, we will send you a 
letter or a memorandum describing the 
basis and scope of the exemption. It will 
also include any necessary terms and 
conditions, which normally require you 
to do the following: 

(1) Stay within the scope of the 
exemption. 

(2) Create and maintain adequate 
records that we may inspect. 

(3) Add a permanent label to all 
engines/equipment exempted under this 
section, consistent with § 1068.45, with 
at least the following items: 

(i) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(ii) Your corporate name and 
trademark. 

(iii) Engine displacement, family 
identification, and model year of the 
engine/equipment (as applicable), or 
whom to contact for further information. 

(iv) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(4) Tell us when the test program is 
finished. 

(5) Tell us the final disposition of the 
engines/equipment. 
■ 339. Section 1068.215 is amended by 
revising the section heading and 
paragraphs (a) and (c)(3)(iv) to read as 
follows: 

§ 1068.215 Exempting manufacturer- 
owned engines/equipment. 

(a) You are eligible for this exemption 
for manufacturer-owned engines/ 
equipment only if you are a certificate 
holder. Any engine for which you meet 
all applicable requirements under this 
section is exempt without request. 
* * * * * 

(c) * * * 
(3) * * * 
(iv) The statement: ‘‘THIS [engine, 

equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.210 OR 1068.215 
FROM EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 
■ 340. Section 1068.220 is revised to 
read as follows: 

§ 1068.220 Exempting display engines/ 
equipment. 

(a) Anyone may request an exemption 
for display engines/equipment. 

(b) Nonconforming display engines/ 
equipment will be exempted if they are 
used only for displays in the interest of 
a business or the general public. This 
exemption does not apply to engines/ 
equipment displayed for private use, 
private collections, or any other purpose 
we determine is inappropriate for a 
display exemption. 

(c) You may operate the exempted 
engine/equipment, but only if we 
approve specific operation that is part of 
the display, or is necessary for the 
display (possibly including operation 
that is indirectly necessary for the 
display). We may consider any relevant 
factor in our approval process, 
including the extent of the operation, 
the overall emission impact, and 
whether the engine/equipment meets 
emission requirements of another 
country. 

(d) You may sell or lease the 
exempted engine/equipment only with 
our advance approval. 

(e) To use this exemption, you must 
add a permanent label to all engines/ 
equipment exempted under this section, 
consistent with § 1068.45, with at least 
the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and 
trademark. 

(3) Engine displacement, family 
identification, and model year of the 
engine/equipment (as applicable), or 
whom to contact for further information. 

(4) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.220 FROM 
EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(f) We may set other conditions for 
approval of this exemption. 
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■ 341. Section 1068.225 is revised to 
read as follows: 

§ 1068.225 Exempting engines/equipment 
for national security. 

The standards and requirements of 
the standard-setting part and the 
prohibitions in § 1068.101(a)(1) and (b) 
do not apply to engines exempted under 
this section. 

(a) An engine/equipment is exempt 
without a request if it will be owned by 
an agency of the Federal Government 
responsible for national defense and it 
meets at least one of the following 
criteria: 

(1) An engine is automatically exempt 
in cases where the equipment in which 
it will be installed has armor, 
permanently attached weaponry, or 
other substantial features typical of 
military combat. Similarly, equipment 
subject to equipment-based standards is 
automatically exempt if it has any of 
these same features. 

(2) In the case of marine vessels with 
compression-ignition engines, an engine 
is automatically exempt if the vessel in 
which it will be installed has 
specialized electronic warfare systems, 
unique stealth performance 
requirements, or unique combat 
maneuverability requirements. 

(3) Gas turbine engines installed in 
marine vessels are automatically 
exempt. 

(4) An engine/equipment is 
automatically exempt if it would need 
sulfur-sensitive technology to comply 
with emission standards, and it is 
intended to be used in areas outside the 
United States where ultra low-sulfur 
fuel is unavailable. 

(b) For the circumstances described in 
paragraphs (a)(1) and (2) of this section, 
an engine/equipment is also exempt 
without a request if it will be used, but 
not owned, by an agency of the Federal 
Government responsible for national 
defense. 

(c) Manufacturers may produce and 
ship engines/equipment under an 
automatic exemption as described in 
paragraph (a) or (b) of this section if 
they receive a written request for such 
engines/equipment from the appropriate 
federal agency. 

(d) Manufacturers may request a 
national security exemption for engines/ 
equipment not meeting the conditions 
of paragraphs (a) and (b) of this section 
as long as the request is endorsed by an 
agency of the Federal Government 
responsible for national defense. In your 
request, explain why you need the 
exemption. 

(e) Add a permanent label to all 
engines/equipment exempted under this 

section, consistent with § 1068.45, with 
at least the following items: 

(1) The label heading ‘‘EMISSION 
CONTROL INFORMATION’’. 

(2) Your corporate name and 
trademark. 

(3) Engine displacement, family 
identification, and model year of the 
engine/equipment (as applicable), or 
whom to contact for further information. 

(4) The statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] HAS AN 
EXEMPTION FOR NATIONAL 
SECURITY UNDER 40 CFR 1068.225.’’ 
■ 342. Section 1068.230 is amended by 
revising the section heading and 
paragraphs (b) and (c) to read as follows: 

§ 1068.230 Exempting engines/equipment 
for export. 

* * * * * 
(b) Engines/equipment exported to a 

country not covered by paragraph (a) of 
this section are exempt from the 
prohibited acts in this part without a 
request. If you produce exempt engines/ 
equipment for export and any of them 
are sold or offered for sale to an ultimate 
purchaser in the United States, the 
exemption is automatically void for 
those engines/equipment, except as 
specified in § 1068.201(i). You may 
operate engines/equipment in the 
United States only as needed to prepare 
and deliver them for export. 

(c) Except as specified in paragraph 
(d) of this section, label exempted 
engines/equipment (including shipping 
containers if the label on the engine/ 
equipment will be obscured by the 
container) with a label showing that 
they are not certified for sale or use in 
the United States. This label may be 
permanent or removable. See § 1068.45 
for provisions related to the use of 
removable labels and applying labels to 
containers without labeling individual 
engines/equipment. The label must 
include your corporate name and 
trademark and the following statement: 
‘‘THIS [engine, equipment, vehicle, etc.] 
IS SOLELY FOR EXPORT AND IS 
THEREFORE EXEMPT UNDER 40 CFR 
1068.230 FROM U.S. EMISSION 
STANDARDS AND RELATED 
REQUIREMENTS.’’ 
* * * * * 
■ 343. Section 1068.235 is revised to 
read as follows: 

§ 1068.235 Exempting nonroad engines/ 
equipment used solely for competition. 

The following provisions apply for 
nonroad engines/equipment, but not for 
motor vehicles or for stationary 
applications: 

(a) New nonroad engines/equipment 
you produce that are used solely for 
competition are excluded from emission 

standards. We may exempt (rather than 
exclude) new nonroad engines/ 
equipment you produce that you intend 
to be used solely for competition, where 
we determine that such engines/ 
equipment are unlikely to be used 
contrary to your intent. See the 
standard-setting parts for specific 
provisions where applicable. Note that 
the definitions in the standard-setting 
part may deem uncertified engines/ 
equipment to be new upon importation. 

(b) If you modify any nonroad 
engines/equipment after they have been 
placed into service in the United States 
so they will be used solely for 
competition, they are exempt without 
request. This exemption applies only to 
the prohibitions in § 1068.101(b)(1) and 
(2) and are valid only as long as the 
engine/equipment is used solely for 
competition. You may not use the 
provisions of this paragraph (b) to 
circumvent the requirements that apply 
to the sale of new competition engines 
under the standard-setting part. 

(c) If you modify any nonroad 
engines/equipment under paragraph (b) 
of this section, you must destroy the 
original emission labels. If you loan, 
lease, sell, or give any of these engines/ 
equipment to someone else, you must 
tell the new owner (or operator, if 
applicable) in writing that they may be 
used only for competition. 
■ 344. Section 1068.240 is amended by 
revising the section heading and 
paragraphs (b)(3), (c)(1), (c)(3), (d)(2)(ii), 
and (e) introductory text to read as 
follows: 

§ 1068.240 Exempting new replacement 
engines. 
* * * * * 

(b) * * * 
(3) An old engine block replaced by 

a new engine exempted under this 
paragraph (b) may be reintroduced into 
U.S. commerce as part of an engine that 
meets either the current standards for 
new engines, the provisions for new 
replacement engines in this section, or 
another valid exemption. Otherwise, 
you must destroy the old engine block 
(or confirm that it has been destroyed), 
or export the engine block without its 
emission label. 
* * * * * 

(c) * * * 
(1) You may produce a limited 

number of replacement engines under 
this paragraph (c) representing 0.5 
percent of your annual production 
volumes for each category and 
subcategory of engines identified in 
Table 1 to this section (1.0 percent 
through 2013). Calculate this number by 
multiplying your annual U.S.-directed 
production volume by 0.005 (or 0.01 
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through 2013) and rounding to the 
nearest whole number. Determine the 
appropriate production volume by 
identifying the highest total annual 
U.S.-directed production volume of 
engines from the previous three model 
years for all your certified engines from 
each category or subcategory identified 
in Table 1 to this section, as applicable. 
In unusual circumstances, you may ask 
us to base your production limits on 
U.S.-directed production volume for a 
model year more than three years prior. 
You may include stationary engines and 
exempted engines as part of your U.S.- 
directed production volume. Include 
U.S.-directed engines produced by any 
affiliated companies and those from any 
other companies you license to produce 
engines for you. 
* * * * * 

(3) Send the Designated Compliance 
Officer a report by September 30 of the 
year following any year in which you 
produced exempted replacement 
engines under this paragraph (c). In 
your report include the total number of 
replacement engines you produce under 
this paragraph (c) for each category or 
subcategory, as appropriate, and the 
corresponding total production volumes 
determined under paragraph (c)(1) of 
this section. If you send us a report 
under this paragraph (c)(3), you must 
also include the total number of 
replacement engines you produced 
under paragraphs (b), (d), and (e) of this 
section (including any replacement 
marine engines subject to reporting 
under 40 CFR 1042.615). Count exempt 
engines as tracked under paragraph (b) 
of this section only if you meet all the 
requirements and conditions that apply 
under paragraph (b) of this section by 
the due date for the annual report. You 
may include the information required 
under this paragraph (c)(3) in 
production reports required under the 
standard-setting part. 
* * * * * 

(d) * * * 
(2) * * * 
(ii) If you do not qualify for using a 

removable label in paragraph (d)(2)(i) of 
this section, you must add a permanent 
label in a readily visible location, 
though it may be obscured after 
installation in a piece of equipment. 
Include on the permanent label your 
corporate name and trademark, the 
engine’s part number (or other 
identifying information), and the 
statement: ‘‘THIS REPLACEMENT 
ENGINE IS EXEMPT UNDER 40 CFR 
1068.240. THIS ENGINE MAY NOT BE 
INSTALLED IN EQUIPMENT THAT IS 
MORE THAN 40 YEARS OLD AT THE 
TIME OF INSTALLATION.’’ If there is 

not enough space for this statement, you 
may alternatively add: 
‘‘REPLACEMENT’’ or ‘‘SERVICE 
ENGINE.’’ For purposes of this 
paragraph (d)(2), engine part numbers 
permanently stamped or engraved on 
the engine are considered to be included 
on the label. 

(e) Partially complete current-tier 
replacement engines. The provisions of 
paragraph (d) of this section apply for 
engines you produce from a current line 
of certified engines or vehicles if you 
ship them as partially complete engines 
for replacement purposes. This applies 
for engine-based and equipment-based 
standards as follows: 
* * * * * 
■ 345. Section 1068.245 is amended by 
revising the section heading and 
paragraph (g)(4) to read as follows: 

§ 1068.245 Temporary provisions 
addressing hardship due to unusual 
circumstances. 

* * * * * 
(g) * * * 
(4) A statement describing the 

engine’s status as an exempted engine: 
(i) If the engine/equipment does not 

meet any emission standards, add the 
following statement: ‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.245 FROM 
EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(ii) If the engines/equipment meet 
alternate emission standards as a 
condition of an exemption under this 
section, we may specify a different 
statement to identify the alternate 
emission standards. 
■ 346. Section 1068.250 is amended by 
revising the section heading and 
paragraphs (c) introductory text and 
(k)(4) and removing and reserving 
paragraph (h). 

The revisions read as follows: 

§ 1068.250 Extending compliance 
deadlines for small businesses under 
hardship. 

* * * * * 
(c) Send the Designated Compliance 

Officer a written request for an 
extension as soon as possible before you 
are in violation. In your request, show 
that all the following conditions and 
requirements apply: 
* * * * * 

(k) * * * 
(4) A statement describing the 

engine’s status as an exempted engine: 
(i) If the engine/equipment does not 

meet any emission standards, add the 
following statement:‘‘THIS [engine, 
equipment, vehicle, etc.] IS EXEMPT 
UNDER 40 CFR 1068.250 FROM 

EMISSION STANDARDS AND 
RELATED REQUIREMENTS.’’ 

(ii) If the engine/equipment meets 
alternate emission standards as a 
condition of an exemption under this 
section, we may specify a different 
statement to identify the alternate 
emission standards. 
■ 347. Section 1068.255 is amended by 
revising the section heading and 
paragraph (a) introductory text to read 
as follows: 

§ 1068.255 Exempting engines and fuel- 
system components for hardship for 
equipment manufacturers and secondary 
engine manufacturers. 
* * * * * 

(a) Equipment exemption. As an 
equipment manufacturer, you may ask 
for approval to produce exempted 
equipment for up to 12 months. We will 
generally limit this to a single interval 
up to 12 months in the first year that 
new or revised emission standards 
apply. Exemptions under this section 
are not limited to small businesses. 
Send the Designated Compliance Officer 
a written request for an exemption 
before you are in violation. In your 
request, you must show you are not at 
fault for the impending violation and 
that you would face serious economic 
hardship if we do not grant the 
exemption. This exemption is not 
available under this paragraph (a) if you 
manufacture the engine or fuel-system 
components you need for your own 
equipment, or if complying engines or 
fuel-system components are available 
from other manufacturers that could be 
used in your equipment, unless we 
allow it elsewhere in this chapter. We 
may impose other conditions, including 
provisions to use products meeting less 
stringent emission standards or to 
recover the lost environmental benefit. 
In determining whether to grant the 
exemptions, we will consider all 
relevant factors, including the 
following: 
* * * * * 
■ 348. Section 1068.260 is revised to 
read as follows: 

§ 1068.260 General provisions for selling 
or shipping engines that are not yet in their 
certified configuration. 

Except as specified in paragraph (e) of 
this section, all new engines in the 
United States are presumed to be subject 
to the prohibitions of § 1068.101, which 
generally require that all new engines be 
in a certified configuration before being 
sold, offered for sale, or introduced or 
delivered into commerce in the United 
States or imported into the United 
States. All emission-related components 
generally need to be installed on an 
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engine for such an engine to be in its 
certified configuration. This section 
specifies clarifications and exemptions 
related to these requirements for 
engines. Except for paragraph (c) of this 
section, the provisions of this section 
generally apply for engine-based 
standards but not for equipment-based 
exhaust emission standards. 

(a) The provisions of this paragraph 
(a) apply for emission-related 
components that cannot practically be 
assembled before shipment because they 
depend on equipment design 
parameters. 

(1) You do not need an exemption to 
ship an engine that does not include 
installation or assembly of certain 
emission-related components if those 
components are shipped along with the 
engine. For example, you may generally 
ship aftertreatment devices along with 
engines rather than installing them on 
the engine before shipment. We may 
require you to describe how you plan to 
use this provision. 

(2) You may ask us at the time of 
certification for an exemption to allow 
you to ship your engines without 
emission-related components. If we 
allow this, we may specify conditions 
that we determine are needed to ensure 
that shipping the engine without such 
components will not result in the engine 
being operated outside of its certified 
configuration. You must identify 
unshipped parts by specific part 
numbers if they cannot be properly 
characterized by performance 
specification. For example, electronic 
control units, turbochargers, and EGR 
coolers must generally be identified by 
part number. Parts that we believe can 
be properly characterized by 
performance specification include air 
filters, noncatalyzed mufflers, and 
charge air coolers. See paragraph (d) of 
this section for additional provisions 
that apply in certain circumstances. 

(b) You do not need an exemption to 
ship engines without specific 
components if they are not emission- 
related components identified in 
Appendix I of this part. For example, 
you may generally ship engines without 
the following parts: 

(1) Radiators needed to cool the 
engine. 

(2) Exhaust piping between the engine 
and an aftertreatment device, between 
two aftertreatment devices, or 
downstream of the last aftertreatment 
device. 

(c) If you are a certificate holder, 
partially complete engines/equipment 
shipped between two of your facilities 
are exempt, subject to the provisions of 
this paragraph (c), as long as you 
maintain ownership and control of the 

engines/equipment until they reach 
their destination. We may also allow 
this where you do not maintain actual 
ownership and control of the engines/ 
equipment (such as hiring a shipping 
company to transport the engines) but 
only if you demonstrate that the 
engines/equipment will be transported 
only according to your specifications. 
See § 1068.261(b) for the provisions that 
apply instead of this paragraph (c) for 
the special case of integrated 
manufacturers using the delegated- 
assembly exemption. Notify us of your 
intent to use this exemption in your 
application for certification, if 
applicable. Your exemption is effective 
when we grant your certificate. You may 
alternatively request an exemption in a 
separate submission; for example, this 
would be necessary if you will not be 
the certificate holder for the engines in 
question. We may require you to take 
specific steps to ensure that such 
engines/equipment are in a certified 
configuration before reaching the 
ultimate purchaser. Note that since this 
is a temporary exemption, it does not 
allow you to sell or otherwise distribute 
to ultimate purchasers an engine/ 
equipment in an uncertified 
configuration with respect to exhaust 
emissions. Note also that the exempted 
engine/equipment remains new and 
subject to emission standards (see 
definition of ‘‘exempted’’ in § 1068.30) 
until its title is transferred to the 
ultimate purchaser or it otherwise 
ceases to be new. 

(d) See § 1068.261 for delegated- 
assembly provisions in which 
certificate-holding manufacturers ship 
engines that are not yet equipped with 
certain emission-related components. 
See § 1068.262 for provisions related to 
manufacturers shipping partially 
complete engines for which a secondary 
engine manufacturer holds the 
certificate of conformity. 

(e) Engines used in hobby vehicles are 
not presumed to be engines subject to 
the prohibitions of § 1068.101. Hobby 
vehicles are reduced-scale models of 
vehicles that are not capable of 
transporting a person. Some gas turbine 
engines are subject to the prohibitions of 
§ 1068.101, but we do not presume that 
all gas turbine engines are subject to 
these prohibitions. Other engines that 
do not have a valid certificate of 
conformity or exemption when sold, 
offered for sale, or introduced or 
delivered into commerce in the United 
States or imported into the United 
States are presumed to be engines 
subject to the prohibitions of § 1068.101 
unless we determine that such engines 
are excluded from the prohibitions of 
§ 1068.101. 

(f) While we presume that new non- 
hobby engines are subject to the 
prohibitions of § 1068.101, we may 
determine that a specific engine is not 
subject to these prohibitions based on 
information you provide or other 
information that is available to us. For 
example, the provisions of this part 
1068 and the standard-setting parts 
provide for exemptions in certain 
circumstances. Also, some engines may 
be subject to separate prohibitions 
under subchapter C instead of the 
prohibitions of § 1068.101. 
■ 349. Section 1068.261 is amended by 
revising the section heading and 
paragraph (a) to read as follows: 

§ 1068.261 Delegated assembly and other 
provisions related to engines not yet in the 
certified configuration. 

* * * * * 
(a) Shipping an engine separately 

from an aftertreatment component that 
you have specified as part of its certified 
configuration will not be a violation of 
the prohibitions in § 1068.101(a)(1) 
subject to the provisions in this section. 
We may also require that you apply 
some or all of the provisions of this 
section for other components if we 
determine it is necessary to ensure that 
shipping the engine without such 
components will not result in the engine 
being operated outside of its certified 
configuration. In making this 
determination, we will consider the 
importance of the component for 
controlling emissions and the likelihood 
that equipment manufacturers will have 
an incentive to disregard your emission- 
related installation instructions based 
on any relevant factors, such as the cost 
of the component and any real or 
perceived expectation of a negative 
impact on engine or equipment 
performance. 
* * * * * 
■ 350. Section 1068.262 is revised to 
read as follows: 

§ 1068.262 Shipment of engines to 
secondary engine manufacturers. 

This section specifies how 
manufacturers may introduce into U.S. 
commerce partially complete engines 
that have an exemption or a certificate 
of conformity held by a secondary 
engine manufacturer and are not yet in 
a certified configuration. See the 
standard-setting part to determine 
whether and how the provisions of this 
section apply. (Note: See § 1068.261 for 
provisions related to manufacturers 
introducing into U.S. commerce 
partially complete engines for which 
they hold the certificate of conformity.) 
This exemption is temporary as 
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described in paragraph (g) of this 
section. 

(a) The provisions of this section 
generally apply where the secondary 
engine manufacturer has substantial 
control over the design and assembly of 
emission controls. In unusual 
circumstances we may allow other 
secondary engine manufacturers to use 
these provisions. In determining 
whether a manufacturer has substantial 
control over the design and assembly of 
emission controls, we would consider 
the degree to which the secondary 
engine manufacturer would be able to 
ensure that the engine will conform to 
the regulations in its final configuration. 
Such secondary engine manufacturers 
may finish assembly of partially 
complete engines in the following cases: 

(1) You obtain an engine that is not 
fully assembled with the intent to 
manufacture a complete engine. 

(2) You obtain an engine with the 
intent to modify it before it reaches the 
ultimate purchaser. 

(3) You obtain an engine with the 
intent to install it in equipment that will 
be subject to equipment-based 
standards. 

(b) Manufacturers may introduce into 
U.S. commerce partially complete 
engines as described in this section if 
they have a written request for such 
engines from a secondary engine 
manufacturer that has certified the 
engine and will finish the engine 
assembly. The written request must 
include a statement that the secondary 
engine manufacturer has a certificate of 
conformity for the engine and identify a 
valid engine family name associated 
with each engine model ordered (or the 
basis for an exemption if applicable, as 
specified in paragraph (e) of this 
section). The original engine 
manufacturer must apply a removable 
label meeting the requirements of 
§ 1068.45 that identifies the corporate 
name of the original manufacturer and 
states that the engine is exempt under 
the provisions of § 1068.262. The name 
of the certifying manufacturer must also 
be on the label or, alternatively, on the 
bill of lading that accompanies the 
engines during shipment. The original 
engine manufacturer may not apply a 
permanent emission control information 
label identifying the engine’s eventual 
status as a certified engine. 

(c) If you are the secondary engine 
manufacturer and you will hold the 
certificate, you must include the 
following information in your 
application for certification: 

(1) Identify the original engine 
manufacturer of the partially complete 
engine or of the complete engine you 
will modify. 

(2) Describe briefly how and where 
final assembly will be completed. 
Specify how you have the ability to 
ensure that the engines will conform to 
the regulations in their final 
configuration. (Note: Paragraph (a) of 
this section prohibits using the 
provisions of this section unless you 
have substantial control over the design 
and assembly of emission controls.) 

(3) State unconditionally that you will 
not distribute the engines without 
conforming to all applicable regulations. 

(d) If you are a secondary engine 
manufacturer and you are already a 
certificate holder for other families, you 
may receive shipment of partially 
complete engines after you apply for a 
certificate of conformity but before the 
certificate’s effective date. In this case, 
all the provisions of § 1068.103(c)(1) 
through (3) apply. This exemption 
allows the original manufacturer to ship 
engines after you have applied for a 
certificate of conformity. Manufacturers 
may introduce into U.S. commerce 
partially complete engines as described 
in this paragraph (d) if they have a 
written request for such engines from a 
secondary engine manufacturer stating 
that the application for certification has 
been submitted (instead of the 
information we specify in paragraph (b) 
of this section). We may set additional 
conditions under this paragraph (d) to 
prevent circumvention of regulatory 
requirements. Consistent with 
§ 1068.103(c), we may also revoke an 
exemption under this paragraph (d) if 
we have reason to believe that the 
application for certification will not be 
approved or that the engines will 
otherwise not reach a certified 
configuration before reaching the 
ultimate purchaser. This may require 
that you export the engines. 

(e) The provisions of this section also 
apply for shipping partially complete 
engines if the engine is covered by a 
valid exemption and there is no valid 
engine family name that could be used 
to represent the engine model. Unless 
we approve otherwise in advance, you 
may do this only when shipping engines 
to secondary engine manufacturers that 
are certificate holders. In this case, the 
secondary engine manufacturer must 
identify the regulatory cite identifying 
the applicable exemption instead of a 
valid engine family name when ordering 
engines from the original engine 
manufacturer. 

(f) If secondary engine manufacturers 
determine after receiving an engine 
under this section that the engine will 
not be covered by a certificate or 
exemption as planned, they may ask us 
to allow for shipment of the engines 
back to the original engine manufacturer 

or to another secondary engine 
manufacturer. This might occur in the 
case of an incorrect shipment or excess 
inventory. We may modify the 
provisions of this section as appropriate 
to address these cases. 

(g) Both original and secondary 
engine manufacturers must keep the 
records described in this section for at 
least five years, including the written 
request for engines and the bill of lading 
for each shipment (if applicable). The 
written request is deemed to be a 
submission to EPA and is thus subject 
to the reporting requirements of 
§ 1068.101(a)(2). 

(h) These provisions are intended 
only to allow secondary engine 
manufacturers to obtain or transport 
engines in the specific circumstances 
identified in this section so any 
exemption under this section expires 
when the engine reaches the point of 
final assembly identified in paragraph 
(c)(2) of this section. 

(i) For purposes of this section, an 
allowance to introduce partially 
complete engines into U.S. commerce 
includes a conditional allowance to sell, 
introduce, or deliver such engines into 
commerce in the United States or 
import them into the United States. It 
does not include a general allowance to 
offer such partially complete engines for 
sale because this exemption is intended 
to apply only for cases in which the 
certificate holder already has an 
arrangement to purchase the engines 
from the original engine manufacturer. 
This exemption does not allow the 
original engine manufacturer to 
subsequently offer the engines for sale 
to a different manufacturer who will 
hold the certificate unless that second 
manufacturer has also complied with 
the requirements of this part. The 
exemption does not apply for any 
individual engines that are not labeled 
as specified in this section or which are 
shipped to someone who is not a 
certificate holder. 

(j) We may suspend, revoke, or void 
an exemption under this section, as 
follows: 

(1) We may suspend or revoke your 
exemption if you fail to meet the 
requirements of this section. We may 
suspend or revoke an exemption related 
to a specific secondary engine 
manufacturer if that manufacturer sells 
engines that are in not in a certified 
configuration in violation of the 
regulations. We may disallow this 
exemption for future shipments to the 
affected secondary engine manufacturer 
or set additional conditions to ensure 
that engines will be assembled in the 
certified configuration. 
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(2) We may void an exemption for all 
the affected engines if you intentionally 
submit false or incomplete information 
or fail to keep and provide to EPA the 
records required by this section. 

(3) The exemption is void for an 
engine that is shipped to a company that 
is not a certificate holder or for an 
engine that is shipped to a secondary 
engine manufacturer that is not in 
compliance with the requirements of 
this section. 

(4) The secondary engine 
manufacturer may be liable for causing 
a prohibited act if voiding the 
exemption is due to its own actions. 

(k) No exemption is needed to import 
equipment that does not include an 
engine. No exemption from exhaust 
emission standards is available under 
this section for equipment subject to 
equipment-based standards if the engine 
has been installed. 
■ 351. Section 1068.265 is amended by 
revising the section heading to read as 
follows: 

§ 1068.265 Provisions for engines/ 
equipment conditionally exempted from 
certification. 

* * * * * 

Subpart D—Imports 

■ 352. Section 1068.301 is amended by 
revising the section heading and 
paragraphs (b) and (d) and adding 
paragraph (e) to read as follows: 

§ 1068.301 General provisions for 
importing engines/equipment. 

* * * * * 
(b) In general, engines/equipment that 

you import must be covered by a 
certificate of conformity unless they 
were built before emission standards 
started to apply. This subpart describes 
the limited cases where we allow 
importation of exempt or excluded 
engines/equipment. If an engine has an 
exemption from exhaust emission 
standards, this allows you to import the 
equipment under the same exemption. 
* * * * * 

(d) Complete the appropriate EPA 
declaration before importing any 
engines or equipment. These forms may 
be submitted and stored electronically 
and are available on the Internet at 
http://www.epa.gov/OTAQ/imports/ or 
by phone at 734–214–4100. Importers 
must keep these records for five years 
and make them available promptly upon 
request. 

(e) The standard-setting part may 
define uncertified engines/equipment to 
be ‘‘new’’ upon importation, whether or 
not they have already been placed into 
service. This may affect how the 

provisions of this subpart apply for your 
engines/equipment. (See the definition 
of ‘‘new’’ and other relevant terms in the 
standard-setting part.) 
■ 353. Section 1068.305 is amended by 
revising paragraphs (b)(1) and (2) to read 
as follows: 

§ 1068.305 How do I get an exemption or 
exclusion for imported engines/equipment? 

* * * * * 
(b) * * * 
(1) Give your name, address, and 

telephone number. 
(2) Give the engine/equipment 

owner’s name, address, and telephone 
number. 
* * * * * 
■ 354. Section 1068.310 is amended by 
revising the section heading and 
paragraph (a) to read as follows: 

§ 1068.310 Exclusions for imported 
engines/equipment. 

* * * * * 
(a) Nonroad engines/equipment used 

solely for competition. Nonroad 
engines/equipment that you 
demonstrate will be used solely for 
competition are excluded from the 
restrictions on imports in § 1068.301(b), 
but only if they are properly labeled. 
See the standard-setting part for 
provisions related to this demonstration 
that may apply. Section 1068.101(b)(4) 
prohibits anyone from using these 
excluded engines/equipment for 
purposes other than competition. We 
may waive the labeling requirement or 
allow a removable label for engines/ 
equipment that are being temporarily 
imported for one or more specific 
competition events. 
* * * * * 
■ 355. Section 1068.315 is amended by 
revising the section heading and 
paragraph (i) to read as follows: 

§ 1068.315 Permanent exemptions for 
imported engines/equipment. 

* * * * * 
(i) Ancient engine/equipment 

exemption. If you are not the original 
engine/equipment manufacturer, you 
may import nonconforming engines/ 
equipment that are subject to a 
standard-setting part and were first 
manufactured at least 21 years earlier, as 
long as they are still substantially in 
their original configurations. 
■ 356. Section 1068.325 is amended by 
revising the section heading, 
introductory text, and paragraphs (a), 
(c), (d), and (j)(5) to read as follows: 

§ 1068.325 Temporary exemptions for 
imported engines/equipment. 

You may import engines/equipment 
under certain temporary exemptions, 

subject to the conditions in this section. 
We may ask U.S. Customs and Border 
Protection to require a specific bond 
amount to make sure you comply with 
the requirements of this subpart. You 
may not sell or lease one of these 
engines/equipment while it is in the 
United States except as specified in this 
section or § 1068.201(i). You must 
eventually export the engine/equipment 
as we describe in this section unless it 
conforms to a certificate of conformity 
or it qualifies for one of the permanent 
exemptions in § 1068.315 or the 
standard-setting part. 

(a) Exemption for repairs or 
alterations. You may temporarily import 
nonconforming engines/equipment 
under bond solely for repair or 
alteration, subject to our advance 
approval as described in paragraph (j) of 
this section. You may operate the 
engine/equipment in the United States 
only as necessary to repair it, alter it, or 
ship it to or from the service location. 
Export the engine/equipment directly 
after servicing is complete, or confirm 
that it has been destroyed. 
* * * * * 

(c) Display exemption. You may 
temporarily import nonconforming 
engines/equipment under bond for 
display if you follow the requirements 
of § 1068.220, subject to our advance 
approval as described in paragraph (j) of 
this section. This exemption expires one 
year after you import the engine/ 
equipment, unless we approve your 
request for an extension. The engine/ 
equipment must be exported (or 
destroyed) by the time the exemption 
expires or directly after the display 
concludes, whichever comes first. 

(d) Export exemption. You may 
temporarily import nonconforming 
engines/equipment to export them, as 
described in § 1068.230. Label the 
engine/equipment as described in 
§ 1068.230. You may sell or lease the 
engines/equipment for operation 
outside the United States consistent 
with the provisions of § 1068.230. 
* * * * * 

(j) * * * 
(5) Acknowledge that EPA 

enforcement officers may conduct 
inspections or testing as allowed under 
the Clean Air Act. 
* * * * * 
■ 357. Section 1068.335 is amended by 
revising the section heading to read as 
follows: 

§ 1068.335 Penalties for violations. 

* * * * * 
■ 358. Section 1068.360 is amended by 
revising the section heading and 
paragraph (b) to read as follows: 
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§ 1068.360 Restrictions for assigning a 
model year to imported engines and 
equipment. 

* * * * * 
(b) This paragraph (b) applies for the 

importation of engines and equipment 
that have not been placed into service, 
where the importation occurs in any 
calendar year that is more than one year 
after the named model year of the 
engine or equipment when emission 
control requirements applying to 
current engines are different than for 
engines or equipment in the named 
model year, unless they are imported 
under special provisions for 
Independent Commercial Importers as 
allowed under the standard-setting part. 
Regardless of what other provisions of 
this subchapter U specify for the model 
year of the engine or equipment, such 
engines and equipment are deemed to 
have an applicable model year no more 
than one year earlier than the calendar 
year in which they are imported. For 
example, a new engine identified as a 
2007 model-year product that is 
imported on January 31, 2010 will be 
treated as a 2009 model-year engine; the 
same engine will be treated as a 2010 
model-year engine if it is imported any 
time in calendar year 2011. 
* * * * * 

Subpart E—Selective Enforcement 
Auditing 

■ 359. Section 1068.401 is revised to 
read as follows: 

§ 1068.401 What is a selective 
enforcement audit? 

(a) We may conduct or require you as 
a certificate holder to conduct emission 
tests on production engines/equipment 
in a selective enforcement audit. This 
requirement is independent of any 
requirement for you to routinely test 
production-line engines/equipment. 
Where there are multiple entities 
meeting the definition of manufacturer, 
we may require manufacturers other 
than the certificate holder to conduct or 
participate in the audit as necessary. For 
products subject to equipment-based 
standards, but tested using engine-based 
test procedures, this subpart applies to 
the engines and/or the equipment, as 
applicable. Otherwise this subpart 
applies to engines for products subject 
to engine-based standards and to 
equipment for products subject to 
equipment-based standards. 

(b) If we send you a signed test order, 
you must follow its directions and the 
provisions of this subpart. We may tell 
you where to test the engines/ 
equipment. This may be where you 
produce the engines/equipment or any 

other emission testing facility. You are 
responsible for all testing costs whether 
the testing is conducted at your facility 
or another facility. 

(c) If we select one or more of your 
families for a selective enforcement 
audit, we will send the test order to the 
person who signed the application for 
certification or we will deliver it in 
person. 

(d) If we do not select a testing 
facility, notify the Designated 
Compliance Officer within one working 
day of receiving the test order where 
you will test your engines/equipment. 

(e) You must do everything we require 
in the audit without delay. We may 
suspend or revoke your certificate of 
conformity for the affected engine 
families if you do not fulfill your 
obligations under this subpart. 
■ 360. Section 1068.405 is amended by 
revising paragraph (a)(1) to read as 
follows: 

§ 1068.405 What is in a test order? 

(a) * * * 
(1) The family we have identified for 

testing. We may also specify individual 
configurations. 
* * * * * 
■ 361. Section 1068.415 is amended by 
revising paragraphs (c) and (d) to read 
as follows: 

§ 1068.415 How do I test my engines/ 
equipment? 

* * * * * 
(c) Test at least two engines/ 

equipment in each 24-hour period 
(including void tests). However, for 
engines with maximum engine power 
above 560 kW, you may test one engine 
per 24-hour period. If you request and 
justify it, we may approve a lower 
testing rate. 

(d) For exhaust emissions, accumulate 
service on test engines/equipment at a 
minimum rate of 6 hours per engine or 
piece of equipment during each 24-hour 
period; however, service accumulation 
to stabilize an engine’s emission levels 
may not take longer than eight days. The 
first 24-hour period for service 
accumulation begins when you finish 
preparing an engine or piece of 
equipment for testing. The minimum 
service accumulation rate does not 
apply on weekends or holidays. We may 
approve a longer stabilization period or 
a lower service accumulation rate if you 
request and justify it. We may require 
you to accumulate hours more rapidly 
than the minimum rate, as appropriate. 
Plan your service accumulation to allow 
testing at the rate specified in paragraph 
(c) of this section. Select operation for 
accumulating operating hours on your 

test engines/equipment to represent 
normal in-use operation for the family. 
* * * * * 

■ 362. Section 1068.420 is amended by 
revising paragraphs (b) and (e) to read 
as follows: 

§ 1068.420 How do I know when my engine 
family fails an SEA? 

* * * * * 
(b) Continue testing engines/ 

equipment until you reach a pass 
decision for all pollutants or a fail 
decision for one pollutant, as described 
in paragraph (c) of this section. 
* * * * * 

(e) If you reach a pass decision for one 
pollutant, but need to continue testing 
for another pollutant, we will not use 
these later test results for the pollutant 
with the pass decision as part of the 
SEA. 
* * * * * 

■ 363. Section 1068.425 is amended by 
revising paragraph (b) to read as follows: 

§ 1068.425 What happens if one of my 
production-line engines/equipment exceeds 
the emission standards? 

* * * * * 
(b) You may ask for a hearing relative 

to the suspended certificate of 
conformity for the failing engine/ 
equipment as specified in subpart G of 
this part. 

■ 364. Section 1068.430 is amended by 
revising paragraph (c) to read as follows: 

§ 1068.430 What happens if a family fails 
an SEA? 

* * * * * 
(c) You may ask for a hearing as 

described in subpart G of this part up to 
15 days after we suspend the certificate 
for a family. If we agree that we used 
erroneous information in deciding to 
suspend the certificate before a hearing 
is held, we will reinstate the certificate. 

■ 365. Section 1068.450 is amended by 
revising paragraph (b) to read as follows: 

§ 1068.450 What records must I send to 
EPA? 

* * * * * 
(b) We may ask you to add 

information to your written report, so 
we can determine whether your new 
engines/equipment conform to the 
requirements of this subpart. 
* * * * * 

Subpart F—Reporting Defects and 
Recalling Engines/Equipment 

■ 366. Section 1068.501 is amended by 
revising paragraphs (a)(1)(iv), (a)(8), and 
(b)(1)(iii) to read as follows: 
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§ 1068.501 How do I report emission- 
related defects? 

* * * * * 
(a) * * * 
(1) * * * 
(iv) Any other component whose 

failure would commonly increase 
emissions of any regulated pollutant 
without significantly degrading engine/ 
equipment performance. 
* * * * * 

(8) Send all reports required by this 
section to the Designated Compliance 
Officer. 
* * * * * 

(b) * * * 
(1) * * * 
(iii) You receive any other 

information for which good engineering 
judgment would indicate the 
component or system may be defective, 
such as information from dealers, field- 
service personnel, equipment 
manufacturers, hotline complaints, in- 
use testing, or engine diagnostic 
systems. 
* * * * * 
■ 367. Section 1068.505 is amended by 
revising paragraphs (a), (c), and (g) to 
read as follows: 

§ 1068.505 How does the recall program 
work? 

(a) If we make a determination that a 
substantial number of properly 
maintained and used engines/ 
equipment within a given class or 
category do not conform to the 
regulations of this chapter during their 
useful life, you must submit a plan to 
remedy the nonconformity of your 
engines/equipment. We will notify you 
of our determination in writing. Our 
notice will identify the class or category 
of engines/equipment affected and 
describe how we reached our 
conclusion. If this happens, you must 
meet the requirements and follow the 
instructions in this subpart. You must 
remedy at your expense all engines/ 
equipment that experienced the 
nonconformity during the useful life in 
spite of being properly maintained and 
used, as described in § 1068.510(a)(7), 
regardless of their age or extent of 
service accumulation at the time of 
repair. You may not transfer this 
expense to a dealer (or equipment 
manufacturer for engine-based 
standards) through a franchise or other 
agreement. 
* * * * * 

(c) Unless we withdraw the 
determination of noncompliance, you 
must respond to it by sending a 
remedial plan to the Designated 
Compliance Officer. We will designate a 
date by which you must send us the 

remedial plan; the designated date will 
be no sooner than 45 days after we 
notify you, and no sooner than 30 days 
after a hearing. 
* * * * * 

(g) For purposes of recall, ‘‘owner’’ 
means someone who owns an engine or 
piece of equipment affected by a 
remedial plan. 
■ 368. Section 1068.510 is amended by 
revising paragraphs (a)(6), (b), and (h) to 
read as follows: 

§ 1068.510 How do I prepare and apply my 
remedial plan? 

(a) * * * 
(6) How you will notify owners; 

include a copy of any notification 
letters. 
* * * * * 

(b) We may require you to add 
information if it is needed to evaluate 
your remedial plan. 
* * * * * 

(h) Begin notifying owners within 15 
days after we approve your remedial 
plan. If we hold a hearing, but do not 
change our position about the 
noncompliance, you must begin 
notifying owners within 60 days after 
we complete the hearing unless we 
specify a later deadline. 
■ 369. Section 1068.515 is amended by 
revising paragraphs (a) and (c) to read as 
follows: 

§ 1068.515 How do I mark or label repaired 
engines/equipment? 

(a) Attach a label to engines/ 
equipment you repair under the 
remedial plan. At your discretion, you 
may label or mark engines/equipment 
you inspect but do not repair. Designate 
the specific recall campaign on the 
label. 
* * * * * 

(c) Identify the facility where you 
repaired or inspected the engine/ 
equipment on the label, or keep records 
of this information for each vehicle and 
give it to us if we ask for it. 
* * * * * 
■ 370. Section 1068.520 is amended by 
revising paragraph (b) to read as follows: 

§ 1068.520 How do I notify affected 
owners? 

* * * * * 
(b) We may require you to add 

information to your notice or to send 
more notices if we determine this is 
reasonable and necessary to ensure an 
effective recall. 
* * * * * 
■ 371. Section 1068.530 is amended by 
revising the introductory text to read as 
follows: 

§ 1068.530 What records must I keep? 
We may review your records at any 

time so it is important that you keep 
required information readily available. 
Keep records associated with your recall 
campaign for five years after you send 
the last report we require under 
§ 1068.525(b). Organize and maintain 
your records as described in this 
section. 
* * * * * 
■ 372. Subpart G is revised to read as 
follows: 

Subpart G—Hearings 

Sec. 
1068.601 Overview. 
1068.610 Request for hearing—suspending, 

revoking, or voiding a certificate of 
conformity. 

1068.615 Request for hearing—denied 
application for certification, 
automatically suspended certificate, and 
determinations related to certification. 

1068.620 Request for hearing—recall. 
1068.625 Request for hearing— 

nonconformance penalties. 
1068.650 Procedures for informal hearings. 

Subpart G—Hearings 

§ 1068.601 Overview. 
The regulations of this chapter 

involve numerous provisions that may 
result in EPA making a decision or 
judgment that you may consider adverse 
to your interests and that either limits 
your business activities or requires you 
to pay penalties. As specified in the 
regulations in this chapter, this might 
involve an opportunity for an informal 
hearing or a formal hearing that follows 
specific procedures and is directed by a 
Presiding Officer. The regulations in 
this chapter generally specify when we 
would hold a hearing. In limited 
circumstances, we may grant a request 
for a hearing related to adverse 
decisions regarding regulatory 
provisions for which we do not 
specifically describe the possibility of 
asking for a hearing. 

(a) If you request a hearing regarding 
our decision to assess administrative 
penalties under § 1068.125, we will 
hold a formal hearing according to the 
provisions of 40 CFR 22.1 through 22.32 
and 22.34. 

(b) For other issues where the 
regulation allows for a hearing in 
response to an adverse decision, you 
may request an informal hearing as 
described in § 1068.650. Sections 
1068.610 through 1068.625 describe 
when and how to request an informal 
hearing under various circumstances. 

(c) The time limits we specify are 
calendar days and include weekends 
and holidays, except that a deadline 
falling on a Saturday, Sunday, or a 
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federal holiday is understood to move to 
the next business day. Your filing will 
be considered timely based on the 
following criteria relative to the 
specified deadline: 

(1) The postmarked date for items sent 
by U.S. mail must be on or before the 
specified date. 

(2) The ship date for items sent from 
any location within the United States by 
commercial carriers must be on or 
before the specified date. 

(3) Items sent by mail or courier from 
outside the United States must be 
received by the specified date. 

(4) The time and date stamp on an 
email message must be at or before 5:00 
p.m. on the specified date (in either the 
source or destination time zone). 

(5) The time and date stamp on faxed 
pages must be at or before 5:00 p.m. on 
the specified date (in either the source 
or destination time zone). 

(6) Hand-delivered items must be 
received by the appropriate personnel 
by 3:00 p.m. on the specified date. 

(d) See the standard-setting part for 
additional information. If the standard- 
setting part specifies any provisions that 
are contrary to those described in this 
subpart, the provisions of the standard- 
setting part apply instead of those 
described in this subpart. 

§ 1068.610 Request for hearing— 
suspending, revoking, or voiding a 
certificate of conformity. 

(a) You may request an informal 
hearing as described in § 1068.650 if 
you disagree with our decision to 
suspend, revoke, or void a certificate of 
conformity. 

(b) If you request a hearing regarding 
the outcome of a testing regimen with 
established evaluation criteria, such as 
selective enforcement audits or routine 
production-line testing, we will hold a 
hearing limited to the following issues 
that are relevant to your circumstances: 

(1) Whether tests were conducted in 
accordance with applicable regulations. 

(2) Whether test equipment was 
properly calibrated and functioning. 

(3) Whether specified sampling 
procedures were followed to select 
engines/equipment for testing. 

(4) Whether there is a basis for 
determining that the problems 
identified do not apply for engines/ 
equipment produced at plants other 
than the one from which engines/ 
equipment were selected for testing. 

(c) You must send your hearing 
request in writing to the Designated 
Compliance Officer no later than 30 
days after we notify you of our decision 
to suspend, revoke, or void your 
certificate, or by some later deadline we 
specify. If the deadline passes, we may 

nevertheless grant you a hearing at our 
discretion. 

(d) Your hearing request must include 
the following information: 

(1) Identify the classes or categories of 
engines/equipment that will be the 
subject of the hearing. 

(2) State briefly which issues you will 
raise at the hearing for each affected 
class or category of engines/equipment. 

(3) Specify why you believe the 
hearing will conclude in your favor for 
each of the issues you will raise. 

(4) Summarize the evidence 
supporting your position on each of the 
issues you will raise and include any 
supporting data. 

(e) We will approve your request for 
an informal hearing if we find that your 
request raises a substantial factual issue 
in the decision we made that, if 
addressed differently, could alter the 
outcome of that decision. 

§ 1068.615 Request for hearing—denied 
application for certification, automatically 
suspended certificate, and determinations 
related to certification. 

(a) You may request an informal 
hearing as described in § 1068.650 if we 
deny your application for a certificate of 
conformity, if your certificate of 
conformity is automatically suspended 
under the regulations, or if you disagree 
with determinations we make as part of 
the certification process. For example, 
you might disagree with our 
determinations regarding adjustable 
parameters under § 1068.50 or regarding 
your good engineering judgment under 
§ 1068.5. 

(b) You must send your hearing 
request in writing to the Designated 
Compliance Officer no later than 30 
days after we notify you of our decision, 
or by some later deadline we specify. If 
the specified deadline passes, we may 
nevertheless grant you a hearing at our 
discretion. 

(c) Your hearing request must include 
the information specified in 
§ 1068.610(d). 

(d) We will approve your request for 
an informal hearing if we find that your 
request raises a substantial factual issue 
in the decision we made that, if 
addressed differently, could alter the 
outcome of that decision. 

§ 1068.620 Request for hearing—recall. 

(a) You may request an informal 
hearing as described in § 1068.650 if 
you disagree with our decision to order 
a recall. 

(b) You must send your hearing 
request in writing to the Designated 
Compliance Officer no later than 45 
days after we notify you of our decision, 
or by some later deadline we specify. If 

the specified deadline passes, we may 
nevertheless grant you a hearing at our 
discretion. 

(c) Your hearing request must include 
the information specified in 
§ 1068.610(d). 

(d) We will approve your request for 
an informal hearing if we find that your 
request raises a substantial factual issue 
in the decision we made that, if 
addressed differently, could alter the 
outcome of that decision. 

§ 1068.625 Request for hearing— 
nonconformance penalties. 

(a) You may request an informal 
hearing as described in § 1068.650 if 
you disagree with our determination of 
compliance level or penalty calculation 
or both. The hearing will address only 
whether the compliance level or penalty 
was determined in accordance with the 
regulations. 

(b) Send a request for a hearing in 
writing to the Designated Compliance 
Officer within the following time frame, 
as applicable: 

(1) No later than 15 days after we 
notify you that we have approved a 
nonconformance penalty under this 
subpart if the compliance level is in the 
allowable range of nonconformity. 

(2) No later than 15 days after 
completion of the Production 
Compliance Audit if the compliance 
level exceeds the upper limit. 

(3) No later than 15 days after we 
notify you of an adverse decision for all 
other cases. 

(c) If you miss the specified deadline 
in paragraph (b) of this section, we may 
nevertheless grant youa hearing at our 
discretion. 

(d) Your hearing request must include 
the information specified in 
§ 1068.610(d). 

(e) We will approve your request for 
an informal hearing if we find that your 
request raises a substantial factual issue 
in the decision we made that, if 
addressed differently, could alter the 
outcome of that decision. 

§ 1068.650 Procedures for informal 
hearings. 

(a) The following provisions apply for 
arranging the hearing: 

(1) After granting your request for an 
informal hearing, we will designate a 
Presiding Officer for the hearing. 

(2) The Presiding Officer will select 
the time and place for the hearing. The 
hearing must be held as soon as 
practicable for all parties involved. 

(3) The Presiding Officer may require 
that all argument and presentation of 
evidence be concluded by a certain date 
after commencement of the hearing. 

(b) The Presiding Officer will 
establish a paper or electronic hearing 
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record, which may be made available for 
inspection. The hearing record includes, 
but is not limited to, the following 
materials: 

(1) All documents relating to the 
application for certification, including 
the certificate of conformity itself, if 
applicable. 

(2) Your request for a hearing and the 
accompanying supporting data. 

(3) Correspondence and other data 
relevant to the hearing. 

(4) The Presiding Officer’s written 
decision regarding the subject of the 
hearing, together with any 
accompanying material. 

(c) You may appear in person or you 
may be represented by counsel or by 
any other representative you designate. 

(d) The Presiding Officer may arrange 
for a prehearing conference, either in 
response to a request from any party or 
at his or her own discretion. The 
Presiding Officer will select the time 
and place for the prehearing conference. 
The Presiding Officer will summarize 
the results of the conference and 
include the written summary as part of 
the record. The prehearing conference 
may involve consideration of the 
following items: 

(1) Simplification of the issues. 
(2) Stipulations, admissions of fact, 

and the introduction of documents. 
(3) Limitation of the number of expert 

witnesses. 
(4) Possibility of reaching an 

agreement to resolve any or all of the 
issues in dispute. 

(5) Any other matters that may aid in 
expeditiously and successfully 
concluding the hearing. 

(e) Hearings will be conducted as 
follows: 

(1) The Presiding Officer will conduct 
informal hearings in an orderly and 
expeditious manner. The parties may 
offer oral or written evidence; however, 
the Presiding Officer may exclude 
evidence that is irrelevant, immaterial, 
or repetitious. 

(2) Witnesses will not be required to 
testify under oath; however, the 
Presiding Officer must make clear that 
18 U.S.C. 1001 specifies civil and 
criminal penalties for knowingly 
making false statements or 
representations or using false 
documents in any matter within the 
jurisdiction of EPA or any other 
department or agency of the United 
States. 

(3) Any witness may be examined or 
cross-examined by the Presiding Officer, 
by you, or by any other parties. 

(4) Written transcripts must be made 
for all hearings. Anyone may purchase 
copies of transcripts from the reporter. 

(f) The Presiding Officer will make a 
final decision with written findings, 

conclusions and supporting rationale on 
all the substantial factual issues 
presented in the record. The findings, 
conclusions, and written decision must 
be provided to the parties and made a 
part of the record. 
■ 373. Appendix I to part 1068 is 
amended by revising paragraph IV to 
read as follows: 

Appendix I to Part 1068—Emission- 
Related Components 

* * * * * 
IV. Emission-related components also 

include any other part whose primary 
purpose is to reduce emissions or whose 
failure would commonly increase emissions 
without significantly degrading engine/ 
equipment performance. 

Department of Transportation 

National Highway Traffic Safety 
Administration 

49 CFR Chapter V 
In consideration of the foregoing, 

under the authority of 49 U.S.C. 322, 5 
U.S.C. 552, 49 U.S.C. 30166, 49 U.S.C. 
30167, 49 U.S.C. 32307, 49 U.S.C. 
32505, 49 U.S.C. 32708, 49 U.S.C. 
32910, 49 U.S.C. 33116, 49 U.S.C. 
32901, 49 U.S.C. 32902, 49 U.S.C. 
30101, 49 U.S.C. 32905, 49 U.S.C. 
32906, and delegation of authority at 49 
CFR 1.95, NHTSA amends 49 CFR 
chapter V as follows: 

PART 523—VEHICLE CLASSIFICATION 

■ 374. Revise the authority citation for 
part 523 to read as follows: 

Authority: 49 U.S.C. 32901; delegation of 
authority at 49 CFR 1.95. 

■ 375. Revise § 523.2 to read as follows: 

§ 523.2 Definitions. 
As used in this part: 
Ambulance has the meaning given in 

40 CFR 86.1803. 
Approach angle means the smallest 

angle, in a plane side view of an 
automobile, formed by the level surface 
on which the automobile is standing 
and a line tangent to the front tire static 
loaded radius arc and touching the 
underside of the automobile forward of 
the front tire. 

Axle clearance means the vertical 
distance from the level surface on which 
an automobile is standing to the lowest 
point on the axle differential of the 
automobile. 

Base tire (for passenger automobiles, 
light trucks, and medium duty 
passenger vehicles) means the tire size 
specified as standard equipment by the 
manufacturer on each unique 
combination of a vehicle’s footprint and 
model type. Standard equipment is 
defined in 40 CFR 86.1803. 

Basic vehicle frontal area is used as 
defined in 40 CFR 86.1803 for passenger 
automobiles, light trucks, medium duty 
passenger vehicles and Class 2b through 
3 pickup trucks and vans. For heavy- 
duty tracts and vocational vehicles, it 
has the meaning given in 40 CFR 
1037.801. 

Breakover angle means the 
supplement of the largest angle, in the 
plan side view of an automobile that can 
be formed by two lines tangent to the 
front and rear static loaded radii arcs 
and intersecting at a point on the 
underside of the automobile. 

Bus has the meaning given in 49 CFR 
571.3. 

Cab-complete vehicle means a vehicle 
that is first sold as an incomplete 
vehicle that substantially includes the 
vehicle cab section as defined in 40 CFR 
1037.801. For example, vehicles known 
commercially as chassis-cabs, cab- 
chassis, box-deletes, bed-deletes, and 
cut-away vans are considered cab- 
complete vehicles. A cab includes a 
steering column and a passenger 
compartment. Note that a vehicle 
lacking some components of the cab is 
a cab-complete vehicle if it substantially 
includes the cab. 

Cargo-carrying volume means the 
luggage capacity or cargo volume index, 
as appropriate, and as those terms are 
defined in 40 CFR 600.315–08, in the 
case of automobiles to which either of 
these terms apply. With respect to 
automobiles to which neither of these 
terms apply, ‘‘cargo-carrying volume’’ 
means the total volume in cubic feet, 
rounded to the nearest 0.1 cubic feet, of 
either an automobile’s enclosed 
nonseating space that is intended 
primarily for carrying cargo and is not 
accessible from the passenger 
compartment, or the space intended 
primarily for carrying cargo bounded in 
the front by a vertical plane that is 
perpendicular to the longitudinal 
centerline of the automobile and passes 
through the rearmost point on the 
rearmost seat and elsewhere by the 
automobile’s interior surfaces. 

Class 2b vehicles are vehicles with a 
gross vehicle weight rating (GVWR) 
ranging from 8,501 to 10,000 pounds. 

Class 3 through Class 8 vehicles are 
vehicles with a gross vehicle weight 
rating (GVWR) of 10,001 pounds or 
more as defined in 49 CFR 565.15. 

Coach bus has the meaning given in 
40 CFR 1037.801. 

Commercial medium- and heavy-duty 
on-highway vehicle means an on- 
highway vehicle with a gross vehicle 
weight rating of 10,000 pounds or more 
as defined in 49 U.S.C. 32901(a)(7). 
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Complete vehicle has the meaning 
given to completed vehicle as defined in 
49 CFR 567.3. 

Concrete mixer has the meaning given 
in 40 CFR 1037.801. 

Curb weight has the meaning given in 
49 CFR 571.3. 

Dedicated vehicle has the same 
meaning as dedicated automobile as 
defined in 49 U.S.C. 32901(a)(8). 

Departure angle means the smallest 
angle, in a plane side view of an 
automobile, formed by the level surface 
on which the automobile is standing 
and a line tangent to the rear tire static 
loaded radius arc and touching the 
underside of the automobile rearward of 
the rear tire. 

Dual-fueled vehicle (multi-fuel, or 
flexible-fuel vehicle) has the same 
meaning as dual fueled automobile as 
defined in 49 U.S.C. 32901(a)(9). 

Electric vehicle means a vehicle that 
does not include an engine, and is 
powered solely by an external source of 
electricity and/or solar power. Note that 
this does not include electric hybrid or 
fuel-cell vehicles that use a chemical 
fuel such as gasoline, diesel fuel, or 
hydrogen. Electric vehicles may also be 
referred to as all-electric vehicles to 
distinguish them from hybrid vehicles. 

Emergency vehicle means one of the 
following: 

(1) For passenger cars, light trucks 
and medium duty passenger vehicles, 
emergency vehicle has the meaning 
given in 49 U.S.C. 32902(e). 

(2) For heavy-duty vehicles, 
emergency vehicle has the meaning 
given in 40 CFR 1037.801. 

Engine code has the meaning given in 
40 CFR 86.1803. 

Final stage manufacturer has the 
meaning given in 49 CFR 567.3. 

Fire truck has the meaning given in 40 
CFR 86.1803. 

Footprint is defined as the product of 
track width (measured in inches, 
calculated as the average of front and 
rear track widths, and rounded to the 
nearest tenth of an inch) times 
wheelbase (measured in inches and 
rounded to the nearest tenth of an inch), 
divided by 144 and then rounded to the 
nearest tenth of a square foot. For 
purposes of this definition, track width 
is the lateral distance between the 
centerlines of the base tires at ground, 
including the camber angle. For 
purposes of this definition, wheelbase is 
the longitudinal distance between front 
and rear wheel centerlines. 

Full-size pickup truck means a light 
truck or medium duty passenger vehicle 
that meets the requirements specified in 
40 CFR 86.1866–12(e). 

Gross axle weight rating (GAWR) has 
the meaning given in 49 CFR 571.3. 

Gross combination weight rating 
(GCWR) has the meaning given in 49 
CFR 571.3. 

Gross vehicle weight rating (GVWR) 
has the meaning given in 49 CFR 571.3. 

Heavy-duty engine means any engine 
used for (or for which the engine 
manufacturer could reasonably expect 
to be used for) motive power in a heavy- 
duty vehicle. For purposes of this 
definition in this part, the term 
‘‘engine’’ includes internal combustion 
engines and other devices that convert 
chemical fuel into motive power. For 
example, a fuel cell and motor used in 
a heavy-duty vehicle is a heavy-duty 
engine. Heavy duty-engines include 
those engines subject to the standards in 
49 CFR part 535. 

Heavy-duty vehicle means a vehicle as 
defined in § 523.6. 

Hitch means a device attached to the 
chassis of a vehicle for towing. 

Incomplete vehicle has the meaning 
given in 49 CFR 567.3. 

Light truck means a non-passenger 
automobile meeting the criteria in 
§ 523.5. 

Manufacturer has the meaning given 
in 49 U.S.C. 32901(a)(14). 

Medium duty passenger vehicle 
means a vehicle which would satisfy the 
criteria in § 523.5 (relating to light 
trucks) but for its gross vehicle weight 
rating or its curb weight, which is rated 
at more than 8,500 lbs GVWR or has a 
vehicle curb weight of more than 6,000 
pounds or has a basic vehicle frontal 
area in excess of 45 square feet, and 
which is designed primarily to transport 
passengers, but does not include a 
vehicle that— 

(1) Is an ‘‘incomplete vehicle’’ ’ as 
defined in this subpart; or 

(2) Has a seating capacity of more 
than 12 persons; or 

(3) Is designed for more than 9 
persons in seating rearward of the 
driver’s seat; or 

(4) Is equipped with an open cargo 
area (for example, a pick-up truck box 
or bed) of 72.0 inches in interior length 
or more. A covered box not readily 
accessible from the passenger 
compartment will be considered an 
open cargo area for purposes of this 
definition. 

Mild hybrid gasoline-electric vehicle 
means a vehicle as defined by EPA in 
40 CFR 86.1866–12(e). 

Motor home has the meaning given in 
49 CFR 571.3. 

Motor vehicle has the meaning given 
in 49 U.S.C. 30102. 

Passenger-carrying volume means the 
sum of the front seat volume and, if any, 
rear seat volume, as defined in 40 CFR 
600.315–08, in the case of automobiles 
to which that term applies. With respect 

to automobiles to which that term does 
not apply, ‘‘passenger-carrying volume’’ 
means the sum in cubic feet, rounded to 
the nearest 0.1 cubic feet, of the volume 
of a vehicle’s front seat and seats to the 
rear of the front seat, as applicable, 
calculated as follows with the head 
room, shoulder room, and leg room 
dimensions determined in accordance 
with the procedures outlined in Society 
of Automotive Engineers Recommended 
Practice J1100, Motor Vehicle 
Dimensions (Report of Human Factors 
Engineering Committee, Society of 
Automotive Engineers, approved 
November 2009). 

(1) For front seat volume, divide 1,728 
into the product of the following SAE 
dimensions, measured in inches to the 
nearest 0.1 inches, and round the 
quotient to the nearest 0.001 cubic feet. 

(i) H61-Effective head room—front. 
(ii) W3-Shoulder room—front. 
(iii) L34-Maximum effective leg room- 

accelerator. 
(2) For the volume of seats to the rear 

of the front seat, divide 1,728 into the 
product of the following SAE 
dimensions, measured in inches to the 
nearest 0.1 inches, and rounded the 
quotient to the nearest 0.001 cubic feet. 

(i) H63-Effective head room—second. 
(ii) W4-Shoulder room—second. 
(iii) L51-Minimum effective leg 

room—second. 
Pickup truck means a non-passenger 

automobile which has a passenger 
compartment and an open cargo area 
(bed). 

Pintle hooks means a type of towing 
hitch that uses a tow ring configuration 
to secure to a hook or a ball combination 
for the purpose of towing. 

Recreational vehicle or RV means a 
motor vehicle equipped with living 
space and amenities found in a motor 
home. 

Refuse hauler has the meaning given 
in 40 CFR 1037.801. 

Running clearance means the distance 
from the surface on which an 
automobile is standing to the lowest 
point on the automobile, excluding 
unsprung weight. 

School bus has the meaning given in 
49 CFR 571.3. 

Static loaded radius arc means a 
portion of a circle whose center is the 
center of a standard tire-rim 
combination of an automobile and 
whose radius is the distance from that 
center to the level surface on which the 
automobile is standing, measured with 
the automobile at curb weight, the 
wheel parallel to the vehicle’s 
longitudinal centerline, and the tire 
inflated to the manufacturer’s 
recommended pressure. 
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Strong hybrid gasoline-electric vehicle 
means a vehicle as defined by EPA in 
40 CFR 86.1866–12(e). 

Temporary living quarters means a 
space in the interior of an automobile in 
which people may temporarily live and 
which includes sleeping surfaces, such 
as beds, and household conveniences, 
such as a sink, stove, refrigerator, or 
toilet. 

Transmission class has the meaning 
given in 40 CFR 600.002. 

Tranmission configuration has the 
meaning given in 40 CFR 600.002. 

Transmission type has the meaning 
given in 40 CFR 86.1803. 

Truck tractor has the meaning given 
in 49 CFR 571.3 and 49 CFR 535.5(c). 
This includes most heavy-duty vehicles 
specifically designed for the primary 
purpose of pulling trailers, but does not 
include vehicles designed to carry other 
loads. For purposes of this definition 
‘‘other loads’’ would not include loads 
carried in the cab, sleeper compartment, 
or toolboxes. Examples of vehicles that 
are similar to tractors but that are not 
tractors under this part include 
dromedary tractors, automobile haulers, 
straight trucks with trailers hitches, and 
tow trucks. 

Van means a vehicle with a body that 
fully encloses the driver and a cargo 
carrying or work performing 
compartment. The distance from the 
leading edge of the windshield to the 
foremost body section of vans is 
typically shorter than that of pickup 
trucks and sport utility vehicles. 

Vocational tractor means a tractor that 
is classified as a vocational vehicle 
according to 40 CFR 1037.630 

Vocational vehicle (or heavy-duty 
vocational vehicle) has the meaning 
given in § 523.8 and 49 CFR 535.5(b). 
This includes any vehicle that is 
equipped for a particular industry, trade 
or occupation such as construction, 
heavy hauling, mining, logging, oil 
fields, refuse and includes vehicles such 
as school buses, motorcoaches and RVs. 

Work truck means a vehicle that is 
rated at more than 8,500 pounds and 
less than or equal to 10,000 pounds 
gross vehicle weight, and is not a 
medium-duty passenger vehicle as 
defined in 49 U.S.C. 32901(a)(19). 
■ 376. Revise § 523.6 to read as follows: 

§ 523.6 Heavy-duty vehicle. 
(a) A heavy-duty vehicle is any 

commercial medium or heavy-duty on- 
highway vehicle or a work truck, as 
defined in 49 U.S.C. 32901(a)(7) and 
(19). For the purpose of this section, 
heavy-duty vehicles are divided into 
four regulatory categories as follows: 

(1) Heavy-duty pickup trucks and 
vans; 

(2) Heavy-duty vocational vehicles; 
(3) Truck tractors with a GVWR above 

26,000 pounds; and 
(4) Heavy-duty trailers. 
(b) The heavy-duty vehicle 

classification does not include vehicles 
excluded as specified in 49 CFR 535.3. 
■ 377. Revise § 523.7 to read as follows: 

§ 523.7 Heavy-duty pickup trucks and 
vans. 

(a) Heavy-duty pickup trucks and 
vans are pickup trucks and vans with a 
gross vehicle weight rating between 
8,501 pounds and 14,000 pounds (Class 
2b through 3 vehicles) manufactured as 
complete vehicles by a single or final 
stage manufacturer or manufactured as 
incomplete vehicles as designated by a 
manufacturer. See references in 40 CFR 
86.1801–12, 40 CFR 86.1819–17, 40 CFR 
1037.150, and 49 CFR 535.5(a). 

(b) Heavy duty vehicles above 14,000 
pounds GVWR may be optionally 
certified as heavy-duty pickup trucks 
and vans and comply with fuel 
consumption standards in 49 CFR 
535.5(a), if properly included in a test 
group with similar vehicles at or below 
14,000 pounds GVWR. Fuel 
consumption standards apply to these 
vehicles as if they were Class 3 heavy- 
duty vehicles. The work factor for these 
vehicles may not be greater than the 
largest work factor that applies for 
vehicles in the test group that are at or 
below 14,000 pounds GVWR (see 40 
CFR 86.1819–14). 

(c) Incomplete heavy-duty vehicles at 
or below 14,000 pounds GVWR may be 
optionally certified as heavy-duty 
pickup trucks and vans and comply 
with to the fuel consumption standards 
in 49 CFR 535.5(a). 
■ 378. Add § 523.10 to read as follows: 

§ 523.10 Heavy-duty trailers. 
(a) A trailer means a motor vehicle 

with or without motive power, designed 
for carrying cargo and for being drawn 
by another motor vehicle as defined in 
49 CFR 571.3. For the purpose of this 
part, heavy-duty trailers include only 
those trailers designed to be drawn by 
a truck tractor excluding non-box 
trailers other than flatbed trailer, tanker 
trailers and container chassis and those 
that are coupled to vehicles exclusively 
by pintle hooks or hitches instead of a 
fifth wheel. Heavy-duty trailers may be 
divided into different types and 
categories as follows: 

(1) Box vans are trailers with enclosed 
cargo space that is permanently attached 
to the chassis, with fixed sides, nose, 
and roof. Tank trailers are not box vans. 

(2) Box van with front-mounted 
HVAC systems are refrigerated vans. 
Note that this includes systems that 

provide cooling, heating, or both. All 
other box vans are dry vans. 

(3) Trailers that are not box vans are 
non-box trailers. Note that the standards 
for non-box trailers in 49 CFR 
535.5(e)(2) apply only to flatbed trailers, 
tank trailers, and container chassis. 

(4) Box van with a length greater than 
50 feet are long box vans. Other box 
vans are short box vans. 

(5) The following types of equipment 
are not trailers: 

(i) Containers that are not 
permanently mounted on chassis. 

(ii) Dollies used to connect tandem 
trailers. 

(iii) Equipment that serves similar 
purposes but are not intended to be 
pulled by a tractor. 

(b) Heavy-duty trailers do not include 
trailers excluded in 49 CFR 535.3. 

PART 534—RIGHTS AND 
RESPONSIBILITIES OF 
MANUFACTURERS IN THE CONTEXT 
OF CHANGES IN CORPORATE 
RELATIONSHIPS 

■ 379. Revise the authority citation for 
part 534 to read as follows: 

Authority: 49 U.S.C. 32901; delegation of 
authority at 49 CFR 1.95. 

■ 380. Add § 534.8 to read as follows: 

§ 534.8 Shared corporate relationships. 
(a) Vehicles and engines built by 

multiple manufacturers can share 
responsibility for complying with fuel 
consumption standards in 49 CFR part 
535, by following the EPA requirements 
in 40 CFR 1037.620 and by sending a 
joint agreement between the parties to 
EPA and NHTSA before submitting any 
certificates of conformity for the 
applicable vehicles or engines in 
accordance with 40 CFR part 1036, 
subpart C, and 40 CFR part 1037, 
subpart C. 

(1) Each joint agreement must— 
(i) Define how each manufacturer 

shares responsibility for the planned 
vehicles or engines. 

(ii) Specify which manufacturer(s) 
will be responsible for the EPA 
certificates of conformity; 

(iii) Describe the planned vehicles 
and engines in terms of the model types, 
production volumes, and model years (if 
known); 

(iv) Describe which manufacturer(s) 
have engineering and design control and 
sale distribution ownership over the 
vehicles and/or engines; and 

(v) Include signatures from all parties 
involved in the shared corporate 
relationship. 

(2) After defining the shared 
relationship between the manufacturers, 
any contractual changes must be 
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notified to EPA and NHTSA before the 
next model year’s production of the 
applicable vehicles or engines begins. 

(3) Multiple manufacturers must 
designate the same shared responsibility 
for complying with fuel consumption 
standards as selected for GHG standards 
unless otherwise allowed by EPA and 
NHTSA. 

(b) NHTSA and EPA reserve the right 
to reject the joint agreement. 
■ 381. Revise part 535 to read as 
follows: 

PART 535 MEDIUM-AND HEAVY-DUTY 
VEHICLE FUEL EFFICIENCY 
PROGRAM 

Sec. 
535.1 Scope. 
535.2 Purpose. 
535.3 Applicability. 
535.4 Definitions. 
535.5 Standards. 
535.6 Measurement and calculation 

procedures. 
535.7 Averaging, banking, and trading 

(ABT) credit program. 
535.8 Reporting and recordkeeping 

requirements. 
535.9 Enforcement approach. 
535.10 How do manufacturers comply with 

fuel consumption standards? 

Authority: 49 U.S.C. 32902 and 30101; 
delegation of authority at 49 CFR 1.95. 

§ 535.1 Scope. 
This part establishes fuel 

consumption standards pursuant to 49 
U.S.C. 32902(k) for work trucks and 
commercial medium- and heavy-duty 
on-highway vehicles, including trailers 
(hereafter referenced as heavy-duty 
vehicles), and engines manufactured for 
sale in the United States. This part 
establishes a credit program 
manufacturers may use to comply with 
standards and requirements for 
manufacturers to provide reports to the 
National Highway Traffic Safety 
Administration regarding their efforts to 
reduce the fuel consumption of heavy- 
duty vehicles and engines. 

§ 535.2 Purpose. 
The purpose of this part is to reduce 

the fuel consumption of new heavy-duty 
vehicles and engines by establishing 
maximum levels for fuel consumption 
standards while providing a flexible 
credit program to assist manufacturers 
in complying with standards. 

§ 535.3 Applicability. 
(a) This part applies to manufacturers 

that produce complete and incomplete 
heavy-duty vehicles as defined in 49 
CFR part 523, and to the manufacturers 
of all heavy-duty engines manufactured 
for use in the applicable vehicles for 
each given model year. 

(b) This part also applies to alterers, 
final stage manufacturers, and 
intermediate manufacturers producing 
vehicles and engines or assembling 
motor vehicles or motor vehicle 
equipment under special conditions. 
Manufacturers comply with this part by 
following the special conditions in 40 
CFR 1037.620, 1037.621, and 1037.622 
in which EPA allows manufacturer to: 

(1) Share responsibility for the 
vehicles they produce. Manufacturers 
sharing responsibility for complying 
with emissions and fuel consumption 
standards must submit to the agencies a 
joint agreement as specified in 49 CFR 
534.8(a); 

(2) Have certificate holders sell or 
ship vehicles that are missing certain 
emission-related components to be 
installed by secondary vehicle 
manufacturers; 

(3) Ship partially complete vehicles to 
secondary manufacturers; 

(4) Build electric vehicles; and 
(5) Build alternative fueled vehicles 

from all types of heavy duty engine 
conversions. The conversion 
manufacturer must: 

(i) Install alternative fuel conversion 
systems into vehicles acquired from 
vehicle manufacturers prior to first 
retail sale or prior to the vehicle’s 
introduction into interstate commerce. 

(ii) Be designated by the vehicle 
manufacturer and EPA to be the 
certificate holder. 

(iii) Omit alternative fueled vehicles 
from compliance with vehicle fuel 
consumption standards, if— 

(A) Excluded from EPA emissions 
standards; and 

(B) A reasonable technical basis exist 
that the modified vehicle continues to 
meet emissions and fuel consumption 
vehicle standards. 

(c) Vehicle and engine manufacturers 
that must comply with this part include 
manufacturers required to have 
approved certificates of conformity from 
EPA as specified in 40 CFR parts 86, 
1036, and 1037. 

(d) The following heavy-duty vehicles 
and engines are excluded from the 
requirements of this part: 

(1) Vehicles and engines 
manufactured prior to January 1, 2014, 
unless certified early under NHTSA’s 
voluntary provisions in § 535.5. 

(2) Medium-duty passenger vehicles 
and other vehicles subject to the light- 
duty corporate average fuel economy 
standards in 49 CFR parts 531 and 533. 

(3) Recreational vehicles, including 
motor homes manufactured before 
January 1, 2021, except those produced 
by manufacturers voluntarily complying 
with NHTSA’s early vocational 

standards for model years 2013 through 
2020. 

(4) Aircraft vehicles meeting the 
definition of ‘‘motor vehicle’’. For 
example, this would include certain 
convertible aircraft that can be adjusted 
to operate on public roads. 

(5) Heavy-duty trailers as defined in 
49 CFR 523.10 meeting one or more of 
the following criteria are excluded from 
trailer standards in § 535.5(e): 

(i) Trailers with four or more axles 
and trailers less than 35 feet long with 
three axles (i.e., trailers intended for 
hauling very heavy loads). 

(ii) Trailers intended for temporary or 
permanent residence, office space, or 
other work space, such as campers, 
mobile homes, and carnival trailers. 

(iii) Trailers with a gap of at least 120 
inches between adjacent axle 
centerlines. In the case of adjustable 
axle spacing, this refers to the closest 
possible axle positioning. 

(iv) Trailers built before January 1, 
2021, except those trailers built by 
manufacturers after January 1, 2018, and 
voluntarily complying with NHTSA’s 
early trailer standards for model years 
2018 through 2020. 

(v) Note that the definition of ‘‘heavy- 
duty trailer’’ in 49 CFR 523.10 excludes 
equipment that serves similar purposes 
but are not intended to be pulled by a 
tractor. This exclusion applies to such 
equipment whether or not they are 
known commercially as trailers. For 
example, any equipment pulled by a 
heavy-duty vehicle with a pintle hook 
or hitch instead of a fifth wheel does not 
qualify as a trailer under this part. 

(6) Engines installed in heavy-duty 
vehicles that are not used to propel 
vehicles. Note, this includes engines 
used to indirectly propel vehicles (such 
as electrical generator engines that 
power to batteries for propulsion). 

(7) The provisions of this part do not 
apply to engines that are not internal 
combustion engines. For example, the 
provisions of this part do not apply to 
fuel cells. Note that gas turbine engines 
are internal combustion engines. 

(e) The following heavy-duty vehicles 
and engines are exempted from the 
requirements of this part: 

(1) Off-road vehicles. Vehicle 
manufacturers producing vehicles 
intended for off-road may exempt 
vehicles without requesting approval 
from the agencies subject to the criteria 
in § 535.5(b)(9)(i) and 40 CFR 
1037.631(a). If unusual circumstances 
exist and a manufacturer is uncertain as 
to whether its vehicles qualify, the 
manufacturer should ask for a 
preliminary determination from the 
agencies before submitting its 
application for certification in 
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accordance with 40 CFR 1037.205 for 
the applicable vehicles. Send the 
request with supporting information to 
EPA and the agencies will coordinate in 
making a preliminary determination as 
specified in 40 CFR 1037.210. These 
decisions are considered to be 
preliminary approvals and subject to 
final review and approval. 

(2) Small business manufacturers. (i) 
For Phase 1, small business 
manufacturers are exempted from the 
vehicle and engine standards of § 535.5, 
but must comply with the reporting 
requirements of § 535.8(g). 

(ii) For Phase 2, fuel consumption 
standards apply on a delayed schedule 
for manufacturers meeting the small 
business criteria specified in 13 CFR 
121.201 and in 40 CFR 86.1819– 
14(k)(5), 40 CFR 1036.150, and 40 CFR 
1037.150. Qualifying manufacturers of 
truck tractors, vocational vehicles, 
heavy duty pickups and vans, and 
engines are not subject to the fuel 
consumption standards for vehicles 
built before January 1, 2022 and engines 
(such as those engines built by small 
alternative fuel engine converters) with 
a date of manufacturer on or after 
November 14, 2011 and before January 
1, 2022. Qualifying manufacturers may 
choose to voluntarily comply early. 

(iii) Small business manufacturers 
producing vehicles and engines that run 
on any fuel other than gasoline, E85, or 
diesel fuel meeting the criteria specified 
in 13 CFR 121.201 and in 40 CFR 
86.1819–14(k)(5), 40 CFR 1036.150, and 
40 CFR 1037.150 may delay complying 
with every new mandatory standard 
under this part by one model year. 

(3) Transitional allowances for 
trailers. Through model year 2026, 
trailer manufacturers may calculate a 
number of trailers that are exempt from 
the fuel consumption standards of this 
part. Calculate the number of exempt 
box vans in a given model year by 
multiplying the manufacturer’s total 
U.S.-directed production volume of 
certified box vans by 0.20 and rounding 
to the nearest whole number; however, 
in no case may the number of exempted 
box vans be greater than 350 units in 
any given model year. Repeat this 
calculation to determine the number of 
non-box trailers, up to 250 annual units, 
that are exempt from standards and 
certification requirements. 
Manufacturers perform the calculation 
based on their projected production 
volumes in the first year that standards 
apply; in later years, use actual 
production volumes from the preceding 
model year. Manufacturers must include 
these calculated values and the 
production volumes of exempt trailers 

in their annual production reports 
required under § 535.8(g)(12). 

(4) Engines for specialty vehicles. 
Engines certified to the alternative 
standards specified in 40 CFR 86.007– 
11 and 86.008–10 for use in specialty 
vehicles as described in 40 CFR 
1037.605. Compliance with the vehicle 
provisions in 40 CFR 1037.605 satisfies 
compliance for NHTSA under this part. 

(f) For model year 2021 and later, 
vocational vehicle manufacturers 
building custom chassis vehicles (e.g. 
emergency vehicles) may be exempted 
from standards in § 535.5(b)(4) and may 
comply with alternative fuel 
consumption standards as specified in 
§ 535.5(b)(6). Manufacturers complying 
with alternative fuel consumption 
standards in § 535.5(b)(6) are restricted 
in using fuel consumption credits as 
specified in § 535.7(c). 

(g) The fuel consumption standards in 
some cases apply differently for spark- 
ignition and compression-ignition 
engines or vehicles as specified in 40 
CFR parts 1036 and 1037. Engine 
requirements are similarly differentiated 
by engine type and by primary intended 
service class, as described in 40 CFR 
1036.140. 

(h) NHTSA may exclude or exempt 
vehicles and engines under special 
conditions allowed by EPA in 
accordance with 40 CFR parts 85, 86, 
1036, 1037, 1039, and 1068. 
Manufacturers should consult the 
agencies if uncertain how to apply any 
EPA provision under the NHTSA fuel 
consumption program. It is recommend 
that manufacturers seek clarification 
before producing a vehicle. Upon 
notification by EPA of a fraudulent use 
of an exemption, NHTSA reserves that 
right to suspend or revoke any 
exemption or exclusion. 

(i) In cases where there are differences 
between the application of this part and 
the corresponding EPA program 
regarding whether a vehicle is regulated 
or not (such as due to differences in 
applicability resulting from differing 
agency definitions, etc.), manufacturers 
should contact the agencies to identify 
these vehicles and assess the 
applicability of the agencies’ standards. 
The agencies will provide guidance on 
how the vehicles can comply. 
Manufacturers are required to identify 
these vehicles in their final reports 
submitted in accordance with § 535.8. 

§ 535.4 Definitions. 
The terms manufacture and 

manufacturer are used as defined in 
section 501 of the Act and the terms 
commercial medium-duty and heavy- 
duty on highway vehicle, fuel and work 
truck are used as defined in 49 U.S.C. 

32901. See 49 CFR 523.2 for general 
definitions related to NHTSA’s fuel 
efficiency programs. 

Act means the Motor Vehicle 
Information and Cost Savings Act, as 
amended by Pub. L. 94–163 and 96–425. 

Administrator means the 
Administrator of the National Highway 
Traffic Safety Administration (NHTSA) 
or the Administrator’s delegate. 

Advanced technology means vehicle 
technology under this fuel consumption 
program in §§ 535.6 and 535.7 and by 
EPA under 40 CFR 86.1819–14(d)(7), 
1036.615, or 1037.615. 

Alterers means a manufacturer that 
modifies an altered vehicle as defined in 
49 CFR 567.3 

Alternative fuel conversion has the 
meaning given for clean alternative fuel 
conversion in 40 CFR 85.502. 

A to B testing has the meaning given 
in 40 CFR 1037.801. 

Automated manual transmission has 
the meaning given in 40 CFR 1037.801. 

Automatic tire inflation system has 
the meaning given in 40 CFR 1037.801. 

Automatic transmission (AT) has the 
meaning given in 40 CFR 1037.801. 

Auxiliary power unit has the meaning 
given in 40 CFR 1037.801. 

Averaging set means, a set of engines 
or vehicles in which fuel consumption 
credits may be exchanged. Credits 
generated by one engine or vehicle 
family may only be used by other 
respective engine or vehicle families in 
the same averaging set as specified in 
§ 535.7 . Note that an averaging set may 
comprise more than one regulatory 
subcategory. The averaging sets for this 
HD program are defined as follows: 

(1) Heavy-duty pickup trucks and 
vans. 

(2) Light heavy-duty (LHD) vehicles. 
(3) Medium heavy-duty (MHD) 

vehicles. 
(4) Heavy heavy-duty (HHD) vehicles. 
(5) Light heavy-duty engines subject 

to compression-ignition standards. 
(6) Medium heavy-duty engines 

subject to compression-ignition 
standards. 

(7) Heavy heavy-duty engines subject 
to compression-ignition standards. 

(8) Engines subject to spark-ignition 
standards. 

(9) Long trailers. 
(10) Short trailers. 
(11) Vehicle types certifying to 

optional custom chassis standards as 
specified in § 535.5(b)(6) form separate 
averaging sets for each vehicle type as 
specified in § 535.7(c). 

Axle ratio or Drive axle ratio, ka has 
the meaning given in 40 CFR 1037.801. 

Basic vehicle frontal area has the 
meaning given in 40 CFR 1037.801. 

Cab-complete vehicle has the meaning 
given in 49 CFR 523.2. 
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Carryover has the meaning given in 40 
CFR 1037.801. 

Certificate holder means the 
manufacturer who holds the certificate 
of conformity for the vehicle or engine 
and that assigns the model year based 
on the date when its manufacturing 
operations are completed relative to its 
annual model year period. 

Certificate of Conformity means an 
approval document granted by EPA to a 
manufacturer that submits an 
application for a vehicle or engine 
emissions family in 40 CFR 1036.205 
and 1037.205. A certificate of 
conformity is valid from the indicated 
effective date until December 31 of the 
model year for which it is issued. The 
certificate must be renewed annually for 
any vehicle a manufacturer continues to 
produce. 

Certification has the meaning given in 
40 CFR 1037.801. 

Certified emission level has the 
meaning given in 40 CFR 1036.801. 

Chassis-cab means the incomplete 
part of a vehicle that includes a frame, 
a completed occupant compartment and 
that requires only the addition of cargo- 
carrying, work-performing, or load- 
bearing components to perform its 
intended functions. 

Chief Counsel means the NHTSA 
Chief Counsel, or his or her designee. 

Class means relating to GVWR classes 
for vehicles other than trailers, as 
follows: 

(1) Class 2b vehicles are vehicles with 
a gross vehicle weight rating (GVWR) 
ranging from 8,501 to 10,000 pounds. 

(2) Class 3 through Class 8 vehicles 
are vehicles with a gross vehicle weight 
rating (GVWR) of 10,001 pounds or 
more as defined in 49 CFR 565.15. 

Complete sister vehicle is a complete 
vehicle of the same configuration as a 
cab-complete vehicle. 

Complete vehicle has the meaning 
given in 49 CFR part 523. 

Compression-ignition (CI) means 
relating to a type of reciprocating, 
internal-combustion engine, such as a 
diesel engine, that is not a spark- 
ignition engine. Note, in accordance 
with 40 CFR 1036.1, gas turbine engines 
and other engines not meeting the 
definition of compression-ignition are 
deemed to be compression-ignition 
engines for complying with fuel 
consumption standards. 

Configuration means a 
subclassification within a test group for 
passenger cars, light trucks and 
medium-duty passenger vehicles and 
heavy-duty pickup trucks and vans 
which is based on basic engine, engine 
code, transmission type and gear ratios, 
and final drive ratio. 

Container chassis trailer has the same 
meaning as container chassis in 40 CFR 
1037.801. 

Curb weight has the meaning given in 
40 CFR 86.1803. 

Custom chassis vehicle means a 
vocational vehicle that is a motor home, 
school bus, refuse hauler, concrete 
mixer, emergency vehicle, mixed-use 
vehicle or other buses that are not 
school buses or motor coaches. These 
vehicle types are defined in 49 CFR 
523.3. A ‘‘mixed-use vehicle’’ is one that 
meets at least one of the criteria 
specified in 40 CFR 1037.631(a)(1) or at 
least one of the criteria in 40 CFR 
1037.631(a)(2), but not both. 

Date of manufacture means the date 
on which the certifying vehicle 
manufacturer completes its 
manufacturing operations, except as 
follows: 

(1) Where the certificate holder is an 
engine manufacturer that does not 
manufacture the complete or incomplete 
vehicle, the date of manufacture of the 
vehicle is based on the date assembly of 
the vehicle is completed. 

(2) EPA and NHTSA may approve an 
alternate date of manufacture based on 
the date on which the certifying (or 
primary) vehicle manufacturer 
completes assembly at the place of main 
assembly, consistent with the provisions 
of 40 CFR 1037.601 and 49 CFR 567.4. 

(3) A vehicle manufacturer that 
completes assembly of a vehicle at two 
or more facilities may ask to use as the 
month and year of manufacture, for that 
vehicle, the month and year in which 
manufacturing is completed at the place 
of main assembly, consistent with 
provisions of 49 CFR 567.4, as the 
model year. Note that such staged 
assembly is subject to the provisions of 
40 CFR 1068.260(c). NHTSA’s 
allowance of this provision is effective 
when EPA approves the manufacturer’s 
certificates of conformity for these 
vehicles. 

Day cab has the meaning given in 40 
CFR 1037.801. 

Drayage tractor has the meaning given 
in 40 CFR 1037.801. 

Dual-clutch transmission (DCT) 
means a transmission has the meaning 
given in 40 CFR 1037.801. 

Dual-fuel has the meaning given in 40 
CFR 1037.801. 

Electric vehicle has the meaning given 
in 40 CFR 1037.801. 

Emergency vehicle means a vehicle 
that meets one of the criteria in 40 CFR 
1037.801. 

Engine family has the meaning given 
in 40 CFR 1036.230. Manufacturers 
designate families in accordance with 
EPA provisions and may not choose 

different families between the NHTSA 
and EPA programs. 

Excluded means a vehicle or engine 
manufacturer or component is not 
required to comply with any aspects 
with the NHTSA fuel consumption 
program. 

Exempted means a vehicle or engine 
manufacturer or component is not 
required to comply with certain 
provisions of the NHTSA fuel 
consumption program. 

Family certification level (FCL) has 
the meaning given in 40 CFR 1036.801. 

Family emission limit (FEL) has the 
meaning given in 40 CFR 1037.801. 

Final drive ratio has the meaning 
given in 40 CFR 1037.801. 

Final-stage manufacturer has the 
meaning given in 49 CFR 567.3 and 
includes secondary vehicle 
manufacturers as defined in 40 CFR 
1037.801. 

Flatbed trailer has the meaning given 
in 40 CFR 1037.801. 

Fleet in this part means all the heavy- 
duty vehicles or engines within each of 
the regulatory sub-categories that are 
manufactured by a manufacturer in a 
particular model year and that are 
subject to fuel consumption standards 
under § 535.5. 

Fleet average fuel consumption is the 
calculated average fuel consumption 
performance value for a manufacturer’s 
fleet derived from the production 
weighted fuel consumption values of 
the unique vehicle configurations 
within each vehicle model type that 
makes up that manufacturer’s vehicle 
fleet in a given model year. In this part, 
the fleet average fuel consumption value 
is determined for each manufacturer’s 
fleet of heavy-duty pickup trucks and 
vans. 

Fleet average fuel consumption 
standard is the actual average fuel 
consumption standard for a 
manufacturer’s fleet derived from the 
production weighted fuel consumption 
standards of each unique vehicle 
configuration, based on payload, tow 
capacity and drive configuration (2, 4 or 
all-wheel drive), of the model types that 
makes up that manufacturer’s vehicle 
fleet in a given model year. In this part, 
the fleet average fuel consumption 
standard is determined for each 
manufacturer’s fleet of heavy-duty 
pickup trucks and vans. 

Fuel cell means an electrochemical 
cell that produces electricity via the 
non-combustion reaction of a 
consumable fuel, typically hydrogen. 

Fuel cell electric vehicle means a 
motor vehicle propelled solely by an 
electric motor where energy for the 
motor is supplied by a fuel cell. 
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Fuel efficiency means the amount of 
work performed for each gallon of fuel 
consumed. 

Gaseous fuel has the meaning given in 
40 CFR 1037.801. 

Greenhouse gas Emissions Model 
(GEM) has the meaning given in 40 CFR 
1037.801. 

Gross axle weight rating (GAWR) has 
the meaning given in 49 CFR 571.3. 

Gross combination weight rating 
(GCWR) has the meaning given in 49 
CFR 571.3. 

Gross vehicle weight rating (GVWR) 
has the meaning given in 49 CFR 571.3. 

Good engineering judgment has the 
meaning given in 40 CFR 1068.30. See 
40 CFR 1068.5 for the administrative 
process used to evaluate good 
engineering judgment. 

Heavy-duty off-road vehicle means a 
heavy-duty vocational vehicle or 
vocational tractor that is intended for 
off-road use. 

Heavy-duty vehicle has the meaning 
given in 49 CFR part 523. 

Heavy-haul tractor has the meaning 
given in 40 CFR 1037.801. 

Heavy heavy-duty (HHD) vehicle has 
the meaning given in vehicle service 
class. 

Hybrid engine or hybrid powertrain 
means an engine or powertrain that 
includes energy storage features other 
than a conventional battery system or 
conventional flywheel. Supplemental 
electrical batteries and hydraulic 
accumulators are examples of hybrid 
energy storage systems. Note that certain 
provisions in this part treat hybrid 
engines and powertrains intended for 
vehicles that include regenerative 
braking different than those intended for 
vehicles that do not include 
regenerative braking. 

Hybrid vehicle means a vehicle that 
includes energy storage features (other 
than a conventional battery system or 
conventional flywheel) in addition to an 
internal combustion engine or other 
engine using consumable chemical fuel. 
Supplemental electrical batteries and 
hydraulic accumulators are examples of 
hybrid energy storage systems Note that 
certain provisions in this part treat 
hybrid vehicles that include 
regenerative braking different than those 
that do not include regenerative braking. 

Idle operation has the meaning given 
in 40 CFR 1037.801. 

Incomplete vehicle has the meaning 
given in 49 CFR part 523. For the 
purpose of this regulation, a 
manufacturer may request EPA and 
NHTSA to allow the certification of a 
vehicle as an incomplete vehicle if it 
manufactures the engine and sells the 
unassembled chassis components, 
provided it does not produce and sell 

the body components necessary to 
complete the vehicle. 

Innovative technology means 
technology certified under § 535.7 and 
by EPA under 40 CFR 86.1819– 
14(d)(13), 1036.610, and 1037.610 in the 
Phase 1 program. 

Intermediate manufacturer has the 
meaning given in 49 CFR 567.3. 

Light heavy-duty (LHD) vehicle has 
the meaning given in vehicle service 
class. 

Liquefied petroleum gas (LPG) has the 
meaning given in 40 CFR 1036.801. 

Low rolling resistance tire means a tire 
on a vocational vehicle with a tire 
rolling resistance level (TRRL) of 7.7 kg/ 
metric ton or lower, a steer tire on a 
tractor with a TRRL of 7.7 kg/metric ton 
or lower, or a drive tire on a tractor with 
a TRRL of 8.1 kg/metric ton or lower. 

Manual transmission (MT) has the 
meaning given in 40 CFR 1037.801. 

Medium heavy-duty (MHD) vehicle 
has the meaning given in vehicle service 
class. 

Model type has the meaning given in 
40 CFR 600.002. 

Model year as it applies to vehicles 
means: 

(1) For tractors and vocational 
vehicles with a date of manufacture on 
or after January 1, 2021, the vehicle’s 
model year is the calendar year 
corresponding to the date of 
manufacture; however, the vehicle’s 
model year may be designated to be the 
year before the calendar year 
corresponding to the date of 
manufacture if the engine’s model year 
is also from an earlier year. Note that 
subparagraph (2) of this definition limits 
the extent to which vehicle 
manufacturers may install engines built 
in earlier calendar years. Note that 40 
CFR 1037.601(a)(2) limits the extent to 
which vehicle manufacturers may 
install engines built in earlier calendar 
years. 

(2) For trailers and for Phase 1 tractors 
and vocational vehicles with a date of 
manufacture before January 1, 2021, 
model year means the manufacturer’s 
annual new model production period, 
except as restricted under this 
definition. It must include January 1 of 
the calendar year for which the model 
year is named, may not begin before 
January 2 of the previous calendar year, 
and it must end by December 31 of the 
named calendar year. The model year 
may be set to match the calendar year 
corresponding to the date of 
manufacture. 

(i) The manufacturer who holds the 
certificate of conformity for the vehicle 
must assign the model year based on the 
date when its manufacturing operations 
are completed relative to its annual 

model year period. In unusual 
circumstances where completion of 
your assembly is delayed, we may allow 
you to assign a model year one year 
earlier, provided it does not affect 
which regulatory requirements will 
apply. 

(ii) Unless a vehicle is being shipped 
to a secondary manufacturer that will 
hold the certificate of conformity, the 
model year must be assigned prior to 
introduction of the vehicle into U.S. 
commerce. The certifying manufacturer 
must redesignate the model year if it 
does not complete its manufacturing 
operations within the originally 
identified model year. A vehicle 
introduced into U.S. commerce without 
a model year is deemed to have a model 
year equal to the calendar year of its 
introduction into U.S. commerce unless 
the certifying manufacturer assigns a 
later date. 

Model year as it applies to engines 
means the manufacturer’s annual new 
model production period, except as 
restricted under this definition. It must 
include January 1 of the calendar year 
for which the model year is named, may 
not begin before January 2 of the 
previous calendar year, and it must end 
by December 31 of the named calendar 
year. Manufacturers may not adjust 
model years to circumvent or delay 
compliance with emission standards or 
to avoid the obligation to certify 
annually. 

Natural gas has the meaning given in 
40 CFR 1036.801. Vehicles that use a 
pilot-ignited natural gas engine (which 
uses a small diesel fuel ignition system), 
are still considered natural gas vehicles. 

NHTSA Enforcement means the 
NHTSA Associate Administrator for 
Enforcement, or his or her designee. 

Neutral coasting has the meaning 
given in 40 CFR 1037.801. 

Off-cycle technology means 
technology certified under § 535.7 and 
by EPA under 40 CFR 86.1819– 
14(d)(13), 1036.610, and 1037.610 in the 
Phase 2 program. 

Party means the person alleged to 
have committed a violation of § 535.9, 
and includes manufacturers of vehicles 
and manufacturers of engines. 

Payload means in this part the 
resultant of subtracting the curb weight 
from the gross vehicle weight rating. 

Petroleum has the meaning given in 
40 CFR 1037.801. 

Phase 1 means the joint NHTSA and 
EPA program established in 2011 for 
fuel efficiency standards and 
greenhouse gas emissions standards 
regulating medium- and heavy-duty 
engines and vehicles. See § 535.5 for the 
specific model years that standards 
apply to vehicles and engines. 
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Phase 2 means the joint NHTSA and 
EPA program established in 2016 for 
fuel efficiency standards and 
greenhouse gas emissions standards 
regulating medium- and heavy-duty 
vehicles including trailers, and engines. 
See § 535.5 for the specific model years 
that standards apply to vehicles and 
engines. 

Pickup truck has the meaning given in 
49 CFR part 523. 

Plug-in hybrid electric vehicle (PHEV) 
means a hybrid electric vehicle that has 
the capability to charge the battery or 
batteries used for vehicle propulsion 
from an off-vehicle electric source, such 
that the off-vehicle source cannot be 
connected to the vehicle while the 
vehicle is in motion. 

Power take-off (PTO) means a 
secondary engine shaft or other system 
on a vehicle that provides substantial 
auxiliary power for purposes unrelated 
to vehicle propulsion or normal vehicle 
accessories such as air conditioning, 
power steering, and basic electrical 
accessories. A typical PTO uses a 
secondary shaft on the engine to 
transmit power to a hydraulic pump 
that powers auxiliary equipment such as 
a boom on a bucket truck. 

Powertrain family has the meaning 
given in 40 CFR 1037.231. 
Manufacturers choosing to perform 
powertrain testing as specified in 40 
CFR 1037.550, divide product lines into 
powertrain families that are expected to 
have similar fuel consumptions and CO2 
emission characteristics throughout the 
useful life. 

Preliminary approval means approval 
granted by an authorized EPA 
representative prior to submission of an 
application for certification, consistent 
with the provisions of 40 CFR 1037.210. 
For requirements involving NHTSA, 
EPA will ensure decisions are jointly 
made and will convey the decision to 
the manufacturer. 

Primary intended service class has the 
same meaning for engines as specified 
in 40 CFR 1036.140. Manufacturers 
must identify a single primary intended 
service class for each engine family that 
best describes vehicles for which it 
designs and markets the engine, as 
follows: 

(1) Divide compression-ignition 
engines into primary intended service 
classes based on the following engine 
and vehicle characteristics: 

(i) Light heavy-duty ‘‘LHD’’ engines 
usually are not designed for rebuild and 
do not have cylinder liners. Vehicle 
body types in this group might include 
any heavy-duty vehicle built from a 
light-duty truck chassis, van trucks, 
multi-stop vans, and some straight 
trucks with a single rear axle. Typical 
applications would include personal 
transportation, light-load commercial 
delivery, passenger service, agriculture, 
and construction. The GVWR of these 
vehicles is normally below 19,500 
pounds. 

(ii) Medium heavy-duty ‘‘MHD’’ 
engines may be designed for rebuild and 
may have cylinder liners. Vehicle body 
types in this group would typically 
include school buses, straight trucks 
with single rear axles, city tractors, and 
a variety of special purpose vehicles 
such as small dump trucks, and refuse 
trucks. Typical applications would 
include commercial short haul and 
intra-city delivery and pickup. Engines 
in this group are normally used in 
vehicles whose GVWR ranges from 
19,500 to 33,000 pounds. 

(iii) Heavy heavy-duty ‘‘HHD’’ 
engines are designed for multiple 
rebuilds and have cylinder liners. 
Vehicles in this group are normally 
tractors, trucks, straight trucks with dual 
rear axles, and buses used in inter-city, 
long-haul applications. These vehicles 
normally exceed 33,000 pounds GVWR. 

(2) Divide spark-ignition engines into 
primary intended service classes as 
follows: 

(i) Spark-ignition engines that are best 
characterized by paragraph (1)(i) or (ii) 
of this definition are in a separate 
‘‘spark-ignition’’ primary intended 
service class. 

(ii) Spark-ignition engines that are 
best characterized by paragraph (1)(iii) 
of this definition share a primary 
intended service class with 
compression-ignition heavy heavy-duty 
engines. Gasoline-fueled engines are 
presumed not to be characterized by 
paragraph (1)(iii) of this definition; for 
example, vehicle manufacturers may 
install some number of gasoline-fueled 
engines in Class 8 trucks without 
causing the engine manufacturer to 
consider those to be heavy heavy-duty 
engines. 

(iii) References to ‘‘spark-ignition 
standards’’ in this part relate only to the 
spark-ignition engines identified in 

paragraph (b)(1) of this section. 
References to ‘‘compression-ignition 
standards’’ in this part relate to 
compression-ignition engines, to spark- 
ignition engines optionally certified to 
standards that apply to compression- 
ignition engines, and to all engines 
identified under paragraph (b)(2) of this 
section as heavy heavy-duty engines. 

Rechargeable Energy Storage System 
(RESS) means the component(s) of a 
hybrid engine or vehicle that store 
recovered energy for later use, such as 
the battery system in a electric hybrid 
vehicle. 

Refuse hauler has the meaning given 
in 40 CFR 1037.801. 

Regional has the meaning relating to 
the Regional duty cycle as specified in 
40 CFR 1037.510. 

Regulatory category means each of the 
four types of heavy-duty vehicles 
defined in 49 CFR 523.6 and the heavy- 
duty engines used in these heavy-duty 
vehicles. 

Regulatory subcategory means the 
sub-groups in each regulatory category 
to which mandatory fuel consumption 
standards and requirements apply as 
specified in 40 CFR 1036.230 and 
1037.230 and are defined as follows: 

(1) Heavy-duty pick-up trucks and 
vans. 

(2) Vocational vehicle subcategories 
have 18 separate vehicle service classes 
as shown in Tables 1 and 2 below and 
include vocational tractors. Table 1 
includes vehicles complying with Phase 
1 standards. Phase 2 vehicles are 
included in Table 2 which have separate 
subcategories to account for engine 
characteristics, GVWR, and the selection 
of duty cycle for vocational vehicles as 
specified in 40 CFR 1037.510; vehicles 
may additionally fall into one of the 
subcategories defined by the custom- 
chassis standards in § 535.5(b)(6) and 40 
1037.105(h). Manufacturers using the 
alternate standards in § 535.5(b)(6) and 
40 CFR 1037.105(h) should treat each 
vehicle type as a separate vehicle 
subcategory. 

TABLE 1—PHASE 1 VOCATIONAL 
VEHICLE SUBCATEGORIES 

Vocational LHD vehicles. 
Vocational MHD vehicles. 
Vocational HHD vehicles. 

TABLE 2—PHASE 2 VOCATIONAL VEHICLE SUBCATEGORIES 

Engine type Vocational LHD vehicles Vocational MHD vehicles Vocational HHD vehicles 

CI ................................................... Urban ............................................ Urban ............................................ Urban. 
CI ................................................... Multi-Purpose ................................ Multi-Purpose ................................ Multi-Purpose. 
CI ................................................... Regional ........................................ Regional ........................................ Regional. 
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TABLE 2—PHASE 2 VOCATIONAL VEHICLE SUBCATEGORIES—Continued 

Engine type Vocational LHD vehicles Vocational MHD vehicles Vocational HHD vehicles 

SI .................................................... Urban ............................................ Urban ............................................ NA. 
SI .................................................... Multi-Purpose ................................ Multi-Purpose ................................ NA. 
SI .................................................... Regional ........................................ Regional ........................................ NA. 

(3) Tractor subcategories are shown in 
Table 3 below for Phase 1 and 2. Table 

3 includes 10 separate subcategories for 
tractors complying with Phase 1 and 2 

standards. The heavy-haul tractor 
subcategory only applies for Phase 2. 

TABLE 3—PHASE 1 AND 2 TRUCK TRACTOR SUBCATEGORIES 

Class 7 Class 8 day cabs Class 8 sleeper cabs 

Low-roof tractors ................................................ Low-roof day cab tractors ................................ Low-roof sleeper cab tractors. 
Mid-roof tractors ................................................. Mid-roof day cab tractors ................................. Mid-roof sleeper cab tractors. 
High-roof tractors ............................................... High-roof day cab tractors ................................ High-roof sleeper cab tractors. 

NA ...................................................................... Heavy-haul tractors (applies only to Phase 2 program). 

(4) Trailer subcategories are shown in 
Table 4 of this section for the Phase 2 
program. Trailers do not comply under 

the Phase 1 program. Table 4 includes 
10 separate subcategories for trailers, 

which are only subject to Phase 2 only 
standards. 

TABLE 4—TRAILER SUBCATEGORIES 

Full-aero trailers Partial-aero trailers Other trailers 

Long box dry vans ............................................. Long box dry vans ............................................ Non-aero box vans. 
Short box dry vans ............................................ Short box dry vans ........................................... Non-box trailers. 
Long box refrigerated vans ................................ Long box refrigerated vans .............................. NA. 
Short box refrigerated vans ............................... Short box refrigerated vans .............................. NA. 

(5) Engine subcategories are shown for 
each primary intended service class in 

Table 5 below. Table 5 includes 6 
separate subcategories for engines 

which are the same for Phase 1 and 2 
standards. 

TABLE 5—ENGINE SUBCATEGORIES 

LHD engines MHD engines HHD engines 

CI engines for vocational vehicles ..................... CI engines for vocational vehicles ................... CI engines for vocational vehicles. 
NA ...................................................................... CI engines for truck tractors ............................. CI engines for truck tractors. 
All spark-ignition engines ................................... NA. 

Revoke has the same meaning given in 
40 CFR 1068.30. 

Roof height means the maximum 
height of a vehicle (rounded to the 
nearest inch), excluding narrow 
accessories such as exhaust pipes and 
antennas, but including any wide 
accessories such as roof fairings. 
Measure roof height of the vehicle 
configured to have its maximum height 
that will occur during actual use, with 
properly inflated tires and no driver, 
passengers, or cargo onboard. Determine 
the base roof height on fully inflated 
tires having a static loaded radius equal 
to the arithmetic mean of the largest and 
smallest static loaded radius of tires a 
manufacturer offers or a standard tire 
EPA approves. If a vehicle is equipped 
with an adjustable roof fairing, measure 
the roof height with the fairing in its 

lowest setting. Once the maximum 
height is determined, roof heights are 
divided into the following categories: 

(1) Low-roof means a vehicle with a 
roof height of 120 inches or less. 

(2) Mid-roof means a vehicle with a 
roof height between 121 and 147 inches. 

(3) High-roof means a vehicle with a 
roof height of 148 inches or more. 

Secondary vehicle manufacturer has 
the same meaning as final-stage 
manufacturer in 49 CFR part 567. 

Service class group means a group of 
engine and vehicle averaging sets 
defined as follows: 

(1) Spark-ignition engines, light 
heavy-duty compression-ignition 
engines, light heavy-duty vocational 
vehicles and heavy-duty pickup trucks 
and vans. 

(2) Medium heavy-duty compression- 
ignition engines and medium heavy- 
duty vocational vehicles and tractors. 

(3) Heavy heavy-duty compression- 
ignition engines and heavy heavy-duty 
vocational vehicles and tractors. 

Sleeper cab means a type of truck cab 
that has a compartment behind the 
driver’s seat intended to be used by the 
driver for sleeping. This includes both 
cabs accessible from the driver’s 
compartment and those accessible from 
outside the vehicle. 

Small business manufacturer means a 
manufacturer meeting the criteria 
specified in 13 CFR 121.201. For 
manufacturers owned by a parent 
company, the employee and revenue 
limits apply to the total number 
employees and total revenue of the 
parent company and all its subsidiaries. 
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Spark-ignition (SI) means relating to a 
gasoline-fueled engine or any other type 
of engine with a spark plug (or other 
sparking device) and with operating 
characteristics significantly similar to 
the theoretical Otto combustion cycle. 
Spark-ignition engines usually use a 
throttle to regulate intake air flow to 
control power during normal operation. 
Note that some spark-ignition engines 
are subject to requirements that apply 
for compression-ignition engines as 
described in 40 CFR 1036.140. 

Standard payload means the payload 
assumed for each vehicle, in tons, for 
modeling and calculating emission 
credits, as follows: 

(1) For vocational vehicles: 
(i) 2.85 tons for light heavy-duty 

vehicles. 
(ii) 5.6 tons for medium heavy-duty 

vehicles. 
(iii) 7.5 tons for heavy heavy-duty 

vocational vehicles. 
(2) For tractors: 
(i) 12.5 tons for Class 7. 
(ii) 19 tons for Class 8. 
(iii) 43 tons for heavy-haul tractors. 
(3) For trailers: 
(i) 10 tons for short box vans. 
(ii) 19 tons for other trailers. 
Standard tractor has the meaning 

given in 40 CFR 1037.501. 
Standard trailer has the meaning 

given in 40 CFR 1037.501. 
Subconfiguration means a unique 

combination within a vehicle 
configuration of equivalent test weight, 
road-load horsepower, and any other 
operational characteristics or parameters 
that EPA determines may significantly 
affect CO2 emissions within a vehicle 
configuration as defined in 40 CFR 
600.002. 

Tank trailer has the meaning given in 
40 CFR 1037.801. 

Test group means the multiple vehicle 
lines and model types that share critical 
emissions and fuel consumption related 
features and that are certified as a group 
by a common certificate of conformity 
issued by EPA and is used collectively 
with other test groups within an 
averaging set or regulatory subcategory 
and is used by NHTSA for determining 
the fleet average fuel consumption. 

The agencies means the National 
Highway Traffic Safety Administration 
(NHTSA) and the Environmental 
Protection Agency (EPA) in this part. 

Tire pressure monitoring system 
(TPMS) has the meaning given in 
section S3 of 49 CFR 571.138. 

Tire rolling resistance level (TRRL) 
means a value with units of kg/metric 
ton that represents that rolling 
resistance of a tire configuration. TRRLs 
are used as inputs to the GEM model 
under 40 CFR 1037.520. Note that a 

manufacturer may assign a value higher 
than a measured rolling resistance of a 
tire configuration. 

Towing capacity in this part is equal 
to the resultant of subtracting the gross 
vehicle weight rating from the gross 
combined weight rating. 

Trade means to exchange fuel 
consumption credits, either as a buyer 
or a seller. 

U.S.-directed production volume 
means the number of vehicle units, 
subject to the requirements of this part, 
produced by a manufacturer for which 
the manufacturer has a reasonable 
assurance that sale was or will be made 
to ultimate purchasers in the United 
States. 

Useful life has the meaning given in 
40 CFR 1036.801 and 1037.801. 

Vehicle configuration means a unique 
combination of vehicle hardware and 
calibration (related to measured or 
modeled emissions) within a vehicle 
family as specified in 40 CFR 1037.801. 
Vehicles with hardware or software 
differences, but that have no hardware 
or software differences related to 
measured or modeled emissions or fuel 
consumption can be included in the 
same vehicle configuration. Note that 
vehicles with hardware or software 
differences related to measured or 
modeled emissions or fuel consumption 
are considered to be different 
configurations even if they have the 
same GEM inputs and FEL. Vehicles 
within a vehicle configuration differ 
only with respect to normal production 
variability or factors unrelated to 
measured or modeled emissions and 
fuel consumption for EPA and NHTSA. 

Vehicle family has the meaning given 
in 40 CFR 1037.230. Manufacturers 
designate families in accordance with 
EPA provisions and may not choose 
different families between the NHTSA 
and EPA programs. If a manufacturer is 
certifying vehicles within a vehicle 
family to more than one FEL, it must 
subdivide its greenhouse gas and fuel 
consumption vehicle families into 
subfamilies that include vehicles with 
identical FELs. Note that a manufacturer 
may add subfamilies at any time during 
the model year. 

Vehicle service class has the same 
meaning for vehicles as specified in 40 
CFR 1037.140. Fuel consumption 
standards and other provisions of this 
part apply to specific vehicle service 
classes for tractors and vocational 
vehicles as follows: 

(1) Phase 1 and Phase 2 tractors are 
divided based on GVWR into Class 7 
tractors and Class 8 tractors. Where 
provisions apply to both tractors and 
vocational vehicles, Class 7 tractors are 
considered medium heavy-duty ‘‘MHD’’ 

vehicles and Class 8 tractors are 
considered heavy heavy-duty ‘‘HHD’’ 
vehicles. 

(2) Phase 1 vocational vehicles are 
divided based on GVWR. Light heavy- 
duty ‘‘LHD’’ vehicles includes Class 2b 
through Class 5 vehicles; medium 
heavy-duty ‘‘MHD’’ vehicles includes 
Class 6 and Class 7 vehicles; and heavy 
heavy-duty ‘‘HHD’’ vehicles includes 
Class 8 vehicles. 

(3) Phase 2 vocational vehicles with 
spark-ignition engines are divided based 
on GVWR. Light heavy-duty ‘‘LHD’’ 
vehicles includes Class 2b through Class 
5 vehicles, and medium heavy-duty 
‘‘MHD’’ vehicles includes Class 6 
through Class 8 vehicles. 

(4) Phase 2 vocational vehicles with 
compression-ignition engines are 
divided as follows: 

(i) Class 2b through Class 5 vehicles 
are considered light heavy-duty ‘‘LHD’’ 
vehicles. 

(ii) Class 6 through 8 vehicles are 
considered heavy heavy-duty ‘‘HHD’’ 
vehicles if the installed engine’s 
primary intended service class is heavy 
heavy-duty (see 40 CFR 1036.140). All 
other Class 6 through Class 8 vehicles 
are considered medium heavy-duty 
‘‘MHD’’ vehicles. 

(5) In certain circumstances, 
manufacturers may certify vehicles to 
standards that apply for a different 
vehicle service class such as allowed in 
§ 535.5(b)(6) and (c)(7). If manufacturers 
optionally certify vehicles to different 
standards, those vehicles are subject to 
all the regulatory requirements as if the 
standards were mandatory. 

Vehicle subfamily or subfamily means 
a subset of a vehicle family including 
vehicles subject to the same FEL(s). 

Vocational tractor has the meaning 
given in 40 CFR 1037.801. 

Zero emissions vehicle means an 
electric vehicle or a fuel cell vehicle. 

§ 535.5 Standards. 
(a) Heavy-duty pickup trucks and 

vans. Each manufacturer’s fleet of 
heavy-duty pickup trucks and vans shall 
comply with the fuel consumption 
standards in this paragraph (a) 
expressed in gallons per 100 miles. Each 
vehicle must be manufactured to 
comply for its full useful life. For the 
Phase 1 program, if the manufacturer’s 
fleet includes conventional vehicles 
(gasoline, diesel and alternative fueled 
vehicles) and advanced technology 
vehicles (hybrids with powertrain 
designs that include energy storage 
systems, vehicles with waste heat 
recovery, electric vehicles and fuel cell 
vehicles), it may divide its fleet into two 
separate fleets each with its own 
separate fleet average fuel consumption 
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standard which the manufacturer must 
comply with the requirements of this 
paragraph (a). For Phase 2, 
manufacturers may calculate their fleet 
average fuel consumption standard for a 
conventional fleet and multiple 
advanced technology vehicle fleets. 
Advanced technology vehicle fleets 
should be separated into plug-in hybrid 
electric vehicles, electric vehicles and 
fuel cell vehicles. NHTSA standards 
correspond to the same requirements for 
EPA as specified in 40 CFR 86.1819–14. 

(1) Mandatory standards. For model 
years 2016 and later, each manufacturer 
must comply with the fleet average 
standard derived from the unique 
subconfiguration target standards (or 
groups of subconfigurations approved 
by EPA in accordance with 40 CFR 
86.1819) of the model types that make 
up the manufacturer’s fleet in a given 
model year. Each subconfiguration has a 
unique attribute-based target standard, 
defined by each group of vehicles 
having the same payload, towing 

capacity and whether the vehicles are 
equipped with a 2-wheel or 4-wheel 
drive configuration. Phase 1 target 
standards apply for model years 2016 
through 2020. Phase 2 target standards 
apply for model year 2021 and 
afterwards. 

(2) Subconfiguration target standards. 
(i) Two alternatives exist for 
determining the subconfiguration target 
standards for Phase 1. For each 
alternative, separate standards exist for 
compression-ignition and spark-ignition 
vehicles: 

(A) The first alternative allows 
manufacturers to determine a fixed fuel 
consumption standard that is constant 
over the model years; and 

(B) The second alternative allows 
manufacturers to determine standards 
that are phased-in gradually each year. 

(ii) Calculate the subconfiguration 
target standards as specified in this 
paragraph (a)(2)(ii), using the 
appropriate coefficients from Table 6 
choosing between the alternatives in 
paragraph (a)(2)(i) of this section. For 

electric or fuel cell heavy-duty vehicles, 
use compression-ignition vehicle 
coefficients ‘‘c’’ and ‘‘d’’ and for hybrid 
(including plug-in hybrid), dedicated 
and dual-fueled vehicles, use 
coefficients ‘‘c’’ and ‘‘d’’ appropriate for 
the engine type used. Round each 
standard to the nearest 0.001 gallons per 
100 miles and specify all weights in 
pounds rounded to the nearest pound. 
Calculate the subconfiguration target 
standards using the following equation: 
Subconfiguration Target Standard 

(gallons per 100 miles) = [c × (WF)] 
+ d 

Where: 
WF = Work Factor = [0.75 x (Payload 

Capacity + Xwd)] + [0.25 x Towing 
Capacity] 

Xwd = 4wd Adjustment = 500 lbs if the 
vehicle group is equipped with 4wd and 
all-wheel drive, otherwise equals 0 lbs 
for 2wd. 

Payload Capacity = GVWR (lbs)—Curb 
Weight (lbs) (for each vehicle group) 

Towing Capacity = GCWR (lbs)—GVWR (lbs) 
(for each vehicle group) 

TABLE 6—COEFFICIENTS FOR MANDATORY SUBCONFIGURATION TARGET STANDARDS 

Model Year(s) c d 

Phase 1 Alternative 1—Fixed Target Standards 

CI Vehicle Coefficients 

2016 to 2018 ............................................................................................................................................................ 0.0004322 3.330 
2019 to 2020 ............................................................................................................................................................ 0.0004086 3.143 

SI Vehicle Coefficients 

2016 to 2017 ............................................................................................................................................................ 0.0005131 3.961 
2018 to 2020 ............................................................................................................................................................ 0.0004086 3.143 

Phase 1 Alternative 2—Phased-in Target Standards 

CI Vehicle Coefficients 

2016 ......................................................................................................................................................................... 0.0004519 3.477 
2017 ......................................................................................................................................................................... 0.0004371 3.369 
2018 to 2020 ............................................................................................................................................................ 0.0004086 3.143 

SI Vehicle Coefficients 

2016 ......................................................................................................................................................................... 0.0005277 4.073 
2017 ......................................................................................................................................................................... 0.0005176 3.983 
2018 to 2020 ............................................................................................................................................................ 0.0004951 3.815 

Phase 2—Fixed Target Standards 

CI Vehicle Coefficients 

2021 ......................................................................................................................................................................... 0.0003988 3.065 
2022 ......................................................................................................................................................................... 0.0003880 2.986 
2023 ......................................................................................................................................................................... 0.0003792 2.917 
2024 ......................................................................................................................................................................... 0.0003694 2.839 
2025 ......................................................................................................................................................................... 0.0003605 2.770 
2026 ......................................................................................................................................................................... 0.0003507 2.701 
2027 and later .......................................................................................................................................................... 0.0003418 2.633 

SI Vehicle Coefficients 

2021 ......................................................................................................................................................................... 0.0004827 3.725 
2022 ......................................................................................................................................................................... 0.0004703 3.623 
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TABLE 6—COEFFICIENTS FOR MANDATORY SUBCONFIGURATION TARGET STANDARDS—Continued 

Model Year(s) c d 

2023 ......................................................................................................................................................................... 0.0004591 3.533 
2024 ......................................................................................................................................................................... 0.0004478 3.443 
2025 ......................................................................................................................................................................... 0.0004366 3.364 
2026 ......................................................................................................................................................................... 0.0004253 3.274 
2027 and later .......................................................................................................................................................... 0.0004152 3.196 

(3) Fleet average fuel consumption 
standard. (i) For the Phase 1 program, 
calculate each manufacturer’s fleet 
average fuel consumption standard for a 
conventional fleet and a combined 
advanced technology fleet separately 

based on the subconfiguration target 
standards specified in paragraph (a)(2) 
of this section, weighted to production 
volumes and averaged using the 
following equation combining all the 
applicable vehicles in a manufacturer’s 

U.S.-directed fleet (compression- 
ignition, spark-ignition and advanced 
technology vehicles) for a given model 
year, rounded to the nearest 0.001 
gallons per 100 miles: 

Where: 
Subconfiguration Target Standardi = fuel 

consumption standard for each group of 
vehicles with same payload, towing 
capacity and drive configuration (gallons 
per 100 miles). 

Volumei = production volume of each unique 
subconfiguration of a model type based 
upon payload, towing capacity and drive 
configuration. 

(A) A manufacturer may group 
together subconfigurations that have the 
same test weight (ETW), GVWR, and 
GCWR. Calculate work factor and target 
value assuming a curb weight equal to 
two times ETW minus GVWR. 

(B) A manufacturer may group 
together other subconfigurations if it 
uses the lowest target value calculated 
for any of the subconfigurations. 

(ii) For Phase 1, manufacturers must 
select an alternative for 

subconfiguration target standards at the 
same time they submit the model year 
2016 pre-model year Report, specified 
in § 535.8. Once selected, the decision 
cannot be reversed and the 
manufacturer must continue to comply 
with the same alternative for subsequent 
model years. 

(4) Voluntary standards. (i) 
Manufacturers may choose voluntarily 
to comply early with fuel consumption 
standards for model years 2013 through 
2015, as determined in paragraphs 
(a)(4)(iii) and (iv) of this section, for 
example, in order to begin accumulating 
credits through over-compliance with 
the applicable standard. A manufacturer 
choosing early compliance must comply 
with all the vehicles and engines it 
manufactures in each regulatory 
category for a given model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards at the same time 
it submits a Pre-Model Report, prior to 
the compliance model year beginning as 
specified in § 535.8; and, once selected, 
the decision cannot be reversed and the 
manufacturer must continue to comply 
for each subsequent model year for all 
the vehicles and engines it 
manufactures in each regulatory 
category for a given model year. 

(iii) Calculate separate 
subconfiguration target standards for 
compression-ignition and spark-ignition 
vehicles for model years 2013 through 
2015 using the equation in paragraph 
(a)(2)(ii) of this section, substituting the 
appropriate values for the coefficients in 
the following table as appropriate: 

TABLE 7—COEFFICIENTS FOR VOLUNTARY SUBCONFIGURATION TARGET STANDARDS 

Model Year(s) c d 

CI Vehicle Coefficients 

2013 and 14 ..................................................................................................................................................... 0.0004695 3.615 
2015 ................................................................................................................................................................. 0.0004656 3.595 

SI Vehicle Coefficients 

2013 and 14 ..................................................................................................................................................... 0.0005424 4.175 
2015 ................................................................................................................................................................. 0.0005390 4.152 

(iv) Calculate the fleet average fuel 
consumption standards for model years 
2013 through 2015 using the equation in 
paragraph (a)(3) of this section. 

(5) Exclusion of vehicles not certified 
as complete vehicles. The vehicle 
standards in paragraph (a) of this 
section do not apply for vehicles that 
are chassis-certified with respect to 

EPA’s criteria pollutant test procedure 
in 40 CFR part 86, subpart S. Any 
chassis-certified vehicles must comply 
with the vehicle standards and 
requirements of paragraph (b) of this 
section and the engine standards of 
paragraph (d) of this section for engines 
used in these vehicles. A vehicle 
manufacturer choosing to comply with 

this paragraph and that is not the engine 
manufacturer is required to notify the 
engine manufacturers that their engines 
are subject to paragraph (d) of this 
section and that it intends to use their 
engines in excluded vehicles. 

(6) Optional certification under this 
section. Manufacturers may certify 
certain complete or cab-complete 
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vehicles to the fuel consumption 
standards of this section. All vehicles 
optionally certified under this 
paragraph (6) are deemed to be subject 
to the fuel consumption standards of 
this section given the following 
conditions: 

(i) For fuel consumption compliance, 
manufacturers may certify any complete 
or cab-complete spark-ignition vehicles 
above 14,000 pounds GVWR and at or 
below 26,000 pounds GVWR to the fuel 
consumption standards of this section. 

(ii) Manufacturers may apply the 
provisions of this section to cab- 
complete vehicles based on a complete 
sister vehicle. In unusual circumstances, 
manufacturers may ask the agencies to 
apply these provisions to Class 2b or 
Class 3 incomplete vehicles that do not 
meet the definition of cab-complete. 

(A) Except as specified in paragraph 
(a)(6)(iii) of this section, for purposes of 
this section, a complete sister vehicle is 
a complete vehicle of the same vehicle 
configuration as the cab-complete 
vehicle. A manufacturer may not apply 
the provisions of this paragraph (6) to 
any vehicle configuration that has a 
four-wheel rear axle if the complete 
sister vehicle has a two-wheel rear axle. 

(B) Calculate the target value for the 
fleet-average fuel consumption standard 
under paragraph (a)(3) of this section 
based on the work factor value that 
applies for the complete sister vehicle. 

(C) Test these cab-complete vehicles 
using the same equivalent test weight 
and other dynamometer settings that 
apply for the complete vehicle from 
which you used the work factor value 
(the complete sister vehicle). For fuel 
consumption certification, 
manufacturers may submit the test data 
from that complete sister vehicle instead 
of performing the test on the cab- 
complete vehicle. 

(D) Manufacturers are not required to 
produce the complete sister vehicle for 
sale to use the provisions of this 
paragraph (a)(6)(ii). This means the 
complete sister vehicle may be a 
carryover vehicle from a prior model 
year or a vehicle created solely for the 
purpose of testing. 

(iii) For fuel consumption purposes, if 
a cab-complete vehicle is not of the 
same vehicle configuration as a 
complete sister vehicle due only to 
certain factors unrelated to coastdown 
performance, manufacturers may use 
the road-load coefficients from the 
complete sister vehicle for certification 
testing of the cab-complete vehicle, but 
it may not use fuel consumption data 
from the complete sister vehicle for 
certifying the cab-complete vehicle. 

(7) Loose engines. For model year 
2023 and earlier spark-ignition engines 

with identical hardware compared with 
engines used in vehicles certified to the 
standards of this section, where such 
engines are sold as loose engines or as 
engines installed in incomplete vehicles 
that are not cab-complete vehicles. 
Manufacturers may certify such engines 
to the standards of this section, subject 
to the following provisions: 

(i) For 2020 and earlier model years, 
the maximum allowable U.S.-directed 
production volume of engines 
manufacturers may sell under this 
paragraph (7) in any given model year 
is ten percent of the total U.S-directed 
production volume of engines of that 
design that the manufacturer produces 
for heavy-duty applications for that 
model year, including engines it 
produces for complete vehicles, cab- 
complete vehicles, and other incomplete 
vehicles. The total number of engines a 
manufacturer may certify under this 
paragraph (7), of all engine designs, may 
not exceed 15,000 in any model year. 
Engines produced in excess of either of 
these limits are not covered by your 
certificate. For example, a manufacturer 
produces 80,000 complete model year 
2017 Class 2b pickup trucks with a 
certain engine and 10,000 incomplete 
model year 2017 Class 3 vehicles with 
that same engine, and the manufacturer 
did not apply the provisions of this 
paragraph (a)(7) to any other engine 
designs, it may produce up to 10,000 
engines of that design for sale as loose 
engines under this paragraph (a)(7). If a 
manufacturer produced 11,000 engines 
of that design for sale as loose engines, 
the last 1,000 of them that it produced 
in that model year 2017 would be 
considered uncertified. 

(ii) For model years 2021 through 
2023, the U.S.-directed production 
volume of engines manufacturers sell 
under this paragraph (a)(7) in any given 
model year may not exceed 10,000 
units. This paragraph (a)(7) does not 
apply for engines certified to the 
standards of paragraph (d) of this 
section and 40 CFR 1036.108. 

(iii) Vehicles using engines certified 
under this paragraph (a)(7) are subject to 
the fuel consumption and emission 
standards of paragraph (b) of this 
section and 40 CFR 1037.105 and engine 
standards in 40 CFR 1036.150(j). 

(iv) For certification purposes, 
engines are deemed to have a fuel 
consumption target values and test 
result equal to the fuel consumption 
target value and test result for the 
complete vehicle in the applicable test 
group with the highest equivalent test 
weight, except as specified in paragraph 
(a)(7)(iv)(B) of this section. 
Manufacturers use these values to 
calculate target values and the fleet- 

average fuel consumption rate. Where 
there are multiple complete vehicles 
with the same highest equivalent test 
weight, select the fuel consumption 
target value and test result as follows: 

(A) If one or more of the fuel 
consumption test results exceed the 
applicable target value, use the fuel 
consumption target value and test result 
of the vehicle that exceeds its target 
value by the greatest amount. 

(B) If none of the fuel consumption 
test results exceed the applicable target 
value, select the highest target value and 
set the test result equal to it. This means 
that the manufacturer may not generate 
fuel consumption credits from vehicles 
certified under this paragraph (a)(7). 

(8) Alternative fuel vehicle 
conversions. Alternative fuel vehicle 
conversions may demonstrate 
compliance with the standards of this 
part or other alternative compliance 
approaches allowed by EPA in 40 CFR 
85.525. 

(9) Advanced, innovative and off- 
cycle technologies. For vehicles subject 
to Phase 1 standards, manufacturers 
may generate separate credit allowances 
for advanced and innovative 
technologies as specified in § 535.7(f)(1) 
and (2). For vehicles subject to Phase 2 
standards, manufacturers may generate 
separate credits allowance for off-cycle 
technologies in accordance with 
§ 535.7(f)(2). Separate credit allowances 
for advanced technology vehicles 
cannot be generated; instead 
manufacturers may use the credit 
multipliers specified in § 535.7(f)(1)(iv) 
through model year 2026. 

(10) Useful life. The following useful 
life values apply for the standards of 
this section: 

(i) 120,000 miles or 10 years, 
whichever comes first, for Class 2b 
through Class 3 heavy-duty pickup 
trucks and vans certified to Phase 1 
standards. 

(ii) 150,000 miles or 15 years, 
whichever comes first, for Class 2b 
through Class 3 heavy-duty pickup 
trucks and vans certified to Phase 2 
standards. 

(iii) For Phase 1 credits that you 
calculate based on a useful life of 
120,000 miles, multiply any banked 
credits that you carry forward for use 
into the Phase 2 program by 1.25. For 
Phase 1 credit deficits that you generate 
based on a useful life of 120,000 miles 
multiply the credit deficit by 1.25 if 
offsetting the shortfall with Phase 2 
credits. 

(11) Compliance with standards. A 
manufacturer complies with the 
standards of this part as described in 
§ 535.10. 
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(b) Heavy-duty vocational vehicles. 
Each manufacturer building complete or 
incomplete heavy-duty vocational 
vehicles shall comply with the fuel 
consumption standards in this 
paragraph (b) expressed in gallons per 
1000 ton-miles. Engines used in heavy- 
duty vocational vehicles shall comply 
with the standards in paragraph (d) of 
this section. Each vehicle must be 
manufactured to comply for its full 
useful life. Standards apply to the 
vehicle subfamilies based upon the 
vehicle service classes within each of 
the vocational vehicle regulatory 
subcategories in accordance with 
§ 535.4 and based upon the applicable 
modeling and testing specified in 
§ 535.6. Determine the duty cycles that 
apply to vocational vehicles according 
to 40 CFR 1037.140 and 1037.150(z). 

(1) Mandatory standards. Heavy-duty 
vocational vehicle subfamilies produced 
for Phase 1 must comply with the fuel 
consumption standards in paragraph 
(b)(3) of this section. For Phase 2, each 
vehicle manufacturer of heavy-duty 
vocational vehicle subfamilies must 
comply with the fuel consumption 
standards in paragraph (b)(4) of this 
section. 

(i) For model years 2016 to 2020, the 
heavy-duty vocational vehicle category 
is subdivided by GVWR into three 
regulatory subcategories as defined in 

§ 535.4, each with its own assigned 
standard. 

(ii) For model years 2021 and later, 
the heavy-duty vocational vehicle 
category is subdivided into 15 
regulatory subcategories depending 
upon whether vehicles are equipped 
with a compression or spark-ignition 
engine, as defined in § 535.4. Standards 
also differ based upon vehicle service 
class and intended vehicle duty cycles. 
See 40 CFR 1037.140 and 1037.150(z). 

(iii) For purposes of certifying 
vehicles to fuel consumption standards, 
manufacturers must divide their 
product lines in each regulatory 
subcategory into vehicle families that 
have similar emissions and fuel 
consumption features, as specified by 
EPA in 40 CFR 1037.230. These families 
will be subject to the applicable 
standards. Each vehicle family is 
limited to a single model year. 

(A) Vocational vehicles including 
custom chassis vehicles must use 
qualified automatic tire inflation 
systems or tire pressure monitoring 
systems for wheels on all axles. 

(B) Tire pressure monitoring systems 
must use low pressure warning and 
malfunction telltales in clear view of the 
driver as specified in S4.3 and S4.4 of 
49 CFR 571.138. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2015, a 

manufacturer may choose voluntarily to 
comply early with the fuel consumption 
standards provided in paragraph (b)(3) 
of this section. For example, a 
manufacturer may choose to comply 
early in order to begin accumulating 
credits through over-compliance with 
the applicable standards. A 
manufacturer choosing early 
compliance must comply with all the 
vehicles and engines it manufacturers in 
each regulatory category for a given 
model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards 
for model years 2013 to 2020. The 
mandatory and voluntary fuel 
consumption standards for heavy-duty 
vocational vehicles are given in the 
following table: 

TABLE 8—PHASE 1 VOCATIONAL VEHICLE FUEL CONSUMPTION STANDARDS 
[Gallons per 1000 ton-miles] 

Regulatory subcategories Vocational 
LHD vehicles 

Vocational 
MHD vehicles 

Vocational 
HHD vehicles 

Model Years 2013 to 2016 Voluntary Standards 

Standard ...................................................................................................................................... 38.1139 22.9862 22.2004 

Model Years 2017 to 2020 Mandatory Standards 

Standard ...................................................................................................................................... 36.6405 22.1022 21.8075 

(4) Regulatory subcategory standards 
for model years 2021 and later. The 
mandatory fuel consumption standards 

for heavy-duty vocational vehicles are 
given in the following table: 

TABLE 9—PHASE 2 VOCATIONAL VEHICLE FUEL CONSUMPTION STANDARDS 
[Gallons per 1,000 ton-miles] 

Duty cycle 
LHD 

Vocational 
vehicles 

MHD 
Vocational 
vehicles 

Vocational 
HHD 

vehicles 

Model Years 2021 to 2023 Standards for CI Vehicles 

Urban ........................................................................................................................................... 41.6503 29.0766 30.2554 
Multi-Purpose ............................................................................................................................... 36.6405 26.0314 25.6385 
Regional ....................................................................................................................................... 30.5501 22.9862 20.2358 

Model Years 2021 to 2023 Standards for SI Vehicles 

Urban ........................................................................................................................................... 51.8735 36.9078 NA 

VerDate Sep<11>2014 02:43 Oct 25, 2016 Jkt 241001 PO 00000 Frm 00368 Fmt 4701 Sfmt 4700 E:\FR\FM\25OCR3.SGM 25OCR3sr
ob

in
so

n 
on

 D
S

K
5S

P
T

V
N

1P
R

O
D

 w
ith

 R
U

LE
S

3

PC ORIGINAL PKG



74249 Federal Register / Vol. 81, No. 206 / Tuesday, October 25, 2016 / Rules and Regulations 

TABLE 9—PHASE 2 VOCATIONAL VEHICLE FUEL CONSUMPTION STANDARDS—Continued 
[Gallons per 1,000 ton-miles] 

Duty cycle 
LHD 

Vocational 
vehicles 

MHD 
Vocational 
vehicles 

Vocational 
HHD 

vehicles 

Multi-Purpose ............................................................................................................................... 45.7972 32.9695 NA 
Regional ....................................................................................................................................... 37.6955 29.3687 NA 

Model Years 2024 to 2026 Standards for CI Vehicles 

Urban ........................................................................................................................................... 37.8193 26.6208 27.7996 
Multi-Purpose ............................................................................................................................... 33.7917 24.1650 23.7721 
Regional ....................................................................................................................................... 29.0766 21.7092 19.0570 

Model Years 2024 to 2026 Standards for SI Vehicles 

Urban ........................................................................................................................................... 48.6103 34.8824 NA 
Multi-Purpose ............................................................................................................................... 43.3217 31.3942 NA 
Regional ....................................................................................................................................... 36.4577 28.2435 NA 

Model Years 2027 and later Standards for CI Vehicles 

Urban ........................................................................................................................................... 36.0511 25.3438 26.4244 
Multi-Purpose ............................................................................................................................... 32.4165 23.0845 22.5933 
Regional ....................................................................................................................................... 28.5855 21.4145 18.5658 

Model Years 2027 and later Standards for SI Vehicles 

Urban ........................................................................................................................................... 46.4724 33.4196 NA 
Multi-Purpose ............................................................................................................................... 41.8589 30.1564 NA 
Regional ....................................................................................................................................... 35.8951 27.7934 NA 

(5) Subfamily standards. 
Manufacturers may specify a family 
emission limit (FEL) in terms of fuel 
consumption for each vehicle 
subfamily. The FEL may not be less than 
the result of fuel consumption modeling 
from 40 CFR 1037.520. The FELs is the 
fuel consumption standards for the 
vehicle subfamily instead of the 
standards specified in paragraph (b)(3) 
and (4) of this section and can be used 
for calculating fuel consumption credits 
in accordance with § 535.7. 

(6) Alternate standards for custom 
chassis vehicles for model years 2021 
and later. Manufacturers may elect to 
certify certain vocational vehicles to the 
alternate standards for custom chassis 
vehicles specified in this paragraph 

(b)(6) instead of the standards specified 
in paragraph (b)(4) of this section. Note 
that, although these standards were 
established for custom chassis vehicles, 
manufacturers may apply these 
provisions to any qualifying vehicle 
even though these standards were 
established for custom chassis vehicles. 
For example, large diversified vehicle 
manufacturers may certify vehicles to 
the refuse hauler standards of this 
section as long as the manufacturer 
ensures that those vehicles qualify as 
refuse haulers when placed into service. 
GEM simulates vehicle operation for 
each type of vehicle based on an 
assigned vehicle service class, 
independent of the vehicle’s actual 
characteristics, as shown in Table 10 of 

this section; however, standards apply 
for the vehicle’s useful life based on its 
actual characteristics as specified in 
paragraph (b)(10) of this section. 
Vehicles certified to these alternative 
standards must use engines certified to 
requirements under paragraph (d) of this 
section and 40 CFR part 1036 for the 
appropriate model year, except that 
motor homes and emergency vehicles 
may use engines certified with the 
loose-engine provisions of paragraph 
(a)(7) of this section and 40 CFR 
1037.150(m). This also applies for 
vehicles meeting standards under 
paragraphs (b)(6)(iv) through (vi) of this 
section. The fuel consumption 
standards for custom chassis vehicles 
are given in the following table: 

TABLE 10—PHASE 2 CUSTOM CHASSIS FUEL CONSUMPTION STANDARDS 
[Gallon per 1,000 ton-mile] 

Vehicle type 1 Assigned vehicle service class MY 2021 MY 2027 

Coach Bus .................................................................... HHD Vehicle ................................................................. 20.6287 20.1375 
Motor Home .................................................................. MDH Vehicle ................................................................. 22.3969 22.2004 
School Bus ................................................................... MHD Vehicle ................................................................. 28.5855 26.6208 
Other bus ...................................................................... HHD Vehicle ................................................................. 29.4695 28.0943 
Refuse hauler ............................................................... HHD Vehicle ................................................................. 30.7466 29.2731 
Concrete mixer ............................................................. HHD Vehicle ................................................................. 31.3360 31.0413 
Mixed-use vehicle ......................................................... HHD Vehicle ................................................................. 31.3360 31.0413 
Emergency Vehicle ....................................................... HHD Vehicle ................................................................. 31.8271 31.3360 

1 Vehicle types are generally defined in § 535.3. ‘‘Other bus’’ includes any bus that is not a school bus or a coach bus. A ‘‘mixed-use vehicle’’ 
is one that meets at least one of the criteria specified in 40 CFR 1037.631(a)(1) or at least one of the criteria in 40 CFR 1037.631(a)(2), but not 
both. 
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(i) Manufacturers may generate or use 
fuel consumption credits for averaging 
to demonstrate compliance with the 
alternative standards as described in 
§ 535.7(c). This requires that 
manufacturers specify a Family 
Emission Limit (FEL) for fuel 
consumption for each vehicle 
subfamily. The FEL may not be less than 
the result of emission modeling as 
described in this paragraph (b). These 
FELs serve as the fuel consumption 
standards for the vehicle subfamily 
instead of the standards specified in this 
paragraph (b)(6). Manufacturers may 
only use fuel consumption credits for 
vehicles certified to the optional 
standards in this paragraph (b)(6) as 
specified in § 535.7(c)(6) through (8) and 
you may not bank or trade fuel 
consumption credits from any vehicles 
certified under this paragraph (b)(6). 

(ii) For purposes of this paragraph 
(b)(6), each separate vehicle type 
identified in Table 10 of this section is 
in a separate averaging set. 

(iii) For purposes of emission and fuel 
consumption modeling under 40 CFR 
1037.520, consider motor homes and 
coach buses to be subject to the Regional 
duty cycle, and consider all other 
vehicles to be subject to the Urban duty 
cycle. 

(iv) Emergency vehicles are deemed to 
comply with the standards of this 
paragraph (6) if manufacturers use tires 
with TRRL at or below 8.4 kg/ton (8.7 
g/ton for model years 2021 through 
2026). 

(v) Concrete mixers are deemed to 
comply with the standards of this 
paragraph (6) if manufacturers use tires 
with TRRL at or below 7.1 kg/ton (7.6 
g/ton for model years 2021 through 
2026). 

(vi) Motor homes are deemed to 
comply with the standards of this 
paragraph (b)(6) if manufacturers use 
the following technologies: 

(A) Tires with TRRL at or below 6.0 
kg/ton (6.7 g/ton for model years 2021 
through 2026). 

(B) Automatic tire inflation systems or 
tire pressure monitoring systems with 
wheels on all axles. 

(C) Tire pressure monitoring systems 
must use low pressure warning and 
malfunction telltales in clear view of the 
driver as specified in S4.3 and S4.4 of 
49 CFR 571.138. 

(vii) Small business manufacturers 
using the alternative standards for 
custom chassis vehicles under this 
paragraph (b)(6) may use fuel 
consumption credits subject to the 
unique provisions in § 535.7(a)(9). 

(7) Advanced, innovative and off- 
cycle technologies. For vocational 
vehicles subfamilies subject to Phase 1 

standards, manufacturers must create 
separate vehicle subfamilies for vehicles 
that contain advanced or innovative 
technologies and group those vehicles 
together in a vehicle subfamily if they 
use the same advanced or innovative 
technologies. Manufacturers may 
generate separate credit allowances for 
advanced and innovative technologies 
as specified in § 535.7(f)(1) and (2). For 
vehicles subfamilies subject to Phase 2 
standards, manufacturers may generate 
separate credit allowances for off-cycle 
technologies in accordance with 
§ 535.7(f)(2). Separate credit allowances 
for advanced technology vehicles 
cannot be generated but instead 
manufacturers may use the credit 
multipliers specified in § 535.7(f)(1)(iv) 
through model year 2026. 

(8) Certifying across service classes. A 
manufacturer may optionally certify a 
vocational vehicle subfamilies to the 
standards and useful life applicable to a 
heavier vehicle service class (such as 
MHD vocational vehicles instead of 
LHD vocational vehicles). Provisions 
related to generating fuel consumption 
credits apply as follows: 

(i) If a manufacturer certifies all its 
vehicles from a given vehicle service 
class in a given model year to the 
standards and useful life that applies for 
a heavier vehicle service class, it may 
generate credits as appropriate for the 
heavier service class. 

(ii) Class 8 hybrid vehicles with light 
or medium heavy-duty engines may be 
certified to compression-ignition 
standards for the Heavy HDV service 
class. A manufacturer may generate and 
use credits as allowed for the Heavy 
HDV service class. 

(iii) Except as specified in paragraphs 
(b)(8)(i) and (ii) of this section, a 
manufacturer may not generate credits 
with the vehicle. If you include lighter 
vehicles in a subfamily of heavier 
vehicles with an FEL below the 
standard, exclude the production 
volume of lighter vehicles from the 
credit calculation. Conversely, if a 
manufacturer includes lighter vehicles 
in a subfamily with an FEL above the 
standard, it must include the production 
volume of lighter vehicles in the credit 
calculation. 

(9) Off-road exemptions. This section 
provides an exemption for heavy-duty 
vocational vehicle subfamilies, 
including vocational tractors that are 
intended to be used extensively in off- 
road environments such as forests, oil 
fields, and construction sites from the 
fuel consumption standards in this 
paragraph (b). Vehicle exempted by this 
part do not comply with vehicle 
standards in this paragraph (b), but the 
engines in these vehicles must meet the 

engine requirements of paragraph (d) of 
this section. Note that manufacturers 
may not include these exempted 
vehicles in any credit calculations 
under this part. 

(i) Qualifying criteria. Vocational 
vehicles intended for off-road use are 
exempt without request, subject to the 
provisions of this section, if they are 
primarily designed to perform work off- 
road (such as in oil fields, mining, 
forests, or construction sites), and they 
meet at least one of the criteria of 
paragraph (b)(9)(i)(A) of this section and 
at least one of the criteria of paragraph 
(b)(9)(i)(B) of this section. See paragraph 
(b)(6) of this section for alternate 
standards that apply for vehicles 
meeting only one of these sets of 
criteria. 

(A) The vehicle must have affixed 
components designed to work 
inherently in an off-road environment 
(such as hazardous material equipment 
or off-road drill equipment) or be 
designed to operate at low speeds such 
that it is unsuitable for normal highway 
operation. 

(B) The vehicle must meet one of the 
following criteria: 

(1) Have an axle that has a gross axle 
weight rating (GAWR) at or above 
29,000 pounds. 

(2) Have a speed attainable in 2.0 
miles of not more than 33 mi/hr. 

(3) Have a speed attainable in 2.0 
miles of not more than 45 mi/hr, an 
unloaded vehicle weight that is not less 
than 95 percent of its gross vehicle 
weight rating, and no capacity to carry 
occupants other than the driver and 
operating crew. 

(4) Have a maximum speed at or 
below 54 mi/hr. A manufacturer may 
consider the vehicle to be appropriately 
speed-limited if engine speed at 54 mi/ 
hr is at or above 95 percent of the 
engine’s maximum test speed in the 
highest available gear. A manufacturer 
may alternatively limit vehicle speed by 
programming the engine or vehicle’s 
electronic control module in a way that 
is tamper-resistant. 

(ii) Tractors. The provisions of this 
section may apply for tractors only if 
each tractor qualifies as a vocational 
tractor under paragraph (c)(9) of this 
section or is granted approval for the 
exemption as specified in paragraph 
(b)(9)(iii) of this section. 

(iii) Preliminary approval before 
certification. If a manufacturers has 
unusual circumstances where it may be 
questionable whether its vehicles 
qualify for the off-road exemption of 
this part, the manufacturer may send the 
agencies information before finishing its 
application for certification (see 40 CFR 
1037.205) for the applicable vehicles 
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and ask for a preliminary informal 
approval. The agencies will review the 
request and make an appropriate 
determination in accordance with 40 
CFR 1037.210. The agencies will 
generally not reverse a decision where 
they have given a manufacturer 
preliminary approval, unless the 
agencies find new information 
supporting a different decision. 
However, the agencies will normally not 
grant relief in cases where the vehicle 
manufacturer has credits or can 
otherwise comply with the applicable 
standards. 

(iv) Recordkeeping and reporting. (A) 
A manufacturers must keep records to 
document that its exempted vehicle 
configurations meet all applicable 
requirements of this section. Keep these 
records for at least eight years after you 
stop producing the exempted vehicle 
model. The agencies may review these 
records at any time. 

(B) A manufacturers must also keep 
records of the individual exempted 
vehicles you produce, including the 
vehicle identification number and a 
description of the vehicle configuration. 

(C) Within 90 days after the end of 
each model year, manufacturers must 
send to EPA a report as specified in 
§ 535.8(g)(7) and EPA will make the 
report available to NHTSA. 

(v) Compliance. (A) Manufacturers 
producing vehicles meeting the off-road 
exemption criteria in paragraph (b)(9)(i) 
of this section or that are granted a 
preliminary approval comply with the 
standards of this part. 

(B) In situations where a manufacturer 
would normally ask for a preliminary 
approval subject to paragraph (b)(9)(iii) 
of this section but introduces its vehicle 
into U.S. commerce without seeking 
approval first from the agencies, those 
vehicles violate compliance with the 
fuel consumption standards of this part 
and the EPA provisions under 40 CFR 
1068.101(a)(1). 

(C) If at any time, the agencies find 
new information that contradicts a 
manufacturer’s use of the off-road 
exemption of this part, the 
manufacturers vehicles will be 
determined to be non-compliant with 
the regulations of this part and the 
manufacturer may be liable for civil 
penalties. 

(10) Useful life. The following useful 
life values apply for the standards of 
this section: 

(i) 110,000 miles or 10 years, 
whichever comes first, for vocational 
LHD vehicles certified to Phase 1 
standards. 

(ii) 150,000 miles or 15 years, 
whichever comes first, for vocational 
LHD vehicles certified to Phase 2 
standards. 

(iii) 185,000 miles or 10 years, 
whichever comes first, for vocational 
MHD vehicles for Phase 1 and 2. 

(iv) 435,000 miles or 10 years, 
whichever comes first, for vocational 
HHD vehicles for Phase 1 and 2. 

(v) For Phase 1 credits calculated 
based on a useful life of 110,000 miles, 
multiply any banked credits carried 
forward for use into the Phase 2 
program by 1.36. For Phase 1 credit 
deficits generated based on a useful life 
of 110,000 miles multiply the credit 
deficit by 1.36, if offsetting the shortfall 
with Phase 2 credits. 

(11) Recreational vehicles. 
Recreational vehicles manufactured 
after model year 2020 must comply with 
the fuel consumption standards of this 
section. Manufacturers producing these 
vehicles may also certify to fuel 
consumption standards from 2014 
through model year 2020. 
Manufacturers may earn credits 
retroactively for early compliance with 
fuel consumption standards. Once 
selected, a manufacturer cannot reverse 
the decision and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles it 
manufacturers in each regulatory 
subcategory for a given model year. 

(12) Loose engines. Manufacturers 
may certify certain spark-ignition 
engines along with chassis-certified 
heavy-duty vehicles where there are 
identical engines used in those vehicles 
as described in 40 CFR 86.1819(k)(8) 
and 40 CFR 1037.150(m). Vehicles in 
which those engines are installed are 
subject to standards under this part. 

(13) Compliance with Standards. A 
manufacturer complies with the 
standards of this part as described in 
§ 535.10. 

(c) Truck tractors. Each manufacturer 
building truck tractors, except 
vocational tractors or vehicle 
constructed in accordance with 
§ 571.7(e), with a GVWR above 26,000 
pounds shall comply with the fuel 
consumption standards in this 
paragraph (c) expressed in gallons per 
1000 ton-miles. Engines used in heavy- 
duty truck tractors vehicles shall 
comply with the standards in paragraph 
(d) of this section. Each vehicle must be 
manufactured to comply for its full 
useful life. Standards apply to the 
vehicle subfamilies within each of the 
tractor vehicle regulatory subcategories 
in accordance with § 535.4 and 40 CFR 
1037.230 and based upon the applicable 

modeling and testing specified in 
§ 535.6. Determine the vehicles in each 
regulatory subcategory in accordance 
with 40 CFR 1037.140. 

(1) Mandatory standards. For model 
years 2016 and later, each 
manufacturer’s truck tractor subfamilies 
must comply with the fuel consumption 
standards in paragraph (c)(3) of this 
section. 

(i) Based on the roof height and the 
design of the cab, the truck tractor 
category is divided into subcategories as 
described in § 535.4. The standards that 
apply to each regulatory subcategory are 
shown in paragraphs (c)(2) and (3) of 
this section, each with its own assigned 
standard. 

(ii) For purposes of certifying vehicles 
to fuel consumption standards, 
manufacturers must divide their 
product lines in each regulatory 
subcategory into vehicles subfamilies 
that have similar emissions and fuel 
consumption features, as specified by 
EPA in 40 CFR 1037.230, and these 
subfamilies will be subject to the 
applicable standards. Each vehicle 
subfamily is limited to a single model 
year. 

(iii) Standards for truck tractor 
engines are given in paragraph (d) of 
this section. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2015, a 
manufacturer may choose voluntarily to 
comply early with the fuel consumption 
standards provided in paragraph (c)(3) 
of this section. For example, a 
manufacturer may choose to comply 
early in order to begin accumulating 
credits through over-compliance with 
the applicable standards. A 
manufacturer choosing early 
compliance must comply with all the 
vehicles and engines it manufacturers in 
each regulatory category for a given 
model year. 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards. 
The fuel consumption standards for 
truck tractors, except for vocational 
tractors, are given in the following table: 
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TABLE 11—TRUCK TRACTOR FUEL CONSUMPTION STANDARDS 
[Gallons per 1,000 ton-miles] 

Regulatory subcategories 
Day cab Sleeper cab 

Heavy-Haul 
Class 7 Class 8 Class 8 

Phase 1—Model Years 2013 to 2015 Voluntary Standards 

Low Roof .......................................................................................................... 10.5108 7.9568 6.6798 
Mid Roof .......................................................................................................... 11.6896 8.6444 7.4656 
High Roof ......................................................................................................... 12.1807 9.0373 7.3674 

Phase 1—Model Year 2016 Mandatory Standard 

Low Roof .......................................................................................................... 10.5108 7.9568 6.6798 NA 
Mid Roof .......................................................................................................... 11.6896 8.6444 7.4656 
High Roof ......................................................................................................... 12.1807 9.0373 7.3674 

Phase 1—Model Years 2017 to 2020 Mandatory Standards 

Low Roof .......................................................................................................... 10.2161 7.8585 6.4833 NA 
Mid Roof .......................................................................................................... 11.2967 8.4479 7.1709 
High Roof ......................................................................................................... 11.7878 8.7426 7.0727 

Phase 2—Model Years 2021 to 2023 Mandatory Standards 

Low Roof .......................................................................................................... 10.36346 7.90766 7.10216 5.14735 
Mid Roof .......................................................................................................... 11.11984 8.38900 7.66208 
High Roof ......................................................................................................... 11.14931 8.40864 7.43615 

Phase 2—Model Years 2024 to 2026 Mandatory Standards 

Low Roof .......................................................................................................... 9.80354 7.48527 6.67976 4.93124 
Mid Roof .......................................................................................................... 10.52063 7.94695 7.22004 
High Roof ......................................................................................................... 10.47151 7.89784 6.94499 

Phase 2—Model Years 2027 and later Mandatory Standards 

Low Roof .......................................................................................................... 9.44990 7.21022 6.29666 4.74460 
Mid Roof .......................................................................................................... 10.15717 7.66208 6.83694 
High Roof ......................................................................................................... 9.82318 7.43615 6.31631 

(4) Subfamily standards. 
Manufacturers may generate or use fuel 
consumption credits for averaging, 
banking, and trading as described in 
§ 535.7(c). This requires that 
manufacturers calculate a credit 
quantity if they specify a Family 
Emission Limit (FEL) that is different 

than the standard specified in this 
section. The FEL may not be less than 
the result of emission and fuel 
consumption modeling from 40 CFR 
1037.520. These FELs serve as the 
emission standards for the specific 
vehicle subfamily instead of the 

standards specified in paragraph (2) of 
this section. 

(5) Alternate standards for tractors at 
or above 120,000 pounds GCWR. 
Manufacturers may certify tractors at or 
above 120,000 pounds GCWR to the 
following fuel consumption standards 
in the following table: 

TABLE 12—ALTERNATE FUEL CONSUMPTION STANDARDS FOR TRACTORS ABOVE 120,000 POUNDS GCWR FOR 2021 MY 
AND LATER FUEL CONSUMPTION 

[Gallons per 1,000 ton-miles] 

Low roof day cab Mid roof 
day cab 

High roof 
day cab 

Low roof 
sleeper cab 

Mid roof 
sleeper cab 

High roof 
sleeper cab 

3.59528 3.82122 3.84086 3.26130 3.52652 3.43811 

(6) Advanced, innovative and off- 
cycle technologies. For tractors subject 
to Phase 1 standards, manufacturers 
must create separate vehicle subfamilies 
for vehicles that contain advanced or 
innovative technologies and group those 
vehicles together in a vehicle 
subfamilies if they use the same 
advanced or innovative technologies. 

Manufacturers may generate separate 
credit allowances for advanced and 
innovative technologies as specified in 
§ 535.7(f)(1) and (2). For vehicles subject 
to Phase 2 standards, manufacturers 
may generate separate credits allowance 
for off-cycle technologies in accordance 
with § 535.7(f)(2). Separate credit 
allowances for advanced technology 

vehicles cannot be generated but instead 
manufacturers may use the credit 
multipliers specified in § 535.7(f)(1)(iv) 
through model year 2026. 

(7) Certifying across service classes. 
Manufacturers may certify Class 7 
tractors to Class 8 tractors standards as 
follows: 
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(i) A manufacturer may optionally 
certify 4x2 tractors with heavy heavy- 
duty engines to the standards and useful 
life for Class 8 tractors, with no 
restriction on generating or using fuel 
consumption credits within the Class 8 
averaging set. 

(ii) A manufacturer may optionally 
certify a Class 7 tractor to the standards 
and useful life applicable to Class 8 
tractors. Credit provisions apply as 
follows: 

(A) If a manufacturer certifies all of its 
Class 7 tractors to Class 8 standards, it 
may use these Heavy HDV credits 
without restriction. 

(B) This paragraph (c)(7)(ii)(B) applies 
if a manufacturer certifies some Class 7 
tractors to Class 8 standards under this 
paragraph (c)(7)(ii) but not all of them. 
If a manufacturer includes Class 7 
tractors in a subfamily of Class 8 tractors 
with an FEL below the standard, 
exclude the production volume of Class 
7 tractors from the credit calculation. 
Conversely, if a manufacturer includes 
Class 7 tractors in a subfamily of Class 
8 tractors with an FEL above the 
standard, it must include the production 
volume of Class 7 tractors in the credit 
calculation. 

(8) Expanded families. Manufacturers 
may combine dissimilar vehicles into a 
single vehicle subfamilies for applying 
standards and for testing in special 
circumstances as follows: 

(i) For a Phase 1 vehicle model that 
straddles a roof-height, cab type, or 
GVWR division, manufacturers can 
include all the vehicles in the same 
vehicle family if it certifies the vehicle 
family to the more stringent standard. 
For roof height, the manufacturer must 
certify to the taller roof standard. For 
cab-type and GVWR, the manufacturers 
must certify to the numerically lower 
standard. 

(ii) For a Phase 2 vehicle model that 
includes a range of GVWR values that 
straddle weight classes, manufacturers 
may include all the vehicles in the same 
vehicle family if it certifies the vehicle 
family to the numerically lower fuel 
consumption standard from the affected 
service classes. Vehicles that are 
optionally certified to a more stringent 
standard under this paragraph are 
subject to useful-life and all other 
provisions corresponding to the weight 
class with the numerically lower fuel 
consumption standard. For a Phase 2 
tractor model that includes a range of 
roof heights that straddle subcategories, 
a manufacturer may include all the 
vehicles in the same vehicle family if it 
certifies the vehicle family to the 
appropriate subcategory as follows: 

(A) A manufacturer may certify mid- 
roof tractors as high-roof tractors, but it 

may not certify high-roof tractors as 
mid-roof tractors. 

(B) For tractor families straddling the 
low-roof/mid-roof division, a 
manufacturer may certify the family 
based on the primary roof-height as long 
as no more than 10 percent of the 
tractors are certified to the otherwise 
inapplicable subcategory. For example, 
if 95 percent of the tractors in the family 
are less than 120 inches tall, and the 
other 5 percent are 122 inches tall, a 
manufacturer may certify the tractors as 
a single family in the low-roof 
subcategory. 

(C) Determine the appropriate 
aerodynamic bin number based on the 
actual roof height if the CdA value is 
measured. However, use the GEM input 
for the bin based on the standards to 
which the manufacturer certifies. For 
example, of a manufacturer certifies as 
mid roof tractors some low-roof tractors 
with a measured CdA value of 4.2 m2, 
it qualifies as Bin IV; and must input 
into GEM the mid-roof Bin IV value of 
5.85 m2. 

(9) Vocational tractors. Tractors 
meeting the definition of vocational 
tractors in 49 CFR 523.2 must comply 
with requirements for heavy-duty 
vocational vehicles specified in 
paragraphs (b) and (d) of this section. 
For Phase 1, Class 7 and Class 8 tractors 
certified or exempted as vocational 
tractors are limited in production to no 
more than 21,000 vehicles in any three 
consecutive model years. If a 
manufacturer is determined as not 
applying this allowance in good faith by 
EPA in its applications for certification 
in accordance with 40 CFR 1037.205 
and 1037.610, a manufacturer must 
comply with the tractor fuel 
consumption standards in paragraph 
(c)(3) of this section. No production 
limit applies for vocational tractors 
subject to Phase 2 standards. 

(10) Small business manufacturers 
converting to mid roof or high roof 
configurations. Small manufacturers are 
to allowed convert low and mid roof 
tractors to high roof configurations 
without recertification, provided it is for 
the purpose of building a custom 
sleeper tractor or conversion to a natural 
gas tractor as specified in 40 CFR 
1037.150(r). 

(11) Useful life. The following useful 
life values apply for the standards of 
this section: 

(i) 185,000 miles or 10 years, 
whichever comes first, for vehicles at or 
below 33,000 pounds GVWR. 

(ii) 435,000 miles or 10 years, 
whichever comes first, for vehicles 
above 33,000 pounds GVWR. 

(12) Conversion to high-roof 
configurations. Secondary vehicle 

manufacturers that qualify as small 
manufacturers may convert low- and 
mid-roof tractors to high-roof 
configurations without recertification 
for the purpose of building a custom 
sleeper tractor or converting it to run on 
natural gas, as follows: 

(i) The original low- or mid-roof 
tractor must be covered by a valid 
certificate of conformity by EPA. 

(ii) The modifications may not 
increase the frontal area of the tractor 
beyond the frontal area of the equivalent 
high-roof tractor with the corresponding 
standard trailer. If a manufacturer 
cannot use the original manufacturer’s 
roof fairing for the high-roof tractor, use 
good engineering judgment to achieve 
similar or better aerodynamic 
performance. 

(iii) The agencies may require that 
these manufacturers submit annual 
production reports as described in 
§ 535.8 and 40 CFR 1037.250 indicating 
the original roof height for requalified 
vehicles. 

(13) Compliance with standards. A 
manufacturer complies with the 
standards of this part as described in 
§ 535.10. 

(d) Heavy-duty engines. Each 
manufacturer of heavy-duty engines 
shall comply with the fuel consumption 
standards in this paragraph (d) of this 
section expressed in gallons per 100 
horsepower-hour. Each engine must be 
manufactured to comply for its full 
useful life, expressed in service miles, 
operating hours, or calendar years, 
whatever comes first. The provisions of 
this part apply to all new 2014 model 
year and later heavy-duty engines fueled 
by conventional and alternative fuels 
and manufactured for use in heavy-duty 
tractors or vocational vehicles. 
Standards apply to the engine families 
based upon the primary intended 
service classes within each of the engine 
regulatory subcategories as described in 
§ 535.4 and based upon the applicable 
modeling and testing specified in 
§ 535.6. 

(1) Mandatory standards. 
Manufacturers of heavy-duty engine 
families shall comply with the 
mandatory fuel consumption standards 
in paragraphs (d)(3) through (6) of this 
section for model years 2017 and later 
for compression-ignition engines and for 
model years 2016 and later for spark- 
ignition engines. 

(i) The heavy-duty engine regulatory 
category is divided into six regulatory 
subcategories, five compression-ignition 
subcategories and one spark-ignition 
subcategory, as shown in Table 14 of 
this section. 

(ii) Separate standards exist for engine 
families manufactured for use in heavy- 
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duty vocational vehicles and in truck 
tractors. 

(iii) For purposes of certifying engines 
to fuel consumption standards, 
manufacturers must divide their 
product lines in each regulatory 
subcategory into engine families. Fuel 
consumption standards apply each 
model year to the same engine families 
used to comply with EPA standards in 
40 CFR 1036.108 and 40 CFR 1037.230. 
An engine family is designated under 
the EPA program based upon testing 
specified in 40 CFR part 1036, subpart 
F, and the engine family’s primary 
intended service class. Each engine 
family manufactured for use in a heavy- 
duty tractor or vocational vehicle must 
be certified to the primary intended 
service class that it is designed for in 

accordance with 40 CFR 1036.108 and 
1036.140. 

(2) Voluntary compliance. (i) For 
model years 2013 through 2016 for 
compression-ignition engine families, 
and for model year 2015 for spark- 
ignition engine families, a manufacturer 
may choose voluntarily to comply with 
the fuel consumption standards 
provided in paragraphs (d)(3) through 
(5) of this section. For example, a 
manufacturer may choose to comply 
early in order to begin accumulating 
credits through over-compliance with 
the applicable standards. A 
manufacturer choosing early 
compliance must comply with all the 
vehicles and engines it manufacturers in 
each regulatory category for a given 
model year except in model year 2013 
the manufacturer may comply with 

individual engine families as specified 
in 40 CFR 1036.150(a)(2). 

(ii) A manufacturer must declare its 
intent to voluntarily comply with fuel 
consumption standards and identify its 
plans to comply before it submits its 
first application for a certificate of 
conformity for the respective model year 
as specified in § 535.8; and, once 
selected, the decision cannot be 
reversed and the manufacturer must 
continue to comply for each subsequent 
model year for all the vehicles and 
engines it manufacturers in each 
regulatory category for a given model 
year. 

(3) Regulatory subcategory standards. 
The primary fuel consumption 
standards for heavy-duty engine 
families are given in the following table: 

TABLE 13—PRIMARY HEAVY-DUTY ENGINE FUEL CONSUMPTION STANDARDS 
[Gallons per 100 hp-hr] 

Regulatory subcategory CI LHD engines 
and all other 

engines 

CI MHD engines 
and all other 

engines 

HHD CI engines 
and all other 

engines 

SI engines 

Application 
Vocational Vocational Tractor Vocational Tractor 

All 

Phase 1—Voluntary Standards 

2015 ..................................................... ............................ ........................ ........................ ........................ ........................ 7.0552 
2013 to 2016 ........................................ 5.8939 5.8939 4.9312 5.5697 4.666 

Phase 1—Mandatory Standards 

2016 ..................................................... ............................ ........................ ........................ ........................ ........................ 7.0552 
2017 to 2020 ........................................ 5.6582 5.6582 4.6660 5.4519 4.4401 7.0552 

Phase 2—Mandatory Standards 

2021 to 2023 ........................................ 5.5305 5.3536 4.6464 5.0393 4.3910 7.0552 
2024 to 2026 ........................................ 5.4519 5.2849 4.5285 4.9705 4.2829 7.0552 
2027 and later ...................................... 5.4224 5.2554 4.4892 4.9411 4.2436 7.0552 

(4) Alternate subcategory standards. 
The alternative fuel consumption 
standards for heavy-duty compression- 
ignition engine families are as follows: 

(i) Manufacturers entering the 
voluntary program in model years 2014 
through 2016, may choose to certify 
compression-ignition engine families 
unable to meet standards provided in 
paragraph (d)(3) of this section to the 
alternative fuel consumption standards 
of this paragraph (d)(4). 

(ii) Manufacturers may not certify 
engines to these alternate standards if 
they are part of an averaging set in 
which they carry a balance of banked 
credits. For purposes of this section, 

manufacturers are deemed to carry 
credits in an averaging set if they carry 
credits from advance technology that are 
allowed to be used in that averaging set 
in accordance with § 535.7(d)(12). 

(iii) The emission standards of this 
section are determined as specified by 
EPA in 40 CFR 1036.620(a) through (c) 
and should be converted to equivalent 
fuel consumption values. 

(5) Alternate phase-in standards. 
Manufacturers have the option to 
comply with EPA emissions standards 
for compression-ignition engine families 
using an alternative phase-in schedule 
that correlates with EPA’s OBD 
standards. If a manufacturer chooses to 

use the alternative phase-in schedule for 
meeting EPA standards and optionally 
chooses to comply early with the 
NHTSA fuel consumption program, it 
must use the same phase-in schedule 
beginning in model year 2013 for fuel 
consumption standards and must 
remain in the program for each model 
year thereafter until model year 2020. 
The fuel consumption standard for each 
model year of the alternative phase-in 
schedule is provided in Table 15 of this 
section. Note that engine families 
certified to these standards are not 
eligible for early credits under § 535.7. 
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TABLE 14—PHASE 1 ALTERNATIVE PHASE-IN CI ENGINE FUEL CONSUMPTION STANDARDS 
[Gallons per 100 hp-hr] 

Tractors LHD engines MHD engines HHD engines 

Model Years 2013 to 2015 .......................................................................................................... NA 5.0295 4.7642 
Model Years 2016 to 2020 † ....................................................................................................... NA 4.7839 4.5187 

Vocational LHD engines MHD engines HHD engines 

Model Years 2013 to 2015 .......................................................................................................... 6.0707 6.0707 5.6680 
Model Years 2016 to 2020 † ....................................................................................................... 5.6582 5.6582 5.4519 

† Note: These alternate standards for 2016 and later are the same as the otherwise applicable standards for 2017 through 2020. 

(6) Alternative fuel conversions. 
Engines that have been converted to 
operate on alternative fuels may 
demonstrate compliance with the 
standards of this part or other 
alternative compliance approaches 
allowed by EPA in 40 CFR 85.525. 

(7) Optional certification under this 
section. Manufacturers certifying spark- 
ignition engines to the compression- 
ignition standards for EPA must treat 
those engines as compression-ignition 
engines for all the provisions of this 
part. 

(8) Advanced, innovative and off- 
cycle technologies. For engines subject 
to Phase 1 standards, manufacturers 
must create separate engine families for 
engines that contain advanced or 
innovative technologies and group those 
engines together in an engine family if 
they use the same advanced or 
innovative technologies. Manufacturers 
may generate separate credit allowances 
for advanced and innovative 
technologies as specified in § 535.7(f)(1) 
and (2). For engines subject to Phase 2 
standards, manufacturers may generate 
separate credits allowance for off-cycle 
technologies in accordance with 
§ 535.7(f)(2). Credit incentives for 
advanced technology engines do not 
apply during the Phase 2 period. 

(9) Useful life. The exhaust emission 
standards of this section apply for the 
full useful life, expressed in service 
miles, operating hours, or calendar 
years, whichever comes first. The 
following useful life values apply for the 
standards of this section: 

(i) 120,000 miles or 11 years, 
whichever comes first, for CI and SI 
LHD engines certified to Phase 1 
standards. 

(ii) 150,000 miles or 15 years, 
whichever comes first, for CI and SI 
LHD and spark-ignition engines 
certified to Phase 2 standards. 

(iii) 185,000 miles or 10 years, 
whichever comes first, for CI MHD 
engines certified to Phase 1 and for 
Phase 2. 

(iv) 435,000 miles or 10 years, 
whichever comes first, for CI HHD 

engines certified to Phase 1 and for 
Phase 2. 

(v) For Phase 1 credits that 
manufacturers calculate based on a 
useful life of 110,000 miles, multiply 
any banked credits that it carries 
forward for use into the Phase 2 
program by 1.36. For Phase 1 credit 
deficits that manufacturers generate 
based on a useful life of 110,000 miles 
multiply the credit deficit by 1.36, if 
offsetting the shortfall with Phase 2 
credits. 

(10) Loose engines. This paragraph 
(10) describes alternate emission and 
fuel consumption standards for loose 
engines certified under. The standards 
of this paragraph (d) and 1036.108 do 
not apply for loose engines certified 
under paragraph (a) of this section and 
40 CFR 86.1819–14(k)(8). The standards 
in 40 CFR 1036.150(j) apply for the 
emissions and equivalent fuel 
consumption measured with the engine 
installed in a complete vehicle 
consistent with the provisions of 40 CFR 
86.1819–14(k)(8)(vi). 

(11) Alternate transition option for 
Phase 2 engine standards. (i) 
Manufacturers may optionally elect to 
comply with the model year 2021 
primary (Phase 2) vocational vehicle 
and tractor engine standards in 
paragraph (d)(3) of this section 
beginning in model year 2020 (e.g. 
comply with the more stringent 
standards one year early). The model 
year 2021 standard would apply to these 
manufacturers for model years 2020 
through 2023. Manufacturers that 
voluntarily certify their engines to 
model year 2021 standards early would 
then be eligible for less stringent engine 
tractor standards in model years 2024 
through 2026, as follows: 

(A) 5.2849 gallons per 100 hp-hr for 
MHD vocational vehicle engines. 

(B) 4.5874 gallons per 100 hp-hr for 
MHD tractor engines. 

(C) 4.9705 gallons per 100 hp-hr for 
HHD vocational vehicle engines. 

(D) 4.3418 gallons per 100 hp-hr for 
HHD tractor engines. 

(ii) The primary standard in 
paragraph (d)(3) applies for all 
manufacturers in model year 2027 and 
later years. 

(iii) Manufacturers may apply these 
provisions separately for medium 
heavy-duty engines and heavy heavy- 
duty engines. This election applies to all 
engines in each segment. For example, 
if a manufacturer elects this alternate 
option for its medium heavy-duty 
engines, all of the manufacturer’s 
medium heavy-duty vocational and 
tractor engines must comply. Engine 
fuel consumption credits generated 
under § 535.7(d) for manufacturers 
complying early with the model year 
2021 standards follow the temporary 
extended credit life allowance in 
§ 535.7(d)(9). 

(12) Compliance with Standards. A 
manufacturer complies with the 
standards of this part as described in 
§ 535.10. 

(e) Heavy-duty Trailers. Each 
manufacturer of heavy-duty trailers as 
specified in 49 CFR 523.10, except 
trailers constructed in accordance with 
49 CFR 571.7(f), shall comply with the 
fuel consumption standards in 
paragraph (e)(1) of this section 
expressed in gallons per 1000 ton-miles. 
Each vehicle must be manufactured to 
comply for its full useful life. There are 
no Phase 1 standards for trailers. 
Different levels of stringency apply for 
box vans depending on features that 
may affect aerodynamic performance. 
Standards apply to the trailer vehicle 
families within each of the trailer 
regulatory subcategories in accordance 
with § 535.4 and 40 CFR 1037.230 and 
based upon the applicable modeling and 
testing specified in § 535.6. 

(1) Fuel consumption standards for 
Box-Vans. Box van trailer families 
manufactured in model year 2021 and 
later must comply with the fuel 
consumption standards of this section. 
For model years 2018 through 2020, box 
van trailer manufacturers have the 
option to voluntarily comply with the 
fuel consumption standards of this 
section. Different levels of stringency 
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apply for box vans depending on 
features that may affect aerodynamic 
performance. A manufacturer may 
optionally meet less stringent standards 
for different trailer types, which are 
characterized as follows: 

(i) For trailers 35 feet or longer, a 
manufacturer may designate as ‘‘non- 
aero box vans’’ those box vans that have 
a rear lift gate or rear hinged ramp, and 
at least one of the following side 
features: Side lift gate, side-mounted 
pull-out platform, steps for side-door 
access, a drop-deck design, or belly 

boxes that occupy at least half the 
length of both sides of the trailer 
between the centerline of the landing 
gear and the leading edge of the front 
wheels. For trailers less than 35 feet 
long, manufacturers may designate as 
‘‘non-aero box vans’’ any refrigerated 
box vans with at least one of the side 
features identified for longer trailers. 

(ii) A manufacturer may designate as 
‘‘partial-aero box vans’’ those box vans 
that have at least one of the side features 
identified in paragraph (a)(1)(i) of this 
section. Long box vans may also qualify 

as partial-aero box vans if they have a 
rear lift gate or rear hinged ramp. Note 
that this paragraph (e)(1)(ii) does not 
apply for box vans designated as ‘‘non- 
aero box vans’’ under paragraph (e)(1)(i) 
of this section. 

(iii) ‘‘Full-aero box vans’’ are box vans 
that are not designated as non-aero box 
vans or partial-aero box vans under this 
paragraph (e)(1). 

(iv) Fuel consumption standards 
apply for full-aero box vans as specified 
in the following table: 

TABLE 15—PHASE 2 FULL AERO BOX VAN FUEL CONSUMPTION STANDARDS 
[Gallons per 1,000 ton-miles] 

Model years 
Dry van Refrigerated van 

Long Short Long Short 

Voluntary Standards 

2018 to 2020 .................................................................................................... 7.98625 12.31827 8.15324 12.68173 

Mandatory Standards 

2021 to 2023 .................................................................................................... 7.75049 12.15128 7.91749 12.52456 
2024 to 2026 .................................................................................................... 7.58350 11.87623 7.75049 12.24951 
2027 and later .................................................................................................. 7.43615 11.72888 7.60314 12.10216 

(v) Fuel consumption standards apply 
for partial-aero box vans as specified in 
the following table: 

TABLE 16—PHASE 2 FUEL CONSUMPTION STANDARDS FOR PARTIAL-AERO BOX VANS 
[Gallons per 1,000 ton-mile] 

Model year 
Dry van Refrigerated van 

Short Long Short Long 

2018–2020 ....................................................................................................... 12.31827 7.98625 12.68173 8.15324 
2021 and later .................................................................................................. 12.15128 7.91749 12.52456 8.08448 

(2) Fuel consumption standards for 
Non-aero Box Vans and Non-box 
Trailers. (i) Non-aero box van and non- 
box trailer families manufactured in 
model year 2021 and later must comply 
with the fuel consumption standards of 
this section. For model years 2018 
through 2020, trailer manufacturers 
have the option to voluntarily comply 
with the fuel consumption standards of 
this section. 

(ii) Non-aero box vans and non-box 
vans must meet the following standards: 

(A) Trailers must use automatic tire 
inflation systems or tire pressure 
monitoring systems with wheels on all 
axles. Tire pressure monitoring systems 
must use low pressure warning and 
malfunction telltales in clear view of the 
driver as specified in S4.3 and S4.4 of 
49 CFR 571.138. 

(B) Non-box trailers must use tires 
with a TRRL at or below 5.1 kg/tonne. 
Through model year 2020, non-box 
trailers may instead use tires with a 
TRRL at or below 6.0 kg/tonne. 

(C) Non-aero box vans must use tires 
with a TRRL at or below 4.7 kg/tonne. 
Through model year 2020, non-aero box 
vans may instead use tires with a TRRL 
at or below 5.1 kg/tonne. 

(3) Subfamily standards. Starting in 
model year 2027, manufacturers may 
generate or use fuel consumption credits 
for averaging to demonstrate compliance 
with the standards specified in 
paragraph (e)(1)(iii) of this section as 
described in § 535.7(e). This requires 
that manufacturers specify a Family 
Emission Limit (FEL) for fuel 
consumption for each vehicle 
subfamily. The FEL may not be less than 
the result of the emission and fuel 

consumption calculation in 40 CFR 
1037.515. The FEL may not be greater 
than the appropriate standard for model 
year 2021 trailers. These FELs serve as 
the fuel consumption standards for the 
specific vehicle subfamily instead of the 
standards specified in paragraph (e)(1) 
of this section. Manufacturers may not 
use averaging for non-box trailers, 
partial-aero box vans, or non-aero box 
vans that meet standards under 
paragraph (e)(1)(i) or (e)(1)(ii) of this 
section, and manufacturers may not use 
fuel consumption credits for banking or 
trading for any trailers. 

(4) Useful life. The fuel consumption 
standards of this section apply for a 
useful life equal to 10 years. 

(5) Transitional allowances for 
trailers. Through model year 2026, 
trailer manufacturers may calculate a 
number of trailers that are exempt from 
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the standards and certification 
requirements of this part. Calculate the 
number of exempt box vans in a given 
model year by multiplying the 
manufacturer’s total U.S.-directed 
production volume of certified box vans 
by 0.20 and rounding to the nearest 
whole number; however, in no case may 
the number of exempted box vans be 
greater than 350 units in any given 
model year. Repeat this calculation to 
determine the number of non-box 
trailers, up to 250 annual units, that are 
exempt from standards and certification 
requirements. Perform the calculation 
based on the manufacturer’s projected 
production volumes in the first year that 
standards apply; in later years, use 
actual production volumes from the 
preceding model year. Manufacturers 
include these calculated values of the 
production volumes of exempt trailers 
in their annual production report under 
§ 535.8 and 40 CFR 1037.250. 

(6) Roll-up doors for non-aero box 
vans. Through model year 2023, box 
vans may qualify for non-aero or partial- 
aero standards under this paragraph (e) 
by treating roll-up rear doors as being 
equivalent to rear lift gates. 

(7) Expanded families. A 
manufacturer may include refrigerated 
box vans in a vehicle family with dry 
box vans by treating them all as dry box 
vans for demonstrating compliance with 
fuel consumption standards. A 
manufacturer may include certain other 
types of trailers in a vehicle family with 
a different type of trailer, such that the 
combined set of trailers are all subject 
to the more stringent standards, as 
follows: 

(i) Standards for long trailers are more 
stringent than standards for short 
trailers. 

(ii) Standards for long dry box vans 
are more stringent than standards for 
short refrigerated box vans. 

(iii) Standards for non-aero box vans 
are more stringent than standards for 
non-box trailers. 

(8) Compliance with standards. A 
manufacturer complies with the 
standards of this part as described in 
§ 535.10. 

§ 535.6 Measurement and calculation 
procedures. 

This part describes the measurement 
and calculation procedures 
manufacturers use to determine annual 
fuel consumption performance results. 
Manufacturers use the fuel consumption 
results determined in this part for 
calculating credit balances specified in 

§ 535.7 and then determine whether 
they comply with standards as specified 
in § 535.10. Manufacturers must use 
EPA emissions test results for deriving 
NHTSA’s fuel consumption 
performance rates. Consequently, 
manufacturers conducting testing for 
certification or annual demonstration 
testing and providing CO2 emissions 
data to EPA must also provide 
equivalent fuel consumption results to 
NHTSA for all values. NHTSA and EPA 
reserve the right to verify separately or 
in coordination the results of any testing 
and measurement established by 
manufacturers in complying with the 
provisions of this program and as 
specified in 40 CFR 1037.301 and 
§ 535.9. Any carry over data from the 
Phase 1 program may be carried into the 
Phase 2 only with approval from EPA 
and by using good engineering judgment 
considering differences in testing 
protocols between test procedures. 

(a) Heavy-duty pickup trucks and 
vans. This section describes the method 
for determining the fuel consumption 
performance rates for test groups and for 
fleets of complete heavy-duty pickup 
trucks and vans each model year. The 
NHTSA heavy-duty pickup truck and 
van fuel consumption performance rates 
correspond to the same requirements for 
EPA as specified in 40 CFR 86.1819–14. 

(1) For the Phase 1 program, if the 
manufacturer’s fleet includes 
conventional vehicles (gasoline, diesel 
and alternative fueled vehicles) and 
advanced technology vehicles (hybrids 
with powertrain designs that include 
energy storage systems, vehicles with 
waste heat recovery, electric vehicles 
and fuel cell vehicles), it may divide its 
fleet into two separate fleets each with 
its own separate fleet average fuel 
consumption performance rate. For 
Phase 2, manufacturers may calculate 
their fleet average fuel consumption 
rates for a conventional fleet and 
separate advanced technology vehicle 
fleets. Advanced technology vehicle 
fleets should be separated into plug-in 
hybrid electric vehicles, electric 
vehicles and fuel cell vehicles. 

(2) Vehicles in each fleet should be 
selected and divided into test groups or 
subconfigurations according to EPA in 
40 CFR 86.1819–14(d). 

(3) Use the EPA CO2 emissions test 
results for each test group, in grams per 
mile, for the selected vehicles. 

(i) Use CO2 emissions test results for 
vehicles fueled by conventional and 
alternative fuels, including dedicated 
and dual-fueled (multi-fuel and flexible- 

fuel) vehicles using each fuel type as 
specified in 40 CFR 86.1819–14(d)(10). 

(ii) Use CO2 emissions test results for 
dual-fueled vehicles using a weighted 
average of the manufacturer’s emission 
results as specified in 40 CFR 600.510– 
12(k) for light-duty trucks. 

(iii) All electric vehicles are deemed 
to have zero emissions of CO2, CH4, and 
N2O. No emission testing is required for 
such electric vehicles. Assign the fuel 
consumption test group result to a value 
of zero gallons per 100 miles in 
paragraph (a)(4) of this section. 

(iv) Use CO2 emissions test results for 
cab-complete and incomplete vehicles 
based upon the applicable complete 
sister vehicles as determined in 40 CFR 
1819–14(j)(2). 

(v) Use CO2 emissions test results for 
loose engines using applicable complete 
vehicles as determined in 40 CFR 
86.1819–14(k)(8). 

(vi) Manufacturers can choose to 
analytically derive CO2 emission rates 
(ADCs) for test groups or 
subconfigurations. Use ADCs for test 
groups or subconfigurations in 
accordance with 40 CFR 86.1819–14 (d) 
and (g). 

(4) Calculate equivalent fuel 
consumption results for all test groups, 
in gallons per 100 miles, from CO2 
emissions test group results, in grams 
per miles, and round to the nearest 
0.001 gallon per 100 miles. 

(i) Calculate the equivalent fuel 
consumption test group results as 
follows for compression-ignition 
vehicles and alternative fuel 
compression-ignition vehicles. CO2 
emissions test group result (grams per 
mile)/10,180 grams per gallon of diesel 
fuel) × (102) = Fuel consumption test 
group result (gallons per 100 mile). 

(ii) Calculate the equivalent fuel 
consumption test group results as 
follows for spark-ignition vehicles and 
alternative fuel spark-ignition vehicles. 
CO2 emissions test group result (grams 
per mile)/8,877 grams per gallon of 
gasoline fuel) × (102) = Fuel 
consumption test group result (gallons 
per 100 mile). 

(5) Calculate the fleet average fuel 
consumption result, in gallons per 100 
miles, from the equivalent fuel 
consumption test group results and 
round the fuel consumption result to the 
nearest 0.001 gallon per 100 miles. 
Calculate the fleet average fuel 
consumption result using the following 
equation. 
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Where: 
Fuel Consumption Test Group Resulti = fuel 

consumption performance for each test 
group as defined in 49 CFR 523.4. 

Volumei = production volume of each test 
group. 

(6) Compare the fleet average fuel 
consumption standard to the fleet 
average fuel consumption performance. 
The fleet average fuel consumption 
performance must be less than or equal 
to the fleet fuel consumption standard 
to comply with standards in § 535.5(a). 

(b) Heavy-duty vocational vehicles 
and tractors. This section describes the 
method for determining the fuel 
consumption performance rates for 
vehicle families of heavy-duty 
vocational vehicles and tractors. The 
NHTSA heavy-duty vocational vehicle 
and tractor fuel consumption 
performance rates correspond to the 
same requirements for EPA as specified 
in 40 CFR 1037, subpart F. 

(1) Select vehicles and vehicle family 
configurations to test as specified in 40 
CFR 1037.230 for vehicles that make up 
each of the manufacturer’s regulatory 
subcategories of vocational vehicles and 
tractors. For the Phase 2 program, select 
powertrain, axle and transmission 
families in accordance with 40 CFR 
1037.231 and 1037.232. 

(2) Follow the EPA testing 
requirements in 40 CFR 1037.230 and 
1037.501 to derive inputs for the 
Greenhouse gas Emissions Model 
(GEM). 

(3) Enter inputs into GEM, in 
accordance with 40 CFR 1037.520, to 
derive the emissions and fuel 
consumption performance results for all 
vehicles (conventional, alternative 
fueled and advanced technology 
vehicles). 

(4) For Phase 1 and 2, all of the 
following GEM inputs apply for 
vocational vehicles and other tractor 
regulatory subcategories, as follows: 

(i) Model year and regulatory 
subcategory (see § 535.3 and 40 CFR 
1037.230). 

(ii) Coefficient of aerodynamic drag or 
drag area, as described in 40 CFR 
1037.520(b) (tractors only for Phase 1). 

(iii) Steer and drive tire rolling 
resistance, as described in 40 CFR 
1037.520(c). 

(iv) Vehicle speed limit, as described 
in 40 CFR 1037.520(d) (tractors only). 

(v) Vehicle weight reduction, as 
described in 40 CFR 1037.520(e) 
(tractors only for Phase 1). 

(vi) Automatic engine shutdown 
systems, as described in 40 CFR 
1037.660 (only for Phase 1 Class 8 
sleeper cabs). For Phase 1, enter a GEM 
input value of 5.0 g/ton-mile, or an 
adjusted value as specified in 40 CFR 
1037.660. 

(5) For Phase 2 vehicles, the GEM 
inputs described in paragraphs (b)(4)(i) 
through (v) of this section continue to 
apply. Note that the provisions related 
to vehicle speed limiters and automatic 
engine shutdown systems are available 
for vocational vehicles in Phase 2. The 
additional GEM inputs that apply for 
vocational vehicles and other tractor 
regulatory subcategories for 
demonstrating compliance with Phase 2 
standards are as follows: 

(i) Engine characteristics. Enter 
information from the engine 
manufacturer to describe the installed 
engine and its operating parameters as 
described in 40 CFR 1036.510 and 
1037.520(f). 

(ii) Vehicle information. Enter 
information in accordance with 40 CFR 
1037.520(g) for the vehicle and its 
operating parameters including: 

(A) Transmission make, model and 
type; 

(B) Drive axle configuration; 
(C) Drive axle ratio, ka; 
(D) GEM inputs associated with 

powertrain testing include powertrain 
family, transmission calibration 
identifier, test data from 40 CFR 
1037.550, and the powertrain test 
configuration (dynamometer connected 
to transmission output or wheel hub). 

(iii) Idle-reduction technologies. 
Identify whether the manufacturer’s 
vehicle has qualifying idle-reduction 
technologies, subject to the qualifying 
criteria in 40 and 1037.660 and enter 
values for stop start and neutral idle 
technologies as specified in 40 CFR 
1037.520(h). 

(iv) Axle and transmission efficiency. 
Manufacturers may use axle efficiency 
maps as described in 40 CFR 1037.560 
and transmission efficiency maps as 
described in 40 CFR 1037.565 to replace 
the default values in GEM. 

(v) Additional reduction technologies. 
Enter input values in GEM as follows to 
characterize the percentage CO2 
emission reduction corresponding to 
certain technologies and vehicle 
configurations, or enter 0 as specified in 
40 CFR 1037.520(j): 

(A) Intelligent controls 
(B) Accessory load 

(C) Tire-pressure systems 
(D) Extended-idle reduction 
(E) Additional GEM inputs may apply 

as follows: 
(1) Enter 1.7 and 0.9, respectively, for 

school buses and coach buses that have 
at least seven available forward gears. 

(2) If the agencies approve an off-cycle 
technology under § 535.7(f) and 40 CFR 
1037.610 in the form of an improvement 
factor, enter the improvement factor 
expressed as a percentage reduction in 
CO2 emissions. (Note: In the case of 
approved off-cycle technologies whose 
benefit is quantified as a g/ton-mile 
credit, apply the credit to the GEM 
result, not as a GEM input value.) 

(vi) Vehicles with hybrid power take- 
off (PTO). For vocational vehicles, 
determine the delta PTO emission result 
of the manufacturer’s engine and hybrid 
power take-off system as described in 40 
CFR 1037.540. 

(vii) Aerodynamic improvements for 
vocational vehicles. For vocational 
vehicles certified using the Regional 
duty cycle, enter DCdA values to account 
for using rear fairings and a reduced 
minimum frontal area as specified in 40 
CFR 1037.520(m) and 1037.527. 

(viii) Alternate fuels. For fuels other 
than those identified in GEM, perform 
the simulation by identifying the 
vehicle as being diesel-fueled if the 
engine is subject to the compression- 
ignition standard, or as being gasoline- 
fueled if the engine is subject to the 
spark-ignition standards. Correct the 
engine or powertrain fuel map for mass- 
specific net energy content as described 
in 40 CFR 1036.535(b). 

(ix) Custom chassis vehicles. A 
simplified versions of GEM applies for 
custom chassis vehicle subject 
§ 535.5(b)(6) in accordance with 40 CFR 
1037.520(a)(2)(ii). 

(6) In unusual circumstances, 
manufacturers may ask EPA to use 
weighted average results of multiple 
GEM runs to represent special 
technologies for which no single GEM 
run can accurately reflect. 

(7) From the GEM results, select the 
CO2 family emissions level (FEL) and 
equivalent fuel consumption values for 
vocational vehicle and tractor families 
in each regulatory subcategory for each 
model year. Equivalent fuel 
consumption FELs are derived in GEM 
and expressed to the nearest 0.0001 
gallons per 1000 ton-mile. For families 
containing multiple subfamilies, 
identify the FELs for each subfamily. 
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(c) [Reserved] 
(d) Heavy-duty engines. This section 

describes the method for determining 
equivalent fuel consumption family 
certification level (FCL) values for 
engine families of heavy-duty truck 
tractors and vocational vehicles. The 
NHTSA heavy-duty engine fuel 
consumption FCLs are determined from 
the EPA FCLs tested in accordance with 
40 CFR 1036, subpart F. Each engine 
family must use the same primary 
intended service class as designated for 
EPA in accordance with 40 CFR 
1036.140. 

(1) Manufacturers must select 
emission-data engines representing the 
tested configuration of each engine 
family specified in 40 CFR part 86 and 
40 CFR 1036.235 for engines in heavy- 
duty truck tractors and vocational 
vehicles that make up each of the 
manufacture’s regulatory subcategories. 

(2) Standards in § 535.5(d) apply to 
the CO2 emissions rates for each 
emissions-data engine in an engine 
family subject to the procedures and 
equipment specified in 40 CFR part 
1036, subpart F. Determine equivalent 
fuel consumptions rates using CO2 
emissions rates in grams per hp-hr 
measured to at least one more decimal 
place than that of the applicable EPA 
standard in 40 CFR 1036.108. 

(i) Use the CO2 emissions test results 
for engines running on each fuel type 
for conventional, dedicated, multi- 
fueled (dual-fuel, and flexible-fuel) 
engines as specified in 40 CFR part 
1036, subpart F. 

(ii) Use the CO2 emissions result for 
multi-fueled engines using the same 
weighted fuel mixture emission results 
as specified in 40 CFR 1036.235 and 40 
CFR part 1036, subpart F. 

(iii) Use the CO2 emissions test results 
for hybrid engines as described in 40 
CFR 1036.525. 

(iv) All electric vehicles are deemed 
to have zero emissions of CO2 and zero 
fuel consumption. No emission or fuel 
consumption testing is required for such 
electric vehicles. 

(3) Use the CO2 emissions test results 
for tractor engine families in accordance 
with 40 CFR 1036.501 and for 
vocational vehicle engine families in 
accordance with 40 CFR part 86, subpart 
N, for each heavy-duty engine 
regulatory subcategory for each model 
year. 

(i) If a manufacturer certifies an 
engine family for use both as a 
vocational engine and as a tractor 
engine, the manufacturer must split the 
family into two separate subfamilies in 
accordance with 40 CFR 1036.230. The 
manufacturer may assign the numbers 
and configurations of engines within the 

respective subfamilies at any time prior 
to the submission of the end-of-year 
report required by 40 CFR 1036.730 and 
§ 535.8. The manufacturer must track 
into which type of vehicle each engine 
is installed, although EPA may allow 
the manufacturer to use statistical 
methods to determine this for a fraction 
of its engines. 

(ii) The following engines are 
excluded from the engine families used 
to determine fuel consumption FCL 
values and the benefit for these engines 
is determined as an advanced 
technology credit under the ABT 
provisions provided in § 535.7(e); these 
provisions apply only for the Phase 1 
program: 

(A) Engines certified as hybrid 
engines or power packs. 

(B) Engines certified as hybrid engines 
designed with PTO capability and that 
are sold with the engine coupled to a 
transmission. 

(C) Engines with Rankine cycle waste 
heat recovery. 

(4) Manufacturers generating CO2 
emissions rates to demonstrate 
compliance to EPA vehicle standards for 
model years 2021 and later, using 
engine fuel maps determined in 
accordance with 40 CFR 1036.535 and 
1036.540 or engine powertrain results in 
accordance with 40 CFR 1036.630 and 
40 CFR 1037.550 for each engine 
configuration, must use the same 
compliance pathway and model years 
for certifying under the NHTSA 
program. Manufacturers may omit 
providing equivalent fuel consumption 
FCLs under this section if all of its 
engines will be installed in vehicles that 
are certified based on powertrain testing 
as described in 40 CFR 1037.550. 

(5) Calculate equivalent fuel 
consumption values from the emissions 
CO2 FCLs levels for certified engines, in 
gallons per 100 hp-hr and round each 
fuel consumption value to the nearest 
0.0001 gallon per 100 hp-hr. 

(i) Calculate equivalent fuel 
consumption FCL values for 
compression-ignition engines and 
alternative fuel compression-ignition 
engines. CO2 FCL value (grams per hp- 
hr)/10,180 grams per gallon of diesel 
fuel) × (102) = Fuel consumption FCL 
value (gallons per 100 hp-hr). 

(ii) Calculate equivalent fuel 
consumption FCL values for spark- 
ignition engines and alternative fuel 
spark-ignition engines. CO2 FCL value 
(grams per hp-hr)/8,877 grams per 
gallon of gasoline fuel) × (102) = Fuel 
consumption FCL value (gallons per 100 
hp-hr). 

(iii) Manufacturers may carryover fuel 
consumption data from a previous 
model year if allowed to carry over 

emissions data for EPA in accordance 
with 40 CFR 1036.235. 

(iv) If a manufacturer uses an alternate 
test procedure under 40 CFR 1065.10 
and subsequently the data is rejected by 
EPA, NHTSA will also reject the data. 

(e) Heavy-duty trailers. This section 
describes the method for determining 
the fuel consumption performance rates 
for trailers. The NHTSA heavy-duty 
trailers fuel consumption performance 
rates correspond to the same 
requirements for EPA as specified in 40 
CFR part 1037, subpart F. 

(1) Select trailer family configurations 
that make up each of the manufacturer’s 
regulatory subcategories of heavy-duty 
trailers in 40 CFR 1037.230 and § 535.4. 

(2) Obtain preliminary approvals for 
trailer aerodynamic devices from EPA in 
accordance with 40 CFR 1037.150. 

(3) For manufacturers voluntarily 
complying in model years 2018 through 
2020, and for trailers complying with 
mandatory standards in model years 
2021 and later, determine the CO2 
emissions and fuel consumption results 
for partial- and full-aero trailers using 
the equations and technologies specified 
in 40 CFR part 1037, subpart F. Use 
testing to determine input values in 
accordance with 40 CFR 1037.515. 

(4) From the equation results, use the 
CO2 family emissions level (FEL) to 
calculate equivalent fuel consumption 
FELs are expressed to the nearest 0.0001 
gallons per 1000 ton-mile. 

(i) For families containing multiple 
subfamilies, identify the FELs for each 
subfamily. 

(ii) Calculate equivalent fuel 
consumption FEL values for trailer 
families. CO2 FEL value (grams per 1000 
ton-mile)/10,180 grams per 1000 ton- 
mile of diesel fuel) × (103) = Fuel 
consumption FEL value. The equivalent 
fuel consumption FELs are expressed to 
the nearest 0.0001 gallons per 1000 ton- 
mile. 

§ 535.7 Averaging, banking, and trading 
(ABT) credit program. 

(a) General provisions. After the end 
of each model year, manufacturers must 
comply with the fuel consumption 
standards in § 535.5 for averaging, 
banking and trading credits. Trailer 
manufacturers are excluded from this 
section except for those producing full- 
aero box trailers, which may comply 
with special provisions in paragraph (e) 
of this section. Manufacturers comply 
with standards if the sum of averaged, 
banked and traded credits generate a 
‘‘zero’’ credit balance or a credit surplus 
within an averaging set of vehicles or 
engines. Manufacturers fail to comply 
with standards if the sum of the credit 
flexibilities generate a credit deficit (or 
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shortfall) in an averaging set. Credit 
shortfalls must be offset by banked or 
traded credits within three model years 
after the shortfall is incurred. These 
processes are hereafter referenced as the 
NHTSA ABT credit program. The 
following provisions apply to all fuel 
consumption credits. 

(1) Credits (or fuel consumption 
credits (FCCs)). Credits in this part mean 
a calculated weighted value 
representing the difference between the 
fuel consumption performance and the 
standard of a vehicle or engine family or 
fleet within a particular averaging set. 
Positive credits represent cases where a 
vehicle or engine family or fleets 
perform better than the applicable 
standard (the fuel consumption 
performance is less than the standard) 
whereas negative credits represent 
underperforming cases. The value of a 
credit is calculated according to 
paragraphs (b) through (e) of this 
section. FCCs are only considered 
earned or useable for averaging, banking 
or trading after EPA and NHTSA have 
verified the information in a 
manufacturer’s final reports required in 
§ 535.8. Types of FCCs include the 
following: 

(i) Conventional credits. Credits 
generated by vehicle or engine families 
or fleets containing conventional 
vehicles (i.e., gasoline, diesel and 
alternative fueled vehicles). 

(ii) Early credits. Credits generated by 
vehicle or engine families or fleets 
produced for model year 2013. Early 
credits are multiplied by an incentive 
factor of 1.5 times. 

(iii) Advanced technology credits. 
Credits generated by vehicle or engine 
families or subconfigurations containing 
vehicles with advanced technologies 
(i.e., hybrids with regenerative braking, 
vehicles equipped with Rankine-cycle 
engines, electric and fuel cell vehicles) 
and incentivized under this ABT credit 
program in paragraph (f)(1) of this 
section and by EPA under 40 CFR 
86.1819–14(d)(7), 1036.615, and 
1037.615. 

(iv) Innovative and off-cycle 
technology credits. Credits can be 
generated by vehicle or engine families 
or subconfigurations having fuel 
consumption reductions resulting from 
technologies not reflected in the GEM 
simulation tool or in the FTP chassis 
dynamometer and that were not in 
common use with heavy-duty vehicles 
or engines before model year 2010 that 
are not reflected in the specified test 
procedure. Manufacturers should prove 
that these technologies were not in 
common use in heavy-duty vehicles or 
engines before model year 2010 by 
demonstrating factors such as the 

penetration rates of the technology in 
the market. NHTSA will not approve 
any request if it determines that these 
technologies do not qualify. The 
approach for determining innovative 
and off-cycle technology credits under 
this fuel consumption program is 
described in paragraph (f)(2) of this 
section and by EPA under 40 CFR 
86.1819–14(d)(13), 1036.610, and 
1037.610. 

(2) Averaging. Averaging is the 
summing of a manufacturer’s positive 
and negative FCCs for engines or vehicle 
families or fleets within an averaging 
set. The principle averaging sets are 
defined in § 535.4. 

(i) A credit surplus occurs when the 
net sum of the manufacturer’s generated 
credits for engines or vehicle families or 
fleets within an averaging set is positive 
(a zero credit balance is when the sum 
equals zero). 

(ii) A credit deficit occurs when the 
net sum of the manufacturer’s generated 
credits for engines or vehicle families or 
fleets within an averaging set is 
negative. 

(iii) Positive credits, other than 
advanced technology credits, generated 
and calculated within an averaging set 
may only be used to offset negative 
credits within the same averaging set. 

(iv) Manufacturers may certify one or 
more vehicle families (or subfamilies) to 
an FEL above the applicable fuel 
consumption standard, subject to any 
applicable FEL caps and other 
provisions allowed by EPA in 40 CFR 
parts 1036 and 1037, if the manufacturer 
shows in its application for certification 
to EPA that its projected balance of all 
FCC transactions in that model year is 
greater than or equal to zero or that a 
negative balance is allowed by EPA 
under 40 CFR 1036.745 and 1037.745. 

(v) If a manufacturer certifies a 
vehicle family to an FEL that exceeds 
the otherwise applicable standard, it 
must obtain enough FCC to offset the 
vehicle family’s deficit by the due date 
of its final report required in § 535.8. 
The emission credits used to address the 
deficit may come from other vehicle 
families that generate FCCs in the same 
model year (or from the next three 
subsequent model years), from banked 
FCCs from previous model years, or 
from FCCs generated in the same or 
previous model years that it obtained 
through trading. Note that the option for 
using banked or traded credits does not 
apply for trailers. 

(vi) Manufacturers may certify a 
vehicle or engine family using an FEL 
(as described in § 535.6) below the fuel 
consumption standard (as described in 
§ 535.5) and choose not to generate 
conventional fuel consumption credits 

for that family. Manufacturers do not 
need to calculate fuel consumption 
credits for those families and do not 
need to submit or keep the associated 
records described in § 535.8 for these 
families. Manufacturers participating in 
NHTSA’s FCC program must provide 
reports as specified in § 535.8. 

(3) Banking. Banking is the retention 
of surplus FCC in an averaging set by 
the manufacturer for use in future 
model years for the purpose of averaging 
or trading. 

(i) Surplus credits may be banked by 
the manufacturer for use in future 
model years, or traded, given the 
restriction that the credits have an 
expiration date of five model years after 
the year in which the credits are 
generated. For example, banked credits 
earned in model year 2014 may be 
utilized through model year 2019. 
Surplus credits will become banked 
credits unless a manufacturer contacts 
NHTSA to expire its credits. 

(ii) Surplus credits become earned or 
usable banked FCCs when the 
manufacturer’s final report is approved 
by both agencies. However, the agencies 
may revoke these FCCs at any time if 
they are unable to verify them after 
reviewing the manufacturer’s reports or 
auditing its records. 

(iii) Banked FCC retain the 
designation from the averaging set and 
model year in which they were 
generated. 

(iv) Banked credits retain the 
designation of the averaging set in 
which they were generated. 

(v) Trailer manufacturers generating 
credits in paragraph (e) of this section 
may not bank credits except to resolve 
credit deficits in the same model year or 
from up to three prior model years. 

(4) Trading. Trading is a transaction 
that transfers banked FCCs between 
manufacturers or other entities in the 
same averaging set. A manufacturer may 
use traded FCCs for averaging, banking, 
or further trading transactions. 

(i) Manufacturers may only trade 
banked credits to other manufacturers to 
use for compliance with fuel 
consumption standards. Traded FCCs, 
other than advanced technology credits, 
may be used only within the averaging 
set in which they were generated. 
Manufacturers may only trade credits to 
other entities for the purpose of expiring 
credits. 

(ii) Advanced technology credits can 
be traded across different averaging sets. 

(iii) The agencies may revoke traded 
FCCs at any time if they are unable to 
verify them after reviewing the 
manufacturer’s reports or auditing its 
records. 
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(iv) If a negative FCC balance results 
from a transaction, both the buyer and 
seller are liable, except in cases the 
agencies deem to involve fraud. See 
§ 535.9 for cases involving fraud. EPA 
also may void the certificates of all 
vehicle families participating in a trade 
that results in a manufacturer having a 
negative balance of emission credits. 
See 40 CFR 1037.745. 

(v) Trailer manufacturers generating 
credits in paragraph (e) of this section 
starting in model year 2027 may not 
bank or trade credits. These 
manufacturers may only use credits for 
the purpose of averaging. 

(vi) Manufacturers with deficits or 
projecting deficits before or during a 
production model year may not trade 
credits until its available credits exceed 
the deficit. Manufacturers with a deficit 
may not trade credits if the deadline to 
offset that credit deficit has passed. 

(5) Credit deficit (or credit shortfall). 
A credit shortfall or deficit occurs when 
the sum of the manufacturer’s generated 
credits for engines or vehicle families or 
fleets within an averaging set is 
negative. Credit shortfalls must be offset 
by an available credit surplus within 
three model years after the shortfall was 
incurred. If the shortfall cannot be 
offset, the manufacturer is liable for 
civil penalties as discussed in § 535.9. 

(6) FCC credit plan. (i) Each model 
year manufacturers submit credit plan 
in their certificates of conformity as 
required in 40 CFR 1036.725(b)(2) and 
40 CFR 1037.725(b)(2). The plan is 
required to contain equivalent fuel 
consumption information in accordance 
§ 535.8(c). The plan must include: 

(A) Detailed calculations of projected 
emission and fuel consumption credits 
(positive or negative) based on projected 
U.S.-directed production volumes. The 
agencies may require a manufacturer to 
include similar calculations from its 
other engine or vehicle families to 
project its net credit balances for the 
model year. If a manufacturer projects 
negative emission and/or fuel 
consumption credits for a family, it 
must state the source of positive 
emission and/or fuel consumption 
credits it expects to use to offset the 
negative credits demonstrating how it 
plans to resolve any credit deficits that 
might occur for a model year within a 
period of up to three model years after 
that deficit has occurred. 

(B) Actual emissions and fuel 
consumption credit balances, credit 
transactions, and credit trades. 

(ii) Manufacturers are required to 
provide updated credit plans after 
receiving their final verified reports 
from EPA and NHTSA after the end of 
each model year. 

(iii) The agencies may determine that 
a manufacturer’s plan is unreasonable or 
unrealistic based on a consideration of 
past and projected use of specific 
technologies, the historical sales mix of 
its vehicle models, subsequent failure to 
follow any submitted plans, and limited 
expected access to traded credits. 

(iv) The agencies may also consider 
the plan unreasonable if the 
manufacturer’s credit deficit increases 
from one model year to the next. The 
agencies may require that the 
manufacturers must send interim 
reports describing its progress toward 
resolving its credit deficit over the 
course of a model year. 

(v) If NHTSA determines that a 
manufacturers plan is unreasonable or 
unrealistic, the manufacturer is deemed 
as not comply with fuel consumption 
standards as specified in § 535.10(c) and 
the manufacturer may be liable for civil 
penalties. 

(7) Revoked credits. NHTSA may 
revoke fuel consumption credits if 
unable to verify any information after 
auditing reports or records or 
conducting confirmatory testing. In the 
cases where EPA revokes emissions CO2 
credits, NHTSA will revoke the 
equivalent amount of fuel consumption 
credits. 

(8) Transition to Phase 2 standards. 
The following provisions allow for 
enhanced use of fuel consumption 
credits from Phase 1 tractors and 
vocational vehicles for meeting the 
Phase 2 standards: 

(i) Fuel consumption credits a 
manufacturer generates for light and 
medium heavy-duty vocational vehicles 
in model years 2018 through 2021 may 
be used through model year 2027, 
instead of being limited to a five-year 
credit life as specified in this part. 

(ii) The manufacturer may use the off- 
cycle provisions of paragraph (f) of this 
section to apply technologies to Phase 1 
vehicles as follows: 

(A) A manufacturer may apply an 
improvement factor of 0.988 for tractors 
and vocational vehicles with automatic 
tire inflation systems on all axles. 

(B) For vocational vehicles with 
automatic engine shutdown systems 
that conform with 40 CFR 1037.660, a 
manufacturer may apply an 
improvement factor of 0.95. 

(C) For vocational vehicles with stop- 
start systems that conform with 40 CFR 
1037.660, a manufacturer may apply an 
improvement factor of 0.92. 

(D) For vocational vehicles with 
neutral-idle systems conforming with 40 
CFR 1037.660, manufacturers may apply 
an improvement factor of 0.98. 
Manufacturers may adjust this 
improvement factor if we approve a 

partial reduction under 40 CFR 
1037.660(a)(2); for example, if the 
manufacturer’s design reduces fuel 
consumption by half as much as shifting 
to neutral, it may apply an improvement 
factor of 0.99. 

(9) Credits for small business 
manufacturers. Small manufacturers 
may generate fuel consumption credits 
for natural gas-fueled vocational 
vehicles as follows: 

(i) Small manufacturers may certify 
their vehicles instead of relying on the 
exemption of § 535.3. 

(ii) Use Phase 1 GEM to determine a 
fuel consumption level for vehicle, then 
multiply this value by the engine’s FCL 
for fuel consumption and divide by the 
engine’s applicable fuel consumption 
standard. 

(iii) Use the value determined in 
paragraph (ii) in the credit equation 
specified in part (c) of this section in 
place of the term (Std ¥ FEL). 

(iv) The following provisions apply 
uniquely to small businesses under the 
custom-chassis standards of 
§ 535.5(b)(6): 

(A) Manufacturers may use fuel 
consumption credits generated under 
paragraph (c) of this section, including 
banked or traded credits from any 
averaging set. Such credits remain 
subject to other limitations that apply 
under this part. 

(B) Manufacturers may produce up to 
200 drayage tractors in a given model 
year to the standards described in 
§ 535.5(b)(6) for ‘‘other buses’’. Treat 
these drayage tractors as being in their 
own averaging set. 

(10) Certifying non-gasoline engines. 
A manufacturer producing non-gasoline 
engines complying with model year 
2021 or later medium heavy-duty spark- 
ignition standards may not generate fuel 
consumption credits. Only 
manufacturers producing gasoline 
engines certifying to spark-ignition 
standards can generate fuel 
consumption credits under paragraph 
(d) of this part. 

(b) ABT provisions for heavy-duty 
pickup trucks and vans. (1) Calculate 
fuel consumption credits in a model 
year for one fleet of conventional heavy- 
duty pickup trucks and vans and if 
designated by the manufacturer another 
consisting of advance technology 
vehicles for the averaging set as defined 
in § 535.4. Calculate credits for each 
fleet separately using the following 
equation: 
Total MY Fleet FCC (gallons) =

(Std ¥ Act) × (Volume) × (UL) × 
(102) 

Where: 
Std = Fleet average fuel consumption 

standard (gal/100 mile). 
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Act = Fleet average actual fuel consumption 
value (gal/100 mile). 

Volume = the total U.S.-directed production 
of vehicles in the regulatory subcategory. 

UL = the useful life for the regulatory 
subcategory. The useful life value for 
heavy-pickup trucks and vans 
manufactured for model years 2013 
through 2020 is equal to the 120,000 
miles. The useful life for model years 
2021 and later is equal to 150,000 miles. 

(2) Adjust the fuel consumption 
performance of subconfigurations with 
advanced technology for determining 
the fleet average actual fuel 
consumption value as specified in 
paragraph (f)(1) of this section and 40 
CFR 86.1819–14(d)(7). Advanced 
technology vehicles can be separated in 
a different fleet for the purpose of 
applying credit incentives as described 
in paragraph (f)(1) of this section. 

(3) Adjust the fuel consumption 
performance for subconfigurations with 
innovative technology. A manufacturer 
is eligible to increase the fuel 
consumption performance of heavy- 
duty pickup trucks and vans in 
accordance with procedures established 
by EPA set forth in 40 CFR part 600. The 
eligibility of a manufacturer to increase 
its fuel consumption performance 
through use of an off-cycle technology 
requires an application request made to 
EPA and NHTSA in accordance with 40 
CFR 86.1869–12 and an approval 
granted by the agencies. For off-cycle 
technologies that are covered under 40 
CFR 86.1869–12, NHTSA will 
collaborate with EPA regarding 
NHTSA’s evaluation of the specific off- 
cycle technology to ensure its impact on 
fuel consumption and the suitability of 
using the off-cycle technology to adjust 
fuel consumption performance. NHTSA 
will provide its views on the suitability 
of the technology for that purpose to 
EPA. NHTSA will apply the criteria in 
section (f) of this section in granting or 
denying off-cycle requests. 

(4) Fuel consumption credits may be 
generated for vehicles certified in model 
year 2013 to the model year 2014 
standards in § 535.5(a). If a 
manufacturer chooses to generate CO2 
emission credits under EPA’s provisions 
in 40 CFR part 86, it may also 
voluntarily generate early credits under 
the NHTSA fuel consumption program. 
To do so, a manufacturer must certify its 
entire U.S.-directed production volume 
of vehicles in its fleet. The same 
production volume restrictions 
specified in 40 CFR 1037.150(a)(2) 
relating to when test groups are certified 
apply to the NHTSA early credit 
provisions. Credits are calculated as 
specified in paragraph (b)(3) of this 
section relative to the fleet standard that 

would apply for model year 2014 using 
the model year 2013 production 
volumes. Surplus credits generated 
under this paragraph (b)(4) are available 
for banking or trading. Credit deficits for 
an averaging set prior to model year 
2014 do not carry over to model year 
2014. These credits may be used to 
show compliance with the standards of 
this part for 2014 and later model years. 
Once a manufacturer opts into the 
NHTSA program they must stay in the 
program for all of the optional model 
years and remain standardized with the 
same implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(5) Calculate the averaging set credit 
value by summing together the fleet 
credits for conventional and advanced 
technology vehicles including any 
adjustments for innovative technologies. 
Manufacturers may sum conventional 
and innovative technology credits 
before adding any advanced technology 
credits in each averaging set. 

(6) For credits that manufacturers 
calculate based on a useful life of 
120,000 miles, multiply any banked 
credits carried forward for use in model 
year 2021 and later by 1.25. For credit 
deficits that a manufacturer calculates 
based on a useful life of 120,000 miles 
and that it offsets with credits originally 
earned in model year 2021 and later, it 
multiplies the credit deficit by 1.25. 

(c) ABT provisions for vocational 
vehicles and tractors. (1) Calculate the 
fuel consumption credits in a model 
year for each participating family or 
subfamily consisting of conventional 
vehicles in each averaging set (as 
defined in § 535.4) using the equation in 
this section. Each designated vehicle 
family or subfamily has a ‘‘family 
emissions limit’’ (FEL) that is compared 
to the associated regulatory subcategory 
standard. An FEL that falls below the 
regulatory subcategory standard creates 
‘‘positive credits,’’ while fuel 
consumption level of a family group 
above the standard creates a ‘‘negative 
credits.’’ The value of credits generated 
for each family or subfamily in a model 
year is calculated as follows and must 
be rounded to nearest whole number: 

Vehicle Family FCC (gallons) =
(Std ¥ FEL) × (Payload) × (Volume) × 
(UL) × (103) 
Where: 
Std = the standard for the respective vehicle 

family regulatory subcategory (gal/1000 
ton-mile). 

FEL = family emissions limit for the vehicle 
family (gal/1000 ton-mile). 

Payload = the prescribed payload in tons for 
each regulatory subcategory as shown in 
the following table: 

Regulatory subcategory Payload 
(tons) 

Vocational LHD Vehicles ...... 2.85 
Vocational MHD Vehicles ..... 5.60 
Vocational HHD Vehicles ..... 7.5 
MDH Tractors ....................... 12.50 
HHD Tractors, other than 

heavy-haul Tractors .......... 19.00 
Heavy-haul Tractors ............. 43.00 

Volume = the number of U.S.-directed 
production volume of vehicles in the 
corresponding vehicle family. 

UL = the useful life for the regulatory 
subcategory (miles) as shown in the 
following table: 

Regulatory subcategory UL 
(miles) 

LHD Vehicles ....................... 110,000 
(Phase 1). 

150,000 
(Phase 2). 

Vocational MHD Vehicles 
and tractors at or below 
33,000 pounds GVWR.

185,000. 

Vocation HHD Vehicles and 
tractors at or above 
33,000 pounds GVWR.

435,000. 

(i) Calculate the value of credits 
generated in a model year for each 
family or subfamily consisting of 
vehicles with advanced technology 
vehicles in each averaging set using the 
equation above and the guidelines 
provided in paragraph (f)(1) of this 
section. Manufacturers may generate 
credits for advanced technology 
vehicles using incentives specified in 
paragraph (f)(1) of this section. 

(ii) Calculate the value of credits 
generated in a model year for each 
family or subfamily consisting of 
vehicles with off-cycle technology 
vehicles in each averaging set using the 
equation above and the guidelines 
provided in paragraph (f)(2) of this 
section. 

(2) Manufacturers must sum all 
negative and positive credits for each 
vehicle family within each applicable 
averaging set to obtain the total credit 
balance for the model year before 
rounding. The sum of fuel 
consumptions credits must be rounded 
to the nearest gallon. Calculate the total 
credits generated in a model year for 
each averaging set using the following 
equation: 
Total averaging set MY credits = S 

Vehicle family credits within each 
averaging set 

(3) Manufacturers can sum 
conventional and innovative technology 
credits before adding any advanced 
technology credits in each averaging set. 

(4) If a manufacturer chooses to 
generate CO2 emission credits under 
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EPA provisions of 40 CFR 1037.150(a), 
it may also voluntarily generate early 
credits under the NHTSA fuel 
consumption program as follows: 

(i) Fuel consumption credits may be 
generated for vehicles certified in model 
year 2013 to the model year 2014 
standards in § 535.5(b) and (c). To do so, 
a manufacturer must certify its entire 
U.S.-directed production volume of 
vehicles. The same production volume 
restrictions specified in 40 CFR 
1037.150(a)(1) relating to when test 
groups are certified apply to the NHTSA 
early credit provisions. Credits are 
calculated as specified in paragraph 
(c)(11) of this section relative to the 
standards that would apply for model 
year 2014. Surplus credits generated 
under this paragraph (c)(4) may be 
increased by a factor of 1.5 for 
determining total available credits for 
banking or trading. For example, if a 
manufacturer has 10 gallons of surplus 
credits for model year 2013, it may bank 
15 gallons of credits. Credit deficits for 
an averaging set prior to model year 
2014 do not carry over to model year 
2014. These credits may be used to 
show compliance with the standards of 
this part for 2014 and later model years. 
Once a manufacturer opts into the 
NHTSA program they must stay in the 
program for all of the optional model 
years and remain standardized with the 
same implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(ii) A tractor manufacturer may 
generate fuel consumption credits for 
the number of additional SmartWay 
designated tractors (relative to its MY 
2012 production), provided that credits 
are not generated for those vehicles 
under paragraph (c)(4)(i) of this section. 
Calculate credits for each regulatory 
sub-category relative to the standard 
that would apply in model year 2014 
using the equations in paragraph (c)(2) 
of this section. Use a production volume 
equal to the number of verified model 
year 2013 SmartWay tractors minus the 
number of verified model year 2012 
SmartWay tractors. A manufacturer may 
bank credits equal to the surplus credits 
generated under this paragraph 
multiplied by 1.50. A manufacturer’s 
2012 and 2013 model years must be 
equivalent in length. Once a 
manufacturer opts into the NHTSA 
program they must stay in the program 
for all of the optional model years and 
remain standardized with the same 
implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(5) If a manufacturer generates credits 
from vehicles certified for advanced 
technology in accordance with 

paragraph (e)(1) of this section, a 
multiplier of 1.5 can be used, but this 
multiplier cannot be used on the same 
credits for which the early credit 
multiplier is used. 

(6) For model years 2012 and later, 
manufacturers may generate or use fuel 
consumption credits for averaging to 
demonstrate compliance with the 
alternative standards as described in 
§ 535.5(b)(6) of this part. Manufacturers 
can specify a Family Emission Limit 
(FEL) for fuel consumption for each 
vehicle subfamily. The FEL may not be 
less than the result of emissions and 
fuel consumption modeling as described 
in 40 CFR 1037.520 and § 535.6. These 
FELs serve as the fuel consumption 
standards for the vehicle subfamily 
instead of the standards specified in this 
§ 535.5(b)(6). Manufacturers may not 
use averaging for motor homes, coach 
buses, emergency vehicles or concrete 
mixers meeting standards under 
§ 535.5(b)(5). 

(7) Manufacturers may not use 
averaging for vehicles meeting standards 
§ 535.5(b)(6)(iv) through (vi), and 
manufacturers may not use fuel 
consumption credits for banking or 
trading for any vehicles certified under 
§ 535.5(b)(6). 

(8) Manufacturers certifying any 
vehicles under § 535.5(b)(6) must 
consider each separate vehicle type (or 
group of vehicle types) as a separate 
averaging set. 

(d) ABT provisions for heavy-duty 
engines. (1) Calculate the fuel 
consumption credits in a model year for 
each participating family or subfamily 
consisting of engines in each averaging 
set (as defined in § 535.4) using the 
equation in this section. Each 
designated engine family has a ‘‘family 
certification level’’ (FCL) which is 
compared to the associated regulatory 
subcategory standard. A FCL that falls 
below the regulatory subcategory 
standard creates ‘‘positive credits,’’ 
while fuel consumption level of a family 
group above the standard creates a 
‘‘credit shortfall.’’ The value of credits 
generated in a model year for each 
engine family or subfamily is calculated 
as follows and must be rounded to 
nearest whole number: 
Engine Family FCC (gallons) =

(Std ¥ FCL) × (CF) × (Volume) × 
(UL) × (102) 

Where: 
Std = the standard for the respective engine 

regulatory subcategory (gal/100 hp-hr). 
FCL = family certification level for the engine 

family (gal/100 hp-hr). 
CF = a transient cycle conversion factor in 

hp-hr/mile which is the integrated total 
cycle horsepower-hour divided by the 
equivalent mileage of the applicable test 

cycle. For engines subject to spark- 
ignition heavy-duty standards, the 
equivalent mileage is 6.3 miles. For 
engines subject to compression-ignition 
heavy-duty standards, the equivalent 
mileage is 6.5 miles. 

Volume = the number of engines in the 
corresponding engine family. 

UL = the useful life of the given engine 
family (miles) as shown in the following 
table: 

Regulatory subcategory UL 
(miles) 

SI and CI LHD Engines ....... 120,000 
(Phase 1). 

150,000 
(Phase 2). 

CI MHD Engines .................. 185,000. 
CI HHD Engines ................... 435,000. 

(i) Calculate the value of credits 
generated in a model year for each 
family or subfamily consisting of 
engines with advanced technology 
vehicles in each averaging set using the 
equation above and the guidelines 
provided in paragraph (f)(1) of this 
section. Manufacturers may generate 
credits for advanced technology 
vehicles using incentives specified in 
paragraph (f)(1) of this section. 

(ii) Calculate the value of credits 
generated in a model year for each 
family or subfamily consisting of 
engines with off-cycle technology 
vehicles in each averaging set using the 
equation above and the guidelines 
provided in paragraph (f)(2) of this 
section. 

(2) Manufacturers shall sum all 
negative and positive credits for each 
engine family within the applicable 
averaging set to obtain the total credit 
balance for the model year before 
rounding. The sum of fuel 
consumptions credits should be 
rounded to the nearest gallon. 

Calculate the total credits generated in 
a model year for each averaging set 
using the following equation: 
Total averaging set MY credits = S 

Engine family credits within each 
averaging set 

(3) The provisions of this section 
apply to manufacturers utilizing the 
compression-ignition engine voluntary 
alternate standard provisions specified 
in § 535.5(d)(4) as follows: 

(i) Manufacturers may not certify 
engines to the alternate standards if they 
are part of an averaging set in which 
they carry a balance of banked credits. 
For purposes of this section, 
manufacturers are deemed to carry 
credits in an averaging set if they carry 
credits from advance technology that are 
allowed to be used in that averaging set. 

(ii) Manufacturers may not bank fuel 
consumption credits for any engine 
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family in the same averaging set and 
model year in which it certifies engines 
to the alternate standards. This means a 
manufacturer may not bank advanced 
technology credits in a model year it 
certifies any engines to the alternate 
standards. 

(iii) Note that the provisions of 
paragraph (d)(10) of this section apply 
with respect to credit deficits generated 
while utilizing alternate standards. 

(4) Where a manufacturer has chosen 
to comply with the EPA alternative 
compression-ignition engine phase-in 
standard provisions in 40 CFR 
1036.150(e), and has optionally decided 
to follow the same path under the 
NHTSA fuel consumption program, it 
must certify all of its model year 2013 
compression-ignition engines within a 
given averaging set to the applicable 
alternative standards in § 535.5(d)(5). 
Engines certified to these standards are 
not eligible for early credits under 
paragraph (d)(14) of this section. Credits 
are calculated using the same equation 
provided in paragraph (d)(11) of this 
section. 

(5) If a manufacturer chooses to 
generate early CO2 emission credits 
under EPA provisions of 40 CFR 
1036.150, it may also voluntarily 
generate early credits under the NHTSA 
fuel consumption program. Fuel 
consumption credits may be generated 
for engines certified in model year 2013 
(2015 for spark-ignition engines) to the 
standards in § 535.5(d). To do so, a 
manufacturer must certify its entire 
U.S.-directed production volume of 
engines except as specified in 40 CFR 
1036.150(a)(2). Credits are calculated as 
specified in paragraph (d)(11) of this 
section relative to the standards that 
would apply for model year 2014 (2016 
for spark-ignition engines). Surplus 
credits generated under this paragraph 
(d)(3) may be increased by a factor of 1.5 
for determining total available credits 
for banking or trading. For example, if 
a manufacturer has 10 gallons of surplus 
credits for model year 2013, it may bank 
15 gallons of credits. Credit deficits for 
an averaging set prior to model year 
2014 (2016 for spark-ignition engines) 
do not carry over to model year 2014 
(2016 for spark-ignition engines). These 
credits may be used to show compliance 
with the standards of this part for 2014 
and later model years. Once a 
manufacturer opts into the NHTSA 
program they must stay in the program 
for all of the optional model years and 
remain standardized with the same 
implementation approach being 
followed to meet the EPA CO2 emission 
program. 

(6) Manufacturers may generate fuel 
consumption credits from an engine 

family subject to spark-ignition 
standards for exchanging with other 
engine families only if the engines in 
the family are gasoline-fueled. 

(7) Engine credits generated for 
compression-ignition engines in the 
2020 and earlier model years may be 
used in model year 2021 and later only 
if the credit-generating engines were 
certified to the tractor standards in 
§ 535.5(d) and 40 CFR 1036.108. 
Manufacturers may otherwise use fuel 
consumption credits generated in one 
model year without adjustment for 
certifying vehicles in a later model year, 
even if fuel consumption standards are 
different. 

(8) Engine families manufacturers 
certify with a nonconformance penalty 
under 40 CFR part 86, subpart L, and 
may not generate fuel consumption 
credits. 

(9) Alternate transition option for 
Phase 2 engine standards. The 
following provisions allow for enhanced 
generation and use of fuel consumption 
credits for manufacturers complying 
with engines standards in accordance 
with § 535.7(d)(11): 

(i) If a manufacturer is eligible to 
certify all of its model year 2020 engines 
within the averaging set to the tractor 
and vocational vehicle engine standards 
in § 535.5(d)(11) and the requirements 
applicable to model year 2021 engines, 
the banked and traded fuel consumption 
credits generated for model year 2018 
through 2024 engines may be used 
through model year 2030 as specified in 
paragraph (d)(9)(ii) of this section or 
through a five-year credit life, 
whichever is later. 

(ii) Banked and traded fuel 
consumption credits generated under 
this paragraph (d)(9) for model year 
2018 through 2024 engines may be used 
through model year 2030 with the 
extended credit life values shown in the 
table: 

Model year 

Credit life 
for transition 

option for 
phase 2 

engine standards 
(years) 

2018 ................................ 12 
2019 ................................ 11 
2020 ................................ 10 
2021 ................................ 9 
2022 ................................ 8 
2023 ................................ 7 
2024 ................................ 6 
2025 and later ................ 5 

(e) ABT provisions for trailers. (1) 
Manufacturers cannot use averaging for 
non-box trailers, partial-aero trailers, or 
non-aero trailers or cannot use fuel 
consumption credits for banking or 

trading. Starting in model year 2027, 
full aero box van manufactures may 
average, credits. 

(2) Calculate the fuel consumption 
credits in a model year for each 
participating family or subfamily 
consisting of full aero box trailers 
(vehicles) in each averaging set (as 
defined in § 535.4) using the equation in 
this section. Each designated vehicle 
family or subfamily has a ‘‘family 
emissions limit’’ (FEL) which is 
compared to the associated regulatory 
subcategory standard. An FEL that falls 
below the regulatory subcategory 
standard creates ‘‘positive credits,’’ 
while fuel consumption level of a family 
group above the standard creates a 
‘‘negative credits.’’ The value of credits 
generated for each family or subfamily 
in a model year is calculated as follows 
and must be rounded to nearest whole 
number: 
Vehicle Family FCC (gallons) =

(Std – FEL) × (Payload) × (Volume) 
× (UL) × (103) 

Where: 
Std = the standard for the respective vehicle 

family regulatory subcategory (gal/1000 
ton-mile). 

FEL = family emissions limit for the vehicle 
family (gal/1000 ton-mile). 

Payload = 10 tons for short box vans and 19 
tons for other trailers. 

Volume = the number of U.S.-directed 
production volume of vehicles in the 
corresponding vehicle family. 

UL = the useful life for the regulatory 
subcategory. The useful life value for 
heavy-duty trailers is equal to the 
250,000 miles. 

(3) Trailer manufacturers may not 
generate advanced technology credits. 

(4) Manufacturers shall sum all 
negative and positive credits for each 
vehicle family within the applicable 
averaging set to obtain the total credit 
balance for the model year before 
rounding. Calculate the total credits 
generated in a model year for each 
averaging set using the following 
equation: 
Total averaging set MY credits = S 

Vehicle family credits within each 
averaging set 

(5) Trailer manufacturers may not 
bank credits within an averaging set but 
surplus fuel consumption credits from a 
given model year may be used to offset 
deficits from earlier model years. 

(f) Additional credit provisions—(1) 
Advanced technology credits. (i) For the 
Phase 1 program, manufacturers of 
heavy-duty pickup trucks and vans, 
vocational vehicles, tractors and the 
associated engines showing 
improvements in CO2 emissions and 
fuel consumption using hybrid vehicles 
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with regenerative braking, vehicles 
equipped with Rankine-cycle engines, 
electric vehicles and fuel cell vehicles 
are eligible for advanced technology 
credits. Manufacturers shall use sound 
engineering judgment to determine the 
performance of the vehicle or engine 
with advanced technology. Advanced 
technology credits for vehicles or 
engines complying with Phase 1 
standards may be increased by a 1.5 
multiplier. Manufacturers may not 
apply this multiplier in addition to any 
early-credit multipliers. The maximum 
amount of credits a manufacturer may 
bring into the service class group that 
contains the heavy-duty pickup and van 
averaging set is 5.89 · 106 gallons (for 
advanced technology credits based upon 
compression-ignition engines) or 6.76 · 
106 gallons (for advanced technology 
credits based upon spark-ignition 
engines) per model year as specified in 
40 CFR part 86 for heavy-duty pickup 
trucks and vans, 40 CFR 1036.740 for 
engines and 40 CFR 1037.740 for 
tractors and vocational vehicles. The 
specified limit does not cap the amount 
of advanced technology credits that can 
be used across averaging sets within the 
same service class group. Advanced 
technology credits can be used to offset 
negative credits in the same averaging 
set or other averaging sets. A 
manufacturer must first apply advanced 
technology credits to any deficits in the 
same averaging set before applying them 
to other averaging. 

(A) Heavy-duty pickup trucks and 
vans. For advanced technology systems 
(hybrid vehicles with regenerative 
braking, vehicles equipped with 
Rankine-cycle engines and fuel cell 
vehicles), calculate fleet-average 
performance rates consistent with good 
engineering judgment and the 
provisions of 40 CFR 86.1819–14 and 
86.1865. 

(B) Tractors and vocational vehicles. 
For advanced technology system (hybrid 
vehicles with regenerative braking, 
vehicles equipped with Rankine-cycle 
engines and fuel cell vehicles), calculate 
the advanced technology credits as 
follows: 

(1) Measure the effectiveness of the 
advanced system by conducting A to B 
testing a vehicle equipped with the 
advanced system and an equivalent 
conventional system in accordance with 
40 CFR 1037.615. 

(2) For purposes of this paragraph (f), 
a conventional vehicle is considered to 
be equivalent if it has the same 
footprint, intended vehicle service class, 
aerodynamic drag, and other relevant 
factors not directly related to the 
advanced system powertrain. If there is 
no equivalent vehicle, the manufacturer 

may create and test a prototype 
equivalent vehicle. The conventional 
vehicle is considered Vehicle A, and the 
advanced technology vehicle is 
considered Vehicle B. 

(3) The benefit associated with the 
advanced system for fuel consumption 
is determined from the weighted fuel 
consumption results from the chassis 
tests of each vehicle using the following 
equation: 
Benefit (gallon/1000 ton mile) = 

Improvement Factor × GEM Fuel 
Consumption Result_B 

Where: 
Improvement Factor = (Fuel Consumption_

A¥Fuel Consumption_B)/(Fuel 
Consumption_A). 

Fuel Consumption Rates A and B are the 
gallons per 1000 ton-mile of the 
conventional and advanced vehicles, 
respectively as measured under the test 
procedures specified by EPA. GEM Fuel 
Consumption Result B is the estimated 
gallons per 1000 ton-mile rate resulting 
from emission modeling of the advanced 
vehicle as specified in 40 CFR 1037.520 
and § 535.6(b). 

(4) Calculate the benefit in credits 
using the equation in paragraph (c) of 
this section and replacing the term (Std- 
FEL) with the benefit. 

(5) For electric vehicles calculate the 
fuel consumption credits using an FEL 
of 0 g/1000 ton-mile. 

(C) Heavy-duty engines. This section 
specifies how to generate advanced 
technology-specific fuel consumption 
credits for hybrid powertrains that 
include energy storage systems and 
regenerative braking (including 
regenerative engine braking) and for 
engines that include Rankine-cycle (or 
other bottoming cycle) exhaust energy 
recovery systems. 

(1) Pre-transmission hybrid 
powertrains are those engine systems 
that include features that recover and 
store energy during engine motoring 
operation but not from the vehicle 
wheels. These powertrains are tested 
using the hybrid engine test procedures 
of 40 CFR part 1065 or using the post- 
transmission test procedures. 

(2) Post-transmission hybrid 
powertrains are those powertrains that 
include features that recover and store 
energy from braking at the vehicle 
wheels. These powertrains are tested by 
simulating the chassis test procedure 
applicable for hybrid vehicles under 40 
CFR 1037.550. 

(3) Test engines that include Rankine- 
cycle exhaust energy recovery systems 
according to the test procedures 
specified in 40 CFR part 1036, subpart 
F, unless EPA approves the 
manufacturer’s alternate procedures. 

(D) Credit calculation. Calculate 
credits as specified in paragraph (c) of 
this section. Credits generated from 
engines and powertrains certified under 
this section may be used in other 
averaging sets as described in 40 CFR 
1036.740(d). 

(ii) There are no separate credit 
allowances for advanced technology 
vehicles in the Phase 2 program. 
Instead, vehicle families containing 
plug-in battery electric hybrids, all- 
electric, and fuel cell vehicles certifying 
to Phase 2 vocational and tractor 
standards may multiply credits by a 
multiplier of: 

(A) 3.5 times for plug-in hybrid 
electric vehicles; 

(B) 4.5 times for all-electric vehicles; 
and 

(C) 5.5 times for fuel cell vehicles. 
(D) Incentivized credits for vehicles 

equipped with advanced technologies 
maintain the same credit flexibilities 
and restrictions as conventional credits 
specified in paragraph (a) of this section 
during the Phase 2 program. 

(E) For vocational vehicles and 
tractors subject to Phase 2 standards, 
create separate vehicle families if there 
is a credit multiplier for advanced 
technology; group those vehicles 
together in a vehicle family if they use 
the same multiplier. 

(F) For Phase 2 plug-in hybrid electric 
vehicles and for fuel cells powered by 
any fuel other than hydrogen, calculate 
fuel consumption credits using an FEL 
based on equivalent emission 
measurements from powertrain testing. 
Phase 2 advanced-technology credits do 
not apply for hybrid vehicles that have 
no plug-in capability. 

(2) Innovative and off-cycle 
technology credits. This provision 
allows fuel saving innovative and off- 
cycle engine and vehicle technologies to 
generate fuel consumption credits 
comparable to CO2 emission credits 
consistent with the provisions of 40 CFR 
86.1819–14(d)(13) (for heavy-duty 
pickup trucks and vans), 40 CFR 
1036.610 (for engines), and 40 CFR 
1037.610 (for vocational vehicles and 
tractors). 

(i) For model years 2013 through 
2020, manufacturers may generate 
innovative technology credits for 
introducing technologies that were not 
in-common use for heavy-duty tractor, 
vocational vehicles or engines before 
model year 2010 and that are not 
reflected in the EPA specified test 
procedures. Upon identification and 
joint approval with EPA, NHTSA will 
allow equivalent fuel consumption 
credits into its program to those allowed 
by EPA for manufacturers seeking to 
obtain innovative technology credits in 
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a given model year. Such credits must 
remain within the same regulatory 
subcategory in which the credits were 
generated. NHTSA will adopt fuel 
consumption credits depending upon 
whether— 

(A) The technology has a direct 
impact upon reducing fuel consumption 
performance; and 

(B) The manufacturer has provided 
sufficient information to make sound 
engineering judgments on the impact of 
the technology in reducing fuel 
consumption performance. 

(ii) For model years 2021 and later, 
manufacturers may generate off-cycle 
technology credits for introducing 
technologies that are not reflected in the 
EPA specified test procedures. Upon 
identification and joint approval with 
EPA, NHTSA will allow equivalent fuel 
consumption credits into its program to 
those allowed by EPA for manufacturers 
seeking to obtain innovative technology 
credits in a given model year. Such 
credits must remain within the same 
regulatory subcategory in which the 
credits were generated. NHTSA will 
adopt fuel consumption credits 
depending upon whether— 

(A) The technology meets paragraph 
(f)(2)(i)(A) and (B) of this section. 

(B) For heavy-duty pickup trucks and 
vans, manufacturers using the 5-cycle 
test to quantify the benefit of a 
technology are not required to obtain 
approval from the agencies to generate 
results. 

(iii) The following provisions apply to 
all innovative and off-cycle 
technologies: 

(A) Technologies found to be 
defective, or identified as a part of 
NHTSA’s safety defects program, and 
technologies that are not performing as 
intended will have the values of 
approved off-cycle credits removed from 
the manufacturer’s credit balance. 

(B) Approval granted for innovative 
and off-cycle technology credits under 
NHTSA’s fuel efficiency program does 
not affect or relieve the obligation to 
comply with the Vehicle Safety Act (49 
U.S.C. Chapter 301), including the 
‘‘make inoperative’’ prohibition (49 
U.S.C. 30122), and all applicable 
Federal motor vehicle safety standards 
issued thereunder (FMVSSs) (49 CFR 
part 571). In order to generate off-cycle 
or innovative technology credits 
manufacturers must state— 

(1) That each vehicle equipped with 
the technology for which they are 
seeking credits will comply with all 
applicable FMVSS(s); and 

(2) Whether or not the technology has 
a fail-safe provision. If no fail-safe 
provision exists, the manufacturer must 
explain why not and whether a failure 

of the innovative technology would 
affect the safety of the vehicle. 

(C) Manufacturers requesting approval 
for innovative technology credits are 
required to provide documentation in 
accordance with 40 CFR 86.1869–12, 
1036.610, and 1037.610. 

(D) Credits will be accepted on a one- 
for-one basis expressed in terms of 
gallons in comparison to those approved 
by EPA. 

(E) For the heavy-duty pickup trucks 
and vans, the average fuel consumption 
will be calculated as a separate credit 
amount (rounded to the nearest whole 
number) using the following equation: 
Off-cycle FC credits = (CO2 Credit/CF)

× 100 × Production × VLM 
Where: 
CO2 Credits = the credit value in grams per 

mile determined in 40 CFR 86.1869– 
12(c)(3), (d)(1), (d)(2) or (d)(3). 

CF = conversion factor, which for spark- 
ignition engines is 8,887 and for 
compression-ignition engines is 10,180. 

Production = the total production volume for 
the applicable category of vehicles. 

VLM = vehicle lifetime miles, which for 2b– 
3 vehicles shall be 150,000 for the Phase 
2 program. 

The term (CO2 Credit/CF) should be rounded 
to the nearest 0.0001. 

(F) NHTSA will not approve 
innovative technology credits for 
technology that is related to crash- 
avoidance technologies, safety critical 
systems or systems affecting safety- 
critical functions, or technologies 
designed for the purpose of reducing the 
frequency of vehicle crashes. 

(iv) Manufacturers normally may not 
calculate off-cycle credits or 
improvement factors under this section 
for technologies represented by GEM, 
but the agencies may allow a 
manufacturer to do so by averaging 
multiple GEM runs for special 
technologies for which a single GEM 
run cannot accurately reflect in-use 
performance. For example, if a 
manufacturer use an idle-reduction 
technology that is effective 80 percent of 
the time, the agencies may allow a 
manufacturer to run GEM with the 
technology active and with it inactive, 
and then apply an 80% weighting factor 
to calculate the off-cycle credit or 
improvement factor. A may need to 
perform testing to establish proper 
weighting factors or otherwise quantify 
the benefits of the special technologies. 

(v) A manufacturer may apply the off- 
cycle provisions of this paragraph (2) 
and 40 CFR 1037.610 to trailers as early 
as model year 2018 as follows: 

(A) A manufacturer may account for 
weight reduction based on measured 
values instead of using the weight 
reductions specified in 40 CFR 

1037.515. Quantify the weight reduction 
by measuring the weight of a trailer in 
a certified configuration and comparing 
it to the weight of an equivalent trailer 
without weight-reduction technologies. 
This qualifies as A to B testing this part. 
Use good engineering judgment to select 
an equivalent trailer representing a 
baseline configuration. Use the 
calculated weight reduction in the 
equation specified in 40 CFR 1037.515 
to calculate the trailer’s CO2 emission 
rate and calculate an equivalent fuel 
consumption rate. 

(B) If a manufacturer’s off-cycle 
technology reduces emissions and fuel 
consumption in a way that is 
proportional to measured rates as 
described in 40 CFR 1037.610(b)(1), 
multiply the trailer’s CO2 fuel 
consumption rate by the appropriate 
improvement factor. 

(C) If a manufacturer’s off-cycle 
technology does not yield emission and 
fuel consumption reductions that are 
proportional to measured rates, as 
described in 40 CFR 1037.610(b)(2), 
calculate an adjusted CO2 fuel 
consumption rate for trailers by 
subtracting the appropriate off-cycle 
credit. 

(vi) Carry-over Approval. 
Manufacturers may carry-over these 
credits into future model years as 
described below: 

(A) For model years before 2021, 
manufacturers may continue to use an 
approved improvement factor or credit 
for any appropriate engine or vehicle 
family in future model years through 
2020. 

(B) For model years 2021 and later, 
manufacturers may not rely on an 
approval for model years before 2021. 
Manufacturers must separately request 
the agencies approval before applying 
an improvement factor or credit under 
this section for 2021 and later engines 
and vehicle, even if the agencies 
approve the improvement factor or 
credit for similar engine and vehicle 
models before model year 2021. 

(C) The following restrictions also 
apply to manufacturers seeking to 
continue to carryover the improvement 
factor (not the credit value) if— 

(1) The FEL is generated by GEM or 
5-cycle testing; 

(2) The technology is not changed or 
paired with any other off-cycle 
technology; 

(3) The improvement factor only 
applies to approved vehicle or engine 
families; 

(4) The agencies do not expect the 
technology to be incorporated into GEM 
at any point during the Phase 2 
program; and 
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(D) The documentation to carryover 
credits that would primarily justify the 
difference in fuel efficiency between 
real world and compliance protocols is 
the same for both Phase 1 and Phase 2 
compliance protocols. The agencies 
must approve the justification. If the 
agencies do not approve the 
justification, the manufacturer must 
recertify. 

§ 535.8 Reporting and recordkeeping 
requirements. 

(a) General requirements. 
Manufacturers producing heavy-duty 
vehicles and engines applicable to fuel 
consumption standards in § 535.5, for 
each given model year, must submit the 
required information as specified in 
paragraphs (b) through (h) of this 
section. 

(1) The information required by this 
part must be submitted by the deadlines 
specified in this section and must be 
based upon all the information and data 
available to the manufacturer 30 days 
before submitting information. 

(2) Manufacturers must submit 
information electronically through the 
EPA database system as the single point 
of entry for all information required for 
this national program and both agencies 
will have access to the information. In 
special circumstances, data may not be 
able to be received electronically (i.e., 
during database system development 
work). The agencies will inform 
manufacturer of the alternatives can be 
used for submitting information. The 
format for the required information will 
be specified by EPA in coordination 
with NHTSA. 

(3) Manufacturers providing 
incomplete reports missing any of the 
required information or providing 
untimely reports are considered as not 
complying with standards (i.e., if good- 
faith estimates of U.S.-directed 
production volumes for EPA certificates 
of conformity are not provided) and are 
liable to pay civil penalties in 
accordance with 49 U.S.C. 32912. 

(4) Manufacturers certifying a vehicle 
or engine family using an FEL or FCL 
below the applicable fuel consumption 
standard as described in § 535.5 may 
choose not to generate fuel consumption 
credits for that family. In which case, 
the manufacturer is not required to 
submit reporting or keep the associated 
records described in this part for that 
family. 

(5) Manufacturers must use good 
engineering judgment and provide 
comparable fuel consumption 
information to that of the information or 
data provided to EPA under 40 CFR 
86.1865, 1036.250, 1036.730, 1036.825 
1037.250, 1037.730, and 1037.825. 

(6) Any information that must be sent 
directly to NHTSA. In instances in 
which EPA has not created an electronic 
pathway to receive the information, the 
information should be sent through an 
electronic portal identified by NHTSA 
or through the NHTSA CAFE database 
(i.e., information on fuel consumption 
credit transactions). If hardcopy 
documents must be sent, the 
information should be sent to the 
Associate Administrator of Enforcement 
at 1200 New Jersey Avenue, NVS–200, 
Office W45–306, SW., Washington, DC 
20590. 

(b) Pre-model year reports. 
Manufacturers producing heavy-duty 
pickup trucks and vans must submit 
reports in advance of the model year 
providing early estimates demonstrating 
how their fleet(s) would comply with 
GHG emissions and fuel consumption 
standards. Note, the agencies 
understand that early model year 
reports contain estimates that may 
change over the course of a model year 
and that compliance information 
manufacturers submit prior to the 
beginning of a new model year may not 
represent the final compliance outcome. 
The agencies view the necessity for 
requiring early model reports as a 
manufacturer’s good faith projection for 
demonstrating compliance with 
emission and fuel consumption 
standards. 

(1) Report deadlines. For model years 
2013 and later, manufacturer of heavy- 
duty pickup trucks and vans complying 
with voluntary and mandatory 
standards must submit a pre-model year 
report for the given model year as early 
as the date of the manufacturer’s annual 
certification preview meeting with EPA 
and NHTSA, or prior to submitting its 
first application for a certificate of 
conformity to EPA in accordance with 
40 CFR 86.1819–14(d). For example, a 
manufacturer choosing to comply in 
model year 2014 could submit its pre- 
model year report during its 
precertification meeting which could 
occur before January 2, 2013, or could 
provide its pre-model year report any 
time prior to submitting its first 
application for certification for the given 
model year. 

(2) Contents. Each pre-model year 
report must be submitted including the 
following information for each model 
year. 

(i) A list of each unique 
subconfiguration in the manufacturer’s 
fleet describing the make and model 
designations, attribute based-values (i.e., 
GVWR, GCWR, Curb Weight and drive 
configurations) and standards; 

(ii) The emission and fuel 
consumption fleet average standard 

derived from the unique vehicle 
configurations; 

(iii) The estimated vehicle 
configuration, test group and fleet 
production volumes; 

(iv) The expected emissions and fuel 
consumption test group results and fleet 
average performance; 

(v) If complying with MY 2013 fuel 
consumption standards, a statement 
must be provided declaring that the 
manufacturer is voluntarily choosing to 
comply early with the EPA and NHTSA 
programs. The manufacturers must also 
acknowledge that once selected, the 
decision cannot be reversed and the 
manufacturer will continue to comply 
with the fuel consumption standards for 
subsequent model years for all the 
vehicles it manufacturers in each 
regulatory category for a given model 
year; 

(vi) If complying with MYs 2014, 
2015 or 2016 fuel consumption 
standards, a statement must be provided 
declaring whether the manufacturer will 
use fixed or increasing standards in 
accordance with § 535.5(a). The 
manufacturer must also acknowledge 
that once selected, the decision cannot 
be reversed and the manufacturer must 
continue to comply with the same 
alternative for subsequent model years 
for all the vehicles it manufacturers in 
each regulatory category for a given 
model year; 

(vii) If complying with MYs 2014 or 
2015 fuel consumption standards, a 
statement must be provided declaring 
that the manufacturer is voluntarily 
choosing to comply with NHTSA’s 
voluntary fuel consumption standards 
in accordance with § 535.5(a)(4). The 
manufacturers must also acknowledge 
that once selected, the decision cannot 
be reversed and the manufacturer will 
continue to comply with the fuel 
consumption standards for subsequent 
model years for all the vehicles it 
manufacturers in each regulatory 
category for a given model year; 

(viii) The list of Class 2b and 3 
incomplete vehicles (cab-complete or 
chassis complete vehicles) and the 
method used to certify these vehicles as 
complete pickups and vans identifying 
the most similar complete sister- or 
other complete vehicles used to derive 
the target standards and performance 
test results; 

(ix) The list of Class 4 and 5 
incomplete and complete vehicles and 
the method use to certify these vehicles 
as complete pickups and vans 
identifying the most similar complete or 
sister vehicles used to derive the target 
standards and performance test results; 

(x) List of loose engines included in 
the heavy-duty pickup and van category 
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and the list of vehicles used to derive 
target standards and performance test 
results; 

(xi) Copy of any notices a vehicle 
manufacturer sends to the engine 
manufacturer to notify the engine 
manufacturers that their engines are 
subject to emissions and fuel 
consumption standards and that it 
intends to use their engines in excluded 
vehicles; 

(xii) A fuel consumption credit plan 
as specified § 535.7(a) identifying the 
manufacturers estimated credit 
balances, planned credit flexibilities 
(i.e., credit balances, planned credit 
trading, innovative, advanced and early 
credits and etc.) and if needed a credit 
deficit plan demonstrating how it plans 
to resolve any credit deficits that might 
occur for a model year within a period 
of up to three model years after that 
deficit has occurred; and 

(xiii) The supplemental information 
specified in paragraph (h) of this 
section. 

Note to paragraph (b): NHTSA may also 
ask a manufacturer to provide additional 
information if necessary to verify compliance 
with the fuel consumption requirements of 
this section. 

(c) Applications for certificate of 
conformity. Manufacturers producing 
vocational vehicles, tractors and heavy- 
duty engines are required to submit 
applications for certificates of 
conformity to EPA in accordance with 
40 CFR 1036.205 and 1037.205 in 
advance of introducing vehicles for 
commercial sale. Applications contain 
early model year information 
demonstrating how manufacturers plan 
to comply with GHG emissions. For 
model years 2013 and later, 
manufacturers of vocational vehicles, 
tractors and engine complying with 
NHTSA’s voluntary and mandatory 
standards must submit applications for 
certificates of conformity in accordance 
through the EPA database including 
both GHG emissions and fuel 
consumption information for each given 
model year. 

(1) Submission deadlines. 
Applications are primarily submitted in 
advance of the given model year to EPA 
but cannot be submitted any later than 
December 31 of the given model year. 

(2) Contents. Each application for 
certificates of conformity submitted to 
EPA must include the following 
equivalent fuel consumption. 

(i) Equivalent fuel consumption 
values for emissions CO2 FCLs values 
used to certify each engine family in 
accordance with 40 CFR 1036.205(e). 
This provision applies only to 
manufacturers producing heavy-duty 
engines. 

(ii) Equivalent fuel consumption 
values for emission CO2 data engines 
used to comply with emission standards 
in 40 CFR 1036.108. This provision 
applies only to manufacturers 
producing heavy-duty engines. 

(iii) Equivalent fuel consumption 
values for emissions CO2 FELs values 
used to certify each vehicle families or 
subfamilies in accordance with 40 CFR 
1037.205(k). This provision applies only 
to manufacturers producing vocational 
vehicles and tractors. 

(iv) Report modeling results for ten 
configurations in terms of CO2 
emissions and equivalent fuel 
consumption results in accordance with 
40 CFR 1037.205(o). Include modeling 
inputs and detailed descriptions of how 
they were derived. This provision 
applies only to manufacturers 
producing vocational vehicles and 
tractors. 

(v) Credit plans including the fuel 
consumption credit plan described in 
§ 535.7(a). 

(3) Additional supplemental 
information. Manufacturers are required 
to submit additional information as 
specified in paragraph (h) of this section 
for the NHTSA program before or at the 
same time it submits its first application 
for a certificate of conformity to EPA. 
Under limited conditions, NHTSA may 
also ask a manufacturer to provide 
additional information directly to the 
Administrator if necessary to verify the 
fuel consumption requirements of this 
regulation. 

(d) End of the Year (EOY) and Final 
reports. Heavy-duty vehicle and engine 
manufacturers participating in the ABT 
program are required to submit EOY and 
final reports containing information for 
NHTSA as specified in paragraph (d)(2) 
of this section and in accordance with 
40 CFR 86.1865, 1036.730, and 
1037.730. Only manufacturers without 
credit deficits may decide not to 
participate in the ABT or may waive the 
requirement to send an EOY report. The 
EOY and final reports are used to review 
a manufacturer’s preliminary or final 
compliance information and to identify 
manufacturers that might have a credit 
deficit for the given model year. For 
model years 2013 and later, heavy-duty 
vehicle and engine manufacturers 
complying with NHTSA’s voluntary and 
mandatory standards must submit EOY 
and final reports through the EPA 
database including both GHG emissions 
and fuel consumption information for 
each given model year. 

(1) Report deadlines. (i) For model 
year 2013 and later, heavy-duty vehicle 
and engine manufacturers complying 
with NHTSA voluntary and mandatory 
standards must submit EOY reports 

through the EPA database including 
both GHG emissions and fuel 
consumption information within 90 
days after the end of the given model 
year and no later than March 31 of the 
next calendar year. 

(ii) For model year 2013 and later, 
heavy-duty vehicle and engine 
manufacturers complying with NHTSA 
voluntary and mandatory standards 
must submit final reports through the 
EPA database including both GHG 
emissions and fuel consumption 
information within 270 days after the 
end of the given model year and no later 
than September 30 of the next calendar 
year. 

(iii) A manufacturer may ask NHTSA 
and EPA to extend the deadline of a 
final report by up to 30 days. A 
manufacturer unable to provide, and 
requesting to omit an emissions rate or 
fuel consumption value from a final 
report must obtain approval from the 
agencies prior to the submission 
deadline of its final report. 

(iv) If a manufacturer expects 
differences in the information reported 
between the EOY and the final year 
report specified in 40 CFR 1036.730 and 
1037.730, it must provide the most up- 
to-date fuel consumption projections in 
its final report and identify the 
information as preliminary. 

(v) If the manufacturer cannot provide 
any of the required fuel consumption 
information, it must state the specific 
reason for the insufficiency and identify 
the additional testing needed or explain 
what analytical methods are believed by 
the manufacturer will be necessary to 
eliminate the insufficiency and certify 
that the results will be available for the 
final report. 

(2) Contents. Each EOY and final 
report must be submitted including the 
following fuel consumption information 
for each model year. EOY reports 
contain preliminary final estimates and 
final reports must include the 
manufacturer’s final compliance 
information. 

(i) Engine and vehicle family 
designations and averaging sets. 

(ii) Engine and vehicle regulatory 
subcategory and fuel consumption 
standards including any alternative 
standards used. 

(iii) Engine and vehicle family FCLs 
and FELs in terms of fuel consumption. 

(iv) Production volumes for engines 
and vehicles. 

(v) A summary as specified in 
paragraph (g)(7) of this section 
describing the vocational vehicles and 
vocational tractors that were exempted 
as heavy-duty off-road vehicles. This 
applies to manufacturers participating 
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and not participating in the ABT 
program. 

(vi) A summary describing any 
advanced or innovative technology 
engines or vehicles including alternative 
fueled vehicles that were produced for 
the model year identifying the 
approaches used to determinate 
compliance and the production 
volumes. 

(vii) A list of each unique 
subconfiguration included in a 
manufacturer’s fleet of heavy-duty 
pickup trucks and vans identifying the 
attribute based-values (GVWR, GCWR, 
Curb Weight, and drive configurations) 
and standards. This provision applies 
only to manufacturers producing heavy- 
duty pickup trucks and vans. 

(viii) The fuel consumption fleet 
average standard derived from the 
unique vehicle configurations. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(ix) The subconfiguration and test 
group production volumes. This 
provision applies only to manufacturers 
producing heavy-duty pickup trucks 
and vans. 

(x) The fuel consumption test group 
results and fleet average performance. 
This provision applies only to 
manufacturers producing heavy-duty 
pickup trucks and vans. 

(xi) Manufacturers may correct errors 
in EOY and final reports as follows: 

(A) Manufacturers may correct any 
errors in their end-of-year report when 
preparing the final report, as long as 
manufacturers send us the final report 
by the time it is due. 

(B) If manufacturers or the agencies 
determine within 270 days after the end 
of the model year that errors mistakenly 
decreased he manufacturer’s balance of 
fuel consumption credits, manufacturers 
may correct the errors and recalculate 
the balance of its fuel consumption 
credits. Manufacturers may not make 
any corrections for errors that are 
determined more than 270 days after the 
end of the model year. If manufacturers 
report a negative balance of fuel 
consumption credits, NHTSA may 
disallow corrections under this 
paragraph (d)(2)(xi)(B). 

(C) If manufacturers or the agencies 
determine any time that errors 
mistakenly increased its balance of fuel 
consumption credits, manufacturers 
must correct the errors and recalculate 
the balance of fuel consumption credits. 

(xii) Under limited conditions, 
NHTSA may also ask a manufacturer to 
provide additional information directly 
to the Administrator if necessary to 
verify the fuel consumption 
requirements of this regulation. 

(e) Amendments to applications for 
certification. At any time, a 
manufacturer modifies an application 
for certification in accordance with 40 
CFR 1036.225 and 1037.225, it must 
submit GHG emissions changes with 
equivalent fuel consumption values for 
the information required in paragraphs 
(b) through (e) and (h) of this section. 

(f) Confidential information. 
Manufacturers must submit a request for 
confidentiality with each electronic 
submission specifying any part of the 
for information or data in a report that 
it believes should be withheld from 
public disclosure as trade secret or other 
confidential business information. 
Information submitted to EPA should 
follow EPA guidelines for treatment of 
confidentiality. Requests for 
confidential treatment for information 
submitted to NHTSA must be filed in 
accordance with the requirements of 49 
CFR part 512, including submission of 
a request for confidential treatment and 
the information for which confidential 
treatment is requested as specified by 
part 512. For any information or data 
requested by the manufacturer to be 
withheld under 5 U.S.C. 552(b)(4) and 
49 U.S.C. 32910(c), the manufacturer 
shall present arguments and provide 
evidence in its request for 
confidentiality demonstrating that— 

(1) The item is within the scope of 5 
U.S.C. 552(b)(4) and 49 U.S.C. 32910(c); 

(2) The disclosure of the information 
at issue would cause significant 
competitive damage; 

(3) The period during which the item 
must be withheld to avoid that damage; 
and 

(4) How earlier disclosure would 
result in that damage. 

(g) Additional required information. 
The following additional information is 
required to be submitted through the 
EPA database. NHTSA reserves the right 
to ask a manufacturer to provide 
additional information if necessary to 
verify the fuel consumption 
requirements of this regulation. 

(1) Small businesses. For model years 
2013 through 2020, vehicles and 
engines produced by small business 
manufacturers meeting the criteria in 13 
CFR 121.201 are exempted from the 
requirements of this part. Qualifying 
small business manufacturers must 
notify EPA and NHTSA Administrators 
before importing or introducing into 
U.S. commerce exempted vehicles or 
engines. This notification must include 
a description of the manufacturer’s 
qualification as a small business under 
13 CFR 121.201. Manufacturers must 
submit this notification to EPA, and 
EPA will provide the notification to 
NHTSA. The agencies may review a 

manufacturer’s qualification as a small 
business manufacturer under 13 CFR 
121.201. 

(2) Emergency vehicles. For model 
years 2021 and later, emergency 
vehicles produced by heavy-duty 
pickup truck and van manufacturers are 
exempted except those produced by 
manufacturers voluntarily complying 
with standards in § 535.5(a). 
Manufacturers must notify the agencies 
in writing if using the provisions in 
§ 535.5(a) to produce exempted 
emergency vehicles in a given model 
year, either in the report specified in 40 
CFR 86.1865 or in a separate 
submission. 

(3) Early introduction. The provision 
applies to manufacturers seeking to 
comply early with the NHTSA’s fuel 
consumption program prior to model 
year 2014. The manufacturer must send 
the request to EPA before submitting its 
first application for a certificate of 
conformity. 

(4) NHTSA voluntary compliance 
model years. Manufacturers must 
submit a statement declaring whether 
the manufacturer chooses to comply 
voluntarily with NHTSA’s fuel 
consumption standards for model years 
2014 through 2015. The manufacturers 
must acknowledge that once selected, 
the decision cannot be reversed and the 
manufacturer will continue to comply 
with the fuel consumption standards for 
subsequent model years. The 
manufacturer must send the statement 
to EPA before submitting its first 
application for a certificate of 
conformity. 

(5) Alternative engine standards. 
Manufacturers choosing to comply with 
the alternative engine standards must 
notify EPA and NHTSA of their choice 
and include in that notification a 
demonstration that it has exhausted all 
available credits and credit 
opportunities. The manufacturer must 
send the statement to EPA before 
submitting its EOY report. 

(6) Alternate phase-in. Manufacturers 
choosing to comply with the alternative 
engine phase-in must notify EPA and 
NHTSA of their choice. The 
manufacturer must send the statement 
to EPA before submitting its first 
application for a certificate of 
conformity. 

(7) Off-road exclusion (tractors and 
vocational vehicles only). (i) Tractors 
and vocational vehicles primarily 
designed to perform work in off-road 
environments such as forests, oil fields, 
and construction sites may be exempted 
without request from the requirements 
of this regulation as specified in 49 CFR 
523.2 and § 535.5(b). Within 90 days 
after the end of each model year, 
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manufacturers must send EPA and 
NHTSA through the EPA database a 
report with the following information: 

(A) A description of each excluded 
vehicle configuration, including an 
explanation of why it qualifies for this 
exclusion. 

(B) The number of vehicles excluded 
for each vehicle configuration. 

(ii) A manufacturer having an off-road 
vehicle failing to meet the criteria under 
the agencies’ off-road exclusions will be 
allowed to request an exclusion of such 
a vehicle from EPA and NHTSA. The 
approval will be granted through the 
certification process for the vehicle 
family and will be done in collaboration 
between EPA and NHTSA in accordance 
with the provisions in 40 CFR 1037.150, 
1037.210, and 1037.631. 

(8) Vocational tractors. Tractors 
intended to be used as vocational 
tractors may comply with vocational 
vehicle standards in § 535.5(b). 
Manufacturers classifying tractors as 
vocational tractors must provide a 
description of how they meet the 
qualifications in their applications for 
certificates of conformity as specified in 
40 CFR 1037.205. 

(9) Approval of alternate methods to 
determine drag coefficients (tractors 
only). Manufacturers seeking to use 
alternative methods to determine 
aerodynamic drag coefficients must 
provide a request and gain approval by 
EPA in accordance with 40 CFR 
1037.525. The manufacturer must send 
the request to EPA before submitting its 
first application for a certificate of 
conformity. 

(10) Innovative and off-cycle 
technology credits. Manufacturers 
pursuing innovative and off-cycle 
technology credits must submit 
information to the agencies and may be 
subject to a public evaluation process in 
which the public would have 
opportunity for comment if the 
manufacturer is not using a test 
procedure in accordance with 40 CFR 
1037.610(c). Whether the approach 
involves on-road testing, modeling, or 
some other analytical approach, the 
manufacturer would be required to 
present a final methodology to EPA and 
NHTSA. EPA and NHTSA would 
approve the methodology and credits 
only if certain criteria were met. 
Baseline emissions and fuel 
consumption and control emissions and 
fuel consumption would need to be 
clearly demonstrated over a wide range 
of real world driving conditions and 
over a sufficient number of vehicles to 
address issues of uncertainty with the 
data. Data would need to be on a vehicle 
model-specific basis unless a 
manufacturer demonstrated model- 

specific data was not necessary. The 
agencies may publish a notice of 
availability in the Federal Register 
notifying the public of a manufacturer’s 
proposed alternative off-cycle credit 
calculation methodology and provide 
opportunity for comment. Any notice 
will include details regarding the 
methodology, but not include any 
Confidential Business Information. 

(11) Credit trades. If a manufacturer 
trades fuel consumption credits, it must 
send EPA and NHTSA a fuel 
consumption credit plan as specified in 
§ 535.7(a) and provide the following 
additional information: 

(i) As the seller, the manufacturer 
must include the following information: 

(A) The corporate names of the buyer 
and any brokers. 

(B) A copy of any contracts related to 
the trade. 

(C) The averaging set corresponding to 
the engine families that generated fuel 
consumption credits for the trade, 
including the number of fuel 
consumption credits from each 
averaging set. 

(ii) As the buyer, the manufacturer or 
entity must include the following 
information in its report: 

(A) The corporate names of the seller 
and any brokers. 

(B) A copy of any contracts related to 
the trade. 

(C) How the manufacturer or entity 
intends to use the fuel consumption 
credits, including the number of fuel 
consumption credits it intends to apply 
for each averaging set. 

(D) A copy of the contract with 
signatures from both the buyer and the 
seller. 

(12) Production reports. Within 90 
days after the end of the model year and 
no later than March 31st, manufacturers 
participating and not-participating in 
the ABT program must send to EPA and 
NHTSA a report including the total 
U.S.-directed production volume of 
vehicles it produced in each vehicle and 
engine family during the model year 
(based on information available at the 
time of the report) as required by 40 
CFR 1036.250 and 1037.250. Trailer 
manufacturers must include a separate 
report including the total U.S.-directed 
production volume of excluded trailers 
as allowed by § 535.3(e). Each 
manufacturer shall report by vehicle or 
engine identification number and by 
configuration and identify the subfamily 
identifier. Report uncertified vehicles 
sold to secondary vehicle 
manufacturers. Small business 
manufacturers may omit reporting. 
Identify any differences between 
volumes included for EPA but excluded 
for NHTSA. 

(13) Transition to engine-based model 
years. The following provisions apply 
for production and ABT reports during 
the transition to engine-based model 
year determinations for tractors and 
vocational vehicles in 2020 and 2021: 

(i) If a manufacturer installs model 
year 2020 or earlier engines in the 
manufacturer’s vehicles in calendar year 
2020, include all those Phase 1 vehicles 
in its production and ABT reports 
related to model year 2020 compliance, 
although the agencies may require the 
manufacturer to identify these 
separately from vehicles produced in 
calendar year 2019. 

(ii) If a manufacturer installs model 
year 2020 engines in its vehicles in 
calendar year 2021, submit production 
and ABT reports for those Phase 1 
vehicles separate from the reports it 
submits for Phase 2 vehicles with model 
year 2021 engines. 

(h) Public information. Based upon 
information submitted by manufacturers 
and EPA, NHTSA will publish fuel 
consumption standards and 
performance results. 

(i) Information received from EPA. 
NHTSA will receive information from 
EPA as specified in 40 CFR 1036.755 
and 1037.755. 

(j) Recordkeeping. NHTSA has the 
same recordkeeping requirements as the 
EPA, specified in 40 CFR 86.1865–12(k), 
1036.250, 1036.735, 1036.825, 1037.250, 
1037.735, and 1037.825. The agencies 
each reserve the right to request 
information contained in reports 
separately. 

(1) Manufacturers must organize and 
maintain records for NHTSA as 
described in this section. NHTSA in 
conjunction or separately from EPA may 
review a manufacturers records at any 
time. 

(2) Keep the records required by this 
section for at least eight years after the 
due date for the end-of-year report. 
Manufacturers may not use fuel 
consumption credits for any engines if 
it does not keep all the records required 
under this section. Manufacturers must 
therefore keep these records to continue 
to bank valid credits. Store these records 
in any electronic format and on any 
media, as long as the manufacturer can 
promptly send the agencies organized 
records in English if the agencies ask for 
them. Manufacturers must keep these 
records readily available. NHTSA may 
review them at any time. 

(3) Keep a copy of the reports required 
in § 535.8 and 40 CFR 
1036.725,1036.730, 1037.725 and 
1037.730. 

(4) Keep records of the vehicles and 
engine identification number (usually 
the serial number) for each vehicle and 
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engine produced that generates or uses 
fuel consumption credits under the ABT 
program. Manufacturers may identify 
these numbers as a range. If 
manufacturers change the FEL after the 
start of production, identify the date 
started using each FEL/FCL and the 
range of vehicles or engine 
identification numbers associated with 
each FEL/FCL. Manufacturers must also 
identify the purchaser and destination 
for each vehicle and engine produced to 
the extent this information is available. 

(5) The agencies may require 
manufacturers to keep additional 
records or to send relevant information 
not required by this section in 
accordance with each agency’s 
authority. 

(6) If collected separately and NHTSA 
finds that information is provided 
fraudulent or grossly negligent or 
otherwise provided in bad faith, the 
manufacturer may be liable to civil 
penalties in accordance with each 
agency’s authority. 

§ 535.9 Enforcement approach. 
(a) Compliance. (1) Each year NHTSA 

will assess compliance with fuel 
consumption standards as specified in 
§ 535.10. 

(i) NHTSA may conduct audits or 
verification testing prior to first sale 
throughout a given model year or after 
the model year in order to validate data 
received from manufacturers and will 
discuss any potential issues with EPA 
and the manufacturer. Audits may 
periodically be performed to confirm 
manufacturers credit balances or other 
credit transactions. 

(ii) NHTSA may also conduct field 
inspections either at manufacturing 
plants or at new vehicle dealerships to 
validate data received from 
manufacturers. Field inspections will be 
carried out in order to validate the 
condition of vehicles, engines or 
technology prior to first commercial sale 
to verify each component’s certified 
configuration as initially built. NHTSA 
reserves the right to conduct inspections 
at other locations but will target only 
those components for which a violation 
would apply to OEMs and not the fleets 
or vehicle owners. Compliance 
inspections could be carried out through 
a number of approaches including 
during safety inspections or during 
compliance safety testing. 

(iii) NHTSA will conduct audits and 
inspections in the same manner and, 
when possible, in conjunction with 
EPA. NHTSA will also attempt to 
coordinate inspections with EPA and 
share results. 

(iv) Documents collected under 
NHTSA safety authority may be used to 

support fuel efficiency audits and 
inspections. 

(2) At the end of each model year 
NHTSA will confirm a manufacturer’s 
fleet or family performance values 
against the applicable standards and, if 
a manufacturer uses a credit flexibility, 
the amount of credits in each averaging 
set. The averaging set balance is based 
upon the engines or vehicles 
performance above or below the 
applicable regulatory subcategory 
standards in each respective averaging 
set and any credits that are traded into 
or out of an averaging set during the 
model year. 

(i) If the balance is positive, the 
manufacturer is designated as having a 
credit surplus. 

(ii) If the balance is negative, the 
manufacturer is designated as having a 
credit deficit. 

(iii) NHTSA will provide notification 
to each manufacturer confirming its 
credit balance(s) after the end of each 
model year directly or through EPA. 

(3) Manufacturer are required to 
confirm the negative balance and submit 
a fuel consumption credit plan as 
specified in § 535.7(a) along with 
supporting documentation indicating 
how it will allocate existing credits or 
earn (providing information on future 
vehicles, engines or technologies), and/ 
or acquire credits, or else be liable for 
a civil penalty as determined in 
paragraph (b) of this section. The 
manufacturer must submit the 
information within 60 days of receiving 
agency notification. 

(4) Credit shortfall within an 
averaging set may be carried forward 
only three years, and if not offset by 
earned or traded credits, the 
manufacturer may be liable for a civil 
penalty as described in paragraph (b) of 
this section. 

(5) Credit allocation plans received 
from a manufacturer will be reviewed 
and approved by NHTSA. NHTSA will 
approve a credit allocation plan unless 
it determines that the proposed credits 
are unavailable or that it is unlikely that 
the plan will result in the manufacturer 
earning or acquiring sufficient credits to 
offset the subject credit shortfall. In the 
case where a manufacturer submits a 
plan to acquire future model year 
credits earned by another manufacturer, 
NHTSA will require a signed agreement 
by both manufacturers to initiate a 
review of the plan. If a plan is approved, 
NHTSA will revise the respective 
manufacturer’s credit account 
accordingly by identifying which 
existing or traded credits are being used 
to address the credit shortfall, or by 
identifying the manufacturer’s plan to 
earn future credits for addressing the 

respective credit shortfall. If a plan is 
rejected, NHTSA will notify the 
respective manufacturer and request a 
revised plan. The manufacturer must 
submit a revised plan within 14 days of 
receiving agency notification. The 
agency will provide a manufacturer one 
opportunity to submit a revised credit 
allocation plan before it initiates civil 
penalty proceedings. 

(6) For purposes of this regulation, 
NHTSA will treat the use of future 
credits for compliance, as through a 
credit allocation plan, as a deferral of 
civil penalties for non-compliance with 
an applicable fuel consumption 
standard. 

(7) If NHTSA receives and approves a 
manufacturer’s credit allocation plan to 
earn future credits within the following 
three model years in order to comply 
with regulatory obligations, NHTSA will 
defer levying civil penalties for non- 
compliance until the date(s) when the 
manufacturer’s approved plan indicates 
that credits will be earned or acquired 
to achieve compliance, and upon 
receiving confirmed CO2 emissions and 
fuel consumption data from EPA. If the 
manufacturer fails to acquire or earn 
sufficient credits by the plan dates, 
NHTSA will initiate civil penalty 
proceedings. 

(8) In the event that NHTSA fails to 
receive or is unable to approve a plan 
for a non-compliant manufacturer due 
to insufficiency or untimeliness, 
NHTSA may initiate civil penalty 
proceedings. 

(9) In the event that a manufacturer 
fails to report accurate fuel consumption 
data for vehicles or engines covered 
under this rule, noncompliance will be 
assumed until corrected by submission 
of the required data, and NHTSA may 
initiate civil penalty proceedings. 

(10) If EPA suspends or revoke a 
certificate of conformity as specified in 
40 CFR 1036.255 or 1037.255, and a 
manufacturer is unable to take a 
corrective action allowed by EPA, 
noncompliance will be assumed, and 
NHTSA may initiate civil penalty 
proceedings or revoke fuel consumption 
credits. 

(b) Civil penalties—(1) Generally. 
NHTSA may assess a civil penalty for 
any violation of this part under 49 
U.S.C. 32902(k). This section states the 
procedures for assessing civil penalties 
for violations of § 535.3(h). The 
provisions of 5 U.S.C. 554, 556, and 557 
do not apply to any proceedings 
conducted pursuant to this section. 

(2) Initial determination of 
noncompliance. An action for civil 
penalties is commenced by the 
execution of a Notice of Violation. A 
determination by NHTSA’s Office of 
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Enforcement of noncompliance with 
applicable fuel consumption standards 
utilizing the certified and reported CO2 
emissions and fuel consumption data 
provided by the Environmental 
Protection Agency as described in this 
part, and after considering all the 
flexibilities available under § 535.7, 
underlies a Notice of Violation. If 
NHTSA Enforcement determines that a 
manufacturer’s averaging set of vehicles 
or engines fails to comply with the 
applicable fuel consumption standard(s) 
by generating a credit shortfall, the 
incomplete vehicle, complete vehicle or 
engine manufacturer, as relevant, shall 
be subject to a civil penalty. 

(3) Numbers of violations and 
maximum civil penalties. Any violation 
shall constitute a separate violation with 
respect to each vehicle or engine within 
the applicable regulatory averaging set. 
The maximum civil penalty is not more 
than $37,500.00 per vehicle or engine. 
The maximum civil penalty under this 
section for a related series of violations 
shall be determined by multiplying 
$37,500.00 times the vehicle or engine 
production volume for the model year 
in question within the regulatory 
averaging set. NHTSA may adjust this 
civil penalty amount to account for 
inflation. 

(4) Factors for determining penalty 
amount. In determining the amount of 
any civil penalty proposed to be 
assessed or assessed under this section, 
NHTSA shall take into account the 
gravity of the violation, the size of the 
violator’s business, the violator’s history 
of compliance with applicable fuel 
consumption standards, the actual fuel 
consumption performance related to the 
applicable standards, the estimated cost 
to comply with the regulation and 
applicable standards, the quantity of 
vehicles or engines not complying, and 
the effect of the penalty on the violator’s 
ability to continue in business. The 
‘‘estimated cost to comply with the 
regulation and applicable standards,’’ 
will be used to ensure that penalties for 
non-compliance will not be less than 
the cost of compliance. 

(5) NHTSA enforcement report of 
determination of non-compliance. (i) If 
NHTSA Enforcement determines that a 
violation has occurred, NHTSA 
Enforcement may prepare a report and 
send the report to the NHTSA Chief 
Counsel. 

(ii) The NHTSA Chief Counsel will 
review the report prepared by NHTSA 
Enforcement to determine if there is 
sufficient information to establish a 
likely violation. 

(iii) If the Chief Counsel determines 
that a violation has likely occurred, the 

Chief Counsel may issue a Notice of 
Violation to the party. 

(iv) If the Chief Counsel issues a 
Notice of Violation, he or she will 
prepare a case file with recommended 
actions. A record of any prior violations 
by the same party shall be forwarded 
with the case file. 

(6) Notice of violation. (i) The Notice 
of Violation will contain the following 
information: 

(A) The name and address of the 
party; 

(B) The alleged violation(s) and the 
applicable fuel consumption standard(s) 
violated; 

(C) The amount of the proposed 
penalty and basis for that amount; 

(D) The place to which, and the 
manner in which, payment is to be 
made; 

(E) A statement that the party may 
decline the Notice of Violation and that 
if the Notice of Violation is declined 
within 30 days of the date shown on the 
Notice of Violation, the party has the 
right to a hearing, if requested within 30 
days of the date shown on the Notice of 
Violation, prior to a final assessment of 
a penalty by a Hearing Officer; and 

(F) A statement that failure to either 
pay the proposed penalty or to decline 
the Notice of Violation and request a 
hearing within 30 days of the date 
shown on the Notice of Violation will 
result in a finding of violation by default 
and that NHTSA will proceed with the 
civil penalty in the amount proposed on 
the Notice of Violation without 
processing the violation under the 
hearing procedures set forth in this 
subpart. 

(ii) The Notice of Violation may be 
delivered to the party by— 

(A) Mailing to the party (certified mail 
is not required); 

(B) Use of an overnight or express 
courier service; or 

(C) Facsimile transmission or 
electronic mail (with or without 
attachments) to the party or an 
employee of the party. 

(iii) At any time after the Notice of 
Violation is issued, NHTSA and the 
party may agree to reach a compromise 
on the payment amount. 

(iv) Once a penalty amount is paid in 
full, a finding of ‘‘resolved with 
payment’’ will be entered into the case 
file. 

(v) If the party agrees to pay the 
proposed penalty, but has not made 
payment within 30 days of the date 
shown on the Notice of Violation, 
NHTSA will enter a finding of violation 
by default in the matter and NHTSA 
will proceed with the civil penalty in 
the amount proposed on the Notice of 
Violation without processing the 

violation under the hearing procedures 
set forth in this subpart. 

(vi) If within 30 days of the date 
shown on the Notice of Violation a party 
fails to pay the proposed penalty on the 
Notice of Violation, and fails to request 
a hearing, then NHTSA will enter a 
finding of violation by default in the 
case file, and will assess the civil 
penalty in the amount set forth on the 
Notice of Violation without processing 
the violation under the hearing 
procedures set forth in this subpart. 

(vii) NHTSA’s order assessing the 
civil penalty following a party’s default 
is a final agency action. 

(7) Hearing Officer. (i) If a party 
timely requests a hearing after receiving 
a Notice of Violation, a Hearing Officer 
shall hear the case. 

(ii) The Hearing Officer will be 
appointed by the NHTSA 
Administrator, and is solely responsible 
for the case referred to him or her. The 
Hearing Officer shall have no other 
responsibility, direct or supervisory, for 
the investigation of cases referred for the 
assessment of civil penalties. The 
Hearing Officer shall have no duties 
related to the light-duty fuel economy or 
medium- and heavy-duty fuel efficiency 
programs. 

(iii) The Hearing Officer decides each 
case on the basis of the information 
before him or her. 

(8) Initiation of action before the 
Hearing Officer. (i) After the Hearing 
Officer receives the case file from the 
Chief Counsel, the Hearing Officer 
notifies the party in writing of— 

(A) The date, time, and location of the 
hearing and whether the hearing will be 
conducted telephonically or at the DOT 
Headquarters building in Washington, 
DC; 

(B) The right to be represented at all 
stages of the proceeding by counsel as 
set forth in paragraph (b)(9) of this 
section; and 

(C) The right to a free copy of all 
written evidence in the case file. 

(ii) On the request of a party, or at the 
Hearing Officer’s direction, multiple 
proceedings may be consolidated if at 
any time it appears that such 
consolidation is necessary or desirable. 

(9) Counsel. A party has the right to 
be represented at all stages of the 
proceeding by counsel. A party electing 
to be represented by counsel must notify 
the Hearing Officer of this election in 
writing, after which point the Hearing 
Officer will direct all further 
communications to that counsel. A 
party represented by counsel bears all of 
its own attorneys’ fees and costs. 

(10) Hearing location and costs. (i) 
Unless the party requests a hearing at 
which the party appears before the 
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Hearing Officer in Washington, DC, the 
hearing may be held telephonically. In 
Washington, DC, the hearing is held at 
the headquarters of the U.S. Department 
of Transportation. 

(ii) The Hearing Officer may transfer 
a case to another Hearing Officer at a 
party’s request or at the Hearing 
Officer’s direction. 

(iii) A party is responsible for all fees 
and costs (including attorneys’ fees and 
costs, and costs that may be associated 
with travel or accommodations) 
associated with attending a hearing. 

(11) Hearing procedures. (i) There is 
no right to discovery in any proceedings 
conducted pursuant to this subpart. 

(ii) The material in the case file 
pertinent to the issues to be determined 
by the Hearing Officer is presented by 
the Chief Counsel or his or her designee. 

(iii) The Chief Counsel may 
supplement the case file with 
information prior to the hearing. A copy 
of such information will be provided to 
the party no later than three business 
days before the hearing. 

(iv) At the close of the Chief Counsel’s 
presentation of evidence, the party has 
the right to examine respond to and 
rebut material in the case file and other 
information presented by the Chief 
Counsel. In the case of witness 
testimony, both parties have the right of 
cross-examination. 

(v) In receiving evidence, the Hearing 
Officer is not bound by strict rules of 
evidence. In evaluating the evidence 
presented, the Hearing Officer must give 
due consideration to the reliability and 
relevance of each item of evidence. 

(vi) At the close of the party’s 
presentation of evidence, the Hearing 
Officer may allow the introduction of 
rebuttal evidence that may be presented 
by the Chief Counsel. 

(vii) The Hearing Officer may allow 
the party to respond to any rebuttal 
evidence submitted. 

(viii) After the evidence in the case 
has been presented, the Chief Counsel 
and the party may present arguments on 
the issues in the case. The party may 
also request an opportunity to submit a 
written statement for consideration by 
the Hearing Officer and for further 
review. If granted, the Hearing Officer 
shall allow a reasonable time for 
submission of the statement and shall 
specify the date by which it must be 
received. If the statement is not received 
within the time prescribed, or within 
the limits of any extension of time 
granted by the Hearing Officer, it need 
not be considered by the Hearing 
Officer. 

(ix) A verbatim transcript of the 
hearing will not normally be prepared. 
A party may, solely at its own expense, 

cause a verbatim transcript to be made. 
If a verbatim transcript is made, the 
party shall submit two copies to the 
Hearing Officer not later than 15 days 
after the hearing. The Hearing Officer 
shall include such transcript in the 
record. 

(12) Determination of violations and 
assessment of civil penalties. (i) Not 
later than 30 days following the close of 
the hearing, the Hearing Officer shall 
issue a written decision on the Notice of 
Violation, based on the hearing record. 
This may be extended by the Hearing 
officer if the submissions by the Chief 
Counsel or the party are voluminous. 
The decision shall address each alleged 
violation, and may do so collectively. 
For each alleged violation, the decision 
shall find a violation or no violation and 
provide a basis for the finding. The 
decision shall set forth the basis for the 
Hearing Officer’s assessment of a civil 
penalty, or decision not to assess a civil 
penalty. In determining the amount of 
the civil penalty, the gravity of the 
violation, the size of the violator’s 
business, the violator’s history of 
compliance with applicable fuel 
consumption standards, the actual fuel 
consumption performance related to the 
applicable standard, the estimated cost 
to comply with the regulation and 
applicable standard, the quantity of 
vehicles or engines not complying, and 
the effect of the penalty on the violator’s 
ability to continue in business. The 
assessment of a civil penalty by the 
Hearing Officer shall be set forth in an 
accompanying final order. The Hearing 
Officer’s written final order is a final 
agency action. 

(ii) If the Hearing Officer assesses civil 
penalties in excess of $1,000,000, the 
Hearing Officer’s decision shall contain 
a statement advising the party of the 
right to an administrative appeal to the 
Administrator within a specified period 
of time. The party is advised that failure 
to submit an appeal within the 
prescribed time will bar its 
consideration and that failure to appeal 
on the basis of a particular issue will 
constitute a waiver of that issue in its 
appeal before the Administrator. 

(iii) The filing of a timely and 
complete appeal to the Administrator of 
a Hearing Officer’s order assessing a 
civil penalty shall suspend the 
operation of the Hearing Officer’s 
penalty, which shall no longer be a final 
agency action. 

(iv) There shall be no administrative 
appeals of civil penalties assessed by a 
Hearing Officer of less than $1,000,000. 

(13) Appeals of civil penalties in 
excess of $1,000,000. (i) A party may 
appeal the Hearing Officer’s order 
assessing civil penalties over $1,000,000 

to the Administrator within 21 days of 
the date of the issuance of the Hearing 
Officer’s order. 

(ii) The Administrator will review the 
decision of the Hearing Officer de novo, 
and may affirm the decision of the 
hearing officer and assess a civil 
penalty, or 

(iii) The Administrator may— 
(A) Modify a civil penalty; 
(B) Rescind the Notice of Violation; or 
(C) Remand the case back to the 

Hearing Officer for new or additional 
proceedings. 

(iv) In the absence of a remand, the 
decision of the Administrator in an 
appeal is a final agency action. 

(14) Collection of assessed or 
compromised civil penalties. (i) 
Payment of a civil penalty, whether 
assessed or compromised, shall be made 
by check, postal money order, or 
electronic transfer of funds, as provided 
in instructions by the agency. A 
payment of civil penalties shall not be 
considered a request for a hearing. 

(ii) The party must remit payment of 
any assessed civil penalty to NHTSA 
within 30 days after receipt of the 
Hearing Officer’s order assessing civil 
penalties, or, in the case of an appeal to 
the Administrator, within 30 days after 
receipt of the Administrator’s decision 
on the appeal. 

(iii) The party must remit payment of 
any compromised civil penalty to 
NHTSA on the date and under such 
terms and conditions as agreed to by the 
party and NHTSA. Failure to pay may 
result in NHTSA entering a finding of 
violation by default and assessing a civil 
penalty in the amount proposed in the 
Notice of Violation without processing 
the violation under the hearing 
procedures set forth in this part. 

(c) Changes in corporate ownership 
and control. Manufacturers must inform 
NHTSA of corporate relationship 
changes to ensure that credit accounts 
are identified correctly and credits are 
assigned and allocated properly. 

(1) In general, if two manufacturers 
merge in any way, they must inform 
NHTSA how they plan to merge their 
credit accounts. NHTSA will 
subsequently assess corporate fuel 
consumption and compliance status of 
the merged fleet instead of the original 
separate fleets. 

(2) If a manufacturer divides or 
divests itself of a portion of its 
automobile manufacturing business, it 
must inform NHTSA how it plans to 
divide the manufacturer’s credit 
holdings into two or more accounts. 
NHTSA will subsequently distribute 
holdings as directed by the 
manufacturer, subject to provision for 
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reasonably anticipated compliance 
obligations. 

(3) If a manufacturer is a successor to 
another manufacturer’s business, it must 
inform NHTSA how it plans to allocate 
credits and resolve liabilities per 49 CFR 
part 534. 

§ 535.10 How do manufacturers comply 
with fuel consumption standards? 

(a) Pre-certification process. (1) 
Regulated manufacturers determine 
eligibility to use exemptions or 
exclusions in accordance with § 535.3. 

(2) Manufacturers may seek 
preliminary approvals as specified in 40 
CFR 1036.210 and 40 CFR 1037.210 
from EPA and NHTSA, if needed. 
Manufacturers may request to schedule 
pre-certification meetings with EPA and 
NHTSA prior to submitting approval 
requests for certificates of conformity to 
address any joint compliance issues and 
gain informal feedback from the 
agencies. 

(3) The requirements and prohibitions 
required by EPA in special 
circumstances in accordance with 40 
CFR 1037.601 and 40 CFR part 1068 
apply to manufacturers for the purpose 
of complying with fuel consumption 
standards. Manufacturers should use 
good judgment when determining how 
EPA requirements apply in complying 
with the NHTSA program. 
Manufacturers may contact NHTSA and 
EPA for clarification about how these 
requirements apply to them. 

(4) In circumstances in which EPA 
provides multiple compliance 
approaches manufacturers must choose 
the same compliance path to comply 
with NHTSA’s fuel consumption 
standards that they choose to comply 
with EPA’s greenhouse gas emission 
standards. 

(5) Manufacturers may not introduce 
new vehicles into commerce without a 
certificate of conformity from EPA. 
Manufacturers must attest to several 
compliance standards in order to obtain 
a certificate of conformity. This includes 
stating comparable fuel consumption 
results for all required CO2 emissions 
rates. Manufacturers not completing 
these steps do not comply with the 
NHTSA fuel consumption standards. 

(6) Manufacturers apply the fuel 
consumption standards specified in 
§ 535.5 to vehicles, engines and 
components that represent production 
units and components for vehicle and 
engine families, sub-families and 
configurations consistent with the EPA 
specifications in 40 CFR 86.1819, 
1036.230, and 1037.230. 

(7) Only certain vehicles and engines 
are allowed to comply differently 
between the NHTSA and EPA programs 

as detailed in this section. These 
vehicles and engines must be identified 
by manufacturers in the ABT and 
production reports required in § 535.8. 

(b) Model year compliance. 
Manufacturers are required to conduct 
testing to demonstrate compliance with 
CO2 exhaust emissions standards in 
accordance with EPA’s provisions in 40 
CFR part 600, subpart B, 40 CFR 1036, 
subpart F, 40 CFR part 1037, subpart R, 
and 40 CFR part 1066. Manufacturers 
determine equivalent fuel consumption 
performance values for CO2 results as 
specified in § 535.6 and demonstrate 
compliance by comparing equivalent 
results to the applicable fuel 
consumption standards in § 535.5. 

(c) End-of-the-year process. 
Manufacturers comply with fuel 
consumption standards after the end of 
each model year, if— 

(1) For heavy-duty pickup trucks and 
vans, the manufacturer’s fleet average 
performance, as determined in § 535.6, 
is less than the fleet average standard; 
or 

(2) For truck tractors, vocational 
vehicles, engines and box trailers the 
manufacturer’s fuel consumption 
performance for each vehicle or engine 
family (or sub-family), as determined in 
§ 535.6, is lower than the applicable 
regulatory subcategory standards in 
§ 535.5. 

(3) For non-box and non-aero trailers, 
a manufacturer is considered in 
compliance with fuel consumption 
standards if all trailers meet the 
specified standards in § 535.5(e)(1)(i). 

(4) NHTSA will use the EPA final 
verified values as specified in 40 CFR 
86.1819, 40 CFR 1036.755, and 1037.755 
for making final determinations on 
whether vehicles and engines comply 
with fuel consumption standards. 

(5) A manufacturer fails to comply 
with fuel consumption standards if its 
final reports are not provided in 
accordance with § 535.8 and 40 CFR 
86.1865, 1036.730, and 1037.730. 
Manufacturers not providing complete 
or accurate final reports or any plans by 
the required deadlines do not comply 
with fuel consumption standards. A 
manufacturer that is unable to provide 
any emissions results along with 
comparable fuel consumption values 
must obtain permission for EPA to 
exclude the results prior to the deadline 
for submitting final reports. 

(6) A manufacturer that would 
otherwise fail to directly comply with 
fuel consumption standards as 
described in paragraphs (c)(1) through 
(3) of this section may use one or more 
of the credit flexibilities provided under 
the NHTSA averaging, banking and 
trading program, as specified in § 535.7, 

but must offset all credit deficits in its 
averaging sets to achieve compliance. 

(7) A manufacturer failing to comply 
with the provisions specified in this 
part may be liable to pay civil penalties 
in accordance with § 535.9. 

(8) A manufacturer may also be liable 
to pay civil penalties if found by EPA 
or NHTSA to have provided false 
information as identified through 
NHTSA or EPA enforcement audits or 
new vehicle verification testing as 
specified in § 535.9 and 40 CFR parts 
86, 1036, and 1037. 

PART 538—MANUFACTURING 
INCENTIVES FOR ALTERNATIVE FUEL 
VEHICLES 

■ 382. Revise the authority citation for 
part 538 to read as follows: 

Authority: 49 U.S.C. 32901, 32905, and 
32906; delegation of authority at 49 CFR 1.95. 

■ 383. Revise § 538.5 to read as follows: 

§ 538.5 Minimum driving range. 

(a) The minimum driving range that a 
passenger automobile must have in 
order to be treated as a dual fueled 
automobile pursuant to 49 U.S.C. 
32901(c) is 200 miles when operating on 
its nominal useable fuel tank capacity of 
the alternative fuel, except when the 
alternative fuel is electricity or 
compressed natural gas. Beginning 
model year 2016, a natural gas 
passenger automobile must have a 
minimum driving range of 150 miles 
when operating on its nominal useable 
fuel tank capacity of the alternative fuel 
to be treated as a dual fueled 
automobile, pursuant to 49 U.S.C. 
32901(c)(2). 

(b) The minimum driving range that a 
passenger automobile using electricity 
as an alternative fuel must have in order 
to be treated as a dual fueled automobile 
pursuant to 49 U.S.C. 32901(c) is 7.5 
miles on its nominal storage capacity of 
electricity when operated on the EPA 
urban test cycle and 10.2 miles on its 
nominal storage capacity of electricity 
when operated on the EPA highway test 
cycle. 

Dated: August 16, 2016. 

Anthony Foxx, 
Secretary,Department of Transportation. 

Dated: August 16, 2016. 

Gina McCarthy, 
Administrator, Environmental Protection 
Agency. 
[FR Doc. 2016–21203 Filed 10–24–16; 8:45 am] 

BILLING CODE 6560–50–P 
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Groundwater Quality in the Borrego Valley, Central 
Desert, and Low-Use Basins of the Mojave and 
Sonoran Deserts, California    
Groundwater provides more than 40 percent of California’s drinking water. To protect this vital resource, 
the State of California created the Groundwater Ambient Monitoring and Assessment (GAMA) Program. 
The Priority Basin Project of the GAMA Program provides a comprehensive assessment of the State’s 
untreated groundwater quality and increases public access to groundwater-quality information. Selected 
groundwater basins in the Borrego Valley, Central Desert, and Low-Use Basins of the Mojave and Sonoran 
Deserts constitute one of the study units being evaluated.
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The Borrego Valley, Central Desert, and Low-Use 
Basins of the Mojave and Sonoran Deserts Study Unit

The Mojave and Sonoran Deserts include 57 groundwater basins (California Department of Water 
Resources, 2003). Basins in the Antelope, Mojave River, Coachella, and Colorado River Valleys were dis-
cussed by Dawson and Belitz (2012). The remaining 47 basins compose the Borrego Valley, Central Desert, 
and Low-Use Basins of the Mojave and Sonoran Deserts study unit (CLUB study unit) and were grouped into 
three study areas. Basins containing few or no public-supply wells are defined as low-use basins. Public-
supply wells are sparse in the 12,103-square-mile area of the CLUB study unit, and this study focused on the 
963-square-mile area that is within about 2 miles of a public-supply well. 

 The climate in the Mojave Desert is characterized as arid high desert, with hot, dry summers and cool 
winters with limited rainfall.  
The Sonoran Desert has 
an arid subtropical climate 
characterized by long, hot 
summers, mild winters, and 
summer and winter rainy 
seasons.  Annual precipita-
tion generally ranges from 
0 to 10 inches.  Several 
creeks, washes, and ephem-
eral streams drain the study 
unit, flowing into lakes and 
sinks. 

This study evalu-
ated water quality in the 
part of the aquifer system 
used for public supply, the 
primary aquifer system.  
The primary aquifer system 
is defined as those parts of 
the aquifer corresponding 
to the perforated intervals 
of wells listed in the Cali-
fornia Department of Public 
Health (CDPH) database. 
Public-supply wells in the 

study unit typically are drilled to depths between 350 and 600 feet, consist of solid casing from the land sur-
face to a depth of about 200 to 400 feet, and are perforated below the solid casing.  Water quality in the shal-
lower and deeper parts of the aquifer system can differ from that in the primary aquifer system. The primary 
aquifer system consists of unconfined and confined Pleistocene- to Holocene-age Quaternary alluvium, and to 
a lesser extent, Tertiary alluvium and sedimentary deposits.

Land use in the CLUB study unit is approximately 91 percent (%) natural, 6% urban, and 3% agricultural.  
Natural lands are mostly shrubland and bare rock or sediment, with a small percentage of grassland and forest.  

Sources of groundwater recharge include runoff from mountains surrounding the basins and infiltration 
of imported surface water and groundwater used for irrigation. The primary sources of groundwater discharge 
are water pumped for irrigation and for public supply, natural discharge to streams, and evapotranspiration.

Overview of Water Quality

GAMA’s Priority Basin Project evalu-
ates the quality of untreated groundwater 
relative to human-health and aesthetic-
based benchmarks established for drinking-
water quality. Benchmarks and definitions 
of high, moderate, and low concentrations 
are discussed in the inset box on page 3.

Inorganic constituents in groundwater 
commonly are derived from natural sources 
and processes but also can be affected by 
human activities. In the CLUB study unit, 
one or more inorganic constituents were 
present at high concentrations in about 48% 
of the primary aquifer system and at moder-
ate concentrations in about 26%.

Human-made organic constituents 
can be found in products used in the home, 
business, industry, and agriculture, and 
can enter the environment through nor-
mal usage, spills, or improper disposal. In 
this study unit, organic constituents were 
not present at high concentrations in the 
primary aquifer system, and one or more 
organic constituents were present at moder-
ate concentrations in about 5%.
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Trace and
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constituents

Iron or
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RESULTS: Groundwater Quality in the Borrego Valley, Central Desert, and 
Low-Use Basins of the Mojave and Sonoran Deserts Study Unit

Inorganic Constituents with Health-Based Benchmarks
Trace and minor elements are naturally present in the minerals in rocks and soils, 

and in the water that comes into contact with those materials. In the CLUB study 
unit, trace and minor elements were detected at high concentrations in about 42% 
of the primary aquifer system, and at moderate concentrations in about 23% of the 
system.  Fluoride, arsenic, molybdenum, boron, and vanadium were the elements that 
most frequently occurred at high  and moderate concentrations. Chromium also was 
detected at high concentrations, but in less than 1% of the primary aquifer system.

Radioactivity is the release of energy or energetic particles during spontane-
ous decay of unstable atoms. Most of the radioactivity in groundwater comes from 
the decay of naturally occurring isotopes of uranium and thorium in minerals in the 
sediments of the aquifer.  Uranium and (or) gross alpha radioactivity occurred at high 
levels in 12% of the primary aquifer system and at moderate levels in about 20% of 
the system.

Nutrients, such as nitrate and nitrite, are naturally present at low concentrations 
in groundwater. Elevated concentrations generally occur as a result of human activi-
ties, such as applying commercial fertilizer or animal waste to land used for crops. 
Livestock, when in concentrated numbers, and septic systems also produce nitrog-
enous waste that can leach into groundwater.  Nitrate was present at high concentra-
tions in about 3% of the primary aquifer system and at moderate concentrations in 
about 3%.

Inorganic Constituents with Non-Health Benchmarks
(Not included in water-quality overview charts shown on the front page) 

Some constituents affect the aesthetic properties of water, such as taste, color, 
and odor, or may create  nuisance problems, such as staining and scaling.  The State 
of California has a recommended and an upper limit for total dissolved solids (TDS) 
in drinking water. Groundwater naturally contains TDS as a result of the weathering 
and dissolution of minerals in soils. In the CLUB study unit, TDS was present at high 
concentrations in about 11% of the primary aquifer system and at moderate concen-
trations (between the recommended and upper limit) in 39%.

Anoxic conditions (low amounts of dissolved oxygen) in groundwater may result 
in release of the naturally occurring elements manganese and iron from minerals into 
groundwater.  Iron, or manganese, or both were present at high concentrations in 
about 3% of the primary aquifer system.

Constituent of Special Interest: Perchlorate 
(Not included in water-quality overview charts shown on the front page)

Perchlorate is an inorganic constituent that has been regulated in California 
drinking water since 2007.  It is an ingredient in rocket fuel, fireworks, safety flares 
and other products, may be present in some fertilizers, and also occurs at low con-
centrations under natural conditions in groundwater.  Perchlorate was not detected at 
high concentrations, but was detected at moderate concentrations in about 32% of the 
primary aquifer system. 
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Values are a percentage of the area of the primary aquifer system
with concentrations in the three specified categories. Values
on pie chart may not equal 100 due to rounding of percentages.
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RESULTS: Groundwater Quality in the Borrego Valley, Central Desert, and 
Low-Use Basins of the Mojave and Sonoran Deserts Study Unit

Organic Constituents
The Priority Basin Project uses laboratory methods that can detect volatile organic 

compounds (VOCs) and pesticides at low concentrations far below human-health 
benchmarks. VOCs and pesticides detected at these low concentrations can be used to 
trace water from the landscape into the aquifer system.

Volatile Organic Compounds with Human-Health Benchmarks
VOCs are in many household, commercial, industrial, and agricultural products 

and are characterized by their tendency to volatilize (evaporate) into the air.
Gasoline hydrocarbons are a component of gasoline and may be used as addi-

tives to make gasoline burn more efficiently, improve emissions quality, and clean 
engine parts. In the CLUB study unit, gasoline hydrocarbons were not detected at high 
concentrations and were present at moderate concentrations in about 1% of the primary 
aquifer system.

Solvents are used for a number of purposes, including manufacturing and clean-
ing.  Solvents were not detected at high concentrations and were present at moderate 
concentrations in about 1% of the primary aquifer system.

Trihalomethanes may form during disinfection of drinking-water supplies and 
may enter groundwater by the infiltration of landscape irrigation water or leakage from 
distribution systems. Trihalomethanes were not detected at high concentrations and 
were present at moderate concentrations in about 2% of the primary aquifer system.

Other volatile organic compounds, including organic synthesis reagents, were not 
detected at either high or moderate concentrations.

Pesticides with Human-Health Benchmarks
Pesticides, which include herbicides, fumigants, and insecticides, are applied to 

crops, gardens, lawns, around buildings, and along roads to help control unwanted veg-
etation (weeds), insects, fungi, and other pests.  Insecticides were not detected at high 
concentrations in the primary aquifer system and were detected at moderate concentra-
tions in about 1% of the primary aquifer system.  Herbicides and fumigants were not 
detected at either high or moderate concentrations.

BENCHMARKS FOR EVALUATING GROUNDWATER QUALITY
GAMA’s Priority Basin Project uses benchmarks established for drinking water to 

provide context for evaluating the quality of untreated groundwater. After withdrawal, 
groundwater may be disinfected, filtered, mixed, and exposed to the atmosphere before 
being delivered to consumers. Federal and California regulatory benchmarks for protect-
ing human health (Maximum Contaminant Level, MCL) were used for the evaluation 
when available. Otherwise, non-regulatory benchmarks for protecting aesthetic proper-
ties, such as taste and odor (Secondary Maximum Contaminant Level, SMCL), and non-
regulatory benchmarks for protecting human health (Notification Level, NL, and lifetime 
Health Advisory Level, HAL) were used.

High, moderate, and low concentrations are defined relative to benchmarks

Concentrations are considered high if they are greater than a benchmark. For inor-
ganic constituents (except perchlorate), concentrations are moderate if they are greater than one-half of a benchmark. For organic and 
special-interest constituents (including perchlorate), concentrations are moderate if they are greater than one-tenth of a benchmark; 
this lower threshold was used because organic constituents generally are less prevalent and have smaller concentrations relative to 
benchmarks than inorganic constituents. Low includes nondetections and values less than moderate concentrations. Methods for evalu-
ating water quality are discussed in Parsons and others (2014).
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Central Desert

Borrego Valley

Arsenic Boron Fluoride Molybdenum Vanadium

HIGH MODERATE
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Trace and minor elements
Borrego Valley Central Desert
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Low-Use Basins
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27% 
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High Moderate Low

48% 

23% 

29% 

Trace and Minor Element Concentrations in the CLUB Study Unit
In the CLUB study unit, trace and minor elements were present at high concentra-

tions in 42% of the primary aquifer system. The proportion of the primary aquifer system 
having high concentrations was greatest in the Low-Use Basins study area (48%) and 
lower in the Borrego Valley (29%) and Central Desert (18%) study areas. For comparison, 
the proportion of the primary aquifer system having high concentrations in the four other 
Mojave and Sonoran Desert areas ranged from 32% to 40% (Dawson and Belitz, 2012).  
The main contributors to high and moderate concentrations of trace and minor elements in 
the CLUB and other Mojave and Sonoran Desert study units were arsenic, boron, fluoride, 
molybdenum, and vanadium; however, different elements were important in different 
areas (Dawson and Belitz, 2012; Parsons and others, 2014).  All five elements were pres-
ent at high or moderate concentrations in the Low-Use Basins study area, whereas, three 
were present at high or moderate concentrations in the Borrego Valley study area (arsenic, 
fluoride, and vanadium), and three were present in the Central Desert study area (arsenic, 
fluoride, and molybdenum).
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Priority Basin Assessments 
GAMA’s Priority Basin Project 

(PBP) assesses water quality in that part 
of the aquifer system used for drinking 
water, primarily public supply. Water 
quality in shallower and deeper parts may 
differ from that in the primary aquifer 
system. GAMA’s Domestic Well Project 
assesses water quality in the shallower 
parts of the aquifer system. Ongoing 
assessments are being conducted in more 
than 120 basins throughout California. 

The PBP assessments are based on a 
comparison of constituent concentrations 
in untreated groundwater with bench-
marks established for the protection of 
human health and for aesthetic concerns. 
The PBP does not evaluate the quality of 
drinking water delivered to consumers. 

The PBP uses two scientific 
approaches for assessing groundwater 
quality. The first approach uses a network 
of wells to statistically assess the status 
of groundwater quality. The second 
approach combines water-quality, hydro-
logic, geographic, and other data to help 
assess the factors that affect water quality. 
In the Borrego Valley, Central Desert, 
and Low-Use Basins of the Mojave 
and Sonoran Deserts study unit, data 
were collected by the PBP from 2008 to 
2010 and from the CDPH database for 
2005–2008. The PBP includes chemical 
analyses not generally available as part 
of regulatory compliance monitoring, 
including measurements at concentrations 
much lower than human-health bench-
marks and measurement of constituents 
that can be used to trace the sources and 
movement of groundwater.

For more information
Technical reports and hydrologic 

data collected for the GAMA Program 
may be obtained from
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 We reviewed the FEIR, supporting materials, the Responses to Comments 
(“Responses”) contained in the FEIR, and the Staff Report prepared for the March 8, 
2023 Imperial County Planning Commission meeting with the assistance of wildlife 
ecologist and biological resources expert Shawn Smallwood, Ph.D,3 agricultural 
resources experts Gregory and Henry House,4 and hydrological resource expert Jim 
Bailey, LHG, RG.5 Comment letters and curriculum vitae from Dr. Smallwood, Mr. 
House, and Mr. Bailey are fully incorporated and attached hereto and are submitted 
to the County in addition to the comments in this letter.  We reserve the right to 
supplement these comments at later hearings on this Project.6   
 

The Staff Report recommends the Planning Commission recommend the 
Board of Supervisors: 1) Approve the Water Supply Assessment; 2) Certify the Final 
EIR; 3) Adopt the Mitigation, Monitoring, and Reporting Program; 4) Approve 
General Plan Amendment #21-0003; 5) Approve Zone Change #21-0003; and 6) 
Approve Conditional Use Permit #20-0030.  As shown herein, and in Citizens 
comments on the DEIR, the Planning Commission cannot legally make the findings 
required to recommend that the Board of Supervisors approve the Project.   

 
Based on our review, it is clear that the FEIR fails as an informational 

document under CEQA, does not adequately respond to public comments, and lacks 
substantial evidence that the Project’s significant impacts would be mitigated to the 
greatest extent feasible.  The FEIR must be recirculated to include the data added 
in the Water Supply Assessment, which was not previously made available for 
public review.  The FEIR relies on an inadequate and unsupported biological 
resource baseline analysis which results in a skewed analysis of resultant impacts 
on biological resources.   Further, the FEIR fails to analyze groundwater recharge 
and water quality impacts from the conversion of the land from agricultural use.   
 
 There is substantial evidence that the Project’s significant environmental 
impacts are more extensive than disclosed in the FEIR.  Citizens and our experts 

 
3 Letter to Mariela Moran, Planner II, Imperial County Planning & Development Services 
Department from Shawn Smallwood re: Ormat Brawley Solar Project (February 25, 2023) 
(hereinafter “Smallwood Comments”), attached as Exhibit A. 
4 Letter to Kelilah Federman, Adams Broadwell Joseph & Cardozo from Gregory and Henry House 
re: Draft Environmental Impact Report, Brawley Solar Project (February 8, 2023) (hereinafter 
“House Comments”), attached as Exhibit B. 
5 Letter to Kelilah Federman, Adams Broadwell Joseph & Cardozo from Jim Bailey re: Review of 
Final EIR Brawley Solar Energy Project, Imperial County, CA (March 6, 2023) (hereinafter (“Bailey 
Comments”), attached as Exhibit C.   
6 Gov. Code § 65009(b); Cal. Pub. Res. Code (“PRC”) § 21177(a); Bakersfield Citizens for Local Control 
v. Bakersfield (“Bakersfield”) (2004) 124 Cal. App. 4th 1184, 1199-1203; see Galante Vineyards v. 
Monterey Water Dist. (1997) 60 Cal. App. 4th 1109, 1121.  
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identified numerous potentially significant impacts that the FEIR fails to respond 
to and analyze. When a significant environmental issue is raised in comments, 
CEQA requires a lead agency to provide a detailed response supported by reasoned, 
good faith analysis.7  Failure of a lead agency to adequately respond to comments 
raising significant environmental impacts before approving a project frustrates 
CEQA’s informational purpose and may render the EIR legally inadequate.8  
 
I. STATEMENT OF INTEREST 
 

Citizens is a coalition of individuals and labor organizations whose members 
encourage sustainable development of California’s energy and natural resources. 
The coalition includes Imperial County residents and other members and 
organizations, including California Unions for Reliable Energy (“CURE”) and its 
local affiliates, and the affiliates’ members who live, recreate, work, and raise 
families in Imperial County and in communities near the Project site. Thus, 
Citizens, its participating organizations, and their members stand to be directly 
affected by the Project’s impacts. 
 

CURE supports the development of renewable energy and the critical role it 
plays in the effort to reduce greenhouse gas emissions.  Since its founding in 1997, 
CURE has been committed to building a strong economy and healthier environment 
and it works to construct, operate, and maintain renewable energy power plants 
and other facilities throughout California.  CURE supports the development of 
clean, renewable energy technology, including solar power generation, where 
properly analyzed and carefully planned to minimize impacts on public health and 
the environment. Development of all projects subject to CEQA should take all 
feasible steps to ensure unavoidable impacts are mitigated to the maximum extent 
feasible. Only by maintaining the highest standards can energy produced from the 
development of new solar installations truly be sustainable. 
 

The individual members of Citizens, including Brawley residents Jose 
Favela, Roberto Galvan, and Hector Meza, would be directly affected by the Project 
and may also work constructing the Project itself. They would therefore be first in 
line to be exposed to any health and safety hazards that may be present on the 
Project site. The coalition includes members who live, recreate, work, and raise 
families in Imperial County and in communities near the Project site. They each 

 
7 14 CCR 15088(c); Banning Ranch Conservancy v. City of Newport Beach (2017) 2C5th 918, 940; 
Covington v. Great Basin Unified Air Pollution Control Dist. (2019) 43 CA5th 867,878; Residents 
Against Specific Plan 380 v County of Riverside (2017) 9 CA5th 941, 971.  
8 See Flanders Found. v City of Carmel-by-the-Sea (2012) CA4th 603, 615; Rural Landowners Ass’n v. 
City Council (1983) 143 CA3d 1013, 1020.  
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have a personal stake in protecting the Project area from unnecessary, adverse 
environmental and public health and safety impacts. Citizens, its participating 
organizations, and their members stand to be directly affected by the Project’s 
impacts. 
 

Finally, the organizational members of Citizens are concerned with projects 
that can result in serious environmental harm without providing countervailing 
economic benefits. CEQA provides a balancing process whereby economic benefits 
are weighed against significant impacts to the environment. It is in this spirit we 
offer these comments. 

 
II. LEGAL BACKGROUND  
 

CEQA requires that an agency analyze the potential environmental impacts 
of its proposed actions in an EIR, except in limited circumstances.9 The EIR is the 
very heart of CEQA.10 “The foremost principle in interpreting CEQA is that the 
Legislature intended the act to be read so as to afford the fullest possible protection 
to the environment within the reasonable scope of the statutory language.”11 
 

CEQA has two primary purposes. First, CEQA is designed to inform 
decisionmakers and the public about the potential, significant environmental effects 
of a project.12, 13 CEQA’s purpose is to inform the public and its responsible officials 
of the environmental consequences of their decisions before they are made. In this 
respect, an EIR “protects not only the environment but also informed self-
government.”14 The EIR has been described as “an environmental ‘alarm bell’ whose 
purpose it is to alert the public and its responsible officials to environmental 
changes before they have reached ecological points of no return.” 
 

To fulfill this function, the discussion of impacts in an EIR must be detailed, 
complete, and “reflect a good faith effort at full disclosure.”15 CEQA requires an EIR 
to disclose all potential direct and indirect, significant environmental impacts of a 

 
9 See, e.g., PRC§ 21100.   
10 Dunn-Edwards v. BAAQMD (1992) 9 Cal.App.4th 644, 652. 
11 Communities for a Better Env’t v. Cal. Res. Agency (2002) 103 Cal. App.4th 98, 109. 
12 14 Cal. Code Regs. (“CEQA Guidelines”), § 15002, subd. (a)(1). 
13 See, e.g., PRC § 21100. 
14 Citizens of Goleta Valley v. Board of Supervisors (1990) 52 Cal.3d 553, 564. 
15 CEQA Guidelines § 15151; San Joaquin Raptor/Wildlife Rescue Center v. County of Stanislaus 
(1994) 27 Cal.App.4th 713, 721-722. 
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project.16 In addition, an adequate EIR must contain the facts and analysis 
necessary to support its conclusions.17  
 

The second purpose of CEQA is to require public agencies to avoid or reduce 
environmental damage when possible by requiring appropriate mitigation measures 
and through the consideration of environmentally superior alternatives.18 The EIR 
serves to provide agencies and the public with information about the environmental 
impacts of a proposed project and to “identify ways that environmental damage can 
be avoided or significantly reduced.” To that end, if an EIR identifies significant 
impacts, it must then propose and evaluate mitigation measures to minimize these 
impacts.19 CEQA imposes an affirmative obligation on agencies to avoid or reduce 
environmental harm by adopting feasible project alternatives or mitigation 
measures.20 Without an adequate analysis and description of feasible mitigation 
measures, it would be impossible for agencies relying upon the EIR to meet this 
obligation. 
 
 While the courts review an EIR using an “abuse of discretion” standard, “the 
reviewing court is not to ‘uncritically rely on every study or analysis presented by a 
project proponent in support of its position. A clearly inadequate or unsupported 
study is entitled to no judicial deference.”21 As the courts have explained, “a 
prejudicial abuse of discretion” occurs “if the failure to include relevant information 
precludes informed decision-making and informed public participation, thereby 
thwarting the statutory goals of the EIR process.”22 
 
 A lead agency is required to recirculate an EIR when significant new 
information is added to the EIR after public notice is given of the availability of the 
draft EIR for public review under Section 15087 but before certification.23  The term 
“information” can include changes in the project or environmental setting as well as 

 
16 PRC § 21100, subd. (b)(1); CEQA Guidelines § 15126.2, subd. (a). 
17 See Citizens of Goleta Valley 52 Cal.3d at 568. 
18 CEQA Guidelines § 15002, subds. (a)(2)-(3); see also, Berkeley Keep Jets Over the Bay Committee v. 
Board of Port Commissioners (2001) 91 Cal.App.4th 1344, 1354; Citizens of Goleta Valley v. Board of 
Supervisors (1990) 52 Cal.3d 553, 564; Laurel Heights Improvement Assn. v. Regents of University of 
California (1988) 47 Cal.3d 376, 391, 400. 
19 PRC §§ 21002.1, subd. (a), 21100, subd. (b)(3). 
20 Id. §§ 21002-21002.1. 
21 Berkeley Jets, 91 Cal. App. 4th 1344, 1355 (emphasis added), quoting, Laurel Heights Improvement 
Assn. v. Regents of University of California (1988) 47 Cal.3d 376, 391 409, fn. 12.   
22 Berkeley Jets, 91 Cal.App.4th at 1355; San Joaquin Raptor/Wildlife Rescue Center v. County of 
Stanislaus (1994) 27 Cal.App.4th 713, 722; Galante Vineyards v. Monterey Peninsula Water 
Management Dist. (1997) 60 Cal.App.4th 1109, 1117; County of Amador v. El Dorado County Water 
Agency (1999) 76 Cal.App.4th 931, 946. 
23 14 CCR §15088.5(a).  
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additional data or other information.24  New information added to an EIR is not 
“significant” unless the EIR is changed in a way that deprives the public of a 
meaningful opportunity to comment upon a substantial adverse environmental 
effect of the project or a feasible way to mitigate or avoid such an effect (including a 
feasible project alternative) that the project’s proponents have declined to 
implement.25  
 

“Significant new information” requiring recirculation include, for example, a 
disclosure showing that: 

(1) A new significant environmental impact would result from the project or from 
a new mitigation measure proposed to be implemented. 

(2) A substantial increase in the severity of an environmental impact would 
result unless mitigation measures are adopted that reduce the impact to a 
level of insignificance. 

(3) A feasible project alternative or mitigation measure considerably different 
from others previously analyzed would clearly lessen the environmental 
impacts of the project, but the project’s proponents decline to adopt it. 

(4) The draft EIR was so fundamentally and basically inadequate and conclusory 
in nature that meaningful public review and comment were precluded.26 

 
The lead agency is required only to recirculate the chapters or portions that 

have been modified if the revisions are limited to a few chapters or portions of the 
EIR.27  Here, substantial evidence presented by Citizens’ experts shows that 
feasible mitigation measures distinct from those proposed in the DEIR would 
clearly lessen the environmental impact of the Project, but the County failed to 
adopt, or even analyze the feasibility of mitigation measures and alternatives.  
Further, substantial evidence presented in Citizens’ comments show that new 
significant environmental impacts will occur as a result of Project construction and 
operation due to fugitive dust emissions, greenhouse gas emissions, and impacts to 
biological resources.  Pursuant to CEQA, the County must revise and recirculate the 
EIR before the Project can legally be approved.  
 
III. THE FEIR FAILS TO ACCURATELY DESCRIBE THE EXISTING 

ENVIRONMENTAL SETTING 
 

A lead agency is required to provide a description of the physical 
environmental conditions in the vicinity of a project as they exist at the time 

 
24 Id. 
25 Id.  
26 Id.; Mountain Lion Coalition v. Fish and Game Com. (1989) 214 Cal.App.3d 1043.  
27 14 CCR §15088.5(b). 

PC ORIGINAL PKG



March 7, 2023 
Page 7 
 

5365-015acp 

 

 printed on recycled paper 

environmental review commences.28  The existing environmental setting is the 
starting point from which the lead agency must measure whether a proposed project 
may cause significant environmental impacts.29  

 
 Describing the environmental setting accurately and completely for each 
environmental condition in the vicinity of the Project is critical to a meaningful 
evaluation of environmental impacts.  Courts have held that “[b]efore the impacts of 
a Project can be assessed and mitigation measures considered, an EIR must 
describe the existing environment. It is only against this baseline that any 
significant environmental effects can be determined.”30 “[A]n inappropriate baseline 
may skew the environmental analysis flowing from it, resulting in an EIR that fails 
to comply with CEQA.”31   
 

A. The FEIR’s Description of the Existing Environmental Setting 
for Biological Resources Remains Inadequate and Incomplete 

  
Citizens’ DEIR comments explained that the County’s biological baseline 

data was substantially inadequate due to the DEIR’s exclusive reliance on 
California Natural Diversity Data Base (“CNDDB”) reporting to determine 
occurrence likelihoods of special-status species of wildlife at the Project site, and 
due to the lack of accuracy of the site surveys performed by the DEIR preparers.  In 
particular, the DEIR relied on CNDDB data to demonstrate the absence of species 
from the Project site, despite the DEIR’s own admission that “CNDDB is a positive 
sighting database; therefore, the absence of data is not proof of absence of the 
species.”32  Dr. Smallwood’s comments on the DEIR also explained that the DEIR’s 
surveys were cursory and incomplete. Dr. Smallwood’s own 2022 Project site survey 
demonstrated that the Project site is replete with wildlife, including several special-
status species, and that the DEIR lacks accurate, detailed information about the 
current biological setting at the Project site.33  Dr. Smallwood’s site survey provided 

 
28 CEQA Guidelines, § 15125(a); see also Communities for A Better Environment v. South Coast Air 
Quality Management Dist. (2010) 48 Cal.4th 310, 321; see also, 40 C.F.R. § 1502.15; Riverwatch v. 
County of San Diego (1999) 76 Cal.App.4th 1428, 1453 (“Riverwatch”). 
29 See, e.g., Communities for a Better Env’t v. S. Coast Air Quality Mgmt. Dist. (March 15, 2010) 48 
Cal.4th 310, 316; Fat v. County of Sacramento (2002) 97 Cal.App.4th 1270, 1277 (“Fat”), citing Remy, 
et al., Guide to the Calif. Environmental Quality Act (1999), p. 165.   
30 County of Amador v. El Dorado County Water Agency (1999) 76 Cal.App.4th 931, 952. 
31 San Franciscans for Livable Neighborhoods v. City & County of San Francisco (“SFLN”) (2018) 26 
Cal.App.5th 596, 615 (citations omitted). 
32 Smallwood Comments, p. 1. 
33 Id. at pp. 16-18. 
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substantial evidence demonstrating that the DEIR’s baseline data was 
incomplete.34 

The FEIR fails to resolve these issues, and fails meaningfully respond to the 
majority of Citizens’ and Dr. Smallwood’s baseline comments.  Rather than add 
missing baseline data and analysis to support its conclusions, the DEIR doubles 
down on its previous unsupported conclusions and fails to acknowledge the 
substantiality of the evidence provided by Dr. Smallwood.  As a result, the FEIR’s 
biological impact analysis remains deficient, and lacks analysis of several special-
status species which are either present, or likely to occur, on the Project site.   

 
The FEIR’s characterization of the environmental setting with respect to 

biological resources is also unsupported by substantial evidence.  The FEIR’s 
conclusion that “[t]hree species have a low potential to occur (flat-tailed horned 
lizard, short-eared owl, and western yellow bat), two species have a high potential 
to occur (BUOW [burrowing owl] and mountain plover), and one species (loggerhead 
shrike) was present within the project site”35 is not supported by substantial 
evidence.  Dr. Smallwood conducted two site visits to the Project site and 
determined that additional species would be present which were not analyzed in the 
DEIR and for which the mitigation measures BIO-1 through BIO-4 would not 
adequately mitigate potential impacts.  Dr. Smallwood observed or photographed, 
Long-billed curlew, California gull, Double-crested cormorant, White-faced ibis, 
Turkey vulture, Northern harrier, Sharp-shinned hawk, Red-tailed hawk, Great 
horned owl, Burrowing owl, American kestrel, Merlin, Vermillion flycatcher, 
Verdin, Black-tailed gnatcatcher, Large-billed savannah sparrow, Yellow-headed 
blackbird, and yellow warbler, among others.36    

 
The FEIR fails to incorporate these species into its baseline analysis.  For 

example, the FEIR concludes that yellow warblers are considered absent from the 
Project site, but were identified by Dr. Smallwood as present.37  The FEIR’s 
conclusion that yellow warblers are absent due to “lack of suitable habitat present 
on the Project site” is therefore not supported by substantial evidence.  Numerous 
species identified and photographed by Dr. Smallwood are assumed absent from the 
Project site, resulting in an inadequate and unsupported analysis of the Project’s 
existing environmental setting.  The FEIR thus fails to comply with CEQA for 
failing to provide an accurate analysis of the Project’s environmental setting.  

 
34 14 CCR § 15384 (b); see Save North Petaluma River and Wetlands v. City of Petaluma (2022) 86 
Cal.App.5th 207, *45 (discussing need for site-specific observations to establish biological conditions). 
35 FEIR, p. 3.5-19. 
36 Smallwood Comments, p. 18.  
37 Id.; FEIR, Biological Technical Report for the Brawley Solar Project Imperial County, California, 
p. 17.  
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i. Special Status Species  
 
The FEIR lacks substantial evidence to support its environmental setting 

analysis by mischaracterizing the types of species required to be analyzed in the 
FEIR.  The FEIR artificially narrows the scope of review required to determine the 
environmental setting by mischaracterizing the definition of “special status species” 
under CEQA.  The FEIR states “ ‘Special status species is a broad term including 
many status types and not all include legal protection or consideration under 
CEQA.38  This is incorrect.  CEQA requires an agency to analyze whether a project 
would have a “substantial adverse effect, either directly or through habitat 
modifications, on any species identified as a candidate, sensitive, or special status 
species in local or regional plans, policies, or regulations, or by the California 
Department of Fish and Wildlife or U.S. Fish and Wildlife Service.”39  CEQA also 
requires the analysis of whether a project has the potential to substantially degrade 
the quality of the environment; substantially reduce the habitat of a fish or wildlife 
species; cause a fish or wildlife population to drop below self-sustaining levels; 
threaten to eliminate a plant or animal community; substantially reduce the 
number or restrict the range of an endangered, rare or threatened species; or 
eliminate important examples of the major periods of California history or 
prehistory.40   

 
CEQA defines “Endangered” as when a species survival and reproduction in 

the wild are in immediate jeopardy from one or more causes, including loss of 
habitat, change in habitat, overexploitation, predation, competition, disease, or 
other factors.41 “Rare” is defined as when either: (A) Although not presently 
threatened with extinction, the species is existing in such small numbers 
throughout all or a significant portion of its range that it may become endangered if 
its environment worsens; or (B) The species is likely to become endangered within 
the foreseeable future throughout all or a significant portion of its range and may be 
considered “threatened” as that term is used in the Federal Endangered Species 

 
38 FEIR, p. 0.2-408.  
39 CEQA Guidelines, Appendix G.  
40 14 CCR § 15065(a)(1).  
41 Id. at § 15380(b)(1).  
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Act.42  A species shall nevertheless be considered to be endangered, rare or 
threatened, if the species can be shown to meet the criteria of “Endangered”.43   
 

Here, there is substantial evidence that the Project site contains numerous 
special status species.  In fact, Dr. Smallwood photographed and logged them on his 
two surveys of the Project site.  Dr. Smallwood asserts that “there is no question 
that special-status species occur at the project site.”44  Dr. Smallwood identified 
numerous special status species including burrowing owls, yellow-billed magpie, 
Nuttall’s woodpecker, and protected raptors and bats.  The Responses state:  

 
Dr. Smallwood reported observations of 13 special status species. This list 
was reviewed by a qualified Chambers Group biologist. Other than tricolored 
blackbird, which is not confirmed present, none of the 12 species are listed as 
endangered, threatened, or rare by federal or state governments. Five of the 
13 species are SSC species; however, no nesting or wintering habitat is 
present on the Project site and therefore, these species would only be found 
flying over or foraging on the Project site. 
 
In Dr. Smallwood’s comments, he clarifies that the species he identified as 

special status are rare within their geographic range and sensitive to human 
changes in the environment.45  In particular, Dr. Smallwood found that the yellow-
billed magpie and Nuttall’s woodpecker species are existing in such small numbers 
throughout their geographic range that they may become endangered if its 
environment worsens.46  The FEIR’s environmental setting analysis with respect to 
special status species is unsupported by substantial evidence.  The FEIR must be 
revised and recirculated to accurately describe the existing environmental setting 
before the Project can be approved. 

 
ii. Habitat Loss  
 
The FEIR states that “A majority of the habitat on site is of low value due to 

disturbance and native vegetation present along jurisdictional features and within 
the railroad right-of-way will be avoided. Although some special status wildlife 
species may utilize the site, a disturbed site will have the least impact to wildlife 
compared to natural ecosystems.”47  This statement is not supported by substantial 

 
42 Id. at § 15380(b)(2).  
43 14 CCR at § 15380(d).  
44 Smallwood Comments, p. 29.  
45 Id. at 22.  
46 Id. 
47 FEIR, p. 0.2-424.  
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evidence.  Dr. Smallwood concludes that, though the site is disturbed, it serves as 
important habitat for the species utilizing and migrating through the Project site.  
The FEIR provides no evidence to support its conclusion that the site is low value as 
habitat.  The FEIR provides no metrics of nest success, fecundity, or any other 
measures of reproductive success, nor any measures of relative abundance or 
demography of any species on the Project site to support this conclusion.48  The 
FEIR’s analysis with respect to habitat loss is therefore not supported by 
substantial evidence.  The FEIR must be revised and recirculated to accurately 
describe the existing environmental setting.  
 

Further, the FEIR states that no nesting or wintering habitat is present on 
the Project site and therefore, these species would only be found flying over or 
foraging on the Project site.49  Dr. Smallwood concludes though that the County’s 
determination that no nesting or wintering habitat is present on the Project site is 
not supported by substantial evidence.  Dr. Smallwood writes, “[w]ithin habitat 
there exists opportunities for breeding, foraging, travel and refugia, including 
opportunities for stop-over and staging…No species can breed without sufficient 
forage, non-breeding season refugia and sufficient opportunity for safe travel.”50  
The Project site contains habitat necessary for successful breeding and nesting for 
both ferruginous hawks and burrowing owls.51  Both species critically rely on the 
foraging and wintering habitat at the Project site and in the immediate vicinity of 
the Project site.  The FEIR’s distinction between nesting and foraging habitat for 
the environmental setting analysis is not supported by substantial evidence and 
results in a skewed analysis of resultant impacts and necessary mitigation.   

 
iv. Migratory Bird Impacts  
 
Moreover, Dr. Smallwood concludes that the FEIR’s failure to analyze the 

existing environmental setting may result in the significant loss of bird migrating to 
the Salton Sea, who may be attracted to the false lake of the solar panels and “never 
make it to their breeding areas.”52  Here, the inappropriate baseline may skew the 
environmental analysis flowing from it, resulting in an EIR that fails to comply 
with CEQA.53  The FEIR’s baseline analysis with respect to biological resource 
species on the Project site is deeply flawed and results in an underestimation of 
potentially significant impacts to biological resources migrating to the Salton Sea, 

 
48 Smallwood Comments, p. 45.  
49 FEIR, p. 0.22-408.  
50 Smallwood Comments, p. 25.  
51 Id.  
52 Id. at 29.  
53 San Franciscans for Livable Neighborhoods v. City & County of San Francisco (“SFLN”) (2018) 26 
Cal.App.5th 596, 615 (citations omitted). 
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and the failure to mitigate such impacts.  The FEIR must be revised and 
recirculated to provide an accurate analysis of the existing environmental setting 
before the Project can lawfully be approved.   
 
 
IV. THE FEIR FAILS TO ADEQUATELY RESPOND TO PUBLIC 

COMMENTS  
 
CEQA requires lead agencies to respond to comments raising significant 

environmental issues received during the noticed comment period.54  When a 
significant environmental issue is raised in comments, the agency’s response must 
be detailed and must provide good faith, reasoned analysis.55  Failure of a lead 
agency to respond to comments raising significant environmental issues before 
approving a project frustrates CEQA’s informational purpose and may render the 
EIR legally inadequate.56  “Conclusory statements unsupported by factual 
information” are not adequate response; questions raised about significant 
environmental issues must be addressed in detail.57   

 
The lead agency’s responses to comments must state reasons for rejecting 

suggestions and objections concerning significant environmental issues.58  The need 
for a reasoned factual response is particularly acute when critical comments have 
been made by experts.59   
  

The FEIR states that Dr. Smallwood’s comment “does not otherwise present 
new information regarding biological resources that are already disclosed and 
analyzed in the Draft EIR.”60  This statement is patently false.  Dr. Smallwood 
presented new evidence of rare and threatened species on the Project site which the 

 
54 14 CCR §15088(a).  
55 Id at § 15088(c); Covington v. Great Basin Unified Air Pollution Control Dist. (2019) 43 CA 5th 867, 
878; Banning Ranch Conservancy v. City of Newport Beach (2017) 2 Cal.5th 918, 940.  
56 See Flanders Found. v. City of Carmel-by-the-Sea (2012) 202 Cal.App.4th 603, 615; Rural 
Landowners Ass’n v. City Council (1983) 143 Cal.App.3d 1013, 1020. 
57 14 CCR § 15088(c); Cleary v. County of Stanislaus (1981) 118 Cal.App.3d 348, 358 
58 Residents Against Specific Plan 380 v. County of Riverside (2017) 9 CA5th 941, 971.  
59 See Berkeley Keep Jets Over the Bay Comm. v. Board of Port Comm’rs (2001) 91 CA4th 1344, 1367 
(conclusory responses to comments from experts and other agencies that criticized data and 
methodologies used to assess impacts and that were based on extensive supporting studies rendered 
EIR legally inadequate); People v. County of Kern (1976) 62 CA3d 761, 772 (lead agency’s response 
that “all available data” indicated sufficient groundwater supplies were available was inadequate 
because the data were not identified and other agencies stated that groundwater studies were 
needed).  
60 FEIR, p. 0.2-409.  
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DEIR failed to determine would be present on the Project site and thus failed to 
analyze the Project’s impacts and necessary mitigation to reduce potential impacts.   
Dr. Smallwood observed a burrowing owl on the project site, as well as Gambel’s 
quail, northern harriers, American kestrels and double-crested cormorants, Anna’s 
hummingbirds, savannah sparrows, white-crowned sparrows and orange-crowned 
warbler, red-winged blackbirds, white-faced ibises, and ring-billed gulls, black 
phoebes, killdeer, American robins, and western meadowlarks, and great egrets, 
cattle egrets and snowy egrets, among members of many other species.61  Dr. 
Smallwood provided substantial evidence presenting new information that the 
Project components would result in significant risk of collision mortality to many 
birds using the project area, including to 41 special-status species.62   

 
The FEIR states that development of the project would not substantially 

interfere with the movement of any native resident or migratory fish or wildlife 
species or with established native resident or migratory wildlife corridors or impede 
the use of native wildlife nursery sites.  Dr. Smallwood confirms that this statement 
is false and fails to respond to his comments on this issue.  The proposed gen-tie 
alignment that would cross the New River would substantially interfere with the 
migration of wildlife in the area.63 In fact, Dr. Smallwood photographed species 
utilizing the site for migration, which would be adversely impacted by Project 
components, including the gen-tie line.  Dr. Smallwood observed thousands of birds 
flying along the New River and along the proposed gen-tie alignment across the 
New River.64  Where the gen-tie alignment crosses the New River, wildlife 
movement was especially intense.65  The FEIR fails to adequately respond to Dr. 
Smallwood’s comments on this issue, and fails to adequately analyze and mitigate 
impacts to migratory wildlife crossing or flying through the New River and proposed 
gen-tie alignment.  The FEIR’s Response also fails to clarify how reliance on the 
Desert Renewable Energy Conservation Plan would mitigate impacts to wildlife 
movement from the Project, and fails to adequately respond to Dr. Smallwood’s 
comment on this issue.66  
 
 The FEIR fails to adequately respond to Dr. Smallwood’s comment discussing 
post-construction impacts monitoring as effective mitigation for the Project.67 Dr. 
Smallwood states that the Response in F.55 “does not address my comment.”68  

 
61 Smallwood Comments, p. 5.  
62 Id. at 48.  
63 Id. at 45. 
64 Id.  
65 Id. 
66 FEIR, p. 0.2-415.  
67 Id. at 0.2-427.  
68 Smallwood Comments, p. 76.  
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CEQA requires that the EIR “must respond to specific suggestions for mitigating a 
significant environmental impact unless the suggested mitigation is facially 
infeasible.”69  The FEIR failed to respond to the specific suggestion for mitigating 
post-construction fatality impacts from the Project and failed to show that such a 
measure would be facially infeasible.  In fact, the FEIR makes no mention as to the 
feasibility of such a measure.  The court in Covington v. Great Basin Unified Air 
Pollution Control District concluded that the EIR contained insufficient evidence to 
find that the mitigation measures were infeasible.  Here, the FEIR makes no 
attempt to show that post-construction fatality impact monitoring is infeasible 
mitigation.  Thus, the FEIR’s responses to comment on this issue are inadequate as 
a matter of law.  The FEIR must be revised and recirculated to adequately respond 
to comment regarding post-construction fatality impact monitoring to analyze the 
feasibility of such a mitigation measure.   
 
 Further, the FEIR fails to analyze the feasibility of nocturnal surveys of 
wildlife activity which was determined by Dr. Smallwood to be feasible and effective 
mitigation to reduce impacts to nocturnal wildlife on the Project site.70  The FEIR 
fails to respond to Dr. Smallwood’s comment on this mitigation measure, and fails 
to provide any evidence that such mitigation is infeasible.  Further, the FEIR fails 
to respond to Dr. Smallwood’s comment on fatality monitoring, and fails to analyze 
the feasibility of such mitigation.  “The need for reasoned factual response is 
particularly acute when critical comments have been made by experts, courts have 
invalidated EIRs for failing to provide more than conclusory responses to comments 
by experts.71   
 

The FEIR fails as an informational document under CEQA, and must be 
revised and recirculated to adequately respond to public comment regarding the 
feasibility of proposed mitigation measures. 
 
V. THE FEIR FAILS TO ADEQUATELY IDENTIFY AN 

ENVIRONMENTALLY SUPERIOR ALTERNATIVE  
 

CEQA’s purpose is to “[p]revent significant, avoidable damage to the 
environment by requiring changes in projects through the use of alternatives or 
mitigation measures when the governmental agency finds the chances to be 
feasible.”72  CEQA requires public agencies to avoid or reduce environmental 

 
69 Covington v. Great Basin Unified Air Pollution Control District (2019) 43 Cal.App.5th 867, 879.  
70 Smallwood, p. 77.  
71 Berkeley Keep Jets Over the Bay Committee v. Board of Port Commissioners (2001) 91 Cal.App.4th 
1344, 1367. 
72 14 CCR § 15002(a)(3).  
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damage when “feasible” by requiring “environmentally superior” alternatives and 
all feasible mitigation measures.73   “CEQA establishes a duty for public agencies to 
avoid or minimize environmental damage where feasible.”74  A public agency cannot 
approve a project if there are feasible alternatives or mitigation measures available 
that would substantially lessen any significant effects that the project would have 
on the environment.75   

 
“The core of an EIR is the mitigation and alternatives sections.”76  The CEQA 

Guidelines define mitigation as a measure which (1) avoids the impact altogether by 
not taking a certain action or parts of an action, (2) minimizes the impact by 
limiting the degree or magnitude of the action and its implementation, (3) 
rectifies the impact by repairing, rehabilitating, or restoring the impacted 
environment, (4) reduces or eliminates the impact overtime by preservation and 
maintenance operations during the life of the action, and (5) compensates for the 
impact by replacing or providing substitute resources or environments.77  “In 
deciding whether changes in a project are feasible, an agency may consider specific 
economic, environmental, legal, social, and technological factors.”78   

 
A lead agency is prohibited from approving a project with significant impacts 

unless it makes one or more of three findings:  
 

(1) Changes or alterations have been required in, or incorporated into, the 
project which avoid or substantially lessen the significant environmental 
effect as identified in the final EIR.79 

(2) Such changes or alterations are within the responsibility and jurisdiction 
of another public agency and not the agency making the finding. Such 
changes have been adopted by such other agency or can and should be 
adopted by such other agency.80 

(3) Specific economic, legal, social, technological, or other considerations, 
including provision of employment opportunities for highly trained 
workers, make infeasible the mitigation measures or project alternatives 
identified in the final EIR.81  

 
73 Id. at § 15002(a)(2) and (3); see also Berkeley Jets, 91 Cal.App.4th at 1354; Citizens of Goleta 
Valley, 52 Cal.3d at 564.   
74 14 CCR § 15021(a).  
75 Id. at § 15021(a)(2).  
76 Citizens of Goleta Valley v. Bd. of Supervisors (“Goleta II”) (1990) 52 Cal.3d 553, 564. 
77 14 CCR § 15370.  
78 Id. at § 15021(b).  
79 14 CCR § 15091(a)(1).  
80 Id. at § 15091(a)(2).  
81 14 CCR § 15091(a)(3).  
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Findings as to mitigation measures and alternatives must be supported by 

substantial evidence.82  Substantial evidence means “enough relevant information 
and reasonable inferences from this information that a fair argument can be made 
to support a conclusion, even though other conclusions might also be reached.”83  
Substantial evidence “shall include facts, reasonable assumptions predicated upon 
facts, and expert opinion supported by facts,”84 but it should not include 
“[a]rgument, speculation, unsubstantiated opinion or narrative, evidence which is 
clearly erroneous or inaccurate, or evidence of social or economic impacts which do 
not contribute to or are not caused by physical impacts on the environment.”85   

 
The FEIR states that the most environmentally superior alternative would be 

the No Project/No Development Alternative.86  But states that CEQA Guidelines 
Section 15126.6(e)(2) states that “if the environmentally superior alternative is the 
No Project Alternative, the EIR shall also identify an environmentally superior 
alternative among the other alternatives.”87  The FEIR goes on to state that 
Alternative 2 would be the environmental superior alternative because it would 
reduce impacts for the following environmental issue areas as compared to the 
proposed project: aesthetics and agricultural resources. Alternative 2 would meet 
most of the basic objectives of the proposed project. However, the project applicant 
does not own, or otherwise control this property.”88  The FEIR concludes that 
Alternative 2 would not be feasible because the applicant does not own the property 
but provides no analysis to support this conclusion.   

 
Before an agency “may approve a project with a significant environmental 

impact, it is required to make findings identifying ... the [s]pecific ... considerations 
that make infeasible the environmentally superior alternatives ....”89  The CEQA 
Guidelines define “feasible” as “capable of being accomplished in a successful 
manner within a reasonable period of time, taking into account economic, 
environmental, social, and technological factors.”90  As to a project's economic 
feasibility, “ ‘[t]he fact that an alternative may be more expensive or less profitable 

 
82 Id. at § 15091(b); Neighbors for Smart Rail v. Exposition Metro Line Construction Authority (2013) 
57 Cal.4th 439, 449. 
83 14 CCR § 15384(a).  
84 Id. at § 15384(b).  
85 Id. at § 15384(a).  
86 FEIR, p. 7-23.  
87 Id. at 7-23; 14 CCR § 15126.6(e)(2).  
88 FEIR, p. 7-23.  
89 Flanders Found. v. City of Carmel–by–the–Sea, 202 Cal.App.4th 603, 620–21. 
90 PRC § 21061.1; see also 14 CCR § 15126.6(f)(1) (stating that the “economic viability” of an 
alternative is a relevant consideration when evaluating the feasibility of an alternative). 
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is not sufficient to show that the alternative is financially infeasible. What is 
required is evidence that the additional costs or lost profitability are sufficiently 
severe as to render it impractical to proceed with the project.’ ”91   The agency's 
feasibility findings must be “based on substantial evidence set forth anywhere ‘in 
the record.’ ”92  Substantial evidence is not “[a]rgument, speculation, 
unsubstantiated opinion or narrative, evidence which is clearly erroneous or 
inaccurate ....”93  Although the agency may rely on expert opinion, it must be 
supported by facts.94  The agency cannot simply rely on evidence proffered by the 
project's proponent regarding infeasibility; instead, the agency “ ‘must 
independently participate, review, analyze and discuss the alternatives in good 
faith.’ ”95 

 
Here, the County identified Alternative 2 as the environmentally superior 

alternative, then merely makes a conclusory statement that the Alternative is 
infeasible. The FEIR concludes that:  

 
Alternative 2 would meet most of the basic objectives of the proposed project 
and should remain under consideration. However, this alternative would 
result in greater impacts for the following environmental issue areas as 
compared to the proposed project: cultural resources, hydrology and water 
quality, and tribal cultural resources. Further, the project applicant does not 
own, or otherwise control this property.96 
 
This does not comply with CEQA.  The FEIR reiterates the conclusory 

statement that because the applicant does not own or control the property, this 
alternative is infeasible.97  This is the extent of the feasibility analysis for this 
alternative.  CEQA requires that “[t]he range of feasible alternatives shall be 
selected and discussed in a manner to foster meaningful public participation and 
informed decision making.”98  CEQA defines the factors that may be taken into 
account to analyze feasibility including: suitability, economic viability, availability 
of infrastructure, general plan consistency, other plans or regulatory limitations, 

 
91 Pres. Action Council v. City of San Jose, 141 Cal.App.4th 1336, 1352, (2006) (quoting Goleta II, 197 
Cal.App.3d at 1181). 
92 Goleta I, 52 Cal.3d at 569, (quoting PRC § 21081.5); see also 14 CCR § 15131(c). 
93 14 CCR § 15384. 
94 Id.; see Bakersfield Citizens for Local Control v. City of Bakersfield, 124 Cal.App.4th 1184, 1198, 
22 Cal.Rptr.3d 203 (5th Dist.2004). 
95 Save Round Valley Alliance v. Cnty. of Inyo, 157 Cal.App.4th 1437, 1460, 70 Cal.Rptr.3d 59 (4th 
Dist.2007) (quoting Kings Cnty. Farm Bureau v. City of Hanford, 221 Cal.App.3d 692, 708).  
96 FEIR, p. ES-35.  
97 Id. 
98 14 CCR § 15126.6(f)(1).  
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jurisdictional boundaries (projects with a regionally significant impact should 
consider the regional context), and whether the proponent can reasonably acquire, 
control or otherwise have access to the alternative site (or the site is already owned by 
the proponent).99  No one of these factors establishes a fixed limit on the scope of 
reasonable alternatives.100   

 
The FEIR fails to adequately analyze the economic feasibility of Alternative 2 

because it fails to analyze whether the Applicant can reasonably acquire, control, or 
have access to the alternative site for the purposes of construction of an Alternative 
2 project.  The failure to analyze the feasibility of Alternative 2 disallows 
meaningful public participation and informed decisionmaking, in violation of 
CEQA.  Substantial evidence does not support the FEIR’s conclusion that 
Alternative 2 is infeasible.  In fact, the FEIR fails to provide any evidence at all for 
the feasibility of Alternative 2, except to provide the conclusory statement that the 
property is not owned or controlled by the applicant.   

 
The court in Goletta II invalidated Santa Barbara County’s finding of 

economic infeasibility in that case because the record contained no financial data, 
such as “estimated costs, projected income, or expenses” for the reduced size 
alternative.101  Similarly, the court in Sierra Club v. Tahoe Regional Planning 
Agency found that Placer County’s finding that Alternative 6 was economically 
infeasible was not supported by substantial evidence because the County concluded 
that the alternative would be less profitable without providing substantial evidence 
to support such a conclusion.102  Here, the FEIR contains no analysis of whether the 
applicant can reasonably access, purchase, or use the neighboring Alternative 2 
site.  Thus, the FEIR does not contain substantial evidence that the 
environmentally superior Alternative 2 is infeasible.  The FEIR must be revised and 
recirculated to adequately analyze the feasibility of the environmentally superior 
Alternative 2 before the Project can lawfully be approved.  
 
VI. THE FEIR FAILS TO ADEQUATELY ANALYZE AND MITIGATE 

IMPACTS TO BIOLOGICAL RESOURCES  
 

Dr. Smallwood concludes that the avoidance and minimization measures in 
Mitigation Measures BIO 1 through BIO-4 would not prevent permanent loss of 
habitat and subsequent collision mortality to many of the species present at the 

 
99 Id.  
100 Id.; Citizens of Goleta Valley v. Board of Supervisors (1990) 52 Cal.3d 553; see Save Our 
Residential Environment v. City of West Hollywood (1992) 9 Cal.App.4th 1745, 1753, fn. 1 
101 Citizens of Goleta Valley v. Bd. of Supervisors (1988) 197 Cal.App.3d 1167, 1177 (Goletta II).  
102 Sierra Club v. Tahoe Regional Planning Agency (2013) 916 F.Supp.3d 1098, 1125.  
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Project site.103  Dr. Smallwood concludes that BIO-1 through BIO-4 would do 
nothing to prevent collision mortality to 35 of the species in Table 3 of Dr. 
Smallwood’s comment letter, all of which have been documented as fatalities caused 
by utility-scale solar PV projects.104 

 
The FEIR relies on adherence to the Desert Renewable Energy Conservation 

Plan (“DRECP”) to conclude that impacts to biological resources will be less than 
significant.  The FEIR asserts that “Conservation areas and wildlife corridors are 
closed to renewable energy development in addition to limitations on overall ground 
disturbance. As such, while impacts may occur, these impacts are considered less 
than significant with incorporation [of] the DRECP.”105  The FEIR goes on to assert 
that “[m]itigation is already in place with the implementation of the DRECP.”106  
Dr. Smallwood concludes that, even with implementation of the measures in the 
DRECP impacts from the project would substantially interfere with the movement 
of migratory wildlife, and remain significant and unmitigated.  

 
Further, even with the implementation of BIO-1 through BIO-4, the Project 

would result in significant mortality rates for birds and bat species.107  The FEIR 
asserts that “[w]ith human disturbance, a majority of the species in the area are 
common species that have adapted to the presence of humans.”108  Dr. Smallwood 
refutes this assertion.  Dr. Smallwood explains that adaptation to the presence of 
humans does not immunize birds from fatally colliding with a relatively new and 
spatially extensive hazard on the landscape.109  In particular, the gen-tie line will 
result in an estimated fatality rate of 422 mourning doves, 49 red-tailed hawks, 226 
loggerhead shrikes, 504 horned larks, 1,798 Brewer’s sparrows, 888 savannah 
sparrows, 738 yellow warblers, 2,120 Wilson’s warblers, and 13,127 birds total over 
the lifespan of the Project.110  Thus, the FEIR’s assertion that avoidance and 
minimization measure BIO-1  will result in there being no exposure to wildlife from 
electrical components and therefore no potential for electrocution, is not supported 
by substantial evidence.111  Dr. Smallwood concludes that impacts as a result of the 
gen-tie line components remain significant and unmitigated.   

 

 
103 Smallwood Comments, p. 27.  
104 Id. 
105 FEIR, p. 0.2-416.  
106 Id.  
107 Smallwood Comments, p. 47.  
108 FEIR, p. 0.2-415.  
109 Smallwood Comments, p. 48.  
110 Id.  
111 FEIR, p. 02.-415.  
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Dr. Smallwood calculated that over the Project’s lifespan, the project’s PV 
panels would kill at estimated 2,232 mourning doves, 186 greater roadrunners, 622 
sora, 291 burrowing owls, 125 American kestrels, 1,320 horned larks, 668 Brewer’s 
sparrows, nearly 1,000 western meadowlarks, 170 yellow warblers, and 18,568 birds 
altogether.112  This impact remains significant and unmitigated.  Bird collisions 
with utility-scale solar PV projects are caused by the Lake Effect, which posits that 
waterbirds and shorebirds misperceive arrays of PV panels as a body of water, and 
subsequently attempt to land on the perceived water body.113 Dr. Smallwood 
provided substantial evidence that the Lake Effect may result in a significant 
impact to the birds on the Project site.  Even beyond waterbirds and shorebirds, 
impacts from mortality due to collision with the PV panels remains significant and 
unmitigated. 

 
Over the course of the Project’s lifespan, Dr. Smallwood estimates that the 

9.26 km of security fence would kill 38 pallid bats, 522 mourning doves, 483 greater 
roadrunners, 44 northern harriers, 93 burrowing owls, 417 horned larks, 71 yellow 
warblers, and 5,347 birds altogether.114  But the FEIR fails to adequately analyze or 
mitigate this impact.  

 
Dr. Smallwood concludes that Mitigation Measure BIO-1 would not 

sufficiently mitigate the impact from collision with transmission lines, as the FEIR 
suggests.  Substantial evidence supports the conclusion that the distribution lines 
may result in a significant impact to birds.  Undergrounding the electrical 
components pursuant to Mitigation Measure BI0-1 but leaving the gen-tie line 
aboveground to cross the New River results in a significant and unmitigated impact 
to biological resources because the gen-tie is “one of the most dangerous obstacles to 
flying birds in the region.”115   The FEIR must be revised and recirculated to 
adequately analyze and mitigate impacts to biological resources before the Project 
can be approved.  

 
VII. THE FEIR FAILS TO ADEQUATELY ANALYZE AND MITIGATE AIR 

QUALITY IMPACTS  
 

The FEIR fails to adequately analyze and mitigate the Project’s operational 
PM10 and PM2.5 emissions.  The FEIR contains substantial evidence that paving 
the roads around the Project would reduce the PM10 and PM2.5 pollutant 
emissions drastically.  The DEIR analyzed the implementation of paving 100 

 
112 Smallwood Comments, p. 48.  
113 Id. 
114 Smallwood Comments, p. 48.  
115 Smallwood Comments, p. 69.  
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percent of the roads around the Project site which resulted in PM10 and PM2.5 
emissions of 2.35 and 0.27 pounds per day respectively. But the FEIR includes new 
analysis in the figure below which shows that paving 85 percent of the roads 
surrounding the Project would result in the Project’s PM10 and PM2.5 emissions 
increasing by 14 percent.116  This represents significant new information requiring 
recirculation of the EIR.  

 
FEIR p. 0.2-410.  
 
“Significant new information” requiring recirculation include, for example, a 

disclosure showing that: 
(1) A new significant environmental impact would result from the project or from 

a new mitigation measure proposed to be implemented. 
(2) A substantial increase in the severity of an environmental impact would 

result unless mitigation measures are adopted that reduce the impact to a 
level of insignificance. 

(3) A feasible project alternative or mitigation measure considerably different 
from others previously analyzed would clearly lessen the environmental 
impacts of the project, but the project’s proponents decline to adopt it. 

 
Here, a significant new environmental impact would occur as a result of the 

increased PM10 and PM2.5 emissions for failure to pave the roads adjacent to the 
Project site.  Further, the impact would be more severe because the applicant 
refuses to implement 100 percent paved roads outside the Project site.  The 
applicant would only renovate the existing dirt roads within the project site to all-
weather surfaces.117  The FEIR does not provide sufficient mitigation to reduce 

 
116 FEIR p. 0.2-410.  
117 FEIR, p. 0.2-17. 
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fugitive dust emissions from unpaved roads, and only provides the nonbinding note 
that “[i]f agreeable by the City of Brawley, the roadways outside the project site 
would also be renovated to all-weather surfaces to improve the roadway from N 
Best Avenue to the City of Brawley WWTP.”118  Thus, the FEIR provides no 
assurance to the public that even 85 percent of the roads outside the project site will 
be paved, to ensure that the calculations in the FEIR are correct and that the 
fugitive dust emissions from unpaved roads will be adequately mitigated.  The 
FEIR must be revised and recirculated to implement feasible mitigation to pave the 
roads outside the project site to reduce fugitive dust emissions to less than 
significant levels before the Project can be approved.    

 
The FEIR does not contain any binding mitigation which would require the 

applicant to pave even 85 percent of the roads outside the Project site.  Mitigation 
measures must be fully enforceable through permit conditions, agreements or other 
legally binding instruments.119  CEQA requires an EIR identify mitigation 
measures which are both effective and enforceable.  “Effective” means the measures 
can reasonably be expected to avoid or reduce a potential significant impact.120  
“Enforceable” means the measures are stated as conditions of approval in a permit, 
agreement or other legally binding document or incorporated into a plan, policy, 
regulation, or project design.121  Failure to include enforceable mitigation measures 
is considered a failure to proceed in the manner required by CEQA.122  In order to 
meet this requirement, mitigation measures must be incorporated directly into the 
EIR to be enforceable.123  The FEIR fails as an informational document for its lack 
of clear mitigation methods and lack of sufficient data to evaluate the Project.124  
The FEIR must be revised and recirculated to mitigate impacts from fugitive dust 
emissions from unpaved roads. 
 
VIII. THE FEIR FAILS TO ADEQUATELY ANALYZE AND MITIGATE 

GREENHOUSE GAS EMISSIONS IMPACTS  
 

The CEQA Guidelines state that lead agencies “shall make a good-faith 
effort, based to the extent possible on scientific and factual data, to describe, 
calculate or estimate the amount of greenhouse gases resulting from a project.”125 
“The agency’s analysis also must reasonably reflect evolving scientific knowledge 

 
118 Id. 
119 14 CCR §15126.4(a)(2). 
120 14 CCR § 15126.4(a)(1)(A).  
121 Id. at § 15126.4(a)(1)(A).  
122 San Joaquin Raptor Rescue Ctr. v. County of Merced (2007) 149 Cal.App.4th 645, 672.   
123 Lotus v. Dept of Transportation (2014) 223 Cal. App. 4th 645, 651-52. 
124 Id.  
125 14 CCR § 15064.4(a). 
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and state regulatory schemes.”126  The Guidelines also state that the lead agency 
“may use a model or methodology to estimate greenhouse gas emissions resulting 
from a project … The lead agency must support its selection of a model or 
methodology with substantial evidence. The lead agency should explain the 
limitations of the particular model or methodology used.”127 

 
The FEIR fails to evaluate indirect GHG emissions associated with the 

BESS.  The FEIR fails to support its conclusion that no more than a “very negligible 
amount of power would ever be transmitted to the BESS for storage,” and that such 
power would be from renewable sources.128  The FEIR does not specifically commit 
to charging the BESS only with energy generated by the solar facility, indicating it 
will likely be charged with energy from the grid, which does not contain a 100% 
renewable energy mix, when the solar facility is not generating power.  The FEIR 
asserts that “there is no direct non-renewable electricity connection to the BESS.”129  
But, this statement is not supported by substantial evidence.  The FEIR later 
details the BESS’s connection to the electrical grid.  The FEIR states that “[t]he 
power generated would be added to the state’s electricity grid.”130  Further the FEIR 
states that “[e]lectrical transmission systems would still be required in order to 
connect the various distributed energy systems to the electrical grid.131  Therefore, 
the FEIR fails to accurately reflect the BESS’s connections to the grid, and fails to 
mitigate resultant GHG impacts.  

  
IX. THE FEIR FAILS TO ADEQUATELY ANALYZE AND MITIGATE 

ENERGY IMPACTS  
 

As described in Citizens’ comments on the DEIR, the County failed to provide 
an accurate description of the various energy-consuming Project components, 
including ancillary equipment such as the cooling and control systems, the 
inverters, the ventilation and the HVAC units.  Although much of this equipment 
requires electricity and thus causes GHG and criteria pollutant emissions, the 
equipment was not described in sufficient detail to allow the public or agency 
decision-makers to calculate these impacts.  The failure to describe the energy 
consuming components results in a skewed energy impact and mitigation analysis.  

 

 
126 Id. 
127 Id. at § 15064.4(c). 
128 FEIR, p. 0.2-411.  
129 FEIR, p. 0.2-411. 
130 Id. at 4-2. 
131 Id. at 7-21.  
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EIRs must include “a detailed statement setting forth … mitigation measures 
proposed to minimize significant effects on the environment, including, but not 
limited to, measures to reduce the wasteful, inefficient, and unnecessary 
consumption of energy.”132  The CEQA Guidelines expound on this requirement:  

If analysis of the project’s energy use reveals that the project may result in 
significant environmental effects due to wasteful, inefficient, or unnecessary 
consumption use of energy, or wasteful use of energy resources, the EIR 
shall mitigate that energy use. This analysis should include the project’s 
energy use for all project phases and components, including transportation-
related energy, during construction and operation. In addition to building 
code compliance, other relevant considerations may include, among others, 
the project’s size, location, orientation, equipment use and any renewable 
energy features that could be incorporated into the project. (Guidance on 
information that may be included in such an analysis is presented in 
Appendix F.)133 
 
Appendix F of the CEQA Guidelines goes even further, specifically describing 

what lead agencies should consider in energy impact analyses, such as:   
 
• energy consuming equipment and processes that will be used during 

operation; 
• the total energy requirements of the project by fuel type; 
• energy conservation equipment and design features, identification of 

energy supplies that would serve the project; 
• the effects of the project on local and regional energy supplies and 

requirements for additional capacity; 
• the effects of the project on peak and base period demands for electricity 

and other forms of energy; 
• the effects of the project on energy resources; 
• the potential siting, orientation, and design to minimize energy 

consumption; and 
• the potential for reducing peak energy demand.134  

 
Here, the County failed to include an energy impact analysis even though 

CEQA requires it.  The Project is a battery energy storage facility.  As such, it 
moves energy around the grid.  The batteries can charge at night, for example, and 
then discharge the next day at peak demand.  Or, the batteries could charge during 
the day, when solar plants generate power, and charge at 9 PM when demand is 

 
132 PRC § 21100(b)(3). 
133 CEQA Guidelines § 15126.2(b).  
134 CEQA Guidelines, Appendix F.  
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still high.  There are no mitigations measures, conditions of approval, or other 
restrictions limiting when the BESS can charge or discharge energy, so the Project 
will likely charge when energy is cheapest and discharge when energy is most 
expensive.  By moving energy around the grid, the Project will impact peak and 
base periods of energy demand and may therefore affect local and regional energy 
supplies.135  Also, battery energy storage changes the composition of energy 
resources on the grid.  Batteries charge with an energy resource and then discharge, 
displacing other energy resources.  So, the Project also impacts which energy 
sources generate more or less. Thus, the Project will result in a significant energy 
impact, and mitigation measures are required.136  

 
Batteries are not 100 percent efficient.  On average, batteries consume about 

20% of the energy they store.  This energy consumption would affect both the 
Project’s energy use and its GHG emissions.  Because of this energy loss, energy 
transmitted from the Project is less efficient than energy transmitted directly from 
a generating plant.  Specifically, if a battery receives 1 MWh of energy from the 
grid, it will on average discharge only 0.8 MWh back to the grid.  Thus, every 1 
MWh that a customer receives from the Project requires 1.25 MWh of electrical 
generation due to efficiency losses.  Sources connected to the CAISO grid will have 
to increase electricity generation to compensate for this 20% loss.  When fossil-fuel 
energy generation increases to compensate for this loss, the Project will result in 
increased GHG emissions.  

 
Thus, as demonstrated above, the Project “may result in significant 

environmental effects due to wasteful, inefficient, or unnecessary consumption use 
of energy…” which requires an energy impact analysis under CEQA.137  Also, due to 
efficiency losses and the extra electricity generation those require, the Project will 
affect “local and regional energy supplies and requirements for additional [energy] 
capacity.”138 And, as stated above, the Project will certainly impact peak and base 
demands by moving energy around the grid. Indeed, the Project impacts nearly 
every consideration listed in Appendix F; yet the FEIR still omits a meaningful or 
accurate energy analysis. Rather than correct the DSEIR’s significant informational 
deficiency by incorporating a quantified energy analysis in the FEIR, the FEIR 
rejects Citizens’ comments out of hand and continues to argue, despite compelling 

 
135 See the CEQA Guidelines, Appendix F, stating that an energy analysis should consider a project’s 
impacts on peak and base demand and the effects of the project on local and regional energy 
supplies.  
136 FEIR, p. 0.2-411.  
137 PRC § 21100. 
138 Appendix F.  
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evidence demonstrating potentially significant energy impacts, that any further 
energy impact analysis is unnecessary.   

 
In California Clean Energy Committee v. City of Woodland,139 the Court of 

Appeal invalidated an EIR which relied on a project’s energy efficient design to 
conclude that a shopping center project would have less than significant energy 
impacts from electricity use. The city’s draft EIR had determined that the project 
would be required to comply with or exceed Title 24 guidelines and CalGREEN 
building code standards, and that, as a result, although the project would result in 
an increased demand for energy, “the project would be expected to have a less-than-
significant impact regarding the wasteful, inefficient, or unnecessary consumption 
of energy.”140  The Court concluded that this analysis failed to meet the 
requirements of CEQA Appendix F.  The Court explained that, where “[e]nergy 
consuming equipment and processes [] will be used during construction, operation 
and/or removal of the project,” the EIR’s energy analysis must consider “the energy 
intensiveness of materials and equipment required for the project.”141  The Court 
concluded that the failure to study the energy impacts resulting from a large part of 
the project was prejudicial because the EIR’s failure to include this analysis 
“precludes informed decision making and informed public participation, thereby 
thwarting the statutory goals of the EIR process.”142  The Court also found that the 
EIR’s reliance on air quality mitigation to reduce the energy impacts associated 
with project-related vehicle trips failed to comply with Appendix F because the city 
“cannot say how much less transportation energy is needed for the project as 
approved because the issue has never been assessed in an EIR.”143   

 
Similarly, in Ukiah Citizens for Safety First v. City of Ukiah,144 the Court 

held that an EIR inadequately described and discussed the energy impacts of a 
Costco project where it relied on the project’s compliance with energy conservation 
standards to conclude that the project’s energy consumption would be less than 
significant within the meaning of CEQA Appendix F and CEQA Section 
21000(b)(3).145  The Court remanded the project for issuance of a writ requiring the 
City of Ukiah to recirculate the EIR for public comment with a legally adequate 
energy impact analysis. Citing Laurel Heights, the Court explained that, “[b]ecause 
the EIR certified in this case was inadequate in its analysis of energy impacts of the 

 
139 California Clean Energy Committee v. City of Woodland (2014) 225 Cal.App.4th 173 (“CCEC v. 
Woodland”). 
140 Id. at 184, 208. 
141 Id. at 210. 
142 Id. at 212. 
143 Id. at 210. 
144 Ukiah Citizens for Safety First v. City of Ukiah (2016) 248 Cal.App.4th 256 (“Ukiah”). 
145 Id. at 263-266. 
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project, recirculation and consideration of public comments concerning the energy 
analysis will be necessary before the EIR may be certified and the project 
approved.”146  

Here, the FEIR contains a brief discussion of energy use which attempts to 
argue that the Project’s energy impacts will be less than significant because “[t]he 
proposed project will not result in wasteful, inefficient or unnecessary use of energy 
or wasteful energy resources, and will in fact provide a net energy benefit.”147 
Moreover, the County’s ongoing refusal to acknowledge that battery energy storage 
increases GHG emissions is rooted in the wrong assumption that battery energy 
storage is purely “green” technology. Substantial evidence demonstrates that 
battery energy storage is only as clean as the energy it consumes to charge its 
batteries.  Here, the FEIR fails to provide substantial evidence that only renewable 
energy will power the BESS, and fails to contain any mitigation measures to 
constrain battery charging to times when only renewables power the grid.  

 
Finally, CEQA prohibits agencies from basing conclusions on assumptions; 

CEQA requires analysis supported by substantial evidence.  Here, the County 
conducted no analysis.  Battery storage is an emerging technology, and regulation 
lags behind technology.  This is one reason why CEQA, which requires the County 
to conduct an environmental analysis before it considers approval of a project, is 
necessary.  CEQA serves as protection against undiscovered impacts. It also 
requires mitigation when regulation does not yet provide a remedy for a new 
environmental impact. For the Project, CEQA is the only mechanism available to 
mitigate impacts from this emerging technology. Yet the County refuses to follow 
CEQA’s mandates and conduct an energy impact analysis. The County’s failure to 
conduct an energy impact analysis violates CEQA.  The FEIR must be revised and 
recirculated to adequately analyze the Project’s energy use and mitigate potentially 
significant impacts.  
 
X. THE FEIR FAILS TO ADEQUATELY ANALYZE AND MITIGATE 

IMPACTS TO HYDROLOGY, WATER QUALITY, AND WATER 
SUPPLY  
 
The Project site contains aquatic resources, and impacts may be significant 

and unmitigated. “Several jurisdictional and non-jurisdictional features were 

 
146 Id. at 266-267, citing Laurel Heights Improvement Assn. v. Regents of Univ. of Cal. (1993) 6 
Cal.4th 1112, 1130 (“recirculation is required, for example, when ... the draft EIR was so 
fundamentally and basically inadequate and conclusory in nature that public comment on the draft 
was in effect meaningless”). 
147 FEIR, p. 0.2-411.  
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observed within the project survey area.”148 Further, the eastern portion of the 
project site is located within the Alamo River watershed. The Alamo River is the 
major water source for the watershed, which also drains into the Salton Sea.149  The 
Project may result in potentially significant impacts to the Salton Sea, but the FEIR 
fails to analyze or mitigate such impacts or provide a reasonable explanation why 
they failed to respond to comments.  
 The Project may result in significant impacts from runoff from fuel spills, 
dissolved metals from washing of solar arrays and pesticides in storm water 
runoff.150  The site may contain contamination from pesticide residue from 
agricultural use, but the FEIR fails to mitigate this impact.  In fact, the Initial 
Study prepared for the Project found that pesticides may result in a potentially 
significant impact,151 but the FEIR later asserts that no mitigation is required for 
hazardous impacts from pesticides, citing no substantial evidence to support this 
conclusion.152  The FEIR fails to analyze the potential for mobilizing existing 
contamination sources during construction.153  Jim Bailey, Citizen’s Water Quality 
expert, suggests feasible mitigation of monitoring stormwater long-term to 
document any offsite migration, to reduce water quality impacts to less than 
significant.154  The FEIR must be revised and recirculated to adequately analyze 
and mitigate the Project’s potentially significant water quality impacts before the 
Project can be approved.  
 

A. Water Supply 
 
Jim Bailey concludes that the reduced water use resulting from the Project’s 

conversion of agricultural land to industrial solar/BESS use may result in a 
reduction to local groundwater recharge that is not analyzed in the FEIR.155  Mr. 
Bailey explains that the historical site water demand of 831.63 AFY is estimated to 
be reduced by 99% when the site is converted to a solar energy facility.  Shallow 
aquifers located beneath the 227-acre site will no longer be receiving the majority of 
previous recharge amounts once construction is completed.  The reduction in 
percolation from the non-agricultural use of the Project site may result in a 
significant reduction in groundwater recharge.156   

 
 

148 Id. at 3.5-10.  
149 Id.  
150 Bailey Comments, p. 2.  
151 Initial Study and NOP, Brawley Solar Energy Facility Project, p. 30.   
152 FEIR, p. 3.9-9.  
153 Bailey Comments, p. 2.  
154 Id. p. 1.  
155 Id. 
156 Id. 
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The reduction in groundwater recharge caused by the Project may result in a 
potentially significant impact which was not analyzed or mitigated in the FEIR.  
The FEIR’s conclusion that the project would not significantly affect groundwater 
recharge is therefore not supported by substantial evidence.  The FEIR must be 
revised and recirculated to adequately analyze the impacts to groundwater 
recharge.  
 
XI. THE PLANNING COMMISSION CANNOT MAKE THE NECESSARY 

FINDINGS FOR APPROVAL OF THE PROJECT  
  
 The Planning Commission cannot make the necessary findings to approve the 
Conditional Use Permit. Pursuant to Imperial County Municipal Code Section 
90203.09, an application for a conditional use permit shall be reviewed, and 
approved, conditionally approved, or denied by the decision-making authority. The 
authority may approve or conditionally approve an application only if it finds all of 
the following: 

A. The proposed use is consistent with the goals and policies of the adopted 
county general plan; 

B. The proposed use is consistent with the purpose of the zone or sub-zone 
within which the use will be located; 

C. The proposed use is listed as a use within the zone or sub-zone or is found to 
be similar to a listed conditional use according to the procedures of Section 
90203.10; 

D. The proposed use meets the minimum requirements of this title applicable to 
the use and complies with all applicable laws, ordinances and regulations of 
the county of Imperial and the state of California; 

E. The proposed use will not be detrimental to the health, safety, and welfare of 
the public or to the property and residents in the vicinity; 

F. The proposed use does not violate any other law or ordinance; 
G. The proposed use is not granting a special privilege.  

 
 The Municipal Code mandates that the “decision-making authority shall 
deny an application if it cannot make all of the above findings.”157  As shown herein, 
the Project’s proposed use would be detrimental to the health, safety, and welfare of 
the public and residents in the vicinity.  For example, the unmitigated fugitive dust 
emissions from Project construction and operation would result in significant health 
risk impacts and cause a detriment to the safety and welfare of the public and the 
residents in the vicinity of the Project.  SWAPE’s comments on the DEIR 
demonstrated that the DEIR underestimated the Project’s potential fugitive dust 
emissions impacts by using an artificially lower silt content value, resulting in an 

 
157 Imperial County Municipal Code § 90203.09 (emphasis added).  
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artificially reduced dust emissions impact.  As shown above, the FEIR fails to 
mitigate the Project’s significant fugitive dust emissions, and water quality impacts, 
and therefore the Project results in a potentially significant impact to the health, 
safety and welfare of the community who may inhale dangerous levels of fugitive 
dust.  
 
 Further, the Project does not comport with the Agricultural Element of the 
General Plan.  The Agricultural Element of the General Plan considers all farmland 
in the County to be Important Farmland, defined as Prime Farmland, Unique 
Farmland, Farmland of Statewide Importance, and Farmland of Local Importance, 
which the General Plan asserts should be reserved for agricultural uses.158  The 
Agricultural Element authorizes the conversion of agricultural land to 
nonagricultural uses “only where a clear and immediate need can be 
demonstrated.”159 The FEIR and Staff Report provides that “According to the Land 
Use Element, the “Agriculture” land use designation expressly allows non-
agricultural uses on agricultural land and places an appropriate burden on those 
proposing a non-agricultural use to demonstrate that (1) it “does not conflict with 
agricultural operations and will not result in the premature elimination of such 
agricultural operations” and (2) it meets the requirement that “no use should be 
permitted which would have a significant adverse effect on agricultural production.” 
(ICGP Land Use Elem. IV.C.1.)”160  But, the FEIR makes no such findings 
supported by substantial evidence.  Citizen’s agricultural experts Greg and Henry 
House confirmed in their comments on the DEIR that the Project will necessarily 
conflict with the existing agricultural operations and will result in the premature 
elimination of such agricultural operations because Project construction will result 
in the permanent loss of farmland on the Project site.161   
 

For the reasons discussed herein, and in Citizen’s prior comments on the 
DEIR, the Planning Commission cannot make the necessary findings to recommend 
approval by the Board of Supervisors, absent significant revisions to the FEIR 
including additional mitigation, and subsequent recirculation of the FEIR for public 
review and comment because the Project results in significant impacts due to its 
nonconformance with local land use plans, policies, and regulations.  The court in 
Vineyard Area Citizens for Responsible Growth v. City of Rancho Cardova held that 
where evidence of a new potentially significant impact, that had not been 
addressed, was identified in comments on the EIR, the agency violated CEQA in 

 
158 2015 Imperial County General Plan, Agricultural Element, Policy 1: Preservation of Important 
Farmland, p. 39. 
159 House Comments, p. 2. 
160 FEIR, p. 0.2-184.  
161 House DEIR Comments, p. 2.  
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failing to recirculate the EIR.162  Here, substantial evidence presented in public 
comments shows a significant impact due to a conflict with local land use plans, 
policies, or regulations adopted for the purpose of avoiding or mitigating an 
environmental effect, including those laid out in the General Plan’s Agricultural 
and Land Use Elements and Municipal Code’s Conditional Use Permit health and 
safety requirements.163  The Staff Report’s conclusion that no significant impacts 
would occur with respect to nonconformance with land use plans is therefore not 
supported by substantial evidence.164  As such, the FEIR must be revised and 
recirculated to ensure that the Project conforms with the County’s Municipal Code 
and General Plan requirements before the Project can legally be approved.  
 
XII. CONCLUSION  

 
For the reasons discussed herein and in Citizen’s prior comments, the FEIR 

fails as an informational document under CEQA.  The County is legally required to 
recirculate the FEIR for public review and comment before the Project can be 
approved.  The FEIR must be revised and recirculated to adequately respond to 
comments, analyze significant impacts, and provide feasible mitigation for Project 
impacts.  Until the FEIR has been revised and recirculated, as described herein and 
in Citizen’s prior comments and expert consultant reports, the County may not 
lawfully approve the Project.  

 
Thank you for your consideration of these comments. 

 
      Sincerely, 

 
      Kelilah D. Federman 
        
 
Attachments 
KDF:acp 

 
162 Vineyard Area Citizens for Responsible Growth v. City of Rancho Cardova (2007) 40 Cal.App.4th 
412.  
163 CEQA Guidelines, Appendix G.  
164 FEIR, p. 3.11-14 -17.  
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Shawn Smallwood, PhD 
3108 Finch Street 
Davis, CA  95616 
 
Attn:  Mariela Moran, Planner II 
Imperial County Planning & Development Services Department 
801 Main Street 
El Centro, CA  92243       6 March 2023 
 
RE:  Ormat Brawley Solar Project 
 
Dear Ms. Moran, 
 
I write to reply to the County’s responses to my comments on the Draft Environmental 
Impact Report (DEIR) prepared for the proposed Ormat Brawley Solar Project. As my 
first reply, I wish to point out that the County’s responses argued against all of my 
comments on the DEIR, and accepted none of them. As I understand CEQA, the lead 
agency must address the comment “in detail giving reasons why” the comment was “not 
accepted. There must be good faith, reasoned analysis in response. Conclusory 
statements unsupported by factual information will not suffice,”1 particularly in 
response to comments are made by agencies or experts.2 In my comment letter, I 
identified myself as an expert. I raised significant environmental issues to which the 
County repeatedly responds with, essentially, ‘this is how we do it in our industry.’ 
 
Please note that the responses to my comments included many misspellings, which I left 
as I found them. Also, I split some of the responses by topic, and where I did this, I 
added a letter to the numbered response, e.g., F.19a, F.19b and F.19c. 
 
Response F B-13 and F.19a This comment states that the biological analysis in the 
Draft EIR relied on CNDDB to determine occurrence likelihoods of special status 
species. The comment further states that CNDDB relies on voluntray reporting, not 
based on scientific sampling. As described in the Project Biological Technical Report 
(Appendix D to the Draft EIR), the CNDDB is a positive sighting database; therefore, the 
absence of data is not proof of absence of the species. Because of this known fact, 
CNDDB was one of multiple factors used to determine the potential for 
special status species occurrence on the project. [Bold-italic font added for 
emphasis by K. S. Smallwood.] Additional factors included a site visit with biologists 
familiar with the project location and the species known to occur in the area, type and 
quality of habitat present within and adjacent to the project, and environmental 
conditions of the site including soil types (some plants require particular soils) and 
elevation (plants and some animals only occur at certain elevation ranges).  

 
1 14 CCR § 15088(c); see Laurel Heights Improvement Assn. v. Regents of University of California (1993) 
6 Cal.4th 1112, 1124 (“Laurel II”); The Flanders Foundation v. City of Carmel-by-the-Sea (2012) 202 Cal. 
App. 4th 603, 615. 
 
2 Berkeley Keep Jets Over the Bay Comm. v. Board of Port Commissioners (2001) 91 Cal.App.4th 1344, 
1367, 1371; People v. County of Kern (1976) 62 Cal.App.3d 761, 772). 
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Reply: Considering the known fact that CNDDB is a positive sighting database and 
therefore inappropriate for ranking occurrence likelihoods to species, then CNDDB 
should not be used in the manner it is used to review potential impacts of the Ormat 
Brawley Solar Project. As an example of how it is used, the DEIR’s standard for ranking 
a species’ occurrence likelihood as Low reads, “Historical records for this species do not 
exist within the immediate vicinity (approximately 5 miles) of the project site.” The 
DEIR misapplies CNDDB despite the acknowledged known fact of the misapplication. 
This misapplication is contrary to the objectives of CEQA. 
 
The other standard of the DEIR for assigning a low likelihood of occurrence to a species 
is “habitats or environmental conditions needed to support the species are of poor 
quality.” Left unexplained is how poor quality is determined, or whether there is a 
threshold of habitat quality that qualifies as poor, or what that threshold might be. In 
fact, habitat is defined by a species’ use of the environment (Hall et al. 1997), and as 
measured by scientists (Smallwood 2002). Habitat quality has a very specific meaning 
in wildlife ecology, and is measured by productivity metrics such as fecundity, young 
surviving to reproductive age, and so on. Neither the DEIR nor the Response to my 
comment mentions any metric as having been measured even at an indicator level as 
representative of habitat quality. In fact, the DEIR misapplies habitat quality as a metric 
for assessing species occurrence likelihood. “[Habitat] quality is an outcome (e.g., 
survival, productivity) and is not a user-defined inherent property of a location” 
(Krausman and Morrison 2016). The metric is inappropriate for its stated purpose in the 
DEIR. 
 
Other factors are cited in the Response as foundation for the rankings of occurrence 
likelihoods, including special knowledge of the biologists who surveyed the site, type 
and quality of the habitat on site, and soil type and elevation. I concur that special 
knowledge, or knowledge gained from personal experience, can contribute to 
assignments of occurrence likelihoods. However, special knowledge can range from very 
interesting and insightful to wild speculation borne from misinterpreted anecdotal 
observations. If the special knowledge is an anecdote as opposed to a broad pattern 
derived from scientific collection of data, then the reader of the DEIR needs to be aware 
of it. Where this knowledge is applied for the purpose of assessing the occurrence 
likelihoods of special-status species, the foundation of this knowledge needs to be 
shared.  Opinions or unfounded speculations should not be given the same veracity as 
special knowledge gained from systematic scientific documentation of natural 
phenomena.  
 
In summary, the Response fails to articulate a sound methodology for assessing the 
occurrence likelihoods of special-status species at the project site. The use of CNDDB in 
the DEIR is inappropriate, as acknowledged as a fact in the County’s Response. 
Assessing habitat quality to determine occurrence likelihoods is inappropriate, as doing 
so lacks scientific foundation and actually makes no sense when one considers the 
scientific meaning of habitat quality. If special knowledge is the basis of occurrence 
likelihoods, then whatever it is that is special about the knowledge of the biologists who 
visited the site needs to be more precisely summarized. There is no indication in the 
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DEIR that the Precautionary Principle in risk analysis has been applied to 
determinations of species occurrence likelihoods. In fact, it remains a mystery how 
species occurrence likelihoods are determined, including for those special-status species 
known to occur within very short distances of the project site but which are either 
omitted from consideration in the DEIR or are determined absent or of low occurrence 
likelihood. 
 
Response F.19b The comment also states that the survey was performed over a 17.3 
hour period. According to the Biological Technical Report, “The survey was conducted 
on foot throughout the Project site between 0830 and 1715 hours on October 22, 2020.” 
The survey included a total of 9.75 hours.  
 
Reply: The actual statement in my comments was the following: “Over 17.3 person-
hours of survey on 22 October 2020, Chambers Group (2021) detected 40 species of 
vertebrate wildlife...” Person-hours in this case do not equal total hours. I used person-
hours to construct a metric of the number of species detected per unit effort. I left the 
implication of this metric to the reader, but in reply I’ll spell it out: I found species of 
wildlife on the project site at a rate that was nearly four times greater than did the 
Chambers Group biologists who completed the reconnaissance-level survey. The 
outcome of the Chambers Group survey inaccurately represents the wildlife community 
of the project site. The DEIR offers only a snapshot of the wildlife community, and the 
snapshot is blurred by a deficient rate of species’ detections. The reason for the 
deficiency ought to be explored, but in the meantime the decision-makers and members 
of the public need to understand that the outcome of the reconnaissance-level survey 
falls far short of identifying the species of wildlife that occur at the site. 
 
Response F.19c The biological reconnaissance-level survey and technical report were 
conducted/prepared in accordance with accepted scientific and technical standards that 
are consistent with the requirements of CEQA, the United States Fish and Wildlife 
Service (USFWS), and the California Department of Fish and Wildlife (CDFW). 
...Therefore, the biological analysis is complete and adequate, and recirculation of the 
Draft EIR is not required.  
 
Reply: If there were scientific standards with which the reconnaissance-level survey 
was consistent, they remain uncited in both the DEIR and the Responses to my 
comments. No scientific standards are cited because there are none to cite regarding 
reconnaissance-level surveys for wildlife. No scientific standards can be cited in support 
of the DEIR’s conclusions of the wildlife community having been adequately 
represented and the occurrence likelihoods assigned to special-status species.  
 
Except for reconnaissance-level surveys directed to plants, California Department of 
Fish and Wildlife has no standards for reconnaissance-level surveys. No such standards 
exist at U.S. Fish and Wildlife Service, nor in CEQA. What CEQA does offer, however, 
are objectives, from which standards can be inferred. One of CEQA’s primary objectives 
is that the environmental review be informative of the current environmental setting 
and potential project impacts (§15125). To be informative, a characterization of the 
environmental setting should be accurate, and otherwise it should identify its 
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uncertainties and summarize the context of the survey effort from which survey 
outcomes were generated. In the case of the characterization of the environmental 
setting of the project site, I am aware of no standard that would support the implication 
of the DEIR’s (page 3.5-19) conclusion, “Three species have a low potential to occur 
(flat-tailed horned lizard, short-eared owl, and western yellow bat), two species have a 
high potential to occur (BUOW [burrowing owl] and mountain plover), and one species 
(loggerhead shrike) was present within the project site.” The implication, of course, is 
that no other special-status species are likely to occur at the project site because the 
reconnaissance-level survey and desktop review discovered all of the special-status 
species likely to occur there. In fact, 20 special-status species had been confirmed at the 
site by the time of my comment letter, and it is highly probable that additional surveys 
would reveal even more special-status species to occur at the site. This latter probability 
is what scientific inference predicts (see Figures 1‒4 of my comment letter). The pattern 
in the data I collected predict that if I returned to the site to complete another 
reconnaissance-level survey, chances are good that I would detect one or more 
additional special-status species that have not yet been documented on the site of the 
proposed project. 
 
Second Site Visit to Test My Prediction 
 
To test my prediction in the preceding paragraph, I returned to the project site to 
complete additional reconnaissance-level surveys on 21 and 22 February 2023. Noriko 
Smallwood, who is a wildlife biologist with a Master’s Degree from California State 
University Los Angeles, accompanied me. We used binoculars to survey for wildlife from 
vantage points along the proposed gen-tie at the south end of the site for 2 hours and 7 
minutes starting at 15:30 hours on the 21st, and at the north end of the project site for 2 
hours and 42 minutes starting at 06:22 hours on the 22nd. A wind storm polluted the sky 
with abundant dust throughout both surveys, and winds were strong enough to knock 
over semi-tractor trailers and snap miles of electric distribution poles near the project 
site. The sky was partly cloudy but the dust reduced visibility. West winds averaged 18 to 
19 MPH on the 21st, and 18 to 21 MPH on the 22nd. Temperatures ranged 77 to 66 F on 
the 21st, and 47 to 54 F on the 22nd. We suspect that the windy, dusty conditions greatly 
diminished wildlife activity as well as our capacity to detect wildlife. 
 
The conditions of the project site were similar to what I saw of it last year. Alfalfa was 
grown on and next to the site (Photo 1), and so was hay. However, I noticed that this 
year, more of the fields were fallowed and were covered by ruderal vegetation. At the 
location where the gen-tie would cross the New River, riparian vegetation along the 
River was lush (Photos 2 and 3), as was the vegetation along the canal along which the 
gen-tie would extend (Photo 4). At this site where the gen-tie would cross the New 
River, we observed a steady aerial stream of birds flying west along the canal, and north-
south along the New River. I also noticed that the Atriplex shrubs along the railroad 
tracks were taller and denser than last year (Photo 5). 
 
We saw a burrowing owl on the project site (Photo 6), as well as Gambel’s quail (Photo 
7), northern harriers, American kestrels and double-crested cormorants (Photos 8‒10), 
Anna’s hummingbirds, savannah sparrows, white-crowned sparrows and orange-
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crowned warbler (Photos 11‒14), red-winged blackbirds, white-faced ibises, and ring-
billed gulls (Photos 15‒18), black phoebes, killdeer, American robins, and western 
meadowlarks (Photos 19‒22), and great egrets, cattle egrets and snowy egrets (Photos 
23‒25), among members of many other species. As I reported in my comment letter, the 
site of the proposed project is inherently rich is wildlife species; the local wildlife 
community is composed of many species. And in my second survey of the site, Noriko 
and I detected a substantially larger number of the local species just as I had predicted 
would happen. 

Photo 1. A northern harrier hunts over alfalfa at the north end of the project site, 22 
February 2023. 

Photo 2. Where the gen-tie would cross the New River, American coots swim along 
the River bounded on both sides by tall, dense riparian forest. 
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Photo 3. A large tree full of American robins at the location where the proposed gen-
tie alignment would cross the New River. 
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Photo 4. A major wildlife crossing point where the proposed alignment of the Gen-tie 
would cross the New River. 
 

Photo 5. Gambel’s quail fly for cover along the hedge of Atriplex at the north end of 
the project site. In the near background, fronds of a tree blow in the wind, and in the 
far background is a tall Eucalyptus. The DEIR makes no mention of trees on the 
project site. 
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Photos 6 and 7.  
Burrowing owl along the 
gen-tie alignment (Top) 
and Gambel’s quail along 
the hedge of Atriplex on 
the north side of the 
project site (Bottom), 21-
22 February 2023. 
Photos by Noriko 
Smallwood. 
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Photo 8. Northern harrier over the project site, 22 February 2023. Photo by Noriko 
Smallwood. 
 

Photos 9 and 10. American kestrel (L) and double-crested cormorant (R) over the 
project site, 22 February 2023. 
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Photos 11 and 12. Anna’s hummingbird on the gen-tie alignment (L) and savannah 
sparrow on the railroad tracks (R), 21-22 February 2023. 
 

Photos 13 and 14. White-crowned sparrow (L) and orange-crowned warbler (R) on 
Atriplex on the project site, 22 February 2023. 
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Photo 15. Red-winged blackbirds on the project site, 21 February 2023. 
 

Photos 16 and 17. White-faced ibises over the site, 21-22 February 2023. 
 
Photo 18. One of 
hundreds of ring-
billed gulls over the 
site, 21 February 
2023. 
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Photos 19 and 20.  Black phoebe on ruderal vegetation of a fallowed field (L) and 
killdeer on alfalfa (R) on the project site, 21 February 2023. 
 

Photos 21 and 22. American robin (L) and western meadowlark (R) on site, 21-22 
February 2023. 
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Photos 23 and 24. Great egret (L) and cattle egrets (R) flying over the proposed gen-
tie alignment, 21 February 2023. 
 

Photo 25. Snowy egret flying over proposed gen-tie alignment, 21 February 2023. 

PC ORIGINAL PKG



14 
 

Comparing survey outcomes between last year’s and this year’s surveys which covered 
the same portion of the project site, started at nearly the same time and lasted the same 
length of time, the pattern of cumulative species detections during the second survey 
matched that of the first survey (Figure 1). Whereas the numbers of species detected are 
similar between surveys, the actual species detected differ so that the cumulative 
number of species increases with each successive survey effort. The degree of sampling 
of the wildlife community is robustly related to survey effort. Within any given survey 
effort, there are also eventually diminishing returns from survey effort, but those last 
species to be detected tend to be those of greatest interest to CEQA review because they 
tend to be the rarest and most likely to be of special status. 

Figure 1. Actual (circles) and predicted (lines) relationships between the number of 
vertebrate wildlife species detected and the elapsed survey time based on my visual-
scan survey on the morning of 4 February 2022 (blue) and our repeat morning survey 
on the morning of 22 February 2023 (red) and compared to the 95% confidence 
interval estimated from 6 other sites we surveyed in Imperial County since 2018 (gray 
lines). Rates of detections in both years exceeded the upper bound of the 95% CI. 
 
Our rate of cumulative species detections along the gen-tie alignment was similar to that 
of our rate at the northern aspect of the project site, but the asymptote of the cumulative 
species detection curve was reached sooner and more demonstrably at the gen-tie 
alignment (Figure 2). In our experience, this outcome typifies evening surveys when the 
onset of darkness suppresses species detections based on visual-scan surveys.  
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Figure 2. Actual (circles) and predicted (lines) relationships between the number of 
vertebrate wildlife species detected and the elapsed survey time based on our visual-
scan survey on the gen-tie alignment on the evening of 21 February 2023 (black) and 
our survey on the north side of the project site on the morning of 22 February 2023 
(red) and compared to the 95% confidence interval estimated from 6 other sites we 
surveyed in Imperial County since 2018 (gray lines). Rates of detections at both sites 
exceeded the upper bound of the 95% CI. 
 
The rates of cumulative species detections shown in both Figures 1 and 2 consistently 
exceed the upper bound of the 95% confidence interval that I estimated from the 
outcomes of other reconnaissance-level surveys I have completed in Imperial County. 
The site of the proposed project is inherently richer in wildlife species than at other 
proposed project sites I have surveyed in the region. 
 
Consistent with my prediction that more survey effort would reveal more species of 
wildlife, Noriko and I detected 18 more species than I had detected last year, bringing 
our total to 70 species of vertebrate wildlife (Table 1). We also increased the number of 
special-status species detections from 13 last year to 18 after both years of surveys. Our 
surveys combined with Chambers Group’s survey effort documented 88 species of 
wildlife, including 23 special-status species of wildlife (Table 1). The trend would predict 
that yet another survey of roughly equal effort would bring the total numbers to nearly 
100 detected wildlife species and 26 or 27 special-status species of vertebrate wildlife 
(Figure 3)..  
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Table 1. Species of wildlife that I observed during 5.83 hours of surveys on 3 and 4 February 2022, and that Noriko and 
I observed during 4.85 hours of survey on 21 and 22 February 2023, where survey outcomes are reported for CG = 
Chambers Group surveys in October 2020, and for SS = Shawn Smallwood surveys in February 2022 and February 
2023 (the latter with Noriko Smallwood). Notes applied only to our surveys.  RR = railroad tracks. 
 

Common name Species name Status1 CG 
2020 

SS 
2022 

SS 
2023 

Notes 

Mallard Anas platyrhynchos  X X X Flyover 
Gambel’s quail Callipepla gambelii  X X X Many, shrubs along RR tracks 
Clark’s grebe Aechmophorus clarkii BCC X    
Rock pigeon Columba livia Non-native   X  
Eurasian collared-dove Streptopelia decaocto Non-native X  X  
Common ground dove Columbina passerina   X  Flyover 
White-winged dove Zenaida asiatica   X  Flyover 
Mourning dove Zenaida macroura  X X X Many 
Greater roadrunner Geococcyx californianus   X  Pair on RR tracks 
Anna’s hummingbird Calypte anna    X Territorial display 
American coot Fulica americana  X  X In New River 
Black-necked stilt Himantopus mexicanus  X    
Killdeer Charadrius vociferus  X X X Multiple 
Willet Tringa semipalmata BCC X    
Long-billed curlew Numenius americanus TWL  X  Flyover 
Least sandpiper Calidris minutilla  X X  Wet pools along RR tracks 
Lesser yellowlegs Tringa flaviceps    X  
Short-billed dowitcher Limnodromus griseus BCC X    
Long-billed dowitcher Limnodromus scolopaceus  X    
Ring-billed gull Larus delawarensis   X X Flyover 
California gull Larus californicus BCC, TWL  X X Many 
Double-crested cormorant Nannopterum auritum TWL X  X Flyover 
Great egret Ardea alba   X X Flyover 
Snowy egret Egretta thula  X X X Flyover 
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Common name Species name Status1 CG 
2020 

SS 
2022 

SS 
2023 

Notes 

Cattle egret Bubulcus ibis Non-native  X X Many 
White-faced ibis Pledagis chihi TWL X X X Flyover 
Turkey vulture Cathartes aura BOP X  X  
Northern harrier Circus cyaneus BCC, SSC3, BOP X X X At least 3 
Sharp-shinned hawk Accipiter striatus TWL, BOP   X Hunted over site 
Red-tailed hawk Buteo jamaicensis BOP X X  At least 3 
Great horned owl Bubo virginianus BOP   X Pellets 
Burrowing owl Athene cunicularia BCC, SSC2, BOP   X Flew out of canal 
Belted kingfisher Ceryle alcyon   X X Along New River 
Northern flicker Colaptes auratus  X X X  
American kestrel Falco sparverius BOP X X X 2 pairs 
Merlin Falco columbarius TWL X X   
Vermillion flycatcher Pyrocephalus rubinus SSC2 X    
Western kingbird Tyrannus verticalis   X  Foraged on site 
Black phoebe Sayornis nigricans  X X X Multiple 
Say’s phoebe Sayornis saya  X X X Pair 
Loggerhead shrike Lanius ludovicianus BCC, SSC2 X    
Warbling vireo Vireo gilvus   X  In shrubs along RR tracks 
Verdin Auriparus flaviceps BCC X X X In shrubs along RR tracks 
Barn swallow Hirundo rustica  X    
Tree swallow Tachycineta bicolor    X  
Violet-green swallow Tachycineta thalassina  X X X  
Northern rough-winged 
swallow Stelgidopteryx serripennis  

  X 
 

Cliff swallow Petrochelidon pyrrhonota    X  
Ruby-crowned kinglet Regulus calendula    X In shrubs along RR tracks 
Black-tailed gnatcatcher Polioptila melanura TWL X X X Multiple pairs in shrubs 
Blue-gray gnatcatcher Polioptila caerulea  X    
Rock wren Salpinctes obsoletus  X    
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Common name Species name Status1 CG 
2020 

SS 
2022 

SS 
2023 

Notes 

House wren Troglodytes aedon  X    
Northern mockingbird Mimus polyglottos  X X  At least 2 
European starling Sturnus vulgaris Non-native  X X Mixed with blackbirds 
Mountain bluebird Sialia currucoides    X 2 foraging on site 
American robin Turdus migratorius    X Many along New River 
American pipit Anthus rubescens   X X Many 
House finch Haemorphous mexicanus  X X X Along road 
Lesser goldfinch Spinus psaltria   X  In shrubs along RR tracks 
White-crowned sparrow Zonotrichia leucophrys   X X Many 

Large-billed savannah sparrow 
Passerculus sandwichensis 
rostratus SSC2 

 X  
Many 

Savannah sparrow Passerculus sandwichensis   X X Many 
Song sparrow Melospiza melodia   X X Many 
Lincoln’s sparrow Melospiza lincolnii   X X In shrubs along RR tracks 
Abert’s towhee Melozone aberti   X X Foraging along RR tracks 
Yellow-headed blackbird X. xanthocephalus SSC3  X  Hundreds 
Western meadowlark Sturnella neglecta  X X X Multiple 
Red-winged blackbird Agelaius phoeniceus  X X X Hundreds 
Tricolored blackbird Agelaius tricolor CT, BCC, SSC1  ?  Uncertain; in mixed flock 
Brown-headed cowbird Molothrus ater   X X Mixed with blackbirds 
Great-tailed grackle Quiscalus mexicanus  X X X Many 
Black-throated gray warbler Setophaga nigrescens  X    
Orange-crowned warbler Oreothlypis celata    X In shrubs along RR tracks 
Yellow warbler Setophaga petechia BCC, SSC2  X  In shrubs along RR tracks 
Yellow-rumped warbler Setophaga coronate   X X Many 
Common yellowthroat Geothlypis trichas  X    
Coyote Canis latrans   X X Tracks and vocal 
Raccoon Procyon lotor   X  Tracks 
Striped skunk Mephitis mephitis   X  Tracks 
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Common name Species name Status1 CG 
2020 

SS 
2022 

SS 
2023 

Notes 

Kangaroo rat Dipodomys   X X Burrows along soil berms 
Desert cottontail Sylvilagus auduboni   X X Tracks and pellets 
Botta’s pocket gopher Thomomys bottae    X Burrows 
California ground squirrel Otospermophilus beecheyi   X X Burrows along soil berms 
Western fence lizard Sceloporus occidentalis  X    

1 Listed as BCC = U.S. Fish and Wildlife Service Bird of Conservation Concern, CT = California threatened, CFP = 
California Fully Protected (California Fish and Game Code 3511), SSC = California Species of Special Concern (not 
threatened with extinction, but rare, very restricted in range, declining throughout range, peripheral portion of species' 
range, associated with habitat that is declining in extent), SSC1, SSC2 and SSC3 = California Bird Species of Special 
Concern priorities 1, 2 and 3, respectively (Shuford and Gardali 2008), TWL = Taxa to Watch List (Shuford and Gardali 
2008), and BOP = Birds of Prey (CFG Code 3503.5), and WBWG = Western Bat Working Group with priority rankings, of 
low (L), moderate (M), and high (H). 
 
 
Noriko Smallwood certifies that the foregoing and following survey results of which she participated are true and 
accurately reported. 
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Figure 3. Survey outcomes after the first effort (Chambers Group ), the second 
(Smallwood 2022) and the third (Smallwood 2023) and the pattern projected to the 
reasonably probable range of outcomes upon a future fourth survey effort. 
 
To summarize, the County’s Response is inadequate. CEQAs objectives are not to simply 
repeat what the lead agency believes to be the industry standard, but rather to 
adequately inform decision-makers and the public of the existing environmental setting, 
the likely impacts of the project, project alternatives, and whether and to what degree 
impacts can be mitigated. A single survey effort that identifies a fraction of the species 
composing the wildlife community and a fraction of the special-status species in harm’s 
way is more misleading than informative. If that is the industry standard, then the 
industry standard is indefensible for CEQA applications. 
 
The DEIR needs to be more informative. The first step toward adequately informing 
decision-makers of the wildlife community as part of the existing environmental setting 
is to expand the survey effort including more surveys, different types of surveys, and 
implementation of protocol-level detection surveys for the appropriate species. The 
second step is to report the details of survey methods, and the third step is to 
appropriately interpret survey outcomes relative to survey methods and survey effort. 
 
Responses F B-5 and F.18 and F.20a This comment mentions that the baseline 
setting presented in the Draft EIR is incomplete, based on a reported site visit 
conducted by Dr. Smallwood and his observations or detections of additional wildlife 
species, including special status species. “Special status species” is a broad term 
including many status types and not all include legal protection or consideration under 
CEQA. The biological technical report includes an assessment for species with a status 
that are required to be considered under CEQA including federally or state listed 
endangered or threatened species, rare species, fully protected species, plants with a 
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California Rare Plant Rank (only List 1 and 2 species are required, List 3 are 
recommended, and List 4 are typically included), and wildlife species with a California 
Species of Special Concern (SSC) status. Dr. Smallwood reported observations of 13 
special status species. This list was reviewed by a qualified Chambers Group biologist. 
Other than tricolored blackbird, which is not confirmed present, none of the 12 species 
are listed as endangered, threatened, or rare by federal or state governments. Five of the 
13 species are SSC species; however, no nesting or wintering habitat is present on the 
Project site and therefore, these species would only be found flying over or foraging on 
the Project site. The remaining eight species observed have a status of watch list (WL) or 
birds of conservation concern (BCC). A status of WL or BCC includes species of 
conservation concern. These lists have the goal to draw attention to these species and 
avoid legal listing and as such, WL and BCC species do not require consideration under 
CEQA.  
 
Reply:  The Response is inaccurate and misleading in its portrayal of the meaning of 
the term special-status species. §15380 of the CEQA Guidelines defines special-status 
species as Endangered, Rare, or Threatened, and it further defines each of these terms. 
Rare is defined as “(A) Although not presently threatened with extinction, the species is 
existing in such small numbers throughout all or a significant portion of its range that it 
may become endangered if its environment worsens; or (B) The species is likely to 
become endangered within the foreseeable future throughout all or a significant portion 
of its range and may be considered “threatened” as that term is used in the Federal 
Endangered Species Act.”  Thus, rare species need not be listed species.   
 
Importantly, CEQA Guideline §15125(c) provides that in describing the environmental 
setting “special emphasis should be placed on environmental resources that are rare or 
unique to the region and would be affected by the project.”  
 
The California Resources Agency’s Guidelines for Implementation of CEQA includes 
Appendix G which requires that the proposed project be evaluated for whether it may 
have a substantial adverse effect on any species identified as a candidate, sensitive, or 
special status species in local or regional plans, policies, or regulations, or by California 
Department of Fish and Wildlife and US Fish and Wildlife Service.   
 
The California Department of Fish and Wildlife in turn defines Species of Special 
Concern to be a species that: 
 

• Is extirpated from the State or, in the case of birds, is extirpated in its primary 
season or breeding role; 

• Is listed as Federally-, but not State-, threatened or endangered; meets the State 
definition of threatened or endangered but has not formally been listed; 

• Is experiencing, or formerly experienced, serious (noncyclical) population 
declines or range retractions (not reversed) that, if continued or resumed, could 
qualify it for State threatened or endangered status; 
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• Has naturally small populations exhibiting high susceptibility to risk from any 
factor(s), that if realized, could lead to declines that would qualify it for State 
threatened or endangered status. 

 
The species I identified as special-status species are consistent with how CEQA defines 
special-status species. 
 
The meanings of CEQA’s defining terms for a species’ special status differ, but their 
differences also broaden the suite of species that CEQA intends should be considered as 
special-status species. The meanings of the terms Rare and Sensitive also often underly 
the inclusions of species on special-status species lists compiled by resource agencies. 
Rareness can apply to species that have been diminished in abundance or geographic 
extent, or it can apply to species that are naturally scarce owing to their position at the 
top of the food-chain or to some other ecological factor. Rareness can also apply to 
species that are endemic to a region, even though such species can be abundant within 
their limited geographic range, e.g., yellow-billed magpie and Nuttall’s woodpecker. 
Sensitive can apply to species that respond more adversely than other species to changes 
to their environment, often due to susceptibility to pollutants or pathogens or to the loss 
or degradation of a narrow portion of the environment on which the species relied. For 
example, burrowing owls often, but not always, depend on ground squirrels for the 
squirrels’ provisions of burrows as nest sites and for their mutual predator-alarm 
calling. Therefore, burrowing owls are sensitive to human changes to the environment 
that diminish ground squirrel abundance. 
 
The CEQA definition is consistent with how I identified special-status species in Table 3 
of my original comment letter. I rely on the status assigned each species in California’s 
Special Animal List (California Department of Fish and Wildlife, Natural Diversity 
Database. November 2021. Special Animals List. Periodic publication) – a list that is 
updated annually and often relied upon for CEQA reviews. The Special Animals List 
compiles designations of special status to species from various agencies and for various 
reasons. According to policy of the California Department of Fish and Wildlife regarding 
species of special concern (SSC) (https://www.wildlife.ca.gov/Conservation 
/SSC#394871319-how-are-sscs-addressed-under-the-california-environmental-quality-
act), “SSCs should be considered during the environmental review process. The 
California Environmental Quality Act (CEQA; California Public Resources Code §§ 
21000-21177) requires State agencies, local governments, and special districts to 
evaluate and disclose impacts from "projects" in the State. Section 15380 of the CEQA 
Guidelines clearly indicates that species of special concern should be included in an 
analysis of project impacts if they can be shown to meet the criteria of sensitivity 
outlined therein. Sections 15063 and 15065 of the CEQA Guidelines, which address how 
an impact is identified as significant, are particularly relevant to SSCs. Project-level 
impacts to listed (rare, threatened, or endangered species) species are generally 
considered significant thus requiring lead agencies to prepare an Environmental 
Impact Report to fully analyze and evaluate the impacts. In assigning "impact 
significance" to populations of non-listed species, analysts usually consider factors 
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such as population-level effects, proportion of the taxon's range affected by a project, 
regional effects, and impacts to habitat features.”   
 
The US Fish and Wildlife Service circulates a list of Birds of Conservation Concern. This 
list is of “all migratory nongame birds that without additional conservation action are 
likely to become candidates for listing under the Endangered Species Act (ESA) of 1973.” 
Factors contributing to this list are “population abundance and trends, threats on 
breeding and nonbreeding grounds, and size of breeding and nonbreeding ranges.” I 
rely on this list. 
 
Raptors are protected by California Fish and Game Code §3503.5, otherwise known as 
the Birds of Prey Code. Raptors are protected by this Code because raptors are top 
predators wherever they live. Their positions in the food chain naturally require that 
they are rare, which is one of the key conditions – and one of the key words – that meets 
the CEQA definition of special-status species. Species that are naturally rare, such as 
species of raptor, are more likely identified as special-status species, e.g., California 
condor, bald eagle, peregrine falcon, burrowing owl, spotted owl, whereas fewer of the 
naturally abundant species are so identified, such as songbirds. I consider raptors 
protected by CFG Code §3503.5 to be special-status species. 
 
Some species of bat are listed or designated as California Species of Special Concern, but 
others are assigned conservation priority rankings the Western Bat Working Group 
(WBWG), which California Department of Fish and Wildlife relies upon and which 
CDFW tracks in its list of California’ special animals. I consider bats with WBWG 
conservation priority rankings of medium and high to be special-status species. 
 
And then there are the bird species assigned to the Taxa to Watch List in California. 
These assignments are again assignments of special status; otherwise, there would be no 
point to assigning them to the Taxa to Watch List. Specifically, species on the Taxa to 
Watch List were earlier assigned special concern, but did not rank as high as those 
species currently on the list of Species of Special Concern (Shuford and Gardali 2008). 
Nevertheless, CDFW commissioned the development of this list, and would not have 
done so without concern for the rarity and sensitivity of the species listed. I rely on this 
list. 
 
For the reasons summarized above, the County’s Response relies on an inaccurate 
accusation that I defined special status too broadly.   
 
Responses F B-5 and F.18 and F.20b One daytime survey will not result in 
detection of all species that may visit a site. Plant species may only be detectable during 
their specific bloom periods, many mammals are active at night, many reptiles take 
cover in burrows during the day, and more. A biological reconnaissance-level survey is 
meant to gather enough information on existing site conditions to assess the potential 
for special status species to occur and how they will utilize the site. Wildlife species are 
mobile (birds being highly mobile) and may use the site to pass through or forage. 
Therefore, an assessment of special status wildlife species must focus on significant life 
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history events not just presence. For example, significant life history events tracked for 
avian species by CNDDB include nesting and wintering sites. As was the case for yellow 
warbler. Potential nesting habitat may be located along New River, located west of the 
project site. As a result, yellow warbler may be found foraging in surrounding areas. 
However, nesting habitat for yellow warbler, open-canopy riparian woodland, is not 
present on the project site; therefore, significant life events would not occur on the 
project site. Analysis conducted for a species potential to occur is thus based on whether 
significant life history events would take place at a site in question, based on existing 
conditions, including the type of habitat present, quality of the habitat, and other 
environmental conditions/requirements for a species. 
 
Reply: There are two fundamental problems with the Response. First, the Response 
defends a flawed methodology to assess wildlife species occurrence potential. Chambers 
Group relies on habitat associations as a substitute for the more appropriate method of 
sufficient survey effort to detect the species at issue. Habitat is that portion of the 
environment that is used by a species (Hall et al. 1997), and which is described by 
scientists through measurement (Smallwood 2002). The habitat associations used by 
Chambers Group (2021) are derived from no measurement, or at least they are not 
referenced to habitat studies in which measurements were made. Chambers Group 
(2021) therefore applies habitat associations that are prone to errors such as pigeon-
holing species into overly narrow portions of the environment and misapplication of 
habitat associations to the site.  
 
An example of these types of error can be found in the Response itself where it claims 
that yellow warbler nests in “open-canopy riparian woodland.” No doubt this is true in 
some cases, but yellow warblers also nest in “thickets and other disturbed or regrowing 
habitats, particularly along streams and wetlands” (https://www.allaboutbirds.org 
/guide/Yellow_Warbler/lifehistory#) and where the understory is thick with shrubs 
(California Department of Fish and Wildlife’s Wildlife Habitat Relationships Live 
History Account B430). I have mapped the locations of yellow warbler nests, none of 
which were located in open-canopy riparian woodland. And in fact, the Atriplex-
Tamarisk thickets along the railroad tracks of the project site appear to me to be suitable 
for yellow warbler, and even more suitable would be the riparian vegetation along the 
New River.  
 
Second, the Response contrives a false distinction between nesting habitat and other 
alleged types of habitat. Habitat is habitat. Within habitat there exists opportunities for 
breeding, foraging, travel and refugia, including opportunities for stop-over and staging. 
There is no functional type of habitat that would satisfy the needs of an animal, or that is 
more important that everything else the animal requires of its habitat. The County 
conveys the false notion that projects can take every other part of a species’ habitat 
without causing an impact, so long as breeding sites are left alone.  No species can breed 
without sufficient forage, non-breeding season refugia and sufficient opportunity for 
safe travel. It is not credible that a biologist can determine from a day of 
reconnaissance-level survey that a special-status species is unlikely to occur at a site 
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because the site lacks what the biologist expects of the species’ need in support of 
breeding.  
 
For example, the Chambers Group biologists who visited the site would not have found 
habitat elements that would indicate a likelihood for ferruginous hawk to breed on the 
project site, because ferruginous hawks do not breed at the site, but rather far to the 
north. But ferruginous hawks, which are known to the immediate vicinity of the project 
site, cannot successfully breed up north unless they find sufficient forage in their 
wintering areas including the immediate vicinity of the project site.  
 
The same is true of the wintering population of burrowing owls, which breed as far 
north as Alberta but which migrate to the project area over the winter months. Many 
burrowing owls in the project area are likely year-round residents, but it is likely that 
even these owls shift locations in a density-dependent fashion between breeding areas in 
spring and non-breeding areas in fall and winter (Smallwood, unpublished data; see 
Figure 4). In other words, even the resident burrowing owls require more than just the 
habitat in which they breed. Burrowing owls must be able to rest the food supplies in 
their breeding areas by seasonally moving into other portions of their habitat. They also 
need to be able to escape their parasite and predator loads. All of their habitat is of vital 
importance to successful breeding, even where their habitat is not where they breed. 
 
Figure 4. Density-dependent 
change in burrowing owl density 
among 46 sampling plots of 
roughly 40 to 60 ha each between 
the 2011 breeding season and the 
subsequent winter season, 
Altamont Pass Wind Resource 
Area, California.  These sampling 
plots were selected randomly from 
a 16,760-ha study area within 
which breeding owls were free to 
move throughout. 
 
 
 
 
 
 
 
Responses F B-5 and F.18 and F.20c This comment also mentions the use of eBird 
as data to be utilized for species that may be present in a project area. Data from eBird 
contains crowdsourced entries from hobby birders and naturalists as opposed to data 
reported to CNDDB, which is obtained by biological consultants, CDFW and other 
agency biologists, academics, researchers, and conservation groups such as CNPS and 
others. While eBird records can be useful as a general overview, it is important for these 
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results to be interpreted by a qualified biologist who is familiar with the conditions on 
the site in question and who is assessing whether significant life history events would 
take place at a particular site for a particular species. As such, this comment does not 
otherwise present new information regarding biological resources that are already 
disclosed and analyzed in the Draft EIR.  
 
Reply: CNDDB can be useful for confirming species’ presence where earlier surveys 
were completed and their results reported to CNDDB. Otherwise, it is inappropriate to 
use lack of CNDDB records in support of absence determinations or to rank species as 
having low occurrence likelihoods. CNDDB was not designed to support absence 
determinations, or to screen out species from characterization of a site’s wildlife 
community, or to rank species for occurrence likelihood. As noted by CNDDB, “The 
CNDDB is a positive sighting database. It does not predict where something may be 
found. We map occurrences only where we have documentation that the species was 
found at the site. There are many areas of the state where no surveys have been 
conducted and therefore there is nothing on the map. That does not mean that there 
are no special status species present.” The DEIR misuses CNDDB. 
 
CNDDB relies entirely on volunteer reporting from biologists who were allowed access 
to whatever properties they report from. Many properties have never been surveyed by 
biologists. Many properties have been surveyed, but the survey outcomes never reported 
to CNDDB. Many properties have been surveyed multiple times, but not all survey 
outcomes reported to CNDDB. Furthermore, CNDDB is interested only in the findings 
of special-status species, which means that species more recently assigned special status 
will have been reported many fewer times to CNDDB than were species assigned special 
status since the inception of CNDDB. The lack of many CNDDB records for species 
recently assigned special status had nothing to do with true geographic distributions. 
And because negative findings are not reported to CNDDB, CNDDB cannot provide the 
basis for estimating occurrence likelihoods, either.  
 
The Response defends the DEIR’s inappropriate use of CNDDB by disparaging eBird as 
a crowdsourced data base that can be interpreted by professionals. As a professional 
biologist, I am perfectly capable of interpreting eBird, which I concur comes with its 
own suite of weaknesses. For one thing, eBird is itself a positive-sighting database. A 
strength, however, is its much greater volume of records and its coverage of many more 
properties as compared to CNDDB. Those reporting to eBird are people who can readily 
see birds on or over many private properties, and participants are not confined to 
reporting their sightings of whichever species happen to carry special status at the 
moment; they can and do report all species of birds regardless of status at the moment. 
 
Postings to eBird also demonstrate scientific rigor and are supported by substantial 
evidence because they pass through a data input filter and then are reviewed by experts 
at Cornell University Laboratory of Ornithology. Postings to iNaturalist are also 
reviewed, and experts on the species send queries or make recommendations to those 
posting the animal observations. Documentation of observations are also often provided 
in the form of photographs, audio spectrograms, and written notes, so any expert user of 
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the data bases can exercise their own reasonable judgement about the veracity of the 
records – judgement I routinely exercise. Overall, accuracy has been high and 
sufficiently trustworthy to have resulted in a large and growing list of papers published 
in the peer-reviewed scientific literature. Through 2022, 818 peer-reviewed papers had 
been published from analyses of eBird data over the past two decades (https:// 
ebird.org/science/research-and-conservation/ publications).  
 
If the DEIR is to meet CEQA’s objectives of accurately informing the public and 
decision-makers of the existing environmental setting of potential project impacts, then 
it needs to make use of all the appropriate sources of information about species 
occurrence likelihoods, including eBird and iNaturalist. 
 
Response F.21a This comment states that the Draft EIR must be revised and 
recirculated to provide complete and accurate baseline data to determine project 
impacts; however, the baseline data included in the Draft EIR is typical of what is 
expected by wildlife agencies and sufficient to assess the potential for special status 
species and potential impacts to biological resources, specifically for significant life 
history events.  
 
Reply: Wildlife agencies compose only a fraction of the audience of CEQA review 
documents. The DEIR’s principal audiences are the political body of decision-makers 
and the public, of which the wildlife agencies are valued members. The standard for 
characterization of the existing environmental setting should not be what is “typical of 
what is expected by wildlife agencies,” but rather what is sufficiently informative to the 
decision-makers and to the public about the wildlife and plant communities that use the 
site, and especially about the special-status species that either potentially occur or are 
known to occur at the site.  Without a sufficiently accurate characterization of the 
existing environmental setting, there exists no trustworthy baseline against which to 
analyze habitat loss, collision mortality and other potential impacts of the project. 
 
Response F.21b Species may be found present on the project during construction 
while moving/foraging; however, biological avoidance and minimization measures 
(BIO-1 through BIO-4) presented in the Draft EIR account for these potential 
occurences and with implementation, any potential impacts would be considered less 
than significant.  
 
Reply: Species might be found on the project site during construction for any number 
of reasons including because they live there. This said, the avoidance and minimization 
measures would not prevent permanent loss of habitat and subsequent collision 
mortality to many of the species at issue. For example, BIO-1 through BIO-4 would do 
nothing to prevent collision mortality to 35 of the species in Table 3 of my comment 
letter, all of which have been documented as fatalities caused by utility-scale solar PV 
projects. 
 
Response F B-3 This comment describes the general conditions of the site as 
described by Dr. Smallwood following his reported visit to the site in February 2022. 
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This section also discusses a “Habitat Restoration” sign posted west of the site, not 
mentioned in the Draft EIR. Chambers Group did document and is aware that a 
restoration site is located near the project. As described in the Draft EIR, no direct 
impacts will occur to areas located outside of the project site. In addition, indirect 
biological impacts to adjacent/nearby habitat were analyzed in the Draft EIR including 
noise levels, introduction of invasive and nonnative species, increase in human activity, 
and increase in dust. As discussed in the Draft EIR, implementation of biological 
avoidance and minimization measures (BIO-1 through BIO-4) would reduce potential 
impacts to a less than significant level.  
 
Reply: I checked again for any mention of habitat restoration in progress at the north 
end of the Brawley Wastewater Treatment Plant. I found no mention of it in the DEIR. I 
found no photographs of it, and I found no inclusion of it on any of the maps provided in 
the DEIR. I could find no public record that supports the County’s Response that 
Chambers Group documented the habitat restoration, or that Chambers Group analyzed 
potential project impacts to this in-progress Habitat Restoration project. The Habitat 
Restoration project appears to have some connection to the California Department of 
Transportation (Photo ), but there is no explanation of this in the DEIR. 
 
Photo 26. Another sign on the 
Habitat Restoration project site 
adjacent to the site of the proposed 
project indicates a connection to the 
California Department of 
Transportation. I have seen no 
analysis of potential project impacts 
to this Habitat Restoration project, 
which appears to have been initiated 
to mitigate environmental damage 
caused by a borrow pit. 
 
 
 
 
 
 
 
 
 
If the volant wildlife that make use of the neighboring restored habitat are later lured to 
the PV panels of the project, or if volant wildlife traverse the project on route to foraging 
areas, then these same volant wildlife will be vulnerable to collision mortality with the 
project’s PV arrays or other infrastructure. These impacts would not be avoided or 
minimized by measures BIO-1 through BIO-4, which do not address collision impacts. 
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Response F B-4 This comment describes the wildlife species Dr. Smallwood reports 
observing during his reported visit to the site. No comment was made in this section; 
however, please see Response F-20 of the Adams Broadwell Joseph & Cardozo on Behalf 
of Citizens for Responsible Industry (“Citizens”) letter, which details the purpose of the 
biological assessment conducted for the project. Special status species may utilize the 
project site or habitat adjacent to the project site; therefore, avoidance and 
minimization measures (BIO-1 through BIO-4) were proposed and will be implemented 
to reduce potential impacts to a less than significant level.  
 
Reply: Contrary to the Response, the section of my letter that the County identifies as  
F B-4 provides substantial comments, including the summary comment, “The site is rich 
in wildlife species, and is heavily trafficked by both terrestrial and volant animals.” My 
comments include a list of species I detected on site during my first survey effort, as well 
as photos of species I saw there. They include activities the animals were engaged in, 
including activities that would contribute to collision mortality should the PV panels be 
installed as proposed. For example, predatory birds prompted thousands of blackbirds 
to take to the air in murmurations; all of these birds were focused on evading the 
predator and would therefore likely be too distracted to notice the PV arrays. 
 
The response understates the likelihood of occurrence of special-status species of 
wildlife. Contrary the wording of the response, there is no question that special-status 
species occur at the project site, as they have been documented there and they have been 
documented all around the site. In fact, the site occurs within an area that National 
Audubon Society has designated as an Important Bird Area (IBA). The immediate IBA 
in which the site is situated is known as the Imperial Valley IBA, which is immediately 
adjacent to the Salton Sea IBA. According to Audubon Society (https:// 
www.audubon.org/iba), “The Imperial Valley, located in extreme southeastern 
California between the Salton Sea and the U.S.-Mexico border, is one of the premiere 
winter birding spots in the country.” And, “Between 30-40% of the global population of 
Mountain Plover winters within the Imperial Valley, almost exclusively in agricultural 
fields. Gila Woodpecker maintains its only California population away from the 
Colorado River in the Brawley area, and over 70% the state's Burrowing Owls are found 
here (http://www2.ucsc.edu/scpbrg/owls.htm).” At least two books have been written 
about the wildlife of the Salton Sea region (Patton et al. 2003, Shuford and Molina 
2004), both describing an unusually high bird species richness under unusually high 
threat of environmental catastrophe.  
 
Many of the bird species that occur in the Imperial Valley and Salton Sea IBAs are 
pelicans, cormorants, shorebirds, wading birds, waterfowl, gulls and terns that stopover 
in the Imperial Valley IBA during their migration to breeding areas in the Salton Sea 
IBA (Shuford et al. 2002, Lyons et al. 2018). These birds, many of which occur in 
disproportionately larger numbers in these two IBAs than they do throughout the rest of 
California, engage in the very behaviors that have resulted in large numbers of collisions 
with utility-scale solar projects due to the Lake Effect (Smallwood 2022). For many of 
these species, stopping over means landing on or around bodies of water, which 
expansive arrays of solar panels resemble from the air. If the project goes forward as 
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proposed, then many of these birds are likely to attempt landings on the solar panels, 
and many that try this will never make it to their breeding areas. And as the Salton Sea 
continues to dry down, many more of these birds are likely to be attracted to the false 
lake of the project’s solar panels. The project would likely remove many birds from 
breeding populations in the Salton Sea IBA. 
 
Response F B-6 This comment discusses the fact that one survey will not result in the 
detection of all species that may occur in the area and/or visit the site in question. 
Please see response F-20 and F-21 of the Adams Broadwell Joseph & Cardozo on Behalf 
of Citizens for Responsible Industry (“Citizens”) letter. The baseline data inluded in the 
Draft EIR is typical of what is expected by wildlife agencies and sufficient to assess 
potentials for special status species and potential impacts to biological resources, 
specifically for significant life history events.  
 
Reply: As was the case earlier, the Response gives the impression that the County 
perceives its audience as wildlife agencies, and not the County Supervisors or the public. 
Achieving CEQA’s objectives does not hinge on satisfying what is typically expected of 
the wildlife agencies, whatever that expectation might be. But what are the wildlife 
agencies’ expectations? I cannot speak for the wildlife agencies, but I can draw some 
inferences from their actions.  
 
One such action is the formulation of protocol-level detection surveys, which suggests 
that the wildlife agencies expect rigorous survey efforts in support of any absence 
determinations of special-status species. For example, where burrowing owl habitat 
exists, CDFW (2012) expects the implementation of their survey guidelines. According 
to the DEIR (page 3.5-19), there is a high likelihood of occurrence of burrowing owl. 
Therefore, the CDFW would expect that their 2012 survey guidelines would be 
implemented. They were not. In fact, detection surveys were implemented for no 
special-status species of wildlife. 
 
Another such action is the inclusion of caveats that the California Department of Fish 
and Wildlife attaches to its CNDDB website to warn against inappropriate use of 
CNDDB such as to make absence determinations. Despite the caveats, the DEIR relies 
on CNDDB records or absence thereof to rank species for occurrence likelihoods. It does 
not appear to me that the DEIR met CDFW’s expectations for how CNDDB should be 
used to assist with the characterization of the environmental setting. 
 
A third such action is the agencies’ development of their own lists of what they consider 
to be special-status species, presumably for the reason that they wish for these species to 
be considered in analyses that are completed as part of environmental review. Instead of 
being considered, however, the Response to my comments is an argument that these 
very lists developed by the agencies are expected to be ignored in CEQA review. 
 
But what of the reconnaissance-level survey itself?  No guidance is available for how the 
agencies expect surveys to be performed for wildlife, but there is guidance available for 
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plants. The CDFW (2018) guidelines for reconnaissance surveys for plants outline the 
following expectations (standards): 
 
Qualifications 

1. Knowledge of plant taxonomy and natural community ecology 
2. Familiarity with plants of the region, including special status plants  
3. Familiarity with natural communities of region, including sensitive natural 

communities 
4. Experience with the CNDDB, BIOS, and Survey of California Vegetation 

Classification and Mapping Standards  
5. Experience conducting floristic botanical field surveys as described in this 

document, or experience conducting such botanical field surveys under the 
direction of an experienced botanical field surveyor 

6. Familiarity with federal, state, and local statutes and regulations related to plants 
and plant collecting  

7. Experience analyzing the impacts of projects on native plant species and sensitive 
natural communities  

Survey Preparation 
1. Compile relevant botanical information in the general project area to provide a 

regional context, i.e., data base review, and to generally identify vegetation and 
habitat types potentially occurring in the project area based on biological and 
physical properties (e.g., soils) of the project area 

2. Develop list of special status plants and sensitive natural communities with 
potential to occur within the vegetation and habitat types identified (special 
status plants and sensitive natural communities in a project area may not be 
limited to those on the list) 

Survey Design 
1. Survey extent should cover entire project area, including areas that will be 

directly or indirectly impacted by the project, and adjoining properties 
2. Use systematic field techniques, e.g., parallel transects, in all habitats of the 

project area to ensure thorough coverage 
3. Survey at the times of year when plants will be both evident and identifiable, 

usually during flowering or fruiting 
4. Space (multiple) survey visits throughout the growing season to accurately 

determine what plants exist in the project area 
5. When special status plants are known to occur in the type(s) of habitat present in 

a project area, observe reference sites to determine whether those plants are 
identifiable at the times of year the surveys take place; Describe reference site(s), 
if visited, and phenological development of special status plant(s) at those 
reference sites 

Survey Methods 
1. Identify names and qualifications of botanical field surveyor(s)  
2. Dates of surveys (indicating the botanical field surveyor(s) that surveyed each 

area on each survey date), and total person-hours spent  
3. Discuss survey preparation methodology 
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4. List special status plants and sensitive natural communities with potential to 
occur in the region; identify all taxa to level necessary to determine whether they 
are special status  

5. Describe and map the area surveyed relative to the project area  
Reporting 

1. Describe the proposed project 
2. Discuss all adverse conditions in the botanical survey report 
3. Document all plant taxa observed 
4. Detailed data and maps for all special status plants and sensitive natural 

communities detected  
5. Report specific geographic locations where the special status plants and sensitive 

natural communities were found, usually via GPS 
6. Site-specific characteristics of occurrences, such as associated species, habitat 

and microhabitat, structure of vegetation, topographic features, soil type, texture, 
and soil parent material. If in wetland, describe direction of flow and integrity of 
surface or subsurface hydrology and adjacent off-site hydrological influences as 
appropriate  

7. The number of individuals in each special status plant population as counted (if 
population is small) or estimated (if population is large)  

8. Percentage of each special status plant in each life stage such as seedling, 
vegetative, flowering, and fruiting  

9. Density of special status plants  
10. Digital images of special status plants and sensitive natural communities in the 

project area, with diagnostic features  
11. Detailed map of the project area that identifies topographic and landscape 

features and includes a north arrow and bar scale 
12. Vegetation map of project area using Survey of California Vegetation 

Classification and Mapping Standards at thematic and spatial scale that allows 
the display of all sensitive natural communities  

13. Soil map of the project area  
14. Describe biological setting, including all natural communities, geological and 

hydrological characteristics, and land use or management history  
15. Discuss potential for a false negative botanical field survey  
16. Discuss how climatic conditions may have affected survey results  
17. Discuss how survey timing may affect comprehensiveness  
18. List references used, including persons contacted and herbaria visited  

 
Some of these expectations, or standards, are redundant, and they could be better 
organized, but they do convey what CDFW expects of these surveys. Survey timing and 
spacing of surveys in space and time are expectations, as are use of reference sites (I 
realize that these guidelines pertain to plants, but sound scientific survey design would 
also require survey of reference sites for wildlife.) Expectations include the reporting of 
the circumstances of species’ detections such as behaviors, demography, relative 
abundance, photographic recording of evidence of detections, a map of where 
individuals were detected, and discussion of the uncertainties associated with the 
findings. These expectations are not met in the DEIR. 
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In defending the wildlife inventory presented in the DEIR as definitive of the existing 
environmental setting, the Response neglects to address Figure 1 of my comment letter 
and how the pattern in the graph predicts more species to be detected with greater 
survey effort. Not a word is said in direct Response to Figure 1 and its implication. My 
survey outcomes reveal cumulative numbers of wildlife species detected as functions of 
survey time that exceed the upper bound of the 95% CI (Figures 1 and 2 herein), 
indicating that the Brawley Solar project site is perhaps the most species-rich I have 
surveyed in the County. Loss of habitat resulting from this project would cause 
significant adverse impacts to many species of wildlife, including many species that have 
yet to be documented on the project site due to insufficient survey effort. 
 
Response F B-7a This comment states that additional surveys would result in more 
wildlife species observations and includes data from research of a site near Sacramento, 
California. We agree that more  surveys could result in additional species observations. 
It should also be noted that different survey locations, even throughout California, may 
include a variety of habitat types that will in turn influence the types and number of 
species that occur there. Therefore, it is unlcear if the data included in the research for 
the City of Sacramento would apply to this project site.  
 
Reply: That the site near Sacramento differs environmentally from the area of the 
project site is relatively unimportant to the performance of the analytical bridge I used 
as an indicator-level tool to predict the number of vertebrate species that make use of 
the project site over the term of a year or longer. What matters most to the performance 
of the analytical bridge is that (1) the total number of species making use of each site is 
similar, and (2) the pattern in the rate of new species detections with increasing survey 
time is similar between the sites. I must also note that the Response conflates my 
examples of the pattern, one from a project site near Sacramento (hereafter referred to 
as Rancho Cordova) and the other from a research site in the Altamont Pass Wind 
Resource Area. In fact, the reason I used these two sites to exemplify the pattern of 
interest was also to exemplify the robustness of the pattern. To help explain the 
approach to the County, I herein provide additional graphics and consideration of 
additional sites that I surveyed repeatedly for at least one year. 
 
I used my data from the Altamont Pass as the source of my analytical bridge in my 
comment letter because these data were by far the most robust of all the data I 
accumulated from many surveys across California. In the Altamont Pass, I had 
completed repeat surveys at 46 stations (46 sites), and at each of these 46 sites I fit a 
nonlinear regression model. I took the mean and 95% confidence interval for each 
incremental hourly increase in survey effort among the 46 sites across my research area, 
as explained in my comment letter. Herein, however, I also compare model-predicted 
numbers of species detected at a species-rich site along the American River in Rancho 
Cordova, California, and at a relatively more species-poor site in a xeric environment in 
Bakersfield, California (Figure 5). I chose the Rancho Cordova site to represent a 
species-rich environment, and I chose the Bakersfield site to represent the species 
richness one should expect of a very different, xeric and highly disturbed site. The same 
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model structure best fit to the data from both the Rancho Cordova and Bakersfield sites; 
all that differed were the estimated coefficients of the model. The coefficient of 
determination (r2) value for the model that best fit to the Rancho Cordova data was 
0.99, and the r2 value for the model that best fit to the Bakersfield data was 1.00. Model 
fits do not get better than these. 

Figure 5. Empirical model-predicted cumulative numbers of vertebrate species 
detected with increasing numbers of person-hours of survey time at a species-rich 
Rancho Cordova site, the mean from 46 sites in the Altamont Pass, and at a xeric, 
highly disturbed site in Bakersfield. Model predictions at these reference sites are 
compared at two scales, one to 600 person-hours of survey effort (left graph) and one 
to 50 person-hours of survey effort (right graph). Green vertical lines depict specific 
levels of survey effort at which the number of species found (or hypothetically found) 
at the project site can be bridged to the number of species predicted to be found at the 
reference sites, which are then expressed as proportions of the model-predicted 
asymptotes. 
 
Species richness at the Rancho Cordova site was substantially greater that at my 
research site in the Altamont Pass and the Bakersfield site (Figure 5). The main 
difference in richness between the Altamont Pass and the Bakersfield site was the initial 
higher rate of species detections at the Bakersfield site. But what do these differences 
and similarities mean to performance of the analytical bridge? I detected 52 species of 
vertebrate wildlife at the Brawley Solar project site in 5.83 hours of survey, but I 
detected 27 species after the first hour on the morning of the 4th of February 2022. 
Bridging 27 species in an hour to the Rancho Cordova data, I predict that many more 
repeat surveys through the year would reveal 27

0.14� = 193 species of vertebrate 
wildlife at the site (the denominator is the value under 1 hr on the right side of the 
rightmost graph in Figure 5). Bridging 27 species in an hour to the Altamont Pass data, I 
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predict that many more repeat surveys through the year would reveal 27
0.107� = 252 

species of vertebrate wildlife at the site. Bridging 27 species in an hour to the Bakersfield 
data, I predict that many more repeat surveys through the year would reveal 27

0.242� =
112 species of vertebrate wildlife at the site. Repeating this exercise for 5 hours of 
survey, and using the model prediction of the number of species I would have detected 
after 5 hours of survey (see Figure 1 of my comment letter), the models in Figure 3 
predict 125, 201, and 86 when bridged to data from Rancho Cordova, the Altamont Pass 
and Bakersfield. Repeating the exercise for 20 hours of survey yields predictions of 131, 
200, and 117 when bridged to data from Rancho Cordova, the Altamont Pass and 
Bakersfield. Average predictions among the three sites increased from 150 species to 171 
species with survey time from 1 hour to 20 hours. Average predictions among the three 
survey times were 137 at Bakersfield, 149 at Altamont Pass, and 186 at Rancho 
Cordova.3 Predictions differ among these analytical bridges by survey time and site, but 
none of the predictions were as small a number as the 40 species detected 
by Chambers Group. The lowest prediction was from the analytical bridge to data 
from Bakersfield, which I did not use in my comment letter, but it was still more than 
twice the number of species detected by Chambers Group. However, the mean 
prediction from the Bakersfield data was 137 species, which was 97 species greater than 
what was found by Chambers Group. Due to its pattern of species richness most closely 
matching that of the Brawley Solar site (Compare the patterns in Figure 5), the most 
appropriate bridge was to the data from Rancho Cordova (again, this site is referred to 
as Sacramento in my comment letter), where the mean prediction from the analytical 
bridge was 186, or 146 (365%) more species than found by Chambers Group. 
 
As I reported, 13 (25%) of the 52 species I detected at the project site were special-status 
species. Assuming this percentage applies to the predicted number of 186 species, then I 
also predict that 47 special-status species of wildlife occur at the project site at one time 
or another. After three survey efforts, he number of special-status species detected on 
site has already reached 50% of this predicted number. However, considering the close 
proximity of many of the special-status species listed in Table 3 of my comment letter, I 
predict that 88 special-status species occurring at the site would be more realistic. 
 
Response F B-7b Regardless of the data presented, as noted in detail in response F-
20, F-21, and F-52 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for 
Responsible Industry (“Citizens”) letter, the baseline data inluded in the Draft EIR is 
typical of what is expected by wildlife agencies and sufficient to assess potentials for 
special status species and potential impacts to biological resources, specifically for 
significant life history events. A majority of the habitat on site is non-native 
and of low value to most special status wildlife species due to disturbance. 
[Bold-italic font added for emphasis by K. S. Smallwood.] In addition, native vegetation 
present along jurisdictional features and within the railroad right-of-way will be 

 
3 The Rancho Cordova model predictions were probably biased low, however, because several of the last surveys I 
performed there were deliberately surveyed at the worst times of day for wildlife detection in order to test a 
hypothesis about the effect of time of day on wildlife species detections. 
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avoided. However, special status species may utilize the project site or habitat adjacent 
to the project site; therefore, avoidance and minimization measures (BIO-1 through 
BIO-4) were proposed and are required to be implemented to reduce potential impacts 
to a less than significant level.  
 
Reply: Although much of the project site’s vegetation might be non-native and much of 
it is disturbed, the site is obviously of high value to the species of wildlife that were 
detected there by Chambers Group and myself. Again, habitat is defined by species’ use 
of the environment. Species detected on the project site are there because the site 
provides habitat. Some of the species detected on site might be there because of the non-
native vegetation or because of the nature of the disturbances to soils and plants. The 
Response provides no specifics on how the determination of low habitat value derives 
from non-native plants and disturbance, nor does the Response explain what is meant 
by disturbance. The Response is too generalized and it inaccurately assumes that non-
native vegetation and “disturbance” adversely affect all species of wildlife. 
 
Response F B-8a This comment discusses the fact that additional surveys would 
result in more wildlife species observations. Dr. Smallwood also states that he thinks he 
detected a listed species (tricolored blackbird). The observation is uncertain because he 
was unable to be certain this species was within the flock of birds he observed.  
 
Reply: Yes, I regard my observation of tricolored blackbirds as uncertain. Because 
these blackbirds flew low and fast over the project site, I struggled to obtain a species 
identification that I could be certain of, and my photos could not help me due to poor 
focus caused by the camera’s censors getting confused by background terrain and 
vegetation. It is my habit, by training, to report my uncertainty associated with field 
observations that were not entirely certain. I noticed that Chambers Group (2021) 
reported no such uncertainty associated with any of the wildlife species listed in their 
Appendix C – Wildlife Species List. This is not realistic. 
 
According to Chambers Group (2021), “All wildlife and wildlife signs observed and 
detected, including tracks, scat, carcasses, burrows, excavations, and vocalizations, were 
recorded.” One should use all means to detect the presence of wildlife species when 
performing a wildlife survey, although it would have been more informative had 
Chambers Group noted how each species was detected. It also would have been more 
informative to clearly state thresholds of evidence used to determine each species’ 
presence, as well as how detections are managed in the face of uncertainty. Chambers 
Group (2021) includes no explanation of whether calls faintly heard or of uncertain 
origin resulted in species detections, nor do they explain what became of obscure tracks 
or scats or burrows outside the experience of the biologists.4 No standard is reported for 

 
4 Statements of uncertainty should be reported for cases of uncertain species identification. Such a statement can 
also take the form of reporting the animal to a higher level of taxonomy such as the Genus or Family. Animals 
flying over the project site should be counted as making use of the site, because that part of the aerosphere used by a 
species is part of the species’ habitat. Animals, especially birds, bats and volant arthropods, should be regarded as 
present on the site even if they were only seen offsite but nearby during the survey, because surveys are brief and the 
animals at issue can easily, and most likely do, make use of the site at times when the observer is not there to see it. 
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whether volant wildlife seen flying over the project site were regarded as present, or 
whether or how flight altitude factored into determinations of presence.2 No standard is 
reported for animals detected a few meters off the site, or for how far off site was too far 
to be counted as present.2 No standards are reported of how uncertainty was managed, 
which is important because uncertainty is common to wildlife surveys. Chambers 
Group’s reporting gives the impression that there was no uncertainty, which is 
unrealistic. 
 
Response F B-8b ... Dr. Smallwood reported observations of 13 special status species. 
This list was reviewed by a qualified Chambers Group biologist. Other than tricolored 
blackbird, which is not confirmed present, none of the remaining 12 species are listed as 
endangered, threatened, or rare by federal or state governements. Five of the 13 species 
are SSC species; however, no nesting or wintering habitat is present on the project site 
and therefore, these species would only be found flying over or foraging on the project 
site. However, special status species may utilize the project site or habitat adjacent to 
the project site; therefore, avoidance and minimization measures (BIO-1 through BIO-4) 
were proposed and are required to be implemented to reduce potential impacts to a less 
than significant level.  
 
Reply: Flying over or foraging on the site are opportunities that are just as important to 
the species at issue as nesting or wintering. After all, no bird can successfully nest 
without safely flying over the open space it needs to fly over nor without finding 
sufficient forage during both the nesting and non-nesting seasons. The flyover space 
would become dangerous to birds after solar arrays are inserted into it (Smallwood 
2022).  
 
The Response assigns ecological functions to habitat for the purpose of dividing habitat 
into unrealistic functional parts, such as between breeding habitat versus foraging 
habitat. Primacy is assigned to breeding habitat, which often can be said not to exist on 
the project site. In reality, all parts of an animal’s habitat are essential to breeding 
success, regardless of where nest substrate is available. Animals unable to find sufficient 
forage, refugia, or travel opportunities are just as unable to reproduce as those unable to 
find sufficient nest-site opportunities. Per the precautionary principle of risk analysis 
and consistent with the habitat concept, CEQA review should be based on the broadest 
of available habitat characterizations, which should be interpreted on the whole rather 
than contrived functional parts. Any detections of a species on or over a site, regardless 
of time of year, should be interpreted as that species’ use of habitat, any part of which is 
critical to breeding success. 
 
The Response assigns the burden of proof to determinations of potential presence of 
special-status species, whereas the burden of proof is supposed to be to determinations 
of species absence. Any “qualified biologist” should know this, as the Precautionary 
Principle in risk analysis has been around for decades, and because this is the main 
reason that protocol-level detection surveys have been formulated for special-status 
species. One is supposed to assume presence of a special-status species until absence 
has been proven. 
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Response F B-9 This comment notes that the assessments made for the potential for 
special status species occurences were insufficient. Many types of human disturbance 
causes a reduction in species diversity, particularly those species that are not tolerant of 
human presence. On the other hand, common species will utilize a wider variety of 
habitat types and do tolerate human presence. A biological reconnaisance survey 
identifies habitats present on the project site, compares those habitat types with those 
required for special status species that may occur in the project area, and then 
determines the potential for those species to occur, as was done for this project. Please 
see responses F-19 and F-20 of the Adams Broadwell Joseph & Cardozo on Behalf of 
Citizens for Responsible Industry (“Citizens”) letter for additional details on the 
biological assessment process.  
 
Reply: The approach outlined in the Response relies on an accurate map of vegetation 
complexes and an accurate crosswalk between the vegetation categories and “habitat” of 
each species of wildlife. If the approach outlined in the Response was scientifically 
defensible, then there would be no need for the resource agencies or anyone else to 
formulate protocol-level detection surveys. That protocol-level detection surveys exist, 
and that more of them continue to be developed, suggests that the approach outlined in 
the Response is, in fact, unreliable. But what did Chambers Group (2021) report of their 
accuracy of vegetation maps and habitat characterizations of each species?  
 
Figure 4 of Chambers Group (2021) depicts hard-bounded patches of ground cover 
categorized as Agricultural, Arrow Weed Thicket, Bareground, Bush Seepweed Scrub, 
Developed, Disturbed, Ornamental, Quail Bush Scrub, and Tamarisk Thickets. Are these 
categories accurate? What is mapped as Agricultural was mostly, and more specifically, 
alfalfa and hay, which is significant because alfalfa and hay are crops that attract wildlife 
(Smallwood and Geng 1993, Smallwood et al. 1996). What is mapped as Tamarisk 
Thickets is actually mostly Atriplex with a few Tamarisk in the mix. What is mapped as 
Bareground is actually agricultural row crops. Some of what is mapped as Disturbed is 
actually covered by Sueda sp., which I know from experience is often associated with 
kangaroo rats (In fact, burrows of kangaroo rats occurred amid the Sueda on site.) None 
of the trees I saw on the site are mapped in Figure 4. The mapped categories are not very 
accurate and a few of them are especially inaccurate in their meaning to wildlife. 
 
Figure 4 of Chambers Group (2021) implies an unrealistic exactness to the bounded 
patches of ground cover. Chambers Group (2021) reports no standards or decision rules 
for how the boundaries were decided. Nor does Chambers Group (2021) discuss 
whether or how wildlife might perceive the mapped boundaries or the categories 
assigned to patches of ground cover. There is no reporting of ground-truthing to assess 
accuracy, and no effort to validate the associations alleged between wildlife and mapped 
ground covers. Nothing is reported of the emergent properties of the mix of ground 
covers on the site and what it means to wildlife. The reader is expected to accept at face 
value a map depiction of the existing environmental setting and Chambers Group’s 
(2021) assignments of special-status species to the hard-bounded polygons that are 
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shown on the map. This map is not as informative as it needs to be, and in my 
assessment based on what I saw of the site, it is misleading. 
 
Only for three species – burrowing owl, mountain plover and loggerhead shrike – does 
Chambers Group (2021) characterize typical habitat. For most of the wildlife species at 
issue, there is no reporting of their habitat associations nor of how these habitat 
associations fail to comport with the existing environmental setting. Did the two 
Chambers Group biologists carry with them a check-sheet of habitat elements needed by 
each potentially-occurring special-status species? Or did they have the presence of mind 
to assess habitat for each species while on site? The reporting fails to inform of exactly 
how the approach outlined in the Response was implemented. 
 
Response F B-10 This comment continues from the previous comment, stating that 
special status species were observed on the project by Dr. Smallwood, that were 
previously identified as absent (specifically a bird). Although some of the special status 
bird species were determined to be absent from the site because nesting habitat was not 
present on site for that particular species, some of those birds may utilize the project site 
or habitat adjacent to the project site for other purposes; therefore, avoidance and 
minimization measures (BIO-1 through BIO-4) were proposed and are required to be 
implemented to reduce potential impacts to a less than  significant level. Please see 
responses F-19 and F-20 of the Adams Broadwell Joseph & Cardozo on Behalf of 
Citizens for Responsible Industry (“Citizens”) letter for additional details on the 
biological assessment process.  
 
Reply: See my replies to Response F B-8b.  I saw a yellow warbler, which is a species 
that the approach outlined in the previous Response led to a determination that yellow 
warbler is absent from the project site. Yellow warbler is confirmed present, thereby 
casting doubt on the approach used by Chambers Group (2021) to assign species 
occurrence likelihoods.  
 
Response F B-11 This comment continues from the previous comments, stating that 
special status species known to occur near the site, may also occur on the project, with 
the focus on birds. Special status species, many of which may only fly over the site, may 
utilize the project site or habitat adjacent to the project site; therefore, avoidance and 
minimization measures (BIO-1 through BIO-4) were proposed and will be implemented 
to reduce potential impacts to a less than significant level. Please see responses F-19 and 
F-20 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible 
Industry (“Citizens”) letter for additional details on the biological assessment process.  
 
Reply:  Again, mitigation measures BIO1 through BIO-4 would do nothing to prevent 
birds from attempting to use the same portion of the aerosphere that they have used 
over thousands of years. The aerosphere is habitat (Kunz et al. 2008, Davy et al. 2017, 
Diehl et al. 2017). That birds continue to attempt to use this portion of their habitat after 
solar arrays are installed is amply in evidence by ≥192 bird species represented by 
fatalities of utility-scale solar projects so far (Smallwood 2022). 
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Following my second survey of the project site in February 2023, I updated Table 3 of 
my comment letter. Of the 88 special-status species in Table 3, 23 (26%) have been 
confirmed on site by survey visits, 49 (56%) have been documented within 1.5 miles of 
the site (‘Very close’), 1 was documented within 1.5 and 3 miles of the site (‘Nearby’), and 
another 15 (17%) were documented within 30 to 50 miles or so (‘In region’).  Of the 
species in this Table, an astonishing 73 (83%) have been documented within 3 miles of 
the site, and an even more astonishing 72 (82%) have been documented within only 1.5 
miles of the project site. Of these 72 species known to occur within 1.5 miles of the site, 
Chambers Group (2021) detected 7 (<10%) during their one survey effort, having grossly 
under-sampled for special-status species. The DEIR should not convey the impression 
that the species reportedly found by Chambers Group completely represented the 
species available to be found, because they did not. 
 
Of the 8 special-status species that Chambers Group (2021) determines as absent and 
which appear in my Table 3, I found 1 (yellow warbler) on site and 6 have been reported 
within 1.5 miles of the project site. Of the 3 species Chambers Group determines to have 
low occurrence potential, 1 was found within 1.5 miles of the site and another was found 
within 3 miles. Of the 2 species Chambers Group assigns high potential, I found 1 
(burrowing owl) on site and the other has been documented within 1.5 miles. However, 
the majority of the special-status species in Table 3 have been neglected by Chambers 
Group (2021) and the DEIR. 
 
Response F B-12 This comment notes that additional data was not collected from 
sources such as eBird. As is typical for biological reconnaisance-level surveys, biologists 
used data reported to CNDDB (obtained by biological consultants, CDFW and other 
agency biologists, academics, researchers, and conservation groups such as CNPS and 
others) along with their experience conducting multiple surveys in the project area, to 
analyze species potentials. ...  
 
Reply: There is no standard that would compel Chambers Group to rely on occurrence 
records only from CNDDB and the experiences of their own biologists. California 
Department of Fish and Wildlife requires holders of Scientific Collecting Permits to 
report their findings to CNDDB, but the agency does not require that CNDDB serve as 
the only occurrence database to consult for CEQA review. To be consistent with one of 
CEQA’s principal objectives to be informative of the current environmental setting, all 
available or relevant sources should be reviewed.  
 
Response F B-14 This comment is an introduction to the comments made throughout 
this section of the comment letter. The comment states that impacts should not only 
include potentials for occurrence but also consider affects of the project on a larger 
scale. Please refer to response F-21, F-50,and F-51 of the Adams Broadwell Joseph & 
Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter which details 
that the Draft EIR was prepared in the typical manner, as required by wildlife agencies 
and under CEQA, and will comply with the Desert Renewable Energy Conservation Plan 
(DRECP) which considers impacts to environmental resources on a large scale.  
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Reply: The Response does not address my comment. Except for the question of 
whether the project would interfere with wildlife movement, there is no analysis of 
potential project impacts to wildlife. The DEIR addresses occurrence likelihoods of 
wildlife, but not potential impacts of habitat loss, interference with the adjacent Habitat 
Restoration efforts, and collision mortality with project elements. 
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Table 3.  Occurrence likelihoods of wildlife species at the project site according to County of Imperial (2021) (“Imperial”) and 
myself.  eBird records are those occurring on or near the project site, and represent my conclusion that the species probably occurs 
at the site at various times. The right column identifies those species with documented collision fatalities along fences or powerlines 
of utility-scale solar projects that were monitored for fatalities. 
 
 
Common name, Species name 

 
 
Status1 

Occurrence likelihood  
Known 

collisions 

Covered  
by 

DRECP 
 

Imperial 
Data bases, 

site visits 
Brant, Branta bernicla SSC2  Very close Yes  
Redhead, Aythya americana SSC3  Very close Yes  
Clark’s grebe, Aechmophorus clarki BCC  On site   
Western grebe, Aechmophorus occidentalis BCC  Very close Yes  
Yellow-billed cuckoo, Coccyzus americanus FT, CE, BCC  In region Yes Yes 
Vaux’s swift, Chaetura vauxi SSC2  Very close   
Costa’s hummingbird, Calypte costae BCC  Very close   
Rufous hummingbird, Selasphorus rufus BCC  Very close   
Yuma Ridgway’s rail, Rallus longirostris yumanensis FE, CT Absent Very close Yes Yes 
Greater sandhill crane, Grus canadensis tabida CT  Very close  Yes 
American avocet, Recurvirostra americana BCC  Very close Yes  
Western snowy plover, Charadrius alexandrinus nivosus FT, BCC Absent Very close Yes  
Mountain plover, Charadrius montanus BCC, SSC2 High Very close  Yes 
Red knot, Calidris canutus BCC  Very close   
Long-billed curlew, Numenius americanus BCC, TWL  On site   
Whimbrel, Numenius phaeopus BCC  Very close   
Short-billed dowitcher, Limnodromus griseus BCC  On site   
Marbled godwit, Limosa fedua BCC  Very close   
Willet, Tringa semipalmata BCC  On site   
Caspian tern, Hydroprogne caspia TWL  Very close   
Gull-billed tern, Gelochelidon nilotica BCC Absent Very close   
Black skimmer, Rynchops niger BCC Absent Very close   
California gull, Larus californicus BCC, TWL  On site Yes  
Western gull, Larus occidentalis BCC  Very close   
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Common name, Species name 

 
 
Status1 

Occurrence likelihood  
Known 

collisions 

Covered  
by 

DRECP 
 

Imperial 
Data bases, 

site visits 
Heermann’s gull, Larus heermanni BCC  Very close   
Yellow-footed gull, Larus livens BCC  Very close   
Common loon, Gavia immer SSC  Very close Yes  
Double-crested cormorant, Phalacrocorax auritus TWL  On site Yes  
American white pelican, Pelacanus erythrorhynchos SSC1  Very close   
Brown pelican, Pelacanus occicentalis californicus CFP  Very close Yes  
Least bittern, Ixobrychus exilis BCC, SSC2  Very close Yes  
White-faced ibis, Plegadis chihi TWL  On site Yes  
Turkey vulture, Cathartes aura BOP  On site   
Osprey, Pandion haliaetus BOP  Very close Yes  
Northern harrier, Circus cyaneus BCC, SSC3, BOP  On site Yes  
Sharp-shinned hawk, Accipiter striatus BOP  On site   
Cooper’s hawk, Accipiter cooperi BOP, TWL  Very close Yes  
Bald eagle, Haliaeetus leucocephalus BGEPA, BCC, CFP  Very close   
Swainson’s hawk, Buteo swainsoni CT, BCC, BOP  Very close  Yes 
Ferruginous hawk, Buteo regalis TWL, BOP  Very close   
Red-tailed hawk, Buteo jamaicensis BOP  On site Yes  
Red-shouldered hawk, Buteo lineatus BOP  Very close   
Zone-tailed hawk, Buteo albonotatus BOP  Very close   
White-tailed kite, Elanus leucurus CFP, BOP  Very close   
Barn owl, Tyto alba BOP  Very close Yes  
Great horned owl, Bubo virginianus BOP  On site Yes  
Burrowing owl, Athene cunicularia BCC, SSC2, BOP High On site Yes Yes 
Short-eared owl, Asio flammeus SSC3, BOP Low Very close Yes  
Gila woodpecker, Melanerpes uropygialis CE, BCC Absent Very close  Yes 
American kestrel, Falco sparverius BOP  On site Yes  
Merlin, Falco columbarius BOP, TWL  On site   
Prairie falcon, Falco mexicanus BCC, BOP, TWL  Very close   
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Common name, Species name 

 
 
Status1 

Occurrence likelihood  
Known 

collisions 

Covered  
by 

DRECP 
 

Imperial 
Data bases, 

site visits 
Peregrine falcon, Falco peregrinus CFP, BCC  Very close Yes  
Willow flycatcher, Empidonax traillii BCC  Very close  Yes 
Vermilion flycatcher, Pyrocephalus rubinus SSC2  On site   
Olive-sided flycatcher, Contopus cooperi SSC2  Very close Yes  
Loggerhead shrike, Lanius ludovicianus BCC, SSC2  On site Yes  
California horned lark, Eremophila alpestris actia TWL  Very close Yes  
Purple martin, Progne subis SSC2  Very close   
Bank swallow, Riparia riparia CT  Very close Yes  
Verdin, Auriparus flaviceps BCC  On site   
Black-tailed gnatcatcher, Polioptila melanura TWL  On site   
Crissal thrasher, Toxostoma crissale SSC3 Absent Very close Yes  
Lawrence’s goldfinch, Spinus lawrencei BCC  Very close   
Vesper sparrow, Pooecetes gramineus affinis SSC2  Very close Yes  
Bell’s sage sparrow, Amphispiza belli TWL  Very close Yes  
Large-billed savannah sparrow, Passerculus s. rostratus SSC2  On site Yes  
Bullock’s oriole, Icterus bullockii BCC  Very close   
Yellow-headed blackbird, X. xanthocephalus SSC3  On site Yes  
Tricolored blackbird, Agelaius tricolor BCC, CT  On site  Yes 
Yellow warbler, Setophaga petechia  BCC, SSC2 Absent On site Yes  
Yellow-breasted chat, Icteria virens SSC3  Very close Yes  
Summer tanager, Piranga rubra SSC1  Very close   
Pallid bat, Antrozous pallidus  BLM, SSC, 

WBWG:H 
 In region Yes (fence) Yes 

Townsend’s western big-eared bat, Plecotus t. townsendii BLM, SSC, 
WBWG:H 

 In range  Yes 

Western mastiff bat, Eumops perotis BLM, SSC, 
WBWG:H 

 In region   

Western red bat, Lasiurus blossevillii SSC, WBWG:H  In region   
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Common name, Species name 

 
 
Status1 

Occurrence likelihood  
Known 

collisions 

Covered  
by 

DRECP 
 

Imperial 
Data bases, 

site visits 
Western yellow bat, Lasiurus xanthinus  SSC, WBWG:H Low In region   
Small-footed myotis, Myotis cililabrum BLM, WBWG:M  In range   
Miller’s myotis, Myotis evotis WBWG:M  In range   
Fringed myotis, Myotis thysanodes BLM, WBWG:H  In range   
Long-legged myotis, Myotis volans WBWG:H  In range   
Yuma myotis, Myotis yumanensis  SSC, WBWG:LM  In region   
Pocketed free‐tailed bat, Nyctinomops femorosaccus  SSC, WBWG:M  In region   
Big free-tailed bat, Nyctinomops macrotis SSC, WBWG:MH  In region   
Hoary bat, Lasiurus cinereus WBWG:M  In region   
American badger, Taxidea taxus SSC Absent In region   
Flat-tailed horned lizard, Phrynosoma mcallii SSC Low Nearby   
1 Listed as FE or FT = federal endangered or threatened, BCC = U.S. Fish and Wildlife Service Bird of Conservation Concern, CE or 
CT = California endangered or threatened, CFP = California Fully Protected (CDFG Code 3511), SSC = California species of special 
concern (not threatened with extinction, but rare, very restricted in range, declining throughout range, peripheral portion of 
species' range, associated with habitat that is declining in extent) with priorities 1, 2 and 3, respectively (Shuford and Gardali 
2008), BOP = California Fish and Game Code 3503.5 (Birds of Prey), TWL = Taxa to Watch List (Shuford and Gardali 2008), 
WBWG = Western Bat Working Group listing with level of priority. 
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Response F B-15 This comment states that the Draft EIR’s analysis of project impacts 
on a wildlife corridor is inaccurate. In this section, Dr. Smallwood also states that a flock 
of tricolored blackbirds flew across the site; however, other sections of his letter, 
including his species list, state that he is uncertain they were tricolored blackbirds. ... 
The project site is located within the boundaries of the DRECP, but is not within or 
adjacent to DRECP conservation areas or wildlife corridors. The DRECP includes 5 
million acres of pre-existing conservation areas, 4.2 million acres of new conservation 
areas, and wildlife corridors and linkages for the protection of 50 special status species 
and 37 unique habitats. The project is required to comply with the DRECP. With DRECP 
compliance, development of the project would not substantially interfere with the 
movement of any native resident or migratory fish or wildlife species or with established 
native resident or migratory wildlife corridors or impede the use of native wildlife 
nursery sites.  
 
Reply: The Response fails to address my comment about the DEIR’s reliance on a false 
CEQA standard to analyze potential project impacts to wildlife movement in the region. 
According to CEQA, such an analysis need not be confined to the question of whether a 
wildlife movement corridor traverses the project site. In the case of this project, 
obstacles to movement would be inserted into the gaseous medium through which 
thousands of birds are used to flying through as part of their existing environmental 
setting. The DEIR makes no mention of this, and neither does this Response. 
 
The above said, Noriko and I observed thousands of birds flying along the New River 
and along the proposed gen-tie alignment across the New River. Where the gen-tie 
alignment crosses the New River, wildlife movement was especially intense. The DEIR 
needs to be revised to address this movement activity at this location. 
 
The Response claims that the DRECP would mitigate impacts to wildlife movement 
caused by the project, but no explanation is provided for how this would be 
accomplished other than the existence of 5 million acres of conservation areas. 
According to CEQA Guideline 15064(h)(3), “When relying on a plan, regulation or 
program, the lead agency should explain how implementing the particular requirements 
in the plan, regulation or program ensure that the project’s incremental contribution to 
the cumulative effect is not cumulatively considerable.” The DEIR does not achieve this 
CEQA standard, nor does Response F B-15. 
 
Response F B-16 This comment disccusess habitat loss. ... A majority of the habitat on 
site is of low value due to disturbance and native vegetation present along jurisdictional 
features and within the railroad right-of-way will be avoided. Although some special 
status wildlife species may utilize the site, a disturbed site will have the least impact to 
wildlife compared to natural ecosystems. In addition, at the end of the project’s 
operation term or should the project be decommissioned, the project applicant is 
required to deconstruct and restore land to its pre-project state. Therefore, the project 
will not have a significant impact to special status species based on habitat loss and with 
the implementation of BIO-1 through BIO-4 will reduce potential impacts to wildlife 
species will be reduced to a less than significant level.  
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Reply: The Response provides no evidence that the project site is of low value to the 
species of wildlife confirmed to be using the site. No metrics are provided of nest 
success, fecundity or any other measures of reproductive success. No metrics are 
provided of relative abundance or demography of any species at issue. The DEIR and 
Response provide only conclusory assertions of the site being of low value to wildlife.  If 
I was to visit the project site again, changes are good that I would detect most of the 
same species I did before, as well as additional species I did not see last year. The many 
species I detected within the time I had to survey the site are indicative of high value, 
not of low value. 
 
Regarding what would happen at the end of project operations, I notice that just like the 
DEIR, the Response commits to no time when project operations would end. During my 
22 years of work in the Altamont Pass Wind Resource Area (APWRA), I often read 
passages similar to the one in the DEIR and the Response that mention the end of 
project operations but without committing to a date or any threshold of operability. In 
the APWRA, and despite the environmental disaster of bird mortality known worldwide 
to have occurred in the APWRA, the operating permits were renewed and the end of 
project operations never came. It is hard to believe that the solar panels of a utility-scale 
solar project would not be replaced when their performance diminishes after 30 to 40 
years. It is hard to believe that project operations would come to an end. 
 
Response F B-17 This comment addresses habitat loss, particularly in regards to bird 
reproduction. Please refer to response F-52 of the Adams Broadwell Joseph & Cardozo 
on Behalf of Citizens for Responsible Industry (“Citizens”) letter. The Draft EIR noted 
that there is a potential for nesting birds to be impacted by the project, therefore, the 
Draft EIR includes avoidance and minimization measures (BIO-1 through BIO-4), to 
reduce these potential impacts to a less than significant level.  
 
Reply:  Noting that there is the potential for nesting birds to be impacted is trivial 
compared to the annual number of birds I predict the project would take from California 
as a result of habitat loss. The Response fails to address my prediction that the project 
would cost Californians 12,847 birds/year due to habitat loss, which is a prediction 
derived from a couple of assumptions applied to a simple model that is reported in my 
comment letter as well as in Smallwood (2022). Neither the DEIR nor the Response 
addresses the potential project impact to the reproductive and hence numerical capacity 
of birds on the site. 
 
Response F B-18 This comment also discusses loss of habitat. Please refer to response 
F-52 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible 
Industry (“Citizens”) letter. The project will not have a significant impact to special 
status species based on habitat loss.  
 
Reply: Response F.52 claims that the majority of the surface area of the site is 
agricultural, bare ground or developed (4 acres of roadway), which supposedly qualifies 
the habitat of the project site as unsuitable for special-status species. However, the 
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Response is readily refuted by the confirmed occurrences of 23 special-status species 
and the model predictions and nearby occurrences of many more. And the agriculture 
consists of alfalfa and hay, which are two of the most wildlife-friendly crops in 
California. The Response presents speculation and opinion but no substantial evidence 
in support of its assertion that “The project will not have a significant impact to special 
status species based on habitat loss.” Where has this ever been the case? 
 
Response F B-19a This comment discusses collision mortality to birds and possibly 
bats. According to the United States Fish and WIllidfe Service (USFWS), although direct 
impacts to birds may occur as a result of solar projects due to collisions with 
infrastructure, including security fencing, the long term indirect impacts benefit 
migratory birds by reducing the use a fossil fuels, a drive of climate change.  
 
Reply: It would help to cite the exact source of the alleged position statement of the US 
Fish and Wildlife Service so that the reader can learn whether it is one biologist’s 
opinion, an agency opinion, or a conclusion of a quantitative analysis. If the latter, I am 
unaware of it, even after having spent years studying the impacts of utility-scale solar 
projects to wildlife. As it stands, the Response lacks foundation. 
 
Response F B-19b Please refer to response F-53 ... The avoidance and minimization 
measure BIO-1, will require that all electrical components on the project site be 
underground or protected so there will be no exposure to wildlife and therefore no 
potential for electricution.  
 
Reply: I made no comments about potential electrocutions. The Response is to no 
comment of mine. 
 
Response F B-19c In addition, the DRECP allows for the development of 388,000 
acres of renewable energy while providing protection and conservation of desert 
ecosystems (4.2 million acres in addition to the 5 million existing acres). As discussed in 
the DEIR, while the potential for impacts may exist, these impacts are considered less 
than significant with implementation of BIO-1 and adherance to the DRECP.  
 
Reply: The Response does not address my comment, which was on collision mortality 
that is predictable from fatality monitoring studies completed at 14 utility-scale solar 
projects (Smallwood 2022). The response refers to 4.2 million acres in addition to 5 
million existing acres, but no explanation is provided about the meaning of these 
acreages. If these acreages are intended to serve as mitigation for my predicted levels of 
collision mortality, then it is unclear how they would do so. According to CEQA 
Guideline 15064(h)(3), “When relying on a plan, regulation or program, the lead agency 
should explain how implementing the particular requirements in the plan, regulation or 
program ensure that the project’s incremental contribution to the cumulative effect is 
not cumulatively considerable.”   
 
Additionally, most (87.5%) of the special-status species of wildlife that would be 
adversely affected by collision mortality caused by the project’s facilities are not covered 
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by the DRECP (Table 3). The DRECP’s conservation plan fails to mitigate the impacts to 
7 of every 8 special-status species that potentially occur at the project site (Table 3). 
 
Response F.53a This comment describes the concern that collision mortality rates 
may be high for bird and bat species. The project site is located near the center of a very 
large agricultural area of Brawley. With human disturbance, a majority of the species in 
the area are common species that have adapted to the presence of humans.  
 
Reply: One can say the same of the majority of species documented with fatalities at 
utility-scale solar projects that have been monitored for fatalities – most are species that 
have adapted to the presence of humans. Adaptation to the presence of humans does not 
immunize birds from fatally colliding with a relatively new and spatially extensive 
hazard on the landscape. There exists substantial evidence that PV solar arrays kill 
many thousands of birds of nearly 200 species in California (Smallwood 2022). The 
proposed project would pose the same or possibly greater risk of collision mortality to 
many birds using the project area, including to 41 special-status species (Table 4). In 
fact, the mean fatality rates among 14 of California’s utility-scale solar projects would 
predict that over 40 years of operations, the Ormat Brawley Solar Project would kill 
>1,000 bats and >37,000 birds, including 388 burrowing owls, 67 western grebes, 282 
loggerhead shrikes, 2,241 horned larks, 2,483 Brewer’s sparrows, 1,042 common 
yellowthroats, 3,176 mourning doves, 2,728 Wilson’s warblers and many others. 
 
The project’s PV panels alone would kill at estimated 2,232 mourning doves, 186 greater 
roadrunners, 622 sora, 291 burrowing owls, 125 American kestrels, 1,320 horned larks, 
668 Brewer’s sparrows, nearly 1,000 western meadowlarks, 170 yellow warblers, and 
18,568 birds altogether (Table 5).  
 
The 9.26 km of security fence would be predicted to kill 38 pallid bats, 522 mourning 
doves, 483 greater roadrunners, 44 northern harriers, 93 burrowing owls, 417 horned 
larks, 71 yellow warblers, and 5,347 birds altogether (Table 6).  
 
The 2.9 km of gen-tie would be predicted to kill 422 mourning doves, 49 red-tailed 
hawks, 226 loggerhead shrikes, 504 horned larks, 1,798 Brewer’s sparrows, 888 
savannah sparrows, 738 yellow warblers, 2,120 Wilson’s warblers, and 13,127 birds 
altogether (Table 7).  
 
Substantial evidence on the record supports my conclusion that the project’s collision 
mortality would be substantial and highly significant. Given the mitigation plan of the 
DEIR and the responses to my comments, the impacts I estimated herein would be 
unmitigated. 
 
One hypothesized cause for bird collisions with utility-scale solar PV projects is the Lake 
Effect. According to this hypothesis, waterbirds and shorebirds misperceive arrays of PV 
panels as a body of water, and subsequently attempt to land on this water body. There is 
ample evidence in support of the Lake Effect (Figure 6).  However, most of the birds 
killed by solar PV arrays are not the types of birds that would attempt to land on bodies 

PC ORIGINAL PKG



50 
 
 
 

of water. For example, burrowing owls would not attempt to land on a body of water. 
Other causal factors that are yet to be understood must be the reasons for so many 
collision fatalities (Smallwood 2022). 
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Table 4. Weighted mean fatality rates among PV solar energy projects including gen-ties and security fences 
(Smallwood 2022), and the predicted number of fatalities from 40 years of operations of the Ormat Brawley Solar 
Project. 

 
Common name 

 
Species 

 
Status1 

𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL 

Bat spp.             180             18           951  
Pallid bat Antrozous pallidus SSC, WBWG:H            38             30           479  
Mexican free-tailed bat Tadarida brasiliensis WBWG:L            24             14             48  
Canyon bat Parastrellus hesperus WBWG:L          800             18        1,104  
Brant    Branta bernicla SSC2            29             27             50  
Goose spp.                5               5               8  
Blue-winged teal Spatula discors             11             10             16  
Cinnamon teal Spatula cyanoptera             26             21             32  
Teal spp.              79             65           105  
Northern shoveler Spatula clypeata             14               3               5  
Gadwall  Mareca strepera               5               5               6  
Mallard  Anas platyrhynchos           115           104           168  
Northern pintail Anas acuta               3               3               3  
Green-winged teal Anas crecca             42             35             55  
Surf scoter Melanitta perspicillata             10             10             16  
Ruddy duck Oxyura jamaicensis             11             11             14  
Duck spp.              84             74           106  
California quail Callipepla californica               3               2               3  
Gambel's quail Callipepla gambelii           381           295           509  
Ring-necked pheasant Phasianus colchicus               5               5               6  
Common peafowl Pavo cristatus               3               3               5  
Pied-billed grebe Podilymbus podiceps               6               5               6  
Eared grebe Podiceps nigricollis           152           130           195  
Western grebe Aechmophorus occidentalis BCC            67             57             92  
Grebe spp.            151           132           186  
Rock pigeon Columba livia           536           444           764  
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Eurasian collared-dove Streptopelia decaocto           455           377           632  
Common ground-dove Columbina passerina             54             40             80  
White-winged dove Zenaida asiatica           420           330           566  
Mourning dove Zenaida macroura        3,176        2,570        4,340  
Dove spp.            623           509           879  
Greater roadrunner Geococcyx californianus           703           589        1,016  
Lesser nighthawk Chordeiles acutipennis           211           161           292  
Common poorwill Phalaenoptilus nuttallii             81             57           112  
White-throated swift Aeronautes saxatalis             13              -                -    
Allen's hummingbird Selasphorus sasin BCC            40             18              -    
Hummingbird              42             19           346  
Virginia rail Rallus limicola           136             98           188  
Sora     Porzana carolina           680           542           957  
Common gallinule Gallinula galeata             50             43             78  
Common moorhen Gallinula chloropus               3               3               5  
American coot Fulica americana           819           722        1,251  
Rallidae spp.                5               3               6  
Killdeer Charadrius vociferus             61             50             86  
Snowy plover Charadrius nivosus BCC, SSC3            11               8             14  
Least sandpiper Calidris minutilla               8               5             11  
American avocet Recurvirostra americana BCC              3               2               3  
Greater yellowlegs Tringa melanoleuca               3               3               6  
Shorebird spp.                5              -                -    
California gull Larus californicus BCC, TWL              6              -                -    
Gull spp.              27             24             36  
Sterninae spp.              53             44             74  
Pacific loon Gavia pacifica               3               3               5  
Common loon Gavia immer SSC            33             31             39  
Blue-footed booby Sula nebouxii               3               3               5  
Neotropic cormorant Phalacrocorax brasilianus             29             27             50  
Double-crested cormorant Phalacrocorax auritus TWL              3               2               3  
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Brown pelican Pelecanus occidentalis CFP              3               3               5  
Pelicanidae spp.              29             27             50  
Least bittern Ixobrychus exilis BCC, SSC2              5               3               6  
Bittern spp.              78             55           109  
Great blue heron Ardea herodias               3               3               5  
Snowy egret Egretta thula               2              -                -    
Egret spp.                3               3               5  
Cattle egret Bubulcus ibis           230           221           269  
Black-crowned night-heron Nycticorax nycticorax             61             54             99  
Heron spp.              70             62           115  
Ardeidae spp.              45              -                -    
White-faced ibis Plegadis chihi TWL            45             27             48  
Osprey   Pandion haliaetus TWL, BOP              6               5               8  
Cooper's hawk Accipiter cooperii TWL, BOP              5               3               5  
Northern harrier Circus hudsonius BCC, SSC3, BOP            44             37             58  
Red-tailed hawk Buteo jamaicensis BOP            75             69           117  
Large raptor spp.  BOP             -                -                -    
Raptor spp.  BOP            30             27             50  
Small raptor spp.  BOP            11             10             14  
Barn owl Tyto alba BOP            57             51             86  
Great horned owl Bubo virginianus BOP              2               2               2  
Northern pygmy-owl Glaucidium gnoma BOP              5               3               6  
Burrowing owl Athene cunicularia BCC, SSC2, BOP          388           316           540  
Long-eared owl Asio otus BCC, SSC3, BOP              4               3               6  
Short-eared owl Asio flammeus BCC, SSC3, BOP            22             19             32  
Owl spp.  BOP            59             50             76  
Northern flicker Colaptes auratus           234           180           309  
Belted kingfisher Megaceryle alcyon             17             14             21  
American kestrel Falco sparverius BOP          209           148           288  
Peregrine falcon Falco peregrinus BCC, CFP, BOP              2               2               3  
Falcon spp.  BOP            37             30             53  
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Ash-throated flycatcher Myiarchus cinerascens           106             70           154  
Olive-sided flycatcher Contopus cooperi SSC2              5               3               6  
Western kingbird Tyrannus verticalis             80             61           114  
Western wood-pewee Contopus sordidulus             18             11             29  
Gray flycatcher Empidonax wrightii           583           429           965  
Pacific-slope flycatcher Empidonax difficilis           144             78           297  
Empidonax spp.              32             26             49  
Black phoebe Sayornis nigricans             34             22             58  
Say's phoebe Sayornis saya             59             38             93  
Loggerhead shrike Lanius ludovicianus BCC, SSC2          282           197           389  
Warbling vireo Vireo gilvus             56             35             94  
Common raven Corvus corax           512           462           812  
Horned lark Eremophila alpestris TWL       2,241        1,607        3,139  
Northern rough-winged swallow Stelgidopteryx serripennis             26             16             48  
Cliff swallow Petrochelidon pyrrhonota               6               5             10  
Swallow spp.              10               7             14  
Rock wren Salpinctes obsoletus           262           172           421  
House wren Troglodytes aedon           432           254           809  
Marsh wren Cistothorus palustris             58             36           101  
Bewick's wren Thryomanes bewickii             39             28             67  
Blue-gray gnatcatcher Polioptila caerulea           203             99           673  
Ruby-crowned kinglet Regulus calendula           874           478        2,056  
Mountain bluebird Sialia currucoides             14             11             22  
Swainson's thrush Catharus ustulatus             31             20             43  
American robin Turdus migratorius             16             12             23  
Thrush spp.              18             13             24  
Sage thrasher Oreoscoptes montanus             75             51           108  
Brown thrasher Toxostoma rufum             21             16             27  
Crissal thrasher Toxostoma crissale SSC3            11               7             15  
Northern mockingbird Mimus polyglottos             34             23             47  
European starling Sturnus vulgaris             54             42             70  
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Cedar waxwing Bombycilla cedrorum               5               4               6  
House sparrow Passer domesticus             18             13             24  
American pipit Anthus rubescens             19             14             29  
House finch Haemorhous mexicanus           955           662        1,362  
Lesser goldfinch Spinus psaltria             22             14             35  
Black-throated sparrow Amphispiza bilineata           961           569        1,694  
Lark sparrow Chondestes grammacus           212           147           300  
Chipping sparrow Spizella passerina             82             51           134  
Brewer's sparrow Spizella breweri BCC       2,483        1,498        4,489  
Fox sparrow Passerella iliaca               5               4               6  
Dark-eyed junco Junco hyemalis             19             12             29  
White-crowned sparrow Zonotrichia leucophrys        1,266           841        1,857  
Sagebrush sparrow Artemisiospiza nevadensis           322           211           494  
Vesper sparrow Pooecetes gramineus BCC, SSC2          212           148           292  
Savannah sparrow Passerculus sandwichensis SSC2       1,613        1,072        2,427  
Song sparrow Melospiza melodia               5               3               5  
Lincoln's sparrow Melospiza lincolnii           436           289           661  
California towhee Melozone crissalis               5               3               6  
Sparrow spp.         1,493           940        2,325  
Green-tailed towhee Pipilo chlorurus             86             60           119  
Spotted towhee Pipilo maculatus               6               5             10  
Towhee spp.                6               5             10  
Yellow-breasted chat Icteria virens             17             12             23  
Western meadowlark Sturnella neglecta        2,017        1,543        2,740  
Hooded oriole Icterus cucullatus               8               5             11  
Red-winged blackbird Agelaius phoeniceus           107             79           147  
Brown-headed cowbird Molothrus ater             99             72           133  
Brewer's blackbird Euphagus cyanocephalus           104             79           136  
Common grackle Quiscalus quiscula               5               3               6  
Great-tailed grackle Quiscalus mexicanus             63             48             84  
Yellow-headed blackbird Chrysomus icterocephalus SSC3            76             55           100  
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Blackbird spp.            142           104           191  
Ovenbird Seiurus aurocapilla             10               6             14  
Orange-crowned warbler Leiothlypis celata        1,488           879        2,940  
Nashville warbler Leiothlypis ruficapilla           722           431        1,388  
MacGillivray's warbler Geothlypis tolmiei           200           126           351  
Common yellowthroat Geothlypis trichas BCC       1,042           612        2,028  
Yellow warbler Setophaga petechia BCC, SSC2          978           588        1,842  
Yellow-rumped warbler Setophaga coronata           478           285           846  
Black-throated gray warbler Setophaga nigrescens           514           298        1,061  
Townsend's warbler Setophaga townsendi           604           346        1,231  
Hermit warbler Setophaga occidentalis           141             87           252  
Wilson's warbler Cardellina pusilla        2,728        1,563        6,077  
Warbler spp.         1,366           828        2,412  
Western tanager Piranga ludoviciana           437           309           608  
Black-headed grosbeak Pheucticus melanocephalus             29             22             40  
Lazuli bunting Passerina amoena           306           198           482  
Passerine spp.            115             75           171  
Small bird spp.         1,024           693        1,472  
Medium bird spp.              37             28             50  
Large bird spp.              11               8             12  
Bird spp.         2,116        1,501        3,118  
All bats         1,042             80        2,582  
All birds        37,042      6,068      57,152  

1 Listed as BCC = U.S. Fish and Wildlife Service Bird of Conservation Concern, CFP = California Fully Protected 
(California Fish and Game Code 3511), SSC = California Species of Special Concern (not threatened with extinction, but 
rare, very restricted in range, declining throughout range, peripheral portion of species' range, associated with habitat that 
is declining in extent), SSC1, SSC2 and SSC3 = California Bird Species of Special Concern priorities 1, 2 and 3, respectively 
(Shuford and Gardali 2008), TWL = Taxa to Watch List (Shuford and Gardali 2008), BOP = Birds of Prey (CFG Code 
3503.5), and WBWG = Western Bat Working Group with priority rankings, of low (L), moderate (M), and high (H). 
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Table 5.  Weighted mean fatality rates at PV arrays among utility-scale solar energy projects (Smallwood 2022) and 
the number of predicted fatalities per 40 years of operations of the Ormat Brawley Solar Project. 

 
Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
Bat spp.  0.002 0.000 0.012 3 - 19 
Mexican free-tailed bat Tadarida brasiliensis 0.015 0.009 0.030 24 14 48 
Canyon bat Parastrellus hesperus 0.042 0.001 0.058 67 2 93 
Brant    Branta bernicla 0.018 0.017 0.031 29 27 50 
Goose spp.  0.003 0.003 0.005 5 5 8 
Blue-winged teal Spatula discors 0.007 0.006 0.010 11 10 16 
Cinnamon teal Spatula cyanoptera 0.003 0.002 0.003 5 3 5 
Teal spp.  0.020 0.016 0.028 32 26 45 
Northern shoveler Spatula clypeata 0.009 0.002 0.003 14 3 5 
Gadwall  Mareca strepera 0.001 0.001 0.001 2 2 2 
Mallard  Anas platyrhynchos 0.045 0.041 0.072 72 66 115 
Northern pintail Anas acuta 0.002 0.002 0.002 3 3 3 
Green-winged teal Anas crecca 0.004 0.003 0.005 6 5 8 
Surf scoter Melanitta perspicillata 0.006 0.006 0.010 10 10 16 
Ruddy duck Oxyura jamaicensis 0.007 0.007 0.009 11 11 14 
Duck spp.  0.012 0.011 0.015 19 18 24 
California quail Callipepla californica 0.002 0.001 0.002 3 2 3 
Gambel's quail Callipepla gambelii 0.054 0.041 0.073 86 66 117 
Ring-necked pheasant Phasianus colchicus 0.003 0.003 0.004 5 5 6 
Common peafowl Pavo cristatus 0.002 0.002 0.003 3 3 5 
Pied-billed grebe Podilymbus podiceps 0.004 0.003 0.004 6 5 6 
Eared grebe Podiceps nigricollis 0.022 0.019 0.028 35 30 45 
Western grebe Aechmophorus occidentalis 0.028 0.024 0.039 45 38 62 
Grebe spp.  0.030 0.025 0.036 48 40 58 
Rock pigeon Columba livia 0.167 0.135 0.236 267 216 378 
Eurasian collared-dove Streptopelia decaocto 0.209 0.174 0.299 334 278 478 
Common ground-dove Columbina passerina 0.008 0.006 0.012 13 10 19 

PC ORIGINAL PKG



58 
 
 
 

 
Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
White-winged dove Zenaida asiatica 0.095 0.075 0.129 152 120 206 
Mourning dove Zenaida macroura 1.395 1.136 1.926 2,232 1,818 3,082 
Dove spp.  0.292 0.242 0.420 467 387 672 
Greater roadrunner Geococcyx californianus 0.116 0.097 0.173 186 155 277 
Lesser nighthawk Chordeiles acutipennis 0.108 0.083 0.150 173 133 240 
Common poorwill Phalaenoptilus nuttallii 0.010 0.007 0.014 16 11 22 
White-throated swift Aeronautes saxatalis 0.008   13 - - 
Allen's hummingbird Selasphorus sasin 0.025 0.011  40 18 - 
Hummingbird  0.026 0.012 0.216 42 19 346 
Virginia rail Rallus limicola 0.039 0.029 0.054 62 46 86 
Sora     Porzana carolina 0.389 0.313 0.548 622 501 877 
Common gallinule Gallinula galeata 0.031 0.027 0.049 50 43 78 
Common moorhen Gallinula chloropus 0.002 0.002 0.003 3 3 5 
American coot Fulica americana 0.439 0.387 0.688 702 619 1,101 
Rallidae spp.  0.003 0.002 0.004 5 3 6 
Killdeer Charadrius vociferus 0.038 0.031 0.054 61 50 86 
Snowy plover Charadrius nivosus 0.007 0.005 0.009 11 8 14 
Least sandpiper Calidris minutilla 0.005 0.003 0.007 8 5 11 
Greater yellowlegs Tringa melanoleuca 0.002 0.002 0.004 3 3 6 
Shorebird spp.  0.003   5 - - 
California gull Larus californicus 0.004   6 - - 
Gull spp.  0.002 0.002 0.003 3 3 5 
Sterninae spp.  0.023 0.019 0.033 37 30 53 
Pacific loon Gavia pacifica 0.002 0.002 0.003 3 3 5 
Common loon Gavia immer 0.009 0.009 0.011 14 14 18 
Blue-footed booby Sula nebouxii 0.002 0.002 0.003 3 3 5 
Neotropic cormorant Phalacrocorax brasilianus 0.018 0.017 0.031 29 27 50 
Double-crested cormorant Phalacrocorax auritus 0.002 0.001 0.002 3 2 3 
Brown pelican Pelecanus occidentalis 0.002 0.002 0.003 3 3 5 
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Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
Pelicanidae spp.  0.018 0.017 0.031 29 27 50 
Least bittern Ixobrychus exilis 0.003 0.002 0.004 5 3 6 
Bittern spp.  0.014 0.010 0.020 22 16 32 
Great blue heron Ardea herodias 0.002 0.002 0.003 3 3 5 
Snowy egret Egretta thula 0.001   2 - - 
Egret spp.  0.002 0.002 0.003 3 3 5 
Cattle egret Bubulcus ibis 0.144 0.138 0.168 230 221 269 
Black-crowned night-heron Nycticorax nycticorax 0.038 0.034 0.062 61 54 99 
Heron spp.  0.044 0.039 0.072 70 62 115 
Ardeidae spp.  0.028   45 - - 
White-faced ibis Plegadis chihi 0.014 0.006 0.011 22 10 18 
Osprey   Pandion haliaetus 0.004 0.003 0.005 6 5 8 
Cooper's hawk Accipiter cooperii 0.003 0.002 0.003 5 3 5 
Red-tailed hawk Buteo jamaicensis 0.015 0.014 0.021 24 22 34 
Large raptor spp.  0.000 0.000 0.000 - - - 
Raptor spp.  0.019 0.017 0.031 30 27 50 
Small raptor spp.  0.007 0.006 0.009 11 10 14 
Barn owl Tyto alba 0.021 0.019 0.033 34 30 53 
Great horned owl Bubo virginianus 0.001 0.001 0.001 2 2 2 
Northern pygmy-owl Glaucidium gnoma 0.003 0.002 0.004 5 3 6 
Burrowing owl Athene cunicularia 0.182 0.150 0.258 291 240 413 
Long-eared owl Asio otus 0.001 0.001 0.002 2 2 3 
Short-eared owl Asio flammeus 0.008 0.007 0.012 13 11 19 
Northern flicker Colaptes auratus 0.023 0.017 0.031 37 27 50 
American kestrel Falco sparverius 0.078 0.056 0.103 125 90 165 
Falcon spp.  0.023 0.019 0.033 37 30 53 
Ash-throated flycatcher Myiarchus cinerascens 0.009 0.006 0.014 14 10 22 
Western kingbird Tyrannus verticalis 0.046 0.035 0.066 74 56 106 
Western wood-pewee Contopus sordidulus 0.011 0.007 0.018 18 11 29 
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Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
Pacific-slope flycatcher Empidonax difficilis 0.026 0.014 0.054 42 22 86 
Empidonax spp.  0.006 0.005 0.009 10 8 14 
Black phoebe Sayornis nigricans 0.021 0.014 0.036 34 22 58 
Say's phoebe Sayornis saya 0.037 0.024 0.058 59 38 93 
Loggerhead shrike Lanius ludovicianus 0.018 0.013 0.024 29 21 38 
Warbling vireo Vireo gilvus 0.010 0.006 0.017 16 10 27 
Common raven Corvus corax 0.309 0.279 0.494 494 446 790 
Horned lark Eremophila alpestris 0.825 0.604 1.162 1,320 966 1,859 
Northern rough-winged swallow Stelgidopteryx serripennis 0.016 0.010 0.030 26 16 48 
Cliff swallow Petrochelidon pyrrhonota 0.004 0.003 0.006 6 5 10 
Rock wren Salpinctes obsoletus 0.017 0.011 0.028 27 18 45 
House wren Troglodytes aedon 0.083 0.049 0.155 133 78 248 
Marsh wren Cistothorus palustris 0.016 0.010 0.028 26 16 45 
Bewick's wren Thryomanes bewickii 0.007 0.005 0.012 11 8 19 
Blue-gray gnatcatcher Polioptila caerulea 0.037 0.018 0.122 59 29 195 
Ruby-crowned kinglet Regulus calendula 0.062 0.035 0.139 99 56 222 
Mountain bluebird Sialia currucoides 0.009 0.007 0.014 14 11 22 
Swainson's thrush Catharus ustulatus 0.008 0.005 0.011 13 8 18 
American robin Turdus migratorius 0.002 0.002 0.003 3 3 5 
Thrush spp.  0.003 0.002 0.004 5 3 6 
Sage thrasher Oreoscoptes montanus 0.022 0.015 0.032 35 24 51 
Northern mockingbird Mimus polyglottos 0.012 0.008 0.017 19 13 27 
European starling Sturnus vulgaris 0.021 0.016 0.027 34 26 43 
Cedar waxwing Bombycilla cedrorum 0.001 0.001 0.001 2 2 2 
House sparrow Passer domesticus 0.011 0.008 0.015 18 13 24 
American pipit Anthus rubescens 0.010 0.007 0.015 16 11 24 
House finch Haemorhous mexicanus 0.573 0.397 0.817 917 635 1,307 
Lesser goldfinch Spinus psaltria 0.014 0.009 0.022 22 14 35 
Black-throated sparrow Amphispiza bilineata 0.165 0.098 0.291 264 157 466 
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Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
Lark sparrow Chondestes grammacus 0.072 0.049 0.103 115 78 165 
Chipping sparrow Spizella passerina 0.015 0.009 0.024 24 14 38 
Brewer's sparrow Spizella breweri 0.415 0.250 0.751 664 400 1,202 
Fox sparrow Passerella iliaca 0.001 0.001 0.001 2 2 2 
White-crowned sparrow Zonotrichia leucophrys 0.237 0.156 0.348 379 250 557 
Vesper sparrow Pooecetes gramineus 0.051 0.033 0.067 82 53 107 
Savannah sparrow Passerculus sandwichensis 0.365 0.244 0.561 584 390 898 
Song sparrow Melospiza melodia 0.003 0.002 0.003 5 3 5 
Lincoln's sparrow Melospiza lincolnii 0.075 0.050 0.114 120 80 182 
California towhee Melozone crissalis 0.003 0.002 0.004 5 3 6 
Sparrow spp.  0.332 0.210 0.523 531 336 837 
Green-tailed towhee Pipilo chlorurus 0.005 0.003 0.006 8 5 10 
Spotted towhee Pipilo maculatus 0.004 0.003 0.006 6 5 10 
Towhee spp.  0.004 0.003 0.006 6 5 10 
Yellow-breasted chat Icteria virens 0.007 0.005 0.009 11 8 14 
Western meadowlark Sturnella neglecta 0.624 0.482 0.863 998 771 1,381 
Hooded oriole Icterus cucullatus 0.005 0.003 0.007 8 5 11 
Red-winged blackbird Agelaius phoeniceus 0.007 0.005 0.009 11 8 14 
Brown-headed cowbird Molothrus ater 0.013 0.009 0.017 21 14 27 
Brewer's blackbird Euphagus cyanocephalus 0.015 0.011 0.019 24 18 30 
Common grackle Quiscalus quiscula 0.003 0.002 0.004 5 3 6 
Great-tailed grackle Quiscalus mexicanus 0.004 0.003 0.006 6 5 10 
Yellow-headed blackbird Chrysomus icterocephalus 0.003 0.002 0.003 5 3 5 
Blackbird spp.  0.008 0.006 0.011 13 10 18 
Ovenbird Seiurus aurocapilla 0.006 0.004 0.009 10 6 14 
Orange-crowned warbler Leiothlypis celata 0.194 0.115 0.383 310 184 613 
Nashville warbler Leiothlypis ruficapilla 0.061 0.037 0.118 98 59 189 
MacGillivray's warbler Geothlypis tolmiei 0.042 0.026 0.074 67 42 118 
Common yellowthroat Geothlypis trichas 0.122 0.073 0.232 195 117 371 
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Common name 

 
Species 

𝐹𝐹�/MW/year 𝐹𝐹�/40 years at Ormat 
Brawley 

�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 
Yellow warbler Setophaga petechia 0.106 0.064 0.201 170 102 322 
Yellow-rumped warbler Setophaga coronata 0.100 0.060 0.176 160 96 282 
Black-throated gray warbler Setophaga nigrescens 0.097 0.056 0.199 155 90 318 
Townsend's warbler Setophaga townsendi 0.114 0.065 0.232 182 104 371 
Hermit warbler Setophaga occidentalis 0.026 0.016 0.046 42 26 74 
Wilson's warbler Cardellina pusilla 0.380 0.218 0.842 608 349 1,347 
Warbler spp.  0.225 0.135 0.403 360 216 645 
Western tanager Piranga ludoviciana 0.043 0.029 0.061 69 46 98 
Black-headed grosbeak Pheucticus melanocephalus 0.005 0.004 0.007 8 6 11 
Lazuli bunting Passerina amoena 0.007 0.004 0.011 11 6 18 
Passerine spp.  0.028 0.019 0.041 45 30 66 
Small bird spp.  0.166 0.111 0.241 266 178 386 
Medium bird spp.  0.007 0.005 0.009 11 8 14 
Large bird spp.  0.002 0.001 0.002 3 2 3 
Bird spp.  0.736 0.526 1.105 1,178 842 1,768 
All bats  0.059 0.010 0.100 94 16 160 
All birds  11.605 8.570 16.626 18,568 13,712 26,602 
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Table 6.  Weighted mean fatality rates along fences surrounding utility-scale solar energy projects (Smallwood 2022), 
and the predicted number of fatalities from 40 years of operations of the Ormat Brawley Solar Project. 

 
Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Bat spp.  0.477 0.048 2.516 177 18 932 
Pallid bat Antrozous pallidus 0.102 0.082 1.294 38 30 479 
Canyon bat Parastrellus hesperus 1.979 0.044 2.730 733 16 1,011 
Cinnamon teal Spatula cyanoptera 0.057 0.047 0.074 21 17 27 
Teal spp.  0.126 0.106 0.162 47 39 60 
Gadwall  Mareca strepera 0.009 0.008 0.011 3 3 4 
Mallard  Anas platyrhynchos 0.075 0.067 0.093 28 25 34 
Green-winged teal Anas crecca 0.072 0.058 0.095 27 21 35 
Duck spp.  0.175 0.153 0.222 65 57 82 
Gambel's quail Callipepla gambelii 0.036 0.027 0.050 13 10 19 
Eared grebe Podiceps nigricollis 0.178 0.148 0.232 66 55 86 
Grebe spp.  0.177 0.158 0.219 66 59 81 
Rock pigeon Columba livia 0.526 0.446 0.770 195 165 285 
Eurasian collared-dove Streptopelia decaocto 0.045 0.036 0.057 17 13 21 
White-winged dove Zenaida asiatica 0.092 0.076 0.125 34 28 46 
Mourning dove Zenaida macroura 1.409 1.140 1.888 522 422 699 
Dove spp.  0.375 0.293 0.500 139 109 185 
Greater roadrunner Geococcyx californianus 1.303 1.094 1.873 483 405 694 
Common poorwill Phalaenoptilus nuttallii 0.069 0.051 0.092 26 19 34 
Virginia rail Rallus limicola 0.051 0.036 0.070 19 13 26 
Sora     Porzana carolina 0.009 0.007 0.012 3 3 4 
American coot Fulica americana 0.144 0.127 0.193 53 47 71 
American avocet Recurvirostra americana 0.007 0.006 0.009 3 2 3 
Gull spp.  0.065 0.056 0.085 24 21 31 
Tern spp.  0.045 0.036 0.057 17 13 21 
Common loon Gavia immer 0.049 0.045 0.059 18 17 22 
Northern harrier Circus hudsonius 0.119 0.100 0.156 44 37 58 
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Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Red-tailed hawk Buteo jamaicensis 0.005 0.005 0.006 2 2 2 
Barn owl Tyto alba 0.064 0.055 0.090 24 20 33 
Burrowing owl Athene cunicularia 0.250 0.197 0.329 93 73 122 
Short-eared owl Asio flammeus 0.026 0.020 0.035 10 7 13 
Owl spp.  0.159 0.135 0.205 59 50 76 
Belted kingfisher Megaceryle alcyon 0.045 0.037 0.058 17 14 21 
Northern flicker Colaptes auratus 0.528 0.410 0.695 196 152 257 
American kestrel Falco sparverius 0.064 0.050 0.084 24 19 31 
Peregrine falcon Falco peregrinus 0.006 0.005 0.008 2 2 3 
Ash-throated flycatcher Myiarchus cinerascens 0.246 0.164 0.355 91 61 131 
Western kingbird Tyrannus verticalis 0.018 0.013 0.024 7 5 9 
Loggerhead shrike Lanius ludovicianus 0.072 0.048 0.103 27 18 38 
Common raven Corvus corax 0.021 0.018 0.027 8 7 10 
Horned lark Eremophila alpestris 1.125 0.789 1.556 417 292 576 
Swallow spp.  0.026 0.018 0.038 10 7 14 
House wren Troglodytes aedon 0.061 0.037 0.109 23 14 40 
Ruby-crowned kinglet Regulus calendula 0.147 0.083 0.332 54 31 123 
Swainson's thrush Catharus ustulatus 0.041 0.026 0.059 15 10 22 
American robin Turdus migratorius 0.035 0.025 0.048 13 9 18 
Brown thrasher Toxostoma rufum 0.056 0.043 0.073 21 16 27 
Crissal thrasher Toxostoma crissale 0.030 0.020 0.041 11 7 15 
Northern mockingbird Mimus polyglottos 0.034 0.023 0.048 13 9 18 
European starling Sturnus vulgaris 0.055 0.043 0.072 20 16 27 
House finch Haemorhous mexicanus 0.023 0.016 0.033 9 6 12 
Black-throated sparrow Amphispiza bilineata 0.036 0.023 0.061 13 9 23 
Lark sparrow Chondestes grammacus 0.262 0.184 0.366 97 68 136 
Brewer's sparrow Spizella breweri 0.057 0.035 0.102 21 13 38 
Dark-eyed junco Junco hyemalis 0.052 0.032 0.079 19 12 29 
White-crowned sparrow Zonotrichia leucophrys 0.046 0.032 0.065 17 12 24 
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Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Savannah sparrow Passerculus 
sandwichensis 0.380 0.254 0.560 141 94 207 

Lincoln's sparrow Melospiza lincolnii 0.191 0.126 0.289 71 47 107 
Sparrow spp.  0.047 0.032 0.069 17 12 26 
Green-tailed towhee Pipilo chlorurus 0.163 0.115 0.227 60 43 84 
Yellow-breasted chat Icteria virens 0.016 0.011 0.022 6 4 8 
Western meadowlark Sturnella neglecta 1.537 1.169 2.037 569 433 755 
Red-winged blackbird Agelaius phoeniceus 0.161 0.115 0.219 60 43 81 
Brown-headed cowbird Molothrus ater 0.114 0.083 0.154 42 31 57 
Brewer's blackbird Euphagus cyanocephalus 0.060 0.046 0.079 22 17 29 
Great-tailed grackle Quiscalus mexicanus 0.152 0.117 0.200 56 43 74 
Yellow-headed blackbird Chrysomus icterocephalus 0.191 0.139 0.258 71 51 96 
Blackbird spp.  0.337 0.247 0.453 125 91 168 
Orange-crowned warbler Leiothlypis celata 0.035 0.021 0.069 13 8 26 
Yellow warbler Setophaga petechia 0.191 0.115 0.357 71 43 132 
Yellow-rumped warbler Setophaga coronata 0.103 0.065 0.175 38 24 65 
Wilson's warbler Cardellina pusilla 0.053 0.030 0.120 20 11 44 
Warbler spp.  0.247 0.154 0.420 91 57 156 
Western tanager Piranga ludoviciana 0.043 0.030 0.059 16 11 22 

Black-headed grosbeak Pheucticus 
melanocephalus 0.012 0.009 0.017 4 3 6 

Passerine spp.  0.047 0.030 0.070 17 11 26 
Small bird spp.  0.528 0.358 0.755 196 133 280 
Large bird spp.  0.020 0.018 0.025 7 7 9 
Bird spp.  1.474 1.037 2.160 546 384 800 
All bats  2.558 0.174 6.540 947 64 2,422 
All birds  14.435 10.880 20.339 5,347 4,030 7,534 
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Table 7.  Weighted mean fatality rates along gen-ties of utility-scale solar energy projects (Smallwood 2022), and the 
predicted number of fatalities from 40 years of operations of the Ormat Brawley Solar Project. 

 
Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Mallard  Anas platyrhynchos 0.131 0.119 0.160 15 14 19 
Ruddy duck Oxyura jamaicensis 0.080 0.072 0.098 9 8 11 
Gambel's quail Callipepla gambelii 2.424 1.890 3.220 281 219 374 
Eared grebe Podiceps nigricollis 0.441 0.383 0.554 51 44 64 

Western grebe Aechmophorus 
occidentalis 0.192 0.162 0.258 22 19 30 

Grebe spp.  0.325 0.291 0.404 38 34 47 
Rock pigeon Columba livia 0.638 0.545 0.871 74 63 101 
Eurasian collared-dove Streptopelia decaocto 0.894 0.738 1.146 104 86 133 
Common ground-dove Columbina passerina 0.354 0.266 0.526 41 31 61 
White-winged dove Zenaida asiatica 2.015 1.566 2.701 234 182 313 
Mourning dove Zenaida macroura 3.638 2.844 4.824 422 330 560 
Dove spp.  0.146 0.118 0.189 17 14 22 
Greater roadrunner Geococcyx californianus 0.302 0.250 0.392 35 29 45 
Lesser nighthawk Chordeiles acutipennis 0.331 0.239 0.451 38 28 52 
Common poorwill Phalaenoptilus nuttallii 0.340 0.228 0.481 39 26 56 
Virginia rail Rallus limicola 0.470 0.331 0.651 55 38 76 
Sora     Porzana carolina 0.470 0.331 0.651 55 38 76 
American coot Fulica americana 0.543 0.481 0.677 63 56 79 
Bittern spp.  0.482 0.340 0.666 56 39 77 
White-faced ibis Plegadis chihi 0.191 0.152 0.261 22 18 30 
Red-tailed hawk Buteo jamaicensis 0.423 0.382 0.700 49 44 81 
Burrowing owl Athene cunicularia 0.034 0.027 0.043 4 3 5 
Long-eared owl Asio otus 0.017 0.015 0.022 2 2 3 
Northern flicker Colaptes auratus 0.012 0.009 0.015 1 1 2 
American kestrel Falco sparverius 0.524 0.347 0.793 61 40 92 
Olive-sided flycatcher Contopus cooperi 0.041 0.029 0.056 5 3 6 
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Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Gray flycatcher Empidonax wrightii 5.026 3.697 8.317 583 429 965 
Pacific-slope flycatcher Empidonax difficilis 0.883 0.480 1.818 102 56 211 
Empidonax spp.  0.197 0.154 0.296 23 18 34 
Loggerhead shrike Lanius ludovicianus 1.949 1.366 2.691 226 158 312 
Warbling vireo Vireo gilvus 0.343 0.216 0.572 40 25 66 
Common raven Corvus corax 0.083 0.075 0.101 10 9 12 
Horned lark Eremophila alpestris 4.347 3.007 6.067 504 349 704 
Rock wren Salpinctes obsoletus 2.022 1.327 3.244 235 154 376 
House wren Troglodytes aedon 2.382 1.392 4.490 276 161 521 
Marsh wren Cistothorus palustris 0.278 0.172 0.486 32 20 56 
Bewick's wren Thryomanes bewickii 0.242 0.172 0.415 28 20 48 
Blue-gray gnatcatcher Polioptila caerulea 1.236 0.602 4.118 143 70 478 
Ruby-crowned kinglet Regulus calendula 6.212 3.371 14.750 721 391 1,711 
Swainson's thrush Catharus ustulatus 0.024 0.017 0.032 3 2 4 
Thrush spp.  0.113 0.084 0.151 13 10 18 
Sage thrasher Oreoscoptes montanus 0.344 0.230 0.488 40 27 57 
European starling Sturnus vulgaris 0.015 0.012 0.020 2 1 2 
Cedar waxwing Bombycilla cedrorum 0.025 0.017 0.034 3 2 4 
American pipit Anthus rubescens 0.030 0.021 0.044 3 2 5 
House finch Haemorhous mexicanus 0.257 0.177 0.365 30 21 42 
Black-throated sparrow Amphispiza bilineata 5.897 3.477 10.394 684 403 1,206 
Chipping sparrow Spizella passerina 0.500 0.317 0.821 58 37 95 
Brewer's sparrow Spizella breweri 15.499 9.357 28.018 1,798 1,085 3,250 
Fox sparrow Passerella iliaca 0.025 0.017 0.034 3 2 4 
White-crowned sparrow Zonotrichia leucophrys 7.502 4.992 10.997 870 579 1,276 

Sagebrush sparrow Artemisiospiza 
nevadensis 2.776 1.823 4.262 322 211 494 

Vesper sparrow Pooecetes gramineus 1.122 0.819 1.596 130 95 185 
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Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

Savannah sparrow Passerculus 
sandwichensis 7.659 5.061 11.399 888 587 1,322 

Lincoln's sparrow Melospiza lincolnii 2.116 1.401 3.204 245 163 372 
Sparrow spp.  8.141 5.108 12.612 944 593 1,463 
Green-tailed towhee Pipilo chlorurus 0.153 0.108 0.214 18 13 25 
Western meadowlark Sturnella neglecta 3.873 2.922 5.211 449 339 604 
Red-winged blackbird Agelaius phoeniceus 0.313 0.247 0.443 36 29 51 
Brown-headed cowbird Molothrus ater 0.314 0.229 0.423 36 27 49 
Brewer's blackbird Euphagus cyanocephalus 0.502 0.383 0.659 58 44 76 
Blackbird spp.  0.036 0.027 0.047 4 3 5 
Orange-crowned warbler Leiothlypis celata 10.038 5.928 19.846 1,164 688 2,302 
Nashville warbler Leiothlypis ruficapilla 5.386 3.201 10.341 625 371 1,200 
MacGillivray's warbler Geothlypis tolmiei 1.142 0.725 2.008 132 84 233 
Common yellowthroat Geothlypis trichas 7.297 4.268 14.283 846 495 1,657 
Yellow warbler Setophaga petechia 6.359 3.821 11.968 738 443 1,388 
Yellow-rumped warbler Setophaga coronata 2.411 1.418 4.303 280 164 499 
Black-throated gray warbler Setophaga nigrescens 2.924 1.699 6.015 339 197 698 
Townsend's warbler Setophaga townsendi 3.634 2.085 7.415 422 242 860 
Hermit warbler Setophaga occidentalis 0.861 0.526 1.534 100 61 178 
Wilson's warbler Cardellina pusilla 18.277 10.463 40.776 2,120 1,214 4,730 
Warbler spp.  7.887 4.782 13.891 915 555 1,611 
Western tanager Piranga ludoviciana 3.037 2.168 4.215 352 251 489 

Black-headed grosbeak Pheucticus 
melanocephalus 0.144 0.105 0.194 17 12 23 

Lazuli bunting Passerina amoena 2.544 1.648 4.004 295 191 464 
Passerine spp.  0.458 0.291 0.683 53 34 79 
Small bird spp.  4.848 3.302 6.953 562 383 807 
Medium bird spp.  0.225 0.174 0.308 26 20 36 
Bird spp.  3.380 2.369 4.737 392 275 549 
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Common name 

 
Species 

𝐹𝐹�/km/year 𝐹𝐹�/40 years at Ormat Brawley 
�̅�𝑥 LCL UCL �̅�𝑥 LCL UCL 

All bats  0.000 0.000 0.000 - - - 
All birds  113.162 71.780 198.424 13,127 8,326 23,017 
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Figure 6. Scuffs on a PV panel (left) left by a western grebe (right) that struck the 
panel and bounced off to the ground at a solar project far from where biologists would 
expect western grebes to occur. 
 
Of particular concern is the impact of utility-scale solar projects on burrowing owls. In 
fact, in Smallwood (2022) I provided impact estimates specifically for burrowing owls in 
Imperial County. I wrote, “In the 1990s, an estimated 71% of California’s entire 
burrowing owl population resided within the Imperial Valley, after the species had 
declined throughout the rest of its range in California (DeSante et al. 2007). The average 
density of breeding attempts was 8.13/km2 (0.081/ha). With 1,488.5 MW of solar PV 
installed in Imperial County as of 2019, and with an average 2.67 ha/MW, utility-scale 
solar in Imperial County destroyed 3,974.3 ha of burrowing owl habitat. Assuming 
DeSante et al.’s (2007) estimate of burrowing owl breeding density still applies, I 
estimate this level of habitat loss reduced the capacity for breeding attempts by 322 and 
the number of breeding adults by ≥644. Assuming an average generation time of 8 years 
and an average 3 chicks produced/breeding attempt, the equation in the preceding 
paragraph would estimate an annual loss of 1,073 burrowing owls due to habitat loss.”  
 
The trends analysis in eBird lends support to my estimates (Figure 7). According to 
eBird, the population trend of burrowing owls in the Imperial Valley averaged about a 
44% decline from 2007 to 2021 (Figure 7). This decline corresponded with the 
proliferation of utility-scale solar, which added 1,488.5 MW onto 3,974.3 ha of prime 
burrowing owl habitat through 2019. These trends indicate that utility-scale solar poses 
a serious and immediate threat to California’s burrowing owls. 
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Figure 7. Percent change in burrowing owl abundance 2007―2011. Circle size 
indicates relative abundance in 2014. Data source: eBird. 
 
Response F.53b The avoidance and minimization measure BIO-1, will require that all 
electrical components on the project site be underground or protected so there will be 
no exposure to wildlife and therefore no potential for electricution. Also, based on the 
Avian Powerline interation Committees’s (APLIC) 1996 report on power line elctricution 
in the U.S., avian electricution risk is highest along distribution lines (generally les than 
69 kV) where the distance between energized phases, ground wires, transformers, and 
other components of an electrical distribution system are less than the length or skin-to-
skin contact distance of birds. The distance between energized components along 
transmission lines (less than 69 kV) is generally insufficient to present avain 
electricution, and is the case for thie project.  
 
Reply: Again, the Response regarding electrocution risk has nothing to do with my 
comments. I did not comment on electrocutions. 
 
As for collision risk of distribution lines versus transmission lines, the fatality rates I 
predicted were for transmission lines (Gen-ties) because that was the type of structure 
that was cleanly monitored for fatalities at solar projects, as reported in Smallwood 
(2022). Whatever rate of collisions at distribution lines happens to occur (I know it is 
high because I led a major study on this impact), it is irrelevant to my prediction of 
transmission line (Gen-tie) collision mortality. I was unable to obtain any clean 
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estimates of mortality of distribution lines because the distribution lines that were 
monitored at utility-scale solar projects were located amid the PV arrays, which 
precluded attribution of the particular structure to the birds found as collision victims 
(Smallwood 2022). 
 
I must add that my prediction of collision mortality along the gen-tie is likely much too 
low. Noriko and I observed thousands of birds flying at heights that would make them 
vulnerable to collision with the gen-tie aligned as proposed. Crossing the New River 
would qualify the project’s gen-tie as one of the most dangerous obstacles to flying birds 
in the region. Many birds would die there.  
 
Response F.53c In addition, the DRECP takes into account potential impacts to 
species where renewable energy developments are approved. The DRECP was developed 
by local agencies including the Bureau of Land Management, the U.S. Fish and Wildlife 
Service (USFWS), the California Energy Commission (CEC), and the California 
Department of Fish and Wildlife (CDFW). The DRECP allows for the development of 
388,000 acres of renewable energy while providing protection and conservation of 
desert ecosystems (4.2 million acres in addition to the 5 million existing acres). The 
DRECP plans at a landscape level in order to identify where future renewable energy 
projects are best suited. Sites identified for development by the agencies, were based on 
their energy generating potential and low resource conflicts. Conservation areas and 
wildlife corridors are closed to renewable energy development in addition to limitations 
on overall ground disturbance. As such, while impacts may occur, these impacts are 
considered less than significant with incoprporation the DRECP. 
 
Reply: The estimates of collision mortality of birds and bats at utility-scale solar 
projects were made despite the existence of the DRECP. In other words, the collision 
mortality I reported (Smallwood 2022) had occurred even with whatever provisions or 
mitigation measures were required by the DRECP. The DRECP did not plan for utility-
scale solar projects serving as ecological sinks. The Response is inadequate. 
 
Responses F B-20 and F B-21 and F B-22 and F B-23 This comment discusses 
collision mortality to birds and possibly bats. According to the USFWS, although direct 
impacts to birds may occur as a result of solar projects due to collisions with 
infrastructure, including security fencing, the long term indirect impacts benefit 
migratory birds by reducing the use a fossil fuels, a drive of climate change. Please also 
refer to response F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of Citizens 
for Responsible Industry (“Citizens”) letter for additional details. In addition, the 
DRECP allows for the development of 388,000 acres of renewable energy while 
providing protection and conservation of desert ecosystems (4.2 million acres in 
addition to the 5 million existing acres). As discussed in the Draft EIR, while the 
potential for impacts may exist, these impacts are considered less than significant with 
implementation of BIO-1 and adherance to the DRECP.  
 
Reply: These Responses are repetitive and merely repeat earlier Responses. No 
additional reply would help. Lead agencies are required to provide “detailed written 
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response to comments . . . to ensure that the lead agency will fully consider the 
environmental consequences of a decision before it is made, that the decision is well 
informed and open to public scrutiny, and the public participation in the environmental 
review process is meaningful.”5 
 
Response F B-24 This comment discusses cumulative impacts assocaited with 
collision mortality. Please refer to response F-55 of the Adams Broadwell Joseph & 
Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. Cumulative 
impacts were addressed throughout the Draft EIR, and potential impacts were found to 
be less than significant with DRECP compliance.  
... 
Response F.55 This comment states that effective project mitigation would include 
Compensatory Mitigation for preservation of open space near the project site and a 
wildlife rehabilitation center for wildlife that may be impacted by project infrastructure. 
Mitigation is already in place with the implementation of the DRECP. One of the main 
goals of the DRECP is to provide larger patches of open space for conservation and to 
connect those patches with wildlife corridors, compensating for the loss of wildlife 
movement areas and smaller patches that have no connectivity other than for highly 
mobile species such as birds and bats that may fly from patch to patch. Thus, the direct, 
indirect, and cumulative impacts of the project were properly analyzed and mitigated to 
a level below significance in accordance with CEQA within the Draft EIR. No additional 
significant impacts have been identified and no additional mitigation is required for the 
project beyond what is already provided. 
 
Reply: The Response did not address my comments. I suggested a specific approach to 
analyze cumulative effects, and I provided specific cumulative impact predictions. The 
Response(s) make no mention of these, and fail to address them. And again, there is no 
connection between the conservation strategy of the DRECP and the impacts of collision 
mortality that would result from the proposed project.  
 
Response F.55 claims that compensatory mitigation would be provided for 
rehabilitating injured wildlife, but the DEIR includes no such measure. 
 
Response F B-25 This comment continues the discussion on cumulative impacts. 
Please refer to response F-55 of the Adams Broadwell Joseph & Cardozo on Behalf of 
Citizens for Responsible Industry (“Citizens”) letter. Cumulative impacts were 
addressed throughout the Draft EIR, and potential impacts were found to be less than 
significant with DRECP compliance.  
 
Reply: Response F.55 does not address the comment at issue. Neither does Response F 
B-25. 
 
Response F B-26 This comment discusses habitat loss and collision mortality. Please 
refer to response F-52 and F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of 

 
5 City of Long Beach v. Los Angeles Unified Sch. Dist. (2009) 176 Cal.4th 889, 904. 

PC ORIGINAL PKG



74 
 
 
 

Citizens for Responsible Industry (“Citizens”) letter. As discussed in the Draft EIR, while 
the potential for impacts may exist, with the implementation of BIO-1 through BIO-4 
and compliance with the DRECP, potential impacts are considered less than significant.  
 
Reply: My comment addressed a mitigation measure, but the Response addresses an 
issue of impacts that had already been addressed. My comment on mitigation measure 
BIO-1 remains unaddressed. Lead agencies are required to provide “detailed written 
response to comments . . . to ensure that the lead agency will fully consider the 
environmental consequences of a decision before it is made, that the decision is well 
informed and open to public scrutiny, and the public participation in the environmental 
review process is meaningful.”6 
 
Response F B-27 This comment discusses habitat loss and collision mortality. Please 
refer to response F-52 and F-53 of the Adams Broadwell Joseph & Cardozo on Behalf of 
Citizens for Responsible Industry (“Citizens”) letter. As discussed in the Draft EIR, while 
the potential for impacts may exist, with the implementation of BIO-1 through BIO-4 
and compliance with the DRECP, potential impacts are considered less than significant.  
 
Reply: See the previous reply. My comment addressed a mitigation measure, but the 
Response addresses an issue of impacts that had already been addressed.  My comment 
on mitigation measure BIO-2 remains unaddressed. Lead agencies are required to 
provide “detailed written response to comments . . . to ensure that the lead agency will 
fully consider the environmental consequences of a decision before it is made, that the 
decision is well informed and open to public scrutiny, and the public participation in the 
environmental review process is meaningful.”7 
 
Response F B-28 This comment states that burrowing owl detection surveys should 
be completed prior to circulation of the Draft EIR. Take avoidance surveys, to identify if 
burrowing owl are present prior to construction, are required as indicated in BIO-3, and 
will be implemented to reduce any potential impacts to a less than significant level. As 
stated in the Draft EIR, the measures are implemented to avoid or minimize potential 
impacts. The goal of mitigation measures is to always avoid first, but when avoidance 
isn’t possible, that impacts are minimized to the furthest extent feasible.  
 
Reply:  The most important guidance of CDFW (2012), and what CDEFW (2012) is best 
known for, relates to protocol-level detection surveys. Detection surveys are intended to 
detect burrowing owls if they are present, to enumerate burrowing owls, or to support 
an absence determination. Following the description of detection surveys, CDFW (2012) 
provides guidance on preconstruction take-avoidance surveys, which serve as a 
mitigation measure. CDFW (2012:9) contextualizes preconstruction take-avoidance 
surveys as an update to the detection surveys that would have already been completed to 
inform the environmental review. CDFW (2012:29) recommends completion of “take 
avoidance survey no less than 14 days prior to initiating ground disturbance activities 

 
6 City of Long Beach v. Los Angeles Unified Sch. Dist. (2009) 176 Cal.4th 889, 904. 
7 City of Long Beach v. Los Angeles Unified Sch. Dist. (2009) 176 Cal.4th 889, 904. 
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using the recommended methods described in the Detection Surveys section above.” 
However, I have never seen an EIR or Initial Study propose a preconstruction survey to 
the standards of detection surveys, and the Brawley Solar DEIR proposes no such 
standard either. 
 
If one performs a preconstruction survey without having completed detection surveys, 
then the outcome of the preconstruction survey would not carry the support of detection 
surveys. If the outcome of a preconstruction survey is negative, this negative result 
cannot serve as evidence of absence because that is the purpose of detection surveys, 
The County is attempting to replace detection surveys with preconstruction surveys, 
which are not the same thing and cannot support a determination of absence and hence 
of no impact from construction. See Table 5 for a crosswalk between the standards of 
CDFW’s (2012) detection survey guidelines and what would be accomplished from a 
preconstruction take-avoidance survey. 
 
As an example of the difference between detection surveys and preconstruction take-
avoidance surveys, I found a burrowing owl on the project site only after two survey 
efforts had already been completed on site, one by Chambers Group (2021) and one by 
myself. It was not until the third survey effort that burrowing owl was detected on site. 
This is because burrowing owls are difficult to detect, especially during the non-
breeding seasons. For this reason, where I have studied burrowing owls (Smallwood et 
al. 2013, Smallwood and Morrison 2018), I performed even more surveys than 
recommended as minimum standards by CDFW (2012). Limiting the survey effort to 
that of only a preconstruction survey would likely result in a false negative survey 
outcome. 
 
Table 5.  Assessment of whether the proposed preconstruction survey for burrowing 
owls would achieve the standards in CDFW’s (2012) recommended survey protocol.  
Standards are numbered to match those in CDFW (2012). 

 
Standard in CDFW (2012) 

Would standard 
be met solely by 
preconstruction 
take-avoidance 
survey? 

Minimum qualifications of biologists performing surveys and 
impact assessments 

 

(1) Familiarity with the species and local ecology Unlikely 
(2) Experience conducting habitat assessments and breeding and non-breeding 
season surveys 

Unlikely 

(3) Familiarity with regulatory statutes, scientific research and conservation 
related to burrowing owls 

Unlikely 

(4) Experience with analyzing impacts on burrowing owls Unlikely 
Habitat assessment  
(1) Conduct at least 1 visit covering entire site and offsite buffer to 150 m Not the buffer 
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Standard in CDFW (2012) 

Would standard 
be met solely by 
preconstruction 
take-avoidance 
survey? 

(2) Prior to site visit, compile relevant biological information on site and 
surrounding area 

No 

(3) Check available sources for occurrence records Unlikely 
(4) Identify vegetation cover potentially supporting burrowing owls on site and 
vicinity 

Unlikely 

(5a) Describe project and timeline of activities Unlikely 
(5b) Regional setting map showing project location Unlikely 
(5c) Detailed map with project footprint, topography, landscape and potential 
vegetation-altering activities 

Unlikely 

(5d) Biological setting including location, acreage, terrain, soils, geography, 
hydrology, land use and management history 

Unlikely 

(5e) Analysis of relevant historical information concerning burrowing owl use 
or occupancy 

Unlikely 

(5f) Vegetation cover and height typical of temporal and spatial scales relevant 
to the assessment 

Unlikely 

(5g) Presence of burrowing owl individuals, pairs or sign Yes 
(5h) Presence of suitable burrows or burrow surrogates  No 
Breeding season surveys  
Perform 4 surveys separated by at least 3 weeks No 
1 survey between 15 February and 15 April No 
2-3 surveys between 15 April and 15 July No 
1 survey following June 15 No 
Walk transects spaced 7 m to 20 m apart  Yes 
Scan entire viewable area using binoculars at start of each transect and at 100 
m intervals 

Maybe 

Record all potential burrow locations determined by presence of owls or sign No 
Survey when temperature >20° C (68° F), winds <12 km/hr, and cloud cover 
<75% 

No 

Survey between dawn and 10:00 hours or within 2 hours before sunset No 
Identify and discuss any adverse conditions such as disease, predation, 
drought, high rainfall or site disturbance 

No 

Survey several years where activities will be ongoing, annual or start-and-stop 
to cover high nest site fidelity 

No 

Reporting should include:  
(1) Survey dates with start and end times and weather conditions Usually no report 
(2) Qualifications of surveyor(s) Usually no report 
(3) Discussion of how survey timing affected comprehensiveness and detection 
probability 

Usually no report 

(4) Description of survey methods including point count dispersal and duration  Usually no report 
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Standard in CDFW (2012) 

Would standard 
be met solely by 
preconstruction 
take-avoidance 
survey? 

(5) Description and justification of the area surveyed Usually no report 
(6) Numbers of nestlings or juveniles associated with each pair and whether 
adults were banded or marked 

Usually no report 

(7) Descriptions of behaviors of burrowing owls observed Usually no report 
(8) List of possible burrowing owl predators in the area, including any signs of 
predation of burrowing owls 

Usually no report 

(9) Detailed map showing all burrowing owl locations and potential or occupied 
burrows 

Usually no report 

(10) Signed field forms, photos, etc. Usually no report 
(11) Recent color photos of project site Usually no report 
(12) Copies of CNDDB field forms Usually no report 

 
Response F B-29 This comment discusses that while nesting bird surveys are 
appropriate, habitat loss for birds is not addressed. Please refer to response F-52 of the 
Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter. A majority of the habitat on site is non-native (252 of the 272 acres 
surveyed) and of low value to most wildlife species. In addition, native vegetation 
present along jurisdictional features and within the railroad right-of-way will be 
avoided. However, there is a potential for nesting birds to be impacted by the project, 
therefore, the Draft EIR includes avoidance and minimization measures (BIO-1 through 
BIO-4) including nesting bird surveys, to reduce these potential impacts to a less than 
significant level.  
 
Reply: The Response does not address my comment except to the degree that it entirely 
dismisses my prediction that habitat loss would prevent the production of thousands of 
birds. The Response suggests that a one-time preconstruction survey would detect all of 
the birds nesting at the time, which is unrealistic, and that these detections would be 
enough to minimize impacts to nesting birds through the live of the project. 
Preconstruction nesting surveys would do nothing to prevent the elimination of avian 
productivity on the project site for decades to come. The benefits of such a survey would 
be trivial in the face of my prediction that habitat loss caused by the project would deny 
Californians 12,847 birds per year through the life of the project. 
 
Response F B-30 This comment discusses compensatory mitigation as effective 
mitigation for the project. Please refer to response F-55 of the Adams Broadwell Joseph 
& Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. As 
previously discussed, the Draft EIR evaluated impacts to biological resources. As 
concluded, while the potential for impacts may exist, with the implementation of BIO-1 
through BIO-4 and compliance with the DRECP, impacts are considered less than 
significant. Biological conservation will be achieved with DRECP compliance.  
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Reply: This Response repeats the County’s rejection of the notion that habitat loss 
would cause significant impacts to birds. I already addressed the fallacy of this 
argument. 
 
Response F B-31 This comment discusses wildlife rehabilitation facilities as effective 
mitigation for the project. Please refer to response F-55 of the Adams Broadwell Joseph 
& Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) letter. As 
previously discussed, the Draft EIR evaluated impacts to biological resources. As 
concluded, while the potential for impacts may exist, with the implementation of BIO-1 
through BIO-4 and compliance with the DRECP, impacts are considered less than 
significant. Biological conservation will be achieved with DRECP compliance.  
 
Reply: This Response repeats the County’s rejection of the notion that failing to fund 
the treatment of injured birds would cause significant impacts to birds. This Response 
presents no evidence that birds will not be injured by the project. In the correspondence 
I obtained between solar project operators and regulatory agencies, I saw ample 
evidence of injured birds requiring transport to rehabilitation facilities. 
 
Response F B-32 This comment discusses post-construction impacts monitoring as 
effective mitigation for the project. Please refer to response F-55 of the Adams 
Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry (“Citizens”) 
letter. As previously discussed, the Draft EIR evaluated impacts to biological resources. 
As concluded, while the potential for impacts may exist, with the implementation of 
BIO-1 through BIO-4 and compliance with the DRECP, impacts are considered less than 
significant. Biological conservation will be achieved with DRECP compliance.  
 
Reply: Response F.55 does not address post-construction fatality monitoring, so this 
Response does not address my comment. Lead agencies are required to provide 
“detailed written response to comments . . . to ensure that the lead agency will fully 
consider the environmental consequences of a decision before it is made, that the 
decision is well informed and open to public scrutiny, and the public participation in the 
environmental review process is meaningful.”8 
 
Response F B-33 This comment discusses including nocturnal survey with impacts 
montioing as effective mitigation for the project. Please refer to response F-55 of the 
Adams Broadwell Joseph & Cardozo on Behalf of Citizens for Responsible Industry 
(“Citizens”) letter. As previously discussed, the Draft EIR evaluated impacts to biological 
resources. As concluded, while the potential for impacts may exist, with the 
implementation of BIO-1 through BIO-4 and compliance with the DRECP, impacts are 
considered less than significant. Biological conservation will be achieved with DRECP 
compliance.  
 

 
8 City of Long Beach v. Los Angeles Unified Sch. Dist. (2009) 176 Cal.4th 889, 904. 
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Reply: Response F.55 does not address monitoring of nocturnal wildlife activity by use 
of thermal-imaging, so this Response does not address my comment. 
 
Response F B-34 This comment discusses fatality monitoring as effective mitigation 
for the project. Please refer to response F-55 of the Adams Broadwell Joseph & Cardozo 
on Behalf of Citizens for Responsible Industry (“Citizens”) letter. As previously 
discussed, the Draft EIR evaluated impacts to biological resources. As concluded, while 
the potential for impacts may exist, with the implementation of BIO-1 through BIO-4 
and compliance with the DRECP, impacts are considered less than significant. Biological 
conservation will be achieved with DRECP compliance. 
 
Reply: Response F.55 does not address the issues of transparency and peer review 
related to fatality monitoring, so this Response does not address my comment. Lead 
agencies are required to provide “detailed written response to comments . . . to ensure 
that the lead agency will fully consider the environmental consequences of a decision 
before it is made, that the decision is well informed and open to public scrutiny, and the 
public participation in the environmental review process is meaningful.”9 
 
Thank you for your attention, 
 

 
______________________ 
Shawn Smallwood, Ph.D. 
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Photo 27.  Snowy egrets flying over the proposed gen-tie alignment where it would 
cross the New River, 21 February 2023. 
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 Using systems analysis and experimental design principles to identify meaningful 

ecological patterns that inform management decisions. 

 

Education 

 

 Ph.D. Ecology, University of California, Davis. September 1990. 

 M.S. Ecology, University of California, Davis. June 1987. 

 B.S. Anthropology, University of California, Davis. June 1985. 

 Corcoran High School, Corcoran, California. June 1981. 

 

Experience 

 480 professional publications, including: 

   83 peer reviewed publications 

   24 in non-reviewed proceedings 

 371 reports, declarations, posters and book reviews 

    8 in mass media outlets 

  87 public presentations of research results 

 

Editing for scientific journals:  Guest Editor, Wildlife Society Bulletin, 2012-2013, of invited papers 

representing international views on the impacts of wind energy on wildlife and how to mitigate 

the impacts. Associate Editor, Journal of Wildlife Management, March 2004 to 30 June 2007.  

Editorial Board Member, Environmental Management, 10/1999 to 8/2004. Associate Editor, 

Biological Conservation, 9/1994 to 9/1995. 

 

Member, Alameda County Scientific Review Committee (SRC), August 2006 to April 2011. The 

five-member committee investigated causes of bird and bat collisions in the Altamont Pass 

Wind Resource Area, and recommended mitigation and monitoring measures. The SRC 
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reviewed the science underlying the Alameda County Avian Protection Program, and advised 

the County on how to reduce wildlife fatalities.   

 

Consulting Ecologist, 2004-2007, California Energy Commission (CEC). Provided consulting 

services as needed to the CEC on renewable energy impacts, monitoring and research, and 

produced several reports. Also collaborated with Lawrence-Livermore National Lab on research 

to understand and reduce wind turbine impacts on wildlife. 

 

Consulting Ecologist, 1999-2013, U.S. Navy. Performed endangered species surveys, hazardous 

waste site monitoring, and habitat restoration for the endangered San Joaquin kangaroo rat, 

California tiger salamander, California red-legged frog, California clapper rail, western 

burrowing owl, salt marsh harvest mouse, and other species at Naval Air Station Lemoore; 

Naval Weapons Station, Seal Beach, Detachment Concord; Naval Security Group Activity, 

Skaggs Island; National Radio Transmitter Facility, Dixon; and, Naval Outlying Landing Field 

Imperial Beach. 

 

Part-time Lecturer, 1998-2005, California State University, Sacramento. Instructed Mammalogy, 

Behavioral Ecology, and Ornithology Lab, Contemporary Environmental Issues, Natural 

Resources Conservation. 

 

Senior Ecologist, 1999-2005, BioResource Consultants. Designed and implemented research and 

monitoring studies related to avian fatalities at wind turbines, avian electrocutions on electric 

distribution poles across California, and avian fatalities at transmission lines. 

 

Chairman, Conservation Affairs Committee, The Wildlife Society--Western Section, 1999-2001. 

Prepared position statements and led efforts directed toward conservation issues, including 

travel to Washington, D.C. to lobby Congress for more wildlife conservation funding. 

 

Systems Ecologist, 1995-2000, Institute for Sustainable Development. Headed ISD’s program on 

integrated resources management. Developed indicators of ecological integrity for large areas, 

using remotely sensed data, local community involvement and GIS.  

 

Associate, 1997-1998, Department of Agronomy and Range Science, University of California, 

Davis. Worked with Shu Geng and Mingua Zhang on several studies related to wildlife 

interactions with agriculture and patterns of fertilizer and pesticide residues in groundwater 

across a large landscape. 

 

Lead Scientist, 1996-1999, National Endangered Species Network. Informed academic scientists 

and environmental activists about emerging issues regarding the Endangered Species Act and 

other environmental laws. Testified at public hearings on endangered species issues. 

 

Ecologist, 1997-1998, Western Foundation of Vertebrate Zoology. Conducted field research to 

determine the impact of past mercury mining on the status of California red-legged frogs in 

Santa Clara County, California.  

 

Senior Systems Ecologist, 1994-1995, EIP Associates, Sacramento, California. Provided consulting 

services in environmental planning, and quantitative assessment of land units for their 
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conservation and restoration opportunities basedon ecological resource requirements of 29 

special-status species. Developed ecological indicators for prioritizing areas within Yolo County 

to receive mitigation funds for habitat easements and restoration.  

 

Post-Graduate Researcher, 1990-1994, Department of Agronomy and Range Science, U.C. Davis. 

Under Dr. Shu Geng’s mentorship, studied landscape and management effects on temporal and 

spatial patterns of abundance among pocket gophers and species of Falconiformes and 

Carnivora in the Sacramento Valley. Managed and analyzed a data base of energy use in 

California agriculture. Assisted with landscape (GIS) study of groundwater contamination across 

Tulare County, California.   

 

Work experience in graduate school:  Co-taught Conservation Biology with Dr. Christine 

Schonewald, 1991 & 1993, UC Davis Graduate Group in Ecology; Reader for Dr. Richard 

Coss’s course on Psychobiology in 1990, UC Davis Department of Psychology; Research 

Assistant to Dr. Walter E. Howard, 1988-1990, UC Davis Department of Wildlife and Fisheries 

Biology, testing durable baits for pocket gopher management in forest clearcuts; Research 

Assistant to Dr. Terrell P. Salmon, 1987-1988, UC Wildlife Extension, Department of Wildlife 

and Fisheries Biology, developing empirical models of mammal and bird invasions in North 

America, and a rating system for priority research and control of exotic species based on 

economic, environmental and human health hazards in California. Student Assistant to Dr. E. 

Lee Fitzhugh, 1985-1987, UC Cooperative Extension, Department of Wildlife and Fisheries 

Biology, developing and implementing statewide mountain lion track count for long-term 

monitoring.  

 

Fulbright Research Fellow, Indonesia, 1988. Tested use of new sampling methods for numerical 

monitoring of Sumatran tiger and six other species of endemic felids, and evaluated methods 

used by other researchers.   

 

Projects 

 

Repowering wind energy projects through careful siting of new wind turbines using map-based 

collision hazard models to minimize impacts to volant wildlife. Funded by wind companies 

(principally NextEra Renewable Energy, Inc.), California Energy Commission and East Bay 

Regional Park District, I have collaborated with a GIS analyst and managed a crew of five field 

biologists performing golden eagle behavior surveys and nocturnal surveys on bats and owls. The 

goal is to quantify flight patterns for development of predictive models to more carefully site new 

wind turbines in repowering projects. Focused behavior surveys began May 2012 and continue. 

Collision hazard models have been prepared for seven wind projects, three of which were built. 

Planning for additional repowering projects is underway. 

 

Test avian safety of new mixer-ejector wind turbine (MEWT). Designed and implemented a before-

after, control-impact experimental design to test the avian safety of a new, shrouded wind turbine 

developed by Ogin Inc. (formerly known as FloDesign Wind Turbine Corporation). Supported by a 

$718,000 grant from the California Energy Commission’s Public Interest Energy Research program 

and a 20% match share contribution from Ogin, I managed a crew of seven field biologists who 

performed periodic fatality searches and behavior surveys, carcass detection trials, nocturnal 

behavior surveys using a thermal camera, and spatial analyses with the collaboration of a GIS 
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analyst. Field work began 1 April 2012 and ended 30 March 2015 without Ogin installing its 

MEWTs, but we still achieved multiple important scientific advances. 

 

Reduce avian mortality due to wind turbines at Altamont Pass. Studied wildlife impacts caused by 

5,400 wind turbines at the world’s most notorious wind resource area. Studied how impacts are 

perceived by monitoring and how they are affected by terrain, wind patterns, food resources, range 

management practices, wind turbine operations, seasonal patterns, population cycles, infrastructure 

management such as electric distribution, animal behavior and social interactions.   

 

Reduce avian mortality on electric distribution poles. Directed research toward reducing bird 

electrocutions on electric distribution poles, 2000-2007. Oversaw 5 founds of fatality searches at 

10,000 poles from Orange County to Glenn County, California, and produced two large reports. 

 

Cook et al. v. Rockwell International et al., No. 90-K-181 (D. Colorado). Provided expert testimony 

on the role of burrowing animals in affecting the fate of buried and surface-deposited radioactive 

and hazardous chemical wastes at the Rocky Flats Plant, Colorado. Provided expert reports based on 

four site visits and an extensive document review of burrowing animals. Conducted transect surveys 

for evidence of burrowing animals and other wildlife on and around waste facilities. Discovered 

substantial intrusion of waste structures by burrowing animals. I testified in federal court in 

November 2005, and my clients were subsequently awarded a $553,000,000 judgment by a jury. 

After appeals the award was increased to two billion dollars. 

 

Hanford Nuclear Reservation Litigation. Provided expert testimony on the role of burrowing 

animals in affecting the fate of buried radioactive wastes at the Hanford Nuclear Reservation, 

Washington. Provided three expert reports based on three site visits and extensive document review. 

Predicted and verified a certain population density of pocket gophers on buried waste structures, as 

well as incidence of radionuclide contamination in body tissue. Conducted transect surveys for 

evidence of burrowing animals and other wildlife on and around waste facilities. Discovered 

substantial intrusion of waste structures by burrowing animals. 

 

Expert testimony and declarations on proposed residential and commercial developments, gas-fired 

power plants, wind, solar and geothermal projects, water transfers and water transfer delivery 

systems, endangered species recovery plans, Habitat Conservation Plans and Natural Communities 

Conservation Programs. Testified before multiple government agencies, Tribunals, Boards of 

Supervisors and City Councils, and participated with press conferences and depositions. Prepared 

expert witness reports and court declarations, which are summarized under Reports (below). 

 

Protocol-level surveys for special-status species. Used California Department of Fish and Wildlife 

and US Fish and Wildlife Service protocols to search for California red-legged frog, California tiger 

salamander, arroyo southwestern toad, blunt-nosed leopard lizard, western pond turtle, giant 

kangaroo rat, San Joaquin kangaroo rat, San Joaquin kit fox, western burrowing owl, Swainson’s 

hawk, Valley elderberry longhorn beetle and other special-status species.  

 

Conservation of San Joaquin kangaroo rat. Performed research to identify factors responsible for the 

decline of this endangered species at Lemoore Naval Air Station, 2000-2013, and implemented 

habitat enhancements designed to reverse the trend and expand the population. 
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Impact of West Nile Virus on yellow-billed magpies. Funded by Sacramento-Yolo Mosquito and 

Vector Control District, 2005-2008, compared survey results pre- and post-West Nile Virus 

epidemic for multiple bird species in the Sacramento Valley, particularly on yellow-billed magpie 

and American crow due to susceptibility to WNV.   

 

Workshops on HCPs. Assisted Dr. Michael Morrison with organizing and conducting a 2-day 

workshop on Habitat Conservation Plans, sponsored by Southern California Edison, and another 1-

day workshop sponsored by PG&E. These Workshops were attended by academics, attorneys, and 

consultants with HCP experience. We guest-edited a Proceedings published in Environmental 

Management. 

 

Mapping of biological resources along Highways 101, 46 and 41. Used GPS and GIS to delineate 

vegetation complexes and locations of special-status species along 26 miles of highway in San Luis 

Obispo County, 14 miles of highway and roadway in Monterey County, and in a large area north of 

Fresno, including within reclaimed gravel mining pits. 

 

GPS mapping and monitoring at restoration sites and at Caltrans mitigation sites. Monitored the 

success of elderberry shrubs at one location, the success of willows at another location, and the 

response of wildlife to the succession of vegetation at both sites. Also used GPS to monitor the 

response of fossorial animals to yellow star-thistle eradication and natural grassland restoration 

efforts at Bear Valley in Colusa County and at the decommissioned Mather Air Force Base in 

Sacramento County. 

 

Mercury effects on Red-legged Frog. Assisted Dr. Michael Morrison and US Fish and Wildlife 

Service in assessing the possible impacts of historical mercury mining on the federally listed 

California red-legged frog in Santa Clara County. Also measured habitat variables in streams. 

 

Opposition to proposed No Surprises rule. Wrote a white paper and summary letter explaining 

scientific grounds for opposing the incidental take permit (ITP) rules providing ITP applicants and 

holders with general assurances they will be free of compliance with the Endangered Species Act 

once they adhere to the terms of a “properly functioning HCP.” Submitted 188 signatures of 

scientists and environmental professionals concerned about No Surprises rule US Fish and Wildlife 

Service, National Marine Fisheries Service, all US Senators.  

 

Natomas Basin Habitat Conservation Plan alternative. Designed narrow channel marsh to increase 

the likelihood of survival and recovery in the wild of giant garter snake, Swainson’s hawk and 

Valley Elderberry Longhorn Beetle. The design included replication and interspersion of treatments 

for experimental testing of critical habitat elements. I provided a report to Northern Territories, Inc. 

 

Assessments of agricultural production system and environmental technology transfer to China. 

Twice visited China and interviewed scientists, industrialists, agriculturalists, and the Directors of 

the Chinese Environmental Protection Agency and the Department of Agriculture to assess the need 

and possible pathways for environmental clean-up technologies and trade opportunities between the 

US and China. 

 

Yolo County Habitat Conservation Plan. Conducted landscape ecology study of Yolo County to 

spatially prioritize allocation of mitigation efforts to improve ecosystem functionality within the 
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County from the perspective of 29 special-status species of wildlife and plants. Used a hierarchically 

structured indicators approach to apply principles of landscape and ecosystem ecology, conservation 

biology, and local values in rating land units. Derived GIS maps to help guide the conservation area 

design, and then developed implementation strategies. 

 

Mountain lion track count. Developed and conducted a carnivore monitoring program throughout 

California since 1985. Species counted include mountain lion, bobcat, black bear, coyote, red and 

gray fox, raccoon, striped skunk, badger, and black-tailed deer. Vegetation and land use are also 

monitored. Track survey transect was established on dusty, dirt roads within randomly selected 

quadrats. 

 

Sumatran tiger and other felids. Upon award of Fulbright Research Fellowship, I designed and 

initiated track counts for seven species of wild cats in Sumatra, including Sumatran tiger, fishing 

cat, and golden cat. Spent four months on Sumatra and Java in 1988, and learned Bahasa Indonesia, 

the official Indonesian language.  

 

Wildlife in agriculture. Beginning as post-graduate research, I studied pocket gophers and other 

wildlife in 40 alfalfa fields throughout the Sacramento Valley, and I surveyed for wildlife along a 

200 mile road transect since 1989 with a hiatus of 1996-2004. The data are analyzed using GIS and 

methods from landscape ecology, and the results published and presented orally to farming groups 

in California and elsewhere. I also conducted the first study of wildlife in cover crops used on 

vineyards and orchards. 

 

Agricultural energy use and Tulare County groundwater study. Developed and analyzed a data base 

of energy use in California agriculture, and collaborated on a landscape (GIS) study of groundwater 

contamination across Tulare County, California. 

 

Pocket gopher damage in forest clear-cuts. Developed gopher sampling methods and tested various 

poison baits and baiting regimes in the largest-ever field study of pocket gopher management in 

forest plantations, involving 68 research plots in 55 clear-cuts among 6 National Forests in northern 

California.   

 

Risk assessment of exotic species in North America. Developed empirical models of mammal and 

bird species invasions in North America, as well as a rating system for assigning priority research 

and control to exotic species in California, based on economic, environmental, and human health 

hazards.  

 

 Peer Reviewed Publications 

 

Smallwood, K. S. and M. L. Morrison.  2018.  Nest-site selection in a high-density colony of 

burrowing owls.  Journal of Raptor Research 52:454-470. 

 

Smallwood, K. S., D. A. Bell, E. L. Walther, E. Leyvas, S. Standish, J. Mount, B. Karas.  2018.  

Estimating wind turbine fatalities using integrated detection trials.  Journal of Wildlife 

Management 82:1169-1184. 

 

Smallwood, K. S.  2017.  Long search intervals under-estimate bird and bat fatalities caused by 
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wind turbines.  Wildlife Society Bulletin 41:224-230. 

 

Smallwood, K. S.  2017.  The challenges of addressing wildlife impacts when repowering wind 

energy projects.  Pages 175-187 in Köppel, J., Editor, Wind Energy and Wildlife Impacts:  

Proceedings from the CWW2015 Conference. Springer.  Cham, Switzerland. 

 

May, R., Gill, A. B., Köppel, J. Langston, R. H.W., Reichenbach, M., Scheidat, M., Smallwood, S., 

Voigt, C. C., Hüppop, O., and Portman, M. 2017.  Future research directions to reconcile wind 

turbine–wildlife interactions.  Pages 255-276 in Köppel, J., Editor, Wind Energy and Wildlife 

Impacts:  Proceedings from the CWW2015 Conference. Springer.  Cham, Switzerland. 

 

Smallwood, K. S.  2017.  Monitoring birds.  M. Perrow, Ed., Wildlife and Wind Farms - Conflicts 

and Solutions, Volume 2. Pelagic Publishing, Exeter, United Kingdom.  www.bit.ly/2v3cR9Q 

 

Smallwood, K. S., L. Neher, and D. A. Bell.  2017.  Siting to Minimize Raptor Collisions: an 

example from the Repowering Altamont Pass Wind Resource Area.  M. Perrow, Ed., Wildlife 

and Wind Farms - Conflicts and Solutions, Volume 2.  Pelagic Publishing, Exeter, United 

Kingdom.  www.bit.ly/2v3cR9Q 

 

Johnson, D. H., S. R. Loss, K. S. Smallwood, W. P. Erickson.  2016.  Avian fatalities at wind 

energy facilities in North America: A comparison of recent approaches.  Human–Wildlife 

Interactions 10(1):7-18. 

 

Sadar, M. J., D. S.-M. Guzman, A. Mete, J. Foley, N. Stephenson, K. H. Rogers, C. Grosset, K. S. 

Smallwood, J. Shipman, A. Wells, S. D. White, D. A. Bell, and M. G. Hawkins.  2015.  Mange 

Caused by a novel Micnemidocoptes mite in a Golden Eagle (Aquila chrysaetos).  Journal of 

Avian Medicine and Surgery 29(3):231-237. 

 

Smallwood, K. S.  2015.  Habitat fragmentation and corridors.  Pages 84-101 in M. L. Morrison and 

H. A. Mathewson, Eds., Wildlife habitat conservation: concepts, challenges, and solutions.  John 

Hopkins University Press, Baltimore, Maryland, USA. 

 

Mete, A., N. Stephenson, K. Rogers, M. G. Hawkins, M. Sadar, D. Guzman, D. A. Bell, J. Shipman, 

A. Wells, K. S. Smallwood, and J. Foley.  2014.  Emergence of Knemidocoptic mange in wild 

Golden Eagles (Aquila chrysaetos) in California.  Emerging Infectious Diseases 20(10):1716-

1718. 

 

Smallwood, K. S.  2013.   Introduction: Wind-energy development and wildlife conservation.  

Wildlife Society Bulletin 37: 3-4. 

 

Smallwood, K. S.  2013.  Comparing bird and bat fatality-rate estimates among North American 

wind-energy projects.  Wildlife Society Bulletin 37:19-33.  + Online Supplemental Material. 

 

Smallwood, K. S., L. Neher, J. Mount, and R. C. E. Culver.  2013. Nesting Burrowing Owl 

Abundance in the Altamont Pass Wind Resource Area, California.  Wildlife Society Bulletin:  

37:787-795. 
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Smallwood, K. S., D. A. Bell, B. Karas, and S. A. Snyder.  2013.  Response to Huso and Erickson 

Comments on Novel Scavenger Removal Trials.  Journal of Wildlife Management 77: 216-225. 

 

Bell, D. A., and K. S. Smallwood.  2010.  Birds of prey remain at risk.  Science 330:913. 

 

Smallwood, K. S., D. A. Bell, S. A. Snyder, and J. E. DiDonato.  2010.  Novel scavenger removal 

trials increase estimates of wind turbine-caused avian fatality rates.  Journal of Wildlife 

Management 74: 1089-1097 + Online Supplemental Material. 

 

Smallwood, K. S., L. Neher, and D. A. Bell.  2009.  Map-based repowering and reorganization of a 

wind resource area to minimize burrowing owl and other bird fatalities.  Energies 2009(2):915-

943.  http://www.mdpi.com/1996-1073/2/4/915 

 

Smallwood, K. S. and B. Nakamoto.  2009.  Impacts of West Nile Virus Epizootic on Yellow-Billed 

Magpie, American Crow, and other Birds in the Sacramento Valley, California.  The Condor 

111:247-254. 

 

Smallwood, K. S., L. Rugge, and M. L. Morrison.  2009.  Influence of Behavior on Bird Mortality in 

Wind Energy Developments:  The Altamont Pass Wind Resource Area, California. Journal of 

Wildlife Management 73:1082-1098. 

  

Smallwood, K. S. and B. Karas.  2009.  Avian and Bat Fatality Rates at Old-Generation and 

Repowered Wind Turbines in California.  Journal of Wildlife Management 73:1062-1071. 

 

Smallwood, K. S.  2008.  Wind power company compliance with mitigation plans in the Altamont 

Pass Wind Resource Area.  Environmental & Energy Law Policy Journal 2(2):229-285. 

 

Smallwood, K. S., C. G. Thelander.  2008.  Bird Mortality in the Altamont Pass Wind Resource 

Area, California.  Journal of Wildlife Management 72:215-223. 

 

Smallwood, K. S.  2007.  Estimating wind turbine-caused bird mortality.  Journal of Wildlife 

Management 71:2781-2791. 

 

Smallwood, K. S., C. G. Thelander, M. L. Morrison, and L. M. Rugge.  2007.  Burrowing owl 

mortality in the Altamont Pass Wind Resource Area.  Journal of Wildlife Management 71:1513-

1524. 

 

Cain, J. W. III, K. S. Smallwood, M. L. Morrison, and H. L. Loffland.  2005.  Influence of mammal 

activity on nesting success of Passerines.  J. Wildlife Management 70:522-531. 

 

Smallwood, K.S.  2002.  Habitat models based on numerical comparisons.  Pages 83-95 in 

Predicting species occurrences: Issues of scale and accuracy, J. M. Scott, P. J. Heglund, M. 

Morrison, M. Raphael, J. Haufler, and B. Wall, editors.  Island Press, Covello, California.   

 

Morrison, M. L., K. S. Smallwood, and L. S. Hall.  2002.  Creating habitat through plant relocation: 

Lessons from Valley elderberry longhorn beetle mitigation.  Ecological Restoration 21: 95-100. 
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Zhang, M., K. S. Smallwood, and E. Anderson.  2002.  Relating indicators of ecological health and 

integrity to assess risks to sustainable agriculture and native biota. Pages 757-768 in D.J. 

Rapport, W.L. Lasley, D.E. Rolston, N.O. Nielsen, C.O. Qualset, and A.B. Damania (eds.), 

Managing for Healthy Ecosystems, Lewis Publishers, Boca Raton, Florida USA. 

 

Wilcox, B. A., K. S. Smallwood, and J. A. Kahn.  2002.  Toward a forest Capital Index.  Pages 285-

298 in D.J. Rapport, W.L. Lasley, D.E. Rolston, N.O. Nielsen, C.O. Qualset, and A.B. Damania 

(eds.), Managing for Healthy Ecosystems, Lewis Publishers, Boca Raton, Florida USA. 

 

Smallwood, K.S.  2001.  The allometry of density within the space used by populations of 

Mammalian Carnivores.  Canadian Journal of Zoology 79:1634-1640. 

 

Smallwood, K.S., and T.R. Smith.  2001.  Study design and interpretation of Sorex density 

estimates.  Annales Zoologi Fennici 38:141-161. 

 

Smallwood, K.S., A. Gonzales, T. Smith, E. West, C. Hawkins, E. Stitt, C. Keckler, C. Bailey, and 

K. Brown.  2001.  Suggested standards for science applied to conservation issues. Transactions 

of the Western Section of the Wildlife Society 36:40-49. 

 

Geng, S., Yixing Zhou, Minghua Zhang, and K. Shawn Smallwood. 2001. A Sustainable Agro-

ecological Solution to Water Shortage in North China Plain (Huabei Plain).  Environmental 

Planning and Management 44:345-355. 

 

Smallwood, K. Shawn, Lourdes Rugge, Stacia Hoover, Michael L. Morrison, Carl Thelander. 2001. 

Intra- and inter-turbine string comparison of fatalities to animal burrow densities at Altamont 

Pass.  Pages 23-37 in S. S. Schwartz, ed., Proceedings of the National Avian-Wind Power 

Planning Meeting IV.  RESOLVE, Inc., Washington, D.C. 

 

Smallwood, K.S., S. Geng, and M. Zhang.  2001. Comparing pocket gopher (Thomomys bottae) 

density in alfalfa stands to assess management and conservation goals in northern California.  

Agriculture, Ecosystems & Environment 87: 93-109. 

 

Smallwood, K. S. 2001.  Linking habitat restoration to meaningful units of animal demography.  

Restoration Ecology 9:253-261. 

 

Smallwood, K. S.  2000.  A crosswalk from the Endangered Species Act to the HCP Handbook and 

real HCPs. Environmental Management 26, Supplement 1:23-35. 

 

Smallwood, K. S., J. Beyea and M. Morrison. 1999.  Using the best scientific data for endangered 

species conservation.  Environmental Management 24:421-435. 

 

Smallwood, K. S.  1999.  Scale domains of abundance among species of Mammalian Carnivora. 

Environmental Conservation 26:102-111. 

 

Smallwood, K.S.  1999.  Suggested study attributes for making useful population density estimates. 

Transactions of the Western Section of the Wildlife Society 35:  76-82. 
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Smallwood, K. S. and M. L. Morrison.  1999.  Estimating burrow volume and excavation rate of 

pocket gophers (Geomyidae).  Southwestern Naturalist 44:173-183. 

 

Smallwood, K. S. and M. L. Morrison.  1999.  Spatial scaling of pocket gopher (Geomyidae) 

density.  Southwestern Naturalist 44:73-82. 

 

Smallwood, K. S.  1999.  Abating pocket gophers (Thomomys spp.) to regenerate forests in 

clearcuts.   Environmental Conservation 26:59-65. 

 

Smallwood, K. S.  1998.  Patterns of black bear abundance. Transactions of the Western Section of 

the Wildlife Society 34:32-38. 

 

Smallwood, K. S.  1998.  On the evidence needed for listing northern goshawks (Accipter gentilis) 

under the Endangered Species Act:  a reply to Kennedy.  J. Raptor Research 32:323-329. 

 

Smallwood, K. S., B. Wilcox, R. Leidy, and K. Yarris. 1998. Indicators assessment for Habitat 

Conservation Plan of Yolo County, California, USA.  Environmental Management 22: 947-958. 

 

Smallwood, K. S., M. L. Morrison, and J. Beyea.  1998.  Animal burrowing attributes affecting 

hazardous waste management.  Environmental Management 22: 831-847. 

 

Smallwood, K. S, and C. M. Schonewald. 1998.  Study design and interpretation for mammalian 

carnivore density estimates. Oecologia 113:474-491. 

 

Zhang, M., S. Geng, and K. S. Smallwood.  1998.  Nitrate contamination in groundwater of Tulare 

County, California.  Ambio 27(3):170-174. 

 

Smallwood, K. S. and M. L. Morrison.  1997.  Animal burrowing in the waste management zone of 

Hanford Nuclear Reservation.  Proceedings of the Western Section of the Wildlife Society 

Meeting 33:88-97. 

 

Morrison, M. L., K. S. Smallwood, and J. Beyea.  1997.  Monitoring the dispersal of contaminants 

by wildlife at nuclear weapons production and waste storage facilities.  The Environmentalist 

17:289-295. 

 

Smallwood, K. S.  1997. Interpreting puma (Puma concolor) density estimates for theory and 

management.  Environmental Conservation 24(3):283-289. 

 

Smallwood, K. S.  1997.  Managing vertebrates in cover crops: a first study.  American Journal of 

Alternative Agriculture 11:155-160. 

 

Smallwood, K. S. and S. Geng.  1997.  Multi-scale influences of gophers on alfalfa yield and 

quality. Field Crops Research 49:159-168. 

 

Smallwood, K. S. and C. Schonewald.  1996. Scaling population density and spatial pattern for 

terrestrial, mammalian carnivores.  Oecologia 105:329-335. 
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Smallwood, K. S., G. Jones, and C. Schonewald.  1996. Spatial scaling of allometry for terrestrial, 

mammalian carnivores. Oecologia 107:588-594. 

 

Van Vuren, D. and K. S. Smallwood.  1996.  Ecological management of vertebrate pests in 

agricultural systems.  Biological Agriculture and Horticulture 13:41-64. 

 

Smallwood, K. S., B. J. Nakamoto, and S. Geng.  1996.  Association analysis of raptors on an 

agricultural landscape. Pages 177-190 in D.M. Bird, D.E. Varland, and J.J. Negro, eds., Raptors 

in human landscapes.  Academic Press, London. 

 

Erichsen, A. L., K. S. Smallwood, A. M. Commandatore, D. M. Fry, and B. Wilson.  1996.  White-

tailed Kite movement and nesting patterns in an agricultural landscape.  Pages 166-176 in D. M. 

Bird, D. E. Varland, and J. J. Negro, eds., Raptors in human landscapes.  Academic Press, 

London. 

 

Smallwood, K. S.  1995.  Scaling Swainson's hawk population density for assessing habitat-use across 

an agricultural landscape.  J. Raptor Research 29:172-178. 

 

Smallwood, K. S. and W. A. Erickson.  1995.  Estimating gopher populations and their abatement in 

forest plantations.  Forest Science 41:284-296. 

 

Smallwood, K. S. and E. L. Fitzhugh. 1995.   A track count for estimating mountain lion Felis 

concolor californica population trend.  Biological Conservation 71:251-259 

 

Smallwood, K. S.  1994.  Site invasibility by exotic birds and mammals.  Biological Conservation 

69:251-259. 

 

Smallwood, K. S.  1994.  Trends in California mountain lion populations.  Southwestern Naturalist 

39:67-72. 

 

Smallwood, K. S.  1993.  Understanding ecological pattern and process by association and order.  

Acta Oecologica 14(3):443-462. 

 

Smallwood, K. S. and E. L. Fitzhugh.  1993.  A rigorous technique for identifying individual 

mountain lions Felis concolor by their tracks.  Biological Conservation 65:51-59. 

 

Smallwood, K. S.  1993.  Mountain lion vocalizations and hunting behavior.  The Southwestern 

Naturalist 38:65-67. 

 

Smallwood, K. S. and T. P. Salmon.  1992.  A rating system for potential exotic vertebrate pests.  

Biological Conservation 62:149-159. 

 

Smallwood, K. S.  1990.  Turbulence and the ecology of invading species.  Ph.D. Thesis, University 

of California, Davis. 
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Peer-reviewed Reports 

 

Smallwood, K. S., and L. Neher.  2017.  Comparing bird and bat use data for siting new wind power 

generation.  Report CEC-500-2017-019, California Energy Commission Public Interest Energy 

Research program, Sacramento, California. http://www.energy.ca.gov/2017publications/CEC-

500-2017-019/CEC-500-2017-019.pdf and http://www.energy.ca.gov/2017publications/CEC-

500-2017-019/CEC-500-2017-019-APA-F.pdf 

 

Smallwood, K. S.  2016.  Bird and bat impacts and behaviors at old wind turbines at Forebay, 

Altamont Pass Wind Resource Area.  Report CEC-500-2016-066, California Energy 

Commission Public Interest Energy Research program, Sacramento, California.  

http://www.energy.ca.gov/publications/displayOneReport.php? pubNum=CEC-500-
2016-066 

 
Sinclair, K. and E. DeGeorge.  2016.  Framework for Testing the Effectiveness of Bat and Eagle 

Impact-Reduction Strategies at Wind Energy Projects.  S. Smallwood, M. Schirmacher, and M. 

Morrison, eds., Technical Report NREL/TP-5000-65624, National Renewable Energy 

Laboratory, Golden, Colorado. 

 

Brown, K., K. S. Smallwood, J. Szewczak, and B. Karas.  2016.  Final 2012-2015 Report Avian and 

Bat Monitoring Project Vasco Winds, LLC.  Prepared for NextEra Energy Resources, 

Livermore, California.   

 

Brown, K., K. S. Smallwood, J. Szewczak, and B. Karas.  2014.  Final 2013-2014 Annual Report 

Avian and Bat Monitoring Project Vasco Winds, LLC.  Prepared for NextEra Energy Resources, 

Livermore, California.   

 

Brown, K., K. S. Smallwood, and B. Karas.  2013.  Final 2012-2013 Annual Report Avian and Bat 

Monitoring Project Vasco Winds, LLC.  Prepared for NextEra Energy Resources, Livermore, 

California.  http://www.altamontsrc.org/alt_doc/p274_ventus_vasco_winds_2012_13_avian_ 

bat_monitoring_report_year_1.pdf 

 

Smallwood, K. S., L. Neher, D. Bell, J. DiDonato, B. Karas, S. Snyder, and S. Lopez.  2009.  Range 

Management Practices to Reduce Wind Turbine Impacts on Burrowing Owls and Other 

Raptors in the Altamont Pass Wind Resource Area, California.  Final Report to the California 

Energy Commission, Public Interest Energy Research – Environmental Area, Contract No. 

CEC-500-2008-080.  Sacramento, California.  183 pp.  http://www.energy.ca.gov/ 

2008publications/CEC-500-2008-080/CEC-500-2008-080.PDF 

 

Smallwood, K. S., and L. Neher.  2009.  Map-Based Repowering of the Altamont Pass Wind 

Resource Area Based on Burrowing Owl Burrows, Raptor Flights, and Collisions with Wind 

Turbines.  Final Report to the California Energy Commission, Public Interest Energy Research 

– Environmental Area, Contract No. CEC-500-2009-065.  Sacramento, California. http:// 

www.energy.ca.gov/publications/displayOneReport.php?pubNum=CEC-500-2009-065 

 

Smallwood, K. S., K. Hunting, L. Neher, L. Spiegel and M. Yee.  2007. Indicating Threats to Birds 

Posed by New Wind Power Projects in California.  Final Report to the California Energy 
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Commission, Public Interest Energy Research – Environmental Area, Contract No. Pending.  

Sacramento, California.  

 

Smallwood, K. S. and C. Thelander.  2005.  Bird mortality in the Altamont Pass Wind Resource 

Area, March 1998 – September 2001 Final Report.  National Renewable Energy Laboratory, 

NREL/SR-500-36973. Golden, Colorado.  410 pp. 

 

Smallwood, K. S. and C. Thelander.  2004.  Developing methods to reduce bird mortality in the 

Altamont Pass Wind Resource Area.  Final Report to the California Energy Commission, Public 

Interest Energy Research – Environmental Area, Contract No. 500-01-019.  Sacramento, 

California. 531 pp.  http://www.energy.ca.gov/reports/500-04-052/2004-08-09_500-04-052.PDF 

 

Thelander, C.G. S. Smallwood, and L. Rugge. 2003.  Bird risk behaviors and fatalities at the 

Altamont Pass Wind Resource Area.  Period of Performance:  March 1998—December 2000.  

National Renewable Energy Laboratory, NREL/SR-500-33829.  U.S. Department of Commerce, 

National Technical Information Service, Springfield, Virginia.  86 pp. 

 

Thelander, C.G., S. Smallwood, and L. Rugge. 2001.  Bird risk behaviors and fatalities at the 

Altamont Wind Resource Area – a progress report.  Proceedings of the American Wind Energy 

Association, Washington D.C.  16 pp.  

 

Non-Peer Reviewed Publications 

 

Smallwood, K. S., D. Bell, and S. Standish.  2018.  Skilled dog detections of bat and small bird 

carcasses in wind turbine fatality monitoring.  Report to East Bay Regional Park District, 

Oakland, California. 

 

Smallwood, K. S.  2009.  Methods manual for assessing wind farm impacts to birds.   Bird 

Conservation Series 26, Wild Bird Society of Japan, Tokyo. T. Ura, ed., in English with 

Japanese translation by T. Kurosawa. 90 pp. 

 

Smallwood, K. S.  2009.  Mitigation in U.S. Wind Farms.  Pages 68-76 in H. Hötker (Ed.), Birds of 

Prey and Wind Farms: Analysis of problems and possible solutions. Documentation of an 

International Workshop in Berlin, 21st and 22nd October 2008. Michael-Otto-Instiut im NABU, 

Goosstroot 1, 24861 Bergenhusen, Germany. http://bergenhusen.nabu.de/forschung/greifvoegel/  

 

Smallwood, K. S.  2007.  Notes and recommendations on wildlife impacts caused by Japan’s wind 

power development.  Pages 242-245 in Yukihiro Kominami, Tatsuya Ura, Koshitawa, and 

Tsuchiya, Editors, Wildlife and Wind Turbine Report 5.  Wild Bird Society of Japan, Tokyo. 

 

Thelander, C.G. and S. Smallwood.  2007.  The Altamont Pass Wind Resource Area's Effects on 

Birds:  A Case History.  Pages 25-46 in Manuela de Lucas, Guyonne F.E. Janss, Miguel Ferrer 

Editors, Birds and Wind Farms: risk assessment and mitigation.  Madrid: Quercus.   

 

Neher, L. and S. Smallwood.  2005.  Forecasting and minimizing avian mortality in siting wind 

turbines.  Energy Currents.  Fall Issue.  ESRI, Inc., Redlands, California. 
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Jennifer Davidson and Shawn Smallwood.  2004.  Laying plans for a hydrogen highway.  

Comstock’s Business, August 2004:18-20, 22, 24-26.   

 

Jennifer Davidson and Shawn Smallwood.  2004.  Refined conundrum:  California consumers 

demand more oil while opposing refinery development.  Comstock’s Business, November 

2004:26-27, 29-30.   

 

Smallwood, K.S.  2002.  Review of “The Atlas of Endangered Species.”  By Richard Mackay.  

Environmental Conservation 30:210-211.  

 

Smallwood, K.S.  2002.  Review of “The Endangered Species Act.  History, Conservation, and 

Public Policy.” By Brian Czech and Paul B. Krausman.  Environmental Conservation 29: 269-

270. 

 

Smallwood, K.S.  1997.  Spatial scaling of pocket gopher (Geomyidae) burrow volume.  Abstract in 

Proceedings of 44th Annual Meeting, Southwestern Association of Naturalists.  Department of 

Biological Sciences, University of Arkansas, Fayetteville. 

 

Smallwood, K.S.  1997.  Estimating prairie dog and pocket gopher burrow volume. Abstract in 

Proceedings of 44th Annual Meeting, Southwestern Association of Naturalists.  Department of 

Biological Sciences, University of Arkansas, Fayetteville. 

 

Smallwood, K.S.  1997.  Animal burrowing parameters influencing toxic waste management.  

Abstract in Proceedings of Meeting, Western Section of the Wildlife Society. 

 

Smallwood, K.S, and Bruce Wilcox.  1996.  Study and interpretive design effects on mountain lion 

density estimates. Abstract, page 93 in D.W. Padley, ed., Proceedings 5th Mountain Lion 

Workshop, Southern California Chapter, The Wildlife Society. 135 pp. 

 

Smallwood, K.S, and Bruce Wilcox.  1996.  Ten years of mountain lion track survey. Page 94 in 

D.W. Padley, ed.  Abstract, page 94 in D.W. Padley, ed., Proceedings 5th Mountain Lion 

Workshop, Southern California Chapter, The Wildlife Society. 135 pp. 

 

Smallwood, K.S, and M. Grigione.  1997.  Photographic recording of mountain lion tracks.  Pages 

75-75 in D.W. Padley, ed., Proceedings 5th Mountain Lion Workshop, Southern California 

Chapter, The Wildlife Society. 135 pp. 

 

Smallwood, K.S., B. Wilcox, and J. Karr.  1995.  An approach to scaling fragmentation effects.  

Brief 8, Ecosystem Indicators Working Group, 17 March, 1995.  Institute for Sustainable 

Development, Thoreau Center for Sustainability – The Presidio, PO Box 29075, San Francisco, 

CA  94129-0075. 

 

Wilcox, B., and K.S. Smallwood.  1995.   Ecosystem indicators model overview.  Brief 2, 

Ecosystem Indicators Working Group, 17 March, 1995.  Institute for Sustainable Development, 

Thoreau Center for Sustainability – The Presidio, PO Box 29075, San Francisco, CA  94129-

0075. 
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EIP Associates.  1996.  Yolo County Habitat Conservation Plan.  Yolo County Planning and 

Development Department, Woodland, California. 

 

Geng, S., K.S. Smallwood, and M. Zhang.  1995.  Sustainable agriculture and agricultural 

sustainability.  Proc. 7th International Congress SABRAO, 2nd Industrial Symp. WSAA.  

Taipei, Taiwan. 

 

Smallwood, K.S. and S. Geng.  1994.  Landscape strategies for biological control and IPM.  Pages 

454-464 in W. Dehai, ed., Proc. International Conference on Integrated Resource Management 

for Sustainable Agriculture.  Beijing Agricultural University, Beijing, China. 

 

Smallwood, K.S. and S. Geng.  1993.  Alfalfa as wildlife habitat.  California Alfalfa Symposium 

23:105-8. 

 

Smallwood, K.S. and S. Geng.  1993.  Management of pocket gophers in Sacramento Valley alfalfa. 

 California Alfalfa Symposium 23:86-89. 

 

Smallwood, K.S. and E.L. Fitzhugh.  1992.  The use of track counts for mountain lion population 

census.  Pages 59-67 in C. Braun, ed.  Mountain lion-Human Interaction Symposium and 

Workshop.  Colorado Division of Wildlife, Fort Collins. 

 

Smallwood, K.S. and E.L. Fitzhugh.  1989.  Differentiating mountain lion and dog tracks.  Pages 

58-63 in Smith, R.H., ed.  Proc. Third Mountain Lion Workshop.  Arizona Game and Fish 

Department, Phoenix. 

 

Fitzhugh, E.L. and K.S. Smallwood.  1989.  Techniques for monitoring mountain lion population 

levels.  Pages 69-71 in Smith, R.H., ed.  Proc. Third Mountain Lion Workshop.  Arizona Game 

and Fish Department, Phoenix. 

 

Reports to or by Alameda County Scientific Review Committee (Note: all documents linked to 

SRC website have since been removed by Alameda County) 

 

Smallwood, K. S.  2014.  Data Needed in Support of Repowering in the Altamont Pass WRA. 

http://www.altamontsrc.org/alt_doc/p284_smallwood_data_needed_in_support_of_repowering_

in_the_altamont_pass_wra.pdf 

 

Smallwood, K. S.  2013.  Long-Term Trends in Fatality Rates of Birds and Bats in the Altamont 

Pass Wind Resource Area, California.  http://www.altamontsrc.org/alt_doc/r68_smallwood 

_altamont_fatality_rates_longterm.pdf 

 

Smallwood, K. S. 2013.   Inter-annual Fatality rates of Target Raptor Species from 1999 through 

2012 in the Altamont Pass Wind Resources Area.  http://www.altamontsrc.org/alt_doc/p268_ 

smallwood_inter_annual_comparison_of_fatality_rates_1999_2012.pdf 

 

Smallwood, K. S.  2012.  General Protocol for Performing Detection Trials in the FloDesign Study 

of the Safety of a Closed-bladed Wind Turbine.  http://www.altamontsrc.org/alt_doc/p246_ 

smallwood_flodesign_detection_trial_protocol.pdf 

PC ORIGINAL PKG

http://www.altamontsrc.org/alt_doc/p284_smallwood_data_needed_in_support_of_repowering_in_the_altamont_pass_wra.pdf
http://www.altamontsrc.org/alt_doc/p284_smallwood_data_needed_in_support_of_repowering_in_the_altamont_pass_wra.pdf
http://www.altamontsrc.org/alt_doc/r68_smallwood%20_altamont_fatality_rates_longterm.pdf
http://www.altamontsrc.org/alt_doc/r68_smallwood%20_altamont_fatality_rates_longterm.pdf
http://www.altamontsrc.org/alt_doc/p268_%20smallwood_inter_annual_comparison_of_fatality_rates_1999_2012.pdf
http://www.altamontsrc.org/alt_doc/p268_%20smallwood_inter_annual_comparison_of_fatality_rates_1999_2012.pdf
http://www.altamontsrc.org/alt_doc/p246_%20smallwood_flodesign_detection_trial_protocol.pdf
http://www.altamontsrc.org/alt_doc/p246_%20smallwood_flodesign_detection_trial_protocol.pdf


Smallwood CV 
 

16 

 

Smallwood, K. S., l. Neher, and J. Mount.  2012.  Burrowing owl distribution and abundance study 

through two breeding seasons and intervening non-breeding period in the Altamont Pass Wind 

Resource Area, California.  http://www.altamontsrc.org/alt_doc/p245_smallwood_et_al_ 

burrowing_owl density_2012.pdf 

 

Smallwood, K. S 2012.  Draft study design for testing collision risk of Flodesign wind turbine in 

former AES Seawest wind projects in the Altamont Pass Wind Resource Area (APWRA).  

http://www.altamontsrc.org/alt_doc/p238_smallwood_floeesign_draft_study_design_april_2012

.pdf 

 

Smallwood, L. Neher, and J. Mount.  2012.  Winter 2012 update on burrowing owl distribution and 

abundance study in the Altamont Pass Wind Resource Area, California.  http://www. 

altamontsrc.org/alt_doc/p232_smallwood_et_al_winter_owl_survey_update.pdf 

 

Smallwood, S.  2012.   Status of avian utilization data collected in the Altamont Pass Wind 

Resource Area, 2005-2011.  http://www.altamontsrc.org/alt_doc/p231_smallwood_apwra 

_use_data_2005_2011.pdf 

 

Smallwood, K. S., L. Neher, and J. Mount.  2011.   Monitoring Burrow Use of Wintering Burrowing 

Owls.  http://www.altamontsrc.org/alt_doc/p229_smallwood_et_al_progress_monitoring_ 

burrowing_owl_burrow_use.pdf 

 

Smallwood, K. S., L. Neher, and J. Mount.  2011.  Nesting Burrowing Owl Distribution and 

Abundance in the Altamont Pass Wind Resource Area, California.  

http://www.altamontsrc.org/alt_doc/p228_smallwood_et_al_for_nextera_burrowing_owl_distrib

ution_and_abundance_study.pdf 

 

Smallwood, K. S.  2011.  Draft Study Design for Testing Collision Risk of Flodesign Wind Turbine 

in Patterson Pass Wind Farm in the Altamont Pass Wind Resource Area (APWRA).  

http://www.altamontsrc.org/alt_doc/p100_src_document_list_with_reference_numbers.pdf 

 

Smallwood, K. S.  2011.  Sampling Burrowing Owls Across the Altamont Pass Wind Resource 

Area. http://www.altamontsrc.org/alt_doc/p205_smallwood_neher_progress_on_sampling 

_burrowing_owls_across_apwra.pdf 

 

Smallwood, K. S.  2011. Proposal to Sample Burrowing Owls Across the Altamont Pass Wind 

Resource Area. http://www.altamontsrc.org/alt_doc/p198_smallwood_proposal_to_sample_ 

burrowing_owls_across_apwra.pdf 

 

Smallwood, K. S. 2010. Comments on APWRA Monitoring Program Update.  

http://www.altamontsrc.org/alt_doc/p191_smallwood_comments_on_apwra_monitoring_progra

m_update.pdf 

 

Smallwood, K. S.  2010.  Inter-turbine Comparisons of Fatality Rates in the Altamont Pass Wind 

Resource Area.  http://www.altamontsrc.org/alt_doc/p189_smallwood_report_of_ 

apwra_fatality_rate_patterns.pdf 
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Smallwood, K. S.  2010.  Review of the December 2010 Draft of M-21: Altamont Pass Wind 

Resource Area Bird Collision Study.  http://www.altamontsrc.org/alt_doc/p190_smallwood 

_review_of_december_2010_monitoring_report.pdf 

 

Alameda County SRC (Shawn Smallwood, Jim Estep, Sue Orloff, Joanna Burger, and Julie Yee).  

Comments on the Notice of Preparation for a Programmatic Environmental Impact Report on 

Revised CUPs for Wind Turbines in the Alameda County portion of the Altamont Pass.  

http://www.altamontsrc.org/alt_doc/p183_src_integrated_comments_on_nop.pdf 

 

Smallwood, K. S.  2010.  Review of Monitoring Implementation Plan. 

http://www.altamontsrc.org/alt_doc/p180_src_comments_on_dip.pdf 

 

Burger, J., J. Estep, S. Orloff, S. Smallwood, and J. Yee.  2010.  SRC Comments on CalWEA 

Research Plan.  http://www.altamontsrc.org/alt_doc/p174_smallwood_review_of_calwea_ 

removal_study_plan.pdf 

   

Alameda County SRC (Smallwood, K. S., S. Orloff, J. Estep, J. Burger, and J. Yee).  SRC 

Comments on Monitoring Team’s Draft Study Plan for Future Monitoring.  

http://www.altamontsrc.org/alt_doc/p168_src_comments_on_m53_mt_draft_study_plan_for_fut

ure_monitoring.pdf 

 

Smallwood, K. S.  2010.  Second Review of American Kestrel-Burrowing owl (KB) Scavenger 

Removal Adjustments Reported in Alameda County Avian Monitoring Team’s M21 for the 

Altamont Pass Wind Resource Area.  http://www.altamontsrc.org/alt_doc/p171_smallwood 

_kb_removal_rates_follow_up.pdf 

 

Smallwood, K. S.  2010.  Assessment of Three Proposed Adaptive Management Plans for Reducing 

Raptor Fatalities in the Altamont Pass Wind Resource Area.  http://www.altamontsrc.org/alt_ 

doc/p161_smallwood_assessment_of_amps.pdf 

 

Smallwood, K. S. and J. Estep.  2010.  Report of additional wind turbine hazard ratings in the 

Altamont Pass Wind Resource Area by Two Members of the Alameda County Scientific Review 

Committee.  http://www.altamontsrc.org/alt_doc/p153_smallwood_estep_additional_ 

hazard_ratings.pdf 

 

Smallwood, K. S.  2010.  Alternatives to Improve the Efficiency of the Monitoring Program.  

http://www.altamontsrc.org/alt_doc/p158_smallwood_response_to_memo_on_monitoring_costs

.pdf 

 

Smallwood, S.  2010.  Summary of Alameda County SRC Recommendations and Concerns and 

Subsequent Actions. http://www.altamontsrc.org/alt_doc/p147_smallwood_summary_of_src_ 

recommendations_and_concerns_1_11_10.pdf 

 

Smallwood, S.  2010.  Progress of Avian Wildlife Protection Program & Schedule.  

http://www.altamontsrc.org/alt_doc/p148_smallwood_progress_of_avian_wildlife_protection_p

rogram_1_11_10.pdf 
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Smallwood, K. S. and L. Spiegel.  2005b.  Partial Re-assessment of An Adaptive Management Plan 

For The APWRA.  Unpublished CEC staff report, March 25.  48 pp. 

 

Smallwood, K. S. and L. Spiegel.  2005c.  Combining biology-based and policy-based tiers of 

priority for determining wind turbine relocation/shutdown to reduce bird fatalities in the 

APWRA. Unpublished CEC staff report, June 1.  9 pp. 

 

Smallwood, K. S.  2004.  Alternative plan to implement mitigation measures in APWRA.  

Unpublished CEC staff report, January 19.  8 pp. 

 

Smallwood, K. S., and L. Neher.  2005.  Repowering the APWRA: Forecasting and minimizing 

avian mortality without significant loss of power generation.  California Energy Commission, 

PIER Energy-Related Environmental Research. CEC-500-2005-005.  21 pp.  [Reprinted (in 

Japanese) in Yukihiro Kominami, Tatsuya Ura, Koshitawa, and Tsuchiya, Editors, Wildlife and 

Wind Turbine Report 5.  Wild Bird Society of Japan, Tokyo.] 

 

Morrison, M. L., and K. S. Smallwood.  2004.  Kangaroo rat survey at RMA4, NAS Lemoore.  

Report to U.S. Navy.  4 pp. 

 

Morrison, M. L., and K. S. Smallwood.  2004.  A monitoring effort to detect the presence of the 

federally listed species California clapper rails and wetland habitat assessment at Pier 4 of the 

Naval Weapons Station, Seal Beach, Detachment Concord, California.  Letter Agreement 

N68711-04LT-A0002.  8 pp. + 2 pp. of photo plates. 

 

Smallwood, K. S. and M. L. Morrison.  2003.  2003 Progress Report:  San Joaquin kangaroo rat 
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(Dipodomys nitratoides) Conservation Research at Resources Management Area 5, Lemoore 

Naval Air Station. Progress report to U.S. Department of the Navy, Lemoore, California.  56 pp. 

+ 58 figures. 

  

Smallwood, K. S.  2003.  Comparison of Biological Impacts of the No Project and Partial 

Underground Alternatives presented in the Final Environmental Impact Report for the Jefferson-

Martin 230 kV Transmission Line.  Report to California Public Utilities Commission.  20 pp. 

 

Morrison, M. L., and K. S. Smallwood.  2003.  Kangaroo rat survey at RMA4, NAS Lemoore.  

Report to U.S. Navy.  6 pp. + 7 photos + 1 map. 

 

Smallwood, K. S.  2003.  Assessment of the Environmental Review Documents Prepared for the 

Tesla Power Project.  Report to the California Energy Commission on behalf of Californians for 

Renewable Energy.  32 pp. 

 

Smallwood, K. S., and M. L. Morrison.  2003.  2002 Progress Report:  San Joaquin kangaroo rat 

(Dipodomys nitratoides) Conservation Research at Resources Management Area 5, Lemoore 

Naval Air Station. Progress report to U.S. Department of the Navy, Lemoore, California.  45 pp. 

+ 36 figures. 

  

Smallwood, K. S., Michael L. Morrison and Carl G. Thelander  2002.  Study plan to test the 

effectiveness of aerial markers at reducing avian mortality due to collisions with transmission 

lines:  A report to Pacific Gas & Electric Company.  10 pp. 

 

Smallwood, K. S.  2002.  Assessment of the Environmental Review Documents Prepared for the 

East Altamont Energy Center.  Report to the California Energy Commission on behalf of 

Californians for Renewable Energy.  26 pp. 

 

Thelander, Carl G., K. Shawn Smallwood, and Christopher Costello.  2002 Rating Distribution 

Poles for Threat of Raptor Electrocution and Priority Retrofit: Developing a Predictive Model.  

Report to Southern California Edison Company.  30 pp. 

 

Smallwood, K. S., M. Robison, and C. Thelander.  2002.  Draft Natural Environment Study, 

Prunedale Highway 101 Project.  California Department of Transportation, San Luis Obispo, 

California.  120 pp. 

 

Smallwood, K.S.  2001.  Assessment of ecological integrity and restoration potential of 

Beeman/Pelican Farm.  Draft Report to Howard Beeman, Woodland, California.  14 pp. 

 

Smallwood, K. S., and M. L. Morrison.  2002.  Fresno kangaroo rat (Dipodomys nitratoides) 

Conservation Research at Resources Management Area 5, Lemoore Naval Air Station. Progress 

report to U.S. Department of the Navy, Lemoore, California.  29 pp. + 19 figures. 

  

Smallwood, K.S.  2001.  Rocky Flats visit, April 4th through 6th, 2001.  Report to Berger & 

Montaque, P.C.  16 pp. with 61 color plates. 

 

Smallwood, K.S.  2001.  Affidavit of K. Shawn Smallwood, Ph.D. in the matter of the U.S. Fish and 
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Wildlife Service’s rejection of Seatuck Environmental Association’s proposal to operate an 

education center on Seatuck National Wildlife Refuge.  Submitted to Seatuck Environmental 

Association in two parts, totaling 7 pp. 

 

Magney, D., and K.S. Smallwood.  2001.  Maranatha High School CEQA critique.  Comment letter 

submitted to Tamara & Efren Compeán, 16 pp. 

 

Smallwood, K.S.  2001. Preliminary Comments on the Proposed Blythe Energy Project. Submitted 

to California Energy Commission on March 15 on behalf of Californians for Renewable Energy 

(CaRE). 14 pp. 

 

Smallwood, K. S. and D. Mangey.  2001.  Comments on the Newhall Ranch November 2000 

Administrative Draft EIR.  Prepared for Ventura County Counsel regarding the Newhall Ranch 

Specific Plan EIR. 68 pp. 

 

Magney, D. and K. S. Smallwood. 2000.  Newhall Ranch Notice of Preparation Submittal.  Prepared 

for Ventura County Counsel regarding our recommended scope of work for the Newhall Ranch 

Specific Plan EIR.  17 pp. 

 

Smallwood, K. S.  2000. Comments on the Preliminary Staff Assessment of the Contra Costa Power 

Plant Unit 8 Project. Submitted to California Energy Commission on November 30 on behalf of 

Californians for Renewable Energy (CaRE).  4 pp. 

 

Smallwood, K. S.  2000. Comments on the California Energy Commission’s Final Staff Assessment 

of the MEC. Submitted to California Energy Commission on October 29 on behalf of 

Californians for Renewable Energy (CaRE).  8 pp. 

 

Smallwood, K. S.  2000. Comments on the Biological Resources Mitigation Implementation and 

Monitoring Plan (BRMIMP).  Submitted to California Energy Commission on October 29 on 

behalf of Californians for Renewable Energy (CaRE).  9 pp. 

 

Smallwood, K. S.  2000. Comments on the Preliminary Staff Assessment of the Metcalf Energy 

Center. Submitted to California Energy Commission on behalf of Californians for Renewable 

Energy (CaRE).  11 pp. 

 

Smallwood, K. S. 2000.  Preliminary report of reconnaissance surveys near the TRW plant south of 

Phoenix, Arizona, March 27-29. Report prepared for Hagens, Berman & Mitchell, Attorneys at 

Law, Phoenix, AZ. 6 pp. 

 

Morrison, M.L., K.S. .Smallwood, and M. Robison.  2001.  Draft Natural Environment Study for 

Highway 46 compliance with CEQA/NEPA.  Report to the California Department of 

Transportation.  75 pp. 

 

Morrison, M.L., and K.S. Smallwood.  1999.  NTI plan evaluation and comments. Exhibit C in 

W.D. Carrier, M.L. Morrison, K.S. Smallwood, and Vail Engineering.  Recommendations for 

NBHCP land acquisition and enhancement strategies.  Northern Territories, Inc., Sacramento. 
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Smallwood, K. S. 1999.  Estimation of impacts due to dredging of a shipping channel through 

Humboldt Bay, California.  Court Declaration prepared on behalf of EPIC. 

 

Smallwood, K. S. 1998.  1998 California Mountain Lion Track Count.  Report to the Defenders of 

Wildlife, Washington, D.C.  5 pages. 

 

Smallwood, K.S.  1998.  Draft report of a visit to a paint sludge dump site near Ridgewood, New 

Jersey, February 26th, 1998.  Unpublished report to Consulting in the Public Interest. 

 

Smallwood, K.S.  1997.  Science missing in the “no surprises” policy.  Commissioned by National 

Endangered Species Network and Spirit of the Sage Council, Pasadena, California. 

 

Smallwood, K.S. and M.L. Morrison.  1997.  Alternate mitigation strategy for incidental take of 

giant garter snake and Swainson’s hawk as part of the Natomas Basin Habitat Conservation 

Plan.  Pages 6-9 and iii illustrations in W.D. Carrier, K.S. Smallwood and M.L. Morrison, 

Natomas Basin Habitat Conservation Plan: Narrow channel marsh alternative wetland 

mitigation.  Northern Territories, Inc., Sacramento. 

 

Smallwood, K.S.  1996.  Assessment of the BIOPORT model's parameter values for pocket gopher 

burrowing characteristics.  Report to Berger & Montague, P.C. and Roy S. Haber, P.C., 

Philadelphia. (peer reviewed). 

 

Smallwood, K.S.  1997.  Assessment of plutonium releases from Hanford buried waste sites. Report 

Number 9, Consulting in the Public Interest, 53 Clinton Street, Lambertville, New Jersey, 

08530. 

 

Smallwood, K.S.  1996.  Soil Bioturbation and Wind Affect Fate of Hazardous Materials that were 

Released at the Rocky Flats Plant, Colorado. Report to Berger & Montague, P.C., Philadelphia. 

 

Smallwood, K.S.  1996.  Second assessment of the BIOPORT model's parameter values for pocket 

gopher burrowing characteristics and other relevant wildlife observations.  Report to Berger & 

Montague, P.C. and Roy S. Haber, P.C., Philadelphia. 

 

Smallwood, K.S., and R. Leidy.  1996.  Wildlife and Their Management Under the Martell SYP.  

Report to Georgia Pacific, Corporation, Martel, CA.  30 pp. 

 

EIP Associates.  1995.  Yolo County Habitat Conservation Plan Biological Resources Report.  Yolo 

County Planning and Development Department, Woodland, California. 

 

Smallwood, K.S. and S. Geng.  1995.  Analysis of the 1987 California Farm Cost Survey and 

recommendations for future survey.  Program on Workable Energy Regulation, University-wide 

Energy Research Group, University of California. 

 

Smallwood, K.S., S. Geng, and W. Idzerda.  1992.  Final report to PG&E:  Analysis of the 1987 

California Farm Cost Survey and recommendations for future survey.  Pacific Gas & Electric 

Company, San Ramon, California.  24 pp. 
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Fitzhugh, E.L. and K.S. Smallwood.  1987.  Methods Manual – A statewide mountain lion 

population index technique. California Department of Fish and Game, Sacramento. 

 

Salmon, T.P. and K.S. Smallwood.  1989.  Final Report – Evaluating exotic vertebrates as pests to 

California agriculture. California Department of Food and Agriculture, Sacramento. 

 

Smallwood, K.S. and W. A. Erickson (written under supervision of W.E. Howard, R.E. Marsh, and 

R.J. Laacke).  1990. Environmental exposure and fate of multi-kill strychnine gopher baits. Final 

Report to USDA Forest Service –NAPIAP, Cooperative Agreement PSW-89-0010CA. 

 

Fitzhugh, E.L., K.S. Smallwood, and R. Gross.  1985.  Mountain lion track count, Marin County, 

1985.  Report on file at Wildlife Extension, University of California, Davis. 

 

Comments on Environmental Documents   

 

I was retained or commissioned to comment on environmental planning and review documents, 

including: 

 

 The Villages of Lakeview EIR (2017; 28 pp); 

 Notes on Proposed Study Options for Trail Impacts on Northern Spotted Owl (2017; 4 pp); 

 San Gorgonio Crossings EIR (2017; 22 pp); 

 Replies to responses on Jupiter Project IS and MND (2017; 12 pp); 

 MacArthur Transit Village Project Modified 2016 CEQA Analysis (2017; 12 pp); 

 Central SoMa Plan DEIR (2017; 14 pp); 

 Colony Commerce Center Specific Plan DEIR (2016; 16 pp); 

 Fairway Trails Improvements MND (2016; 13 pp); 

 Review of Avian-Solar Science Plan (2016; 28 pp); 

 Replies to responses on Initial Study for Pyramid Asphalt (2016; 5 pp); 

 Initial Study for Pyramid Asphalt (2016; 4 pp); 

 Agua Mansa Distribution Warehouse Project Initial Study (2016; 14 pp); 

 Santa Anita Warehouse IS and MND (2016; 12 pp); 

 CapRock Distribution Center III DEIR (2016: 12 pp); 

 Orange Show Logistics Center Initial Study and MND (2016; 9 pp); 

 City of Palmdale Oasis Medical Village Project IS and MND (2016; 7 pp); 

 Comments on proposed rule for incidental eagle take (2016, 49 pp);  

 Grapevine Specific and Community Plan FEIR (2016; 25 pp); 

 Grapevine Specific and Community Plan DEIR (2016; 15 pp); 

 Clinton County Zoning Ordinance for Wind Turbine siting (2016); 

 Hallmark at Shenandoah Warehouse Project Initial Study (2016; 6 pp); 

 Tri-City Industrial Complex Initial Study (2016; 5 pp); 

 Hidden Canyon Industrial Park Plot Plan 16-PP-02 (2016; 12 pp); 

 Kimball Business Park DEIR (2016; 10 pp); 

 Jupiter Project IS and MND (2016; 9 pp); 

 Revised Draft Giant Garter Snake Recovery Plan of 2015 (2016, 18 pp); 

 Palo Verde Mesa Solar Project Draft Environmental Impact Report (2016; 27 pp); 
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 Reply Witness Statement on Fairview Wind Project, Ontario, Canada (2016; 14 pp); 

 Fairview Wind Project, Ontario, Canada (2016; 41 pp); 

 Supplementary Reply Witness Statement Amherst Island Wind Farm, Ontario (2015, 38 pp); 

 Witness Statement on Amherst Island Wind Farm, Ontario (2015, 31 pp); 

 Second Reply Witness Statement on White Pines Wind Farm, Ontario (2015, 6 pp); 

 Reply Witness Statement on White Pines Wind Farm, Ontario (2015, 10 pp); 

 Witness Statement on White Pines Wind Farm, Ontario (2015, 9 pp); 

 Proposed Section 24 Specific Plan Agua Caliente Band of Cahuilla Indians DEIS (2015, 9 

pp); 

 Replies to comments 24 Specific Plan Agua Caliente Band of Cahuilla Indians FEIS (2015, 

6 pp); 

 Willow Springs Solar Photovoltaic Project DEIR (2015; 28 pp); 

 Sierra Lakes Commerce Center Project DEIR (2015, 9 pp); 

 Columbia Business Center MND (2015; 8 pp); 

 West Valley Logistics Center Specific Plan DEIR (2015, 10 pp); 

 World Logistic Center Specific Plan FEIR (2015, 12 pp); 

 Bay Delta Conservation Plan EIR/EIS (2014, 21 pp); 

 Addison Wind Energy Project DEIR (2014, 32 pp); 

 Response to Comments on the Addison Wind Energy Project DEIR (2014, 15 pp); 

 Addison and Rising Tree Wind Energy Project FEIR (2014, 12 pp); 

 Alta East Wind Energy Project FEIS (2013, 23 pp); 

 Blythe Solar Power Project Staff Assessment, California Energy Commission (2013, 16 pp); 

 Clearwater and Yakima Solar Projects DEIR (2013, 9 pp); 

 Cuyama Solar Project DEIR (2014, 19 pp); 

 Draft Desert Renewable Energy Conservation Plan (DRECP) EIR/EIS (2015, 49 pp); 

 Kingbird Solar Photovoltaic Project EIR (2013, 19 pp); 

 Lucerne Valley Solar Project Initial Study & Mitigated Negative Declaration (2013, 12 pp); 

 Palen Solar Electric Generating System Final Staff Assessment of California Energy 

Commission, (2014, 20 pp); 

 Rebuttal testimony on Palen Solar Energy Generating System (2014, 9 pp); 

 Rising Tree Wind Energy Project DEIR (2014, 32 pp); 

 Response to Comments on the Rising Tree Wind Energy Project DEIR (2014, 15 pp); 

 Soitec Solar Development Project Draft PEIR (2014, 18 pp); 

 Comment on the Biological Opinion (08ESMF-00-2012-F-0387) of Oakland Zoo expansion 

on Alameda whipsnake and California red-legged frog (2014; 3 pp); 

 West Antelope Solar Energy Project Initial Study and Negative Declaration (2013, 18 pp); 

 Willow Springs Solar Photovoltaic Project DEIR (2015, 28 pp); 

 Alameda Creek Bridge Replacement Project DEIR (2015, 10 pp); 

 Declaration on Tule Wind project FEIR/FEIS (2013; 24 pp); 

 Sunlight Partners LANDPRO Solar Project Mitigated Negative Declaration (2013; 11 pp); 

 Declaration in opposition to BLM fracking (2013; 5 pp); 

 Rosamond Solar Project Addendum EIR (2013; 13 pp); 

 Pioneer Green Solar Project EIR (2013; 13 pp); 

 Reply to Staff Responses to Comments on Soccer Center Solar Project Mitigated Negative 
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Declaration (2013; 6 pp); 

 Soccer Center Solar Project Mitigated Negative Declaration (2013; 10 pp); 

 Plainview Solar Works Mitigated Negative Declaration (2013; 10 pp); 

 Reply to the County Staff’s Responses on comments to Imperial Valley Solar Company 2 

Project (2013; 10 pp); 

 Imperial Valley Solar Company 2 Project (2013; 13 pp); 

 FRV Orion Solar Project DEIR (PP12232) (2013; 9 pp); 

 Casa Diablo IV Geothermal Development Project (3013; 6 pp); 

 Reply to Staff Responses to Comments on Casa Diablo IV Geothermal Development Project 

(2013; 8 pp); 

 FEIS prepared for Alta East Wind Project (2013; 23 pp); 

 Metropolitan Air Park DEIR, City of San Diego (2013; ); 

 Davidon Homes Tentative Subdivision Map and Rezoning Project DEIR (2013; 9 pp); 

 Analysis of Biological Assessment of Oakland Zoo Expansion Impacts on Alameda 

Whipsnake (2013; 10 pp); 

 Declaration on Campo Verde Solar project FEIR (2013; 11pp); 

 Neg Dec comments on Davis Sewer Trunk Rehabilitation (2013; 8 pp); 

 Declaration on North Steens Transmission Line FEIS (2012; 62 pp); 

 City of Lancaster Revised Initial Study for Conditional Use Permits 12-08 and 12-09, 

Summer Solar and Springtime Solar Projects (2012; 8 pp); 

 J&J Ranch, 24 Adobe Lane Environmental Review (2012; 14 pp); 

 Reply to the County Staff’s Responses on comments to Hudson Ranch Power II Geothermal 

Project and the Simbol Calipatria Plant II (2012; 8 pp); 

 Hudson Ranch Power II Geothermal Project and the Simbol Calipatria Plant II (2012; 9 pp); 

 Desert Harvest Solar Project EIS (2012; 15 pp); 

 Solar Gen 2 Array Project DEIR (2012; 16 pp); 

 Ocotillo Sol Project EIS (2012; 4 pp); 

 Beacon Photovoltaic Project DEIR (2012; 5 pp); 

 Declaration on Initial Study and Proposed Negative Declaration for the Butte Water District 

2012 Water Transfer Program (2012; 11 pp); 

 Mount Signal and Calexico Solar Farm Projects DEIR (2011; 16 pp); 

 City of Elk Grove Sphere of Influence EIR (2011; 28 pp); 

 Comment on Sutter Landing Park Solar Photovoltaic Project MND (2011; 9 pp); 

 Statement of Shawn Smallwood, Ph.D. Regarding Proposed Rabik/Gudath Project, 22611 

Coleman Valley Road, Bodega Bay (CPN 10-0002) (2011; 4 pp); 

 Declaration of K. Shawn Smallwood on Biological Impacts of the Ivanpah Solar Electric 

Generating System (ISEGS) (2011; 9 pp); 

 Comments on Draft Eagle Conservation Plan Guidance (2011; 13 pp); 

 Comments on Draft EIR/EA for Niles Canyon Safety Improvement Project (2011; 16 pp); 

 Declaration of K. Shawn Smallwood, Ph.D., on Biological Impacts of the Route 84 Safety 

Improvement Project (2011; 7 pp); 

 Rebuttal Testimony of Witness #22, K. Shawn Smallwood, Ph.D, on Behalf of Intervenors 

Friends of The Columbia Gorge & Save Our Scenic Area (2010; 6 pp); 

 Prefiled Direct Testimony of Witness #22, K. Shawn Smallwood, Ph.D, on Behalf of 
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Intervenors Friends of the Columbia Gorge & Save Our Scenic Area. Comments on 

Whistling Ridge Wind Energy Power Project DEIS, Skamania County, Washington (2010; 

41 pp); 

 Evaluation of Klickitat County’s Decisions on the Windy Flats West Wind Energy Project 

(2010; 17 pp); 

 St. John's Church Project Draft Environmental Impact Report (2010; 14 pp.); 

 Initial Study/Mitigated Negative Declaration for Results Radio Zone File #2009-001 (2010; 

20 pp); 

 Rio del Oro Specific Plan Project Final Environmental Impact Report (2010;12 pp); 

 Answers to Questions on 33% RPS Implementation Analysis Preliminary Results Report 

(2009: 9 pp); 

 SEPA Determination of Non-significance regarding zoning adjustments for Skamania 

County, Washington.  Second Declaration to Friends of the Columbia Gorge, Inc. and 

Save Our Scenic Area (Dec 2008; 17 pp); 

 Comments on Draft 1A Summary Report to CAISO (2008; 10 pp); 

 County of Placer’s Categorical Exemption of Hilton Manor Project (2009; 9 pp); 

 Protest of CARE to Amendment to the Power Purchase and Sale Agreement for 

Procurement of Eligible Renewable Energy Resources Between Hatchet Ridge Wind LLC 

and PG&E (2009; 3 pp); 

 Tehachapi Renewable Transmission Project EIR/EIS (2009; 142 pp); 

 Delta Shores Project EIR, south Sacramento (2009; 11 pp + addendum 2 pp); 

 Declaration of Shawn Smallwood in Support of Care’s Petition to Modify D.07-09-040 

(2008; 3 pp); 

 The Public Utility Commission’s Implementation Analysis December 16 Workshop for the 

Governor’s Executive Order S-14-08 to implement a 33% Renewable Portfolio Standard by 

2020 (2008; 9 pp); 

 The Public Utility Commission’s Implementation Analysis Draft Work Plan for the 

Governor’s Executive Order S-14-08 to implement a 33% Renewable Portfolio Standard by 

2020 (2008; 11 pp); 

 Draft 1A Summary Report to California Independent System Operator for Planning Reserve 

Margins (PRM) Study (2008; 7 pp.); 

 SEPA Determination of Non-significance regarding zoning adjustments for Skamania 

County, Washington.  Declaration to Friends of the Columbia Gorge, Inc. and 

  Save Our Scenic Area (Sep 2008; 16 pp); 

 California Energy Commission’s Preliminary Staff Assessment of the Colusa Generating 

Station (2007; 24 pp); 

 Rio del Oro Specific Plan Project Recirculated Draft Environmental Impact Report (2008: 

66 pp); 

 Replies to Response to Comments Re: Regional University Specific Plan Environmental 

Impact Report (2008; 20 pp); 

 Regional University Specific Plan Environmental Impact Report (2008: 33 pp.); 

 Clark Precast, LLC’s “Sugarland” project, Negative Declaration (2008: 15 pp.); 

 Cape Wind Project Draft Environmental Impact Statement (2008; 157 pp.); 

 Yuba Highlands Specific Plan (or Area Plan) Environmental Impact Report (2006; 37 pp.); 

 Replies to responses to comments on Mitigated Negative Declaration of the proposed 
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Mining Permit (MIN 04-01) and Modification of Use Permit 96-02 at North Table Mountain 

(2006; 5 pp); 

 Mitigated Negative Declaration of the proposed Mining Permit (MIN 04-01) and 

Modification of Use Permit 96-02 at North Table Mountain (2006; 15 pp); 

 Windy Point Wind Farm Environmental Review and EIS (2006; 14 pp and 36 Powerpoint 

slides in reply to responses to comments); 

 Shiloh I Wind Power Project EIR (2005; 18 pp); 

 Buena Vista Wind Energy Project Notice of Preparation of EIR (2004; 15 pp); 

 Negative Declaration of the proposed Callahan Estates Subdivision (2004; 11 pp); 

 Negative Declaration of the proposed Winters Highlands Subdivision (2004; 9 pp); 

 Negative Declaration of the proposed Winters Highlands Subdivision (2004; 13 pp); 

 Negative Declaration of the proposed Creekside Highlands Project, Tract 7270 (2004; 21 

pp); 

 On the petition California Fish and Game Commission to list the Burrowing Owl as 

threatened or endangered (2003; 10 pp); 

 Conditional Use Permit renewals from Alameda County for wind turbine operations in the 

Altamont Pass Wind Resource Area (2003; 41 pp); 

 UC Davis Long Range Development Plan of 2003, particularly with regard to the 

Neighborhood Master Plan (2003;  23 pp); 

 Anderson Marketplace Draft Environmental Impact Report (2003: 18 pp + 3 plates of 

photos); 

 Negative Declaration of the proposed expansion of Temple B’nai Tikyah (2003: 6 pp); 

 Antonio Mountain Ranch Specific Plan Public Draft EIR (2002: 23 pp); 

 Response to testimony of experts at the East Altamont Energy Center evidentiary hearing on 

biological resources (2002: 9 pp); 

 Revised Draft Environmental Impact Report, The Promenade (2002: 7 pp); 

 Recirculated Initial Study for Calpine’s proposed Pajaro Valley Energy Center (2002: 3 pp); 

 UC Merced -- Declaration of Dr. Shawn Smallwood in support of petitioner’s application for 

temporary restraining order and preliminary injunction (2002:  5 pp); 

 Replies to response to comments in Final Environmental Impact Report, Atwood Ranch Unit 

III Subdivision (2003: 22 pp); 

 Draft Environmental Impact Report, Atwood Ranch Unit III Subdivision (2002: 19 pp + 8 

photos on 4 plates); 

 California Energy Commission Staff Report on GWF Tracy Peaker Project (2002: 17 pp + 3 

photos; follow-up report of 3 pp); 

 Initial Study and Negative Declaration, Silver Bend Apartments, Placer County (2002: 13 

pp); 

 UC Merced Long-range Development Plan DEIR and UC Merced Community Plan DEIR 

(2001: 26 pp); 

 Initial Study, Colusa County Power Plant (2001: 6 pp);  

 Comments on Proposed Dog Park at Catlin Park, Folsom, California (2001: 5 pp + 4 

photos); 

 Pacific Lumber Co. (Headwaters) Habitat Conservation Plan and Environmental Impact 

Report (1998: 28 pp); 

 Final Environmental Impact Report/Statement for Issuance of Take authorization for listed 
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species within the MSCP planning area in San Diego County, California (Fed. Reg. 62 (60): 

14938, San Diego Multi-Species Conservation Program) (1997:  10 pp); 

 Permit (PRT-823773) Amendment for the Natomas Basin Habitat Conservation Plan, 

Sacramento, CA (Fed. Reg. 63 (101): 29020-29021) (1998); 

 Draft Recovery Plan for the Giant Garter Snake (Thamnophis gigas). (Fed. Reg. 64(176): 

49497-49498) (1999: 8 pp); 

 Review of the Draft Recovery Plan for the Arroyo Southwestern Toad (Bufo microscaphus 

californicus) (1998); 

 Ballona West Bluffs Project Environmental Impact Report (1999: oral presentation); 

 California Board of Forestry’s proposed amended Forest Practices Rules (1999); 

 Negative Declaration for the Sunset Skyranch Airport Use Permit (1999); 

 Calpine and Bechtel Corporations’ Biological Resources Implementation and Monitoring 

Program (BRMIMP) for the Metcalf Energy Center (2000: 10 pp); 

 California Energy Commission’s Final Staff Assessment of the proposed Metcalf Energy 

Center (2000); 

 US Fish and Wildlife Service Section 7 consultation with the California Energy Commission 

regarding Calpine and Bechtel Corporations’ Metcalf Energy Center (2000: 4 pp); 

 California Energy Commission’s Preliminary Staff Assessment of the proposed Metcalf 

Energy Center (2000: 11 pp); 

 Site-specific management plans for the Natomas Basin Conservancy’s mitigation lands, 

prepared by Wildlands, Inc. (2000: 7 pp); 

 Affidavit of K. Shawn Smallwood in Spirit of the Sage Council, et al. (Plaintiffs) vs. Bruce 

Babbitt, Secretary, U.S. Department of the Interior, et al. (Defendants), Injuries caused by 

the No Surprises policy and final rule which codifies that policy (1999: 9 pp). 

 

Comments on other Environmental Review Documents: 

 

 Proposed Regulation for California Fish and Game Code Section 3503.5 (2015: 12 pp); 

 Statement of Overriding Considerations related to extending Altamont Winds, Inc.’s 

Conditional Use Permit PLN2014-00028 (2015; 8 pp); 

 Draft Program Level EIR for Covell Village (2005; 19 pp); 

 Bureau of Land Management Wind Energy Programmatic EIS Scoping document (2003: 7 

pp.); 

 NEPA Environmental Analysis for Biosafety Level 4 National Biocontainment Laboratory 

(NBL) at UC Davis (2003: 7 pp); 

 Notice of Preparation of UC Merced Community and Area Plan EIR, on behalf of The 

Wildlife Society—Western Section (2001: 8 pp.); 

 Preliminary Draft Yolo County Habitat Conservation Plan (2001; 2 letters totaling 35 pp.); 

 Merced County General Plan Revision, notice of Negative Declaration (2001: 2 pp.); 

 Notice of Preparation of Campus Parkway EIR/EIS (2001: 7 pp.); 

 Draft Recovery Plan for the bighorn sheep in the Peninsular Range (Ovis candensis) (2000); 

 Draft Recovery Plan for the California Red-legged Frog (Rana aurora draytonii), on behalf 

of The Wildlife Society—Western Section (2000: 10 pp.); 

 Sierra Nevada Forest Plan Amendment Draft Environmental Impact Statement, on behalf of 

The Wildlife Society—Western Section (2000: 7 pp.); 
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 State Water Project Supplemental Water Purchase Program, Draft Program EIR (1997); 

 Davis General Plan Update EIR (2000);  

 Turn of the Century EIR (1999: 10 pp);  

 Proposed termination of Critical Habitat Designation under the Endangered Species Act 

(Fed. Reg. 64(113): 31871-31874) (1999); 

 NOA Draft Addendum to the Final Handbook for Habitat Conservation Planning and 

Incidental Take Permitting Process, termed the HCP 5-Point Policy Plan (Fed. Reg. 64(45): 

11485 - 11490) (1999; 2 pp + attachments); 

 Covell Center Project EIR and EIR Supplement (1997). 

 

Position Statements   I prepared the following position statements for the Western Section of The 

Wildlife Society, and one for nearly 200 scientists: 

 

 Recommended that the California Department of Fish and Game prioritize the extermination 

of the introduced southern water snake in northern California. The Wildlife Society--

Western Section (2001); 

 Recommended that The Wildlife Society—Western Section appoint or recommend members 

of the independent scientific review panel for the UC Merced environmental review process 

(2001); 

 Opposed the siting of the University of California’s 10th campus on a sensitive vernal 

pool/grassland complex east of Merced.  The Wildlife Society--Western Section (2000); 

 Opposed the legalization of ferret ownership in California.  The Wildlife Society--Western 

Section (2000);  

 Opposed the Proposed “No Surprises,” “Safe Harbor,” and “Candidate Conservation 

Agreement” rules, including permit-shield protection provisions (Fed. Reg. Vol. 62, No. 

103, pp. 29091-29098 and No. 113, pp. 32189-32194).  This statement was signed by 188 

scientists and went to the responsible federal agencies, as well as to the U.S. Senate and 

House of Representatives. 

 

Posters at Professional Meetings 

 

Leyvas, E. and K. S. Smallwood. 2015. Rehabilitating injured animals to offset and rectify wind 

project impacts. Conference on Wind Energy and Wildlife Impacts, Berlin, Germany, 9-12 March 

2015. 

 

Smallwood, K. S., J. Mount, S. Standish, E. Leyvas, D. Bell, E. Walther, B. Karas. 2015. Integrated 

detection trials to improve the accuracy of fatality rate estimates at wind projects.  Conference on 

Wind Energy and Wildlife Impacts, Berlin, Germany, 9-12 March 2015. 

 

Smallwood, K. S. and C. G. Thelander. 2005. Lessons learned from five years of avian mortality 

research in the Altamont Pass WRA. AWEA conference, Denver, May 2005. 

 

Neher, L., L. Wilder, J. Woo, L. Spiegel, D. Yen-Nakafugi, and K.S. Smallwood. 2005. Bird’s eye 

view on California wind.  AWEA conference, Denver, May 2005. 

 

Smallwood, K. S., C. G. Thelander and L. Spiegel. 2003. Toward a predictive model of avian 
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fatalities in the Altamont Pass Wind Resource Area. Windpower 2003 Conference and Convention, 

Austin, Texas. 

 

Smallwood, K.S. and Eva Butler. 2002. Pocket Gopher Response to Yellow Star-thistle Eradication 

as part of Grassland Restoration at Decommissioned Mather Air Force Base, Sacramento County, 

California. White Mountain Research Station Open House, Barcroft Station. 

 

Smallwood, K.S. and Michael L. Morrison. 2002. Fresno kangaroo rat (Dipodomys nitratoides) 

Conservation Research at Resources Management Area 5, Lemoore Naval Air Station. White 

Mountain Research Station Open House, Barcroft Station. 

 

Smallwood, K.S. and E.L. Fitzhugh. 1989. Differentiating mountain lion and dog tracks. Third 

Mountain Lion Workshop, Prescott, AZ. 

 

Smith, T. R. and K. S. Smallwood. 2000. Effects of study area size, location, season, and allometry 

on reported Sorex shrew densities. Annual Meeting of the Western Section of The Wildlife Society. 

 

Presentations at Professional Meetings and Seminars 

 

Repowering the Altamont Pass.  Altamont Symposium, The Wildlife Society – Western Section, 5 

February 2017. 

 

Developing methods to reduce bird mortality in the Altamont Pass Wind Resource Area, 1999-

2007.  Altamont Symposium, The Wildlife Society – Western Section, 5 February 2017. 

 

Conservation and recovery of burrowing owls in Santa Clara Valley.  Santa Clara Valley Habitat 

Agency, Newark, California, 3 February 2017. 

 

Mitigation of Raptor Fatalities in the Altamont Pass Wind Resource Area. Raptor Research 

Foundation Meeting, Sacramento, California, 6 November 2015. 

 

From burrows to behavior: Research and management for burrowing owls in a diverse landscape. 

California Burrowing Owl Consortium meeting, 24 October 2015, San Jose, California. 

 

The Challenges of repowering. Keynote presentation at Conference on Wind Energy and Wildlife 

Impacts, Berlin, Germany, 10 March 2015. 

 

Research Highlights Altamont Pass 2011-2015. Scientific Review Committee, Oakland, California, 

8 July 2015. 

 

Siting wind turbines to minimize raptor collisions: Altamont Pass Wind Resource Area. US Fish 

and Wildlife Service Golden Eagle Working Group, Sacramento, California, 8 January 2015. 

 

Evaluation of nest boxes as a burrowing owl conservation strategy. Sacramento Chapter of the 

Western Section, The Wildlife Society. Sacramento, California, 26 August 2013. 

 

Predicting collision hazard zones to guide repowering of the Altamont Pass. Conference on wind 
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power and environmental impacts. Stockholm, Sweden, 5-7 February 2013. 

 

Impacts of Wind Turbines on Wildlife. California Council for Wildlife Rehabilitators, Yosemite, 

California, 12 November 2012. 

 

Impacts of Wind Turbines on Birds and Bats. Madrone Audubon Society, Santa Rosa, California, 20 

February 2012. 

 

Comparing Wind Turbine Impacts across North America. California Energy Commission Staff 

Workshop: Reducing the Impacts of Energy Infrastructure on Wildlife, 20 July 2011. 

 

Siting Repowered Wind Turbines to Minimize Raptor Collisions. California Energy Commission 

Staff Workshop: Reducing the Impacts of Energy Infrastructure on Wildlife, 20 July 2011. 

 

Siting Repowered Wind Turbines to Minimize Raptor Collisions. Alameda County Scientific 

Review Committee meeting, 17 February 2011 

 

Comparing Wind Turbine Impacts across North America. Conference on Wind energy and Wildlife 

impacts, Trondheim, Norway, 3 May 2011. 

 

Update on Wildlife Impacts in the Altamont Pass Wind Resource Area. Raptor Symposium, The 

Wildlife Society—Western Section, Riverside, California, February 2011. 

 

Siting Repowered Wind Turbines to Minimize Raptor Collisions. Raptor Symposium, The Wildlife 

Society - Western Section, Riverside, California, February 2011. 

 

Wildlife mortality caused by wind turbine collisions. Ecological Society of America, Pittsburgh, 

Pennsylvania, 6 August 2010. 

 

Map-based repowering and reorganization of a wind farm to minimize burrowing owl fatalities. 

California burrowing Owl Consortium Meeting, Livermore, California, 6 February 2010. 

 

Environmental barriers to wind power.  Getting Real About Renewables: Economic and 

Environmental Barriers to Biofuels and Wind Energy. A symposium sponsored by the 

Environmental & Energy Law & Policy Journal, University of Houston Law Center, Houston, 23 

February 2007. 

 

Lessons learned about bird collisions with wind turbines in the Altamont Pass and other US wind 

farms. Meeting with Japan Ministry of the Environment and Japan Ministry of the Economy, Wild 

Bird Society of Japan, and other NGOs Tokyo, Japan, 9 November 2006. 

 

Lessons learned about bird collisions with wind turbines in the Altamont Pass and other US wind 

farms. Symposium on bird collisions with wind turbines. Wild Bird Society of Japan, Tokyo, Japan, 

4 November 2006. 

 

Responses of Fresno kangaroo rats to habitat improvements in an adaptive management framework. 

California Society for Ecological Restoration (SERCAL) 13th Annual Conference, UC Santa 
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Barbara, 27 October 2006. 

 

Fatality associations as the basis for predictive models of fatalities in the Altamont Pass Wind 

Resource Area. EEI/APLIC/PIER Workshop, 2006 Biologist Task Force and Avian Interaction with 

Electric Facilities Meeting, Pleasanton, California, 28 April 2006. 

 

Burrowing owl burrows and wind turbine collisions in the Altamont Pass Wind Resource Area. The 

Wildlife Society - Western Section Annual Meeting, Sacramento, California, February 8, 2006. 

 

Mitigation at wind farms. Workshop: Understanding and resolving bird and bat impacts. American 

Wind Energy Association and Audubon Society. Los Angeles, CA. January 10 and 11, 2006. 

 

Incorporating data from the California Wildlife Habitat Relationships (CWHR) system into an 

impact assessment tool for birds near wind farms. Shawn Smallwood, Kevin Hunting, Marcus Yee, 

Linda Spiegel, Monica Parisi. Workshop: Understanding and resolving bird and bat impacts.  

American Wind Energy Association and Audubon Society. Los Angeles, CA.  January 10 and 11, 

2006. 

 

Toward indicating threats to birds by California’s new wind farms. California Energy Commission, 

Sacramento, May 26, 2005. 

 

Avian collisions in the Altamont Pass. California Energy Commission, Sacramento, May 26, 2005. 

 

Ecological solutions for avian collisions with wind turbines in the Altamont Pass Wind Resource 

Area. EPRI Environmental Sector Council, Monterey, California, February 17, 2005. 

 

Ecological solutions for avian collisions with wind turbines in the Altamont Pass Wind Resource 

Area. The Wildlife Society—Western Section Annual Meeting, Sacramento, California, January 19, 

2005. 

 

Associations between avian fatalities and attributes of electric distribution poles in California. The 

Wildlife Society - Western Section Annual Meeting, Sacramento, California, January 19, 2005. 

 

Minimizing avian mortality in the Altamont Pass Wind Resources Area. UC Davis Wind Energy 

Collaborative Forum, Palm Springs, California, December 14, 2004. 

 

Selecting electric distribution poles for priority retrofitting to reduce raptor mortality. Raptor 

Research Foundation Meeting, Bakersfield, California, November 10, 2004. 

 

Responses of Fresno kangaroo rats to habitat improvements in an adaptive management framework. 

Annual Meeting of the Society for Ecological Restoration, South Lake Tahoe, California, October 

16, 2004. 

 

Lessons learned from five years of avian mortality research at the Altamont Pass Wind Resources 

Area in California. The Wildlife Society Annual Meeting, Calgary, Canada, September 2004. 

 

The ecology and impacts of power generation at Altamont Pass. Sacramento Petroleum Association, 
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Sacramento, California, August 18, 2004. 

 

Burrowing owl mortality in the Altamont Pass Wind Resource Area. California Burrowing Owl 

Consortium meeting, Hayward, California, February 7, 2004. 

 

Burrowing owl mortality in the Altamont Pass Wind Resource Area. California Burrowing Owl 

Symposium, Sacramento, November 2, 2003. 

 

Raptor Mortality at the Altamont Pass Wind Resource Area. National Wind Coordinating 

Committee, Washington, D.C., November 17, 2003. 

 

Raptor Behavior at the Altamont Pass Wind Resource Area. Annual Meeting of the Raptor Research 

Foundation, Anchorage, Alaska, September, 2003. 

 

Raptor Mortality at the Altamont Pass Wind Resource Area. Annual Meeting of the Raptor 

Research Foundation, Anchorage, Alaska, September, 2003. 

 

California mountain lions. Ecological & Environmental Issues Seminar, Department of Biology, 

California State University, Sacramento, November, 2000. 

 

Intra- and inter-turbine string comparison of fatalities to animal burrow densities at Altamont Pass. 

National Wind Coordinating Committee, Carmel, California, May, 2000. 

 

Using a Geographic Positioning System (GPS) to map wildlife and habitat. Annual Meeting of the 

Western Section of The Wildlife Society, Riverside, CA, January, 2000. 

 

Suggested standards for science applied to conservation issues. Annual Meeting of the Western 

Section of The Wildlife Society, Riverside, CA, January, 2000. 

 

The indicators framework applied to ecological restoration in Yolo County, California. Society for 

Ecological Restoration, September 25, 1999. 

 

Ecological restoration in the context of animal social units and their habitat areas. Society for 

Ecological Restoration, September 24, 1999. 

 

Relating Indicators of Ecological Health and Integrity to Assess Risks to Sustainable Agriculture 

and Native Biota. International Conference on Ecosystem Health, August 16, 1999. 

 

A crosswalk from the Endangered Species Act to the HCP Handbook and real HCPs. Southern 

California Edison, Co. and California Energy Commission, March 4-5, 1999. 

 

Mountain lion track counts in California: Implications for Management. Ecological & 

Environmental Issues Seminar, Department of Biological Sciences, California State University, 

Sacramento, November 4, 1998. 

 

“No Surprises” -- Lack of science in the HCP process. California Native Plant Society Annual 

Conservation Conference, The Presidio, San Francisco, September 7, 1997. 
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In Your Interest. A half hour weekly show aired on Channel 10 Television, Sacramento. In this 

episode, I served on a panel of experts discussing problems with the implementation of the 

Endangered Species Act. Aired August 31, 1997. 

 

Spatial scaling of pocket gopher (Geomyidae) density. Southwestern Association of Naturalists 44th 

Meeting, Fayetteville, Arkansas, April 10, 1997. 

 

Estimating prairie dog and pocket gopher burrow volume. Southwestern Association of Naturalists 

44th Meeting, Fayetteville, Arkansas, April 10, 1997. 

 

Ten years of mountain lion track survey. Fifth Mountain Lion Workshop, San Diego, February 27, 

1996. 

 

Study and interpretive design effects on mountain lion density estimates. Fifth Mountain Lion 

Workshop, San Diego, February 27, 1996. 

 

Small animal control. Session moderator and speaker at the California Farm Conference, 

Sacramento, California, Feb. 28, 1995. 

 

Small animal control. Ecological Farming Conference, Asylomar, California, Jan. 28, 1995. 

 

Habitat associations of the Swainson’s Hawk in the Sacramento Valley’s agricultural landscape.  

1994 Raptor Research Foundation Meeting, Flagstaff, Arizona. 

 

Alfalfa as wildlife habitat. Seed Industry Conference, Woodland, California, May 4, 1994. 

 

Habitats and vertebrate pests: impacts and management. Managing Farmland to Bring Back Game 

Birds and Wildlife to the Central Valley. Yolo County Resource Conservation District, U.C. Davis, 

February 19, 1994. 

 

Management of gophers and alfalfa as wildlife habitat. Orland Alfalfa Production Meeting and 

Sacramento Valley Alfalfa Production Meeting, February 1 and 2, 1994. 

 

Patterns of wildlife movement in a farming landscape. Wildlife and Fisheries Biology Seminar 

Series: Recent Advances in Wildlife, Fish, and Conservation Biology, U.C. Davis, Dec. 6, 1993. 

 

Alfalfa as wildlife habitat. California Alfalfa Symposium, Fresno, California, Dec. 9, 1993. 

 

Management of pocket gophers in Sacramento Valley alfalfa. California Alfalfa Symposium, 

Fresno, California, Dec. 8, 1993. 

 

Association analysis of raptors in a farming landscape. Plenary speaker at Raptor Research 

Foundation Meeting, Charlotte, North Carolina, Nov. 6, 1993.  

 

Landscape strategies for biological control and IPM. Plenary speaker, International Conference on 

Integrated Resource Management and Sustainable Agriculture, Beijing, China, Sept. 11, 1993. 
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Landscape Ecology Study of Pocket Gophers in Alfalfa. Alfalfa Field Day, U.C. Davis, July 1993. 

 

Patterns of wildlife movement in a farming landscape. Spatial Data Analysis Colloquium, U.C. 

Davis, August 6, 1993. 

 

Sound stewardship of wildlife. Veterinary Medicine Seminar: Ethics of Animal Use, U.C. Davis.  

May 1993. 

 

Landscape ecology study of pocket gophers in alfalfa. Five County Grower's Meeting, Tracy, 

California. February 1993. 

 

Turbulence and the community organizers: The role of invading species in ordering a turbulent 

system, and the factors for invasion success. Ecology Graduate Student Association Colloquium, 

U.C. Davis.  May 1990. 

 

Evaluation of exotic vertebrate pests. Fourteenth Vertebrate Pest Conference, Sacramento, 

California. March 1990. 

 

Analytical methods for predicting success of mammal introductions to North America. The Western 

Section of the Wildlife Society, Hilo, Hawaii. February 1988. 

 

A state-wide mountain lion track survey. Sacramento County Dept Parks and Recreation. April 

1986. 

 

The mountain lion in California. Davis Chapter of the Audubon Society. October 1985. 

 

Ecology Graduate Student Seminars, U.C. Davis, 1985-1990: Social behavior of the mountain lion; 

Mountain lion control; Political status of the mountain lion in California. 

 

Other forms of Participation at Professional Meetings 

 

 Scientific Committee, Conference on Wind energy and Wildlife impacts, Berlin, Germany, 

March 2015. 

 

 Scientific Committee, Conference on Wind energy and Wildlife impacts, Stockholm, 

Sweden, February 2013. 

 

 Workshop co-presenter at Birds & Wind Energy Specialist Group (BAWESG) Information 

sharing week, Bird specialist studies for proposed wind energy facilities in South Africa, 

Endangered Wildlife Trust, Darling, South Africa, 3-7 October 2011. 

 

 Scientific Committee, Conference on Wind energy and Wildlife impacts, Trondheim, 

Norway, 2-5 May 2011. 

 

 Chair of Animal Damage Management Session, The Wildlife Society, Annual Meeting, 

Reno, Nevada, September 26, 2001. 
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 Chair of Technical Session:  Human communities and ecosystem health:  Comparing 

perspectives and making connection.  Managing for Ecosystem Health, International 

Congress on Ecosystem Health, Sacramento,  CA  August 15-20, 1999. 

 

 Student Awards Committee, Annual Meeting of the Western Section of The Wildlife 

Society, Riverside, CA, January, 2000. 

 

 Student Mentor, Annual Meeting of the Western Section of The Wildlife Society, Riverside, 

CA, January, 2000. 

 

Printed Mass Media 

 

Smallwood, K.S., D. Mooney, and M. McGuinness. 2003. We must stop the UCD biolab now. Op-

Ed to the Davis Enterprise. 

 

Smallwood, K.S. 2002. Spring Lake threatens Davis. Op-Ed to the Davis Enterprise. 

 

Smallwood, K.S. Summer, 2001. Mitigation of habitation. The Flatlander, Davis, California. 

 

Entrikan, R.K. and K.S. Smallwood. 2000. Measure O: Flawed law would lock in new taxes. Op-Ed 

to the Davis Enterprise. 

 

Smallwood, K.S.  2000. Davis delegation lobbies Congress for Wildlife conservation. Op-Ed to the 

Davis Enterprise. 

 

Smallwood, K.S.  1998.  Davis Visions.  The Flatlander, Davis, California. 

 

Smallwood, K.S.  1997.  Last grab for Yolo’s land and water.  The Flatlander, Davis, California. 

 

Smallwood, K.S.  1997.  The Yolo County HCP. Op-Ed to the Davis Enterprise. 

 

Radio/Television 

 

PBS News Hour,  

 

FOX News, Energy in America: Dead Birds Unintended Consequence of Wind Power 

Development, August 2011. 

 

KXJZ Capital Public Radio -- Insight (Host Jeffrey Callison).  Mountain lion attacks (with guest 

Professor Richard Coss).  23 April 2009; 

 

KXJZ Capital Public Radio -- Insight (Host Jeffrey Callison).  Wind farm Rio Vista Renewable 

Power.  4 September 2008; 

 

KQED QUEST Episode #111.  Bird collisions with wind turbines.  2007; 
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KDVS Speaking in Tongues (host Ron Glick), Yolo County HCP: 1 hour.  December 27, 2001; 

 

KDVS Speaking in Tongues (host Ron Glick), Yolo County HCP: 1 hour.  May 3, 2001; 

 

KDVS Speaking in Tongues (host Ron Glick), Yolo County HCP: 1 hour.  February 8, 2001; 

 

KDVS Speaking in Tongues (host Ron Glick & Shawn Smallwood), California Energy Crisis: 1 

hour.  Jan. 25, 2001; 

 

KDVS Speaking in Tongues (host Ron Glick), Headwaters Forest HCP: 1 hour.  1998; 

 

Davis Cable Channel (host Gerald Heffernon), Burrowing owls in Davis: half hour.  June, 2000; 

 

Davis Cable Channel (hosted by Davis League of Women Voters), Measure O debate: 1 hour.  

October, 2000; 

 

KXTV 10, In Your Interest, The Endangered Species Act: half hour.  1997. 

 

 

Reviews of Journal Papers (Scientific journals for whom I’ve provided peer review) 

Journal Journal 

American Naturalist Journal of Animal Ecology 

Journal of Wildlife Management Western North American Naturalist 

Auk Journal of Raptor Research 

Biological Conservation National Renewable Energy Lab reports 

Canadian Journal of Zoology Oikos 

Ecosystem Health The Prairie Naturalist 

Environmental Conservation Restoration Ecology 

Environmental Management Southwestern Naturalist 

Functional Ecology The Wildlife Society--Western Section Trans. 

Journal of Zoology (London) Proc. Int. Congress on Managing for Ecosystem Health 

Journal of Applied Ecology Transactions in GIS 

Ecology Tropical Ecology 

Wildlife Society Bulletin Peer J 

Biological Control The Condor 

    

Committees 

 Scientific Review Committee, Alameda County, Altamont Pass Wind Resource Area 

 Ph.D. Thesis Committee, Steve Anderson, University of California, Davis 

 MS Thesis Committee, Marcus Yee, California State University, Sacramento 
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Other Professional Activities or Products 

 

Testified in Federal Court in Denver during 2005 over the fate of radio-nuclides in the soil at Rocky 

Flats Plant after exposure to burrowing animals.  My clients won a judgment of $553,000,000.  I 

have also testified in many other cases of litigation under CEQA, NEPA, the Warren-Alquist 

Act, and other environmental laws.  My clients won most of the cases for which I testified. 

 

Testified before Environmental Review Tribunals in Ontario, Canada regarding proposed White 

Pines, Amherst Island, and Fairview Wind Energy projects. 

 

Testified in Skamania County Hearing in 2009 on the potential impacts of zoning the County for 

development of wind farms and hazardous waste facilities. 

 

Testified in deposition in 2007 in the case of O’Dell et al. vs. FPL Energy in Houston, Texas. 

 

Testified in Klickitat County Hearing in 2006 on the potential impacts of the Windy Point Wind 

Farm. 

 

Memberships in Professional Societies 

 The Wildlife Society  

 Raptor Research Foundation 

 

Honors and Awards 

 Fulbright Research Fellowship to Indonesia, 1987 

 J.G. Boswell Full Academic Scholarship, 1981 college of choice 

 Certificate of Appreciation, The Wildlife Society—Western Section, 2000, 2001 

 Northern California Athletic Association Most Valuable Cross Country Runner, 1984 

 American Legion Award, Corcoran High School, 1981, and John Muir Junior High, 1977 

 CIF Section Champion, Cross Country in 1978  

 CIF Section Champion, Track & Field 2 mile run in 1981 

 National Junior Record, 20 kilometer run, 1982 

 National Age Group Record, 1500 meter run, 1978 

 

Community Activities 

 District 64 Little League Umpire, 2003-2007 

 Dixon Little League Umpire, 2006-07  

 Davis Little League Chief Umpire and Board member, 2004-2005 

 Davis Little League Safety Officer, 2004-2005 

 Davis Little League Certified Umpire, 2002-2004 

 Davis Little League Scorekeeper, 2002 

 Davis Visioning Group member 

  Petitioner for Writ of Mandate under the California Environmental Quality Act against City 

of Woodland decision to approve the Spring Lake Specific Plan, 2002 

  Served on campaign committees for City Council candidates 
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Representative Clients/Funders 

Law Offices of Stephan C. Volker EDF Renewables 

Blum Collins, LLP National Renewable Energy Lab 

Eric K. Gillespie Professional Corporation Altamont Winds LLC 

Law Offices of Berger & Montague Salka Energy 

Lozeau | Drury LLP Comstocks Business (magazine) 

Law Offices of Roy Haber BioResource Consultants 

Law Offices of Edward MacDonald Tierra Data 

Law Office of John Gabrielli Black and Veatch 

Law Office of Bill Kopper Terry Preston, Wildlife Ecology Research Center 

Law Office of Donald B. Mooney EcoStat, Inc. 

Law Office of  Veneruso & Moncharsh US Navy 

Law Office of  Steven Thompson US Department of Agriculture 

Law Office of Brian Gaffney US Forest Service 

California Wildlife Federation  US Fish & Wildlife Service 

Defenders of Wildlife US Department of Justice 

Sierra Club California Energy Commission 

National Endangered Species Network California Office of the Attorney General 

Spirit of the Sage Council California Department of Fish & Wildlife 

The Humane Society California Department of Transportation 

Hagens Berman LLP California Department of Forestry 

Environmental Protection Information Center California Department of Food & Agriculture 

Goldberg, Kamin & Garvin, Attorneys at Law Ventura County Counsel 

Californians for Renewable Energy (CARE) County of Yolo 

Seatuck Environmental Association Tahoe Regional Planning Agency 

Friends of the Columbia Gorge, Inc.  Sustainable Agriculture Research & Education Program 

Save Our Scenic Area Sacramento-Yolo Mosquito and Vector Control District 

Alliance to Protect Nantucket Sound East Bay Regional Park District 

Friends of the Swainson’s Hawk County of Alameda 

Alameda Creek Alliance Don & LaNelle Silverstien 

Center for Biological Diversity Seventh Day Adventist Church 

California Native Plant Society Escuela de la Raza Unida 

Endangered Wildlife Trust  Susan Pelican and Howard Beeman 

   and BirdLife South Africa Residents Against Inconsistent Development, Inc. 

AquAlliance Bob Sarvey 

Oregon Natural Desert Association Mike Boyd 

Save Our Sound Hillcroft Neighborhood Fund 

G3 Energy and Pattern Energy Joint Labor Management Committee, Retail Food Industry 

Emerald Farms Lisa Rocca 

Pacific Gas & Electric Co. Kevin Jackson 

Southern California Edison Co. Dawn Stover and Jay Letto 

Georgia-Pacific Timber Co. Nancy Havassy 

Northern Territories Inc. Catherine Portman (for Brenda Cedarblade) 

David Magney Environmental Consulting Ventus Environmental Solutions, Inc. 

Wildlife History Foundation Panorama Environmental, Inc. 

NextEra Energy Resources, LLC Adams Broadwell Professional Corporation 

Ogin, Inc.  
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Representative special-status species experience 

Common name Species name Description 

Field experience   

California red-legged frog Rana aurora draytonii Protocol searches; Many detections 

Foothill yellow-legged frog Rana boylii Presence surveys; Many detections 

Western spadefoot Spea hammondii Presence surveys; Few detections 

California tiger salamander Ambystoma californiense Protocol searches; Many detections 

Coast range newt Taricha torosa torosa Searches and multiple detections 

Blunt-nosed leopard lizard Gambelia sila Detected in San Luis Obispo County 

California horned lizard Phrynosoma coronatum frontale Searches; Many detections 

Western pond turtle Clemmys marmorata Searches; Many detections  

San Joaquin kit fox Vulpes macrotis mutica Protocol searches; detections 

Sumatran tiger Panthera tigris Track surveys in Sumatra 

Mountain lion Puma concolor californicus Research and publications 

Point Arena mountain beaver Aplodontia rufa nigra Remote camera operation 

Giant kangaroo rat Dipodomys ingens Detected in Cholame Valley 

San Joaquin kangaroo rat Dipodomys nitratoides Monitoring & habitat restoration  

Monterey dusky-footed woodrat Neotoma fuscipes luciana Non-target captures and mapping of dens 

Salt marsh harvest mouse Reithrodontomys raviventris Habitat assessment, monitoring 

Salinas harvest mouse Reithrodontomys megalotus 

distichlus 

Captures; habitat assessment 

Bats  Thermal imaging surveys 

California clapper rail Rallus longirostris Surveys and detections 

Golden eagle Aquila chrysaetos Numerical & behavioral surveys 

Swainson’s hawk Buteo swainsoni Numerical & behavioral surveys 

Northern harrier Circus cyaeneus Numerical & behavioral surveys 

White-tailed kite Elanus leucurus Numerical & behavioral surveys 

Loggerhead shrike Lanius ludovicianus Large area surveys 

Least Bell’s vireo Vireo bellii pusillus Detected in Monterey County 

Willow flycatcher Empidonax traillii extimus Research at Sierra Nevada breeding sites  

Burrowing owl Athene cunicularia hypugia Numerical & behavioral surveys 

Valley elderberry longhorn 

beetle 

Desmocerus californicus 

dimorphus 

Monitored success of relocation and habitat 

restoration 

Analytical   

Arroyo southwestern toad Bufo microscaphus californicus Research and report. 

Giant garter snake Thamnophis gigas Research and publication 

Northern goshawk Accipiter gentilis Research and publication 

Northern spotted owl Strix occidentalis Research and reports  

Alameda whipsnake Masticophis lateralis 

euryxanthus 

Expert testimony 
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To: Kelilah D. Federman, Adams Broadwell Joseph & Cardozo, Attorneys at Law
From: Gregory & Henry House
Re: Responses to the Final Environmental Impact Report: Brawley Solar Energy Facility

Project: Responses to Comments

Dear Ms. Federman:

As you are aware, the Responses to Comments section responds to a February 2022 memoran-
dum commenting on the draft EIR of this project by House Agricultural Consultants (HAC). At
your request, we have examined the final EIR’s responses to our prior comments, which begin on
its page 0.2-428, and now respond in turn.

Item F C-2. The FEIR states that the Project will include a bonded reclamation requirement.
The requirement alone is insufficient unless the Reclamation Plan is prepared by a qualified agron-
omy expert. The FEIR should be revised to require that the Reclamation Plan should be prepared
by a recognized agronomy expert, as civil engineers and general contractors do not, in general,
have expertise in soils and agronomy, a technical specialty.

We quote the mitigation measure that states the reclamation requirement, to wit:

AG-1b Site Reclamation Plan. The DOC has clarified the goal of a reclamation and decommissioning
plan: the land must be restored to land which can be farmed. In addition to Mitigation Measure
AG-1a for Prime Farmland and Non-Prime Farmland, the Applicant shall submit to Imperial County,
a Reclamation Plan prior to issuance of a grading permit. The Reclamation Plan shall document the
procedures by which the project site will be returned to its current agricultural condition. Permittee
shall also provide financial assurance/bonding in the amount equal to a cost estimate prepared by a
California-licensed general contractor or civil engineer for implementation of the Reclamation Plan
in the even [sic] Permittee fails to perform the Reclamation Plan.

This mitigation requirement is inadequate for several reasons:—

1) As stated, neither civil engineers nor contractors are qualified to assess performance or draft
performance standards.

2) Furthermore, there are no measurable performance standards stated.
3) The analysis of impacts is improperly deferred.

A proper mitigation measure must set measurable performance standards in the reclamation
program which have been formed with the expertise of a recognized agronomist. As an example
of an adequate reclamation program which has measurable performance standards is that of the
County of Yolo* for its gravel-mined agricultural lands.†

See item “Mining Projects and Permits” within 〈https://www.yolocounty.org〉.*

HAC was not involved in the preparation of any of Yolo County’s reclamation plans. We were hired in 2021 in our†

capacity as professional agronomists to assess the performance of the ongoing reclamation of several postmining sites to
the standards of the plans.
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Item F C-3. Railroads commonly bisect agricultural lands throughout California, and thus an
existing railroad is not evidence that the project property has existing urban character. While we
cannot concur that a wastewater-treatment plant is an existing urban use as a matter of common
understanding, HAC has no legal opinion.

Item F 37. While the draft EIR’s agronomy evaluation was sparse and inadequate, HAC is
generally satisfied that the deficiencies will be addressed by the Reclamation Plan—assuming that
the plan is prepared by a recognized agronomy expert. Professionally recognized agronomy experts
can be located by their professional-society affiliations, such as the American Society of Agronomy
(ASA) and the American Society of Farm Managers & Rural Appraisers (ASFMRA).

The EIR states: “With implementation of Mitigation Measure AG-1b, the proposed project’s
potential impacts on the on the physical and chemical makeup of the soil materials within the
upper soil horizon would be reduced to a level less than significant.” This assertion may or may
not be accurate and must be assessed by a qualified expert in agronomy.

Item F C-7. If no definite measures are undertaken to ensure the future reclaimed property’s
water supply, both future availability and nonavailability of water to the reclaimed, returned-to-
agriculture property are speculative. Adequate mitigation must ensure that water sufficient to
maintain the property’s historically existing agricultural use be available once reclamation occurs
by a legally enforceable mechanism. For example, the property’s existing water rights could be
transferred to the holder of the conservation easement if that mitigation option is taken. Failure
to ensure a future water supply is inadequate mitigation. None of this is adequately addressed by
mitigation measure AG-1b. Refer to our foregoing comment on F C-2.

Conclusion. This concludes the comments of House Agricultural Consultants regarding this
EIR. A description of our qualifications as consultants is included in an appendix to this memo-
randum.

Sincerely,

Henry House Gregory A. House

Appendix: Qualifications of House Agricultural Consultants. Gregory A. House.
Agricultural Consultant · Agronomist · Professional Farm Manager · Rural Appraiser · Farmer.

Experience:—
– Agricultural consultant, 1983–present—House Agricultural Consultants, providing agricultural-

science, economics, management, and appraisal services.
– Farmer, 1987–present.—Growing organic apples, peaches, cherries, apricots, field and seed

crops.
– Corporation secretary and consulting agronomist, 1977–1983—Hannesson, Riddle & Asso-

ciates, Inc.

Professional affiliations:—
– American Society of Farm Managers & Rural Appraisers
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– American Society of Agronomy
– Crop Science Society of America
– Soil Science Society of America
– California Certified Organic Farmers
– California Farm Bureau.

Accreditations:—
– Accredited Farm Manager (AFM), American Society of Farm Managers & Rural Appraisers,

certificate no. 501
– Certified Professional Agronomist (CPAg), American Registry of Certified Professionals in

Agronomy, Crops, & Soils, Ltd., certificate no. 2319
– Certified Crop Advisor CCA), American Registry of Certified Professionals in Agronomy,

Crops. & Soils, Ltd.
– Accredited Rural Appraiser (ARA), American Society of Farm Managers & Rural Appraisers,

certificate no. 749
– Certified General Appraiser in the State of California, license no. AG 001999.

N.B.—These credentials have continuing-education requirements with which I am in compli-
ance.

Education:—
– B.S., Crop Ecology, University of California, Davis, 1975, with Honors
– Numerous courses from the University of California Extension in agricultural economics, crop

management, real estate, & hazardous waste management
– Cornell University Certificate Program, Implementing Good Agricultural Practices: A Key

to Produce Safety
– Courses of the American Society of Farm Managers and Rural Appraisers: Principles of Rural

Appraisal · Advanced Rural Appraisal · Eminent Domain · Report Writing School · Economics
of Farm Management · Principles of Farm Management · Standards and Ethics · Permanent
Plantings Seminar · Standards and Ethics for Farm Managers · ASFMRA Code of Ethics ·

National Uniform Standards of Professional Appraisal Practice Courses of the Appraisal Insti-
tute: Basic Valuation Procedures Real Estate Statistics and Valuation Modeling Advanced Income
Capitalization Valuation of Conservation Easements Certificate Program Condemnation Apprais-
ing: Principles and Applications Appraising the Appraisal How Tenants Create or Destroy Value:
Leasehold Valuation and Its Impact on Value

Expert-witness court testimony:—
– Superior Court Qualified Expert Witness in the following California counties: Alameda, Co-

lusa, Kern, Fresno, Madera, Merced, Monterey, Orange, Riverside, San Joaquin, San Luis Obispo,
Santa Barbara, Santa Cruz, Solano, Sonoma, Sutter, Ventura, Yolo

– United States Tax Court qualified expert witness
– United States Bankruptcy Court qualified expert witness.

A comprehensive listing of depositions and trial appearances is available upon request.

Awards:—
– CCOF Presidential Award, California Certified Organic Farmers, February, 2001
– Meritorious Service in Communications, American Society of Farm Managers and Rural

Appraisers, November 2004
– H.E. Buck Stalcup Excellence in Education Award, American Society of Farm Managers and

Rural Appraisers, October, 2011.
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Appointments & activities:—
– Adjunct Lecturer, University of California, Davis, Department of Agricultural & Resource

Economics, current; Courses ARE 140 Farm Management; ARE 145 Appraisal of Farms and Rural
Resources, current

– Instructor, “Principles of Farm Management”, an Internet course of the American Society of
Farm Managers and Rural Appraisers, 1996 to 2007

– President, California Chapter American Society of Farm Managers & Rural Appraisers 1994–
1995; Secretary–Treasurer, 1984 to 1990

– Board of Directors, Yolo Land Trust, 1993–2001
– Board of Directors, American Red Cross, Yolo County Chapter 1987–1989
– Member, Yolo County Right to Farm Grievance Committee 1992–1995
– Vice Chairman, Management Education Committee, American Society of Farm Managers

and Rural Appraisers, 1998–2000 (committee member since 1986)
– Yolo County LAFCo Agricultural Forum LESA subcommittee, 1999
– California Certified Organic Farmers: Treasurer of the Board of Directors, 1998–2003; Exec-

utive Director, 1999-2000; Member of the Finance Committee, 1998-current
– CCOF Foundation Going Organic Program, Management Team member 2006-2012
– USDA Organic Grant Panel member, Washington, DC, 2002
– City of Davis Open Space and Habitat Commission, 2006–2016, Chairman, 2007-2009
– Member, Fruit Orchard Technical Advisory Group, Filoli Gardens, Woodside, California
– Member, Organic and Sustainable Agriculture Program Steering Committee, University of

California Cooperative Extension, Yolo and Solano Counties, California, 2008–2013.

Speaking engagements:—
– Guest lecturer, University of Florida at Gainesville–Vegetable Crops Department. Seminar

on transition to organic agriculture, November 1994.
– Featured program speaker, 1995 annual Eco-Farm Conference. Lecture on economics of

organic-apple production, Asilomar, California, 1995.
– Guest speaker, multiple events of Community Alliance with Family Farmers. Presentations

on farm management and agricultural economics, 1996 and 1997.
– Instructor, American Society of Farm Managers & Rural Appraisers. Course “M-12”, Stan-

dards and Ethics for Professional Farm Managers, March 1997.
– Guest speaker, American Horticultural Society. Lecture entitled Challenges of Organic Stone

Fruit Production, Sacramento, California, July 2001.
– Organizer and presenter, Going Organic Kickoff Meetings. A program of California Certified

Organic Farmers, November 2005 and December 2006.
– Master of ceremonies, annual meeting of California Certified Organic Farmers. Sacramento,

California, February 2006.
– Featured program speaker, 2012 annual Eco-Farm Conference. Lecture entitled Imitating

Natural Systems: Towards an Indigenous Agro-forestry, Asilomar, California, 2012.
– Seminar presentation, American Society of Farm Managers & Rural Appraisers. Rapid Fire

Seminar: What Makes for Comparable Sales in Condemnation Appraisal—Reno, Nevada, October
2013.

– Featured program speaker, 2014 annual Eco-Farm Conference. Lecture entitled Food Safety
Regulatory Compliance in Fruit Orchards, Asilomar, California, 2014.

Publications:—
– Principles of Farm Management, course “M-10”, a forty-hour professional-credit online edu-

cational offering of the American Society of Farm Managers & Rural Appraisers.
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– Conservation Issues in Agriculture, a unit of course “M-25”, a fifteen-hour professional-credit
online educational offering of the American Society of Farm Managers & Rural Appraisers.

– A Primer on Organic Agriculture, an article in 2006 Trends in Agricultural Land and Lease
Values, a publication of the California Chapter of the American Society of Farm Managers & Rural
Appraisers.

– Case Study: Using Indigenous Agroforestry Management Techniques to Support Sustainability
in Production Agriculture, a paper-poster presented at Harlan II, An International Symposium on
Biodiversity in Agriculture: Domestication, Evolution and Sustainability, September 14–18, 2008,
University of California–Davis.

Henry House. Agricultural Consultant · Licensed Appraiser · Consulting Agricultural Econo-
mist · Farmer.

Topics of professional expertise:—
– Appraisal: valuation of agricultural and rural land, valuation of livestock, valuation of fresh-

water aquaculture facilities (fish farms). Experienced appraiser—California appraiser’s license
number AG-3010876 (Certified General Appraiser).

– Farm management: good farming practices in orchards, such as almonds and walnuts, row
crops.

– Livestock management: carrying capacity of land, range management, standard of care for
grazing animals.

– Management evaluation of commercial equestrian facilities.
– Management of rural-residential property.
– Agricultural economics and lost profits.
– Expert services to litigation regarding agricultural economics, farm management, and the

foregoing.
– Statistical analysis, geographic-information-system (GIS) analysis, and software engineering

(analytics).

Experience:—
Agricultural consultant, appraiser, consulting agricultural economist.— House Agricultural

Consultants, providing agricultural science, economics, management, and appraisal services. 2000–
present.

Farmer.— Coco Ranch, a family farm growing organic apples, peaches, cherries, and field crops
and raising sheep, poultry, and goats. 2000–present.

Education:—
– B.S., “Natural History”, University of California, Davis, 1999, with Honors. Coursework

in agronomy, botany, ecology, entomology, geology, hydrology, nematology, plant pathology, soil
biology, sustainable agriculture, statistics, and wildlife biology.

– Numerous courses of the American Society of Farm Managers and Rural Appraisers regarding
farm management, agricultural consulting.

– Numerous courses of the Appraisal Institute regarding real-estate appraisal.
– Courses from Savory Institute regarding livestock management.

Partial list of litigation-consulting topics:—
– Farm-management–related litigation with lost profits claimed.
– Fire damage to rangeland and crops.
– Crops, livestock, and accidents related to agricultural operations and disputes over customary

good farming practices and standard of care.
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– A list of litigation matters in which I have provided expertise is available upon request.

Partial list of management-consulting assignments:—
– Numerous consulting assignments for Leland Stanford Junior University on the management

of its agricultural lands, which feature cattle, horses, and vegetable crops. Topics addressed have
included livestock standard of care, carrying capacity of lands, safety of animals, safety of structures,
and management of drainage and water quality.

– Consulting farm management for John and Marie Cronin Trust B, a landowner near Rio
Vista, California. Lands were utilized for cattle grazing.

– Numerous appraisal assignments of farmland and rangeland properties utilized for crops and
livestock (cattle, sheep, and aquaculture).

– A list of additional management-consulting clients served available on request.

Appointments & activities:—
– Member, Solano County Farm Bureau.
– Member, American Society of Farm Managers and Rural Appraisers.
– Board of Directors, Davis Media Access, Davis, California, 2014–2017.
– Board of Directors, Davis Farmers Market Association, 2001–2003.
– Assistant instructor, “Principles of Farm Management”, course M-10, an Internet course of

the American Society of Farm Managers & Rural Appraisers, 1999–2003.
– Course proctor, “M-25: Enhanced Client Services”, an Internet course of the American Society

of Farm Managers & Rural Appraisers, 1999–2003.

Publications & speaking engagements:—
– Assistant lecturer/instructor, “Farm Management”, course ARE 140, and “Rural Appraisal”,

course ARE 145, University of California–Davis, 2015 to present.
– Principles of Farm Management, Course M-10, a 40-hour professional credit Internet educa-

tional offering of the American Society of Farm Managers & Rural Appraisers
– Educational speaker at the annual meeting of the California Chapter of the American So-

ciety of Farm Managers and Rural Appraisers, November 19, 2021, Coalinga, California. Topic:
valuation of conservation easements.
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400 North 34th Street, Suite 100 | PO Box 300303 | Seattle, Washington  98103-8636 | 206-632-8020  
www.shannonwilson.com 

March 6, 2023 
 
 
Ms. Kelilah D. Federman 
Adams Broadwell Joseph & Cardozo 
601 Gateway Boulevard, Suite 1000 
South San Francisco, CA  94080 

RE: REVIEW OF FINAL EIR BRAWLEY SOLAR ENERGY PROJECT, IMPERIAL COUNTY, 
CA. 

Dear Ms. Federman: 

This letter summarizes my review of the Final Environmental Impact Report (FEIR) for the 
Brawley Solar Energy Project (Proposed Project) and accompanying Appendices.   My 
review focused specifically on the Water Supply Assessment Brawley Solar Energy Facility 
prepared by Dubose Design Group, November 2021.   I have not performed any 
independent analyses or calculations.   

CONSUMPTIVE WATER USE 

The proposed project proposes to require an average of 5.06 acre-feet per year (AFY) in 
water during the stated 30-year life of the project.  All water needs for the project, except for 
insignificant contributions from rainfall, will come from a local existing diversion from the 
Best Canal.  The ultimate source of this water is the Colorado River.  Most of the water 
demands for the project will come during the first year when the project is constructed and 
during the last year when the site is closed.  During the first and last year of project life the 
estimated water demand is 32.5 AFY.  For the remaining years of operation, the facility will 
use an estimated 3.1 AFY. 

The proposed site is currently designated as agricultural and the conversion to use as a solar 
based electrical generation facility will result in an estimated reduction in water demand of 
831.63 AFY.  Future water demands for operation of the proposed facility will be supplied 
by a local water hauling vendor.  There is not any proposed use of on-site groundwater.  

The reduced water demand for this site could result in a reduction to local groundwater 
recharge.  The historical site water demand of 831.63 AFY is estimated to be reduced by 99% 
when the site is converted to a solar energy facility.  Shallow aquifers located beneath the 
227 acre site will no longer be receiving the majority of previous recharge amounts once 
construction is completed.  The FEIR does not discuss the impact of reduction in local 
groundwater recharge.   
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GROUNDWATER QUALITY 

The operation of the proposed solar energy facility will have the potential to generate some 
non-point source pollution such as fuel spills, dissolved metals from washing of solar arrays 
and pesticides in storm water runoff.  The most likely existing site contamination is 
pesticide residue from agriculture.  One impact of this project could be to mobilize existing 
contamination present within the shallow soil profile.  The FEIR does not discuss the 
potential for mobilizing existing contamination sources during construction and then 
monitoring stormwater long-term to document any offsite migration.   

Shannon & Wilson appreciates the opportunity to assist you with this review and we look 
forward to working with you again in the future.  

Sincerely, 

SHANNON & WILSON 

Jim Bailey 
Senior Associate 
Well Services Director 
 
JSB/jsb 
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JIM BAILEY, RG, LHG 
Well Services Director 
As Shannon & Wilson’s National Well 
Services Director, Jim has more than three 
decades of groundwater management and 
control, water supply development and 
rehabilitation experience. He has 
conducted groundwater investigations 
focused on the groundwater influence on 

surface water. His municipal water supply projects included wells 
constructed in both consolidated and unconsolidated formations at 
depths up to 1,200 feet. He has extensive experience in the coordination 
and supervision of well drillers, design of drilling programs, selection and 
oversight of analytical services, development of specifications for such services, and cost control. Jim is a nationally 
recognized expert on well design, construction, and rehabilitation. Since 2000, he has worked on over 1,000 wells 
across the U.S. and Canada. 

Select Recent Project Experience 

Coachella Valley Water District Well Rehabilitation Consulting Services, Palm Desert CA. Since 2019, has been 
providing hydrogeologic consulting services to Coachella Valley Water District (CVWD) for comprehensive well 
assessment, construction, and rehabilitation projects.  The CVWD operates 101 wells distributed over a service area 
of almost 1000 square miles.  Working closely with District staff, evaluated historical operational data, water quality, 
and water demands to help prioritize well design and rehabilitation efforts 

On‐call Hydrogeologic Services, Bureau of Land Management, Western U.S. Currently providing comprehensive 
water supply related hydrogeologic services to the Bureau of Land Management’s Western Division.  Work has 
involved well performance evaluations, new well siting, water rights, development of well drilling specifications, well 
design and testing, construction oversight and reporting.  In the last year, hydrogeologic services have included 
design and construction of three new wells, development of bid specifications, new source water permitting, and 
wellhead protection delineation.  

 Joint Base Lewis McChord, Tacoma, WA. Mr. Bailey has assisted the US Army Corps of Engineers (USACE) and 
Joint Base Lewis McChord (JBLM) Public Works expand their water supply options and prepare a comprehensive 
and coordinated base-wide water system plan to protect water supply wells from impacts to groundwater. Covering 
an area of more than 135 square miles, JBLM relies entirely on groundwater for meeting its water supply needs.  His 
work for the USACE included drilling, well construction and testing oversight for five new potable water supply 
replacement wells drilled to depths ranging from 250 feet to more than 1,000 feet.   Once these wells were completed, 
a comprehensive wellhead protection plan (WHPP) for the entire water system was completed. The WHPP work 
included determining local and regional groundwater level and flow conditions, evaluating pumping impacts to 
groundwater at all 21 existing supply wells, and development of a detailed numerical groundwater flow and transport 
model for the entire base.  

Mesa Water District, Costa Mesa, CA. – Completed a comprehensive well condition assessment and evaluation of 
8 deep wells as part of a water system master plan update. The goal of the well evaluation was to determine the 
efficiency, remaining useful life, and infrastructure condition of Mesa’s wells without performing an invasive 
investigation. The scope of work included review of historical well construction and operational data, evaluating long 
term well performance changes, running step rate pumping tests to document current capacity, and developing well 
rehabilitation recommendations for each well. 

 

Dos Palmas Preserve Well Replacement Project, Mecca CA.  The BLM required a fast track well design project 
be completed to replace a failing irrigation well.  The Dos Palmas Preserve is located just east of the Sultan Sea in 
southern California in a very arid environment.  Subsurface hydrogeologic include a high-pressure aquifer that 
complicates well drilling and installation.  A nearby BLM well installed several years ago encountered difficult drilling 
conditions due to the unexpected aquifer pressures.  Because of Mr. Baileys local experience with this type of aquifer 
conditions, the detailed drilling specifications where able to be developed quickly and cost effectively.  In addition to 
the drilling specifications, a site investigation and review of relevant hydrogeologic data was completed to verify a 
location for the new well. 

 

Education 
MS Hydrogeology, Washington State 
Univ., Pullman WA. 

Registration/Certifications 
Registered Geologist/ Hydrogeologist   

Years with the Company  
11 

Years of Experience  
38 
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infrastructure.  Backcountry opposes this Project as an unnecessary industrialization of the 

County’s irreplaceable farmland.  The County has already allowed thousands of acres of 

farmland to be converted to electrical generation, storage and transmission uses.  The County has 

already approved nearly 22,000 acres (i.e., 34 square miles) of solar farm projects to date, 

according to its solar project maps.1  Enough is enough. 

 

 Backcountry urges the County to maintain the Renewable Energy (“RE”) Overlay Zone 

boundaries it set in October 2015, boundaries that exclude the proposed Project site from the 

relevant portion of the overlay zone – the Renewable/Geothermal Overlay.  FEIR at 2-4 (“the 

northern portion of the project site” is only “located within the Geothermal Overlay Zone,” and 

the “southern parcels of the project site” are located “outside the RE Overlay Zone” entirely).  

Backcountry encourages the County to adopt an alternative to the proposed Project (like 

alternative 4) that is focused on programs to develop or incentivize the development of 

distributed PV generation projects near energy demand centers in already-disturbed areas.  The 

County should abide by its own policy prescriptions and not approve any further renewable 

energy developments outside the RE Overlay Zone, especially not projects, like the Project here, 

that would destroy precious and productive farmland or “result in any [other] significant 

environmental impacts.”  Imperial County General Plan, Renewable Energy and Transmission 

Element, Section IV(D), p. 35.  As the FEIR affirms, the “RE Overlay Zone is concentrated in 

areas determined to be the most suitable for the development of renewable energy facilities while 

minimizing the impact on other established uses.”  FEIR at 2-4.  The Project sites were omitted 

from the renewable energy portion of the overlay zone for a reason - they are not the “most 

suitable” areas for renewable energy development.  The County should not now modify the zone 

boundaries ad hoc to accommodate private development interests.  

 

 In further expression of these major concerns and others, Backcountry submits the 

following comments on the proposed Project and the FEIR prepared for it.  

 

I. THE COUNTY MAY NOT APPROVE A CONDITIONAL USE THAT IS 

FORBIDDEN BY THE COUNTY GENERAL PLAN. 

 

 As demonstrated in Backcountry’s DEIR comments, the Project is inconsistent with the 

County General Plan, and thus its approval would violate the Planning and Zoning Law.  “A 

permit action taken without compliance with the hierarchy of land use laws is ultra vires as to 

any defect implicated by the uses sought by the permit.”  Neighborhood Action Group v. County 

of Calaveras (“Neighborhood”) (1984) 156 Cal.App.3d 1176, 1184.  Land use permits are 

invalid where the approved project “conflicts with a [valid] general plan policy that is 

fundamental, mandatory, and clear.”  Endangered Habitats League, Inc. v. County of Orange 

 
1 The Imperial County Solar Farm Projects – South End Projects map (updated March 8, 2022) is 

attached hereto as Exhibit 1 and also available here: 

https://www.icpds.com/assets/planning/energy-maps/Solar-Power-Southend-03-08-2022.pdf.  

The Imperial County Solar Projects – North End Projects map (updated March 8, 2022) is 

attached hereto as Exhibit 2 and also available here: 

https://www.icpds.com/assets/planning/energy-maps/Solar-Power-Northend-03-08-2022.pdf.  

PC ORIGINAL PKG

https://www.icpds.com/assets/planning/energy-maps/Solar-Power-Southend-03-08-2022.pdf
https://www.icpds.com/assets/planning/energy-maps/Solar-Power-Northend-03-08-2022.pdf


David Black & Imperial County Planning Commissioners 

March 7, 2023 

Page 3 

 

 

(“Endangered Habitats League”) (2005) 131 Cal.App.4th 777, 782; FUTURE v. Board of 

Supervisors (“FUTURE”) (1998) 62 Cal.App.4th 1332, 1342 (invalidating county’s project 

approvals because the project was “inconsisten[t] with [a] fundamental, mandatory and specific 

land use policy”).  Here, the Project is inconsistent with fundamental, mandatory and specific 

land use policies protecting agricultural land from incompatible development, and limiting the 

siting of renewable energy projects.  Because the proposed solar energy generation, storage and 

transmission uses are specifically forbidden under the Imperial County General Plan, the County 

lacks authority to approve those uses in contravention of the General Plan.  Id.  

 

The FEIR attempts to distinguish Neighborhood on its facts.  FEIR at 0.2-183.  But the 

factual differences are inapposite.  The legal principle elucidated in Neighborhood is 

unassailable:  land use permits must comply with the “hierarchy of land use laws,” including the 

governing zoning ordinance, the general plan and governing state law.  Neighborhood, 156 

Cal.App.3d at 1184.  The general plan does not have to violate state law, as in Neighborhood, for 

the issuance of a land use permit to be ultra vires, as the FEIR implies.  Land use permits are 

equally invalid where the approved project “conflicts with a [valid] general plan policy that is 

fundamental, mandatory, and clear.”  Endangered Habitats League, Inc. v. County of Orange 

(“Endangered Habitats League”) (2005) 131 Cal.App.4th 777, 782; FUTURE v. Board of 

Supervisors (“FUTURE”) (1998) 62 Cal.App.4th 1332, 1342 (invalidating county’s project 

approvals because the project was “inconsisten[t] with [a] fundamental, mandatory and specific 

land use policy”).  The Neighborhood Court itself squarely addressed this issue in rebuffing 

respondents’ “claim that conditional use permits need not be consistent with the county general 

plan.”  156 Cal.App.3d at 1185.  

 

A. The Imperial County General Plan Forbids the Proposed Solar Energy  

 Generation, Storage and Transmission Uses on Designated Agricultural  

 Land. 

 

 The Imperial County General Plan’s Land Use Element specifically forbids the 

proposed solar uses within the “Agriculture” plan designation that applies to the entire Project 

site.  FEIR at 1-1 (“Agriculture” is the “underlying General Plan land use”).  The Land Use 

Element directs that lands designated as “Agriculture” may not be developed with uses that do 

not preserve and protect agricultural production and related activities.   

 

 The Land Use Element mandates that 

 

[w]here [the Agriculture] designation is applied, agriculture shall be promoted 

as the principal and dominant use to which all other uses shall be subordinate.  

Where questions of land use compatibility arise, the burden of proof shall be on 

the non-agricultural use to clearly demonstrate that an existing or proposed use 

does not conflict with agricultural operations and will not result in the premature 

elimination of such agricultural operations.  No use should be permitted that 

would have a significant adverse effect on agricultural production, including food 

and fiber production, horticulture, floraculture, or animal husbandry. . . . 
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Imperial County General Plan, Land Use Element (Revised 2015), page 48 (emphasis added).    

 

 Here, the non-agricultural use has not met its “burden” to “clearly demonstrate” that it 

would “not conflict with agricultural operations and will not result in the premature elimination 

of such agricultural operations.”  Id.  It is undisputed that the proposed industrial-scale solar 

facility uses would eliminate and prevent (for at least 30 years) all agricultural use on over 200 

acres of prime farmland and farmland of statewide importance – the land would be “conver[ted] 

to non-agricultural use.”  FEIR at 3.3-10.  As the FEIR acknowledges, even a temporary 

conversion of farmland to non-agricultural use is “considered a significant impact.”  Id.  It thus 

matters not whether the Project site would be converted back to agricultural uses at the end of the 

Project life, pursuant to mitigation measure AG-1b.  FEIR at 3.3-12.  And in any event, the site 

restoration plan is more wishful thinking than guaranteed return to farmland – the County cannot 

force the Project site landowners to farm the land again even if they discontinue industrial land 

uses on the site and restore the land to farming quality.  Furthermore, the FEIR acknowledges 

that non-agricultural uses on the site might never even be discontinued to begin with: “At the end 

of the [power purchase agreement (‘PPA’)] term, the owner of the facility may choose to enter a 

subsequent PPA, update technology and re-commission, or decommission and remove the 

generating facility and its components. [. . .] Upon decommissioning, the site could be converted 

to other uses in accordance with applicable land use regulations in effect at that time.”  FEIR at 

2-16. 

 

 Moreover, the Project could impede agricultural operations elsewhere in the County 

and reduce employment, income, sales and tax revenue.  As former Imperial County Agricultural 

Commissioner Valenzuela noted in her February 25, 2011 comments on the DEIR for a similar 

solar project, “removal of any farmland out of production would have a direct negative impact 

on employment, income, sales and tax revenue.”  Exhibit 3.  As these projects convert more and 

more agricultural land to non-agricultural uses, more and more agriculture-serving businesses 

will be forced to close.  And as the quantity and quality of agriculture-serving businesses 

decreases in the County, more and more farmers will find it uneconomical or impractical to keep 

farming and sell, lease or use their lands for non-agriculture purposes.  Evidencing this 

phenomenon is the conversion or planned conversion thus far of thousands of acres of prime 

farmland and farmland of statewide importance into industrial-scale renewable energy projects.  

Exhibit 1; Exhibit 2; FEIR at 3.3-4. 

 

 Because the proposed solar energy generation, storage and transmission uses would 

eliminate the potential for farming on the Project sites and encourage farmland conversion 

elsewhere in the County, the Project is specifically forbidden by the General Plan.   

 

B. The Imperial County General Plan Forbids the Proposed Solar Energy  

Generation, Storage and Transmission Uses outside of the Renewable 

Energy Overlay Zone. 

 

The Imperial County General Plan also forbids the development and operation of 

renewable energy projects outside of the designated RE Overlay Zone.  The Renewable Energy 

and Transmission Element states that “Conditional Use Permit applications proposed for specific 
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renewable energy projects not located in the RE Overlay Zone would not be allowed without an 

amendment to the RE Overlay Zone.”  Imperial County General Plan, Renewable Energy and 

Transmission Element (Revised 2015) at 34.  It only allows RE Overlay Zone amendments for 

renewable energy projects that either (1) are adjacent to an existing RE Overlay Zone or (2) meet 

the requirements for an “island” overlay.  Id. at 34-35.  To qualify for an island overlay, the 

subject project must (1) be “located adjacent (sharing a common boundary) to an existing 

transmission source,” (2) “[c]onsist[] of the expansion of an existing renewable energy 

operation,” and (3) “not result in any significant environmental impacts.”  Id. at 35; Imperial 

County Land Use Ordinance § 91701.01 (same); FEIR at 3.11-5. 

 

Here, the Project would require an amendment to the Renewable Energy Overlay Zone 

because the proposed Project site is excluded from the relevant portion of the overlay zone – the 

Renewable/Geothermal Overlay.  FEIR at 2-4 (“the northern portion of the project site” is only 

“located within the Geothermal Overlay Zone,” and the “southern parcels of the project site” are 

located “outside the RE Overlay Zone” entirely).  Because the project site is not located adjacent 

to an existing portion of the Renewable/Geothermal Overlay, it would need to meet the criteria 

identified for the Island Overlay.  Id.  But the Project cannot meet any of the three requirements 

for an island overlay.  First, the Project site does not “shar[e] a common boundary” with an 

“existing transmission source.”  To the contrary, it would require 1.8 miles of gen tie-line to 

reach the existing North Brawley Geothermal Power Plant substation.  FEIR at 3.11-15.  Second, 

the Project would not “expan[d]” an “existing renewable energy operation” – it would be an 

entirely new operation that is not near any other solar energy generation facilities.  Id.  Third, the 

Project would cause significant environmental impacts, as detailed in the FEIR and discussed 

below. Id. 

 

The FEIR claims that because the northern portion of the site is located within the 

Geothermal Overlay Zone, the RE Overlay Zone can be expanded to cover the project’s three 

southern parcels because they are adjacent to an existing portion of the RE Overlay Zone.  Not 

so.  No part of the Project site is within or adjacent to the relevant RE Overlay Zone category – 

the Renewable/Geothermal Overlay.  Furthermore, even if the three southern Project parcels did 

qualify as being “adjacent to the Existing RE Overlay Zone,” they would still not qualify for an 

amendment to the RE Overlay Zone because they would “result in . . . significant environmental 

impacts,” as detailed in the FEIR and discussed below.  Imperial County General Plan, 

Renewable Energy and Transmission Element (Revised 2015) at 34-35. 

 

II. THE COUNTY MUST COMPLY WITH CEQA BEFORE APPROVING THE 

PROJECT. 

 

 A. The EIR Must Analyze the Full Range of Project Impacts. 

 

 CEQA mandates that the EIR adequately analyze the Project’s environmental impacts 

in order to foster informed decisionmaking and to allow the public to understand the Project’s 

impacts.  Public Resources Code § 21002.1; 14 Cal. Code Regs. [CEQA Guidelines 

(“Guidelines”)] §§ 15121, 15126. 15126.2.  An EIR must include “enough detail to enable those 

who did not participate in its preparation to understand and to consider meaningfully the issues 
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raised by the proposed project,” particularly the potentially significant environmental impacts.  

Sierra Club v. County of Fresno and Friant Ranch, L.P. (“Friant Ranch”) (2018) 6 Cal.5th 502, 

513 (quote); CEQA Guidelines § 15126.2.  The EIR “fail[s] to comply with the information 

disclosure provisions of CEQA” when it “omit[s] any meaningful consideration” of a potentially 

significant environmental impact identified in the record.  Bakersfield Citizens for Local Control 

v. City of Bakersfield (“Bakersfield Citizens”) (2004) 124 Cal.App.4th 1184, 1208.  Here, the 

FEIR, like the DEIR, omits meaningful consideration of numerous potentially significant 

environmental impacts. 

 

  1. The EIR Fails to Analyze Significant Agricultural Impacts 

from the Project. 

 

 The FEIR acknowledges that the Project would convert the existing farmland on the 

Project site to non-agricultural uses.  FEIR at 3.3-10.  But it erroneously claims that the impacts 

would be only temporary and would be mitigated to a less-than-significant level by payment of 

agricultural and other benefit fees and reclamation of the site to “land which can be farmed.”  

FEIR at 3.3-12.  As discussed, the site restoration plan is more wishful thinking than guaranteed 

return to farmland – the County cannot force the Project site landowners to farm the land again 

even if they discontinue industrial land uses on the site and restore the land to farming quality.  

And if the site is in fact re-used for the same or another industrial use after the currently 

proposed CUPs expire, the impacts of continued farmland conversion beyond the currently 

planned 30 years will likely go unstudied if they are not analyzed in the Project EIR.  Even if 

continued or new industrial uses would be subject to additional CEQA review, that CEQA 

review may well use as its analytical baseline the Project’s non-agricultural use, rather than the 

current agricultural use (especially if any new CUP application is submitted before the proposed 

CUP expires and before the land is “restored”).   

 

 The FEIR also fails to acknowledge how the Project would significantly indirectly and 

cumulatively affect agriculture countywide, by both inducing growth of renewable energy 

generation, storage and transmission projects, and reducing the resources available to sustain 

remaining agricultural operations.  As utility-scale energy projects convert more and more 

agricultural land to non-agricultural uses, more and more agriculture-serving businesses will be 

forced to close, due to both declining revenues and logistical problems.  And as the quantity and 

quality of agriculture-serving businesses decrease in the County, more and more farmers will 

find it uneconomical or impractical to keep farming and be forced to sell, lease or use their lands 

for non-agricultural purposes.  The FEIR implies that this is simply an “economic impact . . . and 

not an impact on the physical environment that must be addressed in CEQA.”  FEIR at 0.2-185.  

Wrong.  The EIR must analyze the “physical changes caused in turn by the economic or social 

changes.”  Guidelines § 15131 (quote); Bakersfield Citizens for Local Control v. City of 

Bakersfield (2004) 124 Cal.App.4th 1184, 1205 (“if the forecasted economic or social effects of 

a proposed project directly or indirectly will lead to adverse physical changes in the 

environment, then CEQA requires disclosure and analysis of these resulting physical impacts”); 

California Clean Energy Committee v. City of Woodland (2014) 225 Cal.App.4th 173, 188-189 

(same).   
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 The FEIR also claims that the “impacts to agriculture-serving business [are] 

unsupported by substantial evidence.”  FEIR at 0.2-186.  Wrong.  There is more than enough 

evidence to support a fair argument that the Project would significantly indirectly and 

cumulatively affect agriculture countywide, by both inducing growth of renewable energy 

generation, storage and transmission projects, and reducing the resources available to sustain 

remaining agricultural operations.  One need look no further than the rapidly increasing density 

of wind and other renewable energy facilities in the County to see the significant impacts on the 

physical environment from these changing economic conditions and pressures.  The County has 

already approved nearly 22,000 acres (i.e., 34 square miles) of solar farm projects to date, 

according to its solar project maps.  Exhibit 1; Exhibit 2.  The County cannot continue to brush 

aside these growth-inducing and cumulatively massive impacts until the entire County is covered 

with solar panels.    

  

  2. The EIR Fails to Analyze Significant Project Impacts to Birds. 

 

 The FEIR’s analysis of the Project’s impacts to birds remains deficient for at least two 

reasons.  First, the FEIR, like the DEIR, entirely fails to analyze the pseudo-lake effect, which 

occurs when solar projects’ reflective panels resemble water when viewed from above, and 

attract birds – especially migratory birds – searching for water.  Once tricked, the birds can – and 

often do – dive into the solar panels as if they were water.  This “pseudo-lake effect” is suspected 

to be a primary cause of migratory bird trauma and death at the Desert Sunlight PV facility in 

Riverside County.2  PV panel collision is also estimated to kill an estimated 125 to 2,675 birds 

per year at the 250-MW California Valley Solar Ranch PV facility, or 0.5 to 10.70 annual bird 

deaths per MW of nameplate electric capacity.3  Applying that same mortality rate here, this 40-

MW Project would kill between 20 and 428 birds per year.  Those numbers could be even higher 

given how close the Project site is to a major stop along the Pacific Flyway – the Salton Sea, 

“one of the most important places for birds in the Western United States” according to the 

Audubon Society.4  The FEIR simply ignores this potentially significant impact.  The FEIR’s 

response to comments claims that “the EIR provides an analysis of the project’s potential to 

result in electrocution of avian species.”  FEIR at 0.2-186.  But that is a wholly different impact 

from collision with the Project’s solar panels.   

 
2 Kagan, R.A, T.C. Vimer, P.W. Trail & E.O. Espinoza, “Avian Mortality at Solar Energy 

Facilities in Southern California: A Preliminary Analysis,” Report of the National Fish and 

Wildlife Forensics Laboratory (attached hereto as Exhibit 4). 
3 Walston Jr., L.J, K.E. Rollins, K.W. LaGory, K.P. Smith & S.A. Meyers, 2016, “A Preliminary 

Assessment of Avian Mortality at Utility-scale Solar Energy Facilities in the United States,” 

Renewable Energy 92:405-414 (attached hereto as Exhibit 5).  The 0.5-to-10.70 range of 

mortality rates is similar to the range found for a 96-MW PV facility in South Africa (1.51 to 

8.50 bird deaths per MW of nameplate capacity).  Visser, E., V. Perold, S. Ralston-Paton, A.C. 

Cardenal & P.G. Ryan, 2018, “Assessing the Impacts of a Utility-Scale Photovoltaic Solar 

Energy Facility on Birds in the Northern Cape, South Africa,” Renewable Energy (attached 

hereto as Exhibit 6). 
4 The Audubon Society’s “Birds of the Salton Sea” website is available here: 

https://ca.audubon.org/conservation/birds-salton-sea  
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 Second, the FEIR fails to analyze the bird habitat loss the Project would cause.  Studies 

of five U.S. PV facilities and one South African facility showed that bird species diversity was 

universally lower at the PV project sites than in the adjacent areas.5  Similarly, a before-and-after 

study of a utility-scale PV facility in south-central California demonstrated that raptor abundance 

was higher before construction than after construction, “suggesting avoidance of the facility.”  

Exhibit 7 at 416 (quote); Exhibit 6 at 8 (reporting the same study results).  The FEIR fails to even 

mention these studies, let alone analyze avian avoidance of the Project site after construction.  

The FEIR’s analysis, again, simply focuses on initial construction impacts and the electrocution 

risk from Project operation.  FEIR at 3.5-19, 20. 

 

  3. The EIR Fails to Fully Analyze the Project’s Hazardous Fire 

Risks. 

 

 The FEIR fails to discuss whether the local firefighting services are equipped for the 

type of electrical and chemical fires the Project could cause, with electrical generation, 

transmission and battery storage components all on site.6  It is not enough to list the “project 

design features.”  FEIR at 0.2-186, 3.9-8.  The FEIR states that the County and Project applicant 

“have been in coordination” with the County Fire Department, but it provides no written 

correspondence with the Department, let alone any assurance from the Department that the 

appropriate fire protection systems have been included in the Project and that the Department is 

trained and equipped to handle Project fires.  This needs to happen before Project approval, not 

after as is currently proposed.  FEIR at 3.12-5. 

 

  4. The EIR Fails to Fully Analyze the Project’s Greenhouse Gas 

Emissions. 

 

 CEQA requires the lead agency to “use its best efforts to find out and disclose all that 

it reasonably can,” and to demonstrate it has fully “considered the environmental consequences 

of [its] action.”  CEQA Guidelines § 15144.  Yet, the FEIR fails to analyze the Project’s lifecycle 

greenhouse gas emissions – it looks solely at the Project’s construction and operational 

emissions, without an analysis of the greenhouse gases emitted to produce the components used 

to build the Project’s PV panels, and the emissions from the breakdown/recycling/disposal of all 

project components including batteries.  The FEIR excuses this failure on the grounds that (1) if 

the PV panels are made outside of California, the manufacturing impacts are not subject to 

CEQA because a “‘California public agency [does not have] authority over the emissions,’” and 

(2) if the PV panels are made in California, “the environmental impacts associated with the 

manufacturing of those panels . . . would have been analyzed and considered pursuant to CEQA 

 
5 For the South African study, see Exhibit 6 at 7.  For the study of the U.S. facilities, see Smith, 

J.A. & J.F. Dwyer, 2016, “Avian Interactions with Renewable Energy Infrastructure: An 

Update,” The Condor 118:411-423, 416 (attached here as Exhibit 7).  
6 See the California Department of Forestry and Fire Protection, Office of the State Fire 

Marshall’s November 2010 manual for Fire Operations for Photovoltaic Emergencies (attached 

hereto as Exhibit 8). 

PC ORIGINAL PKG



David Black & Imperial County Planning Commissioners 

March 7, 2023 

Page 9 

 

 

as part of any discretionary approvals” associated with the manufacturing facility.  FEIR at 0.2-

187 (quoting CEQA Guidelines § 15277).  The FEIR is wrong on both counts. 

 

 First, Guidelines section 15277 is inapposite.  That section relates to projects outside 

of California, to which “CEQA does not apply.”  CEQA Guidelines § 15277.  By contrast, 

CEQA does apply to the extraterritorial impacts of projects within California.  The “Supreme 

Court [has] confirmed that an agency must identify and attempt to mitigate the extraterritorial 

effects of any project it intends to carry out or approve.”  American Canyon Community United 

for Responsible Growth v. City of American Canyon (2006) 145 Cal.App.4th 1062, 1082 (citing 

City of Marina v. Board of Trustees of California State University (2006) 39 Cal.4th 341, 359-

360).  Furthermore, the greenhouse gas emissions associated with Project PV panel production 

abroad would still impact California, since climate change is a global phenomenon. 

 

 Second, even if the Project’s PV panels were manufactured in California, there is no 

guarantee that their greenhouse gas emission impacts would have been analyzed in some prior 

CEQA document.  Because the production of PV panels is often project dependent, with panels 

made to order, the panels for the Project may not be built absent the Project, making the panels’ 

manufacturing impacts indirect impacts of the Project that require analysis in the EIR.  And even 

if the impacts had been analyzed in a prior CEQA document, the County here must still disclose 

that analysis in the Project EIR.  Prior impact analysis “does not excuse the lead agency from 

adequately analyzing reasonably foreseeable significant environmental effects of the project.”  

CEQA Guidelines § 15152(b). 

 

 More broadly, the County may not use uncertainty regarding PV panel sourcing to 

avoid a full analysis of greenhouse gas emission impacts.  CEQA requires the lead agency to 

“use its best efforts to find out and disclose all that it reasonably can,” and to demonstrate it has 

fully “considered the environmental consequences of [its] action.”  CEQA Guidelines § 15144. 

 

 The FEIR also fails to support its claim that the Project “would reduce GHG emissions 

created in Imperial County by 4,319 MTCO2e by providing a zero carbon source of electricity 

generation.”  FEIR at 3.8-11.  It provides no evidence showing what kind of electricity 

generation the Project would replace, if any.  It is impossible to estimate GHG emissions 

reductions without knowing where the Project-generated electricity would otherwise come from 

and what its GHG emissions would be.   

 

 Moreover, the FEIR ignores the Project’s potential to contribute to greenhouse gases 

because the power lines it requires to transmit its electricity to the urban electrical demand 

centers such as San Diego may cause wildfires whose emissions include massive quantities of 

greenhouse gases such as carbon dioxide.  See, e.g., the peer-reviewed article titled “Up in 

smoke: California's greenhouse gas reductions could be wiped out by 2020 wildfires,” by 

Michael Jerrett, Amir S. Jina, and Miriam E. Marlier, which was published in the 
October, 2022 edition of the journal Environmental Pollution and confirmed that 

California’s 2020 wildfires emitted 127 million metric tons of CO2, roughly double the 
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Attachments:   Exhibit 1 – Imperial County, 2022, “Imperial County Solar Farm Projects: South 

End Projects,” available at: https://www.icpds.com/assets/planning/energy-

maps/Solar-Power-Southend-03-08-2022.pdf.   

 

Exhibit 2 – Imperial County, 2022, “Imperial County Solar Farm Projects: North 

End Projects,” available at: https://www.icpds.com/assets/planning/energy-

maps/Solar-Power-Northend-03-08-2022.pdf. 

 

Exhibit 3 – Connie L. Valenzuela, Imperial County Agricultural Commissioner, 

Letter to Armando Villa re: CUP 10-0035 8 Minutenergy Renewables, LLC, 

Calipatria Solar Farm II, February 25, 2011. 

 

Exhibit 4 – Kagan, R.A., T.C. Viner, P.W. Trail & E.O. Espinoza, n.d., “Avian 

Mortality at Solar Energy Facilities in Southern California: A Preliminary 

Analysis,” Report for the National Fish and Wildlife Forensics Laboratory. 

 

Exhibit 5 - Walston Jr., L.J, K.E. Rollins, K.W. LaGory, K.P. Smith & S.A. 

Meyers, 2016, “A Preliminary Assessment of Avian Mortality at Utility-scale 

Solar Energy Facilities in the United States,” Renewable Energy 92:405-414. 

 

Exhibit 6 - Visser, E., V. Perold, S. Ralston-Paton, A.C. Cardenal & P.G. Ryan, 

2018, “Assessing the Impacts of a Utility-Scale Photovoltaic Solar Energy 

Facility on Birds in the Northern Cape, South Africa,” Renewable Energy. 

      

Exhibit 7 - Smith, J.A. & J.F. Dwyer, 2016, “Avian Interactions with Renewable 

Energy Infrastructure: An Update,” The Condor 118:411-423. 

 

Exhibit 8 - California Department of Forestry and Fire Protection, Office of the 

State Fire Marshall’s November 2010 manual for Fire Operations for Photovoltaic 

Emergencies.  

 

Exhibit 9 – Milham, S., 2011, “Attention Deficit Hyperactivity Disorder and Dirty 

Electricity,” Journal of Developmental and Behavioral Pediatrics. 

 

Exhibit 10 – Milham, S. & L.L. Morgan, 2008, “A New Electromagnetic 

Exposure Metric: High Frequency Voltage Transients Associated with Increased 

Cancer Incidence in Teachers in a California School,” American Journal of 

Industrial Medicine.  
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THIS MAP WAS PREPARED FOR GENERAL INFORMATION PURPOSES ONLY. EFFORTS
HAVE BEEN MADE TO INSURE ACCURACY, HOWEVER, INFORMATION IN THIS MAP CAN
AND WILL CHANGE WITHOUT NOTICE. THE COUNTY OF IMPERIAL DOES NOT
GUARANTEE THE ACCURACY OF THE DATA CONTAINED WITHIN THIS MAP. ANY
ERRORS OR OMISSIONS ARE NOT THE RESPONSIBILITY OF THE COUNTY OF IMPERIAL
OR THE PLANNING DEPARTMENT. NO LIABILITY IS ASSUMED FOR THE ACCURACY OF
THE DATA. USERS OF OUR DATA/MAPS AND OTHER ANALYSIS PRODUCTS HOLD THE
COUNTY OF IMPERIAL HARMLESS FROM AND AGAINST, AND ASSUME ALL RISK AND
RESPONSIBILITY FOR, ANY AND ALL DAMAGES, LOSS OR LIABILITY ARISING FROM
THE USE OF THESE PRODOCTS.

1. Dixieland West 4. Big Rock Cluster 7. Big Rock Cluster 10. Vega SES 13. Wistaria Ranch Solar 16. Drew Solar, LLC 19. Iris Cluster 22. Imperial Solar South 25. Calexico I‐A 28. Vikings Solar

29 Acres (Laurel Solar 3) (Laurel Solar 1) 574 Acres 2,661 Acres 762 Acres (Rockwood Solar) 946.6 Acres 719 Acres 604 Acres

3 MW 587 Acres 171 Acres 100 MW 250 MW 100 MW 396 Acres 200 MW 100 MW 150 MW

140 MW 60 MW 100 MW

2. Dixieland East 5. Big Rock Cluster 8. Campo Verde 11. CED Westide Canal 14. Iris Cluster 17. Le Conte 20. Calexico II‐B 23. Mount Signal Solar 26. Calexico II‐A 29. Vega SES 4

21 Acres (Laurel Solar 2 North) 1,443 Acres Battery Storage (Lyons Solar) Battery Storage 525 Acres 1,431 Acres 940 Acres 532 Acres

2 MW 120 Acres 140 MW 138 Acres 100 MW 200 MW 100 MW 100 MW

30 MW 40 MW

3. Imperial Solar West 6. Big Rock Cluster 9. Big Rock Cluster 12. Centinela Solar 15. Iris Cluster 18. Centinela Solar 21. Iris Cluster 24. Calexico I‐B 27. Imperial Solar 1 LLC

1130 Acres (Laurel Solar 2 South) (Big Rock Solar) (Approved ‐ Not Built) (Ferrell Solar) (Operational) (Iris Solar Farm) 610 Acres (Heber Solar Energy Facility)

250 MW 160 Acres 342 Acres 422 Acres 364 Acres 1,645 Acres 502 Acres 100 MW 80 Acres

140 MW 75 MW 100 MW 14 MW 175 MW 130 MW 14 MW
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RISK AND RESPONSIBILITY FOR, ANY AND ALL DAMAGES, LOSS OR
LIABILITY ARISING FROM THE USE OF THESE PRODOCTS.
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Avian Mortality at Solar Energy Facilities in 
Southern California: A Preliminary Analysis 

 

Rebecca A. Kagan, Tabitha C. Viner, Pepper W. Trail, and Edgard O. Espinoza 
National Fish and Wildlife Forensics Laboratory 

 

Executive Summary 

 

This report summarizes data on bird mortality at three solar energy facilities in southern California: 
Desert Sunlight, Genesis, and Ivanpah. These facilities use different solar technologies, but avian 
mortality was documented at each site.  Desert Sunlight is a photovoltaic facility, Genesis employs a 
trough system with parabolic mirrors, and Ivanpah uses a power tower as a focal point for solar flux.   

FINDINGS 
 

Trauma was the leading cause of death documented for remains at the Desert Sunlight and Genesis sites.  
Trauma and solar flux injury were both major causes of mortality at the Ivanpah site.  Exposure to solar 
flux caused singeing of feathers, which resulted in mortality in several ways.  Severe singeing of flight 
feathers caused catastrophic loss of flying ability, leading to death by impact with the ground or other 
objects.  Less severe singeing led to impairment of flight capability, reducing ability to forage and evade 
predators, leading to starvation or predation.  Our examinations did not find evidence for significant tissue 
burns or eye damage caused by exposure to solar flux. 
         

Cause of Death  
Ivanpah 

 
Genesis  

Desert         
Sunlight 

 
   Total 

Solar Flux 47 0 0 47 
Impact trauma 24 6 19 49 
Predation trauma 5 2 15 22 
Trauma of undetermined cause 14 0 0 14 
Electrocution 1 0 0 1 
Emaciation 1 0 0 1 
Undetermined (remains in poor condition) 46 17 22 85 
No evident cause of death 3 6 5 14 
Total 141 31 61 233 

       
  
These solar facilities appear to represent “equal-opportunity” hazards for the bird species that encounter 
them. The remains of 71 species were identified, representing a broad range of ecological types.  In body 
size, these ranged from hummingbirds to pelicans; in ecological type from strictly aerial feeders 
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(swallows) to strictly aquatic feeders (grebes) to ground feeders (roadrunners) to raptors (hawks and 
owls).  The species identified were equally divided among resident and non-resident species, and 
nocturnal as well as diurnal species were represented.  Although not analyzed in detail, there was also 
significant bat and insect mortality at the Ivanpah site, including monarch butterflies.  It appears that 
Ivanpah may act as a “mega-trap,” attracting insects which in turn attract insect-eating birds, which are 
incapacitated by solar flux injury, thus attracting predators and creating an entire food chain vulnerable to 
injury and death. 

                           Foraging Zone    Residency Status 
SITE No. 

Remains 
Identifiable Remains Air Terr Water Resident Migrant 

Ivanpah 141 127 28 85 14 63 64 
Genesis 31 30 12 12 6 20 10 
Desert Sun 61  56 7 22 27 18 38 
TOTALS 233 213 47 119 47 101 112 

 

CONCLUSIONS AND RECOMMENDATIONS 
In summary, three main causes of avian mortality were identified at these facilities: impact trauma, solar 
flux, and predation. Birds at all three types of solar plants were susceptible to impact trauma and 
predators. Predation was documented mostly at the photovoltaic site, and in many cases appeared to be 
associated with stranding or nonfatal impact trauma with the panels, leaving birds vulnerable to resident 
predators. Solar flux injury, resulting from exposures to up to 800º F, was unique to the power tower 
facility. Our findings demonstrate that a broad ecological variety of birds are vulnerable to morbidity and 
mortality at solar facilities, though some differential mortality trends were evident, such as waterbirds at 
Desert Sunlight, where open water sources were present; and insectivores at Ivanpah, where insects are 
attracted to the solar tower. 

Specific hazards were identified, including vertically-oriented mirrors or other smooth reflective panels; 
water-like reflective or polarizing panels; actively fluxing towers; open bodies of water; aggregations of 
insects that attracted insectivorous birds; and resident predators. Making towers, ponds and panels less 
attractive or accessible to birds may mitigate deaths.  Specific actions should include: 

Monitoring/detection measures: 

1) Install video cameras sufficient to provide 360 degree coverage around each tower to record birds 
(and bats) entering and exiting the flux 

2) For at least two years (and in addition to planned monitoring protocol), conduct daily surveys for 
birds (at all three facilities), as well as insects and bats (in the condenser building at Ivanpah) around each 
tower at the base of and immediately adjacent to the towers in the area cleared of vegetation.  Timing of 
daily surveys can be adjusted to minimize scavenger removal of carcasses as recommended by the TAC.  
Surveys in the late afternoon might be optimal for bird carcasses, and first light for bat carcasses. 
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3) Use dogs for monitoring surveys to detect dead and injured birds that have hidden themselves in 
the brush, both inside and outside the perimeter of the facility 

4) To decrease removal of carcasses, implement appropriate raven deterrent actions 

 

Bird Mortality Avoidance Measures: 

1) Increase cleared area around tower at Ivanpah to decrease attractive habitat; at least out to fence 

2) Retrofit visual cues to existing panels at all three facilities and incorporate into new panel 
design.  These cues should include UV-reflective or solid, contrasting bands spaced no further than 28 cm 
from each other 

3) Suspend power tower operation during peak migration times for indicated species 

4) Avoid vertical orientation of mirrors whenever possible, for example tilt mirrors during washing 

5) Properly net or otherwise cover ponds 

6) Place perch deterrent devices where indicated, eg. on tower railings near the flux field 

7)  Employ exclusionary measures to prevent bats from roosting in and around the condenser facility 
at Ivanpah. 

It must be emphasized that we currently have a very incomplete knowledge of the scope of avian 
mortality at these solar facilities.  Challenges to data collection include: large facilities which are difficult 
to efficiently search for carcasses; vegetation and panels obscuring ground visibility; carcass loss due to 
scavenging; rapid degradation of carcass quality hindering cause of death and species determination; and 
inconsistent documentation of carcass history.  

To rectify this problem, video cameras should be added to the solar towers to record bird mortality and 
daily surveys of the area at the base of and immediately adjacent to the towers should be conducted.  At 
all the facilities, a protocol for systematic, statistically-rigorous searches for avian remains should be 
developed, emphasizing those areas where avian mortality is most likely to occur. Investigation into bat 
and insect mortalities at the power tower site should also be pursued.  

Finally, there are presently little data available on how solar flux affects birds and insects.  Studies of the 
temperatures experienced by objects in the flux; of the effects of high temperatures on feather structure 
and function; and of the behavior of insects and birds in response to the flux and related phenomena (e.g. 
“light clouds”) are all essential if we are to understand the scope of solar facility effects on wildlife.   
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Introduction 
 

The National Fish and Wildlife Forensics Laboratory was requested to determine cause of death for birds 
found at facilities that generate electricity from solar energy. Solar generating facilities can be classified 
into three major types: photovoltaic sites, trough systems and solar power towers. There is much written 
about these systems so this report will not include any technical details, but simply mention the 
differences and their potential impact on birds.  

 

1) Photovoltaic systems directly convert the sun's light into 
electricity. The perceived threat to birds is associated with the 
presence of water ponds which attract birds and from traumatic 
impact with the photovoltaic cells. An example of this type of solar 
power plant is Desert Sunlight Solar Farm (AKA First Solar).  

 

 

2) Trough systems are composed of parabolic mirrors which focus and 
reflect the sun to a tube that converts the heat from the sun into electricity. 
The perceived threat to birds is associated with the presence of water 
ponds which attract birds and from traumatic impact with the trough 
structures. An example of this type of solar power plant is Genesis Solar 
Energy Project. 

     

 

3) Solar power towers use thousands of mirrors to reflect 
the solar energy to a tower, where water in a boiler is 
converted to steam, generating the electricity. The perceived 
threat to birds is associated traumatic impact with the mirrors 
and the danger associated with the heat produced by the 
mirrors. An example of this type of solar power plant is 
Ivanpah Solar Electric Generating System. 
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Methods 
 

Carcasses were collected at the different solar power plant sites by either US Fish and Wildlife Service 
employees or by energy company staff.  The collection of the carcasses was opportunistic; that is, not 
according to a pre-determined sampling schedule or protocol. There was no attempt to quantify the 
number of carcasses that scavengers or predators removed from the solar facilities’ grounds, or to 
compare the distribution of carcasses inside and outside the boundaries of the solar facility sites. 

Additionally, three USFWS/-OLE staff, including two Forensics Lab staff (EOE and RAK), visited the 
Ivanpah Solar plant from October 21 – 24, 2013. Their on-site observations are included in this report.   

A total of 233 birds collected from three different facilities were examined; 141 from a solar thermal 
power tower site (Ivanpah, Bright Source Inc.), 31 from a parabolic trough site (Genesis, NextEra Energy 
Inc.) and 61 from a photovoltaic (PV) panel site (Desert Sunlight, First Solar Inc.). Nine of the Ivanpah 
birds were received fresh; 7 of those were necropsied during a site visit by a Forensics Laboratory 
pathologist (RAK). The rest of the birds were received frozen and allowed to thaw at room temperature 
prior to species identification and necropsy. Species determination was made by the Forensics Laboratory 
ornithologist (PWT) for all birds either prior to necropsy or, for those necropsied on-site, from photos and 
the formalin-fixed head. All data on carcass history (location of the carcass, date of collection and any 
additional observations) were transcribed, although these were not available for all carcasses.   

As part of the gross pathological examination, whole carcasses were radiographed to help evaluate limb 
fractures and identify any metal foreign bodies. Alternate light source examination using an Omnichrome 
Spectrum 9000+ at 570 nm with a red filter helped rule in or out feather burns by highlighting subtle areas 
of feather charring (Viner et al., 2014). All birds or bird parts from Ivanpah without obvious burns were 
examined with the alternate light source, as well as any bird reportedly found near a power line and a 
random sub-sample of the remaining birds from Genesis and Desert Sunlight (Viner, T. C., R. A. Kagan, 
and J. L. Johnson, 2014, Using an alternate light source to detect electrically singed feathers and hair in a 
forensic setting. Forensic Science International, v. 234, p. e25-e29). 

Carcass quality varied markedly. If carcasses were in good post mortem condition, representative sections 
of heart, lung, kidney, liver, brain and gastrointestinal tract as well as any tissues with gross lesions were 
collected and fixed in 10% buffered formalin. Full tissue sets were collected from the fresh specimens. 
Formalin-fixed tissues were routinely processed for histopathology, paraffin-embedded, cut at 4 µm and 
stained with hematoxylin and eosin. Tissues from 63 birds were examined microscopically: 41 from 
Ivanpah, 1 from Genesis and 21 from Desert Sunlight. 

Birds with feather burns were graded based on the extent of the lesions. Grade 1 birds had curling of less 
than 50% of the flight feathers. Grade 2 birds had curling of 50% or more of the flight feathers. Grade 3 
birds had curling and visible charring of contour feathers (Figure 1). 
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Figure 1: Three grades of flux injury based on extent 
and severity of burning. Grade 1 (top); Yellow-
rumped Warbler with less than 50% of the flight 
feathers affected (note sparing of the yellow rump 
feathers). Grade 2 (middle); Northern Rough-winged 
Swallow initially found alive but unable to fly, with 
greater than 50% of the flight feathers affected. 
Grade 3 (bottom); MacGillivray’s Warbler with 
charring of feathers around the head, neck, wings 
and tail. 

  

Bird Species Recovered at Solar Power 
Facilities 

Tables 1-4 and Appendix 1 summarize 211 identifiable 
bird remains recovered from the three solar facilities 
included in this study. These birds constitute a 
taxonomically diverse assemblage of 71 species, 
representing a broad range of ecological types. In body 
size, these species ranged from hummingbirds to 
pelicans; in ecological type from strictly aerial feeders 
(e.g. swifts and swallows) to strictly aquatic feeders 
(pelicans and cormorants) to ground feeders 
(roadrunners) to raptors (hawks and owls). The species 
identified were equally divided among resident and non-

resident species. Nocturnal as well as diurnal species were represented. 

In Tables 1-4 and Appendix 1, bird species are categorized into very general ecological types by foraging 
zone and residency status. Foraging Zones were “air” (a significant portion of foraging activity performed 
in the air), “terrestrial” (including foraging both in vegetation and on the ground), and “water” (foraging 
associated with water, including waders as well as aquatic birds). Residency Status was “resident” (for 
breeding or year-round residents) and “migrant” (for both passage migrants and non-breeding-season 
residents). For a number of species, the appropriate classification for residency status was uncertain, due 
to a lack of detailed knowledge of the sites. The present classification is based on published range maps, 
and is subject to revision as more information becomes available. 
 
This dataset is not suitable for statistical analysis, due to the opportunistic and unstandardized collection 
of avian remains at the facilities, and the lack of baseline data on bird diversity and abundance at each 
site. Nevertheless, a few conclusions can be noted. First, these data do not support the idea that these solar 
facilities are attracting particular species. Of the 71 bird species identified in remains, only five species 
were recovered from all three sites. These five were American Coot, Mourning Dove, Lesser Nighthawk, 
Tree Swallow, and Brown-headed Cowbird, again emphasizing the ecological variety of birds vulnerable 
to mortality at the solar facilities. Over two-thirds (67%) of the species were found at only a single site 
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(Appendix 1).  That being said, the Desert Sunlight facility had particularly high mortality among 
waterbirds, suggesting a need to render the ponds at that site inaccessible or unattractive to these species.   
 
The diversity of birds dying at these solar facilities, and the differences among sites, suggest that there is 
no simple “fix” to reduce avian mortality. These sites appear to represent “equal-opportunity” mortality 
hazards for the bird species that encounter them. Actions to reduce or mitigate avian mortality at solar 
facilities will need to be designed on a site-specific basis, and will require much more data on the bird 
communities at each site, and on how mortality is occurring. Carefully-designed mortality studies might 
reveal significant patterns of vulnerability that are not evident in these data. 
 

Table 1.  Summary data on avian mortality at the three solar sites included in this study.  See summary 
for discussion of Foraging Zone and Residency Status categories. 

 
                     Foraging Zone         Residency Status 

SITE 
No. 

Species 
No. 

Remains 
Identifiable 

Remains 
Air Terr Water Resident Migrant 

Ivanpah 49 141 127 26 85 14 63 64 
Genesis 15 31 30 12 12 6 20 10 
Desert Sun 33 61 56 7 22 27 18 38 
TOTALS 71 233 213 47 119 47 101 112 
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Table 2.  Species identified from avian remains at the Desert Sunlight photovoltaic solar facility.   MNI = 
minimum number of individuals of each species represented by the identifiable remains.  In some cases 
(e.g. Cinnamon/Blue-winged Teal), closely related species could not be distinguished based on the 
available remains, but the Foraging Zone and Residency Status could still be coded, due to the ecological 
similarities of the species involved.  Total identified birds = 56. 
 
 
DESERT SUNLIGHT  Zone Residency MNI 

Pied-billed Grebe Podilymbus podiceps water migrant 1 
Eared Grebe Podiceps nigricollis water migrant 3 
Sora Porzana carolina water migrant 1 
American Avocet Recurvirostra americana water migrant 1 
Cinnamon/Blue-winged Teal Anas discors/clypeata water migrant 1 
Western Grebe Aechmophorus occidentalis water migrant 9 
Brown Pelican Pelecanus occidentalis water migrant 2 
Double-crested Cormorant Phalacrocorax auritus water migrant 2 
Black-crowned Night-Heron Nycticorax nycticorax water migrant 1 
Yuma Clapper Rail Rallus longirostris water resident 1 
American Coot Fulica americana water migrant 5 
Mourning Dove Zenaida macroura terr resident 3 
White-winged Dove Zenaida asiatica terr resident 1 
Lesser Nighthawk Chordeiles acutipennis air resident 2 
Common Poorwill Phalaenoptilus nuttallii air resident 1 
Costa's Hummingbird Calypte costae air resident 1 
Ash-throated Flycatcher Myiarchus cinerascens air resident 1 
Black-throated/Sage Sparrow Amphispiza sp. terr resident 1 
Black Phoebe Sayornis nigricollis air resident 1 
Loggerhead Shrike Lanius ludovicianus terr resident 2 
Common Raven Corvus corax terr resident 1 
Horned Lark Eremophila alpestris terr migrant 1 
Tree Swallow Tachycineta bicolor air migrant 1 
Townsend's Warbler Setophaga townsendi terr migrant 2 
Common Yellowthroat Geothlypis trichas  terr migrant 1 
Savannah Sparrow Passerculus sandwichensis terr migrant 1 
Yellow-headed Blackbird Xanthocephalus xanthocephalus terr migrant 1 
Wilson's Warbler Cardellina pusilla terr migrant 2 
Western Tanager Piranga ludoviciana terr migrant 2 
Black-headed Grosbeak Pheucticus melanocephalus terr migrant 1 
Great-tailed Grackle Quiscalus mexicanus terr resident 2 
Brown-headed Cowbird Molothrus ater terr resident 1 
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Table 3.  Species identified from avian remains at the Genesis trough system solar facility.  Total 
identified birds = 30. 
 
 
GENESIS  Zone Residency MNI 

Eared Grebe Podiceps nigricollis water migrant 2 
Great Blue Heron Ardea herodias water migrant 1 
American Kestrel Falco sparverius air resident 1 
Ring-billed Gull Larus delawarensis water migrant 2 
California Gull Larus californianus water resident 1 
White-winged Dove Zenaida asiatica terr resident 1 
Lesser Nighthawk Chordeiles acutipennis air resident 2 
Say's Phoebe Sayornis saya air resident 2 
Tree Swallow Tachycineta bicolor air migrant 2 
Cliff Swallow Petrochelidon pyrrhonota air resident 5 
Hermit Warbler Setophaga occidentalis  terr migrant 1 
Black-headed Grosbeak Pheucticus melanocephalus terr migrant 1 
Chipping Sparrow Spizella passerina terr resident 1 
Bullock's Oriole Icterus bullockii terr resident 2 
Brown-headed Cowbird Molothrus ater terr resident 6 
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Table 4.  Species identified from avian remains at the Ivanpah power tower solar facility.  Total identified 
birds = 127 
 
IVANPAH  Zone Residency MNI 

Cinnamon Teal Anas cyanoptera water migrant 4 
Cooper's Hawk Accipiter cooperii air migrant 1 
Red-shouldered Hawk Buteo lineatus terr migrant 1 
American Kestrel Falco sparverius air resident 1 
Peregrine Falcon Falco peregrinus air resident 1 
American Coot Fulica americana water migrant 7 
Sora Porzana carolina water migrant 1 
Spotted Sandpiper Actitis maculatus water migrant 2 
Greater Roadrunner Geococcyx californianus terr resident 5 
Yellow-billed Cuckoo Coccyzus americanus terr migrant 1 
Mourning Dove Zenaida macroura terr resident 11 
Barn Owl Tyto alba terr resident 1 
Lesser Nighthawk Chordeiles acutipennis air resident 3 
Common Poorwill Phalaenoptilus nuttallii air resident 1 
White-throated Swift Aeronautes saxatalis air resident 1 
Allen’s/Rufous Hummingbird Selasphorus sp. air migrant 1 
Northern Flicker Colaptes auratus terr resident 1 
Ash-throated Flycatcher Myiarchus cinerascens air resident 1 
Loggerhead Shrike Lanius ludovicianus terr resident 3 
Warbling Vireo Vireo gilvus terr migrant 1 
Common Raven Corvus corax terr resident 2 
Northern Rough-winged Swallow Stelgidopteryx serripennis air migrant 2 
Tree Swallow Tachycineta bicolor air migrant 2 
Verdin Auriparus flaviceps terr resident 3 
Blue-gray Gnatcatcher Polioptila caerulea terr resident 1 
Northern Mockingbird Mimus polyglottos terr resident 1 
American Pipit Anthus rubescens terr migrant 4 
Orange-crowned Warbler Oreothlypis celata terr migrant 1 
Lucy's Warbler Oreothlypis luciae terr resident 1 
Black-throated Gray Warbler Setophaga nigrescens terr migrant 1 
Yellow-rumped Warbler Setophaga coronata air migrant 14 
Townsend's Warbler Setophaga townsendi terr migrant 2 
Yellow Warbler Setophaga petechia terr migrant 1 
Black-and-white Warbler Mniotilta varia terr migrant 1 
Wilson's Warbler Cardellina pusilla terr migrant 2 
MacGillivray's Warbler Oporornis tolmei terr migrant 1 
Western Tanager Piranga ludoviciana terr migrant 2 
Lazuli Bunting Passerina amoena terr migrant 1 
Blue Grosbeak Passerina caerulea terr resident 1 
Green-tailed Towhee Pipilo chlorurus terr migrant 1 
Brewer's Sparrow Spizella breweri terr resident 3 
Chipping Sparrow Spizella passerina terr resident 3 
Black-throated Sparrow Amphispiza bilineata terr resident 3 
Savannah Sparrow Passerculus sandwichensis terr migrant 2 
White-crowned Sparrow Zonotrichia leucophrys terr migrant 6 
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Figure 2: Predation trauma (top) 
resulting in traumatic amputation of 
the head and neck (American 
Avocet) and impact trauma (bottom) 
causing bruising of the keel ridge of 
the sternum (Brown Pelican). 

 

IVANPAH  Zone Residency MNI 

Pine Siskin Spinus pinus terr migrant 1 
House Finch Carpodacus mexicanus terr resident 13 
Brown-headed Cowbird Molothrus ater terr resident 1 
Great-tailed Grackle Quiscalus mexicanus terr resident 3 
 

 

 

Cause of Death of Birds Found at the Solar Power Plants 
 

Photovoltaic facility (Desert Sunlight): 

Sixty-one birds from 33 separate species were represented from Desert Sunlight. Due to desiccation and 
scavenging, a definitive cause of death could not be established for 22 of the 61 birds (see Table 5). 
Feathers could be examined in all cases, however, and none of the 61 bird remains submitted from the PV 
facility had visible evidence of feather singeing, a clear contrast with birds found at Ivanpah. 

Blunt force impact trauma was determined to have been the cause of death for 19 Desert Sunlight birds 
including two Western Grebes 
(Aechmophorus occidentalis) and one 
each of 16 other species. Impact (blunt 
force) trauma is diagnosed by the 
presence of fractures and internal 
and/or external contusions. In 
particular, bruising around the legs, 
wings and chest are consistent with 
crash-landings while fractures of the 
head and/or neck are consistent with 
high-velocity, frontal impact (such as 
may result from impacting a mirror).  

Predation was the immediate cause of 
death for 15 birds. Lesions supporting 
the finding of predation included 
decapitation or missing parts of the 
body with associated hemorrhage 
(9/15), and lacerations of the skin and 
pectoral muscles. Eight of the predated 
birds from Desert Sunlight were 
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grebes, which are unable to easily take off from land. This suggests a link between predation and 
stranding and/or impact resulting from confusion of the solar panels with water (see Discussion).  

 

Parabolic trough facility (Genesis): 

Thirty-one birds were collected from this site. There were 15 species represented. Those found in the 
greatest numbers were Brown-headed Cowbirds and Cliff Swallows, though no more than 6 individuals 
from any given species were recovered. Overall, carcass quality was poor and precluded definitive cause 
of death determination in 17/31 birds (Table 5). Identifiable causes of death consisted of impact trauma 
(6/31) and predation trauma (2/31). Necropsy findings were similar to those at Desert Sunlight with 
fractures and hemorrhage noted grossly. Predation trauma was diagnosed in two birds, a Cliff Swallow 
and a Ring-billed Gull. 

Power tower facility (Ivanpah): 

Ivanpah is the only facility in this study that produces solar flux, which is intense radiant energy focused 
by the mirror array on the power-generating tower. Objects that pass through this flux, including insects 
and birds, encounter extreme heat, although the extent of heating depends on many variables, including 
the duration of exposure and the precise location in the flux beam. 

From Ivanpah, 141 birds were collected and examined. Collection dates spanned a period of one year and 
five months (July 2012 to December 2013) and included at least seven months of construction during 
which time the towers were not actively fluxing (2013). There were 49 species represented (Table 4). 
Those found in the greatest numbers were Yellow-rumped Warblers (Setophaga coronata; 14), House 
Finches (Carpodacus mexicanus; 13), Mourning Doves (Zenaida macroura; 11) and American Coots 
(Fulica americana; 7). Yellow-rumped Warblers and House Finches were found exclusively at the power 
tower site.  

Solar flux injury was identified as the cause of death in 47/141 birds. Solar flux burns manifested as 
feather curling, charring, melting and/or breakage and loss. Flight feathers of the tail and/or wings were 
invariably affected. Burns also tended to occur in one or more of the following areas; the sides of the 
body (axillae to pelvis), the dorsal coverts, the tops and/sides of the head and neck and the dorsal body 
wall (the back). Overlapping portions of feathers and light-colored feathers were often spared (Figures 3 
and 4).  

 

  

 

 

 

Figure 3: contour feather 
from the back of a House 
Finch with Grade 3 solar 
flux injury. The feather has 
curling and charring limited 
to the exposed tip. 
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Figure 4: Feather from a Peregrine Falcon with Grade 2 solar flux injury. Note burning of  
dark feather bands with relative sparing of light bands. 

 

 

 

 

 
 

 
The yellow and red rumps of Yellow-rumped Warblers and House Finches respectively remained 
strikingly unaffected (See Figure 1). Charring of head feathers, in contrast, was generally diffuse across 
all color patterns. A pattern of spiraling bands of curled feathers across or around the body and wings was 
often apparent.  

 

Table 5. Cause of death (COD) data  
 
Cause of Death  

Ivanpah 
 
Genesis  

Desert         
Sunlight 

 
   Total 

Solar Flux 47 0 0 47 
Impact trauma 24 6 19 49 
Predation trauma 5 2 15 22 
Trauma of undetermined cause 14 0 0 14 
Electrocution 1 0 0 1 
Emaciation 1 0 0 1 
Undetermined (remains in poor condition) 46 17 22 85 
No evident cause of death 3 6 5 14 
Total 141 31 61 233 
 
Eight birds were assigned a feather damage Grade of 1 with curling of less than 50% of the flight feathers. 
Six of these had other evidence of acute trauma (75%). Five birds were Grade 2, including three birds that 
were found alive and died shortly afterwards. Of these birds, 2 (the birds found dead) also had evidence of 
acute trauma. Twenty-eight birds were Grade 3; with charring of body feathers. Of these birds, 21/28 
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Figure 5: The dorsal aspect of the wing from a Peregrine Falcon (the same bird as shown in Figure 4) 
with Grade 2 lesions. Note extensive curling of feathers without visible charring. This bird was found 
alive, unable to fly, emaciated and died shortly thereafter. These findings demonstrate fatal loss of 
function due to solar flux exposure in the absence of skin or other soft tissue burns. 

(28%) had other evidence of acute trauma. Remaining carcasses (6) were incomplete and a grade could 
not be assigned. 

Twenty-nine birds with solar flux burns also had evidence of impact trauma. Trauma consisted of skull 
fractures or indentations (8), sternum fractures (4), one or more rib fractures (4), vertebral fractures (1), 
leg fracture (3), wing fracture (1) and/or mandible fracture (1). Other signs of trauma included acute 
macroscopic and/or microscopic internal hemorrhage. Location found was reported for 39 of these birds; 
most of the intact carcasses were found near or in a tower. One was found in the inner heliostat ring and 
one was found (alive) on a road between tower sites. The date of carcass collection was provided for 
42/47. None were found prior to the reported first flux (2013). 

 

Among the solar flux cases, a variety of bird species were affected though all but one (a raptor) was a 
passerine (Appendix 2). House Finches and yellow-rumped Warblers were most often represented (10/47 
and 12/47 respectively). For the birds in which species could be determined (41/47), insects were a major 

PC ORIGINAL PKG



 

Page 15 of 28 
 

dietary component in all but two species. These were an unidentified hummingbird (Selasphorus) species 
(known to include insects in the diet) and a Peregrine Falcon (a species that feeds on small birds). 

Four birds were reportedly found alive and taken to a wildlife rehabilitation center where they died one to 
a few days later (exact dates were not consistently provided). Three had Grade 2 feather burns and one 
had Grade 3 feather burns. None had other evidence of trauma. Body condition was reduced in all of the 
birds (two considered thin and two emaciated) based on a paucity of fat stores and depletion of skeletal 
muscling. The four birds were of four different species and consisted of three passerines and one raptor.  

The second most commonly diagnosed cause of death at the Ivanpah facility was impact (or blunt force) 
trauma (24/141 birds). Necropsy findings were as previously described at the Desert Sunlight facility. 
Impact marks were reported on heliostat mirrors adjacent to the carcasses in 5 cases and mirrors were 
described as being vertically-oriented in 5 cases. Specific carcass locations were reported for 18 of the 
birds. Those birds were found in a variety of areas; below heliostats (8/18), in or near tower and 
powerblock buildings (4/18), on roads (2/18), below power lines (2/18), in the open (1/18) and by a desert 
tortoise pen (1/18). 

Predation was determined to be the cause of death for five of the birds. A coot and a Mourning Dove were 
found with extensive trauma and hemorrhage to the head and upper body consisting of lacerations, crush 
trauma and/or decapitation.  One of the birds (an American Coot) was found near a kit fox shelter site. 
One bird (Northern Mockingbird) was found near the fence line and the third (a Mourning Dove) in an 
alley way. Two more birds (an unidentified sparrow and an American Pipit) were observed being eaten by 
one of the resident Common Ravens.  

 

Discussion of Cause of Death of Birds Found at the Solar Power Plants 
 

Impact trauma: 

Sheet glass used in commercial and residential buildings has been well-established as a hazard for birds, 
especially passerines (Klem 1990, 2004, 2006; Loss et al. 2014). A recent comprehensive review 
estimated that between 365-988 million birds die annually by impacting glass panels in the United States 
alone (median estimate 599 million; Loss et al. 2014). Conditions that precipitate window strike events 
include the positioning of vegetation on either side of the glass and the reflective properties of the 
window. Glass panels that reflect trees and other attractive habitat are involved in a higher number of bird 
collisions.  

The mirrors and photovoltaic panels used at all three facilities are movable and generally directed 
upwardly, reflecting the sky. At the Ivanpah facility, when heliostats are oriented vertically (typically for 
washing or installation, personal communication, RAK) they appear to pose a greater risk for birds. Of 
the eight birds reported found under a heliostat, heliostats were vertically-oriented in at least 5 cases. (D 
Klem Jr., DC Keck, KL Marty, AJ Miller Ball, EE Niciu, and CT Platt. 2004. Effects of window angling, 
feeder placement, and scavengers on avian mortality at plate glass. Wilson Bulletin, 116(1):69-73; D 
Klem Jr. 2006. Glass: A deadly conservation issue for birds. Bird Observer 34(2):73-81; D Klem Jr. 1990. 
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Figure 6: The Ivanpah Solar Electric Generating System as seen via satellite. The mirrored panels  
are 5 x 8 feet. 

Collisions between birds and windows: mortality and prevention. Journal of Field Ornithology 61:120–
128; Loss, S.R., T. Will, S.S.Loss, and P.P. Marra. 2014. Bird-building collisions in the United States: 
Estimates of annual mortality and species vulnerability. Condor 116: 8-23).  Studies with aquatic insects 
have found that vertically-oriented black glass surfaces (similar to solar panels) produced highly polarized 
reflected light, making them highly attractive (Kriska, G., P. Makik, I. Szivak, and G. Horvath. 
2008.  Glass buildings on river banks as “polarized light traps” for mass-swarming polarotactic caddis 
flies.  Naturwissenschaften 95: 461-467). 

A desert environment punctuated by a large expanse of reflective, blue panels may be reminiscent of a 
large body of water. Birds for which the primary habitat is water, including coots, grebes, and cormorants, 
were over-represented in mortalities at the Desert Sunlight facility (44%) compared to Genesis (19%) and 
Ivanpah (10%). Several factors may inform these observations. First, the size and continuity of the panels 
differs between facilities. Mirrors at Ivanpah are individual, 4 x 8’ panels that appear from above as 
stippling in a desert background (Figure 6). Photovoltaic panels at Desert Sunlight are long banks of 
adjacent 27.72 x 47.25” panels (70 x 120 cm), providing a more continuous, sky/water appearance.  
Similarly, troughs at Genesis are banks of 5 x 5.5’ panels that are up to 49-65 meters long.   
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There is growing concern about “polarized light pollution” as a source of mortality for wildlife, with 
evidence that photovoltaic panels may be particularly effective sources of polarized light in the 
environment (see Horvath et al. 2010.  Reducing the maladaptive attractiveness of solar panels to 
polarotactic insects.  Conservation Biology 24: 1644-1653, and ParkScience, Vol. 27, Number 1, 2010; 
available online at: http://www.nature.nps.gov/parkscience/index.cfm?ArticleID=386&ArticleTypeID=5; 
as well as discussion of this issue in the Desert Sunlight Final Environmental Impact Statement, Chapter 
4, pp. 14-15). 

Variables that may affect the illusory characteristics of solar panels are structural elements or markings 
that may break up the reflection. Visual markers spaced at a distance of 28 cm or less have been shown to 
reduce the number of window strike events on large commercial buildings (City of Toronto Green 
Development Standard; Bird-friendly development guidelines. March 2007). Mirrors at the Ivanpah 
facility are unobscured by structures or markings and present a diffuse, reflective surface. Photovoltaic 
panels at Desert Sunlight are arranged as large banks of small units that are 60 x 90 cm. The visually 
uninterrupted expanse of both these types of heliostat is larger than that which provides a solid structure 
visual cue to passerines. Parabolic troughs at Genesis have large, diffusely reflective surfaces between 
seams that periodically transect the bank of panels at 5.5’ intervals. Structures within the near field, 
including the linear concentrator and support arms, and their reflection in the panels and may provide a 
visual cue to differentiate the panel as a solid structure. 
 
The paper by Horvath et al cited above provides experimental evidence that placing a white outline and/or 
white grid lines on solar panels significantly reduced the attractiveness of these panels to aquatic insects, 
with a loss of only 1.8% in energy-producing surface area (p. 1651).  While similar detailed studies have 
yet to be carried out with birds, this work, combined with the window strike results, suggest that 
significant reductions in avian mortality at solar facilities could be achieved by relatively minor 
modifications of panel and mirror design.  This should be a priority for further research. 
 
Finally, ponds are present on the property of the Desert Sunlight and Genesis facilities. The pond at 
Genesis is netted, reducing access by migratory birds, while the pond at Desert Sunlight is open to 
flighted wildlife. Thus, birds are both attracted to the water feature at Desert Sunlight and habituated to 
the presence of an accessible aquatic environment in the area. This may translate into the 
misinterpretation of a diffusely reflected sky or horizonal polarized light source as a body of water.  
 

Stranding and Predation: 

Predation is likely linked to panel-related impact trauma and stranding. Water birds were heavily over-
represented in predation mortalities at Desert Sunlight. Of the 15 birds that died due to predation, 14 
make their primary habitat on water (coots, grebes, a cormorant, and an avocet). A single White-winged 
Dove was the only terrestrial-based predation mortality in the submitted specimens. This is in contrast to 
blunt trauma mortalities at Desert Sunlight in which 8 of the 19 birds determined to have died of impact 
trauma were water species.  

Locations of the birds when found dead were noted on several submissions. Of the birds that died of 
predation for which locations were known, none were located near ponds. The physiology of several of 
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these water birds is such that locomotion on land is difficult or impossible. Grebes in particular have very 
limited mobility on land and require a run across water in order to take off ( Jehl, J. R., 1996. Mass 
mortality events of Eared Grebes in North America. Journal of Field Ornithology 67: 471-476). Thus, 
these birds likely did not reach their final location intentionally. Ponds at the PV and trough sites are 
fenced, prohibiting terrestrial access by predators. Birds on the water or banks of the pond are 
inaccessible to resident predators. Therefore, it is unlikely that the birds were captured at the pond and 
transported by a predator into the area of the panels. Attempts to land or feed on the panels because of 
their deceptive appearance may have injured the birds to the point that they could not escape to safety, or 
inadvertently stranded the birds on a substrate from which they could not take flight. We believe that an 
inability to quickly flee after striking the panels and stranding on the ground left these birds vulnerable to 
opportunistic predators. At least two types of predators, kit foxes and ravens, have been observed in 
residence at the power tower and PV facilities and ravens have been reported at the trough site (personal 
communication and observation, RAK). Additionally, histories for multiple birds found at the tower site 
document carcasses found near kit fox shelters or being eaten or carried by a raven.  

Solar Flux: 

Avian mortality due to exposure to solar flux has been previously explored and documented (McCrary, 
M. D., McKernan, R. L., Schreiber, R. W., Wagner, W. D., and Sciarrotta, T. C. Avian mortality at a solar 
energy power plant. Journal of Field Ornithology, 57(2): 135-141). Solar flux injury to the birds of this 
report, as expected, occurred only at the power tower facility. Flux injury grossly differed from other 
sources of heat injury, such as electrocution or fire. Electrocution injury requires the bridging of two 
contact points and is, therefore, seen almost exclusively in larger birds such as raptors. Contact points 
tend to be on the feet, carpi and/or head and burns are often found in these areas. Electrocution causes 
deep tissue damage as opposed to the surface damage of fire or solar flux. Other sequelae include 
amputation of limbs with burn marks on bone, blood vessel tears and pericardial hemorrhage. Burns from 
fires cause widespread charring and melting of feathers and soft tissues and histopathologic findings of 
soot inhalation or heat damage to the respiratory mucosa. None of these were characteristics of flux 
injury. In the flux cases small birds were over-represented, had burns generally limited to the feathers and 
internal injuries attributable to impact. Flux injury inconsistently resulted in charring, tended to affect 
feathers along the dorsal aspects of the wings and tail, and formed band-like patterns across the body 
(Divincenti, F. C., J. A. Moncrief, and B. A. Pruitt. 1969. Electrical injuries: a review of 65 cases. The 
Journal of Trauma 9: 497-507). 

Proposed mechanisms of solar flux-related death follow one or a combination of the following pathways: 

• impact trauma following direct heat damage to feathers and subsequent loss of flight ability 
• starvation and/or thermoregulatory dysfunction following direct heat damage to feathers 

• shock 

• soft tissue damage following whole-body exposure to high heat 

• ocular damage following exposure to bright light.  

Necropsy findings from this study are most supportive of the first three mechanisms. 
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Loss of feather integrity has effects on a bird’s ability to take off, land, sustain flight and maneuver. Tail 
feathers are needed for lift production and maneuverability, remiges are needed for thrust and lift and 
feathers along the propatagium and coverts confer smoothness to the avian airfoil. Shortening of primary 
flight feathers by as little as 1.6 cm with loss of secondary and tertiary remiges has been shown to 
eliminate take-off ability in house sparrows further demonstrating the importance of these feathers 
(Brown, R. E., and A. C. Cogley, 1996. Contributions of the propatagium to avian flight: Journal of 
Experimental Zoology  276: 112-124). Loss of relatively few flight feathers can, therefore, render a bird 
unable or poorly-able to fly. Birds encountering the flux field at Ivanpah may fall as far as 400 feet after 
feather singeing. Signs of impact trauma were often observed in birds with feather burns and are 
supportive of sudden loss of function (Beaufrere, H., 2009. A review of biomechanic and aerodynamic 
considerations of the avian thoracic limb. Journal of Avian Medicine and Surgery 23: 173-185). 

Birds appear to be able to survive flux burns in the short term, as evidenced by the collection of several 
live birds with singed feathers. Additionally, Forensic Lab staff observed a falcon or falcon-like bird with 
a plume of smoke arising from the tail as it passed through the flux field. Immediately after encountering 
the flux, the bird exhibited a controlled loss of stability and altitude but was able to cross the perimeter 
fence before landing. The bird could not be further located following a brief search (personal observation, 
RAK and EOE). Birds that initially survive the flux exposure and are able to glide to the ground or a 
perch may be disabled to the point that they cannot efficiently acquire food, escape predators or 
thermoregulate. Observations of emaciation in association with feather burns in birds found alive is 
supportive of debilitation subsequent to flux exposure. More observational studies and follow-up are 
required to understand how many birds survive flux exposure and whether survival is always merely 
short-term. As demonstrated by the falcon, injured birds (particulary larger birds), may be ambulatory 
enough to glide or walk over the property line indicating a need to include adjacent land in carcass 
searches.  

There was evidence of acute skin burns on the heads of some of the Grade 3 birds that were found dead.  
But interestingly, tissue burn effects could not be demonstrated in birds known to have survived short 
periods after being burned. Hyperthermia causing instantaneous death manifests as rapid burning of 
tissue, but when death occurs a day or later there will be signs of tissue loss, inflammation, proteinic 
exudate and/or cellular death leading to multisystemic organ failure. The beginnings of an inflammatory 
response to injury can be microscopically observed within one to a few hours after the insult and would 
have been expected in any of the four birds found alive. Signs of heat stroke or inhalation of hot air 
should have been observable a day or more after the incident. Rather, in these cases extensive feather 
burns on the body largely appeared to be limited to the tips of the feathers with the overlapping portions 
insulating the body as designed. This, in conjunction with what is likely only a few seconds or less spent 
in the flux, suggests that skin or internal organ damage from exposure to high temperatures in solar flux 
may not be a major cause of the observed mortality. 

Ocular damage following light exposure was also considered but could not be demonstrated in the 
submitted birds. In the four birds that initially survived, there were no signs of retinal damage, 
inflammation or other ocular trauma. Given the small sample size, this does not preclude sight 
impairment as a possible sequela but clinical monitoring of survivors would be needed to draw more 
definitive conclusions.  
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Other/Undetermined: 

Powerline electrocution was the cause of death for one bird (a juvenile Common Raven) at the Ivanpah 
facility. Electrocution at these solar facilities is a potential hazard but, thus far, appears to be an 
uncommon cause of death. 

Smashed birds (13/233) were found at all three locations. Detailed carcass collection information was 
provided for 6; all were found on roads. Though poor carcass quality in all cases precluded definitive 
cause death determination, circumstances and carcass condition suggest vehicle trauma as the cause of 
deaths. The relatively low numbers of vehicle collisions may be attributed to slow on-site vehicle speeds 
and light traffic. Vehicle collisions, therefore, do not appear to be a major source of mortality and would 
be expected to decrease as construction ends.   

There was a large number of birds (85/233) for which a cause of death could not be determined due to 
poor carcass condition. The arid, hot environment at these facilities leads to rapid carcass degradation 
which greatly hinders pathology examination. Results were especially poor for birds from the Genesis 
facility, where the cause of death(s) for 23/31 (74%) could not be determined. These results underscore 
the need for carcasses to be collected soon after death. More frequent, concerted carcass sweeps are 
advised. 

 

Insect mortality and solar facilities as “mega-traps” 
 

An ecological trap is a situation that results in an animal selecting a habitat that reduces its fitness relative 
to other available habitats (Robertson, B.A. and R.L. Hutto.  2006.  A framework for understanding 
ecological traps and an evaluation of existing evidence. Ecology 87: 1075-1085; Robertson, B.A., J.S. 
Rehage, and Sih, A. 2013.  Ecological novelty and the emergence of evolutionary traps.  Trends in 
Ecology and Evolution 28: 552-560).  

A wide variety of circumstances may create ecological traps, ranging from subtle (songbirds attracted to 
food resources in city parks, where they are vulnerable to unnaturally high populations of predators) to 
direct (birds are attracted to oil-filled ponds, believing it to be water, and become trapped).  It appears that 
solar flux facilities may act as “mega-traps,” which we define as artificial features that attract and kill 
species of multiple trophic layers.  The strong light emitted by these facilities attract insects, which in turn 
attract insect-eating birds, which are incapacitated by solar flux injury, thus attracting predators and 
creating an entire food chain vulnerable to injury and death. 

OLE staff observed large numbers of insect carcasses throughout the Ivanpah site during their visit. In 
some places there were hundreds upon hundreds of butterflies (including monarchs, Danaus plexippus) 
and dragonfly carcasses.  Some showed singeing, and many appeared to have just fallen from the sky. 
Careful observation with binoculars showed the insects were active in the bright area around the boiler at 
the top of the tower. It was deduced that the solar flux creates such a bright light that it is brighter than the 
surrounding daylight. Insects were attracted to the light and could be seen actively flying the height of the 
tower. Birds were also observed feeding on the insects. At times birds flew into the solar flux and ignited. 
Bird carcasses recovered from the site showed the typical singed feathers. The large populations of insects 
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may also attract indigenous bat species, which were seen roosting in structures at the base of the power 
tower.  

Monarch butterflies in North America – both east and west of the Rocky Mountains – have been 
documented to be in decline (see the North American Monarch Conservation Plan, available at:  
http://www.mlmp.org/Resources/pdf/5431_Monarch_en.pdf). Proposed causes include general habitat 
loss and specific loss of milkweed, upon which the butterflies feed and reproduce. Considering the 
numerous monarch butterfly carcasses seen at the Ivanpah facility, it appears that solar power towers 
could have a significant impact on monarch populations in the desert southwest. Analysis of the insect 
mortality at Ivanpah, and systematic observations of bird/insect interactions around the power tower, is 
clearly needed. 

Bird species affected by solar flux include both insectivores (e.g. swallows, swifts, flycatchers, and 
warblers) and raptors that prey on insect-feeding birds. Based on observations of the tower in flux and the 
finding of large numbers of butterflies, dragonflies and other insects at the base of the tower and in 
adjacent buildings it is suspected that the bright light generated by solar flux attracts insects, which in turn 
attracts insectivores and predators of insectivores. Waterbirds and other birds that feed on vegetation were 
not found to have solar flux burns. Birds were observed perching and feeding on railings at the top of the 
tower, apparently in response to the insect aggregations there.  

Further, dead bats found at the Ivanpah site could be attracted to the large numbers of insects in the area. 
Nineteen bats from the condenser area of the power tower facility have been submitted to NFWFL for 
further evaluation. These bats belong to the Vespertilionidae and Molossidae families, which contain 
species considered by the Bureau of Land Management to be sensitive species in California. Preliminary 
evaluation revealed no apparent singing of the hair, and analysis is ongoing.  

 

Solar flux and heat associated with solar power tower facilities 
 

Despite repeated requests, we have been unsuccessful in 
obtaining technical data relating to the temperature 
associated with solar flux at the Ivanpah facility. The 
following summarizes the information we have gathered 
from other sources. 

The Ivanpah solar energy generating facility consists of 
mirrors that reflect sunlight to a tower.  In the tower sits a 
boiler that generates steam which then powers a turbine.  

At the top of a 459 foot tall tower sits a boiler (solar 
receiver) that is heated by the sun rays reflected by 300,000 mirrors, called solar heliostats. When the 
concentrated sunlight strikes the boiler tubes, it heats the water to create superheated steam. The high 
temperature steam is then piped from the boiler to a turbine where electricity is generated 
(http://ivanpahsolar.com/about visited on 01/20/2014).  

Figure 7 Ivanpah solar power facilities 
http://ivanpahsolar.com/about 
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Figure 9: Tower 1 (bright white) is shown under power. Tower 2 (black) is not operating. 

If all the solar heliostats are focused on the 
solar tower the beams multiply the strength of 
sunlight by 5000 times, and this generates 
temperatures at the solar tower in excess of 
3600° Fahrenheit (> 1982° Celsius). Since steel 
melts at 2750° Fahrenheit (1510° Celsius), only 
a percentage of heliostats are focused on the 
solar receiver so that) the optimal temperature 
at the tower is approximately 900° Fahrenheit 
(~482° Celsius) (“How do they do it” Wag TV 
for Discovery Channel, Season 3, Episode 15, 
“Design Airplane Parachutes, Create Solar 
Power, Make Sunglasses” Aired 
August 25, 2009).  

A solar steam plant in Coalinga that also uses heliostat technology for extracting oil is on record stating 
that the steam generator is set to about 500° Celsius. 
(http://abclocal.go.com/kDSn/story?section=news%2Fbusiness&id=8377469 Viewed Jan 21, 2013) 

Temperatures measured by the authors at the edge of the solar complex on the surface of a heliostat were 
approximately 200° Fahrenheit (~93° Celsius). Therefore, there is a gradient of temperature from the edge 
of the solar field to the tower that ranges from 200° to 900° Fahrenheit.  

There is a phenomenon that occurs when the heliostats are focused on the tower and electricity is being 
generated. The phenomenon can be described as either a circle of clouds around the tower or, at times, a 
cloud formed on the side that is receiving the solar reflection. It appears as though the tower is creating 
clouds.  Currently we propose two hypotheses of why this “cloud” is formed.  The first hypothesis is 
simply the presumption that the high heat associated with towers is condensing the air, and forming the 

Figure 8: Seville solar power facility 
(http://inhabitat.com/sevilles-solar-power-
tower) 
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Figure 10: Singed feathers 
from a Northern Rough-
winged Swallow 

clouds. The second hypothesis is that this phenomenon does not represent clouds at all rather it is a place 
in space where the heliostats that are not being used to generate heat are focused. Under this scenario, it is 
a place where the mirrors focus the excess energy not being used to generate electricity.   

 

Ivanpah employees and OLE staff noticed that close to the periphery of the tower and within the reflected 
solar field area, streams of smoke rise when an object crosses the solar flux fields aimed at the tower.  
Ivanpah employees used the term “streamers” to characterize this occurrence.   

When OLE staff visited the Ivanpah Solar plant, we observed many streamer events.  It is claimed that 
these events represent the combustion of loose debris, or insects.  Although some of the events are likely 
that, there were instances in which the amount of smoke produced by the ignition could only be explained 
by a larger flammable biomass such as a bird. Indeed OLE staff observed birds entering the solar flux and 
igniting, consequently becoming a streamer.  
 
OLE staff observed an average of one streamer event every two minutes.  It appeared that the streamer 
events occurred more frequently within the “cloud” area adjacent to the tower.  Therefore we hypothesize 
that the “cloud” has a very high temperature that is igniting all material that traverses its field.    
One possible explanation of this this phenomenon is that the “cloud” is a convergent location where 
heliostats are “parked” when not in use.  Conversely it undermines the condensation hypothesis, given 
that birds flying through condensation clouds will not spontaneously ignite.  

 

Temperatures required to burn feathers  

Many of the carcasses recovered from the Ivanpah Solar plant after the plant became operational showed 
singing of feathers as shown in Figure 10.   

 

 

 

 

 

 
 
 

 
In order to investigate at what temperature feathers burn/singe, we exposed feathers to different air 
temperatures. Each feather was exposed to a stream of helium and air for 30 seconds. The results indicate 
that at 400° Celsius (752° Fahrenheit) after 30 seconds the feather begins to degrade. But at 450° and 
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Figure 11: Results of exposing 
feathers to different temperatures 
(in degrees Celsius) 

500° Celsius (842° and 932° Fahrenheit 
respectively) the feathers singed as soon as they 
made contact with the superheated air (Figure 11).  
Therefore, when singed birds are found, it can be 
inferred that the temperatures in the solar flux at the 
time a bird flew through it was at least 400° Celsius 
(752° Fahrenheit).  This inference is consistent with 
the desired operating temperature of a power tower 
solar boiler (482° Celsius).  
 
The fact that a bird will catch on fire as it flies 
through the solar flux has been confirmed by a 
Chevron engineer who works at the Coalinga 
Chevron Steam plant, a joint venture of Chevron and 
BrightSource Solar. 
(http://abclocal.go.com/kDSn/story?section= 
news%2Fbusiness&id=8377469 Viewed Jan 21, 
2013) 
 

 

 

 

 

Conclusions and Recommendations 
 

In summary, three main causes of avian mortality were identified at these facilities; impact trauma, 
predation and solar flux. Birds at all three types of solar plants were susceptible to impact trauma and 
predators. Solar flux injury was unique to the power tower facility. Solar facilities, in general, do not 
appear to attract particular species, rather an ecological variety of birds are vulnerable. That said, certain 
mortality and species trends were evident, such as waterbirds at Desert Sunlight, where open water 
sources were present. 

Specific hazards were identified, including vertically-oriented mirrors or other smooth reflective panels; 
water-like reflective or polarizing panels; actively fluxing towers; open bodies of water; aggregations of 
insects that attracted insectivorous birds; and resident predators. Making towers, ponds and panels less 
attractive or accessible to birds may mitigate deaths. Specific actions include placing perch-guards on 
power tower railings near the flux field, properly netting or otherwise covering ponds, tilting heliostat 
mirrors during washing and suspending power tower operation at peak migration times. 
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Visual cues should be retrofitted to existing panels and incorporated into new panel design. These cues 
may include UV-reflective or solid, contrasting bands spaced no further than 28 cm from each other. This 
arrangement has been shown to significantly reduce the number of passerines hitting expanses of 
windows on commercial buildings. Spacing of 10 cm eliminates window strikes altogether. Further 
exploration of panel design and orientation should be undertaken with researchers experienced in the field 
(Daneil Klem Jr. of Muhlenberg College) to determine causes for the high rate of impact trauma, and 
designs optimized to reduce these mortalities. 

Challenges to data collection included rapid degradation of carcass quality hindering cause of death and 
species determination; large facilities which are difficult to efficiently search for carcasses; vegetation and 
panels obscuring ground visibility; carcass loss due to scavenging; and inconsistent documentation of 
carcass history. Searcher efficiency has been shown to have varying influences on carcass recovery with 
anywhere from 30% to 90% detection of small birds achieved in studies done at wind plants (Erickson et 
al., 2005). Scavengers may also remove substantial numbers of carcasses. In studies done on agricultural 
fields, up to 90% of small bird carcasses were lost within 24 hours (Balcomb, 1986; Wobeser and 
Wobeser, 1992). OLE staff observed apparently resident ravens at the Ivanpah power tower. Ravens are 
efficient scavengers, and could remove large numbers of small bird carcasses from the tower vicinity. 
(Erickson, W. P., G. D. Johnson, and D. P. Young, Jr., 2005, A summary and comparison of bird 
mortality from anthropogenic causes with an emphasis on collisions: U S Forest Service General 
Technical Report PSW, v. 191, p. 1029-1042; Balcomb, R., 1986, Songbird carcasses disappear rapidly 
from agricultural fields: Auk, v. 103, p. 817-820; Wobeser, G., and A. G. Wobeser, 1992, Carcass 
disappearance and estimation of mortality in a simulated die-off of small birds: Journal of Wildlife 
Diseases, v. 28, p. 548-554.) 

Given these variables it is difficult to know the true scope of avian mortality at these facilities. The 
numbers of dead birds are likely underrepresented, perhaps vastly so. Observational and statistical studies 
to account for carcass loss may help us to gain a better sense of how many birds are being killed. 
Complete histories would help us to identify factors (such as vertical placement of mirrors) leading to 
mortalities. Continued monitoring is also advised as these facilities transition from construction to full 
operation. Of especial concern is the Ivanpah facility which was not fully-functioning at the time of the 
latest carcass submissions. In fact, all but 7 of the carcasses with solar flux injury and reported dates of 
collection were found at or prior to the USFWS site visit (October 21-24, 2013) and, therefore, represent 
flux mortality from a facility operating at only 33% capacity. Investigation into bat and insect mortalities 
at the power tower site should also be pursued.  
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Appendix 1.   List of all 71 species recovered from the three solar energy sites.  In this table, remains of 
closely related taxa that could not be definitively identified (e.g. Cinnamon/Blue-winged Teal and Black-
throated/Sage Sparrow) are assigned to the biogeographically more likely taxon.  In all such cases, the 
possible taxa are ecologically similar.  All of these species are MBTA-listed. 
 
SPECIES  Zone Residency Sites MNI 
Cinnamon Teal Anas cyanoptera water migrant DS,IV 5 
Pied-billed Grebe Podilymbus podiceps water migrant DS 1 
Western Grebe Aechmorphorus occidentalis water migrant DS 9 
Eared Grebe Podiceps nigricollis water migrant DS,GN 5 
Brown Pelican Pelecanus occidentalis water migrant DS 2 
Double-crested Cormorant Phalacrocorax auritus water migrant DS 2 
Great Blue Heron Ardea herodias water migrant GN 1 
Black-crowned Night-
Heron 

Nycticorax nycticorax water migrant DS 1 

Cooper's Hawk Accipiter cooperii air migrant IV 1 
Red-shouldered Hawk Buteo lineatus terr migrant IV 1 
American Kestrel Falco sparverius air resident GN,IV 2 
Peregrine Falcon Falco peregrinus air resident IV 1 
American Coot Fulica americana water migrant DS, IV 12 
Yuma Clapper Rail  Rallus longirostris yumanensis water resident DS 1 
Sora Porzana carolina water migrant DS,IV 2 
American Avocet Recurvirostra americana water migrant DS 1 
Spotted Sandpiper Actitis maculatus water migrant IV 2 
Ring-billed Gull Larus delawarensis water migrant GN 2 
California Gull Larus californianus water resident GN 1 
Greater Roadrunner Geococcyx californianus terr resident IV 5 
Yellow-billed Cuckoo Coccyzus americanus terr migrant IV 1 
Mourning Dove Zenaida macroura terr resident DS, IV 14 
White-winged Dove Zenaida asiatica terr resident DS,GN 2 
Barn Owl Tyto alba terr resident IV 1 
Lesser nighthawk Chordeiles acutipennis air resident DS,GN,IV 7 
Common Poorwill Phalaenoptilus nuttallii air resident DS,IV 2 
White-throated Swift Aeronautes saxatalis air resident IV 1 
Costa's Hummingbird Calypte costae air resident DS 1 
Allen's/Rufous 
Hummingbird 

Selasphorus sp. air migrant IV 1 

Northern Flicker Colaptes auratus terr resident IV 1 
Ash-throated Flycatcher Myiarchus cinerascens air resident DS,IV 2 
Say's Phoebe Sayornis saya air resident GN 2 
Black Phoebe Sayornis nigricollis air resident DS 1 
Loggerhead shrike Lanius ludovicianus terr resident DS,IV 5 
Warbling Vireo Vireo gilvus terr migrant IV 1 
Common Raven Corvus corax terr resident DS,IV 3 
Horned Lark Eremophila alpestris terr migrant DS 1 
Tree Swallow Tachycineta bicolor air migrant DS,GN,IV 5 
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SPECIES  Zone Residency Sites MNI 
Cliff Swallow Petrochelidon pyrrhonota air resident GN 5 
No. Rough-winged Swallow Stelgidopteryx serripennis air migrant IV 2 
Verdin Auriparus flaviceps terr resident IV 3 
Blue-gray Gnatcatcher Polioptila caerulea terr resident IV 1 
Northern Mockingbird Mimus polyglottos terr resident IV 1 
American Pipit Anthus rubescens terr migrant IV 4 
Orange-crowned Warbler Oreothlypis celata terr migrant IV 1 
Lucy's Warbler Oreothlypis luciae terr resident IV 1 
Yellow-rumped Warbler Setophaga coronata air migrant IV 14 
Black-throated Gray 
Warbler 

Setophaga nigrescens terr migrant IV 1 

Hermit Warbler Setophaga occidentalis  terr migrant GN 1 
Townsend's warbler Setophaga townsendi terr migrant DS,IV 4 
Yellow Warbler Setophaga petechia terr migrant IV 1 
Black-and-white Warbler Mniotilta varia terr migrant IV 1 
MacGillivray's Warbler Oporornis tolmei terr migrant IV 1 
Wilson's Warbler Cardellina pusilla terr migrant DS,IV 4 
Common Yellowthroat Geothlypis trichas  terr migrant DS 1 
Western Tanager Piranga ludoviciana terr migrant DS,IV 4 
Black-headed Grosbeak Pheucticus melanocephalus terr migrant DS,GN 2 
Lazuli Bunting Passerina caerulea terr migrant IV 1 
Blue Grosbeak Passerina caerulea terr resident IV 1 
Green-tailed Towhee Pipilo chlorurus terr migrant IV 1 
Brewer's Sparrow Spizella breweri terr resident IV 3 
Chipping Sparrow Spizella passerina terr resident GN,IV 4 
Black-throated Sparrow Amphispiza bilineata terr resident DS,IV 4 
Savannah Sparrow Passerculus sandwichensis terr migrant DS,IV 3 
White-crowned Sparrow Zonotrichia leucophrys terr migrant IV 6 
Pine Siskin Spinus pinus terr migrant IV 1 
House Finch Carpodacus mexicanus terr resident IV 13 
Great-tailed Grackle Quiscalus mexicanus terr resident DS,IV 5 
Brown-headed Cowbird Molothrus ater terr resident DS,GN,IV 8 
Yellow-headed Blackbird Xanthocephalus xanthocephalus terr migrant DS 1 
Bullock's Oriole Icterus bullockii terr resident GN 2 
 
Species recovered from one site: 47 
          two sites: 18 
      three sites: 5  
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Appendix 2. Species with solar flux burns 
 
Common Name Scientific name  
Yellow-rumped warbler Setophaga coronata 12 
House finch Carpodacus mexicanus 10 
Chipping sparrow Spizella passerina 2 
Unidentified warbler Parulidae 2 
Verdin Auriparus flaviceps 2 
Great-tailed grackle Quiscalus mexicanus 2 
Lucy’s warbler Oreothlypis luciae 1 
Wilson's warbler Cardellina pusilla 1 
MacGillivray's warbler Oporornis tolmei 1 
Black-throated gray warbler Setophaga nigrescens 1 
Townsend's warbler Setophaga townsendi 1 
Orange-crowned warbler Oreothlypis celata 1 
Blue-gray gnatcatcher Polioptila caerulea 1 
Unidentified swallow Hirundinidae 1 
Northern rough-winged swallow Stelgidopteryx serripennis 1 
Warbling vireo Vireo gilvus 1 
Unidentified hummingbird Selasphorus sp. 1 
Unidentified passerine Passeriformes 1 
Unidentified finch Carpodacus sp. 1 
Lazuli bunting Passerina caerulea 1 
Unidentified sparrow Spizella species 1 
Unidentified blackbird Icteridae 1 
Peregrine falcon Falco peregrinus 1 
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a b s t r a c t

Despite the benefits of reduced toxic and carbon emissions and a perpetual energy resource, there is
potential for negative environmental impacts resulting from utility-scale solar energy (USSE) develop-
ment. Although USSE development may represent an avian mortality source, there is little knowledge
regarding the magnitude of these impacts in the context of other avian mortality sources. In this study
we present a first assessment of avian mortality at USSE facilities through a synthesis of available avian
monitoring and mortality information at existing USSE facilities. Using this information, we contextualize
USSE avian mortality relative to other forms of avian mortality at 2 spatial scales: a regional scale
(confined to southern California) and a national scale. Systematic avian mortality information was
available for three USSE facilities in the southern California region. We estimated annual USSE-related
avian mortality to be between 16,200 and 59,400 birds in the southern California region, which was
extrapolated to between 37,800 and 138,600 birds for all USSE facilities across the United States that are
either installed or under construction. We also discuss issues related to avianesolar interactions that
should be addressed in future research and monitoring programs.
Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Renewable energy development has been increasing as an
alternative to fossil-fuel based technologies, in large part to reduce
toxic air emissions and CO2-induced effects on climate [1,2]. Ac-
cording to the U.S. Energy Information Association [3], electric
generation from renewables in the United States has increased by
over 50% since 2004 and renewable energy sources currently pro-
vide approximately 14% of the nation's electricity. Solar energy-
based technologies represent a rapidly developing renewable en-
ergy sector that has seen exponential growth in recent years [4,5].
For example, since 2013 alone, cumulative installations of photo-
voltaic (PV) solar energy technologies, including residential, com-
mercial, and utility-scale installations, have more than doubled in
the United States [6].

Utility-scale solar energy (USSE) projects generate electricity for
delivery via the electric transmission grid and sale in the utility

market. This differs from distributed solar energy systems which
are designed for electric generation and utilization at local scales.
According to the Solar Energy Industries Association (SEIA) [7],
there currently are approximately 800 USSE projects (�1 MW
[MW]) in the United States that are either in operations or under
construction, representing approximately 14 GW (GW) of electric
capacity. Based on solar insolation models developed by the Na-
tional Renewable Energy Laboratory [8], the greatest solar resource
potential in the United States occurs in the southwest within the six
following states: Colorado, NewMexico, Utah, Arizona, Nevada, and
California (Fig. 1). Indeed, most of the installed or planned utility-
scale solar facilities in the United States (based on electric capac-
ity and includes projects that are operating, under construction,
and under development) are located within these six southwestern
states (Fig. 2) [7].

There are two basic types of solar energy technologies employed
at USSE installations in the United States [9]: photovoltaic (PV) and
concentrating solar power (CSP). Photovoltaic systems use cells to
convert sunlight to electric current, whereas CSP systems use
reflective surfaces to concentrate sunlight to heat a receiver. That
heat is subsequently converted to electricity using a thermoelectric
power cycle. CSP systems typically include power tower systems
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with heliostats (angled mirrors) and parabolic trough systems
(parabolic mirrors). In the United States, most of the electricity
produced by utility-scale solar energy projects through 2015 was
generated using PV technologies [6].

Despite the benefits of reduced toxic and carbon emissions from
a perpetual energy resource, there is potential for negative envi-
ronmental impacts resulting from utility-scale solar development
[9,10]. Utility-scale solar energy facilities in the United States
require large spatial footprints (between 1.4 and 6.2 ha of land per
MW of electric production) and are projected to require a total of
370,000e1,100,000 ha of land by 2030, mostly in the arid regions of
the southwestern states [11]. These large scale developments and
land-cover change associated with them may result in a variety of
environmental impacts. Among the potential environmental im-
pacts are ecological impacts to wildlife species and their habitats.
Recent studies have suggested that utility-scale solar developments
may represent a source of mortality for wildlife such as birds [12].
There are currently 2 known types of direct solar energy-related
bird mortality [9,12,13]:

1. Collision-related mortality emortality resulting from the direct
contact of the bird with a solar project structure(s). This type of
mortality has been documented at solar projects of all tech-
nology types.

2. Solar flux-related mortality e mortality resulting from the
burning/singeing effects of exposure to concentrated sunlight.
Mortality may result in several ways: (a) direct mortality; (b)
singeing of flight feathers that cause loss of flight ability, leading
to impact with other objects; or (c) impairment of flight capa-
bility to reduce the ability to forage or avoid predators, resulting
in starvation or predation of the individual [12]. Solar flux-
related mortality has been observed only at facilities employ-
ing power tower technologies.

The nature and magnitude of impacts to bird populations and
communities is generally related to the following three primary
project-specific factors [10,14]: location, size, and technology. Bird
abundance and activity at local and regional scales varies by the
distribution of habitat and other landscape features (e.g., elevation)
in the environment [15e19]. Therefore, the location of a solar en-
ergy project relative to bird habitats, such as migration flyways,
wetlands, and riparian vegetation, could influence avian mortality
risk. The footprint size of the solar project is a direct measure of the
amount of surface disturbance and human activity. Projects with
larger footprints, therefore, may result in more avian fatalities than
projects with smaller footprints. Lastly, different solar technologies
and project designs may influence avian mortality risk. For
example, project designs that utilize constructed cooling ponds, or

Fig. 1. Solar energy potential in the United States [8].
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solar collectors that reflect polarized sunlight in such a way so as to
be perceived as waterbodies, may attract birds and their prey (e.g.,
insects), thereby increasing the risk of bird collisions with project
structures [10,12,14,20]. To date, however, no empirical research
has been conducted to evaluate the attraction of utility-scale solar
facilities to migrating or foraging birds. Although collision-related
impacts may occur at all types of solar energy technologies, the
effects of solar flux on birds to date have been observed only at
facilities employing power tower technologies [9,12,13].

One approach to understanding the impacts of utility-scale solar
energy development on birds is through understanding mortality
risk from solar energy development in the context of other indus-
trial developments. Techniques to estimate avian mortality based
on systematic monitoring methods have been previously employed
for other sources of avian mortality (e.g., [21e24]). Despite the
potential for avian mortality from solar energy development,
however, there is currently little empirical data on avian mortality
at solar facilities (but see McCrary et al. [13]). However, as more
data resulting from avian monitoring at solar energy facilities
become available, a systematic assessment of available data can
provide a better understanding of avian fatality risk at utility-scale
solar energy developments.

The objectives of this study were to 1) synthesize currently-
available information regarding avian mortality at utility-scale so-
lar facilities; 2) contextualize avian mortality at utility-scale solar
facilities relative to other human sources of avian mortality; and 3)
discuss issues related to avianesolar interactions that need to be
addressed in future research and monitoring designs.

2. Methods

2.1. Study area

Despite efforts to collect avianesolar data at USSE facilities
throughout the United States (see RESULTS), our comprehensive
search for available avian fatality information at USSE facilities
revealed that information was primarily only available within the
region of southern California. For this reason, we defined our study
area as the area that encompassed approximately 148,000 km2

within the 10 southern-most counties of California (Fig. 3). This
region was chosen for the amount of current and planned utility-
scale solar energy development and availability of project-specific
information on avian fatalities. Nearly 50% of utility-scale solar
developments either under construction or in operation in the

Fig. 2. Total solar energy production capacity (MW) by County [7].
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United States are located in this region (Figs. 2 and 4) [7]. In addi-
tion, all currently-available information on avian mortality at U.S.
utility-scale solar energy facilities are associated with only those
projects occurring in this region (see Results).

2.2. Literature review

We conducted a review of available information on avian
monitoring and mortality at utility-scale solar energy facilities by
obtaining project-specific information from publicly-available on-
line sources, such as the California Energy Commission (CEC; http://
www.energy.ca.gov/). We conducted a comprehensive online
search of the open literature on Web of Science (https://
webofknowledge.com/) and Google Scholar (http://scholar.google.
com/) using search terms “solar energy” and a combination of
“bird”, “deaths”, “fatality”, “mortality”, “monitoring”, “avian mor-
tality”, and “avian monitoring”. We also contacted and requested
avian mortality information from solar energy developers and

Fig. 3. Utility-scale solar facilities with available avian fatality data and major wind projects within the Southern California study area.

Fig. 4. Utility-Scale Solar Energy (USSE) electric generation potential in the Southern
California Study Area and within the United States by minimum name plate electric
capacity category.
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industry representatives operating in the United States and
internationally.

Only studies at solar facilities in which avian fatalities were
recorded from systematic surveys were considered in this study.
Systematic data include fatalities observed during the course of
survey efforts designed to characterize avian mortality at the
project. Other fatality observations, such as incidental fatality data,
were not part of focused systematic searches for carcasses and
therefore could not be used to estimate project-specific mortality
rates.

2.3. Mortality rate estimation

A standard metric commonly used for assessing avian mortality
at energy production facilities is the mortality rate estimated as the
total number of bird deaths per unit of energy production (e.g., bird
deaths per MW per year) [24,25]. Our primary focus was to stan-
dardize avian mortality rates to the name plate capacity of utility
energy developments to enable more direct comparison to other
energy-related mortality sources such as wind energy. However,
we also calculated mortality rates by the amount of electricity
produced at each facility assuming a 30% capacity factor (the
approximate capacity factor observed during the first year of op-
erations at the Ivanpah Solar Electric Generating System). Using
these metrics, a regional avian mortality rate was estimated for
utility-scale solar projects in the study area (Fig. 3).

It is important that mortality estimates be adjusted to account
for biases in scavenging and ability of searchers to detect carcasses
[28e30]. Searcher efficiency is a metric to quantify the ability of
searchers to detect carcasses. It typically refers to the percentage of
carcasses observed by searchers relative to a known number of
carcasses. Factors such as bird size and the presence of obstructions
such as vegetation and structures may influence searcher efficiency
[28,30]. The carcass persistence rate is a metric to quantify the
amount of time (usually days) that a carcass is available to be
observed before it is scavenged by predators. Factors such as bird
size and local predator densities may influence carcass persistence
estimates [28e30]. We ensured that all studies used in avian
mortality rate estimates included mathematical approaches to ac-
count for predation and searcher efficiency biases (e.g., [30,31]. For
those studies that did not consider predation and searcher effi-
ciency biases in mortality rate estimation, we applied adjustments
for those biases based on average predation and searcher efficiency
rates observed at nearby solar and wind energy projects in the
region (see supplemental information).

Avian mortality at some USSE facilities was recorded as separate
mortality rates for fatalities known to be attributable to the facility
(e.g., observable collision trauma or singed feathers) and unknown
fatalities in which carcasses found on the project site showed no
observable project-associated cause of death. The total avian mor-
tality rate was calculated as a range representing the minimum
(based on carcasses with a known cause of death attributable to the
facility) and the maximum (based on the sum of birds with known
and unknown causes of death). It is important to identify and
distinguish between these two types of mortality estimates
because birds with an unknown cause of death may have died due
to natural causes (i.e., predation or disease) and may not be
attributed to the solar facility. Following this, we used information
provided by SEIA [7] to determine the total name plate electric
capacity of all current and planned USSE facilities in the study re-
gion. We multiplied total USSE electric capacity with estimated
USSE mortality rates to calculate total annual USSE-related avian
mortality. We also used the regional USSEmortality rate to estimate
USSE-related avian mortality across all USSE facilities that were in
operations or under construction in the United States [7]. We used

the regional USSE mortality rate to extrapolate USSE-related mor-
talities at a national scale because USSE developments in the
southern California study region represented nearly 50% of all USSE
developments in the United States (Fig. 4).

2.4. Contextualizing solar avian mortality

To our knowledge, this study is the first systematic synthesis of
avian mortality at USSE facilities. There are no previous efforts to
systematically contextualize solareavian mortalities to other avian
mortality sources. There have been several efforts to assess avian
mortality associated with other renewable energy developments
such as wind energy [23,24] and non-energy sources such as road
mortality [32], collisions with buildings and other structures such
as communication towers [21,32e34], and cat predation [35]. We
reviewed these avian monitoring and mortality studies to estimate
mortality rates from energy and non-energy sources that could be
comparable to USSE-related mortalities. The mortality sources
chosen for comparison include (1) wind energy development, (2)
fossil fuel energy development, (3) collisions with communication
towers, (4) road mortality, and (5) building collisions. We used
mortality rate estimates from these sources to contextualize avian
mortality at two geographic scales: within the southern California
study region and across the United States.

2.4.1. Wind energy development
Recent assessments of avian mortality at wind energy facilities

across the United States have been reported by Loss et al. [36] and
Smallwood et al. [23]. To assess avian mortality associated with
wind energy developments in the southern California study region,
the locations of wind energy facilities and associated electric gen-
eration capacity within the study region were obtained using tur-
bine locations mapped by the U.S. Geological Survey (USGS)
through July 2013 [37]. We searched available literature for sys-
tematic avian monitoring and mortality studies that provided
statistically-based adjusted mortality estimates at these wind en-
ergy facilities in the region. Using these studies, we calculated a
capacity-weighted average mortality rate (number of birds/MW/
year) across the wind energy projects in the region and determined
the total electric energy production of the mapped wind energy
facilities in the region to estimate total annual avian mortality
associated with wind energy developments in the southern Cali-
fornia region. We used estimates provided by Loss et al. [36] and
Smallwood [23] to estimate avian mortalities at wind facilities
across the United States.

2.4.2. Fossil fuel energy development
Sovacool [25] estimated avian mortality from fossil fuel power

plants across the United States as a result of collision with infra-
structure, electrocutions, pollution and contamination, and climate
change. In addition, Sovacool [25] estimated climate change-
induced avian mortality (in terms of habitat loss and changes in
migration) predicted to be the result of fossil fuel power plant
operations. We obtained data on the number and electric capacity
of fossil fuel power plants in the southern California region from
the California Energy Commission Almanac of Power Plants (http://
energyalmanac.ca.gov/powerplants/). We applied the fossil fuel
mortality estimate from Sovacool [25] to calculate a regional annual
mortality estimate resulting from fossil fuel power plants. We also
used the mortalities calculated by Sovacool [25] as an estimate of
avian mortalities associated with fossil fuel power plants across the
United States.

2.4.3. Collisions with communication towers
Longcore et al. [33] conducted a systematic review of avian
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mortality at communication towers in an effort to estimate avian
mortality resulting from collisions with communication towers and
associated structures (e.g., guy wires) across North America. Mor-
tality estimates were calculated within Bird Conservation Regions
(BCR) and aggregated to represent an overall mortality estimate
across North America. Longcore et al. [33] estimated over 6 million
bird mortalities resulting from collisions with communication
towers across North America. To estimate annual avian mortality
associated with collisions with communication towers in the study
region, we applied the mortality estimates within the BCRs re-
ported by Longcore et al. [33] proportional to the distribution of
BCRs in this study's region.

2.4.4. Road mortality
The avian impacts of roadways, including direct collision mor-

tality and indirect effects such as habitat fragmentation, have been
a concern among scientists for many years [32,38,39]. Knowledge
about avian fatality estimates associated with roadways in the
United States comes from the works of Banks [40] and Erickson
et al. [32]. In a synthesis of existing fatality information, Banks [40]
found that avian mortality along roadways in the United States
ranged from 2.7 to 96.2 bird deaths per mile of roadway (4.3e153.9
bird deaths per km). Based on an analysis of all roadways in the
United States, Erickson et al. [32] estimated total avian mortality
associated with vehicle traffic along roadways in the United States
between 89 million and 340million birds per year. In a more recent
study in Canada, Bishop and Brogan [41], found that, after ac-
counting for scavenging, total estimated road mortality was 21.6
bird deaths per mile of roadway (34.6 bird deaths per km). We
obtained roadway GIS data from the U.S. Census Bureau [42] to
estimate the amount of paved roadways in the study region. We
used this estimate to calculate avian road mortality within the
range of mortality rates reported by Banks [40] and Bishop and
Brogan [41].

2.4.5. Building collisions
Loss et al. [34] provided a systematic review and estimate of

avian mortality associated with building collisions in the United
States. Reviewing published literature and unpublished data, Loss
et al. [34] estimated avian mortality at buildings of three different
classes: residential structures, low-rise buildings (1e3 stories high),
and high-rise buildings (�4 stories tall). Estimated mortality in
each building class was calculated by multiplying data-derived
mortality probabilities by the estimated number of buildings in
the United States. Based on this approach, Loss et al. [34] calculated
annual birdmortality at building structures across the United States
to be between 365 million and 988 million birds. For purposes of
establishing context in this study, avian mortality at buildings was
only calculated for residences in the study region because infor-
mation on residential structures were readily available from the
U.S. Census Bureau housing unit statistics [43] and information
provided by individual county assessor's offices. The calculation of
avian mortalities resulting from collisions with residential struc-
tures, therefore, represents a minimum building collision mortality
estimate for the region and is used solely for contextualization
purposes. Loss et al. [34] calculated the 95% CI of annual bird
mortality at residences to be between 1.3 and 3.1 birds per resi-
dence across the United States (median: 2.1 birds). We obtained
data on the number of residential structures within the southern
California region from the U.S. Census Bureau American Housing
Survey [43] and individual county assessor's offices and applied the
building collision-related mortality estimates provided by Loss
et al. [34] to calculate a regional annual mortality estimate resulting
from bird collisions with residential structures.

3. Results

3.1. Avian mortality at USSE facilities

A summary of all USSE facilities in the United States with
available avianmonitoring andmortality information is provided in
the Supplemental Information.We identified 3 USSE facilities in the
United States at which avian fatality data have been systematically
collected and suitable for mortality rate estimation (Table 1). These
three USSE facilities occur in the southern California study region:
California Solar One (CSO), California Valley Solar Ranch (CVSR),
and Ivanpah Solar Electric Generating System (ISEGS) (Fig. 3). The
CSO facility was a CSP power tower project with a name plate
electrical capacity of 10 MW that was decommissioned in 1987.
Systematic surveys on CSO's 7.3 ha (18 acre) project area were
conducted over the course of one year between 1982 and 1983 by
McCrary et al. [13]. These survey results were used to calculate a
site-wide avian mortality estimate for the facility (see
Supplemental Information for more details on avian mortality
estimation). The CVSR facility is an operational PV project with a
name plate electrical capacity of 250 MW. Annual systematic sur-
veys on CVSR's 1902 ha (4700 acre) project area were used to
calculate site-wide avian mortality estimates [44]. The ISEGS fa-
cility is an operational CSP power tower project with a name plate
electrical capacity of 377 MW. Annual systematic surveys on ISEG's
1457 ha (3600 acre) project area were used to calculate site-wide
avian mortality estimates [45].

Avian mortality estimates at each of the three USSE facilities
were adjusted to account for scavenger and searcher efficiency
biases. These adjustments were included in the mortality estimates
determined for CVSR and ISEGS [44,45]. However, McCrary et al.
[13] did not present an adjusted mortality rate for CSO. To calculate
an adjusted mortality rate for CSO, we used average estimates of
carcass persistence and searcher efficiency from nearby studies
using the formula developed by Shoenfeld [31]. In addition, sepa-
rate mortality rates were calculated at CVSR and ISEGS for those
carcasses with a cause of death that could be attributed to known
site-related factors (e.g., collision trauma) as well as those carcasses
found on site that did not show observable site-related causes of
death [44,45]. These separate estimates were used to compute the
total potential site-wide mortality rate (which is the sum of the
known and unknown mortality rates). At CSO, McCrary et al. [13]
attributed 100% of the fatalities to a project-related cause of
death. At the CSO facility; therefore, the mortality rate for carcasses
with unknown causes of death was assumed to be zero (Table 1).
See the Supplemental Information for more information on data
collection and mortality rate estimation at each of these facilities.

There was considerable variability in mortality rates for car-
casses with known project-related causes of death at USSE facilities
(ranging between 0.50 and 10.24 birds/MW/year) (0.23 and 3.90
birds/GWh/year) (Table 1). However, incorporating mortality of
carcasses with no observable project-related cause of death resul-
ted in less variable total potential mortality rates across USSE fa-
cilities (ranging between 9.30 and 10.70 birds/MW/year) (3.55 and
4.08 birds/GWh/year). Calculating the capacity-weighted average
mortality rate of known USSE-related mortalities and total poten-
tial mortality rate results in a range of 2.7e9.9 birds/MW/year
(1.06e3.78 birds/GWh/year) (Table 1). This range represents the
uncertainty in including fatalities with no observable USSE-related
cause of death to the total mortality estimate. Presumably, some
carcasses found on site that showed no signs of USSE-attributable
cause of death would actually be associated with other causes
(e.g., natural background mortality, predation, disease, etc.). Based
on SEIA [7], there is a total name plate electric capacity of 6 GW for
current and planned USSE facilities in the study region. Applying
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the range of USSE capacity-weighted average mortality rates to the
total USSE electric generation potential for the region, we estimate
between 16,200 and 59,400 avian fatalities per year from USSE
facilities within the southern California study region. Across all
USSE facilities in operation or under construction in the United
States (approximately 14 GW name plate electric capacity), be-
tween 37,800 and 138,600 bird deaths are estimated each year
associated with USSE developments (Table 2).

3.2. Contextualizing avian mortality to other sources

Based on turbine locations mapped by the USGS through July
2013 [37], we calculated 4402 MW of total electric energy pro-
duction of wind energy facilities in the study region. Of the wind
energy facilities known to occur in the region, avian mortality data
were available for 5 facilities (Table 3). These projects contain a
wide range of avian mortality estimates (0.55e38.62 mortalities/
MW), most likely due to changes in turbine technology over time.
Taking a capacity-weighted average mortality rate across projects
in the region results in an estimate of 6.71 bird deaths/MW/year. In
addition, based on Smallwood's [23] national mortality estimate of
573,093 birds across a total installed wind energy capacity of
51,630 MW in the United States (as of 2012), we estimated a na-
tional avianmortality rate of 11.10 birds/MW. Applying this range of
annual wind-related mortality rates (6.71e11.10 birds/MW) to the

total electric generation potential for wind energy facilities in the
study region results in an estimate of 29,537e48,862 bird mortal-
ities per year among wind energy facilities in the region (Table 2).

Sovacool [25] estimated approximately 14.5 million birds die
annually across the United States as a result of fossil fuel power
plant operations, at a rate of approximately 74.2 birds/MW/year of
nameplate electrical generation. Based on information obtained
from the California Energy Commission, the total electric capacity
rating of fossil fuel power plants in the study region was approxi-
mately 48,000 MW. Combining this electricity production capacity
with the fossil fuel mortality estimate from Sovacool [25] (74.2
birds/MW/year) results in a regional mortality estimate of
3,561,600 birds associated with fossil fuel power plants (Table 2).

The following BCRs occur in the study region [33]: Sonoran and
Mojave Deserts (57%), Coastal California (42%), and Sierra Nevada
(1%). Based on avianmortality estimates from Longcore et al. [33] at
communication towers in the United States and adjusting for the
percentage of BCRs occurring in the region, we estimated avian
mortality resulting from collision with communication towers in
the study region to be 70,552 birds per year (Table 2).

Based on roadway GIS data obtained from the U.S. Census Bu-
reau [42], there are approximately 167,700miles of paved roadways
in the study region. Banks [40] and Bishop and Brogan [41] esti-
mated avian road mortality to range from 2.7 to 96.2 bird deaths/
mile. Multiplying that range by the number of paved miles in the

Table 1
Avian mortality estimates from systematic surveys at utility-scale solar energy (USSE) facilities.

Project name Technology type and
MW (in Parentheses)a

Mortality rate for known
USSE-related fatalitiesb

Mortality rate for unknown
USSE-related fatalitiesc

Total mortality rate for known and
unknown USSE-related fatalitiesd

Source of mortality estimatee

California Solar
One

CSP e Power tower (10) 10.24 (3.90) 0 (0) 10.24 (3.90) McCrary et al. [13]; See also
Supplemental Information

California
Valley Solar
Ranch

PV (250) 0.50 (0.23) 10.20 (3.89) 10.70 (4.08) H.T. Harvey & Associates [44]

Ivanpah CSP e Power tower
(377)

3.96 (1.53) 5.34 (2.05) 9.30 (3.55) H.T. Harvey & Associates [45]

Capacity-weighted average mortality
rate (birds/MW/year)

2.7 (1.06) 7.3 (2.79) 9.9 (3.78)

a CSP¼ Concentrating Solar Power; PV¼ Photovoltaic.
b Mortality rate for fatalities known to be attributable to the facility (e.g., observable collision trauma or singed feathers). Mortality rate represents the annual number of

estimated bird deaths per megawatt of name plate electric capacity. Values in parentheses represent the annual mortality rate estimated by the amount of electricity produced
in gigawatt hours (GWh), assuming a 30% capacity factor.

c Mortality rate for carcasses found on the project site of unknown cause (e.g., show no observable USSE-associated cause of death). Mortality rate represents the annual
number of estimated bird deaths per megawatt of name plate electric capacity. Values in parentheses represent the annual mortality rate estimated by the amount of
electricity produced in gigawatt hours (GWh), assuming a 30% capacity factor.

d Total mortality rate includes themortality rate calculated for carcasses found at USSE facilities with known and unknown causes of death (i.e., sum of known and unknown
mortality rates). Mortality rate represents the annual number of estimated bird deaths per megawatt of name plate electric capacity. Values in parentheses represent the
annual mortality rate estimated by the amount of electricity produced in gigawatt hours (GWh), assuming a 30% capacity factor.

e Refer to Supplemental Information for summary of data collection and mortality estimation at each solar energy facility.

Table 2
Estimated annual avian mortality from various sources in the Southern California Region and United States.

Mortality source Southern California region United States

Utility-scale solar energy (USSE) developments 16,200e59,400 37,800e138,600a

Wind energy developments 29,537e48,862 140,000e573,000b

Fossil fuel power plants 3,561,600 14.5 millionc

Communication towers 70,552 4.5e6.8 milliond

Roadway vehicles >453,000e 89e340 millionf

Buildings and windows >7,800,000g 365e988 millionh

a Based on approximately 14 GW total name plate capacity of utility-scale solar facilities in operations or under construction across the United States [7].
b Sources: Loss et al. [36], Smallwood [23], Erickson et al. [24].
c Source: Sovacool [25].
d Sources: Erickson et al. (2005), Longcore et al. [33].
e Represents a minimum estimate using only estimated mortality for paved roadways in the southern California study region.
f Source: Loss et al. [49].
g Represents a minimum estimate using only estimated mortality for residential structures in the southern California study region.
h Source: Loss et al. [34].
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region results in 452,790e16,132,740 bird deaths/year due to road
mortality in the study region (Table 2).

Based on data provided by the U.S. Census Bureau American
Housing Survey [43] and information provided by each of the
county assessor's offices, there are approximately 6,000,000 resi-
dential structures in the southern California study region. Applying
the residential 95% confidence interval (CI) of the avian mortality
estimate calculated by Loss et al. [34] results in an estimated 95% CI
of 7,800,000 to 18,200,000 bird fatalities per year in the study re-
gion resulting from collisions with residential structures. The lower
95% CI mortality estimate of 10,500,000 birds represents a lower-
bound estimate intended only for comparison purposes in this
study (Table 2). Additional avian fatalities associated with collision
with low-rise and high-rise buildings that were not evaluated in
this study would contribute to total avian mortality associated with
building collisions in the study area.

4. Discussion

To our knowledge, this is the first systematic assessment and
contextualization of avian mortality at USSE facilities in the United
States. Like all industrial developments, USSE developments have
the potential to impact birds and bird communities in a number of
ways, including direct fatality as a result of collision with USSE
infrastructure or solar flux-related injuries. The studies reviewed in
this article revealed that avian fatalities occur at USSE facilities
employing both CSP and PV technologies. Systematic data collec-
tion and science-based methodologies to estimate adjusted mor-
talities to account for bias factors (e.g., predation, searcher
efficiency, etc.) are important to understand avian impacts of USSE
developments in the context of other human activities. The studies
at the three USSE facilities fromwhich systematically-derived avian
mortality estimates could be calculated were all located in a region
of southern California currently experiencing an accelerated rate of
USSE development. According to SEIA [7], this region accounts for
nearly 80% of all USSE developments in the state of California and
nearly 50% of all USSE developments in the United States (Fig. 3).

Our evaluation of existing avian mortality information at USSE
facilities provided a multi-scalar contextualization of USSE-related
avian mortality in relation to other human activities at a regional
and national scale. At both spatial scales, we found that avian
mortalities at USSE facilities were considerably lower than most
other human activities (Table 2). Within the southern California
study region, avian mortalities at USSE facilities were within the
range of mortalities estimated for utility-scale wind energy facil-
ities. Estimated across the United States, however, avian mortality
was greater at wind energy facilities, presumably due to the greater

amount of wind energy development in other parts of the country.
Total electric capacity of installed wind energy facilities in the
United States was nearly 69 GW by the end of 2014 (>48,000 tur-
bines; [46]), as opposed to total electric capacity of installed USSE
facilities of approximately 14 GW by the end of 2015 [7].

Although USSE-related avian mortality was estimated to be or-
ders of magnitude less than estimated mortality from other human
activities across the United States (except wind energy develop-
ment; Table 2), the number of avian fatalities at solar facilities may
increase in future years as more solar facilities are constructed. The
amount of planned future USSE development in the United States is
nearly 4 times the current installed electric capacity [7]. Based on
the current USSE avian mortality rates examined in this study, full
build-out of the nearly 48 GW of potential future USSE de-
velopments may account for as many as 480,000 bird deaths
annually in the United States. However, avian activity and abun-
dance varies regionally [26,27,47] and may result in regional vari-
ation in avian mortality risk to human activities [25,27]. Because of
this variation, additional systematic monitoring of avian fatality
from various geographic regions where USSE projects are being
developed would be needed to better understand overall avian
mortality at USSE facilities across the United States.

Our preliminary assessment identified several opportunities to
improve consistency in avianmonitoring and data collection efforts
at existing USSE facilities. For example, not all USSE facilities in the
United States operate with an existing avian monitoring and
reporting protocol, nor is there consistency in the survey design
and reporting among the facilities that do implement such pro-
tocols. Only three USSE facilities were reported to have systematic
avian fatality information that could be used to estimate project-
specific avian mortality, and all of these facilities were located in
southern California. Even among these facilities, there were dif-
ferences in survey design and analytical approaches. For example,
methods to estimate mortality based on carcasses with observable
USSE-related cause of death separately from all other carcasses
with unknown cause of death were developed at two of the three
USSE facilities [44,45]. Moving forward, several data needs and
recommendations can be made to improve understanding of avian
fatality issues at USSE facilities:

1 There is a basic need to better understand the causal factors that
contribute to fatalities, such as siting considerations, the po-
tential for avian attraction to USSE facilities (e.g., the “lake ef-
fect” hypothesis), and project design (e.g., whether evaporative
cooling ponds are used).

2 There is a need for more standardized, consistent, and science-
based avian monitoring protocols to improve comparability of

Table 3
Avian mortality estimates at wind energy facilities within the Southern California study Regiona.

Project name Location Electric generation capacity
(MW)

Estimated mortality rate (per MW per
year)

Source of mortality
estimate

Alite Wind Energy Facility Kern County,
CA

24 0.55 Chatfield et al. [50]

Dillon Wind Energy Facility Riverside, CA 45 4.71 Chatfield et al. [51]
Tehachapi Wind Resource Area (West Ridge) Kern County,

CA
11.88 38.62 Smallwood [23]

Tehachapi Wind Resource Area (Middle
Ridge)

Kern County,
CA

19.56 5.67 Smallwood [23]

Tehachapi Wind Resource Area (East Slope) Kern County,
CA

30.24 2.72 Smallwood [23]

Capacity-weighted average mortality rate within the study region 6.71
Estimated average mortality rate for wind energy projects in the United States [23] 11.10b

a Mortality estimates are based on studies that calculated avian mortality for all birds (e.g., passerines and raptors).
b National estimate calculated by Smallwood [23] based on estimated total mortality of 573,093 birds at installed wind energy capacity of 51,630 MW.
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the data being collected. Standardized monitoring methodolo-
gies will improve the scientific certainty of conclusions about
avian mortality.

3 As efforts get under way to improve the quality of avian mor-
tality data collected from USSE facilities, researchers should
focus on (a) uncertainties related to avian risks; (b) population-
level impacts to migratory birds; (c) development of more
effective inventory and monitoring techniques; and (d) devel-
oping appropriate and cost-effective mitigation measures and
best management practices to reduce mortality risk.

While our study provides a preliminary assessment of avian
mortality at USSE facilities, it could serve as a reference for future
study as more avian monitoring is conducted at USSE facilities.
There still remains uncertainty in the population-level impacts of
USSE avian mortality. Despite this uncertainty, available informa-
tion suggests that USSE-related avian mortality is considerably
lower than mortality from other human activities. However, USSE
facilities may still contribute to the cumulative effects of all avian
mortality risk factors (including all other energy developments,
vehicle and building collisions, etc.). Additional study is needed to
understand the combined influence of all avian mortality risk fac-
tors, including USSE-related mortality, on avian populations.

Over time, it is possible for mortality rates to change, or even
decrease, as the USSE industry works to address avianesolar issues
through more environmentally-conscious siting decisions and the
implementation of more effective minimization and mitigation
measures. In fact, cost effective mitigation measures have already
been identified to reduce mortality risk. For example, Walston et al.
[48] reported that measures to alter the standby positioning of
heliostats at USSE facilities employing power tower technologies
could significantly reduce the amount of heat flux around the tower
receiver and thus reduce flux-relatedmortality risk at CSP facilities.
Additional studies to identify optimal project siting locations that
avoid major avian migratory routes, stopover sites, and important
habitats will also work to reduce regional mortality risk. These
activities hold promise for the future of solar energy industry to
become a low cost and low conflict source of electricity.
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a b s t r a c t

Solar energy is a promising alternative to reduce South Africa's dependency on electricity generation
from fossil fuels, since the country has one of the world's most favourable solar energy regimes. Utility-
scale solar energy developments can impact bird communities through habitat loss and collision mor-
tality, but there are few studies of the impacts of utility-scale photovoltaic (PV) facilities on birds. This
study reports how one of South Africa's largest PV facilities (96MW, 180 ha) has altered bird commu-
nities and assesses the risk of avian collision mortality. Bird species richness and density within the PV
facility (38 species, 1.80 ± 0.50 birds$ha�1) tended to be lower than the boundary zone (50 species,
2.63 ± 0.86 birds$ha�1) and adjacent untransformed land (47 species, 2.57± 0.86 birds$ha�1). Only eight
fatalities were detected during 3 months of surveys of the solar field for bird carcasses and other signs of
collisions. The extrapolated mortality for the facility was 435 (95% CI 133e805) birds per year (4.5 bird
fatalities$MW�1$yr�1; 95% CI, 1.5e8.5). No threatened species were impacted by the PV facility, but
further data are required to better understand the risk of PV solar energy developments on birds.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

South Africa is one of the most carbon-intensive countries in the
world [1], ranking among the poorest performers in terms of
emissions level, development of emissions, and efficiency [2]. In
terms of the Copenhagen Accord, South Africa pledged to reduce
carbon emissions 34% below the business-as-usual trajectory by
2020, and 42% by 2025 [3]. Accordingly, a target of 17 800MW
(Megawatt) of new generation capacity from renewable sources
was set for 2030 [4]. Solar energy is seen as a key facet of this
process [5]; [6].

South Africa has one of the highest potential solar energy re-
gimes in the world, making it ideal for PV-based solar energy
generation [3]; [5]. The Northern Cape Province, which has the
most favourable radiation levels, has attracted most utility-scale
photovoltaic (PV) and all of the concentrated solar power (CSP)
projects approved to date [7]; [5]. Technological advancements and

cost reductions have resulted in PV now contributing more than a
third of South Africa's renewable energy capacity [5]. The rapid
development of PV facilities raises concerns about the potential
impacts on bird populations, especially as the scope andmagnitude
of these impacts remain poorly understood [8]; [9]; [10]; [11].

Utility-scale solar PV facilities require ca 2e5 haMW�1 [11], and
thus occupy large areas where there is often the complete removal
of vegetation [9,12]. It is this tendency to destroy, degrade or
fragment large areas of natural habitat that has stimulated most
concern to date [9], especially when threatened birds or those with
restricted ranges and habitat requirements are displaced. Recent
findings at PV facilities in North America suggest that collision
mortality impacts may also be significant [13]; [14]. The “lake-ef-
fect” hypothesis suggests that waterbirds mistake large expanses of
solar arrays for water bodies, colliding with the infrastructure as
they attempt to land. This could either result in direct mortality or
leave individuals injured or stranded, rendering them vulnerable to
predators [14]. Glare and polarised light may also attract insects,
resulting in aggregations of insectivorous birds, further increasing
collision risks [9,15,16]. There have been no studies to substantiate
or refute these hypotheses to date [9,14,17], but the lack of evidence* Corresponding author.

E-mail address: vperold@gmail.com (V. Perold).

Contents lists available at ScienceDirect

Renewable Energy

journal homepage: www.elsevier .com/locate/renene

https://doi.org/10.1016/j.renene.2018.08.106
0960-1481/© 2018 Elsevier Ltd. All rights reserved.

Renewable Energy xxx (2018) 1e10

Please cite this article in press as: E. Visser, et al., Assessing the impacts of a utility-scale photovoltaic solar energy facility on birds in the
Northern Cape, South Africa, Renewable Energy (2018), https://doi.org/10.1016/j.renene.2018.08.106

PC ORIGINAL PKG

mailto:vperold@gmail.com
www.sciencedirect.com/science/journal/09601481
http://www.elsevier.com/locate/renene
https://doi.org/10.1016/j.renene.2018.08.106
https://doi.org/10.1016/j.renene.2018.08.106
https://doi.org/10.1016/j.renene.2018.08.106


may reflect the paucity of monitoring effort more than an absence
of collision risk. Only one study that systematicallymonitored avian
fatalities at a utility-scale PV facility has been published in the
primary literature. Walston et al. [17] used data collected at a
250MWPV facility (California Valley Solar Ranch) in the USA over
one year (August 2012eAugust 2013) by Harvey & Associates [13].
Weekly searches of 20% of the facility found 368 fatalities, but this
estimate was not adjusted for searcher efficiency or scavenger
removal, and included casualties on the fence-line and powerlines,
as well as in the solar array.

Unlike some components generally associated with solar facil-
ities e.g. power lines [18e20], there are no clear patterns in the
types of birds affected by solar panels. Most peer-reviewed publi-
cations only discuss the potential impacts, with little supporting
empirical evidence [8]; [9,11]. Empirical research following sys-
tematic, repeatable and standardised sampling protocols to assess
the impacts of PV facilities on birds is essential to inform biodi-
versity management and monitoring guidelines. This study reports
how the development of a large PV facility has affected bird com-
munities in the semi-arid Northern Cape, South Africa, and pro-
vides the first estimates of collision risks for birds at a PV facility in
this region. It improves our knowledge of the impacts of utility-
scale PV facilities and assesses whether mitigation measures are
warranted to ensure a sustainable industry roll-out across southern
Africa.

2. Methods

2.1. Study site

The study was conducted at the 96MW Jasper PV facility (28�

180 S 23� 220 E), which has a footprint of 180 ha ca 30 km east of
Postmasburg in South Africa's Northern Cape Province. The facility
is adjacent to the 75MW Lesedi PV project. Jasper contains 325 360
fixed-tilt solar panels, facing north at a 20� angle. The top of each
panel is 1.86m off the ground and successive rows are spaced
3.11m apart. The facility is surrounded by a narrow cleared area
with a perimeter track inside a 2-m high double fence that consists
of an outer ribbon mesh and inner electric fence. Waste water
containing chemicals from the panel cleaning process is disposed of
in a 20� 20m evaporation pond next to the administration block.
Outside the fenced area, a 50e150m wide buffer zone, which
remained largely untransformed during the construction process,
extends around the facility and is fenced off from the remainder of
the farm by a standard 1.2-m high livestock fence. The north edge of
the facility has a 1000m2 switchyard with a 5-km long 132 kV
transmission line linking to the national power grid. The facility
was commissioned in 2014, and after construction, regrowth of
grass and lowgroundcover was promoted between the solar arrays.

The facility lies within the Eastern Kalahari Bushveld bioregion
of the Savanna Biome and consists of open savanna grassland
scattered with dense bushes and occasional trees [21]. There are no
rivers in the immediate area, apart from a seasonal stream south-
west of the site. The surrounding land is used for cattle and horse
grazing, and there are several watering points for livestock. An
estimated 187 bird species could occur within the study area, of
which six are red-listed and 53 are endemic/near-endemic to
southern Africa [22]; [23].

2.2. Changes in bird communities

Standard line transect sampling procedures [24] were used to
estimate bird densities in three areas: the solar facility, its boundary
(including the perimeter fence, evaporation pond, and buffer zone),

and the adjacent untransformed landscape. Elevated vantage
points were included in each transect within the facility to improve
visibility between the solar panels. All birds seen or heard were
identified using binoculars or by call and the perpendicular dis-
tance between observer and bird was estimated. Surveys were
conducted by one observer throughout the study, took place within
4 h of sunrise when bird activity was highest, and on relatively calm
days. The sequence of observations was randomised among sites to
ensure different starting points for each survey [24].

2.3. Collision mortality

At the start of the study, the entire facility was searched to
remove old bird carcasses. Thereafter regular mortality surveys
were conducted for three months, from September to December
2015. Carcass searches took place bywalking between rows of solar
panels, checking beneath the solar panel units (SPUs) and the
surfaces of the panels for any signs of collision. In addition to car-
casses, evidence of collision was inferred from: (1) smudge marks
(e.g. blood or dust imprints) and feathers on the panels, or (2)
feather spots consisting of ten or more feathers of any type in an
area <3m2, or at least two wing flight feathers or five tail feathers
within 5m of each other. The solar field was divided into three
sample areas, with effort distributed evenly over the subset of
panels selected for routine sampling. To limit the loss of carcasses
to scavengers [25,26], one set of solar arrays in each area
(28880e31160 SPUs, representing 9e10% of each sample area) was
searched every 4 days for the first six weeks and every 7 days
thereafter, whereas the second set (24920e32760 SPUs; 8e10% of
the total area) was surveyed every 14 days. Total coveragewas close
to 30% per search-interval category.

Bird mortalities arising from other infrastructure associated
with the solar facility were also monitored. The evaporation pond
and substation was checked every 4 days. The perimeter fence was
subdivided into 3 sections, with 55% (4.03 km) checked every 4
days, 9% (0.65 km) every 7 days, and 36% (2.60 km) every 14 days.
Searches were conducted by driving slowly (<10 kmh�1) along the
track just inside the fence, or on foot where the track diverged from
the fence. The transmission line linking the solar facility to the
national grid was surveyed monthly by two searchers on foot,
following a meandering transect underneath the lines and
surveying for fatalities within approximately 10e15m of the power
line [27].

2.4. Searcher efficiency trials

Searcher efficiency trials were conducted to quantify the prob-
ability of carcass detection among the SPUs [17,28]. In contrast to
wind-energy fatalities, injuries or fatalities were unlikely to result
in dismemberment [29], so the trials used intact carcasses. Bird
carcasses (n¼ 30), which had been stored frozen and marked with
small plastic leg rings to distinguish them from natural mortalities
[30], were deployed in what were thought to be likely spots on,
adjacent to, or underneath panels throughout a defined area in the
solar field. This area was then searched by independent observers
using the standardised survey procedure for carcass detection,
recording the location and identification of carcasses [31]. Imme-
diately after each trial, undetected carcasses were retrieved to
confirm that they had not been removed by scavengers. Detection
probabilities were estimated in relation to two covariates: location
relative to the SPUs (adjacent or underneath) and bird size (small
[<100 g], medium [100e1000 g] or large [>1000 g]; Appendix A).
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2.5. Carcass persistence trials

Carcass persistence trials estimated the probability that a
carcass would be detectable by observers searching at fixed search
intervals (Walston et al., 2015; [25]. Only the influence of carcass
size was considered; seasonal and inter-annual variation in
persistence rates were not considered due to the relatively short
study period [29]. Over the course of the study, 45 bird carcasses
(30 small, 10 medium and 5 large) were placed throughout the
facility among the SPUs and along the perimeter fence (Appendix
A). At most five carcasses were placed every 1e2 weeks to avoid
scavenger swamping [29,30]. All carcasses were marked with a
plastic leg band and handled with latex gloves to reduce the risk of
leaving scent traces which may be used as cues by potential scav-
engers [31,32]. Carcasses were checked until they disappeared or
deteriorated to a point where theywould no longer be detected as a
fatality. They were visited daily for the first 5 days, every other day
from day 7e15 and every seven days thereafter until 4 weeks after
deployment. The state of carcasses was categorised as: (1) intact,
(2) scavenged [carcass dismembered, or flesh removed], (3) feather
spot, or (4) removed [not enough remains to be considered a fa-
tality]. A subset of carcasses was monitored using Ltl-5310 ACORN
motion-triggered cameras to identify the main scavengers in the
study area.

2.6. Data analyses

Distance 6.2 was used to generate density estimates (bird-
s$ha�1) for the most abundant species and the entire community.
Suitable truncation points were determined and the distance data
were grouped into intervals (0e20m, 21e50m, 51e100m,
101e200m, over 200m). Models were fitted and assessed using
Akaike's Information Criterion [33]. AWelch's t-test was used with
R 3.2.2 to assess differences in bird density. Correspondence
Analysis (CA) was used to assess variation in bird community

composition among sample areas by plotting the species and
sample area scores (e.g. Ref. [34]. The 23 most abundant species
were selected to analyse the degree of avoidance. Each species i
relative frequency at the facility gi (Lf) was compared to its fre-
quency at the untransformed landscape gi (Lu) with the use of chi-
square goodness-of-fit tests or Fisher exact tests (expected
numbers lower than 5) with a Bonferroni correction (e.g. Ref. [34].
Individual species frequencies gi, were defined as the ratio of
species i's abundance to the total number of birds. Scores located
close to the y¼ x line indicated indifference, while overrepresented
species at the facility would be above the line and underrepre-
sented species under the line. Species were allocated to one of four
habitat groups (shrub/woodland species, open country/grassland
species, aerial insectivores and generalists; Table 1) based on their
preferred habitat from Hockey et al. [35].

The estimated number of birds killed by collisions was extrap-
olated from the observed collision data, correcting for detection
biases and carcass persistence (e.g. Refs. [36,37]. For any solar array
i, the 3 month study period was divided into Si consecutive in-
tervals of length Iij, representing the total number of intervals and
days per solar array. The total number of fatalities (Fij) at the ith
solar array in the jth interval was grouped by carcass size and
search-interval category (4, 7, and 14 days), for which the proba-
bility of detectionwas the same for all carcasses in the set. Fatalities
were calculated as the number of carcasses observed (cijk) over the
probability of detection (gijk), calculated as the product of the
probability of a carcass being observed (p) and the probability of a
carcass persisting (r), and was applied to all birds found at the end
of interval length I. Searcher efficiency was estimated as the pro-
portion of carcasses found by searchers, analysed per size class and
carcass location. Carcass persistence was estimated as the propor-
tion of carcasses remaining after a given search interval category.
Fatality rates were reported per GWh and MW, and 95% confidence
intervals around the estimates were obtained by bootstrapping the
mortality data in Excel (n¼ 1000 replicates). Chi-squared

Table 1
The 23 most abundant bird species counted during 50 transect counts (5 replicates for each of the 5 transects per sample area) indicating total counts and density estimates
(birds$ha�1) for species recorded within the solar facility and untransformed landscape (n.s.¼ not significant).

Common name Scientific name PV facility Untransformed land Density

Count Density Count Density p-value

Shrub/woodland species
Black-chested prinia Prinia flavicans 0 e 29 0.58± 0.42 <0.001
Chestnut-vented tit-babbler Sylvia subcaeruleum 0 e 21 0.99± 0.35 <0.001
Violet-eared waxbill Granatina granatinus 0 e 21 0.62± 0.98 <0.001
Kalahari scrub-robin Cercotrichas paena 0 e 18 0.80± 0.54 <0.001
Karoo scrub-robin Cercotrichas coryphaeus 0 e 10 0.29± 0.55 n.s.
African red-eyed bulbul Pycnonotus nigricans 7 e 25 0.37± 0.27 n.s.
Open country/grassland
Eastern clapper lark Mirafra fasciolata 7 e 20 0.78± 0.82 n.s.
Desert cisticola Cisticola aridulus 24 1.27± 1.21 19 0.5± 0.31 n.s.
Ant-eating chat Myrmecocichla formicivora 15 0.19± 0.41 18 0.4± 0.86 n.s.
Spike-heeled lark Chersomanes albofasciata 15 0.44± 0.64 5 0.38± 0.65 n.s.
Plain-backed pipit Anthus leucophrys 11 0.31± 0.59 2 e n.s.
Aerial species
Alpine swift Tachymarptis melba 4 0.19± 0.41 6 e n.s.
Rock martin Ptyonoprogne fuligula 11 0.17± 0.42 0 e <0.001
Greater-striped swallow Cecropsis cucullata 10 0.49± 0.59 16 0.42± 0.36 n.s.
Generalist species
Cape turtle dove Streptopelia capicola 12 e 23 0.55± 0.97 n.s.
Familiar chat Cercomela familiaris 32 1.54± 1.09 11 e <0.001
Chat flycatcher Bradornis infuscatus 5 0.26± 0.34 2 _ n.s.
Fiscal flycatcher Sigelus silens 14 0.25± 0.56 10 0.36± 0.32 n.s.
Fawn-coloured lark Calendulauda africanoides 16 0.56± 0.39 24 0.94± 0.66 n.s.
Cape bunting Emberiza capensis 4 0.28± 0.79 0 e n.s.
Cape sparrow Passer melanurus 28 0.38± 0.38 6 e <0.001
Black-throated canary Crithagra atrogularis 12 0.52± 0.59 5 e n.s.
Yellow canary Crithagra flaviventris 59 0.50± 0.62 56 0.93± 0.66 n.s.

E. Visser et al. / Renewable Energy xxx (2018) 1e10 3

Please cite this article in press as: E. Visser, et al., Assessing the impacts of a utility-scale photovoltaic solar energy facility on birds in the
Northern Cape, South Africa, Renewable Energy (2018), https://doi.org/10.1016/j.renene.2018.08.106

PC ORIGINAL PKG



goodness-of-fit tests were conducted in R version 3.2.2, with
a¼ 0.05.

3. Results

3.1. Changes in bird communities

Fifty-three bird species (Fig. 1, Appendix B) were recorded dur-
ing 75 transect counts (5 replicates for each of the 5 transects per
sample area), of which 22 were endemic or near-endemic to
southern Africa but none was globally or nationally threatened
[22]. Species richness (38 species) and average density of birds
(1.80± 0.50 birds$ha�1) at the PV facility tended to be lower than
the boundary (50 species, 2.63± 0.86 birds$ha�1) and adjacent
untransformed landscape (47 species, 2.57± 0.86 birds$ha�1),
although the difference in density was only marginally significant
(t¼�2.21, df¼ 6, P¼ 0.06). Of the 23 most abundant bird species,
six were typical of shrub/woodland, five of open country/grassland,
three were aerial insectivores, and nine were generalists (Table 1).
The first axis of the CA, which explained 96% of variation in bird
abundance, clearly differentiated the solar facility community from
the adjacent untransformed landscape community (Fig. 1). All six
shrub/woodland species were under-represented at the PV facility

(Fig. 2), with five being absent from the facility (Table 1). Among the
five open country/grassland species, three (eastern clapper larks
Mirafra fasciolata, plain-backed pipits Anthus leucophrys and ant-
eating chats Myrmecocichla formicivora) were over-represented in
the facility (Fig. 2), but none of their densities differed significantly
(Table 1). Most generalist species were represented equally in the
facility and adjacent land, but familiar chats Cercomela familiaris
and Cape sparrows Passer melanurus were more abundant inside
the facility than in adjacent vegetation (Fig. 2, Table 1). Of the three
aerial species, rock martins Ptyonoprogne fuligula were more com-
mon over the facility (Table 1).

Most birds visited the facility to forage (e.g. fiscal flycatchers
Sigelus silens and chat flycatchers Bradornis infuscatus used the solar
panels as foraging perches), while some species used the SPUs for
shade and shelter (e.g. Orange River francolins Scleroptila levail-
lantoides foraged under the SPUs). Some granivores visited the
evaporation pond to drink (e.g. yellow canaries Crithagra flavi-
ventris and Cape sparrows), while Cape wagtails Motacilla capensis
foraged around the pond. Five species were found nesting on the
solar panel supports: Cape sparrows (n¼ 2), and one nest each of
familiar chat, African red-eyed bulbul Pycnonotus nigricans, laugh-
ing dove Streptopelia senegalensis, and Cape wagtail.

Fig. 1. Biplot of the first two axes of the Correspondence Analysis (CA) representing the 53 bird species distributed over the solar facility, boundary, and untransformed landscape at
the Jasper PV solar facility in the Northern Cape, South Africa. Crosses represent the 23 most abundant species within and around the development footprint, which were retained
for further analysis.
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3.2. Collision mortality

The initial clearance surveys detected three fatalities among the
SPUs and perimeter fence. Thereafter, eight fatalities of six bird
species were recorded (Table 2); seven among the SPUs (0.003
birds$ha�1$month�1) and one Orange River francolin at the fence-
line (0.002 birds$km�1$month�1). Most fatalities were inferred
from feather spots. No fresh carcasses or evidence of damaged or
imprinted solar panels that might have suggested collision were
recorded, making it impossible to infer cause of death. Most fatal-
ities (7 of 8) were located under the SPUs, suggesting that either the
birds did not collide with the upper surfaces of the panels, or they
were moved by scavengers after collision. The fence-line fatality of
an Orange River francolin resulted when the bird was trapped be-
tween the inner and outer fence. Three red-crested korhaans

Lophotis ruficrista, another large-bodied bird, were unable to escape
from between the two fences without the help of facility personnel.
Two rock monitor lizards Varanus albigularis also were rescued
from between the two fences. Only one fatality was detected on
other infrastructure: a crowned lapwing Vanellus coronatus dead on
the approach road, probably hit be a vehicle. No collision or elec-
trocution mortalities were found under the transmission line
linking the facility to the national grid.

3.3. Searcher efficiency trials

Overall 74% of trial carcasses were detected by observers, with
both carcass size (c2¼19.75, df¼ 2, P< 0.001) and location relative
to the SPUs (c2¼ 9.26, df¼ 1, P< 0.001) influencing the probability
of detection. Large birds (100%) andmedium-sized birds (90%) were

Fig. 2. Comparing relative frequencies between the PV facility and untransformed landscape for 23 most abundant species, grouped according to habitat dependencies (aerial,
generalists, open country/grassland and shrub/woodland species).

Table 2
Summary of bird fatalities detected during 3 months of avian mortality surveys at the PV facility in the Northern Cape, South Africa. Fatalities recorded during the initial
clearance surveys are in brackets compared to the fatalities found during the regular surveys.

Size class Common name Scientific name SPUs Fence

Small (<100 g) Fiscal flycatcher Sigelus silens 2 (1) e

Red-eyed bulbul Pycnonotus nigricans e 0 (1)
Eastern clapper lark Mirafra apiata 1 (0) e

Medium-large (>100 g) Orange River francolin Scleroptila levaillantoides 3 (1) 1 (0)
Speckled pigeon Columba guinea 1 (0) e

Total 7 (2) 1 (1)
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more likely to be detected than small birds (60%), as were birds
under the SPUs, where there was less vegetation than between the
SPUs (Table 3).

3.4. Carcass persistence trials

Overall, 20% of bird carcasses disappeared within 24 h of
placement, 36% after oneweek, and 53% after 4 weeks (Fig. 3). Large

carcasses were more likely to persist than small carcasses
(c2¼ 8.14, df¼ 1, P< 0.01). Only 30% of small bird carcasses were
still detectable after 4 weeks, compared to 80% of medium-large
carcasses, although both size classes were mainly represented by
feather spots (Fig. 3). Medium-sized carcasses were reduced to
large feather spots, usually after beingmoved under the SPUs. Large
carcasses were mostly reduced to scattered bones and feathers.
Feathers typically remained within 5m of the placement location.
Camera traps revealed that small carcasses were generally removed
whole by scavengers, including African polecats Ictonyx striatus
(n¼ 4), yellow mongooses Cynictis penicillata (n¼ 3) and feral cats
Felis catus (n¼ 2). Avian scavengers typically left the remains in situ
and included Orange River francolins (n¼ 2) and pied crows Corvus
albus (n¼ 1). Scavenging by birds and yellow mongooses occurred
during the day, whereas polecats and feral cats were active at night.

Table 3
Results of the searcher efficiency trials by size class and location relative to the Solar
Panel Units (SPUs) at the PV facility.

Size class Adjacent to SPUs Underneath SPUs Total

Small (<100 g) 38/66 (58%) 10/14 (71%) 48/80 (60%)
Medium (100e1000 g) 14/17 (82%) 22/23 (96%) 36/40 (90%)
Large (>1000 g) 5/5 (100%) 13/13 (100%) 18/18 (100%)

Total 57/88 (65%) 45/50 (90%) 102/138 (74%)

a) Small birds

b) Medium-large birds

4 days 7 days 14 days

4 days 7 days 14 days

Removed

Feather spot

Intact

Scavenged

Feather spot
Scavenged

Intact

Removed

Fig. 3. Percentage of (a) small (<100 g, n¼ 30) and (b) medium-large (>100 g, n¼ 15) bird carcasses still detectable at increasing intervals after deployment at the Jasper PV solar
facility in the Northern Cape, South Africa. The vertical dashed lines represent the search intervals used in this study and indicate the respective level of carcass persistence.
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3.5. Fatality estimation

Extrapolated bird mortality within the solar field at the Jasper
PV facility was 435 birds$yr�1 (95% CI 133e805) over 323 920 solar
panels, which is 2.42 fatalities$GWh�1 (0.74e4.47) over
180 GWh�1, and 4.53 fatalities$MW�1 (1.51e8.50) over 96MW
(Table 4). The broad confidence intervals result from the small
number of birds detected. The mortality estimate is likely conser-
vative because detection probabilities were based on intact birds,
and probably decrease for older carcasses and feather spots. Too
few fatalities were detected for the associated infrastructure
(perimeter fence, evaporation pond, power lines and substation), to
allow fatality estimates to be extrapolated.

4. Discussion

4.1. Changes in bird communities

The distribution of birds is determined by the distribution and
abundance of resources. The development of the PV solar facility
cleared a large area of arid savanna and replaced it with short
grassland with a dense cover of solar panels. Such changes are
detrimental to some bird species and beneficial to others. Both bird
species richness and density was lower at the PV facility than the
surrounding area, as is typical of studies at other PV facilities [12];
[13]. Species composition also differed to some extent, largely
reflecting the loss of shrub/woodland species. However, none of the
species affected were threatened or rare, so overall the facility has
had little impact on this bird community. Several open country/
grassland bird species were more frequently encountered within
the facility, while other species showed no adverse impact, perhaps
due to their ability to adapt to habitat disturbance andmodification
[35,38]. The facility might supplement and/or complement habitat
resources such as foraging, hunting, and nesting sites [39]. This can
be due to microclimatic changes initiated by the PV canopies [40],
creating newmicrohabitats due to additional shading and regrowth
of native vegetation as well as providing additional perching and
nesting sites.

4.2. Collision mortality

While any bird flying over the solar facility, or using it exten-
sively, is at risk of collision, the extent thereof likely depends on
biological, topographical, meteorological and technical factors
[9,18,27,36]. Although only a few birds were found dead at the fa-
cility, most of the affected species were overrepresented compared
to adjacent habitats, and thus were species attracted to the facility.

As has been reported at other solar facilities, resident species and
passerines accounted for most of the avian mortality [17], pre-
sumably because they are the most abundant birds. However, the
most frequently affected species, the Orange River francolin, is a
relatively uncommon species; it is a larger bird that might be
particularly at risk of collision mortality if panicked by a predator
while feeding under the solar arrays. These results indicate that,
similar to studies in the wind-energy industry, the level of bird use
and behaviour at the site are important factors to consider when
assessing potential risk at solar facilities [41]; [42].

Consistent with previous monitoring programmes [14,17], most
fatalities were inferred from feather spots, making it difficult to
determine the cause of death. There was no evidence that birds
were responding to polarised light [12]. Studies on window colli-
sions [43,44] suggest that collision mortality could be reduced by
fitting solar panels with contrasting bands and/or spatial gaps [16]
to increase panel visibility and reduce the likelihood of birds
perceiving the solar field as a water body (lake effect) [14,16,45].
However, contrasting bands might reduce energy output [16,45]
and thus increase the area required to generate power. More in-
formation on the severity and cause of fatalities is required before
such mitigation measures can be recommended with confidence.

Large-bodied birds and monitor lizards were trapped between
the ribbon mesh and electric fence. This is a site-specific problem
linked to the double fence design; few fence-related fatalities have
been reported at solar facilities with single-fence designs (e.g.
Ref. [46]. No fatalities were documented among the power lines,
substation, or evaporation pond, most likely due to the scarcity of
large-bodied birds, and/or the short study period. Bird flight
diverters can be used to increase the visibility of powerlines erected
at facilities [19]. Such devices can reduce powerline collisions by
50e80% [19], although their efficacy varies among bird groups (e.g.
Ref. [47]. Jenkins et al. [19] suggest that devices should be at least
20 cm long and spaced every 5e10m along earth wires or
conductors.

Another potential method to reduce collision risk is to reduce
attractiveness of PV facilities is by clearing vegetation between
panels to decrease the availability of food and nesting sites [14].
However, this might have other ecological consequences as vege-
tation removal exacerbates habitat loss, which is perhaps the most
significant threat to biodiversity from solar energy facilities [11,48].
Our bird community studies suggest that it is better to provide a
beneficial environment for at least some bird species, but it would
be better to locate PV facilities in areas with low biodiversity value,
away from sensitive or important bird habitats [7,11,49].

The lack of standardisation in data collection protocols, report-
ing units, and bias correction provides sparse and inconsistent

Table 4
Variables used per size class, search interval, and sample area to calculate the overall annual bird fatalities at the Jasper PV solar facility in the Northern Cape, South Africa. This
includes number detected (c), searcher efficiency (p), carcass persistence (r), and detection probability (g).

Infrastructure Size Search interval (days) Area covered (%) Duration (days) c (%) p (%) r (%) g (%)

SPUs Small 4 28 31 1 71 57 40
7 28 52 1 71 53 38
14 27 45 1 71 40 28

Medium/large 4 28 31 2 98 87 85
7 28 52 1 98 87 85
14 27 45 1 98 80 78

Perimeter fence and evaporation pond Small 4 100 31 0 e e e

7 100 52 0 e e e

14 100 45 0 e e e

Medium/large 4 100 31 1 98 87 85
7 100 52 0 e e e

14 100 45 0 e e e

Total 8
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avian-fatality data records for solar facilities [14,17,25]. Comparing
avian mortality rates among PV facilities is complicated by sam-
pling at different geographic scales and temporal periods. In order
to fully understand the risk of collision mortality among solar fa-
cilities and other sources of electricity generation, fatality estimates
need to be calculated through standardised protocols in order to
account for potential biases and provide meaningful comparisons
through estimates per GWh or MW [17,25,50]. The extrapolated
estimate of 2.42 fatalities$GWh�1 may be an overestimate because
some feather spots may not have represented a fatality, and some
fatalities might not have resulted from the facility (i.e. occurred due
to other causes). Conversely, observer bias estimates likely are
optimistic, because only fresh carcasses were searched for, and
observers knew they were being tested, likely increasing their
vigilance relative to routine monitoring searches. The short study
period could not account for seasonal and inter-annual variation,
which could affect carcass monitoring, bird activity levels, and
collision risk/mortality. Therefore, there is a need to collate and
analyse data across spatial and temporal scales to produce robust
and comparable results for the compilation of appropriate mitiga-
tion protocols to alleviate any adverse effects on species of concern
and their habitats [17,31].

4.3. Monitoring challenges

Challenges to monitoring bird mortalities included differences
in carcass detection in relation to bird size and location. Smaller
carcasses adjacent to the SPUs were more difficult to detect due to
denser vegetation cover and the panels obscuring ground visibility.
The persistence trials indicated that carcass removal rates were
greatest in the first week, and that small bird carcasses were
removed faster because they are more easily carried away by the
relatively small scavengers that could access the facility. Larger
predators such as black-backed jackals Canis mesomelas or caracal
Caracal caracal, which could carry off larger bird carcasses, were
prevented from accessing the site by the fence. Our results high-
light the need for including bird size in searcher efficiency and
carcass persistence trials. The rapid removal of small carcasses
suggests that there is little value in sampling at intervals of two
weeks or more for these species, whereas larger species might be
detected for longer. To ensure robust results, we recommend
searching at least weekly during post-construction monitoring.
However, persistence rates may vary between sites and should be
adapted accordingly.

4.4. Recommendations for future research

We recommend using Before-After Control-Impact (BACI) study
designs to assess how utility-scale PV developments impact bird
communities during pre-construction through to the operational
phase. A study in California found that raptor abundance was
higher pre-construction than post-construction, suggesting that
raptors avoid facilities once they are operational [51]. Investigating
the underlying mechanisms (e.g. food availability, habitat avail-
ability, noise disturbance) that drive indirect effects on bird pop-
ulations at pre-construction stage [51], can inform post-
construction management and future developments. We recom-
mend that future studies include seasonal and/or wet-dry sampling
to assess temporal and spatial variation in bird fatalities. Future
studies should also assess if solar facilities attract invertebrates,
potentially influencing community assemblages with cascading
ecological repercussions [14]. Further research is also required to
assess the impact that different vegetation management strategies
have on bird communities. Comparisons of collision impact mor-
tality rates between different solar energy technologies (e.g. fixed-

tilt versus single-axis tracker mounting) also are needed. The ad-
vantages and disadvantages of these technologies, including the
risk for bird collisions, can be used to inform the design of future PV
facilities. Lastly, it is essential to assess the cumulative impacts of
utility-scale PV developments within a region. Although the im-
pacts of a single facility might be relatively trivial, the environ-
mental impacts can be compounded when multiple developments
are erected, with unknown consequences on birds in the sur-
rounding region [52].

5. Conclusions

The rapid expansion of utility-scale solar facilities across
southern Africa raises concerns about cumulative impacts. The
Northern Cape Province, which is the preferred area for utility-scale
solar energy facility development, hosts a range of specialist,
endemic and range-restricted species, including some of conser-
vation concern [7,53e56]. However, continued reliance on fossil-
fuel consumption may result in global costs to bird populations
that outweigh any effects of the industry. The apparent negative
impacts of PV facilities should not hamper efforts aimed at recon-
ciling increases in renewable energy generation with biodiversity
conservation. Like other energy sources, the impact of PV facilities
on birds is likely to differ on a case-by-case basis [9]. PV facilities
replacing previously degraded lands can play an important role in
promoting biodiversity [39], while the opposite is generally the
case with developments in pristine or near-pristine habitats.
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Appendix A. List of bird species by size class and number used
in the searcher efficiency and carcass persistence trials at the
Jasper PV facility in the Northern Cape, South Africa.

Size
class

Bird species (mass g) Searcher
efficiency

Carcass
persistence

Small (<100 g)
Lark-like bunting Emberiza impetuani
(17 g)

2 0

Yellow canary Crithagra flaviventris1

(17 g)
1 1

Southern red bishop Euplectes orix2 (24 g) 4 4
Fawn-coloured lark Calendulauda
africanoides (25 g)

3 3

House sparrow Passer domesticus (28 g) 0 5
Namaqua dove Oena capensis (38 g) 5 5
White-browed sparrow-weaver
Plocepasser mahali (47 g)

1 0

Common quail Coturnix coturnix (95 g) 0 12
Medium (100e1000 g)

Blacksmith lapwing Vanellus armatus
(165 g)

2 2

Crowned lapwing Vanellus coronatus
(185 g)

1 1

Green pigeon Treron calvus (230 g) 4 5
Feral pigeon Columba livia (385 g) 3 2
Large (>1000 g)
Hadeda ibis Bostrychia hagedash (1250 g) 4 5

1 adult male.
2 one breeding plumage male and three females/eclipse males.
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Appendix B. List of bird species recorded at the Jasper PV
facility, boundary, and untransformed land in the Northern
Cape, South Africa (√¼ recorded).
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ABSTRACT
Energy infrastructure is widespread worldwide. Renewable energy technologies, which are expanding their footprint
on the landscape and their contribution to energy availability, represent a different kind of infrastructure from
extractive energy technologies. Although renewable energy sources may offer a ‘greener alternative’ to traditional
extractive energy sources, mounting evidence suggests that renewable energy infrastructure, and the transmission
lines needed to convey energy from renewable energy facilities to users, may impact birds. Peer-reviewed literature
historically has focused on the direct effects of electrocution and, to a lesser extent, collisions with overhead power
systems, and on avian collisions at wind energy facilities, with less consideration of indirect effects or other energy
sectors. Here, we review studies that have examined direct and indirect effects on birds at utility-scale onshore wind-
and solar-energy facilities, including their associated transmission lines. Although both direct and indirect effects
appear site-, species-, and infrastructure-specific, generalities across energy sectors are apparent. For example, large-
bodied species with high wing loading and relatively low maneuverability appear to be especially susceptible to direct
effects of tall structures, and the risk of collision is likely greater when structures are placed perpendicular to flight
paths or in areas of high use. Given that all infrastructure types result in direct loss or fragmentation of habitat and may
affect the distribution of predators, indirect effects mediated by these mechanisms may be pervasive across energy
facilities. When considered together, the direct and indirect effects of renewable energy facilities, and the transmission
lines serving these facilities, are likely cumulative. Ultimately, cross-facility and cross-taxon meta-analyses will be
necessary to fully understand the cumulative impacts of energy infrastructure on birds. Siting these facilities in a way
that minimizes avian impacts will require an expanded understanding of how birds perceive facilities and the
mechanisms underlying direct and indirect effects.

Keywords: avian, direct effects, indirect effects, mitigation, power line, solar, wind

Actualización de las interacciones entre aves y las estructuras de energı́a renovable

RESUMEN
La infraestructura energética está ampliamente distribuida en todo el mundo. Las tecnologı́as de energı́a renovable
están expandiendo su huella en el paisaje y su contribución a la disponibilidad de energı́a, y representan un tipo
diferente de infraestructura a la de las tecnologı́as extractivas de energı́a. Aunque las fuentes de energı́a renovable
ofrecen una ‘‘alternativa más verde’’ en comparación con las fuentes tradicionales de extracción de energı́a, existe
bastante evidencia que sugiere que la infraestructura de energı́a renovable y las ĺıneas de transmisión necesarias para
transportar la energı́a hacia los usuarios podrı́an afectar a las aves. La literatura cientı́fica tradicionalmente se ha
enfocado en los efectos directos de la electrocución y, en menor medida, en las colisiones con los sistemas aéreos de
energı́a y con las estructuras de energı́a eólica. En cambio, ha habido escasa consideración de sus efectos indirectos y
de otros sectores energéticos. En este trabajo revisamos estudios que investigaron los efectos directos e indirectos
sobre las aves a la escala de instalaciones terrestres de energı́a eólica y solar, incluyendo sus ĺıneas de transmisión.
Aunque los efectos directos e indirectos parecen ser especı́ficos para cada sitio, especie y tipo de energı́a, existen
generalidades evidentes entre diferentes sectores energéticos. Por ejemplo, las especies de mayor tamaño, con alta
carga alar y maniobrabilidad relativamente baja parecen ser especialmente susceptibles a los efectos directos de las
estructuras altas, y el riesgo de colisión probablemente es mayor cuando las estructuras se ubican perpendiculares al
sentido del vuelo o en áreas con alto uso. Dado que todos los tipos de infraestructura resultan en la pérdida directa del
hábitat o en su fragmentación y podrı́an afectar la distribución de los depredadores, los efectos indirectos mediados
por estos mecanismos pueden ser comunes entre diferentes instalaciones energéticas. Cuando se consideran en
conjunto, los efectos directos e indirectos en las instalaciones de energı́a renovable y en las lı́neas de transmisión
asociadas probablemente son acumulativos. Finalmente, será necesario hacer meta análisis a través de varios tipos de
instalaciones y taxones para entender completamente los impactos acumulativos de la infraestructura energética
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sobre las aves. La localización de estas instalaciones de forma que minimice el impacto sobre las aves requerirá un
mayor entendimiento acerca de cómo las aves perciben las instalaciones y de los mecanismos que subyacen a los
efectos directos e indirectos.

Palabras clave: aves, efectos directos, efectos indirectos, eólico, ĺıneas de energı́a, mitigación, solar

Concerns regarding the depletion of fossil fuels, global

climate change, and energy security have triggered rapid

growth in the use of renewable energy technologies. For

example, in the United States (U.S.), wind energy capacity

increased by ~140% from 25,000 megawatts (MW) in 2008

to .61,000 MW in 2013 (American Wind Energy

Association 2014). Collectively, ~13% of U.S. electricity

generated in 2014 was derived from renewable energy

sources (e.g., biomass [1.7%], geothermal [0.4%], hydro-

electric [6.0%], solar [0.4%], and wind [4.4%]; U.S. Energy

Information Administration 2015a). Continued growth of

the wind energy sector is predicted to meet the U.S.’s wind

energy target of 20% of all energy used by 2030 (U.S.

Department of Energy 2008). Although government

targets are centered on wind energy, the expansion of

other renewable energy sectors also is expected (U.S.

Energy Information Administration 2015b). In particular,

projections suggest that the solar energy sector could meet

14% of electricity demands in the contiguous U.S. by 2030

and 27% by 2050 (U.S. Department of Energy 2012).

Renewable energy as a ‘greener alternative’ to the

combustion of fossil fuels offers important environmental

benefits over traditional energy sources, such as reduc-

tions in greenhouse gas emissions (Panwar et al. 2011).

Yet, increasing evidence of direct and indirect effects has

raised concerns regarding the potential impacts of

renewable energy infrastructure on birds. Avian collisions

with wind turbines (i.e. direct effects) are well document-

ed and have received the most attention to date (e.g.,

Smallwood and Thelander 2008, Loss et al. 2013, Morinha

et al. 2014). In comparison, studies of the direct effects of

other types of renewable energy infrastructure on birds

have been limited (but see McCrary et al. 1986, Lovich

and Ennen 2011). Further, relatively few studies have

considered the potential for indirect effects on avian

behavior, spatial ecology, or demographics resulting from

increased disturbance, changes in trophic interactions, or

changes in habitat availability and connectivity (reviewed

by Drewitt and Langston 2006, Zwart et al. 2016a).

Renewable energy infrastructure often is accompanied by

the construction of new transmission lines to connect

renewable energy facilities to the existing power line

network. Thus, the direct and indirect effects of multiple

infrastructure types at renewable energy facilities need to

be considered to identify the cumulative effects of a

national (and global) transition from extractive to

renewable energy production.

Of the studies that have assessed interactions between

renewable energy infrastructure and birds, many have

primarily targeted specific management crises, often focus-

ing on species of conservation concern (e.g., Greater Sage-

Grouse [Centrocercus urophasianus]: LeBeau et al. 2014;

Greater Prairie-Chicken [Tympanuchus cupido]: Smith et al.

2016) in areas targeted for development (e.g., the Great

Plains of North America; Harrison 2015, Whalen 2015,

Winder et al. 2015). Thus, studies have been necessarily

limited and inconsistent in the focal species addressed,

experimental design, and study site. As a consequence,

developing general siting guidelines andmitigation strategies

for new facilities remains challenging. Given the projected

increase in renewable energy infrastructure throughout the

U.S. (U.S. Department of Energy 2008, U.S. Energy

Information Administration 2015b), it is critical that we

develop a more comprehensive understanding of the effects

of renewable energy infrastructure on birds so that informed

siting guidelines can be developed and implemented.

Here, we review recent studies of the direct and indirect

effects on birds from utility-scale onshore wind- and solar-

energy facilities and their accompanying transmission lines.

We focused on these energy sectors because of their

projected increase in the U.S. (U.S. Department of Energy

2008, U.S. Energy Information Administration 2015b). Our

goals were to: (1) provide an up-to-date and consolidated

summary of direct and indirect impacts of utility-scale

onshore wind- and solar-energy infrastructure and associ-

ated power lines on birds based on peer-reviewed literature;

(2) use our findings to inform siting guidelines; and (3)

highlight important knowledge gaps and areas for future

research.

KNOWN IMPACTS OF UTILITY-SCALE ONSHORE WIND-

AND SOLAR-ENERGY INFRASTRUCTURE ON BIRDS

To summarize the impacts of utility-scale renewable

energy infrastructure, we conducted a literature review to

identify studies that empirically tested the effects of energy

infrastructure on birds (i.e. not commentaries or predictive

studies). We did so by using combinations of the following

search terms in Web of Science (formerly ISI Web of

Knowledge; Thomson Reuters, Philadelphia, Pennsylvania,

USA): avian, bird, collision, conservation, electrocution,

photovoltaic cell, renewable energy infrastructure, solar

energy, transmission power line, wind energy, wind farm,

and wind resource area.
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Onshore Wind Energy
Direct effects. The direct effects of wind energy

development on birds have received considerable attention

(e.g., Smallwood and Thelander 2008, Loss et al. 2013,

Erickson et al. 2014). Collisions between birds and onshore

wind turbines result in impact trauma, which can result

directly in death or render birds more susceptible to

predation. Collisions have been documented for a wide

range of taxa, including ducks (Johnson et al. 2002), grouse

(Zeiler and Grünschachner-Berger 2009), raptors (De

Lucas et al. 2008), and songbirds (Morinha et al. 2014).

Of specific concern are fatalities of species of conservation

concern (e.g., Western Burrowing Owl [Athene cunicularia

hypugaea]; Smallwood et al. 2007) and species with small

populations, delayed maturity, long lifespans, and low

reproductive rates, for which even a few mortalities can

have population-level effects (e.g., Golden Eagle [Aquila

chrysaetos]: Lovich 2015; White-tailed Eagle [Haliaeetus

albicilla]: Dahl et al. 2012). While the number of birds

affected is uncertain (Pagel et al. 2013), estimates adjusted

for searcher detection and scavenger removal suggest that

between 140,000 and 328,000 birds are killed annually by

collisions with turbines at wind energy facilities in the

contiguous U.S. (Loss et al. 2013). For songbirds in
particular, fatalities at wind energy facilities in the U.S.

and Canada are estimated to be between 134,000 and

230,000 annually (Erickson et al. 2014). Avian collisions

with turbines also have been documented outside the U.S.

(e.g., Australia: Hull et al. 2013; Canada: Zimmerling et al.

2013; Japan: Kitano and Shiraki 2013; South Africa: Doty

and Martin 2013; Western Europe: Everaert and Stienen

2007, De Lucas et al. 2012, Morinha et al. 2014), suggesting

that the direct effects of wind energy facilities are of

concern globally.

Intuitively, mortality rates at wind energy facilities

should be related to avian abundance (Carrete et al.

2012), but a more complex suite of site-specific factors

may be important (De Lucas et al. 2008, Marques et al.

2014). For example, habitats or prey that promote foraging

at wind energy facilities are likely to increase collision rates

(Barrios and Rodŕıguez 2004, Smallwood et al. 2007).

Collisions may also increase when turbines are sited on

landscape features, including cliffs and steep slopes, that

are regularly used by hunting or migrating birds (e.g., Black

Kite [Milvus migrans]; Kitano and Shiraki 2013). Weather

may further increase collision risk when visibility around

turbines is reduced (Kerlinger et al. 2010). For species that

exploit thermals, the risk of collision may increase during

weather that forces birds to gain lift from topographical

features near wind turbines (Barrios and Rodŕıguez 2004,

De Lucas et al. 2008). Collisions during migration may be

particularly important because they have the potential to

indirectly affect breeding populations far beyond the wind

energy facility. Because most conservation efforts in North

America are focused on breeding habitat, migration

mortality can be a cryptic and often unrecognized effect

of wind turbines.

Collision rates can additionally be affected by the

design features of wind turbines. For example, collision

rates between Western Burrowing Owls and wind

turbines were highest at vertical axis towers, lower at

tubular towers, and lowest at lattice towers, correspond-

ing with a decline in the ability to see through the

infrastructure type (Smallwood et al. 2007). Conversely,

mortality rates of Eurasian Kestrels (Falco tinnunculus)

and Eurasian Griffons (Gyps fulvus) were equivalent

between tubular and lattice towers at a wind energy

facility in the Straits of Gibraltar (Barrios and Rodrı́guez

2004). As turbine height increases, species that rely on

lift for flight may become more susceptible to collisions

(e.g., Eurasian Griffons; De Lucas et al. 2008), as may

species that typically fly at higher altitudes (Loss et al.

2013). Turbine rotor diameter may also increase mortal-

ity rates through increasing the area within which birds

are at risk (Loss et al. 2013; but see Barclay et al. 2007).

For species attracted to artificial light sources (e.g.,

nocturnal migrants; Gauthreaux and Belser 2006), the

use of steady-burning lights at facilities may increase
mortality rates (Kerlinger et al. 2010). However, the use

of flashing red lights at wind energy facilities, as

recommended by the Federal Aviation Association, does

not appear to influence collision rates between infra-

structure and nocturnal migrants (Kerlinger et al. 2010).

Fatalities may also increase when turbines are positioned

perpendicularly to regular flight paths of birds; 90–95%

of tern (Sterna spp.) fatalities at a wind energy facility in

Belgium resulted from collisions with turbines posi-

tioned in a line perpendicular to their flight path

between the breeding colony and feeding grounds

(Everaert and Stienen 2007). Similarly, wind energy

facilities sited along migration pathways may result in

more migrant birds being killed than resident birds

(Johnson et al. 2002).

Direct mortality also varies by species. Species that

forage on the ground are less likely to collide with

turbines compared with species that use aerial foraging

(Hull et al. 2013). Similarly, aerial foragers that forage

within rotor-swept areas and that appear to focus more

on prey than on turbine blades are more susceptible to

direct mortality than those that exercise caution around

turbines (e.g., American Kestrel [Falco sparverius] vs.

Northern Harrier [Circus cyaneus]; Smallwood et al.

2009). Also at risk are species that frequently engage

with conspecifics during aerial territorial conflicts (e.g.,

Golden Eagle; Smallwood and Thelander 2008, Small-

wood et al. 2009). Collision risk may be further elevated

for species with visual fields that may prohibit them from

detecting structures (e.g., wind turbines) directly ahead
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of them (e.g., vultures in the genus Gyps; Martin 2011,

Martin et al. 2012), or for large species with weak-

powered flight and high wing loading that rely on

thermals for lift and thus have relatively low maneuver-

ability in flight (e.g., Eurasian Griffon; De Lucas et al.

2008). Vulnerability to turbine collisions may also vary

within species for which sex-specific behaviors result in

one sex spending more time within rotor-swept areas.

For example, heightened foraging activity of male terns

during egg-laying and incubation at a wind energy

facility in Belgium resulted in male-biased mortality

(Stienen et al. 2008). Similarly, song flights performed by

male Sky Larks (Alauda arvensis) during the breeding

season at a wind energy facility in Portugal increased

collision risk, resulting in male-biased mortality (Mori-

nha et al. 2014).

Indirect effects. To date, most studies of indirect

effects have focused on the displacement of birds from

wind energy facilities. Displacement, typically measured

via telemetry or point counts, has been documented for a

wide range of taxa including geese (Larsen and Madsen

2000), ducks (Loesch et al. 2013), raptors (Pearce-Higgins

et al. 2009, Garvin et al. 2011), grouse (Pearce-Higgins et

al. 2012), shorebirds (Pearce-Higgins et al. 2009, 2012,

Niemuth et al. 2013), and songbirds (Pearce-Higgins et al.

2009, Stevens et al. 2013). While the mechanisms driving

displacement are poorly understood, loss or degradation

of habitat may be important, especially for habitat

specialists (e.g., Le Conte’s Sparrow [Ammodramus

leconteii]; Stevens et al. 2013), and may be compounded

for species that are sensitive to turbine noise, construc-

tion noise, or tall structures (e.g., geese: Larsen and

Madsen 2000; raptors: Garvin et al. 2011, Johnston et al.

2014). The latter may be especially relevant in open areas

(e.g., grasslands), where species may be sensitive to tall
structures, including wind turbines and power poles (e.g.,

prairie grouse; Hovick et al. 2014). While some species

appear sensitive to wind energy development, evidence

for the displacement of other species is either minimal or

site-specific (e.g., Sky Lark: Devereux et al. 2008;

Savannah Sparrow [Passerculus sandwichensis]: Stevens

et al. 2013; Montagu’s Harrier [Circus pygargus]: Her-

nández-Pliego et al. 2015; Eastern Meadowlark [Sturnella

magna]: Hale et al. 2014), and some species may even be

attracted to wind energy facilities (e.g., Killdeer [Chara-

drius vociferus]; Shaffer and Buhl 2016). Moreover,

sensitivity to wind energy development may not always

be reflected through changes in spatial ecology, but

instead through other behaviors (e.g., lekking; Smith et al.

2016). Birds that avoid wind energy facilities during and

immediately following construction may fail to show

avoidance behavior thereafter (Madsen and Boertmann

2008, Pearce-Higgins et al. 2012), perhaps minimizing

long-term effects in those species. Alternatively, some

species may exhibit a delayed response to wind energy

facilities, tolerating disturbance immediately following

construction, but avoiding the site thereafter (e.g.,

Grasshopper Sparrow [Ammodramus savannarum];

Shaffer and Buhl 2016).

Wind energy facilities may also indirectly affect breeding

performance. For example, distance to a turbine negatively

affected nest survival of Greater Sage-Grouse (LeBeau et

al. 2014), but had little effect on nest survival of Red-

winged Blackbirds (Agelaius phoeniceus; Gillespie and

Dinsmore 2014), Greater Prairie-Chickens (McNew et al.

2014, Harrison 2015), and McCown’s Longspurs (Rhyn-

chophanes mccownii; Mahoney and Chalfoun 2016). In

contrast, Scissor-tailed Flycatchers (Tyrannus forficatus)

nesting in sites close to a 75-turbine wind energy facility in

Texas had higher nest survival compared with their

counterparts nesting in sites farther away (Rubenstahl et

al. 2012). Similarly, Hatchett et al. (2013) documented

higher nest success for Dickcissels (Spiza americana)

nesting near, compared with far from, a wind energy

facility in Texas. However, the authors stressed that habitat

configuration across the study site, not proximity to

turbines, may have underpinned their results.

Wind energy development may also influence adult

survival, but, again, effects are likely to be site- and species-

specific. For example, annual survival of female Greater

Prairie-Chickens increased postconstruction compared
with preconstruction of a wind energy facility in Kansas

(Winder et al. 2014). In contrast, distance to a turbine did

not affect the survival of female Greater Prairie-Chickens

breeding along a 25-km gradient at a wind energy facility

in Nebraska (J. A. Smith personal observation). Similarly,

the survival of female Greater Sage-Grouse breeding in the

vicinity of a wind energy facility in Wyoming was

unaffected by distance to a turbine (LeBeau et al. 2014).

Despite continuing efforts to assess the indirect effects

of wind energy development on birds, the underlying

mechanisms are seldom evaluated. For species targeted by

brood parasites, a reduction in parasitism rates at wind

energy facilities may increase nest success; Blue-gray

Gnatcatchers (Polioptila caerulea) nesting close to a wind

energy facility in Texas had a lower probability of nest

parasitism by Brown-headed Cowbirds (Molothrus ater)

and, subsequently, higher nest success than birds farther

away. While it remains unclear why parasitism rates were

lower at the wind energy facility, disturbance at the site

may have impeded the ability of Brown-headed Cowbirds

to detect nests (Bennett et al. 2014).

Changes in predator abundance may be key to

understanding the indirect effects of wind energy devel-

opment on measures of breeding success and adult

survival (Rubenstahl et al. 2012, LeBeau et al. 2014,

Winder et al. 2014). For example, avoidance of wind

energy facilities by raptors (Pearce-Higgins et al. 2009,
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Garvin et al. 2011), or by mammalian predators due to

increased disturbance associated with human activity

(Gese et al. 1989, Gehrt et al. 2009), may reduce predation

risk at sites close to wind energy facilities, consequently

increasing survival. Alternatively, the presence of carcasses

under wind turbines due to collision-induced mortalities

may attract mammalian predators (Smallwood et al. 2010,

Rogers et al. 2014), whose presence will, in turn, decrease

survival. Despite these expectations, to our knowledge only

one study has evaluated predation risk as a possible

mechanism underlying survival by simultaneously assess-

ing occupancy of predators and survival of Greater Prairie-

Chickens. Site occupancy of avian predators in the vicinity

of a wind energy facility in Nebraska was significantly

lower within, compared with 2 km beyond, the wind

energy facility (J. A. Smith personal observation). In

contrast, mammalian predator site occupancy was unaf-

fected. Although no effect was found on the survival of

Greater Prairie-Chickens, the study provides evidence of

an ecological mechanism that could have important
implications for a wide range of species at risk from wind

energy development.

The mechanisms underlying displacement or changes in

the spatial ecology of birds at wind energy facilities are
often discussed, but rarely evaluated. Given that prey

species may avoid areas of high predation risk (reviewed by

Lima 1998), changes in predator abundance at wind energy

facilities (e.g., abundance of raptors; Pearce-Higgins et al.

2009) may be important for elucidating displacement

behavior. Similarly, the presence of tall structures (i.e. wind

turbines, power poles) at wind energy facilities that provide

perches for avian predators may increase perceived

predation risk, resulting in avoidance of those sites by

potential prey species (e.g., Stevens et al. 2013). Alterna-

tively, species associated with disturbed ground or gravel

substrates may be attracted to wind energy facilities

through increased opportunities for foraging or nesting

(e.g., Killdeer; Shaffer and Buhl 2016), as has been observed

at disturbance sites with relatively small footprints

associated with other energy sectors (e.g., oil and natural

gas developments; Gilbert and Chalfoun 2011, Ludlow et

al. 2015). Wind turbines may also create barriers, causing

birds to alter their flight patterns to avoid those areas

(Drewitt and Langston 2006).

Increasing evidence suggests that birds may be sensitive to

anthropogenic noise, and that noise from traffic, roads,

aircraft, and energy infrastructure could disrupt acoustic

communication through masking (Ortega 2012). In re-

sponse to anthropogenic noise, birds may alter the

characteristics of their vocalizations to compensate for

masking (e.g., Hu and Cardoso 2010, Francis et al. 2012), or

they may show behavioral avoidance (Bayne et al. 2008,

Blickley et al. 2012, McClure et al. 2013). Recent research

suggests that low-frequency noise produced by wind

turbines may disrupt acoustic communication, causing birds

to modify their vocalization characteristics (Whalen 2015,

Zwart et al. 2016b). These results suggest that noise

associated with wind energy development may disturb birds

and could act as a mechanism driving indirect effects (e.g.,

lekking behavior; Smith et al. 2016). However, the likelihood

of noise as an intermediarymechanism is likely to be species-

specific, depending on the extent of masking (Rheindt 2003).

Solar Energy
Direct effects. Because solar energy development can

occur in areas of high endemism (e.g., the deserts of the

southwestern U.S.), the potential impacts on bird popula-

tions are substantial (Lovich and Ennen 2011). Yet, to our

knowledge, only 1 peer-reviewed study of direct impacts

exists: McCrary et al. (1986) concluded that the risk of

collision with infrastructure at a solar energy facility in the

Mojave Desert, California, was low after documenting 70

mortalities of 26 bird species over a 40-week period. The

facility consisted of mirrors (heliostats) that concentrated

solar energy onto a centrally located tower where liquid
was converted to steam to generate electricity (hereafter

‘solar tower’). More recent preliminary evaluations across 3

different solar energy facilities in southern California

suggest that direct impacts are greater than previously

thought (Kagan et al. 2014), and that installation design

also affects risk. Kagan et al. (2014) considered 3 quite

different installations: solar towers; photovoltaic cells that

convert solar energy directly into electricity; and parabolic

troughs consisting of mirrors that reflect solar energy onto

a receiver tube within the trough which transports heated

fluid to generate electricity. Opportunistic collection of

carcasses at the 3 facilities suggested that mortality rates

were higher at solar towers compared with parabolic

troughs or photovoltaic cells. However, given the lack of

information regarding fatalities at solar energy facilities,

conclusive estimates of mortalities associated with solar

energy facilities cannot be established (Loss et al. 2015).

Two main causes of death have been identified across

solar energy facilities: impact trauma and exposure to

concentrated solar energy (heat) at solar tower facilities

(hereafter, ‘solar flux’; Kagan et al. 2014). In common with

other anthropogenic structures, all types of solar energy

facilities may result in deaths of birds through impact

trauma; solar flux trauma is unique to solar tower facilities.

By damaging feathers (sometimes severely) when birds fly

through areas of concentrated heat near the tower, solar

flux can hinder a bird’s ability to fly, induce shock, and

damage soft tissue (Kagan et al. 2014). By impairing flight,

solar flux trauma may increase the risk of direct collision

with infrastructure or the ground, or may reduce a bird’s

ability to forage or evade predators.

Carcasses from a wide range of taxa have been identified

at solar energy facilities (e.g., ducks, wading birds, raptors,
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rails, shorebirds, and songbirds; McCrary et al. 1986, Kagan

et al. 2014). The mortality of an individual of the federally

endangered subspecies of Ridgway’s Rail (Rallus obsoletus

yumanensis) suggests that solar energy facilities may have

important consequences for species of conservation con-

cern. While it appears that many species may be at risk,

relatively high numbers of waterbird carcasses at photovol-

taic cell facilities suggest that waterbirds may be particularly

at risk where infrastructure (i.e. photovoltaic cells) reflects

polarized light, giving the impression of water (Horváth et

al. 2009, 2010). The water retention ponds needed at solar

tower facilities may exacerbate risk by attracting birds to

solar energy facilities, especially in arid landscapes (McCrary

et al. 1986, Kagan et al. 2014). Insects that are apparently

attracted to solar tower facilities may underlie the large

number of aerial insectivores affected by solar flux (Hováth

et al. 2010, Kagan et al. 2014), emphasizing the complex

ecological processes that may contribute to risks to birds.

While the mechanisms underlying mortality events are

sometimes unclear, evidence indicating that solar energy
facilities could be ecological traps (Schlaepfer et al. 2002)

has begun to accrue.

Indirect effects. To our knowledge, only 1 peer-

reviewed study has evaluated the indirect effects of solar
energy development on birds. DeVault et al. (2014)

demonstrated that solar photovoltaic facilities could

potentially alter bird communities: In 5 locations across

the U.S., species diversity was lower at photovoltaic array

sites than in adjacent grasslands (37 vs. 46 species,

respectively). In contrast, bird densities at the same

photovoltaic array sites were more than twice those of

adjacent grasslands. Observations during the study sug-

gested that shade and the provision of perches increased

bird use of the photovoltaic array sites. However, the

results were species specific, with some small songbird

species (e.g., American Robin [Turdus migratorius]) more

abundant at photovoltaic facilities compared with adjacent

grasslands used for habitat comparisons, but corvids and

raptors less abundant. Similarly, raptor abundance was

higher preconstruction compared with postconstruction of

a utility-scale solar energy facility in south-central

California, suggesting avoidance of the facility. In compar-

ison, ravens and icterids increased in abundance during

construction, possibly as a result of increased foraging

opportunities at disturbed sites (J. Smith personal

communication).

Similarly to the effects of wind energy development and

other onshore energy development (e.g., oil and natural gas

development; Kalyn Bogard and Davis 2014, Bayne et al.

2016), the potential indirect effects of solar energy facilities

on birds are likely site-specific. For example, given that the

footprint and configuration of solar energy facilities vary

with the technology used (e.g., photovoltaic facilities are

typically larger than solar tower sites; Hernandez et al.

2014a), indirect effects mediated through habitat loss or

barrier effects are likely dependent on site-specific

infrastructure (Hernandez et al. 2014b). Solar energy

facilities may also disrupt local hydrology through

groundwater extraction or channelization, which could

reduce both food and habitat availability for birds (Grippo

et al. 2015). Such effects are likely amplified at sites where

footprints are large and at facilities that consume large

volumes of groundwater (e.g., parabolic troughs and solar

towers; Hernandez et al. 2014b, Grippo et al. 2015). The

potential for contaminant runoff to indirectly affect birds

also may be elevated at sites with large footprints (Grippo

et al. 2015). Variation in other disturbances (e.g., vehicular

traffic, construction noise, and operations) among sites

could also contribute to site-specific variation in indirect

effects (Lovich and Ennen 2011); we encourage further

exploration of these factors.

Power Lines
Renewable energy facilities often require the construction
of new transmission lines to deliver the energy produced at
the facility to the existing power line network. These
permanent connections may include many kilometers of
lines supported by towers 30–35 m tall, and can traverse
habitats beyond the line of sight from either the renewable
energy facility or from a center of energy consumption.
This is particularly true after ideal siting locations close to
existing lines have been developed; subsequently con-
structed renewable energy facilities can be increasingly
distant from the existing transmission line network,
requiring increasingly longer connections. Transmission
lines are associated with collision mortalities of flying birds
(Rogers et al. 2014, Lobermeier et al. 2015; but see
Luzenski et al. 2016), but renewable energy connections
can be overlooked when investigating direct and indirect
effects of renewable energy facilities.

Direct effects. Avian interactions with transmission
lines appear to affect populations primarily through direct
mortality, although indirect effects of habitat fragmenta-
tion have been hypothesized. Direct collision mortality is
an ongoing concern in many areas of the U.S. (Yee 2008,
Sporer et al. 2013, Luzenski et al. 2016). Collisions are
most often associated with aquatic habitats, where species
with high wing loading, high flight speeds, and poor
maneuverability are common (Shaw et al. 2010, Quinn et
al. 2011, Barrientos et al. 2012). Large, heavy-bodied
species such as swans, pelicans, herons, and cranes are
generally thought to be more susceptible to transmission
line collisions than smaller, more maneuverable species
(APLIC 2012). Nocturnal migrants have not been well
studied, but also may be susceptible, particularly within
migration corridors (Rogers et al. 2014), and especially in
light of their susceptibility to collision with other types of
tall anthropogenic structures (Drewitt and Langston 2008,
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Kerlinger et al. 2010, Gehring et al. 2011). Relatively small
duck and grouse species are also vulnerable to collision
because of their high flight speed, low altitude, and
flocking flight, in which the view of upcoming obstacles
is obscured by leading birds (APLIC 1994, Bevanger and
Brøseth 2004). Transmission lines bisecting daily move-
ment corridors, such as those located between roosting
and foraging sites, have been most associated with avian
collisions (Bevanger and Brøseth 2004, Stehn and Wasse-
nich 2008, APLIC 2012), with risk exacerbated during low
light, fog, and other inclement weather conditions (Saver-
eno et al. 1996, APLIC 2012, Hüppop and Hilgerloh 2012).
Transmission lines are typically constructed with relatively
thin overhead shield wires at the top, and thicker energized
conductors below. Birds appear to see energized conduc-
tors and adjust flight altitudes upward to avoid them,
subsequently colliding with smaller, less visible overhead
shield wires (Murphy et al. 2009, Ventana Wildlife Society
2009, Martin and Shaw 2010). Collision risk may be
further exacerbated for species with narrower fields of
view (Martin and Shaw 2010), but this remains an
important research gap because to date it has been
thoroughly studied only in Kori Bustards (Ardeotis kori),
Blue Cranes (Grus paradisea), and White Storks (Ciconia
ciconia), which are large, collision-prone species. Collision
risk may be mitigated in migrating raptors, which tend to
fly diurnally during good weather (Ligouri 2005) and
appear to detect and avoid transmission lines, even those
located in major migration corridors (Luzenski et al. 2016).

Indirect effects. The indirect effects of transmission lines

are not well studied. Of the existing studies that have

addressed indirect effects, most have considered grouse

(Lammers et al. 2007, Coates et al. 2008, Coates and

Delehanty 2010) or desert tortoises (Gopherus agassizii;

Boarman 2003, Berry et al. 2013), species of conservation

concern potentially preyed upon by corvids and raptors using

utility structures as hunting perches. As power lines have

proliferated, at least some corvid species appear to have

expanded their breeding ranges (Jerzak 2001, Marzluff and

Neatherlin 2006, Dwyer et al. 2013a) or increased their

breeding densities (Coates et al. 2014) through utilizing

power poles for nesting (Fleischer et al. 2008, Howe et al.

2014,Dwyer et al. 2015), possibly leading to indirect effects on

their prey. Recent research suggests that avoidance by

reindeer (Rangifer tarandus) may be linked to their ability

to detect ultraviolet (UV) light emitted by transmission lines

(Tyler et al. 2014). At least some birds also see in the UV

spectrum (Lind et al. 2014), but the potential implications of

this for indirect effects have not been thoroughly investigated.

SYNTHESIS AND SITING GUIDELINES

Our review summarizes existing studies of direct and

indirect effects of energy infrastructure associated with 2

expanding energy sectors (onshore wind and solar), and

indicates ongoing concern about the transmission lines

connecting these facilities to existing electric transmission

lines. This overview demonstrates that both the magnitude

and the mechanisms of direct and indirect effects of

renewable energy infrastructure and the associated power

lines on birds are site- and species-specific (e.g., Villegas-

Patraca et al. 2012, DeVault et al. 2014, Bayne et al. 2016).

However, while we have provided comprehensive coverage

of existing peer-reviewed literature, we stress that existing

gray literature, much of which is held by private energy

companies, would likely shed additional light on the direct

and indirect effects of renewable energy infrastructures.

Thus, increased public availability of privately funded data

is urgently needed (Loss 2016).

Despite highlighting the prevalence of both site- and

species-specific effects, some generalities can be drawn from

our review. Large-bodied species with weakly powered flight,

high wing loading, and relatively low maneuverability appear

to be especially susceptible to the direct effects of tall

structures at energy facilities (e.g., wind turbines and power

poles). This is of concern, given that the sensitivity of such

species at the population level is likely high because of delayed

maturity and low reproductive rates (Dahl et al. 2012, Lovich
2015, Loss 2016). The effects of placement appear to be

important across all energy infrastructure types considered in

this review; infrastructure that bisects regular daily or

migratory flight paths (e.g., turbine lines, transmission lines)

may disproportionately affect birds comparedwith structures

sited outside regular flight paths. The placement of

infrastructure in habitatwith fewnatural tall perches (deserts,

grasslands, sagebrush steppe) may be more disruptive to the

overall ecology of an area than the placement of infrastruc-

ture in habitat previously characterized by natural tall

structures (forests), but further research is needed to explore

these expectations. Given that all infrastructure results in

direct habitat loss, indirect effects that act through the loss or

fragmentation of habitat are likely to occur across all energy

sectors. Similarly, given the potential for energy infrastruc-

ture and power lines to affect the distribution of predators,

predation may be an important mechanism underlying

indirect effects across energy facilities.

When considered together, the direct and indirect

effects at renewable energy facilities and the transmission

lines serving those facilities are likely cumulative and could

be synergistic, especially when facilities are poorly sited

(e.g., in areas of high bird abundance, in regular flight

paths, or where facilities could act as ecological traps).

However, the magnitude of direct effects is likely far less

for energy facilities compared with other anthropogenic

mortality sources in the U.S. (e.g., cats, buildings,

communication towers, and automobiles; Loss et al.

2015), and the indirect effects of wind energy facilities

may be less than those of traditional energy infrastructure
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(Hovick et al. 2014). Nevertheless, the potential for

additional effects of other infrastructure at energy facilities

could further increase direct and indirect effects within an

energy facility’s footprint (e.g., roads: Benı́tez-López et al.

2010; maintenance buildings: Loss et al. 2014).

A critical end-goal for research in this field is to

integrate research findings into mitigation strategies and to

inform siting guidelines. Given the site- and species-

specific nature of the effects of the energy infrastructure

reviewed here, siting guidelines should be carefully

developed in the context of vulnerable species within a

particular geographic area. However, some key generalities

have emerged that should be considered during siting

decisions. We suggest the following: (1) Avoiding areas of

high bird use (e.g., regularly used flight paths, migration

corridors, and aggregation areas); (2) Avoiding areas

inhabited by sensitive species or those of conservation

concern; (3) Avoiding topographical features that promote

foraging or that are used by migrating birds for uplift (e.g.,

the tops of slopes; Kitano and Shiraki 2013); (4) Avoiding

areas of high biodiversity, endemism, and ecological

sensitivity; (5) Developing conservation buffers for vulner-

able species based on thresholds determined through

empirical research; (6) Carefully selecting or modifying

infrastructure to minimize collision risk or indirect effects

(e.g., by the use of flashing red lights and ground devices,

or by employing efficient technology that uses less space;

Kerlinger et al. 2010, Martin 2012); and (7) Curtailing

turbine operation under certain conditions (e.g., fog in the

presence of sensitive species).

We also encourage the use of predictive models to gauge

likely impacts at sites (e.g., Shaw et al. 2010, Dwyer et al.

2013b), and encourage the development and use of

spatially explicit sensitivity maps that incorporate the

distribution of bird populations, key flight paths, habitats,

and risk factors (e.g., Bright et al. 2008, Dwyer et al. 2016,

Pearse et al. 2016).

CONSIDERATIONS FOR FUTURE RESEARCH

The expected trajectory of the renewable energy sector

(both in size and in technological advances) will expand

the geographic area and, thus, habitats impacted by

development. Much research to date has focused on wind

energy development in grassland habitats in the Great

Plains (e.g., LeBeau et al. 2014, Harrison 2015, Winder et

al. 2015) and, to a lesser extent, solar energy development

in the deserts of the southwestern U.S. (McCrary et al.

1986, Kagan et al. 2014). However, interactions between

renewable energy infrastructure and birds are likely

different among habitats (e.g., grasslands vs. woodlands),

and thus continued habitat-specific research is needed.

Because the effects of energy infrastructure on birds may

vary with stage of operation (e.g., during construction,

immediately following construction, and .1 yr postcon-

struction; Madsen and Boertmann 2008, Pearce-Higgins et

al. 2012, Shaffer and Buhl 2016), such studies should be

conducted over an extended period (e.g., 5, 10, or 15 yr).

Studies that enable researchers to separate the effects of

different infrastructure at facilities (e.g., roads, buildings,

and wind turbines) are also encouraged. Given that wind

energy infrastructure is also associated with bat collisions

(e.g., Doty and Martin 2013), future research should seek

to integrate avian and bat monitoring to identify

cumulative effects.

Understanding the mechanisms that underlie the

indirect effects of energy infrastructure on birds is essential

if we are to establish conservation strategies that minimize

potential impacts.While efforts have been made to address

these concerns (Whalen 2015, J. A. Smith personal

observation), the mechanistic drivers of effects are likely

to vary with infrastructure type and across sites. Therefore,

we encourage researchers to adopt mechanistic approach-

es in future studies of indirect effects by designing studies

to reveal important mechanisms. Mechanisms could

include, but are not limited to, changes in predation risk,

food availability, and habitat availability, and avoidance of

physical structures, lights, and UV light. Given that
anthropogenic noise may disturb birds (Slabbekoorn and

Ripmeester 2007, Blickley et al. 2012), we suggest that

studies of energy development and avian interactions

consider the role that infrastructure noise plays in driving

indirect effects. Studies of solar facilities should explore

the mechanisms resulting in avian concentrations at

photovoltaic arrays (e.g., polarized light; Hováth et al.

2009).

Given that siting guidelines are often concerned with

threshold distances (i.e. the distances from energy facilities

at which effects on target species become negligible), we

stress the relevance of using a gradient approach in studies

of avian and energy infrastructure interactions. For

example, by evaluating impacts on target populations at

various distances from energy facilities, threshold distances

can be identified and used to develop biologically

meaningful conservation buffers. Such approaches have

proven valuable in studies of disturbance associated with

roads, urban areas, and oil and gas development (e.g.,

Reijnen et al. 1997, Laurance 2004, Palomino et al. 2007),

and should be integrated into studies of renewable energy

infrastructure (e.g., Winder et al. 2014, Harrison 2015,

Whalen 2015). By centering buffers on sensitive habitat

patches or populations, areas where development should

be avoided can be delineated. However, we note that the

effects of energy infrastructure may not always be detected

via a gradient approach. Instead, the intensity of develop-

ment (e.g., density of wind turbines) may be more

informative (Mahoney and Chalfoun 2016). When possi-

ble, we also encourage implementation of a Before-After-
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Control-Impact (BACI) study design that allows compar-

ison of preconstruction, postconstruction, and control

data, or, better still, an Impact-Gradient-Design (IGD)

study design that incorporates the properties of both a

gradient approach and a BACI study design. When

preconstruction data is not available, control sites away

from the focal energy facility should be considered.

Researchers should also consider the specific biology

(e.g., spatial ecology, life-history strategy) of the focal

species, or focal populations, to sample suitable control

sites.
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Hüppop, O., and G. Hilgerloh (2012). Flight call rates of migrating
thrushes: Effects of wind conditions, humidity and time of
day at an illuminated offshore platform. Journal of Avian
Biology 43:85–90.

Jerzak, L. (2001). Synurbanization of the magpie in the Palearctic.
In Avian Ecology and Conservation in an Urbanizing World (J.
M. Marzluff, R. Bowman, and R. Donnelly, Editors). Kluwer
Academic, Norwell, MA, USA. pp. 403–425.

Johnson, G. D., W. P. Erickson, M. D. Strickland, M. F. Shepherd, D.
A. Shepherd, and S. A. Sarappo (2002). Collision mortality of
local and migrant birds at a large-scale wind-power
development on Buffalo Ridge, Minnesota. Wildlife Society
Bulletin 30: 879–887.

Johnston, N. N., J. E. Bradley, and K. A. Otter (2014). Increased
flight altitudes among migrating Golden Eagles suggest
turbine avoidance at a Rocky Mountain wind installation.
PLOS One 9:e93030. doi:10.1371/journal.pone.0093030

Kagan, R. A., T. C. Viner, P. W. Trail, and E. O. Espinoza (2014).
Avian Mortality at Solar Energy Facilities in Southern
California: A Preliminary Analysis. National Fish and Wildlife
Forensics Laboratory, Ashland, OR, USA. http://www.
ourenergypolicy.org/avian-mortality-at-solar-energy-
facilities-in-southern-california-a-preliminary-analysis/

Kalyn Bogard, H. J., and S. K. Davis (2014). Grassland songbirds
exhibit variable responses to the proximity and density of
natural gas wells. Journal of Wildlife Management 78:471–
482.

Kerlinger, P., J. L. Gehring, W. P. Erickson, R. Curry, A. Jain, and J.
Guarnaccia (2010). Night migrant fatalities and obstruction
lighting at wind turbines in North America. Wilson Journal of
Ornithology 122:744–754.

Kitano, M., and S. Shiraki (2013). Estimation of bird fatalities at
wind farms with complex topography and vegetation in
Hokkaido, Japan. Wildlife Society Bulletin 37:41–48.

Lammers, W. M., M. W. Collopy, and B. Comstock (2007).
Interactions between avian predators and Greater Sage-
Grouse before and after construction of an overhead electric
transmission line in northern Nevada. Great Basin Birds 9:43–
51.

Larsen, J. K., and J. Madsen (2000). Effects of wind turbines and
other physical elements on field utilization by Pink-footed
Geese (Anser brachyrhynchus): A landscape perspective.
Landscape Ecology 15:755–764.

Laurance, S. G. W. (2004). Responses of understory rain forest
birds to road edges in central Amazonia. Ecological
Applications 14:1344–1357.

LeBeau, C. W., J. L. Beck, G. D. Johnson, and M. J. Holloran (2014).
Short-term impacts of wind energy development on Greater
Sage-Grouse fitness. Journal of Wildlife Management 78:522–
530.

Ligouri, J. (2005). Hawks from Every Angle: How to Identify
Raptors in Flight. Princeton University Press, Princeton, NJ,
USA.

Lima, S. L. (1998). Nonlethal effects in the ecology of predator–
prey interactions. BioScience 48:25–34.

Lind, O., M. Mitkus, P. Olsson, and A. Kelber (2014). Ultraviolet
vision in birds: The importance of transparent eye media.
Proceedings of the Royal Society of London, Series B 281:
20132209. http://dx.doi.org/10.1098/rspb.2013.2209

Lobermeier, S., M. Moldenhauer, C. M. Peter, L. Slominski, R. A.
Tedesco, M. V. Meer, J. F. Dwyer, R. E. Harness, and A. H.
Stewart (2015). Mitigating avian collision with power lines: A
proof of concept for installation of line markers via
unmanned aerial vehicle. Journal of Unmanned Vehicle
Systems 3:1–7.

Loesch, C. R., J. A. Walker, R. E. Reynolds, J. S. Gleason, N. D.
Niemuth, S. E. Stephens, and M. A. Erickson (2013). Effect of
wind energy development on breeding duck densities in the
Prairie Pothole region. Journal of Wildlife Management 77:
587–598.

Loss, S. R. (2016). Avian interactions with energy infrastructure in
the context of other anthropogenic threats. The Condor:
Ornithological Applications 118:424–432.

Loss, S. R., T. Will, S. S. Loss, and P. P. Marra (2014). Bird–building
collisions in the United States: Estimates of annual mortality
and species vulnerability. The Condor: Ornithological Appli-
cations 116:8–23.

Loss, S. R., T. Will, and P. P. Marra (2013). Estimates of bird
collision mortality at wind facilities in the contiguous United
States. Biological Conservation 168:201–209.

Loss, S. R., T. Will, and P. P. Marra (2015). Direct mortality of birds
from anthropogenic causes. Annual Review of Ecology,
Evolution, and Systematics 46:99–120.

Lovich, J. E. (2015). Golden Eagle mortality at a wind-energy
facility near Palm Springs, California. Western Birds 46:76–80.

Lovich, J. E., and J. R. Ennen (2011). Wildlife conservation and
solar energy development in the desert Southwest, United
States. BioScience 61:982–992.

Ludlow, S. M., R. M. Brigham, and S. K. Davis (2015). Oil and
natural gas development has mixed effects on the density
and reproductive success of grassland songbirds. The
Condor: Ornithological Applications 117: 64–75.

Luzenski, J., C. E. Rocca, R. E. Harness, J. L. Cummings, D. D.
Austin, M. A. Landon, and J. F. Dwyer (2016). Collision
avoidance by migrating raptors encountering a new electric
power transmission line. The Condor: Ornithological Appli-
cations 118:402–410.

Madsen, J., and D. Boertmann (2008). Animal behavioral
adaptation to changing landscapes: Spring-staging geese
habituate to wind farms. Landscape Ecology 23:1007–1011.

Mahoney, A., and A. Chalfoun (2016). Reproductive success of
Horned Lark and McCown’s Longspur in relation to wind
energy infrastructure. The Condor: Ornithological Applica-
tions 118:360–375.

Marques, A. T., H. Batalha, S. Rodrigues, H. Costa, M. J. R. Pereira,
C. Fonseca, M. Mascarenhas, and J. Bernardino (2014).
Understanding bird collisions at wind farms: An updated
review on the causes and possible mitigation strategies.
Biological Conservation 179:40–52.

Martin, G. R. (2011). Understanding bird collisions with man-
made objects: A sensory ecology approach. Ibis 153:239–254.

Martin, G. R. (2012). Through birds’ eyes: Insights into avian
sensory ecology. Journal of Ornithology 153 (Supplement 1):
S23–S48.

Martin, G. R., and J. M. Shaw (2010). Bird collisions with power
lines: Failing to see the way ahead? Biological Conservation
143:2695–2702.

Martin, G. R., S. J. Portugal, and C. P. Murn (2012). Visual fields,
foraging and collision vulnerability in Gyps vultures. Ibis 154:
626–631.

The Condor: Ornithological Applications 118:411–423, Q 2016 Cooper Ornithological Society

J. A. Smith and J. F. Dwyer Energy infrastructure and birds 421

PC ORIGINAL PKG



Marzluff, J. M., and E. Neatherlin (2006). Corvid response to
human settlements and campgrounds: Causes, consequenc-
es, and challenges for conservation. Biological Conservation
130:301–314.

McClure, C. J. W., H. E. Ware, J. Carlisle, G. Kaltenecker, and J. R.
Barber (2013). An experimental investigation into the effects
of traffic noise on distributions of birds: Avoiding the
phantom road. Proceedings of the Royal Society of London,
Series B 280:20132290. http://dx.doi.org/10.1098/rspb.2013.
2290

McCrary, M. D., R. L. McKernan, R. W. Schreiber, W. D. Wagner,
and T. C. Sciarrotta (1986). Avian mortality at a solar energy
power plant. Journal of Field Ornithology 57:135–141.

McNew, L. B., L. M. Hunt, A. J. Gregory, S. M. Wisely, and B. K.
Sandercock (2014). Effects of wind energy development on
nesting ecology of Greater Prairie-Chickens in fragmented
grasslands. Conservation Biology 28:1089–1099.

Morinha, F., P. Travassos, F. Seixas, A. Martins, R. Bastos, D.
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MISSION StAtEMENt

The mission of State Fire Training is to enable the California fire service to safely protect life and property 
through education, training, and certification.

FIRE SERvICE tRAININg ANd EduCAtION PROgRAM

The Fire Service Training and Education Program (FSTEP), was established to provide specific train-
ing needs of local fire agencies in California. State Fire Training coordinates the delivery of this training 
through the use of approved curricula and registered instructors.

The FSTEP series is designed to provide both the volunteer and career fire fighter with hands-on training 
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ered through registered instructors and can be tailored by the instructor to meet your department’s specific 
need. Upon successful completion of an approved FSTEP course, participants will receive an Office of the 
State Fire Marshal course completion certificate.
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Course Outline

Course Objectives: At the conclusion of this class the student will…

a) Have a working knowledge of a Photovoltaic System

b) Be able to identify component parts of a Photovoltaic System

c) Identify and mitigate potential hazards

d) Identify occupancies and locations for Photovoltaic Systems

e) Perform size-up and develop response strategies and tactics

Course Content  8:00*

1. Introduction 0:30

2. Photovoltaic history, distribution and regulation 1:00

3. Photovoltaic components; modules, wiring and inverters 1:00

4. Photovoltaic operation and tactical considerations 2:00

5. Residential and suburban applications 1:00

6. Large and small commercial applications 1:00

7. Battery hazards for off-grid systems 1:00

8. Photovoltaic technologies underdevelopment 0:30 

*Minimum course hours = 8. If the optional skills and evolutions are scheduled to be 
taught, adequate time and materials must be added.
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terminal Objective

At the conclusion of this module students will be able to recognize types of  
photovoltaic systems and components

Enabling Objective

The student will be able to:

• Describe a photovoltaic system

• Identify system components

1.1 INtROduCtION

With a variety of alternative electrical generation systems available, none is becoming more 
prevalent than those which convert solar energy to electricity. These systems are known  
as photovoltaic systems, or simply PV. A photovoltaic system consists of photovoltaic solar 
panels and other electrical components used to capture solar energy and convert it to  
electrical power. Many systems are roof mounted and may present hazards to firefighting  
operations. Firefighters can be sure that at some point in the future they will encounter  
an incident involving a building with a solar electric generating system. 

PV systems are an economical and environmen-
tally clean way to generate electricity and are here 
to stay. Your fundamental understanding of PV 
systems will increase your confidence when fight-
ing fires involving PV equipment and when fight-
ing fires in structures equipped with PV systems. 
The PV industry, utility companies, manufactur ers, 
suppliers, regulators, designers and installers are 
working with fire service to ensure that firefighters 
will be able to operate safely around PV systems.

The days of firefighters rushing in to a structure 
without first making an assessment and size-up of the emergency have passed. In addition  
to a several other hazards found in fighting fire in modern buildings,  Fire fight ers must also 
be aware of PV systems and the associated hazards. The potential hazards, which will be  
discussed in this curriculum include, electrical shock, trip/slip/fall, increased roof loads,  
hazardous materials, and battery storage hazards. This training curriculum will review  
these dangers and hazards as well as make recommendations on how you can protect your  
fire crew members and yourself.

SECTION 1 | PHOTOVOLTAICS
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The information contained in this curriculum is spe-
cific to California. If used in other states or countries, 
some of the discussion should be updated to reflect 
local energy policies and regulations.

1.2 wHAt ARE PHOtOvOLtAICS?

“Photovoltaics” refers to the process of converting energy in the form 
of light from the sun to usable electrical current. A PV system refers 
to a system of components that, together, will generate electricity for 
use on site and may allow excess electricity to flow to the utility grid.

Since the 1980s, solar electricity has been used in 
many common household devices. You probably 
remember the early solar-powered calculators that 
didn’t need a battery and small solar charging sys-
tems for recreational vehicles and boats. But this was 
just the beginning. The solar electric industry is now 
actively selling and installing PV systems throughout 
California. At the end of 2009, there were approximately 
50,000 individual solar projects scattered 
throughout California on residential and 
commercial properties. Residential systems 
can create enough electricity to meet a home’s 
entire annual energy needs. There are also 
thousands of solar thermal systems in Califor-
nia, which are used to provide hot water and 
home heating. This curriculum does not cover 
solar thermal water heating systems.

There are a variety of PV types and installations, 
but generally a PV system includes: 

✸ Modules: Modules, also called panels, are 
made up of many round or square cells, which create electricity 
when exposed to sunlight. The cells are connected together using 
materials that  
allow the electrons to flow into a system of electrical connections. 
A group of modules is called a ‘string’ and a group of strings is 
called an ‘array.’

✸	 wiring harness: Wiring harnesses are used to wire modules 
together in series. A group of strings are connected together at a 
junction called a combiner box. From the junction box(s) con-
ductors carry the electricity to the inverter.

Everyday solar electricity  
can be found in bookbags,  
solar calculators, and 
landscape lighting.

PC ORIGINAL PKG



Fire OperatiOns FOr 
Photovoltaic Emergencies

13 µµ

✸	 Inverter: PV panels produce direct current which generally needs to be converted to alter-
nating current. This is done by an inverter. The inverter is connected to the on-site utility 
service panel, so that electricity from the solar array can provide electricity to the site. 

✸	 Batteries: Batteries are used in “banks” store electricity.

✸	 disconnect Switches: A PV system may have one or more disconnect switches between the 
arrays and the electrical service panel. 

In other than off-grid systems, most PV systems installed today do not use batteries. Instead, 
the systems produce electricity for use on site or for transmission to the local utility. When more 
electricity is produced from the solar panels than is needed on site, the extra electricity is al- 
lowed to flow into the utility system. The surplus current runs through a meter that measures 
how much of electricity flows into the utility grid. The elimination of batteries has reduced  
the cost and increased the practicality of PV systems thereby allowing PV to be more available  
to consumers.

1.3 StAtE SAFEtY REguLAtIONS

Regulations in the National Electrical Code addressing solar electrical safety have been in place 
since the 1980s. As PV technology has evolved, so have the applicable codes and ordinances. Like 
all evolving technologies, practical experience plays an important role in the development of  
new regulations. 

In 2007, the California Office of the State Fire Marshal (CAL FIRE) established a task force that 
included representatives from the fire service, building officials, other state agencies, and the PV 
industry in order to develop a guideline for the installation of PV systems. The Solar Photovol-
taic Installation Guideline was developed to provide local jurisdictions and the solar industry 
with information for the layout, design, marking, and installation of solar photovoltaic systems. 
The Guideline can be located on-line at http://osfm.fire.ca.gov/training/photovoltaics.php and is 
intended to mitigate the fire and life safety issues. In addition, the Guideline provides labeling 
recommendations to help the fire service identify the components of the PV system at the scene 
of a fire. In May 2010, the International Code Council adopted a version of the California Guide-
line into the 2012 International Fire Code. 
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1.4 NuMBER OF Pv SYStEMS IN CALIFORNIA

Changes in PV technology, such as efficiency and availability have lowered the price of PV systems. As a result, the 
number of solar installations has increased dramatically. Figure 1 shows a chart of the number of solar projects in-
stalled between 2001 and 2009 in the regions served by Pacific Gas & Electric (PG&E), Southern California Edison 
(SCE), and San Diego Gas & Electric (SDG&E). Table 1 shows the actual numbers in these same utility areas.

                        Figure 1: Number of solar projects in California, 2001-2009

Table 1: Number of PV Projects by Utility Area

utility 
Area

thru 
2001 2002 2003 2004 2005 2006 2007 2008 2009

SCE 294 446 801 939 807 1344 1873 2352 2769
SDG&E 306 350 537 861 934 961 1028 951 1658
PG&E 745 1243 1856 3104 2824 4348 6578 6547 6607
Total 1345 2039 3194 4904 4565 6653 9479 9850 11034

Even though incentives are available statewide, most PV projects are installed in areas where electricity use and rates 
are high. Typically, these are areas in which the use of air conditioning is highest. Utilities in California use a tiered 
billing system; the rate paid for electricity by the consumer is higher based upon the quantity of electricity used. How-
ever, some customers choose to install PV systems simply out of concern for the environment or climate change.
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Table 2 shows the Cities and Counties with the most Residential PV systems installed between 2007 and  
February 2009.

Table 2: Residential PV Systems in Cities and Counties, January 2007- February 20091

Counties Cities

San Diego 3,098 (12.1%) San Diego: 1,095 (4.3%)
Santa Clara: 2,291 (9.0%) San Francisco: 1,012 (4.0%)
Los Angeles: 2,191 (8.6%) San Jose: 851 (3.3%)
Alameda: 1,465 (5.7%) Fresno: 540 (2.1%)
Contra Costa: 1,175 (4.6%) Clovis: 389 (1.5%)
Sonoma: 1119 (4.4%) Santa Rosa: 368 (1.4%)
Riverside: 1101 (4.3%) Oakland: 301 (1.2%)
Fresno: 1089 (4.3%) Berkeley: 294 (1.2%)
San Francisco: 1,013 (4.0%) Santa Cruz: 291 (1.1%)
Other/Unspecified: 9,609 (37.6%) Other/Unspecified: 19,997 (78.2%)

To obtain more recent statistics on solar projects constructed in California Cities and Counties, visit  
www.californiasolarstatistics.ca.gov.

Some communities provide on line solar maps, showing where solar projects have been installed in their commu-
nities. Table 3 shows a list of a few of the solar maps available in California.

1 Source: www.californiasolarstatistics.ca.gov
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Table 3: Solar Map Websites

City web site

San Francisco http://sf.solarmap.org/
Los Angeles http://solarmap.lacounty.gov/
San Diego http://sd.solarmap.org/solar/index.php
Berkeley http://berkeley.solarmap.org/solarmap_v4.html
Sacramento http://smud.solarmap.org/map.html
San Jose http://www.sanjoseca.gov/esd/energy/svenergymap.asp

1.5 INCIdENt SuMMARY

As the number of PV systems has increased, fire service experience 
with theses systems has also grown. In addition, the fire service has 
experienced several fires involving buildings equipped with PV 
and fires involving the PV components. These experiences have not 
resulted in death or serious injury to firefighters but they have high-
lighted the need for the solar industry to work with the fire service. 

Table 3 shows a brief summary of incidents that have been re-
ported. Lessons learned from these incidents will be used in case 
studies and examples in this training material.

Table 4: Incident Summary

date Location Summary

June 1996 Grassy Area Small grass fire originating from PV modules.

2003
San Bernardino (De-
vore, CA)

Residential wildfire in the region. Building and PV system survived 
(all other buildings destroyed)

2004 Strip Mall Overheated junction box with smoke and no fire.

Feb 2008 Long Beach, CA

Convention center fire on two modules. The modules involved were 
field repaired by the manufacturer representative. Damage limited 
to the modules.

June 2008 Sedona AZ

Residential content fire. PV system was destroyed. Firefighter re-
ceived an electric shock (non life threatening) that was first attribut-
ed to the PV system but later attributed to the utility power supply.

May 2008 San Francisco, CA
University of San Francisco fire started at the array and extinguished 
by maintenance personnel.

Jan 2009 Torrance, CA

Residential fire started at PV modules 2 weeks after the system was 
installed. The modules were ‘do-it-yourself ’ of questionable installa-
tion quality. 

A content fire in the garage of this 
residence destroyed the PV inverter box.
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June 2009 Concord, CA

Concord CA- Residential Garage fire. PV system not involved and 
did not burn (although inverter was destroyed because of the extent 
of the fire. The PV system did not cause the fire.

Mar 2009 Simi Valley, CA
Residential fire started in a shingle module of an integrated roof  
PV system.

Apr 2009 Bakersfield, CA
Big Box retail store fire may have started in the PV conduit or  
the array.

Summer 
2009 San Francisco, CA

Convention Center incident. PV Modules observed arcing. No fire 
occurred. Modules replaced.

Summer 
2009 Davis, CA Grass fire at PV USA a former PV research center.

June 2009 Bursdadt, Germany
Large warehouse. Fire occurred at the PV modules (200 square feet 
of a 5 MW system) within the array.

Jan 2010 Minnesota
A chimney fire that was originally attributed to nearby roof-mount-
ed air heating panels but later corrected.

Mar 2010 Victorville, CA

Concentrating modules burned while stored on site before instal-
lation took place. Fire likely caused by a cigarette or other burning 
material that came in contact with the boxes where the modules 
were stored.

Apr 2010 Maryland

Residential fire—Older PV system. Fire started at modules. Reports 
are debris beneath modules may have been involved in the cause of 
the fire.

Apr 2010 San Diego, CA

Residential fire on an 8 year old, self-installed PV system, started at 
the inverter. PV modules not involved. The lack of an external DC 
disconnect, prevented resident and emergency responders from 
turning off power from the modules.

May 2010 Fresno
A Fresno College campus a fire occurred in the combiner box of a 
PV system, mounted on a parking structure.
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This brief summary of PV incidents chronicles a range of issues that are associated with PV. 
But this review reveals that some of these problems did not start with the PV system, but from 
inexperienced installations, installations using damaged panels, and incidents that occurred 
before the PV system was actually installed. Importantly, some of these incidents started as a 
result of overheated arrays and junction boxes. While some PV systems were involved with a 
structural fire, they were not the origin of the fire. In all cases, developing a fundamental un-
derstanding of PV systems will help you stay safe when operating around the system and help 
you mitigate potential emergencies.

Each cell of a PV module is wired 
together to the junction box on the back 
side of the module. The picture, lower 
left, shows the damage to the junction 
box after it becomes overheated.
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terminal Objective 

At the conclusion of this module students will have knowledge of the basic parts  
of a PV system.

Enabling Objective 

The student will be able to:

• Describe the basic parts of a PV panel

• Identify system components

• Understand basic design considerations

2.1 INtROduCtION

Photovoltaics begin at the source—the Sun! Every day enough solar energy falls on the earth to sup ply all 
the world’s energy needs for four to five years. The Sun’s full intensity and bright ness, often called “peak sun”, 
is 1,000 watts per square meter (referred to as irradiance). This inten sity can be diminished by the micro 
climate and site specific con ditions, such as weather and shade. But even on overcast days caused by smog or 

clouds, solar electricity can still be generated by the solar panels, although at 
significantly reduced efficiency.

The sun produces the most energy between 9 am and 3 pm. To maximize 
their efficiency, most PV systems in the Northern Hemisphere are 

orientated toward the south. Understanding how solar cells gener ate 
electricity is one thing. Under standing what to do with all that elec-

tricity is another. In many cases, a PV system will generate more 
electric ity during the sunniest part of the day than can be used at 

the time. 

The main point that a firefighter needs to have about PV electrical generation 
is that the amount of current generated depends on how intense the sunlight is. If the 

sunlight doubles in intensity, the current generated by the array will also double. 

The current is not unlimited as with energy supplied by 
a utility service. For a utility service, a short circuit can 
generate 10,000 amps at a residence to 100,000 amps at a 
large commercial facility. These high short-circuit currents 
at utility services are a severe hazard to the firefighter. PV 
systems, on the other hand, are limited by the presence of 
sunlight. A large residential PV system might have 30 amps 
of short circuit current at full sun (compared to the 10,000 
amps of utility supplied current), and a large commercial PV 
array may have 1,500 amps of available short circuit current 

SECTION 2: PHOTOVOLTAIC CELLS AND COMPONENTS
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PC ORIGINAL PKG



Fire OperatiOns FOr 
Photovoltaic Emergencies

20 µµ

(compared to the 100,000 amps of utility sup-
plied current). What this means for firefight-
ers is that there is a significant difference 
in the hazard for arc flashes and arc burns 
between utility supplied current versus PV 
generated current. However, it does not mean 
that the PV electrical power is completely safe. 
It still poses many of the electrocution hazards 
that are discussed in this training.

Another important consideration for firefighters is that the voltage is very consistent during 
daylight hours. As soon as the sky is light and it is possible to easily see outdoors without artifi-
cial light, the voltage on a PV array will rise to the voltage it will operate at throughout the day. 

Although current (amperage) is what causes damage to a person’s body, the voltage is what drives 
that current through the body. The higher the voltage, the higher the amount of current is forced 
through the body in an electrical shock. The simple rule is that if it is possible to see outdoors eas-
ily without the need for artificial light, then the PV array is generating dangerous voltage. 
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Pho tovoltaic designers have several options in regard to the fluctuation of energy throughout 
the day:

✸		 Store excess electricity in a bank of batteries so that the electric ity can be used when the 
sun is not shining. This design is typical of an off-grid system. 

✸		 Credit excess electricity generated back to the utility company. This is typical of a 
grid-tied system.

✸		 Store electricity in the battery bank and credit excess electricity back to the utility grid. 
This battery back-up system ensures that the building owner will have enough electricity 
stored in case of a utility grid power outage (While battery back-up systems do exist,  
they are not common in the urban setting). 

2.2 ANAtOMY OF A SOLAR CELL

The individual solar cell is the smallest unit and the foundation of the PV system. There are 
two common types of PV cells: silicon and amorphous silicon. In both cases, a very thin slice 
of the semi -conductor silicon (about 1/100th of an 
inch thick) is layered along with boron and phospho-
rous in a process known as “doping”. Boron, which is 
used for the positive layer of the cell, has an electron 
deficiency. Boron has room, or a hole, in the outer 
shell of the atom to add an electron. Phosphorus has 
an extra electron and is used for the nega tive layer 
of the solar cell. Photons from the sun energize and 
knock loose the extra electron in the negative layer 
which crosses the positive-negative (P-N) junction to 
fill the hole on the positive Boron side. This process 
generates approximately 0.5 volts per cell.

The composition of the silicon crystalline structure varies from manufacturer to manufacturer. 
The purest silicon structure employs the growth of a single crystal (monocrystalline) cut in 
to thin wafers. Multiple crystals cast together and sliced into thin wafers form polycrystalline 
structure seen in many solar panels.

All PV modules are made with multiple cells. However, some solar cells look very different 
from the squared crystalline silicon cells that are most common. Thin film semiconductors can 
be made from silicon, or other special semiconductors. These cells are most often organized in 
thin long lines on a PV module from ¼" to ¾" in width.

photon

electrons

p/n junction

�����������������������

phosphorus -

boron +
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There are many semiconductor technologies being employed to improve PV efficiency and to 
reduce production cost. The industry is using and experimenting with many other materials 
such as thin films like cadmium telluride and high efficiency multi-junction cells that use  
gallium arsenide. 

As stated elsewhere in this training, artificial light alone, in the form of scene lighting for 
nighttime operations, is insufficient to create dangerous current. PV cells may, however, gener-
ate miniscule amounts of electricity at night. In a recent study at the Sacramento Municipal 
Utility District, the Sacramento Fire District participated in an experiment to measure the 
amount of electricity generated at night or when exposed to emergency lighting systems. The 
results of this test are shown in Table 5.

Table 5: Results of Night Test, September 2007

Foot Candles

Test
Distance 
(ft)

Height 
(ft) Tungsten Mercury Halogen Volts Amps

1 57 8 70 0.002
2 57 0 53 0.003
3 46 0 35 37 33 78 0.004
4 41 8 34 33.9 30.6 83.6 0.003
5 15 8 160 150 145 235 0.034

2.3 PHOtOvOLtAIC MOduLES

Solar cells are encapsulated together within an anti-reflective glass and a plastic back cover. An 
aluminum frame typically protects the edge of the glass and provides a good mounting struc-
ture to fasten the module to a support structure. 

When several cells are connected together in series and parallel the voltage and amperage is 
increased to achieve the desired electrical output. Photovoltaic cells connected together in this 
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manner form a PV module. Weather-proof electrical connections are mounted on the back of the 
module for quick connections to other modules that comprise the PV array. 

Modules come in a variety of sizes and rated outputs. A standard size module is approximately  
5 feet by 3 feet, produces 20 to 40-volts, and consists of 50 to 72 solar cells. An average size  
crystalline module weighs between 30 and 50 pounds, most of which is the weight of the glass.

PV panels have no moving parts. An owner may need to occasionally wash dust, dirt, and bird 
droppings off the panels to keep them operating at peak efficiency. The panels themselves are com-
pletely weather proof, so there is little danger to those who perform this maintenance function. 

2.4 PHOtOvOLtAIC ARRAY

One or more strings of modules forms an array. The modules are wired together in series to in-
crease voltage, like the batteries in your flashlight. The strings are then wired together in parallel to 
increase amperage. Residential systems with outputs of 600 volts are common. The average house-
hold in California uses about 6,500 kilo watt-hours per year. A PV system in the three-to four-
kilowatt range should adequately meet 
most residential electrical needs. A 20 
module array, capable of generating over 
4,000 watts, will weigh approxi mately 
900 to 1,050 pounds. The weight of the 
system will be equally distributed over 
approximately 420 square feet of the 
roof, resulting in an increase to the roof 
weight load of approximately 2.5 pounds 
per square foot. 
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2.4 PHOtOvOLtAIC tILES ANd SHINgLES

Some residential PV systems are designed to be installed integrally 
with the roof tiles or shingles. These PV tiles or shingles become part 
of the roof system. This type of PV sys tem is a form of “building-in-
tegrated” design. PV roof tiles match the depth of cement or clay tile 
roofs, and PV shingles do the same with composition shingles.

For building owners living in certain fire hazard severity zones, roof-
ing systems must meet the Cali fornia Building Code (CBC) for Class 
A roofing materials. PV tiles or shingles would also have to comply 
with this regulation. Some manufacturers of PV roofing tiles have a 
Class A rating. 

2.5 RACk MOuNtEd PHOtOvOLtAIC MOduLES

The most common installation of PV systems is to fasten the mod-
ules to racks that are mounted above the existing roof surface. This 
method of installation is useful to ensure that the modules are 
oriented properly toward the sun and properly anchored to the roof. 
In fire hazard severity zones, PV modules that are mounted on racks 
above the roof covering do not have to meet the CBC Class A roofing 
requirement as long as the underlying roof is Class A. 

2.6 INvERtERS

An inverter is used to convert the power generated by the PV module 
from direct current (dc) to alternating current (ac) so that the elec-
tricity can be used by the consumer or directed in to the utility grid. 
Inverters come in a variety of sizes and styles:

Micro-inverters:  A single inverter that is next to or built into 
the individual PV modules. The micro-inverter converts the  
dc power at the module rather than at a single large inverter serving 
many modules.

System inverters: System inverters receive current and voltage from 
many strings or arrays. This type of inverter can be located on  
the roof near the array or inside the building in a location such as  
a utility room.

Inverters contain capacitors which store energy. Once de-energized, 
the capacitors begin to discharge their stored energy. However, they 
may be capable of electric shock until their voltage has diminished.  

PC ORIGINAL PKG



Fire OperatiOns FOr 
Photovoltaic Emergencies

25 µµ

2.7 BAttERIES

Batteries are used to store solar-generated electricity. Batteries are used most frequently in off-grid 
PV systems, although batteries may also be used in grid-connected installations where the user 
wishes to have electricity available when local blackouts occur. Without batteries, a PV system cannot 
store electricity. 

A battery is an electrochemical cell in which an electrical potential (voltage) is generated at the bat-
tery terminals by a difference in potential between the posi tive and negative electrodes. When an 
electrical load (appliance) is connected to the battery terminals an electrical circuit is completed.

A battery cells consists of five major components: elec trodes, separators, terminals, electrolysis and 
a case or enclosure. Battery banks consist of several batteries wired together with “jumper wires” to 
achieve the desired voltage and amperage. 

There are two terminals per battery, one negative and one positive. The battery may contain a liquid 
electrolyte; however, it can also be immobilized in a glass mat or suspended in a gel. 
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terminal Objective 

At the conclusion of this module students will be understand hazards and related 
factors necessary for operations involved in emergency response.

Enabling Objective

The student will be able to:

• Recognize PV systems

• Identify system locations

• Identify hazards with PV systems

• Perform size up

• Have knowledge of strategies and tactics

SECTION 3:  OPERATIONS AND TACTICS FOR 
PHOTOVOLTAIC SYSTEMS

Firefighters need to practice and train for roof operations 
and ventilation techniques when photovoltaic systems 
are present.

3.1 INtROduCtION

Fire Department response, to buildings equipped with PV  
systems, has become more and more frequent. The increase in 
response to incidents involving PV is not because the systems are 
unsafe or hazardous in general, but because improved technology 
and lower cost and has made these systems a common addition  
to both new and existing buildings. Owners of residential,  
commercial and industrial occupancies see these systems as a 
source of “green” energy available at a greatly reduced rate  
when compared to the increasing cost of energy provided by  
public and private utility companies. 

Many firefighters view PV systems as a hazard because they’re 
located on or near buildings and they generate electricity. As with 
any new technology we as firefighters encounter, the more knowl-
edge firefighters have the more successful they will be in develop-
ing a successful tactics and strategies when operating at incidents 
involving PV systems. 

Operating at incidents where PV systems are present may require 
firefighters to adjust their actions somewhat; however these  
adjustments should be similar to those that are necessary with many 
other types of electrical equipment or power generating sources. 

If firefighters are able to identify the presence of PV systems and  
understand the hazards associated with the technology, they can 
then adjust their operations to mitigate the situation in the safest 
and most effective manner. 
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3.2 RECOgNIZINg PHOtOvOLtAIC SYStEMS

Recognizing the presence of PV systems in an emergency situation is one of the most important factors 
in providing safe and effective fire ground operations. In addition, recognition of these systems plays a 
major role in the strategy and tactics that will be employed to mitigate the emergency. Understanding PV 
system components  and how the PV system functions will allow firefighter’s to determine the best  
approach to the incident.

there are four general types of systems:

Ground Mounted  Roof Mounted

Building Integrated Other (parking structures, trellises, etc.)

Recognition of PV systems on or near buildings can occur in a variety of ways. These include: Computer 
Aided Dispatch (CAD) files, run book information, fire company inspections, pre-plans and familiar-
ity with areas of the response district in which “green” construction is prevalent. However, on-scene 
visual observation may be the first indication that the building is equipped with a PV system. A visual 
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observation may not always be counted on because often PV systems cannot 
be seen from the street side or from ground level. Additionally, built-in PV and 
even roof mounted systems may be difficult or impossible to see at night. 

A good “hot lap” or 360 degree view of the building on arrival increases the 
chance of spotting roof or ground mounted components. In some instances, 
the first information indicating there is a PV system on the structure may  
come from the crew assigned to the roof division. 

Common indicators at ground level include exterior mounted electrical con-
duit, signage, inverter boxes, or switching that is not a normal component of 
the utility service box. Recognition and familiarity of these components can be 
enhanced by company-level training and study of these systems.

Firefighters working on the roof should communicate what they see and how 
the system could potentially impact the strategy the Incident Commander has 
chosen. The Division supervisor needs to assure crew safety and maintain  
situational awareness during operations near the PV system.

3.3. HAZARdS

Like other power generating devices, PV systems have certain hazards as-
sociated with the technology. Many of the same hazards associated with PV 
technology are present at incidents where PV systems are not present. This 
is because they are general electrical hazards not specific to PV systems. Like 
other electrical systems, the components are only hazardous if the system is 
compromised or directly involved in fire or the protective coverings on the 
components are damaged. The following lists some of the hazards associated 
with PV technology. Recognition and understanding these hazards will in-
crease firefighter safety.

3.3.1 Electrical Hazards – Firefighter Electrical Safety! 

The primary danger to firefighters working around an electrical system, and 
specifically PV systems is electrical shock. What makes electricity hazardous  
to firefighters is that it cannot be seen and can strike unsus pecting victims, 
sometimes fatally. A review of NIOSH after-incident reports reveals that even 
people with knowledge of electricity, such as electricians and linemen are  
killed every year in electrical accidents. The NIOSH reports (available at 
http://www.cdc.gov/niosh/fire/) also reveal that a number of firefighters are 
also killed and injured annually in electrical incidents.

3.3.2 Electric Shock and Burn Hazards

PV systems typically have the capacity to generate electricity in the range of 
600 volts. This voltage, even at low amperages, is extremely dangerous to fire-
fighters who may come in contact with it.
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In general, electricity can cause a variety of effects, ranging from a slight tingling sensation, to involuntary muscle 
reac tion, burns, and death. The physiological effects pro duced by electricity flowing through the body include:

AMP Physiological Effect

6-30mA Painful shock, muscle control is lost. This is called the freezing cur-
rent or let go range.

50-150mA Extreme pain, respiratory arrest, and severe muscular contractions, 
individual cannot let go. Death is possible.

1 to 4 amps Ventricular fibrillation, muscular contraction, and nerve damage oc-
cur. Death is likely.

10 amps Cardiac arrest, severe burns, and probable death.

Even at levels lower than 6mA, an involuntary muscle reaction could trigger a fall from a roof.

3.3.3 Resistance to Electricity

A “grounded” firefighter provides an excellent path for electrical current to go to ground. When this happens to a 
firefighter there are a number of variables that determine the degree of injury that may be sustained. These include:

✸	 Amount of current flowing through the body

✸		 Pathway of the current through the body (hand-to-hand or hand-to-foot)

✸		 Length of time the body is in the current

✸		 Body size and shape (muscle mass and body, the larger the person the more resistive)

✸		 Area of contact (with conductive parts)

✸		 Pressure of contact (of skin to the contacts)

✸		 Moisture of contacts (sweaty skin will be more conduc tive than dry skin)

✸		 Clothing  and Jewelry

✸		 Type of skin (callused hands opposed to back of hand)

Electrical shock is one hazard when working around electricity—burns are another. Burns that are caused by elec-
tricity include electrical, thermal and arc burns. 

An arc-flash can occur when there is sufficient amperage and voltage and a path to ground or to a lower voltage. 
Arc-flashing is most common in ac circuits due to the presence of high amperage. Temperatures generated by arcing 
electricity can reach 15,000 to 35,000 degrees and can melt or vaporize metal in close vicinity. It can also burn flesh 

Important Note: Firefighters should not disconnect power by removing the electric meter from the meter 
box. Experience has shown that electrical arcing can occur and cause injury or death to the firefighter.  
Instead firefighters should lock out the main disconnect next to the meter and lock out/tag-out the me-
ter box to insure that someone does not inadvertently re-energize the system
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and ignite clothing at distances of up to 10 feet. The best  
way to prevent arc-flash hazards is to de-energize electri-
cal equipment and circuits before approaching or touching 
electrical equipment. 

3.3.4 trip, Slip or Fall Hazards

PV systems are comprised of metal, glass, conduit and 
cable, all of which are slippery when wet. Some of these 
components protrude above the roof line or crisscross the 
space between rows of modules and may not be visible 
to firefighters in dark or smoky conditions creating a trip and 
fall hazard. Building integrated components, such as roof tile or 
shingle shaped PV modules may not be visible at all to a firefighter 
walking across a roof at night. 

Important Note: While you already know to avoid trip hazards 
posed by vent stacks, skylights and other obstacles on the roof, you 
now need to also consider walking and working around the pho-
tovoltaic array and in as many cases solar water heating and swim-
ming pool heating collectors.

3.3.5 Increased dead Load Roof Loads

A PV system installed during new construction or retro-fitted onto an existing building adds weight to the roof 
assembly. Light-weight constructed roofs are engineered to carry the building’s design load under normal condi-
tions. They are not designed to continue to support a load under fire conditions. The additional weight of a PV 
system, whether part of the original design load, or added as a retrofit, is likely to cause a roof to fail sooner.

3.3.6 HazMat—Firefighter Inhalation Hazards

Many hazardous materials used in the semi-conductor indus-
try are also used in the construction of PV modules. These 
include: silicon, boron, phosphorus, cadmium, tellurium, 
arsenic, and gallium. Under normal conditions, these materi-
als are sandwiched and sealed between a layer of glass and 
a plastic backing all of which are encased in an aluminum 
frame. During a fire involving PV modules the aluminum 
frame can easily deform or melt, exposing these materials to 
direct flame. The hazardous materials then become dissi-
pated in the smoke plume and may be inhaled by firefighters 
not wearing breathing apparatus. Firefighters should also 
take caution when performing overhaul on and around PV 
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modules and other electric components and continue to wear respiratory protection until the scene has been 
cleared by safety or hazardous material personal.

3.3.7 Battery Hazards

In some PV systems, batteries are used to store solar-generated electricity. Batteries are used most frequently in 
off-grid PV systems, although batteries are also used in grid-tied applications where the user wishes to have elec-
tricity available in the event of a power failure. Without batteries, a PV system cannot store elec tricity.  
Typically, several batteries will be arranged to form a “battery bank”. The batteries in the bank are connected to 
each other with “jumper wires” to either increase voltage, or to increase amperage. The most commonly used 
batteries are lead acid. Lead acid batteries contain sulfuric acid that can cause harmful and explosive fumes. 
Once it has been determined that a building has a bank or banks of batteries, the IC and all personnel operating 
around the batteries should be notified. 

Recommended Practice

The inhalation hazards from the chemicals inherent in PV modules engulfed in a fire or explosion can be 
mitigated as long as firefighters wear their SCBA’s and personal protective equipment during a structural 
firefighting and overhaul operations. It is the decision of the Incident Commander whether or not the 
emergency consti tutes sheltering the population “in-place” downwind of the emergency. Fire or explo-
sion emergencies involv ing large number of PV arrays, as in a commercial application, may necessitate 
evacuating downwind of the  emergency.
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During normal charging operations, batteries emit both hydrogen and hydrogen sulfide gas. 
Both of these gases are highly flammable. Hydrogen is lighter than air and hydrogen sulfide is 
slightly heavier. For this reason, spark producing equipment and open flames are not allowed 
where batteries are used or stored. Firefighters operating in and around battery storage areas 
should only use flashlights and other equipment approved for CLASS 1 atmospheres. 

Another type of battery that is in use for PV 
systems is the Lithium ion battery. Lithium ion 
batteries are more efficient than lead acid batter-
ies and therefore can take up less space. Lithium 
ion batteries contain flammable liquid electrolyte 
that may vent, ignite and produce sparks when 
subjected to high temperatures, damaged or abused 
(e.g., mechanical damage or electrical overcharg-
ing). Lithium ion batteries may burn rapidly with 
flare-burning effect and may ignite other batteries 
or combustibles in close proximity. Contact with 
the electrolyte in the lithium  
ion battery may be irritating to skin, eyes and mu-
cous membranes. Fire will produce irritating,  
corrosive and/or toxic gases including hydrogen 
fluoride gas.  PV modules themselves have no  
storage capacity. Inverters have capacitors which  
do store energy; however, the energy within the capaci-
tors is discharged soon after power to the inverters  
is disconnected. 

Important Note

Never cut into batteries under any circumstances! Even though the voltage generating PV system may be 
disconnected from the battery bank, the batteries themselves still have potential for electrical shock. If the 
battery is punctured by a conductive object, assume that the object may be charged.

Inverters have capacitors that store energy which is discharged  
soon after power to the inverters is disconnected.
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3.4. SIZE-uP

Every firefighter is familiar with the term size-up. A good 
size-up is critical to starting the incident down the appro-
priate path to a successful conclusion. In the case of PV 
systems, it is extremely helpful to be aware of the presence 
of these systems prior to an incident. The reason for this is 
quite simple; the presence of these systems could possibly 
cause a change to strategy and tactics. 

Firefighters should be aware of PV systems in their re-
sponse district. Information about systems can be collected 
from a variety of sources:

✸	 Company Pre-Incident Surveys and Prevention 
Inspections

✸	 Fire Prevention Bureau records

✸	 Building and Planning Department responsible for 
issuing the installation permit

✸	 Visual observation

Information on buildings equipped with PV needs to be available to firefighters in the 
event of an incident. The information should be added to CAD files, included in the dis-
patch, included in the text on Mobile Data Computers (MDCs), and added as a symbol 
in run books. This pre-incident information will assist with on scene size-up and with 
determining the appropriate mode of operation, tactics and strategy. 

Determining whether crews will be in offensive or defensive mode is based on many 
familiar factors, here are a few, in no particular order:

✸		 Time of day—day or night;

✸		 Life safety issues;

✸		 Type of construction: Type I, II, III, IV, V;

✸		 Method of construction—common, URM, 
balloon frame or engineered;

✸		 Building features/height;

✸		 Building density/spacing;

✸		 Age of the building;

✸		 Type of fire—structure fire, contents fire or 
PV system fire;

Doing a 360 degree size-up becomes increasingly difficult 
in dense housing areas. Firefighters should look for all 
visual clues including the sighting of this inverter in the 
open garage.

What to do in a PV Emergency

✸	Always wear protective clothing and SCBA

✸	Avoid Wearing Jewelry

✸	Use hand tools with insulated handles

✸	Locate Battery storage area (if applicable)

✸	Be aware that biting and stinging insects could inhabit the 
module frame and electrical junction boxes

✸	Lock out/tag out system disconnects should be located 
and disconnected.
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✸		 Volume/involvement of  fire;

✸		 Resources available; 

✸		 Lost time intervals between inception on-scene time.

✸		 PV system present;

✸		 The system is involved in the fire or is an exposure;

✸		 The system or system modules are what’s burning.

✸		 Type of system —rack mount or building integrated;

The strategy will be determined after these and other initial size-up factors are 
assessed and an Incident Action Plan (IAP) is developed. 

Just as information about potential fire behavior, building and roof construc-
tion is important to know during size-up, knowledge of the PV systems loca-
tion and components will also be important factors in both pre-incident and 
“on-scene” size-up. 

3.5 StRAtEgY ANd tACtICS

Strategy and tactics are the life blood of any incident. If these two pieces of the incident are not based on sound opera-
tional policy, training, and a well thought out approach to the problem, the entire incident will be compromised. 

In incidents in which PV Systems supply the building with power, the firefighters on scene need to be trained in 
identifying PV systems and the methods to control them. In addition, they must know how to adjust their assess-
ment of the incident involving PV to ensure appropriate actions are applied to the incident. 

In any incident, the desired outcome is to always mitigate and/or control the situation in a safe and efficient man-
ner. The strategy and tactics firefighters choose are critical to both the outcome and the safety of all members 
working on the scene. 
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3.5.1 Strategy

Generally, the strategic mode for a fire incident 
is either an offensive or a defensive attack. The 
Incident Commander might switch from one 
to the other but cannot accomplish both at the 
same time. Once the IC has completed the size-
up and has chosen a strategy, the IC will assign 
the necessary tasks to the fire companies. 

Fire fighters must quickly determine if the sys-
tem itself is involved in the fire and if the system 
is able to be de-energized and notify the IC. The 
IC may need to adjust the strategy and poten-
tially re-arrange the order of the tasks needed to 
deal with the PVs. If the IC chooses an offensive 
strategy it needs to be supported as any other fire 
with or without PV systems. However, the tactics 
used to support an offensive strategy may need 
to be flexible do to the presence of the PV system 
and the inability of firefighters to de-energize all 
of the electrical equipment.

The strategy selected by the IC should have “trig-
ger points” that will allow the IC to assess the  
fires impact on the structure and change strategy 
if a delay in the attack caused by the PV system 
results in excessive lost time. 

The modules on fire at the Long Beach Convention 
Center were damaged in shipping and field repaired 
by the manufacturer’s rep prior to installation. 

The Utility Group should watch for visual indicators 
like these warning labels to identify the existence of 
additional electrical power sources to the building.

Another factor to be considered by the IC is the presence of 
the sun. A fire occurring during nighttime will allow for a 
different strategy than a fire during daylight. However, if the 
incident proceeds past sunrise, the IC must be aware that the 
sunlight will cause the panels to become energized and the 
initial strategy may need to be adjusted accordingly. 

3.5.2 tactics    

Tactics are generally based upon the selected strategy and 
chosen objectives. As with the strategy, the implementation 
of tactics may be affected by the presence of a PV system. 
In buildings equipped with PV systems, control of the utili-
ties must include control of the PV system  
as well as the local utility supplied power. In addition to 
de-energizing equipment powered by the local utility, the 
Utility Group must also de-energize electrical circuits lead-
ing from the PV system. The Utility group should locate 
and disconnect any and all switches in the PV system, 
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including switch-gear on the roof, switches on either side of an inverter and any switches in the 
connection to the building’s main electrical system. 

In PV systems, there is always the possibility of energized con-
ductors within conduit during daylight; therefore, knowledge 
of the location of PV system conduit is important to firefighters 
performing tasks such as ventilation and overhaul. When pos-
sible, the Utility Group should also determine the location of 
all electrical conduits leading away from the array or otherwise 
connected to the PV system. Prior to overhaul, the Utility Group may consider marking the 
PV system conduit with bright spray paint or other means that will be understood by other 
firefighters working around the conduit.

If the system is “off-grid,” the Utility Group should determine if the building is served by other 
electrical sources in addition to the PV system. These may include fuel powered, wind and  
hydroelectric generators. The Utility Group should attempt to isolate all of the sources, includ-
ing the PV, by locating the system controls and opening the main disconnects.

A Ventilation Group or Roof Division should advise the IC if the PV array is going to impact 
the crew’s ability to ventilate the structure effectively from above. If vertical ventilation can-
not be accomplished, the IC needs to be notified immediately so that strategies and tactics can 
be adjusted. Changing to another form of ventilation requires coordination with the IC and 
interior crews.

3.6 COMMuNICAtIONS

Communications have been proven time and time 
again to be an important factor in any incident; too 
much or too little communication may be detrimen-
tal to the overall incident. Within the Incident Com-
mand System, “Unity of Command” allows for each 
person to report to only one designated supervisor 
and “Span of Control” limits the number of people 
reporting to each supervisor. This communication 
model allows for direct, clear communication of in-
formation and events and contributes to the success 
of any incident.

Aggressive fire operations are important 
whether or not a PV system is present. 
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Good fire ground communications have some very basic and specific characteristics that should 
always be used during an incident. Fire ground communication should be clear, concise and 
informative. Some of the communications normally heard on the fire ground frequency are:

✸		 Initial size-up

✸		 Initial mode of operation

✸		 Tactical assignments

✸		 Command changes

✸		 Primary and secondary search findings

✸		 Progress up dates

✸		 Time intervals

✸		 Accountability—Personal Accountability Re-
ports (PAR), Conditions Actions Needs (CAN), 
Personnel Position Progress Needs (PPPN), etc. 

✸		 Hazard notifications

✸		 Emergency Traffic and broadcasts

✸		 Changes in operational mode

Communications at incidents that involve PV systems should not be different than com-
munications at any other incident. However, some of the communications will involve terms 
and phrases found throughout this training program that may be specific to the PV systems 
and how the system will impact the overall operation. Training officers, company officers and 
firefighters should include PV scenarios in training so that terms such as PV, BIPV, array, in-
verter, ac, dc and other terms used when describing components of a PV system are familiar to 
firefighters and can be used during fires when PV systems are present.
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3.7 FIRE gROuNd OPERAtIONS

Offensive fire ground operations involving any structure with a PV 
system will require personnel to take certain precautions. Common 
PV hazards include;

✸		 Electric shock 

✸		 Hazardous atmosphere

✸		 Explosion/arc-flashing

✸		 Collapse 

✸		 Trip, slip or fall 

While these hazards aren’t unusual to firefighters operating on the 
fire ground, they may be accentuated by a PV system. The existence 
of a PV system will not necessarily prevent the initiation of offensive 
tactics; the system may have no impact on the fire whatsoever. Tac-
tics necessary to perform rescues, exposure protection, confinement, 
extinguishment, salvage, ventilation and overhaul can and should still 
be initiated within buildings that have PV systems. However, the pos-
sible additional hazards that may be created by a PV system should 
always be considered before undertaking any of these operations. 

Recognizing the hazards, the use of protective gear, and avoidance 
of the PV system components will be fire fighters best defense when 
working around PV systems. However, the possible additional haz-
ards that may be created by a PV system should always be considered

As discussed in previous sections, PV systems may not be obvious 
to firefighters approaching a building from the street level. In many 
modern subdivisions building integrated PV, such as PV shingles 
or building sidewalls may make the PV system difficult to detect. In 
densely populated urban areas with little or no access to the sides and 
rear of a structure, the ability of first arriving companies to complete 
a 360° size-up will be limited. Roof operations personnel or the Util-
ity Group may be the first to locate a PV system. Early recognition 
of and communications about the PV system by firefighters operat-
ing on the fire ground is imperative. This information will aid the 
Incident Commander and other personnel in establishing a strategy, 
determining risk, and prioritizing their tactical objectives.

During day time incidents involving a PV system, it’s important to 
remember that the panels are always producing energy. The In-
cident Commander should assign a Utilities Group to locate and 

During day time incidents involv-
ing buildings with a PV system it 
is important to remember that the 
panels are always “Hot”
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de-energize all of the PV components, along with any other utility supplied electrical service serving the building 
in order to reduce the risk of electrical shock to firefighters. The power disconnects for the PV system components 
should be located and placed in the “Off ” position, and “Lock out/Tag out” measures used. By code, these compo-
nents should have specific signage or labels designating their location, however, this may not always be the case.

3.7.1 Roof Operations

There are few more effective ways to improve interior conditions for victims and firefighters inside a structure fire 
than ventilating the structure. Roof operations can aid in rescue opportunities in light wells and in the rear of a 
structure, and provide the Incident Commander (IC) with valuable fire condition reports. The Roof Division or 
Ventilation Group may often be the first to determine exactly what is on fire. 

Are the PV panels or electrical components burning, or is it a structure fire?  Early recognition of the problem and 
notification to the IC are key to the development of an Incident Action Plan (IAP). 

A PV array built onto a roof may affect ladder placement and use; requiring fire crews employ other methods to 
gain roof access. On buildings with a sloped roof, the PV panels will normally be found on the South and West fac-
ing sides. Commercial and residential structures with flat roofs may have a large portion of the roof covered by the 
PV array. Ground ladder placement, instead of an aerial ladder, may be needed to achieve the best access/egress 
point for the operation. Even though there are hazards to fire fighters performing roof operations in close proxim-
ity to PV systems, they most likely will not prevent crews from completing their tactical objectives. 

Firefighters should never “pull” the elec-
tric meter as a way of shutting down the 
power to the building.

If vertical ventilation cannot be completed the Incident Commander must be notified immediately so that 
the incidents tactical objectives can be reevaluated and changed

Residential PV Disconnect with Labeling.  The 
interior of the disconnect box shows how lines are 
disconnected when the knife switch is activated. 
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One of the primary goals of roof operations should be to determine if the PV system components themselves 
are on fire, or are the PV components being impinged by fire. There are toxic inhalation hazard associated with 
burning PV modules due to the chemicals used to manufacture the modules. Firefighters can be protected from 
these hazardous chemicals with the use of a Self Contained Breathing Apparatus (SCBA). Once roof operations are 
started, firefighters should quickly complete their objective and safely exit the roof. Any additional time spent on a 
roof with a PV system will only subject personnel to additional hazards. 

If the PV system components experience a mechanical failure, or have been compromised by fire, arcing or faulting 
may occur. This electric shock hazard may prevent firefighters from being able to work safely on the roof and may 
cause operations to be abandoned and strategic and tactical objectives reevaluated. 

Additionally, the building’s roof structure should be evaluated determine the collapse potential due to the added 
weight placed on the roof by the PV system. Light weight truss or wooden I-beam construction could result in a 
collapse if the fire has sufficiently degraded the roof ’s structural components. In general, rooftop PV modules are 
not very heavy. The additional weight added to a structure by a PV system is generally 2.5 to 3.5 lbs/sq. ft. This is 
far less that the 10 lbs/sq. ft. engineered roofs are usually designed to carry. By comparison, a single layer of 30-year 
composition shingles is roughly 4 lbs/sq. ft, and covers 100% of the roof surface, while a PV system will usually 
only cover a portion of the roof. 

The number of roof layers under a PV system is important to fire crews on the roof. By code, PV systems should 
not be installed onto roofs with more than 2 layers of composite roofing material due to weight limits. If the struc-
tural stability of the roof is in question, remove some roofing material and perform a quick inspection. Firefighters 
should consider a roof with a PV array mounted over 2 layers of composite shingles as highly compromised when 
the roof structure is impinged by fire. A roof load can also be negatively affected due to a PV array’s ability to trap 
snow or other debris. Snow and debris will add to the dead load on the roof and increase the possibility of collapse. 
On windy days, rooftop arrays can act like sails producing large amounts of force pulling against the roof structure 

A roofing system, with 
two layers of composite 
shingles and a PV array 
may be compromised 
when affected by fire.
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under the panels. The Incident Commander and roof personnel should evaluate the structural 
hazards the array’s present and make the determination to abandon roof operations if necessary.

PV panels, mounting systems, and conduit present a trip, slip and fall hazard to firefighters. 
This is particularly true under two circumstances:  

✸		 BIPV shingles built into a sloped roofs shingle system can be extremely slippery and haz-
ardous to firefighters walking on them. 

✸		 Because PV arrays on commercial structures often cover large portions of the roof, there 
may be very little clear space on which to walk. 

Night operations, weather and smoky conditions will only compound these issues. Crews 
must move and work with additional caution because of these hazards. If possible, the tactical 
operations to be carried out on the roof should be done away from all PV components. Roof 
personnel may need to reevaluate their position and access the roof from an alternate location. 
Emergency egress points need to be determined early in the operation. Avoid positioning you 
and your crew so that the PV system is between you and your escape route. Situational aware-
ness is key when operating near PV components. 

Because PV panels continuously produce electricity during daylight, it may prove difficult to 
remove all burning or smoldering materials from under or around the panels without subject-
ing crews to an electric shock hazard. Removal of the panels, unless done by a qualified PV 
technician or electrician, is not recommended and strongly discouraged. Firefighters may find 
it necessary to contain the fire and prevent its spread until the panels can be safely removed. It 
is strongly recommended that fire departments maintain a list of several licensed solar power 
installers or electricians that are willing to assist their department in securing or de-energizing 
PV systems and components in the event of an emergency.

3.7.2 ventilation Operations

PV panels located on the roof may present a significant obstacle for fire fighters assigned to 
ventilate. Vertical ventilation can be delayed or prevented because of the size and location of a 
building’s PV system. Cutting a ventilation hole directly over the fire will not be possible if the 
area is covered by a PV array or it’s structural support frame. Ventilation operations must be 
limited to those areas of the roof that are clear of the PV array and other components. If ven-
tilation operations have to be done in close proximity to a PV system firefighters must be sure 
they do not cut or otherwise damage any of the system components. If possible, a safety officer 

Not only are PV modules slippery when wet, they are not designed carry weight and 
therefore should not be walked on by firefighters. 
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should be established to oversee operations when firefighters are 
work in close proximity to the PV array. 

PV system conduit containing energized conductors on the roof 
deck and in attic spaces poses a serious shock hazard to firefighters 
performing ventilation. Crews must work together to prevent dam-
age to any PV components with their tools or actions. If vertical 
ventilation cannot be completed, the IC must be notified imme-
diately so that the incident strategy and tactics can be reevaluated 
and changed, if necessary. Horizontal or positive pressure ven-
tilation may have to be used to perform ventilation if the roof is 
obstructed by the PV array or other system components.

3.7.3 Interior Operations

Interior fire ground operations may also be affected by a build-
ings PV system. Energized system components located inside the 
building may create an electric shock hazard for interior crews. 
PV system conduit and wiring can be located in any portion of the 
building, including equipment rooms, closets, garages and attic 
spaces. Personnel must avoid coming in contact with these hazards 
and notify the Incident Commander and other firefighters of their 
location. When engaging in firefighting tactics on structures that 
may have energized PV systems, the issue of whether or not to 
apply water is an important tactical decision. If possible, firefight-
ers should avoid directing hose streams directly onto energized 
PV system components and use  or dry chemical extinguishers, 
if possible. If water is used, the following recommendations from 
Pacific Gas & Electric’s (PG&E) Emergency Responders Training 
Program2 should be followed:

✸		 There should be a minimum of 100 psi at the nozzle.

✸		 The fog spray should be set at 30 degree fog pattern at 100 psi.

✸		 Firefighters must be at least 33 feet away from the energized 
source.

✸		 Straight streams or foam should not be used. They are excellent 
conductors and put the responder at great risk.

2 Source: “Responding To Utility Emergencies”; Pg. 63, 2004;  Michael 
Callan, Public Safety Program Mgr, PG&E

Traditional “Hot Sticks” used by the 
fire service are not recommended 
because they are designed to test for 
ac power only.
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Further, the PG&E recommendations point out that the electrical 
resistance of the ground can change due to water runoff, thereby 
creating an additional hazard to firefighters.

Fire ground water usage on or near PV system components 
should be based on conditions found at the time of the incident 
and department SOPs. If water has to be directed on or near a PV 
system a 30 degree fog pattern at 100 psi should be used in order 
to prevent any electric current from traveling upstream toward 
firefighters applying the water. Firefighters also need to be cau-
tious of the electric shock hazard created by puddles of water. 

The Utility Group, when assigned, should be tasked with locating 
and disconnecting all power sources supplying the building. These 
could include PV systems, electrical utility service, fuel, wind and 
hydroelectric generator sources. These disconnects may be nu-
merous and in multiple locations. PV system and other electrical 
source disconnect switches must be located and “locked out”.

It is important to remember that the PV modules and arrays will 
still produce electricity to the inverter during daylight hours and 
that an electric shock hazard exists. Traditional energy sens-
ing “Hot Sticks” used by the fire service are not recommended 
because they are designed to test for ac current and voltages only. 
Some department members may have enough experience with 
electricity to use an ac/dc multi-meter to confirm that power iso-
lation has been achieved, otherwise, it is strongly recommended 
that firefighters wait for the arrival of a qualified solar technician 
or electrician.

If present, battery banks can also present toxic and explosion 
hazards for interior firefighting crews. The fumes and gases gen-
erated by batteries exposed to fire are corrosive and flammable. 
Spilled battery electrolyte can produce toxic and explosive gasses 
if it comes in contact with other metals. Because of these hazards, 
water as an extinguishing agent should be avoided if possible.  or 
dry chemical extinguishers are strongly recommended for extin-
guishing fires involving lead-acid batteries. 

Firefighters should never cut battery cables as a means of dis-
abling a bank of batteries. Even after the batteries have been 
isolated from the electrical generating system, the batteries still 
have electric shock potential. Crews must wear full personal 

The Utility Group, when assigned, 
should be tasked with locating and 
disconnecting all power sources sup-
plying the building
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protective equipment (PPE) and SCBA when dealing with an emergency 
involving PV system battery banks. Due to the high degree of hazards as-
sociated with these batteries, the IC may have to stop interior operations 
and reevaluate the strategy until the hazardous atmosphere can be tested 
and mitigated through ventilation. Hazmat teams with specific protective 
clothing may need to be called to the scene to aid in operations. 

3.7.4 Search Operations

Search and rescue is the first tactical priority firefighters when approaching 
any fire scene. Searching under extreme heat and smoke conditions, often 
in zero visibility and with no hose line for protection, makes this one of 
the most dangerous tasks done on the fire ground. Search teams conduct-
ing primary and secondary searches for victims may unknowingly come 
in contact with energized PV components that may have been damaged by 
the fire and lay exposed. The location of the components must be immedi-
ately relayed to the IC and all personnel working on scene, and disconnect 
switches turned “OFF”.

3.7.5 Overhaul

Overhaul is an important task performed during the later stages of every 
fire in order to ensure complete extinguishment and prevent rekindle. 
Firefighters engaged in overhaul operations need to be aware that a build-
ing’s PV system conduit can be hidden behind walls and in attic spaces. In 
buildings equipped with PV, the use of tools to breach walls and ceilings 
to search for fire extension must be performed with extra caution. This is 
particularly true during daylight hours when some PV components are 
energized. Whenever possible, the IC should delay overhaul until there is 
competent confirmation that the PV system has been “de-energized.”  

Once the fire has been extinguished personnel safety is still a critical con-
cern and often can be taken for granted as the incident enters the stabiliza-
tion phase of the IAP. Many fire ground injuries and even fatalities have oc-
curred well after the fire is out. In recent years, a fire investigator was killed 
by the collapse of a freestanding chimney several days after fire companies 
left the scene.3

3 “Firefighter Fatalities in the United States in 1999,” National Fire Data Cen-
ter, U.S. Fire Administration, July 2000.

Incidents involving PV systems 
are unique, in that energized 
components may remain 
within the structure or on the 
roof even after all common 
power has been disabled
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At the conclusion of an incident, demobilization and termination 
efforts should be directed at leaving the property in the safest 
condition possible. 

An overhaul focused size-up and risk-benefit analysis should be 
conducted. Incidents involving PV systems are unique in that 
components may remain energized within the structure or on the 
roof even after all utility supplied power has been de-energized. 
Along with a structural stability assessment, hazard identification and 
the marking of any potentially energized areas should be a priority. 
Investigators, building officials, property owners, and/or building 
maintenance engineers should be properly notified of any hazards that 
may exist. A qualified PV technician or electrician should be called to 
the incident to de-energize any system that has been compromised or 
creates a hazard.                                                                                                                                

Transferring scene safety and security to an appropriate local, mu-
nicipal authority may be an option if the fire department is unable to 
quickly secure the assistance of a qualified PV technician or electri-
cian. All hazards should be appropriately marked or barricaded. Struc-
tures should not be released by any agency until all obvious hazards 
have been eliminated.

NFPA 1561

5.3.24 The incident command-
er shall be responsible for the 
continuation, transfer, and 
termination of command at an 
incident.

5.3.25 The incident com-
mander shall order the demo-
bilization of resources when 
appropriate.

5.3.26* The incident 
commander shall provide 
for control of access to the 
incident scene.

5.3.27 The incident 
commander shall make 
appropriate incident status 
notifications to key people, 
officials, and the agency 
administrator.
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terminal Objective

At the conclusion of this module students will be able to recognize common 
attributes & hazards of a typical residential PV system.

Enabling Objective

The student will be able to:

• Identify residential PV system components 

• Identify unique hazards associated with residential PV Systems

• Identify Strategic & Tactical Considerations

SECTION 4: RESIDENTIAL/SUBURBAN

4.1 INtROduCtION

This section will address the installation of PV systems on residential structures. For firefight-
ers, these will be the most common locations in which PV systems are found. Residential 
applications discussed in this section include one and two family dwellings and townhouses. 
Although these systems will most commonly be rooftop installations, they may be ground 
mounted or mounted on a stand-alone structure, such as a trellis or arbor. 

Identifying the presence of a PV system at a 
residence is a primary objective for respond-
ing firefighters. The following is list of visual 
indicators that may help firefighters determine 
the presence of a PV system:  

✸		 Visualization of the array upon on arrival.

✸		 Visualization of the inverter. The inverter 
may be mounted on an exterior wall (often 
close to the main electrical panel), garages, 
or even in a basement. 

✸		 Labeling on the main electrical panel indi-
cating the presence of the PV system.

✸		 Exposed or concealed conduit runs on the 
roof, inside walls or in the attic. Exposed or concealed metallic conduit on the inside or 
outside of a residence is a strong indicator of the presence of a PV system.

The size of most residential systems will range 3kw to 8kw, with operating voltages up to 600 
volts dc at less than 30 amps. While PV systems are capable of generating their maximum 
voltage in low light conditions, such as at dawn or dusk, the amperage, or current, varies 
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throughout the day. Amperage output increases as the sun rises in the sky and decreases as  
the sun sets. This means that at about noon on a sunny day, the PV system is generating its  
maximum power. 

In extraordinary circumstances, where all other tactics or options have been exhaust-
ed and the PV panels must be removed. Care should be taken to use non-conductive 
tools, since the modules and frames may still be energized. Damaged systems should 
not be touched without verifying whether or not the system is energized. Specialized 
tools may be required to disconnect wiring. Firefighters should consider containing 
fires within PV systems rather than removal due to the inherent hazard and lack of 
electrical safety training afforded to firefighters.

While the majority of residential PV systems that firefighters encounter may be grid-tied, the pres-
ence of a backup electrical generating system must be considered. This could be either a battery 
bank in the garage, or out-building, or a generator. Determining the presence of batteries or a back-
up generator is often accomplished when the lights or appliances remain on after the main service 
disconnect is shut off. The additional disconnects for other electrical sources may be numerous and 

in multiple locations. PV system and other electri-
cal source disconnect switches must be located  
and “locked out” in order to assure firefighter safety. 
(Refer to Section 6 for further discussion of  
battery systems.)

StRAtEgY ANd tACtICS

Following a good size-up of the incident and the 
determining that it is not the PV array or other PV 
components that are on fire, the choice of a strategic 
mode should be made by the IC following normal 
department SOP’s. Tactics, like the strategy, should 
also be based upon normal standard operating 
procedures. What the presence of a PV system may 
change for firefighters at residential fires is their 
ability to ventilate the building and the complexity 
of utility control.

The presence of an array on a roof may affect laddering locations, access and egress. PV modules 
should not be stepped on due to their potentially slippery surface if wet. While they are designed to 
sustain a strong impact, they are not designed to support the weight of a person walking on them. 
Roof ladders should never be placed across an array. Building integrated PV (BIPV) on a tile roof 

Installation of roof integrated PV system.
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may be hard to see at night, are very slick, and could easily result in a fall. Ladder placement may need 
repositioning once a PV or BIPV system is discovered.

Vertical ventilation is one of the tactics that may be employed. The coordination of the venting opera-
tions on a building equipped with a PV system is a key component to the fire fight because the ventable 
area of the roof may be limited. Generally, firefighters ladder in the uninvolved area of the structure. 
However, this may not be possible due to the location of the PV array. Once the ladders are placed, an 
aggressive, coordinated opening should be made as close to the fire as possible. Coordination with the 
interior crews is important so that the opening is not made behind the crews, and so they are in a safe 
position if the ceiling is pushed down from above. Ideally, coordination with the Utilities Group is also 
needed because the Utilities Group may have some indication of where the PV system conduit is located. 

Power saw and axe usage by the ventilation crew is of concern if the wiring run cannot be determined. 
Firefighters should give consideration to the depth of their cuts because the PV system conduit/wiring 
may be attached to the underside of the roof framing members. A good understanding of roof construc-
tion and cutting techniques is vital to the safety of the firefighters when the building is equipped with a 
PV system.

In cases where the conduit run is in the attic or walls, care should be taken when pulling wall or ceiling 
material to avoid contact with the PV conduit. Should the conduit become separated at its joints, it may 
no longer be grounded and contact by a firefighter may result in an electrical shock.

When the fire involves only the PV system and not the building, the priorities change to protecting the 
structure from involvement. Firefighter’s initial efforts should be directed toward preventing the fire from 

Fire departments 
should test their salvage 
covers on a PV array in 
advance of an incident 
to determine if they will 
successfully block light 
transmission.
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spreading to the roof or other nearby building components. If a portion of the array or other an electrical 
component is involved,  or dry chemical extinguishers, or a 30° fog spray stream at 100 psi are the methods 
used to extinguish or confine the fire. Firefighters may have to continue their efforts to confine the fire to the 
system components for an extended period of time until a qualified PV technician arrives and assists in de-
energizing the electrical equipment. Depending on the degree of damage and involvement of the system, there 
may be no protective grounding present, so contact with the array should be avoided.

The exclusion of light to de-energize the PV system is a tool that may be considered by the IC for residential PV 
systems. Testing conducted with both salvage covers and black plastic sheeting has proven to completely reduce 
the amount of energy produced by the PV system once it’s fully covered. Salvage covers used for this purpose 
should be dark in color. White or other light colored salvage covers should not be used as they permit enough 
light transmission to allow the system to continue to produce energy. Salvage covers or black plastic sheeting 
must be positively secured in place over the array. Uncovering of the array by the wind or otherwise will cause 
the system to produce energy. Fire departments should test their salvage covers on a PV array in advance of an 
incident to determine if they will successfully block light transmission. 

At the conclusion of an incident, demobilization and termination efforts should be directed at leaving the 
property in the safest condition possible. An overhaul focused size-up and risk-benefit analysis should be 
conducted. Incidents involving PV systems are unique in that components may remain energized within the 
structure or on the roof even after all utility supplied power has been de-energized. Along with a structural 
stability assessment, hazard identification and the marking of any potentially energized areas should be a 
priority. Investigators, building officials, property owners, and/or building maintenance engineers should be 
properly notified of any hazards that may exist. A qualified PV technician or electrician should be called to 
the incident to de-energize any system that has been compromised or creates a hazard. Transferring scene 
safety and security to an appropriate local, municipal authority may be an option if the fire department is 
unable to quickly secure the assistance of a qualified PV technician or electrician. All hazards should be ap-
propriately marked or barricaded. Structures should not be released by any agency until all obvious hazards 
have been eliminated. 
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terminal Objective

At the conclusion of this module students will be able to recognize common attributes 
and hazards of typical commercial photovoltaic systems.

Enabling Objective

The student will be able to:

• Identify commercial system components

• Identify unique hazards associated with commercial PV systems

• Identify strategy and tactical considerations

SECTION 5: COMMERCIAL LARGE AND SMALL

5.1 INtROduCtION

Although the number of residential sites greatly exceeds the number of commercial installa-
tions, there is a similar amount of PV (in total Megawatts) installed in small and very large 
commercial installations. This is because commercial systems tend to be larger than residen-
tial systems. Commercial installations include a broader variety of applications, given the 
greater variety of commercial structures and applications for solar. The most common systems 
are rooftop installations, but other installations may be located as a ground mount or mount-
ed on a stand-alone structure, such as a parking shade cover.

Identifying the presence of a PV system is a primary objective for firefighters. Early recogni-
tion of the presence of a PV system will aid in the development of strategic and tactical goals. 
Unlike residential systems, where the arrays are often visible from the ground, a large percent-
age of commercial systems are installed on flat roofs and will not be visible from the ground. 
There may be large installations in communities that the local fire department is not aware of. 
Communication between the fire depart-
ment and the permitting agency can help 
identify these systems in the community. 

During size up, identifying a commercial 
system can be accomplished through the 
following components:

✸		 Labeling on the main service panel 
upon arrival and PV system discon-
necting means.

✸		 Surface mounted conduit coming 
down from the roof along the side  
of the building.
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✸		 Visualization of the inverter. The inverter may be mounted on or near an exterior wall (often close to 
the electrical service entrance) or in electrical rooms.

✸		 Visualization of the array on arrival either from the exterior or after sending a company to the roof

The energy output for commercial systems will generally be between 10 kilowatts (kW) to 2 megawatts 
(MW). Although the power output of individual PV systems varies, in general the size of the area that 
these large systems cover is as follows:

10 kW ................ 1,000 square feet

1 MW ................ 10 acres

5.2 StRAtEgY ANd tACtICS

The presence of a large array on 
the roof may affect roof operations, 
including ladder placement, ac-
cess/egress, and vertical ventilation. 
Depending on whether consideration 
has been given during design of access 
pathway to skylights and other vent-
ing opportunities, the presence of the 
array is likely to increase the amount 
of time needed to perform vent opera-
tions. Fire fighters should not step 
on modules and should be aware of 
the trip, slip and fall potential around 
PV racking systems, conduit and the 
modules themselves. Many systems include narrow walkways between rows for maintenance access. 
While these rows are not intended for firefighter access, they may provide an alternative means of egress.

An important consideration while conducting operations on a roof with a PV system is the added weight 
to the roof. Although it is difficult to quantify how much the weight of the PV system will affect the po-
tential for roof collapse, it must be factored into the initial size up, strategy, and tactics. The type of roof 
construction, roof material and area covered by the array should be considered when crews first access 
the roof. As previously stated, it is common to have acres of roof area covered by modules on large com-
mercial structures. 

PV systems mounted on low-sloped roofs employ a variety of mounting techniques. While some sys-
tems are mounted on racks that are welded or bolted to the roof structure, the majority of roof-mounted 
systems are mounted on what are called “ballasted” mounting systems. These ballasted systems use a 
combination of the weight of the PV modules and concrete ballast to keep the array in place on the roof. 
The weight of these ballasted systems is typically limited to 5 lbs/ft2. In addition, the aerodynamics of the 
array is evaluated and wind spoilers are often employed to prevent uplift on the PV array. In locations 
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where wind loads exceed the ability of the ballast and wind spoilers to hold the array, anchors are welded 
or bolted to the structure to provide an additional means to hold the PV array on the roof structure.

If the PV system is the source of the fire, then protection of the exposed structure is the primary con-
cern. During daylight hours crews should consider all PV system modules and arrays energized and fight 
the fire as they would any other electrical fire. Crews should use  or dry chemical extinguishers on any 
potentially energized PV component. If the roof material is on fire, a 30° fog stream at 100 psi can be 
used to prevent further spread of the fire without risk of shock to the firefighters. Firefighters, however, 
must be cautious of water pooling on the roof that could become energized. Care must be taken to avoid 
unnecessary contact with potentially energized PV components until they can be isolated and confirmed 
de-energized. 

Depending on the level of damage to the system, the connection to “ground” may have been lost, contact 
with the PV system components should be avoided until the system is determined to be de-energized. 
Modules cannot be isolated during daylight hours and must always be considered energized. Firefighters 
working on and around PV systems should only use non-conductive tools, since the modules and frames 
may still be energized. Burning PV modules produce toxic vapors. Firefighters must wear full PPE and 
SCBA due to the toxic inhalation hazard produced by these burning components. Crews should work 
upwind of the smoke whenever possible. 

In extraordinary circumstances, where all other tactics or options have been exhausted and 
the PV panels must be removed. Care should be taken to use non-conductive tools, since the 
modules and frames may still be energized. Damaged systems should not be touched without 
verifying whether or not the system is energized. Specialized tools may be required to discon-
nect wiring. Firefighters should consider containing fires within PV systems rather than removal 
due to the inherent hazard and lack of electrical safety training afforded to firefighters.
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Damaged systems should never be touched without verifying whether or not the system is energized. 
Firefighters should never cut the wiring in a PV system. Specialized tools may be required for discon-
necting the module wiring. Firefighters should consider controlling fires within PV systems rather than 
removal due to the inherent electrical hazard. Mounting systems, modules, and conduit should not be 
disassembled, damaged or removed by firefighters operating on the roof until all of the PV system’s com-
ponents are isolated or de-energized by a qualified PV technician or electrician. Firefighters should limit 
their activities to containment of the fire until it can be confirmed that the system is isolated or  
de-energized. 

 At any incident where PV is present the IC must designate a “Utilities Group” early to aid in locating 
and disabling all of the buildings utilities and PV system components. This can greatly decrease the elec-
tric shock hazard to all crews operating on the fire ground. Firefighters must remember that all PV  
components must be considered “HOT” during day light. Additionally, in large commercial systems, 
there is likely to be several arrays. Firefighters must be aware that if a single array is isolated, all of the 
others will most likely remain energized. Care must be 
exercised when operating the other energized arrays. 

At the conclusion of an incident, demobilization and ter-
mination efforts should be directed at leaving the prop-
erty in the safest condition possible. An overhaul focused 
size-up and risk-benefit analysis should be conducted. 
Incidents involving PV systems are unique in that com-
ponents may remain energized within the structure or 
on the roof even after all utility supplied power has been 
de-energized. Along with a structural stability assessment, 
hazard identification and the marking of any potentially 
energized areas should be a priority. Investigators, building 
officials, property owners, and/or building maintenance 
engineers should be properly notified of any hazards that 
may exist. A qualified PV technician or electrician should 
be called to the incident to de-energize any system that has 
been compromised or creates a hazard. Transferring scene 
safety and security to an appropriate local, municipal au-
thority may be an option if the fire department is unable to 
quickly secure the assistance of a qualified PV technician 
or electrician. All hazards should be appropriately marked 
or barricaded. Structures should not be released by any 
agency until all obvious hazards have been eliminated. 
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terminal Objective

At the conclusion of this module students will understand what are ground mounted 
photovoltaic systems, hazards, size-up, strategy and tactics and the limited resources 
available in rural areas.

Enabling Objective

The student will be able to:

•  Identify and learn what is ground mounted and where they may be located

•  Identify hazards for ground mounted and rural PV systems

• Size-up, strategy and tactics may be different for ground mounted and rural areas 
compared to roof mounted PV systems

SECTION 6: GROUND MOUNT AND RURAL SYSTEMS

Photo is representative of these ground mounted 
systems, and depicts the nature of the array being 
remote from the facility.

6.1 INtROduCtION

Ground mounted PV systems generally stand alone and are supported by a framework that  
sits directly on the ground. These systems can vary in size from small 3 kilowatt (kW) system for a residence, 
up to several megawatts covering acres of land. Although the power output  
of individual PV systems varies, in general the size of the area that these ground mounted systems cover is  
as follows:

3 kW .................. 300 square feet

100 kW .............. half acre

1 MW ................ 10 acres

Ground mounted systems are used as trellises, car ports, shade structures, pedestrian walkways and other 
free standing structures with no purpose other than to support the PV arrays. Ground mounted PV systems 
are a viable alternative for facilities with sufficient 
land on which to place the arrays. Many farms, 
schools, waste water treatment plants, residences with 
large yards or open acreage, and many other types  
of facilities opt for a ground mounted installation 
rather than a roof mounted installation. You need to 
be aware that a ground mounted system may be  
supplying a facility that is located a significant dis-
tance from the PV installation, to the extent that it 
may even be difficult to determine the location of  
the supplied facility. 
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A ground mounted array consists of the same categories of equipment as a typical 
roof mounted system, with the addition of a structure with the primary purpose 
of supporting the solar array. Ground mounted systems typically supply power to 
a nearby facility, and connect to the electrical system of that building. PV systems 
may be very low to the ground, or may be mounted atop a taller structure specifi-
cally designed to support the PV array. The inverters and dc combiner boxes could 
be located at the ends of a row of arrays or in between rows of arrays. The dc conduit/
wiring to the combiner boxes may be running in between the rows of arrays.

6.3. HAZARdS

Ground mounted PV arrays pose a few specific hazards in addition to those posed by 
roof mounted systems. Some of the additional hazards firefighters need to be aware 
of when combating fires in the vicinity of ground mounted arrays include:

✸		 Overgrown vegetative fuel may be under or around the array, or located in the 
vicinity of the array. 

✸		 Ground mounted structures may be 
used as shade structures for storage 
of equipment and/or supplies.

✸		 Vehicles may be parked under PV 
car ports.

✸		 Tables, trash cans, and other combus-
tible storage could be located beneath 
shade structures. 

✸		 On wild land fires, firefighters work-
ing around arrays that are involved in 
the fire should wear PPE and SCBA. 
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6.4. SIZE-uP

Given the different characteristics of a ground mounted array, a thorough size up needs to 
be performed so the firefighters at the incident understand the specific challenges posed by 
the ground mounted installation such as: 

✸		 Many ground mounted arrays may have access restricted by 
security fencing.  

✸		 Access roads may not be suited for all weather conditions, not 
maintained, or may be nonexistent.

✸		 The PV system may be in a fire hazard severity zone.

✸		 In rural areas, there may not be any fire hydrants or any addi-
tional water supply.

✸		 There could be a delay in locating the inverter or identifying 
other controls.

Ground mounted systems will vary widely in the design and details 
of the system; specifically equipment installations will vary from site 
to site. Disconnecting means are typically (but not always) provided 
to turn off the conductors connecting the array to the facility using 
the power. The disconnecting means is often mounted on the array 
structure or on a nearby backboard. At the building being served, 
there may also be a means to disconnect the power from the array.

The following is a partial list of typical system configurations you 
may encounter:

✸		 The inverter and the ac and dc disconnect are at 
the array.

✸		 The inverter and the dc disconnect are at the array. The ac 
disconnect is at the main service panel on the building  
being served.

✸		 The dc disconnect is at the array. The inverter is at the 
building being served. The ac disconnect is at  
the main service panel on the building being served.

✸		 The inverter is at the building being served. The dc disconnect is just upstream of the 
inverter and the ac disconnect is just downstream at the building being served.

✸		 The inverter is at the building being served. The ac disconnect is at the main service 
panel on the building being served. The dc disconnect is just upstream of the inverter 
and at the array.

Large commercial 
arrays will have 
disconnects and 
inverters situated 
behind and protection 
by the PV array.
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6.5. StRAtEgY ANd tACtICS

Following a good size-up of the incident, the choice of a strategic mode should be made by the 
IC following normal department SOP’s. Tactics, like the strategy, should also be based upon 
normal standard operating procedures

6.5.1 Strategy

In addition to department policies, the following items must also be considered when develop-
ing a strategy:

✸		 Fire conditions found on arrival.

✸		 Is it the array that’s burning or is a fire exposing the array?

✸		 Threatened exposures including wild land areas 

✸		 Water and additional resources available

Once the IC has completed a size-up and developed an Incident Action Plan, the IC should de-
termine the strategy and assign tasks to the fire companies. Due to the hazards associated with 
PV systems, the IC may need to adjust the strategy and potentially re-arrange the order of the 
tactics in order to deal specifically with the technology. If the IC chooses an offensive strategy 
it needs to be supported as any other fire operation with an emphasis on disabling all power 
sources to and from the PV system. 

6.5.2 tactics

Tactics will be based on the chosen strategy and department SOP’s. If it is known that a PV 
System is present, utility control must become a primary objective. Isolation of the inverters 
and disconnecting the system from the main electrical panel will be an important task. The 
Utility Group should attempt to isolate all of the PV system by locating the system controls 
and opening all of the disconnect switches. The Utility Group must also look for and disable 
any other power source that can be connected to the system such as fuel, wind and hydro-
electric powered generators.
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Another priority will be preventing further extension of the fire 
and isolating it to its area of origin. If the PV system itself is on 
fire it must be assumed to be “Hot” during daylight. Fire sup-
pression crews should avoid physical contact with PV system 
components until it can be confirmed by a qualified PV techni-
cian or electrician that all power sources have been isolated. It 
may take time for the technician to respond and locate all of the 
system controls. 

 or dry chemical extinguishers should be used to contain or ex-
tinguish electrical fires. Water should be used to extinguish any 
ordinary combustibles under or near the ground mounted PV 
system, or if the volume of fire requires it use. If water is used, 
a 30º fog pattern from at least a 30 foot distance, at 100 psi is 
recommended. Full PPE must be used due to the potential toxic 
inhalation hazard if panels are burning. Fire crews should posi-
tion themselves upwind and out of any toxic atmosphere.

During the overhaul and mop-up phases of the firefight, fire-
fighters should avoid all potential electrical hazards until there is 
confirmation that the system no longer poses an electric shock 
hazard. Firefighters must avoid inadvertently damaging PV com-
ponents with their tools. The IC may need the assistance from 
local PV technician to assist with disabling the PV system and 
confirmation that all of the hazards have been mitigated before 
incident is terminated and the scene is turned over to the owner 
or responsible party.

This ground mount array is equipped with a 
battery back-up system and battery meter or 
battery charge controller.
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terminal Objective

At the conclusion of this module students will be able to recognize types of photovoltaic 
systems, components, hazards and related factors when systems are involved in emer-
gency response and recognize and understand mitigation.

Enabling Objective

The student will be able to:

• Identify system components

• Identify hazards with PV systems

• Identify system locations

SECTION 7: OFF-GRID SYSTEMS

7.1 INtROduCtION

Off- grid, or stand-alone systems are defined as photovoltaic systems which are not connected to the local 
electrical utility’s supply grid. Off -grid systems generally produce electricity for use in close proximity to the PV 
array. While most off-grid systems use banks of batteries for the storage of electricity, some systems may not.

Off-grid systems are most often found in rural areas which are not well served by the electrical utility com-
panies. Instead of the current produced being converted to alternating current, these systems may be used to 
directly power direct current (dc) lighting or motors. However, in most cases, the electricity produced during 
daylight hours will be “banked” in on-site batteries for later use. Once banked, the electricity may be used as 
dc or converted to alternating current (ac) by means of an inverter. Like grid-tied systems, off-grid systems 
may be located on a structure. However, in the rural setting, the systems may be ground, roof or pole mount-
ed, or any combination thereof. 

In addition to the hazards identified in grid-tied systems, off-grid  
systems have their own set of hazards that firefighters should be 
aware of. These include:

✸		 Systems may have been installed without permits or inspection.

✸		 Some components, such as charge controllers, may be 
“homemade”.

✸		 Systems may lack discernable controls.

✸		 Systems may lack signage.

✸		 System components may be ungrounded.

✸		 Battery storage banks may be located within rooms not suited for 
that purpose. 

✸		 Battery storage banks may be located in adjacent or “out” buildings.

PC ORIGINAL PKG



Fire OperatiOns FOr 
Photovoltaic Emergencies

62 µµ

✸		 Hydrogen gas, produced while charging the batteries, is flammable 
and can ignite or explode if allowed to collect in unvented spaces.

✸		 Battery storage systems may have numerous exposed terminals and 
conductors.

✸		 Batteries typically contain acid which may spill if the batteries are 
involved in a fire. 

✸		 Batteries may also receive charging current from other sources such as fuel powered generators 
and wind or water mills.

Indicators that a PV equipped structure is off-grid and may have battery storage sets include the lack of a 
“service drop” from adjacent power lines or the lack of a service panel and meter. The presence of a fuel, 
wind or hydro powered generator may also be an indication that the structure is off-grid. Firefighters ar-
riving at an incident involving a PV system or fire involving a structure equipped with a PV system in rural 
areas should look for battery storage systems and alternative generating sources during their size-up. 

As with any utility supplied electrical source, an effort should be made 
to disconnect, or shut off the electrical current. Disconnect switches for 
PV systems equipped with batteries can usually be located near the bat-
tery bank and on the conductor(s) leading away from the batteries. 

If the current coming from the batteries is being converted to AC, the 
disconnect switches and inverter may be configured in a manner similar 
to grid-tied systems; a disconnect switch located on the battery side, im-
mediately upstream of the inverter.

Batteries used in storage systems are typically deep cycle batteries and 
rated 6, 12 or 24 volts DC. While individually these batteries have high 
amperage ratings, they lack sufficient voltage to cause life threatening 
injuries. However, if the batteries are connected in “series”, the voltage 
can easily be increased to dangerous levels. Firefighters should avoid 
cutting or disconnecting the jumper wires that connect batteries to each 
other or to the system because of the arcing that may occur. Firefighters 
should also be cautious when using metallic tools around batteries as 
contact with battery terminals could result in fusing of the tool to  
the terminal. 

Whenever practical, dry chemical or CO2 extinguishers should be used on fires involving electrical equipment. 
This recommendation holds true for fires involving PV battery systems as well. As previously stated, typical 
batteries used for PV storage systems are lead- acid. When batteries are involved in fire, the plastic case con-
taining the acid will melt, spilling the strong acid solution and creating a hazardous materials problem. 
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terminal Objective

At the conclusion of this module students will be able to recognize types of photovol-
taic systems, components, hazards and related factors when systems are involved in 
emergency response and recognize and understand mitigation.

Enabling Objective

The student will be able to:

• Identify system components

• Identify hazards with PV systems

• Identify system locations

8.1 INtROduCtION

New products that convert solar energy to electricity are constantly  
under development. Some may be placed in service and some may go by  
the wayside. In the future, it is likely that firefighters may need to be  
familiar with a wide variety of solar technologies in addition to the pho-
tovoltaic systems that have been discussed in this training course. As  
with many evolving technologies, there will be some developments that 
will reach the market and some that won’t. The following is a list of  
technologies currently being developed:  

Curtain walls/BIPv. New high rise buildings may incorporate PV 
modules into the curtain walls on the south and west sides of the build-
ing. These systems are already in use in some locations in the US,  
Asia, and Europe. Of concern to emergency responders is vertical fire 
spread across what would otherwise be a non-combustible surface.  
Additionally, some of the modules (thin film) incorporate 2 layers of 
non-tempered glass, which could result in an increased falling glass  
hazards on the fire ground.

Smart Modules (Module level control). Several products are either 
in development or commercially available. This technology could put a 
higher level of communications and control at each module. They are 
marketed for increased performance in shaded conditions and energy 
production. The benefit to firefighters is that technology allows them  
to shut down power at the “module level” in the event of an electrical 
short or fire. This technology could be used by emergency responders to 
provide module level shut off in the event of a fire.

SECTION 8: FUTURE SOLAR TECHNOLOGIES
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Roof covering systems that are made entirely of PV. Similar to the BIPV modules, these PV 
modules would form the covering of the entire roof. There would be no roof covering or deck-
ing below the roof covering, just the membrane/insulation system. Currently these systems are 

in use in Asia and Europe. They are not yet available in 
the United States.

Float-o-voltaics (floating Pv systems). Built 
on pontoons, these PV modules are mounted 
on a floating platform. They are likely to be 
found where there is a high land value, 
such as farm lands and there is a body of 
water nearby. At least two systems are 
currently in operation in California.

Power plastics. Flexible solar pan-
els that can be rolled up and carried 
anywhere. It can generate electricity 
from indoor light or outdoor 

light. Can be configured as a window awning, outdoor canopy, or in 
consumer products (tents, umbrellas, handbags, clothing, etc.). Cur-
rently used by the military and on the market in a variety of forms.

Roof-top concentrating solar Pv (CPv). This technology uses reflective metal troughs be-
neath a narrow row of PV cells in a “C” shape. The troughs focus the energy from the sun onto 
the PV cells to generate electricity. The troughs move throughout the day and focus the sun’s 
energy  to optimize power generation. A demonstration project is in place in California on a 
public building. 

Electricity from Space. In April 2009 Pacific Gas and 
Electric signed a contract with Solaren to procure up 
to 200 MW of electricity from the sun. Solaren plans 
to provide this electrical power to PG&E’s customers 
from solar panels mounted on satellites placed in Earth’s 
orbit. The satellite would convert this energy into radio 
waves and send it to a receiving station in Fresno Coun-
ty, California. The plan is to provide 200 megawatts of 
continuous power, estimated as the average usage of 
150,000 homes. The schedule for completion is 2016.

Solaren contracted with PG&E to bring solar energy from space.
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Solar-paint. A group in the United Kingdom is currently developing a PV energy 
producing paint. The paint is dye-sensitized to generate electricity which is then 

transferred to a collection circuit. The paint is not expected to be as efficient 
as the types of solar modules you see today – but it may be less expensive. 

It would be in the form of a liquid paste. The paint is designed to be used 
on architectural steel but it may also have automotive applications. The 

developers hope to have this product in commercial produc-
tion by 2014.

Full spectrum Pv. Full spectrum PV is currently in 
development. The advantage to full spectrum PV 

systems is that the generate electricity of a much 
wider spectrum of light that the current systems 

but in particular, they can generate electricity 
on cloudy days. A disadvantage for firefighters is 

that lighting from ambient light sources, includ-
ing scene lighting, will cause the PV modules to 

produce electricity.

Like Solar-paint, PV glitter, or Microphotovoltaics, has the 
potential for a wide range of applications such as incorporating 
the material into an entire roof covering system or fabrics like 
clothes and tents to recharge portable electronics. 
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Solar thermal systems are similar to PV in that they may occupy roof space. Typical solar thermal 
systems are used to heat water to either low temperatures (like for a swimming pool), medium 
temperatures (for domestic water heating; space heating; space cooling; or a combination of all 
three), or high temperatures (to produce steam for electric generation). Most solar thermal systems 
located on homes and businesses are for pool heating or domestic hot water. 

Solar thermal Applications

Below is brief summary of some of the typical solar thermal systems that are seen in California. 

Solar Pool Heating. These systems 
primarily use flexible plastic panels. 
Panels are usually 4'x10' and have 
long, small tubes which convey 
water from the pool through the 
panels. As the water moves through 
the panel it gets warm. The solar 
pool heater typically uses the pool 
filtration pump to circulate water 
from the swimming pool through 
the solar panels, although some-
times there is a booster pump to 
help move the water through the 
panels at the correct velocity for 
heat collection. Individual panels are lightweight (less than 75 pounds). Multiple panels are con-
nected together. Most systems will use enough panels to roughly equal one-half of the surface area 
of the swimming pool (a 20' by 30' swimming pool has a surface area of 600 square feet so a typical 
solar pool heating system would use about 300 square feet of solar panels). Plastic flexible panels 
can be cut through or easily removed for ventilation operations.

Solar water Heating. Solar water heating is used to reduce the amount of energy needed to heat 
water for household uses (bathing, laundry, cleaning, and sanitation). In California, solar water heat-
ing systems can provide as much as 75% of the hot water needed for a typical single family home. 

Solar water heating is used in residential, commercial, and 
agricultural applications. Solar water heating systems come in 
many configurations:

thermosyphon systems: an insulated storage tank is locat-
ed above the solar panels allowing natural convection of heat 
(heat rises) to move the heated water into the storage tank.

Integral Collector Storage: an un-insulated tank which 
heats water and has no back-up storage.

Appendix A: Review of Solar Thermal
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Active systems: a system made up of one or more collectors and a storage tank. A pump 
is used to circulate heat transfer material through the collector back to the storage tank. 

Thermosyphon Systems: where the heated 
water rises naturally from collector to 
storage tank.

Note: both thermosyphon and integral collector storage systems add significant 
weight to the roof which should be of concern to firefighters.

Active systems use a variety of heat transfer materials: potable water, food-grade propyl-
ene glycol, or air. Systems that do not use water will include a heat exchanger to transfer 
the energy collected to the potable water in the storage tank.

Single family solar water heating systems typically use about 40-60 square feet of solar 
panels and they weigh less than 5 lbs/sq. ft (similar to PV) if they are not thermosyphon 
or integral collector storage systems.

Space conditioning. Space conditioning systems will typically be active systems de-
signed to provide heat in the winter or air conditioning in the summer. Most, if not all of 
these systems, will produce more energy than is needed so they will use the extra energy 
to provide domestic hot water. All of these systems are custom designed and may be 
hooked to a radiant floor system or a radiator system. Space conditioning systems will 
usually use more overall square footage of solar panels than a system designed just to 
provide domestic hot water.

Solar thermal Components

Typical components of a solar thermal system include:

Collector(s). Solar thermal collectors come in several forms:

✸		 A panel made up of risers attached to two manifolds. For low 
temperature applications (like pool heating) the panel is exposed  
to the elements. For low to medium temperature applications  
(domestic water heating and pool heating in cooler climates), the 
panel is placed in an insulated aluminum box with a glass cover.

✸		 A trough with a focal point where energy is collected

✸		 A plenum

✸		 A low profile tank

Storage. Storage for solar thermal systems usually look like a typical household water 
heater. Larger systems may have larger custom storage tanks.

Pump. Not all systems have pumps but many have small recirculation pumps that turn 
on based on the temperature differential between the collector and the storage tank.
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Heat Exchanger. Not all systems have heat exchangers but many have them. Heat exchangers 
are located in the storage tank to transfer the energy collected from the solar panel and transfer 
it to the potable water in the storage tank.

Controller. A controller is used to monitor the temperature of the collector and the storage 
tank to control when the pump (if the system uses a pump). Low-voltage sensors are connected 
to the storage tank and the collectors.

Power block (for electric generation only). For systems that are used to generate electricity a 
power block will be attached to the solar thermal system to generate electricity. These systems 
are not currently seen anywhere except in utility scale applications.

Less Common Configurations

New solar thermal technologies are entering the market, in particular, combined solar thermal 
and PV systems. One approach to combine solar thermal and PV employs a plenum beneath 
the PV panel which is connected to a heat exchanger. Another approach is a system which uses 
focal mirrors to direct the sun’s energy to one or more focal points (one for solar thermal and a 
second for PV). 

Solar water heating can be found in conjunction with solar 
electric panels.
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A New Electromagnetic Exposure Metric: High
Frequency Voltage Transients Associated With
Increased Cancer Incidence in Teachers in a

California School

Samuel Milham, MD, MPH�,{ and L. Lloyd Morgan, BS
{

Background In 2003 the teachers at La Quinta, California middle school complained
that they had more cancers than would be expected. A consultant for the school district
denied that there was a problem.
Objectives To investigate the cancer incidence in the teachers, and its cause.
Method We conducted a retrospective study of cancer incidence in the teachers’ cohort in
relationship to the school’s electrical environment.
Results Sixteen school teachers in a cohort of 137 teachers hired in 1988 through 2005
were diagnosed with 18 cancers. The observed to expected (O/E) risk ratio for all cancers
was 2.78 (P¼ 0.000098), while the O/E risk ratio for malignant melanoma was 9.8
(P¼ 0.0008). Thyroid cancer had a risk ratio of 13.3 (P¼ 0.0098), and uterine cancer had
a risk ratio of 9.2 (P¼ 0.019). Sixty Hertz magnetic fields showed no association with
cancer incidence. A new exposure metric, high frequency voltage transients, did show a
positive correlation to cancer incidence. A cohort cancer incidence analysis of the teacher
population showed a positive trend (P¼ 7.1� 10�10) of increasing cancer risk with
increasing cumulative exposure to high frequency voltage transients on the classroom’s
electrical wiring measured with a Graham/Stetzer (G/S) meter. The attributable risk of
cancer associated with this exposure was 64%. A single year of employment at this school
increased a teacher’s cancer risk by 21%.
Conclusion The cancer incidence in the teachers at this school is unusually high and is
strongly associated with high frequency voltage transients, which may be a universal
carcinogen, similar to ionizing radiation. Am. J. Ind. Med. 2008. � 2008 Wiley-Liss, Inc.

KEY WORDS: high frequency voltage transients; electricity; dirty power; cancer;
school teachers; carcinogen

BACKGROUND

Since the 1979 Wertheimer–Leeper study [Wertheimer

and Leeper, 1979] there has been concern that exposure to

power frequency (50/60 Hz) EMFs, especially magnetic

fields, may contribute to adverse health effects including

cancer. Until now, the most commonly used exposure metric

has been the time-weighted average of the power-frequency

magnetic field. However, the low risk ratios in most studies

suggest that magnetic fields might be a surrogate for a more

important metric. In this paper we present evidence that a
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new exposure metric, high frequency voltage transients

existing on electrical power wiring, is an important predictor

of cancer incidence in an exposed population.

The new metric, GS units, used in this investigation is

measured with a Graham/Stetzer meter (G/S meter) also

known as a Microsurge II meter (MS II meter), which is

plugged into electric outlets [Graham, 2005]. This meter

displays the average rate of change of these high frequency

voltage transients that exist everywhere on electric power

wiring. High frequency voltage transients found on electrical

wiring both inside and outside of buildings are caused by an

interruption of electrical current flow. The electrical utility

industry has referred to these transients as ‘‘dirty power.’’

There are many sources of ‘‘dirty power’’ in today’s

electrical equipment. Examples of electrical equipment

designed to operate with interrupted current flow are light

dimmer switches that interrupt the current twice per cycle

(120 times/s), power saving compact fluorescent lights that

interrupt the current at least 20,000 times/s, halogen lamps,

electronic transformers and most electronic equipment

manufactured since the mid-1980s that use switching power

supplies. Dirty power generated by electrical equipment in a

building is distributed throughout the building on the electric

wiring. Dirty power generated outside the building enters the

building on electric wiring and through ground rods and

conductive plumbing, whilewithin buildings, it is usually the

result of interrupted current generated by electrical appli-

ances and equipment.

Each interruption of current flow results in a voltage

spike described by the equation V¼L� di/dt, where V is the

voltage, L is the inductance of the electrical wiring circuit

and di/dt is the rate of change of the interrupted current. The

voltage spike decays in an oscillatorymanner. The oscillation

frequency is the resonant frequency of the electrical circuit.

The G/Smeter measures the averagemagnitude of the rate of

change of voltage as a function of time (dV/dT). This

preferentially measures the higher frequency transients. The

measurements of dV/dT read by the meter are defined as GS

(Graham/Stetzer) units.

The bandwidth of theG/Smeter is in the frequency range

of these decaying oscillations. Figure 1 shows a two-channel

oscilloscope display. One channel displays the 60 Hz voltage

on an electrical outlet while the other channel with a 10 kHz

hi-pass filter between the oscilloscope and the electrical

outlet, displays the high frequency voltage transients on the

same electrical outlet [Havas and Stetzer, 2004, reproduced

with permission].

Although no other published studies havemeasured high

frequency voltage transients and risk of cancer, one study of

electric utility workers exposed to transients from pulsed

FIGURE 1. Oscilloscopedisplayofdirtypower: 60Hzelectrical power (channel1)with concurrenthighfrequency voltage transients

(channel2).A10kHzhi-passfilterwasusedonchannel2inordertofilteroutthe60Hzvoltageanditsharmonics.[Colorfigurecanbeviewed

in theonline issue,which isavailable atwww.interscience.wiley.com.]

2 Milham and Morgan
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electromagnetic fields found an increased incidence of lung

cancer among exposed workers [Armstrong et al., 1994].

INTRODUCTION

In February 2004, a PalmSprings, California newspaper,

The Desert Sun, printed an article titled, ‘‘Specialist

discounts cancer cluster at school,’’ in which a local tumor

registry epidemiologist claimed that there was no cancer

cluster or increased cancer incidence at the school [Perrault,

2004]. An Internet search revealed that the teacher

population at La Quinta Middle School (LQMS) was too

small to generate the 11 teachers with cancer who were

reported in the article. The school was opened in 1988 with

20 teachers hired that year. For the first 2 years, the school

operated in three temporary buildings, one of which remains.

In 1990, a newly constructed school opened. In 2003, the

teachers complained to school district management that they

believed that they had too many cancers. Repeated requests

to the school administration for physical access to the school

and for teachers’ information were denied. We contacted the

teachers, and with their help, the cancers in the group were

characterized. One teacher suggested using yearbooks to

develop population-at-risk counts for calculating expected

cancers. We were anxious to assess the electrical environ-

ment at the school, since elevated power frequency magnetic

field exposurewith a positive correlation between duration of

exposure and cancer incidence had been reported in first floor

office workers who worked in strong magnetic fields above

three basement-mounted 12,000 V transformers [Milham,

1996]. We also wanted to use a new electrical measurement

tool, the Graham/Stetzer meter, which measures high

frequency voltage transients.

The Graham/Stetzer Microsurge II meter measures the

average rate of change of the transients in Graham/Stetzer

units (GS units). Anecdotal reports had linked dirty power

exposure with a number of illnesses [Havas and Stetzer,

2004]. We decided to investigate whether power frequency

magnetic field exposure or dirty power exposure could

explain the cancer increase in the school teachers.

METHODS

After the school administration (Desert Sands Unified

School District) had refused a number of requests to assist in

helping us evaluate the cancers reported by the teachers, we

were invited by a teacher to visit the school after hours to

make magnetic field and dirty power measurements. During

that visit, we noted that, with the exception of one classroom

near the electrical service room, the classroommagnetic field

levels were uniformly low, but the dirty power levels were

very high, givingmany overload readings.Whenwe reported

this to Dr. Doris Wilson, then the superintendent of schools

(retired December, 2007), one of us (SM) was threatened

with prosecution for ‘‘unlawful.. trespass,’’ and the teacher

who had invited us into the school received a letter of

reprimand. The teachers then filed a California OSHA

complaint which ultimately lead to a thorough measurement

of magnetic fields and dirty power levels at the school by the

California Department of Health Services which provided

the exposure data for this study. They also provided

comparison dirty power data from residences and an office

building, and expedited tumor registry confirmation of

cancer cases.

Classrooms were measured at different times using

3 meters: an FW Bell model 4080 tri-axial Gaussmeter, a

Dexsil 310 Gaussmeter, and a Graham-Stetzer (G/S) meter.

The Bell meter measures magnetic fields between 25 and

1,000 Hz. The Dexsil meter measures magnetic fields

between 30 and 300 Hz. The G/S meter measures the

average rate of change of the high frequency voltage

transients between 4 and 150 KHz.

All measurements of high frequency voltage transients

were made with the G/S meter. This meter was plugged into

outlets, and a liquid crystal display was read. All measure-

ments reported were in GS units. The average value was

reported where more than one measurement was made in a

classroom.

We measured seven classrooms in February 2005 using

the Bell meter and the G/S meter. Later in 2005, the teachers

measured 37 rooms using the same meters. On June 8, 2006,

electrical consultants for the school district and the

California Department of Health Services (Dr. Raymond

Neutra) repeated the survey using the G/Smeter and a Dexsil

320Gaussmeter, measuring 51 rooms.We used results of this

June 8, 2006 sampling in our exposure calculations, since all

classrooms were sampled, multiple outlets per room were

sampled, and an experienced team did the sampling.

Additionally, GS readings were taken at Griffin Elementary

school near Olympia, Washington, and Dr. Raymond Neutra

provided GS readings for his Richmond California office

building and 125 private California residences measured in

another Northern California study.

All the cancer case information was developed by

personal, telephone, and E-mail contact with the teachers or

their families without any assistance from the school district.

The local tumor registry verified all the cancer cases with the

exception of one case diagnosed out of state and the two cases

reported in 2007. The out-of state case was verified by

pathologic information provided by the treating hospital. The

teachers gathered population-at-risk information (age at

hire, year of hire, vital status, date of diagnosis, date of death,

and termination year) from yearbooks and from personal

contact. The teachers also provided a history of classroom

assignments for all teachers from annual classroom assign-

ment rosters (academic years 1990–1991 to 2006–2007)

generated by the school administration. The school admin-

istration provided a listing of school employees, including

High Frequency Voltage Transients and Cancer 3
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the teachers, to the regional tumor registry after the teachers

involved the state health agency by submitting an OSHA

complaint. The information we obtained anecdotally from

the teachers, yearbooks, and classroom assignment rosters

was nearly identical to that given to the tumor registry. None

of the cancer cases were ascertained initially through the

cancer registry search.

Published cancer incidence rates by age, sex, and race

for all cancers, as well as for malignant melanoma, thyroid,

uterine, breast, colon, ovarian cancers, and non-Hodgkin’s

lymphoma (NHL) were obtained from a California Cancer

Registry publication [Kwong et al., 2001]. We estimated the

expected cancer rate for each teacher by applying year, age,

sex, and race-specific cancer incidence rates from hire date

until June 2007, or until death. We then summed each

teacher’s expected cancer rate for the total cohort.

Using the California cancer incidence data, the school

teacher data, and the GS exposure data, we calculated cancer

incidence and risks. A replicate data set was sent to Dr. Gary

Marsh and to Mike Cunningham at the University of

Pittsburgh School of Public Health for independent analysis

using OCMAP software. We calculated cancer risk ratios by

duration of employment and by cumulative GS unit-years of

exposure.We calculated an attributable risk percent using the

frequencies of total observed and expected cancers, and

performed trend tests [Breslow andDay, 1987] for cancer risk

versus duration of employment and cumulative GS unit-

years of exposure. PoissonP values were calculated using the

Stat Trek website (Stat Trek, 2007). We also performed a

linear regression of cancer risk by duration of employment

in years and by time-weighted exposure in GS unit-years.

Since neither author had a current institutional affili-

ation, institutional review board approval was not possible.

The teachers requested the study, and their participation in

the study was both voluntary and complete. All the active

teachers at the school signed the Cal OSHA request. The

authors fully explained the nature of the study to study

participants and offered no remuneration to the teachers for

participation in the study. The authors maintained strict

confidentiality of all medical and personal information

provided to us by the teachers, and removed personal

identifiers from the data set which was analyzed by the

University of Pittsburgh. Possession of personal medical

information was limited to the two authors. No patient-

specific information was obtained from the tumor registry.

With the individual’s permission we provided the registry

with case information for a teacher with malignant

melanoma diagnosed out of state. The exposure information

was provided by the California Department of Health

Services. The basic findings of the study were presented to

the Desert Sands Unified School District School Board and at

a public meeting arranged by the teachers.

RESULTS

Electrical Measurements

In our seven-room survey of the school in 2005,

magnetic field readings were as high as 177 mG in a

classroom adjacent to the electrical service room. A number

of outlets had overload readings with the G/S meter.

Magnetic fields were not elevated (>3.0 mG) in the interior

space of any of the classrooms except in the classroom

adjacent to the electrical service room, and near classroom

electrical appliances such as overhead transparency projec-

tors. There was no association between the risk of cancer and

60 Hz magnetic field exposures in this cohort, since the

classroom magnetic field exposures were the same for

teachers with and without cancer (results not shown).

This school had very high GS readings and an

association between high frequency voltage transient

exposure in the teachers and risk of cancer. The G/S meter

gives readings in the range from 0 to 1,999GS units. The case

school had 13 of 51 measured rooms with at least one

electrical outlet measuring ‘‘overload’’ (�2,000 GS units).

These readings were high compared to another school near

Olympia Washington, a Richmond California office build-

ing, and private residences in Northern California (Table I).

Altogether, 631 rooms were surveyed for this study. Only

17 (2.69%) of the 631 rooms had an ‘‘overload’’ (maximum,

�2,000 GS units) reading. Applying this percentage to the

51 rooms surveyed at the case school, we would expect

1.4 rooms at the school to have overload GS readings

(0.0269� 51¼ 1.37). However, thirteen rooms (25%) meas-

ured at the case school had ‘‘overload’’ measurements above

the highest value (1,999 GS units) that the G/S meter can

TABLE I. Graham/StetzerMeter Readings:MedianValues in Schools,Homes and an Office Building

Place Homes Office bldg OlympiaWASchool LQMS Total

No. of rooms surveyed 500 39 41 51 531
Median GS units 159 210 160 750 <270a

Roomswith overload GS
units (�2,000)

4 0 0 13* 17

aExcludes homes as specific room data was not available.
*P¼ 3.14�10�9.
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measure. This is a highly statistically significant excess over

expectation (Poisson P¼ 3.14� 10�9).
We noticed AM radio interference in the vicinity of the

school. A teacher also reported similar radio interference in his

classroom and in the field near his ground floor classroom. In

May 2007, he reported that 11 of 15 outlets in his classroom

overloaded the G/S meter. An AM radio tuned off station is a

sensitive detector of dirty power, giving a loud buzzing noise in

thepresenceof dirty power sources even though theAMband is

beyond the bandwidth of the G/S meter.

Cancer Incidence

Threemore teachers were diagnosedwith cancer in 2005

after the first 11 cancer diagnoses were reported, and another

former teacher (diagnosed out-of-state in 2000) was reported

by a family member employed in the school system. One

cancer was diagnosed in 2006 and two more in 2007. In

the years 1988–2005, 137 teachers were employed at the

school. The 18 cancers in the 16 teachers were: 4 malignant

melanomas, 2 female breast cancers, 2 cancers of the thyroid,

2 uterine cancers and one each of Burkitt’s lymphoma (a type

of non-Hodgkins lymphoma), polycythemia vera, multiple

myeloma, leiomyosarcoma and cancer of the colon,

pancreas, ovary and larynx. Two teachers had two primary

cancers each: malignant melanoma and multiple myeloma,

and colon and pancreatic cancer. Four teachers had died of

cancer through August 2007. There have been no non-cancer

deaths to date.

The teachers’ cohort accumulated 1,576 teacher-years

of risk between September 1988 and June 2007 based on a

12-month academic year. Average age at hirewas 36 years. In

2007, the average age of the cohort was 47.5 years.

When we applied total cancer and specific cancer

incidence rates by year, age, sex, race, and adjusted for

cohort ageing, we found an estimate of 6.5 expected cancers,

0.41 melanomas, 0.15 thyroid cancers, 0.22 uterine cancers,

and 1.5 female breast cancers (Table II). For all cancers, the

risk ratio (Observed/Expected¼ 18/6.5) was 2.78 (P¼
0.000098, Poisson test); for melanoma, (O/E¼ 4/0.41) was

9.8 (P¼ 0.0008, Poisson test); for thyroid cancer (O/E¼ 2/

0.15) was 13.3 (P¼ 0.0011, Poisson test); for uterine cancer

(O/E¼ 2/0.22), was 9.19 (P¼ 0.019, Poisson test).

Table III shows the cancer risk among the teachers by

duration of employment.Half the teachersworked at the school

for less than 3 years (average 1.52 years). The cancer risk

increases with duration of employment, as is expected when

there is exposure to anoccupational carcinogen.Thecancer risk

ratio rose from1.7 for less than 3 years, to 2.9 for 3–14 years, to

4.2 for 15þ years of employment. Therewas a positive trend of

increasing cancer incidence with increasing duration of

employment (P¼ 4.6� 10�10). A single year of employment

at this school increases a teacher’s risk of cancer by 21%.

Using the June 8, 2006 survey data (Table IV), the cancer

risk of a teacher having ever worked in a room with at least

one outlet with an overloadGS reading (�2000GS units) and
employed for 10 years or more, was 7.1 (P¼ 0.00007,

Poisson test). In this group, therewere six teachers diagnosed

TABLE II. Riskof Cancer byTypeAmongTeachers at La QuintaMiddle School

Cancer Observed Expected Risk ratio (O/E) P-value

All cancers 18 6.51 2.78* 0.000098
Malignantmelanoma 4 0.41 9.76* 0.0008
Thyroid cancer 2 0.15 13.3* 0.011
Uterus cancer 2 0.22 9.19* 0.019
Female breast cancer 2 1.5 1.34 0.24
All cancers lessmelanoma 14 6.10 2.30* 0.0025

*P� 0.05.

TABLE III. Cancer Riskby Duration of Employment

Time at school Average time Teachers %of teachers
Cancer
observed

Cancer
expected Risk ratio (O/E) Poisson p

<3 years 1.52 years 68 49.6 4 2.34 1.72 0.12
3^14 years 7.48 years 56 40.9 9 3.14 2.87* 0.0037
15þ years 16.77 years 12 8.8 5 1.02 4.89* 0.0034
Total 137 100 18 6.51 2.78* 0.000098

Positive trend test (Chi square with one degree of freedom¼ 38.8, P¼ 4.61�10-10).
*P� 0.05.
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with a total of seven cancers, and four teachers without a

cancer diagnosis, who were employed for 10 or more years

andwho everworked in one of these rooms. Five teachers had

one primary cancer and one teacher had two primary cancers.

These teachersmade up 7.3%of the teachers’ population (10/

137) but had 7 cancers or 39% (7/18) of the total cancers. The

10 teachers who worked in an overload classroom for

10 years or more had 7 cancers when 0.99 would have been

expected (P¼ 6.8� 10�5 Poisson test). The risk ratio for the
8 teachers with cancer and 32 teachers without cancer, who

ever worked in a room with an overload GS reading,

regardless of the time at the school, was 5.1 (P¼ 0.00003,

Poisson test). The risk ratio for 8 teachers with cancer and 89

teachers without cancer who never worked in a room with an

overload G-S reading was 1.8 (P¼ 0.047, Poisson test).

Teachers who never worked in an overload classroom also

had a statistically significantly increased risk of cancer.

A positive dose-response was seen between the risk of

cancer and the cumulative GS exposure (Table V). Three

categories of cumulative GS unit-years of exposure were

selected: <5,000, 5,000 to 10,000, and more than 10,000

cumulative GS unit-years. We found elevated risk ratios of

2.0, 5.0, and 4.2, respectively, all statistically significant, for

each category. Therewas a positive trend of increasing cancer

incidence with increasing cumulative GS unit-years of

exposure (P¼ 7.1� 10�10). An exposure of 1,000 GS unit-

years increased a teacher’s cancer risk by 13%. Working in a

room with a GS overload (�2,000 GS units) for 1 year

increased cancer risk by 26%.

An attributable risk percentage was calculated:

(observed cancers-expected cancers)/observed cancers¼
(18�6.51)/18¼ 63.8%.

The fact that these cancer incidence findings were

generated by a single day ofG/Smeter readingsmade on June

8, 2006 suggests that the readings were fairly constant

over time since the school was built in 1990. For example, if

the 13 classrooms which overloaded the meter on June 8,

2006 were not the same since the start of the study and

constant throughout, the cancer risk of teachers who ever

worked in the overload rooms would have been the same as

the teachers who never worked in an overload room.

Although teachers with melanoma and cancers of the

thyroid, and uterus, had very high, statistically significant

risk ratios, there was nothing exceptional about their age at

hire, duration of employment, or cumulative GS exposure.

However, thyroid cancer and melanoma had relatively short

latency times compared to the average latency time for all

18 cancers. The average latency time between start of

TABLE IV. Cancer inTeachersWho EverTaught in ClassroomsWith at Least One Overload GSReading (�2000GSUnits) by Duration of Employment

Ever in a room
>2,000 GSunits

Employed
10þ years Total teachers Cancers observed Cancers expected Risk ratio (O/E) Poisson p

Yes Yes 10 7a 0.988 7.1* 0.00007
Yes No 30 3a 0.939 3.2 0.054
Total 40 10 1.93 5.1* 0.00003
No Yes 19 2 1.28 1.6 0.23
No No 78 6 3.25 1.8 0.063
Total 97 8 4.56 1.8* 0.047
Grand total 137 18 6.49 2.8* 0.000098

aOne teacher had two primary cancers.
*P< 0.05.

TABLE V. Observed and Expected Cancers by Cumulative GSExposure (GSUnit-Years)

Exposure group <5,000 GSunit-years 5,000 to10,000 >10,000 GSunit-years Total

AverageGS unit-years 914 7,007 15,483
Cancers obs. 9 4 5 18
Cancers exp. 4.507 0.799 1.20 6.49
Risk ratio (O/E) 2.01* 5.00* 4.17* 2.78*
Poisson p 0.0229 0.0076 0.0062 0.000098

Positive trend test (Chi square with one degree of freedom¼ 38.0, P¼ 7.1�10�10).
*P< 0.05.
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employment at the school and diagnosis for all cancers was

9.7 years. The average latency time for thyroid cancer was

3.0 years and for melanoma it was 7.3 years (with three of the

four cases diagnosed at 2, 5, and 5 years).

An independent analysis of this data set by the

University of Pittsburgh School of Public Health using

OCMAP software supported our findings.

DISCUSSION

Because of access denial, we have no information about

the source, or characterization of the high frequency voltage

transients. We can assume, because the school uses metal

conduit to contain the electrical wiring, that any resultant

radiated electric fields from these high frequency voltage

transients would radiate mainly from the power cords and

from electrical equipment using the power cords within a

classroom.

The school’s GS readings of high frequency voltage

transients are much higher than in other tested places

(Table I). Also, teachers in the case school who were

employed for over 10 years and who had ever worked in a

room with an overload GS reading had a much higher rate of

cancer. They made up 7.3% of the cohort but experienced

39% of all cancers.

The relatively short latency time of melanoma and

thyroid cancers suggests that these cancers may be more

sensitive to the effects of high frequency voltage transients

than the other cancers seen in this population.

In occupational cohort studies, it is very unusual to have

a number of different cancers with an increased risk. An

exception to this is that cohorts exposed to ionizing radiation

show an increased incidence of a number of different cancers.

The three cancers in this cohort with significantly elevated

incidence, malignant melanoma, thyroid cancer and uterine

cancer, also have significantly elevated incidence in the large

California school employees cohort [Reynolds et al., 1999].

These cancer risk estimates are probably low because 23

of the 137 members of the cohort remain untraced. Since

exposure was calculated based on 7 days a week for a year,

this will overstate the actual teachers’ exposure of 5 days

a week for 9 months a year.

We could not study field exposures in the classrooms

since we were denied access to the school. We postulate that

the dirty power in the classroom wiring exerted its effect by

capacitive coupling which induced electrical currents in the

FIGURE 2. Oscilliscope display of 60 Hz current distortedwith high frequencies taken between EKGpatches applied to the ankles

of amanstandingwith shoes on at a kitchen sink. [Color figure canbeviewed in the online issue,which is available atwww.interscience.

wiley.com.]
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teachers’ bodies. The energy that is capacitively coupled to

the teachers’ bodies is proportional to the frequency. It is this

characteristic that highlights the usefulness of the G/S meter.

High frequency dirty power travels along the electrical

distribution system in and between buildings and through the

ground. Humans and conducting objects in contact with the

ground become part of the circuit. Figure 2 [Havas and

Stetzer, 2004, reproduced with permission] shows an

oscilloscope tracing taken between EKG patches on the

ankles of amanwearing shoes, standing at a kitchen sink. The

60 Hz sine wave is distorted by high frequencies, which

allows high frequency currents to oscillate up one leg and

down the other between the EKG patches.

Although not demonstrated in this data set, dirty power

levels are usually higher in environments with high levels of

60 Hz magnetic fields. Many of the electronic devices which

generate magnetic fields also inject dirty power into the

utility wiring. Magnetic fields may, therefore, be a surrogate

for dirty power exposures. In future studies of the EMF-

cancer association, dirty power levels should be studied

along with magnetic fields.

The question of cancer incidence in students who

attended La Quinta Middle School for 3 years has not been

addressed.

CONCLUSION

The cancer incidence in the teachers at this school is

unusually high and is strongly associated with exposure to

high frequency voltage transients. In the 28 years since

electromagnetic fields (EMFs) were first associated with

cancer, a number of exposuremetrics have been suggested. If

our findings are substantiated, high frequency voltage tran-

sients are a new and important exposuremetric and a possible

universal human carcinogen similar to ionizing radiation.
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